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Toasaéepr B. M. THApPOreoNOrMYecKME MPOTHO3H KadecTBa HOM3eM-
HbIX BOJ, Ha BomosaGopax. M., «Henpa», 1976, 153 c.

B KHUTe H3JaramoTcs BONPOCH TUAPOTe0JIOTHYEeCKHX IpPOrHO30B Ka-
geeTBA MOABEMHBIX BOX Ha BoRo3abopax DpHM pasBefke W OIEHKE 3alacoB
IpecHHIX MOX3eMHBIX BOJL B YCJIOBHAX HORTATUMBAHUA COMEHHIX BOJ K BOMO-
zafopaM. PaccMaTpHBalOTCA TURXDPOTEOIOTHYCCKUE YCHOBAA  HEKOTOPHIX
TUIIOB MECTOPOMAeHUt IPEeCHbIX HOA3eMBEIX BON, KOHTAKTUDPYIOMHUX C COlle-
HeIME, VIccenyeTcA CTPYKTYpa [ABWiKeHHA IOA3¢MHHIX BOR K BOA03a00py
B pPa3lUYHAIX THAPOreONOTHYeCKHX YCAOBMAX. IIPHBORATCA M aHANMM3H-
DYOTCA pacieTHbie 3aBHCHMOCTH RJIA IPOTHO3A BPEMEHU ABIDKEHHA coJe-
HBIX BOX K BOR03a00py. PaccMaTpUBAlOTCA YCNOBMA CMelileHMA Ha BORO-
3abope HPECHHIX B COJIEHBIX BOJ A JAI0TCA (YOPMYJIIs! I pacueTa USMEHEHMUsA
BO BPEMCHHM MIHepalM3alHyu BOZh Ha BOZ03abope. OGCYMOAlOTCA BONPOCH
METORHKA THIPOCEONIOTHYECKUX BCCeOBAaRUE MeCTOPOMKACHMH DDPECHBIX
DON3eMHEIX BOJ, KOHTAKTHPYIOIHUX C COJCHBIMA, ONEHMBAaeTCA JOCTOBED-
HOCTL HPOTHO30B B 3aBMCUMOCTM OT TOYHOCTH OMNpefelIeHAA HMCXONHBIX
oapaMeTpOB.

Kudra paccunTaHa HA IMAPOKUA Kpyr MIDKeHepOB-THAPOTEONOTOB,
B3HUMARIAXCA NOMCKaMHX H pasBefKoll moAseMHBIX BOX ANA BOROCHaOHc-
B, OHa MoeT GhThb mOJe3HA OPH paccMOTpeHUM BONPOCOR, CBA3AHHBIX
¢ OXpaHoH MOf3eMHEX BOJX OT 3arPA3HEHNdA, C DOA3CMHHM 3aXOPOHEHNEM
NpPOMCTOKOB, M MpHA pemeHWH APYrux 3amad. OHa MoxeT OHITH HONe3HA
TaKKe CTYAEHTaM-THIPOreoJoraM IpH TPOXOMAeHHM KypcoB «JluHaMHKa
nOR3eMHNX Bof» B «IIoONCKA W pa3sseiKa OOA3CMHBIX BOI».
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BBEJEHUE

Opnoit W3 aKTyalbERX COBPEMEHHHX NpPoGJeM ABIAETCS OXpaHa
OKpY:Kalomel cpefsl or 3arpasHeHda. Oco6oro BHEMaHHA TPe6yIOT
BONpOCH GOpp0Hl ¢ 3arpAsHeHEHeM BOJ (MOBePXHOCTHHIX M IIO[3eM-
HEIX).

3arpssHeHle NON3eMHEIX BOJl — 3TO TaKie W3MEHEeHHA KavecTBa
BOjiH ((usmdyecKnx, XMMHUYeCKUX H GHONOTHYECKHAX CBOMCTB), KOTO-
pHe [eJaioT ee YACTHYHO MK TONHOCTHIO HO MPHTONHON AJIA HCIONIE-
3oBaRHA. puTeprueM ON@HKH CTeNeHHW 3arpSA3HeHHSA NWPHPORHHIX BOJ
CIyHaT HOPMH TPENeIHbHO NONYCTHMHX KOHIEHTPAIMH OTHeIBHHX
KOMIOOHEHTOB W 00I(e#l MUHepaJIW3amud BOJHL.

T'oBopa 0 sarpAsHeHHH WOJ3eMHBIX BOJi, ClelyeT WMeTh B BHAY
TIPe;Ke BCErO 3arpA3HEHNe MPeCHHX IOI3eMHHX BOX, a TAKKe ¢I1a60-
COJEHHX BOJN, MHHEPANH3ATNA KOTOPHX He NpepHmaeTr 3—D5 r/i.
IIpecnsie mog3eMHble BOAH — CAMBIN MEHAHI A BaYKHHY THI TO3eM-
HEHIX BOJ, — MHPOKO HCHONB3YIOTCA INA XO3ANCTBEHHO-IATHEBOTO
BOOCHAOKEeHN A,

- IloatoMy ocoGoro sBEEMaHUA TPeGYHT BONPOCH OXPaHH IOJ36M-
HHX BO Ha BO#03a0opax x03AHCTBeHHO-IIUTHEBOr0 HAZHAYCHHUS
H IpesKie BCero Ha KPYNHHX [eHTPATH3OBAHHHX Bojo3aGopax.

3arpssHeHNe HOJ3eMHBIX BOJ 3aBHCAT OT CHeAYOmUX (HaKTOPOB:
HaJIM4¥ifA HCTOYHNKOB 3aTPA3HEHHA, WHATEHCHBHOCTH OTGOpa IO3eM-
HHX BOJi, THAPOTeOJOTHYCCKEX YCIOBHi BOJOHOCHOrO TOPH30HTA.
HanGomee mopBep/KeHH 3arpA3SHEHN0 IPYHTOBEE BOMH W 3aleraloniue
OIM3KO OT HOBEPXHOCTH FOPH30HTH HANODHHX BOX. 3arpAsHenne mMoj-
36MHEIX BOJ| ABIAETCA CIEACTBAEM 3aTPASHOHHA CpPeJsl B HEIOM —
TNOBePXHOCTH 36MJHM (TIOYBH), IOBEPXHOCTHHX BOJ, aTMocdeps. 3a-
IPA3HANINEe KOMIOREHTH ¢ HOBEPXHOCTH 36MIIH (TIOYBH) BMECTE C aTMO-
cGepHBIMHM OCafKaMM HH(QHIBTPYIOTCA B TI'PYHTOBHE BOAH. Bzaumo-
CBA3H HOBEPXHOCTHEIX M TOH3EMHHEIX BOJ OGYCIOBIHBAET 3arpsa3He-
Hie TOCTefHAX. 3arpsAsHeHne aTMOCPepH uepes HBUIb W aTMOCHe PHEE
OCAfiK¥ TiepefaeTcA WOBePXHOCTM 3¢MJIM U NOBEPXHOCTHHIM BOIaM,
a OTTyAa — B MOJ3EeMHEIe BOIHI.

OcCHOBHHIME 3arpA3HHATENAMH HOJ36MHBIX BOJ| ABIAIOTCA: a) WPO-
MBINIIGHHBIe OTXOAH W NPEeKfe BCET0 IPOMHINJIEHHEE CTOYHEE BOJH;
0) HeKOHJUNUOHHBe NPHPOJHEE BOLH; B) GEHITOBEE CTOKW W OTXO[H;
I) CeJIpCKOXO03AHCTBOHHHE YAOODeHHA ¥ ANOXAMIKATEHL.



Bo wmHorux cxydasx OpUYHHOH 3arpasHeHNs HOJ3eMHBIX BOJ,
TrJaBHBIM 00PA30oM IPECHHX ION3EeMHHX BOJ[, SBAAIOTCA IPHPOAHLIE
HeKOHININIOHAHE BOOH (10BepXHOCTHEE B monsemHse). Hox HeROHTI-
IHOHHBIMIT (0 OTHOIIEHWIO K I PECHBIM IIO[3EMHEIM BOjaM) MOHAMAIOTCHL
BOJIH TMOBHIIEHHON MIHEDPANM3ANMHA H CONEPIKAMmMe OTJEeNbHBIE KOM-
HOOHEHTHI CBEPX HOHYCTHMBIX HODPM [JJIA HATHeBHX Boj. K IpUpPOAHLIM
HeKOHIANHOHHHEM BOJAaM OTHOCATCA IpesKie BCero eCTeCTBeHHDIe COMe-
Hbe BOTH (BOH ¢ TOBBHINICHHBIM CONEpHKAHMEM XJOPHJ(0B), BOIH
¢ TOBHIICHHBIM COHEpMAHNEeM jKenesa, cyiabdhaToB, ¢TOpPa, BOHH
HOBHIIEHHOH eCTKOCTH ® JAD.

Tak, ¢ MOPCKHMH BOJAMH CBfI3QHO 3aCOJEHUE TPECHHX HOA3CM-
HHX BOJ B Mpu0pe;KHHX paiionax. Haxuane B niacrTe HOA3eMIIBIX BOJ
MOBHIUICHHOH MITHEPaXn3aquy MO;KeT NPHRECTH K TOATATHBAHILID
mocxesHHY K BOX03a00py M YXYAIIEHAIO KAadYecTBA IPeCHBIX MON3eM-
HHX BO.

B macrosmeii pafore BOHPOC O KauecTBe BOJB HA BOZ03a0ODPL
paccMaTpUBAeTCH IPEKNE BCEIO B CBA3H C NPHPONHHMHA HEKOHjH-
IHOHHBIME BOJAMI, KOTOPEE B JajibHeiiimeM g KPaTHOCTH EMeHYIOTCA
conenbiMu Bogamy. OHAKO NPUBORKUMEE PeIIeHEsT MOTyT OHTh HCHONb-
30BAHBl M JJIA HPOrHO3a KAayeCTBA BOAB B CBA3H C 3arpA3HEHUEM
TIPeCHBIX IOJI3EMHKIX BOJ, XOTA B BTOM €JydJae MOIYT BO3HHKHYTH J[0-
TMOJHATENBHHE BONDOCH, OTHOCATHHECS K 06ACTH GH3HKO-XHMAIECKO
THAPOAVHAMIRKE H Tpe0yomye CHeNUaJpHOT0 PacCMOTPEHUS.

YXyauenne KauecTBa NPECHHX WMOA3eMBHX BOH Ha Bogosabope
00yCiIoBIeHO TMOATATHBAHMEM K HEMY 3arpasHeHHHX (COoJeHHIX) BOJ.
Xapakrep HOATATMBAHNS CONEHHX BOJ K BO{03a00py BaBHCHT OT
TPAaHNYAKIX YCHOBHUII BOXOHOCHOTO TOPH30HTA, HANMYMA HJIH OTCYT-
CTBH €CTECTBOHROTO JBINKOHIS MOJ3EMHHIX BO, PUALTPATIAOHHOT
HGO,I[HOpOlIhOGTH IOpPOJ ¥ TUIa BOHo3adopa (OXWHOUHHIE HIH cocpe-
HOTOYeHHHIT IJIOMARHON BOZ03a00p, NUHEHHHIT P CKBAJKAH).

Tlpu paGore BOm03aGopa B YCAOBHAX eCTECTBEHAOTO JBIMIKEHH S
NOJ3eMHHX BOJ{ B Pe3ylIbTare CJIOKEANs MOTOKA HOJN3EMHBIX EOH
K B0J03a60py ® eCTECTBEHHOrO MOTOKA IOA3EMHHIX BoJ (OPMUPYeTCA
of6macth nUTaEHs BomoszaGopa. B arax yelmoBmax mOATATHBAHMUE
COJIEHHX BOJ K BOK03a00py BO3MOMKHO TOJNBKO B TOM Clydae, ecid
OHU 3aXBaTHBAIOTCA 06XACTHI0 NRTaHUA BogozaGopa. Crexosarenbuo,
77A 000CHOBAHHOTO IPOTHO3a BO3MOJKHOCTH MOATATMBAHMA COJNCHEIX
BOI K BOH03a60py HEoGXOxuMO 3HATH 0COOEHHOCTH NBHMKCHUA FRUAKO-
CTH K BOf03a00py B pPAasIMYHHX THAPOTEONOrTUeCKIX yCAOBUAX,
T. €. CTPYKTYDPy IIOTOKA IOA3eMHHIX BOX K BOZ03abopy.

OnAuM W3 QCHOBHEIX MOMEHTOB MPOTHO3a KagecTBa BOXH HA BOO-
3a6ope ABIAETCSA ONEHKA BPEMEHH IOXTATHBAHMS COMEHBIX BOT K HEMY .
B GonpmuHCTBE CiiydwaeB [OCTATOYHO OTPAHWMIUTHCA IPOTHO3OM TO-
CTYILIeHH s NEPBHX NMOPIWil ¢ONEenoil BOXH O KpaTialiieMy paccros-
HUI0 OT Boj03aGopa [0 TpaHHIE COJNEHHX BOJ.

Tlocne mocrynnenus TepBHX HOPIMI COJEHHX BOA HAYMHAET
YXYAMATHCA KauecTBO BOAH Ha BojosaGope. B aTux yemorusx Heodxo-
AVM OPOTHO3, KaK OHCTpo §yfeT M3MEHATHCA Ka4eCTBO BOAK BO Bpe-
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MeHHM H KOI/ia OHO JOCTHT'HeT KOmycTHMO#l HopMHEl. MosKer oKazaTscs,
YTO B Pe3yNbTATe CMEIIGHHS Ha BORK03a00pe MPECHBIX H CONEHHIX BOJ,
KauecTBO oTGHpaeMoil BOfH, X0Ta B OyneT H3MEHATHCH, OHAKO B Te-
YeHHe CPOKa dKCOJAyaTamuu Bof03abopa He mpeBsIcUT MOIyCTHMOIL
HOPMH g HUTHEBHX BOX. B »sToM caydae Bomoszabop moser pado-
TaTh € YACTHYHHM MONCACHIBAHMEM COJCHBIX BOX.

Cregyer OTMETHTH, 4TO YACTHYHOE MCHOJE30BAHHE CJIAGO COMOHO-
BATHIX BOJ B CMeNIGHUW C TPECHEIMH BONAMH DPH yCIOBHM, YTO MI-
HepaNm3apHsA cMeCH HE IPeBHICHT JONYCTUMOH HOPMH, NO3BOJIACT
YBeJAWUNTH YKCHIyaTANUOHHEE 3amMackl MON3EMHBIX BOJ, 4TO HMeeT
Cyu|eCTBEHHOe 3HA4EHHe B pAailoHaX, GeHBX IPECHHIMA BOJAMI,

3HavuMTedbHe HCCASNOBAHIA, CBA3AHANE ¢ 000CHOBARNEM OX DALl
HOA3eMHBIX BOJ OT 3arpA3HEHUSA, HPOrHo3aMu METPANK 3arpA3HEHUA
B IOf3eMAHX BOAAX W PAaCYeTaMM 30H CAHWTAPHOI OXPAHHBl BOT032-
6opos, sunoxnens @. M. Bowesepom, B. JI. Babymrunniv, H. H. Be-
puraaby, E. JI. Muaskuaey, A. E. Opajoscroit, B. M. Ilecra-
koM, A. C. BemugruM m ap. Peaympvarh oTuX HcclemoBaHNii,
a Taxske papmeie fpyrux asropos (B. H. Illexxager, B. II. Iluxa-
Topekuit, YI. A. Yapauii, M. A. T'yceitn-3ane # ap.) MCHOOIH3OBAHBL
B HAcTOsAmei padore.

OcHoBHas 3ajaua KHNUIM — H3I0:KEHUE BONPOCA O IPOrHOIC
KayeCTBAa NOX3eMHEIX BOJ HAa BOgozalope B pesymbrare CMeDIEHTIS
IpeCcHHX U COJeHHX BOJ.

B paGore He paccMaTpHBAOTCA BOMPOCH (UZHKO-XUMHUHEECKOIO
B3aUMOJEHCTBIA 3arpAsHEHHBIX BOJ ¢ «THCTHIMIY TMOT3@MHBIAMH BO-
AaMII H MOpOxofi H BAUAHAS DTOTO B3AMMONEICTBAA HA TWPOIECC MUY
pauus sarpa3feHHsA B MOJ3€MHHX BOJAX.



TITABA I

THAPOTEOJOr'MYECKHUE YCJIOBUA B3AUMOCBASH
IIPECHBIX IIOJA3EMHBIX BOJ C COJXEHLIMHI BOJAMU

HeoGxogumocTs TpOrHO3a KagecTBa HOA2EMHEIX BOK HA BOR03a60pax
BO3HHKAGT B TeX CIy4afgx, KOIMA B HENOCPENCTBEHHON Ommaoctd
0T BOA03a00pa WAH HA HEKOTOPOM YOAleHHH OT HEr0 MpPeCHHe IOJ-
3eMHEE BOJIH KOHTAKTHPYIT ¢ HOeKOHAWMAOHHHIMA HO COCTABY BOFAMI,
HE OTBEYAIOMIMH TpeGOoBAHNAM, TPEABSBIAEMBIM K XO03SiCTBEHHO-
nureeBhIM BojaM. Ilop HekoHpguUNUMOREEME BopmaMu (¢ TOYKHE 3peHUSA
HX XO03fHCTBeHAO-NUTHEBOTO HA3HAYEHUS) TOHUMAIOTCH BONH IOBH-
IIeHHO# MUHepaiM3anui (B YACTHOCTH, C MOBHIOIEHHEIM COJePIHAHNEM
XJOPU0B ~— COJNEHBle BOXH), BOABl C TNOBHIIEHHHM COREPIRAHHUEM
¢dropa, cepoBomopona, xesxesa, cyasdaToB W APYrHX KOMIIOHEHTOB,
cofiepsKapre KOTOPHIX HPEeBHOIAT JONYCTEMEE HOPMBI HJNf NATHEBHIX
BOE. K HEKOHAWIUOHHKEM OTHOCATCH TaKKe BOAH, 3arpsasHeHHLIS
TNPOMBIUUICHHBIMY M OHTOBHIMH OTXOFAMH, CeJIBCKOXO03ANCTBeHHBIME
yEoOpeHuAMA, AKOXHMAKATAMA B T. 1.

Ilpu passemxe ¥ onemKe 3anacOB NPEeCHEIX ION3eMHHIX BOJ 0CO-
GEHHO 9aCTO BCTPEYANOTCHA CAYYAW KOHTAKTHPOBAHNA NPECHHX NOJi-
36MHKIX BOJ{ C COJEHHIMH BOJAMA KAK TOH3eMHHIMHU, TaK B WOBEPXHO-
ETHBIMH.

Han6onee xapaKkrepast B 2T0M OTHOTIEHHH MECTOPOIKICHNS Ipec-
HHX HOJ[3éMHBIX BOX B IIPNGPEKAEX MOPCKUX patoHax H JWH3H Hpec-
HHIX BOJ B 3aCYNINWBHX W NyCcTHHAKX ofiacrax. Bsamvmocsass npec-
HHX B CONEHHX BOJ YCTAHABIMBAETCH KAK B FOPUBOHTAX IPYHTOBHX
BOR, TaKk # B Gojiee IIyGOKUX HANOPHEX ropusonrax. Hampuwmep,
B Cremrom KpeMy npecHBe nofseMHBe BOAB MOHTHYECKUX, capMar-
CKAX W MEOTHYECKHX OTHOMKEHUH I PAaKTHIeCKH IOBCEMECTHO KOHTAK-
THPYIOT ¢ CONEHBIMH BOJAMM: B OJIHAX cIydadAX HDPeCHEE BOAH CMEH-
0TCH Ho HAOMANY CONEHKMA BORAMA, B APYTHX 0TMedaeTcs TEAPO-
XMMUYeCKAsd 30HANBHOCTH WO paspesy (IpecHHe BOJH TONHOCTBIC
HJIW 9acTHUHO 3aleraloT Ha COJIeHHX BoAax). Jl0CTaT0o9HO IMMHPOKOE
pasBHTHEe CONEHHX BOJ B OCHOBHEIX DKCIIyaTaTWEOHHHIX BOTOHOCHBIX
ropusonrax ra6mogaerca B llpuGanraxe, Bonro-Ypaasckoit obnacra,
Monpasum, YKpaune um gpyrzx pafioHax cTpaHH.

Ilpn passegke ¥ omeHKe 3amacoB WPeCHHX MOF3EMHHIX BOJ, KOH-
TAKTHPYIOUMX ¢ COJCHHIMH BOJAMH, NePBOCTeICHHOe 3HAYEHNe HMeeT
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u3ydeHHe JBHKEHUS CONEHHX BON K BoA03a60opy W M3MeHEHWe Ka-
gecTBa BOAH B HeM.

Hue KpaTRO paccMaTpHBAIOTCA YCIOBUSA BHeAPEHNMA CONEHHIX
BOJl B IPeCHBIe MOA3eMHABe BOJH HAa IPHEMepe MeCTOPOIRACHU TPeCHEIX
DOJ3eMAKX BOJK MOPCKAX NM0Oepemuii W JMH3 NPeCHHIX BOJ 3aCyNliu-
BHIX obIacreii M JaeTcA cXeMATH3ANWA NPAPONHKX YCIOBHI AJA TPOr-
HO33 [BHIKEHHA IOJ36MHEIX BOJ K BOH03abopy.

OPECHBIE BOJABI MOPCRHX IOBEPEKNH. BHEIPEHUE MOPCKHUX BOJ|

Cremuduaeckoii 0c0OGEHHOCTHIO PECHEX MON3EMHKIX BOJ B paiioHax
MOpcKnX HoOepeuil SBICTCA HENOCPEeNCTBEHHAA MM KOCBeHHAS
B3aMMOCBA3b MX C MOPCKEMM BoJiaMu. JT0 00yCIA0OBIMBAET NPOHHKHO-
BeHWe MODPCKHX BOJ B TODH30HTH TPeCHHX HMOA3eMAHX BOJ, MOATA-
THBafNe COJEHHX BOJ K BoL03aGopy W yXyAllenue KadecTBa MO3eM-
HHEIX BOJ.

Bregpenue cOIeHBIX MOPCKUX BOJ B IPECHHE IOJ3EMAEeE BONH —
aKTyansHasg HpobieMa, WMemas NePBOCTeNEHHOe 3HaweHHe IS
muorux crpad, nanpuamep CIIA, Tonxnauguu, Aranwa, fnonnm u gp.
B CHIA maydenne BTOp;KeHUA MOPCKUX BOJ ABAAETCS OJHON M3 OCHOB-
HBIX THIAPOreoOrM4ecKux 3amad.

OGmyue cBefieHNA ¢ BHEAPEHHE MOPECKHX BOJ
B DpecHble TMOJ3EeMHBIE¢ BOIBI

Boasmoit onst nayuenns sroro sisienns uMeercsa 8 CIIIA, rne mue-
rue KpyIoHHE ropofa PACIOJIOKenH Ha mobepempbsax Tuxoro m Araan-
TH9EeCKOro OKeaHoB. Brop:keHme MODCKHX BOJL B TOPH30HTH HpPeCHHX
DON36MHNX BOX OTMedaerca B mratax Hewo-Mopk, Hpio-lmepen,
Henasop, Mopmieny, Jiymsnana, xopmmusa, @aopuga, Kaxudbop-
pusa, Operon, Hommerrukyr, Texac, Pox-Aimenn m pp.

B pa6orax A. [Isxoncora, . Ancona, W. Topmana, J[. Ilmeparu,
I'. Kpanpeana, H. Jlyxeunnckoro, B. lllsapuenckoro, [I. Us6m-
crepa, H. Ilepamyrrepa m gp. [33] ormewarorcs Gonvmue Tpymrocrn
B BofjocHAGKeHNM Ha o-Be Jlomr-Aitmenn (mrar Hewo-Wopk), B 1oro-
BOCTOUHON YacTH KOTOPOro pAacHONOeHH npa paiioHa r. Hrwo-
Mopra — Bpywuann n Kyunc, BClefcTsHe BTOD/KEHHSA MODGKHX BOJ
B BOJOHOCHHE TODPH3OHTH B IPONECCe IKCIIyATANNM HOCIEKHAX.
Ho 1917 r. npecnywo Bogy Ha JloHr-AiineHge mony4anm #3 Heray6o-
KHUX KOJOJIeB M IOBePXHOCTHHX Bomoemos. ITo Mepe pocra morpe6mo-
CTH B BOJie COOPYKAXMCh rIAy0OKHe KOJONIH ¥ CKBAaMUHH, 060pyi0-
BaHHHE MOMHHMM TypOumakiMA Hacocamu. MHremcuBHas oTxauka
TmpHuseja K HOATArMBAHII0 MOPCKAX BOJ ¥ 3aCOMACHAK) OCHOBHHX BOMO-
HOCHHX TOPH30HTOB — YeTBOPTHYHOrO H MeI0oBOro. BHuo ycramo-
BJIEHO, YTO B UETBEDTUIHHIH BOJOHOCHHHA TrOPH30HT MOPCKUE BOMLH
NPOHMKAIOT HeNOCPeCTBEHAO M0 HIACTY, TAK KaK B HeGOIbIIOM ypa-
JeHHU 0T Qepera aTOT TOPU3OHT BHIKIMHHBaeTca. UTO e Kacaercs
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MeJI0BOTO BOJOHOCHOIO TOPH30HTA, TO MOPCKHE BOJH MONAfaioT B HEro
TTaBHEHM 06pa3oM IyreM (UABTPamiil dUepes TCPEKpHBAIOI(He JTOT
TOPH30HT TJINHH ¢opManun PepHraH. 9T TJIHHB HefOCTATOYHO BEHI-
HePHAHE U0 NMIOMANY H COgeps/Kar HecYaHbe AUH3H. Y CTAHOBJIGHO,
9T0 IO Mepe IPOJBILKEHUA B IVIMHE MOHEPAJM3ANWA COJEHEIX BOJ
yMeHBIIARTCA.

C ueaplo KOHTPOAA 32 DHCHJAyaTalmed MOA3eMHBIX BOL JIoHI-
Ajinenfa HaYaIH WPOROAWTH CHEHUATLHME DPERNMHEHE HAGTIOFEHHA.
Bo w3lesxanne pganpueiimero NpORRMKEHHA (pPOHTA COJEHHIX  BOJ,
OBIIM  yCTpOeHH  Tak HasHBaeMble («IuQPy3uORHbBle KONOMNIEN,
B KOTOPHe MoJjaeTcA NMpecHas Boga, o0pasyoman 6apsep HA MyTH ABA-
sRennA coleHpx Box. OrtMedaercs, 94T0 IO Mepe AaJpREUNIEr0 yBeIu-
geHuA NOTPeCHOCTA B BOE HEOGXOAMMO ONPEJEeNIUTh DKCIAYATALIOH-
HBEle 3allacCH HOA36MHHIX BOJ, KOTOPHe MOKHO oToOparh 0es IMOfCa-
CHIBAHHUA COJEHKX BOX HJIH ¢ HEKOTODOH 9YACTHIO COJMEHHX BOJ, HO
HpH YCIOBHU HE3HAUATEABHOr0 W3MEHOHHS CONCHOCTH OTKauMBaeMOi
BOJIHI.

B paGore M. Anmcoma {33] mpocremusaercs npoHUKHOBCHHE
OKeaHNMIeckRuX BOJ B ray0b MarepmKa B BEPXHEMEIOBHE, DONEHOBHE,
OJHNTrONCHOBHE, MHONEHOBHE, MINONEHOBHE M HAEHCTONEHOBBIE BO-
JOHOCHBle TOPORH B mpefenax mrarop Mspmmenn, Henassp, Heio-
Mxepeun m Hew-Yopx. Ha puc. 1 npusenen paspes, B3aATEil B3 570i
pabOTH, Ha KOTOPOM yKas3aHH (A3HKH» CONEHKX BOJI, BHEJPUBINHXCS
B PeCHOBOAHHIL ropusont. IlporukroBeHIe MOPCKON BOIH B BRCIIYA-
THPYEeMble BOJOHOCHHEIE TIJIACTH NPENCTABAACT CePhe3HYI0 WpoGiemy
a4 B ppyrux Mecrax mofepempsa CIIA.

Coxenre BOXNH BHePWIUCH Ha BOCTOUHOM M 3aHAHOM Geperax
Onopunw. 3. Peiigep, . MMupe n 1. Maprep orMewaior, uro B paiione
Maitamu (I0ro-Bocrownas ®mopnpma) onacHOCTh BTOPIKEHHS COJEHBIX
MOpPCKHX BOj BosHUKIA eme B 20-x ropax. OCHOBHHIM HCTOTHHKOM
BOJOCHAOKeHIA 37eCh ABIAETCS TOPH3OHT TIPYHTOBHX BOJ, Ipefi-
CTABIEHHHII BHICOKO TIPOHHI[AEMBIMH DPA3HO36PHUCTHIMA TECKaMH.
Pasrpysxaorca rpyHTOBHE BOAH B HMpUGpPesRHOl ofmacTh.

Ha pume. 2 mokasaHo mporpeccHpPyoOIee BHeIPEHHE MOPCKIX BOJ
3a mepuop ¢ 1904 mo 1952 r. Hponsmxenne comenoit Bogu 6pu10 Ha-
CTOJBKO MHTEHCHBHEIM, aT0 yike B 192D r. BogozaGopusie coopysreHus
r. MaiflaMp DpHIIIM B TOJHY®0 HErOMHOCTH BCHEGACTBHE BHICOKOM
mmuepannsanuy Bopsl. B paiiowe Boxsmoro Maitamu go 1942 r. cxo-
POCTH TIPOIBHIKEHAA TPAHNNH COMONHX BOJ B IMyGh CYIIil COCTABIAIA
oxoxo 70 M B rom, a B 19421944 rr.(3acywnuseie rogs) — B Cpej-
HeM 270 M B rox. K sromy mpemeny QponT COJEHHX BOJ pacmpocrpa-
anaca 52 18—20 kM B ray6r Teppuropun or yeresa kamana Maitamm.

Tupporeonornueckue WccaemoBaHWA TOKazajdd, 4ro Hauboxee
HHTEHCHBIO MODCKHe BOTH BHEAPATCA B rIy0h TEPPATOPHA HO PyC-
IaM perR W KAaHAIOB, 4 3aTéM UH(UILTPYIOTCH B TPYHTOBEE BOJH.

B nocrepyiomne roge OsJIa OCymecTBieHa MHPOKAS MPOrpaMma
MeponpHATHl N0 3amyre NMPECHHX MOJ36MHHX BOA HYTEM CTPOUTETh~
CTBA IITOTUH U 7aM6. B pesyisrare puAATHX Mep 3aCOJCHNE TPYHTOBHX
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BOO He TOJHKO He PACHpPOCTPaEAeTCA Malbhle, HO flake HAYAJIOCH
MeiIeHHOe OTKaTile COJNeHBIX BOJ HPECHHMH B CTOPOHY MOpSH.
ITopgrox comeHEX BOA ABIAAETCA OCHOBHOM mpo(iaeMmoii mpH opra-
HH3aOmuM BOfOcHAOMEHHHA HA MOPCKOM moGeperkse Memgy Omen-
Curu (mrat Mopunens) u Pexo6or-Buu (mrar [lemaBap) Ha cesepo-
Boctoke CIIA. 3pech comenrie OKCAHUYCCKHE BOTH TAKKE HPOHHKATON
B IIy0b TeppUTOPHY IO PYCIaM DK M KaHAJIOB, a 3aTeM UHPHIBTPY-
W0TCA B TPYHT. JKCHIyaTHpPYeMHe BOJOHOCHHe TODH30HTH NpUYpO-
9OHHL K OTJOKeHUAM IelicToneHa W Muonena. IlocmegHue me pex phTh
croeMm raua. OgEaKo 5TOT BOMOYHNOPHHIH CcJIOH He BHuep:;KaH MO IJO-
3y, B HeM NMEIOTCA «OKHA», 9ePe3 KOTOPHe MOPCKAA BOAR IPONAKAET

6 : (474 fanah
CHELK
280U opag
2hlimg

Puc. 2. Ilporpeccupyiolee BTOP/KEHN€ MOPCKHX BOJA HA IOT0-BOCTOUHOM II0-
Gepeskve @uopupsr (CIHA) sa 1904—1952 rr. (mo Peiinepy).

TodKaM¥ HOoxasara BHeIPIBIIAACA MOPCKasi BOTA

B TOPM3OHT MO/I3eMHEIX BOJ. B nmeitcToneHOBH BOMOHOCHHH TrOpH-
zout B pailone Pexofor-Buu coxemsie Bopsl MOIYT HOCTYHATh HEIO-
CPEefiCTBeHHO W3 OKeaHa, HOCKOJBbKY Ha 3TOM ydacTKe HMeeTcA mpsd-
Mafd THAPABJUYCCKAS CBA3L MOA3EMHEIX BOJ IJIEHCTONEHA C OKeaHH-
YeCKHMHU BOJamu.

OnacrOCTH BHEJPEHHS COTEHHX MOPCKUX BOJ CYMECTBYeT B paiione
Tlposupenc, mrar Pop-Aiimenn. Bogocualixenuwe sroro palioma mox-
HOCTBI0 Gasmpyercs Ha mop3eMuEx Boax. HamGomee BomooOHIbHBIM
ABIACTCA MECUYAHO-TAJCUHUKOBEIT TOPU3OHT TPYHTOBHX BOJT, HeIIOCpesi-
CTBOHHO CBSI3AHHHI ¢ MOpcKnmu Bojamu. B mrare Operom BHempe-
HHe MOPCKEX BOJ, B IpPECHHE IPYHTOBHe BOJH IECIAHBIX JIOH OTMe-
qaerca 0ko0mo DIOPOHH U K cosepy o 3anusa Hyc-Beit. Bopr6a ¢ Bres-
peHHeM COJOHHX BOJ — fAaBHAA npobmema B mrare Haamdoprus,
uto otMeuaercs II. Baymannom, M. Bankcom, B. Puxteponm, [I. Xap-
mnepom, JI. TTonangom, A. Tapmerom, A. Cunorom, A. Happeso u ap.
Bo wmmormx npubpexnmx paiionax HKanudopuuu (Jloc-Ammxenec,
Toppanc-Canra-Monnka, Canra-IloMunro m pp.) BCIefcTBHG WHTEH-
CUBHO} DKCOAyaTaguyu NOA36MHHX BOJ W IOHHKeHAA HX ypOBHA
MOpCKME BOJAH BHEJPUINCH B OCAf0YHBe OTIOMCHUA NOJYOCTPOBA.
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Jlo 1900 r. rpyarosue Bogs 8 HanmdopHunm He MCHIOTB30BATUCE .
ocnepyomuil HeNpepPHBHE pocT 0TGOpa BOABL B COYeTAHWM C BIMA-
HiHeM pgonroierHeii cyxoit morogw B 30-x romax ofycaoBmIH
B UpHOpeKHHX paifioHAX B3HAYUTENBHOE TajeHHe YPOBHA TIPYH-
TOBHIX BOJ HE;Ke YPOBHA MODA ¥ BHeZpeHWe MODCKHX BOX B TpyH-
ToBbie BOAH. Ilof3eMHBIC BOJH MMEIOT HEOCPC[CTBEHHBIA KOHTAKT
¢ MOpeM, IepBOHAYANGHEIT YKIOH IOBEPXHOCTH HpecHHX BOX A0 Ha-
9aja sKemiyaTaguu Osul HampaBieH B cropory mopa. K 1955 r.
BHe[IpeHIe COMeHHX Boj Hafmwparoch B 20 yaacTrax, IPHUMBIRAIOMAX
K npubpexuoit mogoce. B pafione Bioment — Ilopr-Apryp nponnkHo-
BEHUC MOPCKUX BON ODPUHANO TAKHE pa3MepH, 9T0 0TGOp MOH3eMHHX
Bog coxparuiaca B 20 pas.

JlnA TpemoTBpameHHA JANLHEHIIETO0 NPOJBHIKEHUA OKeaHnge-
CKHX BOJl B riiy6n TOPPHTOPMH DEKOMEHAYIOTCH YMEHHLUIGHHE BOJ00T-
fopa TMOAZeMHHX BOJi, MOBHIIGHHe WX YPOBHS TIOCPECTBOM HAJIMBA
APECHON BOJH B CHeNUAJBHbIE KOJOMIE, YCTPOHCTBO HCKYCCTBOHHOTO
MOJ3eMHOTO Gaphepa HyTeM 3aKaUKY HPeCHHIX BOJ, W JAPYTHC 3amuT-
HHe MeponpasaTus. VIcKyccTBeHHHIN «IIpecHOBORHEIY Gaprep Co3aH
B paitone Jloc-AnmsKeneca 1 HpeacTaBIAeT co0o0ii IUHEHHBIA DA CKBA~
JKNIH, Tpobypemnsix mHa paccroanumun 150—200 m gpyr or gpyra
¥ obmeit anupo# oromo 17 um (mo A. Bpaunrromy u II. Bay-
MaHHY).

Mo mammem [. Momamma, A. Tapuera u A, CuHora, nHTeHCHBHOE
3aMenieHAe TPeCHHX BOJ COMCHHIMH OTMEY4CTCA M B JAPYTMX Mecrax
mwrara Hamudoprus, sanpumep B paitone Toppamc-Canra-Monnka.
Tlo cocrosmuio Ha 1959 r. ypoBeHDH IPECHHX UOA3CMHHX BOJ 3/16Ch
Ha 21 M HIKe ypoBHA oKeana. Esrerogasiit ordop mopzemusrx soj ¢ 1904
mo 1948 r. yseawausen ¢ 12,3 mo 96,2 mun. M3, Ilwranue mopzemMumx
BOJ|, OCYMECTBIACTCSA 34 C4eT MAQUILTPANMH aTMOCHEPHEX OCAKOB,
TWOINBHEIX BOJ U3 HPPUranyWoOHHKX KAHANOB M PEYHHX BOH W3 PeK
Jloc-Anpsenec, BammoHa m ee mpHTOKOB. B sKcmmyaTtupyemsie BO-
JOHOCHHE TOPU3OHTH €:KerofgHo Docrymaer 40—50 maH. M® BOmH.
Taxum 00pa3oM, BOCHOJHEHHE pPECYPCOB HOG36MHHX BOJ ABIACTCA
genodHriM., Jliigd mpemorBpamenus TpPOHMKHOBEHHS MOPCKHX BOL,
B TIy0b modepeKpA HaMeuaeTCHA CO3JAHUe «IPEeCHOBOXHOTO Gapnepas.
WccaepoBadiiaMy yCTAHOBIACHO TAKIKE HAJIWYMe HPOCEMAHU MOBEPX-
"goceTa 3emau (go 1,5 M), KOTOPOE HPOHCXOAUT BCJASACTBHE 3HAUNTENb-
FIOTO CHUJKGHUS HAOPOB B BOMOHOCHOM TODPU3OHTE.

MHorogscacHibe TPEMEPH I POHHKHOBOHUSA MOPCKHX BOJ B T pH-
6pe:xupix paitonax CIIA mpusopsres B paGore JI. Togga, mocBsamen-
HO#l MpoGieMe 3acosieHHA MpecHHX HofaeMHmX Bof [33]. Brenpenue
MOPCKAX BOJ OTMEYaeTCA W B JPYTUX CTPaHAX.

IlograruBanye cOMGHEIX BOJ IMeET MecTO B psaae paiioroB Mekcukn.
B npommme Mexcmranu (measta p. Koxopamo) aaa somocHaGsxeRus
#l OpOIEeHUA MHTeHCHBHO HCIOAL3YIOTCA TPyHTOBHe Bopgei. B 1957 r.
W3BAeKadu OKoNo 760 MaH. M3 B Troj moaseMHmX Box, a B 1963 r.
wux morpeGienwe Bozpocno A0 1240 mmm, M3 B rog. Taroe yBemudge-
HAe 0TGOpa TPYHTOBHX BOJ TLPABENO K CHIKCHNIO WX YPOBHA M
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IOJCACHBAHIIID COJNCHAIX BOJ CO CTOPOHB MOps, B pesyisTaTe dero
9acTh CKBA/KHH BHINTA 113 CTPOA.

B Hawnajie BHepeH#e COMEHBTX MOPCKHX BOJ OTMEUACTCA B TIpHOpesk-
neix nposubnuax Homaa IMormampusa, Hrio-Bpamcynr u mHa o-Be
Ilpunna 9pyapna. YcraHoBIeHO, 49T0 ypOBeHbL IOI3GMHEIX BOT KO-
nmefieTcs CHHXPOHHO MODCKUM NpHIMBAM.

Bounpoc o mopgTATNBaHNH MODCKHX BOJ ABISeTCA BéchMa aKTYalb-
HEIM W A paAjga crpad Espoms,

Opun w3 mepBHX HAOTIOFeHITT 32 BTOD/KEHHEM MOPCKHUX BOJ OTHO-
carcss K BoposaGopam Jlompoma u Jlwsepuynsa (nmo Bpareaity,
1855 r.).

B pa6orax C. Boy, ®. Xasenna u gp. ucelenyeTcsa BHEIDEHHE
MOPCKHMX BOJ B OTJO:KeHNsX mepmo-Tpuaca B IOmuom Jlamraumpe
(Arrausa). QcHOBHO BOJOMOCHHII TOpPH3OHT B DTOM paiioHe mpHYpoO-
YeH K IecyaHUKaM HepMo-TPHAcA M SKCIUTyaTHpyeTcs GOMBIIHM KO-
nugectBOM ckpamun ceuime 100 xer. Cymmapoeiii feGHT CRBaMKUH
oromso 28 muH. M3 B rogm. 3a mociemEme 30—40 mer mabmozaercs
WHTCHCHRHOE DPeTHOHAJLHOE CHIKEHIle YPOBHA IMOJ3EMHUHX BOJ; CKO-
POCTH NOHIKEBUA YPOBHA 32 oTOT Hepuop coctapmiaa B cpegrem 0,3 M
B roji. B HeKoTopHX MeCTaX ypoBeHE NOA3eMEBIX BOA cEuanacA Ha 30 M
HIUKe ypPOBHA MOPA, B pPe3yapTaTe Yero BCE BO3pacTaeT BHeJpeHHe
MOPCKHX BOX B HEPMO-TPHACOBEII TOPHIOHT.

Bregpeine MopcKHX BOX B HpecHBle WON3eMHBE BOJH M3AaBHA
myeer Mecero B ommampun. Hark ormesawr ¥V. Bas-Ilar, H. Pugep
u JI. Bar-Jlenen, cranuoHapHule TEAPOTe0NOrAvYeCKe HAGTIONCHHS 32
BHEIPEHIICM MOPCKMX BOJ B TPeCHOBOTHBE TOPU3OHTHL YyKe XABHO
BefiyrcA B L'oNJaHmuu, B ¢BA3H ¢ UeM 3aj0KkeHa 6oJIbIIas ceTh pe-
HUMHBIX HB6JUO]I3T9JILHHX CKBaM\HUH.

Ha zacomenunm momzemusix Bop OpuGpemunx paitoros Cesepo-
Tepmanckoil paBHMHBEL 33 CYeT BTOP;KOHUA MOPCKHX BOJ YKa3HBRIOT
Kpawmec, Puxrep, Barnep, ®@uare, dutmep u ap.

Ilograrusasme MOPCKHX BOA K BOJ03aGOPHBIM COOPYREHIIAM
OTMegaeTcsd B pame paionop Wrannm, B gacTHOCTO B GeperoBoii 30He
Anymuu. O6 aroy rosoputca B paGorax B. Korexss, [I. Hlopswn,
C. Perne. Boposmemawomue moposmst apresmanckoro Gaccefina mpep-
CTABJIGHE MIeCIAHO-TPABUITHON TOMIieH, B KOTOPOiT COffe pIKaTes GeThIpe
BOJOHOCHHX TOPH3CHTA. JTH [OPH3OHTH ¢ HeGOMBIDUM YKIOHOM
MOHOKJHMHAJAbHO TOIPY;KAIOTCA B CTOPOHY AJPHATHICCKOTG MOPHA,
Tme IPOMCXOANT PA3rpy3Ka MOJ3eMHKX Bol. ¥ CTAHORIEHO, 4TO B 4 KM
or 6epera IPOXOMHT IpaHNUIA COMEHHIX MOPCKHX BOJ, BTOPLiUHXCH
B BOJOHOCHHIE ropm3zoHTH. OcoGCHHO [alleKO0 MOPCKHE BOJHE TIPOHU-
RaoT To mopgomBe miacta. llosromy ma sHauuTeIrHOH NTomALH
B Ipu0peuoil Mosoce MPECHBIe BOMH 3aeTal0T HA COMCHEX, JRCHIYaA-
TaguA TOA3eMANX BOX CYU[ECTBEHHO OTrPaHHYHBARTCH ONACHOCTHIO
AallpHeiiliero 3acONeHUss BOXOHOCHOTO rOpPW3OHTa. BTOp:KeHHe MOp-
CKHX BOJ B TipecHEIe NOf3E€MHEIe BOJBI POHCXOFUT BO MHOTHX CTpaHax
Asmm nm A¢pnru. Bregpenue MOopCKHX BOp IpejlcTaBiseT CePHE3HYIO
npobieMy AJs MHOTHX paitoHOB fImomwm: 3acollonue NMpeCcHHX TOA-
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3eMHBIX BOJ HaOawpaercs B npedexrypax Taama, Ramerasa, Oynsu
M B ADYyrEX OpulpexHHIX paliomax.

Ha sceit mpubpesxuoit moxoce MapoKKo oTMedaeTes WHTEHCIBHO
BHeJIpeHHe MOPCKHX Boji B ropm3onTH moxzemHerx Box. Ilo B. Xa-
paHy, 3aCOJeHUe IPECHHX MON3eMHAHX BOJ HMEET MeCTo B eCTecTBeH-
HHIX yCHOBHAX 4 ocofemHo ycuiauBaetcs HpH sxcmayaramun, Ilpo-
HIKHOBeHUE MODCKHX BOJ B riy0b TeppHTODHI HAGI0OHaeTca B pailo-
Hax Baampua-due-[manwaa, Pabar, I'ap6a, By-Apera m mp.

IIponnkropeare MOpCKHX BOJ B OpecHHe MOF3eMHEE BOAB 0CO-
GeHHo IPOABAACTCH HA OCTPOBAX, KaK, HanpuMep, Anrayp (Oreanns),
Oaxy (T'apaiickue octpopa), Hamapckue, AHTHAsCKHE H LD.

3aconenune TpecHHIX TOA36MHBIX BOJ BCJEICTBIIE I100CA MOPCKAX
BOJ HMeeT MecTo M B mpHOpeskusx paitorax Copercxoro Corwosa. Han-
Gomec Monnme cBefeomBa nyeworca no paiomam IlpunGantukm, Tax,
TOPON3OHLIO YACTHYHOE B3acOJeHHe Bofos3afopa MODCKMMH BOgAMH
B r. Jinenaa. Msywarorcs yenoBisa HaroHa Mopexux Bojx B kamay Kyp-
uno-Mape (paiton r. Haaiinoe;sl) ¢ TOUKN 3peHHA ONACHOCTH 32COJECHUSA
BOA03aG0Pa IPYHTOBEIX BOJ BOJN3M 3TOr0 KaHaja. AHANOTHYHBE BO-
IIPOCH BOHMKAJIU IIpH PasBefKe IPOCHHX NON3eMHHIX BOJ B JOJMHE
p. Cygad B cBs3M ¢ BO3MOKHEIM IPOHHEHOBEHHEM MOPCKHX BOJ
B pPyCIO0 peKM H 3acodeHHeM TPYHTOBHX BOJ.

OnmacroCTs HBUKEHUS MOPCKHMX BOJX 00 IJIACTY, HArOHA B PEKN
U KAaHAIH W BCMe[CTBHE ITOr0 3ATPA3HEHUS TOg3eMHBIX BOZ Cyime-
cTByeT B psjge paiionoB HamuauwHrpanckoii o0macTd, B OTAeIBHBIX
nysrrax Caxazana @ OXOTCKOTO IO0epesknAa.

Hexoropsie 0coGeHHOCTH BHEPEHHA MOPCEUX BOX
B DpCCHBIe MOJ3eMHBIE BOIBI

Uz obzopa murepaTypsl BIAHO, 9TO HpoGdeMa BHeApeHHS MOD-
CKHX BOJI B IpecHBle IOJ3eMHEIE BOAL MOGEepERNil HOCAT perHoHalb-
HHI XapaKTep.

3aconenne npecHHX NOR3eMHHX BOX B TPHOPE’KHHX MOPCKHX
pafioHax oGycJOBIeHO BTOP:KEHIIEM MOPCKMX Bon. Ilpopsmixente
MOpPCKIIX BOJ B IrAy0h TEPPUTOPHH X POTCXOAUT HE TONHKO B yCIOBHAX
HAPYIICHHOTO TIUHIAPOAUHAMUYECKOTO peyruMa (Hpﬂ JKcIIyaragnu
HO3eMHHX BOJ), HO M B €CTECTBCHHEIX YCJHOBHAX BCJECTBIE PA3JH-
YA NAOTHOCTell OPeCHBIX U COMCHHX BOX, OPHIUBHHX M HITOPMOBHX
ABJEHMIT, TeKTOHHUECKIX HPOIECCOB (OMyCHAHHE MOpCKOro mobe-
pessn). B yceaonsax uWaMemeHns ecTOCTBEHHOH TUAPOAUHAMIYSCKOM
06CTaHOBKI MOPCKHE BOJH BHEAPSIOTCA OCOGEHHO MHTEHCHBHO B pe-
ByJBTATe DKCIIyaraimin TOA3eMHHX BOJ B pafioHax MopCKHUX molbe-
pemuii,

Hapsagy ¢ BomoooT60poM NPOHUKHOBEHHIO MOPCKHUX BOX CIOCOG-
CTBYIOT BCKPBIIHEE PaGOTH, DKCHIyaTalusa MecTOpOIRECHNIT TBepARX
NONe3HBIX HCKOMAeMHX, OcymieANe, MAXTHHI BONOOTHHB W [pyrue
BUAH paGoT, MPHBOAAN(HE K HAPYHIEHUIO THAPOJUHAMUYECKOTO pPaB-
HOBeCHs CHCTEMHl BOJIOHOCHBI® TOPH3OHTH — MOpeE.
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OCHOBHRMY OYTAMY BHOIPEHN A MOPCKUX BOJ ABIAIOTCA IPOHUKHO-
BeHNE HEHNOCPEACTBEHHO B TOPH3OHT MOM3eMHHX BOJ, WHOMIBTpANHUA
13 PEK W KAHAJO0B, MepeTeKanue gepes c1abo mpoHHaeMble OTI0KOHHA,
JNUTOJOTHYECKHE «OKHA», HPOHHKHOBCHHEG IO TpPeIMHAM M DPA3IOMaM.

Mopcrne BoOge BTOPraloTca IpEsKIe BCETO B TPYHTOBH® BOJH
W TmepBHe OT HOBEPXHOCTH HANODPHH® BOXOHOCHHIe TOPU30HTH, [my-
Ooxozameraminue BOJOHOCHHE T'OPU3OHTH, KaK NPaBWJIO, He IOABEP-
TrapTcsa BHEIPOHHIO MOPCKHX BOJ.

HponuxHoBeANI0 MOPCKHX BOX GIArONpHATCTBYIOT: HAMIWINe PCK
H KaHAJOB, COOOMAOMUXCA ¢ MOPEOM ¥ ABIAIOIAXCA OfHUM U3 OCHOB-
HHIX IyTeifl BHE/[PeHHSA MOPCKUX BOJ B INy(Ghb Cymid; M3pe3anHOCTh Oe-
peroBoit JNMHWM, HaJAYNe 3a7AUBOB, (QHODPHOB; HENOCPE[CTBECHHASA
CBSI3b BOJXOHOCHOTO TOPH3OHTA C MOpEM; HeGOJBINON ecTecTBeHHHIH
Pacxof HPEeCHHX MOA3EeMHHX BOJ, PasrpyRanImuxcA B Mope; PuiabTpa-
NUOHHAS HeOXHOPOTHOCTH BOLOHOCHOTO FOPW30HTA H €r0 CIOHCTOCTh.
Peskas meomHOPOGHOCTEH ¥ TPEMUHOBATOCTH BOJOHOCHOI'O TODPH3OHTA
HAPALY ¢ KaHAJaM#d ¥ peKaMH ¢HOCOOCTBYIOT MPOHHKHOBOHHIO MOD-
CKHX BOI NaleKo B IIy0s MarepHKa.

Haror mMopckux BOZ B POKM W KAHAJH HPOUCXOAUT HOJ BAHAHAEM
BETPOB, INTOPMOB, HpuAuBOB. JlaNmbHOCTH HAarOHA MOPCKHEX BOJ 3a-
BHCHT OT PacxXofa ¥ YKIOHA HOTOKA PEUHHIX BOJ, MUPHHH ¥ IIyGHHE
pycia PeKRH, mPOAOKATeNHHOCTA W HHTCHCHWEBHOCTH BETPOB W IpH-
aaBoB. Haron MoOpcKHX BOj B peKu W KAaHAJH — sSBJIeHHe HePHONH-
decKOoe B TegeHme roja.

Crxopocrh HpOABIIKEHHA UO NAACTY BTOPITHHXCA MOPCKHX BOJ
W3MeHAeTCA OT HeCKONBKHX 70 COTeH METPOB B TI0J, CpegHHe 3HAUC-
Busa cocramisoor 50—100 M B rou. IlpopBusxenme coseHrEX BOA TO
OJacTy OpepcraBiger coG0f MUKIMYECKHH mpomecc, OPH KOTOPOM
OTHOCHTENIHHO KOPOTKHG IPOMEIKYTKH GHCTPOTO HPOABIKeHNA QPOHTA
CONCHBIX BOJ YePEAYIOTCS ¢ 3aMOJICHHEM TeMIIa IepeMeIeHnd, BpeMeH-
AO0jl crabmausanueil W maKe JACTHIHBIM OTCIyIUIeHHmeM (pOHTA cOJe-
HHiX BOJ.

Cropocrs mepeMemeHds KOHTYPA COJEHHIX BOJ 3HAYATENBHO
BO3pacraeT B 3aCYIIIHBHE MajoBOfHHe mepmopsl. BHempenue Mop-
CKHX BOJ B OCaTOYHHIC OTIOKEHHS NPOWCXOFUT HO Becelt Geperopoi
AUHEEM ¢ 0Gpa3oBaHWeM (A3HKOBY» HA YUaCTKAX PAa3BUTHA BEICOKO
oponnnaeMex mopox. OcoGeHHO XOpOmUMU MPOBOJHUKAMH COJCHBIX
BOJ, KAK y e OTMeYalOoCh, ABNAITCA POKH W KAaHAJH, OO KOTODHIM
MOpCKasd BOKA 3aXONUT B IIyGh CymIu ¥ 3areM HHPHABTPYETCA B TPYHT.
WuTeRCHBHOCTS 3aCONEHNA MO3CMHEIX BOJ CYII CTBEHHO 3aBHCHT OT
XapaKkTepa WX B3aHMOCBASH ¢ MOPCKHMM BOJaMd. 316Ch MOIYT GHITh
BHJENeHH nBa cAydad: 1) MeK{y HOg3eMHHIMU M MODCKHMH BORaMu
CymecTByeT NpaMas TIHAPABIWIGCKAs CBA3b, 2) THAPABIAYECKAA
CBA3L MEIKAY HO3CMHHIMA W MOPCKHMY BOJaMH HMeeTcdA, HO OHA 3a-
TPYRAHEHA.

JlanHa «A3EIKay MOPCKAX BOJ 3aBUCHT OT COOTHOMEHHA IJIOTHO-
creil HpecHOil W MOpPCKO# BOAK, MOmMHOCTH BOJOHOCHOIO IOPH30HTA
¥ yKJIOHA MOTOKAa HOJ3eMHBIX Box. Jlmu#a «A3mRay, cHOpMEPOBaBIIE-
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roca sa 15—20 mer B page unpmopemxunix pajionos CIHA (Kaxm-
doprms, Ouaopuna), Koxebraerca or 1—2 mo 7—8 kM.

Ina mpemoTBpameHus DPOHHKHOBEHHS MOPCKUX BOJ HpPUMEHA-
0TCA pPA3NTWIHKE MEPOMPHATHA, OCHOBHHE M3 KOTOPHX CeYIOmEe:
1) cosgaHuWe Ha IyTH COJCHHIX BOJ «HPECHOBOAHOTO MK BOZJYIIHOTO
Gapbepa» IyTeM 3aKAYKH B IJIACT IPECHON BOJH WJIM BO3AyXa; 2) pac-
cpemoToueHue BOHO3a00poB Ha OosbIieH HIOmMANW; 3) HepuogmHde-
CKOe yMeHbIIeHHe IPOM3BOJUTENHHOCTH BOR03abopa, HambGomee Iof-
BOD/KEHHAOr0 3aCONEANIO; 4) UCKYCCTBOHHOE BOCIOJHEAME 3alacoB
HPeCHHX BOJ SKCIIYATHPYEMOTO TOPH3OHTA; D) CTPOUTEILCTBO ILJIO-
THH, HaM0.

JWH3bI OPECHBIX BO]] 3ACYIIJINBBIX
H OYCTHIHHBIX OBJACTEN

Kpartkaa xapakrepuctaka yciaoBuii GopMHPOBAHTSA JHH3
npecHBIX BOJ

Ilop nuazamMu mpecHHX BOJX OGHYAO MOHNMAKT JOKAIBHHE y4acTKH
OPecHHX IOA3eMHHX BOJ, 3aKII0UeHHEC Cpelll MHHEeDPAJTN30BaHHBIX
Bon. K aumzaM nmpecAWX BOA MOTyT GHITH yCMOBHO OTHECEHBI TaKIKe
¢A3HIKM» W THOTOKH NPECHHX IOA36MHHX BOJl, BTOPTalomuecs B coie-
HHle BOAH. B mpupojie BCTpeuanTcA PasiaMyHBle TUOH JIH3 IPECHHIX
Box. [eorpadmueckoe pacmpocTpaHeHHe IJHH3 TAKMKe CaMoe pas-
auynoe. Hapsany c nuAsaMu IyCTHIHHEIX M 3acymIWBHX o6macreil
ApEHON 3OHH MMEIOTCA JIMH3H HA MOPCKHX IOGeDEKBAX H OCTPO-
BaX; H3BECTHHI JIMA3H MPECHEIX BOJ B PaliOHaX PA3BUTHA MHOTOJETHe-
Mep3JHX IOPOJ.

Pasnroo6pasne TUHOB JHUH3 OGYCHOBIGHO OCOOGHHOCTAMH HX D-
TaHWA A Te0TOr0-THAPOrCONOrHICCKAMHA YCAOBUAMM PAfOHOB WX Das-
pnTmsa. Ilntasme GWA3 MOKeT OCYmECTBIATHCA 32 cUeT HH(MIBTPA-
ou¥ aTMOC(EPHHIX OCAJTKOB B NOHWKEHWAX peaneda H depes MpPOHU-
HaeMEe «OKHa»; 3a cdeT QUIBTPAnHA HPECHHX HOBEPXHOCTHHIX BOJ
M3 pek, KaAaJ OB M BOJOGMOB; 33 cYeT KOHAeHCAUUH BOMAHHIX HapoB,
TOATOKA TpPeCHHX BOX W3 MIy0OKHX BONOHOCHBIX TOPH3OHTOB H Ap.
JImnsel mMoryT o6pasoBHIBATHCA TAKKe BCIEACTBHE (U3MKO-XIMHTe-
CKOTO PAa3fie/eHNA HPECHHX M COJeHHX BOJ B YCIOBHAX HUBKHUX TOM-
HmepaTyp.

JIMA3H 0TIMYAOTCA APYT OT APYra mO pasmMepaM B ILJIAHG ¥ pas-
pese. Hapany ¢ MenruMu JuH3aMH NIOMANRI0 He Golee 1 kM2 (Mom-
HOCTh NpecHHX BOf 3—6 M) M3BeCTHH KPYUOHEBIC JHUH3H, 38 HEMAIONTe
COTHM ¥ THCAYA KBAJPATHHX KUJIOMCTPOB (MOMHBOCTD MPECHHX BOJ —
AecATKH MeTpPOB).

B npupopgEHX YCAOBAAX BOCIOJHOHWe 3aIIACOB IPECHHX BOJ
JWH3 MOKET OCYMECTBAATHCA OHOBPeMOHHO 33 cYeT HOeCKOMBKUX He-
ToynnKoB nuranus. Ho B GonpmnACTBe CiIydaeE BO3MOIKHO BHENHATH
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ocHOBHOI MCTOYHUK nuranusa. Ilo XapaxTepy OCHOBHOTO NHTAHHSA
NUH3H HPecHHX BOJ MOKHO IO7DAa3feddTh HA CJIeMYMIIUe THIIbI:

1) popmupyoomueca s3a cdeT WHYUIBTpamMu aTMocdepHHIX oOcaj-
KOB (OATAKHPHBIE, WOAINMAHHKe, IMHIH TOJ JOTAMH, OBparaM,
naguHEaMu U T. I.);

2) ¢opmupyomueca B pesynbraTe QUIBTPAUMH TPECHEX BOJ
M3 IOBePXHOCTHHIX BOJOTOKOB W BOJOEMOB (IOAPYCIOBHE, IPHKa-
HaJpHble W NpHpedHbie, JUH3H BOIU3N BOJOXPAHUINI, 03€P);

3) dopmupyomueca B pailoHe HpegrOpHHEX DaBHWH 3a CY€T HOJ-
36MHOT0 CTOKA NPOCHHX BOJX, BHEAPAWMUXCA B MUHEDAJHM30BAHHEIC
IPYHTOBHC BOFE PaBHHH, & TaKKe 38 cUeT MHPHIBTPANUHA TMOBEPXHO-
CTHOTO CTOKAa TIPECHHX BOX;

4) dopmupyomuecs 3a cueT KOHAeHCAmuH aTMOcPepHOil Biard;

5) ¢opMupywmuecs BcleacTBHe pPasrPy3KH 1O TOKTOHUYECKHM
pa3IOMaM H TPemUHAM IPeCHHX IOg3eMHHX BOJ B TOPH3OHTH C MI-
HEPAJH3OBAHHBIMHA BOJAMU,

6) cospmamHEe HUCKYCCTBEHHO;

7) peIMKTOBHIX TPECHBIX BOJ;

8) kpymuupie mopmecuansie auuael (wo tepmumonormun B. H. Ky-
mura). Cona otmocArcs amH3w tina flcxanckofi. llommo#t AcmocTu
OTHOCHTEJHHO HX NPOHUCXO/KICHHA IIOKA HOT.

JIuH3E TpecHHX BOJ, MepeuMcienHse B XyHKrax 1—6, momxmO
BHECIUTE B OfHY OOMpIIyw rpyuuy. Jlad EMX TUNMMYHO TO, 9TO B HX
BO3HHKHOBCHHNH OCHOBHYX pOIh NrpaeT COBPOMEHHOE TIMTAHIE.
Jluuzkl, BHjeNeHEEE B NyHKTAX 7/ B 8, XapaKTepH3YKTCA TeM, 4TO
COBPOMEHHOE NITaxHe cnocofCTBRyeT HX COXPAaHCHHIO.

Husxe npmpognTcad KpaTKoe ONMCAHHC HEKOTOPDHX THUOB JUH3,
N peACTABIAKNMAX HaumGONpNIHil WHTEpPeC HAIA IeHTPAJU3OBAHHOIO
BOJOCHAOKEHNA — MOAPYCAOBHX M KPYUHBIX MOJQHECYBHHX JIMH3,

Hoppycaossie aHa3bI

PaccMorpunM 2T0T THI JIMH3 HAa WpUMepe HOJPYCTOBHIX INH3 B [[0-
auHe AMypmapbu.

B paiiome HMKHero Tewemma H FedbTH AMyqaphi, PacIONO;KeH-
HHIX TpeuMymecTBeHHO B upegerax Hapakammakckoit ACCP, gns mu-
THEEBOT'0 BOOCHAGKEHIA MAPOKO UCHONL3YIOTCA O PYCIOBHe JHHSH,
pa3BUTHE BONEL NOBEPXHOCTHHX BOJOTOKOB. JTH JAHH3E 06pasymrca
B peayianrate GUILTPANUI OIPeCHHX MOBEPXHOCTHHIX BOJ M3 PR H Ka-
HAJIOB B COJIeHHE CPYHTOBBIC BOJEL.

T'pyHTOBHIE BOAH HPHYpPOYCHH K HEOreHOBHIM H YCTBEPTHYHBIM
OTIOKEHHAM M PACCMATPHBAIOTCA KAK e[UHKBII BOJTOHOCHHN TopH-
30HT. BogoBMemaomune OTIOMKOHHA NPefCTaBICHE NPeAMyIMECTBEHHO
HecKaMu, B HIUGKHe uwactd paspesa ramuucTeiMu. DuapTpanmuoHEBE
morepu w3 AMyAapbH M ODOCHTEIBHOI CIICTeMH HIPAOT OCHOBHYIO
Pois B GOPMEHPOBAHII rPyHTOBHX BOX. Mennpimee sHadeHue B MX Ii-
TaHUH NpHHAIIEKUT aTaochepubiy ocafgkaM. [loTepn mopseMHBIX BOJ,
IPOMCXOAAT TAABHHM 06pazoM 3a CJ4eT WMCHAPEHNA U TPAHCIUPANNY
PACTOHIAMH,

16



T'pynrossie Bopsl mMeor yraoH 0,001—0,003. C yganenuem or pexn
yBeJMgMBasTCcA TAyOMHA 3epKaNa Mog3eMHHX BOX. Tak, B Hemocpen-
CTBENHON GAM30CTH OT PEKH ypOBEHb BONHL paclojaraercd Ha INy-
Gume 0,5—1,5 kM, B 5 KM — Ba ray6uae 3—5 M, B 10—15 KM — Ha
ray6use mo 10 M u Goxee.

B some pruaHma Awmymapsd MUHepaJdHW3anMA TPYHTOBHIX BOJ
roaebmerca or 0,3 mo 0,8 r/a; ma paccrosEmE 5—06 KM OHa BO3pa-
craet 50 3—6 r/a. Ilpecrsie u c1abo cOMOHOBATHIE BOMEI I PHYPOUCHE
K pexadM u KaHajdaMm. Ha aHaunTennHOM yhaleHHH OT PeKM MHHepa-
nuzangus rpyHTOBHX BoX pocruraer 30—50 r/x. Munepanuszanig
IPYHTOBHX BOJ YBeIVUMBAETCH TAK/Ke ¢ IIyGUHOMN.

