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MPEOAUCIIOBME

PasBuTHe OpoHICHHA CBI3AHO C NepeMenieHHeM U pacxo-
nopaHHeM O00JbLIOI0 KOJHYECTBA BOALI M BJeder 3a cololl
CyLleCTBEHHbIe H3MEHeIHs HPHPOANO-XO351HCTBEHHON o0cTa-
HoBkH. BosHukaer mnpolgaema, HMewllas [ABa acleKrd:
obocrpsgercss ACPHIIAT BOAbBl B MAaJOBOAHLIX paionax H
BCJEACTBHE (PHALTPALLHH BOALI M3 KAaHAJOB MOBLILIAETCSE
YPOBEHDL I'PYHTOBBLIX BOJ, YTO CO3JdeT Yrpos3y s3acoJeHnHs H
gabonayupannsa, lla neobxognmocTn 0co6Oro BHHMAHUS K
BOAHOI npoodJsieme ykaspiBaercsd B «OCHOBHBIX HalpaBJeHH-
IX passutTusa HapoAnoro xosstictrea CCCP  pa 1981—
1985 roabt u na nepuoa Ao 1990 roaa», B KOTOPBIX 3anuca-
HO: «...0CYIIECTBHTHL Mepbl IIO pHLI,HDHE-'.I.TIbHDM}" PACXO/l0Be -
HITIO BOJbL JUTIsl HYXKJL CeJALCKOro XO3sIHCTBA, VIYULIEHHIO Me-
JHOPATHBHOIO COCTOSIIIHS OpPOLIAEMBIX M OCYUICHHLIX 3e-
Medb...»

Macurrabbl MeJIHOPATHBHBIX MEPONIPHATHIH, B COCTAB KO-
TOPBLIX BXOMAT H NPOEKTHPyeMble 11IepeOpPOCKH 4acTH CTOKA
CeBepHLIX H CHOHPCKMX PEK Ha 10T CTPAHBI, 3aCT4BJSIIOT C
HOBLIMEHHON TPe0doBaTeIbHOCTLI0 NMOAXOAHUTL K HayULIOMY
OOOCHOBAHHIO MPOEKTOB. KOMILIEKCHOCTL HAYYHBIX M 1PO-
CKTHBIX NpopaboToK, rayduna v TOYHOCTL HPOTrHO30B JLOJ K-
HLI O0ecieunTh CO3JAanHe H PeaJH3AlHI0 HANLEKUBLIX METO-
JIOB yIpaBJelns pexumMoM padoThl MEJHOPATHBHLIX COOpY-
JKEeHHH H VPOBHSMH TPYHTOBLIX BOJ € LEABIO  [10JYUEHH
MaKCHMAJILHOIO 3Q(PEKTa ¢ TOUKH 3PeHHs KaK CeJAbCKOXO-
3AHCTBEHHOrO IPOH3BOJCTBA, TAK M OXPANLl OKPYKaIOULCi]
Cpeihbl.

b nmepByio ouepelb MOJKIHLI GbITH OCYLIECTBJEHL Mephl
[0 npeAynpexIeHHio (PUALTpALMK H3 KaHaJoB — IJIaBHOM
NPHYHHLL HENPOH3BOAUTEIBHLIX 1OTEPb OPOCHTEJLHOI BOJBI
H HEXeJNAaTeNbHOro MOIIOJIHEHHS! 3aMacOB IPYHTOBLIX  BOA.
B 70l cBA3H UPE3BBIYAHHO AKTyaJbHLI MaTEPHAJDI, H3J0-
Ketnble B Monorpapuun C. @, AsepbsiiioBa, B KOTOPOH JaHbl
TEOPETHUECKHE OCHOBLI KOJIHYECTBEHHOrO OnHcalis (GHIbLT-

3



palliH H3 KaHaJ0B M npelJioxeHnnl crocoOpl ee pacuera
4051 Pa3zHOOOPa3HLIX NPHPOAHBIX YCJOBHIL,

Asrop xuuru— axkalemugk BACXHHJ/I C, @, Asepbs-
HOB — BHEC 3HAUHTEJDBILIN BKIaJ B padpaboTKy METOAOB
pacuera (PUALTPAUHONILIX IHOTEPb H3 OPOCHTENbHBIX Kalla-
JOB H MEPONpUATHH 110 YJYUIIEHHIO MEIHOPATHBHOIO CO-
CTOSUIIHSL npuaeraowux reppuropuii. OH yCraHOBHA 34KO-
HOMepHOCTH, UMeolniHe DOJbIIOe HayuHOe H [pPakTHYeCKoe
snauenue. B wacrnoctn, nogayuennas uM (popmy.a 3aBHCH-
MOCTH KO3((PHuILHenTa B1arolpoBoOAHOCTH NOYBOTPYHTOB OT
BJAKHOCTH Hallfa IHPOKOE NpHMEeHeHHe B HaIeH cTpaHe
H 34 pyOesKoM He TOJILKO B MENHOPAUMH, HO H B CMEKHBIX
oTpacJsx. :

B wmonorpadun gaerca JeTadbliblii TEOpeTHYECKHH aHd-
JH3 popMHPOBAHIA IIOTOKOB TPYHTOBBLIX BOA TPH YCTAHO-
BHBLUEHCS H HeyCTaHoBHBIUeHCH (HALTPAUHH B OeCCTOUHLIX
Gacceilax M NPH HAJHUHH €CTCCTBEHHOrO OTTOKd., B pe-
3yJbTaTe pPacCMOTpeHHA (PHALTPALUHOHHLIX NOTOKOB H3 Kd-
HAJOB MPH HAJHYHH JApeHazKa NPeAJ0KeH p#ajl pacuerHbix
3aBUCHMOCTeil I onpejedielins oObeMa notepb, JApeHakK-
IOrO CTOKA H AHHAMHKH rJYyOHH FPYHTOBBIX BOJX C YYeTOM
pacxojoBaHnua HMX Ha HCnapeHde u HHQHILTPALHIO TOJHB-
HbIX BoA. TeopeTnyeckHe BBIBOJALI NNPOBEPEHBI HA OOLIHPHOM
SKCICPHMEHTAILHOM MaTepHaJe.

Cojepamnecs B KHUre paspaldoTKH [O3BOJSIOT pac-
CUMTBIBATL (QHJIBTPALLHOHHBIC TOTEPH W3 BOJAOXPAHHJHIL H
KAHAJOB M NPOrHOZMPOBATEL PCAKHM IPYHTOBLIX BOJL Ha IpH-
Jeralolmux TePPHTOPUAX B PAITHUHBIX HPHPOAHBIX YCIOBH-
six. Takpe patuersl MOrytT ObiThb HCIOJbL30BAaHbl HIPH 1POEK-
THPOBAHUH OPOCHTEIBHBIX CHCTEM, THAPOTEXHHYECKHX CO-
OpysKeHuii Ha pekax (CTPOMTEJILCTBO  BOJAOXPaHWTIHIL,
3JeKTPOCTAHIMIA H AP.), OTCTOHIHKOB € 3eMJISIHBIM AHOM
1a TPOMBILJICHHBX TIPEATIPHATHAN, NPYAOB Jasd pbibGopas-
BeJIeHHS.

Axkapemnk BACXHW/JI b. b, Ulynakos



FrMABA I

XAPAKTEPUCTUKA CTAZIMM UNBTPALLMM
U3 KAHAJIOB M HEKOTOPBIE BOMPOCHI
MEPEABUYEHUSA MOYBEHHOWM BNATM

XAPAKTEPUCTMKA CTAOMA DUNBTPALLMKM M3 KAHANOB

QopmupoBaHHe (HIALTPALHOHHLIX [OTOKOB H3 OpPOCH-
TeJbHLIX KAHaJ 0B 3aBHCHT OT YPOBHS IPYHTOBBIX BOA. llpu
HH3KOM YPOBHE IPYHTOBBLIX BOJ KallW/JsipHas Kaima He JA0O-
CTHraer jHa xaHaJa, mosToMy B HaYyaJdbHLIE MOMEHT (PHJIbT-
paiuus OPpOUCXOAMT B CYXOil FPYHT H (PHABTPALHOHHDBIA 10-
TOK M3 KaHaJla He CBsi3aH ¢ [HOTOKOM rpyHTOBbIX BOA. [lpw
HeGoabwoil rayOlHe rpylHTOBLIX BOA, KOorja kallwiigpHas
KaiiMa JAOCTHraeT NOBEPXHOCTH 3eMJIH (H nepHMeTpa kKana-
Aa), duabrpaius H3 KaHaJja B HavyaJbliblil MOMEHT OyAer
NPOUCXOAUTL BO BJAAXKHBIH TPYHT.

IIpu oueHb BBLICOKOM HAYaJbHOM YPOBHE IPYHTOBBIX BOJL
cpasy Ke 1ocjde noAauH BOAbl B KaHaJ AOJAKeH YCTaHo-
BHTbCH CIJIOIIHOIT TOTOK TIPVHTOBLIX BOJ B 00JaCTH Ka-
HaJl — rpyHTOBbIe BOALL. OcCHOBBLIBASICL Ha HAOGJI0JEHHAX H
JUTEPATYPHLIX AaHHLIX, npeinoxeno (Apeposinon, 1950,
1950 a) paccmarpuBaTth CACAVIOUIHE CTAAHM (DHILTPALLHH
H3 KaHaJoB. [ pyHT JoXKa Kanala u NOACTHIAAIOIMA TPyHT
NPHHATHL OAHOPOAHBIMH,

llepsas cradus— cmavunBapue rpylra — XapaKTepusy-
eTCS BIMUTLIBALIHEM BOJIbI M3 KaHaJjda B CYXOH TpyHT M OT-
CYTCTBHEM CBSIZH MEA/Yy OUYCKAOWHMCH H3 Kaunaaa (PHIbT-
pPanMoHHbLIM 1OTOKOM H OaccelHoM rpyHTOBBEIX BOJA. Boxa
H3 KaHaJja JIBHKETCH B OCHOBHOM B BEpPTHKaJLHOM Hanpas-
Jenuu. HelcTByiouiHe CHIAbI — CHAA TAMKCECTH H 11OBEPXHOCT-
Hble CHJIBL 110 I'panuile pasfiesa Boja — BO3JlyX (BHYTPH
rpydra). Lipumenarn oObiulible 3aKOHLL HEYCTAHOBHBLICTOCSH
ABHKEHHH I'PYHTOBBLIX BO/JL B 3TOI CTAaAHH HeJb3f, TAK KdK
obJsiacTh ABHAKEeHHs] BCJACACTBHE HEMNOJHOrO HaCblLEHHsT H
AeHCTBHA CHJ NOBEPXHOCTHOrO HaTsizKeHHd He npejcraBinger
co00il rpyHTOBOrO HOTOKA, IJTa CTaldns NPOROJAKAETCSH, NO-
Ka (PPOHT NpOABHIrAIOLLEHCH BHH3 BOJALI He JOCTHTHET Ka-
MHJAJASPHOH KaiiMbl daccedna rpyurosbix Box (puc. 1).



Pre. 1. Xapaktepucerika etaanil (GuALTpaiin H3 opoOCHTEALHBIX KAHAIO0B:

| — HOBCPXHOCTL TPYUTOBMX BOA; 2 - IPanuiy KsUHAJAAPNOA z0uLl; € — Henape-
e € [OBEPXIOCTH IPYITOBLIX WO/ p2=p, —= 0084CT UPYNTORLIX BOA; p==p, —

JOIa  HenoANGro i cLimen s ; -'!h MARCHMIILIARE  DBLICOTH  EDOHJAARPHOID  Ho-
HATHH.

Bropas cradus— o6pasoBanne Kanuiagapio-rpyinroBoro
[IOTOKA — HAYHHAaeTCst ¢ MOMeHTa, xorAa ¢poutr uibrpa-
[(IHOHHOT'O NOTOKA CMBIKACTCS ¢ Kanw/UIsipHOIl KaiMoil rpyl-
TOBLIX BOJA. Toria pasnosecue Gaccefiia TPYHTOBLIX BOJL
HapymaeTcs, H OMH NPHXOAAT B JABHKeHHe,

Bropas crallugs OTAHUAETCS HAJHUHEM 30HLI HENOJHOrO
HacolleHus, rpuueM B 00AaCTH MEXKAY KaHaJoOM H 10-
BEPXHOCTBLIO TPYHTOBBLIX BOJ Aap/jeHue BOALI MEHble aT-
vmocgeprioro. Heeworps na To, uro BO BTOpOIl crajgum B
ABHZKEHHH VYaCTBYIOT KaK (PHABLTPAUHOHHBLINH [OTOK, NOCTY-
NAawmmil 3 kanaia, Tak 1 6acceiil rpyHTOBLIX BOJA, CNJOILI-
HOM OAHOPOAHDBIN OTOK FPYHTOBBIX BOJ OTCYTCTBYET, OH KaK
Obl pazjefen 30H0il HeNOJHOro Hacolmenust Ha Ape obja-
CTH TOJHOI0 HACHIEeHHsI: HemoCpPeACTBEeHHO V KaHajada H
Oacceiill TPYHTOBHX BOJ.

IKCHEPUMEHTANLITBIE JlaHHble O HAJAHUYHH 30HBl OTPHLA-
TEJBHOTO JABJEHHS ¢ HEermoOJHBIM Hacbillennem GYAVT npH-
peaensl Huxe. [loctenenno, no mepe noilbema YpOBHS
FPYHTOBLIX BOJ, 30Ha OTPHILATENLIOTO JABJACHHST JIMKBHIH-
pyercsi, H HACTYNAET TPeTbf CTaAMsI.

I'petvbsa cradus— cuaouinofi NOTOK TPYHTOBBIX BOA —
B 3TOM CJiyuydae BO3MOXKHBI TPH OCHOBHBLIX crocofa pacxono-
BaHHs TPYHTOBOIl BOJILI: 1A TNOBLIIEHHE YPOBHSI TPYHTOBLIX
BOJ; Ha NMOJ3eMHbII OTTOK; Ha HCIAPeHHe H TPAHCIHPAIHIO.
O6uiyHO Ha6II0/IaeTCsl COBMECTHOE  efiCTBHE BCeX Tpex
(paKTOpOB.

Craiuu QUIBLTPALLUH KAUYECTBCHHO OTJIHYAIOTCH OJHA OT
JApPYro#, no3TOMY KOJIHYECTBEHHbLie 3aBHCHMOCTH, MPHrol-
Hple A8 OAHOH CTaAMH, HEJIL3ST UCMOJb30BATH ST APVION.

Ormerum, uTo npoiece GHALTPAUMH H TNEePexoq OT OJ-
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HOI cTaaun K TOCACAVIOHIEH 3aBUCAT OT pAda (PaxkTopos,
rgapHbie U3 KOTOPbIX: pasmepbl kaHanaa, (pu3HIecKHe CBoii-
cTBA TPYHTA, YCJOBHS TMOA3EMHOIO OTTOKA, MHavyajnLHOC
PACIIOJIOKEHHE YPOBHSI TPYNTOBBIX BOXA, AIHTETHHOCTL pa-
foThl KaHaJa.

[Tpu HU3KOM YpPOBHE TPYHTOBBIX BOJI, KPaTKOBPEMCHHOI
paGoTe Kauana u 1e00JLIHX ero paamepax (IIbTpaius
MOJKET He BBIHTH H3 1epBoil CTajlHuM, TAK Kak (HJILTPAIHOH-
HBI TTOTOK M3 Kauaja 3a sBpemsa cro pabdoThl MOKET e ye-
MeTh JIOCTHTHYTL PYHTOBLIX BOAI.

Ecan (GuabTpanumoHubif MOTOK H3 KaHnaJjJa COMKIVJICH ¢
KamUJIApHOI Kalimoii n ofpa3oBaJjcs KanuwiaspHO-rpyHTo-
BBIIT NMOTOK, TO MEPEX0] K TPEThLEH CTaAuM 3aBHCHT OT TOrO,
MOAHUMYTCS JIH TPYHTOBBIE BOJLI I10J KAHAJOM HACTOJLKO,
qToOLl CO3IAJICSl CIVIOUIHOM MOTOK TPYHTOBEIX BoA. Ilosrto-
My nepexo/l B TPEeTbI0 CTAJIHIO ONpelNensercs crnocodHOCThIO
[MOTOKA TPYHTOBLIX BOJA TPAHCIOPTHPOBATH MOCTYMAIOULVIO
M3 KaHala (PHILTPALHONHYIO BOLY.

Ecan paccmartpuBate BOonpoc npubaHmKeHHo, TO JBeE
nepBble CTaAHH (PUILTPAUHHA MOKHO OOBEAUHHTL, CYHTAas,
4TO MPH BOHTHIBAHHH W KaNWUISIPHO-TPYHTOBOM  ITOTOKE
(pHIAbTpallMg TpoTekaer croBoAHO, 0Oe3 cyIIecTBeHHOTro
BJIHSIHUSI TPYHTOBBIX BOJA. lTorla BCAKYI0O (DHILTPALHIO H3
KaHaJOB MOZXKHO CUHTATL HWJIH CBOGOAHON OT BAMSHHUSI TPYH-
TOBBLIX BOJ, WIH MNOJNEPTOl, TO €CTh HCIBITHIBAIIIENH HX
BJTHSTHHE,

Ckasanioe TO3BOJISET HAMETHTh TIEPBOE YCJOBHE st
ONEHKH Xapaxkrtepa (pHIALTpaALHMY:

ﬁj[h{:@.[ HJIH Q-[I?:} Q.Ih (I)

rae Qg — ycranopupmasicss (UABTPAINA, TO ecTh APH [IH3KOM VPOBHE
TPYHTOBHIX BOA; Qn — HaHOOABHINH BOIMOMKUBIH OTTOK TPYHTOBLIX BOJ
(mopsemusift OTTOK--HcMapenye).

[Tpn Qp<< Qx BO3IMOMKHBIH OTTOK NpEBBIIIAET NOCTYILIC-
e BOABI, M noXdmepras (uiabTpanug He Hacrymnaer. Ilpwu
Qe = Qn mojmepras QuianbTpauug HaOGMIOAaCTCH TUpPH JIIH-
TeALIIOH pabore xawana. Ecaw apenupyionas crnocoOHOCTE
MacCHBa MaJia, a MOCTYNMAIOI(HH pacxod BeJHK, TO noimnep-
Tas (UIbBTpALUs, HECMOTPSl Ha HauajJbHOe rJayfokoe 3a-
Jeranne rpynrToBhIX BOA, HACTYNAET MNPakTHYECKH MTIO-
BEHHO,

Cpapnenne (GWILTPANHOHIIOTO pAacXola co cnocoBHO-
CTBLIO TPYHTOBOrO MOTOKAa OTBOJHTIL 3TH BOALI MaeT BTOPOC
VCJaoBHe JUIs OICeHRKH Kﬂpﬂl{TEPﬂ f['H'LHhTI'}HHHIfIi
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Ho< Hy' nan Ho> Hy, (2)

rae H,— pasTHyeckoe npesniliciive YPOBHA BOALI B KaHajlc Hajl ua-
MAJLHBIM  YPOBHCM IpynroBsIX Boa; Hy' — kpurnueckast rayOuna 3ace-
FANHS IPVITOBLIX BOA, OTCUHTAHHAS OT VPOBHS BOJAW B KaHaje, neob-
NOMMMan AA8  croO0ON PMALTPAUMK B AAHHBIX Yyeaopusax  (cnocol
onpejeacuust Hy' OVAeT HII0MCH HHAKC).

Buuneans Beamuuny /y” npu npakrTnyeckn MrHOBEHHOM
oA beNMe YPOBITA IPYHTOBLIX BO/L H CPABHHB ee ¢ (paxrHue-
CKOIl HayaasHOi rayOHHOIT HX 3a7eraHusi, MOXKIo onpeie-
ANTh, €CPa3y JW HACTYUUT noAnepras (Guanrpamus, CCIH
Hy' > Hg, nan e Hekotopoe speMsi Oyier cBodolnas
(pHaLTpann,

Menoan3yst npuBeleniiipie Yeaosug A0s OUeHKH Xapak-
Tepa (PHALTPAILMI, MOXKHO CHETATDL CACAVIOlHe BLIBOADL:

Q0 <@y — crobopnan GpHALTpaUHA NpH A000H JUIHTCABHOCTH paboTul
KaHaga, noancprast duabTpauusa ucBoamMoxmnua; Qy>Qq, H<ly— Bua-
yajge cpoboanas (uaTpanns, zareMm nogneprasn; Qu>Qy, Ho'>H, —
HoAnepTas (pHALTPaUHR € caMoro nauaja paboTel KanaJa.

Huxe Ovier npuselena npoBepka PCKOMCHAYEMLIX OLE-
HOK Ha MarepHaJ’e ONbiTOB.

OTMeTHM, 4YT0 YCTaHOBJEHHe Xapakrepa (pHAbLTPAIHH
BeCHMa CVIIeCTBEHIO s onpejietaelns (QUIbTPALHONILIX
norepb. [lotepu npu cBoboOAHOH PHALTPAILKHI O0OLMHO B He-
CKOJIbKO pas (a mioria B jgecstkH pa3) OGoJblue [HOTEPD
MpH TMOANEPTOIl PUILTPAILIH,

Hanee neo6xoiumMo noApoodiee paccMOTPETL HACHILe-
Hife TPYHTA NMpH (WILTPALHH M3 KaHATd H AHHAMHKY 101
3eMHOTO OTTOKA, XapakTepH3VIolllyio BO3MOXKHOCTL OTBOAA
GuabTpannonnLIX o, [TepBbIil BONPOC OTHOCHTCH K TeOpHH
nepeABHAKEHHN BJAACH B FPYHTAX NPH HETONNOM HX HACHI-
HEHHH, BTOPOIT — K HEYCTAHOBHBUIEMYCs JIBHXKCHHIO TPYIH-
tosbiX BOA. Kpowme Toro, /s cTannonapioro pexmnmMa He-
0OXOJANMO ONPCHeIHTDL DpeleibHbie pacXoabl  yCTAHOBHB-

areiics  ¢BOGoMOIN GuabTpaniu Qg M 1OAEMHOr0 OTTO-
Ka Q.

HEKOTOPBIE BOMPOCHI MEPEABMMEHMS TMOYBEHHOHW BIATM
MPH HEMONHOM HACBILLIEHUM

B oOGLIMHLIX VYCIOBHSIX TPYHTLI  NpeJCTaBasioT  CcOOGOH
Tpex(asHylo AHCIEPCHYIO CHCTeMY, COCTOAMLYIO H3 TBEpOil
(assl (ckeser rpynra), KHAKOI (aspl (MOUBEHHBIH pACT-
Bop, BoAa) ¥ razoobpasuoit (passl (nousciiblii BO3RYX).
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[Tpn m3yueliitn ABHACHNA BOABL B FPYNTIX B Kauecrse
OCHOBHBLIX XAPAKTEPHCTHK BOJUILIX CBOICTB I'PYHTOB MOZKHO
NPHHATH CJAe/yIolHe KOHCTaNTLL:

m — MOPO3HOCThL IPVITA, TTOKA3bIBAIOLLYIO /10110 00BbeMa
a0COMIOTHO CYXOro I'PYHTA, 3alliMaeMyo 1opavi;

Wy — BJAA»KHOCTL (B A04a4X oObeMa rpynta), npu Koro-
poil HAYHHAETCH HITEHCHBHOE ABHIKCINNC BO/AL B IpyHTE B
xuakoit ¢ase. CyllecTBYIOT pasJmiiible CrocodLl onpeae-
nenus 3Toil kouctauThl. A, @. JleGenen (1936) nasviBaer ee
MaKCHMAJbHON MOJEKYIsipHOil Baaroemkocrhio, IT, C. Koc-
COBHY — HaHMeHbIlell Baaroemkoctbio, Versluys (1917)—
rpapuuell ¢yuukyaspnoii saary, C. M. Jloaros (1947)—
rpanHueii Kanwiispioro JICrKOMOABHAKHOro COCTOSIHHS CBO-
6OJHOI nouBelHOH BOALI. AMepHKaHCKHe MOYBOBEABI HA3bI-
BAIOT 3TY BEJAWUHHY 3IKBHBAJCHTOM Baaxnoctd, IHecmorps
HA PpasJHYHLIE TOJIXOMABI K OnpedesieHHIO ITOH KOHCTAaHTHI,
BCE HCCJIe0BATENH CXOAATCH Ha TOM, YTO OHa A0JAKHA OT-
pazkaTh BJdXKIIOCTL, COOTBETCTBYIOLLYIO Hauaay Oojsee HIH
MeHee HMHTEHCHBHOrO MABHJKEHHSl BOJbl B MOYBe B KH/IKOH
dasze;

W — [I0JIHasl BJAaroeMKocTb (C yyeToM 34alieMIeHHOro
BO3AyXa): wy=m—p, rjie p—o0bemMm 3alEeMJICHHOro BO3-
nyxa,

I — MaKCHMaJabHAs BLICOTA KAMMJISIPHOrO MOLHSITHS,

Bononpouunaemocts rpyutros. Kosbdunuenr ¢uanrpa-
[HH, HMEIOUMIT pPasMepHoCTh CKOPOCTH, OOBLIMHO BbLIpazka-
ercst popMyIoi

k=QoL/FAH, (3)

rae Qo-— pacxojl HWHAKOCTH, MPOTCKAONICH YCPe3 NOCTOAHNOC TNone-
peunoe ceyenne rpyara (Opyrro) £ onpum pasnoctn sHanopor Afl na
Anrne L,

[lpu onpenerenun xoshuuienta (huibTpalHH ONLIT-
HBIM TIVTEM Tpeanonaraercs, YTo Bo3JyX B IPYHTE OTCYTCT-
ByeT, TO eCTh BJaKHOCTh €ro CYHTaeTcsl panHOil Nopo3lo-
cti. Jlaxke nesnaynrtesqbloe cojaeprkanie BO3JAyXa B Tpynre
pe3ko yMelblaeT ero BojonponunaeMocts (ApephsiHOB,
1949, 19506). 210 0GCTOATENLCTBO AOCTATOMHO VAOBJET-
BOPHUTEJIBLIIO MOMKHO BLIPA3HTL YPABHEHHEM

o= (2= 1 (4)

m—1u's

rae Ry — KospduuueHT BOAONPOHHILACMOCTH NPH  BAAKIOCTIL @,



3 gactiocTi, npi HOAHOH BAATOEMKOCTH @

!:H::kti! ..l J"""‘ =k | 1= —r JJ (9)

il — Wy m-—we

FAC p=Mm—wW; — COACPMAINC BO3AYXa B TPyHTe B OOBEMULIX [POIEH-
TaX; kn— KO3(QhHUCET KalWJIAAPHOH BOJONPONHILACMOCTH,

Peskoe yMmemvinenine xos(pduuuenta pBoJONPOHHUAEMO-
CTH, BBLI3BAHHOC NPHUCYTCTBHEM BO3JlyXa B IpyHTe, HEoOXo-
AMMO YUHTBIBATL HPH onpefededin  QuILTPAmUONHLIX 110~
repb. Tak, npu m=05; w;=0,4; wp=0,2; ky=0,24k, 70
ecTb BOAOHPOHHNAEMOCTL nagaer B 4 pasa. 1o 00CTOS-
TEJLCTBO 3acTaBiasieT nepecMoTperh (GopMmyabl no omnpeie-
JEHHIO (HALTPAUHM M3 KalajJoB ¢ Le/blo 3aMelbl B HHX
koauuueita QUILTPAIHH, €C/H ero HPHHHMAIH  (HIH
onpefeasan) VIS MOJHOCTBIO HACHLILLEHHOr0 BOJAOH rpynTd,
K09() PHIHEHTOM KaNHIISPHOIT BOAOTPOHHILAEMOCTH Ry.

Kosdpuuuent BoA0NPOHUILAEMOCTH, ONpeAeJelHbll To-
JEeBBLIM CHOCO0OM, AOJIKeH OblTh OTHECE! K TOH BJAAXKHOCTH
rpynTa, npH KOTopoil ero ompejessan. Lean kosdpuinent
BOJONPOHHILAEMOCTH HAXOAHIH CIOCOOOM OTKAYKH H3 TJy-
GOKHX CKBAKHI, T0 3HauUeHHe ero Moxer OLThb HPHHATO 34
koa(duuuenr QuapTpanu. LEcan xosduunenT BOAONPO-
HHIAEMOCTH OIPelessiiii MeTOJAOM HH(MHALTPANHH H3 IIYDP-
dboB, TO ero 3HaveHHe il¢ MOZKET CHHTATLCA PaBHLIM 3nHd-
qyeHHI0 ko3 PpHuKeHTa (PHALTPALHH BBHAY PE3KOTO YMCHDL-
eHHsi BOJONPOHHILAEMOCTH TPYHTOB 1IpH noiddue BOAbI
CBepXY, BLI3BAMHONO 3a:KATHEM B TPYHTE BO3/YyXd.

[Tpu pacuerax HeoGXOAMMO 3HATH KaK KO3((pHIHEHT
GUABLTPALHH £, COOTBETCTBYIOLUHI NOANOMY  HACHIIIEHHIO
FPYHTZ BOAOI M OTCYTCTBHIO BO3AYXa, TO €CTL MPH BJAANKHO-
CTH ero W=/, Tak 1 Ko PUIHCHT KATHIAAPHON BOLONPO-
HHUACMOCTH Rn NIPH IIOJHOH BJIAroeMKOCTH W), HO C YUETOM
3aleMJeHHOr0 BO3AyXa.

[Tpubau3nTE/IBHO cojlepKanHe 3aleMacHloro BO3AyXd
MOJKIIO CUHTATL paBHbIM p=m—w,;=0,05...0,06.

[puBemennblii PAcXoj, KANWINSPHOH KaiMbl. Bojonpo-
HHIIAeMOCTb KANWIISAPHON 30HBI 3HAUHTEIHHO MeEHblle BO-
JONPOIHILAEMOCTH 30Hbl NOJHOro HacbilleHs. B cpasu c
3THM IlesecooGpasio BBECTH MOHATHE NPHBEACHHOTO Pacxo-
Ma KAmIIsIpHOH 30Hbl H [IPHBEAEHHOH BBLICOTBI KaTHJIADP-
qoit katimul, Jlas sToro HeoOX0AHMMO 3HATL PACIHpede/CIHe
BAAJKHOCTH B KanwaaspHoii sone. Jlas kanui1aspHoii kait-
Vbl TO eCTh KANIsipHoro mnoTokKa, TeKyuero ropusol:
TANBIO H HAPAJIILIO OCHOBIHOMY MOTOKY IPYHTOBLIX BOJ,
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MOMHO YCHI]HIIH P HHATL, "HTO 3MOpPd pacnpecjresaetnst
BJAKHOCTH aHaJOTHUYHa 3M0pe BJAAKHOCTH NIPH KANHMISAP-
HOM HAaCBITEHHH, KOoTopast npuoJaHKenHo MoXeT OLITh OnM-
caHa 3aBHCHMOCTLIO napado.auyeckKoro THia:

wy=w1 )/ 1= L1 (), (6)

rae vy — BJAAXHOCTh Ha BHICOTE Jf OT YPOBHA FPYHTOBHX BOA; figx — MaK-
CHMAaJbHAaf BBHICOTA KANHAJIAPHOIO NOMHSTHA.

Pacxop kanuJaJasipHoil KaiiMbl BBICOTOIT y ¢ yuetom ¢op-
mya (4) u (6) pasem:

H ¢ A
(g = %ﬁy kydﬂ'—" 1{ nOUfi e, (7)

rie

L=

|—@

! 4 (1+29@ T — T \35 (@42/9 @
¥y A f_ :ﬂ'[l_( n] | ‘J-n} (8)
npH @F=w,/w,, @Ty=wo/w,.

[Ipu BBIBOJIE NPHHATO THAPOCTATHUECKOE pacrpelesneHne
JAaBJeHHH B BEePTHKAJBLHBIX CEUEHHSIX (BKJIIOMAH KaIHWJJIAD-

nylo xaiimy) Af =const no y.
[Toaubli pacxoa moroka rpyHTOBLIX BOJ:

Q{I=Q+¢Tu= %— Rultep+ 'i:f Rucohy, = ‘}f_ "‘ftlﬁs (9)

-

rne f=hep+ cthy.

Jlas ompeienenust noJioro pacxofa ropHsontaJbHOro
MOTOKA TPYHTOBLIX BOA ledecooOpasno K ero cpeaued
MOIMIHOCTH  fticp  NMpHOABHTL
NPUBEJEHHYIO BBICOTY KAMHA- [ ug/uw,=0 — .
asipuoit 3oubl aliy.  Tlpnuem e
kosboduument o  3asueut V] :
TOJLKO  OT oTHOWeEHHT g/l
H @Wo/w, u MoxKer ObITh nNOoA- 47f
cuntan no ¢opmysam (8) u -
(9) wan onpeaenen no pH-
cyHky 2 (Asepnsiiios, 1949 a).

M3 pucynka 2 BHAHO, 4TO ST PY R S W [
@ JUIs oObIUHLIX  cooTHOwe- ¢ 62  4v  ob 68 y/hy
ke D’I<wﬂ’!w1<u’5 i Puce. 2. Tpadwmr aas onpenene-
HH!.;=1 JEXRNT B Npeiesax .. koshduinenta =« no dop.
0,27..0,36. Pt 3pa4enus uvae (8)

H

1]



COOTBETCTBVIOT [0JHOM, HECKATON KanuAJfpHOl  Kaiime
npu y=hs. JAnsa cKatoil KanuwaasipHOii Kaiimbl, xorja pac-
CTOSIHHE OT YPOBHA TPYHTOBBLIX BOJL IO MOBEPXHOCTH IPYHTA
MCHBIUE HAHOOJIbIIE BBICOTH KAaNHMIAPIHOro HOLHATHS, TO
ecTh A4 Yy/hx<l, COOTBETCTBYIONUINE 3HAYEHHS ¢ MEHbIIE
yKa3auHbIX BEJHYHH H MOTYT OBbITH ONpPEAeJICHBl 110 pPH-
CVIKY 2.

Hasi y/hx=1 Bbipaxkenwe (8) 3sunaunteabHO YnpoIuLa-
eTcH:

m=4(1+0,22w“,{w[),{11(1'|-IIEJ"KW|), (IU‘)

wn a=0,3.

B Tex cayuasx, xorjla HIZKC YPOBHSI TPYHTOBBIX BO/I
MOJHOCTBHIO OTCYTCTBVET 3alleMJCHHBIIT BO3JAVX, BO BCeEX
NpHBeACHNLIX popMyJaax cJaeAyerT MNpHIHMAThL @,=m, TO
eCTh MOMKHO CUHMTATh, UTO Ra=2~.

B yacraocrH, ypasHenue (9) npumer nuj:

Qo=AHER/L.

Koaddpunuent a 6epercs no pHeyHKy 2.

CsoOoanas noposnocts, W Bojpoormava, OjHu N3 BaK-
HeHIIHX XapakTepHCTHK rpyHTa — CBOOGOAHAS  NOPO3NOCTDL
(NpH NOAHATHH YVPOBHS I'PYHTOBLIX BOI) M BOJ0OTAAaua
(Mpu onvekamuM YPOBHSI IPYHTOBLIX BOA). B ruapomexa-
HHUCCKHX petIenHsix T TCOPHH HeVCTAHOBHBLIEHCST (PHILT-
pauMy TPYHTOBBLIX BOJX CO CBOOOJAHOI TIOBEPXHOCTHIO CBO-
O0JHAas TOPO3HOCTL OOBIUIO NPHITHMAETCS NOCTOSAHHON Be-
JANUUHOIT, He 3aBHCAILLCT M OT Bpemenu, HH OT KOOPJAHHAT
(Monv6apunosa-Kounna, 1952; Bepurun, 1951, 1952),

VkazanHoe ynpouienue L5 HEYCTAHOBHBIIHXCH TEUeHHH
FPYHTOBLIX BOA, ocoOenno npn OJAH3KOM  pacrooxKeHHH
PPYHTOBLIX BOJ K NOBEPXHOCTH 3eMJIH, Tpebyer crenHalb-
HOTO PacCMOTpeHHs.

[Tpu noaneme rpyHTOBLIX BOA IPOHCXOMAHT KanHJJsgpHOe
HacHILLCHIIe MeHee BJAaXKHLIX maactos rpynra, CpoGoanas
HOPO3HOCTL 3aBHCHT OT COOTHOWICHHSI CKOPOCTH MOAbLeMa
FPVHTOBBLIX BOI M CKOPOCTH KANMHAJASPHOTO NOAHATHs. Ecan
VPOBelTb TPYHTOBLIX BOJ1 KoJsebGaercs rayOboKko TMOL 3eMJei
(y>he), a BIaXKIOCTH TPYHTA paBHA W@, TO TPH OYEHb
MeJIeHIIOM NOALEMe TPYHTOBBIX BOA KanuJJdspHoe TMOXHS-
THe OVieT ycneBath 3a NOALEMOM VPOBHS TPVHTOBLIX BOX.
B stom cayuae cBoGOAHVYIO TOPO3ZHOCTL MOXKHO TNPHHATH
paBnoil neJanunie w,—wy, B cavuae, korna no/U'beM YpPOBHS
FPVHTOBLIX BOA (MOHHMAst 10X 3THM  TOBEpPXIHOCTL f)= fa,
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cM, puc. 1) npoucxoaut OGuicTpee, 4eM KamiaasipHOE MONS-
THe, B Hauajie JABHKCHUs cB0OOJTHAS  HOPO3HOCTL OVaer
Mellbllle BEJIHYHHBI W;—®y, TAK KAK TPYHTOBasi Bojga 3a-
MOJHAET 30HY KAanuwJIJASpHOI  KaiiMBl ¢ BJAXKHOCTLIO
Wo<w<W;, a KANHAAIpHOC NOJAHSTHE He yCneBaeTr poccra-
HaBMNUBaTh 3Ty 30HY. [lpn  OGbicTpoOM H 3HAYHTETHLHOM
nojheMe VPOBIS TPYHTOBLIX BOJ MOAKHO NPEACTABHTb, UTO
VCIOBHE p=pa Ha CBODOLHON NMOBEPXHOCTH He OyHer cvire-
CTBOBATDb, 4 CO3/ACTCA TNMOJOMKHTEALHOE JAaBJieHHEe P> Pa.
Eme B 1889, 1890 rr. H. E. )Kvkosckuit (1935...1937) or-
MeyaJl pasHHiy jasjgeHHilt Hajad CcBOOOAHOIN MOBEPXHOCTHIO
TPYHTOBBEIX BOJ # noa Heii. [Ipnyem 3Ty BeanunHy on cun-
TAJA TIOJOXKHTEALHON NPH OCYIIEHHH W OTPHILATEJBLHOH NPH
o6poanenus, dro yreepxienne . E. Kykosckoro cosep-
HIEHHO TMPaBHJILHOE H NOJHOCTLIO OTHOCHTCHA K HEVCTaHO-
BUBIIEMYCST JIBHIKENHIO TPYHTOBBIX BojA. Uem MelneHHee H3-
MEHACTCSH YPOBEHb I'PVHTOBBLIX BOJ, TeM MeHble BEposiTHO-
CTH MNOSIBJEHHsI 3TOii pasunnbl nasaenuit, [IpuBeaennsie
coobpazKeHHs] NMOATBEPAKIAATCH TPAKTHKON H Jjadoparop-
HuiMu skcnepumentaMmi. B navyane paGoTsl 0poOCHTEIBHOTO
Kanana uwacro nabmaionascst ObBICTPHIA MONBEM TI'PYHTOBBIX
BOJl B CKBAaXKHNAX, HAXOAHBIIMXCS B HECKOJLKHX KHJIOMET-
pax or KawaJaa., 3HayHTeabHO naaaJg VpoBeHb BOJABI B OT-
AeabHBIX mMyphax npu GLICTPOM BBOJAE OCYUIHTENBHOrO Ka-
Hana B aencTsue (oTkpuiTHe waw3a). Ha npuseaennsie
(haxrel ykaseianu A, H, Kocraxos (1960), E. A, 3amapun,
I'. H. Kamencknit (1943) u ap.

Jlabopatopuble onvith, npopefennble M, M. Kanaunu-
CKHM B 1948 r., kocBenwo (nvreM 6anancoBbIX MOJACYETOD
06BLEMOB NOCTYNHBIICH M OTTEKIIell BOAB H CPaBHENHS HX
¢ o0beMaMH BOIALI B IPYHTE NO MOKA3aNMHAM THE30OMeTpoB)
MOATBEPAHJIN NAJIHYHe TIepenaina noJOKHTEJNbHOrO 1aBJje-
nHust npu GLICTPOM HACBIICHHH I'PYHTA BOJAOIT 11 OTCTABAIIHE
nojtbeMa MeHCTBHTENALIOH NMOBEPXHOCTH TPYHTOBLIX BOX OT
pocrta masaenuii. CrefloBaTteanio, MOXKHO CUHTATHL, UTO A4RB-
Jenue Ha cBOOOJHON TOBEPXHOCTH I'PVHTOBLIX BOJ TIPH He-
VCTAHOBHUBIIEMCH peXXumMe (HJILTPAIHH HenocTosHHOE.

Ecnu npunsatb p=pa ua coGoANOiT NOBEPXHOCTH S
HeCTallMOHApHOTO PeXHMa, To 3710 JonvilenHe ne Oyaer
TOYID OTpaXKaTh NMpoucxoaguiee spacHue. CreneHn nmorpen-
HOCTH OT NpHHATHA p=const moxer GbITh onpelenena noc-
ae nogyuenus 6onee Tounnix pewennit. Jdas meaaeHmno us-
vensomnxes reveluit JonverumMo npunumarts p=const ua
MOBepXHOCTH TPYHTOBHIX BoiA. Ha ocrosannm onwuITHBIX
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AAHHLIX MOJKHO NPeJAnOJOMKHTL, YTO MEUIEHI0 H3MeHs10-
LLUMHCS TEUYCHHSAMH MOKIO CUHTATH TAKHE, T4 KOTOPBIX
dp/ydi<k.

Taxum obpasoMm, TOABKO @ipH MeJJeHnHoM H3IMEHEHHH
VPOBHSI TPVHTOBBHIX BOJ H ero rJiay0oKOM pacnoOMKeHHH
MOXKII0O NPHHHMATH LI HEVCTAaHOBHBITHXCS TEUeHHI CBO-
GOLITVIO TIOPOIHOCTL M ep= W ;—W,=const,

[Tpi xoaebanusx ypoBHS TPYHTOBLIX BOA, NPOHCXOMLS-
X OJHAKO OT NMOBCPXHOCTH 3eMJH B 301 KAMHIIAPHOro
NOJMSITIA, CBOOO/NAST NOPO3NHOCTH 3aBHCHT OT PachoJoxe-
HHST VPOBHS TPYHTOBLIX BO/I: uUeM BHIIE I'PYHTOBBIE BOJH,
TeM Melbine cBOGOLIAs TTOPO3NOCTL.  ITOT CAyYail uacro
BeTpevaercsi B npakTHke. Ecaum npeinosoxurs, uto Jasic-
IHe B IPYHTOBOH BO/E H3MEHSETCs! MEAJIEHHO H BJAAXKHOCTh
KanuIspHolt 30HB yChNeBaeT BOCCTAHABJHBATHCS JO 10J0-
/KeHHSl, COOTBETCTBYIOIEro CTATHYECKOMY PAaBHOBECHIO, TO
MOXKHO, 3HAS 3MIOPY BAAKHOCTH NPH KAaNWILJIAPHOM 1O~
THH, onpeneynTh cso0GOAHYIO NOPO3HOCTH 110 Pacnooxe-
HHIO YPOBHS TPYHTOBBIX BOI.

A. A. Yepracos orveuasr 3aBHCHMOCTh BOAOOTAAUH OT
VPOBHSI TPYHTOBBLIX BOJL H YCTAHAaB/JHBA ee noabopom, 6e3
AHAJHTHUECKOTO BHIpaXKCIisl pacrnpeieseHust BJIAXKHOCTH M0
puicote. E. C. Mapkos (1947) crasun BonooTAauy B 3aBH-
CHMOCTL OT CKOPOCTH ONVCKAHHST YPOBHA TPYHTOBBIX BOJL.
. I dpxun (1937) cunran pomooTAauy 3aBHCSIIIEH OT
VPOBHSA FPVHTOBBIX BOJL H KO3(hdHIMeHTA QHABTPALHN:

5§=165V%k 1 a,

rae Rk —kosppuunent PrasTpannn, M/c; a— yYpoBeHL TPYHTORMX
BOA, M.

A. V. HUsnuxmit (1938) ana topdaubix TrpyHTOB J1aJ
AHAJOTHYHYIO 3aBHCHMOCTL:

§=82 178V ad.

HMmeiorca paunve (Kpoutos, 1939) o tom, uto daxth-
YeCKHe 3HAUYeHHs BOLOOTAAYM M CBODBOMHON  NOPO3HOCTH,
onpelieTeHHLIe B TOJEBLIX H .'lﬂf‘:'(]pﬂTﬂthl.‘{ VCJIOBHAX LA
BLICOKHX TPYHTOBBIX BOJ, BecbMa maant (0,01...0,1). TToae-
nule, JabopaToOpHble I TeOpeTHUECKHe HeCaeoBaHHS TO3BO-
JSIOT CYHTATh, YTO NPHHATHE TPH BLICOKHX TPVHTOBBLIX BO-
qax cpobOAHON 1MOPO3HOCTH, PABHON ©@—Wo. NPEyBEJHUH-
BACT €6 HCTHHHOE 3navelHe H YMEHBLIACT BLIMHCIACHHVIO
BEJHUHIIY TIOABLEMA TPYHTOBLIX BOM., 3aBHCHMOCTL ¢BOGO-
ol MOPO3NOCTH 0T PACHOJIONKEHUST  VPOBHST  PPYHTOBHIX
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BOJA MOMKHO YCTAHOBHTL HCXOAST H3 pacnpeeiacHHst BAaNK-
HOCTH HPH KANILIAPHOM noJndatin no ypasueuuo (6).
JLonyCTHM, 4TO HOBEPXHOCTH IPYHTOBLIX BOJ 1HAXOANTCS
Ha rJAyoHlie y or nopepxnocti semin, npuuem y< . Tor-
Aa 00BeM KAUHWINPHO HOAHUABIICHCH BJAArH  OT VPOBHS
FPYHTOBLIX BOJ 10 NOBEPXHOCTH 3eMJaAN OvIer papern

G o f Elr‘:”h!d.":r.?‘:-
i)

a o0beM CBOGOLHBIX OT BOJALI 1OpP rpyHtTa OGyiAer onpeje-
JAsiThest popmyioii

S=wy— [ w,dy. (11)
)

[Moacranaast 8 popmyny (11) swausenne wy, no ypapne-
HHIO (D) M HHTErpupy#, HOJYy4YaeM BBIpazeHHe s 110/-
HOro od0beMa cBOOO/ANLIX [IOP OT YPOBHS IPYHTOBLIX BOJ J10
MOBEPXHOCTH 3eMJIN:

S=wly_ 2 why [1_' (l— Py )-'l.l".l]‘I
3 P

Tty

IAc
ﬁ= | — (WghﬂJE.

Ecaun cpeanias csobGoaHas noposHOCTL iy, =S/y, TO

, (12)

P
2..#;_,,

- ]

My=w,-— | | —
| wy(w+wy)

TAC fiiy — cpepusnsi cpo0OANAs MOPO3HOCT TP HOALEME FPYHTOBLIX

BOJX OT rayOHuul Y 10 NOBEPXHOCTH 3CMJIM; W, — BJAAXKNOCTL 1a Bbi-
COTC I OT MOBEepXHOCTH TPYHTOBHIX BOJ,

Texywas cpobofag noposnoCTb ONPENENsieTcss Tak:
My=w;—Wy. (13)

Buipaxenne (13) moxer GHIThL nodayuyeno ua dopmy-
asl (11) xax npoussoanas dS/dy. Ilonpzosaune opmyaa-
Mt (12) u (13) HeckoabKo 3aTpyAHEHO TeM, YTO, 3HAas
Yy, npeasapnTenbio 1o 3asHcHMocTH (6) HYIKHO 1AXO-
JINTh W,

UToObl 06/1eruiTh HAXOXK/1eHHe Kak Tekyuleit ¢cBoboHOIl
MOPO3HOCTH (BOAOOTAAYM) My, COOTBETCTBYIOULCH 11OABEMY
HJIH ONYCKAHHIO NOBEPXHOCTH IPVHTOBBIX BOA IIPH raybuie
ux sageranust y (npu y<<hi) na *=dy, rak u cpeaHei CBO-
Oontoit noposnoctit (BOAOOTHAUH) iy, NPH ONYCKAIHH 1O-
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BEPXHOCTH TPYNTOBLIX BOJ OT mosepxHoctH seman (y=0)
A0 rayOHHbl 3ajieranus y WiH, Haod0poOT, NPH NOABEME 110-
BEPXIOCTH TPYHTOBBIX BOA C TJayOHHLI ¢ 0 NOBEPXHOCTH
3eMJaH, Oo0OpaTHM BHHMaHMe Ha TO, uwro ypasuenue (13)
MOZKET ObITh NpEeICTaBjgeHo B BHJLE

my=w, (1—-Y1—By), (14)
a ypasuenue (12) kax
e 2 l —— -  di -
My =t -[‘l— 3 |, (l_]“l—ﬁu)'*"]'l“‘f-"y\ }: (15)
| (& 5
B,= — [l—l’ ..., ] ]npn y<h.
hlt y Wy

VuHTpiBast, YTO TEKYNLAst H cpeaHas cpoboAiibie 1nopos-
HOCTH 34BHCSIT TOJBKO OT @W; u fy, coctaBuM no ¢opmy-
aam (14) u (15) Taﬁ.uuuy l.

[To ganubiv Tabaninsl | nocTpoensl rpapukn 3aBHCHMOCTH
My/wy, u my/w; ot fiy, 10 KOTOPLIM MOXKHO ONpelegHTh H3-
MEeHeHHe 3aMacos rPpyHTOBLIX BOA HPH KoseBalnsax HX ypoB-
st (puc. 3).

Tax, npn noanesme yponlsi 'PYHTOBLIX BOX OT Y A0 Y2
(WA omyCKanui OT ys A0 Yy) H3MeHnenne HX 3anacon AG
MOJKHO Olpe/lednTs no dopmvie

AG =Ay (m,/w,)w,, (16)

rae Ay=y,—ys; 3uaucuge my/w; onpejiessieTcst 10 PHCYHKY 3 npH
CpefHeM NOJOKEeHHH YPOBHA TPYHTOBLX noA Yep=02(1n+1y2).

[Toap3vsach, rpadukoM cpedneil MOpPO3NOCTH Miy/w);, H3-
MeIHelHe 3aldCcoR FPYIITOBBIX BOL MOXKHO OlIpedeJHTh 110
apyroit opmyae:

AG=0—0y= Ji( L )Iﬂi-—Jg !}iﬂ)wu. (17)
wh

W

rae OTHOWCHHA Myg/wy o M,/ /w, onpejeasiores no pHCYHKY 3 npH co-
OTBETCTBYIOUHX 3Hauennsx [y H Po;

i - iy o 2
B [1_ L w, ]" an _:L[ il (_:H J

Pacuerst no ¢opuyaam (16) u (17) naor npumepno
OAMHAKOBLIE PE3YJIbTaTh.

BrnursiBanue poan, M3yucHuio BuuTuiBauust oAb B 10OY-
BY 1ocB#llleHO OoJIbloe uHcejg0 paboT COBETCKHX  YUEHLIX,
riaaBHbiM 00Opa3oM NOYBOBEAOB, MeJHOPaToOpPOB, HAPOJOroB,
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B wacrosmen padoie Her
BO3MOKHOCTH OCBETHTL C JI0-
CTATOYHOIl  NOJHOTOH CIOXK-
HbIH IIPOLECC  BIHTBLIBAHHS,
OTMeTHM, 4TO paloThl B ITOI
obaacte A. H. Kocrakosa
(1960), II. A. Kaunncko-
ro (1936), Il. @, Co3buikn-
pa (1940), TI. A. Auaexce-
epa (1948), C. M. [oaro- %
Ba (1947), A. HU. Dyaaron- ‘
ckoro (1955) u apyrux yue- 27 o 0F e 10
HBIX CHOCOOCTBOBAJH  JlaJib-
HeHIIeMy H3YV4YCHUIO BNUTLIBA- Puc. 3. 3anucivocers c¢soboanoii
HUSL M ero KOJHUYeCTBeHHO[  TOPO3UNOCTH OT YPOBHSL TPYHTO-
xapakrepuernku. [lonbiraem- MR U
! a3 d  CTOMHHH [OBCPXHOCTH
Cs1 CBAI34ATL CKOPOCTH BIIHTBI-  rpynToBLIX 801 @y — NoAHAR BI#IO-
Banmud BOABI B TPVHT C ero eMKOCTh B ;L.nm-:x-uﬁ:hunﬂl rpyHTA:
J'i"il', H m, — TeKYlLa:x CPCHANAA CBO-
OCHOBHBIMH QUSHYCCRAME. %~ "R issasncin,
KonctantamMu. CKOpocTh BITH-
ThIBaHMs, TO €CThb PAacXofl BOJLI BIIHTBLIBAIOUIHIICH yepes
CAHHHIY IJIOILAaAH 3a BpeMs I CYTOK MOCJIC 11a4a.a BIHTHI-

BaHud, MOXeT ObLITh omnpesedena 1o (Gopmyie
Ut=Fka[0,754 0,25y 1+ (1662/¢) |. (18)

3nech ky— Ko3(HITCHT BOJONPOHNIAEMOCTH HPH NO-
HOM IHACBIIEHHH C VYEeTOM 3AIEMJICHHOrO BO3MyXd, M/CyT;

b U ('ﬂ VLL‘H‘I] +I "\I'hﬂf'ﬁ : t}rrli-'r? (lg)

— W

a4 |-

= MPH W= W =_u,,
Er Uz-:
rae ho—rayOHna BOAB B Kanafie; © — HCXOMAHAS BAAMKIOCThH nepea

lauvanoM BOHTRIBAUHSA B A0J4X 0T obbema rpynTta,

1, 3aBHCUMOCTB /1,/W; W fy,/w, or by npH KoaebaHusiX ypPOBHH
TPYHTOBBIX BOL (/1% .r;ﬂ:l’zx}

I?':,I' :Il}i :":II ﬂ:l }| / i:'| I-i-'ll H ||:| '{I:r| E |‘|- FLE'|

I::'.-y “l}rfﬂ“

0 0 0 0,35 0,194 0,094 0,70 0,452 0.204
005 0,025 0,013 0,40 0,225 0,108 0,76 0,500 0,222
0,10 0,051 0,025 045 0258 0,123 0,80 05563 0.241
0,15 0,078 0,038 000 0,293 0,138 0.8 0613 0,261
0,20 0,106 0,052 055 0329 0,153 0,90 0,684 0,283
025 0.134 0,065 0,60 0,368 0,170 095 0,776 0,306
030 0,163 0,079 0,65 0,408 0,187 1.00 1,000 0,333
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[lpy w=wy p=1 u vpasnenne (19) ynporraercs:
/ U.Ul/! w140 , cyT'2, (20)
ks
Gopmvant (18)...(20) sBbiBegeHs! LIS BEPTHKAJLIOTO
HpOCAUNBANH aHAIOTHYHO TOMY, KakK 310 caesnano B. B. Be-
nepunkonsid  (1934) u IT. S, Tlony6apunosoii-KKounHOI]
(1952 a), HO OTAMAIOTCH TeM, YTO NPH HX BbLIBOAE YYHTDLI-
BAJNH H3MEHEHHE BIAKHOCTH OoT W=W; Ha IOBEPXHOCTH,
HOKPLITOI ¢J1oeM BOALL flp, 10 W=wWy Ha PPOHTE BOHTHIBAKO-
meiies paarn. Kpove JfelicTBHS CHJ  TSKECTH, YUHTLIBAJH
NOBEPXHOCTHBEe (KAMHAJIAPHBEIE) CHJALL BO BCEH 30HE Ony-
ckalouieiicss Baary, DTH cuabl, HauboJbluHe y (pouTa 1po-
JABHrAaloLenca BJArH, YMEHLILAIOTCS A0 HyJsl B 30MHe 10J-
HOro Hachllenust v nosepxuoctu rpynra. CouporupicHue
PPYHTA JBMIKEHHIO BOAB (CHJABLI TPEeHHs) NPHHHMAJH IIPs-
MO IIPOHOPUHOHAJIBHLIM Macce MepeBHraloulencs BOAL,
CKOPOCTH JBHIKCHHS ¥ OOPATHO NPONOPUHOHAJBHLIM K-
NWIJISPHOH BOMOINPOHHIAEMOCTH.
Ypapuenue (18) MOKHO YyNpPOCTHTL:

z'ftkll {rlL b \. MfﬂYT Hp" 0{!%0,‘4]‘.‘]2, (21)

[ P

f b a‘r TR
vi=Fky [ 1408 — 2. ] , M/cyT npu
I ( V¢ l/ Vi . :
0,462 =<<1<<40b?, (22)
a,:kﬂ[w ’;’) /eyt npu 4002<f<oo.  (23)

Jlas wavanapiioi crafuum pabGoTbl KaHaaa NPHMEM B Ka-
qecTsBe OCHOBHOM (OpMyJbl Jist ONMpeAeseHHs U: Bhipaxe-
uue (21) npu xosdhduuuente b, onpeneasieMoM 10 ypaBHe-
umio (20).

AHaJorHuHasi CTPyKTypa 3daBHCHMOCTH U¢ OT f, HO 6e3
1eTaJablIoro yuera NoBepXHOCTHBIX cua fana B. B, Benep-
nukobuim  (1934) wu  II.  SI. TloayG6apunosoit-Kounnoii
(1952 a).

Tak Kak B NPOM3BOACTBCHHLIX YCJOBHAX HCXOAHBLIE
naunsie (2, hx w Ap.) onpejpeasiorcs npubaHKEN0, TO
MOKIIO B JlAJBHENeM [0JIb30BaTLCS TPHBCJCHHLIMH Bbl-

e (qopmynami.



rmABaAa 1

®UJIbTPALLUOHHBLIE NMOTEPU KM NMOA3EMHBIM OTTOK
MPHU YCTAHOBMBLUEMCSH PEXUME

OUNBTPALHMOHHBIE NMOTEPM MPH CBOBOOHOHW ®WMNABTPALLMM

[TpuBeieM  HekOTOpble ypaBHeNHs IS ONpelesacling
(GHALTPAUHOHALIX TOTEPL NpH CBOOOAHOH (QUALTpPAIIHH.

3aBUCHMOCTH, He YUMTBIBAWOUIHE JEHCTBHA KamWJaasp-
HbiX cui. Popmyaa A. 1. Koerskosa (1960) mas verawo-
BUBLICHCA CBOOOANON (HALTPALMH HMEET BH:

Qp=RI(b+2heY1+m?); (24)

H. H. ITapnoncxuit (1955...1956) nast kamama KpPHBOJIH-
HEHHOro cevyeHHsi Hall CJAeAVIOIYIO 3aBHCHMOCTD:

Qg=Fkl(B+2h); (25)
b. K. Pusenxkamnd (1940) npeanoxna dopmyay
Qu=~Rkln(B+2h,). (26)

Hast onpemenentuss p B, K. Pusenkamnd maa sasucu-
MOCTD

SN, L L s (27)
]_L I ..51: ! "I" B.I'IE'.'IIHH D {I ‘i' Hg’rihﬂ:ls

roe D ONpcAC/IsieTCsI B 3aBHCHMOCTH OT 3al0XeHHA OTKoca m:

m I[ |1.5 |E

D | 0354] 0205 0.131

Gopmyna B B. Befepuukosa (1934, 1939) umeer sun:
ﬁip:kf{ﬁ—l—ﬂhr:)ﬁ (28]

rac A sanucut ot Bfh, uw m (tadn. 2).

B ¢opmynax (24)..(26) w panee npunate oGospauenusn: Qg —
pacxon (HITpAUHOHHBIX noTeps (M*fevr) w3 Kamana aannoit [ (M)
npH ycramosuBineicst cBoOOaHOR duabTpauun; B=0b+42mh, — mwupuua
KaualMa no ypesy BOAM, M; b—mupuua xanana no mny, m; hg-—ray-
OHna nanosnenus Kauajia, M; m— koshdHIHenT 3alomenis oTKoca:
— ]{:'lfirhfbHUHEIIT, FABHCHILHIT OT OTHOINCHHSA Bihs n m.
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2. 3navcuna Kosppuunenta A aan m=15 uw 4= B/h,< 18

Bih, P Bih, A Bih 3
4 2,24 9 3,12 14 3,56
5 2,50 10 3.23 15 3.63
§ 202 11 3.32 6 3,69
7 2,87 12 3,40 17 3,75
8 3,00 13 3.48 18 3.80

3aBUCHMMOCTH, VUYHTBIBAKILHEC JEeHCTBHE KANHJJSAPHBIX
cua, Hexoropole pekoMergannu no onpeieneuuio huastpa-
LHHOHNLIX TOTepPb NPH CBOOOAHOH (QPHALTPAIHH C YYETOM
AeficTBUS KAMHAJAPHBIX CHJI OCHOBBLIBAIOTCHA Ha TIpeAJoxKe-
i B. B. Beaepunxosa (1934, 1939) o npuitsatin mna cpo-
DO/LHOI MOBEPXHOCTH (HJABLTPALHOINIOrO MOTOKa AaBJeHis
HHZKe aTMOC(hEpPHOro HA BEJHUYMHY, HHCJAEHHO pasiyio (Juis
BOALI) BLICOTE KAMWIJAAPHOrO MNOJAHATHS rpyHTa R, TO
ecTh p=pPa—yx.

DTUM npHeMOoM B 06i4aCTL  QPHALTPALLHOHIIONO  1OTOK
BKJAOUAETCSI BCSI KANUAIAPHAasT 30HA, AJsl KOTOPOil NpHITH-
MAIOTCSl Te K¢ 3aKOHDI [IBHZKEHHs TPYHTOBOH BOJLI, UTO W
AT 300 MOJOMKHTEIBHOrO JAaBJeHHS H TNOJHOro nachbiie-
nus. Pewienus no AdannmoMy MeTo/AV OTHOCATCH K HEKOTO-
pPBIM HpocTelmHM GopMaM MNMONEPEUHOTro cevens Kalada,
Ofnako aBTOpBI 3ITHX PELISHHIT CUHTAIOT BO3MOMKHBIM  HC-
NOJB30BATh MOJYUCHILIC Pe3yabTaTLl W Aas onpejlesenn
NEHCTBHS KAMHIJIAPHLIX CHJI Ha (DHABTPALHIO H3 KAHAJOB
APVTHX MOnepeuHbx (hopM,

B. B. Bepepuukon (1939, 1940, 1947) cuuraer Bo3mMoxK-
HLIM LIS KaHaJdoB ¢ MajabiM oTHOWlenuem B/hy npunuMarth
pacucTHyio Gopmyav

Os—Fkl(B-+AR), (29)

rie xosPuuncnt A onpeacasercss no otnowennwy Blhy, a sunavenne A
MPHHEMACTCS PABHBIM

E= hﬂ:"‘!" Efl.; {30}
npy a=075..1.

Has xkananaos ¢ majaoil rayoHNoil, Ho ¢ OTHOCHTEILHO
doapmuMm 3navennem B/, B. B. Beaepuuxon pexoMeHny-
et (1939) noab3oBatuCs cneuHaabHoOi Tadb el AJasi onpe-
negennst koahhuierta A, B KOTOpoii 310T KOIQHUIHCHT
HPEICTARTCH B 3ABHCHMOCTH OT OTROMmenust B/A npu A, on-
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pefeasieMoM no gopmytge (30). B radauue 3 npuBenens
gHauenus A, najjiennsie w3z raéauust B. B. Belepuukona
rpaduueckoii HNTepnoasiHei,

3. 3navenusn xKoappuumenta A

Bl \ A ‘ Biir ‘ 1 Bk A
0,2 73 0.9 241 1.5 271
0,3 1,88 1.0 2,47 1,6 275
0,4 2.00 1,1 252 1.7 2.79
0.5 w. Tl 1,2 257 1,8 2,83
0,6 2.20) 1.3 262 1,9 2.86
0,7 2,28 1.4 2.67 2.0 2 89
0.8 2:35

b. K. Pusenxamng  (1940), noan3ysce  yciaoBuewm
B. B. Begepnukosa na ¢Bo60HOI NOBEPXHOCTH, Peln 3a-
nauy o (pHABTPALHH H3 KaHaJa HyJeBOil rayOunbl, MHPH-
Hoit B ¢ yuerom jelicTBHs kanuadsipunix cuia. Ero dopmy-
na AJsi TpaneueHAaJabHbIX KaHa/joB HMEeT BHIL:

Qp=kluk (B+2h), (31)

rjie p— ko3dopuunent, onpegensemuii U3 dopmyast 27; L — xoaddhu-
HHEHT, YUHTHIBAIOWHH YBEIHUEHHC (DHALTPANMOINBIX TOTEph noj AeiicT-
BHEM KaNHAJSPHBIX CHJA H 3aBHCALLHI oT otunomenus /B (rada. 4).

4. 3nauenus koappuunenrta 7

i [p A fiy /8 %
0,2 | .67 1.4 3,84
0,3 1,92 1.6 4,2
0.4 2.14 1.8 44
0,5 2,34 24 4,7
0,6 252 25 5.3
0.7 270 3.0 6.0
0.8 2,88 3.5 6.6
0,9 3,00 4.0 6.8
1,0 0,22 4.5 7
1,2 3,56 5.0 8,2

H. H. Bepurun (1951) pewna sapauy, ananoruumyio
NPeALIAVIICH, O 3aMenH/1 KadHaa HVJIeBOI riIy6uHB Tovey-
HBEIM ~ HCTOUHHKOM, TPHHIAB OLIV M3 9KBHIIOTEHIHA/ei]
(OJAH3KVIO K MOJYOKPYAKHOCTH) 34 CMOMEHHbBIT MepuMeTp
Kanaaa. dag oupefederis (GuaLTpauHonioro pacxoaa uu
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npetoKen paa GopMya, BBIMHCACHHA N0 KOTOPBIM CBE/IC-
Hbl B TaGuaHly 5 (JONOJHEHHYIO aBTOPOM).

[Mpu fh/B=0 pemenne I1. I1. Bepuruna npHBOAHTCS! K
GuasTpaunn u3 Kagasa 6e3 yuyera JAEHCTBHS KanuaaspHbIX
CiJ, NpHYEM pacxo[d Ha (PHJIAbLTPALIHIO

Qo=2kB. (32)

Ecan BBectH B GopMyay pacxoja nonpasky Ha JAeHcT-
BHE KATHJJSAPHLIX CHJ, TO MOKIO HANHCATD!

(_}lh = A Q“s (33)

rae A — dynkuna otwomcnus fin/B; Qp— pacxoa na QHALTPALHIO H3
kKanaJa 6Ge3 yuwera HAefcTBHH KalHJJIAPHBIX CHIL.

3HaueHHe A, MOKHO B3siTh M3 Tabauubr 6, cocrasiell-
Hoilt 110 AAHHBIM TabAHUBL .

5. 3asucumocts Q. /kB ot I, /B (no 1. H. Bepuriny)

e —

iy 1B Q,/kB ‘ hy |8 i Q. kB hyl B Q. /kB
0o oo 1,77 6,06 0,375 3,30
18,1 24,8 1,36 5,35 0,279 3,05
9,92 16.4 1,05 4,78 0,200 281
6,28 12,3 0,822 4,32 0,135 2,60
432 9,78 0,638 3.93 0,081 240
312 8,14 ' 0,493 3,60 0 2,00
2,32 6,95

6. 3asucumocts A, ot N/B (no H. H. Bepuruny)

hy !B by hy (B \ A \ hyg|B | A,
0 1,0 0.8 2.14 2.0 3,22
0,1 1,25 09 224 25 3,62
02 141 1.0 2,94 3.0 4,00
0,3 1,56 12 254 3.0 4.35
0.4 1,70 14 272 4.0} 4,68
0.5 |, 832 1,6 2. 89 4.5 5,01
0.6 1,93 1.8 3,06 5,0 535
0,7 2.04

CpasuuBas Jeiicteue Kanuaaspuoix cna no H, H. Be-
purnity n B, K. Pusenkamngy (rada. 4 u 6), suiuMm, uto

mo H. . Bepuruny onn Urpamr Menniyio poin. Ito obh-
SCHIETCA NPUHATORN HCXOAHOIT cxemoil ((opva Kanaja).
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A. H. Kocrarkon (1960) yvunrniBacr feicrsne Kanuaig-
HBIX CHJ BBCACHIEM NOHPABOMUOrO  KOa((puuneHra y > |
K 1JIOLLAaAH CMOUEHHOIl HOBEpPXHOCTH OTKOCOB KaHaJtd, Kk
6ul yiunass ux, Popmyaa A, H. Kocrakosa umeer suji:

Qg =RL(D+ 29hsY 1 +m?). (34)

Koad@uiienr nonpaski na ganuaasipiioe GoOKoBoe 10-
rJAOUIEHHE BOJALI B OTKOChl kanaga y=1,1...1,4. Oun Tem
poJibliie, YeMm O00Jablle KalWIgaspHOCTb I110UB.

3aBUCHMOCTH, YUYHTBHIBAIOUIHE KAMWIJISIPHYIO BOAONPO-
HHIAEMOCTb M NPUBEJAEHHBIH PACX0Ji KanWJISIPHOH 30HBI.
BoaonponuaemMoctb e NoJHOCTLIO HACHINEHHON Kankiap-
HOI 30HLI PE3KO OTJIHYAETCHA OT BOAOMPOHHUAEMOCTH 30HDI
rpyHTOBLIX BOA. IlpuMenureanno k cBoGOANO (PHABLTPATIHH
H3 KaHaJoOB ¢ y4YeTOM 3TOro OO0CTOATEINLCTBA BHOCHM cCJe-
JAYIOLHE MONPAaBKH B pacyeTHbie (POPMYJILL,

Kospduuuenr puabTpanun Bo Bcex GopMmyaax aisi omn-
pejiejieHus 1NoTepb NpH CBOOOAHONH (PHALTPALUMH 11€/1eco00-
pasHo 3aMeHHThb KO3((PHUHMEHTOM KanuAJIgpHOii BOAONPO-
HHILAEMOCTH NPH NOJHOH BJAAroeMKOCTH.

BosonpoBoiuMoCTh Kanuaagpluoil 30HB  3HAYHTENBLHO
MeHbIlIe BOAONPOBOAHMOCTH 30IIbI [10JIHOI'O HACBILCHHS, O~
3TOMYy BkJIOueHHe B 00J4c¢Th  (QHALTPALMONHOIO MOTOKA
BCel KamW/JSMPHOH 30HLI Hapasiie ¢ 006JaCTbl0 TPYHTOBOM
BOABLI JAacT npeyBeJIHUeHHble 3HAYeHHA (PHILTPALHOHHBIX
orepb. B coOOTBeTcTBHH C H3JIOXKEHHBIM B pacueTHbX (op-
MyJlax, YUHTBHIBAIOUIHX JEHCTBHC KANMHAASIPHBIX CHJ, MOMHO
MPHHHMAaTL BMECTO IOJHOH BBLICOTH KanHAJISPHOro MojHs-
THA iy npuBeleHHyio BbIcoTy alix npu a=~0,3. Toraa yka-
3aunupie BbllIe (POpMyJ/ibl HPHUMYT BHAI:

¢opmyna B. B, Bexepuukosa npu A= hy 0,3

Qi =kul (B+AR), (35)
rae A onpegensor no Tabamue 3 B saBucuMocTH ot B/k;
popmyaa L. K. Pusenkamnda
Qg = kolph (B +2h,), (36)

rae pu onpeaeasiorT u3 gopmyan (27) s sasucumoctd ot B/hy, ) onpe-
geasioT no tabanne 4 no orwowcHuw Ny/B npu fy=0,30;

popmyaa I1. H. Ilasanosekoro — H. H, Bepuruna
Qp=kolhy (B+2h), (37)

;‘_..1!': 2y onpenensior no TabGauue 6 upn ussecrHom ornomenun fy/B npu
h[ﬂn,gr,ht;
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popmysa A. H. Kocraxopa npu =y 0,34,
Qp="Rel (O +20Y 1+ m?2). (38)

Huxe aaGoparopHbiMH onbiTaMu OVAYT NPOBEPEHBI NIPH-
BeJleHHbIE TeopeTHYeCKHe (pOPMVYJbI H HOKE3aHo, yTo HaH-
ayuurm oOpasom apJenne cpoOOAHON (HAbLTPAUHM OTpa-
xaer (opmyvaa (37), koropasi moxer ObiTb npejacrasJjena
B BHIE

Qo="kul| 1+ (0,5h./B)] (B+2h). (39)

B stoit gopmyie npuHaTo Ay=1--0,5/B~1+1,6h/B.
Juauenusi Ay, NOACYHTAHHLIE 110 3T0il (OpMY.IE, OTIAHUAIOT-
Cid OT 3HaA4yeHHH J, nNpHBEJCHILIX B Ttabauie 6 s
ﬁhfﬂ'{:l-. Ha IUG/[]-

OcoGennocrTb 34BHCHMOCTH  (39) — yuer BIMAHHS pa3-
vepon kKanana no H. H. TlaBaonckomy o Kanuuasipubix
CBOHCTB I'pyHTa Ha OCHOBANHH TEOPETHUECKHX pEeUISHHII
H. I1. Bepuruna u B. B, Beaepuuxosa, Ho ¢ CylUECTBEHHOIT
HOIPABKOIl, YUYHTBLIBAIOULEH, 4YTO BOAONPOHHLAEMOCTH 30llbI
KANWIIAPHOH KaHMbl 3HAYHTEALHO MeEHbLUIE BOAONPOHHILAE-
MOCTH 30HBLI 10JHOIO Hacuiinenusi. Ha ocHoBannu apToOp-
CKuX pabor npunsito =g 0,3/,

Popuyaa (39) pekomerayercsi Ajsi onpefeaedns (huiih-
TPAMOHHBIX  1OTEpPs  NpH  yCTaHOBHBIIEHCS  CBODOAHOII
puaprpanun Q.

DUNbTPALLMOHHBIE NOTEPH NMPH MNOLONEPTOM DUIIBTPALLMM
H OTCYTCTBMM MCNAPEHMA C MOBEPXHOCTH FPYHTOBBIX BOL

Boeiie OLl10 11OKa3allo, 4yTo XapaxkTep H BeJHYHHA (PHIIL-
TPAUUOIHLIX NOTEePL 3aBUCsT OT o0beMa (GHJIALTPALHOIHDIX
BOJ, NOCTYHAIOUIMX H3 Kanaaa, M BO3MOKHOCTeN X npuHeMa
H OTBO/A IOTOKOM TPYHTOBLIX BOJ.

Ecan Qp< @y, T0 ectb xoria (uAbTPAUHOHILIE HOTEPH
NpH ycTanopupileiics cBo0oaAHOH QHALTPANlHH MEHDBILE, ueM
HAHOOIBIINIT BO3MOKILIN 1HOA3CMILIT OTTOK, TO (HILTpa-
It M3 KaHaJa oCTanercss ¢BOOOANON, 1 MHIITHMAJLHBIC 110-
TEPH NpPH AJHTENABHOE padoTe KaHaga onpeiesiorcst pe-
AHUHHOI Q.

Ecan Qp> Q4 TO eCTh KOrLa 1O NPHPOANBIM, H NpEKIle
BCCrO THAPOreoJOTrHYeCKHM, VCAOBHAM MOJACTHIATIONIHIT 10-
TOK TPVHTOBLIX BOJ He MOKET NPHHATL B cehs H OTBECTH
GHILTPAIHOHHBIE BOAb, TO BO3IHKAeT noANepras QuinT-
pauusi. B stoM caywae npn BecbmMa Janteannoil pabore
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Kanama MHHHUMAaAbIbe (pHALTPALMONNLIC MOTEPH OTIpe-
AeJMIOTCH  HAHOOALIWNM  BO3MOMKIILIM — MOJA3EMHBLIM  OTTO-
KoM Q.

He ocranasansasice 1noka ma AHHaMHKE VOLIBaAHUS
GUALTPAUHONHBIX TIOTEPL ¥ MAPACTAHHM TOA3EMHOrO OTTO-
Ka, pacCMOTPHM npeieanlible (HanGoabline) 3HayeHuy noi-
3eMHOTO OTTOKA B pasiiHuiibiX MPHPOLILIX YCAOBHAX,

NeTaHOBHBUIMICS PCKHM  noaAnepToit ¢GpuabTpalH Mo-
JKeT OLITh AOCTHIIYT, KOria B pe3yiabTate AJIHTEeJNbHOIN
¢puabTpanHn QpuabTpalHoilLie notepu OGVAYT PAaBHBl ecTe-
CTBEHHOMY HJAH HCKVCCTBEINO CO3J1aHHOMY OTTOKY TpyHTO-
BBIX BOJ.

CymecTByioT ClaelyIOUHe OCHOBHLIE BH/ABl OTTOKA TPYH-
TOBBIX BOA: MOJI3EeMHBIH OTTOK 110 XOPOIIQ BOIONPOIHIIACMO-
MV NOACTHAAIONIEMY TLIACTV (rajdeulHk, KPynHblii necox);
MNOJI3eéMHBIH OTTOK 3a npelacidnl opoltacMnix 3eMCTDL, I'/le on
pacxoJlyeTcs Ifa BBIKJAMHMBANINC B MOHMMKENHST MECTHOCTH H
HCITapcHHe; ]'Iﬂ;'IHEMHHf{ OTTOK B MOHHMCHHS MeCTHOCTH HJIH
B HCKYCCTBEHHBIIT APEHAaXK B Ipejesax opouaeMbiX 3eMeb;
pacxolloBaHHe TPYHTOBBLIX BOJ Ha HCMAPEHHE C HX NOBEpX-
MOCTH W TPAHCNHPAUHIO; YACTHUHDLII TOJA3eMHBII OTTOK B
eCTeCTBEHHbIE NOIMAKENHsT WK Apelbl 1 OAHOBPEMEHHO He-
naperie ¢ MoBepPXHOCTH I'PYHTOBBIX BOJL.

[lonsemublit OTTOK no Xopoio BOJAONPOHHIIAEMOMY OI-
CTHAAIOWEMY NTACTY B Hacroduieid pabGore He pasGupaer-
Csl, TAK KakKk aBToOpa B OCHOBHOM HHTEPECYIOT CJAYyYaH BbICO-
KHX TPVHTOBLIX BOM, KOTrla yrpoxKaer 3acojieHHe 3eMeJb.
OcranbHele BHALL MOA3EMHOTO OTTOKA B PAa3IHUHLIX YCJIO-
BHSIX paccMaTpHBAIOTCA B CJAGIAVIOUIHX pa3zfesax.

Caydoxkuit Bopoynop. Ilonnepras (GuabTpauns n3 Kama-
A4 1NPH OTCYTCTBHH HCMAPEHHS ¢ MOBEPXHOCTH TPYHTOBBIX
BOM M TAVOOKOM BOAOYNOpe BO3MOXKHA npu pabore KanaJa
3UMON WJIH TIPH HE OYeHDL IVIV-
OOKHX TPVHTOBBLIX BOJAX, KOr-
Ja OHHM XOTSl M OKAa3bIBAIOT
nojnupaiwoiiee JIeHCTBHE Ha
buapTpanHio 13 KaHajaa, HO
He TNOANHUMAIOTCH CTOJbL BbLI-
COKO, 4YTOOLI HITEHCHBHO pac-
XOJI0BATLCS Ha HCNapeHHe,

Ilpu nodzemuom orToKe Puc. 4. Cxema x pacuery (uab-
8 CUMMETPUYHO PACHNONONCH- Tpani 1!.‘1 I{ﬂlrf"l.:'lﬂ nm! flthth!EF
Hble NOHUNCCHUS 3@ npede- PHUHO PACTOJOMENHL X TTORNIKC-

HHSX H TaydokoM 3aneranii Bo-
AbL opollaembly 3emMeab Moic- jloynopa,
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HO NPUHATH CXeMYy PUAGTPAYUL U3 KAHAAL, u300pANHCCHHYIO
Ha pucyrke 4.
QuabrpayHosil pacxox 1 M AJAHHLI KaHaja paneH

Q:=k(B—NH), (40)

rae N=2x/H(l—=); B n H noxasans mna pucynke 4; % — MOAYJID
DOJHOr0 3JTHNTHYECKOr0 HHTErpasa nepsoro pojaa, OnpeleasieMblii [pH
[=0,5(L—B) us cootiourenns

BIH =21/ (1 —») H+2K/K’, (41)
rae K i K’ —noauble sAMATHYCCKHE HHTErPaibl NEPBOro poia NpH Mo-

- P -
ayasax w u o=V 11—

B. B. Benepnukos (1939) aaa ¢yvukuuu N cocrasua
rpapux N (B/H, H[l), kKorOpbIM TPYIHO NOJIB30BATLCS BBH-
1y y3kux npeaenaos B/A

Pemenwe C. H. Hymepona (1947) otinyaercsi BBeIEeHH-
CM ellle OAHOH repeMeHHOH — rayOuHbBL KaHaJaa, Popwma
MONEPEUNnoro ceyenns KanaJja y Hero rnpHHATA ouepealnon
MO0 HEKOTOPOH KPHBOH, NOJy4aOUIEHCsT B pe3yabTaTe KOMH-
(opmmoro otoOpaKkeHHs TOJYITIAHUNTHYECKOTO  BLIPE34,
COOTBETCTBVIOUIET0 CEeueHHIo Kanajda B MJIOCKOCTH (yHK-
un  H. E. JKykoBckoro, mna niockocTs norteHuyuadla
teqeHusd. Haxosxleuwe (uapTpammonmoro pacxofa vy
C. H. Hywmeposa eme Gonee caoxnoe, wem v B. B. Benep-
HHKOBA, TaK KaK B TpaHcieHaenTHoe ypasHeuue (41) Bxo-
OHUT elle OJIHIf yJel, colepzKalluil raybuiry ganana.

