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NPEAHUCITIOBHE

IMpaxkTuyeckoe suauenne npobaemsl GopLOnl € 3acOJIEHHEM OpolAe-
MBIX 3eMeJb BOOOLLE M NPH  NOMOUWM TOPH3OHTA/ILHONO JpeHarka, B

gactroetd, BeckMa Besuko B CCCP w aa pyBewom [17, 19,
26, 45). Beaywmecsi B 39TOil 05J1aCTH MCCAE0BAHMSA COBETCKHX H

3apyOe:KHbIX YYEHBIX NOCBALIEHbl PACCMOTPEHHIO OT/eJ/bHBIX CTOpOH
npodJieMbl MpHMeHeHHa JipeHa)ka npu Gopube ¢ 3acojeHdeM oOpouiae-
MBIX 3eMeJb.

3HaunTenbble paloThl, MOCBSLICHHLIE MPOLUECCAM 3aCOJICHHS 3eMellb.
H GopuGe ¢ 3acoJsieHHeM MPOBeJeHbl YHedblH-MOYBOBeAAMH, KOHYECT-
BEeHHasi CTOpOHA BOMPOCA OTpaieHa B KHUrax H CTaTbAX MO MEeJaHopa-
UMH W TeopuH (DHJbLTpauun, npuyeM B 3THX paGoTax 4acTo MpUMEHseT-
CA CJOXKHBLII MaTeMmaTHueckuil annapat. B csasx ¢ 3tuMm  GoJsuuoe
3HaueHHe MMEeT COCTaBJjieHHe CBOMOH paloOThl, Fje paccuaTpABaIOTCH
Y3JI0Bbie BOMPOCH! JpeHaka OpolaeMbiX 3eMe/ib W HCIo/b3YloTes
JOCTH/KEHHSI MOYBOBEICHHS, MEJHOPAUHH H TeopHd (DAALTPaLMA .

B 1957—1958 rr. Tunposoaxozom MCX CCCP Obinn  H3jambl
AN BHYTpeHHero noJib3osatns «Marepuanbl K TEXUHUECKHM YCJIOBHAM
H HOPMAaM MpOSKTHPOBAHHA OPOCHTEJLHBIX CHCTEM», B TOM H4HCJIe TPH
paotsi, nocssinennsle Apenaxy [2, 9, 38]: ogsa M3 pador, HamicaH-
Has aBTOPOM [2], MOCJY:KHJA OCHOBOIT /ISl COCTABJIEHHSI HACTOALIEH
PYKOIHCH.

Asrop Hactosuedl paGoThl HE NMPETeHJYeT Ha MNOJHOTY OCBEUIeHHA
Beell npoOseMbl ipenaka, OH MONbITaJACHd CO3/aTh KPATKYIO CBOJHYIO
paGoTy no pacuety jpeHaxka npu Gopsbe C 3acOJICHHEM OpoILAeMbIX
3eMedib.

OcBemiessl OCHOBHblE, M0 MHEHHIO aBTOpa, BOMPOCH JIPEHAXa:
oL Gasanc M GasaHC TPYHTOBBIX BOjJ OpOLIAEMBIX MaCCHBOB-

BOOOIE H B YCJOBHSX /\PEHAXA B YaCTHOCTH, CXeMa paGOTh NOPH3O0H-
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TAJILHOTO JIpeHa)Ka W OCHOBBI PacyeTa OCYIUHTE/bHONO M pacco.sio-
nero jieficTeus  Apenaxa. Jlawe! TakKe HEKOTOpble NpaKTHYeCKHe
PEKOMCH/IALHA 110 NPHMEHEHHIO JIPEHAXA Ha OpOLIAeMBIX 3eMJIsiX.

OGvem paGoTst 11e 103BOJMI J€TAJILHO OCTAHABJHBATLCS HA BhIBO-
Jax psaa 3aBHCHMOCTE; B STHX CJYYasX YHTaTeNiO peKoMeHjyercs
crieuHasibHasi  JHTCpaTypa, B KOTOPOH MOXKHO HafiTH obocHoBaHHe
cnocoGoB pacyeton 1t Gopmy.T.

B paCore HCNOJIL30BAHBI Pe3yJLTAThl HCCJEJ0BaHH asTopa M
JIOCTIDKEHHS! OTEUECTReHNBIX H 3apyOemHbIX YUeHbIX.



BBEJAEHHWE

MHoroBeKoBas HCTOPHA  OPOLUCHHA TIOKA3bIBACT, 4TO [IDH HeOJa-
FONPHSITHLIX NPHPOAIBIX YCJOBHAX (BLIMAPHBAHHE B 30HAX BLIKJIWHIBA-
HESL W paccesnus B OoJiLieit HAM MeHbIUeH  CTeNeHH MIIHepa TH30BaH-
HBIX TOA3EMIBIX W MOBCPXHOCTHBIX BOJ, TNOCTYNAOWHX CO CTOPOHBI
MOBLIMICHHBIX 3JeMeNTOB peseda u Apyrux obsacTell NUTaHus) W npu
HENPaBHJIbHOM  Opoweln  (M30LITOuNbI BOJ03aC0p, HH3KHIT  ypOBElb
SKCINYATAINH OPOCHTEJLHBIX CHCTEM, HH3KHI YPOBEHb AarpoTexXHHKH)
SHAUNMTEJIBHBIE NMJOHIAAH OpPOIIACMBLIX 3eMedb NPAXOAHJIH B HETOAHOCTL
H3-33 TaK Ha3biBAEMOTO «BTOPHMYHOrO 3acoJenusiy. OcoleHHo CHILHO
BTOPHUHOE 3aCOJIEHHE OPOMIAeMBLIX ZeMeJh NPOABISINIOCH B TO Bpems,
KOrjla B HHTEpeCaX MOJMYYCHHA MaKCUMAJbHOH IPHOBIIH HHTEHCHBHO

BKIIA/ILIBAJICS KanuTas B OPOLIAeMOe X03siHeTRO; Tak Onijio B Erunre
BO BTOpoil noJsiosuie XIX B., a B8 Mugm, Poccun, CUIA — B navane

XX 8. [26).

Ha NPOTHAEHHH MHOTHX BCKOB 3eMliejesiully [IpH  OopolicHu B
HEOJIATONPYATIBIX  NPHPOAHBIX  VCJOBHAX  NPHXOAMJIOCH  CYHTATECS
C BO3SMOKHOCTHHY 3A2COJIEHHSI NOUB H Mo Mepe CBOHX CHJ GOpOTbCﬂ
¢ wuM. Ewe B jpesune spemena B Erunte, Muam n ctpanax Cpeji-
Heit Aami Gbm BHIPaGOTalBLl NPOCTEHILNE NPHEMb! OPOLIEHHS!, YYHTBI-
BaPIIHE PacCOJIGHHE TNOYB, YTO CBHJACTE/ILCTEORANO O rayCoKol nad/mo-
JaTesILHOCTH Hapoja. B ochoBe mnopasasionlero GOJBIUHICTBA 3THX
NPHEMOB JIEXKAJO DPACTROPEHHC M BHITECHEHHE COJICH M3 TIOYB NpK
noMoIH  GoJsiee NPECHBIX OPOCHTEJLHBIX HJM  (HILTPALMOHHBIX BOJ.
Ciofia .MOKeT ObiThb OTHECEH METO;| MEPHOJHYECKOr0 SaTONJICHHsT noJeit
nomrst Huna, sumunii «apat» B AsepOaiijukase, nocessl Ha onpec-
HEHHbIX 30HAX BO/IM3H KalanoB NpH «dalleykoMm» pesbede B paiionax
Apesrero opowmenns Cpeprelt Asud, HCMOJIL30BAHME [0J3EMHLIX BOJ
Aast opowenuss B Mlujpun u Kurae. Bee sto cnocoGeTeoBasnio ysesm-
HEHHIO OTTOKA TPYHTOBBIX BOA W B Psijle CJy4YaeB NPHBOJHIO K YMEHh-
ILEHHIO HCTApEeHHs C HX MOBEPXHOCTH H YJYYILAJIO YCJIOBHS NPOMBIB-
KH HHCXOJSILIUMMH OPOCHTEJBLHBIMH BOJAAMH.

HenocpeicTBeHHOl NpHUMHO 3aCOJIEHHs] OpOIIaeMBIX 3eMeJib O0blt-
HO fBJACTCS BhICOKOE CTOAHME IOBEPXEOCTH TIPYHTOBbIX BOA MpH
Gosiee WM MeHee 3HAYMTEJBHOH HX MHHEpAaJH3alMH; B STOM Caydae
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TIPH HHTCHCHBHOM HCNApPEHHH BJIArd € MOBEPXHOCTH NOYBLI H TPAHCNH-
pauMH PacTHTE/JLHOCTH B CHJY TPajHEHTa BJAXHOCTH NOA JEHCTBHEM
MOBEPXHOCTHLIX CHJI, NPEeBLILAIOWHX /eHCTBHE CHJ TSXKECTH, Npowc-
XOJIHT HEnpepLIBHOE BOCXOAsULEe [ABHKEHHE M3 00JIaCTH IPYHTOBBIX
BOJl B NOYBEHHBIE TOPH3OHTHI, IJl€ H CKanJMBalOTCsH JIETKOPACTBOPHMbIE
COJIM, BpejiHble JIIA CeJECKOXO3AHCTBEHHBIX KYJLTYP.

[Npeaynpexenne sacosieHus opouiaeMblx 3emenb H 6opnba ¢ ero
MOCNEACTBHAMU B HACTOAULEE BpeMsi XapaKTepH3YIOTCS:

a) COKpallleHHeM HCMapeHHsi C MOBEPXHOCTH MOYBbI, YTO YMEHLIAeT
nepeHoc coJiefl H3 TPYHTOBLIX BOjI B NOUBY;

0) yMmenblueHHEM MHTaHHS FPYHTOBBIX BOJ, YTO MNpH HAJHYHH He-
KOTOPOTO MMOJI3¢MHOI0 OTTOKA TPHBOJUT B pAje CJYyYaeB K ONyCKaHWIO
MOBEPXHOCTH TPYHTOBBIX BOJ| HWXKE TaK Ha3bIBAEMOH «KPHTHYECKOI
rAyCHEBI CTOSIHHSAY,

B) NpUMEHeHHeM HCKYCCTBEHHBIX Mep Mo yjaJeHwio codei (mpo-
MBIBKH) H XHMHYCCKHX MEp BO3JEHCTBHSA;

r) YCTPOMCTBOM jpeHaxa JAJsi OTBOjJA TPYHTOBBIX BOJA H coJjeil.

Mepbl K COKpaulenHio HCNapeHusi € NOBEPXHOCTH MOYBbl HEOO-
XOAKWMO NPHHHMATHL BO BCEX CJ/yyasXx, TaK Kak 3TO npejynpexjaer
3aco/ierne U cnocoGereyeT CoJiee IKOHOME OMY PacXojly BOAbI.

[lutanue rpyHTOBBIX BOJ Ha OpOLUAEMbIX MACCHBAX [POHCXOAHT
BCJICACTBHE [IPHTOKA TPYUTOBLIX BOj| CO CTOPOHBI HWJIH M3 rAYOHHHBIX
fI/IACTOB NOJI3eMHBIX BOA H (UIbTPAIHOHHBLIX NOTEPh H3 OpOCHTE/Ib-
HbiX KaHaJoB, a TaxKiKe BCJIeJCTBHE Onyckauds BJard H3 NOYBbHI B
TPYHTOBbIE BOALI B OT/@JIbHLIE NEPHObI (YaCTb NPOCOUMBILUMXCH OCajl-
KOB, H3CLITOYHASi NOJIHBHAs BOAA, B OTAELHBIX CAYYaaX KoHjleHca-
uHoHHasl Baara). [lMTaHHe rPYHTOBBLIX BOJA MOMHO COKpauiaTh Ipose-
nenneM npoctefiuux MeponpusitTHit no Gopube ¢ uabTpaumen 3
KaHaJIoB, VJ/IyulleHHeM ISKCIJIyaTauHH CHCTeM (noBbllleHHe KO-
UHMEHTA MOJIE3HONO AEHCTBHA CHCTEM) H YAYHLICHHEM pekiHMa noJuBa
(YMEHLLICHHE HAN NpeKpalllelne MHTAHHA TPYHTOBBIX BOJ NPH NOJHBAX).
Ecm ykasanuble MEponpusATHS HE NPHBOAAT K HEODXOJUMOMY CHIKE-
HHIO TPYHTOBLIX BOJl H YMEHULIeNHIO 3aCoJiHHH [nouB, TO npuﬁeralm'
K CoJee KanutaJbHbiM HHMKeHepHbIM  MeponpuaTiam 10 Copele ¢
duasTpauseil H3 KanaJoB (Of€KALL, KpaHbl H T. Ji.), K TPOMbIBKaM
3aCOJIEHHBIX NONB M YCTPOACTBY jpeaza.

TTpOMBIBKH 3aCOJIEHHBIX TOYB NPHMEHAIOTCSI B NPAKTHKE OpOLLeHHs,
HO He BCerja AalT XOpowHe pe3yJIbTaTbl, TaK KaK BO3MOMXHA pecTa-
Bpauusi 3acoqeHusi nous. [lpombiBHas BoAa, nojapaemasi OOBMHO B
COJIELIHX KOJIMYeCTBaX, PACTEBOpsisi B IOYBE Bpe/HbIE COJH H OMmy-
CKasiCh, NHTAeT TPYHTOBblE BOALL. ECAH HET JOCTATOUHBIX YCJOBHH
AJS MOA3EMHOrO OTTOKA, OHA BbI3bIEAET MNOABEM VPOBHA BOJbl, YTO
NPHBOJIKT K 3acoJiennio nousbi. CaejloBaTesibio, AJsI  yCHEWHOH Npo-
MbIBKH 34COJIEHHBIX 3eMeJlb HeOOXOjuM MM obecrneventblii ecTecTBeH-
Hblii OTTOK CrpPyHTOBBIX BOJl Ha COCE/lHHE HEOpPOLUAeMble 3eMJH, HJIM
HCKYCCTBEHHBIH OTTOK MYTeM IOCTPOHKH ApeHa»a.
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MMepsuit  cnoco6 — HenoabL30BaHHe YacTH OBapbIeHHbIX 3eMeJ b
110/l OPOLIEHHE M OCTaBJICHHe JPYrofl YaCTH JJisl NpHeMa [M03eMHOro
OTTOKa C OpOIAeMbIX 3eMeJb M HCrapeHuss 3THX BOJ — He MOXeT
CHHTATLCS MPHEMJIEMBLIM NMPH  MJaHOBOM  BeJICHHH XO35MCTBa, TaK Kak
nycTylomue 3eMad, OyJAyuH ecTecTBeHHbIMH OacCefiHaMu HClapeHust
MHHEPA/IH30BAHHLIX TPYHTOBBLIX BOJ, CPABHHTE/LHO OBICTPO JIOCTHralOT
BBICOKHX CTeleHei 3aCoNeHus ¥ NIPUXOJISIT B HerOAHOCTL, 4 BOCCTZHOBJIE-
HHE HX N1JI0/10POjIHS CTAHOBHTCS HJIH HeBO3MOMKHBIM, HJIH BECbMa TPY JIHBIM.

BTopbiM criocafiom yBesMueHHs M0/|3eMHOr0 OTTOKA SIBJISCTCS YCTPOH-
CTBO JipeHaxa.

BOI‘IpOC 0 HEOSXOTHMOZTH CTPOHTEJLCTBA JIPEHAXA J{JiS1 OpPOLIaeMbIX
MACCHBOB, SKCTJYAaTHPYEMbIX H HAMEYAEMbIX K CTPOHTE/LCTBY, CJe-
AYeT pellaTb B 3aBHCHMOCTH OT KOHKPETHBIX NPHPOJHBIX H XO3sH-
CTBEHHBLIX YCJOBHH M, NpeXjie BCero, C YYeTOM CYULeCTBYIOULErO M
OMH/IAEMOTO BOjIHO-COJIEBOTO PEXHMA OpOLLIAEMOro MacCHBa, MpHYeM
B KOHEYHOM CHETE BOMPOC pellaeTcsl MOCPefCTBOM aHA/H3a 3KOHOMH-
yeckon 9fxpekTuBHOCTH M peHTaGe/bHOCTH HAMCYEHHBLIX JpeHaKHbIX
pabor.
Hwveioumitcss 8 CCCP u 8 apyrax crpasax (Eruner, Hipus, CIIA
M JIp.) ONLIT CTPOMTENLCTBA H SKCMJAyaTalMd Jipedaka oOpollaeMbiX
3eMelib NOKas3aa uesnecoo0pasHOCTh €ro INPHMEHEHHS! KaK KOPEHHOro
MeponpuaTHa no GopsOe ¢ 3acojendeM 3eMelib; O/HAKO B OT/leJIbHbIX
cayyanx ekt oT npuMeHeHus jpenaxka Ouln HeBeamk [2, 8, 9, 13,
24, 26, 30, 32, 34, 45].

HecMmoTpsl Ha 3HAUHTENBHBIT ONBIT NpPHUMEHEHHs Jpesaxka, Teope-
THUCCKas paspaCoTka 3Toil npoGaembl nejoctatouna. Ha  Bropom
MEXK/{YHAPO/HOM KOHrpecce Mo WppHraukH H jpeHaxy, nNpoXojHBLIeM
B Amkupe B 1954 r., no BONpocy peKHMa TIpyHTOBLIX BOJ| Opouiae-
MbIX 3eMe/ib H jpeHaxy Obljo npe1cTaB/ieHo HauboJLIIee YHCJO
JAOKJI2J10B, OTPAKAIOUHX rIaBHBIM 00pa3OM ONMLIT NPHMEHeHHs jipeHaka
npu Gopble € 3aCOJACHHCM OpOLUIAEGMBLIX 3CMeJIb B pas/HuHLIX CTpaHax
(Cynan, Ascrpasmsa, CUIA, Amnxup, Waxua, Hapawas n ap.) [45).
JIoKA1a10B 10 TEOPETHYECKHM BOMpocaM OblI0 HE3HAUHTEJIbHOE ‘IHCJIO
(39, 43]). 3a nocseanne roamt B CCCP [2, 9, 13, 17, 38] u 3a
pyGexom [42, 44, 47] eoapacTaeT HHTepeC K TeopeTHueckoMy o0Go-
CHOBaHHIO paCoThl jipeHayka. Hiuke KpaTKo H3Jaralorcesi pesyJbTaThl,
NOJyUeHHble aBTOpOM B 3TOH 00JacTH, NpHieM B HUX YUTeHbl HEKO-
TOphie paGOThl COBETCKHX VYEHBIX M Y4eHbIX Jpyr#xX CTpaH.

§ 1. BOJAHbIM BAJIAHC U BAJIAHC TPYHTOBBIX BOJ

OPOLUAEMbIX MACCHBOB;
NMYTH UX YJ/IYUYIIEHHKSA

Bojuniii Ganauc opoliaeMbiX 3eMelib OfpeeseT KOJHIECTBO BOAH,
TOCTYNHBIIGH B PasjHYHbIX BHAAX HA OpOLUAEMYIO TEPPHUTOPHIO 32
onpejiesieHHoe BpeMs H YjaJMBIlUeiics 33 TO K€ BPEMA 3a npejelsl
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MacCHBa. 5a:lauc MOXKHO COCTaBJisiITb B 33aBHCHMOCTH OT u,eneﬁ H
BO3MOMKHOCTEH /11 KPYMHbIX TEPPHTOPH#, OTAEJbHBIX MACCHBOB,
CHCTEM, YHacTKOB, nosew, jaensHok. Ciejyer oTMeTHTb, Y4TO BO BCeX
Cayyasix HYMKHO TBEPAO YCTaHOBHTb TpaHHlbl  BOAHOJAJAHCOBOIO
yyacTka (ero pas3MeuleHHe Ha MOBEPXHOCTH 3eMJH); B BEPTHKAJLHOM
Hanpasyield B 0aJaHCOBBIT «MAcCHB» BKJIOUAeTC MOBEPXHOCTb 3eM-
JIH, TIOYBA C CeJILCKOXOSAHCTBEHHbIMH KYJIbTYPaMH, Te0JIOrHYecKHe
JIaCThl, COjAepyKauiHe 30HY aspaudd K rpyHTOBble BOALI. Dasanck
MOMKHO COCTABAATL AJIS PA3JIHUHLIX MEPHOJOB BPEMEHH; OOLIYHO A5
OpOILAEMBIX MacCHEOB MX COCTaBJSIOT A4 TOJHBHOTO NEPHOJA,
OCEHHE-3HMHero MPOMbLIBHOrO i BECEHHEro, a TakK JKe jJs BCEero roja.

OrmetuM, 4TO HHOrZA BOANLI CaNaHC MAaccHBa HE TOYHO MOHH-
Maercsl Kak (AJaHC rPYHTOBLIX BOA.

HeoOxoumM0 pazanuaTe:

1) Boublil Caslanc opomiaeMoro MaccHBa (BK/IOUAsi NOBEPXHOCTHLIE
BOJbY, BO/Ibl 30Hbl A3pPAallHH H TPYHTOBBIE BOJMI);

2) Cananc noBepXHOCTHLIX BOJ;

3) BOHLIT OajiaHe S0HbI a3paliH, KOTOPbIH YCJOBHO MOXHO Ha-
38aTh «0ANAHCOM MOYBEHHBLIX BOJ®, €CJM CUMTATh BJary, COAEpa-
ILYIOCS MeJKY MOBEPXHOCTHLIO FPYHTOBBIX BOJ NPH BLICOKOM KX CTOSi-
HHM U NOBEPXHOCTHIO 3eMJIM TOYBEHHOIH;

4) Gasanc TpyHTOBBIX BOJ (HIDKE MOBEPXHOCTH TPYHTOBHIX BOJ,
H3MENSIONLIeHCsl BO BpPEeMeHH).
OuesnjiHo, 4TO CYMMHpPOBAaEME YaCTHBIX CasiaHCcoB (IOBEPXHOCTHBIX,

MOYBEHHLIX M TPYHTOBMX BOJA) JAacT oOwWwMit GasaHc OpOLIAEMOro
MacCHEa.

Ecan B Maccheax ects Bojoemu! (03epa, NOHIKEHMsl, 3anoJHel-
HbIe BOJIOH, BOJOXPaHWJHMULA, NPY/bl) H FOPHIOHTHI BOjIbI B HHX CYlLe-
CTBEHHO Pas/HyaloTCss B Hayajie M KOHUE PacyeTHOro nepuoja, To
CJeYeT YYeCTb H3MeHeHHe (ajsiaHca NOBepXHOCTHBLIX BOJA; B OOBLMHBIX
aast CCCP yeaoBHSIX M3MEHEHHsSIMH 3anacoB NOBEPXHOCTHHIX BOJ OpO-
IUAEMbIX MACCHBOB MOXHO npeHeOpeub; CKasaHHOe OTHOCHTCH M K Ha-
JIMUMIO BOJB! B OPOCHTEJbHBIX KauanaX. Ecam npenelpeub usmene-
HHSIMH B 3anacax ﬂOBerHOCTHle BOJA, TO OCTalOTCA TpH OCHOBHBIX
Ganauca: Gasakc Maccusa B leioMm, Cajauc rnouseHHblX Boj M GajaHc
TPYHTOBLIX BOA.

Boaubiit Gananc mMacchHBa MOXKHO 3anHCaTh Tak:
AW=B+I—7+11+A—C—(H+T,,)—Q. (1)

riae AW — cymmapHoe H3MEHEHHe 3aracoB BOJB B IPaHMI@EX Opouiae-
Moro Maccusa 3a Bpemsa AT; B — pomosaCop; /I — npuToK noeepx-

HOCTHBIX BOJ NOMHMO BOj03a60pa (MPHTOK C OKPYIKAIOWMX BO3BBILIEH-
HocTeH, cOpocHble BOABI BhllLEJEKAWMX MAccHEOB), /1 — NPUTOK NOJ-

semblx BoA; A — atMocepusie ocaaku; C — cGpock! (cymmapubie)y
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3a npejlesibl OPOLIAEMOTO MACCHRa MO KOJJIEKTOPHO-COPOCHOH ceTw;
H 4 T, — cyMMapHOe 3HAUEHHE HCTaPeHHA W TPaHCIHpaUHH C noBepx-
HOCTH MaccHBa; O — NOjI3eMHBLIl OTTOK 3a npejlesisi MacCHeBa 1o ero
KOHTYPY.

BajaHc noyBeHHLIX BOJ MMEeT BHJL:

AW, =0, 4 A+ (1 —a)® —(H +Ty)—C £ g, (2)

rjae AW, — u3MeHeHyse 3anacoB MOYBEHHBIX BOJ OT NOBEPXHOCTH 3eM-
JH JI0 DOBEPXHOCTH TPYHTOBBIX BOA; O — KOJMYECTBO BOjBI, MOJaH-
HOE Ha OpoLIaeMble TOJsSI W3 BHYTPHXO3SICTBEHHOH cetH; C — cOpocHl
C MOBEPXHOCTH nojeit; = g - PeJHyHHa NOANHTBLIBAHMS MNOUBLI  CO
CTOpOliBl FPYNTOBLIX BOA (+) HAH NHTAHMS IPYHTOBBLIX BOJ ONYyCKalo-
weiest nousentoit Baaroit (—); Py — QuabTpalUs H3 KaHaJOB BCEX
nopsijikos. KoafduiuenTt a nokaseiBaer 1010 OT (HUALTPALHK M3
KaHaaoB @y, HAYILYIO HA NUTAHHE TIPYHTOBBIX BOM, a KOS(XpHIMEHT

] —a— gomo or (P, NOCTYNAIOULYIO HA VB.JaKHEHHEe NOYBHL.
Bananc rpyHTOBBIX BOJ

AW o=11-0+ad - I, F g, (3)

rie AW, — H3MeHeHHe 3anacoB TPYHTOBBIX BOJ; [l — BHYTPHCHCTEM-
HBlii peHakHblit cTOK. IlpeneGperasi ucnapeHHeM C NOBEPXHOCTH BOJBI
B KaraJax, MOXHO CUHTaTh, YTO RO/103aCop B cucteMy B = 0,4 Dy.
Yuuteleast, yTo cymmapibiit cfpoc C 3a npe;jlebl MaccHBa COCTOHT H3
NOBEPXHOCTHBIX COPOCOB C M JPEnaykHOro BHYTPHCHCTEMHOTO CTOKA
Ap T- €. C= o A, @ TakKe BKJIOYAS NPUTOK MOBEPXHOCTHBIX
BoA /1 B BOpO3aCop B M CKJablBasi H3MEHEHHA 3anacoB NOMBEHHbIX

BOA No (2) u rpyHtoBbiX BOA 10 (3), noayunMm obuiee H3MEHeHHe
3anacoB BOJIbI Ha MaccHBe B coOTBETCTEBHH C (1) B BHAE

AW = AW, + AW,,. ()

Kpome Toro, uamenenue sanacoB nousenHblx Boj AW moxHO npej-
CTaBHUTb Tak:

AuVn = YWy — Y Wy (5)

rAe y — rayOuHa CTOSHHs TPYHTOBBIX BOJ, OTCYHTAHHAsA OT NOBEpPX-
HOCTH 3€MJIH B KOHEUHblH Yy W HAYaJ/IbHBIH ¥, MOMEHTH DACCMaTpu-
BaeMOr0 MHTEpBAJIA BpPEMeHH; wy H W, — KOHEUHass M HavuaJbHast
(cpenuue) oGLeMHbIe BJXXHOCTH 30HB! a3paluH (OT NOBEPXHOCTH 3eMJIH
JIO NOBEPXHOCTH FPYHTOBLIX BOR). JLas M3MEHEHWS 3anacos IPYHTOBBIX
BOJ moJyunM opmyny

Awrp = (yic —— y..) 6)- (6)
9



rie 8 — KO3 PPHUHEHT BONOOTAAUH NPH ONMYCKAHHH MOBEPXHOCTH TPYH-
TOBBIX BOJ MM KodpbuuueHT cBOS0AHON NOPO3HOCTH NPH HX NOJBEME.
3uayenue o NpuOAHMNKEHHO MOXET ObITh OTHECEHO K CPeiHeMy NoJio-
JKEHHIO TPYHTOBBIX BOA, T. €. K Bequuure [20, 23):

T = Yy 4 Yy

i 2

Curenyer paszuyaTh Cayuau coCTaBJjieHdsi GaJaHCOB AJIST NPOEKTH-
‘PYEMOit OPOCHTEJ/IbHOH CHCTeMb! M cocTaBseHust 0aJiacos Anst Jed-
CTBYIOULEH OPOCHTEJIbHOH chcTembl. B nepsoM ciyuae crtasutesi 3ajia-
Ya NpOrHo3a peKHva FPYHTOBBIX W MOYBEHHBLIX BOJ, 4T00b! 06OCHO-
BaTh LEJIECO03Pa3HOCTh HHXKEHEPHBbIX CPeACTB M0 O5ECneyeHHio Y/I0B-
JIETBOPHTEJ/ILHOTO MEJIHOPAaTHBHOTO COCTOSIHMSE 3eMeJib; BO B1OPOM —
TpeGyeTcsl BLISICHHTL OCHOBHbIE NPHYMHLI OOLIYHO HEY/OBJ/IETBOPHTEJIb-
HOFO COCTOSIHHSL OpOLIAEMbIX 3@MeJbs M HAMETHTh CpejcTBa MO ero
YAYHUEHHIO.

PacevmorpiuM BTOpoii caryyaii (peiicTBytomas cucrema). M3 jgasmbix
cayxObl 3KCnJyaTauHn GLIBAIOT W3BECTHBI BeJHUHHBI BOnosaGopa B,
at™oceprbix ovagkos A, cGpocoB (cymmapusix C), OpOCHTEABLHBIX
BOJl, noaasaembix Ha noss O, (puabTpaunonssix noteps Py u rayGun
TPYHTOBLIX BOA Y (N0 HaG moAATe/bHbIM CKBaXKHHAM),

HeussecTubiMH  OOLIYHO SIBJSHOTCS Pa3iocTH _I_7 —Q, a TaKxe

cymma H + T, B ypasHenun (1), pacusieHende cyMMapHbiX cGpocoB

C mna nosepxHocTHble C B ypaBHeHu# (2) W JpeHauble A, B ypas-
Hednnt (3). C Hawell TOUKH 3peHnst pelwalowledl BeJHUHHOMN, onpejessio-
ulell MeJHOPATHBHOE COCTOAHME 32MeJb, SBJASIETCH BejMunHa =+ g,
MOKA3bIBAIONIAA NHTAHHE TMOYBbI CO CTOPOHbl T'PYHTOBBIX BOJ BOCXO-
JAUMMH  TOKAMH  (3HAK NJIOC) MJH  TIPOMBIBKY IMOYB  HHUCXOJISILUHMH
TOKaMH (34aK MuHyc). B neppoM cayuae Ha/miuo TeHJeHUMS K 3aco-
JIEHHIO NOYB (NPH MHHEPa/IH30BAHHBIX TPYHTOBBIX BOJAAX), BO BTOPOM—
TEHJICHUHS K paccoJienuto nous. TpyauocTs pewsenus vpasieinmii Ga-
Janca sakumouaercsl OOBIYHO B CJAOKHOCTH onpepzaenns M-+ T
Crocofnl onpefenennst A + T, no TeMmnepatypubiM jamibiv, Jedu-
UHTaM BJAKHOCTH Bozayxa W T. 4. [16, 19, 20, 23, 37) nwe obGecne-
UHBAIOT JIOCTATOYHOH TOYHOCTH, TAK Kak B ypasHennu (l) BesMunua
B+ A — C obblyo Gamska k M + T,, ortuero omubka B onpefeJe-
vat A -1 T, pewaloniM o6pa3oM CKasbiBaeTcsi Ha peawunHe AW,
MEHAA Ja)Ke ee 3HaK.

B cessu ¢ arum Gosiee Hafiexken C/GAYIOUMA METOJ COCTABJICHHS
BOJHBIX Oa/laHCcoB,

.} Omveray, uto duastpaunonnsie norepu @, pasuse pastoern B = B —
— Op, 00MuHO BupaXalTC Kak A0AA OT Bojosabopa ¢, = B(1—1), rae
N — KO3()HUHEHT NONE3HOro AEHCTBHS CHCTCMB Kanalon,

10



1. ITo RpauHeiM KOMeGAHUS MOBEPXHOSTH TPYHTOBBIX BOJ HAXOAAT
uaMeHenue 3inacos rpydrosuiX BdA AW ., [bopuyma (6)].

2. Mo HaGa 0A2HHAM HAJl CP2H2R BAAKAOSTHIO MOYBLI, HCIOJb3YS
(), naxoasr AW,.

3. 3aan cyvvaphd2 u3veneuse 3amacos Bdist AW [aesas uactb
ypastedua (1)) Ass  3:AMAHX [EPAOADB, KOrjda MOXKHO NPHHATH
H + T, =0 ua4 cyarats ero oueHb H230AbIMI4 H TOYHOSTb Onpefe-
JIeHHs Mo:KeT Obirb He ouenb Gosblioli, HaxoaaT passocts 1 — O,

npu ussecTHoIX B, A, C.

4. [lpaanvast, uro pa31octs /T — O B pasfHyHble Ce30HBI H3Me-
HAGTCH HE CHALHO, MOK{O MPAAATH €8 [10:TORAH0A H ANSl BereTauHoOH-
HOrO ce30:ia Haird u3 ypasiiaa (1) senawmay M 4T

Takuv ofpazow, cocrapaaiomue ypasdeus (1) moryr 6biTe ycTa-
HOBJEHbl MO Ce30HaV WM Apyruv nepudlaM. [laaee, uves 3uayenus
Op A, H +T, AW, u3 Ganauca nousemibix BOA (2), MOXKHO
Hai™t + g —C, a u3 5anaica rpydrossix Bo1 + g + J,. Yuutsisas,
uro C =C -+ , OKOiyaTe/540 COSTAz/MASM 0aJaiC MOYBEHHBIX M
PYHTOBBIX BOA H, UTO Cavo02 rVI2BA02, HAXOIUM MO Ce304aM 3Haye-
mic g, XaPaKTePH3YIO1(2e MpOUSCC B3AAMOSHCTBAA MOUBEHHBLIX M
IPYHTOBBIX BO1-.

B koppextposke Beawuus M =T, MOryT rowvoub jpyrue Merto-
Abl (TevnepaTypabie pacueTsl, (PAKTHUECKHE H3MEPEHHA Ha ONbITHBIX
CTAHUMSIX M T. A.); NpH yTouxenud Beaugud /7 u O MOXHO BOCNOb-

30BATLCS THIPOreOJIOTHUECKHMH JIQHHBIMH H  ONpeAC/HTb  Be/HYHHBI
MO32MAOrO [PHTOKA M OTTOKA, M0/b3YsACh (OPMYJaMH MO]A3EMHOH
rugpassnku. Caejiyer 0co50 [MOJUEPKHYTH, UTO ecad fanaHc cocras-
JSSTCH OTJEJBHO LISl OPOLIAEMBIX H HEOpPOLIAeMbIX 3eMelib, HaXO[s-
IUXCH BHYTPH MAcCHBa, TO CJELYET YueCTh OTTOK [MOA3EMHBIX BOj
CO CTOPO:bLI OPOILAEMbIX 3EMeJb B CTOPOHY Tepesioros, BKJIOYast €ro
B 0. TpyanocTs PeKOMEHLYCMOro Croco3a 3aKMOuaeTes B CJA0KHOCTH

yuera cywmapuoro uaverennst AW, u AW, aas maccusa B uesoM,
YTO, OHAKO, MOKET ObiThb IMPeO;l0JIeHO COOTBETCTBYIOUIHM PaHOHNDO-
BAHHEM TEPPUTOPHH H COOTBRTCTBYIOUHUMH HadmOAeHHAMH!.