Hoppycaopne nua3sl 06pasy0Tcs BeaefeTBAe JOHHOM 1 6ﬂper0130n
¢napTpanuil NPecHHX MOBEPXHOCTHHX BOJ, MpPOMCXONAmell mpu Ie-
PeCedeHNH KaHaTOM MM PeKoi TIOPOA ¢ XOPOmMMIL PUTHTPAHOHHBIMIL
cBoiicrBamn. Eciu DecaaHsle OTIOMKCHMA MMEIOT 3HAYUTENBHYIO IpO-
TAKEHHOCTH 0 TEYCHWI0 PERN W XaPaKTepH3yITCH Gosee MM MeHee
BHIOP/KAHHABIMI  QUABTPAINTIOHHKMU CBOIICTBAMH, TO [AapajIeiapHO
pycidy I OpUMEKag K HeMy o0pasyeTcd BOJIOCA OPECHHX TPYHTOBHIX
Bop. lomosmende nx 3amacoB CBA3AHO ¢ QUALTPANMOHHEIMHI HOTEPAMU
13 PeKH (KaHAaNa); Pacxof OCYMECTBISeTCA BCACACTBHe HCIAapeHHA,
nuddys3u H MEeXaHHYIECKOTO CMCLICHNA IPECHHIX BOJ C COJNOHBRIMH.
Ha ompenmemenHOM paccTOSHHY OT KAaHAJIA, IAe ypaBHOBOIIMBAKTCA
OpUXOAHEC H PACXOJHBIC CTATHH (ajaHCa IPECHHIX TPYHTOBHIX BOJ,
dopMupyercd rpaHUIA JHUH3EHL

IInranue TORPYCIOBHX IWH3 MOKeT OBITh NOCTOSHHHIM WIH He-
pHOjMuecKUM, BpeMsa, B TeueHne KOTOPOro OTCYTCTBYEST INTAHNE, PEKO
upennimiaer 2—3 Mec. BemencTere peskoro ymeHpImeHHA Pacxofa BOf
B 3UMHUIT HOPUOJ KAHAMH (KU PEKH) MOryT [PEHHPOBATH IPYHTOBHIE
Bojst. B aT0T mepuon (oTcyTcTBME INTAHMA) paszMephl THH3H HOCKOMBLKO
COKPAMAKTCA B PE3yABTATe BHTECHOHHA B CTOPOHY KaHAla IPeCHHIX
Bog conentidit. G Bo30GHOBICHUEM TUTAHNA TPAHAILA HPECHBIX U COMOHBIX
BOJi OTTEeCHseTCSA B IPOTHBONOJNOMKHYIO CTOPOHY. Takms oGpason,
pearupys Ha H3MeHeHNe BeJINYMHE DHTAHNA, THH3A KAK OB (IBIIIATY.

Mesxay OpecHHMH WM COJNEHHIMH BOJAMM CYMECTByeT NepexXopHasd
aoHa. PaszMepsl ee B paspese HMCUHCHATCH HECKOMILKAMH MeTpaMil,
B IIaHe MOrYT JOCTHraTh HECKONLKHX COTEH MeTDPOB H JflajKe KUJO-
MeTpOB (AAd KPYIHHX JHH3).

Pasmepsi nuH3H B NTaHe 3aBUCAT OT BeJHUMHH MUTAHHA, MON[HO-
¢Td U (UIABTPAHNOHHHX CBOUCTB BOXOBMELIAIONIAX HOPOXK, BENIHIHHEI
HCIapeHus, COOTHOMCHU MITHepAAU3aniil HPECHHX U COMEHBIX BOJ.
OGpuHO mINpHHA MWOJOCH mpecHHX Boj cocrasiasger 0,5—2 kM. Mom-
HOCTH MPeCHHX BOA B KPyHHHIX Jdumzax mocruraer 30—40 M, B cpen-
Hem 10—20 .

Kpyunsle moamecuannie anusbl Ilentpaxsnbix Kapaxymos

B Typryenun pazsegass (H. I'. Hlesuenro, K. H. Womyncxuii,
B. H. Hynnn u np) KpPyuHSe JIH3H OPECHHX BOJ, IpPHYpOUCHHEBIC
K @ecuansiM oGpasoBaHiuasm. B. H. Kynum nmpepizosmua Ha3HBaTh
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Tarue AMH3H mognecaadniMu. Cpexl HIIX MO;KHO HaspaTh flexancikyro
anH3y, Bocrouno-3ayarysckyww H np. OHHI copepsKaT OrpoMHHEe
CTATHUCCKUE 3aMachi MPECHHX Boj. [lMHAMWYeCKMe 3aMacH HeBeIUKA
mo CpaBHEHNW co craTuueckumu. IIpoumcxosrpeHne Kpynasx mopmec-
JauKX JWH3 IIoKa HesicHO, He McKIHUeHO, 9T0 KPYNHEeE JNUHIH ABJIA-
0TCSI PeJHKTOBHIMH 00pasoBaHUAMH.

Paccesotpum mambonee Xopomo maygeHHYI0 flexaHckylo auHsy,
3aHUMAIONIYI0 TOYTH BCIO NEHTPaldpHY dactb llpumysboiickux HKa-
paxymoB. I'pyATOBReE BOAH, B CHCTEMY KOTODHIX BXOAUT JWH3A, MpH-
YPOYCHH K [PEBHOM AaJJIOBUAILHHM OTIOKCHHAM YeTBOPTHIHOTO
BO3pacra U TPefCcTaBIAINT KapakyMCKUNl T'DYHTOBHII IOTOK.

Ilo H.T. lllepuenro, flcxanckasm awA3a WMeeT B INaHe (OPMY
2IIHIICA, GONBIMIAA OCh KOTOPOTO PACIIONaraeTcs B IMHIPOTHOM Halpa-
pueHnu. [guHa amEswH 65—70 M, makcumansHas mupnaa 30 KM,
IIONAbh B NIpejenax KOHTYpa ¢ MuHepaiausamueit go 1 r/m oromo
2000 xm2. CpegHAA MUHepanAu3ar@A BOAH BHYTPH KOHTYypa IWH3H
0,3—0,5 r/n. MomaoceTs DpecHHX BOJ B NEATPANLHON TACTH JWHIK —
MEeCATKH MeTpoB, HamGoabmas BCKpHrTas MomHOCTs 70—80 M, K He-
pudepiu oHA YMOHBIIAETCA.

I'ny6una saneranua rpyHTOBHX Boi B paioHe aumAsw 10—40 M.
YcraHOBNEHO, 9T0 HA 0ONBINEH YACTH MAOmMANY JHH3H IPECHHE BOXH
34JIeTal0T HA COJEHHIX BOJAX, HA OTARNLHHX YYaCTKAX OHU HOJCTH-
Ja0TCA ANHePOHCKUMH IJIAHAMH.

flexaHcKkasa IHH3ZA €O BCEX CTOPOH OKPY’KEeHA COJMEHHMHI BOXAMH,
MuHepajM3anusg KOTOPHX B yAajJeHmd OT JuH3H pgocraraer 60 r/i.
Me:xny mpecHBIMY BOJAMHE JTMH3H W COJNCHBIMH BOJAMM KapPAKYMCKOTs
MOTOKA HMeeTCA epexofHas 30Ha. B BepTHKANIEHOM paspese MOmHEOCTh
TepexogHO 30HK H3Meuserca or 5 mo 10 M. Pasmepm mepexopHoi
30HH B MJAHC¢ WCAACHAKTCA Kuiosmerpamm. Tax, y BOCTOUHHIX Ipa-
Hi THpHHA TePeXOfHO# B30HH, Ife MUHepanmaannd Kolebiercs
or 1 mo 30 r/a, cocraBuser B cpegHem 3 Ku. 1lo ceBepHoit rpanume
pasmMepsl mepexofHoi 30HH mocturanT 6—8 xm.

Crarvueckre 3aMacH NMPeCHHX TON3eMHHX BOJ HA KPYNHHX HOA-
OeCYaHHX JMH3AX -BechbMa 3HAYNTONRHH H TPECTaBIAAIT HHTEPOC
I KPYIHOrO TEHTPANN30BAHHOrO BOROCHAO:KeHHSA.

OBOCHOBAHUE PACUETHBIX CXEM JJIfl NPOTHO3A NOATATHBAHNA
COJIEHBIX BOJ K BOGIO3ABOPY

Ilpecnbie mogzemiible BOXDI MOPCKAX NOGepesKuit

Bonpocs cxemarmsapuu TPUPOAHHX YCHOBHU MeCTODOKICHUA
TpecHHX TOA3éMHHX BOJ MODPCKUX Mo6epe:uili paccMaTpUBANHCH
B paGorax [6, 33, 47]. B Gonnmuscree c1ydaeB MO;KHO BHIEAHUTH
IBEe pACUCTHHIE CXEMH: a) HOAYOTPAHMIeHHHH HOTOK C JWHEHHOH
rpaHnneil MocTOAHHOro Hamopa (JeperoBas INHHA), KOTOpas sAB-
ASETCA KOHTYPOM Pa3rpysKu IMOA3eMHHX Bof; §) HeOrpaHWICHHEI Mo~
TOK IOJ3€MHHX BOJ.
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Tleppas cxema MMeeT MecTO, KOTJa Bo{0o3ab0p paclolOeH B cpaB-
HUTEJABHON Gaumazoct# o1 Geperopoit aummu. Caegyer OTMETHTh, UTO
OTOKECTBICHAE GeperoBod JWHUM ¢ 0OJACTHIO PAarPY3KM ABJIAETCA
YCIOBHHIM, TAK KaK BO MHOTMX CJIy49aAX BOJOHOCHHA TOPH3OHT BHI-
XOMAT B MOPE He B HONOCPeCTBeHHOH GnuaocTd oT Gepera, a HajJeKo
or mero. Bropas exeMa peammayeTcs, KOTfa BOmo3aGop pacloNOKeH
Ha BHAYATENLHOM yHajenuu 0T MopA (Ha paccroamma 5—10 km).
Ecan ecTecTBOHHEI PacXOfl IO36MHBIX BOJl HOSHAYUTEIeH, 008 CXeMEl
npHGIMIKAIOTCA COOTBOTCTBOHHO K IOJyOrpDaHWICHHOMY Oacceiiny
¢ KOHTYpOM WOCTOSHHOTO Halopa ¥ HeOorpaHWYeHHOMY Oacceiimy.

_YcnoBua pasrpy3KH OPecHHX MOJ3EMHHIX BOJ B MODe OTNHYAIOTCA
pAgoM ocoGemHocreit. B caygae rpyHTOBEIX BOX CBA3h TOA3CMHEIX
BOJl ¢ Mopem OmBaer: a) mpsMo#l uiy §) 3aTPyAHEHHON 3a CUET HAlH-
9ua HPOIIACTKOB C€Ja00 NpOHHaeMHX Iopoa. Jlad HaOODHHX BOJ
MOKHO BBHIIEJIUTH TpH HamGonee BEePOATHHE CXOMEL:

a) mopseMHEe BOIH Pasrpys:RAIOTCA B MeCTe BEIX0a IJIacra B MOpE,
OpH 5TOM LJIACT CBEPXY Il CHHM3Y JOCTATOUYHO XOPOINO HM30JUPOBAH;

6) BOGOHOCHHH IJIAaCT HEmOCPeJCTBeHHO HE BHXOJUT B MOpe,
7 pasrpysKa TOA3eMHHIX BOJ OCYIECTBIAAETc OyTeM ¢UABTpamUN
gepes cralo mpoHUIAaeMele TOPOH B KPoBiae miacra. Eci# MOmHOCTH
OePeKPHBAPINAX ¢Ha60 NPOHNMAGMEIX IOPON HE3HAYUTENBHA WM
ecad 9TH IOPOAE AUTOJOTMYECKN HEBHIEPIKAHHH (MMEIOTCA XOPOIIOo
OpOHUIAEMHEEe «OKHa») Au00 pasbuTH Tpem@HAMEH, TO NepBaA U BIO-
pas cXeMHI COIMIKAIOTCH,;

B) NOJ3€MHEIe BOJB pAa3rpys/KalTcA B 00JacTH BHXOfA MNIACTA
B MOpe M gepes ¢IaG0 npoHUNaeMble TOPOAH B Kporie. B saBucumoctu
OT COOTHOIMIEHX S PACXOA0B NOA36MHHX BOJl Ha HepeTekaHHe U B o6xa-
CTH BHIXOJIa ITACTA B MODE MOKeT OHITH NMpPHOIMKeHHO IPHHATA Hep-
BaA 1M BTOpPAs cXeMa.

Crenyer oTMeTuTh, YTO HPHUBEJCHHHE CXOME B3aWMOCBA3W TOA-
3eMHBIX BOJ[ ¢ MOPCKUMH ABJIAIOTCA B HOKOTOPOH cTeleHH aberparu-
DPOBAHHEIMHI, OCKOJBKY YCIOBHUA PA3TPY3KU NOJA3€MHHX BOJ B MOpe
B GOJNBLIINHCTBE CJIy9aeB MOTYT OHITH OCBEHICHH JIWMb B OGINCM BHUJC
{o6nacts GypeHUA CKBAMKUH OGBUHO OrpaHUIMBAeTCsA GeperoM Mops).

Ananniz B3aMMOCBASH HPECHHX TON3EMHEX BOJ ¢ MODCKHMH BO-
AaMd TMO3BONNA HAMETHThL THOU3ANUI0 MECTOPOMTeHNN MPeCHHIX LHOJ-
3eMHHEIX BOJ B TPUGPE/KHHX pafioHAX MO YCAOBUAM NOATATHBAHUSA
MODCKHX BOj K BopmosaGopam (ta6m. 1).

IlepBas rpada Tta6a. 1 orpamaer Oyrd NOCTYINIEHHA MODPCKHX
BOJ B BOJOHOCHHIi TOPU3OHT, & BTOpPasg — TUIH TPAHAYHHIX yCIOBHH
BOJOHOCHOTO TOPHM3OHTA WO YCJIOBHAM IOATATHBAHUA COJOHHX BOX.
Heorpauwdennuit ¥ moayorpandieHHHE IIACTH BEJNAIOTCA B 3a-
BHCAMOCTH OT yjajeHus Bomo3afopa OT MecTa BEIXOfa BOJOHOCHOTO
ropmaonTa B Mope. Cxema samkmyroro miaacra ¢ I = const xapax-
TepHA JJIA TOPU3OHTOB IPECHHX BOJ HA MODPCKUX H OKGAHHICCKAX
OCTpOBAX.

Tperba rpada TaGauusl OTpakaeT XapaxkTep MOATOKAa MOPCKHX
BOT K BOn03abopy BO BpeMeny. B HEOTpAaHNIeHHOM IO NIOMATH
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IJACTC HOATOK CONEHHX BOJ XOTA M BO3PacTaeT B HAYAJILHHIL e pHOA,
HO B 1{eJIOM ABIAETCA OFPAHHYECHHHIM; B IONYOrPaHHYeHHOM HO TLIO-
magu naacre ¢ = const npuTOK MOPCKHX Boj Goxpmeil 9acTeiO sB-
AAeTCH BO3PACTAIOINIM BO BDEMEHIT, XOTA B OTHEABHHX CIYyIasfXx MOJKeT
OHTH M OrPAaHUICHHEIM.

Ta6anma 1

Tunn3anusa MecToposKAeHHil NPECHLIX IOJ3€MHBIX BOJ,
B mpulpe:RubpiX pafioHax mo yeJoBHAM HOATATIBAHHA MOPCKHX BOJ

[IyTin MoeTynmaenusa XapaxrTep UOa10RA
MOPCKHX BOZ B BOJO- THOB rpanidHbBX YCJIOBHIT MOPCHKHX BOX K
HOCHBIY POPU3OHT BoRo3abopy
ienocpeicTBEHHOEC BHE- HeorparnuenHmil naacr OrpaBudYeHHEIT
Apenme B Bogomocmhli | [TosyorpaBugenmHifi maacr c¢| Boapacramonmit
TOPI30HT H =const

BamrayTHil miact ¢ H = const

IMeperexanune B Bepxmem Topu30BTE Bospactaromyii
H =const nan H =var OrpaBIreBOHI
WBedBasTpanua BarcH- Tlogmepthiii pesmyM Quiabrpa- | Ilepuomiieckuii
HbIX MOPCKUX BOA W3 PCK | OuH
T KaHaJloB CroGomahil peskuyd $mabTpannn

B yenosusax pepereKaHUs BeJHUYNHA TOJATOKA MOPCKUX BOX Oyner
OTpaHWYeHHOH AIU Boadpacraomeil B 3aBICHMOCTH OT THPOANHAMUYEC-
KuX YCJIOBHIl B BEDXHEM rOPH30HTe N COOTHOMIEHHA I BOON POBOTUMOCTe i
BEDPXHEI0 ¥ HIKHEr0 roprHzoHTOB. KCian BepxHUiE TopPH3OHT HEMOCpes-
CTBOHHO CBS3aH € MOpPEM, TO B HeM 00R4YHO mpHummaercs /I = const.

W maxomen, mpi mHPUARTPallMM HATOHHHX MOPCKIX BOX H3 DeK
1L KaHAJIOB IIPKTOK COJEHHIX BOJ K Bo03af0py OymCT mepHOTHYeCKHM,
TOCKONBKY €aMO fABJEHWE HATOHA IEePHOFUYECKOE.

JInu3sl mpecHBIX BOJ

OcHoBofl cxeMaTH3aIUH JUH3 [JIfA OLEHKH HX SKCIIYaTalMOHHBIX
330aCOB ABIAITCA yenosus ux nurauig. Ilo sToMy mpmaHaky Gonb-
MWHCTBO JWH3 MO;KeT GHTH pasfeldeHO Ha XBe rpynnsl. I mepsoil
rpyime OTHOCATEH JIUH3H, cHOPMUPOBABIINECH 32 CYET COBPEMEHHOTO
nutaHuA. Bropas rpyuna BKAKOYaeT JNH3H, B 00pa30BaHin KOTOPHX
POIb COBPEMEHHOI0 NUTAHMSA CPaBHHTEIHHO HEBEJIDKA.

B neprofi rpyinme Mo:KHO BBIIENUTH ABe NOATPYNIH, pasinda-
0IHecA Ho yCaoBuAM nutaHuA. JLnd Auis ne peoii HoagrpynE THITHIHO
ONTaHHe 3a cueT WHQUIBTPAHHIL aTMoc(epHsX O0CAgKOB, KOTOPOE
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B OCHOBHOM OCYHIECTBJIZeTCA HA HeGOIBMOHN IA0MAAH Il HOCHT COCPefo-
TOYeHHH xapakrep (IMH3H BHQUIALTpanuonHoro nutTanns). [Ipme-
POM MOTYT CJY/KUTH HONTAKHpPHBE, NOAIAMaHHLE, OCTPOBHHE, NIOH-
HEIE JHHBH.

JInuasl DpecHHIX BOJ BTOPOJ NOATPYHNH OTIAHYAIOTCA HAIHUYHEM
JA1HeAHOTO KOHTYPa DHTARAA (DOAPYCAOBHe ANH3H — NpHKaHAaTIbHHeE,
npHpedHEe).

JInn35 HepBOil DOArPYHIH XapaKTePH3YIOTCA B OCHOBHOM TePHOIA-
9eCKHM NuTanueMm. JIMHaH BTOpPOH HOATPYUHB MOTYT MMeTh Kak me-
PHOMIYECKOe, TAK ¥ TOCTOARHOE IATAHNe (Ha KPYNHBIX PEKAX H KaHA-
max). Hepwon muranrns GoABMUHCTBA JMMH3 TePBOI MOATPYIILL Kpaiine
He3HAUWTedeH (HeCKOMBKO CYTOK HIHM, B JyduleM CIydae, HeCATKH
cyTor). Bee ocransHoe BpeMsa JmHsa He Iodydaer nutanusa. Beuan-
4IIHA TATaHUSA OTpayKaeTcs HA pasMepax auHss. G ygeTom aTux obcrosn-
TeJBCTB 3aMACH TPECHHIX BOJ AHH3H NepBoil MOATPYHUHE MOMKHO pac-
cMaTpiBaTh KaK CTaTWYecKlie H HPOTHO3 ABHIKEHIIA KOHTYpa JHH3H
IpPH ee BKCIIyaTANAH IIPOH3BOMITH C YYeTOM CPaGOTOK CTATHIeCKHX
3aIaCoB.

Ko BTopoit rpynne JuH3 MOTYT OHTb OTHECEHH KPYUHEIE JHH3HI
npecHsix Boj (Tuna flcxaHcKoil), coBpemMeHHOe HNNTaHMe KOTOPHX
HEBEJWKO 10 CPAaBHEHHIO ¢ MX CTaTHIEeCKWMII 3amacaMmu. JKCHiayara-
NUOHHKE 3alachl AUH3 MepBOil TpyHIEl OUNPeNeiATcA MpenMyIne-
CTBOHHO MX JMHAMHYECKHMH 3al1acaMu, a BTOpoil Tpynusl — craThde-
CKUMIL.

B GoapmuHCTBE C¢Jyd4aeB THIPOTEOJOTHYECKHE YCIOBHA JIHMH3
NPECHHX BOJN MORHO HPE/CTABIITH B BAME ABYX OCHOBHHIX PAaCYETHHIX
CXeM: IMH3H NPEeCHHX BOJ B HEOTPAHAIOHHOM MIACTe H JHHIH I PECHHIX
BOI B IOJYyOTPAHNYEHHOM IIacTe C JHHEHHHIM KOHTYPOM HHTAHHSA
B VCIOBHUSAX OXHOPOTHHIX ¥ HEOJHOPOMHHX IO QUIBTPALHOHHEIM CBOIi~
CTBAM BOJOHOCHHIX HOPOJX.

HecMorpsa Ha aHAYHTedBbHEOE PasHOOOpasMe Paspe30oB BOJFOBMCINA-
OIAX TOPOJ, B OCHOBHOM OHH MOTYT OHTBH CBefleRH K IBYM CXeMaM:
OFHOCIOHHHIT B ABYXCIOWHEHIT TiacT (salerawmmie BHH3Y CONEGHSIE
BOIH OOLIYHO HPHYPOYEHS! K MEHEe IPOHUIAeMBIM HOPOaM IO CPaBHe-
HHKX C DOPOFAMH B 30He TPECHHX BojJ). D NJIaHe cojeHHe BOAH
OOHIYHO TPHYypPOUEHH K MeHee NPOHHI{AeMBIM IODOHAM, UeM MOPOJbl
B 30He NPECHHX BoX. B miIaHe mpecHHe BOJH ITHH3 MOTYT OHTEL orpa-
HHYEHH! COJMEHBIMH BOJIAMI CO.BCEX CTOPOH (HanpmMep, MONTAKBIPHbIE,
DONJINMAHHAEE, MOFIeCcUaHbe JTHHZH) MIH TPeHMYMeCTBeHHO ¢ OJHOIl
CTOPOHH (HOAPYCIOBHE JHH3H),

Tlo rAgpOXMMHYECKUM YCIOBIM pazpe3a MOryT BHIEIATHCA:
1) numza, 3ajeralomas [DOJHOCTHIO HA COJEHHX BOAAX; 2) IOHWH3A,
3aJI6raIomas YacTHIHO Ha COJMeHHX BONAX H gaCTHYHO HA BOXOYHIOpe;
3) ammmHsa, -3ajeraloniag B OCHOBHOM Ha BOROYHOpe.

Cpesst gpyrux THIIOB MeCTOPOSKIeHHIT MpPeCHHX MON3EMHBIX BOJ
B CIOKHBIX TIHIPOXMMUYOCKHX YCIOBAAX 3HAYNTENLHBI1 MHTEpeC
HMpPeCTaRIAIT IPYHTOBHE BOXH aNJOBHANBHHX OTIOMEHUN pPeTHBIX
HOTHH.
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Cuerema mpecHbIe — COJIEHbBIE BOJBI

Ilpu dmaprpapmnu UpeCHHIX M COJNEHHIX BOJ MMeeM CHCTEMy, CO-
CTOANLYO B 0GMIEM H3 IBYX PasHODPOAHBIX JKAMKOCTed, pasInIaomnuXcsa
10 cBoMM ILIOTHOCTAM W BA3KOCTAM. Pasimuyie HIOTHOCTEH ¥ BA3KO-
creit o0yCioBIeHO pasHOli MUHepaima3aunmedl IPECHHIX KB COJeHHX
Bofi. IlnorHOCTE M 0COGEHHO BASKOCTH ABAAIOTCSA TeMH IiapaMeTpaMu,
KOTOpPhle ONpefeNAT TeKydYecTh jemmKocTa. 1losToMy uHHTepecHO,
HACKOJNBLKO IJIOTHOCTh W BA3SKOCTh DPECHOH BOAH OTANTANTCA OT
COOTBETCTBYIONMX XaPAaKTePHCTHK COJEHOII BOAW TIpH Tex MHUHe-
panusanmAX CONEHOH BOAH, KOTOpHe OGBMHO BCTPeYalOTca HA
TpaKkTHKe.

C pocroM MmRepannWazanud INIOTHOCTH BONHL yBeJIMUnBaeTCA MpaK-
THYECKM NPAMOJHHEHHO, a 3aBHCHMOCTH MEKIY BA3KOCTBI0O B MWHE-
panmzamuedt Goidee caoxkHasg. Tak, B mATepBase MuHepadudapmit
20—80 r/a BaskocTs BO3pacTaeT MPUOGAMSATENHHO MO HPAMOJHHEH-
HO# 3aBmciMocTm; npu MmuHepammsapuax cswme 80—100 r/x Bsas-
KOCTb yiKe M3MeHfAeTcHA IO mapaboiandeckoMmy saxomy. llpm maMeme-
HAsx mumrepanusamma or 20 mo 100 r/m cKOpocTs pOCTA BAZKOCTH
1 IIOTHOCTH N pubAA3ATeNLHO ofuAAKoBA. Kcam mpu MuHepalmsannn
1 r/n m Temueparype 20° C BA3KOCTH B HIOTHOCTH BOXH COOTBETCTBEHHO
pasmmt 1 cuz u 1 r/cm®, To pas mumepanmsammu 40 r/@ — cooTBer-
creerro 1,04 cns m 1,02 r/em3. CaeposatenbHO, BA3KOCTH YBeJMUl-
xace B 1,04 pasa, a muorrocrs — B 1,02 pasa. MuHepannzanus coeHHX
rpyETOBHX Boj penko mpepsimaer 50 r/x. O6suHO OHA COCTaBIsET
5—15 r/a. ns »THX 3Radernmil MUHepPANWM3ANUA NIOTHOCTH M BA3-
KOCTb COJeHOH BONH OyINyT OYeHb MAJO OIIHYATHCA OT IJIOTHOCTH
¥ BSBKOCTH NPECHOH BOMIM, B NPHONHKeHHHX pacuerax pasimdmeM
MOKHO mpeneOpeun. ClegyeT OTMeTHTH, 4TO cama Ho cefe HeaHadunm-
TelpbHAasd pAasEANA B IUIOTHOCTAX W BABKOCTAX Oymer eme O0oliee
CITaKABATHLCA HAJAYNEM NEePexXOgHOMl 30HH, B mpefellaX KOTOPOi
OJIOTHOCTh ¥ BSBKOCTH NOCTENEHHO W3MEHATCA OT 3HAYEHWH BTHX
NapaMeTpoB [JA TPeCHOH BOAHL A0 KX 3HAYCHWH IIA CONeHOH
BOJHL.

PasMeps mepexopHOo#l 30HH B IJade ROCTHraioT COTeH MeTPOB
B jaske KAJIOMETPOB.

VYder nepexonrO# 30HH 0T HPECHHIX BOX K COJeHHM HMeeT HeMalio-
Ba;KHOE 3HAYCHWe IPHW HPOTHO3e KadecTsa BORH Ha Bogozabope. B mei
cofiep:RarTcAd MOBOJIBHO Goilpmme 3amacH cxabo COJOHOBATHIX BOX,
TIPATOTHHX B CMeCH C IPeCHHIMI BONAMM [N X03AHCTBeHHO-IIUTHEBOTO
BCOOJIb30BAHAS.

TaxuM o6pasoM, He(Gompmas pasENOa B MHHepAAHW3aAAHN
TMpecHOH W COJeHOX BOAHN B 30He WX KOHTAKTA, 4 TaKKe Hajumuime
o0nInpHOil TepexOofHO#l 30HH ITO3BOMAIOT TNPHOIHMEHHO CHCTEMY
TnpecHble — COJIeHBIe BOAE B WHTepBajle MUHEpPAIM3amHA O—
10 r/n cudTaTe ORHOPORHON C IJIOTHOCTHI0 W BABKOCTHIO NpEC-
HOMl BOWH M OPOrHO3a HepemenmeEAA TPAHULBL  COJEHHIX
BOJX.
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Bruasue mupepaiuzanuu Ha QIIPTPAHOHHBIE CBOIHCTBA
nopon

IpecHsle u colenble MOA3eMHEE BOXH HpPefCTaBIAIOT coboit B 06-
meM CHCTeMy HeOTHOPOmHHX jRuarocredi. IIpm BEITecHeRMH HpecHHX
BOJ COJICHHIMH H3MEHAIOTCA THIPOXMMAYeCKHWe VYCAOBHA IIacTa,
BCAENCTBHE Yer0 BO3MOYKHO H3MeHEHME QHIBTPANMOHHBIX CBOMCTB
BogoBMemaomux mopox. Oco6eHHO 3TO0 OTHOCHTICA K NECYaHO-TIH-
HUCTHM OTHOMeRmaM. Ycranosieno [2, 35], d9ro omma u Ta e mec-
YAHO-TIWHACTAH HOPOMa MOMET MPOABIATH Pa3iuYHHe QUABTPANUOH-
HEle CBOMCTBA MO OTHOIIGHHIO K MPECHHM W COJEHHIM BOmaM.

9T0 BIMgHWEe MUHEDAIH3aNMH BONH HAa NPOHHNAEMOCTH MOPOR
06yCIoBIeHO pPAa3HOH CTEeNeHp0 HAOyXaHWMA TIMHUCTOTO BEMECTBA
B MpPECHHIX W MAHEPAJIM30BAHHWX Bogax. Tak, MpOHWIAeMOCTb Mec-
YaHO-TAWHICTHX HOPOX B MPeCHO} BOfe, KaK MpaBmio, 3HAIUTEIHHO
MeHBIIe, 9eM B COJNCHON XJIOPIIHON Boge, 910 o0BACHAeTCA 0OMBIIUM
HafyxamueM TIMHACTHIX YaCcTHL B MPEeCHOH BOfe IO CPaBHEHMIO C CO-
nemoii. HaGyxanue raweAmcIoro MmaTepmala HPHBORHT K 3aKyHODKe
MOPOBOro INPOCTPaHCTBA W CHW/KeHWI0O NPORNWOAeMOCTH BOfOBMeIia-
omux nopoxn. OCHOBHO# mpuuwHOii HalyXaRWs TIAENCTHX MUHepa-
J0B B BOHOM cpefie ABJIAeTCH MPOHeCcC WX MOBePXHOCTHOH gUcConHa-
nuu, obycaoBnwBaomunii passutue AUGPY3EHX CI0EB CBA3RHHOMN
BOH BOKPYT TIMEECTHX vacThn. [uddysuble o60M0OYKM, 3aNONEAML
HOPOBOE MPOCTPAHCTRO, YMEDBIIAKT HPORUIAEMOCTE HOPoasl. PazsnTre
nudPysHHX 000nM04YeR Hanbolee HHTEHCHBHO NPOMCXONAT B IPECHOH
BOme, ¥ Ha06OpOT, BX PA3BUTHE MONABIAETCH C POCTOM KOHIEHTDANHHE
XJIOPUAHKIX BOX.

MNcenemoBarnaMA  yCTAaHOBIEHO, YTO pasaudde HNPOHNOAEMOCTH
AJIA MPEeCHBIX W COJeHHX BOJ CTRHOBHTCH OCOOGHHO BaMETHHIM C yBe-
JIWYeHNEeM COfIeP RARNA MIIWHUCTOTO MaTepHaia B mopone. Maxcnmanpro
3T0T BpPeKT nposBAseTCA B TINHAX, KOTOpDHe MPH OfHUX W TeX
7Ke Hepenamax HANMOPOB MPAKTHYeCKU MOTYT He MPONYCKATh HPeCHYIO
BONY ¥ QUIBTPOBATH XJOPHAHLE BOMH.

Pazivave B mMpORBNAEMOCTH HJA IPECHOH W CONeRo# Boge Oymer
HEONMHAKOBHM B 3aBUCAMOCTH OT TUN& TJHH W COCTaBa MX OOMEeHHBIX
KaTAOHOB. B MOETMODH/IOHATOBHX TJWHAX, W B NEpBYK odepenb
Na-MOHTMODPBINOHATOBHX, Hepenay NPOHWOAEMOCTH [JIf HPeCHHX
¥ CcollieHHX BoOp OymeT BO MHOTO pa3 (ojbpmie, 4eM AiA TUFPOCHIORM-
CTHX ¥ KAaONWRWTOBHIX TVIMH. ECIU A MOHTMODPIIIOHUTOBHX TIVE
BTH NPOHULAeMOCTH Pa3lHYaioTcA B HECKONBKO pa3 H JajKe Ha MOpH-
NOK, TO NiA KAONWHHUTOBHX TIIuH, B YacTHOCTE (Ca-KaO0JIWHHTOBHX
TAWH, 9T0 pasinume MPOHMOAaeMOcTe# OymeT 3HAUMTENBHO MEHBLIIUM
(e 6omee wem B 1,5—2 pasa).

Jlna BOmOBMEmAIOIUX MECYAHHIX OTIHOKEeHWH, 0CO00eHHO BHICOKO
MPOHNOAEMHX IEeCKOB W MeCYaHWKOB, 4 TAKiKe TPEeIUHOBATHX II0-
poR pasziiuuie B MPOHWIAEMOCTAX MAJA MPeCHHX ¥ COJeHHBX BOA Oy-
AeT He3HAYHTENLHHM W UM MO:KHO HpeHeOpeds.
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Brnuanue pazamyiis I0THOCTEl HpecHBIX H COJEHBIX BOJ
HA HX JBIGKEHNEe B ILIACTE

Paziauume Mumepanusanmii TPecHHX M CONGHBIX BOJX OGYCHOBIM-
BaeT pasamyue miorHOCTeH »TIix BoA. [Ipm pBMIKeHHH IKUIKOCTEH
€ pasHbIMU IJIOTHOCTAMH TPOMCXOAUT AedopMamusi rpaHuis pasfena,
BHDAKAIOMASACA B QOPMIPOBAHUII «A3HKa» GONee TAMENOR FRUITKO-
CTH 10 HOXoIMBe Hmiacra. KCIM NpHHATH, 9TO HePBOHAYAILHAS Tpa-
Aua MPecHHX ¥ COJeHBIX BOJ OHIA BePTHKAJILHOH, TO B AaibHelmeM
9Ta TPaHNNA pasgedia CTAHOBUTCA HAKIOHHOI BCIE[CTBHME TOrO, 4TO
Gollee TAKRedas MUAKOCTH (ColeHAad BOfA) «uofuupaery Gonee JeTKYI
(npecuy® BONy), M B mOgOWBE Tiacra 06pasyercs «I3HIK» CONGHHIX
Box. PazMepH 37T0r0 «#3HKa» ONMPENeAA0TCS COOTHONIEHHEM MIIOTHO-
cTeit PEeCHBIX M COJEHHIX BOJ, MOIHOCTBIO TNACTA, CKOPOCTHIO KBH-
JEHNA TON3eMHEIX BOJ H 3aBHCAT 0T BPEMEHH.

JlBmsKeHNe B macre ;KHAKOCTeH ¢ PasHHIME IAOTHOCTAME HCCHe-
moanu M. A. Yapumit,  B. Il. llunarosckuit, A. M. Ilnpsepmss,
Il. 1. Honybapunosa-Kouurna, H. K. mpuucknii, @. M. Bouesep,
H. H. Bepurua, B. M. lllecrakos 1 ap.

OueHKa pagMepoB «A3HKAY CONEHLIX BOJ{, BHUTOJHEHHAS HA OCHOBC
pemenniit M. A. Yapuoro [74], moxrasana, d4ro mnpm Av. > 0,01,

Yo
rae Ay = y;—7o ¥ V1, Vo — NMIOTHOCTUM COJEHHIX M HPECHHX BOJ,

970 COOTBETCTBYET MUHEpaJ#H3auUL coidensix Boj cseme 20 /a (maor-
HOCTH LIPECHOH BOAH NPHUHATA PAaBHOA 1), MAMHA «I3HKA» COJEHHIX
Bon, cdopmmposasmerocs sa spems 10* cyr, cocraBaser corHE
METPOB M KUJIOMCTPHL.

B caysae meGompmux MuHepamHsamuii CONeHX BoA (2—5 r/m),

Ay

4eMy COOTBETCTBYeT N < 0,001, gauHA «A3EIKAY COJNEHHIX BOJ,
cfopMHPOBABIIEroCA 32 YKA3AHHGIH HePHOSL BpeMeHN, He I peBHIHAeT
HECROIBKUX JECATKOB METPOB.

JIHCIIE[)CEUI TpanMIgbl pa3jena npecHbIX U COMCHDBIX BOJ

Ilpn wsydennmu JBUIREHMA UPECHHX U COJNEHHX BOJ MOTYT OHTH
aBsa noxxoxpa. Ilepswiit, Gosee mpocroii, mpeamoigaraer, II0 BHTECHe-
H1e OfHOH JKUAKOCTH APYroil HOCUT «IIOpINHEBOH» xapawrTep, T. €.
IIPOUCXOMAT paBHOMEpHO, Ges 06pazOBaHWA (ABHKOBY, C YETKO BHI-
pa:KeHHO# rpaHuue#l pasgema augrocreit. Jpyro#t momxom yd4uTH-
BAaeT HAJIM4YHe BOHLL paccesHNd (pPasMA3HBAHMA) MEMKIY ABYMA RIN-
KOCTSIMH BCIJIef[CTBUE MUKPOHEOJHOPOJHOCTH HOPOBOTO HPOETPAHCTBA,
Pas3iuYHOro pasMepa OTAeNbHEIX IOp M 00YCHOBICHHOM DTUM HEOTH-
HaKOBOU CHOPOCTH [BYRCHUS MHAMIKOCTH B HOpPax. JTOT NPOLECC KOH-
BeKTHBHOrO IIePeHOCA B YCIOBHSIX MHUKPOHEOKHOPOLHOIO CTPOGHUSA
HOPUCTOro NPOCTPAHCTBA € HAMOKeHHEM MOJEKYIADHOH puddysui
monysun HazsaHue mHcnepcun (A. lleiinerrep), ¢umanTpaumonnoit
madpoysnu (B. M. Hlecraros), wousexTtupHoil mudpdysnu (B. H. Hu-
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KoJaeBcKuit). Bonpocsl koHBeKTHBHOM andysusm paccMaTpHBAKOICA
rak:ke H. H. BepmrmasiMm, @. M. Bouesepom, A. E. Opagosckoit,
M. J. PosenGeprom, JI. B. Pagyuikesny u fpyraMu NCCIeOBATEIAMA.

OuenuM, HACKOJBKO 3HAUMTENHLHO BIMSHAE KOHBEKTHBHOM mud-
¢ysuu Ha [BM;KeHHMe I'DAHUI(B pasfesJa HPECHHX M CONEHHX BOJ.
Jas aToro ompezsemum pazMepH 30HEH AMCTIOPCHH,

Cornaceo B. M. lllecrarory, pasmeps 3Toii 30HH B ycnommx
HIOCKO-HAPAIeTHPHOr0 NPAMOIMHEHHOTO ABUKCHUA OIPemeAA0TCA

no gopmyie
Al =4 ]/( Ly p, ) 2t

rae D, — KoapdrmyuenT MOTeRYIAPHON Auddysnu B MOPNCTOH CpEne
(seiuaumna D, BapeupyeT B mpepenax 1073—1078 m2/cyr); Dy — au-
HeliHbIll DapaMerp, WMeOmMui pasMepHOCTh [JIMHHE ¥ BEIXNYHHY
0,001—0,002 M; v — cxopocrs ¢uupTpanuu, m/cyr;  — BpeMs,
CYT; 1o — LOPHCTOCTE.

Anasjornunsie 3aBUCHMMOCTH IS OHEHKH Pa3MCPOB 30HHL JucCHe]-
CHH TpPUBONAT M JPYIUe ABTOPH.

Jaa pacgera Al Omumm upmaarel suavenus D, = 10-3 m%eyrt
1 n, = 0,1; sHageHHA Apyrax napaMerpoB yKasamH B Tabx. 2.
B uncaurene naBa BenugnHa Al (B M), B 3HAMeRaTele — AMAHA WYTH
(3 M) IepeMémEBNA TPAHNIE DPA3FE]IA PA IOPHIHEROMS BHITeCHEHHN,

TaGanma 2
Pasmepnr 8onbr pucnepenn

t, cyT
D, v

1000 5000 10 000 20 060

11 29 4 58
0,001 01 000 5000 10000 30000

14 31 & 62
0.2 2000 0000 26 000 %0000

15 33 46 67
0,002 02 3000 10000 30000 %0000

Ws 7abn. 2 caepyer, 9T0 HiAA HPUBEACHHHX ONTHMANBHHX 3HA-
wepni mapaMerpoB Dy W v pasMepH 30HH JMCIODPCHH COCTABAAIOT
umeHee 1% or maWHM OyTM rpaEWDE paspe’a.

CnegosarenpHo, omuOKa B ONEHKe PACCTOARMA IepeMCHISHIA
IPAHUIB CONEHHX BOX Oeas ydera KoHBeKTHBHOM pnddysunm Gyper
BesHaunTenwHON. PasMeps 3oHH pgucnepenms B Taba. 2 coBmamawT
¢ aHANOTMYHHMH BeJIMYMHAMH, ykazaHHEHMH B pabGorax B. M. llle-
craxona, H. H. Bepuruna, ®. M. Bouesepa u pp.

HesnauprenpHA MHApNHAa 30HK [MCHEPCHU TAKKe NPH IJIOCKO-
Paj¥albBOM [BM)KEHWN IIOA36MHHX BOZ. IT0  0GCTOATENBCTBO
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ormegaer @. M. Bouenep [16]. llpu ycnosun D—gl—‘; = 0,002, a0 06Br9HO

B GONBIMHCTBE CIy4aeB COOIOAETCs, PABHHIA B AJAWHE ODyTH IpH
(IOPITHEBOM» BHITGCHOHMU II C yd9eTOM KOHBeKTHBHo# nnuddysuz He
npepmaer 1% . B mpusemensom yciosum (@ — pe0HUT cxBayKHHB,

D — koodduumeHt  KOHBEKTHBHOH  Aubdysmu (D ~ 10" 2—
10~ 3 M2/cyr); h — MOIMHOCTH BOJOHOCHOTO TOpPW3OHTA;, N, — HO-

3 p ’ 1]
PHCTOCTD.

Taxum 06pazoM, 145 TPAKTHYeCKAX PACIeTOB HepeMemenusa Gponra
COJeHHX BOJl MOKHO HCIOIb3BATh CXEMY (IOPIIHEBOTO» BHITECHEHMS.

CieyeT OTMeTHTb, 9T0 B OcHexHee BpeMs passusaercd (B. M. Ille-
crakoB, A.A.Pomans, WM. C. Ilamrosckuit, H. H. Bepurun) no-
BHi HMHTePeCHHI MHOAXOJ K H3YYEHHI0 MMTDANHU MOA3EMHHX BO[,
OCHOBAHHHIN Ha TeTEPOTeHHOl MoOpeaH CTPOSHHS BONOHOCHOTO To-
pHU30HTA.

Wrax, nanGosee XapaKTePHHMHA THHOBHMII THIPOTEOIOTHISCREMHI
cXeMaMH [Jig MeCTOPOMIeHHil MPEeCHHX MOf3eMHHX: BOI ABIAKTCA
HEOTPAHMYGHHHA N0 TJIOmMAnM BONOHOCHHHA TOpPU3OHT W HOIyOrpa-
HUYeHHHH BOJOHOCHH TOPH30HT ¢ KOHTYpPOM TOCTOSHHOIO HAamopa.

CucreMa TpecHBle — COJeHHE BOIH HPHOAVIKEHHO MOKET pac-
CMaTpUBATHCA KaK OAHOpOAHAHA; QUILTPANMOHHHE CBOWCTBA IOPOJ
BOJ{OHOCHOrO0 TOPU30HTA NMPUHHMAIOTCA OJUHAKOBHIMA [ TPECHBIX
¥ COJeHHIX BOX.

IiBnyKenMe COJEHHIX BOA K BOxo3alopy MOeT NPOMCXOMUTH
B yCIOBUAX «6acceiiHay (ecTecTBeHHBIN PacXOf MOM3OMHHEX BOJ OTCYT-
CTBYeT WJIK OH HACTOJBLKO MaJl, 970 6T0 MOKHO He YIATHBATh) U B yCJIO-
BHAX (IOTOKA» (¢ YUETOM €CTECTBOHHOrO NBHMKeHHA MON3EMHHX BOJ).



TIABA II

METOJIMKA IIPOTHO3A KAYECTBA TIOJA3EMHBIX BOJ
HA BOJ03ABOPAX

Jins1 mpaBMILHOrO NPEHCTABICHAA O XapaKTepe ABUIKEHUA KA KO-
crefi B miacre ¥ 00OCHOBaHWA PACIETHHIX POPMYJ ¢ HENbIO OIpe-
[eJeHnA BPeMEeHW W PACCTOSHUA MEPeMEemeHAsl MOf3eMULIX BOJX Heo6-
XOgMMO 3HATH CTPYKTYDPH Ham0olee YacTO BCTPEUAMINAXCA THIIOB
PUALTPAaOMOHHKX MOTOKOB. llom cTpykTypo#l mOTOKAa HOHUMAaeTes
ero THAPOAWHAMHYECKAS CeTKAa W OCODEHHO XapakTep JWHuH TOKa,
HO KOTOPHM JABWKYTCH 9aCTHOH JKEIKOCTH.

[lepeMemenne gacTum MATKOCTH B IJIacTe NPOWCXOZUT LON BIMA-
HAeM BOHO03aGOPHLIX COOPYIKEHWH M eCTeCTBEHHOTO MOTOKA TON36MHEBIX
Box. B psme ciaywaes mociepHHMit GniBaer HACTOMABKO Maj, 4TO WM
MOJKHO TipeHeGpeds.

Ji1a KpaTRoCTH IMApPORWHAMHYECKHe YCIOBHA IJIACTa, B KOTOPOM
€CTeCTBOHHOE JBWKCHNE MOJ3eMHHX BOJ[ OTCYICTBYeT, OymMeM Ha-
3HIBATh DacceiffHOM, a TPW HAAWIHM €CTeCTBEHHOTO [BHM;KeHHA NOJ-
3eMHFIX BOJ — DOTOKOM. EcrecTBenHoe jBUKeHWe MOA3EMHEIX BOT
VYUTHBAaETCA Hepe3 ero CKopocts v, = Ki., rre K — xospdnnuent
¢uiabTpanNH; i, — €CTECTBEHHHIA YKJOH TMOTOKA.

XapaKkTep ABAKeHUS SKUAKOCTH B OZHOPOTHOM IJacre o6yclo-
BJeH feficTBHEeM BOmo3abopa, rPaHWL MIACTA B eCTeCTBEHHOIO IOTOKA
moiseMHRIX Box. HawmGonee MpOCTHM SABIAETCA TIOCKO-PagHalbHOe
TeyeHne, obpasyomeecd Dpu paGoTe ofmHOYHOro Bofosabopa B HEO-
rpaHWIeHHEOM 0acceiiHe WM MPHW PACHONOKEHAN CKBAJKHHH B HEeHTpe
MIaCTa ¢ KPYTOBHM KOHTYPOM MOCTOAHHOro Hamopa. I'paHnmE miacra
W eCTeCTBEeHHHU MOTOK HedOPMHDPYIOT TIOCKO-PafualipHOe TeUeHMe
¥ OHO CTAHOBUTCA TUIOCKO-KPHBOJIWHEWHHM. BONU3E CKBasKEHH BTH
AedopManmuy BEIpAsKeHH clafee W JWHUA TOKA ONM3KK K MPAMBIM
pajmajpHEM JABHEAM (KBasupaguasinHoe TedeHue). Ilpemcramiser
uHTepeC ONEHKA pasMepoB OGNACTH KBAa3WPIANAJLHOTO TedeBWf,
B Tpemelax KOTOpO# BpeMs JBWKEHHA JKHIKOCTH He3HAYHTEAHHO
OTJIRYACTCA OT BPEMeHW [BWIKEHWA B YCIOBHAX HEOTPAHNYCHHOrO
Hracra-6acceiina.

IlepeMemeHnne CcoleHHX BOX MO MIACTy NPERNONAraeTcsa B YCIO-
BUAX YCTAHOBMBIHErOCs pekuMa ¢HWIBTpanuu. JTo [JONYINeHHe
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00O0CHOBHIBAGTCSA TEM, 4YTO pacIpoCTpaHeHNe HABIEHHA B TILIACTC
TMPOHCXOIUT BO MHOTro pas (blcTpee, 4eM caMo IepeMemeHHe MO73eM-
HBIX BO/.

B rabn. 3 mpusefeHH Pe3yJbTaTH PacdeTOoB BpeMeHH JBHKEHHH
I[O,[[SBMHLIX BOJ B YCIOBHAX yCTaHOBWBIIETOCS £, M HEYCTaHOBHBIIEIOCH
t,- pe;KHMOB QUIBTPAINU B HEOTPAHHUCHHOM ILJIACTe W OTHOCUTeILHASA
NOrpeiHocTh 07 Pacxo:KAeHUs 9TUX BpeMeH. Pacgers ¢y u f, Hponaso-
JTTHCHL COOTBETCTBeHHO MO ¢opmyxam (3) u (D) raasi 1V.

Tabnumma 3

BpeMsa pBIGKCHIS MOA3EMHLIX BOjJ B YCIOBHAX YCTAHOBHBLIETOCA
H HeyYCTAHOBIIBLICToCs PEiMoB QILILTPAHAK

:Q 50 M2/eyT, n(,fﬂi a=104 M‘Z/cyT)

r, M I 100 ‘ 300 i 500 | 1000
tu, CyT 62,9 582,5 1624 8530
ty, CyT 62,9 E66 1573 6290
Igtl. % 1,6 ! 2.9 33 3,7

W3 taGn. 3 caegyer, 9TO HA CPABHATEJLHO HEGOMLIIHMX yrade-
HUAX 0T BOf03a00pa BpeMs ABIKEHWA IPH CTAHOHAPHOM DeyRHMe
HE3HAYUTENHFEO OT/IMYAeTCA OT BpPEeMeHHW [BW:KeHMA MpPH HecTauHo-
HapHOM pes®uMe. Bpems TNePEeMeIIeHAS JaCTHIL JRMIKOCTH MW He-
CTAI(HOHAPHOM peREMe (HIBTPAIHI O$ONBIIe BPEMEHH TiepeMeileHus
OpH CTAaLUOHADHOM pejRHME QILTBTPAIHH; CJIe0BATCIBHO, pPAaCUETH
TepeMemaHuA COXEHHX BOJ HO QOpPMYJIaM [JIf CTAHOHAPHOTO pe-
SKHUMA COIEP/KAT HEKOTOPHI «3aliac IPOIHOCTIN.

Ipn anamuse cTpyxTyphl IOTOKA CONElbie W NPECIible HOJ3eMHEBE
BOJIHL HPHHUMAIOTCA (B COOTBETCTBHII C H3TO)KeHHHIM B ruase I) ommo-
PORHBIMH JKHIKOCTAMI, € O/IAKOBOIl JJIOTHOCTHIO M BABKOCTEHIO,
a BHTECHEHHEe Of{HOMH UMKOCTH JPYTO# NPEAN0NaTraeTCs (IO PITHEBHIMY.
CaenyeT orMeTwTh, 9TO CX€Ma IOPILHEBOro» BHITOCHeHNH Hamboiee
XapakTepHa JJIA OTHOCHTEABHO ORHOPOZHHX MOPUCTHIX KOJIJIeK-
TOopos. B ciyuae TpempuHOBATHX MOPOJ M CIOUCTHIX TONM Tpedyercs
uHOW TWOAXON, B WCHONL30BAHIfE B ITHX YCAOBMAX CXEMbl (TMOpIIHe-
BOTO» BHITECHEHUS JONYCTHMO JHIIL /JISI OPHEHTHPOBOYHHIX ONEHOK.

IInockoe morenmuanpHOC TOUEHHe XAPAKTEPH3YETCA KOMIIISKCHEM
moTeHimanoM F (z), KOTOpHI BHpa:KaeTcsi dYepes CONPAKEHHBE
rapmonuveckue ¢ynkmma @ (v, y) i (r, y) 4 B 06IaCTH KOMIIEKC-
HOTO TIePeMEHHOTO 2z == r -} iy B3aMICHIBAETCA B BUJE

F(z)=¢(x, y)-+ i (z, y) +const. O
JleiicTBuTeIpHAS WaCTh KOMIUIGKCHOTO TOTEHUHANA paBHA
Re#(z) = ¢ (z, y)
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M COOTBETCTBYET LOTeHUUANLY CKopoctu (wiu QYHKOWW DOTeHUMANIR).
MuiMasg wacrs KOMINIEKCHOTO MOTEeHIMAda paBHA

f cooTseTcTBYeT (YHKOUU TOKA.

CleosaTelbHO, eCIH H3BECTOH KOMILIEKCHH# IOTOHIMAN HOTOKA,
TO, pasgeNAd HAeHCTBATEIPHYIO W MHUMYIO 9aCTH, MOKHO HaHTH yHK-
LU0 HOTeHHWANA ¢ U QYHKIUIO TOKA P OGe otr QyHKNMYU CBA3AHH
ycaosuem Komm — Prmana

aP op Y _ oy
N aJ 31 N (2)

3HasT MOTeHNUANBHYI0 (YHKLHIO ¢, KOTOpasg OJHO3HAYHO CBA3aHa
¢ HamopOM HJHN gaBlIeHHeM, Ha OCHOBe COOTHOMEHMIT (2) MOKHO HaiTn
dyarumio Toxa . DyREkuMA noreHynana n GyHKRIMA TOKA BhIpaska-
I0TCA 9Yepe3 KPMBONMHENHHEBI HHTErPal OT COCTABIMIOMAX IO KOOPHH-
HATHBIM OCAIM ckopocrell ¢mIbTpanmuu v, W U,

z

9 (x, y)= |, (vxdz 4 v,dy)+ const, (3)

2

Yz, y)= _[L(—vydx—'r v, dy) -+ const. (4)

Zo

O6munHo OnBaeT HM3BECTHO pacHpefesienre Hamopa (HABICHUsA), OT
KOTOpOro Jerko mepeiit K morenmumany @. Ilpopmddeperumporas
@ O r W Y, HAXOAT COOTBETCTBEHHO COCTABIAIONME Uy W U, — CKO-
poCTH QUABTPALNH [10 KOOPHHHATHRIM OCAM Z H /. HOJICTHBJIHH noay-
9YeHHbIe BHPAKEHUA U, H U, B 3aBHCHMOCTD (4), nomygaror B paKReHnE
A1 QYHKIUY TOKA.

Hprpasuusas ¢ (z, y) M (z, y) mocToAHHON BedNuHHe, HalmeM
ypasHeHMe cemefiCTBA JNWHWH DABHEIX NOTEHIHANOB (BI\BI/IHOTeH-
nnanei) ¥ ypasHeHue ceMeiicTB2 MHHu ToKa. [|IA aHANHBA CTPYKTYPH
¢uIBTPANUOBEHHX IOTOKOB HAac OyAyT WHTEpPECOBATH B OCHOBHOM
dyHKRuUmMA TOKAa WM ypaBHeHWe IMHWI TOKa. JlmHum TOKa, T.e. nMyTH
OBYGKOHUA 9aCTHI JKAAKOCTH, MOTYT OHITHh ONPeeNeHsl aHATATAICCK
HA OCHOBEe ypapBHeHHA JWMHI TOKa. JIWAWH ToKa MOMKHO NOCTPOHTH
Taksxe rpaguaecku [26, 49, 61]. Cpepwn nnuuil Toxa BHeIAI0T IIaBHYIO
JMHWI0 TOKA, KOTOPasg XapaKTepH3yeTcA HAMGONBHIAME CKOPOCTAMU
JIBMHEHWS YaCTHI] KHIKOCTH M IO KOTODPOH OHPefeNAioT Kpardaiimee
PaccrosHMe OT I'PAHHUB COJEHBIX BOJ [0 BOHOS&ﬁOpa M HAWMEHb-
mee BPeMA ABUKEHUA COJMEHBIX BOJ A0 Bojo3afopa.

Jlna amanmaa cTPyKTyps DOTOKa ¥ NPOTHO3a ABUKEHHS COMEHBIX
BOZL B NacTe Heo0X0oOWMO 3HATH TAK:Ke CKOPOCTh ¥ BPeMA JABIKEHHA
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mogzeMHHX Boj. CKOpOCTH NBEKEHHA (WJIM CKOPOCTh (GMIBTPALUH)
TMOJ3eMHHEX BOJ, KaK yiKe OTMEYaloCh, HAXOEUTCH UyTeM puddepen-
OEPOBaHUA NOTEHIMATbHON (yHROEE. Bpems pxBW;KeHHS dYacTHOH
JRUIKOCTH BROAL JUHMA ToKa L B o0meM BHpe 3ammCHIBaeTCA dYepes
KpuBonuHeiinn# murerpax [71, 81]

dx dy
= n, W + CODSt t= Ry m— + CODSt (5)
xa aw Uo ay

rae n, — IOPHCTOCTH BOAOHOCHHX HODOZ.

CiegyeT OTMETHTH, UTO HONYYeHWe KOHEWHHX peIieHH# pad I
NpH JBUKEHWY BIOJb JIOOHX JUHUHE TOKa IpefcTaBiaseT ¢oboil caox-
By 3a7aqy. JIJiA pemeHus MpaKTHYeCKUX 3a7ad B GONpMUHCTBE CIY-
9aeB MOCTATOYHO OMpEJelAThL BPeMA [IBWKeHHS 3arpAsSHEHHHX BOJ
Ha 3aJaHHOe PACCTOAHME HO IVIABHOM JIMHUT TOKA (KpaTdaiimeMy pac-
croanmo). Ilosromy mHmke (cM. ra. IV) mns rampo#r ms paccmo-
TPeHHBIX CXEM HPHBOAATCH BHDaKeHHA ANA BPEMEHH IBHIKEHUA
BJOND IVIABHHX JWHHH TOKa, a TaKKe A OTHEIABHHX CXeM IOJy-
YeHHPle BaBUCMMOCTA JJA BPEMeHH JBW/KEHHA 10 AO0H JuHAN
ToKa. Bpems [BWeHHA 3arpAsSHEHHHIX BOX B TIACTe MOKHO pac-
CUMTATH TAKIKE rpa@o-anannmqecxmi METOO0M

A
= zt ——2"" 7,

rae j — 4WCJI0 OTPEe3KOB, Ha KOTODHE pas3buBaeTcs Bech MyTh; Uj —
CKOPOCTH B CEepeiNHe KajKHIoro orpeska Ax;.

Kax yme ormeuanoch, MOJYyYHTH TOYHYIO 3aBACHMOCTL JJIS Bpe-
MeHN JBHKEHUSA JKUAKOCTH 10 KPUBOJIHHEAHOH TPaeKTOpuH (N M1060%
JWHAH TOKA) 0YeHb CI0KHO. MOIKHO HaMETHTH NPUOIHAEHHHH myTh
pemieHWA B3TOH 3aJaYH, CYTh KOTODOFO CBOAMTCA K CHeJyIOmIeMy:
ABIKEHEE TO KPHBOJUHEHHON TPaeKTOPHH ¢ HePEeMEHHOH CKOPOCTHIO
3aMEeHASTCA JBHKEHHEEM 110 PABHOBEJHKON (n0 AinHe) NPAMOA MTAHLH
¢ TOCTOAHHOH cpemHe#l ckopocrpio. Mrak, mycrs Tpebyerca HaiTH
BPCMA NBYKEHWA KUAKOCTH BJONHb KPHBONMHEHHON JUAMH TOKa OT
CKBA/RMHH JI0 TOYKM ¢ KOODIMHATAME Z, U y,. VI3 ypaBHeHnsa cemeii-
cTBa JWHUH TOKa

—_
(2]
~~

f(.’l!, Y, (1.)=

nalifeM ypasHeHne Tofl JBHEH TOKA, KOTODAA IPOXONAT depes TOUKY
(1, y,). oA sroro B ypaBHeHHe ceMeHcTBA JMHHH TOKA BMECTO I
U y IOJICTABIACM T, ¥, A HAXOXUM IOCTOAHHYIO 0.1, COOTBETCTBY Y IG
JaHEHOH JIMHHU TokAa. JaNdImeM ypaBHeHWe (UKCHDPOBAHHON JIHHAHR
TOKa B ABHOM BHEfe ¥ = [ (x, o) mmuz = f(y, &,). [anee onpenensen
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gauny L xpusonuneiinoit TpaekTopuu, HCHONBIYA AAS 3TOTO WPUGIH-
JKeHHBIE 3aBUCHMOCTH AnA pumasl gyra [61]

L:(xz—zl)—k-%— S 72 (z, o) dz, ecam |f' (z, o) |<1; (7

X2
x
L=f(z o)) —f (24, a1)+—;— S f—:‘(‘%a—l)", ectu | f'(z, ay) [>1,
Xy
8
rme x, — afcnEeca HagalbHOM TOYKH.
HaxognMm cpegHiow BeIMYAHY CROPOCTH [IBIKEBHA KARKOCTH
BHOND KPHBOAUHEHHOE TpPaeKTOPHUH

X2
1
e SL v(z, y)dz. 9
X1

JIJI}I BBIAUCJICHU S KpHBOJIKHeﬁHOI‘O HHTErpala BHpasuM (0 OMOOBIO
YPaBHEHH A JIHHHUN TOKa) Yy gepe3 r m oy H IIOACTaBHM B MOAUHTEIpaib-
HO€ BHpajKeHHue

X2

Vep = ;2—_1_—;:; SL vz, f(z, a))dz. (10)

X1

Bpema pBmkeRnA JHAJKOCTH BROAH KPHUBOJHHEHHOH TpaeKTOpHH

pnaaoi L pasHO
L

Ucp

WsmeHenme KagecTBa BOAH HA Bofo3adope, IMocje TOro KaK K HeMY
HOATAHYTCA TepBHe NOPNHM COJEeHHX BOH, OymeT oOIpeeIArsCH
pacxofoM coJeHHX Box B o0meM mebGmre BomosaGopa.

Jna oupegenenns pacxofia ¢, CONEHHX BOX, HOCTYNAIOMAX B BOJO-
3abop, Hemoap3yeTcA GYBKNASL ToKay (r, y). IloTok supKocTA wepes
IPOM3BOJNBHYIO KpuBYI0 L B IOCKOCTH 2, y paBeH Pa3HOCTH 3HAYEHHE
¢yHKOUA TOKa Ha KOHNAX 3TOHA KpHBOH

X3Y2
(@ =t= [ d=vE—vE.w D

X1Y1

rae (24, ¥,) 7 (%,, Yy,) — HagalpHAH W KOHeYHAf Toux® Kphsoi L.

Pacxon cONMEeHHIX BOX ¢, MOeT OHTh Haiimew mo dopmyre (11),
eca¥ BeJHYWHH z H Yy, BXxofamyae B (11), paccmarpuBaTh Kak KOOpHH-
HaTH TO9eK IPaHAIH pasgelia NPeCHHX H CONEHHEX BOoA. Torma Haais-
HHe (2, ;) ¥ KOHeGHHe (4, I ,) KOOPAAHATH y9aCTKa TPaHHIH coJie-
HEX BOJ OyAyT XapakTepH30BaTh WMHMDPHHY (POHTA COJEHHX BOQ,
TOoCTyDAomMHAX B Bopo3abop.
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3uas 1ebut Bogozabopa g, pacxoy, COMEHHIX BOJ (., OMpeHeLAeMulil
mo ¢opmyxe (11), m pacxop mpecHHX BOj g,, KOTOPHil HaiiileM Kar
PasHOCTh MEKAY ¢ B (., K3 YPABHEHUA CMEMICHNA HOAYINM

€z, y)=Cot(C,— C) L1, (12)

rge C,, C; — MuUHeDAXIH3AOMA TPeCHONl W COJeHOH BOAH.

Pacxop conenmx Boj ¢, (2, ¥), KOTOPHI HAXOMATCA gepes QYHK-
UHI TOKa, 3aBHCHT OT IDAHMUHHX YCJOBMH BOGOHOCHOTO T'OPHBOHTA,
HaJIHA HIH OTCYTCTBHA €CTECTBEHHOTO IOTOKA NLOM3EMHBIX BOJ,
$UIbLT pRUHOBHONA HEOJHOPOZHOCTH BOJOHOCHOTO IOPH30HTA. JTUMI e
(jakTOpaMu B KOHEUHOM HTOTre OIpejelIAeTcA MUHEDaJIH3auuf BOXH
Ha Bogozabope.

B pane caygaeB yiaeTcsA MONYYMTH HPAMYIO 3aBACHMOCTh M3MeHe-
HHA MTHepaiuzanuil BOAH Ha Bopozafope C or BpemeHu 1

C=t() (13)

LUII jKe BAaBMCHMOCTH BPeMeHH f OT HaCTyNJIeHHs HA BOA03alope Hc-
KOMOiT MuHepanusamuu C

=1(C). (14)

Opnaxo monyuenne pemenuit tuma (13) mam (14) me Bcerna Bo3-
MOKHO. 3a4acTyl0 3afada CBOAATCHA K TOJY4eHHIO HA OCHOBO ypas-
senuil (D) pemeHus JJiA BPeMeHE ABIKEHUS 9YaCTAIN KUTKOCTH K BO-
AZ03a00py ¥ Ha ocHOBe ypasHeHHA (12) pevienHsa mafa MuHepaiH3amuy
BOZiEL HA BOR03afope B 3aBUCHMOCTH OT NIMPHHH (POHTA MOCTYILICHNAS
cOeBHX BOX. B 3TOM ciaydae IMpOrHos HaMeHeHHWs MUHEPALN3AMUU
BojHs HAa Boxgo3a0ope WPOHM3BOJNUTCA B ZBa HTANA:

1) ompepeasieTcsa MOMA COJEHHX BOJ, MOCTYNAKIKX K BOR03afopy
oT ¢poHTa COJNEHHX BOJX (UKCHPOBAHHOW IMHMPHHEI, W COOTBETCTBY-
0IMaA 3ToMy (QPOHTY MUHeDajusanmud BOJH Ha Bopgo3abope (mupmHA
¢$ponTa WOCTYIIAeHAA COJEHHX BOZ K BOH03a00DPy OmpefesiseTcs Koop-
AUHATAMW ero KDaHHMX TOUYeK);

2) HaxopguTCs BpeMsa TWOCTYHIEHHA B BoH03aloD COJEHHIX BOJ OT
¢$poHTa (WKCIPOBAHHON MWPHUHH (10 BpeMeHHT NOATATYBAHUA K BOJO-
3afopy KpafiHAX TOYeK 3TOro QPOHTA).

IIpn wamwaunm mepexomHoil 30HE OT MPECHHX BOJ, K COJNEHHM mpo-
THO3 M3MEHEHNA MHUHEDANHW3amNH MOKHO HPOUBBONATH CJeHyIONmIM
o6pazoy. Bopgsl mepexopgHOil 30HBI OyNeM Ha3HBATH COJOHOBATHIMH
B OTJIAuMe OT 30HH COJIEHHX BOJ, MAHEeDAIWM3andfd KOTODPHX IpUHU-
Maercsa nocroanHoi. PaspenmM 06A2CTH CONOHOBATHX M COJMEHBIX
BON HAa R YYaCTKOB NOCTOAHHOW, HO pa3HOH MHHEpaIN3aIuu.
BoénsmeMy uHAeKCY IOJOCH COOTBETCTBYeT (OJBIMAas MUHEpPAm3a-
A BogH, T.e. Co <C, <<Cy <L... <C,.

Yuwactku-nonocH ¢ uageKcamu o1 1 mo n — 1 mpencraBIAKT co6oi
NePeXOAHYI0 30HY OT TpecHON BOAM ¢ MuHepaxusanmedr €y X comenoi
BOje mOCTOAHHON MuHepammsaun® C,. BHuedennsle moxocH B mpo-
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Hecce aKCIIyaTanuH GYAyT NOCIe0BaTeNIbHO MONTATHBATLCA K BOJO-
saGopy. Takmm o6pa3oM, Haandne NePeXORHON B0HB MOMKHO YIecTb
METOIOM «IIOCIEeOBATeABHOTO BTATHBAHUA IOIOCH.

Munepannzanus orémpaemoil BOXH oOmpefiedsercs KOIAMEH Ipec-
HOH BOgEL (Q B conensix Bog Qq, Q,, . . ., Q, B 00meM gebure CKBAKMHHL.