Yupocrum pewmenusi B. B, Bexnepuukosa u C. H. Hywme-
popa, ciejaas psijt donvileHHit. ¥YpasHeHue (41) nepenu-
IeM B BHJIE

B2l =%/ (1 —x) +HK/IK'.

[lpu yaanenuu ApeHa(kHbIX CTOKOB OT KaiaJa 3a npe-
Jleqbl opolIaeMbiX 3eMean MozkeT OblTh npunato £5/20<0,1,
HO TOrAa w<<B/2l BBH/LY TOJIOXKHTEABLHOCTH 000HX YJICHOR
nmpaBoi wactu ypasoenus. Jlas manbix 3madendii MoORy-
J51 % MOMKHO NMPHHATH:

K T o ( A )
= ——— i x=exXp|-— — —— |.
K’ 2n 4/« : o RS

Ownbka unpubamkengoro onpepenenus  K/K” npwm

»<<0,4 menpme 1%. Torna dopmyaa (41) npuMer BHA:

r — - i - A [ 2 £}
I'.".‘:-’_, ﬁ,:-[f. H] -HL‘K]][' -r_h-) 1/ _ f{___* (42:'

B 2 K [3 i) o
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Obo3nauas uepes
a=2nllK/BrK’, do=L[B, f_;.,-_H,.-'.*'::f,
NOJIY UM
| Jlrg—1) o | : F 4
YYo= — aln ——— =0,733alg — ; (13)

T l—uw | —w

npuuem (popmyaa (40) npumer BHIL:
On=kB(1—-NH[B)=2HkBK|/BK’=kBa, (44)

a C yuerom rayOHHbl KaHa a
) ) =
(\j,'l.: {Jqpc{, ('EI'L}]

rae Qp — (puapTpauuonible HoTepu npH noAnepToil GUALTPANHH H Ha-
JHYHH CTOKOB 3a MpeAe/laMH OpOMaeMbIX 3eMeab; Qg — Npeicibubie
(GHILTPAUHOHHBIE NOTEPH NpH yeranopunuietics cpoboanoit GpuanTpaumy,
( — KO3(PPUUHCHT, NOKasblBaloltil nojnydpalouiee AeHCTBHE TPYHTOBLIX
Bod na nmorepu (@<Cl). Lasn onpepesennsn o w3 dopmyam (43) mamo
3HATh OTHOCHT@IBHOE PpacCTOfAHHe A0 CToxoB rg=L[B H o0THOCHTEb-
HOE HPCBBILENHC YPOBHSI BOJBI B KaHaje HaJ YPOBHAMH BOALL B CTO-
KdX Hu=Hlu'rB.

st ynpoulenus nodb3oBadust gopmydaoi (43) cocras-
JeHbpl TadJulbl 7 H PHCYHOK 9, MO KOTOpbLIM, 3Has H/B wu
L[B, onpelensior 3HayeHuwe « M (UILTPALHOHHLIE TOTEPH
pH NOANEPTOH (QPHALTPALHH H HAJHUYHH CTOKOB 3a npeje-
JaMH OpolIaeMLIX 3eMeJib.

PaccMmorpennble peiueHusi MMEIOT Ty OCOGEHHOCTb, YTO
NPeAnosaraloT HaJHuHe INOHMXKeHHH, B KOTOPLIE MPOHCXO-
JUT BBIKJIMHHBAaHHe TPYHTOBLIX BOJ, 4TO JaJEKO He Beerja
ObiBaer. BO3MOXHBI OTTOK IPYHTOBLIX BOJ B CTOPONY lie-
OopoluaeMbIX 3eMe/b (1anpumep, B CTOPOHY MNYCTbIL) H
pacxoJloBaHHe HX MPH 9TOM HA HACBHILICHHC CYXHX I'DYHTOB
H yacTH4HOe ucrapenHe 0e3 BbIXO/a HA MOBEPXIIOCTD,

lIpu nodsemnom OTTOKe 8 CTOPOHBL OT KAHAAQ 3a npe-
deabl OpoOULACHMBLX 3CMEAL MOMKHO IPHHATH cXeMy (pHabTpa-
IUH H3 KaHaaa, uzobpakennyio Ha pucyhke 6. ['my6nua
BO/Ibl B KaHaJje NPHHATA BecbMa HeOOJLUION ¢ IEAbIO YIIpOo-
LEHHS] PEIUCITHA H BLIACHEHHS BJHSHHS YPOBHSI 'PYHTOBBIX
BOJ Ha (UJILTPAILKONILIE HOTEPH [C yueToM rayOHIlLl Ka-
najna, cm. pemenne C. H, Hymeposa (1947)]. Pacrexanue
TPYHTOBBIX BOJ NPHHATO NPOHCXOASIUIMM TMOJA KaHaa H b
CTOPOHBI OT HEro, NMPHYEM BAAJH OT KAHaJa CKOPOCTH IpPH-
HHMAIOTCs1 O4eHb MAaJIBIMH, TO €CTh IIPH X=X 00 H l=00
Ue=0, vy=0.

Ha pucynke 6 npelcrapieHnl rpaluiubl 00J4aCTH JABHIKE-
HHsl 2'—1"—1—2 Ha INIOCKOCTH Z, IJIOCKOCTh (PYHKIIHH Te-
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§ _& .8 ¥
2+E 1

1=
= ] | | l | | J_I:{'
H
{ 82 Q¢ 98 08 10 218,
Puc, 5. I'paux ans onpeacie- Pie, 6. Cxema K pacuery (piae-
HHA PUIABTPAUHOHHBIX HOTCPL H3 TPAUHH 13 KaHata HpH BBICOKOM
Kanajga npH CHMMETpHYHO pac- YpoBHE TPYHTOBLIX BOJL.

NOAQKCHIBX CTOKAX.

ettt Y=o+ u  MWIOCKOCThL GyHkuun O=0,-16);
H. E. Kykosckoro (1937 6), BBeAennoii um AAs peLuCHHS
HEKOTOPLIX Bagau  ruipomexanuku. Ilpn xospduunente
huaprpauun k=1 O=0,+iO=y+iz=(p—y) +i(p-+73).
COoOTBETCTBHE ToueK IJIOCKOCTel 2, ¥, © naer:

Touka 0

z2=0, =0, ©6=0;
Toyka 1

x=B/2, y=0, ¢=0, p=—0Q/2, 6,=0,
Q,=—-Q/24+B/2.

Jl/is moBepXHOCTH TpPyHTOBLIX Boja |—2

Vp—y=0 (mocTostHCTBO AaBJenls),
Y=—Q/2 (smnus TOKA).

3nak MuHyc y snauenusi Q/2 nocrasien 1o mpasuay
H. E. ’Kyxosckoro (1935...1937).
Has aumnmu 0—-3

JL'=0', ".F=ﬂ', @2={]i

[Tponssodss koupopmuoe oroGpaxeuie oOJaacTH ¥ Ha
O, noayyuMm ypaBHeiHe:
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7. 3asucumocts yy=II/B or lo=L/B n a=Qus/Qy

r ]

0,00 | 020 oo | 040 | 0.0 | 060
2 0,048 0,102 0,166 0,241 0,331 0,440
5 0,002 0,191 0,299 0,418 0,551 0,705
10 0,117 0,242 0,376 0,021 0,680 0,860
20 0,141 0,290 0,448 0,615 0,799 1,000
50 0.171 0.350 (),538 0,736 0,949 1,180
100 0,194 0,395 (1,605 (0,826 1,060 1,320
200 0,216 0,439 0.672 0,914 LA 1,450
500 0,245 (0,497 (3,759 | 0300 1.320 1,630
1 000 0,267 0,541 0,825 1,120 1,430 1,760
Hpodoascenue
X . - :
0,70 0,80 0,90 [ 0.95 | no9 | 0o
2 0.577 (0,763 1.06 1,32 1,89 2.64
5 ().885 1,120 1.45 1,74 2,33 3,08
10 1,070 1,320 1,68 1,98 208 3,34
20 1,230 1.510 1.9 2,21 2.82 3,08
ol) 1,440 1,750 217 2.50 3,11 3.88
100 1,600 1,930 237 271 3,34 4,10
200 1,760 2,110 2.57 292 266 4.32
000 1,970 2 300 2.84 3,20 3,84 4.61
1 000 2.120 2,620 3,04 3,41 4 .06 4,84
iQ (§+x) —i(p—)

= — % arcsin

: . — QB Bl

Ilpn paspeaenun sBeulecTBelION M MHHMOI uacTeit wu
CpaBHEHHH HX NOJAYUHM

P

pt+ix=— [T (B—Q}E:h —— sin oy ;
I" {B Q) l :tr? mf? (48)

y—p= — —3)sh <= eng

TS Q Q

Ypasuenus (46) 1al0T BO3MOMXKHOCTL IIOCTPOHTH CETKY
ABHIZKEHHs. Y PaBHCIHE NMOBEPXHOCTH TPYHTOBHIX BOJ Haii-
Aewm, 1puHaB B (opmydax (46) ¢=—Q/2, uro npu pBeje-
MK KOI(puLHeHTa  (QUIbTPaIMu R npUBEJeT K Bblpa-
KEHHIO

= 9 Arch 2A=0Q
Y i Arch Bi—0 (47)

rae Q — pacxoa wa (QUALTPAUMIO W3 Kanada B o0c cropoust #a | M
AJHHBL, B — upHpa KadHaja 1o ypesy BoOAbL,
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[lpubeaem ypasuenne (47) K BuAy, yaoGioMy sl
MPAKTHUYCCKOTO 1OAL30BAHHSA, BBEAS OTHOCHTEALHLIC BCJHTI-
Hbl: xo=x/B, yo=y/B, u=Q[kB.

Yuntusasg, 4710 pelieHHe NOJYYCHO /LIs BeCLMa Madoll
IYOMHBL Kallasd, a upd KOHeuHon rayOHie

Qo= (1+0,5-h/L) (B+2he),
npuHuMaem o= Qu/Qyp, HWIH
GJ’IL:{I'QIIJ: (48)

pHYEM «-— OTHOIENHe JApeHa:Koro orTroka B YCJOBHNX
[HOANEPTON (PHABTPALHH K pacxody yCTaHOBHBUIEHCS CBO-
GoHOI (PHABLTPALHH.

3iauenue a Haijercs w3 ypasuenust (47), Kotopoe noc-
Je VOPOULeHHI IPHITHMAeT BHJL:

o e P TS (49)

7 l—a

Ha ocnose Qopmyant (49) wma pucynke 7 uzobpaxcena
3aBHCHMOCTb MEXKIAY «, Xo, Yo, MTO JaeT BO3MOMKHOCTL oOlle-
HUTh BEJAHUHIY TNOA3EMIOro OTTOKA H BJAHSHHE YPOBHSA
'PYHTOBBLIX BOJ Ha yMeHblenne (QHJILTPAIHOHHBIX [1OTEPb.

CpaBuuBasi pHCYHKH O M 7 H YYHTBIBAs, 4TO Ahy=2Xo,
BHAHUM, 4uTO H300paxeuunie Ha HHX 3aBHCHMOCTH OJIH3KH
ApPYr K ApYry, oco0eHHO npu GOJLUIHX Xg H Ap. DTO 00bLSIC-
51eTCST TeM, 4TO NpH (PHKCHPOBAHHOM H 3HAUMTEJLHO YAa-
JCHHOM OT KdHaJa YpOBHE TPYHTOBLIX BOJA |[BLIXOJ HX HAa
HOBEPXHOCTL (PHC, 5) B HOHHIKEIIHsS MECTHOCTH M OTTOK B
cropony (puc. 7)] yeao-

Yo BHS JaJbpHeHIero mux oT-

20t TOK4 [nepecralpT HrpaTh

. cvuiecrsennyio poas, Ilpu

15 MaapiX Xo H Ap YCJIOBHSA

* JJIst OTTOKa B CcTOpONY

i (pue. 7)  Gaaronpusitnee,

28 yeMm BLIXOA TIPYHTOBBIX

poja B nomukenus, ITosro-

ay MY [NPH OAHHAKOBBIX Yo H

_ Xo 3HAYEHHT @ MeEHblle

i 92 gy a6 08 10 IJ1sl CXeMbI, H300paMeH-

HOIT 1a pucynxe 5, uem

Puc. 7. Bansune yponus rpyHTO- LIS CXCMDL | [OKA3aHHOI

BHIX BOA HAa (PUILTPaHHIO H3 Ka- )

Hana MpH  YCTanOBHBUIEMCH pe- Ha pHeylke 7,

Aune (Oex yuera uenapenus). AHalnsupys pHC)-’IIUI{?
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n ypapuenre (49), MoXKHO cjienaTth HEKOTOPHIE BHIBOJLI
0 (¢HiAbTPAIMH M3 KaHaJa W NOJA3CeMIIOM OTTOKE HJsT VCJ0-
BHH paccMaTpuBacMoil 3afaun (BecoMa riav00Koe 3aJgera-
HHE TOBEPXIIOCTH BOAOVIIOpA):

MakcHMadabliaa (GuapTpauua w3 Kamajaa npu rayGoxowm
3aJieralHy rPYHTOBLIX BOJ paBHA YCTAHOBHBIIEHCH  CBO-
goanoil (PHALTPALHH; B ITOM cJyuae nojA3eMIbI OTTOK OT-
BOJIMT MOCTYHAIOWIHE B HETO (GHILTPANHONIILIE BOIH;

MOBEPXIOCTL TPYHTOBBIX BOJL H CKOPOCTL JBHJKEHHS B
YCJOBHAX MOANOPa NPH (PUILTPALHNA H3 KaHajla pe3ko ma-
AAI0T NPH YAAJCHI OT KAHANA; TIPHOIHKEHNO MOKIIO Cull-
TAaTh, YTO VKJOII MOBEPXIHOCTH TPYHTOBBLIX BOA 0OBpAaTHO
NPONoOpHHONASel PAaCCTOAHHIO OT Karamia,

dbuabTpalHg M3 KaHajla BCIEACTBHE HeOOeCNeyeHHOro
MOA3EMHOr0 OTTOKA M TOAMHPAIOUIEro JAeiCTBHS TPYHTOBLIX
BOJL TEM MEHbIUe, YeM OJIiKe TPYHTOBLIE BOALI K YPOBHIO
BOJILI B KaHaJe M ueM Iupe Kanaja, Ecau ycraHoBHBILASCH
cgoboanasgs (QuabTpamus NpH rJAyOOKHX TIPYHTOBHIX BOJAX
CYHIECTBEHHO 3aBHCHT OT pPasMepoB KawaJa, To NpH I0Ano-
pe LIHpHHA KaHaJjaa Majno BJAHsSET Ha (PHJALTPAIHOHHbIE IO-
TepH, U OHH ONPEAEJSIOTCH B OCHOBHOM MNOA3GMHBIM OT-
TOKOM.

Koneunasi rayOuHa sageranus Bojoynopa. [losepxHocTs
BOAOYIOpPAa He Bceria MoxKeT OLITh NpHHSITA 3aJieralollei
rayboko. Ecau pacctosuust Mex/ay noCTOSHHO JIeiiCTBYIONH-
MH ODOCHTEJbLIBIMH KaHaJaMH H3MepsIoTCsT COTHSIMH M Thbl-
csiyamMHu METPOB, TO MOBEPXHOCThL BOJOYNOpa pellko 3ase-
raer raybxke 100 m. Caefosaresblo, INpH  1OANEpPTONH
(pHabLTPAUMH, Korjia (PpHILTPALHOMHBIH ITOTOK COCTABJAET
OO 1leJ10¢ € MOTOKOM TPYHTOBBIX BOMA, HEOOXOIHMO HMECTDL
3ABMCHMOCTH, YUHTBHIBAIOUIHE KOHEUHVIO TMIYOHHY 3aderaHys
BOJOViIOpa.

3asucumocrs [lioniow npuMeHseTcss NS CXeMBl,  H30-
Opaxkenuofi na pucyHke 8. Ona geHCTBUTE&IBLHA IS YCJIO-
BHIT 1JABHO HM3MEHSIOUErocs TOPH30HTAJBHOTO TMOTOKA.
Tns oBosnaueunii, npHBeleHHEIX Ha pHCyHKe 8, dopmyJa
Jliorton umeer BUA:

Ou=2k =) (50)
(L.—B)

rae Qu — noaszemuuti ortoK (duasrpauus) B obe cTOpoubl OT Kanata
MPH CHMMETPHYIIO DPACTOJOYKEHNEIX CTOKaX (JApenax, MOMmDKCHHAX).

Ocoteirnoetn popmyant (50) — npiiartue 3a pacueriple
Cedeing moToKa rPVHTOBLIX BOJL BePTHKAJEH, [NPOXOILSIIINK
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Puc. 8. ®uaptpaums #3 Kapana npH croke M KoHCMnoil raylume 3a.
JICTAHHA Bojoynopa.

yepes vpes oA B Kanaae (x==B/2) u uepes crokwM
(x===L/2), npHuem JIHHHH TOKAa MJASI HHX CUHTAIOTCS ro-
PH3OHTAJNBHEMH. BBHIY TOro, urto MONOJHHTCILHBIC COMPO-
THBJICHHSA, BO3HHKAWOULHE B MOTOKe NPH BLIXOMAe ero H3 Ka-
Hajsa H NPH BXOJde ero B CTOKM (Apenbl, MTOHHMKEHHA), He
VAHTBIBAIOT, PACXOALI, MOACUHTAHIBIE 1o Gopmyae (50), aa-
10T HECKOJILKO 3aBLIINIEHHLIE Pe3yJabTaThl,

[To npexsomennio Dachlera (1933), nupu duavTpamnun
H3 Kanajaa npu 0JH3KOM 3aaeraHuy NnoBepXxnoCTH BOAOYIO-
pa (PUALTPAUHOUHBIIT 1OTOK Nalo paszdUTbh Ha JABA: HHXK-
HUH, nOJUHASIOUHIICH ypasHenno [lionion, u BepXHHIl —
obaacte BOan3u kanana, [lposens Mexay 3THMH NOTOKAM I
VCJOBHYIO rpaHuly Ha paccrosnuu 0,5(B+ Hy), uro motn-
BHPOBAHO 3KCniepuMenTaabHbiMu  ganuniMi, Dachler co-
CTABHI HABa VpaBHeHHs [JIs pacXoj0B BEpPXHEro M HHIKIE-
ro Y4acTKOB ¢ VYETOM paBeHCTBa YPOBHEH lla rpanmie ro-
TOKOB. B yc10BHOM TFpannyYHOM CeyeHHH B BLIpaxKeHHe JJisi
pacxola HUKHEro noToka Hanop BXOJHT OJAHH pas H sIBHO,
a B BHpPAaXeHHE U151 PACX0/la BepXHEro vyyacTKa BXOAMT
ABAKAL — BHO H BO BCHoMoOrartejabHoll (GyHKIIMH, 149 Oll-
pefedcnus kotopoit Dachler cocraBun rpaduku. Idro nmpi-
BOMHT K HeoDXOANMOCTH pellarts VpanlelnHe MeTo/lOM Noi-
Gopa Aasi onpelereHus pacxolda no ¢dopmyae Dachlera, k
norepe ABHLX 3aBHCHMOCTEH M He NMO3BOJseT CVAHTHL Hemno-
CPEACTBEHHO O BJAMAIIMN 11a (PHABTPAIHOHIEIT TOTOK OT-
NeabHBEIX (akToOPOB: IIHPHHLI Kanaja, rayOnnbL 3ajeranns
Bojoynopa o T, L.

Yuutpisas, 4to omnpeiefsaTte pacxo;l no Dachlery secn-
Ma CJA0MKHO, HpeiaracM npubIHKEHHOe pellenyue MnocTan-
JeHHol 3alaud 0 (PHUALTPAIMH B3 Kalana B JApPEeHHpPVIONIHe
CTOKH TIPH BLICOKOM VpOBHE TPVHTOBBLIX BOJ H KOHEUHOH
rayouniie 3aleralusi NOBepxXHOCTH BOOYNopaA.
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B pexosendyesmom petucruu neeneayem GHIAbTPALHIO H3
KAHAJOB JUISl ONHCBIBACMOIO Caydas, CXCMATHYECKH H300pa-
swennoro 1na pucynxe 8, Pacemorpum cpaBHHTEBLHO AAHH-
upte notokit (0,5L>2T), uro obuiuno abaolaercs B ecre-
cTBEHHBIX Ycnopusax. HeoOxodumo TakiKe y4eCTh BBICOKOE
pacnoJioKeHue ypoBHS CPVHTOBBIX BOJA, TO €CTh MaJoCTh
Ho—"o no cpasuenmio ¢ 7. [Toatomy rpyur, naxomsiHics
BBLINIE VPOBHS TPYHTOBBLIX BOA (CUHTAS €ro 3a NOBCPXHOCTD,
AJs KOTOPOil p=pa), cCMOuYeH BOJOI, NOAHABIICHCS nOA
JeHCTBHEM MOBEPXHOCTHBIX CHA (KanwaaspHaa Kaiima).

Taxk xak 1pu BHICOKOM ypOBHE I'PYHTOBBIX BOA, 0COOEH-
wo npu I'—Ng<Cf;, BAaXKNOCTL BLILIE 30HBI TPYHTOBLIX BOJ
BeJHKA, TO npemedperars pacxoJoM BOILI, KOTOPas TEueT B
Kanuwijasaploii somne, 6bto 661 wesepuo. Ho npuusTHE BCeil
TOJIIH TPYHTa 3a oGJacTh nNoToka npHseao Obl K mpeyse-
JHUYEHHIO ero pacxola. [lostomy wenmoan3yesm npuHeMm, pe-
KOMEHIOBAIHLIT BLITIC JJA0 VUCTA PACX0Ja KanwiagpHOH
30HBI, TO €CTh PAacCMOTPHM MOTOK cpeaneit ray6umbl
he=hep+ah.. OTMeTuM TakxKe, 4To npu GOJILUIHX MTHHAX
MOTOKa H MaJbIX VKJIOHAX ero MOBEepPXHOCTH YYacTOK BBIXO-
Jla NMpH MOCTYIVIEHHH NMOTOKAa B CTOK OyAer Mma.l.

[Ipunuvaem pacuernHyio cxemy, H306paxKeHHYI0 Ha pH-
cyuke 9, rae B —mHpuHa KaHasla no ypesy poabl; T=
=fep — Cpejliisis MOIIHOCTL NMOTOKA TPYHTOBHX BOM ¢ yre-
TOM TIpHBEIEHHOH BBICOTH KamWIJISPHOH 30HLI; @ — ypo-
BeHb BOABI B CTOKE, OTCUHTAHHBIN OT IOBEPXHOCTH BOJO-
yrnopa; L — iBoitHass Aauna noroxka, Perrerue 3Toil 3a1aun
MOKET OLITL MOJAYYeHO METOAOM KOH(MOPMHOro oToGpae-
s (ITasaosexmit, 1955...1956, u ap.).

JTOT MeTO/l 3aKJIOY4eTCs B OTBHICKAHHH HANOPHOI]
pyuxuwun n GynkuHH ToKa, KOTOphie YAOBAETBOPAIOT VpaB-
newmio Jlanaaca aaa obaactu notoka, nyreMm KOH(OPMHOro
oToGpazenis 00JacTH NOTOKA Ha BCHOMOTATEIBLHYIO TOJY-
ILTOCKOCTh, Ha KOTOPYIO Takike KonhopmHo orolparkaercs
npocTefimas Mojledb (HJILTPAIHOHHOIO TEYEHHS — NPSIMO-
YrOABHHK. 3HAA CBA3L MEKAY KOOPAHIIATAMH TMPSMOVIOIb-
HHKA H 00JACTH NOTOKA W HMes NMPOCThble BHIPAKEHHS IS
/1IEMEHTOB TeUeHHUS B NPIMOVTOJALHHKE, JTerko OnpelenuTh
WIEMEHTLI NOTOKa M B paceMaTtpupaeMoil otaacrtn.

Kax Buanm u3 pucynka 9, of1acTh noToka 2 npeacran-
Jasier co6oit npsMoyroasuk co cropoiamn L n T,

OTtobpasnM ero Ha BCHOMOraTEILHYIO TOJVILTOCKOCTh
TaK, uUToOL! 11a4aJa KOOPAHHAT COBNAJIN, a TOUKA 25=I
nepeirta B GECKOHEUHOCTL B o6aacTn €,

~ry
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F .-___.-‘__- 3 ifll.- .-"‘..-"'-l"_..'!.-"'.-"'r-" ..-_.-_.rl_..-'
i i FFEFEFFFFELF,
|

Puc, 9. Cxema & pacuety (puanTpauin M3 Kana-
J2a NMpH KOHEHHOH rayOHHe 3ajeranns nojoynopa.

[To popmyae Kpucropdens — HIsapua noayuum:

: (T

z=A — — 4B
5 VP17 (8 =2)

[Tpumem f=1 upu :-:z-?lu. TOT 14
i

g i;_F(;: Wi B, (51)

rac F(§ %) — 31unTeckiii HHTErpaj NEepROrO poja NpH  Moay.e
%, A, B— npouspoiiblitie NocTogsHHBIE.

Has Touku 0: z=0 0 Fig)=0 8=0

s TOUkH o:
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Buipamenne (H1) Momer OuiTh mepenuncano B puie
sn (26/A; #) =&,

rjae sn & — aaAunTuuecknit cunye flxkoGu.

Toraa Aasi TOYKH D MOJYUHM:
sn (8iT/A; %) =o0.

Massectno, uro sn(K'i; #)=o00, orgyra Ki=68iT/A,
A=0T/K’.

Gopmyaa (51) nocae noacranoBku nocrosiuneix A u B
npuMeT BH

2= | F(G %), (52)
h.l'

rae K’ —noamit saaunTHyeckuil HHTErpas TMEpROro pojaa NpH MOAv.e
%, n=FIl—x% x=1/8.

[Ipoussesem eule pemomorarteabHoe oTOOpaXKelHHe MoJay-
NAOCKOCTH § Ha NOJYIVIOCKOCTDL §;, mpHuUeM

Ci=C" (53)

Ocb On noaynuockocTn § 0OpaTHTCs B OTPHUATENBLHYIO
och —0&; noaymiockoctu &y, uro yaobuo aisi oTobpakeuus
NPAMOYrOJbIHHKA,

Otob6pasum npsamoyroabliuk obaactu Z Ha BcrnoMora-
TCALHYIO TOJYIIAOCKOCTH Cy; sl 3TOr0 CAayuast MOXKHO Ha-

nNNcatTh:
7 (]/ (L=t G—0) « & )
(Cs— o) (Ga—51)
rae Fu, z) — nJuNTHYECKIE HHTerpan MepBoro poja;
e '/ (Ea—8) (5s—Lo)
(Sa—51) (Ea— o)

[Toacrasagsn suavenns =0, §i=a? L3=9% Li=6% no-
Jyuaem:

Ze=F (; -2 x| (54)
b y—82 .—
Cpasneinne Qgopmya (52) u (54) naer:
EHE( Hz ; K) - 1 —sn?(Z; %)
A e -
! [I- . sn*(Z; %) .‘
Y .
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npH

e il

2= 1/, =V (1 —a?y?)/ (1 — a262).

Onpeaeaus rocrostinsie a, &, y H3 COOTBETCTBHS TOUEK,
NOJYYHM:

K'|K=2T/L, a=sn(K'B/2T; %), y= — dn(K'a|T; %),

“

S/IA=K’T, 6=1/x,

- _iﬁ:'-* _ \ -ﬂuﬂ . )
l/dni’ '“’;i'; gl ) —heian® | =1 % )

27 . =5
dn r@; .-*) n [ EI.E“‘: :-:’) -
2T \ 1
Pacxon na ¢uaprpaunnio u3 Kanana s o0e CTOPOHLI
Q=2k(Hg—hg)fVE. (56)

[Topsaok pacuera takos. [lo ornowennio 27/L=K'/K
HAXOMAHM MOAVIL 3MITHOTHUECKOrO HHTErpata % H [oJibie

sasuntuueckne wnrerpaast K, K'. 3uaa %, K, K', no ¢op-

Myjae (55) HaxXoAuM MOAYJb %, a MO HeMy OTHOUIeHHe

K'[/R, uto npu nojcraHoske B ypasuenne (56) paer anaue-
HHEe PACXOLa.

Caenaem B opuyne (56) mexortopble vrmpouienus. JLis
TONOVIHHTEABHOrO MOAYAs ' =1 | —x%:
o o HSH(K:H{QT; x}z’ﬁ:l{f{’m‘?‘; ’:-:'.’} (57)
dn(K’B2T; #)dn(K'a/T; %)
[Ipu yeaosuu L2T>2 moxuo npuiate K'—>m/2; x—-1;
»'—0. Torna dn(w,0)=1, sn(u, 0) =siny, dn(u, 1)=1/chy,

sn(u, 1) =thu. Tloacranoska B dopmyay (57) jpaer '~
~ux'sin (na/2T) sh(aB/AT).

Yuureisas npuGankennoe pasencrso  K=In(4/x') =
=K'L[2T=nlL[AT, + =4exp (—=nL/4T), noayuaem x'=
=4sin (na/2T)sh (nB/4T)exp (—nL/4T).

Ananornuno, naiis no x° ornomenne K'/K, noayunm:

—
-
—

L

. B = -_%?L - ‘ . (38)
4 - ad :
K 2 —=- I—2,93 —— lg sin ;‘}- sh —_11;
Pacxos na duaprpauuio M3 ganamaa n obde ¢TOPOHBI
Q =2k (Hy— ho)+, (59)

rae 1 onpegensercs nmo gopmyie (58).
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Tax kak a/T<| n B/T rakmke Mago, 3uaMeHATSIL B
APOGH BBIPAKCHI (08) BCCIAd NMOMOAINTEICIL

dopmyay (59), samensisn I' na Cpeliond MOULNOCTb NO-
TOKa flep, MOIKEM lepenHcaTh B BH/e

Q=k2(Hy— o) hepp/0,5L = BQy. (60)

B nocaenneit (opmyne @y osnauaer pacxom BOALL 10
JLiomnioH, a

O e (61)
| 4fg p [ﬂ o iz EJ,"[},{]L
1
D147 62
}4 lg sin (Iﬂfﬂﬂcp]‘ ¥ ( )
b=147lg — (63)

sh(aBf4hep)

Gopmyasl IOKa3bLBAKT, Y4TO pacxo/d Ha (QUabTpaIHio us3
KaHaja g pacCMaTtpHBAeMOro cjaydasg MeHblle, yem pac-
X0/, moAcuHTalNLIH no gopmyae [omon (rak kax f<1).
Kosgpuumenr ymeHblueHHs pacxojla [} yUHTBIBAET: KO3(-
(puunenrom b — BauguHe HCKpHBAGHHA CTPYH (HALTPALH-
OHHOI'0 MOTOKA IIPH BBIXOJE ero H3 y3KOro KaHaJjda B LIH-
POKHI NOTOK IPYHTOBBIX BOJ H H3MEHEHHE BEPTHKAaJIBLHOIO
TEUEHHs1 Ha TFOpPH30HTaJLHOE; KO3 puUHEeHTOM [ — BiHs-
HHE CYJKeHHS BLIXOAHOrO CceuelHs NOTOKA MPH MOCTYNJeHHH
ero B apeny (a<<ficp).

[Tosb3sysice Gopmyaoit (61), MOKIO OUEHHTL BAHSHHE
WHPHHIBL KaHajga Ha (QHAbTPAIHOHHLIT PACXOd IPH BLICO-
KHX TPYHTOBLIX BOJaXx.

[Ipuuss a= ficp, HOJYUHM:

= pebet (64)

hi']:n
r 1,47 |
¥ D8L T Sy BAley)

S— A

Pacematpupasi  peadblbic npefedbl  H3MEHEHHST fcp,
0,5L, B, npunumaenm fcp/0,5L<<0,3, B/h:p,<1 u cocrasasem
Tabuauny 8 3smauenuii koa(ppuuuenta [ B 3aBHCHMOCTH OT
ornowenuit B/hep u fep/0,5L.

[Tpu BBICOKHX TPYHTOBbIX BOJdax LIMPpHHA KaHaja BJAHSA-
eT Ha (PHABLTPALLHIO H3 HEro He3HayHTEJbIO (TadJa. 8), npH-
yeM 970 BJAHsSIHHe TeM OGoJblie, uem kopoue moTokH. [das
AJIHHHBIX TIOTOKOB pPACXOJL B pe3viabTaTe CcyxeHHusd Kallajaa
yMmellpuraerest Macto,  Tak, ecam s KOPOTKOro NHOTOKa
(hep/0,5L=0,3) npu yMeHblUEHHH MIMPHHBI Kanajua B
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100 pas (or B/hig,=1 10 B/h.,=0.01) pacxon na ¢puant-
0973 0,520

S —

]}HIUHG I3 Kallddd nNagaeT 1nouri B '.3 |3£|3€|
ﬁflfi

100=47%, 10 aaa aaununoro noroka (f.,/0,5L=0,01) sto
najenue cocranaser =~3%.
8. 3uauenus koapduumuenta [} npu BLICOKOM YPOBHE TPYHTOBLIX BOA,

KOHeuHo rayluHe 3a0eramusi NOBEPXHOCTH BOJOYIOPA
H HAJHMYHH apcHaKa

fiin.

e p /5L - RS —
| 100 | 00 | o6 | 040 o0 | 010
(0,50 0.973 0,930 0,880 (), 820} 0,740 (0,673
0,20 (),U85 0,052 D917 84 0.8110) 0,756
0,10 0.99] CU76 0,957 0,932 ),895 0,861
0,08 (0.9494 0981 0),967 0,945 (0 ul4 (),886
0,006 (0,493 (0,986 0,973 (,O58 0,934 0,911
(3,04 0,996 0.9590 0,982 (0,972 3,957 (0,940
0,02 0,998 0.49496 0,992 (),980G 0,987 (). 950
0,01 (1,999 0,008 0,996 0,995 (),989 0,986

Tpodoaxenue
Biltos
Rep 0L N . k. - L
0, 8 | 006 | 0,04 l 0,002 | U, | 0,002 | (0,001

0,30 0,653 0,630 0600 0,557 0,520 0,448 0,423
0,20 0,740 0,720 0,693 (0,654 0,618 (1,544 0,524
0,10 0,851 0,838 0820 0,790 0,764 0,708 0,688
0,08 0877 0865 0850 0,826 0,802 0,753 0,734
0,06 0906 0,897 0873 0,863 0,844 0,803 0,785
0,04 0933 0,928 0918 0,900 0,889 0,859 0,846
0,02 0867 0,962 0958 0,949 0,943 0,926 0,917
0,01 0981 098] 0978 0,975 0,971 0,961 0,957

Takum oOpasoM, Aas HaundoJee 4acTo BCTPCHAKOULHXCS
B upakTHke cayuaes 05<<pB<l. Ito noiArsBepikilaer patiee
CACAAHHBLIC BHIBOABM O MAaJIOM BJIHIHHH IIHPHHLI KaHaJaa Ha
puabTpALMONIILIC TOTEPH TIPH NOANEPTON (QHIBTPaLNy,

Mast cayuaen, Korfa JApeHbl [1POpe3alT He Bech I1J1acT
FPYHTOBBIX BOA, B Gopuyay (60) aas onpemeaenus (puiant-
PALHOHHOIO pacxofa cIe/lyeT BBECTH IOIPaBKy Hda JLO10J-
HUTEJALILIC CONPOTHBJCHIA, CBSI3AHHLIE C NOCTYIICHHEM
PHABLTPAILHOHHOTO HOTOKA B Apelibl,

Pacxoa B 3TOM cavyae ymeHblnaercst pBefelineM Kos(-
Guuienta pucsuecrn «. drot Bonpoc paspadoran H. K. I'u-
puHeknm (1944, 1947) u C. @. Apeposinosbin (1947, 1948)

151 pacueTa Jpenaka.
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Buipaxenue JUist koa(piniienTa  BHCSIUECTH NPHMEM B
Buje
l
| + M1 AD5L,

| (65)

(=

rae
1

sin (qu/2)
%= (S-+0,68) fficp;

A=147lg (66)

$ — IyOHIA BOALE B APCHE; b — mmupmia Apenst no Iny; fep — cpei-
st rayOHila MOTOKA IPYHTOBBIX BOL ¢ VUCTOM KalHATAPHONL 30HH.

BBoAsi monpaeky la BHCAUECTL JipeH B (OpMyay pac-
X0/1d, NOJMyYae:

Q=2klcp (1y—ho) ap/0,5L, (67)

rine (Ho—My) — lIPCBLILICHHC YPOBHA BOJBI B KAHAJNE HA/L VPOBHCM BO-
Abl B JpeHax (croxax).

Gopmyaa (67) npudbamkenuas; 6ogee  TOUNO cieiaver
nucate Q=p*Q, npuuem
p* = |
I 4+ficp(A+B+D)J0,5L

Qopmyna (67)— passurne dopmyas Jlionion npu Io-
MOJIIMHTENHHOM  yueTe: BOAONPOBOAHMOCTH  KaIlWIJISPHOI]
30HDBI, JONOMINUTEJBHBIX MOTEPb Ha paciiHpenHe ¥ u3rud
[I0TOKa B ero navate, Ha cxaTHe H H3THO I0TOKA MPHU 110-
CTyIIenHu ero B croku. OHa noxasata yIOBICTBOPHTEb-
Hple Pe3yJILTaThl MPH ONLITHON NpoBepKe, MO3TOMY B AaJb-
HeIIINX pacuerax nesecoofpaszHee HCIOAL30BATL 3TV 3aBH-
CHMOCTb., Popmyaa (67) umeer w TO NPEHMYILECTBO, UTO
JIONOTHUTEIBHBIE COMPOTHBJCHHS 1d pacliHpeHHe o cyzKe-
HHE MOTOKA YUHTLIBAKOTCH B HEH [MPOCTHIM BBCACHHCM KO-
sppuumentos f<1 u a<<1 B O6LYHYIO POPMYIY JAS 11aB-
0 m3Mensouerocs AsmKelns (Mwonmown), uro cyimecrsen-
HO IIpH Mepexode K PacCMOTPEHHIO  HeVCTAIOBHBILEroCs
ABHKEHUS T'PYHTOBBIX BOJL.

Ipedaoncenue H. E. JKykosckoeo npumensiercsi s
H3YURIHST HEKOTOPLIX OOIIHX CBOMCTB PEKHMA FPYHTOBBIX
BO/L OpPOHIACMDBIX MACCHBOB. OOLIUIIO TPVHTOBLIE BOBI TIO/
OpouIaeMbhMH MACCHBAMH TIPEACTABJSAIOT cODOif ITOTOKH MO~
3CMULIX BOX (B YaCTHOM ciiyuae Gaccefinnl noji3eMHLIX BOMX),
OTJTHUHTCABHBIE YEPTHI KOTOPBIX — GOJLIIOC  TOPHIOHTAL-
HOEC HIPOCTHpPANHE 110 CPaBHENHIO ¢ WX TAYOHHO 1 cpanii-
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TeABHO 1He00AblIHe NPOJXOJABHBIC VKIAOHL, THNHYHBIE VCA0-
BHS HMEIOT OpollaeMhie Maccushl Cpeaneit Asun n 3dKaB-
KA3L, XAPAKTCPHCTHKA KOTOpPHIX npuBeldena p tabaune 9.

9. XapakTepHCTHKA OPOMACMBIX MACCHBOB

Momnocts nopoa
MecTo PACHOTONCHN ik
OPOIACMIX MACCHROD ITporawenmoets L, M
nOROWOC-
M X NOKpOnNNNY
lopnue yHUACTKH  PCYuBIX

A0JHK 1 000...10 000 5...10 1.5
Konyce Bhioca pek 20 000...50 000 50...100 0...30
AxnopHadbHee  Teppach

peK 10 000...50 000 20...30 5...30
[MpomosHadLHO-AI10BH-

AJbIKE  PADHHILI 20 000...100 000 100...200 0..10
Cyxue JICAbLTH 40 000...50 000 20...50 2..20
Cospemennsie ASJLTH 50 000...200 000 15...25 0..5

Il podoaxenue
3:12:1;291],:;':”:;1;“::;1;2: ¥ KA0HN nonepXHocTi LT
[opribie  yuacTKin  peiunsix

TOJIHH 0,01...0,02 100...2 000

Koniycnt BHIHOCA pPEK 0,02...0,05 200...1 000
{llupmlmpsm
0,001..0,05)

AJLTIOBHAIBHBEC  TCppachi

peK 0,001...0,05 300...5 000
[Tpososnasasno-amon-

AJNLIULC PABHIILI 0.0001...0,001 100...1 000
Cyxne AeabTil 0,001...0,002 800...2 500
CospevMennble AC/AbTH 0,0001...0,0005 2 000...10 000

Mpusmenwannc, Tabanza cocrantema E. A, Kaamckusm noa pykonoa-
crnom A. H. Kocruxkona w antopa Hactoamell xkuurw n 1949 r,

OTtHoiene JHHEHHLX PA3MEPOB NOTOKA IPYHTOBLIX BOA
p niiane ne vmetee uem B 100 pas npeBocxXoAuT ero Moll-
HOCTh, NMPHUEM YKIOHH MMOBEPXHOCTH TPYHTOBBIX BOM, KK
NpaBHAO, HeBeAHKH (32 HCKJIIOYCHHEM TOpHBIX YUacTKOB
peK H KoHycos BwHOca). MaweneHHs B NOTOKE rpyHTOBBIX
BOJM, BhI3bIBAEMbIC buasTpanHeil M3 KaHAJOB, ApeHHpylo-
HM JACHCTBHEM HCKYCCTBEHHBIX M €CTECTBCHHBIX CTOKOB H
ApYrHMH TIPHUHHAMH, CKA3BIBAIOTCS B OCHOBHOM Ha TOpH-
JOHTAJBHOM JIBHIKCHHH, TAK KaK BepTHKAJbHOE mepeMelle-
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HUE BCACACTBHE OUPallHYCIiiocrn pasMepos B wiane HeTol-
HHKOB BO3MVIICHHII H MaJOH MOUWHOCTH NOTOKA IPYHTOBLIX
BOJA (N0 CpaBHEHHIO C €ro NPOTAXKENIOCTLIO) HOCHT MeCT-
Hblfi Xapakrep, 3/leCh He PACCMATPHBAETCA MNOANHTLIBAHHE
HATIOPHBIMH NOAICMHBIMH BOJAAMHI H3 rAYOHIILIX [JACTOB.
HMccneposanus 3T0ro BONpoCa, MpoBeAeHHble st JApell
(Aseppsaitos, 1948) u mast kanajuaos (ctp. 33), HOKa3adw,
yTO VK€ Ha paccrosnusx x>71, riae I - MONIHOCTb NOTO-
Ka IPYHTOBHIX BO/L, NMOTOK CTAHOBHTCH IIOMTH IOPH3OHTAMDL-
HpIM. JlaXe 1ad TakHX cOCPEJOTOYEHIIBIX CTOKOB, KAKHMH
ABJASIOTCA CKBAaMHHBI C HX MaJbIMH AHaMeTpaMHu, Ve Ha
pacctosiiuu x>1 TNOTOK BLIPABHHBAETCSH, [MPHHHMAS IOYTH
napaJuiieanio-CTpyithotit xapaktep (Asepbsnos, 1949 6).

Orciona BO3HHKAeT NpeANoJOKEeHHE O BO3MOKHOCTH
sl JVIHHHBIX H OTHOCHTEILHO HerJiyOOKHX TIOTOKOB [IpyH-
TOBBLIX BOJA HCHOAL30BATH NPHILUI CJOXKCHHS 1HOTOKOB, KO-
TOPOE NPUMEHHTENBHO K rPYHTOBBIM  BOJAA4M  BHEPBEIC B
1888 r. cmeaan 1. E. JKykosckuit (1935...1937), rae on
nucaj: «O0napyxum, 4TO NOHHKEHHE YPOBHS HOPTOHA B
cayyde KOJOJIA, 34J0KEHHOr0 B~ NOANOYBEHHOM MNOTOKE
AKHAKOCTH, TO K€, 4TO IPH OTCYTCTBHH NOTOKa», ITO npei-
aoxkenune H. E, JKykosckoro npumeHuTesbHO K rOpH30H-
TaJbHOMY JipeHaxy Ob10 mcnoabzoBano H. K. I'upunckum
(1944, 1547), C. @. AsepbsinoBoim (1947, 1948, 19496) #
B Hacrodauei paboTe NPpHMEHHTENMbHO K (PHALTPALHH H3 Ka-
HaNOB.

Pacmupsin npeaaoxenne H. E. JKykosckoro, moxno
BLICKA3ATL cJelyiouee oblee IpefinosoKenHe: PexHM
FPYHTOBBLIX BOJ B €CTECTBEINILIX H HADYIIEHHBIX YCJAO0BHIX
B OOJLUIHHCTBE CJVYaeB MOXKET pACCMATPHBATLCS KAK CyM-
Ma peKHMOB, BLISBAHHBIX OT/EJBLILIMH H HE3aBHCHMO Aeil-
CTBYIOULHMH (DAKTOPAMH TNHTAHHS HWJIH OTTOKa TPYHTOBLIX
BoJ. Mexaouenne cocrasasiior o6aacTH, npuieramoliHe He-
MOCPEACTBEHHO K HCTOUHHKAM MNHTAIMsl WJIH CcTOKa. 3ITO0
NPeAnoJoXKeHHe MOXKHO OTHECTH KAk K VCTAHOBUBLIHMCS,
TaK M K HEYCTAHOBHBUIHMCH peXKHMaM,

B paze paGor (Asepbsinon, 1947, 1948, 1949 6) reope-
THUECKH I 3IKCNCPHMEHTAJLHO NOKA3aHA CHPaBeLJHBOCTD
BBICKAZ:1IIHOrO npeAnojoxennsa, Ecanm MoKHO paccmarpH-
BaTh PEKHM PPVHTOBLIX BOJ KaK CVMMY PEXHMOB, BhI3BAH-
HBIX OT/eaLlILIMH (PAKTOPaMH, TO BJAHAHHE HA DEXKHM IrpyH-
TOBLIX BOA THJAPOTEXHHYECKHX COOpPYHKEIHH, celbCKOX03aH-
CTBEITHLIX MEPONPHATHI H JIPYTHX BO3ACHCTBHII Ye./10BeKa
MOJKHO paceMarpHBaTh KaK H3MEHEHHSi, BHOCHMEIE B CYILe-
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CTBYIONLHT  H3BCCTULIT  Pe-
AN TPVITOBBIX  BOJA, UTO
SNAMHTCALHO  YIPOULACT i
VTOUISICT 4HAJH3 M npor-
HO3  pexiMa TPYHTOBLIX
Puc. 10. Cxema k paciery Guintpia-  poj ¢ tednio  yipasienis
HHH H3 KdHAAa TpH HCCHMMCTPHUYHO HM
pacno oKeHHBY CToKax. )
[Ipumennreantio K pas-
OHpdeMoOMy cAayualo ycra-
HOBHBLICHCS NOANCPTON (PHALTPAILHN BO3MOYKHBL TAKHE pac-
cyajenus  (pue. 10). do nocTpoiiku kanaad noTok rpynro-
BLIX BOJA (MyHKTHpHAs Juvug pa puc. 10) pasen Qo=
=k (?—=hy?) /2L, upnyem ecan rayGuiia 10TOKa FPyHTO-
BLIX BOJL B cTBOpE Kanaiaa Oblaa fy, TO

hi —h; h3—h 3
) =1¢ =fp ———. 68
Q 21 2L, (9%)

[Tocoie verpoiicrsa kanasa pacxon Gvier paBeH B JeBoe
nounxenne Qo =k(H3—hy)/2L,, a B npasoe Q,=*~k(Hj-
25 1- a
—h2) 2L, Cymmapubiit puALTPALNONHBLIT pacxod OydeT pa-
HCH:

: y H2—}2 o & 0
Q=Q,+Q,=k——L +p "%, ¢
L 11' '1' E,lf_.l EL: (6\3]
Ma3menenne pacxoia Oyler paBHO B JaeBblil  CTOK
P Y !
» L ] i o =
Qs —Qo=Fk(Hs— M) /2L, a B npasbiii cTok Qy — Qo=Fk (H*—
By §
—M5) [2L,. Cymmapiioe H3MeHenHe PacxooB, IOCTYHAIOULHX
y :
B CTOKH, OV/Jer onpelelsrTbCst 1no (popmy.ae

R(HS—h3) k(H.{—h;ﬂ _ff_ (H:—h?) {_ e g L) (70)
2L, s 2 Sl O PO

L
L

YTO paBHO (QHJILTPAIHONHOMY PAacXOAy, BLIMHCIAEMOMY 110
gopmvae (69) ¢ yuerom suipaxenns (68).

Orciona BHAMM, YTO PACXOA Ha (PHABTPAIHIO H3 Kanana
B paccMaTpHBACMOM CAydUae MOXMHO NMOACYHTATH, HE VUi
IHBas ypoOBHE BOALI B CTOKax /iy w Ay, a npuuHMas Bo
BHUMAHNE CYLLECTBYIOULYIO [OBEPXHOCTL IPYHTOBLIX BOIL B
cTBOpe Kduaaa fi, o ecTh B JAHIOM CIyyac onpasjininaert-
cst runoresa H. E. ZKykoBCKOro o nesasucumMoctTn posjeii-
CTBHSI, OKA3LIBAEMOrO Ha NMOTOK €ro YKJ0HOM,

Ooo3naunM TIpeBLILIEHHE YPOBHE BOJALI B KaHajde Haj
HOBEPXHOCTBIO TPYHTOBBIX BoA uepes A=/ly—hy n cpeinee
paccTositie oT Kallana o cTokos uepe3 L¢=0,5(L;+Ls).
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Toraa dopmyaa (70) pact pacxod NpeHaKHOro OTToKa

o Ek.ﬁ[fi:;'l' [‘:'LIEI]_ FL‘_fLE]'_. _lr_._.q_‘_) —1
Qi Lo ! B ] ‘ fs (71)

Sunavenne A<y, MOITOMY MOMKEM TPHHATH BEJIHYHHY
fip+0,5A 3a CpeaHiol0  MONLIOCTH  TMOTOKA  FPYNHTOBLIX
BOJ Er[l-

Bregem  koa(uupent  HCCHMMCTPHH  PACHON0KEeHHS]
crokos (npeaaoxeno M. 1. Kawmnmrexkum s 1947 r.):

h=(Lo/Ly) (Lo/L3), (72)

pH
Lo=05(L;+Ls). (73)

Torpa seipamenue (67) aan onpeAeaenns noi3eMIoro
OTTOKA OKOHYATEIBLIIO NPHMET BILL

Q—l{m Qk(}fﬂ—*JI[I}E[-IMB.}JL{“ {?4)

rac kR — kospdunnent QuabTpamsn, M/EyT; flop — cpeausnst MOLLHOCTD
MOTOKA TPYHTOBHIX BOJ € YYeTOM KanWAAAPUOH BOLONPOBOJAHMOCTH, M;
Ly — cpeanee paccTosiide OT Kawaaa A0 CCTCCTBCHHBIX NOHHAKEHHH,
ApeHaska WA J0 MeCT (PHKCHpoBauublX YpOBUCH IPYNTOBLX BOAL; M,
A — KOS(MPHUHENT HECHMMETPHH PacnoJoMKenHs cTOKOB, ONPeACaeMbli
no gopmyae (72); (Hn*—hn;—npenmmmme VpoBieit BOAL B Kamane
HajJ NOBEPXHOCTHIO IPYHTOBBIX BOA B €ro cTBROpE, CYIIeCTBYIOLlEH RO
COOOPYIKCHHA KaHaJja.

3unavenns koappuuHenToB a u f npu HECHMMETPHYHOM
PACINOJ0XKEeHHH CTOKOB OMpeieasfioTcs CJAeAVIONHUMH COOT-
nomwenuamu (Apeposanos, 1949 06):

B= 201 P2 T B Bignes: == e
Bit+Pe ks (BEDML: * 7% 14heg(B4Dls

rae B onpeneasiercs no dopuyae (63). a Dy uw Dy—no
dopmyae (62) npuw a=a, v a=a COOTBETCTBCHHO;

L - l g = i
Sl T Al

(L) =+ (Ls 1+ hepA /Ly

rae A, n As onpegeasiores no opmyde (66) npus;+ 0,50
135 aesoro u So-+0.50, ans npaporo nonumennil,

Qopmyaa (74), aBagomasncsa paspurHem  (hoOpMVyILI
liomon 5 gonoanenue K opmyae (67), VUNTLIBAGT HECHM-
METPHIO pacnofoxenns crokon, LEe¢  MoXKHO  perkoMmenio-
BATL JJST ONPEACTCHHS NPeACJbIOro noji3eMiuoro  oTToka
HPH HAJHUHH CCTCCTBENIBIX NOHHACNHIT MECTHOCTH, Apen
win obecneuenioro OTTOKa TPYHTOBBIX BOA 34 npeieabl
OPOMIACMBIN 3€MeTh.
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OUNLTPALMOHHDBIE MOTEPH, PACXOYEMbLIE HA MCMAPEHME
C NOBEPXHOCTH ITPYHTOBLIX BOA

0 3aBUCHMOCTH HMCOAPEHHsT OT YPOBHA IPYHTOBLIX BOJ.
Ha opomaembrx Maccupax ¢ HeOJaronpHATHBIM MeJHOpA-
THBHBLIM COCTOSIHHEM, TO CCThL TaM, rje neo0XoAuMo npoBo-
INTh MEpOnpHUsiTHA 110 yMElbIueHio QIILTpaiun u3 KaHa-
JOB H MO YBEJHUGHHIO APCHAXKHOIO CTOKA, CVUICCTBEHHYIO
POJIL HrpaeT pacxoAoBallie rpyHTOBLIX BOX Ha HCnHapeHxe
¢ HX nosepxtocTt, Taxast poan ucnapeHus BrAoJaHe IMOHAT-
14, eCJAH VYYeCTh KJAUMATHUecKHe 0co0ellioCcTd OCITOBILIX
PANOHOB OPOHIEIIHS: KAPKOE JeTO, MAJOC KOJHYECTBO ocal-
kop u T. A. Ecan pakrnuecxkoe ncnapenHe ¢ noBepXHOCTH
CVINHI B NyCTHIHHMX u noaynyerbinnbix paiionax CCCP co-
crapaser scero 100...200 Mm B roj, TO BO3MOIKIOE HCMHA-
peHHe, HWJIH HCNAapieMOoCcTh ¢ BOAHOI MOBEPXHOCTH, B 3THX
ke paiionax nocmiraer 2 000 MM B rox u GoJec.

O6utenpuisITLHii B MEJAHOPATHBHON  H NOUBOBEAUECKOI!
JUTEPATYPE TEePMHIl «HCHAPEHHe ¢ NOBEPXHOCTH MPYHTOBHIX
ROA» HETOUHO OTpayxKaer (DHIHUECKHIT CMBICT SIBJEHHA, TaK
KAK B DOJLIMTICTEE CAyYyaen TPVIITOBLIC BOJALI pacxoayioT-
Cf 1A HacHUeHHe KANHJJISAPHON  KaliMbl, a Yyxe U3 Hee
piara orGHpaeTcs KOpHSMH pacrelldi, pacxojlyercs Ha
TpAUCHIHPANMIO M YACTHUIIO HCrnapsetrca ¢ MNOBEPXHOCTH
MOYRLI,

Mruorouncaennble onbiTHLIE Jlalllible NMOKA3LIBAIOT PE3KOC
yOLIBAHHE HCIapenust ¢ MOHHIKeNeM VPOBHS  TPYHTOBHIX
poa [em. onmithne fanunie M M, Kpnosa, B. C, Konbko-
na, A. ®, Caanuesa, I1. A. Kenecapuua, B. A. Kosau u
ApVrHX MccaefoBareseil, nmpusenennsie B padore B. A. Kos-
ast (1946...1947) ]. Mpruem npu HeKOTOPOM PACHOT0KEHNIH
VPORHS FPYHTOBLIX BOJ HCTIAPEHHe ¢ UX TIOBePXHOCTH Mpak-
THYECKH TMpeKkpalaercs.

[la ocnoBanuu noaessix Ha6g10/IeHHIT MOXHO nNperao-
KHTH CACAVIONIVIO 3MOHPHUYECKVIO NPHOJHKEHHVIO 3aBHCH-
MOCTHL MEXKIAV HMHTEHCHBHOCTBIO HCmapeHus e H riy0ounof
CTOANNST TPVHTOBHX BOT A

e=ey[1— (A/Ao) |7, (75)

rae e — MNTeNCHBHOCTy WCnapenuss npu raviune CTOSHHS TPYHTOBLIX
poa A €p— HHTEHCHBIOCTh HMCTIAPCHHS € MOBEPXHOCTH NOUBL TIpH
OUeHR BHICOKOM CTOAHEN TDYHTOBHIX Boja (NpuOAIHKEHNHO MOKET OLITh
NPHHATA DpaBHoft HCNapenHo ¢ Boanoft nosepxnocti); A, — KpHTHue-
cKka®t TAVONIA CTOSSHHA TPYRTORKIX BoA, ¢ KoTOpoli HAauHHaeTcs aamer-
Hoe  [X  pacxofomamue  tta  HCHapenue; 11— NOKasatean  cTeneny
(l<n<3, obuuin n2).
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Puc. 11. 3asncumoctt elen or AlAg

] — teopeTHycckie anavennn no dopuvae (75) npn a=]; 27 3. onuTALE NAH-

Hue: 2 —0C. J. Mupguna, 32— 11, A. Kernecapuua, 4 — L, C. Kouskona (3ancib

Geax pacrtaTeastnoro nokposa), § — B, C. Konukona (ecrectBeHdbil pacrnresninil
nokpon), 6 — @, I, CasapeHcKoro,

Ha pucyuke 11 npeacrasiensl rpaduuyeckH 3aBHCH-
MocTh (79) 11 onuiTHBIE AaHHBIE PasaHYNBIX aBTOpPOB, 006-
ob6unennsie B padore B. A, Kosabr (1946...1947). Otmernm,
uTo Bhipaxkenue (75) npelanonaraer cymmapHoe HcrapeHue
C NMOBEPXHOCTH MOYBLI H TPaAHCNHPALHIO, XOTS B ABHOM BHJE
OHM He pasjenenbl, B nekoTopelX ciayuaax HcnapemHe ¢ Mno-
BepPXIOCTH 3eMJIH M TPAHCHHPAIUA MOTYT HECKOJIbKO Mnpe-
BHINIATH HCIIADEHHe ¢ BOJHON NOBEePXHOCTH, YTO MOJATBEPIK-
naetcs onbITHLIMH HaOoAenusiMH, [Ipu pacyerax BeTHYHIBI
e no dopmyae (75) Ans peaabHBIX YCJIOBHH  3Haye-
IHe ey caeaver onpefensits Kak HaHbonbiyoo Hab/M0AeH-
HYIO HHTEHCHBHOCTL CYMMAPHOro HCmapenus npH 3alanHol
ArPOTEXIHKE W YPOKANHOCTH H TIPH ONTHMAJBHOM YBJIAXK-
HeHuH nousbl. B npubiankenuwx pacuerax, ocofernno npu
pacuetax (hHJILTPALUMH H3 KaHaJI0B, MOMKHO TNPHHHMAThL €y
PaBHOIl HCrapeHHid ¢ BOAHOH MOBEPXHOCTH. -

PacesmorpuM cayuait onyCKaHHsi 'PVHTOBBEIX BOL TNOA
AeiicTBHeM ucnapenuss W Tpaucnupaunu. Ilpuvem 3a na-
4aJbHBIT YPOBEHL FPYHTOBLIX BOJ raybnuy A;, oTcunThiBae-
MVIO OT NOBepXHOCTH 3eMuH, npHueM (0<TA;<TAp, u naijiaeM
BpEeMSI, 3a KOTOPOC IPYHTOBBIE BOJLI ONYCTSATCH 10 ryOHHDI
A» OT MOBepXHOCTH 3eMJiH, Tak Kak HHTEHCHBHOCThL HCMA-
perns 3aBHCHT OT YPOBHSI TPYHTOBHLIX BOJA, TO VpaBHEHHE
Oanauca, vuutnisas cgopmyay (75), 6vier uMeTh BHIL

eo[ 1 — (A/Aq) 1ndt = mdA, (76)

rae A —nepemennan (B panuelfi MoMeHT BpeMenu !) raybuua CTOAHUA
PPYHTOBLIX BOA; M — ceoboanas noposHocTs B oGaactn KoJacGanus
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VPOBIt IPYHTORKMX BOA, npin # =2 nurerpuposanie opsmyaot (76) b
nmpeaeaax or (=0 B A=A, 1w (={ n A=A, apaer

mAs |/ Agp A s
t= —| : -—--—“—). (77)
oy "h‘- _f.ﬁj “1;; = "4 i

Onvekanne yposlisi TPYHTOBBLIN BOA  3a speMms [ naii-
ACM Tak:

- No—Ay >
. . S (78)

Vo— A ey

Moanepraa QuabTpanus W3 KaHAJOB NpPpU pacxoaoBa-
HHH TPYHTOBBIX BOJL HA HCMAPEHHE C WX MOBEPXHOCTH (npu
e=const). Xorst ucnapenie ¢ NOBCPXHOCTH TPYHTOBLIX BOJL
CYLUIECTBEHIO 3aBHCHT OT IJIYOHHBI pacroJsoxeHus HX no-
BEPXHOCTH M 3TO OGCTOATEILCTBO Oy/er yuTeHo B AaJbHeil-
HieM, cHaudajga pacemorpuMm (pHALTPAILMIO N3 KAaHAJ0B TPH
PACXOAOBAHHH TFPYHTOBBIX BOJ Ha HCrapeHue ¢ HX NMOBEpX-
ITOCTH C OCpeJHeHHONl 10 BpEeMeHH H 1o nJaoniaan HHTEeH-
CHBHOCTRIO. Takoe JonVIEHHE [O3BOJSIET PACCMOTPETHL 3TOT
BOMPOC THAPOMEXAHHUECKHM METOAOM, 4TO HMEET TpPEeHMY-
HECTBA MPH BLISICHENHH XapakTepHCTHK (OpMHPYIONULerocs
1I0TOKa TPYVHTOBLIX BOX M, B HMACTHOCTH, IO3BOJSET OUEHHTL
BAHAHHE VPOBHS TPYHTOBLIX BOA M IIHPHHEI KaHaJjga Ha
(PHABTpALHONIIILIC TOTEPH.

Pacuernas cxema u3odpaykeita na pucyvike 12. M3 ka-
najga mwupunoit B u BecoMa MaJa0il rayOoHHON BOALI NPOHC-
XOAuT (puapTpauus npH OJHM3IKHX TPVHTOBLIX  BOJAX H
Henapelue ¢ NMoBEepPXHOCTH rPYHTOBLIX BOA CO cpejlHeit HirTeil-
cupHocThio e. BoJsoynop sanaeraer Becsma ray6oko, pac-
CMATPHBAETCHA CHCTEMa KauaJsoB, HaXOAAILIHXCH Ha paccTos-
it L. Tpebyercst onpelelnTnh CBsi3h MEXAY QUILTPALHOH-
ITBIM pacxofoM 3 kanaaa Q M ypoBHEM TPYHTOBEIX BOJX A
1Ha Tpanuile TOTOKA.

Tak kax ABHzKelHe YCTAaHOBHBIUEECA M MPHHATO, HTO
BeCh (DIABTPAUHONIINIT PACXOJL 3aTpavyuBaetcs Ha HCnape-
ITHe ¢ NOBEPXHOCTH TPYHTOBBLIX BOM, TO

Q=e(L—B). (79)

Ecay MHTEHCHBHOCTL NHCHMAPEHHUA He orpanHuyiBaercsa, To
npeieablblii (PUALTPALHOMIBIT pacxojl u3 kanata na 1 u
Oe3 vuera rAyOMHLI ero HamoJaHenua flo W KANWAAAPHBIX
CBOHCTH FPYHTA pasei:

Qu~ kB. (80)
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y 24 Y2 3'p
2 % ;

Puc. 12. Cxema K pacuery (uibTpauHy H3 Kamana npw
BHICOKOM YPOBHE TPYHTOBBIX BOJ € YUCTOM HCHADEHH.

C yyerom /iy u KaAmUIMSPHLIX CBOMCTB NOTEPH IIPH yCTa-
HOBHBIIEHCY CBOOOJIHON (QDUABTPALHH  OIPEAEJAAIOTCA 1O
popmydsie (39). Pakruyeckuit pacxoj Ha GUILTPAIMIO H3-34
MOANHPAIOMIEro AEHCTBHS TPYHTOBBIX BOJ MeHbLUE, yeM Q.
Ecin MHTEHCHBHOCTD HCMAPEHHS] ¢ MOBEPXHOCTH IPYHTOBLIX
BOJ € MeHbIIe BEJHUHIEBI, NOJYYAoUleHCs H3 CpaBHEHHS
hopmya (79) u (80),

eo=Qup/(L—B)~kB(L—B), (81)

TO B 3TOM CJAVIae¢ BO3IMOMKHO YCTAHOBHBINEECS JIBHXKEHHC
HCIoapsiomerocss TPYHTOBOro HoToka (essey). [lpu e>ey
pacxoa Ha duasTpanHio u3 Kanaaa Q pocrurner nandodIn-
HIero 3mayerus, a ypoBeHb IpyNnTOBLIX BOJA OVACT OHYCKAThH-
Csi, TO €CTb VCTAHOBHUBLICECH [BHIJKCHHE TPYUTOBLIX BO/J B
TOM CJvidae BO3MOXKHO MIPH OTPLIBE YPOBISI [PYHTOBLIX
BOA OT VpoBus BOALI B KamnaJe. M3amenenus ¢uisTpanuon-
HOTO [}ﬂ{‘..‘{{]ﬂﬁ Q H HHTEHCHBHOCTH HCIIdpEllns C I"I{JH{-.‘]]}'{II{“}-
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CTH rpyntoBbix Bod e npuMem B npedeaax: 0<<Q<TQy,
0“::8‘1':6'9.

Has pewreHHst 3a/JlayH 1OCTPOHM rojorpad ckopocrei
(puc. 12,6) n HEKOTOPLIX BCHOMOTaTeJbHBLIX (PyHKIHA
(ITony6apunosa-Kouuna, 1952, 1952 a; Apasuu, Hymepos,
1953: Bepepuuxos, 1639, 1940, 1947, 1949; Heancon-Cxop-
usikon, 1947). CoctaBuy BCNOMOratTeJblyl0 KOMIIIEKCHYIO
dyukumio © I E. JKykosckoro (puc. 122). Ecan rom-
JIEKCHBI TOTeHIHAT Teueuus 3 =@-+ip, TO BLIpa¥KeHnHne
vk © oyaer:

O=ytiz=¢@—y+i(p+x), (82)

11J1TH
O=0,4i0;npn O =¢—Yy, Br=y+x. (83)

Ocobennocts 3701 (VHKIIMH — NOCTOSIHCTBO  3HaYCHus
@, nHa NOBEPXHOCTH TPYHTOBLIX BOMA BCJAEGACTBHE TOIO, HTO
paBaene NpHIATo nocrosiny  (p=const),

Bocnoabsyemest GpyHkumein y=dz/d®, ppefennoii B Teo-
puio ¢puabrpauuu B, B. Beaepuuxosbim (puc. 12,8), npu-
qeM

do _ di(e—y) +i(y+x)) _9o9 , .0 ., 90
dx x

—

dz d(x+iy) dx
—f T 44 (84)
Oy
dd TAKAE { }
:.-1x 1-.';_:
e e i 83
L s vi4(vy—1)2 : vet (vy—1)2 (52)

BBo/lsi BCNOMOTraTeJbHyIO NOJYINIOCKOCTL &, oTOOpaxa-
eM lia tiee obaacti y H O. 3asucumoctn mMexay © u T Oy-
ner ®=Aarcsin §/p+ B.

Haxonast mocrosiiiibie HHTErpHPOBAHHA, HMCCM:

; 10 vl . 1w [ B—Q\
t=—ifpsh —npn —— =sin —| - Q;, (86)
L B L & &
rie @ H p— nocrosHnbe (KoOpAHHATH Touck | m 2 ma maockocTH £)
NOKa HEH3BECTHHL.
Haxois 3aBHCHMOCTD MEXKAY y M G, NOJVUHM!

vy=—i g (%]/_[fp__,g 41 ) . (87)

l"']'
|4 — =" /
fe

OTciola MOXKHO Olpele/THTL NPHBCACHHYIO CKOPOCTh Uy,
nputss t=0 u y=—i/(1—1vo).
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Torna vo=1—(14+¢/k)/(1+ep/ka).
[Hojactasasa cioja afp, corvacio popmyae (86), n pno-
Ast 3MAMEHHEe JICHCTBHTEABHON CKOPOCTH, NOJYUHM:

vo=k| 1— I'*"‘;‘;k : (88)
tl
l : N P
"k s (H Q
=] = =7
1 5 , )

rae ¢ — HHTCHCHBIOCTD HCNapeHHs ¢ NOBCPXHOCTH [IPYHTOBHIX BOJ,
M/cyT, Q=e(L-B) — pacxoi Ha ¢GuIbTpanmio H3 Kanaaa s ole cro-
poust, M¥cyt na | m; k— xoadduuncnt duasTpauus, Mm/cyt.

B suipameunu (88) npu Q=0Qmax=~kB v¢==Fk, npu
eo=0 vy=0. Cpasuusag ypasuneuns (86) n (87), maxoaum
3ABUCHMOCTL MEKAYy © u y:

S — —— — — ——

1 | 4 8h® ' =—
-"Pﬁ- J l—l- _E— | / _ " L :
14- E £ sin? = (H 9 ), h? i
+ — sin? —{ B— —/— | +sh® —
k BL k J I

(89)

Haxomum 3aBHCHMOCTH Mexiay O u 2; npu y=dz/dO

; / ' ch %E}
it e ——
, k Jde) i oy )
K n
]f, sin® ‘;L—l'H— _;_F) +sli?
Hurerpupysi, Haxoaum:
_ a6
_ L ish ;
AR _ == Arch - .
Fi ) B oo Ty 0 +C.
T F Sl — lh T _,}
(90)
Ecau 2=0, 70 3=0, =0, roraa
e L 1 :
= — — npu Arch (0) = ni/2.
S TP S
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[lopcrapass suaucnne C B dopmyay (90), noayuum:
=

sh -
| L e . . 2 5L . E
z= 2 —E AR
| 24 2 k R = . T -‘H Q ! :
-k . EL( ok )

(91)

HTO ABASETCA peulelueyM 3ajaavi,

Haaee caeltyer noacrasurh B (opmyay (91) sHaueunue
O=y-12 U NOJYYHTD CBSI3bL (PYHKIHUH TECUCHHH % C KOOp-
AHHATAMH TIOTOKA.

HMirrepecen  uacriplii  BONpPOC — BJAHAHHE  [OJOXKEHHS
'PYHTOBBIX BOX B KOHue noroxka (y=A, x=L{2) na ¢uin-
TpauHoONUBIi pacxoA. Has 3T0oro Haxoaum  3naucius (@,
P, X U Y, COOTBETCTBYIOIIHE Touke 2.

Tak xak Touka 2 HAXOJHTCA Ha NOBEPXHOCTH TPYHTO-
BeIX BOA, TO ¢—y=0, y=0p=A, x=L/2, $=0, ©,=0,
O,=L/2, Tlogcrasass 3tH 3uauenusy B sasucumocts (91),
MOJAyUaeM:

_ il
ish <~

i al

& AR
. — +4{——Arch

» : 2 R N o )
Y in 27(8-7)

=2 e s
2

S
-"‘~"."I| i

o ) :
Cpapuupas MHHMBIC WACTH M VUUTLIBAfA, YTO shT =

H Q=e(L—B), naxoanu:

_!'.I

A= B e : =, (92)

! | 4- L sin L1 -ﬁ—- (14-efk)— £

k 2 L f ke
Gopuyaa (82) gaer BO3MOXKIOCTL MOACHHTATHL PACIO-
JIOZKEHHE VPOBIISI TPYHTOBLIX BOJ IOCpejuile MeXAy KaHa-
JaMH, KOTOPBIH ONVCTHICA MOJ  JAEHCTBHEM  HMCHADEHHS,
[Ipn sroM npeirionaraercst, YTO 3arac IPYHTOBLIX BOJ IO-
noJigercss (GUILTPALHEH M3 KallaJoB M Bech (PHALTpalH-
OHHBIT pacxod uaer na ucnapenue, Mz Qopmyasr (92) sua-

Ho, uro A=0 npu efk=0.

[Ipeneannyio HHTCHCHBIIOCTL HCHAPCHUS €p, IPUH HOCTH-
JKEHHH KOTOPOH CyMMapHOe Hcllapelne co Bcell NOBepXHO-
CTH TPVHTOBBEIX BOJ CTAHOBHTCSI 00JbIIC MAKCHMAaJbIO
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BO3MOAKHOIO {I}H.'!hT]}EIIIIDI[l[f_}I'G PACXOAd H3 Kallaad, MOMK-
HO ONpEAC/JHTL H3 paBelncTB4a

3_.<1+ 2 ) £ =0, man e=e,=
L fe ke

kB
l.—B

YTO COBNAMACT CO 3HAUYEHHEM €y, MOJAVUEHHBIM BLIIIC,

[Tpu HHTEHCHUBUOCTH HCHApenHsi e==e€; BO3IMONKIIO yCTa-
HOBHBIUCCCS JABHIKEHHE TrpyluTOBLIX BOA. [lpHuem Becoh
QHILTPAIHOHHDIIT PACXO/L 113 KAIAJOB HAET Ha Henapenne,
i 3TOT pacxoy Q< Qg, rae Qp=kB, a Tounee, Qg onpeie-
Jstercst o Gopmyae (39).

Ecav nyxuo onpejiequts QUILTPALNHOHHLIT pacxoa H3
kaHaja Q npi M3BECTIIOM NOJOKEHHH TPYHTOBBIX  BOJI,
KOrJla CYMMapHoe HCHapeHue He NPeBbiIIaeT Npeile/bHoro
3HAUEHHST €5, TO HAA0 BBECTH OTHOCHTEJBIBIC BEJHUHHDI:
0=A/B — otnocuTeaptas rayGuna CrosHusi  110BepXHOCTI
TPYHTOBLIX BO/A; A=L/B — orHocurenanHag JliaHlla NMOTOKA;
a=Q/Qp— OTHOMIECHHe  (PAKTHUCCKOr0  BHIALTPALHOHHONO
pacxolla K MakKCHMAaJbHO BO3ZMOMKHOMY.,

[Tocaie BBe/leHHST OTHOCHTEJbHBIX BEJIHUHH B (hopMy-
av (92) ona npumer BHIL:

5= "% % Arch * (93)
7 a+i—l LW (I—u

=In 9

Tak kax pacxox Q He BBIpa)Kaercs B ABHOM BHIE H3
popmyant (93), To cocrapasem Ttadauny 10 snavenwuii § B
3aBUCHMOCTH OT A H «, MOJbL3VACH KOTOPOI HeCJO0KHO Oll-
peaeauts GuabTpanuonbiii pacxojg ¢ B 3aBHCHMOCTH OT
rJ1YOHHBI 3ajleralisi MOBEPXHOCTH FPYHTOBLIX BOJA H JLJAHHBI
MOTOKA.

Ecan uz dopmyant (93) npu mssecTHuIX § W 4 onpele-
JeHO 3HayeHue ¢, TO (PAKTHUCCKHH (DUIABLTPALHOHHBIT pac-
XOJ MOMKHO ONpPEAeanTh Kak

Q=aQy. (94)

CoraacHo u3aoxenHoMy Boime, 0<a<<1, 4yro u yxassi-
BaeT Ha rnojnuparollee JeicTBHe TPVHTOBLIX BOJL.

Qopmyant (93) u (94) npedmosaaraior yeTaHOBHBILICECS
JBMIKENe ¥ paBeHCTBO (PHABTPANMOHHOrO pacxoga cyMMap-
HOMY HCHAPEHHIO ¢ MOBEPXHOCTH TPVHTOBLIX BoX, Puanrpa-
LHHOHHAs Boja B paccMatpHBaeMOM cayude pacxo/ayercs
TOJIBKO [a HCIapeHHe ¢ IMOBEPXHOCTH TrpyvuTOBBIX Bod. [lo-
ciacjnee oOCTOATEILCTBO ONpeldeasier pasHHily MeXAV IH-

-
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MH M pance moJy4eHHLIM pelncHHeN, rie npeanogaranadachb
KOMITEHCALLHHA [bPIJIbT]HIILI[ﬁHH{JFD pacxoja 1noJA3eMHbIM OT-

TOKOMN H I[CIIH]JEIH'IE C IIGHE]‘I.‘H{HGCTH !']'I}’HTDBHK BO1 OT-
CYTCTBOBAO.
10. 3aBHCHMOCTL 3HaucHMid & oT o W A
; =
u 10 | 0 | 60 | 100 l awo | 500 | 1000

0.100 0,092 0,112 0,139 (0,160 0,181 0,209 0.231
(), 200 0,190 0.230 1,284 0,326 0,369 (0,426 0.470
0,300 (0,298 0.3a37 0438 (501 0.567 0,652 0,719
0,400 0D.415 0494 (0,603 (),683 077 0,890 0,978
().500 0.543 0,643 0,782 0,889 1,599 1,140 1,250
0,600 (),640 (.811 0,979 1.110 1.240) 1410 1,540
0,700 0,863 1,010 1,210 1,350 1.510 1,710 1.870
(),800 1,080 1,250 |, 480 1,650 1,830 2 060 2.240
0,900 1.410 1,600 1.860 2060 2,250 2,510 2.710
(0,950 1.690 1,900 2,170 2 380 2,590 2.860 3,080
0,950 2.260 2 480 2.770 2 949() 3,200 3.490 ST10
(3.99¢) 3.020 3.230 3.530 3.750 3.970 4.260 4,480

Jlag oGaeruemist noanzosanusa qopmydaoil (93) w
anueit 10 cocrapaeH rpadgpux (pue. 13).
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Pue. J3. Bannnne msmeneHus ypoBHs rpyHTOBBIX BoZ na (uinTpauuio
H3 Kaiada ¢ ydetom Henapennn. Kosppruuent vMensuienus noteph o
navoiTes no rpaduky n 3asicumoctn or A=L/B n §=A/B.
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ComnoctaBuM rpaduxk na

pucytike 13 nag pasbéupaemo-
ro ¢Jayuas, B KOTOPOM IIpH-
HUMAETCs, YTO BeCh (PUIAbLTPA-
IHOHHBIIT pacxod wuger Ha
uenapenue, ¢ rpacukom Ha
pHCVHKe 7, npH MOCTPOEHHH
KOTOPOTO MPHHATO, 4TO
(PHALTPAILHOHHBIT NOTOK CTe- TPANHK W3 Kamama, pACXOAYIO-
Kaetr 3a TNpedcdbl  pacCMaT-  uleiics Ha HCNapeHHe ¢ NOBCPX-
pHBACMOH [LIOIAJIH H HCcra- HOCTH TPYHTOBHIX BOL.
penne ¢ MOBEPXHOCTH I'PYHTO-
BRIX BOA orcyrerByer. Ilpm ouens rav6okom  3aseranun
BOOYIIOpA TPyHTOBLIE BO/bLI OKA3bIBAIOT Ha (HIABTPAIHON-
HbIM pPAacxoJd NPHMCPHO OIHIAKOBOE MNOANHpAlollee jleicT-
BHE, XOTS I HCIAPAIOUICroCss FPYHTOBOrO MOTOKA NOTEPH
npH OJHHAKOBOM  VPOBIIE TPVHTOBBIX BOA HECKOJLKO
bobIe.

[Tpn oxnnaxkoBBIX GUABLTPALHONHBIX pPACX0laX H3 KaHa-
Ja TOBEPXHOCTh TPYHTOBLIX BOA OVAET HECKOJBLKO BLILIE
IS CXeMBL HCnapsouerocs rpyHTOBOro noToka, ueMm s
CXeMbl TOJA3eMHOro OTTOKA B CTOPOHBHI.

B zaxmouennn, eule pas rnoAYepKuBas NpHOJHXKEHHOCTD
pazofpannoil cxemb! (IpHIATHE OCPEAHEHHOr0 3HAUEHHH e,
a4 Takke BechbMa IIyOOKOro 3ajeraHusi Bouoynopa), Bee
Ke roJjaraemM, 4TO OHa TO3BOJSET JAeJAaTh OPHEeHTHPOBOY-
LI BBIBOJALI O BJHAHHH HCNApPEHHsT C NMOBEPXHOCTH TI'PyYH-
TOBBIX BOJ Ha .(QHAbTPaAlMI0O H3 KAHAJIOB B VCJIOBHSX IMOA-
neproil (GUALTPAUMN H NPHOAHIKENHO OIEeHHBATHL HEKOTO-
phle 2JeMEHTH PEKUMa PYHTOBBLIX BOJ.