Ha ocHoBe anaiM3a CYULECTBYIOULETO BOJHOIMO pe:uwva, paccmar-
puBasi cosMectHo ypashenust (1), (2) u (3), MOXKHO HAMETHTL Mepo-
NMPUATHA 110 YJAYYIIEHHIO MEJMOPATHBHOIO COCTOSIHMSL M, B UYACTHOCTH,
PEllINTL BONPOC O HEOOXOIUMOCTH JipeHaria.

M3 ypagsennsi (3) BHjHO, YTO MNPH CTAOHJIH3HPOBABILEMCST YPOBHE
FPYHTOBBIX BOJ (B MHOTOJETHEM paspese) yMeHblueHHe g MoxeT ObiTh
JOCTHIHYTO Wi yMmehbielmeM a®y, uan ysequuedHem /,; caegyer
y4ecTb, YTO B BeJMUHMHY g /A5 MPOMbIBAEMBIX 3aCO/ICHHLIX MOYB
BXOJIHT 3HAUHTE/bHAA YACTh NMPOMLIBHEIX HOPM.

! Cnocoli MpPOrHo3a peuMa FPYHTOBMX BOJA OPOIIAEMEIX MacCHBOB ONHCa-
Hu B [23].



BoJbUIHHCTBO BOAHBLIX 0aJlaHCOB HEJPEHUPOBAHHLIX OPOLUIAEMBIX
MACCHEOB, COCTaBJICHHBIX AJA THEeNbIX Me.rmopa'mnnux yc,nosld'l

19, 13, 16, 19, 20, 29, 37, 38], nokaswbipaer, YTO PCLAKIKAMH SJIe-
MenTamu Casanca maccupa spaswotest B+ A w H + T, (umorpa
copocsl — C), a raaBHBIMH 3JeMeHTaMH 0aJiaHca rpyHTOBLIX aon — ad,
W oo g; pasdocts /T — O, KaKk NpaBuio, HeBeJHKa, TAK KaK HMEHHO
cnabast eCTECTBEHHAS JIPEHH[OPAHHOCTL TEPPHTOPHH HBJSETCR NPHYH-
HOM NOJIbEMa MHHEPAJM30BAHHBIX IPYHTOBBIX RO H 3aCOJIEHHA MOYB,

B paCorax [9 u 38] cudtaercsi AOMYCTHMBIM HE Pacy/eHaTb BOJi-
Hblii Gaslanc K PacCMATPHPATL COBMECTHO INOYBEHHLIE H IPYHTOBbIE
BOJbI M H3MEHEHMs! HX CYMMAapHBIX 3amacoB; 3TO He MO3R0JIeT ycTa-
HOBHTL MHTEHCHMBHOCTL NHTAHHSI MOYBB! W3 IPYHTOBBIX BOjl M HaoCopor,
YTO BaXKHO IS OUEHKH HANPABJEHHOCTH NOYBOOOpa30BRaTe/ILHOrO

npouecca.

§ 2. JEMEHTbBI BAJAHCA FPYHTOBBIX BOJ
B YCJIOBUSIX NPEHAXKA

[Tepennmem ypasxenue (3) 8 BHje

H PACCMOTPUM B CTAEJLECCTH SJENEHTH NHTAFPHA M [aCXOJCRaHHs!
IPYHTOBBIX BOJ| B YCJIOBHAX JIPEHH[OBAHHOW CHCTCMbI,
Besanunua 7 voxer o(cskayaTh WIH NOJZENEBIN NIHTCK CO CTO-

poHbl (NOTOK TPYHTOEBIX BOJ) MJIH NOANMTHIEAHHE HANOPEBIMH NOj3CM-
HoMH eojamu. Tlepewit cnyvat He FacCMaTpHPAaeTCsl, TaK KakK NOTOK
FPYHTOEBIX POJ, NCCTYNZKIIKHX CO CTO[OEBI, MOXET (LiTb Nnefexpavues
JIOBYUHMH KaHAJAMH, MNOIfaHHYHBIMK JIPEHaMH K T. J. H €ro jeicTene
OGyaer nokaausopano [1, 44].

Bosiee omacrbiM H CepbesHbIM SBJACTCS NOANMHTHIPAHHE HANOPHLIMH
BOJIaMH CHH3Y u3 Cosiee rayCokuX BOJOHOCHBIX nuactos. Jlais muornx
opowaembix maccueos (losofwas crenb M JIp.) XapakTepHO, YTO TNOJ
tomued B 10—100 & cpapHMTENBEO NIOXO NfOHHUAEMBIX TPYHTOB,
NPEACTABJIEHHLIX TJIHHAMM HJH CYIVIMHKAMH C JIHE3aMH H NPOCJIOHKAMK
NeCKOB M Cymneceil, 3aJjieraeT MOLIHBIH BOJOHOCHBIH MJIACT TaJIeYHHKOB
wan neckoB. HaGmojenusi nOKasblBalOT, YTO HANMOpP B BOAOHOCHOM
NJacTe WM COBNAJZeT C CYIECTBYIOWEH NOBEPXHOCTHIO TIPYHTOBBIX
BOJl, WM HECKOJEKO Bhiie ee. Toraa npH TNOHMKEHWH NOBEPXHOCTH
TPYHTOBBIX EOJl ApeRakeM Ha Beawyuny Ah=1— 2 x offa3yercs
NOCTOSIHHOE BOCXOJSILEE JBHAEHHE H3 BOJIOHOCHOrO I/acTa, HHTEHCHB-
HOCTb KOTOPOrO NMPHOJMSHTEJILHO paBHA

LY
=k —= (8)
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e k— koabdbuunent duavtpauny; 77 — raydusa 3ajieranssi  BOjIO-
HOCHOTO TJIACTA OT IJIOCKOCTH 3aJIOXKEHHsT jIPeH.
Tak, nanpuvep, npuenmas £ =001 w/cymiu, Ah==15 x,

T = 100 &, moayunm ¢, = 0,01. %3=0.000I5 Micymiu, == 55 mmfe00

= 550 aPjea 200 = 0,02 afcex wa 1 eq, T. e. BeAHYHNY JOCTATOYHO
SHAYHTEALHYIO, C KOTOPOit HCOOXOAHMO CYHTATLCS. XOT5 ITOT BOMPOC
TpeGyeT CephesHOoro H3YUeHHs, HO YiKe ceHyac MOMKHO CKasaTh, UTO
B TeX cCJyyaax, Korja lia opouaeMblX MaccHRaX XoTs Obl H BeCh-
Ma rJay0oKo 3ancracT Hanopnbiii  BOJOHOCHBI MJacT, HCOOXOAMMO
MPH OCYILECTBJCHHH JIPCHAMXA
CYMTATLCSI € BEPTHKAJbHBIM
BOCXO 15UV TOKOM  TIO/13eM- l l l ‘ &P
Hoit mojawl. B nocaejume
rogst 8 CCCP [5, 13) n 3a
pyGexov [44] sromy Bol-
POCY YJEJSeTCH  3lAUMTeNb
HOE BHHMVAHHE.

Moazemuntit orrok. Tak
Kax HaMH OTAEJILHO BbIjeJieH 4
Jperakblii 0TTOK [l,, B Ka-

YECTBE [IOI3EMHOr0  OTTOKA  pye, |. Cxema paciera pactekamns
Q pacCMaTpHEACTCA OTTOK (PYHTOBBIX BOJ OT OPONIAEMOro Maccu-
rpy,n‘onb.x BOJ 1O llepmbepuu na n CTOpOH)_' ucopoulae).m;t 3acMean
Opowae.\loro \MACCHBA B CTOPO‘ INpH NoNepTon Tyc;f:::numncucn (bl(,'nr
HY HEOPOUIAEMBIX  3eMeJib. .

Becoma BakHO Takke onpe-

JAeJHTHL OTTOK CO CTOPONLI OpPOLIACMBLIX VUACTKOB BHYTPH MaccHsa B
CTOPOHY MEepenoroB (TaK HA3LIBAEMOE PACTeKaHHe IPYHTOBBIX BOJ).
Ynpoutast siBJeHHE H OTBJIEKAsiCb OT HEYCTAHOBHBILIENOCS! C€TO Xapak-
Tepa, MOXKHO MPELIOKUTL caeiylouyio cxemy (puc. 1).

3jecb NPUHATO, UTO OrpaHHueHHas 110 pasvepaM mjomain F
OPOMIACTCSH TAK, YTO C CMHMILI NJOILA/H NPOHCXOUT IIHTAHHE FPYH-
TOBBIX BOji MHTeHcnsHocThio p. Ilocrynaiouide na nutanue rpynTOBBIX
BOJl MOTEPH OT OPOUICHIsi £ RLI3BIBAIOT MOJBEM MOBCPXHOCTH IPYHTO-
BoIX BOjl. DBaarojlaps sToMy noabeMy MPOHCXOAHT YBCJAHYEHHE HCna-
peHHsi ¢ MOBepPXHOCTH TPYHTOBBIX BOJ B NpejleaxX OpolaeMoH Mio-
UlajM M OTTOK FPYHTOBBIX BOJ B CTOPOHY HEOPOILAEMbIX 3eMedib.

3ameHss OpoIIACMYIO 1JI0NA/lb PABHOBCJHKHM KpPYroM pajgHyca

R=‘l/€—.

npumenM, B coorBercTBuH ¢ [20], 4TO cymMmapHas HHTEHCHBHOCThL pac-
XO/|a rPYHTOBBIX BOJ HA WCMApeHHe M TPaHCNHPAUMIO ¢ 3aBHCHT OT
TJYOMHBI CTOSIHHA FPYHTOBHIX BOA A cJejyiomwuM 00pasoM:
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g = qo(1— A/Ay)". (9)

31ech g, — MaKCHMa/bHasi HHTEHCHBHOCTL Hcnapenust npy A =0
(ycaoBHO wmoOXeT OHITH NPUHATA PaBHOM HCNApsIeMOCTH ¢ BOJIHOM
NOBEPXHOCTH); N — TOKasaTesb CTeNeHH, M3MEeHsIOLuics B rnpejenax
1 <n<3; Ay — Tak HasniBaeMasi KpUTHYeCKast TIJyOHHA 3aJieraHust
nosepxHocTH rpynrtoseix Bop [16, 17, 19, 34, 37 u ap.], npu koto-
POl HAYHHAETCH 3AMETHOE HCNApPEHHE C MX MOBEPXEOCTH

lgA < 4 M.

[To pauumm B. A. Kosaa
A, =170 4 8t° cm,

rae {° — cpeanerosonsas Temneratypa B C°.
Of€rawasnch ¥ cxeme (puc. 1), MOXeM 23anucaThb BbIPAXKEHHE AJIsi
pacxoja pajiHaJibHOrO MOTOKA I'PYHTOBBIX BOJ B BHAE

Q~— 2erkj—lr-' , (10)

rje r — pacCTOsHHE OT UEHTPa OfCILaeMOro Maccuea; 7 — cpeaHas
MOIIHOCTbL NOTOKA FPYHTOEBHIX BOJA (CuWTaeTcst 3uauHTesiHO Couliueil,
YeM NoibeM NOBEePXHOCTH TPYHTOEBIX BOJ); & — K03 (PHUHEHT (HIb-
TpauxH; f — NOABEM NOBEPXHCCTH TPYHTOBHLIX BOJ HA [2CCTOSHHM 7
OT UEHTpPa MacCHBa.

JAna YCTAHOBHEIUEIOCS J{BHXKEHHS! H3MEHEHHE [acxojd pajaualb-

HOTO TOTOKA ‘Z—Q-.qonmuo GbiTh paBHO (B npejielax TJIOWLAH OpPOLUICHHUS)
r

PA3HOCTH WHTEHCHBEOCTH IWTAHMSI H HCNAPeHMs! TIPYHTOBBIX BOJ 277
(p—@q), a npu r > R — HHTCHCHBHOCTH HCnapewun 2wrgq.
Ilpunsis past npocrorsl B Gopmyne (9) nokasareab n =1 u yuu-

THIBas, 4TO h = A, — A, noayuum ¢ =qo£~ :
0

Bosemem or Buipaxenwss (10) npouseopmyio no r, noayumm a7s
0<Lr<R

dQ dhy _ -
&-;——2 Tk( r+ d’) 21rr(p quD)
Mnave 3TO ypasHerHe MOXKHO 3aMHCATb TaK:
L SR L
= - = (h—5) =0, (11)

npu
1* = qo/kTAy b= %Ao-
0

4



[pu R <r < oo B ypaeuenuu (11) cnegyer nonoxurs p =0, b= 0.
Onyckasi pewenme ypasHenusi (11), KOTopoe HaXOAMTCH B (DYHKUMAX
Beccensi, npusejieM HHTEpeCyiOlUlee HAC BbIpAXKEHHe A pacxoja pa-
AHANBHONO MMOTOKA TPYHTOBBIX BOJl, OTTEKAIOUWIEro 3a Mpejeibl Opo-
maemoro maccupa (Qg):

Qr = Qo) (12)

rae Qp = prR?*= pF — cymmapHoe NWTaHHE TPYHTOBBIX BOJ B mpe-
fesiaX OpollaeMOro Maccusa; Kos(xpHiMeHT ¢, MOKA3BRAOUIKI KaKas
N0/t OT CYMMApHOrO NHTAHMsI IPYHTOBBIX BOJl OTTEKAeT 3a npejeJibl
MacCHBa B CTOPOHY HCOPOILAeMBIX 3eMeJib, paBeH

b = 2K, (1R) I, (1R),

rae Ky v I, — nununjipuueckne pyrkumn Broporo K, u nepsoro I,
poja, MHMMOro aprymenTa, nepeporo nopsjika, 3aBHCALIHE MOALKO OT
napamMerpa YR, paBHOro

“On F
R = i‘— = Je -

3necs F — naomanb opowenua B M2 £ — Kos(EHIHERT pHALTpa-
wm B M/cymiu; T — MOUKHOCTb BOJIOKOCHOTO NAacTa B a; A — KpH-
THYeCKAsi FAYOHMHA® TPYHTOBBIX BO] B M, @, — MaKCHMANbHas HHTEH-
CHBHOCTb HCMAPCHHS C NOBCPXHOCTH TPYHTORBIX BOJ B M/CYmMKU.

3uavemnst Kos(puuMenta ¢ B 3aBHCHMOCTH OT napameTtpa YR

NPHUBEJICHB! HHKE.

-ml 0,1 0,2 | 0.3 | 0.4 05 | 06 | 0.8

¥ | 0,987 0,960 l 0.927 I 0,891 | 0,854 | 0,818 | 0,746

R | 10 | 15 | 20 | 30 | 40 5.0

0,445 0,318 l 0,244 | 0,197

0,680 I 0,545

Mpumegaune INprn YR > 5 g0cTaTouno TouHo 4«-?:.{..

JTpumzp. OnpeaesuTth Noj3eMHblit OTTOK C OPOIIAGMBbIX 3eMeJb
B CTOpOHY HeopollaemblX AJisi MacCHEOB mnJowansio F = 200 2a u
F, = 800 za, npu CACAYIOUIHX JaHHBIX:
k=2 mjcymxu; qo="5 mm/cymxu; T =50 a; A, =3 .
45



Tlo dopmyae (12) naxopanm
ans Fy =200 2a

YR=13,26 u $=0,30,
nas F, = 800 ea;

1
=6, = —=0,15.
tR=652 n ¢ R

Orciofia BHMM, YTO JIJist MepBoro HeGOJLINON0 MacCHBA MNOJ3EMHBbIH
orToK cocrasasier 30°, or noreps npu opomexwH (Q,), a AAs BTO-
poro Maccupa, MpeBLILAIOIIEr0 nepeniit B 4 pasa, OTTOK COCTaBJisieT
15%/, or BeanyuHbl Qg €CJM CUHTaTh, YTO NOTEPH BOABI NpH Opoe-
HMH NPONOPLHONABHE! T1/I0MLA1H OPOLLIEHHs, TO abCOMOTHOE 3Havelme

Puc. 2. Cxema pacrekanus Gyrpa TpyHTOBBIX
BOA

TIO3EMHOrO OTTOKA BO BTOPOM CJiydyae YBeJHUYHTCH B 2 pasa no
CPaBHEHHIO C MEpPBHIM, XOTH OTHOCHTE/bHASI €ro J0As COKpaTHJACh
BJIBOE.

CyuiecTBeHHbIH HHTEpeC NpeACTaBJseT olpejesieHHe IOA3eMHOro
OTTOKA B CTOPOHY HEOPOLIAEMbIX 3€MeJlb, BO3HHKAIOUIErO BCJEJCTBHE
TAaK HA3bLIBAEGMOro pacrekanust Oyrpa FPYHTOBHIX BOJ.

Ecau na opowaemoii naoutaju, umerouieit GopMmy BHITAHYTOH 10-
Jockl mmpuroit 2 (puc. 2), npon3omes MOABEM IOBEPXHOCTH TI'pYH-
TOBBIX BOj{ B pe3y/bTaTe NOJHBOB HAa Besuuuny H,, a sateMm NOJHBEL
(Hanpumep, NPOMbIBHEIE) NPEKPATHJHCH, TO TPYHTOSBIE BOABI HAYHYT
«pPacTEeKATLCSH» B CTOPOHY HEOPOLUAEMBbIX 3eMe.Ib, fIpHIeM MoBepxXHOCThL
MX 1O/l OpOIUAeMbIMH 3eM.JsMK GyjeT OnycKaTsCsl, KaK 3TO MNOKa3aHo
Ha puc. 2 nynktupom. [an takux yeqopwit I1. f. TlosnyGapunosa-
Kounsa [31] Hamna Bulpakenue AJst Hanopa h B BHJje

enipleE) o
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rae X =x/l; — oTHoCHTe/AbHOE BpeMs, pasHoe [ = {/z; { — Bpems
OT Hauwana pacTekauus;; © — Bpems craGummzaunu [4, 20]; «© = 8[%/RT;
8 — xoapunment eojcotpaun; ® — dpyukuus Kpamna.

Jlas onycKaHHsi MOBEPXHOCTH TPYHTOBLIX BOJ B LCHTPE MACCHBA
(x = 0) noayuum BblpaKeHHe

1
— y = | — q) s r— 3 |4
Ah=Hyp, o= (21/‘_) (14)
Ilepeotayabhbiit 00beM Oyrpa rpyHTOBEIX BOJA paBeH
W, = 2ILH,,

rae L — pimna OPOLIaeMoro yyacTKa.

OGbem rpyHTOBBIX BOjl, BHITEKAIOUMX 3a NpEjesnl yyacTKa 3a
Bpems {, MOXHO OlpejlesMTs 1o Qopmy.ae

ox Xwml

W¢= 2fo-ldt; Qx=t =KkTL (%)

Hajizem suavenwe (a—h) H3 ¢dopmyant (13) u, npoussoasn uu-
el

dx
TErPpHPOBAHHE, 1MOJYYHM

W,=Wy1p 1=1 —@(%)-{—“/g(l—e?_).

Ha dopymyast (14) BHAuM, 4TO ONMyCKaHME MOBEPXHOCTH IPYHTOBLIX
BOA Ah paBHO HavasbHOH BhicoTe Gyrpa H, YMHOMEHHON Ha KO3)-
PrinienT o, 3aBHCANMH TOMLKO OT oTHOCHTEALHOMO Bpemenn {. [To dop-
myse (15) ofbem noi3evHOro OTTOKA 3a npejesibl  OPOLIACMON IO
WA/ pasex HauaumHOMYy O5bemy Wi, YMHOMKEHHOMY Ha KO3DdHumenT ¥,
3ABHCAUMA TAKKE OT OTHOCHTEJILHOTO BpeMeHd f.

Haxke npusoiatea 3:uaueins K03 pPAUMCHTOB 9 M ¢ B 3aBHCHMOCTH
OT OTHOCHTEJILHONO BPEMEHH.

(15)

T | o 04 | 02 03 [ o0s | o3 06 | o7 | o8

@ {0,000]0,025 0,114 0,197 | 0,262 | 0,317 0,360 | 0,397 | 0,428

Y {0,000 | 0,178 (0,253 | 0,308 | 0,353 | 0,391 | 0,422 | 0,450 | 0,474

T | oo 0 | 15 2.0 2.5 3.0 3.5 4.0 P

9 | 0,455 ( 0,480 | 0,553 | 0,617 | 0.654 683 | 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
2 C. ®. Asepusinon



ﬂaHHble IIOKA3BIEAIOT, 4UTO najcHHe TNOBEPXHOCTH IPYHTOERIX EOJA
NPOHCXOIHT CHAuaJa MeAJIeHHO, 3aTeM ObiCTpee H CHOBa Mel1JIeHHO.
OTTOK oOnepexaer rnajleHHe TOPHSOMTCB M HanCoJiee HHTEICHBEN B
Hayane ABH/KEHHS,

Il pumep. Onpepenuts OTTOK B CTOPOHY RBCJEACTBHE [aCTEKaHHA
Gyrpa TrpyHTOBBIX BOJ B YCJOBHAX INOMBIEOK YacTH OfCLIaeMBIX
3eMesb IPH CJEAVIOIHX JIaHHBIX: LUMPHHZ TOJIOCHI NOMBIBAeMbIX
semesib 2/ = 400 M; TPYHTOEBIC PBOABI CTOAT AO NPOMBIEKH Ha [JIy-
Cure 3 a; ceoCojras nopossccts 6 = 0,15; xoaduuuent duavrpa-
wH k=1 Mm/cymKu; wmouocTb BojonocHoro nyacta T =20 m;
npomuisas kopma 4000 u3/2a, ua xoropoit /1 = 3000 m*/za uper nHa
NMTaHHe TPYHTOBHIX BOJL.

1. [loabem NOBEpXHOCTH FPYHTOBLIX BOJ Cpasy MOCJE MNPOMBIBKK

n 3000
H=—=—————=20
L 10000-0, 15
2. Bpemst crabuau3auun
ar  0.,15-200°
1= —=—— =300 cyrok.
kT 1.20 o

3. OnpenesnM najieHHe MOBEPXHOCTH TPYHTOBBIX BOJ M MOJ3eM-
HEI OTTOK uepe3 1, 2, 3 Mecsila nocJje OKOHuUaHWsl NPOMbIBKH, AJA

Yero Mo M3BECTHBIM 3HAYEHHAM f = [/ HAXO;M, TOABL3YsCL Tabumued,
@, 1 n abcomornse Bemumisl As u W, no dopvysav (14) u (15)

[opH3oHTH Orrox
[ A s
cyTEM t . Akrde . W,_
' xaka
30 0,10 0,025 0,05 0,178 534
60 0,2 | 0,114 0,23 0,253 799
90 0,30 0,197 0,39 0,308 924

BujHo, uTo a5 YCJOBHIT mpHMepa BCJEICTBHE racTekanksi Oyrpa
FPYHTOBLIX BO/l 3a TpPH MecCsia rnochie IPOMBLIBKH ofbeM OTTOKa B
CTOPOHY HENpOMLITHIX 3eMeJb cocTaBua 31°/; HauaJLHOro nUTaHuUs
TPYHTOELIX BOJ.

Orserim, uto ecam Obl mpovbiBaeMas nojoca Oblia BAEOE yiKe
(27 = 200 ), TO mpu Tex ke YCJOBHAX YAeJbHbI OTTOK ¢ 1 2a 3a
TPH Mecsiua cocTaBu Obl 549 HauaabHOro obbema Oyrpa rpyHTOBBIX
BOJL.

Hssioxernbie npub/KeHtble cnocolbl NO3EOJSIOT OLEHUTh BEJH-
YHHY 1OA3eMHOrO OTTOKa O B CTOPOHY HEOpOLIaeMbiX 3eMe/b H, B
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YaCTHOCTH, OLUEHHTL POJIb KOPPHUUHEHTA 3eMEJIbHOrO MHCIOJLIORAHHS
(k. 3. n.) B Casakce rpyHTOPbLIX BOJ.

lMuTanue rpyHTOBLIX BOJ 3a cYeT (PHALTPAUHH M3 KaHAJOB.
Moxuo sanmucarhb

ady = o, @' - a, 0" 4 ;0" (16)

rae O, ®” u O — (uabTrauKOHHBIE TIOTEPH CCOTBETCTBEHHO M3
CHCTEM MArHCTPa/bHBIX, MEKXO3AMCTBEHHLIX M BHYTPHXO3AHCTBEHHBIX

‘.’/
Kawan T? A F—
N— 4
=i
| : ‘

\t
|

Pue. 3. Cxema noaneprtoit guabtpauun u3
Kanana, koraa QuALTPAUHOMHBE pacxol
NONHOCTLIO H1ET HAa KCnapeHwe ¢ nosepx-
HOCTH TFPYHTOBBIX BOA H TPaHCMUPaUHIO
PACTeHHAMN HAH APEBECHHIMH NOPOAaMMN

KaHasloB, @;, Os &3— JIOJK OT (HILTPALHOHHBIX TIOTEPb, HAYILHE
HENCCPE/ICTBENHO HA NHWTAHHE TPYHTOEBIX EOJ B 30He JeCTEHS jpe-
Haxa

Ias pacyera jiperaka, CeTh KOTO[OrO TCK[BIEAET ECIO NJIOMAAb
OPCLLEHHsI, NfeXKjle ECro HEOCXOJMNO YUHTLIEATL EBeJHuHHY a,®",
T. €. QUALTPAUMIO M3 KaraJOR, [2CNOJOXKENULbIX HA TOi 7Ke NJOajH,
9T0 W apenax. [lorepn a,P” u ocoCenro x;9’ caejiyer yuHThIBaTH
YaCTHYHO M NPH H3BECTHBLIX VCLorusiX. Ecam B Cesjiperaxubix yeao-
BHAX (MALTPAUMS M3 K[YNEBIX KaHAsOB pach[OCT['@HSETCs! Ha 3HAYH-
TeJAbHBIE PacCTOfHHs, ccolenno npH GAHSKOM 3a/(raiMi MeXnJjacro-
BOro ropusonta [16, 19, 20]), MoxuO npeanosarath, 4TO npH naJB-
YHH JIpEHAXKa TOABEM TPYHTOBHIX LOjJ OyACT YCTpauATLCs OJmKaii-
IIHMH K KaHaJly jIpenamu, €C/JHM MQCJAEiHHE NpOXOANT NapaiJesbHo
KaHany (racuer OeperopmiX apes [1], [44]), nam pacnpocTpausTics 0
G/DKaRero KOJIJIEKTOPa, eCAN JpeHbl NpOJIOKEeHbl NepreH;iHKy AspHO
Kaxaay. Bo BTOpOM cuyyae AJst mepexeaTta YacTH (GH/ILTPAUMOHHBIX
BOJL MOXXHO INPEJYCMOTPETL OTCEUHYIO [IPEHY, PaCMONOMEHHYIO He
CJMILKOM - GNH3KO K Kahasy, WAK MCIOJNL30BaTh JJIS 3TOrO JIECHYIO
noJAoCy.
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dan onpepesenust Joan | -- 2y duavTpaumonnsx  noreps, nepex-
BATHIBAEMBIX JCCHON  noJocoit umpmioll 27 (pue. 3) 8 ycJosusx

SONNEPTOH  HALTpaUMK, KOrja TPVHTOBbIE BO;BI PACXO1YHOTCH
TOJILKO HA Henapeiile u Tpancnupaumo |20], MOKiO 1anueaTs caeaylo-
H[Ee BhIPaXKEHHe J1JsT pacXo;1a NOTOKA IPYETOBHIN BOJ HA PACCTOSHHH
X OT KaHana:

Ldy
(). = —RkRT —.
J" dx

[IpissB 3aBUCHMOCTL MITCHCHBICCTH HCNAPEHs OT rAVOMHB TPyH-
ToBbIX EOL A no dopmyae (9), npu # =1 noJayuns

AN g
geega(1—g =

rie A=Ay —y, y, T —ocn. puc. 3. Ho wusmenenre pacxopza 1o
JJMHE N0 YCJAOBHSIM 3aJja4yH PABHO MUTEHCHBHOCTH HCNApeHws, OTYero

Q _ e

=—gL 1
dx dx® o Ay’ (7

Pewas (17) Ans yCnOBHH CXeMbl DHC. 3, NOAYYMM ypasHeHHe
[MOBCPXHOCTH FPYHTOBBIX BOA:

y=8e~"" A=K, (18)
L]

rjle @ — OCHOBaHHE HATYPAJIbHBIX JIOrapr(pMOB.
Pacxop noToka TpPYHTOBBIX BOJI Ha PAacCTOfHHH X OT Kadaja
oyaer

Q== — AT (:_!.’) = VETByg,e~ V2. (19)
X
B uacTHOCTH, (HJILTPAUMOHHBIE Pacxo;l M3 KaHana (B cobe CTOpOb)

Hoas pacxoja, NOCTYNAIOULETO 33 Npeienbl Nosiocsl WMPHHOH 27,
panua:
a, = %__Q! =5 e—(].l/VkrAﬂ.. (21')
r
a 4acTb (DHALTPAUMOHHOrO pPacXOid, HCMO/b3yemasi JECHOA [OJIOCOH,
pamla l—-a;.
20



[Tpumep. Onpepesnth, Kakyl0 4acTb GUILTPALMOHHLIX 1OTEPL
HCNOJL3YET JIeCHas! 11050CA NPH CJACAYIOUWHX JaHHBIX:

20=280 m; k=05 s'cymxu; T =10 m; Ay==3,0
go = 10 am/cymsu.
Haxoaum suayenue

! 0.01-40
Vird.g, V/0.5-10-3-0.01

Bocnoataopaewmeh  gopmyaoit (21) u tabaMuamn AAH  SHAVEHHi

e, naxoaum ay=e """ —=0357. Cuaejorateanio, okono 649,

PrALTaURONHOrO pacxoaa Oy, (eT HCHOALIoRANO JSCHON  1HOJOCOoH, W
oxkono 36%, npoilier B CTO[OHY nOJCH.

Ha6mocuns, nyosejenine 8 necaeanne rois v CCCP, nokasa-
JH, YTO NpH (pmaLTpainm 13 apeserrux of ocnreaeii 30— \)(J"/,J norepn
BOJIbI [ACXOJIYETCsi [aCTEeHMsIMI C [I0JIL 20H; NGITOMY jLiIAl BCEH BHYTPH-
XO35ICTBEHLON COTH MOKIO NEHCAIKEHEO npHHaTL 23 = 0,85. Tak
Kak KO3(DGHUMEHT 1OJE3L0r0 JeiCTRHA CHCTENB % = T%e%s, FAC
HHjleken 1, 2, 3 OTHOCHTCSI K MAruCTPAJLILM, MEAKXONNCTRCHHBIM
H BHYTPHXO3SHCTEBEHHBLIM KAAJaM, TO MOAEO HAMICHTL:

dlq" - a,B(l s "h);
2,0 = 2,87, (1 — 7,);

230" = ayBuma (1 ),

rae B — Bojlo3acop.
Ilpueuvas, uTo opocuTeaLEAs HOpMa (nerro) pasna O, = By,
CKMajbieas auaucunst o', e, u ay ™, neayuum

al = O"_v‘T (21 (1 — %) = &amn (1 — %2) + oamma (1 — wg)). (22)

Oueenano, pesmiumia 2 MoxkeT CbiTh CYUWCTBEHHO VMCHbUICHA
npuMeHeneM  IPOTHRODHIALTPAHOHIBIX  Mep  (yBesntiende 7, )
YCTPOHCTBOM OTCEYHLIX JIPEH Il JCCULIX  [OJ0C (VMCHLIICHIC &), &.)
H JYUWHM HCHOJE30BAINEM (HALTPAIM M3 BpeMelNLIX  OpocHTese i
APYFHX MasbiX KaHasoB (VMentiuende ag).

Jasn 1eo0/HUOBAHELIX  KAHAJIOB HPHHHMACM  [PHOMIDKCHHO %, -
= 0,75 -0,85; 7, = 0,80 —0,£0; w;=0,85 -0,95, 2, =0,2 —-0,3;
ay = 0,3—0,5; 23=0,80 —0,90.

Torza nopsjiok Beamuans (npuoausuressio) ad = (0,25 0,50) Op,
9TO npH obbiuHolt Ass yenosuit Cpeareit Asnn Hopme Op = 7000 &% 2a
JIReT MOAYJb NMHTaHHA IPYHTOBBLIX BOJA B YCJIOBHAX JpeHaxa 33 cuer
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duabTpalK 13 KaHaaon ¢g = 0,08 — 0,16 a/cex na 1 ea B. Teuenue
9 meciues (6—7 Mecaues MOJHBHOrO K 2—3 MecsiUa [POMbIBHOIO
NepHoJIoB) .

lMuraHue rPpyHTOBBLIX BOJ IPH NMOAWBAX H NPOMBIBKAX H NOj-
NUTHIBAHHE TPYHTOBLIMK ROAAMH mouswl. [lumanue epysmossix
600 NpU 622eMEUOHHLIX NOAUBAX —- g (HEMOCPEACTBEHHO HA IOJIsIX)
(pH crocoSe NMosHea no  GOpo3jaM H TJAYOOKOM CTOSHHH TPYHTOBBIX
BOJ MOJKNO TPAKTHYECKH HCKMo4HTH [19], Tak Kak npoasuiKehne BJja-
M BHU3 110CJIE BEreTalHOHHOTO HE NPeyBeJHUEHHOro 10JHBA B OTHO-
CHTEJILHO CYXOil MOuRe NPOHCXOAMT MCAJEHHO, uacTL e2 HAeT
HA YBJAXHCHHE NMOYBLI M OHA  YCHEBACT «IDAXBATHIBATLCA» BOCXO-
JAWHMH TpajienTaMil  [JaBJedilst, BbLI3BANNSIMA  (POCLIXaHWeM Bepx-
HHX TOPM3OHTOB MOYMBBI M TPAHCIHPALMEH CEJABCKOXO3AHCTBEHHBIX
KYJILTVYD.)

