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YIK 556.3

JleGenes A. B. Mertons mayuenms Oajamca TPYHTOBHIX Bofm. M3n.
2-e, mepepa6. um mom. M., «Heppa», 1976, 223 c.

Kanra COePIKUT CHUCTeMAaTHYECKOe Ii3JI0OMKEeHNEe MEeTOJ0B II3yUeHUa
fajanca TPYHTOBHIX BOJ, 6ajamca H IepeHoca BJAaTW B 30HE aspanui.
Cpenu sTAX MeToj0B Gojee HOAPOGHO OCBENICH I'H/POAUHAMIYECKMUIL,
OCHOBAHABII HA aHAJU3e DPEe;KUMa NON3EMHHIX BOJA. PaccMoTpemHl ama-
JuTHYeCKuii MeToj, W MeTo KOHEYHBIX pasHocTeil. HccaengoBamue
BJIarONEPeHocd B 30HE a3panull pPAacCMOTPEHO IPUMEHWTENBHO K U3Y-
YeHUIO ero 3aKOHOMEDHoCTeil M Nid OIEHKI NNTAHUS TPYHTOBBIX BOJ,
a TaKKe IO JAHHHIM DEKUMHHX HabaioneHmil, HO yiKe 3a THpOTepPMU-
YeCKUM DEKUMOM IOUYBOTPYHTOB B HEHACHIIennoil 3oHe. HoBhie MeTo-
nauecKue pa3paboTKM aBTOpa WIMIOCTPHPOBAHBL IpUMEpaMi II3 TIpPoO-
HU3BOACTBEHHHX YCIOBUl. MeToAB JKCIepPUMEHTANBLHOTO OIpeesIeHns
3JE€MEATOB BORHOTO 0ajaHca COAEPMKAT HOBHE MCTOAHYECKVC IIOJOMKe-
HOfA, TOJYYEHHAHE Iocde NepBOTo MBJAHNA KHIHTI.

Heo0XofUMEe NOATOTOBUTENbHHE pabOTH M peKOMeHjanud o
ODTAaHH3aNUN, IPOBEJCHUI0 BOAHODANAHCOBHIX MCCIEA0BAHNil B pas-
JUYAKX TIPEPOJHHIX 30HAX PACCMOTPEHE KAK YACTb eWHOIl METOIMNKH,
KoTopas npefHasHadeHa [Js IMMPOKOIl THAPOreOJOrHdYecKoit It riapo-
JOTMYecKONl NpaKTUKH.

Kpura paccunTaga HA MUPOKWIl KPYT IHAPOreosioros, THAPO JOr0OR
¥ THAPOMEIHNOpATOpPOB.

Ta6a. 15, ma. 67, concor aut. — 130 masB.
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INMPEAUCIIOBUE

3a BpeMs, Ipomejee ¢ MOMeHTa BHIXOJa B CBET Ilep-
Boro maganma kHurd (1963 r.), B CBABH ¢ GYPHEIM POCTOM
HAPOAHOI0 XO3AHCTBA IMIMPOKO PasBIIACH HCCHE[OBAHUSA
fananca rpynroBex Boxm B CCCP. Passmrée mayr rugpo-
TEONOINH, THAPOJOTHH B CMEKHEX ¢ HHMH OTpaciieil 3HAHIS
CII0COGCTBOBANIO COBEPIIEHCTBOBAHMIO METOJOB M3yUeHHA Ga-
JaHCA TPYHTOBBHIX BOJ.

B sToff cBA3M BO BTOPOM WM3JAHMA KHHTHU COJEDKHTCH
IeJIEHATIPABIGHHOE H3JI0KeHNe METOJ0B H3y4eHHs OajiaHca
TPYNTOBHIX BOM, OajlaHCca I MEPEeHOCA BIArd B 30He adpalim
NPUMCIIMTEIBHO K PENICHHI0 PA3IUIHEX NPAKTHUCCKUAX M Ha-
YYHBIX 3ajad.

Cpear »1nx meroyoB (oiiee MOAPOGHO PaCCMOTPEHE
pacueTHEIE, OCHOBaHIHE Ha THOPOJMHAMUYECKOM aHalmM3e
HaGJ0/1aeMOT0 PEKUMA TPYHTOBHIX BOJ (METON KOHEUHEIX
pasHocTeil M aHANHTHYECKUI), NPUBEIEHE METOLL U3yIeHHsS
BIarolepeHoca ¥ GallaHca BJar¥ B 30He adpaliiii Ha OCHOBE
PE3YIBTATOB CTANHMOHAPHBIX HabliomeHWHE 3a THAPOTEPMU-
YECKHM PERIUMOM IOYBOIDYHTOB HEHACHMEHHON 3O0HEL
B KHHEre paccMOTpPeHEI TaKyKe METOB DKCIePHMEHTANBHOTO
MCCIeOBAaHNA HEKOTOPHIX HIIeMEHTOB 0O0mero BOgHOro Oa-
JmaHCca, UTO I03BOJsAET M3Yyd4aTh B3AUMOCBA3L DIEMEHTOB
BOJHOTO PejKMMa ¥ 0ajlaHCA BOJ B PA3IHUHBIX MOACAX BOHSEI
HeIMONHOTO H IOJHOT0 HACHINEHWA H Ha [JHeBHON moBepxX-
HOCTH.

Heo6xonnmue moproToBuTelbAbe paboTe 1 peKOMeHIa-
MHA 10 OpraHu3alliy M HPOoBelNeHMI0 WCCJeNoBaHUHE Galranca
TPYHTOBHX BOJ, COCTABJIAIT HEOTHEMIEMYH YaCTh KOMILJIEKC-
HO MeTORMKN, H3NOKeHHOM B KHHTe A IIMPOKOTO KPyra
THZIPOTEOJIOr0B, THAPOIOrOB H THUAPOMEJHOPATOPOB.

B oramume oT mepBOTO M3mAHUA 37mech GoJjiee MIMPORO
PACCMOTPEHH AHANTHTHIECKHE METOMH, MpHMEHAEMEIe W Pas-
paboraHHBe aBTOPOM IS THAPOJUHAMUYECKOr0 AaHANMN3a
pe;RUMa TOJ3eMHHEX BOJ, a4 TAKJKe [JIA aHAJM3a BJaromuepe-
HOCA B 30He adpalui.



Cpenn bKcnepHEMeHTAJNBHHIX METOHOB fHalbHedniee pas-
BHTHe MONYIHI JH3NMETPMICCKEN MeTOJ, paccMaTpHBaeMbIil
NpUMeHHTeJbHO K ONeHKe IJaBHelIHmX 5JIeMeHTOB falaHca
monseMHBIX Boji. llpmBeneHHEe B KHHETe pPeKOMEHIAIAE 10
pacueTy ocajKos M HCIapeHHs, 3aMMCTBOBAHHHe M3 paboT
THPOIOTOB H I'EIPOMETe0POJIOroB, JOIIKHEl ITOMOYbL IIMPO-
KOMY KpYIY CHeNUAJNCTOB TNejJeHANPaBJeHHO IpPOBONNTH
BONHOOANAHCOBHE MCCIeHoBaHUA.

Hemra He npeTeBpyeT Ha HOJIHOTY DPACCMOTpPeHHsA 3a-
TPOHYTHX BOIPOCOB, B OCHOBY €€ TOJOKeHE THIPOTEOJ]OT -
YecKoe HalpaBlleHWe H3YIeHWS (OPMHEPOBAHHA T'PYHTOBHIX
BOJ M OIEHKa ®X OalaHca.

ABTrop HageeTcs, UTO KHHTa OyjeT Mole3HOH Npwm mpo-
BeJIeHNN IV POKNX BORHOOANAHCOBHX paboT B CBA3HM ¢ pemle-
HUeM 3afad MeJMOpam¥¥ seMmelb (OpoIIeHWe, OCYIeHUe),
BOIOCHAOKeRUSA 3a CUeT IOJ3eMHHX BOJ H OCYIIEeCTBJIeHNEeM
THAPOTeXHMUECKOTO CTPOHTEJIHCTBA,

Bce szaMevaHNs ¥ peKOMEHJAIHM 10 YIYUIMEeHW0 KHATH
aBTOpP WPOCHT HANPABAATL  IIO agpecy: Mocxsa,

Box. Oppeara, 32, BCETUHTEO.



BBEJIEHUE

3a mocmefHME TOAH Bee OoJbIIee 3HaYeHue NpHoGperaeT MpobireMa pal{loHaThb-
HOr0 HCIOJH30BAaHUA I OXPaHBl BOAHHX PeCypCcOB CTpaHpl. JTa IpobieMa CBS3aHA
¢ TeXHHYeCKHM IpOrpeccOM I BCe pPACHHUPAKIMAMCH BIHSHWEM XO3AHCTBeHHON
JeATENIBHOCTH deJoBeKa Ha OKPYKAIOIMYI0 Cpeny.

Poct ropopos, OpOMEIUIEHHOCTH, HHTeHCHPHKANHBA CEIBCKOTO XO03AHCTBA Ha
OCHOBE NPOBEJIGHUS MeJTHODANHH 3eMeldb, pacIupeHHe BOHOHOTPeGIeHNA nBIA
PASIHYHKX HYKE X03AHCTBA ¥ HOPYIUX BONOXO3AWCTBEHHHKX MEPONPHATHH Cyme-
CTBEHHO M3MeHSOT BONHEIM pesRiM M DaaHC BONBL Ha MOBEPXHOCTH, B IOUBaX U 1mOJ-
3eMHBEIX ILTacTaX OPOHHIAeMEX TIOPHHX IOPOJ.

Ilas memeHANpaBleHHOTO YOPaBJIeHHS BONHEIM DPEKHMOM KPYIHBIX TepPPHUTO-
puii, BRI0YA0ONEIo B cebsg N3BATHE MON3eMHOH BOXNH NS BOHXOCHAGkeI s, Gopuiy
¢ BOJONPUTOKAMHU B TOPHEe BHPaGOTKH NPH pa3pafoTre MECTOPOMKISHHNH MOJe3HBIX
HCKOMAeMbiX, J[peHask TPYHTOBHX BOj NPH MeJHODAlMH 3eMelb, 060CHOBaMIe
NMOMEBHOTO OPOIEHHA B BaCyNLIMBEIX 00JaCTAX, OPraHM3amHi0 HCKYCCTBEHHOTO
BOCIIOJHEHMSI 3aIacOB IOJI3eMHHX BOJ, a TaKyKe NPOBEJEHIe MEPONPHATHA WO HX
oXpaHe OT 3arpsA3HeHMs M T. I, Ha NEePBHIl NJaH BEIBHTaeTCsA pemeHHe 3aad 110
OLlCHKe H IIPOTHO3Y PpeKHMa H (alaHca NON3eMHEIX BOJ.

JTH TUPOreoNoTHUECKEe 3afadd Gas3UPYOTCI Ha H3YIeHUH eCTeCTBEHHOTO
H HapyIIeHHOT0 Pe;KWMOB Da3HEIX THIOB IOJ3eMHHX BOJ, WX BONHOTO, COJEBOTO
7 TeNJIOBOTO 6AJAHCOB, NPOBONUMEIX € PA3IWIHON JeTaIBHOCTHI0 B pAa3HEX paii-
oEax CCCP MuuncrepcTBoM reoxorun, MEHWCTePCTBOM MeIHOPAIAd W BOTHOTO
xozflicrBa, I'HnpoMeTeoCHy;K60% H HPYrHMH BenoOMCTBAMI.

CymuocTh mepevncieHHBIX 3afjlad CBONUTCS K aHAJIN3y TUHPOre0JOrndyecKuX
IIPOLECCOB HAKOIIGHUS MM BOCHONHEHHs 3alacoB ION36MHBIX BOJ PasHEIX THUIOB
BO BPeMeHH il B IPOCTPAHCTBE, K MO3HAHNI0O BAKOHOMEPHOCTE Il UX NBIKeHUA N KON~
YeCTBEHIION ONeHKe B 1ieJ0M HX 6ajlaHCA BO B3BAHMOCBS3H C BOZAMHY HA NOBE PXHOCTH,
B arMocdepe H riIyGoKEX Henp 3eMaIH. B rHgporeosormueckoM acoeKTe 5TH 3amadull
o0BeINHATCA B OfHOU mpobiieMe QOPMHPOBAHUA NOA3eMHBIX BOL.

Pemenue 3amau nmo 6amaEcy noj3eMHHIX BOJ I MPOTHO3Y PeKUMa HX HOIGKHO
0asHpoBaThCA Ha KOMILIEKCHOM H3YIeHHH BOJ CYIIM KaK eJIHOTO IeJ0T0, BRIYasd
BOIB IPU3eMHOTO CI0S aTMOcdepsl, BOAH 80HBI HENOIHOTO HACHINEHNS (adpallii)
¥ 30HBI IOJHOTO HACHINEHHS — TPYHTOBBIX BOJ, HATIOPHKX MEKIJIACTOBHIX U apTe-
3MAHCKUX BOJ 30HB AKTHBHOTO BOOOOGMeEHA.

MeTonsl KOJMYECTBEHHOTO H3YYEHHS TPYHTOBHX ¥ MEKIIACTOBHIX BOJ KaK
B CCTECTBEHHHEIX, TAK H B HAPYIIGHHHKX XOBAWCTBEHHON NeATeIbHOCTHI0 IeJOBEKA
YCJIOBHAX OCHOBHBaIOTCH Ha: 1) ray6oroM McciegoBaHWM o0me# THIPOreoJoTH-
9eCKOli 06CTAHOBKHM TePPHTOPHIT; 2) HBYYEHHUH pPerHoHAJbHON ¥ JNOKAJBHON guHA-
MUKW IIO3eMHEBIX BOJ; 3) HCCIE0BAHIY TeHETHYeCKUX CBASEH MUHAMARY H peruMa
IIOJI3eMHBIX BOJ] C THAPOMETEOPOJOTHUeCKUME (PaKTOpaMM HA IOBEPXHOCTH H B 30HE
aspanii; 4) npHMeHeHHN Pa3IUYHHIX THAPOJOTHUECKUX, THIPOINHAAMUTECKIX, THI-
PopusnIecKIX B PU3MKO-MATeMATHIECKHAX PACIeTOB I MOJEINPOBAHUA MPUPOIXHBIX
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nponeccoB BJarolepeloca, cojeofMeHa M TeIloo0MeHa B cHCTeMe aTMochepa —
TOYBa — TOPHLIE TOPOJIHL.

PacemarpuBas nmpoOieMy M3ydeHHA Oasnamca TPYHTOBBIX BOJ KaK B eCTECTBel-
HEIX, TAK M B HAPYINEITHLIX YCIOBHAX B BUJe JacTH Oojiee obmieit mpobieMsl ONeHKN
o6mero BOTHOro Gajalica CYUIM, MBI CYHTAEM, ITO OHA HMEET JOCTATOYHO CAMOCTO-
sITeipHOe 3HAUCHUEe, MOCKOILKY A Hee 4eTKO GOPMYNUPYIOTCS BOIPOCH HCCHE)0-
BaHWiT W paspaboTansl mMeToin X pemennus. [lpo6iema omenkm Gajzamnca TPyHTO-
BHIX BOJ HOCUT Io0anpHLlii XapaKkTep B CHIY UIMPOKOTO PacIpoCTpaveHus TPYHTO-
BUX BoJ, HONUMHAIIINXCH BEPTHURAJBHON M TOPHBOHTAIBHON B0IalbHOCTH.

3a mepwof, TIPoONICAINIL MOcIe mepBoro naganng kuuru (1963 r.), snagureiviio
PA3BILINCH METOMBl H3ydeHusi obmero BOAHOro Hamamea u Gajanca IMON3EMHBIX BOX.

B csasu ¢ Bospocmieit ponbio 3HaHUR O BOAHOM 0ajance B Da3BUTHU 11APOjI-
noro xossiicrsa stasmoe ympasmernue I'mapomereocaysu6st CCCP prirounio B mian
OCHOBHBIX pa60T cocTaBJieHHe TEeRYIUX BOLHDIX faaucos peuHbIX B()JIOCGO])OB.
Munucreperso reosgornit CCCP 3raunTeIbHO PACUIMPHIIO CeTh THIPOrCONIOTHUeCKIIX
abIwoaeHnii 3a NMOA3eMARNMI BojaMu. MHMICTCPCTBO MeaHMOpPAIA¥ M BOANOTO XO-
zaitcrBa CCCP mpuerynmmiio k opraffsanuil IITPOKOI ceTH HabmogaTeIbHLIX CTan-
Wit UL BOJHODAMAHCOBRIX WCCHEIOBa¥iit B crpade. I'0cymapCTBCHHBIM THApO-
JOTMUCCKUM HHCTHTYTOM ONYOIMKOBAH PSAN METO)HUCCKUX YKa3aHUil 110 u3yuewnHio
3JIeMELTOR Bonmoro Oasamca (1966, 1967 tr.). Mioro nenmsix paboT HmoCBAmIECHO
upo6ieme usyvenus ncrapenusi (Bypavosermit, 1964; Kysuenos, 1966; Ille6eko,
1965; Komerantumos, 1968; T'auwes, 1974 m np.).

[IpuMeiuTe ILHO K MeJIUOPAIi 3eMelb MCCIeoBaHIA Bojuoro Gamanca u Ga-
allca TPYITOBBIX BOA TONYWWII pajivueiimree paspmrtue n paborax C. II. Xap-
genro (1966, 1968 n xp.), I[. M. Ramna (1967), 1. E. fHeposa (1972), B. C. Macaosa
(1970), H. H. Xommunbaea, M. C. Amummosa (1966) 1 jpyrmx nccicposa-
Teseil.

[envinic perionasibHbie HCCIELOBAHMA Bo/OT0 Hasanca # Ganaica MON3CMILLX
BOJ| Noayaman orpacenye B paGorax M. B. Bomeprywa (1972), K. JI. Trauenxo
(1963), A. B. JleGenena (1967, 1972), . C. 3exruepa (1968), T'. C. Edumosa (1966),
E. @. Bosneccucroit (1966), . A. Hucemesa (1967), B. A. I'eituna (1967),
M. @. Kosnosa, fI. M. lMunuucwxoit (1972) 1 gp.

Nanpueiinmee pasBiTHe ODKCICPUAMCIHTATBIIBIE MCTO/IL ONMpeAeseHusd I THI(PO-
AUHAMIUeCKHX pACUeTOB 3IeMenToB DadaHCa PPYHTOBHIX BOJI IOJYyunaM B pafortax
A. T. Bymasxo (1971), . B. Boasduyna (1972), B. E. Bogorpeuxoro (1973),
M. M. Jlssowaa (1969), A. B. Jle6emesa (1971), B. C. Kosaxesckoro (1974),
Tl. A. HKucemeBa (1964, 1967) u np.

Venemuo pasBuBaoTCs THAPOPUBHUCCKUC U TETIOBOANO-QUBHICCKMC METOJH!
olpeaesieNNa BIarollepeiioca B 30He aspauym. Pa3suTHe 9TUX MCTOJOB ¥ MCIIOJIb-
30BaAHWME NX HMPUMENUTENLN0 K pacueTy THUTaHllsi TPYHTOBHX BOJ jpalio B paboTax
A. M. Taobyca (1969), B. H. Uybaposa (1968), 3. Yaitagca (1973), . C. Iam-
roseroro (1971, 1973), A. B. JleGeyera (1972) n np.

Hanboree moanoe o600HEHNE DKCIEPUMEHTANLHHX M PACIETHBIX METONOB
oupe/eneRnst ATeMerToB 0BIero BOXHOTO OaNaHca M Gajanca TOFBCMHBIX BOJ
pHBegeHo B MeToandeckux paborax, ony6nikosanunsx IOHECKO B cssasn ¢ npo-
senennem Mesgygapoanoro ruaponornueckoro pecstuierns (MII1). Cpemn srux
paboT crenyer nMeth B BUAY «PenpesenTaTHBHEIE M DKCIEPUMeHTANLHEE 6acceilHbN
(1971) n «Msygenne rpyntoBoix somy (Ground water studies) (1972).

Venemno pa3puBacTeA MeTO] MATEMAaTHYECKOTO M aHAJIOTOBOTO MOJICTHPOBATNA
runporeosormaecknx nponeccos (FHepwon, 1969; Ilecraxos, 1969; Illamanckuii,
1969 u ap.).

6



TIpuMenuTeIBHO K 3afladaM TUAPOTe0JOrMIECKOT0 OGOCHOBAHHA MEIHOpaTHB-
1pIX CHCTeM METOAMKA BOJHOOANAHCOBRX HMCCIefoBamllil n3noskena B Merognaeckom
PYKOBOJCTBE 110 THAPOTEOJOrHIeCKAM H HH KeHe PHO-Te 0JIOTHYe CKITM MCCIIel0BaHMAM,
nzjlaitioM MunmereperBoM Medmopanum m Boguoro xosgitcrea CCCP (1972 r.).
B #HeM KpaTxo paccMOTpeHH KCIepHMeHTaJIbABE U PacieTHBE MeToIbi, MHOTHE W3
KOTOPHIX TOJYIUIH JalbHeilllee pa3BUTHe B Hactosime#l pabore.

IlpeanaraeMasg BHHMAHHI0 YHTATelNd KHUTA IOCBANIEHA MOHOTpaUIecKOMY
ONMCAaHNI0 Pa3IWIHEIX MeTOJ0B W3ydYeHisa GajlaAca TPYyNTOBHIX BOJA, KOTOpEHe
ACIONB3YIOTCA KaK B eCTeCTBeNHHIX, TaK H B HLaPYIeHHLX YCIOBUAX peKHMa.
[lpuMepsl MCNONL30OBAHHA ITUX METOJ0B HMOKAa3bIBaloT GOJNbHIHe BO3MOJKHOCTH HX
JJTA TMO3HAITHA IIPONEeccoB (OPMUPOBAHUA TPYHTOBHIX BOM.

B mepmuix ABYX riaBaX paccMOTpPeBH KOHKPETHHE 3ajadU H3ydeHNs Galanca
10/]3¢eMBHX BOJl, a TaK;Ke OCHOBHEE HAIpaBIeHUdA B DTOM U3YJIeiHH.

Tpersa riaBa Cofgep/KUT ONMcaHHe TpPe0OBaHWMI, HPeBABIAEGMBIX K IpOBeJe-
JIMI0 MOATOTOBHTENBHHX PaboT, mMpefmecTBYIOMMX H3YYeHWI0 OalaHca [PYHTOBHIX
Bof. llpupasas Goabmoe 3iadelriie 3TAM paGoTaM B IadaJibHOM CTaJHH HCCIe[0Ba-
nnii, aBTOP AaeT MeTOAWMYECKHMe PeKOMeHZANWM 110 BHIOJIHEeHNI0 3THX pabort.

B derBeproii riaBe M3I0rReHE! METOABI TUAPOAUHAMHIECKOTO aHAJIHM3a pesRHMA
NoJ3eMHBX BOJ H cOcTaBjenusA Oajalica BoJ IO JaHHBIM CTaloHapHHIX Habirone-
upit. llepBoe MecTo 3aHMMaeT aHAJNWTHISCKUH METO[, KOTOPHH N03BOJAAeT NpH
HaUMeHBIIeH 3aTpaTe CPefCTB PeIlaTh 3a{a¥H IO OJ[eHKe IHPOreo]OrHYecKNx mapa-
MeTPOB U 3JleMenTOB 0ajlalca TPYHTOBHIX BOJ. JTOT METOJ MUPOKO NPHUMeHAeTCA NI
PeTHOHAJNBHOI 1 JeTallbHOIl OmeHKH Gallanca WOg3eMHBIX BOX. B OCHOBY MeToja
DOJIOKeHE THAPOMeXaHWKa, THApaBIAKA M (QU3MKO-MaTeMaTHIecKad aHaJdOTHSA
MesRAy $uIbTpanmeil BOAB B IOPHCTOH Cpege W TemIONpPOBORHOCTHIO. IIpH sTOM
MAPOKO Henoas308aHbl paborsr C. @. Asepsanosa, II. f. Tlonry6apunosoi-Koun-
noit, H. H. Bepuruna, B. M. Illecrakosa, aBTopa u ap.

Bropoe MecTo 3aHMMaeT MeTOx KOHEYHHIX Pa3HOCTell, BmepBre pazpaGoTaHumii
nas nenedn rupporeosormn I'. H. Hamenckum. Ilo smaunmoctw B pemeHun mocras-
JeHNEBIX 3a7a9 OTOT MeTO/[] Ile YCTYIaeT NepBOMY H gaske MPeBOCXOMUT eT0 B YCIOBAAX
JBYXMEDHOI'0 Te4eHHS BOJ, a TaK:Ke NIPU HEONHOPORHBLIX BOJOHOCHHX ILIACTAX
ropuuX nopon. Ho nas npoctrx cxem [ABMkeHUS TOog3eMHHX Bog 3TOT MeToj Gonee
TPYHOEMOK, UeM aHalHTHIeCKHIl.

Haunsit Meron npeanoed I'. H. HaMenckum pgad omeHKN OHTaHKA TPYHTO-
BHIX BOJ U pajee pasdpaboTau asropom, II. A. Kucemesmm U ap. 1o Toil cTemcHH,
KOTOpas NO3BOJIAET COCTAaBIATH GallaHCH TPYHTOBOH BOABI He TOJBKO s dlIeMeH-
TOB IOTOKA, HO U 1A TMeldnX 0aJaHCOBHX pafioHoB M GaccefiHOB pexr. [IpmmeHenmne
IepednciIeHHEX MeTOJ0B HIIIOCTPHUPOBAHO IpUMepaMi H3 paboT aBTOpa.

IIaras rjaBa nocBAmeHa HCCIeOBaHWID BJIaromepeHoca W GalaHca BAArH
B 30He appanui. IIpumaBas Goapmoe sHaueHHe mpomeccy BIaromepeHoca, OIpefe-
agromeMy GOpMHpOBanie GalaHca TPYHTOBHX BOJX HerdyGOKOTO 3ajeraHus ¥ ydIu-
TEIBaeMOTO IIPA NIPOrHO3e NHUTAHHA 3THX BOJ|, OMeHKe TeIIoo00MeHa H cojieoOmelna
B IIOYBOTPYHTAX, MBI OCBETHIH (UBAKO-MaTeMaTHIeCKIe M THAPONOTHIeCKe HallpaB-
JeHHs HCCIeJOBaHUA 3TOr0 IpOMecca. SAech H3JI0MKeHH aHalHTHIeCKHe X BOAHO-
0aJlaHCOBEIe MeTOMIBl PacdeTa MHT'DAI[MY BIarld B 30He HemOJHOTO HAaCHIIeNHsd, 3aMM-
CTBOBaHHBIEe H3 IPeJHAYIIX PaG0T aBTopa M gpYyTUX Heclenosatedeil. B wacruoctw,
NpUBOgATCA paspaboTaHHEE aBTOPOM MeTOJH dIeMeHTapHBX GalaHCOB M aHAJIMTH-
YeCKMiI, a TaK/Ke DKCIEPUMeHTAJbHHIE GalaHCOBEH MeTon OTEHKH Iepe[BIKeHUBSA
BJAQTH B 30He aspanui. PaccMOTpeHH MeTofMdecKUe PeKOMEHJANMUH IO U3YIEHHUIO

BIIaromepeHoca B 30He HeNOJHOT0 HaCHIEHUA ¢ IpUMepaMd B»THX WCCIeN0-
BaHMil,



B mecroii riaBe M3JI0;KeHH METOHH BKCIEPHMEHTAJBHOrO ONpeneeHHA die-
MEHTOB BOIHOTO GajlaHCA, 3HAHIE KOTOPHIX HEOOXONNMO AJfl HeTalblioTo aHAJIH3a
mpomnecca (GOPMHPOBAHUA NOL3eMHHX BOJ HETIY(GOKOTo BajeraHus. IlpuBemeHn
OCHOBHEIE IIOJOMKEHUSA II0 MeTOnMKe HalJIONeHHII Hay OTHEIALIILIMH BIICMeHTaMI,
3aMMCTBOBAHAKE U3 ONYGIMKOBAaHHHX PafoT IPYrHX McCiemoBaTeleil, B 4aCTHOCTH
A. H. Kocrakosa, B. A. Vpuaesa, M. M. Kprurosa, A. I'. Branumuposa u pp.,
a Taryke W3 HacraBiaeHHHd u pyxosopcts I'VI'MC CCCP, tpymos TTU u r. m.

B mocmepueii, cepbMoil riaBe HaHH PEKOMEHNANMH II0 NPOBEIEHII0 BOJHO-
0aIaHCOBHX HCCIEOBAHMH B HATYpPHHX ycioBUAX. [Ipw »ToM mMenTCH B BHOY
HCCIeI0BAHHUA [JIaBHBIM ofpa3oMm DajlaHca HerIy(OKO 3alleral0IMuX IOfi3eMHEIX BOJ,
HaGIIOMeHIA 84 KOTOPHIME IIPOBONATCS IHPOKOH CeTHI0 THAPOPE;KUMHSIX IIaPTHIl
u rugporeosornyecknx crannuit Munucrepersa reosorun CCCP. Boanmoe BHuMaHme
yIeleHo 0COOEHHOCTAM IPHPOAHEIX YCIOBHIl I BHIABJIGHMIO B CBA3H ¢ BTUM TJIABHEX
MeTO/IOB MCCJIeNOBaHMI, OIL3YACH KOTOPHME MOKHO Hanbojee »deKTHBHO ompe-
IeJATH BOCHOTHeHNe MOA3EMHHEX BOJ, UX CTOK ¥ pacxoj Ha CyMMapHOe NCIlapeHHe.

N3 srcmepnMeHTAJIBHEX METONOB IOJIYYMJ MalbHellee pasBUTHe IN3UMeTpH-
4ecKUH MeToJi, KOTOPHI B IIOCTAHOBKE aBTOPA IO3BOIAET COCTABIATL 3aMKHYTHI
(momHuiit) GajaHC IPYHTOBHIX BON B ITYHKTe YCTAHOBKE IJIM3MMETPOB.

IIpn paspaGoTKe pasIUIHHX METOHOB (KOHEUYHHIX Pa3HOCTeH, aHAJIMTHYCCKOTO

HN3y4eHUs BIaromepeHoca B 30He aspamui, SKCIePUMEHTAIBHOTO — JM3UMETpHYe-
CKOT'0 — H Jip.) aBTOP MUpPoro ucnoxns3osat rpyas I'. H. Kamencroro, C. @. Aseps-
anosa, A. A. Popme, C.H. Noarosa, C. B. Hepouna, A. ®. YUynnonckoro,
A. B. Jlurosa, M. M. Hprurosa, A. @. Casanresa, matepuains I'THU, nacrasieHuns
u pyxosorgerBa I'VI'MC CCCP u np.
: OcoGeHHOCTH H3ydeHUs GajlaHCa IPYHTOBHIX BOA B PAasIHYHLIX MPUPOTHEIX
30HAX PACCMOTPEHH! ¢ ydYeTOM ONHTAa PaboT psAfa THXPOTEONOTHYeCKHX CTAHINMI
Munncrepersa reoxorms CCCP, paborHmkram KoTopmx, a takme Ilemumosckoil
rugporeosornueckoil mapruy BCETTTHTEQ aBrop mpmHocut riyGokyrmo Giaromap-
HOCTHh 323 CONeHCTBHE B €ro Tpyme.

AsTop TuyboKo yGeskieH, 4To IPH M3ydeHNN GalaHca IPYHTOBHIX Boj B pas-
JMYHHX OPUPOIHHIX 30HAX M BONOXO3ANCTBEHHHX yCHOBHUAX Hambolee 1(el1eC00G-
PasHO Pa3yMHOE COUeTaHMe Pa3INIHEIX METOOB, KOTODPHE IO CYmMECTBY SBISKTCA
qacTAME OJHOT0 KOMILIEKCHOTO MeTOHa MO3HAHUA IMPOnecca NBIKEHN 1 M3MeHeHIA
IPHPOAHEIX Box B JuTocdepe. JTOT KOMILIEKCHSI MeTOX H3ydeHUA pPeRMMa BOJ
MOKeT OBITh Ha3BaH MeTOJOM HCCjIeqoBaHUS (QOPMUPOBAHUA HOA3EMHEIX BOJ.



I'’TABA IIEPBAA

TEOPETUYECKHUE U IIPAKTUYECKHE 3AJTAYN
N3YYEHMA BAJAHCA HOJA3EMHBIX BOJ

BoapmuncTBO RayIHBIX X NPAKTHYECKAX 3ajiad [M[POTeOIOTIH CBOTHTCH K TPeM
npobiemMaM: 1) pacipepneseHile OA3eMHEIX BOJ PasHHIX THIOB Ha cyme; 2) $opMu-
poBaHIe 3THX BOJl BO BPEMEHU M B IPOCTPAHCTBEe H 3) PeryINpoBaHIle pesRIMa
TON3eMHHX BOX B HeoOXOAHMOM .M X03A#CTBa HallpaBJCHHH.

B ocHoOBe pemleHNsA 3THX NpobieM HaXOZUTCH H3y4eHHe o0MUX TUAPOreoIOrH-
9eCKHX YCJIOBHE TePPHUTOpPUH, a TaKiKe HcCilefoBaHHe (allaHca BOJ, PacTBOPHMEX
B HEX cojeil I pa3paGoTKa MeTOIOB YNpaBIeHNs 3THM GagaHCoM. [llaBHasg poib
OpUHALIEKAT N3YUCHMIO PeKiMa NMON3eMHEX BOJ, OlieHKe HX GalaHCa B eCTeCTBCH-
HHX X HapYIMEHHHX YCJIOBIAX BO B3AUMOCBA3H ¢ OOIIM BOTHBEIM 0ajJaHCOM Ha HO-
BEPXHOCTH 3eMIN ¥ B 30He HeIOJHOI0 HACHINEHHS (aspamuu).

ITpoGaeMa pacrnpesicieHUsA MOJ3eMHBIX BOJ PeIIaeTCs [0 JAHHHM HX PasBeIKH
U THAPOTe0JOTHYeCKOTO KaPTHPOBAHEA GOXBIIMX NPOCTPAHCTB. BMecte ¢ TeM s
KOJIHYeCTBCHHON ONEHKH IO3eMHEBIX BOJ, ITHPOKO HCIOIB3YIOTCA Pe3YIbTaTH CTa-
NUOHAPHBIX HaOMIONeHHH 3a Pe;KIMOM BOJ M NPOM3BONSATCS IOICYeTH TJIaBHeHImmx
5JeMeHTOR HX 6alaHca, KaK, HalpiMep, NUTaHile, IMON3eMHEI CTOK H T..H.

HanGonee momnoc pemlenHe faHHasg npoGigeMa INoJydaeT Iocile ITPoBeleHNs
BOIHOGANAHCOBHX HCCIENOBAHHII B PETHOHAJJBHOM IIJIaHe.

IpoGirema opMHPOBAHMSA HOH3eMHHX BOJ BKII0YaeT pelieHNe PsAna B3amMo-
CBABAHHBIX 3ajlad, OTHOCAIMMXCA K TeHE3WCY BOJ M PACKPHITHIO NPOIECCOB UX Ha-
KOIIeHNA N BHOU3MeHeHHNs BO BPeMeHH U B IpocTpaHcTBe. Ilpm 3ToM pemanTes
ceyIoniiie BOIPOCH: HCTOYHHKH 00 Pa30BAHMA MACC HOJ[36MHEX BOJ M PACTBOPUMELX
B IHX coJeil, THRaMIKa BOJ, KOJHYECTBEHHAS OIeHKA NPONECCOB NepeNBIKeHNA
BJArM B 30HE adpaliy, 30HE NOJHOIO HACHIMEHNHsd, B3aHMOCBA3h IPYHTOBHIX H Ha-
TOPHHX MeRILIACTOBEIX BOJ], CBABh HX € MOBEPXHOCTHUHMH BOJAMH, 3JeMEHTAMMU
fuoceprl (MOYBAMU, PACTHTENBHOCTHIO) U APYIHMH NPUPOJHHME H HCKYCCTBEH-
HeIME daKTopaMH.

[leTanbroe U perioHaiibHoe MCCTeNOBAHMe 3TOM npobiaeMsl GazupyeTcsa Ha N3y-
YeHH! MOJ[3eMHOM IMIPOTIMHAMHKHE, BOJHOI'O, CONEBOT0, a YaCTO I TeILIOBOrO OallaH-
COB TPYHTOBHX H ME)KIUTACTOBHIX BOJ, BIArH 30HH adpal¥il, a TaKe BONHOLO
famaHCa Ha IOBEPXHOCTH.

[Ipo6aemMa peryInpoBaHMA peKiMa NONSEeMHHX BOJ B CBA3M ¢ X03gHCTBeHHON
AeATeIHHOCTEI0 YeJIOBEKa BRIIYAET 3aJ[a4d 0 COCTABICHHIO IPOTHO30B M3MEeHCHUA
9TOr0 peRMMa TION BO3UefiCTBHEM eCTeCTBEHHHX ¥ HCKYCCTBCHHHX (aKTODOB.
B kaugecTBe moCIefHNX, HMEOMAX PerHoHAaJbHOEe 3HAYEHIe, 3aCJYKABAIOT BHIHMA-
HAA KpynHoe (IeHTPaJi30BaHHOe) BoJocHAGKeHIle 3a C4eT MON3EMHEX BOJ, OpPO-
mMeHHe I OCYIEHHEe 3eMelb, BONOOTIHR M3 TOPHEIX BHPAGOTOK, THAPOTEXHHYECKOE
7 TPOMHIMIJIeEHOe CTPOHTEIHCTBO U NP.

Pemenne Takux sajgad, Kak o60CHOBaHWe THIDPOMETHOPATHBHEX MepONpPHATHH
# CTPOHTENHCTB, CBABAHHHX C IIOI3¢eMHEIMH BOJJaMI, B 1ieJI0M OCHOBEIBAeTCA Ha pe-
3yJIbTaTaX H3YyYeHHsd CYMECTBYIOMEro peskuMa, Oajanca IOf8eMHEIX BOJ, HX
JMHAMHKE ¥ 3aKOHOMeDHOCTeil H3MeHellMs DINEMEHTOB BOJHOTo GajlaHca B CBASN
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¢ XO3SICTBEION JIeATeNPHOCTBI0 4eldoBeKa. BaskubiM sBiserca yyer mepuopi-
YCCKOTO (PUTMMYECKOTO) M3MEHeHMs 3JIeMeliToB BOMIOr0 PeKMma TEPPHUTOPHEA IO
BJMSIHUEM €CTECTBEHHOTO XOJa METEeOPOJOTHYECKUX YCIOBHIA.

Pesxum u Ganadc rpyHTOBBIX BOJ — IIOKA3aTeNH OAHOTO K TOTO jKe IIPoIiecca
dopMIIpoBanua 3TUX Box. llepBlit M3 uMX oToOpasKaeT oupejeieNHbil MOPALOK
LI3MEHEeHNA BO BpPeMeHH KoJ/Ju4veCTBa ¥ KadecTBa TPYHTOBBIX BOJ B KOIIHpeTHOﬁ
npHPOIoR U BooXo03AfcTRe 0N obcTaioBKe. BTopoil ABigeTca KONMIECTBEHHHM
BLIpasKeHUEM IIPOIECCOB HAKOILICHUA ¥ PACXOXOBAHUA TEHETHMUECKM Pa3JIdHBX
a1 B3aMMOCBA3aHHBX BOJHKIX MacC, IPUBOAAMUX K OPMAPOBAHNIO OMPENEICHHOr0
THIIA TPYHTOBHIX BOJ, ¥ B3aMMOOTHOUIEHHSA HTHX MACC BOJ MEMKAY CoBoil.

A¥anxora4yHoe pacCMOTpeHHe IPOIECCOB HAKOIIEHHS M PACXOJOBAHNA MACC
PACTBOPDHMEX COJiell B I0YBaX M IPYHTaX TOHM MM HHOM BepPTUKAIHHON 3O0HH
ABJSAETCA TPeMETOM MCCHEHOBANUA COJIEBOro OasaHCa.

Visydass pe:muM TDYHTOBEIX BOJ KaK IIPOIECC HENPEPHIBHOIO W3MEHEHHsS UX
KOJIMYECTBa U KadeCTBa, TUPOreoioru Io3HawT B IeJIOM IIpolecc Q)OPMHPOB&HHH
o™X Box. M3ydas GaiaHC IPYHTOBBIX BOX, Mbl MCCIeAYeM 3aKOHOMepHOCTE (op-
MHDOBaHHUS BTHX BOJ[, reHeTHYECKHE CTOPOHB MX DEeKIMA.

Toapko KOMIIEKCHOE U3yUeHNe PeRHMa U HajiaHca II0/{36MHBIX BOJ{ II03BOJISAET
060CHOBAHHO DEIIATH aKTYaJblple MPOGIEME BOXHOTO X03fHCTBa, KaK, HaIpHuMep,
oIpefie/ieHre PecypcoB MON3EMHKX BO/{, BOCIIOJHEHNE 3KCILIYaTallHOHHbIX 3aIIaCoB,
[IPOTHO3 DE;KMMa IPYHTOBHIX BOJ B 30HE BIMAHHA BOZOXPAHWIMNM, KaHAJOB, pas-
BUTHSA ODOIGHHUS HIH OCYIUeNWs 3eMeNnb M T. I

Houxperuse Bompocsi, KoTopsie TpeOYOT ANA CBOETO peNIeHUS IPOBeJEHMS
BO{(H00AIAHCOBHX HCCIEOBAIMI, B 4aCTHOCTH U3ydeHNs Oalamca MOJ3eMINX BOJ,
CBOJATCA K caenyomuM. B of6macti BogocHaG:keHus 0alaHCOBHII MeTOJi IIO3BO-
JAseT:

1) paccudTaTh pecypch IIOfi3eMHHX BOJ (OIPCAENUTH BCAMINHY NUTAHHA,
MON3eMHOTO CTOKA, a TaK:;ke H3MeHeHHe pacXxofa TOTOKa);

2) maTh IPOrHO3 BeIMUYMALS TO3€MHOI'0 CTOKA JJA 3aaHHBIX YCIOBUHA dKCILIY-
aTallni IPECHHX TPYHTOBLIX BOJ, HAlpUMEp B YCIOBHAX KOHTAKTa C MHUHEpalu-
30BAHHEIME MM MODCKEMH BOJaMU;

3) COCTaBUTH MPOTHO3 MAaKCHMAJBLHLX M MUHUMANBIKX YPOBHER BOIBI B YCIO-
BIAX JKCIUIyaTaluM M T. 1.

s pemenus mepBoit M3 3TUX 3amad 0 JaHHHIM BOAHOOAaTAHCOBHX WCCIELO-
BaHuil OIpe/elSI0T BeINYUIBl TUTATINA FPYATOBLIX BOJ{ U3 30T adpalliid, a TAKIKe
IyTeM IepPeTeKaHns CHU3y U3 IamopHLX BoX. Bropas 3ajgada pemaercs 10 JaHHBIM
OMTaHMs IMOX3eMHNX BOX C YUOTOM pacxofia Ha HcllapeHMe, a TaKjKe 3aKOHOB JIBU-
JREMIMA TIeCTPRIX [0 MUHEepAJM3alfMi BOJ(, HAIpHMep, JIA MOPCKHX U06eperyuit
(Tupnuckuit, 1951). Haronern, 114 penteHUs TPeTheil 3ajadil IMOMIMO e peuncien-
HBIX TAHHBX HeOoOXOmMMO HANTH KODPPEIANNOHHbIE CBA3M MEKIY PeRHEMOM TPYHTO-
BHIX BOJ, WX 0alaHCOM M HEPUOJUYECKM VMBMOHAIMUMECH THIPOMETCOPOTOTHIe-
cxuMH daxTopamMu. B wucse mocieHUX MOTYT YUATHBATHCH aTMocepHLie 0CajKkH,
cyMMapHOe WCIapeHHe, a TaKKe Pe;RHM TOBEeDXHOCTHHIX BOJOTOKOB 1 BOJ0EMOB.