Monnepras ¢uabTpanmns U3 KaHaJa npu pacxoNOBAHHH
TPYHTOBBLIX BOJ Ha HCMApPEeHHe C UX NOBEPXHOCTH, 3aABHCH-
ee OT YPOBHH TFPYHTOBBIX BoA. Pacemorpum moanepryio
duaLTpatio u3 OAMHOYHOrO KAaHaJa NpH  pacXoJdOBAHHH
FPYHTOBLIX BOA TOJLKO Ha HCnapenHe ¢ HMX [MOBEPXHOCTH
(cryuaft GecCTOYHOrO OPOUIAEGMOro MACCHBA) € VUETOM
BJAMSIIHST PACTIONOMKEHHST YPOBIS T'PYIITOBLIX BOJI Ha HWHTEH-
cuBHocTh uenapenus. I'HApomexannyeckoe perreHnHe B 3TOM
cayuae 3aTpyAHHTEALHO, TO3TOMY HCNOJAb3VeM  VIIPOIIEH-
HLHT riapapanueckuii Metol. Cxema JABHXKEHHS 10Kazana
Ha pucvixe 14,

Cunrag, uto VOLLIL TOTOKA FPYHTOBLIX BOJA MO €ro JJH-
e paplia HITCHCHBIOCTH HCHapenng ¢ noBepXnHocTH rpyH-
TOBLY BOJ. COCTABTSICM VPABHEHHE

Puc. 14. Cxema x pacuery (hHJbL-
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__.I_"_-I_fgy E” ]:—_HUL = _.“._,)H‘ (95)
dx \ dx Ao
37¢ch NPUHSITO, YTO HHTCHCHBHOCTL HCHAPECHHA 3ABHCHT
OT VPOBHST PPVITOBHX BOJ COMIACHO ypasuenuio (75).
Beeaem nosyio nepevetriiyio 1= 1—A/Ap # npuMeM, uto
HOTOK TPVIITOBLIX BOJ AOCTATOUNO 3JHayuTescln u Koaeba-
HSE CTO TMOBEPXHOCTH MAIBI 110 CPABHENio ¢ monHoceTbio 7,
cae1oBaTe Lo

’ f
'L uﬂ)—;ﬁr‘ﬂf HZH'!.}_‘-’-\, 'I]=I‘—' i”__—“ H_

dx \7 dx dx?’ Ao
Torjpa gopmyaia (95) mozer OuiTh npejacrapiena BBuie
d®n/de> = A" npu A=ey/kTA\o. (96)

Huterpupyem noacTanoBKOM:
dnfdx=u, d’>n/dx*=uduldy.
Buipaxenue (96) npumer sui udu=An"dy, orkyla
@WB=2Anv+ [ (n+1)+C, (97)

Onpeaeans nocrosiyio C, yT00LI He YCAOMKHSTL J1ab-
Hefmne BLIKJIAAKH,

PasbGepem cayuaid, worja (pHALTPALHS 1HPOHCXOJAHT H3
OJIHHOYIIOrO KaHaJa i JUVIHIA TOTOKd BEJHKA.

VunrwBas, uto 1= 1—A/Ao, noayuaem npu rayoume
CTORHHS MOBEPXITOCTH FPVHTOBBIX BOA, pPaBlioil  KPHTHYC-
ckoll, To ecth npu A=A u =0, dn/dx=u=0, T0 ecTh He-
[apeHne NpexkpalLaeTcs.

Torjaa, noacranass s3uauventns A=Ay, =0, u=0 B dop-
mvay (97), noayvuaen C=0. Bupaxenune (97) npumer Bui:

u=-+By"+)2 npu B=V2A]/(n+1).
Vuurpisasi, uto u=dn/dx, noayuaem:
dn/dx= -= By(n+1/2, (98)

Paszjaeasiem nepeMeHnbe H untTerpupyvem ypasienue (98).
Jas n=1 noayumm:

y= = '%Inﬂ-i-c.

[loctrosinnass C=0, coraacno ycaosuam x=0, A=,
n=1. Takum odpazon,

x=1/ Ml n__1 (99)
Cu | — AJAy



Bripaxenne (99) — peumicune 3ajiaul, Tagk KAK CBSI3bi-
pacT rAayouny CTosiis FPYHTOBLIX BOJ N It KOOpANIaTy X,
TO eCTh ABASACTCH YPABHCHHEM NOBEPXHOCTH IPYHTOBBLIX BOJL.

Haa oupejenenus A B aBuoil GopMe MOMKIO BLIPAIHTD
ero snavenue ui3 qopmyant (99), nosayuus

A=Ag[1—exp(—xeq/YRTAoeq) ]. (100)

Jlas maxox/jenust pacxoia  1a GpuabTPAIHIo  CAeiLyer
onpedeanrh u3 vpapueuua (100) smauenme dyl/dx upn
x=0 I HOACTABNTL €ro B BbLIp4XKEHHE pacxoja:

dy , ¢ ‘ Xy
= —1\p exp = : (101)
dx I BT Ao Vel Agey
[Ipn x=0

dyldx= — AgYeo/kTA,.

PuabTpanHoONNLii pacxod (B OANY CTOPONIY) onpeje-
JHM 110 hopmyae

Qi=0= —RT (dy/dx) x—o=TYET Ageo. (102)

Gopmyaa (102) npeacrasasier uliTepec, NO3TOMY pas-
OepeM ee HECKOJbLKO noApoodnee. Ilpu ee BoiBOJe npeino-
Jara/ock, 4To QHIALTPAILHONILI pacXoj LeJHKOM HAEeT HAa
HCITapelte ¢ MOBEPXHOCTH I'PYHTOBLIX BOJ, U4TO HCHapeHHe
CTaHOBHTCS 3aMeTHBIM, KOrjga OHH INOJAHHMAIOTCH Ha pac-
crosiiHe Ay OT MOBEPXHOCTH 3eMJIH, H UTO HITEHCHBIOCTD
X HCrHapeius Bo3pacraer NpH npubAHIKENHH K HOBEPXHO-
CTH 3CMJIH, AOCTHIAS MAaKCHMAJAbHOIO 3HAUEHHST €y NPH BbI-
X0J/le TPYHTOBbIX BOJA Ha nosepxnocth, Pacxox na duantpa-
L0, Kak BHIAUM M3 dopmyant (102), craBures B 3aBHCH-
MOCTL OT HHTEHCHBHOCTH HCIAPEHHS, UTO, MO MHEHHIO aBTO-
pd, NPaBHILHO.

[To sasucumoctd (102) (UABLTPANHMOHHBIN pacXol] TeM
Oodabire, ueM 60JIblIE HHTEHCHBHOCTL HCIADEHHSA ¢y, 0oJee
BOLONPONHIAEM TPVHT, O0JbLIIE¢ KpHUTHUCCKAx rayOuna sa-
Jeranust rpyviuToOBLIX BOM, IPH KOTOPOIl HAUHHAETCH HCmape-
e Ap, n uem riy0iKe 3ajeraer NoBepXHOCTL BOAOYyNOpa,
Caeayer OTMETHTL, YTO BCe lepeuuc/eHHbLIC 3HAYCHHS R,
eo, Ao, T crToAT N0A KBAJAPATHBIM KOPHEM, UTO OT/JAHYAET
Gopmyay (102) or CyIIECTBVIOUIHX 3aBHCHMOCTEN JIs Ofl-
pefeaeltig pacxofa npu c¢soOoAHOH (pHAbTpaAILHH, 1Jle pac-
XOJ JHHENHO 3aBHCHT OT KosgpHuuenta Gpuiabrpainum (HJIH
KoappirnenTa poaonponunaemoct). OOwWEeH3BECTHO MHE-
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Hite, ocHOBaNHOE Ha HAOMOMCHHAX 3a (PHALTPALHECI] 13 K-
Haa0B, 4TO (PHALTPALHONHLIM PACXOA MCHACTCH Me/1enHec,
yeM Bozpacraer kospuuuenr duavrpannn. Kaxk suium,
5370  O0CTOSTEAbLCTBO noATBepxaaercs Gopmyaoit (102).
Boie Obl10 OTMEUENO, YTO IUHPHHA Kallaja [PH BLICOKOM
ypoBlie TPYHTOBLIX BOJ CYILECTBCHHOH POJIH HEe Hrpaer u
(PHALTPALHOHHBIIT PACX0] onpeaelaercs pPexHMOM IPYHTO-
puoix Bod. Oxuako s popmydae (102) Moxer ObITL BBeAeHA
[HONpaBKa Ita WHPHHY KaHaJsa [, KoTopasg yMeHbIIHT 3Hd-
yernne Q.

[Tpn BoiBode ¢opmyant (102) npeanoaarasiocnh Juiieli-
HOe IaJleHHe HHTEHCHBHOCTH HCHAapeunHs ¢ yBeJdHYyelHew
rAyOHHBLE 3aderalis rPyHTOBBIX BOJ, TAK KdK HOKAa3aTe Nl
crenely n npuHUMancsi papHblM cauunie (n=1). Oanako
HEKOTOpbie HaOJMIONeHH NOKA3LIBAIOT Ha 00J¢C 3HAYHTENb-
Hoe najlenlHe HMIITCHCHBHOCTH HCHAPEHHs C  yBeJHUYCHTHEM
FAYOHHDLL 3aJeralus FPYHTOBLIX BOJ.

He ocranasanpagcCh na BLIKAAAKAX, NMPHBEAEM COOTBET-
CTBYIOlILIE BLIPazKenust A5t pACXola i ypaBHEHHS [OBEpPX-
HOCTH TPYHTOBLIX BOMA, @HAJOrHYHLIE BbipamenuaMm (J9) wu
(102), nas n>1.

Hasg n=2
x=16 ‘ffﬂn e R 103
‘P ]/ t’n 11—9#4"-’30 ] ( )
o B : -1, (104)
X \=
(,, b V6 VET Aot |
Q=V2/3YkT Avey. (105)
Haa n=3
T . P S
*=1 eg { 1 —A/Ae | )1 (106)
Aally e (107)
L Ye kT A
. N l'/ £o
Q= 1/ L ViTAe. (108)

Jlag onpejenenns pacxosoB ma GuaLTPANHIO npH pas-
AMMHLIX  CBA3SIX HHTEHCHBHOCTH  HCHApeHHst € YPOBHEM
FPYHTOBLIX BOA HMeeM cielylouiHe (QopmyJbt:
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Pue. 15. Tloaomenne mOBEpXHOCTH PYHTOBHIX BOA NpH (PHALTPAILI 13
KaHana, pacXoavioiielics na nenapeHHe.

Jguneiinas sapucumocts (n=1) Q=71kTAey;
KBaapaTtHunasi 3aBHcuMocTh (n=2) Q=0,816y2TAqe,:
KYOHUECKAST 3aBHCHMOCTL (n=23) Q=0,707ykRTAqe,.

Mraxk, anauenus pacxoflos npu n=1, n=2 u n=3 pas-
JAUYAIOTCS TOJLKO MOCTOTHHLIMHI KOI(DpHIHEHTAMH, CPABHH-
TEJABIIO Ma10 H3MEHSIOHIHMHCS,

asg waunbodaee peaanunlX cayyaen (1<n<2) noayuuwm
BLIDAKeHHe JJIA pacxolla nMoA3eMHOro OTToka B ofe CTo-
POl OT KaHajga NPH VCJIOBHH PACXOMOBAHHST €r0 TOJBKO
11 HCMaperne:

Q= 1,8YkT Aqey. (109)

Mz ananuza serpamxennit (103)...(108) moxHo caeaats
BLIBOH, YTO NPH ONpeleseHHblX KOHKPeTHBIX 3nauenuax T,
€o, Ap, £, KOTOpBlEe He 3aBHCAT OT CYIIECTBOBAHHS KAaHAJA,
npu (hHIBTPAILMH M3 HEero YCTaHABJIWBAEGTCS BIIOJHE Omnpe-
jlesieHHas IOBePXHOCTL TPyHTOBBIX BoA  (puc. 15). Tlpmu
9TOM IPEANnOJaraercs, uto Kawaj oAuHouHbIT (HanpHMmep,
XOJ0CTasi yacTh MAarumcrpadbHOro KaHaJga), a ApeHaKubli
CTOK OTCVTCTBYET. ¥ MEHLLICIIHIO MOTePh BOAL! Ia (pHAbLTPA-
LHIO B [OCTOAHHO ACHCTBYIOUEH cetn Oyler cnocolGCTBO-
BATH NPOBEACHHE Ha Kanajaax TnpoTHBOMUILTPALNOHIIBIX
Mep, 4TO Peako CHHHT 3mauenus R, u Qp u npu Qo< Gy
BLIZOBCT ONMVCKANHE YPOBHS IPYHTOBLIX BOJ TOJ KaHAJOM
1 B CTOPOHE OT Iero. 3/iech ¥Ke CJIeIVeT cKa3aTh, UTO pas-
Oupaembiil cJay4ai IeyAOBJCTBOPHTETEH € TOUKH 3peHis
MOJIHOPATHBITOTO COCTOSINTMSA 3€MEIbk, TAK KAK [PH 3TOM
NOJUIePIKHBACTCST MOCTOAHHKBIIT BOCXOAAUIMTT BepTHRAILILI
TOK BOIbLI K MOBEPXITOCTH 3CMJH, UTO COHElCTBYET 3aco.e-
ITHIO BEPXHHX CJ0EB.

Mopnepras duabTpanuua wu3 KanaJgoB NpPH pacxojioBa-
HUM TPYHTOBBLIX BOJ, HA HCHapenue ¢ WX MOBEPXHOCTH, 3a-
BpucqaUiee Or YPOBHA TPYHTOBBLIX BOA., Pelmum mpebliyiivio
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safauy aast AByx (mam Gogee) napassienbHO PacnosoKeH-
HBIX OPOCHTEILHBIX KAHAJOB, HAXOMSLLHXCS OJHH OT JpYy-
roro nma paccrosiuun 2L (»).

PaccMaTtpuBag QUIALTPAIHIO H3 OAHOrO KaHaaa, pacxo-
JVIOUIVIOCS] 1Ta HCnapenue ¢ MOBEePXHOCTH TPYHTOBBIX BOJL
MOMKIIO Hanucate ypasueitie (99)

d (kydy/dx) |dx=eq ( - —LL\]H

£y )
H Pe3yJbTaTrT ero NepBoro HHTErpPHPOBAHHA B BHAC 3aBHCH-
moct (97)
W 241
ul: B - S Tl‘”-l-I_{_C.
n+1
Haasueiiunit ananuz nposellem a1s n=1, Tak Kaxnpe-
ABIJIYIIHE BBIKJAAJKH BBUSIBHJIH CPaBIHTENBLHO MAaJOe BJIMS-

e nokKasarteqass creneny 72 Ha (PHILTPAUHOHHDBI PACXOL.
Has n=1 no dopmyae (97) umeem:

E_A 9 A"" Co . A ‘
i n?+C npu T ,n=1 = (110)

Onpeaeaum nmocrostiiyio unrerpuposanns €, HCXOMT U3
VCJIOBHIT pacemartpupaemoil zajiaun. OuesBHANO, 4TO €CIH
BeCh (PUJALTPAIHOHHLII pacxoj HWIAET Ha HcnapeHHde ¢ mno-
BEPXHOCTH TPYHTOBBIX BOMA, TO [OCpPeANHE MEAAY JBYMS
Kananamu npu x=L VpoBeHb rPYHTOBBIX BOJX YCTAHOBHTCHA

ra HekoTopoil ravonme A, mpHYEM KacaTeabHAsl K HX 110-

BEPXHOCTH B 3TOI TOUKe Oy/eT r{]pnaﬂura abla, Yunrnipas,
iy

yto H—A=y, n=I1—A4A/Ao; dn—--——ﬂ'[’\) = ==, nMeeM:
dx
U= {!ﬂ — —L tf:'_r :ﬂ.
dx Ao dx

Vpasuenue (110) npy  w=0 paer C=—An? npn n=
=1—A/Ag. Tloacrasus C B popmyay (110), noayunm
W=AMm2—n?). H3 s3t0oro BoipamenHs caeiaver, HTO

u=—YAYn2—n2 npn u=dn/dx. 3uax Munyc nuepej KopHem
BuiGpan 1o cMbicay 3alau. Pasjteass nepeMenisnie i Hi-

1
Terpupys, noayuaem —— Arch A =—x4C;. Tax Kax

s ya 'l
x=L npu A=A, n=n, 10 C;=L. IMojacrasaas 3uaucune C,
[HOJy4aeM YPaBHEHHe TOBEPXIOCTH FPYHTOBBIX BOL B BHJE

— e v BTG, Kpot FoAA
L—x l s f‘mhl . (111)



[Tonaras snecr, A=0, x=0, noayuaem Boipaxkenue A5
FAVOHHL CTOAHNS FPYHTOBLIX BOJA HOCpEINNe  MexHAy Ka-
HAJAMI:

Leg

ch —— =
]. I’l.’.'I .jh:|{'|

Zsjn(l_ S 1) (112)

[IpeacraBum dopmyay (112) B nnom suae. llpu n=1
Beauunta JRIAgey npelcrasiaser codoil pacxoi H3 OLHIOY-
HOTO Kallajga B oaHy cropony, OfoznauumM  ero ycaoBHoO
Q, TMOAUCPKHBAs HHACKCOM ¢ TO OOCTOSITENBLCTBO, YTO
Qo ecTh (PUABTPALMONILIT PACXOA U3 OLHHOYIIOrO Kanaja
npu x=-cc, Beanunny Qp=Le;, MOXKHO paccmaTpHBaTh KakK
MAKCHMAJBIIO BO3MOXKIIYIO HCNAPSIEMOCTb ¢ IOBEPXHOCTH
seMJain maontaibio LXX1 w2 npH onTHMaJblol  BJIaKIOCTH

L{".".j R
nousbl. Beamunna ch= /== >1, oruero Beerjta A0
R Aoy

YuuTbIBasI CKa3aHHOE, MOMXKHO Hanucath gopmyay (112) b

TAKOM BH/JLE:
% 1 P
A=Ay 1— =Aoa 1pH Qo=¢eoL, Qu=VkTAgey.
Qo (113)

ch——

Qoo

3imauennsg « B 3aBucuMoctH 0T Qo/Q~ npusesennr B
tabaunue 11,

11. 3HaueHusn « B 3aBUHCHMOCTH oT (/0

=—a

Qof o Qo) Ve . Qo [Que I &
|

0,01 0,00005 1,10 0,401 2,40 0,819
0,10 0,005 1,20 (1,448 2,60 0,851
(0,20 0,0196 1,30 0,492 2.80 0,878
(0,30 0,043 1,40 0,534 3,00 0,901
0,40 0,075 1,00 0,074 3,00 (0,938
0,50 0,113 1,60 0,612 4,00 0.963
(.60 0,156 1,70 0.646 5,00 (0,987
0,70 0,203 1,80 0.678 6,00 0,994
(,80 0,252 1,90 0,707 7,00 0,998
0,90 (0,302 2,00 0,735 3,00 (0,999
1,00 (0,352 2,20 0,781 > 8,00 ~ |

[loscunTaem Tenepb pacxoa Ha GHILTPALMIO H3 KaHa-
Ja AJast pacematpupaemoro cayuas. Ilpumensia npuem, ue-
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NOJAbL30BAHHBIT HPH pewieHn npeAn/lyineld safaul, Haxo-
jaum Bbipaxkenue dy/dx uz Qopmyant (111):

N . __- {L-"'-}fn
AmBo[1-{1— A joh 52| (114)

Tax kak dy/dx=—dA/dx, to uz Qopmyant (114) nmeem:

= —po(1- A ) R s L2
dx J'_‘ln I'kT&;}L‘U ]"I.lllf.'!' Ao

-

[Ipu x=0 nosayyaewm:
{ dy / B ]
- dx Jx=o \ ﬂn

[loacrasassa 310 Bepa:kense p GopMmyJy AJds pacxo-
da (102), noayuaewm:

BT A 1 — _-_)_f’”—— sh —=f__
Q u(\ &u ik?vﬂﬂ{?u ] R r;"ﬂ:t'u

Co LFI:
)— O .
ka ﬁni? ]"Iﬂ'l.".ir L‘_‘.u[."

Ho u3 ¢Qopmyan (112) Boitekaer, yto

Ll}ﬂ l
Cl] [ ot

OTHEro PACXOM Ha (IJLTPAIHIO ONPELeJNTCS Kak

/ - Qo r
Q= }krlw“lh}ﬁj}ﬂ Q~th . (115)

Tak kak 0<th(Qo/@x) <1, TO (uaAbTpaLUOUUbLI pac-
XO/L H3 Kauajaa yMeHbUaeTcsl, eI Ol le OAHIOoYHbLIL, H
Ifa 1ero okKaspiBaeT Kak Obl IOJAnHpaiouee AeHCcTBHE COCel-
IHIT Kamajl,

M3 cxaszanuoro BHAHO, 4TO HAHOOJBLIHI QHIABLTPALHON-
bl pacxoj], COOTBEICTBYeT OJHHOUHOMY KaHa/ly HJAH KaHa-
Jy, AeHCTBYIOLIEMY B YCIOBHSIX OPOCHTEJIbHOIl CHCTEMLI 1IPH
O0OJIbUIOM VAAJEHHH OT HEro coceAHux Kanajnos. llpn HX
COMMIKCHHH (PHILTPAILHOHHBIH PacXoJ( H3 Kark/1oro kamaJaa
yMeHnpiuaerca. PaccyoTpiM, Kak H3MeHSAeTCs CyMMapublii
(PHABLTPALMOIHBIH pacxol H3 BCeX KaHaJon MNpH pPasHu-
[HOM HX PacrnoJOXKeHHH.

JlonycTuM, 4ro nJaomaib, Ha KOTOPOH  pacroJsoykeHa
CHCTeMa OPOCHTEJIBHBIX KaHanos, Hmeer pasmep [ (m?).
Torpa npu 60JLIIOM uHCIE HAPAICILIO PACIOAOHEITHLIX
KaAHAJOB cpejliee pacCcrosiHHe MexAay HHMH 2L=F[X[
riie X/ — cymMMapHas NpOTSAXKEHHOCTb KaHAJOB, M,
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O0o3HayusM cyMMapHpic mnorepH  Ha (PUABTPAIHIO H3
pcex kKanaJgon uepes Q. Torla Q=~2QXI, rpe Q — pacxon
Ha (UABTPALLHIO H3 OJLOro Kamajia B OAHY cTOpony.

[Toansysicn opmysoit (115) s3asucnmocrn ¢uasrpanu-
OHHOTO pacxoja KaHaJa OT PAcCTOsIHUS J0 Cocelliero xa-
11aJsia, noJayvaem:

—

Q _
Q= -7 Qwth

rae Qe — pacxojl wa GHABTPANNIO OAMHOYHOIO Kauaja B OMUY CTOPO-
HY; (o — MaxkcHMmaaenoe Hcnapenwe ¢ naomama L1 w2

o

QQO pH Q;'.;.:]-II;%-T.{EQE[}, Qu=¢oL, (116)

Otosznavasi Qa=2=2! n yuurbizas paseHcto 2QX (=

L F L e
= el = Qo, Gopmyny (116) mokHO 3anucarp

Q= Qpdth -;— = Quy upu y=40ih (117)
{

0

3nech Qo — CyMMApHOE MAaKCHMAJLHOE HCHapeHHe o
Beell nmiaowain I; Qe — cymMapHass (GHJABTPAIHSI H3 Beex
KaHasoB 0Oe3 yuera ux B3aumHoro Bausinus., Koaddwuun-
ennt & omnpenedasiercs (opmyJoi

0 =Qo/Qo, M §= 20 . (118)
2Le,

L]

OueBHAHO, YTO Yy NOKAa3bIBACT Ty J0JI0, KOTOPYIO CO-
CTABJAAIOT (PHIbTPAILHOHHBIE NOTEPH B CHCTEMEe OPOCHTe/h-
HLIX KAHaJ0B OT MAKCHMaJbHO BO3MOMKHOIrO HCHAPEHHS C
NOBEPXHOCTH 3eMJIH.

[Ha pucynke 16 mpuBefieHbl 3HAUYEHHSI Y B 3aBHCHMOCTH
OT 0, H3 KOTOPOTO BHAIO, 4TO Crylieline cetH (yBeJnHueHue
JVTHHLL KalaJjaon Ha eIHITHILY
mromanu 2t=1/»/2L) yBeau-
YHBAET NOTepH; OAHAKO yBe-
JHUEHHE 110TepPb 34BHCHT OT
NPOTSKEHUOCTH  CeTH HeaH-  ggf
HeHHO.

Brine 6nlia pacemotrpena 2
CBSI3b  VPOBHSI  TPYHTOBBIX
Bo1 A u ornomwenHs Q/Q,

H3 KOTOPOI VCTaHOBHJIN, YTO ssd
‘ ] o ) i} rn 28 111 i
JUIST CHCTeMLl KaHaJjaoB, 3Has ‘ - .

Qo 1 Qoo, MOKHO OIPEAETHTD Pue. 16. 3asucumocTs Mexay y
YpOBeHb [PYHTOBLIX BOJA 110 H B

1
Ly
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0 02 Qv 46 48 B/b,

Pue, 17. 348HCHMOCTEL MEMKAY MM 1 v (IOA3eMHDBHT
OTTOK OTCYTCTBYET, NOTCPH pacxodyIOTcA na Hcena-
peuiie).

dopmyne (113) u radanue 11. Oanako B neaax nocaemo-
BATEJABHOCTH H3JOMEYHSI HMCET CMbICT AaThb cnocob onpe-
JICVICHHST VPOBHSA IPYHTOBLIX BOA, dHAJOrHMHBLIE CHOCOOY
onpeieaents noTeph, HexoAs U3 koshunnenra y, To eCcrhb
H3 JIOAH NOTEPL 0T MAKCHMAJbHO BO3MOIKIIONO HCHAPCHHS,
YTO MOZET ObiTh YAOOHBIM LISl auaanusza padoTul CHCTEMDI
kanaaos, Popmyay (115) MoXKHO npeodpazoBaTh, HCHOL-

3yst gopmyay {l ]'i]

=0 =0p - aipy N=1— B, (119)

arch(1l/n) Mo
3jech @ —cymMaplvie 10TepH B CeTH; Qy— cyMMapHoe
MaKCHMaJbHO BO3MOKHOe Henapenue;, y=Q/Qo; A — ypo-
BEHb FPYHTOBLIX BOA MOCPE/IHHE MEMXAY KauagdamH; Ag—
KpHTHYECKAst Tay0uHa CTOSIHHST rpyNnTOBLIX BOA. 3mauyc-

usi y B 3apucuMoctn o1 A/Ag mo gopmy.ae (119) npusene-
bl B Tabauie 12.

ITo nanuein tabanunt 12 nocrpoen rpaguk (puc. 17),
H3 KOTOPOro BHAHO, MTO ¢ NOHHAKEHHEM YPOBHA TPYHTOBBIX
BOJ OTHOCHTEIbHLIE (PHIALTPALUHOHIBIC MOTCPH VMElbIIaoT-
C. IJTO CCTECTBEHNO, TAK KaK NPHHATO, UTO (PHALTPALHOH-
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HLIC BOABLI HEJTHKOM HAVT Ha HCnapenne, a HiuTelncuBIoCTD
Henapelis yMeHbaercst ¢ yBeJIHYEHeM riyOoHHbl CTOSHHA
MOBEPXHOCTH TFPYHTOBLIX BOJ.

12, 3uavenusn y B 3asucumoctu ot A/A,

1._1.-.'\[. 1 I.'r-'*[} 1
1,00 0 0,50 0,657
0,99 0,189 (0,40 0,728
0,95 0,271 0,30 0,797
0,90 0,332 0,20 0,804
(0,80 0,423 0,10 (0,931
0,70 0,507 (0,05 0,962
0,60 0,584 0 1,0

B rtaéanue 13 npusedcnnl snavenns OTHOCHTEILIILIX MO-
Tepb Ha GuapTpanmio y=0/Qy n 0THOCHTCJALHOrO YPOBHHA

FpVHTOBLIX BOJ A/Ag B 3aBucuyoctit ot 0= Qx/2Le.

@ UNLTPALMOHHBIE NMOTEPM U NOA3EMHBIA OTTOK
NPH LOEWCTBMM [OPEHAXA M MCMAPEHMM C MOBEPXHOCTH
FPYHTOBBIX BO[L

B paccmatrpusaeMmom cayuae (puc. 18) mpedanoaaraercs,
4TO (UABTPAUHOHHLIE [MOTEPH PACXOAYIOTCA KaxK Illa Hcena-
peHHe C 1OBEpPXHOCTH TPYHTOBBIX BOM, TAaK H Ha JIpeHax-
HbLIIT CTOK, TO €CTb CHCTEMa mnpeanojaraercs JAPeHHpo-
BA O,

Pue. 18, Cxema K paciuery (uiauTpatin na cHCTeMB Kala
JOB  IpH  Apeuazke il YUCTe MCHmapenus ¢ MOBCPXUOCTH
FPYHTOBLIX BOJL.

had



13, 3uanennsn v 1 A\, B 3asucumoctn or O

3 | b \ . P 7 1 _..‘L ‘J-”
() () 1,000 [0 (0,762 0,352
0,1 (1100 1,000 1,2 0818 0,268
0,2 (0,200 0,936 | .4 0,859 0,210
0.3 0,299 0,629 | .6 0,888 0,177
0.4 0,395 0,837 1.8 0,910 0.138
0.5 0,482 (0,734 2.0 0,924 0,113
0.6 0,558 (0,635 3.0 0,963 0,053
0.7 0,623 0,546 4.0 (0,980 0,031
0.8 0678 0,471 5,0 0,987 0,020
0.9 0,723 0,406 10,0 0097 0.005

oo 1,000 0

Moz10 BOCNOALIOBATLCH 0Oy ypasHentenm (97) npw
1

n=1, HO pemuTh ero /s HHLIX TPANTHUHLIX YCJAOBHIL HMeewm
. d) | dy A oo

W=An?+C mpr 4= — = —-—= N=1— e ™
TI p i x An dx 1) J"‘iu : kTi?’i

[Ipn paGote apenarka no.Jayuaem:
dy [ (1

QuakT(™) | QuackT ()
(X

X fx=()

y Qu e Q1[1 = Q,‘.F_:
=

VUX Ja=
rie Qu. Qup. Qy — ABYCTOpOHHHME PACXOABI ITa MCnapenwe,
(huabTpaAUMIO I B JApEHANK. B
Tax xkax rayGuiy sajozkenus ApeHaxa A cuurtaem H3-
pecTiioll, ro nvmeem veaonuss A=A, n=n, Q.=~TAl ang
x=L.
B cuay 3THX VCJIOBHI
C= (Q/kTA)2—An?,
n vpasuenne (97) naer:
! o Y ) - 2
L = —7YAyn2—52 npu b2=1’ —fg .

dx . }

Hurerpupyn, nojgyvuaem:
'l/' % (L—x)=arch —- —arch -, (120)
IFETL"LU b h

YTO ABJASCTCS VPABHCHHCM MOBEPXIOCTH FPYVHTOBBIX BOA,
B wacrnoctn, A=0, n=1 npu x=0. Orciofta

l'/ _&%_ [ =arch —arch L ,
" kT Ao b b

(4



WAl Hnauge
_— 5 B
n=>bchlarch-— —x 1/ & ) =ch V 0
\ I ﬁ.’T Ay _ o4 T\'

—V1—b%sh x l/ L

kel Ag

Ias mli}e.lc.rrenus‘.l pacxoloe 1o gpopmyne Q=kTdy/dx

(1 / T — = )

Y Ry W B [shop 1 B G —ple V e )

il x ] kT _"m : ] kT Ag -Vl ER % RT Ay )
[Tpu x=0

dy.-"lfl‘r.k:: — ;f\ﬂ-lrfﬁ?n/n’!ﬁrrﬂn ]’rl = bzi
OTCIOI14a

-~ / e Qn\? |
Q= Qo ]/ 1 —n2+ '(F ) pH Qo= 1,8VET Aoeo,

I-\"T"J

.

—1— 4
) ; (121)

Ho pacxox na ucnapenne MOXeT ObITh MOACUMTAH H NO
dopmye

g s e
Qu: f E[]'l]ﬁ’.l"ZE‘q} f ch x ]/ JL'—E'[IV] — b2 ]r sh x
{)

kT "'Ln

Y e oy (S ]

o

Oximuun'e;nmym GOpMYIY NOAVUHM B CJAELVIOLIeM BHIC:

Qu II:‘;-"'u . 'Q-Ii {
B SO T I e s
. sh AT (l ch 5 ), (122)
HpH  3TOM & n o Q~ onpeieasioress tax: Qy=e,2L,
= 1,8V 2T Aqe,.

3aech Qg Qu, Q1— ABYCTOPOHUHE pacXonbl Ha (HIh-
TPAaUHIO, HCHIAPRIIHE M B JPenask.

O6osmayuy uepes q, €, |t COOTBETCTRCHHO OTHOCHTC/L-
HLI€ PACXOJbl Ha mn.fn’rpuunm B IpeHax M Ha ucnapeHue:

(h —-Qr‘hlem, E-“Q ;Qt ll—‘Qm’Qn
Torna = V] | —n24¢?,

chu= N—efl—-n¥te? 3= yeroe |
! = _ =9I t+9q ‘ (123)

n2—g? —

dopuyaa (123) aaer 1HeoOXOJAHMYIO  CBSI3h MEKILY
QUALTPALHONIIBLIM PACXOMAOM @, APEHAXKILIM pPacxoiloM &,

D Jakaa M 42067 G5



ALTE | Puc. 19, Duasrpannonnie
HOTCpH B CHETCMC OPOCHTC -
HBIX Kanaaos npu Apename
H YUOTe HCMapenus ¢ nonepx-
HOCTH TPVHTOBLX BOJ.

rAYOHHOIT TPYHTOBLX BOJ M H ucnapaemoctoio p. Ilpu or-
cyrerBHE Apenazkioro croka (e=0) dopmyant (123) ne-
PDEXOAAT B paHee NpHBEJCHULIE AJIA 3TOTO CAyuas.

Tak kak wenocpeaACTBEeHHO [10JL30BATLCS  (hopmyaa-
M (123) Tpyano, to ol tTadyauposanns. B Ttabauue 14
NpHBEJIENLl 3HaUYeNng W M ¢ B 3aBHCHMOCTH OT & ISl pas-

AuunbiX anauvenuit 1. Ilo atum pannuy nocrpoen rpaguk
(puc. 19), KOTOPLIM MOZKHO NOJbL30BATBLCS AJds pelleHHs
PASJIHUIBIX 3ajay, HATIPUMED IS Haxozkjlenus pacripeje-
JEISE noTeph 1Ha JAPeHazKibli CTOK W HCeiapelde, aJs oiel-
Kit apdekTHBHOCTH veTpOitCTBa Apenaxa (B 1HeJ9X yMeH-
HeHdsT nciapetns ) unor. JL

(6
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rnAB A Il
OUKHAMUKA NMOASEMHOIO OTTOKA

B npeAbiiviiesM usjaoKeHHH Oblja jJaHa XapakTepHCTH-
Ka CTagui (PHILTPALMH U3 KaHaaoB, B mell nokasauau, urto
NpaBuJblioe paccMoTpeHle Kak caMol (UJAbLTPALLMH H3 KA-
HAJ0B, TaAK H PCXKHUMA TPYUTOBBIX BOA NPHJAEraloUiHX K Ka-
HAJdM 3eMeJdb MOKET ObiTh HPOBEILEHO TOJABLKO HiA OCHOBE
H3YUelHsl B3aUMOAEHCTBUS, ¢ OAHON CTOPOHBI, ONYCKaloULe-
rocst W3 Kalnajga (PUALTPAaINHOHIOr0 IOTOKA H ¢ APYroif
FOPH30HTAABLHOIO MOTOKA FPYHTOBBLIX BO/, KOTOPLIM peaJii-
3VeTesi NoJA3eMHbl OTTOK.

B 0oJbLIUHHCTBE CjayyaeB, a B KPynibiX KaHaJaax Bcerja
puabTpanus HenocpeACTBEHHO M3 KdaHaJa0B TeCHO CcBf3aHd
¢ nojaseMubpiM oTToKOoM, llpu mHepocraTouHOM nOA3eMHOM
OTTOKE (BKJIOUas HCrapeHue ¢ [MOBEPXHOCTH TI'PYHTOBBIX
BOJ) IIOBBLILIAETCA YpOBeHb TPYHTOBBLIX BOJ, KOTOpbII
VMeHbliaeT (GuabTpallHOHHbIC TMOTEepH JI0 NpeAc/abHOro noji-
3eMHOro oTToKa. [axkum ofpasomM, C TeueHHeM BpeMeHH
NPOHCXOAAT, ¢ OJLHON CTOPOHDLI, YMEHbUIEHHe (JUJILTPAIHOH-
HOrO pacxodd, a C JApyrod — yBeJuuyelnHe T10A3eMHOrI0
OTTOKd. Boiie 661 paccMOTpeHbl npeie/bible CJVYan yCTa-
HOBHBILIErOCH peKHMd, KOrja (pHJIbTPallHolIIbIe TTOTEPH paB-
Hbl HauboJdblIeMy AJst JaHHbIX NPHPOAHBIX H XO3sHCTBEN-
HLIX VCJAOBMIT IMOA3CMIIOMY OTTOKY. KpoMe 1Oro, najio yera-
HOBHTbh AHHAMHMKY NOA3EMHOro Ortokd, 4ToObLl MOMKIO ObLI0
OIpeleJHTL CPOKH, B Kakue OVIEeT LOCTUTHVTO Ipeledablioe
cocTostHe (MHHHMAJBIIBIE IOTEPH M MaAKCHMadbHBIT 100D-
eM VPOBHS ['PVHTOBLIX BOJL), OHNpPeJe]dHTb, KAK 3TH CPOKH
COOTBECTCTBVIOT (AKTHUECKOH TIPOLOMLKHTENLIOCTH pPadoTLl
KaHana, H onucarts PeXHM rpPpyYHTOBBLIX BOJI HA npuJieralo:
HIHX K KAHAJV 3eMA8X, UTO0bl MOMHO OBLJIO HAMETHTL Ile-
JecooOpasnbie MCPOIPHATHA 10 YJVHIICHHIO HebJaaronpu-
SITHOrO BOAIOr0O pPeHMA 3CMeJb.

B c¢Bsizu ¢ 3THM HeOOXOAHMO H3VUHTL H3MeEHeHHe BO
BpeMeHH Kak (pUIbTpauMy K3 kKallajda (ee yMeHbLUICHHC),
TAK H Hapacragie noj3eMHOro OTTOK#d, VUHTHIBAHA, UTO OHH
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B3AHMHIO COBAZAHLL 1 BAHSIOT Apyr na japyra. Llpexie uem
HCPEXOAHTL K BOUpocaM X B3aHMOACHCTBHA, PacCcMOTPIN
HEKOTOPBIC BOHPOCH AHHAMHUKIL TPYHTOBBIX BOJ, HCODXO/N-
MBIC JLTA BLECHCHIA CBsisi (PUALTPAOUHI B3 KOHAJ0B ¢ NOA-
3EMHLIM OTTOKOM,

KPATKASI XAPAKTEPHCTHMKA OCHOBHBLIX METOAOB
MCCNEQOBAHMA HEYCTAHOBMBLUEINOCH JDBMIKEHWA
FPYHTOBEIX BOL

PacemoTpM  KpaTKO MeTOAbl H3YYEHHSI  HEYCTAHOBIB-
weicsd GuAbTpallul B IEAAX HCHOJNb30BAHHSI HX s pellie-
THH TOCTaBJACHITOR 3ajavu.

Fuapoaunamuueckui mero/l. Menoawsosan 11, 51 Tloay-
6apunosoil-Kountoit (1952) npu pelenuu sazauu 1o npu-
TOKY HedTH, OKpYXKeNoi BOAOH, K CKBAXHIAM (1IOCTANOB-
ka safaun J1. C. Jleiibensonda, cm. Bunorpanos, Kydapes,
1947; laaun, 1951) npu nocTosiHHOM JlaBJIeHHH 11a NOBEPX-
HOCTH TepeMellalouerocs KoHtypa ne)TH. 3arem TOT Me-
0 Obla o00OuLeH AAS  [HEeYCTAlIOBUBINEroCs  JABHIKEHHs
FPYHTOBLIX BOJL €O CBOOOAHONH HOBEPXHOCTLIO H lpHMeHeH
K 3ajade 10 ONPCASACHHIO [IPUTOKA BOALI K OAHHOUIONH JIpe-
e npH BecbMa IVIyOOKOM 3aJjieralinu BOJIOVIIOpA H HPH KO-
eyHoi ray0nHe BOAOHOCHOIO [1J1aCTd (Kanunuu, 1948).
YKazauuplM METOJA0M TAKKE IOJy4YeHbl HEKOTOphie peule-
HA 1o pacrekaHuw Oyrpa rpyntoBeix Boid (lloayGapuio-
pa-Kouuna, 1952 a; Kounna, 1953; Taaun, 1951). L1 $. [1o-
aybapunosa-Kounna ponycruiia na cso60AHOIN [HOBEPXHOCTH
CPYHTOBBIX BOJA 1I0CTOSIHCTBO  JlaBJIeHHSI M Hawjaa ycao-
s B aAndQepenuHanbHon (popme, KOTOPLIC JOJAAHDLL Y108~
JETBOPATLCS Ha 1108ePXHOCTH TPYHTOBLIX BOJ 1pH peycra-
HoBHBIIEHCH (HALTPALHH., IDTH yCJa0BMS  Jdanbl B (popme
AudepeHaIbiibX cBa3ell Mexiy KOMILICKCHBIMH (PyHK-
UHAMH HaBJjeHHsi, KOOPAHHATAMH I[OTOKa H KOOPAHHATAMH
peroMorateibHoi naockoctiH. OcobeHHocTs BCIOMOraTeib-
HOH IJIOCKOCTH 3aKIOUacTes B TOM, UTO BO BCE BPEMs JIBH-
AEHHSl ee BCUICCTBEHHAM OCh COOTBETCTBYCT HOBEPXHOCTH
[PYHTOBBIX BOL.

Pejuerine HAXOANTCH HJH HYTEM HCHOJb30BallHs ocoben-
octest Gynxikn ZKYKOBCKOrO H KOMIVICKCHOIO NOTeHnHa 1a
A4 Tpynnbl 3ajad, WIH MyTeM OThICKaHHS KO3(hPUIHEHTORB
OeCKOHEeUHOoro psifa, coCTaBJeHHOro [0 BO3PACTAIOLIMM CTe-
nensm spemend (IlTonyGapunonsa-Koynna, 1952 a). Ycno-
Bust Ha cBOGOAHON nNOBEpPXHOCTH  (p=pa), NPHHATLIE B
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paccMaTpHBAEMOM MeTojie, COOMIOAAIOTCSl TOALKO JUIst M-
JICHHO M3MEHMIOUIerocsr TeYeHHs, TOrAa Kaxk npx ObICTpPOM
nojbemMe HWIH cnajie JasjeHust B 00JACTH TPYHTOBBIX BOJ
TH VCJOBHS He BBIMOJISIOTCH.

CHA0KHOCTH MaTeMaTHUYCCKHX BLIKJAAA0K He NO3BOJSCT
IIHPOKO TMPHMeHATL PACCMATPHBAEMBIIT METOJ K pelienuio
MPakTHYCCKHUX 3a1a4 rHIPOTeXHHKIH.

C. H. Hywmepos (Apasnn, Hymepos, 1953) npernoxuna
HCCAEORBATL HEYCTAINORHRIICECS JIBHAKEHHE TPYHTOBLIX BOJ
C NMOMOILULIO METOAAa XAPAKTEPHCTHK VPaBIelnnit B HacTHLIX
MPOH3BOANBLIX THIEPOOIHUCCKOTO THIA, AHAJTOTHYHOI'O H3Be-
craomy merojyv C. A, XpucrtHnanosnua H3VYCHHST MeAJeniio
H3MEINAIONUXCS TeUYeHHIT B OTKPHITHX NMOTOKAX (XpHCTHATIO-
Buu, Muxann, Jdesucon, 1938). B sroit ke pabore C. H. Hy-
MEpPOB pacCMAaTpHBAeT BO3MOYKHOCTL pelienus 3aiaud 1o
HEeYCTAHOBHBIIEMYCH JABHIKCIHHIO TPVHTOBBIX BOJ METOAOM
TEOPHH JJIHHHBIX BOJI MAJOH aMILVIHTYAbI, DTO CBOJHMT pac-
cMaTpuBaeMhbie 3ajayd K penienHio teserpadguoro ypasie-
HHA (B yacTHHIX npousBoiHbix), yro €, H. Hymepos u BuI-
MOJHHJ JUIST THIOMYNBLIX HAayaJdbHBIX H FPaHHUYHBIX YCJIOBHH,
OTBLICKUBAs penenue B Buie panos @Pypse. CroKHOCTH
ITHX METO/IOB 3aTPYAHSET HX HCIOJL30BaAHHEe /IJs pelieHus
NpakTHYeCKHUX 3ajad.

Pewrentne pasmoo6pasnbix 34144, BBIIBHTAEMBIX TIPOH3-
BOJCTBOM, TOUIBIMH THAPOMEXalnHYeCKHMH MeTOoJlaMH 3a-
TPYAHHTENLHO He TOJBKO BBHAY HX cJoxpocrtH. Henocra-
TOUHAA H3VUYEHHOCTHL (PH3HYECKOH CYIIHOCTH HEYCTAaHOBMB-
MeHcss (PUALTPAILHK M B CBSI3M € 3THM THIOTETHYHOCTH
COOJIONIeHHST HEKOTOPBLIX TOJOMKCeIIHil, JeKallHX B OCHOBC
rHApOMexXaHnyeckoro crnocoba, npuBOAAT K TOMY, 4TO TOY-
HOCTBH COBEPIUEHHOTO PACCMOTPeHHs MexXanHnuyeCckoil (opmbl
NBHKEHHUST MOZKeT ObIThL CVIEeCTBEHHO HMCKaKelra H3-3a Toro,
4TO He YUHTHIBAIOTCA (PH3Hueckue oOCOOEHHOCTH MNpollecca,
Caellyer OTMETHTh TakK¥e HeJOCTATOUHYIO TOUHOCTL TIPH
onpeneaeHHyd (PH3HYECKHX KOHCTAHT rpyHTa (npexIe BCero
Koa(duitnerra (PUILTPaLHKM M CcBOHOJIHOIN TOPO3HOCTH) B
VCJIOBHSAX [IPOH3BOACTBA H pasnoodpasHe reoJOrHYeCKHX
VCJIOBHH, H3-3a KOTOPLIX OOLIUHO paccMaTpHBalOT THIIHY-
Hble CXeMbl € OCPeIHeHHBLIMH XapaxkTepHCTHKAMH TrpPYHTA.
DTO MOMKET BHOCHTb OIIHOKH, GOMLINHE 1O BEJHUHIIE, YeM
yToumenus, fapaeMble THAPOMEXaHHYECKHMH METO/aMH.

B pesyanrate B nocieiHee BpeMf BBIABHHVJIHCL HAa
neppuil mjaan 6oJee ynpouennbie METOALI H3VHCHUST JIHIA-
MUKH TPYHTOBLIX BOJL.
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Muapasauueckue meToabl. LEcai ppiusrth, 4To  KoJge-
OaHust TPYHTOBBIX BOJ HEBCJIHKH 1O CpaBHEHHIO ¢ HX MOILL-
TOCTHIO, TO HEYCTAHOBHBINEECS ABHZKCHHE IPYHTOBLIX BOJ
MOMeT OBIThL OIHCAHO }’]_}HH!IEHI[EM Dyccunecka:

L, [ [fi L. )~'[— — (z‘r Ui )]i:m:n upn h=plog+2z,
dx

i ay a1
(124)
cie i — manap: p— JABACHNC; O — NIAOTIOCTB, g — YeKopehue cnoboj-
HOrO najtemua; x. ¢ = — Koopaunatu; [ —ppeMs; &k — koshdmmenr

puasTpanny; m — csoloanan NOPO3NOCTh; @y — HHTCHCHBHOCTH TIOAINN-
TLIBaHA (HAM HCMapenns) rpyHTOBLIX NOJ € MOBCPXHOCTH 3CMJIH.

[Tpu paccyorpenny KoJaeOauuil ypoBHSA IPYHTOBLIX BOA
H CTOPOHY OT JJIHHHOrO BOMOTOKA ABHKEHHEC HPOHCXOLHT
B OCHOBHOM NepreHAHKYIAPIO K OCH BO/IOTOKA, NOITOMY B
ypasuerun (124) moxno npunar, dh/dy=0, w ono Gyjner
HMeTh BHA:

alt e (]

{ - @t =
m— A —| £w.. 125

ax '\ dx

Masecren psjl Tounbix pemennii ypasienust (125), Ho
OTHICKMBATH €ro pelreius TpyaAHo., YIpolentio MOXHO CUH-
TaTh, YTO MOMINOCTh OTOKA I'PVITOBBIX BOL HACTOJAbLKO Be-
JAMKa 110 CPABHEHHID ¢ KOJaehaNusiMH UX YPOBIIs, 4TO JONY-
cTHMO 3anucarh Gopmyay (125) B mude

1 il
M =T oy + W, (126)
al x?
rae Teop — Cpeanss MOMIIOCTL NOTOKA FPYHTOBHIX BOL.

OrMmeTum, 4TO npmmnencmm
dh d)

( h
rJ X ox r}:-u:

npeiictapiasieT H3MeleHHe pacxojia no jJanne noToka Bypas-
nerrny (125); sBeipaxkenue

RT on

2h
:1: ——

ax? )y

s ypasiiennn (126) oTpazkaer rakiKe H3MeHeNHe PAacXola,
HO uepes HaMmcieHlie VIO noToKa [. Doime Golan yKka-
sanbl npeaeabl Koscdauuit anaucuuit Tep, [ 1a8 rpyntToBbix
BOJL OCHOBHBIX OPOMWAEMBIX MACCHBOB, OTKYAa CJeJYeT, YTo
VKJIOH TPYHTOBBIX BOL (TOJLKO B HCKITIOUHTEBILIX CJyud-
aX M 0OLIMIo LIst OJaronpHITHLIX B MEJIHOPATHBHOM OTHO-
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rennn semenn) Aocruraer 0,05 npu 7= 10 n, O0puno xKe
VRJAOHBI 3HAUHTENBIO MCHBLLIC,

[TpescTanuM cebe BecbMa HEGAATONPHATHLII W pejKHIL
cayuaji, xoraa T=10 » u /=0,05. 3Dro coornercrsyer
HEeYCTAHOBUBIICMYCH TOTOKY IPYHTOBLIX BOJ, JUIA KOTOPO-
ro B ABYX cocednnx cedenusnx fiy =125 m, 1;,=0,05, hy=7.5,
»=0 (nanpumep, GpPOHT pACTEKAHH TPYHTOBBIX BOJA).
[Mpumen =10 m/eyr, x=100 m. Torna no dopmyae (125)

- S e .
b A {fr. Al ) = 100n]y—halz) __ 10-125-005 _ ¢ 6695 \sjeyr.
Ax \ Ax, 100 109

[To qopuyae (126) noayuum

AMhEy—1 0. g -
kT ¢p S e =0,05 m3/cyr,
AxAx 100 100

TO ecTb oriauune B 3navenuax AQ/Ax, BLIYHCACHHLIX 110
dopmydaam (125) u (126), cocrasaser 0,0125-100:0,0625=
=20“fu.

CJale/1oBaTeNblio, s caMblX HeOA4ronpHATILIX H PeLKO
BCTPEUAIOUIMXCH CayyaeB oMIHOKa oT 3aMelbl HEJHHEHHOro
augrdepennnanpioro ypasirenusi (125) auHerHoll 3aBHCH-
MOCTLIO (120) npu H3yueHuH peamnMa rpyHToBLIX BOJ OpO-
aeMnX MaccHBoB Jexxut B npeteaax 20%, wuro, ecau
V4ecTh TOHHOCTH HCXOJIHBIX JdaHHBIX, BIIOJIHE JAONYCTHMO.
O6piuno 3Tta ownbka ObIBaer MceHblIe,

H. A. Barpos n H. H. Bepuruu npeaioxuan inieapnsu-
anaTh ypasucuue (125) nyrem sBeicuus HOBOH nepeMmen-
woit u=0,5A% [anajsoruuynbiii npueM AJs1 YCTaNOBHBHIETrOCH
Ilﬂumemm oL npnsvenen @, Dopxreitvepos (1935) ], uto
BCe K¢ He H30aBaseT OT ocpejileHHs, TaK Kak ypasuelme
(125) npunHuMaer BHIL:

o du ! bl wollep =
a? +b= npn a= flep  h= . 197
ox* o | V m m ( }

TO €CTh OCpeAHCHHOe 3HaueHHe /oy BXOANT Kak B KO3 Hun-
eHT @, TaKk u B CBOOOAHDLIT yJjaen O (npuBeJACHHAH HHTECH-
CHBIIOCTL THTAINY WK HCHapenusa ¢ MNOBEPXIHOCTH IPYHTO-
BLIX BO). JLOCTOMHCTBOM 3TOro npelioxKeHus sBIsercs 10,
UTO KOHEUHOE I0J0XKEHHEe MOBepXHOCTH IPYHTOBBLIX BOA 110
(popryvire (127) moxer OLITL noJyyeno B (popMe napadob,
UTO HEAB3A NOJAYUHTL 110 3aBHCHMocTH (126) B aBHom BrIC.
[1. 1. Tloavéapuuosoii-Kounnoir (1952 a) nokazano, 4to
IpH peurennn NeKOTOPLIX 3ajay ueaecoofpasHee mnoJab3o-
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BATLCS nepnuiy cnocoboM anneapusaitin ypasuenns (125),
dOHPH pelreHit Apvinx 3aJd1 — BTOPLIAL ClocoO0M,

0. /1. Cokoqaosbim (1954) npefiosen ¢noco6 pericims
ypapueuus (125) nyrem ocpelneHus npouasoliHoii dh/di,
10 3TOT HpHeM He BCerjla lesecoolOpaseH BBH/Y OOBLIYHO
3ATYyXAIOULero xapakrepa JABHKeHHA H CJ0ZKILIX KOHEUIILIX
pesyanLTaToB, noJyualoniuxcs s urore pemeunst. M. A, YHap-
HoiM (1951) npefaoken GoJiee TOUHBLIH CHOCOD JHIEaApII3a-
uuu ypasueuus (125), HO oll BHOCHT 3HAUHTEALHILIE YCI0XK-
HeHHs B pelIenus.

Ecnu Bocnosib3oBaThCst H3J0KEHHBIM  Bbllle ofo0uiell-
npim npedaoxennen H., E. JKykoBekoro o BosMoknocrth
CJOKEHHS [OTOKOB, TO HEeT HeoOXOAHMOCTH 3a HCXOoJHoe
NOJIOKEIHHE [OBEPXHOCTH TCPYHTOBBIX BOJ NPHHHMATB Ka-
KVIO-a#00 MORePXNOCTL NPaBHJABLHON reomeTpHueckoil ¢op-
Mbl, Jlocrarouno Ha CyULeCTBYIOHLYIO [HOBEPXHOCTh I'PYHTO-
HBIX BOJI HAJOKHTL H3AMEHEHH S, KOTOPbIE BhI3EIBAIOTCS MECT-
HeIMI BosMmymenusami. [lpuueM st usMenenus najao omnpe-
ACNSITL NPH OCPeAneHHO MOHIHOCTH I[OTOKa ['PYHTOBBIX
BOJI.

CaelopaTenpito, ¢ JOCTATOYHON AJsI NPaKTHKH TOYHO-
CTHLIO JIMHAMHKY I'PYHTOBBLIX BOJ OPOUIAEMbBIX MACCHBOB, H B
YACTHOCTH JIMHAMHKY IO/I3EMHOr0 OTTOKA 1PH HOMAIEPTOIl
GUIALTPALNY H3 KaHaJIOB, MOXKHO OTNHCATL JIHHEHHLIM ypaB-
HeuueMm (1206), uTo H npunuMaercda B JdJbleillleM H3J0-
JKeln,

Ocpenlieitie MOULHOCTH TNOTOKA TPYHTOBLIX BOA HPHHH-
MaeM Tak:

T|;‘TE h]—‘tﬂg ! (128)

Lop=

rae Ty um Ty — navaauuule (HCXOAHLIC) MOLWIHOCTH MOTOKA TI'PYHTOBLIX
BOA U NICDBOIO H BTORPOrO PACHCTHDLIX EE'—IL'_'III*H#I, MEAAY KOTOPRIMH pac-
CMaTPHBACTCA HEYCTAHOBHBIUHACA DPCHHM IPYHTOBBIX BOA, Ay B hs — H3-
MEHEenHs anopos (yposlcH) IPYHTOBLIX BOJ B TCX K€ CceyenHs X 3a
paccMaTPHBACMELIH TTPOMEKYTOK BPEMCHH.

Tag kak A< T, a Beanuunn Ty n 75 u3BCCTHLI M OOLIU-
HO H3BecTHO 3Hauenue My (umau f2), TO TOUHOCTH OnpeLe-
Jenust ity (uam Ay) moxer ObiTh Hepedauxa, B cayuae ne-
O0OXOAHMOCTH [OCJIe peleHHsT 3ajaun [To ecThb onpejene-
nast A(x, f)] MOXKHO yTOUHUTL BeJHuHHY Tep B PELIHThH
3aflayy BO BTOPOM NpHOJIHIKEHHH.

Otrmerum, ytro B padorax Il . Ilonydapunosoii-Koun-
noit (1952 a) u H. H. Bepuruna (1952) umelorcst nexoro-
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puic peweinst ypasuennii (126) n (127), xotopnie no ycao-
BusiM OaH3KkH Kk pacemaTtpuBaemnim wamu, I'. K. Muxaiiios
nokasaJa, uro Juheitnoe (126) u neauneitnoe (127) vpas-
HelHs! COOTBCTCTBYIOT NpeledbHbLIM CAYUasM AHH3OTPONHH
TPYHTA.

Bonpocskl HEeyCTAHOBHBIIErOCH ABHIKCHHS TPYHTOBBHIX BOJ
¢ ob6pasoBaHuem cBOOOANOII 1HOBEPXHOCTH MPHMENHTEIBLIO
K pemietiio MeJAHOPATHBIILIX 3a/1a4 NOJYYIAH 3MaYiTeablioe
pazsurie. OCHOBHOIT BONPOC, NMOABEPraBIIHHACH AHANHIY,—
3TO HAVHEIHe HEeYCTANOBHBIICTOCH IBHAKEHHSI TPYHTOBLIX
BOJL MPH CTEKAHWY MX B JIpEHAXK KAaK TPH TONOJHEHHH
FPYHTOBLIX BOM MPOCAUNBAIONHMUCH aTMOCHEpHBIMH 0Ca/l-
KaMe, Tak u 0e3 uero.

K nepsoii rpynne takux paGoT OTHOCATCH npeLtoxKenms
no pacuery paccroamua Mexay Apenamu A. H. Kocrsakona
(1835), B. C. Kozaona (1940), C. ®. Anepbmmuﬂ (1939),
Werner (]9&3} H psjla Apyrux astopon. dTH pabOTLI MOIYT
ObITh NOJE3HLIMH NIPH PACCMOTPEHHH JHHAMHKH TIOBEPXNO-
CTH TPYHTOBLIX BOJ NMOJ KAaHAJOM TIOC]Te NpexkpalleHus ero
paboThl 1 NpH HAJHYHH OTTOKA, TO €CTh IPH aHATH3Ee IIe-
DHOAHYECKOro AelCTBHS KaHaJOB B YCJOBHAX JAPEHHPOBAH-
HOH CHCTeMBbI.

Hpyras rpynna paGor nmocBsuleHa Bonpocam Heycrano-
BHBIUETOCST JABHKEHHS PPYHTOBBIX BOJ MPH (PHALTPAIIHH H3
BOMOXPAHHAHIL H KaHaaoB. Tak Kak 3TOT BONPOC HMeeT
HerocpeJACTBeNoe OTHOMIeHHE K HCCAeYeMOi TeMe, TO OC-
TAaHoOBNMCA noApoGHee Ha HMMeEIOUIHXCs B 3TOit  ob6jaacTn
MPEANOKEHUSX,

®. M. IMuxkaaos (1952) pacemoTpen BaAHsHHe (HALTPA-
MM W3 PeuHbIX pVCa HAa PEKHM TPVHTOBBIX BOJ 1PH IPO-
xoxjenun nanoaka, [Ipnatom aprop paszobpad jina cayuas:
MOJUbEM VPOBHSA BOALI B peke He Menser obuiero mna-
npasjeHHa NOTOKA TPVHTOBLIX RO, TCH}"IHHR K pEKE; nolb-
eM VPOBHIA BOJALI B PCKE NPH NPOXOKIESHHIH TaBOdKa 3HaYH-
TEJABLNO TPEBLINACT YPOBEHL FPYNTOBLIX BOA, H TIPOHCXOJHT
dhuabTpammsg 13 pexn B o6epera.

A. H. Kocraxkor (1948) m3yuay pactekanse rpyHTOBBLIX
BOJL TIPH TIOCTOSIHIIOM IHAMOpPE, CO3TAaHIOM BechMa OLICTPO B
HexkoTopom ceueHHn nortoka. Ero sasucumocth - - obobure-
HHE MHOTOMHCJEHHBIX 3KCHNEePHMENTOB, MposejleHHbiX Ha
nputope B. C. Jlykssioa. Onm copnajiaioT ¢ 4acTHBIMH
CAVHASIMH  DHAPOMEXalHueeKux  pewenuit.  Ananornunnie
smnupiueckie popmyant  noayuensr  T. C. Kapaudnao-
ppiM (1953) na mnrerpatope B, C. Jlyknsinosa
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[1. M. Wunenko (1950) paccmarTpuBan  HeycTaHOBHB-
mylocst (GUALTPALLMID  u3 BOAOXpanmanma B Oepera npu
HATOPIHOM JABHASCIHHH,

Yucaenno-rpaduueckue metodnl. [lpumcuenne uncien-
HOTrO 1 rpadUUecKoro MeTo/oB s pacyeTa HeyCTaHOBHB-
Herocst JABHKEIHs FPYHTOBLIX BOA OCHOBANO HA PaccMOTpe-
HHM BOJUIOro OaJiaica AJdsi OT/e blbIX HeDOJLIIHX Yy4acT-
KOB NMOTOKa 2a HeboaBLWOoIll, 110 KOHEUHDLIH 3JCMENT Bpeme-
. Pacemorpenne  Bojdnoro fananca I8 3J€MEHTApHLIX
VUACTKOB NOTOKA ¢ HMenoab3opaimeM  vpaspennst  Jlapcei
HO3BOJASET A0 OTASALILIX MOMEHTOB BpeMenn JAOCTATOUHO
TOUHO BBIUMCAHTH 3JeMEHTAPHBIE PACXOAB, CKOPOCTH HT. 1,

CyMMHPOBAHHENM B NPOCTPANCTBE 1 BPEMENH oayyel-
HLIX PE3VJLTATOB MOZKIO ONpeleaHTh PACXolbl, CpeaHHe
CKOPOCTH, VPOBIH i JIPYrHe napamerpbl jst BCero noToka
B 1EJT0M,

VKarkeMm Ha Caedviolle pasioBH/IHOCTH paccMaTphBae-
Moro crnocoba.

. I, Kamencruit (1943, 1953) npeAmnoxina 4HCAEHHDIH
VMeTOjl pacuera HevCTAllOBHBILerocs JABHXKEHHsI TFPYHTOBLIX
BOJ, Ha3BaHHLIT MM CriocoO6OM cocTanJeHHus VpalciHi ne-
VCTAHOBHBIIEroCs ABHZKCHNWHA TPYHTOBBHIX BOJL B KOHEUHBIX
PaszHocTaX.

ABTop, paccMatpHBas MNJOCKHIT TOTOK, JAGJHT €ro Ha
papHble 1o JUIHHE 31eMeHTapHble yHaCcTKu Ax M, TpHHHMAA
B ocHoBy (opmyay Jlionion, cocrasiaseT BoAlbiH Oaaanc
sJeMeHTapioro yuacrka sa ppeMms Af, B pesvibTare uCro
ypaspenHe Oanatica npuinyMaer BuL:

Y

Al  p(Ax)’ 2 1"

Hnoiry—Hns _ 2%k (HuorstHnos gy ) w (129)
T .8 '

rae wuacken n—1, n, n41 obosinaualoT HOMEPA CeMennil CBCPXY BINI
Ho TCUCHHIO TMOTOKa; A—rayOuua rpyvnronux soji ff — nanop, orcun-
TANILIT OT MJOCKOCTH cpaBHenits; AX — paccTosuus (0HIIAKOBLIE) Me-
Ay ceuenuami; Af — 3aeMCHT BpeMEHH, A8 KOTOPOro NOJACYHTHBaCT-
e Gasanc: k— xospdmuent Ppuavtpauny; @ — waPHALTPAUNST ATMO-
chepiix OCAAKOR ¢ NOBEPXUOCTH 3CMIAH; HIACKC § 0003HAYACT BpeMA;
(L — CRODOABAN NOPOINNCTL AWINC YPOBHHA FPYNTOBLIX BOMA,

Tomnecrsennocts vpasuenns (129) zasucumoctn (126)
FOBOPHT O TOM, YTO B OXHOPOLIBIX IPYNTAX LIS TPAHHUHBIX
M MAYATLHBIX VCJOBHIH, IS KOTOPhIX MOXKeT OblTh nojayue-
Ho peuicHne ypaBuemrst (129), meros koHeYHbIX pa3nocTei
e HMCCT TPCHMYILCCTB nepet pementem dhepeninab-
noro ypasucnust (126).
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Jlas HeolHopoANoro crpoenus rpyHTa, Korja KosggH-
HHEHT (PHALTPALNHH H3MeHfAcCTes no aauue nortoka, [, H. Ka-
MEHCKHIT cocTaBua OaaaHe B Bule OoJee CJI0MXKHOrO ypas-
Helus, KOTOpoe 31eCh He HPHBOAHUTCH.

Hecmotpst wa cioxnocts pacuetons no ypasnennio (129)
I 0COOEHNO M0 alaJoruuiioMy vVpasHeHHio jUIsi HeoHOPO1-
HBIX I'PYHTOB, CJEAYET OTMETHThL, YTO MeTOA KOUeYHLIX pas-
HOCTEH MMO3BOJAET VUHTHIBATL MECTHLI¢ 0COOeHHOCTH reogao-
FHYECKOro CTpOoeIrHsa, H3MCHCHHE IHTAHHS TPYHTOBBIX BOJ
o yuacrkam. [losromy on BecbMa noJaesemn Aas 1nporHosa
PeXHUMa TPYHUTOBLIX BOJ B KOHKPETHBLIX 3aLaHHLIX YCJIOBH-
AX ¢ npumenennem IBM,

A. T. Mopo3os ne npunnMasa Jonyuends o BepTHKAIb-
HOCTH 3KBHMOTCHUHMAJABHLIX nockocrelt. On paccemorpedn
IIOCKHIT TIOTOK FPYHTOBBIX BOA, TO €CTL 1I€yCTaHOBHBlIEeCs
ABHZKCHHE TPYHTOBBIX BOJ €O cBOOOANOI  NOBEPXHOCTLIO,
KAK MOCJEAOBATENBLITO UEPCAVIOUIYIOCH CepHI0  VCTAHOBHB-
IHXCSl TeYEHHIT M AJs KaxXIAoro TakKOro TeueHHs, COOTRET-
CTBVIOLLErO ONpEAEJEeHHOMY MOMEHTY BpPeMeHH, npeJoxHI
CTPOHTL rHIApPOMEXaHHYeCKHe ceTKH ABmKeHus. Hcenoanso-
BAHHE THAPOMEXAHHYECKHX CETOK JABHIMKEHHs IJsi pacuera
HeveraHoBHBINEroca TeyeHus npeinoxeno E, A. 3amapu-
neim (1939).

OcoGeHNOCTL TAKHX CETOK, MOCTPOCHHBIX AJa5 OTAEAbLHLIX
MOMEHTOB BpeMeHH,— YJIOBJETBOPeHHEe KaxKIOro 3JeMeHTa
CeTKiH ypashennio soanoro 6ananca 3a speMs Af, Pacxoxn
BOJIbI [LIS1 OTAGNLHOrO 3JeMeHTa ToACYHTLIBaeTcs no Jlap-
CH, TpHYEM BCe 3JeMeHThl (Hanop, juauna, xKosdgpuiuueHnt
GUIAbTPAILHK) OCPEANSIOTCS KAaK B NPOCTPAHCTBE, TAK M BO
BpemenH. BBuiy Toro, uto npu 3TOM HUIYT YPOBHH I'DPYHTO-
BLIX BOA, KOTOpbLI€ BXOAAT KakK B BBIPAMKCHHS AJS KOJHYE-
CTBA BOJbI, NOWCIIIEro 1Ha NOBLIIICIHE YPOBHS TPYHTOBBIX
BOA, TAK H B BHIpAXKEHHS /N5 pACXOAOB, 3adaya A1s KaxI0-
ro sjaeMcHTa peuraercs noabopoM. B pesyvantate 104K HBIX
PACHETOB MOMKIO NOJVUHTH CVMMdpHLIe pacXOo/bl, nHanophbl
I APYTrHEe JeMeHThl JIJas1 BCEero noToka B UeJoM, uTo clesia-
Ho A. T. Mopososeim s anamauza ¢uiabrpannn ua Kapa-
KVMCKOro KaHaja.

[1. 5. TToay6apunosa-Kounna (1952 a) noxasana yeao-
BUsE 1ta cBOOOANOII NMOBEPXHOCTH nepeMelaonlerocs CBo-
OOAOro NOTOKA TPYHTOBBLIX  BOM M NPEIONKNIA  HOBI
cnocol rpa@iueckoro pacyeta TAKOro JABHKEeHHS, CBOJA-
HLIICS K HOCTPOCHITIO CHCTEMBE CETOK H300ap W CeTOK JBH-
AHKenus.
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Metoj moxeaupoBauus. B nocaejnee sBpems B Heeaeo-
BAHHSX WHPOKO MNPHMEHACTCH METO/l MOAGJHPOBAHMS l1e-
VCTAHOBHBIIErOCsl ABHKEHH TPVHTOBLIX BOJA, NpHYEM HAH-
GoJbliiee pacApOCTpaHeHHE HOAVUHAN HCOBITAHHA Ha M-
pasianueckom unrerparope B, C. Jlykuanosa (1937), snext-
POHITEIPATOPAX, a4 TAaKZKe B I0TKAX—ULEACBbIX H CTPYHTOM.
ITOT MeToA JAAET BO3MOKIOCTB:  NOJAYHATH  KOJHuUecT-
BEIILIC PE3YJALTATH JUISL KOUKPETITLIX  VCAOBHIL  (HHOT L@
BeChLMA CAOJKIBIX) HPOHIBOACTHEIHBIX 34144,  NPOBEPATDH
HMEIONIHCCS TEeopPEeTHUCCKhe peillenus  Aas OoJiee npocThix
CXCM: VCTAMABAHBATL 11 OCHOBANIH MHOIOUHCJ/EHHBIX 3KC-
HEPHMEHTOB M HPABUIT MOJCJTHPOBAHHS SMIOHPHYECKHE CBSI-
30 ST pada oOHIHX cxem ABHeHHs. Metojl 3TOoT BechbMA
HOJIE3HDI, a4 B psle cayyaen AazKe eAHHCTBEHHBbIH (Aad
CAOYKHBIX YCJTOBHIT).

MeTton noaesbix HecaeoBaHuH. [lpumengercs npi Hibl-
CKAHHAX, CTPOHTEALCTBE H IKCIAyaTallMH  IHApOTEextHYye:
CKHX COOPYIKCHHW H MeJIHOPATHBILIX CHCTEM, a4 TaKXe Ha
MOMEBLIX ONBITHBIX cTranunax. On Hanbogee HAJEKEH, 1O-
3BOJISIET B KOHKPETHBIX VCJIOBHAX pellarh 10CTaBjelibe
Ipon3BoAcTBOM 3aiaun, Ocodenno menibiM Ol CTaHOBITCS
B KOMIIEKCE C TEOPEeTHYECKHMH METO/1aMH.

VyuTBHIBAS H3JI0KENHOe, oCTananInBaeMmMcsi Ha ruipas-
JHYECKOM MeTojle nccdaellopanus, nodsoJgiomem ¢ Jjlocra-
TOUHOIT AN% NPAKTHKH TOUYHOCTHIO BHISICHHTH KOJHUECTBEH-
Hble COOTHOUICHHS, XapakTepH3VvioulHe PpeXHM TPYHTOBBIX
BOJL B VCJOBHSIX HeyCTanoBuBmerocsi aAsHxeHunst. IToayuen-
TBle TEOPeTHYECKHM METOAOM Pe3VibTaThl HeOOXOAHMO NpoO-
BepATh JabopaTopHEMH H NOJEeBBIMH HCCJAeAOBAHHAMH, UTO
ABTOPOM UACTHMIIO CAEIAIO B MOCJEINeN riaase,

UCXOMHBLIE COOTHOWEHHS Y HEKOTOPBHIE OBLLME CBOWCTBA
HEYCTAHOBMBIUMXCS [BMIXEHMM TPYHTOBLIX BOJA

[Tpumem 3a OCHOBY AasiLHEHINErOo HCCJICAOBAHHA HEVCTA-
HOBHUBUICIICA (HABLTPAILHN  Jauneiinoe Jauddpepennanniioe
vpaBHeHNe

) s Rlep o e ‘
: -—_-ﬂzvh L q‘ HI'IH (=== 1 ¥ v_ __!'_ Bl : ¥ ('1;0}

o O & ax? ay?

riae i —Hu3MeHCHHA B HATOPC FPVHTOBWX 1o, M; [ — BPCMH, CVT;
G — WHTCHCHBHOCTD HHTANHS NOTOKA TPYVHTORLIX Bol, M/eyT: 8§ — kosh-
GUUMEHT ROAOOTAAUN HPH OHYCKAHHK TPYHTORWMY ROT W CcBODOANAR 110-
POINOCTE TIPH TOABEME YPOBIH FPYHTORKY BOJL 11 400X olbema 'pyH-
ra; Tep— CPEAHAR MOMNOCTL HOTOKA IPYANTORKIN BOX B TIpeAciax Ko-
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JeGanust Yporitst IPYNTORBIX RO, OCPCAICHHC NPOBOJMTCH KaK BO BPE-
MEHI, TAK H B OpocThaneTse (1 JAABICieM N3A0Ken Adst 1po-
CTOTHI  ZAMICH CPCANIOK MOMHOCTL notoka Oviaem obosnavars 1), s
k — kosthdimment guavipanin sogonocnoro naacta, Mfeyt; Vo — cum-
pod oneparopa Jlanmaca.

[Ipu (uavrpanuyt U3 AOCTATOYNO JJIHHHBIX KAalajaos
ypaBienne (130) npuMer BuJ, anagoruuHbpii BuAY ypas-
Henust (126):

T d*h |,
o o kT a*h L g (131)
it O dx° '«

Ypasireune (131), onuchiBaponiee TenJIOHPOBOAHOCTL H
AHGPY3HIO, XOPOLIO HIBECTHO B MareMaTHueckol (usHke.
[Tepenucuisast ypasneune (131) takum obpasom:

dh
ﬂ(fﬂ" o

ox

Ot iyt — — L dxdt+ qdxdt,

() X

BUJAHM, UTO OHO BbIpakaer 0a/aHc rpyHTOBBIX BOJL 3JeMeH-
TapHoro obbema 3a Bpems df, TO eCTb PaBeHCTBO H3Me-
HEHHSI 3anacoB TPYHTOBBIX BOJ BCIeACTBHE NOJAbeMa HJIH
OMYCKAalHs HX VPOBHS CYMME H3MEHEHHSt pacxoja NOToKA
PPYHTOBBIX BO/ 1O JLIHHE HaA yyacrke dx M BHEUINEro I-
Tauusi (HAH yObLIH) 1O 3TOH Ke AjauHe,

[Intanne (manM ucnapeHue) NPHHHUMAETCS B JAHHOH pa-
GoTe HOCTOSHHBLIM (1€ 3aBHCSILHM OT A, X, {).

B padorax A. H. Maruesa (1946, 1949), H. K. I'upuu-
ckoro (1947), I1. §1. [lonyGapunosoii-Kounnoi (1952 a) u
JAPYIrUuxX aBTOPOB pPaCCMATPHBAETCS BO3MOAKHOCTL IIJTACTOBO-
ro IOANHTBIBAHHS [10TOKA TPYHTOBBLIX BOJA CIHH3Y uepes 1J1o-
X0 BOAONPONHIACMOe OCHOBaNHe H3 elle Oosee rayGoOKo
PACHOJIOKEHHOTO BOJIOHOCHOrO IW14CTd, B KOTOPOM LAMop
IPeBbIUIACT YPOBEHb PYHTOBLIX BOJ pPACCMATPHBAESMOr0 O7T-
Kpeltoro notoka. B srom ciayuae ypashenue (131) npunu-
Maer Oosee CIOKHLIH BHI, HO IOJACTAHOBKOH OO IPHBO-
nutcea K auuneiinomy tuny (Iloaydapunosa-Kounna, 1952 a).

Tak kaxk Mbl orpaHH4YHBacMcs paccMorpetues (puiabTpa-
LI H3 KAHAJOB 1 NOASEMHOr0 OTTOKd, KOrja OTCYTCTBYET
TPAUSHTHBII MEXKIIACTOBBIH IMOTOK, TO OCTALOBHMCS HA
ypasuennu (131) u npuseiem cro Kk GespasMepHLIM OTHO-
IIEHHSAM, MOJIB3YACH OOBIUHBIMH METOAAMH TEOPHH MOMLEII-
poBatuga i 1o o0us.

OOpluo HEeYyCTAHOBHBLIHECST JIBHMKCHHS BBLI3LIBAKOT H3-

MEHECHHA B CYHIeCTBYIOIIEM pexHMe H HOBOC CTALHOIAP-
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lloe cocTosiiie, UTo H onHcuBaeres ypasueniem (131). I'lo-
ITOMY IIpHMEM 3a OCHOBHDBIE 3JICMCHTLI XapaKTCpPpHCTHKH
YCTAHOBHUBLIErOCH pexHMa H nocrapaemMcss M3aMeHelms, Bli-
3bIBA@MbIe BO3MVIICHHAMH, BBIpA3HTL Mepe3 3TH OCHOBIILIC

9/1EMEHTHI,
Dyiem cuutatTh, UTO OCHOBHLIMH  XapPAaKTEePHCTHKAMII

CTANMONAPHOrO 1OTOKa ABAAIOTCH ero gauira L, nandodn-
iwee usMenenne nanopa Hy, cpeansis Mmomnocrs ' n Koadh-

QuimenT GUALTpALNH &,
Beejem otHocuTeauuble Beanunuwsl: h=hiH, X=x/l.

Toraa Qopmyaa (131) npumer pni:
T y 2 ' 12 2
H, oi  TkHy d°h 0 = oL? oh __ & gl (132)

— = - L 1A — -

ot S  Ox2 5 BT 0T Opt | ATH:

OoOpartus BHHUMANNE 1[4 TO, 4To napamMerp OLZ/kT nmeer
PA3MEPHOCTL BpeMelH, 1a30BeM ero spemeHes craduam3a-
i 1 o00311aunM yepes T.

t=0L2/kT. (133)

Huxe Ovier nokasaita 60JaLinas posb 3TOro KpHTEpIs
L AHAJHM3e 1eYCTANOBHBLICTOCH ABHIKENHs,

Beojast ortocnieabioe spems {=I(/t B popmyay (131),
HMeeM:

aft . ql?

m—
—— = = m

e e (134)
0l ax? kit
OtmeruM, uto seanuniia gL=Q, BLipaxaer cymmaphoe
NUTAHHE TNOTOKA TIPYHTOBLIX BOJ Ha Bcell c¢ro AJanue, To
ecThL Beanunira Qo o3znauaer cyMMapiublil  NPUTOK  BOJLbI
(vam ucnapenue) ¢ nosepxiocty nousnl. HMunaue rosops,
Qy XapaKkTepH3veT Ro3JeilCTBHE IIOUBLI HA TPYHTOBLIE BOIbI.
Beanunna RTH/L=Q, xota u npudJIHKENHIO, HO BbI-
paxkaer noji3emMubiil oTToK. Torja MoOXHO CHUHTATh, YTO OT-
nomexne n=Qu/Q. xapakTepuayer B3aHMOJAEHCTBHE nNHTa-
IHA TIOTOKA TPVHTOBKIX BOJA CO CTOPONLI NOYBBI H CHOCOO-
HOCTH 3TOr0 NOTOKA OTBECTH M[NOCTVHAIoUHE B HEro ¢
NOBEPXHOCTH 3eMJH BoAH. B cnvuae ucnapenus 3To oTHoue-
Hie OyAer XapakTepHusoBaThb CNOCOOHOCTH FPVHTOBOTO HO-
TOKa HCNapsTbh BOJLY.
B pesyaptate ppeaeHns OespaszmepublX BeaHuHil (pop-
myaa (131) mpumer Bun:
= (135)
di ai?

rite Xx=x/L, h=h/H,, t=t/x, t=08L2%/RT, n= Qo/Qe.
80
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Tak xag spaveune n=const, 1o MoKHO npuisTL ¥ =
=/1—nt;, Npn ITOM

oh*  dh  &*h* _ d%h
0i ol o5 o
Torpa ypasuenne (135) npusmer Bua:
OhE[OL = *h*[0x°. (136)

Beelem nopoe nepemcuiioe, alajoruyioe BpemMent ctadu-
JH3AUHH A4 BCEro noroka T, HO OTHECEeHHoe K KOOpJAHHA-
Te X, TO €CTh K PacCTOSINHIO OT HCTOUHHKA BO3MYILULEHHA:
= ﬁ..fﬂj{k T.