[Mpn Gm3kOM 3aseraduy NOBEPXHOCTH FPYHTOBBIX BOJl MOJMBHAS
BOjJla HapyiuaeT pasiosecHe (GoJ1ee MM Melee CTAUHOHAPHBIT PEKHM)
B Kanuamap:aoit 3oHe. [Ipouexour «kamnanpastd cSpoc» [22], T. e.
CPABHHTENLIO OBICTPOe  BbITECHEHHE MNOJMBHON BOJAOH BJATH «Kanusi-
JSIPHOIT Kaiivsl». [1osToMy vacTe Haxoiusuieiicsi B 3TOH 30He BJAard
fIOCTYIIAeT B IPYHTOBbIE BOjABLL. OTMeTHn, uTO B TPYHTOBBIE BO/bI
BuITECHsCTCH C(OPUMHPIBABILANCS «KaNMAIPHAsl KaiimMay, o0pasoBaHHas
3aCONEHHBIVIT  PACTBOPAMH, €CAH  TPYITOBLIE BOIb!  MHHEPAH30BAHbI
(o we nomAsiAs BOA, KOTOpad, KiK NPaBHId, npecian). rd nNpUso-
JUT K cBo200pasHoil npompinke moun. [locae okoiuauds MoJadBa H
YBJAAXKHEHHsI I0YBLE TPIHCMPAILT PACTEIMA M HCnapeiye ¢ nopepx-
HOCTH [IOYUBLI CO34AI0T TOK BOMAK B oépamom BOCXO[51EeM  HanpaBJie-
(MM, MpUYeM Mpd BBICOKHX IPYATIBBIX BIJIAX OHM TaKKe HCIOJIL3YIOT-
ca B 3ToM npouecce. [IpH coBpevenHoM YypoBHe 3HauMii B 3TOH
0o0JaCTH JaTh TEOPHIO 3TOrd mnpollecca 3aTpyiAHHTeNbHO. Tlpusesem
IS MAJNOCTPAIMH H TPYOOil KOMMYSCTBEHHO!  OUeliKi HekoTopsie (ak-
THIECKIIe Jlanble.

fTocnyna2du? OpICUTENILHOA BOJb!I B TPYATOBYIO 34 BCreTaldon-
HBIH NepHO/L 1PH Pas/MHOi  TAYSHe 3a/erandsi TPYHTOBBIX BOJI, MO
jJannbiM B. M. Jlerocraeea [17], Oblii0 caejayiouiee.

[ayOuna rpynToBulX BOA, M . « o - - 0,8 1,0 2,0
MMocrynazuie opocuTeabucit BOIH

B TPYHTOBY® BOAY, M/je@. . . . . 703 320 8
MNpouent or opocute.abrsx Heps . . . . 12,0 5,0 0,14

Onsttel  Nporouauch i3 PeIUCHKOBCKOH ONBITHON  CTaHUHH
B JM3HUMETpax;  KYJbTypa — JlOlepHa;  OpPOCHTeJbiiass  HOpMa
5865 wt/ca.

Pacxo0 nosMBHOH W TPYUTOROH BOALI Pa3/IHUHBIMH  KYJbTYPaMH
NpH pasauyHoOil rayOHHe IPYHTOBBIX BOA, 110 jauubiM B. M. Jlerocraesa
[17), npuBejcHnl B Tabauue Ha ctp. 23
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FayGuna rPpyRTORHX BOA, Hapacxoanmano nojin, %

M noaeRot l TPYRTOBON | 0CaKH

Byxapckas OnuTHAN CTAHUHSA, NWUEPHA

1 69.0 26,3 4,7
2 81,0 13,8 5,2
3 09.5 - 0.5
MaxTa-ApaancKam ONBITHAA CTAHNNSA, XAOHUATHHK
1 30,7 69,3 —
2 62,8 37,2 —_
3 80 0 2.0 -
‘lapnmoycxaa ONLITHAA CTAHUHKA, XJOHNYEATHHK
1 38.5 61.5 =
2 89.8 10,2 —
3 91,5 8.5 -

B paGore [38] npusenenst janneie M. B. DBapanosckoro no pac-
XOJIOBaHKIO FPYHTOBLIX BOJ Ha TPAHCMHPAUMIO H MChapeHue Aas jpe-
gupopaniiol naowaas (Myranckan onbiThas ctanuus, AsepOaiilian),
3aHATOH XJIONYATHUKOM, JlOlepHOi, sumedeM. Tak manpuMep, aas
MoJisl, 3aHSITOTO 110;{ XJONUATHIKOM, NOAYYEHE! CACIVIONHE BEJHIMibI
pacxojiosaius FPYHTOBbIX BOJ ¢ (B a®/ea ¢ cymxu) no MecsaM (oM.
puc. 4 |38)):

Anpenas Man Yhons Hwoas Asrycer Cearabpn OxTalpy

2—4 §—17 7—12 12-32 3234 347 T—4

Ha pue. 4 npusejien rpadgux M. A. [ynapoea [38), usoGraxa-
IOUHI SABHCHMOCTh PACXOJIOBAHHS TPYHTOBBIX BOJ Ha TPAHCMHPAUHIO
| ucnapende (g M%/2a @ cymKu) OT KaJCHAAPHLIX CPOKOB M OT Tay-
OHHBI CTOSIHHS 1IOBEPXHOCTH TPYHTOBLIX 2oL (f/a1).

Jlaunbie NMOKa3bIBAIOT, WTO 10CJe YCTPOiCTBA JpeHaxka, T. €. MpH
ONyCKaHHH MOBCPXHOCTH TPYHTOBBIX BOJ HA KPHTHUECKYIO TAYOMHY
(2—3 M), no-BuMMOMY, JIONOJHHTE/bHOE MiITAHIE TPYHTOBBIX BOJ NpH
BEreTaUHOHHBIX NOJMBAX YUHTHIBATH HE CJEJ{VeT; BO3MOXKHO, O/HAaKo,
HCMOJIL30ORAHKE CeAECKOXOBANCTBEHHLIMIL KYALTYPAMH TPYHTOBBIX BOJ
B JI0BOJLHO Coseiunx KogmvecTeax (10—30°; ot BojgonoTpednznus),
4TO NPH ONpecHeHHH BEepXHEero CJA0s IpynToBbiX BOjJ OV/CT 10Je3HbIM,
TaK KaK MO3BOJINT CHH3WTh OPOCHTE/ILHLIE HOPMbl M YJYMILHTD NOYBO-
ofpa3oBaTetHbli npouecc.

llumanuz epynmocsix €00 NP NPOMBIBK? BACONCHHLIX 11048,
Leasio NPOMBIBOK SBJASETCA YAAJACHHE M3 1OUBHI BPEAHBIX AJS CeJb-
CKOXO3fIMCTBEHHLIX KYJLTYP PAacTBOPHMBIX COJieHl, NyTeM PacTBOPeHHs
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H BBITECHEHWSI MX B HHXKEJCXKALHe TPYHTbl NpoMbIBHOH Bojoil. K co-
KAJICHHIO, 3aKOHOMEDHOCTH PACTBOPEHHA COJIeH B IOYEe H JIHHAMMKA
3TOro Hpouecca B HACTOsEe Bpemsl eme HEIOCTATOYHO BbISICHEHH!,
MOITOMY B NPOH3BOJCTBE MOJB3YIOTCS JAHHBIMH OMLITHBIX TPOMBIBOK
H_HeKOTOphiMH ofunvn coobpaxkennsii. Ha ocopawmn paGot (9, 14,
16, 17, 19, 25, 30, 32, 34, 38] u Apyrux B 00JaCTH NPOMBLIBOK 3a-
COJICHHLIX [IOMB MOMKHO Cle/1aTh CJEAYIOUIHE BBIBOjbI OTHOCHTEJLHO

NHTaHHSI IPYHTOBBIX BOJ B YCJOBHSIX Jpenaja.
1. [as ycroitunporo onpecuenisi pepxuux (1-—2 4) TropH3OHTOB
nousbl B YCJOBHHAX CPEEr0 H CHALHOTO 3aCOJENHA HYKEBl 3HAYH-
TeJbHbIe KOJHYECTBA IPOMBIBLOI BO-

9 Aot nopsaka 10000—-15000 aica.
30N\ Takne konmyecrsa He moryt CbiTh
28 :\\ NPHIATLL NOYBOI, BBHJY OTpaHHYEH-
261NN\ HOCTH eMKOCTH CBODOJIHON NOPO3HO-
g'é\ ¥R CTH NPH BLICOKOM CTOsHIIHH IPYHTOEDIX
pir) Q \ BOjl H HE MOI'YT CbiTh OTEE/leHbl 34
780 23 Mecsua (MepHOA NPOMLIBOK)
Py IEAN Jaxe npu HHTCHCHBHOM JIPEEHpo-
% \\3\% BAHMH,

12 NN 2. B cBAI3H € STHM NPaKTHKYETCSL
0 §\ NOCTENEHHOE PACCONEHHE BEPXHHX
8 N\ TOPHZOHTOB NOYBO-TPYHTOB B Teve-
6 A HHEe psfia Jaet ¢ pasCuexoit ofuled
4 NPOMBIBEOI HOPMBI Had Pl Ce30H-
2 l HBbIX HOPM. :

005 70 75 20 25 30 # 3. PBesvunHa Ce30HHOH HCPMDI,

C OJHCH CTOPOHBI, ON[elesieTCs
Puc. 4. Pacxoa rpystopnx cpoCOjiHOH  €MKOCTEI0 TpPYHTA OF

350 scapons LTI exorucro yiom TPYITOMAY 01
¥ NS ) "

B CYTKU) B 3ABHCHMOCTR OT 70 JIONYCTHMCIO YEOBHSI K KOHIY
KaJCHAApPHBIX CPOKOB 1 TAy- nposbiekn (0,51 M oT norepx-
GHHB CTOSHNS [PYHTOBHIX BOA HOCTH 3eMJH) H IOHIDKEHEEM 3TOro

YPOBHS K Hauaay CefibCKOXO3siii-

H, » (no W. A, Jlyaapoey
D ¢TBeHRBIX paCor Ha ray6nny 1,3—

[33

l—c 15VII no 10IX: 2=¢

LVIL ;o 15VI1 w ¢ 10.1X no 1,8 M, H K Havany BererauHoHHO-
WIX; 3—c¢ VI LVI NLIN . > r ’.
e e TN o IV e o nepHoja na eKpUTHUeCKYIO Ty
X mo 5X; 5—c 15V no L.VI m Onny» A, M (obbiutio 2 —3 a). C
T8/ C20X aa (AT 7 ¢ LIV APYrOii CTOPOMbI, CC3OHiasi HOPMa
no LV JOJKHA PacTBOPHTL COJIH H BbITEC-

HUTb HX, JIIS YEro CUMT4eTCsi, YTO OHA JIOJIKHA COCTOATL H3 «PaCTBO-
PRIOLIEH» HACTH, PABIOIl HEAOCTATKY HACHILEHs JIO «lIpeileblion Baa-
FOEMKOCTHY, K «TRAHCTIOPTHPY IOLIEH» YACTH, [ABHOM NPeeaLHOH BAaroeM-
KOCTH AJIsi PACYETHOTO cJiost (ofbvHo 1 ).

MoxHO cuuTaTh, YTO HA NHTaHHE TPYHTOBBIX BOJ HAET «TPAHC-
MOPTHPYIOULAs? YaCTh CE30HHOH HOPMBI, H3MEHSIOLAACH NpHOIH3HTEIL-
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go ot 2200 wm¥/ea past sierkux mous jo 3500 mP/ea pas TEKENBAX
nous. OAHAKO MO npejlebHOMY NOABEMY IPYHTOBBIX BOJ TpaKCOop-
THPYIO:L@f YaCTb CE30HHOE HOPMBI NPH  CIMHOFPEMEHHOH ee nojaye
M OTCYTCTBHM [10)3EMHOIO OTTOKA, MO-BHIHMOMY, HE JIOJDKHA Nperbi-
watb 1500 — 2200 m?/ca. [eiicTBuTenLno, CunTas, uto B pe3yJsTate
APEHHPOB2HAs IPYHTOPLIC BO;L! K HAYANY NPOMBIZKH CTOAT HA Taylu-
He 2,5 u M fonyckas WX noaneM Ha 2 4, T. €. Ha 0,5 M oT nosepx-
HOCTH 3€MJIH, NOJAYYHM IIpejefibHoe NONOJIReHHE rpymoaux BOJ{

AW =3Ay, (23)

rjie & — cBOGO/(HAs! NMOPOSHOCTL JJIS CEe{HEro NOJOXKE: s TOBEPXHOCTH
+ .
TPYHTOBBIX BO{ Yep = ottt

FPYHTOBBIX BOJ.

Bemiunna ¢ 1npH Yop < H, (Hg— MakcHManbHast BHICOTA Kanuu-
JSAPHOTO [0 HATHS) MOAKeT CuiTh onpeienera no ¢opmyae [20)

i AY = iy — Y, — NOJABEM TIOBEPXHOCTH

~ / yc! Wa\2 l
0 == Wy { | 1 | (‘-'l) -‘J v (24)
rie w; U W, — NOJHAsI H MUHHMAJILHAS BIAPOEMKOCTH, W'y ==mM — Pp;
M — CKBAMKHCCTh; )y — OGLEM 32XKATCrO BO3IYXA 12 YpOBHE rPyH-
TOBBIX BOA (&, Wo Py M, & CepyT B joasx obbema IpylTda).
Jns  THMMuEBIX  YCAOBMI - TAXKeEJBIX  cyramukos:  m == 0,55;
po = 0,05, w, — 050 w,=0,30; Hy=3 s Toria no c¢opuyse
24), ecan

s
ycp__z_-‘-(i__ls_“,

b= 0301~ /1= 51— (5} = 009

H KOJHYECTBO H3IMEHEHHs 3dnacos IpyuTOELX k0L no (23)
AW =0,09.2 = 0,18 s = 1800 x3/ea.

AHanordguble pacueTsl s APYLUX THOMYHLIX 3rauewstt uadsec-
KHX CBOHCTB TPYHTOB M HAOJO\eHHSI [I0KashiBaioT, MTO Crofoguas
NOPOSHOCTE CECPX NOJICEOH BJIEFCENKCCTH (M3 9THX YCJIOBHIT onpejle-
JieHa TPAUCMHOPTHPYIOIAA HacTh llpO\!blBhOH HOPMBI) B Kanu/aspHOM
aone Maza u cocragaser 0,05 (0,15 or oGnema noupbl.

I. W. linannd npueo; T 3aBHCHMOCTL KOSYNPHLHEHTa BOJ0OTIAYH
OT npoHMiaeMocTH nouso-rpykros (puc. 6 [38]), u3 Koropoit noay-
YAIOTCSl CJAEAYIONME COOTHOLIEHMS,

Kosbdmuwonr puavrpaunn &, sfeymeee . . 1 2 4 6 8 10 12
Kos¢duunenr sopcotaasn 8. , . . . . 0,03 0,05 0,07 0,09 0,41 0,12 0,43
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AuasiorHutible BeNMUHHBLI, HO B (DOPMC CYMMAPHBIX 3411aCOB BOJbI
B NOYBE M TPYHTOBBIX BOjax (W) B uETHIPEXMETPOBOIl TOMLUE [104BO-

rPyHTa B M%/c@, B 3aBHCHMOCTH OT TJyOHHb! CTOsIHHSI TMOBEPXHOCTH
rpysTosubix BoA () npusoaur A. [1. Basuaos [9); 3TH jlanmbie npej-

CTaBJelbl Ha pHC. .
Cxa3zaHHoe Mo3BOJIIeT CUHTATh, YTO MO yCJOBHAM €MKOCTH rpyura
BbILLEC YpODBHH FPYHTOBLIX EOJ, BeJIH'IHHA [NTAHHA TPYHTOBBLIX BOJ,

NP NPOMBIBKAX, T. €. TPAHCHOPTHPYIO.LA5 4YacTb NPOMBIBHOH HOPMbI,
o5byiio He MoxeT ObiTh Gosee 2000 at'/ca. Ecnn K 3TOH  «rpancnop-

/
i /
y |/
z',a

2 JQ
s L1
/ / {
AW AR
3.2 . 7 ] =7 |
36 -
40 / J

“ 15 T 15 16 17 18 19 20 Wi

h

Puc. 5. Coacpxanue naary (W) B uernpexmer-
pomoM caoe nousorpyita B (m3ea) B 3amnck-
MUCTH OT rayGnunt (I, &) 3a3CTaHns rpynToBbX

BOX:

! — Foaoauan crenn: 2 — pmacone AMY-Slaptat

THpYIonLedts uacTi npubamirn «pactropaionyios yasty 1 500— 1000 u3 2a,
TO NOJIYYHM 3HAYCHHI CE204HCA HOpMbl B 2000 —3000 wm*/ea, wro,
KaK Npasiio, H PeKOMEH1YyeTCs!.

4. TMpoublBKH PCKOMRHYETCS  POBOIAHTL  BO3MOKHO  palblie
(OCeHbIO), AaxkKe MO PaCTyUeMy XJOIMATHHKY, C TeM, HTODBl IpyHTO-
BblE BOJL! 32 AJMTE/IbibIT MepephiB JI9 1iauasa BECeHHHX CeJLCKOXO-
agilcTBeHHBIX paCoT YCIC/M ONYCTHTLCH HA HYKUYIO TAyOuHY. YuM-
TBLIBASI 3TO, MOMKHO PACCUNTLIBATL, YTO DPOMBIBKH npogasatcs 2-—3 me-
cAua u oxonuartca (1as yesosuii Cpeuueit Asin) okoso 1 smieaps.
B TeucHne Tpex 3uMMHHX Mecsluen cHcTeéMmbl OYAVT 3aKpbIThl, BPEAHOro
MHTAHHSl TPYHTOBBIX BOJ He OyjleT, HHTEpechl BO;OCHAOKEHHA MNpH
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STOM MOryT ObITb YAOBJETBOPEHL! MPOBEACHHEM CrEUHANLHBIX Mep
(Mcnonb3oBaHKe NPECHBLIX TOA3EMHLIX BOJl, YCTPOHCTBO HAJIMBHBLIX BO-
HOeMOB).

5. PexoMeHayeTcsi NPOMbIBHEIE CE30HHBIC HOPMbLI JaBaTh He Of-
HOBpeMeHHO, a zartonJsst jeasukd naowansio 0,15—0,25 2a cuoem
BoAbl 10—20 ca npu nmepepsiBax My 3aTonJieHHsMH B 3 —8 CYTOK.
YuuTbisas, uTO MJOIAAL, O5C/YKHBACMAs APCHON (NPH CPABHHTEJILHO
PEeAKOM PACCTOAHUM MEXKAY APCHAMH), NPAKTHYECKH OYAET NnpomMbiBaTb-
CAl HE OJAHOBPEMEHHO, MOXKHO NPHHATL B KAYE€CTBE [MHTAHHA I'DYHTOBLIX

BOJ MPOMbIBHLIMH BOAAMH HOpMY, npuGauiureasuno pasuyio 20)0a3/2a,
pacnpejesieHHyio pABHOMEPHO B Tewen'ie 2 —3 Mecaues, HTO A4eT HH-

TEHCHBHOCTb MUTAHHA OKOJIO gnp=0,26—0,58 a/cek ¢ 1 aa.

§ 3. CXEMA PABOTbI N'OPU3OHTAJIbHOIO JAPEHAXA

Pacemor peHHe 3JIeMEHTOR Gananca TPYHTOBLIX BOJA NO3BOJSACT
HAIHCATb

4w,
qnp =q0+q¢+ qnp_qof_q1 —'“_A'T['L.D (25)

rae q,, — MOJYJIL JFEHaXXHOr0 CTOKA, WCOOXOJHMBIN J/iA OTBOJA
B OT/eJ/IbHBIE MEPHOIBI; §, — MOAYJL NO;(3EMHOr0 NPUTOKA (MOXNHTHI-
BaHHe H3 rYCOKHX BOJOHOCHBIX NJACTOR); q — HATEHCHBHOCTD NHTA-
HHS TPYHTOBBIX BOJ 3a CHeT (PMJLTPAIMH W3 KAHAJIOB; ¢ — MHTEH-
CHBHOCTb [HTaHHA TPYHTOBBIX BOJ 3a CYET NMPOMBIBOK; § . — HHTEH-
CHBHOCTb [MO/3eMHOr0 OTTOKA 3a CYeT PpacTeKaHHsi B  CTOPOHY
HEOPOILIAEMbIX 3eMeJIb; §y — HHTEHCHBHOCTL HCMOJLZOBAHHSI TPYHTOBBIX
BOA Ha Tpancnupaumio; -- AW, — u3MeHeHHe 3anacoB IPYHTOBLIX
Boj; AT — NpojO/KHTENBHOCTL [1ePHOA.

Ypasrenue (25) OTHOCHTCSI K JIpeHMpoBanioil opowaeMmoit nJoua-
M, T. €. B 3TO YpPaBHEHHE HEOPOLAeMble [1JI0MA/IH He BKJIOYAIOTCA,
a MX BJHMAHHE OUEHHBAETCSI CJAraeMbiM ¢, .

Beanunnsl, Bxojsuue 8 Qopuyay (25), npejacrasyess! B Tabumie

B Tabauue nokasan n0psdok BeJHUMH MHTEHCHBHOCTH [HTaHHs M
PacxojlOBaHisi TPYHTOBbIX BOJ. Kak Mbl BHAeJH Bbille, 3JEMEHTHI

GanaHca CHALHO 3aBHCAT OT TIPHPOHLIX H XO3AHCTBEHHBIX YCJIOBHH,
HANPHUMEP, NPH 3HAUHTEJLIOM HAIIOPHOM NHTAHHH BEJHUHHA ¢, MOXeT

ObITh 3HAYHTENbHO COJtluel (OHA PEJKO OTCYTCTBYET); BeJHYHHA e
OUEBH/IHO, MOXKeT ChiTh CHHXKEHA 10 MEHLIIMX TNPe/AeJIOB NECBejleHHeM
NPOTHBU(PHIILTPALHOHHLIX PalOT Ha MATHCTPAJILHOM H MEXKX0351H.CTBEHHOM

KaHanax, 4 Tak)Ke YCTPOHCTBOM OTCEYHLIX JIPEH M NOCajKoii Jec-
HbIX noJioc. Caeayer, OJHAKO, OTMCTHTL, UTO €CJH BHY TPHXO351HCTBEH-

Has ceTb WMeer K. m. A. nopsaka 0,75—0,80, To BeauumHa nHTaHUA
rpyHToBbIX BOA He Gyjer Mmewbiue uem 0,25 0.
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BesMuHHA MHTEHCHBHOCTH NMHTaHWA OT [POMBIBOK MOXET H3MEHATh-
Ci B 3aBHCHMOCTH OT TPYHTOB, CTeneHu 3acosienusi ¥ T. 1. Besmuuna
paCTeKaHusi TPYHTOBBIX BOJ B CTOPOHY HEO[OUIAEMbIX 3eMeJb 2aBHCHT
OT KO3P(HLHEHTA 3EMEJILHOrO HCNOJIE30BARHA M THIPOre0JIOrHYeCcKHX
ycJIoBHi; B TabJsMue YyKasanbl CpPHeHTHPOBOYHBIE JaHHble ANA THIHY-
HbIX THPOreOJIOTHYeCKHX YCJOBMil W K. 3. W. Gonee 0,5.

O6o3na- IMpoACAKHTONLHOCTD [Topsgok pransun,
yeune {OPHCUTHPOEOYHO) ajcex ¢ | za

4 Kpyramit rog. . .. ... orimr e i >0,02

q Beretauncnunit # npomuiBHOR neprOAb!

” G IVET) oo o ERSAT LA 0,08—0,16
np Mpommsuoit neprog (1.X—1.1) . . .. 0,26—0,58
- ~ Fozce VRTEHCHBHO B TCueMie OPOLICHHN

o IV=L1) < ac e maa n v e 0 02—0.08
Iy Bererauuonnmit nepuop (1.1V—1.X) . . 0,05—0,14

BO3MO)KHOCTb MCMOJIb30BAHHSI I'PYHTORLIX BOJ CEJILCKOXO3SHCTBEH-
HBIMH KYJI-TYPaMH 3aBHCHT KaK OT TrJyOHHBI FPYHTOEBIX BOJ, TaK H
OT BHJAa CeJILCKOXO3AHCTBEHHBIX KYJbTYP, CTeneHd 3aCO/EHHOCTH
IPYHTORBLIX BOJA M Xapaktepa rpyuta; pemumua 10—209% or O, npu-
HATA 10 ONBITHBIM AaHHbiM. TakuM oCpasoM, CaJlaHC TPYHTOBBIX BOA

OpOLIAeMOro MacCHBa JI0JDKEH COCTaBJATECA C YUETOM KOHE P2THBIX
NPHPOAHBIX M XO3ANCTBEHHLIX YCJIOBHII M HA TipuBejeHnble B TaGJsmue
BeJIMUMHLI CJeAyeT CMOTpeTh Kak Ha npuOmokenubie. I3 npusejes-

HhIX JIaHHBIX MOXKHO CJIeJaTh HEKOTOPHe BHIBOJH OOIEr0 XapakTepa.

I. B Tom caywae, ec/an MHHEPAJIH30BAHHbIE TPYHTOBBLIE BO/Ibl HA
(peNoJIaraeMoM K OpCLUEHHIO Maccuse cTosT TayGoko (10—20 ),
TO CJ/IEYeT BCEMEPHO COKpallaTh MHTaHWE TPYHTOBBIX BOJA, MPOBOAS
NPOTHBOGHALTPALMOHHLIC MEPONPHATHS; €CAH 3TOro He jlesaTh, TO
npeBblllieHHe NHTaHMst TPYHTOBBLIX BOJ HAjl HMX OTTOKOM NOpsjKa

0,10—0,15 2/cek ¢ | ea BhizoBer HX nopbeM (ysesuuenue AW )

0,10-86 400 R BT
OKOIO  7iG0510000 '300 — 3 — 0,15+ 0,3 — | — 2 #eo0,

yTo OGBIYHO M HaOmojaercsi; 3TOT pocT OyJeT NPOHCXOAHTL JO Tex
nop, noka He cGasiaHCHpYeTCsl MPHTOK TPYHTOBBIX BOJA W pacxXoj HX
Ha HCNapeHHe C NOBEepPXHOCTH I0YBbl, YTO H BbI3OBET 3acoJsieine semellb,

2. Ecan rpyHTOBbiC BOAL B HAacTosuuee BpeMst CTOAT OJH3KO K
KPHTHYECKOIl ray0uHe M Heab3a donycmumb MX €XErojHoro nojnema

[T. e. npursits B (25) AW = 0], noysnl 3acosiesbl H TpeOylOT npo-
MBIBOK, TO B OOBIYHBEIX YCJIOBHSAX €J1a60 eCTeCTBeHHO-APeHHPOBAHHBIX OPOCH-
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TEALHBIX CHCTEM NHTAHME TPYHTORBIN BO;| NPCBBULAET HX PACXOj.
TaK KK CPC;IHCBIBEIUEHHOE MHTaHHC (npHOJHIKTEALHO)

2.0.02 + 9. 0.4
g = 12 V‘_"p:.f..?.ig_'lz_‘.s_!)‘ =021 alcek ¢ 1 eq,

a Ccpejpierojiopoe pacxojoBanie

0,05-0 4 0,095-% L
g = —— 0:'20 22 0,09 ajcek ¢ ) za.

31ech  HeoOXO}HM IpeHaX, NOCKOJILKY NPOTHBODU/ILTPALLIOHHbIE
])360Tbl CHMAGNOT HHTAHHE UPYVHTOBRLIX BO,0 HC B TAKOH CTerneHy, uTo-
Oul c0aancHpoBaTL HX C OTTOKOM M BCJMMNHA — g =g NPH  3ac0-
JEHHLIX TIPYHTOLLIX BOJAX BPEIUa M BCLCT K JagjbHelliemy  sacoue-
HHIO 11048. Y MEHELIeHHE K. 3. M. BEJeT K 3dCOJIEHHIO HEOopoLaeMbiX
3eMeb, UTO B DOJLILAHCTBE CJYYaen HeAOnYCTHMO (ocobenko 3emedn
BHYTPH MACCHBA).

3. Cpe/uiero/loBoil  ApeHa)<Hblil CTOK MOMXET, RO-BHAMMOMY, Xapa-
xrepusosath MoAydas g = 0,150,250 ajec ¢ 1 ea, npuyem oH pesko
H3MEHAeTCH B TEYEHHE [oja.

Mcpuon ' Bua nuvanus | g, a'cex ¢ 1 za
{. IV—-1.X 9 + 94 — 9or — 9 0,05—0,15
lo x—i.! qO + q‘b '{' qnp — q"7 0. 30—0. 60
1.1-—1.!\' qn >0,(’2

4. TpeGoBanist K NOHMKEHHIO NOBCPXIOCTH 3acOJIEHHBIX [PYITO-
BHIX BOJ OOLIMHO CBOAATCH K CJAGAVIOHIEMY:

a) B UePHO;[ MHTEHCHBHOIO HCHAPGINIST W rpascrupami  (opienTi-
poBouto s yenoeuit Cpeareit Aawm ¢ 1 anpeas no 1 oktalps) Tpe-
6yercst moNH3MTL TPYHTOBLIC BOIbI 1A TAK HA3LIBAEMYIO «KPHTHUECKYIO
rayGuity», 1pi KOTOPOH He OyACT NOACXOANTH HOSTYOJIZHHA 33COJeH-
HWX BOj B 110YBY; B 3aBHCHMOCTH OT MITICPJH3AUMH TPYHTOBLIX BO,
XapaKTepa TpYHTOB, KJAWMATE, XO3MHCTECHHOrO HWCMOABIOBAHHS, OHA
H3MensieTcst B npejenax A, = 1,56—3,5 M, ofbiutio 2—3 x [16, 19,
24},

6) B nepioj NPOMLIBOK (K HX OKoOuuaitio, nHanpuMep K 1 sisaps)
FPYRTOBbIE BOJAI! 1e JAOMXHLL cToxTh Oanke wesm 0,5 u or nosepx-
HOCTH 3CMJIH;

B) K Hauany ceanckoxossicrsennnix pabor (nas Cpeanein Asuu
K Havajly MapTa, T. €. CnycTs 2 MeCHIla 110C/e OKOHUAHHSI TPOMBIBKH)
TPYHTOBbIE BOAB!I JOMKEB ObiTh onyweun na 1,3—1,8 x (aas enoc-
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NeBAHKS» NOYBbI M HOPMAJLIOH paboThl COJALCKOXO3SHCTBCHHbIX
MallUHH);

r) K vauaay noausos (ans Cpeaueii A3um oObluHo K Hayaay
anpeJist) pPYHTOBbIE BOALI AO/KHE! OBITHL ONYILUEHbl Ha KPHTHYECKYIO
rayouny.

I'paduyeckn 310 H306paxkeno Ha puc. 6, riae nokasam Takxe
nNpuMepibii rpaHK NPCBLILNCHHA NUTAHHA Hal PacXoJ0OBaHHEM
TPYHTOBBIX BOA. EECAH HCXOAMTH H3 XapaKTepa NMUTAalHA MPYHTOBLIX
BOJI, NEPCMEHIOro BO BPEMCHH, TO KoJeGanus NOBepXHOCTH IPYHTO-
BEIX BOA JAOJXKHBI MMETb XapakTep, NOKA3aHHLIl HA ueprere ChJoL-

Puc. 6. Cxema paGoth ropu3oHTambkoro ape-
Haxa Ha opomaeMunlX 3eMaax:

i —raybkna noBepxMOCTH IPYHTOSHX BOX B M)

q = MOAYAah MHTAHHA rPYNTORMX Boa p Afcex xa | 2a;
§ - "'YThO(-"M NOHKWMOHKE MOBEDXHOCTH I'DYIITOBM;
BOA: 2-=HOIMOMNOC HOHMIKOINE, HEXOAN U3 XAPANTEPA
padoT  ARCHAKA;  § — ocpeancHimt  noanem RAN

nepHoAa NMPOMMEBOK; A — MOBEPXHOCTH MOYBH

HOIt JIHHHEH, 4TO He COBMNajaer C JKeJaTejbHbIM H3MEHeHHeM no-
BEPXHOCTH TPDYHTOBHIX 80A (NYHKTHDP).

OueBu/HO, yTO yCTpauBaTh Jperax, paCoTalomuil KpaTKOBPEMEHHO
B TIepHO]l NPOMBIBOK ¢ HHTeHCHBHOU Harpyakoit 0,3—0,5 a/cex c | za,
Ha OTBO/{ B OCHOBHOM TIDOMBIBIBIX BOJ ueuenecooépaauo. Bosnukaer
MBIC/Ib 05 HCrOJL30BaHHH CBOCOJHON €MKOCTH TPYHTA Bbillle 3aJIoXe-
Hust Jiped [usen -i- AW, B ywpasuemns (25)], xak csoero poja BOJO-
XPaHH/HIIA, BMELAIOUEr0 H3TBITOUHbIE 3anachl B NEpHOjbl HHTCHCHB-
HOTO TNHTaHHA W OTJAIONLEr0 HX B TCHCHHE NEPHO/I0B MeHee HaNpsHKeHHOTo
MHTaHHA, TIPH 3TOM 1Aa70 CO37aTh TAKOE YCTOIYHBOE MOHKKEHHe rpyH-
TOBBLIX BOJ, KOTOpoe bl ofecneunsio pasMeleHve KoJelaHusi HX To-
BCPXHOCTH B JIONYCTHMbIX npejenaX. AHAJIOPHUHBIE paCCyXJIeHHs TOo-
JOXKeHbl HAMH B O0OCHOBaHME pacyeTa OCYIUHTEJBHOTO JefCTBHsI IJIy-
Goxux penkux Kanasoe (4, 20]. Ecan npussTs Takod nopxojn, To
pacuer ocywiumenbHoeo JIEHCTBHS JpeHaXka CBEJETCH K pacyery ero
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Ha CpeanerojloBce nHUTaHHe C npoaepxoﬁ JAONYCTHMOCTH TOALEMA [0~
BCPXHOCTH IPYHTOBLIX BOA B OT/(CJILHLIE neprojsl.

B otHOowennn paccoasiow 2o JeNCTBHS JifeHaxa 3ajiaua peuleHa
He MOJHOCTLIO, TAK KaK HE BbisiCHEeH BON[OC O npolecce YiaJjeHus
COJIeil M3 MOYBbLI, TPYHTOB W I'PYHTOBBIX BOI.

B nocaejiee Bpemsi N0 3TOMY BONPOCY BLICKA3LIBAIOTCA CJe1YiO0-
ue B3rasanl [17).

B pabote jipeHayKHbIX YCTPONCTB Pa3/HualoTCA jiBa repuoja: Me-
JHOPATHBHBI M IKCnJyaTauuoimneiit. B nepBoiit nepuojl OCHOBHLIMH
sajlauamy jipenarka sBJisHioTCs:

1) pacconenue Beeil KOPHEOSHTAeMOil 30HB! TMOYBB JI0 COAEPHAHHA
pe Gosee 0,2—0,3% cymmbl BCcex coJeli, B TOM YHMCJE HOH XJiopa
e Goaee 0,019%;

2) H3MeHeHHe BO;HO-COJIeBOro OaJsianca MaccuBa B CTOPOHY pac-
COJICHMS,

3) paccosenne epynmoesix 600 A0 Takux Besmymd (1—3 2/a),
NMPH KOTOPbIX, HE33aBMCHMO OT OJHM3KOTO YPOBHS HMX 3aJieranusi npo-
IeCChl 3aCOJICHHSI B O[OLLUZeMBIX NOUBAX MNPEKpallaloTes:,

4) nocJseyiollee CO3/laHHe NPECHOrO CJO0si TPYHTOBLIX BOA MOLL-
HOCTbIO O—10 M nyTeM 2ameulelnsl BBHIBEJGHHBIX JPEHAXKEM COJieHbIX
FPYHTOBBIX BOjJ| HAC/OCHHBIMH TIPECHBLIMM NPOMBIBHBIMM H (HILTpa-
UHOHHBIMK BOIaMH.