B 061acTAX OpomeHHs A 3aCYULIABEX 30H ¢ HOMOMBI0 6aNalcoBOTo MeTOxa
pelllaloTCHA CJeAyIOmye 3agauM:

1) paitoHMpoBaHMe TeppPUTOPHUN II0 YCIOBAAM MHPUIHTPANIMH 0CA{KOB Y OB~
HHX BOJ, MCIIAaPEHMI0 TPYHTOBBHIX BOJ M IOZ3eMHOMY CTOKY, KOTODHE B OCHOBHOM
NpeONPeAeNsIIOT MEeNHOPATHBHOE COCTOSHUE 3E€MEJNb;

2) obocHoBaHHMe pPEKUMOB ODPOIICHNS,

3) 06oCHOBaHMe MeJmOPATHBHLIX MePONpPUATHI M0 Gophbe C BTODHUHEIM 3aCO-
JeHNeM WouB (UIPOeKTHPOBaHME J(peHajia, IPOMHBKA HOUB);
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4) IPOTHO3 M3MEHEHMA PEKUMA IPYHTOBHIX BOJ B YCJIOBHAX DPEKOHCTPYKIHH
CYHIECTBYIOMMUX 1 BHOBB IPOEKTHPYEMHX OPOCHTEIBHHX CHCTeM Ha OCBOEHHHX
M BHOBb OCBAaWBAeMHX BeMJAX H T. I.

B o6mactu ocyireHWS HOYB TYMHWOHBIX 30H BOZHOOANAaHCOBHE WCCHAENOBAHUA
TaK)Ke ABIAIOTCA HEOOXOINVMHIMYM IPUH 0GOCHOBAHUU METOJIOB JipeHa)ka, IPOTHO3a
BIHAHNA ero Ha IPHIIeKam¥e TePPUTOPUN, IPH pa3paboTKe MeAKOpamuil IBONHOTO
peryiaupoBanus (OCyHmeHHs W ODOIIeHMA) M T. .

Basgnas poJyis B MccieI0BaHUAX OTBOJUTCA OaJaHCOBON T'MAPOMETPHN HOBEPX-
HOCTHOTO CTOKa, ONEHKEe pPeyKIMA IPOEKTHMPYEeMOTO OPOMIEHMA M OIEHKE BOJLIIOIO
M COJEBOI0 PE;KUMOB TOYBOTPYHTOB 30HLL adpalmyim.

[Ipu KpyOHHX THAPOTEXHUUECKNX CTPOMTENLCTBAX (KAHAJOB, BOLOXDaHMJIMIIL)
BOJHOGAJTaHCOBEE MCCIEOBAHUA HO3BOIAT peIaTh clefyiomue BoIpocki: 1) mpo-
FHO3 BO3MOMKHOTO IIONTONJEHUA TEePPHUTOPUN B 30HEe BINAHUA CTPOUTEIBCTBA;
2) onpepiesenue GUABTPAIMOHHEIX HOTEPh; 3) 060CHOBAHME 3AMUTHHX MePOIPUSATHI
(cHCcTeMaTHUeCKUH JipeHasK) IO YHPABIEHMIO PERMUMOM T'PYHTOBHX BOJ, M T. II.

Ilpn nposepennn mecoMEeNINMOPATUBHHIX MePONPUATHH, HaOpaBIeHHHX [Ha
Goprby ¢ 5posueil MOUB, Ha COXPaHEHMe 0IarOTBOPHOrO BIAWAHMUA JI€COB Ha BOMNHEBLA
PeKUM 3aCyULIUBHX 30H U T. I., BOAHO0GANaHCOBHIE UCCAENOBaHUA MO3BOJIAIOT HATh
OIIeHKY THIPOJIOTHYECKON POJIU JIECOB.

DanaHCOBEI MeToJ| HEOOXOMUM Y OIpefeieHAN CYMECTBYIOMEro U MpOTHO-
3UPYeMOro NUTAHNUA IPYHTOBHIX BOJ, KOTOPOE MOJKET OBITh HOJIOKUTEIBHEIM ¥ OTPII-
naTeIHHHM B 3aBACHMOCTH OT COOTHOIIEHUSA B TOOBOM IIMKJIE HHPUABTPAIUU U HCIIa-
PEHMA C YPOBHS IPDYHTOBHX BOJ. JTHU 3JeMeHTH GajlaHCa FPYHTOBRIX BOJL IpeTe pIie-
BAIOT CYMECTBEeHHHE MW3MeHeHHs IOJ BIUAHLAEM HCKYCCTBEHHHX (AKTOPOB.
Basknocrs sHanus aTHX a1eMeHTOB OajlaHCA TPYHETOBHIX BOJ| CBA3aHA C TEM, UTO 050Jb-
JUMHCTBO M3 HUX BXOAWT B PACUETHHE 3aBUCUMOCTH AUHAMUKH IOA3€MHEX BOJ, Ha
KOTOPHX 0asmpyercs IPOrHO3 pekMMa Box. HeMmanoBaskeylo ponp 6allaHCOBEIC
NCCAelOBAHUSA WrpaloT 1 B ropuom fgeme. llpm passepke w sKcmmyarammu Mecrto-
POKIeHAH MOJe3HHX WMCKOHaeMMX GOJBINOe 3HaueHUe WMeT UPOTHO3H BOIO-
OPUTOKOB B TODHHE BHPaGOTKN, 0GOCHOBaHWe MeponpHATHII mo 6opnbe ¢ moj-
3eMHBEIMH BOAMM B YCJIOBUAX 3KCINYATAIIA MECTOPOKEEHUA U T. I

IlopsemnbHi CTOK, €ro MNTaHHe CBePXY (BKJIOYas IPATOK HOBEPXHOCTHHX BOJ)
OIpemeNsaTCA pa3auuHEME MeTogaMu. Cpesn HUX BOXHOGANAHCOBHIM MeTO Mrpaer
BeVHLYI0 POJIb, TAK KaK I03BOJAET BCECTOPOHHE YUeCTh HPHPOJHYIO U TOPHO-3KC-
nayaTanMonHyl0 o6cTanoBKU. TmaTenbHoe UsyueHWe KOJNMUYECTBEHHBIX CBA3el
YKa3aHHBIX 2JIEMEBTOB BOAHOro Oajlafica ¢ TOPHO-TE€OJOTUYECKUMH, THAPOIOTHe-
CKMMM ¥ HCKYCCTBEHHBIMU (aKTOpaMyU 3HAUMTEJIbHO OOJNErduT pemeHre 3ajad IO
TPOTHO3Y PeKUMa BOJ B YCJIOBUAX 3KCIIYaTAIU¥ MeCTOPOIKICHUIA.

R KOHKDPeTHHM MeTO0JOTHYEeCKIM 3a]adaM H3YyueHnA Gajlafca TPYHTOBEIX BOJ,
MMeOMmMM CaMOCTOATENIbHOE I YHUBEPCAJIbHOE 3HadeHMe [JIA PasHbX melell, MO3KHO
OTHECTH Cleqyoine:

1. RonnyecrBeBHOEe oOIpemeleHme OT/ENBHHX 3JIeMEHTOB OajlaHCa 3THX BO[I,
B YaCTHOCTH — MHQUIBTPALMA aTMOCPEPHEIX OCAiAKOB W, (PasMepPHOCTH CKOPOCTH
$UAbTPanNK), CyMMapHOro UCHapeHUA I'PYHTOBLIX BOJ WM, TOYHEE, BOCXONSAMEro
TOKa OT HHX BJaTH B 30HY aspaniu u (pasMepHOCTh Ta 3Ke), HpuToKa Q, (M%/cyr)
i1 oTTOKa (), (Pa3MEPHOCTH Ta 3Ke) IPYHTOBHIX BOJ, COOTBETCTBEHHO MOCTYIAIOMAX Ha
pacueTnyio ILIOMARE U YHAJIAOMUXCA ¢ Hee, HePeTeKaH A IPYHTOBEX BOJ B IO CTHA-
Jajomye BOJOHOCHEE MIACTH MOPOJA & (PasMepHOCTh CKOPOCTH JUIBTPAINH).

2. AHai¥3 reHeTMUeCKHUX CBA3ell mepedncIeHHHX 3JIeMEHTOB 6alaHcCa C THAPO-
FCOJIOrMYECKAMN 0COOEHHOCTAMU TEPPUTOPHM, IUIPOMETEOPOJOTHYeCKEMH ¥ BOIO-
XO3AMCTBEHHRMH PaKTOPaMMU.
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3. YcraHoBaeHHe BeAYIUX (QAKTOPOB, IIPENONpPEHeAIOMIX TIJaBHEE YePTH
peskuMa U GajlaHCA BOMBI, C IIOMOMBI0 KOTOPHIX MOYKHO YUPABIATH PE;RIMOM BOJ
B 00memM mniaHe.

4, Pacupocrpanenne (MHTEPIOJANUA I 3KCTPAIIONANNA) PE3YILTaTOB HUCCIE0-
BaHUA GallaHCa FPYHTOBHIX BOJ C PACYETHHIX 0AJaHCOBHIX Y4aCTKOB Ha IpHJIeRa-
mue TeppHTOPHM, a TaKyke DallOHUPOBaHUE IOCTeNHHX 110 BeJUYAHAM OTHEIBHHIX
3JeMeHTOB BOAHOTO OallaHca.

5. Hecnemosanume peskiMa IOA3€MHOTO CTOKa, €T0 AUHAMUKA BO BPCMEHIH,
MOCKONBKY 3TOT 3JeMeHT 0ajaHca SBIAETCH NMPEAMETOM IPHCTANBHOTO U3YJeHUS.

6. CocraBaenue GajaHCa FPYHTOBHX BOJ KaK OTJAENhHLIX PACYETHHX YIaCTKOB,
Tak U B IeJioM [JA 3aJaHHOr0 BOXOCGOPa PEKM WM 4acTu peqHoro OacceiiHa.

7. Cocrasnense obimero BogHOro GallaHCa AJs BCell U3yueHHOH TepPUTOPHUM.

8. IToaroToBka HCXONHHIX FAHHHIX [JIS COCTABJIEHMS IPOrHO3a Pe;KMMa TPYH-
TOBHX BOJ IPU 3afaHHEX HOPOEKTOM HU3MEHEHHsIX BOMOXO3HMCTBEHHHX YCIOBUIL.

Bananc rpyHToBHX BOjJ IO CYmMECTBY SIBISETCH YaCThi) 00mero Boguoro Oa-
jaHca 0o6IACTH, B KOTOPO# BHAEJNANTCS OallaHCH BOJAH Ha [HEBHOU IIOBEPXTOCTH,
B 30He aspamui ¥ B THyOMHHEX CJI0AX 3eMHOM KOPH, COgepsKamMX CBOOOTHEIE
1 HAlOpHHE Bombl. Bmecre ¢ TeM 6allaHC IPYHTOBHIX BOJ MMeeT CaMOCTOSTCILHOE
3HaueHIe, MOCKOJBKY OH OTpajKaeT B IeJ0M Ipomecc GOpMUPOBAHNS TPYNTOBOM
BOMHI, BIMAWINER Ha BOOHEIA PE;KUM BHINEJeKaMAX U HOACTUIAIMUX BePTHKAIb-
HEX 30H (adpanuy ¥ HAIOPHHIX BOJ).

B macrosmee BpeMs 0ajlaHC TPYHTOBHX BOJ H3yd4aeTcs ila TUAPOreOJOTHIE-
cxnx craamuax Munncrepersa reosoruu CCCP, ruaposornaeckirx, CTOKOBHX M arpo-
gamMatidecknx craapuax ['YTMC CCCP, MunucrepcrBa Mesuopanin U BOJHOTO
xossiticrBa CCCP, MumnuncreperBa ceabekoro xoastiictea CCCP, ma cramuomapax
Axagemuu Hayk CCCP, akameMnil HayK COW3HHX PECIYGIAK M APYrHX BeJIOMCTB.

Ha sTuX CTAaHIMAX MPOBOXATCS aHAJXHU3 CBsI3eil ameMerToB GaslaHca TPYHTOBHIX
BOJL C THIPOMETEOPOIOTHUECKAMHU H BOMOXO3ANCTBEHHHMA akTopamu. B mocmienmee
BpeMs De3YIBTATH MCCIeJOBAaHAH MHPOKO MCIONB3YIOTCS B HaPOTHOM XO3siCTBE:
COCTABJAIOTCA TPOTHO3H PO;KMMa TMON3EMHKX BOJ, OMEHMBAIOTCS UX PECyPCHl, TPo-
eKTUPYIOTCH TUIPOMCINOPATHBHHEC MEPONPHUATHA W T. II.

Ponb BomuoBATaHCOBHIX WCCIENOBAHUY HEIPEPHIBIO ITOBHIIIAETCH B CBA3U
¢ OYypHHIM pasBATHEM BceX OTpacjell HapOAHOTO X03dAiicTBA, 0COOEHHO B CBf3HM
¢ TmpobieMaMM MCKYCCTBEHHOTO BOCIOJHEHMA 3alacoB MOA3eMHHIX BOJX, OXPaHOH
OKPV/KAIOMme# CPembl, B 9aCTIOCTM NON3EMHEIX BOJ OT MCTOMEHWA WM 3arpA3HEHMsI.

PeaynrraTht mMaydeHHs Oajialica TPYHTOBBHIX BOJX, NPOBOAMMOTO Ha THUAPO-
reoormuecknx craunmax Murnmcrepersa reosorun CCCP, pmaior BO3MOJKHOCTB:
1) VCTaHOBMTH MHOTOJICTHION W3MEHUMBOCTH TIO/[3EMHOTO CTOKa, 3HWAHME KOTOPOI
Heo6XOIMMO Ui MPOTHO3a PEKAMa PEK, OIEHKH 3amaCOB TMOX3CMHEX BOJX; 2) BH-
SCHATH MeXaHu3M (OPMHUPOBaHMA TPYHTOBLIX BOJ IIOJ, BIMSAHUEM TAIPOMETEOPOJIO-
IAYECKMX W THAPOTeOJNOTMIECKNX (aKTOPOB, WTO HEOOXOAUMO [/ YIpaBlleHHsd
Pe;KIMOM JTMX BON; 3) COCTABIATH MPOTHO3H PeKMMa M OallaHCa TPYHTOBHIX BOJ|
KaK B eCTeCTBEHHHX, Tak W B HaPYUIEHHKX YCIOBUAX. .

MccnemoBande GanaHca M TAHAMAKY BJIAaTU B 30HE adPallM ABIAETCA HEOTHEM-
7eMo3 uacTh0 BOIHOGAIaHCOBEIX PaboT M Ae0OX0UMO 1A MHTEepIpeTanau OanaHca
TPYHTOBHIX BOJ[, IOCKOJBKY STMM W3ydUeHHeM BCKDHIBaeTcA TIpomecc BogooOMeHa
MeKIY TPYHTOBHIMH BofgaMu m atMocdepoii.

Wccnenopanme 30HB adpanmi| TpemycMaTpuBaer: 1) ompemesneHme reHerude-
CKUX COCTABAAMUX BeJMUWHL IIATaHWA TPYHTOBRIX BOJL CBepXY, YCTaHOBIEHME
POJIH 30HE a3PAIAK Kak NCTOYRMKA 1 PeTyIATOPa MOTOJHEHN A TPYHTOBHX BOJL HUCXO-
Ismeil BJATON WM KaK IPHEeMHAKA BOCXOHAmedl BiIarm; 2) ompenerenne Toi gacTu
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Baaroo0MeHa Me;KIy 30HOH HENMOJHOTO HACHIUEHNs (30HOH aspamyy) M rpyHTOBHEIM
TIOTOKOM, KOTOpPas PACXOAYeTCSA Ha MOJ36MHEIN CTOK MU ABIAETCH MECTHEIM BOC-
TMOJHUTENEeM 9TOTO CTOKA; 3) OIpefelleHNe BeJWIMHH BJaroofGMeHa 30HH adpaldH
¢ atmocdepoil, HeobxoguMoi AIA cocTaBleHns 0Omero BoAgHOTO GalaHCa Ha TO-
BePXHOCTH CYyIN; 4) o6OCHOBaHMe KPaTKOCPOYHHX HPOTHO30B DPEeKHMa TPYHTO-
BHX BOJ, M3MEHSIOMUXCA TOJ BAWAHNEM IPOUCXOISINX C HePeMEHHON MHTEHCHB-
HOCTBI0 METEOPOJOTMIECKNX U THAPOJOTHISCKUX MIPOLECCOB.

WN3syuenne BogHOTO HallaHCa 30HEL a9paliii B COeNUHEHHN ¢ 6alaHCOM IpYHTO-
BHIX BOJ MO3BOJUT PEIINTHh PAN BaKHHIX CAaMOCTOATENHHHX 3a1a4: OIpejelicHEe
poiid TPYHTOBHIX BOJ B CHAOKeHMH pacTeHWil BIAroil; OIeHKA BINAHHA DPEKMMA
I'PYHTOBHIX BOJ, Ha I04B00OPa30BaTe IbHHEI IPOLECC; IPOTrHO3 BJAro3anaca B KOpHe-
o0HTaeMOM CJI0O€ IOYB M T. I.

TlocTamoBKa M3yuenus OaljlaHCa TPYHTOBHX BoJ] MOJ:KHA OHTH TECHO YBA3aHA
C TeOPETHMUECKEMH W NOPAKTUUECKUMH 3afadaMM, NMEOEMN pernoHajIbHOe 3Ha-
genue., Taxoe H3ydeHNe TPOBOJUTCA B Pa3AMYHHX aCHeKTaX: PeTHOHANLHOM U JIO-
KaJlbHOM (feTasnbHOM). IlepBHil GasMpyercs Ha pPernoHaJILHOM ONOPHOM ceTH Ha-
GIIONATENBHEX NYHKTOB, COCTOSMHX U3 NONEPEYHUKOB — CTBOPOB HAGIIOma-
TellbHBIX CKBaJKAH, BoMHOOANaHCOBHX IJIOMANOK, comep:aHme pabor Ha
KOTOPHIX paccMaTpuBaeTcsi HmKe. BTopoll (metannHEHIN) aclerT W3yueHusa Oasm-
pyercA Ha ONMTHHX 0alaHCOBEIX yYaCTKaX, UMEIOMHX aBTOHOMHOe 3HadeHMe, IO
IIAPOKO KOMIIEKCUPYIOTCA Pas3JHuHEIe METONH HCCIeJOBAHUSA BOSHOTO Pe;RUMA
TOYBOTPYHTOB U IIPU3eMHOTO CIOS aTMOCHEpPHL.

Bouasimoe 3HadeHNMe MH IpHIaeM COBMECTHOMY M3yIeHHI0 0ajiaHCA HMOJ36MHEIX
BOJI, TPOBOAMOMY B ABYX HallPaBJIeHNAX: 1) B 6CTeCTBEHHHIX YCIOBMAX; 2) B yCJIO-
BUSX, HAPYIIEHHKX MCKYCCTBEHHEIMU daKTopaMy (HampuMep, B YCIOBHAX HKCIIIYa-
TaI[IN DoA3eMHLIX BOJI, IPY 0 POIIEHNN MM 0CYIeHNH 3emelnb). Helu mnepBoe mo3Bo-
IseT BHACHATHh NPMPOXHHEA (oH BOAHOOANAHCOBHX IPONECCOB, €CTECTBEHHEIE 3aK0-
HoMepHocTI oPMHUPoBaHNA OallaHCA I'PYHTOBBIX BoJl, TO BTOpOe HampaBjIeHHe JaeT
‘BOBMOJKHOCTH OUCHWTH M3MCHEHHE 3JeMeHTOB 06ajlaHCa BOJ M €ro CTPYKTYPH TOJ
BIUSHNEM HMCKYCCTBEHHHX (aKTOPOB.

Wccnenopanuio Galanca TPYATOBHIX BON NPEANIECTBYIOT M3YVueHUE MPUPOTHBIX
VCIIOBHIL, BOTOX03AMCTBEHHEIX OGCTAHOBOK 1 Y4eT HJIaHA BOMOXO03ANCTBEHHOTO CTPO-
uTenapcTBa. IIpH 3TOM MOATOTABIMBAIOTCA MCXOMHHE MaHHEE s OpraHMn3ammi BCe-
CTOPOHHNX HaOJIONeHNE Haj sleMeHTaMH BofHOTO GajlaHCa, a TakKe AJAA pacueTa
OTHEIBHBIX COCTABIANINAX OajlaHCa N0 DKCIEePUMEHTANbHHM JaHHEM. DBoJblioe
3HAUEHHE YHENAETCA BCECTOPOHHEMY MCHONH30BAHMIO N PASBUTHIO CMEMHBIX 00~
Jacreif smanns (THAPoQE3MKa, THADONMHAMHAKA, WMoYBeHHasd TCALPONOTHA X AD.).



I'I[ABA BTOPAA

OCHOBHBIE HAIIPABJIEHUA B N3YYEHMHN BAJAHCA
TPYHTOBBIX BOJ

Pacemorpum yuacror cym mporssxeHHOCTBO Ax M miomapsio F. C moBepx-
HOCTH 10 HePBOTO BOMOYIOPHOIO CJIOS HOPOJ (puc. 1) MOKHO BEIETUTH TPH BOHEBL

1) A — anpanuu uUnAu HeNONHOTO HACHINEHMA (MEKAY HOBEPXHOCTBIO M Hal-
BHCIIAM 3a pacueTHOe BpeMsi At mOJOKEHNeM IOANePTO KaONIAAPHOU KaiMu 2);

2) B — axRyMyiasnun
WM OCYIIEHNS OT rpaBUTa-
OUOHHBIX BOJ, BO3HUKAa-
0IMAX COOTBETCTBEHHO I PU
mogbeMe MM HOHUKeHWH
VPOBHA TIPYHTOBHIX BOJ,
(8 mpepmenax I'—2") mHa
pennuuay AH;

3) C — monHOTO HACH-
IIeHnsA, He N3MeHAMEerocs
opun  XKoneGaHMU  YPOBHSA
(Amme nunwn 17).

OOmuit BomHHil OanaHC
n3y9aeMoil IPOCTPaHCTBEH-
HOH 06JacTH IpeAcCTaBIAET
co60¥ COBMECTHOE PacCMOT-
peHme 3a paCueTHHIH Ipo-

)_!.Z,M

< 4

™ 3. G 10 B A7

CxeMa 30HAIBHOCTH ITOYBEHHO-TPYHTOBOM ITPH3MKL
(a) u smwpa BIaKHOCTH (6).

7 — Mo4Ba; 2 — BONOLPOHMIIaeMbl¢ I'PYHTH;, 3 — OOATEpPTad Kamui-
JApHAasT KallmMa; 4 — BOAOYHOP; § — AKKYMYJANMA BJarm B OCHOBa-
HHM 30HHEl agpalyy IpH HNOogbeMe YDPOBHA BOABI — M3MECHCHMe 3araca
IPYHTOBBIX BOH. A — 30HA aspanuy Had HAWBBHICLIMM ITOJIOYKEHNEM
noaneproif KamumiIApHOl KaiiMbl, B — 30HA AaKKYMYJAIMA TpaBUTA-
IIMOHHBIX BOMN NpY MOABEMEe MX YPOBHA Ha AH, C — 80HA TIOJIHOTO
HachHIlcHUA B Havaje Habmopenusi. Iudpn Ha pucyHke: 1‘, 1”7 —
HayaJbHEE YDOBHH TIPYHTOBHIX BOJ M TOBePXHOCTH  KallWJLIsPHOM
KaliMBl; 2°, 2” — TO e, B KoHue HalOmopenuit; 1, 2 — HavajJapHaA
N KOHeyHas1 smiopbl 00beMHOIl BAAMKHOCTH

Prc. 1.

MeKyTOK Bpemenn At mpu-
Xoga, pacxoma W W3MeHe-
HUA  (aKKYMYJAIWA) BOJ,
Ha MaHHOM yYaCTKe CYIII 11
BHYTPH H3y1aeMo# 06acTH.
Ha nweBnoit moBepx-
HOCTH BOHHR GastaHC Ompef-
CTaBASETCA B BHJAC ajire-
OpaMgecKoX CYMMBI

X+ K +Y,—Z—Y,—

—w,At=D,, (IL.1)

rae X — armocdepunie ocagxy; K, — KoHfeHCanud aTMOCHEPHEIX BOMAHKX HapOB
fla TIOBEPXHOCTH W B 30HE aspalym; Y, — IPHTOK IOBEPXHOCTHHIX BOJ Ha AAHHHII
YYAaCTOK; B YCJHOBHAX OPOIMIEHNA CIOfia BKIIOYAKTCA BOAOTOAavYa M MHPHIBTPaI¥is
BOJH M3 KaHANOB;, Z — CyMMapHOe HCOapeHEe, BKIIUYAOMee HCHapeHne C IOYBHI,
TpaHCIMpaIAi0 PAacTeHMAMHA, MCOapeHHe C BOJHOM IOBEPXHOCTH W CHera; Y2 —
OTTOK IOBePXHOCTHEIX BOR C JAHHOIO YYacTKa, BKIOUAMUN BHKIMHABaRHE
TPYHTOBHIX BOJ] Ha TOBEPXHOCTh B YCJOBHAX €CTECTBEHHOTO [PEHUPOBAHMSI MECT-
HOCTH; W, — MHTEHCHMBHOCTh BEPTHKaJIbHOTO BOM0OOMEHa 30HH adpamMM C aTMO-
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cdepoil Ha MOBEPXHOCTH (IIPU MOJOKUTENHHOM B3HAYEHUN — WHOUIBTPANS BOJLI
¢ TIOBEPXHOCTH COBMECTHO € IOCTYIJeHHeM BOJAHBLIX HaPOB B 30HY azpanyuy, OIpa
OTPHNATEALHOM 3HAUEHUM — PACXOJ, BJIArM M3 30HE a3PalAM Ha CyMMapHOoe HMCHa-
penme B arMoC(epy M TPAHCIMPAIUIO PACTEHUSMI), (Pa3MEPHOCTH CKOPOCTH (HAIb-
Tpanmu — MMm/cyr); [, — M3MeHeHMe 3amaca BOJXHL 3a BpeMsa A? Ha TOBEpPXHOCTH
3eMIn (AKKYMYJANUA ee B MOAMKEHHAX MECTHOCTH, CHeTOBOM MOKPOBe, B BOJIOEMAX,
BOJOTOKAX); At — pacueTHHA IPOME;KYTOK BPEeMeHM, CyT.

Bce ameMeHnTs BOJHOTO GallaHCa BHIPAyKAaJOTCS B MM CIIOA BOAn. B 30He aspa-
ynm (cM. pme. 1, a) BomHHMA 6allaHC BHIpA’KaeTCs YPaBHEHHEM

W, At—=w At = D,, (11.2)

Ifie w — HHTENCUBHOCTh MUTAHUA TPYHTOBHX BOJ CBepPXY (PasMEePHOCTH CKOPOCTH
PunpTpanum), TpeACTABAAIMAA cOO0H CKOPOCTH MHPUILTPALNK BONLL MM PACXOX
CYMMApHOTO TOTOKA BJaru, MOCTYNalome#d M3 B0HK adpPalum K, yPOBHIO CaMOTO
BBICOKOT'O 3a BpeMs At HOJOKeHUs TMOANepTON KamuansapHoi kaiimu (cm. prc. 1, a,
aunmsa 2'); OpW OTPHWIaTeIHbHOM BHAUEHNA — CKOPOCTh CYMMapHOTO DPAacXOJ0BaHAA
IrPYHTOBOY BOJ(b HA BOCXOAAMMUIM TOK B 30HY aspalmi; 9aCTO 3Ty BeJIMUAHY HABHBAIOT
CYMMAapHBM HCIOapeHneM TrPYHTOBBIX BOJ{, YTO MABIAETCH YCIOBHHIM TEPMIHOM;
D s — m3meHeHme 3amaca BOJL 3a Bpema Al B 30He adpanum.

B 3one moNHOro HaCHMEHWs, BKIKYAA 30HY aKKyMYJANMAFN TPAaBUTANAOHHEBIX
BOJ[, BOMHHIH 6allaHC NpenCcTaBiseTCA B BHJE

pAH=3"@ Ny pt— e AL, (1.2

TJe W — BOZOOTHAUA MM HeJOCTATOK HACHMEHNMs HOYBOTPYHTOB B 30He B (axkky-
MYJANUA NI OCYHIeHWs) IPKM W3MeHeHNN ypoBHs Bojaul Ha AH; AH — m3aMenenme
YpOBHA TPYHTOBHX BOX 3a BpeMsa At; (Q,, Q, — OPATOK H OTTOXK TPYHTOBHIX BOJ
B rOPM30HTANHHOM [ANPABIENNN 33 €JHHAIY BpeMeHH (B 00HeMHOM BHIPAKeHNH);
£ — HHTEHCHBHOCTh HePeTeKaHMs TPYHTOBHIX BOJ [0 BEPTHKAJM deped ciabompo-
HuaeMsle IOPOMAL JIOjKA NMOTOKA B TMOACTHIAMOMWTI HATOPHHN manm Ge3HATOPHHH
ME;KIIACTOBRIE BOMOHOCIBIH TOPH30HT (PasMEPHOCTH CKOPOCTH QHIBTPAIII);
F — naomanp 06ajlagcoBOr0 ydYacTKa.

ITpu BecrMa ciabo¥ BOHONPOHMIaeMOCTY TIOPOJ BOMOYIOPHOTO JIOKa (LampH-
mep, upm Koosppumumenre Ppuaprpanmm nx < 0,0005 M/cyT m HamopHOM TIpajgmeHTe
Bepruranbrodl punprpanun << 107!) mocaenunm snemenToM OajlaHca MOMKHO IIpe-
1ieOpedn.

CionB BCe TPM ypaBHeHHMsA BOJHHX 0allaHCOB Pa3HBIX 30H, MOJIYYMM BhIpasie-
Hite g odmero BOgHOTO OajlaHCAa TPOCTPAHCTBEHHOR 06GJNacTH, OTpAaHUYeHHOH
CBEPXY JHEBHOIl IIOBEPXHOCTHIO ¥ CIIM3Y IEPBHIM BOAOYIODPHLIM JOKeM, B BHJE

WAH 4+ Dy - Dy= X+ K — 24V, — Vo L@ pr, (11.4)

rie ofosHadeHUs] IPeKHME.

B coorsercrsun c¢ ypasmenmamu (I1.1), (I1.2), (I1.3) m o6mum ypaBHeHHeM
(11.4) moppasmeNsAOTCA W HAUPaBIeHWsI B M3YUEeHHH OajaHca TPYHTOBLIX BOJ.

Hax supHO M3 IPUBEIEHHHX ypaBHeHwA, 6alaHc TPYHTOBHX BOJ, BRIpAKaeMbil
vpasuenmem (I1.3), AaBAserca yacTho 06mero BogHOro GajlaHca JAHHOH NpoOCTpaH-
crBeniHo#l o6macTu. Ecam sty o6macth orpanmumth Gojiee ray60KUM CJIoeM 3eMHOM
WOPHI, HaIPAMeD DPEeTHOHAJHHEIM BOJOYIOPOM MEPBOTO HAIOPHOTO (apPTe3HAHCKOTO)
BOJOHOCHOTO TOPM30HTA, TO KPOMe HMEePBBIX TPeX YKa3aHHHX YpPaBHeHMI HNPHUILIOCH
O HamHCaTh 4eTBEPTOE GallaHCOBOE YPABHEHNE JIJIA HAOPHOTO TOTOKA, aHAJIOTAIHOE
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ypasuesnio (I1.3). B HeM BMecTo IpaBHTanMOHHOH BOJOOTHAYH TOPOJ U JOJKHA
6p1a OB YYHTHIBATHCA yOpYras BojooThada p¥ (CM. 9eTBepTYIO IJNaBY).

Pasnvuepie HamnpaBleHWsA B W3yueHWH OajaHCA IPYHTOBEX Box 00ycaoBIA-
BaTCA 06MacThI0 (00BEKTOM) HCCIEHOBAHWI M METOLAMH WX IPOBeJieHAA. JTH Ha-
OpaplleHus W3y4eHWA TOApas3felspTca Ha: 1) obmee BopmHOOasaEHCOBOE; 2) AMBU-
MeTpWUeCKoe; 3) rEjpogmuaMudeckoe. IlociaefHee BKIoOYaeT B ceba rHApoj@HAMA-
HeCKUl aHAJIM3 PeM¥UMa IPYHTOBHX BOJ[, BHIOIHACMHE ¢ IOMOmBI0 MeTOJa KOHOU-
HEX DPa3HOCTeid, MeTOfa aHAJHNTHYECKHX PpemeBmii aufdepeBnnalbBEHX ypaBHEHHH
HOYCTAHOBHBUICI0CA [BWKEHHS IPYHTOBHX BOJ ¥ [ADYIEX paCYeTHBIX METOJORB,
a TaKe ¢ IMOMOMbI0 MOJEIMPOBAHMSA I'IIPOre0JorudecKUX IPOLECCOB HA aHAJLOTO-
BHX ¥ IUQPOBHX 5NEKTPOHHEX BHYUCIUTEIBHEX MamIMHAX.

K o6meMy BomHo6allaHCOBOMY HATPaBIEHWI0 OTHOCHTCH U MeTOX TeHeTHYe-
CKOrO pacu/eHeHUs IWAporpadoB pex, MO3BOIAmMAA HaXOXATH YCPelHEHBEYH IO
nIomanyu Bomoc6opa BeAHMYMHY IOL36MHOrO CTOKa. PacCMOTpHUM OCHOBHEIE 0cobeH-
HOCTYM YKa3aHHHIX HaOpaBJIeHWD M3yueHNs OallaHCa T'DYHTOBHX BOJ.

O6mee BogHOGAaMaECOBOE HaNpaBleHUE 3aKIOIACTCH
B mocTaHoBKe nupdepeHNUPOBaHEHX HaOMOJeHWH 3a BCeMHM WJIM rJjaBHeANIEME
ajJeMeHTaM¥ BOTHOTo GajlaHCA HA IOBEPXHOCTH, B 30HE adpai@¥ ¥ YaCTHIHO B IPYH-
TOBOM HOTOKe. I'IaBHEIMY MeTOZAMW TPUHHMAKTCA SKCIEDPEMEHTAJNbHEE, BHIONHA-
eMBIe C MOMOIIBI0 Pa3jRUHHX OpUOOPOB, ONHTHHX YCTAaHOBOK HJM SMIUPHIECKEX
3aBUCUMOCTeI.

OCHOBHKM FOCTOMHCTBOM M Hauboliee MeHHHIM KaueCTBOM STOI0 HAIpPaBJICHHA
ABJIAETCH He3aBHCHMOe OIpeJelieHTe KajKFOTO H3 3JeMeHTOB BORHoro 6allaHca
[em. (I1.4)], a Tax:xe HaxosxmeHWe Hepsaskum Gamamca A. Ilocnmepgnsas mpu TakoM
mayaenun OGalaFmca BOJ BXOJET B HPaBYO 4aCTh 0alaHCOBLIX PaBeHCTB [Hampmmep,
(I1.4)] co smaxamu +. Ecnm meBasra MeEee 5—10% oT cymmer arMocdepHEIX Ocaj-
KOB, TO BOTHLIA 6aXaHC CYATAETCA BIOJHE YHIOBJIETBODPMTEIHHEIM.

JIpyruM KpATepHEeM OMEHKE HOCTOBEPHOCTH BOJHOTO Oalamca ABIAETCA HO-
rpemHOCTh BHUuCIeHHOTO 3 ypasHenwa (I1.4) uamenenns ypoBHA IPYHTOBHX BOJ
AH 3a mpeMsa At u cpaBHeHHe ee ¢ DaKTAGECKH HAGIIONENHBIM CpeTHAM H3MeHeHIeM
VPOBHA 3a To e BpeMsa. [[ONYCTAMEIMHE CUMTAIOTCA PACXOMAEHMA YKaBaHHHX
penmunun AH, cocrapnsiomue menee 15-—-20%.

IlorpemHoCTs oOmpemeeHNs OCHOBHEIX THIPOMETEOPOJOTHUECKUX 3JIeMEeHTOB
BOAHOTO GajlaHCa B CpeJHEM MOMeT OHTH pPaBHA: AJsA CTOKA +5%, JAIA TBEPAHX
atmocdepHBX ocamgkoB -+10%, [ANA mCHmapeHHEA C NOBEDPXHOCTH HOYBHI, BOALI I
cmera +10—20%.

ITo M. A. Benmkauony (1940), o6muit BoxHEI GaNafHC yuacTKa CYIIH IPencTaB-
JNAETCA B BHUmE

X+K1+Zy1+01:Z+292+Qz+(m—n")a (IL5)

rme Y §; — TWPHETOK BOAH N0 OTKPHTEIM BOJOTOKAaM YHCIOM ny; () — HPHTOK HO-
ny
36MHOM BOJBL, D, Y2 — YXOJ BOMH HO OTKPHTHM BOLOTOKAM GHCIOM Ng; (Jy — OTTOK

ny
BOJIH IIO3eMHEIM CTOKOM; (m—n') — PasHOCTH MeXKAY HaKONWIeHNeM m B YOBUIBIO

3aIaCOB BJaTH 7 .

IMocienHwe JBe BeJIWUMHH OTHOCATCA KaK K IOA3eMHHIM (T. €. TPYHTOBEM
BOZaM ¥ Bjaré B0HH adpan@y), TaK M K IOBEDPXHOCTHEIM BomaM. Bce aieMenTH
ABIAIOTCHA YCpegHeHHHNMZ [Js AaHHOE miomaan (B MHIIHMETPaX CIO0A BOJIBI)
7 OTBEUAOT ONPENieNeHHOMY IPOMEKYTKY BpeMenm At.
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Jlns saMKHyTOro pegHoro Gacceiima (raxsxe mo M. A. BeamkanoBy) B Hammx
0603HaYeHUAX ypaBHeHWe BojHOTo OalaHca NPHHEMAeT HECKONBKO MHYI0 dopMmy:

X=Y,+Z+m+q, (IL6)

rae Y, — peuHoil CTOK; m — MOJIOKUTeNbHOe WA OTPUIATelbHOe SHAYeHHe BCOX
W3MeHeHHMH 3allacoB BJATH: Ha NHEBHOM MOBePXHOCTH, B 30He aspanuu, B IPYHTO-
BOM IOTOKe; ¢ — HOJOKWUTeJbHOE MJIH OTPHIATeIbHOe 3HATEHHe BONoOOMeHa HaH-
Horo OacceilHa C COCeHUM,

>

m o
Jlns mHOroNeTHero mepuWoja =— —- 0 (rme n — g9ucao JeT HabaiopeHWH)

npu HeGOJBIIOM 3HAYGHWH ¢ HO CPaBHEHHWIO ¢ APYTUMY dJIEMeHTaMH O0BIUHO moia-
ramoT, 94TO

Xo=Yo+Zo, (IL7)

rme Xo, Yo, Zo — HOPMEL COOTBETCTBEHHO aTMOCQEPHHX OCAJKOB, PeTHOIO CTOKA
B CyMMapHOro HcOapeHUsAd.

Ilo B. . Kyneauny (1956 r.), npeneGperars Beanausoi ¢ B (I1.6) mpun — co
IJA KOHKPeTHHX DedHHX OacceilHOB HeT OCHOBAHWM. JTOT HCCJIEIOBATeNb IPUIIel
K BHBOJY, 9TO A PeuHHX (GacCceHOB MJIM WX YacTell, PacHOJOKeHHKX B 061acTAX
OUTAaHHA apTe3HaHCKUX OacceliHOB, HeoOXofnMo NPHHATH cleylomee (ajaHcoBoe

ypaBHeHHE:
Xo=Yo+2Zy+V, (11.8)

rme V, — HODMa WHQUIBTPANUE WNJIW BeJHINHA cpefiHEMHOIOJIeTHe MHUIBTPA-
Uy, UAymeil Ha NHATaHWe IIy60KAX apTe3MaHCKUX BOJNOHOCHHX IOPH30HTOB, [pe-
HUpyeMHX 3a IpefieJlaMHU JaHHOTO pewHoro GaccedlHa.

Jlns peunnX GaccelHOB MM MX JacTell, PACTOJIOKEHHEX B 006J1aCTAX PABIPY3KH
apTe3naHCKUX (acceiiHOB, aHAJNOIMIHOEe yPaBHeHUe IPeJCTaBIAETCA B BHJe

Xo=Y,+2Z,—U,, (I1.9)

rae U, — HopMa IIyGOKOro apTe3HaHCKOTO CTOKa (PasrpysKkH) B peunoM Gacceiine.

Jivmp pus peunHx GaccediHOB WM HMX gacTed, PacIoNOMeHHHX B 00jacTax
Hallopa apTe3MAHCKUX GacceilHOB, ocTaeTcA cHpaseiuBeM ypasuenme (I1.7),
w3BecTHOe KaK ypasHenue Ilenra — Ommoxora.

Tlonpaysicy ypasuenuamu (11.8) u (I1.9), B. . Hypeaun onpepenna pecypes
apresmaHcKuX Boj [Imempomcko-Jlonenxoro Gacceiina. Ilpm aTom o mcmoxb3oBan
BechMa HaJle)KHEE JaHHEE 0 HOPMaX OCAfIkOB, PEYHOTO CTOKA M MCHapeHHs.

T. H. Kamencruit (1953) Bopunii 6ajaHC ydacTKa CYyIIHU INPeACTABIAN B aHAalO0-
rugnom (I1.4) Bupe. Ilpugem B oTnngue oT mOCHEIHET0 OH HE PacCMAaTPUBAJ Ile PETOK
moj3eMHHX BOJ B HIEKeJle)Kalliie BOJIOHOCHEe ILJIACTH.

Cymecrsenroe ornmume ypasHenuss . H. Kamenckoro m mamero (II.4) or
ypapuenusi (I1.5) cocrout B TOM, 9To B MePBHX ABYX 2JeMeHTH BOAHOro OamaHca
HeIloCPeJICTBeHHO ¥ B ABHOM (opMe CBA3aHH ¢ U3MeHeHUEeM yPOBHA IPYHTOBBIX BOJ
AH uiu ¢ W3MeHeHWEM WX 3alacoB. OTMM YCTAHABIMBAETCA HeIOCPeNCTBeHHAA
CBA3H MeKIY Pe:KMMOM IPYHTOBHX BOJ M 6ajlaHCOM BJIAar¥ Ha JHEBHON MOBEPXHOCTH
7 B 30He aspanuu. I[pUAMUOMANBPHEIX Pa3iEauil Me;kAy paccMaTpHBaeMBIMH ypaB-
HEHUAMH HET.