Toraa oTHocHTeNbIIOE BPEMs, TO CCTh OTHOHIEHHE Bpe-
MEHI KO BpeMeHnd ctabuans3alnn B Janioit Touke, OyIer:

B=1[t.=1/x2 (137)
Broas sasncnmoctn (137) B gopyyay (136), noavuaem:
gh*  oh* | 0*h*® 42 d*h* | Gi oh*
ﬂf ‘ r;ﬁ fi ? (Fxe F’ dﬁi ! i f;ﬁ .
I :
ah (1_{}!3) 432 d“h"
0p af?
DTO JlAeT NpaBo HanMcarh
#  1—6
C =120 —f(p), (138)
u’ 1p?

rie w” n w'—ntopas M nepsas npoussojansie h* nmo fi.
BBoasn oOosHaueHue o' =p, umeem:

L —(‘ NREL T B, [ oL e (e 139
e =T peggvn) 40
Bropnuno uuTerpHpysH, noayuaem:
Cy exp [j-—-ﬁ\l dp
u=h*= [ — + Co. (140)
Brp
Haiinem uvacruoe pewenne npn €)= 2:[ -7 Ca=0:
\p[ﬁ I ) ¢
s — T — ) A
hq::CIf 4B dﬁ—- Byt JE cdp.— f:’.:" =~
O B f
1
“—l‘_ﬂrf '_:.)
7/3

6 Jaxaz Ne 4267 81



; I . ST R g &
}._'-- —— 1 {”l — - _ Ht#,, Cr'l & — J ¢! {!IL
1p 27 1 ST

[pminsas 0 }’l.{}l'['ll:liiil}l, yro fi=hflls, P=1l/a"—
=1kT/0x*, noayuaex:
| —erf | —= 6 ”,
A 2y ‘ kel

f’i'.=H-.]
10 ecTh H3BecTHoe wacTioe peuienue ypasuenns (135) upu
=0 (oTCVTCTBHE WIOLLAAHOIO IHTANHSI), HeorpalnHueHHOI
JJIHHE MOTOKa, HauadbHOM ycaosun (=0, i(x, 0) =0u Kpac-
som yeaosuu (>0, 1t (0, 1) = H,.

Takum o6pasom, yacTtHoe peluexnue ypasuenus (130)
HPHBOJAHT K TOMY, YTO H3MelleHHs HAnopd, BbI3Baulible BO3-
MYILEHHSMH 1IPH HeyCTAHOBHBIIEMCs JIBHKEHHH I, BLIpA-
JKAIOTCH Kak lpousse/leHne Hanopa, COOTBETCTBYIOULErO
cranonapioMmy cocrostinio /1y, Ha K03(QHIHEHT, 3aBHCI-
HLMIT TOABLKO OT OTHOCHTEJILHOro BpeMeHH f, TO eCTb OT OT-
mowenns f= {/tx.

VyuTLIBasi H3J0XKeNIoe, MOKHO CAeNaTh HeKOTopLie 00-
IHe BLIBOJLI OTIOCHTEJBHO XapaKTepa Teuciis npounecca,
onuckiBaemoro ypasuenusmu (135) u (136).

Vpasuenne (133) orpamact nimelieHHss B NOBEPXHOCTH
HOTOKOB TPYHTOBBIX BOA (JLOCTATOMHO MOLUHBIX, Y KOTOPBIX
KoJebatiis MOBEePXHOCTH MAJIbI 10 CPABHEHHIO ¢ HX MOULHO-
CThiO), Bbi3biBaeMble H3MEHCHHSIMH B YCJOBHSIX HX (opMu-
poBalius.

[TockoabKYy B CYUIECTBYIOULHIT CTALHOHAPHBIH PEAKHM
BHOCATCST M B HEM NOAMAEPKHBAIOTCH H3MEHEHHS, TO HOBLIM
CO3MABIUIHMCST YCJOBHAM OV/IeT COOTBeTCTBOBAThH HOBBIH pe-
KHM, CTpeMfHHCA K HOBOMY VCTaHOBHBIIEMYCA CO-
CTOSAHHIO.

Takum o6paszoM, ypasueuuwe (135) onuceiBaet nepe-
X014 OT OAHOro (MCXoAHOro) pexHuMa K JApyromy (HOBoMY),
CO3AAINIOMY HOBLIMH YCJIOBMAMH (DOPDMHPOBANHA.

3a OCHOBHBIE XapakTeplble 3JICMeHThbl MOTOKa IEeJNeco-
o6pa3HO NPHHHMATL 3JCMEHTHI Oyayllero CTanHoOHapHOro
pexnma. B mepeXoinblii MepHO/l 3JeMEeHThl MOTOKa Ha-
IO XapakTepHsosBaTth Kak A0Ji0 OT HX HPCAC/BbHBLIX 3Ha-
HeHHH,

Aunanus ypasuenust (135) nokasniBaer, uTo npouecc ne-
pexojia OT OJHOrO PeKHMa TFPYHTOBHIX BOI K APyromMy B
CBSIZN ¢ H3MEHCHHAMH VCIOBHIT (JOpMHPOBALHS IPYHTOBLIX
BOJI HOCHT 3aTyxalouHii Xapakrep.
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Ouira obuas xapakTepHCTHKA HEYCTANORHBIICTOCS J1BH-
KEHHs TPYHTOBLIX BOJ — BpeMsa craGuausanun to=~0L2/kT
A5 MOTOKOB KoHeuHoil MinHel L u 1.=0x2/kT nas notoxkon
BE€CbMA MPOTAKEHHBIX, MPHUYEM X — PACCTOSIHHE OT HCTOU-
HHKa BO3MVIlenns. BpeMmsi cTaGHan3amin nokassiBaer 1o-
AATAHBOCThL NMOTOKA TPYHTOBBIX BOJ Ha Bo3jaeificTBus. Ecau
3TO BpeMsi OUeHb BEJAHKO, TO MOTOK MHEPTEH, NJI0X0 ynpas-
aseM. Ecan Bpemsa craGuansaunn majno, To nNoTOKY MOXKHO
OLICTPO COOOULITEL HYIKIBIT PEXKHM.

Hpyras obuag XapakTepuecTHKa MOTOKOB  TFPYHTOBLIX
BOJ — OTHOILCHHE PACX01a, NMHTAIOUIEro NOTOK MO ero JJH-
He, Qo K pacxoiay, KOTOpLl MOTOK MOMKET OTBOAHTL MPH
cranuonapiom pexume, Q.. dto orHomenne n=0Q./Q, xa-
PAKTEPHU3VET BIANMOACHCTBHE I0TOKA TPVHTOBBIX BOJ €
nosepxnoctHeiMM. [Ipn =0 noTok rpyHTOBLIX BOA pacno-
JOJKEN Taxk rJaybokKo, UTO TeCcHOr0 B3aHMOMEHCTBHS HeT
(910 B3anmoneciicTBiHe ecTh Beerfia, xoTs OB B dopme re-
PEABHTAIOULHXCS MAPOB BOJLI, HO NPH MIYOOKHX TPYHTOBLIX
BOJIaX 9Ta CBI3h 3HAUUTENLHO ocaabesaer). [Tpu n<0 v6H-
BAIOT 3anachl rPYHTOBLIX BOMA B Pe3yJabTaTe NepeABHIKEHsA
HX NOM AEACTBHEM NOBENXHOCTHBIX CHJA B GoJiee CyXHe ¢JaoH
nousbl w wenapennd. Ilpw n>0 npoucxoaur nuranue mno-
TOKa 1no ero ajaune (nuduastpanns atMochepHbIx 0Cankon,
nMpocauuBanue NpH NOJUBaAX H Ap.).

U3 dopmyast (136) Buano. 4To ecam pacxox mo AJHHeE
notToka we usmengercst (2Afdx®=0, nwo ™MoxkeT O6BITHL
of/d¥=C), 10

h* ih =
.= — —n=0, A=ni.
il of L "

TO eCTh NPOHCXOJHT JHHEHHBI NOALeM WIH  onyckaie
VPOBIHS TPVITOBLIX BOJ.

M3 gopmyast (135) BHAWO, 4TO nHTanHe noToKa 10
AJHIE XOTS H YBEJAHUHBACT CKOPOCTh NOJABEMA YPOBIS rPYH-
TOBLIX BO/L, HO e VCKOPSIET OKOHUAllHS TIpolecca B 1eJoM,
TAK KaK CTALHOHAPHBIN DEXHUM 1PH COCPEAOTOYECHIIOM |
NJIoWannoM nuranun OVAeT AOCTHIHYT 3a BPEMs, pPapHOe
BpeMeHH cTaOMIM3alHH, He 3aBHCSILICe OT cnocodGa n cre-
nery nNHTAaHu,

B nauGosiee paxuplX LA OPaKTHKH CAVYAAX ONpellede-
HHE HAMOPOB W PACXOJAOB B (QHKCHPOBANNLIX CEYeHHSIX CRO-
ANTCST K MDPOCTOMY HEDeMHOACHIIO COOTRETCTBYIOUIHX RBe-
anuup Iy w Qy na gyukunn oanoro nepemennoro Bo (Hpw
COCPENIOTOHEHHON THTAHUM) H ABYX nepemennnix fo n n
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(npH maowagHoM TnHTanAu). ITO MNO3BOJSET COCTABHTH
TaGJAHIb (DYHKLLHI, YVIIDOCTHB pacyerhl.

Haiitem veaoBis nofoOust HeyCTAHOBHBIIHXCH NMOTOKOB
rPYHTOBLIX BOA. BocnoJniyemcst ¢ 370l Leablo TeopHell 1no-
A00HS ¥ MOIeJTHPOBA HHA.

M3 vpapneums (131) suamo, uto 8 HCCaeAyeMOM 1poO-
ecce oblLee THCI0 72 CAMOCTOSITENBHO BXOAAUIHX pa3mep-
HLIX Beanuny pasuo wecrn (h, ¢, x, /8, k/6, T), uncano nep-
BHUIBIX CHAMIHIL MWiMepennit R=2 (cyr, M), 4HCIO rpynm
ofnopoannix sesansuir [=4. Toria mo m-teopeme OGeapas-
MepHasi (opma ypaBHeluss JLOJIKIa COACPKATL n—R 6es-
pasyepubix seamumt. B ypasuenmn (136) nveem n—k=
=6—2=4, Despasvepiisie BEIHUHIIL: f1, 0, 1, ¥.

CaeloBaTeanllo.  MMEEM ueThipe KpHTepHa nolohus
(A, m, I, ¥), u3 KoropbIX Tpu onpeaeasiomux (n, £, ).

[To obpartHOoil tTeopeMe Aast NOAOOHST (PH3HUECKHX NPO-
1eCCoB MeoOX0AMMO H jlocTtatouno, yroOul oHH ObINM Kave-
CTBEITHO OJIMHAKOBLUMH, 4 UX OJHOMMEHHBIE onpefeasioune
KPUTEPHH TIOA0OHS HMEJIH OAMHAKOBVIO Beanunny. [las
paccMaTpHBaeMbIX NOTOKOB 3TO ©3Hauaer: X=idem (reo-
MeTpHucckoe nojlofue), = Po=idem (Annamuueckoe noao-
oue), n=idem (noro6Gne hpopmupoBaHs).

CaenoBaTeqbH0, HEYCTAHOBHBLUIHECS 110TOKH TPYHTOBBIX
BOJL NOA00HDBI, €CJI OHM reOMeTPHUECKH MoL0ONLI, coXpalis-
0T paBelCTBO oTHOCHTE bHOTO BpeMeln fo u KO3(p(dHHen-
Ta (GOPMHPOBAHHA 1).

OcHOBHOE VCJIOBHE NPABIILHOCTH MOJSIHPOBAHUS 1€~
VCTAHOBHUBIIHXCH TeyeHHil rPyHTOBBIX BO1 paccMaTpHBae-
MOro THIA — COXpaleHHe KpHuTepHesB 1noa00Hsl, KOTOpLIe
npiBeleHsl BHILIE,

Paccmorpuy Goree 110ApoOHO BO3MOMKIbIE VCJIOBHS MO-
neauposanns. IIver, @ — awmeiinsiii  Macwtad, b — mac-
mtad speMend. Torla npu 8,=0x

Yn=0%yx, Luy=aly, Xy= S - = X}
L al

hu=ﬂhm {Hn):rTﬂ (Hﬂ}m = il — uf.-“ :ﬁul

{}'.lrg:'“ H{IL’!]H
L=t y Tp= L — ﬁﬂ?l‘“ =P N~ "
T M i BT, Ir:f‘i':-]fe-.,ui"... My (Bﬂ)u {ﬁn)m

i ” L] 2
i o B (alb)gua’ly ——

{f.’r-luffnrn ‘1'(-H| ].‘»I (,”f'llf;}"“—}mur.“

rae HuacKen i H M 0HauawT nHartypy o Mojedb.
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Taxkum obGpasom, npu ABYX pasanuHbLIX Mmacmradax (Jiu-
HeilloM @ W BpeMenn ) noldoOHe COXpaHgeTCs npH Moje-
aupoBanun Koshdrnmenra Ppuaprpanun Ry= (a/b)ky, wnu-
TEHCHBHOCTH nMTanng ¢u= (a/b)gyw n cBOGOAHON HOPO3HO-
ctH 8u=0xn. OOniuno npunumaior a==>0, Ru=~Rky, Gu=_qn.

MOo3KIO 1IOCTARHTB BOHPOC 0 MOJeAHPOBAHIH &, ¢, O.

OGoanaunm wmacmtabpl:  ropH3onTaapHell L uepes a,
epTHKaabHbI T, A uepes [, spemenn f uepes b, xoahou-
nuenra GpuapTpanHn K uepes ¢, HHTEHCHBHOCTH NHTAHHA §
yepes d 1 cOGOANOI NOPO3NOCTH O uepes e.

Vuureisasi, uro t=0L*/RT, nw=qL?*/HkT, a Takxe nmes
B BHAY, 4TO HUIMIALTPALHs MPOHCXOAHT BepTHKaabHo (§),
a JIBHZKeHUe I'PDYHTOBBIX BOJ B OCHOBHOM TIOPH30HTAaJBIO
(k), noayuaem: b=ea?/c[, |=da?/[c[, d=][b, c=a]D.

Pemenne ypapnenwii macmrafon aaer: e=1, a=/,
i=d.. t=aly,

Orciona caeiyer, 4To npH codd0JleHHl 10/100usa NoTOo-
KOB ¢ HH(PHJALTPAIHONILIM MHTAHHEM TOPO3HOCTL He MOJLe-
aupvercn (e=1), a BepTHKAILHBI 1 TOPH3ONTAJLHBIIN Mac-
mrabbi AOMKILI IPHHHUMATLCS paBubiMu a=[. Benejncrsue
9T0r0 KO3 HIHeHT (GHUIbBTPAIMH HMeeT TOT Ke Macuirao,
YTO M HHTEHCHBHOCTH HHpuavrpauun (c=d). M3 csaan
¢c=a/b moryr ObITL NPOH3BOJALIO BBIOpAaHLI ABa Macurada.
Tak kax JIHTEJBHOCTb Ja0OPATOPHLIX ONLITOB HE HIpaer
CTOML OOJLLION pOaH, a BHOOPLI MaciuTadoB JHHEHHOrO
n Koapduunenra GUABTpaUHH ¢ OOBIMHO OTPAHHYEHDLI, TO
AJs maciurada BpeMeHnH MOXKHO HalHcaThb

b=alc. (141)

[TosyuenHblii pe3yyabTaT BaxeH TeM, UTO MO3BOJSIET MO-
ACJHPOBATL HEYCTANIOBHBINHECS HOTOKH IPYHTOBLIX BOM, H3-
MelssT TPpyHThl (B 1pejlesaXx HeH3MeHHOCTH e=1),

Kpovme TOTO, 3aBHCHMOCTL (l41) pacmmpser BO3IMOK-
HOCTb HCIOJAB30BAHMST JA00PATOPHLIX HCHBITAHHIIL.

Mg HeyCTallOBHBUIMXCS TMOTOKOB € COCPEAOTOUEHHDIM
BosjleiicTrueM Oc¢3 nuranus MxX o uyrn (n=0) BO3MOK-
HOCTH MOJI@JAHPOBAHHS HECKOJLKO PACHIHPSIOTCS,

Coxpausism Macmtaodst a, b, ¢, e, | (d=0) u moapaysch
cooTHomeHua M ea?/cf=b, c=alb, noayuaem, Kpome 3aBH-
cumoctn (141), yeaosuwe ea=/[. 1o MOKHO 3anucartbh B
BHJLC

h=[flec, a=]]e. (142)
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Sasucumocrn (142) nozsoasior, noadupan rpyur (e, c),
MPHMEHATh HCKAKeHHHH MacuTao (as=f), ne unapyiuas
no/IoO6HST HOTOKOB, H PAaCUIHPATL BOIMOZKIIOCTH NeEpeloca B
HATYPY pe3yabTaToB MOJEJTHDOBAHHS,

NOTOKKM PYHTOBbLIX BOJ BOJLLLIOW [AJNIMHbBI
[BECCTOMHBLIE BACCEWHBI)

Hecmeayem AHHAMERY TOJ3EMHOT0  OTTOKA H YpoBHei
FPYHTOBBIX BOJA JUISt JVIMHIILIX MOTOKOB [PH OTCYTCTBHH
apenazka n pacxofopamnn QUALTPALNONNLIX I0TEPL 11a 110-
noJiieHe 3anacon rpyitosnsix Bojd. Mexoanbiv GyAer ypas-
nenme (135), nas peweHust KOTOPOro HYMKIO YCTAHOBHTD
HayaJabiibie W rpaHuunne yCJOBHS.

PaccmoTpum u3Menenue Hamopa rpyHTOBbIX BOJA B CTBO-
pe Kanagaa, He YUHTbIBasg KPaTKoBpeMeHHbIT NepHoj CMaiui-
BAIHs TPYHTA M CYNTas, yTo Oacceiill rPyHTOBBIX BOJ NpH-
XOAMT B JABHZKCHHE C MOMCHTA CONPHKOCHOBEHHST (DHIbTPA-
HHOHHBIX BOJA C KANHJAASPIIOH KaHMOH.

Tax kax omyckaloupiicss (PHJALTPALMOHHBIIT TOTOK HAa-
CLILILEH He MOJNOCTLIO # MEXKAYy YPOBHEM TPYHTOBLIX BOJ H
JHOM KanaJsla MMeercst 30Ha HernoJIHOro HachLIU(eHHdA, TO oue-
BHANO, YTO A5 NMOTOKA TPYHTOBRIX BOJ Hedb3sl NPHHHMATH
nanop. pasnbliit HANOpY BOABI B Kanaje. OTO PaBeHCTBO
BO3ZMOMKIIO TOJLKO NPH BLICOKOM HauyaaLHOM — TIOJTOXKKEHHH
rPVHTOBBIX BO.

[Tpu HU3KOM ypoBHe PPYHTOBBEIX BOX BO3pacTaHue Ha-
nopa B CeueHi NoJX kKaHaJoMm He OyileT MrHoBeHHbIM, H
MnoJoeHHe MoBepXHoCTi rPYHTOBLIX BOA Oy/AeT BJAHATL HA
GUALTPALUHONNEIT PACX0], YTO, B CBOIO OUEPe/b, BJIHSET HA
HaMeHenMe Hanopa, 3alaya MozKeT OHITHL CBeleHa K Onpe-
AeTeHHIO pexuMa rpynroBbIX BOA B CTOpPOHE OT Kanatjd,
ecAM 3a/aN0 WM M3MeneHHe namopa B cewennn x=0, uan
HaMenenne pacxoaa B atou ke cevennu. Ciaellyer OTMETHTD,
YTO OJHO VCJIOBHE ONpElessieT APYroe W I1POH3BOJIBLHLIH
poiGop wKax cwsian (1), Tak n Qo(f) wne moxer OHITL
cienar.

Cocpejorouentoe nuranue, GpuiapTpaumuss U3 OJHHOUHOrO
kanaaa, Ilpn puczanHoM yseanueHHd VPOBHA BOJBI B Ka-
ifajie npuMeM, YTO Cpelissi MOILHOCTHL OacceilHa TPYHTOBLIX
Bofl 0 Hawaaa GHALTPaMH M3 Kamana nocrostina.  Teo-
PETHYECKH MIHOBENNO, 4 NPAKTHYCCKH BechMa OmCTpo Ka-
Had 3aloJHAETCs BOLOM. 4To co3iaet nOJH3IH Hero nanop,
KOTOPHITT 1 (POPMHPYCT HOTOK rpynTOBLIX Box. Dylem cun-
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TaTh, UTO HAMAALIBIT YPOBEHDL TPYHTOBBLIX BOJL JIOCTATOUIIO
BLICOKII, 4TOOLI HAOp, ONPEACISIOULIICH OTMETKOI VPOR-
Hs BOJLI B KaHaJle, CPa3y Nepefladicss Ha HAYAILHOE Ceye-
HHE MOTOKa TPYHTOBLIX BO/ NOJ JAIOM KdHAJdd, TO ¢CTh Hpil-
HEMaeM cpasy TPEeTbio  CTaauio  (PUALTPALLHH — CTA/HIO
CIIOWINOrO TMOTOKA TPYHTOBBIX BOJ. Torfa B AadbHedlIcM
HAIOP B CTBOPC Kallaga MOJKET OBITL MPHHAT 1HOCTOSIHHDLIV
H PAaBIIbIM PA3HOCTH OTMETOK BOILI B Kalajge o ypoBusd
rPYHTOBLIX BOJA B CTBOpPE KaH&aJa JIO ero HanoJHenHsd, To
ecTb Myx—o=1H,.

[Ipu oTcyTCrBHH NHTAHHS MO JJIHHe [OTOKa ypaslie-
nue (135) npumumacetT BHA:

dhf0t = 0°h[OX?, (143)
h="nhlHs, X=x/L, t=lfx, 1=0L2/RT.

Hy:xuo pemutn ypasHenue (143) npu caeiyiounx rpa-
HHUHBIX H HAYAJBHLIX yCJaoBHsiX: & =0, h—D aast aoboro x;
(>0, h=1 pna x=0, npuueM BeJHYHUHA T H3IMeHACTCS B
npejesgax 0ssSx <<+ oo,

Penlenne aHaJJOrHYHONH 3aJavud H3BECTHO B TEOPHH Tel-
aonposoamnoctu (Jlvikos, 1952 u ap.). l'IpHMLuHTe:Imm K
PPYVHTOBLIM BOJaM 3TO pelieHHe HMeeT CJeAYIOUIHH BHL:

h=Hy(l—erf 2), (144)

rae 1 — NOBLULUCHHC MOBEPXHOCTH TPYHTOBHIX BOA Ha pACCTOSIHHH X
OT OcCH Kauaja vucpes Bpemsi [ oT Hayaza cro paGorel; 2=x/2a}{,
a=7YkT /8.

e

Pacxoa na duabrpammio B ceueiiu X=0 noayunm Kak
Q=—f€T{ﬁflfﬁI)x=n.

[axona mo gopmyae (144) snauenune dhfdx, umeem:

e Rrallig —— expl— == |-
ox akTi v 4kTE
[Toncranasag anauenue (dh/dx)y—op B BBIpaXKENHE A5
pacxojia, 1oJyuaeM:

Q—: ff{;-i"f.'rﬂTﬁ/ﬂf,

Pacxoj rpynrosoro noroka s obe cmpmrm OT KallaJa
_Hﬂ | k:‘ﬁ —-—. (145)
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Q0 beMm BOALI, OTBOAHMBIH FPYHTOBBLIM LHOTOKOM 3d Bpe-
Mst [ OT nauaaa padothl Kaxaaa, HaleM Kak
r 4 o
W= IQH'E'; — fff}]ﬂ.’i’fh]'ff . (1*’16)
U r
CKopocTh NOABLEMa YPOBIA IPYHTOBLIX BO/ MOKET ObITL
raiiena kaxk dh/dt ws spipaxenna (144). Jdnddepennnpo-
pamue jpaer

. f = £ BT .
Ho 2 1 CXp L-— E.. J lnp a= 1/ E"’L " {147_]
{ da?t l 0

=T 2ayt
MakcuMaapnas CKOpOCTh HOALEMA YPOBI IPYITOBLIX

BOJL 1OCJe Hecsefopanus Boipazmenus (147) coorsercTByer
PABEICTBY:

Y _3=0i= L OF  x=q/ Bkt (148)
2a’f O kT ' O
Omax= 0L 3./ 6 8/igggll 1 _ggg 92
sV & L oL Ve

rae Qn— pacxep, nogcuntannuiii no Qopmyde Momon aas  ceyenms,
naxoasmerocs #a paccrosmy L ot kanana; Wey=0L — obbem cno-
GOAHOH MOPO3UOCTH HA BCCM NPOTIRENHH OT Kanala 0 paccMarTpH-
BAaCMOro ceuennst (Ha CAHEELY BBICOTHI).

Gopuyant (148) noessoasiior onpeleyHTL BpeM#, KOraa
CKOPOCTL NMOJAbeMA TPYKTOBLIX BOJ B JaHnoM ceuenuu Oy-
aeT nanbodinueH,

C yuerom suipaxenns (148) naxoiaum, uto 3ToMy Bpe-
MeHn cootseterByer eri(}3/2) =0,9162,

CiaeroBaTeJbHO, B 3T0T MOMEHT [HOABEM T'PYHTOBLIX BOJL
cocrasasier toabko 8,38% or 3nauenus My, TO ecth Hau-
foaplias CKOPOCTH NMOABEMA JIOCTHIAETCHs BCKOpE nocJje Ha-
yaJsa; B jaJjJbHellueM Oha 11aj1acr.

Oupe/leqiiM CKOpOCT, pacnpoctpancins B rayon Mare-
DHKA HOXBECMa VpoBuS TpyHTOBLIX Bod. H3 dopmyant (144)
caeayver x=2ayt eri-'(1—nh/Hy), rae eri—!'— ynuxuns, oo6-
patHasa erf.

Torna aas moboro 3agaHHOro noAbema VpoBHsi TpyH-
TOBLIX BOA f1; MOKHO HANHCATD:

dxldi = a er-1[yt. (149)

Ho aas awboro x=L neicrBiurearHo papencrso Ji=
=L/2a cri-'. Tlopcrasass 3mavenue J¢ v popmyay (149),
HOJYHACM:
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et  2a°(er]—)?2

— T 9(erf-1)2. (150)
dr L oL

[oavsyscn dopmyaoiit (150), Moo onpeiacanTn CKo-
POCTL PAaCHpoOCTpalenns nojibeMa YpoBlsg rpylTOBLIX BO
gajtaniofl seanupns,  Hanpumep, anst noibema ypoBiis
IPYNTOBBIX BOA, cocrasasioniero 1% or nandoabliero, no-
ayuusm h/He=0,01; npn eriz=1—-h/H;=0.99, naxolium
z=ecri—'(0,99) =1,82. Torna dx/d{=2-1822.kT/8 L=
=6,6RT/ L.

Haiinem no  dopmyaam (148) u (150)  aas ceuenns,
PacnoJoXKenoro na paccrosHuun x=»L ot kauanma,

A g fORT 0T (151)
iV % s

Ecan cpannum zarucumocts (151) ¢ oOwiymnniM poipa-
AEHHEM CKOPOCTH TeueHHsi TpyHTOBbX Boa v=[1R/SL, 10
VBHAHM, 4TO KaXKVYWAACH CKOPOCTh Ukam pacCnpocTpaienus
MoJLeMa VPOBHSI TPYHTOBLIX BOA (OTHECEHHAsT K TOYKE) C
MAKCHMAJBHOH CKOPOCTBLIO nojLeMa B riayObh Martepuka mno
popmyae (151) anaunrensho Goaple (GakTHYECKOT CKO-
POCTH Ugparxr ABHAKEHHST BOLbI,

Mx otnoweHne Ugaw/Vgawe=3T/Hy Bcerpa umeer 3ua-
uenns nopsiaka Jaecstkon. leficTBHTENLHO, CpeAHAs MOIIL-
HOCTHL pyHTOBBLIX Boj T peiko ObiBaer meHee 10 M, a ua-
e gocruraer snavenus 50 M u 60Jibine, TOrga Kaxk oOLIUHO
Hg=3...5 M, 0OTYEro OTHOMICHHE Ugam/ Upanr> 10, 0 OOHIY-
Ho u nabmojpaercs.

Kax 6bl10 noxaszawo, B pacuetax HeyCTalOBHBIIEIOCS
peHMa vAoOIO NPHMEHsTL, BpeMsi cTabHIu3amm,

Hamomunm oGosnavenus: t=0L%*kT — Bpevsi cradnan-
3auMi moroka gaunoil L; fo={/T— oTHOCHTEALIIO® BpeMs
cTaOHJAH3alHH TIOTOKA TPYHTOBLIX BOX AduHON L; Tv=
=0x*/kT — BpeMs1 CTAOHJIHM3AUMK 11IOTOKA 1Ia PACCTOAHMH X
OT HCTOYHHKA BO30VKAeHHSN; f=[/Tx — OTHOCHTEJBLIOE Bpe-
Msl cTabnan3anum,

Beesem Tencpbh B npeiullyliHe  3aBHCHMOCTH  BpeMs
crabuau3aniu Tv H OTHOCHTEALIOe Bpemst f. [Toanem ypos-
Hsl TPYHTOBBIX BOJL MOZKHO 3aNHCaTh B BH/Le

h=H, (1—-9.-[{4_—‘)]:!{&{;-. (152)
2)p
Pacxoa noroka rpyvHTOBLIX BOA B 00e CTOPOHBI OT Kia-
HaM &
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Q= 2H kT ]__ -”rii =Q;-1 L =Q:L¢- (153)
¥ In ‘ { 1 pa

rae Qq — pacxoa, noacumtannnmii no omon aas amobGoro (MponasoJin-
HOre) paccTOAHHS X NPH nocTostiuoM nanope M.

O0beM BObI, OTBOAMMGLIN HOTOKOM TPVHTOBLIX pBoja 34
ppeMsa [ or mavanha paboTbl Kanaaa,

04
W=Q:—= =Wyd npn Wo=Qxl. (154)
[
CKOpOCTh HO/I'beMa VPOBHS FPYHTOBBLIX BOJL
) 1
U= ftf'u ‘l__ E'J{p (_,____l_ :{g;l_ E‘Kp (__J__ i) s
{ 2)pu 4f . 6L 2p1Pa 1
=0op NPH Vo= %_ (155)
YeanosHe MAaKCHMadabloil CKOPOCTH MoAbema;
B= - i npH tx=0x*/RT. (156)
Tae (3

3HaueHHe Umax HAXOAHTCA no dopmyae (155) npw
B=1/6 u p=0,925.

Kaxyuasaca ¢kopocTh pacnpocTpancius noagbeMa ypos-
H$l TPYHTOBLIX BOJl (OTHECEHHAasi K TOUKE) C MAKCHMAaJbHOI
CKOpPOCTLIO noAbema B ryiybb MarepHka (CKOpocTh pac-
npocTpanelHs Umax)

own=31/ 3 5=, (157)
{ 2 Tx

Crpykrypa noJgayyennblX (GOpmMyJa MO3BOJSIET NPHBECTH
jleMeNnThl NoToKa VIS HeyCTAaHOBHBIIErocs pexKHMa K 3Jje-
Melnram CTalHoHapHOro perkHMa NYTeM BBCACHHHA IpHBe-
AeHHBIX KO(hdhHIIHEHTOB ¢, P, O, p, KOTOpPble 3aBHCAT OT
OTHOCHTEJLHOrO BpeMelH Ty M MOryT OBITh BLIpaXKeHbl B
TabJAnuHON (hopme,

Bpraciium,  MOXKIO Jan JUIS YCJIOBHH paccMaTpUBaemMon
3a/lauy MPeACTaBJATh HeYyCTAHOBHBUIHICA Xapakrep JBH-
Kennsi KaK NnocaeloBateibiyio CepHio CTAIHOHAPHBIX JABH-
JKeHHit 1, B 4acTioCcTH, 31as [MOJIOXKCHHe YPOBHEH B KaKHX-
And0 ceyeHHsX, NpH HEeVCTAHOBHBIIEMCSI XapakTepe JBHIKC-
sl HOJICYHTBIBATL PACXO/l MexAy HHMH 1o gopmyaam
CTAIHOHAPHOTO PCAKIM.

Urodu BLISICHHTL 9T BOHPOCLI, PACCMOTPHM  BLIpaMKe-
e Pacxoja Mexmay ceueHusimp x=0 u x=L paa ycaoBuii
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saftaun. HanovmuauM, uto 34eCh paccMaTpHBAETCA 4aCTHHIN
CAVUAIL CPABHCII PACXONAA PN HEVCTAHOBHBUICMCS PeIII-
MC, BLIABAHHOM OBICTPHIM NOJLCMOM  VPOBHA  FPYHTOBBIX
BOJA B cedeHn v =0 (pexa, nBojoes, Kanaji), un pacxoia,
nogcunranitoro no Jliomon,  rakse st ITOro  ceuelns,
[Tpuuem yKJAOH  HOTOKA  FPYHTOBBIX  BOA  HPHUAT  KAK
I=Ah/x, rae Al — pasnoct yposneit g ceueHu x=0 u B
DaOMzKaiell CKBazxuie, Haxo/MIencs i paccTos M X,

Cunras pacxoj Mempy ceuennsamu x=0, i=Hy, n x. 0
nmo opmviae veranopupmerocs asuxenus (lionon), no-
ay4daem:

QH_;: k—z: (lﬁ)‘ru—h} :

[MojacraBasa snauctune it no gopmyae (152), noayuaem:

Ho—h=Herl —-1_—;, = HkT e Ly
0 r EmJ Qu= — {-21'15 .-

Ho no soipamennio (153) ¢axrHueckuit pacxojl npu
HECTAIHOHAPHOM peXKume

HokT 1

Qur. — x ]‘ﬁi '

CaesoBateanio, othnomente x=Q,;,/Qp nokasbipaer,
HACKOJALKO OTJHYaeTcs (PakTHYeCKHH pacxoj 1pH Heyera-
nopupueMcs pexume Qup OT pacxola, NOACUHTAHHONO 110
GopMmyJaaM yCTAHOBHBIIErOCS pexuma, (Qy, npH Tex Ke ca-
MBIX I'paHHuIbIX 3HAUEHHsIX YPOBHEN:

Qllp=HQ}'|u, K= : : y {IEIH]

B rtadaune 15 ganu npuselleribie KOQ@UUHENTDL! He-
YCTAHOBHBHIEIOCH [IOTOKA TPYHTOBBLIX BOA @, ¥, O, , % L1
hopmya (152)...(155), 158.

Ia ociopannu 1noJdyvyenHbix pe3yibTaToB MOKHO C/le-
Jarb CJAeAyioillHe BbIBOMLBI.

[Tpakrhueckn nabJojaeMas 3o0Ha BJAHSHHA  KaHand,
HJIM JIMHA pacTeKanusa (PuiabTpaluoHioro mnoTroka H3 Ka-
HaJa, YBEJHUHMBAETCS C TeuelleM BPEMEHH H MOXeT OblTh
onpejesaena no gopmyie (144), ecan s3azarbcsi TOUHOCTLIO
HaOJ/I0/IeHHIl 3a TOBEPXHOCTbLIO TPYHTOBBLIX BOI,
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15. 3navenna npuseacnumx  Koapduunenton ¢, |, 6. p, #

p=lity | = o o ¢ l 4
0 0 00 o 0 o
0,01 0 5,642 11,28 0 5,04
0,02 () 3,986 7,98 0,001 3,99
0,03 0 3,258 6,52 0,013 3,26
0,04 0,0004 2821 5,64 0,066 2,82
0,05 0,0015 2,620 5,04 0,170 2,52
0,06 0,0039 2,304 4,61 0,298 2,31
0,07 0,0075 2132 4,26 0,426 2,15
0,08 0,0128 1,995 41,00 0,515 2,02
0,09 00184 | 880 3,76 0,649 1,91
0,10 0,0253 1,784 3,57 0,732 1,83
0,12 00,0411 1,629 3,26 0,844 1,70
0,14 00,0587 1,007 3,01 0,901 1,60
0,16 0,0771 1,411 2,82 0,923 1,03
0,167 0,0832 1,382 2,76 0,925 1,51
0,18 0,0957 1,329 2,60 0,919 1,47
0,20 0,1139 1,261 2,562 0,903 1,42
0,25 0,1573 1,128 2,26 0,829 1,34
0,30 0,1966 1,030 2,06 0,746 1,28
0,35 0,2321 0,953 1,91 0,668 1,24
0,40 0,2633 0,891 1,78 0,597 1,21
0,45 0,2914 0841 1.68 0,536 1,19
(0,50 03174 00,797 1,50 0,483 1,17
0,60 0,3609 0,728 1,46 0,401 1,14
0,70 0,3977 0,675 1.35 0,338 1,12
0,80 00,4292 0,630 1,26 0,288 1,10
0,90 00,4561 0,594 1,19 0,253 1,09
1,00 0,4795 0,564 1,13 0,220 1,08
1,20 00,5185 0515 1,03 0,175 1,07
1,40 0,5502 0476 0,952 0,142 1,06
1,60 0,5761 0,446 0,892 0,119 1,05
1,80 0,5983 0,420 00,840 0,102 1,05
2,00 0,6170 0,398 0,796 0,088, 1,04
2,20 0,6336 0,380 0,760 0,077 1,04
2,40 0,6480 0,364 0,728 0,068 1,04
2,60 0,6609 0,350 0,700 0,061 1,03
2,80 0,6725 0,337 0,674 0,055 1,03
3,00 00,6831 0,326 (0,652 0,050 1,03
3,50 0,7054 0,301 0,602 0,040 1,02
4,00 0,7237 0,282 0,004 0,033 1,02
4,50 0,7389 0,266 0,532 0,028 1,02
0,00 00,7519 0,202 (0,504 0,024 1,02
6,00 00,7728 0,230 (0,460 0,018 1,01
7.00 0),7892 0213 0,426 0,015 1,01
8,00 0,8024 0,200 0,400 0,012 1,01
9,00 0,8136 0,188 0,376 0,010 1,01
10,00 0,8230 0,178 (0,356 0,009 1,01
12,00 0,8382 0.163 0,326 0,007 1,01
14,00 00,8500 0.151 0,302 0,006 1,01

02



Hpodosscenus

|1-=”"‘:I o ‘ < ‘ o ‘ b { yé
16,00 0,8597 0,141 0,282 0,005 1,01
18,00 0,8677 0,133 (), 266 0,004 1,00
20,00 0,8743 0,126 3959 0,003 1,00
25,00 0,8875 0113 0,226 0,002 1.00)
30,00 0,8973 0,103 (0,206 0,002 1,00
35,00 0.9048 0,095 (0,190 0,001 1,00
40,00 (0,8109 (.089 0178 0,001 1,00
45,00 09159 (.084 0,168 (0,001 1.00
50,00 (,89203 0,080 U, 160 0,001 1,00
60,00 00,9272 0,073 (1,146 0,001 1,00
70,00 (),9326 (1,068 (0,136 0.001 1,00
80,00 0,9370 0,063 0,126 0 1,00
90,00 0,0406 0,059 0,118 0 1,00
100,00 0,94306 0.056 0,112 0 1,00

[loanem ypoBlst rPyHTOBLIX BOJA ¢ MAKCHMAJILIIOH CKO-
POCTBID HA PA3JIMUHbLIX PACCTOSIHMSX OT Kahajda 1pPOHCXO-
AMT HEOAHOBPEMEHIO: yeM AaJjblle 0T KdHaJd, TeM MAKCH-
MYM CKOPOCTH HapacraHusg Hacrtynaer mnosfuHee (IipH
f=1/6).

KaxKyuiascs CKOpPOCTL pacnpocTpaHeniss BO3SMYIULCIHHS B
ray0bL MaTepHka (MaBoJOK Ha peke, IYCK Kamaja B JeHCT-
BHE, OTKPLITHE ILIO3a H T. A.) MOKeT OblTh  OmHOOUHO
IPHHSITA 32 CKOPOCTb ABMIKEHHS rpyHTOBLIX BOJ. CKOPOCTDL
pacnpocrpaHenust noAbeMa YpoBHs T'PYITOBLIX BOJX TeM
6oaklIe, YeM MCHBIIE CaM HOLBEM, YTO BHIHO M3 (POpMYJIb
(150). Ecau cunrare, uT0 (GHKCHPYIOTCS MOMENTLI HaHOObL-
IHX CKOPOCTeH nojbemMa YpOBHS I'PYHTOBLIX BOJ, TO MOXK-
HO OIEHHTL CKOPOCTL INPOJABHIKCHHI 3THX MAKCHMYMOB B
riay0b marvepunka. Beamuuia ee Agas oOLIMHBIX VCIOBHI B
AeCiATKH pa3  Oodbllle  HCTHHHOMN  CKOPOCTH  JABHZKEHs
TPYHITOBLIX BOJ, UTO CJedyer M3 Bouipazenuil (151) wu (157).

PuaprpaHOHHLIT pacXod K3 Kalanad, BblpazKacMblil
Gopmyaoit (145), nponopuHoHagen KO3(PpQHIHCHTY (DHILT-
paupu B creneun 1/2, D710 06CTOSITEALCTBO HA0MI0LAM0CH
B IPAKTHKe H panbllie, MO3TOMY NPEATAralcs ero 3MIHpH-
qyeckuilt yuer (Hanpumep, 3aveHa B (opmyie Mopuna ko-
spduupenta (GUAbLTpANHH 0COOBIM KO3(D(HIHEHTOM, KOTO-
Pblil H3MEHSETCH 3HAYHTEABHO MeJICHIee, HeM KOoa@(HIiu-
et (puaAbTpaln A pasanuHuix rpyntoB). Oanako Teope-
THYECKOTO OOBLICHERIHS 3TOMY  00CTOATENLCTBY 1e ObLIO
JLaHo.
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Koanuectso omoinMoH FPYHTOBBIM TOTOKOM BOJbLL 34
BPpCMsT 01T HduaJd pi]ﬁﬂ'l‘hl Kallasnd  nponopuioHaisioe .
D1o umeer 0oJiblloe HPAKTHUECKOE  3HAVCHHE, TAK KK
OObLIUIIbIC METO/LBl pacuera TOTCPL e YYITHIBAIOT HPOLO.I-
KUTENbHOCTH Padorbl Kauada (3d HCKJAOUEHHeM pacyerd
MEJIKOH CeTH, LIt KOTOPOH TAKHE LPeJoKeIHs CYILeCTBY-
0T, HO HMEIOT IMupHYecKHil xapaxkrep). Korja ne yuwnrbi-
BAKOT Bpema padorbl KalaJid, TO 3HAUHTRIBHO IpPEyBeJH-
YHBAKOTCSI CyMMapible NOTEpH, a CAclOBATEALIIO, 34BbIlIA-
ercs BOAO3A0OP M YXVAWIACTCS MEIHOPATHBHOE COCTOSHHE
3eMedlb,

[loxasaTedem cpaBuciis, NPOBEACHHOIO S YCJIOBHII
paccMOTpEHHOil 3adauM, siBJageTcs OTHOICHHE %= Qup/Qyp.
M3 rabaunb 15 Builo, 4ro (pAKTHYECKHIT Pacxoj) NpH He-
YCTAIOBHBIIEMCSI PEKHME HPH NOJULEME YPOBIST FPYHTOBLIX
BOJ Becerja 00Jible (paKTHUCCKOro pacxoja Bojbl NpH ¢Ta-
IHOHAPHOM pEeIKHME, TO C€CTb % Bcerjga OoJbuie  eJ-
HULLBL.

Koagduuuelt nepexofa H3MEHSICTCH B 34BHCHMOCTH OT
OTHOCHTeIbHOro BpeMeHH P ={/ty. Tax, npu p<0,1 »> 1,83,
npu 0,1<p<0,8 #=1,1..1,83 n npn >08, 1<x<1,1. Or-
CIO[a CJEAYeT, 4To HHorfAa BO3MOKHO HOJCYHTBLIBATL pac-
XOJl HEYCTAHOBHBIIEFOCS MOTOKA rPyHTOBLIX BOJA 110 0OLIY-
ot popmyae Hiomou. llpu 3ToM omndka OyAeT TeM Mellb-
e, yem OoJblIe 3HayeHHe [3, TO €CTh 4HeM IOTOK JAoJiplie
CYULECTBYET H YeM Ol Kopoue (uem melblie Ty), Leaw ye-
nopue B>0,8 He cob104eH0, TO CJACAYCT HOACUNTAHNBHI 110
(jopmMy.aM YCTAHOBUBLUEIOCS JBHAKCHHSI PACX0O] YBeHUuH-
BaThb Ha Koa(ppuuuent x> 1,1.

Taxum obpasom, npu pasmMemieHiuy CKBAMKHIL JIJIsL Xd-
PAKTEPHCTHKH TOTOKA TPYHTOBLIX BOA B €CTECTBEHHLIX YC-
JOBUSIX pacyerHbic CCUCHHs A0KILI pacnogaaraThcs Boa-

MOZKHO Yallle.
lIpu usmeneru nanopa ¢ cewenutt x =0 no nNPpousso.LL-

HoMy sakony h==q¢(l) saganueiii 3akon OyAeT ONPCACTATD
Il pacxoj, OTBOJHMBII TPYHTOBBIM IIOTOKOM, H HO/ABLEM
YPOBHSI TPYHTOBBIX BOJ B CTOpPOHE OT Kanaaa., Caejosa-
TEJIbHO, YCJAOBHA 3aflaun Oyayrt: (=0, i=0 pas moboro x;
(>0, O<h<Hy, he—o=q(1).

Tak nocramnmemunast 3afaua umecer pewenne (Jleiben-
30H, 1934, u ap.):

f
h=-"_ fq[ri)uh;i}l ‘ (f—n)-32dy.  (159)
2a)a 0 ta? {I—l|
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IDTOMY pewening npujaalor TAaKKe HHOH BHA:

2 = x* X
h= — .(f— —— u'z npH 2= —=—. 160
¥a "‘ ¢ -Iu'fx"] % Qafi—n (160)
ﬂgfr

Tax, nast npeasiayuein 3afgauu fiy—o=Hy=const. Ilo-
3TOMY GopMyay (152) MOKHO 3anHCATH B BHjLe

h= i
¥

'2

Hue = dz= Ho(l —erf 2),

-d | %=

it

YTO COBNAJAACT C paHee NpUBejleHHBIM BbipaxeHuem (144).

Takum obdpasom, dopmyaa (159) maer B obuieMm BHIC
pelieHe 3aJa4yd 0 TNOJOKEHHH TMOBEPXHOCTH  TPYHTOBLIX
BOJ B JIOOLIC MOMCHTBI BpemenH, ecJH H3BecTHa 3aKOHO-
MEpPHOCTL H3MeHeNHs uamopa B ceueHHn x=0.

Ypaguenne Teopun Temionposoanoctu (159) 6wvino npu-
MEHEeHO JLIsi YCJA0BHA noTtoka rpyHToBbiX Boa I'. H. Kawmen-
ckum (1943), &. Qopxreiivepom (1935) u ap.

OaHaxko aHaJdHTHYECKOe pellenHe, 3auMCTBOBANHOe YKa-
3aHHBIMM aBTOpaMH M3 palboT MO TENJONPOBOJHOCTH, MNpH-
BOAUTCS TOJALKO B €JIHHCTBEHHOM BapHaHnTe, COOTBETCTBYIO-
HleM H3MEHeHHI0 fy—o= () no cunycoune:

he—o=Hy sin —"‘if— (161)

HpH HayaabHoM yeaosnn y—e=0 (T — AanHa 110gyBOJHB
CHITVCOMLLI) .
®. dopxreiiMep NOJYUHIT 3ABHCHMOCTL BHJLA:

P s - £ I!' '

— T el ;_.-" x| 3 _::[—_- ——— ‘ '_‘Jr Jr 'H‘J
h= Hoexp ( X ] EITT) sin ( T X7, E&E'E'T)' (162)

[To pewennio @®. @DopxreiiMepa cruever cAeaaTb pai
saMcyanuit. B 3amaue npeanoaararorcs HecKOHCUHO [1POL0.I-
KAloHecsr rapMonHucckue Koaebanng. K rakum mpoiec-
caM OTIHOCATCH KOJeDAIHsT TeMieparyp € roAHUIBIM I[[HK-
JOM, HEeKOTOpDLIe NepHOALI KoJebanust JHEeBIBIX W HOUHDLIX
reMueparyp u 1. 1. P. Dopxreiimep cBoe perrense npe-
DO WIS vueTa pacnpoctpanciinsg kKoJaedariss YpoBHeil
BOJALI B LAILHHICKIX DEKAX, UMEIOIIHX eeANCBILe TIepio-

A
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IHYeCKHe KoJefarlHsi pacxojoB, BBI3BANILIC ANEBHbLIM Tas-
HHeM J1eJHHKOB.

o sapucumocTs (162) me cooTBETCTBYET HAUANLIIOMY
veaosmio (=0, =0, Ecau s supaxkenne (162) noacrasurs
anauenue (=10, TO NOAVYHM, UTO HOBEPXHOCTL I'PYHTOBBIX
BOJ npeAcTaBiferT He IJI0CKVIO, a HEKOTOPYIO BOAHOOOpa3-
HYIO TMOBEPXHOCTb, KOTOpPAast eCTh pPe3v.anbTar npellecrBo-
BABIIEro rapMoHHUYCCKOIo KoJedalms,

[Iprunia nonyuusluerocs pesyanprata sicira M3 GoJjec
obULero perens:

I 2 ‘ (z—x)2 [Z4=£)"
he= — 2) { e = = TEA
! 2afat nrf( ) t\[l[ dat ‘! S ]V da*t 1 } o
‘2 8] i IE A —2F
E Tl T e
Qayt

coorBerTcTBYIOMEero  veqopusam: (=0, hA=[(x); x=0,
h=qg(t).

@, Dopxreivep u I'. 1. KaMeHCKHIT NpHHAJAH B nepsom
yaene Bupazendss (163) h=f(x)=0, a y Broporo uH-
Terpaja ATd YIpOUICHHsST B3AJIH HHIKHHIT Ipejen paBHbIM

lyaio BMecto x/2ajf, uto AeHCTBHTEALHO JHIIbL /5 OUEHbL
boasmoro Bpevenu naduaofenns, Pemenue @, Qopxreiive-
pa. npejaveMmarpuBaionice GecKOHEYHO JLIHTEILHOE TapMo-
ItHYecKoe koJiefamnue, 11e MOXKET ObIThL HNPHJAOKEeHO K pac-
CMOTpENHIO TIPOXOKIACHHSI OJAHHOYIIONO MNaBoAka B pekce
HAH K M3VYEHHI0 JHHAMHKH NOIA3EMHOro 0TTOKa H3 TM0CTO-
SIHHO JIEHCTBYILHX KaHa/l0B,

PaccmoTpuy caydail papHoMepHoOro JHHEHHOro Bo3pa-
cramust nammopa B cevennn Xx=0 or =0 npu (=0 no
h=H, (vpoBem, BOiAbl B KaHane) npn I=/y:

Nax—a=Hol/to. (164)

[Toansysics hopuyvaoit  (163), noayuaem (Tak Kax
h=0 npu {=0):

2 =™ x2 =3 =

= | — — e 2] 165

"= _‘.{__[F( or|® ? -
2yl

[To dopmyie 164) wmmeem (i) =Hollly. Tloacrasass
spnavere ¢ (£) 8 ypasuenue (165), noayqaem;
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2 B
(1428 =2 ¢ J (166)
kn

rae f[o— BpeMsd, 3a KOTOpoe yposeiub B ceuenun x=0 paBHOMepHO Moj-
HHMaeTcs 0T 3nauckHa h=0 npu (=0 20 hA=Hy; npu t=l,.

O6o3nayas BbipakeHHue, crosmee B ckoOkax, uepes
h(z), nmeem:

H !

h = " h(z) nau h—hT_nhIa;-), (167)

Popmyna (167) nozpoaser onpeledHTh NOABHEM TpPYH-
TOBLIX BOJ B CTOPOHE OT KahaJa npH NOCTeneHioM H pas-
HOMEPHOM VYBEJHUYEHUH VpoBHS BOALI B KaHame.

B rabaune 16 npusejiennt snaueHus (gyuxuun fi(z),
BRIUHCTENNLIe 110 opmydae (166), no koropbiM noctpoen
rpapux (puc. 20). Jdaa cpaBuenus: Aanbl TaK:Ke 3HAYEHHA
eric 2, COOTBETCTBYIOIIHE NOABEMY TPYHTOBBIX BOJ MPH
MICHOBEHHOM HapacTaHHH Hanopa B KalaJge,

M3 cpasBHenus rpa@ukoB BHANO, YTO MPH MIHOBEHHOM
VBeMHUEHHH Hamopa U nojjJepKaiud ero B TeueHue Bpeme-
HH fp FPYHTOBLIE BOABI NOJAHMMAIOTCH BLIIIE, HEXKENH TMpH
MOCTENEHHOM I PABHOMEPHOM BO3PACTAHHM HAarnopa B Ka-
Haae. Oruomenue THX NOABEMOB HEINOCTOSIHHO TIO AJIHIE.

Pacxoa oOGpazoBaBuierocs HeyCTaHOBHBIIErOCS TMOTOKA
FPYHTOBBIX BOJ B 00€¢ CTOpOolbLl OT KaHaJ a onpeleanM Kak
Qx—0=—2kT (ON/Ix) y—y, rTHe 3nauveune (ON/0x)x—g u1AIl-
nem usz dopmyant (166):

RPHy , 2 T * PR
Qi B0 32 | (] el — ] =
y=:1)

fo Ea.ﬂ'!
fz?iﬁ_ . (168)

CpaBuuBasi {bD]‘J?\-I}’J][:I (168) u (145). MOXKeM OTMETHTD
cienaylonee.

Pacxon ua duabTpanmi M3 KaHada NpH [HOCTENEHHOM
H PaBHOMEPHOM MOJAHATHH YPOBHS BOJAB B HeM oT A=0 a0
h=H, (upu t=1) BABOe OoJblI¢ pacxola, COOTBETCTBYIO-
Hero TOMY JKe BpPeMEeHH [MocCJe MTHOBEHHOTO TOJHATHS
VPOBIIsT M NOJJIEPHKAHNSA €ro B TEYEHHE TOro e BpeMe-
I o,
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Pacxon, msbluncaenbii
mo opmyse (168), yseman-
YHBAETCST C TeueHHem Bpe-
MEHH nponopuHonasio VL.
bDoapwinii (BABOE) pacxoX
K MOMCHTY BpPeMenu Iy 1npu
[OCTeNEeHITOM NOJHSITHH
: YPOBIIY 1O CPaBIEHHIO C
e ST I PacXooM K TOMY Ke MO-
g 47 GV 06 08 10 12 14 Z wmenty Bpement  nocde
MITIOBCHHOTO BO3pacTalus

Pire, 20. 3aBHCHMOCTL MeXay 2

u hz2): Hanopa oOGLACHACTCH TeM,
! w ?—npn wmrnosessosm u pasuosmep- UTO B NEPBOM cayude J1CH-
HOM, AR HENe: CTBYIOUMIT 1ATIOP 34 BpeMs

or {=0 g0 {=1{; ObLIJT MEHb-
e, ueM BO BTOPOM Cjy4dae, rpyHTOBbLIC BO/IbI B CTOpPOHE OT
KallaJga NOANSJIHCh HA MEHBUIVIO BEJHUHHY. YBeJHYCHHE XKe
pacxona co spemeHesM O0ObsACHACTCS TeM, YTO OAHOBPEMEHHO
M0 YCJAOBHIO 3ajaun npeanojarajoch mapacrtanue ypoBpis
B ceuenun x=_0.

16. 3uauecuns qynkunn 11(2), sBoluucaennsie no sasucumoct  (166)

i z h (2) 1= (2) i z h (2) | 1—-4& {2)
0 o0 0 1,000 0,250 1,00 0,065 0,945
0,0025 10,00 () 1,000 0,304 (0,90 0,081 0,919
0,0100 5,00 0 1,000 0,391 (), 80 0111 0,889
0,0160 4,00 0 1,000 0,511 0.70 0,154 0,846
(00,0280 3,00 0 1,000 (0,694 0,60 (0,208 0,792
00,0626 2,00 0.001 0,999 1 .0D0O 0.50 0.281 0,719
0,1110 1,50 (0,009 0,991 1,260 0,40 0.369 0,631
00,1280 1,40 0013 0,987 2 780 1,300 0,483 0,517
0.1480 1,30 0018 0,982 6,250 0.20) 0.6292 0378
0.1730 1,20 0.027 0,973 20,000 0,10 0,793 0,207
0,2070 1,10 0.040 0,960 o0 0 1,000 0

O6beMm rpyntoBoil BOALI, OTBEIEHIOIl TOTOKOM B 00e
CTOpPOIIBl 3a Bpems [y, paBeH:

W= —‘: Ha | [ kTS e (169)

o

CpasuuBas Bupakelrne Jas oOGbeMa BOALI, OTBEI1EHHO-
ro MOTOKOM npu nocteneHnoM napacraniun yposis (169),
C ANAJOIMUHLIM BUPAKEIHHCM 18 MIHOBEIIOro pospacra-
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HH nanopad (146),  BM, UTO  HX OTHOIICHIHE
Woase/ Warson. = 3. CacpoBaresisito, 10pit paBHOMEPHOM
NOANATII YpoBHst B cevMcHun x=0 or =0 n0 fi=Hy 34
BpeMs o OOLLHIT 00beM BO/bI, OTBCHACIILIH MOTOKOM 1'PyII-
TOBBIX BOJI, COCTapisicT <43 obulero odnemMa BOJLL, OTBe-
JEHHOTO 3a 3T0 KC BPCMs NPH OYCHDL OLICTPOM Bo3pacra-
Hui Hamopa n cevennu x—=0. OGosnavas aast yno6crBa
cpaBHelL sl Qo= Ho}kT8/ln, Wo=2HV2LTS/t;, cocTanrimsiem
Tabauy 17, B KOTOPOH HpHBEASHLI BbIpazKeIust jljisg pac-
X0A0B 1 0OBEMOB BOJILI, HOCTYIHBIUEH B rpyHT NPH pas-
AUYNILIX YCJIOBHSAX HApacTallig VPOBHeN B Kauajac win peke
(pacxoibl H OOBEMBl YKa3aHbl OJAHOCTOPOHHHE),

17. Buipaxkenusi pas pacxopos # 00bLEMOB BOADI

XAapagTep Hapac ranu

ypounci v eedenun x=0 Pacxoin O0nemul
” 1 5
Mrioseniioe HapacTaiHe Qr==———0% W= e W
I ¥
[Tocrenennoe u paBHOMEpHOC 2 y 2
Hapacranue Qu= C— @ W= = Wy
¥ 51kt

[apmonuueckne  KoaeOanus . TR
(no ®opxreiiMepy) Qui= 9 (o Witr= 9 W

Pacuer oOobwema BnuTdBLIEHCS BOJALI Mo (GopMmyae dopx-
refiMepa jlaeT npeyBesHYEHHBLIC 1OUTH B 2,5 pasa pesy/bra-
Tbl 10 CPAaBHEHHIO ¢ PAaciyeToM [JI4BIOrO0 MNOAbEMd H B
1,5 pasza no cpaBHEHHIO ¢ PacyeTOM Ha MITOBEHHBIH 1101D-
em, llosromy (Qopmyny Dopxreiimepa, BBLIBEJLEHHYIO 15
ATUTE/BHO  CYUIECTBYIOULEr0 TrapMOHHYeCKOro  koJaehHarnns
ypoBleH, AJsT pacyeToB MOALeMd TFPYHTOBLIX BOJL 1T Pacxo-
Ao Ha (QUALTpALMIO M3 PEeK, KaHaJ0B, BOJAOXPAHMJHIL H
APYTHX MCTOYHHKOB MPH MPOXOMKIACHUM OAHHOUHOTO 1aBOJ-
Ka, 4 TakxKe HPH OJAMHOYHOM [OBBILICHHH HJH IOHHKEHHH
VPOBHST BOJbI B BOAOTOKAX HPHMEHSITL IeJb3l.

PazoGpannpie 3anaun NMokKasadu, uTo Kax Ha AMHAMHKY
YPOBHSI I'PYHTOBBLIX BOM, TaK H 11a 00'bEMbl H PACXOAbl TPVH-
TOBOIO 10TOKa CYIIECTBEHHOe BJAHAIIHEG OKAa3bIBACT I1e TOJIbL-
Ko abco/noriag BeJIHYHLA VPOBHEH, HO M XapakTep HX la-
pacTannsd B KanaJe, PEKe WJIH B JAPYroM BOJAOTOKE, TO €CTh
KAK NMOTOK JOCTHI PACCMATPHBAEMOIO COCTOSIIH.
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M3 npuselenubx pewteHnii cihaelyer, yro yposBHH (Ha-
nopwt) B wavane moroka (x=0) n pacxoib, oTBOANMbLIE
HOTOKOM, B3auMuo cBssalinl, llpuyem B npeablAyniem Hi-
JOMEHHH CUHTAAH 3dJlaHHDIMH 3aKOIHILI H3MEHCHITs }’pﬂﬂ*
Hell B Havajle MNOTOKa H OTHLICKMBAIH [0JIOKEHHS  YPOBIs
FPYHTOBBLIX BOJ H pacxoibi, [loctrasum oOpatHylo 3ajaauy,
TO €CThb HPH M3BECTIIOM NOCTYIJIEIHH pacxojia B MOTOK
IPYVHTOBBIX BO/L B KAKOM-1H00 ceuyellin OyjleM HCKaTth AH-
HAMHKY HX nosepaHocti. lakoe paccmortpetie 0aMiKe noj-
XOAHT K CAydaw ¢puabTpaunn M3 Kahaaa upH riaydbokom
HAYANLHOM HOJIOKEHHH YPOBIA IPYHTOBLIX BOJA.

Pemrenine sToil 3agaun MoAeT OLITL noJay4eno 3 obue-
ro ypasuenns (165) .

Hexoauwe yeaoBua: =0 npn (=0 aas  moboro x,
Q=F (1) npn >0 aas x=0.

Yunrwisag, uto Qe—o= —RT (0h/0X)x—0, 1 Oeps uact-
Y10 TIPOH3BOAHYI OT 1 no x, na sBuipaxenua (165) nocae
noacranoskn w=x/2az JI. C. Jlefibenzoun (1934) noayua-
eT pacxojl B BHJe

S N
Oinisi= ;é_ YRTS [ ¢’ (i—0?)do, (170)
o L L1

FAe @ — TepeMennas HuTerpupoBanis; ¢ — npou3poiias ot (YUK
@ (/) =hx=g, TO €CTL 3aBHCHMOCTH Hallopa B ceuciuy x=0 OT BpeMen.

®opwmyaa (170) aaer cpssn pacxofla B ceyeHHH x=0
C VPOBHEM B 3TOM e ceveliny, B uacrnocrs, Aas naien-
HOro BHIlIE pewelns, NPeAnogaraliouiero pasHoMeplibiil
NMOJABEM VPOBHS, HMEeM:

.ffu / h'n 2 e .”1;] il
= ———{, @'= - ’ QI-——"*':]: T — A e Yir
q; lo P lo [ £L -l la
ytTo CcoBnailderTr c "ﬂ.’l}”lﬁ"ﬂ“ﬂﬁ pEHEL‘ 3AdBHCHMOCTBIO IH

pacxo/1a.

Ecan nocraBut, 3afauy, HANTH TaKyl0 3aBHCHMOCTDL
¢ (f), urtobul pacxox Quwpo OblT mocTomHCH, TO CJaelyer
A06HBATLCSE le3apHCHMOCTH  HuTerpana  dopmyau (170)

or {. dto cobaoaaercs, ecau npuuats ¢(I) =CyL. IloAcra-
noska B ¢opmyay (170) pacrt:

2 == Cf 1 C i
= i 'r p— L] — - : k;' 6'.-
Q - }kTﬁ{ s\ ) dw > YRT
2 R i
1¢ h= —= "= 3 171
OTCHO14 1 = 7T Tt (171)
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Gopuvia (171) oznauaer, 4To ecay B navyaje noToxd
PYHTCBLIN BOA YPOBCIb VBEJAHUHBACTCH 110 napadogauue-
CKOMY 3akKoly Jf, To pacxold HOTOK4 FPYHTOBLIX BOJL 110-
CTosell.

Mox1o npudIIKeHno CUHTaTh, YTO NIPH HH3KOM YpOBIle
FPYHTOBLIX BOJI, KOrja OCYILCCTBJSIETCH  BTOPAasi  Crajius
GuIAbTPALHN H3 KAHajd, 1O CCTh CTa/lisl Kalluaasgplo-Tpy-
TOBOrO HOTOKA, BAHSLHC [IOJOZKEIHST VPOBIS IPYHTOBLIX
BOA Ha (PHILTPAUHOIHLIN PpacX0jd M3 Kalajda CPaBHHUTENbHO
HEBEJHKO, IJTO 103BOJISIET, PACCMATPHBASA JHHAMHKY TOTO-
Ka rpyHTOBbLIX BOA, CHUHTATDL, UTO (HABTPAIMOHIBLIH PaCXo/l,
NOCTYNAIOI I 13 KaHaaa, 0oJee WM MEHee  IIQCTOSHEel
no Beauuune, Torja dopmyna (171) noxazker nosbilleHHe
VPOBIISI TPYHTOBLIX BOJA 10/ AHOM Kalrana, 1o noBbiIeHie
oydaer tem Ooabliie, dem Oodabile pacxod Ha (PHIAbTPa-
o (0 1o speMsl {, a TAKKC ueM MeHpile KO HUIHEHT
prabTpanwun Jk, Hauadabhas mouuioctn Oaccefina TPynTo-
Bolx BOA Y1 u cBoGoaHas nopodnocrts |o.

Boeipaxas u3 dopmyas (171) B aBuoM BHjc BpeMS {
H YUHTBLIBES, YTO PACXOJA paccMarpHBajcsd OAHOCTOPOHIHII,
HoJyvaeM:

I=h>nkTS/Q%, (172)

rae Qp — YCTanOBHBUIMACS pacXoj, Ha (QUJALTPAUMI0 H3 Kanala npH
cBoboanol (PUILTpALHE,

Gopmyaa (172) nozsodsier onpeieiiTe BpeMs, 3a KO-
TOPOE NOANUMETCH VPOBEIL IPYVHTOBLIX BOJA HOJL KallaJoMm
(Lpn rayDOKOM HAYA/ILHOM 3aJerdaHuy FPYHTOBLIX BOJA) HA
BEJHUHHY [t 1PN HN3BECTHOM (GHALTPALHOHHOM pAaACXOJe M3
Kanaita Qg, KOTOPLIH HPHHAT IOCTOSIHBIM,

ABTOpPOM pasodpann TPH BHAA 3aBHCHMOCTEH  MeMmAy
anopoM B HavaJjge I[M0TOKa IPYHTOBLIX BOA # pacxo/loM,
KOTOpPBIT 110TOK cnocobeH oTBOANTh. YUT0OB nogaHee OCBE-
THTb 3TOT BONPOC, OCTAHOBHMCSl eule Ha psaje COOTHO-
ILICHHIL,

HM3veHenne Hanopa B ceueHHH x=0 10 cHHYCOHJLAMDL-
HOMV 3aKONy:

h=H,sin 5 = (),
0

rie f{y— BpeMs, 33 KOTOpOe YPOBEHb I'DYHTOBHIX BOA JAOCTHCHET VPOBIS
BOABI B Kanane, To ¢cTh OY/eT cnpape/LiHBO pasenctso h=H,,
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Hoacrapags B Gopuyay  (170) smauenne

HOJIVUAeM:

4 o | I
Qx—p= I_TY I'd Hﬂ ‘H“ f—mz}ffn}—‘}}fe'rﬁﬁ I,jl .

Murerpan [ npefcrasum ciaelylouuM o6pasoM:

1';'! / 2 .I" I

f= [ cos T cos 22 do -+ [ sin L <in O =
0 21 21, 0 210 214
;'}-'t.:lcr.}:a uC (1) +Vtosin uS (u), u= :! :
rae C(u) n S(u) — unrerpanst dpenes. -
Oxonuateanlo
Br= VATS. Vo, (173)

Vo

rae KoaGHIHEHT 1); 3aBHCHT TOABKO OT oTiomienns Iffp, TO ecTh oT
OTHOCHTCNBHOTO BPCMCHH:

tte . . . D 0,1 (0:2 0.3 0.4 0,0

m . . . 0 0310 0435 0512 0.568 0,594
[podoamcente

II-'.I'IrJ. v . . ﬂ',ﬁ D,T U,E ﬂ,[} ] ,{)

m . . . 0,600 0,582 0,550 0,500 0,436

O0uLy0 OUEHKY NOJYUEHHOH 3aBHCHMOCTH Ja/J WM  He-
CKOJLKO HHzKe, a ceHuac pacCMOTPHM ellle OJHH cJydaii.
ypenuueltie manopa B cevyemun x=0 npo odOparnomy
IKCITOHEHIIHAJLHOMY 3aKOHY: h=Hy(1—e—4) =q¢({).
Ouepuauno, yto h=0 npu {=0 u h=H, npu {—oo.
[loacrapasst ¢'=ale~* B dopmyay (170), noayuacm:

Y o ffr s
D= = AET8 ok = r;feraaﬁne “Te™ do.
f leq 0 | § 0
(174)
Brofsi oGosnaueine aw’= —z% y do=idz/}a, noay-
‘TaeM:
L [ _“""‘:"-_‘; — 22
= 18" dp= == e dz.
{flf Ja uf
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BOCHoab30BaBIHCh — PALIOAKCHICM B psill (pvoximn
i

fe—**dz n npunnmas u=—7VYaf, umeeMm:
)

s I'.. ﬂ.__ -“”i].? 5 .:‘H.i}ﬁ-
f_.u[;+ 4 00 4 B ] (175)

[oacrasasisi dopmyay (175) B 3aBHCHMOCTD (174),
HoJyyaem:

0= 1__1 VRTSH, 1—_:: ng (176)
= :
rae
N [T NN TL PETTN
2= % AT R ]
§
exp(— 1

3ecr npuusito a=1/fy ¢ yuerom npousBoJLHOCTH BhI-
Oopa BeJIHUHHBI q.

M3 BolpaxeHns Aas 12 cjaeAyeT, yTo 3ToT Koddduimment
3aBHCHT TOJILKO OT OTHOWIEeHHs I/l

{fty . . 0 0, 0,2 0,5 1,0 2,0 2,0 10,0 o0
N2. . . 0 0296 0,393 0,512 0,638 0451 0,257 0,168 0

M300pasum Teneps rpagHyecKkH n0JYYEHHBIE BbIPAXKEHHSs]
1751 ypoBHeil H pacxollop B Hauasae noroka (puc. 21). Ias
YA00CTBA CPABHEHHST MOJYYEHHLIX Pe3yJahTATOB BBEJEM OT-
HOCHTeblbIe BEMHYHIbl /Ut  ypoBHeil ii=h{[l, pacxonon

Q=Q/Qo n Bpemenn I={/l,, rie Qo= HoYRTS/Y!,.

Ha aesoii nomosune pucynxa 21 nokasannl noJyueHHsie
3aBHCHMOCTH: NpAMOJIHICiiioe paBHOMEpHOE HapacTaHHe
ypoBiist oT k=0 npu =0 go A=1 npy =1 (puc. 21,a);
Bospacratme yposust mo cuiryconfie ot =0 npu f=0 pmo
h=1 npu t=1 (pue. 21,6); napaGoanueckoe Bozpacraime
yposhst or A=0 npu £=0 no A=1 npu =1 (puc. 21,a):
BO3pacralHe ypoBHsi MO OGpPaTHOMY 3KCNOHCHIHAJBLHOMY
sakony ot h=0 npu =0 no A=1 npu f—oo, npu =1
h=(1—e"') =0,632 (puc. 21, 2); MruoBenHOE BO3pacra-
ime  yposus ot =0 npn =0 jo =1 npu >0
(puc. 21, 0).

Ha npasoii nosoBuHe puCYHKA nokasaHnl H3MCHEHHS
paCxo10B B TOM Ke ceuenHu x=0 ¢ TeueHHeM BpeMeHH
MpH COOTBETCTBYIONIHX H3MEHEHHSAX YDPOBIIS.

Altaans rpaikoB H3MEHENHs1 PacXofoB OKABLIBACT,
UTO HX JIMHAMHKA PasAHUHA: OT IJIABHOrO PoOCTa MO napa-
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Puc. 21. 3asucumocts Memxay { uw A, I u Q:
1 — anielinnil: 6 — cupveoiaabituit; & — napaboandeckiil; 2 — oGpatHmit  3Kc-

pnoseHAAsHE @ — arnopeHNLl HOALeM YPOBRHE BOAL B oceucwir x=0.



OOJMHMYECKOIT 3ABHCHMOCTH JUISE CavUas pasnoMepuoro Bos3-
pacranis yposust (puc. 21,a) 10 peikoro  najlenns npu
BHE3aNMHOM yBeJHuenun uanopa (puc. 21,0).

Ocoboe MeCcTo zaHuMaeTr 3asBucHMoOcTL (puc. 21,8), KO-
TOpas COOTBCTCTBYET NOCTOAHHOMY 3HAUCHHIO OTBO/JHMOrO
pacxojla. ,

OO0bACHCHHC 1HOAYUCHHBIX PC3YJAbTATOB HYIKIIO HCKATb B
COMOCTABJACHHH pocTa ypoBHA B ceucnun x=0 ¢ AHHaMH-
KOH YPOBHSI IPYHTOBHIX BOJA 10 Aauie noroxa. Ilpu napa-
OoJIHUCCKOH 3aBHCHMOCTH (puc. 21,8) napacranue YpOBHS
B CCHCHHH X=( M NOBLILIEHHE YPOBIH IPYHTOBLIX BOL B
CTOPOHE HAXOAATCS B TAKOM COOTHOWICHHH, 4TO obecneyi-
BAIOT MOCTOAHHBLIA pacxod. B Tex cayuasx, korga nojabem
yposusi B cevenud x=0 onepexacr pocT YpPOBHSI PYHTO-
BbIX BOJ, BLOJIbL MOTOKa, HabJiojaercs Bo3pacTtalpc pacxo-
a0, Tawm, rae poct yposust B ceuenny x=0 sameasiercs
H Ha4YHHaeT OTCTABATL OT CKOPOCTH NOJ'beMa YPOBHS Fpyi-
TOBBIX BOA BA0Jb MOTOKAa, pacxop najaer. B stom oTtHo-
IICHHH XapakTCpHbl 3aBHCHMOCTH (pHe. 21,6 M 2), KOTO-
puie MMCIOT MAaKCHMyMBl pacxoaos npu h<H, Caepona-
TCJALHO, HAHOOJBIIHIL (PHIALTPALHONHLIE PACX0Od IPH HEYCTA-
HOBHBLIEMCSl pPeXKHMe He BCerja cooTBeTcTByer Haubosec
BLICOKOMY YPOBHIO B BOAOTOKe, Tak, AJst cXxeMbl, H300pa-
KCHHOH Ha pucyuke 21,6, nanboabluii pacxos Oyaer npu
hi=0,75H,, aas cxembl na pucynke 21,e—npu h=0,6H,.
IIpy pmaabueiimeMm NOBBILEHHH YPOBHS  pacxoant  GyayT
YMEHbIIATHCS, DTO €UIe pa3 MOATBEPKAACT HCBO3MONHOCTD
dHa/N3a HEYCTaHOBHBLIErOCs peXHMa Ha OCHOBE [PEeACTaB-
JEHHH O I[OCJAeAOBATe/IbIIOH CMCHE CTAUHOHAPHLIX JIBH-
A CHHIL.

Ho rpagukn, npelcrasnetsle. na pucynke 21, MOKHO
paccmalpuBath, CYHTAST M3BECTHLIM  34KOHN  [HOCTVILIEHHS
pacxoga. Ilpu ¢puabrpauun H3 KanaioB nNOTOK  MOMKHO
npuOanzKenio pa3duTb Ha ABa: BepPXHHIl (OMyCKaloUIHiCs)
GUALTPANHOHHLIIL MOTOK W HHXHHI  (ropu30HTAJBIBLIL)
MOTOK TPYyHTOBBIX BOJA. ITH MNOTOKH BO BTOPOIl  CTaguH
GuaAbTpaLHN pazo0lenbl 30H0H HCHOJHOTO  HACHILLEHHSI,
Pucynox 21 nzoGpazKaer c¢Ba3bp manopos B ceyeHnn x=0
H PacxoloB HOTOKd TPYHTOBBIX BOJA, TO €CTh HHKHEro mMo-
Toka. [lo3TOMy ecin H3MEHEHHsi pacxola, [MOCTYIAIOUIEro
H3 (PHIBTPALHOIIOIO ONYCKAIOLIETOCH NOTOKA, H3BECTHH,
TO MOJKHO OHPCICIHTh ABHIKCHHE TPYHTOBBIX BO.

Jns HU3KHX VPOBHEll I'PYHTOBBIX BOJ MOXKHO CYHTATL
PHALTPAIMONNBIH  PACXOJ MMOCTOSIHIIBIM, YTO MNPHBOAHT K
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JABHCHMOCTH, npeAcTaBaentioin na pucyuke 21,6 ansa papa-
CTAlHsL YPOBHS IPYHTOBLIX BOJ HOA JUIOM KA.

[IpH oueHb BBICOKHX YPOBIAX FPYHTOBLIX BOJ HPHOJIH-
/KEHHO MOJKHO CUHMTATBL, YTO HANoOp B ceueHHH x=0 c¢pasy
cosjlaeTcs paslbIM YpOBIHIO BOJALI B KaHaJe, YTQ IMO3BOJAET
oJraraTh JUTS 9THX ¢Iyyden BEpPHOIl 3aBHCHMOCTbL, H300pa-
Kewyio na pucyhike 21,0, To €CThb  pacxojl NpHIUHMATL
yOBIBAIOLLIMM ¢ TEYENHEM BPEMENH Mo napaboJIHYECKOll 3a-
BHCHMOCTH.

Pacxoxaenns, uveromuecs Kak B YPOBHAX, TaK H B
pacxogax Jasi 3aBHCHMOCTCH, NpPeACTABJEHHBIX HAa PHCVI-
ke 21,2 u 0, B nHauajge /JBH2KeHHs1 (0 sHaueHuur [/{,<<3),
3aTeM CryazkuBalores. J3aBHCHUMOCTH, H300pa’keHHble Ha
pucvuke 21, a, 0, donee nNpPHUMEHHMBI K MHCCIAEJOBAHHIO
(PHABTPAIMH H3 PEeK W BOAOXPAaHUJIHLL NPH OmpeleseliH
nmorepb Ha (puasrTpannio s Gepera.

[uranue noroka no ero pJuHe, PaccMOTpUM JMHAMHKY
MOA3EMHOI0 OTTOKd H PEXKHM IPYHTOBLIX BOA NPH IHTANHH
MOTOKd Ha HEKOTOpOil oporraeMoil noJjoce MHPHHON 2L,
Heo6xo1nMo veTanoBHTL JAHHAMHKY TOAbEMd  YPOBHSA
TPYHTOBLIX BOJ KAk MOA OpoinaeMbLIM MAacCHBOM, TadK H B
CTOpOHEe OT Hero, ytoObl, NpeABH/S H3MEHEHHA B peKHUMe
FPYHTOBBIX BOJA, NPENFTCTBOBATL MX NOBLIIEeHH0. Kpome
TOro, paccMarpupdeMas cXeMa 1HOMOKeT pPEeIIUTL BOnpoc
O TOM, KdkKasi olHdKka [MoJayuyaercss HnpH  paccMOTpeHHH
GUALTpauH H3 KanaJla xaK CcocpeaoTOYeHHoro nHTaHHsl.
Ha camom jere (GuInbTPauHOHULI ONYyCKAIOUIHHCS MOTOK
pacTeKAaeTcst H HMeeT HeKOTOPYIO KOHEYHYIO IHPHHY.

B coorsercTBHH €O cXeMOIil 0003HAYHM HHTEHCHBHOCTD
[IHTAITHS TPYHTOBLIX BOJ H3 TTOYBLI uepes ¢ (M/cyT). Bean-
yuHa NPHHHMACTCS NOCTOSHIOM, TO eCTh OepeTcsi ee Cpeil-
iee anauenue, Ocraasible o6o3naueliusg OLIH ganbl panee.
Pemum audpdepennuansioc ypasieHnue:

ok _ &R
of O b
rie

n=qL](kTHolL), h=h[/Hy, Z=x/L, 1=Re=1/,
t=0L%/kT, B=lltx=1/X%, ©x=08x%kT mnpH ycaoBusx
h=0, t=0, —oco<¥< +c0; g=const, >0,
—1<k<+1; g=0, 1<|*| <oo.

AHajornunasi zajaua NpH U3VICHHI TEMIONPOBOAIOCTH
optta pemenna C, M. AMOCOBBIM, 3TO peuienue NpHBCACHO
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g pabore 1. d. [MoayGapunosoii-Kounnoii (1952 a), xoro-
poc MpeAmoJdraer eule JAONOJHHTCIbHOC YCJI0BHE ¢/1a00H
BOJOINPOHHILAEMOCTH BOJOYIIOPd, TO €CTL NOANMUTHIBAHIE
CHH3Y HAMOPHLIMH BOJAMH,

[Tpu OTCYTCTBHH NOANUTHLIBAIIMS HANOPHBIMH  BOJLAMH
pelicHHe MOXKIIO npe,rlr:'ramﬂn B CaeAyIolleM BHIE:
1s BHenrHe# 06 x|>L)

rIE(JL‘. ﬂ—- T ![I—h u-,]_];-[l—--h{u;i‘:_j}‘ (1?7)

Aqast suytpentein obaactu (|x| <L)
R 1 g [[1—h(u)]+[1=h) (u2)]) (178)
Rl j!

