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NPEAUCIIOBUE

[TpoGnema GopuObl € 3aCOJIEHHEM OpOLIAEMBIX 3eMenb
CYILECTBYET CO BpeMeHH BO3HHKHOBEHHS OpOILUEHHS H, He-
CMOTPsi Ha MHOTOBEKOBOH OIBIT, OCTA€TCs aKTyaJbHOH H B
HacTosAUlee BpeMs.

HeGpiBanbie Temnsl passutis opowenus B CCCP nocae
maiickoro (1966 r.) Ilaenyma LIK KIICC, cospanue kpym-
HBIX TEXHHYECKH COBEpPLIEHHBIX OPOCHTENBHBIX CHCTEM Kak
B CTApOOPOLIAEMBIX, TaK H B HOBBHIX pafioHax TpebyioT ray-
GOKOTO Hay4yHOro OGOCHOBAHHA MEJHOPATHBHLIX TNPOEKTOB
H TpPOrHO30B Npeo6pasyiouiero BJHAHHS MeJHOpauHii Ha
OKPYKAIOILYI0 Cpeny.

Paspa6otka 3T0i npobieMbl — OJHO W3 HanpabJeHHH
MHOTOrPAaHHOH M NJOAOTBOPHOH HayuHOH JesATeJbHOCTH
akagemuka BACXHHJI C. ®. ABepbsaHOBa, KpyMHEHIIEro
criendannucTa B 006/1aCTH OCYINEHHSI H OPOIIGHHST CeJIbCKO-
XO35IHCTBEHHBIX 3€MeJib, BHECUICrO 3HAYHTENbHBIH BKJAal B
TEOPHIO pacyeTa OCYUIHTENbHOTO H Paccosiolero AeHcr-
BHSI JIpEHax»<a, MEPOIPHATHH NO YCKOPEHHIO MOBEPXHOCTHO-
ro c¢roxa, no 6opnbe ¢ puaAbTpanUed H3 OPOCHTEJNLHBIX Ka-
HAJOB H C 3aCOJIEHHEM OpOolIaeMblX 3eMellb, a TaKke B
pa3paGoOTKy METOJ0B COBMECTHOIO peryJiHpOBaHHS BOJAHO-
ro, BO3AYIIHOrO, TEeNJOBOr0, NHTATEJBLHOr0O H COJNIEBOro pe-
JKHMOB MEJHOPHPYEMBIX 3eMellb.

OrnHyATeNbHON 4YepTofi BCefi HAYYHOH JIeATeIbHOCTH
C. ®. ApepbaHOBa #ABJAAJACH NpPAaKTHYECKas HanpasJeH-
HOCTh €ro paGoT, KOTOpbIE BCeraa AOBOAHJAHCL A0 (GOpPMBI
NPakTHICCKOr0 PYKOBOJACTBA H B HAcTOfAIlUEe BPEeMs LIHPO-
KO HCMOJB3YIOTCA INPH MNPOEKTHPOBAHHH MEJHOPATHBHBIX
00 BEKTOB.

Onpenensiomee snavenne pabor C. @. AsepbsiHoBa B
o6aacti Gopb6H C 3acCONeHHEM OpOIIaeMbiX 3eMelb COCTO-
HT B TOM, 4TO UM BHepBbie OblA BCKPBIT CJOXKHBIA Mponecc
JABHXXEHHA B OZAHOPOAHBIX M HEOAHODOAHBLIX MOYBOrPYHTAX
COJIeBHIX PACTBOPOB, (OPMHPOBAHHA BOAHOIO H COJAEBOTO
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PeXKHMOB OpoIaeMbiX 3emesb. BhinosneHnsie UM TEOpPeTH-
JecKHe HCCJEJOBaHHSA, NMOATBEPHKACHHBC OGOJLUIHM 3Kcme-
PHMEHTAJIbHBIM MaTepHaJioM, NO3BOJHJAH JaTh CTPOro Ha-
VUHYIO OLEHKY OCYITHTEJBHON H pacconsiioniefl poaH Kak
rOPH30HTAJbLHOIO, TAK H BEPTHKAJABHOTO JpeHaxa Ha Oopo-
aeMBX 3eMJsAX H pelHTbh HanGosee CJOXKHYI0O 3ajavy —
paspaGOTKy METOJOB COCTABJIEHHS MPOTHO30B H3MCHEHHA
MEJHOPATHBHOTO COCTOSIHHS HE JIOKAJbHBIX Y4acTKOB, a
KPYNHBIX ¥ YpesBblYaitHO pasHOOOpPAasHBIX B MPHPOAHOM OT-
HOIICHHH PETHOHOB.

Pa6ots: C. ®. ApepbsiHOBa no Bonpocam GopnObl ¢ 3a-
CONIEHHEM OpOLIAEMBIX 3eMeNb MOJYYHJH BBICOKYIO OUEHKY
B Hamed crpane ® 3a py6GexoMm. OHH GHIIH YyAOCTOCHM
nepsoit 3os0Tolt Mexann mmenn axkaaemuka A. H. Kocrs-
kosa, a takxke npemuiit AH CCCP.

XapakrepHasi 0cOGEHHOCTh AaHHOW KHHIH 3aKaioYaercs
B TOM, UTO H3JIOJKEHHBI B Hel mMaTepHasa ONnpeaeasieT nyTH
JanbueiiHX HecsaeloBaHHi B 061aCTH H3YYEHHS CJAOXKHBIX
NPOLECCOB B3aHMOJAEHCTBHA BOAM, coJjiefl, NOYBOTPYHTOB,
pacTenuil H OKpy)Kawomueit cpes (€ y4eToM H3MEHSIONUIHX-
CA MPHPOJAHLIX YCJAOBHI) H OGOCHOBAHHA KOHCTPYKUHH OpO-
CHTEJBHBIX CHCTEeM, 0GeCneyHBaIoNIHX KOMIJIEKCHO® peryJiH-
pOBaHHe BHOIIHHX YCJAOBHIl JKH3HH PacTEHHH.

TeoperHueckass H IKCNEPHMEHTaJNbHAs pa3paboTKa ITHX
BONpocoB mpHoGperaer ocobyio BaXKHOCTH B CBeTe Inocra-
nopaenns LIK KITCC u Cosera Muuncrpos CCCP <O naa-
ne Meamopanun semeab Ha 1976—1980 roam u mepax no
VAYUIIEHHIO HCHOJb30BAHHSA MEJHOPDHPOBAHHBIX 3eMejb».

[My6aukauns paGor C. ®. AsephsinOBa B BHJIe MOHOTrpa-
bHHE HMeeT HCKAIOUHTeNbHOE HaydyHOe W NMPaKTHYECKoe 3Ha-
YCGHHE H J1aeT BO3MOXHOCTH YUCHBIM M NMPAaKTHKaM-MeJHopa-
TopaM yBHAeTh npoGaemy GopbOH C 3acoJenHeM opoluae-
MBIX 3€MeJb B LEJOM H HCIHOJL30BATH STH IMOJOMKCHHS 15
NPHHATHS MPABHJABHHIX HHXKeHepHbIX pemenuit. Ona B pas-
HOM Mepe MOMKeT CAYXKHTh HACTONBHOH KHHIOH JVIS yUEHbIX-
MEJIHOPATOPOB, NMPAKTHYCCKHM PYKOBOACTBOM JUISI HHIKEHe-
POB-NPOEKTHPOBIIHKOB H METOAHYECKHM NMOCOGHEeM 1 CTY-
JEHTOB.

B. B. lllymaxos,
unen-xoppecnondent BACXHHJI
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BBEAEHMUE

B uacrosmee Bpems okono 30—409% opomaeMbix H
GoJsiee MOJOBHHBI HAMCUYCHHLIX K OCBOGHHIO B OGuHikaiflnei
epPCIEKTHBE 3eMesib B Hauleli CTPaHe CKJAOHHBL K 3acoJe-
HHIO HAH 3acosienbl. [lonyueHHe BHICOKHX YypOXKaeB CeJbCKO-
XO3AHCTBEHHBIX KYJLTYP HA TAaKHX 3eMAAX 6e3 NpPOBEJCHHS
cneuHanbHeIX Mep no 6opnbe ¢ 3acoJieHHEM HEBO3MOXKHO.
OcnoBroe cpeacTBo 60pbObl ¢ 3aCOJEHHEM 3CMEJb COCTOMT
B npombiBKe HX Ha (omne apenaxa. Takue pabGoTel npei-
CTOHT MNPOBECTH Ha IVIOUIA/H B HECKOJbKO MHJIJIHOHOB
rekrapos. OueBHaHO, uTO padpaboTKa H 000CHOBAHHE HAeXK-
HBIX MeTOA0B GOpbObLI C 3aCOJICHHEM MJIA PasJHYHBIX TpPH-
POIHO-XO3SIHCTBEHHBEIX YCJOBHH NpPEeACTaBasIOT 3HAYHTENb-
Hblil HAayYHBI HHTEpPEC W HMeIoT OoJbllioe NPaKTHYECKOe
3Hayenne.

Boabmas 3acsayra B H3y4eHHH W aHaJu3e NPHYHH 3aCO-
JICHHSl TOYB TNPHHAMJICIKHT COBCTCKHM yuyeHHIM. Takue Hc-
CJI€/IOBAHUSA Ha4YaThl HECKOJbKO AECATKOB JieT Ha3al H
NpoaoaKalwTcs B HacTosaniee Bpemsa. PasBuTHe ruaporeo-
JIOrHYECKO#i HayKH, OCOGCHHO B MNOCHACHHCe ACCSTHICTHE,
NPHMEHHTENBHO K MEJMHOPATHBHLIM 3ajauyaM MO3BOJHJIO
00OGLIATE MAaTepHaJbl N0 PeXHMY H XHMH3MY MOA3EMHBIX
BOJ, B TOM YHCJE 'PYHTOBBIX, B PA3JIHYHLIX NPUPOJAHLIX yC-
JOBHSX, YTO TAKXKC HMCET BaXKHOE 3HAUCHHE /sl aHaJH3a
NPHYHH H YCJOBHH 3aCOJIEHHSI OpPOIIAeMBbIX 3eMeJb.

MeanopaTuBHasi HayKa, HCHOJB3Ysl JOCTHIKCHHS CMEXK-
HBIX OTpacJel, pazpabotana MeToAnl 0G0CHOBAHHS ONTH-
MaJIbHBIX BOJHOIO H COJICBOIO PEXKHMOB OPOIIAEMBIX 3eMelb
HE TOJNBKO ¢ KaYeCTBEHHOH, HO H C KOJIHYECTBEHHOH CTOPO-
nut, TlpuBievyenne K peleHHio npobaeMbl ynpaBJeHHst BOIL-
HBIM H COJIEBBIM PEXHMAaMH OpOIIaeMbIX 3€MENb TEOPHH
(ppabTpanEy, (GUIHKO-XHMHUYECKOH THAPOAHHAMHKH, (H3H-
HeCKOIT H KOJJIOHAHOH XHMHH NMO3BOJHJIO HayuHO 060OCHO-
BAHHO TIOAXOAHTH K COCTABJCHHIO MEJHOPATHBHEX TpO-
I'HO30B,



3HaueHHe MEeJAHOPATHBHLIX IIPOrHO30B H NPeAbABAAC-
Mbleé K HHM TpeGOBaHHA PE3KO BO3POC/H B CBSI3H C IIHPOKHM
Pa3sBHTHEM OPOLIEHHS HE TOJILKO B TPaJAHIHOHHLIX padoHax
Cpenseii A3uu u 3akaBka3sbsi, HO H B €BpPONENCKON 4acTH
CCCP. Ilposoanmbie mMenunopaTHBHbIC paGOTH XapaKTepH-
S8YIOTCA: OFPOMHBIMH MJIOUIAAAMH MEJHOPHPYEMBIX 3€MEJib,
Pa3MeIIeHHBIX B Pa3HOOGpPasHbLIX NPHPOJAHBIX YCJOBHSX, B
TOM YHCJe B pafionax, rjae He OblJIO LIHPOKOrO ONbLITA MeJH-
opaunfi; ycTpoHCTBOM TEXHHYECKH COBEpPUIEHHBIX MEJHOpa-
THBHBIX CHCTEM; OXBaTOM MEJHOPaTHBHLIMH pabGorami
KPYINHBIX PErHoHOB H BO3HHKAIOIHMH B CBfI3H C 3THM BOI-
pocaMH BJHSAHHS MEJHOPAlHH Ha OKpPYKaloulylo cpeay
(nouBeHHO-THAPOreosoTHYeCcKHe ycyaoBus, (aopa, dayna);
CTpeMJeHHeM CO31aTh SKOHOMHYECKH Haunbogee spdeKkTHB-
HBIE CHCTEMBbI, 00ECNeYHBAIOIHE BBHIXOJ NMJAAHOBOH CeJbCKO-
XO3SHCTBEHHON TNPOAYKUHH NPH MHHHMYME COBOKYITHBIX
3aTpar.

B nacTosiiee BpeMsi NPOrHO3B! COCTABASIOT B OCHOBHOM
IJIsi TIPOEKTHPYEMBIX MEJIHOPATHBHBIX CHCTEM, a He 117
MEJNHOPHPYEMBIX PErHOHOB, H CBOAATCH OHH K pacuery Bpe-
MEHH INOAbéMa YpPOBHA TPYHTOBHIX BOA /0 KpHTHYe-
CKOTr0 3HaAUeHHs, BBLI3BIBAIOILEro 3acoJieHHe W 3abosauu-
BanHe 3eMeab. [IpH coBpeMeHHOM ypOBHE 3HaHHIT HEOOXO0AH-
Ma M BO3MOXHa pas3paGoTka MENHOPATHBHBIX TIPOrHO30B
B BH/J€ BaPHAHTOB C KOHKPETHHIMH TEXHHYECKHMMH TMOKa3a-
TeNISIMH OPOCHTENbHBIX CHCTeM, obecmewuBaioniass BuiGOD
MeToN0B HauGosee MOJHOTO peryanpoBanus (OnTHMH3A-
[(HH) BHCIMIHHX VCJOBHH JKH3HH CEJhCKOXO3AHCTBEHHBIX
pacTenuii (BOAHBIH, CONCBOH H MHTATENbHBIN PEXHMBI) A1
MOJIy4eHHsT BBICOKHX M YCTOHUYHBHIX ypox<aes B Ji060# 1o
KANMATHYECKHM YCJAOBHAM TOA (C yYeToM SKOHOMHUECKOI
3¢ (peKTHBHOCTH). 3

Jins npaBHAbLHON OLEHKH H3MEHeHHH YCJIOBHII cpeab
o6HTaHHsl PacTeHH MO/ ACHCTBHEM MEJHOPAUMIT H BO3ZMOX-
HOCTH YNpaBJeHHs 3THM MpolleccoM HeoOXOAHMO riayGokoe
H3yueHHe 3aKoHOMepHocTelt (OPMHPOBAHHS BOJHOIO H CO-
JIEBOTO pPEXHMOB MNOYB (JABHXKCHHE BJarH, COJNCH M nUTa-
TEJbHBIX BEILIECTB B CHCTEME MEAHOPHPYEMBIE 3eMJH —
CeNIbCKOXO3SINCTBeHHAsT KyJbTypa) H TEMMNOB PA3BHTAA M
craGuan3anny noyBennuix npoueccos. Pemenne 97oit npo6-
JNeMbl TpeGyeT KONHUYCCTBEHHON XapakTepHCTHKH I1POIeccoB
(ReTepMHHHPOBAHHLIX HJH CTOXAaCTHYECKHX), YTO CBS3aHO
C IHPOKHM NPAMEHCHHEM MaTeMaTHUECKHX METOJ0B B Ha-
VYHBIX HCCACNOBAHMAX H NPOH3BROACTBE (nAAHHpOBaHHE,




NPOEKTHPOBAHHE, yNpaBJjeHHe, H3BICKAHHS, CTPOHTENLCTBO,
9KCIAyaTauus).

[Ipy npoeKTHPOBAHHH H CTPOHTEJBCTBE OPOCHTEJbHBIX
CHCTEM Ha 3aCOJIEHHBIX 3eMJISIX HeOOXOHMO Y4YHThIBATb TeC-
HYIO CBS3b PeXKHMA OPOIIEHHs (BKJIOUAs NPOMBIBKH), TEXHH-
KH opolienus (crnocobbl IOJMHBA, K.ILJ. CHCTEMBbl) H Jpe-
Ha)a. DTH OCHOBHBIE [OKasaTeJH H MNapamMeTpbl OpOCH-
TeNIbHBIX cHCTeM OOycJaoBAHBAOT (B JaHHBIX NPHPOAHO-
XO35IHCTBEHHBIX YCJIOBHSIX) BOJHBIA H COJICBOH PEXKHMbI
MOYB, KOTOPbIE SBAAIOTCA IVIABHBIMH KPHTEPHSIMH NoJyye-
HHSI BHICOKHX H YCTOMYHBBIX YPOJKaeB CeJbCKOXO3SIHCTBEH-
HBIX KyabTyp. PaspaGoTka mporHo3oB BOJAHOrO H COJIEBOTO
PEKHMOB 3€MeJib JOJKHA ObITh 063aTENbHOH B KaM<IOM
NpOCKTe CTPOHTEJLCTBA HOBBIX M mepeycTpoiictBa (HJH
pasBHTHSI) CYIIECTBYIOUIHX OPOCHTeNbHBIX cHcTeM. Kaxy-
neecss GJaaronoyiydHe MeJHOPATHBHOIO COCTOSIHHSI 3eMeJlb
B CYU(ECTBYIOIHX YCJAOBHAX HE JOJIKHO CJAYXKHTb IOBOJOM
JUIs OTKasa OT COCTaBJIeHHs NMPOrHO30B.

B mannoii MonorpadHH 0606IIEHB Pe3yJbTaThli MHOIrO-
JICTHHX HCC/Ie/0BaHUil aBTOpa 1O TEOPEeTHYECKOMY OGOCHO-
BAHHIO MPHHIKIOB H MeTOA0B 60pPLOBI € 3acojieHHeM opomia-
eMBlX 3emenb. TeopeTHyeckHe pas3spabOTKH OCHOBaHbI Ha
BCECTOPOHHEM aHaJH3e NPHPOAHLIX YCJIOBHIl, NPOLECCOB
COJICHAKOIJIEHHSI W OCHOBHBIX €CTECTBEHHBIX H HCKYCCTBEHHHIX
¢pakTOpoB, 0O6YCNOBAMBAIOMHX (OPMHDOBAHHE BOJHOrO H
COJIEBOTO PEKHMOB 3EMEJIb.
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TEOPETMYECKME OCHOBbI YINPABJIEHMSA
BOZLHBLIM M COJNEBbBIM PEXXMMAMM
HA OPOLUAEMbBIX 3EMNSX

Flnasal

HEOBXOAMMOCTb BOPbEbLI C 3ACONEHMEM
OPOLUAEMBIX 3EMEND

Hekoropsie BbiBOALI M3 NPaKTHKM Gopubbl
C 3aCONEHMEM OPOIUAEMbIX 3eMenb

[IpoGaema GopuOHl ¢ 3aCOMCHHEM OPOLIAEMBIX 3EMENDH B IycC-
TBIHHOH, moJsynycTeinHOi # crenHoi 3oHax CCCP (Cpeauss
Asus, IOxnbit Kasaxcran, 3akaBkasbe, [ToBoskbe, YKpau-
Ha, Cepepunii KaBka3) npu pasBHTHH OPOIUEHHS M IOBIIIe-
HHH NPOAYKTHBHOCTH OpPONIAEMOro 3eMJIENeJHs B NOCACAHHE
rojiibl npuoGperaer Bce GoJbliee 3HAYeHHE. DTO OTHOCHTCS
KaK K CTapoopolaeMblM 3eMJASM, H3 KOTOPLIX B 3THX 30HaX
0K0J0 50% mnoaBepxKeHo B TOH HJH HHON CTENEHH yrpose
34COJICHHS] HJIH €ro pecTaBpaliH, TaK M K BHOBbL OCBaHBae-
MBIM., MHOIHE M3 HOBBIX 3eMeJib COAEpKaT GOJbIIHE 3anachl
JIETKOPAaCTBOPHMBIX coJiefi B IPYHTax H FPYHTOBRIX BOJaX,
YTO CO3J4aeT ONaCHOCTb Pa3BHTHA NPOLECCOB COJEHAKOILIC-
HHSl B MOYBaX IOCJE CTPOHTEJbCTBA OPOCHTEJIBHBIX CHCTCM.
Taxue seman B Cpeauein Asun sanumaior oxoso 60—70%
obuied nJontaan, HaMeyaouleics K OCBOeHHIO B GJanKaimeii
nepcriektuBe. OCTpoTa, ¢ KOTOPOH CTOHT npobieMa GopboLl
C 3aCOJICHHEM OpONIaeMbIX 3eMeJb B HacTosIee Bpemsl, 00b-
SICHSICTCS HE TOJIbKO PacnpoCTPaHEHHOCTHIO TAKHX 3eMeJib,
HO H HEJ/IOOLCHKOH 3HA4YeHHS 3TOH NPo6GJEMBI B NPOLLIOM.
dra HenooueHKa Obia BbI3BaHA OGLIHM COCTOSIHHEM CEJb-
CKOro X03AHCTBA H OTCTAJIOCTHIO OPOIIAEMOT0 3EMICACHHA —
cnabofi 9HEPreTHYECKOH OCHALIEHHOCTHIO, HEAOCTATOMHOMN
Mexanusaunued, xumusauueii u 1. A. (ABepbsHoB, 1965).
CrpemyienHe K 3HAYHTEJLHOMY PpAacUIHPEHHIO OPOUIAEMBbIX
maoulajgeii 6e3 obecneuennss HeOGXOAHMOrO TEXHHYECKOrO
YPOBHS OPOCHTEJbHBIX CHCTEM NPHBOAMIO B KOHEYHOM cyeTe
K HEIOCTATOYHO BHICOKHM H YCTOHYHBBIM YPOXKAsM CEJILCKO-
X03AHCTBEHHBIX KYJbTYP Ha NOJHBHBIX 3€MJAX M K BLIBOAY
H3 CeNIbCKOXO03sHCTBEHHOro o6opoTa 3THX semenb. Ilpa or-




HOCHTEJIbHO HeGOJbIIHX YACALHBIX 3aTPaTaX HA CTPOHTENb-
CTBO OPOCHTE/IbHBIX cHeTeM Tex jet (npumepro 1000 py6/ra)
JONONHHTENLHBIE 3aTPaThl HAa MepolpHATHA no Gopnde ¢
saconennem (300—500 pyG/ra) mpeacTaBAsNINChL IJIAHHPY-
IOIHM OpranaM 3HAYHTCJAbLHBIMH H He (HHAHCHPOBAJHCH.
B cBfA3H ¢ 3THM Y HEKOTOPLIX JIHI, paGoTaBIIHX B MeJHOpA-
THBHOH Hayke, TMOSIBHJIHCH «060CHOBaHHSI» (e3peHaKHOH
GopbOBl € 3acoJeHHEeM OpolIaeMbIX 3eMe/lh P NOMOULH Tpa-
BOCESIHHA, HCMONb30BAHHUS YAaCTH 3€MEJb MO/ OPOIICHHE NIPH
3aCOJICHHH OCTaJbHON MJIOLIAAN H APyTHE 3aMaHYHBLIC H3-33
Ka)KyUleHCsT SKOHOMHH CpPEACTB TNpeadoxenus. B To xe
BpeMsi OMBIT, HAKOIJEHHBI oTeyecTBeHHOH (Myranckas
OMC AsHUWI'uM B Ascpbaitmkane, Ok-antunckas OMC
CoiosHUXHU B Y3bekncrane u Ap.) H MHPOBOH NPakTHKOI,
H TeopeTHYeckoe OGOCHOBaHHE MepONpHATHII no Gopnbe ¢
3aCOJIEHHEM OpOIIaeMBbIX 3€M&JIb C NMOMOIILIO NPOMBIBOK Ha
(hoHe ApeHaxka OTBEprajuch, DTO NPHBOAHJIO K TOMY, 4TO
POCKTHPOBAJIH M CTPOHJH CHCTEMBI, cnocoOCTBYIONIHE 3a-
COJIEHHIO OpolIaeMbIX 3eMeib. B CBA3H ¢ 9THM nocae Havasa
HX SKCMJyaTaluHH NPHXOAHJOCH 3aTPaYHBATh ropasno 60Jb-
e CPeICTB Ha CTPOHTENLCTBO JApeHa)a, YeM 3To HeoOXOaH-
MO 6LIZIO MPU CBOEBPEMEHHOM €ro yCTpOiiCTBE.

HauTenbHoe BpeMsi B Hay4YHBIX HCCJACAOBaHHSIX HE yje-
JIAJI0CH JIOJIXKHOFO BHHMaHnHs 6opbbe ¢ sacosenneM oporae-
MBIX 3EMeJb C MOMOIIBIO IPOMBLIBOK H JApeHaria.

[Tpobaema OGopbGbl ¢ 3aCONCHHEM OpOlIACMBEIX 3€MeJb
Obi1a BCECTOPOHHE OOCY’KZeHAa Ha COCTOABIUCHCS B sIHBape
1964 r. B r. Tamkente BcecolozHoN HayuHO-TEXHHYECKON
KOH(pEepeHUHH no BonpocaM GOpbOBI C 3aCONEHHEM H yJy4-
INCHHST MEJHOPATHBHONO COCTOSIHHSI OpOIIaeMbIX 3eMeJhb
Cpeaneit Asun, IOxnoro Kasaxcrana u AsepGaiiaxkana. Ha
Heit GBIIH paccMOTPEHB! MPAKTHYECKash M HayuyHas CTOPOHL)
9TOH NpoOaAeMBl H HaMeYeHbl OCHOBHBIE 3ajla4yH B 06JacTH
Gops0Obl ¢ 3acoJieHHeM OpOlIaeMbIX 3eMeJb, TIaBHHIM obpa-
aom B Cpeaneii Asuu n 3axkaBkasbe. [IpuMeHeHHe pasiaHy-
HBIX TTPOMBIBOK M NPOMBIBHBIX PEKHMOB C HCMOJb30BAHHEM
TCXHHYCCKH COBEpPIICHHBLIX THNOB ApCHaxa (3aKpLITOro ro-
PH3OHTAJNBHOTO, BEPTHKAJbHON0) B COUETAHHH ¢ HOBEHIIEH
TEXHHKOH OPOIICHHA TPH3HAHO OCHOBHBIM MEPOTPHATHEM
lipu Gopbbe ¢ 3acojieHHeM OpOlIaeMBIX 3eMeJb B HessAX yc-
TOHYHBOrO, HEOGPATHMOIO PACCOJICHHA BepXHEH TOJIIH nou-
BOrPYHTOB.

B nocaiesinne rofibl B CTpaHe WHPOKO NPOBOAATCA paboTh
10 CTPOHTENLCTBY JiPEHaXKa HA OpolIaeMbIX 3eMaaX (B ToM
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YHCJIe 3aKPHLITOr0 TOPH3OHTAJLHOTO M BEPTHKAJAbHOTO), a
TaKyKe ONBITHO-HCCAeN0OBaTENbCKHe paboThl B 9TOH 06JaCTH.
ITpu 5TOM, KaK MOKa3biBaeT NPAaKTHKA, OTCYTCTBHE 10CTATOY-
HOT'O ONBLITAa B CTPOHTENLCTBE JApPCHAXKA M NMPOBEJIEHHH Mac-
COBBIX MPOMBIBOK BRI3BAJO PfJ TPYJHOCTEl (KOHCTPYKTHB-
HBIX, B OPraHH3alMy 0 NPOH3BoAcTBe pabor u Ap.). Mmeiort-
Cl CAYYaH HEYAOBJCTBOPHTENHLHOH pabGOTHl MOCTPOEHHBIX
aApeH (B 0co60 TAXKENBIX I'PYHTaX), IJIOXOro KauecTBa pa-
60T, BBOJIa 3eMeJb B SKCIJIyaTalHio 10 CTPOHTENLCTBA Jpe-
HaX<a, YTO YacTO NPHBOJHMJIO K HX 3aCOJeHHIO, H T. 1. Oanako
B GOJILIIHHCTBE CJy4YaeB MpPH MPaBHJILHOM YYeTe BCeX MecT-
HbIX YCJOBHH NPH NMPOEKTHPOBAHHH W TMPH XOpPOlIeM Kave-
CTBC CTPOHMTENBLCTBA JpeHaka OH HOPMAaJbHO BBINOJHAET
CBOH (DYHKIIHH,

B cBsi3H ¢ MacCOBBIM CTPOHTEJILCTBOM JIpEHaXKa OpraHu-
30BaHO 3aBOJCKOE H3rOTOBJIEHHE JPEHAXKHBLIX TPYO, CO3/aHu
npenaxinble KoMOGafiHBl, WCOLITHIBAIOTCS B NMPOH3BOJCTBE
HOBBIC JIpeHAXKHble MaTepHaJbl, MOCTPOEHBI ONBITHO-TIPOU3-
BOJACTBEHHBIE YUACTKH W CHCTEMBI BEPTHKAJbLHOIO JpeHaXKa
(Fononnas crens 0 Apyrue o6bEKTH).

Hayunbie ucenesoBanns B 910it 061acTH MeJHOpalny 2a
nochaeAnHe roinl COCPeOTOYeHBl rIaBHbIM 06pa3om Ha oboc-
HOBAaHHH PacCOJAIOUICro NeficTBHS Pa3HLIX THMOB JIPEHAXKa
B COYCTAHHH C PA3AHYHBIMH NMPOMBIBKAMH H TPOMBIBHBIMH
peXXUMaMH, U4TO TECHO CBA3aHO C TeXHHKON opomenus. [o-
Ay4YeHbl HHTEpPeCHbIe pe3yabTaThl 0 TaK HA3bIBaeMbIM (op-
CHPOBAaHHBIM NPOMBIBKAM Ha (oue rayGoKoro BPEeMEHHOro
oTkpuiToro apenaxa (AsHWUMUI'uM), ropusontanbubim npo-
MBIBKaM (Y30CKCKHT HAYUHO-HCCACNOBATENLCKAN HHCTHTYT
MOYBOBENEHHA H ATPOXHMHH), TMPOMEIBKAM T1OJ PHCOM HA
¢one sakpuitoro apenaxka (BHUHWUI'uM), paccoasiomemy
nefictBuio ropusontansioro (MIFMU, Tamxkukeknit nayuno-
HCCJICIOBATENLCKHT WHCTHTYT MOYBOBENEHHS) H BEePTHKAJDL-
woro (CAHUHUPH) npenaka, TPOMBIBHOMY PEXHMY
(CorosHUXH). Tem He meHee 3TH paGoOTHl HEJNL3SI CYHTATH
3aBePIICHHBIMH, H, NpeXae YeM PEeKOMEHJIOBaTL HX Juid
BHEJIPeHUST B MPOH3BOACTBO, HEOOXOAHM TIIATENLHEI AHAIH3
H YUeT VCJOBHIT, B KOTOPHIX MOJYYEHH TMOJOKHTENLHEE pe-
syabraTtel. VMeomufics NPOHSBONCTBEHHBIH W HAYYHBI
onuT 60pLOH ¢ 3acoseHHeM opoiaeMuX zemens B Cpennefi
A3un u 3aKkaBkasbe JOMKEH ObLITh YYTEH NPH OCBOEHHH HO-
BHIX PafiOHOB OPOUIEHHS KaK ¢ HEraTHBHONH CTOPOHH (cepb-
e3HBI yuiep6, HaHeCeHHbIT HAPOAHOMY XO3AHCTBY W HayKe
B pesyabTaTe HMeBIlel JJMHTENLHOE BPeMs HeI0OUCHKH 3TOi
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npoGsemMsl), TaKk H C NMO3UTHBHOM (OpraHH3anHst H NPOH3-
BOJICTBO JIPEHAXKHBIX PalbOT H NMPHMEHAIOUIHeCH] MallHHbl H
KOHCTPYKIUHH, 060CHOBaHHEe THNOB H napamMeTpoB ApeHaxa
H NPOMBIBOK 3acCOJeHHBIX 3eMeab). Caeayer, 0Hako, OTMe-
THTH, YTO B CHJY NPHPOAHBIX H HCTOPHYECKH CJOKHBIIHXCSH
YCJOBHH, a TakKe HCAOOUCHKH B npowmaom GopbObl ¢ 3aco-
JleHueM opouraeMbix 3emenb onbit Cpeaneit A3Hn U 3akas-
Ka3bsi OTHOCHTCSl IMIaBHBIM o6pa3oM K Gopebe ¢ yxKe HMElo-
LIHMCA 3aCOJIEHHEM MOYB HJAH pecTaBpauHeil 3aco/eHHs Ha
BPCMCHHO ONPECHEHHBIX MOYBAaX H B 3HAYUTEAbHO MEHbIIEH
CTEeNeHH K npeaynpexaenHio saconenus. [locneanee xe, ¢
Halel TOYKH 3PEHHS, SABASETCA IMaBHLIM VIl HOBHIX pai-
OHOB OpOLIEHHS.

Heo6xoaMMOCTh COCTaBNEHHA NPOrHO30B BORHOTO
M CONEBOro PEXMMMOB ANs KaXkaoro obsexra
opoLueHMs

[Ipupoanbie u X037iiCTBEHHBIC YCJAOBHS PailOHOB, rae yxe
POBOJIMTCS] OPOIIEHHE, BEACTCHA HJAH HAMEYACTCH CTPOHTENb-
CTBO OPOCHTEALHLIX CHCTEM (MJIH BOAOXPaHWJHIN), BecbMa
pasnoobpasnel. Pasnuunbl H npHMeNAIOMHECS HIH TIPOEKTH-
pyemMbie npHeMbl H TeXHHKa opoulenHsa. [lostomy 3apanee
ONPCACHHTD 3€MJIH HIH OOBEKTHl, ONACHBIE C TOYKH 3PEHHS
BO3MOKHOIO 3aCOJICHHS H NOJTONJEHHS, HeNb3sd 0e3 Tiia-
TCNIBLHOTO aHa/MH3a CYLIECTBYIOUIHX BOJAHOIO H COJIEBOro pe-
’KHMOB 3CMeJIb H, UTO CaMOe riaBHoe, Ge3 COCTaBJCHHS Npo-
FHO30B 3THX pexkHMoB. B nexkoropuix paitonax (Ilpukacnuii-
CKasi HH3MEHHOCTb, YKpanHcKoe nobepexbe YepHoro mops,
Cesepubiii KpbuiM 1 ap.) 3anacel coseil B TpyHTax, rpyHTO-
BBIX BOJlaX HJH MOYBAX HACTOJNBLKO BEJHKH, YTO Ha TaKHX
geMasix 06e3 NMpeABapHTENbHOTO HX PacCCONICHHS MPHMEHATD
opouleHHe Heab3s. lanee no cTeneHH ONacHOCTH 3aCOJICHHS
HAYT JAOJHHBI H MOMMBI I0XKHBIX peK (ocoGeHHO oOBaJOBaH-
nple nowmbl pex [lmecrpa, Hlynasa, Boaru u ap.). 3eman,
IpHJeralomiie K KPYNHbIM BOAOXPAHHJHULAM HA [0XKHBIX
paBuuHHBIX pekax ([luenp, Bonara, lon), o6biyHO noaeep-
JKCHBI MOATOIVIEHHIO, HO HHOrJAa H Ha 9THX 3eMJAX MOryT
(NposABAATLCS mpoueccsl 3acojieHus. BojpopasjaesnbHbie H
CTeNHble NPOCTPAHCTBA NNPH HEYMEPEHHOM OPOLIEHHH MOryT
ObiTe H3OBLITOYHO YBJAKHEHbI, a B HEKOTOPbIX CJyuyasx 3a-
COJIEHBl HJIH OCOJIOHLOBaHbl. Hakouen, HMeEWOTCs 3eMJAH C
TAKHM €CTEeCTBEHHBIM MNOA3EMHBIM OTTOKOM, YTO HX OpoOLie-
HHE He CO3JaeT Yyrpo3bl 3aCOJIEHHS HJIH NOATONJIEHHS.
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Bo Bcex cayyasix (B pasHblX NPHPOAHBIX YCJIOBHSAX) HH-
TEHCHBHOCTb MHTAHHS I'PYHTOBLIX BOJA NPH OPOLICHHH B 8HA-
YUTEJNLHOH CTENeHH 3aBHCHT OT TEXHHYECKOro YpPOBHs OpoO-
CHTeJILHOW CHCTEMbl, TO €CcTb 3aco/ieHHe H NMOATONJICHHE 3e-
MeJb CYLIECTBEHHO 3aBHCAT OT TeXHHKH opoinenus. [Ipuuem
BCEr/la, YeM COBepUICHHEEe TeXHHKa OpolieHus, TeM 60J/buias
20/ BOABLI, 3abHpaeMas H3 HCTOUHHKOB OPOINCHHS, 110JIe3HO
HCMOJIB3YETCS Ha NOJAX, a MeHblas €e YacThb HAET Ha IH-
TaHHe MNOJA3EMHBIX BOJA. Yrpo3a 3aco/ieHHs H MOATOIIEHHS
8eMeJb IIPH 35TOM CHHIKACTCH.

Tagkum o6Gpa3oM, XapaKTepHCTHKA CYILECTBYIOIEro BOil-
HOrO H COJIEBOTO PEXKHMOB 3€MeJib (/10 OCYILeCTBACHHS HOBO-
ro OpOLICHHS HJIH CTPOHTEIbCTBA BOAOXPAHHJIHIL, a TaKxKe
Ha OPOCHTCJLHBLIX CHCTEMaX B IepBbie rojibl HX SKCmiyaTa-
UHH H Ja)Ke 4Yepe3 JeCATKH JICT) COBEPIIeHHO HeJ0CTATOYHA
AJisi ONpE/leIeNnsl Yrpo3bl 3aCOJCHHS W NOATONJCHH S 3eMeh
B OamkafimeMm OyayuweMm. Onpeaeacnie HeoGXOAHMOCTH
(IPOBEAEHHSI APEHAXKHbIX MEPONPHATHH, YCTaHOBJEHHE HX
THNOB M NapaMeTpPoOB JIOJIKHO OCHOBBIBATBHCSI Ha NPOrHO3C
BOJHOrO H COJIEBOTO PEXKHMOB OpPOIIaeMBLIX H NpHJIEraouiHx
K OpolIaeMbiM MacCHBaM H BOJOXPaHHJHINAM 3€MEeJb.

C namweii TOYKH 3PEHHSi COCTABJEHHE TAKHX MPOrHO303
sapaAserTcs 06A3aTeNbHBIM JJIS KaXKJ0ro NPOeKTa OPOIeHHs.
Ha ocHoBaHHH pacueToB B NPOruosax AOJNKHB ObITh JOKa-
34aHBl OTCYTCTBHE Yrpo3bl 3aCOJIEHHSI H NOATONJICHHS 3e-
MeJb H HEeHYXKHOCTh (B TOM YHCJE B NEPCHEKTHBE) CTPOH-
TEJABCTBA JIPEHaXka WIH ero HeoOXOAHMOCTh H OCHOBHBIE M-
paMeTpsi.

Y MHOrHX NMOYBOBEAOB H THAPOreoJOTOB, KOTOpbie Aai0T
3aKJIOYCHHE O NPHIOJAHOCTH 3eMeab /s OpOWeHHs H CO-
CTABJAIOT MX XapaKTePHCTHKH, NPOUHO YKOPEHHJIOCH OLIH-
GOYHOE MHEHHE, YTO OnycaHne CyUIECTBYIOUIHX /10 OPOIIeHHS
YCJIOBHII SBJASCTCS BNOJHE JOCTATOUHBIM Jisi OGOCHOBAHHS
npoexra. ITo sTHM MaTepuajaM NPOBOAAT palOHHpPOBaHHE
3eMeab H MO HHM KauyeCTBEHHO OUEHHBAIOT MEJHOPATHBHOE
cocTosiHMe HX (XOpouiee, y/AOBJIETBOPHTENbHOE H T. A.), TO
eCTh XapaKTepH3yercsi TO, YTO ecTh, NpPHYeM OOBLIMHO TOJL-
KO KaueCcTBEHHO, a He To, uTo Oyaer. IlosTomy Hacro cosjia-
eTCs BIeYaT/ICHHE 0 MHHMOM 6JaronosiydHd MeJHOpaTHBHO-
IO COCTOSIHHS 3€MEJb, YTO NPHBOAHT K CEPLE3HBIM OlIHOKaM
H HEOOXOAMMOCTH B jlajbHCHIIEM HX HCPaBJICHHA.

HauGosnee pacnpocTpaHCHHbIM 3a0JyKACHHEM ABJISCTCA
MEJHOPATHBHAA OIEHKA 3eMeJb MO CYLIeCTBYIOLIEH 10 0po-
meHHs rayGHHe 3ajeraHus YPOBHA TPYHTOBBIX BOJ Ges Ko-
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AHYECTBEHHOTO yueTa MOA3EMHOro oTToKa. Beab eciu ycio-
BHil JUIsi OTTOKA HET, TO NPH K. M. J. OPOCHTEJbHLIX CHCTEM
(B seMasHBIX pycaax M caMmoTeyHoM moause) okosio 0,5 B
rPYHTOBbIe BOABI B roji HocTynaer (npH Bojaosabope OGPyTTO
8—12 teic. m3/ra) cnoit Boasi 0,4—0,6 m. Ilpn cBoGoauod
noposnoct#H okoso 0,4 370 HEH30EKHO BEAET K NMOABEMY
YPOBHsI TPYHTOBBIX BOA Ha 1—1,5 M B roj, 4To NOBCEMeCTHO
H HaGJIofaeTcss NPH BBOJE B SKCIJIYaTAlHI0 HOBHIX CHCTEM
opowenusi. Tak Kak B nepBbie rofibl SKCIJIyaTauHd OpOCH-
TeJbHBIX CHCTEM MO OPraHU3aUHOHHBIM H JAPYIHM NpPHYHHAM
Bo/103a60p ObiBaer GoJiblle PacyeTHOro, a HCNoJb30BaHHE
BOJ/ILI HEOCTAaTOYHO 3¢ (PeKTHBHOE, TO IPYHTOBLIE BOABI NOA-
HUMAIOTCA elie Bhille, 0co0eHHO BOJH3H KPYNMHBIX KaHAJ0B
B 3eMJISIHBIX pycaax.

Takum o6pa3oM, HanpHMEpP, HCXOAHBIH YPOBeHb IPYHTO-
BBIX BOJX JI0 OpOIIeHHst B 15 M NpH OTCYTCTBHH YCJOBHIt AJIsI
eCTeCTBEHHOr0 NMOA3CMHOrO0 OTTOKA HE BCErja NosBoJsier Je-
JlaTh BHIBOJALI O HEHY)XHOCTH ApeHa’ka, TaK Kak B OaHxai-
wue 8—10 aer (uau GuicTpee) I'PYHTOBLIE BOJALI MOTYT MOJI-
HATHCS JI0 TAKOTO YPOBHS, NPH KOTOPOM OHH HAYHYT
MPHAHMATH HENOCPEACTBEHHOE YdYacTHe B NOYBOOGPa3oBa-
tenbHoM mnpouecce. Cambie HeGaaronpusiTHbie YCJIOBHSA
CKJaJBIBAIOTCS TNPH HAJAHYHU COJIeH B IOYBax, rpyHrax H
IPYHTOBBIX BOJAX.

Ecay rpyHTH ¥ IPYHTOBBIE BOJABI 3aCOJICHBI, HO TOYBBHI
ONMpecHeHbl OcaAkaMH (Tak HaspiBaeMmble IVIyOOKOCOJIOHYA-
KOBAaThIC TMOYBHI), TO NOAHHMAIONIIHECH TPYHTOBBIE BOJADI,
pacTBOpsAsl COJH, COJAeprKalHecss B rPyHTax, TPAHCHOPTH-
PYIOT HX K NOYBEHHOMY CJIOIO, YTO TakXkKe BeJeT K ero 3a-
conennio. Takasi kaprTuHa HabaionaeTcsi Ha OCBaHBaeMbiX
3eMAAX B apHAHON H CTENMHOH 30HaX.

Takum 06pa3oM, HHKaKHe OTAEJNbHO B3ATHIC XapaKTepHc-
THKH BOAHOTO H COJICBOrO PEeXKHMOB 3€MEJib, CYLECTBYIOLIHE
10 opoiueHHs1 (HAH NOcJe NepBBIX JeT SKCIVIyaTalHH Opo-
CHTEJILHBIX CHCTEM), HEe MOTYT CAYKHTh OCHOBaHHMEM Jif yT-
BEPKACHHS OTCYTCTBHSI YrpoO3bl NMOATONJIEHHSI H 3aCOJIeHAS
3eMeJib H B CBSISH C 3THM SIBASATLCS MOTHBHPOBKOH JuIsl OT-
Ka3a OT NPOBCACHHSA JAPEHAXKHBIX MEPONPHATHH.

Pa3znoo6pasne NPUPOAHLIX H XO3AHCTBEHHLIX YCJIOBHH H
TEXHHYCCKHX NPHEMOB OPOIICHHSA B CTENHOH 30HE, 4 TaKiKe
MaJiblif MPAKTHYECKHH ONBIT OCBOEHHS OpONIAeMBLIX 3eMelib
HA 3HAYHTENBHLIX IVIOAAAX He NO3BOJAIOT pacnpocrpa-
HATh Pe3yJbTATHl .OTACAbHLIX, OOGBIYHO KPATKOBPEMEHHBIX
nabaiofeHuii 3a MeJHOPATHBHBIM COCTOSIHHEM 3eMeJib H pa-
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GOTOM APeHaXKHBIX CHCTEM HA ApPyrHe OOBeKTH HAH 3HAUH-
TeabHbIE naomaan Ge3 crneunanbHoro o0OCHOBAHHA AOMYyC-
THMOCTH Takoro npuema. [To-BHanMOMY, CO BpeMeHeM, noc-
Jle HaKOIJIeHHS TPAKTHYECKOrO ONbiTa H HCCAE/I0BATENbCKHX
MaTepHaJoB, BO3MOXKHOCTb HCHOJIL3OBAHHSA METO/MA aHa-
aoruit yseanunted. Mrak, HeoGXOAHMOCTb HJIH HEHYXHOCTDH
ApeHaxa, BpGop ero THNa H napamMeTpos 0GOCHOBHIBAIOTCA
pacuyeraMH — COCTaBJCHHEM NMPOrHOSOB BOAHOIO H COJICBOro
PeXKHMOB 3eMenb. OCHOBOM HX COCTABJACHHS JIOIKHLI ObiTh
HaJleXXHbie aHHbIC, XapaKTepH3yIollHe CyLLeCTBYIOUIHE BOA-
HBIt H CONEBOH PEKHMBI.

HafeHOCTh M TOYHOCTh AAHHBIX NMOYBEHHbIX
M TMAPOreoNnoOrHYeCKHX HCCnesoBannH

B Bonpocax Bmifopa XapakTepHCTHK BOJAHOIO H COJIEBOrO
PEKHMOB 3eMesib H OCOGEHHO OUEHKH HAJEKHOCTH HCXOA-
HBIX JIaHHBIX JWig 060CHOBaHHS NPOEKTOB elile HET €AHHOro
muenns. JeficTyolne HOpMATHBE, ONPEICASIOUIHEe COCTaB,
06beM H JAETaAbHOCTL INMOYBEHHBIX H TH/IPOreOJIOrHYeCcKHX
H3LICKAHHI H HCCJAEJ0BaHui, NpakTHYecKH 6e3 ocoObiX H3-
MEHEHHIT NOBTOPAIOTCA B HOPMAX B TEUEHHE HECKOJbKHX
JICCSITKOB JICT, HECMOTPsl Ha H3MEHHBIIHecs! (NMOBHILEHHbIC)
TpeGOBaHNA K HHM B CBA3H C HHTEHCHQHKaUHEH CENbCKOXO-
3AHCTBENHOrO TNPOH3BOACTBA. ITOT BONPOC 3acjayKHBAET
BHEMATEJBLHOrO H3YUeHHs sl 0GOCHOBaHHsA cocTaBa M 00%b-
eMa H3BICKATEeJbLCKHX H HCC/IEIOBAaTENLCKHX MaTepHaJoB.
[TpakTHka NOKa3wBaeT, YTO HeJOCTATOYHOE H3YHeHHE HCXOA-
HBIX MOYBEHHO-THJPOreOJIOrHYCCKHX YCJOBHH NPH NPOEKTH-
pOBanHH OPOCHTEJBHBLIX CHCTEM HHOTAA NMPHBOJHT K COBEP-
IIEHHO HEOXHAAHHBIM Pe3yJbTaTaM: [OCTPOCHHBIE CHCTEMb
paGoTaloT HEYAOBJCTBOPHTEJALHO H NPOH3BOAHMbBIE B JaJib-
HelfleM KpPynHBIC 3aTpaTihl HAa HX NEPEACJKY BO MHOro pas
NpeBLIIAIOT T€ CPEACTBA, KOTOphie Hafo Oblio Ou cBoeBpe-
MEHHO H3pPacXoA0BaTh HA H3BLICKAHHA H HCCAEJ0BAHHA.
B kauecTBe npHMepa MOMKHO NMPHBECTH HEKOTOpLIE opoliae-
mbie Maceusnl B Fonoaunoit crenu. Tak, B coBxoze Ne 5 cpei-
HHA KospduuHenT (UALTPAUHH NOYBOTPYHTOB, ONpeACJICH-
HBIT MOCJIe CTPOHTENLCTBA JIpeHaxka, OKasaJjcs 3HaYHTeIbHO
MEHBIIHM, YeM STO NMPHHATO B NMpPOEKTe, a B coBxosde Ne 4,
HaoGopoT, B HECKONLKO pa3 Goabuie NpoekTHoro. Tak kax
B OCHOBe NPOCKTHPOBaHHA APEHANKa JIeKHT XapaKTepHCTHKA
BOZONPOHHIAEMOCTH TOYBOrPYHTOB, TO, OYEBH/AHO, 4TO MNPH
NPOEKTHPOBAHHH JAPEHAXKHBIX CHCTEM B 9THX COBX03ax Obl-
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JIH JIONYIIEHB OIMHOKH. DTO H BHISICHHIOCH M0C/]E OKOHYaHUSA
CTPOHTENLCTBA APeHaXka.

Muumasi 5KOHOMHSA CPE/ICTB NPH U3BICKAHHSAX NPHBO/IH-
Jia K ropaszno GOJbUIHM pacxoiam NpH cTpoHTeabcTse. ITo
HalleMy MHEHHIO, TOYHOCTh HCXOAHBIX NOYBEHHO-THAPOTeo-
JIOrHYECKHX JaHHBIX JOJXKHA OBITh He HH)KE BepOSATHOCTH
(oGecneyeHROCTH) PpabGOTHl OPOCHTENbHON HJIH OCYLIHTE]b-
HOMt CHCTEeMBI, NMPHUHATOH B npoekTe (5Ta 06GECneueHHOCTD,
KaK H3BECTHO, OOOCHOBBLIBAETCS TEXHHKO-3KOHOMHYECKHMH
pacueraMn). B CBSI3H ¢ HHTCHCHBHLIM HCIOJIL30BAHHEM OPO-
UIaeMBIX H OCyLIaeMbiX 3eMes1b HanGoJee THIHYHOH B HACTO-
auee Bpems cunTaercss obGecneueHHocts B 90%. Caenona-
TEALHO, NPHOAHSHTENBHO MOIKHO NPHHATb, YTO BEpOSITHASN
omH6Ka CpelHHX HCXOJANBIX MapaMeTPoB, MOJYYCHHBIX B pe-
3yJbTaTe M3BICKAHHII H HCMOJb3yeMbIX B KayecTBe pacHer-
HbIX B OOOCHOBaHHH CHCTEM, MO KpailiHeil Mepe He JOJXKHA
Guith Gonee 10%. Xors ato o6uiee mnonokenue Tpedyer
KOHKPETH3aIlHH, OHO MOXXET CJAYXKHTb ONpejiesNeHHOH NpH-
JIEPXXKOH MNPH YCTAHOBJEHHH 0O0beMa H3BICKATeJbCKHX
pa6or.

Kak u3BecTHO, MOYBEHHBIE H THAPOrCOJOTHUECKHE MaTe-
pHanbl, COAEpMKAlHECH B IPOEKTaX, COCTOSAT OOLIYHO H3
onHcaHusi OGIMX YCJOBHIi, NOYBEHHBIX H CHAPOTre0JIOTHYE-
CKHX KapT (C Bbl/ieIeHHeM THNHYHLIX o6jacreil, paioHOB,
Yy4acTKOB) M OTAENbHBIX noxkasateneil. Heo6XonHMo cocTas-
JATH TaKyKe BOJAHBIH H cONneBoii 0alNaHChl 3¢MeNib, MOBEpX-
HOCTHBIX BOJ, NIOYB H IPYHTOB 30HBI aSpallHH H TPYHTOBLIX
BOJA. DTH Ganancwl (0coOGeHHO CONEBOIT), Kak NpaBHNO, He
COCTaBJISIIOT HJIH COCTABJSIOT YaCTHYHO.

PationnpoBanue OOGBLIYHO OCHOBAaHO Ha KavueCTBEHHOM
aHaJIN3e NOYBEHHBIX HIH THAPOreosIorHuecKuX ycnosuil. [Tpu
padOHHPOBAHHH, INOMHMO TIEHEeTHUYECKOro, Ka4YCCTBEHHOTO
NOJIX0/1a, KOTOPhIH, KOHEYHO, HeOOXOHM, HYKHA JAOCTATOYHO
oGocrHoBaHnas KOJHYECTBEHHAs XapaKTepUCTHKA TeX CBOMCTB
HJIH TOKasaTesied, KOTOpbIe KJIaAyTcsi B OCHOBY INpOCKTA.
Ilpu sToM HEOOXOAMMO HCNOJb30BATL H3BECTHLIE NPHEMBI
CTATHCTHYECKOH ONMEHKH H TEOPHH BepOosITHOCTCH, yeM H omn-
peneaurcs (npH 3ajaHHOi TOYHOCTH) 06beM HAGMIOACHHH
(Pone, 1965, n np.).

OcHoBHBIE TNOKa3aTeNH BOJHOTO H COJNEBOTO PERKHMOB
(nanpumep, nOJMBHBIE H NPOMBIBHBIE HOPMbI, KPHTHUYECKAs
rayOGHHA TPYHTOBHIX BOJA H Jip.) SaBHCAT HEe OT OJHONH Ka-
KOfi-n1H60 NMouBeHHOM HJAH THAPOreoJIOrHYCCKOH XapaKTepHe-
THKH, @ OT HECKOJABKHX. B Takux cayuasX, KaKk H3BECTHO, OT-
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HOCHTeJIbHasi omwnOKa pacuetHoro napamerpa (y) Oyxer

paBHa:
_3_4/_:‘/ (ﬂ ._31_)’.*. (_".y_. .ﬁ)’+ (1)
y o ¥ 0 Y :

rae y==[f(x;, X3 ...); &;, 82— OWIHOKH B ONpEAENEHHH X1, X3, ...

I1peanosoKuM, YTO NMPOMBIBHYIO HOPMY ONpPEAeasioT Mo
thopmyne B. P. BosoGyesa (1959):

S
N=pIn=%, (2)
So
rae N — npoMbiBHasn HOpMa Ais | M NOYBEHHOrO cJIOf, M CJAOS BOAM,
Si, So— ucxoanoe u AonycTHMOe coaepxkanme couedi; f=a/2,3 — Kosd-
(HmEenT, 3aBHCALHA OT THNA 3aCOJICHHSA.

CunTast AONYCTHMON BEPOSITHYIO OTHOCHTEJIbHYIO OMIHO-
Ky B onpeaeicHuH Hopmul N, pasuyio 10%, #u npunumas
TOYHON PACUCTHYIO BEJHYHHY ONPECHEHHS Sp, MOMYUHM:

iV T -

e I
V@ 4 -giﬁ s
Se N
3aech
ﬂ—- Sl X oN — ﬂ - & =-—8N—'
B —lnso’asl 8 LONToNG:
o, =
83— b y &s sx'

Orcioa nosy4yum:

- S —— S —_—

e, =In-S-y/ e —ef = In-2- /0,01 —¢3
B gacTHOCTH, €C/IH CUHTATh, 4TO caMa ¢opmyna (1) TouHas
(2= 0), 10 &,=0,1 In 5,/S;= 0,23 Ig S/S,.

Tak, npu —::-i=20 HEOOXOANMas  OTHOCHTeJbHAs

0
omuOKa B ONpPELeSEHHH CYMMapHOrO KOJHYECTBa COJiei B
cnoe 1 M (npH MOYBEHHBIX MCCICAOBAHHAX) JOJIKHA OBITH

£s<<0,3, a npu caaGoii 3aCONEHHOCTH (z—‘ == 5) e, < 0,16,
0
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Ecan nanpumep, ans pafiona HAH y4acTKa H3MepeHHHIE
B ABYX TOUKAaxX 3HaYeHHs S; OKa3ajHChb paBHLIMH 2 u 49

~ MAceH cyxoif moYyBbl, TO BeposiTHas omWHOKA CPeAHero 3Ha-

nenus (3%) Gyaer:

e, =0,674 ]/ 2 = DETh l/ ot 0674
ek n(n—1) 21

;!l‘f:é‘i‘ﬂocurenwaa BeposATHAst OmMMHOKa CPCAHEro 3HAYEHHA

8= 2-56—7-4 = 0,22, ut0 B cayuae %— =20 naer pocraTou-

0
Hyio Tourocth (S;==34-0,67), a B cayuae %- =5 — He-

iy o
JOCTaTOuHYI0, B YHCAO HaGMIOACHHI HajA0 YBCJHYHTH 10

n, n(gh) 2(0,16) 3,8 ~4.

~ AHaJIOTHUHO MOKHO BBIYHCAHTL HEOOXOAHMYIO TOYHOCTH
NMOJCBOro onpenescHnsa Kospduuuenta GuUALTPALHE ¥ UHC-
J0 ero H3MepeHHIl npH OOGOCHOBAHMH NPOEKTa JApeHa)ka.
B stom cnyuae, Kak NMOKa3HBalOT BHIUHC/AEHHS, BBHAY 3aBH-

rh CHMOCTH PAacCCTOSIHHS MEXJY JAPEHAMH HC OT OAHOTO, a OT

t’"-

psAAa noxasaresieil gonycTHMas BeposiTHas owHGKa B onpe-
Aenennn xosppuunenta puabTpaunn cinxkaercs ao 5—7%.

Bcee 510 cBuaeTenncTByeT 0 HEOGXOAMMOCTH NepecMoTpa
JeHCTBYIOIHX HOPMATHBOB I10YBEHHO-THAPOre0JOTHYECKHX
H3BICKaHHN B CTOPOHY HX peskoro yseanuenusi. Cokpauiesue
STHX paboT NMOA NPEAJIOroM SKOHOMHH CPEACTB Ha NMPOEKT-
HO-M3bICKaTeNbCKHE paGoThl OMHO0YHO H YyOLITOYHO AAS rO-

cyAapersa.

XapakrepucTuika CyUECTBYIOWEro BOJHOTO PeMMMa;
BoaHbIH Ganawxc

Merox Boanoro Gasamnca, MWHPOKO NMPHMEHSIEMEI B THAPO-
JOMHH (rnaBHBIM O6GpPas’oOM s ONpefeNeHHs HCHapeHHs ¢
MOBEPXHOCTH OGAacCefiHOB MO PAa3HOCTH MEXJYy OCajiKkaMH H
CTOKOM pekK), OB/l NPeAIoXkKeH A HCIOJL3OBAHHS B CEJb-
ckoxossiicteennoi meanopaunu A. H. Kocrakosuim (1960,
1961). Oanako MeTox BoAHOro GasaHca B YCJAOBHAX MEJIHO-
PalH{ CyIIEeCTBCHHO OTIHYAETCH OT METoAa BOAHOro Gasa-
ca, npuMensieMoro B ruaposornH, CocTaBieHHE BO/HOTO
Gananca MeJHOPATHBHON CHCTEMBl OCJAOXKHACTCS NO PSAY

NPHYHH, ¢ :
2288 | 17
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Bo-nepBbiX, OCHOBHBIMH COCTaBJSIONIHMH BOAHOro 6a-
JIJaHCa MEeJIMOPATHBHBIX CHCTEM ABJASAIOTCSI HCKYCCTBEHHAs MO-
nava BOAK (Ha opomieHHe) H OTBOA H3OLITOMHBIX BOA (NMpH
ocyueHun uan Gopnbe ¢ 3aCoNeHHEM).

Bo-BTOpLIX, MEJHOPATHBHBEIE CHCTEMB! OGLIYHO pa3Melna-
IOTCA He Ha BceM (GacceiiHe peKkH, a 3aHHMAaIOT ONpe/eneH-
Hble reoMOpP(OJOrHYeCKHe 3/1eMEeHThl (JONHHBI H HX CKJIOHBI
H T. A.), 4TO OOLIYHO HE MO3BOJISICT HCKAIOYHTHL H3 GanaHca,
KaK 9TO JeJ1aeTCsl B THAPOJOrHH, NOBEPXHOCTHLI H NMOA3EM-
HBIif MPHTOK Ha MACCHB.

B-TpeTenx, B ycJIOBHSX MeJHOpauuM#H HeoOXOAHMO pac-
YJeHeHHe MOBEPXHOCTHOrO H MOA3EMHOro OTTOKa (B rHapo-
JIOTHH TaKOro pPacuJIeHCHHUA paHblUe HE JeJajiH, H STOT BO-
NpOC HEAaBHO HAYaJH H3yuaTh B CBA3H C ONpeneseHHeM
pecypcos MOA3eMHBLIX BOA), TaK KaK MEJHOPATHBHOE BO3/lei-
CTBHE CKa3bIBaeTCsl HMEHHO IPH peryJHpoBaHHH STHX ¢ak-
TOPOB.

B-ueTBepThIX, AN uesnell MeNHOpPAUHH HEIOCTATOYHO CO-
cTaBnaTh OGUIHI BOAHLIN GanaHc, HEOOXOAHMO COCTaBJATH
GanaHCHl TMOBEPXHOCTHBIX BOJ, BOJA 30HBI a’pauun (mouBeH-
HBIX) # noazemubix (Asepbsanos, 1959). Toabko npu cocras-
JIGHHH YacTHHIX 6aJlaHCOB BCKPLIBaeTCs BaXXKHefnuil noxa-
3aTesib BePTHKAJAbHOrO BOMOOOMEHA MeXJy NOBEePXHOCTHHI-
MH H TNOJ3eMHBIMH BOJaMH, KOTOPBI HemocpeACTBEHHO
BJIMSIET Ha NouB0OOpa3oBaTENbHLIT mnpouecc (Bocxoasinee
HJIH HHCXOJSILIee ABHI)KEHHE BJIATrH M cojel B noysax). B o6-
lteM BOJAHOM OanaHce 3eMeJb B3aHMOJACHCTBHE NMOUYBHI, 30HHI
aspalHH H NOJI3EMHBIX BOJI B3AHMOHCKJIIOUAETCA H HE MOXKET
OLITH YYTEHO.

Hakonen, B yc/oBHAX MeJHOpPAUHH ¥acTo Tpebyercs
SHaThb He TOJALKO CpeHHii MHOroJeTHHit Gajanc, HO M 6a-
JIJaHC B roAbl ONpeaeJeHHOH OGecneYyeHHOCTH H, 4YTO eule
C/lI0XKHee, B OT/eJbHble (KPHTHYECKHE) NepHOAM (Ce30HH)
rojaa.

Bce 5T0 cH/IBHO 3aTpyAHSET NPHMEHEHHE METO/a BOJHO-
ro Gananca B meaunopannd. OAHaKO, HECMOTPS Ha TPYAHO-
CTH, 3TOT MeTOA (NPH ONpefeJNeHHBIX AONYIIEHHAX H ynpo-
IEHHAX) COBEPIICHHO HEOGXOAMM JUISi OLEHKH CYIICCTBYIO-
Iero " MepcnekTHBHOrO  MEJHOPATHBHOTO  COCTOSTHHSA
MaccHBa.

B nannoii paGore HeT BO3MOMKHOCTH MOAPOGHO OCTaHAB-
JIUBATBCA HA METOJIHKE OIPEAEJEHHS OTACJNLHBIX JIEMEHTOB
BOZiHOTO Gasauca, N03TOMY OrPaHHYHMCSH TOJNBKO HEKOTOPHI-
MH coO0paKeHHSAMH 10 9TOMY BONpOCY.
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Puc. 1. Cxema cOCTaBAfKINHX BOAHOTO
Gasanca:

0O¢ — ocapkn; H — ucnapenne WacTH ocan-
KOB, He BUHTHBRIOUIHXCH B nousy (c nopepx-

IOCTH CHera, ayxg I u O — nosepxuocTunil
npnrox H OTTOK; Bn — BOUTHIBAHHE B MOYBY;

—rpaacnnpaulu B RCHapeuHe H3 noHnbi;
l — NOAIEMHBI NPHTOK H OTTOK; g —

nepmxanmuﬂ BOROOOMEH MeXAy nouysol m
NOASEeMHEMA BOAAMH (3HAK NMIOC — NOCTYN-
JEHHEe rPYHTOBHX BOA B NOYBY): =*=p — Bep-
THKaabuLift BonooGMen rpynrosux soa ¢ Go-
Jaee rayfoK0o3aAeraomiEMyE MOASEMHABIMH BO-
AAMH (3HaK NAIOC — OMTANHE FPYHTOBMX BOA
cnuay); ¥YI'B — yposesb rpyHTOBHX BOA.

[Ipn onpenesenun 3/€MEHTOB CYIIECTBYIOLLIEro BOAHOTO
Oasianca MacCHBa, HAMEYEHHOr0 K OPOLICHHIO, TO €cTh Oa-
JIaHCa B NPHPOAHBIX, HE H3MEHEHHLIX OPOLIEHHEM YCJOBHSAX,
NO-BHANMOMY, MOXKHO OFPaHHYHTLCH CPEAHEMHOTIOJETHHMH
JIAHHBIMH, TAK KaK NPOrHo3 BOJHOTO pPeXHMAa COCTABASAIOT
Ha paJ JeT BHepei, H, CAeJ0BaTENbHO, OTKJOHEHHA B OT-
JleJIbHBIE TO/IBl 3JeMEeHTOB BojHOro 6aJsaHca OT HX CPeJHHX
3HAYeHHH MaJo OTPa3ATCA Ha oblLIeM nepexo/HOM npolecce.
Hckniouenue cocTaBasiioT CJyuaH, KOrja NMepexoiHbiil nmpo-
lece HenpojoskuTesieH (Hanpumep, npH GJH3KOM 3ajera-
HHH TPYHTOBHIX BOA). IIpH 9TOM NPHXOAHTCH COCTaBJATH
GasaHc TakxKe M AJs rofa pacuetHow obecneyenHocTH. Ko-
HEYHBIH BOAHBIN PEXHM, MOJYUYEHHBI B pe3yabTaTe nporHo-
3a, AOJMKeH ObITb PacCMOTPEeH KaK VI CPeAHHX YCJIOBHIA,
TaK H A pacyeTHoH o6ecneyeHHoCTH.

Cxema cocraBagioll¥X BOJAHOro GajaHca NOKasaHa Ha
pucynke 1.

Ecau uepes AW,, AW;, AW; 0603HaunTh H3MeHeHHe 3a-
[1aCOB COOTBETCTBEHHO MOBEPXHOCTHBIX, MOYBEHHLIX H IPYH-
TOBBIX BOJA, a uepes AW —ofuice H3MCHEHHE 3amacoB BO-
J\bl, TO ypaBHEHHsS BojHOro OajnaHca 6y11y1' CHAeVIOUHMH:

JJisl IOBEPXHOCTHBIX BOJ{ ;

AW, = Oc— H + [T — O — Bn; (4)
JUIST MOYBEHHBIX BOJ
AWy =Bn—Tp + g; (6))

JU15i TPYHTOBBIX BOJ
AWsg=+ g+ 11—O0 +p; (6)
2¢ 19



o6uuit 6anaunc
AW = Oc — (H + Tp) +(ﬁ+1_7)-(c‘) +'o) +p." (D

S, e

Caesyer OTMETHTH, YTO 3a IIOYBEHHBI CJION, IO-BHIH-
MOMY, LeJecoo0pasHo NPHHATL 30HY MENKAY NOBEPXHOCTDHIO
MOYBLI H YPOBHEM FPYHTOBBIX BOJ IPH HX BLICOKOM CTOSTHHH,
[Ipn rayGokoM 3ajieraHHH TPYHTOBBIX BOA MOJKHO NpPHHSITH
CJIOH, B KOTOPOM OTPaXKalOTC5l CE30HHBIE H3MEHEHHs BJa-
HOCTH; S3TOT CJIOH B PasHBIX 30HAX PasJHYEH H MOMKET JOCTH-
ratb 3 M H Gojee. B nocaeanem caydae BeJHuYHHA =g npH-
HHUMAeTCsl NOCTOSAHHON, NPOXOAAIEH TPAH3HTOM Yepe3 30HY
aspauHi OT NOYBHI JI0 NIyOOKO pacmoJioKeHHBIX IPYHTOBLIX
BOJA (MaH HaobGopor). OTMETHM 3/eChb BecbMa pacnpocTpa-
HEHHYIO, K COXaJIeHHIO, OIHOKY — HIHOPHPOBaHHE BepTH-
KaJbHOrO BOJOOOMEHa MeXay mnouyBoil (0OHIYHO HMeeTcs
B BHAY nouBeHHBIH caoi 0,5—1 M) u uHKeJexauleit 30HOMH
a%palHH H OTHOCHTEJBHHO IVIYOOKO PacioJIOKEHHBIMH TpPyH-
TOBBIMH BOJAAMH. ITO OTHOCHTCS K Cnoco0y ompejeseHHs
cymmapuoro ucnapeuusi (H-+7p) B seTHHe NePHOMABI 1O H3-
MEHEHHSM BJIAXKHOCTH B noyseHHoM caoe 0,5—1 . Caenyer
TaKXe OTMETHTD, YTO MOCTOSHCTBO BJIAXKHOCTH B KaKOM-JIH-
00 cjoe cBHAeTENLCTBYET 00 OTCYTCTBHH Pe3KO BhIpaKeH-
HOrO HEeyCTaHOBHBLIEIroCsl JABHJKEHHs, HO He 00 OTCYTCTBHH
ABHXKeHHs BOOOIe (HanpHMep, BAAYXKHOCTb QHTHJISL rOPsLICH
KePOCHHOBOH JiaMnbl ObLIBA€T NOCTOSIHHOH, a PacXoi Kepo-
CHHa Ha ropeHue oyeBHjeH). Takoe ABHIKEHHE BJarH B 30HE
aspauld (HJH €ro OTCyTCTBHE) HauboJjiee YeTKO BISABJISET-
Csi NPH BBEACHHH Pa/IMOAKTHBHOrO HJIH HHOrO MHAHKaTOpa
B BHJE BOJOPACTBOPHMBIX COJieH (MaJio COpOHpPYEeMBIX CKe-
JIETOM TPYHTA) H NPOCJEKHBAHHH €ro mnepeMelieHHs.

Ilpn oTcyTcTBHM Ha MaccHBE 03ep H BOJAOEMOB AJis Cpei-
HEMHOTOJIETHHX JaHHBIX MOXHO npuHAMath AW;=AW,=0.
O6beaunus Gopmyasnt (4) u (5), noayunm:

+g=0c—(H + Tp)+ 1 —0, (8)

Qopmyana (6) ocraercst 6e3 H3IMCHEHHSI.

Hanee Bosnukaer Bompoc o6 yCTOHYHBOCTH (B MHOrO-
JIETHEM paspese) BeJHYHH, BXOAALIHX B ypasuenusi (8) u
(6) (1o menmopaunn). Bonpoc sToT BechbMa CHAOKEH, H JHC-
KYCCHsl MO HEMy, IJIaBHBIM 00pPasoM no NOBOAY PEYHOro

CTOKa, TO €cTh B OTHOUIEHHH cymmbl (O+0) ans Gacceii-

HOB peK, B PH/POJIOPHYECKO JHTEpPAType BEAETCHA B TeUeHHe
MHOruX Jier. Ilpn srom ykaseiBaeTcsi Ha KosieGanus (B MHO-
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roaeriem paspese) snauennit Oc n (H+Tp), casanubie ¢
NEePHOAHYHOCTHIO COJTHEYHOM AeATENBHOCTH, H HAa H3MEHEHHSA
B CTOKE BCJIEJICTBHE XO3AHCTBCHHOH ACATENBHOCTH 4YeJOBe-
Ka (pacliHpeHue NJIOMAAH NAaXOTHLIX 3eMesab, HHTEHCH)H-
KallHsl CeJIbCKOTO XO3SINCTBA, CHErosajleprkaHue, 3akjajka
JICCHBIX M0JIOC B CTENHBIX paifoHaX M ap.). JleficTBATENLHO,
yBeJHYCHHE IIYOMHLI BCINAIIKH, CHerosajcpianHe H Apy-
rHE MEpPONPHATHS AOJIKHBI YMCHbINATL NOBEPXHOCTHBLI OT-

1ok (0O) u yBeanunBath (H-4-Tp) H nDHTaHHE rPYHTOBBIX
BOA (g). DTO JAONOJHHUTENBHOE NHTAHHE MOMKET pacxoio-
BaTbCsl HAa yBEJHYCHHE 3anacoB rpyHToBhiXx BoA (AW3) u
noazemnoro orroka B peku (0). TakoBa ofmas cxema H3-

MEHEHHsS 3JIEMEHTOB BOJAHOro GajaHca TepphTopuii (M B
TOM YHCJIE PeYyHoro CTOKa) MO BJAHSIHHEM DPasBHTHS CeJb-
CKOro XO03sificTBa. DTO H3MeHEeHHe OCOGCHHO JIOJIKHO CKa-
34ThCS B CTENHLIX U JiecOCTeNnbIX ob6jacTax — 30HE Pa3BH-
THA opomienus esponeiickoii yactn CCCP.
Muorouncaennbie HaOJIOACHHS, TNpPOBEJeHHbIe Ha He-
GOJBUIMX CTOKOBBLIX INIOIIAAAX, TMOATBEPIKIAAIOT 3aBHCH-

mocTh O OT Xapakrepa CeJbCKOX03SHCTBEHHOrO HCMOJb30-
BaHns. OJ(HAKO NONLITKA MPSAMO NEPEHECTH 3TH AaHHLIC Ha
CPeAHHE M KPYNHbIC peyHble OGaccefinbl oOkasanach 06es3-
yenemnoii. HenocpeacrseHnnie HaGaI0/I€HHS 32 PEUHBIM CTO-
KOM KDPYNHBIX peK, BO-NIE€pPBHIX, HEC II0Ka3bIBAIOT OXHAAB-
IIHXCS CYMICCTBCHHLIX M3MEHEeHHH CTOKa, BO-BTOPHIX, 3TH
H3MEHEHHS TPYAHO OTICIHMLI OT MHOTOJETHHX KoJsebanui
croka. Bo Bcsikom cayuae B Hacrosllee BpeMsi noKa HeET
000CHOBAHHOH METOJUKH y4YeTa H3MEHCHHH CTOKa MoJ BJH-
SIHHEM Pa3BHTHS CEJbCKOXO35HCTBEHHOTO NMPOH3BOACTBA B
KpynHpix Gaccefinax. Mmeomuecss Ha 3TOT CHET pPEKOMEH-
nauun (Jibsoeuy, I'pun, Hpeiiep, 1963) owmnbGounsl no ps-
Jly TPHYHH: TNpHHATHE paBeHcTBa -+-g=0 aas oaHOrO H

TOTO K€ roja, YYHTHIBasg HHEPUHOHHOCTL MNOA3EMHBIX BOJL
BCEro peuHoro Gacceiina, HCBEPHO; NPHUATHE NMOCTOAHCTBA
0

(aast MO6LIX JIET) OTHOWIEHHS ——— W aHAJOTHYHBIX CMY
0¢c—0

TaKxKe OmuboYHO H T. A.

BosBpamasick K BONPOCY O BO3IMOIKHOCTH NPHMEHEHH:
CPEAHEMHOIOJIETHHX XapPaKTepPHCTHK  SJEMEHTOB BOJHOTO
Gananca B ypashenusx (8) u (6) Kak ocHOBBI JJs COCTaB-
JICHHS NMPOrHO3a BOJAHOrO H COJICBOTO PEKHMOB 3eMeJib NOC-
JIC OpPOIUEHHS H YYHTHIBaf, YTO BO3ACHCTBHE OpPOIIEHHs Ha
BOAHBIA GanaHC JaHHOrO MaccuBa O0e3yCJIOBHO 3HAYHTEMb-
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HeH, YeM BJIHAHHE HAa Hero JAPYruX CTOPOH CeJbCKOXO3SHCT-
BEHHOH MAEATEeNHHOCTH, a TakkKe HMes B BHLY TOYHOCTL Ga-
JIAHCOBBLIX pacyeToB H TO, YTO HCXOAHBLIH BOAHBLII Gaaanc
JONIJKEH XapakKTepH30BaTh CYHIECTBYIOUIEE NOJOKEHHE, TO
CCTb H3MEHEHHE CJejoBajo OBl yuyecTh AJsl NPOUILIX JICT,
AJISL MaHHOrO cJay4qas MOXKHO NPHHHMATH CPeAHEMHOroJeT-
HHE 3HAYCHHA 9JIEMEHTOB BOJHOro GaJjiaHca 3a pacuyeTHbie
XapaKkTepUCTHKH CyllecTByloulero pexuma. Peus uaer o
BO/AHOM GanaHCe AJs HOBBIX, HE OpOIIAEMBIX B Hacrosulee
BpeMs 3€MeJib, HO NpPEAHA3HAUEHHBIX A/ OpouieHHus B Oy-
ayuieMm. Torga B ypasnenuu (6) Moxuo npuuaTh AW3=0
H 3anucatb ero B BHJE

4yTO BMecTe ¢ ypaBHenHem (8) jaaer ypapuenne (7) npm
AW=0.

Onpenenenne Bxoasiux B ypasuenus (7), (8), (9) no-
KasaTeJeH H HX B3aHMHas yBfi3Ka H ABJAIOTCS 3ajaveit co-
crapjennss BojaHoro Oaaanca. 3uavenua Oc oOwiuno
XOpOIIO H3BECTHHI, H YCTAHOBJEHHE HX HE BLI3LIBACT TPYA-
nocreit. [Ipn aToM, oanako, Hafo 3HATh HE TOJBKO cpejue-
MHOrOJIETHHE KOJIHYECTBA OCajKoOB M HX KO3(DhHUHEHTL
BapHalHH, HO H MeCsuHble, H JCKa/lHble OCaJKH, KOTOphie
HCOOXOAHMBl JNIA JAaJbHEHIIHX pPacyeToB NEepCHeKTHBHOrO

pexuma. [loBepxHocTnpiii npuToKk [l 4acTo OTCYTCTBYET
(paBHHHBI, BOAOPa3/enbl), HO B HEKOTOPBIX CAydYasix siBJsl-
eTCs BecbMa CYILeCTBEHHLIM (3aTonjsieMble NOMMBI, CTOK B

HH3HHBI C OKPYXKAalOUHX BO3BbilleHHOCTel). 3nauenne [,

Kak B O, onpeaeasior MO IHAPOJOrHYECKHM JIaHHBIM, Jy4-
e Bcero PaKTHYECKHM, a €CJHH HX HEeT, TO [0 CHpaBOUHH-
KaM HWJH KapraM. OTH JaHHbie KOPPEKTHPYIOT C Y4YeTOM
reoMop(oJIOrHIeCcKHX H APYTHX YCJAOBHII CTOKAa MCTOAOM
aHaJIoroB.

HauGosice c/IOKHBIM SIBJASI@TCS ONpEAENCHHE BEeJHYHHLI
(H+4Tp). B kauectBe nepsBoro NpHOJHIKEHHS OHA MOXKeET
ObLITh B3siTa C CHAPOJIONHYECKHX KapT BOAHOro OaJianca
(Tponugaii, 1948). IIpu sToM caepyer uMerb B BHALY, 4TO
NPH HX COCTABJCHHH B ypaBuenun (7) me yuntwiBaan AW,
(f14+-1) n +p, a (O+0) Gpaan jas CTBOpA PeKH, rie
HaMepsiin cToK. Jlasiee CpaBHHBAIOT MOJYYEHHBLIC 3HAYCHHA
(H+4Tp) c BotumucaeHHLIMH aHaauTHueckHM nyrtem (Kox-
crantaios, 1963; Twopk, 1958; Illapos, 1959, u ap.). Ha-
KOHell, BeCbMa KeJaTeJbHO nosesoe onpejpenenue (H-4-
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+4-Tp) metonmom TemioBoro Ganamca (NMPH H3BICKAHHSAX),
KaK 5TO HeNaloT B HAcTOsllee BpeMss HAa MHOTHX MeETeo-
crannnsnx. OnpejpencHHe BeJHUHHBI -+=g BXOAHT B 3ajauy
W nouBoBesoB, H ruaporeonorop. IloutH Beeraa no THIOY
OYB MOXXHO ONpPEACJHTb KaueCTBCHHOE HamnpasjeHHE Bep-
THKanbHOrO OO6MeHa, TO ecTh npeobJjajaHHe BOCXOAALLErO
WAH HHcXoasmero Toka. Jlanee rayGokue nouBeHHbIE pas-
peasl ([0 rPYHTOBBLIX BOJ NPH HX GJH3KOM 3aJiCraHHH H Ha
ray6unry 5 M u Gosee npH rayGOKOM 3ajeranid) H HaGJio-
NIeHHST 3a BJAXKHOCTBIO TOYB, paclpesiesieHHeM coJelf ¥ HX
JHHAMHKON B TEueHHe roja, a TAaKXe HCMNOJb30BaHHE HH-
JIMKAaTOPOB MOTYT NMOMOuYb onpeneiauth ==g. Ilpu nomoun
BeJIHUAHBl g ypaBHenne (8) saMblKaeTcsi C ypaBHeHHEM
(9), rne sHaueHHe -+=g ONpeAensioT HEe3aBHCHMBIMH THAPO-
reoJJorHYeCKHMH MeTtofaMmi., OmnpenenenHe  MoA3eMHOro
nputoka I7 u orroka O, BXoasAuuxX B ypasuenue (9), noc-

TATOYHO Xopomo uasectTHo ruaporeosoram (Kamenckui,
1947; Cuann-Bexkuypun, 1958; Bepurun, 1962, u np.).

Ilpu ompepeneHnH HAaNEKHOCTH STHX AAHHBIX CJeayeT
NPHMEHSTh CTATHCTHUECKYIO ONeHKy. Bsuay 6ojbuwoi cTO-
HMOCTH Pa3BeouHOro OypeHHs, a TakxkKe crnoco0oB onpeje-
Jeaust  Koabhduuuenta (GHABTPAIMH METOJAOM OTKauex
BeCbMa MEpPCINEeKTHBHO KOCBEHHOE OnpejiesieHHe napamMeTpoB
BOJIOHOCHBIX TJIACTOB NPH MOMOIIM PEXKHMABIX HaGMIOAEHHT
3a HeycTaHOBHBIIHMCs JBH:KeuneM. OG6paGoTKy maTepHa-
JIOB MOJKHO BECTH Pas3jiHYHBLIMH METOJaMH — aHaJHTHYC-
CKHM, METOJIOM KOHEUHBIX pa3HOCTel, MOJeJHPOBaHHEM
(Kamencknii, I'apuu, Mscuukosa, Cemenona, 1960).

Oco60 caefyeT NOAYEPKHYTH HEOOXOAMMOCTbh HCCJEN0-
BAHHA H ONpPEAEJNCHHs BO BCEX Cayuyasfx Hanwyust (HJAH OT-
CyTCTBHSI) BOJOOOMEHa TPYHTOBLIX BOJI C HHXKeJexKalumu
MJIacTaMH TOA3EMHLIX BOA. JI/isi 9TOro HeOOGXOAHMO TNMbE30-
METPHPOBAaNHE W ONpejieJieHHe TrpPajHeHTOB BOCXOASMIMX
HAH HHCXONSAIIHX TOKOB H YCTaHOBJenHe KO3h(HUHEHTOB
(HALTPANHA B BEPTHKAJbHOM HanpapaeHWH. Taxum oGpa-
30M, pa3jieIbHOe W COBMECTHOE pemenue ypaBHeHHi (8) n
(9) MO3BOJSET KOHTPOJNHPOBATH NMPABHABHOCTH COCTaBJEH-
HBLIX BOJHBIX GajsaHCOB /15 CYUIECTBYIOIIHX YCJIOBHH € NpH-
BJICUEHHECM JIaHHBIX METCOPOJIOTHH, THAPOJOTHH, TMOYBeH-
HBHIX H THAPOreONOTHYECKHX MccaefoBaHHit. KaxKauili H3 CO-
CTABJAAIONHX 3JE€MEHTOB BOJAHOro Gananca HeoOXOMAHMO
onpejeasTh He3aBHCHMHIMH MetonamH, HenponycTHMmbie
HeBA3KH B 0asaHCOBBLIX YPaBHEHHAX YKaXKyT Ha HEAOCTATO" -
HYI0O HA/IeKHOCTh MaTEpHAJOB H HEOGXOAHMOCTh HX YTOY-
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Hernus. IIpakTHKyoueecss ONpejeNIenue OAHOr0 HEH3BECT-
HOTO 3JeMeHTa BoJHOro Gananca, no KOTOPOMY He NMpOBO-
AHAN HaOmoacHns, H3 6anancoBOro YpaBHCHHS BeleT K
HeonpeaeaeHHLIM omH6KaM H He MoXKer ObTh NPH3HAHO
ob6ocHosannbiM. Hepaska B ypaBHenusix BogHoro Gajanca,
KaK HaM npeacrapasiercs, moxer Ouith jaonymiena B8 10%
Mo coobGpaKennsaM, YKasaHHbBIM Bhllle,

ITpn BHICOKOM CTOSHHH TPYHTOBHIX BOA H NpH HaGaione-
HHH 3a HX ypoBHeM GaJaHCOBBIE pacyeThl 00Jerdaiorcs
TeM, 4YTO CYHIECTBYIOT  JONOJHHTEJbHBIE 3aBHCHMOCTH
CYMMapHOro HcnapeHHs OT rAyGHHB TPYHTOBHIX BOJ, CBA-
3W 3amacoB BJAarH B TOJIIE TMOUBOrpyHTa ¢ mIyGHHAMH
FPYHTOBBLIX BOJ M MMEETCS BO3MOXHOCTb COCTaBJICHHS ce-
30HHOro MJH Mecsiunoro GajiaHca TPYHTOBBIX BOJ MPH H3-
pectHhix AW; B ypaBuenun (6). Ilpn XapaxkrepucTHke He-
cTaGHAH3HPOBAHHOTO BOJIHOTO PEXHMa AeficTBYIOWEH Opo-
cuteasHoil cucremsr ypasuenus (8) m (9) HenpuMEHHMBI H
OCHOBHBIC BBIPAXKCHHS JIOJDKHH OBbITb H3MEHCHBI € YYeTOM
BOJIONOAAYH H (uabTpanHonnuX noreph (Apepbanos, 1959;
Illapos, 1959; JleGenes, 1957; Kau, 1963, n np.). Ilpn co-
cTaBJeHHH Boaworo Gananca AEACTBYIOMHX CHCTEM HC-
NOABL3YIOT JaHHLIC SKCIIYaTalHOHHON cayXKOu H MaTepHa-
JABI JIOTMOJIHHTENbLHBIX MOMBEHHBIX H  TIHAPOTrCOJOrHYEeCKHX
HCCJIe/IoBaHH#, KOTOpHe OOLIMHO NPOBOAAT BBHAY HEIOCTA-
TOYHOCTH WAH HCHANEXKHOCTH SKCIJIYaTAUHOHHBIX AaHHBIX.
Bonpoc 3TOT HMeeT CBOH OCOGEHHOCTH, KOTOpHIE 3/eCh pac-
CMaTpHBaTHCH HE OYAYT.

Fnasall.
CBfi3b BOAHOIro U CONEBOro PEXXMMOB

Ecan cocrasaenne soanoro OGananca H XapakTepHCTHKa
CYIIECTBYIONIEr0 BOAHOTO PEXHMA I TPEAnasHavenbix K
OPOIICHHIO WM YXKe OpoIaeMbiX 3emeab B ONpeje/eHHofn
cremenn paspabortansl, To u3yucHue Gasanca coaefl — 6o-
Jiee CAOKHBIH BOMPOC, N HCCNSAOBAH OH SIBHO HEJOCTATOYHO.

B nactosutee spems coGpan u o6obuen orpoMuniil hax-
THYECKHiT MaTepuaJ Nno THNAM 3acOJEHHs TNOYB, pacnpene-
JAGHHI0 coJieil B mousax (H HHOTZA B TPYHTAX) ANA THIHY-
HBIF ycaosuil, paapabGoTana MeTOAHKA MOJeBHIX W Jabopa-
TOPHBIX HCCAEJOBAHNM, NONYUCHB HEKOTOPLIE NMPaKTHUECKHE
peKOMeHAAIHH 110 TAK HA3HIBAEMBIM KPHTHUCCKHM rayOHHAM
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3ajieranus TPYHTOBLIX BOJA Ha 3aCOJICHHBIX 3eMJAX, Npo-
MBIBHBIM HOpDMAaM, peKHMaM OpOIUGHHS H JAPYIrHM BaxKHel-
M Bonpocam (Kosama, 1947; Poszos, 1956; Eropos, 1954;
Jlerocraes, 1953a; BonoGyes, 1959; Kan, 1963, u ap.).

He ymansas snmaueHusi BblCHa3BaHHBLIX paboT, omepe-
AHBIIHX 110 CBOEMYy YpPOBHIO 3apy0exuble AOCTHKEHHS B
310l 00JIaCcTH 3HAHHH, OTMETHM, UTO C KOJHYECTBEHHOI
CTOPOHBI NMPOUECC ABHKEHUsT coJiel B 3THX paboTax IMOYTH
He sartparuBaercs (JpeHa)k CeJAbCKOXO3AHCTBCHHBIX 3e-
MeJib, 1964). Onnaxo Ges anaHusi 3aKOHOMEPHOCTEN JABHIKe-
HHSL COJIeH TPYAHO OOBACHUTH CJOMKHBIIKICS CONCBOMH PEXKHM
NOYB H OCOOCHHO CJOXKHO O0COCHOBATHL LejecoobpasHbie Me-
Pbl MO HX YJaJeHHIO (HanpHMep, ¢ NOMOMIBIO MPOMBIBOK H
Apenaxa). Caepyer oTMETHTD, YTO IO BONPOCAM PACTBOpe-
HHA H NepeMelleHHs BEUICCTB B MOPHCTOH cpee HMEIOTCsA
HecaenoBanusi pusukoxumukos (Jlesnu, 1952; Bepwurux,
1953, n ap.).

Ionsitacmest XoTst 6B NPUGAHIKEHHO YCTaHOBHTb CBA3b
MEXIy BOJAHBIM H COJIEBLIM PEXKHMaMH IOYB IIPH PaccMoT-
PEHHH COBMECTHOrO JBHKEHHSI BOJABI H COJeil IPH NMOJHOM
HACHIUCHHH NOYBOTPYHTOB (C PacTBOPHMBLIMH COJSAMH).

st mpocreiiluero cayyasi OCHOBHOE ypaBHEHHE JBHIKE-
HUsA conelt Oymer caeayioutum (Bepurun, 1953; PacrBope-
HHE H BblleJIAYHBAHHE TOPHBIX mopoj, 1957, u ap.):

9n _ s OPn__  0n Ei
at—D N Vax + B (1 —n), (10)

rae n—xonnemgaunx NOYBEHHOrO pacTsopa, r/a; { — BpeMs, cyT; X —
PAacCTOANHA, M; V — (AKTHICCKAA CKOPOCTH ABHXKENHH BOAB B NOPax
rpynra, pasias V=Vo/m; Vo — ckopocte uabrpauus, m/cyr; m — no-
POSHOCTD, fix — Npefe/ibHasi KOHUEGHTPAUHS HaCHLIEHHS; — Koappu-
nHenT pacreopenus, l/cyr; D* — kosQHUHEnT KOHBEKTHUBHOM (puabt-

pauuounon) audpdysnun, m*/cyr.

OTO ypaBHeHHe IpeAnoJaraer JHHeHoe (onnomepHoe)
ABHXKEHHE COJIeH H BOABI BJOJb OCH X, NOCTOAHHYIO CKO-
pocTh puiabTpaunn Vo= const n He3aBUCHMOCTL HHTCHCHB-
HOCTH DACTBOPCHHSI cojepiKaluxca B TBepAoH (ase mousHl
coJeii or HX obbema u mosepxuocTH. IIpH  HecoBuoneHHH
STHX ycaoBHi ypasHenne (10) ycaoxusiercs (PacrBopenue
H BblllleJaYHBakue ropHeix mopoa, 1957). Ha ypashenus
CJACIYET, YTO H3MEHCHHE BO BPEeMEHH KOHLUEHTPAUHH COJel
B KaKoi-au00 TOUKe PaBHO NOCTYNJEHHIO COMell B pesyJib-
TaTe PasHOCTH KOHUEHTPAUHH MOYBEHHOro pactsopa (AHG-
(pysumonnmit usien), neperoca coueii ABHXYIICHCA BOAOH
(KOHBEKTHBHBIN WICH) M BCJEACTBHE pacTBOpeHHsl TBEpHOH
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(assl cojielt H MOCTYNJAEHHS HX B pactBop. B cayuae cop6-
UMK coselt (BBImajeHHs MX B TBepAyio $asy) mnocsepumuil
uien ypasHenus (10) momken GuiTh HHBIM H HMeTb o6part-
HBIH 3HAK. Psjl TeopeTHYECKHX H SKCIEPHMEHTaJbHBHIX HC-
caenopannit (Apeppsno, Lss [a-auu, 1960; Asepbsnos,
A6ayparumos, Paunncku#t, 1963; Brenner, 1962, u ap.) mo-
KasaJi, YTO NpPH HaJHYHHU c/1abopacTBOPHMEIX cosedi (HanpH-
Mep, THICa), HaXOAALUIHXCSA B SHAYHTEABHBIX KOJHYECTBAX B
FPYHTax H MOYBAX, H 3HAYHTEJBHBIX CKOPOCTSAX (HIbTpa-
UHH, MO-BHAHMOMY, IVIaBHOe BHHMaHHE cJefyeT obpaimarhb
Ha NocjeAHHN 4ieH ypaBHenHs (PacrBopeHue M BhileJayH-
Banue ropHeix mopox, 1957). Ilpu xopouio pacTBopHMBIX
COJISIX H MaJOM HX COJepXKaHHH B TBepHoil ¢dase (HampH-
Mep, xjaop) ypasHenue (10) ynoBJeTBOPHTENBHO OMHCHIBA-
eT Habuiofaiomeecs B HaType M SKCIEPHMEHTAX pacipejie-
JIeHHe cosiel 6e3 nmocJsieiHero 4JieHa, To ecTh

a2
LB e T (11)

ot of g

B stom ciyyae oco6o Haf0 NOAYEPKHYTH, 4TO KOS(DDHUHEHT
KOHBEKTHBHOH MH(QPy3un D* yuuteiBaer 0coGEHHOCTH JBH-
JKEHHsI pacTBOPOB B NMOPHCTON cpejae (TaK HasbBaeMmbie
NPOAOJbHBIE H NonepeyHbie SPPexTh) H He paseH O6LIYHO-
My Kospduuuenty auddysnn D B nokosuieMcs pacTBope.

PaccMOTpHM HeKOTOpHIE NPOCTHIE MNpPHMEPH pelieHHs
ypaBHeHus (11) auas uaMIOCTpanuH CBSI3H BOAHOTO H COJIe-
BOro pexXHMoB. B 3TOM oOTHOINleHHHM HHTepecHa paGora
(Brenner, 1962), rne ormeuaercst poib auddysun cosei
B NIOYBAaX H BaXKHOCTH €e yuera.

YCTaHOBMBIUKMECS BOAHBLIA M CONGBONH PeXMHMBI

ITpeanosoxuM, 4TO B TeUCHHE MHOTHX JieT (B €CTECTBeHHBIX
YCJIOBHAX HJIH YCJAOBHAX NJHTEJHHOrO OpOUIeHHs) Hab.io-
Jaercs YCTOHYHBOE 3acoJieHHe TIOYB HJIH HX YCTOHYHUBOE
paccosieHue (B AaHHOM NPHMEpPE MBI CYHTAEM BO3MOMKHBIM
npeHe6peub CE30HHHIMH OTKJOHEHHSIMH OT OOILUero Hampag-
JeHus mnpouecca). Ilpumem, 4To Ha MOBEPXHOCTH NOYBH
eXerojiHo mocrynaer cjoi Boan M, (B M) ¢ MHHepasn3a-
uuei n, (oHa moxer ObITh, B WaCTHOCTH, PaBHA HYJI0),
a Henapsercs ¢ Hee caoit Boant My (B M) (ecTrecTBeHHO, 4TO
npu ucnapenuH Beerga n=0). CpejaHerojosbie HHTEH-
CHBHOCTH (MJIH CKOPOCTH) NOCTYNJEHHS H pPacXOJOBAaHHSA
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Puc. 2. CxeMa k pacueTry nepeasHiKeHHs co- ll}(n,) tV,(n-a)
Jieit B NOYBEHHOM CJa0e. T

Boabl OyayT cooreBercrBenno Vo um Vi 8
(s wm/cyr). Haiinem pacnpenenenue
coJieil B MOYBEHHOM cJioe Xy (puc. 2),

NPHYEM H3BECTHO, UYTO MHHEpaJu3a- Wi
IlHf TIOYBEHHOTO pacTBOopa Ha rJy- fv*y
Gune xy pasua n;. Ilpu stux nomy- r'2

meHHaXx B _ypasuHenHdn (11) Moxho g

n Vi—V,
HHATD —— = () Vs Amt R0
g ot ! m

(m — CKBaXKHOCTH TMOYBHI, WJIH CPeAHSST OGBLOMHAS BJAXK-
HOCTBb CJIOS Xj).

[Tpumem Vi > V, T0 ecTh HMeeT MECTO MOMITHTHIBAHHE
rpynroBbiMH Bofamu. Toraa ypasuenne (11) mpumer BHA:

r/iec 3HAK IVIIOC Yy BTOPOro 4JeHa B3AT MO YCJAOBHIO 3afauu.
[Tocsie nuTerpHpOBaHUA ONYUHM:

dn Sl
D*2 +(,—V) - =C. (12)

BbisICHHM YCJIOBHSI Ha NMOBEPXHOCTH IOYBHI (x =0).
31ech M0JKEH COXpaHATbes 6GalaHC coJell, TO ecTh

D*'j—:+(V,—V,)—"‘n—+V,—"'n’—=o, (13)

rae 1’ — MHHEPAJHSAUNs NO NMOBEPXHOCTH nousw (x=0).
V
Orciona naxoanm, uro C=—"22 (C YUCTOM YCJOBHSA
m

X==Xj, n=n; NPH HHTErPHPOBaHHH ypaBHeHus (12) moay-
yaem:

(x,—x) (V,—V.)

naVy naVs ) mD*
ne=—-—"2_ —2_\.e i 14
v,—v,+("‘+ Vi—Va (19
Beenem o603nauenns:
e Vis - B ny - X
=== =) =T, =2
e b T AT



0 {1 2 3 4 5 6 7 & Pne 3 Cxema pacnpeaenenus conef

-

NP B NOYBCHHOM CJOE NPH PASAHYHBIX
o fed ﬁ\"}/j/ COOTHOWICHUAX  CKOpPOCTER  BepTH-
B I )/// kaaptioro  sogooOmena V=Vy/Va
l ]Z /r npy Pe=1, n;=0.
Va8 napamerp Ilekne
V=45
Vg2 X‘V(
b 81 ML Pe= v
torja ypasHenne (14) umeer .

G5 =8 A R YR BB,

- < 2 pe (1— —\(1—-%)
i +(1+ "')e =r) . (15)

V—1 Y=

'
Aunanuaupys ypasuenue (15), MOXKHO caesaaTh HEKOTO-
pHIC 3aKAI0YCHHS.
Ha pucynke 3 npeacTtapjeHo pacnpejenenHe cojel npH

7 1
Pe=1, HO npn pasHOM COOTHOMICHHH CKopocTelt V="5"~ -+
2

Uz pu{:}ynxa 3 BH/HO, YTO TOJABKO AJs cayyaes V << 1 nam
V, <<V, wMmumepaausanusi MNouBeHHOro pacrsopa Oyjer
MCHBIlIe MIHePaJH3alHH TPYHTOBLIX BOA (1)

Hnaue roops, ecsn rojlosoe HCnapenne NMpesbmaeT ro-
NOBOC MOCTYMJICHHE BOJbLI HA NMOBEPXHOCTH MOWUBH (OCAZAKH
A5 HeOpollaeMBlX 3CMeJb HJIH OCAJKH IJIIOC NOJHBHAS BO-
Na AJs OpolIaeMBiX 3eMeJb), TO €CTh HMEeTCA MOCTOSAHHOe
MHTaHHe TPYHTOBHIMH BOAAMH, TO NPH JI060M COAEpPIKAHHH
pPacTBOPHMBIX CoJiell B IPYHTOBHIX Bojax (n;) MHHepaausa-
IHsl NouYBeHHOro pactBopa (ocoGenno Gauike K MOBEPXHO-
CTH NouBH) Beeraa GyleT BHlllE MHHEPaJH3AUHH IPYHTOBBIX
BoA. BO3MOKHO, KOHEUHO, Ce30HHOe OlpecHeHHe, HO OHO
GyaeT BpeMeHHBLIM, TaK Kak B obuieM npouecc HampasJeH
Ha 3acojenue. 3acoseHHe NMOUBH He sBasercs OGecnpejeib-

V
HBIM, @ 3aBHCHT OT COOTHOLIENHSA -V‘-. Pe u ny, uto Xopo- .