Tlo M. W. JIpBoBHUTYy, AAA Tedeil BOXOXO3ANCTBEHHOr0 NJAaHHDOBAHHA HeoOl-
XOANMO TOJNB30BATHCA KOMIUIEKCHEM ypaBHeHHeM BojHoro GamaHca, KOTOpPoe pac-
KPHBaeT CTPYKTYPY KDPYrOoBOPOTa BOMHL.
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ITo cymecTBy 3TO ypaBHeHHMe CBOGHTCA K [BYM APYTHM, HMEIOmMWUM BHJ (B Ha-
mwux 0003HAYEHUAX):

X = Ynos”i' YHOH+ZT+ Znom (II'IO)
W=X—Yus=2+Yoon (I1.11)

rae Yion — DOBePXHOCTHas (IABOJOUHAMA) COCTABIANMAA PCUHOTO CTOKA; Y onq —
mof3eMHasl COCTABIANMAS PEYHOTO CTOKA; Z, — TPAHCOUPAIHAA HIH OPOJYKTHBHOE
uctapenne; Z,,, — HeOPOLYKTUBHOE HCHapeHHe, T. e. UCHapeHHe ¢ IOBEPXHOCTH
MOYBEHHOTO TOKPOBa, BOJOEMOB, BONOTOKOB X KpOH gepeBneB; W — BajoBoe
VBIayKHEHNe TePPUTOPNH; Z — CYMMapHOe HCIIapeHue.

M. 1. JIpBoBuu, a Taxkme A. M. Ipur nmpumeHAnwT KoddPHIHENT NHTAHUA
per K, =

Yo .
%,“—, XapaKTepU3YIOMUA Ty 4YacTh BAJOBOTO VBJayKHEHUsH, KOTOpPas

pacxofyercs Ha WATAHHE MOX3EMHEIX BOJ. B ompeneseHHEIX mPHPOTHHIX YCHOBHAX
W 1A TaHHOTO ;manaaona sHavyeHuil senuunnant W xosddunmentr K, ocTaeTcs Ho-
CTOSAHHBIM.

HNonsa cyMMapHOTO ncnapennﬂ B BAJOBOM YBJAQ;KHEHHH HAXOTUTCS C TMOMOIIHIO

Koaddunmenta ncmapennsas K, = —. Cymma K, + K, = 1.

Ilpn pemenun pas3nuIHEX npaKTqucxnx 3amad (Hampumep, mis 000CHOBAIKSA
pesRUMa OPOIIEHHA) BOLHHIN GaslaHC MOKHO OpeACTaBHTh B Oojee pas3BepHYTOM
BUIE C YUeTOM KOHKDETHHX (QaKTOpPOB ero GOpPMHDOBAHHUA.

Tax, M. M. Kpstos (1959) pust opomaemerx paiionos YasbexucTaHa mpeicTas-
JIAJ BONHBIA OallaHC B BHME

WAH+ D+ Dy =X+ Lblein L By 7. (1142)
[0} 10w
rae Y, — KOJHMYeCTBO BOXbI, HOJAHHOM Ha opollaeMsie monsd, M%; Y, — Kosuue-
CTBO no;wenmoﬁ BOJHI, Bmfmnnnsalomeﬁcn Ha J(HEBHYI0 MOBEPXHOCTH Ha TPaHuNe
GamaHcoBoTO paifoma, M3 f, — RonnqecTBo BOALI, DOCTyHalomeil u3 OpOCI/ITeJILHBIX
KAHAJOB TyTeM Q)HTILTpaunM M3; Q,, Q, — OPHTOK H OTTOK TPYHTOBHX BOX, M
o — nnomans 0aaHCOBOTO paHOHa ra. OcranpHre 0003HaueHUA HPeKHUE.
IIpu pemrennu BONPOCOB, CBABAHHHIX C MeXHOpamuell mous, BogHEH Gamamc
aCTO COCTABIAKT NiA KopHeobutaeMmoro ciosi mous (A. @. C.T[H,D;HQB H. C. Pu-
JKOB M JIp.). B 3THX cayuasx piiA HOYBEHHOW IPH3MHL, BHEIEHHOU BHIIIE MOTOUIBKHL
NesATeILHOTO MOUBEHHOTO CJOA, B KadecTBe OAHOM M3 HPUXOMHHIX JacTedl BOMHOTO
fallaHCA IPAHUMAETCA MOATOK BOMIK CHA3Y, 4 B KaUeCTBe HOBOM PaCXOAHOM CTaThU —
OTTOK BJIarTH BHH3. Takoil DOATOK MIM OTTOK BJIAIW HEDOCPE[CTBEHHO CBA3aH C BJa-
rooGMeHOM Me)R1y 30HOM aspamué M TPYHTOBHIM moToxkoM. Ha yposme monmeproit
KaOHIIAPHOW KaifiMpl 2TOT BJIar0OOMEH HAMH BIDayKaeTCA BeIMUMWHON NHTAHNs
rpyaTOBHX BoX (wAt) Ba BpeMs Af, a Ha ypOBHe MUHMMAJIFHOTO CTOSHUS TPYHTO-
BHIX BOJ — PABHOCTHI0O MEKAY OTTOKOM H HPHTOKOM 3THX BOJ, YCPeTHEHHOH Ha

OJIOmARA YYacTKa, %At.

OnpemenMB 3KCHEPUMEHTANHHHIM TyTeM OONBIIMHCTBO 3JE€MEHTOB BOJHOTO
fanapca, W3 NPUBeJeHHHIX BHIIE ypaBHeHHH o0mero GajllaHCa HAaXOMAT BEJMUNHEI
IPATOKA ¥ OTTOKA I'PYHTOBHIX BOJ MK HX PA3HOCTH, CIIM 3TH DIEMEHTHl He oIpe-
[eJleHsl He3aBACHMBIM MeTOOM, Hampwmep, mo ¢opMylaM AMHAMHUKA MOM3eMHBIX
Box. Ilociexnme, B CBOIO ouUepe/ih, MOJKHH HAWTH HINPOKOe TMPHMEHeHHe W IpH
ICTIONIBROBAHMHE MeTofa obmero BogHOTO fallaHca, TAaK KAK OHM YUNTHBAIT KOHKpeT-
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Hple YCJOBHS BOJZOIPOBOAMMOCTH BONOHOCHHX ILIACTOB, a TAaKse HAINOpHHe Trpa-
JMeHTH B HATYPHHX YCHOBUAX.

BelnunHy MATAHAA TPYATOBHIX BOJ CBEPXY w A¢MOKHO BHIUMCHUTE IO AaHHBIM:
PAcCMOTDEHHHX BHINe 9J6MEHTOB BOJHOTO GamaHCa C HOMOIMBIO (GOPMYIHL

wAt=X—(Z—K)+ (Y —Y,)— Dy— D,, um cnoa BojH. (I1.13)

3pmecs (Z—K,) — cyMMapHOe HMCIapeRye 3a BHYETOM KOHJEHCAIWU BOJAHBIX.
mapoB (ompesielisieTcsl, HANPUMED, ¢ HOMOMBI0 BeCoBoro mcmapurens); (¥V;—Y,)—
IpUTOK 33 BHUETOM OTTOKA HOBEPXHOCTHEIX BOJX (OTpEReNAeTcs MOBEPXHOCTHOIM
rAAPOMeTDHEH). AKKYMYIALMs BOAB Ha MoBepxHOCTH (D ;) HAXOJATCA ¢ MOMOMBIO-
CHETOMEDHHX HaONI0eHNE 1 MOBEPXHOCTHON TMAPOMETPEM, a AKKYMYJALNHUS BIATH
B 30He aspanuu (D,) — ¢ momompio BIaromepos. Ocaprm (X) ycTaHaBIHBAKOTCHA
10 Ha3eMHBIM OCajgKoMepaM M CHeTOMEeDHHM CHeMKaM.

MeTo KCUEPEMEHTAIBHOTO OIpefielleAnd HNUTAHUA TPYHTOBEIX BOJ, BIEPBEE
6ra obocuosan I'. H. Kamencrum (1953), Kotopmii mpemnosxun ypasnenme (I1.13)
HJs OIGHKW CBSI3W 9TOr0 BIeMeHTa GalaHca TPYHTOBHX BOA C THMPOMETEOPOJIOTH-
qecknMH (axTopamu. B mociepgyiomee BpeMsA MEl INMPOKO IPHUMEHSIN 3TOT METOJ
I ONEHKY [0CTOBEPHOCTH Ju3nMeTpudeckux nabmonennmit (JleGemes, [loGposoan-
ckas, 1961).

B nemasuno omy6nukosanHOi pabore WM. B. Boxsgmyn (1972) muporo passui
BTOT K€ BKCIePUMEHTAJHHHI METOJ Ha OCHOBE TIIATENBHO MOCTABJIGHHHIX HaGIo-
[eHWi 3a BCeMH IPUXOLHEIMA M PAacXOJHHIMH 3JIEMEHTaMM, KOTOPHE Ipejompeje-
NS0T BeJHYMHY IUTAHUA TPYHTOBBIX BOJ CBEPXY.

Bajianc I'PYHTOBHIX BOJ Tak jKe, KaK M oOmuil BONHEIM (ajlaHC, BEPAKAeTCHA
B BHJE aireGpanmdeckoil CyMMb IPEXONHBIX M PacXOJHHX diemeHToB. lipm cocras-
nennn ypasuenns (I1.3), mpexcrasaaromero 6ajanc aTUX BOJ HA yIaCTKe NIIOMANRIO
F pmus orpeska Bpevenu Af, Gmulo yKasaHO, 4TO BepXHeil rpaHuIeil 6anaHCOBO
06IaCTH CIYKAT CaMOe BHICOKOE 32 BpeMs Af momoykeHue MOANEPTOH KalMliiPHOIL
Kaiime (cM. puc. 1, a). Hmxneit rpannneit ABngeTca BOLOYIOPHOE JIOKE. Boxosue
IPAaHUIE MOTYT IPOBOIATHCA IO JIMHMAM PaBHOTO HAaNopa, T.©. IO BEPTHKALAM
B paspese W mo JMHHAM TOKa B IIane. Kax ysuguM fasee, Tpu cocTaBieHmy bauanca:
TPYHTOBHX BOJ [ULSl JIGMEHTA IOTOKA M HaJM4AM TpeX HaGiiofaTedbHHX CKBajKiH
B CTBOPE TI0 IIOTOKY GalaHCOBHIA BIeMEeBT ¢ GOKOB OrpaHHYUBAETCS CPEJHAMMU cede-
HUAMM TOTOKA, IPOBEJEHHHMN BePTHKAJIHHO MEKTY CMEKHBIMH CKBaKMHAMM.

M. M. KpsuioB s opomaeMyX paiioHOB MpeioKEa 6aaHC TPYHTOBHIX BOJ.
NPeNCTABIAAT, YPaBHEHHEM

K'—‘Yﬂ - 9 ’
M BT O

rge % — IPOCOYMBIIAACA UYacTh AaTMOCHEPHEIX OCA[IKOB, MOCTHrmIas 3epKaja
TPYHTOBHX BOJ, MM; f; — TPOCOUABIIASICH JacTh OPOCHTONBHON BOAH, IOTAHHON
Ha moxs, M3 f, — IpEXon GUIBTPANMOHBEX BOM, W3 BOJOTOKOB N BOJ0EMOB, M3;
. — KOHIeHCAIMMOHHO® NHTAHWe TPYHTOBHX BOJ, MM; U — CyMMapHoe HCIapeHue
rpyHTOBHX Bof, MM. Ocraibubie obosHadenns mpexmme [cm. (IT.12)].

W3 proro ypaBHEHWs CJETYeT, 9TO B YCJIOBUSAX OPOUIEHBHNA BEIWINHA IMHTaHUM
TPYHTOBHX BOJ| CBEPXY paBHA

wAt=xf+—f-‘li'l—f0"Z;;E+ki—u, (11.15)

rge o603Ha4YeHNs IIpe;RHME.
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Heo6xoaumMo 3aMernTs, 4T0 BeJWM4MHA NATAHOS TPYHTOBHIX Boj wAt, ompeme-
agemas mo (I1.13) m (I1.15), momer Gwired momosgmrensHoi (w > 0) mwim orpuma-
renbnoit (w <G 0). [lomomurensHan BenndnHa NUTAHNA, NN BeJIHIAHA HHPAILTPA-
MK 0CAJKOB, HOJMUBHEIX BOJ, MOCTHTAIOINAX I'PYHTOBHE BOXH, 0003HagaeTcsa gepes
w,At, roe w, — uHTEHCHBHOCTH WHUIbTparum (Mm/cyT), AT — COOTBETCTBY-
IOmAR 0Tpe3ork BpeMenu (cyr). OTpHmareabHas BEIWUMHA MHTAHUA, WM BeJIAIHHA
pPacxofoBaHMA TPYHTOBHIX BOA B 30HY asparnum (TacTo — Ha CYMMapHOE WCHape-
Hie), obosHagaercd gepes uAY, rfe ¥ — UATEHCHBHOCTH OTPUIATEIHHOTO NMUTAHAN
WIN ICOapPeHWA 9THUX BOX B 30HY aspamul, A9 — COOTBETCTBYIONUIA OTPE30K Bpe-
meHu (cyT). Ha ocHoBe 5THX ompemeleHUA KOMIOHEHTOB BEJMUMHH OTUTAHUA OyAeT
TefICTBATEJNHHO PAaBCHCTBO

wAt=w; At —u A9, (11.16)
rie
At = At AD. (11.17)

MeTogura OIpeneNeHNs OTHAENBHBIX HJIEMEHTOB BOMHOTO Oajanca paccMaTpH-
BaeTcsi B MOCIEAYOIMEX pasmeiaX KHHUTH.

JluzumMerprnuecrkoe HanpaBJieHuUe H3ydeHAA GajaHca TPYH-
TOBBIX BOJ, TaK K€ KaK W olOmee BogHobalaHCOBOE, HacquTeBaerT Goaee 200 jer
cBoero npumeneHns. CymHoCTh 5TOr0 HaIpaBJeHNS 3aKIOYAETCA B TOM, 9TO BENH-
Uil AHQUIBTPANAN OCafKOB wW,;AT W CyMMapHOrO HCIaPEHHSA TPYHTOBHX BOJK
B 30Hy aspamuu u'AQ oIpemerAOTCS HEMOCPeNCTBEHHO C IIOMOIIBI0 JH3MMETDPOB
¢ IOCTOAHHHIMU YPOBHAME BOAHl. B mociejmee fecATdIeTHe MIMPOKO PacHpocTpa-
HAOTCA JIH3AMETPH ¢ [MePeMEHHBIMA YPOBHAME BOIHl, ITO3BOJIANINAE 3KCIEPAMEH-
TATbHHM IYTEM HAXOMUTH U PasHOCTH MEKAY FOPW3OHTAIBHHIMH IPATOKOM W OTTO-

KOM BOT, (01—;@2—) [Ipn sanuamu BepTUKAIBHOTO TOKA BOX (J, 9Ta BEIMIMHA DKCIIE-

PEMEHTATBHO OUHPefeNASTCA COBMOCTHO ¢ TMOCTETHeH BOJIMIAHON TOPU3OHTAILHOTO
BojtooGmema. Msmenenne 3amaca rpyaroBoi Bomst w AH 3a orpesor Bpemenm At
HaXOQUTCS YO0 NaHHHIM KoJe0aHHE YPOBHA BOAbl ONMmMalimeid HaGIoOAATENbHON
ckBasknH (AH) m mo BeJWuMHe BOXOOTAAYX WOPOXN [.

HanGomee obcrosrenbase paGoOTH 110 PasBUATHIO JIA3AMETPATECKOTO TaMPaBe-
HAA uzydennd Gaxanca IpyHTOBHX Bog uposopuanck B Cpexneir Asum (M. M. Kpsr-
108, A. @. Caannes, H. H. Xomuubaer u gp.). B epponeiicroi wactu CCCP nnusn-
Merpuueckue wmccregopaHna sumoauaance B. K. CoueBamosmm, A. A. Pope,
A. B. JleGemennim, H. JI. Ilo6poBonbcroit, A. C. Cy66orurniM m np.

TugpoguuaamMunueckoe HaOpaBIeHZWe B M3yuennn Gajasca
TPYHATOBHX BOJ| Ga3Wpyercs ma aHAJXN3e HaGMoNeHUH pejKrMMa IPYHTOBHX BOJ W HA
IPUMEHEHUI [JIsI HTOTO Pa3AATHHIX METOMOB pacyeTa HIEMEHTOB 0ajaHca, a TaKyKe
METOJI0B MATeMATHUECKOTO MOJeINpPOBAHMA.

BoepBele rEApOqHHAMAYECKUE METO[ HCCISJOBAHUA DEKAMa TPYHTOBBIX BOJ
JUIA KOIXWYeCTBEHHOW ONMEHKH MX nuTaHmsa Ootr paspaboran I'. H. Hamenckmm
(1938, 1943 rr.), OmpeAMOKUBIMIEM IMUPOKO IPUMEHATH YMCIEHHOE peileHHe (B KO-
HeTHHIX pasHocTsax) guddepeHINATBHEX yPaBHOHAH HEYCTAHOBUBINEIOCH [(BUIKE-
Husa. OH pasBII METO] KOHEUHLIX PasHOCTeH ¥ BIepPBHE HPHMEHHI ero B Pasuele
THOPOTEOJIOTHA — MAHAMHUKe MOM3EMHLIX BOJ IJISA DEMeHHA Pa3IMIHKIX 3ajad He-
ycTaHOBUBIIENCA GUIbTpamuu (IPOrHO3 PeKMMa TPYHTOBHIX BOJ B paifloHaX THIPO-
TEeXAMIECKAX COOPY/REHUI, IPOrHO3 BOJOIPHTOKOB B TOPHHE BHPabOTKH ¥ T. I.).

JTOT METOX MLl BIEPBEE IPHMEHHJN A IIPOrHO3a HOANOpA IPYHTOBHX BOX
B paifoHax BomoxpaHmanma KaHaixa uM. Mockss B 1939 r., nua amammsa pessnMa
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IPYHTOBEIX BOJ B PA3IMUHKX I'MIPOTEONOIHISCKUX YCIOBHAX, [IA pacdera THAPO-
reol0THYeCKRAX MapaMerpoB (BOJOOTHAaYa IOPOJ, KO3QPUNUEHT ypPOBHEIPOBOMIOCTH
TPYHTOBHX BOJI), a TakKe ¢ [EJbI0 COCTaBIeHMs GaxaHca moaseMusx Bog B 1950 —
1951 rr., aro 6ymeT pacCMOTPEHO B YeTBePTOi riaBe. JTOT METO]] PA3BUBAJICH TakKiKe
JUIA OIEHRE 5JeMEeHTOB §ajaHca TPYHTOBHIX BOJ II0 MAaHHBIM 0 KOJIeGaHUN NX ypOBHEH
II. A. Kucenessim (1951 r.).

Cpenum pacueTHHX METO[OB OHpefeNeHWs BeIMINHE NATAHAA TPYHTOBHEIX BOJ,
wAt M0 HaHHBEIM KOJXeGaHUi NX YPOBHA KPOMEe METO/la KOHEUHLIX pa3HocTedl M aHAId-
TUIECRKOT0 .METOZla, KOTODPHIE DPACCMATPHBATCH HUKe, 3aCHIYKHBAIOT BHEMaHHASA
" CAeRYIOImHe:

1) Merofis1 ompemesieHHs MHPMIBTPANMOHHOIO HUTAHMA TPYHTOBHIX BoJ IO
JIAlHBIM HaOJ0IeH A 32 Y poBHeM Bois B oqHo# ckBayknse (B. I'. Tkagyx, H. H. Bun-
meman, B. C. Kosauxesckmit, [[. I. AGpamosuu, B. E. Bogorpenmit m np.);

2) meToi ypaBHEHHs CBf3W, paspaboraHHEA aBropom (1967 r.) mas ompe-
JeneHAs BIEMEHTOB 0ajaHca TPYHTOBHX BOJ IO JAHHEIM HAGTONENNi 3a UX PerKA-
MOM II0 TPYIIe OAMHOIHLIX CKBaKUH;

3) KOMIUIEKCHBI/ METOJ, YIWTHBAWIIME KpoMe KojleGaHHA YPOBHH B OJMHOT-
MOl CKBa)RAHE BJEMEHTH BOXIOr0 0ajaHca Ha TWOBEPXHOCTH W B 30HE aspamui
(1. B. Boabduyum).

B. T. Tragyr (1949) mis TPYHTOBHX BOJ, OTPA/KAIOMUX Ce30HHEIe M3MEHEHMNA
B MX PEKMMe, BLIIEJSET MePHOE MOBLIMIEHAS UX YPOBHS, B KOTODHIC IPOUCXOTAT
OCHOBHOE THUTaHAe CBEPXY. B MepHoAn HOHWKEHWS YPOBHS 3TO HUTAHMUE CYUTACTCH

HEe3HATATENbHLIM U HE YIUTHBaeTcd. BeandnmHa NHTaHHA CBEPXY ONPENeiIAeTCH
YpaBHEHIEM

wht=21 1y, (11.18)
b

rie AH — ofuiasg BeICOTa IObeMa YPOBHS IPYHTOBEIX BOJ, MM; Kyg — Kosduninent
. AH "
9QYeKTHBHOCTH 0CAKOB, PaBHLIT —— (3mech £ — KOJMIECTBO BOAH, IMOCTYIUBIIGH

B BOJOHOCHHIA TOpHU30HT, MM); I — mepPHOJ DOombeMa YPOBHA T'PYHTOBBIX BOJ, CYT;
y — CPeNHHUH OTTOK TPYHTOBHIX BOJ 32 BEIYETOM NIPHTOKA, MM/CYT.
Kosdpuunment sdhdexTrBHOCTH 0CanKOB k.4 IO CYIECTBY ABJIACTCA 00PaTHOH

. {
BeJININHOU HEIOCTATKA HAaCHIMEHNA HWJIN BOHOOTHAYXA IIOYBOIPYHTOB E’ B3ATHIX

B Tpejerax MepeMemeHrs YpOBHA TPYLUTOBHX BOX W MOXNEDPTON KaNMJLIAPHOH
raliMer. B. T. TRagyx BHUMCIACT STOT KOSPPUIMEHT 0 PA3HOCTH MEKAY DOIHOM
BIATOEMEOCTBI0 M BJIAJKHOCTBI MOPOM B IpelernaXx KojdeGaHMdg YPOBHS T'PYHTOBEIX
BOj, 9YTO 3HAYMTEIHHO TPEYBEIUTHBACT 3TOT KOBPPAIENT, & HETOCTATOK HACHIIOHAA
mpeyMenbmaeT. Bymer Goiee IpaBMIBHO, €CIM YIATHIBATL BIArosalac OT MAHH-
MAJBHOTO MOJOKEHHS YPOBHA N0 MAaKCHMAJIBHOI0 IOJOKEHHs BepXa IONIepTOM
KATWLIAPHOE KafMBl 3a Tepmoj HalLiomeHHIH.

Beanmuina oTTOKA TPYHTOBEIX BOA Yy IO CYIIECTBY IIPeicTaBIsgeT coboil pas-
T0CTH MEKAY OTTOKOM M IMPUTOKOM I'DYHTOBBIX BOX, 9410 coriaacyercd ¢ (I1.3) mpm
g = 0. Ompenesisercs 5Ta BeAMINHA O JAHHEIM O 3MMHEM CHIKEHMN YPOBHA BOIHI,
KOrJla MOMOJIHeHNS IPYHTOBLIX BOJ W HX DACXOJXOBAHHA B 30He adPandd MPaKTH-
gecK? He IPOMCXOMUT.

Tar, mpu MOHWKEHWN YDPOBHJ TFPYHTOBEIX BOJ B OCEHHe-3IMHH{ Hepmox Ha

peamauny h (Mm) 3a Bpems At (cyT) BeanmamHa PasHOCTH MEKIY OTTOKOM M IPHTOKOM
BOX COCTaBHUT:

h
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Hax npasmabuo ormewaer B. E. Boporpeurwit (1973), sumuuii ortox rpynto-
BBIX BOJ HA PA3TPY3Ky B BOMOMCTOYHWKN IPHUHAT TOMIECTBEHHEIM OTTOKY B BecenHe-
JIeTHMH HEPHOJ BHICOKOTO WX cTOAHWA. Taxoe jomymieHwe He ABJseTcs ONpaBAaH-
HEIM, 0COGEHHO B paifonax ¢ JOBONBHO HepecedeHHHM peabedoM H HepaBHOMEDHBIM
pacupejesieHneM aTMOCHEPHHX OcCaflKOB IO IITOMIA/H.

Tax xax AEPWIBTPaMOHHOE NUTAHMe IPYHTOBHX BOX B BTOM METO;ne ompeje-
JAGTCA TOJNBKO JIA HepuORa DOABeMa UX YPOBHSA, TO OPH MalXbX IAy6MHAX 10 BOIHL
OCTaercs HeONpejeJIeHHON BeJIMYMHA PAcXOf0BAaHUA ITHX BOJ Ha Ucuapenme. llo-
3TOMY 3ajada COCTABIEHHA OajlaHca TPYHTOBHIX BOJ B HeJoM (Hampmmep, 3a Tof)
0CTaeTcsi HEPEIeHHOM.

AmamornuHas MeTONMKA pacdera BeJUUNHE BeceHHe#l WHOMIBTpAmUU arTMo-
chepHEIx ocankoB mpeanoskeHa H. H. Bmupemanom (1963 r.), nmo xoropomy
A, (11.20)
rge Ak — BabmofaemMoe HOBHINEHWEe YDPOBHS I'PYHTOBHIX BOJ| IIOCJe CHEroTagHWS
3a BpeMs At; Az — BenuduHa, Ha KOTOPYI0 YPOBEHBH I'DYHTOBHX BOJ CHU3HICA GBI
3a BpeMa Al 3a c4er oTTOKa IO BOJOHOCHOMY HIJacry.

Ilpm sToM HocienHAA BeAWUMHA OIPEAEIACTCH N0 PASHOCTH MEK1Y MUHUMAJb-
HEIM OpefgBeceHHNM YpPOBHEM W TeM 3KCTPANOJANMOHHBIM YPOBHEM, KOTODHHU yCTa-
HOBWJICHA 6B TP OPOJOIKEHNH 3MMHETO cliafa KPUBOI €ro 10 MOMeHTa BECEHHEro
MaKCHMyMa.

3mech Tak jKe, Kak U B IPEIBIAYINEM METOJe, NONYCKAETCA YCJIOBHOCTH — IO-
CTOSHCTBO BO BPEMEHW WHTEHCWBHOCTH IOA36MHOTO OTTOKA 3a BHIUETOM IPUTOKA
B HIEPWOJK mOJbeMa W IPEAMEecTBYIOMETO CIana YPOBHA, a TaKyke He YUUTHBAGTCHA
pacxoj IPYHTOBHIX BOJ Ha HMcHapeHNe B 30HY aspanmd. BocXomAmMid TOK BIaTH
OT YPOBHS LIpDU TAyGWEE 0 BOAB 2—4 M, A KOTOPHX pPEeKOMeHAYeTCs AaHHEI
MEeTO0j], MOKeT OBITH BechMa cymecTBeHHBIM. [l09TOMY pacueTnoe BOCIloJiHeHHe 3ala-
COB TPYHTOBHIX Boj 663 yuera WX MCUAPEHNH JeTOM W B {PYTWE CE30HHI IO MOKET
GHITH 3HAYMTEIBHO B3aBHINICHHEIM,

B MerogmuecKux yKasaHWAX 110 THAPOrEOJOTHYECKON cheMEe B MacmrTabax
1 : 500 000 u 1 : 50 000 (1968 r.) Mbr perROMEHIOBAJN IPUOIHKEHHHT MeTO[ ompe-
NelieHAs MHATAHWA TPYHTOBHIX BOJ, CYIMHOCTL KOTOPOTO GANM3Ka K METORNKE
B.T. Tkauyx w H. H. Buapemana.

Ilia paBHWHHBIX TePPATOPWI ¥ MecT, 3HAYHTENBHO YAAJEHHHX OT HOBEPX-
HOCTHHIX BOJIOTOKOB, BOJOGMOB, ¢ KOTOPHIMP TH/PABINIECKH CBA3aHbi TPYHTOBHIE
BOJIBI, a TaKe NpPW OAWHAKOBHIX YCIOBUAX YBJAKHEHWS Ha IOBEPXHOCTH, OTHOCH-
TeJBHO I'y6oKo 3aseramomue (Goxee D—06 M) TPYHTOBHIE IOTOKH MOKHO paccMaTpil-
BATh KaK HEOTPAHWUYEHHHE B Inane. IIpW OTCyTCTBHM HepereKaHNd 3THX BOJ IO
BePTHKAJNM BeJMYMHA OWTAHWA NX cBePXy 3a BpeMs At cOCTaBIT:

wAt=pAH, (11.21)

rie AH — BelUYWHA HEUIPEPHBHOTO HOAbEMa YPOBHA OT €T0 MHHHMYMA JI0 MarkCh-
MyMa 3a Bpema Af.

Ilng mepecederofl MECTHOCTH WJIM IPW HepaBHOMeDPHON IO IIoman¥ HH@HIL-
TPALUY 0CATKOB

w=pn

wAt=p (AH—%AHS), (11.22)

rne AH — m3MeHenmWe ypoBHA TPYHTOBHIX BOJ 3a PACYETHHIT IIPOME}KYTOK BPEMEHM
At; AH, — n3menenme ypoBHA I'PYHTOBHX BOj[ 3a 3MMHHI OTPE30K BpeMEHM IIpPo-
JOMKATENBHOCTBIO Af,.
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[Ipu atom ponycKaercs, 4TO HHTEHCHBHOCTH 3MMHEr0 IOJ3eMHOI0 OTTOKAa 3a
BLITETOM IIOI36MHOI0 IPHUTOKA OCTAaeTCA NOCTOSHHOIN B Teuenune Bcero rofa. IIpume-
nsath (I1.22) MoKHO KO BCeM HIPOMe;KYTKaM BpemeH:® At ropoBoro IuKIA.

Meron ypaBHenuii csgau mamu paspaboran (1967 r.) B cmasum ¢ neobGxomu-
MOCTBIO WCHOIB30BAHMA PA3POSHEHHHIX ONWHOUHEIX HaOIOATENBHHX HOYHKTOB
(cKBaykMH), IO KOTODHM BexyTcAd HaGMOAEHHS 3a PE;KUMOM I'PYHTOBBIX BOJ.

[Ipn cpaBHHTEIHFHO OHOPOAHOM MHEBHON HOBEPXHOCTH, OMUHAKOBHX YCIOBUAX
VBIaKHEHHWA ee, ONHOPOAHHX YCJIOBAAX NOJA36MHOT0 CTOKa (IPMMEPHO ONIHAKO-
BHIX PACCTOSIMAX /[0 APeH MM 09aToB MHPUILTPALNM), OTCYTCTBHA IOQIOPa IPYH-

q

—Q
TOBBEIX BOJ MECTHO€ BOCHOJHEeHWNE WON3eMHOTO CTOI{a-—O—“)TJ-Ll— GymeT 3aBUCETH IJaB-

HBIM 00P30M OT BeJUTHHH NUTAHWA LDOTOKA cBepxy. IlpunmMas HeilCTBATEIHHEIM
PaBeHCTBO
( ()1’()2)
Ol ==~ __cp.

cp @A, const, (11.23)

Tie O, — YCPeJHeHHBIH (pernonabHBI) KOIPOUIHEHT HONOJHEHAA INOJ|3eMHOTO
CTOKa, B3ATHH C 00PATHEIM BHAKOM; B UNCINTENE W 3HAMEHATeJe BeJIMIHHEI C HHIeK-
COM «Cp» — BJIEMEHTH 0ajlanca, yCpPegHeHHBIe 10 pafloHY DPaCHOJOKeHHS T'PyIOBL
ckBamun, a rakke (I1.3) mpu & = 0, momxyuum

WAH =(14-a.,+ ;) wAt, (11.24)

rne AH — u3Menenue ypoBHS TPYHTOBHX BOX U0 CKBaskuHEe 3a Bpems Af; B, —
OTRJIOHeHNEe KO3YPuMuenHTa o, aHAJOTAIHOIO O,, HO B3ATOr0 NJfA AAHHOK CKBa-
KUHHI, OT YCPeHEHHOTO 3HAUEHNS O, OcTalbHble 0003HATCHUs IIPerKHIe.

BoaMo:xHBE DOrpeIIHOCTM pacdeTa BeJWUWHE UATaHMA WAf, BOZHHKAIOMINE
UpH HOJNB30BAHNE ONHAM KOIQOUIUEHTOM O, IPA BOAOPA3IENBHOM THIE DeKAMA
IPPYHTOBHX BOJ, He IpeBHmanT 25%.

Jlamee WCHOAB3yeM 3MUMPHUYIECKYI0O CBHA3h BeJIMYWH M3MEHEHHS YPOBHA I'PYH-
ToBHX BoJ AH 3a ofHO U TO ;Ke BpeMs Af 0 BCeM CKBa;KUHAM NAHHOH I'PYUIH CO

cpeqgHeit za At¢ rayoumoi Mo Boasl z. Haupmmep, upd Haauunm yrasaHHOIl CBA3H,
ONIUACHIBAEMON YpaBHeHHEM

AH = azb, (11.25)
rae a, b — wapamerpn csasu AH c¢ z, Bmecto (I1.24) mpm B; = 0, moxyanm
P
w At = Tra 20, (I1.26)

rie 0003HAUEHWA Ipe;KHME.

3HaueHHA @ N b HAXOAMM CIIOCOGOM IIANMEHBIINX KBAZPATOB, KOTOPHI I pHMe-

nsgem k Bepaskenmio (I1.25). Beanmannm AH v z mpunuMaeM 00 JFaHHHM QarTHge-
CKUX HalII0feHNHA.

OxoHgaTeNbHO BeJIMYMHA UUTAHAS MOKET OBITH npencraBjeHa B BHIC

w At =pZ'C, (1127)
roe
Pty = A= (1.29)
= —b, (11.29)
o = ca (z.z—zl)—~(AH1~AH2) Zg{;l : (II.SO)

(AHy—AH;) 285
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tne AH,, AH, = mauvenbmye 3HAUCHAST M3MEHEHHS YDPOBHS B PasHHX CKBaKUHAX
3a OfHO W TO ke Bpema Af, Opuxopsamuecs Ha HUCXOAAMYI0 BETBh KPUBOH CBA3W
AH ¢ z, toe sTa KpumBas IpMOMIKaeTca K OpAMOi; 2;, 2, — COOTBETCTBYHIKE

TIYGUHBL KO BOJHI, 2, =—z—1—;5—z—3-

Taxmm obpasoM ompemendiorTcs HapaMeTpsl ¢, a, b, &, ¢ DOMOILBI0 KOTOPHIX
ONMCHBAIOTCA CBA3SW BEAWIUHB IUTAHWA ¢ TayomHoO# mo Bogwl tuma (I11.27); masee
¢ yuerom (I1.3) maxopmum

.

D N o At =1 (2), (I1.31)

rie o0os3HaueHHWs Ipe;KHUe.

PaccmoTpeHHBIT MOTOR [Jif YKA3AHHKIX YCAOBMII HO3BOJAET COCTABUTH OataHC
TPYHTOBHIX BOJ IO Ce30HaM M 3a TOJi0BOH IepHOJ,.

MeTogel MaTeMaTHIECKOT O MOZEJHpPOBAaHNSHA OasupywoTres
HAa aHaJOTUM Psja OPUPOAHEX HPOHECCOB, NPOABIAIMEHCA B OTHOMEHAW (H3M-
YeCKUX 3aKOHOB, ONMCHBAOMAX Nu(depeEnaibHHX YPaBHeHNUIl, 1 Ha BO3MOMHOCTI
BOCHPOM3BECTH UNCICHHHE DEINeHNA STUX YpaBHEEMHA Ha Mopeisx. B rmgporeoso-
TUX HCIOJL3YIOTCA MaTeMAaTHIECKME AHAJOTMHM MEKAY (HIBTpanWedl IOA3eMHOM
BOZBI M ABMKEHMEM BOJH B CHCTEMaX COOOIMAIOIMMXCH COCYOB, COEIAHEHHBIX I'HApa-
BINYCCKUME COOPOTHBJIEHUAME (ruapaBandeckue unterparops B. C. JIyrpanosa),
MeRAY TOit sxe QUIBTpanueii BOA N ABUIKEHNEM DIEKTPHIECKOT0 TOKA B CILIONIHBIX
BIeKTPONPOBONHKX cpenax (merTon JI'JIA), a rTak:ke B CeTOYHBIX MOAEIAX, COCTAB-
JEeHHHIX M3 CHCTeMH 3JIeKTPHYECKMX CONPOTHMBJIEHUN (3JI€KTPOMHTErpPaTOPH THIa
YCM-1, MCM-1, 311-12, BYCE = gp.). Ha TakuX aHamoroBEIX yCTpoOMCTBax pe-
MaloTCA 3a7ad¥ YCTAHOBUBMIEHCH W HEeYCTaHOBUBIIEHCH (IIBTpaTiNM.

Paspurme W OpuMeHeHHEe METOJOB MaTeMATMIECKOTO MOAEIMPOBAHUA B THAPO-
re0JIOTMA CBA3aHO ¢ paGoramu KaK pycckmx ucciaepmonaresein (H. H. Hapmosckuii,
B. . Apasun, H. U. [Ipywunux, I1. ©. Ounipsaaros, B. M. Mlecraxos, 1. E. HHep-
HoB, B. JI. Ba6ywrun, J1. K. 'asuu, [JI. U. Ilepecynsro m fap.), Tax u 3apyoGex-
uprx (I, JImomaw, [0. Tom, VY. HKapmmioc m np.).

K MerojaM 3xCHepUMEHTATBHOTO OINpPEeJeHHS OTHOTO W3 TIABHEIX 3JeMeHTOB
GajaHca IMOA36MHEIX BOJ — WX CTOKA B PEKH — OTHOCHTCS METOL e HeTH g e -
CKOTO pacUYiieHeH s THApPorpada pex.

drtoT Merox Buepsre Obm npuMereH B 1887—1888 rr. mmxenepamu B. I'. ly-
xoeeiM, E. K. Kuope u K. 3. JlemGre npm MBHCKaHUAX W IOCTpoiike OEPBOTO
MocroBckoro Topojckoro Bogonposoaa B Murumax. B mocaepylomem sror meron
MAPOKO NpPUMEHAJNCHA B COBeTCKoll M 3apyGesHoli mpaxruke (L. B. Ilonskos,
B. 3. 3aiikos, B. 1. Kynenun, ®. A. Makaperxo, I'. Il. Kanunun u ap. B GCCP;
9. Tampona, N. K. Xoyn, O. E. Meiianep, JI. K. llepmarn u pp. 8 CIIA).

CyIDHOCTH 3TOTO MeTO/ia OCHOBEIBAGTCHA HA HPENNIOJOKeHEN, 9T0 BHKJIMHUBaHNe
NOf3eMHEIX BOJ B PeKM pPAaBHO HX MOA36MHOMY CTOKY B JaHHOM Oacceiime. JToT
CTOK JIETKO OLIPENIeJUTH HA 3aMBIKAIOMEM THIPOMETPUYECKOM CTBOPE PEKU B HEPHOAK
OTCYTCTBUSA BHEOARCHHSA aTMOCOEPHHX OCAKKOB WM INUTAHUA PeK M3 BOXOXPaHWINI
" osep (T.e. B JETHOKN WA 3UMHIO MEyKEHB).

dror Meron B 40-x romax OB PasBUT B KOMIJNEKCHHII I'MAPOTeOJOTO-THAPO-
aormyecknii B. M. Kypemusmm (1946, 1949, 1960 rr. w pmp.), a B mambHciimem
B. . KypenuauMm, O. B. Ilonmossim, M. C. 3exuepoM, B. A. Beepomoxxeknm u ap.
yCIEeNmHO IPAMEHEH JTd KaPTHPOBAHWA PerMoHaJbHOI0 HOL3eMHOTO CTOKa. I'enern-
9ecKoe PacUJeHeHWe PeTHOro CTOKA Ha ero CoCTaBJSAIONNe — CKIOHOBHI (IOBCpPX-
HOCTHEI), TPYHTOBBI}, apTe3UAHCKEN — IPOMBBOJUTCH C YIETOM YCIOBHH (opmu-
POBAHNSA PEYHOTO CTOKA BO BCeM GacceiiHe PexH, B YACTHOCTH THAPOreod0rMIecKoro
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cTpoeHUs OacceiiHa, cXxeM APeHUPOBAHUA BOJOHOCHHIX MOPU30HTOB, a TAaK/Ke JaHHHX
0 peskAMe MOA3eMHEIX BOjJ B HpuGpe;KHOM 30He.

Jlust paBHUHHEX 0acceifHOB, B KOTOPHIX pa3BuWTa pPeUHAs CeTh, MAHHKIA MOTOR
naeT Hafe/KHHE IOKa3aTeJd MOA3eMHOr0 CTOKA B BHAE YCPOAHEHHEIX IO IIOINATHA
HODM, a CJIeJI0BATeJbHO, W BEJIWIAH HATaHHAA IPYHTOBHX Boj. Ilosromy om obecme-
qUBaeT KapTHpOBaHHEe B MeJKOM Macmrabe pecypcoB IOA3eMHHIX BOA.

ToT ;xe MeTop ABJIAETCA OCHOBHLIM M B I'OPHRIX palioHax, I'ie KPoMe HOr'0 Tpe-
fyeTca elme aHaJW3 PeKAMa POTHAKOBOTO CTOKA C [EJbI0 OUGHKA DONHU OTAEJBHEX
KOMILIEKCOB BOJOHOCHHIX MOPOX B (GOoPMHPOBAHUHA OOINETO MOA3eMHOr0 CTOKA,
A TaKKKe IJA JeTalin3arniu rugporpada mociegHero B TeUeHMe roja.

C menbo pacwieHeHus rugporpada pexu, OATAOMecs M3 BOXOHOCHHX TOPH-
30HTOB, PHpPAaBIWYGCKE He CBA3AHHEX ¢ peroit, mpumenswor Meron @. A. Maka-
perko (1948 r.). IlocienHuM IMON3eMHLIE CTOK 3a roj oIpefesifeTcd CYMMOH mpous-
BCIEHAA MeKeHHOTO pacxofa pexu (IPUHAMAEMOro 3a MOpY IMTOA3eMHOTO MUTAHUA
pexu) Ha KosppurueHT (HampuMep, eKeMecHUHH), XapaKTePU3YOUUH perKaM
IPYHTOBOI'O CTOKA B PEKH B TOUEHHO rofa. ITOT KodQPUINeHT JTUHAMUISCKOTO CTOKA
BHIPAsKaETCH OTHONIEHHOM CPeTHEeMOCSTHOI0 PACXOa ONMOPHEIX POSHUKOB K CpefHe-
MECSTHOMY PacXOmy BX B MeeHb. Jlig pacuera He0OXOMWMO BHATH JHUIIL MEKEH-
Hbe PacXOoMHl PEKH M PesKAM DPOAHMKOB B TedeHHe Iroxa. ¥ KasaHHHN KodddumueHTt
i BPEMEHU MEsKOHHOrO CTOKA paBeH eNnHHUIE.