5 | 2

riie n(u) — dyuknus, paHee uaileniag B pesyiabrTare HC-
caeloBanuil ABHMKEINHS TPYHTOBLIX BOA NPH paBHOMEPHOM
nojbeMe ypopHst BoAn B cevenun x=0 [dopmyaa (166)].
[Ipuneaem 31Ty QYHKIHIO:

h(a) = (1+2u2) (1 —erf u) — rfi gt (179)
i »

AprymMenT « npu COCPelOTOUEHHOM NHTAHHH MPUHHMAJ-
csl paBHBIM: u=z=x/2ayi=1/2YB.
B pewenusax (177) u (178) coOTBETCTBEHHO J0JKHO
NPUHAMAThCS:
h=up(l1+x/L)y=u(1+7),
Uo=up(l—x/L)=1y(1—72), (180)
tg=uty(x/L—1)=ug(x—1),
rac

o=L[2aYt=1/2VBo, Bo=1/t, T=08L2/kT.

[Tepexoss X OTHOCHTEIBLIOMY BpeMeHH, MOMKHO (GopMy-
ay (180) npeacraBuTs B BHIC

o= mu( 1/ -

B -;Tlf(l l/ E j (181)
] f r -

NPT !]/E ')

Hast noabsosanus dopmyaamu (177) u (178) cocras-
nen rpapux pyuxmun fi(u) (pne. 22), rie mannt 3naue-
nust [1—1N(ug) | B 3aBHCHMOCTH OT wy n Po. Coraacio mpe

1y
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20 18 16 14 12 10 48 46 0y Q2 b

L L L L Ll LI L L LY
Q06 @O8 Q1012 016 025 Oy &5 10 2040 10230
Wrana (3,5 t/T

Puc. 22. 3anucuwocts [1—h(u)] n £ or 4o u Po.

ABIAYIEMY, 3Hauenns OTHOCHTEILHOT0 BpeMenH OGyayT co-
OTBETCTBEHHO PaBHH:

fi= _Pae — JTI_H s Uy,
(1+7)?  8(r+1)?
Bo kTt .
e S LIS B (182
P2 (1—x)? S{L—x)? )
Ba= Bo = k71 A Us,
(x—1)2 §(x—L)*
npuuem Aasa suytpenneil oGaactu  (fi, f2) <1 wn iaa

suewnen (P, P3) ¥=1.

[Tpu anaaude JABHWKEHHsT YPOBIS TPYHTOBBIX BOL HEOO-
XO/AMMO YCTAHOBHTL Xapaxkrtep X noineMa nojl HeHTPOM
opomiaeMoro Maccusa Hau noj kaaaom. IlTpumem T=0.
Torna no dopmyaan (180) umeem uy= ta= Uy, HMenonn-
ayst opmyay (178), zanuinem:

(0, t) = L;’_[l_f;(uu)]. (183)

Ilast BuisiclieHHs XapaxkTepa Hnolnhema YPOBHS FPYHTO-

BuiX BOA npetcranmy gopmyny (183) B HECKOJILKO HIIOM
BHJLC!

2 : ( e
R0, 1) = 2L 1 g )= - =gt (184)
OLSYTRT I'akTH
rae Q — pacxoji npH COCPCAOTOMCIIHOM NHTAHIH,

r= 1T (1—h(uo)], uo=1/2YB0

: i
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B srom cayuae xosdpdunment T Ovier 1moKa3biBaTh,
HACKOJILKO TIOATLEM VPOBIM TPVHTOBBIX BOJ [0/l [IEHTPOM
OpPOMIACMOr0 MACCHBA OTJAHYACTCS OT MNOABEMA  VPOBHS
PPYHTOBBIX BOJ TpH TOM e cymmapuom nutanuu Q=2¢L,
HO TNOCTVIAIOUIEM COCPEAOTOMeNO, To eCTh 3ITOT KO3bh(hH-
HMENT AOJZKel TOKA3aTh BJAHSHIE pPaccocpe/loTOueITHS TIH-
TAHUA TPYHTOBBIX BOJA Ha uX noinveM. IlpeictaBum vpas-
neune (183) B Buie, rae 6ol B fBHOIT hopme ObLIO BpeMs:

QL | —h (up -
h(O, )=~ n, n=-—0L (185)

3uauennst [1—h(uo)].

= 1'-:“_[1-!:(::.;}] H n= T;I]'-- [1—h(ug)]

dun 205

3aBHCAT OT P H Uy, NpHUEM
to=1/2YPo, Bo=t/x, T=08LRT,

Tak kax ornocureanHoe Bpemsi flo nponopIHOHAALHO Bpe-
menn [ (t=const), T0 oHo GoJee y1006HO AJs XapaKTepH-
CTHKH IM0TOKA, YeM TepeMeHHas wdo.

B v @ ow o 0 0.0025 0.0100 00160 0,0280  0,0630
R I 0o 10.0 5.0 1.0 3.0 2.0
1—h (1) . 1,000 1,000 1,000 1,000 1.000 (0,999
0 0,044 0,089 0,111 0,148 0,221
W s A w G 0 0,005 0020 00631 0,056 0.125
Bo» & % = A 0,1110 0,1280 0, 1480 0,1730  0,2070
HE ooom W 1,5 I.4 13 172 1,1
1—h(ug) . 0,991 0,987 (0,982 0.973 0,960
b o g 0,293 0312 0.334 0.359 0.387
| A 0,220 (),252 0,29] (0,338 0,397
B o 2 00,2500 03090 03910 05110 0.6940 1.,.0000
By v v v 4 1,0 0,9 0.8 0,7 0.6 0.5
| —A(u,) . 0,945 (0,219 0,889 (846 0,792 0,719
b e 0,418 0.452 0,492 0.536 (}.584 0.637
n . 0,478 0,568 0,694 0.863 1,100 1.440
MMpodoaxenue
By @ % 1,5600 2,7800 (,2500 25,0000 oG
o . + . .« . 0.4 0.3 0.2 0,1 0
1—h(u) . . . 0,631 0,517 0.378 0,207 0
& B H W a4 (,698 (1.762 (0 B3T 0,918 ]
M & e a mo@ A0 2,870 1,730 10,300 o0

[lojtbem ypoeHs FPYHTOBBIX BO HOA HEHTPOM Opoiuae-
MOFQ Maccupa WiaH HOJ KPYIHHBIM OPOCHTEALHLIM KaHaJd0M
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NP1 3HAMHTEABHOH  MWHPII-
e pacrekanusg  (Quabrpa-
LLHOIHOrO MOTOKa — MOXKCT
ObITh ONHCAH CAeJYIOIHM
o6pasom (puc. 22 u 23).
B nauaac pabdorsl KaHaja
(Han  nocae  opouenus)
(hbHALT pallHOHHBIC BOJbl
HJLYT HA MOBBINEHHC TPYH-
04 08 12 16 B 16 TORBIX BOJL I BechMa MaJo
T TE n 277  DacTekaiTces - B CTOPONLL.
A>16 ST0o XOpOouo BHAHO MO KO-

ppHILHenTy [1—"F(uo)],

Puec. 23. 3anucumocts n oT fo. KOTOPBIL  TIPH MaJIbIX Bo
OJIM30K K @JHHHIE, OTHEero

n(0, 1)—-gi/d npn Be—>0, TO ecTh MPOHCXOJHT NMPOCTOE 3a-
noanenne cobojANOH noposnocti 0€3 OTTOKa B CTOPOILL.
OJIHaKO NOCTENEHHO B CBSI3H ¢ HapacTaHuem Oyrpa rpynTo-
BBIX BOJ M VBECJIMYCHHCM TpajiHCHTOB HauHiacTcs OTTOK B
CTOPOHBI H HOJbEM YPOBHSI TPYHTOBBIX BO/L 3aMCAJSNCTCAN.
Tax, npu Po=0,35 noapem YPOBHSA IPYHTOBHIX BOJ T4 109,
MeHBIIe, HexXeaH oH Opig1 Obl 003 HaaHuHg OTTOKA B CTO-
pos. B jaasncfiiesM 3TO 3amMeAJciHe CKa3biBaeTest CUIC
ciapiiee. Ofpamancs Tenepn K Koap@uimenty §, BHJIIM,
qTO NPH JIHTEALHOR GuiabTpannn fie—-o0, t—1 u napacra-
ipe 6yrpa rpymnToBLIX BOJ IPOHCXOAHT, KaK MpH COCPEro-
TOYCHHOM MHTAHNUN, TO €CThL MO 1apadoaHuCCKOMY 3aKOHY

(0, t)—=QVt/YakTS.

3atyxaiouuit xapaktep noaibema VpoBHA  TPYHTOBLIX
BOJL XOPOIIO BHIeH Ha pHCVIKe 23, rie CBslb h(0, 1) npen-
cTampgena B 3aBUCHMOCTH OT OTHOCHTEJNLIOro BpeMen . Po.

TakuMm o6pasoM, AJs MPAKTHYECKOTO OMpeaeacHisa ABH-
JKeHHsi TPVHTOBBLIX BON MOJL LIEHTPOM OpOIIaeMoro macci-
pa WAN 1O KanaloMm ANs paccMaTpUBacMLIX THAPOreoso-
FHUECKHX  VCIOBHIT OCTATOYMHO MOJICUHTATH BpeMst crabu-
AM3AMHH T W. HAX0AS OTHOCHTeanHoe mpemsi /v, f/t 1o
onnoit 1z gopmva (183)...(185) n ucroanays pucyiiku 22,
23, noavunte anavenng (0, 7). Jpyrasg cyuiecTsennas xa-
PAKTEPHCTHKA JLHHAMHKH 1MOJ3EMIOro OTTOKA — pacxol, oT-
BOIMMBIT NOTOKOM 3a npe/lessl oponaeMoro MacCHBa MHaH
301Ll, IpHJeratomell K kanagay. g xapakTepHCTHKH BOA-
MOrQ pezKiMa  OpPONACMOro  MaccHBa HEOOXOAUMO  3HATH,
KAKAS ACTH HHUTANNS TPYHTOBBIX BOJA WJET HA TOBLINIEHHH
MX VPORIIST B NIPEACIaX MACCHBA. a Kakas OTTeKaeT B CTO-

L10
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POHDLI HEOPOIIACMbBIX 3CMCIIb. st yenoniuii paccMarpHBaE-
MGI"I Ja/d4YH  THOJACUHTACM ]'IHE'."';'.]',".L HOTOR L I‘]J}”[TGHH}: BOJL
Ha rpaHuie IHTAHH IPYHTOBLIX BOJL:

Qeer.= — 26T (9h[0%) x—r.

Onpeneansis dhfox uz gpopmyant (177) uanm (178) u npu-
HuMas x=1»L, noayuaem:

[* B el 1_1_ [1—ecri(2u)]. (186)

. O0x Jy=tL 0

[loperanasis Qopmyay (186) B Buipaxenuwe juasa pac-
xofa Qu—p, 1noJyuaem:

Qr=Qup npu y=I1—erf (—#l_), (187)
¥ Po
rie Qu=2qL — cyMmMapHulii pacxoJ MHTaHHA.

M3 ¢opvyant (187) Budno, uto B HayaJe OpOILIEHHS
(nnn aeiicrBusi kanana) erf (o) =1, =0 npu Bp=0, ToO
ecTb oTrToKa Her. Ilpm BecbMa ANUTENLHOH paboTte kKaHaJja
Iy npu perydaspiiom  opomennu erf (0) =0, y=1 npu
Po—-00, TO ecrTh Bce nHTaHHe MJET HAa OTTOK, HECMOTPs Ha
IMOJALEM YPOBHS I'PYHTOBLIX BOJA. PaccMoTpuM, Kak pac-
XOAYIOTCH HH(PHILTPYIOUIHECS BOJAbI, HAYILIHEe HA NHTaHHe
FPVHTOBBIX BOJ.

[lpunumas pasnoMepHnoe nHTAHHE, IOJYYHM, UTO 32
BpeMst [ B 'PVHTOBBLIE BOJALI MOCTYNHT 00ObeM BOJLbI, paBHBI

f
1t?ﬂ| = f Q[}ﬂi.‘f: Qﬂf
0

3a 3To e BpeMs 3a HPEAe/Ibl OPOLIAEMOro MaccHBa oT-
TCUET:

Wr=Qo uf Pt

[loacrasass aiavenue P, Haiennoe no opmymae (187),
H HUTErpHpYS, NOJYyUdeM:

Wr,= Q{]t? - Ww,
I A/ 2 2 1
—_— [ = - ‘f e — |J e — -.1-.1 . —
¥ [ el (]_Fic | [ 1+ : ) B exp | : )

.u i ﬁ %

— h(1/¥Ba), (188)

rae fI{lf]’E—E]}}'HHLLHH JHHCHHOrO mnoabkema fi(¢) npw u--I;’|-"[?,;.
lem. gopmyay (179)].
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Yeranosnm npeieslible 3navyenus y. YuuTbiBas pasto-
AKenie

4

-y |
_ 3
erfu=1- < Ll'——_- L. ‘
¥au 2 (2u=)°
noJIy4HaeM:
t LY .'_- . | . R
T=I—+:rf(—1_-) v uxp(- 4 J(I . L:3fo
i F!'ﬂ J FJ‘[ !.‘“' / s
L-3-5p1

OTHCTO ﬁr'---a-.[} npu ﬁﬂ—!’ﬂ ilﬂllﬂcpﬂﬂf'i'ﬂﬂl”fﬂ 113 fp{JpM}"
abl (188) muamno, wtro y=1 npu fe—oo.

Ecaun kosdduuuent y 1MoKasbiBaer Ty A0JI0 OT CyMMap-
HOro oObeMa NuTaHus rpyHTOBHIX Boj Wo=Qol=2Lgl, Ko-
Topas OTBOANTCH 3a npejennbl Maccusa, 1o (1—y) noxaxer
TY uvacTh o6beMa MHTANMS, KOTOpas MJIET Ha I[OBLILICHHE
ypositsi. PaccMOTpiM nogAbesM yposHg rpyHTOBLIX BOX MOJ
uentpom maccusa fi(0,7) u o6vem soant W, mayuiein ua
3TO  NOBLIMIEITHE YPOBIS  TPYHTOBLIX  BOA B Hpejlenax
—L<x<+L. Ilo popmyne (183)

/ = B 45 —.’__-}.
I{U, f} S l h IE][{-J |

Tak kak W=Wy—W., T0 ¢ yuerom opmyan (188)
HMEEeM:

< 1=
—f —_—
TN PR DR L ] S P (189)
s 1 s
-.]'I‘iﬂ J

npuyem scerga p<l, uro ouesuiHo npu pacrexaunux. Cie-
AYCeT OTMETHTh, YTO OXHJlaeMblil NoAbeM YPOBHH TPYHTO-
BLIX BOMA INPH IHTAHHH HX OOLIMIIO OHPEIesioT KAaK 4acT-
[oe OT JeJeHHsi CyMMapHOro nutaliis Ha IJIolajisL " cBo-
GOAHYIO MOPO3HOCTH, TO €CTh HPHIHMAIOT p=1, 4To BCerjla
BHOCHT OOMbIIYI0O HJIH MCHBLIIYIO OIHOKY.

B taGmuue 18 npusBesenn  xoappuUHEHTL  panopon
h(w) u [1—h(u)], pacxomoB ¢ u (1—1), oObEMOB ¥ H
(1—y) u HaKomJenuii L B 3aBHCHMOCTH OT OTHOCHTEJILHOIO
spemenn Bo v u=1/2)po.

JluHaMuka pexHMa TPYHTOBBIX BOJ/L NOA KanajaoMm HJH
OpoIIacMbIM MACCHBOM BHAHa na TaGjauiel 18: sHaunTe/ib-
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HOEe BpPEeMst 10CTAe Hauada OopolicHH:d HHpHALTPALHONHOE
MUTAHHE PAaCcXOUYeTCsi Ha IOBLILEIHE YPOBHI IpyHTOBLIX
BOJL B NPE/ICIAX MACCHBA I TOALKO HPH JUIHTCABHO (HIBT-
pauuH HaYMHAETCsH HUTelUCHBHLIl oTToK, llpu oTHOCHTENL-
oM BpeMeln fPe=1, KOorga vyiKe 3aMETIO 3aMeJIeHHE
NoAbLEMa VPOBHS TrpynToBuix Boj H 1—/n(u)=0,72, toip-
Ko 16% pacxola, nuTaounero rpyHToBble BOMLI, OTTEKAET
3a npefesn maccund, a 84% wuAer 1a Hapacraiine Gyrpa
rpyHToBBIX BOA. [lpn aawreasnoit ¢puasrpanun  (Po=12)
0KO0J0 */3 1IOCTYNAIOULCIO PACXOAa M OKOJ0 'f2 cymMMapnoro
obLeMa BOJALL OTBOAHTCA 3a npedean maccupa. NMoOKHO
AATL KAUECTBEHHVYIO H KOJHUECCTBEHHYI  OQUEeNKY BJHSHHS
KOIKPETHLIX THAPOTCOVIOrHYECKHY  VCIOBHIT Ha  PCIKHM
FPYHTOBLIX BOZ. 3artyxaitme noanLema rpyHToBLIX BOA, YBe-
JHUYCHHE OTTOKA HX B CTOPOHBI OVAYT Tem OuicTpee Jo-
CTHTHYTBI, YeM MeHbLUIC npeMsi CTaOHJAH3AINH, TO eCTh OHN
OVIVT AOCTHTHYTLL B HHOTOKAX, 00JaA40mHX 000N 1POo-
NVCKHOH CnOCOOHOCTLIO.

[Ipy noctosiHNOil HHTEHCHBIOCTH NHTAHHA ¢ cokpaure-
HHe NJONLAAH NHTAHHA PE3KO VMEHLINACT [M0ABEM T'PYHTO-
BLIX BOJ M YCKOPSieT MX OTTOK B CBSI3H € YMEHbLIICHHEM
ppeMenu crabuanzanun. CJioxiee HCCIeAOBATL BJHAHHE
MIOILAH THTAHHA NPH NOCTOAHHOM pPAacxojle NHUTAHHA, TO
ecth npH Qp=2¢L =const. :

BollH1iieM OCHOBHBIC COOTHOILICHHS:

h(0, t) = --gf [1—h(u)], u=1/2Bo, Qr=Qup, W.=Quly,

rae Qr H WL—[}EEIGI[ H oOBEM MOA3EMHOr0o OTTOKa 3a npeiaciabl Mac-
CHEA.

Pacxoanl ¥ o6LEMBI OTTOKA 3a NPEAeanl MaccHBa B ¢ly-
yuae Qg=const nupum COKpaUlCHHH PA3IMEPOB ILIOMLAJIH OpO-
meHnss L vBeJaHMUHBAIOTCS, 4TO OUEBMAHO, TaK KAk Y H ¥
3aBHCAT TOJABKO OT fo, KOTOPOe pacrerc ymenstennem L.
Jlns poisicuenyst BaugHusg usmcHenusi L oua (0, () naiijem

I idl.
Menoanava dgopmyasr (183) u (179), noayuacm:
oh Qo erTu—05[1—h(uw)] = Qo .
dL kT 4u? R

B nauane asuzkenus fo—-0, y—-co, a—0. [Ipu Bechma
LAHTEALHOM ABHMKEHHH fe—>c0, u—0, a—0,25. Tax xak
<u<0,25, ro dh/OL Bcerna orpuinatensto, a abCoOdOTHOE
3liayeliye pacrer ¢ reuenueMm ppemend. Orciona caeayer,

8 3axaaz N 42067 113
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YTO MOABECM YPOBHA IPVHTOBLIX BOJ NOJ UEHTPOM Opollae-
MOIT TIOHLA/LH TIPH HOCTOSHIOM (PHABTPALHONHOM pPaCXoje
(Qo=consl) 6Gyaer TeMm BbiIIE, 4eM cocpeloToOuenHee OH
HOCTVIACT, TO €CThb 4eM MeHbiue L, npHueM 3To BJAHSHHE
VBEAHUHBAGTCS C TEUEHHEM BpeMelw,

CaenoBareabHo, npy HOCTOSIIOM PACXO1E NUTAHHS FPYH-
TOBLIX BOX (Qo=const) ymeHbIIEHHe [IOMWAANH NHTAHUS
MPHBOANT K O0JeC pe3koMy MOBLIIIENHIO YPOBIS TPYHTO-
BBIX BOI 110/l HEHTPOM OpPOHIAEMOro MAaCCHBa, HO cofeiicT-
Byer 0o.ec HHTEHCHBHOMY OTTOKY 3a npelesinbl OponiaemMoro
MACCHBA.

Ocoboril uuTepec npeicTaniasier wacruuit - cayuail pac-
CMOTPEHHOI CXeMbl ABHACHHS, KOrAa HOCTOSHHBIH pacxol
noctynaer mna Gacceiill rpYHTOBBIX BOJA COCPe/lOTOYEHTNO,

Yrobur noayuuts, 10T cayuail  u3 obuero  penenus,
cieayer npuiuaTn L0, ocTaBaASS MOCTOSHHBIM CYMMAPHBIIT
pacxoi, To ccrh Qy=2¢L = const.

OGuiee pemenye (177) wmeer sun (aaa x=L):

h(x, 1)= -gf'-{--‘-‘_""”'”;““"”ﬁ'“f’l},

e
—n?

h(u)=(1-+2u2) (1—erf 1) — e , uy=us(l+x/L),

'|:r

L E
Us=ty(x/L—1), Uy= — .00
3 n{f ) (! Eft l/-kT

Haiinem fi(x, () npu L—-0. Umeem 2gL=const
hix, t)= e W S [A(uz) —h(w)] =

6 4L
o Qo 1 h(uz)—nh(w)
' § 4 L el
hlmen;m, qTO
E?uq
[l = ——— —_— = — — , W=
3= 91 ' oL a7t l/ 1
1
=— x+L
i Vo L),
o, I /7§  oh 1o
PE e A 8, — = ———<+4u(l—eriy),
dL 27t ]/ LT du ¥n ( )

pacKkpbLIiBAEM [EOTIPCIC/ICHHOCTE B BbIpaMKeHHH
!:'_r {rf;i-h[ul) |
| i Ry
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TOrga loJyvyaem:

e e ;.;_ ],r’ 8

YunTBIBasi, uTo BBeJeHHAs patee (QYHKINS JTHHEHHOrO
nofbeya fi(u), a rakxe seanuuna (l—erfu) taGyaupona-
HBl, npejacrasasiem gopmyay (190) s Buge

(e 1= Qut E. k= in [(l—erfu)—h(u)]. (191)

L

Vakls 2U

Koappunnent <1 nmoxascizaer noAbEM YPOBHS TPYH-
TOBBIX BOJI 1la PACCTOAHHH X OT MECTa COCPEeIOTOYCHIIONO
MHTAHHA B JOJIAX OT NOJbeMa VPOBHS TIPYHTOBLIX ROJI B
ceveHun x=0, TO ecTb MM AANHOTO MOMCHTZ BPEeMEHH {
bynkuns E(x) onuchBaeT HOBEPXHOCTbL TPYHTOBHIX BOJL.

Ias maxoxZeHns xapakrepa noAbemMa ypoBHs IpPyHTO-
BBRIX BOJ B NMPOH3BOJBLHOM cedennn (x=const) ¢ reyenmnem
Bpemenu npeacrasum dopuyay (189) B suie

I (x,f) = ‘E;-” £, E= 4i—2 [(1—erfa) —h(w)]. (192)

Beenem orHoCHTeNbHO® BpeMsi B={/tx, u=1/2}Bo
(tx=const anss x=const). Torna ¢opmyra (192) npu-

MET BHI:
- 1 1 3
s {[1—ert ()] ()

Suavenus L(P) XapaxTepusvioT MOALEM YPOBHS Trpyi-
TOBLIX BOJ B IPOH3BOJBLHOM CCUEHHH ¢ TEUCHHeM BpPEeMEeHH.

Has Goaee noJApobHOTO BHISICHEHHS XapakTepa NnoAbeMa
YPOBHS TPYHTOBBIX BOA B CEYEHHSIX, YHAAJEHHLIX OT HCTOU-
HHKa nutaHus, Haifilem uz Gopmyast (190):

—_— el ] » 93
at x Y a)

CJIeI0BATENBHO, CKOPOCTh NOABEMa YpPOBHSI FPYHTOBLIX BOL

OBLICTPO 3aTYXAET C YHaJeHHEeM OT HCTOUNHKA MUTAHI.
M3 dopuyaet  (193) caeayer, uro oh/0t=0 nas

xz=0 npu (=0, t—>o0 u 0/0i=0 naa x=0 Toaeko npu

[—00,
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Hudpeperrmnpys ente paz dopmyay (193), noayuaem:

2 T _u? 9
OB L T e T oy =, (194)
o o ¥

orciona umeeM 02h/df?=0 npu u=0, u=o00, u=7Y0,5
[locaeniiee Bupakenwe NOKasLIBACT TOYKY mneperu6a
KpusBod A(f), uam oTnocuTeabHOE BPeMH MAKCHMAJLHO
CKOPOCTH NOJ'beMa YPOBIISI TPYHTOBLIX BOJ LI pACCMATPH-
BAEMOTO CeyeHHs.
[pu u=1/2Yp noayuaem, uto MaxcumajabHasg CKOPOCTDb
NOALEMA YPOBHS FPYHTOBBIX BoJA Hactymaer npu f=0,5

OTtkynaa
rm;n,;: O,E}TJ-:U,Sﬁ.‘:EIk?: ([95)

TO €CTb PaBHO INOJOBHIE BPEMEHU CTAOHIHU3AIMM.

[Ipn MrhoBenroM noambeMe YpOBHS BOLBI B BOJOXpAHH-
JHIle (Kamame) MaKCHMAaJbHAsT CKOPOCTh MOABEMa YPOBHSI
FPYHTOBLIX BOJ COOTBETCTBOBAJa [=1./6.

[Toxcrapasiss p=0,5 B dopmyany (193), noayuaem cie-
AVIOIIHE BBIPAXKCHHS 15T MAKCHMAJBHON CKOPOCTH mMOAbe-
Ma VPOBHSI TPYHTOBLIX BOIL:

xS % v 2y ART D
7 == , ‘
eS=l hﬁ?( o o0, 05z Ux = Q—}L é%fuh!_ :'r:—-ﬂn'%ﬂ_? =
T Y kTS %
=fug &7, -0.607. (196)
O.x?

Popmydint (196) nossosAT CBA3ATL MaKCHMAJIBHYIO
CKOPOCTL MOJ'bEMA YPOBHSA IPYHTOBLIX BO/L B NabJI01aTeNn-
HOIl CKBAzKHIIE, HAXOAMENCST 1a PacCTOANMM X OT HCTOY-
IIHKa IHTAlHA — KaHalda, ¢ TAKHUMH BeJIHyHHaMH, Kak Qo,
kT[S, mo)ibeM  YPOBIUISI TPYHTOBBIX BOJA MOA KAHAJOM
he—o uaM cxopocth 3Toro nmojnema (Gh/0f)c—.

[lpercrasasier nurepec cayuail, korjga HemocpeacTBeH-
HO I10JI KaHaJA0oM HeT HabGJII0LaTeanHoll CKBAKHHBI, a IJay-
OHHY TPYHTOBBIX BOJ 3aMEPSIOT 1O OLNON (MJIH HECKOMb-
KHM) CKBaXXHHAM B CTOPOHE OT KAHAJA.

YUHIBIBA CBfI3h, yeTamowaennyo B dopmyaax (191)
o (192), mMexay noaneMoM  ypoBlst PVHTOBLIX BOL O
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gananom npu x=0 u no cropouam oT HEro Ha pacerosi-
HITH X, 1HMCOM:

ot

h(x, t)= {g.__ § = Nx=0k. (197)
Vakid

Tak kKak MakcHMAaJblast CKOPOCTh NOABLEMA  VPOBIA
FPYHTOBLIX DBOJ COOTBETCTBYET OTIIOCHTEILIIONY  BpEMeEl
p=0,5, To no (opmyne (191) naxoanm, uro ¢=0,21. Crue-
JOBATQALIIO, IJISI 9TOTO MOMEHTA BpeMeHH MOXHO Halii-
catb: f(x;0,51) =0,21A(0; 0,5t). Awnaaornuno no QGopmy-
ae (192) noayuum: h(x, {) =Qex&/RT, £=0,084 npu p=0,5.

Yuurnipas 3TH pesyanTatsl, opmyay (196) moxio 3d-
MHCATbL B BHJE

Ue=10.249 Qo =2 88 i h., oTciojla

xd Ox?
B wil] 552 (198)
S i

rae Ux-— MakcuMmanapHass wHalJojaBmancs CcKopocTh NHOJAkeMa YPOBHS
FPYHTOBHIX BOJL B CKBaHuue, HAXOAALLEHCH OT KaHaJa Ha paccTOAHHH
¥ MPH MOABEME TPYHTOBHIX BOJ B 5TOH CKBAXKHHE HA BEJHUHHY A

Onpejensiss CKOPOCTb INPOABHIKENHs MAKCHMYMOB CKO-
pocTeil B CTOpoNy or Kanana, maxoAum mo ¢opmyae (199)

dx kel I kT
Uﬁ = — = — = — » ~ lgg
WET W T 8r 12 Y, e

M3 dopmyner (199) caeayer, uto KaxKywascs CKO-
POCTL pacnpocCTpalieHusl BJAHSNHS Kanajga B CTOPOHbI Pe3Ko
zatyxaer ¢ yiaJeHHeM OT KaHaja.

Ecin mo madmawjieHnam 3a psaaoM CKBaXHH — H3BECTIA
CKOPOCTh NPOABHIKEHHSA NPH MAKCHMAJABLIOH HUTCHCHBHOCTH
[10'beMa TPYHTOBLIX BOA, To u3 ¢opmyant (199) Moxkno

ONPEACINTE:
RT[6 = XUgxam. (200)

[IpuBescHHbIe BLIIIE COOOPaKEHMsT MO3BOJSIOT  HaMe-
THTb BO3MOZKHBIE CHOCOOLI OonpefiesieHHst BAaKHOH THAPOreo-
JIOTHUCCKOH XapaxkTepHCTHKH RT/0 no pesyasratrayM noJje-
BBIX HaOMIOJAEHHH 3a PEXHMOM IPYHTOBBIX BOJ BOJH3M Ka-
inama, Ecan xanan maudHaer padoTartb IPH CPABHHTEJBHO
IHH3KOM YpOBIE TIPYHTOBLIX BOJA (CTOSILIHX HHIKE KPHTH-
YecKoro YypOBHS, IIPH KOTOPOM HAUYUHAETCS! HMX 3aMETHOe
Henapemnue) B VCJIAOBHSIX CBOOOAHOIT (uaALTpalUHH M TIPH
STOM BeAyTCa HaoJgI0JenHa 3a PEeMHUMOM TPYHTOBLIX BO/J
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(xoTst OB 10 OO cKkBazKiHe), To,
HGI¢ BLILLHC 3dBHCHMOCTH,
sitauenue kT/S.

B rabame 19 npusoasites xkoahdmimentur &,
nole no ¢opmyae (191), u €, onpeleaennue
ae (192), B szammcumoctH  OT

p=t/t. n aprymenra 2u—=1/¥B.

FCHOALAYA  HATOKeN-
MOZKIIO HPHOJIHAKCHITO ONPCALTHTL

BLIYHCICH-
no Gopmy-
OTHOCHTEALHOrO  BpEeMen

19. 3unaucnuns koappuumentor £ n 2 B 3aBNCHMOCTH
OT OTHOCHTEJIbHOTO Bpemeny [ w 2u

== -

-

)

0 00 () 0 100 0316 0745 1,329
0,05 4470 00007 00001 120 0289 0,764 1,195
0,10 3,160 00117  0.0021 140 0267 0,780 1,647
020 2240 00610 00154 160 0250 0,794 1,790
030 1830 01160  0.0360 180 0236 0805 1926
040 1,580 01660  0.0590 200 0221 0Kl 2.056
0,50 1,410 02100 0,0840 250 0200 0,831 2310
0,60 1,260 02460 0.1080 300 0,183 0845 2610
0,70 1,200 02760  0.1310 350 0,169 0857 2860
0,80 1,120 03050  0,1540 40,0  0.158 0866  3.090
090 1,050 03330 01770 500 0,141 0879 3510
1O 1000 03340  0.2000 60,0 0,129 0,889 3,890
160 0816 04390  0,3040 700 0,120 0897 4,240
200 0707 0490  0.3960 800 0,112 0003 4560
2.50 3.632 05370 0.4790 40,0 0,105 ().4909 4 860
300 0577 05710 05560 100,0 0,100 0914 5,160
400 0500 06190 0.6980 1563 0080 0931 6560
500 0447 063530  0.8250 2780 0,060 0948 8910
6,00 0408 06790 00,9390 6250 0,040 0964 13,600
700 0378 07000 1.0450 25000 0,020 00981 27.700
8,00 0354 07170  1,1450 100000 0,010 0,990 55,800
9,00 0333 07320 11,2400 oo 0 1,000 oo

[o panuuim tabanust 19 nocrpoelist rpauk 3apucimo-

cTH Ko3(puumenra & or aprymenrta 21:~1/Vﬂ-—-r}rﬁ/k?']’.‘
(pHc. 24) u rpaduk 3apucHmocTH KoapuiHenrta £ or or-
HOCHTCABHOrO BpeMenn B=1{/t. (puc. 25).
[IpakTHuecKHii HHTEPEC NPEACTABISCT CAYYail,
pacxoi B ceyeHMH x=0 H3MEHSIETCST, NPHUYEM ero BeJaH4H-
LI MOrYT ObITL  H300payKeHbl Ha OTHACILILIX OTpe3Kax
BpeMen NOCTOANHNMH (MPH JOCTATOUHO MaJbLIX HHUTEpBa-

Jax ppeMcHi Takim obpasom MoxKer ObITL H30GpAKeNo
J1000e HiMeHeHHe pacxoaa).

KO[,1d
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[Tpumem, uto B ceuennin x=0 rpanuuibie yciaosus 06y-
ayT: t=0, Q=0; 0<t<<t), Q=0Q1; H <<, Q=Q2 u 1. 1.
3nech Q — pacxox duavTpanuu, nocrynawieit M3 Kana-

Ja B TIOTOK.
Torna, noawsvsaces dopmyaoii (191), nanumenm:
1as orpe3ka speMmenu O<Ti={,

hix, t)= (ﬂ{—— f—"_ ‘,f i),
¥ akRTS ™ " 2V kT |

nmy

A5 orpeska ppemenn I <i=t
3 : T Da- Wt
ifx, t)= Q.f“_,,s ( X .}!_/"_ﬁ__) L “Q._.}_H by,
1akTSs \ 2V kT

XE{’ X *1/5??.)

oVE—1;

Has nocaefyiounx HIHTEPBAJOB BpeMeHH anaJOrHuHO
npudaBJIsieTcst Bhlpa)KkeHHe

'[Qn—Qﬂ--t) af b | % ._3 |
— {— In— —— |
L | [.21-’1-*1‘-1-1 kT )

YunutbiBasi, 410 OTHOCHTE.bLHOe Bpemsi B=/{/T., MOXRO

3anHcaTh:

r I'Hf n— 01
hix, {)= 33 s

=1 YAkl

L & (B—But)fT=Fary (201)

rae n— noMep HUTepRata, Hamenserca or | g0 m; kos(pduumnent E
Ocpercs 1o Ttabaunie 19 B 3aBHCHMOCTH OT OTHOCHTCJILHOIO BPeMeHH

(B—Pn-1)-

Cymmupysi udensl B opmyae (201), noayuaem name-
lleHHe VPOBICil BOALI B IMPOH3BOJALIION CceUeHHH X OT KaHa-
na jaaa Jo00ro HHTepsaJia BpeMeHi.

[TonoOHBIT NMOAX0A MO3BOJIACT HCIOIL30BATH I10JEBBIC
maba0IeHHa HaJ PEKUMOM CPYHTOBBIX BOJA IJA YCTAHOB-
JeHus OGHINX TIHAPOTeoJOrHYeCKHX XapaKkTePHCTHK IMOTOKA
(Gacceiina) rpyHTOBHIX BOJ, HanpHMEp TakoH, KaK YpOB-
HenpoBoanocTh a=~kT/S. 31masa 3TH XapaKTEPHCTHKH, MOXK-
HO rayDxKe NpoanaJIH3HpOBATL HAOGMIOACHNS 34 IHHAMHKON
CPVIITOBLIX BOA (B WacTW YCTAHOBJEHWS BJHSIIHA Pasjind-
HLIX (hakTOpoB) o JlaTth NPOTHO3 pexHMd  TPYHTOBBIX BOJ
HPH H3MEHEHHH YCAOBHIT HX ITHTaIi,

12%



NMOTOKK FPYHTOBBIX BOJ OFPAHUYEHHOW [NMHbI
BE3 JAPEHAMA

Boiite OBLIIH H3J0AKCHLL BOHPOCDH PEAKHME  IPYHTOBLIX
Bojl B OeccrouHbix Oacceinax. llpuyem cuutanocb, 4TO On
GopMupOBAICT NOJ JEHCTBHCM (PIVIBTPALHH  H3 KPYNHOro
ONMHOUHOTO Karada 1AW IHTAHHS CPYHTOBBIX BOJ OT OpO-
IeHHs 11a Maceuse Koueunoil aaunn.. Kpome rtoro, npei-
1044arajJoch, UTo BOJM3H OT KdaHaJa HJIH MAacCcHBA HeETr JApYV-
FHX KAHAJOB HJH MAaCCHBOB,— 3TO T03BOJSIJIO CHHTATDL I10-
TOK TPYHTOBBIX BO/I BeCbMa OOJbINOI JUIHNL, PacemMoTpun
PEHKHUM I'PYHTOBLIX BOJ LIS CHCTEMbL OPOCHTE/bILIX Ka-
HAJOB H Ha APEHHPOBAHHLIX OPOCHTEJALIILIX CHCTeMax, KOor-
Ja MeKAY KallajgaMu pacloJosKeHbl  JIPeHLI-KOJJIEKTOPLI,
B oOoux cayuasx nOTOK TPVITOBLIX BOJ YiKe He MOXKET
MPHIHHMATBCS HeorpaHuueHno OO0JBIIOH JIHNLL, B CBSI3H
C YeM H3MEISIOTCS rpaludlble H HauaJibHble VCJI0BHA, 4
TAKKe YCI0XKHAITC pellcius 3ajaadu.

Tunnunbie cxembl Jlis peKHMa TPYHTOBBLIX BOJ Opollae-
MBIX MACCHBOB NpeJCTaBIeNnbl Ha pUCYHKe 26

Pue. 26. Cxemu neycranoBHRIICHES (MUALTPAIHN H3 CHCTEMBl KaHAJOD!:
g — Oea ApeHuaxka; O — npn gpeHaxKe.

123



Cxema JABHIKCHMSI FPYHTOBLIX BOJ npn QHALTPAIHH H3
CHCTEMLI OPOCHTCILIBIX  KaHaaos Oes Jipenazka, Koria
(PHABTPAILHOHHDbIC 1HOTEPH PACXOAYIOTCS 11a nornoJlenne 3a-
MACOB FPYHTOBLIX BOA M BLI3BIBAIOT NOADBEM HX YpPOBIHS, MO-
kazaHa ua pucynke 26,a. B stom cayuac 0fi/dx=0 npu
x=L, Tak KaK pacxoa B cevennn x=L pasen uymo, Ycao-
st ske npu x=0 moryr ObiTh pasaununsimMu. JLas BLICOKOrO
HAYAJALHOrO VPOBHS TPYHTOBLIX BOA, KOorjla (uibTpanHol-
b MOTOK H3 Kanaia c¢paly e CMBIKaeTcsi ¢ HOTOKOM
rpyirrosuix Bog, N(0,¢) =FHy, rae Hy— upesbimenne ypon-
H$l BO/ILI B Kalajge HaJ HCXOANLIM YpPOBHEM  IpPYHTOBBIX
BoJd B crpope Kauaaa. [lpu rayObokoM HavaabLIOM VpOBHE
FPYNTOBBIX BOj MOXKHO NPHOJAHKEHHO cuuTaTh Q= consl,
qyro paer B ceuennn x=0, dh/dx=consl.

[Ipn waanuuu apenaxka (puc. 26, 0) vciaoeus B ceue-
nupn x=0 B nauyaie JABHXKECHHSI OCTAIOTCHA Te Ke, 4TO H VC-
JOBHSA I CXeMBl, H300parKeHnoit Ha pucyHke 26,a, 1O
MPH MaKCHMAaJAbLHOM 1O/UbeMe YPOBEHb TPYHTOBLIX BOA MO-
eT W He AocTHub AHa KamaJsaa, B crBope Jpenaxa (0Oes
VUETa DBLICOTLI BHKJHHHBANHA H HECOBEPUIEHCTBA JIpeHA-
Ka) h(L,1)=0, npuueMm pacxod rpyuHTOBBIX BOA, HOCTY-
NaoWHUX B ApeHax (¢ oMol CTOPOHBI), MOMET ObITb HpH-

ST paBHBIM
Q= — kT (0h)0x) s—r.

[ToMuMo rpaHHuHbIX YCJAOBHIl, B ceueHHaXx x=0 u x=1L
HeoOXO0AHMO VUYHTHBATL BJAHSAHIE NHTANHS TPVHTOBLIX BOJ
O NYTH HMX JABHKEHHs (1OTEpH M3 MEJIKOH CeTH NpH opo-
HIEHHH), & NPH BHICOKOM VPOBHC TPYHTOBBIX BOJ HaIO
MPHHHMATL BO BHHMAaHMC HCHAPCHHE ¢ HX NOBEPXNOCTIL.
Takum o6pasoM, HEOOXOAHUMO HAHTH YacTHLIC pelIeHHS
audpepennuanapioro ypasutiening - (135)  npu onucannbix
FPANNYHLIX H HAYQJbLHBIX YCJIOBHSIX:

dit g2f; g
e e 1
ot (1%
I'IPII ﬁ;‘hr“‘HD: -'_:':I-’L: f:ffl‘u. Ti}=§LEf.~’ﬂT, = - f‘”"

kT HolL
rjac oboanaveHHs MpeiHHe.

Boinie Gulji0 nokKasaHo, UTO B COOTBETCTBHH C Npeao-
wennem H. E. JKykosckoro fi(x, ) — uzmenenns s cyuiecr-
BYIOULCIT NMOBEPXHOCTH TPYHTOBLIX BOX, [03TOMY Hayalb-
HLIM YCjaoBHEM Moker scerfda ouoitn fi(x, 0) =0. I'pannunnie
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Puc, 27. CXeMbl K pacyeTy HeveTAHOBHBIUEHCS (PHALTPAHH H3 CHCTEME
Kanaaos B OC3APCHAKHLIX YCJAOBHAX:

0 —a — poanepran. duasTpauug; 2— cpoGoanasn PuastTpanus: ' — wommnocrs no-
AOIOCHOTO Haacta; ¢ — HHTCHCHBHOCTL NHTalMA IPYHToBMX NBOJAL &— HCNAapCHHE
C NOBCPXNUOCTH TPYHTORWMX Bod; @ - dnavTpanuonnnii pacxoj W3 xanajda B Vee
HOBHAX  enobojnoll  Gmanrpanmn; L — noJoBENA  PACCTORMHI MEIKAY Kaualamil,

YyCJAOBHS, K4K 3TO OINHCAHO BLIINE, MOTYT HMCTL Pas/iHyliblil
Bui. kI3 mmorooGpasua stux ycaonuit BuiGepeMm Haubosee
XapakrtepHble.

Ha pucvuxe 27 npeicrasiensl CXeMbI N0ALeMa YPOBHS
FPVHTOBLIX BOA [OJ BAHANKEM (HIbTPAUHH M3 CHCTCMLI
Kanaaos B OGesjpeuamubix ycaosuax. Ilpnuem cxembl, H3o-
Opazeliliple 11a picylke 27, a, 6, 6, npeanoaaraiT BbICO-
KOe HayaJhHoe HOJOKeHHe YpOBIH TPYHTOBLIX BOJM, nO-
ITOMY B CTBOpe Kanaaos npunumaercs fi(f)=1. Ha cxewe,
nokKasaloil Ha pHcyHke 27, e, npeaycmarpusaercs ray0o-
Koe Hauaiblioe NOJ0ZKeHHe IPYHTOBLIX BOJ, UTO NO3BOJAET
upubanzendo upuuarh Q (L, £) =const. Cxema, npejcras-
JIeHHas Ha pHcyHkKe 27,0, npeanonaraer HaJHuHe Hcna-
peHHy ¢ HOBEPXHOCTH TPYHTOBBIX BOJ, a CXeMa, NOKasaH-
Hast Ha puCyHKe 27, 8,— HX pPAaBIOMEPHOIO IHTAHHA 110
(101l OpOIIeHH,

das H300pameHiblX na pucyHke 27 THNOBBIX YCJOBHIi
PHBOASTCA HacTHbIC peleHusi ypasuenus (143) mamypas-
metnsi (135) npu HAJHYHMH NHTAHUS HAH HCNApenys,
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PeKuM rpyHTOBLIX BOJ MPH MOANEPTOH (PHIALTPALMYU H3
CHCTeMbl  Kanaaos (puc. 27,a). llexoanoe noJozenie
VPOBHS TPYHTOBBIX BOJL CUHTACTCS TAKHM BBICOKIIM, UTO ¢
CAMOTO HavaJa ABIKENHsT BO3HHKAIOT YCJAOBHS IONEPTON
GUALTPAILHM H3 CHCTEMBLI OPOCHTEMALILIX KallajJdoB, pacno-
AOMEHHBIX JpPYr oT Jpyra na paccroguun S=2L (m).
Tpedyercst onpeacants AHnaMuky GUIALTPALHOHIIBLIX HOTEPL
H [MODHEeN YPOBHH TPYHTOBLIX BO/L HHL‘.]]L‘.HIIHE HL??H,II}-" Il -
magaMu, BBuiy OTCYTCTBHSI IHTAUHA TPVHTOBBIX  BOJ 1O
OyTH HX ABHIKENHMA OCHOBULIM ypasliennem Oyiler 3aBHCH-
MocTh (143): Oarfot=0%h[dx? npu h=h/ll,, x=x/L, t=l/,
t=0L%/kT.

Tax kak uccaenyioTes M3MCHEHHS TOBCPXHOCTH TPVI-
TOBBIX BOA Ni(x,0), TO HauyaapbHOe YycCJI0BHe Oyjer
h= (x,0)=0. I'pamnmuusle ycaosus: =0, i=1 (nast>0);
r=1, 0ifdx=0.

Pemwenune ypasuenus (143) B nuie

h(x, £)=1—Zerlx-T (1), (202)
rie erlx 3aBHCHT TOJbBKO OT Z, a [ (!)—ToankKo oT t,
kak H3pecrno (JleiiGenzon, 1934), Gyaer:

I ¥

B D=1-23 L sin nazexp(—aiD)  (203)

-1 ;‘.n

ipH Aw=(Z2n—1)mi2, n=1, 2,3, .
O6osnauas A(Z,t) =1—q¢, noayuaem:

h=Hy(1—q). (204)

Dynxnus ¢ 3aBHCHT OT  OTHOCHTCIBLIOTO  PACCTOSIHHS
¥=x/L 1 OTHOCHTEJLIIOTrO BpeMelnH PBo={/t. DTO NMO3BOJSET
npotaly aupoBaTth ee, uto U Owo chaeaano JI. C. JlefiGen-
sortom (1934),  Caeaver orMeTHThL, 4To A Bo>0,2 npu
v=cxp(—m*fo) u Ppp=t=I/t NoCTraTtouHo TOYIO

o= :‘I ¥ vsin & (205)

L]

B radauine 20 npusejlenbl 3mmavucHusg (YVHKIIHH ¢ B 34-
BUHCHMOCTH OT [o M V.

[Toab3ysicb npusefieniioin rtadJiuiei, MOKHIO MNOCTPOUTHL
[IOBCPXHOCTH TPYHTOBBIX BOJ, COOTBETCTBYIOLLHC oOlpele-
JEHHOMY MOMEHTY BpPCMEHH OT Hauajga (QUIbTPAUHH H3
kanana. HeitictBuTensto, 3uas 6, L, &, T, onpexensien Bpe-
MSL CTAOMU3AIMH T M IS HYIKIIONO MOMEHTa BpeMmMeHH i
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25+ | HAXOJAMM  OTHOCHTENLHOE

* T PR ppeMst  Bo={/r. 3uasa Py,
BBIMHCISCM BCIIOMOT A -
TNBLHVIO  BEJHYHHY V=
=oxp(—m’fe) HAR 1CHO-
CPEJICTBCHHO MO 3HAYCHHIO
Bo (taGa. 20) nna pas-
auuabx ¥=x/L omnpenens-
eM 3paucHHS QYHKIHH @,
ocje 4Yero HaXOAHM MoJo-
JKeHne HNOBEPXHOCTH TPYH-
TOBLIX BOJ 110 dopmyae
(204).

Tag Ke MOMKIO PeunTDh
oOpaTHyio 3ajlauy. 3aja-
Basicb, HamnpuMep, JOIy-
CTHMBIM MNOABLEMOM TPVII-
Puc. 28. 3anucumoctH (l—@), ¥, TOBBIX BOJA Ha ONpe/LeaeH-
!5'_‘*’}" o d ik ﬁ“..“1”’1”:;1‘.*;}3;"%‘!’[‘] 1IOM PACCTOSIHHE OT KaHa-
e Jna, MOMKNO  YCTaHOBHTL,

KOrjla 9TOT NOABEM HaCTy-
1HT.

UirtepecHo ONpefeauThL JAHHAMHKY YPOBHST TPYHTOBLIX
noj Ha rpamiie GHILTPANHOHITOrO NOToKa (HAnpumep, 1o-
CpejliHe MeXAy KallaiaMi), To eCTb IS x=L wuau, una-
ye, ¥x=1, 3uavenusn Gyukouu (l1—¢) nag 3sroro cavuas
npusenennt B 1abaunie 21, a sapucumocts (l—q) or spe-
venn Bp noxasana Ha pHCyHKe 28.

Pacxon nortoka rpyHTOBBIX BOA B ceueHHH Xr=0 B onny
CTOPONY : o
o

dx 'x=n

fate
=

k e

(1-¢) w,(1-1), 2
=

=
n

/]

rae 0h/dx oupeacasercs corstacno dopuyae (203):

_ {(In—1)-
i Hao dh . 2L T e 2 .
— = ——— = A ¢os—— 2n—1).
dx L i L n= 2
] r._- g r 3 = ¥ '..I
Ho poipaxkenne 2 (v”"{:r::s—li FVEE0s — @t oo | 6CTR

LY -

| — ,-"",
T3Ta-GyHKILHS vg(g—ﬁ-. XK juan obosuavenusix  SIkoou

Hi(w), u=3K Cacaosateanno, pacxol B J1000M ceueHHH

NABEeH: |
Qu— ”{i H(ZK), (206)
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vie M (¥K) — 1sra-dyuknma Awxobn, npuucm  v=e—nify=e—aK’/K,
otkyaa K/K'=1/nfo; K u K — noauble saimnriueckue HuTerpansl

MepBOre poia npu Moiyasax # H #'=Vyl-%% K, K, « u % soryr
OBITH HaHXcHB H3 cooTHoweuns K/K'=1/ap,.

Tax kaxk mnac wnrepecyer pacxol B ceuenuu T=0, 10
no ¢qopmyiae (206) umeem:

o ""Tf“ Hy(0), H(0)=2(x1A4n/ 25y | ),
(207)

21. 3unavenna woadpdunnentos (1-—q¢), . (I—y) u 2 B 3aBHCHMOCTH
OT OTHOCHTENbHOTO BPeMEHH fo=1/T NJ5s1 HEYCTAHOBMBHICIOCA pPeHMMA
(PHabTpPAUMKM M3 KAHANOB NPH OTCYTCTBHM OTTOKA M KOHCUHON HJMHE

NOTOKA

2 ‘ l1—9 [ ~ | Li— I %!
() 0 00 0 o
0.01 ) 5,6500 0.113 5.63
0,02 0 3,9900 0.159 3.99
0,03 ) 3.2600 0,195 396
0,04 0,001 9 8200 0,226 9 82
0,05 0.003 2 5200 0,252 2 53
0,06 0,008 2 3000 0,280 239
0.07 0.015 2 1300 0,300 2,16
0,08 0.025 2.0000 0,320 2,05
0.09 0,037 1.8800 (0.340 1.96
0.10 0,051 1.7800 0.360 1,88
0,15 0,136 1,4400 0,440 1,67
0,20 0,228 1.2400 0,500 1,60
0.25 0,315 1.0900 0,560 1,58
0,30 0,393 0.9570 0.620 1.57
0.35 0,463 0,8430 (.650 1,07
0.40 0.526 0,7450 0.6590 1,57
0,45 0,580 0.6580 0,730 1.57
0.50 0,629 0,5820 0,760 1,57
0.60 0,710 00,4540 0,820 1.57
0,70 0,774 0.3550 0,860 1.57
0,80 0,823 0,.2770 0.890 1.5
0,90 0,862 0,2160 0,910 1.57
1.00 (1,892 0,1690 0.930 1,57
1.20 0,934 0.1030 0,960 157
1.40 0,960 0.0630 0,970 1,57
1,60 0,975 0,0380 0,980 1,57
1,80 0,985 0,0240 0.990 1,57
2,00 0,991 0,0140 0,990 1,57
2,00 0,997 0,0040 1,000 1.57
3.00 0,999 0,0010 1.000 1,57
3.50 1,000 (.0004 1,000 1,57
4.00 1,000 0,0001 1,000 1,57

9 Jakaz Ne 42067 IQH



3uauenue tara-pyvuknuu [ (0) unamensiercs B npeie-
aax or H(0) =00 npu v=1 (upn Bo=0 B HAUAIBLHLIT MO-
venr puavrpanun) mo 1 (0) =0 npu v=0 (npu po—>ce).
Pacxoa nortoka rpyntoBbix BoA B 00€ CTOPOHLI

0— ?*’*T P, (208)

rac y=H,(0) — T3Ta-PVUKIHA, 3aBHCAMAA OT OTHOCHTEIBIOrD Bpe-
sMeHn o=/t

3unavenus GyHkuHm P B 3ABHCHMOCTH OT OTHOMIGHHS
Ppo={f/r mpusepens B tabauue 21,a rpadpuk Pynrumun P
nokazau ua pueyike 28, Ilpu cocrasacnnn Tabanubl Modb-
sopaaucn, pagom (207), xoTopblit OLICTPO  CXOAHTCSE LA
sitayenuilt v<0,4. das pulumcaenuil uJjaelos psia NnpH v,
OJM3KOM K CAMHMIE, MOZKIO HANHCATH:

H,(0) =YK/K' (1—2v'+2v"4=2v94 .. .),
npHueM

v=exp(—naK'/K),
v'=exp (—aK/K’), lglg 1/v+1glg 1/v"'=0,26986.

[Tpn v=0,5 3navennss v/ ovewn mann. Hanpuwmep, jaus
v=0,6 +'=4-10-". C pmocraTouHoii CTemeHLI0 TOUHOCTH
npubankentoe pasederso aan v=05: H(0)=YK/K'=
= 1VYnfo= (1¥n) Y=/t

M3 taGauum 21 w wa pucyHke 28 BuIHO, uTO pacxon
NOTOKA TPYHTOBLIX BOJA AJS  PaccMaTpHBAEMOro CJyyas
NagaeT A0BOJBHO Pe3KO B HAUAJC JIBHKEIHS | 3aTeM [11aB-
o NpHOJHIKAETCH K HVJIK0 TpH [—>o0,

Cpasnupast pacxol, BbluHcacHIbI 10 dGopmyae (208),
¢ pacxojom Qp Aaf YCTAHOBHUBLIEroCs TEUCHHSI B MNJACTC
MOLLHOCTBIO Tep npu nocrostniom nanope fly, nmeem:

9= Zlosth w G, (209)
X5

[Ipuuem $>1 B nauvane dbuabTpauun U p<<1 B KOHIE
buasrpamun; y=1, to ectb Q=Q,, nupu po=0,28 (npu
1=10,287). Hdaa nepuoida (pHALTPALMHH, HPOLOJIIKAIONLECTOCH
npubAH3HTeALIIo M0 '/ Bpemenn craduanzammn, pacxon
NOTOKa I'PYNTOBLIX BOA 6OJBLLIC, 4eM pacxod, noIcuuTan-
Htt 1o (popMyJgTaM  VCTATIOBHBIIErOCs  pe)kHMa, a IpH

{>028t Q<Qp, npuuem Qo onperenen npu nanope Ho.
das cpapHenusg (GakTHYCCKOrO pacxona npu ueyeTano-
BUBHIEMCS  PEAKHME € (PHKTHBHLIM - PACXOAOM,  KOTOPGLIH
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OlIPEACaNCTCH WIS TeX Ke ypoBHel B ceueHuax =0 u
x=1, HO HpN YCTAHOBHBINCMCST JABHKEHHI, MOXKCT CJAVIKHTD
OTHOWIEHHE 3THX pacxolos » = Q/Qp npnuem Qp BLIYUIIC-
Jsieres npu passoctu Hanopos (Hy—nh):
! = Q __ I_E_JE'Z}.LIFIJ-'F‘F'U‘FL - Y ' (210)
O[: EJE.":"L-: I {Hrﬂl‘_',” *

3uavenne %' B 3aBUCHMOCTH OT OTHOCHTEILHOIO BpeMe-
HH Po={/t npuBegeno B tabauue 21, Has ananuzupyemoil
3a/laui 1IeYCTAHOBHBUINACA PEXKHM 11€Jb3si paccMaTpHBaTDL
KaK [HOCAeLOBATEILIIVIO CEPHIO YCTAHOBHBIIHXCH TeveHHil.
B AciicrBuresbHOCTH PAaCcXoji J1sl HEeYCTAHOBHBIIEIOCH Te-
HUeHHsi NPH NOALeMe TPYHTOBLIX BOJ BCerda OoJblu¢ pacxo-
Aa VCTaHOBHBILEroCH TEYCHHS, OIpeAeelnoro s Tex e
CAMBIX YVpOBHeH B Kpalinux ceuenusix. Ecau gas oucnp
AauHHoro nmotoka »x'=1 npu Py—>oco, To AJIH LOTOKA orpa-
MHYEIOll  Adauubl %' —7/2 npu Pe—=-00, 4ro GJAH3IKO K
»' =3/2, npuusitomy A, . KoctsikoBLIM  na oCHOBAHMI
OIILITOB, NPOBEACHILIX Ha IHAPABJHUYECKOM HUITErpaTope.

O0beM BOABL, MOCTYINUBIUHI B HOTOK IPVHTOBLIX BOJ
3a BpeMd {,

! : . f
W= [ Qdi= Ef‘iﬂf 2 [ (WA L)L
] ¥

[Ipou3Bods 1oyJielio HHTErpHpOBALNE, NPUAEM K BLI-
P a KCHHIO:
W=20LH,(1—v), (211)

;e

8 & ] : < Y 9
i ”Z_ll 1)’ E‘hp[ ; (2n—1) ﬁuJ. (212)

OyeBuano, yto W=0 npu =0 u W=28LH, upnit= co.
Caefoparedplio, o0uMil o0beyM npoOQYUALTPOBABLICHCH BO-
Jbl papeH CBOOOAHOMY OT BOALI  0OBEMY TIPYHTA BbLILIE
VPOBHSI TPYHTOBLIX BO/L.

3HaueHHsi KOIQGHIMEHTa ¥ B 34BHCHMOCTH OT OTHOCH-
TCJIBHOTO BpeMeHH [ npusegens B Ttadauune 21,a nux
rpaduueckoe usobpaxkenue nokaszano na pucyuxe 28, [1pu
Po<<0,5 paccMotpennble GOpMYILI pacxoda 10TOKA FPYHTO-
BLIX BOA H O0BEMOB BO/JBI, NOCTYNHBHUIMX B MNOTOK, VIPO-
LLAI0TCS CAENIYIOIHM 00pasoM:

pacxonx

Ek]ri'rulru 2 ; "o 1
= — = - H,¥kT6 —=,
Q== ¥= 5z Ho¥=lo 5
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o0’beM BOJLLI
W=08LH,(1—y) = }__i'—_—- Hoy kTS Y,
[k
TAK KAk NpH 3TOM

e . | / ? . ;T
| — v~ 2YBo/a= — — 1/ *L Vi, v~ A =
v = 2YPo/a E L )/ Vi, A V =

— _I__ _I__-—_—_ .1_. l/ '-_f —_—

Jou Bo 1
Caenosare/ibHo, AJs HauvaJpHOro nepuora palboTnl Ka-
Hana (Po<<0,5) jaHHa MOTOKA He Hrpaer CyLLecTBenHoll
POJIH M HEe OTparyKaercs Ha 3HAYEHHAX pacXxoaoB H oGLEMOB
BO/bI, TAK KAK OHH ONPeNeJsIOTCS TEeMH e 3aBHCHMOCTA-
MH, YTO H s ovellb AJIHHHOTO NOTOKA.

Orcioaa caeveT BHBO/L: B3aHMHOE BJHSIHHE OPOCHTEbL-
HEIX KaHaJ0B Ha N0,/beM PPYHTOBBIX BOJ W Ha NOTCPH M3
KaHaJioB HauuHaer CKasblBaTLCA MPH AJHTENBHOH HX pado-
Te;, NPH KpaTKOBpeMeHHOH padoTe Kanaabl padoTaloT Kax
OAHHOYHBIE.

[Toab3ysace, aamubimp tabaunus 21, necaoxkHo onpeie-
JHUTh 3JAEMCHTDLI HEeYyCTAHOBHMBIUICTOCH PCeKHMA I‘I]}‘HT{'}BHK
BOA st padoTLl CHCTEMBbl OPOCHUTC/ILHILIX KAHAJ0B B YCJO0-
BUAX MNOANEPTON QHABTPAILHH [IPH OTCVTCTBHHM  JIpeHazKa,
Korjla notepuH Ha QHJABTPAILHIO HAYT TOJLKO Ha I0NOJHE-
Hue rpyHtoBbix Bod. Ilpn nojacuerax noreps HeoOXOJAHMO
VUHUTLIBATL AOMOJIHTEALIILIE [HOTEPH Hi NOBOPOT H PacLIH-
penue (PpUALTPALIHOHHOIO IMOTOKA HPH NOCTYNJICHHH €ro Hn3
KaHasa B o6aacTb PyHTOBBIX BOX f.

B cooTBeTCTBHE CO CMBLICJIOM 3TOH NONpPaBKH, YUHTHLIBAs
popmyay (60), Q=PQx cuHTaeM BO3IMOKHLIM YKA3aHHYIO
MONPABKY PpacnpoCTpauuTh Ha cayuall HeyCTaHOBHBLUEHACS
huabTpanHu npu noAneprom pexume, llocae sroro Qop-
MyJbl JUIST HEeYCTAHOBHBILErOCS pPeMHMaA HPHMYT BUL:

h(x, t)=Ho(1—¢q), Q=QabV,
W=28LHy(1—7v). (213)

B srux ¢opmyiax spemst CcTaOMINZAUNH Onpeicaaercs
C YUETOM AONOJHHIEILHBIX TIOTEPDL:

v=8L2/kTp. (214)

PexxumM rpyHTOBLIX BOJA NMPH NOANEPTOH (GuabTpaumn wus3
CUCTEMbl KAHAJOB H HCNAPEHHH C MOBEPXHOCTH IPYHTOBBIX
Boja (puc. 27,0). HlonveruM, uto rpyHTOBBIE BOJALL CTOSIT
BLICOKO. BCkope nocae nauasia paborbl Kanajaa obpasyercH
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CIIOWHOI (PHIALTPALHONNLIT NOTOK, TO €CTh  (huabTpa Ly
H3 Kaudja OyAer noAneprod. B orauymne ot paccMoTpennon
BLILIC CXeMbl OYAEM CUMTATb, YTO (QHJIALTPYIOLULHCCH 113 Kil-
Hajd BOALL MAYT HE TOJLKO Ha HOADLEM [HOBEPXHOCTH I'Pyli-
TOBLIX BOL, IO H Ha HCHApPEHHC €O cpeaneil HNTCHCHBHO-
CTBIO €. lorpga no upeAbIAYILEMY H3J0KEIHIO NYKITO HaiiTH
pelieHne ypaBHeHnus:

dh o

—— = — —%) IpH N=

ol ax?

ETHo L

Havanbupie u rpanudnsie yeaosus (puc, 27, 6) OyAyT:
(=0, h=0 (mas Bceit obaacty —L<x<<L); 1>0, x==+1L,
h=Hy (Bechbma ObicTpoc ypesHueHue Hamopa); x=~0,
Ohfdx=0. TpeGyercs maiitu h(x, 1) 1 Qi—sr(f). B Ges-
PA3MEPHLIX BeJHUHIIAX YCJIOBHA OYVAyT HMeTnp Bui: [=0,
A=0, —1<x<+1; 1>0 z==+1: A=1: 3=0, OR/0F=0.

Pelnm 3agauy npu noMoun onepanHonioro Heyncedc-
iust. Ilpumenciue x ypasneumio (135) onepannn npeoon-
pasopauus Jlamaaca no nepementoll  gaer:

LIR] = [ A(&, D)e-stdi=H(E, i, s),
i)

FAC §-—Tmapamerp, KOTOPLUM nepeBOoAHT Auddepennnaibioe ypabHcHic
B HACTHBIX npOM3BOAHBIX (135) aust opurukana fi(% f) B oGBIKNOBEI-
noe ju¢pdepeminaibioe ypasunenue Aas HsoOpaxcenus I/ (%, I, s):
" d?t (%, 8) 1
sl (%, 5)—h(%0)= * et |

dx2 8

10 BBIpAKEHHE IO0JYUCHO, YUNTLIBAH, YTO H30OpaNKe-
e TIPOM3BOAHON s HeupepbuiBHOl (yukunn L[f7 ()] =
=sF(s)—J(0), npuuem f(¢) — opurunan, F(s) — u3zo6pa-
xenne, [(0) — smavenne opurnHasa npu f=0; uzoGpake-
nue MoCcToSHHOI 11 pasHo L[n]=n/s.

Tax xax paccmartpuBaeMm A(F,1) xKak H3MeHeHHSI B 1I0-
BEPXIOCTH FPYHTOBLIX BOX, umeeM AT, 0)=0. Torna ypae-

HEHHC .15 H3DGFHH~LEHIIH IIDHMET BHI:

H” —sH— L —, (215)
rae nNpHHaTo H = degTS] ; H=I1(%, s).
(# %

Pemenne ypasuenns (215) umeer B

Hi —= =[e* Vs 4 Bex Vs (216)

S=
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Has maxoxkaemust nocrosumntx A u B nago npeopa-
30BATH  rpalidbbie  VCIoBHsA,  Ncaosuiwe (>0, r==*x1,
fi=1 coorBercrByer (>0 x==+I1, H(l,t)=1/s, ¥caosuio
r=0, dh/ox =0 coorsercreyer [/ ({] 1) =0,

[Mojcrasaas naifeminbie uactuple sunavenuss H (1, 1) n
H(0,t) B dopmvay (216), onpeaeasiem A u B. Tlocae
sToro ypasienie (216) nprumer Bpj:

e el gofle g ORES (217)

i3 =

5 v S s 'chys

Ypapuenue (217) apaseTcs peuieniueM 3aftauyd Aas H30-
Opazetust vexkomoi (pyukunyn Hx,s)=L|a(x, )], as
Haxoxenng opurmnata gynuknua h (¥, [) uyxHo Npons-
necTH obpartioe npeodpazoBanue Jlangaca, ¥Yyurhisas, uTo

ljchys=2(e Vs —¢ 31S e —5¥S— ) noayuaem:
H(%, s)=— /O ."l__; j{z [~ ]}'rhlﬂlg_ Vs (@n—1—-x)
s- 1 52 =l
e o) Z (‘—1}“4']&‘! I & \'ln—1a¢-.‘l:_J+ (2!8}
n=1

o B Tadauue uzobpamennit (Jduikos, 1952) moxHo
HAATH, YTO

L"‘[—Lt— P"*"’_]—l--—mf{ Z j

= S }

o

Mzobpamkenne L(%)=1/s? raxe nmaxoauMm B BHIC

_’:]':
i [ " ,— I-_. ;?: ] F ‘I’.-' -—
I F| I - o et —a .II 3
L L;:ul} ? _‘-_H‘ 2)ll Qrf':?l! ] p Le
HMcekomyio ¢gyuxumio A (X, t) noavuum B pHie
R(% [)=—ni = YR TRt
il Bl e HZ__ =4 [ X [ o¥E )
| ol gn—T+Ex1 = J‘} - (2n—]—Xx)? ]
-+ 1 —erl +1 —1)aH I+ :
[ \ 2T ]]I HE—I ) l 2

i 2n—1—x 3 {2”-_[ A]'?
A1 —er : = 10— —5 s
[ E'fk 2} .'1 Ve ‘) l/r “p] 4f J’K
l (2n- .1+x_} Jll erf | 2n—14- \)J

\ &7

—(2n—t+my)/ L -L‘:r:p{ ‘i-”""m’?J}, (219)

T 4}
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[Ipn nenoaL3oBaiy TeopeMbl PAa3Ja0KeIH TO Ke ca-
MOe pellene MOKHO II]H‘IIIC‘I'HEHTJ; 3 BHie

_ - (1 —x%) - 1 I(2n—1)%

h(x, t)=1-— — — Mt cOs —— X
( ) 2 n ﬂz—l ) (2n—1) 2
2i1—1)2 4~
mep[ | ”_1” .-r?r.l L

1 (2n—1) 7 2, P

lﬁ Z fity H-I-]_l_ L T(2n—1)x L‘ED['—""H 1) .‘IEE]

R (2n—1)8 2 : 4 ;
(220)

[Iposepka pewrennil nmoKaspiBaer ViioBaeTBOpelHe fa-
yaldbHbIM W TpaHHYyHbIyM  vedosusaM,  Hedcrsurenntio, np
=0 no dopmyae (219) i(x,0)=0, rak xak erfoo=1 m,
caerosareapho, 1—erfoo=0

Has opmyan (220) nveem:

= S 06 =% (2 —1
hix, 0) M 2 . Hgl T cos — x(2n—1)+

lf: ]
i — 1) nH

Ho, Kak uspecrHo,

-cus’;—f(zn—ly.

L

E (_]}H-H cos x(2n—1) SN

n—1 n—1 4
" ! A —4ax?
X (= 1)n+ - — cosx(2n—1) = 4 _1’”: |
n=I1 (Zn—1)7 32
yTo npu x==xm/2 paer Beanmuuny m®(1—=x2)/32;
OTCIONA
- (1-3) 4 =« , 16 =2 —
E(I, U) =t I T 5 3 T I o5 39 (I X —0

IIpu ¥=1 B ypasuenun (219) nocae coxpalenus
4ieHoB psiroB  noayuum: (1, £) =—mt+[1—erf (0)]+
+mt=1, yto u J10JKIHO OLITD,

B sripaxennu (220) cos[x(2n-1)/2]=0, nosromy
R(1,t) =1

OnpeaesuM AHHAMHKY IOBEPXHOCTH TPVHTOBLIX BOI IIO-
cpeanne Mexay KananamMu (T=0) u QuabTpaLHOHILII pac-
Xox u3 kanana Qr=i. Ilpn =0 ypasuenue (220) paer:

RO, D=1— 2 S (—pym 1 _exp | ]
™ n=—1 II’}H—I] 1
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7 82 = 1 (Qu—1)2 -
__.__]_ it _l n-1 P Il S —
2{ ﬂﬂngj( ) (2n1—1)3 L\p‘. 4 & tJ}
=l—g—— (1-q1), h=Hy(1—¢) - T —qy), (221)
HPHUCM #
| —p=1— é(w- 1oy 1 yosp_ ) (222)
0/, |
1._.({_1 — 1 ==} ?(vh'l'_ }L\-Q_.-d_l_ _,_].__ \'.Iﬁ*"i_ - { ) (223)

3 27 125

LaF

rac

|

v=e Fl=e "M, [=tlr=_p.

Uz dopmya (221)..(223) caenyer, uTo 1OBEPXHOCTh
FPYHTOBLIX BOJL NOCPEAHIIE MEMAY ABYMs KaHaJaMH NPH
MOANEpToil (HUIALTPALHH M HAJHUHH HCNApCHHs HIMEACT-
csi B Pe3yJabTaTe noAbeMa TPYHTOBLIX BOJ OT (PHJALTPAILHH
U3 Kamana Tnpn  OTCyTCTBHH  nenapenus  ((popmydibl
(222) u (203) coBmanaioT), UTO YUHTHIBACTCH  UJICHOM
(1—¢), H NOMHIKCHHs YPOBHSI TPYHTOBBIX BOJ HO/L BJHSI-
HHeM ucnapeHu#, 4yTobObl  yuyeCTb 3TO, BLIYHTAIOT HJCH
n(1—ep1)/2.

3navenus (1—¢) sbiuncaIenbl panee M IMPHBEJEHbl B
rabauue 21 (s cayuast noAnepToit GUALTPAIAN H OTCYT-
cTeus ucnapelns). 3nauenus (1—qy) naus B Tabanne 22.

[Tpn I—-00 NOJIYYHM: |

(0, o0o)=1—m/2. (224)

[Tpn A=h/H,, nw=elL?/kTHy noayunm, uto /s npe-
1CABHOTO  YCTAINOBHBIICIOCSt PEXKiMa MOBepXHOCTL TPYHTO-
BLIX BOA TOCpe/une MeKAYy Kanaiaamu Oyaer OnNpeAcisiTh-
Csi HMIFTCHCHBIOCTLIO HEnapenus, a I1nojibeM  1OBepXHOCTI
[PYHTOBHIX BO/L OVICT papei

N . e e 5
h=Ho(1—n/2) = Ho 1 zkruu)' (225)

AToT pesvaLTaT noayuaercs takxe us ypasienns: Ke-
e AAs veTanopuBmerocst pexuma. Ypasuenwe (221) mo-

KeT OblITh MpeacTasteH0 B BHAE
.Hu “L: e
h=Ho(1—q) — == (1 —q1) = Ho(1—q) - — (1—q).

| 3y



22.

(1

Suavenus  KoappunHenTon

".';]

(1-9),

(1—q),
AR ONPCACACHHSE PERNMA TPYHTOBBIX BOA NpK

. Y

u (1—y).
thuanTpannn

H3 CHCTEMB KANAJOB, HAAMYMKW HCHAPCHHS C NOBEPXHOCTH FPYHTOBBIX BOJL
M OTCYTCTBMM Jpenaxa

=9y v

0 0 0 0 0 ()
0,01 0 0,020 5 0,113 0,113 0,037
0,02 0 0,040 3, 990{1 0,159 0,159 0,062
0,03 0 0,060 3,2600 0,195 0,195 0,085
0,04 0,001 0,080 2,8200 0,226 0,226 0,107
0,05 0,003 0,100 25200 0,252 0,252 0,129
0,06 0,008 0,120 23000 0,280 0,280 0,150
0,07 0,015 0,140 2.1300 0,300 0,300 0,171
0.08 0,025 0,159 20000 0,320 0,320 0,191
0,09 0,037 0,179 |,8800 0,340 0,340 0,211
0,10 0,051 0,198 1,7800 0,360 0,360 0,250

0,15 0.136 0,288 1,4400 0,440 0,440 0.319
0.20 0,228 0,370 1,2400 0,500 0,500 (0,398
0,25 0,315 0,443 1,0900 0,560 0,560 0,468
0,30 (0,393 0,508 0,9570 0,610 0,610 0,530
0,35 0,463 0,565 08430 0,650 0,650 0,584
0,40 0,526 0,616 0,7450 0,690 0,690 0,653
0,45 0,580 0,660 0,6580 0,730 0,730 0,675
0,50 0,629 0,700 0,5820 0,760 0,760 0,713
0,60 0,710 0,765 0,4540 0,820 0,820 0,776
0,70 0,774 0817 0,3550 0,860 0,860 0,825
0,80 0,823 0,857 0,2770 0,890 0,890 0,865
0,90 0,862 0,888 0,2160 0,920 0,920 0,853
1,00 0,892 0913 0,1690 0,930 00,930 0,916
1,20 (0,934 0,947 0,1030 0,960 0,960 0,949
1,40 0,960 0,967 0,0630 0,970 0,970 (0,964
1,60 0,975 0,980 0,0380 0,980 0,980 0,981
1,80 0,985 0,988 0,0240 0,990 0,990 0,988
2,00 0,991 0,993 00140 0,99 0,990 0,993
2,50 0,997 0,998 0,0040 1,000 1,000 0,998
3,00 (0,999 0,999 0,0010 1,000 1,000 0,999
3,50 1,000 1,000 0,0004 1,000 1,000 1,000
4,00 1,000 1,000 0,0001 1,000 1,000 1,000

Pacxoa na gpuiabTpauuio

H3 Kananaa

(6ea yuera 1opopora NOTOKa) paset

Q_..

ol

EkTH{,(

ox

)

el

B ofc CTOPOHLI

(226)

npuuem 0fi/0F onpeleanm no ¢opmydte (220), uro aaer:

1'1]-%22 (—1)»+isin “‘E';“”Euxp[ {2"4—”1:{2&] -

r]E
ﬂ.t
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= | ;
iy : - . at2n—1)
—=1— 2 (—4)nH Y
I "= =1 ;l l_'ﬁ”--lj: 2

—_— |5|I

¥
~CXP I

t-.'!-” _Ij;t 0

(227)

Tax xak sin[ax(2n—1)/2] =0 npu ¥=0, 10 IR/Ix=0.

[lpu ¥=1 sin[x(2n—1)/2] = (—1)""" u ypaBHenue (227)
MPHHHMAET BHA:

L O S n=l 1

i .} I = ) .
2 2 E-"“P[ !‘.2!1’4 L ﬂgﬁ‘u]-

-.*.:=l (2n—1)=

[lopcrasasis 310 Buipazkenue B (opmyay (226) nas
PACXOAa, MoJy4dae:

Q= 2 o+ 2Ly =Qa+ Qut, (298)

rae Qq— pacxoa, nojcuntannbiit no  Jlionion i MakcuMadaniioro
nogvema Hy yponust rpyHToBLIX BOA, b — KO3 pHUHCHT, YYHTHBAO-
WKl H3MellenHe pacxola Bo BpeMenn  (6ea yuera Henapenus) npi
ve=e=m0y u  panumi Pp=2(vI/44+v01+ | Y=H(0); H,(0) — TsTa-
Gyukunsa onpegeaseres no qopmyae (207); Qo= 2el — makcumalinioe
HCHAPCHHE C [OBEPXHOCTH TPYHTOBHIX BOA; Yy — KO3(h(PHUHCHT, YUHTH-
BAlOWH JAHHAMHKY VBelHucHHs (PHALTPAaUMH H3 Kadala Nnol BAHAIHCM
HCHAPCHUH:

H’ ¥ ] [ ne
lrI:I____ ;_:_ (_‘I._--I I'- _E_ '.19'4 __}_ _i}_i_ ” iy l_l_ - ) i [HEE]}

O0BeM BOMAbI, HOCTYNHUBLIEN H3 KaHajJga B TPYHTOBbLIE
BOJALI, MOXEM olpeieants 1o gopmyae

W = ]E Qdl = f (Q -+ Qupy)di.
Orciota nmeewm: “ ”
W=28LH,(l—%) + Qul— Qo (1 —v1)/3. (230)
3aecy |[eMm. opuyay (212)]

l—p=l— (v Loy Loy ),
-t | i £ S
e : o o (231)
l -y =1— [V — AL 2524 B
¥ . 81 g Vo e

Ormernm, uro suipamenwe (230) nokassiBaer cymmap-
HblH 0OBEM BOJALI, NOCTYNHBINEI 34 BpeMd [ M3 Kanajda B
rpyHToBbie  BOALI, OH onperesicresi Tpemsi BeJaHUHHAMH:
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00BEMOM BOJILI, KOTOPAS NOCTVIHIA B I'PYVHTOBBIC BOALI O3
yuera ucnapenus ¢ uX nosepxnoctn  Wo=28LHy(1—v):
00BeNMOM }{cnﬁp}mmeﬁt‘.ﬂ BOJbI Qn!; o0 LeMoM, Hﬂ‘l‘npblﬁ HE
JANOJHAETCH H3-3a NOHHKCHHS YPOBHS FPYHTOBLIX BOJ NOA
pansiHeM nx Henapenus Qur(1—y,)/3.