2
Wwo BHAHO H3 pPHCYHKA 3, cOoCTaBJAeHHOro s np=0 n

Pe=1. Tak, aas caysas V=15, 10 ecth jas yCJOBHH,
KOTJla HA HcnmapeHne pacxojayercst ?/s 0CajKkoB H HOJHBHOM
BOABI W /3 TPYHTOBHIX BOJ, MOBEPXHOCTH MouBkl (npH Pe =

|
1
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=1, n; = 0) Gyaer coxepKaThb npuMepHo B 2 pasa 60.ib-
me coJeil, yeM IPYHTOBBIE BOJBI, HECMOTPS HA OTCYTCTBHE
coJieit B 0Ocaikax H NMOJAHBHOMN Boje (ny = 0).

Bansiane napamerpa Ilekne (mas cayuwas V= 1,5,

n;=0,2) Ha pacnpenesienue cojefi NMOKA3aHO HA PHCYH-
E N4

ke 4. Tak kak Pe = -—2—”125{-, TO NPH YMEHbIIeHHH Ko3(hdHu-

IHeHTa KOHBEKTHBHOH Auddysnn D* 3aconcHue ypeanuupa-

ercst (MpH MPOYHX paBHBIX ycuaoBusix). Ha pucynke 5 noka-

3aHO BJHSIHHE MHHEpaJIH3alHH TNOJHBHOH BOAW (B IpH-

MOPCKHX pafioHaxX BJAHsSHHE NPHHOCA COJeH BETPOM) Ha YCH-

JeHHe mpouecca 3aconenus (npu V=15, Pe=1).

Kpuspie pacnpenenennsi coseit npu V>>1 xapaktepusnt
JUI COJIOHYaKOB, 00pa30BaBIINXCS NMPH SIBHOM PacXojo0Ba-
HHH TPYHTOBBIX BOJ Ha McrmapeHue. Takoe pacnpenesienue
coseii Habaionanoce B Tosommoit crenu (JTerocraes,
1953a, n np.), Kpuimy (Hosukosa, 1962) u B apyrux paiionax.

IMpusenem eme pannwe (M. A. Enryaatos, JI. M. Kan
H JIp.) MaccoBbIX HaOJONEHHI 3a colepiKaHHeM cogeii B
noyBax opomaeMbix pafionos Peprausl 1 Byxapu npu 6/u3-

KoM 3anseraHun rpyHToBHIX BoA (Enrynaros, Epemen-

S (R 2y 0 o Bt
I S
o[BS Lot”

; | V4 4 2 In

z 7?/%
0,4 — 4 %.
; I/
) o I/l
W—————t—1—
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Puc. 4. Binanwe napamerpa
Ilekne na_pacnpenenenne co-

neft npu V=15, na=02.

Puc. 5. Bangnne munepa-
JH3AUHH NOJHBHOA BOAW

Ha nvpouecc 3aconenns
mpr V=15 Pe=10.



B Puc. 6. Coaepxanne coacht B
noysax opomaeMuHx paftonon
®epranckoft goamnws w  Byxap-
CKOro oasuca npu Gan3kom 3a-
JAeranumn rgynronux o (Eury-
J1aTOB, pemenko, YcMaHoB,
1964):

a — paftont  DPepranckofl  xoaANHM
(M. A, Enryaaron); 66— Hcedadpan-
IHaxumapasn (M. A. Enryaarton);
e — Byxapckuft oaswc (J1. M. Kan).
TayOuaa rpyHTORMX BOA:

I—1 — 156 M 3—2 M 4
25 M; 5 —3 M, 6—35m.

Ko, Ycmanos, 1964). Oun
nepesefieHl HaMH B OTHO-
CHTEJBHbIE BEJHYHHB M NO-
Kasansl Ha pucynke 6,

e : 4 IJle 0 OCH X OTJIOMKEHO OT-
iy 7 %  HOCHTeJbHOE  paccTosHHe
OT MOBEPXHOCTH 3eMJH B

poasx ot rayOuubl 3aJeraHHs TPYHTOBBIX BOA, a MO
OocH abCHHCC — OTHOCHTEJNbHOE COepIKaHne coJieil 1o ropH-
30HTAM B JIOJIAAX CPEJIHEro COAepPKaHHs coJieil 115 BCEeH TOJ-
IlH OT NOBEPXHOCTH 3eMJIH 10 rpyHTOBHIX BoZ. HecmoTps Ha
pa3Gpoc ToueK, 4To BhoJHe oObACHHMO MacCOBLIM Xapakre-
poM HaGJMIONEHHIT H pa3jiHYIHeM MECTHBIX YCJOBHit (pasHbie
rayGHHBI TPYHTOBBIX BOJI, CTENEHH 3aCOJIeHHs W T. J.), BCe
e Ha pHCyHKe 6 SICHO BHAHO NOATATHBAHHE COJIEH K MOBepX-
HOCTH TMOYBLI, H XapaKTep OCpejJHeHHOW KpHBOH 6JH30K K
TeopeTHyecKof (Mo CpaBHEeHHI0 ¢ pHCYHKamu 3—5).

Boabuioit nuaTepec npeacrasaser onpenecHne Kosdopu-
UHEeHTa KoHBeKTHBHON andpdysnn no nojesuiM Habaoae-
HHAM 3a pacnpejescHueM coseli. 3Hanue 3toro Kospopn-
IIHEHTa MO3BOJISIET MOJIOWTH K PelIeHHIO 3a/aud CBA3H BOA-
HOTO W COJICBOrO PeXHMOB H, UTO HanboJjee CyIIEeCTBEHHO,
K COCTaBJCHHIO MPOrHO3a CONCBOTO pekKuMa H 060CHOBAHHIO
MeponpHuaTHil Mo Gopb6e ¢ 3acosiCHHEM 3eMeJIh.

IMoabsysack dopmyaoit (15), MOXKHO onmpeienuTh cpef-
Hee cojepranne cojieit B ¢J0e NMouBbl OT IPYHTOBHIX BOA 10
NMOBEPXHOCTH 3eMJIN:

1 ) 1
et V(V—l+7n)["'("’i7) ]
" !'w 7t | Tame—1p L® s

(16)

N
a
2
|
e
_F
-
\i.

-
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Us dopmyan (15) caenyer Takke, uto npr x =0
1
ope( 1— —
n’7=_ 55 T’—l'*‘azepe( V)
V—I1 V—1)?
O6benunns hopmyant (16) u (17), moayunm:

< Via’'—1) 18
e T 1) £0 (%)

. (17)

HJIH

Poisimite jg 8 W d) ne (19)
2(Vv—1) V—1-ng
nyg nyg

CaenoBatenbHo, 3Hasi pacnpefescuue coseit (n, ny,
nep), Boaubf Gaaauc (Vy, Vi), noposHocts (m) H rayGHHY
rpynTOBHIX BOA (X)), MOXHO ompeieauts Pe u D*. Ecian
u3BecTHn kos3dduunent D¥, pacnpesneenne coneid H BOAO-
nmojaya, To MOXKHO HalTH CyMMapHOe HCnapeHHe H yyacTHe
B HEM IPYHTOBLIX BOJL.

Ucnoabaysi AaHHble, NPHBEJCHHBE HA pHCYHKe 6, onpe-
neaum D*. Tlpuaumas npuGaHKeHHO OCPe/lHEHHON KPHBYIO
Ha pHcyHKe 6, noayunm nep = 1, ny = 0,6; n’ = 1,6; cpea-
HeB3BellleHHasi rayOHHA IPYHTOBHIX BOA X = 2,1 M.

[Ipeanonoxum, 4YTO CpeAHAst OpOCHTeJbHAH HOpMa
(mmoc ocanku) Owaa 8000 M%/ra, a muTaHHEe IPYHTOBBIMH
BoaaMu cocrasisiyio 20% cymmapuoro ucnapenns. Cpes-
HIOK OOBEMHYIO BJAXHOCTL B CJO€ OT IPYHTOBHIX BOJX JO
IIOBEPXHOCTH IOYBHl npHMeM pasHoit m = 0,30, a munepa-
JIH3ANNI0 TOAHBHOMN BoAw Ny == 0,1 ny. Torna

8000
idprrrr e =~22.10"% mw/eyr; Vi —Vy=0,2Vy;
Vi=1,25Vy; V=125; n' = ;—g — 2,67;
- 1
Nep = Ié - 1,67.
ITo ypasrennio (18)
Pe = —— 125187 022

2'(' ’67'0’25""' oal)
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[To ¢opmyae (19) anasoruuHO mOAYIHM:

1 2,67-0,2540,1 _
Pe = 2.3lg= e = 1,97,

2 0,2
yTo OJIM3KO K HaliileHHOMY 3Ha4eHHio 1o gopmyae (18).
Torana

D* =Y _ 1.35:2,2107 oy _ 48.10-% wicyr.
2m Pe 2.0,3:2

-

HmeBlunecss HeMHOrOYHC/CHHBIC AAHHEIE MO ONpejaee-
HHIO KO3 dHUHenTa KOHBeKTHBNOH (pHALTPAUHOHHOMN)
nudpysun D* nokasanm, 4To ero 3HaueHHs HAXOAATCS B
npepenax (0,1 -10)-10-° m?/cyr. Tak, npH nepeHoce B
noyse TpHTHA HabJaionajauch 3Havenus D* = (0,8=-3) 103
m?/eyt (J1. A. JleHcknit).

JlaabHeiinine HecaeloBaHHA MO3BOJSAT GoJsiee onpeaeseH-
HO YCTAHOBHTb 3HaueHusi D* ajs THOHYHBIX YCJOBHH, HO
yXKe cedyac MOXKHO rOBOPHTb O TOM, YTO AHANA30H H3MEHe-
HaA D* ne Goablie, yeM AManasoH H3MeHeHHI Takux obue-
NPH3HAHHBIX KOHCTAHT, KakK Xodpduuuedr ¢uabTpaunu
nousorpyuToB. Koneuno, onpenenenne D*, kak H Ko3(pdu-
IHEeHTa (PHIBTPAIHH, B NMOJEBLIX YCJIOBHAX — HanboJsee Ha-
JICKHBIH METOA.

PaccmoTpenHas npocTeiiluas cxemMa JABHXXEHHS coJed
uMena psajx ycaosHocred. Ilpunumasioch, 41O Hcnapenue
MPOHCXOAHJIO HENOCPEACTBEHHO ¢ NOBEPXHOCTH MOYBHI, TOI-
Jla KaK cyMMapHoe HchnapeHHe (C y4eToM pacXojJ0BaHHS
BJIATH KOPHSIMH pacTeHHH) OXBAaTHBAaJ0 KopHeoOHTaeMyio
30HY, TO €CTh NoYBeHHHI ¢cao#t 1o 1 M 1 Goaee. [Ipubanken-
HO yuTeM H 3TOT (pakTop. B mepBom npubGamxenun Oynem
CYHTATh, 4TO, HAYHHAA C KAKOH-TO IJyOHHE Xy, KODHH pa-
CTeHHH HCNOJB3YIOT BJAry Ha TPAHCOHPAUHIO, NPHYEM HH-
TEHCHBHOCTh HCIOJNB30BaHHSA BOAL B 3T0il 30He (oT x =10
10 x=x;) —nocrosuHas Beanunnal!. Torpa B 30He
0 < x << x; ckopocTh (QHAbTpaUUH OyAeT H3MEHSITHCH JH-
HeiHO 110 3aBHCHMOCTH

V= Vlz e V’. (20)

-

! MoXHO 3aiathcst APYroft 3aKOHOMEPHOCTBIO, HANPHMEP CHHTATH
HHTEHCHBHOCTH NOTPeGAeHHs KOPHAMH pacreHHfi pjarn M3 DOYBHW  NpPO-
NOPUHONAJLHOMN pacnpefesennio MacCH KOpHell; pacuer npH STOM yCAOK-
HAETCH, HE HIMEHSISICh NPHHUKIMHAALHO.
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Ilpn ¥ =1, To ecTh ray6iKe 30HB PacHPOCTPaHEHHS K({?-
Heli, IpHHUMaeM, KaK H B npeamayllei sanave, V=V,—V,.
Toraa ocHoBHoe ypaBHenHne (11) npumer BHA:

- d*n 1 d =

D‘E+—;—.E(V1x—vz)n=0. (21)
Haiizem peutenne ypasuenus (21) mpn 0<Sx<C1:

a) X=Xy; n= My,

6) D* 22 L B (Vyx— Vo) =—Viny,

dx m

. epe(l—}) (l-}:v—-%) i ;IQe—pe (2___‘1;_)3 . 21;§ 3

G

rie [(u) = —i —2—,‘: @ (iw); O® (u)==cri(u) — nurerpan BepoOATHOCTH.
Huaue rosops,
f(u) = fe" dz,
npHYCM s
u? ub u’
f(u) =u+ 13 T os T g7 T HO=0 f(—u)=—F(@).

Hasi 30HB X == | npH cOXpaHeHHH YCJOBHS HA IPaHHIe

30HBI, TO €cTh NPH X = |, U umMea B BHAY oOwwuit GanaHc
coaeit, moxno samucate V=V,—V, uro naer peurenue:

: : —ope(%—1) (1——‘.'?—)
n=—(—_‘,—"_’?—l)—+(1+7_’l)e . (23)

DopMyJibl CyLECTBEHHO YIPOULAIOTCA JJIS YACTHHIX CJy-
yaes, Hanpumep npH n;=0 (wo Va7=0!), T0 ecTp nmpH He-
N0JB30BAHHH ISl MOJHBA HCMHHEPAJIH30BAHHBIX BOI.

OGmuit xapaxkrep pacnpejeseHHsi cojieli B OYBEHHON
Baare (aas np = 0) mokasaH Ha pHCyHKe 7, H3 KOTOPOro
BHAHA pesKas 3aBHCHMOCTb xaBaKTepa 3aCOJIEHHSI MOYB OT
COOTHOINEHHA cKopocTeit V = —‘7‘- 3necs Vi — cpeanero-

2
JIOBasi MHTEHCHBHOCTH TpaHCHmHpauuu, Vs — cpeanerojposas
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Puc. 7. 3aeucuMocts pacnpefiene-  Puc. 8. Bananuwe Musepainsauuu
HHS COJCH B NOYBE OT COOTHOWIGHHA  MOJHBHHIX BOA Iia 3aCOJCHHE
CKOpPOCTeH BepTHKaJsHOro BOM00G- 1mouB (AJA CXeMbl pHC. 7) npH

mena V ¢ yuerom pacxomopamms Pe=2, V=2
BOAN KOPHAMH pactewnii npu V=

=Vii—V, Pe=l, m=0, V=
— VIIVRQ n=nlnl'

HHTEHCHBHOCTb OCajKOB (IJIIOC MOJHBHON BOABI NpPH Opolle-
HuH), OTMeTHM, 4TO €CJIH B NpPEABAYIIEM NpPHMEpe MH
NPHHHMAJH HCIapeHHe NPOHCXOAAUIHM TOJbBKO C NOBEpX-
HOCTH NOYBBI, TO 3/1eChb CYMMapHOe HCNAapeHHe ONpeaessier-
Csl TOJABKO TpaHCNHpaluel; B NPHPOAHBIX YCJIOBHAX COOTHO-
HIeHHe TPAHCHHPAUHH H HCIAapeHHs ¢ MOBEPXHOCTH MOYBHI
HAXOJ/HTCA B 3THX KpaHuHX mpenesaax. Ilpun nocreneHHom
pacxofloBaHHH PACTEHHAMH BJIaCH H3 HEKOTOPOro CJOA
(puc. 7) onmacHocTh 3acOJIeHHs] NMOYB MEHbIUE, YeM NpH Hc-
NapeHny BJAru ¢ NOBEPXHOCTH MouBH (pHC. 3).
MaxkcumanbHoe 3acosenHe MoyBbl HabJiojfaeTcss Ha _TOM

HJAH HHOM TayOHHE B 3aBHCHMOCTH OT COOTHOmIeHHS V =
V. - 1

= -‘-,1 H COOTBETCTBYT 3SHAYCHHIO Xy = —— HIH Xy =
2

= X3 —::—:— (npu ny = 0).

Takum oGpa3oM, ec/H COrJIACHTBCS ¢ MPHHSATON CXEMOH,
TO, 3Has OTHOCHTEJbHOE pasMellleHHe MaKCHMyMa 3acoJe-
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HHA TOYB, MOXXHO CYAHTh O COOTHOIIEHHH KOJIHYECTBa MO-
JUBHON BOAM (MJIOC OCajfikKH) H CYMMapHOro HCIapeHus,
fnpHYeM NpH GIHSKHX FPYHTOBHIX BOZAX X; — 3TO IiyOHHA
HX CTOSIHHA, a MpH TAYGOKHX — MakcuMaJsbHas riy6nHa
NPOHHKHOBEHHA OCaAKOB H noaupuoit poasl. [locaennee

oOBsicHsiICTCst TeM, uTo cayuait V=1, to ecrp V=V,
COOTBETCTBYCT YCJIOBHAM NOJHOrO HCNOJb30BAlHA MOCTyNa-
OUlHX Ha nopepxHocTh 3eman oA (V3) Ha cymwmaphoe He-
napenue (V) m orcyTerBHst BOLOOGMENA HHKE CJIOA X=X,
rak Kak npustoM V=V, — Vo =0 naa x = x,.

Jns BHIACHEHHS BJHSAHHA MHHEpAJH3alHH NOJHBHBIX
BOJ Ha 3acoJIeHHe NMouys Ha pucyHke 8 moctpoen rpaduk
(npu Pe = 2, V = 2), u3 KoTOporo BHAHO, 4TO NpH ny>0
MaKCHMyM 3acojieHns npubauikaercs K NOBEPXHOCTH MOY-
BHl 10 Mepe YBEJHYEHHS Mo, UTO, KOHEUHO, BIIOJHE €CTecT-
peHHO., AHAJIOTHYHO TOMY, Kak 3TO OBLJIO NMPEANONKEHO BHI-
e, noJb3ysach opmydoit (22) wau ee ynpolleHHLIMH Ba-
pPHAHTAMH, 110 JAHHBIM MOJCBHIX HaGMIONCHUA MOMKHO Of-
penenaTh napamerps Pe u KoshdHIHEHT KOHBEKTHBHOM
maddysun D*. Tlpu 3TOM, O/IHAKO, BO3HHKAIOT HCKOTOPHIE
3aTPYMHEHHA B CBA3H C TEM, YTO KpUBasg pacnpeiacyeHus
coneit uMeer Makcumym. Ilostomy mpocrefimiedi thopmy0i,

BHITeKatoueli u3 ypasHenus (22), npu ¥ =0, n, =0
D* — X3 (2Va —V;) (24)

QmInL:?
n

MOXHO NOJK30BaThes ToAbKO mpH V<<V, 7To ecth N
cayuast, KOria nMeloTes rayOoninnbie noTepH.

BuluHcaene fep JUIS €05 OT NMOBEPXHOCTH 3eMJAH JI0
X = X; MOJXKHO NPOH3BECTH NO (popmyJie:

gy "‘("'57)’{ S i
omgm | PvR(-7)]+
+o|Xre|l (25)

4

3nech ® — unTerpan BeposTHocTH. 3Hauenus V, nep u n’
npu Pe = | npusenens B Tabanne 1.

STtH naHnble (CM. TakXKe TJIOINAAb, OrPAHHYEHHYIO KPH-
BHIMH 3aCOJIeHHSA, Ha PHCYHKe 7) HArasfHo TOKasHBAIOT,
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TaGauua 1. 3uavenna V, ncp u n’ npu Pe=1

V o0 5 2 1,5 1 0,81 06|04 | 0,2

n 203 | 1,62 |1,18|1,00 |0,73 (0,61 [0,45 |0,282| 0,121

n' 272 | 1,8211,00/0,717|0,368(0,223|0,097 0,018, 0

4TO €CJiH IOJIHB NMPOHCXOAHT 0e3 NonoJHeHHs FPYHTOBBIX

BOA (V =1), HO camMu rpyHTOBHIE BOABI MHHEPAJIH3OBAHbI
H pacno/ioxedpl GJH3KO K NOBEPXHOCTH 3CMJH, TO B CHJY
KOHBEKTHBHOH Au(pdysun nmousa Oyuer sacosena. Hanpn-
Mep, cpejiHee ee 3acoJieHHe COCTaBHT 0K0Jio 73% Munepaau-
3alMH TPYHTOBHIX BOJ npu Pe =1, npu ymenbpmenun D*
H yBeaHueHHH Pe BJAHAHHE TPYHTOBBIX BOJ Ha 34COJICHHE
yMeHbIIAeTCsA, HO B TOH HJH HHOH Mepe ocraercsi. 10 no-
Ka3biBaeT BCIO TPYAHOCTb OOPBLOBI ¢ 3aCOJIEHHEM MOYB NYyTeM
MPOMBIBOK, TO €CThb YBeJHUEHHEM OTHOIIEHHSA —:j’— npu
1
BBICOKOM CTOSAHHH MHHEpaJH30BAHHBIX TPYHTOBHIX BOJL.

Otciona BHAHA TakKe BCS OMACHOCTb NOABEMA TPYHTOBHIX
BOJ (BHauaJe 3ajerapluux ray6oko), Korjia B HHX HJIH B
TPYHTax 30HB a3pauMK, HJIH B II0Y4BaX HMEIOTCSI Jierkopac-
TBOpHMBIEe coqi. COBEpHICHHO HEOOOCHOBAHHBEIM SIBJSICTCH
pacmpocTpaHeHHbI CPeAH MOYBOBEAOB B3NIAA O MeaHopa-
THBHOM O0J1aronosiyynu rayG6oKOCOJOHYAKOBHIX (MM COJOH-
UYaKOBaThIX) NOYB NPH Yrpo3e MoAbeMa FPyHTOBBHIX BOJL.

HeycranoBMBIUMECS BOAHBIN M CONEBONH PEMMMBI

[peawinyuine nmpuMepsl OTHOCHJAHCH K YCTaHOBHBIIEMYCH B
NPHPOAHOH OOGCTAHOBKE HJH HAa CTapoOpOlIaeMblX 3EMJIsIX
pexumy. Ilpu stom paccMaTpuBajinch raaBHBIM 06pazoM
YCJOBHS 3acojieHHst nmoyB. Tenepb paccMOTPHM 06paTHLLI
npolecc — INpolece PaccojiCHHs, B TOM 4HCJE NPH nojaue
BOJB HAa IOBEPXHOCTh MOYBHI, 2 TAKXKe MPH BHITAJCHHH
0OCaJIKOB, Korjaa INPOHCXOAHT PpPAacTBOPEHHE H BBITECHCHHE
paHee HAKONMJICHHBIX coJiel B ray0b MaccuBa. AHAJOTHYHYIO
cXeMmy, MO-BHAHMOMY, MOXKHO NPHHATb H JJISl €CTECTBEHHBIX
YCJIOBHIl, KOrjla paHee 3acoJieHHBIE TPYHTHI B peayJbTaTe
MOHHMEHHA 0a3Hca 5po3HH H ONYCKAHHA TPYHTOBHIX BOJ
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NO/IBEPraloTCsi MOBEPXHOCTHOMY ONPECHEHHIO BbINaAAIOLIH-
M ocaakamu. Takue ray0oKo3acoJiCHHBIE MOYBH HMEIOTCH
Ha NEJHHHBIX 3eMasx [0J0/HOM CTEeNH H B APYTHX paioHax.

Jlast ynpouieHus HPUMEM, YTO HCXOAHOE 3aCOJICHHE Iie-
pel NMPOMLIBKOH OJH3KO K NPEeAeJLHOMY, TO €CTb Mg==/lx,
a CoJu B IOYBE HAXOANTCS B pacTBope, TBepao# ¢ase, a
TAaK)Ke BHYTPH NouBeHHBIX arperaToB. Ilpm mnocrynaenun
Gonee MpecHoi BOALI ¢ KOHUEHTpAUHECH Ry < Ny C MOCTOSTH-
HOH CKOPOCTBIO ABHKCHHS' V OyAeT NMPOHCXOAHTL BBITECHE-
HUEe 3aCOJICHHOTO pacTBOpa, pacTsopenne coaeil TseppoH
dass u auddysnonHoe asuxKenne (o6paTHOe HANPABJICHHIO
JIBHYKEHHS BOALI).

B sToMm cayuae JABHIKEHHE coJell MoxkeT ObThb ONHCAaHO
ypapuenuem (10) npu ycJoBHH, UTO Ry = fg. [Ipumenm cie-
AyIoUiHe HAa4YaJbHble H TPAHHYHBIE YCJIOBHS:

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

2) B ={) =]
dx

3) n=n;, x=0, (>0, Korophe mnpeanojaraipT, 4TO
ONpecHeHHe MOYBCHHOTO CJOA MOIUHOCTBLIO [ HJH ONpecHeHHe
MOHOJHTA AauHoH [ paccMaTprBaercst B 1a60pPaTOPHBIX yCJ10-
gusaX. [IpHHATO TaKiKe, 4TO HA MOBEPXHOCTH MOUBLI KOHIEH-
TPalHAd MIHOBEHHO YMEHLIIAeTCH C rfp 0 Nz U OCTAeTcs Io-
CTOSIHHOM. YCJI0BHE HA HUXKHeH rpaHune x==1[ npeanoxKeHo
H. H. Bepuruupim (1953), ono caeayer 3 6ajianca BeLIECTB
Ha BLIXOJAHOH IrpaHy MOHOJIHTA.

Pemienne ypasHenusa (10) npu yKazanmBIX TPAHHYHBIX
VCAOBHAX Oblio  moayueHo coBmectHO ¢ LI3s Ja-smrom
(ABepbsanos, Llzs Jla-auu, 1960) onepaunOHHBIM METOAOM
(#a BHIKJIaZKax He ocraHaBampaemcsi). OHO HMmeeT caeny-
IOLLHI BHA:

Lo 8 —exp(Pe’x) X
g — Ny

sh(1 —0)Pe’ V1404V i+nch(=3pe’V i+ 0

X et +
shPe' Vi4+n +Vignchpe' Vi+n
4 2exp[— (17 4 1) Fy Pe’] X
o sin®p, sinp, xexp (— F, )
X o =hy - } (26)
1 Sin iy €OS Py — p) (1 + 17 cos? pp)
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v

rie Geapasmepume Kputepun — [lexkne  Pe’ = D"’ IMpauatas
ms D*t
Pd = Db Dyppe Fo= p
Anasma noxsaan uegcc;.oﬁpaauocu BBE/JCHHS HOBOTO KPHTEPHS €11po-
Musku» [T = (Pe')’= fn , He 3aBHCALLEro OT JHHEMHBLIX PasMepoB H
XapAKTepPHIYIOWEr0 CTENeHb OTHOCA BELIeCTB OT MECTa PacTBOPenHs;
Wy — KOpHH ypaBucuns, tgp, = — ::, (raGyanpopano A. B. Jluko-

LT
BhIM); x=-T. MoxkHO nokasarts, uro pemenHe (26) yAosjaersopsieT

ypaBHenrio (10), rpaHHYHEIM H HaYaJbHLIM YCIOBHAM.

U3 ypapHenus (26) BHAHO, 4TO NepBhil WieH B CKOOKaX
oTpakaeT cTalHOHapHHIl nmpouecc (Fo—o0), a BTOPOH —
BAHsIHHE Tiepexoanoro meprona. CylIeCTBEHHO OTMETHTD,
yTo ypasHeHne (26) onuceiBaeT mpouecc 10 TOro, Kak mnoJ-
HOCTBIO PACTBOPEHB! COJIH TBepAoH (hasel, TO €cTh OTHOCHT-
¢l K NEepHOJY BBITECHEHHs H PacTBOpEeHHs coJeli TBep/oi
¢aspl ¥ He ONHCHIBAET MOJHBIA BBIHOC COJIeH H ONpecHeHHe
nousbl. B npakTHKe H NMPHpOJiE TaKHe JABHXKEHHS BCTpeua-
j0Tcsl uacto. YpasHenue (26) sBaserca Haubojee oGuiHM,
H OHO OMHCHIBAET YACTHHIE CJAY4YaH TNMPH OTCYTCTBHH PacTBO-
peunst (B = 0), nuddysun (D* = 0) nau nepenoca (V=
=(0). DTa 3aBHCHMOCTb NO3BOJISIET TaKxkKe OICHHTb BJIHA-
HHe JUIMHBI MoHOJHTa [ Ha XOj mnpoliecca, 4TO BaXKHO JJIA
OLEHKH PesyJabTaToB JaBopaTOpHBIX HccaenoBanuil. Peme-
Hue ypasHenus (10) mpu Tex e HauyaJbHBIX W IDAHHYHBIX
YCJIOBHSX, HO NpH [—-00 MoKeT ObTh MOJYYEHO TaKxke C
MOMOLUBI0 ONepauHoOHHOro HeuncaeHnus. OHO HMeeT caeny-
IO BHIL:

fig=R ; exp'( Vx ){exp(— Vx VTﬁ_)X

ng —ng 2D* 2D*

X erfc:[— :]]//_1;( 1411 —-%)] 1=

+exp( o VT e [ 4400 (v mr+-;7)]}, 27)

2V D*
rne eric(u)=1-—erf(u); 'erf(u) — HHTErpas BEepPOSITHOCTH, pPaBHHIN

g~

q




2
V—'S e dy (sra GyHKuMR H3BeCTHAa H AETAABHO npoTa-
n

erf (u) =

GyaupopaHa — cM., nanpumep, Jisikos, 1952).

ComoctaBuM pemenua (26) u (27) npH AJHTEALHOH
dbuabrpauun, O6o3nayas H3MEHEHHs KOHUGHTPAUHH HA BhI-
XOJe H3 MOHOJHTAa KoHeyHOH AJHHH [ yepe3 (no—n); H
AHAJIOTHYHYIO BeJHYHHY M HA 5TOM XK€ PAaCCTOsIHHH, HO MpH
MOHOJHTE BechbMa GOJbLION MAJHHB (Rg—N) e MOJTYYHM:

5 Yy oo V) GO SR 8 V5 o
(1o —n)i e ]/|+nexP( 2D‘V+ )

X [sh-z%‘. VI+m +VIi+n ch?‘g; Vi +'n"]. 28)

Gopmyay (28) MO¥KHO NpeACTaBHTb B BHJLE:

= [V1+n+1 NAET B
2 Vitn Vi+n

Xexp(—%‘-‘l/ 1+n)]. (29)

OrcloAa BHAHO, YTO AJISi NMEpPBO CTaiHH NPOMBIBKH HaH-
GoJibIIHEe OTKJIOHEHHS NMPH JUIHTEJbHOH (HIBTPAUHH NOJY-
yaloTCHA NPH JAJIHHHBIX MOHOJHTAX, NpHYeM n << 1.

DTOT BHIBOJ TOHNTEH, TaK KaK HaMH paccMaTpPHBaeTcs
neppas crajus NpoMbiBKH. MakcHMaJbHOE OTKJOHEHHE J0
50% Oyaer uMeTh MecTo npH OGOJBUMIMX napamerpax mpo-
MBIBKH, TO €CTb NMpPH MaJBIX CKOPOCTAX JIBHXXEHHA H 060Jb-
wHx koappuuuenrax aupdysun u pacrsopenns. [aa uc-
MoJAb30BAHHS B YCJAOBHSAX NPAKTHKH Meanopaunun OGosee
cooTBeTcTBYyIOIeH jeficTBHTeAbHOCTH (M Gosee mnpocToit)
spasietcss ¢opmyna (27), Koropyio, NMO-BHAHMOMY, H BO3-
MOJKHO paccMaTpHBaTh KaK ONMHCHIBAIOULYIO NMEPBYIO CTAZHIO
POMBIBKH.

OtmeTnMm ee HekoTOpue ocoGenHocTH. Tak Kak CKOpOCTh
V,
JBMIKEHHs] BOJAB NPHHATA NMOCTOSHHOMN, paBHOM V-—ml 4

TO 3a BpeMsi f NepBHe nopus NpecHoil BOAK MPOABHHYTCS
Ha BEJHYHHY x,=w=-—m'-t. Tak xak Hac HHTepecyeT



paccoJieHne 1ouyBorpyHToB B 3oHe 0 << x << Xg, TO Beeraa
0<E<Ino<>-<1.
Xo Vi
Us popmyant (27) suauo, uro npu x=0 n==n,, TaK
kaK erfc(—u) =1—erf(—u) =1--eri(u).
[Tpusejaem yactHbie cayyan dopmyant (27) mpu {-—» oo
(anuTeabnas GuapTpaums):

R Vitm—1)].  ©o

Ng — My 2D*
B uacrroctH, npu D* — 0 noayuum (Vl +0 ~1 +%

npu maaeix I7):

Ll —exp [ %’) . (31)

Sta (opmysa oGBYHO HCMOJAL3YETCS B KHHETHKe pac-
teopenns. [IpH Maanx ckopoctax V u GOJbIIHX 3HAYCHHIX
IT 6yeM HMETh:

miiny oo 4B

s exp ( X ‘/ o ) (32)

Orciona e
= Infe—"2 (33)

HHTepecHo OTMETHTD, YTO NPeJIIOKEeHHANA SMITHPHIECKas
dopmyaa (BoaoGyes, 1959) s onpejieseHns NPOMBIBHBIX
HOpM B BHJE

N = 10000 Ig (-g:-)“ (34)

B OCHOBHOM COBNajiaeT (C TOYHOCTHIO IO MOCTOSHHBIX) ¢
dopmyaoit (33), KoTopas BbiBeleHA C PAAOM JONYIICHHH,
OTMEUEHHBIX BHIIC, H OTHOCHTCS He K MOJHOH NpPOMbIBKE, a
K MepBoi e¢ CTajHH.

PaccMoTpHM elile OfIHH caydal paccoJieHHs, Korjia B
MIOYBe NMPHCYTCTBYIOT TOJBKO JErkKopacTBOPHMBIC COJIH, KO-
TOpbie NMEPeXOAAT B PAacTBOP MTHOBCHHO NPH YBJIANKHEHHH
noyssl. Ilpouece paccosennsi GyAeM paccMaTpHpaTh B CJI0€
Goapbiioft MouHOCTH (/—-c0) NpPH YCJOBHH NOCTEMNEHHOTrO
ONpecHeHHs: MOBEPXHOCTH MOYBHI.
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B 3Tom cayuae npouecc onucnipaercsi ypasHenuem (11)
NpH CJAEAYIOUUX HAYAJbHBIX H TPAHHUYHLIX YCAOBHSX:

1) n=ny, {=0, 0<<x<Coco (HCXOMHOE 3aCOJIEHHE);
2) o 0, x = oo;
dx
3) V(n-—n,)=D*%"—, x=0, £>0.
ITonyuennoe pelicHHe HMEET BHJ:

_ B
n=20,5 [erfc 2+ el 2 (eric z; — 4 aieric z,) ', (35)

X

rae E=L——n’—; z=al(l+%); n=a(l —%); x=—;
Ng— Ny %o
3 V,
i 2V D*

jerfcu = J erfc udu.
u

3navenus Qynxuuu ierfc u cmorpn B paGorax A. B. JIukosa (1952)
u Ap.

Taxk kak npapas cropoHa ypasHeHus (35) sBasercs

(DYHKUHCH TOJbKO JABYX MEpPCMCHHBLIX (@ u X), TO 3TO MO3-
BOJISIET TOCTPOHTH ee rpaduk (puc. 9).

Hag npuHATHX 00o3HaueHnil («IMOABHKHAS rPaHHLA» —
xo) napamerp Ileksne ne ABJAseTCH NMOCTOSIHHLIM, A YBeJH-
uyHpaetrcs co BpemeHeM, Muorpa cuuralor nocrosiunsiM Pe,
a nepeMeHHo# — peanuuny D*, uro MeHee yiauHo, TaK Kak
D¥*, no cymecTBy, ABJAAETCs KOHCTAHTOI.

Takum oGpasoM, KpHBbIE, MTOMEYEHHbIC PAa3HBIMH 3Haye-
HHAMH @ Ha pHCyHKe 9, MOKasuWBalOT pacnpenejenne cosei
B KaKo#-TO OIpejeJIeHHbII MOMEHT BPEMEHH, a He MOCJAe/10-
BAaTCJbHBIH X0 nmpouecca (BBHJAY NMOABHXHOCTH Xo H H3Me-
HCHHUSI mMapamMeTpa a ¢ TeueHueMm Bpemenu). OOuuii xapak-
Tep KPHBBIX paclnpeieyicHHs cojeil, NOKa3aHHHX HAa PHCYH-
ke 9, 6um3ox kK nabaopalomumes B Hatype (Kak nmpH npo-
MBIBKAX, TAK H [IPY ECTECTBEHHOM onpecHeHun). Onpecnenne
[IOBEPXHOCTH IIOUBBI NMPOHCXOAHT HE MTHOBEHHO, a HocTe-
eHHo. 1o CBA3aHO ¢ HavyaJbHBIM ycaosHeM (3) Gasanca
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coneit, Hakoren, uto, nmoxaayii, HanGosee BaXKHO, rpaHHia
npecuoil (BuiTecHsIomell) H 3aconeHHoil (BHITECHSEMO¥)
BOABI HHKOrja He OpiBaeT peskoif (kpome HepeasbHOro
cayuas a = oo, 10 ectb D* = 0). B 10 Xe Bpemsi cpesHss

rayGuHa TPOHHKHOBEHHA MNPECHOH BOAB Xp == —-:—l‘— { = -’—1:-

(N — npombiBHAas HOpMa, M; OTHOCHTe/IbHAH KOHUEHTPa-
nHs Ha stoit rayGmue n = 0,5). 3HauuT, AN ONPECHEHHS

moyBH /10 3ajaHHOro yposHsi (o6buno mopsaxka n << 0,1)
Ha onpe/leieHHOM ryOHHe BCerjia Halo AaBath BOALL 60Jb-
me (puc. 9), yeM HYXHO, yToOBl BOJA NPOHHKJA HA STy
rayGuny.

OGuiuno npuauMaemoe B (usnueckoit xumun (Tonec,
Pauunckuit, 1955; Pauunckuit, 1957, u Ap.) nojoxeHHe o
NPOABHIKCHHH TOUKH MOJOBHHHON KoHuentpauuu (n = 0,5)
CO cpefHell CKOpOCTHIO, BOOOLIE rOBOpPS, HCTOYHO H CTAHO-
BHTCSI BEPHBIM TOJIBKO NPH ANHTeAbHON (uabtpannn. Ilep-
BHi uJeH B npasoii yactH ypapHenus (35) Kak pa3 oTBe-
YaeT OTMCUYEHHOMY YNpPOUICHHIO; BTOPOH H TpPeTHil YJeHu OT-
paxkaioT AONOJHHTEABHOC BJAHAHHE YCJAOBHI MOCTYMJICHMHS
NMPOMBIBHBIX BOJ Ha MOBEPXHOCTH moussl. PaccmoTpenne pe-
3yJbTaTOB NMOKa3bIBaeT, 4TO ynpomenuas (opmysa

n~05erfca(l—x) (36)

NPHroAHAa TOALKO NpH @ == 1 (H TOABLKO NPH STOM YCJIOBHH).
Jas nmoab3oBauus ynpouicHnod dopmyanoii (36) mmxke

NpHBE/IeHbl 3aBHCHMOCTH d (I —x) nas XapakTepHbIX Be-
auunn n (Taba. 2).

TaGanmua 2. 3asucumocrs a (1—X) AA8 XAPAKTEPHHIX BEAWIMH n

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

a(1—%) | o |2.19 |1,82 |1,65[1,45(1,24]1,10{0,99]0,91| 0,83

n 0,14 | 0,16 |0,18{0,20{0,25/0,30(0,35]|0,40|0,45| 0 50

a(1—7) | 0.76 | 0,70 [0,65|0,60|0,480,370,27/0,18/0,09| ©

He ocranasaupasice nojApo6HO HAa METOAHKE pacuera
NPOMHIBOK, OTMETHM, uTO (opmyaa (35) u ee rpaduyeckoe
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3 n
\NA |2
02 4 &
04 V a5 ~
d 45 N
SRV = :
¢ F\\\}\ I\ i -7)_\
o
8 \\\ Prc. 10. Cxema x pac-
l Geoa N qety  KosthduuHenrta
L 10t KOHBEXTHBHOIN  An(dY-
; £, 3HH.

Prc. 9. Kpupwe pac-
npejeents coaei npu
18 HCKYCCTHEHHWX  Npo-

20] MHBKAX.
T

16, 3\ B
\

n3obpakeHHe Ha pHCYHKe 9 Mo3BOJSIOT paccuuTaTh NpoO-
MBIBHYIO HOPMY, €CJAH H3BCCTHLI HEOGXOAHMOC ONpecHeHHe
Ha 3ajpaunnyio rayomny, goadpopunuent D* u  ckopocTh
(uaprpanun V,, kotopasi otBeyaer ycaoBusaMm oTToka. Ecau
3Ta CKOPOCTh HEAOCTATOMHA, TO Ha MEPHOA NPOMBIBOK
VCTPAHBAIOT APCHAXK, KOTOPBLIA JOJKEH CO3/aTh HEOOXOAH-
My10 ckopoceth Vi (oM. nuxe).

Mpumep. Ecan tpeGyercs yMeHbUINTL COACPKANHE JETKOPACTBO-
pHMBIX coselt na rayGuse xy=2 M n 10 pa3 no CpanuCHHIO ¢ HCXOAHBIM
H H3pecTHH 3nauchua D*=1.10-% m?/cyr, m=04, Ve=001 m/cyT, 70,
noab3yscs raGanneh 2, maxoaum, uro npu n=0,1 a(l—x)==091. Tax

| Voxo
Kak @ =——

2 mD* '’

10

2 Vo Vf(l—i’—)zo,gn.

2 mD* Xo
Orclona xo=2,6 m.

N = mxy=1,04 M= 10400 ®/ra.

N
Bpesma npoMuBkn £ = —V—- = 104 cyToK,
0

T a —Ll/ M—-4>l TO JAONYCTHMO NOJALIOBATLCHA
AK Kak 2 0'4.0.001— ’ Aony
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supaxenney (36). INposepka 1o rpaguky (puc. 9) noarsepziacr npa-
nnm2 octs pacueros: npn n=0,1 a==4, x=0,77,70 ectb x;=26-0,77=
=2 M.

Ecan no ?'c.noulmm orToka ckopocrs V, Owmaa 6 8 10 pas MeHn-
we (Vo=0,001 m/cyr), 10 anasoruunne pacuerst 2071 Xo=45 uM; N=

=922 500 M¥/ra; 16 aer; a=1,67; x=044. Orciona HarAaAMO BHANA
poab PaccoAfIOulero AcHCTBHA Apenaxka B olecneucHun HeoOXOAHMOH
ckopoetit V.

Takum oGpasom, aias 0GOCHOBAHHS PACCOJCHHA [O4B,
NOMHMO HaJIHYMA JAAHHBIX O COCTaBe M pacrnpeie/eHiH co-
ael, a Takxke ckopoctH ¢uabrpauuu Vo, Hano 3HaTh KO-
(bHUHEHT KOHBCKTHBHOM JInD(Y3Hu sl AAHHOrO THIA TPYyH-
TOB H coJeil. B¢ yXe ropopuaoch O BO3MOXHOCTH I10-
JICBOTrO onpejesennst 3Havyenns D¥ B ycaosusx 3acoJieHHs
noys. HuxKe npHBeAcHH aHaJOrHYHBIC NPHEeMBI A5 YCJIOBHH
paccosienns (ONbITHBE MPOMBIBKH).

[TpubanKenno npuMem aeiicTsurteasuoit dopmyay (36)
H OGyleM CuHTaTh, YTO HAa OCHOBAHHH NOJCBHX HCCAEAOBA-
HHI HECJIONHO ONpeAeanTh rayGHHy X, HA KOTOPO#H HMeeT-
ca 50% cosefi (0T MaKCHMaabHOro), a TAKKe PACCTOAHHC

Ax (puc. 10) Mexay TropusoHTaMH C 3acofieHHeM N H
(1 —n) (sanpumep, n==0,1. u 1—n=209). Toraa no
dopmyae (36) moayuum:
n,=0,5 [1 —erf (0,5 Axa)]
HAH
n, = 0,5eric (0,5 A xa). (37)

Takum nytem Qopmyaa npuseaeta K BHLY, aHAJOTHYHO-
My Bbipaxkenuio (36), uTo no3BOJAAET NONLIOBATHCH JAHHBI-
Mu raGanust 2. Ilpunss, wanpumep, jase napui  3sHaueHuil
ny=0,1, (l—n,=0§_)) H n,,=0.2._ (l—n,=0,8_), MOXK-
HO MOJYUHTH Aas ne = 0,1 0,5Axa = 0,91; ne=0.2;
0,5Axa = 0,60.

YuuTeiBas BBLIIENPHBCAEHHBIE BHLIPAXKEHHA AAA @, 10-
JAYYAM:

D; , = 0,076 &2 _ 0,076 40V (38)
' { Xom
D}, = 0,174 8% _ o174 89
' { Xom
HJAH aHAJIOHYHBIC CBA3N C YUCTOM 3aBHCHMOCTEH Xg = —,A;]' 5

Vo= -—A‘I- Orciona, 3nag Ax, xo u { (nau Vo, uan N), MoxHO
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onpeneauth D*. OTMeTHM, YTO 5TH pacCyXIeHHsi CpaBeil-
JHBBI TOJBKO MPH YCJOBHH MOJHOTO ONPECHEeHHA MOBEPXHO-
¢t nouBnl (Hanpumep, ciaog 0— 10 cM), Tak Kak TOJABKO
B 9TOM cayuae MOXKHO npuuaTh @ = l. Ecau sto ycaosue
He coOJI0eH0, 110Jb3yioTes Gopmydoii (35) wam rpadmn-
koM Ha pucynke 9. Ilo-Buaumomy, ykasannblie coolpaxe-
HHUSl NPHEMJIeMbl H TIDH €CTeCTBEHHOM ONpecHeHHH (Xp —
rayOnHa uHpHUABTPaUHH ocaakoB). Tak, Henoab3ys NaHHBIE
HaOmonenuit A. B. HoBukogoii (1962) sa pacnpenenennem
coJielf Ha Jore YKpauHB! B YCJOBHSIX ONPECHAIOUIEro JAeHcT-
BHSl OCAJKOB, MOXHO IOJYYHTh (B 3HAYHTEJLHOH CTENEHH
VCJIOBHO) CJeAYIOliHe pe3ybTaThl.

ITo rpaduxam Ha pucynke 11 (Homukosa, 1962) aas
COJIOHYAKOBATOrO cosioHla (BecHa 1953 r.) umeem xo=0,5 M,
AXo(=0,4 M. Jlna BecHbl MOXHO NPHHATH 3HMHHE OCaj-

N _ 0
= t= S
KH N=100 mm, uto naer npu 90 cyrok, m X 0,5

ylizs
=0,2 (20% oGwvema) u no ypasHeHHio (38) i
D* — 0,076 %g—’ — 1,4-10~% m¥cyT (0 X710pY).

Has paspesa 117 (ayroBo-crennoit rayGoKOCOJOHYAKOBA-
Thiil coJonen) xp =~ 110 cMm, Axy; = 70 cMm, uTO JAaer mo
xaopy D* = 4.1 -10~* m?/cyr.

Hecmotps Ha rpyOylo npubauKeHHOCTh TAKHX PaCyeToB,
BCE JK€ MOJKHO OTMETHTb, UTO 3Hauenusa D* i pasjHuHBIX
paspesos Haxoaatcsa B npepeaax (1 --100)-10-* m?/cyrT,
YTO COrJIACYeTCsl ¢ JaHHBIMH APYLHX HCCJAeAOBaTeJeil.

Mpouecc pacconenus npu pabore
FOPM3OHTaNbLHOro JpeHaxa

Boiie ObIIH paccMOTpPEeHH CJyyaH paccoJIeHHsI TOYB IPH
MOCTOAHHOH NO rayb6HHe CKOPOCTH JABHIKEHHS NPOMBIBHBIX
B0, 4To 0ObIYHO HabaiofaeTcs, KOrjla NPOMBIBKH NpPOBOMASAT
npu OoJsbllOW HagaJabHON rayOuHe rpyHTOBHIX BOA. Ecun
JKe nepea NPpOMBIBKOH I'PYHTOBBIE BOJbLl 3aJeraioT Heray6o-
KO H Ha MAacCHBC NOCTPOEH H JEHCTBYET TOPH30HTAJbHBIN
JipeHax, To B 9TOM cjlydae CKOpocTh (HALTPALHHA 1O BEPTH-
Ka/JH YyKe He NOCTOfAHHA, a YMEHbINAeTcsi ¢ rayOHHOi.
Jlas HecoBepLIEHHOTO TOPH3OHTAJBLHOrO JApeHa)a NpH
KOHEYHOH I[POH3BOJBHON TJIyOHHE 3aJjeraHnsi BOAOYNOpa
BLIpaXKEHHsI U pacnpeielieHus ckopoctell (GpHALTPAUMH 110
raybune nmelorea B paborax Il. §1. Iloay6apusosoii-Koun-
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noit (1952), B. B. Benepnuxosa (1948), H. Hammad
(1957), C. ®. Asepoanosa u Lot Cun-e (1957) u np.

HauGosee nmoaxoasiiiuM JUIs AaHHOro cjayyas sBaseTcs
pemenue, noayuernoe C. ®. Apepbsinopuim 1 Llioii Cun-e
(1957), 3 KOTOPOro MOXKHO MOJYYHTH pacnpejie/ieHHe CKo-
pocteil mo rayOHHE MOTOKA MOCPeAHHe MeXKAy ApeHaMH
(na1s1 ycTaHOBHBLIErOCs ABHXKeHH#), rae u Oyaem HccJIeno-
BaTh AMHAMHKY NpOJBHIKEHHsS (POHTA paccoJens '.

Ilpn sTOM HpHHHMAEM, 4TO KOI((PHIHEHTH (PHABTPALHH
A5 3aCOJEHHBIX M NPECHBIX TPYHTOBBIX BOJ CYIIECTBEHHO
He oTsnualoTes. Kak mokasann uceaepopannsi H. H. Bepu-
runa (1953), npu pacTBOpPeHHH H BhiHOCE H3 rpyHTa 5%
coJiell OT HayaJbHOM MAacChl CKeJeTa rpyHTa NpoOHHIaeMOCTh
rpyHTa H3MeHsieTcsi HesHauHTeabHO. Ilpn MHHepaJH3auuH
Bojasl 2o 60 r/n ¥ BO3MOMHBLIX H3MEHEHHSIX BOAOPACTBOPH-
MOTO COJIEBOrO KOMILJIeKca B TpyHTax no 5%, uyrto uaue
BCEro BCTPEYAaeTCsi B MEJHOPATHBHOMH NpaKTHKe, BA3KOCTDb
H IJIOTHOCTH BOJBI, 4 TaKXKe NPOHHILAEMOCTh TPYHTA MOXKHO
CUMTATh He 3aBHCAIHMH OT BpeMeHH H Koopaunat. Toraa
ABHKEHHE MHHEPaJH30BAHHOH BOAB B IpyHTax OyAeT OnH-

g CHIBATHCA TEMH JKe YypaBHe-
RERSERY] HUSIMH, YTO M JIBHXKeHHe Ipec-
noit Boawl. CJeloBaTe NbHO,
JONYCTHMO TPHHSTH Bbipaxe-
HHE JJIsi CKOPOCTH JABHIKEHHS
¢ F s 7 4| | MOCPeiHHe MeKay JpeHamu

: N0 YHOMSIHYTOMY PelleHHIO B
estidle r &z pae (puc. 11)

V=-2glEF—
F14

— KE (¢, »)— K®} £ g,
(39)

; rae F, E (L, %) — saauntiieckue wH-
54321023456 Terpasint 1-ro H 2-ro popa npH MOAy-

£t
o
e J
BT Puc. 11. Cxema K pacuery paccoe-
2 HHR npH paboTe TrOPHIOHTANLHOrO
§f ple—"—os ApeHaxa.

! HecaepoBanus BHINOJHEHB aB'roBgu coemectio ¢ T. A. AGaypa-
rumoBuiM (ABepbsino, AGayparumos, 1963).
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anx ®; K, E — ananoruynbie MOJHHE HHTErPajH NPH MOAYJSAX %; BEJH-
unny @ onpeaensior no ¢gopmyne

0= CV] —cs -Vl—u’C’
—gt /

E=E+4in — KoMneKcHBe KOOPAHHATH BCNOMOraTe/bHON  MOJYIJIOCKO-
cti; V=Vy+iVs— KoMniackcuasi ckopocts.

C ¢akTHyeckoft 061acTBIO MOTOKA KOOPAHHATH { CBS3aHu ypaBHe-
HAEM: -

(40)

t=sn(5 2, ) (41)

SN — SAJHNTHYeCKHH cHiyc SIKoOH; % — moayab; suauvenus K, E maxo-
ASTCH M3 COOTHOLICHHS

AN (42)

G — HHTEHCHBHOCThL HHOHABTPauuH; B — MeXApennoe pacCTosiHe,

B cBsasu ¢ o6xonom ToukH 6 (puc. 11,8) nas mceaemo-

BAHHA CKOpPOCTH Ha yuactke 0—6 dopmyay (39) caemyer
HECKOJbKO H3MCHHTh:

Vo iq—%q[EF-—KE &, %) — K®D). (43)

Yro6wl onpefesHTh BEJHUYHHY Y, BXOAAUIYI0 B (opmyny
(40), npumem (puc. 11)

z=-‘-:—-+ t(h,m—i- —d—),
TOr/la
e [N B a A
Y = sh = [2 -+ i(hm,-l- 5 )]x}
—_— ' 7 4 }——4 ' .
= sn [K-l- th,x] Sk
d
= hAP+?
3nech h=—H—— , TPHYEM, OYEBHAHO, YTO B 3aBHCHMOCTH

c
or raybunst apennl 0<<h<<l. Tak Kak HamM Ha0 HalTH CKO-
pocTh mo MexapeHbio Vi, T0 HEOO6XOAHMO NPHUHATH BO BCEX
peIpaxKeHHAX {=m(0<<n<< o), 2=ix(0<<x<<CH,) u HaliTH
Gyaxunn M (T), F (T, %), £(L, %) OT YHCTO MHHMBIX apryMeH-
TOB:
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p 4
K’ x')
2 (K)o
C=sn[-—K~ ix,x]=t He = in.
8 cn (__x_ K' %
He -
X
st cokpamenusi 0603HaunM A=H— K, npuuem 0<C
Cc
< <K’
Onyckas BHIKJIAAKH, 3aMHIIEM OKOHYATEJNbHOE BbIpaKe-
HHE Ui H3MEHEHHs] CKOPOCTH JIBHXKEHHS HAa MeXKApeHbe:

Ve=q{1—Z|ME—K) +KEG, %) —

—Ksn(A, ®)en(d, x'). — & w’) %2 sn (k, %') ]:
1 —x"2sn2(h, »')sn® (A, %)
(44)

Boipaxenune aas V. (44) cyniecTBeHHO ynpollaercs s
YaCTHBIX CJy4aes.
a) Ilpu 6auskom sodoynope.

nB

_— - —

B atom cnyqae;g;>3; u—1; % = de e K'=—’2L;
c

__n_Bo ’=._’l.- = ") = S — si -1'
K—4Hc’E 2,E I; sn(h, ®')=sink smwc,

nx
cnA = cos — , dn= 1.
2H. ’
MoxHo nokasaTh, uto npu maauix %/, E(i, »’) =A, Tor-

na
V,=q{1—-§-[x(5—1<) +1<M}= q(l —%x)
X
= q(l =2 H—c) ; (45)
[MpuauMas npHOJHIKEHHO CXEMY BBITECHEHHsI ONHON JKHI-
KoctH apyroit no C. ®. Asepbsanosy (19596), noayunm:

V,=m-£i. (46)

[Mpupasunsas npaesie gactu (45) u (46), pasmenas nepe-
MEHHBIE H HHTerpHpys, OyaeM UMeTh:

mH H
= —=] £, 4
{ ; n sy (47)

I
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Mgl nosayusgan GopMmyay s onpejeseHuss BpeMeHH pac-
conenust { wa ray6uHy X B 3apucuMocTH or H¢, m, g npn
OGJIM3KOM 3aJieranHu BopoyInopa.

6) Ilpu eaybokom sodoynope.

_—

“HC
B stom c.nyqae-%<3; K=—;—;x’—+l;n=4e il
c

K=2e. po % B al; sn(d, %)= thD = thi;

B %
dn(}, ') =cn = = l_ ;
ch—’i chx
B
f d
sn? (A, ®') = ( % ;
. B
[ToacTaBuMm 9TH 3HaueHus B Gopmyay (44):
V=g [1 B e } : (48)
: sh?ii-thx
=-§— l=_7z_=-.-=h)lp-i'___‘_ilg. '=l _d_
rae A o K = h = K z (h,u,—l— 5 )

Iaa onpenenenus suauenus E(A, %’) npu »’—1 Boc-
MOJb3YeMCsl PasyoKeHHeM 3TOro BbIPaXKeHHS; M0cje HeKO-
TOpHIX npeoOpasosanuil OyaeM HMETh:

A e

6 cosh

[Toxcrapum nepsuil 4jen psiga B Qopmyay (48), BropbiM
yJeHOM npeHeGperaeM BBHAY MaJOCTH W OKOHYATEJbHO IO-
JIYUHM:

b 4

V=q(l—Arth}+ °“"-‘+Sh”-‘). (49)

E (M, %)~ Arthx +

sh®h-thx

Tak ke, KaK H A5t cayyas npun  OGAH3KOM BOjoynope,
npHpaBHHBaeM IpaBbie yacTH ypasHeHuil (46) n (49), pas-
flesisieM NepeMeHHbIE H HHTEerpHpyeMm:

x

o & (50)
ng 3 h2 h 4+ sh2x X '
S' [ Az ST X
0 sh®i-thx
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[ToawinTerpanbnoe BHIPaXKEHHE — CAOKHAS TpaHCIEH-
NeHTHas (DYHKUHS, KOTOPAsi He BHIPAXKACTCA Uepe3 saeMeH-
TapHble (QYHKIUHH, MO3TOMY JJS pPEUIeHHs MHTerpaja IpH-
MCHHM YHCJEHHBII METOoJI.

AHanus pemeHdHs  TMO3BOJHN npenebpeus YJEHOM

2 h B
Mh_-x_" MOABIHTErPaJbHOro Boipaxkenus (puc. 12) u
sh*h.thx |
npuasATh Arthx ~x, uTo mocse waTerpHpoBaHus Naer:
B - e (51)
g | —x
a TakK Kak x=% , TO OKOHYATEJILHO |
e PN B (52)
ot AP k
B

Ara dopmyna anasornuHa (47), Ho TOALKO AJs cayuas
ray6okoro Boaoynopa. OueBHiHO, OHA AEHCTBHTENbHA A
B
X<y
o
ITonyyennbie 3aBHCHMOCTH OBUIH TPOBEPEHLI HA MaTe-
pHanax ONBITOB MO PAaCCOJNIEHHIO TPYHTOB NPOMBIBKON Ha
¢one apenaxa. Mccnenoranne npoBeeHO ¢ NMOMOIIBIO Me-
TOMa PAaJHOAKTHBHBIX HHAHKaTOopoB (ABepebsnoB, AGaypa-
rumos, Paunnckuit, 1963).
Cnoxnocts paboThl ¢ H30TOMaMu, Tpebymouias HCnoab-
30BaHHsl HAKMEHBUIErO KOJHYECTBA X, JHMHTHpPOBaJa pas-

Mephl FHAPABJHYECKOrO JIOTKA, YTO H ONPENESHJI0 BO3MOXK-
HOCTh OTHOWeHHs B : H,.

J

16 %

2 Puc. 12. Cpapuenne 3naucuuit Wi-

12 rerpasion B Gopmysae (50) npu h=

10 =0 — kpuBas I; npu h=0,5— kpu-

26 Bag 2 ® npubankennoft dopmyne
(52) (xpusas 3) ans onpenenenus

46 BpeMenn paccosenust (npu rayGo-

0, - KOM BoJOynope).

o2

g0

o 42 43 49 05 46 47 48%




Ornowenne llii 6blJI0 BHIGPAHO C YCJAOBHEM BO3MOMKHO-
c
CTH TIPOBePKH (OPMYJI, BBIBEAEHHBIX KakK s OJH3KOro,

Tak W AAs raybokoro sajeranus Bojoynopa. OmbiThi 1po-
BOJMJIH TIPH MCXOAHOH KOHIeHTpauuu pactsopa 30 r/a, sa-
JOXKEHHH Apensl Myp==15 u 25 cM, AaKTHBHOH IOPO3HOCTH
m=0,4, MexKApeHHOM PacCTOSAHHH B=12m, T=0,5u 0,4 M,
d=—6 MM TpH TPeX HHTEHCHBHOCTX NPOMBIBKH: §i=2I;
ga=42 u qs=384 mm/u.

PesyabTaThl CpaBHEHHsi TMPHBEACHH Ha PHCyHKax 13
14. Cpasuende npoBeAeHO JUIA TAyOHHBL NPOABHXKEHHS
dponta 50%-Hoit KonuenTpauuu. Kax BHAHO H3 rpadHKOB,
MOJYYHJAOCH XOpOLIee COBMAJEHHE TEOPETHYECKHX H 9Kcme-
PHMEHTAaJbHBIX 3HAYEHHiT BPEMEHH paccojieHHsi no Gopmy-
Je npH GJAH3KOM BOJAOYIOpeE.

CpaBHHTEJbHO XY/lIee COBNajeHHe pe3y/bTaToB, MOJY-
yeHnbix no gopmyJse Agas rayOboKoro BOAOYNOpa, ¢ ONBITHBI-
MH JaHHBIMH OOLACHSIETCS TEM, YTO ONbITHLI POBOAHJIH NpPH
SIBHO OGJIH3KOM 3aJIeraHHH MOBEPXHOCTH Bojloynopa, a ¢op-
MyJly BBIBOAHJH AJIs1 BecbMa ryiyGOKOro €ro saJjieramus.

CyiecTBeHHBI HHTEpEC NpeicTaBiaserT nposepka ¢op-
MYJI 10 JAaHHBIM NPOH3BOACTBEHHBIX NPOMBIBOK 3aCOJICHHBIX
seMeab Ha (oHe apenaxca. C 3TOH LEJbi0 BOCTIONb3YeMCH
nanaeME D. C. Bapynusna (1962). OneitT npoBoAmicsi Ha
Myranckoit OMC A3HHUHWUT'uM. Tlousnl yuacTKa mioumanbio
36 ra o6pasoBaJHCh Ha ANTIOBHAJNBHLIX CylnecyaHO-TJIHHH-
CTHIX OTJMOKeHusx Apakca. Bpemennwsie rayGokue (3—
3,5 M) apensl nocrpoenst yepes 220 M.

ZH /};7 7 L.6M
40 } > ' WL IC ] C

2 qw 1 zm d‘j / zﬂqﬁ% L UYL

S B s 01 My | 0 042" N =2/ "Ry

70 // . aall 244 Yy .70__ 7 ‘*f_ =
9 v 0
0 # : F o i

l /- S BN
/] 7 700 300 700 500 500 700 B0 900 mozw:mmwmng’sw

L Mt b

Puc. 13. CpapHeHHe TeOopeTHue- Puc. 14. CpasHenne TeopeTHue-
ckux (KpuBasi J) H SKCnepHMeH- CKHX M SKCMEpPHMCHTANbHLIX AaH-
tanpHbIX (KpuBas 2) AAHHBIX TIO HBIX 1O PAacCOJICHHIO MOYBOrpyH-
PACCOJNIEHHIO TNOYBOIPYHTOB MpH ToB npH rayGokoM Bojoynope:

GamakoM BOAOYHOPE. | — onuiTHa® Kpupas; 2 -— TodHaR

TeopeTHUCCKAN KpHpaf; 3 — N0 npH-
Gamxennoit dopmyne.
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Ha xamauiit rexrap Geio nogano 39,8—62,7 teic. M* BO-
Aol (B cpeanem 50 Teic. M%), Cpeansis HHTEHCHBHOCTb HH-
¢uabTpaunn B stom cayyae ¢==0,07 m/cyr. AkTHBHAs TO-
posuocts npumepno 0,45 npu noanoii noposznoctu 0,55.

Tak kak B npemiaraemyio (Gopmyay BXOAHT riyOHHA
paccosenus npu n==0,5n; (n;— HCXOAHAA KOHUIEHTpPAUHA
rpyHTOBBIX BOA), TO no Tabanue 2 (Beapepnukos, 1939)
npuHHMaem rayOuHy paccosenus x==10 M. Iloacrasasiem
JAaHHble B mpejajaraemyio (GopMmyay no OnpeiesyeHHio Bpe-
MEHH ONpPeCcHeHHd:

mB In 1 2 0,45-220 i |
g . ax 3,14.0,07 1 3,14-10
B 220

f = = 68 cyr.

(mo paunpim 3. C. Bapynusaua, {=72 cyr).

OTHOCHTEJILHOE PACXOXKACHHE TEOPEeTHYECKOro H IpakK-
THYecKOro snauenuil ! cocrasiaser 5,5%, To ecTh TOUHOCTH
BIOJIHE A0CTATOYHAS JJIsl MPAKTHYECKHX Leaefi.

DTH HccJeJO0BaHHSI MOKA3bIBAIOT, YTO JIPEHA’ Ha 3aco-
JIEHHBIX OpOIaeMBIX 3eMJsIX CrnocoGCTBYeT HHTEHCHBHOMY
PacCoJIeHHIO TIOUYBOTPYHTOB. DTO MO3BOJSET B OTHOCHTENLHO
KOPOTKHE CPOKH (B 3aBHCHMOCTH OT HHTEHCHBHOCTH JpeHH-

POBaHHSI) BBOMAHTH STH 3EMJH B  CENBCKOXO3AHCTBEHHBIH

060poT.

poMe TOro, ApeHa)k COAEHCTBYET ONPECHEHHIO TPYHTO-
BbIX BOJ, NMPHYEM NPH JAJHTEJbHBLIX HJAH (POPCHPOBAHHBIX
NMPOMBIBKaX ryOHHA ONPECHeHHs] 3HAUHTENbHO NpeBbllIaeT
rayOHHy 3aJ0X<eHHsA JApeH (NMpH OTCYTCTBHH HAaNMOPHBIX
BOA). DTO CO3/aeT YCJAOBHSA JUISl YCTOHYHBOIO ONPECHEHHH
3eMeJib.

Takum o6pasom, NpHBEACHHBIH MaTepHaa JOCTATOYHO
HarJISIAHO NOKa3biBaeT (hOpPMBI CBSI3H BOJHOIO H COJEBOro
PEeXKHMOB NOYB M JlaeT BO3MOXKHOCTb, XOTSI H B HEPBOM
NPHOJMHIKEHNH, NPOBECTH pacueT KOJHUYECTBEHHOH CTOPOHbLI
npouecca.

Baxuenmeii sanaveil nanbHelIIHX. HCCAGAOBAHUI ABJIA-
eTCA HakonJenune (pakTHYECKOro MaTepHata Io BOJHO-coJe-
BbIM KOHCTAHTaM, H INPEXJAe BCEro mno MOJEBHIM omnpejesnc-
HHAM KO3 (pHUHEeHTa KOHBEeKTHBHOH Auddysun D*.

Caenyer Takike OTMETHTb ONpPENEJEHHBIE YCJAOBHOCTH H
JOTYIIEHHS, NMPHHSTBIE HAMH NPH TEOPETHUECKOM HCTONKO-
BaHHH BONMPOCA, YTO CBHAETEJLCTBYET O HEOOXOJHMOCTH
JAanbHeHIIHX HCCJIEIOBAHN H BO3MOXHOCTH NoJyyeHus 60-
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JIee TOUHBIX pe3yabTaToB. TeM He MeHee Jlake B nmpejajaarae-
MOM NpHCIIKeHHOM BHAE pacdeT nepeMeuleHHs Jerkopac-
TBOPHMLIX coJicll B NOYBOrpyHTax H OOOCHOBAHHE TIPHEMOB
6opb0OBI ¢ 3acOJIeHHEeM OpOllIaeMbIX 3¢MeJb MOTryT OKa3aTb-
csi nosesHpiMH. [Toab3ysich 9THM pacueTroM, Mbl yXKe OTXO-
JUM OT YHCTO SMIHPHYECKHX pexoMeHgalwii ¥ npuOaAHKa-
eMCA K TAKOMY pacuery, KakuM, HanmpHMep, B HacTosuiee
BpeMsi NOJML3YIOTCH NPH OOOCHOBAHHH OCYIUHTCJBHBLIX Jpe-
HAXKHBIX YCTPOHCTB.

Fnasalll

MPOrHO2 BOAHOIO M CONEBOIrO PEXXMMOB
M TPEBOBAHMS K APEHANY

MporHos BOAHOrO M CONEBOro PeXHMon

PaccmoTrpenHas XapakTepHCTHKA 3JCMEHTOB BojHoro Ga-
JIaHCA B YCJOBHSX, CYLIECTBYIOIHX [0 OpPOLIEHHS (CM.
ctp. 19—24), apasercs ocHOBOMN AJs COCTaBACHHS NPOrHO3a
BoAHOro pexuma. ITocse BBoja B AeficTBHE OPOCHTENbHLIX
CHCTeM HeOOXOAHMO ONpeAeINTh Té H3MEHCHHS B STHX 3Je-
MCHTAX, KOTOpPBI€ BBI3OBCT OpOIleHHe (HAH CTPOHTENLCTBO
pojloxpanunumt). Camo ypasHcHHe pojaHoro GanaHca, ecaH
H3MEHHJICA XOTA Obl OJAHH H3 €ro 3J€MEHTOB, elle He jaer
BO3MOJMCHOCTH COCTaBHTH NPOrHO3 BOAHOro OasaHca, Tax
KaK HeCOXOAHMO 3HATH B3aHMOJACHCTBHE 3JeMeHTOB 6aJaH-
ca, a 370 TpebyeT HCCJeN0BAHHI TPONECCOB JBHKEHHS BO-
Apl. Tak, nojanrHasi Ha NMOJAA BOJAA MOMET OBLITh IEJHKOM
HCIIONIb30BAHA PACTEHHSAMH, a MOMeT, YaCTH4YHO MNOHTH Ha
MUTAHHE IPYHTOBBIX BOJ; 9TO JIONOJIHHTENLHOE NHTAHHE
FPYHTOBBIX BOJ MOXKET PacXoA0BaThCsl Kak Ha yBeJuYeHHe
3anacos rpyHTOBLIX BOJ, MOALEM HX NMOBEPXHOCTH, TaK H Ha
VBCJIHYEHHEe N0JA3eMHOro oTTokKa., UTo6B OleHHThL H3MEHe-
HHSl 3JIEMEHTOB BOAHOro 6anaHca, Ha/l0 3HATHh HX KOJHUYECT-
BeHHLIE CBA3H, BHITEKAIOUIHE H3 CyLleCTBa npoiecca. Ypas-
HeHHe BOANOro GaJiaHca NMO3BOJAET TOJBKO NPOKOHTPOJIH-
poBaTh MPaBHALHOCTL PaclueToB, HO HE CJAYKHT CnocoboM
ONpPEeAeNICHAS OT/ICJIbHBIX SJIEMCHTOB,

PacemoTpum ocHoBHBIE (JOpMBI VpaBHEHH{T BoaHOTO 6a-
JaHca ng yCJAOBHH, H3MEHHBIIHXCS NOJ BJAHSHHEM Opollie-
HHSl 3eMesb (M CTPOHTENLCTBA BOAOXPaHHJIMIL).
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ITpu noaTonyienun B pesyabrarTe AEHCTBHS NOCTPOEHHBIX
BOJIOXPAHHJIHIL HJAH KPYNHBLIX KaHnasop (Ge3 HenocpeicTBeH-
HOr0 OpOLICHHS HA PAaCCMaTPHBAEMON TEPPHTOPHH) ypas-
Henus (4), (6) npumyr BHA:

AW, + AW, =0c—(H +Tp) + 11 —0—g, (53)
AWy =+ g+ 1—0 + p, (54)
rjc Bce oGo3HaveHua NpexHue.

ITpu rayGoKHX rpyHTOBLIX BOJaX BBOA B ACHCTBHE KaHa-
Jla WIH BOJIOXPAaHHJHIIA BHauajJe HE HM3MEHHT 3JIEMEHTOB
faJsiaHca MOBEPXHOCTHBIX H NMOYBEHHBIX BOJ H, CJEA0OBATENb-
HO, HHCXOJAILEro TOKa BJIArH, NMONOJHAIOUIErO IPyHTOBBIE
BOJb (—g). Oanako anementnl Gajanca TPYHTOBBIX BOJ B
ypaBHeHHH (54) CYHICCTBCHHO H3MEBATCS: B NCPBHIT ne-
pHOA pe3ko Bospacter pasHocthb (/1—O0), npuuem ans se-
MCJIb, PACTIOJIOZKEHHBIX BhIlC BOJAOXPaHHAMHUL HJIH Kanajaon,
pes3ko ymenbuwntTes O, 4TO NPH HeH3MEHHLIX g H /1 (6ynem

CyHTaTh 31ech p==0) BHI30BET HAKOMJIEHHE I'PDYHTOBBLIX BOJ
(AW3>0), 10 ecTb nogmeM HX MOBEPXHOCTH. B apyrux
caydanax (puabTpauHH B CTOPOHY HHIKEJNCKANIHX 3€MEb)

pesko BospacTeT /7 NpH HEH3MEHHOM HJH MaJOMEHSIOUeM-

csi O, 4TO TaK¥Ke BbI3OBET MOABEM TPYHTOBLIX BOA. B manp-
HeflleM INOABEeM YPOBHS IDYHTOBLIX BOJ YMEHBIINT NpH-

TOK B NEPBOM CJlyYyae H YBEJIHYHT OTTOK BO BTOPOM, a pa3-

Hoctb (/1—O0), nepBoHavasibHO 3HAYHTENBbHAA, OYACT €O

BpeMEHeM yMeHbIlaThCsd, NMoka 0anaHc HE cTaGHAHSHPYeTCs
NPH HOBOM, MOANHABINEMCH YPOBHE FPYHTOBHIX BOA.

ITo NpeeNbHOe NOJNOXKCHHE, XapaKTepH3ylolieecst B ro- |
nosom nepuozne ycaosHem AW;3;=0, moxer ObiTh AOCTHIHY-
TO 3a cueT paBeHcTBa g+4-I1=0 npH A0CTATOYHO IyGOKOM |

YPOBHE TPYHTOBBIX BOJl, TO €CTb NPH OTCYTCTBHH BJIHAHHSA
X Ha B&JIMYHHY H 3Hak g. Ho Bo MHOrmx cayuadx 3Toro
HE MPOHCXOJHT, MOABEM TPYHTOBBIX BOJA MPOMOJIKAETCH H
GajlaHC 3aMBIKaeTCAd B pe3yJbTaTe YMEHbIIEHHS g, 4 3aTeM
B pesy/abTaTe H3MEHEHHA ero 3Haka. Mmaue rosopsi, rpyH-
TOBBIE BOJABI MOAHHMAIOTCS TAaK BBICOKO, UYTO MOYBA H30bLI-
TOYHO YBJaKHsercss H yBesqmuupaercs H-+-Tp. Toraa yxe
HaMensiercs Gananc (53) M BMECTO HHCXOASIEro Toka (g)
NOSIBJIAETCH MOCTOAHHBIA BOCXOASIIUHIK TOK, 4TO BEJET K H3-
MEHEHHIO HAnpasieHusi 10YBo06GPA30BATENLHOIO TpOIEC-
ca — H30BITOYHOMY YBJIAXKHEHHIO NOYB, a [pPH HAJHYHH CO-
JieH B rPyHTax HJIH IPYHTOBBIX BOAaX — K 34COJICHHIO NMOYB.
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Bee st npocthie cooGpayKenus faNexko He BCerjaa yuu-
TBIBAIOTCH NPH NMPOrHO3e MOATOMJCHHA W NMPOBENEHHH ape-
HAXKHBIX MeponpHaTHA. O6GBLYHO OrpaHHYHBAIOTCS PACCMOT-
peHHeM TONbLKO NIMHAMHKH YPORHSI I'DYHTOBHIX Boja Ge3 yue-
Ta U3MeHeHH snemenToB BoaWoro Oananca (ocoGenuo
=-g), 4TO NPHBOAKT B pAxe cayuyaes K omnbkam. Meroanka
NPOrHo3a PexKHMa rPYHTOBHIX BOJA NMDH NMOATOIJIEHHH B JI0C-
TAaTOUHOMN crenenn paspaborana. CymiecTByioT passinuHble
cmoco6Gh! NPOrHO3a: AaHANHTHYCCKHE, BKJAIOUAS METOJ KOHeY-
HBIX pasHOCTefi; MaTeMaTHYECKOEe MOACJAHPOBaHHe (aHajdo-
rosoe — I IA, runponnrerparop JIykbsnona; uupposoe —
¢ nomomsio DIIBM) u apyrne (Kamenckuit, Fasny, Msgc-
uuxona, CemenoBa, 1960; Asepnsanos, 1956; Jle6enes, 1957;
CnpaBoYyHHK 1O MeawopanuH ¥ ruaporexnnke, 1945; A6pa-
mos, Banneman, Bouesep, Bepurun, 1960; pyxunun, 1956;
Apaeun, 1963, n ap.).

IMonxbem rpyHTOBHIX BOJ B CTOPOHY OT BOAOXPAHHJIHINA
HJIH KaHaJa o6GBLIYHO pacnmpoOCTpaHSeTcs MeaJeHnHo (HHorxa
AecsATKH M naxke cothn ner). M sty ckopocrs pacnpoctpa-
HEHHSl PAaCCUHTBHIBAIOT YKa3aHHBIMH crnocoGamu. Bpems no-
CTH}XEHHA HOBOro 60Jee HJIH MEeHee CTAUHOHADHOrO COCTOS-
HHA — «BpeMsi crabunnsaunu» (Apepbanos, 1956) nas cpo-
GOIHOro MOTOKa TPYHTOBHIX BOJ MOXKET GHITH onpeneneno

no Qgopmyne (B cyr):

8x2
‘=25;;,:. (55)

rae X -— DaccTOSHHA OT Kanaira Wau sojaoxpanwmmua, M; & — xosddn-
nent dnasrpanun, m/cyr; Ho — cpenusin MommocTs BOAOHOCHOrO nja-
cra, M: § — koaddunment ceoboanoft noposnocTH.

ITpr pacnpocTpanenun moanopa no rayGOKHM 3aKpbl-
THIM HaMOPHEIM nuactaMm kKoshdunnest § creayer saMennTh
koadhduunentom ynpyrofi Bomoornaun §’, npuyem §< 8.

CraGnin3aunsi Hanopos B 3aKPLITOM BOJOHOCHOM Tja-
CTe MPOHCXOANT GHICTpee, ueM B cBoGoAHOM noroke. Onna-
KO NMOALEM YPOBHS I'PYHTOBHIX BOJ B BEPXHEM NOKPOBHOM
FTPYHTE NPH 3TOM OTCTAET OT YBEJHYEHHS HAmOpPOB. DTOT
BOMpOC TpeGyeT NOMOJHHTENLHOro pacemoTpenns (Asepbsi-
HoB, 1956; Bepurun, Illecraxon, 1954).

Ckasannoe nojuepKuBaeT BaXKHOCTh COCTABJEHHS TPOT-
HO30B BOJIHOTO PEXHMa NPHJAEralomuX K BOAOXPaHHAHILAM
H KaHaaam seMenb Ha JUIHTeJBHBI CPOK, TaK KaK 30Ha Noji-
nopa ¢ roflaMu OXBaThiBaer Bce Goublune Tepputopuu. Baa-
FONMOJYTHOE TIOJIOXKEHHE C PeXHMOM TPYHTOBBIX BOJ uepes
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1—2 roga u paxe 5 aer n 6ojee nocje yerpofictsa Kananon
(® BOJOXPAHMJIHIL) HE rapaHTHpyeT GJAaronpHATHOrO MeJiH-
OpPaTHBHOTO COCTOsIHNA 3eMenb B Gamkafimem Gyayuiem.

BoJsee ¢cI0KHBIM SBJISCTCA NMPOTrHO3 BJAHAHHS OpOMICHHSA
HA BOAMBII PEXHM 3eMeJb HJIH COBMECTHOrO BJAHAHHA BOAO-
XPAHHAHLL, KPYNHBIX KAHAJOB M OPOMIEHHs HA BOJMHBIE pe-
JKHM YacTH WAH ncero opolaemoro maccusa. Ecrecrsenwo,
cpasy e MocJe Hagyajga OPOIIeHHs H3MEHSETCH BOAHBLIA pe-
AKHM TOBEPXHOCTHBIX H TIOYBEHHBIX BOA H OJAHOBPEMEHHO |
(BAM HECKOJBKO MO3/Hee) TPYHTOBBIX BO. ‘

Vpasuenusi sojHoro Ganaxca AJjis OpoOMIaeMbiX MacCHBOB
MoryT GuiTh 3ammcansl caeayoutuMm obpasom (Koctsikos,
lggg; Bepurun, 1962; Jle6enes, 1957, u ap.):

a) A MOBEPXHOCTHBIX M NMOYBCHHBIX BOA (Ha 11oasx)

AW,-I-AW,:Op+0c—(H+Tp)+(l—a)¢,,-—5$(g5,6)

odab o

e

NP

6) nas TPYHTOBHIX BOJ i1
AWt=ig+,’_7_—g+a¢x—ﬂiP’ (57) 2

e

N

B) oGwui Ganauc ; g

SAW = B+ Oc— (H+Tp)+ (1—0)—¢—A + p, (68) |
£

rae, KkpoMe oGosnayennii, Beejlesuwx Buure, npunato: Op — opocnTeib- f:"."‘

sprt

Hag nopMa (HMeTTo), MoaapacMas 1a NoAN W3 CCTH; C — nOBepXHOCTHHE
cOpoch HENOCPEACTBEHHO ¢ noaefl; Py —— GRALTPAUHA H3 KanajloB BCexX
NOPSAKOB; ¢ — 208 (UALTPAUKHH N3 KAHANOB, WAYMAR HA NHTaHKE
rpyHTOBNX BOX; [ — ApeHaXkHuift cToX (npw maamumm Apesawa); B-—
p0103a60p ¢ YYETOM MOBEPXHOCTIONO NPHTOKA W cOpocon:

B = By+ 1 —Cy = Op -+ Py (59

Bo — rononnoft BofosaGop; /T — nosepxHocTHLt TPHTOK €O CTOPOHML,
ponajaounil B CHCTEMY OPOCHTEALHLIX Kananon, Cx — TpauanTHhie M
Apyrre cOPOCH W3 OPOCHTCABHHIX KaHAJA0B, MHHYIOUIHE NOAs.
Conocrapaas ypasHenus (56)— (59) axs yeaoeuit opo-
meHus ¢ ypasnenuamu (4)—(7) aasa HeopowIaeMux aemeln,
BHIHM HX CYUICCTBEHHOEC OT/AHUHE H YCAOMKHCHHE BOAHOrO
GaJanca NpPH OPOUICHHH, YTO BHI3BAHO HEOOXOAUMOCTHIO
yuera psjla HOBHX (PaKTOPOB, KOTOPHIX He OBIJIO JI0 Opolle-
HHSL. -
Vpapnenns (56) —(59) sanucansl B JIOCTATOMHO ObuieM
BHJE H MOrYT ObIThL HCNOJL3ORAHB KAK A KPYNMHBIX MACCH-
BOB, CHCTEM, TaK M Aa# uX uvacreil. B 3aBHCHMOCTH OT KOH-
KpeTHHX ycaoBhil o Moryr Obith ynpouiens. Tax, ecau
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MACCHB 3amnMMaerT BOAOpPa3jeJbHOE NMOJOKEHHe HJIH Orpax-
JIeH HaropHbLIMH KaHazaMi, cOpacubiBalONIHMH BOLY, MHHYS

MaccHB, TO MOKHO cuutarh [/==0; na noliMeHHLIX 3aTONJA-

emMbiX 3emJsix sHayeunue /I Gyaer ompeneasioumuMm. B pane
CJY4aeB HallOPHOe NHTaNHE MOA3EMHBIMH BOJAMH OTCYTCTBY-
eT, MO3TOMY NpHHHMAIOT p==0; NpH BHICOKOH TEeXHHKE ITOJIH-

Ba Cx=0HT. I

Takum o6GpasoM, Bonpoc 06 yuere 3JICMEHTOB BOJHOIO
OaJsiaHca J0JJKeH pelaThcsl KOHKPeTHO B 3aBHCHMOCTH OT
NPHPOAHBLIX YCJOBHII, cXeMBbl H TeXHHKH opowrennsi. Hecmor-
ps Ha pa3HooGpasue STHX yCJHOBHI, BCE XKe MOXKHO OTMETHTb
HEKOTOpHIE CYLEeCTBEHHbIE YepThl BOAHOro Oananca opolnae-
MBIX MACCHBOB, OTJHYAKOUIHE €ro OT BOjJHOro GajaHca He-
OpoLIaeMblX 3EMeJb.

YBeauuenue BOAONOTPebJeHHSI CEAbCKOXO35HCTBEHHBIX
KyJbTYp € LeJAbI0 NMOJydYeHusi GoJiee BBHICOKOrO ypoxKas Ja0-
CTHIAeTCsl COOTBETCTBYIOLUHM DPCHKKMMOM OpOILEHHS ¢ Noja-
yeil opocuTenbHONH HOpMEI Op, KOTOpas HMeeT 1o KpanHeH
Mepe Takoi ke nmopspoK sesuuuH, yto H Oc, a aas Gojee
3aCylIIJIHBBIX PaHOHOB H OCOOGHHO B OTAEJALHLIC MEPHOAH
Op>>Oc. TloatToMy N0 CpaBHEHHIO C HEOPOIIAeMBIMH 3eM-
JAMH 3TOH JKe 30HBI NOYBBI OpOINaeMBIX 3eMeJb Bcerjlla B
11eJIOM 3HAYHTEJbHO CHJbHee yBjaxKHeHn. Tak Kak Bjaras
NMOYBE HAXOAHTCSA B MOCTOSIHHOM JIBHXKEHHH NOJ JCeHCTBHEM
CHJ TSKECTH H NMOBEPXHOCTHBIX «KAMUJJIAPHBIX® CHJ, TO
yeM 0oJblli¢ BAAXKHOCTb, TeM OoJablle CHJIB TPaBHTALHH,
TeM ray0xke BJjiara onyckaercs.

[Tpu GAH3KHX TPYHTOBHIX BOJAAX NPOHCXOAHT HX HEMNO-
CPEACTBEHHOE NHTaHHE, TaK Ha3hiBaeMbli KanHJJISAPHbIH
copoc (Jlebeaes, 1936, u ap.), a npu riayb0KHX FPYHTOBBIX
BOJlaX IPOHCXOAMT ONYyCKaHHe BJarH Kak NOJ AeHCTBHEM
cua TaXecTH (ocoGenHO uepes X0Jbl 3eMJEpPOes, TPELIHHD,
KOpHH OTMEpPIIHX pacTEeHH! B CTEMHbIX paHoHax), TaK H
BCJI€/ICTBHE TPAJAHEHTOB BJAAXKHOCTH (pasHOCTH NOTEHIHAJOB
CHJ cBOOONHON TNOBEPXHOCTHOH 3Hepruu). IATOT Npouece,
KOHEUHO, TeM CHJibHEee BhIpaykeH, yeM 0oJiblle OPOCHTeJIbHBIe
H ocobenno moJanpHbie HOpMbL. llociennue ke B NpPaKkTHKE
NPHMEHAIOTCS AOCTATOUHO OOJblIMMH, 4TOOB H36exaTtb
YpPE3MEPHOro yBeJHYEHHsI YHCaa NMOJHBOB H MOCJACHOJHBHBIX
06paGoTOK H COKPATHTH HENPOH3BOJHTEbHBIE IOTEPH Ha HC-
napeHHe ¢ NOBepXHOCTH nousn! (M) npu MeaKOM yBJarKHe-
HuH. Onyckalolascs nocJie 1oJHBoB BJara NOCTeNenHo He-
IOJIb3yeTCs KODHAMH pacTenHil, HO He B TAaKOH CTCNeHH,
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yTOGBl MOAHOCTBIO MpepBaTh HACXOAAUIHI TOK. 10 0GbsiC-
HACTCS TEM, YTO OCHOBHAS Macca KOPHeH CeJbCKOXO3siCT-
BEHHBIX KYJIbTYD pasMmellleHa B BEPXHHX rOPH30HTAaX MOYBHI,
F/le OHA HCNOJb3YeT BJAry H NHULY B NEPBYIO Ouepelb. ITH
FOPH30HTHI CTAHOBATCH CYXHMH CPaBHMTEIbHO OLICTPO, 4TO
BBIHYK/Ia€T NPOBOJAHTL HOBBIH MOJHB JI0 TOr0, KaK pacre-
HHA CMOTJIH TOJIHOCTBIO HCIONb30BATh BJArY, ONYCTHBILYIO-
¢ ray6oko. Hosbiii nosmB BOCCTAHABAMBACT mpoliecc HH-
(uabTpauuH, B BAara ONyCKAaeTcs YK€ B rOPH3OHTH, HEO-
CTynhble /Ul ee HCnoJb30BaHuA. Muaue nporekaior npouec-
Chl TOJBKO NPH Pe3KO BLIPAXKEHHOH CJOHCTOCTH IPYHTOB.
[Ipusenennnie cooGpakenns MO3BOAAIOT YTBEPIKAATH, HTO
€C/IH 10 OPOINEHHsS B CTENHOH HJH 3aCyIJHBON 30He HMe-
JIOCh HHPHALTPAUHONNOE MUTAHKE FPYHTOBHIX BOJ, TO IOCJe
OpoleHHs (HE3aBHCHMO OT €ro TeXHHKH, Aaxe Ges yuera
Py) 9710 NUTAHHE Beerna Gyaer Goablue.
Tak kak B opomaemoil 30He NogseMubBIe BOAK OOGLIYHO |

HHA BJArd B 30HE aspaliH, HO BO BCAKOM cjyuae (BBHAY
POCTa BJ4XXHOCTH MOYBOTPYHTOB H KalHJ/SPHOM IPOBOAHMO-
CTH) STO yBEAHUGHHE IHTAHHA TIPYHTOBBHIX BOJA GYAeT He

MeHblle gg—i. Tak, ecan g==30 MM B roag, Oc=

=300 mm, 10 np Op==4500 M3/ra (450 MM) HOBOE 3maue-
HHE g.>30+30-;T0=75 MM B road. Hmes B By, uro

OpH OpPOLICHHH NOTepPH HA (HALTPAUHIO H3 CETH KaHAJOB
OOBIUHO 3HAUHTEALHO GOAbLIE g, K TOYHOCTH €€ ONPEeACICHH =
HE MOTYT NPeABABAATLCA BHICOKHE TpeGOBaHHs. i
OcHOBHBIM ~ JIONONHHTENABHBM  HCTOYHHKOM NHTAHHS |
FPYHTOBBIX BOA MPH OPOIICHHH SBJASIOTCH (HALTPALHOHHBIE
NOTEPH H3 BCEX 3JIEMEHTOB OPOCHTEJbHO CeTH &fbx). Taxk |
Kax K.IL . CHCTEMBI == 1275, T/le HHAeKCH 1, 2, 3 oTHO- |
CATCH COOTBETCTBCHHO K MArHCTPAJLHBLIM, MEXKXO3SiCTBCH- |
HHIM H BHYTPHXO3SHCTBEHHLIM KaHaJlaM, TO, NPHHHMAs |

Op=B8 (Ges yuera Il u Cy), nonyunm: ‘.z

M,=9§ [y (1 — 1) + gy (1 — 1) + g 1m0 (1 — o).
(60)

B
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3HaueHHs o, 1; 3aBHCAT OT psAjfa (DAKTOPOB H TNpexKae
BCEr0 OT TEXHHYECKOro copepuieHcTBa cucrembl. Ilpumene-
HHE 3aKPBLITHIX TPAHCTIOPTHPYIOIHX TPYGONPOBOLOB, MOKPHI-
THI KAHAJOB, JIOTKOB H APYTrHX NPOTHBO(QH/ILTPALHOHHBIX
MEpONpPHATHII MO3BOJACT JIOBECTH K.IL /. CHCTeMbI 10 M=
—0,9: A1 ceTH B 3eMJASHOM pycae 1;,2,3=0,7-+0,9 npn
n=0,4-0,6. '

Onpenenente notepb Ha (HALTPALHIO H3 CETH OPOCH-
TeNLHBIX KaHaJoOB H Mephl GopbOH ¢ Hefl paspabGoTaHbl B
nocratoynoit crenes (Asepbsnos, 1956; Ilocaasckui,
1957, u ap.), ¥ Ha HHUX 3/leCh OCTAHABAMBATHCA He OyAeM.

KospdruueHTs ¢ 3aBHCAT OT IyOHHBI CTOSIHHS IPYHTO-
BbIX BOA. IIpH BBLICOKHX TFPYHTOBBIX BOJlaX, €CJIH HET cue-
HHANBHBIX NEPeXBaTHIBAIOIHX JAPeH, JEeCHBIX N0J0C H APYTHX
CPENCTB JIOKAJH3aUHH (uAbTPaUMH H3 KaHAJIO0B, MOMKHO
OpHHATL oyj=ag=0cz=1. [Ipn rayGOKHX rpyHTOBBIX BOJaX
8HAYCHHSI ¢¢ MOTrYT OBITH MEHbUIE, HO TaK KaK B JlaHHOM
cJyuae Hac HHTEpecyer Nporno3 BOAHOro GajaHca, TO eClH
naxe ¢uabTpauMoHnble BOABI (HanpHMep, H3 HeOOJAbUIHX
KaHAJIOB) He JOCTHTHYT T'PYHTOBLIX, TO BC€ PABHO OHH INMOH-
AYT Ha yBJa)KHEHHE 30HBI a’paliH, NMO3TOMY H B AaHHOM
ciyuae MOXKHO NPHHSATH o) =0y=03=l.

ITpu mpornose BOAHOrO peXKHMa YACTH CHCTEMB! 3Haue-
HHS 1) HaJl0 NPUHUMATH JJIS KaHAJNOB, pPasMEIIeHHbIX B npe-
nenax GanaHcoRol naomanH (HCKioYasi, HanpHMEp, X0/0-
CTYI0O YacTb MarucTpajibHoro kKamana). CaenosaTtenbHo,
gHaueHHe XoPy; H3IMEHSeTCA B IIHPOKHX TMpejenax — OoT
(0,10—0,20) Op npu BEICOKOIT TexHHKe opouenus no (0,6—
1,0) Op u paxe BHIDIC JUIST CHCTEM KaHAJOB B 3eMJSHBIX
pycaax. Bosspamasce kK ypasuenuio (57) u ofo3nauas HH-
nekcoM | BeNHUMHEI 9J€MEHTOB BojiHoro Oasanca B nep-
CTIeKTHBE, MOJYYHM:

AWy =+ g+ IT,— 0y + o — () + py.  (61)

Hpenaxuniit ctok (Z[) nokasan B ckoOKax, Tak Kak Aape-
Hax MOXKeT OHITb M He ObITh. UTOOL CPaBHHTL H3MEHEHHA
B BOJHOM GajaHCe Mocje Hayajsa OpOIICHHSA, BbLIYTEM H3

ypaBHenus (61) ypasuenne (9) (Aas ycTaHOBHBLIErOCS
pexuMa no opomenns). Toraa

AW, =+ (g;—g) + (I, — IT) — (0,— 0) +
+ oDy — () + (o, —p).
(O6o3HauHB H3MECHEHHS SJIEMEHTOB BOJAHOrQ 6ajiaHca CHM-
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BoNOM A A5 yeaoBHil TAYGOKOTO 3aJeranus rpyHTOBBLIX
BOA, MOJNYYHM: :

AW, = Ag + All— A0 + ab,— (1) + Ap.  (62)

B cBf3H € TeM UTO NPH AONOJHHTEJALHOM NHTAHHH IPYHTO-
BBIX BOA nocsae opomenus (Ag-+a®>0) n noaseme rpyH-
TOBHIX BOJ BCErja yMeHbuaetcs nojsemunti nputox (/7;<
<II; py<<p) m yBeaHUYHBAETCH MOAIEMHDI OTTOK (Q,>O),
snavennst Afl, Ap Gyayt orpunarenbupimi. O6o3nauns =
=A(_0—I_7—_—p) (c yueToM 3HAKOB), NMOJAYYHM:

AW+ I + (1) = Ag -+ asb,. ©63) |

N3 ypasuennus (63) caeayer, 4To ACHOJAHHTENABLHOC IH-
TaHHEe I'PYHTOBBIX BOJl MOCJE OCYLIECTBJEHHS OPOIICHHS
(npaBasi 4acThb YpaBHEHHS) PpacXojyercsa Ha yBeJHYeHHe
3anacoB rpyHToBbuiX Boji AWj, ypesHuenne pasHuilbl Mexay
MOA3eMHBIM OTTOKOM M MoJ3eMHbIM npHTOKOM (') M B panab.
neifimem Ha apenax (/ZI), ecan oH HCOOXOAHM HJIM cylle-
CTBYeT.

AHaNOrHYHO AVl KOHEYHBIX BeJHUYHH

AW;+ (_0_1—21 + Pl) + @) =g+ °5¢x‘j (64)

M3 ypasuennit (63) u (64) Buano, uto no Mepe NOAb.
eMa YPOBHS IPYHTOBBIX BOJ MO¥XeT OHThb JOCTHIHYT TaKoH
ycranoBHBlHiica pexum (AWz;=0), npn kotopom

I' = Ag+ adb, (65) ;-f 2
HIAH XKe
(91 = Ql T Pn) = g 1+ aP,. (66)

Ecau npH 5TOM rpyHTOBBIC BOJALI MOAHSJNICH HE TaK Bbl- i
COKO, 4TOGHl H3OBITOUHO YBJIAXKHHTHL HJIH 34COJNHTH NOYBY, TO
HCKycCcTBeHHEIH ApeHax (/) ne myxen. Ecam xe rpym‘o-%‘ﬁ
BBI€ BOJIbI TOJHANIHCH BBICOKO H HAYHHAIOT HHTEHCHBHO pac-
XOJ0BATHCSl HA HCHAPCHHE, TO €CTh He TOJMbKO Ag, HO M g,; 2
MEHSIIOT 3HAKH Ha OOPATHLIC, TO HAKO. ATRANATIE: | Hen¥nhoe

MMOYB, TO ﬂeo6x01mM JApeHax (,11) Unaue roBopa, ApPEHam)
HYKEeH, eCJIH Jsl npejlejabHbIX (HanGONMBUIHX N0 YCJHOBHAM
noabeMa TpPYHTOBHIX BOA) 3Hauewwit [y M (O,——H,—p,)o

Oyayr uMeTh Mecto  Hepasedctsa: [o<< (Ag+a®Py);
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(01—1MTi—p1)o<(gi+aPx). Tak Kak TPYHTOBBE BOAHI

NPH 9TOM IOJHSJINCH BHICOKO U YCJAOBHA MHTaHHA (g1, aPx)
MOTYT H3MEHATHCH, TO npumeHerue dopmyn (65) n (66)
MOXKeT BHecTH OomHOKH. [TosTomMy Anst onpenencHus Harpys-
KM Ha APEHaX CJACAYeT IoJab30oBaThes (hopmynoii:

A = ady & g1— (0, — I, — py)o. (67)

3nech WTPHX 0003HAYAET H3MEHHBIIHECS YCJIOBHS.

Taxum o6pasoM, AJas COCTABJIEHHSI IPOTHO3a BOJHOTO
pe’kuMa OpoLIaeMBIX 3eMelib, TOMHMO XaPaKTePHCTHKH BOA-
goro Ganamca 10 OpouieHHus, HaAO0 3HATh 0Py, g1 U (01—

—/I1;—p,); O NepBHIX JBYX BeJHYHHAX TOBOPHJOCH BHILIE.

EcrecTBenuniit nojseMubiii CTOK (TOUHEe, Pa3HOCTb MEKAY
OTTOKOM H NPHTOKOM) 3aBHCHT OT reoMOp¢oOJIOrHIecKuX,
FHAPOreoJOrHYeCKHX YCJOBHI H CXeMbl opouieHHs (pasme-
IeHHe W pasMephbl mjomajned opowmeHus). Onpexesenmbix
PEKOMEHJAaUHif 1Mo 3TOMY BONpOCY AJsi BCEX OCHOBHBIX TH-
OB OPOIIAEMBIX MAaCCHBOB NOKa JAaTh HEJb3f, HO JJS HEKO-
TOPLIX THIIHYHBIX YCaA0BHA oM uMmelotes (Apepbsanos, 1959,
1956, 1959a; Ilony6Gapunosa-Kouuna, 1952; Apasun, Hy-
mepon, 1953, u xp.).

Ypasuenns (62)—(66) n onpeaencuue Iy u (O,—I1T,—
—P1)o MOXKHO OCYHIECTBHTbL Pa3JHYHBIMH METOJAaMH — aHa-
JHTHYCCKUMH, YHCJACHHBIMH (B KOHEUHBIX PasHOCTAX), MO-
NCAHPOBAHHEM M JAPYTHMH, aHAJOTHUHO TOMY, KaK 3TO Je-
JIaeTCsl TIPH COCTABRJEHHH NMPOrHo3a MOATONJIEHHS.