Paccosnenue KOpHEOCHTaeMOl TOJIIH MOYBHLI JIOCTHraeTcs Ha (hoHe
Apesaxka 3a 1—2 roja, paccosieHHC TPYHTOBbIX BOjl PacCTArHBaeTCs
HAa JIeCATKH JIeT. JKCNAyaTauHOHibIi MCPHO;l JIpeHa)ka Cco3jaeT «coJe-
BYI0 BEHTHJSUMIO» MNyTeM MpOTOYHOCTH TNOUBEHHO-IPYHTOBLIX BOA B
HeJstX H3Te/KaHKA HAKOIJICHHs! CoJeil OT NOJAHBHLIX BO,l. BTopoii 3a-
Jlaueii 3TOr0 MnepHoja ABJSETCH NOUIePXKaHHe PeXXMMa KanuaaspHOro
FPYHTOBOIO TNWTaHKsi [ACTEHUI 1PECHbIMH TPYHTOBLIMII BOJaM, IIA
YEro WX MKeJaTeabHO jepxaThb Ha rayGuue | —2 a. dro meponpu-
ATHE NMO3BOJHT CHH3HTH O] OCHTE/IbHbIE HOPMBI M VBCJHUYNTL  Y[OXKai
CeJILCKOXO3HHCTEE tHbIX KyJAeTyp. OTmeuaercs Takie, MTO ONpecHeH-
Hble jipeHazKible BO/AbI MOTYT HCMOJIL30BaTLCS B OpOLIACMOM XO3sHCTBE
HA NOJMBaX H NpombiBkax. TakuMm 00rasoMm, BCAKHH jipcnak, H B HaCT-
HOCTH, TOPH3OHTAJLHLII CJelyeT [acCMATPHBATL C YHETOM CCHCBHBIX
€ro CBOMCTB — CNOCOTHOCTH Y1aasTh M3CBITOUNLIE COMH M H3TLITOUHYIO
BOAY (OCyluMTeJLHOE M pacconsioulee AeHcTBHs).

B nocacjuee Bpemsi [13] aas Gopufibl ¢ 3aconeHHeM OpOLIACMbIX
3eMesb B YCJOBHAX HAJIMYMST HANOPHOTO NOAMMTHIEAHHN  [1O13EMHBIMH

1 3a pyGexon, KaK MOMHO CYANTL NO nccacauny paGeram [44, 47). pac-
4er Apesaha npu GopnGe ¢ 3aconenieM opolraemnx 3emedab cCOCHOBWBACTCS
TONLKO ero OCYIWHTEABLILIM ACHCTBHEM, MNPAYEM HOPMA CCYIUCHMS TNPHHHMNACTCA

1,5 ¢pyra (oxono 0,5 ) npu MoAyae CTOKa 350 akp-dyT axKp/CyTKH, uTO
coorsercrayer 0,82—0,59 a/eex ¢ 1 za.
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BOJAMH HACTOHTEJIbHO PCKOMEHAYETCH NPHMEHCHHE JIpCHaXsKa COBMeCTHO
C YCHJICHHBIMH MOJHBaMH, OJECNeUHBAIOUIHMH NMOCTOHHHOE HHACXOAALee
ABHXKEIHE BJard B NOYBO-TPYITAX If BbITECHEHME COJEH U3 MOUBHI.

D! 1 pyTHe, B HEKOTO[Oil CTENeHH ele CTIOpHBIC NpPeNOXKeHNs,
CBSI32H IbIe C YCTORCTEOM H OUCHKOH PaCCOJINIONLETO JAICTBHSI JIpeHa-
kKa, OCOSeHHO MOJYEPKHBAIOT HeoDXOIIMOCTh cocTas/eHnst 0aJianCcoBR
CPYHTOBLIX BOJA M EO; 30HB! asfauuy, a TakKe, XoTs Cbl npHOJIKeH-
HbIX COJICEBIX Casancon. ri Gasa ICkl COCTABAAIOTCS NS CYIECTRBYIO-
WEro EOJ [0ro peXkuMa M J1A5 Npejnosiaraeyoro B YCJAOBSIX AeHCTBHA
Apenaka, npHueM, BHHMATENLHO (1] 0AHAJH3HPOBAB BCE RO3VOMHBIE
CpeacTra YMElbUECHHST NUTAHUA I'PYHTOBLIX EO/, EO3VMOKEO 07 0CHOBATDL
TEXHHKO-9KOOMHUYECKHMH  PACYeTaMH MOTpeOHOCTL B JIPCHANE M €ro
IKOHOMHYECKYI0 3(PeKTHBIOCTD.

[lporio3 pexkmva rpYHTOBLIX BOJ M COJeit 7751 BHOBb OCYU(ECTB-
AfeMbIX OPOCHTEJILHBIX CHCTeM MJM npH pacllHpeHHH nJoutajeil opo-
LUEHHSI TIOMOMKeT TPaBHJIBHO PEWNHTL BO MHOTHX CJayuasX TPY/AHYIO
3ajlayy NpejoTBpalleHs 3aco/edus OpoliaeMbiX 3eMeqb B HeOjaro-
NPHATHBIX NMPHPOIHKIX YCJOBHSIX.

§ 4. PACYET OCYIUUTEJIbHOrO JAEUCTBUS
FOPHU30HTAJIbBHOIO JIPEHAXA

OcHoBHasi pacyeTHAs CXeMa OCYIIHTENLHOrO JIeHCTBHSI TOPH3OH-
TAJILHOrO JIpeHa)ka XapakTepHiaveTcsi nepuojuueckon paCoroit B Teye-
HHE rojla ¥ GoJjiee MM MEHEee MOCTOANHBIM A8 OT/eJbHBIX NepHo0B
MHTAHHEM CO CTOPOHBI MOYBbLI, KOTO[Oe MOET NPuUOJHMKEHHO paccMaT-
PHBATLCS KAaK paBHOMEpHO pacnpejeseniioe MO NJOWA M, OCCAYKH-
BAEeMOH JIpeHazKeM; NMOMHMO 3TOFO MOKeT HMeTh MeCTO HanopHoe mu-
Tame u3 riayGoKHX [O/3eMHBIX I1JIACTOR.

B nocsiejnee Bpems nokazado [4, 20], yto XapakTepHble M HeoO-
XO/MMbIC JUJIsi pacueTa 3JIeMENHTL HeYCTaHOBHBILUEracs JBHxKerust (pac-
XOjIbl, TOPU3OHTHI) MOTYT ChiTh 1OJIyuelbl KaK NPCH3BEAEHHS COOTBET-
CTBYIOULX 3SJIEMEHTOB JIJIA NPEJeJbHOr0 CTalHOHAPHOIO JIBHAKEHHS
HA KOIpHIHMEHTB, 3aBUCHILHC TOJLKO OT OTHOTHTesbHOro (Oeapasmep-
HOro) BpeMeHH; 3TO OCCTOSITEJALCTBO EO MHOTHX CJAYYAsiX 3HAUHTEJb-
HO YNpPOIACT PACHET H JI@N4eT €ro BroJHe JOCTVIHLIM s HNFAKTH-
YECKOr0 MCHOJIL30BAHHH. PACCMOTEMM OCHOBHLIC [acYETHbIE CXEMbl H
1pe 1 JIOAKeHHsI.

A. YCTAHOBHMBIIEECS ABH)XEHHE

B cMblcie rulporeosorHueckux YCJOBER MOryT ObiTb BblJeJeHbl
/IBE OCHOBHbIE CXEMbl:

1) Gonee uan MeHee OJIHOPOJHbLIT TPYHT, HHOTJA SHAYHTEJLHOH

MOIILHOCTH, 3aJIEraioluii Ha 3HAYHTEJLHO MCHEe NPOHHLAEMOM TIpYHTE
(ycsioBHO mocsieiHnit HA3LIBACTCS! «BOJAOYNOP») H
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2) 01UOPOULI  IPVHT, HOACTHIAAEMEIH  BOOHOCHBIM  HANOPHEIN
aaacTom (puc. 7a u 0).

B mepuom cayuae HCTOMUNK [IHTaHH$ — HIKDHALT]MILHONIOE 1HTA-
Hue

9= Qg Tty — Yor —44
BO BTOPOM - K HHPIILTPRIMOHAOMY NHTNLIO (pHian.dsieTes) FayoiH-
HOE MOAMITHBAIMC, OLPCIEHIMOR. (I 1TAH0POM  BOAOHOCHOI'0 NJACTa

H, 1 Moy sem ipaToKa Hauop-
HEIX BOA .

Cxema 1

Haa 371od oxevsr {pue. 7,
d) xapakTepio: 1) Ha.MyHe no-
BEPXHOCTH TPYATOBLIX RO, 00pa-
30BaHHOIT  HAPLILTPAIUIO. bV
NHTaHHEM, 2) HaJLIUHE YJacTka
adagucadumy  wa)  Apwioi Ay
3) 3aneranpe H1 N2KIT P Tay-
G4He NOB2PX.IOCTH BOTOVIOPA.

B ycaosudx OpuiliaevbiX
MacCHBOB  pOOYNop  3ajeract
oSeiano rayioxko (7' =30 — 100
K 601ee), O @Ko 1 IpeHbl MOTYT
PABMCIIATLEH OTIOCHTRALIO Pt
Ko (B=05] -7J) «), oryero
odumuo oTuoniamwe BT > 1,
YTQ HE [O3BOANST CYHTATL BOLO-
YNOp 3aJIeraoiniv  « ICKOAENHO»
TAyCOKO, KaK 3TO HIUT/a  1IDHHB-
MAETCHl B pacuerTax.

OSbIYHO YHaCTOK €iHaBACAHISN
OOBSICHI2TCS:

1) noiiopom B perie, Kor;la
Kasnenre B8 ueli P > Py 2) Pue. 7. Cxemm  oTROMa TPVATORRY
BQIIOCTaTO‘mh(M paguepo;,g npem» HOA TOPNH3OHTETHHEM JpexaixKen:
(d<d.<-_ nr)l 3) HASITMUHENM  10- == api NAAKEDH DN TRALNONIONO NH-
NOMHTEABHLIX CON| OTHRACHTI A 20 € KOHETl £ 13 Soaer e o
axon Bo:[b] b3 ;lpe"-v l(@pc_‘{ CThikH BOM TN ar DS VBT I MR W A
oTBeprTHs M T. 1. Llocac:ymit bi) el el s
CONPOTHBACHMH CJi O U3YULH, N B
HACTOsIEE BpeMsl TPV.{HO OUeHITh ere BeimMdy 19% PAsHoro Tiia
APEH ¢ YUeTOM NPO.IMUAEMOCTH 3aChIOKH T(NIILICH, KOAWIECTBA H pai-
NepoB CTHIKOB K OTBepeTHil 11 T. 1. OunT paCoTi 3akpuITOro Apesa-
Xa Ha Myranckoii onuiTHOH CTan it [B] NOKaakiaer, 1TO CyMMaphas
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BeJIMUMHA YYacTKa Hasucanust jlocturasia 0,5 a u Cosee. B OTKpBITHIX
ApeHax yYacTOK «HABHCAHHSI» BLIPOA(/IAETCSl B «BbICOTY BhIKJIHHUBAHHA»
H PacCMaTfHBAECTCSl KaK [A3HOCTL OTMETOK MEXAY TOuKOH Bbixoja
MOBEPXHOCTH TPYHTOBBIX BOJl HA OTKOC KaHa/Ja H FOPH3OHTOM BOjlbl B
HEeM.

B psine ruapomexannvecknx pewennit [7, 10, 11] ana Becobma
rAyCoKoro 2ajeraHusi BOJOYNOra MOJYYEHb! 3HAYEHHS BbLICOTHI BbIKJIH-
HHBaHMs1 MOPsiIKA

ho=0,l7—-:—0,262—)m,

rie Q — npuTOK K JpeHe ¢ JIBYX CTOfOH B M*/cymku Ha 1 noe. M,
k — xosdpduument guanTpanun B M/cymKu.
Ilpu Gamzkom zasieranun Bopoynofa no |31] MOXKHO NpHCAHMXEHHO
NPHHSATD

hy = 0,372 .

YuuThIPasl, 4TO MHTEHCHBHOCTb NMHTAHHSI TPYHTCELIX EOA AJIS Ape-

HaXKa HA O[CLUAEMbIX 3eM/JIsX JeXHT olbuko B njenesax ¢=0,1—0,4
0,1 04

afczk © 1 éa, 4TO COOTBETCTEYET EEJMUHHAM ¢ = m-:-nt',m'"/cymxu

¢ 1 »%, u npuruvas, Hanpumep, B = 300—400 &, noayumm caeny-

JOIMIE MOPAJOK OXKHIZEMbIX BEJHUHH BLICOTHI BbiKJuHuBanns (Q — gB)

K, MicymKs . « . « 1 0,5
hoy M+ « + + «0,01—0,10 0,04—0,51 0,09~ 1,12

W3 nauubiX BHAMM, UTO AJA NJOXONPOHHUAEMbIX TpyHTOB (R <
< | M/cyrKu) BeAHUMEA BbICOTHI BbIKJHHHEAHHA MOMKeT CbiTb 3HauH-
TeabHoll (0 | M), uTO caeayer umeThb B Buay. Fozerauwasice K cxe-
Me FHuc. 7, @, OTMETHM HUMEIOLMECH [PELICHHS!, TO3BOANIONIKE onpejie-
JUTb PACCTOSHHA MEMAY jlpeHamut B (B M) B 3aBHCHMOCTH OT rayGu-
Hbl HX 3aJ0)KeHMsi W ycJioBuil paCoTul apenaxka (g, k, 7).

Ouzrb 0iu3K02 3aaceanue 1.0GeLXrocnu (cooylropa. <Popmyra
Kexe wBoiBejeHa AJs 2aJEraHusi JIfGH Ha MOBEPXHOCTH BOjOYNOpa
(T =0) u nveer Bu]1

B=2)/ = (H— ), (26)

rie H — npesbiienHe NOBEPXHOCTH TPYHTOBBIX BOJ| TOCEe/IHHE MEX-
AY ApeHaMu Hajl rnosej X4OCTHIO BOjlOynoja; i — ray(HHa BOjbl B Ka-
1aje WM JIpeHe, IHO KOTO[bIX [M[eANn0JaraeTcs 3aJeraiolltyM Ha no-
BepxHoeTit Bojoynoja. C. H. Hywmejos [7] nokasas, 4TO BBLICOTY
HABUCAHMS YUHTBIBATL NEH 3TOM HE CJEAYeT.
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Ouent 2ayboxoe 3saseearue nogepxrocmu ecdoynopa (T — o).
Pewernue B. B. Bedepruxoea [10] pavo aas Bechma rayCokoro sa-

JIETaHHsi MOBE[XHOCTH BOAOYNOpa ET-> 3 u anametfa apenni Costiue

wH (%’ - i)
B=—9%i ~, (27)
ln;
rae A — npesbilieHre IOPH30HTZ BOJBI HA MEXKJIPEHEe HAJ TOPH3OK"
TOM BOJbl B Apesax; In — watypaavumit Joraprdm. Jdas naxoxaexus
dep B. B. BenepHHKOEBIM jaHbl CJLOMXKHBIC T[akCUEHICHT ble Y[aBHe-
HHA, TabsHua W rraduk, aHa M3 KOTO[bIX MOK:3blrzeT, 4TO dopmyJia
(27) neficTBuTesbHa NpH auamer;ax arerbl d > dy,, NpHuYeM npeGIH-
wenno dy = 0,2 Q,k, rjie Q — NEUTOK BOibl K Afere ¢ ABYX CTO-

POH Q=q3.

— Pewenue C. H. Hymzpoca [7] aasi TOR e 3ajayd H NpPH Tex
e nonywenuax (T — oo; d>d,,) umeer Bua

ot RH(‘::‘— i)

Inclg :j;—f

KpHTHUECKOro d > dy,.

’ (28)

re dxp > 0,26 k? -

Popuysa A. H. Koenaxeca [18) npu T— o0

; clg — koranrenc.

ki

B= (29)

q In-";—— 1)
rae d — nuavetp apensl. Beawsurst B no (29) waxomutcs nojfopom.
Popmyaa X. 0. Xawsmd (OAP) [43], npn rayCoKOM zajieranuu
Bojoynopa?
wkil
B 2hy * (30)
gln (1 RS 1?;?)

Pewenuz C. P. Ageposnoca— Lwid Cun-e [6)

B=—"T7r. (31)

1B gepuyne X. 10. Xammea [43], ro-rmammcmy, ecTh ¢ nesartia — AHI-
HAA AEO#KA D YHCAMTCAE, OTHEro MM 3anuch.szem ee B suae (30).
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Qopwyna BhBeleHa /A BecbMa ryGOKOro 3aserausi BOAOYNOpa
u Maasix ornowzduit d/B u H/B.

Koneuno? 3anseeanue noe2pxnocmu eodoynopa T = const. Tuapo-
MeXaHHYEeCKOe pellleHHe 3TOH 3a/layd OTCYTCTBYET, OTHUEro HMEeiOuHecs
npeAJoKennsl HOCAT NPHOMIKEHHBIH XapakTep, BKJIOYAIONIMI HEKOTO-
pbie JONYUIeHHS.

dopmyaa A. H. Kocmaxosa [19], BHaOH3MeHeHHAs aBTOPOM
HacTosuueil paboThi, HMEeT BHL

2RHT « /H , 1+ 0,8InB2T
B=1/ q VF'+ In(Bd)—1 ' (32)

rae 7 —raybuna saseranus [OBEPXHOCTH BYOYNOpa MOJ IOPH3OH-
TOM 3asioxenns aped. Pacuer npouarointess noatopoM.
Popmyna C. D. Asepvarosa [4, 6, 2J)

B=2 )/ 2T (14 1), (33)

rae o — KOYPOHIMEHT «BHCAYCSCTH», YYHTLIBAIOWIHA JIONOJHHTENbHLIE
COMPOTHBJICHHA NPH CYXKEHHH NOTOKA M NOCTYNJEHHH €ro B JIPeHy, no
CPaBHEHHIO C KaHAJIOM, NPOPe3alouHM BeCh BOJIOHOCHBIH NJAACT.

[Npu pacuere OJAMHOYHBLIX JPEH, JOBYMX KAHAJIOB W JAPYrHX OCY-
UIHTEJIBHBIX YCTPOICTB, PaCoTAIOWMX B TIOTOKE IPYHTOBLIX BO;l, Bbipa-
Xeune AJa KodDAuHenTa «BHCHUECTH» & MMECT BH/|

i
o S—————————— 4
@ T (34)
gy i
B
npuueMm Ags — >3,
2 1
S LT e (35)
sin 57

Jlna MeHswMX 3HAveHwil 78.- shipaxkenne Aas Kospduuuenta Go-

Jee cJaoxHO [20); 31ech 010 npejcrasaeHo B Bune rpadmka puc. 8,

NO KOTOPOMY MOXKHO onpefessTh 3uauende Kod(duumesta o« npu

d
H3BECTHBLIX OTHOLICHHAX T H -.£'l-:-. npuyem L =-’-’—.

B [6] nokasano, 4TO npu HHOUALTPAUMOHHOM IMHTAHHH OCTaeTCs
AeACTBUTENLHOM /19 onpejesienns KoapduunenTa BHCAUECTH a (hopmyia
(34), oavaxko npu 3amexe kKosdxpuumentra 5 na b,, npuuem

51=2B.
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B ces3n ¢ 3THM, NpH noas2oBaHuH rpadgmkom pHc. 8 aas onpeje-
JAeHus  Koapduumeuta o npH MHPHALTPAUHOIHOM [HTAHHH CJElyeT

B
NPHHHUMATL BMECTO OTHOLUEHHS] T =T OTHOUIEHHE T =4 T. €.

B
cyutaTh L = .

Dopmyay (33) MOXKHO NpUBECTH K BHAY, HCK/oualouieMy 10/160p
npH onpejesednd B, a uvedno (4,

B=T(2 #il-{-%)ﬁ—ﬁf—-Bx)- (36)

rie B, = 25, npuuem 5 onpeieasercsi no dopumyae (35).
ITpedavacenuz C. 6. Xvoexaydna [41, 46, 47] Haxo MT B HacTOs-
uiee BpeMs WHPOKOE npuve:deHHe 3a pyleKoM.
Pacyetuasi opMysia uveer B (B 0503.4aveadsax puc. 7, )

BY = 85T (H — he) +4 - (H — ), (37)

rae B, k, g, 1, hy, wuveoT npexuue oSo3uavueHusi; 7, — BeJIMYHHA,
KOTOPYIO MOAKHO TPaKTOBATHL KaK «aKTHBHBI CJOH TpPYdTOBBIX BOAD,
YUACTBYIOWMA B JBAKEdHH HX K jJpeHam (pasee no1o5Hoe noisiTHe
npejnaranock [lapkepow, E. A. 3amapu#biM M JApPYrdvH aBTOPaMH
NPAMEHHT2/ILHO K IBHAKEHHIO FPYHTOBLIX BO1 BOJHM3M KOJ01UEB).

s onpeitenennss seamyunbl 7, XO0OrxayaToM COCTasJ/eHsl Tpo-
MO3]KHe TAOJMUBL, npHyeM 3Hauedne 7'y HAXOJAWTCsH B 3aBHCHMOCTH OT
paccrosnusl MeKy Apenamu B, paauyca apenst ry (ro-d/2) n moin-
HOCTH BO |0JOCHOrO NJACTA.

B xkauectee npuvepa npHsejeM BbUICPKKH W3 Tabnuubl, noveulen-
uoit B paCore [47].

V 0,600 1.;t1n.s«= 2.4002.7013.7:14.5 6.0 [7.5 19.0 |12.0[15.0(18,0| o
B.x

12 {0.56{0,92 1.w|1.2n Al sl il el vl bt | o B
15 [0 57|0.496] 1,201 1.34] 1.39 1.48) — | — —_ - | =] =] —=|1.49
30 0,58 1,07] 1.44) 17| 1,89 203 2.2 [ 248251 — | — | = | = |2.53
60 (0,549 1 13) 1,6012,01 2,191 2,73 3,0 3,47] 3,78 4,994 ,26)4 ,38| — |4,41
90 [o0.59) #.13] 1 071213 =34/ 3.00 3.39‘4.05 4.56(4,9115,42/5,76]5,94/6, 14

TaGsmua coctasaeda A ro =03 dyra u snavendit 40<<B<<
=300 dyros; npa nepsBoje Mep HaMH NPAHATO NPHOJIHKEHHO
1 dyr=10,30 .

3uavedanss Ty B 4 npu d =0,18 .
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M3 npureleHHBIX JIAHHBIX HETPYIHO 33VIeTHTh, NTO 34aYeHue aK-
THBHOrO €205t T, YBeJAYHBALTCH € POCTOM (PAKTHYECKOA a1yOHubl
saqeraunst Bojqoynopa (77), uvesi, 01HaKO, HeKOTOpuIH npetea 7T, npu
T—oc. [lpn 3mov oruciwenmn T, /T Beeria Mennilee ejHHHUL! yBe-
JHUMBACTCy C BOpacTauneM B. Harepecio ormerurs, 4To Tabauua

sano.ena asTopoy 10 uavenuit BT < 4 npu - >4 jansueiiwee

saraydJsiende BO1OYIIOPA HE CKa3uiBaeTcs W 7', CTaHOBHTCA OaM3KMM
K To

13 dopuyae (37), Kak ykasnBaerca B [17], «o%muno Gepyt h,=0»,
T. € He YUHTLIRZIOT BoiCOTLI HABHCAHWA, YTO NO3BOJNET €€ nepend-

CaTh B BH/E
_ }‘_ a . o0
B—QHVqu-g——-” j (38)

rae T, onpelensercsa, Kak YKa3aHO BbllIe, MO ClCUHAJLHBIM TabJuHiaM,
YTO 34TPY,IHACT HCMOL3OBaME NpelaoKends Xoorxayra. Herpyi-
HO MOKA3aTb, MTO NPH BBE1EHHA «IKTHBHOH 30.bl» HAWH PeluedHs
(33— 36) nossoasnoT ee onpeieauTh B BHilE

Ty=Ta, A BJT >= = 2,55, (39)

npu a — no dopmyaam (34) (35) wau puc. 8.

-R n .-
Ty=Ty= _LA—H v AT < 2,95. (40)
81n =

Conoctansenue pesysnratoB pactera no dopuyaav (39) u (40)
C JaHinint Tahuauisl X0OrXayiTa jJaet Bno/He Y 10BJeTROPUTRbHYIO
cxoanvocTs. Ce108aTensHO, BI3MOKHO OIPeIe iTh PACCTOSMHS MeK-
RY apeiiavu no Gopuyae (3%) € HAXOKICHAUM «IKTHBHON 30.1bi»
anaauTieckit o gopmyaam (39), (40), uto yi00mee, yem no.ib3osa-
HHE TPOMO3IKUMH Tadumamit XoOrxayara.

[Mpusep. Onpepeants paccToMmime MeKjlY TopH3OHTAALHBIMH Jipe-
HAMH Ha O]'OlIAEMOM MacCHBe NPH CPEJHEro10BOM MO'lYJAe NHTanMs
rpyutoBbix eol ¢ = 0,12 2 ¢k ¢ | ‘a. Botwoynop 3aseraeT wa ray-
Gue T =20 m; HanopiocTs ovcyrcrsyer. KoshduumenT duib-
Tpaw rpykta R = 0,5 M cy nxu. [Ipeist np2inonaraercs ocyuwecTsuTsb
B BHIE OTKPHITHIX KaHa.i08, rAyOoMHOi 3,5 M, wmpmioli no My b, =
=0,5 a u rayGunoit Bt hy = 0,2 s Cpemsisn kpuriuueckas ray-
Guua 3aJieraiinsl 3aCOJIEHHbIX FPYNTOBBIX BOJ 4, = 2,0

/1 = 3,50 — 2,00 — 0,20 = 1,30 .
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1. TpeneGperasi JBHMEHHEM HIDKE TOPH3OHTA 3aJleraHusi JipeH, T. €.,
nonarasi T = 0 no dopmyne Kene (26) noayumm

B = 65 M.

2. Cuntas BOJOYNOp sajeralwiiuM BecbMa rJy0OKe, HMeeM no
¢opmye Benepuukosa (27) npu

1,37-1,3(483 — 1)

B= Ig 483

= 320 M.

[Tposepsiem

B 0,2.320
dxp = 0,2% = 783_' =0,l3 M.

Jlns KawaJioB B IHPOMEXZHHYECKHX PEIICHHAX MOXKHO npuGJH-
wenHo cuntats d = 0,56, + hy; B Hamem cayuae d = 0,45 m. Cae-
AoBaTesbHO, d > dyxp M (GopMyJoH (27) NOME30BATLCS MOMKHO.

Mo dopmyse Hywmeposa (28) maiitem B=—2308 . Beiurchenus
noaGopom 1o Gopmysam Kocrsakosa (29), Xammey (30) u Asepbsino-

Ba — Llioit Cuii-e [31] naior coorserctBento B = 350, 327, 368
npuueM npuuato d = 0,45 .

[Ipu koueunoit rayOune saseranusi Bojoynopa (7 = 20 ).
s onpenenesns B BocnoswayeMes (popMynamu (32—40).
[lo dopmyse (32) umeem

L .3, 1+ 1.841gB40
B=V698.483.13.20 ]/%-Jr S .
2,35 mz—1

oTkyAa nojfopoM Haxoaum B = 202 .
ITo ¢opmysie (33) nmeem

B=2]/2.483.1,3-20 (14 22 )a = 322V a.

Kosdduuient sucsuectd a onpejesnm, noassysick puc. 8. B ka-
yecTse nepsoro npuOsMiennst 3ajaemcs Bequwumnoit a=1. Toraa

B @iag B d

d 0,45
ITo puc. 8 npu Ty =

u B, =322V0,65 = 259 u.
40

0,0225 u -;:- — 4, waxomm a=0,65



Bropoe npubankenne jpaer TL-~3.25, a=0,60; B,=249 x.

Hakouel, npu TperieM npub/mKeHnd Haxojum By = 248 a.
2
Tak kak = = '-':—‘:’ = 12,47>3, TO MOKHO BOCMOJbL30BATLCS He-
nocpescTeento (opmysoit (36) u (35) Ces nojGopa.
[lo dopmy.e (36) nveem

- 481,87 I8\ L 8
B =20 [2 ]/——-Z—U—(I-I" 7’6)—}‘51— 51] ’
rae by =25, a xoahduument 5 no (35) pased

B 1.471g§'—f¢-—f’65 —9,13; By = 4,2.

3uavenne B = 248 M, yto coBnajaeT ¢ HaiileHHsM Bolwe. Tax
KaK Aas 3HaveHuit B = 200+ 300 » u d= 0,45 u TaGmu Xoorxa-
YATa B HalleM PacnopsuKeHWd Her, mpumenum dopmyast (38) u (3Y9).
[To stum dopmysam nojbopom (¢ HcnonbsoeanueM puc. 8 aaa onpe-

Aenenus KO3puumeHta BucsuecTH a) Haiaem Ty = 12 »; B= 251 &
4. ConocTaBHM peaysbLTaThl.

NpuasTIf xapak- N Paccrounue
rep sanraves | gopuys Assop i
T=0 26 KeBe .oasi so @ wid » 65
T=o0 27 BescpHukoB . . . . . . . 320
T e o 28 Hymepos . . . « . . .« » 308
T=o0 29 KeersikoB . . & . 0 & . 350
T=o 30 XOMMER: 5 SESE ZA R 6 327
T=c 31 Agsepusnos, Lliof Cuu-c. . <68
T=20 u 32 Keerawon-s . o s 202
T=20 s 33,35 u 36,
puc. 8 Asepsanos u [Lwii Can-c | 248
Te20, 38,39 XocrxayAT—ABepbsaHOSB . . 251

CpaBHen#e NOKa3biBaeT, HTO JIJisl PeasibHOif TJyIyGHMALL 3aJleraHus
pojoynopa T = 20 a; HeyveT [BHXKEHHS B 30HE HH)XKE pa3MelleHust
ApeH BejeT K SIBHO HeNpaBWJLHbiM pesyantatam (dopmysa Kewne).
[pussitie T —> co npeyBeqMYMBACT POJIb STOR 30HBI, AaBas CJn3kue
3Hayeruss B no pasueiM gopmysam B npejienax B = 308 — 368 .
Hakokeu, yuer peanboil ruyOMHb! 3ajerakusi NOBEPXHOCTH BOAOYNOpaA
no dopmynam (32—40) jaeT npomexxyTounsie 3navenus B=202— 251 &,
npusem dopmyJe (33) ¢ onpejesennem a no puc. 8 u gopmyae (36)
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¢ HaxoX qenneM b5 mo (35) cseayer oTaaTh, NO-BAIMMOMY, TNpeAnoy-
TEHHC, TaK KaK OHH NOKa3aiu Jyuiwee, yeM apyriue GopMmyasl, coBna-
JeHHe € JaHHSIMH MHOPOYHCJEHHbLIX J1a0opaTOpHBIX ONbITOB, NpPOBEeH-
Hbix B MMMBX.

B janHoM npuMepe, ecsM HCXOJHTh W3 33JaHHOTO MOHHYKEHWsT MO-
BEPXHOCTH IPYHTOBBLIX BOJ H CPEHEr0J0BOr0 MUTaHMs, CJe10B4/I0 Obl
NPUO/M3ATENbHO NPAHATL B = 25) M.

YuuTsiBas HUMEIOUHecs [PeNJIOKEHHS H HX 3KCIEPUMEHTAbHYIO
NPOBEPKY B HACTOSILLCE BpPeMs MpA ONpeIe/eHHH PacCTOsIHHSI MeAy
ApeHaMu aaa cxevbl | M ycTaHOBABLIZIOCS HH(AALTPAUMOHHONO MHMTa-
HHsl, MOXKHO PEKOMEH10BaTL Mo/b3dBaTLcsa ¢opmy gamu (32—36).

Cxema Il (¢ npatokoM HanopHsiX BOJ)

Ormetiy, 4TO Cayuait YHCTO HATOPHOTO NUTAaHHS  WHDALTpA-
uun paccvatpusanacs B [7, 27, 44], HO a5 paboTh! ApeHaxka B ycCJo-
BHSIX OPOWEAHS 3TH PELUCHHA HE MOTYT HAHTH WHPOKOTrO NPHMEHEHHUA.

Bonee caoxublil csyyail COBMECTHOTO MHTAHHA HHGDALTPAIHOH-
HbIMH W HANOPHBLIMH BOJIAMH, H300paieHHbIi Ha puc. 7, 6, paccvar-
puancsi B patotax (7, 11}, HO noayueHHbie pelueHusi.npu uX CJ0XK-
HOM hopMe  3aTPYAHHTENLHO  HCTIOJAL3IOBATL B MHAKCHEPHBIX pacuerax.

Cxeva Il otamuaercs cJeaylomum:

1) unpHIBTPALHOHHBIV NUTAHIEM, HHT@HCHBHOCTHIO ¢ W 00)a30Ba-
HHEM CBD50HOA MOB2PXHOCTH IPYATOBLIX BOI;

2) TNOAMNHTHIBEHHEM H3 BOJIOHOCHOrO M..acTa, B KOTOPOM [PEAno-
JIaraeTcsi COXpaHeHHe MOCTOSHHOrO Hanopa Hu, npesbilaloluero ypo-
BeHb 3aJl0Kedns jpeH Ha Af m,

3) NOBEPXHOCTHIO pa3iesa MEKAY TOTOKAMH — ONMYCKAIOUIHMCs
HHPAALTPALMOHHLIM H MO {HHVAIOIUMCS HAMOPHLIM, NpPHUEM MpH onpe-
ACJIEHHBIX YC/IOBAAX MOMKET [POMCXOJUTDL IMHTAHHE HANOPHOrO nJacTa
MHDHILTPAWMOHHBIME BOJIAME, M, HAOS0POT, OTBOJ ApHaxeM ruayOuH-
HbIX HallOpHbIX BDA. B ofieM caywae Toydoe pewiciue nocTaBJeiitomn
3a/\a4M 1101VHACTCS  CJIOXKHBIM, W HIZKE [PHBOIATCS NPHIAHMKCHHBIC
dopMy bl D], JOCTATONHO TouMble, OJHAKO, AJ51 HUKEHepPHbIX pacue-
TOB B ONpeleeHHbIX npejesax.

B
Omuocumeabro 2ayboK02z 32ae2anue 6COOHOCHOCO naacma =< 3.

Koraa uanop B BojjoHocHoM naacte AA cumtaeTcs M3BeCTHHIM M He-
H3MEHAIONMMCA MO ACHCTBACM peHarka, MOMKHO BOCMOAL30BATLCS
CACAVIOWHMH NPHOJHAKEHHLIMH (DOPMYJIaMH.

Popmyae C. H. Hymzrposa 7] ¢ ynpouieHHAMH, NPOH3BEIEHHBIMH
aBTopoM (5],

kB (AH + qT) .
Qimege o= PTY: (1)
! T ln_,-ta'
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T8
Ah = r.km-::Q ; (42)

rvae! Al — npesbleHHe TNOBCPXHOCTH TPYHTOBLIX BOX NOCEpenuie
MEX]Y ApeHawi Hal rOpu3OHTOM BOAM B HuX 8 A6 A/ — npessiue-
HHe HAMOpa B BOOHOCHOM NAACTE HAZ FOPH3DNTOM BOIW B APeHax
B M. B — paccrosiie Mexay apexaMit B M, 77 - rayiwia 3daeraHug
BOJOHOCHOTO N.14CTA, OTCYUHTANLAS OT TOPH3OHTA BOAM B APCHAX, B M,

q = g’k (g — waTCACHBHOCTh MHDUALTPALNOHIONO 1IHTAHMA  CPYHTOBBIX
BOL B M CynKu, R — xoahpauvesr (aabTpauud OCyusaemMoro naacra,
B KOTOpuUA 34n04KeAbl APeHLl, B M CYmKu); € — noiumsiit npuToK BuLb!
B Apeny ua | noe. m ee Ammni B Mcynxw; @, - UPUTOK M3 Ha-
TIOPHOrO BO1OLOCHONO MnJJacta B M* cynku wa 1 noc. .