B cBow0 ouepens seanumus Qo, Q4, Q,, . . ., Q, SynyT onpegenarnes
BeIMYMHAMH YFIOB, Orpa- P
HAYUBAIOMMX IOTOKM JTAX ]
BOj K cxsakmme (pmc. 3). b
Bosnment Takoit MOMEHT Bpe-
MeHH, KOrga K CKBAMKAHE G Vi K
HOJOIIN  CONEHHE BOJH 1 7
BCeX YYacTKOE, T.e. KOI7a by Sy
B CHKBasKMHE HMeeT MecTo A [
eMmeHiTe - 4 7\ 1/
cMemeHile BOJ ¢ MEHEDAJIH- 2 M N[N
saumeit Cg, Cy, Cy, . . ., Cp. . v N 1\ l’ / // y
< AY \ T . ¥ g
N Vi ry o,
Puc. 3. Cxema yuera Depexof- Z \\ \\ | 1y s
HOR BORHl OT UpeCHHX BOJ ' N \\\ 1, 7
¢ MEHepaan3anmeir Cy XK COle- \\W|//,”
HBIM BojaM ¢ MNHEpaJmM3a- AR\l I////
e Cp \i«_ »

Torpa Bonst ¢ Cy, €y, Cy, .. ., C, 6yayT NOCTYUATS B CKBa;KANY B ILDE-
uenax yIioB COOTBETCTBEHHO: 21t — < N'ON, <N'ON — <<M'OM,
<M'OM — <L'OL wu 7. .

Cocrapnsia ypaBHeHHe CMemieHHS, HAXOLAM

C=Cot(C1—Co) -+ (C—C) 2 .., (15)

THe 41 g9, . - « -— OPHTOKH COMOHOBATHX BOX U3 &I10J0CY ¢ MAHEpa-
nusanueis €4, C, @ 1. 1.

Jas DPaKTHYECKHX PAcyeTOB HEPEXOAHYI0 30HY COMOHOBATHX BOJ,
ROCTATOYHO LPEACTABATL OfHAM WM ABYMS YYACTKAMH.

B npepnaraemom meTone yueTa mepexopmHOH 8oHE AeNaeTcsa Aouy-
merde, 910 pabora BOZ03a60pa He MPHBOZUT K HOMONHATENHHOIN cy-
OIeCTBEHHOU MCHePCHA rpaHUNH pasgena UPeCHWX W COMEHHX BOL.



TIIABA III

CTPYKTYPA NBHKEHNA TIOI3EMHBIX BOX
K BOIO3ABOPAM

Tlop cTpyRTypoil JBH:KeHIsA WOA3eMHHIX BOJ NMOHMMaeTcA KoH(u-
rypanusA JuHOK TOKa, IO KOTOPHM IPOMCXOAMT HBUKEHHE YaCTHI
suprocrn. Crpysrypa PuisTpamioHHOr0 MOTOKA 3aBHCHT OF THNA
Bofl0sabopa (ofuHO4YHAas CKBa)KWHA, NAWHEHHBIH DPAA CKBajKUH, raje-
pes | Ap.), TeOMETPpEHN BOFOHOCHOTO TOPH30HTA, TPAHUYHBIX YCHOBHI
IIacTa, eCTeCTBEHHOrO MBH/KEHNUA MOpseMHHX Box. JliA aHamxusa
CTPYKTYpPH (UIBPTPATMOHHOIO HOTOKA HEOOXOMMO 3HATH QYHKHHUIO
TOKa, ypaBHeHHe JAMHWA TOKA M pacrnpepeseHne CKOpPocredl QuibTpa-
OHN.

HEOTPAHMYEHHBIN 1O IIOIANHM BOAOHOCHBIM T'OPH3OHT

Onunounnit Boj03aG0p (CKBaskKUHA), TONHOCTHI0 BCKPHBAOMUIT
BOJIOHOCHHI FOPH3OHT MOMIHOCTHIO &, paGoTaeT ¢ MOCTOAHHAKM 1e6uToM
Q. PaccMoTpuM noirAruBanme COJEHHX BOX K BON03a00py B yCIOBHAX
«Bacceitnay (v, = 0) m B ycnosusx «moTokay (Ve = const 5= 0).

Ycaosusa Gacceiina

B arom ciydae BHpaskenue JiA QyEKnuA ToKa 1 (T, y) sanmmiem

q y
¥ (2, Y) = 5~ arctg —-+ const, q:—}?— . )
VYpasaesne AnHuil TOKA HWMeeT BUR
arctg —g— = 2%9_’ o = const (2)
AnA
y=oz, 0,=1g g{? . (22)

M3 (2a) cnegyer, 9T0 JIWHNAMU TOKa ABJIAKNTCA DPAMBE JAHHH, Da-
IUAILHO CXOJAIMecHs -K CKBajkKHHe, T.e. NOTOK MJIOCKO-panualib-
uptii. J{BMenue DOA3eMHEIX BOJ K BOH03a60py NMPOHECXORUT €O BCEM
TUIOMALHE BOJOHOCHOTO TOPH3OHTAa ¥ BeCh ILUIACT IpefcTaBiseT coboir

obnacrs nuTaHUA Bogosabopa. B (1) arctg % XapakTepuayer yroi 0,
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00pa3oBaEHHil NOJORATEIHHEHM HADABJIEHAEM OCH Z W JUHHUEH TOKa,
npoxofAme# depes BEKOTOPYH ¢uKcupoBamHylo Toury M (z, y);
yrox @ OTcUMTHBAaeTCA OT IOJOMKHUTEIBHOIO HANPABIEHAA OCH &
TpPOTHB 9acoBoil cTpenku. Hak yme oTMedanocs, GyHKOAS TOKA 1
XapaKTepH3yeT MOJIO MPUTOKA K Boxo3a00py MOJ3eMHEIX BON, MOCTY-
naomux depesd yroi 6. 3madeHue $YHKIME TOKA ONpeeisIeTcsa BeJd-
gmroi yraa 0. Ecam toyka M HaxomumTcA HA MOJOKETENHHOM HAIpa-
BIeamy ocu z, To 6 = 0 m pacxop moE3eMHHIX BOJ 9Yepes 9TOT yrox
taroke pasen (. Ecam Touxka M pacmomaraeTrcs Ba GHCCEeKTpHCe lep-

I
BOTO KBajpamTta, 1o 0 = —;~ ¥ Dacxop depes yrox 0 corxacmo (1)

COCTABJIAET —%— nebuta BomosaGopa (gq). Horma Tourka M maxopmmrea

Ha TOJ0ATEIHHOM HANPABICHUA OCH Y, TO 0 =
2
4
BIIEHUH OcH z, T0 O = 5 ¥ pacxop paseH HosoBuHe KebuTa Bogozabopa.

Korpa nmuuna roxa ¢ Toukoit M/ cosepuinT npoTHB 4aCOBOH CTPEIKU
OONHHN 000POT W COMKEETCSH ¢ MOJNOKATSILHEM HAIIPABJICHAEM OCH Z,
yron O Gyger paBeH 25 @ Pacxof gepes 3TOT yrod OymeT COOTBETCTBO-
BaTh meduty Bogmosabopa.

JeficTBuTeAbHAA CKOPOCTD [[BUKEHAA MOA36MHKX BOJ BIOIH JUHUT
TOKa paBHA

T
2
. Ecim Touka M pacmomaraercsa Ha OTPHUATEIHHOM HAIpa-

A [JOoJfA pacxoma

paBHa

==l r=VFETS. 3)

a= 23]'.7207‘ ?
C ynanenueM 0T CKBOKUHB CKOPOCTH YMEHBIIAeTCA 06paTHO WpOTOp-
IIOHANBHO PACCTOSHHUIO I' M IO BCeM JEHNAM TOKa YORBAaeT OXIHAKOBO.
ITpu sospacrasui r or 0 10 ©© cKOpOCTH yGmsaer ot ° go 0. HauGoimeo
OHICTPO CKODOCTH HM3MEHMAETCH HEIOCPE[CTBEHHO BGJIW3M CKBajKAHH.

YeroBada moToKa

Pabora cKBaKWHH B YCJIOBWAX €CTECTBEHHOrO NBW;KEHWA TLON3EM-
Hux Bop ucciaegosanach B. H. IMeaxazesuyM, B. M. lllecraxkosum,
E. JI. MuBxkuHEM, aBTOPOM H AD. PaccMOTpUM CTPYKTYPY JABEIKEHES
TOA3eMHHX BOX W 0COGEHHOCTH MONTATHBAHYA COJEHHX BOX K BOJ03a-
Gopy TIpH HAJIHYUW eCTECTBEHHOIO IMOTOKA MOK3eMHBIX BON.

Ecrectsennoe pgBuwmeHne MOX3eMHHX BOJ NpAMOJdnHEdiHoe, Ha-
TIPaBJIEHO BHOIHb OCH X M XAPAKTEPU3YeTCA WMOCTOAHHOU CKOPOCTHIO
¢unsrpanun v, = K i,.

YpaBHeHue JUHWIA TOKA HMeeT BUJ

2m ((x——vey)’ (4)

r=yclg 7

rae o = const. ['1asmaa amEEg ToKa — och z. Hanwmuue ecrecrpen-
HOTO Te4eHMS IIOf3eMHHIX BOJ, O0YCJIOBINBAaeT CIPYKRTYpy ¢uiInTpa-
NEOHHOro MOTOKA, PE3KO OTIUYHYK OT PacCMOTPEHHOH BHIie A He-
orpamnueHHOTO GacceiiHa mopseMBHX Boj (puc. 4). llone ¢uusrpa-
OMOHHEOr0 TeueHWs pasbwsaeTca Ha fBe 06JACTH — BHYTDPEHHIOW
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7 BHemHI0I. Bo BHyTpeHHe#l o0macTi, npAMHKaOmed K CRBaKUHE,
BCe JMHHHE TOKA 3aKAHYHBAKTCA Ha CKBasKWHe, BO BHemHell oGxacrd
JUHAT TOKA MHHYIOT CKBa)KuHY. HazoBeM BHYTPeHHIOW 00IacTh 061a-
CThIO NUTaHHA. [[BAMKEeHNe Mog3eMHBIX BOJ K BOJ03a60py MpPOUCXOIUT
TONBKO B Ipemelax obmacru nuramda. OGmacTe HUTAHNA OrpaHu-
ueHa He#TpajpHO# JuEMEN Toka MAN, ypaBHeHHe KOTOPOHU
x=yctgn——(q:#’~’2. ")

Brms no moroxy rparuunei aTo#t o6aacTu aBaseTCA JesKamasn Ha OCH Z
TaK HaskBaeMasg BojopaspiedsHas Touka A (cM. pHc. 4), B KoTOpoiH

Pnc. 4. Ctpykrypa GuiasTpanzoRHOro TedeHHA K BOH03a-
60py B HEOTPARMICHHOM IJIACTe B YCJIOBAAX HOTOKA

I — obnacth IIOCKO-pagualIbHOTO TedeHHsa; I — o6nacth miI0-
CHO-KpHBOJWHelHOro Tedennsa; III — ofilacth MJIOCKO-Apall-
NeJbHOTO TeYeHAA

PesyibTEPYIOmAA CKOPOCTh QUIALTPANEN, CYMMUApyeMas M3 CKOPOCTH
€CTeCTBeHHOTO IOTOKA M CKOpPOCTH, O0YCIOBICHHOM MefcTBEEM BONO-
sabopa, pasEa 0. Beepx @0 moToxy o0macTh METAHHS PAacCHpPOCTpa-
HfleTCA HEOrpaBHMYeHHO. PaccTogHEe OT BOXOPa3HeNbHON TOUKU O
CKBAKUHE

__9 ‘
Ta= 2nhve * 6)

Ha nasnme Bopmosabopa (r = 0) m B ypaleHW: OT Hero BBEPX
IO WOTOKY (z = ©O) mupHHa 06HAaCTH MUTAHAA pPaBHA

=) Yo =g (1)

B pmpyrax Tourax mupmHa 00XacTH NHETAHHA ONpemesifeTcA IO HO0-
eBHI0 HefiTpanpHo#i JuHEE Toka. OppuHATH ToueK HeHTpambpHOH
TUHUA TOKa, XapaKTePH3YIOMHWe NOJOBAHY IMHEPHHH 0GJacTH HATA-

HUs, EaxofuM mo rpadmxy saBmcuMoct® y = f (z) ma pume. 5. Vka-
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3aHHMI rpaguKk MOCTPOEH Ha OCHOBe saBECEMOCTH (D), mpefcTaBieRn-
HOU B GeapasMepHO#t dopMe

z=yeig(n—y) (72)
rfe
x= xA’ y— xA .

Kax caenyer u3 (6), (7) m yrazanHoro rpadura, pasMeps o0nxacTa
nATaHAA Boxo3abopa BO3PacTaloT ¢ yBeJHYeHEEM ero Ae0HTa A yMeHb-
[MEHWEM CKOPOCTH (GUIBTpAamuu ecrTecTBeHHoro moroka. Ilpm v, — 0.
pasMepH o0XacTH THTa- v
HEA BO3pacTaioT Ao Gec- 2 (7%

KOHeGHOCTH W OXBaTH- /|
BAOT BeCh MJAACT, 9TO CO- z/:
OTBETCTBYET PacCMOTpeB- i
HHM BHIIE YCHOBHAM  Z7\— - ——,/
Gesrpanmunoro Gaccelina. =

Taxum o6pasoM, B 4/ ‘)7‘ ; p
yexoBEAx ectecTeHHOro , 0 | /1 1" 7
fotoxka B oOmem cmxygae |1/ | 1.1 '
obmacTy mATaHHA BOHO- 47 ——/ - 4
sabopa ®m o00macTb ero A Y
paisAuA  pasmmuatores  AUIT 1T yi
o pasMepaM H He COB- ,, Al Al
pajgalT: obxacte nmra- L1 - -
HUf MeHbme obGmactTn 1S

- /A4 4 F-F T 4F 4 04 47
BIUAHUA U  3aHUMaeT

I0KANM30BAHAYIO 06- P]I:C- 5. Tpagur 3331‘01?40““ y=1f (z) naa
macrs, orpamtemnyio  OUPORCIOEA mupmmy obsaems imanm a0
HeHTpanbHOIl nuHnei — _
TOKa, TOTRA KakK obxacTy @ — oA sHageHN# x < 0; 6 — #na sHaweHmit x> 0
BIMAHNA BoRo3abopa pac-

NpOCTPAHAETCA Ha BHAUUTENBHO OOABNIYI0 YaCTh BOJOHOCHOTO roO--
pU30HTa H BK049aeT 00JacTh NMATaHMA Bogosabopa.

Herpynao moxasath, 9To Buipaxenus (6) m (7) xapakTepHsyloT
MaKCEMaJbpHHE pasMepH 06macTH HMTaHNA Bog03abopa, CoOOTBETCTBY-
JOmue CTAOWOHADHOMY peskuMy ¢uapTpanun. PesynsTmpylomas cko-
pocts pEABTPANUH (V,) B TOYKAX HOJNOKUTEIBHOr0 HANPABIECHUA OCH L
I YCHOBHH HECTAaIMOHADHOIO pPe)KAMA paBHA

x2

Q That
U= Ve T mhs ¢

s ycnosua v, = 0 BaxomuM, 9TO 1A KaKEOr0 MOMEHTA BPEMOHH
GymeT cBoe MONOMKEHHEe BOXOPasHeNbHOA TOUKE A H COOTBETCTBEHHO
cBoe paccrosnue Z4. Co BpeMeHeM DaCCTOsSIHEe T4 OyAeT pacTE B IPH
t — 0O poCTHTHET MaKCHMaJbHOrO 3HAUEHHA, ONMPENeNAeMOro BHpa-
sxenmeM (6)
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Uccaepyem xapakTep TOKOBHX IMHON BHYTpH 00lacTU NHTAHEA.
QopMa ToxoBHXx AuHHI o0ycloBieHa HelicTBHeM ABYX (AKTOPOB —
CKBAKMHE B €CTeCTBeHHOro moToka. OueBmgmHo, BOIN3W CKBAMKMHE
npeoGnafaer mepBHil $aKTOp, W TedeHHe Oymer GIM3KO K IIOCKO-pa-
IAANLHOMY, Kak B ycioBuAx Gacceiina. Ilokaxem sTo.

Jlns Manslx 3HA9eHNH & ¥ y (MOPAZOK MAJIOCTH HTHX BeJAMIHH M pef-
TojaraeTcA OAWHAKOBHM) BHpa)KeHWe (4) myTeM 3aMeHH TaHTeHCA
ero apryMeHTOM IIPWBOJHTCH K BHAY

IlpeneGperas HmpoW3BefeHWEM Iy Kak BeIMYMHOH BTOPOro mopAAKa
MAJOCTH L0 CPABHEHWIO ¢ £ W Y, MOJAYINM

y= 7 Z,
T. . ypaBHEHAe UPAMHX JWHHN, BHXORAMMX M3 HaUajia KOODAHHAT,
XapaKTepHoe AJA INIOCKO-PafUAIbHOrO MOTOKA.

B ynmadeHum oT cKBajKWMHBI (BBEDX IO MOTOKY) XapakTep ¢HIbI-

pPAnAOHHOr0 T€UeHNA B 3HAUMTEIBHOI CTEeHH OmpefelNAeTcs ecrecT-
BeHHHIM TIOTOKOM HON3eMIIBX BOA W ABIKEHHe CTAHOBUTCA GIABKAM
K TIOCKO-TIapailielIbHOMY.
K2
x
NOCKOABKY BeJWYMHA y coriacHo (7) ABisAeTcA orpanmiennoi. Torma
ms (4) monydaem

JeificTenTensHo, Ipd GOMBMNX 3HAYEHHAX I OTHomeHme — — 0,

2oL 2ve 0

q q
nian

a —
y=—v—e-—const,
T. €. ARHAE TOKOB NPENCTaBIAAT co00H IpPAMHe JWHUHA, Hapajiielib-
HHEG OCH Z, KaK IPH MJOCKO-IAPANAeNpHOM TEUCHMM.

3agaBafAch ONpPENeNeHHOH CTeHeHBI0 HOTPEMHOCTH OTKAOHEHHMA
TIPAMONMHEHHHX TPaeKTOPHHA OT KPUBOJIMHEHHEIX ¢ NOMOINBIO YpaBHe-
AUA ARHEEA ToKa (4) MOKHO YCTaHOBATH NPHGIMKEHHBE KpUTEPUM
CYIMECTBOBABKA IJIOCKO-PAMATBHOTO W IIOCKO-IIapajlielbHOTO Te-
9eHMA BHYTPA 0GNACTH mHTaHWA Bogozabopa. Tak, mpuEMMas OTHO-
CHTEBHYI0 BEINYMHY MAKCHMajbHOI morpemHocTH He Gozee 15—
20%, maiimem, 4TO IIOCKO-PAfiaJbHOG TeYeHNE WMeeT MecTo HpH
ycaoBUHR

"’"Q < 0,03, (8)

a IJ0CKO-TIapaijiejiprHOe HpHMOJIEHeﬁHOB ABHKEHUEe NpH

iL‘hve -
= 0,6. 9



@uzngecKuil CMHCI 3TUX HEPABEHCTB OUEBHIEH: IIOCKO-PAfAATBLHOE
TeYeHHE CymecTByeT BGIN3E BOf03a6opa mpd Goapmux Q M MaNBX U}
NJI0CKO-NAapaJlIeNbHOe ABHKeHHE DeaJu3yeTcA BIAJH OT BOxo3adopa
npn Madmx Q m Goasmux v.. OTciofa MOMKHO YCTAHOBHTH PasMepHl
o0nacTd CymecTBOBAHWA IJOCKO-PAAMaIpHOTO Z, M IJIOCKO-TIapai-
JeNBHOTO Z, TedeHHI

2,<0,03 -2, (10)
e
Q

2,>0,06 . (1)

Tax, upn K = 20 m/cyr, h=20 M, Q = 2000 m3/cyr @ npumau-
Mmas i, = 0,001, maxogmM, 910 paguaILHOe HBUKeHHAEe NPOMCXONAT HA
nmilomanu pagaycoM ~150 M (z, = 150 M), a mpaMoamBeitHoe ABEKe-
Bre mpr z > 300 M (z;, = 300 M).

Hepaserncrso (8) spnsercA HO CymecTBy HpuGAwKeHHKWM KpHTe-
pueM mepexofa OT YCJHOBHH MOTOKA K ycaoBHAM GacceitHa. BEyrpm
06macTu ¢ paguycoM z, PAacueThl JBIKeHHH WACTHI| JKHIKOCTH MOKHO
IPOM3BOGATH KAK HIA ycidosui OacceiiHa.

Ecam cpasHENTH paguyc NJIOmMAg® PagHajibHOTO TeUeHHS Z, ¢ pac-

x
CTOSHUEM OT CKBR)KHHFI O TOUKH Heperuba A, To oKaKeTcd, 970 —;‘4—%

A2 3, T.e. 00JacTh PafMANLHOTO TEUCHHS HEBEJIWKA [0 CpPaBHEHHIO
co Becell ofuaacreio nuTaHEWA. 13 aHanwsa ypasHeRWA JUHAH TORA
H BHPa)KeHHMA A CKOPOCTH (HMIBTPANWA, KOTOPHE HNMEIOT BHJ

q i |

vxz—zn -r_—_——2+y2 —+ Uey
o=t Y
¥ 2n  a2t-y2?

BHTEKAaeT eme ofHa OCOOGHHOCTh AWHHI TOKA BHYTPH 00JIaCTH mHTA-
HuA. JINHENM TOKA, 3aX0ofAmye B 00JACTh OTPHIATSIHHEX 3HAUCHHH Z,
WMEWT TOYKY mepernba, O 4eM CBUNETEIbCTBYeT M3MEeHeHHe 3HAKA
y cocraBasiomeil ckopoctd v, B uHTepsa’de z < 0. Haamame rtouew
nepernba o00ycaoBIEBaeT K300paKeHHY HA puC. 4 KoHUrypanmuio
auHui Toka. B Touke meperuba v, = (; W3 3TOr0 YCIOBUA HAXONEM
OpIHHATY Y, TOYSK Hepermda JAWHEN TOKa BHYTPH O0ONACTH NHUTAHUA
B 3aBHCHMOCTH OT 3HAYCHHMA X

Yp= * V ngw z—2% mmm y= =+ Vi x—2x2, (12)
e

Bupasmenne (12) Bcerga [eHCTBHTENBHO, TaK KAK zsx > 2%, u60
| za >|z|. ABaanz ¢opmyast (12) moxaszan, gro npu z = 0,5z,
3HaYeHME J MAKCHMaJsHO M paBHO 0,5 z4. 3T0 MMeeT OompefefeHHoe
3HAaYeHHe IPA apajuse JBIIKEHUA COJNIEHHX BON K BOJO033GOpY.

Wrax, 8 QEABTPANEOHHOM TedeHUE, O6Pa30OBaHHOM pelicTBHeM
CKB)KWHHE B HOOTPAaHMYEHHOM HOTOKe ION3eMHHX BOJ[, MOKHO BEIe-
JAHTH TPH 30HH (cM. puc. 4):
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I s0oHa (DpmMEIKaeT HeLOCPeACTBOHHO K BON03a0opy Ha HIOmA®

panuycom |z | < 0,03 'h_I?z— wnu | 2| << 0,2 z4) — ABEIKeHWE IO~
e

CKO-pafiHaApHOE W OOpefiefigercd B OCHOBHOM [IACTBHEM CKBa RHHEL.

II soHa (3ammMaer mIOmMAmp clieBa OT BOJ03a6opa MeKmy mepsoi
80HOW M BOOpas[eNbHOM TOUKOX A, cmpaBa orT Bomoszadopa MEKEY

mepBoil 30HOH ®M TOuKOH z ~ 0,6 'h_Igi" am  z =~ 3,5 z4) — pBE-
e

sKeHUe NJIOCKO-KPUBOIHMHe#HOe, 0GYCIOBIEHHOE HANOKEHHEM ecTe-
CTBEHHOTQ NOTOKA HA IUJIOCKO-DPAaUaAbLHOE TeUeHHe K CKBAaJKUEHE.
II1 soma (pacmosioskeHa BBEpX HO HOTOKY HA OTMETKax z >

> 0,6 hlg wiam & > 3,5 24)— [ABIKeHHE MIOCKO-NapallenpHoe
e

OpAMOJMHEAHOe H OUPeHeNifeTcsl HPEeHMMYIIeCTBEHHO €CTeCTBeHHAIM
HOTOKOM MOJI3eMHHX BOJ,.

BOJZOHOCHBIM TOPHM3OHT C KOHTYPOM HOCTOAHHOI'O HAIIOPA

PaccmaTpuBaeTcs cxeMa HOJNYOTPAaHWYEHHOIO HO INIOMANM BOAO-
HOCHOTO TIOPH30HTA C TIUADOJEHAMUYECKA COBEDIICHHHM KOHTYDPOM
MOCTOHHHEOrO Hamopa (pexa, BOAOXPAHUJINIIE, MODE) B ycaoBuAX Oac-
ceiira (v, = 0) u B ycnopuax moroka (ve = 0). OpmHOuHH Bomo3a-
60p, BCKPHBAKMMI BOJOHOCHHIH TOPH30HT HA BCI0 MOIHOCTH, pago-
TaeT ¢ TMOCTOAHHHM Me6nT. T Q W pacmoioeH HA paccToanum d OT
KOHTYpa mocrosEHOro mamopa (puc. 6). Ilonoskenme KoopmmmaTHmIX
oceil mokasaHo Ha puc. 6.

Pure. 6. Cxema .n_nﬂuii TOK2 B NOJNYOrPaHA4eHHOM NJacTe> KOHTYPoM HOCTOHH-
HOr0 Hallopa B yclosuax GacceliHa M ecTecTBeHHOTO HOTOKA HOM3EMHHIX BOJ,
HalpaBNeHHOTO OT KOHTypa
@ — ycuosas OaccelfBa] 6 — yenoBHA MOTORA
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TlonyorpanmaeHnblii mIacT ¢ KOHTYPOM HOCTOSHHOTO HAHOPa
B YCIOBHAX Oacceiina

Oysxnpio ToKa ¢ (7, ¥), YPaBHeHHe JHHHA TOKA M BHIPAjKeHHO
AJA CKOPOCTe# v, W U, 3amiNIeM COOTBETCTBEHHO

VP (z, y)= arctg ﬁ +a, a=const, (13)
x=+<y+ad2=d2(1 + o, (14)

e =L T (15)

b= TR (16)

Wz (14) Bugmo, 9T0 AWHEMU TOKA NPEACTABAAIT €060l OKPYKHOCTH,
TEeHTPH KOTOPHIX JesKaT Ha och y. [maBHAA NUHES TOKA OCh ¥ — AyTa
OKpY’RHOCTH GecKOHeYHO GoXbmOro pagnyca. Bee JHHAE TOKAa HAYH-
HalTCA Ha KOATYpe MOCTOSHHOTO HANOpA M 3aKAHYMBAKOTCA HA CKBA-
sruge (pme. B, a).

Wccnexyem XapaxTep avHAR TOKa BOIA3A ckpasknEu. IlpencraBam
ypaBHenHe imHmi Toka (14) B BHAe

d2—z2 — 2
___21;7_?L=a. (47

B6nusu cksaskuHE HMeeM: = — d, y — 0. OGosmaumm |z — d| =
= Az; upu 2 — d, Az — 0. Bupamense (17) nocixe npeobpazopanng
OpHOGpeTeT BHJ
d2—z2—yt  (d+42)(d—z)—y®  2dAz—y2
2yd 2yd ~ T2y

IIpeneGperas y2 Kak BeTHIAHON BTOPOTO HOPAAKA MANOCTH II0 CPABHE-
"YU ¢ Az # y, nonyduM

=da.

y:—g?A:c,

T. €. yPaBHeHFe MPAMEX, BHXONAMKX H3 HAYaNa KOOPJIHMHAT, YTO CO-
OTBETCTBYET IIOCKO-PABATLHOMY TeUeHAI0. AHANN3 TeOMeTPHH TOKO-
BHIX JHHUA NIOKA3aJ}, 9T0 BOKPYT CKBAKAHH B Ipenenax oGracra
cpepirero pammyca r ~ 0,5d TeyeHHe MKUAKOCTE GIHMBKO K MIA0CKO-pa-
AMATILHOMY, IPH 9TOM MAKCHMANBHAS IOTPeNIHOCTL OTKIOHCHHS
JWAWI TOKA OT pagHaibHHX nuHAil He npepsimaer 20% . B npepgenax
2TOil 0GIACTHE BpeMHA JBIKEHHA RUIKOCTH K BOZ03aGOpy Malo OTIH-
4aeTcs OT BPeMeHH [IBHKeHNsA B HEOTPpAHWIEHHOM IIacTe B YCAOBHAX
6acceiina. Hanpumep, mpE pacmonoykeHuH BOgo3afopa Ha paccrof-
muu 3000 M OT peKu ABHKeHUe MOf3eMHHX BOJX HA GamxdHedl K BOHO-
saGopy nxomany unacra pagaycoM 1000 = 1200 m Gyzer 1pomcxonuTs,
KaR B YCIOBMAX NINOCKO-PAHANBHOr0 LOTOKA, B pacyer Bpe-
MeHHM [BHJKeHHS YACTHOH KAAKOCTH BAOIL JAHAM TOKA MOKeT
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T POM3BOAUTECA 10 POPMYIAM [ A HEOTPAHHYEHHOTO IO IIAOMAH BOLO-
HOCHOIO TOPH30HTA.

Hcenegyem pripasenusa mus ckopocreir v, u v,. Hs (15) m (16)
BUJHO, UTO 3HAMEHATEJb 3THX BHpasKeHW# BcerJa MONOKUTENEH,
IO3TOMY 3HAK COCTaBIAIOMEX CKOPOCTH OyHeT OHpeiedsAThCH 3HAKOM
qucaurens. B gopmyse fns v, 9ucAUTEND NPH MONOKATENHHEX 3HA-
YeHMAX T U Y BCerja MMeeT IOJOKATeAbHOe 3HAYeHUe, Clef0BATEILHO,
CKOPOCTH U, HUIJe He MeHsger CBoero Hampaslenusa. Mmage oGecromt
Jeno ¢ cocraBaaiomeil ckopoctu v,. Us (15) cnemyer, 9ro wucauresn
IIPY OOJOKUTENLHHX 3HAYEHUAX 2 U Y MOKeT NPEHEMATH KaK I0XO0-
JKUTeABHOE, TAK U OTPULATENbHOe 3HaueHnA. IlosTomy momkma GHTH
TOYKA Heperuna, B KOTOPOIl NPOMCXOUT IepeMeHa 3Haka v, ¥ B KOTO-
poii v, = 0. Us aroro yenosusa, npupasrusas qucaureds (15) myimo,
AafiieM opaWHATY Yy, TOYKH nepermba

Yn=xV—d% (18)

3HaKk =+ 06yCIOBIEH CHMMETPHYHOCTHIO TEUCHUH OTHOCHATEIHHO OCH Z.
Bupaxenue (18) geiicrsurenrno mp® z > d; clefoBaTeNbHO, TOYKA
Heperu6a CymmecTBYeT HA TeX JHHUAX TOKA BHYTPH 0GNACTH NMUTAHUA,
KOTOpHe HPOKOIKAIOTCHA HA OTMeTKax > d. Ha amamax roka, xapax-
TePUBYIOIMEXCH OTMeTKAMA & < d, TOYKH meperuba oTcyTcTByor. Bu-
pa:xenme (18) mmeeT BarKHBIH (MsWYeCKmMil CMBICH, KOTOpHIL Gynmer
BHIACHEH HYKe IPA PACCMOTPEHHWH Boupoca 06 0COGEHHOCTAX JBUKe-
HHA COJNGHHX BOJ K BOx03a6opy.

Ucnonbaya ypasrenue nuruilt Toxka (17), mpemcraBuM BHIpaskeHue
AAs v, B CIeAYyIOmeM BHJe:

_d [ % 2 (dz_yg)} 19)
Uy oy [(d2+y§)“’+y(d2—{—y§)’ s ( ’

I7e ¥y, — HauajdbpHad OpAUHATA AMHHH TOKA HA KOHTYpe IOCTOSHHOIO
HATOpa; y — TeKymad opauHarta nuamn Toka. @opmyna (19) mosso-
AdeT OPOCIENUTH N3MEHEHAE COCTABIAIIEH CKOPOCTH U, BROML OIpe-
HelleRHOH TMHMH TOKA, XapaKTepusymomeiics HAYANBHON OpAUHATON
Yo HA KOHTyDpe IOCTOMHHOIO HaDopa. BHparkenme miig CKOpOCTH v,
cornacHo (19) cocrour us gByx uxenon. IlepBHil yIeH 3aBUCHT TOIBKO
OT Y, ¥ IPH JBUIKEHNHN YaCTHI JKEKOCTH BIONb JUHMH TOKA 0CTAETCH
DOCTOAHHKIM M TIOJNIOMHTENBHEM. BTOpOoii WIEeH 3aBHCHT Kak OT Y,,
TAK M OT Yy, HO3TOMY U3MEHEHHe CKOPOCTH U, BIONb JUHAHM TOKA 00-
YCIOBJIEHO M3MEHOHHEM BeJUYAHH BTOPOr0 WieHa. JHAUGHHE Yy UPHU
ABU;KEeHHU BIONb IWHUA TOKA YMEHBINAETCH OT Yy, K0 0, mMO3TOMY BTO-
po#l uleH HempepHBHO BO3pacraer. B memom ckopocre v, Gyjer
V3MEHATHCHA clefylomaM oGpasom: 1) npa y, < d BTOpOi 4JIeH HMeeT
DOJNOKUTENbHOe 3HAYCHNe H CKOPOCTH VU, BAOJb JUHWA TOKA Hempe-
PHIBHO BO3pacraeT; 2) MPH Yy, >>d BTOPOH 4leH oTpUHATeNeH, IIO-
9TOMY CKODOCTH U, NpH [BUIKeHHW BAOAL JUHNU TOKA cHauana GypeT
OOCTENEeHHO yMeHBMATHCH, TMOKA He AOCTHIHET HYJIEBOro 3HAYEHHHA
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B TOUKe Hmeperuba,a 3aTeM, HOCIe U3MeHOHUS HAIPAaBIEHUA [BIKOHAA
Ha OPOTUBONOJOMHOe, HAYHET BO3PACTATh.

TaxuM 0GpasoM, Touka meperuGa mMeeT MeCTO TOJBKO HA TeX Iu-
HMAX TOKA, HAYAJLHAS OPAEHATA KOTOPHX HA KOHType IOCTOAHHOIO
HAamopa XapaxTephHayeTci 3HAYCHHAMH Y, > d.

Ilpupasrusas Boiparkemde (19) mymo, moxyumm ¢opMyny mAnis
oripefielleRHs OPAMHATH Y, TOYKU Hepernba uepe3 HATANBHYIO OpIH-
HATY Y,
ys—d2

2Yo

[ogcrasnsaa smavenme y, w3 (20) B (18), maimem aGemmecy TouKd
neperu6a z,, BHpParKeHHYIO Yepe3 HAUAJBHYIO OpHAHATY Y, PuKCHpO-

BAHHOH NUHAH TOKA
2 __ d2 2
2, = ‘/dz + (B—a)* 1)
4y?

Yn= . (20)

Ilo waBecTHON TOUKe HepermGa MOKHO HOCTPOHTH TPHONMKEHHYIO
TPAeKTOPUIO JBUKEHUs YACTUI[ FKHIKOCTH, 3AMEHUB KPHBOJIUHEHHYIO
TPAeKTOPHIO NIOMaHOI JHHUEH.

B ycnoBuaxX mosyorpaHAueHHOr0 MIACTA TOJE CKOPOCTel ABAASTCA
HeCAMMETPHIHEIM OTHOCHTENHLHO CKBA/KUHK, B OTIWYHE OT CHMMeT-
PUIHOTO PACHDENeNeHHs CKopocTedl B HeorpaHWueHHOM miacTe (Gac-
ceitne). Tak, BpeMa HBUKeHHA KHUIKOCTH OT KOHTYpPA IIOCTOSHHOIO
HAamopa A0 CKBWKMHH (u HaoGopor) B 1,5 pasa MeHbme BpeMeHH
JBIGKEHNsT HA TAaKOe jKe DPACCTOAHMEe B HEOIDAaHHIOHHOM Ijyacre.
Bpems nBmkenus Ha TaKoe ke PACCTOAHHE B DPOTHBONONOKHYIO CTO-
pory B 1,3 pasa Gonnme, WeM B HeOrpaHHUYCHHOM IJacre, IPHIEM
C yBeJMUeHHEM DACCTOSHHA DTO OTHOmMEHWE Gymer BO3pacTarh. TakuMm
06pasoM, [BAKEHAE CONEHHIX BOI MEKIY CKBAJKHHON M KOHTYDOM
DOCTOAHHOIO HAamopa OymeT HpOWCXOmuTHh OBICTpee, UeM C IPOTHBO-
TOJOKHONA CTOPOHH.

Iloxyorparmyennslii mwiacT ¢ KOHTYPOM HIOCTOSHHOrO HATIOPA
B YCIOBAAX eCTCCTBCHHOr0 MOTOKA HMON3EMHBIX BOJR

Cragana paccMOTpUM ciydaii, KOrga ecTeCTBEHHHI MOTOK DOH3eM-
HEIX BOJ HampaBieH OT KOHTYpa DOCTOAHHOIO HAIOpa BHOJH HOJO-
JRUTENBHOI0 HAOpPaBIeHHA OCH z. Taxde ycAOBUA XAaPAKTePHH A
OOfpYCIOBHX JNWH3 NPECHHX BO, (GOPMAUPYOMHUXCs BOIU3M peK
M KaHAJIOB 33 CuUeT MHPWILTPANuU IOBePXHOCTHHX BOA. [as srmx
yCHoBUII ypaBHEHHE JWHUH TOKA MMEET BUF

q 2yd .
ER— arctg m —I—- Dl =10 (22)
b7 811
r= de—yz—- 2yd ctg-ii(a—-vey). (23)
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Kapruna nuHauUii TOKa TOKa3aHa Ha puc. 6, 6; rIaBHaA MUHAA TOKA —
ock z. B mome ¢UNLTPANUOHEOrO TeweHHA (HOpMEpYeTCs O0DIACTh
mutanusa (KAK B yCIOBAAX HEOrPaHWYEHHOrO IIOTOKA), B IIpejiesax
KOTOpPO# IIPOMCXOMAT HBWKeHWe TMOJ3eMHHX BoOf K Boxosabopy.
ObnacTs MATAHAA OTIENAETCA OT OCTANLHON FacTH (WIBTPANHOHHOTO
noTOKa HelTpasnbHOl NuAKeit Toka AMN, ypasEeHume KoTopo# moxy-

gaeTcAa MOfcTaHOBKO# B (22) mam (23) sHadeHus o = —‘2’—. AGcnuccea
BO/IOpa3fieAbHON TOYKH A paBHA

=} e+ 2 (24)

e

Bopopaspmenpnas Toukd A ypaleHa OT CKBajskmHBI BBepX IO HOTOKY
Ha paccrosAnme

o= de +2 . (25)

MoskHO OKa3aTh, YTO PACCTORHAS 24 B YCIOBHAX HONYOrPAHUIEHHOTO
HJIaCTa MEHbIIE COOTBETCTBYIONETO DAaCCTOAHWS B YCIOBHsX Heorpa-
HAUenHOTo miaacra. O6osHa9nM pimHYy 00AacTH NUTAHAA BOf03abopa
(paccroanme oT BofozaGopa fo BOAOpasfgedbHO# Toukm A) B Heorpa-
HAYGHHOM IIacTe 1,, & B HOJYyOIPaHWIeHHOM InTacte l,; BeAWdwHHL [,
¥ 1, OnpeenaoTea COOTBeTCTBeHHO Ko Gopmymam (19) m (25). Dopmyny
(25) mouO BammcaTe B BHIE

Ta =Vd (d + 2l1)9

OTKyAa chepyer, 9T0 T4 pPaBHO cpefiHereoMeTpHIeCKOMY 3HAYCHHAIO
penvaae d m (d 4 2I,), a cpesHeapadMeTAYECKOe OTHX BeIHIUH
pasmao d + I,.

thnmaﬁ, 9T0 CpeAHereoMeTpruIecKOe 3HAYCHHUE BCerga MeHbIIe
cpegHeapudMeTHIECKOTO, HMeeM

Tax Kak z4 = d -+ l,, OKOHYATEJIHLHO HOJyTaeM

dtl<d+l,
I
L<l,.

TaxaM 06pasoM, ANMHa 06NacT NATAHAA BOJ03a60pa B HONyOrpanHn-
YeHHOM WJIacTe BCerfd MeHbINe NAWHE O0XacTH NWTAaHWSA B HEOIDAHH-

9eHHOM IIAcTe.
Illmprna y, o67acTy UATAHWA HA JUHHEA KOHTYpa IOCTOAHHOIQ

Halopa NpubGAMKeHHO oOmpefensercs Mo dopmyde

Nve
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COCTE\BJIH[O[ILHG CKOPOCTH JBHMECHMA YACTHI[ HHUAKOCTH PaBHH

d d24y2—a2
Ve = ?T (A2 2 —a2)2§ Gu2y? + Ve 27)
qd 2ay
U= (@ s danys (23)

Ecam ecrecTBeHHHI NOTOK HOA3EMHHX BOJ HAampaBieH K KOHTYDY
OOCTOAHHOIO Hamopa (B CTOPOHY OTPHOATENBHOr0 HAHPABICHASL

Puc. 7. Cxema nnmuit Tora B oJIyorpandiesaoM IIacTe ¢ KORTYPOM IOCTOAR-
HOTO Hamopa B YCJAOBUAX €CTeCTBeHHOTO I0TOKA, HAUPABICHHOTO B CTOPOKY
KOHTYpa

@ — 0GJacTh mHTaHuA BOI03a00pa He ROCTHINIA KOHTYDA, A ~— BONOPASRENbHAT TOUKA MEKIY
B0703a60pOM. B KOHTYPOM; 6 — 001acTh OWTaHHA BO03a60pa 8aXBATHIA KOHTYD HOCTOAH=
HOro Hamopa

OCH ), TO B ypaBHeHu: JuHuii Toxa (22) Bropoit uien (v.y) 3amacH-
BacTCsA €O 3HaKOM MuHyc. B osrom caywae B¢ (opasmensHas Touka A
(puc. 7, @) dopmipyercs Me;RLy BOX03aGOPOM A KORTYDPOM TOCTOSH-
HOro namopa. Ee momojkeHue Ha OCH # ompefeisercs Io (opMyde

G pocrom nebura BogosaGopa 1 yMeHsIIeHHEM PACXOHA eCTECTBEHEOTC
NOTOKA BOJOPA3/IelbHAA TOUKA NpPUGINKAaeTCH K KOHTYPY HOCTOAH-
Horo nanopa. Hanmuue BofopasgensHol Touk# Mempny BomosaGopoM

H HKOHTYpOM DOCTOSIHHOTO Hamopa 3aBHCHAT OT BEJAMUIUHE! M‘llv . pu
e

':Ta('lzf_ <1 Memay KOHTypOM IOCTOSHHOrO HALOPA M BOX03200pOM
€
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¢opmuEpyercs 00iNacTh HUTaHUA HOCIeMHETO M CYMECTBYeT BOLOpa3-
jepHAA TOYKA, OmpepeiseMas mo dopmyre (29); nuTaHHe BONO3a-
60pa 0CYmecTBIACTCA 32 cYeT HON3EMHNX BOJ; BOTH CO CTOPOHH KOH-
Typa HOCTOAHHOrO Hamopa Bogosabopom He upusieraworca. Ilpu
q
ndve
CTOAHHOTO HaNopa, BOMOPA3NeJpHAA TOYKA He CymEeCTBYET; MHTAHHe
BOpo3abopa NPOUCXOMUT 32 CYeT NON3EMHHIX BON, U BOJ, MOCTYHAOMMNX
€O CTOPOHHN KOHTYypa NOCTOAHHOrO Hamopa. XapakTep JUHUH TOKa
AJA 9TOr0 CAyYad NOKa3aH Ha puc. 7, 6.

> 1 obuacrs nuTaEnA B0j03aGOpa 3axBaTHBaeT KOHTYDP HO-

BOJAOHOCHBIA TOPHN30HT C HENNPOHNHAEMON I'PAHNIEN

BoposaGop pacnonoser Ha paccroaEME d OT HellpOHMI@aeMoi
rpannnsi. EcrecrBemHoe fBusKeHMe NOI3eMHHIX BOJ OTCYTCTBYeT.
YpasHenue JUHHE TOKA MMeeT BHL

g
2xy

\4 e sy (30)
N JluHuAMM TOKA ABAAKTCA TAUEepPGO-
Q A, DOTOK NJOCKO-KPUBOJIUHeHHHIN
N (puc. 8). BGuuzm BomoszaGopa TOTOK.
D OpUGIHIRAETCA K IUIOCKO-PafMaIEHOMY .
N Iloxasem 510, 1A 4ero mpeoGpasyeM
N ypasHenue JuHmi Toxa (30)
N 2zy — 2zy
N 22 —di—y2 (x| d)(x—d)—Y?

. 2yd y
Puc. 8. Cxema ammmin ToKa —_—> PLY S Rady v a.

B ToJdyorpasmieHEHOM IJjacte
¢ HENpOHNMIAEMBIM KOHTYPOM B pegyyprate BHIOJNHEHHHX npeod-
& ~— ofnactb O TDARMATbHOTO e pasoBaHWil DoaydaeM ypaBHeHUE pa-
IUAJMBHBX N PAMBIX JUHUL, COOTBETCIBY-
OmMUX NIOCKO-PAHANLHOMY TEUSHHIO.
Amnanna Betpamennsa (30) moxasai, 9To pasMeps KBasW pagHapHOM
o6nacrTe, BHYTPA KOTOPOIH JUHENH TOKA OTKIOHAKTCA OT NIPAMBEIX JHA-
Huil ¢ morpemHOCTHI He Goiee 20% , COCTABIAKNT B CPEefHEM T, ~
~0,5d. B uexoM 06iracTh KBA3HPATHANEHOTO TEYEHNA CIKATA IO OCH Y
¥ BHITAHYTA IO OCA X B CTQPOHY OT HeIpPOHHUaeMOil rpaHUIE.
CocraBiamwmAe CKOPOCTH QUILTPAUME XAPAKTePUIYIOTCA ClIexy-
OMUEMA BHPasKeHUAME

_q r—d r-td
vx_-QT[(z__d)2+y2 +(z~_|_d)2_|_y2]s (31)

.9 y y
Uy__:zfl:(a:—d)2+y2+ (a:+d)2—|—y2]' (32)
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Brmons ocu z u npamoit z = d, mapallleJpHOIl OCA Y, CKOPOCTHA U, 4
B vy, PaBHH

Ux0=_z_'x2fd 5 (33)

9 (Y __ _1_)
Vya == o (4d2+y2 + y/° (34)
Husxe npuBefiensl pe3ylILTaThl CPABHEHN S CKOPOCTOH Uyo B Uy CuU uKO-

POCTRI0 U, B HeOoIPAHMYEHHOM Ijacre. 1akuM oGpasoM, mMeeM 0 <
< 1:;[0 <impr 0 <z <dul <=2 < 2npu z > d;B neiroM
0

Vo
Vx0
Vo

OTHOINIeHUE namersercs or 0 mo 2.

Uxo - x
3asrcnamocTs ~— 0Tz ==
Vo

z 0 (0110310507108

1 11,2 1,5'2.3 517 |10]100

Ux0 0 10,18} 0,46| 0,67} 0,83 0,89' 1 14,1 41,2 ‘1,34' 1,6 |1,67]1,75{ 1,82] ~2
Uo

Vya - Y
Basucumocts -2 ot y=-73
Vo

»

y 0,1 l0,3|0,5 0711113115273 5 7 10 | 100

Dya 1,0025l 1,022‘1,06 1,09 [1,2] 131436 |15 1,7 [1,86 |1,92 {196 ]| 2

Vo

CocraBisiomas CKOPOCTH U, BO BCEX TOUKaX GoJpme CKOpOCTH
v
¢unapTpanuu v, B HEOrpAHWYEHHOM ILIacTe M OTHOMCHHE -—;‘L"—naMe-
0
Hsaerca or 1 mo 2.

CTPYKTYPA NOTOKA B IIJIACTE-IIOJOCE

PaccMoTpuM coBepIIeHHYI CKBOKHHY B HEHTPe IIacTa-NOJOCH
nmpnro# [, padoranmyio ¢ nocTosHENM geGurom ( (prc. 9). Ilpaven,
YTO eCTeCTBEHHAA CKOPOCTH ABYIKOHWS IIOJ3eMHEIX BOJ HACTOILKO
Maja, 4TO €10 MOKHO mpeHeGpedn. Jlsisg 9TUX ycaOBHH KOMNJIEKCHEMR
TOTeHIMAJ TeUYeHHs B MiacTe-nomoce mmeer Bupm [40, 611

F(z)z-ziIL Insin ilz-—.LOOnSt, z=x-+ 1y, (35)

h — cpegHAA MONIHOCTH BOJLOHOCHOTO TOPH3OHTA.
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Ilocte mpeo6pasosamuit HaxofuM ypaBHeHNe NHHHA TOKa
nr ,, Ty

I'nasBas AuHNA TOXa mpepcraBiger coGoil mpaMyI0 JII/IHHIO (ocs y).
Wccnepyem ypasuenme (36). Ilpr mammx —“—x-—n ny ( < 0,51

k11
Ty_ <0,5) , 8aMeHAA TAHIeHCH APryMeHTaMM, MOJYIHM

@37

Piuic. 9. Crpykrypa ABH-
JKeHNSA MOoJ3eMHBIX BOX
S —— K Bofiosabopy B miacre-
A A, Tojloce B ycloBiax Gac-
ceifiHa O OOTOKA

6 < a — ycanoBua Oaccefima: I —
s , ) - A/ 061aCTh IJIOCKO-RAINANBHOTO
A2 7 i, reuerna, II — 06MACTh INIO-

- —_— T CKO-KpMBOAUHE{IHOTO TedeHyd,
M I1I — oGnactb n,nocyno-napan-
- VIeJIBHOTO  TeUCHUA; 6 —

YCIIOBHUA NOTORA

LU 2077
T. ©. ypaBHeHMe MPAMHX MUANH, BHXOJAMMX N3 HaYaZa KOODAUHAT.

n - v
Ilpu Goapmux 3Haqeﬂuﬁx—n,—y ("ll >1,6) Beauunsa th il"‘— TpaxTH-
YeCKY He OTIAUYAeTCA OT 1; B 9TOM ciydae BMecro (36) Hdeenm

a=ctg ? = —ft—arcctg a = const, (37a)

T. €. ypaBHeHHNe HPAMHX AWHE{, mapaareabHx ock y. Taxmy oGpa-
30M, MCXOKA M3 0COGeHHOCTEeHl CTPYKTYDH (UIBTPAUMOHHOro MOTOKA,

. 1
MOJKHO BHIeAHTE TPHA 30HH (cM. puc. 9, a): 1) soma I, r <5 TOTOK
INTIOCKO-DAafUaJbHN H OmpejelsieTcA B OCHOBHOM JeHCTBHEM CKBa-

! 1 . o .
JKIIHBI; 2) 30HA H’T{_ <y TOTOK  ILIOCKO-KPHBOTHHEH HbI
J
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7 00yclioBleH BIMAHEEM CKBA/KWHH ® Ipamuin miaacra; 3) soHa III,
y >—%— , HOTOK IJIOCKO-TIapaiiedbHblil, ofHoMepHHNi ¥ dopmMa ero

onpepesisgercd [NIAaBHHM 00pasoM IpaHHMIaMHU Ijacra.
Cropoctr $uALTPANEA YaCTAL KUFKOCTH XaPAKTePHIYIOTCA BHPa-
FReHUAMA

Vv="or" 2ny 2nx ? (38)

ch 7S ——

. 2nzT
" sin—
Ve=or 2ny 2nz ’ (39)
ch T Cbe

. Vsh2 g’—?——{—siﬂ 2;"‘

Ve T e e (40)

l

IIpr y > 0,5! umeem ch _2_y;y_>> cos 2’? 1 ch 2’;3’ ~ sh 2’;?, .

clenroBaTeNIbHO,
—~ _— —
14 va- 21 '

T. €. IOCTOAHHYI0 CKOPOCTH QUIBTPAIMY ILIOCKO-TAPAAeALHOr0 I A-
MOJIMHEHHAOro TeueHMs, KaK IpH palore rafepeud. B sToM cymecTt-
BeHHOe OTJIHYNMe OT HeolDAHWYEHHOTO W MOJAYOTPAHWYEHHOTO MJIaCTOB,
T7e ¢ yBeJluWdenHeM PAacCTOAHHA CKOPOCTH HempepuiBHO yGrBaer. Me-
XOoflA W3 BTOr0, MOKHO 3AKJIKUATE, yTo NpH ¥y >0,5 I monoxenne
¢poHTa 3arpasHEHHHIX BOJi CTA0UAASUpyeTcA W NBWKEHUE €r0 CTAHO-
BUTCA yCTOHYMBHEIM, T. €. BCe TOYKH (poHTA MepeMemAKTICA ¢ OfAHA-
KoBoil ckopocrsio (puc. 10 a); mpu y << 0,5] paBHOMe pHOCTH HepeBH-
weHNA QPOHTA HapymaeTca M B HEHTpe miacra dopMapyercs ASBIK
conensix Bop (cM. puc. 10 6, 6).

Ilpn 3akauxe B 30He I pponT 3aKaunBaeMux BoJ pacopocTpaHsaeTCs
paguajiLHO IpHAMEpHO ¢ OAWHAKOBOM CKOPOCTHIO IO BCeM HampaBile-
mguaM (puc. 11, a). B some II pasromepmocts mepememenus ¢$ponTa
HapymaeTcA: ¢ Godpmell CKoOpPOCTHIO JRUTKOCTH ABHMETCA MO IIABHOM
JIVHAN TOKA B ¢ MEHLDIAMH CKODOCTAMH HO IPYrEM JUEHAM TOKA (CM.
puc. 11 6, 8). B some Il ckopocTu no BeeM JTMAUAM TOKA CTAHOBATCA
OIWHAKOBHMYE W HepeMemeHne (pPOHTA 3aKAYMBaeMBIX BOJ (CTOKoB)
mpuobperaeT yCToHIUBHI XapaKkrep — (QPOHT JBHIKETCHA HAPAIIIEIBHO
camomy cebe (cm. pue. 11 e, 8).

Hpw manngum ecrecrBeHHOr0 MOTOKA, XaPAKTEPH3YIMErocs cpej-
Heli CKOpPOCTBIO V., ceMeficTBO JWHAN TOKA OUACHBARTCA ypaBHEHHEM
T2 th T g 2R3 V)

ctg T-th e,
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Puc. 10. Mmravmura OpojBIKe-

gracss4”  paa dponTa comenbix Bog B Iia-
= ﬁl;_ cTe-Tostoce B yeloBuax bacceiina
SO
T
T

777777 7S

LGl ULLLLLLL L LA

Puc. 11. dnmammka pachpo-

CTpaHeHHMs 3aKaduBaeMo# KHJ-

KoCTH B IJIACTe-TOI0CE B YCIO-
Busax OGacceiina

T U i e L A AP 777



A
y=n—l arth [tg—gg—(a——vex) tgnTx . (41)

CxeMa (¢UABTPANMOHHOIO TEUCHUA CYLIECTBEHHO OTINYAETCSA OT pac-
cMOTpeHHOl BHme. B mmacre-mojioce o0pasyercs 00JacTh NUTAHUSA
BogozaGopa (cM. puc. 9, 6). O6macrs NHTaHEA OrpaHHUeHA HEi-
TpasNbHO NUHMell TOKA, ypaBHeHHE KOTOPOH

otg 22 th 2 —tg ——-——-—(q—zq”e’”) i (42)

Bsepx mo moToRy ANHWHA 3TOH 06IacTH 0eCKOHeYHa, a BHM3 IO HOTOKY
orpaHMYeHa TOUKO# mepermba (y,)

ya=—_ arth 7 (43)

W3 (43) citenyer, 4T0 TOUKA meperufa 00pasyeTcsa TOABKO IPH yCIOBHEU
Q< 2wh. (44)

Duspvecknii CMHICT HepaBeHCTBA (44) CBOANTCH K CIERYOMEMYy:
TOUKA IepernGa ofpasyercd JAWNIL B cilIydae, eCJlH CKOpoCTE: (Ha Gec-
KOHEYIHOCTH), 00ycJaoBJIeHHAA [eHCTBHeM CKBAa;KWHEI, MeHbHe ecre-
CTBEHHOII CKOPOCTH IBWIKEHHS ION3EMHEIX BOJ.

Ananus Brpamenns (44) HORA3ad, 9TO MONOKEHNE TOUKH Iepernda
3aBHCHT B OCHOBHOM OT Ae6HMTa CKBAMKMHB U CKOPOCTH €CTECTBEHHOTO
noroxa. Yro jKe KacaeTcA MMpPUHH NJACTA, TO €€ BIMAHNE B o0meM
HesnauuTeNbHo U mpa I > 4000 - 5000 M mpakTH4eCKH He CKAa3H-
Baercs, 0coGeHHO Opu HeGoapmux Aeburax orGopa. [lamma oGracr:
ONTaHHA B ILIacre-mojoce mupHHo Gomee 3000 M Onmska K ee
JJiMHEe B HEOTPAHHIeHHOM mjacre. Yl TOIHKO B Y3KHX IJIaCTaX-NOA0CAX
(I < 2000) pnuma o6JAacCTH NHMTAHAs CTAHOBHTCA 3aMETHO OOJbmie
COOTBETCTBYIOIEH ANMHH B HEOrPAHAYCHHOM IOTOKe.

Mipm [ — oo muipaskenne (43) mepexopuT B COOTBETCTBYNMYI0 dop-
Myily AAf HEOTPAHHYEHHOTO MIACTA

limyAz%limﬂll(_ZL%li’s):i Lim 21 _

I—>co —_— T o P2 (l) -
l
’ 1 ( q )
l = - 5733
A i 2Ot Tl \ T B0 ) _ a
Tise §u()) ™ iww (__ 1 2mve
12

Illmpura o6iacTd NUTAHHA Z, HA JWHHE CKBaKHHH (y, = 0) paBHa

Lo = - (45)

2ve*
Taxr rar Q < 2lvh, To 24 < L.
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Cpasaum pungy ofnacTy HHTaHNA BOJo3aGopa B IIACTE-HOJIOCE
W B HEOTPAHHYCHHOM TLIAcTe. SamUIIeM (I;opmyny (43) B BHUzE

s l frd 0 ﬂl‘A
Yya=-- arth T Sy = arth -

rne r4 — AnAHA o0macTH NMTaHHA Bogoaaﬁopa B HEOrpaHMICHHOM

< 0,5

n
njaete, ompeneasemas mo gopmyne (6). Ilpu 7:“

nr

nx
arth —lA~—l“—‘ VI Ya =2 Ty,

Iipu >0,5

nx nr
arth—2>—_4
l l
l
YMHOXUB 0Ge gacrd 3TOTO HepaBeHCTBA HA ~—» DOTyTuM

1 x4
ra arth T>xA HIR Ya>Ta.

B obmeym cnysae y4 =

Jlerxo moxasaTs, 9T0 UPH ——— < 0,5 1 ﬂy < 0,5 revenne K Bo-
mosaGopy Omuaxo K nnocﬂo—pannanbnonay b :m}mn TOKa XapaKTepu-
ayloTesa ypasHemmeM y = az. llpu-22— > 1,6 Teuewwe mIOCKO-TIA-

painensHOe, NpPAMONHHeliHoe W JIHHHI/I TOKa HMEIT BWJ Mapad-
JeJIbHHX OCH y NPAMHX AWHHN, ypapHeHHe KOTOPHX Z = &, I78

4lo—Ig
o= _4l_l)e—:—_—7 = const.
IIpn smauesnu y > 0,5 CKOPOCTH TEUGHHA U PaBHA
q
=+ Ve (46)

Ecan B maacre-nosoce mMeeTcs BHYTPEHHUH KOHTYP LIOCTOSHHOIO
Hamopa (peKa), TO KOMIUICKCHHII TOTeHN¥ANA TeqeHHS 3alUCHBACTCH
B BHJle (eCTECTBEHHHI WOTOK HampasaeH or peru) [40]

sin & {z—id)

F(z)= _2%1nm + ivz+ const, (47)

rie d — PaccTOAHUE OT CKBAKUHB AO JMMHIH H = const (pme. 12).
Ws (47) pomysaeM ypasHeEHe nWHME TOKa

n(y—ad) 1 (y+-4d) nz
[th —7 —1th ; ]tg

nr o n(y—d) o w(y--d)
7 th i th 7

rge oo — const. Xapaxkrep NUEUI TOKA moKaszaH Ha puc. 12, 6.
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Hak n 8 npeampynieM ciydae, B GUIBTPAIMOHHOM IOTOKe (opMu-
pyercss o6nacTh MUTAHNA, OTPAHWICHHAA HeHTpAXBHON THHUEH TOKA.

Koopauuara jemameii Ha oc¥ y To4rH mepermba HeiTpaipHOH
JIWHAH TOKA paBHA

1 q 2nd 2nd
yA_z-t-arch (-l_v: ShT+ChT . \'19)

BumonHeHHNEe pacdeTH IOKA3HBAIOT, YTO TOYKA HepermGa Haxo-
AuTCS CpABHUTENIHHO GuusKo or ckBaykamsl. Tak, mpm ! = 2000 M,

z
a

LA Ll L 7/ 7. /”.

==

LYY A

Puc. 12. Cxema JunUi ToKa B Iiacre-lodoce ¢ BEYTIPeH-
HAM KOHTYPOM IOCTOAHHOTO Haillopa B ycloBuax Oac-
ceilHa @ O IOTOKA O

q = 100 m%/cyr, v, = 0,04 m/cyr, d = 3000 M yganenue ToIKH mepe-
rEfa OT CKBAaKHHBL COCTaBIgeT Beero ~350 M.

Jinmna oGracrTd OUTAHWA BO3PacTaeT ¢ YMeHBIICEHHOM eCTEeCTBEH=-
HO¥ CKOPOCTH HBRIKEHMA NOASCMHHIX BOA W ¢ yBeXruenueM peGura
Boj03aGopa, HO POCT DTOT IPOMCXOAMT MemieHHO. Paccrosmue OT
TOYKHW mepernfa J0 CKBAJKAHB 3aMETHO BO3PACTAaeT C yBEJIHICHHEM
paccTosHusA d OT CKBAKMHM /0 KOHTYPa IOCTOAHHOTO HANOpa. 3aBH-
cuMocTh (49) MOKHO YIPOCTHTD, IPUAAB el Goxee yLoGHYIO A pPAK-
THYeCKoro Hons30BaHisa gopmy. Bripaskaa apearocuayc runepGomuye-
CKHil "epe3 JXorapHdM, HONLYIHM

yANd—]-?lEln(ﬁ’-e——}—i). (50)
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CKOpoCTH [BHKEHNA YACTUI JKUAKOCTH BAONH [IABHOH JAHWA TOKA
(ocm y) pamHa

q
I Uy (x=0) I =77 . 2y omd Ve. (51)

Ipm I — oo prpasxenne (51) HepeXOgHUT B COOTBETCTBYIOMYIO GOPMYIY
JUISl CKOPOCTH B IIOJYOrpPAaHWYCHHOM IITACTe ¢ KOHTYPOM LOCTOAHHOTO
Eamopa

—1—sh 2nd
i i l l @1 ()
lim v, =1lim —p.=glim =
l>o0 Y l»c0 1 Ch-———Z?y —C 2?d € ql—>oo P2 (l) €
2nd 2nd 2nd
= ———— — V=~ lim 53 Vo=
l>co @2 (1) 2m 1> co ysh 23;.’/ — dsh -’l;
NN THOL Y ) R S P L Y C) WY SO S
P N ) B A S R Ry DR

T. €. DOJAyuaeM BHDajKeHHE JJIs CKOPOCTH (UILTPAIMA B IOJNyOrpa-
HAYeHHOM IJaCTé ¢ KOHTYPOM IIOCTOAHHOTO HATopa.

Ecnu ecrecTBemEHHIT HOTOK MOJ36MHHIX BOJ HANIPABIEH B CTOPOHY
KOHTYpa IOCTOSHHOTO HAmoOpa, TO B ONPEACIeHHHX YCIOBHAX TOUKA
meperu0a GOpPMUpPYETCA MEKAY BOJ03a60pDOM H KOHTYDOM.

CocraBaamomas CKOpOCTH (UIBTPAIMH BOJAH TIJIAaBHOH JNHHUH
TOKa (OCH j) XapAKTEPH3YETCA 3aBHCHMOCTHIO

2nd
l
2nd 2ny
ch - ch -

sh

— Ue. (52)

=1.
Uy--—l—

3HaueHne Uy Ha KOHTYpe IOCTOAHHOI'O Hallopa paBHO
q
Voy =7 — Ve (53)

Tlonossenne BogopaseAbHOIl TOYKH HAXOAUTCA M3 YCIOBUA U, =
= 0 = ompepeaserca mo $opmyie

l 2nd q 2nd
¥, =5 Arch (ch 2% — Losh = ) (54)

Bogopaspensran TOYKA MeKAY BOHK03a00POM U KOHTYPOM IOCTOAH-
HOTO HANOpa, B KOTOPOH HPOHMCXOMUT pasrpyska HOA3eMHHX BOJ,
MOKeT €YImEeCTBOBATH TOABKO IpPH ONIpeAeTeHHOM SHAUYeHHN AeOHmra
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Bopozabopa. JTO mpefiepHOe 3HAUeHWe HeOHTa (g,,) MOMeT OHITH
naiimeno u3 (54). Tar xrak chz >1, To

chﬂ__q. shﬁt_d_. > 1.
l Vel )/

Orcroga Haxogum

Gup < TR (59)
sh
T o 2nd
pE He0OJpImOM mEpHHe ILTACTa-IOJOCH, Korga ; > 2,
AMeeM ch 2’;[1 > 1uch 2’? ~ sh 2’;‘1 . HMusa orux ycuosHik
BhIpaskeHHe (56) mpumHuMaer Buf
Gnp < Vel (56)

Buipasxenue (54) Mosker OHTH ynpomeHo. Mcnonp3ysa saBUCHMOCTD
MeRIy arch W HATYpaXbHHM JI0rapHQMOM JIA AOCTATOTHO GOJNBIIHAX

2’? ( 23;‘1 > 2), moayanM

3HaYCHM

y,=d+--In (1—-L%)- 7)

Tax wxak BogopaspgenbHAasg TouKa (QopMUpyeTcA HpH yciosuu (56),
TO TojlorapmdMeHHOe BEIpajkeHHe B dopMmyie (57) Bcerfa IOJOKH-
TEJBHO.

B sarmioueHMe OTMETHM, 4T0 CXeMa IJIACTA-LOJOCH C HEIPOHH-
NaeMBMM MPAHANAMY B THAPOXUHAMUTCCKOM OTHOMEHUN DKBHBAJIOHTHA
cXeMe HEOTPaHWYCHHOr0 JNHHEHHOr0o pA/ld8 CKBAYKHMH, IOCKOIBKY OT-
HeIBHYI0 SU9EeHKy TAKOTO paAfa MOKHO paccMaTpHBaTh KaK MOIOCY
¢ HempoHmmaemsiMu rpapmmaMi. IlosroMy Bce IpHBefleHHEIC BHIII®
$OpMyNH AN LXACTA-MONOCH ¢ HENPOHUIIAGMHIMH TpaHUUAMHU peii-
CTBUTENBHH W [JA HEOrpDAaHWICHHOr0 NAHEHHOro pAxa CKBAaJKUH.
Iocaenywmee paccMoTperre BoIpoca o NMONTATHBAHAY COJEHHX BOJ,
K JHHeAHOMY pAny CkBajKUH (cM. ru. IV) ocHoBHBaerca Ha Ipopa-
0oTKax A IIACTAa-TOMOCH.