Takum o6pa3oM, NPOrHO3 BOAHOTO PEXHMA JUIA 3eMedb,
npeHa3HAUYCHHBIX K OPOLUEHHIO WJIH HEJABHO OpOLIaeMBIX,
CBOJHTCS K CJEAYIOLeMY:

 ONnpe/lesIeHHI0 HafeXKHBIX XapaKTePHCTHK NMOYB H THAPO-
re0JIOTHYECKHX YCJIOBHH;

COCTABJIEHHIO CyllecTByiomiero 6anaHca IOYBEHHBIX H
MOA3EMHBIX BOJ (pa3ienbHo);

ONnpefieJIeHHI0O B CBAASH C HaMeYaeMOi TEeXHHKOH opolue-
HHS JIOTIOJIHHTEJNbHOTO THTaHUS FPYHTOBBIX BOJ (nmO cpas-
HEHHIO C HCXOJHBIM) ;

HaXOXKJAEHHIO NMPEACILHOr0 3HAYEeHHS BO3MOMKHOCTEH ec-
TECTBEHHOro noaszemuoro orroka Iy, (O1—IT—p;)o;

O0GOCHOBAHHIO HEOGXOAWMOCTH HJIH HEHYKHOCTH JAPEHaXK-
HBIX MEponpHATHH;

pacyety XapakTepa M3MEHEHHS BO BpPEMEHH peXHuMa
TPYHTOBHIX BOX M TEM CaMbiM YCTAaHOBJIEHHIO CPOKOB OCY-
UWECTBACHHS JPEHAMKHBIX MEpONPHATHI; B nepsoM npHGIH-
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JEHAH K ONpEeAeJNeHHI0 HarpysKH Ha JpeHaX H THma Jpe-
Haxa.

OcTaHOBHMCA Tenepb KPaTKO Ha MPOTHO3e COJNEBOro pe-
XKHMa NOYB, HCNOAL3YSA HEKOTOPHIe PesyabTaThl, MOJYYeH-
Hble B npeasiayuiem Hadoxenun. ITpexie scero Heo6xoau-
MO HMeTh HajeKHble HCXOAHLIE MATEepPHaJbl NMOYBEHHBIX H
rHAPOreoJOTHYECKHX HCCIe/I0Banuil o conepxannio (A BH-
naM) coaeft B MoYBax, FPyHTax M TPYHTOBHX BOAAX ANH
BCeX THMHYHBLIX NOYBEHHO-THAPOreoJOrHYecKHX pafioHOB
unu yvactkos. Mcnonb3ys AanHBIE MPOrHO3a BOAHOTO pe-
WHMa, 3Has HCXOAHYI0O TMYGHHY M MHHEpaJlH3alHIO TPYH-
TOBHIX BOJA, a TaKXke COJAepIKaHHe JIErKOPacTBOPHMBIX
coneil B rPYHTax BhILIE YPOBHS TPYHTOBLIX BOJ, MOXHO Onpe-
AEJHTh PacTBOPEHHE cOAepXKamuxca B TBepaol ¢ase co-
Jefi ¥ OPHEHTHPOBOYHO ONPEJENHTh Npeanojaraemyio Mu-
HepaJH3alHI0 TPYHTOBLIX BOA TpPH NOABEME HX YPOBHS,
a 3aTeM M HX BJHsIHHE Ha 3aCOJIeHHe MOYB.

Mpumep. HonycTeMm, NpPOrHo3s pexmuMa rpyHTOBHX BOJA NOKa3an,
Y10 or NexoaHoft ray6uns 10 M rpyHToBbie BoAM 32 10 JeT MOAHHMYTCH
Ha 7 M H NOCTHTHYT FAYGHHN 3 M OT MOBEPXHOCTH 3eMJH, MPHUYEM YCJI0-
BHI NA% ecTeCTBeHHOro NMOA3CMHOro oTToxka Her. Toraa np# nOpoO3HOCTH
rpyAta m=04 ofwvem noansswefica soam Oyaer 7X04=28 M* na
I M2 910 3anoaneHHe NPOMCXOAHT B OCHOBHOM CHH3Y BBEpX, TaK Kak
raasiofl cocrapasionefl NHTAHKA TPYHTOBHIX BOA fBaAfeTcs GUIABTPaUHA
13 Kasanos, a we ¢ nonelt, Mycts w3 Gananca W3IBecTHO, Y4TO NMOTEPH C
opolraeMuIx nofelt cocTasMAM gi='/; nHTaNAA, GUALTPANMA H3 KaHaNOB
a®,=3%,. Toraa emxocrs 2.8 M3 6waa na ¥4, 10 ectp 2,1 M3, 3anoauHena
noxoft cumn3zy, a 0.7 M? — ceepxy. Ecay ncxoanas MHHEpANH3aUHA TpYH-
roBwX Boa (7my) Ouiaa ! r/a, a 3aconenHocTh TPYHTOR JErKopacTBOpH-
vbivu coaami 0.2% no macce (y=1,6 1/, 10, vuuTHBas AAHTEALHHI
cpok (10 ner), nocrartounnifi 177 BHPABHHBAHHA KOHUEHTDPAUHM, H CHH-
vast, uto B pacrsop nepefiner 50% coxefl, a MuHepaamsaums no.aHBHOA
BOAB PABHA HYJMO, MHHEPAAH3aUHs NOAHABIINXCA TPYHTOBHIX BOA CO-
CTABHT:

2.1.14+0,5.7-1,6.0,2-10~>.1000
i - 2.8

Hansuefiwee nepememienye cosnefl B noupy Gyaer 3aBAceTs OT COOT-
Homenus ckopoerelt npocaynnarns (Vz) u nocxoasmero roka (Vi—Va).

OTMeTHM, YTO eCAH WSBECTHH CPeAHAN CKOPOCTH MOABEMA VDORHA
royiToBnXx BoA (v nac 0,7 M B roa) W COOTHOWIEHHE NOTEPh ¢ noaclt W
GHABTPAINE N3 KAHANOB, TO MOXKHO onpeaeants anagenus Vi u Va npn
OTHOCHTEAEHO rAVGOKHX FPYHTOBHX BOA2X.

Jlas yeaoBHt npHMepa STH BEAHUHHE PABHL:

n; ~5r/a.

Vi —:— Vy=0,48-10~ wfcyr,
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410 cooTBercTByer mnortepam c¢ moaelt Vam=0,19-10-3 u/c‘)rr=
=019 mm/cyr=70 MM B rog u norepsam na ¢uavtpauno (V,—Vi)=
=210 MM B roa.

Taxkum oOpa3om, ecad CYHTaATb, YTO NOTEPH HA (QHUALTPAUMIO B pe-
3yJAbTATE NOABEMA FPYHTOBHIX BOJ CYIIECTBCHHO He H3MeHATCA [OHH
YMCHBIAKTCA NPH NOANEPTOR (GuAbTPAUHH, H 3TO MOXKET OLTh YYTEHO
(Anepuanos, 1956)], 1o uepes 10 jer rpynToBHe BOAM NpPH MHNHCpPaH-
3auUHn 5 r/n JOCTHTHYT rayOHHB! 3 M OT NOBEPXHOCTH 3eMJjH H OyAayT
HMETh TeHASHUMIO AaspHeiiwero noabema. Ecau npu stoMm rayGuna 3 M
ABASETCA TAKOH rayOHHOM CTOSIHHA NOBEPXHOCTH rpyHToBHIX BOA (Kan,
1963; Kosaa, 1947; Posos, 1956; Eropos, 1954; Jlerocraes, 1953a), nupu
KOTOPOH rPYNTOBLIE BOABL HAYHHAIOT 3aMETHO YuacTBOBaThL B NoYBooGpa-
30BaTeqIbHOM mnpouecce, To AaipHefiwHfi HX noavem (ecam He Oyaer
yCTpoeH JApeHaxX) Bui3oBer 3acojende nous. [Ipu noaneme rpynTOBHIX
BO/, Bhillle 3TOH rAyOGHHLEI OHH PAacXOAYIOTCA Ha HCNapeHHe M TPaHCOHpa-
0. OpHEHTHPOBOYHO 3aBHCHMOCTb HcnapenHs (e) or rayOHHW cTOA-
HHsL TPYHTOBHMX BOA (A) MoXer ObiTh BhipaxieHa Qopmyaoi (Asepbs-
Hos, 1956, 1959): 3

( l‘:..r;‘. A )n (68)
e=¢(l——),
Ay
rae ep-— HCnapsaeMocTb; Ag— KpHTHUeCKas rayOHHa TIpPYHTOBHIX BOA;
n — NOKasaTesb CTeNneHH, oObYHO Jexcamui B npeaenax |<<n<<2.

Torpa moxno cumrath, YTO CpeAHee YCTOHUHBOE NOJNOXKEHHE IPyH-
TOBBIX BOA HACTYIHT B TOM CJyyade, €C/H HCNApeHHe ¢ NOBEPXHOCTH TPyH-
TOBHIX BOA (e) Oyaer paBHO NPHTOKY CHH3Y, TO ccth e=m(V—Va).
B sawem npamepe m(Vyi—V,)=210 MM B roa, Ag=3 mft. Ecam eg=1000 mm

A \1.6
B TOA H cpeaHee 3Hayenue n=1,5, noayuum 210 = 100((1—-?) :

Orciona A=196~2 M. CaefoBaTensHO, YpPOBEHb IPYHTOBHX BOA CTa-
6uu3r;pye-rcu Ha ray6use okomo 2 M (KOHEYHO, ¢ Ce30HHHMH Kojeba-
HHAMH). |

PaccmoTpum Tenepn, Kakoe Gyler pacnpefienende cojefi B nouse
NPH OPOIIEHHH, MPHHAB 32 OCHOBY CXeMy, H300paX<eHHYI0 HA pHCyHKe 7.
Cunras, 4to Ha rayGHHe X=2 M n=5 r/a, H NpHHEHMas X=Xy, BHJHM,

4TO pacnpejiesienne conell B nouse Gyuer 3asucets ot D* u V. Koshpdu-
HHCHT KOHBEKTHBHOH AHQPY3HH fomkeH ObiTh H3BecTen (moJjebhie Cno-
co0b ero ompefenennss paccMorpennt Boime). [lpuvem D*=2X
X10~* m¥/eyr. 3nauenus ckopoctert Vi w V2 npn noamsBmEXcs A0
rayOHHEl 2 M IPYHTOBBLIX BOAAX H3MensioTcA. CHHTAA HCH3MCHHMM NOJA-
nuThiBasde Vi—Va=210 MM B rog m MMea B BHAY, UTO OpOUIeHHE H
OCajIKH B CyMMe 3a rofi AOCTHralT BeJHUHIH HCnapsaemMocTH (YCAOBHO
1000 MM B roa), npumem ocaaxku 300 MM B rog u opomenue 490 Mm B
rof, 4T0 B cymMMe c noanuTmBanueM (210 MM B roa) aaer 1000 mm
B rofi. Torna B 30me 2 M (OT MOBEPXHOCTH NOYBH A0 IPYHTOBHX BOA)
umeeMm: Va=790 mm B rog; Vi—V,=210 mm B rox; Vi=1000 MM B rox.
Cornacio cxeme, npuBeAeHHOR HAa PHCYHKE 7, H COOTBETCTBYIOUIHM
 pacyeruiM GopMyNaM MOJAYHHM:

1 —3

=36 2,75-107° m/cyr;

_xVy  2.2,75-107°
2mD*  2.0,40.2-10~3

Vi

Pe

= 3,45;



V:-:’—’L=l'265,

2
Toraa no gopmyaam (22) u (25) noayuum:
n’ = ny ePe(1=2V) . (3451—2/1,265) __ g 134 .

Magcumanpnoe 3acosenne Gyaer na rayGuue

1 2
xM=x1'T7-='lT2-—65= 1,58 m;

=g 5
iy = 1y PNV ) A0 _ | 16y,

Cpeanoio MuHepaaHsaumio Aas Beefi Toamu 2 M Hafifem no ¢op-
myae (25):

fep o1ty Va 1 £3:45:0,21% l:q) (0,21 ]/—3.45) o

2 Vaus

+¢(@)]=o.7sn,.

l’26

CrepoBaTenslio, HECMOTPA HA SHAMHTEJbLHOC MOCTYNJIEHHE NPECHBIX
BOJ Ha NoBepxHoCTh noussl (ocaaxku 3000 M3/ra-+opowenne 4900 m3/ra),
BBHAY HaAu4yus HA rayOHHe 2 M MHHEpPaJH30BAHHBIX TPYHTOBHIX BOA
(6 r/a) cpeanss MHHEpaJH3aUHA NOYBCHHOrO pacTBopa no Beelt ABYX-
MeTpoBoit Toauge Oyaer okoao 0,75-5=~4 r/a, npuuem B cace 0—I1 ™
cpeAnsii MHHepanusauus OyAer okojo 3 rfa, a B choe 1—2 M — 0K0J0
5 r/a ¢ makcamymom (1,16-5=5,8 r/a) nHa rayGuue ~ 1,6 m. B paccmar-
pHBaeMOM NpHMepe Mbl NPHHAJH KOHeyHoe (npejeabHoe) pacnpejene-
HHE coJelt B nmoyse.

Cpokn, 3a KOTOpHIC STOT MPONUECC 3aBCPUIHTCH, MOXKHO ONpPCAEHHTDH
AsyMs npHemamu. Bo-neppbix, npHOAHXKEHHO 3TO BpeMs MOXHO HAATH
no Ganaucy coxeit. Tak, Ang ycJaoBuii npuMepa, cHUHTAA, NTO B ABYXMET-
POBOM CJ0€ HaKONMJAoCh cojell G=rnepXym (B Kr), B 3Ham HX €XKeroj-
noe nocrymaenne cansy AG=(V—Vz)ny, spems { moxuo npubanxern-
HO OonpeaesuTs no Gopmyne:

fes £=M=;k
AG nl(V,-—-V,)

Xy m
Pvi—vy

(69)

Has npuMepa nveeM: fep=0,75; x1=2 m; m=040; Vi—Vs=021 m |
B roj.

_0,75-2:0,40

% 0,21

~ 3 roja.

Bo-BTOPHIX, NPOAOIKHTEALHOCTS MEPEXOAHOrO MPOlECca MOXKHO onpele-
JHTL N0 BpeMeHH CTaGHAHSAUMH — NOHATHIO, AHAJOTHYHO BBEJACHHOMY
HAMH JUISi TPYHTOBBIX BOA.
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J.lJlﬂ NPOUECCOB 3acoJieHHA AHAJOINHYHAA DCJAHYHHA AAR OrpPaHHYCH-
HUX NOTOKOH HMeeT BHA:

D*  D*m?
VoA

Vo= ' (70)

rae V— KoHBeKTHBHAA CKOPOCTL nepememenns conefi; Vo — anarorny-
Han BeaHuHna Ans ckopoctH Quastpaunn (V=Vy/m).

Han sawero cayuas
o 2:1072-0,4 (365)*
i 0,212

= 970 cyrox ~ 2,7 ropa,.

910 6AH3KO K HalienHoMy no Gaaancy coseft BpeMenn f==3 roxam, Orue-
THM, 4TO A/l NOAYOrpaHHYEHHHIX NOTOKOB (HanpHMep, AJASl NPOMLIBOK)

Te (amajormuno QUIALTPAUHOHHLIM TOTOKAM) NPHOAMIHTENLHO OyAeT
paBHO:

25D* m*

Te
Vo

(71)

310 ageun COOTBETCTBYET 3HAYCHHIO paHee NpPHMEHsIBUIErocs napa-
Merpa a=25. M3 pucynka 9 xopouo BHAHO, 4TO npu a=>2,5 HeycraHo-
BHBIUHFACS NIPOIECC PACCOJICHHS B OCHOBHOM 3aBepluaercs,

Hrak, aan paccmorpensoro npiMepa nocae 10 aer opowenns rpyH-
TOBWE BOAMW ¢ Havaabuofi rayGuum 10 m socTHruyr raybuasl 3 M M,
PacTBOPHB HaXOAsIHECS] B 30HE a9PauUHH COMH, YBEJHYAT CBOIO MHHE-
Pa”;félm or 1 ao 5 r/a. B Teuenne npuMepHO elle Tpex Jer

0.6.0.7 °_7z3 Fona) OHH AOCTHrHYT rayGHHE 2 M OT NMOBEPXHOCTH M HE

STOM ypoBie cTabHausHpyloTes. Bocxoasmunft ToK OT HHX B mOYBYy B pas-
Mepe 210 My B roa npH ocazakax 300 MM u opowenun 490 Mm B rojp
(scero 1000 MM BIoA) B TeueHHe NOCACAYIOUMX TPeX JET 3aCOAHT
pasee ONPECHCHHYIO NOYBY A0 KONUEHTPAUHH NOYBEHHOrO pacTsopa 3 r/a
B BepxXHeM MCTPOBOM cjoe M 5 r/n BO BTOPOM METPOBOM CJOE NOYBHL
Caenosatessno, o6was cTaOHAH3ANHS BOAHONO peXHMa noun Oyaer
AOCTHrHYTA npHMepno 3a 13 aer, a coneBoro pexuma —3a 16 aer. [lo-
JAyueHHHE pPe3yAbTaThi CACAYET OUEHHTH C YYeTOM cocrapa coJqefi, Buaa
CEALCKOXO3AMCTBEHHBIX KyAbTYP H APYrux ycaoBuit. Oamnako MoxuHoO
NPEANnoNOXHTh, YTO MHHEPANH3AUHA JErKOpPacTBOPHMEX coaefi Eeno-
CPE/CTBEHHO B NOYBE B KOJHWECTBC 3—5 /A CKAXETCH OTPHIATeNbHO Ha
YpoxKasnx ceipcKoxossficteeHnnix Kyantyp. IMostomy Gyayr meoGxonm-
MB Jpenax H npombiBkH. [IpHueM ApenaXk Bago NOCTPOHTH NPHMEPHO
Yepes 7 aeT nocje Hayajda OpOWIEHHs, NOKa BHICOKHE FPYHTOBME BOAM
He NpenaTCTBYIOT NPOBEACHHIO APeHaXKnuix pabor.

Ilpusenenunifi npuMep, N0 HaleMy MHEHHIO, MOKA3LIBAET
BO3MOMKHOCTh COCT2BJIEHHST MPOTHO3a COJIEBOrO peKuMa
noys B nepsom npubGauxkennu. EcrectBenno, 4to npeanara-
eMasi MeTo/nKa TpefyeT AajbHeAUIero yTOYHEHHs H Pa3BH-

THA H OCOOEHHO 9KCIEPHMEHTAJbHON NMPOBEPKH B MOJEBHIX
YCJIOBHSAX.
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TpeboBaHHs K OCYLUHTENLHOMY
W pacconsiomemMy AEHCTBHIO ApeHaNa

[Ipn NpOEKTHPOBAHHH H CTPOHTEABCTBE JMI00OrO THHA Ape-
HaJKHBIX YCTPONCTB NMPEXK/AE BCEro JOJMKHO OLITH YeTKO Of-
pefeseHo HX HAa3HAYEHHE, a HCXOJs H3 9T0ro, 00OCHOBAHLI
THII M napaMmeTpsl jApenaxa. Doabuioe, a HHOrAA pemaio-
iee 3HAYeHHE A yCHElHOH padoThl APEHAKHBIX CHCTEM,
0COGEHHO 3aKPLITHIX, HMEIOT Ka4eCTBO HX CTPOHTENbCTBA H
npaBmabHas skcruiyatauns. He sarparnsas sTHX BONPOCOB,
OCTAHOBHMCS Ha OOOCHOBAHHH NapaMeTpoB JipeHaza.

M3BecTHO, MTO OCHOBHBIM KauyeCTBOM BCAKOrO JipeHazka
SIBJISIETCS €ro CMocOOGHOCTL NMPHHAMATH H OTBOJHTBL 34 mpe-
JeJB MeJHOPHpYeMoii nuomaid H30BITOYHBIC TPYHTOBLIE
BOJIBI, OJarofapsi YeMy KOpDEeHHBIM 00pasoM mnepecTpaunBa-
eTcs HMX OajaHc u co3jaerca 6JaronpHATHBIL BOAHBIA i CBA-
3aHHble ¢ HUM Tena0Boli, BO3AYUINbI H MHTATCAbHbIH PEIKH-
MBl 10uBEL. OGIIenpHHATHIl KPHTEPHii OCYIIHTCJABHOrO Jei-
CTBHSI JIpeHa)<a — TaK HasbiBaeMas HOpMa OCYIICHHS:
(A. H. Koctsikos), a mpu GopbGe ¢ 3acoleHHeM — KPHTH-
qeckast rayGnna crosinus rpynrtosbix BoA (B. bB. [Toapinos).
VIMeIOTCS PASHOBHIHOCTH STHX MOHATHIl (KPHTHUECKHH pe-
HM H Ap.), OAHAKO BCC OHH OCHOBANbLI HA IVIABHOM MOKa-
3aTene — rJyOnHe 3aJieraHHsi NMOBEPXHOCTH I'PYHTOBLIX BOJL.

I[lpuananas GoJblIoe 3HAaUeHHe STHX NOHATHA JAJA Hay-
KH H NPAaKTHKA M OT/aBasi JOJXKHOE IPOTPECCHBHOI POJIH,
KOTOPYIO OHH B CBOC BpeMsi HIPajiH, HeJb3s HC OTMETHTD,
YTO B HACTOSIlEe BPEMsi, B yCJAOBHAX HHTEHCHPHKAIHH CeJb-
CKOro X03#iicTBa, COjepiKaHHe, BKJajbiBacMoe B 3TH Tep-
MUHBI, H, BO3MOXKHO, CAMH TNOHSATHSA, C Hawel TOYKH 3pe-
HHS, JOJKHBL OBITh MEPECMOTPEHDI.

[TousTHs HOpMA OCYUIeHHs H KpHTHUecKas ray6una
PPYRTOBBIX BOJA C(HOPMYJAHPOBaHBl NPHMEHHTENBHO K yCJI0-
BUAM, 0GECHEYHBAIONIHM ONpPE/eJeHHbIH NPHPOAHLI NMOYBO-
06pasoBaTeabbll nponecc Jyroporo (raapomMopgHoro) xa-
pakrepa (Kosaa, Jlerocraes, Moposos u ap., 1956), npu
KOTOPOM 3HAUHTENbHAS 4acTh IPYHTOBBIX BOA HCHOJbL3YyeT-
Csl IS BOAONOTPEOJEHHST CCAbCKOXO3SHCTBEHHBIX KYJbTYD.
3T0 BO3MOKHO TOJBLKO NPH BLHICOKOM CTOSIHHH YPOBHA TPYH-
TOBBEIX BOJL, HE COAEPIKAIHX BPE/IHBIX st PACTEHHIl JIerko-
PACTBOPHMBIX COJIEil, H NPH BHICOKON BaaxHocTH nous. Ha
ocylaeMBIX 3eMJISX, HaPHMEp HH3HHHBIX GOJOTaX, NpH Ta-
KOM MEJKOM OCYIICHHH HCKYCCTBEHHO OrpaHHYHBAETCSH 30-
HA aspalliyl, YTO YMEeHbIIAET BO3MOXKHOCTb PA3JIOKCHHA Op-
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FANHYECKOro BEIIeCTBA MOYBLI, NPEnsTCTByeT GoJee MOMHO-
MY Pa3pBHTHIO KOPHCBOH CHCTEMBI, YXYALIAET HCNOJL30BAHHE
BHOCHMBIX B TOYBY yAOOpeHHH H B KOHEYHOM cueTe caep-
JKNBAET poCT ypoxKaeB. Teopueit M NMPakTHKON JOKasaHa
nesecoo6pasHocTb Gosee rayGoOKOTO OCYIICHHS! 3eMeab NMPH
HHTCHCHBHOM CEJBCKOX03SHCTBEHHOM ncnoaksopannu (Illa-
pos, 1954; Ckoponanos, 1961; Asepssinon, IOuesnu, Hr-
natwena, 1960, n ap.).

Ha opomaemsix 3emMasx Hojuiep:Kaune nocTosnnoro Bhl-
COKOro YpOBHSI ONPECHEHHLIX IPYHTOBLIX BOJ NMPHBOANT K ne-
pepacxojly BOAB Ha €AHHHNY ypoxaf. 10 oObAcCHAETCS
TEM, UTO Yrpo3a pecTaBpallHH 3acosienBs Tpelyer nojauep-
HKAHHA NMOCTOSHHOTO HHCXOASAULCTO ONPECHAIOLICr0 TOKA BO-
JIbl, HHTEHCHBHOCTD KOTOPOIo TeM GoJbuie, YeM BLllie I'pyH-
ToBHe BOAL. Kpome Toro, npm BEHICOKOM CTOSIHHH TpyHTO-
BHIX BOJL yBCJHUHBAIOTCS GecnoJiesnbie noTepu Ha (uaHuec-
KOe HCIapeHHe ¢ MOBEPXHOCTH NMOYBHI, HA Nepesorax m T. .
[TpakTHKa MOKA3HIBACT, YTO XOTA NPH JYrOBOM IPONECCE
NoAy4aoT 3HAYHTCAbHBIE YPOXKAH, HO 3TO JAOCTHTAeTCH Iie-
HOM OrpoMHBIX 3aTtpaT Boabt (20 Teic. M%/ra u Gosee), B 2
pasa u Gojce NMPeBBIADIIHX BOAONOTPEOJEHNE CENBLCKO-
XO3AHCTREHHBIX KyAbTyp. OUeBHIHO, YTO 9TOT METOJ, CBOIi-
CTBEHHBI HH3KOH TexHHxe opoulenus (Ty3emHoe opouie-
HHe), JONYCTHM Kak BPEMCHHBIH, BLINYKACHHHI (10 pe-
KOHCTPYKIHH OPOCHTEJALHBIX CHCTEM).

Takum oGpasom, ¢ Haulel TOYKH 3pCHHA KaK HONSTHA,
TAK H KOHKPETHLIE PEKOMCHIAUHH 10 HOPMaM OCYHIEHHS H
KPHTHYECKHM rAyOHHAM 3aJieranusi TPYRTOBBIX BOJ Hy¥aa-
I0TCA B HX NEPECMOTpPe NpH nepexone na Gosee BHCOKHM
YpOBeHb HHTEHCH(HKAUHH CENLCKOr0 X035MfcTRA.

IToMHMO yKas3annbix coo0GpakeHHil, €CTh eIe OJHO BaXK-
HOE OGCTOATENLCTBO, 3aCTABAAIONICE KPHTHUCCKH OTHECTHCH
K paccmatpuBaembiM nonatusam. Jlesio B TOM, 4To B HOpMa
OCYWICHHS, H KPHTHUeCKasd ryOHHA 3aBHCAT OT OYCHL MHO-
'HX (PAaKTOPOB: KJAHMaTa, 1OYB, KYJbTyp, PEXKHMa Opoule-
Hus, COAEep/KaHHSA coJefi B NMOYBaX H IPYHTOBHIX BOAAX
1 T, A ITonbiTKE yyecTh BCe 9TH (HakTOpH N AarKe rNaBHLIC
N3 HHX NMPHBOAST K TOMY, YTO NMPaKTHYECKH HOPMY ocyure-
HHSL W KPHTHYECKYIO IyOHHY HeOOGXOAHMO ONpeaesiTh B
KAXJI0M KOHKPETHOM cJyuae B HAaType, TO €cTh OHH nepe-
CTAl0T OHITh KOHCTAHTAMH — TEPAIOT CBOE IVIABHOE CBOWMCT-
Bo. B kauecTse onpeaensiomux TpeGoBaHuil NpH OCYIICHHH
demeab H 6opnGe ¢ 3aconcHneM Gonee 0GOCHOBAWHO NPHHM-
MATH PEXHM BAAXKHOCTH MOYBH (1O rOPH3OHTAM H CTAHAM
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PasBHTHS KyJbTYp) H AONyCTHMOE B Hel COfepKamnue Co-
nefi. [nyOuHa Ke 3aJieraHHsi NMOBEPXHOCTH TPYHTOBHIX BOJ
ABJSIETCST OJIHHM M3 NOKasaTesieil BOJAHOTO H COJNEBOTO pe-
JKHMOB, CYIIECTBEHNBIM, HO HE OJIHO3HAYMHO ONpEeAesAIoUIUM
MmeanopatuBHbeie TpeGopanns. Ilpusesennsie snech coobpa-
YKEHHST HOCAT JAHCKYCCHOHHBIi XapakTep H H3J0XKEeHBHl B 10-
pAAKe OOCYXKACHHS.

Paccmatpupas TpeGoBaHHS, NMPEAbABASIEMBIe K JpeHa-
Ky, CHAEAYeT YeTKO pasrpaHH4YHTh CJAY4YaH OCYIIHTEJIbHOTO
u paccoasiioimero ero aeiictusi. IlepBulit OTHOCHTCA K yc-
JIOBHAM, KOTZla B NOYBax, TpPyHTAX H IrPYHTOBHIX Bojax
NPaKTHUYECKH HeT JITKOPACTBOPHMBIX COJIeH M HasHaueHHe
JpeHaXka COCTOHT TOJBLKO B NpPeAyNpexAeHHH H30BITOYHOrO
YBIAXKHEHHS HIH Oopnbe ¢ HHM.

W3 nporso3a BOAHOrO peXHMa H3BECTHO KOJHYECTBO H3-
OLITOYHON TIPYHTOBOH BOJABI, NMOJMJIENKAalleH OTBOAY JApena-
}KeM, npu obecrneyeHHd Ha Bcell 06CayKHBAaeMOi JApenaxeM
TEPPHTOPHH HEOOGXOAHMOro (C y4YeTOM NpPHBEAEHHLIX BLIIIE
coo6parkenni) NMOHMXEHHS YPOBHSA IPYHTOBHIX BOJ. BriGop
THIA OCYUIHTEJHHOrO JpeHaxka H OOOCHOBaHHE ero mapa-
METPOB OCYIIECTBJASIOT Ha OCHOBE PAacueTOB €ro OCYIIHTENb-
HOro JAefCTBHA M TEeXHHKO-IKOHOMHYECKHX IOKasaTeJei
pPa3NHYHLIX BapHaHToB. B neasx 6opb6ul ¢ MOATONIEHHEM
GOJILLUINX TEPPHTOPHI OT BOAOXPAHHAHIL H KPYNHBIX KaHa-
noB Gosee nenecoofpasHsl rososuble (Geperoswie) Jumeri-
HblE CHCTEMBI IVIYOOKHX JpPeH HJIH JHHEHHBIE CHCTEMbI Bep-
THKAJbHBIX CKBayKHH (TOH HJIM HHOM KOHCTPYKUHHU). OTAeNb-
Hble OOBeKTH MOMKHO 3alHIIaTh KOJBIEBBIMH CHCTEMaMH.
B03MOXHO TakikKe NMPHMCHEHHEe CHCTEeMaTHYEeCKOro ropH30H-
TAJNbHOTO HWJAH BepTHKanAbHOro JjpenHaxka. Ha opomaembix
MAaCCHBaX, rie HCTOYHHKH H3OBITOYHOrO MHTAaHHA MO ILIO-
IajxH pacnpejenensl 6ojiee WJIH MeHee PaBHOMEpHO, HaH-
Gonee nesecoo6pa3HbLIM OKA3LIBAGTCS NMPHMEHEHHEe CHCcTeMa-
THYECKOTO TOPH30HTAJNLHONO H BEePTHKAJNBHOrO JApeHaKei.
Cnoco6ul pacueTa OCYUIHTEJNbHOrO AEHCTBHS PA3HBIX THIOB
Apenaxka B JOCTATOYHOI CTEeNeHH pa3pabOoTaHHL.

ITpu paccmoTpennH nporHo3a BOJAHONO pekKHMa 3eMedb
B pe3yJbTaTe MOJATONJEHHSI HUX NPH SKCIAYATAUHH KPYNHLIX
KaHaJOB H BOJIOXPaHHJHII WJIH TOCHAE OpoleHHsa Gulan ye-
TAHOBJIEHB HATpy3Ka Ha JPEHax H MPHMEpPHBIE CPOKH ero
CTPOHTENLCTBA (MO MPOTHO3Y MOABEMA TIPYHTOBLIX BOJX).
BpGop THMAa Apena)ka m ero napameTpon (NpH H3BECTHBIX
TpeGOBAHHAX K HEMY H Harpy3ke) ABJSETCA HHIKEeHepHO
3ajlaueil ¢ IKOHOMMHYECKON OLEHKOH BapHaHTOB H B JanHOMH
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paGore paccmartpusathest He Gyaer (Kocrsakos, 1960, 1961;
Avepuanon, 1959; Asepbanos, Ycenko, 1961; Jlpenax cennb-
CKOoXxo3siHCTBeHHBIX 3emeab, 1964; Iloaybapunosa-Kouunna,
1952; Apanun, Hywmepos, 1953; A6Gpamos, Haiideann,
Cxkupreano, 1954; Borartwipes, 1958; AGpamos, Heapura,
Pomanos, Cemoxk, 1961, u ap.).

Bosee cnoxuniMu H Menee pa3paboTaHHBIMH SBJASIOTCSH
BONPOCH OGOCHOBaHHA NMapaMeTPOB PacCOAAINIEro JApeHa-
JKa, 4TO TECHO CBA3aHO C TEOpPHEH H NPAKTHKON NpPOMBIBOK
H NMPOMBIBHBIX PEXKHMOB 32COJIGHHBIX MOYB OpPOLIaeMBIX 3e-
Mesb. Brile yke oTMeuasuch AOCTHKEHHS MEJHOPaTHBHO-
ro nouBonefieHHa B o0JacTH HAKONJEHHS W aHanau3a AaH-
HEIX 0 GOPMHPOBAHHH 33COJEHHBLIX MOYB ¥ 06OGIIEHHS ONbI-
Ta NMPOMBIBOK TJ1aBHBIM 06pasoM B Ge3fpeHa’kHBIX YCJOBH-
ax (Kocrsakos, 1960; Kosna, 1947; Posos, 1956; BoaoGy-
es, 1959; Kau, 1963; Eropos, 1954; Jlerocraes, 1953 a;
[Tenckoit, 1955, u ap.). 3axauva paccoasiomero AeHCTBHA
Jipenaxa Ha OpollaeMbiX 3eMJasX BrnepBble Gb1a nMocTaBsJje-
Ha corpyanuxkamn [Tousennoro muctutyta nm. B. B. Jo-
Kyuaesa noa pykosoactsom B.A. Kosaw B 1956 r., nanab-
Hefilee pasBHTHE STH HCCACJAOBANHS MOJYYHJAH B psie pa-
6ot (Baazumupos, 1960; Ilenckoit, 1955; Munaes, 1957;
Asepesinon, Llaa Jla-niun, 1960; Asepnsnon, 1959; Bex-
Gynos, 1962; PaGoues, 1957; Pemerknna, fIky6os, Ymapos,
Bapon, 1962; Asepnsinos, AGayparumon, 1963), a Takxe
JOCTATOYHO sICHO cdopmyaHpoBansl B pemenusx Bceco-
I03HOMi HAYYHO-TEOPETHYECKOI KOH(EPEHIHH 1O BOMPOCAM
Gopb0H € 3acoJieHHeM H YJYYIIEHHS MEJAHOPATHBHOIO CO-
cTosinusl opomaemeix semens Cpeauneli Asun, IOxuoro Ka-
saxctana u AsepGafijukaHa.

[TpakTHueckHe BHIBOAL H3 OGUINX PEKOMERAALHA MpH-
MCHHTEJIbHO K OGOCHOBAHHIO pacconsioulero AeHCTBHS Ape-
HaX<a, KaK HaM NPEACTaBAseTcs, MOTYT GHITh CAEAYIOUIHE.

B oCBoeHHH 3aCONCHHBIX H NOABEPKEHHBIX 3aCOJCHHIO
OpOlIaeMBbIX 3eMeNb CJCAYET YeTKO pasaHvyaTh Ba NepHoja:
nepeuiit KpaTkoppemennuifi  (1—3 rosma) — KanuTAABHBIX
NMPOMBIBOK H OMNPECHEHHS TIOYB B CAOE, JOCTATOYHOM IO
MOUIHOCTH AJA NOJNHOM JHKBHAAUHH Yrpo3nl pecraspailun
3aCONEHAA, W BTOPOIl — nocaeayiomuit (Gea orpanHueHHS
CpOKa), IKCIIAYyaTaUHOHHEIl, B KOTOPBI noJUIepKHBaeTcs
ONpecHeHHe, NOCTHIHYTOe B NMEPBHIf MepHOA.

Heo6xoauMOCTh 9KOHOMHOrO pacXONOBAHHS BOAB HA
CAMHHLY NMPOAYKUHH OOA3BLIBAET OCYUIECTBASATH CTPOHTE/Nb-
CTBO TEXHHYECKH COBEpPIUEHHLIX CHCTEM H B 3TOM XKe Ha-



npaBJeHAH PEKOHCTPYHPOBATH cymecTsyonie. Cucremsn ¢
HH3KHMH K.TI. Jl. H K. 3. H. — BPEMEHHOE fBJIeHNe,

B wacrosuiee Bpems u B GauKaiiuieii nmepernekTHse oc-
HOBHBIMH THIIAMH JIpEHAXKa SIBJAAIOTCA 3aKpPLITHII TOPH30M-
TaNbHbIi H BEPTHKAJABHLIT Kak HanGojee CcoBeplIeHHHIE.
OTH KanuTaJbHbIE AOJTOACHCTBYIONINE COOPYKEHHS HeOo6-
XOJHMO HCIOMBL30BATH B TEUEHHE BCEro Cpoxa cayxOnt (ue-
CKOJILKO JIECATKOB JIeT) ¢ MakcHManabHo#i marpyskoi. Ilo-
STOMY MNOCTOSIHHBIH S3aKpLITHI JIpeHaXK PaCCUHTHIBAIOT HA
HATPY3KY 9KCIJyaTanHonHoro nepuona. Pacuer ero mpo-
MYCKHOIH CIMOCOOHOCTH, OCYHIHTEJLHOIO H PacCONSIONIEro
NeMCTBHSI HAa KPaTKOBPEMCHHLI NMEpPHOJ KamHTAJNbHBIX IPO-
MBIBOK Helesecoob6paseH M TPHBOAHT K OMEpPTBJEHHIO
CPeACTB TPH MOCJACAYIONIEM €ro HCnoab3oBaHHH. Bceakoe
OTPAaHHUYEHHE JCHCTBHA JpPEHa)a B IKCNIAYATAUHOHHBIN ne-
PHOJZ M HEMOJHOe HCIOJb30BAHHE €r0 BO3MOMKHOCTEN, mnepe-
PHIBBL B JACHCTBHM H T.J. 9KOHOMHYCCKH Heleaecoobpasubl.

B nepHox KanHTaAbHLIX NMPOMBIBOK NMOCTOSIHHBIA 3aKpbl-
THIM JpeHak BBHAY GOJbUIHX HArpy30K WJIH YCHJIWBAIOT, HIH
JIOTIOMIHAIOT BPEMEHHBIM JAPCHAXKEM, JHKBHANPYEMBIM TO
JROCTHIKEHHH HeoOXoauMmoro onpecHenus. CnocobGul Bpemern-
HOTO YCHJICHHST IeHiCTBHSI 3aKPHITOro FTOPH3OHTANHHOTO H Bep-
THKAJLHOTO JIpeHa)ka MOryT ObiTh pasiH4YHBIMH (BaKyyMH-
POBaHHC TOPH3OHTAJNBHOrO JApeHa)Ka W MPHMCHEHWEe YCHJIN-
TeJell, BpCMEHHOC YBEJHUEHHEe TIOHHIKCHHI M 71eOHTOB Bep-
THKAJbHOTO JIPeHa)ka CBepPX pPacueTHhiX H T. JL.).

Haunbosee nageXXHoiM 145 3THX LeJel B nacrosiilee Bpe-
M5l SIBJASICTCS. BPEMEeHHbIA OTKPHITHI JpeHax. CTPOUTEaLCTBO
NOCTOSTHHOTO 3aKPHITOrO JIPEHAXa NPH OCBOCHHH NEJHHHBIX
3aCOJIEHHLIX 3eMeJ1b JIOJIKHO NMPEeAUIeCTROBATE CTPOHTENLCTBY
OPOCHTEJIbHO¥ CeTH B HeJIsAX y/lellleBJieHHs MPOH3BOACTBA Ape-
HaXHuBIX pa6or npu GoJee raydoKOM 3aJieraHHH I'PYHTOBLIX
BOJL.

Taxum o0Gpasom, pacconsiouiee ACHCTBHE ApeHaxa aoJ-
KHO PacCMaTPHBATLCA PAa3/eNAbHO — VISt 3aKPHITOTO ropH-
30HTAJALHOTO MJIH BCPTHKAJBLHOTO JIpeHazka B 9KCnJjayara-
UHOHHBII NMEPHOJ H JAS TeX JKe THNOB JApPEHaka, YCHJCH-
HBIX BPeMEHHLIMH OTKDBITHIMH JpeHaMH, B HEepHOJ Kanw-
TaJbHBIX NPOMbIBOK.

OcTaHOBHMCSI CHauasa Ha pacyeTe JApPeHaxa B 3KCIJIY-
aTAaUHOHHBII TEepHOJ. 371eCh CHOBA TNPHAETCH BEPHYTLCH K
BONIPOCY O TOM, Ha Kakoil ke riyOHHe cleayer nojjiepxi-
BaTh ONpeCHEeHHe MOYB, PPYHTOB H TPyHTOBHIX BoA. [Ipuse-
JICHHBIE BbllIe cOO0paKeHHs O HeuenecooGpasHOCTH NoA-
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Puc. 15. Cxema pacnpefedernus cojell B 104Be€ B YCAOBHAX ONpecufio-
tero geficTBis 0CajJKOB.

JICpKaHHs BLICOKOIO YPOBHSI ONPECHEHHHIX TPYHTOBBIX BOJ
npu obuleH TCHACHUHH 3CMEJb K 3aCOJIEHHI0O MOryT ObIThb
NOAKpPEnieHbl CaelyIOlHUMH JaHHBIMH.

PaccmaTpuBas cBsisb BOJAHOTO H COJIEBOTO  PEKHMOB
NoYB, Mbl IIOKa3aJH, 4YTO NpejieJbHOE PaBHOBECHOE COCTOf-
HHE JICTKOPACTBOPHMBIX COJICH B IOYBC 3aBHCHT Kak OT CO-
CTaBa coJieh M HX TNOJABHJKHOCTH, TaK M OT COOTHOIIEHHS
CKOpPOCTEH JBHXKEHHSI BJAarH HHCXOASIIEro H BOCXOJSAUIEro
rTokoB. Mcnonnsysi popmyan (22)—(23) u pauHbie HA pH-
CYHKe 7, MOCTPOHMM JUISi HAIVISJAHOCTH rpadHKH, H3o0paKeH-
nbie Ha pucynke 15. Ha nem noxkasaHo npejenbHoe (paBHO-
BECHOE NPH CTAUHOHAPHOM OCPEJIHEHHOM pEeXHMe) pampeje-
JICHHE COJIeil B IOYBE 10 YPOBHsi MHHEpaJH30BaHHBIX TPYHTO-

BuIX BOA (n==1) npH pasHLIX COOTHOIIEHHSX CKOPOCTEl HHC-
xonawmero (Ve) u pocxomsuiero (V) TOKOB, nmpHueM 30HA
pacnpocTpaHeHHsl KOPHEBOH CHCTEMBI CeJIbCKOXO03siCTBeH-

HBIX KyabTyp npuuata x=1. Ha pucynke 15,a noxasan
cJiyyai, KOrja BCe NOJHBHBIE BOJABI H OCA/IKH HCIMOJb3YIOTCSA
pACTEHHSMH H HeT HH HCMNOJb30BaHHSA, HH NMHTAHHS TPYHTO-

y 7, Va

BLIX BOA, TO €CcTh V = 7=1. W3 pucyHnka BHIHO, UTO €CJH
1

PYHTOBLIE BOJAbl MHHEPAJH30BaHbl, TO, XOTS H HET HX JBH-

JKCHHS BBEPX, COJIH B pe3yJbTaTe CBOEil INOJABHIKHOCTH H
(puabTpauHonHoit aAudQysHH nepeABHraloTCs, H 3acCOJeH-
HOCTH KOpHeoOGHTaemoro cjos jocruraer 40—70% wmunepa-
JIHBAIHH I'PYHTOBBIX BOA. DTO CBHETENLCTBYET, BO-NIEPBLIX,
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0 HeoGXOAHNMOCTH Gosiee ryGOKHX KaNHTAJbHLIX NPOMBIBOK
B NepBHIi NEpPHOA OCBOCHHA H, BO-BTOPLIX, O HEOOXOAHMO-
CTH NOCTOSAHHOrO HHCXOASIIEro TOKA B 9KCIUIYaTalUHOHHBIT

nepHoA. Ecan npumem suauenne V=08, 10 ectnr Oynem
CYHTATb, HYTO HHCXOAAWIHA nocrosinubii TOK V—V,=
=0,2V,, T0 npu pa3Hoil rayGHHE CTOSHHS MHHEPAJH30BaH-
HBIX I'PYHTOBBIX BOJ CXEMBI paclpejesieHHs cojeil B mouse
Gyayt caepyiomune. Ha pucysuke 15,6 Buano, uro ruayGuHa
FPYHTOBRIX BOJA COBNajaer ¢ rpaHHueil KopHeoGHTaeMOro
cJ0si, Ha pHCyHKe 15,6 ona B 1,5 pasa, a na pucynke 15,2
B 2 pasa ray6xe ero. Takum o6pa3soM, TOJNLKO CO3/aHHE
HHCXOASIIEro TOKa H HCKYCCTBEHHOE ONyCKaHHe MHHEpaJiH-
S80BAHHBIX TPYHTOBHIX BOA (HJAH YCTOHYHBOM rpaHHUB HX
ONpecHeHHs) crnoco6CTBYIOT GAAronpHATHOMY COAEpKaHHIO
JIETKOPacTBOPHMLIX CoJiei B noyBe (Tak Kak, Mo-BHAHMOMY,
npakTHueckne snauyeHus kKpurepusa [lekne Pe>»2). Xorsa
STOT BONpPOC TpebyeT KOHKPETH3AUHH AJsl PASAHYHBLIX KYJb-
TYP, ONpeleNeHHBIX THNOB 3aCOJICHHA M CTeNEHH MHHepa-
JIH3AIHH IPYHTOBHIX BOA, MPHOJHKEHHO MOXHO NPHHATH:

rayGHHY NMPOHHKHOBEHHS! OCHOBHOH Macchl KOPHEBOJ CH-
CTeMBl 15 GOJNbIIHHCTBA CEIbCKOXO3ANCTBEHHBIX KYJbTYP
1,6—2 M (c yueroM yBesHueHHsI aKTHBHOH# 30HB MPH HH-
TEHCHPHKAUHH XO3AHCTBA);

riayGHHY NOBEPXHOCTH IPYHTOBLIX BOA (C y4eTOM Henoj-
TONVICHHS] KOPDHEBOH CHCTEMBI NPH CE30HHLIX KoJeGaHHsX)
2,5—3 m;

ryOHHY MOJIHOrO ONPEeCHeHHs TPYHTOBHIX BOA 3 M;

rAyOHHY 3aMETHOrO ONpEeCHeHHS NPHONH3HTEJAbHO 4 M.

B coorsercTBHH € 3THM TPeGOBaHHS K NOHHMKEHHIO YPOB-
HA 34COJICHHBIX I'PYHTOBHIX BOJ OOLIYHO CBOAATCH K cJe-
AyIOlIeMYy:

B MEPHOJI HHTEHCHBHOTO HCNAPEHHS W TPaHCHHPAUHH
TpeGyeTcsl NOHHSHTL I'PYHTOBLIE BOAB Ha rayOHHY, NpH KO-
TOpo# He GyAer NMPOMCXOAHTbL IIOCTYIJIEHHS 3aCOMEHHBIX
BOJ B Mo4YBy. B 3aBHCHMOCTH OT MHHepaJ/M3aLHH FPYHTOBBIX
BOJ, XapakTepa rpPyHTOB, KJHMaTa, Xo03AHCTBEHHOro Hc-
NOJMb30BAHHS OHA H3MeHsieTcs B npeaenax Ag=1,56—35 M,
obuiuio 2—3 M (Kosna, 1947; Jlerocraes, 1952);

K OKOHYAHHIO MPOPHAAKTHYECKHX NPOMBIBOK IPYHTOBBIE
BO/ALI HE JOJ/KHBI CTOATb Gamxe gyem Ha 0,5 M oT nosepx-
HOCTH 3€MJIH;

K Hayajy CeJIbCKOXO35IHCTBEHHLIX paloT rpyHTOBLIE BO-
AB ROJXKHB ObiTh Ha rayOnne 1,3—1,8 M, a K navany no-
JIHBOB — Ha rayOune 2,5—3 M.
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[Tpu stom nomxen GuITh ofecneyeH HHCXOASIMMHA TOK
(n cpennem 3a ron), cocraBasiomuii oxono 10—209% cym-
mapnoro soponoTpebaenus kKyaotyp. [lpr cobmonennn
9THX YCAOBHI NOCTHTHYTOE NPH MOMOILH COOTBETCTBYIOUIErO
peXHuMa OpOINEHHS W JpeHa)ka ONpecHeHHe B MEpPHOA Ka-
MHTANbHLIX MPOMBIBOK OyIeT NOAACPHKHBATHCA H pecTaB-
paunsi 3acoJieHHst HCKaouaercs. B yKa3anHYIO BeJHYHHY
npomMeBHOro ToKa Ha noasx 0,1--0,2 (H4-Tp) me Bxoasr
noTepH Ha (HABTPAUHIO H3 KAHANOB H BOCXOASIIHA TOK
NoJa3eMHLIX BOX, ecan oH ecth. Kak mokasano Ha CTpaHH-
ne 61, marpyska Ha cHCTeMaTHUYCCKHIl IpCHAX paBHa:

A = ab,+ g;—-(gx—ﬂx—m)o. (72)

rae g1 ~02(H+Tp).

Taxum o6pasom, marpyska Ha JipeHa)X Ha paHee 3aco-
JEHHBIX 3eMJAX B SKCMUIYaTallHOHHBII TMEpHOA Aa)e NpH
GaaronpraTHLIX yeaosuax (py=0,0,—/1;=0) ne moxer

6biTh Menbme o, g(; NPHYEM COBEPIIEHHO OYEBHIHO

JHauenue NMPHMEHCHHS COBCPUICHHON TEXHHKH OPOUIEHHS M
BCAUCCKOro yBeauvenns K.1m.A. Ecawu cumurarth, uro /7, mo-

et OHTh CHAT SAIMHTHBIMH chHcTemamu, O Hepennko (Ha

3ACOJNICHHBIX 3EMJAX 3TO OGBIYHO TAaK H €CTh), TO CpejHero-
JIOBASi Harpyska Ha JpeHak OyaeT H3MEHATHCS NPHMEpPHO
or (0,3+0,5) Op (Op — opocuTensHasi HOPMa HETTO AJs 3a-
CYULIHBHIX 30H) NPH OTHOCHTEJBHO BHICOKON TeXHHKe Opoie-
st (n~0,8) no (0,5+-1)Op npu uu3Kofi TexHHke opome-
g (n==0,56—0,6). B cayuae Bocxosiiero HamopHoro Toxa
pi Harpyska eme GoJibiue YBeJJHYHBACTCS H TOPH3OHTANBHHI
Jipenaz CTAHOBHTCSA Heleaecoo6pasHbiM; B TAKHX CAydafx
Hy’KeH BepTHKaJbHBI Apenax. Tak Kak yCJa0BHs 3KcnyaTa-
ITHOMHOTO NEPHONA YUHTLIBAIOT TPeGOBaHHs K NOMAEPIKAHHIO
pacconsioniero NeACTBHs Apenaxka (B Buae gy, rayGuumb

YCTOAYHBOTO ONPECHeHHA H TrAYOGHHH T'PYHTOBHIX BOA), TO
0GOCHOBAHHS €ro NapaMeTpoB CYIIECTBEHHO He OTJIHYAIOTCS
OT pacueTa OCYUIHTeNILHOTO JefCTBHA pPa3AHYHOTO THNA
jipenaxa, Mo3TOMYy 3JieCh HA HHX OCTAHABJAMBATHCA He Gy-
nem (Kocrakos, 1961; Apepnsnos, 1959: JIpenax cenbcko-
XO3AHCTBEHHLIX 3emenb, 1964: TloayGapunosa-Kounna,
1952; Apasun, Hymepon, 1953; AGpamos, Haiideann, Ckup-
reano, 1954: Apeprsinos, Yeenko, 1961, n np.).

ITepexonst x pacuery paccoasiounero aeficTBHs JApeHaxa
B MEPHOJX KamHTAaJbHBIX NMPOMBIBOK, NPHMEM, 4TO HeobXo-
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AuMasi TyiyOHHA YCTOHYHBOTO ONPECHEHHS MMOYB H TPYHTOB
sanaHa (Hanpumep, X;=3 M), npuuem Tpebyercs MOHH3HUTDH
KOHUEHTPAUHIO IIOYBEHHOI0  pacTsopa 1o

7,(;=£5),
Ny

rje 7 — KOHeuHasi KOHUEHTPAUHS MOYBCHHOIO pacrBopa; Mo — €ro Hc-
XoAnas Kouuenrpauns (A48 JErKOPacTBOPHMBIX coJielf, TAKHX, KaK XJ0-
PHAHBIE, 9TH BEJAHYHHBL MOTYT ObITh 3aMeHeHbl KOHEYHLIM H HCXOAHBIM
3aCOJICHHEM 110 COICPXKAHMIO MaccH coueit),

Briie paccmarpuBaniach CBSidb BOAHOTO H COJICBOTO pe-
JKHMOB TIPH PacCoJICHHH H ObLWIO YCTAHOBJICHO, 4TO JLis
NPHOAHIKCHHOrO pacyeTa MOXKHO BOCHOAb30BaThCA (hopMy-
Jgoi (36) u Tabanueir 2:

n=0,5erfca (1 —x) (npu a > 1).

ITpn a<<1 caenyer mosbzoBathes Gopmysioi (35) u pH-
CYHKOM 9, UTO YCJOMHAET Pacyer, HO He MEHSIET €ro OCHO-
Bul. [Ipexxae Bcero obpaTiM BHHMaHHE Ha TO, MTO 3aj]aH-

HOe olpecHenHe n Ha 3ajaunyio rayoumny x; npH onpejae-
JeHHBIX D* H m Moxer ObLITb OCYIIECTBJACHO pa3ubIMH
HOpMaMmH, NpHYeM YeM Bhille CcKopocTh Vo, Tem mennue
HopMma N, xoTta Bcerga ocraercsi Goablie, 4eM mx;, TO €CcTh
MOUBY HAJ0 NPOMOUYHTDL JAaJbllie KejaeMoil TJyOHHBI OIl-
pecHenus.

Onpepesenne oNTHMAJBHLIX CPOKOB KanHTAJABHBIX ITPO-
MBIBOK (OTYAacTH HOPM) H HHTEHCHBHOCTH JPEHHPOBAHHSA
HOCHT TEeXHHKO-3KOHOMHYECKHH M Opranu3alnHOHHO-X035i-
CTBCHHBIT Xapaktep (CpPOKH OCBOCHHSI U CTPOHTEJbLCTBA
H T. A.). MoxHo, 0AHaKo, ONpejeqcHII0 CKa3aTh, 4TO NPH
GONBUIHX CKOPOCTAX (PHABTPAUMH HE TOJLKO YCKOPSICTCS
NMPOMBIBKA H IOABJIAETCS BO3MOMKHOCTL ObICTpEe BBECTH
3eMJIH B CCJLCKOXO3#HCTBCHHBIH 000pOT, 1O H (oJee 3Ko-
HOMHO pacxoiyercst Bofa (NpH OAHHAKOBOM PaccoasionieM
apdexre). 3anaua nanpHeiero pacuera jpeHaxa CBOJHT-
Cs K ONpejesIeHHI0 TaKHX ero mapaMerpos, 4TOGH ApeHax
B NEPHO/L NMPOMBLIBOK O0ecneyusn B Haudogee TAMKENHIX Me-
crax (Mexjpenbe) HeOOXOJHMYIO JISl PACCOJCHHS TOUB
Ha 3ajlaHHylo rayOHHY X; B JaHHbli cpok { ckopoctb V.
Cyuecrsyioutie ¢nocobbl pacuera ropHsoHTaJNbHONO H Bep-
THKAJABHOrO JpeHa)ka nospoasior 3710 caenaartb. He ocra-
HaBJIHBAACh MOAPOGHO HA 9TOM BONPOCE, YKAXKEM TOJNbKO
Ha OPHEHTHPOBOYHBIA PacyYeT COBMECTHOrO JAEHCTBHS TOpH-
30HTANILHOIO JIPEHa)Ka — MOCTOSIHHOTO 3aKPHTOro riy6oKo-
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[0 W BpeMeHHOro oTkpuiToro. Ecin JpeHax pacCYHTaH Ha
HUQHUALTPAILHOHHOR, PaBHOMEPHO pacnpe/lejieHHoe N0 IJI0-
mann nuranne (cxemm Kene, A. H. Kocrakosa, C. ®. Ase-
pLAHOBA M JAPYTHX aBTOPOB JUI TOPH3OHTAJLHOrO JApeHaxa,
cxema C. ©. Apepbsinosa, B. C. Ycenko u Apyrux anas sep-
THKAJbHOrO), TO CpPEAHsAss HHTCHCHBHOCTb 3TOr0 MHTAHHS
(npH ycTaHOBHBUIEMCS peXHMe) M OyaeT BepPTHKaJbHOH
COCTABJSIONIEH CKOPOCTH (UALTPAUHH Ha MOBEPXHOCTH
PPYHTOBHIX BOJA. BO3MOKeH y4eT YyMEHLUICHHSA BepTHKa/b-
HLIX COCTABJSIIOUHX CKOPOCTEl NpH JIBHXKEHHH HHIKE YpPOB-
ns rpyHToBbiX Box (Apepbsios, AGayparnmos, 1963), HO
5TO MMEET 3HAYCHHEe NPH KOHEYHOM 3aJieraHHH BOAOYynopa
i aaa naGopatopHuix yeaosmil. TakaM oGpasom, poJsi 06-
e CKOPOCTH, CO3/laBaeMoOi MOJl BJHSHHEM IOCTOAHHOrO
JpeHaika, ObiBaer usBectHoil. CpasBHuBasg HEOOXOJHMBIE
(o ycaoBHAM paccojicHusi) ckopocTH Vo W CKOpOCTH, CO3-
JlaBaemMble MOCTOAHHBIM ApeHaxeMm V), MOXKHO ONpEeNeNHTD
pasuoctb Vo—V; 1 no nei paccuutrarh pacCTOSHHE MEXAY
BPEMEHHBIMH JIPCHAMM.

Hanbonee uenccooOpasHbiii BapHaHT onpejiensercs HH-
JKCHCPHLIMH TEXHHKO-95KOHOMHUYECKHMH pacueTtaMd c yue-
TOM CPOKOB IPOMBIBOK, IPOIYCKHOH CNOCOOHOCTH COOpY-
JKCHHH, CTOMMOCTEHl H JApyrux nokasareeif. AnajJOrayHo
MOryT OBITh pacCuMTaHbl H JAPYrue¢ coyeranHs APCH HA OC-
HOBaHHH BO3MOXKHOCTH CJOMKEHHS CKOpPoCTeH (CBA3aHHBIX
C YCTPOHCTBOM PasHLIX JIpeH) Ha NMOBEPXHOCTH I'PYHTOBBIX
BOJA NPH JIOCTATOUYHOM YAQJCHHH PaccMaTpPHBACMOH TOYKH
oT Apenbl. Hanpumep, MOMKHO yCTAHOBHTH pe3yabTaT COB-
MECTHOro JACHCTBHSA BEepTHKAAbHOTO M IOCTOSHHONO HJIH
BPEMEHHOrO FOPH30HTAJALHOIO JIpeHaKa H HEKOTOPHIX JApy-
rux koMOuHawiii. B ocHoe 3THX pacyeroB, Kak ObLIO IIO-
Ka3aHo, JOJIKHBI JieXKaTh TpeOGoBanus co3jaHus HeoOGXo[H-
MbIX ckopoctei V M nojaun mpoMbiBHbBIX HOpM N B omnpe-
neaennsie cpoku £ (Vo, N, ¢ cBa3anbl MexkAy coboit) pis
06GecneyCHHsI YCTOHYHBOTO ONPECHCHHsT IOYBOTPYHTOB Ha
rayoHHy OKoJIo 3—4 M, KOTOpasi MCKJIOYdeT IOocjaenyio-
ILYI0 PecTaBpalldi0 3aCOJICHHSI B 9KCIVIyaTallHOHHBIH TMCPH-
0JL NyTeM CO3JaHHA HEOOXOAMMOro HHCXOJAUIEro TOKa.
Ilepas 3ajaya pellaeTcss COBMECTHLIM JCHCTBHEM Bpe-
MCHHOTO M IIOCTOSIHHOrO JApeHna)ka B NMEepHOA KanHTaJbHLIX
IPOMBIBOK, BTOpas — COOTBCTCTBYIOILHM  00GOCHOBaHHEM
(lapaMeTpoB NOCTOSIHHOTO JApCHaXa — riyloKoro 3aKpbiTo-
r0 TFOPH3OHTAJBLHOTO HJIH BEPTHKAJLHOIO NPH MNOCTOAHHOH
€ro SKCIIyaTaluH.
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HACTSH 1l

MEPOIPHUATUSA NO BOPLEE C 3ACONIEHMEM
OPOLUAEMBIX 3EMEINDb

OcHoBHBLIM MeTOZIOM GOpPLOBI € 3aCOJCHHEM OPOIIAEMBIX
3eMeJib SIBJSIETCA AKTHBHOE peryJHpoBaHHe BOJHOrO H CO-
JICBOTO PEKHMOB IyTEM CTPOHTEJLCTBA ApEHaka, npopeje-
HHSl KaNHTaJbHBIX NPOMBIBOK B NEPHOA OCBOEGHHSI M HejO0-
NyLieHHe BTOPHYHOrO 3aCOJCHHS B 9KCNJAYaTalHOHHBIM
nepuoa. Ilocneanee nocruraercs ymenblienueM (uabTpa-
UHOHHBIX NOTEpPb, YNOPSJAOYEHHEM PpeXKHMa [OJHBOB H
CO3ZlaHHEeM IIPOMBLIBHOrO pex<HMa opouienns Ha ¢oue ape-
Haxa.

HeoGxoanMocTh CTpPOHTeNIbCTBA  JipeHa)ka Ha BHOBb
OpOMIACMBbIX MacCHBAX ONPEACAACTCA HANHUYHEM 34COJCH-
HBIX MOYB, 'PYHTOB H TPYHTOBBEIX BOJ; THN APEHa)a H ero
napaMeTpbl YCTaHaBJIHBAIOTCH HA OCHOBE aHaJM3a BOAHOTO
H COJIEBOro (pacujeHeHHbIX) GajsaHCOB, NMPOrHO30B H TeX-
HHKO-3KOHOMHYECKHX PacueToB.

Has sToro HeoGXoAnMa opranHsauns BOA0GasaHCOBBLIX
HCCJAENI0BAaHHI HA CTPOSIIHXCH CHCTEMaXx.

O6beM H COCTaB MOJIEBBIX HCCACAOBAHHI JOMKHBLI Ha-
8HAYaTLCA HA OCHOBAHHH SKOHOMHKO-CTATHCTHYECKHX pac-
qeToB. [IpH H3Mepenun KakoM-aHGO pacyeTHON BeJHYHHBI
B IOJIEBLIX YCJIOBHSIX HEAOCTATOYHO 3HAThb €€ cpejHee 3Ha-
YeHHe, HAJO0 YCTaHOBHThL ce KoseGaHHA, BapHAIMIO M BLI-
OpaTh pacueTHOe 3HAYEHHE ONpeAeJCHHON oGecneyento-
ctH. Ynucao uaMmepeHuii 0AXKHO OBITH AOCTATOUHBLIM IS
oGecnevenns HeOOGXOAHMOMN TOUYHOCTH PACYETHOrO 3HAUCHHSA.

OGocroBanue SQPEKTHBHOCTH ACHCTBHSA PACCOARIOLICTO
ApeHa)ka H YCTaHOBJEHHE €ro napaMeTpoB BO3MOXKHO
TOJIbKO B pe3ysbTaTe aHaJH3a [POUECCOB HAKOMACHHS
JerKOpacTBOPUMBIX, BPCAHBIX JJISi CEJAbCKOXO35IHCTBEHHBIX
KyJbTYp COJIeli B MOuYBax, rpyHTax H TIPYHTOBLIX BOAaX,
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UX pACTBOpPEHHS MPOMBIBHON HJIH NOJHBHOH BOAOH H KOH-
BEKTHBHOTO NEpeHoca (BBITECHeHHs) ¢ ydyerom Audpdysu-
ouroro mnepemelnenus. Ecanm anst anaansa  ACHCTBHA
OCYIIHTEALHOTO JpeHaka B OCHOBHOM JOCTATOYHO SHAHHA
9JEMEHTOB PCKHMa TPYHTOBBIX (HJAM LIHPe — NOA3EMHBIX)
BOJI, MOJYYCHHBIX METOAAMH TEOPHH (PUAbTPALHH — FHAPO-
MEXaHHYeCKHMH, THPABJIHYECKHMH, YHCJICHHBIMH, rpagHu-
YeCKMMH, MOJAEJHPOBAHHEM H JApP., TO AJds PacCMOTPEHHS
AeiCTBHST PACCONAIONIEro JApeHa<a 5THX JaHHBIX HeJoCTa-
TOYHO, XOTSl OHH H HEOOXOAMMH /AJifl ONpejie/IeHHA KOH-
BEKTHBHOrO nepemnoca. 3jech cJjaeiyeT IPHBJEKaTb MA0-
NOJHHTCJALHO METOALl (pH3xYecKOH XHMHH, ONHCBIBAIOLLIHE
34KOHOMEPHOCTH JIBHXKEHHSI COJIeH B IIOPHCTBIX cCpe-
Jax.
AHa/u3 CyNeCTBYIOIUHX METOJI0B pacuera OCYIHHTeJb-
HOro jApenaxa (ropH3OHTaJbHOTO H BEPTHKAJbHOIO) INOKa-
ablBaeT, YTo AJisi OOGOCHOBAMMS PaccoJsIOUIero JAeHCTBHS
Apenax<a MOXKHO HCIOAbL30BaTh TOJbKO Te METOAbl, KOTO-
pui¢ IO3BOJSAIOT ONPC/CJAHTL 3JIeMEHThl N0TOKa B JIOGOM
MmecTe obGsacTH ABMKCHHST (0COOEHHO 3TO KacaeTcs CKOpO-
cTeil), WIH, HHaue roBops, FHAPOMEXaHHUYECCKHE, HWJIH MeTO-
JBI KOHEYHBIX pasHocrell. Merox BojHoro OaJiaHca, OCO-
GenHo obuiero, JUIs 3TOTO  HENpHrofeH. 3HaHHe MNOJA
CKOpOCTEH JABHXKCHHSA, BBI3BAHHOrO NPOMBIBKaMH, MNOJHBa-
MH H JpeHakeMm Jsio60ro THia, AaeT NPHHUHIIHAJILHYIO BOS-
MOJKHOCTb ONHCAaTb NPOLCCC paccojienus, CBA3aB TeM ca-
MLIM TapaMeTpsl ApEHa)»<a CO CpokaMu H riyOHHamMH Ofn-
PECHEHH.

OcyiunTenbHoe AeHCTBHE ApeHaxa OObYHO ONpeaensioT
JUisl  YCTAHOBHBIUCIOCS H HEYCTAHOBHBLIETOCSH PEXKHMOB.
JlpeHax pasMeLialoT Tak, YTOObl B KPHTHUCCKHE MEPHOBI
MOJKHO OBJIO NOHH3HTH IPYHTOBBLIE BOJBLI Ha HYKHYIO Tiy-
Ouny.

Jasi oGocHoBanug MmeponpuaTHH no Goppbe C 3acode-
HHeM OopollaeMblX 3eMeb 00JblIOe 3HAYCHHE HMEET JAalib-
Heliluee pasBHTHE TEOPETHYECKHX, OMBITHBIX H IPOH3BOACT-
BCHHBIX HceaejpoBaHHii. B cocraB mociejlHHX MOryT BXO-
JAHTH KaK Maccopbie (CTaTHCTHYeCKHe) oO0c/ej0BaHua H
o6o0iiesHe pe3yJabTaToB, Tak H Gojee rayO0OKHe noJeBble
HCCJIEIOBAHHS HAa TNOCTPOCHHBLIX YYacTKaX CHCTEMBI C
eABIO NPOBEPKH M KOPPEKTHPOBKH IIPOEKTHBIX pelleHH#H
(Asepbanos, 1967).

B cBsisH ¢ onpeiesCHHbLIM OTCTaBaHHEM HayKH OT Tpe-
OoBaHHi NPOH3BOJACTBA HEOOXOAHMMO YCHJIHTb TeOpeTHYe-
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CKHE HCC/ICAOBaHHA 3aKOHOMEPHOCTEH JBHIKeHHsl BJarH,
COJIeH M yNpaBJCHHs STHMH Ipoleccami, NpHYEM He TOJIbKO
¢ K4YeCTBEHHON, HO M ¢ KOJHYECTBEHHON CTOPOHBL. DTH HC-
CACNOBaHUS JAOJMKHL ObITh CBsA3aHbl ¢ OGHOJOrHUCCKHMH
TpebGoBaHHaAMH KyabTyp. HeoGxoaumbl Takxe paspaboTka
H BHEJIpEeHHE HOBOH COBEPIICHHOH TEXHHKH W TEXHOJOIHH
APCHAXKHBIX paboT (HOBble KOHCTPYKUHH, €NOCOOLI, MallH-
HBI, MaTepHAJIbl).

Fnasa IV

FOPU3OHTASNBHbIA APEHAM
HA OPOLUAEMBIX IEMNAX
MPHU BEOPLEE C 3ACOJIEHMEM

MHOroBeKoBasi HCTOPHS OPOIUEHHSI MNOKA3BIBAET, UTO MNpH
HeONaronpHATHEIX NPHPOANBIX YCJOBHSIX (BLIIApHBAaNHE B
30HaX BHIKJIHHUBAHHS M pacceaHHss B OoJbluell HJIH MeHb-
UIeH CTCHCHH MHHCPAJH30BAHHBIX NOA3CMHBIX H MOBEPXHO-
CTHBIX BOJ, MOCTYNAIOUHX CO CTOPOHBI INOBBLILIEHHBIX 3JC-
Mentos  peavedpa u Apyrux obGaacreit  NHTAHHA) H
HeNpaBH/IbHOM OpOIeHHH (H30BITOUNBIT BOAO3abOp, HH3-
KHil YPOBCHbL SKCIIyATAUHH OPOCHTEJBHBIX CHCTEM, HH3Kas
arpoTeXHHKA) SHAUHTEJbHBIC MJOLAAH OPOIIAEMBIX 3eMeJb
MPHXOAHAH B HErOAHOCTh H3-3a BTOPHYHOTO 3aCOJIEHHA.
Oco6GeHHO CHABIO OHO TIPOSABJASVIOCH B TeX CaydasX, Korja
B IEJAX NOJYYEHHHS MAaKCHMaJbHOH NPHOBIIH Kanurada
HHTCHCHBHO BKJaJbiBajicsi B opouiaeMoc XoszsiicTBo. Tax
6bio B Erunte Bo Bropoii nmonosune XIX B, a B Muaun,
Pocceun n CHIA Heckoabko mnosaHee — B Hauaace XX B.
(JTerocraes, 1957).

Ha npoTsKennH MHOTHX BEKOB 3€MJEAEAbIY IPH OpO-
IIeHHH B HeGJAaronpHsATHLIX TMPHPOAHBIX YCJOBHAX NPHXO-
JIHA0CH CYHTATHCA € BO3MOJKHOCTHIO 3aCOJICHHS TOYB H IO
Mepe cua Goporbest ¢ HuM. Elle ¢ ApeBHHX BpemMeH B
Erunte, Muann n crpamax Cpeaneit A3uH NpHMEHSJIHCH
npocTeiine NpPHeMBl OPONIEHHH, YYHTHIBAIOUHE paccoJe-
HHe noys. B ocHoBe GOJLIIHHCTBA 3THX NPHEMOB JIEXKaJo
pPacTBOPCHHE M BLITECHCHHE COJEH H3 NMOYB INpPH TOMOILH
00Jice NPCCHLIX OPOCHTENBHBIX HJAH  (PHALTPAUHOHHBIX
Boa. Ciona moxer OHTH OTHECCH METOX NEPHOAHYECKOTO
saTonaennst noseit jonaunnt Huna, sumunii «apat» B Asep-
Oaiiizkane, nNOCEBLI Ha ONPECHCHHBLIX 30HaX BOJH3H
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Kananos npu <«vamicuHoM» pesbede B pailoHaX JAPeBHEro
opomennss B Cpeaneit AsuH, HCNONBL3OBAHHE NOAICMHBIX
BOJ Juisi opomieHHst semedb B Cpeaneit Asum, a Takxe B
Munn n Karae. Bee 310 ¢moco6CTBOBaN0 VBEJIHYEHHIO OT-
TOKA TDPYHTOBBIX BOJX H B psi/le cAaAy4YaeB MNPHBOAHAO K
YMCHBIICHHIO HCHAPCHHS ¢ WX NOBCPXHOCTH M YJAYYUIALO
YCJAOBHSI NPOMBIBKH HHCXOJAAIHMHE OPOCHTEJLHBIMH  BO-
Jamu.

[Ipeaynpexaenue 3acosieHust OPOWIAEMLIX 3CMEIb M
Gopbba ¢ ero nOCAEJACTBHAMH B HACTOSLICE BPCMS CBOAHT-
¢Sl K caeayioiemy: .

COKPAUIEHHIO HCIAPEHHS C NOBEPXHOCTH MOUBHL, YTO
yMeHbUIACT MEepeHoc CcoJdeli M3 IPYHTOBLIX BOJL B IOYBY;

YMEHbUICHHIO MHUTAHHS TPYHTOBEIX BOJI, UTO NPH HAJH-
YHH HCKOTOPOro INOJA3EMHOr0 OTTOKAa NPHBOAUT B psje
CIy4aeB K ONMYCKaHHIO YPOBHSI FPYHTOBBIX BOJ J0 IJIyOH-
HLl, NPH KOTOPOH NPeKpamlacTcs HX HHTEHCHBHOC Hena-
pexne;

IIPHMEHCHHIO HCKYCCTBCHHBIX MEPONPHSTHIT 110 yaajae-
HHIO cOoJiel (MPOMBIBKH) M XHMHYCCKHX Mep BO3ACHCTBHSA;

YCTPOHCTBY JpeHaxka s OTBOAA TIPYHTOBBIX BOJA M
coaeit.

[IpuMencune mep A COKpANICHHS HCAApCHHS C NO-
BEPXHOCTH NOYBHI HECOOXOMMO BO BCeX cayyaax, Tak Kak
9TO MNPEAYNPEeKAALT 3aco/eHHe H CIIOCOGCTBYET 3IKOHOM-
HOMY PacXOAy BOJMI.

[TuTanue rpyHTOBHIX BOA MOKHO COKPATHTH TPOBEICHH-
€M MeponpHATHH 1o G6opnbe ¢ ¢uabTpauneld n3 Kanalos,
YAYUUICHHCM I9KCIIyaTalliu CHCTEM (MOBBILCHHE K. I /.
CHCTEM) H peXHMa OpolleHHs (YMEHBUICHHE NHTAHHS
FPYHTOBLIX BOA npH noauBax). Ecam ykasauusie wmepo-
NPHATHS HE NPHBOJAT K HCOOXOAMMOMY CHHIKCHHIO TPYH-
TOBBIX BOJ H YMEHLIUCHIIO 3aCOJEHHS TOYB, TO NpHOGCraoT
K Gojiee KanuTaibHLIM HHKEHEPHBIM MEPOTpPHATHAM MO
Goppbe ¢ ¢uabTpaumeii u3 KanaaoB (OZCKH, IKpaHbl
W T. J.), K NPOMHIBKAM 33COJICHHHIX NOUB M YCTPOICTBY
JipeHazKa.

Jas yeneusoii NPOMBIBKH 3aCOJNEHHLIX 3CMeJab He0GX0-
AUM  HaH o6GecneveHHbt €CTeCTBEHHLIl OTTOK TFPYHTOBBIX
BOJ Ha CcOCe/IHHE HEeOopoluaeMble 3eMJH, HJAH HCKYCCTBCH-
Hblil OTTOK 34 CYET YCTPOHCTBA JApeHa)a.

Henonbsopanne uacTn oGapbiuennbix 3eMeb MOR opo-
HICHHE H OCTABJICHHC JIPYrOii HacTH JUIS NpHEMa NOA3CMHO-
FO OTTOKa C OpOIIAacMbiX 3eMeJib H HCIAaPCHHA STHX BOA He
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MOTYT CYUHTAThCA NPHEMJEMBIMH MPH NJaHOBOM BeJCHHH
X035ficTBa, TaK KaK MyCTylollHe 3eMJH, GYyAyuH ecTecTBeH-
HEIMH GacceiiHaMH HCNAapeHHs MHHEpaJH30BAHHLIX TPYHTO-
BHIX BOJA, CPABHHTENbHO OLICTPO JIOCTHralOT BLICOKHX cTere-
Hefl 3aCONEHHA H NPHXOASAT B HErojHOCTb, 4 BOCCTaHOBJIE-
HHC HX IJIOAOPOAHS CTAHOBHTCA HJH HEBO3MOJKHBIM, HJIH
BecbMa TPYAHLIM. [103TOMY OCHOBHBIM CHOCOGOM YyBeJHue-
HHSl NOA3eMHOr0 OTTOKA SIBASETCS YCTPOHCTBO JpeHaxka
(Anepbsinos, 1959).

OnsiT CTPOHTEALCTBA M SKCIIyaTalHH JIpeHaxa opo-
maembeix 3emenb B CCCP u apyrux crpanmax mupa (APE,
Huaus, CHIA u ap.) CBHACTEJLCTBYET O uesgecoobpasno-
CTH €ro NPHMCHEHHSI KaK KODEHHOro MepPONpHSATHA 1O
G6opnbe ¢ 3acoseHuem opomaemblXx 3emeab (Beceanos,
1935; Basusos, 1958; Baaaumupos, 1957; Jlerocracs,
1957, 1952: Ilenckoii, 1955; PaGoues, 1950; Posos, 1956;
Handa, 1954, u ap.).

3nemenTsl GanaHca FpyHTOBBIX BOJ
B YCNOBMAX APeHaXa

Jns onpenenenus HAarpyskH Ha JpeHax panee Oblia Bbi-
Befiena (opmysa (67), B KOTOpPO¥ yuTeHa BO3MONKHOCTh
H3MEHCHHST OT/eABHBIX CcTaTelt BoAaHoro GajaHca B pe3yiib-
TaTe peryJHpoBaHHsi IAYOHHLI I'PYHTOBBIX BOJ JIpEHAXKEM.

Huxe npuseseHbl HCKOTOpbLie CMOCOOB OnpeaceHHs Co-
CTaBAAIINX Bhipaxenus (67), HeoOXoAHMBIE JJIs pacucTa
HarpyakH Ha JpeHax.

OTMeTHM, YTO NMPHTOK IPYHTOBHIX BOX €O cTopomnl [1,

KaK NpPaBHJO, NMepexsaTbiBaeTcsl JIOBYHMH KaHaJaMH, ro-
JOBHEIMH JAPCGHAMH H T. I, H €ro JeHCTBHE Ha CHCTEMaTH-
YECKHIT APeHaX JIOKaJH3YeTes.

BoJiee onacHblM H CEPbC3HBIM SIBJAETCA MOANHTLIBAHHE
HAIIOPHBIMH BOJaMH CHH3Y H3 6oJjee rayGOKHX BOJOHOC-
HBIX naacToB. i Muorux opoumraembix maccupos (I'onon-
Hag cTenb H JAp.) Xapakrepno, urto mox Tonmedr B 10—
100 M cpaBHHTEJABLHO IVIOXO NMPOHHIAEMBIX TPYHTOB, Npei-
CTABJEHHBIX TJIHHAMH HJIH CYINVIHHKaAMH € JIHH3aMH H Npo-
CJONKAMH TEeCKOB W Cyneceil, 3ajieraeT MOUIHBIH BOJIOHOC-
HBIfl IJIACT raJeuHHKOB HJH mneckosB. Hanop B BoJOHOCHOM
MJAacTe HJAH COBMajaeTr ¢ CYUIECTBYIOUIHM YPOBHEM IpPYHTO-
BbIX BOJ, HJIH HECKOJBKO BbiIe ero. Toraa npu NOHHKEHHH
YPOBHSI TPYHTOBBLIX BOJl JIpeHa<eM Ha Beanunny Ah=I1—
2 M ofpa3yercss TOCTOSIHHOE BOCXOJAslIee JBH)KCHHE H3
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Pre. 16. Cxema pacuera pacTeKanus
rPYNTOBHX BOJ OT OpPOII2eMoro
MaCCHBA B CTOPOHY HEOpOIMIaeMulX
Jemedib NMpPH NOANEPTOR YCTAaHOBHB-
wedics GHABTPANEH.

BOJIOHOCHOTO NJacTa, HHTEH-
CHBHOCTH KOTOPOrO NMPHMEPHO
paBHa

Ah

Tak, npunumas k=0,01 m/cyr, Ah=1,5 M, T=100 M,
monyuam  p;==0,00015 m/cyTr~55 M B rox=>550 mM%/ra B
rox ==0,02 a/c-ra, T0 ecTh BENHYHHY, JOCTATOYHO 3HAYH-
TeJLHYIO, ¢ KOTOPOi HeOOGXOAHMO CYHTAThHCA.

Nop3emubiit OTTOK. Tak Kak HaMH OTHAEJBHO BHICJIECH
jpeHaxHbiii 0OTTOK /[, B KauecTBe moasemHoro otroka O

paccMaTpHBaeTCss OTTOK TPYHTOBBIX BOA mO TnepHbepHH
OpOLIaeMOro MaccHBa B CTOPOHY HEOpOHIaeMbIX 3eMeJb.
BecbMa Ba)XHO TakxKe ONPEAEJHTb OTTOK CO CTOPOHLI OpO-
(1aeMbIX Y4YacTKOB BHYTPH MacCHBa B CTOPOHY IN€peJioroB
(Tak HasbiBaeMoOe pacTeKaHHe TPYHTOBHIX BOA). Ynpoulas
fIBJicHHe H OTBJEKascChb OT HEYCTAHOBHBLIEroCcsl ero Xapak-
Tepa, MOXKHO NPEAJONKHTb CXeMy, NPHBEJCHHYIO Ha PHCYH-
ke 16.

3xech NMPHHSATO, YTO OrpaHHYECHHAsh MO pasMepaM IVIO-
waab F opomaercsi Taxk, 4TO C €AMHHUB! MJIOIIAJAH NPOHC-
XOJMT MHTAaHHE IPYHTOBLIX BOA HHTEHCHBHOCTHIO ¢. Ilocty-
MapllHe HAa NMHTAaHHE IPYHTOBBLIX BOJ NOTEPH OT OPOIUICHHSA
¢ BBLI3LIBAIOT TMOABEM YPOBHSA TpPYHTOBHIX BoA. Beneacrsue
9TOTO YBEJHYHBAETCS HCMApeHHe C NMOBEPXHOCTH IPYHTOBHIX
BOJL B TIpeAenax OpolaeMoil IJIOLIAAH H OTTOK IPYHTOBBIX
BOJ B CTOPOHY HEOPOUIaeMBbIX 3eMeJlb.

3aMmensa OpoLIAEMYIO IVIONIaZAb PaBHOBEJIHKHM KPYrom

paanyca
R=l/—i-. (74)

npHMeM, 9TO CyMMapHasi MHTEHCHBHOCTb pacXofia rpyHTO-
BLIX BOJL Ha MCNAapeHHe H TPAHCNHPAUHIO € 3aBHCHT OT
(yGHHBl CTOSIHMS TPYHTOBHIX BOJA A COIVIACHO BhIpae-
nuio (68).
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O6pamasich k cxeme (puc. 16), moxkem 3anucaTth BhIpa-
JKEHHE JJIg pacXofa PpaAHadbHOrO II0TOKA TPYHTOBBIX
BOJL:

Q,~—2urHyk (75)

dr

TAe r— paccTOsHHE OT UEeHTpa opomaemoro Maccupa; He— cpepnas
MOIHOCTL NOTOKZ TPYHTOBLIX BOX (cqmaeTcn 3HAYNTEALHO Goabiued,
uyeM TOABCM YPOBHA TPYHTOBHX BOA); /i — MOABEM YPOBHA TPYHTOBEIX
BOJ Ha PAacCTOSAHHK 7 OT IEHTPA MaccHBa.

Onyckasi peumenne ypasuenus (75), npuBejaeMm HHTepe-
cyioulee Hac BBIpa)KeHHE Ui pacxojla paauaJbHOro Io-
TOKa TPYHTOBLIX BOJ, OTTCKAIOUICrO 3a Mpeaejbl opouiae-

moro maccuBa (Qg). Ilpn nokasaTtesie cTelmeHH B BhIpaKc-
nun (68) n==1 noayunm:

Qr=0Q, %, (76)

rie Qo=¢nR?*=¢gF — cymmapnoe nuTanne rpyHTOBHIX BOJA B Tpeaenax
opomaemoro Maccusa; kospdnuuenr P, noxasmpawmui, Kakas gAoas or
CYMMapHOro nNHTanusi FPYHTOBHX BOJA OTTEKaeT 3a nNpeaeisl MaccHBa
B CTOPOHY HEOPOLIACMEIX 3eMCJIb:

P = 2K, (YR) I1 (¥R), (77)

Ky n Iy —unannapuveckue Qynxuns sroporo K, m nepsoro /; poxa,
MHHMOrO apryMmenta, NepBoro Nopsaakad, 3aBHCALIME TOJLKO OT mapaMer-
pa yR, panbuoro

YR=R

kHc :nkHc

Huke npusejfcHBl 3HaucHHa kospduuuenra ¢ B 3aBu-
CHMOCTH OT nmapamerpa yR,

PR |o,1 |o,2 |o.3 |o,4 | 0.5 I0,6 ]o,s

" I 0,987| 0,96()] 0,927 | 0,801 | 0,854| 0,818' 0,746
ITpodoaxenue
YR | ROGI]iE | 2,0 | 30 | 4,0 | 5,0

| 0,680 | 0,545 | 0,445

0,318 | 0,244 | 0,197
Mpusmevanue, Ilpr YR>56 gocratouno Touno Y= I1/yR.

CyliecTBeHHBIE HHTEpPeC TpejACTaBiAsieT Olpejeenne
OZA3€MHOTO OTTOKA B CTOPOHY HEOPOILAeMbLIX 3eMeJb, BO3-
HHKAIOIEro BCJCACTBHE TaK Ha3biBAEMOro pacTeKaHHs
Oyrpa rpyHTOBBIX BOJ.
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Ecnn na opomraemoii niomtaaH, umcoueii GopMmy Bbi-
TANYTON MmoJiockl IHpHHONH 2/ (puc. 17), nponsoues noab-
€M YpPOBHA TPYHTOBLIX BOJ B pe3yJbTaTe IOJIHBOB Ha Be-
auunny Ho, To noche NpekpameHHs MOJHBOB TPYHTOBLIE
BOJIbI HAYHYT PAacTEeKaThesi B CTOPOHY HEOPOLIAaeMBIX 3e-
MeJib, IPHYEM YPOBEHb HX MO OpOINaeMbIMH 3emasMu Oy-
JT ONyCKaTbCsl, KakKk 39TO IOKa3aHO Ha pHcyHKe 17
nyukrupom. as takux ycaosuit I1. S. Iloay6apuuosa-Ko-
anHa (1952) wamsia Boipaxkenue JJsi Hanopa i B BHAE

= 3
g b v il e S

rae ¥x=x/l; { — OTHOCHTCALNOC BpCMSA, paBHOe t=t/7; { — Bpema or na-
Yana pacrekanus; T-— BpeMs crabuamsaund; O — dyHknua OmHGOK.

Hast onyckanus NOBEPXHOCTH TPYHTOBBIX BOJ B HEHTPE
maccHBa (x==0) nosy4uuM BBIPAKCHHE:

Ah=Ho¢.«p=1—<D(—'—_). (79)

st S

[leponayanbHblii 06bemM Gyrpa rpyHTOBBIX BOJ paBeH:
Wo=2({LH,,

rae L — aamna opomaemoro yuactka.
O6beM TPYHTOBBIX BOJ, BHITCKAIOUWHX 3a NpeAeinl yya-
CTKa 3a BpeMs I, onpenesitor no gopmyne
¢
? oh
W,=2\Q._,d; Q._,=FkH L(—) .
3 X==/

ox

Haiigem 3nauenne (ﬁ) 13 ¢popmyant (78) u noc-
0x [x=1

Je HHTCFPHPOBaHHﬂ IIOle‘lHMZ
= ek
W,=Wyy; y= 1-@(—‘_) + ]/—‘-(l—e i ) (80)
Vi %%

Ha dopmyast (79) BHAHM, YTO OnycKanHe TPYHTOBBIX
Bo/A Ah paBHO HauaJbHONl Bhicote Gyrpa H,, YMHOXEHHOI
Ha KO3 PHUHEHT ¢, 3aBHCALHI TOJBKO OT OTHOCHTEJLHOTO

spemenn £, ITo ¢opmyae (80) o6bem moasemMuoro OTTOKAa
Ja npeaesibl OpoWIaeMoH NJOLAAH pPAaBCH HaAYaJbHOMY
06beMy Wy, yMHOXKEHHOMY Ha KO3()(QHIUHEHT vy, 3aBHCA-

UHH TaK:e OT OTHOCHTEJILHOIO BPEMEHH 1.
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Huxe npusejenn snadenua kosdpduuuenTos ¢ u y
3aBHCHMOCTH OT OTHOCHTEJILHOIO BpPeMEeHH.

0 o,/ (0,2 j0,3 (04 (05 |06 (0,7 |0,8

~!

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

Mpodoaxenue

09 |1,0 |1,6 (2,0 [2,5 [3,0 |3,56 |40 o

- |8

-l

¢ |0,455/0,480|0,563(0,617 {0,654 |0,683|0,706{0,724| 1,000
Y 0,495|0,514|0,584| 0,630 | 0,666 | 0,690 (0,712]0,729( 1,000

Haunpie NoKashBaiOT, YTO ONYCKaHHe TPYHTOBLIX BOJ
MPOHCXOJAHT CHauaja MEJAJIeHHO, 3aTeM ObicTpee H CHOBa
mepaenHo. OTTOK onepexkaer najenue ypoBHeilt M HauGo-
Jiee HHTCHCHBEH B HavaJe JABHXKEHHS.

Hanoxennsie cnocoGul NO3BOAAMIOT NPHOJAHMKEHHO Ole-
HHTb NOASEeMHLIN OTTOK O B CTOPOHY HEOPOLIAEMBLIX 3CMEJb

H, B YaCTHOCTH, pOJib K. 3. H. B GajaHce TPYHTOBLIX BOJ.

IMuTanue rpyHTOBHIX BOJ 3a cyeT (PUABTPALMH H3 KaHa-
a0B. Ono MoxeT OHITh onmpejeseHo mno Bupaxennio (60).

Has pacuera ApeHaa, CeTb KOTOPOro MOKPHIBAET BCIO
MJIOUIa/lb OPOLIEHHs, NPEX/ie BCEro HEOOXOMHMO YYHTHI-
BaTh (PHABTPALHIO H3 KaHAJIOB, pPACHOJOXEHHBIX Ha TOi
XKe IJoulaaH, uro H Apenax. [lorepH H3 marncTpanabHbIX
H MEXXO3SHCTBEHHBIX KaHAJOB YYHTHIBAIOT uyacTHuHo. Ec-
A0 B Oe3fipeHa)KHBIX YCAOBHAX (HALTPALHS H3 KPYNHBIX
KaHaJOB pacrnpocTpaHdeTcsl Ha 3HAYHTEJNbHLIE PAaCCTOAHHS,

Puc. 17. Cxema pacrexauus Gyr- Pue. 18. Cxema k pacuery noa-
pa rpysTOBHIX BOA. neprofi QPUALTPAUMH H3 KaHaja.
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ocobento npH GAH3KOM 3aJleraHHH MEXIJIAcTOBOrO TrOpH-
sonra (Kosaa, 1947; Kocrsakos, 1960; Asepbsinos, 1956),
MOXKHO NPEANOAOKHTb, UTO NPH HAJHYHH APEHaXka NOABEM
FPYHTOBBIX BOA OyAeT yCTpanaThes GAMMaNAIIHMH K KaHady
APEHaMH, eCyIH NOCJeAHHE MPOXOAAT NapaniesbHO KaHaay
(pacuer Geperosnix japen — AGpamos, Haindeaba, Cxup-
reano, 1954; Hammad, 1957), uan pacunpocrpansatbest 10
GanKafiuero KoaJeKTopa, ecaH ApeHbl NPOJOXKEHH mep-
NEHAMKYNAPHO K KaHaay. Jas nepexsata vacTH (QHAbTpa-
IHOHHLIX BOJ{ M3 KPYNHBLIX KaHaJOB MOXHO NpPeAyCMOTPETb
OTCEYHYI0O APEHY, PpacrnojoXeHHYl0 He CAHIKOM OAH3KO
K KaHaxy, WIH HMCNOJAB30BATL JIIsi 9TOTO JIECHYIO MOJIOCY.

Has onpenenenns noau( 1—a;) GpHALTPAUHOHHBIX mO-
Tepb, MNEpexBaTLIBAEMbIX JIECHOW 10J0COA mupuHOR 21
(puc. 18) B ycnoBuaX mnoanepTofi (QHALTPAlLHH, KOraa
FPYHTOBbIE BOJALI PACXOAYIOTCS TOJABKO Ha HCNapeHHe H
Tpancnupannio (Asepbsinos, 1956), MoxxHO HanHcaTh cJae-
Jyioulee BLipaKeHHe AAA pacxoja NMOTOKAa TFPYHTOBHIX BOJ

d
Ha PACCTOSIHHH X OT KaHaja: Q, =— kHe;! L
X

[TpuisiB 3aBHCHMOCTb HHTCHCHBHOCTH HCNAPEHHA OT
rayGHHLEL  TPYHTOBBIX BoA A no Qopmync (68), npu n=1
NOJAYYHM:

rae A=Ay—y; y, He — cm. pucynox 18,

Ho u3MeHeHHe pacxola mo AJHHE MO YCAOBHAM 3aJa4H
PABHO HHTEHCHBHOCTH HCNAPEHHs, MO3TOMY

dQ d*y Yy (81)

—_— T —— o =—e°—-.

Has ycaosuil cxeMmbl, NpHBeACHHON Ha pHcyHke 18,
NOJYYHM ypaBHEHHE MOBCPXHOCTH IPYHTOBLIX BOJ

y=Bye—V A, A (82)

I pacxojia noTokKka rpyHToBBIX BOA Ha PacCTOAHHH X OT Ka-
HaJsa

Q. =—hHe <L = VEH Byey e~V 4, (83)
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B uacrhoctn, mnpu (pHALTPALHOHHOM pacxojie H3 KaHaJa

(B 06e cTOpOHKI)
Qo =2V kH A, ¢ (84)

JIoJ151 pacxoaa, NOCTyNaiouero 3a Npeaesihl MoJoChl WHpPH-
HOH 2 [, paBna:

2 -
oy = 2 o YA (85)
Qo
a qyacTh (UIALTPAUHONIOrO pacxoja, HCNOJAb3yeMas JIeCHOMH
nosocoit, pasna (l—a,).

NMpumep. Onpeneants, Kaxkyio uacth (PHABTPAUHOHHKX LOTEPH
HCMOJIB3YET JIeCHad 10JOCAa NPH CACAYIOMMX AanHBIX: 2[=80 m; k=
=0,5 mfeyr; He=10 M; Ag=3 m; e;=10 my/eyr. Haxoaum snavenne

eol

VkHc Ag €

n no (85) ai=e-1"3=0357. Cacposaressno, okono 64% duaprpann-
omnoro pacxofa OyneT HCNOAL3OBAHO heCHOH noJocofi B okono 36%
NPoHAET B CTOPONY MoJeil.

= 1,03

fIuTanHe rpyHTOBBIX BOJ NPH NOJAHBAX ¥ NOJANHTHIBAHHE
TPYHTOBBIMH BOJAMH NOYBOTPYHTOB 30HbLI aspaumu. Jlnra-
HHE TPYHTOBBLIX BOJ| IPH BEreTAUHOHHBLIX NMOJHBAX --q (He-
NOCPEJICTBCHHO Ha IOJSIX) NpH crnocobe moausa no 60pos-
Jam M rJyGoKOM CTOAHHH I'PYHTOBBIX BOJ HC3HAYHTEALHO,
TaK KakK NPOJABHKEHHC BJarH BHH3 MOCJIC BEreTalHOHHOTO
HElpPeYBEeJHUCHHOTO I0JIHBA B OTHOCHTCJALHO CYXOM IOYBO-
IPyHTC TPOHCXOAHT MeICcHHO, YacTh ee HACT Ha YBJAaK-
HEHHE NMOYBLI, H OHA YCICBAET «MNOAXBATHIBATHCHA» BOCXOAA-
INHMH TIpaJIHCHTAMH /1aBJEHHs, BLI3BAHHBLIMH MPOCHIXaHHEM
BEPXHHX TOPH30HTOB I0YBBI H TPAHCIHPALUCH CEJIbCKO-
XO3AHCTBEHHLIX KYJAbTYP.

ITpu OGauskoM 3ajeranmiH YpPOBHS TPYHTOBBIX BOJ TIO-
JIHBHASI BOJla Hapyumaer pasHoBecHe (0oJee HJIH Menee
CTAUHOHAPHBIH PEXHM) B KanwaasipHoii 3oHe. [IponcXoaur
KanuaaspHoiii copoc  (JleGemes, 1936), To ecTh cpaBHH-
TeJAbHO ObICTPOC BLITECHEHHE TMOJHBHOH BOAOH BJjaru
Kanuuisipaon kaiimel. ITostoMy 4YacTb Haxojusuieiics B
9TOil 30HE BJArH TOCTYMaer B rPYHTOBLIE BoAbl. B rpyH-
TOBbIC BOJIbl BBITeCHsieTCsl COpPMHPOBABIIASICA KalHJIASP-
nasg Kaima, oOpasoBaHnas 3acOJICHHBIMH PacTBOPaMH,
€CJIH I'PYHTOBBIC BOJALI MHHEpaJH30BaHbl (HO HE NOJHBHas
BOJla, KOTOpasi, KaK NpaBHJO, NpecHas). JTo NPHBOAHT K
cBoeoGpasnoit npombiBke nous. [locne okoHuaHHs NOJHBA
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I YBJAXKHEHHsSI NMOYBLI TPAHCMHPAIMS PACTeHHii H Hcmape-
Hie € NMOBCPXHOCTH NMOYUBH CO3MAIOT TOK BOJIBI B o6pamom
BOCXOJSIIICM HanpapJicHHH, NpHYEM NPH BLICOKHX TPYHTO-
BBIX BOJIaX OHH TAaKXKC€ YHaCTBYIOT B 3TOM MNpolecce.

ﬂ.ﬂﬂ HIJTIOCTPALLHH M KOJIHUCCTBEHHOH OIEGHKH HHXKe
HNPHBEJACHBI HCKOTOpLIE (paxmtlecxne JIalHbIC,

IMocTyn/icHHE OPOCHTCALHON BOAL B IPYHTOBYIO 3a BCreTalHOHHBLI

NepHOA NpH pasHOA TAyGHHE 3ajCraHus IPYHTOBHIX BOA, MO AAHHLM
B. M. Jlerocraesa (Komaa, 1956), 6mio cacayiomee.

CayOnua rpynToOBHX BOX, M . . 0.8 20120
ITocrynuenne OpOCHTCALHON BO-
A B TPYHTOBYIO BOAY, M%/ra . 703 320 8

ITpounent or opocutenpnmx wopm 12,0 5,5 0,14

Onuitet nposoanan #a Pepranckoit obsacTnofi ceabcKoxossiicTaen-
iofl ONBLITHON CTANNHH B JH3HMETPAX; KYJAbTYPa — JIOUEPHA; OPOCHTE b
nast nopma — 5865 m3/ra.

Pacxoast noampnofi W rPYHTOBOR BOAB HEKOTODHIMH KYJAbTYPaMH,
no nanasM B. M. Jlerocraesa (Komaa, 1956), npupesenw B taGanue 3.

TaGanuma 3. Pacxon BOAW NpH PA3AHYHONM raybHue rpysToBuLix
son, %

Tay6Hnra rpyuToODNX

BOMA, M

IMonuepan BoAa

I'pyrToBas
Dona

Ocaaxn

Jwoyepua (byxapckas onvithas cranyus CoiosHHXH)

| 69,0 26,3 4.7
2 81,0 13,8 5,2
3 99,5 — 0,5
Xaonwarnux (IMaxra-Apasvexas onvirnas cranyus CorosHHHXH)
l 30 )7 69,3 =
2 62,8 37,2 -
3 80,0 20,0 -
Xaonwarnux (Yapdacoycxas onvirias cranyus)
1 38,5 61,5 —
2 89,8 10,2 —
3 91,5 8,5 —

B paGore I'. M. llnanwna (1957) npusesens gaunse M. B. Bapa-
HOBCKOIrO 10 PacXoJOBAHHIO FPYHTOBHIX BOA Ha TPAHCHHPAUMIO H Hcna-
penue Aas ApenHpoBanHOl maomanu (Myranckas ONWTHO-MeJHOPATHB-
nas cranmuua AsHUHIaM), sausaroit xzaonuatankos, mouepmof, sume-
neM. Tak, Aaf noas, 3anATOro XJOMYATHHKOM, NOJYUEHHB! CJACAYIOUIHC
3HaYeNHA PacXo0BaHHA IPYHTOBLIX BOj € (M¥/ra B CyTKH) MO mecsuam:

1v|v w|vu|vm|1x|x

94 | =7 | 7-12 | 1232 | 32—34] U7 | 74

87



—
. - ——

Pic. 19, Pacxoa rpyHTOBBIX BOJ Ha HC-

Jo\ NApeHHe ® TPAHCHHPAUMIO XJIOMYATHH-

28 KOM:

26 1! I —1SIVII—10/IX; 2 —1/VII-IS/VIT =

24N 10/1X—20/1X; 3 — I5/VI=1/VII u 20/IX—1/X;

NN e A

% N ’ 7 — UIV=1/V. q
N

AR

’4 Yoy ' \\:‘ ‘/r'

12 () N

10 7 Ha pncynke 19 npupescn rpaduk

g U. A. Hynaposa (IInamun, 1957),

6 H306paXkaouHil 3aBHCHMOCTH Pacxonuo-

4 BAHWS TPYHTOBHX BOJ Ha TpaHCIHpa-

2 1T unio ¥ Henapenue (e, M%/ra B CYyTKH) oT

g KaJenAapHsIX CPOKOB H TOJOXEHHS
45 10 15 20 25 d04M YPOBHSI FPYHTOBHX BOJ.