Qopmyant (41—43) somseiensl A4 cayyas, Korja AmaMmerp Jpex
d > dupe Fae

dyp <= 0,26 %} : (44)

U3 opvyn (41—43) Buano, uTO, KOrjla H3BCCTIN BEJAHUHHW ¢, R
B, T, AH, 10 no (41) noatopoM MOAIO ONpeiesiTs Beanuuny Q,
a sarem 1o (42) waita Ak i wo (43) — Q,.
Popuyan asmopa (3]
8Y)
Q= 5 2[;" 3 (45)

In—

— 2
(8% + 4T) 1n -ﬁ—
3 el

Ah= = ——— (46)
{ & T= in Y,
d' -V 2d(3h+ d), (47)

rie d — AuMaMeTp Apennl B A, 4 OCTAalIbHbe OJ03HANCHHS TE e, YTO
B Anst dopuyn (41—43); opmyaa (43) aas onpeiedaeins  (J; octa-
ercs B CHle.

uast q, k, B, T, Alf, d, no (46 u 47) naxoazurcst Ah, nocae
qero no (45) ssavese @ u 1o (43) — Q4.

Kpome yxazanuaix Seupni MOAKHO ONpelemiTh rayoH:ily onycka-

1 O6osmagenun Te Ae, yto na pue. 7, 6.
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HHA (@) HMHOUABTPAUMOMHBIX HHCXOASMUHX BOJA MOCCPEAHHE MEXAY
Apexamu (puc. 7, 0) npubausHTenbHo 1o gopmyae

a= —arth (ZB) (48)

ITpumep. OnpejennTh NOHMMKCHHE NOBEPXHOCTH TPYHTOBLIX BOJA
nocepeanne Memay ApeHamu (d = 0,10 ), pasmewteHnniM Ha pac-
CTOsHUKH B = 50 a W 3an0XKeHHLIMH HA TAYCHHY 3 M OT NOBEPXHOCTH
seMan. M3BecTHO, uTO cpeaHerojoBasi HHTEHCHBHOCTb HHOMUALTPALHOH-
Horo nutaumust ¢ = 0,2 a/c'k ¢ | ea, koapbuuuent GuabTpaund ocy-
IAeMOr0 TPYHT4, B KOTOpbI 3aa0xeHbl Apednl & = 0,5 mcymku. Ha
rayOude 50 M OT NOBEPXHOCTH 3€MJH HaXOAHTCS HANOPHbLU BOAOHOC-
HbIl 11aCT, B KOTOpOM Hanop pasen f{ =48 M, 4TO Ha BeJMUMHY
AH =1 x npeBbllaeT TOPU3OHT BOJAbI B ApeHax.

Taxk kak -% = 2—‘;< 3, npousseiem pacuet no gopmyaam (41 —44)
H (45—48). [loacrasass u3secTHble Beawunuol B dopmyay (41), nai-
AeM

Q = 2:5:50 (1 +0.16)
A Y 50-2,3 2:0,5-50 '

'+ 7318 3100

- q 0,2 1 )
rae 4 = =p5.118 = mp — 0.00345;
qT = 0,00345.47 ~0,16 .

[TonGopom naxomum Q = 0,257 #*/cymxu va 1 noa s. [lo cdopmy-
ne (42) onpeaensiem Ah

_0,257.2.3,  4.0,5.50
= 3,15.0,0 ©73,14.0,257

Ah = 0,79 .

YTofb nonayudaTh MPUTOK H3 HanopHoro muacta @y, Hajxo no dop-
myne (43) BbiuecTb M3 OSutero pacxoaa Q BenuuuHy HHOUALTPAUMOM-
HOrO [MHTaHHsI

Qe=9B= “6 -00 = 0,086 m3/cymxu,

yro jpaer Q,=0,257 — 0,086 = 0,171 a%/cymru va | noz. m win

0. 116=0,40 aleex ¢ 1 za.
[To (44) nposepsieM dyp =0 2@#’51“6 0,13 m, uTO He3ua-

yuTeasHo Goaswe uem 0,10 .
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Aunanornunuie pacuethi no GopMysaam apropa (45—48) aalor cue-

AyoULHe pesyanTaTh.
[lo dopyyaam (46 u 47) nveem

d'=12-0,1 (A7 + 0,1);

1,16.2,3 1g -
50 3,14d"
Ah::Ti'. ar " A 04 &
( +/Hdl’lg5],5d)

IMonGopom mnaxoum Ak —= 0,76 u (d" =0,415 ). Toras no (45)
Qnpejensen

3,"! 0 ) ﬁ,.{'
- HUU

28 le o415
Q,=0,275 — 0,086 = 0,189 m*'eynku wa 1 noe. a,

= 0,275 »/cynxu na 1 noe. M

YTO COOTBETCTBYET HPHOMHINTCALHO MOAY.I0

0,18
U S|

FCaybuny pasvellenis pasieqa HUCXOUsusX HHPIILTPAIORELIN §
BOCXOMIUMX HAMOPUWX BOR uailew no (4%)

-116 0,44 afcex ¢ 1ca.

2 arih (0053) . 5.2 e

a=; 14 0,275
ConocTaBHM PE3VABTaTH PacueTon
Pacycrise l’.n X021, ¥ ' Moavan, afcen ¢ 1 2o "'_'5‘?'"
) A; . : ‘- e
Panhy L - nii I Yy o | “ l i, | Oy ll'i'wt:::“l
|
41—44 0,79 (00860171 [0,257 1 0,20 | 040 [ 0,60 -4
45—48 0,76 10,0860 18| N, 275] 0,20 | 0,44 | 0,64 2,2

[Ipuvep noKaselBacy BCIO TPYHOCTHL OCYIICHIS € MOMOULLIO TOPH-
OHTA/ILHOTO Apedaka B YC.IOBHAX HANOPHOrO MHTAilMs NPIL HAJMIIH,
X0t Obl # raAV3GOKO 33.Jeraloilern MOJHOr0 BO/0JOCHOr0 NICTH ¢
nocmﬂ‘dums HanopoM. JleficTBATCLHO, LIRCMOTPSI Ha HiCTOR (B 50 a),

YC;IOB,IM OPOLIAEMSIN MAC CHBOB, PASMICIIC OTHOCHTCALIO IV~
Gokux (3 M) Apen H JRAYUTEABUYIO VIAJEIIOCTh RO WOBOCHOre Hanop-
Horo njacta (77 = 47 u) ¢ HANOPOV, NPCBLILIAIOIHM FOPH3ONT 8O (bl
B Apenax TouLKO Ma A M =1 i, jpedaac NP COBMCCTHOM OTBOIe
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unduasrpaunonnsXx (¢ = 0,2 a/cex ¢ 1 ¢a) v HanopHeiX BOJ, B OC-
HOBHOM (OK0AC 2/3), OTBOANT HANOPHLIE r1VEHHHLIC BO1b!, YTO, MO-BHAHMO-
MY, jle/I2eT MaJsio uenecoof pasiibiM 151 YCJIOBHH paccyvaTPHBAeMOro MpH-
Mepa NpHMeHeHHe HAMCYEHHOro THNA JIf exaxka.

Omuocumeasro 6.213K02 3aseeanue ecdoncchoco naacma (B/T = 3).
Has storo cayuas Qopmyabt Oyiyt caejyiounme [5). [lonumit pac-
X0/l npuTexalommi K 1 noe. s jpennt paseu

= k(AH +4
Q= (l__quD' (49)
ﬂnd.

rie ¢ = %, d'=V2dah + d).
Paccrosmmie Mexjly JfesavMu MOxeT ObiTh OnpejiesieHo no ¢opmy.e

B ar 4
= — N — .
& s lﬂiwfj qr _—_wJ
Q

(90)

['oiy0uHa ONYCKaHusi NOBEPXHOCTH [a3jiesia HHOHALTPAUMOHHBIX H
BOCXOSIULMX HANOPIUBLIX BOJA (nocejejiure Mexly ApeHamu) pasua

a=¥arcsin [q-g-sh:-;]. (51)

Haxkoweu, npuTok M3 HanopHOro nJacTa ONPeAesHTCs, KAK H [aublue,

no ¢opmyJe (43)
Qi=Q —¢B.

IMpuBeneHnble (hopMyabl NO3BOIAIOT (€3 NOACOra HaXOJIMTE [accTo-
qHHe Mex1y nresamu B npu sapamrwmix k, 9, T, AH, d, Ah.

[Tpusmep. Tpel yeTcs ONjejleNUTE [ACCTOSNEE Ne2K)1Y ZEK] biTbIMH T C-
Eamit adaveTiom d = 0,2 &, KOTOPbie NfeJN0/iaraeTcs y.i0XHTb k2 rayCu-
e 3 m. Mzpectio: na rayCmie 10 &4 or NCBEPXHCCTH 3eMJH 3aje-
raeT VOULEbI BOJIOHCCHBIT noacT ¢ vanopom A = 8,0 m, uTO HHXKe
nose| xtcer deman #a 1,0 M W npeBelllIacT npetnosaraeMyio OTMETKY
zanomenusn aren ra AMH = 1,0 m. TICBEpXNCCTb 3: CONCHHBIX TP YH-
TCBbIX BO1 KoseCaerest B njetenax 0,5 — 1,0 a or nosej xHcCTH
3e\J/IM, YTO BbIZbIRZeT 2zcosenve ncus. [Ipu ycsoBin Crearero;CBoro
nuTauus uuTerceBi ccTiio ¢ = 0,2 a/cek ¢ 1 2a tpeCyercst ofecneudTb
YCTOHUHBOE MOHHMEHHE NCBE[ XLCCTH [ YHTCBLIX BOA HAa KPHTHYECKYIO
rAYTHHY Ag=2 M, 4TO NPUBLILIZET rOf H30HT BO/bI B JifeHax ka Be-
Ay Al = 3—2 =10 ux. KoabduuuenT OUALTFaUMH TpyHTa
k= 0,2 m/cymru (CyrauHKu).
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1. Onpesesmm noOJHBI Pacxoji BOAB, NPHTEKAIOWHH K JpeHe 1o
dopmyae (49):

Q= il %+70 L - 0,205 m¥cymxu va 1 noz. M,
2318 314-0,69
npHueM:
0.2
Ah=1,0 »; AH=1,0 s q——- = 11603 =0,00864; T =7 x;

qT = 0,00864-7 = 0,06 ;

=¥2-0,2(1,0 +- 0,2) = 0,69 x.

2. Paccrosmue mex)y ApeHamu HaiijeM no dopmyae (50)

4.7 4
Bi= 3,14 +231g 0 B14-02(1.0 1 006 —1.0) =27,5 u.
: [ 0,205 J
[ 7,9
Tak Kak —= ==~ >3, 10 noAbaoBakke Qopuysavi (49—51)

JONYCTHMO.

3. IlpuTOK BOJB! W3 HAMOPHOro NJacTa paBeH

Qi=Q — qB = 0,205 — 0% .27,5— 0,158 #* cymru wa 1 noe. M,
0158

YTO COOTBETCTBYET MOAYMO NpuTOKa (1= 5116 =0,67 a/cex

¢l za.

CaejloBaTeNbHO, HaauuKHe OTHCCHTeJLHO 6ansko (77 = 7 M) sanera-
IOUIErO BOJAOHOCIHOTO HAMOPHOrO MJACTa PE3KO YBEJHYHABACT NPHTOK
IPYHTOBBIX BOjl, YTO B CBOIO OYefejlb BhIHYXK/4eT BeCbMa YacTo
(27,5 M) pasvewars apeubl.

IMpu 3tom u3 olwero mojayas npuroxa 0,87 afcex ¢ 1 2a noutd
3/4 COCTABJSIOT BObl HANOPHOTO TOPH3OHTA.

4. [ayCuny ONycKawHs TOBEPXHOCTH [a3jena HHPHILTFAUHOHHBIX
K HanopHuiX BOJ Haijem no ¢opmyJse (51)

_27 [_027 o 314215
31T CSIN T a7

]=3,1 A,

T. €. HHUIBTPALHOHHBIE ONYCKAIOUIMECS] BOJBI BBITECHAT HANO[Hbe
BOCXOJISILLHE BO)'bI MOceyeauHe MOXAY Aferamy sa rayCuny 3,1 M,
YTO HHXKE FOPHZOHTa 3ajioXenusi jpen na 2,1 M.

[Mpuse;ienublit npuvMep NOKasbipaeT BCIO TPYAHOCTb OCYUIEHHSI TO-
PH3OHTA/ILHBLIM JIpeHAXKeM NpH HAJNYHH OTHOCHTe/BHO O/uM3Ko 3ajera-
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TOUIEro HanopHOTO BOJIOHOCHOIO IJacTa; JpeHbl B 3TOM CJiydae npH-
XOAMTCSi pasMellaThb BeChMa 4acTo W paloTaloT OHH B OCHOBHOM Ha
OTBOjJ HanopHbiX Bojl. B 3ToMm cayuae, oueBujaHo, Gonee ueJecood-
pasHbiM OyjeT npuMeHeHHe APYTHX THIOB jipeHarKeH (BepTHKaJ/bHOro,
KOMOHHHPOBAHHOT0).

B npusejeHHbIX pacueTrax, OjiHaKO, He ObliM YuTeHsl jiBa 05CTO-
SITENLCTBA, KOTOpble B HEKOTOPBIX CJYy4asiX MOrYT CYULeCTBEHHO 0O-
Jeryntb paboTy jpeHa)a NPH HaJHYMH HANOPHOrO MHTAHMS.

Yuem HeoOnopodHocmu (caoucmocmu) epynma. Yacto ToMmAa
TPYHTOB, OCOGEHHO AJMIOBHAJILHONO MPOHCXOXK/leHusi ObIBaeT CJOMCTa,
npHYeM CNAoLHLIC U JHH300( pa3iible NPOCJIOHKH HMEIOT FOpH3OHTAJIbHOe
NPOCTHPAHHE, YTO MNPENSTCTBYET BEPTHKAJBLHOMY BOCXOAALIEMY TOKY
HaNnopHLIX BOA. 3HauenHsi KOI(PMPHUHEHTOB (HALTPALMH, BXOASIMX B
pacyeTHbie (GOPMYJibl, OOCBIMHO ONPEAENHIOTCs (WM NPUHHMAIOTCH MO
AHaJoruK) cnocofOM OTKAuYeK MM JIPYTHMH CrnocofaMH, OCHOBAHHLIMH
Ha yuyeTe B OCHOBHOM IOPH3OHTAJIbHOTO JABHMKEHMA NOA3ICMHBIX BOA K
BbipafoTKe 10 (0/ee NPOHHUAEMbIM CJI0fM.

Hasecto [31], uTo npuseseHbiii kospduuHeHT (HILTPALKHH CJIO-
HCTBIX TPYHTOB NPH JABHXKEHHH [ONEpeK HarpaBJieiHs MPOCTHEaHHs
NJacTOB BbifaxKaeTcs: (opMyJoi

k=1:

n
Tae L = 2 [,— cyMMapHas JIJHHA NMOTOKA, NPOXOASUEro Yepes nJacTbl

I
1, 2,... 1, HMEIOUHX TOMUMHB! by, ly,... [, B KOIDDHUMEHTE! DANBTPALHHA
cooTsercreno R, Rs... k,. B CBA3M ¢ 3THM BO3MOKHO BMECTO
(akTHUeCKOro paccrosius A0 Bojgoynopa 7 B dopMynax (41 —S51)

NPUHUMATL NPUBE/(EHHYIO BEJIHYUHY

= bbbt o R, (53)

n

<4
npuaem 1= 2, {;; [;— Tomuuna ocHosHO20 Nnacra, ANsi KOTOPOro no-

i
JeBbIM cnocoSoM onpejiesacs koddduument puabTpaunu k.
M3 dopuyabt (53) BHIHO, YTO Jlake TOJAKHE MNPOCJOIAKH IMJ0XO-
NPOHHUAEMbIX TPVHTOB (TJHAMCTHIE) MOTYT CYUIEITBEHHO YBEJHUHTH

T. a CJiel0BaTelIbHO, YMEHBUIHTE BJ/IHSIHHE HallOPHLIX BOJ.

Yuem cruoerus Hanoprocmu 6 600040cHoM naacm? Gpaa200aps
yempouemsy Opexaxca. [lpu BuiBojgie dopmyn npeanosaranocs, YTo
Hanop B BOJIOHOCHOM muacre H M, cnejosartennno, AM, ocraiores He-
M3MEHHBIMH NMOCAe YCTPOHCTBA JpeHaXka. JTO MOJIOKeHke OCHOBAHO Ha
TOM, UTO [IOTOK B NO3EMHOM, OTAOCHTEJILHD rJ1YCOKO pacnoJioKeHHOM
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BO'OHOCHOM nJlacTe (OPMHPYETCsl TIe-TO B CTOPOHE (HalpHMep, Noj3em
HblH NPHTOK C OKPYXKAIOLHX BOSBBILIEHHOCTEH) H €ro Hanop H pacxof-
HE 3aBHCAT OT TaKHX JIOKAJbHBIX COOPYKeHMH, Kak jpeHax. OjHako
JpexnpoBanne (OCOORHHO 3HAYMTEJILHLIX NJI0WWAleil) NPHBOIUT K yMeHb-
IIEHHIO 3anmacoB MOA3€MHBLIX BOJ BOJOHOCHOIO NMJACTA H CHHMKEHHIO MX
Hanopa. Tak, A/ NOCJEAHEro MpHMEpa JPEeHa H3 BOJOHOCHOIO NJa-
cra Gyper noayyate oko.10 0,67 a/cex ¢ 1 ea, wro, npu mJowanH

.
z-——-};-{?

Puc. 9. CxeMa pacuera CHUKCHHA H3NOPHOCTH
B BOJOHOCHOM NAACTe MOCAC VCTPOHCTBA ApeHa-
#a wa naomanmw paauvea R;

J- =] — HCOOMMAMCHHER (HANIAMMAN) UHLE30METPHMCCNGR

NOBEPXEOCTH: 2 2 -7 — NLOIOMOTPUHCCEAR NIOBCPXNOCTH

BOAOHOCHOTL  faacra  nocae yerpoiicrsa APCHAMA:

J—J—F — noBcpXHOCT. CPYHTONMX RO NOC.1e yerpoAcTsa
apewama; J - apeuw

apenuposanus B 1000 ea cocrasur pacxox 0,67 m/cex, T. e. 3HauM
TeJbHYIO Besuunny. Bosumxaer Bonpoc, Kak Orpasutesi oTCop BOibI
U3 BOJOHOCHOTO nJjacTa Ha ero Hanophoctu? Chejyer nosarats, 4TO
Hanop H JoJuKeH CHWKATLCS 10 TeX nop, NoKa pacxoj JpeHaxa He
OyneT KOMMeHCHPOBATHCS IPHTOKOM MMOJ3CMHBIX BO;| M0 BOJIOHOCHOMY
naacry. CrejioBatesnsto, npe jJpesnposaiiy Gosee MM MeHee 3HauH-

TeJIBHBIX TIJ01A1ef HeoOXOAMMO YUMTHLIBATL OBIHE 3anackl nojp3em-
HbIX BOJ H BO3MOMXHOCTbH MX HCTOUlEHHs (B TOM HHCJE HANOPHLIX,

OTHOCHTEJILHO J1YOOKO 3aJieralouiiX TOPH3OHTOB), ¢ TeM yToOb! pac-
CHYHTHIBATL JIPEHAXK HE TOJIBKO Ha HauaJbHb nepuojl (NpH H30LITOYHOM
Hanope B BOJOHOCHOM miacte AM), HO H Ha CTaGH/AM3HPOBAHHYIO pa-
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6OTY B YCJOBHSIX CHHKEHHOTO W ypaBHoBeweHHoro Hanopa AH. Bo-
npoc sToT cnafo paspaGoTaH, MOITOMY NPHBEJEM HEKOTOpble NpPHOJH-
AeHHple coobpaxkenusi. [TosoXKHB 33 ocHOBY cxemy (puc. 9), npuum-
MaeM, 4YTo cyuiectsyerT GaccefiH MoOJA3eMHBIX BO, [1Pe/CTaBJeHHbIMH
BO;{OHOCHBIM TJACTOM MOWHOCTBIO T3 H KO3IDPHUHEHTOM (DUALTPALMH
ke ¥ NEepexpbiBAIOILHM IO MEHee MPOHHLLAEMBIM IJIACTOM MOUHOCTBIO Ty
¢ KoathduuseHToM (HaLTpaunu -Ry, npuueM ky < Ry. JonyctuM, uTo 110
YCTPOICTBA ;lpeHaxa N-e30MeTPHUECKasi MOBEPXHOCTb 3aHHMasa Mo-
Jo)kende [—1I1—1, coBnajaiwollee ¢ MOBEPXHCCTHIO TPYHTOBLIX BOA.
[locse yeTpoiicTBa jpeiaika H NOHHKEHHSI MOBEPXHOCTH TPYHTOBBLIX
BO1 B 30HE JIpeHa)Ka BO3HHKAeT BOCXOAfIUMH TOK H3 BOJOHOCHOTO
nJacrta, a BHe ero— Hucxopsuimi. [TpHuen, nue3oMeTpHueckas nobepx-
HOCTL 3aliMeT roJozxenue, oKasauHoe Ha puc. 9 Jmuuedt 2—2—2.
Cuurtas, YTO ApeHa) OCVIUECTBJEH Ha MNJOIAJH pajiHyca R, MOXKHO
3anucaTth

dh

k,ﬂ“ﬂl“—’.znr=-‘;—‘f;cz=2mr,km, (54)

rje h — nbe3oMEeTPHUECKHH HAnop Ha PacCTOsSHWH 7 OT UEHTpa Jpe-
HHPOBAHHOM NJ0MAAM; OCTaJjbhbie obo3HaueHus sicibl M3 puc. 9. Pa-
BercTBa (54) MoxHO 3anucath aast 0 <r=h B BHje

d*h 1 dh

BT B —Ty) == o

ka1 Ta *

Pewenne ypasuenns (55) ans obaacti 0 < r << R # aHaJIOrHyHoro

ypaBHerus 1/ 067acth R <7< 00 MOKET ObiTh MOMYYEHO B (YHK-

uunx DBecceast [5]. He npusoast ero 3jnech, ykKaxKeM, UTO 2HAUEHUS
HANOpOB - - Ha nepudepu jpenaxka Ahg, B LEHTPe JAPeHHPOBAHHOH
naoua;m A h, (puc. 9) H cpeaHee 3Hauexde J1s BCel JPeHHPOBAHHON

nJom@ad Ak MoryT ObiTh HailjjeHbl Kak MPOM3BEJEHHS HECHHAKEHHOro
nanopa AH Ha xosbdpuuHenTH ok, ¢ H @, T.€.

Ahgr= AH¢gn; Ahy=AH ¢,;
Ah = AH'g.

(55)

(56)

Kosdxpuunentul og, cpo,; NOKA3BLIBAIOT, KAKYIO JIO/IIO OT HauyaJib-
Horo Hanopa AH COCTaB/IAIOT CHHKEHHBIE HAMOPLI;, OHH 3aBHCAT TOJIb-
KO OT mapamerpa aR:

k
aR = R Vk:'rx!rz . (57)

u Bepaxaworcss B Gynkuusx DBeccens. WX 3navennss  nokasaHbl
Ha puc 10.
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Ormetny, wv0 fas R > 5 jleficTBHTE bHBl NPHOIMKEHHBE (op-
MY T

$R= 0,50; Qo= V";R e—2R - ; _ &iRl . (58)

YunTniBan, uTO JpeHak MpejiCTaB/sieT CO0Oi He CIJIOWHON AHMCK,
a paspexkeHHble CTOKH, (OPMYJbI 3HAYMTENLHO YCJAOKHSIOTCH. [lpH-

100 : =i
\
280 Sk
\{\ i |
i \\\ i ) B
=1 \ \X\ = i
X\ \\\
020 '\\g( \\T
o —
0 — 7

10 20 il 40 R

Purc. 10, 3aBHCHMOCTD KOO DHILHEHTOB o, o
H P OT mapamerpa aR

OJIHIKEHHO, OJIHAKO, MOMKHO IPHHSTL CHUJCEHHbIE, B pe3yabTaTte jeit
CTBHA JIpeHa)<a, Hanop B NJacTe paBHbIM

AH = Ah-- (AH — Ah) o, (59)

rie ¢ — Ko3hpAuHenT, npuHHMaeMblii paBHbIM ¢y, g HJIH @, B 3aBH-
CHMOCTH OT TOrO, pPacCYMTHIBAGTCS! JIM JIpeHaxk, PacnoJsOKeHHblH B
LEHTPe MAcCHBA @,, HA ero nepudepHd ¢p HAH NPHHHMAETCH CpejHee
ANs BCel nJowaad 3Havedwe ¢. Bemmnsa AH nojcrasaserca B ¢op-
myasl (41—51) Bmecto AH.

[1pumep. TpeSyercss onpefesuTh PaccTOAHHE MEXKAY OTKPBITHIMH
Aperamu (wHpHHa no asy by= 1,0 4; raybuna Boasl hy= 0,5 M) rayGu-
Hoit 4,0 M np# 3aJaHHOM NOHWKEHHH MOBEPXHOCTH TIPYHTOBBIX BOJ

4 C. ®, Anepranon o



nocepejinHe MeXy Apenamu Ha rayGury 2,6 m. Ocymaemplfi rpyntT —
CyrJmHOK MOIHOCTEIO 50 4 ¢ KoadxprunerTom duabTrauna ky=0,5 m/cym-
Ku; Ba raybuee 50 M 3aseraer HanOpHBLIA BOJAOHOCHBLIH MAACT MOIILHO-
cteio To= 20 u, npeacTaBjexHbifi neckoM ¢ KoadxpuumentoM (UL
Tpawmn Ry= 40 M/cymxu; Hanop B BOAOHOCHOM mJjacTe H=480 x,
T. €. NMLe30MeTPHUECKast NMOBEPXHOCTb JI0 YCTPOHCTBA /ipeHaxa pacro-
JOXKeHa Ha 2 M HWKe MOBEPXHOCTH 3eMyM M Ha AH = 1,5 m' Bhime
TOPH3OHTA BOAB B KaHanax — Aperax. M3pecTHo Takxke, YTo Ha ray-
6usax ot 10 no 30 m 3aneraloT NPOCJAOHKH TRKENONO CYTJHHKA
MouHoeThI0 5 M u KosdxpuumenTom uabTpaunu kg= 0,02 m/cymxu.
Maowans apewwpobanust F = 500. 2a. [lpena)< paccuuThiBaeTcsi Ha OT-
BOjJl MH(UABTPAUMOHHOMO NMHTaHus ¢ monyseM ¢ = 0,25 a/cex ¢ 1 ea.

1. OnpesesinM paccTosiHHe MEXAY OTKpbIThIMH JipeHamMH Ce3 yuera
CJIOHCTOCTH TPYHTOB M CHHXXEHHs HanoOPHOCTH B BOJIOHOCHOM NJacre
necse YCTFOHCTBA ApeHaxa.

Hiveem pacueTsbe aannbie: R = ky= 0,5 m/cymru; q=0,25 a/cex
clia; Ah=10m AH=1,5 M; T = 50 — 4= 46 u. [Jaa oTKpHI-
THIX KaHajOB NpPHUBEJACHHbI JHameTp NpHOJHKEHEO paBeH

d = O,Sbo":" ho= 0,5' ],0 + 0,5 = 1,0 M.

Tak kak ?ss, npumernm (opmyant (45—48). Ilo ¢opmyae (46)

NONYYHM

2R
g (1L0+0200231g37 5

1=

3,14-46 B B\’
(’ + 63,14 2318 3162)
rae
A*=VITOF1) =20 a4 7= 2 —0,00432
- e O T Rl v W 1 ’
qT = 0,00432- 46 = 0,20 .
[TopGopom waxoaum B = 54 m.
[Moanmit pacxop onpespesum no (45):
14.05.
Q= ELZS—;,.—- = 0,552 m3/cymxu na 1 noe, s.
2383152

[Tpuroxk M3 HAnoprHOro naacra

Q=Q — gB=10,552 — 9;%-54 = 0,436 x*/cymxu.



_CooreetcrByonme Moayan croka ¢ = 0,25; g, =0,94 .u cymmap-
HoH ge= 1,19 afek ¢ 1 ea.
Beauunny a waiizem no (48):

o4 0.25-54

2. Yuer caoucroctd rpyntoB. Jlns yyera CJOMCTOCTH CPYdTOB,
KaK [MOKa3aHo Bblllle, B pacueTHble - GOpMyJibl BMECTO (aKTHUeCKOM
rayOHHbL 3asieranitsi BojodocHoro macra T = 46 s HA/0 BBECTH Mpa-

BEJEHHYIO MOUHOCTH fJacta 7, onpefessemyio no dopwmyae (53).
Jlna ycaoBuil npiumepa mumeem:

l,=46—5=41 u; k=05 m/cymxu;
l3y=095 m; ky=0,02 s/cymxu.

Torna NpHBEAeHHAaA MOILHOCTL IJacTta
T =4l 4 5o -5=166 &

HMcnoms3ya nas onpesenieddss paccTosiHds Mexay apexamd cop-
myay (46), nonyuum

2R
B(1.50 + 0.72)231g 577

1=
i3 il
3,14.166 (1 tieanddlesnT )

rie d*=2,0 x: g = 0,00432; qT = 0,00432-166 = 0,72 ». ITox6o-
pom Haxoaum B = 105 w.
[Mosmwifi pacxoa no ¢opmyne (45) pasen

e 3.14.0, »110 = 0,448 m%cymxu wa | noz. m,

238357
Qi=Q—¢gB = 0448-9——6 105 = 0,222 m3*/cymru.

CooTBeTCTBYIOIIHE MOAYJH CTOKA
g=0,25; ¢,=0,24 u cymmapusiit 0,49 2/c2x ¢ 1 ea;

105 0.25.105
@ =gz arth- 0.44&116):‘18'6 e
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Kak BHHM, YYeT CJOHCTOCTH IPYHTA NPHBEA K YMEHBIIEHHIO MNpH-
TOKA HaNOPHEIX BOJ M NOKa3aJl HA BO3MOXHOCTh 0oJiee pejKoro pas-
meuterns Jipex (1056 m Bmecto 54 ).

3. Ilpx COBMECTHOM Y4Y€Te CJIOHCTOCTH TPYHTOB H CHHMEHWS Ha-
nopsocty noayumm F =500 2a; k=05 mfeymxu; T, =166 x;
ko= 40 m/cymku; Ty—=20 m.

0.5 : F
aR=1260 )/ s = 2,44 R =/ £ = 1260 x

Mo puc. 10 maxoaum po= 0,20, 9=0,38, ¢, =0,61. Torna npuse-

JCHHBIE 3HAYEHHsI HaNOPOB, BbIYHCJEHHbE NO nNpubJHKenHoH dopmyne
(59), 6yayr paBHbi:

AH=1,04(1,5—1,0):0,20 = 1,10 4 AHg=1,0+
+ (1,5 — 1,0)0,61 = 1,31 x, u cpepree snavenmwe AH = 1,04
+(1,5 — 1,0)0,38 = 1,19 u.

[lo ¢opmyae (46) npu 7'=166 »; ¢T =0,72 m nogGopoM Haxo-
/MM PACCTOSIHUA MEMAY JIPEHaMH: AJS UEHTPaJLHOH 4YacTH MacCHBa
B=138 a; nas nepucepan B=118 at n cpejee 3navenne B==128 a.

CcoTBeTCTBYIOUHE Pacxoisl onpejeasiem no gopmyde (45). Pe-
3yJILTATH BLMHCJCHHI NpUBejeHn! B Tadmiue, rje /a8 CpasHeHHs
VKasans! PacueTHbIE BEJHUHMEDI, panee nosyucHunie Ges yuera CJIOHCTO-
CTH TPYHTA ¥ CHHXKEHHS HANOPHOCTH BOAOHOCHOTO ILIACTa.

Pacxoaw, M3 /cymsu Moayan npuroxa,
Xapaxrep B ua 1 no2, M Aeex ¢y ea
pacuera i :

Q. I Q. ' Q Q l 0 e

Bea ywera CJOHCTOCTH

PYNTa M CHHIKEHHS HANOp-
WOLTE: o e wai re 54 | 0,116/0,436/0,552( 0,25 | 0,94 | 1,19

C yueTOM CAOHCTOCTH

rpynTa, Ho 63 yuera Chit-
WEHHs Hamepa . . . . . 105 | 0,226]0,222|0,448) 0,25 0,24 | 0,49

C yucrom CHAOHCTOCTH
rPYHTa ¥ CHHMEHHS Hanop-

HOCTH:
a) ans nepuadepuyec-
KuX Apex . . . .| 118 | 0,254|0,180(0,434| 0,25 | 0,18 | 0,43
0) B cpeanem Aas Mac- . :
CUBR:: a5 avia 128 | 0,2760,150|0,426| 0,25 | 0,14 | 0,39
B) AAR UEHTPAJbHENX

OB v s 138 |0,287(0,120{0,447] 0,25 | 0,10 ] 0,35



Kpatkoe paccMmoTpende paGoTsl TOPH3OHTAJBLHONO IpeHaxa npu
HAJMYHK HANOPHBIX BOJOHOCHBIX MJIACTOB, JlaxkKe TYOOKO 3aJeraionx
MOKA3bIBAET, UTO, HECMOTPS HA Psijl OOCTOSTENLCTB, 06.JeryalonuMx pa-
60TV TaKoro jlpeHaxka (YacTO BCTPEHAIOMAsCH POPH3OHTAJIbHASL CJI0-
HCTOCTL TPYHTOB, CHIKEHHE HANOPHOCTH RO;IOHOCHOTO mJacTa IpH
3HAUMTEALEON 11JIOWALH AFeHHPOBaHHs), HCOOXOAHNMOE MOIHKEeHHe 110-
BEPXHOCTH TPYHTOBBIX BOJI B TAKHX YCJOBHAX BECbMa 3aTpPyJHUTEJLHO

JICJICTBHC BOCXOASULEIO TOKA HANOPHBLIX BOJL.

Tak, jiisi VCROBHIE noCaejHero W3 pasoCpaiiHplX NPAMCPOB  Ove-
BHJIHA HELeJseCcC 0™ PasiioCTh MPHMCHEHHS OTKPLITOrO JIpeHa)Ka M Heobh-
XOJIIMOCTD MepeXo)da I ld FOPH3OHTAAEHBII 3aKPLITLIT HAN HA Bep-
THKAABHLUL  arenamu. OrvernM  ente  caeyiouse ofcTOATeALCTRA.
PaceMoTpennsiii THII TOPHIONTAJILHOIO jIPeHaza NpPH HAaTHIMH COBMe-
CTHOFO WHUALTPAIONHOTO K NANOPHONO  NUTAHNA B  3HAUHTEJILHOM
CTENEHH OTBOAUT IAYCHHHBLIC HANOPHLIE BO, HTO HE [103BOJISIET B
JIOJZKHOH MEf€ ONeCiTh BEPXHHC FOPH30HTHI FPYHTOBLIX BOJ.