HecoMHeHHO, YTO METOE M3YIOHUN OalaHCa IMOIN36MHEIX BOJ B TOPHBIX DETHEIX
DHacceitHax TpeGyiOT cBoero majdbHelmero pasBuThg. He HMCKIOYOHH BO3MOJKHOCTH
1l PAT{EOHATBHOCTH NPAMEHEHNASA aHATATHISCKAX PeIeHNH 32129 HOYCTAaHOBUBIIET 0CS
BHKEHAS MOA3EMHEIX BOJ, MOJyYeHHHX Byccuueckom m Mai#is nqis ymopAmodeH-
iloro peskuma puabrpanun. o mocaegHMM MOHMMAETCS TAKOW BHJ HEYCTaHOBHB-
[erocs JABUKEHNSA MOJ36MHLIX BOJ, IIPA KOTOPOM OHH He MOJIYIAIOT IUTAHUA CBEPXY
Il CHE3Y, HEe PACcXOAYIOTCSA Ha MCHapeHHe B 30HY aspanui, a AeOUT M ypoBHA HX
‘U3MEHSITCS BCJENCTBHE OTHOTO IOJ36MHOTO0 OTTOKA K JpeHaM.

Yro KacaeTcA DPUMEHEHHS METOJAa TeHETHUIECKOIO PacwieHeHWs rupporpados
PeK K KaPTUPOBAHMIO MOA3eMHOT0 cToKa B KpymHom MacmTaGe (1 : 25 000 m xpymree);
70 HeoOXOMUMO YUATHIBATH CJHENYIONAe OIDAHMTICHMNS: ,

1. T'pynrosnie Boms HEray6oKOro 3ajeranus B GacceilHe MWPU MWPUOIMKEHEN
1k TOBEPXHOCTH 30MJIM YCHIEHHO PACXOAYIOTCA Ha cyMMmapHoe ucmapenne. I[losromy
B peKu ¢ GacceifHa IOCTymaeT JWMIIG 9aCTh MATAHAA BTHX BOJ 3a cUeT MHPUIABTpaA-
UM aTMOCHEPHBIX 0CAKOB, KOTOPHE NPOCAUMBAIOTCA HA ME;KAYpPEYHEIX IPOCTPaH-
cTBax ¢ TAYOMHON 70 Bogn OpuMepHo Godee 2—3 M. B pesyasrare sTOr0 reHeTH-
gecroe pacyiieHeHWe PEYHOr'0 CTOKA MO3BOJIACT OMEHATH JUIIh YCPEJHEHHYIO BeJH-
YAHY [peHaKHOTO CTOKA, a He BCe NMTAHME MO3eMHBIX BOX, KOTOPOE CBOHCTBOHHO
TAaHHOMY BONOCOODY.

2. Ha neGoabmmx Bofoc60PHEIX GacceiiHaX, 0COGPHHO B BEPXHHX JacTAX peU-
HEIX OJMH, Te YCHJIeHHO QOPMEPYETCs IMOA3eMHEIA CTOK, pedHol cTok ofpasyercs
IPOHMYIIECTBEHHO 32 CIT CKIOHOBOI'O CTOKA; OTCYTCTBUO POYHOr0 CTOKA B 3aCyml-
auBOe BpPeMs rofa o0bsiCHSeTCA MHTEHCHBHEIM TOTDY/KEHEeM MOJ3eMHOT0 CTOKA.
TloaToMy maHHEIA METOJ ONPHKA IOJ36MHOI0 CTOKa 37eCh HONPHMEHHM.

3. B 3aBmcuMMoCTH OT YCJIOBUI B3aMMOCBA3H DTAIKHO PaCIOJOKEHHEIX BOJO-
HOCHHX TOPHU30HTOB, 0CO0EHHO TPH HAJIMUAM THPOTeONOTAIECKAX (OKOHY, TaCTH
CIIy9AT Tie peTeKaHns MO[36MHBIX BOJ M3 OHEX BOMOHOCHHIX TOPU30HTOB B JAPYTHe.
[Ipn: nocTymIeHAn BOJ 13 BEPXHAX BOJOHOCHHX I'OPU3OHTOB B HIKOPACHONOKeHALIS,
KOTOPHIe TPeHADPYIOTCA COCeNHAME GoJee TIYGOKAMA PeUHKIMH JoJMHAME (¢ Golee
HU3KAM 6asmcoM 9pO3MH), YacTh MOA3EMHOI0 CTOKA HOPBEIX [OPH30HTOB BOOGIIE He
IpeHupyercA MECTHOH pedHo# CeThio.
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Hecmorps Ha »TH orpanuuenns, Merofn reHeTHYECKOro PACUICHENMS THJPO-
rpafa PeK, 0CoOEHHO B COUETAHHMN €ro c o6qu BOIHOOANAHCOBBIM METOHOM, 3aCay-
JKMBaET IIAPOKOTO0 NpPHUMEHEHHS.

Boapmmue HccliefoBaiud NHQUABTPALUN KaK MCTOYHHWKA BOCIOJHEHHUS IPYHTO-
BHIX BOJ 3a cder armocheprux ocagroB unposonsarcs B CIITA, @pannun, Berrpnu
I ApYTHX 3apyGe:kunX crpanax. Cpennm pador 3apy6esRBBIX aBTOPOB B HTOM HAIPaB-
JCHUYM MOKHO OTMETHUTHL WceaemoBarus M. Komba, A. 3. 3ougepperepa, 1. E. Kiwo-
Hella, T. B. Po6urcona, T. X. Kwunra, B. H. Yaiita, I'. E. Il. Cmuca,
H. 0. Knaapra, B. Byugra @ pgp.

Cixegyer o6paTuTh BHEMAHUE Ha IIPUMEHEHHE aMEPUKAHCKAMH YUeHBIMU METO-
IMKHA OOpefeNeHns MOUOJHEHHAA IPYHTOBHX BOJ IO BeJINUMHE PacXOj0oBaHUA WX Iia
mcnapenne v tpamcompanwio pacrenmamu (H. O. Kaapx, . X. Jlu, O. E. Meiin-
nep, 1942 r. w gp.). UcoonpaoBaHne JaHHEX 0 KoXeOGaHWN YPOBHA TPYHTOBBIX BOX
g ONpCAENeHWH BeAWUMHH OUTAHWA MOKHO Haiitu B paborax I'. E. D Cmuca,
H. O. KRaapra, A.Jl. Enuca n 1. X. Jlun.

ITpu BogHOGaMAaHCOBHX pacuerTaX IMHPOKO MCIOJB3YIOTCS SMUHDHICCKHC 3aBH-
CUMOCTH MEAY DIeMEeHTaMHi BoAHOro 0ajaHca M METEOPOJIOTHIeCKUMIT daKTopaMy
(Maitep, Bumxiaoy, Mapeus n mp.), a TaKyKe MeTOXH TEILIOBOro Oajanca U TypOy-
JeHTHON mudys3um BonAHOro mapa Aif KOJIMISCTBEHHON ONEHKH lcHapeHNs W KOH-
nencanuu (Teitmop, Imeppuc, [xmbaar m mp.). Paborer mo TenioBomy Gasaricy
7 TypOyJienTHol quddy3uu BOAAHOTO Hapa MONLYIHIN 3HATNTENbHOE Pa3BATHE CPOIT
coBeTcKnx mcciaexosateneir (M. M. Byamro, A. P. Koucraurmuos, A. A. CkBop-
moB W 7Ap.).

Ilia HemocpemcTBEHHOTO ONPefeNeHNsA CYMMapHOTO WCIapeBHs ¢ 3epKaja
TPYHTOBHX BOK, MX NWTAaHUA cBEPXY ¢ AaBHUX mop (Goxee 200 ser masam) Hadamiu
npuMeHaTbea Ausumerpri. Cpenu 3apyGeskHEIX paboT B 3TOoM HaUPaBJICHIH MOWIIO
ykazarh Ha uccaegosanns C. Baxa, JI. G. JI. Jlama, M. Cannepcona u nap.

B paapmeiimmem MBI IoApPOOHO paccMOTPHM pa3padoTaHHBIE HaMM MeTORb M3y~
genug GajfaHca TPYHTOBHIX BOJ Ha OCHOBE T'HAPOAMHAMHYECKOTrs aHaiausa MX pe-
JKHMMa, 2 TaK/Ke MeToN M3y4eHusa GajaHca BJIArd B 30He appanuu. Cpemgu sKcuepi-
MEHTAIBHBIX METO[OB aBTOP PasBHI TaKKe IW3UMETPHUECKHil Meron, KOTODHIT
MOSKHO HCHOJB30BATH IJIA KOHTPOJA PACIETHHX METOIO0B, NOCKOJBKY OH HO03BOJAET
OIBITHBIM IyTeM GoJiee 7eTalbHO M3YIATH MEHETHHECKYIe CBsI3M JIEMEHTOB Oajanca
¢ THUAPOMETEOPONOrMIECKAMA (paKTOPaMHu,



I'JTABA TPETBA

TPESOBAHNS, IPETBABIAEMBIE K ITONTOTOBUTEJIBLHBIM
PABOTAM JIJISl TIOCTAHOBKI HCCAEXOBAHHII BAJXAHCA
TPYHTOBBLIX BOJT

N3YYEHMUE NMPUPOJIHBIX YCJIOBHII PAIOHA NCCAETTOBAHNN

llocTanoBry iccaenoBayuil Gasaiuca TPYHTOBHIX BOJX MBI PaCCMaTPUBAEM B IBYX
ACIIEKTAX: ‘

1) W3ydeHUe PerHOHANBUEIX 3aKOHOMepHocTell (OPMHDOBAHHUS €CTECTBEHHOIO
1M BapymieniHoro Gamanca M pe;KEMa BOJ B ONOPHBIX IYHKTAX KPYIHBIX PErHOHOB;

2) maywenwe GajiaHca IPYHTOBHIX BOJX B JIOKAJbHKLIX YCIOBHAX B CBHA3H C BKC-
miayaranueil BOX M MelIuopai(neil 3eMedp (OpoIIeHHeM, OCYIIEHMEM) Ha KOHKPETHHIX
VUACTKaX st 000CIIOBaHUS IPOSKTOB OTAEIBABIX BONOXO3ANCTBEHHEIX MepPOIPHS-
THI M CTPOUTENBCTBA ([PeTasRHBIX COOPY;KEHMI, PeKIMA BOJIONONH30BANA N T, II.).

Ofa IaUpaBJeHHA MCCHCJOBAHMI BaskHBI I 0GOCHOBAHMA KOMIJIEKCHOTO
MCIOJMB30BANIA BOANBIX PECYPCOB, HPOEKTOB OPOMIEHHWA H OCYHIEHHd OGOXbIINX
TepPUTOPUH.

Jlo mocTailoBKI HMCCIeNOBAHMH B TaKOM ITaHe HeoOXOMMO M3YIHTH TPHPOX-
HplC YCHOBUA TEPPUTOPUN, B HACTHOCTH:

1) ycTaHOBWHTh WIPHHAIERHOCTD NaHAOU TCPPUTOPUH K TOMY HIM HHOMY
DI POreoornIecROMy paliony, XapaKTepU3YIOMEMYCA OJHHM WIH HECKOILKAMHE
BOIYMPMYA TporeccamMu, — UHOUIbTpanmuel DOBePXHOCTBHX BOL ¢ 0o0pa3oBaHmeM
T03CMIIOI'0 CTOKA, TPAH3UTOM BTOTO CTOKA, PACCEMBAHNEM ero IyTeM McIapeHnd,
BHKIANHBAHUA Ha MOBEPXHOCTh MJIH HepeTeKaHWs B IIyGOKMe cJOM LOpOX ¥ T. I.;

2) oxapakTepH30BaTh KJUMAT, pelabed, IHAPONOrHI, TeOJIOr0-JINTOJIOIHTe-
CROC CTPOPIHe TEPPATOPHUH, BRIYAA 30HY adPallfi, UX BOLOHOCHOCTH, BOJOYIOD-
Wpe CIOW IOPOJ;:

3) omennts B3aUMOCBA3Db NOA3EMHKIX BOJ Pa3IHUHEIX BOJOIOCHEIX IOPM30HTOR,
4 TaKyKe CBH3b HX C peKaMu, 03epaMm, KallaJami;

4) omeHwnTs o0Mmue yCIOBUA OTTOKA TPYNTOBKIX BOMX W 0COGEHHOCTH eT0 pacipe-
JHCNCRAA Ha pas3idwibX YuacTKaX BHOPAHHON TEPPUTOPHW;

5) BBIACHUTDL YCJIOBHA MOBEPXHOCTHOTO CTOKA W CBHA3H €T0 C ION3eMHBIM CTO-
KOM ©U T. W,

OcuoBo#t AlA TaKo#l XapaKTePHCTHKU IPHPOTHEIX YCIOBUH ABIAAITCA Mare-
PHAIL KOMIUIEKCHBIX TeQJIOrHYeCKUX W THIPOTeOJOTHUeCKNX CHOMOK, Pe3yIBTATH
GypoBEIX M pa3BeJOUHHX (BKIioWasd reodmsmueckme) paGoT Ha BOMY.

Tlpn ciaBoit M3yYeHHOCTH DPallOHOB BOJAHOOATAHCOBHX MCCIEOBAHME HpPoBO-
JATCA KOMIJEeKCUBIE TeoJoro-IIporeoornaeckye cCheMKA. [l noctaHoBKY paboT
B mepsBoM (PeTHOHAIBHOM) acIeKTe Takme CheMKH HeobXommmer B MacmTabax
1 : 200000 1 1 : 100 000. g paBoT Bo BTOPOM acleKTe. — B JIOKANBHBIX YCAOBHAAX
(IpM AeTaNBHEIX HCCIE[OBAHUAX) HEOOXOXHMBI THAPOTeOJOrMdgecKne CheMKH oT-
JOJIBHHX 3eMeJbHBIX MaccwpoB B Macmrabax 1 : 25000 m 1 : 10 000.

B paiione BoXHOGaTaHCOBHX MCCIeJOBAHMI pasMemaeTcst ceTh HaGIIOfaTelb-
HHX TyHKTOB. OUBITHBIE GajNalcOBHe YYaCTKM NIPH BOAHOOATAHCOBEIX WCCHETOBa-
HUAX KaK B, PerMOHAIBHOM, TaK M B AETANBHOM ILTaHAaX OOBTHO MMEIT MJIOmanb
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B HECKOJIBKO NecATKOB (coTeH) ra. Jliusg HUX HeoO0XOOUMO MMeTh [AeTaJjbilke I'HJpO-
TeoJoTHUeCKHe TPOQMIN U KapTH, 0TOOPayKaIOmye I'e0N0T0-IMTOAOTHYECKOe CTPOe-
HWe TepBOr0 OT HOBEPXHOCTH BOJOHOCHOTO ropmsonta. Ilpm momumx (Gomee H0—
100 M) Tommax BOOHOCHBIX HOPOJ MCIOJIB3YIOTCS THAPOTEONOrNUecKIle paspesbl IO
TAY0OKHAM CTPYKTYPHHM CKBayKUHAM.

Teomopdonorngeckas m rupgporeosorudeckas ONEHKHM TepPpPUTOPHI HeoGXo-
JUMB U 00mMero THAPOTe0NOoruuecKoro palfoHMpoBaHHWs, KOTOpOe 3areM Oyner
JeTAJIN3UPOBAHO IO NAHHHIM O CTPYKTYype BOAHOTO OanaHCa W 3HAUeHHAM BeJHUNH
€ro IPUXOAHHX ¥ PAacXOmHEIX DHJIeMeHTOB.

Hanpumep, pu oTHeCEHUN NaHHON TePPHUTOPHH K 006JacTN HARJIOHHBIX PaBHUH
IOATOPHOr0 muieida, CI0MeHHOTO XOPOII0 BOXONPOHMIAeMEIMH IIPOJIOBHAAJIBHBMI
OTJIOKeHMAMY, Belymee 3HageHuWe B OaliaHce IMOA3eMHEIX BOR OymeT HpMHAJICKATH
mox3eMHOMY CTOKRY. Eciawm u3yuaempifi 3eMeJBHHEH MacCHB pasMemjaercs Ha
meprepnn PacHoiOeHHOR HM3Ke IPOJIIOBUANBHON CJIa00HAKIOHHOH paBHUHH ¢ He-
TJIYOOKMM 3ajieraHWeM IPYHTOBHX BOJ, XapaKTepu3ylomeiica 3aMeiJieHNeM LOA3eM-
HOTO CTOKa B CBABM CO CJIa0oil IPOHMIAeMOCThI0 MOKPOBHEIX OTJOKeHMIl, TO IiaB-
HyI0 pOJb B BOgHOM GajiaHCe 3TMX TOJIN HOPOHx OyaeT WIpaTh mcmapeHme. Ilocaen-
Hee B HeHAPYIIEHHBIX YCHOBUAX OGHYIIO0 KOMIEHCHPYET HPHUTOK IOA3eMHHX BOL.
ITOT HIPUTOK B IOBEePXHOCTHEIX OTJOKeHUAX HAINpaBJeH BePTHKAJBHO BBepX H3
HOACTHIAIOMNX OoJiee NPOHMIAEMBIX IOPOM, HACHIEHHEX HANOPHON Bopoii.

3eMelbHEIE MacCCHUBBI, B KOTODHX IpeACTONT M3yueHMe OajiaHca BOJ, MOryT
pacmojaraThCa ¥ B JPeHMPOBAHHEIX 00JIaCTAX C XOPOMIO PasBUTOI 3PO3MOHHOM
CeThI0. B 3THX YCHOBHAX MCHapeHMe YCTyHaeT MECTO MOA3eMHOMY OTTOKY, KOTOPHil
dopMuUpyeTCH 3a CYeT MHEOUIBTPAIUH OCAHKOB, IHOJUBHEIX ¥ MOBEPXHOCTHHX BOJ.

Y4yacTKM paBHMHHOU HepaCWIeHeHHOR MECTHOCTH ¢ MaKpO- M MHUKPOHNOHH:ke-
HEAMHE OTJNYATCH OTCYTCTBMEM HOBEPXHOCTHOTO CTOKA M 3aMejyIcHHEM Ioj3eM-
HOTO CTOKa. YacTo B eCTeCTBEHHBIX YCHAOBUAX TaKNe YUACTKHA MEPHOANTECKHU YBJIAMi-
HAOTCH TOBEePXHOCTHHIMHM BOJaMH. 3pech NcHapeHHe sBJIAETCA ejUHCTBEHHBIM
PAaCXOmHEIM 3JeMeHTOM BojHOro OaliaHCa.

Boapmioe 3HaueHdne B yCTaHOBIGHNY CTPYKTYPH OajlaHca IPYHTOBHEX BOJ HMCET
onpejielleHNe THAPABJINYECKOIl CBA3KH MekAy OTAeJbHBIMA BOJOHOCHHIMH TOPHU30H-
TaMH. JTa CBA3b 3aBHCHT OT BOJONPOHUIaeMOCTH DPa3jefsiloMMX CJI0eB M COOTHO-
IIeHMA HallOPOB BOJEI IO BepPTHKAJI¥W HeORHOPOAHON Tosmu mopoj. Iloaromy Kpoxe
BOOHOCHHIX HOPOJ I'PYHTOBOr0 MOTOKA MOJKHE OHITH TINATEJIBHO ONEHEHH BOLO-
OPOHUIAEMOCTH, MOIMHOCTh MOACTMIANIINX CIa00IpOHANAeMEX HOPOJA PasfedbHHX
clI0eB, a TaKsKe CTaTHUecKNe HAOPHI BOJH B KaykAOM BOAOHOCHOM ropusonte. Cpean
Pa3HOTO COUYSTAHNA HEONHOPONHBIX OTJOMEHUN MOrYT OBITH BHIeJeHE TOIIHHA ABYX-
CHOMHOTO M MHOTOCHOWHOTO CTpOeHUS.

Tak:ke BaykHa XapaKTepHCTHKA BOJONPOHMIaeMOCTH Iopoy B Trane. Ilocaen-
HAA YCTAaHABNUBAGTCH N0 MAHHHM I€0JIOr0-JUTOJOIMUEeCKHX KapT 1 ONBITHBEIX
pabor mo ompefiefieHNI0 PUIBTPANMOHHEIX CBOACTB BOZOHOCHHX HOPOL.

HJnsa orpaskenus GopMel DOBePXHOCTHM I'PYHTOBHIX BOJ[ COCTABASIOTCA KapThl
THAPOM3OTUIIC, IO3BOJIAIIINEG BHIGIUTHh YIACTKU MOTOKA € OJHOMEPHEIM ¥ IBYX-
MepHHM B IjIaHe ABW:KeHWeM BOX. IIpu HaJWuny mepeTeKaHUs IPYHTOBHX BOJ B MOA-
CTHIaIOmMue BOJOHOCHEe IJIACTH (KOrjpa HAOmOPH BOX B IOCHENHNX HMKEe Hamopa
TPYHTOBHIX BOJ) MJNM NPY HAJMINY BOCXOAAMET0 HOANMTHBAHNS I'DYHTOBBIX BOJ
HaOOpHHEME (Op® 0OpaTHOM COOTHOMEHMH HAUOPOB BOj) COCTABAAITCA KapTH
NHe30N30TrMIC HAOPHOTO BOXOHOCHOTO TODPH30HTA.

Jaduee Mo KINMATy W THAPOJOTMHN MNOJKHE COAEPsKaTh CpeliHecyTOUHHE,
cpefHeMecHAYHbIE M CPeTHUe MHOTOJETHNE BEJWUNHE! OCHOBHEIX MeTEOPONOTMIeCKIX
dJIEMEeHTOB: 0CAKOB, TeMIePaTYpPH BO3AYXa, 6r0 BIaKHOCTH, AeUIUTA BJIAKHOCTH
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MCUapeHMd ¢ HOYBH, MCHAPHEMOCTH, aTMOCPEPHOr0o MaBJEHMs, a TaKKe THIPO-
JormuecKme INOKa3aTeNM: PacXofsl PEK, KaHaJoB, TOPHSOHTOB BOJ B HHX
H T. I

Pexru, kpynnse KaHadel 7 BOMOXPAHIIHIIA 9aCTO ABJIAIOTCA THNPaBINTECKAME
PPaHANAMH CBH3aHHBIX ¢ HUMH I'DYHTOBHIX H HAUOPHEX IOTOKOB UOA3EMHHX BOJ,
1003TOMy 00s3aTeSbHE KapTHPOBAHHE HX MECTOLOJOKeHHS, XapPaKTePHUCTHKA I'pa-
HUIHHX YCJAOBUI U oHpelelNeHNe CONPOTHBJIEHHS [HA BOJOTOKOB ¥ BOJOEMOB.

Or 3Han®s TaKUX yCIOBHWil 3aBUCHT UPUHATHE TOM MM MHOH pacueTHOH CXeMH
911 TEAPONMHAMAYECKOT0 pacdera UWTAHUA BOJ B CXeMEl MaTeMaTHYeCKOr0 MOJeJIu-
poBaHUA GUIBTPAIMX BOAE Ha MN3YYaeMOW TEPpPUTOPHH.

TpanvgasM ycroBueM mepBOro Poja ABIAETCA 3aK0H M3MEHEHUH Halopa BOJH
BO BpeMEeHNW Ha I'paHwuie HoToKa (ype3 BOfib B peKe, KaHazie u T. O.). I'panuansimM
VCIOBHEM BTOPOTO POJia CAYHKAT 3aKOH H3MeHeHU A pacXofia HOTOKa BOIEI BO BpeMeHH
Ha rpaxumne. 1105TOMY Ha COOTBETCTBYIOIIHNX peKax, KaHalaX W BONOXPAHHIBIIAX
JOMIKHH 6HITH 060PYHOBAHE DYHKTH HaGXIOJeHHH 3a pesKEMOM BOHXOTOKOB U BOJO-
eMoB. Bmecre ¢ teM upeiBapuWTelibHbie NaHHHE 06 3THX YCIOBHAX IIPEJCTABIAIT
HHTEpeC ANA OPraHM3ANUH W IPABUIBHOTO HAIlpaBIEHMS BOXHOGARNAHCOBEIX HCCIe-
JNOBaHMIA.

Ilpn comocraBiennE HamOPOB BOX U3 Pa3HHX BOJOHOCHHIX TOPH30HTOB B CAYy-
9afAX BCTPEYM MUHEPAJM30BAHHHIX Boji (¢ IIOTHHM octaTkoM Goxee 50 r/m;)-
HeOGXORMMO BHIUMCIATH TaK Ha3sBaeMmble upusepenBele gaBiaenud (A. J1. Canun-
Bexraypun, 1951 r.). Or cooTHOmeHRMiT 3THX NaBieHui N0 BepTHKAXW B3aBUCAT Ha-
OpaBileHHe U CKOPOCTh (GUIbTPANUH,

X apaKkTepUCTHKA YCIOBHIA OTTOKa I'PYHTOBBIX BOJ W €To M3MeHEHH: HPH 0po-
IMeHWHE WIH OCYIICHHM flaeTcd Ha OCHOBe IOCHENYIOIEro HM3ydeHHs OanaHca BOA.
Opmmaxo pmaske o6mas XapaKTepHCTHKa paifona MCCeOBaHEN [IOJKHA OTPAKATh
xotsi 651 B ImepBOM IPUGHVKEHWH IpefiBAapPHTeSbHOE pelleHHe BOIPOCA O BO3MOJK-
HOCTE OTTOKa BoOj. Takas OmeHKa BO3MOKHa HO JaHHHM HadaJbHOI'0 paclpejelie-
HEA HalOPOB BOAH (HOJYYeHHOM OpH c'heMKE), a Takike (QUIBTPANMOHHBIX CBOM-
CcTBaX TOPHHX IIOPOJ, PacUpPOCTPAHEHHHX B paiioHe.

Ilpe BoSBUKHEOBEHNH HONTOpa BON B APEHAPYOIIAX peKaX CHEAYeT OKUIATH-
YMeHbIIeHUA HO3eMHOT'0 OTTOKA K 3TuM peKkaMm. CHIxeHHe ION3eMHOT0 CTOKA JeTKO
3aMETHTH U B CIydIae 06Pa30BaHUsA NOBEPXHOCTHHX BOJ0EMOB B HU)KHell 9acTH IPYH-
TOBOTO HOTOKAa. IlpHMepoM MOryT CIyXHTh BOLOeMH, BO3HHKajoIlde B XBOCTOBOH
9acTi HPPHTAHOHHHX CHCTEM OT HAKONJEeHWUT COPOCHHX HONUBHBIX BOM.

Ilpm Bamumunn focTaTOYHO Pa3sBUTON 9PO3MOHHON CeTH ¢ GOJNBMUMHE yKIOHAMHE
penreda BO3MOKHOE NOBHIMEHHE 3epKajia I'PYHTOBHX BOJ, BH3BaHHOe yBeIWdeHHAEM
MEQUIBTPANUN OPOCHTEJBHEIX BOJ, MOKET COINPOBOKMAATHCA AaKe yBeJudeHHEM
HO/36MHOT'0 OTTOKA TPYHTOBHX BOJ K ©CTeCTBeHHEIM JApeHaM.

Hus cymperns o6 N3MeHeHMH YCIOBHH OTTOKA HOA36MHEIX BOJ OPHU OpOMEHHN
H OCyIeHHE Heo0XOZMMO YUHTHBATH W HPOSKTHPYEeMYI0 CHCTEMY MeJHopalud,
HaIpAMep pacIIApeHHAe COTH OPOCHTEIHLHHX M NPEeHaKHHX KaHAJ0B BO BpPeMeHU.
B cBsasu ¢ orum mpu oGme#i PEAPOTEOTOTHYECKON XapaKTePHCTHKE HeMaJoBaKHOE
3HaUeHUe UMeeT OCBemeHUe BOOpPOCa O B3aHMOCBI3H IPYHTOBEIX BOJ € IIOBEPXHO-
CTHBIME BOJOTOKaMH KaK AJf GHTOBHX (T. €. M0 Hauaja MeJHODAIUH), TAK H JJIsA
MPOeKTHHX YCHOBHii,

BakHO BHACHHUTH, B KaKOH OTPE30K BPEMEHH T'O0BOrO IePHOJa TOT MIX HHOR
BOJIOTOK IIMTaeT 'PYHTOBHE BOJH # B KaKoii OTPe30K BpeMeHH HaGliofaeTcs o6par-
Hag KapTHUHA. :

B mppuramuoHBEHX paiioHaX A0JKEA N3y4aThCH TAAPABINICCKAA CBA3H KaHAJIOB
pasHoro popia (MarmCTpaXBHHX, pacupefelnTesieli, opocHTesieli W KOJIIEKTODHO-
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APeHaKHOH CeTHM) C TPYHTOBHIMH BONAME C TeJBI0 KPHTHUECKOH OIEHKM pabOTHI
3TO# ceTH.

IIpn m3ydeHmn rujpaBindecKux cpsaseil megecoobpasHo BHYMCIATH THIPABIIH-
YeCcKHe COMPOTHMBIIEHMA JIOH{a COOTBETCTBYIOIIMX NpeH M KaHaJO0B, BO3HUKAIONINE
IIPY BHIXOJIEe M BXOJ(e BOIAI U3 KAHAJOB B I'PYHTOBHIN IOTOK II0 MeTO[UKe, H3JI0KeH-
noit B paGore B. M. lllecrakoBa m xp. (1969).

B messx miamocTpaiuy TEIPOre0JOrudecKUX YCIOBHH paloHOB MIM yYaCTKOB
OPeJICTOSMUX BOMHOOATaHCOBHX MCCACJOBaBUIl COCTABIAIOTCS CIeIHaJIbHEe THIPO-
reoJiormyecKme NOpPoQUaN, ImepeceKalomme IOBePXHOCTHBHIE BOJOTOKM U MaCCHBEI
OPOIIeHUs MIM ocylneHMsA. Ha mpoduisax CTPoATCS KPHBHE NeIpecCHN W HOKa3bl-
BaIOTCS TOPH30HTH BOMNLL B BOAOTOKAX Ha pa3Hble HePHONH TOfa, HOJIYyIeHHBE IO
TAIHBIM OPegBapHUTebHO MpPOBeleHHHX Habiiomenmii. Taxe BaskHo m300pas3uTh
The30MEeTPHIECKYI0 MOBEPXHOCTH IEePBOTO0 TOJCTUIAOIIEro HOTOKAa HAIOPHBIX BOJ.

Jlaa yrourenvs rpaHUYHBIX YCJIOBUI, HeOOXOINWMEIX HpH IOCTEAYIOMEeM IPO-
rHO3e YPOBHEH TPYHTOBBIX BOJ, aHAIM3UPYIOT SaHHEE O MHOIOJETHMX KoJXeOaHMAX
TOPHM3OHTOB BOABI PEK, KAHAIOB MIHM BOJOXPaHWINMHOI, CBA3aHHBIX C €CTECTBEHHOMH
IUKJIHTHOCTHIO MITOTOJIETHETO PE/KUMa MX B 6CTeCTBeHHBIX YCIOBMAX. BMecrte ¢ sTHM
VUMTHBAKT IPOCKTHBIE MPOPaGOTKI BOIPOCOB Pery . INPOBaHNA TOPU3OHTOR U ObedoB
BOJEL B HTUX BOJOTOKAaX.

CBEJJEHNA O ®AKTOPAX PEKNMA U BAJAHCA TPYHTOBBIX BOJ

JTo Havaia BOMHOGANaHCOBHIX PaloT BajkHO coOpaTh NAHHBIE O IJaBHEeHIINX
sJleMeHTaX Gajalca BOJ Ha MOBePXHOCTH, B 30He a3palUM M O IOJ36MHOM CTOKe IIO
coCeiMM WMIIM aHAJOTHYHBIM B IPUPOTHOM OTHOIIEHWH pafioHaM. ITO MePOIPUATHE
M03BOJMNT GoJiee TelleHanpaBIeHHO MOCTAaBUTE MCCIeOBAHAA Ha NaHIIOH TePPUTOPHH,
yYecTh BO3MOKHGIA IMAaMa30H N3MeHEHHUA DTUX DJI6MEHTOB M HENOCTATKH aHalormy-
HBIX paboT B CXOAUBIX IPUPOTHEIX YCIOBHAX.

Kpome maTepmasa o MeTEOPOJOTHYECKNX M THAPOJOTHIECKMX (PaKTOpaX, pac-
CMOTPeHHBIX BHIIE, cofUpaeTcA mMaTepHal B BOJOXO03ANCTBeHHHX OPraHH3aliUAX
IO YCJOBHMAM BOJIOIONB30BAHNA, DKCIJIyaTAIllUN OPOCUTENHHBIX AIM OCYITNTeNbHHX
cucTeMm. Ilpm 9ToM MMeETCS B BUAY, YTO TaKHe CHCTCMH PACHOJaTalOTCA B aHANOTHY-
HBEIX IPUPOAHHX YCIOBUWAX WU HEMOCPENCTBeHHO Ha JallHOH TeppHTOPHMM, HOMIe-
JKamed mceiieJOBaHUIO.

Ilpu cBope ykasaHHOTO MaTepMala WO palloHaM-aHaJloraM OH WMCIONb3yeTCH
O Tejiel cCpaBHeHUA MPOTHO3UpYeMoro OalaHCa TPYHTOBHIX BOX ¢ (DAKTHUCCKH
HabuogenasiM. B ciayuae c6opa Takoro MaTepualla o TePPHTOPHH, TAe YiKe PO~
BOMUTCA OPOUIeHVE WM OCYIIeHMe W HPEJCTOMT MX pacIIMpeHMe MJIN PEKOHCTPYK-
M5 MeIMOPATUBHEIX CHCTEM, €I'0 MCHONB3YIOT AJAA Gollee MOIHOTO yIeTa IeMEeHTOB
BOJHOTO allaHca.

Tak, mampmmep, A OpoOITaeMBIX palloIOB B YHOPABJICHHUAX OPOCHTEIBHBIX
cucTeM coGmpaloTCs cBejleHusA Mo siaeMeHTam: 1) BojooT/ada Ha oponrenne; 2) cOpoc
OPOCHTeIBHEIX BOJ 33 Hpelesibl CHCTeMbI; 3) oTepH BOJAK Ha (HIBTPAINIO U3 KaHa-
JIOB OPOCUTEJIBIION CHCTeMHI (K. H. JI. MAaTMCTPAJbHBIX, PacIpeleINTeIbHEIX KaHaJloB
¥ BHEYTPHXO3ANCTBEHHON OPOCHTEJBHOM CeTH); 4) KOJJNeKTOPHO-IPEHAKHBIA CTOK
AW pacxoyn BOAHI MO JpeHa;KHHIM KaHAJaM B KOJUIEKTOpaM; D) HaHHHE O CPOKax
MoJMBa, €ro HopMaxX JJA Pa3HbIX CeNbCKOXO3AUCTBOHHBIX RYJBTYD; 6) maHHEIe
o koaddumuente semensuoro ucnoaszosannsa (K3M) u o xosdpdunuente mosesHoro
HeficTBUA opOCHTeNbHOI ceTy; 7) HaHHBe 00 arpoTeXHMYeCKUX MEPOIPHATHAAX
(pHIXJleHVie T0YB, MPOMBIBKM, BHeceHme ymoOpeHmii m T. 1m.).

B paifonax rugporexHudecKnx COOPyKeHmil (BOXOXpaHWIND, IIOTHH) cobu-
palT pganmbie: 1) mojmop TOPM30HTOB BOJEL B BOAOTOKaX, Bogoemax; 2) (uIbTpa-
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IHONTHEIE IIOTePH M3 BOIOXPAHIINMNI, KPYIHBIX KaHalloB; 3) KoJieGaHne TOPM30HTOB"
BOJIBI OTKPHITHX BOJOTOKOB, BOJ0OEMOB; 4) HONyCKM BOJBI B HIGKHUA Ghed Bomoxpa-
NWIKID U CBASAHHAS ¢ HUMM cpaboTKa BOMOXpaHUJIMIN M Ip.

IIpm BomocHaGkeHUm HpomsBommTcs cOop clienyoIIAx maHHBX: 1) XapaxTe--
pucTHKa Bojfo3abopa (Imclo M pacmosokeHVe HKCIIYaTAIMOHHBIX CKBajKkUH, WX
paspessr); 2) PAcXoX BOJBI M PEeKUM TMHAMUYECKHX YPOBHEH BOJE BO BPEMEHH;
3) yTeduxa BojB M3 BOJOTOKOB; 4) pa3BUTHE MECTHHX I PaifOHHEIX /eI peccnuil moBepx-
HOCTH TPYHTOBHIX HOTOKOB.

He mepeumciss MHOKECTBa JAPYTHX J[JaHHBIX (OPMHPOBAHUI HapPYIIEHHOTO
fajlafica TPYHTOBBIX BOJ], OTMETHM, YTO YiKke HpHBE/IeHHbie BEIIEe (aKTOPhl ABJIAITCH
BIIOJIHE J[OCTATOYILIMU, 4T0Ob oOecmeuntr Hambosiee moiHoe M3ydeHHe GajaHca
IPYHTOBBIX BOJl B HAPYIIEHHHX yciaoBHsAX, C moMombio 95THX $aKTOPOB YTOYHAIOTCSA
MECTa ¥ PasMepH ONBITHEIX BOIHOGANAWCOBHX Y9aCTKOB, KOHKPETHO HAMEdYaeTCH
pasmemenne HabmiogartensHoll cetu. Ilpm panpreftmeM meciegoBaHum colpaHHble
CBeJ[eHNS TMCHOAb3YIOTCA /A COCTaBJIeHMS HopallOHHBIX BOXHHIX 6ajJaHCOB H IpU.
NpOTHO3€ pe;KMMa TPYHTOBBIX Box Ha Gymymee.

N3YYEHHUE BO{HO-OU3NYECKNX CBOMICTB BOJOHOCHLBIX IIOPOJ
N NMOYBOI'PYHTOB 30HBI A3PAIINN

BBugy cio:xHOCTH ompeneleHHA PAJA BOJHO-(QM3NIECKUX CBOHCTB IHOYBOTPYH-
TOB 110 Ha9YaJIa MOJEeBHIX MCCIeJOBAHNA CACTEMATH3NPYETCS JIATePAaTyPHBIA 1 GoH/I0-
BEII MaTepmad 00 5STUX CBOHCTBax /I PasINIHHWX pasHocTedl TOPOJL M MOYB,.
pPasBHTHIX B paiioHe.

Tlpn npoBemeHNE BORHO0ATAHCOBHX PaboT B MaJlOM3y4YeHHLIX paifoHax M mpm
HOCTAHOBKE JICTAJILHBIX MCCACHOBATHIL IIa ONLITHEIX 6allaHCOBHX YYACTKAX B JOIOI--
HeHHe K MMEeIOU[MMCA JAHHBIM 0 BOJHO-(H3HIECKHX CBOMCTBaX MPOBOJATCA MOJIEBHIe
u mabopaTopHEIE MCCIE[OBAHHS STHX CBOMACTB.

Jlas mpoM3BoiCTBA IMAPOJMHAMMUYECKUX PacueToB djeMeHTOB 0ajlaHca TPYHTO~
BEIX BOJ IO JAHHBIM 0 MX DPeXMMe HeoOXOLHMO 3HATH CIEAYIOINNe IapaMeTpH:

1) rosduiment ¢uabTpanun %k BOXOHOCHBIX IOPOJ, BMEIIAKIIAX TPYHTO-
BHI€ BOJIBL;

2) KoadpunmeHT GmIABTPanUM ciaabompoHMIaeMsix mopon Kk, C€JIod, OTHEJs-
10IMero TPYHTOBRE BOJK OT HOACTHIAKIIUX HANOPHBIX BOX;

3) KospPUIMEHT PMIBTPANUM BOJONPOHUIAEMBIX TPYHTOB 30HLI adPaIuu;

4) ®O’QPUIMEHT TPaBUTAIMOHHONA BOXOOTHAYHN, WMJW HEHOCTATOK HACHIIEHMST
HOpOX, W, IPeAcTaBIAIMUR coboll m3MeHeHe BIAro3anacoB (3a c4eT TPaBHTAIMOH-
HHX BOJ), HPHXONSINECCA HA €MHWIY H3MeHeHMA YPOBHS TPYHTOBHIX BOJ; 9TOT
mapaMerp HOJKEeH OTBeYaTh 30HE OT MAKCHMAJBHOTO IIOJIOYREHMA BepXa HONIepTOR
KaOWIJASAPHON KaiMBL 10 MHHMMAJBHOI'O YPOBHA TPYHTOBHIX BOJ 3a HEPHOJ ero
uzMmededna At

5) KosuIMeHT ynpyroil BomooTAadnm miaacra mopod u¥* = yMP* (smecy y —
o0beMHaA Macca BOfH; P* — KoDOMIMEHT YOPYTOEMKOCTH WJIM H3MeHeHWS yUOpY-
roro 3amaca JKHAKOCTH B eguHMme o0beMa IJjgacTa OPA W3MEHEHWM ILTacTOBOTO
naBjienns Ha 1 Kre/em? moam 1 M Box. ct, M — MoOIQHOCTH ILHacTa);

kh
6) KoaddunMEeHT YpPOBHENPOBOAHOCTH [JIA TPYHTOBOTO IIOTOKA @ = — =

1
(rme hp — cpefHAA MOIIHOCTH TPYHTOBOI'O HOTOKA);

7) Roa(pPUIMEEHT O30T POBOMHOCTI HATOPHOTO IIOTOKA, HOACTHIAOIMET0 TPYH~

TOBHE BOfH a* = e (rme M — MOIMHOCTH HATOPHOTO BOZOHOCHOI'O HIACTA).
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Jlusi mpomsBopcTBa BOXHOOANAHCOBHX PacdeToB IO 30He adpPalUl W HHTED-
TpeTagAn UX Pe3yAbTaTOB HeOOXOZMMO MMeTh clefyioline HoKa3aTedu BOTHO-OHBH-
9eCKUX CBOMCTE I'PYHTOB M TODHHX HOpof; 1) mopHcrocts n) 2) monHas BIaroeM-
xoctb IIB; 3) manmmensmas Braroemrocts HB; 4) rannnnsapras sraroemrocrs KB;
5) MakcuManbHas afcopOmUOHHaA BIaroeMrocts MAB; 6) maxcumambmas rarpo-
-ckonmyHOCTh MI'; 7) BiaskHOCTH ycToMYMBOrO 3aBAfaHUA pacreHnit B3; 8) Bmas-
HOCTE pa3phiBa KamwiiapHod cBasu BPK; 9) mmormocrs y; 10) oGmemuas Macca

cxemeTa rpyHTa 0.