Takum oGpa3om, mocje YCTpoiicTBa JpeHaxa, TO €cTb
MPH ONYCKAHHH YPOBHS TPYHTOBBIX BOJ Ha TayOHHY 2—
3 M, MO-BHAHMOMY, JOMOJHHTENAbHOE NHTAHHE TPYHTOBLIX
BOJI NMpPH BEreTalHOHHLIX TOJHBAX YYHTHIBAaThb He CJEAYeT.

Mutanue rpyHTOBBHIX BOA NPH TPOMBbIBKE 3aCOJEHHLIX
nous. Lleasio npoMBIBOK sBASETCS yAaJeHHe H3 MOUBHI
BPEAHBIX JUISI CEJbCKOXO3AHCTBEHHBIX KYJABTYP PacTBOPH-
MBIX COJICH TMyTeM PAaCTBOPEHHS H BLITECHEHHS HX B HHIKE-
Jiexkauipe rpyHTH NPOMBIBHOH BONOH H MOCJAEAYIOIIEro OT-
BOZa JPEHaXKeM 3a mpeaenbl MaccHBa. Anaju3 JHTEpaTyp-
HEIX JaHHLIX B 06GJAacTH NPOMLIBOK 3aCOJEHHBIX IOYB
MO3BOJISIET CHAeJaTh CJAEAYIOUIHE BLIBOAB OTHOCHTEJILHO
NUTAHAS TPYHTOBBIX BOX B yCJOBHAX apenaxka (Basuaos,
1958; Ioxaros, Cyxenko, 1954; Kosna, 1947; Kosna, Jlero-
craes, Moposos u ap., 1956; Kocrakos, 1960; Jlerocraes,
1953a; IMenckoit, 1955; PaGoues, 1950; Poszos, 1956; Llna-
nuH, 1957, u np.).

1. Hass yerofiumsoro onpecHenus Bepxuux (1—2 M) ropusoHTOB
NOYMBL B YCJOBHSX CPCAHEr0 H CHALHOrO 3acojenusi TpeOyloTcs SHavH-
TeALHBE KOJAHYeCTBA npomuisiof Boaw — 10—15 Thic. M3/ra. Onu ne
Bcerna MOryr OuiThb NPHHSTH NOYBON BBHAY OrPAHHYCHHOCTH EMKOCTH
cBo0oaHOM NOPO3HOCTH NMPH BLICOKOM CTOSHHH TPYATOBLIX BOA H OTBe-
Jlenst 3a 2—3 Mecsina (NepHOA NPOMBIBOK) JaXKe NpPH HHTEHCHBHOM JApe-
HHPOBARHH.

2. B cBA3M ¢ 3THM NPAKTHKYETCS MOCTENEHHOE PACCO/eHHe BepXHHX
rOPH3ONTOB MOYBOMPYHTOB B TeuenHe paja Jer ¢ pasGuskoii obuiel npo-
MBIBHON HOPMBL! HA PAJL CE30HHBIX,

3. Cesonnast HOpMa, ¢ OANOM CTOPOHH!, onpenesserca cRoGoHON eM-
KOCTBIO FPYHTa OT HCXOAHOrO YPOBHR IPYHTOBHIX BOA /0 AONYCTHMOrO
yPOBiSi K KOHIY NPOMBIBKH H TNOHHXXKEHHEM STOro YpOBHA K Havany
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ceabckoxosaiicTRenHux pabor. C apyroft cTOpORH, CE30HHaA HOPMA A0J-
MHA pacTBOPHTH COZIM H BHLITECHHTH HX, AMA Yero CYHTaercds, 4TO OHA
HOJKHA COCTOSAITL M3 pacTBOpAIONUIeii YacTH, paBHOW HENOCTATKY HacH-
Hienus 40 npeaebHoOfi BAAroeMKOCTH, H TPAHCNOPTHPYIOLLeA 4acTH, paB-
noll npeaesabHOM BAArOEMKOCTH A4Sl pacuetHoro caoa (ob6uubo 1 ).

MOXHO cuMTaTh, YTO HA NHTAHHE FPYHTOBBLIX BOA HAET TPaHcnop-
THPYIOWAsi YacThb Ce30HHOH HOPMLI, H3IMEHAIOUAACA NPHMEPHO OT
2200 M%/ra aas aerkux nous go 3500 m¥/ra aas taxeawmx. Oanako no
npeieasHOMY NOALEMY TPYHTOBLIX BOJA TPAHCMNOPTHPYIOWAs 4Yacth ce-
SOHHOM HOPMB NPH eAHHOBpeMeHHOf ee nojave H OTCYTCTBHH NOJA3EM-
HOrO OTTOKA, NMO-BHAHMOMY, He A0/XKHA npesuiwats 1500—2200 m3/ra.
JleficTBHTENILHO, CYHTAS, YTO B pe3yibTaTe JAPEHHPOBAHHA TPYHTOBBIE
BOAL K Havaly NPOMBIBKH CTOST Ha rayOmHe 2,5 M, H JonycKas HX
noabeM Ha 2 M, To ectb 0,5 M OT NOBEPXHOCTH 3EMJH, MOJAYYHM npe-
JlesbHOe NOoNoNHeHHe MPYHTOBLIX BOA:

AW = §Ay, (86)
rae 8 — ceoGonnas nogf)auqcrb AJA CpPeAHero nojoXeHHA YPOBHA rPyH-
TOBHX BOA Yep= ‘y"'g_y"' Ay = y;—ys — NOABEM YPOBHS TPYHTO-

BBIX BOA.
3navenne 8 npu Yop<<hx (fix — MaKcHMaJpHAS BHCOTA KanHAAsp-
HOoro noAHATHA) onpeseasor no ¢opmyne (Aseppsinos, 1956)

S A= T

rie Wy ¥ Wo — NOJHAS H MHNHMAJNbHAS BJArOEMKOCTH; Wy=m—py; M —
NOPOSHOCTD; Po— OOBEM 3aXKaTOrc BO3AYXa HA YPOBHE IPYHTOBHX BOA
(wy, we, po, m, 6 GepyT B fonAx o6nema rpyHra).

Jas THNHYHHX YCJHOBRHA — TsKeNuX cyriaHukos: m=0,55; p,=0,05;
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3 Pic. 20. Comepxaunne Bjaarn B
04 YeTLIPEXMETPOBOM CJ0OE TOYBO-
08 FPYHT@ B 3aBHCHMOCTH OT ray-
12 / OHHL 3aJeranus rPYHTOBLIX BOA:
;5 )/ 1—Tlonoznan crems; 2 — Huaowse
0 AMyaspoM.
20
24 7
28
J2
36 £
/ AHAZOrHuHEe BEAHUMHE, HO

4 :
121314 15 16 17 16 1920 Wil m¥ha B (OPME CYMMAPHNX 3anacos
BOAW B NOYBe H FPYHTOBHIX BO-

aax (W) B uernpexmerpoBoil
TOAMe MOYBOrpyHTa (B M3/ra) B 3aBHCHMOCTH OT IVIyOHHL! CTOSHHA I'PYH-
ToBuX BOA (A) npuseennt A, I1. Bapnaosuim (1958) (pue. 20).

CkaszanHoe N03BOJSCT CYHTATb, YTO MO YCAOBHAM €MKOCTH IpyHTa
BHILE YPOBRS IPYETOBHX BOA NHTAHHE IPYHTOBHLIX BOA NpPH NPOMBIBKAX,
TO €CTb 'rpaacuoprox&ylomaa 4acTh NPOMLIBHOA HOPME, OOLIYHO HE MO-
#er Onirp Goaee 2000 m*/ra. Ecan K stoil Beauunse npubGaBuTh pacrso-
pAKOWYI0 4acTh B Koanyectse 500—1000 m%/ra, TO moJaydYHM Ce30HHYIO
HopMy— 2500—3000 m*/ra, uTo, KaK NpaBHa0, H peKoMelayercs.

4, [IpoMHIBKH caeiyeT NPOBOAMTL Kak MOXKHO paHbplie (OCEHBIO),
uTOo0L IPYHTOBHE BOAL 33 AAHTEAbLHWA NEpepuHBs A0 HAYaAa BECEHHHX
CeJLCKOXO3ANCTBEHABX paboT ycmeJH ONyCTHTBCA HA TpebyeMylo ray-
G6uny. Mcxoass M3 5TOro, mousn MPOMWBAKOT B TeyeHHe 2—3 Mecsues
# sakauumsalor (Aas ycuaosufi Cpeaneit Asun) oxoao 1 ausapa. B sum-
Hufl MepHOA CHCTEMBI 3AKPHITH, NHTAHHA IPYHTOBLIX BOA HE NPOHCXO-
JUT; HHTEpecH BOAOCHAOMKeHHR NpH STOM MOryt OHLTH YAOBJCTBOPEHB!
NpoBeAeHHEM CHENHANBLHNX Mep (HCNOAL3OBAHHE MPECHBIX NOAEMHBIX
BOJ, gc-rl_{)oacno HAJHBHLIX BOJOEMOB).

. TlpoMbIBHBIE CE30HHBIE HOPMBI PEeKOMEHAYCTCHA JaBaTh HE OAHO-
BpeMEeHHO, a 3aTonass AeasHku naowaasio 0,15—0,25 ra caoem Boam
10—20 cM ¢ nepepuiBaMH MeXLY 3aTOMACHHMAMH 3—8 cyTOK. YuHThBas,
4TO Ioutadb, obeayxupaeMas Apesoll (npn CpaBHHTENBHO PeAKOM pac-
CTOSHHH MEXAY JAPCHAMH), NPAKTHYCCKH OyAeT NPOMBIBATLCSH HEOAHO-
BpPeMEHHO, MOXHO NPHHATH B KaWecTBE NHTAHHR IPYHTOBHX BOA MNpo-
MBIBHBIMH BOJaMH nopug 2000 m%ra, pacnpeiesieHHyl0 pPaBHOMEpHO B
Teyenue 2—3 MecsueB. JTO AT HHTEHCHBHOCTH NMHTAHHA OKOJMO Qup==
=(,26—0,58 a/c-ra.

Paccvortpenne sneMentoB GazsaHca IPYHTOBLIX BOA MHO-
3BOJIAET HANMHCATh:

— AW.
%=p+q¢+qnp—qor—e+—u—’, (88)

rlie Gup — MOAYAbL APEHAXKHOrO CTroKa, HeoOxoamMufi an1s oTBONA B OT-
JeabHbie NEPHOAN; P — MOAY/Ab NOA3EMHOrO NPHTOKa (NOANHTHBAHHE M3
ray0OKHX BOJAOHOCHHIX NJACTOB); §¢ — MUTCHCHBHOCTL NHTAHHA TPyH-
TOBHIX BOA 3a cYeT (QHALTPAUHH H3 KAHANOB, ¢np — MHTEHCHBHOCTL NH-
TAHHA TPYHTOBHX BOA 32 CYET NPOMBIBOK; Jor — MHTEHCHBHOCTH MOJ3eM-
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HOro OTTOKAa 3a CYET PACTeKaHHsi B CTOPOHY HEOPOUIACMBIX 3eMeJb; € —
HUTCHCHBHOCTD HCMOJIB30BAHHSA TPYHTOBRIX BOA HA TPaAHCIHPALHIO,
FAW,; — namcuenne 3anacos rPYHTOBLX BOA; Af — NPOAOIKHTENLHOCTD

nepuona.

Ypapuenne (88) OTHOCHTCH K JipeHHPOBaHHOH oOpoliae-
MOl NJIollajid, a BAHSIHHC MCOPOLIAEMBIX TJIOILAjIel OleHH-
BACTCS CJAATaeMBIM (or.

B taGaune 4 nokasaH nmopsilok BCJAHYHH HHTCHCHBHOCTH
NMUTAHHA H PacXoj0OBaHHs IPYHTOBBLIX BOJ, BXOASIHNX B
(hopmyay (88).

Pacrekanne rpyHTOBLIX BOJ B CTOPOHY HEOPOIIaeMBIX
3eMeNib 3aBHCHT OT K. 3. H. H TH/APOTeOJIOTHYECKHX yCJa0-
Bt

Tabanua 4. UATEHCHBHOCTD NHTAHHS W PACXONOBAHHA TFPYHTOBHIX
BOJ A8 THINHYHBIX FHAPOreOJOrHYEeCKHX YCNOBHIA npH K. 3. . Goxee 0,5

060;::::%' TTPOAOIKHTENLHOCTE (OPHERTHPOROYHO) "°""“:’,‘c_‘;§"“"""'

p Kpyrautit roa ~0,02

9 Bereraunonunit H npoMLIBHOIN nepHoiH 0,08—0,16
(1/IV—1/T)

Inp [Tpomuisroit nepnoa (1/X—1/1) 0,26—0,58

Gor Boaec nHTCHCHBHO B TCUYEHHE oOpoie- 0,02—0,08
nus (1/IV—1/1)

e Bereraunonnnis nepuox (1/IV—I1/X) 0,05—0,14

W3 npusefenHBIX AaHHBIX MOXKHO CJleJaTh HEKOTOpHIE
BLIBOABI OOLIEro Xapakrepa.

. Ecain MHHCpanH30BaHHBIE TPYHTOBLIC BOJBI HA Tpej-
NoJ4aracMOM K OPONIEHHI0 MaccHpe cTtosT rayboko (10—
20 ™), To caeayeT BCEMEpPHO COKpallaTh INHTAHHE TpyH-
TOBBIX BOJI, NIPOBOASI NPOTHBO(HIBTPAUHOHHLIE MEPOIpHs-
THS. B npoTHBHOM chayuae MNpeBblIeHHe MHTAHHSA TPYHTO-
BLIX BOJ Han UX orTokom mnopsaka 0,10—0,15 a/c.ra

(6=0,15=-0,30) BmizoBer HX noabem (yseaunuenne AW;)

,10-86
0KOJIO 01D S0 365=1—2 M B roj, uto 00OBIYHO U HAOJIO-

§1000-10 000
naercd. 1ot poct Oyaer NMPOUCXOAHTH A0 TEX NOpP, NOKA
He cOajaHcHpyeTCsi NMPHUTOK I'PYHTOBBIX BOJA H Pacxoj MX Ha
HCIapeHHEe C MOBEPXHOCTH MOYBHI, UTO H BbI30BET 3aCOJIECHHE
3eMeJIb,
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2. Ecau rpyHTOBHIC BOABI B HaCTOsilllee BpPeMsA CTOAT
6JM3KO K MOBEPXHOCTH 3eMJH H HHTEHCHBHO HCNapsioTcs
H HeAb3sl JIONYCTHTH HX €XEerojilHoro mnojxbema [TO ecThb
npunsite B ¢opmysae (88) AW=0], nounn 3aconeHbl H
Tpe6yIOT NMPOMBIBOK, TO B OOLIMHLIX ycaoBHsIX ciaabo ecre-
CTBEHHO-/IPEHHPOBAHHBIX OPOCHTCJILHBIX CHCTEM TMHTaHHE
rPYHTOBBIX BOJI NMpeBLIIAeT HX PacXojl, Tak Kak cpejHe-
B3BellleHHOe MNHTaHHe mnpubausureanho ¢=(12-0,02--
+49.0,124-3-0,42) : 12=0,21 a/c-ra, a cpeaHerojosoe pac-
xonopanne ¢=(0,05-940,095-6) : 12=0,09 xa/c-ra.

3nech HeOGXOANM JPEHaX, NOCKOJBbKY TNPOTHBO(PHILT-
pauHOHHBIE MEPONpPHATHA CHHJKAIOT NHTAHHE TPYHTOBBIX
BOJA He B TaKoil cTeneHH, 4ToObl c6asaHCHPOBATL HX C OT-
TOKOM, H BGJHYHHA — §==¢ NPH 3aCOJEHHBX TIpPYHTOBBIX
BOJIaX BpeAHa W BeJeT K JaJbHeiflieMy 3acOJEHHIO MOYB.
VMenbllleHHEe K. 3. H. BeJeT K 3aCOJCHHIO HEOPOUIaeMbIX
3eMeNib, 4TO B OOJABIIHHCTBE CJy4YaeB HCAONYCTHMO, OCO-
GeHHO 3eMeNb BHYTPH MacCHBA.

3. CpenneroioBofi JApPEHaXHBI CTOK MOJXKET, TO-BHIH-
MOMYy, XapakTepuszoBaTh wMoayab ¢==0,15—025 na/c-ra,
npHYeM OH PEe3Ko H3MeHseTcss B TeyeHwe rofa (raba. 5).

TaGauua 5. Bayrprronosoe pacnpejenenne MOAYAS APEHAKHOrO
CTOKa

TMepuox BHX nuTAHAR q, njc-ra
1/IV—1/X P+ qp—Gor—e 0,05—0,15
1/1—1/1V p >0,02

OueBH/IHO, UYTO YCTPauWBaTh JpeHaX, paboTAIONULHIT
KPaTKOBPEMEHHO B TEPHOJ MPOMBIBOK C HHTCHCHBHOI Ha-
rpy3koit 0,3—0,6 a/c-ra, Ha OTBOA B OCHOBHOM NPOMBIBHBIX
BOJ HenenecooOpasno. JKenateabHo HCNOAbL30BATH CBOGOJ-
HYI0O €MKOCTh TPyHTa Bbilie 3anoxeHHst ApeH [wieH =AW,
B ypasuenun (88)], Kak cBoero poja peryJaupyouyio em-
KOCTb, BMELIAIoNlyi0 H30LITOYHBIC 3amackl B MEepPHOJ HHTEH-
CHBHOTO NMHTAHHS H OTAAIOMIYIO HX B MEHee HamnpsKenHbe
neproasl nutanusa, Ilpn sToM Hano co3AaTh Takoe YCTO¥-
YHBOE TIOHH)XEHHE TPYHTOBHIX BOJ, KOTOpoe oGecneunyno GHl
KoneGaHHs MX YPOBHSI B AONYCTHMBIX mnpejaenax. AwnaJjo-
THUHBIC PAacCyXJACHHS TMOJOXKEeHH HaMH B ofocHOBaHHe
pacueTa OCYIWIHTeNbHOrO JIeficTBHA TAYGOKHX KaHa/DB
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(Apepobsinos, 1957a, 1956). Ecan npuHATL TaKOR NOAXOL,
TO pacyeT OCYIIHTeJbHOrO JICHCTBHA JIpeHa)Xa CBOJAHTCSA
K pacueTy ero Ha CpPeAHerojoBoe NHTAHHE C NPOBEPKOH
JIONYCTUMOCTH TOJBEMa YPOBHS TPYHTOBBIX BOJX B OTAeNb-
HLlE TePHOAM.

Pacuer OCYWMTENbLHOrO AEHCTBHSA
rOPM3OHTaNbHOrO ApPeHaxa
B OAHOPOAHBLIX FPYHTaX [YCTAHOBMBIUMHCH PeMXHM)

OcHOBHasl pacyeTHasg CXeMa OCYLIHTeJbHOro AEHCTBHS TrO-
PH3OHTAJILHOTO APEHaXKa XapaKTePH3YeTCs MepPHOAHYECKOMH
paGoTofi B TeueHue roja H Gojiee HJIH MeHEe MOCTOSHHBIM
JUIs OTACGNBHBIX NMEPHOAOB NHTAHHEM CO CTOPOHBI NOYBHI,
KOTOpoe NMPHOGAHMKEHHO MOXKHO paccMaTpHBaTh KaK paBHO-
MEPHO pacnpejieJieHHOe MO MJoILaAH, 06CayKHBAEMOit Jpe-
naxkem. IToMuMO 3TOro, MOXET HMETb MECTO HaNoOpHOE
NUTaHHE H3 IAYGOKHX NMOA3EMHBIX NJACTOB.

XapakrTepnble U HeOOXOAHMBIE JUISl pacueTa 3JIEMEHTHI

AP AASY  TTTYNW AT Y [nanyantr vnAnr)
aggg};!‘\gﬂggggliﬂu%m Jzun‘c‘lﬂkﬂv v,'/' V7 N

TOJILKO OT OTHOCHTeNbHOro (6es-
pa3MepHoro) BpemeHH. 10 06- b
CTOATEALCTBO BO MHOTHX CJyva-

X 3HAUMTENbHO yNpollaer pac-
YeT H JieJaeT ero BNOJHE JAOCTYII-
HBIM JJIS TPAKTHYECKOrO HCMOJb- ,
gopanus (AsepbsinoB, 19572, At
1956). OcHOBHLIC pacyeTHEHE 8/2 8/2
CXeMbl H NPEANOCHUIKH NPH pa-

g A
GoTe JApPEHA}Ka B YCTAHOBHBIIEM- WW
CSl peIKHME CJIeYIONIHE. : o

Puc. 21. Cxemst paGoTel ropH3ONTaJ]b-
HOro AApenaxa:

@ — IpH HAAHIAH HWHOHALTPANHOHHOrO NHTA-

ns # xonegnofl rayOHHEe 3ajCraHHA HoBepx-
HOCTH Bonoynopa; 6 — nNpH COBMECTHOM MH-
Touun  HHQHALTPAUNORNHMHE H HAMNODHLIMH
BOARME, i




C TOUKH 3peHHsi THAPOr€OJOTHYECKHX YCJIOBHH MOTYT
ObITh BBIICJIEHBl JIBE OCHOBHBIE CXEMBbI:

6oJice WAH MEHEe OJHOPOAHBI TPYHT, HHOrjla 3HaYH-
TEJBHOH MOIIHOCTH, 3aJerajioliuii Ha MeHee NMpoHHUACMOM
rpyHTe (MOCACAHHI YCJAOBHO Ha3BaH BOJOYNOPOM);

OJLHOPOJHBLIT TPYHT, NMOJCTHAAEMBIl BOJAOHOCHBIM HAMOP+
neiM naractoMm (puc. 21,a u 6).

B mepBom ciyyae¢ HCTOUHHKOM MHTaHHS CJYXKHT HH-
(uAbTPAUMOHHOE TNMHTAHHEC ¢={¢+Ggmp—For—€; BO BTO-
pOM — K HH(HJIBTPAUHOHHOMY TNHTaHHIO NpHOaBJIsSETCS
rJayOGHHHOE TOANHTHIBaAHHE, ONpeAessieMOe HWJIH HanopoM
BOJOHOCHOrO mnJjacrta H, wian MOJAYJEM NPHTOKA HANOPHBIX
BOJL p. DTa cXeMa paccMOTpeHa HHXKe.

Ilpu  paGore JApcHaxka B OAHOPOJAHOM  TPYHTE
(puc.21,a) XapakTepHO: HAAHYHC YPOBHS IPYHTOBBIX BOJ,
00pa3oBaHHOr0 HHOHIBTPANHONHBIM NHTAHHEM; HaJHUHE
y4acTKa «HaBHCAHHfA» HaJ APEHOi hp; 3aneraHue Ha HEKO-
TOPOIi rayGHHe NOBEPXHOCTH BOAOYIOPA.

B ycaoBusx opollaeMBIX MacCHBOB BOJIOYIOp 3aJera-
er, Kak npasuio, ray6oko (T=30—100 m u Gouee), o-
HAKO M JAPEHLI MOTYT pasMellaThCsl OTHOCHTENBHO pPEAKO

(B=50—700 M), oTuero oOLIYHO OTHOLIEHHE —f—,- >1. 310

He TO3BOJACT CYHTaTh BOJAOYNOP 3ajeramoumuM «Gecko-
HEUHO» TIAYyO0KO, KaK 3TO HHOrja MNPHHHMAIOT B pac-
yeTax.

YyacTok «HaBHCAHHA» OOBIYHO OOBACHAETCA: TMOJIO-
pOM B JipeHe, Korja AasiaeHne B Helt P> Pary; HELOCTATOU-
HEIM pa3MmepoM ApeH (d<<dyp); HaJHUYHEM JOMOJHHTENb-
ABIX COMPOTHBJACHHH Ha BXOJ BOJABLI B JIpEHY uYepe3 CTHIKH,
oTBepcTHst W T. A. Ilocaeannii BHA CONPOTHBJICHHH 3aBHCHT
OT THNA JPEH, NMPOHHIAEMOCTH 3aChIKH TPaHIICH, YHCJAA
H pPasMepoB CTLIKOB H OTBepcTHit M T. J. Onpit paboTH 3a-
KPLITOrO JApenarka Ha MyraHckoil ONbITHO-MEJINOPATHBHOM
cranuuun AsHUHUT'sM (Becenuos, 1935) nokasbiBaer, 470
cyMMapHasi BeJHYHHA yYacTKa <«HaBHCAaHHs» JOCTHraza
0,5 m n Goxnee.

B OTKpHITHIX JIPEHAX YYaCTOK «HABHCAHHSA» IpejcTaB-
asieT co0oi «BBICOTY BBIKAHHHBAHHA» H paccMaTpHBaeTCHd
KaK Pas3HOCTh OTMETOK MEXKIAY TOYKON BBIXOJAa MOBepX-
HOCTH TPYHTOBBIX BOJ Ha OTKOC KaHaja H YPOBHEM BOJbI
B HeM.

B psne ruapomexanuueckux peuwrennit (Apasuu, Hywme-
poB, 1953; Benepuukos, 1939, 1948) aas BecbMa riyGoko-
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Pie, 22. Cxema K pacuery ropmson-
TAALIOIO  ApeHaXka MNpH HaJAHUHH
WL TPaLHH.

I'0 sajieraHHsi BOAOymopa mo-
JYHYEHbl  cJeAylollHe 3Haye-
HHS BBICOTHl BBIKJIHHHBAHHA
(B M):

hy = (0,17 = 0,26)—3—,

rne Q —nmpHTOK K JApeHe C ABYX
cropoH, M%cyT na 1 m.

[lpu Gauskom 3ajseraHuun @ g o ‘
pojoynopa, no aanupim I1. 1. -
I lonybapunosoii-Kounxoi
(1952), npuOGAHIKEHHO MOXKHO
npunsith ho=0,37 Q/k.

YUuTHIBasl, YTO MHTEHCHBHOCTb NHTaHHS TPYHTOBBIX
BOX /ISl JApeHa’ka Ha OpollaeMbiX 3eMJsX JICKHT OOBLIYHO
B npeaenax ¢=0,1—0,4 xnfc ¢ 1 ra, 4T0 COOTBETCTBYCT

0,1 . 0,4 M3/CYT cl MZ; NpUHSAB B=300—400 M, NOJYy-

gy

116 116
YHM CACAYIOMHI MOPSIZIOK OXKHJAACMBIX BeJHUYHH BHICOTHI
BolKAHHNBaHHA (Q=¢B):

)

(SN

-~

T
(1.9

k, mfcyr 5 I 0,5

heg, M 0,01—0,10 0,04—0,51 0,09—1,02

Hiist naoxonponnnaeMbx rpyutToB (R<<l m/cyr) BmicoTa
BHIKJIHHHBAHHUSI MOXKCT OLITh 3HayHTeNbHON (Mo 1 M), uro
cacAyeT HMETb B BHAY.

Paccmorpum ofuiee peuicHme, KOTOpOe ONHCHIBAET pa-
00Ty TrOpPH3OHTAJLHOIO ApeHaxka npH HHOHILTPALUHOHHOM
nutanun (Asepbsnos, Lol Cun-e, 1957). Ilpumem caenyio-
e gomyiueHHs: 1) cnaGOHSOTHYTYIO HOBEPXHOCTb TPYHTO-
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BLIX BOJA 3aMEGHHM OCPeJHEHHOH NpPAMON JHHHeH, BCaAEACT-
BHe 4Yero obsacTb (QHIbTPAUHH NPEBPAlIAETCs B MPSIMO-
YronbHHK; 2) BMmecto ycaosust JlsBrcona-Bemepunkosa
(1948) na csoGoauoit nosepxuoctn npumem V,=--g, npH-
yeM Vys%=const (puc. 22). Ananoruunbie JONyIIEHHs PHHH-
manuch H. H. Bepuruupim u ap. Ilpu sTHX ZomyuleHHsX Ha
pucyHke 22,a usobpaxeHa o6nacTh NOTOKAa Z=x-|-iy, HA
pucynke 22,6 —ronorpad ckopoctd V=Vy,+4iV, u na pu-
CyHKe 22,6 — BCOOMOraTeJbHas NOJYMJIOCKOCTb {=E-in.
OroGpaxenne o6nacTd V Ha HHXKHIOWO NOJYIIOCKOCTb Jaer
BhIpaXKeHHe: '

V=_4_f @-—a@-E g

) e—mVa—ma—»o
npu x=1/p’, ero MoXHo 3anucath B BHJE
V= B—"‘, I+B,
rae I = Iy aly+- by, l
L
Iy= B d = F(C, »); l
J V=) -y
- dt
Iy= -
J @@=V -t —=t

T

13=J % : |
@—wV - —»e)

0
a=2y*—a—f'% b=(v'—a’)(y*—e?).

Onnako Iy, Iz u I3 Moryr ObiThb CBSI3aHBI 4Yepe3 peKyp-
peHTHYy!0 (opmyay, KOTOpasi B NaHHOM CJyyae JaeT BhIpa-
JKeHue:

(1—x* ), —E@, =0 +Cl,+DI;,  (90)

ViV i—we
ey
+3rHy D=2 (1—y) (1—y).

e O () = i C=1—=2¢*(1+%0)+ i



M3 pucyuxka 22,6 suano, uro uurerpas [/ ypaBHEHHA
(89) Broap aunuit 0—I1—2 or ToukH 0 A0 TOUYKM 2 HOJMKEH
JaTh HyJb, KaK H HHTErpaj BAOJb JUHHH 4—56—6. DTH yC-
JIOBHSI TPHBOASIT K CJEAYIOIIHM BbipaKeHHAM (npejedbl Ho-
CTABJEHbl V151 nepeMeHHo §):

1 1 o

al, L -+ bl L =—K; al, Jn + bl :L =+K, (9])

WurerpupoBanie B TexX XKe npeaenax soipaxkenus (90)
Jlaer:

1 1

cL +DI,L = (1—x2y) K — E;

0

1/% 1/%

Bropoe Beipaxenue ¢opmyast (92) nmoayuaercs B CBSSH
€O CJCAYIOUHMH PaBEHCTBAMH:

oo

1/%

= E 4+ i(K;— E)).
__ a[snfA, %) dn (A, %) : 2
E (b, ) = i[RI — B, ) + A, ©(1/)=0,

Ilpn {==sn(iA, ») nmosayuum:
0(‘%) = isn(A, %) dn(A, %)
en (A, %) [sn® (A, %) + 2 cn® (b, %g)]
[Tepefins Kk npeneny A—-K;, OyneM HMeTh:

IE (A, ) + @ (V) |, ¢, = i (Ky— Ey).

Caoxus nousenno pasercrsa (91) u (92) u pasnenus
CYMMBb! OHAa Ha JAPYrylo, HaileM ycJOBHE MPONOPLUHOHAJDb-

"HocTH Koapduuuentrop C/D=a/b, nocae yero ypasHeHHE
(90) npumer BHA:

aly -+ bly = 7”)-[(1 — ) F—E(@Z, x)—®l. (93
7—288 97



[MoncraBuB 910 BHIpaXienne B ypapHenwe (89), Oyaem
HMEeTh:

Py S /7 DR, £ 2 — @1 |
v 5,{1~'+D|(1 ) F—E@,»)—0l| +B. (94)
YyuTHIBas, uTO

b K

D (1 —x2y)K—E’

a TakXKe HCnoJab3ys H3BecTHoe paseHcTBo EK-+HKE,—
—KKi=mn/2 ¥ HaXOAsA NMOCTOSIHHBIE H3 COOTBETCTBHA TOYEK,
OKOHYATEJLHO IOJYYHM:

V= -:—q[EF—KE &, %) — K®] + q. (95)

3HaK IJIIOC 3eCh OTHOCHTCA K ydacrky 0<<{<{y, 3HaK MH-
HYC — K yYacTKy y<<{<Coco (B CBsI3H C BhlYeTOM IpH o6xoae
nojioca {=vy).

B npusenenHoM Bripa)kennn (95) Aas coxpaiieHus npH-
HATH oGo3nauenusi: F, E({, ®) — sANHNTHYECKHE HHTErpa-
awl I u II ponos npn moayae »; K u E — anajornunse moJ-
Hble HHTerpaJul npu Moayae %, a K, u £;—npu moamyJse
%1; O=W®(F) —cm. popmyay (90). Csasp o6aacTeH noroxa
2 CO BCIHOMOraTeJbHOH NOAYIJIOCKOCTLIO { oOuiumas g
orobpakeHHs NpAMOYroJibHHKA:

— on (2K B
; e sn( B z, “)| 2”c Kl . (96)
Orciona
1 o N § - h
=—dn (T, = - pi T =—K;, he =—K,.
7 (T, ) e T e Ky

Jas GyRkuun TeyeHHst HajijleM CcJeAyiOlHe BHIPaXCHHN:
A annan 0<<x<<1/,B, y=0

«p=5‘v,dx. @7)

rae Vi —ropuaontasbuas COCTABAAOINAR CKOPOCTH HA YYacTKe OX.
Pacxopa Haiipercs Kak

Pp= [V, dx = gx. (98)
0



-

C yuerom Boipaxenus (95) dopmyaa (97) npumer BHA:

(99)

9 *
P = ';4\!1—12—13 +

dnece

)c

1,=’\'EFdx; s JKE(Q x)dx; Iy = | KDdx.
0 0

3amerum, uro {=E+in, a E=sn(2xK/B, %), npu n=
==(); BBesieM 0003HaAYEHHE:

B dg
| — SRR ; dx’—_d .
g B8 Kx 2K et 2K Vi—g2Vi1—ep
Torna
EBf . BB
—on - (100)
Io_l(jf(u)dx=—[?.—+ ng(('g)] (101)

rae saauntHyecknit muterpan II poma Bripaxen vyepes TITa-(PyHKUMIO
0(u) =04(u).

x 3

B Edt B, y—§

Ii=K\DEdt=— = —In . (102)
5 2 iS(E’-——v’) 2 p?

Coenunus dopmyant (100), (101) m (102), nomcrasus
HX B BHpaxenue (99) npun ¢=—*Fkh (k—Koaq)(puuHelrr
(uapTpauun; h— Hanop), moJyuHM InajeHHe Hamopa OT
Mexapenbs (Touka x=0) B CTOpPOHY jpeH:

B 1nﬂGc. )V 1 —sn2z, %) dnt [(ic + ), %]
kat 0(0, %) '
2

X = —E-xK. (103)

H(')_hx ——

Ypasuenne (103) moxer paccmMaTpHBATHCH KaK ypaBHe-
lHe TMOBEPXHOCTH IPYHTOBHIX BOA. B wyacTHOCTH, najeHue

(e ga



Hanopa ot mexapeunbsi (Trouka O npu x=0) no crsopa ape-

HHl (Touka 2 mpu x= l?B) Gyner pasHo:

Hl‘—H2= qB In : . (104)
; ks V %y sn (e + ), %]

dro BLIpaKeHHe NOJAYYeHO ¢ yuetoMm pasencrsa 0(0,

%)=V %0(K, »). Bupaxenne (95) ana V, na yuacrke
2—3 nocse NOJACTaHOBKH B Hero gnauenua z=='/,B-|-iy npu
0<<y<<h. naer:

Vp= g {M(E—K) + KE(h, %) — Ko X

sn(A, x)en (A, %) % %
2 dn (A, %) [1 35 1 — y*dn*(A, ”1)]}""0' NnpH 0<A
g he
- K; < He K;. (105)

UnrerpupoBanne puipaxenus (105) B npesenax or A==0
A0 A NPOBOAMTCS AHAJNOTHYHO HHTErpHPOBaHHIO (GOpMyJaHI
(97) u maer caepyioulee BupaXKenue Aas NaJileHHsA Hanopa Ha
ygacTKe OT MOBEPXHOCTH IPYHTOBBIX BOA Haj ApeHo# (Tou-
Ka 2) A0 rayGHHH Y.

RRD UMM . LA O (0 )0 S o L
L g e 2(H¢)+ky+knx
% In 0 (A, %) dn® (A, %) sn (A + ), % . (106)

0(0, %) V sn2l(ho + d), %, ] —sn¥(A, %)

B 4acTHOCTH, pasHOCTb HANMOPOB MEXAY NOBEPXHOCTHIO
PPYHTOBBIX BOJ Haja JpeHo#t Hy u BepXHed KPOMKOH jpe-
HH hg, TO €CTh BHICOTA HaBHCaHHsA, Oy/JeT paBHa:

s Bl e 08 he) 4 9B

by == Hy—H, k(1+o.5ﬂc)+ﬂx

» 1n 0 (e %) dn® (R, %y) sn [(fg+d), %]
0 (0, x0)V sn*l(fe+ d), %] — sn? (o, %)

[TonHoe najeHde Hanopa OT CepefiHHbl MeXApPeHbs /0
BepXHell KPOMKH JpPeHH ONpPeAECNHTCH C/AOXEHHEM BHIpaXKe-
uuit (104) n (107):

100

. (107)




P

AH=H6—hd=%S(1+O,5£:—)+%%X

x in— 9 e xah it Vico) . (108)
0 (0 ’ xl) V”l 'lfsn! [(Ec + 2) ’ xl] —sn® (h—Co xl)

[Tpn ueyuere Buicotsl nasucauus (ho=0) ¢opmyna
(108) npuunmaet Bux ypasHenus (104).

[TocTaBneHHad 3ajadya MOLJIA CYHTATLCS PEIEHHOH, ec-
AN Gbl He HEeKOTOpas HeomnpejeSeHHOCTb B BhiGope fic. B ch-
Ay 13GpanHOil pacueTHOi cxeMmbl (pHC. 22) 3a BeJHYHHY he
HpUHEMANOCh cpeAHee Ui Beeil 06acTH NPEBBLILICHHE TO-
BEPXHOCTH IPYHTOBBIX BOJ Haj BEepXHEH KPOMKOH ApEHE!, B
CBA3K ¢ YeM cJeoBaso Obl ee NOJACUYHTATh KaK

he=hy+ ——— [ (Ho—hs) dx.
T o[ (Ho— hs)

Oanako 310 3arpyanutenpno. [IpakrThueckn e BBHIGOP
he. B GoNbIMIMHCTBE cayyaeB OOJLIIOro 3HAUYEHHs HE HMeeT.

3ajapasich oxuaaemoit sennuunoit AH (nmpu pacuerax
oHa OGBIMHO ABJSCTCS 3aAaHHON MO yCJOBHAM TIYOHHBI MO-
HWJKeHHS! TPYHTOBHIX BOA), MOXHO HasHauaTh he~'[2AH,
a sareM, yrounus no qopmyaam (104) n (107), npuHHMATH
npuGaAHKenHo he=ho-+4'/s (Hy—H>).

®opmyast (104), (107) u (108) caoxXHB ANS NpakTHYE-
CKOTO HCMOJNb3OBaHMA, XOTSA BXOAAIHE B HHX (QYHKUHH sn,
dn wap TaGyaHpoOBaHbl, HJAH HAaXOAATCA MO XOPOWO CXOMA-
mumes psaaam [0(u)].

Huxe paccMOTpeHbl mnpefenbHble (YacTHbIE) CAyYaH.

a) Iaybokoe sasezanue nosepxrocTu 80doynopa.

B stom cayuae npHuumaem '/oB/H<<0,5, 4T0 ¢ yueToM
papencra K/K,="/;B/H. no3sossier npHHHMATh

m~ 1, K"’l/sno Kl'\'“HclB'
o= 4exp(—“g°), sn (4) = the, dn(u)~cn(u)~ch——'u 2

dopumyaa (103) ana nMOBepXHOCTH IPYHTOBHIX BOJA MPH-
MEeT BHI:

Hoiap, e B atdy )
kY ot (g + d) —sintx
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3ametuM, uTo ho=mnhe/B, d=nd/2B npu x=nx/B;Buacr-
HOCTH, aas x=DB/2

H—k adSg =t 110
0 x bt th(ﬁc-i-?i) ()

Bocnoabsyemcs pasnoenuem:

0 (g, %) ~2 1/2—K—‘ exp — 2K, (—:— + uf)] ch (2K; ,).

ITpn stom u=u,2K,, rae aprymenr

he he
—ﬂ.
Uy = H. Ky = B

Torna dopmyaa (107) npumer sBmua:

iy h°+‘i§-ln Sifsihe) (111)
TV sh?(he + d) —sh®he
n

o gy i S
npuhc—B:t,d A

Has cymmaproro najgesusi Hanopa no dopmysam (110),
(111) noayuaem:

A Lpdg g . hedd)i oo o)
& V sh2 (ke + d) — sh® e

®opmyna (112) 6maa panee noayyeHa HENOCPEACTBEH-
HO aas caywas '/; B/[H.<<0,5. YunroiBas MaJocTh BeJHYHH

he u d, Bupaxenne (112) moxno sanucarth B BHAe

Al - ‘Z [h 4 Lpg etd 1 ] (113)

(he )"
Ecaun npunste =0, TO 1as pacxojia moJyuHM:

knAH
Q= n @B/nd) (114)

Ipyroe kpaiinee mpeanonoxenue ho=AH npun d<AH
naer
knAH
Q= ‘ (115)
in (B/x V aH4)
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_j_,-,Mx snauenust fo="0(d+AH) npu d<€AH

kaAH

(2B/n V/ 2AHd)

SopMyqa MoxeT GbiTh PeKOMEHA0BaHa AJIs onpeje-
apu JaHHBIX k&, ¢, d, B. [1na Haxoxaenus B npu
X R, g,d, AH; npn manbix oTHoweuusx d/B, AH/B:

_ knAH
B= e (117)

a )V 20Hd

STOrO e Caydas H3BecTHO peileHue B. B. Benep-
5 w , KOTOpOe AaHO [Jif BecbMa riyGoKoro saje-
pxnoc'm Bofoynopa T/B>3 u nuamerpa ApeHH
9eCKOro d > dyp:
aaH (=~ 1)
q
ln-’i
X q
SBHIICHHE YPOBHA BOAB Ha MeXJApeHbe Haj YpPOBHEM BO-

Q= (116)
In

:

0

B= (118)

Iﬁ-f- xoxaeHEs dyp B. B. BelepHUKOBBIM AaHBI CJIOXK-
aHCUeHIeHTHHE YPaBHEHHs, TabaAnua u rpaduk, aHa-
_‘, X noxkasmiBaeTr, 4to ¢opmyaa (118) gedicTH-
f_- nnauerpax Apensl d>dyp, nIpHYEM NpHOIHKEH-
t:‘ Q/k (Q — npHTOK BOAHI K ApEHe ¢ JBYX CTOPOH

pespe C. H. HymepoBa (1953) aas Toit ke 3ajmauu
'; xenonymennax (T—-c0; d>dyp) uMeeT BHA:

m(—”—_ 1)
B= z e (119)
ln-ctg-?kf
=026 L.,
A. H. Kocrakosa (1960) npu T—-o0
2= q(hl,:;?lﬂ- n’ (e

¢ B no popumyae (120) HaxoanT noAGOPOM.
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®opmyaa H. Hammad (1954) npu rayGokom 3saJjera-
HHH BOJlOynopa
(o (121)

2B
glIn (l -+ = )
6) Bauskoe saiezarie NOBEPXHOCTU B0J0YNOPA.
[punumas /o B/He>2, umeeM:
nB 14
“_*19“1 4exp(_4H‘)tKl D) 9K
sn (4, #y) ~sinu,

B=

aB
4H, '

[IpeBbilieHHE HAamopa Ha MeXJApeHbe Hajx HamopoM B
crBope apenni mo qopmyse (104) ¢ yuerom NpHHATHIX J0-
nymenuin OyAeT paBHO:

ey TR Lot [y R 122
: ' 8kH ' kn 2 sin (Ao -+ d) (Lo
e L A e AU
ﬂpﬂ h°=H° 2 M d H° 4 ™

dopMyJia A5 ONpejlesieHusi BBICOTH HABHCaNUs BMECTO
(107) npumer BHJ:

q he qB sin h°+2)
T (1 + 0,52 4 42 In . (123)
AT ”o) ke Y/ sin? (- d) — sin? hg
OHa noJiyyeHa ¢ y4eToM 3aBHCHMOCTEH:
H (u,%) 2
O(a,x‘)= ’ e(onul)":l/—le .
V mysn (u, %) "

3nech Tota-pynkuua H (¢, %) =10 Moxer OHITb NMPHHATA
paBHOIL:

~2\sing: gy = _{‘_’S)= p(_._’f_)___ 2
H (u, %) ~ 2g)/4sinu; gy exp( 2 ex o, %

[MonHoe najienue HANOpa OT MexApenbs 10 apenst AH
OGyner paBHO:

AH=8‘LBI;° +-%he(l+0.5 %)+

+ 9B 1n ‘ . (124)
kit o/ sin® (he + d) — sin®he
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Ecan yenosHo npuusath he=0, To dopmyna (124) npu-
MET BH

__ qB? 9B |
= 8kH + b ln2sin nd/4H, (1253

YuureiBast, uto BesnunHa Hc ecTb cpeiHsis MOUIHOCTD
’
IOTOKA TPYHTOBBIX BOJA, M npuuumas H.=0,5(Ho+ h,)

(Hy w kg orcuntans or NOBEPXHOCTH Bojoynopa), dopmy-
ny (125) mMoXHO npeacTaBHTh B BHJE

Q ot k (H:—hz) (126)
Y e LA B v

fne L='/,B — aauna notoka or ApeHs A0 Boaopasaena; Qe — pacxon,
npurTeKkaouui K apene;

b=t Bl (127)
n 2sin (nd/4H )

®opmyna (126) oranuaerca ot popmyant Kene tem, uro

K panpe motoka L npuGasasiercsa unen Hcb,, KoTophii yuH-

THIBACT NONMOJHHTENbHbIE COMPOTHBJACHHS, BO3HHKAOILHE B

IOTOKe NpPH 3aMeHe BepPTHKAJbHOro oTKoca B cxeme Kene

apenoit nuamerpa d. Popmyay (126) MoxHO 3anucath B
HHOM BHAE:

Qo= Wi %= (128)

l'l““é“sl

M3 ¢opmynnt (124) MOXKHO NOAYYHTH BBIpaXKeHHE IS
OlpeiesieHHs1 MeXKJIPEHHOTO PacCTOsIHUS:

ot 2kAHH AH
B_2V/ - O+dmja’ - (129)

rae @ — Kos(ppHUHEHT «BHCAYECTH®, YUHTHBAIOUIHN JONOJHHTEAbLHNE CO-
IPOTHBJCHHSI NPH CYXKCHHH NOTOKA H NOCTYN/CHHWH €ro B JApeRy, no
CPABHEHHIO C KaHajoM, NpOpe3aioNiiM Bech BOJOHOCHBIA naacT.

[Ipn pacyere OAHHOYHLIX JAPEeH, JOBYHX KaHAJOB H JIPY-
(HX OCYLIMTEJbHBIX YCTPOHCTB, paboTalOIHX B NOTOKE IPYH-
TOBBIX BOA (NPH OTCYTCTBHH HH(HJILTPAUHMH), BHIPaKCHHE
s Ko3hhUIHEHTA «BHCAYECTH» @ MOXHO NPEACTABUTH B
pHae:

= e ey (130)

2H
1 5
t B
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npuueM aas B/H:.=3

50l iromir
B—nlni_gd_' (131)
snwc

B

Jlns MEeHbIIHX 3HAYEHHH . bupaxenue Ans ompese-
c

nenns kood(dHIHEHTa BHCAYECTH, MNpPEACTABJCHHOE HA pH-

ﬂmxe 23, umcer GoJsee chaoxusiii sux (Asepbsinos, 1956).
0 3TOMY PHCYHKY MOXKHO HaXOAHMTh 3Ha4YcCHHE KO3(DPHIH-

L
€HTa & NPH H3BECTHBIX OTHOMIEHHAX ~—=s ® -, MPHYEM

He He
oS
2
L/He
500
1200
Y/\/ 4
Y /1%, g j
77, /
Z 1
f 1
1 w =3
a”iz‘ A _;!::w ]
e S=rE= 1
! A1 //_\'am 1
= Qo2 7/ S 020 % ‘
Y d/H050—S i g
/ >y
) == o5 ’
V 4
/
/ |
92 g

A 4
0 0 G2 43 44 45 45 047 46 49 «

Puc. 23. I'paduxk nas onpeneienns Kosdpuunenta
BHCAYCCTH Apenaxa «a:

L/Hg — OTHOCHTEABHOE  PACCTORHME  MOXAY  ApeHamMu;
d/Ho—owocurcm.uua auamerp apen (L=B/2 — npu nos-
unx Aapenax; L=B/4 —npH CHCTEMATHIECKOM ApcHaxke).
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Gopmyay (129) M0XKHO NPHBECTH K BHAY, HCKJIOYAlOLLe-
My noab6op npu onpeieiennn B, a umenHo (ABepbs-
non, 1957a):

B=H. (2 ‘/ 2:2?(1 +5;!‘ic) + 5?—5,). (132)

Jlast storo xe cayuasi umeercs ¢dopmyna A. H. Kocrs-
Kosa (1960), BurousMeneHHass aBTOPOM KHHIH:

e l/zuwkr_ AH | 1+08IB/2T (a5
q T In(B/d) —1

Pacuer nposoauTcst noA60POM.

Ilpeanoxenne S. B. Hooghoudt (1940) maxoaut 1mHpo-
KOE npuMeHeHHe 3a pyOeKoM.

Pacuetnaa ¢opmyna umeer Buj (0003HAYEHHS NPHHATH
o pucyHky 21,a):

B= S%H; (AH — ho) + 4-3- (AH?—8Y),  (134)

’
rhe B, k, q, AH, hy umeior npexune oGosnadenns; H, — BeJHYHHA, KO-

TOPYIO MOKHO TPAKTOBATH KaK €aKTHBHLIA cJoft TPYHTOBBIX BOA», ydact-
DYIOUHA B ABHXKeNHH BX K ApeHaM (panee nogobnoe noHATHE npeasa-
rasoce E. A, 3aMapHHBIM M APYTHMH aBTOPAMH NPHMEHHTEJLHO K /ABH-
JKCHHIO TPYHTOBLIX BOJA BOJIH3H CKBAXHH).

Jlas onpeneaenus seanununl H, S. B. Hooghoudt coc-
TaBjieHbl TaGJaHIb, NpHYeM sHayenue M 3aBHCHT OT pac-

CTOSHAS MEXKAY ApeHamu B, paauyca ApeHbl ro (ro=d/2) u
MOLLHOCTH BOJIOHOCHOTO NJacTa.

B kauccTBe NMpHMepa NPHBEAEM BLIACPHKKH H3 TaOJHUBI,
cocrasaennon S. B. Hooghoudt (1940).

TaGauua 6 cocraBiena aas ro=03 ¢yra H 3HaYEHHH
10=<<B <300 ¢pyros; 1 ¢yt npubauxenno pasex 0,3 M,

TaGanna 6. 3nauenus H;(m) npu d=0,18 m

T, ™
2
& [ 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 10,56] 0,92 1,10! 120123 —| — | —|—=|—|—|—]|—1]126
15 (0,57/096/120 134,138/ 148 — | — | — | — | — | — | — | 1,49
J0 |0,58! 1,07 1,44, 1,73) 1,84) 2,13 2,27/ 2,43 251} — | — | — | — 2,53
60 |0,59] 1,131 1,60, 2,01| 2,19, 2,73, 3,03, 3,47| 3,78, 3,99, 4,26/4,38| — | 4,41
00 | 0,59 1,15] 1,67 2,13} 2,34 3,00] 3,39, 4,05 4,56, 4,91 5,42] 5,76/ 5,94 6,14
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AxTuBHBIL caofi H] yBeaHuHBaeTcs ¢ pocToM (akrHuec-

Koil rny6unnl 3aseranns Bopoynopa (T), umes, oAHAKO, He-
Kotophift npenen T npu T—-oco. [lpn s1OoM oTHOWeHHe H_ /T
BCEr/ia MEHbIlE eHHHILLI H YBEJHYHBACTCSA ¢ Bo3pacTaHueM B.
TaGauua 6 sanoanena asTopom Ao 3nadenuii B/T<C4, npH
B/T>4 panvueiimee saraybsesne BOAOYNOpa He CKasbiBa-
ercs 1 M, cranosutcs 6anskum K To.

B ¢Qopmysne (134), xak ykaswpaior M. Maasland,
G. Haskew (1957), o6biuno Gepyr ho=0, TO €CTb He yuH-
THIBAIOT BBLICOTY HABHCAHHA, UTO NO3BOJSET HAaNHCaThb ee B

BHAC !
% L]/ il
B—2AHl/q Lo (135)

3iech H, HaXOAAT TakKe NO CrenHanbHLIM TabaHLAM, 4TO

3aTpyAusier Hcnoansopanne npeanoxenus S. B. Hoogho- -
udt. Herpyano nokasatb, 4TO NpPH BBEACHHH €AaKTHBHOH 30-
Hpl» pewenHsa (129)—(132) no3sossioT ee ONPEACJHTD B
BHJE

H. = Ta, pns BIT > 8/ = 2,55 (136)
npu a — no gopmyaam (130), (131) nau pHCyHKY 23. f-
H;=To=—l%—,muB/T<2,55. (137)

8|n-a7

ConocTaBjenne PpesyJabTaToB pacuera no (QopMmyaam
(136) u (137) ¢ maunubimu TaGauusl S. B, Hooghoudt paetr
BNOJIHE YAOBJAETBOPHTEAbHYIO cxoauMocTb. CaeloBaTe/bHO,
PACCTOSIHUS MEKAY APCHAMH MOXKHO OnpeAeaTb 1o (op-
mysae (135) ¢ HAXOKACHHEM «AKTHBHOH 30HBI» aHAJHTHYE-
ckn no ¢opmyaam (136), (137), uto yaobHee, HeM IOJb-
3oBaHHe TabJHIaMH,

B) 3aaezanue dpens. Ha nosepxrocTu 8odoynopa.

Jlaa sroro cayuas umeercs popmyaa Kene:

B=2]/§ H—HY), (138)

rae H — npesuiicHiie yposns IPYHTOBHX BOA MOCPCAHHE MEXAy Ape-
HAMH Ha/ NOBEPXHOCTHIO BOAoynopa; h — ypoBeHb BOALI B Kauaje HAHW
ApeHe, AHO KOTOPHIX NPEeANOaraercs 3ajeralliuM Ha noBepXHOCTH BO-
poynopa. C. H. Hymepop (1953) noxasaa, 4To BHCOTY HaBHCAHHA yuH-
THBATL NPH ITOM HE CACAYET.
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Pacemorpim  noapoGHee STy cxemy, NpHBEACHHYIO Ha
?’ncynue 24. TloMumMo panee nNpPHHSITOrO JAONymeHHs !/
[Hc>2, pas 9710l cXeMBl JIeACTBHTEABHO ycnoBHe He=
v hy+-1)ad, ¢ yuerom xoroporo (opmyaa (122) npumer BHA:

B A Koo (00308 i1
0o—Hys= AH —hy 8kH¢+Im ln2 : (139)
®opmyana (123) ynpoctures, yuuthiBast, 9to sin(he+
+'/2d) =1, no Buaa:

i L ( he' Y._.0B s S
0= —he l+0’5h¢+dl2) k“ lnsin“hc_l_d/z) . (140)

Hoauwii nanop AH onpeaeantcs GpopmyJioi:

=—9-Bi-g£-ln[2 sm.__“d_]_|_

8kH . kx 4 (he--d/2)
q he
o hc(l 405 h¢+d/2)° (141)

B paccmatpusaemom cayyae ¢opmyaa (103) mas xkpu-
RO JlenpeccHn Moxer OLITh yNpolieHa 10 BH/AA:

e __:g_B_ 0(0, %) —______2_:_
il Sty vy e S

Hecemotpsi na 7o, uro x—1, nonyuienne dn(u, %) ~sch u

HeproctTaTouHo ToyHo aas Qopmyan (103), nosromy Boc-
NoAb3yeMcs 3aBHCHMOCTSIMH

dn (x, %) 9(;, %) =V %, 0 (, x); 0 (0, %) = |/ %’:—Kx,

H pasioxkeHHeM npu x—l.

0, (4y, ®) ~ l/ 2?'( 2 [1+4 267" ch (4Kay)],

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

g |
R iy vay =5
3 ¢ 9 ~
Puc. 24. Cxema K pacuery ropH3on- ___'[_ B ey :l
TAALHOrO JApenaxa npH HaJHYHH I a/2
inraprpanny (3aseranse Aped Ha o /821/ e -
BOAOYNOpE). b s T OO
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Tlocsie MCNONB30BANHS YRa3aHHBIX 3aBHCHMOCTER dop-
MyJia (103) npuue'r BHA: :

Ho—h, = Im {2’;2 (B) —In[l+2exp( 228;)&'7‘—1]1;2

OtmeruM, uto npH x="'/, B (Touka 2 naa apeuoil) pe-
ayaprat no ¢dopmyae (142) ToyHo coBnajaer ¢ MOJYYEH-
HBIM paHee Bbipaxkenuem (139) ans suawenusn Hy—H,, no
npu x=0 (mexapense) pesyavrar no popmyae (142) paer
HE HYJIb, KaK 3TO JAOJKHO OLITh, a BeJIHYHHY A:

A=—k—ln[l+2exp( HI: )] (143) ;

C yyetoM NpHHATOro HaMu ychopus 'fo B/Hs>2
|Al < 267298 _ 0,0037 %
kn kxn

H, CllejloBaTeNbHo, Beipaxenue (142) moxer ObITH HCHOJNL-
30BaHO JUIA NOCTPOeHHs KPHBON JAenpeccHd. B ¢opmynax
(139) —(142) ausi ONPCACHCHHOCTH PELUCHHS CICAYET MNpH-
HATb Kakoe-Jinbo 3HavuenHe ausi Ag, Kak 510 ObUIO CAeJIaHO
NpH PaCCMOTPENHH Cayuas T—c0.

Pacemorpum xpaitnne cayuau he=0, he=AH, a Takxe
cpenHee snauenne h,="/,(d+AH) (puc.24). Torna no ¢op-
mydse (141) npu he=0 naiigem:

_ _ knAH ‘
Q= aB/4d —In2° G

Has apyroro Kpaiinero jonyiieHus he=AH, noxnaras
ed<< AH, nonyunm:
Qe L Libeil) : (145)
nB/8AH — In [2 sin(nd /4AH)]

Haxkonen, npuunmas 3Hauenusi he="!/(AH--d), naitgem
pacxon

0. knAH (1 —'l »5q/k) (146)
aB/4 (AH + 2d) — In {2 sin [nd/2 (AH + 2d)]}

H 15 BHICOTHI HaBHCcaHuda Ao

nd
hONT -——(AH+d)—-——lnsnm. (147)

110




OrmeTHM, 49TO B NPAaKTHKE MeJHOpPAalUHH 3HauyeHHe g/k
nbuiuio mesbuie 0,01.

MMpumep. Onpenesnts PacCTOAHHE MCIKAY FOPH3OHTANLHHIME Jpe-
HOMI HAa OpOLIAEMOM MAaccHBe TNPH CPEeAHEerofiOBOM MOAYJe NHTaHHA
fpynrosuix Boa ¢=0,12 sfc-ra. Bogoynop saneraer ma rayOune He=
« 20 m; nanopnocts oTcyrcrByer; k=05 M/cyr. Ilpesn npeanosaraer-
¢ CTPOHTH B BHJe OTKPHITHIX KaHaaop rayOuuofi 3,5 M, mwupumo# mo
my bo=0,5 M u ray6unoit sons fiy=02 M. Cpeanisia KpHTHUCCKas ray-
OHNA 3a7eraHUA 3aCOJNEHHBIX FPYHTOBBIX BOA Ap=2 M.

Paccrosinme MeXAy JApenamy onpejesseM, HCXOAs M3 Tpex NpHHA-
TMX XapakTepoB 3ajeranust sogoynopa: He=0— dopmyaa (1382; He=
woo dopmyant (117) — (121); He=20 v — dopmyan (129), (131) —
(133), (135), (136) u pucynok 23.

PeayabTaTel pacueTop NpHBEACHH B Tabauue 7.

TaGanua 7. Onpeneaenne PACCTONHMA MEXKAY TFOPH3IOHTAJbHBIMH
JApenamu no Gopmyaam pasaHUYHLIX asTOPOB

" XApaK- P
"pn';)g::'gerar?u: &u(?,?,p' AsTtop Mgi?m
BONOYIOPA HaMH, M

He=0 ( 138g Kene 65
He = o0 fl 18) | B. B. Benepuukos 320
He=o0c0 - 119) | C. H. Hymepos 308
He= o (120) | A. H. Kocrsikos 350
I’C - 00 (l2l II. l{ammad 327
He = oo (117) | C. ®. Asepesinos, Llwofi Cun-¢ 368
He=20 M (133) | A. H. Kocraxos 202
He =20 M (129), 248

(131),

(132)

Pucy-| C. ®. Asepvanos u Lot Cun-e

HOK
He =20 u (135),| S.B. Hooghoudt — 251

(136) | C. ®. Asepbsinon

Has peanwnoff rayGunet 3anerauus somoynopa He=20 M neyder
JIBHAKCHHA B 30HE HHIKC PA3MCIICHHS APEH BeAeT K ABINO NenpasHJIbHBIM
pesyaprataM (dopmyna Kene). Ipuniigtue He—-co npeysesnunBaer poab
970l 301bl, Aapasn OjaHsKHe 3pavenHs B no pasubiM GopMysaM B npegne-
nax B=308—368 m. Haxomen, ywer peasannoii rayOuHB 3ajeramus no-
pepxmnoctH Bopoynopa no Gopmyanam (129)—(137) amaer npomexyrou-
nue sHavenns B=202—251 w, npuucm dopmyaam (129) ¢ onpenenenn-
oM @ no pucynky 23 u (132) ¢ naxoxnenuem B no smipaxennio (131)
cle/iyeT OTAATh, NO-BHAHMOMY, NpPEANnOYTeHHE, TAaK KAK OHH MOKa3a/H
Jyqulee copnajenHe ¢ JAaHHLIMH MHOrOMHCJIEHHHIX J1aGOpPaTOPHHX ONbi-
1os, nposefiennsix B MCMH,

Ecan HCXOANTL M3 3a/aHHOrO MOHHXKCHHS YPOBHA TPYHTOBHX BOA H
g»ozgé%ronosoro NHTaHAA, B JAHHOM NpHMepe CJAef0BaJ0 Obl NPHHATL

B M.
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Pacuer OCYWIMTENbHOro [AeHCTBHS
FOPH3OHTaNbLHOro ApeHaxa

B YCNOBMSIX HANOPHOrO NMHUTaHKUA
[ycTaHOBMBLUMHCS PeXHM)

Ins psima KpynmHBIX OpolIaeMbiX MacCHBOB XapaKTepHO Ha-
JIHYHE BOCXOJAAIIHX TOKOB MHHEPAJNH30BAHHBIX TOA3EMHBIX
BOJ, MOCTYMAIOMIHX MOJ HAnopoM H3 TIaybOKO 3aJieraio-
IIHX  BOJOHOCHBIX nJaactoB. Ha  3HaueHHe Takoro
NOANUTHIBAHHA Jisi yenoBuit Tonoanoft crenn ykasbiBanH
H. B. Makpunun, B. M. Jlerocraes, A. I'. Baraaumupos,
~A. WU. 3arymennnit, A. Il. BaBunos, jaas uwacTu Tep-
putopun Kypa-ApakcuHckoit Huamennoctn — A. I'. Baanu-
MHPOB H JIp.

[IpakTHKa OCyIIeHHsI TaKXe [oKasaja, 4T0 Heyd4eT Moj-
MUTHIBAHHS OCYIIAeMbIX 3eMeJib HANOPHLIMH T'PYHTOBBIMH
BOJIAMH NMPHBOMHT K HEJOCTATOYHOMY ocylenHio (Tophsaubie
maccuBbl Ilonosepckoe, UYucroe-Bopckoe, uacTh NOAME
p. SIxpoMml 1 ap.).

OauH M3 BO3MOXHBIX MeTONOB OOpLOHI € 3acolicHHEM
OpOoIIaeMBIX 3eMeJb H H3OBITOYHBIM YBJaXHEHHEM — YCTpa-
HEHHE BOCXOJSIIIHX TOKOB HANOPHBLIX MOJA3EMHBIX BOJA IMyTeM
CHH)KEHHSI HATNOPHOCTH (Ibe30METPHYECKON NOBEPXHOCTH)
HanopHOro BOJOHOCHOrO MJjacra, H3 KOTOPOro MPOHCXOAHT
NMOANUTHIBAHHE TNMOKPOBHLIX, MeHee TNPOHHIAEMbIX NOYBO-
IPYHTOB. DTO JOCTATraeTCs BPE3KOH APCHHPYIOMIHX COOPYyKe-
HHfl (ryOOKMiAl rOpPH3OHTANbHBI JIpeHAaXX, BepPTHKaAbHBIA
ApeHaxX, KOMOHHHPOBaHHLIE CHCTEMBI) B OCHOBHOW Hamnop-
HEII BOJOHOCHHIH naact. OaHaKoO NnpH TakoM crnocobe, 0co-
GeHHO npH GOJBIIOH MOIIHOCTH NMOKPOBHBLIX MOPOX, BO3HH-
KaeT psA TpyAHOcTeli: HEOGXOMMMOCTL MeXaHWYeCKO# OT-
KAaUKH, CO3JIlaHHE YCTOMUHBBLIX MPOTHB ONOJ3aHHSA IyGOKHX
OTKPHITHIX KaHaJoB H T. A. BauanHe HAmopHOro BOIOHOC-
HOTO IJIacTa yCTpaHsieT OOBIIHBII, OTHOCHTENIBHO Herny60Kui,
CHCTeMATHUECKH pasMCUIEeHHBIH TOPH3OHTAJBHBIH JApCHAX,
PacnoJOXKeHHbII B MOKPOBHBIX, NMJIOXONPOHULAEMBIX NMOYBO-
rPpyHTax NMpH HAJHYHH HAPAAY C NHUTaAaHHEM €ro co CTOPOHBI
MOBEPXHOCTH 3eMJIH TOCTOSIHHBIX BOCXOJSALIHX TOKOB H3 Ha-
NOPHOTO BOJAOHOCHOTO IJ1acTa.

Ecan Takoit ApeHa)k NpHMEHSIOT AaA 60pbOLl ¢ 3acofe-
HHEM OpONIaeMBIX 3eMeJb, TO MUTAHHE CO CTOPOHBI MOBEepX-
HOCTH 3eMJIH GYIET COCTOSTb H3 MPOMBIBHBIX BOJA H (PHALT-
pPalHOHHBIX MOTEPb NpH opomenud. Ecan e oH npeaHasHa-
4eH JJIsi OCYUIeHHsl 3eMeJb, H B 9aCTHOCTH 06OJIOT, €ro mnHTa-

112

i
4
i
|
'.



Pue. 25. Cxema K pacueTy TrOpH30H-
TAALHOTO peHaxa, paGoraiomero no
OTHOAY BOCXOASMIMMHX HAMOPHBIX BOJA
(MiduabTpauus OTCYTCTBYET):

[~ nhe30MeTpHUYEcKAs [MOBEPXHOCTH IO OCY-
WeNN; Qaa — NOnEepXHOCTh TIPYHTOBHIX BOA
npn paGore APEHaxa; 688 — OCpefHennas
HONCPXIOCTS FPYHTOBBIX BOA.

I1He CO CTOPOHBI NMOBEPXHOCTH 3€MJIH MAET 3a CYeT YacTH
arMochepHBIX OCalKOB, KOTOPLIE NPOCAYHBAIOTCS IO IPYHTO-
nwx Bod. B ofoux cayyasx B KauecTBe NepBoro npubaHiKe-
115l MOXKHO CYHTATh HHOUIBTPAIHOHHOE NHTaHHe PaBHOMEp-
1O pacnpeaeseHHbLIM MO TJIOMIaJH H MOCTOSHHBLIM MO BeJH-
uMHe, TO €CTh paccMaTpuBaTh Chayyail CTauHOHapHOro
pexkuma (Asepbsanos, 1960).

Muranue ApeHaxa 3a cuer HanopHuX Bof. Ocnopnas
pacueTHast Cxema Jsi PacCMaTPHBAEMOro cay4asi sobpa-
JeHna Ha pucyHke 25. 31ech nNpUHSATO, YTO Hanop B BOJNOHOC-
nom naacre A pasen H=T--AH, nnu AH, npu orcuere ero
1A/l YPOBHEM BOJbI B CHCTEMaTHYECKHX JApCHAX.

[Tonzemuass BOja, NOAHMMAsICh MOJ HANOPOM CHH3Y
pRepx yepesd maact 5, KOTOPHIH MPHHHMAETCS 3HAYUTEHHO
MCHee BOJIONPOHHIIAEMBIM, YeM maact A, noctynaer B jpe-
nut /I, o6pa3ya NnoBepXHOCTb MPYHTOBLIX BOA aaa.

Tounoe pelmenne Takoi 3ajaaud TMPHBOAHT K pe3ynbTa-
TAM, KOTOpble TPYAHO HCMOJNL30BATh B NMPAKTHKE BBHAY HX
CJIOJKHOCTH, OTYEero 3/Aechb MNPHMEHAIOT HEKOTOpbie YIpo-
[LCHHSL.

Pemenue M. Mackera. M. Macker (1949) same-
naer obaacTtb (GHALTPAUHH NPAMOYTOJLHHKOM (€866C, TO
¢CTh c1a60H30rHYTYIO NOBEPXHOCTh I'PYHTOBBIX BOA @aa ro-
PH3OHTAJABHON NJIOCKOCTLIO 6686. IIpH 3TOM, MO-BHAHMOMY,

NpHHHMAaeTCs, XOTA W HEe OrosapHBaeTCi aABTOpPOM, yCJIOBHE
T

i

B stoii 3ajade MoOAJexRaT onpejenenuio pacxon Qi, mo-
¢Tynaolluii B APCHBl, H Hanop Ah B cepeinHe MeXAy Ape-
namn. Jlna ux onpeaeaenus M. MackeT npHBOAHT CJeAYIO-
e hopmyan (B HamHX 0603NaUCHHSX) :

2E 4k (AH — Ah) 148
& Incthh[T(n +4he/TN (169)

4 ch4 b
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Ah

AH—AR
g 2[2 In chhe — In (sh d sh 277)] (149) -"_
inch 7 ch [T (1 4+ 4hc/T)] —2in2ch2 b,
rae T=2aT/B; he=ahe/B; d= nd/2B.

B npuBejleHHOM peLICHHH HMEETCs HEKOTOpas Heompe-
JleNleHHocTh B BhIGOpe A — CpeJlHero npeBbILIEHHA YPOBHS
IPYHTOBBIX BOJ HaJl YPOBHEM BOAB B jpeHax. Tak Kak 3Ta
BeJIHYHHA JIEKHT B npenenax d/2< h.<<Ah n 3apanee He-
usBectna, To Gopmynamu (148), (149) noansyiotes nmyTem
noa6opa. Tak, 3Hasi Hanop B BoXOHOCHOM miacte AH, nua-
MeTp ApeH d, paccTosiHHEe MEXAy HHMH B M riyOuny sane-
rauug BojonocHoro muacra T, no ¢dopmyae (149), sapa-
BasiCh BEJHUHHON fo, HanpuMmep he=d/[2, MOXXHO HaWTH Ha-
nop mocpeanHe MexAay Apenamu Ah, mocje 4ero pacuer
YTOUHSIOT, NPHHHMaR YCIO0BHO Ao~ 0,5(d/2-+4-Ah). TToabsy-
ACh YTOUHEHHBIM sHaueHHeM Ah, mo dopmyne (148) MOXKHO
onpefeauTs pacxos apensl. Popmysan (148) n (149) caoxk-
Hbl JJISI MPAKTHYCCKOr0 MCMOJIL30BAHHSA, YIPOCTHM HX, YUH-
THIBasi MaJiocTh BesnunH d/B<1, he/B<L1, he/TL 1. Tlpu-
HATHIC JONYIEHHs NO3BONAIOT CYHTATD

¢hT ~chT (1 + 4hJT), chhy~1,shd ~d = ad/2B,

sh2h, ~ 2xnh,/B.
Toraa dopmyant (148) u (149) npumyT BHA: :
B~ - (150)
In[0,5¢h 7]
Ah In (1/2d ke ) (151)

AH—B8h  1n(0,57)

[Tpumepsl pacueToB NOKA3LIBAIOT, YTO HaJHYHE HAIop-
HOTO mnJjacTa Jdaxe na Goabwoi rayoune (7=50 m), He-
CMOTPSl HA TJIOXYIO IPOHHIAEMOCTb NMOKPOBHBIX OTJIOMKEHHH
(k~0,2 M/cyr), co3paer TaxKesble YCNOBHS Jias paGoThl

JipeHaxa.
dopmyana A. H. Kocrtakosa.Pemenne A. H. Ko-

crsikoBa (1960) nmeer Bu:
1] 2xAL (T -+ AH) L (152)
(AH — AR) [In(B/d) — 1] kg '
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tae Ry, Ry —xosbduuuentst (HALTPAUHH NJOXONPONHIAEMOr0 MOYBO-
fpynra b, B KOTOPOM 3aJIOXKEHH JPEHb!, H HANOPHOrO BOAOHOCHOrO mja-
¢ran A (cm. puc. 25).

Dopmyay (]52) MOZKHO HanucaTh B BHJeE

___on(T+AH) &

= l+f I=gese@m—1 %' "

Pemenune B. U. Apasuna. Paccmorpenue PHTO-

KA 13 TAyOMHHOrO HAMOPHOrO TJIACTa K CHCTeMe «ilesel

. E. )Xykosckoro» (Apasun, 1936; Apasuu, Hymepos,

1953; TIlony6apuuona-Kounna, 1952) npHBOAHT K cJe-
JAYIOLEM pacyeTHBIM (popMyJiaM:

AH/T=B[ ’3“;;‘” lnsin2(l_f:_p)] (154)

Q, = BkB, (155)

BB . e
= —Inct 156
e RO o
M3 ypaBHeHH# (154) 1o60pOM HaXoJsT BeNRYHAY f, a
satem no ¢opmynam (155) m (156) onpeaeasioT pacxory
ApeHsl Q; M Hanop mocpeanHe Mexjay ApeHamu Ah.
Pemrenns (154)—(156) npeanosaraior mHPHHY Ape-
HayHOM IIeJH NMPH MaJuix 3HaueHusx P pasnoit (Iloayba-
putosa-Kounna, 1952):

d*~0,26-%—, (157)

UTO NS MIAOXONPOHHIAEMBIX TPYHTOB OOLIYHO He co6JaI0Aa-

eTex.
PesyabTaThl pacuetoB no ¢opmymsam M. Mackera =
3. M. ApaBuna GJH3KH.
[Ipu manbix suauenusx B<1 ¢opmyan B. WM. Apasuna
ylIpouiaoTes H NPHHAMAIOT BHA:

AH/T=B(1+—§-1n3%), (158)
0t (159)

13 ap ’
UTO caeAyeT H3 NPUOJIHIKEHHBIX PaBEHCTB:

s R L S
14+p~1; lnsm2(l+m In =3
7P 1n—4—

s(1+p) B
g 115
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Ipn stom Q,=pkB. |
dopmyna (159) ¢ yuerom Beipaxenus (158) moxer
ObiTh npeobpasoBaHa: i

Ah=9¥pln—2-+§31n2=AH—p(7‘—i’-ln2). (160)
% . P n n :
Pemenne B. M. ApaBuHa noJiydeHo MNpH YCJIOBHH IJIy-
GOKOro 3ajeraHus HanoOpHOro nJjacra, TO €CTb NPH GOab:
wom othowennn T/B. dto BrAHo u3 popmyan (160), no
KoTopoit ornowenue T/B nomxno Outh Goabuwie In on="
=0,22 (npu 7/B=0,22 nonyuaercs HEeBEPHbLIAi Pe3yabTAT
Ah=AH, To ecTb JpeHak He CHH}KAeT YPOBHH TPYHTOBHIX
BoA). IlpaBHabHBIM YCJIOBHEM  HpHMeHeHHs  Qopmya
B. U. Apasuna sBasercs coGmocnne nepapenctsa 27/B=
=1 nau T/B=0,5, uro peako ObIBaeT B peajbHbLIX yCJOBH-
ax (sanpumep, T=20 M, B=200 ). ,
Huxe npuBejeno obuiee pemieHHe AJsi NPOU3BOJLHOIO
orHowenua T/B. 3

PemeHune AAsf NPOH3BOABLHON TrAyOGHHB
3aJeraHns BOJOHOCHOro naacra. 3a obGaacrh
ABHXKEHHS NPHOJHKEHHO MOXKHO NMPHHATL NPAMOYrOJAbHHR
casseac (puc. 25), orpanHyeHHbI CHH3Y BOJOHOCHHIM Ha-
NOPHBIM NJACTOM € NOCTOsHHLIM Hamopom H=T+AH (no-
BEPXHOCTb €C), H3 KOTOPOrO NMPOHCXOAHT BOCXOAsillee ABH-
WeHHe HanopHuiX BoA K japenam ([); cBepXy 3a rpaniuy
NOTOKa MOKeT OhTh NPHHATA, Kak 370 aenaer M. Macker,
OCpejiHenHas NOBEPXHOCTb TPYHTOBBIX BOA (MJAOCKOCTh
668). BepTHKaJAbHBIMH TpaHHUAMH NOTOKa CJAyxar mioc-
KOCTH €a8, OTAGASIOUlHE paccMaTpPHBAaeMBlii NMOTOK OT CO-
CeAHHX C HHM AHAJOrHYHBLIX TEUEHHH K JpeHam, Haxous-
IHMCS cJieBa H cnpaBa (paccmaTpHBaercsi BecbMa 00Jib-
IIOE YHCAO APEH).

ByseM cuHTaTh, YTO JaBJieHHE B JpeHaX PaBHO aTMO-
cpepromy. Toraa nmoAHbLIM AEHCTBYIOUIHM HANOpOM, 3a CHeT
KOTOPOTO NPOHCXOMHT ABHKEHHE CHU3Y BBepX, OyaeT pas-
nocets (7T+4AH)—T=AH, 7O ecTb npeBbHIUEHHE CTaTHYeE-
CKOTO HANOpa B BOJOHOCHOM mHanopHom mnaacre A wHaa
YPOBHEM BOJIbI B JIpEHaX.

Anasornynas 3ajaava, HO JJs Cayuas JABHIKCHHS TPYH-
TOBBLIX BOJL C 3aTOMJEHHOIN MOBEPXHOCTH 3eMJH Obina pemie-
na B. B. Benepuukosnim (1939) H HECKONBKO BHAOH3ME-
nena B. M. Apasunnim n C. H. Hymeposuim (1955); npu
ho=0 Takas e sajaya pewanach aBTOpoM (ABepbsiHOB,
19496).
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[IpunsB 3a OCHOBY yKa3amHbie pelieHHs, MOChAe HeKOTO-
pux npeoGpasoBaHmil MOJYYHM CJACAYIOUIHE COOTHOIIEHHS.
Pacxoa npHTOKa K OJIHOM ApeHe:

Q= R (161)
Arth cn (ﬁc -I- f.il2) dn {:c
dn (he -+ d/2) cn he

[IpeBpiuienne Hanopa nocpefinHe MeXAy APEHAMH Haj
ypoBHEM BOALI B ipeHax paBHO:

M:AH—&Arth[ °“_"°], (162)
dﬂkc

Wi =T e dgis 0o

raefte = PRI hetT "0 — ¢Qynxnus, obpartnas rIH-

nepGonutcckoMy Taurency; cn, dn— saaunrtuueckne Qynxuun SIkoGu

Pk ApryMenTax he nan hc+d/2 H Moayje #i. Moayab %y H COOTBET-
Craylouutit saaunTuyecknit mnterpan 1 poaa Ky HaxoAsTCs H3 COOTHO-
wenns

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

K — noanuii sanunTuseckuit nurerpan npu moayiae x=J 1 —x“; :

Boipaxenna (161)—(163) siBasiiorcs oOULIM pelieHHEM
4aj1a4H, KOTOPOC He OrpaHHYeHo, Kak JJis NpUBEAEHHBIX
panee 3aBHCHMOCTEH, ycjoBHEM ray0okoro Ham Heryy6o-
KOTO 3aJieraiisi HallopHOro rOPH3OHTA.

Tak kak BbiGOp BenHYHHB fig HE CHJIBHO BJHSIET Ha pe-
4yJIbTaThl, NMPHBCACM YacTHHE 3aBHCHMOCTH npH A.=0.
B srom cayuae dopmyiani, anasornunsie (161) u (162),
NPUMYT BHA:

nkAH

Qi —— (164)
Arth o fl_l2
dnd/2

Ak — AH — ,g-:- Arth . (165)

©Qopmyant (164) n (165) caoxubl A48 NPaKTHIECKOrO
HCNOJNbL30BAaHUA, MMO3TOMY PpacCMOTPHM YacTHHIE CJydYaH
ray6okoro H GJAH3KOro sajieraHdsi BOJAOHOCHOTO MmJjacTa.

a) I'aybokoe sareeanue 8000HOCHO20 NAACTA.

B stom uactiom cayuae npu B/2(T+h.)<0,5 nocra-
TOYHO TOYHO € yuyeTom paBeHcTBa (163) MOXKHO NPHHATH
(ApaBun, Hymepos, 1953):
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@t g Gl S x~4e"“(7:h°),

2 B ;

Buinuiiem Bxoasimne B popmyant (161) u 162) snaue-
HHSI I paccMaTpHBAeMOro cayuasi: '

hy = nh/B, d = nd/B.

SaaunTHYeCKHe (YHKUHH NPH MOAyae x%;~ | BLIPOXKAA-
I0TCS B THNEPOONTHUECCKHE:

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

HenocpencrsenHast TMOJACTAHOBKA NPHBENEHHBIX 3HAUE-
auil B Qopmyunt (161) n (162) He gaeT xenaeMbix pesyis-
Tatos. [losTomMy BoCnosb3yeMes 3aBHCHMOCTBIO:

Arthu = —;—lnl+",

|l —u

nociye psina npeobpasoBaHuil Haijaem:

Q= 2nk1;H 10
" W [sh? (o - d/2) — sh*fig)
#! kAH (166)
T T 1
B % 2}/ shd/2-sh (ke + dj2)

e he=whe/B, d= nd/B.
IIpu hc=0 noayunm (yursi manocts d<<1):

D kAH 15 EAH _167)

: : T/B+ ;?l‘—lnB/ud

L i
4T0 MOXKHO HaHTH HemocpeAcTBeHHO mo ¢opmyae (164),
MPHHAB AONYWIEHHS, BBHITEKAIOUIHE H3 coOTHOUICHHS B/2T <<
<0,5.
Hana naxoxaenns Bennunusl AR Bocmoabnayemcs ¢op-
myJaoit (162), kotopas nocse psiza npeoGpasoBanuil ¢ yue-
TOM YNOMSIHYTBIX JAONYIICHHH NMPHMET BHA:

e QLgny i oile S0 (168)
kn Y shid/2-sh (20 + d/2)
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[lpu he=0 umeem:

SR 1 Q.28
ak kx lnsh2/2 ket lnud : {£68)
3asucumoctn (166), (167), (168) n (169) necaoxubIe
il BIOJIHE MOCTYMHbIE AJI NMPAKTHYECKOro NpHMEHEHH.
6) Heeaybokoe 3areeanue 8000HOCHO20 naacra.
[Tpn B/2(T+he) =2 ¢ yuerom ¢opmyanl (163) moxnO
HanHcaTh:

- RE
i (T+h)
’

A2 7(1"'49

4 (T-+he) '’
cn (u, %) ~cosu, dn (4, )~ 1, sn(u, %) ~ sin u.

[ToacraBasis 9TH 3Havenusa B Gopmyay (161) u ucnoansysa
paBencTBo

x’\’], Kl’\"n/2, K~

Arthu=-2‘-1n"""

J g

nocae HeKOTOPLIX NpeoOpasoBanuil MONyYHM:

Q= et . (170)
R a
tg-tg (hc-i- —4—)
- £ he - a d
J o= . 3 d - Se— :
et R > (T+ho
[Tpu he=0 dopmyna (170) nmeer BuA:
Q, = kA [ TRAH (a71)
In : ln-sl‘-
tg 4 a
AT

Bropoe suipaxenne gopmyant (171) nonyseno npu ycuo-
pan d< 1.

AHaJIOTHYHO U1 NMPEBBLILICHHS HANoOpa Ha MeXApeHbe
HaJL YPOBHEM BOABI B JipeHax, moab3ysich (opmynaoin (162),

HaljaeM:
— nB -—

Y o

A= AR = —mbe |01
In = -

d == d

b thtg(hc-{—T)

-
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TaG6anna

. PesyasTaTst BLuMCACHWA SHAUCHWA Q MO PAIAMUHMM

thopmyaam
_B_ i i = it
r B i 10 100 1000
1 171 0,968 | 0,567 | 0,410
5 | 164 0,730 | 0,476 | 0,353
16 0,730 | 0,476 | 0,353
2 3 (171) 1,065 | 0,598 | 0,416
-3— L (164) 0,894 0,540 0,387
(167) 0,894 | 0,540 | 0,387
1 (171; 1,237 | 0,648 | 0,439
1 =g (164 1,152 | 0,624 | 0,428
(167) 1,150 | 0,623 | 0,428
1 1 171) 1,471 0,706 | 0,466
1 i3 *-5- 164 1,446 0,701 0,463
(167 1,427 | 0,697 | 0,461
1 171) 1,697 0,755 | 0,486
2 T 164) 1,691 0,754 | 0,486
167) 1,617 | 0,739 | 0,479
[pu he=0 dopmyna (172) npumer Bui:
_1B _nB
AT 4T
M=AH | 1— 2 — |~aH|1—2—— . (73
In——= Inis—e
d nd
th

C 1eablo BHISCHENHS TOYHOCTH NPHOJHKEHHBIX (opmya
B HuTepane 05<<B/2T<2 npu T=I10m AH=2 M, k= |
=03 M/CyT BBLIMHCAHM 3HaYCNHs NPHBEJCHHLIX pacxoios
Q=0Q,/kAH no dopmynam (164), (167) u (171) (ra6a. 8).

[pHBesenHbie AaHHbIe NMOKASHBAIOT, 4TO A OGLIYHO
BCTPEYAIOUIHXCS B NPaKTHKe cilyyaeB € OWHOKON menee
2% mas Bld=10 u menee 1% aaa B/d=100 MoXHO nojb-
soBaThes ynpomenuuivu ¢opmyaamu (171) u  (167), we
npuGeras k Goaee Tounoi H caoxnoit Gopmyae (164). ITpn
9TOM MOJKHO CUHTATh BOJAOHOCHBI MJACT 3ajeraiouum ot-
HOCHTeNbHO Truy6oko, ecan cobaopaercs HEePaBeHCTBO
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TaG6anuwa 9 Conocrasacnne pacueros Q; u Ah aas HECKOAbKHX
npuMepos

:’,f:::;,': ABTOp Ne dopMyan :;/Q{y: AJ" IMpumeyanse
B=20M, M. Macker | (150)—(151) | 0,124| 0,58
T=50m,
k=02 m/cyT, | A.H. Ko- (153) — | 1,06
CTHKOB
d=0,3 M,
AH=2 m, | B. WU, Apa- |(154)—(159)|0,112| 0,68
B)2T = 0,2 BHH
Ipennarae- | (166)—(169) (0,125| 0,57
MBIE peiuenus
B==100 m, | Ipemnarae- |(170)—(173) (0,172| 1,97
T=20M, |wMuie pemenns
ke=0,1 m/cyT, (167), (169)|0,126| 2,03
d=0,4 3. OmnGounnie
AH=2 wm, pesyabTaThl
BJ2T = 2,5 | B. M. Apasus| (158), (159)|0,142| 2,03
B =20 m, | Ilpennarae- | (164), (165) |0,330| 1,69 Boaee Toy-
T =10 u, |mbie pelweHns HEE pellleHHs
k=03 m/cyr,
d=0,1 m, (167), (169) |0,330| 1,70 s
AH=2 u, b, i
B=2T (171), (173) | 0,341 1,70 P

BIT<3, a pacuerni BectH mo ¢popmysaam (166) —(169); npu
B/T =3 BblYHCJEHHS € JOCTATOYHOH ISl NMPAKTHKH TOYHO-
cTbi0 npoBoaAT no gopmynam (170)—(173).

B taGanue 9 conocrasiensl pesyJbTaThl pacyeTos, Npo-
BeJICHHBIX AJIST HECKOJIBKHX NPHMEpPOB.

[IpoBesiennbIfi aHaNH3 MOrpemiHoCTed peKOMeHAyeMbIX
ynpoueHublX (popMys MOMkeT ObiTh pacnpocTpaHeH TakKkKe
u Ha ¢opmysst B. M. Apasuna u M. Mackera, 4T0 Mmo3Bo-
JSieT HX CYHTATh JAOCTATOYHO TOYHBIMH TNPH COGMIOACHHH
nepasenctsa B/T<C3.

Paccmorpum Gonee CAOXHBI cayuyall COBMECTHOrO MH-
TAHHS ApPEHa)ka 3a CYeT HANOPHBIX BOJX, MOCTYNAIOUWHX H3
HHXKeMeXalHX BOAOHOCHBIX IVIACTOB H HH(HJALTPALHOHHO-
ro NHETaHHs (NPOMBIBKH, YacTh NOJHBHBIX BOA).
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Pue. 26. Cxema K pacuery rOpPH3OHTAJb-
HOro ApeHaxka npH HAnoOpHOM H HHQHABT-
PAlHOHHOM NHTAHHH:

GUABTPANMOMHLIX H BOCXORAIMMX HAMOPHHX BOR,

— n — CoBmecTHOE NHTaHKe APEHAXKa 3a
VTSI cueT HANOPHBIX NOA3EMHBIX BOJX H
Sy B g HHQHAbTPaukH. [pa pemenus sToH

3aziau TIPHBEJEHbl HHIKe.
Pemenne B. B. Benepuukosa (1948). B. B. Be-
JIEPHHKOBBIM COCTaBJIeHBl Caejylomue ypasHenus (puc. 26):

KeitZ Ryt Q&
B=—2=(H, o) mon Hy=Hthy (174)

1—gq\ " K k
rae hy— BLHCOTA KanHAIsSPHOTO MOAHSTHA; q=qlk; K, Ki— nonune -
JHNTHYECKHE HHTErpajbl NPH MOAYAAX X == /4 (@*—Pp*?) (a*—1) H

#y=V | —%% a— s;aaMnTHYeCKH! MHTErpaJ NpH MOAyJde X W yrae

a?—1

@ = arcsin

Hamop hgq Ha BepxHeii KPOMKe APEHBI paBeH:
R Q Oy [ (u—a)/2K, %] |
he H° ¥ k2n Oyln(u+ a)/2K, %]
TOR5 7 7ty 9% .1 Q 01[3 (a—p)/2K, “]
hy+d=H Ho + Asm 0 S.0n (T p)/2K %)’ (176)

rAe ¥ ¥ p— SJNBNTHUYECKHEe MHTerpasn 1 poja npu moaysae % H yraax
COOTBETCTBEHHO

(175)

tp=amin——a’;l H qw=mmin-—-g’—--—l .
Vet V o

T = = ;

4 [n(AH—mgar—am] i

; (177)

ch [ -+ Arcsh —]
© — 19Ta PyHKUMH,

Hagrcanne u Hamop Mexiy JApEeHaMH ONpeAensior co-
OTBETCTBEHHO 1O (dopmynam:

122

[ — NOBEPXHOCTHL PA3AENA ONYCKAIMIHXCK HRte




Ah,—h,.=-l—ij;-(H+h.—%Archa)—T, (178)

o L SRy N L P
A — by = = (H + by — - Arch 2 ) — T — by (179)
[lpr oTCyTCTBHH HaBHCaHHM#, TO €CTb INpPH AHaAMeTpe
npenst d>dyp, HeydeTe Kanuaaspubix cua '(hx=0) u aas-
JACHHK Y BepXHell KPOMKH JIPeHbI, paBHOM aTMOChEepHOMY
(he=0), popmyan (174)—(179) ynpouajores:

Ah=r_‘_—6(ﬁ—§;mch-§‘7)—r;

= ied A Q On(a—p)/2K, %] ,
4t (1 K ) & k2n it Oylx (a+ p)/2K, %] 4
%=}/ (a®—p*) (@*—1); a=ch ’-‘é"-(AH +qM),

rae p— saaunradecknit murerpas | posa npm Moayae ¥ u yriae ¢=

ol —1
w arcsin ———— ; a — snanntrveckuil waTerpan I poaa npu moayae

Y @t ng

a?—1
¥ 1 yrae @=arcsin s .

ke 3
o TR il o
Mo = :

nk A
sh -a—(AH+qT—qd)

_B___:__l_(H_l_ﬁ___Q_,_g_)
g g IR T K

ITocne ynpouleHHsi PeUICHHE OCTaeTCA TPYAHBIM ANS
NPAaKTHYECKOrO MCNOJAb3OBAHHA, TaK Kak napamerp f*
BXOANT KaK B BEJHYHHY MOAYJSA %, TaKk H B QyHKUHH a H .

Pemenne C. H. Hymeposa. Ono npeanonaraer
pecbMa ray0oKoe 3ajeranne HamopHoro BOAOHOCHOrO nJjac-
Ta (.l)\pamm. Hymepos, 1953; Beaepunxos, 1939; Hymepos,
1948).

SR P’
il by SRR
Q=0Q +¢B, ¢B=0Q, (181)
/= ——9——::— - - (182
p - kB(1—q) " N b is s ( . )
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O |
AH=22+ 20 @), (183)

Y L ’ . ﬂﬂ'

D @) = (l+p)lnsm2“+m, (184)
rae Q — noamuifi pacxoi ApeHbl, NPHYEM H3 BOJAOHOCHONO HANOPHOTO
njacTa noctrynaer pacxoa Qi a 0T HH(pHABTPALHH — PACXOA Qo=¢B;
g=qlk; B’ — napamerp, HAXOAAMHKMACH H3 COBMECTHOrO PCIUCHHA yPaBHe-
auit (180) — (184).

Henocpencreennoe mnoab3oBanne ¢opmyaamu (180) —
(184) cBsI3aHO ¢ HEKOTOPHIMH TPYAHOCTSMH.

Ynpowmenuse pemenns C. H. HymepoBa.
[Ipu rayGokoM 3ajieraHHd BOJIOHOCHOrO TJjiacTa BBHAY

ymenbmmenns Q; snauenue B’ meseanko. Ipn ¢=¢g/kL1
npHOAKHKEHHBIE GOPMYJbl HMEIOT BHJ:

T e @ il B AL
ik lnnn' » B kB’ e@) T l"np' ¢
DTH YNpOINeHHsS MO3BOJAIOT HANHCATH 3aBHCHMOCTH:
0 4T (1 —;Bf in2 )
M=o BB d) —_, (185)
T n(l-———ln2) 7 (AH — Ah+qT)
k1 4
kB (AH — 0T
Q= = . §h+q Jii (186)
l——In2
aT
Buipaxenns (185), (186) npuroaunl mjs ApeH pasMepoM:
d>0,26k—‘_2—_; ; (187)

[TocnenosatensHocTh pacderoB no ¢opmyaam (185),
(186): npu wmssectHuix k, B, T, q, AH —noa6opoM 1o
dopmysae (185) onpexeasiior Ah, 3ateM N0 YpPaBHEHHIO
(186) — moamplil pacxoj ApeHaxa Q; NOANHTHIBAHHE H3
HANOpHOTo nuacta HaxoAAT no dopmyae (181).

®opmyant (185) u (186) npHroAusl Aasi OTHOCHTEJILHO
ray6OKOro 3aJieraHHs BOJOHOCHOrO mJjacra (y4HTHBas mno-
JoXuTeNbHOoCTh uaena 1—B/T-In2/n=1-—0,22 B/T).

Pemenus C. H. Hymepora A0CTaTO4HO TOUHLI MpH COG-
NIOJICHHA HepaBeHcTBa B/T<C3; caeayer Takxke yuecTb
orpaHHueHHe, Bhipaxkennoe dopmynoii (187).

Mpamep Ouennm sBausune HAGHALTPAUHOHHOTO NHTAHHS HA NO-
NOMEHHS YPOBHK IPYHTUBHX BOJ Ha APEHHPOBAHHOA MACINANH TPH Crg-
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TobGanna 10. Bausuue unduasTpanun na paGory npeHaxa
npn nanoprom nuranun (no dopmyaam C. H. Hymepoga)

4, afc-ra
INMokazarenn
0 0,1 0,2 0.5
Ah, M 1,690 1,860 2,030 2,540
AH—AR), m +0,310 | -+0,140 | —0,030 | —0,540
é, M¥eyr Ha | M 0,222 0,253 0,286 0,382
o, Micyrra 1 m 0 0,086 0,173 0,431
i, Mifcyrna |l m 0,222 0,167 0,113 | —0,049
o/Q 0 0,340 0,600 1,130
Q'/Q 1 9000 0’660 0,400 ._otl30

ayioimux yeaosuax: T'=50 m; B=100 m; AH=2 m: d=0,30 m; k=
w02 wmfeyr. TlpuMeM HHTEHCHBHOCTD MHQHABTPAUHONHOrO NHTAHHA
N npesenax moayas ¢ or 0 no 0,5 afc-ra.

Tax xak B/T=2, npuwensiem ¢opmyam C. H. Hymeposa (185) —
(187) (raGa. 10).

[To mepe Bo3zpactanus HHOHALTPAUHOHHOrO NHTAHHS NOBHIIAETCA
nanop mexay apenamu Ah, cranossick npr ¢>0,2 afc-ra Goablue, yeM
HANOp B BOAOHOCHOM MJAcTe, HCCMOTPH Ha paboTy Apenaxka. 3HauCHHA
(AH/—Ah) npr 3TOM CTaHOBSTCA OTPHIATEALHEIMH, TO €CTh BMECTO MO-
IKeHNa navaasHoro Hanopa AH paGmopaercs 3a CYeT YCHJACHHOM HH-
(ALTPALHE MOBHILIEHHe YPOBHA TPYHTOBHX BOJ HA MEXJAPCHLC.

[IpencTaBasioT HHTEPEC TaKKe H3MeHeHHS pPacXoA0B — NOJAHOro Q
i uuduasrpanuonsoro Q.

Ecap npu otcyreTBHH HHOHABTPAUMH BECh PacXxojA H3 BOJOHOCHOIO
HANOPHOro NnJiacTa Qg mocTynmaer B ApPeHH, TO MO Mepe YBENHYEHHS HH-
(maLTpanuoNHOro NHTaHKA Kak abcosioTHOe 3navenHe Qi, TaK H ero Xo-
Ja B Apenaxmom pacxosne (Q4/Q) mapaiwor, a npe ¢=05 afc-ra pac-
xon Qi CTanOBHTCA OTPHUATENLHLIM, TO €CTh HAYHNAETCA NHTaHHe BO-
JLONOCHOTO NJacTa 3a cYeT HHOUALTPAUHOHHLIX BOA.

[Tposenennoe namu ynpomerne pemecnns C. H. Hymeposa TpeGyer
onenkn norpemnocTn. OcHOBHBIE NONYMEHHUS, NPHHATHE HAMH: MaJOCTh

napamerpa P’ u orHowenna g=g/k; xkpome TOro, cama ¢opmyna
C. H. Hymepopa BuiBefiena npn ycaoBuH riyGOKOro 3a/erannsi BOAOHOC
HOro naacra.

Has yeaosnft npuwepa B’ = H3MEHAJIACH B Mpeaenax

kB (1 —b')_
or pr=00111 ao B =0,0195 npu T/B=0,5 u ¢=0--0,0215.

[MposenemM noacyeTs N0 OCHOBHBIM tgmynan (180) — (184) nas
nauGosee nebaaronpuatHoro cayuas ¢=0,5 afc.-ra. Pewas coBMecTHO
vpasnenns (181) u (184), Gynem mmern:

T IO L, e
0,0633 = B [l i (l+5)lnsm2(l+ﬁ,)].

[MoaGopom naxommm: B’=0,0193; Q=0,375 m%/cyr Ha | M; Qi=Q—
—Qu=—0,057 n%cyr; Ak=2,58 w. ; A i
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ConocraBaenune NOJIYYEHHBIX PE3YJIbTATOB C paHee DpO’

Be/ICHHBIMH BBLIYHCJEHHAMH MO NPHONHIKEHHBIM (opMyaaM

NoKaspiBaeT, 4TO jlaxe aas Haubojee He6JaronpHATHOTO

ciyyas npHO/AHKeHHble (OPMYJIHl OKa3anuCh JAOCTATOYHO
TounbiMi. Tak Kak oTHomienne < 1 (raxe nns He6naro-
HPHATHLIX 3Hauenuii ¢=1 afc-ra, k=0,1 M/cyT, g~0, 1),
napamerp B’ TakKe HEBeJHK, TO OCHOBHBIM IpPENsSITCTBHEM
AN IUHPOKOTO NMpPHMEHEHHA NpHOJIHXKCHHBIX hopmya (185),
(186) sBaserca orpanuuecHue B/T<C3. 310 ycnosHe OOBIY-
HO He coOJI0jaeTcsi, H NOTPEUIHOCTh, BHOCHMAas NpPHMEHe-
nuem ¢opmysn C. H. Hymepopa, B sToM canyuae Heompege-

JICHHA.