TIHABA IV

IIPOI'HO3 BPEMEHHM HOATATABAHHMA COJEHBIX BOJ
K BOJO3ABOPY IIO IIJIACTY

HEOTPAHUYEHHBIN IO INIOMAIH BOOOHOCHBINI IOPU3OHT

OxnHogHbBIH BOR032GOD

Boposabop paboraer ¢ mocrosmHEM paebmtom (. Ecrecrsemmoe
ABIKeHWe IIOJI3EMHEIX BOJ, XapakTepH3yeTcs cpefHeil CKOpPOCTHIO
¢unpTpanun v,. PaceMOTpEM cHawaja YCIOBHA, GIM3KHE K CTAMMO-
HADHOMY DeUMYy (GAIBTPATAH,

Cxema JwHHUIl TOKA MpUBefeHA HA pHC. 4, TIaBHAA IAHWA TOKA —
ochz. Jlnst pacueTa BpeMeRH ABUKeHNA TACTHIL SKULKOCTH K BO033G0py
BIONG JM0GOH JUMHAW TOKA BHYTPH 00JACTE HOUTAHAS TONYIEHA Cie-
AYIOmMAas 3aBUCHMOCTH

& .
t= +—(x1~xA1n cos L4 2L gip Y1
Ta N1 Ta

B (1)

e Z; A Yy, — KOOPAUAATH HAYAJIBHOTO MOJOKEHWS 4aCTAH, SRATKO-
cTH; 4 onpegenserca no dopmyne (6) ranassr 111, 3mar -+ mam — Ge-
PeTCs COOTBETCTBEHHO NPH ABYKOHWH 10 MOTOKY HJIM IIPOTHB IOTOKA;
B IOCIegHEM clydae abcmucca Ty MMeeT OTPHLATENBHOe 3HAYeHHo.
Ha pnc. 13 npurenen mocrpoernwil Ha ocHoBe ¢opMynsl rpadux sa-
BHCAMOCTH

rjie
t=

OrMeruM, wro BHYTpE oOjJacTH mHTaHAA Bopmosabopa abcmmeca &
H3MeHACTCA OT —Z4 0 O° H COOTBOTCTBOHHO BEJIMYWHA T MeHseTcs
0T — 1 110 ©0; 3HAYEHHA ¥, A CICTIOBATENHHO X ¥, OTPAHMICHE MIAPHAOT
oGnacra IIHT&HPIH (¥,), ®oropasa B nHTepBane (—z4, 0) mamenserca

or 0 mo ,ampu 2> 0 —or Ao ——. I'padur 3asmcuEMocTH

4ve
t = f (z, y) Moxer OmTH ncnonbaonaﬂ mm pacquon BpeMeRH Npo-
HBIVKGHHA CONEHHX BOJ K Bojosabopy.
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Hanfomnee OricTpo HacTuilpl KMAKOCTH, & CIEHOBATEIBHO, W COJIO-
Hble BONBI MepeMemaloTcsa BONb TAaBHOH JuHUM ToKa (och z). Bpemsa
(T) nocrynieHus K BOoK03aGopy MePBHIX MOPIAil CONGHON BOH OIpe-
meinseTcas mo ma3BecTHoit dgopmysne Teiica

S 2
e [:cl a:Aln(xA +1)]. @)

Te &, — HAYAJIBHOe DOJOKEHHe YACTHI, FKANKOCTH (TPAHMI(H CoJe-
BHX BOJ); 3HAaK = NpHHAMaercs, Kak u B dopmyie (1). Dopmyna (2)

mg Er 1 T B
LT T T T T TTTIL L RN EEEEREN
R T O O T O 7/ o B e e o o S ) B I S I o
— HEEREE B
2| ! 27 SN ANV EN
sk CRRFsRR=sElim
|4 R 7S S .
| 4 || | 2T e
- Z:\ Z’E/,é' _; -
20 T T 1
2 75 ] A/, B
— 7,/ (] o >/ ‘, ]
- 7~ v /f/
puas AL
b7 S %0 07§/
4 et 10— A A y |
|l — L /:///,// ///_ .
== = 52748
1 "‘g////““ St
T "1 |||
7 7 4 7
4

Puc. 13. Ipadux sasucumoctn ¢ = f (T, y) ANA oUpelieleHMHST BDEMEHH HBIKe-
HHA COJICHHX BOA IO PA3HWM JHHHAM ToKa X BoXo3abopy
B HEOUPARIYEHHOM OMaCTe B YcjOBHAX IOTOKA

@ — 1A 3HAaueHHi x > 0; 6 — mnA sHAuCHHE x < 0

KaK 9acTHH cayuail ABHIKeHHA BOJNL IMIABHOM JHHUH TOKA MOKET
OHITH BHBeZeHA M3 0o0miero BmpaeHnsA (1) mpeneabHBM TEPEXOLOM
npu y — 0. '
Takum o0pazoM, MIHUMAJIBHOE BpPEeMA, 334 KOTOPOE CONEHHIe BOJHE
NOxTAHYTCA K BOf03a00py MO KpaTdaiilieMy paccTOAHHIO, T. €. BpeMs
Hauajia NOACACHIBAHHA CONEHHX BOJ, ompefelsercsa mo fopmyse (2).
. ¢ —
B Ta6s. 4 DpuBeneHH BEJIWTHHE OTHOMEHM} — JJIA PAsHHX T =
- ; A
R . | y == y .

Ty T4

o
~1



Ta6nruuma 4

t
Beauuuna 7

v

3

0,1 0,3 0,5 0,7 1,0 1,2 1,5
04 11 1,6 2,7 44 8,4 125 235
08 1.0 14 15 1.8 2.9 338 5,7
1.0 1,0 11 13 16 2.2 2.8 43
2.0 1,0 1,03 11 115 13 15 1.8
30 1.0 1.0 1.0 1,03 107 11 117

W3 TaGn. 4 BuHo, 4TO WM MANHX sHAueHHAX z (x < 1) oTHOmIe-

¢ —_
EHe —— CYMECTBEHHO N3MEHAeTCA ¢ N3MEHeHHeM Y. Hao6opor,

== ¢
OpH GONBUIMX 3HAMCHMAX Z (T >3 <- 4) OTHONIEHNE —— NPAKTHIECKH

He 3aBUCUT OT y ¥ GIMBKO K 1, 9TO XOPOHIO COINACYETCSA ¢ PACCMOT-
perHoil Bume (cM. rx. I11) obuieit cTpyKTypoit moTora ¥ BOKO3a60pY
B HeorpaumuenuoMm miacre. CiegoBaTenpHO, A OmMpereleHNs Bpe-
MeHM ThepeMemeHWA CONEHHX BOX K BO0{03a60py 1O HATIpaBIEHUIO
@CTeCTBEHHOr0 TeUeHUA BAONL JIO00 JMHME TOKA C pPacCCTOAHHA
z; >3,5 x4 Moxuo BMecTo Qopmynsl (1) memonrzoBaths Gosiee Tpo-
cryo dopmyny (2).

Bpemsa mocrynnerns ® Bog03alopy HmepBHX TOPIUIT COTEHON BOLH
OLPOfieNACTCA B 3aBUCHMOCTH OT IOJOKEHWA IPAHMIE COJEHHIX BOJ
BHYTpH oGmacTtu nwuraHuA cregyiouM obpasom. Ecau rpammua pas-
fefla HepHeHANKyJNApHA TIABHOU JHHAM TOKa (OCH Z), TO BpeMs TOJ-
TACUBAHAA COJEHHX BOJ K BO03a00py paccUHTHBaeTcd Mo ¢opmyre
(2). Ecru rpamuma pasgeNa PacmoNOKeHa TMOJ YrioM K riaBHOH JH-
HUM TOKA, TO BpeMs TMOCTYIIeHHA TepPBHIX MOPHHUH COJEHOil BOmH
HaXOAUTCA TyTeM pacueTos o gopmynam (1) u (2) speMern npojBHKe-
HUA K Bo[03a00opy OTHENBHEIX HacTui sToil rpammmsl. Tax, g1a mo-
MOKEeHUs TPAHMIH CONEHHIX BOJ, YKasagHOro Ha puc. 14, e, mo ¢op-
myne (1) wnn ¢ momompio rpaduka t = f (z, y) paccunTeBaeTCA BpeMsa
npoaBuKeRAna K Bofgos3abopy uwactuim 1, 2 W 3 rpaEUNH CONEHHIX BOJ
# uo dopmyie (2) — BpeMs NBIDKEHMA YAacTHI 4; KoOpAWHATH (I, Y)
5TMX 9aCTHI[ CHUMAJOTCA HENOCPeACTBEHHO C dYepTerka (KaprThl, CXeMH).
13 conocrasienus t,, tg, L5, ty ¥ T. 4. HAXOQUTCA MUHUMAJIHHOO BpeMd,
COOTBETCTBYIOIIEe BPEMeHM TOATATMBAHUA K Bog03a00opy HepBHX
NopO#il CONeHHX BO.

B yceaosuax Gacceitna (v, = () BpeMa mepeMeleHNA COJNEHHX BOJ,
K BOA03a00py IO KpardaiimeMy PacCTOAHWIO OT HAYAJIBHOTO MOJOFKe-
HOA T, ompegeisercA MO popMyle

nnohxi (3)

T=——Q'—.



IlpuGan;xeHHNIM KPUTepHEeM HePexofa OT YCIOBUI IMOTOKA K YCIOBHAM
Gacceiina spasgeTca gopmyna (8) raaes III. Ecan ecrecrerHas cko-
POCTs PUIABTPANYY NOA3eMHHX BOJ V., PacCToAHHe (HHKCHPOBAHHOMI
TOYKE OT Bogosabopa x, u meGuT BogosaGopa Q TAKOBH, 4TO 9TO COOT-
HOLIeHHE COOIIONAeTCA, TO PacuieT BPEeMEHW JIBUKEHHA CONEHHIX BOJ
K BOj03afopy MoKHO mpousBopuTs Ho gopmyrne (3). Makcumannuasn
OTH/?CPITGJIBH&H IOTPEIIHOCTh PacyeToB IPH STOM He HpeBHcuT 15—
20%.

Puc. 14. Venopns DoiTATMBAHESA COAEHHX BOX K BoHo3abupy

a, 6, 8 — COJIeHHe BOAB BHe 00J1acTd MUTAHUA BON03ab0pa, He IPONCXONUT MX NOETATHBAHWA}
2, 0, e —coJeHble BOGH BHYTPH 00JacTi OUTaHuA BoRo3abopa, OPOMCXONUT WX HONTATUBaHHE

Iipn meycraHoBHBHmIeMca peskiMe QUILTpanuu pnelicTBHTEN pHAR
CKOpPOCTh [BM/KEHHMA IIOJ3eMHBIX BOX K BO03a00py B yciIoBHAX Oac-
ceilia pasHa

rz
__ 9 " Taaf
Vo= Zanghr © ’ (4)
rjie @ — K0o3p()HEHeHT Npe30NPOBONHOCTH (MJH ypPOBHEN POBOLHOCTH).
re

Ilpu Gonpmnx sHauemuAx i penmumma e 4% — 4, u gopmyna (4)

nepexonut B dopuyny (3) rmasm III pgma cropoctw mBmmenms mpm

ycranosusuieiica ¢puasTpanun. lIpaxTnueckn Taxoi mepexon Bo3MO-
2

FHEeH TIPH —1:7 < 0,1. Cornacmo H. H. Bepurumy [19] u B. M. Ille-

crakoBy [78], Brpaskenue JIs BpeMeHU IIepPEMEMEHUA COJEHHX BOJ
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K BOZ03a60py UpH HeYCTAaHOBHBMme#Cs OHIBTPANMH MOOT OHITH
OpencTaBieHo B BHJe
ri—r}

f=—, ()

4(2361
e mapaMeTp o, ONpeAeNsieTCA M3 TPAHCICHIEHTHOr0 ypaBHEHUS
o, Q
oL s=A4, A= Gmngah (6)

Jlns oupenesneHVs BeINYUHH O, MOKHO MCHOJNB30BATH IpaduKk 3aBH-
cuvocte A = f (,), npmpenennsiit Ha puc. 15. Ilo nasecraomy smaue-

e, Eu0 A W3 rpadmKa HaxomdTcA CO-
P - . OTBeTCTBYIOMAA €My BeJMYAHA C,.
7 A IIpn  ManaHIX 3HAYEHAAX Q,
A S (¢, << 0,05 Beamumma e%a ~ 1,

U BHpaskeHHe (O) mpmBoguTesa K $op-

— 4 1 | | wmyae (3) mas ycuosmii ycTaHOBHB-
SR I A ;_,;v""""‘""' merocs ABMKenng. Pacxomxpenne
<;—':;F§j§,"';“;/} VA I II‘-L‘Q_' B BEJIWYHNHAX BpeMeHn leOJI}?LH)I{e-
— Db i T HASA COJNEHHIX BOJ K BOEO3abopy,
oy ) paccamTaHEHX 10 Qopmyaam (5)

/ _ 7 (3), 3aBHCHT UpeKAe BCEro OT @

— 7 M z: pacxo:IeHHe BO3pacTaer
R’ e R | € yMeHbIIeHHeM KodpdHIUEeATa Ube-

¥ 30IPOBOJHOCTH W C YBeJIAYEHHEM

Pnc 15. Tpafmx sammcmwocrs PACCTOSHEA 2 TIPAHMIUE  CONGHHX

— f(aa) (no ®. M. Bouesepy BOA OT BomozaGopa. [Mlna a >

. M, Hlecraxony) = 10® m%/cyr m 2 < 15 KM Mak-

CEMaJbHAA OTHOCHTENbHA S BeANYUHA

9TOTO pasnnuus Be mpeBeimaeT 13—17% , npa 3T0M BpeMs TPOJIBHsKe-

BUSA COJNEHHX BOX B YCIOBHAX YCTAHOBHBINErOCH pEREMAa (QHILTpA-

OAA BCerfja MEeHBNIE BPEMEHM UPOABVKEHAA B YCIOBAAX HEYCTAHO-
BHBHIEeicA (uapTpanu,

BsanmopeiicTByiouie CKBa;RHHBI
HKpyrosasa 6aTapesa CKBAKHAH

PaccmorpnM Kpyrosyio Garaperw ckKBayKWH pagmycom R, cocros-
MyX W3 7 CKBAJKWMH; OPOM3BOMATENHHOCTh OTHEABHON CKBasRUHBL (4.
XapakTep ABMKeHAA NON3EMHAKX BOJ K 6aTapee B yCIOBHEAX Gacceiina
moxazad Ba pmc. 16. Bricrpee Bcero wacTHumH JKHIKOCTA mepeMe-
MAnTCA BAOAH raasHoi auEna Toxka MN. Hagamo npopuBa comenoit
BOJH K BOpf03a0opy oUpefieidercs BpeMeHEM HABWIKGHHS e€e BIOIb
raaseoil avHmn Toka. B. H. Ileaxauesmm [80] momywemo Bripase-
HHe, 03BONAIONIEe PACCIUTATH BPEMA e PeMEeNIeHN I 9aCTAL HATKOCTH
BONDb INIABHOR JHMHMA TOKA 0T HAYAIHLHOTO NOJOKEHUA HO0 KOMBIEBOR
faTaper Iis ycCIOBHHA cTannoﬂapHoro pe:xnMa

e e -r) - () ©

1
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rge ry OTCYMTHIBAETCA OT IEHTPA KOJbuHEBoil Gatapen. [ag ynoGersa
pacueTos BHpaskeHHe (7) MOKHO IpPE[CTABHTHL B BHJE

tz%("i_ihnig"i—( 2 )' ;1=‘%—'- 8)

n—2) ;1'2

Hpu ry = 3 u n > 4 nocnepnny craraeMuM B ckoGrax dopmyns (8)
MOKHO IpeHeOpedsr W TOrga WOIyIuM
__ @mhngR2 /-, 2
t———m-“(rlhl n__z)- (g)
Mpa ry >5u n = 10 pesynsrats pacueros mo gopmyre (Y) mparTu-
49eCKH He OTAMYAITCA OT HOJY4eHHHX m0 Qgopmyde (3) AAA SKBHBa-
JIEATHOTO OAWHOYHOTO BOJ03aGOpa C pPACXOAOM, DABHHM pPACXOLXY

Pac. 16. Cxema JmHWE ToKa K KoableBoi Garapee
CKBQ)KUH B HEOFPAHWYOHHOM MIaCTe

KOMBIEBO# 6aTapen, MOrPemHOCTH COcTaBiser Meree 5%; mpu 7, < 5
4 n <10 morpemnocrs Boazpacraer g0 7 -+ 10%.

B oGmenm cayuae BpeMs mpOABHMKEHMS COJEHHX BOJ, K KOJbIEBOH
Gartapee Membme, WeM BpeMsd ABVKEHHA K (DKBABAJTEHTHOMY» BOIO-
3abopy mo oTMeTkm R, HO 8TO pasimume BO BPEMeHH, KaK HpPaBHio,
HesHaudTeAbHo. Tak, ecad ry = 3000 M, n = 5, Q, = 4000 m3/cyr,
h = 30m n, = 0,1, To Bpems mpoABMKEHAS COMAEHHX BOJ K Garapee,
onpesenernoe mo fopmyie (9), cocrasut: mpm R = 300 m & = 4160 cyr,
npe R =500m t = 4000 cyr mw npu R = 1000 M & = 3450 cyr.
Bpems pemxenua cCONeHHX BOJ OT HaYalibHOHK OTMETKHE r, = 3000 M
no xomeunux oTmMerok 300, 500 m 1000 M, Brramcaennoe mo dopmyire
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(3) ¢ Q = 20 tuc. m¥cyr, cocraBmmo 4210, 4120 u 3770 cyr. Pesyiusn-
TaTH 3THX PACYETOB [JOCTATOYHO XOPOMIO COrTMACYIOTCA CO CACHARABIME
BHIIIE BHBOJAMH.

HeorpanudeHHHM? AWMBEeHHHH PAX CKBAKHAEH

Eenn pauna psga 8 5—6 pas Gonsine paccTOSHHA A0 Hapaiefinb-
HOil eMy TpaHMIB COMEHHX BOJ, TO TAKOH psAA IpH pacgeTax BpPeMeHH
DOATATUBAHMA COMEHRX BOJ MOKHO PacCMAaTPHBATH KAK 0GCKOHEYHEHIH.

PaccmorpuM HeorpaHnueHsHH# JnHeHANHA PAN CKBaXKHH B yCIO-
BHAX eCTeCTBEHHOrO NOTOKA, HAPABIEHHOTO NePHeHAMKYAAPHO K AU~
HUHM PAJA BROIL OcH y. PaccrosHme Me;XIy CKBajKMHaAMU O, pebur
OTeNIbHON CKBXUHH Q,. OOisacTs NUTAaHAA JAMHEIHOTO pAja Ompe-
melsieTcst pasmepamMum 007acTU IDHMTAHUA OTASNBHON CKBAsKHHH DAAA,
AIMHA KOTOpO# (paccTofHME OT CKBAKMHH BHE3 IO HOTOKY 710 BORO-
pasfensHo# Toukd A) Haxoxuares uo dopmyne (43). Cxema nuHmI TOKA
K HEOTPAHMYCHHOMY JHMHEHHOMY pafny (ero oTfedsHOl Ageiixe) mper-
cTaBieHa Ha puc. 9, 6; rIaBHAsA IWHWA TOKA — och y. I pamuna coie-
HEIX BOJ IpemnojiaraercsA HapalUIeNbHONW DALy, OHA MOsKeT OHTH
pacHoNOoKeHa BBePX WIX BHH3 IO HOTOKY OT PAAA.

Hdua ycnopuit cramuoHApHOrO peyRuMa ¢UIBTPANMH HAMH HOIY-
9eHO pelleHue [Jis BPeMEHN ABWIKEHNS JACTHI| KUIKOCTH IO IIaBHOM
THHUY TOKA OT HAYAJIBHOrO0 HONOKEHUA Y, Ao Iumum paga (y = 0)

|t = — 2200 i | (1 — 22 th ZUL) oh 21| —
a (g3 —40%7) 90 g o
1—th oL
—ZeIn|——11, (10)
I R

e ¢, = —(’Z—"; BpeMs ¢ GupeTcd IO aGCONMOTHOR BemUIUHE.

Ecau paccunrriBaerca BpeMsa [BWKeHHS B HalpaBIeHAHM WO I0-
TOKY, TO 3HageHUe Y, MONOKUTENBHOS, 6CTM B HAUOPABICHUW IIPOTHE
moToKa (CO CTOPOHBI BONOPA3JEIBHOI TOYKA) — OTPUNATEIBHOE.

Crnepgyer OTMeTHTH, 9TO HMCIOAB30BaHme TowHOit dopmyasm (10)
[PeJICTABJIACT HEKOTOPHE CIOKHOCTH TEXHHYECKOTO XApaKTepa, CBsi-
3aHHBe C BHIUMCJIeHMEM I0rapndmoB oT Mannx Benwuwmd. Jlns ypo6-
cTBAa TpaKTHUecKux pacaeroB ¢opmyny (10) MokHO 3HAUHTENHHO
YUpPOCTHTH, HCIONB3YsA paccmoTpeHnsie Beimwe (cM. raasy III) oco-
GEeHHOCTH CTPYKTYPH GUIBTPAMMOHAOTO HOTOKA K BOR03afopy B Iia-
cTe-Tl0a0Ce WJIH, UTO TO K€, K HEOTPAHMYEHHOMY IUHEHHOMY DARY
cksauH. Hax GOm0 ycranosieno, upa y > 0,5 ¢ gu;KenyNe Hoj3eM-
HBIX BOJ IJIOCKO-ApalliesibHOe, NPAMONMHEHoe ¢ DOCTOAHHOM CKO-
pocTrio, onpenetsemoi popumyroit (46). BemepctBue aTOro BpeMs ABH-
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7 YAQTHIL SKEAKOCTH B o6macta y > 0,5 ¢ MOKeT GHITh BEYNCIEHO
we daoMyne
f— by (11)
Bo e
rme Ay — AnuHA DyTH ABIKenns. BOnA3H cKBa)KWHH PsAfa HA OTMeT-
rax y < 0,5 ¢ nBAKeHNE MOX3eMHBIX BOJ 00yCIOBJeHO NpenMymiecT-
BOHHO AeHcTBUEM MMEHHO HTOH CKBAJKAHE H B 3HAYNTE]IBHO MEHDMIOH
CTONICHN BJIMAHWEM COCeHUX CKBayknH pAxa. llosroMy Bpems mBmsKe-
HUA DOA3eMHEX BOA K paAny B obaacray <C0,5 0 npuGINKeAHO MOKeT
OHITH BHYHCIEHO HO (OpMyde (.%) IS OOWHOYHOTO BOmo3abopa.
«CrxenBasm» ¢opmynst (11) m (12) Ha ormerke y = 0,5 0, momy-
gaeM OPHOJIMKEHHYI 3aBECAMOCTD AJMA BPEeMEHH IBVKEHUS IIOI3eM-
HHX BOJi K HEOTPAHWYEHHOMY NWHEHHOMY PANY CKBaKEH 0O HAMpa-
BIGHHIO €CTECTBEHHAOTO HOTOKA

no [ P 2 y1—0,50') Ole
Z—U:{O'SG—Q:AIB<E-+1)+W]’ (12)
e y, — HadalbHAA OTMETKA 9aCTHI JKUIKOCTH.

CpaBHeHme pacgeToB, BHIOIHeHHHX mo dopmymam (12) m (10),
IOKAa3aJI0, 9TO OTHOCHTENbHA A MOrPeMHOCTH IPHOIMROHHEX PACIYeTOB
no gopmyne (12) me mpeBrimaer 5 <+ 7%; HpH 3HAYNTENBLHEX yHale-
HUAX T'PAaHUIBL COMEHHX BOJ OT BomosaGopa (¥, >>2 -- 3 kM) H He-
GONBIIMX pACCTOSIHEAX MY CKBKHHAME B pany (0 << 200 =
--300 M) aTa mOrpemHOCTh CHUMKaeTCA H0 2--3%.

TaknM 06pasoM, KA NPAKTAYECKAX PACIETOB BPEMEHN ABHIKEHNA
CONCHHX BOA K DALY M0 HAUPABICHHUI €CTECTBEHHOTO MOTOKA MOIKHO
HcooAb30BaTh Gopmyay (12).

OpreHTHPOBOYHAA OLEHKA BPEMEHM [BYKeHHA 9aCTHI] JRUAKOCTH
K pARy (¢ 3amacoM «HpOYHOCTM») NPOM3BOLMTCA 1O dopmyde (11),
B KOTOpoit Ay mpHHAMMaeTcs PAaBHHM PACCTOAHWIO Y, A0 AMHUM PANA.
Ilpn Goapmmx paccrosmmax (y, > 100) pacuerst mo gopmymne (11)
HE3HAYNTENHHO OTAHMYAIOTCS OT pPe3yidbTaTOB BHYHCIACHAN mo ¢op-
myae (12).

Uraxk, ecias rpasnna COMEHEIX BOJ PACIONOMKEHA BBEPX 10 MOTOKY
or nmHeiiHOro pApga 6oJBMOH AIWHE, TO BpeMs HOATATABAHUA COJe-
HEIX BOJl K Bopo3aGopy paccunTeiBaeTea mo Qopmymnam (12) m (11).
Eciu rpanmnma coleHHX BOA PAaCHONIOKEHA BHH3 IO HOTOKY OT PAmA
¥ 3aXBaTHBAaeTCA er0 00JaCThi0 NHTAHWA, TO BpeMs HPOABHKeHUA
COJIeHHX BOJl K BOR03abopy ompeaensercs mo dopmydie (10); ecam e
TpaBMIA COJeHHX BOJ He 3axBaTHBaeTcA 00IACTHIO NMHTAHMA psAa,
TO HOATATMBAHWA COJEGHHX BOJ BOOOmE He MpPOM3OHAET.

Jas ycaosuit 6acceiina (v, = 0) BpeMs IBMMREHAA COJCHHIX BoJ,
K pAAy BOOJAb [JIABHON AMHAK TOKA (OCH ¥) OT HAYANLHOIO HOMOMKCHES
Y, ompegenseTca no Gopmyie

t —-210% 1y op M1 (13)
qoT o)
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Y

Ipn —ol— = 2,5 supamenne (13) Mosker GHTH 3aMeHEHO HPMGIMIKEH-

HOHW 3aBMCHMOCTLIO

__ 2ngoy \
t =0 " (14)
Ilorpemnocts pacaeros £ mo popmyine (14) B cpapmerun c (13) me npe-
Bumaer 7 - 9%.

Jna OmeHKW BIMAHMA €CTECTBEHHOTO MOTOKA HA BPeMsA IepeMe-
ImeHnsA COJEHHX BOX K JIWHEHHOMY PARY OHIM BHIIONHENH PAcIeTH
no gopmyaam (10) ' (13) npu ciaepyomux sHAUCHAAX WCXONHHX Hapa-
meTpoB: g, = 10, 50 u 100 m?/cyr, v, = 0,005 u 0,05 m/cyr, 0 =

=200 1 500 M, n, = 0,1 m 2L =2, 10 1 25.

YucnenHH#A agann3 MOKa3ail:

1) BAuAHME eCTECTBEHHOrO MOTOKA B NEJOM BechMa 3HAYATEJNEHO,
ocobeHHO OpPH MaJHX JefuTax cKBaRMH psaga (g, <10 M?/cyT)
U NepeMemenuH TPaHWHH COJMGHHIX BOJ Ha GOJbMIMe PaCCTOSHUA

(—?— > 10); 2) OTHOMeHWE BpeMeny i, W Ig, PACCIMTAFHHX COOTBET-
cteHHO o dopmynam nus norora (10) m 6acceitna (13) mpr o = 500 M,

t
qo = 10 M%/cyr = —Zi > 10, cocraBaser: TE— ~ 1,5 (pa v, =
n

t

= 0,005 m/cyr) = —f— ~ 6 (mas v, = 0,05 w/cyr); 3) BaAuAEAE ecre-

CTBEHHOTO HOTOKA yOHBAET ¢ yMEHLIeHWEM PacCTOAHWA MeKAy CKBa-
31 37}

suamMi; opu ¢ = 200 w Tex e g, M —;~ OTHONIeHWEe ——— ~ 1,2
n

(upr v, = 0,005 M/cyr) B ~3,0 (upm v, = 0,005 m/cyT);- 4) npu

v, << 0,000 m/cyr, 0 <200 M & —-?éi <10 Baugnne ecTeCTBEHHOTO

MOTOKA 3HAYMTEIPHO MeHbIE (OCOGEHHO IpHM GONBUIMX AeOMTax CKBa-
WUH  pAfa); OTHOCHTENbHEIE DPACXOKACHHA B BeIMYAHAX BpEMEHU
tgu ¢, He npeBumanT 12 =- 15% ¥ B 5TOM ciydae BpeMs IpOIBHKe-
HUA COJEHHX BOA K BON03a00pY paccunTmBaeTcA Mo dgopmymnam (13)
7 (14) ans ycaosnii Gacceitna.

Ilpr HeycraHOBHBMEMCA MBWIKEHHH CKODOCTH NEpPEMOMEHAA dHa-
CTHL JKAAKOCTH [0 JAHUY, NePICHIXKYIAPHOR K PARY, B HALPaBIeHAR
€CTeCTBEHHOI'0 IOTOKA BHPAKAeTCHA 3aBHCHMOCTHIO

(] y e \

V=55 erfc(zm)_[_no, (15)

me q, = -(’Z—"; a — xoaddunent Ipe300poBoLHOCTH; erfc (—2——1‘1"7;-_;) =
=1—-0 ( 5 l‘l'/'?z?‘) : @ — muTerpai BepOATHOCTH; rpadmK QYHKOWHA
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@ upusopurcs s [13, 14]. Ilpu ?'—i—_? < 0,1 dpynxnus @ ~ 0 m cko-
a

pOCTL ONM3KA K CHROPOCTH CTAMOHAPHOTO peREMa (HIBTPALHH.
Jina srux ycnosuii BpeMs IPOABWIKEHHA COJEHHIX BOJ ONpejieiseTca
oo ¢opmynam (12) mam (11).

Tlpormos mepeMemenHNs (POHTA COJNEHHX BOJl C MCIONH30BaAHWEM
dopmyanr (15) mpomssomures caegyomuM o6GpasoM. Ilycts rpammpa
COJIGHHMX BOJ PACIOJIOKEeHA NAPAJISIbHO PAAY W HA PACCTOAHWA Y,

or mero. JledAT BpeMsa HA HECKOAHKO OWHAKOBWX BPEMEHHEHIX OTpE3-
KoB (moaroxa, rog). Ilo popmyne (15) BHUACAAIOT CKOPOCTH ¥4 B TOGKE
Y, Ha KOHEI IepBOro BpeMeHHOro orpeska (moxyropus) Af oT Hagzaia
paGote Bojfozabopa. Ompegensior mepeMemenue Ay, 9acTam 3a Upo-
MeKyTOK Bpemenn Al

Ay, =v{ At.

BouncisoT CKOPOCTH U, B TOYKE ¥, — Ay, HA KOHEN BTOpPOro
IpOMEeKYTKA BPeMeHH Iocle Hagaka paGoTH Bojosabopa, T.e. Ha
KOHEI Toja, W OHpefelNsioT HepeMemeHie 3a BTOPOE IOJYyrofue

Ay2 =Uy At.
3aTeM BHYHCIAAWT CKOPOCTH U, B TO4ke y; — Ay; — Ay, Ha KoHern
TPETHET0 MPOMEIKYTKA BPEMeHH (NOIXYroAmsa) OT Hagdada paGoTs BOAO-
s3aGopa, T.e. "epe3 HOATOpa rojia, W ONUpefedsdi0T NepeMemieHHe
3a TpeTHil NpOMEIKYTOK BPeMeHH M T. JI.

JIuaefiEHA pAN CKBAKHAH OTPDAHVNYCHHON HAWNHH

PaccMOTpHUM JUHEHHHN PAJN CKBAKHUH JIHHOH 2!; 0Ch Y WPOXOUT
00 JWHUHE PsAfa, 0Ch & — depes ero cepepmuy (puc. 17). B pacuerax
OrpanMuYeHHHIA NHHeHNHH DAT
CKBOJKHH OOHYHO 3aMeHgeTCH
PaBHOBEIHKON N[O JIMHE W
pasHONEGUTHOM radepeeit. Pop-
MYyJH JJIg CKOpPOCTH ¢HIBT-
pamumu  TMOAYYAOTCA  LYTeM
gaddepeHNUPOBAHAA BHparKe-
HE# JJs Hapopa.

Ecanm BoposaGop pacmosno-
MEeH HepIeHAUKYIAPHO K ©CTe-
CTBEHHOMY UOTOKY IO/[36M-
HHX BOJ, TO COCTaBISIOMAs
CKODOCTH JIBHJKEHHS I OH36M-
HHX BOJ 1O ocu z

Puc. 17. Cxema JHHWH Toka -~
K pARY OrpaBWyYeHHOH JIMHBL




(ckopocrs  v,) omuceHBaerca clemylomeidn 3asmemmocthio  [50]:

Qcym y--1 y—1 Ve
v, =— » e — — ) = =
* = Tonolh arctg — arctg—— ) + e’ (16)
rie Q.yw — CyMMapEEHI Je6uT BogosaGopa (umeiinoro papa). 3Hax
-+ unu — uepey BTOPHIM ciaraeMeM B popmyne (16) Geperess B 3aBu-
CHMOCTH OT TOTO, HAXOHATCs (UKCUPOBAHHEE YACTHIBI BEIUG WA
HIKe [0 TMOTOKY OT pAfa.

CKOpOCTh IBIDKEHHWS UYACTUI] MO TIaBHOH JMHMH Toka (ocH z)
paBHA

Qcym l Ve
= S _aretg o 2

g g xz T g (163)
Ecnu ecTecTBeHHEI PAaCXOR HON36MHHX BOJ He3HAUNTEISH H MM MOKHO
npere6pedn, T0 B ¢gopmynax (16) u (16a) Bropoe ciaraemoe mpuHu-
MaeTcs PaBHBIM HYJIW.

CROpOCTh B TOYKAX OCH y 32 NpefedaMu pAfa AAs ycaoBmi Gac-
ceitma pasua [50]:
(17)

v

. Qcys 1 y+11
Y77 4nnglh y—1

Tlpu manuuny €CTECTBEHHOrO MOTOKA HOA3EMHHIX BOJl, HAPABICHHOTO
BJIOAb psja (DO OCH ), K CKOPOCTH V,, Xapakrepuzyemoil ¢opmy:noii
(17), npnbaBrAeTcs HIN BEAUTAETCS CKOPOCTH €CTECTBEHHOTO MOTOKA
B 3aBUCHMOCTE OT TOro, COBIAJaeT MW He COBIAJaeT ero Hampasle-
HAe ¢ HATIPABIGHWEM [BM;KeHAA CONCHHX BOJ K Bopgosabopy.

CpaBHIM CKOPOCTH ¥, M Uy A PAA OTPAHMICHHON [IUHEL CO CKO-
POCTBHIO A PAaBHOBEIMKOr0 eMy 1o Ae0uTy OguHOYHOro BOMO3abopa
B €O CKOPOCTHIO0 ANA GeckoHewrnoro paga. C medsio yOPOmMEHHs pacde-
TOB BHIOIHAM HX IJIA yciaosuil Gacceitra.

w U v
OrHomenne CKOpocTen N " B rie v — CKOPOCTh OfUHOYHOrO
X0

v
Bop03adopa, ompeneiseMas mo dopmyde (3) raaswm III, mmeer Bupg
1 v .2z (18)

l
==z 1" vy y 1-L1/y

v
!
arotg — S -y

Uxo

Hmxe npusemesH pe3yIbTaTH pacderoB mo ¢opmymaam (18).

i

v
3aBHCAMOCTH o or—
$ 50 3.0 2,0 10 07 ] 05| 03] o4
xz
]
v 36 2.4 19 1,3 lmsl 1,08 | 1,03] 10
Vo
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{
3aBHCHMGCTD —— OT —
vy oy

L 09 08 07 05 | 03| 02| o1 |005
v
v 0,61 073 0,81 091 I 0,97| o,ggl 10 1 10
vy

W3 arnx pacueros caegyer:
v v
1) orHOmEHHE ——— B ofmen cryuae Goanine 1, a —— Menpme 1;
x0 Y
l l
2) npu — <05m v < 0,5, T. e. HA PaCCTOSHAAX OT CepPegMHB
PAJA H HA PACCTOAHMAX OT KOHNA PAAA, HPeBHITAIIAX ero AJMHY,

v
u— Gmusk:m K 1.
Vxo Ly
CpaBHIM CKOPOCTH HIf pAmga omanuqenﬁon IAUHE CO CKOPOCTHIO

OniA Heorpamwmgenaoro pama. C sTo#l wmeapo Bupamenme (16a) me-
CKOJIBKO Ipeobpazyem

___Qﬂ__ arct U(n __)_.

Voo = Fnwo (n—1) ’

OTHOILICHU A

Ifié n — 9YMCI0 CKBAKUH B paAxy, Q, — AeONT oOTHenbHON CKBa-
JKHHH (Opefmoiaraercs, 4To HeOMTH CKBAajKUH OJUHAKOBHE), O —
paccTofiHAe Me1y CKBaskmHAME u ¢ (n — 1) = 21,

Ornomenne -, Tme U, CHOPOCThL B ciAydYae HEOTPAaHWIEHHOTO
Uxo "

TUHEeHHOro PANa CKBaKAH, BHUncageMas no dopmyie (38) rmasu 111,

HMeeT BHUJ

2nx
nin sh

RN . (19)

vs0 2(n—1) (ch 22I ——1) arctg — 0("_2;_1L

n=17,10, 15n 30, z = 500,
1000, 2000 7 3000 x upuBeneHH B Taba. 5.

Ta6nmua 5

. Un "
Pacuer oTHONIEHHA CROpocTen ;“6 Ada psAja OrpaHHYCHHON
X!
H HCOTPAHHYCHHOH AAHHEL

=200 M =400 M
X, M 1
7 10 15 30 7 10 15 30
500 206} 163 | 1,37} 114 1,55 1,34 1,2 11
1000 34 | 237 177 13 219 163 1,37 116
2000 6.3 3,7 2,76 | 1,67 34 2,37 1,77 132
3000 934| 60 | 385 21 482 3.22 2.24 1,48
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Ilo pesyabpraTam pacdeTOB MOSKHO CAeNATh CIEAYIOMUe BEIBOHI:
1) ornomenue

B HEeJIOM 3HAYHTEJNBHO IIPEeBHINNIALT '1, 0CO0EHHO
x0

upH HeGoAbmuX 3HaueHHAX n A O (n <10 -+ 156 7w 0 << 200M) =
GoNBMUX PACCTOAHWAX TPABHUIHE COJEHHX BOX OT pAna; 2) ¢ yBeJInde-
HEeM 9HCIa CKBUKHH B pany (r >20 = 30) m paccroauma Memxay

ckpakmHamMu (o > 300 < 400 M) orHomesnne -
X

¥ 1 m ma paccroaunax z < 2000 M oramgaercs or 1 ¢ MAaKCEMAALHOR
morpemHocTsio He Gomee 10 =+ 15%.

Pacuersl BpeMeHM TepeMeimeHNs COJEHHX BOJ K OIPAaHNYCHHOMY
JuHeHHAOMY PANY B YCIOBAAX KBA3UCTANMOHADHOrO PEKMMa B obmeM
¢clydae NMPOM3BONATCA ¢ HCHOAb30BamMeM 3aBucmmocteit (16) m (17)
rpadoaHAIATAECKUM coco6oMm mo dopmyre (6) raasmr II.

Ilpn vonnzoBanum dopmyrnoii (16) raasm III meoGxopmmo 3HAaTH
OyTh (TPaeKTOpPHUIo), AAA KOTOPOTO PACCYATHBACTCA BpeMs IIPOJBHIKE-
HEA K BOM03a00py (HKCHPOBAHHHX daCTHI[ COJEHHIX BOJ.

IIpesxne Bcero OTMETHM, 94TO YACTHIH KULKOCTH IIPU 1€ PEMEIMeHUH
K BOf03a60py ABH/KYTCS HENOCDEACTBEHHO K TOil CKBajkuHE DAXA,
B GIIOKe KOTODOH OHE MOPBOHAYANLHO HAXOAWINCE. Ilox GmoroM mo-
HUMaeTCs dleMEHTApHAA sdcfika pAJa B BHfe MONOCH MUPUHON O,
B IEHTPE KOTOPOil pacnodoxena ckBasxkuHa. B raase 111 npm paccmoT-
PeHUN CTPYKTYpPH IOTOK2 B IJIacTe-HO0JOce (K HeOIpPaHMYeHHOMY JH-
HeHHOMY PAXY CKBAaKWH) BHCNANHACH TAKHE JJIeMEHTapHHE OIOKH,
KOTOPHE B TM{POJMHAMUYECKOM OTHOINEHNHA SKBHBAJEHTHE IJIACTY-HO-
J0Ce ¢ HENPOHUNAGMHMHA rpaHAmamMua. Ecim d9acTHmsl KHKOCTH
HAXORATCH B MmpefiefiaXx KarOro-to GJIOKa, TO OHM, ABHTafgch K DARY,
NONAJAOT B CKBAKWHY HMEHHO 9TOrO GIOKA. OTO MOJOKEHHE MOMKeT
OHThL ACHONB30BAHO NPH 0GOCHOBAHHA TPASKTODHH ABMKEHAA YACTHI
JKAKOCTA K JAWHCAHOMY DAY CKBAJKUH OTDAHHUCHHOH AJWHH, B KO-
TOPOM TaK;Ke BHAENAWTCA equHnuAsle Groku. Ho B oramame or Gec-
KOHEYHOTO PAfa CKBaKMH IPAHHIAME 5THX GIOKOB ABIAIOTCA He IMpHA-
Mble JMHWW, 8 KpUBhe, NpA4eM WX KPHBH3HA BO3pacraeT 1o Mepe
YAAJIeHAs OT ERTPA PAA (cM. pue. 17). Jlmst mpoCTOTH rPaHHLE 0m0-
KOB B PANY KOHOUHOH NAMHKL GyfeM Taxyke CIATATH TP AMOJIHHO HHEIMH.
3maa GIOK, B KOTOPHI MOMAfAOT 9aCTHNH JKHJKOCTH, TpaeKropuei
ee IBAKOHWA K pAAy OyJAeM CYATaTh MPAMYIO0, COEANHAIMYIO Hagalb-
HOe MONOKeHWe 9YaCTHI[ cO0 CKBaJKMHOM aroro Oioka. Jdra NI pAMOIH-
HeliHAA TPAaeKTOpAS MO NANHEe OYeHDh MaJo OTIMYaeTcA OT JIMHE
TMePUeHANKYNAPA, ONYMEHHOr0 M3 HAYAaJbHOTO MOJOKEHWSA YaCTHI
JKAIKOCTA Ha JAWHAI psaga. IloxaskeM aTo Ha uphMepe.

Ilycrs mapainensHas pAAY IPAaHAOA COTEHHX BOX YAAJIEHA OT HETO
Ha 1 KM, paccTosame Mexqy ckBa:xauaMmu B pagy 200 M. Maxcnmans-
HOoe PACXOMIeHWe B MJINHe TMEpPHeHJANKYJIgpa W AUATOHAJH BHYTDH
equHAYHOrO0 6I0Ka cocraBiaser Beero 20 M (mamma TePHeHARKYAAPA
1000 m, pnuma gumaromanw 1020 M). Ilpm kpuBoAMEHEHHHX rpaHAHAX
610KOB B PANY OrpaHWYeHAON ANHHH 3TO PpACXOKMeHMEe B AIAHAX
AHATOHANA W NepUeHAHKYAsApa GyneT HECKOILKO GoJbme, HO B HEJI0M
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TaKKe He3HaduTelbHOe. 1]0sTOMYy B KagecTBe TPACKTOPAN [BUKCHHSA
Kakux-1ufo (QopCHPOBAHHHYX YACTHI, COJEHOH BONH K JIMHEHHOMY
PANY CKBasKMH OrPAHMYEHHOH JIMHHB MOjKeT OHITH MPUHAT HepHeHIN-
KyJAp, TPOBefieHHNI U3 JaHHOW TOYKM K JMHNH pAAA.

[Ipuban;kenno BpeMsA MOATATUBAHNA CONEHHX BOJ K JHHEHHOMY
Py OTpaHWYEHHON [JIMHEL MOKHO OHeHWBaTh mo dopmyram (2),
(3) s oguHEOUHOTO BOAO03a00Pa, IO 1eGNTY PABHOBEINKOTO JUHEOHHOMY
PAQY, €CId TIpaHAOH COJEHHX BOJ DPACHONOMKEHH HA PAacCCTOMHEM,
TpeBHIIAmEM AINHY psAxa B 2—3 pasa u Godee. Ecuu jxe rpanupa
COJIEHHIX BOJ PAacCHOJNOKeHa BOJIN3H PAAA HA PACCTOAHHM MEHBINE ero
JUTHHH, TO BpeMsa TNOATArMBAHAS CONEHHIX BOJ| MOKHO PACCIATHBATH
uo dopmynam (11), (12) maa GeckoHeuHOro JNMHEHHOro psafa, Ke6GHUT
OTAEIBHON CKBAaKAHE KOTOPOT0 paBeH [AeGHTY CKBa;KWHH O paHHYICH-
HOTO NHHEUHOTro psfa. B oGomx ciyuasx pacdeT BpeMeHHU IHepeMeme-
HES COJEHHX BON COASPIKAT «3aTWac MPOIHOCTHY.

OOJYOTPAHMYEHHBIN 0O NIJOMAAN BORXOHOCHBINI TI'OPHU3OHT
C ROHTYPOM IOCTOSIHHOI'O HAIIOPA

IlpuBoasTess W aHANHMBHPYIOTCH pACICTHHE BaBHCHMOCTH JIAH
OpPOrHO3a BPeMEeHW JBWKeHHS COJNGHHX BOX K OJUHOYHOMY BOR033-
Gopy ¥ AWHEAHOMY PANY CKBAMHUH B yCAOBHAX GacceiHa W eCTecTBeH-
HOro IMOTOKa HOA3¢MHHIX BOJ| IPH HAJINYAA COBePIIEHHOH IHpaBid-
YeCKOHl B3aMMOCBASH BOJOHOCHOTO TOPH3OHTA ¢ KOHTYPOM WOCTOSH-
HOT0O Hamopa.

Opnnrounslii Bogosagop

Iyers opmHounH#E Bogosabop, paboTalOmBi ¢ MOCTOAHHEM feOu-
ToM Q, HaxoATCA Ha OCH Z HA PACCTOAHNH d OT KOHTYpPa MOCTOAHHOTO
mamopa (peka); och Yy COBHARaeT € KOHTYPOM IOCTOSHHOI'0 HAIOpa
(cM. pme. 6). CTpyKTypa ABWKeHHA WMOJI3eMHHIX BOJ K BOj03a6opy
ucciaenoBada Beime B raase 111,

PaccmorpnM cHagama ycnosus Gacceiima. Jlna pacgera BpemeHm
OBVREHAS TACTAL, KAKOCTH BLOJH JIOG0H INHUM TOKA 0T HATAALHOTO
nonosxennsd (r;, ¥,) R0 Bomozabopa (r = d, y = 0) monyuena cieny-
0mas 3aBHCAMOCTH

¢ o 2nod® 14 d2—yj—zi \* _n P2—yi—z X
q 2y4d d 21d

. 1 . z
X | aresin — arcsin 1

ar—y} —z} 2 d2—y?—z2\2 {7
V“L(__‘Zyd ) d‘/1+(_2y:d 1)
(20)

Bpema gBm)ReHEA 1O IMaBHOM JIMAWH TOKA OCH Z DaBHO
_ nn0d2 z3 \3 Zy
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Hanossmuuii npakTudeckuil HHTEpeC OpejicTaBiaseTr popmyna (21),
TO3BOJIAIOMANA ONEHUTH BpeMsa Baubosiee OBICTPOrO NepeMeIneHU sl coJie-
HBIX BOJ IO Kparuaimemy myru. Ecim paccunTHBaercsa BpeMs mof-
TATUBAaHUA COJIEHBIX BOJ{ CO CTOPOHH KOHTYPa HOCTOAHHOIrO HAmopa,
1o £ < d, eCJIA ¢ POTABOMOJOKHON CTOPOHH, TO & > d. Co cTOpOHE
KOHTYpPa HOCTOSIHHOTO HANopa NBMKeHHUe IRUNKOCTH K Boposabopy
npoucxomuT OvlcTpee, YeM ¢ IPOTHBOHONOMKHON CTODPOHH. Bpems
ABHKEeHUS RAAKOCTY OT AMHNM KOBTypa {z = 0) 5o Bogo3abopa B 2 pasa
MeHBIe BPeMEeHH ABHKEHHUA HA TAKOM j;Ke PAacCTOSHME Jo Bogosabopa,
HO ¢ UPOTUBOHMONOKHOHA cTopoEH (r = 2d). Ecmu cpaBEuTh Bpemsa
IBT;KEHUS YACTHI[ KUAKOCTY BHONb TJaBHOH JANHMM B yCIOBUAX
NolyorpanmdeHHoro mjaacra 7 ,; C COOTBeTCTBYION(AM BpeMeneM
B YCIOBHAX HeOrpaHwdeHHOro miacra T, ., TO oKaskercs

Tn,n Tn n

o s >1 npa z>d.

Ll upn z<<d m

B wactHOCTH, OpH ABWKEHNH YACTHI[ SKHAKOCTH HA Paccrosiiud d oT
T
KOHTYpa TOCTOSHHOIO HAmopa fo BomosaGopa T‘Lﬂ— = 0,66, a mupn
H, 0
IepeMeieHNH IACTHI KALKOCTH HA TAaKOM jKeé DPACCTOAHAH K BOJO03a-

- T
60py ¢ TIPOTUBOMOMOKHOMK CTOpOHbITZ—‘—:—I— = 1,33.

Taxnm 06pa3zoM, HATHIHe KOHTYpS HOCTOAHHOrO Hamopa obyciio-
BIMBAET HePAaBHOMEDHOE pacIpejelieHHe CKOpocreil B (MIBTpanuoH-
HOM TOTOKe. B6ansu Bogozafopa BIHAHMe KOHTYpa ociaalesaer
H pacupejesieHne CKopocreil mpuOanKkaeTca K HePaBHOMEPHOMY, Kak
B yCJIOBHAX HeorpanugeRHoro niaacra. Kax 6ruto noxasaso B raase 111,
BOKPYT BojiozaGopa B pagayce ~0,4 d mBurkeHHe >KEIKOCTI npowmc-
XOOUT TOUYTH TAK K€, KaK B HEOTPAHMYCHHOM IJIACTE, JIMHUH TOKAa
GnmskyM K paguHa’dbHBM NpaMeM. B mpemenax oroil mimomapn Bpems
OBHKeHU S YacTHi K Bogo3abopy B HOTyOrpaHUYIEHHOM HiacTe IO JIO-
0ol TUHWM TOKA MOYKHO PAaCCYNTHBATE Mo dopMyde (3) mas Heorpa-
BrYeHHOro miacra. IlorpemmocTh pacueToB mpd 3ToM OyjeT pasHA
+3 = 11%. Ecim B noiyorpaHMYeHHOM mjacte (B yCIoBMAX Gac-
ceitna) AMeeTcH 06JACTh CONEHHIX BOJ, TO IOATATHBAHHE MOCHEMHNIX
¥ Bopfosaopy mpoHWsoifneT Bcerfa, ecau BoposaGop Oymer paborarts
HEOrpAaHNYEeHHO jojroe Bpemsa. Ilpm sToM mpomsu;KeHne coeHHX BOJ
K Bojo3aBopy CO CTODOHEHL KOHTYypa WTOCTOSHHOrO Hamopa Oymer
NPONCXOJH¥TH OBICTpee, WeM € TIPOTHBOMOJOMKHON CTOPOHHL.

Tenepp paccMoTpuM Bopo3afop B NONYyOrpDaHHYEHHOM UTNACTe
B YCIOBYWAX E€CTECTBEHHOrO DOTOKA, HAIPABIEHHOr0 BAOIL OCH Z.
Tlyers ecTeCTBeHHE IOTOK HOM36MHHX BOJl HANPaBlIeH OT KOHTYpA
nocrogrAOro Hamopa (cM. puc. 6, 6). B stux ycroBuax dopmmpyercs
ofracTh mUTAaHHA Bofo3afopa, pasMepu KOTOpO# ompepeasmiorcs gop-
mynaamu (24) u (26) raasst I11.

Bpems asmkenus 9acTHI| JRUAKOCTH K BOfo3aGopy BmolXp mo6oi
JUMHEA TOKA BHYTDH 00JacTH DUTAHUA XapaKTePH3YeTCs BHPAKeHUeM
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Y2
y--detg —2;— (@—vey)

—=dy |, (22)
l/dz._yﬁ—z_yd ctg—zj—' (a—vey)

Y

Iae o — HMOCTOAHHASM, onpenensieMas u3 Beipaenns (17) rmassr I11.
Jlna pacuera BpemeHI XBH:IeHIS YaCTHI IKHUIKOCTH K Bofo3abopy
BIONB I'ABHOH JHHUH TOKA — OCH Z HONYIeHA 3aBUCHMOCTH

_n Tp—d | (zatd)(za—2)
__—f-[(d-——-h)—' %, In Ca—d) (22T 1) ]v (23)

Iae *, — HCXONHOS DOJOoKeHNMe HACTHI] JRHAKOCTH BHYTPHM olbaactH
nuraEnsa (eclIH ABH)KeHHO IPOUCXOINT CO CTOPOHH KoHTYpa, TO 0 <
< x4 < d; ecuu sxe ¢ MPOTHBONOMOKHOE CTOPOHHL, T0 d < &; << %4);
Zz4 — TIOMOKEeHUe BOMOPasfeNbHON TOUKH, ompepenseMoil gopmyoit
(24) raasm II1. Tax rar aBmkeHMe TOA3eMHBIX BOJX K BofoszaGopy
OPOHCXOAHT TOJNBKO BHYTPM ero ofjactil mirtaHus, To dopmyrna (23)
AeHCTBUTENbHA TONBKO 1A YACTHI{ JKUIKOCTH BHYTPH 0GJIACTH miTa-
HAL, T. €. AIA 2,<Zj4-

Monmorapndmennoe Brpasiende B 3aBncuMocTH (23) BCerma Hoixo-
JKATENIBHO, TAK KaK T4 >d B 24 >,. BHpamenne (23) upn v, = 0
mepexoxuT B dopMyny (21) mns momyorpaumueHHOTO Gacceiima.

IIprMep. Boxosabop pacumomosken ma paccrosizmu 1000 M oT pexu.
EcrectBenmbiit MOTOK HOJ3CMHWIX Boj| HANpaBieH K pexe, v, = 0,01 m/cyr,
ng = 0,1. PaccunrtaTh mo (opmyde (23) BpeMa ABIGKEHHA 9acTHI(H RATKOCTH

K BoH03a00py ¢ 0TMeTOK z; = 300 M m z, = 1700 M, ecnu q:—%—z 100 m2/cyr.
1) Mo gopmyare (24) raasu 111 ompepemim Bemuumuy z,

., 1001000 .
2= V1000~+ S 14 501 = 2050 .

2) Bpems OgBH:KeHHA KHIKOCTH ¢ OTMeTKA z, = 300 M

_ o1 e 20502—10002 (2050 -+ 1000) - (2050—300) 7| _
T=gor | (1000—300) =555 I {3050—1000) - (2050 £ 500) | =
—1000 eyt

3) BpeMA ABmKeHHA KWAKOCTH € OTMETKH z, = 1700 m

_ 01 . 20502 — 10002 (2050 1000) (2050—1700) 7§
T=0i [“000 1700 —5 550 1™ 3050 — 1000) (2050 - 1700) ]“
=3000 cyr.

Jas yenormit Gacceiina BpeMmsi XBHKeHHA SKEAKOCTH K BoRo3abopy ¢ orax
OTMeTOR, paccumrammoe mo $opmyre (21), cocrasur

oA 23 =300 M, 7T =1180 cyr,
» z23=1700 m, T =1900 cyr.
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Ecan ecrecTBeHHH#l DOTOK HaIpaBieH K KOHTYPY IOCTOAHHOTO
Hanopa (pexe), TO BpeMs IBUKOEWA KAXKOCTE K BOjo3abopy 1o ocu
paccuuTHBaerca o gopmyde

d2—z?
ngy A d ry
T——-———-[-——;;———- (arctg a——arctgmxA >+x1—d}: (24)

e x4 onpefensercs ns zasmcmmocr® (29) rmasut 111, r, — mavans-
Hasg OTMeTKAa TPAHMIH COTEHHX BOJ.

Q@opmyna coorBeTcTBVeT ycuosmam (cM. ri. III), xorma Bogopas-
medpHEAs TOYKA MOCTHEINA KOHTYpa DOCTOAHHOro Hamopa. Ilmranme
BOJ03a00pa IPOHCXONHT 33 IueT TOA36MHEIX BOJK, WOCTYHAIOIHEX
€O CTOpPOHH KORTYypa M ¢ IpOTHBONOJOMKHOME cTopoHH (Gepera).

Jlanefiuptii papg ckBaskun

PaccemorpnM HeorpaEWUeHHHI THHOHHHNHE PAf CKBAKEH, pacaoso-
FKeHHHH 112 paiIeIbHO KOHTYPY HOCTOSHHOTO HAIOpa Ha PaccToSHAn d
ot "ero. Paccrosnne MeXy CKBasKEHAMH B PANY O, AeOHT OTHeJbHOR
ckBakEHE paga Q,. Och z coBDajaeT ¢ amHMeH KOHTYpa, OCh i Dpo-
XOf{AT dYepes CKBAyKUHY DAfa ¥ ABAsgeTCA TIIaBHOH JEHHEHd TOKa.
B yenosnax GacceiiHa BpeMs JBHIKeHWS MOA3eMHNX BOJ K JINHOHHOMY
PARY BIOAH IIIaBHOM IMHAY TOKA — OCH J OT HAYANBLHOH OTMeTKHE J; pac-
cauTHBaeTca 0o gopMmyse

2nd 2nd 2
Tz__@%a_[(d—yl)ch T —_2‘.;[-(511 20 —sh 2l )] (25)

g
gosh e

Ecnu ompegenseTcs BpeMs ABA;KeHAA OT JHHEA KOHTYpa, TO, OJaras
y, = 0, noayasm

noo 2nd "]
r==o (dcth s ~ﬂ-). (26)

Ananns saprcuMocru (25) morasaun caepyiomee. Bpems T asmxe-
HAA JKUAKOCTH K JHHefiHOMY PsAy CyMEeCTBeHHO 3aBHCHT OT pac-
CTOSAHNA O MeKAY CKBAJKAHAME B DAAY H C YBeAHYECHUEM O CTPeMATCA
K coOTBeTcTBYWmeMY BpeMens I’ [iist OiiHOTYHOrO Bofo3abopa B Moly-
OTpaBdYeHHOM IjlacTeé C KOHTYpOM HOCTOSSHHOTO uHanopa (peka)
¢ meGuTOM, paBHHM IPOM3BOXHTEILHOCTH OTHENBHON CKBAMKIHHL PAAA.
Ipm 5roM, ecim WacTAUH SKAKOCTH ABYIKYTCA K JHBeHBOMY pALY
co cropoHsl peku, ro T < T'. Ecan me pnpummeHne 4acTHI AULKOCTH
K PAAY DPOHCXOJAT ¢ IPOTHBOHONOIKHOW CTOPOHH (CO cTOopoHH Ge-
pera), 7o I > T, T. . BpeMs NepeMeMEHHEA YaCTUIL MHATKOCTH K JIHA-
HeiiHoMy pspy Oonblie, 4eM K OJWHOYHON CKBaskuHe, pafoTaromen
¢ TeM jKe NeOHMTOM, Wro ® OTjeiAbHas CKBa)kKmuHa pama (puc. 18).

910 06BACHAETCA CYMECTBEHHKHME Da3inuuAME CTPYKTY PH PHIBT-
pPanoHHOTO Molf AN OREHOYHOTO BOmoe3abopa M JMHEHHOTO psAxA
m o0yCHOBIeHHOr0 STAMU OCODEHHOCTAME pacpefesieHns CKOpOoCTeit
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¢uapTpanma. Tak, B M0G0 TouKe rIaBHOM JIMAAA TOKA TIpH y; > d
CKOPOCTh B CiIydae OfMHOYHOTo Bogo3abopa Gonpme, uem B cjaydae
JInHeHAHOTO psAJa; B TO K€ BpeMd UpH Y, < d CKOpoOCTh IpE padore
OIMHOYHOTO BONO3a00pa MeHbINE, YeM AAA JuHelHoro psma (cm.
puc. 18).

pMe_

180 o

157 1

Puc. 18. Tpadur cxopocru v 140
B Pa3AMUHBIX TOUKAX FJIaBHOH

JiHEE  ToKa {ocH y) HPR ..l
pabore pAfa CkBakmm @ ORM-
HOUHOM CKBKUHHE (IyRKTHDHAA 777 SN VU S
kpmBas). I'padux nocrpoen A !

CIAeNYIOMAX RaEEHX: 747 B -
q = 40 wm?/eyr, d = 150 M, =
= 0,2, 6="100, 200 = 300 % 2724 nl e B e
6,=7JJM
D4l === —

TR TR %

A== NS

121 40 f0 & D 120 Mo s 780 gm

~

B ycnosusx ecrecTBeHHOTO MOTOKA TOZ3eMHHIX BOJ, HAPABICH-
HOTO OT PEeKH, BPeMsa NBIKeHUA YAaCTHIL JKAZKOCTA K NTAHEAHOMY paxy
0T HA9aJHHOTO HONOKeEUA Y, OHPENeNsAeTCA IO QopMmyde

=20l g—y,—-2 (oc—ch 2zd)lnx

Ve 2na,

- nd_ _ nyl)
(a t-foth 2 (oc t—oth ™

X (27)
d ?
(a—i—ath—n—q— (a—1+ath’l(‘;—1)
__ qo 2nd 2md
rae = sh =—ch .

Ecam Tpefyerca paccauTath BpeMs HOATATHBAHUSA 3arpA3HEHHBIX
BOJl HEITOCPE/ICTBEHHO OT pekd, To B gopMmydie (27) clemyeT HmOMOKUTH
y; = 0. Torma monywum

nd

o—1+o th—r

_my ___c 2nd [
=32 |e— (a——ch . )ln — || (28)

5
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Cpasuenue Gopmyn (28) m (26) norasano, aro B mojaBiagiomeM G0ib-
LIIHCTBE CJIyYaes eCTeCTBeHHAs CKOPOCTH ABUIKEHWS WON3eMHHX BOJ,
He3HAUMTENLHO CKRAZKBAeTCS HA BPEMEHH I[EepPeMEINeHHs vacTUI,
AUIKOCTH K JwuHeitHomy psany. Ilorpemuocrs pacderoB BpeMeHH JBH-
JReHUA DPE HEeyueTe eCTeCTBeHHOI0 NIOTORA He mpesmutaer 4—7%,
0C06eHHO, eClU pACCYATHIBACTCS BPeMA HepeMemEeHHs €O CTOPOHH
peru. IlosroMy Ha mparTHKe MOKHO TMONB30BAaTHCA G(ojiee MPOCTOI
dopmymoit (26) amsa DmodyorpaHMUeHHOro GacceliHa MOX3eMHEIX BOJ.
TIpm 3T0M B cooTreTcTBHE ¢ paccMoTperHon Bhime (cM. ra. III) erpyxk-
TYypoll TMOTOKa JBIKEAMe TOJ3eMHBIX BOJ B IIacre-moioce (K pamy)
NPOACXOTHT TOMHKO BHYTPH ero o06nacTH mHTaHHA. JT0 EMeeT ocoboe
3HAYeHHEe TPH ONEHKE BO3MOMKHOCTA HONTATHBAHUS CONEHHX BOR,
u3 061acTH, PacIoIoHEHNO BHA3Z WO MOTOKyY OT Bofozabopa. OGuacts
DATaHKA JTUHERHOTO PANA BHI3 0 TOTOKY HMeeT OTpAHNYeHHEE paszMe-
pH, onpenensemeie gopmynoit (49) rmasw 111, mmogTox ® BOmO3aGOPY
COJICHHX BOJ| BO3MO;KEH TOJLKO IPH YCIOBHH, YTO IOCHeHHAS 3aXBATH-
BalTcs 00JacThi0 WWTAHUA Bogozabopa. B sroM ciydae pacuer Bpe-
MeHH MOJTOKAa COJEeHHX Boj Hpoussomarcs mo dopmyaan (27) uanm (25).

MONAYOTPAHHYEHHBIA IIJIACT
C HEDPOHHI{AEMOI TPAHUIEN

PaccyorprM mONyorpaHNYeHHHH 10 WIOMAXUA BOJOHOCHHN ropu-
30HT ¢ HEMPOHMIAeMOH TpaHuMIedl M ONHOTHHH BOf03ab0p, PAcIOiIo-
FXEHHEIN HA OCH Z HA PACCTOSHAY d OT 3TOH IPaHMIH; OCh y¥ COBHANAET
¢ JuuHell HeMPOHWNIAeMOTro KOHTYDA.

Jas ppemerH gBHKeHAS JaCTUI] JKUMKOCTH BIOAD JHHWMA TOKA 3a-
pucuMocTs mosnydera B. H. Ifearagesum [80].

HaunGoipmuit wrTEepec mpeacTaBiser NABM:KEHWe IO TJIaBHOH ndA-
HAI TOKA — OCH Z.

Bpems psumsxenus BHONH OCH Z OT TOUKHA Z; KO TOUKH T, Ompefe-
aserea nio dopmyre [80].

7] =20t L @z —m 2], (29)
2

- x
Tae x = ik
Ecan paccuntsiBaeTca BpeMs JBUMREHMS 10 Bofmozabopa, T0, TO-
narag B (29) z, = 1, noryunmM

T= “—";"2_ [_;_ (z*—1)—In El] : (30)

Huxe npuBegensl pesyasTaTh pacyeToB BPeMeHH JBIKOHHUA B 10-
JAyorpaHNYeHHOM TJIACTE ¢ HENPOHWIAEMOIl TrpaHMmeil B CpPaBHERHH
co BpemeneM I, B HeOrpaHWYeHHOM NIXacTe. PacdyeTsl BHITOJHEHH
ma ocHose Qopmyn (30) m (3).
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P

-z
3aBICHMOCTD 77~ OT 2 =—5
T, d

x 0.4 | 03| 05 | 07| 1 3 | 45 | 20 | 30 | 10,0
—,5—,— 22 ’ 1,5 1.3 11 1 0921 086} 081 0,72 | 0,58
0
Bennguna —;—'-— usMegsiercss or o0 o 1 mpu 0 <x <dmor
0
o 0,5 mpr d <& < °°. ITOT UHTepBad H3MEHEHUH I maxommres

Ty
B COOTBOTCTBHH ¢ paccMorpenHBM Boimre (cm. ri. I1I) mamenenuem

x| KOTOpoe 3aKiiodeno B murepBante 0 <
L)

OTHOMEeHU A GKOpOCTBH

(\\’UT’;"— =< 2 npm usMenenun x ot 0 go ©O.