OrmetuM, uto W=0 npu Bo=0 wu y=0, y,=0 npu
[fo—-00; 1MO3TOMY OOGBEM OCTaBIIENCst B FPYHTOBLIX BOJAX
(PHUJABTPAUHONIOI BOAB NPH JUIHTENbHOH (HABTPaIHH Ov-
JeT paselr:

W =28 LH,— —{- Qi (232)

Gopuyast (231) un (232) noxasnpailTr, 4To HCHapeHue
C MOBEPXHOCTH TPYHTOBLIX BOA yBeanunsaer (HALTPALHIO
M3 Kallaga, HO VMEeHLLIAeT 3anacul  rpyHTOBLIX  BOA 110
CpaBHCINIO ¢ TEM cayuaem, Korja (puiabTpaius M3 KanaJaa
NPOMCXO T 0e3 HCIapenms,

Ckazannoe oueBHAllo u 6e3 NpPUBCACHHLIX BbIKIAJOK,
O BX JAOCTOHHCTBO B TOM, UTO OHH [O3BOJSIOT ONMHCATb KO-
AHYECTHEIHYIO CTOPOHY ABJenuss u caeaarts pacuer. Pac-
yerTnble Ko3(dgpuuuentul npuseacus B radauie 22, Puey-
HOK 29 n ganusic Tadbauip 22 nokKassBaoT, 4To PH OTHO-
curedbiiom spemenn fo=1 Bee koagpuHenTnr (kKpome 1,
kotopulit pasen $=0,169) cranoparca OJH3KHMH K €I1H-

16

-
3 ]

£
Co

=
-

(1-)(1-, ., (1-),(1- %)

S
~
=
S
s
o
X
oy,
o

By

Pue. 29. 3asucuvoctn  (1—q), (1=qy), ¥, ¥y,

(I—y) n (I—y)) ot o npu noaneproil GuapTpannm

H3 CHOTOMB KAMAMOR 1 HCnapemity ¢ fMoBepyiuner
FPYUTOBBEY RO
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nune (oxoso 0,9). CaefnosatesbHO, TMTOTOK B OCHOBIIOM CTa-
OMAM3HPYETCs, YTO YKasbiBaeT Ha YXAYHOCTh B JaHHOM

¢cavuae BBIOpAaHHOrO KPHTCPHS T Kak NOPANKa BpeMelH
cTaOHIN3AUHH HEYCTAHOBHBILErOCH TOTOKA IPYHTOBLIX BOJL.
OrMeTHM, UTO TNPHBEIEINHOoe pelleHHe HMeeT 3HaucHHe
e TOJbKO NPH PAaCcCMOTPEHHH peXHuMa FPYHTOBBIX BOI OpPO-
naeMbIX MACCHBOB, HO H NpPH pacuere NLIIO30BaHHA OCY-
WHTCJALHBIX CHCTEM, TaK KAakK [103BOJSET Onpe/e/INThL Ha-
nNop B KaHajaax, paccrosiine MemaAy HumMu I JPYrHe Xapak-
TEPHCTHKH HCXOAS H3 TpeOyeMoil HopMbl OCYHIEHHS &

PaccMOTpHM  BOJIONOCHBIT HATIOPHEIH  XOpOIIO BOJLOTIPOTIHILACM DI
naact mompoctnie T ¢ xoadduumentonm puanTpannu R, Haj KOTOPLIM
CBEPXY DAcIOJONKCH Meiee BOJOMPONHHILACMBIA TPYNT ¢ KOI((HUHCHTOM
dunbTpauun k. B pesyisTate yBesmvenns mnamopa M (x, f) B BOAoHOC-
HoM naacre (cayyal nogkemMa TPYHTOBHIX BoA) OyAeT NPOHCXOIHTH
nmogbeM (akTHUCCKON NOBEPXIOCTH TPYNTOBHX Bom h(x.f) B TMIOXO
sojfoniponnaemom rpvare (/M w R oTcuMTHBAIOTCS OT MOBCPXTOCTH
pasaeta rpyutos, I >h>0).

CunTasf, yTO NPH HIMEHEHNWH pACX0Oia Mo JNHHC HATOPHOTO MJacTa
NOJAHHMACTCA YPOBEHb IPYHTORBIX BOJ B BEPXHEM, [1J1I0X0 BOAOIPOHH-

HaeMoOM TPYHTe, HaTlHIeM:
ETO?H 18x2 =86h!dt, (233)

rie & — koathduuneHT cBOGOAHON TOPO3HOCTH ATA BEPXHEr0 TPYHTA.

Tak Kak 3ToT 0OBEM BOALI TOAHHMACTCH W3 HAMOPHOro mJjacTa 3a
CYeT PA3HOCTH HaMmoOpos B BOJOHOCHOM maacte A H na NOBCPXHOCTH
FPYHTOBLIX BOA A, TO MOXKHO HaNHCAThH:

H—1! o dh
ﬁr?h,fr}‘!‘rk,(-—%). Hrf:(l 4 £ af—)--—-h; (234)

! ke

[Tpn £>1 dakTHueckuli MoaBeM VPOBHA FPVHTORKX BOA OTCTACT
OT YBCAMUEHHSI HAMOpa B BOJAOHOCHOM mnaacte. Oawaxko I MeAJeHHO
H3Mensiomuxest TeucHull, korna ohfoi< k6. E=1, uvmeem H=h, TO
eCTh TOREPXHOCTE TFPYHTOBBEIX BOJ OJHAKA K lThl“i]DMETPH'iEEI{ﬂﬁ NNoBCPX-

HOCTH.

Pemuts conmecTnn ypasHenme (233) w (234) Tpyawo, nostomy
B KAueCTRE TEPROrO NPHOJMMKEHHS [PHHHMAeM OCPCUHEHHOC 3HaUCHHC
C=1-+8/k-0R[AF nas reero asmxcenuns., Toraa, nepexois K Oespasmep-
IIRIM BeMHuUHHaM, vparuenne (233) MOMHO 3anucaTh B BHIC

2ifdvi=0f{al npn k=hi{H,, x=x/L, I=tlta, Tu=1/, T=8L2/kT,
kTH, ( af )
."E[f.? \ Gf cp

re e+ (235)

¥ Vupreisas, UTO NOTOK FPYHTOBLIX BOJ MPH ULTIO30BANUN TOpds-
IIKOB IOCHT XApakTep HATIOPHOro MOTOKA, pacder Bpesenn crabuin-
GAHE NCCKOUILKO  OTJITOICTCS OT PacHeTa Jig  yenoBnii  enodojinoro

LT O,
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H3 dopmyan (235) caeayer, uyTo nanopHble NMOTOKH CTAGHAHIHPY-
I0TcH ObicTpee, yem OcaHanopuble, Tak Kax {>1 H ty<t. B nanopumix
MHoTORax ﬁl:ﬂk"l'}]t‘L* PACipOCTPAHACTCH NOINOp OT BOIOXPANRJHIL B Ka-
nanon, GBICTPCC CKa3LIBACTCSH OCYWINTEALHOE ACHCTEHE Kamaios M T. L.

Ha pueynka 29 puawo, uto ana Bo<l npunGaiKeHHO MOMXKHO TPH-
HAThL Ohfdf~ | (Gonbmwie B Hawajde ABHIKCHHS H MCHBLIE B KOHIE), Y4TO
AacT:

e T.Hlﬂ
.";.'I [2

tx 1+ (236)

[Toab3ysach npusBeldeliusiMH crnocoGaMu pacuera, MOIKIO
pewaTsh pasJnuible 3aJdaud [0 aHaJIH3y BOJHOro peXHma
opoiaembix TepputopHit. I[Ipn pacemoTpenus KOHKPETHBIX
VCA0BHIT HEOOX0ANMO YUHTBIBATHL, KpPOME nepeuHcAeHHbIX
3aBHCHMOCTEI, TAK/Ke H3MeNeHHe HCNapeHHs B Teyelue ce-
30HMa, 3ABHCHMOCTL HHTEHCHBHOCTH HCMAPEHHS ¢ 1MOBEPXHO-
CTH TPYHTOBBLIX BOJ OT HX IVIVOHNBLI 3aJ€raHusl, H3MeHeHHe
cBOOO/THOIT NMOPO3HOCTH NpH KoJdeGanui BLICOKOrO YpOBIA
FPYHTOBLIX BOJA. Yuer ykasanublX (akToOpoB NPHBOIHT K
TOMY, UTO TNPHXOIHTCS peKOMeHAyeMhble VpaBHEHHSI npHme-
HSTh K OTAe/IbLIBIM NPOMEKVTKAM BpeMeHH (VUHThIBasE H3-
Melelnns eg) n pemenns naxoluts nojbopom (yuuthiBas
namellenua § u e).

Pexxum rpyHTOBBIX BOA npu noaneproi GuasTpaunu u3
CHCTEMBI KAHANOB W MUTAHHM TPYHTOBHIX BOJ MO TYTH MO-
roka (puc. 27,8). JInmamuxka rpyHToOBLIX BOT 3aBHCHT OT
MOTEPh H3 OPOCHTEJbLHOH CEeTH, KOTOpbleé YacTHYHO pacxo-
AVIOTCSl MPHJEraioued K Kanajay pacTHTeJLHOCTHIO, a ua-
ctiuno unduabrpyvioress. B stom c¢iayuae yposeHb rpyHTO-
BLIX BOJX OV/eT nMoAHUMATLCH ObicTpee, uem 6e3 vuera JO-
MOJHHTEIBIHOr0 TNHTAHHS, a (GUALTpANHOHILIE nOTEpH
vMenbtarca, Pemenne takoil 3azauyu copnafaer ¢ npejbl-
OVULHM, OTJAMYASICL  TEeM, YTO B YpaBHelNnn y wiena,
OTPAXKAIOUIEr0 NMHTAHHE 10 TLIOMLAM 1), HVIKHO H3MEHHThL
anak. Toraa vpasuenwe (135) Gvaer uvers BHI:

A _h

= T 7.
a1 ox? n

Tak xak rpannunLié H HAYAJABHBLIE VCIOBHS OCTAIOTCS
TeMH JKe., 4TO B npeanvieit cxeme, 1o ypapnennsa (221),
(228) n (230) nepexoisart B CJAeAVIOHLHE:

MOJABEM [OBEPXHOCTH TPYHTOBBIX BOA NOCPEAHHE MEXK-
1y Kanatamu

h=H,(l —q)- L—*Hnr|{l~q‘g): (237)

—
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pacxoa na GUALTPALHIO N3 Kanaaa (s odc CToponb)
Q=0 p— Qou; (238)

00'beM BOALI, NOCTYNHBIICH W3 Kamaaa B rpyviTOBbIC
H{}:I.]'}It

W=Wo(l —v) — Qi -+ %le—x;,). (239)

B ypasuwenusix (237)...(239) npuHaATel 0DO3HAUEHHS:
QH—Q.:?! Wn—Zf.ﬁHD, T—-G!ﬁ;’ff'}", n=qlL2/kTH, g — nu-
TCHCHUBIIOCTL NHTANHS TPYHTOBLIX BOA, M/CVT,

Koapduumnenrnr  (1—q), (I—pi), P, 91, (1—y),
(1—y;) GepvT no pucynky 29 B 3aBHCHMOCTH OT OTHOCH-
TEJNLHOrO BpeMeHH .

[Tpupe/lcHHble peHICHHs MOTYT ObLITh HCHOJL30BAlLI MPH
pacuere OCVIIHTEJIBHOTO jleicTBHs apenaxka. [Ipm stom
HEODXO/AMMO pacCMaTPHBATL HE MOBLIIIENHe YPOBHS I'PVI-
TOBBIX BOJI /1, BLI3BAIIOe paboTOil KAHala ¥ YBCIHUCTIHCM
Hamopa B ero crBope Ha neawunny [y, a noHHMKEITHE YyPOB-
M TPYHTOBBLIX BOJI, BblapaHHOoe paboToil apern U vMelb-
leHHeM Hamopa B HX CTBOpE.

Tormia cooTBeTcrBylonie ypasienus OyvIAVT HMETh CJe-
aviownit Buid. [lompKkenne yponus rpvHTOBLIX BOJ nocpe-
AUHE MEXIAY JApeHamu

=Ho(1— @)= —Hm(1—¢ o S
h=Hy(l—) L ﬂ-.”””{l (1) TpH 1 ek (240)

L]
HH

rie Hy— noulxenne YposBHi rPYHTORBIX BOJX B CTROpPE JPelibl, TO €CTh
PA3HAIA OTMETOK VPOBHA TPYHTORBHIX BOJA, OBBINETD O COODPVAKCHHA
ApeHaXka B MCCTe ero YCTpoicTsa, H VPOBHS BOJH B JIpeHe.

Bepxuuit amak cOOTBCTCTBYET  JIEHCTBHIO  HCIIAPCITS,
HUMKHHI — NMHTAHHK € TIOREPXHOCTH TOYBHl [ anaJoruuHo
npunsito 1 B dopmvaax (241) u (242)].

Tpenaxuslit 0TTOK

Q:m=Q 11|3' ' Q-‘l‘l‘h (241]

rae Q:=0Qi1"w, Q=2kTHy/L, u — nonpanka na BHCATECTh MAPCH.
O0reM NOA3IeMHOTO OTTOKA
W=Wo(l—9y) Qs+ _ "'f (1 —v,) npu Wo=2L6H, (242)

1 =0L2/RkRTq (::* VYUETOM BHCsuceTH apen).  (243)
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PeuM rpyHTOBLIX BOA npH CBOOOJHOW (PHUALTPAUMM H3
CHCTEMBI KaHaaoB (puc. 27, ¢). Jlonyernm, uro navaiabublil
VPOBCHL PYHTOBBLIX BOJA saseraer rayooko 1 (piantpauns
H3 Kdlajaa nockt crodoanniil xapaxkrep. loriaa upn aau-
TEALION (PUABLTPALLHY MOAHIO HPHHATL  QHALTPALMOILI
pacxojl Qp=const (B ACHCTBUTEJALIIOCTH OH YMENLIIACTCS
¢ teucnuem spemenn). Tlpunas sTo JlOnyuicHHe, perLuHM
ypapueuue (143): 0h/dt=0d*h/dx® — upu caeAVIOUIHX rpa-
HHYHBIX #  HadaJabublX ycaosusx: (=0, A=0; x=0,
{?ﬁ!’df=0; T=1. Qr}=¢Dﬂ5[.

B nocaefnem caydae umeeM  NOCTOANCTBO  pacxofa,
NMOCTYNAIONIEro B NMOTOK B CeueHHAX ¥=Xx1; TaK Kak

Qu—kT ol = k!!!u fl‘!.

dx L o'
TO

ofi Q.

=gy=const npn ¥= =1,

Peunrenine ypaBHenus (143) HMeeT BHA:

o (2R—=1=—R}"\ |,
75, D =002/ B[oro(— S5

(201 ' & —1—%
+exp (— & ks ” H‘L(Qnml—x)erfc( =8
+(2n—1-+ x}uriu( 2;_""" J]Jl . (244)

Hasa =1 (crBop xaunana) no ¢opmynae (244) no-
JIVUHM:
4

— U (R SO - \
hi(l, E)=qu[2]/_f__(1-n-e F o Tpd T T8T B o)
_9.9% AW g 01/ El & .3
9 QHE_Irzerfc(ﬁ)] do QV:{GU{} er;!” erf:_(“)]
rne
O (K) = 1+2v+2vi+2v7+
v=exp(—aK’/K)=exp(—1/t),
K'/[K=1[xt, ©(K)=V2K/x.
[Ipn manpix —-0 (Hatmm asuKenus) x—0, K~ /2,
O(K) ~1, uaen —”‘I—L‘ ” ] — 0 ana mo6oro .
Orcioga umeem =0, k(1, 0)=0

npy

143



[

Has Manavix 3nauenni
.l'
h(l, ) =2q0 l/ h= w—,

TO eCTh B Haya/je [ABMKEHHS Kalajibl He OKa3biBaloT B34-
HMuoro pausinust. [lopepxnocth rpyHTOBBIX BOJA NPH NO-
CTOSIHITOM COCPEMOTOUCHHOM HMX HHTAlHH IOJHHMAETCS MO
napadoJHUecKOH 3aBHCHMOCTH. 3aTeM C TEYeHHeM BpeMe-
HH HauHifacT CKa3bLBaTLCH TMOJANMpalollee JeHCTBHe coce/l-
HHX KallaJos H HOLLCM TPYHTOBLIX BOJ YCKOpsSieTCd, j0-
CTHrast NpH  AJAHTeNbHOl (PHJILTPAUMH JHHETHOl 3aBHCH-
MOCTH.

Haa ¥=0 (cepeanna paccrosHHi Mexy KaHaJaMu)

h(0, t) =2q, V.Lflm B(K) —2¥n i [r.:;;:f}] L‘Ift...' (”_“ ﬂw.

PAC % — MOAYJAb  SJMINTHYECKOro  HMHTErpaJa, HaxolsfllHAcs  H3
cooTHoteuna K'K=—1/al, Y=O(K)=H(K)=H,(0) =2v11 24 |
v=exp (— 1/f).

B navane psuxkenust (npu maaux £) Kxn/2, 60(K) =1,
42 =16v, Ju=2Yv=2exp(—1/41) u nouxnem IPYHTOBLIX
BOJL NOCPEAHIe MEXIV KaHajgaMmH
h(0,1) ~4qo)t/mexp (—1/41).

Tak xak ncerma %<1, To n HauaJge jasixenus Ao (l, ) >
>h(0,t). ¥Ypabunenne (241} MOMKIIO TPEACTaBUTL B BHAE

s a - 9 —n%wef
nix; ) -:qg[t f31 + > 3 (—1)n+t cos nmxe.
) —1 M-
(243)
Orciona uMeeM a4 a =1 u =0
71, f):.qu[m- ;r T . E-ll_{;—”"“‘“;]T (246)
\ =1 -

{1—-‘ Tos s Ll ]‘.. (247)

Qopmyaer (246) u (247) MoKl 3anucaTh TAak:

= Q. 1 1w
ML, )= 1+ (1 q.ﬂ, (248)
(0, f)=Ll1—- L (1—g,) (249
) SL, | 0B Fa 1 )
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| g £

& 4 Y
- 12 T -
—{Pa= [=— e qu 1 L o 9 W= e ,,}I

i f
v=¢ " Tm, By=1t/, t=8L*RT.

Huzke npuBogsarca sHaueHua (1 —gq) u (1 —q3) B 3a-
sucHmocty ot Po. M3 Beipaxkenuin (248) u (249) supno,
UTO HPH JITHTEJILHOH (PUJALTPAIMH [HOABEM YpOBIHs TI'pPYyH-
TOBbLIX BOJI HOJL KdHAJAOM H HOCPelHHE MeXAy KaHnaaami
[IPOMCXOAUT JaHUelHO (B OTHOIWIEHHH Bpemenu ?). Has
O0JILINHX fig HMeEeM:

) T ( f T
h(l, 1)~ ;; LH 3), (0, {) ~ ;; (.E—-;i—-).

Paccmarpusaembiil mpolece OT/JHYAETCST  OT IPOCTOro
3an0/JHeHHsT TéM, 4YTO YPOBEHbL TPYHTOBLIX BOJA NOJ KaHa-
JOM Bce Bpemd Oodiblue, 4YeM [NpH [POCTOM  34110JHEHHH
(h=Q,{/6L), na nocrosunyio Beauunny Ah,=Qut/38L, T0
eCTh OH Kak OBl omnepexaer oOBIYHOE 3anoJHeHHe 14
1/3 spemenn craOHJAH3ALHIE, YTO NOHSITHO BBHY Hapacra-
inst Oyrpa TPYHTOBLIX BO/ IOJ KaHAaJ/JOM B HAYAJALILI Ie-
pHoZl. YpoBeHb I'PYHTOBBIX BOJ NOCpPefHHE MexXay KauaJa-
MH 1PH AJHTENLHOH (PHJALTPALHMH TOXKE [OBbIIIAGTCH JIH-
HeilHo, HO ¢ 3anosjannem Ha 1/6 BpeMenn craGHJH3AIIHH,

Cpasuusast i(1,¢) u h(0,1). MOXKHO 3aMeTHTb, IIPH
JJIHTEILIION (UALTPALHH pasHoCTb 3THX YpOBHEH MNOCTO-
siHa W paBHa

A(l, ) —h(0, T) == f{“ _;éﬁ{; (250)

YTO B 2 paza MeHbllle, YyeM pPasHoOCTb YPOBHEH, nojcyuran-
Has no MHiomou, Tak kak ecau Obl Haxo OBLIO ompejae-
ante, Al npu nocrossHHOM  pacxole, o Qu=Qo=AhRT/L.
M3 noayueHHLIX (OPMYJ MOXKHO cAeldarh HeKOTopble
BLIBOALI AJSE CAyuasi HH3KOTO HavyaJbHOro VpPOBHS IPYHTO-
BBIX BOJ M CBOOOAHOH (PuJbTpallMH H3 CHCTEMBl KaHaJIOB,
Ecan kanaan paboraior JoJroe BppeMmsi, TO BHauaJe
YPOBeHb MPYHTOBBIX BOJ, MEAJICHHO TMOJIHHMAETCH Henocpeml-
CTBEHHO MOJ KAaHAJOM, NpHYEM 3TOT NOAbeM MOXKer OBITb
onucaH yvpaBHeHHeM #A=2Qu){YnkTS, uTO COOTBETCTBYCT
MoJ’beMy TPYHTOBBIX BOJL JUISI OJIHHOYHOIrO KaHaJa.
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Hance ypoeHb TPYHTOBHIX BOA HAUHHACT MMOMITHMATL-
CA MCHMAY KAHAJTAMH, JTO OKA3LIBACT HOANHPAIOLLCE J1CH -
CTBHE 11 IIPH Qq=const BoI3bIBacT O0JICe OLICTPLIT NOLBLEM
VPOBIHST TPYHTOBLIX BO/J, KOTOPLIH NPH JIHTCJALHOH (QHILT-
PAIlHK CTAHOBUTCH JIHHCHHBLIM OTHOCHTEIABLHO BpeMell.

[Ipu AauTenbHOil PUALTPALMM HOABEM YPOBHSI TPYHTO-
BLIX BOJ 1OJ KanajgoM MoKeT OBIThL oupceaedcH no ¢gop-
MyJie

/ T

n(l, t) = ﬂ(f b)) (251)

e

218

rac Qg =20, —pacxol na GHALTPALNIO H3 Kanaja.

M3 dopmyast (251) Buano, uro 6yrop TPYHTOBBIX BOJ
IHOJ KaHdJ0OM BCCria pue cpeinero nolneMa, noacuHrtali-
IIOr0 1O CyMMAapHLM HOTEPSAM, Ha BeJHUHNY

A= B0 % .. Qel (252)
2L0 8 6l

B To e Bpems ypoBeHL TIpPYHTOBEIX BOJ MCEKLY Ka-
HalaMH OyHer HIKE cpelero 1oJ’beMa Ha BeaHuuly

Mg S0 1 o Qob (253)

216 6 | 2kT

[Ipeppimienine ypoBHss TPYHTOBBIX BOJ IOA KAHAJOM
HaJl YPOBHEM IPYHTOBLIX BOJA MeExJAYy KaHaJdaMmu HpPH JJIH-
TEJABHOH (QHIbTPAUUN 0CTAaCTCSI NPHOJH3UTENLHO TI0CTO-

SINILIM M PaBHBLIM B

UTO BABOE MEHBINE MOAbLCMA, HOAcUHTalHOro no Jlionou.

Tounee paccunraTh AMHAMHKY HOABEMA YpPOBHS rpyH-
TOBLIX BO/I MOXKHO no (opmyJdam (248), (249) ¢ nomompio
Tabauinn 23, yuHTHBAaS, YTO

; 1 .
oo=14 —(1— i @st=1— —
B rabGauue nausl TakkKe SHAUCHHS (4= --13— (1—qq) +
=2 ; (1—¢3), HeOBXOMUMBIE IIPH ONPEACJACHHH IIPEBLIIICHHS

YPOBIsL 'PYHTOBBLIX BOJA NOX KAHAJAOM Hal VPOBHEM TpyH-

146



23. 3nauennn Koaduumenton
fr—) 1, MOKA3BIBAKUMKX MOABCM YPOBHH [PYHTOBBLIX BOA NPH (PHALTPALIMK
W3 CHCTeMBl KAHAJOB NPpH raybDokom HauaaLHOM YPOBHE FPYHTOBLIX BOJA
B 3aBucuMoctd o1 [

(1—qpu),

(1—1a).

||'-_;*'_

(%, 4 (Pos,

if;! :ﬁg = = - é

o == nens =

;2 .23 [2ER%: ;

5 EeE S i

&2 S x | E.=3% 92

g > = s2f  |33ami|  E:
EER =2 SEERY 3
I —Pa | i;“:?- I — P ;:13 1 IT{— "1” -

0 () 0 () ] () () N
0,01 0.309 11,300 0.060 () 0,113 0,113 ()
0,02 0419 7990 0,120 0 0,160  0.160 0
(0,03 0.497 6,520 0,180 0 0,196 0.196 ()
0,04 (),558 5,640 0,240 ) 0,226 (0.226 )
0,05 0,607 5,040 0,290 0,007 0,252 0252 0
(0,06 0,650 4,620 (0,355 (3,014 0.276 0277 0,001
0,07 ().686 4,270 0.410 (0,024 (0,207 0,299 0,002
0,08 0,718 3,993 0,463 0,057 (0,316 (0,319 0,003
0.09 0.746 3,762 0.511 (1,054 0,333 0,338 (0,005
0,10 0,771 3570 0,554 0,076 0349 0,357 0,008
0,15 0,861 2914 0,725 0,194 0,408 0,437 0,029
0,20 0915 2,525 0,830 0,508 0,443 0,505 0,062
0,25 0,948 2 965 () 896 0,402 0,465 0,566 0,101
0,30 0,969 2,077 0,938 0,479 0,479 0623 0,144
0.35 0,981 1,934 0.962 0.542 0,487 0,677 0,190
0.40 0,988 1,824 0.977 0,593 0,492 0,729 0.237
0,45 (0.993 1.736 0.086 0,635 (0,495 0.781 0,286
0,50 (0,996 1,664 0,991 0.669 0,497 (1,832 (0,335
0,60 0,998 1565 0,997 0,723 0,498 0932 0,434
0,70 (0,999 1,476 (3,999 0,762 0,499 1.033 1,534
0,80 1,000 1,417 1,000 0,791 0.500 1.133 0.633
0,90 1,000 1,371 1,000 0.815 0,500 1,233  0.733
1.00 1,000 1.333 1.000 0,833 (0,500 1,333 0,833
1,20 1,000 1,278 1,000 0,861 0,500 B33 52 1,033
1,40 1,000 1,238 1.000 0,881 0,500 1,733 1,233
1,60 1,000 1,200 1.000 0,896 0,500 1,933 1,433
1,80 1,000 1,185 1.000 0,908 0,500 2,133 1,633
2,00 1,000 1,167 1,000 0,917 (0,000 2333 1,833
2,50 1,000 1,134 1,000 (0,933 (0,500 2,833 2553
3,00 1,000 1,111 1,000 0,944 0,500 3,333 2,833
3,50 1,000 1.005 1,000 0,952 0,500 3833 3.333
4,00 1,000 1,083 1.000 0,958 0,500 4.333 3.8:33
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TOBBIX BOI [OCPCAHIE MCXKIY KaHalaMmi. YuutbiBas ¢op-
Mvael (248) u (249), nmeen:

h(l, t)—h(0, )= ETT]L ; (1 —pg) + ;I,; (1 :m)]-fgw.
(255)

[lpu aaurennnoil guiabTpauy

= - (1= @2) + - (1-q2) =05,

h |

Kpome Toro, B rtabuauue 23 Aaus  kKo3ppuuuentsl
CPABHCHHA C JHHCHULM TOJABEMOM

Poy=Po+ ‘,Il;"“‘—q}g). ﬁﬂ—zﬁu*"é‘ (1—es),

HafijleHHble ¢ yueToM Gopmya:

A1, 1) =Bt - (1—g2) | (256

-
¥

£ (0, £) = E;Llﬁ[,_ -fli—(l—tp::_;) J (257)

[Ipu sTOM JuHEHHHE NOALEM ONHCLIBACTCH COOTHOIE-
HHEM
h= QoLBo/kT. (258)

M3 tabauusl 23 BHAHO, YTO NOTOK CTAHOBHTCH KBA3H-
CTAIMONAPHBIM, CAEJIOBATE/ILIO NOALEM VPOBHSI TPYHTOBBIX
BOJl HAYIHAET JIHHCIHO 3aBHCETh OT BpeMelH npHOJIH3H-
TeabHO npH fo=1/2, T0 €CTb NpH NPOXOKIACHHI BPEeMEHH
{=t/2 (noaoBuHbl Bpemeln crabuwansanun). Kpurephii
BpeMeny CTaOHJIH3AIEN [O3BOISIET W B PACCMATPHBACMOM
cJiyydae CpPaBHHTEALHO NPOCTO MOLONHTH K XAPAKTEPHCTHKE
JCMEHTOB HEYCTAaHOBHBIIErocy pexkuma duabrpauuu. Las
WLIOCTPAUHY AHIAMHKH MOJAbeMa TNOBEePXHOCTH TPYHTOBbIX
Bo/1 cocrapnen pucyHok 30, Ha KOTOPOM HaneCeHbl 3Haue-
st (1—g2), (1—qa), 94, @2*, 93*%, Bot, Po- B 3aBHCHMO-
CTIl OT OTHOCHTEJbIOro BpeMenH fo.

Pekomeriyemble KOIHUECTBEHHbIE CB3H [03BOJSIOT Xa-
PAKTEPH30BATL BOAHBIT PEKHM MNPHJICTAIOILIHX K KaHajgam
IEMETL H B 3ABHCHMOCTH OT TpeboBannil, npelbaBiaeMbIX
K HX MEIHOPATHBIOMY COCTOSIHMIO, Hasznauarn obecneun-
BAOMIIe X MEpOnpHsiTHs,
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o
Jl:l'—

"
2, 8. Por, f

* {
F ]

(1-@),{1-8l.%

i | |
: 04 a6 a8 p,

Puc. 30. 3apucumoct (1-—qqo), (1—qu), @2, ¢a*,
Ps, Pot. Po— OT Bo, XxapaxTepuayoliHe NOABEM
VPOBHS TPYHTOBHIX BOJ TIPH HCYCTAHOBHBHICHCH
cBOOOANHOI (hHALTPANNE H3 CHCTEMBLI KAHAJIOB.

MOTOKKU TIPYHTOBBLIX BOL OIrPAHHUYEHHOW [ONWUHBLI
NPHA HANMKUYHMH OAPEHAMKA

Paccmorpuy aunamMuky  (GHIbLTPANHOHHBIX  NOTEPh H
ApeHaKHOro CTOKAa HA OPOCHTEILHON CHCTEMe, HMelollLeil
CHCTEMATHUYECKHN PAacIoJOzKeHHble B ILTAHe OTKPLITLIE H/IH
3AKPLITLIC JAPCHLI, 3aJ0XKeHible HAa OJAHHAKOBON TJIyOHHE,
Yurem c)KaTHe TOTOKa TPVHTOBBIX BOA H JAONOJHHTEJIbHLIC
MOTEPH NPH MOCTYMIEHNHH ero B ApeHy BBeACHHEM B (hopMy-
ay MHwonion kosdduumenra a< 1. Tlpu nHeyCcraHOBHBLIEMCS
JABIKEHHH 3TOT e KO3(h(HIHeHT BBOIHTCS B TapaMeTp
ppeMenu crabuausanun to=308L%kTa. TIluranuwe rpyHTOBBIX
BOJL TNpPHUHHMAEM B BHAE COCPEIOTOUECHHOro npH ¢pHIbLTpAa-
MK H3 KAHaJ0B H PaBHOMEPHOro 1o nyTH JIBHXEHHS T10-
TOKA TPVITOBBIX BOJ. B dopMmyasl 1as neycranoBHBLIErO-
Csl JIBIHJKENHS BBOAMM NONPABKY, VIHTHIBAIOULYIO TO, YTO 34
pacueTHoe cCeueHHe IIPHHHMAETCS BMECTO BePTHKAJLHOTO
ceyenns, npoxosiiero uepes ochL Kamana, cMoyeHHblli me-
NHMETN KanaJga, H3 KOTOPOro NPOHCXOAHT QHILTPAIK,
Kos(ppmnent f<Z1 BoojginTes kak B Gopmyay 118 pacxo-
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Jla VyCTaHoBHBIUCrOCH ABMYKEINHS, TAK I B napaMerp spcMe-
HH crabuausaunu tp=0L2/kRTP.

B npakrTHke BO3MOMHBL CJAVHAH HECHMMETPHYNOIO pac-
HOJOZKeIHST KanajgoB H JIPCH, 4YTO MOMKHO yHecTh KO3 -
uHeHTom A>> 1.

BRuay BO3MOKIOCTH KOJHUUYECTBENIIOTO Yy4eTa BIHCsIYe-
CTH Apen M KOJJCKTOPOB, NMOTEPh Ha pacuinpeHie i rnopo-
por (PUALTPANHOHHOTO NOTOKA, HECHMMETDPHYIOCTH pacho-
JOKeNusT apen Oyiem paccMartpuBaTth YIPOUICHHBIE CXEMBI
neycranopupeiics  gpuaprpauun npu a=1; =1; r=1.
Tak xe, kak # a9 6ecCTOUHLIX MACCHBOB, OVAEM pacemar-
PHBATHL VCJOBHS nojneprtoit  # cBoGOAHOR  (PHALTPAILHH.
[IpuOAH3HTEABHO MOZKIO TIPHHATL B KAVYECTBE Tpalnynoro
VCAOBHSL  IAJs CJayuas nojneproid  (puanTpauuy  BecbMa
ﬁHCTpﬂE VBC/IH'IeHHe l1amopa B CTBOpEe KahdJdd, COOTBET-
CTBYIOIILee HAYAMY ero pabornl. Drto yBeanueHmwe [y npi-
HHMACM PaBHLIM Pa3tocTH YPOBHS BOJALI B Kanajae 1 VPOB-
S TPVHTOBBLIX BO1 B €ro CTBOpe 10 BKJIOYEHNHs KanaJa
B pabory. Koraa vposeHb rpyHTOBBIX BOJ HaXOJHTCH
Av60KO, NPHOJHKEHHO MOZKIIO CYHTATL pacxoll, nocTynao-
WM W3 AJHTeNBHO AefCTBYIONIEro KaHata, ToCTOsNbIM.
B KaueCTBe rpanHuHnix VCJOBHIl B ceuenuu japed npubJaH-
AEIMHO MOKHO NMPHHHMATEL MOCTOANICTBRO MHanopa.

[To nyTH JABHIKENHA NOTOK MOMKeT [OMmOJHATLCSH M0Te-
pSIMI  (HACTLIO MX) M3 MEJKOH CeTH, a MNpH BHICOKOM
VPOBHE TPVHTOBBIX BOJA MOXKET pacxo/l0OBaThCs 11a ncnape-
e ¢ nux nopepxnocti. I'lpn BLICOKOM ypoBIE TPVHTOBLIX
BOA 11e00X0AHMO YUHTBHIBATHL  H3MEIYHBOCTL  BOAOOTIAYH.
Pacemorpum Hexkotopbie THIHYHBIE CXeMbl JIBHKEHHST 1/
MOTOKOB KOHIEYHON JAJunbl npyu JApenake, n3oOpaKeHHbie
ita pucynke 31,

PuapTpallMoHHBE NOTEPH W APEHANKHBIH OTTOK B yCJ0-
BUSIX noaneptod duasrpaumu (puc. 31, a,4). 3anaua co-
CTOHT B OTBICKAHHE pemchusi ypaBHenns (143)

dhlot = d°hf0x?

ApH CACJAVIOUINX NAYAJABHBIX W rPamHulLIX venosusax (aas
cxemul puc. 31, a): t=0, Ai=0, 0<x<]; t>0, Ai=1 ans
T=0, hi=0 nasn =1, rae A=h(x ()/Hy T=x/L, t=t/1,
1=0L%FkT,

rae it —mnoabeM YPOBHS TPYHTOBBIX BOML HA DACCTOSINMM X OT Kawala
yepes npemst £ noche Havadga ero pabortul; Hy— MakcHMaanuuiii nojanem
VPORHS IPYHTOBHLIX BOX B cTBOpe Kanana; L — pacernsinue oT Kanana
A0 apenw;  T— ppems  craduansaunn: O — cnoboanas NOpoO3HOCTL;
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o kospdmunent puasrpannn: T -CpeauAs  MOWNOCTL  HOTOKd TPy
TOBLIN BOL.

3ajgauy MOKHUO PeUnTh ABYMsL CHOCOGAMI I HOJAYUHTD
OTBETLI B BH/l€ PA3JIMYHLIX PAA0B, KaIblili H3 KOTOPLIX
HMeeT cnon NPEHMYILCCTBA H HEILOCTATKH,

.t?
7T E/Effﬂ?f]/ff}?’ /Hfféfffffffff;?ffx

I .
e oty
L

'*'-—L-—-

6
ARZRRRND

Pue. 31, Cxemsl K pacueTy HOVCTaHOBHBIICHCSH GUInTpanin u3
CHCTEMBE KAaHAM0B (MOTOK OUPpaHHYeHHON JJHHLL) UPH OTTOKE!

(= noanep T 111I1.'EL'I'IJLIIU!$I', M, e rJ':E'IGU,.'LIl.'nl tl:rJI.'H-'I -
HHH.



[Hoap3ysacy Merofom onepawnoHioro 1eyncaenis, pe-
HCHHC MOZKHO NOAYYHTb B BHIC

R(F, 7) =1—erf{-2=) 4 ﬁ[lmerf{' i

\ EII J /| % Elf |

~ B[ 1-ent{ 222 (259)

n=| Elrf_

B uacrnocry, £(0, #) =1 npn ¥=0; npu =1 Bce uie-
Hbl 11EPBOIl H BTOPOIT CYMM COKPAULAIOTCH, 33 HCKAIQUCIHTHEM
. i)
epBoro ujeHa BTOPOH CYyMMBI, TO eCth — {lﬁurf (Ep_: };
nosromy A (1, ) =0.
Borupeanm Boipakenne aas pacxofa B ceuenisx x =10
n =1, Ilpuunman

dx L oy

n Gepa dh/dx no popmyae (259), noayvaem:

kTH, e—¥[AL 9 aa ni
Q=2 o (fa e ™™ en "), (200)
L Yni nee b 4
[Ipn x=0
Q5= 2 (1 40v 4208 .. )m EHBK) o5y
' ) i Ly

rae O(K) — rota-pyusus 0T noAHOro SATHNTHUCCKOrO Hurerpaaa K,
KOTOpPBLIH HaXOAHTCH M3 COOTHOIIEHNHS

vee ~Wi=e—aK'/K, K'|K=1[aT.

Hasectro, urto O(K)=yY2K/x. Torpga npn =0, yunrhl-
Bag, uro K'/K=1/at, »—->0, K—n/2, O(K)—1. Caenosa-
TeAbHO, Q =0 i=0—2>°0, YTO H JHOJIKHO OLITH B CHJY TpH-
HATOTO YCJOBHA BHE3ANNOrO YBEJHUCHHS HATOpa B ceue-
i ¥=0. IIpn z—oc0 HMeeM #—-1, »'—=0, K' =~n/2,

K=n?t)2, ©(K)=YVal.

Caetopareasto, no gopmyae (261)
Q (2 =sQ),f oo ) (. [ ";\‘.‘4)')T'I.'1ri”f=r ma Q:h

rie Qn — pacxona, nojcuutanusit no dopmyae lomon aas cranno-
HAPHOTO pezHMa.
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Hag r=1 uz popuyan (260) umeenm:

Q= — RTHy 1 (2v1/A 4 Qy9/4 1. 9y25/4 4. ) =
.  ¥Yai
kTHy 1
f— I = H
£. Yl | (D) & {262)

=

I
rae H,(0) — tsTa-Qynknus, npuucM v=c¢ =e—K/K"; ysgectio, yTo

Hy(0) =§{K]=}EE{K} (#— MOIYJIL NOJHOTO IJIHATHUYCCKOTD HHT-
rpana

Tak kax %x=0, K=n/2, O(K)=1 npu t=0, 10

kTHy ym

= -r —_— P —+D
Q Pl il — I ‘IHE )

rjlec NIpH PAacKpbITHH HeonpedeaeHnoctu Vu/Yat=0:0 npu-

HATO B |
Vr=2v"*=2exp(—t/4)

nast #2< 0,5, uro maer:
lim (]-"Tr{f]’rﬂ;f) Eali - 0.

Tax wakx K'=n/2, %—1 K=nt/2, O(K)=Yni npu
[ — 00, TO Q G=1:Fse) =RTHo/L=Qx.

Takum oGpazom, pacxop H3MEHsIeTCst B CJIELYIOIHX
npejgenax: B cevelnn x=0 (pUAbTpAanHA W3 KaHaJya) oOT
QR=c0 jas (=0 po Q=Q, npu OGoaLWIOM I; B CEYEHHH
x=1 (apenamubiii orTrok) or Q=0 B Hayaje ABHKeHHS IO
(= Q; B KOHIIC.

Gopma pemenus (261) orauwaercs OT 3aBHCHMOCTH,
MOJYYEHHOI panee AJas BechbMa AJHHHBIX HOTOKOB, KO3(-
Gunnenrom G (K), yuHTHIBAWOIHM  JelcTBHE  ApPEHaXa.
Jror  kos3pQUIHENT H3MeHseTcss B npefenax  or
O(K)=1 p wavane aswxenns go O(K)=Vni B xoHue.
B nmavase gpuALTpalHH ApeHak He BJAHUAET Ha yBe/IHYeHHE
(MUIBTPALHOHHOTO pacxoia, W (PUILTPAIHS TPOHCXOJIHT,
KaK N3 ogumouHoro kawana. C TeyeHHEM BpeMeHH ITayHna-
€T CKA3BIBATLCS ACHCTBHE JpeHaxa, W pacxol na ¢HIbT-
PALHIO YMEHBIIACTCS He 10 HYJS, KAk MPH JJIHTEJIbHOH
noAnepTod (GpUJALTPAIIHH H3 OJHHOYHOIO KaHaJjga, a Jo pac-
Xo/4, noficunTaHHoro mo (opmysae [onion Aas ycrano-
pusmieroca pexuma,” Paaor (261) u (262) ynobuel ags
BLIUUCICHHST PACXO0B MPH MaJbIX 3HAYCHHAX t. Ias 6001b-
HIHX 30aueHuil £ upejlcTaBHM WX B HHOM BHIe.
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Peumrenine  (259) MOXKI0 HOJAVUHTD, MOAB3YSICL METOAOM
dypoe, B nHoit opme:

¢ =2 e
(X, &)= — » 1 (l-—e o )sin ank. (263)
JT n=1 f _ )

Yuntnisass pasnomkenne

" s i -
S nx L — X =1 anx
- ==, HJAH 2 >} =

=1 n ol =1 an
l 2 5 .
—- : (n—nX¥)=1-7,
2 o
pemenie (263) MoxeMm 3auHCATH B BHIC
-t = = 2 % 1 ~ —
(T, t)=1-%— — » —- sinanie . (264)
T g=1 0

rae A(0,2)=1 npn =0, A(l, 7)=0 npn T=1. Mpu (=0,
YuuThisass pasioxkenne (yukunn (1—7) B paax dypoe,
noayuaem f(x,0) =0. Ilpu =00 umeem A(z,f)=1—21, 10
eCTh MOBEPXHOCTH TPYHTOBLIX BOJ TPH  VCTAHOBHBIIEMCS
pexume B Nnpelesie NPpHHHMARTCS 3a HAKJIOHIVIO 11J10CKOCTS.

Jast gocTaTouHO AJMHHHBIX Jf TMJABHO H3MCHSIOUMXCH MOTOKOB, YHH-
teipas mpeaaoxenisi H. E. JKykomckoro, moxuo paccumaTpusath He
(aKTHucCKHe MOMMHOCTH (MAH riayGHHB) NOTOKOB TPYHTORMX BOJA, a
H3IMCHEHHA A, BHOCHMBIC BO3MYLUCHHAMH B CYLICCTBYIOUIHIT PEXHM, YTO
B 3HAYUTEJLHOH CTemenn vyMcelLWaeT Herounocth B onpeacteHun h--T
MPH paccMOTPENHH JHHeRoro VpaBHeHHs.

Tak kak HHTepecHa TOALKO JAHHAMHKA PacX0jloB H YpoOBHeit B onpe-
Aenennux cevyenHax (xX¥=0, ¥=1), TO BBeaeM B pacuer OCPeENNVIO
MOIHOCTD NoTOKa TPYHTOBHX BOR Tep= (T+T+ ) /2=T+Hy/2, rae
Hy— makcumanbHoe H3MeHenHe Hamopa. B peavasTate STOr0  HETOu-
HOCTh, BHOCHMAH pacCMOTPEHNCM JHHCHNOrO VPABNQCHHA, VMCHBINASTCH
eie GoJple,

Jinsg AJHIHLIX NOTOKOB MPH MadLIX KOJAeOAHHAX FPYHTOBHIX BOA
(Mo cpaBmHENMIO € HX MOULHOCTBLIO) OUCPTANHC TMOBEPXHOCTH FPYVIITOBBIX
801, omnmceiBacMoe mnapabosaoii (mo Jliomown), wmazo oranuacrcs or
JHHEHHOrO HAMCHCHHA Hanmopa,

Tak, ecam cumTaTh, UTO HAUAJABHAS MOWHOCThL NMOTOKA TPYHTORBLIX
ol 7, a manGoaesmuil noaAbeM VPOBIS TPYHTOBLIX BOJX NPH AJHHC NO-

toka L pancu Mo, 1o, no Hiomon, y,=T}1+xH:(24H:). a npr anueii-
HOM M3MeHCHHH Jo=T (14+%M,), npu fo=Hy/T, ¥=x/L.

Toraa oTkMOHEHHE MOBEPXHOCTH TPVHTORKIX ROJ, onpeaetentofl nmo
Jonwor, or naockoctH Oyiaer:

Ay=1—a=TIY1 +TH:(2+ Ho) — (1 +FHo)).
Hait:ienr yveeto nanbonnuiero oOTEAONCHHS:

lf{ "Jﬂ HIr{E_I_H(‘]) 1 _
e —Me=0,%
¥ 2V 1+ (24 Hy)

1414
I I nfhrg




Haubonpwee otraoncune Ag pasho

H: l
8 14058,

\if = f
[Ipn pasiadussiX  OTHOCHTCALHLIX KodaeGauusX Hy/T wanboasiune
OTRJOHCHHA OUepTaHiHd NOBCDXHOCTH PVYHTOBBX BOJ, EIIIFE&CHEHIIDI? no

MonioH, or nMuHEAHOIO HIMCHCHHS Halopon OyAyT paBust (OTKIONCHMS
BLIpaxeHb B aoasax I):

HyT . . 0.5 0.4 0,3 0.9 0,1
AFT DL 0,02500 0,01670 0.00080  0,00440 0,00119
HolT .. 0,05 0.02 0.01

AT .. 000031 000005 (0.00001

Orcoga cleayer, uTO Jame A0 TAKHX 3HAUHTEHHBIX H  PEAKO
BCTPCHAIOLIHXCH B VCAOBHAX OPONIACMBIX MAaccHBoB KoJcOaHHH vponus
TPYHTOBHIX BOA, Kak Ffy=0,5, omHéKa B ONPeACACHHU VPOBHA I'PYHTO-
BLIX BOJA OT UPHHATHS JAHHeHIIoTo YpaBHeHHs He npessiaer 3% mna-
YaJbHOH MoWHOCTH noroka. Jan  obulyanix e woseGanuit (fly =~
= 0,05..0,2) ona Mmenee 0,5%.

Bo3spauiasich K TOCTaBJACHHOI 3ajaue, ONPeACai
pacxoibl B ceueHnn =0 (puaprpanuds u3 kanana) w
r=1 (aApeHamuslii OTTOK), NOJAL3VSICH pelienden (264).
[Tprnuumas

(i RTHy, i
Q: '_kT — - 1
ax L dx
oepem no Qopmyae (264) vacrnyio npou3BOJANYIO 11 HAXO-
Aum ee snaverus npu r=0 un ¥=1:

Ohj0x= — (1 +2vcos nx +2vicos 2nZ 4 ...),
— 23 .

AP ot
Ho seipamenuwe B ckobkax ecrn TaTa-(pvHKIHA KO-
6n Oy(w) npu u=3K. [103TOMYy MOMKIIO HAINCATH:
kT

Q= 7 6, (xK). (265)

|

[Ipn x=0 umeem:

Digey = "*’T;-‘l 0, (0) = i:”— (1+2v4+2+ ..),  (266)

npH x =1 noayuae:

Qi =" 01(K)

— Mo (1 _ gy ovi—2v9+ ...), (267)

MpHUEM
_11{;;1{ _:T?ir - - -
v=¢ = AT K=k



Odosnauana Kok KoappHUIHCHTH pacxolor W, 1 W 31a-
yeHHg TaTa-@yukunit $o=0,(0) u $=0,(K), noayuacy
(PHABTPANHONNBIT pacxojl H3 Kanajda B 00¢ CTOPOHDI:

2kl H
Q=2 f" o= Qoo (268)
JpeHaxKHplii pacxojl
2T Hy
Qnp= ; 1= Qo1 (269)

B ¢gopmyaax (268) m (2069) xkospduuueHTH Po H
OTPAKAIOT BAMSIHHE NPOJOJKHTENBHOCTH paboTLl KaHasa
i MOKAas3blBalT, HACKOJALKO B JIOOOH MOMENT BpPEMCHH OT-
JHYAEIOTCA Pacxojl Ha (UABTPALHIO M3 KaHajaa | JpeHax-
HLIH OTTOK OT pacxojla YCTAHOBHBIICTOCS TCYCHHA,

Has puiuucaenns ko3 duumenton Yo H P MOAKHO BOC-
N0J1b30BATLCS HEnocpeicTBEeHHo psaamu ¢opmya (266) u
(267), xoTopble OwICTpO CXOAATCSt npu t=fo>0,2,

ITpu ¢<<0,2 ayuiie modbL30BATLCH paHee BbIBEJl@HHLIMII
dopmyaamun  (261) n (262). Te e camble BbIpaX<eHus
MOZKHO MOJYUYHTH H HenoCpeJcTBeHHO u3 ¢opmya (266) u
(267), ecau npeobpasosarn TITa-Qyuxuun, eAcTBHTEL-
Ho, gasi | l—w|<L1[v=exp(—an?t)] pasiiokeltie 974
(YHKUHIA NpoH3BOAAT 1o creneusaM v =exp(—naK/K’) =
=exp(—1/t), uro paer, nanpumep, AJds QyHKuHU

01 (K) =8 (0) =YKIK' (2v/ 1A+ 2044 ..) = = X
X (VVAVI L),

JT1oT psAn Obictpo cxoautes npu t<<0,2. Jaa Buluuce-
HHUA Pp MONKHO BOCIHOJNL3OBATLCHA  PABEHCTBOM  Yo=1; -+
+4(v+vI+vE4 L),

B rabGnune 24 npusejennl 3HaYEHHs KO3((HUHEHTOB
PACXOL0B VIl PAaslHYHLIX MOMEHTOB BPEMEHH, BBLIYHCJECH-
npie no ¢opmyaax (268)...(274). llo manubim ston Tat-
AUIBL NOCTPOeHBI rpadukn (puc. 32).

QuALTPAUHOINbI PAacXoj, YMeHBIIAeTCs AOBOJBHO pes-
ko (puc. 32), u yxe npu Po=0,08 pacxo/l npu HeyCTaHo-
BUBIIEMCS JABHMKEHHH TOJIbLKO BjBOe 00JblUe pacxofa NpH
ycranopupuieMcs ABHxeHuH o, a npu Po=0,3 oH npesbi-
maer Qo toabko Ha 10%. Jlpenakublit 0TTOK, OTCYTCTBO-
BaBUIHH B HayaJjie JABHXKEHHS, CTAHOBHTCHA TNPaAKTHYECKH
zamerHsiM npu Bo=0,04 (1% or Qo), a npu Po=0,3 co-
crapaser yxe 90% ycranopusurerocs pacxoia, MoxHO
cKa3atb, uT0o NpH fp=0,3 KaK uAbTPALHOHIILII pacXoa H3
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Kanana, TaxK M JpeHazIbigoT-
TOK NPHOJAHZKAIOTCSH K YCTAHO-
BHUBIIEMYCH  pacxXoay (rnepsoiil
coanie Qqp wa 10Y%, sropoit
menbie Q, na 10%), a npu
: Bo=0,50 oOHH TPAKTHUCCKII
ol pasubl emy. Caerosateiabio, B
OTHOMICHHI PACXOJI0OB HeycTa-
HOBHBLIHHCH MOTOK NPHXOJIHT K
CTAILHOHAPHOMY  COCTOSHHIO
10 = — 32 Bpeus Pfp=0,3...0,55.
Beebma xapaxrtepua KpH-
Basl HaMelenus jpenaxkKuoro
.1 OTTOKa: BHaA4yaJc HapacTapHe
B orrOoKa HAET MeAJEHHO, 3a-
Prc, 32, 3anncHMocTts g 1Py OT TCM B HHTCpPBAJIC 0,07{:|3¢]'¢':
by npu moAmCpTON  (PHILTPATIHN < 0,17 npoucCXo/IuT HanboJn-
3 Kanada H ﬂi)ﬂlﬂﬁﬂ". IlIHi‘.l IJUCT H ﬂﬂ_f].ee OTTOK
il1aBHo npubJauxKaeTced K ¢Bo-
eMy yCTanoBHBUICMYyCs 3Hauennio. FIMenno Takoit XapaxTep
HOCSIT KPHBbLIE JAPCHAKHOIO OTTOKA, MOCTPOCHHBIC 1O Adll-
HbiM JgabopaTOpPHLIX ONBLITOB.
Jlast cvmmapiiix 00beMOoB BOJbI, MOCTYHAIOUIHX B rPYIl-
TOBLIE BOABI M CTEKAUIMX B Jpelaxk, noan3ysach (popmy-
aoin (266), naxoanm:

%o

30

! f
Wo=Qo J podt=Qo [ (14+2v+2v'+ )dt=

b o= 1 —n2 2 9 ¢
Anec, | —yo=1—— % — ¢ .Tak Kak me/b=
?,IE[ b Yo - HHL'] i

— 1 "+'1jjd+l/g+ M + IrruE'll' b i
[[pon3Boisi aHaJOrHUHbie BHIKJIALKH L1 00beMa Ape:
naxuoro croka Wy noiayuaem:

Wa=Quft— 5 v(1-w) |, (271)

rjae
l:;] oo {-_ I) n41 ‘—'H"‘?_'-'[.Ef
] —-‘;1=1— —— . e € .

5 M= | Ine
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O61beyM BOALIL, TTOCTYNHBIIHIT 3a BpeMst  11a nonoJiienye
FPYHTOBBIX BOJ, HailaeTess Kak pasHocth Wo— Wy

W=Qo —t(1-7)=HodL(1—7), (272)

L =

rJLe

x Y
5 ] e n=m<t

l—y=1— — ¥ —
% SB35 1P
Paccmorpum npefAcasiuil cavuai (f—occ). Tax kak
vw=0 " =0 upu (=00, 10 Wi=Qo(t+7/3), Wy=
=Qo(f{—1/6) n, caczosarcapHo, W=W;—W,=Qum/2=
:‘JJI{]{SL
DTO  1IeHOCPEACTBEIO  BLITEKaeT TAaKKe H3 (opmy-

At (272), Tak xak y=0 mpu f—-oco0.
Cpasiium tenepn atravenus W, Wy W:

Wo=Qy J'H* —L (1 —"Fn)].

W, =Q, :

—.r(l—m},

6

i I =

E=2

Tf_

KoapGHuuenTsl yo, Y1, y HMEIOT NPeAeabHbIE 3ayernHs:

vo=1, y1=1, y=1 npn t=0 u y0=0, vi=0, =0 MpH
[=00; lIPOMEKYTOUNLIE 3HAUCHHS KOIPMUIUEHTOB Yo, Vi,

1

VY MNOMEUICHLI B ’[‘ElﬁJIIIIJ,E 24, riae naHbl TaKIKe 3HAYCHMHS
(1=wo), (1=v1), (I—y).

Eciau cymmapubie notepH w3 kaHaJsa CUHTAIOT JJIsT YyCTa-
HOBUBIUEroCsi JABHIKCHHS, To Hago npHuumars Wo=W.=
= Quf. Orclofa caejyeT, uto TNepBble WICHLI B (QOpMy.JIax
(270) u (271) noxkaswBawT CyMMapHble NOTEPH H CYM-
MapHBIl CTOK NPH YCTAHOBUBLUEMCS peXHME, a BTOphIC
qJIeHbl OTPAaXKaT BJAHAHHE HEYCTAHOBHBIIErocs Xapakxrepa
JABHIKENHS.

- . 1
B dopmyae (270) nodoXRHTEALILIIT YJIEH J.‘QH-IT(] —%0)
MOKA3LIBACT, YTO AJsl paccMaTpHBacMBIX YCJA0BHH O0BEM

HOCTVITHBILCH B IPYHT BOABI Beerjia OoJblle NpH HEYCTaHO-

BUBIICHCS (UJALTpAINN M3 Kamajga, uemM IpPH YCTAHOBHB-
(=] ]
nreitest. Orpumarennintii uiaen — Qy ?T(]—'ﬁﬂ) B hopmy-

de (271) nmodrBepiKAder TO, 4To (PAKTHUCCKHIT CYMMapibii
b4



APEHAXK LI OTTOK  TPH  HeYCTAHOBHBIIEMCS  JABHIKENHH
BCeria MeHplie CYMMapHOro OTTOKa, ONpeiAeCHHOro 1o

popmyaam VCTAHOBHBILETOCH pexkuma,  Beanyuna

1 —
Qv — t(1—%) —s310 o6beM (UALTPALHOHHBIX BOX, HAY-

muil 7a MnoALeM TFPYHTOBBIX BOA. YUHTLIBAS] BBILIEH3J0-
KEeHHOoe, MOXKHO 3anucatb, 4To0 00beM BOALI, HIAVIIHH Ha
NonoJaHeHHe TPYHTOBLIX BOJA 3a CYeT YCHJIEHIOH (pHIbTpa-
LM M3 Kanajta TpH HEYCTAHOBUBIIEMCS IABHIKCHHH, paBell

Qg -;—T(l—?[}) = -'%—ISLH[](I'—'P{})

GObenM BOMLI, 3a/ep AKHBAIOUIHICA B TPYHTOBOM NOTOKe 34
CUCT OTCTABANHS JIPEHAMKHOrO OTTOKA, COCTABJISIET:

Ql:}_-_;“ -[-{l -"TPI) == —;— ISLH{I(I_]’-IJ-

O6beM BOJIBL, HAYNIHIT Ha NONOJHEHHe TPYHTOBLIX BOJ H
NOBLILICHHE HX YPOBHSI, paBeH

Qo 5 T(1—7) = SLHa(1-7).

S3Havenme SLHp— 9210 MAKCHMAIBLHO BO3IMOMKHBIE 15
janosaienust cso0olbIi 0T BOJALI 00beM NOp IrPyHTa OT Ha-
YAJBHOTO JI0 KOHEYHOTO MNOJOXKEHHS VPOBHA  I'PYHTOBLIX
Bo/l. OTciofla caelyerT BLIBO/L, UTO NPH JLTHTEILHOI paGoTe
Kanaga (/-»o00) oObeM BOJABLL, TMOCTYNHBUIMI B I'PYHTOBLIC
BOJILI, OoJbIIe, YeM TOJACYMTAHHBLIH NMPH YCTAHOBHBIIEMCS]
pe:kinMe, Ha %3 yBeIHUEHHS 3amaca rpyHTOBBIX BOJA, a CYM-
MapHBI JIpeHaXKHblll OTTOK MEHBIIE, YeM CYMMAPHBIH 1101~
JeMIBII OTTOK, NOACUHTAHNBLIH JJIsS YCTAHOBHBUIErOCst pe-
Kuma  puavTpaunn wa 'f3 yBeawueHus 3anaca rpylTo-
BLIX BOL. -

[Ipu paccmorpenun  H3MmeueHHs kKosdhduuwmenra | —vy
MOXKHO c¢/leq1ate BLBOJX (Taba. 24): noBbliueHHe  YpOBHH
FPVHTOBBIX BOJX H yBEJHYEHHE HX 341acOoB  NPOHCXOSIT
N0BOJLHO pe3ko B Hauame pabGornl kanana. Tak, 90%-noe
nonoJgnenHe 3anaca  TrpPYHTOBBIX BOJA  HACTYNAaeT NpH
fo~0,21, TO ecTh AaxKe panuple, 4eM VCTaHaBIHBAIOTCH
pacxoasl (Po=x0,3).

[Tpakrnuecku nosnoctbio (99%) rpynroBule Boabl noj-
umalorcest npe P~ 0,45, Ortciona caelnyer, uUTO nNpH YyCT-
POICTBe JipeHarka Hajgo VUHTHIBATL HHEPUHOHHOCTH Oac-
ceiiira rpyHTOBBIX BOJ, H TO, YTO OCHOBHOH NONLEM TpPyH-
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TOBLIX BOJ INMPOHCXOAHT BCKOpe 10c/e HauaJa paboThl Ka-
Haaa, Toraa Kak pabora JApenaxka [0 OTBOAY TPYHTOBbIX
BOJL OTCTAET OT MOCTVILICHHH  (PHALTPAUHOHHBLIX BOJ H3
KaHaJja.

Gopumyas (270) u (271) MOXKHO TPEACTABHTL TaKIKe

B BH/le

Wo=Qot | 1+ ;— (1—«gn)]=Qﬁmn, (273)

L. (rﬁm]=wm. (274)

Wi=Qot|1— -

"-l‘l,_l h"""i

6

rae KOoa(ppHUHCHTH Mg H 1)y NOKA3BIBAOT COOTBETCTRENNO, HACKOABLKO
CYMMaphble HOTCPH Ha (PHABTPauHio Goablue, a CYMMAapHEIl JApeHaK-
HBIH OTTOK MenblIC COOTBETCTBYIOMHX 00heMoB BoAn Qof, mopcumwran-
HBIX NPH YCTaHOBHBIUCMCH peKHMe.

Ha pucynke 33 m3006paKenbl 3aBUCHMOCTH 3THX KO-
I PHIHENTOB OT BPEMEHH, MOKA3bIBAOULIHE, UTO MPOI0.I-
AKHUTE/NbHOE BPCMs TOCJE avajga paboTel Kapnajga cymMmap-
HBle MOTEPH INPEBLINIAIOT, 4 CYMMAPHLIT CTOK He JOCTHraer
COOTBETCTBYIOLLHX 00BEMOB BO/bLI, OnpeieJeHHbIX H3 YC-
JOBHA ycTaHosuBiierocs pexuma (Qof). 3naveunss Wy n
W, npubnmxkaiores k ofvemam Qof (¢ tounocrsio 10%)
Auib npu fo>2. lo 310r0 MoMeHTa CyMMapHble IOTEepH
npesnimaior Quf, a cym-

MapHBIif CTOK He JocTHra- 7, 7,
eT  CBOHX HaHuOOJbLIIHX iﬂ'[
3HAUCHMUI.

Pasobpauuslit cayuafi 4n
AHHAMHKH TPYHTOBBIX BO,1 '
APEHHPOBAHHOH  CHCTEMMI
MOKa3blBaCT TC HAMCHEHUS,  3p
KOTOpble OVAYT BbI3BaHbI
BKJIOUGHHEM KaHaJoOB B
paGoty npH cyuectsyio- 20
mem obecmeuyenHoM TOJ-
3eMHOM OTTOKe. 3a Ha-

YaJbHLIK VPOBEHbL TrpyHTO- 47, ESETTE————

BEIX BOJ OBLI MPHHAT YpO- - "

BCHb, COOTBETCTBYIOUIHI 11X , | Ay 1

CTAllHOHAPHOMY  TOJIOXKE- 0 05 1 15 B
b .- /] Jed

HHIO, SIBHBLIEMYCH pe3y.ib-
TATOM CHCTBHS HOA3eM-
A Pre. 33. 3aBicHMOCTL 1o H 1,  OT

HOrO OTTOKA. Bo mpn noaneproil puanTpan ua
Huorpna HeoOXoAHMO Kamaaa M OTTOKe.

Il 3agaus Ne 4267 1G1



TAKMKE peHiiThL 00patHyIo 3ajauy, TO €CTh paccunrTartnh pa-
6oty ApcHayKa na CYULCCTBYIONICH OpPOCHTCIALHOM CHCTCMC.
[Tokaxem, uTo 1751 ITOTO cayuas MOmeT ObiTh HCOOJL30-
BaNO TMOJYHCHIIOE pelleHHue.

Hafizem T1e¢ H3MCHECHHS, KOTOpPbLIE BBI3LIBACT JIEHCTBHE
jJpenaxa B CYLIECTBYIONICM  peXHME TPYHTOBLIX BOJL
(puc. 31, 6). Tlpwm 3rom nuramue rpPVHTOBHIX BOJ OvieMm
CUHTATH COCPEAOTOHEINBIM H MPOHCXOAANIHM B pe3yvibTarte
PHALTPAUHONHBIX NOTEPL U3 NOCTOSIMHO  JICHCTBYIOULHX
KaNnaJjioB.

Torna neoGxoanvo peurntn ypasuenuc (143) aaa cae-
JWVIOULITX FPaTiiiiLIX i HAUaIbHbIX VCA0BHI (11auaao xoop-
JMIAT Tiepeteceio B cTBOP apenn): =0, A=0: ¥=0,
(>0, hi=1; x=1, t>0, A=0. Ilpuuesm noax A nonumaem
VIKC Hie nOATLEeM 3-;3-:}&1:51 FPVHTOBLIX BOI, KAK 3TO JIeqann
PANBIIG, a MOHIKCHHS, BLIZLIBACMBLIC eHdCTBHCM Apenaa.

Penrenine 3aiaun HMeeT BHA:

e 9 ™ . —2n?i .
h(x, t)=1-% 3 L sin e~ ™" (275)
5t n=1 R .

Vunrteigast panec npUBCACHILIC  PCHICHHS  yPaBHEHUI]
(268) u (269), noayyaem:
PACXol ApeHaKa

2RTH
Q‘l': _I:—.']‘ 1i |1~—'Qn'l|'n. (2?{])
pacxoa na (puaLTPALIMIO H3 KANAIOB
20T H,
Q: 7 P = Qfﬂl‘h (2?7}

rae o ¥ P — pance onpeachacHuble KoaggHuneHTnL,

Uz Beipaxkemuit (276)...(277) w pamee npHBECHIBIN
3ABICHMOCTEN JIs Py i P caeiver, Yyto ApPeHaxKHbIT pac-
X0Jl H3MEHSAETCSl 0T pecLMa 00JbIIOro 3HAYCHHA B Hauaje
ero ycTpoiicTBa 10 veTanosusinerocst 3navenus Qo mpw
ranTenstoit padore. ®uanLTpanHONibIe 10TEpPH, 11ao060poT,
ctravana MeNTeHNO, 3aTeM ObicTpee, aJee CloBa MelJICH-
110 BO3PACTAIOT, I0CTHTAsT yeranoBusiierocs snauennst Qo.

Koadbduuuenter §y u Yy B paccmarpHBacMOH 3saxaue
MOMEIATHCL MECTANMI 10 CPABHEINO ¢ NpPeAbIAVILeH, Mo-
HTOMY JHHAMUKA HOEMIIOr0 OTTOKA ONHCLIBACTCH KO-
drnpentom Yo, a norepb — koaqhnunenton Py, Jlpenax-
LT OTTORK Pp VMCHLITACTCH PE3KC 11 TOUTH  JOCTHrACT
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CBOCTO  yerauopupuierocss  apauenns npun Pex0.3..0,4
(pric, 32). Cagiiyer OTMCTHTL, UTO APHIALTPAIIIOINLIC 1OTE-
PP HEe Cpdly peartupyvior YCTPOHCTBO JipeniazKa (npu
o> 0,05), no ux yseanucune yxe npi Pp=0,3 cocrasanct
90Y% mnoasemioro orroKd. Crawnogapibiii peasum jloctira-
erest npHOAMBHTEILIO upit Pe=x0,0. 10T DBLIBOJ HMERT
HPaKTHYECKOE 3Hayenue ;s oupetenents cpokon sdpdex-
THBHOTO JACHCTBHA IHOCTPOCHHOIO JApeHand,

HMcnoapaya palice noayueiliible pesyipTaThl B OTHOLIE-
MHH O0'BLEMOB OTBEACHHOI BOJLI, MOAKCM HANIICATH!
cyMMapusiil 00beM BOJIbI, OTBCACHLON Apendren,

W= Qo [f ; (1—vo) J; (278)

CYMMApHLIH 00LEM JIONOJANHTCIBHLIX TOTEPh H3 KaHAJO0B,
BbIZ3BAUHBIX VCTPOHCTHOM JipeHaza,

Wo=Qo | 1= - (1=7) |3 (279)
CYMMApHbIl 00bEM yMEHbLICHHA 34114C0B IPYUTOBLIX BOA
W=Wi—Wo=Qu = =HoL(1-¥), (280)

riec 1—vo, l=—vyi, 1-—;*- oupeacasorTes no Tabauue 24.
] .
Uaelr ?(Ju-r(i—vu} B (popmyae (278) mnoxasbiBaer,

YTO CYMMAapLULIL JPelaxiblil OTTOK BCeraa 00Jblle, ueM
HOACUHTANHDBIT s yeranosupiierocst aptakenus (Qof), @

y b s e
OTPHUATEIbHLUL wiel - Qot(l—vyi) B popmyne (279)

NOATBEPXKAAET, UTO VBCJAHYCHHE (PIILTPALHOHILIX HOTEPL
BCCrla MeHblie 3TOH BEAHUMUL, HOACYMTAHHOH i1 Cri-
ioHapHoro pexuma (Qof) Bupaxenne 0L (1—y) — 310
CyMMapiblil o0beM YMeHbIUeNHs 3ulldCoB TPYHTOBLIX BOAL.
[Tpu jnurennnoil padorte Apelaza o0LeM ApeHaxioro or-
TOKA COCTOHT M3 00BeMa, HOJACYHHTAIHOro s craigonap-
HOMO peKHMA, IJIOC %3 00BCMA HM3MEHEHUH 34114COB IPyli-
TOBBIX BOJA; CyMMapHble [OTEPH H3 KaulaJoB CcOCToAT H3
oGbLeMa, NMoACUMTANHOrO JLISL CTALHOHAPHOrO pexmuya, 34
BLIMETOM f3 vMeHnlIeHUsl 3aracoB TPYHTOBBIX BOL.
JIHHaMuKa JiPEHAXKHOIG OTTOKA M YPOBHS TI'PYHTOBbLIX
BOJ MPH MX NUTAHMW MO Nyt ABvxenus (puc. 31,8). Ou-
pefedain, Kax Oyayr H3MCHSTLCH JAPEHaXKIbIL OTTOK 1 ypo-
Belib IPYHTOBLIX BOA st caydas HHQHILTPAaIHOHIONo Lt

9 g 1533



Tanust rpynToBux BoA, [las 3toro neodxoaumo  pewuTh
yvpasiienne (1395)

P =90 4y, 9= f{f".
5'5.‘ l].f' J‘E.I" .l'f‘]

MpH cjaeayioutHx veaosusax: =0, i=0; ¥=0, t>0, A=0;
r=1, t>0, dh/ox =0,

[Tpunsis  nosoe mnepementnoe A*=n—ni, ypaslucHuHe
(135) zanmmem B Buie dopmyant (136):

Oh* [0t = a%h*[0x2.

Toraa nauaapibie 1 rpannyible YCIOBHA MPHMYT BHI:
t=0, h*=0; =0, W*=—nt; T=1, 0”h*/dZ=0, TO ecThb
3a1a4a CBOMHUTCA K OTHICKAHMHIO ™ npu audeilHoM noaneme
YPOBHS TPYHTOBLIX BOA Ha OAHON H3 rpanull noroka 0e3
nutanus no nyrty, Ilocse 3storo dyHKUHsST H3IMEHENHs Ha-
nopa i waipercs npubasaenvem ni K uHalilenHOi dyHK-
Hu h*: A=h"4ni.

Has toro 4uTo0bl BOCHOALIOBATHCH VKa3aHHBIM CBOJCT-
BOM, HaJ0 pPCWHTh 3ajavy AJs JHHCHHOr0 BO3pacTalis
IANoOPoB Ha OjHOIT 13 rpanunit notoka. Buawase pacemor-
pHM cayuail, koria npu *=0 =0, To ecTL NPOHCXOAHT
CTOK, Torfa waxk npu ¥=1 A=01(, to ecTb NPOUCXOMHT JIH-
HelfHbliT ToAbeM YPOBHS TpPyHTOBHIX Boj. DBylem Hckath
pemenne ypapneunss (143) npwu yeaosuax: (=0, A=0,
—1<LE<+1; =0, >0, =0; F=); >0, A=0H1
B BHAe psiia DPypue

iE [)= 3 Ta(t)sin(ang),
n~ |
ric

Tn{f}=24}ﬁ(.f. t)sin(nni)dz.

Hurerpupysa sblpaxenne aas T, no yacrtam, moJy-
yaeM:

I i(z, 1 -\ |F=
— = [—---[f—?— cos(znz) |~ 1

2 nn i=0

I OR(E. T) — lx=1

-{-[ Ih’: ) ~'311(.-.:n.f}J" '

a‘n* ox =0

1
1 . =
i e f@ sin(zinx) di.,

i
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Ho A=0bt, cosnan=(—=1)"=—=(=ND"" npu ¥=1; A=0
npu =0, oruero nepsuiit wiaen Aner - -OE(—1)"[an;
BTOPOH wjaeH papen HyJMo (sinan=10).

Yuutsisas ¢opmyay (143), nveem:

1
i bi(—1)n+l I (" di R o
e T — sin(znx)dx.
2 at sten? ) O
0

L ——

Hudbdepenuupysa Bh;paji{euue nasi Tn, nmeeM:

=B f 2 ;
i{ = qm(mn)d;r

Orcofla noayyHM COOTHOLIRHHE:

Y & bi{—1)n+} ::"
= ) bl _r . wau ;" *n®T =2anbl (— 1),
2 an D2

Peurenne s1oro JAHHCHTHOTO ypaBlenis npeacTaniM TaK
T=e[ [2nnbI(—1)»Hcat dI+C) =

— 20 (—1)n+ (af—1) +Ce.
(a

Hast oupejenenns noctostHHoil €' BOCTIONL3YEMCS 1~
yaaLHeiM  yeaoBuem [ (&, U)—-O B COOTBETCTBHH € KOTO-
puim Tn(0)=0 (rak kax sinan¥=0 aas moGoro ¥). M3
9TOr0 VCJIOBHS HAXOAHM:

| : . T
C= 230 (_fyntt, Tp= 20 (—pynt [ 2p2E—1ge ™" )
? And \

[TojcTasass B ucxoaunit pax Pyppe sBbIpazKeHHe i
Tn, noayuaem:

hx, )= E it (.ﬂ.:n?f -l--}—e_":”:jI )ﬂiﬂ (nn). (281)

mn--1 ﬁnﬂs

Buipaxenne (281), vyunreiBas pasjiozenus B pai
‘-’D\fpbe

: . sin®x _ mfx—a°

?" _1 i) Sin #X — oy Y _l n4-] = SN
( ) 7 2 Hfl( ) T 12

MosAer OblThb npeAcranieio B BHIE
hi (X, f]=blf.f— [l«—.if}{-u-ﬂz(_-[}uil.
a’ n=|
3 - gL T
—— sin(mnd)e” |- (282)

ns

165



Tenepn npuBelIcs perieine sataun, Koria npn aaned-
HOM BOAPACTAHIN HADOPpa B CcedeHln x==1 oTTOKA B Ccue-
wig ¥ =0 ner, vo ect, ohfdx=0; =0, h=0; x=0,
ohfdx =0; =1, hi=b1l.

Dra satava pemena A, B Jlukospisa (19D52) mMeroiom
ONepalHonnoro Heuncaeins n 3 0003HAUCHUAN HACTOSIILEro
HBJT0ZKCH NS HMeeT BHJL
3 165 }i{ 1w 1 ‘

(20—1)3

- (2n—1)nx L'."{p] (2n—1)3 HEEJ} ‘ (283)

- |

2 -+
cil = — (—=1)»+ (2n—1)a%
=bxX———0 sin
0% 2 Z, 2a—1)° 2
CCRp l {2”: D 2p ‘ . (284)

[lpopepka Aaer A=bf npu =1 u Jh/dxr=0 upn
r=0,

He ocranasiamBascn, nopoduo na penieHuax  ypasne-
muli (281)...(284), Tak KAK oHK NMEIOT  BCHOMOraTephoe
avenne (s pemesns zajtauy ¢ pndUALTpaHeH noucna-
perHeM), BCe K¢ 0TMerHM HEKOTOpble HX 0COOEHHOCTH.

[Tpu aunefitoy so3pacTaHui nanopa B CTBOpPE Kalajon
I HaJHUMM JApenazia nocpeluine MemJly HAMH BhIpaKelne
s pacxoia  Jipenayka  MOMKHO  HOJYUHTL,  ONPeLe/is s
(OR[DZ) (., no Qopuyne (282), B puie

Qe 20 b fy_ Lly By Dy Lo Do
r L T bl sl 9 ')
T |
g S () e , 285
- [ i ¢ m} (285)

rae h; — yposnens TFPYHTOBBEIX BOA B ceuenun X=1 (BCIHuHHa nepeseir-
iast W, Tak Kak Obljio mpuusto fiy=>07, pasnasn hy==Hgbl): v &by

(1—yy) — pance onpeaciennuit Kos(puuuent (cm. Tabr 24), sapvucs-
WHIT TOJLKO 0T OTHOCHTCABUOTG Bpeneun [y I/r n mensonuiicas o1 U

itpu Po=0 a0 | npu fe= oo,

BGopuyaa (285) nokasuiBaeT, uTo pacxoa ApeHaxa mnpH
JHHENHOM HOABEMEe VPOBHA TPVHTOBLIX BOJL BCErja MeHb-
e paccurtTannoro no JLomon s crauionapinoro noToka.

[Tpu muuefiiiom Boapactalmy nanopa p obJaacTn KaHa-

166



OB H OHAJITHYLLHE “lle[-}]H'{r.'l pdﬂkf},_l B LTB(}{JE KaHlatJa ECE[‘RH
ﬁ'UJHJLT_[ ]'JE[CC IHTAHHOTO 110 HIGTIIGH H pﬂBE’II
2RT It |
= TR ] 286)
W I [ 36, o) |5 (

riae (1—y.) — kosdupuiHent, BCAHYHULL KOTOPOro npHBeAeHs B Tald-
Ane 24,

[Ipu annelinoMm poapacrtanuy manopos B o6JacTy KaHa-
don 1t otevrersnn Apenama [pemeiust (283)...(284)] pac-
X0, OTBCASINCH MOTOKOM B CTBOpe KaHaja, no gopmy-
ne (284) panen

QT H. b e ilf 1,;':"‘1 S __1_ \;”H -+ Lﬂ 24 ' S )} 2 (28?)

=
th o] —

L | 12\ 9 25
e ve=e P,
Mames B suay, uto Hob=h/i= (h/t) (§L?/RT) ,noayuaen:
286L N0 =
Qu= =" (1-7), (288)

riie (1—y) onpemeasercs no ¢opmyae (272) wiu no tab-
aune 24, TIpu Po=0 (1—y)=0 u Qp=0. Ilpu Po=co
(1—y) =1, 10 ecTb NPOHCXOAHT pacXxoJoBaHHe NPHTOKA Ha
IPOCTOe 2anoJtenie csofo/110il MOpo3HOCTH BO BCeM 00b-
EMe MexAYy KdalaJdaMH, U pdcxo] MNOCTOAIECI
Qq=2kTHb/L=const npu Pe—>o0.

Yposenb rpyHTOBHX BOJ HOCPEAHNE MeiKjly KaHaJaMH NpPH OTCYT-
CTBHIL JIpeitara M JAHHCAHOM BO3PACTANEE HANOpPAa B 30HC KaHAJIOR

Moxer ObITh onpejnenen mo dopmvie (283) npu x=0, uto naer

I | 32 | 1 \
(0, 7)y=>b .{;,, = [; - (} = o, - o V254 — . )ﬂ ==

il
|l -

&y *
~b]Bo— 5~ (1—00 | (289)

¥
— P
rae v=e f v Po=t/1; wosddumment (1-—¢;) npuscaen B Tadau-
e 22.
Pasuocts ypoBielt B cTBOpe Kanaaop H TMOCPCAHIC MEMKAY IMHMH
pasHa

l'.i'!;'rn h] {SL:’ !

(I—1) = — (1—dfy) (290)
2 ¢t kT 2 ’
uTO npH Pe—-o0 jaeT nocToAHuYI0 peamuniny Ah=0M/2. Cxopoctr
NMOATCM }'pﬂ]if”[ rPYITOBLIX BOMA ﬂﬂﬁ[’l{‘,-'[,ﬂ][{'a_?-’l'ﬁ_':_}i{,‘]}' RanajdamMmu paBia
CKOPOCTH €ro nojubeMa B cTrope Kauala dhfdi=0. Tawoe psmwmenne
HITOPJO HaZhlBacTcH H]iHJHC'I'ﬂ[LHﬂHﬁ[!TIH'."-T.