Huxxe npuBeneno npuGAMKEHHOE pelleHHe, CBOGOAHOE

OT YKa3aHHOrO OrpaHHYCHHS.

Pemenune ans nNPOH3BOJAbBHONH TrAYyGHHB
sajleraHusl BOJXAOHOCHOTO naacTa. Bocnoapsy-
eMcsl NPHOJHXKEHHBIM cnocob6oM, pPEKOMEeHIOBAHHBIM NpPH-
MEHHTEJbHO K JIpeHa)ky aBTOPOM M pas3paloTaHHBIM JAJA
peuieHus psja JApPeHaXKHbIX 3ajau coBmectHo ¢ Llioit Cun-e
(ABepbsainoB, Ilioii Cun-e, 1957); panee H. H. Bepurunpm
ObLJIO YKa3aHO Ha BO3MOXKHOCTb HCNOJbL30BAHHS aHAJOrHY-
HbIX NPHEMOB ISl PELICHHUS 3a-
Jla4y Mo pacyery JABHIKeHHS I'PyH-
TOBLIX BOJ NpPH NOATONJCHHH
3eMeJb.

HOCTb T'PYHTOBLIX BOJX aaa (pHC.
27, a) 3aMeHsieTcs TJIOCKOCTBIO
3'2" 123 unpH HaAHYHH HH-
(pHALTPAUHOHHOrO NMHTAHHS TOY-
uele veaosust B. B. Benepuukopa
(1939) samensiioTcst NPHOAHIKEH-
HBIM YCJIOBHEM:

Puc. 27. Cxema K pacuery JApeHaxa
NPH OJIHOBPEMEHHOM HANMOPHOM H HH-
(hH/IBTPANHOHHOM NHTAHAH:

=P @, 06— obnacTy MOTOKA 2z M KOMDAEKCHOR
ckopocrn | V; q-—ncnouoramwu nony-
IIOCKOCTE: -

[T1ocko-H30THYTasi TNOBEpX-

V}' e/ £ (188)

e e i i o O e m-rua..h m- b b il laakding Lo s




TO €CTb NPHHHMAeTCdA, YTO BePTHKAJNbHAA COCTABAAIOLIAA
CKOPOCTH Ha CBOOOAHON NMOBEPXHOCTH paBHa HHTEHCHBHO-
cTH HEQUAbTpauuH. [IpHHATHIE AONYUIEHHS NO3BOJSIOT CO-
craButh rogorpad ckopoctn V=V,+iV, uan xkomniexc
V=V,—iVy B Buae npamuix aunnii. Oro6paxas o6aactb
KoMmaekca V u 06sacTh NOTOKA 2==X--iy Ha BCNIOMOraTeb-
HYIO MOJAYIJIOCKOCTh {==E--in, wHaxomum cBuasp V=[(2),
noc/ie yero NOTEHIHaJ TCUeHHA w=@-}ip onpepensem o
hopmyse w== _[f(z)dz, 4YTO H SABJAETCA pelleHHeM 3ajauH.

[IpuMeHHTENBHO K CXeMe JABHIKEeHHsl, H306paKeHHOMH Ha
pucynke 27,a, cocrasjeH rogorpad ckopocreii (puc.27,6).

Oro6paxenne o6aacTH 2 Ha { NMPOBOJAHM, HCHOJAb3ysl (op-
myay Kpucrodpdens—Ilisapua:

dg
= - 189

rae F(@, %) — saauntageckufi nurterpan I poaa mpm moayie %, ¢=
==arc sin {.

[TIpu {=0; F=0; B=0.
[pn  {=P*=I1/x; 2=B[2+iHo=(K+iK))A; A=
=B};2K == H./K,, uto naer ycaosue:

BI2H, = KIK,, (190)

rae K u Ky — noanse sanunTHveckHe HuTerpasn I poja mpr MoAyasx
®nxg= Y l—x2
OxonvareasHo csash (189) npuunmaer BHA:
z 2Kz
§=sn(K1I,u)=sn(—-é—,u), (191)
rae sn(u, x) — snaunTHyeckuit cuuyc SAkoGs.

OroGpaxienne 06JaCTH KOMIJIeKca V Ha TOJymJOC-
Kocth §, HMes B BHAY COOTBETCTBHE TOYEK, NOKAa3aHHOEe Ha
pucyHke 27, 6, NpHBEJeT K 3aBHCHMOCTH:

V.—_-A,f E VIVt Be= AI4 B, /1192

b (ct__al)ﬂ '/ ;2 L% pti

HMuarerpan I Geperca nojacranoBkon {?=p*?—h,, uTo Aacr
pemenye:
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A

FAPEL (28%* —a? —vY) g —p
2 (B*? —a?) [ ]/m arctg B g + :::

+ @ =M= |

Ias toukn §: {=-+P% Ve=0; Vy=—g; V=ig; sma- |
yeune /=0, oruero By=iq.

_(ep%—at—vY) V,=0; |

e
Jnsi ToukM [: f=00; [= = 2 (B — a)

Vy,=—¢q. CaejoBaresabno,
ol (2Br—at—9Y)
‘¢ pm—-an

Orciona noaydaem: p*=2p*?>—a? C y4eTroM 3TOro yCJIOBHS
HHTerpaJ / CTaHOBHTCH PaBHBIM

o )V L —pee
¢—a?
u popmyaa (192) ynpoutaercsa A0 BbIpaMeHHs:

e v o (193)
o

Jas TOUKH 0z, t=0; Vg‘=0; Vy=+4Vs; V=—iVs:
—iVe= L tig; Ai=—22 (@+Ve)=x(9+Vo)a*

@
CaenoBareasHo, popmyna (192) npumer BHA:

Ve ot (g + Vo) ! B (194)

Ilast Toukn 4: t=a; 2=B[2+iT. Tlo ¢opmyse (191)
HMeeM: |

524 £ N
a=sn(l(+ iK,;{T—,u)= dn(T, %), T= ,-,T—K,. 1

C yuerom Buipaxcenna (191) moayunm:

) dn (2, %)
s + ig, (195)
¥ ol 1 —dn? (T, %,) s0? (z, %) o (8

S

rae ;=HLK.; dn — saaunTHveckan Gynxuus, dn u=y 1—x3sn'a
L)
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[Nposepum 3uauenne CKoOpocreli H OnpeieanM H3MeHe-
HHS HX B@JIHYHH 1O yuacTkam (cM. puc. 27).
Yuactok 6—5 (noBepxXHOCTbh HANOPHOrO IJacrTa): 2=4x;

& dn (x, %) - 2K
V=—ig+V ——tig; x=x—,
@+¥ 1—dn®(T", %) sn? (x, %) 9 B
rae dn(7T, %) uamenseres or 1 20 %y, DyHRUHA SN X HIMEHSCTCA B Mmpe-

aeaax or 0 no 1 u, caeaosateabno, suaMenatentb — NOJOKHTENLHOE Jeit-
CTBHTCJALHOE uNCA0 Mmenbiue 1.

Oynkuns dn (x, ) H3mensercs or 1 npH x=0 10 %
npn x=2B/2, o ects npu x=K. CaenosarenbHo, Ha yyacr-
Ke 6—5 komnaexkc V namensiercs or V=—iVs BTouke6 no

Ve — iy, =itV

xlsn’(fo ”l) 5
Tak kak »; sn2(T, %;) <<1, To aast TOukn 5 nMeeM
> (q+ Vs) e
by %y 502 (T, %) 4> Ve
Urak, ans yyactka 6—5:
Vx=0; V”____ (g -+ V) dn (x, %) —q. (196)

1 —dn? (T, %) sn* (x, %)
Yuactok 5—4: 2=B/2+}iy, npuuem 0<<y<T. Tak Kak
dn(K+iLK, x| =200% = W
( Hy x) PO M

a pynkuua sn(K-+iy, z) =1/dn(y, %), T0 nocae HeKOTOpHIX
npeobpasosanuii 110 popmyae (195) noayunm:

Ve — V@ dnG.x) 4 ;o
%1 [Sn’ (To ”l) —sn? (y9 “l)l
IT0 PaBHOCHABLHO PaBEHCTBAM:

V.=0: V.= (0+Vo)_m(_!;-”1)d"(§- L | T R | |
2 . #y [sn? (T, #y) —sn? (y, %1)] f 97)
B wacrnoern, npu y=0 (10 ectv Aas Toukm 5) HMeeM:
o (g Va) g
Vs %y sn? (T, %) %
YTO COBNAJaeT ¢ HAHNCHHBIM paHee 3HAYEHHEM.
9—288
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Has Toukn 4 noayuyum V=00, npuuem npu y<<T ume-
eM Vi=-o00, a 1pn y=>T V,=—o00, 4yT0 B JONKHO OHTH
IO CMBICJy 3allayH, TaK Kak CKopocTb V, MeHser mpanpas- |
JeHHe Ha obGpaTHoe. 8

Yuacrok 4—3 (T<<y<<H.):

V.=0; V,=— (@+ V) en (g, 1) dn (7, %,) —q. (198)
i J #y [s0® (¥, %;)] — sn® (T, %)

npg y=H,, y=K, naiinem Vy=—g, 1ax xax cn(Ky, %) =

| Yo OSSN, & VPRl B

Yuactok 6—1:z = iy; dn (iy, %) = d—"(_g_ﬁ‘)— ; sn (i'_l}, x)=="
en (y, %)
— isn (;o ”l) %
en (y, %)
[Toacrasass B gopmyay (195), nonyuum:
V=_i (—q+vt)dn(‘y:—ul)cn(§-xi) +iq.
en? (g, %) +dn? (T, ;) sn? (y, %)
Taxum oGpasom, ‘

¢
s it il

Vx S5 0; V” L (‘L‘" Vg) dn GL"I) cn (!;o ’il) LB (199)
en® (y, %;) + dn® (T, %;) sn® (y, %)
B uacrrmocrs, npu y=0 (rouka 6) Ve=q+Ve—q=
=V, npu y==H,; (touxka /) y=Kj, cn(y, %) =0, Vy=11

- —_—
R lh—_

IToabsysacs popmynoir (199), naiimem Ttouky pasmena
ABYX IOTOKOB — BEPXHEro MH(HJILTPAUHOHHOIO H HHXKHEro

HanopHoro. Ycaosne V=0 npH noacraHoBKe B BhIpayKeHHe
(199) naer:

e (@4 Ve) dn Gloo %1) en (Yo, %1)
cn? (;o ’ "l.) + dn?® (1_" ”l) sn? (.';0, ul)

OTKYAa MOXHO HalTH KOODAMHATY Yo, TIPHYEM Yy= ;—'K,. |
°

(200)

Aty GopMyay MOKHO 3amHCaTh HECKOJLKO HHAue, BBe-
As mepeMeHnyio a=H,—yq:

(9 Ve) %2 sn (g, %,)
dn? (7, x,) —xj s’ (a, %,) cn® (T, ;) ’

npH a=— Ki; Ho=T++h,.
He
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Vyacrok [—2—3: z=x+iH,. Wcnoapsys dopmyay
(105), nmeer:

o (g 4 Ve) %2 cn (x, %) sn (%, %) +ig,

dn2 (T, %;) — %2 sn? (x, %)
fnpu x= %—K; 0<<x<<BJ2.
Orciofa HaXOMUM:

_@tVoren @ msnlx (g9
dn? (T, %;) — %2 sn2 (x, %)

Ckopocts Vi yBeanuupaercs ot V=0 npa x=0 no
I{OKOTOPOTO MAaKCHMaJbHOTO 3Hauenusa Vp W 3aTeM CHOBA
yOupaer 10 Ve=0 B Touke 3.

Haiixst npoussomuyio ot Vi no ¢opmyae (202), ompe-
ACJAHM KOODJHHATY X, TAE CKopocTh V. MaKCHMaJbHA:

Vy === Vx

dn® (—7-‘, xl) p (203)
2dn2 (T, %;) — %2
[Toncraus suauenye X» u3 Gopmyan (203) 8 (202), no-

JYNHM MaKCHMaJbHOE 3HAUYeHHE TOPH3OHTAJbHOH CKOPOCTH
i1 1OBEPXHOCTH TPYHTOBBIX BOJ:

V,— (q+ Vo) %2 ;
2%, cn (7‘. x,) dn (71". xl)

Jlas onpesesienHsi KOMIJICKCHOTO MOTEHIHAala Te4YeHHs
We==@--ip, Kak yKa3aHo Bullle, CJEAyeT HCHONL30BATh

thopmyay

sn? (x,, %) =

(204)

®= g Vdz. (205)

e

Kak M3BeCTHO, HHTErpaJ No KOMIJIEKCHOMY MepeMeHHO-
My BAOJb JHHHH MOJKeT OBITh BHIPAaXKeH uepe3 ABa JeHCT-
BITEeJBHBIX KPHBOMMHERHEIX HATerpajia caepylomum obpa-
HJOM:

Sf(z)dz=5udx—vdy+i ij-l—udy,

rae [(2) =u+iv.

Yuntwgan, uro V=V,—iV,, noayuum caeayioulee BbI-
paskeHHe 1Js8 KOMIJIEKCHOTO NMOTCHIMANa:

W= ¢+ ip= 5V_,dx+V,,dy+ ij'dey—V,dx-{-C. (206)
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CaenoBaresibHO, NOTECHIMAN CKOPOCTH PaBell: ,
¢=jV,dx+V,dy+Cl, (207)

a QyHKuHA ToKa nafizerca no popmyJe:

b= (V.dy—V,dx+C, (208)

3nas no yyacTKaMm BHIpaxKenns aas ckopocreii Ve u Vy,
noacraeiass HX B dopmyaw (207) n (208) u npoussons
HHTETpHpPOBAHHE, ONpeaeauM (PYHKUHH ¢ H ). .
Yuactok 6—5: Vi=0; V, onpesenserca dopuyaoft
(196). Uurerpupyem mno auunn y=0; 0<<x<<B/2. Tax
Kak Vz =0, d,=0, 10 no dopmyne (206) naitnem:

x

X
mg—ifv'a=—“f[ (q 4 V) dn (x, %)
3 .

1 —dn? (T, %) sn® (%, %)
—4u+a

Yunthisas, uro d(snu)=cnu-dnu-du u oGoanauus
p=sn(x, z), m=dn(T, »,), noayuum:

p

- . He ¢ dp
0 =igx—i(g+ Vs +
m}ﬂ-wﬂVh¢
+C=igx—ilg+Vy)ie zm@ﬂztﬂip+
L Vi@ b
i gy i(q 4 Ve) He arctg %y 50 (x, %) sn (T, %) 1.
%50 (T, %) Ky an (x, %)

Tak xak norennuan cxopocT (GHALTPALHH paBeH @==
=—~kh (k— xoadpduuuenr ¢uavrpaunn, A — nanop), TO
npuHuMmaem sHauenuwe C==-—k/ (H — panop B BoJOHOC-
HOM IJiacre).

Caenosateanbno, (DyHKIHA TOKa W Oyler paBHa:

o= gr—2 - E V) He arctg"“"(‘." #)sn (7, )

uysn (T, »y) Ky en (x, %)
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Ha yunacrke 6—5 x Mensierca B npepenax 0<<x<<K (x—_—.

-35- K), H, caeposatenbho, 0<<sn (x, x)<<l, 1>cn(x,

#) >0 u Bhipakenne aprymenrta arctg uamensiercs ot Hyas
Hpn x=0 no oo npu x=25B/2. Torga nast Touku 5:

r ‘p=%_ (@+Ve)  He 1=_%, (209)

A0 Qq — pacxojl MPHTOKA K Jpelie H3 HANOPHOro NJACTa; SHAK MHHYC
locrasaen B coorBercrBuy ¢ mpasuaom H. E. JKykoeckoro (1936).

Yuactok 5—4: Vix=0; V, npuanmaem no ¢opmyie
(197), npn d§=f£{£dy.

[Toxacrasasns 3ua;emm Ve u Vy B dpopmyay (206), mo-
JyunM:

—

y i 4 s
m=‘V,dy+C1= @+ Ve) ._f(’_c‘fcﬂ(y:-nn)dﬂ(y-”x)dy_
0 i 1 sn? (T, uy)—sn*(y, %)

—qy+ = V) He g mG.x) o, 4 6o o10)
% sn (T, %) Ki sn (T, %) :

Jnece C|=kH—i% -
B uacTHOCTH, NIl NMXKHEH KPOMKH APEHBl, B KOTOPOM
HAOP CYHTACM PABHBIM flg, MOJAYYHM:

¢p=_kh,_—_—k11_q(7~_i)+ (+ Vo) He

2 w1 Kysn (7, %)
sn (7’ — —;~, x1)
X Arth - , (211)
- sn (Tv xl)

i
tae d= He K;.
Orciona nafgem, obosuauns AH=H—h,:
d
pati g (1)
_ _@+VoHe _ : 2
% Kysn (T, x,)

212)

sn(T——2~. ul)

A
rth (T %)
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ITo popmyne (212) naxonum Vi u pacxon Q.
Has ywactka 4—3, npousBeis aHaJOTHUYHBIE PaCyeThl,
noayyum (BuueT TOukH y==T naer ni):

o=AAct %) _ o0 pp B (913
sny, % 2
Has Toukn 3 OTCIONA MOXHO HANTH HAMOp Haj ApeHoi
k(AH — Ahy) + gHo = AArth [sn (T, %)],  (214)
rae Ml=h2‘—h‘.

Yuaacrok 6—1I: V.=0; V, nafinem no (199) u, npousse-
ASl MHTErpHPOBAHHE AHAJNOTHYHO NPeAbIAYIIEMY, MOJYIHM:

@+VOHe _ g oih b sn G, %) 50T ) — qy—kH. 215)

%1 Kl sn (-7-" ”l)
Jas mexapenbst (touka /): y=H; y=K,; nanop — h,
k(H—h)+ qH,= AArth [xsn (T, %)].  (216)

Buinnmem pacuetrHsie GopMyast:
1) moanwii pacxon, noCTynaomui B APeHb:

wfor+i(r—)

i

sn(T—2-, )

Arth WiT. %)

rae AH=H-—hy,

2) pacxoll HHOHALTPAUHOHHOrO MHTaHNA: Qu=¢B;
3) pacxoa, noctynalouluii H3 HANOPHOro NnJacra:

Q=Q—Qu; (218)

4) npeBHNICHHE HANMOpPA HA MEKAPEHbE HAJA YPOBHEM
BOAM B apene (Ah=h,—h,) pasuo:

Ah = [AH-I—E(T—%)](I —<D,)+i(hc+.—‘;-), (219)

npH

@, — Arth ey sn (7, ?c,)]

Bl o
sn(T—-7, x;).

sn(T, %) '

Arth
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) npeBbilieHHe HaNopa Haj APEHOW HAaA ypOBHEM BO-
AW B JpeHe: '

Ahy= [AH+3(T—-§-)]<1 —®)+7(he+ <) @0
npu

D= Arth [sn (7, %,)]

o(r-20)

o (T, %)
B npuBeaenunix Gopmysaax

B =l(_
AT+ he) Ky~

[Ipy OTCYTCTBHH HMH(HJIBTPALHOHHOIO NHTaHHA B (OPp-
mynax (217)—(220) caenyer npunsate ¢=0; ecan, Kpome
toro, npubauxenno npuusTe T~ He, 10 ecth he=0( cM.
puc. 27), aHANOTHYHO TOMY, KaK 3TO AeJajoch AJis ciaydas
WHCTO HAMOPHOro MHTaHus, TO dopmyant (217) u (219) me-
peXOAAT B paHee BbiBeAeHHble (GOPMYJBI COOTBETCTBEHHO
(164) m (165). 53

Jleiicteureasno, npu T~ He, T~K;, sn(Kj, %) =1.

NJIQJ

Arth

(popmyna (217) cosnanaer ¢ dopmynoii (164), a popmyaa
(219) mepexoaut B popmyay (165). Popmyna (220) B
9TOM CJaydae He HMeeT MeCTa, Tak Kak Ahs COOTBETCTBYeT
Bepxy ApeHbl, TOTAa Kak MpH jonyleHHH he=0 cuHTaloT-
¢s1 paGoOTaIOUIHMH MOJYAPEHI.

dopmyan (217)—(220) pemaloT nocraBJeHHYIO 3aja-
\y, TAK KaK IO HMM, 3Had &, ¢, T, B, AH, Moxuo HahTH Q,
Ql. Ahv Ahs'

YnpocTuM nosyyeHHbe GOPMYJILL.

a) Ipu eaybokom 3arezanuy 6000HOCHO20 naacra.

wHy

£=_B_<o,5,1(~_"2_,1(1~ Jg~1, x~4e" B,

K] 2H°

nfe
B
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O6o3unayus T'=H.h., HMeeM:

H,
3aech
— hc
hc T + hc Kl'
Torna
a1 (T, ) e 80 (= oy ) e 2 2).
dn (e, %y)

Arth [, sn (T, #)] = Artha8lie. %) _ prep 40 e, 1)
dn (hc > %

Tak KaKk MOAYJb % OYCHb MaJ, NPH %y~ 1 MOXHO NPHHATD!

Archu ~ 1n2u, dn (g, %) ~ n;n.,.

CaeoBarelibHo,

Arth [, sn (T, u,)1~—"b’ﬁ—1n2ch%°, (221)

Arth [sn (T, %,)] ~——- — ln2sh-—";—'9. (222)
“locae npeoOpas3oBaits NOJYUHM:
T 2 %
n . 9 P ! 1
Arth ~ Arch ~
sn(T. xl) l/ a
%)/ shosh (2"°+ 2)
"”c
B
ol ln 2e ﬂ”c + (223)

B ¢opmyse (223) sBHAY MaJIOCTH oTHOMIeHNHT he=1/c/B 1

d=nd|B npunsro shu~u.
YunrhiBasi NpHBEJEHHBIC YNPOUICHHHA, MNOJYYHM OCHOB-

Hble pacueTHbie (GopMyJibi:
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ik [Aﬂ+5 ('r—?)]

Q= ' (224)
(TR
B d
on l/d(hc+ T)
she
B ch B

In

iz ul/dhc+-§—
o o 3~ gl

=t

s
S VT

(225)
Q=Q—Qu Q=9B, ¢=qglk. (226)

Herpyaso nokasaTth, YTO NMPH OTCYTCTBHH HH(HILTPAUHOH-
o nuranns (g=0) dopmyan (224), (226) nepexonsT B
(popmyan (166) n (168), a npu g=0 u he=0—B dopmy-

Jaut (167) m (169).
6) Ilpu 6auskom 3aae2GHUL BOOOHOCHO20 NAACTA.

B sToM cayuae MOXKHO NMPHHSTh:

K B P B _ B
KB oo pa B g B L TR
Ky 2Hc> S » K 2 K PR i

= h

B e e L Cliss s

R K 2 "H,.

sn (u, %,) ~ sin, cn (4, ®,) ~cosu, dn (4, %) ~ 1.

Arth [, sn(T, %,)] = Arth M —
dn (hc ’ xl)
SEN. | SeETH
~ Arth [%y, cos hc] ~ Arth [4e e cos hc] i

d
sn (T—"’z—', ul) -
Arth ~ Arch cofie ~
% l/ sin? (Ec i _g_)— sin? fie
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: OOSZQ “‘ln 4”.0033.

3 l/sln —;"— sin (27.. + -g—) nl/m

Pacuernsie dopmyabl npuMyT BHA:

2
e ’
2(T + he)
al/d(hc+%)

Ah=[AH+’<}(r—-;—)]x

ol

4(T + he) cos

In

U, B z o

T[Ty the ]
Arth[%e ( coos2(T+h¢)
Mc

In 2(T + he)

L

OrtmeTnM, uto ecan =0 u T=H,, TO ecTb B MpaBHX
yactsx Qpopmyn (227) u (228) npuusite he=0 u ¢==0, 10
OHH NpPHOGAHKERHO OGYAYT COOTBETCTBOBaTH (OpMyJsaM, pa-

X| 1—

4(T + he) cos

~

(227)

B s sk S b o

kot L), @28)

Hee BBIBEACHHBIM JJifi OJH3KOro 3aJieraHHsi BOJOHOCHOIO

nnacra (171) u (173) (npu manwix u, Arth u~u, cosu~

~1).

PaccMOoTpiM BaXKHbIl /151 BLISICHEHHSI PaCCOJSIONIEro

ACHCTBHA JPEHa)a BONPOC O MOJOXKEHHH pa3jiesia MeXay |
ONyCKaoumuMess HHOHABTPAUHOHHBIM W NOAHHMAIOUHMCSH

HANOPHLIM NMOTOKOM, TO €CTb NMOJIOMKEHHE TOYKH € Ha pH-
cynke 27.

Buire, npH paccMOTpPeHHH H3MCHEHHS CKOpOCTel Ha
yuyacTke 6—/, 6u10 Haiaeno ycaosue (201), us koroporo
MOXKHO HaNTH KOOPAHHATY Yo WIAH rAYOHHY ONYCKaHHS HH-
GUABTPAUHOHNBIX BOA a==H ,—1y,.

YuureiBag 0603HaveHHsA

= hc "'= x> _'= a
b= R T, e =

138




I nenonbsyst pasenctBa (212) wu  (217), dopmyay (201)
MOJKHO 3anHcaTh B CJACAYIOUIEM BHje:

Q 32 Kycn (he, %) dn (he, %;) sn (a, %) (229)
MThe)  [1—xisn® (B, %,) sn (g, %))]
[1ps ray6okoM 3ajeraHHH BOAOHOCHOTO IJIACTA %)~ 1 H
- — l — p—
en (he ,%y)~dn (hg, %) ~ TR sn(a, %#,) ~ tha,

K1=n(T+hC) ;

q:

B
Iloscrasus 3Tn 3sHaueHuss B Bupaykenne (229), Hahgem:
9B _ tha

Q  chho—sh? e th?a

YUHTBIBas ManocTb Re, MOJMY4HM:

a~ -f;- Arthg¥, (230)
iprueMm g¥ = gg-' = % — €CTh OTHOIIEHHEe HHPHALTPALHOH-

Horo pacxopa Qg K NOJHOMY JApeHaXXHoMy Q.
H3 ¢opmyant (230) pumuo, yto yem OGoJjblie HONS HH-
(pHALTPAUHOHHOIO NHTAHKA B OOLIEM pacxojie, TeM ray6ixke

IPOHHKAIOT HHOHALTPAIHONHLIE BOJBI.
[Ipu 6aHM3KOM 3asierandd BOJAOHOCHOTO IJ1acTa aHaJo-

FHYHLIC BBIKJIAJAKH TAaKOBBLI:

~ 58
4H 11 aB
#~4e € ~— ~—
1 ’ Kl 9 ’ 4Hc ]
Hy=T+h
Q %, €os fie sin @ - qa
—— - - — “ a — —
q 2H, [l-—-xfsin’h sinzaJ T o, °
nthe
o 2(T+he)
Pewenune KBaJIPATHOI0O ypaBHEHHST HaeT:
/1 4452 .
xlsmasmhc Y i 2? l .

e A=.2!i_’!sbt_g_"°_.,
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TaGanua 1. Bananue nuduavrpaumn na pabory npenwaxa
npu nanopuom nutanuu (no dopuyaam C. H. Hymeposa
n C. ®. Apepnanona)

HurerchpliocTs MHGUALTPARMOREONO MUTA-

HHy ¢, a/cra
ToknsaTenn &m
0 0.1 0.2 0.5
Ah (185) 1,600 | 1,860 | 2,030 | 2,540
(224)—(226) 1,650 | 1,810 | 1,990 | 2,520
Q, M/cyr 186) 0,222 | 0,253 | 0,28 | 0,382
(224)—(226)| 0,252 | 0,281 | 0,310 | 0,403
Qq, M®*/cyT 0 0,086 0,173 0,431
Qy, W¥/eyT asny | 0,222 | 0,167 | 0,113 | —0,049
(224)—(226)| 0,252 | 0,195 | 0,137 | —0,028
a, n (230) 0 10,100 | 20,000 | >s50

VauTLIBaA MAJOCTh BEAHYMHB A, NPHOAHKEHHO MOXKHO Ha-
nucats V 14-42%~ 14242, oTKyla noayuHM:

nB
A [,9‘(T+fc) ; 4(r+n¢,]~ .
n 2B cos he

2”(: . q.Hc nB '
~aresin |7 sh 2= |- @31)

datd -
a0 at g eas [

W3 ypaprenus (231) moxHO HaiiTH npeicjbHOE COOT-
HOIIEHHEe HHQHALTPAUHOHHOTO M  MOJHOrO JIPCHAXKHOIrO

pacxosa (q*= ‘-'g-), NpH KOTOPOM HI(GHABTPALHOHABIEC BO-

Abl JOWAYT A0 BOAOHOCHOIO NJiacta M HAYHYT €ro MHTaTh.
Has storo, npuusis a=71 (nupn hs~0), naiijiem:

B _ ephTB |
= qsh4T. (232)'

Hanpumep, npu B/T=4 ¢*=0,346; nprn B/T=8 g¢*=
0

CpaBHHM UIs YCJOBHI PacCMOTPCHHOTO paHee npumepa
senHYHHnt Ak, Q, @Q,, BuuHcacHHbe 10  (opmyaam
C. H. HymepoBa ¥ no ¢opmysam, npHBe/leHHLIM B HACTOs-
uweM paspaene.
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[Tpu pasGope npumepa ObIH NPHHATH CjaedyloulHe HE-

- xoanste fannsie: B=100 m; T=50 m; AH=2 m; k=

w02 mfcyr; d=0,30 m; MoAynb HHQHALTPAUHOHHOIO IH-

~ fanns npuust ot ¢==0 10 §=0,5x/c-ra. Beanunus Ak, Q

Q) onpenenum, noabsysich gopmynamu (224) —(226), ray-

iy onyckanus MHQHALTPAIMIOHABLIX BOJL Ha MEXApenbe

nafizem no gopmyae (230), Tak kak ornowenne BfT ans
yeaosuit npumepa pasio 100/50=2<3, uT0 yAOBIETBOPSI-
or TpeGoBanuaM ry0OKOro 3ajieraHHs BOJIOHOCHOTO nJjac-
™ (raba. 11).

Conocrasnenne nokasmsaer, uro ¢opmyas C. H. Hy-
meposa u (224)—(226) nawT NpPakTHYECKH CXOAHBIE pe-
ayapratel. Tak Kak paccMoTpeHHmie panee  (QopMyitil
M. Mackera, B. Y. Apasuna, C. ®. AsepbsinoBa npeayc-
MOTPHBAIOT HAJWYHE TOJDLKO HANOPHOrO MNHTaHHA, TO
JUISi yueTa COBMECTHOIO JeHCTBHA  HAMOPHLIX M HH-
(puasTpaunornsix Bojx ocraiotes ¢opmyan C. H. Hy-
mMeposa u astopa. Choxhele st 110Jb30BaHHA (opmy-
A (180)—(184), (217)—(219) OGwman ynpouens! aBToO-
POM KHHIH.

B dopmysnax C. H. HymepoBa npHHATO:

g=qlk <1 n p’=-k—QE<g(l.

O6biyHo  9TH  yeaoBns  cobaojaiores. B BbiBoje
C. H. HymepospiM OblIH  NPHHATHL  <APEHaXKHBbIE LIENH
JKyKOBCKOTO», 4YeM ONpeJlensieTcs KPHTHYCCKH pasMep

apen, paenntit dy, = 0,26 SR , 4TO JlaJieKo He Bceraa cob-
| P b =

gofaercst B natype (reMm Gogee Juis TSKENALIX FPYHTOB), a
TaKZe JIOCTATOUHO rAyGoKoe 3ajieraHne ROJOHOCHOrO mnJjac-
Ta (B/T<3).

B csizn ¢ npunatiem C. H. Hymepoeum «ueneii JKy-
KOBCKOTO» B KauecTBe jpeH JAHAMeTp ApPeHbl B pacyeTHbIE
gopmyanl e BXoanT. Jlonyuienns, npHAATHE aBTOPOM KHHI'H
iipn BeiBoAC o01HX Gopmya (217) —(219), sakaoyanuch B 3a-
mene yeaosus B. B, Benepnnkosa na co60aHON NOBEPXHO-
¢t yeaoshem Vy=-—g u ynpouienuem oGaacti (HAbLTPA-
unn. Kak noxkasajaum apyrHe HalH HCCJACJOBaHHs, NpoBe-
aenusie copmectHo ¢ Lo Cun-e (1957), jas Apyrux cxem
pacuera JpeHa)ka yKasaHHble JIONyLIelHs HE BHOCAT Cylle-
CTHEHHOI TOTPELIHOCTH, YTO NMPOBEPEHO Ha JIAHHHIX Na6o-
paTopHLIX onETOB. B cBAsu ¢ stHM  obmue GopMmydbl
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(217)—(219) MOXHO cuHTaThb AOCTaTOYHO TOUHEIMH. Ile- ;'.
pexof oT STHX (GOpMYJ K YIPOUIEHHLIM MPOBEACH AJS ABYX |
cayuaes: raybokoro (B/T<<3) u Gausxoro (B/T=3) sane-

raHuil BOJAOHOCHOrO nuacra. B o00HX ciayyasX NpHHHMA-

aock d/B<<1 nan d/T<1, uto 06uYHO cob.il0faercs, Kpo-
Me cayuasi OveHb GJH3KOro 3aJjieraniis BO/IOHOCHOTO IJac-

Ta.
Jas NPaKTHYECKOro HCNOJAb30BAHHA MOXKHO DPEKOMCH-

AOBaTh NPH pacyere OCYIIHTENbHOrO JACHCTBHs JIPEHAXa,
[HTAIOUIErocsi OZHOBPEMEHHO HanNoOpPHLIMH H HHQHAbTPAUH-
OHHBIMH BOJAaMH, NpPH raAyGOKOM 3ajieraiHH BOJAOHOCHOrO
naacra (B/T=<<3) ynpoutennne popmyan C. H. Hymeposa

(185)—(186) u cQopmyant aBTopa kimrn (224)—(226), a

anst 6auskoro 3ancrasms (B/T=3) — dopmyasl aBTopa
(227) —(229). I'ay6uHy nNPOHHKHOBEHHA MHQHJLTPAUHOH-

HBIX BOJA (6e3 yuera pasHOCTH B YAeAbHOM Bece HH(pHIb-

TPAUMOHHBLIX H HANOPHEIX BOJA) Ha MCMKIADEHbE MOKHO Hal=
TH, NOABL3YsCb JAAsl rayGokoro 3ajaerands BOAOHOCHOTO

ngacra dopmysoii (230), a aas Ganskoro — GopMmyJIoH
(231).

O pacyere pacCTOAHHA MEXAY JAPEHAMH NPH HANHYHH
HANOPHOro ¥ HHOHALTPAUMOHHOrO NMuTanus. Boie npeano-
aAaranoch, 4to Kosdhduuuent ¢uantpaund (k), HHTEHCHB-
HOCTH HMH(HABTPAUHOHHOTO nuTanus (¢g), rayOHHa 3ajera-
HHA BOJIOHOCHOro maacra (7), npessilieHHE HANOpPa B HEM
Haj ypoBHeM BoAb B apenax (AH), aumamerp apen (d) H
paccTosiHRe Mexay Apenamu (B) H3BecTbl, TpeOGOBaNOCh
OnpefeNHTh NpeBblllleHHe YPOBHA TIPYHTOBHX BOA HA
MeX/Ipenbe Haj YpOoBHeM Bojw B apenax (Ah) u npm-
TOK BojAB K JApenam (cymMMapubiit Q H H3 BOJOHOCHOTO
naacra Q).

OnHako B NpakTHKe NpOCKTHpOBaNHs TpeOyercs onpe-
ACAHTL PaccTosHHe MeXAy ApeHamu (B) mnpH 3ajAaHHBIX
seauunnax Ah, g, k, T, d. Jlonyctum, yto AH u3BecTHO Ha
OCHOBaHHH MAANHLIX THAPOTeOJIOrHYECKHX HCCJIe/I0BaHHH,
BuinHmeM paccMOTPeHHBE Bbime (GopMmysibl HrpeobGpasyem
HX JAas Gojee MpOCTOro ONpeieseHHsi PacCTOSIHHS Mexny
apenamu B.

a) OrHocureabro 2ay6okoe 3arezatue 6000HOCHO20 NAA-
cra (BIT<3).

®opmyan C. H. Hymeposa (185)—(186) ne ynaercs
H3MEHHTb TaK, YToOBl BeanunHa B 6bija Bbipa)keHa B 5iB-
Hoil Gopme, OTyero 3ajgauy NPHXOAMTCS pemwats NoAGO-
poM.
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[lepenumem dopmyast (185) u (186) B BHAE
T*4 (AH—1)In

T*—In2
~ AT .
=In2-+ (AH—1)In = (233)
kAR (AH —1)
O=——wTay " )

Anecw

¢ AT . AH=AH+qT
- ’ Ah

B npapoit vactn Gopmyant (233) Bce BeHYHHBI H3BECT-
i, H3 JeBOH YyacTH noaGopoM HaxoauM T*, zatem onpene-
nieM paccTosiHHe Mexay apenamu B=naT/T* u pacxon
Q no gopmyne (234).

Qopmynsr (224) —(225), yunthisas HepasencTso BT <<
«.3 B npHHHMas BBHAY MaJocTH oTHOmeHHN h./B, h./T,

chnh/B~1, T+h,~T, E(ho-l- —‘21) & Ak, HanumeM B
CJeaAyIioleM BHAC!

[AH +qT]In afﬁ

Ah = = e (235)
H TR

Q=SCA+dD (236)

BT

3nech

d*=d npu h,=0; d*=2) dAh npu h, = Ah;
d* =V 2d(Dh +d) npu ko= O,S(Ah + %)
Beoas oTHOCHTCABHBIC 3HAYCHHSA, KaK 3TO CHAEJNAHO Bhi-

we anxs gopmyan C. H. Hymeposa, nonyuum smecro (235)
H (236) caeayonine BuIpaX<CHHA:

T* 4 (AH — 1) InT* = (AH — 1)1n"’{; +1n2, (237)

akARAH  _ wkAR (AH — 1)
T.+ln_ T.—ln2 ’

(238)
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410 cosnanaer c¢ dopmyacii C. H. Hymeposa (234) aan
onpeAescHHs pacxoja. ‘
ITo ¢opmyane (237) noaGopom naxoaum 3Hauvenue TF,

MocJe Hero ONpeAeNACM PacCTOsIHHE MEXKAy JpeHamu B=

=nT/T* u no puipaxennio (238) Buiyncasem pacxon Q.

Mpumep. TpeGyerca onpefiesuTs PACCTORHNE MEXAY ApCHaMH

rayOuHOfA 2 M, KOTOpBE TPEANOAaracTCs OCYHIECTBUTh B BHAE OTKPHTHIX

KanajoB mupHuoi no any be=0,5 m. Hasecrio, urto na rayGuse 40 m or
NOBEPXHOCTH 3eMJH W HA n’l}'6nue T=38 M or Aua Apen 3aneraer BOAO-
HocHE naact ¢ wanopom /=39 M, TO ecTh NpesbIUeHHE STOro Hanopa
HaJl oTMeTKOol ana xavanos (aper) AH=1 m.

HnTtencusrocts HEQHUABTPAUNOHHOTO (CPEAHETONOROT0) NHTAHHS

g=0,2 ajc-ra, TpeGycrcs, 400 NpH HAANIHK KaK HHOHALTPANHOHHOTO
OHTAaHWA, TaK H HANOPHOrO MOAMHTHEBAHHA TPYHTOBHE BOAW HE NOAHH-

MaJHch Ha Mexjapense Goaee wem Ha 1,5 M OT nOBEpPXHOCTH 3EMAH
(Ah=2—1,5=05 M, cunras rayOnuy BoAMW B Kauaaax fo=0); xospdn-
uHent GuasTpaunn rpynta £=02 m/cyr.

L. Ong‘nenuu paccTosiHHe MeXAy ApeHaMH H HX pacxoA no dop-
myaam C. H. Hymeposa (233) — (234).

Haxons penomoratenpiibie Beamunast AH= ﬂ;"T"lr_-z,ss

(Eg.%_ ==0.00864). no ¢opmyae (233) noxbopom mnaxoaHM T+=17,25,

orkyna B==165 m. Tlo dopmyne (234) nafiiem noaunit pacxox nprTo-
Ka K apene Q=0,0795 m*/cyr Ha 1 m.

Tonnuit Moayab APEHANHOTO CTOKA §xp=0,56 afc-ra.

Ha obmero xoanuvectsa 0,56 afc-ra 3a cuer HEPUALTPANHOHHOTO
muranna nocrynaer 0,2 afc-ra u 3a cueT NOANHTLIBAHHA HaNOPHLIMH BO-
namu 0,56—0,20=0,36 afc-ra.

238% MposejeM anajorsuusie pacueTsl, noabaysce dopmyaamu (237)—
( ?

HNas seanunnst d* npumem cpeanee suagsenwe d*~= ) 2d(Ah+d), .

coorserctayomee he=05(Al+d[2). B cayuae, xorna apenax npea-
crapjen KauajaoM, npHGAMNKEAHO B pacueTHbX (GOopMysax BMeCcTo Aua-
merpa Apentt d MoXno npanuMars d=0,5b0-+he. ;i

Has ycaosuit npumepa d=025 m; d*=0,64 u; AH=266.

Moacrasans p Gopmyay (237) sHauecHHs H3BECTHHX BCAHWHH, NOA-
Gopom unaxoaum T*=571, orkyaa B=20,9 m. Pacxoa apess onpeneinM
no dopmyae (238) Q=0,104 m¥/cyr na 1 . [Mornwht mMoayss Apenax-
HOIO CTOKA Qup=0,005 M/cyr=058 a/c-ra, nprnyeM 3 HanopHOro BOAO-
wocnoro naacra nocrynaer 0,38 a/c-ra.

Cay6uny nponukanus HAQUALTPAUKOHNLIX BOA HA MeXjapeuse a on-
peseany no dopmyae (230) a=2,4 m.

I'pannpa pasfiesa RHCXOAAUHX HHOHILTPAUHMOHNLIX H BOCXOASIIHX
HAMOPHBIX BOJA OYAeT HAXOAWTHCA HIMKE NMOBEPXHOCTH 3eMan Ha 39 M W
HUKe Ana xanatos-apew na 1.9 m.

Taxkum obpa3zoM, HecMOTPH Ha ray6oKoe 23a7erasue BOAOHOCHOrO
maacta (T=38 M) n ornocuTeasno mueGonpuiyio ero manopuocts (H=
=1 M), RaJHYHC BOCXOAALINX HAMOPHHX TOKOR CYIECTBENHO YDeAHYHPA-
er APCHANKHBIN MOAYAL M BHUIYKIAeT HACTO PasMeulars Apenun Aas
oGecnevenns HCOGXOAUMOro NONHKEHHS YPOBHA IPYHTOBHIX BOA.
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0) OTHOCUTeAbHO GAU3KOE 3AA€2AHUE BOOOHOCHOZ0 NAG-
ora (BIT=3).

JLast 3T0rO0 cayyan Guian npeasoxens Gpopmyant (227)—
(228). IlpuseneM HX K BHAY, YAOOHOMY A/ HENOCPEACT-
NCHHOTO ONPEACACHHS PACCTOAHHSI MEXKAY JAPCHAMH.

Tak kak 0,5d<T, he<T, a <1, T0 TPHGIMIKEHHO
MOJKHO TPHHSITS:

el SRR
AT + he)
Bsoaum, kak u aasi cayyas rayGoOKOrO 3ajeraHusi BO-
IOHOCHOTO IIIACTa, OTHOCHTCJbLHBIE Besnuuunl AH u  d*.
Bhopmyast (227) u (228) umeoT BHA:

= nkAHAR .

I; T—06d~T: T+h~T.

s (239)
In—
nd*
AH Arth (4¢™*T) — AH — 1) In ,Z—T . (240)
Juech
d* =) 2d(Ah -+ d).
U3 popmyant (240) noayuum:
B — 4: h‘l = 4 =
il (AHrl) . ar]
AH nd*
=2y =2 22 (241)
5t th[n(/w—l)ruml
Q :

Jas cayuas OTHOCHTENBHO OJH3KOro 3ajeranfs BOJO-
IOCHOrO MJiacTa yAasoch B s$IBHOM BHJE BBIPA3HTh Paccros-
e mexay apenamu B. Tlo dopmyne (239) onpepensior
pacxox Q, a satem no ¢opmynae (241) maxomaT paccrosi-
nue B.

Paccmorpennsle  cmocoObl  ONpefeseHusi  paccTosHui
MEXKAY APeHaMH NPEAnonarajy OrpaHHYEHHS B CMBLICJAE OT-
HOCHTeJILHOM TIIyGHHBL 3ajicraHus  Bojoynopa. Popmysab
(234), (235) n (237), (238) neificrsuteanns npu B/T<3,
0 opmyant (239) n (241) —npu B/T=3. Ilpu onpese-
JCHIH PACCTOSIHHSA MeXAY ApeHamu B otnomenue B/T ss-
JSICTCSI HEH3BECTHBIM, BHauvaJie HaxoAaT B no ojaHoOi H3
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rpynn Gopmya, a 3aTeM YCTAHABJHBAIOT NMPHEMAEMOCTb HX.

Onpexenenue paccCTOAHHNA MeXAy aApeHa-
MH NTPH H3BECTHOM TOJAHOM MOAyJae Ape-
HaXHoro crtoxa. [lorHas HHTEHCHBHOCTb BHYTpDEHHE-
ro MHTAHAS Qgp COCTOMT H3 HHTEHCHBHOCTH HH(HALTPAUH-
OHHOrO NMHTAHHSA ¢ W WHTEHCHBHOCTH TMHTAHHA HANOPHBIMH
poxaMi g,. Ilonubili pacxoa MoxKeT OGHTh 3aNHCaH B BHAE

Q=+ ) B=qs,B. (242)

[MoncraBuB 3nauenHe pacxoaa B Buae dopMmyan (242) B
paHee MPHBOAHBIINECS (POPMYJHI, NOCAE HEKOTOPHIX Mpeos-
pasoBaHHil MOJNYYHM CJAEAYIOUWIHE PE3yAbTaTH.

a) OrtHocureabHo 2aybOK0e 3arc2anue B000HOCHO20 NAG-
cra (B/T<3).

®opmyant C. H. Hymeposa (185) n (186) npumyT BHA:

L nkAh : @ ~43) .

[Tpu stom AH yxe He MOXeT ObTh POM3BOJILHO 331aHA,
a onmpejeNseTcs H3 ypaBHEHHA:

In 2k

=591 W ap
AH= T+Ah———ln il (244)

Y rp
C yuerom BeIpaxkenus (242) dopmyant asropa (235)H |

(236) nocae HEKOTOPHIX NMpeobpa3oBaHHil NPHMYT Ccjeny-
IOIMHH BHA:

M =222 1 20 (245)

Paccrosnue B 3jgech  HaxomaT  moabopom; d*=
= |/ 2d(Ah+-d).
Hanop B BOZOHOCHOM NJacTe YCTaHOBHTCS PaBHBIM:

B
n——
_ 4 nd* g Q
A= LT+ Ak —- =1 nkln2+Ah. (246)
nar

6) OrxocureabHo Heeaybokoe 3are2anue 6000HOCHO20
naacra (BT =3).
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Gopmyant (227)) n (228) npumMyT BHA:

th [ln u% — &k ’:k ] = 4¢ "PAT (247)
A

3

YuutwiBasi, uto npu B/T =3, e -* = 0,061, thx ~x,
st x<<0,25 ¢ Tounoctbio 2%, MOXKHO HaNHCATDH:
d® Gap B
OTKy/Za MoAGOpOM OmpejensieTcsi paccrosinue B.
3uauenne AH 6Gyaer paBHO:

AH = A — L Mm08 —nBur 9208 1) 8T _ 4 1 (949)
k nk ik nd® k

Yuer HeOAHOPOAHOCTH (CAOHCTOCTH) FPYHTA H CHHIKEHHS
HANOPHOCTH BOJOHOCHOrO naacra. PaccMoTpenHbie Bbilie
¢nocoGbl B MPHMEPHl PAacueTOB HAIVISI/IHO MOKAa3bIBAIOT, Kax
IPYAHO AOGHTHCA HEOOXOAHMOrO OCYIUHTENbHOTO JEHCTBHSA
ApeHaKa NPH HAJHYHA HANOPHBIX NOA3eMHLIX BoA. Mas
ofecneyeHHss pacdeTHOH rAyOGHHLI I'DYHTOBBIX BOJ INpH OT-
noje HHQHALTPAUMOHHBIX M HAMOPHLIX MOA3EMHLIX BOJ
JAPEHBI TIPUXOJHTCA pasMeliaTh 3HAUYHTEJLHO 4Yalle, 4eM
(IpH OAHOM HHQHJILTPANHOHHOM NHTAHHH. '

[Ipr 3THX pacyerax He yuTeHb! JiBa OOCTOsTE/]bCTBA,
WHOT/la CYIECTBEHHO OGJeryaiomue OCyIIHTeNbHOe AeHCT-
WHe ApPEeHa)ka NPH HanNOpHBLIX NOJ3eMHBIX BoAax: 1) Haun-
e TOPH3OHTAJIbHOA CJOHCTOCTH TIPYHTOB; 2) CHHXKEHHE
({ATIOPHOCTH BOAOHOCHOIO IIAacTa TOJ BJHSHHEM YCTPOil-
CTBa JApeHaxa.

Yuer HEOJAHOPOJAHOCTH (cnouncToCTH)
rpynrta. Tosma rpyHToB OOLIMHO OBIBAeT CJIOHCTOH, NPH-
UCM CNJIOMIHBIE MJIH JIHH3000pasHbie NPOCHOHKH HMEIOT ro-
PH3OHTaNbHOE NPOCTHPAHHE, YTO NPEensiTCTBYeT BepTHKAJb-
HOMY BOCXOASMILIEMY TOKY HanopHniX Boj. [lpu stom kosg-
(puuHeHTHl QHALTPALHNH, BXOASLIHE B pacyeTHbie (OopMyJasl,
OOLIYHO ONpeAensiioT (WIH NPHHHMAIOTCS 1O aHaJOrHH)
lyTeM OTKa4eK HJH JAPYrHMH cnocob6aMH, OCHOBaHHBIMH Ha
yuere B OCHOBHOM TFOPH30HTAJILHOTO JBHXKEHHS MNOJA3EMHbIX
NoJl K Beipa6GoTke 1o GoJiee NpoHHIaeMbBIM cJI0OAM. B cBsi3H
¢ 9THM B pacuerHble (opmyJsbl HeoOXOAHMO BHECTH IO-
IpABKH.

Mo pammmm I1. §. ITonyGapunosoit-Kounnoit (1952),
I'. H. Kamenckoro (1943), npoHuuaeMoCTh CJAOHCTBIX I'PYH-
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TOB IIPH JABHKEHHH TIONEPEK HanpaBJAeHHs NPOCTHPaHHH
(I1aCTOB Bhipaykaercs (popMyJoii:

= (250)

ko e ’
Uk—-Li/ky 4o lplky
rae ko — npupesennuiit xosdpduument Guavrpanun; L — AauHa noroxa,

NPOXOAAIIEro 4epe3 naacTul MomuocTuio [, Iy, .., In, mMciomune Ko3Qdhu-

umenTnl GuapTpanun R, Ry, ..., kn.

ITosTomy BMecTO (akTHUCCKO IIYGHHBI 3aJCTaHHA BO-

foHOCHOrO Myiacta T MOXKHO BBCCTH NPHBEACHHYIO rIyGHHY
Ty, paBuyo:

To=1-+ ill—}—...-{«i[m (251)
Ry kn

rae k— kosdpduunent OGHALTPAUME OCHOBHOFO MJACTA MOUHOCTBIO I

Haxe neGoabline npocsoNKH TSKENBIX CYIMIHAKOB, a
TeM Gosiee IVIHH MOTYT BEChbMa CYIICCTBEHHO YBEJHYHTDH
UpHBEJICHHYIO IYyOHHY 3alleraHusg BOJIOHOCHOTO MJacTa,
YTO YMEHBIUHT BJHSIHHC HAaNOPHLIX NOA3CMHBLIX BOJl H NO-
3BOJIUT pexe pa3MellaTh APEHB.

YY4eT CHHXEHHS HAaNOPHOCTH B BOJLOHOC
doM naacte. [lpu BoiBose BHCNPHBEAEHHBIX (GOPMYJ
IPpEAnoNarasoch, YTO Hanop B BOLOHOCHOM IJlacTeé OCTa-
CTC5l HCH3MEHHBIM IIOCJIC YCTpoficTBa ApcHa)ka. JTO MO0~
HCHHE OCHOBAHO Ha TOM, YTO IIOTOK B NMOJA3EMHOM, OTHOCH-
TEJNLHO TIYOOKO PpacHoJOKeHHOM BOJOHOCHOM fJiacte
GopmHpyeTCsi rie-T0 B cTopone (HanpuMep, NPHTOK C OKPyKa-
IOIMHX BO3BLINICHHOCTEH H T. J.) H €ro Hanop M pacxoj He
3aBHCAT OT TAKHX JIOKAJbHLIX COOPYJKCHHIl, Kak APCHAaX.
DTO NOJOMKEHHE CNPABCAIHBO JUIA OMHHOUHBIX APEH  HJIH
HeGosiblioro WX uncna. B Tom cayuae, korja apenupyiores
3HAYATCALHBIC NMAOULAJH, HEeH30CKHO CKa3hiBAeTCH BJAMSHHC
APCHHPOBAHHS HA NOA3EMHOM Hanopnom noroke. OHO CHH-
KAeT ero namop 3a cyer cpabOTKH HaCTH 3anacoB 3TOro
noToka. BosHHkaer Bonpoc: cMOMKET JIH NPHTOK NMOA3EeMHBIX
BOJ MO HAmOPHOMY IJacTy OGCCHCHHTH KOJIHYECTBO BOJMI,
noctymaiomee B apenni? B ToM cayuae, koraa sto He 6y-
AcT oGecrneyeno (B GOJAbLIIMHCTBE CAYYaeB, 5T0 TaK), HANOD
B BO/IOHOCHOM IJIacTe HAWHET NajaTth M NOCTYNJICHHE Ha-
MOPHBIX BOA B JipeHbi OyACT yMEHbIIATHCS 70 TEX Nop, no-
Ka pexuM He crabuansupyercs. CneaosatensHo, npH ape-
HHPOBANHH 3HATHTEJbHBIX NJouiaseil HeoOXOAHMO YUHTHI-
BaTk OGLIHE 3anachl NMOJA3EMHLIX BOJ M BO3MOMKHOCTH HX
HCTOLIECHHS (B TOM YHCJE HaNnoOPHLIX OTHOCHTCJABHO rayGo-
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Pue. 28, Cxema K pacuery crHKe-
Wi HANOPHOCTA B BOJOHOCHOM nJja-
U1e NOA RAHSIAHCM yCTpoiicTBa TO-
PIIONTANBLHOTO ApeHazKa.

KO 3aJICraloliuX TOPH30NTOB),
¢ TeM 4yToOBl PacCYHTLIBATDH
JAPCHANK HE TOJBLKO HA Ha4aJb-
Nl MmomenT ero paborTul (npH
HAYaJIbHOM Hanope B BOJOHOC-
nom naacre Afl), Ho M Ha cTa-
OuansupoBanryio pabory (B
YOJNOBHSIX CHIDKEeHHOro sHauenus A noji Bo3jeHcTBHEM Ape-
Haxa).

Paccmorpum pacueTiyio cxeMmy, NpHBEJEHHYI0O Ha pH-
cynke 28. JHomyctum, urto cyuiecTByer GacceilH HamOPHBIX
(O/3EMHLIX BOJA, NPEACTABJECHHLII BOJIONOCHBIM IJIACTOM
motHocteio Ty, kKospduuHenTOM (PHALTPAUMH Ry H HaNo-
pom H. Bojonochelit maacT NpHKPHIT CBEPXy 3HAYHTENIBHO
MeHee IPOHHLAEMLIM TPYHTOM, HAlpPHMEpP JIECCOBHIHBIM
CYIJIHHKOM, ¢ KO3(¢HuIHeHTOM (HABTPALHH R, npHUeM R
<« k. MOXIO DNPHHATH, YTO JO YCTPOHCTBA ApCHaXKa Inbe-
JOMETpPHUCCKAS [OBEPXHOCTh 3aHUMaja I0J0XKeHHe, noka-
sanHoe Ha pHCyHKe 28 nyHxTHpHoi Junnei [1111, npu
9TOM TOJILA CYIJIHHKA HHXKE NbC30METPHUYECKOH NOBEPXHO-
CTH TMOJHOCTBIO Obljia nachillieHa BoOJOoH. Ecan nuraHne
IPYHTOBLIX BOA OT OpOIIEHHA HJAH JDPYIHX HCTOUHHKOB
(ocajiku M T. .) OTCYTCTBYeT, TO (haKTHUECKasi NMoOBepX-
HOCTh TPVHTOBLIX BOJ PacnoyiaracTcsi HECKOJBKO HHXKeE
Le2OMETPHYECKOH TMOBCPXHOCTH, TaK KaK 44acTh TPYHTOBLIX
BOJ pacxojlyeTcsi Ha TpPaHCHHpauMio M HcnapenHe. B sTom
cayyae HMEeTCsl MOCTOSIHHLI BOCXOASILHA TOK H3 BOJOHOC-
HOro mjacta B TOJULY CYIVIHIKOB, ITPHYEM HHTEHCHBHOCTD
9TOr0 TOKa OMpejeNnTcs Kak

Ah
el=k_b'"

rae Ah — npepumenye Nbe3oOMETPHUCCKON MOBEPXHOCTH HaA (akTHUe-
CKOfl MOBEPXHOCTLIO FPYHTOBRIX BOA; b— paccrosiie OT BOJAOHOCHOrO
nJAacTa 40 ypoBHA FPYHTOBHIX BOA.

ﬂpu HHTEHCHBHOM OPOIIEHHH HJAH HHOM YCHJICHHOM IH-
TAHHH TPYHTOBLIX BOJ €O CTOPOHB! IOBEPXHOCTH 3EMJH
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(baxkTHUYECKH yPOBEHb IPYHTOBBIX BOJ MOXXET OBITh BHILIE
MbE30METPHYECKOH NMoBepXHOCTH. B 3toM ciyuae BO3MOXKeH
HHCXOASIIHA TOK FPYHTOBLIX BOA H IHTaHHE MOA3CMHOrO
BOJIOHOCHOTO MJIAacTa 3a CYET OMNYCKAalOUHXCs Mace rpyH-
TOBBIX BOJIL.

Ecan s0 ycrpoiicTBa apena)ka HMencs ycTaHOBHBILHIL-
CS PCXKHM, MPH KOTOPOM CYILUECTBEHHOIrO IHOJMNHTLIBAHHSA CO
CTOPOHBI BOJAOHOCHOrO mJjacra He ObLIO, TO Mbe30MeTpHYe-
CKasi NOBEPXHOCTh MO CTPOHTENLCTBA JApPEHaXka Maljio OTJH-
qajach OT (paKTHYECKOH MOBEPXHOCTH TIPYHTOBHIX BOJ.
STOT pexxHM JMOJIKCH CYUIECTBEHHO H3MEHHTLCS TOCJAC YCT-
pOHCTBA JipeHa)ka HA HEKOTOPOH OrpPaHHYCHHOW MJIOLLANH,
HeficTBHTCABHO, ApeHa)X ONYCTHT (AKTHUYECKHI YpOBEeHb
CPYHTOBHIX BOJ, UTO HEH30CIKHO BLI3OBET BOCXOASUHI TOK
H3 BOJOHOCHOIO nJacrta. Pacuer japeHaxka ¢ yyeToM 3TOrO
BOCXOASILEro TOKa NpHBEJAEH BbIE, MNPH 3TOM AONYCKa-
JIOCh, YTO HAnop B BOJAOHOCHOM ILJIACTC HE M3MEHHTCH HOC-
TaHercst paBHEIM H.

HeicTBHTENLHO, €CJH PAacCMOTPETh NPHTOK NOA3EMHBIX
BOZ MO BOJAOHOCHOMY NJIACTy B 30HY YCTpPOIiCTBa JApeHaikKa,
TO NbE3OMETPHYECKas MOBEPXHOCThL He MOMKET OCTaThCs He-
H3MEHHOH, a 3alMeT HOBOE, 60Jiee NOHHIKEHHOE MOJIOMKCe-
HHe, NOKasaHHOe HA pHcyHKe 28 auHueinr 22222, Hosoe
MOJIOKEHHE MbEe30OMETPHYECKOH IIOBEPXHOCTH ONPEeLeSHTCH
YCJIOBHSAMH ABH)KEHHS NMOA3IEMHBLIX BOA B BOJAOHOCHOM mJjac-
Te, NpHYEeM Ha Yy4yacTKe YCTPOHCTBA JApeHa)ka OyleT ocy-
WECTBASATbCS BOCXOASIEE JBHIKCHHE [0J3€MHBIX BOJ, a
BHE NIPeJIeJiOB JipeHaka — HUCXOASIIIee.

Cunrasi, 4T0 JApeHa)k OCYIIECTBJEH Ha TJOWAAH PajHY-
ca R M npHHHMAas NOHHJKEHHE YPOBHs IPYHTOBHIX BOJA Ha
9TOH MJIONlaAM MOA jAeficTBHEM JApeHa)ka paBHuiM AH (puc.
28), aas obnactn 0<Cr=<{R MOXHO COCTaBHMTH CJEAYIOLIHE
NPHOMHIKEHHbIE BbIpaXKeHHS.

Pacxos nojfiseMHOTO pajHajbHOrO MOTOKA, NPOTEKAI0-
IIero No HHXHEMY BOJOHOCHOMY IIACTy uYepe3 momnepeu-
HOoe ceueHHe muomaunio 27urly, GyAeT paBeH:

Q= 2Tk, 22, (252)

rae i — nbe3oMeTpHueCKHii HANOpP B BOJAOHOCHOM NA2CTE HA PACCTORHHH
7 OT HEHTPa APCHHPOBAHHOMN MJIOLLA/H.

IIpumeM, uTO H3MEeHEHHE pacxoia B paAuHaJbHOM Ha-
NpaBJIeHHH HJAET Ha NHTAHHE JApPeHaxa, NPHYEM HHTEHCHB-
HOCTB BOCXOJ/IsiLIIEero ToKa onpejennrcs rpaguestom (h—T1) /T,
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10 ecTh B 30HE JpeHaka cyHMTaeM (haKTHYECKH ypOBeHb

IPYHTOBbIX BOX ONYUIEHHBIM 10 MJOCKOCTH 3aKJajAKH ApeHa-

WA, a B BOJIOHOCHOM IJiacTe Hamop BHIUe H pasen A.
Toraa MOXHO HanHCaThb:

4 _ 4, 6=T)

> =k : 2xr, (253)
Coeannns pasencrsa (252) u (253), noayuum:
S A B RO | ey e R

5 + S h—T)=0c T (254)

Pemenne ypasnenua (254) B dynkuuax Beccens (ITo-
nyGapunopa-Kounna, 1952) nmeer sun:

h—T = Cidy(or) + CoK, (ar), (255)

rne lo — uHannapryeckas QYHKUMA MHHMOrO apryMedra HyJAeBOro no-
puAKa nepBoro poaa, usmensercs s npeaenax 1<</lo(x) <<oo npu Hame-
ienun aprymenta 0<<x<<oo; Ko — cootBercrayiomas GyHKUHS BTOpPOro
pona mamensercs B npepeaax oo>Ky(x) >0; Cy, Ci— nocrosnnne,

Hna naxoxnenust nocrosnneix C; u C, BO3bMEM 1poO-
H3BOAHYIO OT BhIpaxkeHus (255):

o = Cualy (ar) — Couky (o), (256)

rne 1y, Ky — unasuapudeckie GyNKUMH MHHMOTO apryMenta NepBoro
NOpsIKa NMepBoOro H BTOPOro POja, NpHYEM

dly (ar)] . dlKo(2r)]
_dr = al 1 (ar)' dr e g aKl (w)'

[Ipn usmenennn aprymenrta (ar) B npeaenax 0<<ar<<
< oo ¢yHkund [y(ar) u K,(ar) npuaumaior snavenns 0<<
< Jj<<oo n 00>K;>0. Tak kak npu r=0 (uedrp ApeHH-

pyemol maomanan) AOMKHO GBITh = =0, uz dopmyan

(256) Buano, uro caeayer npuuath C,=0. Torza BHpa-
Kenne (255) mpumer BHA:

h—T = Cyl, (ar). (257)

OGo3nauas Nbe3OMETPHYECKHI Hamop B LEHTPEe ApeHH-
pyemoii miaomaan yepes ko H yuuThiBas, uto /o(0) =1, no-
nyunm Cy=ho—T, nocne wero ypasHenue (257) MOXKHO
sanucaTth Kak:

h—T = (hy—T) I, (o). (258)
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[Tonoxenue mbe3OMETPHUECKON MOBEPXHOCTH HA TPAHH-

e ApeHHpyeMoii mJiomtaau noayunm 3 dopmyam (257),
npuusap r=R.

hg—T = (hy—T) 1, (aR). (259)

Pacxoj, npHTeKalomuil N0 BOJAOHOCHOMY NJIAcTy €O CTO-

POHBI APEHHPOBAaHHOM mJiomand, Hafiiem no gopmyse
Qe = 2nRkTs (5F) = 2nRI,T, (hy—T) ohy (2R). ~(260)

[Tpusesennnie GopMydbl O3BOJSIOT ONPEACANTH MOJO-
XEHHE Mbe30METPHUECKON HNOBEePXHOCTH B LEHTPE JIPCHHPY-
emolt naomann () u Ha ee rpanuue (hg), ecjii H3BECTEH
pacxoji MPHTOKA MOA3EMHbLIX BOJ CO CTOPOHBI HEAPEHHPO-
BAHHBLIX 3€MeJib,

[poBesieM aHaJOTHUHLIC BBHIKJAAKH AnA 30HH r=R
(puc. 28). Ilpr HanWyHH NHTAHHA BOJAOHOCHOrO MmJacTa
HHCXOAALHMHE TOKAMH MOXHO HAamnHCcaTh Bhipa)Kenue s
pacxoja pajHaJbHOro MOTOKa B BHAE

Q, = 2mrk,T, % (261)

a yBeJHYCHHE pacxojla B pajiHajJbHOM HanpasBJACHUH, NPO-
HCXOMsLLEE 3a CYeT MOCTYIVIEHHS TPYHTOBBIX BOJA H3 BCPX-
HEro MJOXONPOHHIACMOrO IJacTa B HIDKHHIT BOJOHOCHBIH,
ONnpefeHM BeJHYHHOI

dr

3/1ech HavaJbHBIH HANOP, COOTBETCTBYIOUIHH YPOBHIO rPyH-
TOBBIX BOJ A0 YCTpoiicTBa JApeHaka, NPHHAT pPaBHLIM
(em. nmamio /1111 nra puc. 28), a Hanop B BOJOHOCHOM
mjaacre, CHEJKEHHBII 3a CYeT JIeficTBHA /pEeHaxa, paBeH
h (cm. aunmio 22222 Ha puc. 28).

Beuay Toro, uto H=T--AH u obGuuno AH HEBEAHKO
no cpasHennio ¢ H n T, npuGaAnKeHHO NPHMEM B 3HaMeHa-
tene ypasuenusi (262) H==T. Toraa, yuwrbisaz (261) w
(262), noayunm:

P L dh SR Y
7 -+ i (h—H) = 0. (263)
3aech
s
k;TTl
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Pemenne ypaBuenus (263) nMeer BHA, AaHAJOTHUHLIN
pemennio (255):

h— H = Cyly (ar) + C K, (ar). (264)
Tak kak npu r—oo, Ig—>00, h—H, 10 C3=0, nocae ye-

10 ypauenne (264) npumer BHA:
h—H = CK, (o). (265)

B uwactHoCTH, npH r—>o0 Ky(oo) =0, h=H, uT0 1 10NK-
o 6bith, Ilpn r=R (rpaHuua ApeHUpPYeMOil IVIOULA/AH)

hp—H = C,K, (2R). (266)
Orkyna
2opres g o ek,
h—H (hR H)Ko(aR)° (267)

[IponsBonnasi OT NbLE3OMETPHUYECKOrO Hanopa no ypas-
nennio (265) pasha:

dh
"d7‘ = - aC‘Kr(W).

B izacmocm, npH r=R noayunM [c yueToM ypaBHEHHS
(266)

kN O o Ki(@R)
( = )r=R aCK, (@R) = (H —hg) oS L0 (268

Orciona seipaxenue (261) aas pacxojpa, NpPHTEKAOLIEro
10 BOJAOHOCHOMY ILIACTY Yepe3 BHEIUHHI NepHMeTp JApeHH-
poBaHHON ruomanu (r=R), npuMeT BH/I:

Qq = 27Rk, Ty o (H — hy) 1—’% (269)

(B manbueiiiem apryment aR y ¢ynxkumu DBeccens omyc-
Kaem).

Cpasnenne Bbipa<eHHii AJs1 pacxofa Ha rpaHHuUE Jpe-
nipoBaHHOTO yuactka mo ¢opmysnam (260) m (269) naer:

I
H—hy= (;—T) % (270)

Onnako H—hp=T-+AH—hg, oTI€r0 HMeEeM:

AH
he—T = = Ko ® (271)
ToKy
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Yuntmpas pasenctBo  Jo(x) Ky (x) 41 (x) Ko(x) ="/s,
Hafizem ¢ yuerom dopmya (259), (260) u (271):

hy—T = AHoy @ = aRl («R) K, (xR). (272)

ho—T = AHg,; @ = aRK; (oR).  (279)
Q= Q= XMy = 2L,@R) Ky (@R).  (274)

ITpuBesennnie GOPMYJB NMO3BOJAAIOT MOJHOCTBIO PEIIHTH
sanauy. Us popmyn (272) u (273) caeayer, 4TO Nbe3o-
METPHYECKHA Hanop Ha rpaHHue JAPEHHPOBaHHOTO y4acTKa
(hg—T) u nocpeaune ero (ho—7) cocrasiasieT JOJIO OT
Ha4aJbHOTO nbesoMeTpHYeckoro Hanopa AH=H-—T, npu-
geM KO3(D(DHUHEHTH YMEHbUIEHHA HAnopa B BOJOHOCHOM
maacTe B CBA3H C YCTPOHCTBOM ApeHaXa Qp H (o SaBHCAT
TOJILKO OT mapaMeTrpa aR, YTO INO3BOJISIET COCTaBHTH HE-
CI0KHBIe TaGaHIb.

N3 popmyant (274) BHAHO, 4YTO €CJIH HE YYHTHIBATH
CHH)KEHHS HAMOPHOCTH B BOJIOHOCHOM MJacTe, TO PacXoi,
NpHUTEKalel K JpeHaxy H3 BOJIOHOCHOrO Imjacra, onpe-

AeJuTCA Kak stRR %{-’-, a xkospduuuent P<<|1 noxaswiBaer,

HACKOJIBKO yMEHBIUHTCS 3TOT PacXOA B CBSI3H C MaJleHHEM
Hanopa B BOJIOHOCHOM IjacTe, MpHYeM Y 3aBHCHT TaK Xe,
KaK @g H (g, TOJABKO OT napamerpa aR.

[Tapamerp aR Obli NPHHAT PABHBIM

k
== _—— -

@R =R TT (275)
H MOXET H3MEeHATHCH B WHpoKHX npeaenax. O Tem 6oJsb-
we, yeM Goabume MJIOmAAb JApPeHHpoBaHHS M ueM Oozee
NpOHHIAeM BepXHHH TNOKPOBHHIA muacT (CYrJIHHOK), H
YMEHbIIAETCH C YBEJHYEHHEM NPOHHILAEMOCTH, MOUIHOCTH H

rAyGHHE 3aJieranHs BOJOHOCHOrO IJiacTa.
HuTepecHHIM SIBASETCH HCCEAOBaHHE PEIICHHA IS Ma-

ABIX B GONBIIHX 3HAuYeHHil mapamerpa aR.
[Ipn manux 3navenHsX aR AeHCTBHTENbHB MPHOIIKEH-

Hble QOPMYJILI:
4 x - s
L~1+53, h~%(1+5),

Ky () ~—1, (c+ In —;-) C = 0,5772,
Kl(x) ~_l'. .
X
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lorna B cootBercTBud ¢ dopmynamu (272) —(274) umeem
A/t BeCbMa MaJbIX 3HaueHHit akR:

P~ P~ P~1, (276)

10 €CTh NPH MaJbIX NMJAOLIANASX JPEHHPOBAHHA H rIyGOKOM
{IJIEraHal MOIIHOTO BOJOHOCHOIO NJIACTa HE CEAYeT OXKH-
ANTH CYIIECTBCHHOrO CHHXKeHHsI Hanopa AH B BOJOHOCHOM
iaacte. Jlas Gosbuux sHaueHHit @R MPHrOAHBI TakHe MpH-
OJIKCHEBIC (DOPMYJBL:

l.,(x)~v“ [1+—'-], 11<x)~V_"’_[ —i],

“2nx S 2mx e

Ko (x) ~ ]/-ge"‘[ — é]
Kl(x)~‘/§e-‘[1 Bk %]

YUuTEIBast 5TH (OPMYJIH, NOJAYYHM AJAS GOJBIINX 3HA-

CHHI @ R creayiolue BHpPaXKeHHs Aas KO3(DHUHEHTOB B
(popmynax (272)—(274):

/B
(PR"*%[I o 8—0-"5][1 T 7‘:?]. (278)
'p"'?lﬁ[l 2 Magm]' Ve

M3 npuseacHubX GopMy. BHAHO, YTO npu secbMa 00Jib-
WX sHaYeHHAX aR KO3(pOHUHEHTH @o, Pr H Y CTPEMATCH

1
K npegenam @o—0, pR—0,5, p~ oy YTO NMOKasblBaeT Ha

JNAYHTeNbHOE CHHXKEHHE HAaNoOPHOCTH BOJOHOCHOTO NjacTa
i ciygae GONMBUIMX BEJHYHH mapaMerpa aR.

[MpuGauKeHHBIMA (OPMYyNaMH MOXKHO MNOJNB30BATHCS
s aR>5.

[Tpn aR<<5 roadduuHenTH @0, Qr H Y ANA pacuera
CHHXKEHHST HANMOPHOCTH BO/IOHOCHOTQ INIACTA MNOJX BJAHAHHUCM
APCHHPOBAHHA TEPPHTOPHH MOXKHO ONPEAENHTH C MOMOIIBIO
prcynka 29.

OTmetnM cobuiofienne HepaBeHCTBA Po<<Pp<<gr. Ko-
d(bpuunentT pacxosa P MOKeT GWTh HCTOJKOBAH TaK e,
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P Puc. 29. 3uayenus xoadduuncnron

{0 CHIMKCHHMA HANOPA B UEHTPE APCHH-
PYeMOro Macciea (g, Ha €ro nNepH-

. Gepun @r M cpesnee SHAYCHHE A

\(3’! napaverpa ak.
a0 Ak\
\
\ \\ /".?
440 R :
- KaK Koa(puuHeHT cpeanero
Q20— % Hanopa ¢. DT0 BHAHO H3 Bbl-
1 paKeHHsi JAJAsl CPEJHEero Ha-
g R T A T ek g
: R
(h—T)ep = =5 [(n—nzardr.
0

[Moncrapass suavenue (h—T) no dopmyae (258), no-
JYYHM:
aR

(h—Tep =2 | @) o (or)d (ar) =
0

= = (le—T) 11 (oR).

C yyerom suipaxennit (273) n (274) nmeem:
(h— T)e = AH2I, («R) K, (2R) = AHY,

OTKyAa @==1.

[Toabsysich npuBegenHbBIMH GOPMYJIaMH, MOKHO NPHUOIH-
KEHHO y4YecTb CHHXKCHHEe HaNOPHOCTH B BOJIOHOCHOM NJjacTe
3a CHeT AeHCTBHA JIpeHaxa.

Has sroro B pacuerTHbie (opMmyJn, npHBeleHHble Ha
crpannuax 151—152, smMecTo HavaJLHOrO NPCBLILICHAA Ha-
nopa B BOJAOHOCHOM MJIACTE HAJ YPOBHEM BOALI B ApeHax
AH BBOAAT aHaJoOruuHyio Beaununny AH* ¢ yuerom cHuxe-
HHsl ee noj jaeficTsHeM JApeHaxca. Ee Moxuo onpenesnuntb
no opmyne

AH* = @AH, (280)
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Kospdrumuent ¢ 3aBHCHT TOJAbKO OT mapaMerpa:

oR =R ¢ .\,]/’_F_k_ @81)

&, TT, kT, '

e F—naowans apennposanns, M%; T u Ty — rayGuna 3aneranns Bo-
ADNOCHOrO maacTa HHXKe ypopHs pasmeutenus apen () u MommocTs
Wodtonoctoro maacta Ty, M; £ u £y — xosddnumenTt GpuasTpauuy mo-
Kponioro (ocymaemMoro) I/acTa, B KOTOPHI 33J10KeHbl JApeHLl, H BOAO-
lociioro naacra, M/cyr. Kosd@uuuent ¢ Haxoist no pucysxky 29 wan no
hopuysam (277) — (279), nprueM aas nepudepuiinbix JpPeH npHHHMa-
CICN 3Hakyenme (g, AN UCHTPAJLHLX JAPeH (o H AAA Beell NAOMAAH Ape-

Miponanns (cpesHee 3navenne) @=1p,

B cayuae, ecnn HEOGXOAMM TAaKXKe yUeT CJIOHCTOCTH
(1eO/IHOPOAHOCTH) TPYHTA, B pacueTHsle GOPMYJIBI BBOAAT
BMecTo axkrTHuecKkoll rayGHMHBI  3aJ€raHHs  BOJAOHOCHOrO
Iacra T npusefennylo neanunny To, onpeiensieMyio mo
popmyae (251).

MMpumep. Onpeneants paccrosnme MEKAY OTKPHTHIMH JApPeHaMH
fayGuioft 3,6 M, mupHHO#E no any bo=1 M, ecan H3BECTHO, YTO B HAa-
(louee BpeMa 3aCOJCHNBIC IPYHTOBBE BOMAbI HAXOAATCH Ha PACCTOSHHH
I,h M or nosepxmocTi 3eMaH, a HX HEOGXONHMO CHH3HTH O rAyOHHb
46 m. Ha rayGune 30 M OT NOBEPXHOCTH 3¢MJM 3376racT BOAOHOCHLI
fldet momnocTbio 20 M ¢ KoaddunuenTom ¢uabrpanun k=40 w/cyT,
IILESOMETPHYECKAs NOBEPXHOCTL B KOTOPOM COBNAJAAeT C CYIECTBYIOMHM
Vposnem rpyntoBhiX BoA. Kosddmumenr ¢uabTpaunm cyrimeka, B Ko-
ropuit 3akaagmpaior Apens, k=005 M/cYT; OIHAKO HHXe HMEIOTCH rO-
PHIONTaNLHbe NPOCAORKH TAMENOTO CYIJHHKA ¢ k2=0,02 M/cyT obmef
MolocTsio 8 M; MHTEHCHBHOCTH (cpeanerofoBas) HH(DHALTPAILHOHHOTO
iranns (NOTEpH H3 KaHaJOB W NPOMBLIBIBIE BOJLI, NMPHBEACHHBIE K cpen-
lieronrosovy nuranmo) ¢=020 afc-ra. IMaomans apenuposanust 500 ra.

I. OnpepensieM «npusefennyio» rayOuny 3azeranHs BOAOHOCHOTO
ncTa ¢ y9eToM mioXonponHuaeMsrx npocaoek. OT Ana JipeHH BOAOHOC-
i naaer saneracr Ha ray6une T=30—3,5=265 u.

«lTpupcacHuas» rayGuna 3ajerains BOAOHOCHOTO MAACTA MO dop-
Myae (251) Gyaer pasna To=218,5 M.

2. Onpenensiem Hanop B BOJOHOCHOM mA4cTe ¢ YY4ETOM €ro yMemb-
eIt nocsie CTPOHTENLCTBA APeHaxa.

Mo yerpoiictea npenaxa nanop AH=30—15—265=2 u.

Cpeannft paguyc aas APEHHPOBAHHOA mnJiomanu (NpHBOAAT ee K
Kpyry) Gyner pasen R=1y/ Fjmu=1265 u.

[Tapamerp aR onpeneany no dopmyne (281):

— k —
aR =R |/ PR 2,14,

3uasn napamerp aR=2,14, noasaysnce PHCYHKOM 29, HaXoiHM 3Havye-
101 KOS(PHIHEATOB HAIOPOB AAA UEHTPAABHbIX Aper (p=0,25, B cpea-
HEM s Beero maccnsa 9=0,42 w aas nepadepuycckux Apen @pr=0,63.
CooTsercTpyiomue 3HaYeHHs HANOPa B BOAOHOCHOM IacTe c yue-
TOM €ro CHHXEHHA NOJ BIMSHHCM YCTPORCTBA JApenaka onpefenHM no
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dopmyne (280): navanpmmit Hanop (Ge3 yyera cHuXeuns) AH=2 w,
A UeHTPaNbHBIX Jipen AH*=025-2=05 M, B cpeaseM A8 MaccHpa

AH*=0,42-2=084 M u naas nepuepuuecknx apen AH*=0,63.2= _

=1.26. M.

3. Onpenennm paccTOSHHS MEXKAY APeHaMM, noaarasi, YTO 6yne'_rz.f_
HMeTh Mecto HepaBenctBo B/To<3, 10 ecth npHMenss Q(%Ynu Ans

OTHOCHTENLHO rayboKoro 3ajcranus sopgoynopa (233) —

Pacyernnie pannsie: k=05 m/cyr; ¢=0,2 a/c-ra; 7—'Iu=0.00345:';’=

To=218,5 M; qTo=0,75 M; Ah=3,5—2,5=1,0 u.

BenoMoraTe/ibEbIE  BeJHYHKBL, NpPHMenfseMue B ¢opMmyaax (235)—

(238), caenyiouuie:
i .’;;_ —0,5M, d*= )V 2d(Ah+d)=1,22m,

AH=-2E9Te _ Ap» 40,75,

nprueM Ge3 yyera CHHMKEHHst HamOPHOCTH AH=275, nas HEHTPAABHBIX |

apen AH=1,25, B cpennem pas maccisa AH=159 u ans nepudepude-

ckux apen AH=2,01.

[Mogcraens B popmyay C. H. Hymeposa (233) masectHHe Be HYHHB ;

Gea yuera cumxenus nanopuoctn (Aff=275), nonGopoMm nafgeMm 3ma-
qenge T*=9,54; paccTosmne Mexay apenamu Oyner paBHo B=nTy/T*=
=72 M.

Auéa&ormuo aas neHtpanpuux Apen (AH=1,25) umeem T*=2,35 B=
=292 m,

B cpemsem ans maccusa (AZI=1.59) waxonum T*=42], B=163m
H ans nepudepuyeckux aped (AH=201) T*=6,23, B=110 m.

Jas conocTaBaenns ONPefesHM PAcCTOSHAE MEXAY ApPeHaMH, Mofb-
sysck opmynoit asropa (237). Be3 ywera CHHXKeHHS HaNOPHOCTH
(AH=275) umeem T*=7,46, B=92 M.

Tak#e XXe pacueTnl AJsl HEHTPAJLHHX ApeH aar T*=199, B=
=345 M, B cpeaneM aag maccupa 7*=342, B=201 M 5 a4s nepudepu-
yeckux apen 7*=498; B=138 m.

Bo Bcex caywasx Hallenisie paccroanBtm Mexay apenaMmu (ot 72

RO 345 M) YAOBJAETBOPRKT HEPaBEHCTBY -T— <3 (npu Te=2185 u),

1
|
I
1
1
.
y

|

YTO NO3BOJSAET NOAL3OBATBCA (GOpMyaaMu ?233) — (238) mas ormocH- |

TesIbHO rAyGOKOro 3aJZieranus BOAOHOCHOTO MJAacTa.

4. HaxoauM mpHTOK BOABI K APEHAM H MOAYJb APEHAXKHOIO CTOKA.
IMosmbaysics dopmyson C. H. Hymeposa (234), HAXOAMM JUIA Cayyas,
KOrjla cHHXKenHe nanopa wne yunthiactes (AH=275 w), Q=
=0311 M*eyr na 1 M apennt npu k=05 mfcyr, Ah=1 m, 7*=954
(naiineno npu onpejesennn paccTosHui MeXy ApeHaMn). DTOT NPHTOK

ROAH NMPH PACCTOSHHH MEXAY ApeHaMu B=72 M COOTBETCTBYeT cymMMap-

HOMY MOAYJMIO APEHaXXHOrC CTOKZ an=? =05 afc-ra.

U3 obumero kosmyectsa 0,5 a/c-ra WRQHABTPAUHOHHOE MATAHHE CO-
crapaner ¢=0,2 afc-ra H UOANHUTHBAHHE HANMOPHHIMH BOAAMH gyw=0,5—
—0,2=0,3 a/c-ra.
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TuO6anuwa 12. Banause CHHXKeHMs HANOpPOs ua paGory Apenaxa

Q. wjcyr L O
Bes ywera cumxenua mwanopa | 2,75 0,410 0,52 0,32
Llentpanbinie apenst 1,25 0,302 0,10 —0,10
I} cpeanem aas maccusa 1,59 0,340 0,20 0
lepupeprueckue apeHs 2,01 0,370 0,31 0,11

Auajornyibie pacueThl AR UEHTPAJALHBIX Aped jawr: Q=
0,236 M3cyr wa I M, ¢xp=0,09 ajc-ra, ¢y=—0,11 afc-ra.

B cpeaneM ais MmaccHpa noaydaesm 3navenus Q=0,263 m¥/cyr ua
| M, gap==0,19 ajc-ra, ¢;=—0,01 afc-ra U ana nepudepuueckux Apex
Q0,286 M3/ra va 1 M, ¢up=0,30 a/c-ra n ¢1=0,10 a/c-ra.

PesyaptaTthl BuuHcaeauBt no ¢opmyse astopa (238) npHBejeHH B
rabanue 12.

B npusefienHnXx pacyersX obpamaloT BHHMaHHe Ha ceGa orpHua-
fe/ulikie 3HAYCHHS MOAYJASA NHTAHHA HAanNOpPHLIMH BOAaMM (¢i1) AAs HEKO-
TUPHX caydaes, 9TO TOBOPHT © NOCTYNACHHH HHQHALTPAUHOHALIX BOA
§ WHKHHA BOAOHOCHHN NAACT C NPOMEIBKOR TOAWM NOKPOBHBIX FPYHTOR
(no kpafseft Mepe N0 BEPTHKANHR MEXKAY ApeHAMH).

5. Ilpexae weM CONOCTABAATL PE3YAbLTATH PACUETOB, ONpPeAeNHM
PACCTOSIHEG MEXAY ApeHaMy H HX pacxoaul Ge3 yuera C/AOHCTOCTH rpyH-
T4 M CHHXKEHHS| HANOPHOCTH B BOROHOCHOM nJjacTe.

B stom cayuae nmeem I'=26,5 u, k=05 mfcyr, AH=20 m, qT=
«0,09 M, AH=2,09, Ilo popmyaan C. H. Hymepona (233)—(234) uaii-
Now: T*=423, B=196 M, Q=0,484 w’/cyr na | M, gemy cooTBeTCTBY-
¢ APCHAXHHIA MOAYAbL §ap==2,87 Jjfc-ra H MOAYAb NOANHTHBAHHA Ha-
NOpPHMMH BOAaMH ¢1=2,67 a/c-ra,

Aunasorsunnie pacuers no dopsmyaam asropa (237)—(238) mawor
smauenns T*=3,08, B=27 M, Q=0,662 m3/cyr na 1 M, ¢xp=281 a/c-ra,
gi1=2,61 ajc-ra.

6. Conocraniense pe3yJAbTaTOB pacyeToB AAA PacCMaTpHBAEMOro
fipuMepa npusesaeso B TaGanue 13.

KpoMe paHee BLIYHCACHHHIX BCJAHYHH, B Tab/MUe JAaHM 3HAYCHHS
(AyOnuN npoHHKaHHs HHQHILTPAUHOEHEX BOA 4, onpeaencHune no ¢op-
wyae (230). Ha ocuoBaruy AaHENX TaGuanuu 14 aas ycaosHit nphsmepa
MOXHO CAEAATh HEKOTOPHE BHBOAL, HOCSLHE B HCKOTOPOA cTencHH oG-
WinA xapakrep:

a) ycnoBHR npeMepa BuOpaHbl THOHYMLE AAA NPHMEHCHHs ApeHa-
WA Kak cpeacrsa OopoOnl ¢ 3aco/eHHeM OpollaeMbiX 3eMedb (R==
«0,5 M/cyr, HHTCHCHBHOCTb HHOHALTPAUHOHHOrO CPEAHEroA0BOro NMHTA-
Wi ¢=0,2 a/c-ra, NOHHKEHHE IPYHTOBHX BOA Ha rayGuny 2,6 M npu
rayOnue apen 3,5 m).

B Takax ycjnoBHSIX Aaxe OTHOCHTeABHO rayb6okoe 3aneranue BOAO-
nocworo naacra (30 M OT NOBEPXHOCTH 3eMAH) C HE3HAYHTEABHHM MO-
CTONMMWN HECHIKAWWAMCA HANOPOM, NPEBLILAKIIHM YPOBeHb BOAH B
Apenax Toasko Ha AH =1 M, cO3faeT HACTOJBLKO HHTEHCHBHOE BOCXOAS-
lioe ABHXKeHHe HANOPHHIX BOA, YTO AAA YAOBJETBOPCHHA MOCTABJICHHHIM
TpeBopannaM ApeHaX NPHXOAKTCS pasMelllaTs BecbMa wacto (B=20--
+30 ). TTpu sTom apenaxunfi Moayab cocrasaser 2,8-+29 afc-ra, ua
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nix 1oanko 0,2 afc-ra npuxoAnTcs Ha npoMuisube (HHPHALTPANHONHNE)
noan (aperax B ocHoBHOM OyAeT OTBOAHTL rayOHHHLE, OOBYHO 34C0-
JAUHIBIC HANOPHBIE BOABN H3 BOAOHOCHOrO niacra). l'ayOHHA norpyKenus
OYHOCHTEIbHO NMPCCHBX HHQHALTPAUHOHHLIX BOJA HA MEXKApCHbLE COCTaB-
aner a=006 M, 4TO CO3AAET Yrpo3y pecTaBpanuH 3acOJeHHS,

B rakux cayyasx ycTpoficTso ropH3OHTAJBHOrO ApeHaXka mneuese-
C000pasHo. 3T0T BLIBOJ OCHOBAH HAa NPEeANOJONKEHHH OAHOPOAHOCTH
HOKPOBHOTO OCYMIAEMOro IPYHTA H HEH3IMEHHOCTH HAnopa B BOAOHOCHOM
HAGCTE, AAA NOCJACAHErO YCAOBHR HeoOXOAHMAa pecbMa Goablias MPONEH-
HACMOCTS | MOULHOCTH BOJIOHOCHOTO HAMOPHOrO IjaacTa;

0) ycaoBui paGoThl rOPH3OHTAALHOIO APEHAXKA SHAMHTCABHO YAYY-
WAIOTCH P HAJHMHH FOPH3OHTAJBHLIX MPOCJAOEK NJIOXONPOHHUAEMBIX
[PYHTOB MEXAy ApenaMH M BOAOHOCHLIM nuacToM (AAst YCJAOBHA npHme-
P HX MousocTh npruaTa 8 M npu ka=0,02 m/cyT), uTO HacTo BCTpeya-
¢res B npakTeke (BanpuMep, ANA YCAODHA APeBHEANNIOBHAALHHX 0110+
menndt). Heemorpsi na Momunii BojoHOCHEA nuact (M HecHHIKawoulHiics
nnno&)u HEM), paccTosiiie MeXAY ApeHaMH MoXeT OuTh YBeJHYEHO A0
(090 m, upuyeM cyMmapabil Apena’KHMA MOAYJb CTOKA yMEHbIaeTCHA
Jo 0,5 a/c-ra, na xoropux 40% cocrapar npoMmuipHbe (HEHQUIALTPALHOH-
ne) u 60% Hanopunle BOAL; npefespnas rayOHHA onpecHeHHd Bo3pa-
craer npubauanteasiio Ao 12 M,

B s1oM cayyae, XOTA rOpH3ONTaJbHMA Apenax Goaee nenecoobpa-
Jell, MeM AJS O/IHOPOAHOIO TPYHTA, BCe JKe ero 3PQCKTHBHOCTH CHMIKA-
UTCH  OTHOCHTE/IBHO OGJIH3KMMH paccTOAHMSIMHM MexAy Apenamn (70—
90 M) u TeM, 9TO ApenaxcHuif cTOK Gosiee uweMm Hanososury (60%) Oyaer
COCTOATH B3 MYOHHHBX HANOPHLIX BOCXOAAULHX BOA;

B) Korga nponyckHas cnocoGHOCTh HANOPHOrO BOAOHOCHOrO NAAcTa
OrpaHHYeHa, 10, NOAL3YACH NpeAJaraeMbiM NPHOJHKCHENM cnocoGoM,
MOMHO Y4YeCTb CHHIKEHHE HANOPHOCTH B BOJAOHOCHOM mnJyacre, 31ech 00-
palaer Ha ce6si BHHMAHHE pe3koe pasauune B pabore UEHTPAABHLIX H
nepudepnvecknx Apen. Ecam B cpemnem asa Maccmsa (ans ycaopsi
pHMEpa) MOXHO MPHHATL PACCTOAHME MCKAY ApeHamu B=160--200 M,
10 AJS UCHTPAJABLUBIX ApeH OHO yBeiuunsaerca ao 290--350 M, a jas
nepudeputeckux cHmKaercs a0 110--140 M. 310 obGerosTeNBCT-

O B NpaKTHKE MNOPOEKTHPOBaHHA H CTPOHTEJRCTBE 4YacTo He Yuu-
THBACTCH,

Cymmapauii MORyAb APEHAXKHOrO CTOKA B HEKOTOPHX CAyyasx pa-
Bel NPOMBBHOMY (HHPHALTPAUMOHHOMY) NMHTAHMIO, 3 B HEKOTOPHX MeHb-
we ero. Tak, ana npumepa B CpeAHEM IS MaccHBa JipeHa)k Oyder or-
BOAHTL B OCHOBHOM HHQHJILTPAUHOHHLIC BOAM, XOTH nepHdepHyYecKHe
Apenst OGyayr paborath Takike 110 OTBOAY rayGHHHHX BOCXOASIIHX BOJA,
0 Aas paftona UEHTPAJBHBIX APEH XapakTepHO jaxe noctynlerue B Bo-
povocHbfi maacT HEQHALTPALHOHNEX BOA. ITO sABJcHHE OOBIACHACTCH
TCM, UTO B COOTBETCTBHH ¢ OCHOBHO# pacyernoll cxemoil (puc. 27) umeer-
CH AB2 BCTPEMAOURXCH MNOTOKA — HHCXOARMHIA NOTOK HAQHALTPAUHOH-
HBIX BOJA H BOCXOAAIMA NOTOK Hanopnuix BoA. OGa noroka BCTpewaioT-
cft, o0pasyloT JAHEMIO passesa, 3aTeMm 3aBOPAYHBAIOT B CTOPOHY ApeH,
Kyjla B nocrynaior. B 3aBHCHMOCTH OT HHTEHCHBHOCTH STHX NOTOKOB
IPANKOE MeXKAY HHMH HA Mex/Apense MoXer ObTh pacnojo)XeHa puime
wan HuKe (OHA OllEHHBAeTCHA BeJAHYHHON @) M B TOM YHCJAE NPH M3AOM
nanope B BoaonocHom naacte AH, Goaplol HHTEHCHBHOCTH HHPHALTPA-
IHOHHOTO MHTAHHA H SHAYHTEABLHOA BeanynHe Al MOXeET OnyCTHTHCS He-
NOCPEACTBEHHO 10 BOAOHOCHOIO IIACTa, TO €CTh MOCPEAHHE M
MoRer 06pasoBaThes CIJIOWHOM, ONyCKaOMKACH B BOAOHOCHN NAACT HH-
(pnasTpaunonanil MOTOK.
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IMoayyennbie AAs NPHMCPA PACCTORHHS MEXAY ApeHaMH € yUCTOM
HEOAHOPOAHOCTH CTPOEHHS MOKPOBHOrO TPYHTA M CHHIKCHHA HATOPHOCTH
GyAyT npHemJeMmbiMu Aas npaxtukm (160200 M), xoTs sT0T BONPOE
AOMKEH PEIIATHCS HA OCHOBE TEXHHKO-SKOHOMHYECKMX Pacyeros; -"

r) M3 PHCYRKa 29 BHAHO, YTO 3HAYEHHS KOSQPHUHEHTOB @, Qo I PR
Pe3KO CHIKAWTCA NPH YBeAHUeHHW napamerpa aR, 4970 3HAYHTEIBHO
yayqmaer ycaosus palors naxa. Tak kak napamerp aR no ¢ops
myne (281) pasen aR= —f-k—-. TO BPEAHOE AR APeHaxa B

nkyTTy
Hye nangpuux rPYRTOBHX BOA Ocaalenaer ¢ POCTOM MJOIaAH APEHHPO~
Banus (F) u yMeHblIeHHeM NPONYCKHOM CNOCOGHOCTH BOAOHOCHOrO HAd-
cra (kiT1); ouennts BAHARWe rAYOHHB 3aJeraHus BOAOHOCHOrO naacta
(To) ® xosppuumenra PUABTPAUHH NOKPOBHLIX [PYHTOB (k) caoxuee,
TaK KaK 5TH BEAHYMILL BXOAAT He TOJBLKO B napaMerp GR, HO H B OCHOB-
Hble pacuetTHnie GopMyasl.
o/ice TUlATEAbHHLA AHAJH3 NOKAsHBAaET, YTO yBeJAHYEHHE MOIIHC
noKposHHX MOpoAl (7) CyuwecTBeHHO CHHMKAET BAHAHHE NaNOPHOCTI.

HeycraHoBuBluMHCS pexum paboTsl ApeHaXa

Brllze yKasniBajaoch, 4T0 HEAOCTATOYHO PACCUHTATDL ApEHAM
Ha OTBOJ CpejaHerojoBoro nuTasus. Hano nokasaTtb, 4TO
BHYTPHIOZIOBHE KoneGaHus YPOBHS IPYHTOBHIX BOA He Oy-
AYT BLIXOAHTL 3a AONMyCTHMbie npeeant. Heobxoaumo pac-
CMOTpeTh HeyCTaHOBHBUIHFCS PEXHM, XapaKTepH3YIOUHUACcH
YCHJICHHBIM IIHTAHHEM IPYHTOBBIX BOA (MepHOABI npouunox-:]
H OTYACTH BereTalHoHHbINH) ¥ cpabOTKOA HAKOMIEHHBIX 3a-
NacoB TPYHTOBBIX BOA B NEPHOAbl 0CAaGAEHHOrO MHTAHHSA |
(rnaBubiM oGpasoM 3HMOfi). Ba)KHO OTMETHTB, 4TO B NepH-
OAl YCHJICHHOrO MHTAaHHS TPYHTOBHIX BOJA 4acTbh nOCTyna-
jouleit BoAnl OyAeT pacxojoBaThbCsi HA YBeJHYEHHE 3amacoB
FPYHTOBBIX BOJ, HAa MOABLEM HX YDPOBHS, a 4acTb— Ha JApe-
HaJXXKHBIA CTOK, NMpHUYEM M0 Mepe noibeMa ypOBHS TPYHTO-
BHIX BOJ CTOK OyAeT yBeJHYHBATLCH, NOKA NpPH JUIHTE/b-
HOM TNMHTAHHH HE HACTYMHT PaBEHCTBO NPHTOKA H OTTOKAa H
e TMPEKPaTHTCA NOABbEM YPOBHS TIpPyHTOBHX BOA. [Mlony-
CTHM, YTO nNHTanHe (MPOMBIBKH M T. /.) NpexKpauiaercs.
Toraa Gyjer NpOHCXOAHTh PACXOAOBaHHE paHee HaKOMJeH-
HOIl BOABI HA JApEHaXKHHIA CTOK, cHauaja Gojee WHTEHCHB- |
Hoe, 3aTéeM no Mepe cpabOTKH 3amacoB IPYHTOBON BOABL |
samesienHoe. B ofGoux caywasix, TO €cTb H NpPH TIOABEME |
PPYHTOBLIX BOJA H IIPH HX Cnaje, NpoAOJIKHTENLHOCTh NepH-
O/I0B MOJKET OKa3aThCA HeJOCTATOYHOH AJAsl HACTYIJICHHA
UPEAeNLHOr0 COCTOANRA. B 9THX cayyasax cjaeaylontuii nepH-
0/l MOXKeT HayaTbCsl, «HACJanBasichby Ha NMpeAbIAyIlHe.
Mepwox mnoabemMa YPOBHS TPYHTOBBIX BOA (NmEpHOAH
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yenaensioro nuTanus). Bosspamasich x cxeme (puc. 21,a),
{pHMEM, 4TO B HavaJbHblii MOMEHT BPEMEeHH (f=0) ypo-
Wil FPYHTOBBIX BOJI COBMAjaj ¢ ypOBHEM BOABl B ApeHaXx,
W0 Jlasiee HAYAJ0Ch PABHOMEpPHOE 10 IVIOLLaAH NOCTYIVICHHE
pnrTauns pETeRcHBHOCTEIO . Toraa npu T==const caeayer
pACCMATPHBATH MJIOCKYIO 3afiadyy HeyCTaHOBHBUIEroCs JBH-
WONNs, YTo AAs AAHHO CXeMBl NMPeACTaB/sieT 3HAUYHTEJb-
me Tpyasoctn (Apasun, Hymepos, 1953; AsepbaHos, 1956;
r‘lo.ny(mpunona-l(ounaa, 1952; Dumm, 1954; Hammad,
1067). IlpuBesem npuOAHKEHHBIE PEIIEHHS, COOTBETCTBYIO-
e GAH3KOMY H TyGOKOMY 3ajerantio NMoBePXHOCTH BO-
Joynopa.
1) Bauskoe aaaezanue nogepxHocTu sodoynopa.
Cuutasi, 4YTO OTHOCHTEJNLHBII MOABEM TNOBEPXHOCTH

fPYNTOBEIX BOJA HEBEAHK (L;- & l), MOJXKHO BOCTIOJIb30BATh-

¢t auneapuanposanubiyM ypasHenuem Byccuuecka (Apepbsi-
wow, 1957 a; Apaemn, Hymepos, 1953; Asepbsnos, 1956;
IMonyGapunosa-Kounna, 1952): _
oh h
6-07=kH°—5x—’—+q. (282)

Buenem GeapazMepHbIC napaMerpsl: x=x/L; L — nauna
wotoka (na pue. 21,a L=B/2); h=nh/Hy; H — npenens-
Wufi MOABEM TOBEPXHOCTH rpyHTOBHIX BOA; f=l/t (Y—
ppemst CTaGHAH3ATHH).