3acayxHBACT BUMMAHNST NOJYVHENLIl Pe3YALTAT O pas/uuHoil Ha-
NpsKeNHoeTt paCoThl LeHTPAJILHLIX W nepH(pepHyeckux apeH (B npo-
EKTHPOBKE 3TOT MOMEHT OfbiMHO He yunThiBaercs) H o Coamneit 3b-
(PeKTHBHOCTH AFCNMFOBAIS KPYNHBLIX MJIOINA, e (CHIZKEeHHA HANOPHOCTH
NpH yBCJuycHuu napaverpa all). Hakonell, crejyer cjenatt oCimui
BLIBO,L © TOM, YTO B HACTOAULCE BPEMS B NPAKTHKC H3bICKAiMi, Npo-
EKTHPOBAHMUS M CTPOUTEJILCTBA JIfEHAKHBIX COOPYIKCHHIT ABHO HEI0CTa-
TOMHO YHHTLIBAIOTCS OCLIHE THIPOreOZOrHiecKHe YCJIOBHS W BJHSHHC
B3aHMOAEICTBHS BOJOCHOCHBIX NJaacTtoB (B TOM wuucae ravCoko 3ane-
raiolmux ), KoTopuie mMoryt GJarojlaps BepTHKaJbHOMY OOMCHY B KOpHe
M3MEHHTb BONBLIA M COZEBON pexuM JipeHHpyemuix deveas. Cepuesioe
BHHMaHHe 3TOMY BOHpocy Y lesierest Tak ke B [13,44).

Pacemorpenie paCoTel jpcHazka Ha OpPCUIACMBIX 3eMJfiX B YCJIO-
BHSIX VCTAHOBHBILIETOCH pe:KHMa (Ha CPejHerojloBoi MOJYJh NHTAHUS)
MOKA3bIBAET, YTO MMEIOULIECs MCTO]bl pacuera, HeCMOTPs Ha MX TpH-
OMEKEHHOCTDL, JIOCTATOMHO paspaCoransl A48 Cojsee  unipokoro Hx
BHCAPCHHS B MH/KCHEPHYIO NPAKTHKY, KpaiHe JKeJarefuia uxX 1posep-
Ka B OoJsiee pasHooOpasuLiX JalOpaTOPHKIX W IOJEBLIX YCJOBHSX'

B. HEYCTAHOBHUBIUHACS PE)XXHM PABOTbI JIPEHAXKA

M3 ocHoBHOI cxembt paCoTei jipeHaxa (puc. 6) BHIHO, YTO He-
JIOCTAaTOYHO PAaCCUMTATh APEHa)K Ha OTBOJ CPe;IHErojioBOrO MHTAHHA.
Hajio nokasats, uTo KoseOGaHHsi NOBEPXHOCTH TPYHTOBLIX BOj He Oy-
AYT BLIXO;UTL 3a jonycTumuie npegedist. HeoGxoaumo paccmoTpers
HEYCTAHOBHBLUMICS PEXKHM, XapaKTEPUSYIOLLHHCH YCHICHHLIM ITHTaHHEM
IPYHTOBRIX BOJ (NepHojbl NPOMBIBOK W OTYAaCTH BErCTAUHOHHbIH) H
cpalOTKOH HAKON/ICHHBIX 3aMacoB IPYHTOBLIX BOJ B TNEpHOALI OCJa-
Gsiensoro myranus (rnaBHbiM oGpas’oM, 3uMoi). BamHo oTMeTHTh TakK
e, YTO B NEepPHO/bl YCHJEHHOrO MHTAHWA FPYHTOBBIX BOJ YacTh MO-
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cTynaiomei Bojsl GyJIET pacXoJoBaTECA HA yBeJUeHHe 3arnacoB rpyH-
TOBbIX BOJ, HA NOALEM KX YPOBHS, @ YaCTb — Ha JPEHAXHbIA CTOK,
NpHUEM N0 Mepe NOjbeMa MOBEPXHOCTH TPYHTOBBIX BOJA CTOK Oy/er
YBEJIMYHBATECH, [OKA [P JAJIMTENLHOM MHTAHMH 1€ HACTYNHT paBeH-
CTBO NPUTOKA M OTTOKA W HE NMPEKpaTHTCA MOABeM NOBEPXHOCTH I'PYH-
toBbiX Boj. [lonoxum, uto nuTamue (MPOMBIBKM M T. Jl.) Mpekpauia-
erca. Torna OyjerT NPOMCXOAHTL PACXOAOBAlME paHee HaKOMJEHHOH
BOALI Ha JfeHa)kiblii CTOK, cHawyana Cosee MHTEHCHBHOC, 3aTeM, I10
Mepe CpafOTKH 3anacoB FpYHTOBOH BOjb, 3aMmejenHoe. B ofoux cay-
Yasix, T. €. H NpH TNOABEME IPYHTOBLIX BOJ M MPH HX cnaje, npojoJ-
JKHTEJILHOCTL NEPHOAOB MOXKET OKasaThCsl HEJOCTAaTOUHOH AMf HacTy-
NAGHHS Je/leJLHONO COCTOosIHMA. B aTHX cayuasx c/elyiouldil nepros
MOXKET HayaTLCsl, «HACJAUBAACL» HA NfejbiAYIuue.

fTepuod nedv2ma noszpxrocmut epyHmossix 600 (NepHOALl YCHJCH-
HOro nutanusi). Bosppamasice kK cxeme (puc. 7, @), NOJOKHM, YTO B
HauaJbHblii MOMeHT BfemeHH (f = () TOpH3OHT IpPYHTOBbIX BOJ COBMa-
Jlan C TOPH3OHTOM BO/bl B JIP€HAaX, HO jlajiee HaAua/0Ch PaBHOMEPHOE
no TIVIOULaJId MNOCTYMNJIEHHE TIMTAHHSI UHTEHCHBHOCTDLIO (. Torpaa npH
T = const caejyer paccMaTpuBaTh IJIOCKYIO 3ajlauy HEYCTAHOBHBIIE-
rocst JABHXKeEHust, 4TO AJis paccmarpusaemoﬁ cxeMbl NpeiacTaBasieT 3Ha-
unTenbHble Tpyauoctd [7, 20, 31, 42, 44]. Ilpuseaem npubaHKeHHbie
peweHus, COOTBeTCTBYIOUME OJHIKOMY H TVIyOOKOMY 3a/eratio no-
BEPXHOCTH BOjOYynopa.

B auskoe sanrceanue nogepxrocmu eodoynopa. Cynras, uTO OTHO-
CHTEJIbHbIA NOJABLEM MOBEPXHOCTH MPYHTOBLIX BOjl HEBEJIMK (H/T &£ 1),
MOXKHO BOCNOJIL3OBATECS JIMHEapH3WpOBakHbIM ypasHenveMm DBycchuecka
(4,7, 20, 31},

o~ OF a*h
Oa-; = chpEF‘{“qa (60)

rfie 6—ceofofiHas MOpo3HOCTh; R— Kos(duuuent (uibTpauus; 7'ep—
Cpe/lHsisi MOULHOCTD TIOTOKAa IPYHTOBBLIX BOJ l;
g — HHTEHCHBHOCTb MHTAHUA TPYHTOBbIX BOJ; A — BeJIMUMHA MOAD-
eMa CPYHTOBLIX BOJA Ha HaYaJIbHbIM  YPOBHEM] X — PaccTosiHHE,
t — Bpewmsi.
Beenem Gespasmepubie napamerpsi [4,20]:

S =
x= 7 L — nauna notoka (ua puc. 7,a L = B/2); h=
AeNEHBIA NOJATLEM [IOBEPXHOCTH IPYHTOBBIX BOJ

t =t/z; rjpe = —«ppema crabuaM3aunH»— NOPSJAOK BPEMEHH, 32 KO-
TOpOE IMOTCK, 6y,uytm BLIBECHHBIM M3 COCTOSIHHSI OTHOCHTEJILHOIO T10-

h

mv

Hy— npe-

1 B pansueiileM ZAs NpOCTOTH! 3aMHCH MIAEKC ,CP* y Beauuunbl Tep Ony-
cKae.
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KOSl MJIH YCTAHOBHBLIErOCS NABHXKEHHS, JOCTHTAeT HOBOTO CTalHOHApHO-
ro pexkuma (noustde, BBejeHHoe Hamu B [20]), pashoe

BL2
T= ﬁ.. (61)
Haxoueu, OTHOCHTEJIbHAsA HHTEHCUBHOCTDL IMHTAHHA 7 paBHa
— 9L
| M= %rH," (62)
Torpa (60) npumer BHI
oh _ oh
Z=S4n (63)

Pasmemas KoopauHaThl: X = 0 — fipena; X = — | —Bojiopasjienn Mex-

1y npesamu (L = B/2); noayuum peuresde (63) B Buje

o el -
F=q{}'(l—é:—)—:—22'(. : sin(z"_;)"xx

@n—1p
- * (2 1)t —
é r a t]} (64)
[Tocepenne MexXxay JpeHamu x =1, oruero
A= (1—a) (65)
WM
hezi= Ho(l — @), (66)
rie Ho= ﬁT’}’c_p — Hauboswumit nopveM no Keue
321 i .,
l—q=1—5[¢— gt ggam]. 6D
q —_ e-—t-‘?

CnenoBatenbio, KO3(pQHUHEHT ¢; 3aBHCHT mMOALKO OT OTHOCHTEJb-
HOTO BpEMeHH, YTO NO3BOJISIeT cocTaBuTh rpaduk puc. 11, u3oSpaxa-
IOUHIT MOJABEM NOBEPXHOCTH TPYHTOBBIX BOJ HA MeXJpeHbe B 004X
or Haubosbilero noavema H,, onpejenenHoro no Kese.

M3 puc. 11 BHAHO, uTO B Haya/ne NUTAHWA MOJBEM [POHCXOJUT

— f
JIHHeHHO, mpuueM 1 —o@=2f, T. e. h= "—8'-; 9TO YKasblBaeT Ha TO,

4TO NWTAHEE B HAYaJje PACXOAYeTCsi Ha MPOCTOe 3anoJiHeHHe CBOGOJ-
HOM NOPO3HOCTH M POJb JipeHaXka He ckasmiBaeTcd. B JasibhefilueM
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B CHJly HApacTaHWs BJWSAHHA JpeHaXka MojbeM FPYHTOBBIX BOA 3aTy-

XaeT M yxe npd {=1, T. & N[H JOCTHXEHHH BpeMeHH CTabH/m3a-

uun pocturaer Gosee 90°, cBoero HauGOJILLIErO 3HAYEHHS.
Onpejiensis ApeHaxKHbii CTOK no (opmy.ie

on
Q=kTeo(3) .
|
09 j\‘ =
o L\
a
= asHAA S
o / L? 4 —
= 03
i
0,0/V

00 03 05 07 63 L1030 150 470 130

Puc. 11, 3asucumoctn KodpPHUHEHTOB HanNopos
l—@;, pacxonos Y, ¥ KO3((pHUMEHTE HCNOAL3OBA-
Hist CBOGOAHON EMKOCTH IpyHTa
T — OT OTHOCHTEJILHOrO BpeMenn ¢

NOJIYYHM

Q - %Qo,

rje
Qo= 2qL = ¢B;

h=1— %[q'/‘+ 5§ g5 Gt ] g=e—"%.  (68)

Ipapux ¢, (puc. 11) noxkasbiBaer, YTO JpeHakKHbIl pacxoj Bo3pacra-
€T C TeyeHWeM BpeMeHH. YUMTbIBAas «BHCHYECTL» JApen (CM. Bbille),
cJelyeT BBECTH MNONPaBKY B BeJHYHHY BpeMeHH CTaGuJ/M3alMH, CYHTas
ero no copmyJse
2
e B (69)

= e

rie o — KO3(MHIHEHT «BHCAYECTH.

Ecim n3BectHo pasmewienne ApeH (B), TO XapakTepHCTHKA JHHA-
MHKH NOJbeMa MOBEPXHOCTH IPYHTOBBIX BOJ H JAPEHAXKHOMO CTOKa He
NPEACTABAACT TPY/AHOCTEH.
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fpumep. Ilns jped, pasMeuleHHwX Ha paccrosmmu B = 400
APYr OT jpyra u paCoTalouHx 0 YJa/IeHHI0 NOTepb B TOJMBHON fie-
pHojL (¢ = 6 mecsues; g = 0,20 a/cex ¢ 1 2a), TpeGyerca onpefeauts
AHHAMMKY MNOJATBEMa MOBEPXHOCTH TPYHTOBLIX BOJA M JAPEHAXKHONQ OT-
ToKa. M3ssectno, yto k = 1,20 M/cymku; & = 0,10; T = 20 »; Apewnt
— OTKpbiTbie KaHaubl rayOuwoir 4,0 a npu by =1 a5 hy=0,5 .

1) Haxoamm xosddmument Bucsmectd (cM. pue. 8) npu -

T
0,5by+h, & S | S '
=-—;——--—%—0,05 H o =sm=—gr 5, 0—0,76.

2) Onpejesnsien Bpems cTaCuansauuu

oL? 0,1-200?

R T 1,2:20-0,76 220 Cymox.

3) Hduist yCTaHOBHBLUErOCS JBHIKEHHS AP2HAXKHLIH OTTOK COCTABUT

Q=¢gB = ?—ig 400 = 0,69 M3/cymxu wa 1 noe. x;

MaKCHMaJIbHbIH TMOJBeM NOBEPXHOCTH TPYHTOBBIX BOJA MOXHO onpeje-
AuTb N0 Gopmyae (33), swpasus Beawunuy H, B dopme:

: pTiT 0,2-400°
Ho—_—T[l/l a7y o —l] “20[1/l+4.1zo.116-zo=-0.7’§_l]=
= 1,80 »

4) Ilpn oTCYTCTBHR fipeHa)ia (M MCNAPEHHS) MAKCHMAJBLHLIL MO b-
€M TIOBEPXHOCTH TPYHTOBbIX BOJA Cbla Obl pased

5) OnpejeM JHHAMHKY TNOABEMA IOBEPXHOCTH TPYHTOBHIX BOJ
H JipeHaxuoro orroka no dopmyJsam (66 u 68)

h=Hy(l —¢) 1 Q= Qg

npuuem  Kospduumentol 1 — oy H ¢, Haxogum no puc. 11. 3ajasasce
CpokaMH { W HaXOJAS OTHOCHTEJbHOER Bpems f = i/x, NOJayuHM:

Bpema or wavana noJmeos,

RO .5 s stavie e 30 60 90 120 150 180

Omnocuremuce Bpema { =/ 0,44 0,27 0,4 0,55 068 0,82
i—e, 0,27 046 062 0,73 0,80 0,86

he=Hy (1 —@) M. . . .. 0,49 0,8 1,12 1,31 1,44 1,55
& 0,42 057 0,71 0,79 0,85 0,9

Q=0Q¢ #feymxu . . .. 0,29 0,39 0,49 0,55 0,59 0,62



M3 npusejieHHbIX JaHHLIX BHHO, YTO XOTS MOJBEM MOBEPXHOCTH
TPYHTOBLIX BOJ M ApeHakHblii OTTOK HapacTaloT B Teuehe 6 wmecs-
1eB, O:4H He JOCTHraloT CBOEro npejesbHoro 3sxauenus (H, = 1,804 n
Q, = 0,69 m3/cynxu wa 1 noz. s), 370 O3HAYAeT, YTO MPOUECC NOAB-
€Ma He 3aKOHYHJICH.

CpaBuuv Be/MUHHBLI NOALEMA NOBEPXHOCTH TPYHTOBLIX BOA

a) 6'3 dpernawa h= 3,1 a;

6) ¢ dpenaxcem mnpu pacuere N0  YCTAHOBUBLIEMYCSl — PEXKHMY
Hy=180 M. npu yuyere HeycraHopuBuerocs pexuva H, = 1,55 .

[Npumep nokasbiBaeT Ha «HMHEPUHOHHOCTL® Jlpedaxa (B cMbiC/ie 3a-
na3biBaHusn) npu pabore ero B YCJAOBHAX HEYCTAHOBHBLUErOCH PexHMa.

Jlns HaXoxjleHusi PacCTOSIHHA MeXK1Y ApeHaMu B no aonycTHMOMY

NoAbEMY cpaBiuM (opmyast M = AL 3-7;-': 0 h=Hy(l — o),

2T cp2 98
110CJIe Yero Hamduem
{
h=Tq, (70)
1 - -
TAe ¥ = 27"" — Ko3ppaunenr, 3aBUCAUMA TOJILKO OT OTHOCHTEJIb-

Horo Bpemedd (puc. 11).

CaiejoBaTe/ibHO, NOABEM IOBEPXHOCTH TPYHTOBBIX BOJ MPH HAJH-
uUHAM JpeHa)ka MoxKeT ObiTb onpejesied Kak Mnpou3BerleHHe nojaneMa
TIOBEPXHOCTH TFPYHTOBLIX BOj 0e3 jpeHaxa ¢f/4 Ha KOIPDPAuueHT T,
NOKa3biBAIOWMIA, KaKas J0J1 MUTAHHS FPYHTOBLIX BOJ HIET HA NOJABEM
HX TOBEPXHOCTH; KOI(PuuHeHT | — g MoKa3biBaeT, Kakylo JOJIO «CHH-
MaeT» JpeHaK.

Koadpuiment y n3mensercs B npefenax or y =1 npu t = 0 no

=0 npu ({ = co.
epermiem dopmyay (70) tak

hd
1=1 (1)

rae h — donycmumsiti NOJBEM MOBEPXHOCTH TPYHTOBBIX BOJ; & — CBO-
GonHAsT MOPO3HOCTL; G — HHTEACHBHOCTL M [ — MPOJOJKHTE/ILHOCTD
NUTaHHS FPYHTOBLIX BOJ.

Yucautens B npasoit yactu Qopmysist (71) noxaswiBaeT J0NYCTH-
MOE YBeJHYeHHe 3anacoB IPYHTOBBIX BOJ 32 CYET nojbeMa HX Mosepx-
HocTH h3, a 3uamesaTesb — 110/IHOE NHTaHHE TPYHTOBBLIX BOA ¢f, OT-
yero KO(QUUHEHT 7 MOXKeT OblTb Ha3BaH Kos(puyuermom Ucnors3o-
8anuR cs06v0HOU emxocmu zpyxma, a Kodpguument | — y XapakTepH-
3yeT cmeneny ucnoav3osanus Opzraxca. Tak kak npasas uyacth (71)

H3BECTHA, TO OnpejesMB Y 1o puc. 11, HAXOAMM OTHOCHTEJILHOE BpeMs f
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4
H BpeMs cTabANH3aUMH < =—2.-; nocJjie yero, 3Has

i 3B?
T 4kTep

HaxoauM B no dopmy.e
B=2 1/ et (72)

I pumzp. Oapenesurs paccTosHue Mex1y JpeHaMH Ha 3aCOJIeHHLIX
3eMJIIX MO YC/OBAAM JOMYCKa2MOro Moibeva MOBEPXHOCTH IPYHTOBLIX
BOJ1 B Pe3y/IbTaTe NMpOMLIBOK, KOTOpPbIE Npe1n0/araeTca npoBecTi B Teye-
Hie 3 Mecsues ce3oxHo# Hopwoit B 3000 m¥/ea, M3 KOTOpOH OKO/IO
700 m*/ca nofiter Ha yBaaxdedwe rpyura u okoso 2300 x®/ea nocry-
NHT B rpyiToBsie BoAbt (§ 2); caejosarebHO, CpelHAR MOAYJb IHTa-
HUSl TPYHTOBBLIX BOJA

g = %o—%.g%=0.30 afczk va 1 aa.

[pyHToBbie BOALI O MPOMLIBKH CTOAT ‘Ha raybuse 3,0 &, a no-
nycTdMas rayOuHa WX CTOAdMsi 1ocJie mpovibisku | #, T. e. jponycrtH-
Mulit nolwvew A =20 x; cpejuee 3iavedre CBODOJHOH MOPO3HOCTH
8=20,03; koapbauueir diastpaiu k=05 m/cynxu: T =40 M
rayOuna 3anoKedua japed 3 M; Apedsl 3axpuitole, AnaverpoM d =0,20 u.

1. B23 ppedaxa rpydroBsie BOJAb MOAHANACH Obl HA BEAHYHHY

Ho= %1 = -36%9-&- = 2,91 M, 4TO HEIONYCTUMO, TaK KakK Ho Goabie
h = 2 M.

2. Koa) pauuedar ucrnosb3oBanns cBOSOIHOM eMKOCTH rpyHTa no (71)

h 2 . _
T=.qT.,-‘6-=§:.9_i=0’69’ l-—-—‘r—-o,3l.

3. Mo puc. 11 maxommv, aro ko3phaumenry y==0,69 coorsercr-

BYeT OTHocHTe bHOe Bpeva [ ==0,52; c/iejoBaTe/bHO, MOTOK JIOJIXKeH

HMeTb BpeMs CTaGHJM3alMH ~:=% = bgg—., = 173 cymox.

4. Paccrosmue Mexay apesamu no (72) pasHso

B=2]/°_'5(‘)_"8_i;‘l3_;a = 416)/=,

0,2
=75 = 0,005 &

~a

rae a — KO3ppUuMeHT BHCHAYECTH, 3aBUCAIMHA OT
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= Haxopuress nozGopom no puc. 8. Haxopum a=0,33 x

= T
B = 238 .

Ecau npuusith E2iiferrce JaccTesiye Nexjy jreravi B= 238 x
W ONfEjeJHTb Nfefesitibili NOABeM NCEEfXECCTH I] YHTCERX BOA AJs
VCTAHOBHELLEICCs ABMXKCEnA no epmyse (£6), To noayunm BeAHUHHY

- —
s e
i’ 0.3.2.6° X

=l [V l + 11(i-4(),5.4.()‘:,u'33— ]] = 2,6b M,

9yTO ecTecTreHHO Comrue, weM 3azanebii veres S0 cyTck nojnem
h= 2,0 a.

Ecan Kk paceMOoTpeni:omy nepHojly NpHMEHHTL (OPMYJbl YCTarOBHB-
IErocs ABHMKEHHS M CYWTaTL 3ajavibiM mojiwem fHg=2 x, T0 no
(33) moayunm

2.0,5-116.2-40 2 e
B=2 o (1+ W)a=3561/ .

[Moauaysacey pue. 8 aas onpejesenns 2, axoauM nojCopom a==0,27;
=185 A, uTO CYWECTBEHEO NeHtlue, yem B = 238 m, onfesesnchiioro
C YYeTOM HeYCTaHOBHBLLIETOCS! ABIUKCHUS M eMKOCTH IPYHTA.
B cayuae coxpauieHist BpeMeHH IPOMbIBCK, 3Ta [pasunua Gyjler eume
GoJbitie.
I ayGokoe 3anezantesodoynopa [6]. B 3rom cayyae pacCTOSHHE Mex-
AY ApeHaMu HaxojuTest noaCopom, T. €. 3ajiaeTcs Besnunna B u Xxapak-
TEePH3YeTCsl JMHAMHKa nojinema. Ecaum ata auHampka yaoBJeTBopsieT

TIOCTAaBJIEHHBLIM TpECOBaHHSL\I, TO TNfHHATCE f[accTosHue CCTaB/snioT,
€CJIH HeT, TO H3MEHSIOT B HYXHOM HAN[aBJseHHH. ﬂpn 3THX pacye-

Tax MOryT ObiTh HMCMOJIL3OBAHB CaAejykoie QGopmy .
HauCosuimii mojneM NOBEPXHOCTH TPYHTOBLIX BOJ TIOCepe/iite
MeX1y Apesamu Hy npH yCTaHOBHBLIEMCH HHQHIALTPAUHOHHOM MHTANHK

onpejiensietcs mojACopom u3 dopmyJsl (34)

Bg 28
B0
0 =k l"nV 2Hd (73)

YcTanapsauBaeTcsi Bpemsi [, 33 KOTOPOE MOBEPXHOCTL FPYHTOBBIX
BOj NOJHAMETCSl HAa Besnuudy A no ¢opmyse

=

3B B 2 H
P In Y In Ho—oh v (74)

=V 24y Hy (Ho—1)



Tak, AN YCJOBHH NpeAblAYLIEro MNpHMepa, NpHiMMas HaiijeHHoe
anavenne B = 238 #, noayunm no (73)

238.0,3.2,3 2.238 1

Orciona naxoaum H, = 2,01 a.
CpaBuuBas MOJAYYEHHLIC BEJIHYMHBL NPEe/ILHOrO NnogbeMa AJaa ycra-

HOBMBIIIErOCA JBHAKeHHS NPH KOHeYHOM 3asieraHuit sojoynopa fH,=2,68 M
woapn T-—co, Hy=2,01 M, 1M, 4TO BK/AIOYEHHE B JBHXKeHHE 00-
JIACTH MOTOKA, pacrooxentoi Hipke 7' = 40 u, CYULECTBEHHO CHH3HJIO

pacueTHuIit Hanop.
[To (74) naxoamM MOALEM NOBEPXHOCTH TPYHTOBLIX BOJ 32 TNpPHHA-

ThIil CPOK npoMbiBOK [ = 90 cyTok
- SRR — 2,01

ey e

@01 —h)"

0,08-238-2,3-2,3,
4
3,14/ 2.0,2)/2,01(2,01 —h)

< .
J() = 005‘3014

[loxGopom naxoaum h = 1,54 a.
Caejosareanio, npuuarie T —> 00 H BKJ/IOUCHHE B JIBHIKEHHE Heor-

PAHINEHHOI TOJULH TPYHTA YMCHLIUHAO H 3aMELIHA0 NOABLEM MOBepX-
HocTH rpyntossix BoA (npn T =40 mx nogwvem s = 90 cymox
Omn h=—=20 a, a npu T— 00 B TOT XKe CPOK MO1bEM COCTABHA
h=1,54 u).

[TosyuerHbIft pe3ybTaT MOHATEH, TAK OTHOUICHHE 1JHHbl MOTOKZ
K OO MOILKOCTH sk = 2
2T 80

MATh 3aJICTAIOWMUM HEONpejie IeHHO 11y60KOo.
Hepuod cnada epynmosstx 6od. ITOT NEPHOJL BECLMA BazKeH jLJist

pacuera jipeHaka, T. K. XapakTepusyeT paloTy lpeHaxa 1o OTBOLY
NPOMBIBABLIX BOJ I1OCJE OKOHYAHHSA [POMBIBKH H CBOCBPEMEHHOMY (K Ha-
Yaay noJessiX paGoT M BCIETAHOHHLIX MOJHBOB) [OHHACHMIO NOBEpX-

HOCTH TPVHTOBBIX BOJL.
PaccMoTpHM 37lech  OCHOBHOI, OOGHIMHO HMCIOUU MecTo, cayuai,

KOrja HCnapesue ¢ [OBEPXHOCTH TPYHTOBBIX BOjL WM HX [HTaHHE
OTCYTCTBYET H APEHAXK padoTaeT 110 OTBOAY paHee NAKOMJeHHbIX 3ana-
COB IPYHTOBLIX BOJ.

Koneunoz 3aneeanue noszpxrocmu eodoynopa. llpuveM 3a Hayalb-
HOE TOJIOMKEHHEe MNOBEPXHOCTH T'PYHTOBLIX BOJ MOJOJKeHHe, COOTBETCT-
BYIOlleC YCTAHOBUBLIEMYCS JIBHAKEHHIO NpPH HHPHUALTPAUHOHHOM MHTA-
HHH, PACCMOTPEHHOMY [IPH NOjAbEMe TPYHTOBBIX BOJ, YTO MOMKHO

3alNUcaTh:

= 3, TAKOBO, HTO BO,OYIOD HEJb3s NpPHIH-

t=0; h="5(1— ) -Ho,

rae M, — nanbonblMi NOALEM MOBEPXHOCTH TIPYHTOBLIX BOJA MOCEpe-
JHHE MeX1y APeHaMH NpH YCTAHOBHBIUEMCS HH(DH/ILTPAUHOHHOM MHTAHHH .
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HBa apyrux ycaosus pzfor: A=0 npu x=0 1 x = B; g%=0. npy
x= BJ2.

Pewan ypasnenne Byccunecka aas storo cayuwas, noayuum (4,20]

s!n’

2 sin % exp (— "’Z"—) . (75)
1

‘Ll“

B wactHOCTH, ANs X = B/2 nMeeMm
’ , S
h=HoZ [ — 5@+ @™ — ... | =Hep,  (76)

npu g = exp(— =) u Kos(DHLHEHTE @;, ONPeNeNeHHOMY Bl NpH
PaccCMOT[EHHH NOABEMA NOBEPXHCCTH TPYHTOBBIX BOA.
Ananoruyxo

an = Qo (1 — 1) (77)
npu Q, = ¢B n xospduumente ¢,, no (68).

Takum o0pasom, cnajl NOBEPXHOCTH TPYHTOBBIX BOJ H JAF€HaXKHBIH
OTTOK MOC/NE€ NEEKPALleHHs! NUTaHHS TPYHTOBBIX BOA XapaKTepuayercs
KO3 QHUHEHTZMH ¢; H | — ¥y, 3aBHCAIMMH TOJILKO OT OTHCCHTEJILHOIO
BpemenH (puc 11).

[TpuBesieHHbiMU GOPMYJIAMH HECJIOXKHO MOJE30BATECS /sl Onpeje-
JeHHsl PAacCTOsHWA MeXAY ApeHamu. [las 3Toro, 3Has HeoOXOJuMoOe
OnycKaHue MOBEPXHOCTH TPYHTOBbIX Bojg A= FH;,—h B 3ajaHHble

CPOKH £, csejiyer onpeaesuTs KosGquuMenT ¢, = HL’ no KOTOpOMY,
O

noas3ysck puc. 11, HailTH oTHOCHTeJsbHOe Bpems f. 3Has {, HaXoAUTCH

HeoOXo/iuMoe BpeMs CTaluNH3aUHH © = -:— , ¥ no d¢opmyse (72) pac-

kTTa
CTOSHHE MeXNy ApeHamu B=27/ ——, npuuemM sHaveHne a CHavaja

npunumaetcs B npejenax 0,5 < a< 1, a 3arem nocsie onpejesietnss B
yTOuHsieTcss no puc. 8

B [42] pewaeTcs Ta e 3ajlaya NPH HECKOJAEKO HHBIX HAYaJIbHbIX
yenoBusx. [IpHHHMaeTcsi, YTO B Hava/kHbii MOMEHT BpeMeHH nosepx-
HOCTb TPYHTOBLIX BOJ TrOPH3OHTAJItHa W PacnojoXkeHa Bbilue ApeH
Ha H, Takoe ycJ/iOBHE PaBHOCH/ILHO NEEANOJIOXKEHHIO, YTO B MOMEHT
NPOMbIBKH JipeEbl He patoTasu. DTO pellleHHe WMeeT BHJ (B HALMX
0003HAYEHHSX )

h=H, -;f- B %sin '%—x exp (— =*n¥). (78)

ni=], a: b...



YnepkuBasi nepBbii uJseH papa (78), 4TO Ha Haml B3rAAL He
BCErjla JI0OCTAaTOYHO, aBTOp noJjyuaeT (OpMyJy AJs OnpejaeseHus pac-
CTOSIHHI MEXJlY JIpeHamMH B Buje

B q/ 2Tt (79)

H
np Tep=T + —2—°-

«Bucayects» jpen B dopmyse (79) He yuutoiBaercs, T. €. 11oJa-
raioTCs Kauaibl, Bpe3aiouiecss CBOHUM JHOM B BOJIOYIOP H FOPH3OHTOM
BOAB B HuX T.

IMpusep. OnpefendTs PpaccTosiHHe MeXAY OTKPHITHIMH JIpeHaMH,
paCoTaloUMMH HAa OTBOA MNPOMLIBHLIX BOJA, NPH CJACAYIOUHX JAaHHbLIX:
k=05 mlcymku; 8~0,10; T =30 »; OTKphITHIE APEHHI HMEIOT
paameput by, = 1 m; hy = 0,5 a. [lpoMuiBka 3akanunBaerca K 1 smsaps,
NpPHYEM 1FOMbIBHbIE HOPMbl YCTAHABJHBAIOTCA TAKHMH, YTO NOBEPXHOCTD
PPYHTOBBIX BOJ K KOHILY NpoMbiBKH Haxojutes Ha 0,5 a ot nosepx-
HOCTH 3emun. B aagasheiiueM, noctie OKOHYaNHsE NPOMbBIBKH, HEOGX0ANMO
K Hayaay cesuckoxossiicTBennbix paCor (1 Mapra) onycTuThb TpPYHTO-
Bbie BOJAbI HAa rayOuny 1,5 M OT nOBepXHOCTH SeMJH, a K Hauajay
nosmsroro nepuoaa (1 anpesst) — po rayCunet 2,5 s. Tlpn 3anoauenuu
KaHa/ioB h, = 0,5 M MuHHMaJbHas riyOHHa 3aJI0KeHus jipeH Oyjer —
3,5 a. Onpeje/mM pacCTOAHHSA MEXY OTKPbITBIMH APeHaMH AJa Tpex
BapHanToB uX rayoux 3,5; 4,0 u 4,5 M.

OnpeneauM paccTOsHHS MEKAY JIPEHaMH NpH TyOHHE 3a/0KeHHA
aper 3,5 M.

Hy,=35—05—0,5=25 » Pacuer BeieM Ha JBa CpoKa H
COOTBETCTBYIOUIHE NOHWIKEHHS.

1) Nommwxkenne A = 1,5 m K 1 mapra, £ =060 cymok, h=3,5 —
056—1,6=15 a.

h 1.5

Torja xos(puunent ¢ = ==z =0,6. Ilo puc. 11 =022
0 ' ~
- % = o2 =270 cymox; B=2 ]/L’70 o= 402} . Ionsay-

0,2 0.1
acb puc. 8, maxoaum a= 0,56; B=300 (\ li =m5—."'—h" —
051405 L_B_ 30 oo
== —————30 - 0)033' '-;-73 — '4_7_"'—’ 120 o 2|5! o= 0'56) .
2) Tommkenne A =2,5 » k 1 anpeas, { =90 cymox, h=23,5—
—05—25=051; ¢ =52=02 mo prc. 11 £ =067 ==

. 1B cymeam

0,67
B=2) PO 0,085y



MoxGopom (nosb3ysice puc. 8) noayusm. a = 0,445; B = 190 .

Taknum ofpasom, uToObl K 1 Mapra NOHMSHTH TNOBEPXHOCThH PYyH-
TOBbIX BOJ Ha 1,5 M, MOXHO jpeHbl pasvewatb pexe (B =300 u),
yeM TpeOyercst JJIst MOHIKEHWS! [OBEPXHOCTH TPYHTOBBIX BOJ K
1 anpeas Ha rayGuny 2,5 # (B = 190 x).

Hasi apyrux rayOud JipeH NOJAYYHM PACCTOSIHHE MEXAY ApeHaMH
B 3aBHCHMOCTH OT TVIYOMHBI HX 3a/I0XKEHHWS H TPeDOBaHHA K IMOHMXKe-
HHIO TPYHTOBHIX BOJ (AJA YCJOBHiII npumMepa).