9 Wos, %o OcranoBuMcs HA HEKOTOPHIX PEKOMEeHIAIASX
OO0 METORMKe OHpefelloHHS STHX IapaMeTpPOB.

Kosppuumentst  puabrpann# BOZOHOCHHIX
mopof HauGollee HAJEKHO OIPEHENSAIOTCA 110 AaH-

Y

x
?\ SR HHIM OIKTHKX KYCTOBEIX oTKauexK. IlociregHume
F Y “":"‘q" N IIPOBOAATCA Ha OUMITHHX 0aJaHCOBHX yYIacTKax 1
& ” { Ha 0co00 Ba)KHBIX PAacIeTHHX CTBopax HaGiioma-
= N TeJIBHHX CKBAKAH. HYCTH CRBasRUH JJIA OTKaYeR
L >, &, ROIIKHE COCTOATH X3 OXHOU ONKTHOM — HeHTPaIb-
AN/  HoM CKBaskMHHI W W3 [ABYX HaGIIOfaTedbHEX,
S /! Ppa3MemeHHEIX B CTBOpe, HEePIEHENKYJAPHOM
) > K HAIPaBJIEHUI) IOTOKa BOJX.

Jlnsg nsydeHEMs ycaoBHIL HEOXHOPOTHOCTH
mOPol B (HUIBTPANMOHHOM OTHOHIGHHH BeChbMa
menecoobpa3Ho UpPH GypeHWH HAGIIOFATENBHBIX
CKBa/yKMH OTOMPATh IOCJOIHHE 06pasubl LOPOX
¥ PHXJBe HX pasHocTy (MecKH, cymecu) HOH-
Beprarb aafopaTopHOMY oIpefellenur) Kod(Hda-

NN ZZ L gheHTa PuUabTpanmuu B Tpybre Hamenckoro nam
menreo. IIpnm oToM MBI peKoMeHIyeM YYMTHIBATH
Prc. 2. ComocraBilenme HIKHHX  CDeAHIOI0 ©CTECTBEHHYI0 IOPHCTOCTH IOPOR 7,

9actedt dmOp BIAKHOCTH WOYBO-  ponperocrh B3aTPYIKEHHHIX B TPYOGRY 06pasmoB
IPYHTOB B 30He adpanuy X B TPYyH- p Py PYOKY pasyg

TOBOM IIOTOK®. IIopoy 1y W MOLPABKYA, BhTeKAOMue N3 K03 u-
1 — II0mAanh BMIOPH BIAKHOCTH 11021!3- IMHEeHTOB CJIEXTepa JNIs TOU B APYrod MOPHCTOCTH
MeHeHWA YPOBHA TDYHTOBHIX BON; 2 —
IVIOmAfE SIIOPH BIAKHOCTA MOCHE M3Me- (JIeGepen, 1950).
HeHMA YPOBHA BON; I—I1° — COOTBET- Koapdunmentr ¢uasrpanun caaGompoHAma-

CTBOHHO HATANBRHM 1 KOHEHHWH YPOBHE  o\iury  1ro1of pasgedbHEX CI0eB HAeHKHO OILPe-

HelsseTcss B MOHOJMTAX, H3BIeKaeMHX mpu Gype-
BON ¢ IOMOMMBI0O TPYHTOHOCOB. IIpW sToM OpUMeHAIOTCS MeTORH 1aGopaTopHOTO
‘oupejelleHnsT Ha Hpubopax HamopHo# ¢uaprpamun tHoa upubopos Tuma — Ka-
meHcKoro, Hampumep npubop IIB (E. II. Yaumoscruit, 1958 r.). Husxe 6ymer msmo-
3KeH MeTO]| KOCBeHHOTO OIpefelleHNs BTOr0 e Koo(PUIHeHTa [0 FAHHBIM DeKIM-
HEX HaOI0IeHdH.

Onpepgenenne roodPunumerTa QUIBTPAIME IeCYAHHIX, CYHeCYaHHX M CYrin-
"HHACTHIX TIODPOJ, OPH HeIONHOM HACHIIECHHE (B 30He aspammu) Hambojee HameyHO
ocymecrBasiercs umo wmeroxy H. K. T'mpmuckoro (. M. Bouwesep @ nap.,
1969 r.).

Merogs omnpegeneHAS Ko3)OHIHeHTOB YPOBHEIPOBONHOCTA M IIHe30LPOBOJI-
HOCTH (as3WpYOTCS Ha THRAPOJAHAMHISCKOM aHANM3e DPe)KUMA TPYHTOBHIX BOJX (CM.
qeTBEPTYI0 TIABY).

KosppunmerT rpaBATAHOHHONR BOAOOTHAYN MM HETOCTATOK HACHIIOHAS TPYH-
TOB | HaHGolNee Hafe’KHO OIpefeJseTcs HaOIMM METOHOM CPaBHeHHs SHIOP BJIajK-
HOCTH B HIKHeH YacTH 30HE aspamud (puc. 2).
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Ha GamamcoBoM yYacTKe, HemalleKo OT PAaCYETHHIX HAONIOOATENBHEIX CKBajKUE
B mepHoj MAHAMAJIBHOTO HOJOKEeHUS YPOBHA I'PYHTOBHIX BOJ HPOHU3BOJHTCS OIpe-
JlelleHWe BIA;KHOCTH DOYBOTPYHTOB OT HOBEPXHOCTH 70 YPOoBHsA Bome depes 10 cum
no Bepraraxu. [locmememe 2—3 ompemelleHHS NOPOMSBONAT IOJ YPOBHEM BOJHL.
Iocnenyomee onpeneieHAe BAAKHOCTH IOBTOPAIT IPH MaKCAMAaABHOM IIOI0KeHAR
TPYHTOBEIX BOJ Ha HOpPEeXHEX rayOmHax. Pesynbrarsi 0o6paboTkd maHHEX Habarome-
HHUH [03BONAIT PACCIATATH HELOCTATOK HACHIMEHNSA MOYBOTPYHTOB B TpPaHHIAX
€aMoOro BBHICOKOTO IOJOKeHHS BepxXa HONOEPTOH KanWIIAPHOX Ka¥iMH H €aMoro
HU3KOTO ee MOJIOKeHHA 3a MepHox HaONOXeHHA YDPOBHSA BOIH.

JIng pacdera BeXMYMHH TDaBHTAMMOHHON BOIOOTHAYM IIOYBOTPYHTOB HePBOE
oIpepeieHNe BIajKHOCTH NPOM3BOMIAT HaKaHYHe CIafa YPOBHS IPH er0 MaKCHAMAlb-
HOM TMOJIOKeHWI, a MOBTOPHOEe — OOCHEe Ccllafa YPOBHA IpPH ero MHUHHMAJIbHOM
PAaCIOIOIKe HIH.

IlapameTrp p (B mepBoM ciydae HeQOCTATOK HACHIMIEHHsi, BO BTOPOM — BOMIO~
OTHZa9a TOPOJ) HAXOOWTCSH M3 BHPA’KEHU

o MeWog — 3 AzW,
m 2 "le o5 | (111.1)

rge Az — uHTepBaN mo TAYOMHe MeKNY TOYKAMH oONpejelieHHs BIAKHOCTH WA
oTGopa mpo6 rpyHTa Ha BAasKHOCTH (IPH BeCOBOM cllocobe ompemeNeEAsA BIAsKHOCTH),
mM; Wis, Wos — o0beMHBIE BIQ)KHOCTH TPYHTA B cepeldHe HMHTepBala TIJIyGHHH
Az cooTBeTCTBeHHO B Hadaje N KOHNe HaOXiogeHWH (B moiAX egdHUNH oOneMa
rpyara); AH — BeJHYWHA M3MeHEHHA YDOBHs TPYHTOBHX Boji (IPH moxbeMe MMOJO-
JKHTeNbHAs, UPH cIaje — OTPUHATENbHAS), MM.

IIpz monssoBanma dopmynoil (II1.1) meobxogmmMo mOoMHATE, 9TO OTCUST IIYOHE
Az HAUHHAIOT OT CaMOTO BEICOKOTO IOJIOM{eHUSA MOBe PXHOCTH HOIUePTOH KaIHIIAp-
Holl KaMEI. 3aKaHYMBAKT STOT OTCYST HA YPOBHE €aMOro I'IIyGOKOTO MONOMeHHS
seprana Bonbl. OGBeMHasi BIIa)KHOCTH pPaBHA IIPOHU3BEIEHHI0 BECOBOH BIA;KHOCTH
Ha 00BeMHYI MacCy CKelleTa TpYyHTA.

IIpm "weTkoM BHJNeHHH MOAIEPTON KATMINADHONX KaiMH (HampmMep, B mHeC-
KaX), BHCOTa KoTopoll B Hadalle HaGXwoNeHAN paBHa hx , a B KOHIE — hy,, BMeCTO
(II1.1) pe#icTBHTENBHO COOTHOINEHHE

AB W
W=+ n—(Ah+ AH) -, (111.2)
rie
n
ABy =By, —By,; Ahy=hy,— s Be= 2 A2,Wes i3
i=1
spech By,, By, — 3amachl BIaTH B MOANepTol KaOMLIADHO# KafiMe COOTBETCTBEHHO

B Havalle ¥ KOHme HalOmwopenwmii; B, — o0mee o0o3HayeHHe BTHX BJIAT03AMACOB;
Ah, — A3MeHeHNe MOIIHOCTH HOXIEPTOH KammAspHoil Kaimw; W, — ycpemHeH-
Haf o0BeMHaf BIAKHOCTh Haj KaOHANSAPHOX KaHMoO#l 1m0 mombheMa YPOBHS BOIH
WIE Ta cpegHAsS 00beMHAs BIaKHOCTH, KOTOPAsA OCTAaeTCH Haj HOCIeXHHM HOJIOMKe-
HOeM KafiMH HocJie Cllaja YPOBHSA, 5 — IOPHCTOCTH WJIH, TOYHEE, HOJHAs BIAro-
eMrocTs TpyHTOB. OcranpHBEe 0003HAUeHHA IIPEKHEE.

Tlpz HeM3MeHEHHOM 3allace BIATH B KaummisgpHoit kalime AB, = 0, Ak =0

p=n-—W, (IT1.3)

Takxam o6pa3om, TOXBKO B IaCTHOM Clydae IIapaMeTp U PaBeH Pa3HOCTH MeXIY
MOJIHOI BIAaTOEMKOCTHIO M CpefHeil 00'hbeMHOA BIaKHOCTHI0 HOYBOTPYHTOB, AMeBHIeH
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MecTo HaJ KaOWILIAPHON KaliMoil B mpejeliaX MOBHIIICHUS e€ BePXHEHW I'PaHUIlbl I
coXpaHMBINeiica Haj KaiiMoi Hociie IOHWKeHWS YDPOBHS IPYHTOBHX BOH. 3Hech
HOPMCTOCTL 7 CUMTAeTCH ajeKBaTHOH moaHoii Baaroemiocrtm I1B. Bomee Tounee
IOCTSTHION CJAeNyeT cIMTaTh Hmke Ha 0—0% 3a cuer oObeMa 3almeMIeBHOTO BO3-
ayXa (HJIsi mecKoB, cyIeceil) © BBOJUTHL €€ B pPacueT MapaMeTpa 0 YKa3aHHBIM ¢op-
MyJaM BMecTO BeJIMYUHEL 7.

Tak Kak OpA MOHHKEHHM YPOBHA IPYHTOBHIX BOJ HaJ KallWJJIAPHOH KalMOIk
IJIATENBHOe BPeMA ocTaeTCs B IONBENISHHOM COCTOAHMM BJIAKHOCTD, OTBeYAIONIas
HanMeHnbmei BiraroeMroct HB, To miisi mecuaHmlX, cymecyaHHIX ¥ CYTIMHACTHX
[PYHTOB HOpHOIM;KEHHO BEJIWYAHA BOMOOTAAYH MOKET OLNPeAesAThCA Lo Qopmyle

p=IIB—HB, (I11.4)

rne IIB — moadas BJaroeMKOCTB, paBHASA IOPHCTOCTH 72 33 BHIeTOM 00beMa 3ameM-
neHHoro Bo3nyxa; HB — HamMmenbmas BIaroeMKoCTb, OTBedaloniasi TON BIA;KHOCTH,
KOTOPas AJUTeJIbHOe BPeMsi OCTAeTCA B KAOHILIAPHO-TIO/IBeMIeHHOM COCTOSAHMHE TI0CIe
creKaumsg Bceil ¢cBoGogEHOY TpPaBHTAIMOBHOM BOJEL.

Ilprm BeriayGoKoM 3ajleraHMM TPYHTOBEIX BOJ, KOrjla MaKcHMMalbBas BEICOTA
KaOHIAPHOro MOQHATHA BHINE rAyOMBEH [0 BOAH, HapaMeTp U OIpefeliAeTcA 10
pasHocTH

p=IIB—KB, (11L.5)

roe KB — Bennumaa KanuijasipHo# BJAroeMKOCTH cJIOd OpPHM JAHHOM HOJOKeHUH
3epKalia TPYHTOBHX Bom. DB oroM ciygae BejmumHa HeJgocTaTKa HACHMEHHA WJIH
BOJ0OTHAYM GYNeT 3aBHCeTh OT HOJIOKEeHM s YPOBES I'PYHTOBHX Boj,. 1losTomy BajkHO
3HATH KOJIWYeCTBeHHYI0 CBs3b Bejumumdnl KB ¢ BricoTo#l Haj ypoBHeM IPYHTO-
BHX BOJ.

Ilpn 3ajeraHdd ypoBHs IPYHTOBHX Boj HA TIy0WHAX, DTPEBHINAIOMMX MOII-
HOCTHh KaOMJUIAPHOA KaAMBL, MOJHAA M KaOMJUIApHAS BJIAT0SMKOCTH OKOJIO 36 pKaJa
BOMB IpaKTAYecKm oxmHaKoBbl. Iloaromy pus orux ycuosmi (IIB ~ KB) mpmme-
masaerca (I11.4).

Kpome Toro, mpm MenjleHHHX KoleGaHMAX YPOBHA IPYHTOBHIX BOJ M 3ajera-
HAE UX Ha YKa3aHHHX TrIyOMHAX BOJOOTHAYa M HENOCTATOK HACHIICHWS B OCHOB-
HOM OJUHAKOBEL.

BecbMa BayKHHEIM sBIAETCsi BOIPOC 0 MOCTOSHCTBE MapaMeTpa p MW JIHIMEeHHOH
cB0OOJHOA BONH HOPO3HOCTH IPH HEYCTAHOBWUBINEMCS IBVKEHWHM TPYHTOBHX BOJ,
co cBOOOIHOH IOBEPXHOCTHIO.

Kax yxasmsaer C. @. ABepwsinos (1956), mpepmomaraTh HEM3MEHHOCTH CBO~
GoxHOll TOPO3HOCTH MOKHO JIWIIL B TOM CIydYae, eCIM IPYHTOBBIE BOAH 3aJIETalOT
Ha 3HAYHMTeJbHON riiy0WMHE W WX DPEKHM H3MEHJAETCA O09eHb MeJIeHHO.

Ilpm GHCTPHX H3MEHEHMAX YPOBHS TPYHTOBHX BOJ, IPH KOTOPHIX CKODPOCTH.
momseMa KaOW/IApHOR KallMHl OTCTaeT OT IOBHINGHMS YPOBHSA, HaBlleHWe Ha YPOBHE
BonH BHIIe atMocdepHoro. Taxmm o6pasom, cBoGomHAA MOPO3HOCTH (DapaMeTp )
3aBHCHT OT MOJOKEHWA MOBEPXHOCTY TPYHTOBEIX BOJ M CKOPOCTH €e HM3MeHeBHH
BO BpeMeHH.

OcHoBHBasgCh Ha IapaboinYecKodl 3aBHCHMOCTH BJIAKHOCTH HOYBOTPYHTOB
B TpefedaxX KaOWJLIsApHOH Ka#Mu ot ee Bricorsi, C. @. ABephAHOB moxyann cieqy-
Iomee BHpajKeHme jJs HapaMerpa [ B cilIyvyae OLYCKAHMA YDOBHA IPYHTOBHX BOJ
OT MOBEPXHOCTH 36MJIHM 40 TIYOMHBI ¥ HIM B cIydae HOIbeMa YPOBHA OT riayGuHE y
N0 TO¥ »{e IOBepPXHOCTH

”=|W1{1ﬂ—%‘[giyU—Vi—lﬂy)H/l—iﬁy]}. (I11.6)
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e

By =—2[1— ()]

¥ Hy | Wy !
spech ¥y << H,; W, — o0beMHasi BIaKHOCTH, IPH KOTOPOH HaYHHASTCA HHTeHCHB-
Hoe [BH;KeHHe BONEl B TpyHTe (910 oTBeuaer HB); W, — moamas BraroeMKocTh
B [ONAX OT efUHANH o0bema; H, — MaKkcEMalIbHAsg BHICOTAa KaOWIIAPHOTO MOJ-
HATHAA.

AnalorngHoe BHpaiKeHHE FIA | TOJYYEHO MJH Clylasd H3MEHEHHAS YDPOBHA
Ha BeJUYMHY =+dy (Ha raybmHe Y)

=[1—-V1=8,]w, (IIL.7)
e 0603HAYeHAA TPe)KHME.
B. C. MacaoB (1970) pexomengyeT yIuThiBaTh moAHyto 11B, xannaxapayw KB
u manmerbmyio HB Baaroemkoctsm pia pacuera ycpeJHeHHO# BeJWYHHH BOLOOT-
Jagu, KOTOpasd BHPAIKAETCA Clepyoleil ¢opmynoilt B HammnX 0603HaYeHNAX:

o= (HB—I{B)H—HEB—HB) (H—Hy) (111.8)

rme H — BelInumHa HOHWKeHHS YPOBHS TPYHTOBHX BOX, CYHTasA OT HOBEPXHOCTH
semiad; H, — MakcHMaJbHasg BHCOTA RaIMILIAPHOTO HomHsaThsd, mpuaem H > H,.

B s1oit opmyie Beamumurr [IB, HB, KB, ouesugmo, ABaAnTCA cpegHeB3Be-
MeHHHMH 10 BHCOTE.

Mmuorue HccilefoBaTelH OMPeNedsl0T 3HAYCHAE BOMOOTHAYA B 3aBUCHAMOCTH OT
BOJOLPOHAAEMOCTH, '

Tax, maopumep, mo I'. I, OpruHy, i MAHepalBHLIX TPYHTOB

nw=16,5V%77, (I111.9)

rge k — KodhdHmuenT QuabTpanmh, M/c; y — IAyOWHA B3aldeTaHUA DOBEPXHOCTH
TPYHTOBHX BOJ, M.

[Mo A. V. IBumkoMy, 0ada TOpPQSHEIX TPYHTOB
n=82V TV 3, (I11.10)

rme 0603HAYeHUS Ipe)KHUde.
Mo K. . Jlysgmey, gns Bcex TpyuTOB

p=0,13+0,07%41g ¥, (I11.11)

rme k — xooduUOHeHT QMIBTPAIHH, M/CYT.
Ilo JI. Jamx u P, Bumrep (CIIA), gua mw6ex rpyHTOB

p=0,1254-- 0,11521g k. (ITT.,12)

Aas AILIocTpaumn 3HAYeHHI HeKOTOPHX BOJHO-QU3UYeCKHX CBOWCTB TOYBO-
rpyHETOB OpHBeneHa Taba. 1 ms paborm B. C. Macmora (1970).

Criemyer 3aMeTHTh, 9TO CO 3HAUEHHAMM IapaMeTpa W B 5TOo# TaGlXHdme coBma-
AT TOJydeHHbe HAME H APYTHEMH aBTOPAMH JaHHHE.

Onpepenerne HammeHbme# Biaaroemkoctn HB BumomsanT meromom 3andsa
Bomo# maomanok. Ilp;m sToM yBIa)kHeHHe WUPOM3BOLAT Ha BCH TIyGHHY KOpHEe-
oburaemoro cioa (He menee 1,5 M). Pasmep ropmsomrampHo#t miomapkm 2 X 2 M.
Ilo KpasM ee HacHIAWT 8eMJAHBe BaJMKM 151 OpegoXpaHeHHs OT PacTeKaHMA.
Bricora Banmka me memee 20 cwm.
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Ta6numa 1
BoaHo-(n3nUecKne CBOMCTBA OCYHIA€MbIX HOYBOIPYHTOB
(cpenBEne 3HaveHusi)

Bricora
HauMeHb- | MaKCH~ Bomoorgaga
QOo6beMHAA IInor- TTopu- man pja- | Maabaoro { Kosbduunesr | pua MeTpo-
ITodma macca HOCTB, | groerh, 9 | TOEMKOCTD | KAIMILIAD-| QuaAbTPALmI, BOT'O CJIOA
r/cmd r/cmd d 00'BEMH., | HOTO mrONI- M/CyT (B HOMAX
% HATHA, : o0BeMa y

cM H

Topd BepxoBoOit 0,08— |1,4—1,6} 90—95 ! 65—70 | 60—70 | 0,0n—O0,n* | 0,02—0,1

» mmeueEad | 0,2—0,3 ' 1,4—1,6| 80—90 | 55—60 | 60—90 | 0,0n—n 5 0,08—0,14
ITecox mearo- 1,6—1,7 | 2,6—2,7 | 35—40 | 12—18 | 10—20 0,n—n 0,1—0,2
3ePHUCTHII ‘

Cymech 1,4—1,6 2,7 40—45 | 15—20 | 40—60 0,n 0,06—0,15
Cyramaox 1,4—1,5" | 2,6—2,7 | 45—50 30 100—150} 0,00n—0,n 0,01—0,06
Tanna 1,6—1,8 |2,7—2,75| 35—45 | 30—35 | 200—300|0,000n—0,0n| 0,00n—0,05
Tpasuit 1,7—1,8 | 2,7—2,8 | 30—40 | 10—15 5—10 n—nn 0,25—0,35

.

* p—g06aa 3gadamad nudpa,

Ilepen saamBom Ha paccTogHAE 1—1,5 M OT IIOMMaKHA ¢ ABYX cTOPOH GepyTea
opobHl [NA oUpefielleHHsA BIAKHOCTH IOoYBOrpyHToB. OTGOp mpo6 mpomsBomuTcs
gepes 10 cM mo ray6EEH, M0 KOTOpPOR IpeAIodaraeTCs oUpefiedATh HaUMeHBIIYIO
BJIATOEMKOCTE.

Pacuer neobxomuMoro KomdIecTBa BOAL NpodsBonuTesi, coraacHo C. f. Bepuro
m JI. A. Pasymosoit (1963 r.), mo caepyiomeii dopmymne (B Hammx oGosHaueHHAX)

Q = Wn W8z (TTL.13)
rae Q — KoamdecTBO HeoOGXopUMoil fast 3andmBa Bomw, M%; U, — mpenmonaraeMas
HaFMeHBINasi BIATOEMKOCTH KOpHeoOHTaeMoro cios mous, Bec, %; W — BecoBasm
BJIQIKHOCTH KOPHEOGATAEMOTO €105 TOYBH Tepe]| 3aAABOM IIOMAnKY, %; § — 00b-
eMHasfg Macca CKejJeTa KOPHeoGHTaeMOro €jiosf MOUBH, r/cM®, F — mnomans 3amd-
BaeMoit maomankd, M?; z — ray6HMHA KOpPHeOOHTaeMOTO CIOS IOYBHI, M.

B xavectBe mpHEMepHHIX BeJMYHH HAHMEHbIIEH BIAarOeMKOCTH MOTYT OHTH
OpwHATH (B % Io Macce): AJs cynmeciamBXx mouB 10—15; merkax cyramHdAcTHX —
15—20; cpemHeCYIAHHHACTHX — OKONO 25; THMKEIOCYIIMHUCTHX U TIHHACTHX —
25—30. OGvemHas Macca MoskeT OHTH LIpHHsTa paBuoit 1,5.

Boma momaercsi HempepHBHO € HpefoXpaHeHHeM IDOTHB pa3MbiBa LOBepX-
HOCTH € IOMOImMbI0 KycKa (aHeprl. Ias 3aIUTH OT HCOAPEeHWA MJIOMAAKY MMOKDH-
BAOT TOJEM, COJOMO MAM ApyraM MarepmalioM. CBepxy HacrTHIaeTcs CaOH MOYBHL
rormanoir 30—50 cMm.

Ilo mpomecTBEEM HEKOTOpPOTO CPOKA, HEOOXOAWMOTrO [Jisi CTeKaHWs TpaBUTa-
NHOHHOHM BOAH, OPUCTYUAKT K OIpPEJENeHHI0 BJAKHOCTH HOYBHL.

O6HYHO uepBoe oUpefeleHHe IPOH3BOAAT Yepes CYTKH HOCIe 3aldBa ILIO-
MaJKH, BTOpoe — Ha JIeTKEX CYIeCYaHHX IOYBaX dYepe3 2—3 CYT, Ha THMKEJIHX
CYTIHHHUCTHIX — weped 5—7 cyr. EcaZ pacxoskpgeHme BoO BIaKHOCTE IpeBLICHT
1,5% , oHa ompenengeTCA Yepe3 CYTKH eme pas. TardM o6pasoM, pasHOCTH BO Biask-
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HOCTH CMEJKHHIX CPOKOB HabxmopeHnii He foiKHa Upesmmath 1—1,5% B mpepelax
BCero KOpHEOOHTaeMOTo CJIOH.

Bypeume mis orGopa mpo6 mpoHM3BOAMTCA B HEHTpe MIOMANKH C 4-KpaTHOH
uosTopHOCTEIO. I[Ipo6ri OGepyTea gepes kaskame 10 cM Ha Bew ray6uEy KopHeoOH-
TaeMoro cJiod. Pe3yJII)TaTH IIocJieqgHero oupegelieHMsi BJaKHOCTH IIpI/IHHMaIOTCH
33 €0 HAWMEHBINYI BJaroeMKOCTh.

Bonbmoe sHaueHHe 11 BomHOOAJIAHCOBHX MCCIE[0BAHWM MMeeT OUpexeleHHe
00beMHOMl MaCCH TPYHTOB ¢ HeHapymeHHoil crpykrypoil. Ifommmo pacuera mopH-
CTOCTH, PaBHOW IOJHOW BIAaTOEMKOCTH, €CIW 3alleMJICHHHH BO3IYX OTCYTCTBYET,
00eMHEE MacCH HCIONb3YIOTCA, Kak OBIIO YyKas3aHO, AJA mepeBoja BECOBOM BIaK-
HOCTH B 00bEMHYIO.

O6nbeMHEag BIajKHOCTH IOYBOTPYHTOB 30HH a3pamiH HCHOJb3YeTCA WpH pac-
were JedUNMTa HACHIIEHWS (HOPUCTOCTh MUHYC 00beéMHAS BIAKHOCTB), a TAKIKe
HeOﬁXO}IHMﬂ AJd mojcdeTa BJaro3anacoB IO OTHACNBHEIM CJIOAM M B IeaoM FJIA BCEI .
30HBI adpaIum.

B cBasm ¢ ykasaHHEIM B Hadaje BopHOOaJaHCOBHX paGoT Ha OOHTHHX yd9acT-
KaX IPOXOAAT MypQH U IOCIOWHO M3 YETHIPEX CTEHOK OTOMPAIOT MOHOJNTH I0YBO-
TPYHTOB Has ompepelleHus oOBeMHHX Macc.

Bricora RammimspHOro TMORHATHA oIpefeiseTcH miAg obmell XapaKTepPHCTHEH
TOYBOTPYHTOB M MCHOJB3YeTCA IS YCTAHOBJICHHS TIYOUH jeTalbHOro HabIW0AeHN
3a BJIaKHOCThI0. Ha Hoxxone K HopmepToil KauMIJIAPHOHN KajiMe M B ee mpemejax
mpoGHl TPYHTA JJA pacdera mapaMerpa W orOmparoTcs depes 10 cMm mo BeprHKaJM,

MaxkcuManpHas ajgcopOmmonHHasg BiaaroeMkocTs (MAB) mpepcraBiser coGoit
HauGoJbmee KONMUECTBO IOPOYHOCBA3AHHOI BIArdM, KOTOPOE MOKET COIEPKaTh
moysa. JHaHHEe TAaHHON KOHCTAHTH HEOOXOomHMMO A BEIABICHHWS DTOH KaTeropdu
BJIATH IPH TOJEBHX HabniopeHnax. MeToguka ompefielIeHUs 5Toil M APYTUX BOJHBIX
roHcTaHT ommcaHa A. A. Pome (1952).

O6wrano gis onpepeiiends MAB HaXomaT TewloTy CMauMBaHUA HIH ompefe-
ASIOT BEIHMYMHY «HepacTBopsiomero obseMa». IIpu aToM merecoobpas3Ho upAMeHATD
COJIE XJlopa, TaK KAK MOHH €ro JerKo ONpelelAiTea XAMAYecKUM coocoGom. Ilpm-
BOIA HaBecKy IOYBH B COONPHKOCHOBEHHE C PaCTBOPOM BTOH CONH, Y3HAIT yBeJW-
YeHFe KOHNEHTPAIMHA ee PAacTBOPA, IPOWCXOJSAMEe BCJIEACTBAE CBA3HBAHNA T09BOH
JacT¥ KARKOM BIard. o H3MeReHNI0 KOHMERTPANHMK coH, 0GbeMy HpnbaBIeHHOTO
PACTBOPA, KOJIMYIECTBY BONH B HABECKE BO3IYMIHO-CYXOH WHOYBE BHYHCIAKT Ipe-
HeJBHO BO3MOKHOE COfepaHme BOIH, CBA3AHHOW HABECKOIL.

Baakuocrs ycroitausoro 3aBsmaBua pacreEdit B3, win kosddunment saBsga-
Husi, BHIpaKaeT TY BIa)KHOCTH IOYBH, IPH KOTOPOH pACTEeHWA HAUYHHAIOT 3aBANATH,
upuYeM TYrop B KIETKAaX PacTeHAA He BOCCTAHABIMBAETCS, T. €. IPU3HAKY 3aBANA-
HusI He MCYe3al0T Jayke Tmocae LIHTeJbHOTo UpeORHBaHMuA B arMocdepe, HaCHIIeHHON
BonaasM mapom. Hanbozee pacmpocrpaneHHHM MeTooM onpefenenns B3 aBaserca
MeTo]l BereTanmdoHHHX MHUHHATIOP.

KocBennsiit MeTon oupenenenms B3 TpebyeT 3maHWS MaKCMMaJbHOH THrpo-
ckonmgrocT MI'. B saBHcumocT# oT XapakTepa mouBH Beamumua MI' ymHOKaeTcs
Ha ToT Hid mHOK Koaddunment. Ilo mameeiM A. B. Ilpomeposa m H. K. Hapacesa,
ero BeJMYWHA HaXOHHUTCA B mupefiedax 1—3, Gomee wacro B mpepmemax 1,2—1,6.
Cpenmeit Beamunuoit 1,34 monbsyoTcs B WccleNoBaHMAX, IPOBOJEMBIX YUperkie-
anamn I'unpomereocayskGer CCCP.

BuaskHocTh paspmBa KammnaspHo# cBazm BPHK orBeuaer Toit BedmamEe Iofi-
BemeHHON Biard, mpd KOTOPOR HOCIeTHSAA B Iponecce MCOapeHMWA TepseT cIIIom-
BOCTh U TepecTaeT mepejBUrarhcs K Hcmapfiomel mosepxuHocrd. 3uas BPH, HB
u IIB, mo A. A. Pope, MOMHO BHIIleINTh TPH KATETODHHA BJATH [0 CTEHEHW €€
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mopsmxHocTr: 1) nerkomogBuskHas — ot 11B go HB; 2) cpeguenopsmsxras — or HB
mo BPR; 3) TpymmomomsmxHas — menee BPH.

Crooco6 ompepenenns BPH ocHoBan ma mojeBmX HabliomeHNsX 3a pacmpene-
JeHmeM BIATH OO TAyGMUe B 30HE aspalMM I[OCIe ee CHJIHHOTO HIPOMaudBaHHI
7 BechMa HHTEHCHMBHOIO MCIAaPEeHHA ¢ MOBepXHOCTH. Bejanmumma ycroiiymBoil BiaK-
HOCTH B TOYBEHHOM CJIO€, DPACIOJNOKEHHOM HHKE CJ0fA, B KOTOPOM BJayKHOCTH
HeIIPepHBHO YMEHBLIIAXACH CHAY BBePX IIOCJTE MHTEHCHBHOTO MCIAaPEHMS ¢ HOBEPX-
socern, U orsegaer BPK. Ilpnuem B cioe, B koropom comepssurcss BPH, B mepsoe
ppeMs Habalogennil TaKk/Kke NMeeT MeCTO0 HeKOTOpoe CHMIKeHne BJaskHocTH. [[na ocy-
IMmeCTBIeNN MOMOOHKNX HabI0IeHNA B HoJe IOATOTABJIMBaeTCSH KPYIHBIH IMOYBEH-
HLIH MOHOJMT, HOKPHTHE ¢ GOKOB BOJOHEIPOHUIA6MEM MaTepHaJoM.

HabmoneEnss Hajg KaOWIISAPHOR BIarOGMKOCTBI0 M BONOIOIBEMHON CIOCO0-
HOCTBIO II0YB IIPOM3BOAAT B HoJe HyreM oTGopa Ipob HOoYBOTPYHTA Ha OLpefesenne
BNQJKHOCTH M3 KaOMJJIsApHOil wraiimMpr wepes 5—10 cm mo Beprmrann. BoamomHu
TaKyKe BH3YaJdbHEeE HaOMOIeHAS B CHENMAaAbHO OPOATeHERX Mypdax ¢ 3aauBOM UX
BOIOI €I0eM B HECKOJBKO CaHTMMETPOB.

KpoMe yka3aHHHIX METOLOB s HEIOCDEICTBEHHOTO ONpeneleHHs MHOTHX M3
oTmX BoxHO-pmsmyeckdx xoHcraut A. A. Poge (1952) peromengyercst MmMPOKO
MCIONB30BATh HAaHHEE CHCTOeMATHYECKHX HaOJIOJEHMI 3a BJIAMHOCTHIO.

BBIBOP CXEM PACHOJOKEHHNA CKRBAMKHUH NJIA HABJIIOJAEHUA
3A PEKHMOM HOA3EMHBIX BOJ{

OKoOHUaTeNbHEE BHOOP Hamboliee PAMUOHANBHON CHMCTEMH PaCHOOJIOKEHHS
Hab6I0aTeIRHBIX CKBAKUE MOMHO CHENAaTh OPU aHaJIM3e KOHKPEeTHHX THIpOTreoso-
IMYeCKAX YCIOBMI, ydere 3afgad MPeACTOSMHAX MCCIAeTOBAHWA M MeTOJAa AHAJIH3a
PesKEMa M COCTaBJIeHMsS GajlaHCa TPYHTOBEIX BOJI, KOTOPHe GYMYT BEIMONHATHCA A
pemeHAs HocTaBIeHHHX 3agad. OmHako yxe 3apaHee Telecoo0pasHo PacCMOTPeTH
OCHOBHEIE IIOMIO)KEHNH, KOTOPHIMH CIefyeT PYKOBOICTBOBAThCS IIpH BHIOOpe ceTH
Ha0M0TATeNLHEIX CKBAYKAH, T03BOJISIOME IPUHATH PACCMATPUBAOMBE HUKE METOLH
¥ ABISIOMEHCH ONTHMAJLHOR MAJsL YacTo BCTPeYanIIUXcs TAXPOTeoJOrHYecKAX
yCIOBHIL.

Pacoonoskenne cetn HabNOZaTeNbHHX CKBAKAH Ha MECTHOCTH IOJKHO YIOB-
NIeTBOPATH CHeYIMUM O6muM TpeGoBaHMAM:

1) namGosee IOJHO OTPAKAThH HOJOKEHMWE 3ePKajia TPYHTOBHX BOJ Ha B3HATH-
TeJXBHHX ONOMANAX OPY MAHAMAJABLHOM 4YHMCIe HAOMIO#aTelBHBIX CKBAKUH;

2) OGHTE YHOGHOH HAS MCIONB30BAHHUS 3aBHCHMOCTEH IWHAMMKN LOX36MHEIX
BOE OT IOKa3aTelleil TPaHWYHEIX YCIOBHI, T. €. PaCIONOeHme HabMomaTelIbHHIX
CKBA)KWH IO/KHO OHTH IO BO3MOKHOCTH B CTBOpPaX, COBHOAJAtOMUX C TJIABHHIM
HalIpaBJeHMeM IBHKEHUS BOI;

3) oTpa)kaTh HEKOTOPOM dYacThio CKBA)KMH TIPaHWYHBIE YCHOBMA (HaIpHMEp,
KONeGAHMS YPOBHSA BOJH BOIMSN OTKPHTHX BOJOTOKOB, BOJOEMOB MM IPEH MOTOKA),
9TO BaJKHO KPOME pacdeTa dNMeMeHTOB OalaHca TDYHTOBHIX BOJ [ANA IIPOrHO3a HMX
pesKuMa;

4) mosBossTh HamboNee MOJHO OMEHMBATH THAPABIAYECKYI0 CBSI3h IPYHTOBHIX
BOL ¢ TIy6me pPaCIoNO/KeHHHIME HAIOPHEIME BOJOHOCHEIMHM TOPH30HTAMH.

Tlpm paCCMOTpEHHH OCHOBHHIX IOJIOKEHHMI pa3MemeHns HabXogaTelbHEX
CHBa)KHH HeoOXOZAMO YYATHBATE:

1) ¢popMy TpyYHTOBOTO TMOTOKa (T. €. HOBEPXHOCTH TPYHTOBHIX BOJ) B ILIAHE,
KOTOpast 3aBHCHT OT IJIAHOBOM TeOMeTpUM ero I'DaHWIl,
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2) cxeMHl HEOHOPOAHOCTH BOJOHOCHHX TOJNIY HOPOJ B GUIBTPANAONHOM OTHO-
meHNH B paspese;

3) cxeMH TPYHTOBHX IIOTOKOB B pa3pe3e B 3aBMCHMOCTM 0T KOHKDeTHHX Tpa-
HWYHEIX YCJIOBHI;

4) TpeGoBaHUs I PAaBHOMEDHOTO OCBEMIEHMs HJIEMEHTOB GajaHCa FPYHTOBEIX
BOJ MO IJIOMAIH;

0) cHenMUKY M3yYeHWs peKAMa M GallaHca TPYHTOBHX BOJ HA OPOINaeMEIX
MaccHBaX.

@opma MOBEPXHOCTA TPYHTOBHX BOX YKAa3HBAeT HA HaUpapjleHHe, MCTOYHAKH
NATAHUA, & B pAje ¢JIydaeB W OTHOCMTEIBHYIO CKOPOCTH JBIKEHHS BOJ.

Budoxponunuye
g Ind

i
8 Pexa C

o) )2 E=39 k= NN 9T s

Puc. 3. Pacmonokenue HaGmiofaTelbHBEIX CKBHJKAH HA MEKIYypedse.

1 — HaGIOxaTeNbHAs CKBAKUHA B CTBOpPE; 2 — TO Ke, BHe CTBODPA; § — THIPOM3OTHICH; 4 — CTBOP Habmioga-
TeTbHHIX CKBAYKUH; 5 — DAacuYeTHBI pJIeMeHT OXHOMEpPHOTO IIOTOKA; 6 — TO iKe, MJIA QBYXMEPHOrO B IIJIaHE HOTOKA

Tak, HanpuMep, IpU M3YJIeHUH pekuMa M GallaHCa TPYHTOBHIX BOJ HA MEAY-
pedse (puc. 3) B neiXax o0oCHOBAHMs IIPOTHO30B M3MEeHEHWsI HTOL0 peskMMa B yCJIO-
BHSIX TIPELCTOAINETO OPOIIEHN WIN OCYIIEHWS 3eMejb BLITeJAI0TCA 00MacTH OJHO-
7 IBYXMEpHOTO [BWIKEHHS B IJafe.

B mpemenmax MemuypedHo# NoNoCH, orpammdeHHo#l crBopamm AA'—CC’,
IBWKeHNEe TPYHTOBHX BOJI omgHOMepHoe B miane. Jlamee Giamke K ILIOTHHE OHO
CTAaHOBHTCA ABYxMepHHM (cTeopw DD', EE’, FF'). B mociegueM MecTe B ILIaHe
MOTOK PpacxojAamuiics.

AHanoTWunEe TpUMepPH IBYXMEPHOTO HOTOKA MOKHO BCTPETHTH OKOJO H3IY-
YMH PeK, KaHalloB, Ha AJUIOBHAJIBHLEIX Teppacax WM PaBHMHAX, OPMMBIKAOMIUX
K pycjaM BOmOTOKOB (puc. 4). 3mech ImpefcTaBieHH MPUMEepH PAafHAJbHO PacXofs-
merocsa MoToKa (cM. puc. 4, @) M pagHalbHO cxopsmerocs (cM. puc. 4, 6).

Ilpm ogEOMEpHOM B IJIaHe IOTOKE, ¥ KOTOPOTO JUHHM TOKA PacHoJaralTcs
B TApaJLIeJbHHX BEPTAKAMBHKX IIOCKOCTAX, & Ha OJIaHe OHN HapallleJbHE MEKAY
cofoli, HabIromaTelbHEE CKBa;KMHH B3aKJAaJHBAIOTCA TO CTBOPAM, COBIAJAIONMAM
¢ HallpaBlleHKeM JIBHKEHMS IPYHTOBHX BOX. TaKoe pAacIojo;keHHe CKBajsKHH sB-
JAAeTcsa ONTHMAJNBHEM. PaccTosHAe MEMIY CKBa;KUHAMY N3MEPAETCA OT HECKOJBKUX
HEeCSTKOB [0 HECKOJHKHX COTEH METPOB H [ajke, BO3MOKHO, B HECKOJBKO KHMJIO-
MeTpOB IPH BeChMa BHICOKOH BOZOIPOBONEMOCTH BOJOHOCHHX IIACTOB M OOJBIION
TOpOTAKEHHOCTH MexKnypedbs. OUperesieHMe paccTOSHWE 3aBHCHT OT Ha3HaYeHWS
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HaOlXomeHUR (Mg W3ydeHWA B3aWMOCBABHM IIOBEPXHOCTHRIX M IOJ3CMHEBIX BOJ
BOIM3M ypesa BOJOTOKOB, ONPeNeNeHusa THAPOre0TOTHIECKEX ITapaMeTpoB, pacdera
BeNHYMHE OWTAHUS TPYHTOBHIX BOM) WM GYNeT PacCMOTPEHO B UeTBEPTOH riase.

B npyxMepHOM BIIaHe MOTOKe, Y KOTOPOro JUHUU TOKa HaXO/ATCA B MpOU3-
BOJILHHX (HemapallieJbHBIX) BePTUKAJBHHX IIOBEPXHOCTAX, KAK MUIUMYM 3aKia-
ILIBAeTCA HATH HabIIOmaTeIbHHX CKBaKUH (CM. puc. 3, 4). Tpu cKBaykWHH U3 TATH
pasMelanTca 1o TIaBHOMY HAIpaBIeHUI0, a JiBe OCTaJbHEIE — IO ofeuM CTO-
poHAM,.