OTHOCHTeNIbHAS HWHTEHCHBHOCTH MHTAHHS v paBHa:

2
o= (283)
kH, Hy
Torna ¢opmyaa (282) npumer BHA:
e (284)
0 ox?

Pasmentas KoopAMHaTH: x=0— apeHa; ¥r==1— Bolo-
. pasnen mexay Apenamu (L=B/2), noayuum peuieHHe
- ypasuenus (284):

- z x 16 o
afe(1- ) - 2 Ta
1

ol _[ “’!m—l)’ 7 ]
X sin -&—";-Qf'—f e $ l (285)
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Puc. 30. 3apucnmoctd  Ko3phHUHENTOB Hanopos
I—qy, pacxozon §; 1 KospdHUHEHTA HCMOAB3OBA-
HHA CBOGOANOH CMKOCTH IPYHTA Yy OT OTHOCHTED:-

HOTrO BpeMment £,

[Mocpeaune mexay apesamu x=1, Toraa

b= (1—a) (286)
HITH
b7 =H,(1—g,), (287)
2
rae H(',= 2: . — HanGoaewnit noasenm no Kene;
32 1 | )
l—¢,=l—n—[ql"—§;¢3" +Es'qfs”--~]. gy=e""".

(288)

Caenopartenbno, Koa()pHUHENT ¢, 3aBHCHT TOJABKO OT
OTHOCHTEJILHOTO BPEMCHH, YTO MO3BOJSET COCTABHTH Ipa-
¢nx, npusefienmit Ha pucynke 30. Ha mem wnaoGpaken
NOJABEM NOBEPXHOCTH IPYHTOBHIX BOJ HAa MEXKAPEHbE B J0-
AsAX OT HauboJbmero noaweMa H;, onpenencutoro no Kene.

B Havase nuranus NOABEM NPOHCXOAMT JMHERHO, MPH-

ueM l—q@;=2f, 10 ectb h=g¢i/5. D10 yKasmlpaer Ha TO,
4TO MHTAHHE BHAYaJie PAacXOAyeTcsi Ha MPOCTOe 3amOJIHCHHE
CBOGOAHOM MOPO3HOCTH M POJb JAPEHA)Ka HE CKasbiBaercs.
B naneueiimieM npu HapacTaHHM BAMSHHA JPEHAXKA MONBEM

TPYHTOBBIX BOJI 3aTyXaeT H yXe npu f=1, 1o ectb no no-
CIMIKCHHH BpeMenH crabHau3auuH, nocturaer Goaee 90Y%
cBoero HauGoabUIero 3HAYEHHS,
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Onpenensis ApeHa)KHbI CTOK 1O Gopmye

Q=4tHo(50)
0x [x=0
noayanm Q=1 Q.
dneen Qo=2gL=¢gB, a

8 1 l l «
M fir =t 4 - = 94 — 2574 S o’
W= 1—Clal+ gt gt (289)
I'padgux P, (prc. 30) noxaswipaer, yTo APEHAKHBIH PacXoi
No3pacTaeT co BPCMCHEM. YUHTHIBAsi «BHCAYECTb» JpeH,
¢Jie/lyeT BBECTH NONPABKy B BeJHYHHY BpeMeHH CTalHJ/IH3a-
I, cunTas ero 1o gopmyse
12
o L (290)
kH:.
(e @ — KospPHUHCHT <«BHCAYECTHD,

Ecan ussecriio pazmemense apeun (B), To onpenenenue
JNHAMHKH NOABEMa TNOBEPXHOCTH TPYHTOBBIX BOJ H Jpe-
IAJKHOTO CTOKA He NMPeICTaBJAseT TPYAHOCTEH.

Jas naxoxjlenus paccTOSHHS MeXAy ApeHaMH B mo
AONYCTHMOMY  mOJbeMy cpaBHEM (opMyanl Hy=¢t/20 u
he=H(1—q;), oTKya noayunm

hiam A (291)
« O
| — @y
e y= 22% — KO3 dHuHenT, 3aBHCHILAN TOALKO OT OTHOCHTEJBHO-

ro npemenn (puc. 30).

CaenoBaresibHO, NMOABEM MOBEPXHOCTH TPYHTOBHIX BOJ
PN HAJIHYHH JpeHarka MOXKeT OhTh onpejeneH Kak Mpo-
HiBe/eHHe NOoAbeMa NMOBEPXHOCTH TPYHTOBBIX BOA 6e3 nape-
naxa gt/d na xospunueHT y, NoOKazLBaOLHI, KaKas N0
NTAHKS TPYHTOBHIX BOJ HJAET HA NMOABEM HX MOBEPXHOCTH;
Kosppunuent (1-—y) nokaswiBaer, KaKyio J0JI0 «CHHMaeT»
Jpenax.

Kosdduunenr y namensiercst or y=1 npu =0 no y=0
npn {=oo,
[Tepenumem popmyay (291) B suge

_m
BT gt ’ (292)

tie h — nonycTHMEFA NOABEM MOBCPXHOCTH rPYHTOBHX Bof; 8 — cBOGOR-
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HafA NOPO3HOCTb; § — MHTCHCHBHOCTD M f — NPOAOMKHTEABLHOCTL NHTA-
HHS TPYHTOBHX BOA

Yncanrens B npapoii wactu hopmyam (292) nokasuga-

eT AONyCTHMOE yBEeNHYEHHe 3anacoB TPYHTOBBIX BOJA 33
CYeT nmoAbeMa HX NOBEPXHOCTH hS, a 3HaMeHaTeNb — MOJ-
HO€ MHTaHHE IrPYHTOBBLIX BOA ¢f, otyero kKoaddHuUHEHT 7y

MOXeT ObThb HasBaH KO3(PHHUHEHTOM HCNOJL3OBANHA CBO-

GoaHoii eMKOCTH rpyHTa, a Kos(pduuuent (1—y) xapaxre-

PH3YeT cTeneHb HCNOJAbL30BAaHHA JApeHaxa. Tak kak npasas
yacTh ypaBHeHHs (292) u3aBecTHa, TO, ONMpPEAEJHB y NO PH-

cynKy 30, maxofumM OTHOCHTeJbHOe BpeMs ! W BpeMsi cra-
OGunH3auKK T; 3aTeM onpeaeasiem B no gopmyae

B=2 l/”-”—‘;% . (293)

6) l'aybokoe saaezanue sodoynopa.

B 3ToM cayuae paccrosHHE MeXAY APEHAMH HaXONAT
noAGOpOM, TO €CTh 3a1a€TCA BeNHYHHA B M XapaKrepHsyer-
csl IMHAMHKA noabveMa. Ecau sta aunamuka yaosaersops-
€T NOCTaBJIEHHbLIM TPeGOBAHHAM, TO NPHHATOE PACCTOSIHHE
OCTaBJISIIOT, €CJIH HET, TO H3MEHAIOT B HY)XHOM HamnpasJje-
HHH. IIpn sTHX pacuerax MOryT GHITH HCHOJB3OBAHBI CJe-
ayoune GopMyasl.

HauGoapmnii noxbeM noBepXHOCTH IPYHTOBHIX BOJX NO-
cpefnHe Mexay JApenamMn H; npm ycTaHOBHBIIEMCS HH-

¢GuAbTPAUHOHHOM NMHTAHHH ONMpeAessoT noaGopoM H3 dop-
myast (117) npu AH=H_:

Hjmln——32 (294)

% T l/ 2H;d

Bpemsa £, 3a KoTopoe rpyHTOBbIE BOABI NOAHHMAIOTCA Ha
BeJHUHHY h, onpexeasioT no dopmyie
; H.
R In—2'—,  (295)
© aVou Y H (- Tt

Mepnon cnmajma rpyHTOBBIX BOA. DTOT MEpPHOA BechMa
BaXeH JJIsl pacueTa ApeHa)<a, Tak KaK XapaKTepH3yeT pa-
6oTy ApeHa)a MO OTBOAY NPOMBIBHHIX BOJA TOCJE€ OKOHYA-
HHSI IPOMBIBKH H CBOEBpPeMEHHOMY (K HayaJy MoJeBBIX pa-
GOT H BereTauHOHHBIX NOJHBOB) NMOHHXKEHHIO YPOBHs TpyH-
TOBLIX BOJ.
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Pacemorpum HanGosiee XapakTepHuifl cayuyail, KOrjaa Hc-
(lnpelne ¢ MOBEPXHOCTH TPYHTOBHLIX BOJA H HX NMHTaHHE OT-
CYTCTBYIOT, a JApeHa)X pabGoTaer Mo OTBOAY paHee HaKom-
ACHULIX 3aMaCOB IPYHTOBLIX BOJ.

a) Koweurnoe saaseecanue nosepxnocru sodoynopa.

pHMEM 3a HauyaJbHOE MOJIOXKEeHHe NOBePXHOCTH IPyHTO-
pMX BOJA TOJIOXKEHHe, COOTBETCTBYIOLlee YCTaHOBHBIIEMYCS
ANMIKEHHIO NPH HHOHABTPALHOHHOM NMHTAHHH, PACCMOTpPEH-
HOMY TpPH NMOABEME TPYHTOBBIX BOJ, NMPH 3TOM MOXHO 3a-

nncarn: {=0; -—-%‘-(1—%)!?.

JIsa apyrax ycaopusi nawor: h=0 npu x=0 u x=B5B;
0" _— —
- = (0 npn x= g8

Pewas ypasuenne ByccuHecka ans storo caywasi, no-
Avuum (Asepbsinos, 1956, 1957a):

nn
w gin? — a3
, 32 2 nnx n*n®t 206
B wactHocTH, Aas x=B/2 umeem:
, 32 | 1 o ’
h=Hy 2% [qyc__ > g+ 175q;sﬂ _] —H, 9. (297)

Anasorgugo

QAp e Qo(l o ’Pl)o (298)
e Qo==¢B; xKospduunenr P, onpeneasior no dopmyse (289),

Cnaja noBepXHOCTH rPYHTOBBIX BOJA H APeHaXHLIfi OTTOK
flocse npexpauleHds NMHTAHAA TPYHTOBBIX BOJA XapaKTepH-
sywores KodppHuHeHTaMH @ U 1—p), 3aBHCALUMH TOJLKO
0T OTHOCHTEeJIbLHOrO Bpemenn (puc. 30).

[IpuBenenHbiMH  GopMyJaMH HECJOXKHO MNOJb30BATHCA
AN OnpeesieHHsl PacCTOSAHHA MeXAy ApeHamu. Ias sroro,
Mias Heo6XoAMMOE ONyCKaHHe MNOBEPXHOCTH TIPYHTOBBIX
Won A=H;—h B 3ajaHHble CPOKH f, CAEAYET ONpPEeAeNHTE

Kosppuurent @=h/H;, no KOTOpOMY, NMOJbL3YACh PHCYH-
KoM 30, uaiiTH OTHOCHTEABHOE BpeMs f.

3nasn f, naxoaum Heo6GXOAHMOE BpeMsi CTaGHAM3AIHAH T
i o gopmyne (293) paccrosinue mexay ApeHamu B, npu-
NeM 3HaueHHe o CHavyaja npHHHMaercs B npejeaax 0,5<<
« u=<_1, a sarem nocse onpenenennss B yTOYHsIETCS IO pH-
eyuKy 23.
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6) I'ayboxoe zarceanue sodoynopa (T-—>c0).
Dopmysa Ajas 9TOro ¢ayyasi NPHHHMACT B

8By Bk, (299)

Pacyer KOMOGHHMPOBAHHBIX APEHAKHBIX CHCTEM
B YCNOBMSAX HANOPHOro NMTaHMS

HaGmonenns B nonesbix ycaoBHsiX, a TaKxe aa6opaTopHbie
Hcenenopanusi (Pycramos, 1962) npu Haauunu HanopHHIX |
BOJl TMOKasaJH, YTO AEHCTBHE rOPH3OHTAJBHONO JpeHaxa
MOZKHO YCHJIHTD NyTeM YCTPOHCTBA BJOJb APEH OTHOCHTE]b-
HO MEJIKHX CaMOH3JIHBAIOUIHXCH BEPTHKAJbHBIX CKBaXXHH,
He JOCTHramIUHX OYeHb riy6OKO 3ajieraioulero OCHOBHOIO
BoJloHOCHOrO miacra (Asepbsinos, Pycramos, 1963). :

Cxema pewenus. PaccmaTpupaercs cucreMa mapad-
JEJbHBIX OTKPHITHIX JIpeH (KaHaJsoB) rayGuHoii A, pacroso- |
HEHHBIX Ha paccTosnud B oiaHa ot apyroii. Ha ray6ume |
T noj AHOM KaHAJOB HAXOAHTCS HaNOPHLI BOJOHOCHH |
NJIACT C NPEBLIICHHEM HaNopa HAJ yPOBHEM BOABI B KaHa- |
ae Sy. B ane kanasa npoOGypeHbl BePTHKAJBHBIE CKBAXKHHBI

panauycom ro H ray6unoii I, npuuem ly<<T: B cBoeil HUIKHEH
qactd (/) onu umeror ¢puabTp. Ilo AauHe KaHajsa CKBaXKH-
HBI pasmellens! uepes 2R, I'pyHTOBBIE BOJALI NMUTAOTCA KaK
CO CTOPOHBI NOBEPXHOCTH 3eMJIH (MPOMBIBHBIE BOAEI, IOTEPH
OT OPOLICHHS), TaK W CO CTOPOHBI HANOPHOTO BOJOHOCHOTO
naacra (puc. 31).

CJI0KHOCTL paccMaTpUBaeMOii KapTHHBI JBHXKCHHS 3a-
KJII0YAETCS B HAJIHUHH TPeX TeYeHHii: IOTOKA OMyCKaIONIHX-
CA H NMOCTYNAWWHX B APEHY HHOHJABTPAIHOHHBIX BOJ; MO-
TOKa HAMOPHBIX BOJ, NOCTYNAKOWHX B CKBAaXXHHHI, NOTOKA
HaNOPHHIX BOA, MOCTYNAIOMHKX B ApeHbl. COBOKYNHOCTh STHX
HOTOKOB M co3/laerT ofuice ABHXEHHE HH(PHALTPAUHOHHBIX
H HamopHbIX BOJA K CKBaxKMHaM H jpene. CepbesnbiM 3a-
TPYAHEHHEM B pelleHHH 3a/auH SIBJASIETCS TO, YTO IPANHUB
MEXKAY 3THMH notokamu (/—/—[—[ 2—2—2—2: 3—8—
—d3—3 Ha pucyHke 31) 3apaHee HEH3BCCTHBI.

I[Ipn oTCyTCTBHY CKBaXMHH 3a/a4a O NPHTOKE HAMOPHLIX
H MHQHIBTPALHOHHBIX BOA K Apenam peuena C. ®. Asepb-
aHoBbIM (1960). Moxno mosyunTe pemenne Asis MpHTOKA
BOJILI K CHCTeMe CKBaxXHH (0e3 yuera paGoThl ApeHsi).
CkaiabiBast STH TeUeHHA H YUHTHIBAS (axcrnepHMeHTaNbHO) |
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ix nurepdepenuuio, GyseM HCKaTb PE3yJbTaT COBMECTHOH
pubOTHL APEHB H CKBAXHH.

PaccMoTpenre HauHEM C CHCTEMBI BEPTHKaJbHBIX CKBa-
i, ¢

Kax Buano mo pucynky 31, TpeGyercsas HaiTH MPHTOK
HOJAL K CHCTeMe BepPTHKAJbHBIX HECOBEPIIEHHBIX CKBaXKHH,
[AIMCIICHHBIX PAAAMH € PACCTOSIHHAMM MEXAY CKBaXKHHA-
Mit i paay 2R u mexay psasamu B, npuuem B>>2R.

3a BepXHIOI0 PPaHHIY MOTOKA NPHMEM TOPH3OHTAJbHYIO
ockoets A—A; HUKHEH rpaHHIel sBAAETCS MOBEPXHOCTh
itanopHoro muacta; 3a GOKOBBIE I'PAaHHIBI MOTOKA TNPHMEM
linpajyiebHble BePTHKaNbHBIE MJOCKOCTH, NMPOXOAsliHe Ha
paccrosiHuax 2R, W ApYryio mapy miockocTed (mepreH/i-
KyasipHyio K nepBoil) Ha paccrosuun By, mpuuem Bo<<B.
(se0BaTebHO, AJS NMapajiiesienunena, HMelouiero OCHO-
panne 2RX By u Beicoty T(T=Cy+I1+4C;), nano HaiiTn
IPHTOK K HECOBEPUIEHHOH CKBa)KHHE, OCh KOTOPOH coBma-
ANCT ¢ BepTHKAJAbHOH OChIO Mapajjenenunena, a (GuAbLTP

/2 12 /2 e R SR
SRERRER ARRERIRERRRR

g :
T T Tgst -1

e EEEE—— - nm — ——— 5

..‘. .;:. .:‘. ‘.-.‘...: o .-:. 0 ,'.. '.:::_ _:‘ ‘_.:‘:..:.

o0 o000
“o°o’°.o° (i

Puc. 31. Cxema x pacuery KOMOHHHPOBAHHOTO JpeHa)a B YCJAOBHAX
patopuoro nuranus. Paspes vepes cKBajKMHBI HEPHeHAHKYJASPHO K Ape-
HaMm (a) u Bpoas apew (6).
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Puc. 32. Cxemunt oroGpakeHus na-
pul AHHeAHBIX CTOKOB.
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. '. _k' oo n ~ g " . ..-:
.'00.. N o “q v ,: X ...
ox /% -.;( 7, 2 PR
OO T TR T RO O .
a :
|
|
Puc. 33. Cxema k pacuery npH-
TOKa K OAHHOYHOM CKpaXXuue:
| — ¢TOK; 2 — HCTOUHHK.

4
4
pajiaycoM 7o ¥ JJHHON [ OTCTOHT OT BepxHeil (YCJIOBHO He- i
nponnnaemoit) rpaunusl Ha C; H OT HHXKHEH Ha paccroa-]
ann Co (puc. 31,6). -

C. K. A6pamos u B. JI. Ba6ymkun (1955), I'. M. Jlo- |
muze 1 B. M. HacGepr (1946) pemnsn anajaoruvHbie, of-
Hako OoJjiee MpPOCTHE 3aja4y¥ ¢ HCNOAL30BAHHEM METO/a
AuHefHLIX cToKoB. Tak, /s OAHHOYHOf <«NOAPYCAOBOH»
CKBaXKHHBI, TO €CTh NMPH YCJAOBHSX 2 R—co, Bg—00, NpHBO-
aar pewenne C. K. A6pamor u B. J1. baGywkuu. Pewenne
MOMOOHBIX 3a/lay NPHBOJAHT K CyMMe pslOB, CXOAHMOCTb H
yA06CTBO NOJNL30BaHHA KOTOPBLIMH B 3HAUHTEJIbHOW cTere-
HH 3aBHCAT OT (GopMmbl 3anHcH H npeobGpasosaunii. [losTo-
My NpHBeJleM 3TO pelenHe B Gojee yJAOGHOM st HCMOJb-
30BaHNA BHILE.

lMputok K oaunounoii cksaxuue. IIpumenss MeToa JH-
HelHBIX CTOKOB, AJs HX mapwl (puc. 32) uMeem Bbipa-
KeHue:
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ds =% - + : )dn. (300)
e (Vr' te—w Vetetw

fae S — najenwuc Hanopa; go— NPHTOK K OAHOMY CTOKY; ! -— AAHAA AH-
pelnoro croka; & — KospouunesT GUALTPaLMH.

Pasmemasi KOODAHHATH, Kak MOKAa3aHO HA PHCYHKe
33 (cnpaBa), yepeaysi mMOMApPHO JIHHENHLIC HCTOYHHKH H
CrokH (Y4TO OTpa)Kaercs Ha 3HaKax MNepes COOTBeTCTBYIO-
WIMH YJCHAMH), HHETErPHPYS KaxKABli 4ieH B npeaenaax
0T 1)==2; A0 1]==22 H T. . H CYMMHPYsl BCe WICHBI, NOJY-
WM caedylolilee BBIpajyKCHHE JUIs NMOHHMKCHHS Hanopa:

T— c.—z+47'(n—|)
m“ {2‘ Arsh zfs
+Arsh T-C’+zr+4r(n—l)_
P Cy— b =2+ 4T (1)
r
T—c,—l+z+4'r(n—1)]_

r

— Arsh

— Arsh

_2 [Arshzr—c,—z’—s- T(n—1) |

3 Arsh21‘—Cl+z+4T(n-— Bes
r
_Arsh21‘—C;—l—z+ AT (n—1)
r
2T —Cy—1l+2+4+4T (n—1) ]_

r

— Arsh

_E[ArshM‘—C,—-zr-l- 4T (n—1) +

n=|
r

— Argh T =Ci—l—z 4T (=1
r

8T —Cy— 142+ 4T (n—1) ]+

r

— Arsh
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. AT — Cy—z2+AT (n=1)
+2‘[Alsh : -+

N
4 Apsh AT —CrtetAr(a—1)
r
st ot AT Cy I B ATW 1),
r

2o Al 4T — Cy—1+4-2--AT (n—1) ]} : (301).

r

3aMeHACM JIHHENHbIH CTOK peajdbHbiM  (QUABTPOM Tak,
4TOOLI  SKBHNOTEHUHaJbHAs NOBEPXHOCTL  Nepecexkalna
GHALTP CKBaXKHHBI pajiHyca ro Ha paccroanuu 2,=C,+al,
rae 0<<a<<l. YuurniBasi, uro no dopmyae (301) npn
r—>0 S—oc0 H npH r—>oo S—»O, B Bupakenne (301) cneny-
eT NMOJCTaBHTb YKa3aHHBIE KOOPAHHATHI Z=2¢ H r'==/y,
410 OyAeT COOTBeTCTBOBAThH NOHIKEHHIO Hanopa B CKBa-
KHHe S, |
Hmes B Buay, uto obniudo 1/3<<a<<2/3 u, caenosa-
TEJNLHO, %—»l, JUTS TICPBLIX ueTLIpPEeX YWICHOB H Tem Gojee
% .
ocranbHbiX (Tak Kak T/ro>>1) MoxkHO 3aMcHuTL Arshu~
~In2u, yTo nmocje rpynmHPOBKH YJIEHOB Aaer cjaeayiollee
BbIpayKeHue:

. D 4"(1 '—a)a
o= dnkl {ln 2 &5

2C, -+ 1(1 4 @) y
+in S —2 (k=) | (302)

3nech [y, fa, fs, f+— PyHKuHH oaHOro BHAA GeCKOHEUHLIX
POH3BEJICHHIT: ‘

b “‘u)(w_%‘ )(l—l%u)(l %l%u) , (303)
+a (1= u) (1 u)(1=5a)
"p"qe““l—_«jl:’ uy = 4 2a)'i; u,:(_:,.{-f;l;
u=C+ AL, T 5= 7
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p—y

Tak xak Beceraa u<<I, To, norapudmMupys Bbipa)KeHHE
(303), npeacrannsigs GecKOHeuHOe TpPOH3BEJEHHe B BHJE
CYMMBI, packJiafbiBas Ka)KABIH YJeH 3TOH CyMMBl THNA
In (I4x) B psl H CYMMHPYs BCE WYJEHbl, NOJAYYHM TaKOE
Wpakenne anst QyHKIHI:

l:@—%+%—{+]+%p-§+%—]+
+%[—§+%—4+ (304)

DT0 MOJKHO 3alHCATH B BHJE

21 K41
(=1
2 [2:.- 12 K21 J &)
n==| K=l

Bropasi cymma paBua:

S‘ = "’“’ —2'7) 2 (p). (306)
=1

daecn L(p) — dyukuusi Pumana.
OxoHYaTeJNbHO IOJYUHM:

— 20— R
f=§2n__l[l—2"" D¢ @n—1). (307)

Haxous swauennsi {(2n—1), umeem nasi BLIUHCIEHHI
ps:

P [uln2+i‘i .11,2021+i‘1 21,0369+ - x

< 001,00834 £ 28 009 o+$ 21,0005+ . ] (308)
Jlerko 3ameruts, uto psax (308) xopouwro cxoAuTCA yxKe

A u=<<0,9. Toraa pacuernyio GopMyJy npeicTaBHM B BHIE

g | 41’(1-—a)a 2C; - 1(] - @)
Sy = o [1 2 Rl 2f]. (309)

Gopmyaa ans onpenenenus JeGHTa ONHHOUHON CKBaXKH-
MW IIPHMET BHJ

2;
Go = Tlsozcl-u (B0
1n—2l/ a(l—a) + — 5, + ol —f
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f
f A Puc. 34, Tounnte (I) # npuGanKeH-
13 Hue (2) awauenns cyms ¢yssuns [o
{7 s
@ g
1942 =
Q4
%;2,_ Puc. 35. Cxemn pacnoiaox
0 prabTPa CKBAXKHH B BOJAOHOCHOM

0 8102083040506 07 9808 035V nnacre.

c,-'o GoloT/2 Gy Gvoo  GeBlpl,OoT el T/2lyd Gel: Gy oo

Ecaun npuuste, no pexkomengauun H. M. Pemerknuoit
(1960). a=0,5, popmyaa ynpoctures:

s 2nkIS,
S S LS 311
ro 2 Cy1+0,251
Has wacrtoro cayvas C,=0 noayuyum:
qo H 12“’&’30 : (312)
n—V 8 —f
To
P 3%
e [ = fy+fq, 1ok xak fy = [y 4 = T l; ug = T .

Hakonen, ecanm orpaunuyntbes B pasnoxenun (308)
NepBBIM WIEHOM paAAa (4T0 ¢ TOYHOCTBHIO, OGoabueir 5%,
MOXKHO caenath npH u#<<0,3), OKOHYATCALHO MOJMYUHM:

qo s 2“&'80 § (3 l 3)

r—
-t J 3 ———1n2
o 7
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v

N a4 =t

adad

Jlns nons3oBanus Gonee TouHo#i dopmynoit (309) Ha-
Mit (npr a=0,5) nocrpoen rpaduxk ¢yHkuun f(u), rae
ISl CPABHEHHA NMOKa3aHO NMPHOJHIMKEHHOE 3HaueHHe

[ = ;;— In2 (puc. 34).

lpurok K paay cksaxud. [as pemenwns 3agauu Heo6-
LONNMO yuecTh HHTEP(hEPeHIHI0 CKBAaXKHH B JIBYX MCpHeH-
ANKYJIAPHBIX HANpPaRJEHHSX — BAOAb KaHala H MEXAY Ka-
nnnami. Beuay toro, uro Bcerpa B>>2 R, 6yneMm paccMar-
PHBATE B3aHMOACHCTBHE CKBaXKHH, Pa3MelIeHHLIX B OJHOM
piy. PaceMoTpHM BO3MOXKHOCTH YNPOINEHHST pacyeTHOM
exevol, OuennyM, nOAb3ysiCh NONYYEHHBIMH pe3vJbTaTaMH
15T OIHHOMHON CKBAaXKHHBI, BAHsIHHE BeanuuHut C, (u, cue-
jopaTenbHo, 3navenna T) Ha pebut cksaxuuel. PaccMmor-
pum 1Ba Kpaiiuux cayyas (cxemwl / u 2 nwa puc. 35), nas
koropeix C;=0 u C;—oco. Ilna yno6cTBa 3anuiieM Bhipa-
wenne (310) B Buae

 2nkIS,
Go=—""1". (314)

Torna nas cxemb (puc. 35, 1) npu C;=0; I=1/2; u,=1/8;

1 3 3
Uy = —;-; U, = ? y Ug = —8—; f‘(_8-) = 0,277,
f,(%) — 0,087; fo= fs f = 0,277 0,087 = 0,364:

A=m-L + 1 in3—0364=1mn-" +0,36.
o 2 To
Jlns cxemwr (puc. 35,2) npn C,—-oco BTOpoil wieH 3na-
menatens: gopmyas (309) crpemuTes XK HyMo. 3HayeHHS
>0, uy—0, oruero f;—-0, fa=0.
3navenne f=[,—[; NnpHHUMaeT BHA HeEONMpeaeSeHHOCTH
0000, PACKPBIBasi KOTOPYIO, NOAb3YACH TeM, 4yTo pss (304)

MOJKHO TIpeACTaBHTh B BHAE f= (—1)"* Arth 2 noayaum
1 n

BUpaXkenue:

_ 1 20+ (@2—a)l
for lnzc,+(1—a)z' (516)

Henoabays Koropoe, umeeM (npu a=~0,5):

b 1e CyA-0,761
A=l re 2 lnc,+o.2sz' (229)
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Hau aasa yeaosui npumepa (Co==l)

P e 1 I
A h‘l-; -2.1“?.—23 ll'l 3 0,168.

Anajorsunsie splyHcaenns aas cxem (puc. 35,3, 4 u 5)
JalT :

A=In-t —0454; A=In-- —0,532; A= ln—:- 0,549.
0

o To

Conocrasjenne NMOKa3blBaeT, YTO JANA KpaWHHX CJAy4acB
(Ci=0 1 C;—>o0) npn C,=0 (cxemu 3,4 n 5 na puc. 35)
OTKJIOHCHMS 3HAuCHMit Ae6HTOB coctapasior okono 2%, ec-
JH NPHHATH OOBuEBe 3nayenns [/ro=>>100. [Tpu yseanuenun
C, pacxox/ieHHs Bo3pacrtaioT, Jjocturas 7% npH C«.—-IZ
(cxemnt / 1 2 na puc. 35). 1

Mas yuera wnTep@epeHiuy BNOJHE AONYCTHMO ClOXN-
nyio cxemy (Cy==const) samennrtp Gojec HUPOCTON (Cr—>
—-00, puc. 35, cxema 2). Torna, npHMensis IAsl OUEHKH ]
B3aHMHOIO BJIHSIHHSI CKB2)XXHH METOJ JIHHEHHHIX CTOKOB, |
MOJIYUHM CJAENYIOUIHI pe3yabTarT. |

JIs1 OJIHHOYHON CKBAaKHHBI HMCEM:

AR, (0 z-Ct l+Cg—2
S M(Arsh 4+ Arsh

— Arsh '—Jf—c—:ﬁ+ Arsh ?i—r"—’) (317)

npu 3amene z2=2o==Cy+al, r=ry, S=S8; «=0,5 noxay-
yum dopmyay (316). Jas ydgera wutepheperunn CKBaxHH
caelyer K Buipaxenunio (317) npuGasuth aHaJOrHUHBINA
YneH B BHAC CYMMBI, TAC NPHHHMATh KoOpanHathl z=Cs-}-
4al, r=2Rn—ry, n=1, 2, 3... 3ror noGaBouublii YAeH
npuMeT BHA (npH ro<k2 R)-

o9 L‘ {Arsh 1+ Arsh =2 :”

32 2c.+u+a)1 92, -+ al
Arsh e ] (318)

CupraeM BO3MOMKHBIM [PHHSTb B3aNMHOE BIHAHHE
CKBaXKHH TaKHM, KakKHM OHO OviaeT AJasi psjia CKBaXHH,
umeoumx Cy—0o0, TO CCTh VUHTHIBaTL ero no Qopmyse
(318).
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[lpunHMas, Kak H paHble, a=0,5 u oGognauaa [*=
i l[2R, Cy=Cs/2R, nonyunm:

= ie
S, = o oF. (319)
dneen F — cymma B dopmyae (318), pasnasn:
- 0,51 ~
F =Y [2 Arsh®: +0,51%) —
— Arsh Tl{ (2C,+ 1,5 z*)] : (320)
Ipn Co=0 nmeem:
N 0.51° 1,510
5 st

Hamu Boiuncaenn nekotophic sxauenus Fo (npn Co=
-s:())

" 0 0,20 0,40 0,60 0,80 1,00

Fo 0 0,005 0,033 0,008 0,202 0,334

npn [*=1, C,=0,5, F=0,774 (puc. 36).

YuuTbiBasi TAaKHM CHOCOG0M HHTEP(dEpPeHUHIO CKBAaXKHH,
OKOHYATENbHO NOJAYYHM TPHTOK BOAB K OAHOIl CKBa)KHHE
2R ua 1 M (no ayHHE ApPEHBL) B BHAE

o= (20)
Int=feeiin ] —f+F
ro Cy+0,251

the [ — kosdpdunuenr, onpeneaaeuuﬁ kaK f=2fi—fs+fi, npuuen fi, fs,
"3 (puc. 34) B 3aBHCHMOCTH OT uy=1/4; us=Ci+1/4; uy=Cy+¥l;
wlIT; Cy=Cy/T; kospduunent F—no dopmyse (320) nam pHCyRKy
40 npu napecrawx I*, Ca.

CoBMECTHBIH TIPHTOK K CHCTeMe CKBaXHH u apene. [Ipo-
NOICHHBIE MHOTOYHCJIEHHBIE IKCIICPHMCHTHI N0 COBMECTHO-
MYy JIefICTBHIO OTKPHITHIX JIPEH H CHCTEM BepTHKaJAbHBIX
cknaxnn  (Pycramos, 1962) B cooTBeTCTBHH €O CXeMOi,
IpuBeAcHHON Ha pHCyHKe 31, nokasanu cieayouiee.
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1. TIpHTOK BOABI K CHCTEME CKBAXKHH NPAKTHYECKH ~He
3aBHCHT OT pacxoZa OTKPBITBIX JAPCH H HHTCHCHBHOCTH
HHOHABTPALHH,

2. TlpuTox BOMBI K JpeHaM HECKOAbKO CHHIKAETCS NpPH
YBeJIHYCHHH 1e6HTa CKBAaXKHH (NpH YBEJHYCHHH HX YHCJAA
H T. A.), IPHYCM 3TO BJAHSHHE HCBEJHKO H, MO MAHHBIM
ONBITOB, MOXKET OBITH OLCHEHO CJAEAYVIOUIHM 06paszoM:

Q= Qx ( 1—0,072 Q—o) ; (323)

rac Qx — pacxoi ApeHu nph palore CKBAMHE; Qg——ro xe, Gea ckpa-
KuH; Qex — pacxon ckBaxuu (puc. 37).

3. Tlonmkenne ypoBHS TPYHTOBLIX BOJ MOCPEAHHE MEXK-
ApeHbsi B PaBHOI CTCNMEHH 3aBHCHT OT JIeOGHTOB APCHBI H
CKBaXKHHDI, TO €CTb ONPEAeaSAeTCA CYMMAPHBIM APEHaXKHBIM
CcTOKOM cHcTeMHL. [Ipn 5ToM oka3ajiock BO3MOXKHEM IOA-
TBCPAHThL ONBITHLIM NMyTeM NPHEMJACMOCTh pacyeTHHX dop-
myn C. @. Apeposinosa (1960) ans onenkn paboTst Apen
NPpH HANOpHOM NHTAHHH. YKa3aHHLIC CBSI3H OKAa3aJHCh
ACHCTBHTENbHBIMH HC TOJNILKO s paGoTHl JIPeH, HO H JAJf
COBMECTHOH pabOoThl ApPeH C YCHJIHTENAMH. ITO NO3BOJAET
NPpeVIOKHTL CAeAYIOUHit crocob pacuera KOMGHHHPOBaH-
HOro JIpeHaka B paccMaTpusaemMblX ycaoBHsx. Ilpm ms-
BeCTHEIX ¢, R, T, AH, Ah, d MoXHO OnpeaeJuTh paccros-
HHE MEXAYy OTKPHITHIMH JApexHamu (B). Tak, ana oTHOCH-
TeJbHO TJyOOKOr0  3aJeraHusi  BOAOHOCHOrO  MJIacTa
(B/T<3) moxHO Bocnoab3oBaThest opmydaoit (237), u3
Kotopoii moxnbopom Haxomar 7* u B. Hance paccrosnue
MEXKAY OTKPBITHIMH JIDEHAMH YBEJHYHBACTCS A0 NpPakTHUE-

CKH NPHEMJIEMOI'0 PacCTOSIHHS

A Bi>B. Torja npn HOBOM

i pPacCTOSHHH MEXKAY JApPeHaMH

14 // MOJ'bEM TPYHTOBBLIX Boa Ah,
Oyner OGonbie 3ananHoi Be-

12 JIUYHHBI, KOTOPYIO MOJACYHTHI-

10 G 4 B I, B210T 1o Gopmyae (235).

26} }5/ A [lorpeGoBaB  CHHIKEHHsI

0% 7\ 7 2 anavenuss Ah; 1o neo6Xxoau-

2 / 5 |~ MO# BeJaHUYHHBI AR, BO3NOKHM

6214 O

B o -

a9 T » Puc. 36. Tpaduk ans pacuera HH-
42 44 0fF 48 1 .‘* Tephepenny CKBaXKHHH.
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Puc. 37. 3nayenns xosgduunenta yMeHblIeHHA pacxola

JApeHbl B 32BHCHMOCTH OT OTHOCHTCABIIOID pacxoida CKBa-
A HH.

p1Ty paGoTy Ha BEPTHKAJbHBIE YCHJIUTENH. YUHTbIBAs H3J0-
JeHHOE BBIlE, TIPHHAMAECM, YTO PAcXo/bl NPONOPIHOHAIbHbL
nonmxkennsm, Torfa uactb obmero pacxopa, nocrynaiouias
b pensl, OyAET paBHa:

Qx= kAR a, (324)
In %
M‘

i pacxon, KOTOpblﬁ HEOOXONHMO OTBCCTH CKBaXXHHaMH,

Qo = 1,08 %B‘IM’. (325)
In :_t;‘-

Kosdpuuuent 1,08 noayyen no dopmyae (323) [1/(1—
0,072) ~1,08].

3nas pacxon cHcrembl ckBaXHH (Qex), HX TapameTpsl
(I, 2R, ro) nopGupaeM Tak, 4TOOB NMPUTOK HA 1 M JUIHHBI
Khana Obla paseH AeCGHTY CHCTCMbl CKBaxKHH, ONpPEAC/ICH-
oMy no urorosoi (opmyie (322).

Npumep. TpeGyercs obecneunts paccoieHie OpPOLIaCMbIX 3eMelb
NpoMuLBKOH ua ¢one npenaxa, MuHepan3oBaHHbe FPYHTOBBIE BOAH Ha-
xojsiTes Ha paccrosunH 1,6 M or nmopepxuocti semad. Ha rayGune T =
w 100 M maxofaTcA nojseMuble Hanopubie poasi, Hanop mx coBnaaaer
{ CymecTRYIOUWHEM ypoBreM rpyntoBux Boid. Koshduuuent QuALTPamHu
~ rpyntos k=05 mfcyT, MOAYAL HHPHALTPAIHOHHOrO (npoMBIBHOTQ) nNH-

yauns ¢=0,2 afc-ra. Heobxoanmo obecneyuts YCTOHUMBOE NOHHKEHHE
~ IpyNTOBHIX BOA Ha 2 M OT TOBEPXHOCTH 3eMJH.

| papuant — paboTa OTKPHTHIX Aped. TayGHHEY JpeR npHEHMaeM
pusioit 3,5 M, wWHpERY N0 AHY bo=2 M H rAyOHHY BOAH B HuX ho=
w05 M. [dan onpelenennst pacCTOAHHA MeXKAY APEHaMB BOCNOAL3yeMCH
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dopmyaoit (237). 1loaGopom saxoaum T*=338, B=03 M. Orcoona sua-
HO, UTO PACCTOSHHSI MEXAY APCHAMH HENPHEMACMO MaJbl
Il Bapuant — ¢ npumenenuem ycuaurenc. Ilpamem B,=200 .

Toraa no ¢opmydae (235) Ahy=15 M npn AH=1845. ,

INpunumaem, uro suavenme Ah=1 M Gyaer obecneueno paGorol
zApen, a Ahy—Ah=0,5 m — paGoToii ycuantenael CKBaxHH,

lPm:xon ckBaxuu nadisem no ¢gopmyae (325) Qex=022 wm¥jcyr
Ha | M.

Hameuaem ckpaxkunn rayGueoft 25 m (anmma ¢uastpa (=20 M),
paamycoM ro=0,1 M Ha paccrosnupy 2R=50 m. Toraa no popuyae (322)
noaysum (npn Ci=0) Qex=031 M¥/cyr na 1 M. 3aech BuEly Manoro

I=1/T=0,2 npuusiro f=IIn2=0,14. 3navenne F=0,45 p35110 1o pHcyH-
Ky 36 npu Ca=14, [*=04.

Pacxol cKBa)KuH, Kak Buamo, Goawute, uem Ttpebyerca. [lostomy
cleflyeT YMEHbUIHTL YHCJAO CKBAKHH HAH COKpaTHTL X Axndy. Bosmo-
WeH TAKKe BAPHAHT Aaibiefimicli pasjBHXKH KaHajoB. 31ech Tpebylor-
Csl TeXHHKO-3KOHOMMUCCKHE PacyeThl.

PaccmatpusaeMbic cHCTeMB ocobenso SQOQEKTHBHN NpPH HANHYNN
XOpOUIO TPOHHLIAEMBIX NPOCAOEK FPYHTa HAa HEKOTOPOH OTHOCHTEALUO
ne6oapoil ray6use, B8 KOTOpHE BBOAATCH QUJILTPH CKBAKHHL

NMpubnmxeHHas OUEHKa PONK (PUNLTPALUM
B 30HE KanMANSPHON KaiMbl

ITpu paGore apeHaxa (HOPMHPYIOTCS NOTOKH, ISl KOTO-
pbiX XapaKTepHO HaJHYHE MEXAYy MOBCPXHOCTbIO 3EMJIH H
MOBEPXHOCTbIO TPYHTOBHLIX BOJA 30HLI HEMOJHOTO Hachiule-
HHSI, 10 KOTOPOH BJara nepeipuraercsi Oojee HiaH MeHee
napajjieJibHO OCHOBHOMY IMOTOKY IPYHTOBLIX BOJL

Ha spaueHue KanuaspHON 30HBI Juisd TeopuH (GuabTpa-
uun Bnepspie oOpatun Baumanne H. E. )KykoBckuit B
CBOHX paboTax MO ABHIKEHHIO TpyHTOBBIX BOA (1889—
1890 rr.). B 1923 r. oH e NPEANIONKHA NPHHHMATL 32
«IOBEPXHOCTH OCYUICHHS» MOBEPXHOCTb C JIABJIEHHEM,
MEHbIIHM aTMOC(EpPHOro Ha BeJHYHHY BHICOTHI KalWJJsAp-
Horo mnojusAtHs. Takum oOpasoM, B 00JaCTb JABHZKEHHS
rPYHTOBHIX BOJl Oblla BKJIOYEHA KanmwajispHas 30HA, NpPH-
yeM 3aKOHBLI NEPEeJBHXKEHHS BJArd B HEH ObIH TNPHHATH
TEeMH K€, YTO M VIl 30Hbl IPYHTOBLIX BOJ, H OTJAHUHC MCIHK-
AY STHMH 30HaMH ObLLIO CBEJCHO K PasAHYHIO B BOJHUHHC
AaBJeHHsA: 30HA ¢ pasjacnHeM P> P,y DpHHHMaJNach 3a
06J1acTh I'PYHTOBBIX BOJ, 30HA ¢ P<Pary — 32 Kanumisp-
Hyi0 30HY. B pazbnelilieM, HCXOASI M3 STHX JXKe N0JIOXKe-
uuil, paaom astopos (Benepuukos, 1935, 1940, 1947; Be-
purud, 1949) Obuiv noaydeHbl pEUICHHs A5 ONpeAesCHHA
(GHABTPALHOHHBIX NOTepb H3 KaHajoB. Hexotopuie Hccae-
JIOBaTeJH CUYHTANH BO3MOXHBLIM IpeHebperaTb BBHAY
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MAJIOCTH PacXOAOM BOJABI B KAaNMHJJISIPHON 30HE M NPHHH-
MaTh 3a rpaHuly 00JAacTH JBHKCHHS TOBEPXHOCTH IPYHTO-
wux son (Ilony6apunosa-Kounna, 1942; XpHcTHaHOBHY,
Muxaun, I{ssucon, 1938; Heabcon-Ckopusikos, 1947). Ipu
(ICPEABHMKCHHE BJIarH B KaNWJJSIPHON 30HE OIEHHM KOJIH-
YCCTBEHHO ee ydacTHe B oOlleM TOTOKE TPYHTOBBIX BOJX
(Anepbsinos, 1949 a, 1950 6).

PaccMoTpuM nepeaBHIKeHHe B 30He KanHJJISAPHON Kaii-
Mbl, TO €CTb B CJy4Yae NepejiBHKCHHA KaNWJISPHOTO IO-
T0Ka napajjieJbHO OCHOBHOMY TOTOKY TIPYHTOBBIX BOJL.
Pacxos, mpoBosHMBI NJIABHO M3MEHSIOUIHMCA YCTAHOBHB-
IIAMCsT TTOTOKOM TPYHTOBBIX BOJL Ge3 ydeTa JBHMKCHHA B
KANHJTAPHOH 30HE, MOXKET ObITh JOCTAaTOYHO TOYHO OIpe-
\CNIeH BeNTHYHHON ¢o (Ha eJHHHIY WHPHHBL TOTOKA):

(326)

fne kg — Ke3ddHUHEHT BOAONPOHHUAEMOCTH IPYHTA NpH nojaHoft ero

NIAroeMKOCTH @) C y4YeTOM 3alleMJICEHOTO Bo3ayxa; Al — najcuue

nanopa Ha aaune L npu cpeameii rnyGHu;? non};(a na stoft Aanne Aep,
1+ Hy

2

Pacxoa 30HBI KanHAIAPHON KaiiMbl JUist OGLETO cJay-
‘1451, KOrjla paccTosiiie Yo OT YPOBHSI 'PYHTOBBIX BOX JO I10-
BCPXHOCTH 3€MJIH MCHbUIE HJIH PAaBHO MaKCHMAaJbHOH BHI-
COTEe KanWIsSIpHOro NOAHATHA fy, MOXeT OHITH OlpejesicH
KaK

liph o6biunoM criocobe ocpeanenns fep =

A

q,=76[kydy, (327)

(A¢ ky— nepemennasi KanHAAspuas NPOHHUAEMOCTh HA BHICOTE § OT
YPOBHSI IPYHTOBLIX BOA, 3aBHCALULAS OT BJAMKHOCTH.

[IpuMeM, YTO NpH KanWMIAPHOM MOAHATHH BJAXKHOCTD
pacrnpenensieTes 1Mo BBICOTE NapaboNHYCCKH, UTO AOCTATOY-
10 XOpoLIO MOATBEPIKIAETCS ONBITHHIMM AaHHbBIMH (JleGe-
aes, 1936; Kosia, 1947, u np.).

Torna
wen)/ L] ew

e Wy, Wy, Wo-— BAAXKHOCTL COOTBETCTBENHO Y NOBEPXHOCTH TPYHTO-

(X BOJL, HA BLICOTE Y H NPH MAKCHMAJBHON BHCOTE KANHAIAPHOrO NOA-
HATHSA,
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Jlns BHISICHEHHS 3aBHCHMOCTH BO/ONPOHHUAEMOCTH
OT BJAXXHOCTH PacCMOTPHM MNepejiBHIKeHHe BjardH B nop
IPYHTA NPH HENMOJHOM BJArOHACHILICHHH.

[lo sapucumoctr Jlapcu pacxop uakoctH Qp, mnpore
Kalolleli gepes NOCTOsHKHOE nonepeynoe ceuenne (GpyTTO
rpyHTa npH passocTH HanopoB A na panse Al, onpeje
JAsieTCA Kak

v

A _ QAL
onMmek PAK (32

B ¢opmyae (329) npuuumaercs, 4TO KHAKOCTH 3amoj=
HSIET MOJHOCTBbIO BCC NOPBLI rpyHTa, TO €CTh JABHKEHHE
OPOHCXOAHT B ABYX()a3HOH CHCTEME CKeJeT TpyHTa — JKHA=
KOCTb; @HaJOTHYHO CO3/1al0TCH M YCJOBHA OIbiTa, TO €CTh
<10 BO3MOXKHOCTH» NpH (GHALTPALHH M3 NOpP rPyHTa yAad-
agercs Bosayx. Ho B s06oM rpyHTe, HACHILEHHOM BOJOMH,
HMeeTCs BOJa, HE y4yacTByiollad B JABHXEHHH, IPOYHO H
pHIXJI0 cBAsanHasn (Asapusuos, 1946; Kauunckui, 1947)
COPOUHOHHBIMH CHJIAMH CO CKeaeToM rpyHTa. [asi pasiny- .
HBIX TPYHTOB BeJHYHHA CBA3AHHON BOAbBI H3MEHSAETCA B
OuYeHb INHPOKHX mnpeaesax — or 3—5% Ans neECKoB Aog
NOJNHOM NOPO3HOCTH AJA HEKOTOPHIX IVIHH. B mocaesHHX
JBHIKCHHE JKHAKOCTH BO3MOXHO IpH IPHJIOKEHHH CHJ,
(peBLILAIOIHX CHJIbl COPOIHH, KOTOPbie HHOI/AA AOCTHIAIOT |
NECATKOB M coTeH artmocep. B sTHX cayuasx rosopst O
BOJIOHeNPOHHIIAEMBIX TPyHTaX (A4 OOBIYHBIX YCAOBHIT).

Jlpyroii BaXKHbiii (PaKTOp — HaJHYHE B rPYHTOBON BOAC
H30JIHPOBAHHBIX Ny3bIPLKOB BO3/YXa.

O603HauHM MOJHYIO TNOPO3HOCTL WJIH PaBHYIO €if MO- |
pHcTocTh rpynTa uepes m (IloayGapunosa-Kounna, 1942),
CBSI3aHHYIO BOAY B JA0JsSX OT o0beMa TIpyHTa 4epes Wp,
MOJHYIO BJIarOEMKOCTb B NPHPOAHBLIX YCAOBHSX, TO €CTh
C yYeTOM HEKOTOPOro KOJIHYeCTBa 3a)KaToro BO3jyXa, 4e-
pes w; (Takke B goasx or o6wvema rpynra). Toraa |
m=w, =w,.

Us dopmyant (329) caeayer, uro Ko3pduuuent QuabT- |
pallHH — YCJOBHASl CKOPOCTh JIBHXKEHHS JKHAKOCTH, HJH |
T4K HasblBaeMasi CKOpoCTh (pHJAbTPALHH NPH pacxoje, pas-
HOM CAHHHIE, Yepe3 loJHOoe nonepeyroe ceuenne (GpyTTO)
rpyHTa, paBHOe eIHHHIE, NPH eAHHHYHOM NaJeHHH Hanopa
Ha CAHHHLY JUIHHBL.

HcTiiHOe 3HaueHHe CKOPOCTH JABHIKCHHS JKHAKOCTH B
S3THX YCJOBHSX OyJAeT PaBHO:

182



V=, (330)

[Tpy HenosHOM HaCHIIEHHH TMepPeABHKEHHE JKHIAKOCTH
IPOHCXOAMT B YCAOBHAX Tpex(asHoit CHCTeMBI: CKeJer
IpyHTa — XKHAKOCTb — ras.

BononpousuuaemMocts B 9TOM chyuae Oyjaer 3aBHCETD,
noMuMo daxkrTopos, onpeaensomHux KOIPOHUHEHT (GHIALT-
paunH, TakXKe H OT BJAAXKHOCTH (CTENEeHH HACHLILCHHA) W.

Anasoruuso ¢opmyae (329) nanuuem:

— Quil
FAH '’

e kp— kospdHuHenT BOAONPOHHIAEMOCTH NPH HENOJHOM HACHIECHHH,
i koshRUHEHT KANUANAPHON NPOHHIAEMOCTH NPH BJAXKHOCTH W,
npnueM Wo<<w <wi; Qw— PacXoi XHAKOCTH yepe3 moaHoe ceuenwe F
npn BaaxksoeTH w. OueBHANO, UTO Rw=0 nNpH W=w,, Ry=~ npr w=m.

W. Gardner u J. Widstoe (1921), a no3nuee W. Gard-
ner, Collin u Farr (1934) cunrtanu BO3SMOXHBLIM TPHHATh
JABHCHMOCTb JWIsi (paXTHYECKOH CKOPOCTH NBHXKEHHs BJard
(IpH HEMOJHOM HachillleHHH V=—awA¢ (W — BAANKHOCTb;
@ — K03 PHIHEHT, HEe 3aBHCALIHI OT BJIAXKHOCTH, CKOPOCTH
Il 1aBJICHHSA).

Jlas cayuas ropusoHTansbHoro 1oka Ag=AP/w (AP —
rpaanenT aasaennsi). Orciona, mo W. Gardner, kannanasip-
flasg MPOHHIAEMOCTb MNPONOPUHOHAJBHA NEPBOi CTENCHH
N1aXXHOCTH, TO €CTh Ry=aw.

JI. C. JlefiGenszon (1947), paccmaTpuBas ABHMKEHHS ra-
ANPOBAHHON JXKHJAKOCTH, NOJYYHJ 3aBHCHMOCTb pacxoia
JKHAKOCTH OT NMPONEHTAa HACLILCHUSA, KOTOpPas MOXKeT ObiTh
ganucaHa:

i k(%)". (331

JI. C. JlefiGenson oO6paGOTKOM ONBITHBIX JXAHHHIX Ha-
e, uro n==3,67.

PaccMOTpHM nepeiBHXKeHHE JKHAKOCTH TIPH HENOJHOM
HACBLILIEHHH TPYHTA KaK JABH)KEHHE IO YaCTHYHO 3aMOJIHEH-
oMy kanuansipy (y ero CTeHox).

OcHOBaHHEM K TAaKOM YCJOBHOW CXEMC MOXET CAYKHTH
10T (paKT, YTO BHE 3aBHCHMOCTH OT (POPMBI NOP rpyHTa
(IpH HAJHYHH B HHX BO3JlyXa H BOJAB HEMOCPEACTBCHHO K
CKeJeTy NPHMBIKaeT BOJa, a BO3AYX 3aKJIOYeH, TaK CKa-
44Th, BHYTPH BOJHI,
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Kak uapecrno (Jlauaay, JIudwmuu, 1944), cxopocts
TeyeHHs BS3KOM JKHIKOCTH MO HHJAMHApHYCCKOH# TpyOke Ha
PACCTOSIHHH 7 OT NPOJOJALHOM OCH TPYOKH NpH Pa3HOCTH
naBienuii AP, NpHJIOKeHHBIX Ha paccrosuuH Al, paBua:

. abile _
V= -mAl' +alnr-+ b, (332)

rie 1 — KuHeMaTHyecknii KO3(QHIUHEAT BASKOCTH.

[Tpumem aas "actuuHoro sanoanenns, uto V=0 npu
r=R, (rpannua cBA3aHHON BOAM), a MpH r==R; CKOPOCTH
HOCTAraeT HauGoJabliero 3HaueHus (Ha rpaHuiue ¢ BO3JY-

xom). Torna (QZ—) = 0.
Or |r=R,
Haxoas 3HaueHHsi TOCTOSHHBIX H MOJACTaBAsAs HX B
dopmyay (332), noayunm:
e i 332 .
= [Ro 4 2R|lnR.]. (333)

W3 suipaxenns (333) caeayer, 4uTo CKOPOCTb NPH JBH-
JKCHHH TO HENMOJHOMY KaNWJJAAPY MEHbIIEC CKOPOCTH JBH-
JEeHHS BOJABI NPH NOJHOM 3aNOJHeHHH, TaK Kak r/Ro<<l ® 1
In(r/Ry) <0, Torna xak R;>>0. Pacxon Gyaer pasen:

R,
Q=2xp ,5 V rdr.

3navenne V npranMaercs no opmyae (333), uro
JlaeT:

Q= 200 (RE— Ri) (16— 3R) +- 4RI 2|, (334)

TO €CTh PAaCXO/ HENMOJHOro Kanuisipa MeHblle pacxoja
(pH NOJHOM €ro 3anoJHeHHH. :

ITpu R,=0 ¢opmyan (333) u (334) nepexoust B ¢op-
mynnt [lyaseis:

lim R} ln%'— -0, npu Ry — 0.
1

|
1
Beoas obosuauenne po=Ri/Ro, no dpopmyse (334) mo- |
AyuNM BHPaKeHHe AA pacxoja TPYGKH NpPH HENoaHOM sa- |
NOJHEHHH

apAPRf,

Qa"’ SnAl

1= Qult. (335)
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dnech Qo — pacxon TpyOKH NPH MNOJHOM 3aNOJHEHHH; p-—
KO9(pGHIHEHT, 3aBHCSALULHH TOJBKO OT 3alOJHEHHSA KaluJ-
asipa (TO €CThb OT BJIAXKHOCTH) M PaBHbIi

T (1-93)(1—3pg)+4p31npi°. (336)

Hcxons u3 onpeenenus KodhdHuHeHTa KanHAIsAPHOH
nponnnaemMoct mo ¢opmynam (329), (331) u (339),
HMeeM:

ko = P&, (337)

e k—kospduuHenT (PHUABTPANHH TNpPH NOAHOM HACHINEHHH TIPYHTa;
L — KosdHIUHEHT 3anoJHeHHsA, onpefeaseMulit no gopmyae (336).

PaccMaTpuBasi NOPHCTYIO Cpeny, Kak HNYyYoK KanmuJJsi-
pOB, MOJYYHM CBfI3b MEXJLY BeJIHYHHOH HamoJHEHHS Ka-
NIAJISIPa Po H BJIAXKHOCTHIO:

p°=_§_;_= V/n—w' (338)
0 m—uwy

[Toncrasasia Bolpaxenue (338) B (336), nmeem:
p= (3w’ —2)—2(1 —w’?ln(l —w, (339)
[le W'— OTHOCHTE/IbHAS BJAAXKHOCTH C YUTOM CBA3aHHOH BOJABI:

W — W,
m-—wy

wo =

dopmyana (339) saer 3aBHCHMOCTh KanHJJsSPHON Mpo-
HHILAeMOCTH OT BJIA)KHOCTH nouyBorpynra. Jlng npakraye-
CKOro MCnoJb3oBaHHsl Beipaxkenue (339) nHeyaoOHO, H ero
Ies1eco00pa3Ho 3aMEHHTh CBSA3bIO THIA

n= (340)

Cpasnenne ¢opmya (339) u (340) mnokaspiBaer, 4TO
npu n==4 3HaveHHs {izsp) N0 opmyae (339) Bo BCEM HH-
reppajie 0<<w®<<1 Mmenblle 3HAYEHHH M@s0) MO opmyne
(340), Torma Kak pso)=>ase) NPH n==3.

[Ipn 3<<n<<4 KpHBBHIE 340) H Jl(339) NEPECEKAIOTCH, NPH-
qeM IS 3HaYeHHil OTHOCHTEAbHON BJaaKHOCTH WP, OJIH3KHX
K eJHIHIE, OTKJOHEHHA A=p@i)—Ma9>0, a maa w9
GaH3KEX K Hymio, A<<0. C yueTom Hauayymero npuOaAH-
wenust 3apucumoctH (340) x saBucumoctn (339) pewaem
ypaBHeHHE:

AN =n""—4(l —w)In(l —w’)—4w’=0 (341)
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AN PAsAHYHBIX 1 OTHOCHTENbHO w° M HAXOAWUM MO (opMy-
nam (339) u (340) coorBercTByIOUIHE 3HAYCHHS HaHGOJb-
IHX OTKJOHERHH A.

PesysabTaThl BhiYHCJICHHIT npHBe/lens B Tabauue 14.

TaGanua 14, Cpasnenwe 3snaveHndt KospDuuHeHTA 3SaNONHEHHS
nop ji, BLYHCAeHHHX NO 3asucumocTam (339) u (340)

o’ A = I(340) — H(339)
n

pan—A | ans4-A —-A | +A | =14}
3,0 0 0,80 0 -+0,0633 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
3,5 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

Hauayumiam NpHONHKCHHEM |yas) K Iage) OyAeT cay-
yait pasenctBa |+A|=|—A|=~0,012 npu n==3,56.

Iasi yno6eTBa NMPakTHYCCKOro MOJb30BaHHA (POPMYJIOH
(340) moxHO nNpPHHATH n==3,5; OTKJIOHEHHS MEXKAy NpH-
GamKeHHbIM 3nayennem no ¢opmyae (340) u Gosee TOU-
ueM 1o Gopmyae (339) me 6Gyayr npeenmath A=1,6%.
OKOHYATENBHO

by =k ("’ =% )3'5, (342) 1

m— Wy

4TO M NOKa3HLBaeT 3aBHCHMOCTb KanuAAsPHOH mNpOoHHIae-
MOCTH OT BJAXXHOCTH MOYBOrpyHTa.

CpaBuuM 3HaueHHs KO3(P(HIHEHTa KanuiJAspHOA mnpo- *
HHIlaCMOCTH, BbIUHCAEGHHBIE 1O ¢opmysae (342), ¢ HEKOTO-
pBIMH OMyOGJHKOBAHHBIMH ONBITHBIMH JAAHHBIMH.

B pa6ore R. E. Moor (1939) npuseaenbl ONbITHBIE 3HA-
qeHHsl KanuaJspHOH NPOHHIAEMOCTH MNPH pPasJHYHBIX Be-
AHYHHAX <«NOTEHIHaJa JaBJeHHs» W CBA3h MNOTEHUHAJA
AaBJCHHSA C BJAXKHOCTLIO ANS PasJNHYHBLIX MOYB.

[Toab3ysich STHMH KPHBBIMH, /A pALa 3HAYCHHH BJIAXK-
HOCTH rpauuecKH HAXOAHM COOTBETCTBYIOUIHE 3HAYeHHS
kanuaaspnoii nponnuaemoctd. R. E. Moor B onnitax
BHIPAXKAET KaNWJISPHYIO TNPOHHIEEMOCTb B J0JAX OT
NPOHHIAEMOCTH TNpPH JaBJeHHH, PaBHOM aTMochepHOMY;
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Tabanua 15 Peayabraret o6paGorks ONBITHRX HIMEpeHui
NANMANRPHON MPOHHIAEMOCTH NMOYBOrpyHTOB, BHnoanexnsix R. E. Moor

Tonkufl necuanmi Jlerkan rauma

Rn00.3. B0 cv(;:"ugx"(-w:gg} b (cgmfgw : 30,8 36,0,
w=4.3, 3=4,3 "q,ah”ﬂ..& .l_m:l' "Oq-ms:i4..8.:=25.'0. w=23,2, 3=26.3
" w w’ 1) w w’ T} w w’ " w o’
0,003 6,3|0,19 0,10 26,3(/0,48/0,10/30,0]/0,42(0,10/29,4| 0,49
0,015 7,3/0,28(0,15/26,7(0,57(0,15(31,8|0,66|0,15(30,8} 0,59
0,03 | 86/0,40/0,20,27,1/0,66(0,20/33,0|0,65/0,20|31,6| 0,66
1,0 15,0(1,00(0,25127,3|0,70(0,25(33,8/0,71{0,25|32,2| 0,70
0,30127,5/0,7510,30({34,5/0,77]0,30) 32,8/ 0,75
0,40(27 7(0,80/0,40(35,2/0,82|0,40|33,2| 0,78
0,50/27,910,84(0,50{36,0]|0,88|0,60/33,8| 0,83
1,00128,6(1,00(/0,75|36,6/0,93(0,75|34,4| 0,88
1,00137,6|1,00/1,00|36,0] 1,00

lipumesanne m-— BIaKHOCTE, COOTBETCTOYIOMAH nOAHOA NOPOINOCTH,
% or maccu cyxoff noumM; Wy — RAAKHOCTE, NpPH KOTOpofl 8 OnMTYAX npouMua-
MocTh Guaa HanGoasuiefl; Wy — BAAKHOCTH, COOTBETCTERYNOIMAR cofsaniHofl wsoje
(onpepcacsa npr o6paGorke ONHBITHLIX AAHNLIX): 9 — SKEHDAACHT BAAXKHOCTH, On-
poacacHnul  WENTPHQYIRPOBANKEM; W — BARNKHOCTH, NPH Koropoll saMmepanacs
HponnuacMocTs At B= ./k.,l — OTHOIIEHNE XKanNUAJAPHOR NPOHHUACMOCTH nOpH

BARMHOCTH W K NPONNUAEMOCTH NPH BAAKHOCTH Wy,

0/HAKO M3 JAAHHLIX €ro K€ ONLITOB CJAEAYET, uYTO BJAAXK-
HOCTHL NMOYB MPH STOM MeEHbIIe MOPO3HOCTH (3a cuer 3a-
emaentoro Bosayxa). [losTomy npH CpaBHEHHH ONBITHBIX
AOHHBIX npHHHMMaeM no Gopmyae (342) BMecTo OTHOUIE-
s ky/k oTHOWeEHHE Ri/Ryw, , TPHYEM 3HAYCHHE W©), TO €CThb
WIAKHOCTH, COOTBETCTBYIOILEH aTMochepHOMY JAaBJEHHIO,
fepeM MO ONBITHBIM JAaHHLIM (w;<<m). Bnaxnocrs, cooT-
BCTCTBYIOLIAS HAYaJly HHTEHCHBHOTO ABHXKCHHS BOAW (W),
npn o6paGoTKe AAaHHLIX B3fTA NPOH3BOJBLHON NOCTOAHHOM,
nannyqmuM obpasoM yaoBjaeTBopsiomedi  cBsusb (342).
Hafitennpie Takum o6pasoMm 3HaueHHs AJAA  PasAHYHBIX
(pynToB GNH3KH K «35KBHBAJICHTAM BJIA)XKHOCTH», YKasaH-
unim R. E. Moor.

Ananornuno O6bin  00paGoTaHbl  jJaHHbIE  ONBITOB
[.. Richards (1936), npuyem 3sech BCTPETHAHMCH 3aTpyAHe-
NS, TAK KaKk aBTOPOM HE YKa3aHBl 3HAuYCHHS Wo, m, R;
HaMH YCJIOBHO NMPHHATO, YTO MakcHMajbHas Habaoias-
ascsi B ONBITaX NPOHHIACMOCTH COOTBETCTBYET BJIAMKHO-
CTH w;.

B rabanuax 15 u 16 npusesennl naunble 06paboTKH
ONLITHHIX H3MePeHHH, NMOJNYYEHHBIX Pa3JIHYHLIMH ABTOpPaMH.
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TaGanna 16, Pesyasrarst oGpaGoTky ONBITHLX H3MEPeHHi
KAMHAAAPHOR NPOHMUAEMOCTH mousOrpyHToB, mposenennnix L. Richards

IMecox anna
w, == [3,0; w, = 3,2 w, = 63,3; w,==39,0
" w w’ " 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 pucynke 38 nHaHeccHBl jJanHBIe ONBITOB C rasupo-
BaHno# kuaKocThio JI. C. JlefiGeHsona u ONBITOB C 10YBa-
mu R. E. Moor n L. Richards npn @= (w—w,)/(w,—wo).

ConocraBjicHHEe TEOPCTHYECKHX M ONBITHHIX JAAHHBIX MO-
KasblBaeT, 4TO CBA3b (342) MOXKET CAYMKHTb NEPBHIM TIPH-
OGAMIKeHHeM JUIsi OUeHKH JABHXKCHHS BJarn B MOYBOrpyHTax
NpH HENOJHOM HX HachlllennH, a npeanonoxenne W. Gard-
ner (1924, 1934) o auueitnoli csa3n p=aw’ He COOTBET-
CTBYET ONBITHBIM JIAHHBIM.

ool 7

ag

~
;
]

40 :

20

o) G B g

42 04 96 498 w®

Puc. 38. Cpasnenne onmtuux (/) ® paccyurau-
nex (2) no dopmyne (342) snaucHuit xosddu-
UHEHTa KanuAAapnofl nponHmacMoCcTH,
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%lbx
Puc. 39. I'paduxk Ans onpeieiennsn pacxoga Ka-
NMHJANAPHON 30HLL:

| —wolwy=0; 2—wdw=0,1; 3J—wfw=02; 44—
wyltwy=0,3: § — wyfw,;=~0,4; 6 — wy/tw;=0,5.

Ucnoabsyst Beipaxenns (328) u (342) nm HHTErpHpys
no (327), nonyunm:

AH
G =" ky, Uob- (343)
3nech

e [ [1 _ @ -§0)<5+2/9§0)] (344)
(1 —w®) (1 4 w,) ke, (1—g) (14-2/9 w,)

NpH @ =w/w,, Wo=wWo/w;.

Boipaxenus (328), (342) n (344) noxasheiBaIoT, 4TO
JifaueHHe B 3aBHCHT TOJLKO OT OTHOIIEHHA Wo/w; M Yolhx
(puc. 39).

[Tpu yo/hx=0 Bp=1; ecan yo/hx=1, T0 P onpenensiercs
raK:

|
4 2
sl Lbiishis (345)
11 1 -~ wo/wy
CyMMapublit pacxoj NMOTOKa TPYHTOBHIX BOJA C YYETOM
KanmHAJISIpHONH S30HLI PaBeH:
A

H -
Q= s k, h, h=h_, - By, (346)

[Tpn yo<<hy p vaxomurcst no dopmysae (344), a npH
fo=hy B onpeneasior no seipaxkenuio (345). B npenenax
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Han6osiee uacTo BeTpeuvajouxcst snavennit 0,1 <<wo/w <<
< 0,5 snavenns p=0,27--0,36 npu yo=hx. !

IIpoBepkoii nmpaBHALHOCTH NPEANAaraeMoro Yyyera pac-
X0/a B KanWJJApHON KafiMe MOryt cayxutb naabopaTtop-
aple onpeaeseHns  KoshpuuMenta (QUALTPAUMH TPYHTA,

(IPOBOAHMBIC JUJIsH M'OPH3OHTANbLHOIO NOTOKA IPYHTOBLIX BOA.

[Tpusesem peayabTaThl HekoTopeix HaGmogenuit'. Jlo-

TOK mupruoit B=70 cm n aaunoi L==298 cm naceinaix
rpyaToM B npepenax I'==12—70 cm no Buicote. 'pyHTOM
CAYKHN JoGepenkuil mecox ¢ JAeHCTBYIONIHM JHAMETPOM,

no E. A. 3amapuny, d.=0,16 MM, BuicOTO/I KaNHAJIsSIPHOrO
noaustua hy=35 cM, w;=0,035, w,;=0,350, m=0,415

(8 monax or ob6bema). [Ilpu pasamusnix yposHax Hy
Bepxhero G6veda u H, nuxuero Obeda samepsinH pacxofn

Q wu BouHCAAAH KOID(PHUHEHT BOAONPOBOAHMOCTH: M0
dopmyae (326) u ¢ yuyeToM NPOBOAHMOCTH KANHJAAAPHON
souwl o hopmyae (346) (raba. 17).

Bes yuera pacxosaa B KanuiaAspHOW 30He cpeaHee
3HaueHHe Ry =0,0386+0,0117; ¢ ygetom pacxojaa B Ka-
NUAAPHON 30HE Ry, =0,0252-4-0,0016. Bepoarnas omu6-
Ka Cpe/iHero 3Ha4YeHHs MPH YYETe pacxoia B KamHIasfp-
Hoft 3one cHH3mjgach B O pas, pocturays 6,1%. Ecan
06e3 yuyera pacxolla B KaNWWIAPHON 30HE OTKJIOHEHHA

3Hauennii ke, OT cpesHero 3sHaueHus jgocruraior 93,6%

NpH CpPeAHEeKBaJAPATHYHOM OTKJOHeHHH ¢=44,9%, 10 ¢
yYeTOM pacxoja KanuaJdspHoil KaiMbl OTAeJbHBIE OTKJ0-
HeHus He mnpespimaior 18,4% npu 0=9,1%.

YunThiBasi, 4TO ONBITH NPOBOJAHAH B UIHPOKHX npeje-
Jax nameHenmn yo/hyx (or 0,24 no 0,83) u npouenra pac-
Xona KanuaaspHoit sonn (ot 11 no 63,8), MOxKHO cCuH-
TaTh, 4TO NpHOAMHXKEHHAs cBA3b (346) yAOBJETBOPHTCNb-
HO OTpa’)<aeT ONBITHBIC JaHHbIE.

Takum o6pasoM, pacxol no KanHWANAPHON KaiimMe npH
MJIaBHO H3MEHAIOMICMCA 110 JUIHHE NOTOKE IPYHTOBLIX BOJX
HHOTZIAa MOXKET HrpaTh CYLIECTBEHHYI poab B ofuiem pac-
Xxofe mMOTOKa rpyHTOBBIX BOA. Cumras 3ametHnim 5%
KanuJAJSiPHOTO pacxofia, MOXHO npHOAHKEHHO (npH B~
~0,3) npHHATb, 4YTO JABHXKEHHe B KanHJAASIPHOH 30He
Heuesnecoo6pasHo YYHTHIBATL TOJBKO B TOM cCJjayuae, €caH
cpennsii rayOGHHa MOTOKA TPYHTOBHIX BOJ rMpeBbilIaeT
G6once yeM B 6 pa3 MakKCHMaJbHYIO BLICOTY KaMHJAJSiPHOrO
MOAHATHA. DTH cpeAHHe TIAyOHHLI TIOTOKOB TIPYHTOBBIX

! PaGora punosnena 8 MIMH M. H. Kanauuckum noa pyxosoxn-
creom A. H. Kocrsxosa n apropa xuurn npu ywactur b, M. Xusosoft,
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Tabanua 17. CpasHende ONLTHHX W PACCIMTANHLIX SHAYEHMA
KOs drumHenTa BOAONPOBOAHMOCTH

Hamepesnne DEJIHIHEN BouMCACHENE 3HAYCHHN
N no - no -

(R ’ syae (326)| myne (346) % p.“”f
w |7, em| H, en | Hy,, e | Q, cc % kep, M.on.lll;m
| | 70,0 | 64,5 | 55,5 3,79 0,0299 | 0,0265 11,2
2 | 70,0 63,2 55,5 3,23 0,0300 | 0,0266 11,5
J 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
b 70,0 63,4 34 .4 10,38 0,0312 0,0254 18,5
) 70,0 61,2 34,6 9,93 0,0331 0,0269 19,0
7 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 11,8
10 | 37,0 | 28,9 23,9 0,861 | 0,0278 | 0,0215 22,6
11 | 37,0 28,9 26,7 0,436 | 0,0303 | 0,0242 20,1
12 |37,0| 27,0 23,7 0,589 0,0299 | 0,0227 24 4
13 | 37,0 10,3 5,5 0,665 0,0747 | 0,0299 59,8
1 37,0 10,3 8,2 0,281 0,0616 0,0272 55,8
15 37,0 10,3 9,0 0,190 | 0,0645 0,0291 54,8
16 | 12,0 6,6 0,9 | 0,340 | 0,0677 | 0,0246 | 63,8

noa morytT ObiTh BechbMa rpy00 oxapakTepH3OBaHbi: mecda-
e rpyHTel 3—6 M, cyranHuacteie 6—12 M, ranuacTee 12—
24 M. Ecan rayOGuHa nmoToka rpyHTOBLIX BOJL MEHbLIE MPH-
NeJICHHBIX 3HAYeHHH, TO yuacTHe KaNH/JIsSPHOTO JIBHXKe-
Iisl CYUIECTBEHHO OTPasHTCs Ha obuleM pacxoje rpyHTO-
DLIX BOA, H JUIS MHOIHX CJyuyaeB pacyera y4yeT Kanmuanasp-
HOro NoToKa HeoOXOAHM.

Yuer pacxosma B cBoGoanHOl KanuaJspHO#  KahMe
NKJIOYCHHEM ee B 30HYy JABHMXKEHHS ¢ NPHHATHEM TNPOHH-
ILAEMOCTH, PABHOH NPOHHUAEMOCTH HACHIIEHHONO IPYHTA,
MOXKET NpeyBeJHYHThL 3HAYeHHe KanHAJsPHOH 30HHI NpPH-
MepHo B 3 pasa.

B cayuae noaneprtofi KanmJaJIAPHON KafiMbl OCpEJHEH-
Hasi NPOHHLAEMOCTb HeHacCbllleHHOH 3O0HB TeM OJHKE K
IPOHHIIAEMOCTH S0HBI NOJHOrO HACLIUICHHS, YeM MeHblie
peicoTa noaneproit Kafmel (cM. 3Havenusi B mHa puc. 39
s ManbiX yo/hk), B B KaXJOM KOHKPCTHOM cJyudae
Moxer GhiTh npuGaAnKeHHO onpejneaena no gopmyae (346)
I pHCYHKY 39.

HauGonbiune ownOKH npu onpeneseHHd QUALTPALH-
OIHOTO pacxojia BO3HHKAIOT INPH pacyere peryJHpYIolHX
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3JeMEHTOB MeJHOPATHBHBIX cHcTeM  (opocHTenH, 6G0Opo3-.
Abl, CHCTEMAaTHYeCKHe APEHB) H3-3a OOJILIIOr0 B 3TOM
c/yyae OTHOLIEHHS BBICOTH KamHJASPHOrO MOAHATHA K.
JIeHCTBYIOILEMY HaAnopy.

lnasa V.
BEPTMKANBbHBIA APEHAXK HA OPOLUAEMbBIX SEMNAX

OcobeHHOCTH BEPTHKANbHOro ApeHaxa
M ero HazHaueHue

Hna GoppOBl ¢ 3acojieHHeM OpOlIaeMBIX 3eMmenb B pas-
JHYHBIX YCJOBHAX MOXKeT OBITH NPHMEHEeHa cHCTeMa jJpe-
Ha)ka JioGoro Tuna, H 3ajaua 3akapouaercsi B 000CHOBa-
HHH Uenecoo6pasHOCTH YCTpPOiiCTBA JpeHaxka TOro HJH
HHOro THna. BepTHkaabHbIH JApeHax OOBIYHO CTPOAT B BH-
Ae rayGOKHX AOJTOBEYHBLIX CKBaXKHH, cTouMocTh 1 M KO-
TOPBIX HaMHOrO BbllI€ CTOHMOCTH | M TOpH30HTa/JAbLHOIO
ApeHaxa Jo06oit kKoHerpykuuH, Kpome 7Toro, sarpaThl Ha
SKCINIyaTallHi0 TAKHX CKBAXKHH OTHOCHTeNbHO BeJHKH. [Jo-
9TOMY INpPHMEHEHHE BEePTHKAJbHONO JApeHaxka SKOHOMHYE-
CKH ueJecoo6pasHO TOJNbKO B TeX CJayuyasX, Korja yaelb-
HBlf MPHTOK BOABI Ha 1 M ero JUIHHbLI 3HAYHTEJNbHO 0OJbIIe
YAEJIbHOr0 NPHTOKA B TrOPH3OHTaJbHLIEe JApeHbl (ABepbs-
HoB, CypHkoBa, 1966).

B ycnosusax I'onoanoit crenu BepTHKaJbHAs CKBaX<KHHA
ray6unoii 60—100 M oGcayxusaer okoao 100 ra opouiae-
MbIX 3eMenb. [y Takoro s(¢peKTHBHOrO MAeHCTBHA TIOPH-
SOHTAJILHOTO JIPEHayka €ero yAeJbHas MNPOTAKEHHOCTD
nosxHa 6bith 25—50 M/ra, To ectb B 50 pas Goasbme. ITpu-
G/IH3UTENILHO B TAKOM JKe, HO 00paTHOM COOTHOINEHHH
HaxoAfTCsA CTPOHTEJbHBIE CTOHMOCTH: YCTPOHCTBO BepTH-
KaJbHOro apenaxa c oGopynosanuem obxoantcs B 400—
500 py6/M, a ropH3oHTanAbHOro ApeHaxa — B 12—15 py6/m
(Bapon, SixyGos, 1964).

Bropasi 0coGeHHOCTH BEPTHKAJbHOrO JApeHa)a — CHo-
co6HOCTb ero 3abupaTh BOLY M3 ryGOKO 3aseraiollux BO-
JIOHOCHBIX HaMOPHBLIX TOPH30HTOB, MEPEKPHITHIX caabonpo-
HHILaeMbLIMH nNOpojaMH. DTHM CHHMaercs H3OBITOYHBIA
HaNnop H JIHKBHAHPYeTCS BOCXOASIHA K MOYBE TOK MOA-.
3eMHBIX BOA. ['OpH3OHTaNbHBI ApEHAX B TaKHX YCJAOBHSX
CCAYeT AenaTb rayGoKHM M 4acThiM, YTO SKOHOMHYECKH
HeBBINOJTHO,

4
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Iperbsi 0COGEHHOCTh BEPTHKAJBHOrO JApeHaXKa 3aKJio-
YAeTCd B BO3MOXKHOCTH HCINOJB30BaHHSA JUIS  OPOLICHHSA
(JO0OMHHEPAJIHBOBAHHBIX NOASEMHLIX BOJ, OTKAaTHBAEMbIX
I JHAYHTEJLHOM KOJIHYECTBE.

Obaacts uenecoo6pasHOro MPHMEHCHHS BEPTHKAJbHO-
0 JipeHar<a onpeiessieTcss B OCHOBHOM THAPOreoJoraye-
CkuMmi ycaoBusiMH. Bonpoc ke o BhiGope THNA M napamer-
pon Apenaka pelaercs TEXHHKO-3KOHOMHYECKHMH pacue-
[UMH, B OCIIOBE KOTOPBIX AOJIJKHBI JICXKAaTh Pacyersl OCYUIH-
[CJILHOTO,  pPacCcoJfioONIero H  OPOCHTENBHOrO  JAEHCTBHSA
Apenaxa.

TpeGoBanus Kk oCymHTeNbHOMY ACHCTBHIO APeHa)Ka CBO-
JUITest K NOAICPIKAHHIO Ha OPOIIaeMOM MACCHBE H IpHJe-
FIIOUHX K HeMY 3eMJIsiX YPOBHSI PYHTOBBIX BOJA Ha TaKoOM
(VyOuHe, npH KOTOPOH He OULYIAETCS OTPHUATEJBHOrO
WINAHHA TPYHTOBBIX BOJ Ha NOYBOOOPA30BaTeNbHBIl MPO-
lece (MpH CeabCKOXO3AHCTBEHHOM HCNOJB30BAHHH 3CMEJb)
I HA YCTOHYHBOCTb TPYHTOB Kak OCHOBAHHH COOpYe-
il (AJ1si ropoIoB, MOCEJNKOB H T. 1.).

YuuTeiBas, 4to npu Gopnbe C 3acoseHHeM OpOuIaeMbiX
JEMEIL BBIIGTACTCS JiBA NepHoja paboThl JipeHaka, Bep-
THKANbHBIH ApPCHAK Lenecoo6pasHo ycTpausaTh B paclere
Hd SKCIMIyaTAUHOHHBIA INEPHOJ NPH BO3MOXKHO MOJHOM H
WpPEeKTHBHOM HCMOJIL30BAHHH YCTAHOBJEHHOIO oGopyno-
wanus. IIpH npoBefeHHH KanHTaNbHBIX IPOMBIBOK €ro
CACAYET AONOJIHATL BPEMCHHBIM OTKPHITHIM TOPH30HTAJb-
oM aperaxceM. CTPOHTENBCTBO H Hauano paGoOTH BepTH-
KAJILHOrO JApeHaxka JAOJIKHO Onepexarbh CTPOHTENbCTBO
OPOCHTCJIDHOH CETH Ha BHOBbL OCBaMBaeMbIX 3aCOJCHHBIX
JeMIIAX,

OcHoBHOE TpeGOBaHHE K BEPTHKAJLHOMY JApeHaxy B
JKCIVIYaTALHOHHBIH NEPHOJ — NOHHIKeHHEe YPOBHS TPYHTO-
BBX BOA 110 3—4 M c obecnieyeHHeM IOCTOSHHOIO HHCXO-
JUILLErO  TOKA CPEJHEerojloBOH HHTEHCHBHOCTH ~ (0,1--
+0,2) Op (Op — opocurenbHasi HOpMa ILHOC OCaJIKH).
Jlist cpepHHX ycaoBHi  opomraeMbix MaccHBOB Op =5—
10 TeIc. M®/ra, 4TO COOTBETCTBYET BOAOOGMEHY MOYBEHHBIX
i rpyHToBHIX BOA g==0,0006—0,002 M/cyr. ¥Ykazauuas
r1ybuna 3—4 M, Goabule, yeM OOGBHIYHO pPeKOMEHAYeTCs
(23 m), no TOl mpHYHHE, YTO HEOGXOAMMO CO3NATH B
'PYHTE HEKOTOPYIO PE3EPBHYIO €MKOCThb Ha NMEPHOAM YCH-
JICHHOTO NHTaHHA PacTeHHN,

BaaronpusTheie yCNOBHSt ANA NpPHMEHEeHHS CHCTeMATH-
IECKOro0 BEPTHKAJAbLHOrO JAPCHAXKa HMEITCH B Psije Opo-
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waempix paitonos CCCP, noasepxenusix 3abojiayHBaHHI0
H 3acoacHHio. Tak, pe3yabTaThl ONLITHHIX paboT, npoBejieH
HBIX PA3JHYHBIMH [POH3BOACTBEHHBIMH M HAYUYHBIMH Opra-
HH3auMsiMH B pailonax [Tomoauoit crenn # BaxXuickoi
noaunsl, Myranckoit H ApasgasiHckoit crenei, Mor
SIBUTHCSl PalHOHANbHON OCHOBOH JUIsi BHCApPEHHS MOJ0GHO-
ro THNA jJpeHaxa B NPAKTHKY OCYIUEHHS CeJbCKOXO3fHCT:
BCHHBIX YIOAHH.

BepruganbHbifi ipeHa)k NPHUMCHHM HE TOJNLKO B OJHO
POAHBIX, XOPOWIO NMPOHHIAEMBIX MJacTax, HO H NPH CJAOH-
CTOM CTpPOeHHH rpyHTa. Jlaag OOGBEKTOB nNpHMeHEHHSH
BCPTHKAJILHOrO JAPCHAXa XapakTepeH CJACAYIOULHi rHApPOs
reosiornueckuit  paspes. [IlosepxuocTawii caofi  OOBIYHO
NPeACTaBNeH MEJKO3eMaMH ¢ IJIOXOH INPOHHILAeMOCTHIO,
CHH3Y OHH MOACTHJAIOTCH XOPOIUIO NPOHHUAEMBIMH NOpPOAa-
M. MHOrza HHXKHSA TOMILA XOPOWIO NPOHHLUACMLIX NJa-
CTOB HEOMHOPOJAHA H HMEEeT BKJIOYCHHA IPOIIACTKO
TAHH H cyraHHKoB. OnHako B neaom KospQHuHEHT (pHAbT-
pauHH TakOH TOMIIH BEJHK H SHAYHTEJILHO MPEBOCXOJAHT
KOSpPHUHEHT (QHUALTPALHH TOKPOBHBIX MEJKO3EMOB.

BOM GanaHc OpOWAeMBbIX MACCHBOB —
OCHOBa [Ns pacyera BEPTHKANBHOrO ApeHawa

CTpoHTeAbCTBO BEPTHKAJABHOTO JApeHaxa, Kak H TOpPH30H-
TaJbHOIO, KOPEHHHIM O00pa3oM MeHAeT BOAHBIH PCKHM
MEJHOPHPYEMbIX SeMesb H BCIO CTPYKTYPY BOJHOro GasiaH-
ca. ITostomy oGocHOBaHHE ¥ pacyer BepTHKaJbLHOTO jipe
Ha)a cJacAyeT MNPOBOAHMTL C YHETOM BCEX COCTaBASIOULHX
BOAHOrO OGajaHCa M HX H3MCHEHHA MOJ BJAHSIHHEM Jpe
Haxa.

B TtaGauue 18 paccMOTpeHn OCHOBHBIC YpPaBHEHHs BOJ-
Horo Gajianca JJISi MacCHBa J0 OpOUICHHS, NPH OPOILEHH
C FOPH3OHTAJAbHBIM JIpeHa)keM M npH paboTe BePTHKAJb-
Horo apenaxa (Asepbanos, 1959, 1965; Asepbsinos, Cy-
pukoBa, 1966).

__ B ypaBHemuax npHHATH cJaeAyiolHe 0GO3HAYEHHS:

H=H+Tp — cymmapHoe Hcnapenue (Hcnapenye ¢ nosepx-
HOCTH NOYBH M TpaHcnupanus); [ — CTOK 1o ropH3oHTaJ b
HOMY JApeHaxy; Hy— 0oT6Op BOAB BePTHKAJbHHIM Jpe-
HaXCM.

Buiurem nocnenopatensno ypasuenus (348) ua (351)
(348) us (354), (351) ms (354), o6Go3nauas H3MEHEHH
SJICMEHTOB Yepe3 A M NpPHHHMAs A/ CPEAHHX MHOroJer-
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Hux ycaosuit AW;=0. Uamenenns B Gajance rpynToBbix
BOJ OYAYT CAEAYIOUMHMHE.
[Tocae opomenus (351)—(348):

A, =All—AO+®, T Ag + Ap. (35¢

OnHOBpEMEHHO |
A, =1,—0,+P, F g Lp; (351

[locne ycrpoficTBA BEPTHKAJLHOIO JPeHaka Ha BHOB
opowaembix semanx (354)— (348) |

H,=All—AO+ AD, T Ag + Ap—(dy) (357

HJTH
A,=1,—0,+ P, F g+ p,— (4, (354

[IpH CTPOHTEALCTBE BEPTHKAJNLHONO ApeHaka Ha cTapo
opoiraemuix 3emasx (354)—(351)

Hy=AI1—AQ— AL+ A, F Ag + Ap§ (358

Conocraenenne ypasnenuit (353) w (350) npu neus
MEHHOCTH TMOBEPXHOCTHOro npuroka /1 u c6pocoe u3 Kana
noB (Cx, = Cy,) naer:

AOp=AB— AP, = AH + AC F Ag. (359)

[Tonyuenuble pe3yabTaThi NO3BOJAIOT CAEJaTh CJAejy=
JOlLLHEe BBHIBOJLL.

1. Harpysky Ha ApeHa)X MOXHO ONPC/e/NTL Henocpeas
CTBEHHO 1O JAaHHBIM NEpCreKTHBHOro BojHOTO GasaHca
ypasuenus (351), (354) n no NaHHBIM H3MEHEHHH 3JIEMEH<
TOB BojiHoro Gananca — ypasuenue (356) aus ropHsonTalib-
HOrO JApeHaxa, (357) njst BepPTHKAJBHOrO Ha BHOBb OO
[maeMmblX 3eMJasix M ypasHenue (358) aas BepTHKAJLHOTO
JpeHaxka Ha CTapoopoIlIaeMblX 3eMJAX.

2. OCHOBHBIM NOKa3aTeseM MEeJHOPATHBHOIO COCTOSIHHA
3eMeab fABJASETCS 3HaYeHHe H 3HAK —4=g. YjaaleHHe BOCXO-
AALIEr0 TOKa — MoJie3nast 4acTbh HArpyskH Ha JIpecHax €
TOUKH 3penus paccoscHus nous. OcTajbHble BOJALI NPHXO-=
JHTCS OTKAuHBaTb M0 HCOGXOAHMMOCTH M B TOM cJy4ae, ec-
JIH OHH HE HCNOJb3YIOTCSH HA OPOLIEHHE. :

3. CTpoHTEe/ILCTBO BEPTHKANLHONO JPEHaX<a H H3MeHe-
HHe 3HaKa Yy BeJHYHHL! g Ha oGparubiit [ypasuenne (359)]
npm nocrosiHcTe BojaosaGopa (AB==0) npuBeayr K Hex0-

NYCTHMOMY yMelbluennio Bogonorpebaennsn AH, 4To BHI3bI=
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WACT HEOOXOAHMOCTh NPHMEHCHHS TNPOTHBO(GHALTPAIUHOH-
X Mep HJIH HCMOJAb30BaHHS HA OPOLIEHHE OTKaYHBAEMOM
poan. MMeHHO TO3TOMY CTPOHTCJALCTBO BePTHKAJALHOIO
jApenaxa Ha CTapoopomacMBIX 3eMJSAX JONYCTHMO TOJIbKO
lpn cOGMIOAEHHH STHX YCJOBHIL.

4. Ha BHOBB opoluacmbix 3emasx [ypabnenns (354) H
(367)] nmpH MCXOMHBIX BBICOKHX YDOBHSIX TPYHTOBLIX BOA
(IPOHTEJBCTBO TEXHHYECKH COBEPIICHHBIX OPOCHTEJbLHBIX
eierem (Masioe 3HaucHue Py, ), a TakKKe YCTPOHCTBO OT-
cennsix aper (ymenswenne /7) mospoasar usbexath Gec-

[10JIC3HON TepeKaukH BOAbI H TPHOJIH3HTHCH K OCHOBHOM
Jiij1ate — paccoJIeHHIO 3eMeb.

OcHoBHbIE pacyeTHbie cXembl

Mexonss w3 BopHoro Oasanca, BCC pasnoodpasHe BO3MONK-
HLX CXeM pasMELIeHHS BepTHKaJbHOro JIpeHaxa Ha Opo-
JIaeMBIX 3eMJSX MO LEJEeBOMY Ha3HAUCHHIO MOXKHO CBECTH
i ABYM THIAM: CHCTeMBbl, NEpeXBaThiBalONIHe HJIH yMCHbIIA-
jOlHe TOA3eMHBbIH NPHTOK CO CTOPOHbBI; CHCTEMATHUYECKHH
BEPTHKAJBHBIT JIPEHAXk, PpasMelleHHHH Ha opolaeMoH
ioaad ¥ OTBOAsLLHA o0pasoBaBuiHecss 3J1ech H36BITOY-
HLIe BOJBI.

[lepexBaTHIBaIOWMIi APeHaXk KaK CaMOCTOSITEJNbHBIH THN
paccoasioliero Apenaxka mnpumensth He caeayer. Cucre-
MaTHUYECKHIT JApPeHax JAEHCTBYeT HENOCPeJACTBEHHO Ha pac-
COJIEHHE 3€MeNbh H SIBJSIETCH OCHOBHBIM THNOM JpeHa)a.
Bosmoykna KOMOHHAUHS Orpa<1aionlero BePTHKAJNLHOTO
¢ CHCTEMATHYCCKHM TOPH3OHTAJIbHLIM JipCHAIKeM.

MeToauKy pacueta nepexBaTHIBalolieH JHHEHOH CH-
CTeMBI BEDTHKAJMLHbIX CKBAaXXHH JUis  YCTaHOBHBILErocs
apwkennst paspabateiBannm  takke C. K. A6pamos,
B. [1. Heapura, A. B. Pomanos u ap. (1961). 3axanneiMH
9JCMCHTAMH NpH pacyeTe JHHEHHONl CHCTEMBI BepTHKaJb-
HLIX CKBAasKHH SBJAAIOTCS YPOBCHb IPYHTOBHIX BOJ Ha 3a-
MIIIaeMOM MAaCCHBE M IOJ(3EMHBII TMPHTOK CO CTOPOHHI €
YMETOM OpOIUEHHS1 BBILIEJCIKAUIMX 3CMeab, a pacueTHHI-
M — PacCTOSIHHSI MEXAY CKBa)XHHAMM, HX MIYOHHB H
nonmxkenns. Takue cHcerembl HaubOogee nHenecoo6pa3Ho
pasMeliath BOJH3H TPaHHUB OPOLIAEMOTO MAacCHBAa Ha me-
pesioMe  YKJIOHA MCCTHOCTH, TAe TNbe30MeTpHYeckKast [I1o-
BEPXHOCTb HaXOAHTCs OJHXKEe K INOBEPXHOCTH 3€MJH HJH
puime ee, Ecau 3alUTHYIO CHCTEMY CTPOSIT Nocje noabema
[PYHTOBBIX BOJ HAa MacCHBe, TO HEOOXOJAHM y4YeT HeyCTaHoO-
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Puc. 40. Cxema X pacuery CHCTEMaTHYeCKOro BepTHKAAb-
HOT0 ApeHax<a.

BHBLIErOCA pexknma. O  MoxeT OGBITh TNPOH3BEAEH N
npeanoxennsam ®. M. Bouesepa (1961), ®. M. Bouescp
H H. H. Bepuruna (1961) nam ynpoumenno, kKak aas ¢
BepluIeHnoro kKauana (Aseposinos, 1949) c npusenennue
pana ckBaxHH K Kanaay no B. M. Illecrakosy (1965)

PacueTnas cxema s CHCTEMaTHYECKOro BepTHKAJb
HOro JapeHazka npuecieHa Ha pHcynke 40. OcHopHble 6a-
JIAHCOBBIC YpaBHeHHs s 370i cXemu (354) aas nobGul
YCJIOBHH ycTpoficTBa Apenaxka n (358) npm coopyxennn
€ro Ha CTapoopolIaeMbIX 3eMIsiX.

HaunGonee caoxuvim B ypasuenun (354) ssasercs on-
peaenenne pg. O6GHIYHO NPHHAMAETCS:

p= TPy (360)

rac H—mnanop B nOANHTHBAOMWEM HANOPHOM MAACTE, OTCYHTHBAGMNRA
OT NOAOHMIBLI NOKPOBHBIX OTJ0XKEHHH.

[Ipn sTom npeanosaraeTcst NMOCTOAHCTBO HAMOPa B MOA-
ITHTBIBAIOLIEM BOAOHOCHOM IJIacTe, MTO HE BCErja COOTBET-
CTByeT JefcTBHTeAbHOCTH. [Ipn Goaee TouHom pacuere
NPHHHMAIOT:

H—h
Pr=——",

Ty
Tae h — nepeMeHRas BeJMUYHHA.
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, ""l'llmu obpa3som,
A ~P, +g+p, ‘ (361)

ﬂgu 91oM Beanunna (P, +g2) usmensierca or (0,55—
- 005) Op nast TeXHHYeCKH HeCOBepIUCHHBIX CHCTEM JO
U6 050) Op naa cucTeM ¢ BHICOKHM KO3(p(DHUHEHTOM
pesnoro peiicreusa (0,8—0,9).
~ Jlan ypasnenns (358) HyXHB He aGCOMIOTHBIE 3HaYe-
i HICMEHTOB BOJHOro Gajanca, a HX H3MEHEHHS MOJA
ANNNNEM yCTpPOMCTBA JIpeHaxKa M IMOHHZXKEHHs YPOBHS
YHTOBRLIX BOA OT @; 0 @2, YBeJHYEHHE NMPHTOKA NOJA3EM-
![ X BOJ NO ApeHHpyeMoMy maacty A/l MOXHO ONPEeAeaHThH

{Ii OcHOBaHHE BHpaxKeHni (272)—(274):
o oy Ki(aRo)
A SR G = 00 kg ST

ky ; Ro— npusenexunfi paanyc ApennpyeMoRf nuoma-

o a-
Ky, Ko — mwn:npmecxue dyuxuun Becceas.

Buipaxkass NPHTOK Ha €JHHHIYY APEHHPYEMOil MJIOoLLaH,
~ oAyuHaMm:

AR ki _ 2 K;(aRy)
- r,(a’ a)f, | aRs " Ko (aRy) ° (363)

Mhoke npuBesensl 3HaYeHHsi [ NPH Pa3NHYHLIX 3HAYCHHAX

_ uly
a Ry 0,1 0,5 | 2 5 10

F—

/ 81 7,2 ‘2,9 1,23 0,44 0,21

: Orciona sACHO BHAHA UEAECO06Pa3HOCTb APCHHPOBAHHS

~Ooapuux naomanen. ITpn nmepexsaTte NpHTOKa €O CTOPOHBI
A!_T =0; AO=0.

Beanunna APy, uMeeT 3HaueHHe ISl CHCTEM C 3eMJs-

~ MumH pycnamd. Tak Kak npH noanepToi ¢GHALTPaLHH

~ (Anepbsnos, 1956) Px=~AV a, 10

A¢,=¢.,(l/§— ) (364)

. Econ ay=~1,5—2 M, ay=3—4 M, T0 APy~ 04Dy, =
- w (0,2—0,3) Op.
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[pu oGanuoBannnx Kanaiax APx=0. Beanunny Ap
onpeaeasior no (GopmyJae

Ap = k22 ;l“* : (36

Ago=|g:|+|gz|, npuuem ga=(0,10—0,25)0p, a g, opu-
€HTHPOBOYHO HaXoAAT 1o (opmyie

a=H(1—2Y. (366)

Qg

Ecan npuuare Ha~O0p+g, 10 & ~030p, Ag=
= (0,40—0,55) Op.
Torpa ypapnenue (358) npumeT BHA:

A, ~ AP, + Ag + Ap. (367)

[Ipn stom (ADy+Ag) uamensiercs or (0,60—0,85)Op nast
CHCTEM C KaHajlaMH B 3emjsnbix pycnax Jjo (0,40—
0,50)Op nasn Gosee TEXHHYECKH COBEPHICHHBIX CHCTCM.
YpaBuennus (361) u (367) naor OGJaHSKHE pe3yabTaThl.