Pasyeps o6nacTi 1o ocH z, B Upefenax KOTOPOH f OTINIAETCH
ot 1 me Gomee wem Ha 20%, cocTaBasOT chHeBa W cipaBa OT BoA03a-
6opa coorsercreendo 0,4 d  d, T. e. aTa 061aCTh «CKaTa» B CTOPOHY
HempoHAmAeMoll I'PaHANE B BEITAHYTa B IPOTHBOMOJIOKHOM Halpa-
BJICHHUTI.

ABajiuz BpeMeHH [BWKeHHsS IO [PYIAM JWHMAM TOKA HOKA3aJ,
9T0 B paiioHe Bomozafopa Ha miomagn pagrycom ~0,5d Bpemsa
JBI/RCHMA B HOXYOrPaHAYEHHOM IJACTe ¢ HEIPOHHMIAGMEM KOHTYpPOM
He3HAYUTeNIbHO OTHNYAETCH OT BPeMeRM [BI/KEHUS B HeOI pAHRMICHHOM

[JIacTe: CPefiHAA MOTPemHocTh cocrapuser 7—10%, a MakcEManbHan
ue npessimiaer 20% . OTH pe3syABTATH COTNACYOTCA C NPHUBEICHHBIMH
B riase I BEBOogaMA OTHOCHMTENBHO CTPYKTYPH IOTOKA B MOAyOTpa-
HUY4EHHOM TJacTe ¢ HEHPORUIAEMOU TIpaHmEien.

CrneposarensHo, Ha mnuomamgum paguycom 0,5 d upaGiamxensse
pacdeTs BpeMeHM JBMKEHHA BOJ] K Boj03a60py Do Ii050M IWHHAU TOKA
MOKHO TIPOH3BOMUTH 1O Godee HPOCTOH (Gopryle Nias HeorpaHUUeH-
HOr0 HIacTa.

BJINAHUNE HEOJHOPOAHOCTHU BOJOHOCHOrO rOPH30HTA

PacemorpnM BamsHme (uABTPAamHOBHOU HEORHOPOXHOCTH BOJKO-
HOCHOTO TOPHM30HTA Ha BpeMsd [BU/KCHAA HOA3EMHHX BOjJ K BOJO3a-
6opy B YCIAOBHAX HEOTPAaHHYEHHOro IO HIOIAAll IJACTA.

IIpamonunelinas rpanuia HEOJHOPOTHOCTH

Heorpaungennn#f B miiaHe BogoHOCHH TOPU3OHT pasneieH Hps-
MonmHelHOM IpaHneii HA qBe 30HH (IO YHIOCKOCTH), pas3ingapmiecs
oo OEABTpanoHHHM cBoficTBaM. Rosddunientn ¢maprpamun 3o0H [
u II pasrm K, u K, (puc. 19). B sone I B Toure z, pacuonosxena co-
BePIIEHHAA CKBRKMHA, dePe3 KOTOPYI MPONBBOANTCA BOXOOTGOD
¢ WocToAHHEM rednTom Q. Jlis sToro cayyas KoMnIekcENTH TOTEHIMA
umect Buy [40, 55, 59]:
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sona [

Fi@z)= -2%; [In (z —2zo) + o In (z —z,)] +- const; (31)
sona II
F, (z)=§%(1—a) In (z— zp) + const,
" e K—K
— 1— A2
*= K1 +Ksy’

Zp = Ty Yy, Zo=To—1Y.

C9—¥
Ina ynpomeHnsa pganpHefimax
T BHIKJIAZ0OK TIpUMeM, 9T0 CKBAIKU-
7 —>Z Ha pacHoonoseHa HA OCH y Ha
paccrosHUE b OT rpavMIH HEOoA-
HOPOIHOCTA; OCH & COBHAfaeT ¢

f
#

Puc. 19. Cxema HeoAHOPONHOTO

nracTa rpaHANe#d HeOXHOPOTHOCTH.
A A
e k>4
74
74

//’ \\\ Z’A’
2 ) /

Puc. 20. Cxema nmmwii Toka B HeoTpaBmIeHEOM IUIacTe C NPAMOTUHeiHOH
Tpamumei meoxmopommoctx (mo M. A. I'yceiin-3ajie)

Ypapuenna IaHEHE TOKA 3aMHACHBAOTCA

goua |
arctg L2 4 x arctg L +—-— = const, (32)
soua II
arctg ¥=% _ const.
XapaxTep AAHAR TOKA A —5— 1 > 1m - < 1 noxrasan ma pmc. 20.
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Cocrasagiomue cropocri B soHax I m II paBnm

q x e
VUix ='2—ﬂ'[ x2+(y—-b)2 + z2 3 (y 1 b)? ]r (33)
=g y—b % (y+b)
vlyuﬁ_[ 224 (y—b)2 + 22 (y -+ b)2 ]' (34)
=1 (1—n)z .1 (=% (@—D)
N T Ea e EA 7 R S e ERE

BpeMs gBuskeHAs BONH INIaBHON JAHAH TOKA (OCH y) OT TOYKH Yy
[0 TOYKE Y, Onpepenasercs mo cregynmaM dopmynam [40]:

sona |

|2,] = —2mm A ) L batb 11; )
U= 7 b e gy N |
n-tb o/
o)
soma II
2 1
s = — s [ W2 =) —B W —w) - (37)

Eciam rpanunma coNeHHIX BOJ HPOXOAHT B 30He I, TO BpeMms ee
mpopBHKeHHA N0 Bofosabopa ompefensercs no dopmyne (36). Ecam
TPaHANA CONMEHHX BoOj, IpoxondT B 3oHe II, To cHawana mo gopmyse
(37) HaxopATCA BpEMSA DepeMeIne A KOHTY Pa COTEHRX BOX A0 I'PAHUIE
HEOJHOPOJHOCTA, a 3areM mo gopmyie (36) — BpemMs nepeMemeHHSN
KOHTypa COJEHHX BOJ OT TPAaHANH HEONHOPOJHOCTH KO BOposzabopa.

CreneHh HEOTHOPOXHOCTH IJIACTa XapaxrepmayercA Koaddmnuen-
TOM M=~——§:;§: . Ho afcomworrofi Beamymme Xod(PUNHEEHT X
nsMeHseTca B npefedax 0 << x << 1. IKcrpeManpHHEM BHAUCHHAM % =
=0, —1 7 1 coOTBeTCTBYIOT OJHOPONHHH HEOTPAHAYOHHHH OIACT
(K; = K,), nonyorpan@4eHHHH mI4aCT ¢ KOHTYPOM N OCTOSHHOTO
nanopa (K, = ©0) W MONYOrpaHMYEeHHHHN MIACT C HEIPOHAIAEMHM
xoarypoMm (K, = 0).

IIpm mopcranoske B (36) suwagennit ¥ = 0, —1 u 1 nocne mpegenrn-
HHX DePeXOfo0B MONy4aeM BHPAIKOHHA I BPEMEHH [JRHMKOHHA U8~
CTHIH JKUIKOCTH BHOJNEL TAABHOHW JUHUH TOKA B YCIOBAAX COOTBOTCT-
BOHHO ORHOPORHOTO HEOIDAHWYOHHOTO IINIACTA, MOJYyOrPAHAYCHHOTO
njacra ¢ KOHTYpPOM IOCTOAHHOTO HANOPA W IONYOrpPAHAICHHOIO
njacra ¢ HENPOHANASMOR TI'paHHANSH.

VccnenyeM xapakTep pacupefefieHAs CKOPOCTeil B HEONHOPOTHOM
njxacre.

CpaBHAM CKOPOCTh Uy, IO OCH y (rIaBHOM AANAH ToKa) B obnacra I
€O CKOPOCTRI0 Uy B OZHOPOHHOM IIJIACTO
;4_1 , THe y=—";—.

5 . Yy
Uly——To-—-i—l—%
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Benuunna V,, B 3aBECAMOCTH OT % W ¥ H3MEHSCTCH B CIGAYIOMHX

mpejesax:
x>0 (K> Ky)
A—w)<v,<1mpul<sys<;
1<v,<(1+%) mpu 1<y <oo.

x<l0 (K;<<Ky)
I<v,<(—x) mpn 0 <<y <1;
(1—{—u)<vw<1 apr 1 <y < oo.

v
TaxaM o6pasoM, oTHomenHe —Z ormmgaercA or 1 He Goxee ueMm
p ’ Yo
Ha =+ % (Tadm. 6).

_ Tabanma 6
3nauenua vy, aua x>0
(& :
» (B
Kz) 0 0,3 0,5 0,7 1,0 1,3 1,7 2,0 3,0
0,2 (1,5) 038 0.89 { 098 | 096 1 1,031 105§ 107} 11
04 (23) 0,6 078 | 087 093 1 1,051 11 1131 1.2
0.6 24,0) 04 -0681 08 0.82 1 1,08 116 1.2 1.3
038 (9,0) 0.2 058 | 0,74 | 086 1 11 1211 126 1,4
09 (19) 01 0511 0,7 0,84 1 112 | 123 1,3 1,45
0,85 (4,0) 0,5 0491 069 ] 083 1 142 | 125 1,31 | 1,47
Jlns sKeTpeMalNbHHIX CIydaeB MMeeM
0<<vy, <1 upm y < b;
1<v,, <2 opu y > b.
1<v,<2mpmy<b;
0<171y<1 mpm y > b
PacemoTpaM oTHomeHme —*- B TouKax HpsaMoit y = b, mpoxond-
meit 9epe3 Bopo3abop m HapaJIJIBJIBHOE[ ocH T
—_ 3 72
e R (38)

:c,4
e

8
f
|
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PesyasraTthl pacdeToB OpuBefeHs B Tabx. 7.

Ta6anmma 7
3HAYCHIA ;1,, mia x>0

X x
P = S

%) 0,3 0,7 1,1 1,5 2,0 3,0 5,0
02 (1,5) 1 1,01 1,04 1,07 1,11 1,14 1,17
0,4 (2,3) 1 1,04 1,09 114 1.2 1,27 1,34
0,0 (40 1,01 1,06 1,14 1,2 1.3 1.4 1,5
08 (9,0 1,01 1,08 1,18 1,28 1.4 15 1,69
0,9 (19) 1,02 11 1,2 1,32 1,45 1,6 1,77

IIpu % >0 (K, > K,) seanuuna T,, > 1 u, maoGopor, npm
n <0V, <1
1

K
Taxum o6pasoM, U3 amaausa Tada. 6 1 7 caexyer, 9T0 Hpy =<
2

< 10 crxopoctd ¢uABTPAUNH B HEROTOPOil 0o0NacTH, X pPWMHKaKIe
K Boy03a00pY, HeBHAUNTENBHO OTIAYAIOTCA OT CKOPOCTell UABTpaguu
B OAHOPOHXHOM Dacre (MaKcWMaJpHAS WOPPEIIHOCTH HTOTO OTJIHAYMA
He mpeumaer 20%). YxasagHas o0MacTh XapaKTepusyercs CHemy-
IONMMI pasMepaMi: Io ocun z paccrosame pasao 0,55 (8 cropony
rpanuns HeonHopopgHoctu) H 0,7 b (B HPOTHBOMOJOIKHYI0 CTOPOHY);
BJONIb OpsaAMoif y = b, mapaNieasHoii ocu &, paccTrogu¥e pasHo 1,5
B 00e CTOpOHH OT BOgosadopa.

B npesenax aToii oGmacty pacueTH BpeMeHH [ABHKeHH I MON3eMHbIX
BOJ, K Bopo3alopy HpHONMMKEHHO MOKHO TWPOU3BONHETEH DO QopMylam
A8 OJHOPOTHOrO WJAACTA.

CpaBruM cKOpPOCTH v;, WO OCH Y B HEOJHODONHOM IIACTe NpH
K, >K, (» >0) co cKOpPOCTHIO U, B MONYOIPAaHHICHHOM ITACTe
€ HeIPOHUNAESMHM KOHTYPOM.

Nueem
-, u —
Ty
ey =%.
Ipn v =1 (K, = 0) OTHomeHne—Z‘l = 1; ¢ ysenmuenmeM ¥

, y
(y — ©°) Bemmumra v,, — 1;% (radx. 8).

W3 rabua. S_BI/IL[HO,_‘I"I‘O mpr Yy < 1 3HA9eHHA Vyy >1,71.e. vy, >
>y, a ;pﬂ y >1, vy <4 amu vy, < v,
Opur - =9 (x >0,8) pacupegenenme crkopocreii B TOUKAX
2
rABHON JMHAM ToKa B0HH | IparkTHwecK:m He oramaaercd (Ty,~ 1)
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Tab6nmoa 8

3uaveHua vy, HA X>0
y

v

x (%)

: 0,3 0,5 0,7 1,3 1,7 2,0 3,0 5,0
02 (15 | 193 | 14 | 147| 091 | 084 08 0,73 0,68
0,4 (2,3) 1,7 1,3 1,43 | 0,93 0,87 0,35 0,8 0,76
0.6 (4.0) 1,46 1,2 1,09 | 095 0,92 0,9 0,87 084
0,8 (9,0) 1,23 11 1,041 0,97 0,95 0,96 0,93 0,92
0.9 (19) 112 1,05 | 1,02 | 0,98 0,98 0,975 0,97 0,96
0,95 (40) 1,06 1,03 | 1,02 | 0,994 0,99 0,987 0,983 0,98

OT pacIpefedeHdsi CKOPOCTel B MONYyOrpaHUYeHHOM IJIacTe ¢ HEmpo-
HANaeMHM KoHTYPOM. 1losToMy mist mporHosa gBHIKeHHSA 3arpA3HeH-
HHIX BON IO IJIaBHOH JWHUU TOKA — OCH y 30HH | HeOmHOPOIHOTO

K
IIacTa TPAaHHNY HEOTHOPOTHOCTH IIPH —K—l = 9 MOKHO IPHHHMATH
2

B KavYeCTBe HEIPOHHIAEMOTO KOHTypa.

TlomocoBas 30Ha HEOTHOPOHOCTH

PaccMOoTpAM HEOTHOPORHOCTH B BUAe monock mupuuoi 2b. Koad-
¢unuent puaprpanud nonocH K,, sMemaomux mopon K., Ipu aToM
K, >K,. B cepenune momocH (B Hauajie KOOPAWHAT) PacIOOKeHA
BOJ03a60pHAA CKBaj)kMHA, paGoTalomas ¢ MOCTOAHHEM pebaroM Q.
Jlas oTHX ycnoBHi pacupefesieHue HanoOpa B I pefesax HeOo[HOPOTHOM
MONOCH NPHOCIMIKEHHO ONHMCHBAETCS CAENYIOMUM BHpaskeHHeM, MO-
aysennsmM B. [I. Ba6ymrunum [4, 5]

H=Ho— 52 2In(e® 4 §9+x In [+ (26 + )]+

+ 1n [22 4 (20 — )2+ Fo (2, %)}, (39)
i)
— z Ks—K
r = Tb— y A= T:-ﬁi— . (40)

®yarnua F, (z, ), sxogamasn B (39), mpegcrasaser coboit pax

Fo(z, #)=22 »"{In (2% + n2) -+ » In [22+ (n+ 1)%]}. (41)
n=1
Ins Hamopa B TOYKAX OCH & — IVIABHOH JIMHMM TOKA HMeeM

HOZH,_-M—‘,{E [21nx+u1n(x2+4b2>+_;_po(z, | (42)
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HaiineM cropocTs ¢uapTpamuu B TOUKAX TIAABHOH JMHHH TOKa

oH, Q1 Xz T g =
e =K 52 = [+ i H il @ 0] @)
e

oo
Fiy(z, w)= Yun|—L1 g ¥ .
né; z2-|-n? 22+ (n41)2
Psap F, — 6mcTpocXonAmuiics, ¥ A DPAKTHICCKUX DPACUETOB MOKHO
IONB30BATHCA HePBHMH WieHaMH (n = 2 — 3), ocofemHo npm Ma-
aux % (ra6a. 9).

Tabamma 9
3ravennsn 2%
Vo
n=3 n=>5
0,6 (4) 0,8 (9) 0,9 (19) 0,6 (4) 0,8 (9) 0,9 (19)

0.5 1,47 1.7 1,83 1,48 1,71 1,91
0.7 18 2,2 2,44 1,82 2,25 2,53
1,0 2,29 2,95 3,36 2,32 3.25 3,67
2,0 3,47 4,84 57 3,48 5,22 6,37
3,0 4,04 6.26 7,64 4,24 6,94 8,81
5,0 6,2 7,52 9,3 6,55 8,87 11,4

Ilpr n = 2 npubaukeHAoe BHpajkeHHe AJS CKOPOCTH (GHABTPa-
OUH 3a0MOIeTCs B BHAE

Uy == 2_5?’717—' f(z, K), (44)

e

— 1 2u2r *37T
He w)=—+ 21 + 7249

Herpynao supers, uro mpu K, = K, (x = 0) smpasxenne (10)
DepexoauT B QOPMyNy AXA CKOPOCTH B HEOTDAHHYEHHOM HEOJHOPOJ-
HOM mnacre. JleficTBHTeNBbHO, MOCIENHAEe ABA CJIaraeMHX mpa % = 0
00pamaiTcsa B HyJAb H B HTOre HONyYaeM

=v0-

lim vxZ#,hl‘

H—>0
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W3 popmynnl (43) caemyer Taxyke, 9aTo IpH % >0 CKOPOCTH BHYTPH
mojgocw Qonsmie, 9eM B OffHOpPORHOM maacre. B rtaba. 9 mpuBemeHH

v
pPesyJaBTATH pacgera omomemmT"- no $opmyie
¢

- 9 — —
Dx o 4 K54 22%F (2, ).
Vo z2 [ 1
W3 Ta6a. 9 sugHO, 9TO HONOCOBAA HEOJHOPOJHOCTH CYIECTBEHHO
CRa3nBaeTCA Ha CHOPOCTH NIBHKCHUA YaCTHI( HUOKOCTH. CKOpOCTB
B HEOJHOPOAHOM njacre MO;KeT OTJINYaThCsA OT CHOPOCTH B OZHOPOH-
HOM TIJIacTe B HECKONBHKO pas U jaske Ha NODAMOK, 0COGeHHO mpu 60Ib-

Ky — . "
mux % (- >10) u Z, a Tarke HeGoILLION MupHIC HEORHOPOAHOI
2

OOJ0CH.

Jloxansusie HEOTHOPOTHOCTH B €CTE€CTBEHHOM NOTOKE
NMOJBEMHBIX BOJ]

PaccmorpuM BrusnMe JOKAJALHHX HEOTHOPOXHHIX 30H HA JBHUKE-
BAe GpoHTa ABYX RUAKOCTEil B €CTECTBEHHOM IIOTOKE IOA3eMHHX BOJ,
TIpH OTCYTCTBHH CKBa’KUHHL.

Hh<H B nnacre ¢ woaddunmen-

a 4

toM ¢uasrpanuu K, (3oma I)
AMeeTcs JNOKAJALHAA HEOTHO-
POMEHOCTH ¢ KoaddunueaToM
¢uaprpanue  K,, xoropyio
cXeMaTH3NpyeM B BIJe Kpyra
pagaycom R (3oma II). Ecre-
CTBeHHHIM IIOTOK INON3eMHBIX
BOJ XapaKTepHsyeTcs Cpefi-
Helt CKopocThI0 V.. llogoGHOrO
poia 3ajaga HCCIELOBANACEH
B.C. ConopumieBam u M. A. T'y-
ceitHoM-3afe.

Komnnercumwii moTeHnmual
reweHns uMeer smy [40, 66]

F (z2)=uv, (z + @) -}-const:
(45)
Fy(2) = ve (1 — %) 2} const,

_ K1—K»
e n=e

Puc. 21. Cxema JI0KaJbEBIX BEO]-
HOPOMUEIX BKIIOUEHHI B eCTeCTBeH-
HOM IIOTOKe IOHA3EeMHBIX BOJX




Hauamo wRoOpOZWHAT pACHOJO/KEHO B INEHTDPE HEOTHODOTHOCTH,
ochb r HampaBieHa 1o moTory (pmc. 21).

Ilopg Bansmuem HeomHOPOOHOCTH JNHUYM TOKA B 30me I (BHEe Kpyra)
HCKPUBAAIOTCSA, TPUIEM ITH HCKPUBICHUS OCOGEHHO BSHAUNTEIHHBI
BOMM3W rpaHUns HeomHopomuocTH. C ymanenueM OT HEOZHODPOZHOTO
BRAOUEHHA pedopMAIUN NWHWI TOKAa ocaabeBalor W oEW npuGIH-
FKAIOTCA K DPSAMBIM JAHHHAM HEBO3MYHIEHHOTO €CTECTBEHHOI0 WOTOKA.
Xapakrep geopManny IMHNHE TOKA B 30He | 3aBUCUT OT COOTHOMEGHUS

xosppunuenros gnasrpamma K, @ K,: npn—[Ig—L >1 JuHEH TOKa
2

K
PacXoffATcA oT HEOMHOPORHOr0 BRIAKYEHH, IPH T1_> 1 onx Kar O
2

(BTATHUBAIOTCA» B 30HY HEONHODOXHOCTH.
YpaBrenne auHUA TOKA nad 30HH I mMeeT BHJ

1@ Y) = vy — 4+ const. (46)

Buyrpn HeogHOpONHOr0o BKIIOUEHWS JUHUM TOKA N PEHCTABASIOT
cofoff IpAMBle JUHHM ¥ ONMCHBAIOTCA ypaBHEHHEM

Py (7, Y) = ve (1 — %)y + const. (47)

CocraBagwmas cKopocTd QUALTPAHUA Mo OCH Z, T. e, DO Hampa-
BIIeHHMIO TOKA, paBHA

Uiy =Ue+ Ue%R?' —(;y:%z%zd » (48)
ax = Ue {1 — ). (49)

BayTpu BRI0OYEHU A CKOPOCTD, CoracHo (49) — BeAMIMHA HOCTOAH-
Has; OHA OTIMYAETCHA OT CKOPOCTH ecTecTBEHHOro moTtoKa B (1 — %) pas.
3a upenmenaMu BRIIOYGHAS COCTABAAOMAA CKOPOCTH U,, CKJIAgH-
Baercad M3 [BYX ClaraeMbX: CKODOCTH eCTECTBeHHOTO JBWKEHHAA
YIO/[3¢MHBIX BOJ V. M IOTLONHHTEIBHOI» CKOPOCTH Ugyoy

y?—z?

JTa (OTOMHUTENBHANY CKOPOCTH 06YCIOBIOHA HAIMIHEM HEOTHO-
POABOro BRJIIOYCHUA. B 3aBHCHMOCTH OT X H COOTHOIICHHA MEeRAyYy
T M y BOOHUUHA Vgon MOMKET OHITH MOJOKATENBHOM WM OTPULATENb-
HOW W, CJIefoBAaTeJbHO, CKOPOCTH U,;, MoyKeT OHTH GoJlbIie HIH
MEHBIE U,.

N3 pacuera cxopocreii cregyer, 9ro 30Ha gedopMamun eCTECTBEH-
HOTO0 HOTOKA, 00yCHOBICHHAA JOKAJIHHEIMH HEOJHOPOZHOCTAMI, B 06-
meM HeBelnka. VsMenenne CKOPOCTH eCTECTBEHHOTO MOTOKA (3aMeTHOE

Upon = U nR?

K
OTKJIOHEHUe U, OT U,) HauWHAeT CKAZHBATHCA NPH —?L >95 m opo-
2

Cle;RUBaeTCA Ha paccTOAHHU no ~1,5 R or rpaHMmtl HeogHOPORHOTO
sraogenns. HanGolee cunpAbe ne¢opMamuu cKOpoCTH MOTOKA MMEIOT
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MecTO HemOCpE[CTBEHHO BOAMBN TPAHUNE HeoJHODOJHOCTH Ha pac-
crogaun ot Hee no (0,2—0,4) R (3mech oTKIOHEHHE V,, OT Uy MOKET
mocraratb 50—70%); ¢ ymajeHHeM OT TIpaHHME HEOTHOPOZHOCTH
Ha paccrosuu ot 0,4 R no 1,5 R msMeBeHNe CKOPOCTH HOTOKA He Mpe-
sumiaer 20—30% . Jledopmanua moroxa W W3MeHeHHe CKOPOCTE JBH-
JKeHH S YACTHI[ JKATKOCTH, O00YCAOBJICHHHBE JOKAJHHEMA HEOXHOPON-
HOCTAMY, HAPYIIAKT YCToMYUBHA Xapaxrep HepeMemeHHAA (GpoHTA
3arpAsHEHMA ¥ CHOCOOGCTBYIOT 0Gpa3oBAHHUIO «A3HKOB». llpum sTOM,
ecl¥ INPOHHMNAEMOCTh BRIwYeHEHS K, MeHpMie OpoHunaemocts K,
OCTaJIPHO# 4acTH IJIacTa, TO 06pa3OBaHMe «SI3HIKOB» OymeT MPOMCXO-
OUTH 3a HpepmedaMmH BRAdenud. Ecaum e K, > K, T0 «13uxy $op-
MHPYETCA BHYTPH CaMoro BKIIoueHus. Hax moxasaJi aHaj®3 dTOro
HpPONEcca, BCIEACTBHE CPABHUTENBLHO HeOONBMHX M3MEHOHHH CKOpO-
creit, oOyclIOBIeHHNX BIUIHUEM JOKAaJBHHX HeogHopopHocTell, 00-
pasyiomumecs 34 IHpeneNaMH HeOMHODPOJHHIX BKIIOUEHHN «A3LIKH»
y’Ke Ha paccTOoAHUH |z | > 2 R yMensmaiorcss @ GPOHT ABYX MKHLKO-
cTeil CrilasKUBaeTCH.

Bpemsa paBMIKeHHA YacCTHI JKUIKOCTE BHYTDH BKJIIOYEHHS BOJb
OCH X OIpefieaseTcs W0 gopmyde

_ lz—=z1|no
[t]= A—n)vs (50)

Il I, ¥ Z, — COOTBETCTBeHHO KOHEYHAA M HAYAJIbHAS TOYKH IIYTH.

BpeMsa pmBMeHNA IO TrpaHANe BKJAKYCHusA B ciaydae K, =
(» = 1) pasno

s
tg (0,5 arcsin _.,)
= Lo, Rin R

Ve

, (51)

i Yo
t 5 arcsin ==
g (o 5
rae Y, ¥ y,; — OPAMHATH KOHEYHOIl M HaYajAbHOM TOYOK IHYTH.
Bpemsa pBueRms 3a IpefellaMH BKIIOYCHHS ONpefedseTcs IO
dopmynam
x>0 (K,>K,)

L P ~1n SR V%) (2— R V)
o] =0 [(x2 R T m], (52)

1= =RV R GrAEVE]

C ymanemmeM OT 30HH HEOTHODPOZHOCTH, T. €. ¢ yBeJIHUCHHEM Z,
BTOPHe claraeMuie B gopmyaax (52) u (53) cTpeMATcsa K HyJIIO M yKa-
3aHAKe (OPMYNH HEePeXOfAT B HMPOCTYIO 3aBHCHMOCTH [JIfA BPEMEHH
HBM;KeHUS ©CTeCTBOHHOTO NOTOKA B OJHOPONHOM IJacTe.

@opmyan (51)—(53) moayuenn B. C. Cnopemmesmm [66].

JIaneiiubrii paxg B HEONHOPOZHOM IIACTE

IlpamMonmueitHas rpamuna paspgeliseT HeOTPAHHYeHAHH MO IJO-
magy miacT Ha aBe 308 1 # II ¢ xosdunmuentamu ¢uapTpanum
K, n K

g
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Heorpasnuenusiii TuHeAHNE P CKBAa;KAH PACHONOKEeH B 30He I
napajdieibHO PAaHUNEG HEOTHOPOAHOCTH W HAa paccrosHuu b oT Hee.
Och y coBmajiaer ¢ JMHACH HEOAHOPOZHOCTH; OCh X IPOXOTAT yepes
OgHY H3 CKBa’sKHH PANa U sIBAAETCSA INIaBHOU JWHHeEH ToKa. Paccros-
AUe MeKIy CKBAa)KHHAMH O, je0HT OTHeNbHOM CKBaKUEH Q.

Jlns oTHX yCIOBHIl KOMILIEKCHEIA IOTeHNUAJ MOTOKA AMeeT BHT [40]

soHa I ) (2) = —2%‘;— l:ln sin 2E—b). + % In sin —n—(;j;—b)] -const, (54)

20;
sona II Fg(z)zﬂ%;——l)—«ln sin-’%ﬂ—{—const,
- K1—Ks = Qo
e ®=F TR, Q=5+

CropocTh NBUKeHHA IOA3eMHEIX BOJ BEONb [JIaBHOW JHHMA TO-
Ka — ocH z B 30He I (xosdpdunuent ¢unprpanun K,)

“ <h 2m (I;—z) <h 2n (l;—l—:r:)
vr= 20n¢ ¢h 2.1(1;—::) 1 —x ch 2n(l;+z) . ’ (55)
B soHe II (rosdpduuuent ¢mawrpamuu K,)
2 (b—z)
h—
o g (1—%) S I
bir= 20N, ch 21 (b—x) ) . (56)
o

Ananus BHpakeEH# (95) # (56) mM03BONMA MONYYATH N PEFENBHEIS
3HAUYeHHs BeJUUYMH CKOpoCTedl vy M vjr.
IOnsa sorw I ameem x>0 (K;>K,)

mpu z<<(b—0,50) 0<z<}, VIN%—S;OL):
npu z>>(b40,50) b <<z <<oo, vll’*”%-
x<0 (K;<K)
npr 2<(b—0,50) 0 <z<h, vy~ BEEH .
20ng
np 23> (b+0,50) b<z< o0, vy~ LU=X)
20710

Ananorwgao musa 30K 11 mmeem
npu x>0 vIIz.gﬁ‘.(_l.:ﬂ-

20”0 4

Qo {1+%) .

apu x<<0 vi= S0



|b—a|
g

Taxam obpazom, mpu > 0,5 ckOpoOCTH TEUEHHA B HEONHO-

POJHOM TIJAcTe K JMHEUHOMY PsAy CTAHOBATCA HMOCTOAHHON, HO pas-
Q=) o _qo(1—%)
20ng 20ng
BenbHOE OTHOLIGHWE CKOpocTed (UIBTPANUOHHOrO TOTOKA B YyHa-

JIeHAW OT PAAA pPaBHO

HOH 110 BeAWYMHE W W3MOHAECTCA OT . Hpe-

L S
npu %>0 —v‘I—I—-—— 1__%“,

Y1 1—x%
apum % —_——= .
p < Uit 14+%

Jna BpemMeHM NBUIKeHHs YACTAL KMJKOCTH IO IJAABHON IUHNN
Tora (och x) B 30He I momywena dopmyma [34], ogmaro BBugy ee Tpo-
MOBJIKOCTH OHA 3jeCh HEe HPUBOAHTCA. ITa JOopMyha CIAOKHASL H He-
ynobHAsL IS PAacCUeTOB.

Pacuer BpeMeHH {BHIKEHUS COJEHHX BON MOKHO 3HAYHTEIRHO
YHDOCTHTh., HMCIONb3YS HpPHUBEJeHHBIEC BHIIE TpefeJbHbe 3HAYCHUSA
v A vrI.

B wacTHOCTH, KOrjja TMHEHHE! P PACHOJOKEH B 30HE C IYUHIHMIT
¢unprpanmoHHENMy cBoiictearu (K, > K,, ® >0) u rpanuna comxe-
HHX Boj HaxoguTcs Ha orMerkax 0 <z < b B soHe [ miu B some 11,
BpeMA OPOJBIIKEHHUS CONEHHX BOJ K PAAY (10 MJIABHOM JHHHAI TOKA —
ocH ) MoKeT OHTH ONEHEHO IO dopmyle

L 2710 (L-— 0,50’) (o3 1,8"100’2 \
T= go (1—%) + gon ’ (57)

rie L — paccrosHMe OT JUHEHHOro psAla A0 I'PAHMHBI COJEHBIX BOj

Ecnim rpaEmma coneHHX Boj HPOXOgAT B 3oHe [ Ha oTMeTKax
z > b m Ha paccroanud L ot psAma, To BpeMs TPOXBUKEHUS CONEHBIX
BON K NHHEHHOMY pARY HpuOIWKeHHO oIpelenisercd mo (opmyae

_ 2710 (L—0,50)0' 1,8”00'2 \
I=—"trn T g (58)

Dopmyast (57) u (98) noxygent yua yeaosus 0,5 ¢ < b nyTeM «criaeH-
BAaHUsA» BpEeMEHH [BWKeHHA Ha oTpeske (L — 0,5 ¢), Ha KoTopoM
IBUKeHAe PONCXONMT C TOCTOAHHONH CKOpPOCTHIO, M BPEMEHM [BIIKe-
HiA Ha oOTpeske pameoi 0,5 0, HemocpegCTBEHHO PUMBIKAIOIIEM
K PALY H KOTopoe onpexneinsercs mo gopmyrae (13).

IlorpemnocTs pacueToB mo upmbiammeHHEHM ¢opmyiram (b7) =
(58) me npesmmatr 5—10% no cpaBHeHHmw ¢ pacgeTaMm IO TOYHOI
dopmyie.

II pumep. PaccuntaTh BpeMsa NOATATHBAHHA COTEHLIX BOA K JITHeHHOMY

PALY CKBa)KUH B HEORHOPOZHOM IIacTe, ecnu K; = 20 m/cyr, K, = 4 m/cyr,
b= 2000 M, n, = 0,1 (mopmeTocTh HpefmoJaraeTcd OJUHAKOBOH AJA HEOHHO-
pormnix 3o 1 mll), go= % = 50 m%/cyr, 0 = 300 M. 'pannua corenHXx BOR
mpoxomrT B 3ome 11 ma paccrosmmr oT paga L = 3000 .
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ITo dopmyne (57) maxomM

2:0 (3000—05-300) 300, 18043002
50 (1— 0,666) 50- 3,14

T= = 10 400 cyr.

BIANAHUE CJIONCTOCTH PA3PE3A HA BPEMA IBH/KEHHSA
HOJA3EMHEIX BOJ

JiBi;KeBMe KUIKOCTEH B CHOMCTOM IacTe
¢ HEMPOHNIAEMBIM PA3AEAAUHM NPOIIACTKOM

PacemorpuM pmBa BomomocHHIX ropusomra I m 1I, paspememnmmix
HeHPOHUNAeMBIM TAMHECTHM IPOHIACTKOM H 9KCIIYaTHPYEMBIX OflHAM
Bogoszaboponm. MouHoCTH, Ko2(PUUHMEHTH (UIBTPAIUA B IMOPHCTOCTH
BEPXHET0 ¥ HUKHEr0 TOPU30HTOB COOTBETCTBEHHO hy, K, n; m h,y,
Ky, n,.

Vimeercs BojozalopHas CKBajKNHA, IOJHOCTHI BCKDHBAlomas
BepXHUI M BWKHII ropusonTtst ¥ paborawmas ¢ ge6urom Q. Fpanuna
COJIGHHX BOJ IPOXONUT B BePXHEM CJIO¢ Ha PAaCCTORAHUH Z; OT BOJO-
3abopa, B HIIKHEM ClIoe — HA DPACCTOAHHAH 2,.

WsBecTHO, 9T0 PAcXo] HOX3EMHBIX BOX B TFOPH30HTE HPOIOPIHO-
HaJeH ero BOJOIPOBOAMMOCTH. ’

Torma pacxonm mopg3eMHHX Boj B BepxHeM IJIacTe

_ Kihy
Q1= Q oy oy (59)
B HHKHEM HJacTe
Kohs
R 60
Q Kyhy1+ Kohs (60)

BPEMH, 3a EKOTOopoe cOJieHasaA BoOAa NIOATABETCHA K BO}IOS&GOpy
B BepPXHEM TrOpU30OHTE,
:rmlzi (K1h1+K2h2)

1= OKI ’ (61)
B HUKHEM TOPH3OHTE
2 (Kqh koh.
= o (Q1K;+ ohs) (62)

B ycaoBuAx ecrecTBEHHOro TMOTOKA ION3eMHEIX BoJ B KasKIOM
ropusoHTe ¢opMupyercs cBOsA obxacrh muraHumA Boxosabopa. Eemm
€CTeCTBEHHAs CKOPOCTH IBUKeHHS TON3eMHHEIX BOX B BepXHEM ToOpI-
30HTE Ve, & B HUKRHEM Dg., TO passepst 06JIHCTI/I OUTaHUA B Ka KoM
W3 STUX LJIACTOB OyMyT:

IJA BEpPXHEro TOpPH30HTA

T4 = QK Yo = 0K,
AT Bt Kb vie © 70T (Kb f ko) vie
- QK, .
Yoo = B (Kehy+ Keh) s ° (63)
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JJI1 HAMKHEr0 ropH3oHTa

Ta = QK, - QK
A= S Ry + Kb e D0 T (Riky + Koh) 03
Vo= 9% : (64)

2 (K1h1+4 Kohs) voe

Bce BHBOGH OTHOCHTEABHO CTPYHKTYpPH [{BHIKeHHS MON36MHBIX BOT,
cnenannse B raase 111, geiicTBHTeNABHH B JaHHOM ciydae. B uacramo-
¢TH, HOATArABaHHe CONEHHX BOJY K BOR03abopy BHYTpH Ka’Kuoro
mIacTa BO3MOMKHO, €C/IH COJIeHHe BOJH B3axXBaTHBalOTCA 00dacThIO
nuTaHENA BoOxo3abopa.

Bpems nBuKeHHs MOA3eMHHX BoJ K BOj03aGopy BHYTDH 00JacTd
TIATAHAA NAA KaKIOro FOpPH3OHTA Ompenmedasierca mo gopmyaas (1)
nnu (2), Toasko BMecto Q mojcTaBigeTcs 3HAUEHHe PACXona IoAzeM-
HHX BOJ IO Ka)KIomy ropusoHry coraacuo (59) u (60).

Bimaune HeperekaHHs HA BpeMA ABH;KEHAA NOA3EMHBIX BOJ

PaccmMoTpuM B2 B3aHMOCBA3aHHHX BOJOHOCHHIX FOPH3OHTA, pas-
HeeHHHX CNa0ONpOHAMAeMEM TJAHHACTHM CI0eM MONHOCTHIO A,
7 rosddunuenrom guabrpanun K,. Wz muxmero ropmsonta ¢ mapa-
Mmerpamu h, u K, uepes oguHOUHHI BOL03aGop NpoUBBORHATCA 0TGOD
TojBeMHKIX BOR ¢ mocToaRHHM pe6utom Q. B mpomecce BomoorGopa
OpOHCXONAT NepeTeKaHHe IIOA3eMHHX BOJ M3 BEepXHEro TrOpU3OHTA
{napamerpH h,, K,), IpH 3TOM ypOBeHb BepXHero HOHHKaeTcsa. JTa
sajjada B HamGosee obmieil mocTaHoBKe paccMaTpmsaiach WM. A. Uap-
gHM [72]. Ognaxo mosnydyennHe AM 3aBHCHMOCTY CIOKHH H X TPYXHO
HCNOJMB30BATH 1A HpaKTEueckux pacueros. [IpocTre u yno6ase pemie-
mus sroit samaudm uojgydens @D. M. Bouwesepom, B. M. Uyiiko u
B. A. Muposenxo [13, 74]. Cormacro [13], ob6pem mepereraromeil
3aKaYMBAEMO# KUIKOCTH W3 HH)KHEr0 rOPH30HTA B BePXHHUH 3a BpeMs
{ mocie HayaJda 3aKayKd DpaBeH

_ Qb { S BT -(b1+bz)t} 65)
"= h 1—1—(b1+b2)t[1 e 1 (65)
e

b, — Koa . Koa

1 hOthl ! L h0K2h2 ’

@ — TBe3ONPOBOJHOCTs HHKHETO H BePXHEr0 rOpPHU3OHTOB (Lpexmo-
Jaraercsd OJMHAKOBOMH).

Hpu ¢ >500 = 1000 cyr u (b, + by) >0,01 sasmcumocts (65)
3HAYUTENBHO YIpoOI[aeTcsd

~ 0t
Vyre T—K—Ihl . (66)
+ X5,
Cpenunit pacxon meperexamns 3a Bpems ¢ Gyner
QKo \
On. 0= Rihy+ Kafs * 6D
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M3 (66) BHgHO, YTO KOMHIECTBO NepeTeKAIOMmel KUMKOCTH B OCHOB-
HOM 3aBHCHT OT COOTHOHEHWS BONOIPOBONUMOCTEH BOXOHOCHHIX TO-
pusonaros. C ypenndenrneM BOZONPOBOXAMOCTH 3KCHIYyaTHPYEMOIo ro-
pusoBTa (HuKHUE ropmaoHT 1) mepeTexaHHe JKUITKOCTH M3 BEPXHETO
ropusonTa II ymenpmaerca. s ¢opmyas (65) BuagHO, 9TO HpH GOMB-
muxX 3HaYeHHAX § 00beM Ieperekawmeid JKUIKOCTH He B3aBHCHT OT
CBOMCTB cAab0 MPOHWHAEMOTO PasmelAmero oA (MOMHOCTHE A,
1 wosdduumenra ¢uaprparuu K,). OTH TapaMeTPH CYHIECTBeHHO
CKa3HBAlOTCS B HAaYaJBHEN MEPAOJ OTKAYKH IIPH MaabIX 3HA9eHHUAX f.

Ecnu B HHKHeM ropusomrte |, M3 KOTOPOTO BeleTCs OTKadgKa,
nMeercss 00MacTh COMEHHX BOJ, TO NMPHGIMKEHHYIO OIeHKY IepeMe-
IIeHASA COJEHHX BOJ K BOX03a60DYy MOKHO NPOH3BECTH CJIEXYIONUM
oGpasom.

B ycaopusax mepeTeraBusa JBUKEHMe (POHTA COJEHHX BOJ K BOHO-
sabopy B ropusoHTre I GymeT O06YCHOBIEHO PaCcXofoM NOJI3eMHBIX
BOJ, MOCTYHAIMHUX K Bogozabopy B stoM ropusomre. Jle6ur Bomo-
3abopa OymeT CKIANHBATHCA M3 pPacXoffa SKCIIYaTHPYEMOro TOpDH-
3omTa I ¥ pacxopa nepererannsa us BepxHero ropusonTa 11. 3a Bpemsn ¢
nociie Havaya BOmoOTGOpPa 00BeM TOM3eMHHIX BOX, oTrOoOpaHHHI Bomo-
sabopoM m3 ropusoHTa I, Oymer pasen

YV e Qt QK
Veo=V—-V,~Qt ” B = Kol Kby * (68)
Kohy

CrenmoBaTeNpHO, CpENHHIl pacxoj ABHKYmUXCH B ropusomre I

TMOX3EMHHX BOJ paBeH

Q — Vs —_ Qthl (69)

S-¢cp t Kb+ Kohy *

Cpasuenne (67) u (69) ¢ dopmynamm (59) u (60) moxassBaer Mx moI-
HYI0 UAeHTHYHOCTH. TakuM of6pazoM, mpu oTGOpe MOA3eMHEIX BOJ,
B YCIOBHAX MEPETCKAHMs, CIyCTA MOCTATOYHO GOJBHIOe BpeMs, pac-
XoJ, TOJ3eMHNX BOJ 3KCILTyaTHPYEMOro HIKHEr0o TOPH3OHTa W pac-
XOff IepeTeKaHHSA M3 BePXHETO TOPH3OHTA ONPEeHeNAIOTCA TeMH e
BHpasKeHUsIMM, 970 M PACXOIH DOI3eMHEX BOJ BePXHEI0 W HIUIKHETO
TODH30HTOB, BCKPHTHX onHoil ckasxuuoii. IloaTomy Bce paccyue-
HUA # GOPMYIH, OPABeeHHEE BHINE IJs IBYX FOPU30OHTOB, PasfieseH-
HHX HeNPOHANAeMON rpaHUied, MOryT GHTh MCHONB3OBAHK I PH-
OJNKeHHHX OHEeHOK IPAMEHHTEABHO K CIOMCTOMY paspesy ¢ Iepere-
KaHHEM.

Ecnu B BepxBeM TOpPM30HTe COXEPIKATCHA COJEHHIE BOMH, TO HX
IepereKaHHe MOMKET YXYNHIMTh KA4eCTBO MON3eMHBEIX BOJ HUIKHETO
ropusonta. lleperexammue w3 BepxHero ropusoHTa 11 mop3eMHEe
BOZH B 06BeMe Vi, OyAyT cMemIABaTECA ¢ BOOAaMM ropusoHTa I B 00BEME
(Qt — V,) u MuHepanmaanusa cMecH HPHGIHKEHHO MOKET GHIb OLe-
HeHa [0 gopMyiae

€ ~ Cot—gh- (C—Co), (70)
Ime v, ompegeisercs mo ¢opmyram (65) umu (66).
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TIdJABA V

TPOIHO3 W3MEHEHNA MHUHEPAJIN3ATINI BOIBI
HA BOJ/IO3ABOPE

OIMHOYHBIN BOTO3ABOP B HEOTPAHYEHHOM IO IJIOMATH
BOJOHOCHOM TOPHU3OHTE

Yeaoensa Gacceiina
IlpavMonwHelinas TPaHHOAa CONIEHHX BOJ

PaceMoTpuM OgHHOYHEI B0OZ03a00p, PACIONOMEHHBI HA PACCTOsMA-
HUU Z, OT NPAMOJIUHOKHOM IPAHMIEL COJEHHX BOX, pasgeasomei
BOJOHOCHBI TOPU30HT HA gBe 00JIACTH — HPECHHIX BOJ C MHUHEDAJNN-
samueit C, # cONeHHX BOJ ¢ MuHepajmaamueil C,; rpaHUna CONEHHIX
BOJ IIapajjieipHa OCH Y.

B npomecce orGopa HMpecHHX NMOX3EMHHX BOJ IPAHUNA COJEHHIX
BOJ, IepOpMEDYeTCs B 00pasyeTcs «A3BIKY CONCHBIX BOJ, ABMKYmuicA
B cTOpPOHY Bogozabopa. Bpems, za kofopoe COJEHEIe BOH JOCTUTHYT
Bofo3abopa, onpeaenserca o opmyie (3) raasw IV. Iocre nmpopsisa
CONeHHIX BOJ WX A0S B fAe0uTe Bopgosafopa OymeT mOCTeIeHHO BO3pa-
craTh WO Mepe pacmupeHuss GpPOHTA DOCTYNJIEHUS CONCHHX BOJ K BO-
nosabopy. Ucnonnsys ¢yaxnuo Toxa (1) rxasm III, B coorsercreum
C BHIIEH3IOKEHHNM HAMIeM pacxof CONEHHX BOJ ¢. B [e0HTe BOMO-
3abopa

qc=%—arctg;’i}—. ()

Munepanuszanua BOAH Ha Boposzabope paBHA
C=Cy4-(C,—Cp) iq‘a. 2

Honcrannas (1) B (2) # BHpaskas KOOPAMHATH £, W ¥ 4epes Bpema T

T t—T
nt(z,= Vﬁno Y= Vﬂ#) , OROHYATEIHHO HOJYIHM

C=Cy+-2—% arccos ]/-tT- 3)

3Has MEHepaJH3aNUA MPecHHX ¥ coleHHX Bop (C, u C,) 1 BpeMs
onocrynnenus (7) K Bogo3aGopy HepBHX NOPUUA CONEHON BOXH, MO
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goprmyae (3) MORHO TIPOrHO3MPOBATH HA TOCHERYIOMAE MOMEHTH Bpe-
Meun ¢ > T MuHepaIusamuio BOXH Ea Bogozabope.

MaxcumannHa st MHHEPaJIN3aIH A BOAH Ha Bogosafope (mpu £ — ©°)
paBHA DOJycyMMe MUHepaluzanuil mpecHoil B coleHOH Bof,

C1- Co
Cmax = 3 (4)

CxemMa TOCIeg0BATENIHHOIO MOCTYIJIEHNA COTEHHX BON K BOH03a60py
M KpWBas M3MeHeHUs MAHePANM3a LMy OTOMPASMOi BOH T peicTaBIeHH
Ha puc. 22.

b

e i . —— —— — d—— —

Ty

G
NG
T I

S N
~NN
T I

Pnc. 22. Cxema IocleoBaTelIbHOI0 WOCTYIIEHUA COJEHHX -BoX K BoXo3abopy
B HeOI‘paHH'IeHEOM mjacTe B YCIOBHAX 6accem1a u THIOOBasA KpHBﬂH H3MeHeHHU A
MEHepairn3auue BOAH HA Bopgosdabope

WrrtepecHo, 910 TaKoh e ROHEUHKI Pe3ynsTaT OyHET HPU paciio-
NOKeHAH BOJ03a00pa B 00MacTH CONMCHHX BOJI: MOATATABAHUE IPECHEIX
BOJ{ YMEHBIIAST MUHEPATH3aIHIO BOAH Ha Bojosabope or C, mo mpe-
JieNpHOIT BeIWYMHH, XapaKTepuayeMoit BupajxenumeM (4). @opmyma
IJIA 9TOTO ciydas npeoﬁpasyeTcﬂ K BHAY

C=Ci— C" arccos V—— (5)

OTKYyZa BHEHO, YTO HIpu { — OO,
C= C0+C1
— -
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Ilpm Hanuunn mepexXogHON 30HK OT MPECHHIX BOJ, K COJEHBIM MHHe-
panuzanmus BoH HA BOFo3afope HAXOLHUTCSA W3 BHpAKeBHA

C=Cy+ 2 —Ci_—nc—"i arccos V 7;" , (6)
1

rge n — 9YHCIO0 MOJOC, COCTABAAIN{AX MepeXOofHyl0 30HY M o0NacTs
CONeHHX Box; I, — BpeMs mOgTATMBAHUA K BOX03a00py 7-0#f moNocH
CONEHHX BOT.

Yncno aneHoB paga B gopmyne (6), koropoe HeoGxomuMo OpaTe
B pacueT NpH BHYVCICHHYM MHWHEPAJTU3ANHU, ONPENeNseTCA THCAOM
MOIOC COTOHOBATHIX BOJ, HOATAHYBIOKXCA K Bom03a00py M yIacTBY-
OIMUX B CMENIOHWH HA MAHHHIE MOMEHT BpeMeHH.

Tax, npu T; <t < T, meiicrBUTeJBHHM ABJsAETCA TOJBKO Hep-
BLIA 9I€H CyMMH X, T. . B 3TOM HHTepBaje BpeMeHH OyAyT cMemu-
BaTHCA TONBKO BOgH C, m C,; BONH ¢ APYTUMH MHHEDANH3ATUAME
sa 3TOT Hepmoj eme He ycmepaloT MONTAHYTHCA K BopozabGopy. Ilpm
T, <t < Ty cMemuBaorcs BogH Cq, Cq, Cy B fefiCTBATENABHE yiKe
ABa mepBHX uigeHa stoit cymmul. Ilpu Ty <t < T, cmemusaiores
sonl C,, C4, Cy, m Cgy, pmeiicTBUTENBHH TPH WieHA CYMMH H T. A.

Jina OpaKTHUECKHX PACUCTOB NEPEXORHYIO 30HY LOCTATOUHO Wpesi-
CTABUTH B BHUJe OXHO ANM JBYX HOJIO0C; B mepBoM ciaydae B popmyie (6)
upuEAMaercs n = 2 (ogHa WOJOCA HepeXOHHOH 30HH M o06iacrk
COJIGHHX BOJ), BO BTOPOM cixydae i == 3 ([Be HOJOCH NePexoaHO0# 30HH
B obxacrb comeHHX Box). Qopmyna (6) pusa yRasaEHHX BAPHAHTOB
3aMUCHIBAGTCS B BHJP

C = Cy+ 2= arceos %Jr&gc—l arccos ]/1} (7)

C=C,+ ﬁl—;—c"— arccos V—Tti—}— &;—CL arccos V’Tf""

+£3—}£2- arccos |/ —7%- (8)

Hanmuue mepexomHoil 30HK He BIHsAeT Ha 3HAYEHHE IpeebHON MHU-
mepanmzanuu (Hpw { — ©O), KoTOpasA, KaK U IPHA OTCYTCTBHE IePeXOf-
HO#t 30HW, paBHA NONYCyMMe MHUHEDANU3aALUi IPeCHOH M CONeHOM
BOJI.

Hanwane mepexomHo# 30HH CYMECTBEHHO CKA3HBaeTCA B HAYAJND-
HEle TepPHOH CMeMeHUs; IPH dTOM MWHEeDPAJH3aNKsA 0OTGAPAeMOoit BOIHL,
paccuMraHHasA C YIeTOM INepeXOofHOi 30HH, MEHbIIe, YeM MHHepaslu-
3amEd, paccumtanHas Ge3 yuera IepeXOZHOH 30HEL,

HpuEMep. BomomocEni# Tropu3oHT, NPeXCTABIEHHHN INECKAMO MOII-
HOCTHI0 b = 20 M H IOpPHCTOCTHIO ny == 0,1, Cofep:HUT IpeCHEE U COMEHBIe BOMIBI.
Ha paccrosrmm 500 M oT IPaEnui pasfela 3amPoeKTHPOBAH Bofo3alop mpous-
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BoauTenbroCThI0 Q = 3000 M3/cyr. Mupmepammusanya npecgHx Box 0,5 r/m.
Iepexopmas 30HA OT IPeCHHX BOJ K colJeHbIM mMeeT mupury 500 M, B ee mpe-
Jlenax MWHepajusanua Bo3pacTaeT of 1 mo 5 r/a. JlaTh IDOTHO3 H3MeHEHHSA
MHHEpaJM3aUua BOXH HA Bogosabope ma cpok 20 mer (7300 cyT).

BrrnoasdaM mpormos Aad ABYX clIyuaeB: Oe3 ydera H ¢ y9eToM IepeXofHOH
30HH. B IepBoM caydiae MIHepIN3aNHio COTEHEX BoJ| B Ipe/lesaX Beell MIomaH,
BKNI09a5 MePeXofHYI0 30HY, DPUHUMAEM OfHHAKOBOH H paBHOA D r/m, T.e. Te-
pexofuad BoHA B IepPBOM clydae He yuuThHBaercsa. Bo BTopoM clydae paccMoTpuM
JiBa BapmaHTa: 1) TepeXofuas 30HA MOREIUDPYeTCA OAHOH IONOCOW HIMpUEOH
500 M co cpemmeil Mmepanusanuei 2,5 r/ua; 2) mepexonHas 30HA MoJleMpyeTcA
JIBYMA TolocaMu mumpueoit 250 M Kaykpas W cpepmelt Mumepammsanmed 1,5 r/a
B IepBoil Hodoce w 3,5 r/m Bo BTopoil momoce; MUHePaIM3aumsa CoJIEHHIX BoJ
8a TIPeJesaMy NepeXONHOW 30HH B KaKIOM M3 BTNX BApUAHTOB paBHA 9 I/I.

1. Ilo dopmyae (3) raasu 1V maiinem BpeMsa OpopHBa K Bofo3abopy ColoHO-
BATHX H CONEHHX BoX ¢ oTMeToK 500, 750 m 1000 M.

_ 314-01-20
= 3000

3.14-01-20
T=—""5500

344-041-20
T=—"3500

2. Ilo gopmymo (3) paccumTaeM MWHepaIH3aUMIo BORH HA Bofosalope Oes
yaera neg)exonnoﬁ 30HH (LIepBHIT cirydail) HA MOMeHTH Bpemenm f = 730, 1460,
2190, 2920, 3650 B 7300 cyT mocae magana paboTs Boxosabopa. McxofHEe Aam-
gue: T = 520 cyr, Cy = 0,5 r/n, C; = 5 r/a. Pesynbratu pacdeToB IpmBe-
JIeHH HIKe.

T + 5002 == 520 cyT;
- 7502 ~ 1150 cyT;

+ 10002 == 2100 cyr.

Pacuer munepanuzanuu Ges ydera Hepexofnoii 30HbI (mepswIit caydaii)

t, cyr 0 730 | 1460 | 2190 2920 3650 7300 o

C,r/a| 05 13 | 183 2,0 242 22 2,35

’

2,75

3. Pacder MuBepanu3anui Ha YKA3AHHEE MOMEHTH BPEMEHH C yYeTOM Iiepe-
XOfHOI 30HEI (BTOPOH citydait) BrHOIHAM o $opmysie (7) AusS mepBoro BapuamTa
E 1mo dopmyne (8) 4uA BToporo.

Mcxonmme famume 1 Bapmamra: Cy = 0,5 r/a, C; = 2,5 r/a, C, = 5 r/x,
T, = 520 cyr, T, = 2100 cyr.

Ilpu t < T, Ha Bosmozabope cmemuBawTca OpecEHe C, W CONOHOBATHE
Bofk C; HepexofHo#l 30HH, CollenHe BofH C, 3a 3T0 BpeMa K Bofosalopy eme
He HOATAHYIHMCh; PacieT MEHEPANUBANUE BeeTCA ¢ HCNOIAL30BAHAEM TOIBKO
OepBHX ABYX 4wieHoB dopmyian (7) mam, 9To To iKe, Io (opmyre (4)

t="130 cyT
_ 25—05 520 .
C= O,5+——3’—14——— arccos VW—O,SG r/a;
t=1460 cyr
C=0,5+2—’53——1;££arccos —1%26%:1,1 r/a.
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IIpn ¢ > T, na Bogosabope cmemmsatoTes Boaul Cy, Cy U C,; pacuer Mume-
paamsamit BHIoJAHAeTcs Ho dopmyae (T) (¢ Mcmoab3oBanneM BCeX TpeX WIEHOB)

t==2190 cyt
25—0,5 520 5—25 2100
=0 5L 2009 e g 24 Lt .
C =05 314 arccos V 5190 -+ 314 arccos V2190 1,33 r/a;
t=2920 cyT
25—05 520 5—25 2190
— J St X [t AU S Al ek 2\ S
=05+ EXY arcecs 2950 + 314 arceos 5950 =1,66 r/a.
PeszyarTarbi pacderos mo I BapitanTy
t, ¢yT 0 ‘ 730 | 1460 2190 2920 ’ 3650 7300 oo
C,r/n 0,5 ' 086 1.1 I 1,33 1,66 l 18 2,13 2,75

Hcxozaunte gannbie 11 Bapmanta: Cy = 0,5 r/a, €4 = 1,5 r/a, C; = 3,5 r/x,
Cs=>5r/a, Ty= 520 cyr, T, = 1150 cyr, Tg= 2100 cyr. daa pacdera
MUHepAJIN3aL HcHodapdyercsa ¢opmyaa (8}, -

llpun £ <G T, =a Bonosabope cMemmBaoTea Bofsl Co ¥ Cy; pacyeT BHOOI-
HAeTCA ¢ MCUHOAb30BAHUEM TONbKO HepBHIX ABYX wieHoB dopMyian (8) mim, 94TO TO
e, mo opmyae (4).

=730 cyr

=05 —]—L%_{—:’s— arccos V—%%:O,BS r/a.

HOpn t<C T cvemmBaiorcs Bogsl Cg, C; M C,y; pacyeT MHHePATH3ANAIL
ocymecTBIAeTCA 10 MePBHIM TpeM WieHAaM QOpMYJIH (8) Mim, 9T0 To e, 1o dop-
Myne (8)

t=1460 cyr
15—05 520 , 35—15 1150
C=0‘5+—-—m—-arccos—l/ 1760 -+ 514 arccos 1460 =1,09 r/x.

Hpu t> T3 ma Bomosabope cMemmBatoTca Bof Co,Cy, Cy B Cy; pacder
BefieTcs No Woimoi fopmyne (8) ¢ mCToNB30BaHNeM BCeX YeTHPEX ee YIeHOB

t =2190 cyt
c :0’5+_1_,53'—1£,5 Arceos 1/_251%;):_*_ 3,53’—12 5 arceos V——%—g‘}‘
-+ -5—3-—1%—‘2 arccos ?——i%—g =1,49 r/m;
t=2920 cyrT
=05 +L53:'1_40’5 arccos V?;?;-l— 3’53141’5 arccos Vg-zg%——l—

5—35 2100
+——?’A—4—arcc0s 5590 = 1,69 n T. &.
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PesyasraTtir pacyeros mo II sapmanty

¢, CyT 0 ]730 1460 | 2190 2920 3650 l 7300 ©0

C,r/n | 05 l 0,68 1,09’ 1,49 1,69 1,33 l 243 2,75

W3 npumepa ciaefyeT, 9TO yueT HePOXORROH BOHH BHAYNTEJLHO YMeHbuiaeT
HpoTHOBAPYeMYo0 MUHepainsanuio orbmpaeMoil Bogel B TeueHde LepBoil moido-
BYHRK TiepHofa 3KcHsyatammit (1o 3500—4000 cyT); B AaibmeilmeM pasimdue
B MUHePAJM3aNUAX, paccUMTanuux Ges ydera M ¢ yueToM UEDPeXOAHOR BOHH,
CTaHOBUTICH MeHbIe. OTMETAM TaKHKe, 9T0 Oojlee AETAJILHEIM y9YeT M3MeHeHHA
MUHepajn3amui HepeXomroi BoHK (BapwadaT I1) Mako CKashBaeICA HA Pe3yib-
TaTaxX pacdeTa Lo CpaBHeEui0 ¢ Gomee Ipyboil cXemarrzanmell TEPEXOMHOL B0HK
(Baprant I). 910 00CTOATENBCTBO MOATBEPKAACT CACNAHHKYA pamee BHBOA O TOM,
9T0 B TPAKTHYECKHX pacderax DepeXodHYI0 B0HY MOKHO CXeMATU3HpPOBAaTh B BH/E
oflHOH MM JBYX WOAOC C COOTBETCTBYOINUMH CPefHAMH MHHEpAIU3aUy AMI
B Ipefesdax dTHX INoloc.

Kpyrosasa rpagumna COMIeHHX BOJ

HKpyroras munsa mpecmbix Bop (Mmuepanmzanmms Cg) paguycom R
OKpY’eHa CONECHHIMH BoJaMM ¢ MuHepanmsanmeit C;. BomosaGop
pacioioieH B Touke O, ynanemHoil or menrpa aunss (0 Ha paccros-
gue b (puc. 23).

Mcnonpays pesy “~TaTH peNieHUST AHAIOTHYHOH 3a7a4d Jis KOH-
Typa Boma — HedTh [30], malijeM BupasKeHue NN OUPeNENEHI Bpe-
MeHH TIO[XO0fa K BOR03a00Dy 9aCTHI] COCHON BOAH OT KOHTYDA JNUH3H

R2-4-b2c0s20—2b V R2— b2 sin2 0 cosd

Q

nhng

t
rae

Bpems mpopsiBa coneHoil BOAH K BOX03a00py U0 KpaTdalimemy
paccrosruio O'A (<6 = 0°) pasmo

Ton =25 (R — )" (10)

BpeMs momxoga ¥ BofosaGopy Hambosee yZaJeHHON OT EEro 9acTHIH

coxeHol Bogs B, pacmonoenuoil mo xoutypy awH3H (< 0 = 180°),
ompenenserca no opmyne

y - “’g" (R + b (11)

Ilass pacuera m3MeHeHWs MuHEDAJIM3AamHE BOXH Ha Bomoszabope
HaMil DOJyYeHA CACKYIIAs 3aBUCHMOCTH:

C1—C R2—bp2—Bt
C=C +_._1___‘.0_ arccos ——————, 12
’ n 2b V' Bi (12)
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CMemenne NpecHHX M COIEHHX BOZ HA BOA03aG0pe HAUHETCA CMO-
mernTa Bpemenu f = Ty, U GymeT HPOKOIIKATHCS A0 MOMEHTA Bpe-
venn ¢ = Ty ,e. CregoBarensHo, Boipaskenue (13) raasn 111 rax ypas-
HeHue cMemeHus Oyper fefcTBATENLHO B HHTepBaje BpeMeHH Ini, <
<t < T'max. llopcrasus 8 (12) snavenns Ty, B Tpax, B3 BHPArkeHNHE
(9) m (11) maiizem, 9r0 MEHepajM3amusa BOJH Ha BOJ03a60pe COOTBET-
CTBEHHO 3TOMY HHTEDPBANy BpeMeHHN OyHeT M3MEHATHCA B Ipemenax
Co<C<C,. Npu tz= Tpux BOE03360p HOTHOCTHI0 3ACOTUTCA.
Onpepenus mo opmyae (11) Bpema Ty, u moxcrasasaa B (12) smage-

J mua ¢t > T;,, Ha#peMm MuHe-
Y R pamu3anui0 BOXH HA BOH03a60pe
el G IJs  BpeMeHm B WHTEpBaje
Tmin<t< Tmax-

Hanwywe mepexopHo#i 30HH
yUUTHBAaeTeA YKA3AHHKM BHINO
cmocoGom. MuHepaimsanms OT-
Ompaemoii Bogwm OGyamer omperne-
JIATHCA BHPAyKeHUEM

C=Co+2 Cn—nCn—l X
1

R:—b2—Bt
26 VBt '
Ecnan mepexofHyn 30HY mpej-
CTaBUTHL B BHUJE ONHOA KPYroBo#
OOJOCH O cpepHeil MuHepanmsamuenn Bou C,, 3a KOTODPOii paciioio-
JReHa 06/IaCTh CONGHHIX BOJ ¢ MuHepamuzamueirt C,, 10 dopmyaa (13}
HpEMeT BHJ
— R —b2—Bt — R*—b2—DBt
C = CO + ..Ci._gl arccos 1 __ C2 Cl 2 —
T 26 VBt a 26 V Bt

X arccos (13)

Prnc. 23. CxemMa KpYroBoil JHMH3H
OpecHHX BoJ,

rie R, — papuyc auHsH mpecEnx Box ¢ MuHepanmaamueit Co; R, —
pagmyc JMH3H, BRIAOYAOMEN npecAsie BOGH C, B COJTOHOBATHE BOJHI
nepexonHO# 308H C,.

Cmemerne Ha Bofosafope mpecHHX Bojy C, B COJTOHOBATHX BOX
nepexonHo# 308K C, HaYBeTCA MOCJe TOT0, KAk K BOf03aopy mOATL-
HyTCA COMOHOBaTHE BOAH [0 Kpartgalimemy paccroammio. Iorma
K BOH03300py HOATSHYTCSA CONOHOBATHE BOAH ¢ HPOTHBOIOJOKHOH
cropoHsl (nO HauGojee NAMHHOMY IyTH), JIMH3A HPECHHX BOE Gymer
OOJHOCTBIO cpafoTaHa.