— - - a— - —— -

[onuxKenne Bpemna nocac Paccrosue MeXAY Apenamu

rPYHTOBMX OKOHYAHNS NPO- NpH rayOHHE OTKPHITHX Aped, M

Bojg, M MLIEKH, CYMON 3.5 [ 5.0 T
1,5 60 300 354 393
2,9 90 190 246 288

[Ipu BmiGope pacCTOSHHSI MEXAY JIPEHAMH H MX CyOHHBI caenyer
VYHTLIBATL OPra-iH3alMio ¥ MeXaHH3alHI0 CeJlbCKOXO3AHCTBEHHbIX pa-
60Ty, YBA3KY HX C OPOCHTEJILHONH CEThIO, CTOHMOCTL CTPOHTE/IbHLIX pa-
00T H JApyrie TeXHHWKO-IKOHOMHYECKHe NOKa3aTeJiH.

OrmeTnm, utTo TpeGoBaHHE TNOHHMKEHHsS TPYHTOBBLIX BOJ K Hauamy
noJuBHOro nepuoja (na 2,5 u 3a 90 cyrox) okasajoch Gonee cypo-
BbIM, uYeM foHiKenne Ha 1,5 M K Hauaay noJdesbX pabor. 3akoHo-
MEpPHOCTb 3TOrO pe3yJbTaTa BHHd W3 XapakTepa H3MeHeHHs Koappu-
nuenTa ¢, (puc. 11).

[ aybokoe sareeanue 6odoynopa (T— oc). Dopmyaa st 3to-
ro cayuasi npuximaer Buj (6]

{=—In — i
kv ny/ZaViH, b

8B 2B a H, ; (80)

OTKyja, 3Has Hy, h, {, 9, k, d, moxuo Haiitu B. Tak, Aa8 ycaoBui
npumepa npu Ho =25 a; h=10mu { =60 cyrok, noayunm
B = 384 m, uto cymecrsenno Goawiue, uem B = 300 u, onpesnenesn-
HOro B npumepe, BBHAY AonyuieHusi T — oo.

§ 5. PACCOJIAIOILEE JEMCTBUE NOPU3OHTAJILHOTI O
JPEHAXYKA

[IpakTuka CopeObl ¢ 3acojienHeM OpOlLaeMblX 3¢MeJsb MMOKa3biBaer,
YTO JPEHaXX B COBOKYMHOCTH C MPOMbIBKAMH ABJIACTCS OCHOBHbIM Cpef-
CTBOM paccoJieHus seMmesb. Jlast ycToHuMBOrO onpecsenusi 1 —2 x
CNost CpelHe W CHMbHO 3acosieHHblx moyB TpeGyercs 10000 —
15000 x® npombiBHOH BOABI Ha 1 2a. dror o00BEM BOAH He



MOXET Pa3MEeCTHTLCS B CBOGOAHON EeMKOCTH IpYHTa Bblille MOBEPXHO-
CTH TPYHTOBBIX BOjl, H0O HA 3aCOJIHHBIX 3eMJIAX OHH CTOSIT BBICOKO
H SBJSIIOTCA NPHYHHON 32COJICHHS! 3eMedb. B CBS3H ¢ 3THM Ce30HHbIe
NPOMBbIBHbIE HOpMb! YcTanaeausaotes B 2000 — 3000 m3/za, n pacco-
JieHHe 3eMeJib MPO0JAKAeTCsl HeCKOILKO JieT. [Ipyrum pewaiomnm ye-
JoBHeM S((eKTHBHOCTH TNPOMBIBOK S$IBJSIETCS HENpeMeHHoe yjlaliclHe
BMBITHIX H3 MOYBBI B TFPYHTOBble BOJAbLI coJsied. Ecau noasemublii OTTOK
(B moboit opme) He Gyjer obecreyeH, NPOMBITHIE M3 MOYBEI B TPYH-
TOBbE BOjIbl COJM BHOBb HAYHYT MOCTYNaTh B [OYBY, BCJE/ICTBHE
Nnoj’béMa TPYHTOBBLIX BOJ| MOC/E NMPOMBIROK M BO3HHKAIOUIETO BOCXOASN-
utero ToKa. [IpOMBIBKA 3aCONEHHBIX [MOYB B YCJOBHSAX OTCYTCTBHSA
MOJ3eMHOr0 OTTOKA He JIOCTHIalOT LEJH, TAK KaK NPOHCXOJHUT pecTappa-
uus 3aconexnss nous [8, 16, 17, 19, 24, 25, 30, 32]. Pacxojo-
BaHHE IPYHTOBBLIX BOjl JPEBECHOH PACTHUTEJILHOCTHIO HE HM3MEHSIeT Cy-
HIECTBA Jles1a, TaK KaK He COjeHCTBYET YAAJeHHiO Cosieii H He rapau-
THPYET OT BOCCTAHOBJICHHS 3acoJieHuss noun. Takum oGpasoM, ais
YCOEUHONO paccosiennsi MoYB HeoOXOAUMO OOGECHeuuTh YCJAOBHA 751
OTTOKA NPOMBITHLIX COJIEH BMECTE C IPYHTOBBIMH BOaMH.

B § 1 nokasano, 4TO HMEIOTCH TPH NYTH OCYULECTBACHHS 7100-
82MH020 ommoka: 1) MCNOJIb3OBaHHE eCTeCTBEHHOro MOJ3eMHOro OTTO-
Ka; 2) ocrasjieHHe yacTH 3emeJib 0es OpOlIeHHdA; 3) COOpYIKCHHE HC-
KYCCTBEHHOIO jApeHaxa.

Hcnoan3opanne eCTECTBEHHOIO OTTOKA SIB/AETCS Haubosee lesieco-
00pa3HbiM peleHHeM BOMPOCa, OAHBKO 3aCOJIHHE OpOllaeMbiX 32Mellb
NPOKCXOJHT KaK pa3 H3-33 OTCYTCTBHS NOJ2eMHOTO OTTOKa, OTHero,
KaK [paBHJO, /IS 3aCOJIeHHBIX 3eMeJb HeJb3fd PACCUHTHIEATbL HA MC-

NoJIL30BAHHE EeCTeCTBEHHOro MO/32MHOI0 OTTOKAa JJI1 NpHSMa H OTBO-
Aa NpOMLIBHBIX BOJI.

Bropoii cnocol, Kaxk npasujio, HenpHem/jeMm, TaK Kak NPHBOJMT K
CH/IbHEHLIeMY 3aCOJICHHIO MPHJIETAIONHX HEOPOILIAEMBbIX 3eMeb, OCTaB-
JSEMBIX MEK/Y OpOLUAeMbIMH /IS TIPHEMA 3ACOJIEHHBIX IPYHTOBBIX BOJ
H PacXOjIOBAHHA HX HA HCNAPEHHe M TPAHCMHPALHIO, HCKJIOUeHHe Co-
CTaBJASAIOT CJIYYaH, KOrja Heopowacmble 3eMJIH ABJATCS (:ecnepcncx-
THBHBIMH C TOYKH 3DEHHSI Ce/bCKOXO3SICTBEHHOrO0 HJH HHOMO HCMOJb-
30BaHHs! (NMYCTBIHK B T. 1.).

Takum ofpazom, Aa8 yianeHus coJiefl BMECTe C I'PYHTOBBIMH BO-
J@MH peasibHbIM CPeJICTBOM OCTAeTCsl YBeJHYeHHe MNOJA3eMHOro OTTOKA
C noMowblo jApeHaxca. CyllecTBeHHHIM KayecTBOM JpeHaka Ha
OpOLIAEMbIX 3eMJISIX SIBJASETCS €ro CrnocoGHOCTL YAaAsTh BMecTe ¢
MHHEPAJIH30BAHHLIMH TPYHTOBBLIMH BOJAMH  JIETKOPACTBOPHMbIE COJH,
T. €. JIPeHa)X B 3ITHX YCJOBHAX, NOMHMO OCYILAIOULETO OKa3biBaer,
paccoasuouyze JeHCTBHE, YTO OTJIHYACT €r0 OT JIPeHaka, NpHMeHsieMo-
ro JI1si OCYIIeHUst 3a00JI0YEHHBIX M H30BITOYHO YBJIAXKHEHHLIX 3emelib
B CeBEpHbIX paHOHaX.

[TpuBejieM HeKOTOpblE MMPHMEPLl 3 NMPAKTHKH OPOLLISHHS, VKa3blBaio-
ulHe Ha 3TO CBOMCTBO JipeHama [25].
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EAIEN; Cogepx. CI

Ha O6wasn
Mecto Ha- Npenupe- | TPINTO | npow. nf.éq:‘u,u%“ E:ZS:::, L
LR O BAMHOCTD :"é‘,gi_: l:’sl}::. i nnol;gf o.gzg.cﬁ?g et u*
ol MBIBKE [yyincp

Iearpa.ibHas Ha 3,6 8500 (0,212(0,009| 2,6 9,4
MEJAHOPaTHBHAR Her 3,5 11000 |0,243 (0,010 1,8 —
crakuuna (lo-

JOAHANA CTenb)

PejyesKon- Ha 1,6 8700 |0,380|0,007| 1,65 | 10,4
CKOE ONuTHOE Her 1,2 6500 [0,149]0,026| 0,8 2,9
none (Qeprana)

To e Ha 1,6 6300 [0,398|0,043( 1,3 15,3

Her 1,7 6900 |(0,208|0,072| 0,55 3,0

B nocsiegsem ctosbue TabuaHlsl MOKA3aHO 3HaueHHe KoapduuuenTa
BBIHOCA COJIel TPAHCMOPTHPYIOLIEH 9aCTHIO NMPOMBIBHOH HOPMBI

J= :71;
p =100 Ap(S; — Sy); h — raybuua pacyeTHOro cjosi B A ) — 00beM-
HbI BEC NOUBbI; S; — MCXOJIHOE COjePIKaHMe coself B Mouse B BECO-
BhIX 9; S;— KOJMMECTBO COJIeH, KOTOpoe MOXKeT ObiTL OCTaBJIEHC B
pacyeTHOM CJIOe TMOYBbLI 10C/]€ OKOHYanHs MPOMbIBKH, M1y TPAHCNOPTH-
pyioliast yacTb NPOMBIBHOH HOPMbI, M3.

M3 tabamubl BHAHO, YTO pacconsioilee jeACTBHE JApeHaXKa CKaspl-
BaeTCA HA YBeauuenuw riyOuHbl ONpEeCHEHHs M HA 3aTpaTe MeHbLIero
KONM4EeCTBa BOJbI HA BbIMbIB | K2 cosieil o cpaBHeHuio ¢ Gesjpedax-
HBIMH  YCJIOBHAMH.

[To nasHbiM TOro Jx€ artopa [24], Aas JIPEHHPOBAHHLIX YYACTKOB
[osnoaxoil creny (LlenTpanbhasi MeJHOpATHBHAS CTaHUMA) W Depratbl
(DepueHKOBCKO® ONbITHOE I0Je) cOAeBOH GaJalic CKJia\bIBaJICs cJe-
AyiomnM 06pasoM

Mocyynuao concft, mjza
Apennpo- Orecacuo ¥ Mennme-
Mecto BAINAR concdt ¢ ape- | HEe saco-
HECNCAORALINA naouagy, | © NOACMUOR [ ¢ OPOCHTEAE- | yampoft no- | acumocTn,
2a sonoft Ho#t ronoi Roft, m/fza mjea
LlenTpannhan
MCJIHCPATHBHAA
ctanuus (Fonox-
Ha® cTeNL) . , . 116 10,40 3,6 25,7 — 11,7
QeauenKoBCKOe
ONBITHCE Noae
(®eprana) . . . 55 0,56 1,2 16,9 —15,2
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B [14) npuBojATcsl jaHHble O NPOMBIBKAX Ha GOJBLIONH NJoUIajH
Muanckoit crenn Ha ¢oxe jpenaxka ruy6unoin 3 — 3,5 M c paccrosi-
HusiMH Mexx1y apedamu 700 — 1000 . Hecmorpa Ha peakoe pasme-
IieHHe JpeH M He3HaYHTeJbHble nmpoMbiBHbie HOpMbI 1500 — 2000 m¥/2a
(nonosHenHbIMH 3HMHEMH OcajikamH B pasMepe 1200 — 4000 m¥/ea),
3(PPEKTHBHOCTD  NPOMBIBOK
OKasasiach ycnemson aas 9 0 A
u3 12 06beKTOB (KOJIXO30B M ‘
COBXO030B), B pe3yJibTare yero
MJ0ILa/lb CHJBHO M CpejHe3a- 15
COJIeHHBIX 3eMeJb COKpaTH-

Jace ¢ 53 o0 159%, uTo nos-
BOJIHJIO HX HenocpejcTBeHHo &
HCIOL30BATL MOA  XJonyart- oAl
HHK H JHOLCPHY WJIH BO3Je/ibl- 45tL
BaHHe  KY/ILTYPH-OCBOATE/S! J
(copro, uymMH3sl ¥ ap.), uTO- \
Obl B JaJibHeHeM BKJIIOYHTDH 60 ‘l
TMPOMBITBIE 3EMJIH B CEJILCKOXO-
3AHCTBEHHOEC HCNOJIb3OBAaHHE. 75

B {32] yKasuiBaercs, 4TO N~
HCCJIeI0BaHHsl, MpOBEAEHHbIe H'\\
Ha Yap/XKOYCKOM ONbITHOM 80 ]
nojie, MOKa3ajJH XOPOUIYIO h C
paGoTy JApeHaxka; B mepBbli |
e rojl nocJie npoMblIBOK Ha r04 08 12 16 S

(oHe JApesaxka OKazajaoChL -
BO3MOMHBLIM  [IOJIYYHTL  Ha 0 5 10 15 20 25 30 35 40 45 €

OLIBIIMX COJIOHYAKAX H
Ypoms Puc. 12. Tlpumep pacconenus nous, rpyH-

xqonka 25 — 30 y/ea w mo- SO R
_ PYHTOBBIX BOA NOX AefiCTBHEM NPo-
uepubl 80 — 100 y/ea. MHBOK B apeHaxa (mawustie H, A. Becen-
B [8] onuceiBaercs onbit- nosa [3])

HBIH JIpeHa)K Ha Myrauu H g“ = n:uc:.xx:m n%qnu; ‘lf.—’mmm 3anoxe-
OTMEYAETCSl, UTO KOJIXO3 HM. (C) fpywrosmx nox. sia: 2 — sacorenne (3) non
Kammmmua B nepBuii ke X rpyuros, %

rojl mnocje MOCTPOHKH Jpe-

Haxka (1931 r.), npumensisi CIJIOWHYIO NMPOMBLIBKY 3eMeJib, NOJYYHJ
ypoxai B 17 yfea xnonuatHuka, BMmecto 5 — 6,5 y/ea, xoropule oH
HMeJsl JI0 MOCTPOHKH JAperaxka. TaMm ke yKasbiBaeTcsi, 4TO MHHEpaJIH-
3aumsl ApeHaxHuX BOA 3a 16 ner paGoTsi onbiTHOrO ApeHaxa Myran-
CKOH ONbITHOH CTAaHUMH MOHHSHJAach B 2 — 3 pasa. Paccossiomee
JIEHCTBHE JIpeHaXka XOpOLIO HJLIOCTPHPYIOT Takxke Aanusie H. A. Be-
cefioBa (puc. 12), ornocsuuecs k Myranckoit onwiTHo# crasumn. [o
TNOCTPOHKH APeHa)ka MHHepaJM3alysi FPYHTOBbIX BOA Obisia 20 — 40 2/a;
u3 puc. 12 BHAHO, YTO «(pPOHT» pacco/ieHust 3arayOuiacs Ha 8 — 9 u,
T. €. CTaJl 3HAYHTEbHO raylike sanoxedns Aped (4,0 x).

5 C. ®. Ancpuanos 69




A. U. 3arymennnit [15] npoBoAua HcnbiTanHe S(eKTHBHOCTH
MPOMBLIBOK 3aCOJIEHHBIX 3eMesb ['0/104HOH CTeNH C TIOMOIULLIO «BpeMeH-
HOro Apedaxa» rayousoit 0,9 — 1,0 a, npr paccrosuuu 20 — 60 u
Ha ¢one rayOOKHX PpeAKHX JpeH. 3a BpeMs INPOMBIBKH ObLIO NOAAHO
8200 m¥ea, n3 xkoropuix 6300 m®/2a ObIO OTBEAEHO BPEMEHHOH Ape-
HaXXHOH CeThiO.

Pesyapratht paccosienusi noys npu B =40 a nonyuerst caeayio-
1He

Coxepxanne JAerkKopacTnopEMuX coacfi 8 noauof
BUTAXKS, %
Fopuaonth,
naoTuwfl oCTATOX | xa0p
oM ~
A0 NPOMIBKI | NOCAC NPOMWBKMN | 20 NPOMBBKM | NOCAC NPOMLIBXH
0—10 2,782 0,528 0,520 0,004
10-20 1,844 0,500 0,250 0,004
20—-30 1,304 0,804 0,140 0,004
30—40 0,836 0,484 0, 44 0,006
4050 1,038 0,556 0,124 0,004
S0—60 0,962 0,540 0,116 0,006
60—70 0,884 — 0,080 0,008
70—100 0,776 0,460 0,064 0,006

[lpuBejenHbie fauHble, a TAKKEe MaTepuas!, otHocsupecs K Kypa-
Apaxcuuckoit musMensocTH [30], HarasaHO noxassiBalT 3PPeKTHB-
HOCTb OOpb0b!l C 3aCOJIEHHEM 3€MeJb C MOMOLLBIO APeHaXKHBbIX [IPOMbi-
BoK. O/lHOBpeMeHHO BO3HHKAIOT Bonpock: 1) Kakumu daxropamu onpe-
JensieTess MakCHManbHasl IayOHHA ONPECHEHHs TPYHTOB H TPYHTOBBIX
BOA, 2) KaK M3MCHACTCA ITOT NPOLECC BO BpeMeHw; 3) KakuMH ycho-

BUSIMH ONpesiesisieTcss HanOobIINIT BHIHOC COJEH W3 MMOYBRI C PYVHTO-
BbIMH BOJAMH.

C uespio BLISICHEHHS! NPOUECCA BhITECHEHHS! 33COMNeHHBLIX I'PYHTOBBIX
BOJ NPECHLIMH MPOMBIBKamMi ObliM NpoBejensl JaGopaTopHbie HCnbiTa-
HHS 1O cxemaM, H300paKeHHbIM Ha puc. 13.

Onbitel  npoBoausich ObiBedt Cexuueit no HayuyHoil paspaCoTke
npoGaem Boakoro xoasiictsa AHCCCP # MOCKOBCKHM HHCTHTYTOM

HHJKCHEPOB BOJHOTO XO3AHCTBA 110]I PYKOBOJCTBOM |A. H. Kocmxosal
u C. ®. Asepbsmosa, npu yuactun B. M. JKusosoir, P. H. KaGano-
soit, Ilwoit Cun-e 1 B. A. Munaesa.

OuabTpauHoHHbi  0TOK umen pasmepst 5x 10,7 & u Gpin 3a-
PPY/KeH MEJKHM NeCcKOM; S3acCOJIeHHLe TI'PYHTOBbIE 'BOALI MOJEJIHPOBa-
auck pacreopom NaCl, xonuenrpauuit C = 40 2/a. Famepenue mume-
pajIM3aUHr NPOBOAKJIOCH CHCTEMOH JAaTYHKOB M0 3JEKTPONPOBOAHOCTH
pacTBopa.
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B cxeme a (puc. 13) HachilaJsCsi rPYHT 3aCOJIEHHOH TpyHTOBOM
BOJIOH /10 TOBEPXHOCTH (NPH 3aKPbLITON JIpeHe) H OJHOBPEMEHHO BKJIIO-
yanca B paCoTy JApeHa)k M MPOM3BOAMIACH MPOMLIBKA 32TON/ICHHEM
(pa3/myHONH HOPMOH); HaGM0AAJIOCH ONYCKAHHE MOBEPXHOCTH IPYHTOBLIX
BOJ H JApEHaXHbII OTTOK M nepemeiexne 30Hu paccogerusi. [locae-
JIOBATe/ILHOR TIOJIOXKEHHE [OBEPXHOCTH pasjlesia NMpecHbIX H 3acOJieH-
HbIX TPYHTOBBIX BOJI MOKa3aibl NYHKTHPHBIMH JIHHHAMH C Uudpamu
1, 2: uuppoit 2 nomeucHo Koueu-
HOe (YCTaHOBHBLUEECs) MM0JI0KEHHE.

[To cxeme 6 (puc. 13) npousso-
AHJIOCH HACBIILEHHE PVHTA 3aC0JeH-
HHIMU BOJIAMIL  JIO  TIOBCPXHOCTH,
sanee H3OLITOK HX MOJTHOCTHIO Ccpada-
THLIBAJCA 4epe3 JpeHy, 1ocJje vero
HaYHHANACh MPOMBIBKA upH  Jeil-
CTBYIOIIEM JIpEHAKe My TeM HHPHIIb-
Tpaunn. Habmopannen Anxamuka
NOBEPXHOCTH TPYHTOBBIX BOJ, Jpe-
HAAKHOI'O CTOKa, [epeMeliietiie 30Hhb!
ONpeCHEeHHA W MIHepa,M3allis Ape-
HaXHOTO CTOKAa JIO HACTYILICHHS
YCTaAHOBHBLICTOCH PeXKHMA.

Cxema ¢ (puc. 13) npeaycma-
TPHBAJA COCPEIOTOYCHHYIO MOAauy
NPOMBIBHOH BOJAL MOCEPE/IHHE MeXK-
Ay JpeHaMu npu HabIoACHMH TeX
JHE 3IJIEMEHTOB MOTOKa, 470 H B
cxemax a, 0. Prre.

13. Cxemst onsron no

Pesyibratl  HenwiTauit noKa-  cpamumrensHofi  sddekTinmocTi
3aJH. NPOMMNBOK Ha one apenaxa:
1. ﬂpu cnocote NPOMBIBKH Q — NPOMBIEKA  IOTOUJACKHCM NOBCPX-

Pas3oBhIM  3aToIVieHHem (cxema Q)
30HA CYUIECTBEHHOTO OlPECHeHHS
BecbMa Hesesmka (5 — 10 rayGuu
3aJI07KCHHSL  JIPEH) H  NpHMbIKaeT
HenocpeacTBeHHO K apene. O0bsic-
HSIETC sl 9T0 GONLILOH pasuinied B Bep-

noctn  nound  oGuemom W 6 — un-
DHALTPAUHOHRAR  PARHOMEPHAR  OIPO-
MLIBXA HHTCHCHONOCTLIO @) & — cocpe-
AOTONCRHAR KA MORADCHBLE NPOMLIBKA
pacxogom Q: /, 2, & 4 — nocacaosa-
TCALHOE BO BPEMEIN OA0KCHHE pAa3-
ACTD HPESHLIX NPOMLIBHEIX # ANCONEH-
HEZX  HCXOAMMX IPDYRTOBLIX  BOAX:
/A — npeua

THKAJBHBIX COCTABJSIONMX  CKOPO-

CTeil NPOMBIBHLIX BOJ — BOJH3H JAPEHD 1 NOCEPEARIIC MEVKAY HUMH. [Ipo-
MBIBHAS BO/Id KaK Obl CKaThIBAETCS 10 3aCOMNEHHBIM I'PYHTOBBLIM BOJAM
H 3(peKT NPOMLIBKH HeBeMK. XapakTepHO HEKOTOpOE yBesHueHHe 3a-
COJNEHHOCTH BOJIM3H JpeH K KOHLY OlbITa.

2. Ilpn nopave TOro e KosmuecTsa NpOMLIBION BOAM B BHAE
AJUTEIBHONO UH(PH/ILTPAIHONHONO [HTAHNS, PABHOMCPHO pacnpeieseH-
HOTO MO BCEi JJIHHE MOTOKAa (cxema §), NPOHCXOAMT BBLITECHEHHE HC-
XOJHBIX 34COJIEHHBIX TPYHTOBBIX BOJA B JpeHbl W yjaneuue co.seil 3a
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npefensl MaccHpa. [loBepxHOCTL pasjlela NPECHbIX M 3aCOJEHHLIX
CPYHTOBBIX BOJ «pa3Masanay, NpHYEM, MOXKHO Pas3inyaTh ee (poHT—
HAya/j0 110AX0Ja TNpPecHOil BOABI, W Thul, €3alH KOTOPOrO OCTaercs
NPaKTHYECKH NpecHas Boja. 30HA PACCO/eHHsi OXBATHIBACT BCe 1PO-
CTPAHCTBO MEMAV ApeHamit, HO HaunGoJblLeH BEJHUNIbI 33COJIEHHOCTD
AOCTHraeT rnocepefute Mexxay Apenamu. [Ipn HekoTOopbix OGaaronpusit-
HbIX COOTHOLIEHHSIX PACCTOSAHMIT MEXKIY ApeHaMH, MX IVyOHHAMH H HH-
TEHCHBHOCTHLIO NPOMBIBKH IPOHCXOAN/IO NOUTH NMOJHOE OlPEeCHeHHe MacCH-
Ba, 3a HCKJIOYCHHEM HCOOLILIOR 30HLI HENOCPEACTBENIO MO APeHAMH.
Kak npasuio, npi IMTEILHON NPOMBIBKC 30HA ONPECHEHHs pacipo-
CTPaHACTCA HHze NyOHHbI 3a70XKeHus JpeH.

B uauanbHble nepuoist nOan3n JipeH HaO.mioaeTcs HeKoTopoe yse-
JMYCHHC 3aCOJIEHHOCTH, KOTOpHie B JaJjbHeiiuem Jmksianpyerces. Hu-
TEHCHBHOCThL PACCOfeHist H KoHeuHasi rayOHHa ero ne cCmsisana Hero-
CPEACTBCHNO € TNOKA3ATCJSIMM  OCVINHTENLHOTO  JICHCTBHSI  JpeHaka:
cOMHzKeHne JipeH He BEeJACT K VBEJNUCHHIO FayOHibl paccoJenHs.

3. Hanpapaennas npoMbiBKa, 11POH3BE1EHHAS COCPEIOTOUEHHbIM
[HTAHHEM [10cepeliie MeAKLY ApeHaMu, jana Hanfoapumit ek,
COKpaTHB 11epiO MONOr0 PACCOJIeHHst 110 CpaBHENHIo €O cxeMoil 6
(MpH MPOUMX OANHAKOBLIX YCJIOBHSIX) B 2 — 3 pasa. lpin 3tom B Ha-
yaje Takoil NMPOMBIBKH 3HAUHTEABLHO BO3PACTAET 3dACOJNCHHOCTL BOJIH3M
Jipen, a 1pn ,-‘l.'lHTe.'lb}K)I"l HPOMBIBKE Olld JIHKBIVTHPYETCS,

4. Tlponece paccosenysi TPYHTOBLIX BOJA NPOTEKAET MeAICHHO M
MOJHOE PACCOJICHHE NI NEpeBoje B HATYPY npi Kosdxpuunente (iin-
Tpaun k=1 a/cymku nporekaer 6 — 12 aer, Xors yiKe 3aMeTibie

PesyabTaThl MOKHO OxitlaTh 3a 2 — 4 roja.

[Tposetenbie HenbITaNMS, a TAKKe paHee OTMENEHHOE B TMPHPOJL-
HeIX vegaosusix [16, 19, 35] onpechenie 3acOAeHHBIX TPYHTOBLIX BOJL
B MECTaX YCHJICHHOrO MX NMHUTaHs HHPHILTPAUHOHHLIMI BOJaMH (CTen-
Hbie GAI0A, JHMAHb), ¢ HECOMHEHHOCTBHIO YCTAHAB/BAIOT BO3MOK-
HOCTH ONPECHEHHS TPYHTOBLIX BOJA Ha onpejieientyio rayéusy c no-
MOWLBIO NPOMBIBOK M [ApeHaka, B LeAAX TapaHTiil OT pecTaBpaiuu
3aCOJIeHHs 1TOYB H CO3]anns OJaronpHATHOrO Xola 1nouysoodpasoBaTelib-
HOrO npoiecca.

Tak kak 3TOT BONPOC B KOJHUECTBCHHOM OTHOLUCHKI MOYTH COBEp-
WeHHO He pa3paoTaH, NpHBEAEM HEKOTOphie MpeiBapiTe/bHble cool-
paxenns [3, 28].

Hauboavuian eaybuna -paccoacnusn. as cxemnt puc. 14 npn
HHOHABTPALMOHHOM MHTAHHH HMEeM:

n-ty TYEE =
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- QVZV-"__O. 1/ - L. 81

Ho=3 k 1 Pr—¢f0" 1)

rje p, — IJOTHOCTh TPECHOH TPYHTOBOH BOAB B 2/cmM®, py— MJIOT-
HOCTb 3aCOJICHHON rpyHTOBOH BOjAbI B 2/cu?. HanGosbwas rayGuHa:

OﬂpeCHeHHﬂ 6}'118[
— _; -P—l- d
H+H0 -'-Z‘l/—k VPI-PU ; (82)

H O0BEM NPCCHBIX BOJ

== L
W 3 mB’V; l/pl_‘% »  (83)

rae m — csobojHas (AJst TMPOHHKHO-
BEHHS MPECHOH BOJLI B 3aCO/EHHbIIl
I'PYHT) TOPO3HOCTD.

Hakoneu,

H4+Hy=H-E8_. (84)
Pr—>Po

Puc. 14. Cxema onpecuenus 3a-
M3 npusejennsix (Gopmysl BHAHO, CGACHEIG ThYETORMY: BOR: HOR

YTO paccCoJieHHe IrpyHTOBLIX BOJ MPO-  peflcreuem NMPOMBBOK M Ape-
HCXOAUT mem 2aybxce, ueM avlue HaXa:

HHTEHCHBHOCTbL [NHTAHHA (Q), Mexblile A — ppeuns na paccroanni B apyr or
Ko3QxpuuMenT HAbTpauMH rpyHTa (R), 404~ MTeKcHBIOCTL PONUDOK:
yem 60‘wac pacc-roﬂuue Memy npe. B — pcxoanne 32COACHHNE IpYNTOBHE
naMu (B) 1 ueM sewbule pasHocTb B i

MJIOTHOCTAX 34COJIGHHBIX H [TPECHbIX TPYHTOBBIX BOA.

W3 dopmysnt (84) cnenyer Takike, 4yTo B OCHOBHOM TJ1y0OuHa pac-
conennst /1 - H, 3apucut or jAeiicTByloutero sanopa H W OTHOUICHHS
NJOTHOCTEH.

Crezyer OTMETHTb, YTO NPH OObIHBIX KOHIEHTPAUMSX CHJIBHO 3a-

cosentbiX TpyHTOBhIX Boa C = 10 — 50 2/a, g_‘ = 1,01 — 1,04. Tak,

0
no HabmofenuaM [35] B CanbsHCKON CTenu TPYHTOBbIC BOJABI WMEJH
CACAVIOUIHE MAOTHOCTH

Cu.‘,’d 22 49 70 83
£1 1,04 1,033 1.047 1.056

B paGore [36] nokasana JuHeiHasi 3aBHCHMOCTb MJIOTHOCTH 3aCO-
JIEHHBIX TPYHTOBLIX BOJ OT MX MHHEPaJH33LHH, NpHYeM ISt PaccosioB
npu C = 230 — 250 ¢/4 ux nNJOTHOCTL AOCTHraer aHauenuit p = 1,18—
— 1,19 2/cad.

Cnesopatenibho, npejeibHasi rayOHa ONpecHeHHss MOMKeT A0-
crurath 25 — 100-kpatHoro 3uagenns Hanopa H, KOTOphii OOBLIYHO pa-
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ged 0,5 — 1,5 x. Takum oOpasoM, npejlesibHas 30HA OlPECHEHHs MO-
xer pocturaTh 3uauenuii 10 — 100 x, uro BHOJAHE JOCTATOYHO ISt
YCTOHYKBOTO ONpPECHEeHUsI BepXHero CJIosi TPYHTOBBLIX BOJ.

Hecmotpst na npubamzKeHHOCTL, NpPHBEAEHHLIe COOTHOLIeHHSI BCE
3Ke TMO3BOJSIOT CAeAaTh CYUIECTBEHIBIE BLIBOLI:

1) Ans obecrieyennsi HAHOOJBLIETO PacCOJIEHUst IPYHTOBLIX BOJ He-
O6XOAHMO TIOICPIKHUBATH B03MONCHO GOABLULLL HANOP HA MexcApeHbe — /15

2) npH NpouMx paBHbIX ycaoBuaX (g, K, T u T. A.) paspexen-
Hele ryOCoKue ApeHbl cosjaior Goablumil geiicTBytomwmit vanop /1, uto
COAENCTBYET PACCOJICHHIO TPYHTOBBLIX BOA; 3TOIl 3ajlaudt He MOXKCT Bbl-
NOJIHHTL HeryCOKHit JIpeHa;

3) cryuienne apen 0ANHAKOBOH MIYOHHB! YXYAUIAET paccoJeHHe IpyH-
TOBLIX BOJ;

4) ypennueHHe NPOMBLIBHLIX HOpM Ha (pore ruiyGoOKoro Apena:ka co-
AeiCTBYET yBeauueHuto Hanopa H, a, cJ/enosaTe/IbHO, YCKOpseT pac-
coJieHHe IPYHTOBLIX BOJ.

Junasmuxa onpecrenus. Brnpeab Ao 0ojee JeTajNbHOrO H3yueHus
BOMPOCA, NpH IYOOKOM 3a/IeraHid BOAOYIOPA, OTCYTCTBHH HAMOPHOrO
MATaHUS, BPEMS NPOABHKEHHA 3OHbl OlPECHeHHs] MOXKeT ObiTb NpHO/H-
JKEHHO onpejieneHo-no gopmy.e

_my

1=
rje y — ray0uHa NpoABHMKEHHS (DPOHTA ONPECHEHHSI MOCEepeliHHe MeK-
ny Apenamu (B a); m — cBoCojiHasi AJAsl TNPOJBHAKEHHS MPECHBIX BOJ
YOPO3HOCThb; ¢ — MOJAYJb MOBEPXHOCTHOrO MH(HALTPALHOHHOTO IHTA-

HUSI TPYHTOBBIX BOJ B m/cymku (1 mjcymxu = 116 afcex ¢ 1 ea);
H — nanop, nojlep)KHBaeMblii Ha MexK]peHbe; A = "‘—P—ﬂ; pr H pp—
0

IJIOTHOCTH 3aCOJICHHOIt H npecnoi’l IFPYHTOBLIX BOJ. Tak Hanpumep,
npi A=0,04; H=1 a; y=5 s m=030; ¢=0,2 a/cex ¢ ea

0,30.5 116 1 i _ ,

0Z {0045 — 1090 cymok ~ 3 eoda.