YTOuUHHM HEOGXOJAHMOE TOJOXKCHHE Nbe30MeTPHYCCKOH
MOBEPXHOCTH MexAy ckBaxkunaMmu. [lpu 3anasHoM cpen-
HEM 3ajeraHHH TIPYHTOBHIX BOJA @2 H NpOCaYHBaHHH G2
(unn go-}Dx, UTO ONpeAcNAeTcs KOHKPETHLIM pasMelleHH-
eM KaHaJoB) JONOJHHTEJbHBIC NMOTEPH NPH JABHIKEHHH BO-
ALl yepe3 BEPXHHH MJIacT paBHBI:

= %:— (hep + AR). (
Torna :
hop = (T.—a,)( - —ﬁ:—) (369

NnpH hop ~ 0,9 h

ha~1,1 (T,,—a,)(l '“ff’)' (370

otkyaa Sp=h—L.

3nasi cyMMapHbIii AeGuT JApeHaka H HeoOXoAHMOe IO
JIOXKEHHEe NbE30METPHYECKOH NMOBEPXHOCTH, MOXKHO, 3aja
BasiCb PAasAHYHBIMH TNOHHMKCHHAMH, HaXOJHTb PaCCTOSIHH
MEXAY CKBAXKHHAMH M HX YHCJIO. Y4YeT HecoBeplIeHCTB
CKBaXXHH NPOBOAUTCH OGLIMHBIMH CrocoGaMu.

Bce BbiecKasaHHOE OTHOCHTCSI K CTaUHOHAapHOMY pe
JKHMY FPYHTOBBIX BOJA B SKCIJIyaTauHOHHLIA nepuoa. B ps
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A e cayuaeB HEOGXOAHMO PACCMOTPEHHE HECTalHOHAp-
HOro pekuma, yueT nepexojiHoro mnporecea.

ITpn cTponTesnbCTBE BEPTHKANBLHOrO APEHAXKA HA HOBBIX
UPOIIACMBIX 3€MJIAIX € OTHOCHTEJILHO IJIYOOKHM 3aJjieraHu-
UM I'PYHTOBBIX BOJ IpEAEJNbHOE CTAUHOHAPHOC COCTOSIHHE
HIVISICTCS HAHXYAWAM, TOCKOABKY 3/iech OYAEeT NpPOHCXO-
ANTL NOCTeNeHHBbIH MOABEM TPYHTOBLIX BOA. YUeT HeEycTa-
HOBHBLIErOCA peXHMa B STOM cayyae ne HyKeH. [Ipu He-
AJUILIX BBICOKHX YPOBHSIX IDYHTOBHIX BOJ ([0 OpOLIEHHA
I Ha JeHCTBYIOLIKX OPOCHTENBHBIX CHCTEMaX) ONEeHKa
Bpemenn crabuausanin nponecca Heo6X0AHMA, TAK KaK npe-
ARJLHOE CTALHOHAPHOE COCTOSIHHE 3/1eCh ABJACTCH JYYIIHM.

[lpn pacyete HecTanMOHAPHOrO peXHMa TPYHTOBHIX
NOJL B 3aKPBITHIX HAaNMOPHBIX MjacTax BaykKHeillmel Xapakre-
PHCTHROH siBAsieTCs KO3(D(PHUHEHT NbE30TPOBOAHOCTH, HU3-
MONAIOIHAC B WIMPOKHX mpefenax — a=105—108 m%/cyr,
10I/la KaKk Uil TPYHTOBHIX NOTOKOB aHaJOTHUHBIH Ko3(hdH-
IhenT  ypoBHenmposoaHocTH @y =102—10* m2/cyr. Taxoe
' ladJsuuHe B BGJIHYHHAX @ H @) TOBOPHT O OBICTPOi cTabu-
' JN3aNNH NBHXKEHHS TPYHTOBHIX BOJ B HANOPHHLIX mJjacrax.

Jlo HepaBHEro BpPCMEHH 3HAYCHHA KO3((HUHCHTA Ibe-
J0NPOBOAHOCTH OWHOOUHO NPHHAMANH JUIst JI06LIX Hamop-
lx motokos. MccaesoBannsi B3aHMOJCHCTBHSI HANOPHOTO
liacTa ¥ (aKTHUECKOrO YPOBHA TPYHTOBBIX BOJ B BepPXHEM
cnabonporniniaeMom nokpoBHoM rpynte (B. M. Illecrakos,
. M. BoueBep) moxasanH, 4TO NPH OTHOCHTCJABHO JUIH-
TeabHOl (uabTpaunH KosddHUHeNT BOXOOTAAYH CACAYET
lipniumMaTh 6JAH3KHM K KOS(()HUHEHTY BOJZOOTIAYH BepXHe-
[0 niacta. DTOT BLIBOJ HMCET BaXKNOE 3HAUCHHE, TAK Kak
HOKA3BIBAET, YTO NPH XOTs1 H ocaalbJieHHOH, HO HMeluLeiics
CDSA3H MEXIY HanoOPHBIMH H TPYHTOBBIMH BOAaMH cTabu-
JIN3A1HSA HAaMOPHBIX NOTOKOB IPOHCXOAHT HECKOJNLKO OBICT-
pee, yem cBOGOJHLIX, HO HE B COTHH pa3, KaK 370 NPHHHMA-
JOCh panee.

B stom caywae juis  paccMaTpHBacMOl HaMH  CXeMDI
NEPTHKANLHOrO JpeHaka YAOGHO HCNOAb30BATH IOHATHE
hpemend crabuaMsaunu. AHagHM3 [OKasald, YTo ¢ TOYHO-
¢rpio 10 5% mpH R/ro==100 1 1o 3% mnpu R/ro=1000 pa-
JINANBHBIH NOTOK KOHEYHBIX PAasSMCPOB JOCTHTAeT HOBOLO
CTAILHOHADHOTO PEXHMAa 33 OTHOCHTEJBHOE BPCMs, PaBHOE
NOJIOBHHE BpeMmenH craGHJIH3auHH, TO ecTh

> 0,5“%;, (371)

e 8 — Kos(hdHIUIEHT BOAOOTAAUN BepPXHEro niacra.
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®opmyna (371) nossosaser BecbMa NPOCTO ONpPeAeNH
BpeMs, 3a KOTOpOe B OCHOBHOM GyJeT JOCTHrHYTO CTaUMO:
HapHOE NMPOEKTHOE COCTOSIHHE MOCJE CTPOHTENLCTBA BEPTH:
KaJbHOrO ApeHa)ca NpH HenpepuiBHo# ero paGore. [To ma
Tepuanam ! nnsa ycaoBuit ipeHaXka opoumlaeMulX 3eMedb

820,03 k5°, (372
rl}e ko — xoshdunuenT GuUALTPANHA BEPXHEro MOKPOBHOro rpyH
M/cyT.

Conocrapasis Bpems, moayuennoe no dopmyne (371)
C JOMYCTHMBIM TO YCJOBHAM CTPOHTEJLCTBA CHCTEMBI H OC
BOCHHA 3€MeJib, MOXHO C/eJlaTh BBHIBOJALI O NMPHEMJIEMOCTE
NPHHATOrO BapHAHTA.

Pacuer OCyWMTENbHOro AeHCTBUS CHCTEMATHUYECKoro
BEPTHKANbHOro ApeHama

[Mpn pacuere cHCTEMAaTHYECKOr0 BEPTHKAJILHOIO JApeHama
OCHOBHBIM BOINPOCOM SIBJISIETCA ONpejesieHHe MPHTOKA rpyH
TOBHIX BOJ K CKBayKHHAM H MX OCYIIHTEJbHOro AeficTBUS
TO €CTh NMOHHYKEHHS YPOBHSI I'PYHTOBBLIX BOJ MPH HAJHYHH
HHOHALTPAUHOHHOTO NHTAHHA. BBHLY H3IMEHYHBOCTH HH
buabTpauun apenax O6yaer GpyHKUHOHHPOBATH NPH HECTa:
unonaprom pexume (Asepwsinos, Ycenko, 1961).

TeopeTHYECKHE PEUMICHHS MO OCCCHMMETPHYHOH (PHALT:
pauHH NpH HaJAHYHH HHGHABLTPAUHH OcBelleHs B pabora
[1. 1. 'ne6osa (1940) u 10. JI. Cokosnosa (1955) n ap.

B paGore «JIlpenax CeALCKOXO3SHCTBEHHLIX 3eMesb
(M., «Kosnoc», 1964) pexkomenayercs BeCTH pacyeT MOHM:
EHHSI TPYHTOBBIX BOJ /U1l OAHHOYHON CKBa)KHHbl (Ge3
yyera untepdepenunn) npH nocrosmHoM aebure. B 3Tto
cayuae (Macker, 1949) noumxenHe NOBEPXHOCTH TPYHTO:
BLIX BOA S Ha paccTOSINHK r 3a BpeMs [ NPH  MOILHOCT
mnacta H., xoapduuuenrax duasTpauun & # BOA0OTAAY
8 cssasano ¢ ae6utom Q dopmynoit

S Et(—sk"};:t)z4n2”c(m:“;4 —0,577).

3nech Ei(—x) — mHTErpanbHasi nokasarenbHas QyHKuHg
[Monmxenne S B camoil CKBaXKHHE NAXOAHTCA MO 3TOH K
dopmysne npu r==ry. YCJOBHOCTb TAKOIO pacyera, MOMHM

! Marepuann K TeXHHYECKHM YCJAOBHAM M HOPMaM NPOCKTHPOBAMHSA
opocHTeNLHEX cHeTeM.— «[opHsonTanenufi  Apenax 3acoseHHBIX
meap». M., Iunpononxos, 1957.
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{=2 Puc. 41. CxeMn K pacuery meycra-
T ¢ HOBHBIUCACH (HALTPAUMH K CKBa-
[ ! o KiHe:
y - 'Q:rt @ — cpaGoTKA YPOBHS TPYHTOBHIX BOA B
| =0 -1 PaawmansHOM MNAACTE NOA BANSHHEM OT-
' Ka9KkH; O — NPHTOK TrpyHTOBMX BOX K
CKBAMHHC NOA BAHAHNEM Havasweficsa
R A HHQUABTPANMH, 6 — CPaGOTKA  YDOBHA
R FPYHTOBRIX BOA B paadaldbHOM naacTe
h 3. STE s = opu HaauaIey HHOHALTPALHH.

lIeyueTa B3aHMHOTO BAHSHHSA CKBax<HH (HHTepdepeHuunu),
AJIoYaeTest TAKXKe H B TOM, 4TO BMECTO OOBIYHO CTAGHJIH-
IPYIOUIErocs ¢ TEYCHHCM BPEMCHH IOHHXKCHHSI YPOBHSI BO-
ALl B caMoOll CKBaxHHe Jiosiy4aercst (npH MOCTOSHCTBE Jie-
(nra Q) GeckoHeuno Gosibliioe 3HayerHue S, ooJsblIee, yem
CAMA MOIMHOCTH TPYHTOBHIX BOA H¢, YTO HE COOTBETCTBYET
ACHCTBHTEILHOCTH.

PaccMOTPHM OCHOBHBIE BO3MOXKHBIE CXeMBl PaGOTHI BEp-
I1IKaJbHOTO CHCTCMATHUECKOTO JAPEeHa)<a, KOTOpbie Npe-
Crapaensl Ha pucynke 41. Cxema a coorBeTcTByeT paGoTte
WEPTHKAJNILHOrO JApeHazka NPH yAaJeHHH 3amacoB MOA3eM-
WX BOA; cXeMa 6 — CAyvalo noabeMa MOBEpXHOCTH TpyH-
JOBLIX BOA MOJI BJAHSHHEM HauaBuiefics HHQHUIbTPALHH;
(XCMa 6 — pesyJIbTaT CJOXKCHHSI JIBHIKCHHH, COOTBETCTBV-
IOILHX cXeMaM a H 6, ABJASIETCH OCHOBHOH sl pacuera CcHe-
TeMaTHYCCKOrO BEPTHKAJIBHOTO JIpeHaxka, YUHTHIBAIOULEH
KAK OTBOJ 3amMacoB IPYHTOBBIX BOJA, TAK H THTaHHE C TIO-
NEPXHOCTH 3€MJH. 3anHuieM ypaBHeHHE OCEeCHMMETPHYHOI
(puabTpaunu B BHAE

el T L e

r  or or?

ot 6

e h — Texkyumiee noswiuente (WIH Cnaj) NOBePXHOCTH FPYHTOBHX BOA;
)~ HHTCHCHBHOCTb MHQHUABTPALUH,
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PaccMOTpHM onycKaHHe rPYHTOBHX BOJA TOA AeficTBH-
€M OTKa4KH H3 BEPTHKAJBIOr0 CHCTCMATHUECKOIO JIpCHANKA
(nuduabTpauns orcyrcrsyer — puc. 41,a). Jas storo
caydas Caeayer peunTts ypasHenue (373) npu ¢=0 ncae-
AYIOIHX FPAHHYHBIX H HAYAJLHLIX YCAOBHAX:

dh
h=H, npu {=0 aaa re<<r<R,; o =0 npu r=R pan moGoro {;

h=0 npu r=ro aaa {>0.

Takoe pewmenme MOXKHO NOJYYHTH, BOCHOJH30BABUIHCD
obmeit popmyaoii M. Mackera (1949) uan JI. C. JleiiGen-
sona (1934) nna cayuas, Koraa ¢ oAHON CTOPOHB! UHAHH-
PHYECKOro mJjacta (CKBazKHila) 3aJaHO JlaBJEHHE, 4 C ApY-
roif — pacxox (B mHamem caywae pasuslii Hyawo). [Tocae
COOTBETCTBYIOUIHX NpeoGpasoBaHuil NoJsyuaeMm BbipaxKeHne
JUIS MPEBBLIIECHHS NOBEPXHOCTH TPYHTOBLIX BOJA A HAZ yPOB-
HEM BOJAB B CKBaXXKHHEe B BHJE:

R=1 0P .
3nech
p=—x YA, exp(—M1), (374)
; ,
rae T — oTnoenTeaBIOR ppema, [==1{/t; T— Bpema crabuausammuu.
Io Go An) 1y (Ap) u (;An)

Ap= = ; (375

"= 18 (o) = (h) )

u (rhn) = Iy (rhn) Y1 (Aa) = I (An) Yo (An), (376)

rae fo, 1.—lumuun§mccxuc (GyHKuMH Nepsoro poja HyJACBOro W mep-
BOro nopsiakos; Yo, ¥, — 70 ke, BTOPoro poaa; An — KOPHH YpPaBHEHHS;

/y (;o A Y, () — 1 ()Y (; 0 A‘n) =0, (377)
rae r=r/R, ro=ro/R.

Hekoropuie kopnn ypasuenus (377) ANSt PasAHYHLIX rg |
npuBesenst B pabore JI. C. JleiiGensona (taGa. 19).

TaGanuwa 19. 3navenus A, xopueit ypasuenns (377)

Homepa ;o

rae 0.2 | 0. 000 | o000 | 0.000
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 7,556 7,32 7,23
4 13,70 12,10 10,80 10,50 10,40
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Honvaysice TaGauuamu gyskumii Beccens, MOXHO BHI-
Ty kosppuuuenTsl Ay ANA  KOPHS Ay, Az — Ans Ag
1o Ilcpemuomax snavyenus A, Ha COOTBETCTBYIOILCE

sianeie exp (—Anf) H CYMMHPYSl STH UJi€HB, MOKHO OIl-
WAINTD MOJOJKeHHEe TOBEPXHOCTH TIPYHTOBHIX BOJ B JIiO-
ol moment BpemenH. Ilposepka dopmyast (374) nokasbi-

BAUT, YTO OHA YIOBJCTBOPSIET HAYaJbHBIM H TI'PAHHUYHBIM
YOAOBHAM.

IHanbonee BakNBLIM ABAACTCS ONPCACCHHE IOJOMKEHHS

HONCPXHOCTH TPYHTOBBIX BOJ| Ha rpaHuHue miacra (mocpe-

Ane mexay cksaxkuHamu). Has storo caydas B GopMmy-

Junx (374)—(376) mano npHHATL r=1, uTO AaeT:

(hy) =Yy () Iy (Ay) — Iy (M) Yo (Ay) = — “’-in
I. T An ll A'ﬂ i
R o

JLuist npakTHYCCKH BaXXHBIX 3HaueHuil ro=<0,01, roh<<
« 0,01, oruero Io(roh;) &~ 1; 3Hauesue BTOPOro Kopus B6—
# pas Goabue nepsoro H paBHO A;=—4,03—4,29 npu A=
+0,486—0,717. Tlpn sTHX 3HAaYEHHAX apryMmenta (yHKIus

li(A)=0,23—0,33, a I,(A;) =—(0,08—0,17).

Ecan ydyecrb, 4TO0 An CTORT B [OKasaTese CTeNEHH
0xp (—Ant), T0 B Gopmyae (378) mpu 1>>0,20 ¢ TOUHOCTBIO
~+3Y% MOXKHO OTPaHHYHTLCS MEPBBIM WICHOM.

D710 TO3BOASCT HanHCaTh NPHONHIKEHNIOE PaBeHCTBO:

p~exp(—Aii) (379)
—A2f
H=Hge ' . (380)

YunteiBass passoxenne (GyHkuuii DBeccenss ans  apry-
Menta x<1, MoxKno HaliTH npHOJAMMKEHHOE paBeHCTBO
(Ycenko, 1958):

Hin

PaBencrBo (380) MOXKHO npeAacTaBHTb B YJAOOHOM AJs
pacuera BHJE:

= L OR 4o He a R
= T In—% = ln2,° (381)
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Mo Beanunnam R, ro, k, He, § onpepensiior noumxenue
B ckBaxcune Moy, xotopoe oGecneuuBaer neoGXoAHMOE MO
HHJKEHHe MOBEPXHOCTH TPYHTOBHIX BOA (Hy—I/) B 3anan
HOe BpeMms f; aHaJOrHYHO MOXKHO BapbHpOBaTh, YYHTHIBA
Hanop HacocoB, BeJIHYHHON R, TO ecTh pasMellenHeM CKBa:

K“H.
[TpHTOK rpyHTOBBIX BOJX K CKBa)KHHE BHIYHCAHM 1o (op

Myae
Q = 2nrykH, (%) ,

rer,
npHYeM %f— noayuaem no dopmyaam (374) —(376).
CoOTBETCTBYIOIHE BHIKJAJAKH NPHBOJIAT K BLIPAJKEHHAM:
Q = 2nkH H,¥, (383)

v= Y B, exp (—221), (384)
1

21§ (A,)

15 (Fodn) — 17 (3n)

3nauenus xosppuunenros Bn, pannl JI. C. JleiGenso-
HoM (1934), no yunteiBas ckasaunoe Buiwe (npn ¢>0,2),
OrpaHuYHMcsl nepBuM uyieHoM psaa (384). [locae Hekoro-

PHIX BBHIKAAAOK H YNPOIUEHHH C HCNOJAh3OBaHHEM (opMyJibl
(380) noayuum npubGanxkennyio dopmyay pacxopa:

(385)

n

onkH.Hy =% %  OnkH b
Q=g dte = Set el (390)
In— In—

2’. 2’0

[Ipn noabeMe rpyHTOBHIX BOA NOA AeicTBHEM HHOHIDL-
Tpauun (puc. 41,6) B ypasuenun Byccunecka (373) co-
xpangercs coGoaublii uynen ¢/5. Bsepem HOBoe nepemen-
Hoe h*:

h* = h— glls, (387)

IMoncrasass snauenne h=h*-}-qt/8 B ypasuenue (373),
MOJYYHM:

oh* _ kHe [O%h* , 1 oh° |
FTARR [ar’ + e ar]' (368)

TO ecTb OOBIYHOE JIHHEapH3HpOBaHHOE ypasHeHHe DyccH-
Hecka 6e3 CcBOOOAHOrO 4JeHa (CM. aHaJOrHYHBIA NpPHEM
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W aunefinoft 3ajgaun — AsepbsinoB, 1956). VYpasuenne
- (B8) aas pacematpusaemoit 3anaun (pue. 41,6) pemaer-
(0 NP CACAYIOMMX FPAHHYHBIX H HAYAJBLHBIX YCIOBHSAX:

t=0,h=0, h*=0;

oh oh*
r=R, ar 0, ar

r=ry h=0, h* =—qt/d npu t > 0.

ITpn nannuun wudUABTPAUHK 3ajlada CBOAHTCHA K 3aaa-
e Gea nHGUALTPAUHH, HO NPH JIHHEHHOM OMYCKaHHH YpOB-
Wi poasl B ckpaxkune. Bocrnosab3oBaBIIHCh OGIIHM pelleHH-
oM M. Mackera B npoBeAsi COOTBETCTBYIONHE Npeo6paso-
PANNS, NOJYUHM BBIpayKeHHe JNs MOABEMa MNOBEPXHOCTH
(PyNTOBHLIX BOJ B BHJE

o 227
e kis—’z c,,(l—e ? ) (389)
- 1
e
Cn =1 nl o(;o An) Iy (M) u (; a-n)_ (3m)

2[5 (rora) =1 (A)]

[TojbeM NOBCPXHOCTH TPYHTOBHIX BOJA Ha rpaHHuE MO-
1oKa B Jio60il MOMEHT BPEMEHH paBen:

T qR? = pl1— —1:? .
H "”°2.} i), (391)
21 (rohn) 11 (An)
Dp= - = s 392
£ A3 [15 (o Aa) — 17 ()] e
- sy
20,,-; gliz—y (1—7), (393)
rorna H=Hy(1—q). (394)

[Ipesesbublil nOABEM NOBEPXHOCTH rPyHTOBHX BOA Hp
HaijaeM no BLIPaXeHHIo

I gR® & 1 1
Hy= 13- "5’[1“‘;.‘—?("‘;3)]' (395)
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Orpaununpascs aas >>0,2 mepBHM 4JACHOM psAfa, No=
JYYHM:

—;.‘*l’i
P =8 =]—q.

Buipaxkenne aas pacxona Haiiaem no gopmyae

Q=2“’okHe("gg') ’

r==r,

rae %’:— Gepem u3 popmyan (389) u nonyuaem:

s -2
Q=MR’ZEn(l—e ? )
1
npH
it 415 (A,)
Mo [15 (rey) — 1 (A)]
BriuHcACHHS NMOKAa3LIBAIOT, YTO ?E,.:l. Torpa umeem:

Q - Qo‘l’x.

rae -Q';=nR2q—pacxon HHOHALTPAUHOBEOrO NHTAHHA NO BCEll NJOLLAS
M, obGeayxuBaeMoil 0/HOM CKBAXKHHORM;

n

e —32t :
\p1=l—;Ene - . (40 ':
OrpannunBasich NEePBHIM YICHOM pPfjaa, HMEeM:
_L';’g‘
P~1—e = Q. (402)

Gopmyas Adsi pacyeTa NOHHKEHHS I'PYHTOBLIX BOA TNpH
HaJn4YHH HHQUAbLTPpauny (puc. 41, 8) MOXKHO NOJNYUHTD, CKJIa=
nu)aax COOTBETCTBYIOLIHE pELICHHA JIA cXem a H 6 (pHc.
41).

Tak, cymmupyst poipaxkenus (374) u (389), MoXHO 1O-
AyYuTH oOflee BhipaykeHHe s M3MEHCHHS TNOBEPXHOCTH
CPYHTOBBIX BOJ MO/ BJHAHHEM OTKAYKH H HHOHIbTPAUHH
(Trakoe caOXKeHHE MOXKHO IIPOBOJHTH BBHJLY JIMHCHHOCTH
ypaBueHust Byccunecka). Huke npuBeacm TOJbLKO MNpPH:
oamxennble dopmyan. CkaaapiBas Beipaxenus (380)
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(494) nna M3MEHEHHON NOBEPXHOCTH TIPYHTOBBIX BOJ, IO-
AYUNM:
%

o s =5 -2
hy=¢Hy+(1 —q@)Hy=H,— (Hy—H,) e ' . (403)

I 1
YuureiBas, 4to SIS T , TIOJIYyYHM:
2i 2 2ry

=L By Ry Hy=Hs (404)

kHe  2ry  Hy—bhy

[lonnuiit pacxon GyAeT paBeH:
Q=Qu+ Qs = Q-+ (Q— Q) == (405)

B atom Beipaxenun yurena dopmysna (403).

B ¢opmynax (403)—(405) npuasatel cacayiouide 060-
aHAYeHHS:
hy — NpesbleHHe NMOBEPXHOCTH IPYHTOBHIX BOJA Ha rpaHHuC NOTOKA Han

ypoBHEM BOAL B CKBayKMHE 3a BpeMs f OT Havasia OTKaske; Ho— mo-
IIZKEHHC TPYHTOBHIX BOJ B CKBAXKHIIC, OTCUHTANHOE OT CyIICCTBYIOULEH

ix nosepxnoct; Ho— npefenpHoe NPCBHIICHHC TOBEPXHOCTH IPYHTO-
BWX BOA Ha TPaHHile NOTOKA NPH YCTAHOBHBIIEMCH peXKHMe Haj yposB-

Iem BOAL B ckBaxuue; Hy onpeneasior no dgopmyne (395);
12 2nkH Hy
— ———R -

2’0

Qo

In

Qo — nonwiit pacxon HEGHAbTpauHOHHOro THTaHHT Qo=mgRZ.

[IpuBegcHHbIe TPHOAHXKEHHBIE (DOPMYJLI  IO3BOJAIOT
MPOBECTH TOJHBI PacyeT OCYIIHTeNLHOro aeficTBHs  (ro-
HIDKEHHE TPYHTOBHIX BOA) M ACOHTAa BepPTHKAaJbHOH CKBa-
JKHHBL. 3Hasi XapakTePHUCTHKH BHIMYCKACMbIX NPOMBINLJICH-
HOCTHIO HACOCOB, MOXKHO, M3MeHssl pasMclieHHe CKBaXKHH
i rayGHHY OTKaukH, nmoiobparh lenecoobpasHoe pelieHue
B OTHOLICHHH OCYIIHTEJbHOro sdpdexra ¢ YyueToM CTPOU-
TENbHBIX M SKCIJIYaTallHOHHBIX 3aTpar.

JiuHelHble pafbl CKBAXKHH BEPTHKANLHOro gpeHaMa

PaccMOTpHM OCYILHTEJNLHOE AefiCTBHC JOCTATOYHO JUJIMH-
HOTrO psijla BEPTHKAJBHBIX CKBaXHH, 3aray6JeHHLIX B Ha-
NOPHLHIH NOTOK TPYHTOBHIX BOJ, NMPH PacCMoOJIOKEHHH HX leH-
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TPOB B IJIaHE MO NPSAMOIl JHHHH HA OAHHAKOBOM pacctod-
HHH OJHH OT APYroro. ,

JI. C. JlefiGenszon (1934) npupoanT pacuetnyi dopmy-
Ny AAs STOro cayuas npH 6eCKOHEYHO JIaJIeKO pacrnono-
HKCHHBIX HCTOYHHKAX TNMHTAHHA H NPH CHMMETPHYHOM TNpH-
TOKE C JIByX CTOPOH.

Hamu uccaenosaHa paGoTa psiaa CKBaXKHH B HANOPHOM
MOTOKE TPYHTOBHIX BOJA KOHeuHo# AamHel  (ABepbsHOB,
19496).

CumMeTpHUHbIE NPHTOK BOAbI K psjay CKBaXXuH. Pac-
CMOTPHM CHCTEMY JOCTAaTOuHO OOJBLUIOrO UYHCJAA CKBaXKHH
paamyca ro ¢ paccrosimneMm 2R mexay ux ueutpamu. Pac-
MOJIOKEHHE KOOPAHHAT mpejactaBaenHo Ha pucynke 42, [1pu-
HATH caeayloliHe oGo3HaYeH s :

He — MOWHOCTh BOJAOHOCHOrO ci08, M; A — kodduunent PuabTpanun,
m/c; Qp — noauuit ngnrox BOAW K 0aANHOf cksaxuHe (pacxon), wm?/c;
h — manop, m; Hy, Ha, ho—wanops Ha rpamuuax noToka npR Y=
==Ly, y==La 1 B CKBaXKNiC, M.

Jdas cayuas CHMMETPHUIIOrO NMPHTOKA, TO €CTh Jad
Li=Ls=L u h=H, npu y=-L cBa3b Mexay o6aacTbio
MOTOKAa Z=X-+iy R O6GJACTHI0 KOMIUVICKCHOrO MOTEHIHAJa
y=@~+ip Moxer ObITb noayuena KOHPOPMHBIM OTOGpa-
JKCHHEM B BHJIE

%sn (zK/R, ») = T

IR B9 B raie @==—kh — noreHuHanpuan
s ‘ i abe dynkuns nanopa; \b—¢yﬂxung_
USRS roka; K m Ky — noannie Sagnm-
THYECKHE HHTErPain Nepsoro po-
Ja NPH MOAYAAX X M %=

z) = 3/ 1—%®, qo— pacxon CKpa-
¥ 35l T o3 e TR KHHE TIDH k:-sl n H—hy=1
y Y : (Masaonckui, 1955).

AL S o AT Me
i 2 Toaubii Pacxon CcKpa-
| T HWUHBI
7 o 7 ¥ / -4
Nu Q,= 2“”t:’¢(”i he) 3

#sn (rK/R, %)
Puc. 42. Cxema K pacuery npu- i
TOKA BOAM K PAAY CKBAXKHH. ( 7)
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Ananornunbie npeoGpasoBanusi  Ans  caydas OYCHb
aminnoro noroxa, pacemorpennoro JI. C. Jleiisenzonom,
MOrYT OGbITH NpEeJICTaB/NeHbl B BHjE

Lo e el S
X 2n = sinrgv ST (o8
IIpn 3TOM nOJHBIHE pacxoji OyaeT paBeH:
2nH ke (H —
Q=-o (409)

In (sh Lv/sin rgv)

Hanop h=H ycrauoBien Ha pacCTOsHHH Y=L npH
yo0. ITpr x==R B popmyse (409) sh Lv 3amensiercs Ha
¢h Lv. 3uak mMunyc B Boipaxceuun (408) nmpHHAT B COOTBET-
¢roun ¢ npasuaom H. E. JKykoeckoro (1936) u ykasuiBaer
Il CTOK BOABI K CKBayKHHE, TO CCTb 4TO \ H3MeHnscrcsa ot 0
A0 —@o. Pasnensisn BelleCTBeHABIE W MHHMbIE YaCTH B ypas-
wennn (408), nmosyuHM BHIpAaXKeHHe ANS JHHHA TOKa H JiH-

i paBHOrO Hamnopa: )
in? 2
—tg 20 _ lhyv; sl o 1 S0 n.r+sh v (410)

Jo tg xv 2n sin® rgv
B 061acTH KOMMJIEKCHOro MOTEeHUHana (opMe CKBaXH-
iil COOTBETCTBYET OKPYIKHOCTb., JIErKO yCTaHOBHTb, YTO B

oOnacTH notoka ¢opMa CKBAXKHHBI MaJio OTJAHYAaeTCHs OT
okpysxkuoctn. U3 Broporo ypasnenua (410) nmeem:

npi ¢ =0, y =0, x=ry

o B S At
npi 9 =0, x=0, = =
B npakTHke NpHMEHSIOT CKBaxKHHLI JAHAMETPOM OGLIYHO
ne 6oaee 50 M NpH PacCTOSHNH MCXKAY HHMH HE MCHee
5 m. ITostomy aas ro/R==0,1 Gyner y==0,992 ry, 4T0 OTAH-
JaeTcs OT pajguyca OKPYXKHOCTH meHee yem na 1%.
Ilpn manoMm %

P e L U 1—V cos0
A SR \E Yy ST SR

Nn| ——, %|=~SIN —— "ryVv.
s ( - ) oR 0

4

E

arsh sin rgv.

[lostoMy B Hamem cayyae npu L3>R u ro/R<0,l

HMeeM: :
Wyl ot G R AT
X B 2In ik Inx~2In2 R

[ 14* 211
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lnch2R ~Insh 2R~ln > + 2R

[Toabaysice 9THMH cooTHOWeHnAMH, dopmyast (407) u
(409) MOXKHO 3aMeHHTL NPHOJHKCHHBIMU:

_ARHk(H—h) 1| g 1
o L 1 4+ BRIL QP 4o
3xech Q* — pacxon KaHaJja.
= ! S R
p= T BRIL 5 = 1,47 log = (412)

Jlas oneHkn omHGOK OT NPHHSATLIX JONYIICHHH IIPHBO-
AHM pe3yJbTaThl BbluHcaenufi Ko3(p@HUHEHTOB pacxojloB
go no popmyaam (407) n (409) n no dopmyse (411) nas
pasauuumx sHauenuii L/2R npu ro/R=0,1. [1lpu sTom Obi-
no npuuato He=1, k=1, H—ho=1 (ra6a. 20).

TaGanma 20. JMausse pacuera Ko3puuMeHTOB PACXOAOB Gy
no pasanynbim dopmysam

oy L dopMyaa Dopumyia Myaa Myaa

’yi-"‘-' 2R (%‘7); (422_)0@" npn( xo;a!-t:R «(T"’
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 mnpeinosaraics
KOHEYHOI JHHL y=--L ¢ nanopom Ha rpansue /1, a npu
BuiBojie (popmysnt (409) GeckoneuHoii JUIMHBI € HANOPOM
H na paccrosimun y==-L.

[TpuBeacHHbIC JaHHbIe [0Ka3blBAalOT, YTO SKBHIOTEHIM-
aJH HaunHaoT uarubateest s y/2R<<0,5. Jlas noTokoB
JOCTATOUHO JUIMHHBIX, TO ecTh ¢ oTHowenwem LJ/2R>0,5,
3a TpaHHIly MX MOXKET OBIThb NPHHATA IVIOCKOCTh y=z:L,
saMeHsomas CcaaGoH30THYTYI0 SKBHNOTEHUHAJABHYIO MNO-
BepxHocTh. [Ipu stom aas ro/R<<0,1 omubéxka B BHIMHCAC-
HHH pacxofoB He Gyjer npesniumats 3,5%. 10 mo3sosasAeT B
RajbHEeM NPHMEHHTL Cnoco0 CJIOXKEeHHSI NOTOKOB.

JIns CHMMETPHYHOTO TNPHTOKA BOJALL K CKBaXKHie TpH
L/2R>0,5 u ro/fR<<0,1 pacxoi, npuTexalommil K npsiMo-
JUHEAHON CHCTEMC BCPTHKAJBHOrO JIpeHaXka, CcorjacHo
¢dopmyse (411), paBen pacxoiy, NpuTeKalowleMy K KaHa-
a1y, KOTOPhifi NpopesaeT BeCh IVIACT, YMHOXKCHHOMY Ha KO-
s puument f.
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~ Pean npunats =1, 1o u3 dopmyaut (409) umeem
I 2uin rov==0, T0 ccTh ro="/3R. CacioBaTeabno, paccMmar-
MhneMas cHeTemMa CKBaXKHH  paBHod(dexkTHBHA  OCYyIlIH-
LIOMY JICHCTBHIO NMOJHOTO KaHala TMpH YCJOBHH, YTO

MAMAMETD CKBAXKHH paBeH 'f3 paccTOAHAS MeXJy HHMH W
'!pmmu BOJALI B KaHaJe M CKBa)XHHAX OIHHAKOBH. IDTOT
WWNOJL HECKONIBKO OTJAHYAETCsl OT npeanoxennoro @. Popx-
tefimepom (1935) nas sddexkTHBHOCTH psila CKBaXXHH B
fHO00AHOM NTOTOKE TPYHTOBBIX BOJL.

Ilpuseaem npubGamxenuvie Gopmyant npu L/R>1 n
fu/R << 0,1 ana onpeaesaenus Hanopa.

Hanops B Toukax (x=0, y/R=1) u B TouKax (¥x==%R,
Y/K ==1) moryr GLITh onpenenens no popmye

h = H— (H —ho) (1 —y/L)B, (413)

e M w ho— nanopw CoOTRCTCTBEHNO NpH Y=L H B CKBAXKHHE;
> ‘l nuxoant no gopmyae (412).

O6Gosznaunp yepe3 S NOHHMKEHHE NMbE3OMETPHYECKOro Ha-
fl0pa, BHI3BAHHOE COOPYXKCHHEM CKBaXKHH, OyleM HMEThb:

wy

S = (1—y/L)BA, (414)
tae A= H—hs — nounxenne HANOPa B CKBAXKHHAX,
i Hanopu ana Touek sOMH3H CKBaXKHubl OyAYT:
' npu x=0
B H—(H—ho)(l ——f- 1,47 1g 2sh yv)p; (415)
npn x=-=+R

h= H—(H—hy) (1 -—L’i l,47ln2chyv) B.  (416)

B vacrthocTH, anst y==0, TO ecTb B TOUKe nocpejuHe
MEXYy CKBaXKHHAMH B CTBOpPE CHCTeMbl, H3 TIOCJEAHEH
(hopMyasl HMeeM:

h = H— (H — hg) (1 — 0,44R/L) . (417)

HecummeTpruHbIi NPHTOK BOABLI K psiay CKBaXuH. Pac-
CMOTPHM CXEMy NOTOKa, M300pakeHnyio Ha pHCyHKe 42.
Jlast peiieHHsi STON 3ajlauH BOCNOJIb3YEMCs CHOCOOOM CJIO-
JKEHHS [IOTOKOB.

CxaaabiBasi MOTOK, HANpaBJIEHHBLII K CKBa)XHHE, ANA
KOTOPOrO KOMIUIEKCHBII MNOTeHnHan TeYeHHs BHIPaXKaercs
(popmyaoit (408), ¢ npsaMoJHHEHHEM NTOTOKOM pacxoja g%,
rexyuum ot Hy, x Hy (upn H,>H;) npu coGaiojieHHH yc-
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nosuit L/R>1, ro/R<<0,1, Buipaxkenne st KOMIJICKCHOrO
NOTEHIHANA CYMMapHOTO NOTOKA TOJYYHM B BHjE

SR % sin zv iq*z 418 '
x 2nln sinr.v+ 2R ( )

Pazjeass seuiecTBeHHbBe H MHHMBIE YacTH, HMeeM:

G0 1, chPyv—cos*xv  yg* 419)
Y Mln sin® rgv : (i
— O g thOY , x° 420)

v %artg tgxv TS (4200

[Tlepexoas B 3THX YPaBHEHHSAX OT €AMHHYHEIX PACXO0B
Go M g* K nanopam H,, hy, Hy n ncnoanays JONyuieHus, Bbl-
TeKalollHe H3 pasMepoB NOTOKaA, HMeeM:

pacxon npu‘roxa BOIlbl B CKBaXHHY

Hy — 1y —h 2P, B2 2P, By
= 2RH k| —— 2 =Q*—=—
;i ( BRI )(ﬁ,-{-m RN
(421)
pacxon B ceyeHHH /) B CTOPOHY CKBaXKHHBI
Qi = ek () — QP (422)
L‘ 2ﬁl
pacxon B cevenun /; B CTOPOHY CKBAXKHHL!
H ==
Q= 2k, —n)—@ 2R, w2
-2
3aech
B = k e N T
Y 14RBIL, " 14 RBIL

npuyem 5 onpeaeasiior no Gopmyae (412).
IIpu noanom nepexsaTe NOTOKa CKBAXKHHAMH, TO €CTh
npu Q»==0, B cevenun /{, ycTaHOBHTCA Hanop, paBHbil ~

(Hy—ho) = (Hy — o) { 4" (424)

Pacxosn npHTOKa BOALI K CKBaX{HHE HafJileM MO Bbipaxe-
HHIO

2RH¢ k 2B,
Q== 2RIt —hy I (425)

3Hakn y pacxooB Q; u Q2 3aBHCAT OT COOTHOLIEHHHA
HANOPOB H JPYTHX 3JEeMEHTOB IOTOKAa H MOryT ObITh 10JO-
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TR T TeTT— e vy

-

WHTeaLubIME  (IBMXKeHHe BOAB B CTOPOHY CKBAXKHHBI) H
OFPUILATENLHBIMH.

Jlas «ponopasneasnoit» Toukn A (puc. 42) us dpopmyan
(419) wuaiiieM KoopaHHATY:

= __ 2+ (1—r)RB/L,
g=—arth[1— 20— ] (426)
Hy— ho
o=t
Hy—ho

[Tpn noanom mepexsarte notoka y==L» #u3 Qopmyas
(426) noayunm Buipaxcenne (424).

Cnejposatennho, Hanop Hs, onpenesennuii no gpopmyne
(424), siBasiercst B H3BECTHOM CMBIC/E «DAaBHOBECHBIM».

[Toabaysick Gopmyaoii (419) nocae nojACTAaHOBKH COOT-
BOTCTBYIOIAX KOOPAMHAT, a TaKXKe 3HAUEHHH go H g*, no-
AYMHM TIPHOGIHKCHHBIC BHIPAXKEHHA:

NS HATMOPA MOCPEHHEe MEXY CKBaXKHHaMH (x==£R,
y==0):

Hy=hy+ 0,11 %’-(l + 2,35); (427)

ans Hamopa Ha ywactke Ly >y>R:

= y RB),
Hy=to+ goi— (@ + 0507 );  @28)

ns wanopa na yuacrke (—Lj) <y<<(—R):

= y RE
Hy=hot 5ot (@ +05Q">). @29

Jliis mpoBepku nosyueHHHIX sapucumoctedi B MIMH
npoBoAMaHCL JaGopaTopHbie HenbiTanus. B onbitax H3y-
4aJ0Ch OCYNIMTeNbHOE JefiCTBHE JHHEHHO pPacrnoNoKeHHOMH
CHCTCMBI BEPTHKAJbHBIX CKBaXXHH B HafnopHOM IOTOKE
rpyHTOBBIX BOA (pHC. 42).

B notke aannofi 400 cm, mmpuuoi 160 cM u  BHICOTOM
90 cM cosjaBajacs HAamopHHIil MOTOK rpyHTOBLIX BOA. [las
9TON 1eJH Ha KOHIAX JOTKa OblIO YCTPOCHO JiBa KapMaHa
TaK, Y4T0 JUTHHA MoTOKa paBHsnach 280 cm.

B kauccTBe (DHABTPYIOLLErO MaTepHana B3AT JjioGepeil-
KHit mecox, Ko3(pduuUHEHT (PUALTPALHH KOTOPOTO TNPH HC-
IWTANHA HEMOCPEJCTBEHHO B JOTKe paBHaacs k=
=0,015 cm/c. Caoit mecka BBICOTOH 55 CM CBEPXY NMPHIPY-
JKeH cyioeM raaabl 15 oM, YCa0BHA ONbITa NO3BOJASANH H3ME-
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HATb Hanop H; B BepxHem Kapmake oT 55 10 75 cM H Ha-
mop H; B HHXHeM Kapmane — oT 55 jo 70 oM.

B HanopHbli nOTOK, TeKyluuii 0T BepXHEro K HIKHEMY
Kapmany, ObliH BBEJEHB TPH TPOH3BOJILHO BKJIIOUaEMble
JHHEHHbIE CHCTEMbl BeDTHKAJbHBIX CKBaXKHH Ha paccrof-
ausax 80, 160, 240 cm or BepxHero xapmana. B  kaxnoit
cHcTeMe GBUIO B3ATO N0 7 CKBAaXKHH Ha PaBHBIX PACCTOSHH-
AX Mexay ueHtpamH 2R=23 cM. B nocaeaneii cucreme,
TO ecTh npu L;=240 cM, HMesach BO3MOXKHOCTh BKJIIOUATH
7, 3 u 1 CKBaXHHY, TO €CTb NOJYYaTb PACCTOAHHS MEXLY
HX LieHTpaMH, paBHule 23, 53, 160 cm.

CkBaxuHbl ceyenneM do==10 MM NpPOXOAHJH Yepe3 Bech
BOMOHOCHBIA miacT. Kaxaas cucrema CKBaKHH 0ObeiHHA-
J1aCb BBIBOAHON IVIyXoif TpyGoii, M0 KOTOPOH CaMOTEKOM OT-
BOJIHJIaCh BOJA.

HenocpeacTBennbie H3MepEeHHSI HAnopoB 3a CTEHKOMN
CKBaXKHHBI, YPOBHEH BO/ALI B TpyOe H NOJCYETH! I'MAPaBJIH-
YeCKHX NMOTEPb HA BXOJ Yepe3 CETKY, MOABeM MO CKBAXKHHE,
noBopor Ha 90° m cToxk no TpyGe nokasanu, yTO Hanop 3a
CTEHKOH CKBa)XMHBI Oblil BBIIIE YCTbs TPYOBl Ha BCJIHUHHY
Ah, 3aBHCAILYI0 OT pacxoja CKBaXHH,

Pacxon ckBaxuH, cm3/c l 1 I 5 l 10 I 15 I 20

[Morepn nanopa Ah, cM I 0,8 I 1,0 l 1,4 l 2,0 I 2,9

Hanop, peficTBylounii B CKBa)KHHe, NpPHHHEMANCA Kax
OTMeTKa yCcTbs TPyOHl mmioc nmotepu Ah. Hanopwel uameps-
JIH NIPH NMOMOLIH NbEe30METPOB, PacXoibl — O0OBEMHBIM CIO-
coboMm,

[TopsioK npoBefeH s SKCIEPHMEHTOB: B BepXHEM Kap-
MaHe yCTaHABJAHBAJH NojaueH BOABI OTMETKH H,, paBHbHIE
75, 70, 65 cMm, npu Hamopax B CKBaxkHHEe fy~61—62 cM,
KOTOpbe MOAICPIKHBANH MOCTOSAHHLIMH. 3artem B paGoty
BKJIIOUAJIH OAHY H3 CHCTEM BEPTHKAMbLHEIX CKBAJKHH H J0C-
THraJIC CTaUHOHAPHBIA PEXHM (Mo GanaHcy pacxofloB H
noxasaHHAM nbesoMerpoB). [Ipu sToM B HukHEM Kapmaie
HJIH TIPEKpAaIlayics HCKYCCTBEHHO OTTOK Qs=0, To ecThb
OXHJAJICA <«yPOBEHb paBHOBecusi» [y, HAH 3ajapancs om-
penesienHplii Hanop H,; u usMepsJsics pacxox Q,, nocryna-
IOLIHH H3 HHJKHEro KapMana B MOTOK (-) HJAH BBITEKaio-
KA H3 NOoTOKa B KapmaH (—). 3amepwt ypoBHeii Hy, Hon
pacxofioB cKBaxHH Qp H KapMaHOB Q; H Q; npH H3BECTHBHIX
Ly, Ly, He, 2R, ro, k MO3BOJHAH NPOBEPHTL NPHBCACHHHIE

thopmyIEL.
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Re.
Pacxonnt Qo, Q), Qa2 onpeneasnu no popmyaam (421) —
J) NpPH H3BECTHBIX 3HAYCHHAX Hanopos hy, Hy u Hy. Jlast
HOro nepexsata noroka, 70 ecth npn Q,=0, pacxoa
Qe Qo=Q; ¥ «ypoBeHb PABHOBCCHSA» B HIJKHEM Kap-
e /1y Bwuncasau no dopmynam (424) u (425).
BHEHHE ONBLITHLIX H TCOPCTHYECKHX JAaHHBIX NOKa-
'T XOpoluee COBlajJeHHEe NOJYYEHHBIX ONBLITHLIM NyTeM
BUYHCACHHBIX YpOBHeit W pacxoioB. Creiyer oTMETHTSL
Nuiee copnajende spaveHuit Q u Qp m xyawee aaa Qq;
JiHee OObACHARTCSE TeM, 4TO Qo CHJALHO 3aBHCHT OT g
TOYHOCTH ONpPEJeJIeHHsT KOTOPHIX Hepeanka. OaHako

tHa Q: neGosbias no aGCOMIOTHOMY 3HAYEHHIO H B
ax BCerja noJy4yaercst OAHOTO 3HAKAa C BHIYHCJAECHHBIM
CHHEM.

Mopajgox pacuetTos AHHEHHBIX PAJOB CKBAXKHH. Bepero-
#l CHCTEMA CKBaXKHH NPH GopbOe ¢ NOATOMJIEHHEM cXema-
KH H3oGpaxkena ma pucyHxe 43. Ilpu stom o6GbiuHO
JBECTHHI YPOBEHb BOJALI B BOfOXpaHHanuie H,;, MOIHOCTH
OAOHOCHOTO caiosi He, ero xosdduuuent ¢uabTpauun k,
| Hanop na noiime H, 3agaercs.

Dnpefenenne oCyIMaoWero ACHCTBHS MOXKHO BECTH MOA-
JOPOM. 3ajapasicb PACCTOSIHHEM CHCTEMbl OT BOJAOXPaHH-

13, PacCTOSIHHEM MEMXAY CKBaXKHHAMH, HX AHAMETDOM,
JOBHEM BOABLI B KaHane Ry, onpeneasior H,. Ilpu meaoc-
MHOM TNOHH)KGHHH YBEJHYHBAIOT TrIyOHHY KaHaJja,
HbUIAIOT PACCTOAHHE MEXIy CKBa)KHHaMH H T. A., A0-
JHBasich TpeGyemoro suayenus H,. Ilopsafok BHMHCACHHIT
IPH STOM MOXKET ObITh CJAEAYIOULHiL.

- 1. [as cayuas Q=0 HaxouAT BCNOMOraTeIbHbIE BEJH-
sl 5 u B, no ¢popmyane (412), pacxox OAHON CKBaXKHHKI
Qo no popmyae (425), yposeun Hy (mas |y|>R) no supa-
wenuio (424) u Hy no dopmyne (427).

2. laa cayuas Qp>>0, xenan vafiTh nanop H, Ha npo-
H3BOJILHOM paccromiuu, B gopmyam (421) n (423) noa-

/’/'/’{{{////////////

"" . -
2 Rt 057, 20,

v
= R

g ol 4,

7 R 7. ik,
immm-' -

Py 43. Cxema x pacuery Gepero- Puc. 44. Cxema k pacuery J0B-
BOro Apexaxa. 4ero Apenaxa.

"“

217



crapasiior snauennst H,, hy, B, Ly, R, ry #, 3uas Q,, pemua-

I0T HX COBMECTHO, onpenensis My Yposenb H, cpaBHHBAIOT

C 3ajlaHHBIM M JoOGHBaloTCsl Tpebyemoro noumxkenus. Jlus
NPHHATOH CHCTEMBI BHIYHCASAIOT Qo nmo dopmyne (421), sa-
TeM Hy no Beipaxenuio (427) u Hy no ypapuenusm (428)
i (429) coorserctBenno g R<y<<L; u (—R)>y>
> (—Ly).

AnanornuHas cxemMa MOXeT ObiTb TNpPHMEHEHa nNpH
Goppbe ¢ ¢uabTpauHeli M3 KPYMHBIX OPOCHTEAbHBIX Ka-
HaJIOB.

IlepexBaT HamoOpHOro MOTOKAa MNPH NOMOWH CHCTEMBI
BEPTHKAJbHBIX CKBaXKHH, MOCTYNAIOLICr0 €O CTOPOHHI KO-
peHHOro Gepera Ha molmy, H300pa)keH Ha pHCyHKe 44,
O6biuno GbiBaeT H3BecTHa TpebyeMasi OTMETKA MOHHIKEHHS
CPYHTOBBIX BOJ H, Ha HEKOTOpPOM paccTosiiud L, H He J0-
MycKaeTcsi MOCTYNJIEHHE MOTOKa Ha NoiMy, To ecTh Q=0
H Qo=Q,. Pacxox Q, GuiBaeT H3BECTeH IO IHAPOreOJOrH-
YeCKHM H MHBIM JAaHHBIM. '

Pacuer CBOAMTCS K TaKOMy NMOAGOPY 3JE€MEHTOB CHCTE-
MBI, 4TOOB Q2==0. Hna storo B ypaBuenuu (429) npuHu-
MaioT Q:=0, y=L, u onpegensior Qo=Q;. Ans HaljaeH-
HOTO 3HaYeHHs NOAGHpaIT hy, ro, R. Yposennr H, BhuHCHSA-
10T no ¢opmyne (427), a ypoBHH BBIIIE CHCTEMBl Mas Y>>
>R — no ypasuennio (428). Ecau yposens H, ¢ukcupo-
BaH PEeKo#H, MaruCcTpaJbHbIM KaHaJIOM, 03€pOM H T. A., TO
Q2:540, u pacueT NPOBOAAT AHAJOTHYHO H3JIOXKCHHOMY BHI-
we. ITpu onpenenennn pacxoa Qp MOXKeT OKa3aThCsi H TO-
JIOKHTEJIbHBIM, H OTPHHATENBHBIM, TO €CTb YacTh pacxona
Q) CHCTeMa MOXET NponyckKaThb, HC NepexsBaThiBasi, M MO-
XKET NPHHHMATL B cebA pacxoj ¢ MOHMBL.

[Ipeanokennbie npHeMbl pacuera NMPHIOAHBI JJIS MOIL-
HOrO IOTOKa I'PYHTOBBIX BOJ €O CBOOOJAHONH NOBEPXHOCTHIO
(uenanopnoro), npHauMas 3a H, rayOHHY TPYHTOBOro mo-
TOKa B CTBOpPE CKBAayHH, TO €CTb Pa3HHIY OTMETOK BOJLI
B CKBa)KHHE H NMOBEPXHOCTH BOJOYNOpA.

Fnasa Vi
PACCONSOWLEE NEACTBME OUILTPALLMM
U3 KAHANOB

PaccMoTpuM BJAHAHHE TPAHCHOPTHPOBKH OGOJLIIMX KOJIH-
YeCTB BOJABI JJIs OpPOWIEHHA H OOBOJAHEHHA Ha PEeXHM 3aco-
JEeHHbIX TPYHTOBBIX BOJI HpHJEramouHX K KaHajaM 3e-
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1

MEJIL ¢ 1eabio pa3paboTKH MEpONPHATHI MO Npeaynpexie-
IO BO3MOXKHOTO YXYAUIEHHS HX MEJHOPATHBHOTO COCTOS-
I, A Tak)Ke BO3MOJKHOCTH HCHNOJIb30BAHHS ONpPeCHeHHOI
Jolw BO6au3n kananaos. IIpH He3HauHTENBHOM NOA3EMHOM
OIToKe (GuabLTpauHs H3 KPYNHBIX KaHaAJOB, OCOGEHHO MHpH
DICYTCTBHH NPOTHBO(DHALTPAUHOHHLIX H JAPYrHX Mep, BbI-
AMBACT pe3KHit MOABEM IPYHTOBBLIX BOJ KaK MOJA CaMHM Ka-
HAJIOM, TAK H B CTOPOHE OT HEro, 0COGEHHO B NepBHIE I'o/ibl
paboTn KaHana.

ITpn anuTenvHOl. GHABLTPAUMH CPABHHTENLHO NpPECHBie
(pusbTpanHOHHBIE BOABI MOCTYNAIOT B Gacceiil HJAH MOTOK
JICOJICHHBIX TPYHTOBBIX BOA, 00pasys npH JAJHTEJIbHOM
OpOLICHHH 30HY OnpecHeHMs BOAM3H kaHauaoB. ConeHble
IPYNTOBEIE BOJBI OTTECHSIOTCA HJIH B CTOPOHY Heopoliae-
MWIX 3eMeJb, HIH B MECTHBLIC TTOHHIKCHHS H CTOKH.

[lo nauneiv B. A. KoBawmt (1947), na semaax coBxosa
«llaxraapan» (Fomoanas cremb), opomwaeMuix ¢ cepeHHH
20-x roaos, Baoab pacnpeacantensi K-20 sa 15 ner npon-
JOIIO YMCHBLIGHHE MHHEPaJIH3alHH T'PYHTOBHIX BOJX C H—
10 10 0,8—1 r/n na 40—50 M B 06e CTOPOHB OT KaHajaa H
I Menbelt crenesn Ha 250—300 m.

B  3ome TnaBhoro  Tosognocrenckoro  KanaJja
M. C. M. Knposa 3a 30 ¢ JMmHAM JeT OpolieHHs onpec-
lenie ckasanock B nosoce wmupuHoi 800—1000 m B obe
CTOPOHBl OT Kananja, IpPHYEM MHHCPAJH3alUHA IPYHTOBBIX
BoA ymesbmnaach ¢ 7—I10 no 1—5 r/on, B TO BpeMmsi Kax
MHHEPaJn3alHust TPYHTOBBIX BOJA GECCTOYHBIX H MYCTYIOUHAX
repprTopui I'osoanoit crenu (Bnaauust Capao6a, Ilypy-
Wik, Jxern-Cait) noseicusach g0 25—30 r/a.

[To nanupim T1. A. Kepayma u O. A. I'paGosckoil, pac-
COJICHHE BJOJIb HEKOTOPHIX JAPCBHHX KaHaAJOB Baxuickoii
OPOCHTe/IbHOH CHCTeMB cKasazoch Ha 300—500 M B o0be
CTOPOHBL. SIPKO BBIpAyK€HO PacCOJEHHE 30HLI BOJH3H KaHa-
JIOB M YCHJIEHHE 3acoJieHHs nepudepun oasucos B Peprau-
CKoii nonuHe. Tak e OTYCTIIHBO CKa3LIBACTCSl ONMPECHSIO-
liee JNeHCTBHE PEK H JUTHTCNBHO JEeMCTBYIOUIMX KaHaNoB Ha
Myraun. B ByxapckoMm oasnce KpynHbie ApeBHHE KaHaJh
[ITaxpyn u BaaxkenT cospanau BGAH3H ce6st 30HbI ONPECHEH-
HBIX TPYHTOBBIX BOA — 1—3 r/n, Torna Kak Ha 60ablIeM
YAaNCHHH OT HHX MHHEpAJH3aUHs TPYHTOBLIX BOJA AOCTHT-
sa 15 r/a, a nHa nepudepun oasuca — 75 r/n.

IlpuBeieHHBIC BHILIE JalHBIE OTHOCSATCS K BechbMa JiJH-
TEJbHO JAEHCTBYIOUIHM KaHaaaMm M cHcremaM. Oauako pac-
CUHTHIBATE HA ONPECHCHHE 3ACOJIEHHLIX TIPYHTOBRHIX BOJ
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GO/bIIEX TEPPHTOPHIl OPOIIAEMBLIX MACCHBOB IPH NOMOLLK
(rALTPaUHA M3 KanaJoB Heab3s. Bmecre ¢ tem HeoGXoA .t
MO H3YYEHHE YKas3anHOro BONPOCA € KOJHYECTBEHHON CTOs
POHBI € HEJbIO MPOrHO3a PEeKHMa IPYHTOBLIX BOA BOJH3H
KPYNHBIX OPOCHTENbHBIX KAHAJNOB, NMPOXOMALUINX TIO 3eMJIAM
C BLICOKHM CTOHHEM 3aCOJICHHLIX FPYHTOBBIX BOJA, AJNA pe:
ryJHPOBAaHHA NMPOUECCA ONPEeCHCHHs, YIAYYINEHHS MeJHopa-
THBHOTO COCTOAHHSI 3€MeJb H JUJIsi HCMOJAb30BAHHSA npecu
rpyHTOBHIX BOJA (ABepbsinos, 195906). ‘

O pABMIKEHMM rPYHTOBBIX BOJ
Pa3nMYHON MMHEpanM3aumM

MHorse Kpymuble ropojla pacrnoJoxKeHsl Ha MOPCKOM modes
pexbe H Ha Geperax GOJBIIAX 3arpsA3HEHHBIX peK, H ecaHd
BOJIOCHAGXKEHHEe 9THX rOpoJOB OCHOBBIBATH HA A00LIYE 1O
3eMHBIX BOJI, TO BO3HHKACT BONMPOC, KaK OCYUIECTBHTL 3as
XBAT NMPeCHBIX YHCTBLIX PPYHTOBHIX BOJ CYIIH, HE AONYCKAs
MOCTYNJIEHHsI B CKBaXHHBI COJIEHBIX MODPCKHX HJH 3arpass
HEHHBIX PeYHBIX BOJ. A

M3 MCTOpHH H3BECTHLI CJydaH, KOrjla BOJAOCHAGKCHHE
MPHMOPCKHX TFOPOJAOB, OcCyuiecTBasemoe 6e3 y4yeta rHAPOs
reoJIOTHYECKHX YCJIOBHI, OKaHUHBAJOChL Heyjaveil, H CKBa-
KHHBI, JlaBaBlUIHe B Hayaje SKCHAYaTAUHH NPECHYI BOAY,
3aTeM 3aXBaTHIBAJIH 3aCOJIEHHYIO MOPCKYIO HAH 3arpssnets
HYI0 peunyio Bojay. B TakHX cjayuasix NMpHXOAMJIOCH NMepexos
AHCb Ha APYrHe HCTOYHHKH BoaocHabGkerus. Ocobo ocTpo
BONMPOC BOAOCHAGXKCHHS NPEeCcHOW NOA3EMHOIl BOAOH CTOHT
AN OCTPOBOB H JIOHHLIX MOPCKHX nobepexuit (Huxepaan-
nwl, cesepHoe noGepexse ®PI, I'/IP, ®panunn). Tak, B
Jloc-Anmkenece paGoTh, NPOBOAHBIIHECS [0 HCKYCCTBEH=
HOMY PEeryJIHPOBAHHIO PeXKHMa TPYHTOBBIX BOA B LEJAAX
COXpaHeHHs, TMOMNEPXKAaHHA H HCNOJb30BAHHS 3anacoB
(PECHLIX TPYHTOBBIX BOJA, NPEAYCMATPHBAJH BLITECHEHHE
MOPCKHX COJICHBIX BOJ INyTeM HarHETaHHs Yepe3 CHCTeM
CKBAaXKHH NpPECHLIX BOJA B paiioHe nofepexbs H CO3/AaHHE
TEM CaMBIM «3aBEChl», NPENATCTBYIOMICH MPOABHIKECHHIO
Mopckoii Boas B ray6e mareprka (Todd, 1955; Baumann,
1955). '

Has Takux ycnosuit (puc. 45), HCX0AS W3 paBeHCTBA
nasjennii no annuu paspena (Kocrsakos, 1960; CasprHOB,
duannnosa, 1940), umeem:

po(h + H) = p,H



Piue. 45. Buitecnenne 3acoJieRHBIX
fpyNTORBX BOA B YCAOBHAX OCT-
pona.

OTKyNa

He=h 8 (430)
P1—Po
IA¢ o, Py — NJOTHOCTH COOTBETCTBEHHO NpecHOi H MOPCKOR BOAW, MPH
P 1,027 1 po==1 Ha3Th, uto 06H4H0 K HAGMOAAETCH.

[TonoGHoe omnpecHEeHHE OCTPOBHBIX BOA OTMEYEHO A
[lnnynackoro muca U. E. Xeaazze u B. A. MBaunukum
(1931). IIupoko uasectunl paboret @. 1. Casapenckoro
i (1950) B 3aBoskbe, JIOKa3aBLIHE ONMpECHEHHe TPYHTOBBIX
N0 B TNIOHHXKEHHHIX 3JeMeHTax peabeda 3a cueT HX NHTA-
ISl TPOCAYNBAIOUMMHECH NPECHLIMH BOMAMH.

Ha onpecHenHe rpynToBblX BOJ B CTCMHBIX MOHHAKEHHAX
yikasuaan cme B. B. Hokyuaes (1949), A. A. Hamanan-
cknit. (1949) u I'. H. Boicouknit (1938).

PaccmaTpHBaf JABHIKCHHE TNPECHOH TrPYHTOBOH BOJbI
(puc. 45) w yunTHIBasi, 4TO BepXHeii rpauHueil noToka Oy-
JICT MOBEPXHOCTh 'PYHTOBBIX BOJ, a HHXKHEH — JHHHA pas-
fesa NMPecHoit H CONeHOi BOJLI, MOJIYYHM BhIpayKeHHe LA
pacxona no Jdiomou (Popxreiimep, 1935):

LR Az __ P1 dzq
e

yTo moche HaTerpuposanus (cuuras Q=const, To ecTb npu
COCPEJIOTOYCHHOM ITHTAHHH) JlaeT:

e g p‘+p’x, 431
% + z 57 (431)

rae X — paccrosnne or Gepera mops; Q — pacxoi COCPeNOTOYEHHOrO
nuTanns (CHMMETpHUHO cTexkaomufi K JesoMy H npaBomy Oeperam Mo-
psi, TO ecTh B OAHY CTOPoHY Teuer pacxon Qf2); k— xoshduunent
(hrIbTpanHH.

Tak xak npu x==0, 2o=0, To npu ¥x=L, To ectb aas ce-
pellHHB OCTPOBA, NMOJYYHM:

hzl/ﬁ;':—"—"-]/—qf‘— (432)
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HJIH TNIPH CPAaBHEHHH C BeIpaxkenHeMm (431)

20=h)/ xIL, (433)

TO €CTh ypaBHeHHe KBaJApaTHUHON napaboJibl JUis MOBepX-
HOCTH TPYHTOBLIX BOJ,

Jaa nAuHHH pasjiesla NPecHOH M COJICHON BOJALI, YYHTHI-
Basi Bepaxenne (430), noayunm: '

zo=—0 w2l =H) xIL,

P1—Po
TO €CTh TO K¢ ypaBHeHHe napaboJibl, oOpallleHHON BHIMYK-
JIOCTHIO BHH3.
Jlns nHQHIABTPANHOHHOrO MHTAHHSA CPEHCH UHTCHCHBHO-
CTHIO ¢ MOXKEeM HamHCcaTh:

dz,
L—x) s iy T8l
] A ) P1—Po *dx
OTKyza
2=P1"P ;.9 4] __x) (435)
01 k

B yacrHoctH, npu x=L, zo="h umeem:

h=L l/% : ]/ %. (436).

YuutoiBas opmyasl (435), (436), noayuyaem ypasHeHHe
JHTICA:

zo=h)/ 1—(1—x/Ly. (437)
Jlasece nMeeM:

2= hp&p—l/’ | —(1—x/Ly =Hy 1—(1—xIL)?, (438)
1~ Ve :

YTO TAKMKC SIBASICTCS YPABHCHHEM SJUIHICA.

. Ilpu 3afannbIX HEMOABHKHBIX TpanHuax orroka (Gepera
MOpS) H NMpH H3BecTHOM nutTanuu (Q WM ¢) B oO6JaCTH
(OPMHPOBAHHS NPECHBIX I'PYHTOBBIX BOJA NMPOHCXOJHT BHI-
TeCHeHHe COJCHBIX BoJA M obpasyercsi (NpH yCTaHOBHBIIEM-
csl JABHXKCHHH) 3HAYHTEJAbHAs JHH3a npecHeix BoA. Ham-
Goabliee NPEeBLIUICHHC YPOBHSI NPECHBIX BOJ Ha/l YPOBHEM
MOpPS NpPH CcOCpelloTOYeHHOM nuTaHuM no dopmyne (432),
a npu uHbuALTPAUHOHHOM na dopmyae (436) Tem Gonbuie,
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 WOM asbIe PAcnoNoKeHbl rpanuisl 0TTOKa (T0 ecTh mHpe

OUTPOB), MeHee BOJIONPOHHIAEM TFPYHT, GoJblie NMHTAHHE H

BMILE Pa3HOCTb MJIOTHOCTH MPECHOH M COJIEHOW BOJBI.
HanbGoasinass rayGHHA JHH3BI TPECHBIX BOA  (HHXKE

ypouus Mops) JUisi COCPEOTOUEHHOTO NHTaHHA paBHa:

Sy R . My S 3 . s
H=h—L— =/ QU -V opr - |/ -2, (439)

npn llll(t)HJIprallHOHHOM IMHTAHHH ONPEJICJIHTCH Kak

H= LV‘I”" -V polpy - I/ ;Tp_";; (440)

O6vem (Ha 1 M AJMHHB OCTPOBA) JAHH3BI IIPECHBIX BO/
L

Moxer ObiTb onpepesnic kKak 62 | (z24-2p)dx, uro aaer aas
0
COCPENOTOYEHHOTO NHTAHHA

s 5 i £1
o SL |/ QL/k |/ ——Px-'Po 5 (441)

0 g HHQHABTPAUHOHHOrO MOTOKA

W=—§-6L’V?/I?-l/ -‘;:-P_-';: (442)

e & — cBoGoAnas NOPO3HOCTH B A0aAX o6LeMa rpyHTa.

[Toap3ysach BbiIEYKa3aHHBIMH CBSI3SIMH, MOXHO YCTa-
HOBHTL 3amachl npecHofi BOAB H JHHHIO pasjlesia MEeXxAy
NpecHoii H coJsieHoit BOJOI NMpH (HKCHPOBAHHBLIX rpaHHUaX
OTTOKA H NMOCTOSIHHOM MNOCTYNJEHHH NPECHOH BOJML.

[IpuBenennbie pacueTs! OTHOCHJAHChL K YCTAHOBHBUIEMY-
G5l PeXXHMY, H BpeMs, HeoOXoauMoe A BLITECHEHHs coJie-
HOM BOABI H JAOCTHJKEHHS! CTallHOHAPHOIO COCTOSIHHMS, He
ONnpeaensinoch.

[To nanamm H. K. I'mpunckoro (1951), cayuait ycrano-
BHBIIErocs JIBHXXEHHS NPECHON BOABI MO COJICHOH SIBAACTCH
HACTHBIM H BO3MOXHBI ABHXKCHHS NMPECHBIX H COJIEHLIX BOA
KAK B OJTHOM, TaK W B Pa3sHbBIX HanpasBJeHHsX, H, B YaCTHO-
CTH, MOXKET HAaXOJHTbCs B NMOKOC BEPXHAS NpecHast BOAA, a
ABHraThCs MOJACTHJAIONIAs ee coJeHad, H HaoGOpOT.

[Tpn ABHIKEHHH ABYX HeCMEUIHBAIOIIHXCS MOTOKOB MOJ-
SCMHBIX BOJI Pa3JIHYHOH MHHEpAJH3allHH aBTOP NMPHHHMAaeT
BEePTHKAJIbHBIE COCTABJAAIOIIHE CKOPOCTEH paBHBIMH HYJIO,
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TO ecTh mnpHuuMaer cxemy JlionmioH A TropH3OHTAIBLHO
NOBCPXHOCTH BOJAOYNOpA. -

Toraa anst e MHHYHLIX PACXOJ0B NOTOKOB
BOJL MOXKHO HamHCaTh:

Gy = k"’p.lHldx’qz knpp’Hadxo

rge maacke 1 OTHOCHTCH K BEpPXHEMY NOTOKY, 2 — Kk Huxuemy; H -d A

il

OWHB NOTOKOB; A — HX HAnNOpH; Rgp — KO3QPHUHENT nPORHIAEMOCT

Astop, creays pabGotaM B 06J4CTH NMOA3EMHON rHAPa
AuKH HedTH (Macker, 1949; llleakaues, Jlanyk, 1949; Jle|
Genson, 1947), npuHHMaer, YTO NPOHHUACMOCThL Ryp HME
pasmeprocTh naomiaan. Ceasb Ryp ¢ kosdppuunenTOM QHAl

TPalUHH 2 TAKOBAa:
k= kny ¥/,

rae y —obbeMuas Macca; i — Kos(QHIHENT BAIKOCTH.

«IIpoHHILaeMOCTb» IPYHTOB JVIsi IPECHOH H COJNEHOH BO
Abl aBTOP CYHTACT OJHHAKOBOH, a KOI(POHIHCHTH (HHIALY
pauMH — pasHLIMH, OTPa)KalOUIHMH pAasHbIC BIIKOCTH |
MIOTHOCTH XKuAKocTed. Ilpn 3naveHHaXx MuHepasH3alH)
FPYHTOBBIX BOJA, BCTPEUAIONIHXCH B INPAKTHKE OPOIICHHUS
MIaBHYIO POJib B H3MEHEHHH BOJONPOHHLAEMOCTH Hrpaio’
(H3HKO-XHMHYCCKHE NPOLECCH — KOaryJsauns H JHCnepe:
UHS TPYHTOB MOJ BJHAHHEM COJIEH, a He H3MEHEHHE O]
Hocreit H Kos(duumenta BaskocTH. [losToMy npaBHIbHE
JJISL YCJIOBHI OPOMIAeMBIX MacCHBOB NPHHHMATh 3a Xapal
TEPHCTHKY BOJAOIPOHHUACMOCTH KOQpuuHenT (HABTPE
UHH, CyMMapHO OLEHHBAIOUHI nepeyHccHHbie (axkTOP!

3Hayennss HanopoB AJs BepXiero W HHXKHEro noToKO

hy=H, + Hy; hy = p\/p, H, + H,.
Cpasuenne ypasuennii (444) u (443) naer:

e il | 1 dHy + dH,
iy kﬂppl Hl dx ’

dH
Ga = —knn'f:' Hs'&/p’d%"';.*- 2,

Hnrerpupys suipaxcenuc (445), noayuaem:

] Pz=|[(PlH2+
% (2 ?lknp+q’ Yaknp 2L P2 2

* ‘:’Lm'l'uﬂm +H§1)—(%:‘H?z+ ‘:‘:'2H12”22+

rpyu‘ro'._

224



fAe sropas uudpa mxaekca o003Ha-
‘“aer nomep cevenns, a L — paccros-
HIE MEXKAY CeYEHHSMH.

[lonbsyscs  ypaBHeHHeM
(445), aBTop ycraHasauBaer
(JICYIOIHE BO3MOXHBIE Cay-
AN JIBHIXKEHHS.

I. JKHAKOCTH ABHXYTCSi B OAHY CTOPOHY:

p/ps AH, + AH, < 0,

rhe AHy, AHz — npupamenna Hy u H: na mo6oM KOHeulOM paccros-
Wi x (pRaiowas x=L); npH 3TOM 32 NOJOKHTENLHOC HanpasjacHue X
npuniMaercs nanpasaesne ymenswenus Hy+Ha (puc. 46),

2. JKHAKOCTH ABHMKYTCH B NMPOTHBONOJOXKHLIX Hanpas-
ACHHAX:

Puc, 46. Cxema Kk pacuery mno
¢opmyaam H. K. T'mpunckoro.

pl/p’ AHl + AH’ > 0.
3. HuxxHsaa XUAKOCTh HAXOAHTCH B MOKOE:
Pa/ps AHy + AHy = 0; p,/pH, + H,y = const.

4. Bepxnasi HAKOCTb HAXOAHTCH B IOKOE:
H, 4 H, = const.

Jns 3-ro cayyas:

I - Pl 1 S0 Hiy —Hi |
M 2L :

qn=kn,:: =0, (447)

Has 4-ro cayuas:

0: = Ry Ys  P2s—pPs Hgl_”gi' (448
ql ) q"" p Iy Pa oL . )

Has 3-ro cayuas dopmyna (447) cosnajaer ¢ panee
lpuneaeHHon cBa3bio (431) npu Hy,=0.

B coorsercTBHH C paHee nNpPHHATHIMH 0603HAYECHHAMH
h-+-H=H,;, (MOmMHOCTL NMOTOKA MpPECHHIX BOA B CEYCHHH
x==L) npu nojcranoBke B ypaBHenwe (447) sHavenuit h
o qopmyse (436) u H no dopmyne (439) npu H,p=0
HMeeM:

16288
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o et (A
G kup”1 o oL

P W e —t
) = (H® + 2hH + h®) S

OctaHoBHMCS HA BO3MOXKHBIX CJAyYasix JABHKCHHA AR
MOTOKOB pa3HOii MHHEpalH3alHH, TaKk KakK NpHMeHeE
kpurepies H. K. I'mpuuckoro o Hanpapjenid TeuenHs ¢
paHHYCHO CJAyYacM yMeHbluaiomiefics cyMMapHOH riyOH
(H1+H;) notokos, uto He Bcerja OniBaer. PaccmaTphB
ypaBHenne (445), BuauM, uTO JUisi OJAMHAKOBOro Hampa
JeHHSl TCUCHHS JABYX MNOTOKOB AOJIKHBI OJHOBPECMCHHO CC
JIOJlaThCH YCJAOBHSA: 1

AHI+AHS<00 l

py/pe AH, + AHy < 0
HJIH

AH, -+ AH, > 0, } 5
pi/pAH, -+ AH, = 0.

Jass wamocTpaiuy Ha pHCyHKe 47 npHBe/ieHBl Cayda
TeyeHHs npecHoii Boaw mo coxenoit (p;=0,9p;). Hanpas
JIeHHA TCUeHHH MoKas3aHbl crpenkaMu. JIBHIKEHHC BepXHErC
MOTOKAa TPYHTOBBEIX BOJ. TMPOHCXOAHT BCErjla B CTOPOHY TO:
HHJKEHHSI MX TMOBepxHOcTH. JIBHXKEHHe HHIKHEro noTOKE
FPYHTOBLIX BOA MOXKET NPOMCXOAHTH KaK B HanpasJeHHE
najleHust MOBEPXHOCTH IPYHTOBBIX BOJA, Tak ¥ B OGpaTHYIO
CTOPOHY; NajeHHe NOBCPXHOCTH pasjesa MCKAY NOTOKaMK
TAK)KE HC MOXET CAYKATH IOKasaTeJeM HanpaBJeHH: ABH:
AKEHHS HHKHEro NoTOKa rPyHTOBHIX BOJL.

Cxemnl 4 u 10 moka3piBaloT, 4YTO MNPH HEJAOCTATOYHOH
ray6uiie 3aJ0XKeHHs APCHA)Ka OH MOXKeT NPHHAMATh H
BOANTL NPECHBIE MPOMBIBILIC BOABI, TONAa Kak JexKaillHe
Mojl HHMH 3aCOJICHHBIE IPYHTOBBIE BOJALI MOryT ABHIa
B NMPOTHBONOJOXKHOM HanpapjCHHH. .

B paccmaTpupaeMblx cxemMax ypoBHH Boabt Fy u Hj 3a-
AaHbl KaK B HayaJbHOM, TaK H KOHCUHOM CCYCHHH; B ACH-
CTBHTCJABHOCTH NPH NPOMBIBKAX H (QHALTPAUHH H3 KaHAJIOB
JHHHS paszjiena MexkAy MNOJCTHIAIOUIHMH CHILHO 3aCOJeH-
HBIMH FPYHTOBHIMH BOJAAMH I HAKJAaALIBAIOLIHMHCA Ha HHX
Gosiee NPEeCHBIMI HIMCHACTCS BO BPEMCHH H 3aBHCHT OT KO-
JIHYECTBA TOCTVIIAWWINX ONPECHEHHLIX BOJ. |

Ecau 30Ha onpecnenus NoA KaHaaoMm masecTHa (HanpH- |
mep, Aas cxem 1—6 /), TO MHHHMaabHas rayOHHa 3a80-
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Il JipeHa)ka, YCTAHABJHBAIOUIA TOK 3aCOJEHHBIX
HTOBLIX BOJL B €r0 CTOPOHY, MOXeT OBITb OmpejesaeHa
nepapeHcTBa (cM. cxemy puc. 47):

hay > (AHy— AHy) = AH, (=00,
2

Hpin AH,=H; umeem:
he > Hy ‘—"'ﬁ@l. (449)

Jlasi 06bIuHO BCTpEUao-
JNXCH B YCJOBHSX OpO- M‘
Hennst zuuepannsatfun fon itk 6”"675 9| %
[PYNTOBBIX BOJI OTHOIUCHHC £ ccay
p.%». ne mnpeseimaer 1,05, ’E.
~ hostomy ychosue  (449)
i cobaopaercs. 2 = 1101 I.Q, 0|0
H, K. Tapmexaro (1951 [~ 952z

. K. I'mpurckoro ¥
i ocuoaanzme Ha Heit coo6- |7 | 1 4 i
paXKEeHHs  NPEACTaBARIOT roreert
Wirepec Aas pasbicHeHHS |4 | W= | Ly Lowslassand 20| <o

HEKOTOPBIX  ocoOGeHHoCTel
JABHIKEHHS JABYX IOTOKOB
IPYHTOBBIX BOJ Pa3sHOH MH-
HepanH3alud, HO OHA HC ™ g R
03BOJSIET PeUIHTh nocTar- | § | 2P -1 bi5hoshasleol>o
JCHHYIO HAMH 3ajayvy o AH-
HAMHKE 30HBI ONPECHEHHSN 7(1 H"f'”'
BOJIH3H  KPYNHBIX OPOCH- i 1 had K ”JI’” &
TCJbHBIX KauaJos. e

Bonpoc o nepeMenieniu | 4| ¥ ml

HOBEPXHOCTH paszena no-

TOKOB T'PYHTOBLIX BOJ pas- 5 ¥ Pg i ;
JHYHOI MJIOTHOCTH peiaJ- J = 1|0 g1 00
e I1. 1. ITony6Gapuuosoii- Gissstecs

"ﬁﬁ o 'M@w 20
=1 M 0 | ¢8| ¢

Kounnoit (1952, 1942, 1949, |n T~
1951, 1947). B pa6ore «He- =
KOTOpBIE 3a71aYH IJIOCKOTO

q K

| =

KR

<

0 ~
Puc. 47, Cxennt fiBiKenns novo- |4 | o ,
Ka npecnoft rpyHTOBOA BOAH NO ’\—._"
COJICHOIL. ——
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ABHIKEHHS FPYHTOBEIX Bof» (M., u3n. AH CCCP, 1942) pat
CMOTPEHO BAHSAHHC (QHILTPAUHH NOA T'HAPOTEXHHUECKHN

NPeCcHbIX H 3aCOJICHHBIX 'PYHTOBLIX BOJ.
Merox [1. fl. TloayGapunoBoii-KounHoit nosposisiet
YCTaHOBHBUIErOCsl JBHXKEHHS TPYHTOBLIX BOJA olpeaeas
NpeAc/abHLIE TOJOXEHHS JHHAH PasjlieioB MexKAy COJICHO
H NPEeCHOH I'PYHTOBOH BOJON A PasJHYHLIX CXeM (HIb!
pauHH MNOJA THAPOTEXHHYECKHMH coopyxeHHsMH. HeoOX
JAHMO 3HAaTb HE TOJBKO NpEAeJbHOE NOJOXKEeHHe NOBepPXHE
CTH pasjiena, HO H JHHAMHKY Npouecca BO BpPeMeHH.
[Tpusenennoe B pabore I1. §1. IToayGapunoBoii-Kounno
(1942) pewenune B BHAE psjaa BecbMa cjoxHO. OHO CcOAE|
JKHT HEKOTOpHE JONYUICHHS, B TOM YHCJE NPHHATHE He3
BHCHMOCTH TOPH30HTaJIbHBIX CKOPOCTEH OT BEpPTHKAJbHOIE
MOJIOKCHHA TOYKH B NOTOKE. DTO JAONYILIEHHE BNOJHE BOS
MOXHO NpPH PACCMOTPEHHH CPABHHUTENBHO JJIHHHBIX H B OC
HOBHOM TFODH3OHTAJbHBIX NOTOKOB TPYHTOBHIX BOJ;, TIpH
 (UAbTpalHH e H3 KaHaja, Koraa QHabTpauHOHHBI NOTON
HMEeT B OCHOBHOM BEPTHKaJbHOE HanpasJjesHe (10 BCTPE:
YH C FPYHTOBBIMH BOJAAaMH), Takoe AONyLIEHHE SBJASETCS
nerounnim (ITonyGapunosa-Kounna, 1951). ‘
H. H. Bepurun (1953) HHaye NOAXOAMT K H3yYeHHIO
nepeMeleHHs MPecHbIX (HABTPALHOHHBIX BOJ Yepe3 3aco
JIEHHBIC TPYHTH. ABTOp, YYHTHIBasi pacTBOpPeHHe cosiedl M
Anddysnio, cocTasasier JABe CHCTEMbl YPaBHEHHi JBHIXKE:
HHS.
[Teppasi cucTeMa OTHOCHTCH K ABHXXKEHHIO MHHEpaJH30-
BaHHOMN BOAbL. [IpH He3HAYHTENBHBIX H3MEHEHHSX BA3SKOCTH,
MJAOTHOCTH H NPOHHUACMOCTH B 3aBHCHMOCTH OT BCTpeya-
JOUMXCA B NMPAKTHKE 3HAYeHHI MHUHEpPaJH3alHH rPyHTOBHIX
BOJL OHA NEPEeXOAMT B OOBIYHBLIC YpaBHEHHS (HABTPALHH
NPECHLIX FPYHTOBLIX BOA.

Bropass cHCTeMa ONHCLIBAGT nepeMeuleHHe coJsell B
rPYHTE ¥ NPHBOAHTCA K YPABHCHHIO, COlepIKAllleMy B Kaue-
CTBE HCKOMOro (1m0 SaflaHHLIM HAYaJbHBIM M TIPaHHYHBIM.
YCAOBHSAM) NEPEeMEHHOro KOHUCHTpauuio coned —n(x,y,f).
[lpn He3HaunTeNbHOCTH AHDPYIHOHHLIX CHJ JUIS JIHHEHHO-
ro ABHJKEHHMSl aBTOp Npejpjaraer ypaBHeHHe:

On -y 08 -
IV xa-}-?ﬂl(ﬂ,‘ n)—m ot (450,
npH U, = —nV,,
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tue Vi — ckopocts duabTpauun; ux — MaccoBas CKOpPOCTbL  ABHIKEHHS

VIRl Ny — KOHUGHTPAUHA COMEll B MOrPAHKYHOM cJ0€ (C 33COMEHHBIM

IPYNTOM); /M — NOPOSHOCTL IPYHTA; Y — KO3DOHUHEHT CONCBOrO0 06-
Mo, ;

H. H. Bepurun, noab3ysch pPeKOMEHAyeMBIMH ypaBHe-
HIIMH, peaeT 3ajlayd O PABHOMEPHOM JIBHIKCHHH BOMbI B
ANCOJICHHOM TPYHTE, NMPOMBIBKE 3aCOJIEHHBIX INOYB M COJIE-
NOM pEeKHME IPYHTOBBIX BOJ BOJIH3H HOBBIX KaHanoB. OH
paccMaTpHBaeT 3aaauy O NEpeBHKEHHH 30HHI ONPECHEHHS
O BAHSHHEM (HJABTPAUHH H3 KaHajla TPH BHE3ANHOM
Noj'beMe ypoBHSI BOALI B HEM.

[IpunaMas aas 3afadn ¢ NPECHLIMH IPYHTOBBLIMH BOAA-
MIl H3BECTHOC pemienHe s 3Toro caydas (ABepbsiHOB,
1956, 1950, 1950a; Tlony6apunoBa-Kounna, 1949, 1952),
H. H. Bepurun (1953) cnauana yuntsiBaetr anddy3nos-
libie CHABI, HO NMPH 3TOM PE3YJbTAT NOJYYAeT BeChbMa CJIOXK-
iufl, Tpebyioluui NPROGAHXEHHOro HHTerpupoBanus. I[lpe-
nebperast cunamMu AHGdy3nH B NpHHEMAs, YTO B BOJAOHOC-
HOM IrpyHTe HE TMPOHCXOAHT COJIEBOrO OOMEHa MEXAy IpyH-
TOM H BOJIOH, aBTOp NPHBOAMT ypaBHenHe (450) k BHAY:

Vx 3 on on

e -+ = =0 npn y=0. (451)
[ToacraBnsia 3HaYeHHE
Rt
x tax ’

H. H. Bepurun npuxofur k ¢opMmyae aas onpeaeseHHs
lepeMelIeHHsl TPaHHIbl 30Hbl PacCOJeHHs B BHAE

x=2pVal; am AEEI op
m
e
Va @E+h)' 1505
rfie ho — navaabHas MOIBOCTH MOTOKA IPYRTOBHX BoA; H — noabem
YpPOBHA BOAH B KaHaJje.

[punnmas B ypasuennn (450)y=0, anTop snomyckaer
n==const, Tak kak, npuuaB B ypaBHeHun (451) ussecrtHoe
COOTHOLIEHHE

dx
= NN ——
% dt '’
NOJYYHM:

9 dx %@:dn_—.o. 453)
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ABTOpPOM NpHHHMAaETCsi NOJHOC 3aMCUICHHE COJCHOM BO

Abl TIPECHOM, & CKOPOCTh TOPH3OHTAJALHOTO TepeMelleHHs

pasfesna MeX/ly HHMH HaXOASAT H3 H3BECTHOrO ypaBHEHHA
(IMoay6apunosa-Kounna, 1952):

oh

X

MpubnieHHoe onpesieneHHe 30HLI ONPecHEeHUs

ox

B6NM3M oOpoOCHMTEeNnbHLIX KaHanos
B YCMOBMSAX yCTAHOBMBIUErOCH ABMIKEHMS

BhIACHHM, HACKOJBKO CHJIBHO B YCJOBHAX OPOLICHHS OTIH
qalorcst (pu3uyeckHe cpoiictBa Gojee mpecHbiX GHALTPAUH-
OHHBIX BOJ OT aNHaJIOTHYHBIX CBOHCTB 3aCOJNEHHBIX rpyH-

TOBBIX.

[TaoTHOCTH PacTBOPOB COJEi 3aBHCHT HE TOJBKO OT MH-

HEepaJinzalnuH, HO H OT COCTaBa coJieit.

ITnoTHOCTH OKeancKO# BOABLI NPHOJH3HTEAbHO paBHA

p2=1,028 (Anekun, 1953).

A. Y. Cusun-Bekuypun (1951) npuBoauT rpaduk 3aBH-
CHMOCTH NJIOTHOCTH PACTBOPOB OT OGINEro COACp:KaHHS CO-
aeit (mo A. M. KysHenony), u3 KOTOpPOro BHIHO, YTO 3Ta

CBSI3b MOXKET ObITh 3anHcana B BHE

ps = 1,000 4 0,00078 n,

TAC P2 — MJIOTHOCTD, Kr/M¥; N — coflepxanue conach, r/a.

YunTeiBast, 4TO MAOTHOCTH BoAm mnpn 20°C p30°C =

=0,9982 n uro A=n/10p; (A — unHCAO rpaMMOB pacTBO-
pennoro Bemectsa B 100 r pacTBopa; n — 9HCAO rPaMMOB
pacTBOpeHHOro BeuectBa B | J1 pactBopa), NOJAYYHM cJe-

AVIOIIHE JAaHHbie,

(455)

Munepanuaa-

s 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 HCKJAueHHeM OCOOBLIX CJayyaeB, KOT/la KaHajbl Mpo-
HCKJIOYHTENBbHO 32CONCHHBIMHE

KJNajAbLBalT B rpyHrax c

rPYHTOBBIMH BOJdamu, ofwiuno npu 10<<n<<50 r/x,

aexut B npeaeaax 1,01 <<pa/p;<<1,04.
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BsiskocTh MHHEpaNH30BaHHBIX IPYHTOBBIX BOA TPH yBe-
JNYEHHH KOJIHYECTBA PAacTBOPEHHLIX COJICH BO3pacTaer, HO
pn MuHepasHsaunn Mmexee 50 r/i 5TO yBeJHUEHHE He3HA-
unreavhoe. Ilpn (=20°C BA3KOCTh pacTBOpa H3IMEHAETCS
01 0,95 cautunyas aas npecuoit Boau Ao 1,01 cautunyas
an n=50 r/a.

Kospdpuunent puabrpaunun rpyHToB B CBA3H ¢ HX 3aCO-
JCHHEM YBeJHYHBACTCA. B IIHHHCTHIX IPpYyHTax 3TO NpOHC-
XO/HT 3a CYCT KOAryJasilHH MEJKOAHCHEPCHLIX YaCTHIL.
Y 1IecKOB M mecyaHbiX [0YB A& YBeJHUHBAJCH HE3HAYHTEND-
io. Tak, B HamMKX ONMBLITAX A0 3aCOJAEHHS NMECOK HMea k=
«=0,025 cm/e, a nocae sacoyieHHsT W HOCAEAYIOWIeH MPO-
MWBKH  NpecHOH BoAOH  Kosduument  uAbTPAUHH
saconennoit (40 r/fa) w® nmpecHoit BOAB  paBHAJCSH
0,03 cMm/c.

CKOpOCTh KaNHJUISIPHOrO NOJHSITHST PAaCTBOPOB COJMH B
FpyHTax Mmenpwe, Yem unctoit Boanl. Masi necka nocae
IPOBE/IEHHs] B HEM ONLITOB HAMH MOJYYEHLl MPHMEPHO OMM-
HAKOBBLIE 3HAYEHHSI MaKCHMAaJIbHOH BBICOTHI KaNHJJIAPHOTO
nojusaTHa Kak ans pacrsopa NaCl xonuentpauun 40 r/i,
TAK B ANl YHCTON BOAM, paBHbIC fix~ 30 cM.

YUHTBIBas HEJOCTATOYHYIO H3YYEHHOCTb BONPOCa 06 M3-
MCHEHHH BOJHO-(PH3HYECKHX CBOHCTB TPYHTOB B 3aBHCHMO-
CTH OT CTENEHH HX 3aCOJCHHHA, NPHOJHIKEHHO MOXKHO CYH-
TaTh, 4TO B OAHHX H TeX e rpyHTax (CpPaBHHTCJBHO Jier-
KOro cocTaBa) mnpecHele (pHALTPALUHOHHBIE H HE CJAHIIKOM
CHJIBHO MHHEpPaJIH30BaHHBIE I'PYHTOBBIE BOAL GyAyT mepe-
JIBHTaThes, NMOAYHHAACH NPHMEPHO OJAHHAKOBBIM KOJHYECT-
BCHHBIM CBSI35SIM, TO €CThb JJ5 H3yYEHHS MOLIHBIX NOTOKOB
I'PYHTOBBIX BOJ MOXHO NPHOJHIKEHHO NPHHATE R~k
he~hx, u 8;~0; (8 — Ko3ppHUHEHT BOAOOTAAYH; HHIEK-
chl 1 oTHOCATCA K ABMMKEHHIO GoJiee mpecHbX (HALTPAIH-
OHHBIX BOJA H 2 — K ABHXKEHHIO HE CHHIUKOM CHJIbHO MHHE-
panH30BaHHBIX IPYHTOBHIX BOJ). Toraa MoXHO paccMaTpH-
BaATb AHHAMHKY MOTOKA TPYHTOBBIX BOJ B LEJIOM, HE pa3-
aensisi 06J1acTH NpecHuIX (HALTPAUHOHHBIX H 3aCOJMCHHBIX
IPYHTOBHIX BOJA, H JJs H3yueHusi (PpHALTPANHH H3 Kanajon
NPHMEHATh 3aBHCHMOCTH, YCTAHOBJIEHHLIE IS OJHOPOAHO-
ro NOTOKa rPYHTOBHIX BOJA.

3nas AnA HCCJHEAYEMOro NMOTOKA CKOPOCTH ABHIKEHHH,
MOJKHO ONPEJAeJNHTh CPOKH MepeMeniCHHs 30HbI OlpeCHeHHS:
KaK rpaHdusl poHTa npoABHrampuencs (PHABTPaUHOHHOI
poisl. ITpH Takom jponyuieHnd npenebperaior auddysnei
pacTBOPOB H YCJAOBHO NPHHHMAIOT, YTO NpecHble ¢GHAbTpa-
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UHOHHBIE BOALI NOJHOCTHIO 3aMEMIAIOT 3aCOJEHHBIE TPYHTO
Bble BOJihL. :
B #eficTBHTeNILHOCTH TNPH BLITECHEHHH 3aCOJICHHE :
TPYHTOBBLIX BOJL NPECHbIMH MHHEPAJH3aUHs H3MEHseTcsl Mo
cTeneHHo. BBHAY OTHOCHTCAbHO HeGOABINON WHPHHBI NEPe:
XO/IHOW 30HBl B KauecTse MepBOro NpuOIHIKEHHs 3a rpa:
HHIly 30HBl ONpPECHEHHSI MOXHO CYHTaTh TNOBEPXHOCTb HA
yasa yMEHbUICHHS MHHCPAJH3aLAH. .
Jpyriam cACACTBHCM NPHHATHLIX HAMH AONYIICHHI SBJASS
eTCA HeyYeT H3MEHEHHs JIaBJCHHH H MNOTEHUIHAJNOB CKOPO:
C7eit B CBSI3H C Pa3JHYHLIMH MJIOTHOCTAMH NpPecHON (HIALT:
PAltHOHHON H 3aCOJIeHHON TIPYHTOBOM BOJAML.

Kak ykasmBanoce  Bboime, H. K. T'upaackum H
M. §I. Mony6apuosoii-Kounnoii ycraHOBNeHbl yCJOBHS HA
NOBEPXHOCTH pasjiesia JKHAKOCTCH PpasjHvIHON NJOTHOCTH,

ToYHOE THAPOMEXAHHYECKOE pelleHHe IJIOCKHX 3ajay
NpH STHX YCJOBHSIX Sl YCTAHOBHBIIErOCs H TeM GoJee
ANl HEyCTAaHOBHBIIEroCS pexHMa BechbMa 3aTPyAHHTEILHO
Jlaxke AJA NPOCTeHUIHX CAydYaeB H CBOAHTCH K CJAOXKHE
MaTeMaTHUYeCKHM BBIKJIA/IKaM.

MoXHO NpeAnoNIoKHTb, Y4TO BOJH3H KAHAJAOB H NpPH HE
OYeHb JUITHTEJNbHON (HALTPALHH CAeJaHHLIe HAaMH Jonylle-
HHSl aAyT He CTOAb GOJibliHe NMOrpelHOCTH.

IMpunumas ynomsinyThie jonyuienus, OyAeMm onpejes
JATh nepeMeuleHHe (ponTa 30HH ONPECHeHHs, NMOJb3YSACh
GopMmysaMu i COCTABAAIOUIHX CKOPOCTEH NpH n.nocxo
GuaAbTPaUHH B BHJE |

dx oh

A
x m° ax
dy oh
= m ——-.-'_--—k--—-
V,, O at ay '

rae Vi, Vy — cooTneTCTBENHO TOPH30ONTAJABHAS W BEPTHKANLHAR COCTAB*
JAI0OUHE CKOpOCTH (HABTPAUMK; Mo — cBoboAHad Nopo3nocTs (3a Bbi-
YCTOM 33IUEeMACNHOrO BO3AYXA p H CBA3AHNON BOJAHN W,), pashas Mye==
=m—p—w, (M — NoAHAA NOPOIHOCTDL). i

ITpn nanpapJieHuyl OCH y BHH3 HANOP PaBeH:
rae P — pasacuuc.

Hcnoabsys HMCIOIHECS PCIICHHA AJsi THOHYHBIX CAy-
yaeB (HABTPALNH H3 KaHaJoB H NPHHHMAA NO HHM 3Have-
Hus hi(x, y, ), unTerpupoBaHHeMm ypasHenni (456) m
(457) maxoaum nepeMelleHHe TPaHHIl 30HBI ONPECHCHHA.
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BuisicHenHe JAHHAMHKH ONPECHAIOIICro JACHCTBHA KaHa-
JOB BayKHO AJSI padOHOB C BBICOKHM CTOSIHHEM 3aCOJICHHBIX
[pYHTOBBIX BOJ, MOSTOMY paccMaTpHBaem cayuad noanep-
10i GuabTpanHH,

OpaMHOuNBIE KaHank

K oAMHOYHBIM KaHajaM OTHOCHM TakHe, GHAbLTpPAUHA H3
KOTOPHIX He OKa3blBaeT B3AaHMHOrO NOJANHpAioUIero aef-
CrTBms.

Jlas upeneabHoro cayuas ycrasnosusuieiics ¢(uabTpa-
iUy noaneprast puUALTPaUNs H3 KaHaJOB NPOHCXOJAHT, KakK
w10 nokasano B paGore C. ®. Asepbanosa (1956), npu
NAJHYHH paBeHCTBAa (PHALTPALUHOHHLIX NMOTEPb H TNOA3EM-
noro orroka. [loaseMHBIH OTTOK MOXKET peajiH30BaTbhCs
OTTOKOM TPYHTOBBIX BOJA B CTOPOHHl OT MacCHBa, B MECTHbIE
NOHMIKEHHSI MJH JpPeHaXk H pacXoj0BaHHEM TPYHTOBBIX
BOJL Ha HCITAPEHHe H TPAHCNHpaAUMIO pacTeHHsiMH. PaccMmoT-
pPHM HEKOTOpLIC THMHYHBIE CHAYyuaH, COOTBETCTBYIOLLHE pas-
JHYHBIM YCJIOBHAM MOJA3€MHOr0 OTTOKA.

' a) lod3demusili OTTOK 8 CTOPOHLL OT KAHaaa 3a npe-
:, deast opowaemslx 3emeab; 8000ynop 3aise2aer BecoMa
. eayboko.

Jlns OJHHOYHOrO KaHasa NPH OTTOKE MOJA3EMHLIX BOA
3a npejesbl OpPOIIaeMblX 3eMeJb B YCJIOBHAX MOANEPTOH
(puabTpaunH H ray6okKoro 3ajeranHs BOJOYNOpPa HMEIOTCH
pemienHs Aas  cXeMbl, H3o0pakeHHOW Ha pHCYHKe 48
(Asepssios, 1956; IToayGapuuoBa-Kouuna, 1952, u np.).

Jas yenosmii, nzoGpaxkeHHbiX Ha pHcyHke 48 B palo-
rax Kosenu, Prsenxamnda, C. I1. Hymeposa (1953), naii-
JICHBl 32BHCHMOCTH:

— x = H™%in -"(‘2-"- +v/Q, (458)
y— He™cos _’%P; + qlk, (459)
rne Q — pacxoa Ha QHALTPALMO. 8.2 8./

-
S & 7
g TR @”
Puc. 48. Cxema x pacyery ¢uabrpa- ¥

UMK H3 OAMHOYHOrO KaHanaa. "ly
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Q = & (Bx— 2H);

KOMINJICKCHHIfi NMOTEHUHAN TEUCHRA ¥ =Q-+iP; ¢ — NoTeHuHan cKopo :
(p=—Fkh; nanop h=P/y—y (ocb y nanpasiaesa BHH3). |

IToBepXHOCTL IPYHTOBBIX BOA HAXOMHTCH H3 ypamxeu‘
(458) n (459) npn p=—Q/2: '

x—Q/2k = He™? y — gk, |
Bsoas oGosnauenns x=x/H, p=By/H, y=y/H, 3anu-
uiem ypasuenune (461) B Buge

y=—B—2In(x+1—pe). (462)

penesiecHHs JHHAMHKH TIepEMEUIEHHST SOHBI ONPECHEHHS,
Tak xak B paccmMaTpHBacMOM cay4ae MOBEPXHOCTh TPYHTO=
BBIX BOJ ABJSIETCSl JIHHHEH TOKa, TO BJIOJIb Hee JeHCTBH-

TeAbHO BhIpakenne aast ckopoer ([Tasnoscknit, 1955:
Benepuukos, 1939):

Vs do 1

ds .
dx \2 dy \2
i v B i
VTR
C npyroit croponsi, ckopocts V, pasua:

v,-_-mo—jj-=m,,|/1-z— (—“é’-)’ﬁ.

dx | dt
YuutniBas ypasnenus (461), naiizem:
LI y/(p—2)
0x/0¢ = k(ﬂ—2)e ;

oylop = 1/k,
I 1
=— (B — 2 o
eimbs i e

[loncrasans ypasuenns (467) B (464), (465) u (466)
B (463) n npupaBuHBag BLpaXenHe AAs CKopocredl, nocje
HEKOTOPBIX npeoGpa3oBaHuil MOy HM:

8% = (x4 1—/2) 468

77 -2+ a2 G4 1—p2*PE—22 8
HUuterpupys ypasuenne (468), npunumaem HauaabHuie
ycaoBus (=0, x=§/2, Toraa
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___ameH 2 w3 - e
-t [T o—on1-p)s

+ (x—pi2) (k—pi2 +2)]. (469)

[loabsysich ypaBhennem (469), MOXHO ONpeAeaHTH
npems f, 3a KOTOpoe NPoABHHETCA (PPOHT pPacCOCHHS B
FOPH3OHTAJIBHOM HamnpaBJenid Ha pPaccTOSHHC X OT OCH
Kahana.