Ilonoca mpecaHX BOJ

IIpecrbie BOGH pacHpOCTPAHeHH B BHAE WOJOCH, K KOTODOi
¢ OOKOB HPHMMHIKAIOT COJeHHe BOAH ¢ MuHepaimusanuamu C, m C,
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(puc. 24, ¢). AcuMMeTPHYHO OTHOCUTEIBHO TPAHNI] ITO10CH PACHO.IO-
7HeH Bogosabop, padorawmuit ¢ mocroguakiM gebnrom Q. Ilyers Ty
# T, — BpeMs HOATATHBAHHUA K BOm03aGopy comenmx Bom C; 1 C,.
lIJm OIpejIeIeHHOCTH IpHMeM, 4r0 BO03a00p pacHmodokeH Oauske
k rpanune C,, wem K rpasune C,, u noatomy I’y < T,. 3nagenssn T,
al, Haxonmcg oo gopmyae (3) rmasw IV mojgcraroBkoi B Hee COOT-
BETCTBYIOIMX PpaccToAuuil OoT Bopgosabopa [0 TPAHNI COJNEHHIX BOJ
C,uC,. Iput < T, conennle BOJH emme He YCHENH HOATAHYTHCA K BO-
pmosabopy. B murepsane Bpemenn I'; <t < T, ma Bojosabope mpo-
HCXoNT cMemedne mpecHsix Box (o w conedmx Box C,; HPOrHO3

Puc. 24. Cxema KOmTAOKTHDPOBAaHHSA HPECHHIX M CoOle-
HHX TOA3eMEEX BOJ B IJaHe

a — NoJ0Cca IPeCHbIX BOA CPEAH COJCHBIX; 6 — mojoca cojge-~
HBEIX BOJX CPEOHM HPECcHBIX; ¢ —«KJIAH» COJNICHHX BOXK

MHBEPaJu3aIiy BOJH R0 MOMeHTa Bpemenu ¢ = I', mpoussopmtes
mo gopmyae (3). Hpu ¢ > T,, 7. e. Docle TONTATUBAHMA K BOJO3a-
Gopy _coneHnix Bog C,, B CMemeEHHN yYacTBYWT IpecHse Boghl C,
u conensie Bogl C; u C,. B sToM cywae Nis TWpoTrHO3a naMeHemm
MOHepanu3amuy BONH Ha Box03abope ma MoMeHdrst Bpemend ¢ > T,
MOKeT OBITH HCHONB3OBAHA (opMyna

C = Co—i— arccos V —%0_arccos V Tt“ . (15)

Tlo Mepe pacmmpenws (poHTAa WOCTYHIEHHES coleHux Bou C,
n C, x Bopgoza6opy MuHepanmsammsa orOHpaeMoil Boge Oyger pacr
¥ B KOHewHOM AToTe (IpH { — OO) JOCTHIHET MAaKCHMAJIbHOTO 3HATCHNA

Ecnu cpor sxennyaTanmuu BoRo3afopa MeHBIIe BPeMeHH HONTAH-
TABAHUSA COJEHHIX BOX OT fAajbHeil Tparuilkl, To HPOTHO3 KadecTBa
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OT0UpaeMoli BOJH TPON3BONUTCA C YIETOM WMOATArHBAHMA CONEHHX
BOT TOABKO OT OHUsKHEH TpPAamuUIBl ¢ WCHONH3OBATIICM (op-
myast (13).

Jdpyrue cXeMH KOHTAKTHDOBAHESA
MPEeCHBX H COJEHHX BOJ

PaccmoTpum caygail, KOTxa COJieHsle BOABI PACHONATalOTCA Ha
IJIO0mMAanil B Buje BHTAHYTOH moxocH (puc. 24, 6). llupuna nomock I,
MuHepasuaanus coleHnx Bog C,. I1o 0Ge cTOPOHH OT IOMOCH CONEHBIX
BOJl Pa3BHTH TpecHHe Bojgsl ¢ mumepanmsanumedr C,. Bogosafop ma-
XOGUTCA HA PACCTOAHUE X OT I'PAHUNB CONCHHX BOJ.

Bo Bpems paGotst BogozaGopa OT GamKuell rpaHUIH IOJOCH COTe-
HHX BOJ (OPMEDYETCH «A3BIK» COJNICHBIX BOJ, ABIKYMUICA K BOfgo3a-
Gopy. Co BpeMedesM OT fanpHeil TPAHNIH JOXOCH TaK:Ke GopMupyercs
«A3HIK», HO NpecHHIX BOJ, KOTOPHI BTOpraeTcs B COJEHbE BOJXH
I TaKe JABIUKETCA K BomosaGopy. Takmm oGpaszoM, cHagajsa K BOJO-
3a00py TPOPHIBAIOTCA CONEHHE BOXH, a 3aTe€M INPECHHE, pPa3BHTHE
o0 ADPYIYIO CTOPOHY HOJOCH COJEHBIX BOZ. B COOTBETCTBHH € 3THM
MEHepalH3anUsa BOXH HA BOX03a00pe cHagama OyfgeT yBeJIuduBaTheA,
a 3aTeM ToOcJe NPOPHEBA IpPecHHX Boj HadHeT yMeHslaThcsA. BpeMsa
HAayaJa Hopcoca COJeHHX Bof I, w mpopwBa npecuuix Box I, ompe-
neasercs no gopmyse (3) rmasst IV mogCranoBKoil B Hee cOOTBOTCTROH-
HO paccrosanmii 2, B (x; - I). Ilocae Toro xax cosensie BOAH mOXTA-
HyTCA K BOHO033a00py H [0 IpOPHBA HpPeCHHX BOJ MHHEDATH3AUHUA
or0upaemoit BOgH GyAeT WaMEHATHCA cOTIacHO dopmyae (3). Munepa-
Auzandsa BONH HA Bopo3abope HOCTArHET MAKCHMAJNLHOTO 3HAGCHMSA
K MOMEHTY IpPODPHBA NPECHHX BOX, T.e. £ = T,. 10 3HaueHne Mu-
HepanW3aniu HAXOGUTCA mo (opiryne

Cimax = Co -+ ﬁi& arccos % (16)
WK 2
—C z
Corax=Cp + 9 arccos le,l—l . 17)

Iocne npopriBa mpecHKIX BOJ (npn t > T,) murepanusanus BoJsl
HaYHET YMEHBIIATHCA M XaDAKTED ee M3MeHeHus OyjeT XapaxTepH-
30BATHCH aaBHGI/IMOCTLIO

C= Co—} C” arcCos VTl — ———C‘L arccos V—Tf— . (18)

Ilpn ¢ — o» Mnnepannaamm 6yner pasua C,.

Ecam conensle Bojpl pasBATH HAa TNJAOMAAM B BHAE BHTAHYTOrO
B CTOpOHY BOj03a6opa BHCTYyIa WAH KamHa (pHC. 24, 6), TO MaKCH-
MadbHYI0 MIHeDaIH3anuio BOIH HA BOK03a{0pe IIOC/Ie HpOPHBA COIe-
HBIX BOJ, MOKHO IPHOMIKeHHO OIEGHHTH CaepyomuM obpasom. Ws
TOYKH PACHONIOKEHHA BO{03a00pa, KaK W3 merTpa, MPOBOATCA KBE
JUHEH «TOKa», OXBATHBAIOMIIE DTOT «BHICTYN» (KIHH) COJCHBIX BOI[
(cm. puc. 24, 6). T'paduueckn ompenenserca yrom 6, BRIOYANOMEN
«BHICTYI» COJEHHX BOX. B yCIOBHAX WIOCKO-PAANANLHOTO TEUCHHA
cOJICHBIe BOXH OynyT HOCTYHAaTh K BOA03a0Opy B Opemenax 3Toro
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neaTpaipHoro yria. MarkcumanbsHas MUHEPATH3AMUS BOAH HA BOKO-
3a60pe, COOTBETCTBYOMANA HMOCTYIJIGHHI0 CONEHHIX BOJ B BOX03aGOp
gepes Bech yron O, pasHa

Consx = Co+ 5 (C1— Co). (19)

Bpens Hawama HoCTymIeHHA CONEHHIX BOJX OHpemeiseTcs 1mo dop-
myne (3) raasur 1V.

YenoBusA ecTecTBEHHOr0 NIOTOKA

AHalis CcTPyKTypH HOTOKA K BOZ03a00pY B YCAOBHAX ©CGIECTBOH-
HOIO IBWKEHHA HOA3eMHBIX BOJ ITOKAa3ald, 4TO ABU;KEHUEe IOA3EMHBIX
BOL K BOZ03a00py HPOUCXOMUT TOJHKO B Tpegedax ero O0JacTH
UnTaHu, OrpadAYeHHON HelTpaabpHoi anauei Tora. [losromy B yero-
BHAX ©CTGCTBOHHOTO IOTOKA WHONTATHBAHUE CONEHHIX BON K BOHO03a-
00opy BO3MOKHO JUIIb, €CJIM 30HA COJEHHX BOJ 3aXBaTHBaeTCA 00sa-
¢ThI0 TUTaHUA Bogosabopa. Eciuu conensie Bogs He MomagaioT B 001acTh
mHTaHuA BOgo3abopa, HONTArMBAHUA COJEHHX BOJ K BOZK03a00py
He npousoiimer (cM. puc. 14). CregosaTesnbHO, BO3ZMOMKHOCTD IMOAT A~
THUBaHUA COJEHHX BON K BOX03a00py OHPONeNAeTCH B3aWMOMONOKE-
HUMEM FpaHUI COJEHHIX BOX U 00JjacTu nuradma somosaGopa. Ilosromy
HJsl BRIACHEHHS BO3MOJKHOCTH NONTATHBAHUAA COJEHHIX BOJ HPERIe
BCeTo HEOOXONMMO PacCYUTATh Pa3Mephl 06IacTh NHTaHKA Bogo3abopa,
MCNONb3YA fAs aToro dopmynsr (6) m (7) ramapsr I11. B cayuae, xorpa
CONEHbIe BOXKl 3aXBATHBAIOTCA 007acThI0 HETAHUS BOHO3afopa, xa-
paxrTep M3MEHOHHs MUHepPANH3auWn BOAH Ha Bomgosabope Oymer pas-
HBHEA B 32BHCHMOCTH OT HOJOKeHMSA T'PAHUNH COJEHHX BOJ BHYTDH
obnacTu muTAaHHA. PacecMOTpHEM OCOGEHHOCTH NONTATHBAHMA COJEHBIX
BOA K BOJ03a00opy M H3MeHeHWs MHHEPANH3ANMUM OTOHPAEMON BOHH
IJA OCHOBHHIX THIIOBHX CXeM.

I. Ilycrs mpsaMosnmHeiiHasA rpaBMIA CONEHHIX BOJ PACHOJNAraeTcs
BHYTpH 00IacTH OHTAHMA HA pPAcCTOMHMHA Z, OT CHKBKUHH BBEPX
no HoToRy (pmc. 25, a). B sToM cnywae pBuienme €cTeCTBEHHOTO
IOTOKa M, COJIeHHIX BOJ K CKBA)KMHE COBOANET.

Pacxop conmedwx Boj ¢. B Ae0nTe CKBAKMHHI PaBeH

q.= % arctg ILI +42v.y. (20)

Hoas pacxona comeHsix Box B o0meM geGure BoF03a6opa yBemmyun-
BaeTCHd IO Mepe paclIEpPeHHs NOCTYMAOmMero B CKBUKHHY ¢poHTA
CONCHHX BOM, T. €. C POCTOM 3HaYeHUH Y.

IlogcraBisas g, B paerctBO (11) raassl 1I, momyumm BEIpakenue,
TO3BONAKIEe PACCIATATE MUHEPATU3ANAIO O0TOMpaeMOR BOJH B 3aBH-
CHMOCTH OT KOJWY4eCTBA IHMOCTYHAIIIel B CKBAKUHY COJIEHOU BOXH

C=Cy4(C,—Cp) (—;%arctg—gl—+—2%’—). (21)

CMemieHye BOJX HAYHETCA, KOTYA K CKBAJKWHE HMOATSHETCA Gimmai-
mas K Heil YacTHHa CONEHOH BOAE I'PAHMIH pasgeia, jeKamasd Ha
TJIaBHOH JWHMM TOKa — OCH Z. MaKkcuMaldbHas MEHepaAu3anus HACTY-
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OHT, KOTAA CKBAKINB JOCTHIHYT Kpalawme dactuuyt D 1 D, rpannns
pazgena BEYTpH oOsacTu muranud, OpruHaTe 91X wacru ( & y) naxo-
AdTes mopGopoM u3 yparuenust (7a) rnmasut 11l nmogcramopkoii B Hero
z =ux, und n3 rpadura y= f(z), NpeACTABIGHHOTO HA PUC. 5 H TO-
CTPOEHHOTO Ha OCHOBE 37T0I'0 YpPaBHeEHHdA.

IIpnvenuTensHO K paccMaTpuBaeMoil cxenme QHIALTPANORHOTO Te-
genust (prrc. 25, @) mMupepanvzaumst orGupaemMoil BoAs HOCHe HAYATa
¢ T

R

Prc. 25. Tlodoskermme TIpaHMIH
COMembLIX BoOjg BHYTpH ofmacTh
nwiasds Boxgosalopa

@ — TpaHiIa COJNCHHIX BOI PACOOIOMKENa

BBEDX 0 HOTOKY; 6 — Tpamaia colie-

HHX BOI PACNONOKeHa BHM3 IO IOTOKY;

6 — I'paHuila COJICHBIX BOX BBITAIYTA HO
nHe 00NacTH mUTamHnsa

mogcoca 6yfeT HempepPHBHO BO3pacTaTh M B KOHEUHOM HIOre, KOTAA
BCe IpeécHble BOAbI, 3aKTIOYCHHBE B 00MacTH INTAHHA, OYAYT «Cpa-
GoTaHE», MHHEDATN3AIMsA 0TOMpaeMoii BOAB CTaHeT PABHOIl MHHepa-
Jamaamnu colenoi Bojsl C,. Bpems Bauaad momcachBaHiA COJEHHX
ROJ ompenelifercs Mo ¢opmyie (2) raanst IV, a BpeMsa HOITATTBAHUA
K BOZ03a0Opy APYI¥X TOUeK TrpammiBl pasgena — no dopuyne (1)
raags V. Hpu Haniqui nepexoxHol 30HE OT TPECHEIX BOA K CONCHBIM
IPOTHOBNPOBARIE KadeCTBA BOJH BHIONHACTCS IO gopmyse

€ =Cot Y (Ca Crp) (- arctg 2 +22). 22)
1
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Musepanusamng or6mpaensoil BOAE TpPH BajugMu TepexoxHok
so0HKE MeHserca ot Cq4 1o C,.

II. T'pasunma colieHHIX BOJX pacHoJokeHa BHYTPH oljacri
DHUTAHUs BHH3 Io MOToKy (puc. 25, 6). B aroM cnyuae Hampasmenue
€CTeCTBEHHOrO IHOTOKA MHPOTUBOMOJIOMKHO [(BUKEHWIO COMEHHX BOJ
K ckBaskuue. IJOCKONBLKY 30HA COJAGHEIX BOJ BHYTpPU 00JaCTH MHTAHU
OTPaHMYeHA H JIOKAJIN30BaHA, C TeUYeHNEM BPEMeHU CcOJleHBle BOLH
OYAYT DOJHOCTHIO BHTECHEHE, I BOL03a60p IOCHe BEKOTOPOTO «3aC0Je-
Hiis» Gyzer cHoBa aBaTh MpecHYI Boay. OnHAKO JBMKeHUE CONEHEIX
BOI K CKBajKUHe, 4 CJAe[0OBATEJBHO, U HM3MEHEHIe MHHEDAIU3aATMU
0TGHpaeMoit BOAH B STOM clydae SBJIAIOTCHA CIOMKHHIMU H cBoeoOpas-
Hoimu, Ilomcoc cosensix Bog IPoN3oieT Mocle TOro, KAK K CKBayKuHE
mogTAneTcA Onusxalimas K Hell wacrupa coixeHoi sogn B. C sroro
MOMEHTA MHHepDaNH3amKa BoAgH B CKB3jKWHe Ha9HET BO3pacTaTh IO
Mepe YBeIHYEeHHSI HPHTOKA COJEHBIX BOT M JOCTHTHET MaKcuUMyMa
TPH HDOATATMBAHUA K cKBajskuue gactun A ¥ A, rpaHuns pasgera.
Otrpeszor A4, xapakrepusyeT MaKCHMaJpHYIO IMUDHHY (pPOHTA IO-
CTYHJIEeHHA COJOHHX BOJ B CKBAayRUHY HpPH JAAHHOM II0JO0KeHWH Ipa-
BunH pasgena. Toukm A uw A, ABIAWTCA TOYKAMI KACAHUA JIMHUK
pasfena NPeCHHIX W COJEHBIX BOJ ¢ JHHHEH TOKA, KOTOPYIO YCIIOBHO
HA30BeM TIpaHuYBo#. [Hd Kajkgoro MOJOKeHUTA TIpaHNINB pPaszfena
OymeT ¢BosI TPAaHWYHAS JWHWHA TOKA, JTA TDAHUYHAA JNWHHUA TOKa
pasfenser o0JacTs NUTAHNWA BOJ03a060Pa HA iBe 30HH: 1) BHYTPEHHIOWO
(1), rge aUHUYE ToKa MPOXOAAT TOJHKO UePes MPeCHbIe BOHL, H 2) BHEMI~
Hio0 (II), Tne nuMBWH Toka DpPOXOIAT Wepes WPeCHHE U CONEHBIe BOIH.
113 suyTpeHHeil 30HH B CKBa)KMHY HOCTyIaeT TONHKO MPECHAR BOJA,
U3 BHeIIHej#l 30HBI — cHAYala IpecHasd, 3aTeM COlieHasd M, HAKOHe1l,
OTHOBPEeMEHHO cOJeHAA W NpecHAsA BOJA, IpHEEM JOJIA CONEHOH BOIH
B qefuTe CKBajKUHH Oy/eT MOCTONeHHO YMeHLIATLCA., B COOTBETCTBAN
¢ TaKMM XapaKTepPoM HOCTYIIEHMA COJIEHHX BOJ, MUHEDANHZAIHA
oT0HpaeMOil BOAH, MOCTHIHYB MaKCHMyMa, HAagHeT YMeHpIAaThCHA,
TOCKONKKY 3a IpefiellaMu orpeska AA, cojenble BOTH GYAyT BH-
TeCHATHCA IPECHHMH M uepes yuactoR AA; B CHKBaKMHY BMecTe
¢ COJNeHOH BomOH HagHeT mocrtynaTh nmpecuas. G TedeHMeM BpeMeHH
coJeHEe BOAH GYAYT HOXHOCTLIO BHITECHOHH MIPECHRIMA M MHHEpANWU3a-
uusa oTb6HpaeMoil BOAH cTaHeT pABHOH MIHEpaNH3aINH T pecHo
BOJHL.

OppuraTH Touexk A u A, onpe;[enmorrcﬂ no dopmyne

yA, A: V—‘R‘L“ Zr;— x* (23)

Buipaskenue (23) monydeno M3 yCI0BHA paBelicTBa HYII0 B TOUKe
(ry, y;) cocraBummomei cxopoctu Qmiaprpamun v,. Dopmyma (23)
TMOKA3EBaLT, UTO NPH DPAa3HBIX PACCTOSHMAX TPAHUIS! CONEHBIX BOJ
oT Bofo3abopa pasMepH ydaerka A4, Gynyr Heogmuarosk. G ynane-
HUeM TPaBHIB COJEHHIX BOJ OT CKBa;KUHEI 3HAUEGHNE OPIWHATHL J4

Za

pacrer, poctHraer mpHm z; = 0,024 wmakcumyma YA = 5
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¥ 3aTeM yOblBaeT TO Mepe [ajbHEHNIEro YMANeHHS TFPAHOIE Cole-
HHIX BOJ, ¥ ee OPHGJMKEHEA K BoJgopas/edrHoll Todke A.
Munepannszanua BOAH HAXONHUTCA A3 (GOPMYNLL

C=C,— 5120 (arctg A —23;—-"— ), (24)

Tre BHpayKeHHH yepe3 arcty —5_1 yrox Gepercs ma BTODOil 9eTBEpTH.

MaxcaManpHasg MuHEDAAH3ANHA, HACTYNAWONAA TPY HOATATHBA-
HOA K CKBajKMHe YaCTHI, rpaHAnH pasgena 4 m 4,, onpeaeisercsa
3 BHPayKEHU A

_ C1—Co q 21wery 'l/ a )
Crnax= Cl- k1 (ar(;tg V 2rweny —1 + q 2wety 1) :
(25)

BpeMAa HacTymieENsa MaKCAMAJIpHOM MUHEDANH3ANWU OIpeEJIe-
AgeTcd IO BDeMEHH NOATATUBAHAA K CKBayKMHe wactmy A (mam A,)
TPaHHEUH pasfesa, KOTOPoe paccuuTHBaeTcs mo gopmyie (1) rrass IV
MOACTAHOBKOM B Hee 3HAWGHHHA = = T, K § = V4.

Ilpm Banmumu DepexofHOl 30HH NPOrHO3 HM3MEHEHWA MuHepa-
In3anEy TPOM3BOAUTCA HA OCHOBE YPaBHEHUSA

n
1 20,
C=C,— 2 (Cr— Cr_y) (-n_ arotg -L +-q_y_) . (26)
1

Pacuer mo dopmyne (26) ocyuecTBiAerca clemyioniiM 06pazoM.
Ha puc. 13 mpusenen mocrpoenHuiit Ha ocHose Gopmynsr (1) riasm

IV rpagux sasmemmocr: ¢ = f (z, y), rae

tv - x -_
N e g
oa:A E Ty Mg

;:

ITapameTpoM 3THX KPUBHIX ABIAETCSA PACCTOAROE T'PAHMIBL COTe-
HHX BOj or Bogozabopa. HauanpEble TOUKM KpUWBHX HA YKaBaHHOM
rpaduKe XapakTepH3yIOT BPeMA HAYaNa MOJXCACHBAHHA COJNEHHX BOJ,
UpPHE pasHHX pPAaCcCTOAHOAX TPAHUNBL Pasjesa 0T Bogozabopa.

HomycruM, TpeGyercs OIpe/eINTh MABEPANH3ANKIO BOLBl HA MO-
MeHT Bpemenu ¢;. llofcunTan £, Ha yxkasammsoM rpaduke W3 TOUKHU £,
BePTHKAJIBLHON OCH MPOBONEM TNpPAMYIO, HApaJNAEIALHYI0 TOPH30HTANb-
HO# OCH KOOPIHHAT Yy, ¥ HAXONHM TOYKH IlepecedeBU BTOH NMpaMOH
¢ kpuBEMHA. Mosxer oKazaThea, 4ro OpaMas [ = f, MepeceraeT He BCE
KpHBHe, a JUIIb HEKOTODHE W3 HEX. JTO 03HAYAET, UTO eCJIY IPAHMIA
COJIEHKIX BOJ HAXOAHTCA OT BOXO3a00pa HA pPACCTOAHUM, COOTBETCT-
BYWOHNIeM mapaMerpy HelepecedeHHHX KPUBHX, TO HA JAHHBI MOMeHT
BpeMen¥ f, 9Ta TpaHANA pasjielia ele He MOATAHYJAACH K BOI033a60DYy.
ITo. TouraM mepeceueHHMs TpPAMOLt ¢ = £, C KPHUBHIMH HaxomuM (HA

rOPH3OHTANHHON OCH' y) 3HAYEHWA OPAUHAT TOYEK, MONTAHYBIIIXCH
Ha JaBHHH MOMEHT K CKBI)KWHE OT PasHHx rpaHmn pasgena. Opnu-
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HaTH 3TUX TOYEK X&PAKTepU3YIOT Ha JABHHII MOMEHT BpeMeHBIl INAPAHY
$pOHTA MOCTYIIEHNA CONOHHX BOJ K B0Of03a60py OT KaKIOH rpamuIbl
pasmena, COOTBETCTBYIOMel DapaMeTpy IepecedeHHHIX KPUBHIX. SBasd,
CKONBKO 30H CONEHHIX BOJ YIACTBYeT B cMemieHWY (MO YUCIy KPUBHIX,

mepecedeHBHIX NpsmMoll ¢ = ¢,), GepeM Takoe jKe IHCIO UIEHOB PAMA
B dopmyiue (26). IlogcraBnsisa B KaKIHI 9IeH pAA COOTBETCTBYIOMIME
eMy 3HaUeHUA 7 W Y H MpouU3Bejd BHUHCJICHMH, HAWIeM MEHePAIH3a-
WHEI0 OTGHpAaeMON BOIEI HA MOMOHT BpPOMeEHH f,.

11I. Cozensle Bomel BHYTpH 0GJacTH NHTAHAA BOnosabopa Ipo-
CTHpaIOTCH HEOrpaHUYECHHO BBBpX W BHU3 IIO IIOTOKY B BHJe IIOJIOCHI,
npEMAIKAOmel K rpasrne obaacTy ourasud (cM. pmc. 29, ¢). Ilpnmenm
A4 MPOCTOTH, YTO IPAHUMA COJEHHIX BOJ IapalljieIbHa ock & W pac-
TMoJNaraeTca Ha OTMeTKe ¥ = Y,. Cpe[Bas mMupmHEA IOJOCH €OJEBHIX
Boy, 1. OcransBas gacTs 06IaCTH OUTAHKSA 38HATA IPECHHIME BOJAMI,
OPOCTHPAIMMHACA TAKKe B BHAe IOJOCH, CpefHAS ITHPHHA KOTO-
poit 1,.

BpeMsi MOATATUBAHAS COJICHBIX BOJ K BOR03aGOpy oIpemeasercs
mo dopmyrne (1) rmass IV myTes HeCKOABKHMX IOCJIEIOBATENBHEIX pac-
ueroB. Ilogcrasnsasa 8 dopmyay (1) ranasw IV 3mauenns xoopgwHAT
OpovM3BOABHKX Touek M,, My, M,, M,... rpasuns pasgeaa (cM.
puc. 25, 8), PRCCINTHBAIOT BPEeMs MOATATHBAHHA HTHX TOYeK K BONO-
3a6opy. MmamMansHOe BpeMsa B OymeT BpeMeHeM Hawala MOmcoca
CONeHHX BOJK.

Ilocne mpopsiBa coJleHHBIX BOJ K BOL03a0opy MuHEepaAd3anui
oT6upaeMoil BOXHL OymeT PacTH, IoKa He ZOCTETHET MOCTOAHHOIO MaK-
CHMAJNsBOr0 3BAYEHH, COOTBETCTBYIONET0 MAKCEMANBHOMY IPHTOKY
conennx Bof. IlpakTmaeckn npegensnunie (mpu ¢ — ©O) IPATORH T pec-
HHX B COJEHHX BOJ K BOA03a00Opy IPONOPHHOHAJIBHK ITAPITHE TOX0C
IpecHHIX U COJNEBHX BOX BHYTPH o0nacTd HHTaHHA Bomosabopa. B co-
OTBETCTBHM ¢ 3THM MAaKCHEMAJIbHAS MAHEPATH3ANHA BOAH HA BONO3a-
Gope pasHa
c'OIO‘I‘Clll (27)

lo+1 7

Taxofl ke KOHeUBHI pe3yasTar (Hpu § — ©O) GyyeT, ecau moxoca
CONEHHX BOJ HAYMHAETCA HA HEKOTOPOM yHaJeHWH OT BOpo3adopa,
HO IpocTEpaeTcs HEOTPAHAUCHHO BBEPX IO MOTOKY. Pasinmume Gymer
TONBKO BO BpeMeHH HAJaka IOXCOCA CONEHHX BOX N HAYAIBBOM
XapakTepe M3MeHeHHS MEHEPANTH3AMEE BOAH HA BOmocsadope.

OXMHOYHBIN BOJO3ABOP B IMOJAYOIPAHNYEHHOM HJIACTE
C KROHTYPOM HOCTOAHHOI'O HAIOPA

Cmax =

Yenosna Gacceiina

PaccymorpnM cHawana eayuyai, KOTma ColeHkie Bogbl MONTATUBAIOTC
€O CTOPOHHBL KOHTYpa DOCTOAHHOrO Haopa (peKk:, Gepera MOPA M T. 11.).
ITopepxBoCTHEIE BOAM B IOA3eMHEIC BOJBI, NPEMHIKAKIEE K peke,
MOpPIO B BHfie IONOCH, — CONeHHe ¢ MuBepaamsamueit C,. BogosaGop
pACIONOMXeH B 00JMACTH NPECHHIX NMON3eMHBIX BOJ ¢ MIHEpPANW3amuen
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C, ma paccrosgaun d OT pexu. I'paHHmA CONEHHIX BOJ HPOXOJUT Ha
pPAaCCTOAHUM X, OT JUHUU PEKH, COBIAMAIONIEH ¢ OCHI0 y. BaanMocBa3s
MOBePXBOCTHRIX W TOA3eMBEIX BOJ COBepHIEBHAA.

Ucnonnaya ¢pyuxmuio Toka (13) raaesl 111, monygaem Bupamenne
IJiA MUHepaJusamul OTéupaeMoll BOEH

C1—Co 2yd
=C, -
C=C,-] _-->-arctg pEREm—rR (28)

B sty gopayny BpeMs ¢ He BXOIUT, HO IMAPHHA poHTA HOCTYLIe-
HIA B BO03aGOp coNeHoil BOAH, XaparTepEsyeMas OpAWHATO# y,
sABjagercA QyHKIEEH BPEMEHH.

W5 dopmyarr (28) Bugno, 9r0 MEHEpaIU3aNus BO3PACTaeT ¢ yBeH-
9eHEeM ¥, T. €. 10 Mepe pacmHpeHus QpPOHTA MOCTYHNIOBHA COIOHON
BOAN B CKBasRHHY. MarkcwMmasinHag MuHepaiusanus BOJE BAaCTYOHT
OpH ¢ = OO (470 COOTBETCTBYeT y = ©°) u GyneT pasua C,. Ilogcra-

de—y2— g2
piaaa us (28) sepakesnoe uwepes C,, C, u C 3Hagenme ——é'zéd——w«
B zasucnvocts (20) raaser IV, momyunM BRIpajKeHHe, NO3BOJIAIONIES
ONpefenuTsr BpeMA HACTYNNEHWs HcexoMoil MuHepammsamun (C)

__ 2;ngd2_ 1y _C—0Cy . (1_1_ . __(_,L_Cig_)]
t_——q {( ———d—) [::rc 0o arcsin a sin Jv X

X ctg (n‘. ¢— CC‘(’) )} cosec? (n: FCI————CC‘%) , (29)

rae 0 < z;< d.

Ha pumc. 26 mpepcraBies paccuUTaHHHI IO gopmyire (29) rpadux
Qyaxmun ¢ = (C xl) XapaKTepU3YONHENA W3MeHeHNEe MHHepaiu3a-
IUU BOIBL BO BPeMEHH IIpY Pa3HHIX ynajeBHAX TPAHWLE CONEHHIX BOX
OT PEeRW H, CAe0BaTeIbHO, OT Bogosabopa. [lo ocu oppmmar rpadmka
OTKJIAABBACTCA OTHOCHTENHHOS BpEMA

o
" mngd2?

a mo ocH afemEec — OTHOCHTENBBAS MOHEDAAN3ANUA

~ C——Co
C—?;—TC—O- .

Beanunsa C uzmensaercsa or 0 10 1 cOOTBeTCTBEHHO M3MEHEBU AN MUHBE-
pann3anuu ot C, no C,. llapaMeTpOM KPHBHIX ABIAETCSA OTHOUICHITE
z, : d. I3 rpajuka BEAHO, UTO HAWGONBMHEA DPOCT MHUHEDPAIH3ANUHN
Bafa0gaeTcd B BAYAJNBHHI [EPHOJ IOXCACHBAaHUA COJCHBIX BOJ.
B sror mepinox ocoGeHHO 3aMETHO Pasiuiue B MHHePANH3ALMU OTOI-
paemoil Bogbl, 06yCIOBIEHHOS PAa3HEIM y[aJdeHHEM CKBAKUHBL OT rpa-
HUIMB COJCHHX BOJ.

Tlpu Bajrauy nepexofHoil 30HH OT IPECHHX BOJ| K COJICHBIM MHHe-
panuzauua oréupaeMoil BOXH ONeHUBAeTCA MO Gopmyuie
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C— c+20" C”lactg 2yd (30}

— Ty
Ije h paBHO 9HCHY II0JOC, MMUTUDYIOIMAX uepexonnylo 30HY COJIOHO-
BaTHX BOX ¢ MiHepanuzanusavu or C, no C,_ 1 II0C 30HAa cOGCTBEHHO
.
z
7
g

f=

Py 20 O A B |

e.;
T
{
I
[
|
|
|
i
|
|
i

|
{

N N
|
1
I

T

\
1

N
N

N
I|ll]

3
9

AR

)

N

B

\
\‘\

S

3
TR IT
K
SN
|
i
i

TTTTITT
S

3
!
|

A\

N |
N

A
sope b noeegea s s loogonn bos oy, IRTIVELITE [STTSTITNS

47 42 45 4 45 1 47 il[___éb
x
Prc. 26. Tpadux sapicmmoctn ¢ === f(C, ;) EIA onuHEOdIHOTO Bofo3abopa

B OOJYyOorpanNYeHHOM IJIACTe C KOHTYPOM IIOCTOAHHOr0 Hamopa B yCJIOBHHX
Bacceitna Opi LHOJATATHBAHITH COJIEHBIX BOJI CO CTOPOHB KOHTYpa

SE

CoJeHHIX BoJ ¢ Muuepanusanueit C,. Tar, mpu orcyrersuu nepexogHOH
30HH (n = 1) peipaskenue (30) mepexopur v (28). Ilpm n = 2 aMeem

oyd Cy—Cq vd 31)

C=C Co t t
0+ arctg PERC— + = arctg TR
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Tenepb paccMOTPHM cllygail IMOATATUBAHHA COJIEHHIX BOX CO CTO-
pousl Gepera (puc. 27). BoposaGop pacmonosken na paccromsum d
OT pex’ B IIOJNOCe IPeCHHX ION3eMHHIX BOJ IMMpITHON Z,.

Amanws QYHKIME TOR3 CBHMETENLCTBYET O CBOCOOGPa3HOM XapaK-
Tepe NBUMKEHMS CONEHHIX BOX K ckBaskmHe. IllmpnHa ¢ponra comennix
BOJ, MABURYIMMUXCA K BOH03abopy,
pacreT, IOK& He JOCTHIHET MAaKCI-
MyMa, & 3aTeM IOCTeNeHHO YMeHb-
maercsa. TarkuM 00pasoM, KBUKEHIIe
COJEeHHIX BOX K Bop03dbopy mpoic-
XOIMT He II0 BCell TpaHuIe IPeCHHX
7 CONeHHBIX BOJ, 4 TOJILKO OT Orpa-
HO9eHHOTO €ee y9acTKa, pasMeps
KOTODOT0 H3MEHAITCA BO BpeMeHN,
a maufoNpmag ero BeNHIMHA CO-
orBercTByeT 0Tpesky AA, (cm. puc.
27). lnmHa 9T0T0 OTpe3Ka, T. €. MaK-
CHMAJIbHAS MAPHHA QPOHTA COJEHBIX
BOJl, MOCTYHAIONAX B CKBAKHHY,
3aBHCHT MCKAKIATENHHO OT pac-
CTOAHHA BOM03a060pa 7O PERM M I'pa-
HUIBL COJIEHBIX BOJ, M He 3aBHCHT
or pebmra BogosaGopa. Hooppu-
HATH Y, , KOHIOB 3TOr0 OTpes-

Ka OmpefieAIOTCA o ¢opmyne
Yaa,= = I/-xi-—d'l, (32)

Touku y A, A, OUPEJIRNANTCA KAK
TOYKH BDHKCTPEMYMA  IHHAN TOKA
OpN £ = I, UIA KR TOYKA, B KOTO-
PHX TOPH30HTANBHAS COCTABAAIOMA S
cropoctn v, = 0 mpu z = z,.

B npepenax ygactka A4, mpec-
HE® BOJE BHTECHAIOTCA COTCHBIMH
Prc. 27. C IpH WX JBMKEHWA K CKBAJKHHE,
el ;‘e”ﬁ) “gﬂggiﬁ;ﬁﬂg;‘pgg& a 3a mpefenamu ydacTka A4, T. e.

K Bomo3alopy y pexn: opu |y >y, 4, COMEHEE BOJH
BBITECHAIOTCSA [ PECHHIMH.

MaxcnManpHon mupnEe (POHTA COOTBETCTBYET MAKCHMAJNBLHAS
MHHepanusanua oTéupaeMoil Bogu. B manpueiimem ¢poHT mocrymie-
HUA CONCHHX BOJ HAYWHACT YMEHBOIATHCA 334 CUeT BHTECHEHI A COle-
HHX BOJ] IPeCHEMH M COOTBETCTBOHHO GYAOT YMEHHMIATHCA MUHEPAIH-
samua Bogsl. B KoHeuHOM HTOTE IpH [ = OO, 4TO COOTBETCTBYET J =
= 0O, COJeHHEe BOXH IIOAHOCTHIO BRITECHSOTCA IIPeCHLIMN I MHHEpa-
AuzanusA BORH CTaHeT paBHoH C,, T. e. IPOUCXOTHT CAMOOINPECHEeHIe
OTOupPaeMoOil BOTH.
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Mprepanuaamua BOofkl B 3aBUCHMOCTH OT LUMPHHE (POHTA COIe-
HHIX BOJ, OLpeJeNseMOr0 OPJNHATON y, paBHA

—C 2yd
€1=C0 arctg - L , (33)

Z_yB_xi

C: Cl_

2yd
roe ¢ = arctg 'd——J—z‘—“"

BIASA 3HAUEHWe ¥ = Y, B (33) raasu 1V, majiieM MakcAMANbHYIO MH-
HEpaNu3anuo oroémpaeMoil BOXH

Crnax = Cl_” il_%%‘ arctg ( - _V_'_d:—) . (34)

2__ g2
zy d

Geperca ma Bropo#t wuermepru. Ilomcra-

Bpems Hagana MOMCACHIBAHEA COJEHON BOMH, T. 8. BPEMA 6@ [BH-
JKEHH MO IIaBHOM JIMHAN TOKA — OCH z, Haxonurcs mo dopmyne (21)
rnasH IV,

Bpema pBuxeHHA CONEHOIf BOXH HO NPYTAM IWHUAM TOKA Ompe-
nengerca mo ¢gopmyine (20) rmasw 1V. Ilpn ee mcenmonszosamuu mamo
co0I0paTh caepyomue ycliosusa: 1) mpu y <1/:1:l — d? 3dauveHdd
ofomx arcsin GepyrcA H3 BTOpOHl 4eTBepTH; 2) npm y > Vi — d?

BHaUeHMe OepBOTO arcsin Geperca m3 BTOpON UeTBePTH, a BTOpOI‘O
arcsin W3 INepBOH 4ETBEDTH.

d2—y2 22
Bupasus ¢ momompio BHpakeEns (33) sHaueHwme 55 !

gepes C, C; u C,u noxcrasnsgero B (20) raasu 1V, monyanm sapucn-
MOCTh BUfia t = f (C, x), MO3BONAIOMYIO PACCIATATH BPEMA MOCTYH -
HUg NCKOMOHM MmBepammsamuu C

2nn0d2 .
t= q {1 Ctg( C—Co)x
Ci—C _ . (_.’L'L . Ci—C )]} 2 ( Cl——Co)
X[ﬂ Cl Co arcsin 2 Slnﬂ_—cl_co cosec n__%Cl—Co .3
(

Ilpn moawrsoBammm Gopmynoii (35) cleqyer WMeTs B BUIY:
1) ¢ usmenenmeM C or C, 70 C.x yrom, OmpefeNsAeMblii wgepes
arcsin, Gepercs W3 BTOPO# ueTBepTH

——< arcsin (——a sin n ——) <,
2) npn 3HaueHnn C = C .
c,—C ki1
arcsin (——- sin 7 m) =5

3) ¢ M3MeHeHIeM MuHepanusamuu oT C.. A0 C, yrou, onpenens-
eMeIil uepe3 arcsin, Gepercda W3 MepROi YeTBEPTH

. T Cl—C) A
0<arcs1n( = smn——cl_co < 5
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Jlna oGnerdenus pacgeToB Ha ocHoBe QgopMyls (35) mocTpoen
rpadux sasucumoctu t = f (z,, C), rne
qt - Ty ?v —_ 1 Cl—C

14

= Srngaz ' T g =TT =C

N

|

&y
!
|

]

T

T

’ -
g 4N 402 Q03 Q. Q05 GOF 407 408 409 47 °
Prc. 28. Tpadnx samcmmoctd = f (C’T Z) A7 OFHHOYHOTO
Bofto3alopa y pexm IpH IOATAIMBAHAM COREHHX BOX CO
cTopornl Oepera

T W™y

ITo ocwm afemuec OTKIATHBAETCA OTHOCHTENbpHAA MusHepanmsamua C,
[0 OCH OpAMHAT OTHOCHTeNXbHOe BpeMs ¢ (puc. 28), mapamMeTpoM Kpu-

BHX #ABJIACTCA BeINYUHA I,, XAPAKTepPUSYOm@As pAacCTOAHUE OT
BONO3abopa [0 IPAHAIN CONEHHIX BOX.

YenoBns ecTeCTBEHHOT0 HNOTOKA NOA3CMHBIX BOJ

Paccmorpmm ciygait, KOIf[a IOTOK HAmpaBleH oT peKH, 4TO Xa-
PaKTepHO AJiA HORpYCHioBEix JUH3. Eenu conennle BONE MONTATHBAIOTCA
CO CTOPOHH PeKH, TO MAHE PARIU3ANUSA 0TGN paeMOli BOAH B 3aBHCHUMOCTH
0T MUPWHH (POHTA MOCTYNJEHHA COJEeHOH BOLH oupeyeidercd IO

dopmyre

c1—C 2yd 2nvey
C=C,+ 1n 0 (arctg d‘l—yz—x§+ qe ) (36)
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B moMeHT mpopbiBa coJeHOiT BoiH K ckBariuue y =0 m C = C
Tlo Mepe pacmyperus QpOHTA CONEHOH BOJE, MOCTYNAIIEl B CKBA-
$KUHY OT TPAHMIIEL PA3fiera, T. e. ¢ YBeJAUYEHHeM ODAMHATHL I, Miuc-
panmzanus BOAH Takme Oymer pactu. Korma mupuna (ponra Hocry-
TUIeHUsI COJeHOH BOAL CTaHeT paBHOH IMHpUHe 00JACTH IUTAHAA,
MUHePATH3AIMA OTGHPAeMOH BOAB! JOCTHTHET MAKCHMAIBHOIO 3HA-
YeHNS W CTAHET PABHOI MAHEepaNW3amuM COJEeHOH BOAH, T.e. BOJO-
3a0op HOIHOCTLIO «3acomnTcsy. KadecTBeHHO M3MeHeHHe MHHEpPATH-
BanUA 3[eCh He OTJIMIAETCSI OT H3MEHOHWA MUHEDANM3AUH B AHAIO-
TUYHOM Ciydae Ui BOn03a0opa B HeOTPAHHYeHHOM IOTOKE.

BpeMms nagana Dogcoca COJNEHHIX BOJ BAONEL TIABHOW OCH TOKA —
ocu z ompenessercs mo gopmyre (21) raassr IV.

IIpomecc MoATArEBaHUS CONCHBIX BOJ ¢ HNPOTHBONOJOKHOM cTO-
poHHI (CO CTOPOHH Gepera) MONHOCTHI0 RHAJIOIMIEH ITOMY NIPOIECY
B clydae BOJ03a0opa B HEOTDAHMYEHHOM IIOTOKe, KOIJ]A JBIMKeHU2
COJeHBIX BOJ K CKBaJKHHC NPOTHBOHONOKHO HATIPABIEHHIO €CTeCcT-
BeHHOTO HOTOKA. IToxcoc cosieHEIX BOJ, MPOH30IAeT AU TOTAA , KOT/a
06JacTh COJNEHBIX BOJ Ionager B o6dacTs MUTAHUA BOLo3abopa. Ecau
9TO MMeeT MecTO, TO COJIeHEe BOABI MOATAHYTCA K Boxg03a60py, OMHAKO
HONCOC COJNIeHBIX BOJ OyAeT HOCHTH OTpPaHWYeHHHN Xapaxrep. Makcm-
MajipHas IUPUHA (POHTA NOCTYIIEHWsA COJEHBIX BOX OrpaHHIEHA
orpe3koM AA; u IpUOINKEHHO MOKET OBITH OHpefelieHa o opMyJie
(23) nna Heorpannqennoro mracra.

Wzmenenue MnHepannaaan TIPOTHO3UPYETCA IO $opMyle

C=C,— - —Co_ (arctg 2yd -+ ZWey ), (37)

—y2—z} q

rae arctg Gepercs M3 BTOPOM 4eTBEPTH.

Dopcrasnas 8 (37) y = y,, DonyIuM MAKCAMAJBHYI0 MHHepain-
sanMio oTéMpaemoll BOAH. B painHeiimeM MMHepaumaamus BOJBL
HagHeT YOBIBATH, MOKA He MOCTHTHET MHHEpPAJTH3alUMi IPECHOU BOJHL.

Cregyer oTmeTnts, 9TO 337293 0O [BUMKEHHM 3ATDA3HEHHON BOHL
B IOJYOrPAHWYEHHOM TOTOKe pacCMaTpWBajiach HE3ABHCHMO OT HAC
E. JI. Muaxussm, H. H. Bepuruasm u B. C. Caprucssonm [23, 50].

CamoomnpecHense oTGUpaeMoii BOJBI
npu padoTe GeperoBOro Bogo3zabopa

Hax 6s110 ycTaHOBAEHO BHIIE, P MONTATHBAHKL COJMEHBIX BOJ,
cO CTOPOHSI Gepera K Bofo3abopy y pekn MaHepalH3amus 0TGHpaeMoil
BOJ(BI IOCJE TMOJCOCA COMEeHBIX BOX CHAYANA BO3PACTaeT, a 3aTeM HOCKIe
MOCTHIKeHNWS MAKCHMyMa HOCTEHeHHO YMGHRMIAeTCS [0 MAHEpPaJIH3a-
mun npecHoit sopui. Ilpomcxopmur Kak 6B camooTipecHenHe OTOUDA-
eMoil Bogel. PaccMoTpuM, HACKOibKO OBICTPO HpOTeKaeT 3TOT TPO-
IeCC, IIpU KAKOM PACIOJOMKeHWM BON03a00pa OTHOCHTEAHhHO I'DAHIIE
TIpeCHBIX K COJOHHX BOJ CaMmoonpecHeHue OygeT O6ojJee MHTEH-
CUBHBIM, H& KAaKOM PaCCTOSHHH OT TPAHUIBGI IPECHHX B CONECHBIX BOJ
ellecoo0pas3Hee Pacmoararb BO03a0op € yIeTOM CaMOON peCHEeHHS
oT6HpaeMoR BOMH.
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TIporecc caMoonpecHeHNsA IO CYHIECTBY ABIAETCS OTPaKeHIEM
€CTEeCTBeHHOr0 YBeJNYeHHA 3aIaceB IPeCHBIX IIOA3eMHHX BOJR (Mara-
3UHAPOBAHN), NPOUCXOIANIEr0 IHOJ BIHAHHeM paGorsl Geperosoro
popozabopa. OmpecHeHHe 0T0UpaeMoil BOXH OGYCIOBIEHO BTOPKe-
HYeM TPECHBIX IIOBePXHOCTHHIX BOZ B COJeHBIe H OTTeCHEHHEM IOCHIefi-
nux. TawmMm oGpasom, npm pabore Geperosoro Boj03abopa 3a CUET
TepeBoja HOBePXHOCTHEIX BOJ B IOJ3eMHHE yBeINIUBaeTCA IIOMANb
OpecHHX HOA3eMHHX BOX, B peayapTaTe IPOHCXOZAT IIOTOJHEHWE
EX 3aIaCOB.

PaceMoTpuM Tpomece onpecHeRHs: HA IpHMepe Geperosoro BORO-
3abopa B Gaccefie IOJ3eMHHX BOJ| IpH PaclONOKEeHHM BOf03abopa

x
y PeKn W B YAAJICHHA OT TPAHMILH COTEHEIX BOJ (71 = 5), B cepenune
X
TIOJIOCH TPECHBIX BOJ (—(—} = 2) U B HeOOJHIIOM YHAJEHHH OT TPAHULH
x
COJIGHBIX BOJ (71 =1 ,5). Ilpumem fe6ur sogoszabopa Q =10 000m3/cyT,
MOMHOCTH BOJOHOCHOro miaacra hk = 20 M, aKTHBHYI0 IOPHCTOCTH
n, = 0,1, paccrosnme OF rPaBNIH CONCHEX BOX N0 pexn r; = 1000 m.

PesyapraTul pacueros IpusefeHH B Tatx. 10.
Tabauna 10

BpemsdA, 3a KOTOpoe
Bpemsa Hadaga | Bpems HacTYNIIeHUA MMHeDATN3anuA MakcamMadbHAR
x4 nopmcachlBAHMA | MAaKCHMaJjbHOW Mu- BOARl YMeHBIIUTCA | MUHEDAIU3ALNA
a T coneHoOIt Hepanusanuu i 4, n coctaBUT 75 % OT | (upu Co=0,5 r/x
BOAB, CYT eyT mMakcumadepnoii ¢, | ¥ Ci1=5,5 v/a)
cyT
5 940 3400 17 550 1,75
2 210 1020 7000 2,24
1,5 80 565 5000 2,96

Hanusie Tabn. 10 mokaseisaor, 410 © npubAMIKEENEeM CHBAKUH
K rpamme COJICHBIX BOJ 61>Ichee MO cCacHBaCTCA COJIEHAasA BOJa M BO3-
pacTaeT BeJinuuaa MaKGHMaJIBBOﬁ MI/IHepangamm, HO HRHTEeHCHBHeE
IpOTEKaeT TWPOLEecc CaMOONpeCHeHM.

Hpu z, > 2d, xak suguo ms dopmyns (32), y, ~ z,. Taxmm
006pasoM, eciM TPAHWIA COJEHHX BOJ HAXONUTCH OT PeKH Ha pac-
CTOAHHH, B HOCKONBKO DAa3 TPEBHINAMEM paccTosaue Boposabopa
OT PeKH, MOKHO CYMTATL, UTO COJeHAs BOJA OT TPAmHMIH pasjena
HoCTYaeT B CKBaKuHy depes ydacrok AA’, mmpuna KoToporo
DpuGAMBUTEIFHO DABHA YJBOGRHOMY PACCTOAHMIO Z; OT IPanHIIEI
pasjela [0 peKm.

Hemonssya ¢opmyny (34), MomHO ompefeluTsh paccrosHne, Ha
KOTOPOM CJIeJ[yeT PacHoJOMKATE BO03260p OT TPAHUIBL CONEHBIX BOR,
uroGs KagecTso orOmpaemoil BOgH He yXYAIIHIOCH CBePX Oy CTUMOI

HopMH Cj e )
1—Cx ]

Ti—Co (38)

l=x1[1—sin )4
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Tak, pas smawennsi C, = 0,5v/a, C, =55r/a, C;=15¢/n
u z; = 500 M paccunran#as mo ¢opmymne sexumumaa [ = 210 .

Taxnm o0pa3zoM, BsiTecHeHHe CONEHBIX BOJ HPECHBIMH H c€aMo-
onpecrHeHNe OTOMpaemoOii BONH B IENOM HPOWCXONUT JAOBOJBHO MeJl-
JeHHO, TeM He MeHdee 3TOT mponece, 0coleHHO MpH ANUTEIHHOM U 601D
IHOM BOXOOTGOpe, MOMKET CYINECTBEHHO U3MEHUTH [HIPOXHMHUYECKY
oGcTanoBRy B paiiome Bomoszafopa.

IIPOTHO3 KAYECTBA BOJ[bI B CIYYAE B3AMMOJIEUCTBYIOIINX
CKBARNH

I. Pemenns, moszBonsonye NpOrHO3MpPOBATH W3MEeHeHHe MHMHepa-
NV3aNAU BOXH ONMHOYHOrO BOxo3aGopa, MOryT GHTL MCHIONL30BAHE
U 751 KOHIEeHTPHPOBAHHOTO MIOMAXHOTO Bofosabopa, cocTosmero ua
TPYNUNH CKBAJKUH, IPH YCIOBAHU, 9T0 OH yHaJeH OFT TPAHHUIE COJEHHX
BOJ| HA PAacCTOSHUE, MpPeBhIanmee B 3—5 pas ero Hanboxpnine mole-
peunbie pasMepsl. B sT0M ciyuae mmomapHoil Bogo3abop MoskeT OHITE
3aMeHEH OMHOYHOIl DKBHBAJEHTHOH CKBAKHHON («GONBIIMM KONOJ-
meM»), pacHoNOKeHHOX B IEeHTpe Bomo3abopa ¢ meQuTOM, PABHHM
CYMMapHOMY Me0HTY BCeX ero CRBAJKIH.

JIB1sReHIe SKUAKOCTH K «GOALIMIOMY KOJOHImy» OymeT mpOUCXOJHUTH,
TAK jKe KaK B PACCMOTPOHHBIX BHINE cliy4asX K OQUHOYHOM CKBayKUHe.
Oxrako 3acoleEWMe TPYNNH CKBAKAH CyImMECTBeHHO OTIHYAETCS OT
3aCOJIeHHST OMHOYHOH CKBasKMHH. PaceMOTpAM 3TO HA NpHMepe
HEOTpaHHIeHHOTO GacceitHa.

B opmnouxoii cxBajkMHe Noclde NPOPHBA CONGHHX BOJ Oyner
IIOCTOSTHHO MPOMCXONUTH cMeMeHKe IPeCHBIX BOJ ¢ COleHEME. B cay-
"uae MAOHAHOTO BOX03a0opa BBUAY TOTO, YTO OTHENBHHE CKBAYKIHEL
OyAyT pacmoNoKeHH HeOJWHAKOBO OTHOCHTENBHO TPAHMIH COJEHBIX
BOJ (O7iHA wacTh CKBaKMH pacmodojkeHa Oawsxe, ppyras — Aaiblie),
Xapakrep TWOCTYNIeHHA cOJNeHHX BOJ K Pa3HHM cKBayKUHAM OyneT
pasauudblii. DBamkine K rpamume pasgesa CKBaJKWHH IOJHOCTHIO
3acoaATCA H OyAyT [aBaTh TOABLKO COJNEHYI0 BOAY, HEHTPaJbHEE
CKBa;KHHBI — CMEINAHHYI0, a 0ojee ymaleHHHe — TONBKO IPecHYI.
Ho 8 menom ofmas MuHepanamsania BOAsl BCeX CKBa;KuH OymeT HaMe-
HATHCA NPHEMEPHO TaK K€, KaK MHUHepalW3anUs 9KBHBAJIeATHOH
OJMHOYHOIl CKBaKHHH («GONBIIOr0 KONOANa»), ¥ B KOHEUHOM HTOTe
MUHepaNN3anua BORH ILIOmMANHOTO BojgosaGopa OymeT paBHA HOIY-
CyMMe MHUHEPaJM3aNWi MPECHWX W COAEHBIX BOJ.

11. Pacemorpum jnuHe#HWH pPAJ CKBasKUH 0OOABINON JAWMHH, pac-
TONOKeHHHH HapalIelIsH0 TPAHUNE CONeHHX BOI W HA PACCTOSHNN
Z, OT Hee B YCNOBUAX HeOTPaHHYeHHOro B njlade Gacceitsa (ve = 0).
JleGuTH BCeX cKBaKUH ofmMuaxoBhe. g npornosa maMeHeHUs MuHe-
paluzan¥ BOAH OTAENBHON CKBAKHHB Psa HOMYUeHO Clie[ylomee
BHpasKeHYe:

_ olb__ oTh
C :CO +£1—n—ﬁ— arctg ‘/77:1—' , (39)
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e b = Q¢nt/hn0®, 0 — paccroAHme MCHYIY CKBaSKHHAMHU B DALY,
Q, — ne6ur oryennrHONi CKBAKHAKN pAjA, ¢ — Terynlee Bpeysa. Bxo-
nsamee B (39) smauemwe 7' (BpeMa Hagama IONCOCA COJEHBIX BOT)
onpegenserca no gopmyrae (13) raasst IV. Bupaskenne (39) peiicrsit-
TedpHO 1pu t > T.

IIpm paGore saumeiinoro pama B HeorpaHWYeHHOM GacceliHe HOM-
8eMHHMX BOJ XapaKrep HN3MCHEHWS MUHEPANA3ANHMA KAUeCTBCHHO
TaKOH e, KaK H JiA OfUHOYHOH cKBakuBwe. IlpemenpRas Makcu-
ManpHAA MUHepaJdusanyusa Bog (npu i—o0), orbupaeMoll orTenpHOH
CKBKUHOR pAfa, KaK H Aus OMHHOYIHOTO Bofo3aGopa, pasHa Cpa, =
=01‘2}‘c(l.

Iipn manmuum mepexofHOi# BOHH pacueT MaMeHeRHS MITHepaH-
BAL(HM BOAH IPOM3BONMTCA 10 Qopmyle

_ N' Cn—Croy “ofb _gTnb X
C= Co-]— 2——»;—«— arctg V:ﬁr;T s (40)
rge
__ 2ngho® ( nzp ‘ \
T, (—--G —0,7) ) (41)

I, — paccTossHMe OT JWHEHHOrO PAXA A0 TPAHMIBI CIO0A COMEHOH
BoAH ¢ MmHepanmsanuei C,. JloBompHO wWacto Tpebyercs ompese-
JINTH BPeMA HaCTyNNeHNA MCKoMoil Mmwmepamusanumu Cp. Jag storo
sapucuMocTh (39) mpeolGpasyeTcs K BHAY

2 —
t=—= n_g:,% In [eTb +(eT0— 1) tg? (:rLC)], (42)
Cai—Co
Ci—Co )
(Ho ¢ coxpaHeHWeM TOYHOCTH PACIOTOB) MOKET GHTHL TpexcTaBieHa

cIAeyIoONmuM o0pazoM:

_ In sec (niC) |
t_T[i t oS ] (43)

rme C= @opmyna (42) nocme HEKOTODPHX YIPOMEeHHIT

TIIe z =r/o, a peauauna T ompepenserca mo {13) rmasm IV.

Ha ocmose dopMmyns (43) mocTpoeH rpaduk 3aBUCHMOCTH [ —
= f (z, C), m3obpaswennbiii ma pHuc. 29; WO OCH OpiEHAT rpadmka
OTKIA/NBANACH BeANIHHA t=1tT, no ocu abciuec — Beanguua

Cx—C
C=F"— CO , lapaMeTpoM HPHBHIX ABJIAETCA OTHOWIEHMe I/0.
1—Co

Iipu paGore nuHEeHHOro psga B HEOTPAHWYEHHOM NIACTe B YCIO-
BHSIX HOTOKa IoA36MHHX Boj obpasyercs, KaKk yiKe OTMe4anoch
BOJoOpasfenvHas JHHHA, OTHeNAmas o0nacIs NHUTAHHA KajKkyoi
CKBa)KMHE! PANa OT OCTAJNBHOH 9YaCTH BOJOHOCHOro ropmsonTa. Pas-
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Mepsl 3TOM O0NacTH HUTAHMA BOLo3a0opa ompejexdiorcd IIONOKe-
HOueM TOYKHM nepern0a, pacloNO;KeHHOH BHM3Yy IO NOTOKY. Ecam
rpamyMua COJNIGHHIX BOJ Nomagaer B o0nacrs mWTaHus BOpo3abopa,
TO B IPOHECCe ero SKCINIYyATAUMY HPOM30HAeT MO/CACHBAHTE COMCHHX
BOZ. ITOr0 HE GYyner, ecliW CPaHAIA COJCHHIX BOJ HAXOQMTCHA 32 Ipe-
AesaMu oblacTH NUTAHMA BOFoszabopa.

TarxuM 06pasoM, IpH BHISACHEHHH BOIPOCA B BO3MOKHOM IIOJicOCe
COJIeHEIX BOJ HeOGXOMMMO 3HATH Pa3Mephl 06AACTH UHTAHHAA M HOJO-
yweHne Togkd mepernba. A ommerrsaeMoro caydas (IwHeHHBIA PAR
CKBRJKMH B HEOTPARHHYCHHOM IOTOKE) NOMOKeHWE TOYKH Hepermba
Haxopurca mo ¢opmyae (43) 7
rnassr II1. 775

III. lns aumeiinoro psma Z_g
CKBaJKMH, pACHOJIOKeHHOrO Yy l/
PeKH B NONOCe IPECHHX IOA- y,
BOMHNIX  BOJl WWPHHOA Z; ., 4
(B ycmoBuax Gacceiima), Bpemsa | /
HA9gaNla OOXCACHIBAHHUA COJIe- //
HBIX BOJ OIpeJieNsdeTcsI MO

T~
AN

A /]

AP ARpL
dopmyne (25) rmasm IV, pARVe r;
Amanmz o1ofi opMynm DoO- 2r pdyd4 =S /,/
Kasad, uTO0 BpeMd NOJjTArHBa- /,,/ o ;,/,
v . o 1 - | [—
HUA CONGHOH BOJH K JWHEH- = S e Ze o=
HOMY pagy OoJpme, ueM 17 = 77/
K OofuHEOYHOM CKBamuHe, pa-  4%y; 17 Vi 7%z

goraromeil ¢ meGHTOM, PaBHEIM - - -
. ac. 29. T'padur saBucmmoctu t=f£(C, 7

nebury OTHeNBHOMR CRBIRMHBI ;"‘I’ %Img;g’m“ pl:;;lac c}?Bamﬁi{ fchne;)

PAfa, ¥ PpAacHOJOMOHHOH HA OTPAHEIEHROM ILTACTE

TAKOM jKeé DPACCTOSSHHM OT pe-

kK, 9t0 ® pax. C yselmueHWMEM pACCTOAHUA MEKAY CKBAKMHAMA

B pAXy BpeMs NONTATMBAHUA COJNEHOE BONH K pagy npubin-

/RAETCA KO BpeMEHW MOATATMBAHMA €€ K ONWHOYHON CHBajRWEe,

paboraionmeil ¢ TeM 3Ke HeGMTOM, 9TO M OT/leIbHAS CHBAKUHA pAHA.

XapakTep H3MEeHeHHA MHHEPANH3AMUH BOAH JIA OTHEABHO
CKBAJKMHH PAMA TAKOH Ke, KAK U AN ONWHOYHOH CKBA/RUHK Yy POKH:
MEHepalAn3anuA 0r6upaeMoil BOH B HAYAJLHBIN HepHO] NONCACHI-
BAHMA CONEHEIX BOJ DPACTeT, [OCTHraeT MAKCHMYMa W 3aTeM HAUWHAET
yGHBATE.

@opMynH a4 ODpPOrHO3a HM3MeHOHWA MHHEepPANH3aUuH BOJH, OT-
GrupaemMoll IMHEHHHIM PANOM, He IPHBOAATCA BCJACNCTBHE UX IPOMO3J-
kocru. IlpmGnamsReHHB pacueT W3MEHCOHNA MHUHEPANH3ZANUM MOKHO
O pOMBBOIUTE 10 dopmyde (39) nia pAna B HeorpaHMueHHOM Gacceiime
moA3eMHHEIX BOX. Bxopsamee B Bripaskenue (39) Bpemsa Hagama mon-
cacHBaHuA coNeHHX Box I' ompenexaserca mo gopmyae (25) raasn IV
JuA JuHeilHoro psana B HOJYOTpaHMYeHHOM OacceiiHe.

Ilpormos wawecrsa BoOxsl, OTGMpaeMoil InHEHHKM BOJ03aGOpOM
OrpaHWYCHHOM NJIMHH, MOKeT GHTH OCYHECTBIGH ¢ IOMOMIbIO rpado-
aHAJIUTUYECKUX MeTonos, pazpaboransmnx E. JI. Muskurem [50, 51].
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HEROTOPBIE BONPOCHI HOATATHBARIIA COJEHBIX BOJ CHI3Y

Bo MHOTHX clydYagX NIpPecHHE NOJi3eMHbIe BOJH 3ajeraloT Ha
conennx Bogax. IlograrmBaHMe CONEHHKX BOJI CHH3Y WPOHCXOHHUT BO
MHOTO pa3 GHiCTpee, 9eM mo miaacTy. Hambodee pagnraiZbHBNM €OCO-
60M TPeNOTBpANeHHA NONTATUBAHHA COJNEHHX BOJ CHU3Y ABAAETCH
OIHOBPEMEHHHH X pa3NeNlbHEI 0T6Op NPECHEIX M CONEHHIX BOJ —
MeTof cHapemHhiX OTHazeK. Ha sty Bosmo:xHOCTH GopnGH ¢ 3acoue-
mnem BojosaGopa Brepsrle yrazax H. K. I'mpuHcrmit (1952 r.).
JlerafipHHE HCCHEHOBAHMWA 3TOr0 BONpOCA OHJIN  OCYIIECTBIOHH
B. [I. BabymruasM.

1. TlogTAruBanme CcOMEHHIX BOJ VXYAMIAeT KAa4eCTBO BONH HA
BogozaGope, HO eciu HpH 3ToM 00mas MMHepAJI3anusA BOJE U CO-
Jep/RaHfe OTHEJIbHHX KOMIIOHEHTOB He HPEBBIMAKT OMyCTHMOl
HODME, Bou03aGop MoKeT paboTaTh B YCIOBHAX NONTAFIIBAHIIN
COJIGHHX BOJ.

TlosToMy mpemue Bcero HeoOXOTMMO ONEGHHTH MaKCHMAJBHYIQ
MIHEPANM3ATHIO BOJM, COOTBETCTBYIOIIYI NONHOMY OTGOpy I che-
MIeHHIO NPeCHHX ¥ COJEeHHX BOJA, CONePKAMUXCA B BOJIOHOCHOM
rOpH30HTE.

B ogmopognoM miacTe MaxcHMaiarHasg Munepadusands Boas Crx,
orTGupaemMoii COBEPIEHHOH rvBa)KHHOLN, paBma [2]:

Cona = C1— (€1 — Cp) 2. (4%)

B nByxcHOKHOM IIacTe MPH pACIOI6KeHWH TPAHHDM pasjena
TpecHHX ¥ COJEHHX BOJ B BepXHeM ciioe ¢ Koaddmimentom dusbrpa-
uuu K, mMakcuMaipHas MHHEpaJW3alMsa BOJL COCTABUT

Cmax = C1 - (Cl - Co) ’221 . (45)

Ecmu rpaEWOa CoJeHHX BOJ PACHOJarac?cA B HIGKHEM €708
¢ xodpdunuenToM ¢uiaprpanmn K,, TO
h.Ko
Cmax == Cl - (Cl_ Co) “HK ° (46)
B ¢opmynax (44)—(46): C, m C; — mMumepaduszanus TNPECHHX
I CcoldeHHX BOH, £, ¥ h, — MOmHOCTH IPECHHX M COJIEHHX BOJ;
K = MEERKs peoy B vommoctn cioen ¢ oadduimentayi

H
¢uaprpauynn K; m K,; H — o6Masa MOmMHOCTH BOXOHOCHOrO TOPH-

30HTA.
II. B naacre Goxpmmoii MOmHEOCTA B yclaoBHAX Gacceiima BpeMsa

HOATATHBAHAA COJEHEX BOR K KOJOALY, PaGOTAIOmeMy ¢ MOCTOAHHEM
me6ETOM (Q, ompeneiasiercsa Mo gopmyie

3
2nn hy (47)

T———-ga-——,
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rie kg, — MONIHOCTL CJOSL TIPeCHBIX BOJ, 3aXEraIOMX HA COJSHHX
BOjiax; £, — IOpHCTOCTh BONOBMeMAWINX mopog. llpenmonaraercs,
9T0 KOJNOJeI[ BCKPHBAET cAMyI0 BePXHIOKH 9acTh CI0d IPECHHIX BOJ.

Munurepanusanusa Bogs HA J1060# MOMEHT BPEMCHH { IOcie Hadaxa
T nopecoca cONeHHX BOX paBHA;

C=C1—(C1—Co) f/$ (48)

Bupasenne (48) meiicrsureanrno mpm ¢ > T.
C ygeroM nepexOXHON 30HH BHIpAKEHHe N PAcdeTa MIIHOpaju-
3aIA MMeeT B

& 8 /S
C=C = D C—Cad )/ -, (49)
1

25n k3
r,aeT,,=~—3—Q°—"—, h, — paccrosHHe OT KOJOXUA HO TPABHLH! N-TO

CI0A.
Ecnn mepexopgmas 3oma OTCyTCTBYET, TO 7 = 1 U W3 BHpaReHHA
(49) monyuum dopmyay (48).
Ecmn nepexopnas soma Momemupyercs ogHuM croem (n = 2), TO

3 T 38 /S _
C=C—(G=C) Y F=—(C—Cy) ]/-Tt—L (50)
opu n = 3 uneeM
3 /T 3 S 3 /ST
C:Ca_‘(C3—C2) "/—t—s——-(cz——cl) "//._t.l__(cl__co)"/_t_l- (51)

A1 IpaKTHUecKHX PacdeTOB NEPEeXONHYI B0HY HAOCTATOYHO IIpej-
CTABHTD ONHUM MM JBYMA CHOAMH.