=M. oy—hw.n=
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Bosspautasics K pemicHHio 1nocTasaennon sataun od on-
peslesieHu AMHAMHKH CPVHTOBLIX BOJL NPH HAJHYHH Jpe-
HaxKa M PABHOMEPHOro MHTAHHA CPVHTOBLIX BOI 1O NYTH
ux asixKenns (puc. 31, 8) u BBOAST 1OBYIO HepEeMeElNnylo

=fi—nl, 3amauy CBOAHM K pemeHHm vpasneuns (136)
npn yeaoBusix: t=0, A*=0; =0, h*=—qi, zT=1I,
ch*/dx=10.

drta 3aflaua COOTBETCTBYET npHBELCHHOMY BhHIlIE peiue-
HMIO JUIST JHHEeITHOro H3MeHeHus1 namnopa na oAHOH M3 rpa-
HUIL TOTOKA MPH OTCYTCTBHI OTTOKA la Apyroit rpamuite.
Tak kak =uHeiinoe poapacrainic uwanopa hA=0bf npunuma-
J0CL B oceuenun r=1, tTo, nepenccsa rnavagno mupmmw u
npuisis b= —n, noavuum permetine ypasuenus (136) 1
Gopmvasr (283) » BHAC

7 ) i 12(I=X° S - g ui .
h*(x, T) ﬂ{! = 3 ”5__‘,1( T
-ma(2n—1}~2’—~ (1—X%)-exp [— E”_—I_]. n?l }

Yuurwisas, uro A=h*-4ni, nMecem pemenne HocTan-
Jennoil 3aaavn

=5 1 ,___“_ lﬁ < 1 o (2n—=1)nZ
fi(x, t) { kl J 2 R sin : _
n—1)2 o-
E‘KP‘ 20 — E.:J}‘ (291)

HeiterBureantio, =0 npu ;:t:=ﬂ; npu t=0, ecan yum-
TRIBATL pasnoxetnie B paa Pypoe

S sin(2n—1)x  a’x—ax?
= (@n—-1)3 B -
MOJIYUHM:
3353
sin(2n -1
o [ ) 2 _ mE(l—-X/2)
ﬂz_:l (2n—1)3 6

orkyaa =0 npn t=0.
Onpeaeany nojiseM YpOBHS TpYHTOBBIX BOA npu =1
3 opmyast (291):

_ & -2 (=1
(1, T)= {1— = ;. TPRETY
i (2 i-l]-. -
e gosdipunrent (L—y) wonneaen s tadane 22,
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Lpn h=hall,, n=qL%/kTH, d¢opuyay (292) MoxKHO
NpeACTaABHTL B BHE

( I
hwi="2 5 (1-w). (293)

[Tposepka upasuaLIOCTH ]]EHJEIEHH—-]ll}LﬂE.r!hlIE}E 3Ha-
yenue Ny ~, COOTBETCTBYVIOULEE u.:nuluuapum»l}( HiQHILTpa-
wioriomy  notoxy. Ipuunmas Tep= (H+Ro) /2, hic)=
=H —ho, nonyuwaem H2—h?=qL%k, uro u A0MKHO OLITD
no opmyiae Kere,

ITobem rpyHTOBHIX BOA NPOHCXOAHT B lavaje NHTAa-
s aunerno (puc. 29). Jle#creurenbno, corgaacrno ¢op-
myae (223) w rabaune 22, (1—q) 200 npu Majablx 3HA-
YCHHAX flo, NO3TOMY

gl 1 o kT ql

A= == 2— = =——

Y 0L 0
TO CCTh NPOMCXOJHT 3amoJlienue ¢so0OJHOIl  TIOPO3HOCTIL.
B panpueiiiieM B pesyabTare BAMSIHHA JIpEHAXKa  NOAbeM
FPYHTOBLIX BOA 3aTyXaer, H B IpeJeJic MOBEPXHOCTh IPYH-
TOBLIX BOJ CTPEMHTCSI K TNMOBEPXHOCTH, COOTBETCTBYIOUICH
crannonapuomy pemumy (Kene).

JIpenauuii OTTOK MOMKHO noJayunrts, Haiiis OR/OX no
(opmyae (291):

oM » 5 I (2n—1)nx
— | —x— by - COS
X 1 { 4 "'“ (2n—1)* 2

orkyAa 0h/dxX=0 npu =1 (no VCJAOBHIO I CMLICAY 3a-
naun),

[Tpu =0
oh 8 1 ] ]
S 1 . [ .h,l,hl_|_ TQH,{_ _vgs_;.‘;_i_ =i,
o 0 [ At | 9 25 ] W

(294)

rie v=c 328, fo=1/17 Py — Kosquunent, onpeacacunuii Bue
(car. Talba, 22).

Pacxox B Apeny ¢ AByX CTOpPOH paBeH
2rTH, L2
= .

7 Lﬁﬂ Y1 =2¢ L, = Qo\p;. (295)

Kosgpduuuent §, nokasmisaer Ty A0JaI10 NHTAHHA, KOTO-
PYIO OTBOAUT JIpeHazK, WJH, HHAa4e roBops, JMOJIO OT Hau-
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Pue. 34. 3aBucuMOCTh MO BEMA YPOBHA I'DYHTOBBIX BOR

(1—@y) n nopszemHoro OTTOKA Py IPH PABHOMCPHOM

HMHTAHHI PPYITOBLIX BOA M JIPEHANKCE OT OTHOCHTCALHO-
ro ppemend PBo={/t.

00JaBIIErO0 pacxo/ia npH crauHonapnoM pemxume. penax
NPH HHQHALTPALLHOHHOM HHTAHHH padoTact HHTEHCHBHEE
B ltayajae (puc. 29), sarem pacxoh yMmeHbUlaetcs, H npH
AAHTCALHOH padoTe pacxoj APeHarka CTAHOBHTCH PaBHBIM
HHGUILTPALHOHHOMY THTAHMIO, Jlsa cpasienia aHHAMHKII
NnojALeMa YpoBist IpyHTOBLIX BOJA H NOA3EMHOro OTTOKA MO-
CTpoeHbl Kpubbie na pucyHke 34, Iloasemusiit 011708 Hapa-
craer ObICTpee, ueM MHOJALEeM YPOBHS TPYHTOBBLIX BOX, ITO,
MO-BHAMMOMY, XapakTepunass ocoO0eHHOCTH MH(PHALTPAIHON-
HBIX NOTOKOB.

IIpn cocpeporoyenioM nuUTanuy HabJdIolaeTcst 3aMel-
JEIHHOe HapacTaH#e noA3eMIOro OTTOKa 110 CPaBHEHHIO ¢
MONOJHEeHIIeM 3al14C0B TPYHTOBBLIX BOA, OTMETHM, YTO Kax
OTTOK, TAK H INOJLeM YypOBIS rPYyITOBLIX BoJ Hapacraior
JOBOJIBHO HMHTEHCHBHO Cpas3y e Moc/je HauaJa THTaHHS
TPYHTOBBEIX BOA. Tak, eCiJH IPH COCPEAOTOUEHHOM IHTalHH
noj3eMnulil orToKk Jocturaer suavennsg 90% or nauboun-
IIero OTTOKA, COOTBETCTBYIOUIETO VYCTAHOBHBIIEMYCS pe-
UMY 3a Bpemsi flo~ 0,3, TO npH HHPHILTPAUHOHHOM I11H-
TAHHM 3Ta BeJuuuia Jjlocturaercs 3a Bpems Po~~ 0,85, Aua-
JOrHYHO M Pacxojul, mpakTuyeckn cosnaznamwimue (99%) c
NpEJeAbHLIMH 3HAUCHHSAMH IOA3EMIIOTO OTTOKA, HacTynalor
npu Pe=~0,55 Aas cocperorouenHoro u npu o~ 1,8 aas
paccpeloTouentoro nHTalus,
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Orciola che/lyeT BuBOA O TOM, 4TO HH(HABLTPAIHON I
HOTOK NPH PACCPEAOTOYCIIIOM NHTAHHH 3HAYHTEIBLIO M-
JCHHEe NMPHXOJHUT K VCTAHOBHUBILEMVCSI PEXKHMY, UeM NOTOK
npu cocpejlorouetiom nuranud. Cormacuo Hooniou, npu
COCPEAOTOHEHIIOM HHTAIH TIPEeReaLIlLiii  moAbeM YPOBHH

rpyuronnix pox  Ho+T=yT?-+-2QL[k  Boabiie, yem T1pH

paccpenorouctom Ho+T=yT?°4+QL/k (no Kene),

rae Q— oaunocropouuuit nputok K Apene, ITostomy na sa-
COJICHNBIX 3CMMSIX CJACIAVET BCsYecKkH m3lerartn cOCpelpoTo-
YRINTOro NHTAlHS TPYHTOBLIX BOJI.

Junamuka yposHS TPYHTOBBIX BOJ U JAPEHANKHOr0 OTTO-
Ka npu paBrHoMepHoM NHTAHWH TPYHTOBLIX BOJ WJH HCHa-
pernn ¢ ux nosepxuoctu (puc. 31,e). TI'painunnie n Ha-
HaJdblible YCJOBHS B 3TOM cayuae Oyayr: t=0, A=
=]{0<Ecl): 30, §=0, h=0; T30, $=1, Jhldt=0.

Jlast sroit 3aiaun BLIIE NpHBEAENIo  pELICHHE B BHJE
vpastietinsg (240) aasa vposmeit n sapucuvocru (241) aag
PACXOMOB.

B stom pewenun MOKHO notpefoBaTh, uTOOLI B 3aAdll-
LIl CPOK MOABEM TPYHTOBBIX BOX OT MNOCTYNJAEHHA HH-
(GHALTPYIOHIHXCS  BOJA  KOMIIGHCHPOBAJICH  [OHHKEHHEM
VPOBIISt PPYITOBLIX BOJ 1OJ AeHCTBHEM Iperaxka i 4Todn
VPOREIL TPYHTOBLIX BOJ ONVCTIVICH ITa 3adaHNyio BeTHYH-
ny A, JHas sroro B popmyne (240) craeiayer npuHsSTDL
h=A. Toria

A=Hy(1—q)—H, L (=91, (296)

M3 3710l 3aBHCHMOCTH MOXKIO ONpPeIenTh Mog100pPOoM
pPacCTOANHEe MEXKAY JpelamMi, a TaKkKe OLCHHTL Rpems,
HOCJAC KOTOPOrO PEeMXUM TPYHTOBBIX BOJ  MOMXHO  CUHTATH
VCTAHOBHBIIHMCS,

[MoazeMubliii OTTOK NpPM COCPENOTOMCHHOM MHTAHMU U
M3MEHCHNH pacxoja FMOTOKA MO NYTH €ro JBHIKEHUS
(puc. 31, d, e). PaccMOTpiIM H3MEHCHHS 11013CMITOr0 OTTO-
Ka 112 JPeHHpoBannbIiX 3eMJasAX, Korjta mapsjly ¢ niTaHHeM
FPYHTOBLIX BOL 1O TVTH JABMKCHHS TNOTOKa (MM ucnape-
TS C LIOBEPXITOCTH TPYHTOBLIX BOJA) HMeercst X cocpeno-
TOUCHHOE NHTAHHe B Bijle (PHILTPALMOHHBIX TOTEPh M3

CHCTeMDBl KallaJaos.
" o 2 h
Pemuv vpasnenue (135): -— = = t1n, upm ycroBu-
L ) x? '
ax: =0, =0, (0<<¥<1); >0, =0, =0 (mpenax);
t>0, ¥=1, h=1 (kanan). 3nak nmoc B ypaBHenln yKa-
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3LIBACT Ha NHTAHNWE CPYHTOBLIX BOJ, MHIIYC - a HCHape-
HHE ¢ HX [0BEPXHOCTH,

Bpoasi, kKak W B MpeaLUAYIIEM pCHIEHHH, HOBOC mepe-
metioe A*=hni, noayvaem ypassenue (136)

oh*[0t = d?h*[dx?

[MPH HOBBIX TPAHHYHBIX VCAOBHSIX:
=0, h*=0, 0<x<I]; >0, x=0,
h*=TFqt; t>0; x=1, h*="Fnt. (296a)

Pacevorpuym pewenns ypastenns (136) npu caemnyio-
IUX FPAHHYHLIX W HAYAJALIDLIX YCIOBHAX:

—

I=0, h*=0; ¥=0, h*=0;T=1, h*=Fnt (pewenne h));
t=0, i*=0:%=0, i*=0, =1, h*=1 (pemenne 4;);
(=0, h*=0; x=0, i*=Fn;¥=1, h*=0 (pemenne fi;);

Cymma atHx peweHuit  (/,*+hy*+hs®) jpact Heko-
myio (yukumio h* (¥, t), 10 ccThL pellleHHe, YaoBJIeTBOPAIO-
utee veaosusivm (296, a).

Pemenne h* coorBeterByeT JHHCHHOMY TOABLEMY (HJAH
OIYCKaNMio) yposHs B ctuenuu ¥ =1 npH OoTTOKE B APYyrom
ceuctun (xr=0) n Obl1O NpHBEIEHO BLIIE, MPHIEM B ypaB-
renun (282) caeaver nmpuusaThL b==1).

Pemenuie h,* coorBeTcTBYET MIHOBEHHOMY BO3pacTta-
HHKO HAlopa B CeYellHH KanaJjga npH JApEeHaKiuoM OTTOKe
n nodavyetio swune [popuyaa (264)]. VuutsiBasy CABHT
KOOPANHATBL Ha e/nnnny, nepenumem gopayvay (264) rax:

n ™
he (% )=i— — § ' sin[an(1—%)]exp (—n220).
: T o1

Pemienne hs®*  cooTBercTBYET  IHCHIIOMY  ONYCKAHHIO
(win poapacranuio) wamopa B ceueHunn r=0 npu oTTOKE
B ceyennn ¥=1. CaepoBarc/iLHO, 1as1 noJayvuyeHus hs™ (T, t)
HYKHO B dopmysae (282) samenurn KOOPAMHATHI T; HA
ri= 1=, nocne uvero vpagHenHe NPHMET BHIL

§) 2 n3
-sin[an(1—X) Jexp (— a%n%l) ).
CyMMHpYS pernenisi, nojayyaem:
h*(% t)=wh(z, t)+h.(% ©)-0;(F, f)

|
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- - v = § . -
=Iylt—=(l—X%¥)+ — ¥ sin| (2n— 1) nix]-

cexp [—a?(2n—1)%] ) +%— v; 2 : _“n“ :

. sin(nnf}exp(—:ﬁn?f), (297)
Vunrteipag, yro n¥=Hh5nl, uMeeM OKOHYATEJbLHO:
== == = H ::; "'i'}"lj - ) ' D 27 i
hiz, [)=2— - — ¥ ———sin(anx)exp (—a2n2l) =
T pey B
ol i o B
2 ] o~ (2n—1 )3

-sin[ (2n—1)a¥]exp [ —n?(2n—1)3F]}. (298)

Yyursinast, yTo

E: (_nﬂil_f-in{'.'mﬂ :n,_f_’ g sin[(2n— 1) nx] _ A% i,

"ol n 2 el 20n—1)* 8

noJyyaem: )
h(Z, 0)=0 npu =0,

h(z, m}mf-?- "’ (1—%) npu 7 — oo.

[Tepexoas K pasMepHBIM BCIHUHHAM, HMEEM:

e B A Boay
h=Hy = & L - (L—3), (299)

TO eCTh (POpPMY.Jay, NOKA3BLIBAIOUIVIO MOJALEM YPOBHSI FPVH-
TOBbIX BO IO BJAHAHHEM COCPEAOTOUYCHHOIro M paccpelo-
TOMEIIIONO NHTAHIS NPH CTAllHOHAPHOM peiKHME.

g yeranopdenus BAHAHHS HHOUALTPAILNKM WJIH HCMA-
PEHIsL [1a PACHONOKEHHe YPOBIS IPYNTOBBIX BOM NOCPELH-
e MEXKAV Kanajaom u Japeroit npumem B dopmyae (298)
¥=1/. TNocjie 3TOrO NOJyuNM:

vFE_”EHEﬁI}, ﬁ[}; fh', = ﬁLEHET
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B supameuna (300) wnenvl, cTofllne B KBAAPATHLIX

CKOOKAX, ABIAIOTCH pallee ONpeaeaennbMi KoIpduiHen-
ramn (1—¢q) 1 (l—q;) (cMm. Tada. 22) ¢ TeM OTJHUHEM,

HTO

| —g=1— 1{1,1;-;__1 974 1 1o ]1
]

G

32 | e \
33 1‘11'-""1_ ]_ 'FFI,."-’! i.. L ey .‘.-E-'Il.lr—':_ o '] -

= 27 125 '

CaemoBaTenabito, OpuHaR v=v /1 MOKHO N0.1b30BaTL-
est pamee phludesexubiMi snavenusvu (1—g) u (1—qy).
Taxkast noAcTaHOBKa COOTBETCTBYCT NPHHATHIO BPCMCHT

cTabuanzaigin:

| —py=1-—

SIE  B(LI2)?

= —~ =

iRl kT e

TO CCThL OTHOCHTEbIO cepeauinbl notoka. [Moayuennnmii pe-
SVABTAT e SIBASCTCH HEoKHIAHHLIM, Tak KAk no gopmy-
ae (300) unaxomuTesl TOABEM TPYHTOBLIX BOJ NOCpeHne
HOTOKA. YuHuTLIBas ckasamioe, nanumem dopmyay (300)

B BHAES
! 1 I
il Bo ) (@)= - n(1—g1) npu

Bo=1/t0s 71.5=06(L/2)%/kT, (301)

rae (1—q) 1 (1—q¢,) naxoastes no tafummie 22 s zasucnmocta or fe

Pacxon 1notoxa rpyHTOBLIX BOJI

-“-."THH i

(e Tt 00

B (ry

rre, coraacno gopmvae (299),

M 1—2 3 (—1)nticos (nnx)exp (—n?n?f) F

(302)

]

=z L 4 5 1 os| (2n—1
lnlﬂ. ;B {?u—!}nc et

exp[ —a?(2n—1)%F]}. (303)

IMputnumaag ¥=0 B Qopmyae (303), nonyuaem no 3a-
sucumoctr (302) creavioulce BLIpakenyHe JAasg ApeHawKIo-
ro OTToKa (¢ JIBYX CTOPOH):

3 2RT I, (lii—

b2

- (1._1,)1 (304)

rie P # (1—y) onpegencunl no opmyaam (267) u (272) w Tabau-
ue 24.
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Vunrwesas, urto =0, 1—y=0, npun Pfe=0 nmeem
Q.=0. llpn Becuma AANTEALION ABHACHHN HMECM [H—-00,
mw=1 l—y=1,

- 2T H,
Qp= cyl= =Qu=

L ‘-_*'

; (305)

rac Qu=2¢l. — cymmapuas HHQHALTpaUHA HAH HCHEPCHHC,

Auagornuiip Adas pacxoidd (PHALTPALHOHHLIX  110TEPD,
npiupMag x=1, nojayuacm:

2RT 1L, .
Qp= 210 | o 2 (1 ~«;)J (306)
rae Wy oupegeacuo no gopmyae (266) n rtadamue 24

Tak kak Yo=cc, 1—y=0 npn Bi=0, To Qy=-co. llpn
fo—roo nmeenm YPo=1, (1—y)=1 Hu, caeropaTeanio,

Qll} :fe? Hu- .—.qL Qr{'l' QL {307)

)

-—

M3 noayueHHbIX pPe3yJabTaTOB MOMXKHO CHAENaTh HEKOTO-
pLIC BBIBOALI O BJISIHH PACCPELOTOUCHIIONO LUTAHUS WJIH
HCHIapenss Ha PCKHM TPYHTOBLIX  BOX  APEHHPOBAHOI]
CHCTEMBL.

Haunboabluee mopigtHe (HaH ONyCKaHHe) YpPOBHsL Cpyil-
TOBLIX BOJ IOCpe/lHHe MEXJAy KaHalaMH H JApelaKeM MoA
pAHSIHeM HIQHALTPALNY WM HCOAPCHHST MOXET ObITbh OIl-
pejeaeno no ¢opmyde (299) npu x=0,5L

hl;g == QLE,{S.{ET

M3menedue /tiy, ¢ TeueiueM BpPeMEHHM  ONHChbIBACTCSH
Gopmyaoit (301).

MHpuabrpanus YBeJIHYHBAET JPEHAKHBIH  OTTOK I
vMenpllaer GHJALTPAIMIO H3 KalajaoB. J[HIlaMHKa 39TOro
npoitecca onucuiBaercs gopmyaoi (304), Ipuuem npu aiau-
reJibHOIl pafore Kaunana yBeJaHuenle APEHaXKHoro OTTOKd
I VMeliblleHue HOTeph PaBHLL 110J0BHIIE  CYMMAapHOH M-
puaprTpanun Qo/2=gqL.,

Mcnapenye ¢ 1noBepxHOCTH TPYHTOBLIX BOJ VMelblIdcT
ApeHayKublii OTTOK H YBCJAHUHBAET (PHJABTPALHIO H3 Kalld-
noB. HMamenende po BpeMenH 3TOro Inpouecca onucbiBacTcH
Gopmv.aoit (306). Ilpu aaurcasHOH (PHIALTPAIHH cC YBe-
JHYCHHE paBlo yMCHBLIIGIHIO JIpellaKinoro oTToKa M paBHO
MOJIOBHHE cyMmMapiioro ucnapenis Q¢/2=el.



Pexxum rpydToBbix BOJ NPH CBOOOAHOH (GHJALTPALMH W
COCPeAOTONEHHOM nuTanun (puc. 31,2 ) . PaceMoTpum nojin-
€M YpOBHSI TFPYHTOBBLIX BOA M YBEJAHUCHHE [IOA3EMHOr0 OT-
TOKa s chayuasi r1y0oKoro HavyaJbHOro 3ajeraHusi ypos-
HS TPYHTOBBIX BOL 1IpH cocpeAorToucHHOM nutauuu, llph
5TOM CUMTaeM, HTO BCJICACTBHE CCTECTBEHHOH APEHHPOBAH-
HOCTH  MMEIOTCS  YCJoBHA s HOA3EMHOro  OTTOKA
(puc. 31, o). I'lpn ceoGoanoll JVIHTEJHBHOH (HIALTPALHH,
KaK 3TO YKa3LIBAJoCL BhiIe, MOXHO npulsats Q=consl B
CTBOPE KaH&/a; B CTBOPE eCTECTBEHHDLIX CTOKOB NpPHHHMA-
em h=0. Torna myixuno pewntn, ypasuenue (143) npu yc-
popmax: =0 0<i<], A=0; >0, ¥x=1, h=0; >0,
T=0, oh/0TX=—a=consl.

Tak kak pacxoj BLIMHCASICTCS 1O (hopMmy.ie

(2_ -fﬂT—r{ﬂ— - |"|.‘T”-L, _im 1

0y 18 (v

TO N
a=QuL[2RTH,.

3nech Qp— pAacxoM, nocTynalouti 13 Kamnaaa npH yc-
ranoBusLieiicss cpofoanoi (puaALTpAUHH M OTTEK4IOUHH B

obe CTOPOIILI,
[Tpuserem peulenue, roJayyeninoe MeroxoM onepalHom-

imoro mncuncaenusi, llponspens npeobpasopanue Jlansaca
aag dopmyast (143) no I ¢ yuerom  ycnosua t=0,
0<x<1, h=0, NOJYIHM:

H" %, 8)—sH =z, 8) =0.
Peruene 9Toro vhaslieiiua saliiiieM B BHIE
R |
. . 5:'-.'.:- _‘? .'?
H(z 8)=Ae*1® 1+ Be ¥,

Jas onpedenenns noctosthibix A n B upn rpaHHYNLBIX
yeaopuax >0, a=1, h=0 u >0, ¥=0, dn'ox=
= —ga=consl umeem:

e Y — 9

0=Ae" +Be ¥, A=—Be ™V,

H(0, s) = —afs, H' = Ays ¥ — Bys e~V
CuaenosareinHo,
=X 7ys a sh(l1—%)Vs
He —| - et =T (308)
§)s —927's 2¥'s sfs  chls
| —e e
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o stomy msobpaxenio Hafgo naitn opurnnan. lloan-
WHCh  PAXTOAEHHEM

_..'I-.:,

1;’::1‘1}"-.'57=E(e —@ Ve 7T = ,..) B 3Ha®, Ut
e | L e Y & T
H}](l“—'i-)?’-g: T!E{I -1}]-" e “ f}l‘-.’:r :
M0JyHAeM:
Ho_ 1, =55 4 Z (—1)n L =20

Ho oGparnoe npeodpaszosanue

( I.:,_F'-FS) E- pe o
S Rl e (_ i )
—pl ]—L‘rf_"--J.

9} i

Orclofla noJayunM pelleHHe B BHLe

h(Z, t]—ﬂ{‘«’]/__ﬂp { f—; [I—E;I ¥ L
I :Em](—l)“ {2] __[_ exXp - {2‘1:'“2 J o
H(Qn—-;f][l—urf( = J +Hz_4(—1) l |/ ' g
.expl”{zj:fp] — (204 %) [i—e ri “2;? J} (309)

[Ipu =1 noayuum h(l, ) =0.

Hasg noawsema VpoBHA TPYHTOBBIX BOL 101 KaHAJOM
(x=0), vuurbisas,uroh="h{H, I=Bo=t/t, a= QuL/2RT H,
IMeeM:

(0, Bo) = 2212 /ﬁ” +4E = 1) H X
2RT | 3
1 —erl | 1']1 (310
l lﬂ'l'ﬁ:: J’ J
rae ©(0) — rara-pyukuud, pasuwags  O(0) =1—2v-42v—2v94 ..,
V= P—Wﬁn:r\?—“l‘:qﬂ, K’,-’K-—-n[im
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Hapectno, uro 0(0) l 25 UL 11;-:"_=}'1P~:-:9 — MOJLYJI
Jl
HOCCHHBIX JJHNTHYECKIN nurerpaiaos KX u K.

Ipu Po=0, yuursiBasi, uro K/K'=zafly, K=n/2, «=0,
=1, 0(0)=1. Ilpu Pooroo, Koo, K=:zx/2, n—>l,
#/->0 O () =0.

Tak xaxk

4Zm (—l)“'”n[ l—-—Drf( ”_)]-—-:r—ﬂ npu Bo=0,
Ml ¥Bo .

— 1 npu fg— oo,

43 (— 1)+ l—crf( —’—_-]

=1 . f!L
10 N1(0,0)=0 npu pPp=0, a npu AJauTeNLHOH QHILTPAILII

(0, 00) crpeMurcs K CBOCMY NPEAGIBLIOMY 3HAUENIO, CO-
OTBCTCTBVIOHIEMY CTALMOITAPHOMY JABHZKEIIHIO:

h (0, o) =@11,Lf2k:t".
YUHTBIBASI, UTO BLHIPAZKEHHE, CTOSLIEE B (PUIYPHBIX

ckobkax (opmyianl (310), 3aBucir TOALKO OT OTHOCHTEbL-
HOIO BPeMEeHI, MOMEeM HANHCaATb:

e |
A0, o) = <22 (1—gs), (311)

pie Kosgppuunenar (l—g:) saBHCHT OT OTHOCHTEALIOrO Bpemcu [
paien

=2 |/ BU O(0)+4 2 (— )"+

=1

£ 1 _
o -=_.1]. 319
|-]-’fiu [ s (BE2)

uaueunss kosdppuuuenta (1—s) MOKHO B3ITL M3
Ta0JHILL 20 WM ¢ PHCYHKa* 3D,

Jlo nexoroporo spemenu (Po~0,2) noaneMm nosepxuo-
CTH TI'DYHTOBBLIX BOJ 110} KAHAJOM [NPOUCXOAHT TaK, KAak
OH Obl ocyulecTsasiicss 06€3  APeHHPYIOULHX  CTOKOB
(puc. 35). Irto BHTEKACT TaKXKe W3 cooTHourennst (311),
KOTOpPOe JUWisl MaJablX fJo MOXKHO NPEJACTABHTL B BIJLE

Qul l T ﬁ”

h._’] P __,
LT

YTO COBIIAJAET ¢ panee HOJyuelnbM peleHHeM /s Noabe-
Ma VPOBHSI TPYHTOBBIX BOJ TIOA KAHAJOM B OCCCTOUMDLIX
yeaosusax [em. ¢gopuyan (171) u (172)]. B srom cayuae
NOALEM YPOBHS TPYHTOBBIX BOJ NPOHCXOAHT IO napaboJ-
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Pue. 35. IMoasem yposnst rpyHToBeix Box (l—g¢y) 1

PEAKCHM HOA3ICMUOTO OTTOKA iy MOL BJAHAHHEM COCPCILO-
TOUHCHIOIO TMOCTVINICHNH TNOCTOANMIIOND PpacXofid Q¢ npH
APCHAIRC B 3ABHCHMOCTH OT OTHOCHTENBHOPO BPCMUHH

Bo, rae g+t =1—q:

| — Ge3 OTTOKa: 2 — ¢ OTTOKOM,.

yeexoMmy saxolly. Oanaxko npu Po>0,2 naunnawoTt crasbl-
BATHLCS JIPEHHPYIONIHE CTOKH, H MOJABEM YPOBHS TPYHTOBBIX
BOJ1 3AMEIJITETCS, CTPEeMSICh B npellefe K BETHYHITE

.'fi'.[n_.:v:. — (_)11!. L,‘FQJ"{TT

Miurepecio npeicrasaelde xosuunenra (l—qs) B

BHIC CVMMBE .
(] - ':f:ct'} s q.:‘-!-: _'|_ {Pﬂ:?s

{p*“':E]/-ﬁT.H{{)}.
5 4 . — 1)+l 1—e i W
¥ HEI( ”{ & (”1!1])

rjac

Pacxos nojszemHoro oTroka (B ode CcToOpoHb) onpeje-
THTCS 10 (opmvie

Q=-
rje, coraacno gopmydae (309)
it \ - ( " 2n—x\
M — —afl—eri(- — 1yl 1—erif
ax [ =+ (_*" }—i Z( } [ “f" 211 j“
-—[ --mr[z”"‘ 1” (315)

"'}11|

2kTH, [ Oh
L ( X 1

=i
H!]
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25. 3uauenun Koapduunentos ¢*, ¢,

(1—q) u Wy ann pasanuHbix
BeJAHUHH [

o ( 2 V il @ (0) | ¢* | , 2424 ‘ 1—2, e
e
0 0 1,00000 0 0 0 0
0,1 0,357 1,00000 0,357 0 0,357 0,053
0,2 0,504 0,98700 0,498 0006 0504 0,223
0,3 0,618 092900 0,575 0,039 0614 0,394
0,4 0,713 0,83600 0,596 0,101 0,697 0,027
0,6 0,797 0,73000 0582 0,181 0,763 0,630
0,6 0,873 (0,62500 0,546 0,268 0,814 0,711
0,7 0,944 0,02700 0,498 (0,358 0,856 (0,774
0.8 1,007 0,44000 0,443 (0,443 0,886 0,822
0,9 1,071 036500 0,391 0,522 0913 0,862
1,0 1,128 030100 0,340 0,092 0932 0,892
1,2 1,236 0,20100 0,248 0,710 0,958 0,934
1,4 1,335 0,13350 0,178 0,798 0976 0,960
1,6 1,428 0,08720 0,125 0,862 0,987 0,975
1,8 1,513 0,05670 0,086 0906 0992 0,985
2,0 1,595 0,03620 0,058 0,936 0,994 0991
2.5 1,784 0,01180 0,021 0,976 0,997 0,997
3,0 1,953 0,00380 0,007 0,992 0,999 0,999
3,9 2,111 0,00120 0,002 0,998 1,000 1,000
1,0 2,257 0,00040 0,001 0,999 1,000 1,000
4,5 2,394 0.00010 0 1,000 1,000 1,000
2,0 2,520 0,00004 0 1,000 1,000 1,000
6,0 2,760 0 0 1,000 1,000 1,000
7,0 2,980 0 0 1,000 1,000 1,000
8,0 3,190 0 0 1,000 1,000 1,000
9,0 3,390 0 0 1,000 1,000 1,000
10,0 3,070 0 0 1,000 1,000 1,000
[Tpn =0 (cTBOp KamaJsa)
an ‘Q'ﬂ.L __2RTH, Q.I.f -
oF 0= rmy O L\ w9
Hpu ¥=1 (cTBOpP CTOKOB)
() =—ql2X (—1m# pb=] ” (314)
\ gz '¥=1 | A=t 0
Orcola pacxoj ApeHHPYIOUIHX CTOKOB
(2n—1| "
Qa=Qu s, ¢4"2£ (“”“-H[] —eri| 21 Po ) (315)
] i

raie Qaeps — QHABTPALLHOKHDI

pacxoa,
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pacxo,l H3 Kanaaa, Pg— Koappuuuent

FABHCSMIKI TOABKO OT OTHOCHTCABHOID NPEMCHH ﬂnZHT.



PaccMarpupaemMoe penienie MOXKHO MOJYYUTL B HIOM
BHIAE, CCJIH BOCNOJbL30BATLCH TEOPEMOH pasJozkelHss K 3a-
sucumoctu (308). IHe ocramasiauBasicb Ha BLIKAAJAKAaX,
HPUBEAEM KOIEUHble Pe3yJbTaThl.

Has noanemMa ypoBust rpyHTOBBLIX BOJ MOJYUHM:

Az, f)=all-5— - > —

ol oy
T -1 (2n—1)°

-cns[ - f (2n—1) ] ¢xXp [ - ﬂ”;”z ﬂgf]}- (316)

Popmyaa, anmagsoruunas sasucumoctd  (313), oOyaer
HMEThL BHJL:

/i ¢ & T
O e [ — > : sin|— {Hra—l]]-
ax | ® et 2n—1 2
. (2n—1)2 E"'.|
-Chp[*" - rHIli (317)

Gopmyant (309) u (313) yaobusl aas BhIYHCIEHH TPH
Ma/bpiX, a opmvasl (316) n (317) —npu GOJBUIHX 3HAUe-
HUaX fo.

3nauwenns Yy, BLIUHCACHHBIE JUISl PA3JHYIBLIX  BeJIHYHN
OTHOCHT@NBbHOIO BpeMeHH Py, npupenensl B rabauie 25 u
ira pucynke 35, Iloazemibii oTTOK B ¢TOKH (€CTECTBEHHBIE
HJIH HCKYCCTBEHHBIC) NIPOSBJISETCS He cpa3y mocje mnayaja
MUTAHHS TPYHTOBBIX BOJ, a ¢ 3ano3flanueM, npHOIHU3HTEb-
o pannpiM Bo=20,05. [anee noAseMHbIT OTTOK BO3pacraer
CPABHHTENLHO HHTEHCHBHO H npu fo=~1 mocruraer 90%
MHTAHHUA TIOTOKA TPYHTOBLIX BoA. XOTS PacXo/ NMOA3eMHOro
OTTOKA HCCKOJBKO OTCTAET OT poCTa MOJA’beMa NOBEPXHOCTH
PPYHTOBBIX BOJ, BCe XK€ MOXKIO CUHTATHL, 4TO npH P 1,
TO €CcTh 3a BpeMms [, pasuoe¢ BpeMeHH craOHIU3aUHH T,
Kak MoAbeM MNOBEepPXHOCTH TPYHTOBBIX BOA, TaK H MNOA3EM-
HbLT OTTOK MOYTH HOCTHTAIOT CBOHX NMpedebHLIX 3HauelHi,
COOTBETCTBVIONINX CTANHONAPHOMY PEXHUMY.

Pexum rpyHToBbiX BOL NpPH IIyG0KOM HAYAABHOM MX
YpOBHE H OJAHOBPEMEHHOM COCPEAOTOYCHHOM W paccpejoTo-
ycHHOM ux nutanuu (puc. 31,3). PaccmarpuBaeMasi cxema
OTJINYACTCS OT MPeABLIAVIIEH TeM, uTo, NOMHMO COCPef0TO-
YEHHOTO MHTAHUA B CTBOPE KaHala [OCTOSHHBIM Pacxo-
ToMm Qq, HMeeTcst eme  HHDHILTPANHOHNIOEe  HIITCHCHB-
HOCTLIO 4.

CJaeonaTedbHO, HYIKHO Pl ypasueune (135) npn
cTeaAyonHx yeaoruax: (=0, 0<E<l, A=0; >0, =0,
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difdk=—a=const npu a=QulL/2kTH,;, 1>0, ¥=1, i=0.
Beoast nHopyio nepemMennyio h*=hr—nf, noayuaeMm ypas-
nHete (136) npu Takux yCIoBUAX:
=0, 0<E<L], h*=0; >0, £=0, oOh*/0x=—a
t>0, =1, h*=—1l. (317a)

Pewenue noayyuM, cyMMHUpYyst YPaBUCIHA HPH CJACIYIO-
HIMX VCIOBHAX:

=0, h*=0; ¥=0, dh*/x — 0;
1

T=I1, h*=—nt (pewecune hy )
t=0 h*=0; =0, dh®/ox = —a;
¥=1, h*=0 (pcuenue ha ).

Cymma peurenait i, * - ho™ Oyiaer y/A0BACTBOPATL NO-
crapacHuniM yedosusiM (317a). Ho pewenune hy* coorsert-
CTBVET JHHEHHOMY H3MEHeHHI0 Haopa B ceyernd ¥ =1 npH
OTCYTCTBHH OTTOKa B cedueHnu X=0 wn onpegeaserca ¢op-
Mvaoil (282),

Pewenne fo* cOOTBETCTBVET NMOCTYMJCHHIO MOCTOSIHHOTO
pacxona B ceuenuin r=0 npu HaJHYHH APEHAXHOrO OTTO-
Ka B ceuenus X=1 u onpeneaserca dopmyaoir (316).

Vuyurwmsag, uto i=h%*+ni, n ckraansas pemenus (282)

(317), noayuaew:

iz, T) =“.f' | —i? m.3 '5‘ (—1)n+t SR

| &2 Al (2n—1)*
s Cf]‘%[?ﬁ' (213—1}]0*{{1]- {2”:”2 .”+a.|'[ e i
8 -.,’1’-. [___ o ]\‘ [ (2n—1)* "
A u”_mcm (2n I).np (318)

[Tpw T=0 noayunwm:

" 32
i = | S VZ B B4 )| -
1O, o) = [ n,'*(,“ 2,« uﬁ : : ﬂ '

8 1 I \
_ Sfcimg 1 ooy b onp
a[l '1!(11 L ek ]1




OGoznauas  Koa(ppuunentn, croguiie B KBaJPaTHbix
CKOOKAX, uepes koapgriurenrn (1=qs) n (1—qg) 1 nepe-
XOJUSI K pasMepHBIM BeJAHUIHAM, Hailien:

1 == ﬁ‘[:_ =_ﬂ1’_. p g _‘i__ o A5 il
"= & g M ger (U= @)+l ('T”’
319)

e

Qu’—‘ !?L-

Kosgpduumenr (l—gs), yuutbiBaolHi noibeM TrpyH-
TOBLIX BOA OT HHQHJILTPALMH, paBel paHee onpeiedentio-
vy kosppuumnenty (l—q;) gopuyan (223), anauenus Ko-
roporo Aaunl B Tadauue 22. Koagduument (1—qg), vuu-
THIBAIONLHH NOALEM YPOBHS I'PDVHTOBLIX BO/ OT HOCTOANNOO
COCPEJIOTOUEHHOrO  NUTAlM, panee onpejienen  Kak
(1—qs) B dopmyae (312) u npusesen B tadJauue 295.
Takum oGpazoM, noj’beM VpOBHH# IPYHTOBBIX BOA 107 Ka-
HAJOM ONPEJACJHTCA KAK CYMMa HOJABEMOB MPYHTOBLIX BO/I,
BLI3BAHILIX ACHCTBHEM HH()PHALTPAUNHH H COCPEHAOTOUEHIIOrO
nutanusi. [Ipy BecbMa JIHTE bHOH (PHABLTPALLMH JIIA Tpe-
JEJLIOIro CTAlHOHAPDHONO peXHmMa

12 , L {3
MO, o) = (2 )

YTO MOJKET OBITh MOJYHEHO  3JeMelTapubiM  nyTeMm g
YCTAHOBHBIUErOCs JIBHIKEHHS.
Pacxoa noroxa rpyHToBRLIX BOJA

Qe=*1e 2 (320)
L. 0%

rae, coraacno (opmyae (318),

dh [ § « (=Nr+t . [ LY |
— =T — sin| =—(2n—1) |
0x k| a? ﬁz-.l (2n—1)2 2 ( )_

a2(@2n—1)7-7 -
.e}:p[— FERT; }-—arl—- »

4 = n=1 (2n—1)

(321)

sinlZE (2n—1) Jexp [—T@1=12 ; )
blﬂ[ g (2n—=1) |exp 2 !']_]'

[Ipunusasn B dopmyae (321) ¥=1, noayuaem no 3a-
BHcivocTH (320) NpHTOK K jpeHe ¢ JABYX CTOpOIL:

Q:;ngU'IFE—I' @.E[l.l::ﬁ: (322)
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& 08
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0 2z or 06 08 B

Puc. 36. lloaves ypoBHSE I'PYHTOBBIX BOA M PCeXKHM NOA-
3CMHOIO OTTOKA NOA BAHAHHEM COCPCAOTOHCHNOTO Il pac-
CPCAOTOUEHIONO NETAUHS IPYHTORWX BOA N JApesama.

e
8 . 1 ; 1
Ps=1—— (¥4 —v¥4 ), Ps=1—— (vIH—
2 Y a
] ! ' "':::-1
~Loag Loy ), v, gomie,

Bujanm, uro {;=9; u Ps=1y; M, cjaeJoBaTenblo, onpe-
ACJISHOTCS  cOOTBETCTBEHHO no (opmyae (229) u tadan-
e 22 n ¢gopmyae (313) u rabanue 25.

[Ipr BecoMma jiHTeabHON QuabTpaunn =1 n Ps=1,
oruero Q=2Qo+Qp, uTOo M N0IKHO ObiTh (2Q0=2¢L —
[UTAHHE TPYHTOBHX BOA mHa niouain 2L; Qg — puibrpa-
IHSI M3 Kauaha). 3aBHCHMOCTH Kﬂﬂ(}‘ldJHuHEIITDH (1—qs),
(I—qs), Y5 1 Ps OT OTHOCHTC/BLHOTO Bpemeln Po nphuse/ie-
HBL 11a pucylike 36,

[lonbem ypoBHA TPYHTOBLIX BOJ B HaAyade JIBHIKEHMs
NPOHCXOAHT B OCHOBHOM  OT COCPEAOTOUCHHOIO nHTaHHA
(I—¢@s). Iloabem rpyHTOBBIX BOJA OT HH(HILTPAHOHHOIO
NUTAHUA TNPOHCXOANT MeldJicnnee, OOparnHas KapTHHa lia-
Oaioacrest B HapacTauny MOA3CMHOINO OTTOKA: OTTOK, BLI-
3BAHHBLI COCPELOTOMEHHBIM [IHTAHHEM, OTCT4eT oT moJ3eM-
HOTO OTTOK&, BLI3BAHHOrO HHMHILTPAIHOHIBIM THTAIIHEM.
l'lpuﬁnusﬂ're::hnn mpH Po~ 1 norox crTaGUIH3NPYCTCs, TaK
KaK pacxolnl H Hamopsl goctirapr 90Y% peawunu, coorser-
CTBYIOUIHX CTAllHONAPHOMY PEIKIMY.

1 —_——m—— y t = —
Lt/ 2P
¥, 17 Yie AT Cw : |
7 L Pre, 37. Cxema K pacuery ¢uib-
7 ¥ Z TRAling 13 Kauaaa npH uaasuug Bo-
RN TN NN T‘l-' SN AN N N 4 AOCMOB:
:Lﬂ é '4 ‘1'13__" L - paccronnte oF Kanaaa a0 soaoema:

G — NTHPa Boioes .,



Yuer BAMANMA BOJAOCMOB HA HEYCTAHOBHBIIHWHCS pPeRHM
rPYHTOBLIX BOM. PaccMOTpim JIBHIKCHHC TPYHTOBHX BOA
HPH OTCYTCTBHH IMOA3EMNOro OTTOKA, HO IPH HaJHYHH BO-
JOCMOB, 3anoJHseMbix rpyutopoii sogoit (puc. 37). dra
3ajlaua NPpHBOAKHTEH K pemnenuio yvpasnenus (143):

Oh/dl =d’h[ox>.

Cuntast, 470 (PUALTPAILHNE HPOHCXOMAHT B YCJAOBHAX NOJL-
MePTOro pPeKHMa, NPUHUMAECM CJACAVIOULHEe TrpaHHYHbE |
Hauaablisle VCJIOBHS:

=0, i=0, 0<3<1; >0, ¥=0, hi=1 (cTBOp Kanana);

>0, x=1, Okfdx= —adh/dl npun a=a/6l. (rpanuna
NOTOKa 0 BOloeMa),
rie a — wHpHEHa Boaoema; O — csofojHag nopoanocTs (B Mpeacaax

Koaehatusn VYPOBHHA TPYHTOBLIX HU.&I}; f.—]iﬂ{:t‘TﬂﬂHHE OT Kanaaa jAo
BOJIOCMA,

[Mocaeanee ycaophe tTpedver noscHCHHA. AnajJorHuHan
saflaya 6e3 BOAOEMOB pellasach NPH YCAOBHH OTCYTCTRHSY
OTTOKa B ceyeHuun r=1, To ectb npHHHMaXochL Jh/dx=0.
[Tpun naanuun BOAOEMAa PACXO/L rPYHTOBLIX BOJA B CeuelHH
r=1 yie ne pasell NYJIO, TaKk KaK 4acTh (PHJILTPaAIHOH-
Oro pacxoAa HIeT Ha NOALeM VPOBHA FPYHTOBBHIX BOM, 4
HaCTh — Ha 3anojnenue sofoema. Torjla JUis rpamHilbl 1o-
TOKa H BoJdoeMa MOXKeM HAMNHCATL papelncTnad pacxojoRB:

Q=—RT(6h]0x) y—.r.=a ORJOL.

Vuuruisas, yro h=hH, x=xL, i=1t, v=0L¥RT, no-
ayuaeM nocaejinee yeJaoBHe B BHJe
ah a odh ah

| — — —_— ——

0% YA, o’

[Tpumenss npeotpaszosarine Jlannaca, noayuaem pe-
menne  ypasuenus (143) nas nsobpamenns H=L(h) c
}"1ETG!‘-I HEPBGFG VCJI0BHA 1B BHAC

H=Ae*"® +Be_f'r‘* :

[poussefiem npeoGpaszoBatie rpavHYibIX YCIOBHIL
Bropoe vcaonue nacr f/(0.s)=1/s, Tperbe ycroBHe
NPHBOINT K PaBeHCTBY:

H (1, s)=—asH(l, s).



Haxonst nocrossuusie A w B ypasuenun (217) npw
BTOPOM M TPeTheM YCJIOBHAN, [OJvVYacM BLIpAMKEHe A0
nazobpaxeunss A B Buae

(el s 's sh Vs (7—
R S SETHE (o apel i) (323)
5 chys+aysshys

Maxoas 1o teopeme pasiomenns opurnnan fi=L-1(H)
aast opmyast (323), noavuacw:

- - -"-.1:___‘. -hl_‘\‘.._r = ;l,_-_‘i'r'
ii(F, f):!_'QE T 2 008 2 (X ])E' nt o

n—=1 Am+sin kn cos hy

,._gmgw fon SH1 A 8i0 By (E—1) - e

—— {’I’ E—

n=1 f.ﬁ'f':‘:"'l.” .F'u,ﬁ [ ;".n
o --—:'-.'lf.

e e OERRD (324)

Ho1 An—SinAn COS by J

rAe  Ja— KOPHHM  TPAHCUCHAEHTHOIO ypasnennsa  clg by =ahe upu
a=a/8L, n=0,1,2..

IIposepka mnoxasnisaer coorsetcrsuie dopmvan (324)
MOCTABJCHHBIM VCAOBHAM 11 ypasnenunio (143),

Pewene ypaBhenHst (324) npnm OTCVICTEEN BOAOCMOB., TO COTL
Mpr @=0 n =0, OPHBOANTCH K PANCC HOAVUCHHON 3aRHCHMOCTH (203)
AUISL YCTIOBHH MOATEPTOi (HALTPAIMH U3 Kauados HpH OTCYTCTBHH O7F-
TOKa.,

HeitetBureasio, npn a=0 ypanineune hn te An=1/t=00 jaer Kop-
HE 2 =0,5t(2n—1) (=1)"*", rae n=1, 2, 3..: upn srom sind.=1.
cos An=0 u dopmyaa (324) nepexoaut B dopuyay (203).

[Ipn BechbMa G0OBIIHX BOAOEMAX, KOrdd NPHTOK FPVHTO-
BRIX BOJL HEIOCTATOYCN JIJA [OBBLILUSHHS VPOBHSI BOALI B
X, nofarag a=oo, poJayyaeMm ypasuenie ,tgl,=0,
KOPIIH KOTOPOro hn=nyx InpH n=1, 2, 3 ...; npun s1oMm
sinhp,=0, cosh,=(—1)".

Mz dopmyaer (324) kak wacrnolii  cayuail nbiTexaer
peurenue Aag ApeHnupoBannunix cucrem (264).

Takum obpason, BOJloeMBI B VEJOBHAX — GeCCTOYHBIX
CHCTEM TIPH HH3KOM YPOBHE BOJBI B HHX HIPAIOT POJL 4a-
CTHUIIOTO APEHAaXa ¢ XapakTepubiMH Js JApeHaa oco-
OCHHOCTAMH: yBelnyeuneM GHILTPANHOHHONO PACKOTa H3
KdHaaa, yMEHDLIIEHHEM M same/[TenineM [oATLeMa  ypoBid
FPVIITOBLIX BOJ.

afiten  queastpationninit  pacxot 13 kaunara, oTToK
B BOJOCM 1 nodAneMm  vposust nooBojoemce. Oupeaensg n3

1 &1



bopuavian (324) pupaxenue (Oh/JX) T-n, noayuaesm s
PUALTPALHOIHOIO PACNO/MI 113 Kallaaa 13 00e CTOpOnLL:

- 5 okl ”-J
{-\? .L.—'.l =] _i!.“_llI!*f!!l."l"jr) [ i = [-‘Jr_ﬂr.ll'. QU — — ’
1, '
c fo f W) }I'.-J'
'l"ﬁ':r_fz \1"1rlil & ) -'1.'1 = : . (325)
o hon -+ SI) hon COS Do
Orror B soraoembl (B 0o0e CTOPOIL)
I 5 hn COS An
-0 = Qos, "IH=QZB o —hn? . Bp= —r
An= Sin Ay COS Ay
(326)
[lonnem ypoBug B BojloeMme (1npu x=1)
IL:!{"{I_{P?)’ 1—{I}n.._ “ZZC Hl
Gyt , (327)

.}-;"]_!_ :"E;[ }'_i‘,[ {:UE :’..-“_

dopmyaax (325)...(327) k, — kophu XaPAKTePHCTH-
YECKOTro ypanlienus Aintgin,=1/u, a=a/0L, PBo=i/t, 1=
=0L2%kT. U3 ¢opmyi (325)..(327) caepyer, uro Kosp-
(PHILHCHTRI pacxojion Yr, %s 1 vapopos (l—q7) 3sasucar
OT JIBYX HAPAMCTPOB: OTHOCHTCALHOIO BpeMeHH Py M OTHO-
CHTQABLHOIT BMecTHMOCTH Bojdoema a=a/0L. B rabauiax 26
H 2/ TNPHBEICIBI pe3y/bTaTbl BBLIYHCJIEHHH 110 (opMy-
daMm  (325)...(327) kosdgdHuuenToB 7, Ps, (l—@7) aas
HEKOTOPBIX 31aueHHil fo u .

Ila ocHoBanuu 3THX BBIYUCAEHHH NOCTPOEHLI 3aBHCHMO-
cru (puc., 38..41). Jlas pucynkos 38..40 xapakrepHo TO,
4YTO BCe 3lauenus xo3@@UUHENTOB pacXol0B H HAINOPOB
A0s1 KOMEUHDIX Beauuui >0 Jexar MeXAy npeleliblibiMH
KPHBBLIMH, COOTBETCTBYIOLHMH  Oecctoynoil cxeme (a=0)
i1 ApeHnupoBalinoif cucreme (a=o0), IHa pucynxe 38 Buano,
KaK BOAOEMbL YBeJAHYUBAIOT (PHIABTPALHOHHBIL pacxojl. Fs3
pucyika 39 cieayer, 4TO PACXOL MPHTOKAa I'PYITOBLIX BOJ
K BOJIOCMY CliayaJa BO3pacTaer, a 3daTeM 110 Mepe 11oJAbema
VPOBH BO/bI B BOJlOCME VMEeHbIIAeTCs; MakKCHMaJlbHbIH
MPUTOK K BOJAOEMY JIEKHT B npelenax oOTHOCHTEJbLHOTO
ppeMens Po=0,2...0,5. Hdunamuka nol’beMma YPOBHH B BO-
jJoeme HpLHJEBﬂEHH Ha pucyHke 40, oTKkyXa BHZHO 3a-
MCATAI0LLCE BJAHSIHHE BOJAOEMOB HA MOXLEM YPOBHH TrpyH-
TOeIX BOA. [lag Oosabpmiux snayenuit Py 3aBHCHMOCTH I10-
crpoennl Ha pucyike 41, rae no ocm abeuuce OTJ0KEHE
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0

Pue. 38. 3apucuvocrs Kosdputinenta pacxoia Ha GUALTPALMIO 113 xKa-

Hagaa §z; 0T OTHOCHTEABIIONO BPEMCHI [3y H OTHOCHTCILIIOI eMKOCTH BO-

poema a=a/oL aag cayuas noaneproil (PHALTPAUHK HI Kauaaa NPH ia-
AHTHH 3aMOMHAIIHXCA BOJOCMOB,

| ] | ! - L

i *
0 o 08 12 16 )

Pue. 39. 3asucumocts kosddiimenta npuaroka BOA B 3aM0AHSIONIECCH
BOLOCME Yy OT OTHOCHTEALHOrO BpeMelH fiy H OTHOCHTCALHON BMECTH-
MOCTH BOAOGCME .
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Puc. 40. 3asucumocts kodddHUKenTa NoibeMa ypoBHs BOAW B BOI0C-
se (l—q7) oT OTHOCHTEBHOrO BpeMCHH [ H OTHOCHTEILHOH BMECTH-
MOCTH BOJOCMA (L.

s, -,

e L’E’

a6

g4 ""'
02 -

a0 X

Puc. 41. 3aBucuMocTh Kos3dpHUHeHTa (HIALTPAUHOHHOrO pacxoja M

noALeMa YpoBHsi BoAb B Boioeme (l—@p7) OT OTHOCHTEJIBLHOH BMeECTH-

MOCTH BojocMa « Aa8 pasiHYHBIX MOMEHTOB OTHOCHTEJILHOrO BpeMe-
HH flg, npn 1 <<By<C16.

13 3aka3z Ne 4267



JHAYEeHHST OTHOCHTEILHON BMECTHMOCTH BoOAOeMa a=d/0L,
a Mo OCH OpiAHHat — KO3 duunenTer §; (pHILTPANNOHIbLI]
pacxo) n (l—g¢7) (noanem ypoBHS BO/ALI B BOLOCME)
IS OJLHHX 1 Tex zKe Bpewmen (Po=const),

M3 npuseilesHslX pHCVHKOB BHAHO, uTO BOJLOEMBl OKa-
sbiBaloT 00JblIOe BAHAHHE HA MOTOK TPVHTOBLIX BOI, 3TO
HeOOXOANMO VYHTHIBATL TNPH dHAIH3e peHMa TpPYyHTOBBIX
BOI.

KONMYECTBEHHAS XAPAKTEPUCTHKA CTAOMMA
©UNLTPALMH M3 KAHANOB

Panee Obl10 oTMeueHO, uTo AaNTeNbHast (PHIBTPAILIS 113
KAHaJIOB NPOTCKAET B VCJAOBHAX TpexX KauyeCTBEHHO OT.HY-
HbIX CTaAWH, NOCJIEIOBATEILHO CMCHSIIOIINX OJHA JAPVIVIO.

B mepByio crainio — CTAAMIO CcMauyMBalHg rpyvira —
duabTpaunoIisie noTepH npH ravOOKOM HaYalbHOM VPOB-
HE FPYHTOBLIX BOT MACBILLAIOT CVXOI1 IPYyHT B 3011¢ KaHaJ a,
[Tpuyenm onycxawoinuicsa (GpHILTPAUHOHHBIT NOTOK ellle Iie
cBI3aH ¢ rJavOOKO 3aJeraoniiMi  TPVITOBLIMH  BOZaMH.
PuabTpalioHlipie NOTEPH YMeHbIIAIOTCH ¢ TeyeHHeyM Bpe-
MEHH, B HX H3MEHeHHe MOKeT OblTh HNpHOJIHKENno oni-
CAHO YypasHenHeM, OCHOBAHNLIM Ha pPaCCMOTPEHHH Xapak-
Tepa BOHTHIBATNA,

Qyp= Elp(l + %—) (328)

rae Qg — VCTalosHsIIHECH nOTepH B YeJopnax cpolOoidoill ¢ditiabTpa-
uMH, no dopuvae (39) pasHble

at.zkﬂ(l—:—ﬂ,a %—){Bﬂ-%n}.

K|

Kosdpdunment B popmvie (328) 145 CKOPOCTH BIIHThI-
BaHHs oTpazaer JAelcTBHe KanwIAspHBIX CiIL1 M CHJT TA-
KeeTH (B TOM uHCae TayOHHbL 3anoJmeHHs KaHanaa) H 1o

gopmyie (20) pasen B
ha~0.0 I/ w;!:t-+~ 1,4
i :

1

IIpH HauyalbHONH BJAKHOCTH W=Wy, TO €CTh NPH HAYAIL-
HOM CVXOM TpyHTE.

[lepBaa cTaansi npono/kaercda A0 MoMeHTa CMBIKaHHA
(hponTa ONyCKawoUerocs: (pUJAbTPAIHOHHOrIO [OTOKa ¢ Ka-
nHagpHoil KaiiMolt rpyHTOBLIX BOJA. IlpHOJanxKenwo npo-
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JOIAHTCABHOCTL HEPBON CTAIHM 18 KPVIHILIX  KaHA10B
0€3 yyeTa pacTexkanusi pasia

:1::? {Hﬂ_h;;]lﬁf}e];, (329]

rie H,—npesellieniie 1Ha KaHa’ta #ajl VPOBHEM TPVHTOBBIX BOIL;
fty — BHICOTA KANHAJTAPHOrO MNOAHATIA; Rp — KOs(D(PHUHERT BOJONPOHH-
ILEEMOCTH ¢ YHeTOM 3alleMJICHHOrO BO3ayxa; O=w|—wy— cBobo1Has
IIOPO3HOCTb TIPH CMayHBAHHH CYXOTO TPVHTA,

st Kpynupix Kanagop neppast cTajlig BecbMa Henpo-
10T bHA, W (ponT onycxalouierocd (PUIALTPaIMONIO-
F0 HOTOKd BCKOpe nocae navaJga padoThl KaHa a JlOCTHraer
KATILIIAPHON KailMbl TPYHTOBBIX BOJ.

Bropast craius — CcraaHa xKanmaIspHO-rpynHTOBOro Iio-
TOKA — HAUHMIIAETCSI ¢ MOMEHTd CMbIKaHHs (poHTa (PHILT-
DAHONIIOrO MOTOKA ¢ KANHJIJIAPHOH KAaHMOH rpyHTOBHIX
Bod. IIpn srom ¢hpout onyckawuerocs (MHJALTPAIHOHIIOIO
NOTOKA HMeEeeT BJaXKHOCTp W<y, rie ) — I10J1HA8 BJaro-
€MKOCTB, H [ZaBa€IHHe IIpH JIENnOJIOM MACBIILIEHHH TPVHTA
p<_pa, THe pa— arMocdgepioe jasjaetiie. B 30He xanii-
JSPHOII KAHMbLI HMeETCS amnaJgorHuHble VCJI0BHS, TO eCTh
w<w; u p<pa BBHAV VyKazannelx ocofennocTeit aeicT-
BHSI TIOBePXHOCTHBIX (KATHIJISIPHBIX) CHJI NMOcTe I0CTHIKE-
HIST (ppoHTOM onyckatromerocss (pHIALTPAULHOHHOIO IOTOKA
KAMWIsSpHOIl KafMul VpoBelb TPVHTOBLIX BOJA 1071 Kalla-
AOM HE MIHOBEHHO IOJHUMAETCS 10 VPOBHA BOALI B Kala-
e, H HEKOTOpPOE BpeMs Mezxly 00J4CTbl0 TPVHTOBOI BO-
Al (P> pa) HENmOCpeACTBeNnHo noa AHOM KaHaaga H NoBepX-
HOCTBIO OCHOBHOIO NOTOKa TPYHTOBLIX BOJA  HMEETCH 30HA
HHENOJHOrQ HACBIILEHIST ¢ AasjdeHHeM p<pa. B naasneii-
HeM nocTyhnaluHe GpUIbTpanoOnuble BOJALI  PaCXOVIOTCS
JACTHUHO Héa [OBBILICHIIE VPOBHS rPYHTOBBIX  BOX, a OC-
TAJbHble — Ha OTTOK B CTOPOHY OT KanaJja.

C oaHo# CTOpPOHH, TOABEM VPOBIUS rPYHTOBLIX BOJ MOX
KAHANOM YBeJHUMBaer japjenne, cokpaniaer 30HY ¢ J1aB-
JeHnes p<pa, OTYEro B 3TOH CTAAHH MOMKHO OXKHIATh
vMeHblIeHHsT pacXoia Ha ¢uapTpanmio. C apyroi cropo-
Hbl, TOA3€MHBIH OTTOK 3aBHCHT KAaK OT THAPOTreOJOrHYeCcKkHx
VCJIOBHIT, TAK M OT XapakTepa H HATEHCHBHOCTH MNHUTAINS
MOTOKa IPYHTOBLIX BO.

[IpumeM, 4TO BO BTOPOIH CTaJHH (PHABTPAIIHH (PHIBT-
DATIHOIILLII PACXOJ VMElbIIAGTCS TakK K€, Kak i B MepBoi
CTajiHH, TO €CTh

Q=041+ —=)
; rh( Ve,
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Ho torza npuHOIHKEHHO MOZKHO CYHTATh, YTO NUTAlHE
OTOKA TPYHTOBLIX BOJL MPOHCXOZHT 1O 3aKOHY

Qi=A+Bt™ " npu A=04 B=5b3,. (330)

PaccMoTpiy pexHM TPYHTOBBIX BOJ Ads NoToka 60.1b-
moit Mauunl (O6eccTouHblit OGacCeH) npy NOCTYILIEHH B
ero pacxoia @ u3mensiouterocs no szaxkony (330) B ce-
yeuun x=0. Ocnosnoe ypasuenue (143), yuuTBLIBd§i BbI-
paxeHue Jisi pacxoia

Q= —kToh/ox, (331)
MOKET OBITh 3anCaHo TaK:
Soh/of= —aQlox.
HuddepeHuupys mo X, MMeeM:
0Q/dt=kTd?Q/5dx, (332)

TO €CTh YpPaBHeHHe THIIA TemIONpPOBOAHOCTH OTHOCHTEILHO
pacxogos (J/Inikos, 1952).

Hcnoab3syst petenust st vpasHenus (143), MoOxHO He-
nocpeacTsenio noavyuTn, Q(x, () npu 3alaHHBIX rpanHy-
HbIX M HAYaJbHBIX VCJOBHAX M 3aTeM  HUTErpHpoOBaliHeM
popmyant (331) naiitu hi(x, {), Pewenne (143) npu ycao-
BUsIX: =0, =0, 0<x<oco: h=0, x=c0: (>0, x=0, h=
=A--B{~'? — noayunM, HCHOJAb3YS  11I3BECTHOEC  COOTHO-
wenie (160):

ik, B = —= [ f{t—
1(x, 1) = ifi(f

2 Vat
rie f(f) —sagmanunan pyuxkuma f=h(0,1).

[Toucrasass B dopmyay (160) sasucumocts (0, () =
=A+ Bt/ nn.quaew

)E--:_{fz npu a=kT/§,

da2? |

h(x, f}= — ‘ fa-'- .._';_,__vﬂ_—‘- -2 2=
x*4az"
X .Zl/rh"
# ,2 L
= A erfc (x/2Vat) + Bt~ E\p{\ - -4%—- . (333)
sat |

Auagaornuyno, npuiumass Q(0, () = -.]J—Qd,(1+b/1,ff), 1o-

nyyaem peuenue (332) B BHIE

_L Y badﬂ 'J_ _I_E__r
Q(x; t)= : Qqerfc(x/2Vat) + o expL e (334)
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[Moacrasass dopmvay (334) B vpasuenune (331) H uH-
TErpHpys, HMeeM:

h(x, t)= -*'3—-[ (bYam— x)erfc (x/2yat) +

bt
2 ey x*
4+ -2 yatexp (— —)] (335)
| dat
Ilpn x=0
L 5 B1a , Qe
h = —vh = 1 . :
(0, £) =3 Yo s T T3ETS M (95)

IlepBoiit unen B popmvae (336) me 3aBHCHT OT Bpeme-
Hil I COOTBeTCTBYeT MIHOBEHHOMY MNOABeMY YPOBHS TpyH-
TOBBIX BO/L B CBfI3H ¢ MOCTVINIEHHMEM YACTH (PHILTPALHOH-

Horo pacxoaa bQg/Yi!. Bropoit yaen u3obpaxkaer napadbo-
JHYECKHH  TO/'b€M  NOBEPXHOCTH  TPYHTOBLIX BOJA 1104
BJIHAHHEM TIOCTYINIEHHA 4yacTH pacxoia Qp=const, Anajo-
rHYHble Pe3VJbTaThl MOKHO MOJYYHTb Ha OCHOBANHH 3dBH-
CHMOCTEH, M3JIOZ{EHHLIX BbILIE,

Takum oGpasoM, eCaH NPHHATb, YTO COCpPEAOTOYEHHOe
NHTAHHE [OTOKA TPYHTOBLIX BOJA NPOHCXOAHT 110 3aKO-
ny (330), To molBeM VPOBHSI TPYHTOBLIX BOJ MO/ KaHAJI0M
CKJI4/bIBAETCSH M3 MIHOBEHHOro rnojibeMa Ha HEKOTOpYIo
BeJHYHHY M JAaJipHelimlero napaboganueckoro noiabéMa 1o-
BEPXHOCTH TPVHTOBLIX BOJL /IO VPOBHSI BOAbI B KaHaJe.

[TpuHsATEIE NPEANnOJ0KeHHsT V/IOBJACTBOPHTEIBLHO  MOI-
TBEPIKAAIOTCS J1a00paTOPHLIMH OlILITAMHM, UTO OyJAer mnoka-
saqo Huxke, O6o3nauvas uepes Hy (akTHYUECKOe npeBbille-
Hile YpPOBHs BOAbl B KaHaJje Haj ypPOBHEM TPYHTOBLIX BOI,
CYHTAeM, YTO MPH MOCTVILIEHHH (PHJIBTPAILHOHHOTO MOTOKA
IPOHCXOAUT OBLICTPHIIT NOABEM YPOBHA IPVHTOBBIX BOA OT
h=0 po h="h,, a 3arem napalGoJnyeckHil TIOALEM OT
h=h, no h=H, Toraa, vuurbiBas c¢opmyay (336), mo-
JKeM 1aMHCaThb:

pym 12 20 _ g’ 337

. 2 VRTH 0 osll)
Qe 73

e

1—h; T~ ¢ (338)

B yactiocTtH, npu h=H,, (=1,
- [f!r_-—'h:l:’:lkrﬁ - Il’!ﬂ. )2

(339)

= 2 5
Qa Ay
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riae [z -— BpeMs noaheémMa ypoBHA IPVHTOBLIX BOA N0 Ka-
Haiaom ot h=h=Hy' no h=H;; Hy'=h;— opicTphlii
HOJALEM VPOBHS FPYHTOBLIX BOA 1101 KAalaJloM — CKA4Y4OK,
BLI3BAHHLIT XapakTepoM MNOCTVILIEHHd  (HIBTPALLIIOHHOIO
PAacxojla B [MOTOK IPVHTOBBIX BOX H CHSI3AHHBIH KaK ¢ pas-
MepaMi Kanada H (pH3HMYECKHMH CBOICTBAMH TpVHTA, Tak
H ¢ VCJAOBHAMIL Tod3eMHoro ortroxa, Moo Tpaxrosath
BCJHYHHY [/p! KaK yPOBEHB TPVHTOBBIX B0, HPH KOTOPOM
OCVIUCCTBIACTCA TNepexXod oT CROOOIANOH K MNOJINEPTOIl
(pUIAbTpAaLLH,

JleficTBiTe 160, eCcan (PAKTHUECKH VPOBEHL TPVHTOBbIX
Bol Hy<<Hy', 10 npakTuueckn cpasy Ke Mocte Hernpoao,1-
KHTEJALHON MepBOH CTAAMH VCTAHOBATCA VCAOBHA NOANEp-
TOH (HALTPALHY, TAK KA4K COOTHOWENHE [OCTYHNAIOUero
(QPHABTPAIHONIOr0 pacxoAa H VCJIOBHI NOA3EMHIONO OTTOKA
TAKOBO, 4TO OBICTPBLIT TTOAHEM MOBEPXHOCTH TPYHTOBBIX BOJ
NPOH30ILIET /10 VPOBHST BO/bLI B KaHale H OCYLLECTBHTCSH
Cpasy #K¢ THApaBIHYecKast cBsA3bL Kauaga H GacceHlla rpvi-
TOBBIX BOA, TO eCTh CchOpmMHpPYeTCs: CIVIOWHON HOTOK TPyH-
TOBLIX BO/.

Ecan xe HauaJIbHbIA YpPOBeHbL TPVHTOBLIX Boa Hy> Hy',
TO MPHOBEHHDLHI MOJALEN [OBepXHOCTH TPVHTOBBIX BOJ He
JAOCTHIHET 30HBI KaHajga H B Hauaje JABHMKeHHst Ovjer Ha-
omoaarnes cpofodnas (pHIALTpalld B PCPMe KaAnHIIAPHO-
FPVHTOBOIO MOTOKA.

[Ipo1os/kuTe1bHOCTE  BTOPOI CT2AHH B 3TOM ¢/ydae
Moxer OblTh onpeaeaerra no Qopmyviae (339). Ilpusener-
HLIE 3aBHCHMOCTH OTHOCHJIHCH K IOTOKaM OOJbIIOH JJIHHDI
(beccroulivie  Oaccernnr). llpu pacemoTpeHHn AHHAMHKH
10A3eMHOr0 OTTOKa A4 PAa3JHYHLIX VCI0BHI OLLIO A0KAa-
34HO, 4YTO HCHdpeHHe C [HOBEPXHOCTH FPVHTOBBIX BO1, Ape-
Ha/K, €eCTeCTBeHHble CTOKH, COCelNnHe KanaJaul W JApyrHe
GaxkTopnl B HaYaTIbHLIH TMEPHOI NPAKTHUYECKH He CKasbiBa-
IOTCH HA XapakTepe noj’beMa VpOoBHSI TPYHTOBBIX Boja. Mx
BJAMSIHHE HAYHHART MNPOABIATLCH NO32ke. ITo NO3BOJSET
npuiartn, gopmyaam (337)...(339) doaee obduinit XxapakTtep
H PACTIPOCTPAHNTh HX JJ51 OUEHKH nepexoia oT cnodoANoIl
K HOANEPTOH (WILTPALIMH H3 KaHalon B VCJIOBHAX OJTHO-
POAHBLIX I'PYHTOB.

Tperbst crauist — ¢TaAHg CILIOWHOTO TIOTOKA TPYHTO-
BbIX BO/— OCVUECTBIACTCH NPH NOJHON FHApaBJIH4YecKol
CBA3H (pIILTPAUHOHIIONO MOTOKA B 30He KauaJjga M MoTOKa
rpYHTOBBIX BOA. [Iporoszkuteannocts 31O cragun onpejie-
JASETCS VCGTOBHAMI MOA3EMIOro OTTOKA, JAPEeHHPOBAHHOCTLIO
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CHCTEMDBI, MUTAHICM H HCOApelHeM TPYHTOBLIX BOJA MO MVTI
ABMZAKEHUS W T. L

NMUHTHIBAA H3TO:KEHHOE, jlaeM CJIeAVIOUVI0  KOJHUeCT-
BEHHVIO XapaKTePHCTHKY VCJIOBHH (PHABTPAIHH H3 KANAJ0B.

N CJAOBHHA 110J3CMIIOr0 OTTOKa XOPOLWHE, FPYHTOBLIC BO-
ALl 3ajeralT rayooko, HedoJblIoN  Kauaal 06e3 npoTHBO-
(GUALTPAIHOHHLIX MEpOonPHATHIE HWIH  OOJbLIOH KaHaa C
NPOTHBOMPHALTPAIMOHHBIMIL  OdexkdaMi, B sTom cavuae
Qy<Qx M cBOGOAHAA (PIILTPALMS  OCVULECTBJASECTCS TP
T000il AJUTEILHOCTH paboThl Kanagaa; Q’q}—pacxm Ha
:Im IbTPAUMIO H3 KaHala B YCJIOBHSAX VCTAHOBHBILEHCS CBO-
00AHOH (PHILTPALHH BBLIYHCIACTCS 10 dopmy.te (39); nanu-
OOJILIIHH BO3MOMKHBIH B JTAHHBIX YCJIOBHAX MOA3EMHBIH OT-
TOK TPYHTOBBIX BOJ IIpH Be€CbMa JUIHTEIbHOH (HIAbTpE-
Wit Qu onpefeasercs s PAasIHYHBIX THAPOTre0JOTrHUEeCKHN
VCJIOBHIT ¢ yueToM JpeHaza, HCHapeHHs ¢ IMOBEPXHOCTH
FPYHTOBBIX BOA H T. A. PHALTPAIHOHHBIC NOTEPH ONpeje-
JAI0TCA B 9TOM ¢ayyace no gopmyae (328) aasa ¢BoOOIHOI
QUIALTPAILMH M 3aBUCHT OT (PH3HYECKHX CBOHCTB rpyHTa I
pa3MepoB KaHaJla.

NCJIOBHS T0A3EMHOr0 OTTOKA TM10XIe, TPVHTOBBIC BOIH!
sanerator OJH3KO, KaHaabl J100bIX  passmepoB, B 3tom
cayuae Qp> Q. n Hog<Hy', 1o cerh Hanboapuinil mojaseM-
[ILHT CTTOK Ne oOecleyHBaeT OTBoAd (IILTPALHOHHBIX NO-
TePb., H OHH YIKE JHMHTHPYIOTCH VCJIOBHAMH OTTOKA, a He
pasyvepaMu KaHajad. NcJaoBHST moaneptToil (HIAbTpALHH B
PaccMaTpuBaeMoM CJydae BO3HHKAIOT Cpasy Ke rmocae
Haydga padoTnLl Kawamaa, TO eCTh YPOBeHb PYHTOBBLIX BOI
Iy<<Hy', rae Hy' onpencaserces o opmviae (337). Duipr-
PAIH, MHHYA NEpPBVIO H BTOPVIO CTAAMH, CPa3y nportekaer
Kax noInepTras, To €CTh OCYUIeCTBJSAGTCH TPeThs CTaAHA —
CTAMils CIWVIOUIHOTO [MOTOKA TPYHTOBBIX BoA. HMamenenus
(GUJALTPALlHOHHLIX NOTEPh B YCJIOBHAX NOIANEPTOIl (pUJAbTpA-
e Oplan nMoAposIio paccMOTPenbl JUIH PAa3JIHUHLIX TIIPO-
reoJTOrHUeCKiX veaoBHit Beine, [IpudIHKeHno MOMKIO CYH-
Tarth, YTO NOTEPH B 3THX YVCJIOBHAX YMEHBUIAIOTCA BO Bpe-
MEHII 110 3aKoHy Q;=A/VL.

YCJI0BHA [MOA3€MHOrQ0 OTTOKA TMJOXHC, HCXOIHBLIH Vpo-
BEHB TFPYHTOBBLIX BOJL 3agerder rJay0oko, pasMepbl Kamnaasa
HEBEMHKH  (HJH npoBedennl NPOTHBODUILTPALHONIILIE Me-
ponpuartug). B stom cavuae Qy> @y, Ho Hy>H,'. Toraa
B Hayajge padoThl KaHagaa  OCVILeCTBJAAETCs  cBoOOdHas
GHIABTPAILHS, NPHYEM TOTEepH onpeledsiores no (opMy-
de (328). llocae cMmbikanus ¢rpoura PHILBTPANNOHHOTLO [0-
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TOKa ¢ KanuJaJgpHOH 30HOH HacTynaer BTopas (raius
pHAbTpALN — CTAAHA  KanWwlIsSspHO-IPYVHTOBOrO  [10TOKA,
9Ta CTAJANA NPOJOAKACTCSI B TEUEHHe BpeMeHH I, onpeie-
asiemoro no c¢opuyae (339). llocae Toro Kax noaHumalo-
LLHecst Mol KaHaloM TFPYHTOBbie BOAbl AOCTHIHYT 30HbI Ka-
nasaa, (puapbTpauds u3 cBOOOAHON nepeiier B NOANEPTYIO,
H B npellese rnpi AJHTeNIbHOH paldore KaHana (QHIbTpAlLH-
OHHble 1oTepH OVAVT JHMHTHPOBATHCHA VCJIOBHAMH TMOA3EM-
HOrO OTTOKd, TO €CTh BeJaHynHon Qn Ilpn 1<ty notepn
Moryt ObITh omnpelesennl 1o ¢opmyae (328) s VCJI0BHIT
codoanoll HAbBTPalliM, a npH >0 OHH OVAVT H3MEHATb-
C 1O 3daBHCHMOCTAM, MAEHCTBHTENbLHbBIM 15 NOANEPTOIl

dpuabTpanmuy, TOo ectb Qi=Q:)f/t (Hanvenbulee 3uaye-
HHE Q).



rMABA 1V
NABOPATOPHBIE MCCNEJOBAHMA *

ONPERENEHME BNUAHKUA DMIBTPALMKM M3 KAHANOB
HA PEXMM TPYHTOBBIX BOL4 NPHMH HAJIMYHUM
NOA3EMHOIO OTTOKA

3anava aa0opaTOPHOTD  IKCOCPHMCHTA — HCCACAOBAHHE  BJAHSHRA
pa0oThl OPOCHTEJLHHIX KaHaJ0B NMPH HAJHYHH NOA3EMHOIO OTTOKa, 4TO
AdPAaRTepHO JJ8 CHCTCM, PECHGHUH{EHHHK Ha TIOBHIIUCHHBIX 3SJICMCHTaX
peabeda, TaKHX, Kak BTopeie Teppacht pex Cpeameit Asuu, B Oacceiinax
Boarn, Houa, a Taxxke Aad CHCTeM, HMEIOWHX HCKYCCTBEHHBIH JpeHax.

B onniTax Hecae10BaJMCh: MOJABEM TPVHTOBHBIX BOJ 10J KaHAJJI0M H
B CTOPOHE OT HEero, H3MeHeHHe BO BpeMeHH (HJIALTPALHOHHBLIX MOTePh;
PerKHM  INOA3EMHOr0 OTTOKA; BJAHAHHC THIPOTCOJOrHYCCKHX YCJIOBHI
(raav0HHA 3aJieradusl NOBEpPXHOCTH BOAOYNOpPa, HavYaJbHOC MNOJOKEHHE
VDOBHA FPYHTOBEIX BOJ) Ha DCKHM TPYHTOBHIX BOJ, NOTEPH H Jpelar-
BB CTOK; BJAHAHHE pa3MepoB KaHaJa M TavOoMHel BOALI B HeM Ha pe-
AHM TPVHTOBLIX BOJA H ¢HAbTpauHomnuele noTepH; PHALTPAUHOHHBIC MO-
1epH lIPH YCTaHOBHBLIEMCA pe:xHMe; BBIGOp Haundojee OJarompHATHBIX
pasMepoB Kamajga M pemuma ero paGoTHL

MeToauka npOBENEHHN ONBITOB. IJKCOEPHMCHTHI TPOBOAHJHCL B
TOPH3OHTAJNBHOM N0TKe obmehn Aaumon 370 cM, wHpHHOH 70 ¢M H Bo-
cotoil 80 cm. Ilo TopueBbiM CTeHKam JoTKa OBIIH YCTPOCHBI KapMaibl
WHPH{OIT 37 oM KaXKAbli, oTiejeHHble OT UEHTPAJbLHOH 4acTH JaTyi-
noi cetTkoH. JloTok Oblal 3arpvaen MeJIKHM OAHOPOAHBLIM TMECKOM (Xa-
paKTepHCTHKA TIpynTa npueelena ma ctp. 207). Bwian nposejaenbt TpH
CepHH ONBITOB co cjoeM Mecka 70, 37 m 12 oM, ueM MOJAeNHpOBafdch
pasjuunas rayOHsa 3ajJeranus NOBepXHOCTH Bojoynopa. Kawaa OwLT
PACONOMEI] "DCPE,‘IHIIE JOThA. 'DCI—.- ¢ro HaxojlHJjaachk Ha pacCTOAHHH
148 oM OT KamJaoH H3 CeTOK., Kawan mwmesn pasMepbl: IWHPHHY MO AHY
be or 2,5 10 15 cM, Kos(D@HIHEHT 3an0xKeuHs OTKOCOB m=1,0, rayou-
Ha BOAB H3MEHAJAach B pasiMunbiXx onwrax B npeaenax 0,0<h,<3,lcw.
Hauaabubiii  ypoBeHb TPYHTOBRIX  BOA  H3MEHAJCRA B npeaetax
8<Ty<64 cm (puc. 42). Ilpn pazanuubix TrHAPOreOJOrHYECKHX Y¢I0-
eugX (rayGupna 3ajleraHis TNOBEPXHOCTH BOJOYmMopa, raybHua 3asera-
HHA VpeBHSI PPYHTOBLIX BOA) nojasatack BOJa B Kanaa ¥ HabmaioaaicH
NOALEM YpPOBHA TPYHTOBHIX BOA KaK HENMOCPeACTBEHNO IMOA JHOM Ka-
Haja, TAK H B CTOPOHE OT Hero (Mexay Kanaiom M orcekamu). Oauo-
BPEMECHHO 3aMepsiiach BOJa, MOCTYMAoUas B TPYHT H3 KaHana ((HIs-
TpalHOnHEIE IOTEpH) M BLITCKAOUIas M3 TPYHTa B KapMmanel. Y poBiH
BOABLI B TEYeHHe OAHOTO ONuTA NOALEPHKHBAJHCH NMOCTOSTHHBIMH Kak B
Kamnanae, Tak ®H B oTcekax, OOosHaucHHda, NpHHATEE AJA ONHCAHHA Ja-

* JlaGopaTopuble HCCNeA0BaHHA NPOBOAHJNCH B JalOPAaTOPHH Ka-
heapp CeTLCKOX03AMCTBENHBIX MeNHOpalHH MOCKOBCKOrO THAPOMETHO-
patishoro HuHcrutyta M. M. Kanawuckum npu ysactun B, M. JKuso-
ol nox pykosoictBoMm A. H. KocrakoBa H aBTOpa.