[IpoBepuM, HAacKOABKO Beauka Oyzer omHOKa, eciH B
PACCMOTPEHHOM CJYy4ae 3aMEHHTh CKOPOCTh NepeMellleHHs
110J1b TOBEPXHOCTH PPYHTOBBIX BOJA V ¢e ropH3oHTaAbHOMH
cocrapagoweii Vi, dra nposepka BaXKHa IS PeIICHHSA
losee c/OKHBIX 3afad, Tak Kak nogab3osBanne (HopmyJoii
(163) B psiae cay4yaer 3aTpPyAHHTCIALHO,

[Ipaunmas npubanxenno

Vo mo-% — dg/ox (470)

Il HOACTaBJAsS Bhpaxenue dgp/ox, HaiiieM:
dx _ k(B—2) I . (471

damHl (i 1—p/2)

Hinrerpuposanue ypasnenns (471) npm HauajasHOM yc-
gosun (=0, x=§/2 naer:

nmgH (= 5
= ne_p *— P2 x—p2+2), (472)

HTO H 6)’1(01‘ HPHGJIH)KCHHHM pelueneM 3anavi.

JMHAMMKY BEPTHKAJBLHOrO NepeMelieHuss (poHTa 30HH
pAaCCONeHnst MOJA AHOM KaHajla MOMKHO ONMHCATh, NOJb3YACH
(popmyanoit (457) ans onpegenenns V.

[Ipuusas B dpopmyne (459) =0, x=0, noayunm:

y = He™ - gk, (473)
Hanumem dopmyny (457) B Buie

dy _ . dy do _ dg, dy\*
Mot = mo 2 28 dy,m,,( )dq) di. (474)

dg
Haxons dy/Op ns popmyast (473), noayunm:
deldt = [m,,( m’i_ 5 FaZLa 1/k)’]“. (475)
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WMnterpupys npu nauaabHom yeaosun (=0, =0, y=
=H, naiigem: '

= Z(e0—1) 2 + g €|+ ok, @78

®opmysna (476) B moabsosamuu HeynoGHA, NMOITOMY,
BBO/A NPHBEJEHHOE JaBJieHHE

1_’=PIVH=—;;-(y—q>/k) = y—q/kH,

HamHueM pupaxkenne (476) B Buae

_2mH 5 x(P+1) , B=2 , 5
W p 1)[1+4(B__2)+2“(ﬁ_l)mp].<

rae FOI‘IPO}I@JM!OT H3 YpapHCHHSA:

P+—(@—2mP=y. (478)

3ajaBasfich pPAasAHUHBIMH rAyOHHAMH  [CPEMCILCHHS
(¢pouta pacconenns y, no Gopmyne (478) HaxoaHMm npH-
BejlenHoe nasjendHe P H no ¢popmyne (477) cooTBeTCTBY-
iolee Bpems. |

Pacdernt no 3THM 3aBHCHMOCTAM NOKa3biBaloT 3aTyXa-
IOLHI XapakTep NepeMellcHHsl 30Hb PACCOJEHHS, YTO ecTe-
CTBCHHO B CBSI3H C YMECHbIUECHHEM CKOPOCTEH npH yjganae-
HHH OT KaHaJja. ; ’

Henocratok npeamiymiesi cXeMbl pelCHHSI COCTOHT B
TOM, UTO MIHPHHA KaWajna no ypesy BoAb By H rayOuna
BOABl [ onpeaensioT MOJIOMKEHHEe YPOBHSA FPYHTOBBIX BOA
[dpopmyna (461)]. B npakTHke GbiBaeT H3BECTHO MNOJOMKe-
HHE YPOBHSI I'PYHTOBBIX BOJ, KOTOpOE onpejaensiercss oOuiuM
6anaHcOM rPYHTOBBIX BOJX OpOIIAEMOro MacCHBa, a HCH3-
BECTHBIM sIBJsIETCA pacxoj Ha ¢uabTpauuwo. as srtoro
cayyas (puc. 48) asropom (Asepnsinos, 1956) npeanoxe-
HO GoJiee MpoCTOE pelleHHe:

o+ x=— -;— (B, — Q/F) chng/Qsin mp/Q,  (479)

y—olk = - (B,— Q) shqiQeosmp/Q.  (480);

236



d

Beenem o0603HaYeHHS:
Xo = XxIBy; Yo = y/By; = Q/Qm

e @ — kosdduurent, NOKAINBAIOWMKI yMeHbLUICHHE (RALTPAUHOHHBIX
Noreps 3a cuer nonno%a rpyHTOBEIX BOA; Q — pacxox Ha (uabTpanmio

N yeaonnsx nognopa; Qg — norepH B ycaoBuax csoboaHoN dHABTPAUMH,

Has y=—Q/2 ( nonepxuocrb IPYHTOBBIX BOJA) HMeeM:
Y= — arch ‘:’x’:" (481)

Ilo ypaBreHnnio (481), 3HAst MOJIOXKEHHe TMOBEPXHOCTH
IPYHTOBBIX BOJA Yo HAa NPOH3BOJIBHOM PacCTOSIHHH OT KaHa-

Al Xo, MOXKHO ONpeieJHTh KO3(D(HUHEHT ¢ M pacXxoj Ha
PuabLTpaumio.

Onpenensis BpeMsi NepeMEUICHHS 30HBI  ONpPeCHEeHHS
ANAJIOTHYHO TOMY, KaK 9TO CAEJAaHO B MpEeAbIAYIlel 3ajaa-
U0, MOJYIHM JUIS TOPH30HTANBHON CKOPOCTH:

kdyldx — 2-% ; : = mydy/dt. (482)
V (2x—Q/k)* — (Bx — Q/k)?

Hurerpupyn ypashenue (482) mnpu HavyaAbHBIX YCJIO-
wmsix =0, xo=1/;, HMeem:

{ == Do ans(kla— ) [u )/ u*—1 —arch u]; U= 2:’___: (483)

W ¢ yuerom ¢opmyant (481)

t =T 7By (1 —a)? [Sh 22 2“%]
16ka a s

(484)

JIns BepTHKaJLHOrO MPOABHIXKEHHSI HCNOJAb3yeM (opmy-
ay (474);

Ayl — [1 4.2 "“ —% oh :up/Q] (485)

Murterpuposanne BhpaxeHus
my n(l —a) Wt
o [l + G eE ch :mp/Q] do = dt

npu yenopuu (=0, y=0, =0 naer:
. =% (1—0lo (Ll oy 29 159
= 5 [o + Soqatinnig + 200 (2 T 4 1)

(486)
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YTO MOZKHO 3alHcaTh B BHE

= Me By 4 Py B—a) [y, 2
t="0 {y+P+ = [shax

x G—P)+ 2 G—P)]).

—~—~
00

¥ 1
rAe npHBeAeHHoe AaBAcHHE P=P/yB.=-B— (y—q/k) naxoaurcs n3 CO
K
OTHOLICHHS

2P

(1 —a)

6) DuabTpayuonsvie norepu  pPacxodyroTens TOALKO e
ucnapexte ¢ nOGEPXHOCTU 2PYHTOBHLIX 600 U TPAHCAU
payuro. '

Ilns cayyass noANepToH  (PHABTPALHH H3 OAHHOUHONC
Kanaja IpH PacXoJlOBaHHH MOTEPb TOJBKO Ha HCMapEHHE
C MOBEPXHOCTH rpyHTOBHX BoA (ABepbsnos, 1956, 1950,
1950a) GbLIO NPEAJIOKEHO THAPABAHYECKOC pCIleHHe, yUuH:
THIBAIONIEC 3aBHCHMOCTb HCMAapPeHHsi IPYHTOBBIX BOJL OF
rayOHHBI HX CTOSTHHA:

e =g, (1 —A/A)". (488)

[pu yuere dopmyan (488) npn n=1 nosepxno
IPYHTOBBIX BOJL ONHCHIBAETCS] YPABHEHHEM:

A=A, [1 —exp (—xey/V kH Age,)], (489)

rae X — paccTofHHe OT Kanana, M; A-—raybuua Crossus rpyNTOBHIX
BOJA OT MOBCPXHOCTH, M. 3

Pacxos na QHABTPALHIO B OAHY CTOPOHY paBeH:
Q.=VkH_A e, (490)
I[Toan3ysce popmynamu (456), (489) n (490), nanumem:

dx dA A ke, ]
m07;=k-‘;;= 0 exp (— xe/Q..). (49T

VHTerpHpoOBaKNe NpH HauadbHEX ycaopusax (=0, x=0
JlaeT BpeMs nepeMenientst GPOHTA 30HBI PACCOJICHHS: i

=y y=y/Bx.

P+ i L arsh
7t

e

2
e o [exp (xe/Q..) — 1] (492)
0

KA
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Yunteisas soipacenus (490) u (489), popmyna (492)
MOZKeT OBITh 3amHCcaHa B BHJE

fo DG B o it (493)
e Ay (1—A/A)

Anajoruunble pacyeTsl Npu n=2 AaoT:

1
A=l — gy | 2
Q.= V 23V kH Ay, , (495)
g gy Qi T 496
{ e [(1+ xey/3Q..) ks (496)
S 3my H - A (2—A/A) (497)

feo By (1—-B/Ag)'
e A onpeseasior no dopmyae (494).

Tak xkak sapava pemrajsach rHAPaBAHYCCKH, KaK JIHHCH-
last  (nosaranockh, UTO KaHaJX NpPOPe3acT BOJAOHOCHI
l1acT 10 BOAOYNOpa), TO BpeMs BEPTHKAJBHOIO ONpecHe-
sl B 9TOH NMOCTAHOBKE HE MOXET OBITh HaNACHO.

JononHKTEeIbHEIE NOTECPH HA NOBOPOT NPH BHIXOJE €ro
I3 KaHama MOryT ObITb YYTEHBl YMHOXEHHCM pacxoja
(e Ha xo3pduument B (B<<1) (Asepbsinos, 1956).

st oanoro 3 KOHKpeTHHIX cayyaeB (Bx=10 m: H=
=2 M; k=05 Mm/cyr; my=0,3) npu Tpex pasaHuHHIX yc-
JIOBHSAX OTTOKA W PacXOJIOBaHHs IPYHTOBBIX BOJ, HA PHCYH-
ke 49,a HaHeceHH MNOBEPXHOCTH TrPYHTOBHIX BOJA M HA
pucynke 49,6 rpaduku ropH3OHTAJALHOrO TNepeMelleHHs
(P)pOHTA 30HBI PacCoJeHHs.

Cpasnenne nosepxmocteii rpyHtoBuix Box (puc. 49,a)
NOKA3BIBACT, YTO OHH CYUICCTBENHO OTJAHYAIOTCS OJHA OT
apyrofi. Camoe Hu3KOe mosoKeHHe (Kpupasi I) 3aHHMAIOT
FPYHTOBEIC BOJB NPH OGECHEYEHHOM OTTOKC 3a NPEaebl
maccuBa (npu He—o0). Koraa nomseMusiii oTToK 3aTpy-
HCH, MOBCPXHOCTh TPYHTOBLIX BOJX (KpHBas 2) CylIeCTBEH-
HO NOJHHMETCs] (NPH YPOBHC TPYHTOBBIX BOJ A=5 M Ha
paccroauun x==1000 M or kauana). OcHoBHOEe najgeHHe
NOBEPXHOCTH TPYHTOBLIX BOA NPOUCXOAMT BOJH3H Kanana:
MOJIOBHHA NajenHs w©amopa, To ectb Ah==25 M, ocynie-
cTeaseTcs Ha paccrosnuu 50 M oT KaHazna, a apyras no-
JOBHHEA — Ha OCTaJAbHBIX 950 M, B CBSI3H C YeM YKJOHHI
NOBEPXHOCTH TPYHTOBBIX BOJA M CKOPOCTH JABHIKEHHS OYeHb
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L3

SR Puc. 49. Ilopepxnocts IpyHTC
54 4 60 80 Wy wvux son (@) W AMHAMHKA TP
A aswkenns ¢ponra onpecHes
(6) npn ¢duabTpauus u3 oAl
Z . J HOYHOTO KaHaA3a H pasjiHyHH

—|  ycaoBHAX OTTOKA.

" PE3KO 3aTyXawT TNpH YA
JeHHH or Kauaaa. DBoae
BBICOKOE IOJIOXKeHHe 3aH¥
N maer MOBEPXHOCTh TPYHTE
| \] BHXBOA (kpuBbie 3, 4) np
OTCYTCTBHH NOA3EMHOr0 01

TOKa H pacxojloBaHHH H
i 4 TONBKO Ha  HCMapeHHE
(mpp Ag==5 M. &=

=0,005 M/cyT; He=20 M). 310 0coGenHO 3aMeTHO BOJH
30 KaHaja, YTO eCTeCTBEHHO B CHJY YNPOWIEHHOH CXeMHl
NPHEATON /s pacyera STHX cayuaeB (NMHHefHOe JBHIKECHHE
H HEy4YeT NnoTepb Ha MOBOPOT MOTOKA MPH BHIXOAE €ro M
kKaHana). OGpamiaeM BHHMaHHe, YTO MOKasaTesib CTENeHl
n HEe OKas3biBaeT CYLIECTBEHHOro BJAMAHHA Ha MO0JIOXKCHHE
NOBEPXHOCTH TPYHTOBBIX BOJ, XOTs1 npu n=2 (kpusas 4
OHH CTOSIT HECKOJbKO Bbiuie, uem mnpu n==1 (kpusasa J)
YTO M NOJMIKHO GBITH H3-32 MEHBIIEr0 HCMAPEHHA TPH N==4
[dopmyna (488)]. '
OGpamasich K pHCyHKy 49,6 W conocraBass Bpems ro
PH3OHTAJLHOrO NpPOABHIKEHH (poHTa paccojeHHs, B
JIHM, Y4TO 3aKOHOMEPHOCTH {(x) COOTBETCTBYIOT Xapa
paM TOBepXHOCTEH IPYHTOBBIX BOA: GBICTPOE NPOJBHIKEHH!
BOJIN3H KaHaJIOB JJIS CJAY4Yaes HaJHYHS NOA3CMHOrO OTTO:
ka (kpusbie / W 2) M 3aMejjIeHWe JIBHIKCHHs NPH yjane
HHH OT KaHaJja, YTO BHAHO NPH 3aTPyAHCHHOM OTTOK
(kpuBasi 2). Boace pasHOMEpHOe JIBHIKEHHE 30HbLI Pacco
JIeHHS, XOTs TOXE 3aMe/ieHHoe, HabJalofaerca /s cayya
eB PACXOAOBAHHSI TPYHTOBBIX BOJI TOJBKO Ha HCrapeHH!
C HX NOBEPXHOCTH, NMPHYEM CYIUIECTBEHHOTO OTJIHYHA I
cayuaeB n=1 (kpupas 3) n n=2 (xpusas 4) ne nabGrio
Aaercs. ,
U3 pucynka 49 BHAHO, YTO TPH OJHHAKOBOM [0JIOKE
HHH NOBEPXHOCTH TPYHTOBHIX BoA npH x==100 M (KpHBHI
2 u 3, puc. 49,a) BpeMs NPOABHXKEHHS 30HLI PacCOJEHHH
(kpuBbie 2 u 3, puc. 49,6) orauyaercs NOYTH B 2 pasa

/
=
R

_l‘;.‘

oy

'\1
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—~—yr vye—v

(1=2060 n 3550 cyTok). DT0 OODBSCHSCTCS TeM, YTO AJs
cyyas OorpaHHuYeHHoro orroka (kpusas 2, puc. 49,6) cko-
POCTH ABHMKCHHS, 3HAUYHTEJbHBIC B HENOCPEJICTBEHHOMN OJIH-
J0CTH OT KaHaJia, y»Ke Ha paccTosHHH x=2(0 M CTaHOBATCS
MEHbIlle CKOPOCTEH JABHMKEHMSI AJs caydast pacXoJlOBaHHS
IPYHTOBBIX BOJL TOJAbKO Ha HCIapeHHe; 3TO e XOpOolIo
BH/IHO M3 COMNOCTABJICHHS NMOBEPXHOCTEH I'PYHTOBLIX BOJ Ha
pucynke 49,a. Echan CYHTaTh H3BECTHHIM  ITOJIOMKEHHE
NOBEPXHOCTH TPYHTOBBIX BOJ § Ha pACCTOSIHHH X OT Ka-
Hajla W OnpeiensiTb CPeAHIO CKOPOCTb JBHIKEHHS Kak

X
Vc,=ki ~ Mg ——, TO MOXHO HamHCaTh:
X

T L (498)
ky

Tak, npunsp u3pecrubiM y=3,15 m npr x=100 m (kKpHu-
poie 2 H 3, puc. 49,a), nonyuum no dopmyae (498) f=
=1900 cyrox, yTo GJHM3KO K pe3yJbTaTy JAJS pacXxonoBa-
HHS TPYHTOBBIX BOJ TOJNbKO Ha HcnapeHue (KpuBasi 3,
puc. 49,6).

910 coBnajenne oObACHAETCS TEM, YTO AJsl paccMaTpH-
BAaE€MOTO CJjydyasg Ha y4yacTke BOJH3H KaHajna (KpuBas 3,
puc. 49,a) NOBepPXHOCTH T'PYHTOBHIX BOJA OJH3Ka K JIHHEH-
HOH.

ITpu x>100 M 3TO pacxoxnenHe, OueBHAHO, Oymxer
Gonee 3HauHTeAbHBIM. Tak, npu x=500 M mas cayuas
pacxojsa TOJNbKO Ha Hcnapenne (kpuBasi 3) no dopmyse
(489) y=A=4,97 m u Bpems no popmyJe (493) /=178 Tuic.
CYTOK, TOr/la KaK TO e camoe Bpems no ¢dopmyne (498)
paBHO {~30 THIC. CYTOK.

Beuay Toro, uto mpu noaneproii (pHAbTPauHH BOJIH3H
KaHaJOB NOBEPXHOCTH IPYHTOBHIX BOJA BCErfa HOCHT BO-
PHYTBIH XapakTep, onpejesieHue BPeMEHH IOPH3OHTAJALHOTO
nepemMenieHust (GpoHTa 30HBI ONPECHEHHS 1O NpHOJHKEH-
Hoi (Qopmyne (498) Bcerjia jaer 3aHWIKEHHBIE Pe3yJib-
TaThI.

Cucrema kaHanos

B sTOM ciiydae NMOTOK TPYHTOBBIX BOJI HMEET OrpaHHYEH-
HYIO JUIHHY, KOTOPYIO NMPHOJIHIKEHHO MOMKHO NPHHATH PaB-
HOM NOJIOBHHE pacCTOAHHA MeXxJAy KaHaJaMH, 4TO cnpa-
BE/UTHBO H I JIPEHHPOBAHHON CHCTEMB, TAK KaK pasme-
[IleHHEe JIpeHa)<a ¢ TOYKH 3PEHHs OTBOAA 3aCOJNEHHBIX I'PYH-
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Pyc. 50. CxeMa x pacuery puabtpa-
HHH H3 CHCTEMH KAaHAJAOB UPH Ha-
JAHYHH  MCNAapeHuss ¢ MNOBEPXHOCTH
rPYNTOBBIX ROA.

TOBBIX BOJA Haubosec uenecooGpasHo  NPOBOAHTL TaKKe
NOCpeAHHe PacCTOAHHN MEXAY OPOCHTEJbHLIMH KaHajaMH.
DuabTPALHOHHBIC NOTEPH B paccMaTpHBaeMoOM cayuae
MOIYT PAacXOLOBAaThCsl KaK LEJHKOM Ha HCHapeHue c 1o-
BEPXHOCTH FPYHTOBLIX BOJ H TPaHCHHPauuio (NMpH MOJHOM
OTCYTCTBHH YCJOBHIl JUIs NOA3EMHOr0 OTTOKa), TaK H Ie-
JHKOM HAa NOJ3CMHBIIl OTTOK HJH 4YacTHYHO Ha HCNnapenne
H YaCTHYHO HA OTTOK.
PaccMOTPHM HEKOTOpPHIE THAMUHBIC cayuaH (HAbTPAUHH
H3 CHCTEMBI KaHAJOB MNPH YCTAHOBHBINEMCSl pexHME H
onpeaesuM I HHX NepeMenicHHe 30HLI PacCoJeHns.
a) Iodsemnsili 0TTOK w Opexasx OTCYTCTBYIOT, PuabT-
PAyUOHHBIE NOTEPYU PACXOOYIOTCA HA ucnapexue. 9
Jlas cxeMBl JBHIKCHHS, H300paxeHHOll Ha pHcyHke 50,
NpHMEM NPHOAMKCHHOE THAPABJHYECKOE PCUICHHE, HMeEIo-
mee npu n=1 (TaK Kak BAHAHHE NMOKa3aTeJsi CTCHEHH n
B hopmyac (488) me CTONL BEJHKO) BHA:

L — x =V EH, ByJe,arch-—=28/8. (499)
1 —A/A,

npu y=~="—A.

Beemem oGosmauenusi: x=x/L; Qp=eolL; Q.,=f
= V kH:Apeo (pacxos Ha (GpuALTPALHIO H3 OJIHHOUHOIO Ka-
HaJla B OJHY CTOPOHY) M HX oTHomenne p==Qq/Qu.

Toraa dopmyna (499) npumer BHA:

A=A [1 — (1 —A/Agchp(l —Xx)), (500)
rae A — rayGiHa rPYHTOBHX BOJA NOCPEANHE PACCTOZHMI MCKAY KaHa-
namm: A= Ag[1—1/chp]. (501)

YpaBHeHHe MOBEPXHOCTH IPYHTOBHX BOJA MOXKHO 3amH-
caTh TakHM o0OpasoM:

y:Ao_cl‘_%:Q_, (502)
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Pacxon Ha duabTpaunio (B OAHy CTOPOHY) paBei:
Q=Q.thp; p=el/Q.; Q.=VEkHAg, (503)

[Toab3ysice BoipaxendeM (491) nas onpejlesieHusi CKo-
pocteii ¢ yyetoM (opmyan (502), nmeem:
—ply_ Admshp(l—®) _ . dx _ g, d%
£ ox Lchp M= =il g

—~vyryr—

Hurterpupys npu HavajabHblx ycjaoBuax (=0, x=0, no-
JYUHM:

§ — Mol2chp (o fchp(l—x)+ 1](chp—1)
2Aokp? [chp(l —%)—1](chp+1)

mok ¢ thp/2

=——c:-chuln th(l—xp/2 " 22,
YTO MOZKHO 3aNHCaTh B BH1E
g melle 1 (A 0)(1—n) (506)

e 2 —m0+n)
rae n=y/Ay=1—A/A; n=1—A/A,

Tak kak Bcerpa thu<<l, 10 Q<<Qw, B YeM cKazblBaeT-
CA NOAMHpAloNlee JIEHCTBHE COCCAHHX KauaaoB [dopmyna
(503) ]. g

H3 dopmyan (500) caeayer, uro npu x==L, n=n n
[~»00, TO CCTb PaccoOJICHHE MacCHBAa B YCJOBHSIX OTCYTCT-
BHSI MOJA3EMHOI0 OTTOKA HCBO3MOXKIIO.

Pacuersl noKasbuiBaloT, 4YTO 3aMeJICHHE pacCoJieHHs,
BLI3BAHHOE HAJHUHEM COCEAHMX KaHaJOoB, HE3HAYHTEJNbHO,
HO OHO BO3pacraeT ¢ yjaajeHHeM oOT KanHana (nmo we-
pe npHOJHIKEHHsT K CepeJilHHe pacCTOsHHs MexXJAy KaHa-
JIaMH).

Haanuue coceiHHX KaHaJ0B M HX NoAnHpamwllee aeii-
CTBHE BBI3LIBAIOT GOJiee BHICOKOE CTOSIHHE TPYHTOBBIX BOJ,
YMEHbIAIT (QHALTPAUHOHHLIC MOTEPH M 3aMEAJASIOT pac-
CoJIeHHeE,

6) Cucrema Openuposana. PurvrpayuoxHsie norepu
PACXOOYIOTCA HACTUHHO HA OPEHANCHBIUL OTTOK, HACTUYHO HQA
ucnapenue.
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Puc. 51. Cxema «x pacne'ry__'.

11 T (GUALTPAUMN W3 CHCTEMB KaHa-

< e 7] | JIOB MpH HAAHYHH ApeHaXa H

po- - ----Z--—t----z—--"--- HCMAPEHHsl € NOBEPXHOCTH rpyn-
—— 1 —

TOBLIX BOA.

Has cxeMbl, H3o6pakenHoit Ha pHcyHKe 51, npubanKeH-
Hoe pemenne umeer Bua (Asepbsnos, 1956, 1950, 1950a):

o=V 1—m+e ch ——"—:; ~InlEt® (507
? n+e

rie = Q/Qq 1t =Qp/Q.; e=Q,/Q.; Qy= el; Q.= kHcAweq;
Q, Qx — ORHOCTOPOHHHE PACXON HA DHALTPAUMIO H3 KAHANA W APEHAK-
uufi pacxon; N=1-—hyp/Ao; hxp — rayGuna 3azomenus ApeHaxka.

3uasn k, He, Ao, hyp, €0, L, onpeneasior Qp, Qw, p, N H,
pelias copmectHo ypaBHenus (507), HaxoaaT 3HaYeHHS @
H €, YTO M ABJSETCS pehieHHeM 3ajAaud. YpanHeHHe noBepx-
HOCTH TPYHTOBLIX BOA B JIaHHOM CJyuyae HMeeT BHJ:

1= chpx— @shpx, (508)
npu x=x/L; n=1—A/As=y/Ao. ¢

ITpu oTCyTCTBHH APEHAXKHOrO CTOKA, TO ecTh npH &=0,
ypaBuenne (508) nepexoaut B Bhipaxkenne (502). B stom

cayvyae ¢= Vl —n% = chp—Vl —n?shp; n=
= 1/chp; @=thp; n=(chpchpx —shpshpx)/chp=
= chp(l — x)/chp.
Ypasuenne (508) moxer OuTh NpeAcTaBJieHO B BHAE
ux = In (1+9) (509)
n+V i tet—1 :

HJH
— kdyldx = — kAdn/dx = mydx/dt = mydx/dy-dyldt,
OTKyJa, BocnmoJb3oBaBiinck Gopmyioin (509), noayuaem:
__ RAgp? . o BEX: | .

PRI (m®* 4+ ¢*— 1) = dy/dL. (510) |

Ilpu uurerpuposannn ypasuenns (510) caeayer pas-
JIHYaTh TPH cayuas: ¢<<l, To ectb QHABTPALHA M3 KaHaja
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MeHBIIE, YeM H3 OJAMHOYHOTO, UTO BO3IMOXKHO NMpH HerayGo-
KOM 3aJI0)KCHHH ApeHaxa; 2) ¢==1, korna Q=~0Q«; 3) ¢=>
=1, Korna ApeHa)k 3HAYHTEJhHO yBeJHuHBaer QHALTpA-
IIHOHHBIC MOTEPH, YTO NMPHBOAHT K HepaBeHCTBY Q = Q.

Cayuait ¢<<1. Hurerpuposanre ypasuenus (510) npu
nauaasnom ycaosun =0, n=1 naer:

t=”cmo o 1 arth (l‘-‘l)l 1 —q?
€o Vl—(p’ n—(1—¢% :

AT0 Ke BHIpaXKeHHe MOXKeT OHTh NMPEACTABJICHO B BHAE

o 2eielnrd -—'—ln("'”' 1—¢3) (1—Vi—¢?)

© Yi—¢ 2 (—=Vi—e) (1+Vi—¢)
(512)

O6a 3TH BhIpa)KenHs AaoT ppeMms ! Kak (QyHKUHIO ray-
OGUHBI TPYHTOBBIX BOX y==1do, NpPHYEM BeJHUHHY 7] HAAO ON-
pepeasith no dopmyse (508).

Ipn e=0 suipaxenns (511) n (512) nepexoast B ypaB-
nenne (500). IToacrasasis u3 ypapnenns (508) 3sHaueHue
n(x), noayuum:

(611)

l=m%- 1
€ Vl-—cp’
o 1 chur—pshpr+V1—¢?) (1—Vi—¢?) . (513)
2 (chpr—gshpx—Vi—¢t) 1+ V1—¢?)

rae yxe B asuoil dopme Aana sasHcHmocTb X(f); nupn e=0 ypapHenue
(513) nepexoaur s ypasucuue (505).

Cayuait ¢=1. lns 9roro ciayuyass ypaBHEHHE MOBEpX-

HOCTH FPYHTOBLIX BOJA BMecTo ypasHeHusa (508) npumer
BHA: |

n=chpx—shpx, (514)

npuueM e=1, p==In l/e.

[Ipon3Bofisi aHANOTHYHBE NPEAbAYIIAM BHIKIAIKH,
{MeeM BLIPaJKeHHE JUIS NePeMElICHHs 30HBl PAaCcCOJCHHS B
BHae

Hemg - - Hemy (1—1)
=" (hpx+shpx—1)= - . (515
e (chp px — 1) = % (515)
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Cayuait ¢>1. Ilpoussoas uurTerpHposanue ypasnen-
(510) AJsL 3TOTO caydasi npu Hayaabuom ycaosun ¢==0,

=1, x==0, noayunm:

g Heme 1 amtg(l_,“/q,,_:l

“ Ve—i 5% e B
HJIH
¢ _ Hemy arcts (l-ch-px—l-(pshiu)l/qﬂ-—l o
€ Vq>’—l ch px — @ sh px 4 ¢* — 1

Qopmyant (516) u (517) ne moryr nmepeiTH B (opmyant
(505) w (506) Js vacTHoro cayvas e=0, Tak Kak NpH
9TOM Bcerja ¢<<l (Bausinne nojnopa xana.noa). 3

Ecan Ge3 apenayka BpeMsi NMOJHOIO PaccoNCHHS MacCH-
Ba ObIIO PaBHO [—-00, TO CCThb IOJIHOE PACCOJIEHHE HEeBO3-
MOXKHO, TO NMPH HaJHYHH JAPCHAXKA OHO HMEET KOHCUHOE
sHauenue fo. oA onpeneneHus 9Toro BpPEeMEHH B d)opuy‘
ast (511), (512), (515) u (516) caeayer nojcrasuTh 3HA=
qeHHe 1= n—l-h,,p/Ao nan B dopmyas  (513), (515),
(517) — snaucune x==1, |

PacueTsl mMOKasuiBalOT, YTO NOJHOE paccoJieHHe Maccu'i
Ba NPH NOMOIULH BHITECHEHHS 34COJICHHBIX TPYHTOBBLIX BOJA
(HALTPAUHOHHBIMH BOAAMH H3 KaHAJOB NpPOTEKaeT Meld-
JEeHHO, oTyero M npuberalT K ApyruM Mepam O6opuOni ¢
3aconenueM (npomMbiBKH Ha (oHC ApeHaxka M Ap.). »

B) Cucrema Openuposana, ucnapesue ¢ nNOBEPXHOCTU
2PYHTOBBLLY 800 HE3HAYUTEALHO. 3

[Ipu BBICOKOM CTOSIHHH TPYHTOBLIX BOJ Ha OpOlIaeMBIX
3eMJAX HCNapeHHe ¢ NMOBCPXHOCTH TPYHTOBBIX BOJ CYIIECT-
BEHHO OTPayKaeTCHA HA HX PEKHUME H TOUHOC pelleHHe IMmiao-
CKOH 3ajauH MpH KOHCYHOM 3aJICraHMH TOBCPXHOCTH BOJO-
ynopa (puc. 51) saTpyAnuTeabHO. k.

BropoM (Asepbsinos, 1950, 1950a, 1956) paunce Guaa
npeajioxeHa npu (uabTpauMH M3 KaHasa 3aMeHa o6aa-
CTH IOTOKa €O CBOGOJAHOH NOBEPXHOCTBIO NPAMOYTrOJbHH
KOM, 4TO TO3BOJIHJIO CPABHHTEJbHO NPOCTO (BBCAEHHEM KO-
9GGHUHEHTOB) yyecTh AONOJHHTENbHbIE (HILTPAUHOHHLIC
IOTEepPH Hanopa NPH BBIXOJE M3 KaHala W NIPH BXoje B
Apenax (Koa(¢uuuenr «sucsuectH») (ApepbsiHos, 1948).

Ilpun sTom paccmaTpHBajJiach HecoBepuicHHasi JpeHa,
pacnoJioxkKeHnasi Ha NOBCPXHOCTH BOJOYNOpA. '
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Pse. 52. Cxema K pacuery (pHALT- BJ28/2

pALLHA H3 CHCTEMH KaHAJIOB MpH 2 710 2 &
HAJHYHH HecOBepLIeHHBIX Aper.
W/ i S
¥ S I 2
a'4s 46 ;
8/2 8/2

Ha pucynke52 (@ —06- 455 g3 2 (1 2 34 56
JacTh NBHKeHHA Z; 0, 8 —

BCOMOraTeJabHbe  MOJY- -
naockocTH ¢ u §; e — nop- ] ¢ ’
MaJIbHBIH NPAMOYTOJIb- 7§ >
Hik Z) npusegen Gonace
oOuMi cayuail moaBemeH-
HOH ApPEeHDI. fawmﬁojmgnmws ?}mj_f;
[IponsBoasi KoH(pOpPM- “A'J’, g
e oToOpaXKeHusi, TMoJy- ) —
UHM  CJEeAYIOUlyi0 3aBHCH- il 37
MOCTD: 4 5V 0 v =
- -
¢ I
sn [(K2/(B/2); #)] = €, 1> mfw 7
(518) A ey

rie K/IKy=(B/2)|Ts; K, K, — nonnsle SAIMNTHYCCKHE WMHTErpajst NpH

MOAVAAX %X H m=l/ 1—x?%; sn — saaunTHyeckuit cunyc, Koopaunate
rouek B obnacth & P=1; a=sn(KB«/B, %); y=1/dn(K\hzp/To, %1);

p,=|/dn[§‘— (hap+d); #%1]; 6=1/%; dn — neapra aMnauTYAHL.
0
CB#13b MEXKAY MOJYIJIOCKOCTAMH § U { MPHHUMACM:
t=10. (519)

OrobGpazkasi HOPMAJbLHBIH NPAMOYroOJILHHK Z Ha MOJY-
MJIOCKOCTD {, HMeeM:

Z=sn? (-?- 1/8”—5_; ” ) (520)
= VoAt

3neck sn—! — ¢yHKus, oOpaTHas sn:

= 2 2
=ty B2 521)
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C yuerom suipakenuii (518)—(520) noayunm pement
B BHIE :

e[l —sn*(Z, %)) _ £,
P i _sn’(KBm.x).
l-—--;;sn (Z, %)
Tak kak HemocpeacTBeHHOE HCNOJAb30BaHHEe (GOPMYJIH
(522) saTpyauHTEJbHO, YNPOCTHM ee AJS Caydas JJNHHE 1)

NOTOKOB ¢ oTHowenueMm (B/2)/Ty>2.
Toraa nocTaToyno TOYHO MOMKHO NPHHATS:

Bauny BeCbMa MaJioro ¥; MOXeM HalnHcaThb:

a=thaB,/4T,;, p=1; y= :
V 1 —adsiniy,
9
+%sin’l—zm; dnu=)1—xsny, |
e "3
1 ~l+?l; ,
i~

~14 3

rae Ay = mhy/2Ty; &=

2
e==1+Lsin (i +d); d=dl2T,,

[Moacrasass stn Bupaxenns B Gpopmyay (521) aas mo-
AYAf %, HAXOAHM JOMOJHHTEALHBIH MOLYJb %;: '

% = %, shaB/AT, V sin 2hyy + d)sind .
BHAHO, UTO %; HMEET TOT e NOPAAOK MAJOCTH, YTO

%1, MOSTOMY MOXKEM HANHCaThb Bblpa)KeHwe ais Kodpduum-
€HTa pacxoja:

¢=R1/R-= % =

21n 4/%
To 1 i
—1 . - (524):
B/2 9T, By = =
1—38/2 ln(sh 7, V sin (2 igp + d) sin d)]
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Pacxon na ¢uapTpanuio 3 Kanaja (H ApeHaXKHblil pac-
X0[) NPH 3TOM CTaHeT PaBHBIM:

2kHT,
Q 1 8/2 2 p o2 anmu ﬂ’ (525)
rjie H— paauocrb Hanopon B KaHaje H ApeHe;
B— : . (526)
1 + To/(B/2) [B+ A+ D)

Kosdpuunuenr, yuuToBalouuii noTepH Ha noBopoTe TO-
TOKa NPH BbIXOJie H3 KaHaJja:

I
= —_— 5
B8 BT (b20)

Kospduunent, yaHTHBAIOLIHA TOBOPOT HOTOKA NPH OIycC-
KaHHH €ro K JipeHe:

1
- RS 28
A=0,733 lgsm - (528)
Kosdduuuenr, yu4HTHIBAIOMHI «N0ABEIIEHHOCTb» JAPEHH:
D = 0,733 lgsin = (529)
Hpu hnp‘-'—"'o

A+D= 1,471g_l_—,

4TO COBMA/ACT C PAHEE MOJYYCHHEIM Pe3yJIbTATOM.
ITpunuMas pasHocTs Hanopop H NMOCTOSHHON, BHAHM,
YTO NpPH 3aray0JieHHH JpeHBl PacXoj cHavajJa BO3pacTaer

(on wauGosbmuii npu 2Mhgptd=n/2, 2hpt+d=T,,
hp= °2_ , TO €CTh MOCPeJiHE MOLIHOCTH NOTOKa), a 3a-

TeM yObiBaeT 0 BeJHYHHBI, PaBHOH pacxopy npH Agxp=0,
TaK KakK npu apeue Ha popoynope hyp=To—d u, caenoBa-
TeJBHO,

. T2(Te—d)% 4 ad] nd]
sln[ 5T, +2T°]—sm[n—2ro] sin —— 27,'

ITpoctora dopmysn (525)—(529) u ux HarAAAHOCTH ro-
BOPAT O NPEHMYHIeCTBe H3JOXEHHOro crnoco6a, NpHMEHs-
eMOro paHee NpH pacyeTe OCYLIHTEJLHOTO nefCTBHS JpeHa-
Ka H ckBaxud (Asepbsuos, 1948, 19496); stor cnmoco6 B
HEeCKOJIbKO HHOM BHJE NOJYYHJ HasBaHHE «CYMMHPOBaHHS
MECTHBIX CONPOTHBJACHHH» H HAXOAHT LIHPOKOE NMpHMEHEHHe
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B QHABTPALUHOHHBIX pacyeTax rHAPOTEXHHYECKHX COOPYyIHKes
HHH, -
Ho nmoxyuenns Gojiee TOUHBIX PEIIEHHI CYMMapHYIO MO-
NpasKy P, yYHTHIBAIOLLYI0 MECTHBIE CONPOTHBJEHHSA NPH Bbl=
XOlle NOTOKA M3 KaHaja M BXOJE €ero B JPeHaxX, MOXKHO pe=
KOMEH/I0BaTh BBOJAHTbL B (opmyay JlIOMOH HAH aHAJOrHY=
HBle (POPMYJibl, NPHHHMAIOULHE NOCTOSIHCTBO CKOPOCTeH MO
BBICOTEe NMOTOKa, TEKYLIEro NnapajjebHo MOBCPXHOCTH BO-
Aoynopa, nanpumep B GopMyJibl, NIPHBEACHHbLIC BHILIE. ;

Onpenenum Bpemst NpoJBHIKeRHs GPOHTA 30HH PACCOTE ;
HHS st pacemaTpuBacMoii exemul. Henocpeacrsenuoe nosb-
30BaHue popmynoii (522) saTpyAHHTENBHO, pacCMOTPHM 6O-
Jiee npocroit cayuail: figp=0, d=T,, Torna apenupyounit
CTOK NpEeACTaBJeH NPOpPe3aioulHM BeCb BOJOHOCHOH NJactT
KaHaJoM. A

Tak Kak ;BHKenHe 30HH ONpeCHeHHS Gynem paccMmart-
PHBATL BOJH3H KaHasa, H3 KOTOPOrO MPOHCXOAHT (HJIBTPA-
IH, TO TaKasl 3aMeHa He JIOJJKHA BHECTH CYIIECTBeHHOMN M0~
rpemnoctd. IIpn hyp=0, d=T,, y=1, e=1/x=5 ocHoB-
Hoe ypaBHenHe (522) nmpumer Buj:

1 —sn?(Z, %)
%2 —sn?(Z, %)

= sn*[K2/(B/2); x].

Yuntsisast, uto 1—x?sn’u==dn%; |—sn?u=cn, dop-
myay (530) moxewm 3anucath B BHAe 3

zi. 4
sn(Z,%) s (d’; : ”), (531)
n(Fe %) |

rae Z==X+iY; X,Y — KoopauHarH nopMaabnoro NpAMOYroJibHHKa (PBC-',

52,2); z=x-+iy; x, Y — KoopaHHaTH notoka (puc. 52,a); ¥ — MOAyAL
NOJHOTO S/HNTHYECKOro METerpana K, KOTOpHR HAaXOAMTCH H3 COOTHO-
WICHHSA

KIK, = B/2T,, (532)

K — nosnwif snamnTwaecknit unrerpan npw monyne =y 1 —ux2
Monyab % Moxer Outb Hafien no dopsyne '

(533)




Hanopst B /11060if TOUKe NMOTOKA MOr'yT GBITH ONpPEAE/ICHB!

M0 3aBHCHMOCTH. 2
h = HXIK, (534)

rie Hy — npepniiienye ypoBHA BOAH B KaHAJe HAZA HAYAJbHBLIM ypoBHEM
IPYHTOBHX BOA.

JInsi ycTaHOBHBIIEToCs ABHXKEHHS H3 OCHOBHBIX BhIpaKe-
unit (531)—(534) moxHO ONpPEAENHTbL HATOPH H YACTHBIC
POH3BOJHLIE OT HHX.

Has yaactka [—2 nmeem:

z=x(’-’-2'-‘-<x< %); Z = XK,

npuyem X, << X<K.
[Moncrapass B dopmyay (531) Bmpaxenns nas 2 u Z,

MOJYUHM:
1

SXTEIRG %)= %sn (X, %) '
OTKyAa
gt cn(%;l. )
sn(X, %) =—. $ - (535)
e
T, °

% M . m(% : ”) |
h = 1‘10—_;—=-—_.1'-Sl'l-l T—p - A (536)
K K % (xK; )
dn T, ;%
3 ° <
rae sn—! — 3NAHNTHYCCKHA HHTErpaj nepsoro poaa.

[To popmysie (536) MOXKHO OnpeAesHThb HANoOp Jis yda-
crka I1—2. Or Buipaxcuus (536) BO3bMEM YacTHYIO NMPOH3-
BOJAHYIO:

h __He Ko ‘ . (537)

a.t K 70 xK
=5 ity SN 2 x_.“‘ )
‘/xi"dn v x)—cn ( s x|

U3 dopmyan (537) Buaum, uto npu x=By/2 oh/dx=

cn? lTx g

=-—00, TAK KakK ot = 1(28. , UTO M J0JXKHO ObITh.
dn? __’.._"_; )
n ( 27_0 ®
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oh
(& 'YBEJIHYEHHEM X 3HAUCHHE a- yYMeHblIaeTcs H NnpH

= B/2 cTaHOBHUTCS paBHBLIM:
(ﬂ) o Be Ay, A
0x /x=B/2 FGRR T by Y

[rak kak cn(K; ) =0; dn(K; %) =x].
[MoacraBasisi Haiifiennoe Buipaxenue 0h/0x B dopmyd)
(456), umeeM:

a-..r_oz_l/—, (_Is_ )_ (_ﬁ_) _Ha
et %2 dn 7, (¥ T..xdx odl.
[TofcTaBsisi 3HAYEHHE % H MHTErPHPYS, MOJYIHM:
R 1
X L X
Hyf = k Tzl dn(BxK, .x)

2T,
X S l/sn’ K . . x —sn® (B" K. )dx. (538
B, /2 '
Hnrerpan j BHPAXAETCA uepes JIHNTHYECKHT
B./2 3

HHTErpaJ TPeThbero poja, YTo 3aTPYAHSET NpaKTHYeCKoe HC-
NOJb30BaHHe pe3yJbTaToB. [1osToMy, yUHTHIBAs, UTO HAC ::,j_i'
TEepecyloT CKOPOCTH rJaBHbIM o06pa3oM BOJH3H KaHala H
uTO0 OOBLIUHO cobJionaercsi cootHouwenne B/2T,>2, MoxeM

NPHHATD:
n—1; Ky~an/2; sn(u,=)~thy;
1 S
d ’ - —_— V2 | I
n (u, %) ch“+4e K

Tak kak K/K;=B/2 Ty, T0O MHOKHTEJb
nB

“de o < de=2 = 0,007.
nB p
Hanumem dn(u, %)== c'hl—u (l+4e-27.'chu ) , IpHYEM U==

=nBy/4 To; unen (144e—?"chu) Gyner H3MeHATHCA S

BJ2 To=2 cnenyiomum obpasom: -
BulT, - 01 0,2 0,5

140,007che 1,007 1,007 1,008
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Iaa peaapnpix yeaosuit B2 To>2 n Bg/To<<0,5 ommnud-
ka B 3amene dn(u, %) Ha 1/chu Gyner menbme 1%.
VuuTbiBas BBIPOXKAEHHE SJJHNTHYECKHX (YHKUMH B TH-
nepGoJIHIECKHE, HANHITEeM:
"y 4T0
%y ~ %y Sh 1By /4T, = 4e ™2/*T' sh nB, /AT ;

=5 4 nB
K"“ln—;—; =‘4—T° —IHShﬂBx/4To.

Huaue Bennuuny K MOKHO 3alHCaTh B BHJE

y O P R
K 4T, [l i nB .ln shnBuMTo] AT 1P (539)

rae B onpesensior no Gopmyae (526) npu A==0, D=0 un 5 —no op-
myae (527).

Yuuteisas ynpouiennsi, gopmyay (538) moxuo mnpen-
CTaABHTH B BHJIE

t=ﬂ-B/2- 1 hnB,‘[’ 540
ERDTR T T o G
X
i B T LU S
rae I = S th oT, th i, dx.
B./2
Hurerpan / npuBOAHTCS NMOACTAaHOBKOH y=sh2% U hp=
0
_of %P :
=sh o, K BHAY:

L V @ =i,
nt ch 7B /4T, (14 4%
shnB /4T,

u

[TIpousBois HOBYIO INOACTAHOBKY y—hy, =t T nony-
yaem:

t

2T 8 dt
I= © [, — (14 K2 L); 1,.—_5 :
ch nB. /4 1 Ap) ° 2 e )
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z

s‘ dz 21 l l!l l+h12lP:+'z.
di1the—2 oy iim Vitr,—:
{

z2 = —,

2T, [ln sh -/ sh*x — sh® By,

12=

OTKyJla HMCEM!

Y nualenll
nch ,th/4T°

sh By
— . chBeshx+V sh?x —sh? B,
sh B,g chx
O6o31ayuM
shx - x — 4B
= =i X = —— ; B - — - =
¢ sh By 2T, I R

Torna dopmyaa (540) ﬁpuuer BHIL:

_2my B2 T, 1 =1 )
b i ﬁ[ln(g—l-VC 1)

X

(541)

ch x
Bbl‘IHCJleHHSI MNOKa3uIBalwT, 4TO CBA3Db h’l

ch By >

jolllasi BbIpa)<eHHe, CTOsliee B KBAJAPATHHX CKOOKax, jaer
Pe3yJbTaThl ¢ AOCTATOUHON JJIsi NPAKTHKH TOYHOCTHIO B LIH-
POKHX npeaenax.
OxonyaTeapHO MoJydyaem (opMyJay LJs pacdyera Bpeme-

HH TNPOABHKEHHSA 30HBI ONPECHEHHHA HA 3aJlaHHOC PAaCCTOA-
HHE B YCJOBHAX npennpoaannoﬁ CHCTEMBEIL:
g~ Mo (B/2) Ty -—%-ln ch x .

Lamage + k }I& T chEK

3aMeHs-

[pn Goavwux 3nadeHHax x=B/2 u wmaabnx nBy/4Tg
TIPHOJIHKEHHO TTOJYUHM:

t ~ Mo (Bjg). (B/2) 11 —0.47/(B]2)]
k Hy p § |
TaK Kak B popmyae (542) Hy/(B[2) =i — cpeannii yKJa0OH no-.
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TOKa PYHTOBBIX BOA; B/2—jauHa notoka, To Qopmyay
(543) MoxHO 3anHcaTh B BHJE

{~ T2y, (544)

npHyeM Ko3(p(PHIHEHT 1 YuyHThiBaeT OCOGCHHOCTH NOTOKA
TPYHTOBBIX BOJA NPH PHALTPALHH H3 KAHAJIOB:

| T
==l g e
L [l 044 )
Lo Ty T 1
—[l 0ot (13/2)”l Tl (B/2) 'g sh B /4T, ] (542)

rie B/2— paccrosmne or Kamajsa Ao Apewaxa (cToka), KospuusenT
N anst Bx/2To<<0,2 u Bf2T>=2 Goavue 1, T0 ecth y30CTh Kanaja sa-
MELNSIeT ABHIKeHHe W YAJHHsIeT BpeMsi paccoschud. B xospduuuente B
MOXKHO y4€CTb BHCHYECTb ApeHaXa, Kak STo nokasauno B Qopmyse (526).
B stom cayuae npu maamx By, d H Kopotkux motokax n>1. Has
OPHEHTHPOBOYHLIX PACYETOB MOXKHO NPHHHMaTh 1N~ 1 M NOJAL30BATHLCSH
BecbMa npocTol opMmyaol (544), noMus, YTO ANA YCAOBHA CBOGOAHOI
(uabTpauHl OHA BCerla A2cT 3aHHMKeHHLe Pe3yJbTaTH,

Eciin pBectH «BpemMs cTabHAH3alHH» TIOTOKA TPYHTOBHIX
BOJ, TO opmyny (544) MOKHO 3anHCaTh B BHjE

= T

rae f— oTHOCHTE/AbNOE BpeMs, [=1/T; T— BpeMs cTabHAH3AUMH NOTOKA

FPYHTOBBIX BOA; To — OTHOCHTE/NLHAR MOUHOCTH NOTOKA 7:=To/(3/2);
¢=go/(B/2) — CPeAHHIT YKAOH (NpH rayGOKHX IPYHTOBHX BOAAX Mg~

~
.

Onpenennm ckopoctn ONnyCKanus (GpHALTPAUHOHHON BOJKI
oA KaHaloM JJsi paccMaTpHBaeMON CXeMBl. YUYHTHIBAS
ypaBuenue (456), aia cxeMbl pucynka 52 onpefiesnm 3ua-
uenHsi Oh/0y B yCNOBMAX yCTAHOBHBIICrOCH ABHIKEHHS.

Jas 1poH3BOJIBHON TOYKH ¢, Haxousmedics Ha paccrosi-
HHH y OT JHa KaHaJa, MpHMeM KOOpAMHATH 2=iy(0<<y<<
<Tp); Z=X (K>X>Xs.

Toraa saBucumocrs (531) npumer Bux:

sn(X; %) = dn (y % : %y ) (547)

Yuntupas, uto h="H,X/K, us ¢opmyas (547) naitnem
anavenue oh/dy;
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vt ix)
dh Hy l-(_i _:t_x TO. .
dy Te K . “?‘2
1 sy )
2 i T sn (y Ts %
(548)
Ilpn y=0 |
L8 R (R o
(ay),.o_ To ;‘,mxxaxcn(o,x) I;

sn (0; %) = 0.
ITpn Goawbminx sHauepnsix B/2T¢>2 no npeawiayiemy:

o b s 2 i oy o
Ki~n/2; #y,=nshaB,/4T;; K o Insh i,

|
|
CROpOCTH DUALTPANHY B IEHTPE AHA KaHnada nprOJHKEHHO 1

paBHa:

gty I |
O (B/2) P sh B /AT, ' (634}

rie P — kospPruHenT, YUHTHIBAIOWNA «MCCTHBIE CONPOTHBICIHSS,

Kak cn(Ky; ») =0.
Bosspamasch K NOCTaBJCHHOMN 3ajaye, HAXOMHM: {
) ;

K71 % '
Hi=2o . 2Ty 2 dy.
k K % K |
; l0 m(y'ro 'xl)

HAns AAuHREBIX NOTOKOB npH B/2 To>2 umeeM:

ORI PRI Y Ke o Y iicon: S

sn(y r.’”‘) sin 2% cn(yT. "1) cos L ;
v

M Moz 7 | VahtBetsinty

Hd & K’d' 1 5 -— dy!
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siny

[Tponssojs NOACTAHOBKY 2= e =
V' sh®Bg -+ sin%

, NOJYYHM

- 2_ ; g v — / — - —
o mTOK (%Q) % lCh B lns‘"yCths':}Bxsc‘:g«-i-sm’y =

_]n S‘n ;“*‘ VSh’-BK +Sin2§} ] (551)
sh B, :
[Tpu manwix By/To nmeem:
my (Bi2) 3T Xy X 5
: k Hy n P 2 cos nty /2Ty (87
HJIH
_ 2T, . TRHP

p=2ercomenp| T 7, ek a7

Mz dopmyan (553) MOXKHO ompenesHTh 30HY ONpecHe-

Hisl TIOJL KAHAJIOM IIPH  He CJHIUKOM JJIHTeNbHOH (uabTpa-
e

O npegenstoi rnybuHe onpecHeHus
NPM YCTAHOBMBIUEMCS pPeXHMe

Buie pacematpusaiocek nepeMelienne rpaHuil 30HB onpec-
Hepusi 03 yuyera pasaHuns IAOTHOCTEH HCXOAHBIX 3aco-
JEHHBIX I'PYHTOBBIX BOJA H (DHABTPYIOUIMXCH HA HHX H3 KaHa-
Ja npecHbix BoA. MOXHO NpEeANOJIOXKHTb, UTO TaKoe Aomy-
enie ne pHecer GOJLIIOH NMOrPCUIHOCTH B OlNpeAelieHHE
nepeMelten st rpasuilbl onpecHelisi B ropH30ONTaJbHOM Ha-
npasaennn, Kak nokaszana I1. §l. Iloay6apunosa-Kounna

(1952), na rpauuue pasaena XuAKOCTeH pasJaHYHBIX IJIOT-
HOCTEH JeHCTBHTEJALHO YCJIOBHE:

Pi/Ry @y — po/ky @y = (P2 — ) ¥, (554)

rae unaexe 1 ornocuTes K npecuniM GHALTPALHOHHLIM BOAAM, a HH-
ACKE 2 — K 3aCOACHHBIM.

Jlas paccMaTtpHBaeMBIX cAy4aes ONpPecHSIONEro aeficT-
BHSI OPOCHTEJILHBIX KAHANOB OTHOMICHHE Pa/p; OOBIYHO JIEKHT
B npepeaax 1,01—1,04. U3 ypasuenns (554) suawo, uto B
YCJAOBHAX NOANEPTON (HABTPANHH NPH MaJLIX 3HAYCHHAX
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y (npesbliienne ypoBHs BOAL B KaHaje Hajl ypOBHEM IPyH-
TOBBIX BOJI) NpAaBas uyacTh YPAaBHEHHs BecbMa MaJa, 4o
no3posser npHOJAHKEHHO MPHHHMATBE ¢y~ @z Ilpn paseH-
CTBe ky=Fky, YUHTBIBAsK YCAOBHE Ha CBODOMHOI MOBEPXHOCTH
@=—~Ry, u3 ypapuenua (554) noayuum @;=qs.
[IpuBesennble cOOOpaXKeHHst MO3BOJAAIOT CYHTATb, 4TO
NPH ONpeAeJeHHH FrOPH3OHTAJBHOMN (HJIH BIOJIb MOBCPXHOCTH
IPYHTOBBIX BOJ) rPanHHllbl 30Hbl ONPECHEHHST MOKHO NPHOAH-
XeHHO NPHHHMAThb Py~ P2 H paccMaTpuBath NoToK GoJee
npecHbix (HABTPAUHOHHBIX H 3aCOJICHHBIX TPYHTOBBIX BOA
KaK eJIHHOe 1ieJoe. '
HHble ycaoBHA BO3HHKAIOT [IPH ONPEC/ICHHH epeMenies
HHS rPpaHHIbl 30HLI ONPECHEHHA B BEPTHKAJIBHOM Hanpasje-
HHH. [lo mepe yBeanueHHsa rayOHHBI PAcCOJCHHA pacreT Y
H HaYHHAeT CYUIECTBEHHO CKAa3bIBATHCH YBEJHUEHHEe [aBie-
HHSI 34 CUeT pasHOCTH nJjorHocreil. EcaH npn jfonyuieHdd
p1=p2 AJ8 BechMa rayboKoro sajcranus Bojoynopa riay-
OGuHa npojBHKeHHst (poHTa (PHALTPAUHOHNON BOABI GECKO=
fieYHO BeJAHKA (HpH f—00), TO C yUETOM Pa3HOCTH JaBJCHHSA,
BO3HHKAIOLICi BCJEACTBHE PA3NMUHBIX NJOTHOCTell (Goaee
TAXKeJble 3aCOJIEHHble IPYHTOBLIE BOJAB), 3Ta rayOHHa Of-
PECHEHHsi WMeeT npeed, COOTBETCTBYOUHA yeTaHoBHBIIeH~
cst buabTpauuK npu cobGJIONCHHH yCaoBHs (054) Ha rpaHu-
nax pasaena XHAKOCTeHl pasiHYHBIX MVIOTHOCTEH.
aK KaKk HCTOYHHKA MHTAHHsl 3aCOJICHHBIX TPYHTOBBIX
BOJ HET, TO AJsl YCTAHOBHBLUETOCA COCTOANHS HIMKHAA XKH/-
KOCTh (TO €CTh 3aCO/IeHHBle TPYHTOBLIC BOJABI) JOJKHA Ha-
XOAHUTBLCA B NOKoe, B aToM cayuae no rpanuiue pasaena xHi-
KOCTel JIeHCTBHTENBLHO YCJIOBHE:

@y — 1y = const; p =k, (p,/p, — 1). (555)

310 yCJOBHe aHaJOTHYHO YCJOBHIO Ha cBOGOANHON mO-
BEPXHOCTH TPYHTOBHIX BOA. M3 mero ciejyer, yTo rpaHuna
pasjgeiia siBASeTCS JHHHEH TOKa A5 BepXHel IKHJIKOCTH.

B Takoil MOCTaHOBKE BO3MOJKHO IHAPOMEXaNHYCCKOe pe-
IIeHHe 3a/lau NPH YCTAHOBJECHHH ycaoBuil orToka. Tax, aas
cayuyass GuAbTPANHA H3 KAaHAJOB IPH HAJHYHH JIpCHAXKA,
PasMellCHHOro MOCpPeaniie MEeXKAYy KaHajaMmH, OfHa H3 BO3-
MOXXHBIX KapTHH TeueHHs H306pa)keHa Ha pucynke 53. '

r paummue YCJIOBHA:

Kanan 0—I, g==const; mnoBepxHOCTb TIPYHTOBLIX BOA
(I—2 ¢ yqacrxou Hapucauusi H [—3 O06e3 HaBHCaHHA),
9—kRy=0; xapenax, B3fATHH B BHJIE TOUEYHOrO CTOKa,
P am=—00s X
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ynacrox 0—6, ¢==const; rpannua passnena Xuukocrei
(65 wan 6—4), g—py=const (3Ty NOCTOAHHYIO HAJO oN-
PeACANTD)

yuactok (5—3 uan 4—3), p=const.

I'napomvexanyiyeckoe pelleHde Taxkoil sajauu 3aTpyAHH-
TeAbHO, TaK KakK HHBepcHA rojporpada CKOPOCTH He jaer
00J1aCTH, orpanuyenno NPAMBIMH JHHHSIMH; TaKXe He yAa-
CTCs NPHMEHNTL 3/1eCh KoMMjeKe JKyKOBCKOro BBHAY Heco-
OJIOICHNs OJIHOBPCMEHHO mnocTosHCTBa 0;=¢—ky=0 Ha
cBoO0AHOR noBepxHoeTH U 02==C+ (pn—~k) ys~=const na rpa-
HHlle pasjena JKHJAKOCTeH.

Ynpoutaem cxemy JABHXKEHHS, KaK 5TO NOKa3aHo Ha pH-
CyHKe 54, TO ecTb NPHHHMAaeM, 4TO JJs ONpeJieJieHHs NO-
TCPb NO NYTH ABHKEHHS N0TOKA (HALTPAIUHOHHBIX BOXA MOX-
HO DPHOJHKEHHO 3aMCHHTHb KPHBOJHHEHHYIO TpaHHUy pas-
lesa KHAKOCTeH pasHoil naoTHOCTH 5—6 npsimoit 5'—6".
Jlas Takoii cxeMbl peuieHHe NPHBEAEHO BhlUE, 1O HeMy
MOZKHO HalTH 3HaYeHHsA NOTEHUHAaNa CKOPOCTel ¢ B TOYKAX
6w 5, otkyaa malTiH nocrosinnyio B yciaosun (555). Ilpu
JTOM OKashiBaercss HCOOXOAHMBIM 3HAHHC HAYaJBHOrO MO-
JOJKCHIsE 3ACOJMEHHLIX TPYHTOBBIX BOA. [TpHMeM ero paBHEIM
7'()>’lnp+d.

Bocnoanzopasmnes pewennem (522) ans Touku 6, no-
JAYIHM:

Ho 510 BO3MOMKIHO TO/BKO NPH COGMONCHHH pPaBeHCTBA

1 —e¥y?sn?(X; %) =0,

0 %/ %

0 KI | llf_)x
[ e 7
i\ 7
5 NS N jl - Lo __\%:é{
Yy /g 45—/3/2 J

o

]

————

G et N

Puc, 53. Cxema K pacdery ABHmKe-
i npectx GHALTPAUNONALIX BOA
(/) no saconcHHMM TPYHTOBHM RO-
aam (/1).

17¢

Puc. 54. Cxema K pacuery Asn-
Kenua (pRALTPAUHOUHOrD NOTO-
Ka:

! — npecusie GuaLTPANHONENE BOAW:
1] — aaconeunue.
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4YTO aaer:
dn?® [K ——_(h”-’ g ; 1]

v ane K, 'h, )
i dn(Kx hpp +d ;xl) .

,T° %k B (556)
dn (lﬁ --‘;—5 ;x,) '

X. == Sn“l

YuntuiBasi, urto @=—kh; h= —%2— X, noayunm:
Pg = —k-—" X, (557)

rae X — KOOPAHHATA B NAOCKOCTH HOPMAABIOrO NPAMOYrOALNMKA.

[Ipamenm nonyimenue (B/2)/To=K/K,;>2 n o6osuaunm:

h thy/2T; d= ndi2T,.
Torna nmeenm:

ol 25 ]

w—0; K,—>un/2;

~V 1 —xisin (2, +d) sind . (558)

dn[KthL ;”xJ

Tak kak npn »—1; sn(u; 1)=thu, uz conocrasaenus -
ypaBHenuii (556) u (558) noayunwm:
th® X, = 1 — xi sin (2h,, --d) sind,
|

Xg = arch ;
1 V sin (2 - d) sin d
npHYeM
%y = 4exp [— 5 (B/2)/2T,.
Torna
K = n(B/2)/2T,— Insh B.J/sin Jm+ d) sind;

Bg = an/ 4T.o
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Hasa (B/2)/Ty=>2 ¢ tounoetsio 10 0,3% moxkem Hanucath
archu~In2u; [u=na(B/2)/2T,], uto NpHBOAHT K paBeH-
Crpy:

Xo . w(B/2)/2To—n2 V sin(2hn,+ d)sind

. (559)
K n(B/2)2Ts —nsh B,V sin @hgy + @) sin d

Buipaxenue 24s noreHuHasa cKOpocTH B TOUKe 6 HMeeT
DML

P = —kH, -‘PTG; .‘i’o = PBo/Ps, (560)
| 1
rae B, = ; By=1,47)g ;
Uil sh B, /4T,
|+ 55y A+ B +D]
Ps = - l y 5.=-2-In—;— —=—0,441;
| 4~ [A+ B; D) *

(B/2)
A, D—cM. Bhillie,

Orthouenne Po/Ps MokassiBaer Ty 010 OT NOJHOTO Ha-
nopa Ho, KoTOpas TCpAeTCs NPH ABHXKEHHH TPYNTOBOH BO-
ALL OT TOUKH 6 JI0 ApeHHl (TaK KaK Hanop B KaHaJe mpHHH-
magcst pasusiM Ho, B apene Hy=0 u COOTBETCTBEHHO
(p==—RHy 1 p==0).

[Tocae apanormunbix npeoGpasopanuil Aas TOUKH 5 mo-
AYUHM:

2= (B2) +iTy; sn(K-+ iKy; %)= _"‘- =6
Torna
(hap =+ d) ]
cn | K %
sn (Xa: %) = —V/G'-‘/ez = [ ;i :
5’/?’ e l hnp
i [K‘ e "‘]
A COs (hkf -4° d) S th xb.
€OS fizy,
Orciona
X, = arth =+ d) (561)

€0s Mty
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IMocae Hekotopwix npeoGpasoranuii Gopmyay (561) Mo-
JKHO TPEACTABHTDL B BHE

Xs"—“'l—]n = I SRR (56
-2 tgds2tg (hyp+ d/2) '

My 3Hauense K, moayumm BHLpaj)<cHHEe AJA (5 B BHJE

Qs = — kH, 065; (563 :‘
P / ’ — n(8/2)- . g \
¢§ po ﬂ @ pb 2To B e (;;Ag + -‘-l) (56
cos ltap
HJIH
iy n (B/2) 2 o
b= 200 : o8

" gd/2tg (Bpp - d/2)

Popmyant (563) —(565) nokaswiBaloT Ty AoJqi0 06liero
nanopa Hy, Kotopast TepsieTCs NpH JABHKCHHH (DHABTPAIHOH~
HBIX BOJL OT MOBEPXHOCTH BOJOynopa (To4Kka 5) A0 APeHH.
[Ipn npene, pacrnoyoXKCHHON Ha MOBEPXHOCTH BOAOYNOPA,

nhyp 5 nd

0 oTo
cos(l.zm+t—1)=0; B = 00; =0,

YTO M I0JI2KHO OLITh BBHAY COBMAjieHHA TOo4YeK 5 u 4 npH ape-
He, JieXalllei Ha Bojoynope. i
Jas 3TOro 4acTHOro ciayuas s HMECT KOHEuHoe 3Haye-

HHe 0<<@s<< 1, uTO BHAKHO H3 popmya (560) u 3aBrcHMOCTES
ans xoapdunuentos A u D [popmyaw (528), (529)].

[locsie onpenesienust sHauenuii MOTEHLHala CKOPOCTH @
38 TOYeK & M 6, NCXOAS H3 YCJOBHS HCNOABHIKHOCTH HHK-
Hell JKHJAKOCTH, MOXKHO Hamucath pasenctso (555) B puue:
TOYKa 6 (0Chb y —BHH3)

@o/tt + (To 4 he) = Cy; (566)

hAD+d= To; ’-lgp=

TOUKa § ) . "
@/t + (To—hy) = C,. (567)
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Buunras dpopmyay (567) us (566), noayunm:
o+ by =~ (94— ), (568)

rae p== (ps/p)—1)k.

Hlanee caenosaso Gbl NpHPaBHATL 06beM BHITECHEHHOM
JUCOJICHHOH IPYHTOBOH BOJIbI HHXX€ rOPH30HTAJbHON JHHHH
6'—5" (puc. 54) o6bemy NOAHSABIICHCSH 3aCOJEHHON BOADI
hbitte srot arHUK. [IpuMem npubAHIKEHHO, KaK 3TO CAedaHo
Il 51. TloayGapunosoii-Kounnoit (1952) npn pemenun sana-
‘11 O BHITECHEHHH 3aCOJIEHHBIX IPYHTOBLIX BOA MO MJIOTHHOH,

"6~h5°
Torna
!
g~ hy~ '2‘1;‘ (Ps — Ps). (569)
C yyerom ypasuennit (560) u (563) noayunm:
. ~ H° - —_—
g~ hy 2 (0alpg — 1) (Bo/Bs — Bo/Bs), (570)

110 H ABJACTCA peUIeHHeM 3a/l1auH.
3uauenssn Po/Ps o6muno Nexar B npexeaax 0,6—0,9, a
ornowenue Po/fs=0—0,4. CaenosatesbHo, pa3HOCTh OTHO-
meHnit Kos(pduunenTos, crosnuas B ckoOKax, HaXOAHTCHA B
npeaeaax 0,2—0,9.
YUHTHIBAs, uTO AJ51 yCJAOBHI opolierns 1,04 > P2 - 1,01,

P1
lMeeM npejleasl 3HadeHudn fig u hs:

by~ hg ~ (2 - 50) H,,

10 ecTh rayOGHHA paccosieHHs MOJ KaHaJoM MEHSeTCs B IUH-
POKHX mpeaeaax H TeMm 0oJblle, yeM MeHee 3aCOJIeHH TPyH-
losbie BOJAb. B COOTBETCTBMH ¢ NpPHBENEHHBIM peLICHHEM
npu obpruuoil rayGuHe sanoxenus apexaxa (3—4 M) ray-
Onua nepeMcuUieHHs] TPAHHLBI 30HB ONPECHEHHs! MOJi KaHa-
JIOM MOXEeT JIOCTHraTh GOJIbIIHX BEeJHYHH — JECHTKOB M Jla-
e COTEH MEeTpOB.

PaccmoTpennoe pemenne npeanosaraso cymecTByOuuil
YPOBEHb 3aCOJIEHHBIX IPYHTOBBIX BOJ, 3aJIeralollHii Ha rJay-
Onne To>hyp+-d, 10 ectb rayGKe, yeM 3aJ0XKEH APEHAK.
[Ipn sTom ecam pemenne paer pesyasrar hs>To— (Amp+
-d), T0 970 0O3HAUAET, YTO 34COJICHHBIC I'PYHTOBbIE BOJbI Bbi-
TCCHEHH (HALTPAUHOHHBIMH BOJAAMH NOJ KaHAaJOM BHH3 H
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NOAHSAJAHCH HAJA APEHON HACTOJABLKO, UTO CTaJH MOCTYNaTh B
ApeHy H OTBOJAHTHLCS JAPEHAKEM, H PACCMOTPECHHOE pelieHHe
TEpsIeT CHJAY, TaK KaK hs7= . ~

Jlas npakTHKH NPeACTaBJIACT HHTEpeC pelienHHe salavun
B TaKoii mocTaHoBKe. MHHEPaJH3OBAHHBIC IPYHTOBLIE BOX
naxoasres 6an3ko (1—2 M) or nosepxnocts seman. Coopy-
JKACMBI JIpeHa’k HAUHHAeT OTBOAMTL 3aCOJEHHBIC I'PYHTO-
Bble BOJbI;, OAHOBpPCMeHIO Ojarojiaps (HALTPAUHH H3 Ka-
HAJIOB NPOHCXOMRT ONpecHenne 30Hb BOJII3H KaHAJOB. |

Jlasiee HaCTYNHT MOMEHT, KOT/ia B JIPeHak, MOMHMO 32~
COJIEHHBIX TPYHTOBLIX BOJA, HAuHyT MOCTYNarh (uAbTpPallH-
OHHBIC BOABI Bce B 0OJABLICM KOJHYECTBE M, HAKOHCI, NMpH
YCTaHOBHBIIEMCS pelKHMe Jiperak Gy/leT OTBOAHTL TOJbLKO.
(GuUABTPAUHOHHBIE BOJL, TOIa KaK 3acOJeHnble rpyHTOBBIC
BOABbl OYAYT HENOJBHIKHLL.

Tpebyetcs onpeaeauth NpeaetbHylo rayOHHY ONPECHEe-
HHsl, COOTBETCTBYIOLLYIO CTaLOHApPHOMY cocTOsHHI. Pe-
WHM 3aiauy npuOIHKEHHO, 3aMCHAB o6JacTh QHALTPALHH
NpsSIMOYroJbLHHKOM, Kak 3To H3o6pakeHo ma pucyHke 55,
npgmm CPEAHIOI MOULHOCTL (PHIABTPANHOHHOIO NOTOKA PaB~
HO

Ho~ i +-d 22 (571),

B ¢BfI3H ¢ TCM, 4YTO PacCMaTPHBACTCA Hpe/esIbHBIN Cily=
4ail, MOXeM HanHcaTh ycjaoBHs (555) B caeayiouieMm BHie.
touka 5: ¢=0; y=hyw+d; Ci=p(hw+d);
TOuKa 6: pe=—RkHo@s; y=hup-+d-+hs;

— kHy @g + B (gp + d + he) = p(Bg, + d);

L 572)
e (Pa/pr—1) B ' ( :

rae Po, Po— KOSQPHUHEnTH, onpeAesnembie NPH CpeaHeM  3JHauCH :
He no ypasuenmo (571).

8-
O p— 3 Z
I ré’T =<y 17 Puc. 55. Cxema Kk pacuery npeaeabHOl
‘ —— Sl Jys  rAYGHIN OTIPECHERIS:
0l -—-1 | — ¢uasTpanmontinie soaw; I/ — MHHEpAAN
< J0BAHEHE FPYNTOBINC BOAM.
.
6 v/



Mhiddae . |

3anaya pemaerca noAGOPOM NMyTeM COBMECTHOrO peries
nus ypasuenn (571) n (572).
pupeaenHnle npuOGAHKEHHBE pCIIeHHA TOKa3bLBaloT,
UTO npejieibHas rayOuna pacnpocTpaHeHnHsi 30HBl ONpecHe-
HHS 110 AJIATEIbHO ACHCTBYIOUHMH OPOCHTCJIBHBIMH KaHa-
JAaMI IPH HAJAUYHA IPCHANKA MOJXKET JMOCTHIaTh HECKOJbKHX
ACCATKOB merpos, [IpuGAmXKEHHLIC pellenHs MpeAnoJarain
OTCYTCTBHE HAMOPHOIO NOANHTHBAHKA MHHEPAJH30BAHHBIMH
MOJISEMHBIMH BOJAMH, B IIOCJTEHEM cJjyyae riayOHHB onpec-
Henng O6yayt meusie. [Tpouecc onpecHeRHs HOCHT 3aTyxaio-
Ui xapakTep M nporekact pechMa Mexaenso. IIpH Koneu-
HOJt rayGune 3ajieraHHa MOBEPXHOCTH BoAoynopa npuG.aH-
KCHHO MOJKHO CYHTATh, YTO N0/ KAHAJOM, H3 KOTOPOTO Npo-
HCXOMHT (DHALTPATIHS, NOJHOC ONPECHEHHE JIO MOBEPXHOCTH
ROJIOVIIOPA NPOH3OHACT NpH COOMIOACHHHE HCPABEHCTBA

To < gy +d 4 e, (573)

rae hg onpeneanior no dopmyse (572); To — daktuveckas rayGuna 3a-
JCranus NOBEPXIOCTH BOAOYROPA, OTCYHTAHNAR OT YPOBHS BOAW B Ka-
itase,

B npupefeHHbIX NpHOMMIKCHHBIX pelIEHHSX HE YYTCHO
anTafie GuALBTPAUHOHHBIX BOJL C MOBEPXHOCTH 3eMan (npo-
cauHBaHHe MPH MOJAHBAX), HCMAPeHHe ¢ MOBEPXHOCTH TPYyH-
TOBBIX BOJ, @ TaK)Ke H3MEHCHHEe MHHEPAJH3AIUHN TPYHTOBBIX

BOJI IIPH BLITECHENHN HX IIPECHBIMH (pu.nb'rpaunouuumn BO-
TaMH.

Onpecusiomjee pekicrere pUNLTPALHM M3 KaHanos
B YCNOBMSX HEYCTAHOBMBILETOCS PeXMMa

OpamHouHLle KaHanu

a) Henapenue ¢ nosepxroctu epynrosslx 800 u nodsem-
HOUL OTTOK OTCYTCTRYIOT.

Jlns npoctefimeii cxemp, n3o6paxkentoil na pucynxe 56,
H3BECTHO pelleHHe, KOTopoe npH GLICTPOM BO3PACTAHHH Ha-
nopa B cTBOpe KaHaja umeer sua (Asepwsinos, 1956, 1950,
1950 a; Tlony6apunora-Kounna, 1952; Apasun, Hywmepos,
1953; Macker, 1949; ®opxreiimep, 1935):

iz(x,?)=1—m(—'—_), (574)

-

2 Vi

e hi=Hh/Hy; Hy— nogven YPODBHS IPYNTOBLIX BOJA B CTBOpPe KaHana
HAJL CYMICCTRYIONIHM HX nojoxenneM; i - 1o xe, Ha paccroannu x (M),
uepes speMa { (cyreu); ©(u) — Ppyuxuusn omnGok:
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D (u) = —27 5‘ e ¥ dz.
Va

Has onpejesieHns nepeMelleHHsl 30HHW PaccoJeHHs B
TOPH30HTANBLHOM HANPABJICHHH BOCHOJIb3yeMCA YpPaBHEHH:

eM l'{456) -
axons H3 pasenctsa (574) npomssoanyio Ah/dx, mo
AYUHM: :
B T R Wty (575

% Va Vi ( o ) |

Orciona

o il Mt iR g O
&y el )
s Ho V k8 1 i

meV nHe Vi

—H pasjensns B ypaBneHiH

; (576

Beoas o0o3nayenne 2=

2Vt
(576) nepeMeHHBIe, MOAYYIM:
& ik i
Qi teis A e ¥ —2
rae A= Hek TR, Z
megy m kHe

[Tpounterpupyem npaaylo uactb ypasuennsa (577)
yactaM, oGosnauus B=Aa?

N > Pue. 56. Cxema K pacuery nepes

:}\ il MEUICHHA  30HW  ONpecHCHHA
Ty BOAMAN. Kanana B yCAOBHAX HEs
yCTaHOBHRBILCTOCH JABHAKCHUSA,

noA3eMHBIE  OTTOK  OTCYTCTBYCT. — HOBCPXHOCTL TPyHTOBMX  BOAS
———nonepxﬂoc'n, gasne.na 3ACONCHNBLIX TPYHTORBIX H NPECHLIX (HABS
Tpanmonnux von; [, 2, 3 — nocaeaosareapubie H0A0KEHNS BO BpeMeHll,
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*dz 2 (" F(2BL 42" )dz

I b—— . p—i ™ =
) B — ze* B —ze* (B—2ze )
u 1 du u B
= ] e BJ s S AT d
B—u el (Bt} B—g . > Beg
U= ze*;
[Tocaennee YCJIOBHC BO3MOZHO TOJIBKO TIpH paBeHCTBe
2
z
Uy =2, €%=B. (578)
YuursiBas, 4to
! ax
L == = = =08
2 )/t 2t
NOJAYYHM peuienie B BHUNE
x=2 V Mle , VT, (579)
8
rae 2o Haxoantes us ypapueuus (578) npu
Hy d
B = —Q—T . (580)
My HC ]/ﬂ

Has ynoGersa noassosanus opmyaamu (579) u (580)
itHKe MPHBEAEHBl AAHHLIC 3Ha4ClHd Zy B 32BHCHMOCTH OT
B (ta6ba. 21).

3uauenie B oOwnuno mensure 0.2, trag Kaxk Ho/H:<<0,2,
&/mg<<1, oTuero saMeHa 2, uepes B He BHECET CYIIECTBEH-
Ho¥H omHOKH H ypasuenue (579) npuMer BHA:

H Vb8 1/
ey (581)
e lanc
TaGanua 21. 3nancaun 2, 8 3aBHCHMOCTH oT B
2, B | z, | B | 2 B

0,01 0,01000 0,10 0,1010 0,40 0,4694
0,02 0,0200 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 - -
0,09 0,09073 0,35 0,3956 - —
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3aBucHMOCTh (581) moKasblBaeT nepemellenHe ropH3oH-
TaJbHOH TPaHMILB! 30HLI paccoyienus BOJH3H KPYMHOTO OAM=
HOYHOrO KaHaja B YCJOBMSIX NoAnepToi QuabTpaiiiu npu-.'-
OTCYTCTBHH HCIIAPEHHA H MOA3EMHOr0 OTTOKA.

6) [Ipynroseie 8od6l pacxodyiorcs Ha ucnapexue ¢ ux
NOBEPXHOCTU; NOO3EMHOLL OTTOK OTCYTCTBYET. :

Paccmotpum cayuait, korja QHAbTPalHOHNbIE BOJAB H3
OJIHHOYHOTO KaHaJjia pPacXoAyloTesi Ha HCIapeHue, KOTopoe 4
3aBHCHT OT rayOuubl ux crostuus. Ilpu yuere wHcnapeHus
auddepenuHalbioe ypapHeHHe HEYCTAHOBHBIUETOCSH UBH-
JKeHHs MOXKeT OBITh 3allHCaHO B BHJC |

Ohlot = 0Ph/ox® — v, (582)
rie h=h/Ho; x=x/L; L — nponssoasnan fanua; n=el/kHHy; e — nu-

TCHCHBHOCTH HCNApeHHsT € HOBEPXHOCTH I'PYHTOBLIX BOM, 3aBHCHUlasn OT [

rayGunn ux crosuug (488).

IIpumem, yTo HavaAbLHOE CTOSIHHE MOBEPXHOCTH TPYHTO-
BbIX BOJ COBIafaer ¢ MIyOHHOH, IIpH KOTOPOH HauuHaeTcHd
ux ucnapenue (1,5—4,0 M); yposeHb BOALI B Kanajie CuH-
TaeM OGJH3KHM K MNOBEPXHOCTH 3E€MJIH; MOKas3atelb CTCHCHH
n=1. Torna ypasnenne (582) umeer pua:

6Zx . a_zn =y (583-); |
ot ox? '
TaK KakK /U1 3THX YCJIOBHH
h=A—A; h(x,0)=0; 2(0,7) =1; & (oo, =0;
h = h/A,.

Pemas ypassenne (583) Merojom cucpanuoHHOTO HC-
THCJICHHS, TOJIYTIaeM: -

e g
e g

[Tpu orcyrerBun ucnapenus (ne=0) popmyaa (584) ne-
pexoxut B ypapuenue (574). HMurepecHbiM ABAAGTCS BHISIC-
HenHe MNPeeJbHOro TOJOKENHsI NOBEPXHOCTH IPYHTOBHIX

BOJ, TO €CTh IIPH /=00

h(x, 0) = e* Vn
rak KaK M (o0)=1; O(—u)=—®(u).
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Dopmyaa (585) cosmapaer ¢ (opmyJioi, nMoayYeHHOIN
panee ruapasianycckum cnoco6om  (Amephsinos, 1956).
Pacxon na ¢uabTpaunio W3 Kauanaa B o6e cToponn onpe-

oh Ay Ok )
Jeaurest | YYHTLIBAsi, 4TO = o— no ¢opmyae
ox L ox
oh 2RI A = RS R
Qumo=—2Ho(5 ) = == Vie= 2V R Aue.
(586)
Onpejleaus, nexoaa s opmyant (584), 3Hallelmeif-:
ox
R 1 fyr— FVm -I—(D( P ’—_)]
==t e “*:‘*‘V'l e
& 2| o [ Vi "
Vet a1-0( Iy
: 2/
2 P " ]
—./—zexr)(— . —not) : (587)
V nt 4f (

Wz popmyas (587) BHAMM, uTO IPH {—00

(ﬂ) =— Ve n., (588)
0% [Trme
Ilpn ne=0
O —— Lt [em. dopmyay (575)].
ox Vﬂt
[pn x=0
X =t - | =
(5 )=V me0/ W)+ 5| com
0x [ x=0 V at

Taxum oGpasom, MMeeM TpH BHIpaxKeHust jaas Oh/ox:
(587) ¢ yuerom H paccTOsiHHS OT Kanana, H BPCMEHH;
(588) — mnpu ycraHoBuBmeMcs pekume, (589) — BGaH3H
KamaJsa, HO C y4eTOM H3MCHCHHSI BO BPEMEHH.

Bosppamasch K OCHOBHOMY ypaRHeHHIO rOPH30HTAABHOMN
CKOPOCTH MepeMelnennsa 30Hbl onpecHeHHs (456), BuanM,

4TO pemenue ero npx aamene dh/dx no dopmyae (587) 3a-
TPYAHATEABHO,
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IlosToMy npHBeAeM pelieHus A4 JABYX caydaen: ;
1) aas cTauHOHAPHOTO IOTOKA, PACXOAYIOUICrOCH Ha HC-

napenue, npunmas oh/dx no gopmyae (588); !
2) nas 3ousl BOMM3H KaHaja, NPHHHMAR ohlox no dop-
myJae (589).
HOasa 1-ro cayuass NpH YCTAHOBHBINEMCH pPeXHMe BuIlIE
npusefens GopMyabl, HMEIOUIHE BHL:

t = "ol exp'(x )/ e/AJEH,) — 1]; (590)

= VEHAJey In (1 -+ ey t/my Ho), (591)

HWIH TPH MaaulX eol/mol ¢ npnbanKeHHo
x~—m'—V kegho/Ho 1. (592)
3 .

Hdas 2-ro caykas conmocrasjenue ypasuennil (456) n
(589) naer: ‘

x=—m.'—VEA./a—H°I. (593)
o 1= [ [0/3)+

Vﬂ'bl -'b‘] di

OGoznavas }/no?=y M HHTCTPHPYA MO YaCTAM, NOJy-
qHM:

S ST I
- [y'ow)+ e 2;m].

OxonuarenbHo no ypasnennio (593) nmmeewm:

8 ke 1 Bt A '
xn;TA, S E .-;-[(l+2y’)0(y)+Vu_e ],(594)

me y=V =)/

YyuTbiBan paanomeuﬂe

%(1— - +(2:‘;';’, )

270



aaa u>3 ¢ omnb6goit Menee 5% moxxeM npHOAHKEHHO Ha-
nucaTh:

—,1,—[(1 + 2D (9) + T}"—”ﬂ:e"]~y’.x~ ol

(595)

10 ecThb cosnajaer ¢ dopmyaoi (592).

JIAs pacueToB CJACAYeT I0Jb30BaThCA GoJee TOYHBIMH
dopmynamu (591) n (504), rax kax 3aBucuMocTH (592)
(595) naoT BechMa npHOAHKEHEBIC PE3YAbLTATLI.

I'lpu onpesescnnn NepeMellenus 300K onpecnenus B6au-
3M KPVITHOrO Kanaja B Cay4ae BLICOKOTO HayaJbHOro cTosi-
HEA TPYITOBLIX BOM, KOPla OHH PACXOAYIOTCSl Ha HCNapeHue
C TMOBEPXHOCTH, iejgecoolpasno B HavajlbHLie MepHOAL
noJab3oBathes Gopmyaoii (594), a npu AauTenpHo# pabore
KaHana — 3asHCHMocCTBIO (591).

Jlna noayuenns KpUTEpHs, NO3BOJAIONIEr0 M0Jh30BaTh-
cs opmvaamu (591), (594), caenyer paccMOTpeTh ycJo-
BHSI IOCTHHEHHs MOTOKOoM (oJiee HJIH MEHee CTallHOHAapHOro
pexnma.

OGpamasics K obutemy pemtennio (584), rae manop no
JUINEE MOTOKA JlaH KaK (YHKUHA PAacCTOSHHA OT KaHa/ja H

BPEMEHH, BO3bMCM NpPOH3BOAHYIO Oh/dl, uTOGH BHIACHHTD,
KOrjla H Ha KaKOM PacCTOSIHHH 3aTyXaeT HeyCTaHOBHBINee-
csl IBHXKenHe, npubanKanch K CTAUHOHAPHOMY. YUHTHIBAS
dbopmyay (584), noayuum:

oh _ 1 . % exp(—x¥4l—mol), (596)
a 2Va Vi
npuueM h=h/A,.
U3 dopmyani (596) puano, uro npu ¥x=0 dh/0t=0, npu

{—>00 Oht/ot=0.
[Ipencrasum dopmyay (596) B Takom BHe:

ok W 5 e XV Y=
at 2 9V=x Yy

4z
Ho dyuguua — ——e  ecThb TabyaHpOBaHHas BTOpas
a
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NpoH3BOAHas OT QYHKUHH OlHGOK.

=R 2 LR = [ (hO),

e i) =— 5@ @ u 1) = <.

IMpoussenenne f,(2)f2(y) scerna wmeupwe 005 (10%
3HauCHUA €/8) npu y>2 (yuHTHIBA#A, uUTO MaKCHMaJbHOE
sHavense f(2)=0,44). Orciona noayuyaem OIHH H3
BO3MOXKHLIX KPHTEPHEB, MNO3BOJAIONINIT YCTAHOBHTL Bpe-
Msl JIOCTH)KEHHs1 GoJsiee HAH MeHee CTalHONAapHOro peuma
(B t;'raomennu CKOPOCTH MOABEMA IOBEPXHOCTH TPYHTOBBIX
BOJ).

y <o ‘]o?> 2v ﬂo= eOB?(/kHOA(h

oTKyaa (> 2fy; to=6—'::°— : (597)."

CurenoBaTtesibiio, ¢ TOUKH 3PCHHH 3aTYXaHHS CKOPOCTH
noj/'beMa NOBEePXHOCTH IPYHTOBLIX BOA AMA {<<2f; Gonee ne-
Aecoobpasno mnoansosathes Gopmynoin  (594), a npm
t > 2ty — Buipaxenuem (591). _.

JIpyroit BO3MOXHOI OUEHKOH JOCTHXKEeHUss TPYHTOBBIX
BOJI CTAIHOHAPHOTO COCTOSIHHSI MOXKET CJAYKHThH CPABHEHHE

3HaueHAN NOABEMa TNMOBEPXHOCTH TPYHTOBHX BOA (X, f)
o Gopmydse (584) u npenensroro noabema h (x, o)
no ¢opmyae (585). IMoaLeM NMOBEPXHOCTH FPYHTOBHIX BOJ
B paccMaTpHBacMOil 3ajiaue BHIpa)KaeMm B JIONSX OT KPHTH-
4ecKoit ryGHHLI TPYHTOBHIX BOX Ag. O6osunauas npenenis-

HBIIl MOABEM TMOBEPXHOCTH TPYHTOBHX BOA h(x, co) uepes
ho ¥ HCTIONBL3YSA 15 ero onpeneaenns dopmyay (585), Moxk-
HO 3amHcaTth Boipaxchue (584) nns noabemMa MOBCPXHOCTH
B M0G0 MOMEHT BPEeMEeHH B CJASAYIONIEM BHJC:

A7) 1 l G ke L

o 2{1 0( 2V y w)]+
o100 4 v\ 598
) o

rae y=t/t,.

N3 dopmyanr (598) Buano, 4To OTHOCHTENLHLIH MOAB-
€M MOBepXHOCTH IPYHTOBBLIX BOA B AOJAX OT MPEACabLHOrO
nojbeMa NpPH {==00 3aBHCHT He TOJbKO OT OTHOCHTEJbLHOrO
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Pue. 57. Cxema K pacuery nepe-
MOleHHs  30HBl  OUPECHCHHA
80AN3N  OPOCHTE/NILHOTD KaHAAd
(pH HATHYHR JIpeHa’ka B ycao-
BHSAX HCYCTAHOBIDIHCIOCS JNBHIKCHHA] — NOBCPXHOCTL IPYHTOBHIX BOA;
=~ — MIOBCPXNOCTE pal3fiena 3ACOMCHHLIX H NpecHtiX rPyNTOBHIX BOA;
I, 2, 3-—noaoxcHus BO BPEMCHH,

BPEMEHH, HO H OT a0COTIOTHOTO 3HaYCHHA NPE/ICAbHON BLICO-
TH MObeMa Ay (HAKH OT KOOpANHATE X).

Cucrema xananon

Astopom xuurn (Asepnauon, 1956) noayuenst npu6ian-

AEHHble 3aBHCHMOCTH JJA HECTAalHOHAPHOrO ABHXKEHHSA
(puc. 57).

Qo - Qy ¢l’ (599)

rac Qg — pacxonl wa QUALTPAUMIO N3 Kanasa wepes speMms { nocac Ha-
yasa ero paGore; Qy-— upencasnoe (MHHHMAALHOE) 3Havenue GHALT-
PAUHONHOTO PACXOAA MPH YCTAHOBHBUICMCA pexuMe; kosddunnent P,

SABNCHT TOABKO OT OTHOCHTCARHOIO BPCMENH L.

C yyerom pacmrupeHusi ¥ NOBOPOTAa MOTOKA NPH BHIXOE
I3 KaHala ¥ CYXCHHH TIDH MOCTYNJCHHH B JIPCHLI BpCMS
crabuanzauun Oyaer Goabilie:

Ty = /. (600)

Koapduuuent fy yunrsiBaer mecrusie notepu B NOTOKE
MPH MOCTYILICHHH €r0 H3 KaHasa B Gacceiin rpyHTORBIX BOJ
H NIPH NOAXO/e K ApeHaM. 10T koadduuHeHT onpeaeasior
no Gopmynam (526)—(529).

Kosdduunent ), yuntesaiomuii mneycTaHOBHBUIHICS
PEAHM NSt pACCMATPHBAGMOrO CAyuas, PaBeH:

hi=1+42Ne*ri=119, +2% +., (601
1

rien=1,2,3...; q.=e“‘ﬁ;

Jlpenaxuuiil OTTOK BuiuHCASI0T no dopmyae:
3nech Py = 1 —- 2¢, + 24" —2¢° + ... (603)
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[lpu orcyTeTBHH ycaoBHil A NMOA3EMHOTO OTTOKA NpPH
GHABTPANHH H3 KaHAJOB NPOHCXOAHT TaKkKe ONpPECHEHHE
HEKOTOPOi 30HBI BOJH3H KaHala M IOABEM 3aCOJICHHBI)
FPYHTOBBIX BOA B cTopoHe. OTanule B 9TOM ciayyae OT pacs
CMOTPeHHONH cXeMBl (pHC. 57) 3aKJ04aeTCs B TOM, UTO ec.n',f
MPH HAaJHYHH NOJ3EMHOr0 OTTOKA, XOTSI H B pesyabTarte
BECbMA JIHTeAbHOM (DHILTPAINH, TPOMCXOJAHT PaCCOJCHHE
BCErO MAacCCHBA, TO, NMPH OTCYTCTBHH IIOJ3€MHOT0 OTTOKA
npecubie GHALTPANHOHNKE BOXB 3aHHMAIOT KoHeunyio 06-
JacTth BOJH3H Kanaaa. |

B stom cayuae asropom (Amepssnor, 1956) s opuo-
POAHOI JKHIKOCTH NOJNYUEHO CASAVIONIEe pelleHHe:

Qo e Qy ‘Pso

npuyeM Qy=QmonwsPfo, KO3QOHUHEHT By HMCET TOT
CMBICJ, UTO H JIISt CXEMBI C OTTOKOM, HO YYHTHBACT TOJILKO
MECTHBI® NIOTECPH NPH BHIXOJAE NMOTOKA M3 KaHajla, TO ecTh B
popmynax (526)—(529) npuuumaerca A =0, D=O0.
ITpu onpeacnennn Qup npuaumaerca nanop Hy, paBubii
NPEBLILEHHIO YPOBHA BOJL B KanaJe Hajl yPOBHEM TPYHTO-
BbIX BOJI B CTBOpPE KanaJja o nauaja paboTh.
Kos¢pduusient pacxona pasen:

=2 (g + ¢ + 11 ).

B ycaoBHSIX HEYCTAHOBHBIIErOCsl peXHMa TNOABEM MO-
BEPXHOCTH IPYHTOBHIX BOJL B KOHIE NOTOKA NpPH HAJNHYHH
JpeHaKa OMpeeasaIoT MO BhIpaXKenHio:

h(x,f)=Hy(1—q); | —@=1— T

=1 _2_ 2 __l_. sin —— ndeod ea*n’t (606)\_

n n (B/2)
KOTOPOE HCHOJB3YeTCs jiJisi NPHOJHKEHHOTO yyera NpoaBH-

MKEHHS 30HBI ONPECHEHHS. !
Ilo ypapuennio (456) u c yuerom (606) naxomuwm:

LA l+22cos(n )e—"*"‘—‘ . (607)
] '

)
ox (8/2) (B/2)
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X
uTO AJIA 30HLI pOAKAN KaHAJOB OTHONLICHHE —— MaJjo, MOXK-

B/2
O MIPHHATH COS ———~ |, Toraa aas Majabix SHAYCHHI — :
R B2 B2’
LT 608
dx (B/2) P (oo
Us dopmya (607) u (608) Bnano, uro npu {—-co MpH
11060M —— cobaonacres yc.nosuea—=— flo_. ¢ yyerom
B2 ox B/2

HCKPHBJACHHS TIOTOKA MBI HMEJIH /IS yCTalOBUBIIErocs JABH-
JKeHus BhipaxKenne oh/dx, 3apucsilee oT X M OT/IHYHOE OT
0
B/2
(IPH HEyCTAHOBMBIIEMCS [IBHXKEHHH MOTyT ObITh NpeAcTas-
JICHBl B BHJIC TPOH3BEISHHsT KOo3(ppuuUHEeHTAa P, YUHTHIBAIO-
I1tero HeyCTAHOBHBIIHNICS XapaKTep JIBHIKeHHsA, Ha Npeaelib-
o€ 3HAYenHe TPajMeHTa JJs CTAUHOHAPHOrO peXHMA.
Torpa, yuursipas pemenne (542), MOXKHO HanHCaTh:

. Ipnmem yca0BHO, 4TO YKAOHLI TOTOK2 FPYHTOBBIX BOXL

4

» o lno To To 2 ] Ch nXI2TL
oj%dt 8 T’"[(Blz)]( Ho) x| chnBy/aT, *

3
=2l 6 ~ 1 —wn?
raemn, = 1— 7’- —n;- e v (609)

|
Ipu t=0 4,=0; npu f=o00 m=1.
[ToayunM 3aBHCHMOCTD:

Bl LI To To My __2_1 ch nx /27T,
bt T = e g 1 h B, AT, 20200

10 KOTOpOil, 3Hasi BpeMs {, MOXKHO YCTaHOBHTb AAJIbHOCTD
ONPeCcHSIONIero AeHCTBHSI KanaJa.

Yuuteipasi panee noJyyenHoe peuieHHe st OnpecHeHus
noja AHoM Kaunaaa, OyaeM HMeTb:
To To My 2 1

v 2 MLy TRGRE i
Bj2 H, 8 n 4 cos iy /2Ty (611)
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o 1
t+—3—’h=



[Tponssonst ananornunpie BHLIKAAAKA A5 GE30TTOUHOM
CXeMBI, MOJYUHM:

t

3 (2n—1 )! 7

rae 'q,_l— = 2(2’1*1)’

Has GesorTounol cxembl BhlpaKeune AN OlpeeaeHust
NIPOABHIKEHHSI 30HLI GIPECHCHHSI B TOPH3OHTaJABHOM HA-
npaBaennd HMeCT BHI: £

iy To To i 1 n ch ax / 2T° .
& B2 T Hy % ch B, /4T,

B yacrHocTH, HauGOJABMIYIO [IHPHHY ONPECHSIOLIENO
ACHCTBHSI KaHnajia B CTOPOHLI IPH OTCYTCTBHH OTTOKA Hail-

N =

JeM, NPHHAB =00, {=00, 1y=1:
. 78H,(B/2)

Xp = —2%- arch [e 073 ch By 147'0]- (613) : e

JIAs KOHEYHBIX 3HAUCHWI BpeMmenyn { Hajo HaXOUHTh t;-,-.}_
no 3nayenuio ¢ — xKoaPpPuIKeHT 1 H Aanee x no popmyne
78H, (B/2)

om. T2 Th _'
x = —2arch [e ik chan/4To]- (614)

a
Has NPOABHXKEHHA 30HblI ONIPECHEHHS NOJA KaHaJaoM:

{exPl— 8 HB2) ]} (615)

T 1 S 1%

H Hauboabllas riyOHHa ONPECHCHHS NPH 1)2=1

o . L, e N 1) jj b
o= arcos{exp[ Ry - ]} (616).

ITpuBenennbie npudMKeHHbIC GOPMyas HO onupejene-
HHIO XapakrTepa ICPCMEIICHHST 30HBI onpecnenusi BOAHIH
KaHaJ/IOB IPH HCYCTAHOBHBLIEMCS ABHIKENHH AJA MOTOKA Or-
PaHHYCHHOH AJHHBI N 1JyOHHLI ObliH npoBepeHsl B Jabo-
patopunix ycaousix (MI'MH) u nokasanm yaoBaetBopu-
TeJbHOE COBNAJCHHE ONBITHHIX AAHHBIX H BHYHCJEHHBIX MO
TeopeTHyeckum gopmyaam.
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