Ilprmep. Homomen paboraer ¢ geburom Q = 200 m%cyr. MomgmocTs
UpeCHHX BOR hy = 20 M, munepamusauus Cq = 0,5 r/a. Ilof mpecrEIMAE Bogama
3aJ1eTal0T CNa00 CoNoOHOBAaThe BOAR, MIUHEPAMH3ALNMS KOTOPHX H3MEHAOTCH
ot 1 fo 3 /a1, MompocTeio 20 M. HuKe IepeXofnoil 30HH 3aJMeTAIOT CONeHbe BOJRL
: Mumepammsanmeii 3—4 r/a. IlopHcrocTs BOROBMeIAOIGHX Hopox ng = 0,1.
[laTe UPOTHOB W3MEHEHIs MIHEPAIM3ALUK BOXNE HA MOMEHT BpeMeHU ¢ = 20,
50 u 100 cyr.

Hia pacieToB mepexofHyI BOHY BaMeRHM OfIHWM CloeM CO CpeNHel MirHe-
pasmsanged €y = 2 I/N; MWHeDATM3ALMI0 COJeRWX BOL C, NpEMeM paBHOH
3,5 r/ia.

1)v Ilo dopmyae (47) malitem BpeMs TONTATHBAHUS COIOHOBATHX BOJ mepe-
COAHOM 30HHI

2.314-01-20
T 37300 =84 cyr.

2) BpeMa mauana Toficoca CONeRHX BOX PaBHO

2.3,44-01. 403
T= T3Tog0 07 CyT.
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3) Ha momenTH BpeMern ¢t = 20 n ¢t = 50 ¢yT K KOJONUY LOLTAHYINCH
TONBKO COJOHOBATHE BOLH IePeXOoHOH# BOHH, HOITOMY PREIET MHUHEPaJn3aifn
OyneM BectH mo gopmyrne (48)

8 FE

t=20 cyr C=2—(2-0,5) 8T’g—=0.87 r/m
8 /o

t=>50 cyr C=2—(2—0,5) -85%—=1,18 r/a.

4) Ha wmoment Bpemenn ¢ = 100 cyT K KoJOALY UOATAHYIUCH COJOHO-
Bateie BofH C,; W cojeHHe BOAK Cg, D09TOMY pacdeT MAHEPWIM3AMAA BelieM
no dopmyre (50).

L W arv 8 S Tq
C=35—(35—2) 1/‘1%76‘(2‘0'5) ]/—1%10=1,54 r/a.

ITI. Teneppr paccMoTpEM Npomecc HOATATHBAHHSA COJNGHHX BOA
K KOJloAny Ipd HAJAYNA €CTECTBEHHOTO ABMIKEHHA WOA3EMHHX BOJN,

a XapaKrepH3yiomerocs cpeguei
CKOpPOCTBIO V.. HloTennmanpuan
QyHROZS TeYeHHS @ mMeer
sug [29, 49]

cp=vez—70—-—-—__—1_——_—-.
7T V.z2+y2—[—z2
(52)

B stEx ycwmoBmsX TOKOBWE
JNHEA, 00 KOTOPHM IpORCXO-
OAT JIBW)KEHWE YAaCTHI JKAK-
KOCTH, WCKPUBAAIOTCI U cCaM
npomecc  OBWIKEHHS  Ccymie-
CTBEHHO OTIMYAeTCI OT pac-
CMOTPEHHOLO BHIIE 0CEeCHMMeT-
PAYHOTO pajMadbHOTO Tede-
mua. Hpu v, =0 (paccmo-
TPeHHH{ BHIIe CIydail) aBH-
JKEHWE YacTHI, JRKUAKOCTH K
KOJOANY HNpPOHCXOAHT N3 JIo-
Goit TOYKH BOJNOHOCHOTO TOpH-
30HTa, Kak OB rIy6oKo oOHA
HA Onma pacmoioykeHa. Ilpu
HaNIWYMA ecTeCTBeHHOTo [BH-
JeHWs NOA3eMHHX BOJ, T. €.
Korga U.==0, obpasyercsa
ofmacrs INHTAHUS KoIopua
Prc. 30. Cxema NOATATHBANEA CONeHMX WIM o0NacTh 3aXBaTa, M JABU-
BoJl CHH3y B YCIOBHAX Gacceitna (a) JKeHHEe KUKOCTH K KOJIOALY

H B YcioBAAX HmoToKa (6, é); 6 — HONTHA- HVTDH
THBAHHMA COMeHHX BOJ He LpPOHCXOJHT; npozxcxoﬁ,uﬂ'r TOIBKO  BHY Op6
¢ — IONTATMBAHME CONEHHX Boj mpomc- OTOM ODIACTH IIUTAHMA. -

XORMT JacTh NNATAaHHA OTPaHHYEHA
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HeiTpanpHoil Jmaneil Toka (pume. 30), ypapHeHMe KoTopo#l B OHANE-
JpuuecKoll cucreme Koopammar (z, R) mmeer supy [30, 61]

"‘DQR2+_' zg_iRg +£_O (53)

PasMepu oGaacrm DUTAaHNA ONPENENAITCI BeIHYHHAMHA 24, R,

4
# R,. Paccroasme z, maiiieM H3 ycluopusa v, = —c,g— = (0.

Illupray o6aacrn nnramug B Toukax z = 0 m z = ©O, T. e. Bean-
gues Ry, n Ry, monyyum na (53) mopmcramoBKot 2 =0 u z =

— Q

R.-)/ 2L, 56)

TWe

YacTumsl RUKOCTH, PACIONOKeHHHME 3a NpefeiaMu o6macTu
puTaHnd, B Komofiel He Nomamawr. ClefoBaTednHo, €clM TpaHAna
COJieAHX BoJ JeKHT HEKe HelirpanwpHoll nmAum tToxka MN, mopcoca
coleHHX Bojx He Gynmer. Ecam melirpannmas awmusa 3axpBaTHBaeT
o6JacTs COMEHHX BOJX, LpPOM30HxeT MX uacTuuski momcoc. Taxum
o6pasom, yCcHOBHAME HOJCOCA COJECHHIX BON HABISIOTCA:

Q <h —nopmcoca He Oyjer (57)
20
0 —=>>h,— Oofcoc Npousoifer, (58)

rae by — CpelHsA MOMHOCTEL HpecHHX Bon. Us ycaosna (57) MoxHO
OLICHATL BEJWYMHY pReOHTa, NPH KOTOPOM NOATATMBAHUSA COJCHHX
BoJ He Oymet

nhiy

o<y, 59)

Ecnn colensie Bogh 3aXBaTHIBAKOTCA O6JACTHI0 NHUTAHHA KOMOMUA,
opefielpAAaA MHMHeDAIN3auysd CMecH HpubIUKeHHO OompefesigeTcs Mo
dopmynam (44)—(46), mpn sTOM mOX MOMHOCTHI) M MUHEpaJiM3anuei
COJMIEHHX BOJ HOHHMAKTCA MOIHOCTE M MUHEPATH3ANHA CONEHHX BOJ
BHYTpH oGuacTH nuTasna. Bpema savaza momcoca CONEHHX BOJ
B 3TOM CHy4ae MOKHO OIEHHBATH Io gopmyde (47). Paccumrammoe
TAKUM IyTeM BpeMsA Hagalla MOJCOCA COMEHHIX BoJ OyHeT comepsRaTh
«3a0a¢ IPOYHOCTHY, DOCKOABKY pacder mo gopmyre (47) mpenmona-
raetT ABMIKEHMC COJEHOH BORH IO NPAMOH JWHAM TOKAa, TOTNA Kak
neAcTBUTENBEHHHE MyTh NABMMeHNA KPUBONHMHEHHBH M HosToMy Gosee
nnuaEEG. TaxuMm o6pasoM, AAs WpPoTrHO3a MOATATHBAHHA COJNEHBIX
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BOJl CHO3Y Ba)KHO 3HATH €CTECTBEHHYI0 CKOPOCTH ABIKEHHSA IOf3eM-
HHX ‘BOJ.

IV. B naacrax orpamWueHHON MOIHOCTH HA ABMKCHME COJEHOI
BOZIBI K BOH03a6opy Oymer BauAThr mopomBa miacra. He ocramaBan-
BasgCh HA DTOM BOLPOCE no,upo6no OTMETHM IHOIb, 4T0, coraacHo [45,
70], ecnn cmoit mpecHoil BOAH COCTaBJIﬂeT 0, 5 - O 7 BN MeHee MOI-
HOCTH BOJOHOCHOTO TOpPH3OHTa, T. €. 0,7 H , TO BIANAHHEOM
MONOMBH NJACTA HA BpeMd gBAKeHHAA coneﬁoﬁ BOJIHI K KOJONUY MOYKHO
npeHe6peys.

WnrepecHo BHACHNTE, OpPH KAKUX YCHOBUAX NIA MPOTHO3A IO~
TATHBAHUA CONeHOH Bopmel BMecTo (GOPMYyIH [IA HECOBePHIeHHOI
CKBAKHHEL MOJRHO HPHEMeHATH HamGolee mpocryio gopmyany (47) mia

KOJaomiia. Hixe OpUBOUTCA BEeIWUYUHA

7 K% B 3aBHCHMOCTH OT COOT-
KOJa

HOmeHHA JJIAHH (QUIBTPA CKBAKHHE W MONMHOCTH IPECHHX BOJ,
PacCINTAaHHAsA AJA YCIAOBHH HEOTDAHWUYSHHOrO IO MOMHOCTH IJIACTa.
Jnsa oneHKE BpeMEeHH HONTATUBAHAS CONEHHX BOJ K CKBARHHE HCIONb-
gopana ¢opmyna [64]

TR (- 4) (). )

rae | — mpanHa ¢uastpa, B, — MOIIAOCTH ITPECHLIX BOJ.

BaBHCHMOCTD T ex or L
Txon h()
G h_’_ 00t | 005] 007 | ot | 02| 03 04 | 05| 07
Tewy 1 1 | o099|097]| 09| o079 065 | 05| 022
Txon

i
Ilpu —— < oTHontenne Ter Gynso x 1.
h0 Txon

Cne;mnareamo €cJH B ILIACTE OrPAHMYCHHON MOMHOCTH COGIIONA-
I0TCA YCTOBHA 5~ S 0,3 m Ay < 0,7 H, rme H — MOIHOCTH BOJIO-

HOCHOTO ropnaoma, OPOrH03 BPeMeHH NONTATHBAHMA CONEHBIX BOJ
K HECOBEPUICHHON CKBajkuHE WPHONMREHHO MOJKHO BHIONHHTH IO
dopmyae (47) aaA roxomma.

Tlpornos maMeHeHua MuHepaiaWszanuu OorGHpaeMoil BOGH B CKBa-
3KUHe DOCJe HAYala MOJcoca COJeHEX BOJ nponsBon‘mca o ¢opmyie

C= C-—(C—CO)[ (1—_ —H (61)
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e T — Bpems Hagala TOHCOCA CONeHHIX BOJ OHPENENAeTCH IO
dopmyre (47) mam (60); B — roadpduuuent, yanTEBarOmMii Heco-
BOPIIEHCTBO CKBASKMHBL, O PENeNAeTCH MO MPUBECHHON HIKe Tabnnd-

= 1
HOIi 3aBUCHMOCTH P, OT BeIWIMHE [ = > THe H — MomuoOCTs BOLO-
HOCHOT'O TOPH30HTA.

3aencnmocts Pep or I

1 lo,os_m 0,1—0.2 0,2—0,4 I 04—06 06—08

Bep l 2 1,7 ‘ 1,4 l 13 1.1

Koappuunent P momyden uz pemenrus Mackera njis HecoBepmeHHOH

ckBasKuHN; mpH [ — 0 Beamunma f — ©O.

Buipaenne (61) peitcrurensno mpum ¢ >T. B mavanemmii
MOMEHT CMeIIeHH#A, Korfa ¢ = I, MHHepanusanusa ordupaeMoil BofH
pasaa C,. Maxcumansnans Munepanmsamua Cp,. HAcCTymaer npo
{ — 00 m ompefelsercA PABEHCTBOM

Cmax = Cl - —CL.B__C('L . (62)

!
Ecau B — o0, u9ro coorsercTByeT T =0, BemuunHa Cp,=0C,

(var gIA KOJOXMA).

Ilpn HanmuM® HepexXofHON BOHH OT IPECHHX BOXA K COJCHEBIM
OpOTHO3 M3MEHEHWA MWHeDAJAHM3AMUU BOAL IPOM3BOAATCHA C MOMOILI0
clegyiomeil 3aBUCHMOCTH:

n

=G DC—Coi[ 515 VL @

TAe n — 9HCNO C0EB, MOJEMUPYOMAX HEPEXOHYI0 30HY M CONCHHO
sonel; T, — BpeMs Hawalla IOJCACHIBAHHUA BEPXHEH TpAaHHuH CIOSA
¢ muHepamusauueir C,, ompenensemoe mo gopmyram (47) mam (60).

V. Bo MHOrEX ciy4asx BOJOHOCHBEIH TOPH3OHT ABJAETCS HEONHO-
PONHEIM IO (QHIBTPAUHOHHEIM CBOMCTBAM, 9TO0 OGYCIOBIEHO CJEOHC-
TOCTHI0 Pa3pesa, aHU30TPONHOCTHI0 HOPOX, HaJduIueMm c¢aabo HpOHH-
NaeMHX TPOCNOeB H JUH3.

JIOBOIBHO WAaCTO BCTpeYAOTCs YCIAOBUA, KOrja cloii npecnmx
BOJ OTAM4aeTCs MO (QUIBTPANUOHHEIM CBOMCTBAM OT HHUMKEJEKATETO
C10sA COJEeHHX BOX, NpuieM oOHIHO Koapduument ¢uipTpanua K,
BepXHell YacTH BOZOHOCHOIO TOpU3OHTa Gonpme Koagdumuenra uin-
rpanun K, pmskHe# gactu. B yenosusax rakoro qByxclaoiiHOro miracra
M KOrja TPaHWIA HPECHHX W CONEHHX BOJX HPOXOQHUT B HUIKHEM €O
¢ rospdunuentom ¢uasTpamuu K,, BpeMs IONTATHBAHWS CONEHHX
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I .

BOJ| K CKB)XKHHe (Wau koaoauny npn+— << 0,3, rie | — pawna ¢uasrpa)
0

ONEHMBAGTCA IO rI)opMyne, npuBefieEHot B pabore [64]

2nn, B3 | 8% n K h¥
T = “Mo1te In (,1 ) 01 (,1 t)[1_M
30 | s« h3 T (U7, SNAN
(64)
g2 hy — MOmMHOCTH CI0A ¢ Kosdpdmimumentom ¢uasTpammu K, (Mom-
HOCTH HHKHETO0 ¢0od ¢ kKoapdnmuenToM ¢uanrrpanum K, IPpEHAMaETCH
BeckMa Goapmoil); Ay — MOmMHOCTH HPECHHX BOA; My, N,, — HO-
_ Ki—K,
puCTOCTH HUKHETO H BQ?XHBI‘O C0eB, A =-p —p-.
Hepenko cmom pasHoii HpOEMNAeMOCTH XapaKTepH3YIOTCA HPH-
MEpPHO OfWHAKOBOH HODHCTOCTBIO, T.©. Ry; A% Ny = N,, TOIJAA
¢opmyny (64) sanmmem B BHIE

_ ZHnDhg th 8% K,
=3 [_ s 1n(1—~—§—)+0,5(1+—K-;). (65)

B TaGn. 11 mpHEBefieHH pesyabTATH PacyeTa OTHOMEHHS BDPEMEHH
HDOATATWBAHMA CONEHHX BOA B HeOXHOPORHOM miacre Ty , u B OfHO-
pogaom maacre T, ; ¢ mcumoan3oBaHmeMm dopmyx (65) m (47).

Tabaunma 11

Pacuer OTHOIEHHA Ty n,
To.n.
<) o

K 0,3 0,4 0,5 0,6 0.7 0,9 0,95
-é-, (@) 1,49 1,48 1,46 143 14 1,27 1,23
%, 3) 1,98 1.95 19 1.85 177 1.5 1,42
,g_. (5! 297 293 2.86 2,75 2,6 2,17 2,02
11 (10) | 54 516 5.06 4.75 43 2.95 2,5

Ws ra6x. 11 BranHO, 9TO CIOHCTaA HEONHOPOAHOCTH Pa3pesa Cyue
CTBEHHO BAMACT Ha BPeMsA IPOABHKEHHS COJNEHHX BOJ K Bomo3aGop-

“ k
HOMY ycrpoicrey. M TonmKo mpm Tl' < 2 3TO BIHAHNE CTAHOBUTCA
2
meHee saMetasiM. Popmyna (64) noayueHa aiA KOMOZNA, HO €10 MOKHO
WONL30BaTBCA M A CKBAKMH mpn yerosns 4— < 0.3.

Npu6anxenso omennM usMeHeHWe MHRHEDANH3ARHA OTOHpaeMoil
BOOH AJiA CAy49asa, KOTHa TPAHHUIA COJEHBIX BOA HAXOAUTCA B HHIKHEM,
MeHee HPOHHIAEMOM CJOe.
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Taxras onemka sABIsAeTcs HOpejelbHOR W COOTBETCTBYOT YCIOBHIO,
KOrfja CKBa;KEHA NPOPE226T BCIO MOITHOCTH BEDXHEro cliod ¢ Ko3dn-
IHeHTOM ¢miabTpanu® K ; W TOJBKO BCKDHBAaeT HUKHHHA CIOH ¢ K03)-
¢unuenrom ¢manrTpanum K,. Ilpepmonaraercs, 9ro MomHOCTH colle-
HHX BOJ COMSMeDHMa C MOIIHOCTHI0 IPECHHX BOf nim Goiapme ee.
Jas orux ycnoBm# MOMHO [JONYCTHTHL, 9TO IPHTOK 4epe3 JHO CKBa-
AAHE GIW30K K pagBalpHO-cPepHIECKOMY. YUHTHBAA JTH JOUY-
TmeHndA, NoayyuM upubanxennyo ¢opMyiy, HO3BOAAIIYI0 OLEHATH
H3MEeHeHNe MEHepanumsanuy o16mpaeMoil BOOH B JBYXCIOHHOHA cpepe.

=e =% (=g (=)o G-a VT,

rae T oupenensercs mo popmyae (60), a xoadduument f — mo TaG-
auguoii sasmermoctd (crp. 119). Ecan B popmyne (66) nprmem ¢ — oo,
TO MOJNYYUM BHpajykeHHe, XapaRTepHsyoliee MAKCEMAaIBHYO MuUHepa-
n@3anyuo oT0EpaeMoil BOXH

Conax = Cy (1 _%) s +co[1 (1 “F)]' 67)

OGr9r0 PUALTD BOH03a00PHOA CKBAKMHEL CTAPAIOTCH DPACIONO-
JKATH B 30He I PECHHX BOI W IO BO3MOJKHOCTH OTHAJHATH OT I'DAHIIE
conenrx Bon. IlosToMy ouenka msMeHeHHa MmHepaIA3anyUy Ha OCHOBE
¢opmyn (66) m (67), npenmosaraomux, 970 CKBAKUHA BCKPHJIA CIOit
CONMEHKIX BON, ABJIAETCH, KAK yiKe OTMEYaIoCh, HPENeNbHOH W CO-
DEP/RUT (3aTAC TPOTHOCTHY.

OCHOBHBIE 3AKOHOMEPHOCTU U3MEHEHMSA KAYECTBA BOJBI
HA BOJO03ABOPAX

PesyapraTH aHaJIM3a, W3JI0’KEHHHE B HACTOAMEH IilaBe ¥ B riaBe
ITI, mosBOXAKT yCTaHOBHTH CIEAYIOIAe 3aKOHOMEDHOCTH IOATATH-
BaHMOA IO TJACTY COMEHKIX BOJ K BOmo3abopy W maMeHeHHA KadecTBa
BONEI B HEM.

XapakTep HONTATEBAHMA COJNEHHX BOJ K Bon03abopy @ msMeHe-
HUA KadecTBa OTOMpaeMOi BOAH CYIIECTBEHHO 3aBHCAT OT IPAHHYHHIX
YCIOBAW MAACTA M €CTECTBEHHOTO NBHIKEHUSA HON3eMHX Box. llpm or-
CYTCTBHE €CT€CTBEHHOI0 IOTOKA B yCIOBHAX (acceiiHa MOATATHBAHHEG
COJEHHX BOJ K BOm03abopy LpoHMs3oiimeT BCETma, HO BTO MOKeT CIY-
9ATheA GHICTPO WIW COYCTA OYCHH JJIHMTENHHOE BDPeMA B 3aBHCHMOCTH
0T mebmra BOm03a00pa W ero yHaJeHHOCTH OT TPAHHEIE COJECHEIX BOJ.

B BeorpammuenHOM nO HJI0mMAAY OFHOPOTHOM BOJXOHOCHOM TOpH-
30HTE B ycloBUsAX Oacceiima, KOTNA TPAHHNA HPECHHX W COJEHBIX BOJ,
pasnelisier IIacT HA [(BE HOAYIIOCKOCTH, OJHA M3 KOTOPHX 3aHATA
HpecHO# BOEOW, a Apyras cojeHoll, MaKCMMAaJdbHAA MHUHepAAHu3anus
BOJBI HA Bono3abope mocie INTENLHOrO IONCaCHBAHESA COJEHHX BOJ,
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!
paBHa —C~°—2‘—C—1 — moiycymMe MuHepajgmsanui npecanx C, B COTEHBIX
C, BoA. Jra mpepeNbHAS BeNUYHHA MUHEpaAN3anuu, AeiicTBHTeAbHA
I8 OJUHOYHOTO BOmo3alopa, rpynmoOBOr0 WIOMATHOTO Bomosabopa
¥ IHHEeHHOTo pAZa, He 3aBHCHT OT (OPMH TPAHUIH COJNIEHHX BOJ,
pasaendIomen NAacT Ha iBe MONYOIOCKOCTH, W O00OBACHACTCA CAMMET-
PUYHOCTHIO NPHUTOKA MOA36MHLIX BOA K BO/103a60py B WeorpaHmueHHOM
niacre-6acceline.

B ycuosiax ecTecTBeHHOr0 HOTORA MONTATHBAHUE CONGHHIX BOJ
K BoOF03ab0opy MOeT OHTH, a MOkeT ¥ He GHTL. BosMoskmocTs mop-
TATHBAHUA CONEHHX BON X BOn03a(0py ONMpemeNseTcs B3aWMHRIM
TOJOKEHHEM TPAHUNH COJMEHHX BOJ U CPaHUIH O0JaCTH NHTAHAH
(saxBaTa) BogoszaGopa. Ilogcoc comensx BOA ¥ BOg03a60py BO3MOKEH
JIMING, €CIH TPaHHNA COJMEHHX BOJ IONaleT B 00JacTh MHTAHHA BOJO-
3a00pa, B IPOTHBHOM CIyTae HOATATMBAHIIA COACHHBIX BOJ He MPOA30il-
zer (eM. pme. 14). B 3aBuCHMOCTH OT IOJMOKEHASA TPAHMLBL COJEHBIX
BOJ BHYTPH o6JacTé OHTaHMA BON03a60pa LPHTOK COJIEHEX BOJ
K HeMy €0 BpeMeHeM GYHeT BO3PACTAIHM, CTANAOHAPHBIM HIAH YOH-
saonyM. Takum o6pasoM, mas 0o0OCHOBAHHOTO TPOTHO3a [BHRE-
HHA CONGHHX BOL K BoH03a00py HeOGXOMMMO B3HATH HAIPABIEHHE
H CKOpPOCTH ECTEeCTBEHHOTO NBIGKEHWs HON3eMHHX Box. Ha mpuror
COJEHBIX BOX K BOM03a60Dy BHAYUTEIBHO BINTET HEOAHOPOTHOCTH
BOJ{OHOCHOTO TOPH3OHTA.

Moryr GHTL TpH OCHOBHHX CIyJas H3MeHEHHT KAadecTBa BOJH
Ha Bomosabope: 1) mommoe 3sacomenwe BomoszaGopa, 2) gwacruaiioe
7 3) yOmsaomee, THmoBHe KpHBHE A3MEHEHUA MITHE PATH3ALHH BOLH
Bofosabopa mpusemensi Ha puc. 31. IlomHoe sacoxenue Bomozabopa
EMEeT MECTO IpU WMOATATHBAHEKA COJEHHX BOx 13 peru (pme. 31, o)
WI¥ B YCIOBHAX HEOTrPaHWYCHHOIO ILJTaCra MpH HAJHWIAH 6CTecTBeH-
HOTO HOTOKA MO3€MHHX BOJ, KOrJAA TpaHULIa COJMeHHIX BOJ Iepece-
KaeT BC o6racrs muTaHAA BOomo3afopa M pacmolaraercs BBepX IIO
motoky or uero (puc. 31, 6). Yacruuwoe Baconmemne Bopgosabopa
OpOMCXO0IUT, HANPUMED, B YCIOBHAX HEOTpaHudeHHOTo Gacceiina
{puc. 31, a). VYomBaomee s3acolenue Bomo3afopa HMeeT MeCTO
(pmc. 31, ) upm mopTArMBaEAH K OeperoBOMy B0m03alopy COMEHHIX
BOJZ €O CTOPOHB DeUHHX Teppac (CM. BHIIE CaMOONpecHeHue oTbmpa-
eMoif BOJ(H) MM B HEOTPAaHMYEHHOM ILIAcTe B YCIOBHAX IIOTOKA HpH
PACTONIOMEHNY TPAHMIH COJEHHX BOJ BHYTPH O0O0JAacTH NMTAHIUA
BHO3 IO NOTOKY oT Bogosadopa (pme. 31, 6).

Ipit mommoMm 3acomennd BOT03ab0pa MEHepANH3aLUA 0TGHpaeMoil
BOAH TOCTeTeHHO BO3PAcTaeT 0 MHHEpANM3ANUH CONEHOH BOAHI.
Ilpu wacTnuroM 3aconeHnd MAHePATH3AOHA OTOEpaeMOil BOAH BO3-
pacraetT ¥, JOCTATHYB MAaKCHMyMa, oOycCHOBIGHHOTO COOTBETCTBY-
WOIEMA T0JMsAMH IPATOKA MPECHHX M COJeHHX BOJ, 0CTAaeTCsA MOCTOMAH-
HOH, KAK B PAacCMOTDPEHHOM BHIIIe CHydae NpefelpHOH MAHEPAILH3a-
nuE BOAHK B YCIOBHSAX HEOTPAHHNYEHHOTO BOJOHOCHOTO TOPH30HTA
(6acceitna). Ilpu yGripalomeM sacoleHHE MmHepaiusanus orOmpae-
MOH BOIH CHadYajJa BO3PACTAET, a BaTeM, JOCTHTHYB MaKCEMyMa,
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Ha49NHaeT YMeHBMATHCA 0 MAHepaJH3annd mpecHoil Bogsl. Mumepa-
auzanda orGupaeMoi BOAB! GEHICTPO BO3pacTaeT B HAYANBHHIN HeplHof
IOfcOca CONeHHLIX BOJ M Me[JeHHO IajaeT IOCHe HOCTHKeBUS MaKCl-
MyMa (DpH yGHBalOmEeM 3aCONCHUHE).

OTredendHble 0COOEHHOCTH HMOATATUBAHUS CONEHHX BOX W W3MeHe-
HYsI KA9eCTBA BOZH Ha BOT03a0ope MMEIOT HEMOCPeICTBEHHOE OTHOMLie-
HHe K MeTOJMKC OINeHKHM 3a11acOB MPECHHX MOJ3eMHEX BOJ, KOHTAKTU-
pylomux ¢ conensiMun. Hampumep, HIp# OHEHKE BKCIIYaTANHOHHHIX
3aTACOB MPUPEYHHX W HPHKAHANBHHX JWH3 BeTHYHHA IIPOEKTHOTO

2504 6)

—— = - 4

Puc. 31. TunoBHe KpHBHe H3MeHeHHS MHHepAJU3anMH BoAH Ha BoXosabope

B HeOTDAHMICHHOM INIACTe (&, 0, 6) ¥ B MOJYOrpamMIeHHOM IJlacTe ¢ KOHTYPOM
moeTogdHOTO HAmopa (z, 9):

a — yeaosua 6acceltHa; 6 — yCNOBHA NMOTOKA, COJNCHHE BOXH PACIIONOMKCHH BHH3 IO MOTOKY

oT Boj103a0opa; € — YCIOBHA NOTOKA, COJECHEIE BOAM PACIOJOMeHBl BBEDX MO HOTOKY; 2 —

NOJTATHRAIIME COJIEHHX BOX CO CTODOHH DPeKH; § — MOATATHBAHUE COJICHHIX BOA CO CTODOHBY
Gepera

me6urta BomoszaGopa (0OHYHO NEHEHHOrOo pAma CKBaK@H) BHOUpaerca
TaKoil, 9ToOH B Ipolecce BKCHIyaTayul He NMPOM30INAO0 LOACACHBA-
HUS COJAEHBIX BOJ CO CTOPOHHI OOKOBOIl IPaHHINGI JWH3H H A3ZMCHEHHA
KagecTBa HOJ3eMHHX BOJ CBepX JONYCTHMOI HOPMBL.

Bo MHOr#WX cinydYasax 3TUH ONACEHHsI BEOGOCHOBAHHE: I pPATOKA
COMEeHHIX Box Be OyaeT, ecal TodKa uepernda HAXOANTCH MeKAY
BOm03a0opoM H Tpamuneii COJXCHEIX BOJ; ©CTH ke TOUKa Tepermda
ponajier B 001acTh COJEHHIX BOJ, T0 TPRTOK COACHKX BOJ K BOJIO-
s3afopy OymerT OorpaHWYeHHHIM BO BpeMcHW M mo maomanu. lloatomy
UPEeCTABIACTCH BIOJHE ONPABIAHHKM YyBEJNYeHHe NPOCKTHOTO -
fuTa Bomosafopa majke PN UACTUUHOM TOACOCE COJOHOBATHX BOX
NepexoHoil 30HB, UTO BHAWITENHHO YBOMIUNT BKCIAYATAIIOHHBIE
Banachl MPECHHX NOIBEMHLIX BOJ( JHH3BI (3 CYWECTEEHHOTO YXYALIe-
HUA BX KauecTBa, TeM 0ojee 9T0 BO MHOTHX paiionax Cpepmeil Asuum,
feHWX TPECHEIMH BOZAMU, IPEJIbABISIOTCA HCCKOABKO HHBIE Tpeso-
BaHHA K MHHepaJnsauii untseuX som. Hecomuenno, wro gna o6o-
CHOBARHOTO PemIeHA 3TOI0 BONPOCAa HEOGXOoANMA THIMareJpHas pas-
BegKa C OomnpegemnenyeM BCeX TIIPOTeOJOTHYCCRIUX M THAPOXUMITYC-
€KX TIOKasaTteJjeit.
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TITABA VI
BOIIPOCHI METOJIUKH TA/IPOTEOJIOr'MYECKUX
HCCIETOBAHUN IIPECHBIX IIOJIBEMHBLIX BOJ
B CJIORHBIX THAPOXUMHYECKIX YC/JIOBHUAX

THAPOIEOJOT'AYECKVE HCCHAEXOBAHUA NPECHBIX NOA3EMHBIX BOJ,
KOHTAKTUPYIONHX C COJEHBIMHI BOJAMU

Hmxe OymyT paccMOTpeHEl HEKOTOpPhle BOIPOCH METOXMKH pas-
BeIKH W ONEHKM 3alacoB HOA3€MHBIX BOJ, KOHTaKTUDPYIOMHAX € CONe-
HEIMA BOJaMH.

Samagy W MeToAWKA pasBeNOYHEIX paGoT paccMaTpHBAIOTCH N pH-
MEHHTEJIHHO K IIPECHBIM BogaM MOPCKUX mobepeuil ¥ K JHH3aM Hpec-
HHX BOf.

3ajaun paspefoyHBIX PaGOT HA HpecHBIe NMOA3eMHbIE BObI
MOPCEHX mOQepeskwmii

PaccMoTpuM 0COUERHOCTH DA3BEAKM HPECHHX IO/3eMHHIX BOZ HA
MOPCKHX H00epesRhAX.

Ilpn passegouHEIX W OOHTHHX pafoTax MiIA ONeHKA SKCHIyaTa-
OUOHHEIX 3aMACOB IPECHHX IOJ3eMHEIX BON MOPCKMX nobeperuit
HOMEMO rHMJ[POFMHAMAYECKHX YCIOBHH BOXOHOCHOTO TOPU30HTA M €TO
PuAHTPANMOHHEIX CBOHCTE HeoOXOgUMO M3ydWTh YCIOBHA W Pa3MepH
NHETAHUA Pa3BefyeMOro BONOHOCHOTO TOPH30HTA M OCOGEHHOCTH pas-
rPy3KE TOJ36MHHIX BOL B Mope.

B npupeskEHx pafioHax W3ydeHHe UUTAHWA NPECHWX BOfL OCY-
MECTBAACTCA OOKYHKIMEA METOfaMH, HO DTOMY BONPOCY Haf0 yAEIHTH
ocoGoe BHUMAaHUE.

OneRry yeioBAA PasTPY3KH HPECHHX BOJ B MOpDe MOKHO IIDOH3-
BOTHTH THRPOXEMUYECKEMHA, TeofU3MIeCKUMU H TEDPMOMETpUIeCKIMA
METOf[aMH C y4eTOM TeOJOTHYeCKOTO CTPOeHHS M TEeKTOHHKH paioHa.
Bypenme B Mope ocymecTBiAferca B pPeJKUX ClAydaAx.

Ha craguym moHmcKOB M3 BCex IPOGYPERHHX THAADPOTEONOrMIecKNX
CKBAJKMH TPOBOMATCA HEHPOXOJRHTEIbHEE OMHOUHKE OTKAYKA JJisd
TIPEeNBAPUTENLHON ONEHKA (HILTPANHOAHLIX CBOHCTB HOpOR M pac-
X073 IOTOKA IPECHHIX BOA.
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Yacre CkBajKEH, TpoOypeHHHX B WPOHECCe MOHCKOBHX paboT,
JlomxHa OHTH OCTaBlIeHa ANA HAGNIOMeHWH 32 PEIKUMOM MOJ3EMHBIX
BOJ rOpH30HTOB, HAMeUaeMbIX Iis passenru. Ilpm sroM wacts pesmuni-
HHX CKBaKHH JOJKHA DAcCIOJaTaThcd Ha CTBOPE, HepUEHIUKYISIP-
oM Gepery. OrgenpHBE CKBAKHHBL NOJIKHHE OHTH 060PYHOBAHE [
HACKIONEeHAA 32 PEIREMOM CONEHHIX BOx. Ilommmo pekmMHEIX HaGm0O-
IeHud 3a HOA3eMHBIMU BOHaMH, OONBINOe 3HAYCHHE HMMeer HMCCHIeo-
BaHHE YPOBEHHOTO W XMMHUECKOTO DE:RMMOB peK, KAHAJOB H 03ep,
YTO UpPEe3BHTANHO BAKHO ANA M3Y4YeHHs HATOHA B HUX MOPCKHX BOX.
Ilocnemuee mpmoGperaer ocoboe 3HaYEHHE NPH Pa3BefKe BOJOHOCHHX
TOPIBOHTOB, TIHUAPABIHNYECKH CBA3AHHHEHX C PpeRaMHu H KaHajlamu,
JIOJBePsReHHEIMA HaroOHY MOPCKEX BOA. B KadecTBe mpuMepa MoOIKHO
COCHAaThCA HA PA3BENKY MOJ3eMHHX BOX ANMIOBHANBHHX OTIOKEHMI
B ponune p. Cydan. 'mppoxAMmdecKkre yCIOBHES 9TOr0 y4acTKA OCTO3K-
IAIACH HATOHOM MOPCKUX Bof B p. CyuaH m BO3MOKHOCTBIO IIe PHORH-
YeCKOTO B8aCOJIEHHA IDYHTOBHX BOJ B HPOLECCE JKCINIyaTanul WH-
QINBTPANMUOHHOTO BOMO3abopa.

Ilpn ma3yweHmEm HaroHa MOPCKEX BOX B PEKH U KAHANBl JOJIKHEL
OBITH BBIABJICGHH HePHOJHYHOCTH H pacCHpPefeicHre HATOHHLIX ABICHUA
10 ce30HAM B TedeHME TOJa M B MHOTOJeTHeM paspese. Jlommubl GHTD
YCTaHOBJEHH CPeTHAA W MAKCUMAaNbHAA 1 POTOMKATEIBHOCTE PACIIPO-
CTpaHeHHA COJeHLIX MODCKHX BOJ BBepX 1O pexe (Ramany), MUHEpa-
JIM3ania PeYHHX BOJ BO BpeMA HArOHA MODPCKHX BOJ M IIPOTOIKI-
TEIBHOCTH COXPAHEHUA B peKe MOBHIMEHHON MuHepagusanun. Jomxen
GHTH NOJYYeH MaTepHall O CPeHEMECAYHEHX, CE30HHLIX M TOJOBEIX
BeJHIMHAX MHUHEDANN3aNMU¥ DPEYHON BOJHL.

B mpepmon upegBapUTENBHOW PpA3BENKHM CHENYyeT OPTLadH30BATH
KOMILIEKCHEE HAOMONEeHHA 33 HUTAHHEM MPECHHX HOI3eMHEIX BOJ
B paifoHAX BHIXOfa HCCIEyeMHX BOINOHOCHHX FOPH30HTOB HA IHEB-
HYI0 HOBEPXHOCTH, €CINA 06HacTh OCHOBHOTO IMTAHHA DTHX BOJOHOC-
HWHX TODH30HTOB HE CIMINKOM yjaleHa or Gepera mopsa (me Gomxee
15—20 rm).

PasMepH niaomajay NpeaBapHTeNLHON pasBefKA OIpPEleNsIoTCs
moTpeGHOCTHI0 B BONE, MECTONOJOKeHHEM OGAacTH NUTAHHA, NATb-
HOCTBIO BIUSHNA IIPOEKTHPYEMOTO BOA03a00pa W BO3MOMKHOCTHIO
BHGOpPA y9acTKA JETANLHOH pasBeKM.

Ha or0if cragum cKpakKuAH pas0ypwBAOICA L0 HECKOJIBKIM
oNepeIHHKaM, pPABHOMEDHO OXBATHBAKIIUM IJIOMA[b I PEIBApPU-
TelpHON pasBefKH. PaccTosHEA MeMEY CTBODAME W PACIIOJIOKOHUE
CKBaJKIH HA HMX OHPENEIAOTCA B SaBHCAMOCTH OT CTENEHNW OXHOPOM-
HOCTH THIPOre0JOTHYeCKOro paspesa. M3 CHBaKIH TIPOM3BOIATCA
1poGHEe B ONBITHE® OXEHOYHKe oTKagny. IIpm sTonm ocoboe srumanne
clefyeT YAeMSTh XapaKTepUCTHKe (UIBTPANHOHHHX CBOHCTB W IO-
PHCTOCTH BOJOHOCHOTO TODH30HTA B TPHODEKHOH 1MOIXOCe € IEIBIO
BHIACHCHAA BO3MOKHOCTH BTOD)KEHMS MODCKEX BOX B IPECHOBOJKHEHE
TOPEBOHTH B mpomecce Oyqymiell oKCIIyaTamuu Bop03abopoB, Tak
KaK 9TO B H3BECTHOI Mepe OmpefieNseT BHIGOD MeCTONMONOMKEeHIId yda-
CTKOB peraipHOll passenkm. Ilo pesynaeraramM mpenBsapHTeNbHOM
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PasBeNKM HEOOXOMMMO BHIIONHHTL OPHEHTHPOBOYHEIE pACUETEL BO3-
MOKHEIX BapHawTOB GyAywiero Bomoszabopa. JLOMRHEE OHTH CHeNaHH
TIPOrHo3H IOATATHBAHUA COJERHBIX BOJ K Boposalopy W H3MeHenus
THAPOXHMHYECKON OGCTaHOBKM HA y4acTKe BoOmo3afopa B Ipolecce
ero premayaranmui. Bee 3TH pacdeTsl cymecTBeHHo NOMOTYT B BHGOpe
yuacTRa HAETANbHOI pasBejKN H OUPEJeNAT OGBEMBl I METOTHKY
TOCHENYIONUX Pa3BefOUREX paboT. Y9acToR jeTanpHOil passeani,
Ha KoropoyM Oyner pacmomoKen BOR03a60p, BHOUpaeTCA N0 pesyanTa-
TaM npe)_mapmenmou passegxn. OCHOBHHIME IPH3HAKAMH, 10 KOTO PHIM
BHOLPAETCH MECTONONOMKEHNe Oyaymero BOp03aGopa, ABJIAITCA mO-
BHIIIEHHA S BOTONPOBOAMMOCTE MOPON DKCIINYATAIIMOHHOIO TOPN3OHTA,
oGecHeyCHIIOCTL, WHTABHA BOJ03afopa, OHATONPMATHAA TUAPOXMMH-
geckadg OGcTamoBKa. B rujgporeomornueckoii murteparype moKa OT-
CYTCTBYIOT PEKOMEHJANMH HO ONpejelleHHI0 Pa3MepOB YYacTKa me-
TanbpHoli pasBegku. BedepcrBue 3TOro MIOmMANb YIACTRA RETaNbHOMN
PazBefKil B W3BeCTHOIl Mepe HPHHHMAETCA TPOUSBOJLHO, XOTH IPH
3TOM H YuYUTHBAIOTCA OOGBEKTHBHBIE THAPOTEOJOrnmYecKHe M apyrue
dantope. Tax, eciau bdHRCINyaTANROHHBIE 3aMACH IMOA3EMHBIX BOT
OIleHHBAIOTCA IO JUHEHHOMY DAY CKBajKWH, TO PasMepH! yuaCTRa
ACTANBION PA3BEKN B BHAUUTENBNON CTENERU ONpeAeTAIOTCA JANEO
IpoeKTHPYeMOTo paAxa. B To sxe Bpema o6muil xpuTepnii mas ompe-
meleHis pasMePoOR y4acTka pasBenku orcyrcreyer. Ilpemcrarmsercs,
970 B 000CHOBaHHE Pa3MepOB YYACTKA [eTANbHOM PasReIKH MOTYT OHTE
T0JI0/ReHb TPeGORAaHUA O COXPaHeHWH HeMsMEHHBIM KadeCTBA HOH3eM-
HEIX BOj, (MJIM ero W3MCHOHHS B JONYCTHMBIX mpemenax). Hecom-
HenHo, YT0 HTOT HPHHIRI NOJIKEH COYETATLCA C JPYIMMH THADOreo-
JIOrHICCKUMH MOKA3aTeNAMIL,

Pasyepn yuwactka JerambROfl pasBemK!l IPeNsIaracTcsi oupeje-
AATh, WCXOMA M3 TOT0, 9700B B TeYCHMe BCCIO CPOKAa HKCIIAYyaTaANuM
B0103a00pa He UPOH3OMIIO HOATATHBAHHA K NeMY COJCHHX BOX.
HonpoGree sror Bompoc Gyaer paccMorpen Bhike. CHepyer oTMETHTS,
9T0 3TOT HPHWHIMT MOMKeT GHTH I0J0KeH B OCHOBY onpeaeenus pas-
MEpDOB YYacTKA HeTAJIHHOH PpasBeAKM NPECHHX NOA3eMHNX BOX He
TOABKO B paifoHax MOPCKHX N00ePeKAil, Ho K BOOOHE MeCTOPOSRACHU I
NPeCHHIX NOA3EMHHX BOA B CIOMHBIX THADOXMMNUECKNX YCIOBUAX.

Hapany ¢ ma3ydenueMm GRILTPANNOHHLIX cBOiicTB mopoj (Koaddm-
HITeHTH GHIALTPALMA, BOJONPOBONINAMOCTII, NBE30NPOBOAROCTH) Tpe-
fyeTcst ompemensTh M AKTHBHYI0 NOPHCTOCTH, HEOOXOANMYIO MJiAsn
OPOTHO30B TIepeMemeHN s FPavunbl HPEeCHBIX I COJEHBIX BOX B TIPO-
uecce paGoTel Bomosabopos. Besnumnua wmoplcrocTH MoOKeT OHITH
onpeHelieHA ¢ TOMOMBI0 MHAMKATOPHEX MCCICHOBaHuiT, & Tak:ke DO
pe3yAbTATAM OTKAaueK BONM3H Ipafgnubl CoJeHHX BOX. Meropura
MHAMKATOPHHX pabor omucama B paGore [15].

3ajgauu U HANPABJICHHSA TUPOrEONOTHYCCKHX HCCACMOBAHUI
HA JiH33X OPECHBIX BOJ

Hosmexe reodorudecknx HMCCAeZORABMIT, OCYHIECTBIAOMBIX IIpPI
paA3BeKe T0A3eMHAbBIX BOJ BOOOH(E, COXPAHACTCA H PN H3YICHN JIUHZ
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npecusx Box. Ognaro ocoGennocT GOPMUPOBAHMA IUH3 PECHHX BOJ,
TH{POTre0NTOTAYSCKIe YCAOBMA UX 3AJNETAHNUA, PACHPOCTPaHEHe, 0CO-
OEHHOCTH BKCHIyaTanud o0y CILOBIUBAIOT HEKOTOPYI0  cuenuduiy
IOMCKOB U TUAPOTEONOINIeCKUX HCCIEIOBANNI NPT AETajbHOH pas-
BEJKE.

Haxk y:e orMedasioch, OCHOBHHIM YCIOBIEM (PMHPOBAHHA NHMH3
NpPeCHHX BOA HHPMIBTPANMUONHOTO HNUTAHUA ABIASTCA HaMdHuiie me-
PHOAMYECKOTO COCPEFOTOICHHOTO THUTAHHA. IJTO YclIOBHE (OPMHPO-
BANMA JIUH3 OJHOBPEMEOHHO ABJAETCH MX MOICKOBEAM HPU3HAKOM.

CocpegoToueHHOS NUTAHNE B BUAe HHQMIBTPamuH aTMocdepHBIX
0CaJIKOB MO3KeT BOSHUKHYTH 32 CUeT IOHIDKEHUI B peilsede U HaARWIA
¢ IOBEPXHOCTH XOPOHIO HPOHUIAEMEIX (OKOH», MpHYeM NOCIHefH:e
HHOTAA OBIBAIOT CBA3AHE M ¢ HOJOMHTENHHBIMI ¢dopMamu peaseda
(dapxarnse necki). CaegyeT OTMETHTD, 9TO CaMO 10 ceGe MOHHKeHUEe
B peanede He Bcerga ABAAETCA JOCTATOUHBIM YCIOBHEM [Jid BO3ZHUEK-
HoBeHUsA mHTeHcHBION muuinTpamiu. Hepemgxo mog momummermaMmil,
WHOT/IA JOBOJIBHO 3HAYUTEIBHBIMIL, IPECHEIe BOXH He 00Ha Py KIIBATACE.
Jro oGpACHAETCT TeM, 4r0 JHO TaKkMX NMOHM/KeHUH (maguH) GuiBaeT
BHITIOMHEHO INITHHCTHMH OTJHOKeHHAME, B3aTPYMHAMIMME HHOHIb-
tpamo. OxHAKO B GOJILINNHCTBC CIY4aeB MpeCHBe BOIH I PHYPOTEHLL
K TOINIKeHHBLIM yuacTKaM pelxneda. llostomy mpn momexax muma
TIPECHBIX BOJN HHQIIBTPAIMOHHOTO HUTAHAA OYCHL BAKHO H3yYaTh
reoMOPQOIOTHIECKYE YCIOBHA Teppuropiu. boxpnrioe 3magenne mMeer
JeTadApHAA TONOrpaduuIecKas ¢heMKA.

Jlomrusl GHITH IO BO3MOKHOCTH COOpAmBl CBeMeHHA 0 KOJI0QLHAX
H eCTeCTBEHHMX MCTOYHHKAX IMPECHOI BOAB, & TAK)KE JaHHBE O M-
TEXBHOCTH PAGOTHl HMEIOMUXCA KOMORUEB W PeriMe X aRCHITyaTa-
nuu. BecrMa HmOsesHBM MOJKET OKA3aThCHA COMNOCTABIGHWE ILIOmATeH,
Ha KOTODHIX MMETCA KOJOQUH € IpecHoil BoJoil, ¢ e pPCHeKTUBHBIME
y9acTKaMH, BEISTeHHEMI HA OCHOBE aHAJH3a I'e0JIOr0-TH[POTeOIOTI-
YeCKHX ycHoBuii paiioHa.

Ba:kmoe sHauenne mpH HoUCKAaX HeGOJABIMAX JWH3 LAMEIOT reofora-
AHYECKAA CHEMKAa H reOpH3AUOCKHe PAaGOTH, B 9aCTHOCTH 3JAEKTPO-
passegka. Ilo pmawabiM reodH3NYecKHX HCCHEIOBAHHI MOTYT OHTH
OpulIHKeHHO BHIEJGHH IUIOMAJN DPa3BUTHA HpecHHX BOJ U HaMe-
geHH y9acTHEU A1s Gojee AeTadsHBIX paboT.

OroHrypHBaNIe JIHH3 nexecoofpasHo HadiHATh HA Y4acCTKAX,
N0 KOTOPHM HMEIOTCA CBefleHHA O HANINYNH IpPeCcHO! BOIMH (KOMOMI(HL,
E[CTO‘IHI/IKH) 970 HMO3BONSET YTOYHHTH METOJHKY MOMCKOBHIX pabor,
0c00eHHO TeOPH3UIeCKAX HCCHeTOBAMMIA.

Ilpr momexax 1 pasBefKe MONPYCHOBHX JHH3 HPECHHX BOX ClIe-
AyeT MOMHHUTD, YTO JIUHZH (OPMUDPYIOTCA IPH NePeCceIeHHN PEKOH HIH
KaHAJOM TIOPOJ C OTHOCHTEIBHO XOPOMHMH (HIBTPANUOHHHIMIU
ceoficreamit. [losToMy mpu momcKax TPeCHEIX BOX, HPHYPOFSHHBIX
K TOBeDXHOCTHHM BOJOTOKaM (KAK ¥ JMH3 WHOWIHTPAKUOHHOTO
OHTRHASA), BAIKAOS 3HAUGHHE HMeeT KPYHHOMACMTAGHAA IHAPOTeoso-
rugeckas cpeMka Macmraba 1 : 100 000—1 : 50 000, mossonaiomasn
BHIABUTH FeONIOIUIECKUE K IHAPOre0J0rHueCKEe YCAOBUA HCCIAELYeMOT0
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paifioHa, JWTONOrMI0 HOPOJ B HJaHe W B paspese H 0c06eHHO
MeCTOMONOKeHNe IPOHANAEMEX pasgocreir mopox. OueBmpHO, 9TO
OCHOBHOH 06heM pasBegOYHHX pPaGoT JON:KeH OHITH COCPENOTOUeH Ha
Y4aCTKAX, CHOMEHHHX OOPOJaMH ¢ BHICOKHUMEH (RILTpANHOHHEMHA
CBOIICTBAMHA.

B pesynpTaTe pasBemouHHX PaGoT HOJKHH OHTH BRIABIEHH YCJIO-
BHA NUTAHHAS NUH3H, 3aJIETAHHA €6 B IJaHe M B paspese H MOIYICHH
BCE THPOre0NoOrmuecKne IapaMerpsl, HeoGXogumee [iIs BHGOpa pa-
LMOHANBHOr0 CH0ocoGa SRCINIyaTamWH JHH3H., DBajkHoe 3HadYeHHe
AMenT HAONIOMeHHA 3a pe)KEMOM MOA3EMHHIX BOJ B palioEe JuH3
TMPECHHX BOJI, JJIATENIHHOCTh KOTOPHIX HOJMKHA COCTABATH HO MEHEIIOH
Mepe OfMH TOJ.

OueBupno, Ha HeGOJBIMHAX AMH3aX HIPECHHX BOX, HpelHA3HATEH-
HHIX A HepUOIuUecKOoro oTGopa BOAH, 00HEM IHAPOreONOTrHYecKAX
MCCICIOBAHMY MEeMeco06pasH0 MaKCHMANBRHO OTpaHnuuTh. J\JIA BTHX
AAH3 OCHOBHHIMA JOMSKHK OHTh TeoHsMYecKHe M reoGoTaHHYE-
CKME MeTONH ¢ J[OBeJeHHeM [0 MHHHMyMa OypOBHIX H OIBITHBIX
pacor.

Ias cpenHUX JMMH3 MPECHHIX BOT, HpeHA3HATAEMHIX AJs MOCTOAH-
HOr0 HEHTPANNM30BAHHOTO BOJOCHAGKeHMs, HEOOXOIAM MONHBINA KOM-
mIeKC THApOreoNorudeckux pabor, HpUYeM OCHOBHOE BHHMaHHe
DOMKHO OHTH YmeJeHO H3YYeHHIO MX HUTAHUA, A TAKIKe BO3MOKHOTO
H3MEHEHHS €r0 B Ipolecce sKcmayaTauuu. Des DoXydeHMA [O0CTa-
TOYHO SHCHOH KONHYECTBEHHOH# XapaKTepHCTHKH HHTAHHA CpEeJHHX
I¥H3 TPECHHX BOJ HEBO3MOKHA CKRONLKO-gEOy/[br 000CHOBaHHAA
OIEHKA UX BKCOJIYATANHOHHEX 3aMACOB.

Tipr pasBeske KpPYHHHX JHH3 HPECHHX BOJ Takske HEOOXOmUM
BECh KOMIJIEKC THPOTEOJOrMYeCKEX HMCCNeXoBaHMIl, IpugeM KoJd-
YeCTBeHHYH ONEHKY OHTAHWA MOKHO NPOH3BECTH JHINL B HEPBOM
UPAGIMAEHNA, TAK KAK JKCIIyaTan@OHHBE 3aIacH UX 6asupynrcs
B OCHOBHOM HAa CTATMY4ECKAX 3aIacaX MPEeCHHX BOJ 3THX JIHH3.

Ecniun B paspese UMeOTCA TMPOCTOM TAWH, OTACIHAIMAX IPecHEHEe
BOOH OT CONEHHX, CJEAyeT BHACHATH PasMepPH M MOIMHOCTH IJIMHA-
HHX HpocaoeB. EcIn mpecHble BONH HA Beell MIOMAAHN JHH3H MOACTHA-
JMA0TCA BOJOYHOPHHIM CJOeM, HHjKe KOTOPOTO 3aJeraior COJEHEE
BOJEI, TO TAK)Ke MOMIKHH OHTH MONY4CHH JAHHEE O MOI{HOCTH 3TOTO
BOJ0YHOpa M ero CIJIOMHOCTE Ha TeppuTOopmA JuHE3H. Ecim B BOmO-
YIOpHOM ClIOe TpegHONaralTCcs «OKHA», 4epe3 KOTOpHe Oyjer mpo-
ACXOAHTH MOATOK CONEBHIX BOJ, TO MX IO BO3MOIKHOCTH HEOGXOTHMO
BHIABATH. HanmuWe TAKAX «OKOH» B pAje CIyuaeB yCTaHaBIABAGTCA
¢ IOMOMBI0 JOCTATOYHO MOIMHKX ONHTHHX OTKadeK; IOCPEICTBOM
reofusMIecKUX MCCHEnoBAaHHH BHIABIAITCA Y4YacTKH, TAE MUHEpa-
IH3aI#A BONHL 3aMETHO TOBHINAETCH B De3yJIpTaTe INPOHAKHOBEHNA
COJIEHHIX BOJ, 9epe3 «OKHAy.

Tipn rupporeonornuecKux MCCIENOBAHMAX HA JUH33X MPECHHX
BOJl ¢ OGJIH3KAM 3alleraHdMeM YpOBHA BOJH OT HOBeDXHOCTH 3eMIH
He0GXOgAMO HONY4UTh NJAHHKE, Ha OCHOBE KOTODHX MOKHO OBINO 6Bt
OLECHHTH PacXOf TPYHTOBHIX BOJ Ha HCIAapeHHUE B €CTECTBEHHHX YCJIO-
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BUAX, & TaKyie yMeHBIOEHHME IOTephr BOGH HAa HcOapeHWe B IPOmecce
DKCHIyaTAIyH.

B caygae pacmomosrenmums BogosaGopa BONH3M peKM MM KaHAla
B XOfe DKCIIyaTamuH JHMH3H BO3MOKHA KOJIBMaTamua pycla PeKHd
(xamaya), B CBAI3H C DTHM HYJKHBI CBENEHWSA O COXEPIKAHNA B3BEIIEH-
HHX 9aCTHN B PEYHBIX BOAAX, 0COGEHHO BO BpeMs IaBOAKA.

Kak Gpumo moxasamo Beme, HPOHWIAEMOCTE BOZOCOAEPIKAIAX
mecYamblX HOpOf MOMeT OHTh B TOM MM HHOW CTEIEeHH DA3TMIHA
BIA IpecHHX W coleHnix Bom. Ilosromy uasTpanmuomesie cBoilcTBa
TOPOJ ciefyeT M3ydJaTh KaK B 30He OPECHHX BOJ, TAK ¥ B 30HE coJe-
HeIX Boj. HeoGxoguMo onpeneduTs comep:aHiie B MecKax TAMHICTHIX
dparnuit ¥ WX MAHEpANBHEH COCTaB.

3HauATeILHOE BHUMAHME B MPOMECCE THUAPOTEOIOTHIECKEX ICCie-
KOBaHMU JOMKHO OHTH YAENeHO OMHTAM L0 OmpefeNIeHHI0 NeicTBH-
TeJBHHX CKOpOCTell MOTOKA. JTH MaTepHANK MOTYT HAThL HpeHCTaBlIe-
HAEe 00 AKTHBHOH HODPHCTOCTH HOPOJ, BEJIMIUHA KOTOPOH BXOTUT
B pacuerHnle (HOPMYJLHL.

ITpu mpoexTrpoBaHKy BOK03a00Pa M3 CHAPEHHKX CKBAKUH HEO{X0-
AMMO TpPegycMOTPeTh cOpOC OTKAYMBAEMHX CONEeHHX Box. Bo malemxa-
HHEe 34TpA3HEHAA IpecHHX BOJ JWH3H cOpOC COMEHHX BOJ JKela-
TeIbHO IPOM3BOANTEL 3a HpejenamMd Muf3zu. HaunyamiMa KoNIeKTo-
paMu OpH cOpoce COMEHHX BOX MOTYT OHITH €CTECTBEHIHe HOHM/KEHH A
B, pearede, CHOHEHHHE TIWHACTHIMA H CYTIMHACTHIMA TOPOIAMH.
Bonmpocy orBoza cOMEHHIX BOX HOJIJKHO YAENATHCA CEPhe3HOe BHUMA-
HIe IpH ONHNTHHX TIHAPOre0JIormYecKnx paborax.

TnpporeomormueckIMn HeceOBaHWAMM [OJ:KHA OHTH OXBaueHA
BcA ILTOMAAb JIMH3H, BKIKYAA U ee HepexonHyo 30Hy. Ho mauboree
DeTANBHO clefyeT M3YIHTh YY4ACTOK HPOERTHPYeMOro Bogosabopa.

Wsydenne pe;kuMa HOA3EeMHHX BOJ OPraHmayerca € Hagajla IO-
HCKOBO-PasBefoYHHX pabor. HaGniogaTeqnusie CKBaKAHBL Ha JHH3E
pacmoNaralTCca TAKAM 00pasoM, 9TOOH OXapaKTepU30BaTh YUaCTKH
¢ Pa3IMYHOH TAYOHMHOH 3ajNeraHds YPOBHS I'DYHTOBHX BOL OT IiO-
BEDXHOCTM 3€MIH, PA3JINYHEIM XAPAKTEPOM HOPOL B 30HE ADPAIHH
M pacTUTEABHOTO HOKpOBa. BGamWsnm rpamudm JTUHSH CKBAMKAHK 000-
pyayorea ¢uasrpamMu miauHo#t 5—10 M, pacmoToKeHHEIMEH HAWOIO-
BWHY B COJGHHX M HAUNOJOBUHY B IpecHHX Bogax. HaGmwopenus za
I0JI0KEeHHEeM T'paHNOE HpPeCcHHX M CONEeHHKX BOg B 3THX CKBAKUHAX
BenyrcAa MeromoMm pesuctuBmMmerpmd. HamGomee wacro HaGmwopenns
32 M3MEHEHWEM XMMHYEeCKOr0 COCTABAa MOX3EMHHX BOJ OPraHU3YIOTCSA
B NepPexOofHOi 30He, B HJame W B paspese.

YuuTHBasg, UTO ECTECTBEHHHH peKAM HOg3eMHHIX BOj BOOGIE
1 Ha JHH3aX B YACTHOCTM XaPAKTEPH3YETCHA MeNIeHHHIMHE H3MeHe-
HAAMHA, HAGIIOQeHUsS MOTYT OHTH JOCTATOYHO PeIKUMHU: B IEPHOIEI
OTCYTCTBUs NHTaHHA {—2 pasa B Mecsm, B IEepHOAH NHTAHUA erKe-
THEBAO HJIM 9epes [EHb.

ITocne magama paGorsl Bogo3abopa pesmuM MOA3EMHHX BOJ YCIOK-
agercss. HanGonrmme masMeHeHHA B peKUME HMOL3EMHHIX BOjJ OYAYT
¥MeTh MeCTO B pafiome BoxosaGopHmx ckBayuH. CoOTBETCTBEHHO
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HabA0eHNA 3a PEKUMOM TOA3CMHBIX BOJ AOMKHE ¢ GoAbmed je-
TaJdpHOCTBHI0 IPON3BONMTRCA B paiioHe Bomosabopa U Ha OJIM;Kalnies
K HeMy yJacTKe KOHTYypa JWH3H. ITH padoTH BRINYAIT HalIo-
TEHYSA:

1) za nponsnomnenbnocum Bofiozafopa W HW3MeHeHHMeM MHHEpa-
Au3amil oTéupaeMoil BOAH;

2) 3a mOMOsKeHUEM YPOBHeiH BOIH U MHHEDPANU3anueil MOI3eMRHX
BOj1 B palioHe Bogosabopa, a TaksKke B pafione IpeanonaraeMsix (OKOH»,
yepes KOTOPHIE BO3MOKEH MO{COC CONEHHX BO;

3) 3a MOMOMeHHeM YPOBHA BOJH M TPAHHIE IPECHHX W CONEHHIX
BOj Ha OnmkaifilmieM KOHType JIHHBEI.

UYsicao HAGHIOZATEABPHHX CKBKUH H WX pasMemieHHC  OIpeje-
AA10TCA B 3aBUCHMOCTH OT KOHKPETHHX TI/{POTeOIOTHUeCKAX YCTOBIIT
JITHBH,

Caemyer oTMeTnTH, 49TO DepeuMciIeHHHC TpeGoBaHMA K Hafmiwome-
HHAM 32 PEXHMOM TPYHTOBHX BOJ OTHOCATCH B OCHOBHOM K CPCIHNM
¥ KpYuHHM JuHzaM. a1 MeNRUX nuH3 ¢ HeGOIBmMUM O0TGOPOM BOAH
00BeM PEIRVMHKX HAGNIoHeMnii MOKeT OBITH 3HAYNTENHHO MEHBIIMM.

Onpepenenne pazmepoB y4aCTKA ETANBHON PasBegK

K skcnayaranuoHHBEIM samacaM TOA3ENHHX BOJ OPeLABAACTCH
TpefoBaHiie HEeM3MEHHOCTH KAa4ecTBA BOJB B TEUeHIC BCEIO pacder-
HOro cpora Bogomorpetmenusa [83). dror mpusmar mpegmaraercs mo-
JOXIUTH B OCHOBY ONDEMEJNCHUs pPasMepPOB Yd4acTKAa [eTalbHOIl pas-
BeJIKH, Ha KOTOPOM GymeT -pacioiokcH Bojgo3adop. B coorsercreum
C DTUM TPaHMIH yYaCTKA NeTANBHON PasBeikH MOJKHKE GHITSH YHATeHH
oT BofozaGopa Ha TaKoe paccrosmue, uTolLl B TCUCHIE BCErO CPOKA
pRemAyaTanny Bofozafopa HC HPOH3OMIAO TOATATIHBAHIA K IHeMYy
HOKOHHIMOHHHKX (CONEHBIX) BOJ.

B caygae meorpaEmMueBHOTO B miaHe NJACTa pasMepHl y9acTRa
eTaIbAOM pasBeqKH OMpeNeNAoTcs 1o gopMyraM

AId DJIOMARHOTO COCPeOTOUeHHOTO BOA03abopa

0ty . Kiets A
R= Vﬂnoh nz‘“’ (1)

AAA THHEWHOIO pAxa CHBaXUH

Qots + K’ets . (2)

2n0h0

B ¢opmymax (1) m (2): Q—;:geﬁm nIomanKoro Bogosabopa,
M3/cyT; h — CpeAHAsS MOIHOCTH BOJOHOCHOTO TOpM30HTa, M; Qg —
cpepHMIl MeGMT OTHeNBHON CKBAKMHH pAga, M%/cyr; i. — yKIoH
gcTecTBeHHOr0 moTOKa; K — Koaddunuent uapTpanum, M/cyT;
¥, — pacueTHOe BpeMsa pPafoTH Bogoszafopa, CyT; R, — HOPHCTOCTH.

o gopmyne (1) ONEHHUBACTCSA DAJMYC MIOMATM YIACTKA AETANb-
HOIl Pa3BeIKM, OTCYMTHBAEMHI 0T meHTpa Bomoszabopa. Ilo dopmyme
(2) paccunTHBAaWTCA PACCTOSHHSA IO 006 CTOPOHH OT JUHEWHOTO PAAA
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CKBA/KIH, KOTODHE ONpeje;ifiT pasMeps yd4acTka jetaxpHOIl pas-
Begrm. Ilpu aT0M mpegmonaraeTcs, 9T0 JAUHEHHBI pPAJ paclolosieH
TePHeHHKYAAPHO K €CTeCTBeHHOMY TIOTOKY IOf3€MHBIX BOM; ecTH
JAuHEITHHIT pAj, pacloioKeH IO MOTOKY, TO pasMepH yuaCTKa OIeHIl-
BaroTest o gopmyne (2) Ges BTOPOTO ¢AATAGMOTO. ITHMU e (opiy-
JaMI MOJKIO TOAB30BAThCA JJIA HPUOAMIKCHHON OMCHRHU DPa3MEpOB
ydJacTKa [JeTaldbHOI PasBegKlI B Ciydae NMONYyOTPAHMYCHHOrO ILIACTA
€ KOHTYPOM TIOCTOSIHHOrO Hamopa (pekxd), ecjy MOATATIIBAHHE COIo-
BEX BOJ NPOHCXOAUL co CTOpoHH Gepera. Ecam e cymiecTeyer omac-
HOCTb TIOHCOCA COJIEHBIX BOA II3 PeKH, HE0OXOIWMASA YUANEHHOCTH d
BO03aGopa OT PEKH OLIPeJIeINseT s nonoopou 1mo gopmynxe (21) raasm
IV 8 cayuae COCPEIOTOUCHHOrO BOT03a5opa 1 1o gopayre (25) raanst
IV ans suueiinoro pajga CKBajskiH, PACIHONOMEHHOTO HAPATIETLHO
fepery pexd.