L

cymiu, (85)

=

§ 6. HEKOTOPBIE PEKOMEHJAUUHU 11O NPUMEHEHHIO
FOPU30HTAJIBHOTO APEHAXA,
KAK CPEJICTBA BOPbBbI
C 3ACOJIEHUEM OPOWAEMBIX 3EMEJIb

Hcexonn n3 onwita paCoTel jlpeHarka Ha OpOIIAEMBIX 3CMJAX M
TEOPETHYECKOrO PacCMOTPEHHSI BONPOCA, MOKHO BLICKA3aTh [paKTHYe-
CKHE PEKOMEHAIHH 110 HEKOTOPBIM BONPOCAM [IPHMEHEHHS TOPH30HTA/Ib-
HOrO JipeHazka Kak cpejacTsa GopbObl € 3acoJieHHeM OpoLIaeMblX 3eMelb.
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Mamepuaast neobxo0umote a1 npoegmuposarusn Openasca. 1. [Ins
JCHCTBYIONMX OPOCHTEJLHBIX CHCTEM, mpH ODOCHOBAHHH OCYIILECTB-
JieHust JlpeHaa 1es1ecoo0pa3io NPHMEHHTL aHAJIH3  CYIIE@CTBYIOULETO
Bojuoro Gananica MaccuBa (ofiiero, rpyHTOBBIX H MOYBEHHLIX BO1) H
COCTaBMTb NEePCHEKTHBHBIH (NOC/IC COOPYVIKEHHs! JipeHanxa) 6anane rpyy-
TOBBLIX BOA. [115t 3TOrO Hy»KHbl: jlaHuble O B0103a00pe B CHCTEMYV:
(PHABLTPALHOHKLIX  MOTEPSIX HA  MarHCTPabHBLIX, MEKXO3SIICTREHHBIX,
BHYTPUXO3SIHCTBCHHBLIX KAHAIAX: OPOCHTEJLILIC HOPMBL H PEKHM  OpO-
LICHHSA, METCOPOJIOTHUECKHE JIaunble; HaOMOoJeHHst HAal KoJeDaHHsAMH
NOBEPXHOCTH FPYHTOBLIX BOJ LISl THIHUHLIX MEJIHOPATHBHBLIX Y4aCT-
KOB; HaOMOJCHHA HAJ BAAKHOCTBIO MOYB B HAYale H KOHlUE pacuer-
HLIX NEepHONOB; JlanHuie 0 cOpocHblX Boaax. CopepiueHHo HeoGXOAH-
MbIM SIBJASIETCS XOpOILee 3HAHHE Te0JIOTHYeCKHX W I'HADPOrenjorHyecKHX
VCAOBHA (HanaacToBaHHe H MPOHHUAEMOCTDL 110PO;L, HAJHIHE [10/13¢MHO-
O NPUTOKE, BO3MOKHOCTH NMOJ3EMIIOrO OTTOKa), 0C000 BayKHbIM sIBAs-
€TCs YCTaHOBJICHHE HAJHYHF HJIH OTCYTCTBHSl HAMOPHOrO BOCXOJSILLEro
TOKA [I0JA3eMHBIX BOJ, UTO MOKeT OniTh OOHAPVIKEHO MOCTAHOBKOMH
CHELHANBHBIX Nbe30MeTPoB. JKe/aTe/IbHO TaKKe WMETb OlNbiTHbIE JaH-
Hbie TIO BEJHYHHAM HCHAPEHHS M TPAHCIHPAUMM PA3JIHUHBIMH KVJLTY-
paMH IIpH pasaninoil rayOHHe 3aj1eraius rpynToBbiX BOA.

Ml He MOKeM 3]leCh OCTAHABJMBATLCH HA BONPOCAX MEJIHOPATHB-
HOTHAPOJOTHUCCKHX  NOJIEBLIX  HccaeloBannii (00 3TOM roBopurcst B
cnetHa bHoll aurepatype [23] u apyrux paCorax). OrMerum, ojuaxo,
YTO paspaboTanHbie B NOC/E/HHE TObI HOBHIC [PHEMbI HCC1€10BAHHA
H3MEepeHHE Nepe/iBHAKEHHA TPYHTOBBIX BOJ W BJArH ¢ MOMOULLIO H30-
TONOB, METOj TenoBoro HanaHca 78 H3MEpeHis CYMMapHOro ucna-
petifsi, OnpejeJieHHe [apaMeTpoB BOJOHOCHONO MJiacta (Hanpusep,
k, T/5) no naGofeHusM 3a pacnpocTpaHeHHeM KoJeGaHuil 110BepXHO-
CTH TPVHTOBLIX BOX H JApYyrue, — [O3BOJISIOT B JOCTATOYHOH CTENeHH
OCBETHTb BOJHBLII PEXKHM OpOLIAEMbIX 3eMeJb H VCTAHOBHTH CBA3H
MexAy ero ssnementamu [20, 23].

Jlasa XapakTepUCTHKH COJIEROrO perHMa nousB, TPYHTOB H FPYHTO-
BLIX BOJ, TNMOMHMO JAaHHLIX ITOUYBEHHOH CBHEMKH, JKesaTesibHbl Oosiee je-
TaJbHble cBejledHs 00 oluwieil MuHepaausalun 1 cocrtage coJeit s
OYB, 'PYHTOB H TPYHTOBLIX BOA. Al rpynToBuiX BOA IKeNaTE/NLHO
3HaTh MHHEPANH3AIMIO COCTABA COJIEH H €C IVIOTHOCTD A PA3/IHYHBIX
ravoud (10 10 m i Gosee), HeoOXOMNMMbI 3aMepbl 3aCOJEHHOCTH OpO-
CHTEIbHBIX H COPOCHBIX BOA.

HeoOxoauM0 Takixe mMeTh oflLHe CBejeHHsI O CHCTeMe (nJjan
MECTHOCTH, OpollaemMble MJOIEAN, K. 3. H., VpomxaiHocTh, cayxba
IKenayaralms H T. J.).

[lepeyncaennniX AaHHLIX JIOCTATOMHO A5 COCTABJGHHS H aHAJM3a
CYUIECTBYIOUWEr0 BOAHOrO 0ananca W NPOrHo3a peiuMa rpPYyHTOBBLIX
BOJ nocJjie COOpV/KCHHA JApeHarka H 000CHOBAHMST  €r0 Pa3MCIILCHHS,
rayéusel 1 1. 1. JKeaaTeabHo npH 3TOM cocTapienie Xorts Ob npu-
OMMKEHHBIX coMeBbX OasIaHCOB MacCHBa.



BecbMa nepcrneKTHBHBIM SIBJISETCS INPHMEHEeHHe MeTo/la COBMECTHO-
ro pelleHHsi ypaBHeHHH BOJHONO M c0JieBOro 0ajiaHCOB. /sl TPYHTOBBIX
u noysexHslX BOA [29]. [lnA Buifopa KOHCTPYKUHMH JpeHaxka M o0oc-
HOBAHHA €ro BAapHAHTOB HEOOXOJMMbI TEXHHKO-3KOHOMHUECKHE pacyeTsl,
YYHTHIBAIOIHE CTPOHTEJbHLIE CBOHCTBA I'PYHTOB, cnocol6 NpoOH3BOACTBA
paboT, HaJHuHEe MaTepHasioB, CTOMMOCTH paGoT M MX 9(h¢eKTHBHOCTH
(C TOYKH 3peHHsi CPABHEHHS 3aTPAYCHHBIX CPEACTB H IOJIYYEHHS SKOHO-
MHYECKOro 3gxpekra OT POCTa NPOAYKIHH).

Heobxomumo 1pi 3TOM paccMoTpeTh BapHauTsl COpuObl ¢ huib-
TPAIHOHHLIMH NOTEPSIMH Ha KaHajaX NpH MeHee HHTEHCHBHOM JIpeHH-
POBaHHH. AHAJH3 3TOT MOKeT ObiTh NPOH3BENEH HA OCHOBE Mepenex-
THBHOro GaJsiaHca TPYHTOBbIX BOJ M TEXHHKO-5KOHOMHYECKHX pacueToB.

2. Jlns BHOBb NPOEKTHPYEMbIX CHCTEM HeOGXOJHMMO TaKiKe COCTaB-
JATL NPOTHO3 peXHMa TPYHTOBLIX BOA (0Gasanc) ¢ TeMm, 4TOObI BbisiC-
HHTb HEOOXOJIHMOCTb CTPOMTEJLCTBA JlpeHarka WiH YCTAHOBHTL CPOKH,
Korja oH notpebyercsi. B stoMm cayuae nauGosbiliee BHHMAHHE cJe-
JAyeT oOpaTHTh HA MEPOIPHATHS, YMEHBLIIAIOUIHE [HTAHHE PYHTOBBLIX
BOA.

Pasmewenue dpenasxca ueaybunaezo saroserus. Ha cymecrsyio-
UWHX OPOCHTENbHLIX CHCTEMaxX KaHa/jbl OObMHO NPOXOASAT M0 MOBbI-
LLIEHHLIM 3JIEMEHTaM  pesbeda;, (UAbTpalHs M3 HHX COJEHCTBYET Bbl-
TECHEHHIO COJICH B IOHMMKEHHBLIE /1eMeHThl pesibeda noussl U IPYHTOBbLIE
BO/IbI, KOTOpbie OObMHO HauGosee 3acosienbl. [TosToMy OCHOBHYIO (pa-
Gouyi0) CeTh CHCTEMAaTHYECKOIO TOPH3OHTAMbHOrO JpeHaxka cJjeiyer
pa3melaTb B MECTaX TMMOHHMKEHHSI MECTHOCTH B MecTax HauCo.biuero
3aCOJIeHHsI NOYB H TPYHTOBLIX BOJA H NpPHOJIM3HTEJIBHO NOCEPEHHE MEX-
AY NOCTOSIHHO JEHCTBYIOUIMMH OPOCHTEJIbHBIMH KaHasamH. B cBsasn ¢
3THM CJIe/lyeT NPH3HATb COBEPIIEHHO HellesecoobpasHbIM pasMelllenne
ApeH WJIH KOJ/1eKTOPOB BOJIH3H OPOCHTEJBHBIX KaHaJOB, TaK Kak 370
HE TOJILKO YBEJHuUMBACT (PUALTPALHIO M3 KaHAJO0B, HO M COJEHCTBYET
OTBOAY JpeHaykemM MpecHoH (HALTPAIHOHHOH BOJbI, B 3TOM cjayuae Ape-
HaXK He Oyler cOAEHCTBOBATHL PACCOJICHHIO 3eMeJlb, a IPECHbIe OPOCH-
TeJIbHbIE BOJbI BMECTO TOrO, 4TOOb! IOnajarh Ha MNojs H COJAEHCTBO-
BaTb PAacCo/IEHHIO NOYB, GYAYT HENOCPEACTBEHHO MATH HA JIPEHAXKHBIH
cOpoc. Tak Kak ropHsOHTaNbHbI CHCTEMATHYECKHH JIpeHa)< XapaKTre-
pH3YyeTCs1 BHYTPEHHHM TMHTaHHEM, TO pasMellleHHe ero MOXer ObiTb
MPOH3BE/IeHO KaK MO MomnepevHof, Tak M No npojoJbHoOit cxeme (T. e.
nonepek YKJOHa TNOBEPXHOCTH TPYHTOBLIX BOJ HJH BJOJb YKJIOHA),
NPHYEM TnepexBaT MNOTOKA 3aCOJIeHHRIX TPYHTOBHIX BOA CO CTOPOHbI,
eC/IM TakoH HMmeercs, JOJeH ObiTb OCYUIECTBJEH CrelHalbHbIM OT-
CEUHBLIM JApeHaXkeM, uToObl He IeperpyaTh CHCTeMaTHYeCKHi JpeHax
paGoToii 1o OTBOAY H30LITOMHLIX BOJ H COJIeH, NOCTYNAaoIHX CO
CTOPOHBI.

Bonpoc pasmelennsi JApeHaka CBsidaH Takxe C €ro TrJyOHHOH H

Kowcerpykunei. Kak 310 ObiJIo NOKa3aHo Bbuue, rJayGOKHH JipeHax
ofecrneyuBaeT:
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1) HeoOXoAKWMBIH peXXHM PPYHTOBBIX BOJL B TUEHHE ro/d, B TOM
YHCJIe B MEPHOAB! YCHJIEHHOTO NMHTAHHA TPYHTOBBIX BOJ (NPOMBIB-
KE), 3@ CHYeT HCNOJb30BAHASA CBOGOJHON OT BOABl €MKOCTH I'PYHTa
BBUIIE 32J0XKEHHA ApeH;

2) 3HAUMTEIBbHOE YBEJHUEHHC PACCOJNEHUS HE TOJBLKO TOYB, 1O
H I'PYHTOBBIX BOA, BBH/Y GOABLIErO MO CPABHEHHIO € NErV1yGOKHM
JPEHaXKeM, «IeHCTBYIONIEro Hafopa», T. €. npesblllUeiusi NOBepx-
HOCTH I'DYHTOBAIX BOJ 1OCEPEAHHC MEXAY JIpeHaMH HajJg NOpPH30H-
TOM BOJAbI B ApPEHax; onpecHenHe rPYHTOBBIX BOjl rapaHTHpyer OT
pecTaBpalHH 3acoJenus, uto Iabaogaercs TpH  HerayGoKoM
ApeHaxe.

Taxkum 06pazoM, NpakTHKa nNpHMeNenus JPeHaxa Ha opoua-
e€MBIX 3CMJAIX M TeopeTHuecKHe ¢oobpayKeHHst rOBOPAT B MOJb3Y
pedkozo 2rybokozo dperaxc@. ECTeCTBEHHO, YTO OCYUIHTEIbHOE H
paccoasionlee ASHCTBHC APEHaXKa 3aBHCHT OT TICCJOTHUECKHX YC-
JIOBHI M, NPEXAC BCero, 01 KO3PQPHUUCHTA PUILTPALHA I'PYHTE, B-
KOTOPHIE 3aN0XKeH APCHAXK. YUHTHIBAS, YTO «KPHTHYECKas» rayOu-
1Ia 3aJIeraHus rpyuToBbLix 804 OObIMHO HAXONHUTCH B npeaeaax 2—
3 M, CuHTaeM e ecoo0PasHbIM MHHHMAJAbHYIO MNIyOully apeHaxa
nprEKHMaTL paseoil 3 m. [Ipu OAHOPOAHOM CTPOEHKH TPYHTA, BeCh-
Ma TAyO0KOM 3ajeranud BOAOynopa ¥ rayOuHe ApeHaxa 3 x
MOXKHO PEKOMEHI0BAaTh CJEAYIOILHC PACCTOANKSA MEX1y JApclaMH
(1aHHBIC OPHEHTHPOBOMIIBIE, NPOBCPSICMbIE PACUETOM).

Honro rpyamu Kisions uss: Paccionmms wees
Tsxeasle CYrIHHKH . .+ . . <0,5 <300
Cyrannky, TiXemne

CYNECH .+ o « o » R 1-3 300—500
Jlerkue cyramuke,
L RN S g 3—10 500800

JApyruM BaXXHLIM OGCTOATEJNLCTBOM NPH OnNpeaesenHy pazme-
LIEHAS APeH ABAKIOTCHA AONYCTHMblE VKJIOHLL. Jleao 8 ToM, uTo oT-
KPHITBIe APEHbI-KAHAJL MOTYT AOIYCKATh MHHHMAaJbHBIC YKJAOHB
/=0,0003—0,0004, B 10 BpemMs KaK g 3aKpbITHIX Apen TpeGyoT-
s, BO u3bexaHnue 3ansenus, ykiaons [2>0,002. [Tocaeanee obero-
ATEALCTBO OTPa)kaercs Na npedeavHod JJMHe 3aKPHIThIX JPeH,
YTO 3aTPYAHAET UX pasMCleHHe B NJIaHE, Tak KaK ypesMepHoe 3a-
ray6JieHHe KOJJIEKTOPOB, NPHHHUMAOUMX BOJy U3 APeH, Hexeja-
TEJABHO N0 MPHUKHAM YBEJAKYEHUS MOUIHOCTH HACOCHBIX CTaHIKMH
(B cayuae nepexauku JPCHAXKHBIX BOA) HJIM OTKA3a OT camMoTey-
Horo cOpoca ¥ Tepexoja Ha MexaHH4yecKylo otkauky. Kpome Toro,
NPH MaJbiX YKIOHAX NOBCPXHOCTH 3EMJIH, NpPH YKJOHAX 3aKPBITHIX
apen 120,002 co3paercs HepaBHOMEPHOE OCYLIHTEJIbBHOe H pacco-
JgI01ee ACHCTBHE — HaWMEHblIee B KX UCTOKe ¥ HanGoibllee B
yCTbe, TI'JIc B 3TOM HET HeOOXOAMMOCTH BCJIEACTBHE OCYIIA-
TeJBHOT0 M  DACCONAOUIEro JeHCTBHSA  KOMIEKTOpa. Taxkam
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©00pa3oM, mNpH pa3MelleHHH JpeH B IJIaHe CJeAYeT CUHTAaThCA C Cylle
CTBYIOWEH (HJIH NMPOEKTHPYEMOfl) ceThio ACHCTBYIOIHX OPOCHTENbHbIX
KaHaJIOB, NPEHMYIIIECTBEHHO Pacnoiaras J\peHbl Ha NOHIKEHHBIX YyacT-
Kax peabeda, ¢ HanGojiee 3aCOJIEHHbIMH MOYBAMH ¥ TPYHTOBLIMH BO-
Jamu (B OCHOBHOM [OCEPeJiHHE MEMKAY [OCTOSHHO JIefCTBYIOUIUMH
OPOCHTEJIbHBIMH KaHasamu). [lpeubl ciiejlyeT pasmellaTb B 3aBHCHMO-
CTH OT JIONYCTHMEIX YKJIOHOB M npeleibHblX JUIMH, H, TaK, 4To0bl
OHH OKasanH HeoOXOJHMMOE OCYIUHTEeJbHOe H paccoJifiouiee AeficTBHE
Ha opoluaemsle 3eMaH. Ocobo OTMEYaeTcs, 4TO NPH HANOPHOM THTAHHH
JApeHaXX CTaBHTCA B TSKEJIbIE YCJIOBHSA paboThl, 0COGEHHO NPH CHILHOMH MH-
HepaJM3alHH HanopHuiX Boj. [losTromy ero pasmeunenne u ruyOuHa 3a-
JIOMKEHUS] 3HAUMTE/IbHO H3MEHATCS, B 3aBHCHMOCTH OT MHTEHCHBHOCTH
MUTAHHUA TV1YOHHHBIMH MOA3eMHBIMH  BOJAMH.

Crenyer Tak:ke OTMETHTb, YTO MpPH HAJHYHH CJOHCTBIX T'PYHTOB
ApeHax JOJKEeH NOMeaThCs HJH NepecekaTb Haubozee BOJONPOHH-
lLiaeMble CJIOH rpyHTa.

Ecau 3TH cjod 3aneraloT OTHOCHTEALHO ruy6oko (5 — 15 a), pe-
KOMEHAYeTCsl pejikHe TrayOokHe JApeHbl JONOJHATH BEepPTHKAAbHBIMH
CaMOM3JIHBAIOMIUMHCST KOJIOJIUAMH, 3aMOJHEHHLIMH (DUJILTPYIOUIUM MaTe-
PHAJIOM;  PAcCTOSIHME  MEMXAY TAaKMMH CKBaKHHAMH NpPHHAMAETCS
20—50 a, uto MOXeT OblThL 0o0OCHOBaHO pacueroMm [l].

Il pumererue Openasca 6 3asBUCUMOCTL OM  CMENZHU  3UCONCHUR
nous u epynmoesix 600. [1o 3TOMY BONPOCY KpaTKO NpHBEEM PEKOMEH-
JauuH, Aamsbe B [17].

1. CesoHHOe NATHHCTOE 3acosieHHe NouB. B Teyenue BecHbl—JieTa B
Pe3y/IbTaTe HepPaBHOMEPHOTO YBJAXKHEHHWA H HEJONOJHMBOB OTAE/LHBLIX
YYaCTKOB H JAPYFHX NPHUHH [IPOHCXOJMT HAKONJIeHHe cojiefi B BHJe
MsATeH B MaXOTHOM CJiO€, NpHYEM, He3aMEeTHOE Ha a3, 3TO 3acoJieHHe
CHHMKaeT ypoxaiiHocTs Ha 10 — 159%. JIuksujauust Takoro THna 3a-
COJIeHHsl MOMKET ObiThb JOCTHPHYTA YJIVYILEHHEM ISKCIUIYaTalMH, [Ja-
HHUPOBKOH, BLIOOPOUYHOIl NPOMBIBKOIT.

2. Tlocrosinoe nATHHCTOE 3acosenwe. [IpH TakoM THne 3acone-
HHSl NOCTOSHHBIH BbINAJ CEAbCKOXO3AHCTBEHHBIX KYJALTYP NMPOHCXOAHT
Ha 10 — 159% opowaemoit naouwaan. Hekotopoe BpeMsi ¢ 3THM THIOM
3acoJieHnsi MOXKHO OOpOTHCH [OCPEACTBOM 9SKOHOMHHM BOJLI, yJywlle-
HHSl SKCTIYaTal{H OPOCHTEJILHOM CHCTEMb, MJIAHHPOBOK M T. A.; OJHAKO
B CJyuae MpOrpecCHBHONO 3aCOMIeHHST OpOLIAEMBIX 3eMesib He0OXOJHMO
CTPOHTEJILCTBO JIpeHaKa.

3. CunowHoe 3acoJieHHe MpH MaJo- H CPe/IHe3aCOJIeHHbIX IPYHTOBBIX
Bofax (10 —12 &/a2). ObwbuHO JerkopacTBopHMbie comu (2 — 3%)
NPHCYTCTBYIOT B MaXOTHOM TOPH3OHTE IOYBBHI, B TO BpeMs Kak GoJee
riay6OKHE TOPH3OHTH! MOYBO-TPYHTOB 3aCOJIEHbl CPAaBHHTEJBHO MaJo
(0,3 —0,59%). Takue MaccHBbl HMEIOT OOLIMHO CPABHHTEJBHO INPOHH-
uaeMule TIPYHTHI H HEKOTOpLIH ecTecTBeHHbI OTTOK. B sToM cayuae
HeOOXOMMBbI NPOMBIBKH Ha (oHe pejkoit riyOOKOH JpeHaXKHOH CeTH.

78



4. CnjioliHoe 3acojieHHe NPH BbICOKOMHHEPAIH30BAHHEIX IPYHTOBbIX
pojax (12 — 50 2/4 u Bbie).

B conoHuakoBbIX 3eMJIIX 3TOrO THMA COJepiKaHHe cojei JI0CTH-
raer 10 —259%. [loanouBenHbie CJOH TaKXKe CHJIBHO 3aCOJIeHbI
(1,5 — 3% coaeil). 3th nousbl OOLIMHO TsuKeable. KoanuecTBo BOALI
ans npomeiBkH 10000 — 15000 m¥/2a npu waawyun rayGokoro u pej-
Koro jipeHaka. [Insi yCKOpeHHsi npouecca paccoJIeHHsI PeKOMEeHyeTcs,
KpoMe I1yOOKOro pejIkoro JipeHa<a, YCTpPauBaThb MeJKHil BpeMeHHbI
ApeHaxk. B STHX YCJOBMSIX BO3MOXHA TMOCajKa pHca, eC/H 3TO He
YXYALIMT MEJHOPaTHBHOE COCTOSHHE OKPYZKAIOUMX 3eMelb, a BJIHSHHE
KYJIbTYpbl JIOKAJH3HPYETCsl OTCEYHBIM JIPEHAXKEM.

5. To ke, yTo M 4, HO NPH OTHOCHTEJIBHO T'TYOOKHX IPYHTOBbIX
Bojlax (7 — 12 ).

PeKoMeHAYIOTCA HHTEHCHBHBLIE TMPOMBIBKH MPH CTPOHTEJLCTBE jpe-
Haxa yepes 3 — 8 JieT (B COOTBETCTBHH C NPOTHO30M pEXHMAa TPYH-
TOBLIX BOA). HeobGxoaumut meponpuatus no Gopube ¢ duabTpaumneit M3
KaHAJIOB — 3TO OTCPOYHT CTPOHTEJLCTBO JpeHara.

6. CnaGosacosienHbie H He3aCOJIeHHbIe 3eMJIH, CTpajaiouiHe 0T Halki-
TOYHOIO YBJaXKHCHHA.

B stom caywae uenecooOpasHO HCMOJL30OBATH TO/3eMHbe BOJlbI
IAS YBJAXKHEHHS MOYBLI, OrpaHHYHBasCh JpeHazkeM, Kak Mepoﬁ AJist
GopeObl ¢ 3a00JiauHBaHHEM TOYB.

Boibop KoncmpyryuuL 20pu3onmanbvroco dpenaxca. OnbiT npuMeHe-
wus apesaxka B CCCP u B Jpyrux CTpanax InokKasaj npeHMyuiecTsa
SaKpLITOrO JipeHaxka. JIOCTOMHCTBA 3aKPbLITOrO JipeHaxka 3aKJIo4aloTcsi
B MEHBIIHX 3aTpaTax Ha SKCIAYATalMIO, 3HAYHUTENBHO MEHbIIYIO Mo-
TEPIO OPOLLUAeMOH MJOW@AH, OTCYTCTBHE MPENATCTBHH M0 NPHMEHeHHIO
MEXaHH3aUHH CeJILCKOXO3SHICTBEeHHLIX pasoT. OTKpbIThIE KaHAbl— Ape-
Hbl — TOXKE HMEIOT HEeKOTOphle NpeHMyuiecTBa. MX MOMKHO NpUMeHsITH
TpH HeDOABIINX VKJIOHaX MEeCTHOCTH. [Tloka ewe uer CCp)lﬁHON Bbl~
NYCKa BLICOKONMPOH3BOAUTENbHBIX MALUKHH N0 YKJIAJAKe 3aKphiTOro ray-
Gokoro apeHaxa [21], peAkuit OTKpbITHIl rAyOOKHI ApeHax TaKe
MOXKeT HafiTH mnpuMeHeHHe. BamubniM npH 3TOM sABJISI€TCH Npejpynpe-
xaeune AedopMaliil pycesl OTKPLITHIX JAPeH H KOJJeKTOpoB. [J1aBHbi-
MH [IpHYHHAMH JeOpMalui OTKPHITHIX JPeH SBJIAIOTCS: ONoj3aHHe
OTKOCOB B HH)KHEH YaCTH, 3apacTaHHe HX COPHAKAMH H Pa3MblB OTKOCOB
COPOCHBLIMH NOBEPXHOCTHBIMH BOAaMu. ChejlyeT peuIHTesbHO OTKasaTh-
csl OT OOBeAHHEHHA JpeHa)KHOH (OTKPLITOH M 3aKpLITOH) H COPOCHOM
cerei, Tak Kak COPOCHbIE MOBEPXHOCTHbIE BO/bI, HECS NIEPHOAHYECKH 3Ha-
YHTE/IbHBIE PAacXO/bl, HAPYIIAIOT HOPMAJAbLHYIO PAbOTY ApeHa)KHOH CeTH:
PasMLIBAIOT OTKOCHE OTKPBLITHIX JIpeH MpH HeopraHkW3oBaHHOM cOpoce,
CnocOGCTBYIOT  3aHJICHHIO 3aKpbiThiX JIPEH M HAPYWIAIOT JAPEHHpY-
jotee AeiicTBHe ApeH /oS0H KOHCTPYKIHH NPH MOABEME TOPH3OHTOB BO-
Abt B HHX. Kanazabl cOPOCHOI ceTH, B 00JIbLIHHCTBE CBOEM Oy YUH HerJy-
GokumH, cOpachIBAlOT BOAY CaMOTEKOM, TOT/Ia KaK /st IPeHa)KHOH ray-
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OOKOii ceTH caMoTeuHbii cOpoc He Beerjla y1aeTcsi OCYIeCTBHT, I03TOMY
HX O0BejuHeHHe TakiKe Heueaecoo6pasHo

3aKkpbiThiii ApeHaK OObIYHO OCYILECTBJISCTCS M3 TOHYAPHBIX HJIH
acOoueMeHTHBIX TPYO, XOTH ONBIT SKCNAYATAUHH CYIIEeCTBYIOUIEro
JpeHaxka M3 GeTOHHBIX TpPyO mMoKasas, 4To OETOH COJIEYCTOHYHB H C
TEYEHHEM BDEMEHH He TOJARepraeTcst BO3JIEHCTBHIO MHHEpaJH30BAaHHBLIX
FPYHTOBBIX BOJI TOr0O COCTaBa, KOTOpPbIH HAOAIOEeTCs HA OpOLIdeMblX
semanx. [lpumeHenne aocuaToro, (AuWMHHOIO M JIP. THMOB J@PeBSHHBIX
JApEHAKCH B VCJOBHAX OPOINAEMBLIX 3€MEJb HElEseco00pasHo, H3-3a HX
HELOJIrOBEYHOCTH. 3achiKa JAPeHazKHbIX TpaHiliell raJeyHHKoM, raJibKoi
H JAPYrHM (HALTPYIOUIMM MaTepHaJoM JONycTHMa, HO HAa/l0 HMETh B
BHY, YTO B 3TOM CJy4ae MHHHMAJbHble VKJIOHbI TakKHX jpeil, BO H3-
ODexanue 3sauwaenns, He caeaver aenarn Meuee J = (0,004 Ecau no
PSAY NPHYHH BLIOpaH OTKPHITHI JApeHars, TO HeaGXOAUMO OCeclIeuHTh
VCTOHYHBOCTL OTKOCOB JpEeH, uTO, NO-BHHMOMY, HautoJiee 1esecood-
PasHo OCYULCCTBHTL NYTCM 1PONYyCcKa JIpCHAAHOro pacxojia B OeTou-
HOM JIOTKE; 3TO MEpOnpHsATHE MNpPeAOXPAHHT OTKOCH OT ONOJI3aHHs.
Caeayer Tak:Kke npeaycMoOTpeTb COpbOYV C COPHOH pacTHTEJIbHOCTLIO
NPH MOMOILH TepOHUMAOB HAH ApYrHX cpeacts. Hakowen, npu coBme-
HeHHH  jipeHaxHoll U cOpocHOil cereil (UTO HexenaTesbHO) cJieflyeT
OCYILECTBUTL OPraHM30BAaHHLIH INpHEM B OTKPHITHIE JpeHbl COpOCHOM
BOJIbI, NMYyTeM YycTpoiicTBa TpyOuaTeix cOpocoB u KomoaueB. Chenyer
HMETh B BHAY, 4TO €CJH B OPOCHTEJLHLIX KaHasnax HX MonepeyHoe
CEYCHHE OnpejienseTesi PacxojgoM BOJbl, TO B JIpeHaXHOH CeTH TIJiaB-
HYIO poJib urpaer riybnua Kasmana. B mocaennem cayuae pacxoj Bo-
Jbl HEBEJIHK, M HOPMAJIbHOE 3aloJjHeHHe cocTaBisier HeoJblIYIO A0MIO
OT TJIYOMHBI KaHaJa, uTo ABJseTCcs crnelupuKkoii ux paboTsl.

Has yenemnoit paGoTel jpeHaxa HeoGXoAMMO Ge3veoBHO ofecre-
unTh Gecnoanopubiii cOPOC JpPeHAXHBLIX BOJ, YTO, KOHEYHO, Cheayer
NMPEeAYCMOTPETH NMPH NPOEKTHPOBAHHH H CTPOHMTEJBLCTBE JI00Oro JipeHa-
Ka.

O npomeiskax u ucnoars3osanun Opexasicrstx 600. Buiue Guino mo-
Kasano, uto HaunGojsce 3(hpeKTHBHLIM cnocofoM BplTecHenusa coJiefi Ha
MOYB U TPYHTOBHLIX BOJ, NMPH HAJAHUHH j|peHarka, sBAsSIOTCA HanpaBJieH-
Hble MPOMBIBKH OT HauConee yAaJEeHHLIX CT JpeH YYacTKOB MO Harnpas-
Jenmio X Apeitam. Craeayiomum no sp@exkTHBHOCTH BHAOM IPOMbIBKH
ABJSACTCA PABHOMEPHOE MOCTOSHHOE THTAHHE 3aCOJIeHHbIX TPYHTOBBIX
BOJ| MpEeCHbIMH NPOMBIBHLIMH BojaMi. Hanmenee s(pheKTHBHBIMH SBJISI-
IOTCA €JAWHOBPEMEHHbIE MPOMBIBKH [1YTEM 3aTONJIeHHSt BCEil NJIOMaAH
MeKAY JApeHamH. Eciu HeBO3MOMKHO, 110 YCJIOBHSM CPOKOB BBOJA
JAPEHHPOBAHHBIX 3aCOJIEHHBIX = 3eMeJIb B Ce/IbCKOXO03fICTBeHHoe HCIOoJb-
30BaHHe, OCYIIECTBJCHHE HANPABJEHHLIX [POMBIBOK, TO CJeAyeT CTpe-
MHTBCA K OoJiee WM MeHee paBHOMEPHOMY IMHTAHWIO IPYHTOBBLIX BOX,
UTO MOZKeT ObiTb JOCTHFHYTO pacu/eHeHHeM OJHOBPEMEHHbIX [IPOMbIB-
HBIX HOPM, @ TaKJKE YBEJHUCHHEM OPOCHTEJBHLIX HOPM HA MepBbii
neprojl paGoThl jipeHaxka. BoaMmoxHo, uTo HauGosiee l1enecooOpasHbIM
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peleHHemM ponpoca OyAeT CO3JlaHHe MNOCTOSAHHOrO B TeyeHHe roja Hu-
CXOJSIIEro TOKA M3 3aCOJIEHHOH MOYBL! B TPYHTOBLIE BOJBI, KaK B ne-
pPHOA NPOMLIBOK MOYB, TAK H B TCUCHHE BEreTalHOHHLIX MNOJHS0B.
YUTo Kacaercs HCNOJb30BaHHS JAPEHAKHBIX BO Ha OpOLUEHHE, TO
3T0 3aBUCHT, ECTECTBEHHO, OT X MHHEPAJIH3alNyY i COCTaBa coJliell.
HMelotest paunsie [17)], uro He CAHMUIKOM CHILHO MHHEpaJH30OBaH-
HbIe BOJbl YCTICLHO NMPHMEHSIOTCS JL1st Opoluenusi. Tak mo aaibiM
B. M. Jleroctaesa, moayycus! caeaylouiHe pe3yabTaTH.

Ypoxait XJAONKa-cbiplla TPH OPOLIEHHH ero /PeHakHol BO;10M
no onwmtam 1954 r.

Munepani- YPowan; ia
AU Jpe-
Onurnan cragnus HAKHOA BOAM, npR noaksc npH noawse
2'a Apcnamuol BOACA U2
’ ronof KaHRAON
Byxapekas . . . . . 1,0-2,0 49,0 H2,2
®eprauckas 1. . . . 5,0=7,0 47,2 47,3
Qepravickas 2. . . . 5,0-7.,0 35.8 38.3
Xopesmckag . . ., . . 4,0—5,0 440 o1,6
Yapaxoyckas . . . . 5.3 40,6 a1,7

Hecaenosauns A. T. Mopo3oBa nokasanu, uto nposseku ciabo-
MHHepaJH30BAHHON BOAOH Ooaee shexmuenst, yeM npecHoit BOJON.
Ckazaunoe no3po.sieT CHHTATh, HTO HCNOABL30BAHHC JPEHAXHLIX BOJ
KaK CaMOCTOATEJbHO, TdK H B CMECH C OPOCHTeJbHOH BOMOI 1leJieco-
00pa3HO KakK AJSt MPOMBIBOK HHKENEKAUIHX 3eMejb, Tak H A HX
NOJINBA.
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