B cayuae BecbMma feopMUPOBAaHHOrO B IiaHe IIOTOKA, KaK, HapHMep, Hejla-
JeKo oT HIKHAero 6heda mwmormeml (cm. puc. 3, crBop EE’), B kadecTBe MOMOJIHU-
TeJIbHBX BHECTBODPHHIX CKBAa;KAH MOLYT OHTH HECKOJIBKO CKBAa)KUH, B3aJ0KEHHEIX

0 CTOPOHAM OCHOBHOTO CTBOPA.

Kaxk naa opgsomepHoro, rax
J S ¥ I ABYXMEPHOTO IOTOKOB Ha
\ O —— o KasKOM  CTBODPE  BHITEIANOTCH
pacgeTHEe §allaHCOBLIC DJIEMEHTHI
DOTOKA (Ha HPWRENIEHHEX DPUCYH-
Kax 3alITPUXOBAHHI).

llpmHUMn BHgedeHAA TaKHX
DJIeMeHTOB IOTOKA OCHOBAN Ha
pasfieieHMH WHTEPBaJa PacCTOs-

7/

5 HIS M@Ky CMeKHHMH CKBAMKH-
2 HaMH TONOJAM U IIPOBeJCHUN
[o 7 [ ez~ HePHCHIUKYAAPOR B  CPeHHX

TOYKAX K COCZUHAIOIMUM JINHUAM.
Puc. 4. Pacuonosxerne HAOMIONATENBHHX CKBAKIOH CixemoBaredbHO, mJIst ofiHoOMep-
OKONO MBIYIMH PeKH (SAMTPHXOBAHEL BIEMEHTHl IO~  yoro' 110moKa dopma ero ome-

TOKA). :
@ — pACXONAUMIACH IOTOK TDYHTOBBIX Boi; 6 — cxomammica MEHTa — IPAMOYTOJIbHUK, pig) 82
ToTOR; I — Hab/uopaTeNbHasA CKBAKUHA B CTBOpe; 2 — TO ke, NBYXMEPHOI0 — MHOTOYIOJIBHUK.

BHe CTBOpA, 3 — I'UIPOU3OI'HIICHI
B6ausu OTKPHTHX BOXOTO-
KOB W BOJOEMOB CTBODH HaGJaio0-
[aTeJbHHX CKBa)KAH JO/IKHH OHTh NMepPIeHIUKYIADHHME K WX ypesam. Jlyume
BHOHMPATh MeCTa ¢ IPAMOJUHeiiHOE (GOpPMOM ypesa B miawe.

ITapaMeTpuuecK#e CTBODH CKBaKWH, IpeHA3HAYeHHHe A pacuera Koaddu-
I(MeHTOB YPOBHeOPOBOAHOCTH, IIBe30LIPOBONHOCTH, BOLOOTHAYH nopojp Iro K0ﬂe6a'
HHUI0 YPOBHA I'DYHTOBBIX BOn, 00BIYHO KOPOTKHWEe — HECKOJBLKO NEeCATKOB U COTeH

MeTpoB. Paccrosinue Mexy CKBakuHaMH He Goiee 0,51/ at, a ynamennue mociemeit
- h
CKBA)KHHE! OT T'PaHHIL II0TOKa He Goxee}/ at, rae a = -k—lj‘l — Ros(Punuent yponiue-

IpPOBOHOCTH TPYHTOBOTO IOTOKa; Kk — yCpefiHeHHHI Ko3(QPunuenT @QuIbTpa-
OUHE TOPOM, M/CyT; hc, — CpefHAA MONHOCTH LOTOKa, M; W — BOXOOTAadA
mopox.

Ha raxkux cTBopax mepBas CKBa)KWHa pa3sMeIaeTcs Ha PaCCTOAHAM OT ypesa
BoZb, paBHOM 1,5 MOIDHOCTH HOTOKAa, He BCKPHITOM pexoit, ¢ TeM, 9T00H M36e:KaTh
BINAHUA TMAPOTEOJOTUIECKOT0 «HeCOBePIIeHCTBa» PyCla PeK! WIM KaHaja.

Bokosbie HabmomaTenbHHe CKBa)KHHK INPH JBYXMEPHOM B IlaHe HOTOKe
UCHONB3YIOTCA A MOCTPOSHUA THAPOWSOTHIIC W TaK Ke, KaKk W Ha 0CeBOM CTBODE,
ofecnegnBalOT MCXOMHBIMA JAHHHIMH pacder BeJWYWHE DUTAHWA TPYHTOBHX BOJ.

VYerosna HEOMHOPOLHOCTH TOJNIN, BOXOHOCHHX IOPOJ CYIECTBEHHO BIHAIOT HA
cocTaB HaGIOJATENbHHX TYHKTOB (CKBayKUH W MX KYCTOB), PasMemeHMe MPACMHHIX
yacrelt (PunbrTpoB) HaGNONATETBPHHX CKBA)KUH B BEPTUKAJIBHOM paspese.
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PaCCMOTpI/IM HEeCKOJbKO THIIOBBIX CXeéM HeOAHOPOJHOCTH BOJOHOCHHIX TOJI
Mopoj, B paspese M CBA3aHHOTD ¢ HUMHU pa3MemeHWaA HAGIIOJATeNbHHX CHKBAIKUE
(puc. 5).

B cayuae ofHOPOJHOTO CTPOEHHA BOAOHOCHHX HOPOJ (THI a) BAOJB CTBOPA
0 NOTOKY pa3MemiaeTc He MeHee TPeX CKBayKWEH, DUIBTPH HX ~— HONAJOKO OT
MANUMAJbHOT0 (3a MHOTOJETHEe) YPOBHS BOHL.

B cryuae gBYyXCHO#HOro CTPOeHMA (THI 6) TaK jKe B CTBOpPe II0C IOTOKY BOJ
pasMemaTcs YiKe KycTH HabTIOaTeldbHBIX CKBajKUH, Hajkjeil KYCT CoCTOHT U3
IBYX CKBajKHH: OflHa ¢ QUIBTPOM HECKOJBKO HEKE MAHUMAJIHHOTO YPOBHA TPYHTO-
BHX BOJ B BepXHeM cillaGolpoHAmaeMoM cioe (HO Heray6oko OT 3epKaja BOJBL),

1ra 2. 33a

) 4T =<4 __M;KM/ // ///’// % /
77-07'5 2 Z'Za'ﬁ J J..gtf pe] I*‘*Ax—a—l

'*AI“JZ'—)'i AT~}
2 [ 2 T B olfrzriaf——qvﬁsréw

Puc. 5. Cxemu CTPOEHHUA BOJOHOCHBIX TOJIN IIOPOX H PacCHOJOKeRHnA Haﬁnmzxa'renmmxi CKBAKUH

1 — H09Ba; 2 — MeCOK; 3 — IVIMHBI (BOOOYUOPHOE JIOsKe); 4 — cla0onpoHUllaeMble NOPORBl — CyIeCcH, Cy-

PIIMHKWA; 5 — TaJICYHUK; 6 — YPOBEeHb I'DYHTOBLIX BOJ;, 7 — YPOBeHb BepXHEro (IIePBOI0) MEIKILIACTOBOTO BOMO-

HOCHOrO IOPM30HTA; 8 — YPOBEHb HIKNEr'0 (BTOPOTO) MEKIAACTOBOIO BONOHOCHOFO IOPU30HTA; 9 — Habmona-
TeJIBHAA CKBAKUHA

I s s
7 L i

BTOpas — ¢ QUIBTPOM B IOACTHIalomeM Oojlee IPOHUIaeMOM CII0® Y IOJOIIBH
BerHeI‘O cJlIod.

Ilo pammbM HabmiofeHW# B Menkux ckB. 1, 2, 3 ompepensmoTca nomomenue
¥ KojeGaHMe YPOBHA TPYHTOBHX BOJN, HaXOAAMMAXCA B BePXHEM Clioe, & IO JAHHHEM
Habmaofennit B TIyGOKEX cKB. 1-a, 2-a, 3-a ompemenAnTeA HOJOMKeHMEe W KojeGa-
HHe [He30METPAYeCKOTO YPOBHA NOACTHIANIMAX HANODPHHX BOJ.

B ciryaae Tpexcnoiinoro cTpOeHN (THII €), IPA KOTOPOM BO3MOKHO e POTEKAHHE
IPYHTOBHIX BOA B HOACTHIAIOMNN HaTOPHHT BOXOHOCHHHM TOPH30HT MIHM. 06paTHOS
ABHKEHEE BOJ IIOCTEJHETO BBEPX, Ha CTBOPe 0GOPYAYIOTCA aHAJOTAYHHE KYCTHI
HaGIIO[aTOIbHHX CKBAKAH. 31ech IIyOOKMe CKBAKAHBL NOJMIKHEL. MMeTh paboume
gacTd QEABTPOB HeIlOCPEACTBeHHO IOJ MOJOIBON pasmeiAlomero ¢oa ciabompo-
HUTAeMBIX TOPOfl.
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B caygae maTuclIofHOTO CTPOSHWS BOJOHOCHBIX TOJNIN IOPORE (THI 2) BHIIe-
JAATCA TPA BOJOHOCHHX ropusonta (I, II, I1]) n nBa paspensomux cmosa ciabo-
IPOHAIAaeMEX IOPOJ, PasobMAlONMX CMe)KHHE BOJOHOCHEE TOPU3OHTH. Bprojas
CTBOPa II0 IOTOKY TPYHTOBHX BOJ 0GOPYZyeTCs He MeHee TPeX KyCTOB CKBasKUH.
B kaknoM U3 HuX 0 TPH HalJwofareJbHHE CKBAKWHH: Ha TPYHTOBHE Bomer (1,
2, 3), Ha BrOpO#l ~— HamopHHl ropmsour (l-a, 2-a, 3-a) m ma Tperuél — TaKme
HaOpHE BogoHocHum# ropusout (1-6, 2-6, 3-6).

Ilantisie 06 yPOBHAX, HALOPAX BOUH M O MX KoixeO0aHHUW BO BPEMEHH WCIONb-
BYIOTCA IS pacyeTa BEeJMYHH IUTAHUA RasKEOTO BONOITOCHOTO TOPM3OHTa CBEPXY
¥ A cocTapjenua 0allaHCOB IOJ3eMHEIX BOJ Ka)K[AOr0 FOPM30HTA B OTJEJIBHOCTH.
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Puc. 6. TUmOBEE CXEMBl I'PYHTOBHX IIOTOKOB.
1 — 1T09Ba; 2 — BONOHOCHAH IIOPOHAYL; & — BOOOYIOPHOE JIoske;, 4 -— YpOBeHb IPYHTOBBIX BOM, § — HaGJoga-
TejbHAA CKBVKMHA. IIOTOKM BOX: ¢ — HEOTPAHUYEHHEBIR; 6 — 110JyOTPAHUIEHHBI, 6 — OTPAHWICHHEBIH (KO-
POTKEN) MeKAY pPEKaM¥; z — TO e, MeKAY DPeKol M HeIponailaeMbeiM KOPeHNHM GeperoM NOJHHE; § — TO iKe,
MeXIY DPEeKo M KpyTeIM OeperoM, CJIOMEHIIBIM BOJOIPOHUIIAEMbIMYM IODPOXAMHU
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B ciayuae IOCTENEHHOI CMEHH BONOIPOHMIIAEMOCTH BOJOHOCHBIX IIOPOX IIO
IMHe IOTOKAa B paapese (THO J), 4TO MMEeT MECTO, HalpPAMED, B KOHYCaX BHHOCOB
HOATOPHHX ILIeiPoB, BIONTH HOTOKAa TAaK/Ke COOPY:KalOTCA HalllomaTelblible CKBa-.
JKUHB, HO Ge3 Ay6aepos Ha pasHsie rayOuHbl. CymEcTBeHHHIM NI 9THX YCIOBHUI
ABIISETCSH TaKOe Pa3MeMeHWe CKBAKUH IO JIHHe IOTOKA, IPH KOTOPOM CpefHAA
CKB. 2 IPAXOAWIACh OH Ha CepegmIly PacCTOSHUA MeMKNy Kpaiinumu cks. 1, 3,
a IOCJeqHUE JBe PACIONaTalHCh OB B CPABHUTEJIBHO OJHOPOJHHEX CJIab0- ¥ CHIBHO-
IPOHMIIAeMBIX OTIOKeHUAX. [IpH 9TOM paccTOoAHUE MEKAY CKBaKAHAMU AZ NOJIEHO
OIIPeJIeNIATECA JONYCTUMBIMY a6COTIOTHEIME IOTPEIHOCTAMY 3aMePa YPOBHS BOJBL
n onpejeineHus KodpPHNUeHTa GUIABTPANUE CAJIBHONPOHWI@AEMBIX HOpoA, T. e.
yKa3aHHHMHA IIOTPEIIHOCTAMY JIsf yYaCTKa CKB. 2—3.

B cnyuae pepKoit'CMEHEI BOJOIPOHUI{AEMOCTH BOXOHOCHHX TOJI TIOPOJ, (THI e)
cpepHas HablliofaTenbHad CKB. 2 JOMGKHAa pacHoNaraThCsA Ha TPaHUIE De3KOH
CMEHH BORONPOHHUIAEMOCTH MOPOA. ITO YCIOBME IIO3BOJUT Ha KaKIOM YdacCTKe
Meskay ckB. 1—2 m 2—3 paccMaTpMBAThH BOJOHOCHBIC IOPOIH OJHOPONHEIMIU.

OmnpepesieHre PacCTOAHMS M&KAY CKBaKHHAME Az 371€Ch TaK/Ke JOIKHO IPOU3-
BOJUTHCA IO JAHHKM O MOIYCTAMKX HOTPEMIHOCTAX 3aMepa YPOBHA ® Koadhdu-
nuenTa QEIbTPanAM HanGojee MPOHMIAEMEIX MOPOJ, T. . IS yIaCTKA CKB. 2—3.

XapakTep TpaHHYHHX YCIOBHH TPYHTOBBIX HOTOKOB, 0T0OpaskeHHKX Ha puc. 6,
OIIpeJIeNIIeT MECTOTONOKeH e IPeMMYIECTBeHHO KOHEBHIX HabmogaTe bHEIX CKBa-
JKHH Ha CTBOpax.
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Jliisi HeOTPAHMYEHHOrO B INIaHe HOTOKA (THI @), TPABHAKOM KOTOPOTO ABJIAETCA
TMOCTOAHCTRBO U3MEHEHUA YPOBHA BOJHL 3a JaHHBIA OTPe30K Bpemenu Af mo miomapny,
PacCIoJoKeH e CKBayKUH TPou3BoJdbHOe. lIpm 3TOM jnis pacyera BelWYMHB IHTa-
HUA TPYHTOBHIX BOJ [OCTATOYHO WMeTH ORHY TAKyH CKBAKHHY ¢ (QUIBTPOM He-
CKOJBKO HUKe MUHUMAJBHOTO YPOBHA TPYHTOBHIX BOJ.

s moyorpaHUYEHHOTO IOTORA (TUI 6) mepBas HabJdOfaTeJbHAad CKBUKUHA
(1) pasMerjaeTci Ha pPacCTOAHMM, PaBHOM 1,5 MOmHEOCTH BOJOHOCHOTO TOPHU3OHTA,
He BekpHTOro peroil. [lo 3To# ckBaKuHe B CIydae OJHOMEDPHOrO0 IOTOKA JAaHHbBIe
0 KojIe0aHWH YPOBHA HCIONB3YWTCHA B KaUeCTBe TPAHUYHOTO YCJIOBUS IePBOTO
pona. Takum ycioBHeM SABJISETCS U3BECTHAS 3aBUCHMOCTH M3MEHEHHsS YPOBHA BOJH
0T BpeMeHN.

Crenyroomue CKB. 2, 3 ¥ fgp., PaCIOJO/KeHHEE 0 HOTOKY BOJ, JOJKHBl HaXO0-

JUTHCA OT TepPBOfl CKBAKMHH HA DPAaCCTOAHUAX MeHee (3 -~ 4) )/ at u Gomee sroil
BeJIMYMHL. B IIepBOM ClIydae yCIOBUA HAa TPAHUIIE MOTOKA, HAPUMED PE:KIM TOPHU-
30HTA BOJH B PeKe, Oy[eT OKashiBaTh M3BECTHOE BJIMSAHME Ha DACUOTHYIO BEJIUIUHY

IMTAHUS TPYHTOBHIX BOJ CBepXy wi, BO BTOpoM Ciaygae (mpm z > (3 — 4) )/ at)
5TOT0 BIUAHUA TPAHUIHOTO YCHOBUS He Oymer.

O6bMHO B 30He BIMAHNA PeKM MU BOJ0EMa KOJIeGaHIA yPOBHA IPYHTOBHX BOJ,
OT PeKM WJIH BogoeMa B riIy0b Gepera yMeHBMAIOTCA. 3[eCh BLIIEJIACTCA IPUOPEerk-
HHI THO peskuMa. BHe BIusHusA TeX jKe IPaHNI 110 HAUPABJIEHUIO K BOJOPasfely
aMILIATYAB KoNeGaHusa YPOBHA YBEIHIHBAKOTCH. JTOT TUI DeKUMa 3aBUCHT OT HH-
PUIBTPANUN OCAJKOB W WMcIapeHus Ha IOBEPXHOCTH, OH HOCHT HazBaHHE BOJO-
pasfeIbHHI.

Iast orpaHMYEeHHOTO € JBYX CTOPOH PeKaMH (KaHalaMH) KOPOTKOTO IIOTOKa
(THI 6) CKBayKIHBI PAa3MEIIAIOTCA OT KaKI0# PeKM IO TOMY 3Ke NPUHINIY, KaK A
HOJNYOrpaHUYEHHOTO IIOTOKA.

CrBop HabNOMATENBHBIX CKBAayKMH PacHojaTaeTcs HOPMAJIbHO K ypesaM BOJO-
TOKOB, BOJOEMOB, KOTOphe Haubosxee ynoOHE B TeX MeCTax, rje OHU IPAMOJMHeHHEl
B nnane. j{esarenbHo ofHy U3 HaONOATeIBHHEX CKBakUH 3aKJIaJbBIBATh Ha MeCTe
BOjiOpa3zielia TPYHTOBHX BOJX, 9TO MO3BOJHUT HPUMEIITh Gojee IMPOCTEe PaCueTHHE
3aBUCUMOCTH BeTMYMHB MUTAHUS TPYHTOBHIX BO/l OT KPaeBHX YCIOBUI.

B sToM THme MOTOKA TPAHUYHBEIMU YCAOBUAMU SBIAOTCSA TaKiKe W3BeCTHHIS
rpaduku KoJeGaHUs ypOBHeN BOAH B PeKaX (KaHalaX) BO BpeMeHH. UTOOB HCKIIO-
9UTH BIANAHHE THAPOTEOJOTHICCKOTO HECOBePHIEHCTBA PeK M KaHaJoB OORYHO
B KaYecTBe IPaHUYHBIX YCJIOBUHA MPHHUMAIOT Tpaduiu KodeGaHusi ypoBHedl IrpyHTO-
BBIX BOJ, B KPaeBHX CKBa)KUHAX, PACHOJIOMEHHHX OT TaKUX TPaHUI DOTOKa Ha 1,5
MOTIHOCTH BOJOHOCHOTO TOPUB0HTA,

Hnst moToKa, OrPaHMYEHHOTO C OJHOY CTOPOHH pPeKo#l (KaHAaJoM, BOJOXpPaHM-
aumem), a ¢ [pyroifl HempoHUmaeMeM Geperom mosuusl (THT 2), MepBy0 HabGmHOmA-
TENBIIYI0 CKBAKHMHY PasMemialoT, KaK YKa3aHo, NCNAJIEKO OT MepPBOM TPaHWIIH,
BTOPYI0 CKBa)KUHY — TOCPeUHe IOTOKA ¥ TPETHI0 — OKOJO HEIPOHUI[aeMOTO
Oepera — BTOPOIl TpaHUIIH,

Haxonern, B caygae KOPOTKHX IOTOKOB, OTPAaHNYCHHBIX PEeKO#l M KpPYTEM, HO
TPOHUIaeMEM GeperoM, mMOJ CRIOHOM KOTOPOTO HOTOK HE MONYYaeT JOIOJHUTEIH-
HOTO MUTaHUs cBepxy (Tum J), Tperha HabiaromaTelbHas CKBaj)KIHA BeChbMa JKejla-
TeJIbHA OKOJO ycTyma 9Toro Gepera. llpe npyrue ckBaskuHH (1, 2) pasMemaiorcH,
KaK ¥ Ha IPefbIAyIIeil cXeMe; CTBOP HabNIOaTeIbHBX CKBAKHH Pa3MeIIaeTCH TaKsKe
0 HATIPABJEITHIO TOTOKA.

PaCCMOTpeHHIﬁe BEIIITe CX€MEl PaCIOJIOKeHUA Ha6JIIOIKaTeJII)HbIX CHBaXHH BHIIOJ-
HIMB IIPW U3BeCTHOM HallpaBJIeNWW NBU}KeHUA NTON3eMHBIX BO.. Hpﬂ OTCYTCTBUU
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DAHHBIX 00 9TOM HampaBJEHWH WJIN CIOKHON dopme 3epxalla TPYHTOBBIX BOJ
MOKHO PEeKOMeHIoBaTh pacmoidoenue ckBakue mo I'. H. Kamenckomy, B Bupe
OpaBUIBHON ceTKW KBampaToB (puc. 7). MuHEManbHOoe 9YNCH0 HaOIIONATEIBIEIX
CKBa’KHH PaBHO HATH. UeTHpe CKBA)KEHBI PacIoJaralTCA [0 yriaM KBajparta,
a mATag — B ero meuTpe. TaKaf ceTKa HaGMIOMATENBHHX CKBajKUH I103BOJIAET IPHU-
MEHUTDH IPoCTefiMue ypaBHeHWA B KOHOUHHIX Pa3HOCTAX, COCTABJIEHHBIE IS NBYX-
MEpHHX IIOTOKOB.

Teppuropus, HojIeKamad A3yIeHuo GajJaHCa TPYHTOBHIX BOJ, a B JaJbHei-
IeM HYRIAIOMAsiCs B IPOTHO3e N3MEHEHUA WX PeKUMA, HOKPHBAeTCS paBHOME PO
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Purc. 7. Pacmono:xenne HaOMIONATENbHHX CKBAKHH II0 KBAApPATHOH ceTKe (3amITPHXOBAHEL dile-
MEHTH IIOTOKA).
a — CKBUKMHE HA O0CAX CAMMETpUM, 6 — TO ¢, B yrIax KBapnpara, ¢ — KBAaAPAaTHAA CeTKA CKBaMUH, I — Ha=

6monaTeIbHaA CKBUKMHA, MCIIONb3yeMan [JIA pacdeTa BjieMeHTOB 0ajlaHca PPYHTOBBIX BOM; 2 — TO e, B MecTe
mepecedeHuA JAMHUK CeTKM; 3 — OQUH U3 BJIEMEHTOB I'DYHTOBOILO IOTOKA

ceTKoit (cm. puc. 7, 6). B TouKax mepecedenus TWHMUIL CETKA 3aKIabBalOTCA Habiro-
naTedbHbe cKBa:KAEE., HecoMueHHO, 9T0 HeT HEOOXONUMOCTH IOKPHBATh GOABIIYIO
nJomanb Tako#l ceTkoil ckBakumH. OmHAKO pAaCHONo/KeHHEe XOTA OB 9YaCTH STHX
CKBa’KUH II0 TaKOH CeTKEe 0U4eHb 00JeTrudT aHAlAN3 M IPOTHO3 PEKAMa TPYHTOBHIX
BoJX BO BpemeHW. PacCTosiHMA Me:KNy CKBa)KHHAMA DPaCCMaTPUBAIOTCH B 9eTBEPTOi
raaBe.

HpoMe yKasaHHHX (aKTOPOB, BINAIIIAX Ha QOpMHApOBaHIe Pe;KIMa ¥ AUHA-
MUKH IDOA36MHEX BOJ, HE0OXOMUMO YIATHBATH IPHA PaCIoNOKeHUH CKBAa’KUH BONIO-
X03ANCTBeHHEE YCIOBHA W CHeNMEPUKY 0alaHCa BOJ IPU OPOMEHHN M OCYMEHUA
3eMeJIb.

Ha puc. 8 cxemaTnuecKy u300paskeHa JacTh 0pOMIaeMOT0 MaCCUBa, OTPAHAICH-
HOTO KaHAalaM#, OPOCUTENAMH M KOJJIGKTOPOM.

B ycmoBHAX OPOIIEHUS CO3[AETCH CJIOKHAA MOBEPXHOCTH TPYHTOBHX BOJ.
3anava nayuennsa OajaHCA TPYHTOBHIX BOJ CBOMHTCS K HaXOJKJAEHUIO OCHOBHEIX €T0
3JIEMEHTOB, 3HAf KOTODHE W MX CBA3H C BONOMOMAUe, NpeHA;KHEIM CTOKOM ¥ IPY-
raMu GaKTOPAMH, MOKHO JeTKO COCTABUTH TPOTHO3 U3MEHEHHs PeKMMa ITUX BOJ
OpH HOBBHIX YCIOBHUAX BOOIOMAYMN, pexUMax OpOMIeHUsI, NPeHaMHa n T. ..

C aToit mMeJbIo, HAIPUAMEDP, HA IIOCTPOCHHBIX OPOCATENbHHX CHCTEMaX, TNIe Tpe-
GyeTcs IpOM3BeCTH AETANBHHI aHalus dopMupoBamus GanaHCa TPYHTOBHIX BOR,
COOPY/KAeTCHA CeTh HaGIIOJATENBHEIX CKBA/KAH U3 CIeyOIUX IIeMeHTOB;

1) KOpoTKZe CTBOPH CKBa)KAH, HOPMAa/IbHBIE K KaHalaM ¥ IpeHaM;

2) CTBODH CKBA)KMH, COCMMHAIIHE DA3JUIHEE BOXOTOKM, WUAYHIUEe TAK/Ke II0
IMEASM TOKOB B Ijame;
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3) rpynnst HabGIOAATeIBHHX CKBAKEH, I[03BOJAININE MCCISZOBATH OaJaHC
IBYXMepPHOTO IOTOKA, ¥ ONUHOYHEE CKBAKEHEL MJS YTOYHCHMA KapTH THIPOU30-
THIC M 0TOOpasKeHMsA rpaHWYHHIX ycaosuit, [lociegnue M3 3TUX CKBaMKWH pazMe-
marpTesl BOGIM3H OTKPHTHX BOZOTOKOB H BOJOGMOB, a TAKKe APOH.

Cxema, mpepcraBjeHHas Ha pUC, 8, BIOJHe pernpeseHTaTMBHa X B CIydYae
OTCYTCTBUA Ha MeCTHOCTU OPOCHTENbHHX W APeHAKHHX KaHAJOB, HO COODY/KeHHe
KOTOPHX BeChMa BEPOATHO IO IPOeKTy. B o6oux cayuasx oCHOBOM [jis pasMeme-
HUSL CeTU HabJIofaTeNbHEIX CKBa)KUH OyIeT CYMeCTBYONAA W O:KAZaeMas IOCIe
OpOIMeHUsl UIM ocymeHHs (opMa 3epKajla TPYHTOBOTO IOTOKa. Tak, Haupumep,
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Puc. 8. Pacmoaoxenne maOMIOAATEeNBHHX CKBAKUH HA MAaCCHBe OpPOLICHHUT.
1 — pacyYeTHbIe TOUKH HB&IID&THOﬁ CeTKH, IJIA KOTOPBIX COCTABIAETCA IIPOTHO3 H3MEHEHHSA VPOBHA I'DVHTOBHX
BON; 2 — TOYKH, OTpa{aiouIne IpaHugHbBIe YCJIOBHUA, 3 — Haﬁmoua'renbume CKBAKUHBI; 4 — DACUECTHBIC 3JIeMEH=
Thl HOTOKA, ZJIA KOTOPBEIX COCTABJIAETCA B IIepBYIO odependb 0aJIaHC I'pYHTOBBIX Bod; § — I'uApOUSOTUIICH

mo crsopam cks. 1—6, 19—22 (cm. puc. 8) B mpefienax 3amTpUXOBaHHHX DIEMEH-
TOB ITOTOKA, BHIIGJCHHHIX Me:KIy CpPefHUMM JIMHUAMY, BEYHCIAIOTCA BeIUTUHE
UHPUIBTPAIIAA ¥ MCHAaPEeHUS IPYHTOBHIX BOJ, OLPeIEJIAeTCH BO3MOKHOE BOCIOJIHe-
HMe MOg3eMHOr0 cToKa. 1o maHHHIM KoleGaHWA YPOBHA I'PYHTOBOM BOXE B I'DYIIO-
BHIX ckBasxuHax 18, 23, 24, 25, 29 u ap., pacHoONOKEeHHHX B MeCTaX, Ife IIOTOK
AIBJIAETCA JABYXMEPHEIM B IJIaHe, TaKke COCTABIACTCHA IOJHHA 0allaHC TPYHTO-
BHX BOJ.

Ilns oro0pasKeHWsl rpaHMYHEIX YCJAOBWUH P CKBayKUH pacCHojaraeTcsi BOIU3n
KaHalloB ¥ apeH. IIA moclieqyiomero mpOrHO3a peXWMa TPYHTOBHX BOJ BeChMa
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yHoOHO BHadUalle Ha Y9aCTKe PasGMTh KBajpaTHYI0 CETKY € TeM INaroM, KOTODHI
0TBedaeT YCPeQHeHHBIM 3HAYeHHAM TUAPOTEONOTHYECKHUX IapaMeTPoB H IpHeMie-
MO# TOYHOCTH pacyeTHOTO IPOTHO3a.

Pacnonosxenue mabirolaTeIbHBIX CKBayKUH, IpHBeJeHHHX Ha pHC. 8, oTBedaeT
npumepso mwromanu 650—700 ra (Bcero 36 ckBaxkum). OBo xapakrepusyer coboit
OIOPHHIA KI09eBoll GalaHCcOBHl yuacToK. TaKUX yYacTKOB MOKeT GEITH HECKOIBKO
B IpefieiaX OPOCHTeNBHON cHUCTeMH. XapaKTepHHM [JIf OPOIIAeMEX YYaCTKOB
ABJIACTCA COKpaIeHHe PaCCTOAHHN Me:KRAy cKBakuHaM® 1o 50—150 M.

Iuasi mpaBmabHoro BEHGOpa TpaHMYHEIX YCHOBHHA Baskeo 3ablaroBpeMeHHO
U3YYUTh THUAPABIHYeCKYI0 CBSI3b OTKPBITHIX BOJOTOKOB € TPYHTOBHIMH BOJTaMA.
B papge ciyuaes sTa cBA3b OyneT 3aBHCeTh OT JUTOJOTMYECKOTO COCTaBa TPYHTOB,
CTelleHU 3allIeHHsA JHA U OTKOCOB KaHAJKOB, IPeH U T. I. B sagawy mpeaBapuTein-
HEX MCCIeJOBAaHUA [OJKHO BXOJWUTH OUpe[elieHHe THAPABIUYECKOTO COIPOTUBIE-
HUs Joka KaHAJO0B, PEK, METOAMKA KOTOPOTO PacCMaTpPUBAaeTCs B 4eTBePTOH riase.

PaccmoTpeHHble BhHINe NPUHIUIL pasMelieHHs HabnmogaTedbHBX CKBaKUH He
HCYePIEBAIOT BCEX BO3MOYKHHX cxeM cerr. Ho Bo Becex ciydasXx o6A3aTelIbHO UMETH
Takoe pacIooyeHNe HabNIOMaTeIbHEX CKBayKUH, KOTOpOe I08BOIMIO OB BHIIOJ-
HHUTH pacyeT MHPUIBTPAMOHHOrO0 NUTAHUS, UCHAPEHUS TPYHTOBHX BOX M UX IOJ-
3eMHOTO CTOKA JJIfl THIIOBEIX Te0JOT0-IUTOIOTIIeCKIX U TUPOTe0J0THYeCKHX YCIO0-
puil. HeoOxomuMo HOMHHTH, 9TO HPH PAaCIONOKeHUH HaGII0faTelbHBEX CKBayKHH
Ha MECTHOCTH B IePBYI0 0Uepe/ib YIUTHBAITCH ee pelbed, reomopdonorus u obmue
TUpPOTeoioTHYeCKre YCiuoBus. PailoHupoBade GONBMIMX TEPPUTOPHM IO BTHM
OpHUsHAKaM FBJISETCH WUCXOMHBIM IIOJOKeHWeM HPY pa3MemeHHH HabIXiomaTelbHOR
ceTH, HMeromell pernoHalbHOe 3HAUYCHUE.

OBOPYJTOBAHVE HABJIOTATEJBHBIX IIYHKTOB

B cocraR HaGIOMaTeILHHX IIYHKTOB MOTYT BXOAUTH: OfHA HJIM HECKOIBKO
HabI0naTe AbHEKX CKBAaYKHH, 3aJ0KeHHHX Ha PAasiHble BOMOHOCHBIE [OPUBOHTH, BOKO-
MepHBEII HOCT Ha peke (KaHale), ocajKoMep, ILIIOBHOTpad M HHOTAA IOYBEHHEIT
ucmapuTeds. 1Ipu sroM HabmomaTeIbHEE CKBAKUHE PasMeINalOTCA B OHOM KycrTe,
¢ paccrosmMeM apyr ot apyra 1—3 m. Paccmorpum myskTsr puig mabmiomenus 3a
PERAMOM IOABEMHHX BOJ.

Ilpu 06opyJoBaHMA TAKUX HIYHKTOB HEOOXOAMMO YYHUTHIBATH:

1) BO3MOKHOCTH HAJEKHO BECTH HalOJIONCHUSA 3a pacIpefelieHHeM HaIOPOB
HO/[3¢MHEIX BOJ[ II0 BEPTUKAJI MOIIHOTO BOJOHOCHOTO IJIACTa MJHU CME;KHEIX BOMO-
HOCHHIX TOPHM30HTOB, Pa300IEHHHKX CIaGoNPOHUIaeMHIMH IIOPORAMHU,;

2) ymo6cTBo HabumofaTe bHBX CKBa)KMH JJA 0T60pa Ipo6 BOABI Ha XUMUTe-
CKU# aHAllu3, PeMOHTa, YHCTKH, IPOKAYKH BOAH U T. IL;

3) obecmeveHHOCTs LPOM3BOACTBA JIIMTENBHEIX (MHOTONOTHHUX) Halriofienuit
3a PEKUMOM TPYHTOBHIX BOJ.

KoucTpyknus naGuwogaTeldbHON CKBajKUHEL NOJKHA obecmevuBaTh, C onmoit
CTODOHBI, HAE/KHYI0 H3O0NANNI0 CKBAKUHEL OT BOJ BOJOHOCHEIX TOPHM30HTOB, pac-
HOJOKEeHHBIX BHIIe W HIUKE U3ydaeMOT0, a TaKyKe OT BOJ aTMOC(epHBIX 0CagKOB,
a ¢ Apyrofl CTOPOHH, — XOPONIYI0 CBA3H C M3y9aeMBIM BOJOHOCHBIM FOPH30HTOM.
B komCTpYKRUME HaGi0OHaTeIbHON CKBAKUHEL BHIIEJAIOTCH CIENYION(Me 3JIEeMEHTH!
(puc. 9): a) ¢uasTp 5, obecmedUBatOMUIl JOCTYI B CKBayKUHY BOJXBI M8yIaeMOro
BOJOHOCHOTO TOPH30HTa; 6) Tpyba 4, Ha KOTOPO# KpenuTcs GUALTD; B) Haj3eMHAas
wacTh 9TOM TPYOH 2, BoaBHIMaoMmascs Han semieil a 0,7—1,2 u; r) oromosox I —
3amMpaeMoe yCTPOICTBO, IpefloXpaHsIiee CKBAKUHY OT 3aCOPeHUA W HOIAJAHUA
aTMOCHiePHBIX OCATKOB.
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Yro6H B CKBa;KHHY HE [IOHNAAAJN [OBEPXHOCTHHE BOJAE W OCaKH IO 3aTpy6-
HOMY IIPOCTPAHCTBY, B YCTBhE ee yCTPAWBAIOT TaK Ha3HBaeMHll samok. Ilocaemmmit
MO;KeT OHTh TIAWHAHHIM, MEeMEeHTHHM WIM KOMOWMHMPOBaHHBIM.

Puc. 9. Kouctpyrumsa wnabuawopa- Punc. 10. Cxema W30aAOUKA BOZOHOCHEIX TOPH30HTOB.

TeJbHOM CHKBAaKUHEL. a — cnoco0 sagasJjBaHMA o0CagHRIX TPy0 B INIMHBEL: I —
1 — OTONOBOK; 2 — HATPYOOK; 3 — KOM- BHEWIHAA KOJOHHA TPYG; 2 — (UIbTPOBAA KOJOHHA; 3 — Dpa-
OMHUPOBAHHMA TIIMHAHO-IeMEHTHEIN 3a- Oouaa wacth ¢uIbTPa; 4 — OTCTOMHWK;, 6 — CHOCO0 LeMeH-
MOK; @ — IIeMeHTHAA IONYITKA; 6 — TUpOBaHMA: 1 — IeMeHTAIMA 3aTPyYOHOTO IIPOCTPAHCTBA, 2 —
PIMFSHEN 3aMOK. 4 — KOJNOHHA TDYO; oGcanHaA KoJIOHHA TPY0, 3 — OCTATOK BHYyTpeHHell o0camHOH
5 — pabo9as 9acTb QUIBTPA, 6 — OT- HOJIOHHBI TPY0, 4 — pabowasa dacth ¢uabTpa. I—III — BO-

croltHuK; 7 — IpoOKa; & — penep HOHOCHEIE TOPUBOHTRI

Ilpm o6GopymoBaHUM CKBa)KWH JJisf HaOmiomeHwil 3a MOA3eMHHEIMH BOXAMH BTO-
POro OT IMOBePXHOCTH UXH eme (oxee TIyGOKOTO BOJXOHOCHOrO TOPUBOHTA BCE TOPU-
30HTH, PACHOJIOKXeHHEIe BHINe HaOIIIaeMOr0, OMKHK OHTH
H30IUPOBAHEL ¢ IOMOIIBI0 TaMIOHAKa (IIMHAHOTO, IE@MEHTHOTO). (
[lepBeiif ¥3 HUX OCYMECTBIASTCA HPYW HAJXWINN I[JIacTa TIUH
MOIIHOCTHIO He MeHee 2,0—3 M, B KOTOPHI MOIYT 3aZaBiUBATLCH
o6cagnse Tpy6w (puc. 10, a); Bropoit — mpu rayborom GypeHuu
U M30JIANUU BHINENEKAMWX TOPU3OHTOB OT HUKHETO, KOTODHIA
nomken Habmogatbhea. CTeHKH CKBa)KMHHL B MeCTe TaMIIOHAKa,
T. e. y 6ammaKka o0cagiiofl Tpy6E M BHINE, TONKHE OEITH CIOKEHEI
13 BojoHempoHuilaemoil mopogsi. IlememTupoBaHMe 3aTpyGHOrO
IpOCTPAHCTBA IIPOUSBOMAUTCA LyTeM 3aKaUKM IleMeHTa ot 3a6os
no yersa ckBarummst (puc. 10, 6).

Ilpm meobxoguMOCTH u3yd4aTh HECKOJBKO BONOHOCHBIX TO-
PUBOHTOB pPeKoMEHxyeTcs 060pyzoBaTh HaGNIOZATENBHYI0 CKBa-
SRUITY I KasRI0TO U3 HuX. HeCKONBKO TaKUX CKBAYKUH 06pa3yioT
X KYyCT. '

B ¢KRaXBHBEIX TPEHIMHOBATHX IOPOKAaX W rpaBHIHO-TaIETHHKO-
BHIX OTIOKEHHUAX CKBa;KUHEL MOTYT 060pymoBaThCs GecceTouHsMu
duasrpamu. Ha ofcajusix mwiv mOMMITHICHOBHX TpyGax nporus Fac. 11. Hrex-
na601aeMOT0 TOPU3OHTA IPOU3BOTUTCA [EIpYaTas WM IHejieBast reTp
nepdoparus.

B mecuamelx omiosKeHUAX OORYHO [Jif HabIIONEHUS HPUMEHSIOTCA CeTYaThHIe
«punbrper. J{ua KpyoEHIX DECKOB BHGUpaeTca peaKas CeTKa NPOCTON THaHM W3
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TONCTOM TPOBONOKA. LA MEJIKMX W HMANCTHX HeCKOB PEKOMEHIYeTCs NPAMeHATH
3aCHIIHEE, KOP3WHOYHBIE WIH KOMKYXOBHE (PUIBTPH,

MeHEMYM 3apaCTaHUAM LONBEPIKEHH IOJMSTHICHOBHE W acOOlleMeHTHEE
TpyOH, UTO AellaeT MX HPeJIOYTHTeNBHHMH II0 CPaBHeHHIO ¢ METaJINYeCKUMH,

AnturopposuiiEee (GHIBTPH MOTYT H3TOTOBJIATECA N3 IepPOpPAPOBAHHHX
MOJNMOTIJIEHOBHX TPYG, OOTAHYTHIX MJIACTMAaCCOBOM CeTKOM, CTEKJIOBOJLOKHOM WJIN
IJaCTHHOE mDapaioHa, ofpabGoraEHoro melogsio. MoxBEO Ha HepdopuUpoBaHHYIG
HOJMATHICHOBYW TPYOyY HajeBarTs ONOKH W3 IOPHCTOH KepaMuKiu.

O6nueo ¢mabTp yeTaHAaBIMBaeTcAd Ha Takyio riay6uHY, 9T06H OH He ocymaics
HasKe Tpu HauGoliee HUSKOM IOJIOMEHWH YPOBHA IOA3eMHHX Boju. [lnmEa paboueit
YaCTH HE [OJKHA OpeBHmarh 2 M, oTcTo#HUK 1,5—2 M. OpHaxo mpu nHeobxomm-
MOCTH (MKCHPOBATH HAamOP BOAH B HaHHON TOUKE IJIacTa, YTO BayKHO NPHU U3ydeHUN
BEPTHKAJLHOTO BO0OOMEHA B TONME IOPOJ, AlInHa paboueil vacTy GUIBTPA COKpa-
maetcsa no 0,5 M.

Ina mabniomeHMA 3a ypPOBHEM BOAH HErJIy6OKO OT IOBEPXHOCTH, HalpHMeD
opn QUIBTpAamUH M3 naM0, IpW H3yYeHMH THPOEMHAMHYECKHX CETOK IBUIKEHWS
M@Ky TOPH30HTAALHHMA JPeHaMA O T. ., B PHXJIHX OTIOKEHHAX yHROOHO mpHMe-
HATH mWrekpumiabtpe (puc. 11). Msroronstorca omm m3 GypuasEmX TPy6 (wrTanr
KpymHoro pguaMerpa). PaGosasa mnepdopmpoBaHHas wgacts mimHonr (,25—0,30 M
obTanyta ceTroil. Hakomeunmk mupe ¢uapTpa 7w 3aocrpen. [ny6wHaA yCTaHOBKHU
mx MeHee 10 M.