ITpu omenke pasMepoB yuacTKa AeTANBHON Pa3BefKE IO yKaszal-
JIKIM BBIIe OPMyJaM B pacueTe HCIONb3YIOTCA CPeIHEeMAKCHMANLHEC
3uaveHUs RoaQdunueHTa (UABTPANHUN N YKIOHA CCTECTBEHHOLO NO-
TOXa, MPOeKTHBIH AeGiT Bomo3afopa, CpeqHeMHHNIMAJBHEIC 3HAUCTIIS
M(IHOCTH ¥ TOPHUCTOCTH.

B dopuymax (1) m (2), a rarme (21) uw (25) raase IV me yunrh-
BaeTcs U 1RTPANMOHAAN HEOMHOPOXHOCTHE mopox. OmHaxo aTo Cyiie-
CTRCHRO He CKasHBAaeTCA HA pe3yabpTaTax pacueroB. [leficTBUTesnnHO,
B TOflaBIAIONIEM OOJBMIMHCTBE CIyuaeB BO032GOPH PacHOTaraiorcsa
B 30HE C IOBHINEHHBIMH (blmmpanuonm,nm CBOHCTBAMA TIOPOT.
Jla ¥ nipecHsie BoaHl 00BYHO NIPHYPOYCHH K 3THM 30HaM. Ecau coue-
HBIE BO]bl DA3BUTH B mOpojax ¢ (oiee HUBKHMH (HUIBTPAMMOHHDBIMI
CBOTICTBaMH, BpeMA UX ABHKCHUA K BOji03afopy Oyner Gostee MIHTEIB-
HHM 10 CPaBHEHAW C JBVKEHHEM COJEHHX BOX B OJIHOPOHOM ILiacTe
¢ dUIHTPAUIOKHBIME CBOHCTBaMU 30HH mpecHHX Box. ClemosaTensio,
[0 TPHBeJeHHBIM BBINEe GOPMYyNaM pasdepH y9acTKa JeTaldpHON pas-
REIKH OHPEJeNATCA ¢ HEKOTODHIM «3ammacoM».

ONPEJEJEHHE KOJNYECTBA CKBAYKUH JJs YTOYHEHN A TPAHUIBI
COJIEHBIX BOIX HA CTAANM AETAJBHON PA3BENKH
(HA YYACTKE BOJO3ABOPA)

ITpn pasBejxe MecTOpPOXICHHI MPECHBIX MOJ3CMHHX BOJX B CA0M-
HHIX THADOXWMHYECKHX YCIOBHAX BO3HIKAeT 3ajada O PEIeTeHNsA
TOMOMCHUA TPAHUNHL IPECHHX U COJCHHIX BOJ.

B mBacrosmee BpeMs OTCYTCTBYIOT KAKHG-ING0 OOBEKTUBHEC
KPATEPHY I8 OHEHKH YNCIa CKBASKNH, HCOOXOMUMBIX I BEISCHO IS
OOJIOXCHHA T'PAHANE COJCHEIX BOX. B ofHHX ciayuax Asis »TOro mpo-
eKTHPYEeTCH H3JIHIIHEe KOJNNYECTBO CKBAYKUH, B JPYIHX — CKBARIH
ABHO HEJOCTATOYHO.

CoBepImeHHO 0UeBH/IHO, 9TO KOJIMYECTBO CKBAKUH JJIA DTHX MCJCT
JOIKAO BHOGHPATHCA € YIOTOM KOHKPETHHX TIHJIPOTEOJIOTHYECKIX
yeaosnit. BMecre ¢ TeM HpejicTaBIsercs HEJIeCOOGPA3HHIM B OCHOBY
OPHOAM/KEHHON ONEHKH 9YHWCTa CKBAKUH JIAA  IIPOCITeIRIBAHMUS
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TpaHHOH COJGHHX BOJ TONOKHUTH OONUN IOX0J, MPUTOAHBIH A1
MECTOPOKACHAN NPECHHX MON3eMHHX BON B CIOKHHX THIDOXWMH-
9eCKUX YCIOBHAX,

PaccmorpuM BONpOC O KOJMHYeCTBE CKBAKWH, HeoOXOMUMOM HIS
W3y4YeHNa THIPOXMMUYECKO# O00CTAHOBKH Ha y9acTHe BOH0O3a{opa.
Ilycrs mo pesympTaTaM mnpegBapuTelpHOH pasBeKM YCTAHOBICHO
HaJuuNe B IIaHe 30HE COJEHHX BON M HaMeUeH Y4aCTOK NETANHHOM
passegku. Ilo ycroBusiM mopTsATHBAHUA COJEHHIX BOJ 3[eCh MOTYT

6uTh mABa caygas. Ecau

TPAaHATA COJEHHX BoOp (WO

JAHHHM HpeBapHUTIeIbHON

PasBeikA) yAadeHa OT BO-

nosafopa Ha Takoe pac-

CTOAHHe, 94TO BpeMsA IOJ-

TATABAHAA COJEHHX BOJ

K BOf03a00py 3HAYHTEILHO

IpeBHOIaeT CPOK ero dKC-

NIYyaTandn, MOKHO He yTOY-

HATH TOJNOMEHWe I'PAHUANK
L. coleHHx Box. Ecmm xe

o BpeMs NOATATHBAHUA COJIe-

HHX BOE K Bopmo3aGopy

COH3MEPUMO CO BpeMeHEM

ero paboTH, HeoOXomAMa

NeTANN3aNAA THAPOXUMHAYe-

ckmx ycaosmit, TakaMm 06-

pasoM, TOCAE TpeABapH-

TeJIBHON PasBelKI TOJKHH

OBITH BBHIIONHEHH OpWEH-

Pme. 32. K obocwoBammo wumcna ckBawum L APOBOTHEIE pac?eTH Aas
Ha y4YaCTKe DPAa3BEAKH UIA UPOCIeKWBAHEA 000CHOBaHUA  BKCIIyaTa-
TpaHHUbL COJIEHKIX BOJ OHAOHERIX 3anacoB OOn3eM-

HHX BON, B TOM 4YHcJIe pa-
C9eTH MONTATHBAHUA CONEHHX BOJ K Bonosa6opy ITH pacders NasA
HION@HOTO COCPeIOTOICHHOT0 H JIHHEHHOr0 BOA032G0POB BHIIOJ-
HaoTea no ¢opmyram (3) mam (13) raasm IV gas Heorpaﬂnqennoro
B DjaHe mjacra ¥ mo dopmyaam (21) mam (25) »Toil ke IIaBH
I MOJYOTPAHMYEHHOTO NIACTA.

B caygae, rorma Ha cragmm ferannHoOil passejrr Tpebyercs
YTO9HUTE 06JacTh PACHPOCTPAHCHAA CONEHHX BOJI, MOYKHO PeKOMeH-
AOBaThH CHeRYIOI#HE cHocoG oupeneleHnms HeoGXOAWMOT0 KOJMYeCTBA
CKBAKHAH,

YrouHeHHe 00JACTH PAacHPOCTPAHEHMA CONGHHX BOJ AOJKHO 34-
KIK0YaThCA B BHABIEHUM KPYNHHX OTKIOHeHWIl IPAHMIH COJEHHIX
BOJl OT e¢ MPefIi0JaraeMoro IMOHHIKeHNA, YCTAHOBIGHHOTO N0 Pe3yilb-
TaTaM MpejBapHTEABHON paspBefK¥, NpNgeM IO KPYIHBEIMH OTKJOHE-
HAAMH T'DAHUNB COJEHHX BOJ NOHHMAITCH 3HAYATEILHHE IO MIAPHHE
«I3HIKUY COJISHBIX BOJ, BHTAHYTHE.B CTOPOHY BOM03a00opa W TOACOC
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COJMEHHX BON 13 KOTOPHX MOKeT W3MEHWTH MHHEDPANN3AHNUIO BOJH
B Bojiozafope cBepX [OUYCTHMOH HOPME.

Ilycrs axcmmyaTamnoRHHE 3amacH MOA3€MHHX BOJ ONEHHMBAOTCHA
TPUMEHUTEIBHO K AMHeHHOMY pany cksasknH maunoi L. Ilapaxnensno
pPAAYy HAa PACCTOSHWM Z; OT HET0 HPOXONHT T'PAHANA COJEHHX BOJ,
YCTaHOBJIEHHA [0 Pe3yJIbTaTaM NMpeaBa pUTEIBHON passenku (puc. 32,
a). Cpepuaa muHepanuszanusa colenHx Bop C,, MEHepaTH3aNHsL Hpec-
BuX 807l C,. Tpefyercss yro9HUTH HONOKeHAES TPAHHIE COMCHHX BOJ,
Ha y9JaeTKe JeranpHON pasBefKH U mpeKme Bcero mo (poHTY BOAO-
saGopa. Ilpn oGocHoBammw BEeoGXOOUMOT0 HJIA DTOTO KOIHAYECTBA
CKBKMH MCXOMUM N3 CHeNyIOMEro MOJOKeHAA: paccrosHue I MesKIy
Pa3BEeEOYHHME CKBAKWHAMM JOJKHO OHTH TAKHM, YTOGH BO3MOJKHEE-
HOBHABIEHHHE HA JTOM OTpeske | ecTecTBeHHHE THAPOXMMHYECKHE
YCIOBUS (¢I3HK» CONEHHX BOJ MUPHHOHN ;) He MOBIMAIE HA MHHEDA-
Iu3anHI0 BOAH B BOM03a0ope cBepX momycrumoit HOpME C,. OgeBHzHO,
910 JISA BTOr0 MOJKHO OHTh [ << [;. 3aMeHEM DA CKBAKHH raje-
peeil ¢ paBHOMepPHHEIM HPUTOKOM mo Bceii ee gmBe L. Ilas mpocrorst
IpEMeM, 9TO «HPONYMEHHHH» A3HK COJEHHIX BOJ IMuHpHHOA !, Hop-
cTynaer HEIMOCPENCIBeHHO K Tajgepee.

CocraBwM ypaBHeHHe CMeIEHWs HPECHHX M COJEHHX BOX B Ta-
aJepee

9LCy=qhC,+q(L—1)Co, (9=-252),

OTRYZa Halijem
Cx—Co
=L — 3
L=L ¢,Co " (3
Taxum 06pasoM, IpEMEPHOe DPACCTOsHHE [ MEKAY pasBefOTHHIMN
CKBaKAHAME, KOTOpPOe ROJIKHO OHTH He 60Jblle WJIH DaBHO I, ompe-
feasercs no gopmyne (3). Uncno cxksasknH, HeOOXOMMMEIX JIS yTOY-
HEHUsI PACIPOCTPAHEHHS COJEHHIX BOJ

m=- 1. (4)

Hanpumep, npu Cy = 0,6 r/a, C;, = 3r/a, Cy =1r/n u L = 5 &M
HMeeM 0

1—06
5000
850

417 crBasKuH.

ITH cKBAMXMHEH PACHONAralorcd B 30HE IPECHHX BOX BHOMh TPAHMHE
pasnena. Ecau B 5701 momoce yike HMMeeTCS KaKoe-TO KOJMYECTBO
CKBaKMH M,, TO TpeGyeMoe AOMONHHTENHHOC UYMCIO CKBAKHH My
pasuo

ma:‘%’i"i”‘mo )

B OHH PaBHOMEPHO pacupefelArcsa ¢ yIeTOM HMEIOMUAXCHA CKBaHH.
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AHaJIOTUYHO DOCTyHAeM B CIyYae IJTOMAJHOrO COCPEAOTOICHHOTO
sogosabopa (cMm. pume. 32, 6). Munepanuzanus BOAH B BOL03a50pe
B 3aBICHMOCTH OT HMHUPHWHH [; (pOHTA MOCTYUIEHUS COJMEHBIX BO,ZI‘,
oupenesasercd 1o Gopmyae

C=Cy+ L= arctg-:—ii—. 6)

Us (7) mafijieM omrTwManbpHyl0 mimpary l; pORTA HOCTYILICHIA
COJIeHON BOJHI, COOTBETCTBYIONLYI0 AODYCTUMOH# MuHepannaamuda Cj
BOAE B BOH03a0G0pe

Cy—C
.e—letg( =) )

BEEIIFILIHY ll OpAHMMacM 3a pacCTOAHHE MeX Ny pasBeiO9HBIMU
CRBAKITHAME, OpeHA3HAUCHHBIMA JJIA [CTATW3aNuUH TIHIPOXHMHYIE-
CKOfi 00CTaHOBKM HAa ygyacTKe BOj)03aGopa. CRBayKMHH pPaBHOMEDPHO
pacionaraores 00 HePHMeTDY (MOTyORPY;KHOCTH BOKPYT BOJ082-
6opa) B Toif wacTH miacra, Ijfie TPOXONUT TIPaHMNA CONEHHIX BO
{cM. puc. 32, 6). Pajuyc nepumerpa R pacuosioKeHUsA CKBaKHH PaBeH
paccTo;mmo oo KOTOpOMy BpeMsdA NBHKEHNA NOA3eMHBIX BO K BOXO-
3afopy Gymer pasHO mim GOJbIIe DPACIETHOIO CPOKA €r0 JKCIiyara-
pan ¢,. Orcioma piuHa mepmMeTpa COCTABIHET

L= 70t (8)

H 49MCI0 CKBayKMH, PABHOMEPDHO pacnojiaraeMuX IO ero IjiuHe, paBHO

m=0,5 -1 ]/iofi tg (= gf-:éo_) )

C yuerom paree mpoGypeHHHX CKBAKAH M, B 9TOH 06IacTH AONOIHU-
TeNBHOC YHCIO CKBAKHH COCTABHT

My =Mm—1m,.

PaceMOTpuM BONpPOC OKORTYDHBAMMSA 30HH COJIGHHIX BOJ, HA HpH-
Mepe PasBejgKH MeCTOPO;KICHUA NPeCHHX Moi3eMHmX Boji B Hycranaji-
cxoii ofidacru. PassegyemMuil BOTOHOCHBIH TOPH30HT N PIypPOYeH
K BEPXHEMEIOBHM OTJIOKeHHAM, TPeCTABICHHHM KBapPUeBO-IIayKO-
HHTOBHMI HecKaMA. I'OpH36HT pasBuT MOBCEMECTHO H 3aJeraer Ha
rayoune 90—110 M, mommocts ropusonta 50—60 m. Hospduument
¢mapTpanuu BomoeMematomux nopox 10—15 m/cyr. Ceepxy u cuusy
rOpM30HT NEPeKPHT DNJOTHEIME rimHaMu Momuoctsio 10—30 M.
Bomm mauopmile, penmumna mamopa 20—30 M, nnesomeTpuueckme
yposHU sajeraior Ha rayoune 60—85 M. OOmee ABUsKEHIE TTOA3EMHBIX
BOH B MEJOBEIX OTJHOKEHMAX HANPABACHO K JOJMHe pPeKW, TAe OHH
pasrpy:aores.

BepxneMenoBo#i BOROHOCHHI TOPM3OHT XapPaRTePH3YeTCH CHLOK-
Ho#l rmipoxmMmmueckoit obcranoskoii. C cesepo-3amama Ha IOro-BOCTOK
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LPOXOMHT TONOCA TPEeCHHX W CONOHOBATHX Boj mupnuoii 11 xm
¢ munepanuzanueii go 1,5 r/a, BHABIeHHAA B DEPHOX TPeBAPUTEIb-
HOIl pasBefKH. 3a IpegeJaMH 3Toil MOJOCH MUHEDPAXH3AIsA BO3pa-
craetT o 5—7 r/n. Ilo momuocT: BOZOHOCHOTO TOPW3OHTA MHHEDA-
At3a0UA BOOH HA MECTOPOKICHHM He MEHAETCS, O UeM CBHJETeJb-
CTBYIT Pe3yIsTATH 30HANHLHOTO ONPOGOBAHAA TO BePTAKAJH.

Tlo pesynpTaraM mpegsapuTeNbHON passenku GBI HaMedeH ydac-
TOK AJA TpPOBeeHNA AeradbHHX paGor. [munma ywacrra (~20 rm)

25
015
.'\.\f’cl)lf’_é_,____________.-— i
' gw ¥4 A
- 0;7 ’
J4
T h v ly

Prc. 33. IMoxoskeniie Tpanuilyl codenblX BoJ[ Ha Yd9acTKe JeTaldbHoll pasneqRIf;

rpannija, mocTpoesnas no 17 crBaskiHaM (BepXHAA IYHKTHPHAA JUHISA, HO

O. M. Hupaney, 1970 r.), ¥ rpamnita, HocTpoeHHass U0 9 CKBa)KMHAM (CIIOML-

Hag JHHHA, CKBaKUHB TOKA3aHbl YePHBIM KpyikkoM). Hal cKBaRHHOM ee HOMED,
copaBa — MIHepaansauysa (r/x).

6s1a 00yCI0BJICHA NNMHHOH JHHEHHOTO psApma CKBaKAH (nefuT omHOM
ckBa;kuaH 10 a/c, uncso cksaskum 35, gnuna pagd ~17 kM), npu-
MCHHTEJBFHO K KOTOPOMY TPOM3BOAIIACH OHEHKA HKCINTYATAalMOHHBIX
sanacop DomzeMHEX sof. OfuuM #3 OCHOBHHX (AKTODOB, OLDpejels-
OMIX BeJINUAHY HKCINYATANUOHHHX 3aTACOB HO3EMHHX BOJ B STHX
YCJAOBHAX, ABIANCSA BO3MOMKHBIA TOACOC CONEHHX BOJ B HPOMecCe
padors BogoaaGopa. B cBA3l ¢ 9THUM Ha cTajgMH AETAJIBHON PasBefKU
UpegyCcMaTPHBATOCH H3YICHIC THAPOXHMUUECKAX YCIOBHIT HA YYaCTKE
Bomosabopa. Becero nmpu peradpHEBX passefouYHEX paborax GO mpo-
Oypeno 16 ckpaxun. Bmecre ¢ paHee DpoGypeHRBIMH CKBAKHHAMHI H&
yuacTre JeTalabHoli passepkn myenoch okoxo 30 ckpamun. Ha ocnose
18 ckBajxuH OHIla OKOHTYpEeHA HOJOcAa HpPeCHHX BOJ X IPOCIEKEeHA
TPAaHWIA COJEHHX BOJ.

Onenny no gopmyne (6), Kakoe KOJIMYECTBO CKBAKAH HEOOXOTUMO
AJA YTOYHeHIS 0GNacTH pacIpOCTpaHeHHs codeHHX Boj. [lomycra-
Mas MHHepaJIusamua NHTHeBHX BoA mpuHsATa 1,5 r/a. Cpeansaa mumHe-
‘pasmzanmsa mpecEHX Boj ~0,9 r/u, comennx 4 r/m. Pacuer morass-
BAET, YTO B BTWX YCHAOBHAX AocrtaTouno 7—8 ckmaskun. Ha pmc. 33
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MOKa3aHa TpaHnila COMEHHIX BOj HA YYaCTKe AETATBHOE passeaxH,
OOCTPOeHHAA N0 18 cKBaswmAaM, W 2Ta K€ TPAHUNA, MOCTPOCHHAS IO
9 ckBayxunraM. Har sugno ma puc. 33, korpUATypannsa 5ToH IPaHHIE!
CYIIECTBeHHO HE MEHJeTCH IpPH ee IPOCTeKNBAHUN BIBOEe MEHBIIMM
9UCAOM Pas3BEAOYHBIX CKBAIKUH.

Ob OHEHKE KAYECTBA IOA3EMHBIX BOA IO JAHHBIM OHbBITHBIX
OTRAYER

Jlust omenxn KauecTBa BOMEL M eT0 H3MEHOHHS B MPONECCe DKCIIY-
aramu¥ Bofo3aGopa HepemKo IPOPKTHPYIOTCH MOLIHHE M JJIHTeNbHEe
orxkauxkn [83]. Kaxk mpasuio, xawecreo orGupaemoit BOUH 3a BpeMs
OTKAUKA He MEHAOTCA WIU MEHAEeTCSI 0YeHp HesznaunrenrHo. W na
3TOM OCHOBAHWMA YACTO flaeTcs GIarolpHATHHI TPOrHO3 OTHOCATENILHO
Ka4ecTBa BOJE HA BECh TIEPUOJ SKCILIyaTAmuH.

PaccmorpnMm, Hackoasko mesecooGpasmo NpoBeeHHEe OTKaYeK
JIST OpPOTHO3a KAYecTBA BOJH.

JonyceruM, 4ro B npoxecce TpeiBapATeABHON PA3BEIKYU MECTOPOK-
JIeHUsT PeCHHIX TO3eMHEX BOJ YCTAHOBIEGHO 3aMeIeHNe M0 MI0main
IPEeCHHIX BOJ COJeHHIMA (B paspese MpecHHE BOMIHl 3aJeraioT Ha BOJO-
yuope). I'panuny upecEsX ¥ CoJeHHX BOJ Ha JAHHOM YIACTKE MeCTO-
POKIEHUs CYATAEM IPAMOJNHEHHOH; MRy NPeCHEMH BOTAME C MH-
mHepanmsanueit C, ¥ coTeEwME BogaMu ¢ MuHepaausanneii C, uMeercs
mepexofiHad 30HA MUPHHON b M cpegHeli MEHepAJHW3amueil CONOHOBA-
TeX Bo7 C,. IlpuMenm Tax:xe (1S MPOCTOTH PAacUeTOB), YTO MECTOPOIK-
TeHUe TPeCHHIX MOJ3eMHKX BOJ] PACIONOKEH0 B IiacTe GOABHMAX pas-
Mepos (HEOTpaHMYEHHHI Iact) ¢ 0ojiee WIN MeHee ONIMHAKOBHIMHA
¢unsTpannoRHEIMU cpoiicTBaMu. EcrecTBeHHas CKOPOCTH [IBUIKEHWS
HO/[36MHHIX BOJ Malla W €10 MO;KHO mpeHe6peus. IlycTs U3 CKBAKIHH,
PAcIONOKeHHOK Ha paccTosund z = 150 M OT IPaHUIE CONOHOBATEIX
Boj ¢ mumepanmsamueir C,, nmponsBogwTCA OTKAUKA ¢ jebnroM Q ==
= 5000 m3/cyr.

Wcxopane mammme; kb = 20M, ny =v,2, Cy = 0,6 r/a, C; =
=1,5r/a, C,=05r/u, b=100M, e h — cpegHAA MOMHOCTDH
BOJOHOCHOTO TOPH3OHTA, M, — AKTABHAA IOPHCTOCTH BOZOCOAEP:KA-
myx uopof (ocTajpHbie 0003HAUEHMs IPUBeNeHB BHIIE).

Haiigem Bpems, 3a KOTOpOe K CKBAKHHE HONTAHYTCS CONOHOBATEIS
BOTH ¢ MuHepanmaanweit C, U colieHbe BoAH ¢ MuHepanmsamueit C,,
4 OIEHUM HU3MEHEHHe MWHEDPAJAWSANMH BOAH B TIPOMECCe OTKAYKH.
Pacuernsie opmMyNH A BpPEeMEHHI MHHepaldu3anuu orOnpaeMod BOXH
¢ y9eTOM MePEeXOfHON 30HH

C=C + C" arccos ]/ Cl arccos V——— (10)

rie Ty, — BpeMs HOATATHBARWA K CKBAJKHHE COJOHOBATHX BOJ Hepe-
xonHo# zompt (Mumépanmsamusa C,), cyr; Ty — BpeMsa mogTsaruBaHusA
K CKBa)KuHe COJIeHHIX BOj (Mumepanuzamus C,), CyT.
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Oupepenum Bpema T, u T,

314-20-02-1502 ,
T= =500 =56 cyT;
_314-20.02(1504-100)2
T,= =500 = 157 cyr.

Pocr Mmnepanmsanun OTKaunBaeMoil BONE HAYHETCA TOCHE TOTO.
KaR K CKBaKHHE TOATHHYTCHA COJIOHOBATHE BONH LG PEXOAHOH 30HHL.
Mpunepanuzanus Bogsl Ha MoMeHTH BpeMenHE ¢, = 70 cyt, t, = 100 cy1
m i3 = 125 cyr pasmHa:

t;=70 cyr: C=0,6+ EES——IZ% arccos V—‘;%: 0,73/ra;

t,=100 cyr: C=0,6 4 i’%}f’iarccos V%=0,805 T/

t3=125 cym: C=0,6—}—%%6—arccos V%:O,% r/a.

Pacuersr moxaswBalor, UTO0 BpeMs, 32 KOTOpOe CONeHAd BOJA
IPOABUHETCA K CKBa/KMHE, BECbMa B3HAUMTENBHOE (JECATKH CYTOK
B MecHAIeR).

Hecomaerno, mpmBeneHHBE LAQPH AT JAML IpeicTaBIeHHe
o wopsare exuanH I u C. B geficrsurennHocTd MOTYT GHIE OTRIO-
HeHuA B Ty WJIHA MHYIO CTOPOHY, HO B IEJOM HpPONIECC HONTATHBAHIA
COMEHHX BOJ| M W3MEHEHAA MUHEPaJN3anud, YIATHBAA CPaBHATEILHO
VAaJleHHOE PaCUOJ0KeHAe CKBAKWH OT IPAHUIH IPECHHX M COJICHHX
BOJ, ABNAGTCA BeCbMa JIATCILHHIM H MejJeHHHM.

CnemoBarensHo, YTOOH B IpPOLECCe ONMTHHX pabor HaGIOXAThH
3aMETHOe H3MEeHEeHHe KadecTBAa BOAHI, HEOOXOAMMO 3aIPOEKTHPOBATH
MOMAYW # JAATEALHYK OTKAYKy, HpudeM UDPONOIAKHTEALHOCTH ee
MO;KeT WMCYACIATHCA MECANAMHA, YTO BKOHOMHYECKH He PAmMOHAILHO
U HefONYCTAMO C TOYKH 3PEHAA OXPAHH mof3eMHHX Box. Ho fexo He
TOABKO B 3TOM.

[penmomosxuM, 9r0 B MpOLECCe ONHTHOH OTKAYKM He IPOM3OMII0
TOJCACHIBAHAS COJMGHBIX BOA. JT0 00CTOATENHCTBO HE [aeT, OJHAKO,
“VKAKWX OCHOBAHMI MJA BHBOJA, 9TO B YCJIOBHAX MHOTONETHEH
ORCIIyaTamud BOfo3afopa Takke He OymeT HOACACHBAHHA COJCHEIX
BOJ. 3a CPaBHHTEJBHO KODPOTKOE BPEMsA NPOBeJeHHA ONHTHOH OT-
KauKkd CoJeHBle BOJH MOTIHM He yCUeTh NONTAHYTHCH K CHBAKWHE.
Onmako B mpomecce paGors! BomosaGopa, miasamefica TOZAMI, ¢ pac-
XOfioM, KaK IpaBHIIO, 3HAYNTEJBHO OOMBMHM gefuTa OTKAYRH, MO-
KeT UPOMBOUTH TO[CACEIBAHME CONEHHX BOA. B To ke Bpems, ecian
OpH OUHTHOH OTKAa4YKe NPOU30HLIO HOATATABAHHE COJEHHX BOJ, TO
9TO BOBCE He 03HAYaeT, YTO MOACACHBAHUE CONEHHX BOJ, GYHET mMerh
MeCTO B IIpomecce paboTsl Bomozabopa, TaK KAaK OTHeIbHHe ONBITHEHE
KYCTHL MOTYT OHTH PacHONO/KeHH BOIA3N I'PAHULNE COJEHEIX BOMN, HO
BOT03a00pP CTapAIOTCA MO BO3MOKHOCTH YHAIATH OT OGHACTH COMGHBIX
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Bon. M mo oroit mpudnge Moxker He GHTb WOHCOCA COJEHEIX BOJ BOJO-
3afopo,

Camoro (akra MOHCACHBAHUA COJCHHIX BOZ B NMPOHECCe OTKAURL
HEIOCTATOUHO [UIA CYNEANS O XapaKTepe MOCTYIMICHIA COMCHHX BOJL
1 W3MeHeHUH KadecTBa BOABl B yCHOBHAX nnmenmon DRCTIITYaTaIHH .

Jas moarocpouHoro mporHO3a KadvecTsa OTOHpaeMoil BOJH HEOO0-
XOJMMO UeTKOe TIIPejCTaBIeHNEe O TPAaHWIHHX YcAOBHAX (QuIbBTpa-
LIIORHOTO HOTOKA ¥ BO3MOKHHX MX H3MEHEHHIX B IIPOeCcCe DKCIIya-
Taynu, Tune Bomosabopa W peruMe ero palori, m0O MMEHHO STHMI
daKTOpaM¥I ONpPeReIANTCS 0COGEHHOCTH HOCTYNJIEHHS COJeHHX BOJ
K ROI03260DY.

Hanpumep, mpu ONHTHOH OTKAaYKe B HENOCPeXCTBEHHOI GIH30CTH
OT TPanuusl CONEHHX BON B YCIOBIAX IPHRAHAJBHOI NIH3B I0ZCOC
CONEHEIX BOJI MOKeT Ipom30fiTH cpaBHUTEeNLhHO OHCTPO. OfHaKo K BO-
no3abopy (IMHEHHOMY pPSARY CHBAKHH), VAAJCHHOMY OT TpPAaHHIE
ANH3H, NOATATHBAHHE COJEHHX BOJA BCJIEICTBHE 3TOr0 OGCTOATONb-
CTBa, 4 TAK/KE CTPYRTYpPH (UIbTpPAauUNoOHHOro moroka Oyger BechbMa
anureabHuM, Jla @ caM XaparkTep H3MEHEAUs MUHEDATII3ANNU BOJHE
B Npouccce DKCIVIATANHA NPHRAHANBHON JUH3H (TP WOJCOCe COe-
TibX BO7) OyAeT MHHM, ueM 00 HTOM MOKHO OHI0 OH CyAUTH IO Pe3yilb-
TaTaM OTKauku. MuHepaausanua oTéupaeMoii BOgH cHadaja OyneT
BO3pacTaTh, 3aTEM, HOCTHTHYB HEKOTOPOILO MaRCHMYyMa.HadHeT yObl-
BaTh. ITUX 0COOGHHOCTEI UPH OTKAYKE BBULY €€ KpPaThOBPEMEHHOCTII
Il HECOOTBETCTBYA YCIOBHWSM BRCIOAyaTanyuM, KOHEYHO, FHe YAaJ0Ch
011 0OGBApYKNTH.

IlpuBesemM mpuMep M3 UPAKTHKH HENPABWIBHON IOCTAHOBKH 3a-
a9, KOTOpBIe IPEeAIiOIaraeTcs PeMHTh ¢ HOMOHILI0 ONBITHRIX MECJIC-
nopanuii. Ha ommoM u3 MeCTOpOREHINH NpPECHHX MOI3CMHBX BOT
B Hazaxcrane pas momydeHusa ¢HAfe;KHHX FAHABX O KadecTBE BOJH
BO BpeMeHW» Onjla TpOBefeHA ONHKTHO-IKCHIYATALMOHHAA OTKAYKA
T POROTHATENFHOCTRI0 47 cyr. lenTpanbnas CKBa)KMHA PaCIIONOREHA
Ha paccrogani ~200 M 0T rpaHUNE CONOHOBATHIX BOJ C MWHEDAJIH-
sanneii 1,1 = 2,0 r/a1. BogonocHBII FOPU3OHT CJI0MeH IecUIaHllKAMI
¢ mopuerocteio ny = 0,1. CpemHsisi MOmMHOCTE BOJOHOCHOrO TOpH-
sonta 50 M. Orxauyka DpPOBOAMIACH C TPEMA IOHMKEHMAMII: MAKCH-
MaJlpHOe TOHWMeHHe W PacXOf paBEE coorsercrsemno 5m n 10 a/c
(864 M%/cyr). 3a BpeMs OTKAYKH KAadeCTBO HON36MHBIX BOJ HE M3MEHI-
aock. Haligem BpemMd, sa KOTOpOe rpaHHIlA COJCHHX BOJ, IePEMECTHTCH
K CKBAYKMHEC IPW JONYINEHNW ee NOCTOAHHOIN paGoThi ¢ MAKCIMAIb-
HHIMH PAacXOfaMu, 3a(MKCHPOBAHHHIMNT IPH OTKAUKe

g Jhnom _ 344:50-04-2002
=7 T 864

= 720 cyT.

CaegosarensHo, 3a Bpema oTKaurM (I = 47 cyT1) conemas Boga
He ycriesia TOATAHYTHCA K CKBAJKMHE, W penarp BHBOgH [0 peaydn-
TaTam 3Toii OTKAYKU o ToM, OyAer HaH He OYyJeT HOJCACHBATHCH
cojleHasg BOI& B IpOJlecce BKCIUIYATANUE BOJ03a60pa, KOHEUHO,
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genb3A. M3momeHHOE BHINE KACAETCHA TOATATHBAHNA COJCHHX BOJ
B OJIAHE, HO B TOM ke Mepe OTHOCHTCS M K YCIOBHAM 3aJIeTaHIIA cole-
HHX BoJ B paspeae. TaruM 00pasoM, NPAXOAUM K CHCTYIOMEMY.

Ilposenenue OWHITHEIX (IVIHTPALIOHHHX WMCCACHOBAHHI ¢ LLIDLIO
H3YYCHU ST MOATATHBAHNA COJNCHHIX BOJ M W3MCHEHHS KauecTBa OTKA-
YMBAEMOW BOAH HENPABHIGHO IO CYmeCTBY H HEPAmIOHATHHO
C 9KOHOMINYECKOH ¥ TEeXHNUECKOH CTOPOH (0pOrOCTOSMmHUe, MANTENh-
HBle, MOTHEE OTKAUKH). B ornearubix cayuasx (rpempmHOBaTHe H 3a-
KapcTOBAaHHEE IIOpPOMbI, CHUILHAS M3MEHIABOCTH IIPOHWHAEMOCTH),
KOTJa IMOJy4YeHHe MOCTOBEPHBIX THIPOreOJOTHYCCKHX HAPAMETPOB
3aTPYAHATENHHO, TOCTAHOBKA TAKNX lCCHENOBAHMIT, MO-BHEHMONY,
HMEEeT CMBICH.

OuHTHHE OTKAYKA BOANU3ZH TPAHMIE! COMETHIX BOJ MEAECO05DPA3HO
WCIIOAB30BATh A OUpefeNeHAA TAKMX HapPaMCTPOB, KaK AKTIBHAA
MOPHCTOCTH BOXOBMEIAMUX HOpof. llyers B uponiecce Tarok or1-
KAIKY BCAEJCTBHE HOXCOCA COJEHHX BOJ BO3PACTACT MWHEPAIUIATI
orkagnBaeMoit Bogs. Ilocrponm B cucreme roopmnuar ¢ u C RprEyI
C = { (t). Basar ¢ arofi kpusoil snauenire muHepaanzammn C,, coor-
BeTCTBYyIOmee BpeMeHw Iy, Ha ocHoBe dopunynsl (3) raaBer V maifijen
BeJIMIUHY WOPUCTOCTH I,

=9 o2l g (Lrzln
A R (&=er) ] (an

Ifie Ty — PACCTOAHNE OT IEHTPATbNOIl CKBAYKHHEI 10 TPAHKIH! COJIC-
HBEIX BOJ.

Tloxyuas sHageHue n, AOA HECKONBKNX TOUEK Ha KpHBoil C =:
= { (t), ompemesum cpensee sHaueHHe HOpHCTOCTH. Eenm wuwHepa-
n¥3anusa coneHHX s07 (C.) HeM3BecTHA, TO, OLPE/IENIUE MUHEPadii3a-
nuio orkauusaemoii Bogs C, u C, miis ABYX MOMEHTOB BpeMeRH [,
u t,, BeIUUNHY N, HAXOAUM NOAGOPOM U3 BHIDAKEHHA

/ nhr,z}
. arccos —_—r
C1—Cn __ Qty (12)
Co—Cu whn 2t -
071
arccos —
Qty

Moryr 6uTs fpyre BapHaHTH MCIONB30BaBHA Kpusolt C = f (f)
IA_ONpefelieAMA TapaMeTPOB BOIOHOCHOTO TOPU3OHTA.

N1 MpOTHO3a HOATATABAHAA CONEHHX BOJ M H3MEHEHHS Kadye-
CTBA BOJH B LPOHCCCE DKCILIyaTanuu HeOGXOTAMO 3HATH TDAHHYHHIE
ycnosasa PUARTPANAOHHONO HOTOKA ¥ BO3MOKIBIE HW3MEHEHIS HX BO
Bpemeny. JlomKAH GHITh BHABIGHH TDAHWNA COIEHHX BOJ B MJIAHE
¥ B paspese, pazMepH NepeXORHOI 30HE, MUHEPAAA3ANAA COTOHOBA-
THX U COJEHHX BOJ, QUALTPANUOHEEE CBOHCTBA M IOPUCTOCTH HOPO
(ocoGenno B paiione BogoszaGopa), MOMHOCTH BOLOHOGHOTO TOPH3OHTA
B 06/1aCTH NPECHHIX ¥ CONEHHIX BOJl, ECTECTBEHHHI PacXOf W HAIPAB-
nenHe moroxa. Ocofoe BEMMaHWe HOMKHO OHITH yHEJNEHO H3YUeHIIO
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GUIBTPANMORHON HEOZHOPOAHOCTH NOPOX IO NIOMAAHM M B paspese.
Ha ocHoBe 9THX JaHHHX C NOMOI(HI0 AHAIHTHICCKAX pPacieToB W MO-
JeAUPOBAHNA MOKeT OHTH MAH NPOTHO3 MBMEHEHWs KagecTBa BOJHL
BO BPEMEHH, KOTODHIH B HNOCAERYIOMEM HOJKEH YTOUHATHCA PE3yib-
TATAMII PERAMHBIX HAGTIONEHHHE 3a MEeHCTBYIOMUM BOK03aG0ODOM.

OIIEHKA TOYHOCTU I'dJIPOTEOJOTUYECKHX ITPOTHO30B
ITopgxox K OmEHKE TOYHOCTH HNPOrHO30B

Jns npakTHIeCKOr0 MCMOAb3OBAHHMA NPUBCHEHHHIX BHINE GopMydn
HeoOXONMMO 3HATH BONNUWHE BXONAINNX B 5TH (GopPMyIIE NapaMeTpoOB:
MOIIHOCTH /4 M MOPHUCTOCTH 1, BOLOBMEMAIONMX HOPOJ, paccTosHme d
or BOmo3aGopa MO KOHTypa NOCTOAHHOr0 Hamopa MIH A0 HENpOHH-
IaeMOoit TPAHMIE, eCTECTBEHHYI0 CKOPOCTh [BHIKEHHS NON3EMHBIX BOJ
Ve, KO30Puument ¢maprpammm K, W mouraocTh k, crabomponmmae-
MOTO PAasHeNAIONEero CI0s,  COOTHOWICHNE KO3DPUINUEHTOB ¢HILTpa-
(UK &, MOIHOCTH OPECHHIX BOX A, ¥ Ap. IIoCKONBKY BCe 9TH BeTHINHE
onpefensaITca NpHOAUIKEHHO, 0YeBHIHO, YTO M PacueTH IepeMeIme-
HESA COJIEHHX BOJ B NJIafe WAU B pazpese TAKKe OymyT mpmOIMKeH-
auMa. MHE He TOBOPHM 3[eCh O MONMOJHHTEIHHBIX NOTPEHIHOCTAX,
006YCIOBIEHAKX HECOBEPIICHCTBOM caMuXx (OPMYJ, NPaAKTHICCKOHA
B TEOpeTHUYeCKOil HEBO3MOKHOCTBIO ydeTa BceX ocobGeHHOcCTEi rHppo-
TEONOTHIECKIX YCIOBUI.

Huxe Gymer paccMOTpeH BOOPOC 0 MOTPEITHOCTAX IHPOTEONOTH-
YeCKHX TNPOTHO30B NEePEMEIMEHHS JKUIKOCTH B NNACTE, BOSHUKAIINAX
BCJICACTBUAC HETOYHOCTH ONPEAesIeHNS MCXOAHHX THAPOTCOIOTrHIeCKIX
mapameTpoB. Hak u3BeCTHO, OTHOCHTENBHAS OmMUOKA ONpeNeIeHHA
KaKoi-1i60 BenwguuH (B HAINEM CAydae BPeMEHM [BH;KCHUSA TDAHMIEE
pasuena MOA3eMHHIX BOJ HAHX MUHEPANN3AIMI) HAXOGHUTCA CICAY-
0OIMM 06pasoM:

Ty—T,

6T == TO )

(13)
rge T'y — TounHOe B3HAUCHHE WCKOMOIl Beauuwukl (speMenm); I —
npubnmxennoe smnauenne BpeMenn; O — oTHOCHTENBHAS TOrpem-
HOCTH ompenencuns T.

Benwunpa T spunserca ¢ymKnueil MHOTHX TEPEeMeHHBHIX, T. €.

T=f(x. 9y, 2 ... u.

Herounocrs onpepeneruss 7 MoskeT GHITH 00yCHOBIEHA HETOUHOCTHIO
Onpefiele NN OFHOr0 MM HecKodpKux mapamerpos. Ilycrs T = f (z),
TOTA TOUYHOMY 3HAUEHHIO £ = X, OYHeT COOTBETCTBOBATH TOUHOE 3HA-
genne I = T,, npuGImKeHAOMY 3HAUCHHIO I = Z; — NPHOTHKCH-
Hoe 3Hadenne I = T';. OTHOCHTEIpHAS MOIPEIIHOCTE onpenesecHus T
Haxomutes mo Jopmyae (13).

Ecin T =1 (z, y, z, ..., u), no dopmyne (13) Bouucasorcs
4acTHHE OTHOcHTenpHEe morpemnocrs 871,, 6T, ..., 8T,, obycmos-
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JICHHKE HeTOYHOCTHIO OUpENeNeHNA HCXOAHHX BENUUHH Z, Y, ..., U.
O6man OTHOCHTENHHAA LOIPEINHOCTH Oyfer CKAANHIBATHCA K3 TaCT-
HHX OTHOCHTEJIbHHX IIOrpeNIHOCTe

ST =T, 4-6T )+ . . v+ 0T, (14)

JIina oTHOCHTENbHOI MOIPEIIHOCTH MOKeT OHTDH 3alMcaHa TaKiKe Cle-
pyomasa opmyaa [85]:

oT T T |

| Oz oy N ou

0T = T Ax+—T Ay-+...+ = IAu, (15)
rae Ar = zo—z;, Ay = Yo—Y1, .., Au = upg—u, — abecoaoTHEE
TMOrPEeNIHOCTH APIYyMEHTOB Z, ¥, ..., U.
Yyureisag, 410

aT oT

gr @ ay _i

T =%z InT, - —aylnTnT. a.

Bhpaskenue (15) moker GhTh 3ammcamo B Bupe [85]:
6T=Ax|%lnT|+Ay|aLylnT‘—}—...+Au’—§;1nT|. (16)

Husxe 6ymer mama OmCOHKA TOYHOCTH HPOTTHO30B BPEMEHH [ JBMKeNUs
COJIeHHIX BOJ IO IJacTy ¥ M3MEeHEeHHs KagzecrBa orGmpaeMoit sous C.
IIpuarMas Kakoe-TuHGO 8HAYEHHE TOTO WIM WHOIO INapaMmerpa 3a
«TOYHOE» ¥ 3a7aBAACH OTKIOHCHUAMM HTOr0 IapaMerpa OT TOIHOTO
8HAYEeRHUsl, ONEHHM IOTrpeINHOCTH ompependenuit ¢ wmu C.

Binsnue norpeuiHoeTH onpeeaennsi MOU{HOCTH BOJZOHOCHOTO
TOPH3OHTA
HA TOYHOCTH DPOTHO30B BPEMEHH J{BUKEHM A
COJEHBIX BOJ B DIACTE

MoImEocTs BOJOHOCHOIO TOPH3OHTA HEONUHAKOBO BIMIET Ha BpeMA
ABUWKEHHWA IMOI3EMHBIX BOJ IO IJAcTy B ycaosusx Gacceiina (ve = 0)
B B ycaosuax moroka (ve > 0).

Iycrs hy B t, — TOUHEE BeNNINHHI MOMHOCTH ¥ BPeMeHH, a h,
% {, — npuGaMKeHAbe 3HAYEHAS JTHX BEJIWIHH.

B ycnosusax Gacceifma omuOKa B OneHKe BpeMeHHU TaKafd jKe, Kak
P B OIpejeseHnH MomHuOcTH. HanpuMmep, mpH OTHOCHTENBHOH IMO-
rpemuocTd MommocTr 04 = 50%, oTHOCHTENHHAA IOIPEIIHOCTH BpE-
mern Ot rawske 6ymer 50% . Ilpu asrom, ecmuw Ay, > hy, 10 T, >,
u, Haobopor, ecrxu h, < hy, 10 t; < t,.

B ycmosmax moTroka saBucuMOcTh £ OT h Gojee CJIOMKHAA, XOTH
Ka4ecTBeHHAS HANPABACHHOCTh OMMOKU f TaKag jKe, KAK B yCITOBUAX
facceiira. B ycmoBHMAX IIOTOKAa BAMAHUE MOIHOCTH BOLOHOCHOTO
TOPHBOHTA HA BpeMs JBIDKEHHS MOA3eMHHIX BOX, KaK 3TO CIElyeT H3
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dopryant (2) rmase IV, cunphee ckassiBaeTcd IPH (OTBMHX HelilTAX
BOA03a00pa, MAXON CKOPOCTH €CTECTBEHHOIO MOTOKA H BOJH3I CHBa-
suap. HaoGopor, IpH MadsX pacxofax CKBajKUH, 0OXbMUX CROPO-
CTAX ©CTeCTBEHHOTO IMOTOKA ¥ B YHAIEGHHH OT CKBa/KUHW BAHAHUC
MOIMHOCTH HE3HATHTEJHHO.

Bruin Benionnens pacyetH OTHOCATEIHHOI NOTPeIIHOCTH BPeAenH,
8%, nBMIKeHIs IOJ3eMHHIX BOJ B 3aBHCHMOCTH OT HOTDEITHOCTII Ompe-
Je/eHNsT MOU(HOCTA BOJOHOCHOT'O TOPM30HTA A.

Pacgersr TouHOro t, W HPUOIMIKEHHOTO [; BHAYEHHIT BPEMCHII,
COOTBETCTBYIOIME TOUHOMY F o M MIPHOIMIKCHHOMY Ay 3HATCHUAM MOI-
HOCTH, BHTONHATUCh o fopvyme (2) rmaset IV, a pacuer morpem-
HOCTH 84, — mo $opryae (13).

3Hauennsa MCXoEHHX Tmapamerpos: y = 1000, 10 000 1 109 000,
rue

Q .

V= E:[v: ’

ho=5m(hy =25,4,6u75M),hy =10m(h; =5,7, 121 15),
he = 20wm (b, = 10, 15, 25 m 30 m); z, = 100, 500, 1000 .

PesynprarH pacueToB HoKaszalu:

1) oTHOCHUTEIBHAX HOrPEIHOCTH ONpefielleHNs ¢ (BpeMeHn JBHU-
JREHHS TOJ3eMHHX BOJ) 32 cYeT NMOTPEINHOCTH ONpejedeHns MOMI-
HOCTH BOJOHOCHOrO TODPW3OHTA 3HAYNTEABHO MEHBIIE B YCIOBIAX
HOTOKa, U4eM B yclosnax OacceiiHa. Besmunmaa morpemmocti  (84y)s
B YCAOBMAX Oacceiira mas 3afgamHoit morpemHoctu Ok aBmseTca
AMAKCMMAXBHON BenuwiHoil morpemuoctn (8%,); B ycroBHAX HOTOKA,

T. €.
(Otp)n < (8t))65

2) oTHOCUTENBHAS TOTPEIIHOCTH Of, yOHBaeT ¢ BO3pACTAHHEM
MOIDHOCTH BOJOHOCHOIO TOPHB3OHTA;

3) mpu y << 1000—5000, z >500 M, ko >10M m &k < 50%
cpefHsAs OTHOCHTeNbHAA MOTpemHOcTh 0f, = 15 - 20%; mpu 8¢, <
< 20—30% u s yKasaRHHX 3HAYEHWH Z, Y U ki, CpegHAA BeAMIIAA
8t, < 10%.

Takum oGpasom, mpu hy >10M u 8k < 30—50% BaAgHHEM
DOrpemHOCTH U3MePEHHS MOIMHOCTH BOJOHOCHOTO TOPHBOHTA HA TOY-
HOCTL PacueToB { NPAKTHYECKH MOKHO IpeHeOpeds.

BansAune morpemHocTH ONPEAEIEHH CKOPOCTA €CTeCTBEHHOTO MOTOKA
NOA3eMHUBIX BOJ HA TPOTHO3 BPEeMEHH [(BH:KeHMA

IlyeTs ey M Ue; COOTBETCTBEHHO TOYHOE W NPHOMMIKEHHOE 3Ha-
WeHNS eCTeCTBOHHOW CKOPOCTH JIBYKeHHs NOA3eMHHX Box. Pacger
morpemuocTE 8f, 3a ¢YeT NOrPENIHOCTH OIPefeNenns U, BHIIONHEH

ma ocrose popmyas (2). OrHOcuTensHAs mOrpemHocTh 8f, Homewi-
v,

TaHa 1A 3HAUenuil ;ﬂ = 0,5, 1,5 u 2,0.
el
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Ha ocHoBamuN pacd4eToB MOKHO CHEJIATh CIEMYIOIue BHBOHL:

1) otHocmTenBbHAS TOTPemHOCTL §f, BO3pacTaeT C yBeIMIEHIEM
PACCTOAHUA & MHUIpANNd MON3eMHHIX BOM;

2) ormocutespHAd morpemuoctb Of, yOHBaer ¢ yMeHpHEHHEM
BEJIUYNEH Upy M POCTOM Je0UTA CKBAJKUH;

3) npr v, =< 0,01 m/cyr, g 100 m%/cyr u z < 1000—2000 M
OTHGCHTENpHAS IIOTPEMHOCTH PAaCcieToB ! HpHM OmMHOKEe ONpefeseHus
Ueo B 2 pasa (B CTODOHY yBeJWYCHNS WM YMeHbLINeHHs) HE HpeBH-
maer 20—25% u B cpemueM cocrasager 7—10%. llpu g <100 mM2/cyT
H GONLMIHX PacCTOSHIAX [BVKEHIA 3arPA3HEHHBIX BOA MOTPEIIHOCTH
pacueToB t 3a cueT MOTPEMHOCTII ONPENeNCHIIST U, BO3PACTACT U MOJKET
nocturats 50—T70% u Gonee;

4) npubansxeHHHM RpuTepHeM HeoOXOAMMOCTH y4eTa ecTecTBEH-
HOIO JBIUKEHIIA DOJ[3eMHHX Bof, aBisercsa ycaosue (8) raasw 111

5) mAg DpOruosa NBUIKEHWSA 3aTPA3HEHEBX NMOX3EMHHX BOJ HpH
Goapmux mebnrax BogooTOOpa mam sakagxn (g > 100 m2/cyT) u npu
ABIGKEEHH Ha cpaBHuTeNsHO HeGomrmue paccrosnus (<1000—
2000 M) CcKOpOCTH €CTeCTBORIIOrO [BAKEHHA HOA3EMHBIX BOJ MOMKeT
OBITh ONmpefelieHa ¢ OTHOCUTENBHOII Torpemmoctpio = 50—100%;
TorpemHocTs pacueros 6f, mpH stom coctasur <<10%.

Bausanne norpemHocTH onpegenenis paccToAnnsA
JO0 TPaHMl IN1aCcTA HA pacyeT BPeMeHH [BMKeHUS TOA3€MHBIX BOJ

PaccayoTpentl  cxembl: TONYOTPaHWYEHHHII IAacT € KOHTYPOM
NOCTOAHHOr0 Hamopa (K. II. H.) II TOJXYOrpaHWYEHHRIT IIIACT C HE-
NPOHHNAeMHM KOHTYpoM. HekoTophe OneHKY BAUAHEA TPAHMUI OBIIH
yIKe cllesIaHBl OpH HCCIeZOBAHNN CTPYKTYPH HOTOKOB B 9THX ILIACTAX
(cm. ra. ITI).

Ilyers dy m dy — Tounoe u mpHOMIKEHHOE pAaCCTOAHHE OT BORO-
3a00pa 10 KOBTypa TOCTOAHHOTO Hamopa, a t, ¥ ¢, — TOYHOE ¥ HPH-
ONIKeHHOe BpeMs JIBHKeHIA COJEHBIX BON K Bomozabopy. Omenka
norpemuocTd BpeMenu 8f; 3a cueT IOrpPEITHOCTH ONpCledeHHS pac-
CTOSIHUA 70 K. II. II. TPOWBBONIIACH C HCIOJIb30BAHNEM (GopMyasl (21)
raass IV,

Bemnguns norpemmoctu §f; OLEHUBANHUCH AIA Ccaydas, KOIja
IBIGKEHIle TOA3eMHHIX BOX K BOH03a00py TPOHCXOZUT €O CTODOHEI
. X, H.,, T.e. Hd OTMCTRAX & < d, W JIIA CIyYas JNBUKEHNSA IION3EM-
HHX BOJ K BO03a00py ¢ HpPOTHBONOJOIKHOII CTOPOHH, T. €. HA OTMeT-
rax z ©>d.

«Merirrabey 1 «ommbounniey 3HAYCHHA paccroanuii oT Bogosabopa
7o K. n. u. npmaaMagncs: d, = 200 M, d, = 100, 150, 250 u 300 »;
d, = 1000 s, d; = 500, 700, 1300 n 1500 M.

Ws mposemennoro amammsa claegyer:

1) morpemmocrs 0f; 8a cYET HETOUYHOTO OIpeNeJeHHA PacCTOs-
BuA d f0 K. 1. H. B o6meM mesenmka H He npepbmaer 30—40%;

2) norpemnuocts 6t; Goabme B o6aacTH x >>d W MeHplie B 006-
Jacti x < d;
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3) morpemuocts 8ty Gonpme npu d; < d, u MeHpme Opu d, >>dgs

4) morpemnocrs 61, yOHBaer ¢ ymaneHmeM Bo703aGopa 0T peKH
(. m. =.).

Amanorugnsie pacgers 61, GHIM BHIIONHEHH! [id MOMYOrPaHHICH-
HOTO OJIacTa C HENPOHMIAGMBIM KOHTYpoM. BEmciaenus npounsBoRH-
Juch Ha ocHoBe (opmynsl (30) rmasm 1V. Pacuerii BRmoOIHEeHH [
CIy4asl MBMKeHHA DON3EMHHX BOJ OT BOK03a00pa B CTOPOHY OT He-
IPOHMNAEeMOro KORTypa (mns z ™>d).

91U pacueTH MOKA3aJH, ITO MOTPeIHOCTE Ol; 34 CUIET HETOYHOTO
ompefieleHNsI PACCTOSHHA A0 HENDOHWIAeMOH TI'DAHMIB HEBeNIKA
u cocrasisieT B cpenueM 5—8% . Murepecno caegyiomee 0GCTOATENb-
crBo. BOauau ckBaskuHH, T. €. Ipu BeGOnpmuX | d—z |, TOrpemHOCTE
8ty meGonpmasn, ¢ ypemmueHmeM |d—z| morpemuocrs Of, cHagaza
BO3pacraer, a 3aTeM HA4YWHAET YOHBATh. JTO OOBACHACTCA TeM, UTC
BONXM3N CKBAKMHH BINAHWE IPAHMIE DOMABIACTCA, Ha HEKOTODOM
YAANEeHHW OT CKBAKAHE BIWAHHE TPAHMIE] TOCTHTAeT MAKCHIMYyMa,
Ha GONBIIOM yHANEHUW OT IPAHWNE BIHAHEEC €€ HO3HAUHTEAHHO H IO-
creneHHO yGHBaer. Tawas e 3aKOHOMEPHOCTH HMeeT MecTO IPH
rpanune H = const.

Bausnne norpemraocTH OnpefeNeHHA IMHPHHBI THIACTA-IIOJIO0CHI
HA MPOTHO3 BPEMEHHN [BIGKEHMSA COJNIEHBIX BOJ E BOK03a00py

PaccMarpuBaerca NIacT-moON0CAa ¢ HeTMPOHUNAEMHMH TPaHUIAMH.
OrHOCHTeNIBPHAS TOTrPEITHOCTH ONEHKH BpeMeHH IBIKEHHS IOJ-
3eMHHIX BOJi B Iuacre-mojpoce Of; 3a cuer OmMUGKE B ONPEACTCHNN
MEPUHH IJIAacTa-NoNocH ! B ycaoBmax OacceiiHa BEMHCAANACH IO
dopmyne
n
12 In ch ——l‘l/
6t, = —-—_. 1
12 ay
o Inch
Ly

2

rae l, m l; — COOTBETCTBEHHO TOYHOE U NPHOIIKEHHOC 3HAYCHHAA
WITpAHH njacra-noaock. Mz popmyns supHo, u10 BemanHa 6f; 3aBn-
CHT HE TONBKO OT !, HO H OT PACCTOAHHA Y IePeMemeHA A MOR3eMHEIX
BOJ. 3aBHCHMOCTE Of; OT PAcCTOAHUA y B OCHOBHOM CKasHEaeTcA Ipil
3HaveHHAX y, cousmepumbix ¢ L. llpw y >> 1, u y >>1, Beamunna
8t, ompemenserca WOYTH WCKIWOIMTENHHO COOTHONEHMEM MEKAY
1y v 1.

Idna Gonpmux y ¥ monarasi, 4ro [, He3HAUUTEJHHO OTIAMIACTCA
or 1, (61 <=+30—50%), momywaercsa caepnyomasd HpUGIIKCHHAA
OIIGHKA TPENeJTBHHX 3HAYCHHH morpemHocTH Of;:

1

Brmucaenna 6¢; no popmyne (5) IpOMsBOFUIACE AIA CACAYIOMUIX
sHagenuit Iy, I, u y:

1, = 1000 m (I, = 500, 700, 1300, 1500 wm);

I, = 2000 m (I, = 700, 1000, 1500, 2500, 3000 m);



I, = 3000 m (I, = 1000, 1500, 2000, 4000, 5000 m);

y = 200, 500, 700, 1000, 1500, 2000 m 3000 m.

Pacuern mokasamnm:

1) norpemHocrs 8¢, yOeBaer ¢ yBeJMUeHHeM MUDHEHH [ miacra-
TIOJTOCHL;

2) npu 1, < I, morpemnocts 8¢, Goxpme, weM mpH l; >y

3) norpemuocts 8f; Bo3pacraer ¢ yBeJHUEHWEM IYTH JBUKeHWS
TMOA3eMHKNX BO;

4) npu mmpure momockr [, = 1000—2000 M n 8 <+ 50% mo-
rpemuoctb 6t, ~ 30—40% npum myTH MHrpanuMM TPUMEePHO DPABHOM
l,; MakcHMambHAS MOTPeHOCTS §f; (LW ILYTH METPALMH 3HAYATETHHO
GoxpmeM [,) cocrasur ~50%.

Wsnosxennoe Beme OTHOCHTCA K YCJHOBUAM Oaccedima (v, = 0).
Ilpn magwumm ecrecTBeHHOI0 ABMYKOHNA NON3EMHBIX BOJ MOIPEITHOCTD
8t, cymecrpenro Menpmie U me npeswmaer 15 -+ 20%.

Horpemnocrn 8f 3a cgeT HeTOUHOCTH ONPENEJIEHHS PACCTOSHUA
710 TPAHIL OHOPOFHOIO HIACTA IO CYMECTBY ABIAITCA T PeelbEEMET
BeJIMYMHAME NOTPEINHOCTeH IJiA HeOrPAHMYEHHOTO IO IJIOmAAN He-
OLHOPOHOTO ILJIACTA.

Bansnue HETOYHOCTH ONpeedeHHA MAapaMeTPOB CIOMCTOrO paspesa
HA MPOTHO3bI JBMKEHNA MOJN3EMHBIX BOJ

Ilycrs mmeloTcda [Ba BOMOHOCHHIX CJIOSI, PAasAeNiCHHNX BOLOYIOpP-
HBIM mponaacrkoM. Hosddunmenr ¢uanrrpanyu ¥ MOmHOCTH BEPXHEIO
cioga K, u h,, a amwxuero cioa K, n h,. OgnHOuEN: BOKO3aGOD
BCKpHIBaeT 00a CHOS M DRCHJIyaTUPYeT MX C MOCTOSHHHM PaCXOfIOM.
OneHUM MOrpemHOCTH ONPEReNieHHA ANUHG IIYTH ABUKEHUS COJNCHBIX
BOJ B OFHOM U3 Cjl0eB (HalpEMep, B BepXHEM) BCIAEACTBEE HETOUHOTO
onpenenenusa Kosddunuenta GUILTPANMH BTOTO cJNOA. PacdeTH BH-
TMOMHATICH ¢ HcIoAb3oBanueM gopmyasl (64) riasm IV, sanucannoi
OTHOCHTEJNHFHO . 3aJaBajHch TOYHEE B3HAUCHUA KOIPPUIUEHTOB
duaprpanun sepxHero cios K$ u npuGumxeHEsie sHadenns K1i.
Pesynprarhl pacueroB ImOKasalH CIefyIoImee:

1) morpemBocrs 8z 3a cYer HeTOUHOTO oOmpejpeXeHNA Kod3HPu-
nHeHTa (QHIABTPAMH OJHOrO M3 IWPOCHOEB BEChMA 3JHAYUTETHHAA
u MomeT mocrurats 70—90%:

2) nmorpemuocty Ozyx yOHBAaeT ¢ POCTOM WUCTHHHHX 3HAYCHUH
RoaOPuIUMenTa GUIABTPALUE H MOMHOCTH HCCIAETYEMOTO CJOS;

3) upm K% > K% mnorpemnocrs 8xx Goxsme, yeM npu K < K3.

OueHKA OOTPeUIHOCTH OHpPefeNeHHsA MWHEPAAU3AIHH BOJbI
Opu DOATArMBAHHH COJEHBIX BOJ B ILIame
B 33aBHCHMOCTH OT TOYHOCTH ONpefelieHNs MHHepaNN3alMH COREeHO
Boxst C; i Bpemenn T’ mavana mOATATHBAHUA CONEHBIX BOJK

Pacuerst 0OTHOCHTENBHOH TOrpeIMHOCTH MMHEPAJIM3ANUHE OTOHMpa-
eMoii Bost §C B 3aBICHMOCTY OT IOTPETIHOCTH ONpefiejieHNsA MEHEPa-
awzamun CcoJeHO# Boast C; BHIHONHAINCL HA OCHOBE (HOpPMYJIH (3)
raasel V i HeOrpaHWYeHHOrO B mJjanme GacceiiHa.
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Tatamma 12
3uavenns §C =f (6C;)

T/t
%] c, B
Co i
Co 0,77 0,67 0,5 0,33 0,2 0,1
3 1,5 —0,18 —0,21 —0,25 —0,28 —0,31 —0,33
2.0 —0,12 —0,14 —0,16 —0,19 —0,206 | —0,22
45 0.18 0, 21 0,25 0,28 0.31 0,33
6.0 0,36 0.42 0,499 0,57 0.62 0,66
10 5 0 —0,33 —0,35 —0,38 --0,407 —042 | —0,43
7 —0,21 —0,23 —0325 —0,27 —0,28 | —0,286
15 0,33 0,35 0,38 0,407 0,42 0,43
20 0,65 0,71 0,77 0,81 084 0,87
20 10 —0,39 —0.41 —0,43 —0,45 —0,458 | —0,465
13,3 —0,26 —0,28 —0,29 —03 —0,307 1 —0,311
30 0,39 0,41 0,43 0,45 0,438 0,465
40 0,79 0,83 0,87 0,9 0,916 0,93

PesysxrraThi pacdyeros IpepcraBiens B Tabn. 12. Cresa B Bepru-

C c
raabaHx rpadax TaGauiH yKa3aHH HCTHHHBE 73 I OIHJOIHEE Cl
1

JTHOMIEHH S MUHepadusanun nupecHoit C, un coxernoii C, Boast. B ropu-

30HTANBHON rpaq)e npuBefCHB! 3HAYCHUA —, THC T — BpEMsA HadaJja

t k]
mojcachBaHig COMEHHX BOX, { — TERyiee BpeMd.
AHasu3 pacueToB IOKA3AX CleRylomee:

C ,
1) morpemnocts 8C BoOBpacTaer ¢ yBeJMYeHIIEM ——C%, T.8. C po-
ctom Cy;

T
2) norpemHocts §C Bospacraer co BpeMeHeM (chCTOM T),npﬁ-

T
gem GhiCTpee pacrer UpH — > 0,5 m Mepmennee npn GONBMINX 3HAYE-

T
HHAX (T <O,5);
3) morpemuocrs 6C 3HauurenpHo Goaplme Hph 3asumenuu C,
9eM npu 3aHmwkeHud C,;

’

&) npn —C—: ~ 3 = sasmmennu C, B 2 pasa (—C—l- ~ 6) omuKa

Co
6C mpun — >0 5 cocrapnser 35—50% , a npu sanmxkenun C, B 2 pasa
% ~ 1,5) norpemnocts 8C =~ 18—25%; upn —gl‘ ~ 10 morpem-
0 (4]

Hocre OC cocraBuser 65—80% npu zasmmennn C, B 2 pasa.
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Tabampma 13
3navenns 8C=1f (87)

Ci/Cs
T o |—
t t 3 5 10 15 20
0,77 0,385 0,19 0,31 0,47 0, 0.6
0,513 0,13 0,21 0,32 0,37 0,41
0,85 —0,05 —0,08 —0,12 —0,14 —0,15
0,9 —0,086 —0,14 —0,21 —0.25 —0,27
0,5 0,25 0,11 0,16 0,23 0,26 027
0,33 0,07 0,11 0,15 0,17 0,48
0,75 —0,11 —-0,46 —0,23 —0,26 —0,27
0,9 —0,2 —0,29 —0,41 —0,46 —0,48
0,2 01 0,05 —0,075 0,1 0,106 6,11
0,433 0,03 0,048 0.06 0,068 0,071
0,3 —0,04 —0,06 -—0,08 —0,087 —0,09
0,4 —0,08 —0,12 —0,15 —0,166 —0,473

PaccMoTpuM morpemHOCTh OLEHOK MWHepamu3anud orOupaemoit
BOAK BCAENCTBIE HCTOYHOCTH onpejesteHnsa spemenn 7 mawaga Mof-
CachiBAHHA COJIEHBIX BOA. Pe3yanTaTH pacdyeToB OTHOCUTENBHOIN MHO-
rpemuocty 6C = {(67) npmusegernwt B 1a6n. 13 (T u T; — TOUHOE
0 omu(0YHOe 3HAUEHNST BPEeMEHM Hadama NoJCcOCa COJEHHX BOJ;
t — Texymee Bpems; C, u C, — Munepanusanus DPECHHX i CONEHEIX
Bon). Omenka norpemuoctu 6C TpOH3BOAMTACH HA OCHOBE (HOPMYIBI
(3) raasm V.

Ha ocHOBe TpOBENEHHHIX PAaCIeTOB MOKHO CHENAaTh BHBOJIHL:

1) morpemnocts 6C BO3pacraer B HAYATXHHBIH MEPHOJ IIOACACH-
BAHHA COJEHBIX BOT;

2) norpemnocts OC = f (6T) yseangusaercs ¢ pocioM orHO-

Cy

eHTt =
et 73

” A
3) upu GoAbMNX BHAYEHHHX t(—t<0’5)’ T.e. OPH IOJrOCPOTHOM

C
NpoTHO3E, NpH OMHOKE ompepejeHma mpmmepso B 1,5 pasa m Elg
L]
<< 20 seanuura norpemuoctyt 6C o npesmmaer 10—15% u ® cpex-
7 _
HedM cocrasaser 5—8%; mpu 0,5 < 7= 0,8 pesnunma norpem-

rocrn 8C npw TeX ke MPOIMX YCIOBHAX He npeswmaer 20—25%
H B cpeguem papHa 12—15%.
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