B cyramEkax HabnogaTeNbHBEE CKBAJKUHB MOJUKHH HNMeThL MAHWMaJIbHBIR
[IHaMeTp, TaK KaK 94eM OH MeHbile, TeM GHCTpPee YPOBEHDb BOJH B HMX pearupyer Ha
m3MeHeHMe NABJIEHHSA B BOJOHOCHOM TOpH30HTe. HampuMep, MOKHO OpPUMEHATH
Tpy6r pmamerpoM 2”. B mpyrmx yenosmax Gomnee pacIpOCTPAaHCHHEIM SBISETCH
nuaMerp Tpy6 3”.



I'/TABA YETBEPTAA

TAAPOIUHAMUYECKAN AHAJIN3 PERIMA TNION3EMHBIX BOJ
N COCTABJIEHME X BAJIAHCA II0 JAHHBIM
CTAIIMOHAPHBIX HABJIONEHNN 3A NX PEXNMOM

Boxpmaa 3acxyra mcciaenoBareneir BopmHoro 6Gauanca (E. B. Ommoxos,
1I. B. Orouxrmit, M. A. Beanxanos, A. H. Hocraxos, T'. H. Kamencknii,
M. A. IlImzgr, M. M. Kpsiros, A. A. Pome, A. @, Cragses m ap.) sakxodaercs
B paspaGoTKe METOMOB ONPeNeNIeHHS OTJAeNbHHX ero BIeMeHTOR.

Ilpm pasgenpHOM SKCHePHMEHTAJIBHOM ompejieleHNN GoMBITMHCTBA HIEMEHTOB
BomHOTO GajaHca Hambolee IIOXO0 HOAMAITCS YYeTY WHOUIBTPamMOHHOS NMHTAHUE
TPYHTOBHIX BOJl, HX MCHapeHHe, IPATOK H OTTOK LOA3eMHBIX Box. Memny TeM Ha-
OnoflaeMbiil B HATYPHBHIX YCIOBHAX PEKUM IPYHTOBHX H MEKIIACTOBHIX (JacCTO
HANOPHHIX) BOJ HEIOCPEACTBEHHO OTPayiaeT BCE STH DHJIEMEHTH.

s ompeneneHns 9J1eMeHTOB GallaBHCa TPYHTOBHIX BOJl 1O MAHHHM UX PEKIMA
ACHOIB3YIOTCA 3aKOHOMEPHOCTH NMHaMUKH IOJ3eMHHX BOJ, B YaCTHOCTH TEOpUA
HeycTaHOBUBIeNcH (GHIBTPaIUy.

OCHOBH TUAPORAWHAMHYECKOTO METONa aHalIu3a PeKUMa TPYHTOBHX BOJ IJs
OIpefeieHNA WX HUTaHUA CBepXy BuepBHe Ouinu paspaborasm I'. H. KameHckum
(1943). M mpepomxeHsl ypaBHeHNs HOYCTaHOBUBINETOCS JBKEHN A MON3EMHEHX BOJT
B KOHEUHHIX Pa3HOCTAX. B 3TUX ypaBHEHHUAX, IO CYmECTBY BHPasKalMUX GalaHC
TPYHTOBHX BOJi B 9JIeMEHTE HOTOKa, HEMOCPeNCTBeHHO CBABHBalOTCA KolebaHms
YpOBHSL BOAH C dlieMeHTaMu OalaHca.

Ha ocvose pabor I'. H. KaMeHcKOr0o HaM IIpeficTaBuUiiach BO3MOKHOCTH pe-
IIATh 3ajadyy W0 ONpefeIeHMI0 BCEX APYIMX »JIeMeHTOB (ajaHCa TPYHTOBHX BOJI,
KaK JUIsA UX PaCUeTHHX YIACTKOB, TaR I AJA H3Y4eHHOT 0 BOZocGOPa B mMeI0M, HCXOMA
13 3HAHUIl PeKMMa DTUX BOJ M THAPOTeOHorMYecKuXx mapamerpoe (JleGemes, 1951,
1963 u ap.).

IMapanmensHo ¢ HaMW [JaHHOE HaUpaBleHNE HCCIeNOBaHW GalaHCa TPYHTO-
BHX Bop paspabareiBamock Il. A. Kucemesmm (1951, 1961 rr. m ap.). B cBoux
paGoTaX oH IPUMEHSET Te ke ypaBHEHHA HeYCTAHOBUBINETOCH NBWKEHUA TPYHTO-
BHX BOJ[ B KOHEYHHX Pa3HOCTAX I MCIONB3YeT HX KaK IPU pacueTe BeIUYWH HCOa-
PeHHsI ¥ CTOKa TPYHTOBHX BOJ, TaK M [JIfA BHYHCIEHNA OCHOBHHX IIapaMeTpoB
HeyCTAHOBUBIIETOCH [BIKeHNs (HEJOCTATOK HACHIMEHUSA Nopon, Kod(UImeHT
YPOBHEIPOBORHOCTH),

CymecTseHHOe oOTIHYIHMEe JTOH METONUKH IOJNCYeTa GajaHCa TPYHTOBHX BOJ
OT Hame#l B3aKA0YAaeTCA B TOM, YTO IOACYET 3IEMEHTOB GajiaHCA OH LIPOMBBOJIT
HAPACTAIONUM HTOTOM BO BDeMOHI, B CBA3H C YeM TaKoe HalPaBIeHMe MOXKHO Ha-
3BaTh uHTerpalpHEIM. OHo ynoOHO [IA aHanM3a CBASedl MHOTOJIETHETO PesKNMa
BOJl C IPHUPOAHEMU (HaKTOPaMH.

Hame wnampaBieHme MoXHO Ha3BaTh nnq)q)epeﬁnna.nmmm, IOCKOJBKY MBI,
BO-IIEPBHIX, PUKCUPyeM BHUMaHME Ha OTHEABHHX OTPE3KaX rof0BOr0 IHKIa, a BO-
BTOPHIX, TOJCYUTHBAEM BaMKHYTHE O0allaHCH TPYHTOBHX BOJ U II0 TEHOTHYECKH
PasHOPOLHHM IIepUOIaM faeM rofoBoi 6aaHC TPYHTOBHX BOJ B IEJIOM.

Hpome Toro, MH BCHOIB3yeM A KasKAOT0 IPOMEKYTKa BpemeHn At cpemame
BeJIMIMHLE HAOPOB BOY 3a 9TH IPOMEKYTKHN, 9YTO IPUBOAUT HAINN ypaBHeHH:A
B KOHEYHHX DAa3HOCTAX K HesBHOMY BHALY. IJTOT BHj ypaBHeHHil ofecmedmBaer
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-yeTOMYMBOCTD PeIIeHMI HPAMBIX B3ajad W IOBHITaeT TOYHOCTh pelleHus oGpar-
HBIX B3ajad.

BMmecTe ¢ TeM MH MIEPOKO MCIOJIb3yeM He3aBHCHMEI MeTOJ OpejeIends mapa-
MeTpa b IO MAHHHM O Pe;RUMe BJIa;KHOCTH I'DYHTOB B 30He aspalliid, a TaKKe Jio-
TOJHACM THAPOIMHAMHUIECKMI aHAIM3 PEKUMa TPYHTOBEIX BOJ PAacyeToM BOLHOTO
famanca B STOH B30He.

[IpuMenenne ypaBHEHMA HEYCTAHOBMBUIETOCS [BWKCHHUSA TPYHTOBBIX BOJ B KO-
HEYHHIX pAa3HOCTAX K pacyery. saeMeHTOB 0allanca BOjZ B JMTEpaType IIPAHATO
HA3HBATh METOJOM KOHEYHHX pa3HoCTel u3yweHus GasmaHca.

B 50-x romax mamum u gpyrmmu asropamu (C. M. CemenoBa, U. K. 'auu
¥ Ap.) Ol DPHHAT STOT METOR He TOJIBKO 1A eCTeCTBEHHHX YCIOBMH, HO W A
VCIOBUH OpPOIIEHUs W OCYIIEHUS.

B 60-x romax B cBasu ¢ paGoramu I1. fI. llonyGapunosoii-Kouunoii, H. H. Be-
puruna, C. @. Asepbarosa, B. M. Illecrakora, a Tamske HAUIMMK ¥ fP. B IPAKTEKY
[HAPOTe0JOroB CTajJ IMMPOKO BHEAPATHCHA aHAAMTHYECKHH METO] aHAJIM3a PeKHMa
TPYHTOBHIX BOX M pacuera MX Gamanca. 9T0T MeroJ A CPaBHUTENBHO IIPOCTHIX
cXeM JBIIKCHAA TPYHATOBHX Boj MaeT Goliee shdeRTHRHEE pemenus, TpeGyer MeHbIIe
HCXOHHX HHPopManuil o THAPOre0JOTHYECKUX YCIOBHAX M MeHee TPYNOeMOK s
py4soro cuera.

He mepeuncnss JOCTOHHCTB METOJA MOJEJIHPOBAHHSA, OTMETHM, 4TO JJIA yCIEHI-
goro mpumenensss IBM HeoGXo[MMH BCECTOPOHHUI aHajM3 THAPOAUHAMUYECKON
06CTaHOBKY, MPEIBaPUTEIBHHI pacier IMIPOrecJOruUecKAX MapaMeTpoB, a Tarike
omenKa 0ajlaECa TPYHTOBHIX BOJ B OTJEJNBHHX ¥ Pa300meHHEX NYHKTaX TEPPHUTO-
puu. Bece »rm m ppyrEe momo6HEIe 3amag¥l BOSMOKHO pemarh 3abiaarospe-
MEHHO,

Mcmoab3oBanne aHAJIATHYCCKAX METONOB M MeTOIa KOHEUHHX PaBHOCTEH MOBBO-
JdsieT HAXONHMTh: 1) HUTaHMe TPYHTOBHIX BOJ CBePXY (MHQHIBTPAIMI0 OCALKOB,
McIlapeHne TPYHTOBHX BOJ); 2) Pa3HOCTh MEKIY IPHUTOKOM H OTTOKOM 3THX BOJ
B rOPUB0HTANLHOM HAIPaBJIEHNY; 3) MepeTeKaHUe IPYHTOBHIX BOJ B MOACTHIAIOINIE
BOJ[OHOCHEIE IJIACTHI HMOPOJ MIM oOpaTHOE IBM)KeHHe HANOPHEIX BOJ B I'DYHTOBLIH
MOTOK; 4) M3MeHEHMe 3allacOB IIO/3eMHEIX BOX M GaJaHC BOXHL B I[EJIOM; D) DKCTPa-
OJIXPOBAHUE PE3YJIBTATOB PacyeTa dIeMEHTOB OalaHca Ha NMpH/e:Kalie TeppPHUTO-
PHMH ¢ TEJIbI0 COCTAaBIeHNA 00mero BoxHoro Ganamca KpymHHX ob6macreir. Paccmor-
PHEM ANAIHTHICCKHN I KOHETHO-PAaB3HOCTHEIH METOJEL.

AHAJUTHYECKRN METOQ

drorT MeTox 6GasupyeTcsi Ha AHAIMTHISCKHX pPeMIEHUAX AUP(epeHIHATBHEIX
ypaBHOHNUII HEYCTAHOBMBINETOCH NBIJKEHNA IION3CMHEIX BOJ JJIA ONpefeJeHHLIX
rpalAvHbBX yesaouil. PacaeTHEE cXeMH 00KYHO BEHOHPAIOTCA IPOCTHIE: OXHOPOLILIH
BOJOHOCHHH IJACT MJIM MOTOK MOT36MHHX BOJ ¢ IIOCTOAHHON BONONPOBOIUMOCTHIO,
OTHOMEepHBIA B IJIaHe M paspese MOTOK W T. O. BDanaHncoBhle ypaBHeHHA HpemcTas-
Jensl B pupdepeHmuaIbHod dopme.

IIpn manuuuu OIOTHHIX M MOIMIHHX IMIMH B OCHOBAHMHM BOJOHOCHEIX XODOIIO
IPOHHIAEMBIX HOPOJ pacyer MHTAHHA IIOJ3eMHEIX BOJ CBEPXY IPOU3BOLUTCSA 6es
ydera mepeTeKaHHs STUX BOJ B IOJCTHIAOIUE BOLOHOCHHE FOPH30NTH. B yemopuax
MOJCTHIAHKA TPYHTOBHX Boj CTaGoNPOHMIIAEMEIME MOPOJAaMHU (CymecH, CYriHHKH,
mecyaHble TNIMHBI) M HAJWYUA PAsHOCTH HANOPOB IO BEPTHKANN GalaHC STHX BOJ
.COCTABIACTCA ¢ yJeTOM IEPETeKAHHA FPYHTOBLIX BOJ B HIKeJEKalmye BOJOHOCHEIE
TFOPH30HTHI.

20



Heyc'ranonnnmeeca ABUKEHVE NOAIEMHDBIX BOJ[ IPA OTCYTCTBUM EepeTeKaAHU s
UX B NMOACTHAANIIUE BOTOHOCHBIE TOPU30OHTEBI

OmgaoMepHoe ABMKEHHME I'PYHTOBHX BOJ B OJHOPOZHOM B QMIBTPAIIOHHOM OTHO-
IeHNY TOPHU3OHTANBHOM ILIacTe, IO ByCCUHECKY, OIMCHBAGTCS YpaBHEHIEM

oh a oh
b= kL (ha—x)-{-w, Iv.1)

rge s — MONIHOCTL TPYHTOBOT'O IIOTOKA HAaJj er0 TOpPHA30HTAJBHHIM BOOYIODOM
B CEUPHMM I B MOMEHT BpeMeHH ¢; ik — KodddunuenTt PuiasTpaiiuu BOJOHOCHEIX
DOpOR; W — HeZoCTATOXK HaCHIMEHHs MM BOFOOTHAaYa TPYHTOB B Ipepeiax Kojeba-
HUA MOJUepPTod KaNMIIAPHON KaWMH W YpPOBHS IPYHTOBOM BOJBI; w — MHTEHCHB-
HOCTH OATAHUSA IPYHTOBHIX BOJ CBEPXY (IpU MOJIOKUTENBHOM 3HAYEHUM — WHTEH-
CHBHOCTH HH(MIBTpPAIMHM 0CATKOB WIH MOJUBHEIX BOJ, MOCTHTAONMX 3epKala
IPYHTOBHIX BOJ, HOPH OTPUIATEIBHOM — HHTEHCHBHOCTH PACXOJ0BAHHSA TPYHTO-
BBIX BOJ| B 30HY anpaliy Ha CyMMapHOE HCIHapeHMe MM ILIeHOYHO-KaIMIIIAPHEIL
BOCXOAMUT TOK).

Tlo pacueram C. @. Asepoanosa (1956), mua cambix HeGHaTOIPAATHEIX U PEIKO
BCTPEUAOMIUXCS CIYyYaes OINMOKA oT 3aMeHH HejiHHeiinoro nuddepeHmualbHOro
ypasuenus (IV.1) nureitnpim (IV.2) npu n3yuenuu pe;KuMa TPYHTOBHIX BOJ HaXo0-
murcs B npepgenax 20%, WTO mpH ygere TOYHOCTH MCXOAHBIX HaHHBIX (K, K, W)
BooHe gomycrumo. O6BYHO 0OMMGKA B pacyeTe A OT HTOr0 ZOIyIIeHnsA §yneT MeHEBIIe
yxa3aHHOH.

CregosarelinHo, 778 NMPaKTUKY THIPOreoIoTHYECKNX pacyetroB Bmecto (I1V.1)
MOKHO ODPHMEHATDH JHHeHHoe nuddepeHnUanbHOE ypaBHEHHE

oH 0°H w
AL i AR (1V.2)

u

khep |
e @ = —=L '— Ko3pPUNHEEeHT YPOBHEHPOBOJIHOCTH; h., — CPeZHAA MOIMHOCTD-

moTora; H — HaIop BOpbl B CeYeHHU & B MOMEHT speMenH f, Ocrambubie 0603Ha-
YeHWs MPeKHUe.

s pemenusa npaKTHUeCKMX 3amal IPUMEHAM MeTOX CJOMEHUA TeYyeHWH
M obpaTHMcsa K peIIeHHI0 JWHEHHOro ypaBHEHHS

0 AH 02 AH w
=0 s (1V.3)

AH =H—H (@, 0),

TIe

opueem AH — usMeneHuMe Hamopa BOIH B CeUeHHHM Z, IPOUCXOAsAIiee 3a Bpems f;
H (z, 0) — mepBoHaYalbHH# Hamop BOJBI B CEYEHUH r B HAYAJLHBLIA MOMEHT Bpe-
meEH ¢ = (; w — MHTENCHBHOCTH MUTAHAA IPYHTOBHIX BOJi CBEPXY IIPH OTCYTCTBHA
TaKoro MUTAHAA B HadaubHEI MoMeHT (1 = () M)IM W3MeHeHHE TOH MHTEHCHBHOCTH
MWUTAHAsE OPA HAJTHIMM HAYAQJIBHOTO INTAHUA B YKA3aHHBIM MOMEHT.

Benuumna w ycTaHapImBaeTCs MTHOBEHHO mocie ¢ = ( M ocTaeTes MOCTOSHHOM
B TeueHHe BCEro pPaCueTHOI'0 BPEMEHH i,

Hwxe mpupojsaTcs pacueTHBIe 3aBHCHMOCTH JJIsi HEKOTODPHX CPABHHUTEIBHO
TIpOCTHX CXeM JBMKeHHA Bojx (pHc. 12), Momy4eHHEe aBTOPOM IIPH pPeNIeHUN JuHeH-
Horo muddepenumansuoro ypaseenus (IV.3).

1. Heorpanumuensauni moTok (cM. puc. 12, @) BOSHHKAET B CIy-
YasX, Korjia COOIMIOaIOTCs YCJIOBUA:

51



a) BOJOHOCHHH NJAacT CPABHUTEIBHO OZHOPOJeH IO CTPOEHUIO I BORHO-PU3H-

9eCKUM CBOMCTBAM IOPOA;

6) ray0maa ;0 TPYHTOBHIX BOX BOOIb CTBODA CKBa/KWH IPAMEPHO OJEHAKOBAA;

a N

(TIRERN/
i\ an(z) } ¥

X / t=0
/

Z A

7 Az 77 ////]{ 7 7

Puec. 12. PacueTanle CXeMsl ABHKeHHA TPYHTO-
BRIX BOA.

IloTOKI TPYHTOBHX BOM: @ — HEOTPAHWdeHHHIH; 6 —

J0nyorpaHudeHHE; ¢ — orpaHu9eHHHH € IBYX CTOPOH

pexamm; e — IIacT-IoJIoca ¢ OHOI HellpoHKI{aeMo# rpa~

Hunel; 8 — naacrT-ojioca ¢ 0COGHM TPaHIMYHBIM YCI0-
BHEM

B) pacueTHEE CeYeHHA IPYHTOBOIO
HOTOKA 3HAYATEJIHHO YHANEHHEl OT ero
MIaHOBHIX TIpaHul (pex, KaHaloB
u T.IL);

r) B pailoHe PaCHOJIOKEHUA Ha-
OomaTe IBPHEIX CKB)KMH HET MECTHBIX
HOHWKeHWH  WJId  BO3BHIIIEHHOCTEH
peabeda, MoOrymux TpeTonpefeluTh
HepaBHOMEPHOE pacupeeseHue 1mo miIo-
magd ITHTAHWA PPYHTOBHX BOJ, CBEPXY
wt (AA ®X dcmapeHRA uld);

K) YCHAOBHA YBIAyKHOHUS Ha IIO-
BepXHOCTH ¥ HHQWIbBTPAWH aTMo-
cepHEIX O0CagKOB B 30HE a3PANUM
ONAHAKOBH [0 ILIOMAanH.

B raxoii o6cTaHOBKe KpHBEE [e-
TmpeccMH BO BpPEMEHH IepeMemiaircs
TMouTH TapaJlielbHO caMHM cebe.

Jlns KpaeBHX YCIOBAA

t=0, AH=0;

0 AH -9

t >0, r= * oo, T

pemenuem ypasHenus (IV.3) Gymer
gopmyta

AH:%4 (1V.4)

AId

wt=pAH. (IV.4a)

HeorpanudgenHoMy HOTOKY TpYH-
TOBHX BOJ| CBOMCTBEHHO PAaBEHCTBO

=0 g (IV.5)

rjge ¢ — pacxoj IIOTOKA Ha eJUHWNY
ero mupune; Q,, @, — OPHTORK &
OTTOK TeX JKeé BOI, COOTBETCTBEHHO
HOCTYNAOMUX ¥  BHTEKAOMUX W3
pilleMeHTa IOTOKA Iromagbio K.

3 sTOoro paBeHCTBA cleAyeT, UTO
B pPacCMaTpWBaeMOM CJIy4ae [OPHW30H-
TaJIBHHA OPHUTOK paBeH ropW30HTANIb-
HoOMY OTTOKY Bof. [lJIfA IPOW3BONCTBA

‘pacyeTa WHTEHCHBHOCTH MATAHESA TPYHTOBHX BOJ CBEPXYy w IO (IV.4a) meobxomumo

3HATH BeJUTIHHH p u AH.
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2. MlonyorpaumaeHEHHNA HoTok (cM. pme. 12, 6) pacupocTpanex
TMHPOKO B eCTeCTBeHHHX ycaoBHax. H sroit pacuernmoli cxeme MOIyT OTHOCHTLCS
cIy4Yam pacueTa BeJIMGMHH wf, KOTHAa PaCCTOAHWME OT PAaCYOTHOI'O CEUCHUS 10 BTO-
PO FPaHAINH MOTOKA B TPH X 6oJiee pas IIPEBEIINAeT PaCCTOAHMAE £ (OT 3TOO CeYeHMS
[0 IePBOM rpaHMIE MOTOKA). I'pannnes moTora MOTYT CIYKATH PeKa, KaHAJ, BOJO-
XpaHWIANEe WIA fPyrofl BojoeM, BCKDHBAONIAA TaHHBIA BOJOHOCHHN IOPH3OHT.

3a TpaHHIy OJHOMepPHOrO HmoToKa = = () MOKHo TaKke IPHHATH €ro BepPTH-
KaJbHO® ceyeHHe, MePNEeHNMKYIAPHOe K JUHUAM TOKA B IIaHe M 0XapaKTepH30BaH-
1Hoe HabHAIOKaTeIbHOM CKBaKMHOH, CO 3HaYHTEJIHHO GoJjiee MHTCHCHBHHIME KoJeba-
HAAMIA YPOBHA MPYHTOBHX BOX, YeM M3MeHEHMA 3TOr'0 YPOBHA B PacIeTHOM CeYeHHH
2, IpAEYEM B HadaJbHEHA MOMEHET BpeMeHH (¢ == () AWM HeCKOIBLRO PaHEe ero JBUKE-
HHE BOJH MOMMKHO OHTH GIM3KO K YCTaHOBHBIIEMYCH, KOTHA W3MEHOHHAMM YPOBHA
AH wmosxuo mpeneGpeds.

[Ipuunmboit 6oxee peskoro KoleGaHAA YPOBHA B mepnol ckpaskuHe (upu r = 0)
MOKeT ABIATHCA YCHIeHHAA MeCTHaA WHPHIBTPAIHA aTMOCHePHHX OCAXMKOB MJIH
MOJUBHHX BOX BOAU3W 3TOH CKBAXKMHEL WY MOBHIICHHOE IPOTAB CPEIHErO IO ILIO0-
maja AcIIapeHAe ¢ 3epKaja IPYHTOBHX BOX. Bo Bcex aThmx ciaydasax GopMEL Meso-
H MUKpopeXbeda MM IPaHANA PE3KOH CMEHH PaCTATENLHOCTH, 00YCIOBINBAIOM e
HepaBHOMepHOe pacmpejelieHAe THATaHUA TIPYHTOBHX BOJ IO IJIOMAXMA, IOJKHEL
NMEeTh B IUIaHe OPAMOJMHEHHE® KOHTYPHIL.

JAma wrpaesHIX yCJIOBHI

t=0, AH=0,
t>0, =0, AH=1t,
e b — HOCTOSIHHAA BO BPeMeHM CKOPOCTh M3MeHeHHsI YPOBHA Ha I'pDaHUIE MOTOKA

0 AH
t >0, 2=o00, s =0

pemesuem ypasuenua (IV.3) OGymer dopMmyia, cocTaBileHHas OTHOCHTENBHO wi
B BUWIE
AH —AHOR (A)

wt=b—1—gay

(IV.6)
e AH — wW3MeHeHHe ypOBHA IPYHTOBHIX BOJ B ceYeHUM & 3a Bpema §; AH® = bt —
M3MEHEHUe YPOBHS TeX yKe BOJ[ 34 TO sKe BPeMA Ha IPAHUIE MOTOKA MM B HaYalbHOM

cevennn (z = 0); A = —2—:
( ) 2Vat ’

TPaNMIH HOTOKA HJIX HavajpHoro ero cewenusa (z = 0); R (A) — unTerpainHnas
Jynrnaa, tabanna 3HaYeHWH KOTOpPOil HpEBejeHa B mpmi. 1.
B xauecrse HMCXOJHEIX NAaHHEIX ) pacdeTa HeoOXOMUMO 3HATH BeTUIUHEL

W, AH, AHY = bt, a =ﬂ’f_, z, t.

Tipu z > (4 = 5)V at dopmyna (IV.6) mpespamaercst B gopmyny (IV.4a),
7 HOXYOIpaHWICeHHEIA HOTOK Gyuer 061afaTh CBOHCTBaMH HEOIPAHUYOHHOrO MOTOKA,

Taxkmm obpasom, mpumenars dopmyny (IV.6) moxuo pasa maooboro orpesxa
cTBOpa Habl0aTeIBHHX CKBaKAH, COBIAJAIOMEro C IIABHEIM HAPABIGHWEM IBH-
JKelINA BOJH, eCJIM B HAYaJIbHEIA MOMEHT BpeMeHH (npx ¢ == () g KeHUE PPYHTOBOM
BOJH Ha JAHHOM OTpe3xe GBLI0 ONIM3KO K yCTaHOBHBIIEMYCA, a KoJefaHHa ypoBHA
B PACUETHON CKBaJKUHE B TOH MJIM HMHOH Mepe IIpeoIpene/IAloTCA H3MeHeHNeM YPOBHSA
B HIDRHEH IO ITOTOKY CHBaj;KUHE.

2 — paccTogHMe JAHHOTO CeUeHHA (CKBa)KMHEL) OT
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Hocreanion W3 5TEX CKBAYKAH OOBIYHO NPAHMMAIOT 3a HAYaJbHOE CedeHAe
motoka (z = 0), rue msMenenme ypoBHA coriacuo (IV.6) ommenBaercss 1o 3aKoHy
npsamoit AH® = bt.

Ecan B xoHne nepBoil cTyneHHA HoxbemMa YpoBHA (0T MAHAMYMA H0 MAKCAMYMa)
B HAuaJIbHOM CEUCHHA IOTOKA [BUKeH7E TPYHTOBHIX BOJ HA MEKAypeube OIAWSKO
K yCTaHOBHBINEMYCs, TO [JA Clegynomjero mepmoga CIaja YPOBHA MOJKHO JIPAMe-
HATH Ty ke fopmyny (IV.6). Ilpm srom morpe6yerca cMECTHTH TOYKY Hagala OT-
cyera ypoBHA mim ero usmenenna AH u Bpemeny t ma rpaduke xKoJebaHNA ypoBHA
BO BPEMEHH B TOYKY MaKCAMYMa.

f’rM M w
A 4 by
S EEEEE
—+Z 3 | Lo
N N
§ § ) . §le
— T3 AT S -
N * ; w0 w I l I
7 w; '
t:la X HHJIHHHHWmemmm, 2o 1y

%
1 z Tz g t i t t; ¢
= =4 Toube2 ks

Puc. 13. ®parMenT rpadnka usmenennit yposas  Pme. 14. I'padmk Kome6amma YpoBHA TpyH-
TPYHTOBHIX BOJI ¥ TOPH3OHTA BOJAH B HAYAJBHOM TOBHIX BOJ B HAYAJBHOM CEYEHHH MHOTOKa

CceYyeHMH ITOTOKA. ¥ MHTCHCHBIOCTH IHTAHHA CBEPXY.
1 — KomeGaHMA yPOBHA BOXB Ha ypese perw HiIM 1 — KojJe0aHHe YPOBRA; 2 — UHTEHCHBHOCTb [IHTA-
B CKB. 1 B Ha49aJbHOM Ce4eHun; 2 — KONeOaHUA yPOBHA HUA TPYHTOBBIX BOX CBepXY

TPYHTOBHIX BOJ B CKB. 2 Ha PacCTOAHHHM X OT PeKH
NN HA9aJdbHOrQ CCYCHHA

Tlpusnakom mBuU;KeHNA BOAH, GIA3BKOro K YCTAaHOBHBIIEMYCA B KOHIE IHepBoi
CTYIleHH To[beMa yPoBHA, ABIAeTcs 3aTyXxaHme KoleGanuit yposus Bo Beex Habmio-
HATeIBHHX CKBaKMHAaX. {poMe ToTo, MOKHO TIPOBEPHTH, BHIOJIHAECTCA JH yCIOBHE

o> =2 =2 (IV.7)

/Chcp a

re t; — JPONOJKATEIBHOCTD IePBoil CTYIeHA TofHeMa ypoBHA B cewennu r = (
or Hyas go wmawkcmmyma (pHc. 13); T, — BpemMa crabmiamsarEu II0TOKa (IO
C. @. AepnsAnoBy), 3a KOTOpPOE IOTOK KOHEYHOH NIMHE IIOCIe BO3MYNEHAA 0~
cTHTaeT HoBOr'o 0ojcc WMJIH MEHee CTAI[AOHAPHOIO PeRhMa.

B nmpufpesknapx 30HAX, T/l PA3BUT HPUOPE;KHEI TN pe;KAMAa IPYHTOBHX BOJ,
IS cIeqyIOmux (BTOPOro, TPeThero M T. I.) NIPOMEKYTKOB Bpemenu (f;—t;_ ,),
KOTHA B HAYAJLHOM CEYEHHH HPOACXOJUT CIeAVIOMHHA IogBeM HIA CHaj YPOBHSA
(pue. 14), mpmmensroT MeToj closenmsa rtegenuit. Ilpm sroM pomycraercs, dro
KasROMY H3JIoMy KPMBOH KoneGaHWsi YPOBHA 0TBEHAeT COOTBETCTBYIOMICE H3MEHe-
HOe MHTEHCUBHOCTH TIMTAHUA TPYHTOBHX BOX cBepxy w. [lndA ciywas opgHoro us-
JoMa rpadiKa KoleGauna yPoBHA B HaYAIBHOM CEYEHUN JIOTOKA MOKHO IPAMEHATH

caeqyomyio pacueTHyio QopMyly:
AH =biR (1) + (b — D) (t— L) R (2, t—t)+ - U—R (W) +
+ 2 (=) [I—R (2, t =), (1V.8)
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rme b, b, — CKOpOCTM JNHHEHHOr0 W3MEHEHHS YPOBHA TI'DYHTOBHX BOJ COOTBET-
CTBEHHO B HAaUaNbHHH [, U crenyomuil (f—i¢,) IepuoAH HoybeMa MK Cuafga yPOBHA;
W, Wy — CpejHMe HMHTEHCWBHOCTH NUTAHMA TPYHTOBLIX BOJ] CBepXYy, HMepILHe
MeCTO COOTBETCTBeHHO B mepuomsl £, U (f—t,).

3nawenuna R (A); R (z, t—t,) naxomar B upmi. 1, mpHgem

My 7”:21/a(t—tl); R(M:R(zlfﬁ);

x
R(w=R (5 Vm) R(z, t—1).

ITo gopmyne (IV.8) B kagecTBe HEMBBECTHOTO HAXONAT BeAMYNHY w,. Jlo aroro
mo ¢opmyne (IV.6) gomskma 6HITh ompedeNeHa BeIWIMHA W = W,.

3.Orpasugenun## omortokr (cM. puc. 12, ¢, 2, 0) mogpasgenserca
HaMO HA MeRYPeUHHIA MOTOK (CXeMa 6), ILIACT-IOJOCY C OFHOW HempoHWIaeMoH
rpamunmed (cxemMa 2) M INIACT-MOJOCY ¢ OCOGHIM TpaHHYHEIM yclIoBHeM (cxema 0).

IlepBEIA B3 HTHX IHOTOKOB YACTO PACOPOCTPAHEH IPH HeGOoJBIIMX PACCTOLHUAX
Me;XIy IpPeHAMM WIH OHTAOIAME pexaMu, kananamu. Hampumep, K Taxomy tumy
IMOTOKA MH IIPAXOAUM B TOM Clydae, KOTZA PacCTOSHHe MeKgy pexaMmu [ Goabire
PACCTOAHUA £ OT PACUETHOW CKBAKMHLI IO IEePBOM PEKW BCero JHMMbL B TPU pasa
WIH MeHbIe.

Jlpu ®paeBBIX yCAOBHAX

t=0, AH =0;
t>0, =0, AH =b,t;
t>0, z=1, AH="byt
pemenuenm ypaseEenus (IV.3) Gymer gopMyna, COCTaBIeHHEAA OTHOCUTEILHO wi B BHUIE

AH—[AHYA—AH{B - AHOR (1)]

wt = [[—R M —(4—B5) ’ (v.9)

rne AH = AH (z, t) — w3MeHeHHe YPOBHA I'PYHTOBHIX BOJ B CEYCHUH T 3a BPEMA 1

AHg::.blt; AHg 7:_-b2t; x2:~_l—_.—x‘

— 1

2V at
l4z 2l—x 2l4-=
}\.. — . =] M T em——— . ¢ == N
s 2Var’ Ay 2Vat’ hs 2Vat '’ A ROVZ) R ()

B=R(h)— R (hs);

{ — paccTosNNe Me;K[y peKaMH; OCTalbHbE O0003HAYEHHS IPEKHHEE.

g pacgera Benrmuunsl wi 0o Toi Gopmyle HeoGXogUMO BHATH BEIUIHHKE W,

kh '

AH, AH?, AHS, z, 1, a = %, {. 3pmech ! — IMUPHHA MEKAYIPEHHOTO MM
Me;KnypedHoro ydactka. HomnebaHus ypoBHA Bopghl B 06eMX pgpeHax HOJUKHBI LOI-
YUHATLCA 3AKOHY IPAMOII.

Cxema mracr-moxoca (cM. puc. 12, 2) MosKeT GHTH HCIONIH30BaHA B CHMMETPUY-
HEIX IOTOKaX, KOTNA BOXOpPAasmes MesKny PeKaMM HaXOQUTCsa Ha CepegHHe MEeKEYy-

peunst, a KolefaHuf ypoBHA PeK OfUHAKOBHE. ITa e cXeMa AeHcTBUTeNLHA M IPH
HAJIWYUHA HeIPOHHUAeMOH IPAaHHUNB C OLHOH CTOPOHH IOTOKA.
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Iis xpaeBHIX ycmoBwmit
t=0, All =0;

dAH
ox

t>0, 2j=0, =0,(q,=0)3
t>0, z=1, AH=0t= AH?
pemennem ypapuenus (IV.3) sBagercs Qopmyna

A (&, 1)— AR R () 4 F ()]
S B V¥ N %) R (1v.10)

re 0GO3HAUEHMA TpeKHIE.
B KavyecTBe HMCXOJAHBIX MaHHBIX I pac‘{eTa BeIUAYUHE wi OpHHITMaeM BeJIN-
kh
wuns: w, AH (z, t), AHY, z, 1, i, a = —=2,

Hecomuensno, garo dopmymoir (IV.10) MomHo mONB30BATHCA LIPH HeH3MeH-
HOCTH TOJIOKeHMS BOJOpas[esa TPYHTOBHIX BoJ, IO HAHHEIM Ko.1eGaHNf ypOBHSA
B CKBa)KMHE BOMHBE ITOTO BOHOpasjeia.

HOpu =z =0, AH 0, t) = AR®
3 (IV.10) monyumm Gomee TpocTyIo GOpMyRy

AHO—2AH?R (M)
L—28 (M) ’

wt=pn av.1t

l
rie AH° — usmenenyue YpOBHS BOAH Ha Bojpopasfele; A = —— ==/ 0CTaJbHLIE
2Vat
0003HaYCHMA TpeRANE.
Umen nmannwe o ronebGaHWyM ypoBHS TPYHTOBHX BOJI Ha WX Bomopaspene AHC

u B cevenun z = [ (AH]), ¢ momompio (IV.11) RuMmensieM BeNWANHY NHTAHHA
TPYHTOBEIX BOJI Ha ydYacTKe oT Bogopasgena (z = 0) g0 pacyeTHOHW CHBARHHEI
(x = 1.

CxeMa miacT-mosoca € 0COOHIM I'DaHNYHEIM yceaoBueM (em. puc. 12, 8) Berpe-
gaeTcA B JOMMHAX PEK, OTPAHMYEHHHX GPOBKOI BEHICOKOrO KOPEHHOro Gepera HIII
BHicOKOfI Teppace. Ilox sroil GpoBKOit PasHOCTH MEKAY IPHTOKOM H OTTOKOM BOJ,
B TOPHU30HTAIbHOM HalpaBaeHUy o040 paBHa Hyni0 (Q, = Q2) ¥ mouIop oT pexrn
no GPOBKHU He pacupocTpaHsercs. Taxoe YCI0BHEe MPeIONPe/easieTcs BeChMa KpPYy-
THM CKJIOHOM KOpEHHOro (epera, sHaguTenbuoi (Gosee 5—6 M) roybmuo#t 1o Bommsl
7 GONBIINM PAaCCTOSHUEM OT PeKM. Bce sTo ABNgeTCA MPpUIAHOA OTCYTCTBHA MeCTHOM
AHGAIBTPAAA aTMoCcHePHEIX 0CAJKOB M3-3a HAJINYUA CKIOHOBOTO CTOKA MOMKICBEIX
BOJ, a TaKiKe HM3-3a OTCYTCTBMA MCIapeHns Omarofiapf IiyGOKOMY IOJIOKEHHIO
ypoBHs Boabl. VsMemenme ypOBHA TrpyHTOBOH BOXH HOJ GPOBKOH BEI3HBaeTCA
InInp TOUTAaHMEM HTHX BOL Ha HHU3KOA Teppace.

IIpm kpaesHX ycmoBEAX

t=0, AH=0;
P2AH dg __ .
t>0,z=0, Z2H =0, (—-a—x._o),

t>0, z=1, AH=>bt=AH?



pemenneM ypasuenusa (IV.3) asnserca dopmyna

AH (2, t)—AHY [R (Ag) —R (X3)]
T—[R (M) —R (hs)] ’

rie ofo3HaweHMs Ipe;REOe W YKas3aHH Ha cxeMax (cM. puc. 12, 9).
s upnMeHeHHs orofi opmyns HeobXommmo 3Harh semmuman AH (z, t),

kh
AH?, z, 1, t, a =——M°l, 1.

Ilopagox pacuera BeJIMIMH IUTAHUA TPYHTOBHIX BOJ HJIA OTPAaHUYEHHBIX IT0TO-
KOB TOT ;Ke, 4TO ¥ JJA IOJyOrpaHWIEeHHOTO.

IIpu aHajuse pe;KAMa HAIODHHX BOX B CPABHUTENBHO OXHOPOJHBIX BOJOHOC-
HBIX ITaCTaX IOPOJ, MOKHO BOCIONb30BaThes ypasHeHuem (IV.3), 8 kotopom AH —
usMeHeH¥e Haopa B BOJOHOCHOM IIZTaCTe 33 BpeMdA ! B CeyeHUH Z; BMeCTO g IPHUHA-
Maercs a¥ — kodPPUTUEHT IHE30IPOBOTHOCTH; BMECTO | IpHHUMaeTca p¥ — ynpy-
ras BojooTAa4Ya Hopox. BennunHa w 3aMeHAeTCSA BeJIUYHHOHA &, — MHTEHCHUBHOCTHIO
HOCTYIIICHHs IIEPETeKAION{HX CBEPXY BOX WJIH (&;—&,) — Pas3HOCTHI0 HMHTEHCHB-
HocTell mepeTexkaHUA CBEPXY (€,) M OTTOKA BHH3 (£2). Bee aT0 meficrBMTENBHO IPH
YCIOBHHM OTCYTCTBMA NEPETOKA BOJ B HawaXbHEIA MoMeHT speMmeHH ¢ = 0. [Ipu na-
JM4MYM TepeTORa BOX II0 BEPTHMKANHM B HAYalbHEH MOMEHT BPEMEHM yKa3aHHEIe
BeIMAHUHH €4, (€,—&,) 6YayT IpeacTaBIATE Co60M MPUPAmEHUsA COOTBETCTBYIOM{AX
HHTeHCHBHOCTeH meperexanus og mocie ¢ = 0 B cBsA3M ¢ usMenenuem Hamopa AH.

Pemennsa pudpdepeHnuaibHoro ypaBHCHUA RIS HAIOPHLIX BOA HPH COOTBET-
CTBYOMUX TpPAHUYHKIX VCIAOBUAX OYAYT aHAJNOTHYHBl pelleHHAM, HONyd4eHHBIM
IJIA TOTOKA TPYHTOBBIX BOJ.

wt=p (IV.12)

HeycranoBuBmeecs JBH;KeHUE TIOI3€MHbIX BOJ{ B YCIOBHAX NepeTeKaHUs
HX uepes pasneNbHbIe CIOH WOPON

Ecnu pasgesibHEe CIOM IOPOJ, MOACTHIAIOMME IPYHTOBEE BOAH (OTHOCHTEIBb-
HHe BOROYIOPH) MM pPasfelifi0Mue HaIODHHE BOAH Ha OTHeNBHEE BOJOHOCHEE
TOPU3OHTH, IIPECTABICHBI CIafOMPOHUIAEMHME DPa3HOCTAMHU (Cymech, CYTIMHOK,
mecyaHad TJIMHA), TO IPH HaJAWIMH Pa3HOCTH HALIOPOB BOJ 10 BEPTHKANM yCTaHABIIH-
BaeTCs BePTHRajIbHAA QUIBTPANMA BOOH 9epes 5TH CIOM IIOPOX.

Pasmep »roil QmIBTpAIMM VM IepeTekaHHs BOX OymeT 3aBMceTh 0T K03QHm-
fHeHTa (UIBTPAIHMM CIabompPOHHUI[aeMbIX IIOPOJ B BEPTURAIBHOM HAIIPaBIeHUU f,,
TpajiMeHTa BepTUKAJIbHON ¢uinbTpanuu [, ¥ HavanbHOTo rpagmesrta I,.

PaceMoTpHEM B3aUMOCBSI3h IPYHTOBEX M IHOACTUIAIIIUX HAIOPHHX BOX B ecTe-
CTBEHHHIX YCIOBHAX IPU HEYCTAHOBMBIIEMCH OFHOMEDHOM NBI)KeHWHM B HeOTpaHH-
4eHHOM M [OJyOTPAaHAYEHHOM IOTOKaX. B KagecTse MCXOQHBIX MOJOMKeHHI mIA
0BerX cXeM ABHIKEHUS IOJ3eMHHIX BOJ IpHAMeM CIeXYIOmAe:

1) mamop BOJH B IMOACTANAIMX HAIIOPHHX BOXOHOCHEIX T'OPH30HTAX IOCTOA-
‘HeH BO BPEMEHH, B 00IeM clIydae CIATAeM ero HUKe YPOBHA IPYHTOBHEIX BOJ, 0GHAKO
0H MO;KeT OHITH W BHIIE X YPOBHS Kak B HadaupHHHA (npu ¢ = 0), Tax 0 B JaHHHHT
(zpn ¢t > 0) MOMEHTH BpeMeHH;

2) MHTEHCHMBHOCTH MHPWIBTPAIME aTMOCHEPHHIX 0CAZKOB, AOCTHTAOMUX 3ep-
Kaja TPYHTOBHIX BOJ, IOCTOSHHA BO BPeMEHN M B HPOCTPAHCTBE; BO3HHUKAET WIA
usmensercss upu ¢ = 0 MrHOBeHHO;

3) BomoHOCHBIE IJNACTH M PpasfelbHHE CHOM IOPOX OJHOPOZHEL IO BOFOIPO-
HAIQeMOCTH, KPORIS MOCIEAHUX I'OPH30HTANBHA;

4) ¢uabTpanHs BofgH II0 BePTUKAIH gepe3 pasjelibHEE CJI0M IOPOX HacTyHaeT
Opu 3aMeTHOH s o6H4HEX HabMoJgeHH#l PasHNIe HAIOpPOB BOJ IPYHTOBBIX H Ha-
DopHHIX; Homumusercs sakomy Jlapem.
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Heorpauwgenuanii motowr (puc. 15) B ycnornax neperexanns
TPYUTOBHX BOJ, B HAIODHHY BOXOHOCHBIE TopHU30HT XapaKTepU3yeTCs TEMH e
VCIOBHAMA HA NOBePXHOCTH, KOTOPHe OHJIW yKAas3aHH BHOIe mePef BBoxoM POp-
myanr (IV.4). IlepeTexanne rpyHToBHX BOjJ B HAHODHBIE BOJOHOCHBE ITACTH OTME-
gaeTcA B 00acTAX MuTaHusA, a ofpaTHOe (BoCXOfsINee IBU;KeHHEe HaNOPHBIX BOJ) —

B 00JacTAX HX PABTPY3KE.

OcHosHoe guddepeEnnanbHOEe ypaBHEHEe MJIA OJHOMEPHOrO0 HEyCTaHoBEBIIE-
rocs IBIKEeHNA TPYHTOBHX BOJ| B HeOIPAHNYCHHOM IIOTOKE C YUeTOM IIHTAHASA CBEPXY
w U mepeTeKaHud BHW3 £ (Pa3MEPHOCTH CKOPOCTH (YMIBTPANAHN) NPH HOCTOAHCTBE

Hamopa HAOOPHHX BOJ BHIPayKAeTCH

B BHJE
1 uf ' Y )AR  w
. T I/
;;4 T- L =t oAk, (IV.13)
rr‘?’ — *-—- rge Ah = h—h, — u3MeHeHIe YPOBHSA
fl2es. .' .‘ . TDYHTOBHIX BOJ B CeUeHHN I 33 BpeMs
Py t, m (3uech h, h, — MOIHOCTH TPYHTO-
/'4/ BOTO IOTOKA B TOM JKe CeYeHHHU CO-
/fo OTBETCTBEHHO B MOMEHTH { W f=0—
bFvboded L HagYalbHBIE MOMEHT); € = ko
wm

Pue. 15. CxeMa HeorpaHHYEHHOI'0 IOTOKA IPYH- [pHBE/CHHEM é{ odpuiuentT  Bepri-

TOBHX BOJ, CBABAHHLX ¢ HOACTHIANMEMA Ha- 1A/lBPHOTO BOZOO MeHa Me;RIy TrpyHTO-

DOpHKEIMH BoflaMH OyTeM IepeTeKanWs dYepes BBIMA ¥ HATOPHRIMHI IIOTOKaMH (3mecn

PasHeNbHHA Cl0i mopox ky, my — COOTBETCTBEHHO KOIPu-

[MEHT QEJIBTPaWid, M/CYyT, H MolIi-

HOCTH MOPOZ, M, PaselBHOro CJlosi; kb — BOJ0OTAAYA WA HEJOCTATOR HACHIMEHHS

HopojA HajJ BepKalioM TPYHTOBHX BOH), w = w' —w,, M/CYT — W3MeHEHHe HHTEH-

CUBHOCTH NUTAHES TPYHTOBHIX BOJI, BOSHHKAIOMEe B CBA3W C MIMEHEHMEM ypPOBHI

TPYHTOBHX BOJ (3m€ChH w’ — MHTEHCHBHOCTh HUTAHHA TPYHTOBHIX BOX, M/CYT,

DOCTOSHHAS BO BpeMeHH, BosHuKmasA mocie ¢ = 0, 1. e. npx t > 0; w, — mepno-

HaYaJbHAf MHTEHCHBHOCTb NWTAHHWA IPYHTOBHX BOJX CBepXY, M/CYyT, T.e. OHBHIAT

apx t < 0).

Hecomuenno, aro npn w, = (0 BeJIMYAHA W BHIPAKAET 0CO00H MHTEHCEBHOCTH
OUTaHES TPYHTOBHX BOJ, CBEPXY OpH t> 0. Benmumna

cAh=2= 1 _h)=

W pmo

npencTaBiseT Cco6oifi VI3MeHeHWe BeNTWIHHH NPAPAM[eHHs YPOBHA TPYHTOBHX

BOJ 33 €IMHANY BpPeMeHW, BOSHHKIIee B pe3ylbTaTe H3MeHeHHf HMHTEHCHBHOCTH

nepereKanus (npm ¢ > 0) Do CpaBHeHHI0 ¢ HEeDPBOHAYAIBHOE HHTEHCHBHOCTBIO

(h _'H —'(h - e)]’ M/CYT,

—gf— (he—H,). 3nech he, H, — cooTBeTcTBeHHO HEepBOHAUaNbHEE (1pH ¢ = () HATO K
0

IPYHTOBHX ¥ HANOPHHEX BOJ Hax KpoBle# pasfelbHOro CIOA IOPO.

YpaBHeHne (IV.13) neficTBETeIbHO M OPY e PeTeKANNA HAIOPHBIX BOJ BBEpX—
B TPYHTOBHII IOTOK, TaKKe IPH HOcToAHCTBe Hamopa aTux Box. Ua (IV.13) caenyer,
aro gna t = 0, worna Ak = O (oKoHYAHHe YCTaHOBHBINETOCHA ABMIKEHIN)

w=w—w,=pucAh =0, M/cyT, (IV.14)

T, e. I3MeHEHAe MHTeHCUBHOCTH MATAHVA TPYHTOBHX BOJ CBEPXY PaBHO M3MEHEHUIO
HHTeHCHBHOCTE IIePeTeKAaHHA BOJ I'DYHTOBHX B HamopHEIHE moTor. Hpome Toro
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mpn ¢t = 0 w' = w,. llepBonavansHoe nuranue (mpw ¢t = () paBHO HmepBOHAYAlb-
HOMY MEpeTeRAHUI0, W, = E&.

IIpm orcyrcTBME UWTAHAS TPYHTOBHIX BOJ, CBEPXY B HaYaJ bHHIE MOMEHT Bpe-
menn (w, = 0 npm ¢t = 0) nmeem h, = H,, T. e. paBeHCTBO IIePBOHAYAJIBHHX Ha-
OPOB I'PYHTOBBIX W HAMOPHHX BOJ.

Ipz w0 u t=0 [eiACTBATEALHO W, = cONSt= ¢ (he— He),  (IV.15)

T. e. MHTeHCUBHOCTH HePBOHAYAJBHOr0 HUTAHNA I'PYHTOBHIX BOJ B KOHIEe YCTaHO-
BUBINErocs ABWxeHnsa (OpH ¢ = 0) paBHa WHTEHCHBHOCTH MePBOHAYAJIBHOrO Iepe-
TeKaHWsA BOJ 9epes pasfelbHEH ¢llolt mopof. B mociemneM cirydae HamoPH I'p YHTOBEIX
I HalOPHHIX BOJ He DaBHH MeXAYy coboi, T.e. k, = H.,.

Teperexanme BoApl Yepe3 Pa3NebHHIE CiIoil HOPON B HepBoM ciaydae (IpHE
we = 0) WIN ero H3MeHEHHEe BO BTOPOM ciydae (IpH w, = () BosHEKAET MIHOBEHHO,
YTO 0TBEYAET MIHOBEHHOMY BOSHUKHOBEHUI0 WM MCHOBEHHOMY U3MEHEHNIO IATAHMA
TPYHTOBHX BOJ CBepXy ¢ MHTEHCHBHOCTHI0 W = W' —w,. B pmalpHe#meM Iepere-
KaHWe HPOJ0JKAeTCa BO BpeMeHHW HempeprBHo. [Ipm srom Hamop Boxmer H, Beiaen-
¢TBHE GO0 BOJOIPOHANAEMOCTH BMEIIAIONAX IOPOJ BO BPOMEHH He H3MEHseTCH.,

Jas kpaeBHIX YCIOBEH

t=0, Ah=0;

0 Ah

02;:0

t> 0, z= =+ oo,
pemenuem ypasuenusi (IV.13) 6ymer dopmyia
w -
Bl = o (1= eet), (1V.16)

e 0603HAUCHUA IpesKHUE.

Ipadur woneGaHma ypoBHsA TPYHTOBHIX BOJ Bo BpemeH® Ak = f (f) coriacHo
(IV.16) mpe w > 0 npexmcTaBiIeH BoCXOMsAme#d BBEIIYKIo# KpHBOA; oTa (opma He
3aBHCHT OT TOrO, IEPeTeKaeT JW rpyHTOBaf BOAA BHH3 (B HANOPHHIH BOIOHOCHHIH
FOpH30HT) WIN W3 IOCIeNHero BOJa MeperexaeT BBePX (B rpyHTOBHI moTox). IIpH
w < 0 a\pallornyHH# rpadMx OpencTaBlieH HACXOAAMEN BOTHYTOW KPHBOH, TakmKe
He3aBHCAMO OT HalpaBJIeHHA HePETeKAHHUS BOJI.

Ananns ¢opmyan (IV.16), pemoanenHert namum panee (1971), yxaseBaer Ha
clleyomAe 3aKOHOMePHOCTH:

1) mpuW HeupepHBHOH RHOUIBTPALRE 0CAJKOB 000 AHTEHCHBHOCTH W ¥ MOIN-
HOCTE pasgesbHoro cixos mopoxn 10 M mpm p = 0,20 (ns BOXOHOCHHX MOJKO- H CPEJ-
HEe3e PHUCTHIX [ECKOB) CYMECTBeHHOE BIWAHME IepeTeKaHWs IPYHTOBHX BOJ CKa3H-
paeTcsd ANMb UpPE Kodddumuenrte GUIBTPALEKE IIOPOJ PasmeJbHOrO CIOA ko =
= 0,005 m/cyT;

2) BIWAHWE IEPETEKAHHs BO3DacTaeT ¢ YBEIWYeHHWOM MPOHHUIAEMOCTH IIOPOJ
PasAelbHOTO CJOH;

3) ¢ yBelMueHHeM MIHUTEIHHOCTH WHOMIBTPANHA aTMOCPepHHIX OCafoB yBe-
JIUYABAETCA pOJIb APEHHPOBAHHSA IPYHTOBHX BOX IIyTeM IepeTeKAHWs B HAIlOPHBIR
BOTOHOCHHI# ['0PABOHT;

4) mpu sHaueHAE Kod{PAnHenTa PUIBTPANAR IOPOT pasgelbHOro ciuof k, =
= 0,001 M/cyr (mecuanmeras ramua) & ¢ = 200 ¢yT B yCI0BHAX MepeTeKaHUsA OTHO-
cureabHoe (6e3pasMepHOe, BHUHCICHHOE IO OTHOIMIEHWI0 K BeNMYMHe NIATAHES
CBEDXY) IOBLINEHNE YPOBHSA CPYHTOBHIX BOX CHEIKAETCH [0 OTHOINGHWIO K YCIOBHIO
OTCYTCTBUA IepeTeKaHdAsl Bcero Ha 9%;
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5) mpu pacuere OajaHCa IPYHTOBHIX BOJ BeJIHMUMHOMN IEPETeKAUIsI KX B HATOD-
HBII BOJOHOCHHM IJaCT MOKHO IpeHe6peds IpH KodurueHTe QUABTpailii HOPOL
ko < 0,001 M/cyT; omHaKo HJIA OMEHKH pasMepa BOCIOJIHEHWA 3KCILIYaTallMOHHEIX
3aIaCoB HANOPHBIX BOJ Heo0XONHMO YYMTHIBATH BeJIMIHHY NEpeTeKaHHN 00lee
TOYHO, B TOM YHCIe H fiaA caydaes k, << 0,001 M/cyr.

HamoMeEM, 9T0 3TH BHBOJNH 0TBEYAl0T PaHee YKasaHHEIM MCXOIHHM IIOJOKe-
HHAM 0 NOCTOAHCTBE HAUopa UOACTUIAIOMUX BO.

PaaMep BosHHKaIOMmEro Iocie TObEMa YPOBHA JIOHQIHATEIHHOIO epeTeKaHNA
IPYHTOBHX BOJ B HallODHHI ropu3oHT (upH w, = 0) iU BeINYHHA BOZHEKAIOMETO
neperekasns (upm w, = 0) onpepeiasiercs mo Hopmyie

~ct
et = p (Mg — AR =wt (1 — 127, (IV.17)

rie Ak, — H3MeHeHHe YDOBHS TDYHTOBHIX BOJ 3a BpeMA ¢ HPHU OTCYTCTBUMU Itepe-
TeKaHUA; AL — WM3MeHeHWe YPOBHA IPYHTOBHX BOJl 3a TO K€ BpPeMf B YCIOBHAX
mepeTekanna. OcTanbpEble 0003HAYEHUA LIPEeIKHHE.

Takum o006pasoM, eCIM HMeercsi BO3MOKHOCTb ONPEJENHUTHh IHTeHCUBHOCTH
INTaHHAA TPYHTOBEIX BOJ He3aBHCHMEIM METO[OM, HalIPEMeP ¢ IOMOMbI0 Ha6miofe HU
0 JU3HMETPaMy TO, SHafA BeJIMUMHY W W IapaMerp ¢ = I:;’lo » JEerKO OonpefesHThb

pasMep JomojHHTedbHoro HepeTerasma mo (IV.17).

IIpu cymecTBOBaHMM IepeTeKaHHA Boj [0 H3MeHEHHA HX ypOBHA (T. €. OpH
we 5= 0, 8, 5= 0, ¢t << 0) moy, BenmumHOR wit cllefyeT NOHAMATH U3MEHEHNE ITHTAHMS
TPYHTOBHX BOJ, a HOJ BeIWYHHOH ¢l — W3MeHeHHe IEePeTeKAHMA TeX jsKe BOJ 3a
BpeMaA ¢ (HEIPePHBHOrO H3MeHEeHMA YPOBHS IPYHTOBOM BOAH).

Hecomrenro, 9ro pas npumeresms ¢opmyn (IV.16), (IV.17) mveoGxopmmmo
IMeTh JaHHHe XO0Ts OH 3a rofjoBoll NUKJI HabmofeBEH# HaJ| YPOBHAMHU I'PYHTOBHX
¥ HaOOPHHX BOJ. JTO IO3BOJIHT OIEHHTH B3aMMOCBS3b PEKUMOB ypPOBHEl Hamop-
HEIX W TDYHTOBHIX BOJ, a4 TakKKe Da3MeD WHTeHCHBHOCTH NePeTeKAHUS o Hagalla
H3MEHEeHHA yPOBHA g, (upH ! << 0). B ganpueilmem mepeTexanue ¢ 370l HHTEHCUB-
HOCTBIO 3a BpeMs ¢ MH 0yZeM Ha3HBaTh UePBOHAYATIBEERIM &,L.

Ipu orcyrcTBME HavalbHOTO (KPHTHYeCKOIo) rpagmeHTa (Wiau mnpeHeGpesxe-
HOW ¥M) UHTeHCUBHOCTh IePeTexaHMs IPYHTOBHX BOJK B HAIOPHHI IOTOK B MOMEHT
BpeMeHH { COCTaBHT

gs=nceh, =k, i}; s M/CYT, (Iv.18)
rme A, — majeEme Halopa IO BePTHKAJIM, CUHTAS €r0 OT YPOBHS I'DYHTOBHX BOJ
OO Ibe30MeTPHYeCKOil NOBEPXHOCTM HANOPHHEX BOJl; OCTAaIbHHe - 0603HaueHIIs
IpesKume.

Ecan Bamop MesKIIacTOBHX BOX, KOTODHE LONONHAITCA LyTeM HepereraHUsA
TPYHTOBHX BOJ|, HEIOCTOSIHEeH BO BPEMEHH, TO BeJMYMHA HHETeHCHBHOCTH JIONOJHH-
TEeJIbHOTO ﬂepeTe}\aHHi{, BO3HHKAKIEro Ipyu HoapreMe NiIn C]Ialle YPOBHA I'PDYHTOBHX
BOJi, oupepelserca mo dopMmyie

&t pon = B¢ (s — A) = pe (Ak— AH), m/cyr, (1V.19)

rre A} — majeEMe Hamopa IO BePTHKAIM MEKIY TPYHTOBHIM M HaOOPHBIM HOTO-
KaMH [0 Hadajla H3MeHeHHA ypoBEA (f = 0); Ak, AH — H3MeHEEHA cOOTBETCTBEHHO
YpOBHA TPYHTOBHX H yPOBHA HAUIOPHHX BOJ 3a BpeMA f.
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CymMapHas BeIMYHHA HepeTeKaHus TPYHTOBHIX BOJ B IOACTHIAIOIMUI Hamop-
HHH BOJOHOCHBIM TOPH30HT HJH BeJHYMHa MOJOHTHBAHWA MeDPBHX BOJ| IIyTeM BOC-
xonameill uILTpalME W3 BTOPOTO TOPH30HTA (B IOCHEJHEM CiIydae aTa BeJHYHHA
GymeT oTpHmaTelbHasi) IDPH HEWBMEHHOCTH YPOBHSA HAamOPHWX BOJ paBHA

—ct
Vy=¢gct+ wt (1 *L%) » M CJO0A BOMHI, (Iv.20)

Ha mpaxTtike 9acTo BCTPeYarorcst CIYIal IPSMOJIUHEHHON CBASH MEKAY Kole-
0aHHAMH YPOBHS TPYHTOBHX BOJ M NOHEe30METPHYECKOro YPOBHA HANODHHIX BOJ.
O6nuHO 3TH CBSI3M 3aKOHOMEDHH, KOTHa OPHYAHON M3MeHeHHs YPOBHS HANOPHBIX
BOJ, ABIfETCSA KoleGaHWe ypPoBHs pex Ojarofaps TeCHON T'MIpPaBIWYECKOH CBA3H
9THX BOJ| C KPYOHHIMH peKaMH.

OmnpepeieHue IPAMOJIUEEHHMX KOPPENANHOHHHX CBA3edl MEKAY DeKEMaMH
IPYHTOBHX M HaOOPHBIX BOJ] IPOM3BOJHTCH AJA KaKAoro 6ojee MIW MeHee IPoO-
HOKATEIBHOr0 mepHoja HoAbeMa HMIM CHaja YDOBES BOHEHL.

YKa3aHEYI0 CBA3b MEKLY peKHMaMW TPYHTOBHX K HANOPHHX BOJ MOMKHO
IPefCTABUTHL B BHE

AH =t Ah+a, (1v.21)

rge AH — ¥W3MeHeHHe NIBe30MeTPUYECKOr0 YDOBHA HANODHHX BOJ 3a BpeMs I
Ah — W3MeHeHHe YpOBES I'DYHTOBHX BOJ 32 TO ke BpeMsi; & — yriosoil Koaddu-
IHeHT IPAMoJUBeliHoM cBaAsM Bequans AH u Ah; & — 0TPe30K, 0TCeKaeMblil IpAMoH
Ha ocHm opamuEar mpu Ak = 0.
Ecnu BBecTn ofosHauenus Aw’ = Aw + poc (rme Aw — m3MeHeHHMe WHTEH-
CHBHOCTH ITMTAHWs TPYHTOBHIX BOJ B CBASH ¢ M3MeHeHMeM WX YpoBHA; ¢; = (1—§) ¢
— ko
(rn,e € =
BeJMYMHA W3MEHEHHS YPOBHA IPYHTOBHIX BOJ HEOrPaHMIEHHOrO IIOTOKa OMpese-
amres o gopmyiae, aHamormaHon (IV.16)

), TO B ¢jly4ae M3MeHeHUsi Obe30MEeTPUIeCKOTr0 YPOBHSI HAIOPHHEX BOJ

Aw’ s
A= —Ma-(i— © t), M, (IV.22)

rre 0003HAaYeHUA MIpes;KHUE,

B ecTecTBeHHHX YCIOBHAX YaCTO BCTPEUANTCS CIy4aW, KOrAa OHTAHHE IPYH-
TOBHX BOJ HEOrpaHWYIeHHOTO IIOTOKa cBepXy orcyrcrsyer (mpm ¢t =0, w, = 0),.
HO YPOBeHb WX HaXONUTCH BHIIG WIH HUKEe IIbeB0OMETPHIECKOTO YPOBHA HAIOPHEX.
Boy, Ha BeauunEy 0H,. B Taxux cryd9asx mepeTeKaHHA I'DYHTOBHIX BOJ B HOACTAIa-
IOMEH HAMOPHBIY BOXOHOCHHN rOPH30HT MOKeT He OHTH, €CIIM B TeUeHHe JIIATENb~
HOTO BPeMEHA YDPOBHE 060MX BOJOHOCHHX TODPH30HTOB OCTAlOTCS MOCTOSHHEIMIU.

9ToT BHBOX OCHOBHIBaeTCS Ha 0CoOeHHOCTAX dopMupoBaHHS OamaHca IoxseM-
HHIX BOJi HeOrpaHHYeHHOro moTOKa. J{is Hero XxapaxkTepHO ypasHOBeIIMBaHWe IPH-
TOKA BOJ, OTTOKOM HMX B TOPM30HTaJILHOM HampapieHuu. IloBHmeHHe ypoBHA BOAH
B TaKoM IIOTOKE BEI3BHIBaeTCH MHPUIbTpauHeil 0CafKOB CBEPXY HMIW IMepeTeKaHUEM
BOJ, U3 CME}KHOTO II0 BHICOTE TOPH30HTA, a MOHIKeHNe YPOBHeH — MCIapeHHeM WJH
OTTOKOM BOJ| B HIGKHAY ropusonT. Ho mox BINAHNeM mepeTeKaHHS BOJ YPOBHM HIGK~
Hero TOPW30HTa JOJ/UKEE H3MEHATHCA BO BDEeMEHW.

B orcyrersume mepeTeKaHUsA TPYHETOBHX BOjJ B HOACTHIAKIMI BOJOHOCHHIM
ropusoHT 3a()UKCHpoBaHHAA PasHOCTh HANOPOB TPYHTOBHX W HAHODHHX BOJ IO
BepruKaJ® 0H, paBHa MM MeHbIIe TOX Pa8HOCTH HAOPOB, KOTOPas 00yCIOBINBaCT
HavaJbEHE (KPUTUYeCKH) rpapueHT ¢uabrpanum [ .
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Bosamkaromue B nociaenyomeM (npd ¢ = 0) moxseMsl YPOBHA IPYHTOBHX BOJ
# ¢ HeKOTOPHIM 3aHa3[HBAHWEM HOJbeMs YPOBHA HADODHHX BOJ 00YCIIOBIMBAIOTCH
‘COOTBETCTBeHHO yCHIeHHMeM HHPMIBTPaOHM OCaAKOB ¥ MepPeTeKaHWeM IEePBHX BOJ
B HamopHHi# morok. TaxmMm obGpasom

Iy>—2=, (1V.23)

mo
Te m, — MOIJHOCTH Pa3fieJbHOTr0 CJI0s HOPOJ; OCTalbHEE 0003HAUCHHUs HMPE:KHHEE.

C yuerom atoro BmpameHus u dopmyast (IV.18) moxno 6omee rogno HaliTm
BeIMIUAY HePeTeKAHWA IPYHTOBHIX BOJ, B HAUOPHHM IMOTOK OPW HAJWYUA HAUAlb-
HOTO TpagHeHTa B BHJE

et << uc (Ap— 6HG), M/cyr. (Iv.24)

rge o003HAUeHHA IIpexHME.

B cayuasx HeBO3MOKHOCTH HabaogaTh KPUTHIECKYIO PasHOCTH HaIOPOB
TPYHTOBEIX W HamopPHEX Boj 0H, HaxkaHyHe IepeTeKaHHs, MOMHO HayaJbHHA
TPafHeHT BePTHKalIbHOM duabrpanum [, HaliTH NyTeM pelmeHHS CHCTeMEl TeTHPEX
ypasHeHuit. {15 9Toil melm Ha KPHBOI INIaBHOrO U3MeHEHHS YPOBHA I'PYHTOBHIX
Boj, HeoGxomumo BHOpaTh aBa orpesxa BpemeHHm 0—¢;, 0—¢2, B TeueHWe KOTODPHIX
AHTeHCUBHOCTH INTAHUA TPYHTOBHX BOL cBepXy mocrosgnHa (w = const). Kpome
TOro, CIeJyeT BOCHOIB30BAaThCA 3aK0HOM [lapem fis BHpa)keHHA ofbeMa mepeTex-
me#t BOAH B BHJE

Vo=, Cmf" t, M, (IV.25)
the &, §, — ycpegHeHHHE BO BPeMEHH PA3HOCTH HAMOPOB TPYHTOBEIX M HAIOPHEIX
BOJ[, COOTBETCTBEHHO OTBEYAIOMINE IIePUOLY BPEMeHHU { (B COOTBETCTBUU C JaHHHIMU
HaOJlfofieHNit) ¥ HAYAIBHOMY TDajHeHTY, IPH KOTOPOM HAYMHACTCA BeDTHKAIbHAS
¢unsTpanusa mo saxkory JHapcwm; m, — MOMHOCTL PasHeIbHOTO CIOSA IOPOH; & —
BpeMSI.

Bsap gusa Ka)moro O0Tpe3ka BPeMeHH f, W f, BHPAKeHUS JJs BeJHYUHH V,
mo (IV.20), orHomenns aTuX Beanyun ¢ yaetoM (IV.25) u BenuunAy mepBoHAYALBHON
(ompm ¢t = () UHTeHCHBHOCTH IepeTeKaHusa &,, mo [apcu, GymeM HMeTh CHCTEMY
ypaBHeHHHX B BHHE

{—e~Ct
VB] = Set1+ wtl (1 — —_i"-‘)

cl

Vs, = Bty whs (1 — L‘L“~)

L'tg

Ve _Limlo  n (1V.26)
VE| §2_C0 tg
o=k, ———C“;O;"

3nech §;, {2 — ycpenHeHHEe 8a BpeMA !, W {, BeJJHYMHH NafieHUA Hallopa OpH He-
Pexofie OT BOJ TPYHTOBHX K HANOPHKM, pasHHe (H.—H,), rne H., H, — ycpen-
HeHHHE BO BpeMeHH HAaNOPH IPYHTOBHX M HANODHHX BOJi;, € — HHTEHCHBHOCTH
nepsoHavaibHOTO (npu ¢ = () mepeTeKaHWA IPYHTOBHIX BOJ B HANODHHIE IOTOK;
L, — mepBoHaYaJibHAasA PABHOCTH YPOBHA TPYHTOBHX BOJ M IHe30METPHICCKOTO
YPOBHA HAmOPHHX BOJ (HaOJuioneHHas B HAYaJbHEIE MoMeHT BpeMmeHEH f = 0);
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m, — MOIMEHOCTH pasjedbHoro ciosi mopopm. OcTalbHbe 0603HaYeHHA IPEKHEE.-
Ilpr sToM nmdpa 1 B mHEeKce oTBeuaeT MPOMEKYTKY BDPeMeHH t,, a madpa 2 —
OPOMEIKYTKY BpDeMeHH i,.

B nauHO# cncteMe, cOCTOAMEH 3 YeTHPeX ypaBHeEN, HeU3BeCTHEIMM ABIIAIOTCH
BeJIWYHUEH &, Vg, Vs, B {,.

HecoMueBHO, 4T0 Iepey pelieENeM TaKOH CHCTEME ypaBHEHUN BHAUAIe MOJKHE
GHITH OIIpeJIeJIeHE 0 JaHHEIM DE;KUMHEIX HaGJIOeHW MapaMeTp ¢, AHTeHCUBHOCTH
JNOOOJHUTEABHOTO INTAHMA IPYHTOBHX BOJ, CBeDXYy w M Koshdummenr duiasTpanan
IOPOJ Pas3meapHOro cloA k4. MeTogmka pacueTa STUX IapaMeTPoB HM3JI0KeHa HIKE.

B zaxmouensie 0TMETMM, U4TO [JIA CXEMH ABYXCJIONHOr0 CTPOSHHA BONOHOCHEIX
TOJN WOPOJ, IPH KOTOPo#l yPOBeHb IPYHTOBHIX BOJ B BepPXHeM CIaboIPOHUIIaeMOM:

~

T

T —

= t=0 I

% %/// ,//
AR AR R
=3 B2 B3

Puc. 16. Cxema moayorpaEm9eHHOI0 IOTOKA I'DYHTOBHX BOJ, B3aWMOCBA3AHHEIX C HAaIOPHHEMW
BOTAMH.
1 — 1be3OMeTpPHYeCKUN YDOBeHb HANOPHEIX BOX; 2 — YPOBeHb I'DYHTOBHWX BOJ B HAYAJIBHHI MOMEHT BpEeMeHH

t = 0; 3 — ypOBeHb I'DYHTOBHIX BOX B MOMCHT BpeMmelln ¢ > 0, I — HOTOK IPYHTOBHX BOA; I — HOOTOK HAIOD-
HHX BOR

I

CJI0€ OKa3hBaeTCs BHINE HJIN HMKe IThe30METPHYeCKOT0 YDPOBHSA HANODHBIX BOJy
3aKIIOYCHHLIX B XOPOIIO IPOHHNMaeMoM HIKHEM CIo€, 0CTAOTCA [AeificTBATEeIbHBRIME
paccMoTpenHHe Bhmre ypasHerde (IV.13) m dopmyxm (IV.16), (IV.17), (IV.22).
BepruxkansBii BonooOMeH II0 9TOH cXeMe IPOHCXONMT MEAY BEDXHMM M HUKHUM
croamu mopof. Heo6XofuMo HOMBHTE, YTO BMeCTO MONIHOCTH DasfielIbHOTO CIOS
IOPOJ M, B 9TON CXeMe YUHTHBAGTCA yCPefieHHas 3a BpeMsA { MOIIHOCTb BePXHETO
BOJOHOCHOTO €J0S Ky, CUATAsA €e oT FOPH30HTAJbHON MOAOMIBH BEPXHErO CI0A.

HoanyorpasudeHEHHHA moTokK (pme. 16), BerpewaeMuit B6IAM3H
pPeX, KaHalloB, BOAOXPAHWIMIL HIM APYrUX BOAOEMOB, pacCMATPHBaeTCA HaMH
TaRyKe ¢ Y4CTOM WEPMIBTPAUM BOIH CBEPXY W W IepeTeKaHNA BOAH BHA3 ¢ MHTEH-
CHBHOCTBI0O €. B KaueCTBe KpaeBHX YCJIOBHH OymyrT:

t=0, Ah==0,
t>0, 2=0, Ah=1bt

— IHHeftHoe H3MeHeHWe YPOBHsi BOHK Ha TpaHHIE NOTOKA € HOCTOSAHHOH CKO-
poctei0 b;

6Ah=0

t> 0, r=o00, =

— yeclloBHe HEOTPAaHHYEHHOCTH MOTOKA B OJHY CTODOEY.
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Tak Kak JJI 5TOro MOTOKa POJb TOPA30HTAABHOTO BOJO0OMEeHa mMeeT GONBIIOE
3HaueHHMe, To B OajlaHce BOJ, YUATHBAGTCA pPA3HOCTH MEKAY TOPHA30HTAJIbHBEIME
NPATOKOM ® HUX OTTOKOM

01_02 At a([
T oz ?
9T0 OPHBOAHUT K HCXOTHOMY ;Qm{)(i)epemxnanbﬁomy YPaBHGHHIO B BHUJE
o Ah 02 Ah w
T = G—W?‘—"‘—”— —C Ak, (IV.27)
— KOSq)q)HI[HeHT YPOBHEHOPOBOIHOCTH BepXHero BOLOHOCHOTO mJIacTa,

cofepKamero I'PYHTOBYI0 Boiy (37ech k — ycpemHeHHEI Kodddumuenr pmabprpa-
nmd; k., — yCpejHeHHas MOIHOCTB; [ — BOJOOTHAYA, WIA HENOCTATOK Hachlme-
gEa mopop). Ocranpable 0603HaUeHHAA IperKHIE.

Pemennmem aToro ypaBHeHHA [ yKa3aHHEIX KDaeBHX YCJIOBHi GymeT dopmyia

Ah(z, t)= _;’; (1—e~ct) erm+—’§;— [e“" V Terfe(A—Vct)+¢ ¥ Terfe (A +V B)] ’
(IV.28)
rne Ak (z, f) — U3MeHeHHMe YPOBHA TPYHTOBHIX BOJ B CeUeHWH I 3a BpeMs [} A =

5 ;__; erfc A = 1—erf A (3mech erf A — QyHKRIEA BepOATHOCTEH, B3HAYCHAS
at
KOTODO# IpUBENEHH B HPHI. 2);

Qopmyna (IV.28) cosmagaer ¢ pemenmem M. C. Xarryma (1967 r.) opu coG-
MIONEHAR YCIOBHA

<01, (IV.29)

Tne B = V O (3mecb m — MOIHOCTH HAODHOrO IOTOKa; K — K03pPHIUEHT

punbTparHn ero BOJOHOCHHX mOpof; k,, M, — COOTBETCTBEHHO KO03HPATACHT
GEABTPANEA W MOIIHOCTH Pa3feJBHOT0 CJ0S IOPOJ).

Hepagencrsy (IV.29) oTsezanT GoJBMHAHCTBO peallbHHX YCIOBHI $HHIBTpa-
OEE 9epes pasfelibHHe CIOM IOopoJ, moatomMy dopmyrny (IV.28) MoxHO mHEpOKO
OpUMEHATH I aHAJIH3a PesKUMa IPYHTOBHIX BOJ, CBSBaHHHRIX C De;KAMOM HaIop-
HHIX BOJ IyreM uepeTeKaHMAsA.

IIpz BrBoge popmyxan (IV.28) momyckamoch mOCTOAHCTBO BO BpeMeHH Hamopa
BOJ] HA/KHEro HAIOPHOTO BOJOHOCHOTO TOPH30HTA.

B cayuae memocToAHCTBa Hamopa BOJ, B HIVKHEM HallODHOM BOJOHOCHOM IOpH-
BOHTE MOKHO BOCHOJIB30BATHCA IPAMOIMHEAHOH KOPPEISLHOHHOH CBA3BI0 MEKAY
HaIOPOM H YpOBHEM TDPYHTOBHIX BOJ, KaK 3TO HIPeNJ0;KeHO JJIA HeOTPaHHICHHOTO
HoTOKa. TaKWe CBAZE JIETKO YCTaHOBUTH IPHM HAJIMYAA KYCTOB APYCHHIX CKBAIKHH
(ubesoMeTpOB), pPaCIONOKEHHHX B pacueTHOM CTBOpe. Tak, BOCHOIB30BaBIIHCH
dopmyaoit (IV.21) m semmumpamun Aw’ = Aw + ape, ¢; = (1—§) ¢, Mmu npugem
K (i)opmyne (IV.28), B KOTOpOI NpX mepeMeHHOM HaIlopPe BOJ, BMECTO w cliefyeT mpHa-
HATH Aw’, BMeCTO ¢ — BeJIHUHHY C,.

Ity xe GopMyly MOKHO IPHMEHATH W [JA CXeMBl JBYXCIOHHOTO CTPOEHHSA
BOJIOHOCHOK TONIA, B KOTOPOA BePTHKAJBHEN BOJOOGMEH IDOHCXONHT MERIY
BeDXHAM CHa60oOpoHANAeMHM M HIKHEM Golee HPOHMIAEMEIM CIOAMHA LODOA.
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Hpﬂ 9TOM BMECTO MOINHOCTH DAa3JCJBHOro CJos CIeNyeT HPUMEHATHh yCpPeaHEeHHYIO
3a BpeMsAa t{ MOIDHOCTH TPYHTOBOrO OOTOKA, CIUTAA €€ OT I‘OpHBOHTaJILHOfI OOTOIINBHL
BEepXHero CJoA.

Onpenenenne rufporeoIOrHYecKNX HApAMETPOB N0 KOAEGAHHIO YPOBHS
NO3eMHBIX BOJ

ITo maHDBIM 0 Kole0aHUH YPOBHA IPYHTOBHX H HADOPHHX BOX, a TaKe 0 BOXO-
IPOBOJMMOCTH HOTOKa H reoJIOTHICCKOMY paspedy aHAIHTHYCCKHUN MeTOM IO3BOJIAET
paccUdTaTh ClIeAYIOMmUEe I'HAPOreoJordiecKre MapaMeTpsl:

1) Ko3pdmOUeHET YPOBHEIPOBONHOCTH FPYHTOBOIO IIOTOKA 4 = ﬂ;“i M Koapdu-

km
[EeHT Ibe30HPOBOXHOCTH BOJOHOCHOTO IIacta a* = m?/cyT;

Ehep
a

2) wood@UIEEHT BOZOOTTAYM WM HEZOCTATKA HACHINEHHS MOPON [ =
km
a* !

3) Kosd¢PUIUeHT BePTUKAIBHOr0 BOJOOOMEHa MEKAY TrPYHTOBHIM M HAIOPHEIM
TOTOKAMH ¢ = —%, 1/cyr;

4) roadpduument GUIBTPANHEM PasLENBHOr0 CIOA HOPOX Kk, = Wm.¢, M/CYyT;

5) IOKa3aTeJau TUIPOAAHAMAYECKOr0 HEeCOBEePINeHCTRA BOIHBIX I'paBnI OOTOKa.

Bee sTE mapaMeTpH HCHONb3YIOTCH IPH IEIPOIAHAMAYECKOM aHalld3e¢ PemmMa
UOA3eMHKX Boj. JHaHEE HX T03BONAeT 0€3 HpOBefeHUS KOPOroCTOAIMHAX paboT
(HampuMep, MacCOBHIX ONBITHHIX OTKa49eK) BEUMCIHTH IO JAHHKIM PEKAMHHIX Ha-
GmojleHN#l TiIaBHeHMUe 3IeMeHTH OalaHca IIOJ36MHEIX BOJ M COCTaBHTDb IIPOTHOS
pe)KuMa STHX Boj Ha Oynymee.

OupepmeleHue MePEUYACIGHHEIX IIapaMeTPOB SABJIASTCH IePBoil BaxHedmon
sajiavedl rUIPONMHAMHAUECKOTO aHAMM3a peRUMa HOA3eMHHX Box. Ilo cymecTBy oHa
saBigercs obparHON (HIBTpanMOEHOM 3amadell, Korga Io H3BECTHOMY K0IeGaHWIO
YPOBHA IOf3eMHHX BoJL # ¢JopMydaM HEYCTaHOBHBIIEHCH (GUIBTpAUHE HAXOIAT
HCKOMBIE HapaMeTpPH IIOTOKOB 3THX BOJI.

n KosgdumuerT yupyroit BogooTnaud pu¥ =

I'pyrmoevie 600b

Pacuern 663 y9era mepeTeKanusA BOJ

: k
Has pacuera kosduIMeHTa YPOBHEUPOBOTHOCTH @& :___h;_p BHIOMDAIOT IHe-

pHEoJ B TONOBOM ILHKIe, NJIA KOTOPOro HPHHOUINMANBHO BO3MOKHEL [Ba CIydas
dbopMHpOBaHAS peMEMa IPYHTOBHX BOJX:

1) ypoBHE 3THX BOJ HCHOHTHBAIOT CHaj UIM TOABEM UPH HOCTOAHHOHN BO Bpe-
MeHH HHTOHCHBHOCTH LHUTAHAA CBEpPXy, T.e. IpH w = const (Korxa HaualbHAH
UHTeHCHBHOCTh MHTaHEA w, = 0 mau w, = 0), B 9actHOM ciayyae — upn w = 0
(z upn w, = (), mpu aTOM DpHpameANe MHTEHCHBHOCTH NHTAHUA CBepXy Aw =
= w—w, = const; Cioja sxe oTHOCHTCH ycaosme Aw = 0;

2) ypoBHHU TeX Ké BOJ H3MEHIMTCA B YCIOBHAX HOCTOSHHOH HHTEHCHBHOCTH
OUTAHHA WM €€ HOCTOAHHOrO M3MEHOHUA 3a BpeMs { Ha UDOTM)KOHHA BCEro pacueT-
HOr0 CTBOPa CKBa)KWH B HHTepBale 0—z,—z,.

O6bigHO [ T'PYHTOBHX BOJ B JeCHOX K JeCOCTeMHOM 30HaX IePBHIA clydail
Habmonaerca B sEMue-paEHeseceHEEi mepuox (XI—XII—I—II). B »aro Bpems
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YPOBHH 3THX BOJ MOHIKAIOTCSH IOJ BINAHMEM CTOKa K pekaM. TolisKo Ipu Herdy-

OoxoM (MeHee 3 M) ypPOBHEe BOJB BOSMOMKHBEI NUCTWJLIANNSA M KaOWIIAPHO-IICHOY-

HBII TOK BOJB B 30HY a3PAI[MH K CJOI0 Ce30HHOTO mpomep3aHusa. Ilpm stoMm Bo3HE-

KaeT OTPHmaTelbHOe HUTAHWe TPYHTOBHX BOJ IOCTOSAHHO! HHTEeHCUBHOCTH.

K mepsomy cayuawp DOdTA BCerga OTHOCATCS YCIOBHA (opMHUPOBaHHA Kojeba-
HOMl ypoBHA TPYHTOBEIX BoJ B UPHODPEKHBIX 30HaX DEK, KaHAJOB ¥ BOJOEMOB.
3[cCh POXb UMTAHUA CBEPXY B Iporecce Kojle0aHMsa ypoBHA HesHauHTenbHa. Oco-
GelI