[Tonpo6uo  pesyabTaThl  MccaeAoBaunii  Hanoxensl B pabote
C. @. AsepnanoBa (1956).
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Puc. 42, Cxeva dnapTpaunn K3 Kauwaaa nupH nmaadtmig noaicmuo:
ro OTTOKAa, TIpHuATas B JadopaTopHEIX ONLITax.

OOPATOPHBIX  OHBITON, CAEAVIOMHe: R — KOsHOHUHCHT  QHABTPAILIE
rpynta, om/e; 8§ — cso0OAHAA TOPO3HOCTH  BLILC YPOBHS TPYHTOBBIX
RO, b[}‘—"’U-IH[}HHE Kamanaa no AaHy, oM; M -— 34J0MHCHHC OTROCOB, no-
CTOAHHOE 1A BCCX OuuTOB; Mg —ravéHisa BOAM B KaHade, COM;
B=by+2mh, —mmpnya Kanajga 1o ypesy Boiul, cMm; [— gauna Kawa-
‘@, paBuasi WMpHHC J0TK4: @=37 oM — upuua Kapmauna; L=296 cn —
gaccmmmc MEXY KapMaHaMu — 1AHHa  padouell  WACTH  JOTKa;
ep — CPEAMAR MOULOCTH NOTOKa FPYHTOBLIX BOA; A-—raybnna noto-
Ka TPYNTOBEIX BOT (B MpPON3BOJLHOM MeCTC); fi, —rayonia Boaul o
KapMaHax K KOHILY OnbiTa (hy==Ty): pacxol nojaun B Kanami, cMic:
Q, — pacxoa camBa 13 Kanaaa, cm¥c; @ m Q3 — pacxoan camsa W3
Acsoro # npasoro Kapmanon, onmY/e; Qr=Q— Qi —pacxoi ua (uinh-
TpauMl H3 Kanada B MOMEHT BpeMend [ OT Haxajda onuTa, eMmfc;
[

W= [Q:dl — o0ben 50w, NOCTYNHBLICH H3 Kanaaa B IPYHTOBHC BO-
il

AL 32 BpeMs onblTa f, o’

Peasyvabtatst HalGaoiennit 3a QuasTpawieii u3 Kanajaos lpH 0OTT0-
Ke TPYNTOBLIX BOL HpHBelelnt B Tadanue 28

M3 55 onwros 18 Oulan nposeiesnl NpH rAVOOROM 34 CIraHKIK 8010~
viopa (T=70 cm), 22 onwita —npH cpeascit raybGiie poloynopa
(T=237 cM) u pacrnoroxeHul AHa Kanana wa 7T,=2805 cv OT JHa J0T-
ka, 15 onwbros — npi  Gauskom Bogoynope (Tw=85 com). Ilpuuex
i onbiTa mposeaelinl NPH 3HAYHTCALHON KAMHATAPHOH 30mHe (T=37 cm)
i 11 onwTOB — NPH He3HayuTeabloR Kamiaaspioit sone (T=12 cm).

M3 55 onsiton jessiTh Obliad NpoBC1eHs B YCTIOBHAX TOJALKO YCTu-
wopuameroca pexuva Caclosartedbo, A5 WIVUEHHS HeYCTanonin-
WwelcH GuABTPALHH MOrYT OblTh HCNOJLIOBAHL Pe3YAhTaThl 16 onwuiTOB,
Tardla Kak QopMvian mo onpegedaciuio  (pRILTPALHH H3 KadaJoB 0%
CTAUHOHAPHOTO PEHMA MOTVT OuTh [POBEPCHLI HA BCEX 5O ONHITAN.

PacuetTnnle sJ€MeHThl it VCJAOBUA HIMCHAANCL B ONBITAX B 3HAHH-
teapnblX npedenax. Tak, ravomna poist B Kaiaae Koaebarach ot 0.5
no 3,0 cM, WHpHHA KaHada momepxy —ot 65 10 24 oM M IHPHHA
no auy —ot 2,5 10 15 cov. LaybGuua saaeranns BOJAOYNOPa M3IMCH#A-
nach (cumras oT Axa wawana) or 83 o 652 cm. Hawaavdas ray-
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PHc, 43. Cxema ONLITHOH VCTAHOBKI!
| —®Ranaa: 2 —necoR; J— CeTKa; 4 — rpasuil; 5 — npeaoMetpul (Humnuid paa
NLEIOMCTPIORE  PACOOIOMCEH HHMC NOBCPXHOCTH BOJAOYNOpAa); 6 — NOBEPXHOCTH

soaoynopa. (Passepnl 8 MM.)

OMHA TPVHTOBHWX BOJ, OTCHUHTAHHAaA OT VPOBHA BOAK B Kauajde, HaMe-
HHJach TakiKe B WIMPOKHX npepeaax (1,4..656 cm). YKazauuble nHame-
HEHHH TIpaHHYMEBIX YCA0BHIl MO3BOJAIOT MPOBEPATh KOJHYECTBCHHBIE 30-
BIICHMOCTH Ha ONBITHOM MaTeépHaJjic B LIMPOKHX npeie’ax.

CXema ONLITHOH YCTAHOBKH MpeacTanieHa Ha pHeyHKke 43, Lo
JOTKA NOKPHITO cacesm TpaMOOBaHHOK [JIHHBEL, 35Ta NOBEPXHOCTE OHAA
IPHHATA 3@ YCJAOBHBIN HYJb. YPOBHH BOALI B KaHaa¢ M OTCCKax MNoj-
ACPKUBAIHCE A 3aJaHHLIX OTMETKAX MNPH NOMOUIH CAHBHLIX OGauKos
¢ pasieabHoll cTenkod. B KaHaa nolapasics NOCTOAHHBEL B TeweHno
OJIHOTO OnnlTa pacxoa @, wacTh KOTOpOro mociviiaaa 8 rpyur (duab-
Tpauuouusle NOTepH), a uacTe Q; chnpadacs uepes OGauox, [zmepss
Q}]H Q u 3HaaA X pasHocTh Qo= Q— @, onpeaeasan GHILTpaUHOHHLIE
norepu. Pacxoasl Q; n Qi CAHMBABMINECH B OTCCKH, H3MEPAJHChL MC-
proanyeckd oObeMHEM cnocoGoM. Boaa B xanad nocrynaia u3 duan-
Tpannonnoro Gaka 50X50X70 cm?, sanoaunennoro caocMm mecka (45 cwm)
u caoem rpasus (12 cm). Veranasausana B 6aKe nOCTOSHHBIL Hanop
IpH MOMOMIH cAHBHOro 0auxka, MOMHO A00HTHCH MOCTOHHCTBA PAcxold
nogaunt Q. Kpome Toro, @uasTpysich dcpes Oecok, BOAd HACTHYHO OCBO-
Oo#idanach OT BO3AVXA. z

[TapanieanHo ¢ oONHTaMHE B OCHOBHOM JAOTKC ONpeleasaTH Kosdhdm-
HHEeHT (HALTPAUKH B BCPTHKANBHOM JOTKC pasmeponm 20X 25X 105 ewm.
Jlotok stor Hvea 12 nnesomerpon. IlpuGop OGua sarpyiken, Kak i
OCHOBIIOK JOTOK, mocaofino na 70 cvm Tem xe rpvetom. Haa nomepa-
HOCTBIO MCCKa NMOAAEPKHBANCH NOCTOAHHLIT nanop, papHuli 2 oM. Tua-
PABAHUYCCKHH VKJIOH peryJaupoBaJdcs cannubim  OaukoMm, HMereuenme u3
npubopa NMPOHCXOAHJIO NOJ YpoBeHb € VKJAoHom [<Z].

XapakTepucTuka rpyHTa. OnplTel NPOBOAHIN ¢ JIOOCPCUKHM NECKOM.
Alanans rpaiyJoMeTpHYeCKOro cOCTaBa IecKa A0 H Noc¢/e ONLITOR No-
KasaJ, WTO 3HAYHTEJBHHX mnepepacnpeiecHHii ¢pakunii pe nataoja-
Aock. [TN0THOCTE Mecka MpH AEBATHKPATIOM ONPEACTIENHH 148 pasiny-
HBIX TOpH3ONTOB nNpHmepuo paBua 1,01 rfcm? ¢ HesnaunTeabLHLIMA OT-
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Raonennsmu,  IIpu  IOTHOCTH  TBEpABIX  MACTHI  1ICCKa,  panuoii
2.98 rfea, nodmast nopostocts m=0,415, lloacuutannsie Do JAannniM
TPANVIOMCTPHYCCKOrO  aHATN3a  (QHIHUYCCKHE XAPAKTCPHCTHKH  MOJYHH-
aick  caeayiougamu.  Jedernviomni amamerp,  no  3aMmapHny,
d:=0,158 wmm. IDpdertusunlit anamerp, no Koszewn, d.=0,119 .
SppexTununiit a@amerp, no lascuy, d=009 MM, dyup=0731,
dgo/dip=34 (xosapduunent oI10poIIHOCTH).

Briuncaenusle Kosppuurentsl GuasTpamim npu remueparype 10°C
cleayiommne: no ¢gopymyae 3amapuna k=0,014 cwm/e; nmo dopmyae Ia-
scHa kR=0,012 cmfc; no dopumviae Kosenn £2=0,018 cMm/c.

Onpirapie xKostpuumuentst GHILTPALHH, NpPHBCIEHHBIE K TeMicpa-
Tvpe 10°C npu onpeiedenuyt ero B BePTHKAIBHOM NpHGOpe, NOAVYI-
anck B npeacaax 0,014<<k<<0.031. Cpeanee 3zuavenswe u3z 72 nabmoje-
uit k=0,024 cM/c,

QaxkTHuecKHil KO3(QQHUACHT BOIONPOHHUAEMOCTH, ONpefesenusil B
ONBITHOM JIOTKe 1o cxeMe I1omoH ¢ vieToM BOJAONPOBOAMMOCTH Kamui-
aapuod soubl, k=0,024 cM/c, YTo M HPHHATO 3a pPaCUETHOEC 3HAYEHHe.

Kosthmimenr BojooTaaus, onpeaciciiblii B BCPTHKAJBHOM NpHO0-
pe npn  cBODOJHOM HCTeuenHM B aTMOCHEpPY. OKa3adAcs  pPaBHLIM
0=0,187 (cpeamee anaueHHe H3 TPEX HIMEPeHHIT ¢ OTKACHCHHIMH OT
6=0,16 10 §=021), w110 coctaniger 45,6% odbeva nop NPpH BHICOTEC
KOJTOHRH 72 cM.

[Iposeaennbie HaOMOAEHHA HaL HCNapemneM ¢ NOBCPXHOCTH J0OTKA
NoKas’ail ero HeiHauHtedshocTh. llamGosneniee cymmapHoe wucnapense
PCeil TOBCPXHOCTH JoTka Owuwio Q=0,01 cmilc, uro cocTapnio Menee
2% nanvensmero pacxofa Qy=0.61 cm¥/c (onmt 41).

Habmojxenus 3a pacupeicicHHECM BJAAZKHOCTH NCCKA BHINE VPORHS
FPVHTORBIX BOJ NOKA3aaH CJACAVIOILCC: BJAAMHOCTL NPH TNOJHOM HACH-
HIEHHT @y A8 BCeX H3MEpPCHMH oKasajach MeHbllle NOJHOH Nopo3Ho-
ctH m, Tak W =035 npy m=0415, raec w;, m sweipamenst B LOJAX
OT obhbema; BAAKHOCTh PacTipeieIsieTcss MO BLICOTC B OCHOBHOM B BHIC
BLIMYKJIOH KPHBOH, HanoMHualoweii mnapafony: BAAKIOCTh, COOTRET-
CTBYIOWAR HaHOOJLIIEH BHICOTE KaNWIAPHOrO NOINATHS, BO BCEX ONMk-
Tax NpHOJHSHTCIBHO OMIHakoBa W paBHa woe~0,035 B noasx or oGmbe-
Ma: unanboJaplias BLICOTA KalRIAAPHOTO TIOAHATHA H3MeHsieTCsl B Tipe-
pedax hy=30..40 cM npn cpeanmem 3suaweHun h,=33 cum.

[Ipn cpoGoauoft GuALTpaUMH M3 Kauada M MOCTVIJCHHH (HIALTpa-
IHOHHOTO TMOTOKa B CYXOM TPVHT Kosh@HUHENT BOJIONPOHHIAEMOCTH C
VUETOM R3UIEMJCHHOr0 BO3AyXa no (4) OJs VCJIOBHIT OnbpTa OKasbiBa-

CTCH pPABHBIM ) S
k= 0,024 (.ﬂ'g‘j‘?;n.ﬂ&] ) 5
 0,415-0,035

Ilpn vuere BOTOMPOBOAHMOCTH KamHJJIAPHON 30HBI peKOMeHjyercs
K CcpelHed rayOHHe mnoOTOKa MNpHOABIATL BEJAHYHHY hy, TO €CTh
R=hep-+ahy, TRe o—KOXPPUUHEHT NPHBEACHHS BOAOHPOBOAUMOCTH
KalHLSIPHOR 30HBL K BOAOHPOBOIMMOCTH 30HLI TMOJHONO HACHILEHHS,
KOTOPLIH HaxOAAT MO PHCYHKY 2 B 3aBHCHMOCTH 0T Y/hy M wolw,.
dast yeaosuit onbitoB wef/w,=0,035 : 0,35=0,1.

Tak kax B ycJaoBHAX ONHTa pOAL KaMHAAAPHOR 30HH BCAHKA,
TO JicOOXOAHMO VUHTHIBATL Pacxold, NPOBOJAHMMIT elo. 1o cieaano
MpH TNpoBepKe ONBITHMX MAaHHBX JAo0OasjeHHeM K cpeliel MOIIOCTH
MOTOKA BeJTHYHNE hy,

CyMMapHyio BOA0OTAAuY /My M TCKYULY BOp00TAauy (crobommyio
NOPO3HOCTh) My=0, COOTBETCTBYIOLIHE pAas/HuHLIM YDOBHSM TPYHTO-

207

2= 0,012 cm/fe.



BBIX BOZ 4 npH y<fty, selyHcasan no ¢opmyaam (14)..(16) u no raG-
auue 1.

Kpatkoe onucanne onwiTtoB. B tabanue 28 ormeueno, MTo ONbITH
NPOBOAHANCL CCPHITHO: epBast cepHa — Npi MowWHoeTH necka =70 oM
H  pacnofoKeHuH# AHa  Kauaja  Hal  NOBCPXHOCTBIO  BOAOYNOpa
{43=064,4..652 cm (18 onsitoB); BTOpas cepus —npu T'=37 M H BhLl-
coTe pacnosoxenus JAua Kawajaa Tx=280 cm (22 onwita); Tperba cc-
pHA — NPH TOH XKe MOWHOCTH TIpyHTa--T=37 cM, HO ¢ 3arayb.aer-
HhIM aHOM Kaunana (/=85 cMm); uersepras cepuss —npH =12 cm o
[pil BLICOTE PacnolozKeHna AHa KaHaaa [yx=85 oM.

OTtanuie Tpetseil ¥ YETBEPTOH CEepHil ONLITOB B MOIIHOCTH NeEcka,
KOTOPBIA HAXOJHTCHE BHIUC VPOBHA TPVHTOBHIX BOA, 4TO CVIECTBEHIHO
AJA BBISCHCHHA pPOaH Kanuagasipuon xaiimpl, TouHOCThL 3aMmepoB pacxu-
nos okoao 5%, TounocTh 3amepoB yposHel 2 MM,

OcTaroBHMCH KpPaTKO HA  KaYCCTBCHHON CTOpPONE MPOBeLeiiiblX
onwtop. OGaacTe Mexa1y VPOBHEM TPYHTOBHX BOJ H MNOBEPXHOCTHIO
3CMJH BBHAY JACHCTEHA NOBEPXHOCTHLIX CHJ 4acTHUHO cMOueNna Kanua-
ASPHOI BAATOil, NOAHABUWICHCH OT TPYHTOBBLIX BOoL BBepX. K3 pacemort-
peinst JaupslX Tabanubl 28 H pHcyHKa 42 BHINO, 4TO B COOTBETCTRHN
C NpeAJoMeHHON XapakTepHCTHROH CTaj iHi $uILTpauHH H3 Kana-
JOB  AJ8  VCIOBHIE ONLTOB MOMHO O0XHI1ATh HAJHYHA BCEX Tpex
CTAaAHH,

JlelcTeuTenbHo, H3 CpaBHCUMS HAYAJBIOTO HOJOMKCHHA YPOBHA
FPVHTOBBIX BOJL € OTMCTKOI JHa KaHaja BHAHO, UTO B pHjAC ONLITOB
AHO Kanaia paclof0ACHO BHIIIE YPOBHA IPYHTOBHIX RO Goaee yem Ha
BHICOTY KalWANSpHOrO NOJHATHS, Taxkosbt onwiTel Ne 13..18, B KoTO-
polx Tx—Tp dexur B npegenax 54,3.644 oM, uTo 3HAUYHTENABHO 0O
1re, veM BHCOTA KanHJLIAPHOTO [MOJHATHSA hi:.=33 cMmM. B sTHx onwsitax
BOZMOMXKHA nepBas Crajils (!)H.ﬂbTPﬂ!U!H--Ella"-lHliE]lIHE FPYHTA.

3aTeM CAelVIOT ONLEITHL € TAKHM HauajdbHRIM [10J0MKEHHEeM Yponis
FPYHTOBBIX BOJA, "TO AHO Kaduaja ¢ ¢caMoro Hauaja OneTa OKasuiBaert-
¢t B 80HEe KANWJAApHoro moaHstHa. CTporo ropops, clojga OTHOCHTCH
BCE OCTaJbibie ONHTH, TaKk Kak Aaa scex onmitoB 1y—Te<H. Oanako
B pRjac ONLITOB AHO KaHaja JCXKHT B HCNOCPeACTBCHHOR 6GAH30CTH OT
HayaJbioro YpPOBHE TPYHTOBEIX Bol—oxoao 04..10 cm  (onuitol
Ne 1.7, 19..29, 4l..44, 45..55), a B oCcTa/bHbIX —B npejenax
10..35,4 cm (Ne 8..12, 30..39).

Mosno 0HAaTh, YTO B OlBLITaX, B KOTOPHIX AHO KaHaMa JexRut
B HenocpeacTsenHoil GJHIOCTH OT IPYHTOBBIX BOJ, Cpasy YCTaHOBHTCH
TpeTbd CTajAHA (DHABTPAUHM — CTAAKH CIJIOMIHOTO [MOTOKA [PYHTOBLIX
pod. Tak e BepostHO, 4TO B ONLITAX, B KOTOPBIX MO Kauaha Haxo-
JAMTCH B BepxHell wacTH KaMHJAJSIPHOH 30HH, BHayaje co3jlaercs BTOpad
ctaanfd (KanHAJSPHO-TPYHTOBBLIN MOTOK), a 3aTeCM MO Mcpe noabeMma
FPYHTOBLIX BOJd HAaCTYMaeT TPeThbf CTaAHA.

Takunm o0pasoMm, BCe ONBITEL MOXKIO pPasGUThL HA TPH  TPYIIILL
ITepnast rpynna — onutet Ne 13...18, B KOTOpBLIX BeposiTHO HaJHYHE Beex
Tpex cTaauit ¢uabTpaund. BTopas rpynna — onbiTel Ne 8..12, 30...39,
B KOTOPHIX BEepPOSITHO HaAJHYHE BTOPOH W TpeTheit cTajaui. Tperbsa rpyn-
na, HanGojee MHOroyHcacuuasi,— onwvitel Ne 1.7, 19..29, 40..45, B Ko-
TOPBIX Cpasy Ke BeposTHO HACTYIJIeHHe TpeThell cTaaHuW (pHALTpa-
LHH — CTaAHH CIJIOMHOrO MOTOKa IPVHTOBMX BOIL.

[lpoBepka TeopeTHUECKHX 3aBHCHMOCTEH aAs onpejejenus Guab-
TPAUHOHHBIX NOTEPb B YCAOBHAX cBoOoaHoH (puabTpaumu. Ilpun ananusc
KpHTepHEB nepexoja oT cpBodoAnoil K noanepToli (GHABTPALHH TNMOKaHCM
BO3IMOXKHOCTb VCTAHOBJACHHA XapaxkTtepa dHALTpAUHH IS Ka¥KA0ro Olbl-
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T4 B OT/ICILIOCTH, NPOBEpPHM KOJHYCCTECHILE CBA3N N0 ONpeaeIeHHIo
(PHABTPAUHOHHBIX NIOTEPb B YCAOBHAX cBoloAnol GHALTPALHH NpPH ycTa-
HOBHBHICMCH PCKHME, NPHBEICHHBIC BBILLC,

QopMyasl Mo ONPEIEJNCHHIO NOTEPL B PACCMATPHBAEMUIX YCAOBHAX
MOKKRO pa3dHTh na TPH IPYNOLI: HC YUHTHLIBAONIME ACHCTBHA Xannn-
JAPHBIX CHJ; YUHTHIBZOWHC AeHCTBHA KanWLIApHUX CHJA, YUYHTBLIBa0-
He KaK JcHCTBHC KalHAAAPHLIX CHJ, TaK M BOJLONPOBOAMMOCTL Kamu/i-
JsipHOil 301,

Pacuerst no yKazauuwbM QopMyvaamM M cpablcHHe BLMHCACHHMX
notepe ¢ HaOAOIABIHMHCS B ONBLITAX [IPH YCTAllOBHBILCMCS pexKHMe
oKasaJan caeaylouee.

B onwitaX, B KOTOpPBIX HauaJbHLL  ypoBenh TPYHTOBHX BOQ
Ho=555..654 M, nabmojenusieé pacxoinl M BBIMHCJICHHBIE MO pasJiHy-
M opmyaam [kKpome dopmya (31)..(33)] umeoT oaHHAKOBHE n0-
PHAOK BCJAHYMHH,

Takoe ke connagenyic OTMEMACTCH B ONHITAX € HAYAJLHBIM YPOB-
eM rpyntroBax sojg Hp=35,2..36,0 M.

B ocraibHmx oneTtax (¢ BLICOKHM HavaJAbHBIM VPOBHEM TrPYHTO-
BLIX BOJ  3aMepeHHble Pacxoasl sHawmTeanHo (B 2.3 pasa) wMenbie
BHEMACTCIHNBIX SHAYCHHHE MO TeM e (PopMyIaM.

Tak Kak npu 3TOM OCTAABHEIC YCJOBNA, KPOMC 1HauaJbHOTO YPOBHA
IPYHTOBBIX BOA, HC HIMCHAJIHCh, TO TaKOH pC3KHil CKA4YOK B NOTCPAX
MOMKHO O0OBACHHTL TOALKO BJAHAHHeM HeXoduoit ravGHHE  3aJeranus
rpyuToBulX poa. Orcoaa aesacM NpeABapHTCALHBI BHIBOA, MTO ONLITL
Ne 9...18 ¢ mawaauumm yposHeM rpyutonkx Boa Godbwe Hy=30 oM
nporekanu B Vveaosuax Oogee 1am  menee croloaHON  (HALTPALMH.
Ocransmnie onbirnt (Ne 8, 30..39, a tem Goaee No 40..55) nporexann
B YCJIOBHAX noancproil (GHALTPAUNK,

B onsltax, nporckasmux B ycaorusx Gojec wau Meuce cpolomuoit
puasTpaumn  (Ne 9..18), OBAH NPHUSTH CACAVIOWHC pasMepsl Kana-
aos: bp=25..15 cm; ha=05..2 cm; B=6(5..18 cm. Do nozsommuao
HPOBCPHTL TeopeTHueckHe (opMVviLl Ha ONDBTHOM MmaTepHaje B J0-
HOJMBHO WHPOKHX npeienax.

[Ipn onwrTholl npoBCepKke TCOPETHUCCKHX peutchnit 3agauw  uabTpa-
UHH €O CBOOOJHON NOBCPXHOCTBIO OYCHB BAMHO OUNCHHTbL BJAHSAHHC Ka-
MHATSIPHLIX CIJI, TAK KAk NpH MOJACHPOBAHMH pasMepos Kalaja ¥ aje-
MENTOR NOTOKa IPYHTOBBIX BOJM NOBEPXHOCTHHE CHJALL HE MOACTHPY-
oTes. Tak, ecan npuusTh angeitnbli Macmta6 moacan 1:50, 1o onmTt-
HBIM  pasmepam Kanada OyayT COOTBETCTBOBATH B HATYPE BCIHTHIL
bop=1,25..75 M, hy=025..1 m, B=3,25..9 M, uto xapaxTepno mis Mma-
AblX B CPCRNHX OPOCHTCALHBIX Kanadon. Oanako npw ToM e macuiTa-
Oc¢, ONBITHOH  MAKCHMaALHOM  BuICOTE  KanwaAAspHOro  MOAHATHH
fi:=33 cm OyleT B matype cootsercrBoBaTh fx=165 M, uTo mpens-
twaer r» 5.8 paz nabmopacuyo Beanurny h,=2.3 M 08 THIHUNLIX
CVIARRHCTHIX rpynTop. ClhefonaTesibHO, B VCJAOBHSX NPOBEICHHHX OMNL-
TOB KaNILVIAPHEIC CHJIH HMCTH BeChMa CVHIECTBEHHOC 3HauyelHe H POJIL
Hx Owaa Coapmei, weM B yaType, JAame A MaJdbX KalnaJjdob.

CpapuuBast pacxojbl, BbIUHCACHHBIC NO TeEOpPeTHYECKHM hopMyaM,
C 3aMCPCHUBIMH, MOXKEM OTMETHTh NpeXJe BCEro NpeyBelHuCHEE pac-
xo108, moAcuHTanHeix no Gopmysam B. K. Pusenxamnpa (31) u
H. II. Bepuruna (33) ¢ yueToM BBLICOTHBI KafHJMMAPHOrO IMOIISITHS.

Beie 0Obl10 YVKa3aHo na npuMHIBL TAKOIO TPEYBCAHUENHs: He Vuil-
THRACTCA RIANSHHC 3alleMJCHHOrO B TPYHTe BO3AYXa 1a BOJONPOHH-
ILACMOCTH  HOMD] BKJAYACTCA B 30y (QHALTpaANMONIIOTO NOTOKA RCH
AOAACTH HCNanore Hacemenus., Tak Xak oTH (POPMYIBL  VREJIHTHBAIOT
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pacxofl B 5.7 pas, TO N3 AaNbUCHIICro paceMOTPCHHA HX HCKAIOUACH.

bonee GAN3KHC K ONBITHBIM 3HAYCHHAM pPCIVILTATH JAIOT OCTab-
e (popMyaN, KoTopble, KaK 3TO YKa3ano nwule, uedecoolpasHo pac-
cMarpusaTh no rpyinam: (OPMYAH, He VUHTLIBAIOMIHC KANHILIAPHLIC
ciant: A. H. Koctaxosa (24), H. H. TMasaoscxoro (25), B. K. Pusen-
kamnpa (26) n B, B. Begepnuxosa (28); dopmynra (34) A. H. Ko-
CTAROBA, VUHTHIBAOWAST ACHCTBHC KaNWLTAPHLIX CHI; DOPMYABL, YuJlTui-
BAOWHE BOAONPONNILAEMOCTL M OPHBCACHHBIH pacxoq KanuaJspHon 3o-
ibl,— BHAOHIMeHenue dopmyan B. B. Beaepnuxosa (35), b. K. Pu-
sedkamnga (36), A. H. Koctakopa (37), . H. Tlanaosckoro —
H. II. Bepuruna (38) n ynpomgemman dopmvaa (39).

Cpyuna Gopyya, ne yURTHBAOMIME  ACHCTBHE KamuAJSPHLIX il
(24)...(28), xacT upevMeHbMICHHBIC NOTCPH, HPHYCM BHUHCJACHIRC pac-
XOJAK WHOCAD 3Na4YHTeNABHO OTAHYAINTCA OT 3avmcpennsix (1o —42.7%).
B nopaake npuOaixkenus K OnNuTHwM jgannuy popMyan pacnoaara-
ores Tak: b, K. Puacukamnda (6§=232%), B. B. Benepuuxona
(6=233%), Il. H. TIlasaosckoro (6=26,5%), A. H. Kocrakona
(6=233,6%). Caciayer orMerHThL MOMTH TOJHOC COBNALCHHE PE3YALTA-
TOB BBluMcacnuit no gopmynam B. K. Puacuxamnda n B. B. Benaep-
HHKOBA.

boaec npuemaema (Qopmyna H3 rpynnel YOUTRBAWUIHMX JACHCTBHC
Kanwaaspasix onn — popuyna A, I, Kocraxomsa (34), wotopasn aact
HPCYMCHBIIGHHLIG  ToTepHt  npH  oTtkJoneHusx o |A|=36,7% n
0=26,3%.

M3 dopuya, n xoTophe nmo NPCAJNONKCHHIO anTopa BBelcH BOAO-
NpoiHUacMocTh H MPHBCICHHASA BLICOTA EKaANHAIAPHON 30nsl, JYYlIHi
pesyanTaT aana dopvvaa Ilasmosckoro — Bepuruna  (37) npn nau-
ooastneM orkigoncunn A =195%, 6=120% n pepoarnoil omubxe
r=81%, uro Gansko ® Ttounoctu uaGmozeunit. I'lpuGanmennas dop-
aMyaa (39) aaer A0CTATONHO  YAOBACTBOPHTEALULIC PEIVALTATH.

To o6erosreancrso, uto (hopyMyant, COBCPUICHHO HC VUHTHBAWOIMC
KAMHAIAPHHEYX CHA, J1aa XOTH H NPeVMeHBIUCHILIC Pe3VALTATH TO1-
CHETOR, 1O AOBOJILIO OJHIKHE K waBJoAcHuBIM, 1eoOXoauMo oOCyanTh.
JTO Kamerces HCTOMATHLIM, OCOOGCHHO TIPH TAKNX 3NAMHTENLHLIX Kamu-
JAPHBIX CcHJaX (BLicoTa HANHJIAPHOrO TNOAHATHA Npensimact rayGuny
oA B 33 paza). Ho-vuwanmomy, 3TH dopmyan, ¢ oanoit cToponnl,
NPCYMEHBUIIOT NOTEPH, e VUHTHIBAA JICHCTBHS Kanmiaapnux cpa, a
C APYrofl — NPCYRETHTHBAIOT HX, HE VUHTHBAR YMEHLUICHHA BOAONDO-
NHNACMOCTH 38 CHET 3ameMJIciTHOTO BO3AVXa, TAK Kax B NHX TIpHIH-
MaeTesl BMCCTO KANHLISAPUON BOJOTNPONHHACMOCTH NpH TWoanofl Biaro-

eMKOCTH Ry KOIhmument duaALTpamnu.
JIyuuree coBmajchie ¢ Pe3VJLTATaMH OUBITOR 1370H BLIMHCICNHA 10

dopmyre (37):
(’Jr]r — '{' ui}q (B ';' Ehn} ¥

Kotopas sasasercs coexnucunesm cdopmya L H. [Tapaosckoro (vuer
paamcpoB Kawana) w H. H. Bepuruna (ywer xanuaasproctn), aonos-
aeniiblX astopoM. Ionoanemus n dopumyae (37) sechma cyUICCTBEHHH.
Bumecro woaddunnenta duastpannin nraonen kosdpminent Kanmnasp-
HOH ROJAOITPOHNILACMOCTH.

Kosddrmrent  yeemienns pacxeja A waxoantest no tabauie 6
H. H. Bepuritna no otiomenmio f1,./B, rae i, npuunvaeres papnsiM we
OO0 BRICOTC  KalaAgpHoOro  untiiaTHa,  Kak  95To PCKOMCIIONCT
L. T Bepurmn, a nemsmuoe =034,
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A

AoeTaTounyio AJR HPAKTHEH TOUHOCTL JAACT POKOMCHAYCMAst TIpH-
DJANECHHAn 3aBUCHMOCTL (39):

i il
Q.,,—fcu(i —i—t'J,.’_}E } (342).

[posepka TCOPETHYCCKUX 3aBHCHMOCTEl Aas  onpejeieHus ¢ uib-
TPAUHOHHLIX NOTEePb B YCJAOBMAX HOANCPTOH (uabTpauuu. B onwitax
A 9,15 pecacaosanach csoboaHdd, 4 B QCTAJALHBIN — HOANEPTAA Qiliib-
Tpanust, Cpaplcide OULTHBX (HILTPAUHOHHLIX [10TCPh € BBIUHCAEHIIb-
MO QOPMYJAAM, NPHBCACHIELIM BBIUC AJA YCIOBHE NOIepTOH (HIb-
TPALHY, NO3BOMACT CAGHATL CACAYIOUHE BLIBOLBL,

At noaneprol QHALTPALIE NP [IYOUKOM 3adleraHHll BOAOYNOPA
Gopmyaa (40) A4CT Xopowmwne pesynTarhl, HONTH COBHALAIOULHE ¢ JddH-
HBIMH  Habmioacenud  (em. onbirel Ne 1.8 ap =70 cM). Oauako
yAae NpH CpPeAneM 3abieraluy nosepxunoctd sojoyunovpa (=37 cM) 314
GopMyaa gacT NpeyBCeAHYCHILIC HOTCPH, KOTOpbLiC AOCTHIAIOT YCTbIPCX-
APaTHOro pasMcpa npu OAH3KON IyOHUC 3adcrdiuds NOBEPXIHOCTH BO-
dovitopa (=12 cm; onwiTel Ne 45...50).

Qusblinne  gaiible  MOKasplBaor, wr1o ¢gopyyaa  (40) npuseinma
np otiowenin 24 /L>02, rpe T —cpepnast raylupa sadcraiia  po-
ALVIIOpa, Lf2 — paccrodine ol KaHada M0 CTOka,

lak Kak 00j00HLI¢c KOPOTKHE HOTOKH B HpPakTHKe MeJHopailkl
BeCLMA PCAKH, TO upHMencuue Qopmydn (40) orpandueno, uro o0b-
ACIACTCH  HPHHATOH  JJIst  TCOpCTHUCChOLY  pacucTa  cxeMoin  (I'=o0),

Dopmyna (60) gacT Xopowee CoOBHAACHHC TCOPCTHUCCKHX H OIbIT-
HLIX 3HAMCHHE BO BCeX 0€3 HCKMOoYCHUA OnuTax nHpH uanGoiblueM ol-
raonennn  19,8%, cpeanessajaparnuion oTkjaoncunn 0==82% u Bepo-
HTHOH omHbdRe r=29,0%. lloayuennsi¢ OTKAOICUHA ¢ NPEBLINANT TOY-
HOCTH H3MepCeHHH.

Ila ocnose ONBITHOrO MaTepHala MOMKIIO CAeTaTh HCKOTOpLIC BLI-
BOABL O TPHMCHHMOCTH pacCMOTPCHHBIX ((POpPMYJ  AJsl  ONPCACACIHNS
noTepsh B YCJIOBHAX NOANEPTOH (QHIALTPALLHIL

¥l pacemorpennnx Teopernuyeckux opmya Jliomon (50), Bepep-
nikosa — Hymeposa (40), C. @, Apepbsauosa (60) nawayumne pe-
syapTaTet jdacT dopmydaa (0U). Popmyda Belepnikona — llymeposa
(40) dacT YAOBACTBOPHTCALHBIC PC3VALTATBL HPH Tray0OKOM  3aJicra-
uun poaoynopa (7/L>0,2), B OCTUJLHLIX CiydasX OHA LpeyBeJnHBa-
CT HOTCPH, H WIS PAAQ CAyuacs Bechmd sHadnreabio (40 4009%).

Ouenka craauit QuiabTpaliy no OnBITHBIM AaunbiM, Boluie Owlad
Adlla o0mas XapakTepHCTHRA CTajAnH (PHALTPALMI M HMX  HOCACLOB-
Teablioin esenbl. 1lo  yeaoshisy  ONLITOB  CTaAHA  CMAMMBALMA  CPYITY
ObiJla BECbMA HENPOAOAAHTCILHON BRHAY OTHOCHTEALIOH OJM30CTH Ha-
YAJLIOIO PaCNOJOKCHHA YPOBHA TPYHTOBBLIX BOA K ANY KaHnada B -
JHUHS KANHWISDHOIO yBJamunenus B 3oHe Kanana. llo oxonwanmu nep-
BOIM  NHECHPOLOAAHTCALHOR CTajill HACTylaer BTOPAs — CTaAHs Kalui-
JASpHO-IPYHTOBOro notoka, Jasn oO0eHX cTajHd TpYyHTOBBIE BOALL 1ie
ORA3LIBAIOT CYLLCCTBCHHOIO HOAIHPAIOWEro AeHCTBHA Ha (uabTpani-
CUHIBLT NOTUK, ONYCKAIOWHHCH H3 KanaJja,

lTogpesm rpyuToBbX BOA 3@BHCHT OT NPONYCKHOH cnocoOHOCTH ro-
PHIOITANALHOTO NOTOKA IPYHTOBLIX BUA, TO CCTbh OT HAMOOJLUICTD ApC-
Himllolo OTTOKa Qn NPH YCTanopHsuleMces redenud. LA HEKOTOpLIX
YCAOBHH (B TOM YHGIe 1 B APHBC/CHILIX ONLTax) suavenue Qn M-
ACT  OBITh  TAK  BEJAHKO, UTO  VCJAOBHA  NOANCPTOH  (PHALTPAUHI 1
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BOSHHKHYT BooGule, CKOAL OBl JA0Jr0 (PHALTPAUNA 1N TPOAOAAKAAACDH.
[HosToMy B BHAE NCPBOFO VCJAOBHI OHCHKH XapaskTepa QuabTpaunn Owl-
J0  HpeLiumely  cpasienie yeTanosusiicuen csoboAnon puanTpaiii
Qg H nHanbuaBlIEro APCHAKHOIO OTTOKA Q.

Ecau Qp>Q¢, 10 yCAOBHS NOANOPA HE BOZUMKHYT, H (QUALTPaLMSA
He BBAeT H3 uepuoga csobonoil GuabTpanuk, B srom cayuae Han-
MCHBIIEE 3HAYCHHEC (UALTPALHOHHBLIX FOTEPh GYACT OUPEACAsTLCH Be-
anypioi Q. Ecan Q.<Qy, 10 nanboabliHil ApeHaKHulil OTTOK He
MOKET OTBECTH MOCTYNAWUWHC (PHALTPAIHOHHBIE BOAB, H HCHIOCHKHO
HACTYNJCHHE YCJIOBHE NOANCPTON (QHILTPAIMH ¢ [AHMEHLIIHM pacxo-
aoM Qx. Cpaamm Telleph st YCJIOBHIL ONBITOB BCAHMHNM Q. Qp M
daKTHYyeckHe pacXoad. Brme nokazano, 4To HaMAydlllHe pesyabTaril
4051 onpeAcacHus QHALTpanHONMLIX noTephL HpH cs000AHOH (uALTpa-
UMM aaga sugonsmencidas dopmyvaa IMapnosekoro — Bepuruna ¢ yue-
TOM Hammwpﬂui’i BOAOIPOHHUILAGMOCTH 0 BOAONPUBOAHMOCTH  Kanii-
Jspuoit 3onwu (38).

Cpasnenne 3naveunit Qg, Q4 # Q nokaanisact, 4To A48 BeexX ONbl-
TOB CO CPC/AHMM H MCJIKHM 3aJjeraniem Bojoynopa nanO®oJLLIHE ape-
HaMIBLHT OTTOR Q JUAUHTCALIO MEHbIIE (DHABTPAILHONIOrD pacxoda B
yeAOBHSX  croboAnol puavTpaumn @g. Melictruteanno, B onblTax co
cpeadnHM 3aderanHes sogovnopa (oustel Ne 19..40) uwandoasmmil Bos-
MUAKHBI JIpeHamnuit OTTOR cocTapasct TOAbKo ot 0,05 NpH BHICOKHX
rpyurosulx pojsax ao 0,5 pacxopa npu cpoboauoil guasTpaiuy, B onnl-
TaX € MOAKHM 3ajcranHeM BOJOYNOpa HAHCOALUINHI BO3IMOMKNIII ape-
AANEH OTTOR yMeHsiaercs eme Goaswie, coctasass 0,03..0,1 pacxo-
Aa upu cpoboanoit  (puasTpauuu. OueBrano, 1o B 3THX ONBWTax
(Ne 19..55) ycranopHuiunecs noOTepH #Ha Kanaia Oyider oOHnpeaesTh
e cnobouan GUALTPpauHs, a ApeHnaxnuil orrok. Cpapuupas SHAYCHHA
(4 C haKTHUCCKH 3aMCPCHULIMHE  PACXOAAaMH, BHIHM, 4YTO OHH XOpPOLUO
COrJIacyrTCH.

B onwbitax ¢ rayGokum saferanHeM Hu.m}unpa (Ne 1.. 18) Moo
BLLACAHTL HecKoabKo rpynn, Onmtul Ne 1.7 np# wavadbuoil rayoHic
rpyutosux  vod fHp<l0 o Orrowende QEI@;}—U{}‘E 0,2, B onnire
Ne 8 npu fy=154 em Qa/Qp=0,5. B onvitax Ne 9..18 npu Hy=35cu
HAaHOOALILMIT BOIMOMKUMI ApeHAMubLIT OTTOK @ cranosurca Goablue
ceoboanoit  guastTpaunn @y, NpeBLmas e¢ B OTACJLHLX ONLTAX B
1,5 paza, Ouenmaio, wro 6 onpiTax Ne 9..18 yeaosust noaneprToi GHIL-
TPAHE OCYUIECTRHTLCA HC MOIYT, Tak Kak HaHOOJBUIHH APCHaMHBI
UTTOK MpeBLIUEeT KOJMECTB0 NMOCTYNAWUIHX B IPYHTORBIH NOTOK (HAL-
TPAUHOIIBIN BOJ Qg ¥ TPYHTOBLIC BOABLI A0 JAHA KAHAJAa He NOJAHMH-
avred, B osTonm cayuae QUIALTPAnHA nd NPOTAACHHH ReeX onulTon Oy-
Acr Oodce HAH MCHCe CBOOOJANOH K NOTCPH  AOKHBL  OHPCACTATBCS,
rak npu csoboiioit guantpaiy. Cpasucune HOICUHTAHHBX MO (opMmy-
AaM pacxojlos apy ceoboaHo HALTpaukn Qyp ¢ naGaojcHHMMH (ONH-
T Ne 9..18) nokasuipaeT HX XOpouice coplajiciic (BeposiTHa# onrHo-
ka r=38,1%).

[lpupcacnnue MarcpHanst MOKaswBAOT, 4TO JLAH OUBLITOB [HepsBoe
YCAOBHE OIEeNKH Xapaktepa (HABTPaLHH, a HMCHNO CPABHCHHE BCAHYHH
Qe M Qx, nNOATRepAMMOCL, Bee ONEITH MOMHO MO 3TOMY NPH3HAKY paa-
ACAHTL HA JBE TPYMNH: NpoTcKalowHe (B YCTAHOBHBINIMICA TICPHOL)
yeaosusax cpobosnoit GUABTpauuH (Qy<Q4) H NPOTEKAOUIHC B YCl0-
sisx nopneproit duasTpanun (Qu<Qy). Ilpuuem duabTpaumonnsie no-
TepH tipn csofolHOl M noAnepTOH (HALTPAIHAX MOTYT OTAHHATHBCH D
ACCATKH 1t coTun paz. Taxkpm oOpazoMm, AJ8 NPakTHKH ReCchbMd BAKIO
YCTANOBHTL XapakTep (uabTpaliH.
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OrseTm, 410 0 STOTO PACCMATPHBAAN NPCACILHLIC (DHALTPaIH-
LG pacXoabt api TocTise g VETAHOBUBINCTOCH ABHAKCHNH., D onul-
TaX, NPOTERAOMMN # yeaoBusax cpoboanoft  duastpaunn  (Ne 9..18),
MOANCPTHI PeAKHM ¢ 00pasoBalMeM CIJIOWNOIO HOTOKA IPYHIOBHX BOA
ROOONIC He NHACTYHOMT, M MEMKAY 30HOH KanaJa o 30HOMN FPYHTOBRX BOJ
HaXonTes  00JACTL  KaUJAAPHO-IPYHTOBOIO JIRHIKENHS noanl. I3 oc-
TAALHBIX ONBITAX YCNOBHA HOANOPA BOIMOKIO OCYIUECTBATCH €O Bpe-
Menenm, Fleeacaosaune 10ro BONPOCa MOKA3BIBACT, HTO NPH HEKOTOPBIX
YEIOBHAX NoANOP MOMCT BOZNHKHYTL NPAKTHYCCKH MrHOBEHHO, TOrjia
hak 0pn JApyrx Veaonusx LINTeAbHOE BPEMH HDOHCXOJAHT coboinas
PHALTPALHN, H  TOJbKO NOCAC NMOABEMA  FPYNTOBLIX  BOA  BOZHHKACT
nojinop.

Beune npuseten cunocod  OHPCACICHHA NPAKTHYCCKH  MTHOBEHIIONO
HOABeMd YPOBHA TFPYHTOBLIX BOA NpH cBOOOANON (DHALTpaIMH H3 Kana-
Jda, HaMeHawmelics no sakony Q=A4B{-'{2 310 paer BOIMOKHOCTDL
HAHTH KPHTHMCCKYIO 1avOmuy crosaumus rpyntoswx Bog He' u oTpernth
I BOUPOC, BOSHHKHYT JH CPasy yCAoBHA [OAMOPa NPH (PHALTPAILHN
I3 Kanada HIH  LCKOTOPOC BPeMs  COXPaisaTes veaonHs caoGO0AHON
(pravTpanmn. Kputuueckylo rayouny cTosinust rPYHTOBLIX BOj Hy' npea-
JAOKCHO onpeacants no gopmyac (337):

—

B I 00

YRT o0

0
npu [es. opuyay (18)]
!?ﬁ'u,ﬁ} il.‘!hu"‘" WI}hr}fkl *

tae fg— rayOHna BoAb B Kanade; Mg — MAKCHMAJBLHAS BLCOTA Kanui-
JHIPHOTO NOANATHS, @) - NOJIAS BJIAT0eMKOCTh B J018X o0bheMma 11ou-
UL, ks -~ KOS(QQHIHENT KaMHJIASPHONE BOJONPONHIIAEMOCTH NPH  BJaK-
HOCTH @y; Rk — ko3 Ppuunent uabTpanuu rpynra; 8 — csoGoaunasn no-
PO3NOCTL, COOTBETCTBYIOULAK HAYANBHOMY NOJOKEHHIO VPOBHA IpPYyH-
ToREX RO, lep=1o+@hx — cpeiHass MOUIHOCTL IOTOKA IPYHTOBBIX
BOA ¢ YyueToM Kanmapipioili Kaimpl; Qp — pacxox Ha (DHALTPauMIo HI
Rataaa B YCAoBHSX yeranosupucics cpoGosnoit guasTpaudn na cam-
HILLY AJHNW KanaJda.

Ecan seamnuna Hy', onpeaenennas no ¢opmyae (337), okamercs
Melblie PAKTHYCCRON rayOHILL CTOSIHHSL TPYHTOBHIX Bojg Hy, To mruo-
Beunplit noanop mne posunkwer, Eeaw Ho>H,, 1o yeaosus nojgnopa
BOSHHKIYT CPa3dy JKC B 1avane JRMIKeHus,

PacyeTHl MOKaswIRAOT, uto B onwiTax Ne 1.7, 19..29, 32.35,
10..50 mhunciacHHbIe 3Hayenns Hy' okasaauc, Goaplie daxTHYCCKOI
Havaabinon rayOHHEK CTOAHHA IPYHTOBHIX Bod My, Toria Kak B oCTallb-
ntx onwerax (Ne 9..18, 30, 31, 36..39) wnavaabuasn riayOuua sajnera-
HHA YPORHA TPYHTOBBIX BOJ Opiia menbwie Kpuruucckoil. [pr rayGokom
3aJ€TaHNH HOBCPXHOCTH BOAOYUOPa B ONLITAX ¢ Havaapuoit rayGmnoi
3ajieranust rpyHTOBLIX BOA meHee 10 v (onbita Ne 1..7)  yeitonus
LOANOp2 BOHWKHYT NpakTHycckn mruonenno. B onmtax Ne 9..18 nox-
NCPTHIH PeHM BOOOUIC HC RACTYNMT,

Cac/onaTeabno, npy rayGokoM sageranni BoJOYNOpa MOKHO paa-
JHYHTL TPH I'PYMOOLL ONLITOB.

[epsas rpynna olLITOB, B KOTOPHX YCAOBHS NOANOPa HACTYNAIOT
Cpasy ze B Hauaje IKCNCpHMenTa u 3areMm coxpanswrced. K stoil rpyn-
ne otHocsTeA onmtel Ne 1.7, aan kotopuix Qe>0n n Ho<Hy, 10
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cert  (puantpanmonnnit pacxom npn csoboanofi  duanTpannn  Qp Goan-
e BOAMOBHOIO  MIKCHMAABHOIO JAPCiiAnoro oTToka g 0o (pantine-
CiReH [.‘-I}'ﬁHIIiI CTOHHHA [pYHTOBLIN Bl Hy Menbige  Ton Kpionieckoll
Layonum My, KoTopan rapanTHpyeT oICyICTBHC MPHuBEHHOIO N0ANOP
i HUYIC OHLET . j.L'IH TAKHX OHLITO MOMHO CHHTHATL, YWTLU € CaMuru
HatUAU IRCHCPHMONTA BOSHIKRAIOT  YoJAoBR nojanopad § Uﬁ“ﬂ'jﬂliﬂ]“.‘:ﬂ
CIVIOHIGIO  BOTORD TPy HTuBLIx  BOJL

Ko stopoii rpynne NpHUAJICAHT TOALKO onbT Ne 8. Mas wero
NOTH 1 (acTynalor upH JUHTCABNON GUALTPALINE YEIoOBHY Hodlopa, To
CCTh CODMDAACTCH ICPUBCHCTBO Q¢ >Qq, 10 B Hauaae ovunta nadao-
AACTCH CBOOUANAR PRALTPALNA, TAK KaK (PaKTHUCCKasT Havaibias ray-
OWHa Jaacrais rpydTopuX Boj My Ooabme Kpurnueckoll 1aybunnt Hy',
HPH RKOTOPOIl BOZHURACT MIHOBCIHILH Toanop, GAeA0BaTeIbllo, B Ol
e Ne 8 cuavada OvieT csoboanan ¢nanTpaltHa, a 3aTeM ona pepefiaet
8 MOANCPTYIO.

I Tperweit rpynie otmocsicsn onmTie Ne 9008, B osToit rpynne
00a VCAOBHH VRKAsseaior na csologuyio GRABTPALHIO B TOICHHC BCeA
OUBITOB, TO tCTb Qa <@, n Hoe>Hy' .

Has cepun onwros Ne 19,40 co cpeancin rayoHnon aateranus
BOAOYIOPA  MOMIO CRA3ATH, YTO XOTH [OPH YCTAHOBHBIICMCH PCKHMC
CMEICTCR  YCJAOBMSI NOANOPE, TAK Kak LA HEX cobJlojacres nepapen-
CTBO Q> Qa 1O JIOANCPTHIHM  PeAKHM  BO3NUKACT ¢ BO BCCN  ONBITax
cpasy &e nocae ux pauana. Tax, s onurax MNe 19..29, 32..35, 40 pe-
JKHM IIOANOPA BOZHHKACT lieMe/umenno, Tak Kak MHe<fly', Torjia Kak B
onpitax Ne 30..31 u Ne 36...39 mnckoropoe spems OyJICT CVIUCCTBOBATY
cBoGoAnan QUABTPaUNS, 410 BHO U3 nepasencrsa Ho> Iy, M3 sty
PE3YALTATOB HCHO, YTO [AaBULIC (DAKTOPH, BLILIBAOUIHC HEMCLIACHNLIH
NOAROP,— OJH3OCTH IPYHTUBLIX BOL W BEIHYHHG (PHALTPAIMOUIOIO Pac-
XO/Ma, nocTyiawulero M3 Kauada u Oacceitnn rpynToBnX ROL, NTO OTpa-
HKeHo n gopuyane (337).

Bo Bcex ofbITaXx © MOJAKMM  3sajgcramies pojgoynopa (Ne 11..955)
VCJIOBESA TOANOpPA BOIMHKEAOT Cpasy ke MocAae HAwala onpiTa W cOXpa-
HHIOTCA  Ha  BpoTamensit Beero  skenepumenta,  Ilis THX  onmTon
Qu>Qy u Ho<Hy'.

Ha pucyuxe 44 npejicTaBACHLL B KaqecThe npHMepa SKBHIIOTCHILHA-
AH M MOBEPXHOCTH IPYRTOBMX mo, nocipoennsie M. M. Kananuckny
1. Beaniikuy coraacno NoKazalnaM nLe3oMeTpos A JABYX XaparTep-
uplX onuiToB: Ne 8 M 17, )

Mp neycrawopumueyes pexnme B o0oHX onbTax padmoianach
cpoboanas Guanrpaiis (MYIKTHPHEE JUiIHY Ra pHeynre 44, cooTser-
CTBYIOUUIE NPOMCAKYTOUIBIM [LOJOKCIHAM YPoBus TPYHTOBKIX Bod). IpH
veTauoniBILeMcs pekuMe B oneiTe Ne 8 (QUALTpaWid HOCHIA NOLNCD-
THIl XapaKTep, TO ecTh YPOBCHL TPYHTORBIX BOJ COMKHYJCA € YpoBnuem
SOAB B Kamnajte H ofpasopaJjicss CIJONOH NOTOK TCPYHTORLIX BoL
B onnite Ne 17 nopepxnocTe TPYHTOBLIX BOL N0/ KallaJoM JAas cli-
HHOHADIOrO PLikiiMa PacioNoXKEHd 3HAUHTEAbHO NHIKC YPUHRHEA BOJLH B
xaHadae I ero aua. B sToM cavuac MeKAY KaHAIOM M TIOTOKOM TIpyil-
TOBBIX RO HMCCTCS 30HA € JIABJACHHEM, MCHBIIHM aTMOC(CPHOrO, TO
CCTh NPORCXOANT cBoloIHan (PHABTPALHS.

I8 npoBepkH 310r0 ABACHHA B 30H€ KAHAND 0L JOHOJHHTON,-
HO 3AJ0MEHH TPH BUPTHKAABHBIX MLE3OMETPA, Pe3yanTarul Hadaoie-
uiit no koropsiM B onmrTax Ne 13 1 17 nokasanst ua pHeysxkax 40 H
16. TlekoTopuie NbE3OMETpol, 3aJOKEHHHC HCHOCPLACTROHIO NOL Kana-
T0M, OKA3aJHCh CYXEMII, 4TQO CLie Pad AOKASHIBACT HAAHUHC dOlbl ¢
rapacines p<pa.
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Puc. 45, TTognem NOBEPXHOCTH IPYUTOBLIX BOJA B omuite Ne 13 xenpec-
CHOHHbBIE KpHBbIE [OCTPOCHB! 110 NMOKA3AHMAM HIGKHHX [BE30MCTPODR.
Beptirkaanusic onesoverput 1, 2, 3 nmokasuBsaloT HAJINUME 30HLI HENOJ-
HOFO HAacHILCNNST MCKAY KaHaJ oM H I'PVHTOBLIMI BOLAMIL C Aapje-
HHEM p<<pa AN YCTaHOBHBLIErocst AsmaKcuus. Bpema ot pavasaa onni-
TOB B MHHYTAX, pasMepul B canTHMeTpax,

J21
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. N noezomempal

Pue. 46. IMoaneM noBepXHOCTH IPYHTOBHX BoAd B oneite Ne 17,

IlnnaMuka ypoBss CPpyNTOBBIX BOL M PacxoioB HPOHIMOCTPHPOBA-
Ha Ha pucyuke 47

IlpoBepka TeOpPeTHYECKHX IABMCHMOCTCH NP HCYCTAHOBHBLICIHCH
noaneproi uasTpaumn, llpnvem, o Aad ONBITOB, NPOBOIUBLIHXCH I
VCJAOBHAX NOANOpa, ACHCTHHTEABLIIA CXeMa, HIoOpamenuas na  pucyi-
ke 3l,a. ITa cxcMa COOTHETCTBYCT OLCTPOMY R03pPacTaunio  Haluops
N CTBOPC KANAA, MAAMIIO APCHAMKA H OTCYTCTBIUO DHTANES HOTOKa 110
nyrn cro apmekenus, JQas sroro chaynan GuanTpanuHonnslii pacxof M3
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Puc. 47. V3MmeHCeHHS PACcXoA0B B MCPHOJA MOALEMA YDOBHS TPRYHTOBLIX
poa (@) um ero cmaja nocae OPCKpPalieHus ITHTAHHT (6) B onplTax
Ne | i 16, a TakkKe HIMCHCHHH € TCUCHHEM BpOMEHH NOKazaHHil A0H-
BIX MbE3OMETPOB H VPOBHA I'PVITOBBRIX BOJA B MepHO/L ero NoJLEMa (6)
u cnamga (2); {— BpeMsi OT HavajJa moAbeMa, MHH, fj — TO Xe, 0T Hi-
yaJda cnaja (NpeKpallcHHd MOAaud BOJLLI B Kanadi).



Nanada  onpeaeasierest  cordacno dopuavae  (208), a APCHA MBI 01-
VOR — cotdtacno  Qopuyac (269),

M3 tabamuer 24 o puceviga 382 a0 hosrpuenton g 1o, B
UM, UTO (PHALTPALHONNLI H  JIPCUAKHLIE PACXOIB MOCTHIAIOT CHUNA
IpeACAbIbIX dnavcuii ¢ Tounoctsio 10% npu ornocHTensiom  spemenn
Po=03 1 ¢ Tounocto 1'% npu Be=0,55,

Takum obpazoM, aas piaceMaTpuBaeMoil eXeMbl BpeMs NPOAOJKIL-
TEABLHOCTH  HECTALLHONAPIOTO  JUSHACIHIS  JAOJIKHO [PAKTHUCCKH  GHITh
paBubiM A (0,3...0,55) 1, re T -— ppemst crabuanzauud. Beluvensa ads
OINLTOB, HDUXOAHBIIX B YCJAORHAX noMueptToii (HALTpanHM, BpeMs
CTAOMIMBAUUH T M 3HAS NPOAOJANTCABIIOCTE HEVCTAHOBHBIIETOCH LN~
ACHHA (IO CPaBICHIID PACXO06 Ha QUILTPALMIO U3 KauaJga M ape-
Haz/Io0re CToKa), noayuaeM svaucuust fo=I{/T n cpapuuBacM HX ¢ TeO-
PCTHUCCKHMH 3padcunamu pPp=1>0,3...0,55.

AL GULITOB, NPOXOAMBIINX HA BCeM HX TIDOTSKCHUHH B YCIOBHAX
CBOOOLHON  (PHALTPAUNI, NMOMCM NPHOAHIKENNO NPHHATL CXEMY, H300pa-
ACHHYIO Ha pueynke 31,%, COOTBETCTBYIOWLYIO COCPCAOTOUCHIOMY IIH-
TAHHIO TOCTORIMIBLIM PACXOAOM B CTBOPE KaHala TPH HaNHuHH  jpe-
LA MIOTO CTOKA.

s rabamnumr 25 puany, 4TO HPOAOIKHTCABHOCTH HEYCTANOBHRBLIC-
rocs nepHoaa AJs 570N CXCMbl ONPCLCIACTCH OTHOCHTEIBIBIM RPEMO-
mesr fp=0,85...1,7 (no mancpam) u By=1..2 (no pacxomam).

Hast onsitos co cpobfoanoit duasrpauncit (Ne 9...18) Momno npu-
I5ITL  APYIYIO, paccuorpennyio suime (puc. 31,8) TeopeTHYCCKYIO cxe-
MY, COOTBETCTBYIOULYI) HEQHIABTPAIHORIOMY THTAHIHIO PPYHTOBLIX BOJL
HexoTopoe ociosagne aas 3Toro — wadmotenns, KoTOpLIC IHOKA3ail,
NTO PHALTPAUMOLIILG BOAL M3 Kaiaaa I0CTYIIAI0T B IPYHTOBLI NOTOK
npi cpobonol QUALTPANMH HA 3UAYHTCABLHOM INHPHHE II0TOKa, ropas-
A0 OOJbUIel, UCM IIHPHIZ KAHaMa, H DPaBHOH NpUMepno Y3 AJHHHE no-
ToKa. Kpowme Toro, s nocacaucii TPETH NM0TOKAa BOJAM3N MOCTYIACHHS
Lro o CTORN oI MONOTHACTCS BO0H M3 KanHIgpHOH Kalimel, TO eCTh
OTOK TPYHTOBLIX BO1 MOMOAHSCTCS HHDHILTPALUONNEIME BOAAMH HO-
e wa Sy ero ok Taxawm  oGpasom, csobosnan GHALTPALHA N3
Kallana B VCJIOBHAX ONblTA MO CYLLCCTBY 3aHHMACT HPOMEXKYTOUHOC M0-
AOZKCHNC  MCKAY  HHQHIALTPALUMOHILIM  1IOTOKOM H  COCPELOTOMCHHELM
Outanves. Jag unduabTpallHOHHOTO NOTOKA NPORONAHTEILHOCTD e~
YCTAHOBHBILCIOCH NCPHOAE ONPEAC/AAETCS B COOTBCTCTBHH € JaHHBIMM
TaOaHUE 22 B pHCYnKa 34 OTIOCHTCJbHBIM BpeMeneM PBo=0,95..1,9 (no
nanopam) 1t [=0,85..18 (no pacxozam). Cpasumpas npemst TOCTH-
KEHHS nanopaMit H pacxoiamyu 3suauennit, oausknx (90..99%) x npe-
AGJBHHIM  BEAHYHIEAN, COOTBOTCTBYIOUIHM  YCTANORNBIDCMYCS JIBHACHNIO,
BHIMM, UTO Kak 1J5 COCPCAOTOUEHIOrO, Takx M JNd HHOHALTPAUHONHOTO
THTAIHA  OTHOCHTCJBHOC BPeMst  YeTakonacHus fo=090..1,9. Iloacuu-
ThiBas Las onkiTon co csofoinoil duabTpanuell Bpemsa cTAGHIM3AIHH
Hoonpeiedasia GakThueckH pabmmojapuieecs B ONKTax Bpevsd, 3a KOTO-
Pot NOTOK TTPHXOAHI K YCTAHOBHBIUCMYCST PCUAKHMY, MOXKHO ONPCACAHTL
ONLITHLIE 3HAUEHUA [}, H CPABHMTL MX ¢ NPHBCACHHLIMH BHILIE.

Hag onwitos, B KOTOPHX BHAYaJe HPOXOAMAA CBOGOAHAS puasTpa-
UHS, a 3aTCM CO31aRaTHCh YOJOBRHA NOANOpa, TAKKe NMOACYHTANLL ONBIT-
Hble 3HauCHHA Po. B 3THX pacuerax cpeamss rayGuHa fiop onpejeds-
JaCh OCPEJLHCHHEM  Kak B MPOCTPANCTHC, T4K H BO BPCMCHH, TO eCTh
APH MM AI0CDH:;
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rae fly—}'pnm‘llh BOAN B KapManaXx K MOMCHTY YCTauosusmerocs
ABHzAenNs (OH HCCKOJABKO BblnE 3naucuis Ty noHay noreps B Gaukax,
KOTOPBLIE 34BHCAT OT PacxoloB); fix— VpoBehb IPYHTOBBIX RO BOJTHAN
kanana pa paccroguun x= =10 cmM oT ero ocH NPH YCTAHOBHBIICMCS
aBHACHIN: To— navannuulil vposeHb IPVHTOBLIX BOA.

Bee panpueHmne BLNHCACIHA CACIANB NPH OCPEAHEHION  MOUHO-
CTH TPYITOBOrG MOTOKA. PacctosnHe oT cpeinero NoJ0MeHHs YPOBH!
UPYHTOBLIX BORX flep SO NOBCPXHOCTH TPYHTA pacCunThiBajy 10 Qop-
myae y=T—hep, auas y/hy, rae hy=33 oM —ppICOTAa KANHJAAAPHOTO
noanarin. Onpefeaunn KoxppHUHCHT NpHBEICHHA KanWwAAPHON Kaii-
v . [Toanyio ocpeauciiyvio pacueriymo TAVOEHY TFPYHTOBHX BOj
onpeacasin Kak fiop —flep+oh. 3atem naman koadduupent aonod-
HUTeaLItoro conpotunicnid i, 3iag paccTosinHe OCpeiNneHioro VpoBnis
TPYHTOBBIX BOX OT HOBCPXNOCTH IPYHTAa 4, NO OTHomeuHio 4/h, pac-
CHHTAAH cBoloanyo nopoznocts 6. JInA onsiToB, NpOXOAMBIIHMX B VC-
JOBHSIX  110A0CpTON ’[J:-mlx;rpnum:, RPCMSA CTAOHAHIALHKE OIPCCTAIH 10
thopyvite ta=0LkAP npn L=148 cu, £=0,024 cm/c u uaiinennmiy
suavcnuax 8, A n B. as onwros, nporekarmux B ycaosuux csoloj-
noit guabTpann, koshduunenr B ne pBOAHACH.

PacemaTpusast  pesyvabTaTil  BBIMHCTCHHN, MOMKHO OTMCTHTL  C/1e-
Aviongee,

[Topaiok BHYHCACHHLIX DBCJHUHH BpeMend CTAGHAH3ALMH CPABIHM
¢ OMBITHHMH SHAYCHHAMH [NPOAOJKHTEILHOCTH HEYCTaHOBHBUICTOCH TeC-
PHDAA, XOTA AAH pasJHylblX ONBITOB OTHOWCHHe [T H3Mensmercs B
mnpoknx npeaenax (0,14..2,05),

Onmrw Ne L7 MORHO HCKMOUNTH H3 PACCMOTPCHHS BBHIY TOTO,
ATO BPCMA CTAOMAN3ATIMN A8 HHX OYEeHbL MaJo H TOUNOCTh 3THX naG-
MOACHHI ne MoXer Oumth Ooapmoil. B sTux onwiTax cyYHCCTRENNVIO
pPONL  WFpal JAPVIHEe OPHUHIGL, BLISLHBARIIHC UCYCTAHOBHBINHHACE pe-
AHM, HallpHMep KanHAagpuoc nacblllcie M YCTAHOBJEHHC YDOBHH BO-
Au B Kanade. B ocTaanumx ONBTax, NPOXOAHBMIHX B VCAOBHAX NOA-
neproit  pHABTPAINWH, CPEAHCC 3HAYMCHHC OTHOCHTEABLHOIO  BPEMCHH
fr=042 ¢ orkaonenuamu or 0,14 go 0,71. Jlna onuToB, HPOXOAHB-
HIHX Bee APCeMS B VCJAOBHAX ¢poBoanon QuasTpauun, cpeatec snavueiue
fa=0,71 ¢ otroneunsann o1 0,4 po 0,92

CpanuuBasi HOJAVHCHHBC CPEAHHC 3HAMEHHH NPOAOIAKHTCLHOCTH 1iC-
VCTAHORHEILCTOCH HEPHOIR ¢ TCOPCTHINECKHMH 3NaveHHHAMH 148 Noia-
neptoit  huavTpammn  (Bp=0.3..0,55) n aaa csoGoaroil (uasTpaunn
(F=0.9..1,9). suaum, uto onn AJg8 noaneproit QHALTPANMK coBMA-
ARMOT VAOBACTBOPHTEABIO, 2 0% cBOOOAHOH GHIALTpAUMH onuTnsle 3ia-
HCHHS MCHBIIE TCOPETHUECKHX,

Taxum oOpazoMm, TeopeTHuCCKHE pelends A HeYCTailOBHBIIENRCH
(PHALTPANNH VORAETROPHTCILHO NOATREDHAAIOTCA ONLITAMH,

ONPEAENEHMUE BIMSHMA DUNBTPALLMKM M3 KAHANOSB
HA PEXMM TPYHTOBLIX BOL NMPM OTCYTCTBHMM
NOA3EMHOINO OTTOKA

3aaaul B METOAMKA OMNbITOB N0  HCCJACI0BANNIO chopymporanus
thlt.ﬂthﬂElllH H3 KauaJon Np OTCYTCTRHE NMOAZCMIIOrO OTTOKA OblJil
AHAJOUHYINE OMHCANNULIM ouie, Do genoanzonan totr e goror. Onw-
Tl IAKMMIANMHCH 0 TOM, 4yTo e pasTHanx FIAPOTeOJOIINCCKEX  Ve-
AOBHAX NOAUABATACH BOIA B KAUAT W pADIOAATOCH BO BPUMCI W3 M-
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Puc. 48. Cxema guabTpaAlMH N3 Kauaja npu OTcyT-
CTBHH OTTOKA, NpHHATan B JalopaTopHLIX ONbITaXx,

HeHHe YPOBHH TPYHTOBHIX BOX B CTOPONC OT KaHaaa W yMelbluclHe
(hHALTpauHONNOrO pacxoAa. 3amepH HANOPOB H PACXOAOR [O3BOJIN/IH
i gaabieilmieM INPOBEPHTh HEKOTOpHe KomanuecTsenusie cpsasd, Cxema
ONBITOR MpejcTangcna Ha pHcynke 48, npuueM Aor — MOABEM YpoBI
POAB B OTCCKE B KOHUC ONLITZ, a OCTaabHLe o0O3HaAYeHHd JAaNhl BHINC.

CooTseTcTRHEe NPHHATON XAPAKTEPHCTHKH (QHABTPAUMH M3 KaHAJOB
pesyiaLTaTaM OnumTOB. Pe3dyanrartsl ONbTOB npuBeaenst B Tabanune 29,

Ocxoerast Tpynna onsToB Oblla NpOBEAEHA MNMPH caoe rpyHTa
T=37 cm u orMeTke Mia xananaa 285 cm (9 onmTOB), OAHH ONBLT NPO-
negen npu T=70 cM u orMeTke jAHa Kawajga 64,4 cM M ueTnipe Onb-
Ta — npu T=37 cm n rayGrie mopepxHOCTH Bojgoynopa 85 cm or ina
kanaaa. Takum oGpasowm, (MAH HCNMHTanLl JBa BapHaHTa <108 TPYHTa
W TpH BapHanTa pacnoaoxenns ana xanansa. Havaasnaga rayGuna rpym-
TOBHIX BOJ B pauajabiuil nepioj uaMmensdacs ot 65,9 cm npu ravGokowm
PACHONOKENNH NoBepxiocTH sodoynopa ao 1,2 cMm npH cpejneMm 3anc-
ranMi BOJOVIOpPA, CUNTa® OT YPOBHSA BOAL B kaHade, Onwirht 3akan-
quBagHeh npn poctimennn Ho—h=a~<02.2 cM, To ecThb NpH NOABEME
FPYHTOBBIX BOA B OTCCKaXx Ha S3HAYATCALHYIO BeamunHy. B TabGanue
nokasansl Takxe wHanfoapine (HayaabHbie) ©  HaHMeHbluHe (Kouew-
ele)  pacxoabl. TIpoAo/KHTEABIIOCTL KAM0r0 onbiTa Kodcehanach n
npeaeaax or 3 ao 30 u Temnepatypuble veaoeHs Ouap GoJee HAH
meHee nocrosnms (7,2°C<i<9,8°C).

DKCNEPHMENUTEL J4I0T BO3IMOIKHOCTE OXAPAKTCPH30BAThH BCC TPH CTa-
aue duasTpaumr (Tadn. 29). C 9TON TOYKH 3IPCHHA ONBITH  MOXKIIO
CrpYNnupoBaTh CACAYIOUIHM 00pa3oM.

Ouwt Ne |, Tayiokoe nauaasnoe nojomenne rpyHtTonmx noia. Ha-
qaALHAR BAAMHOCTL & 00JacTH Kauama meneiic 5%. Kanan pacnono-
ACH BHNe 30HK RKRANLTAPHOTO MOJIHATHHA. BEPGHTHH BCC TPH CTaauH
(PUALTPALLHH,

Ouwviter Ne 9, 10 Cpeance mavajJbHoOe TOJOKEHHC TI'PYHTOBBIX BOA.
Mliro Kanaaa pacnoJomeno B HauaJae ofkTa B 30HC KanWIARPHOrO
vedaxncnus, Havaawnaa sraxuocts B obGnactH Kawana w@w=15..25%.
BeposiTin sropast M TpeThfl CTAAHH (PHALTPALHH.

Onwirir Ne 2, 3, .5, 11, 12, n onuitel Ne 6, 7, 8, 13 u 14 (B McHb-
meit crenemi), Beicokoe wavaabHOe nonoKenwe rpyntornx not. Hiuo
pavala pacmoIoMeHo B ojjavadie onnTa necbma OMIEKO K YPORIID Fpyil-
TOBLIY  BOA.  DBaa:mupoers B Hauaae ofura B o0MACTH  Kanadd
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@ —32.34% (upr noaoil saaroevkoctn @, -35%). Bepostno nanm-

e TOALKO TPOTHER cTajami (PUALTPAIHHT — CTaand ClIomnoro HoToKd.

Takua oGpazoM, €JCAYeT OKI1aTh KAYECTBCHHOTO OTAH4EA B
(UALTPAUMK B PAa3THIMBIX TPYNNAX ONLITOR.

Buisicnny o Matepragam 11abmolenuif, ¢ KaKoro MOMEHTa BpeMe-
HH B JIBHIKCHHH HaulaeT YUacTBOBAThH BECh MOTOK TPYNTOBLIX RO
Buline GLJI0 NPCAJOKCHO, UTO 3TOT MOMEIT COOTBCTCTBYET BpEMCHN
CMMKANNS  onyckaomsxess QUALTPAUNONNBIX BOX € Xanuiaspnoft naa-
ot rpynNTOBHX BOAL Heolixoanvo nponepiTh cyuleeTBoBanHe Kanmima-
astprioro c6poca. Jlas stoil nean cocrapuy tabauuy noxazauuit nepeo-
ro 3aMepa JIaRJENHS 10 AOHHKM TLOSOMCTPAM, NaXolsmuscd na pas-
AMYHOM PACCTOSHUMIT ¥ OoT ocn Kanaaa (tada. 30). Mannue raGauns 30
MOANOARIOT CALTaTh CACAVIOWHC BhINOL,

Onwr N 1, nposoaupmuiics npu  rayGokoM  nauadnioM  vposue
rpynTonsix noa (64,4 oM or Ana Kanaga), pesko oTAHMAeTes 0T Apy-
FHX MO BPEMCHH Hauara noanesma rpyutonuy not. Jas omumra Ne |
HEHTPaJABBe H KPailiHe [Le3OMCTPL  NOKA3WBAIOT [HOBLINCHHC  aau-
deuns uepes 6..12 mun mocae mauada onweta. Cyig no nbexoMerpam
Ne 19, 11, wanGosee BepOATHOEC BPCMA, COOTRCTCTHYIOMICE HAMANYV Yne-
AHYCHHA  AABJEHHSI Ha  JHe  TOToka noa  Kamagos, (=9 mun
(Aan nnesomerpon Ne 28 # h wamcpenua npu =9 MHH HC NPOH3NO-
IHJHCE) .

Jasn ocTaAsHBIX ONWTOB, B KOTOPHIX KaHAA HAXOAMACH B 30HE Ka-
NHAAAPHOrO HACHIIICHHA, HE3AaBHCHMO OT navadsiofi ravomisl cTosius
[PYHTOBHX BOA  JIawleHHC fepefaetTcd NPaKTHUECKH  HOMCLICHHO
({<1 muu), W Tak e CKOPO MIPHXOAHT B ABHMKEHHE RBCCh TPYHTOBRDIH
notok. Ecanw nprbanEenno NOACYHTATH Bpems, neobxommvoce a4 ony-
CKAHHA  (HILTPAUMONNOTO NOTOKA OT Jia Kapata 1o Kanuiispion
sounl aas onwita Ne 1, To noayuum:

; ﬂ 1315.31.4 (10 .
- : - ”‘{_}24 = == MHIH.

3aceh cBOGOANAA NOPO3NOCTL  (BBHINE 200K KAMUAJASPHON  BJaarn)
§=w—wy,=0,350-0,035=0315. Paccrosinie oT na KaHajra 10 Ka-
IHAASPHOI  BONBL, N0 HE 0 YPOBHSL TPYHTORMX  BOX, TIPHHATO
[=Hy—hy—hye=64,4—33,0=31.4 cm.

Dto Bpems  npHOAHANTEABHO  COOTBETCTBYET  1nal/loAenHoMy
(9 apir). OAHAKO NPHBCACHHLIET PacyeT CULE HC ARJACTCS JIDKa3aTelhb-
CTBOM TOTO, YTO TPYHTOBBIC BOAB TPHXOJAT B JABHAKENHe cpasy nocJjc
HAPYUICHHS PARNORCCHH KanwiisipHoil 3onil. Takoe SKCMepHMCHTAIBIOR
0K23aTCALCTRO — Cpanucuue peavastaton onmros Ne | w 10, B onmte
Ne 10 moToK rpyHTOBLIY BOA 00O Beefl cnocil JLAHIC NpHINEST B JnHKe-
e Mensime vweM 3a | MpH, TO eCTh NPaKTHYECKH MTHORCHIO, Kak
Toapko B Kamaia Gerna noaaua soaa. o zuo kamana B sTom onmTe
naxoaniaocs n 28,5 cu or vponus rpyvntosux soa, TO ecTh B 30IC
kanuanapuoit Kafimul Otciona cJacaver npeinonoikenue, uTo rpyHToOBLIC
ROZALI FIPHXOASIT B ABHAKCHHE, KAK TOJALKO OVAET napymeiio pasioRecHe
HY KAMHAASPHON 300, JTO nMoJ0KCeHHEe PACCMOTPCHO foapobice, Tax
Kak OHO HMeeT GONBINOP MPAKTHHCCKOC 3INavicHHe.

Ckazamoe 03navacr, wTo npH BLICOKHX TPYHTORLIN BOAAX Johasd
nofaua ROAW (1 Kanai, #a NORePXHOCThH NOJgAs W T. 1) B 201¢ KA
AAPHOCO TOIHATHA PHIOIHT B ABMKCenHe Oaccedil rpynToBuix 301 TO
COTh NPOHEXOANT NOALEM yposus rpyntonux sol Taxkus odpasos, an-
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AelHe Kanuaasproro cbpoca MOMKHO CUHTATL IKCNEPHMCHTAJZBLHO MOJ-
TBEPAICIHHKM AA8 VCJIOBHI IJIOCKOro ABHIKCHUA IPYHTOBBIX BOJ.

Bamumit suisog m3 Aannux Tadanus 30 — noarsepxaenue gasra
OUCTPoil Nepejant AaBJIcHHs B10ab N0TORa TpyNTOsLX noi. JleicTpu-
TCABLIO, LE3OMCTPLl NOKA3BLIBAIOT POCT JLABJCHHSA HOYTH OAHOBPCMEHHO
no Beeil AJHHE HOTOKA; NPaBAad, HEHTPAJbHBIE NbE3OMCTPL NOKa3uBaloT
GoALIMIKIT pocT AaBjiciHA, a KpaiiHHe — MCHBUIHH, HO BaXHo TO, TO
NPARTHYCCKH MIIOBCINO NPHXOAUT B ABMAKEHHE Bech OuacceilH rpynro-
BLIX BOJ.

Chaeayiowee npeanofoxenne, KOTOPoe Hajl0 SKCNePHMCHTAJbHO npo-
BCPHTb,— Ha/jHuyHe 30HH HEIOJIOr0 HACLILECHHA C AaBACHHEM, Melib-
UM atMocepHoro, MeXKAY AHOM Kallada H YPOBHEM IPYNTOBHIX BOA
jas mepsoft W BTOpoit cTajiun ¢uabTpauud. s mLTIOCTpalHK sTOro
HOJOACHHS! MPHBEAEM NOKasalHsl NbCIoMeTpPOoL.

[Tpr paccMoOTpennn AanublX HYKIO YYHTHBATL ocobennocTR pabo-
TLl BOASHBIX 1IBE3OMCTPOB.

B nposejen paj BCMOMOTATENbIBIX HCHBITAUHE A5 OHpeAenenns
BAKYYMa, BHACPKHBAEMOTO BOAAHEM NbesoMerpoM. Okasajoch, 4TO
pH OLICTPOM ONYCKAHHH MMOBEPXHOCTH TI'PYHTOBHIX BOL LLC3OMETp Bbi-
Aep:xuBact sakyyMm a0 20 cM, a npn BechMa Meaqennom — xo 10 cm.
ITO ECTCCTBEHHO, TAK Kak NpH OBICTPOM ONVCKAHHH BAAMHOCTB TIPYH-
Ta GOJbMIC, YCM HPH MCLICHHOM TOHHKENHH,

[Hanop, ssipaxcuusit 8 CauTHMETpPAX, HeOOXOAHMBIA A NpoTaj-
KHBAHHA NY3bPbKA BO3AYXa ‘Iepe3 OTBepcTHe paanycoMm R, MOMKHO
noacunTath no dopmyae h=2a/ygR. Tlpn «=0,075 Hfcw, g=981 cm/c?,
v=1 rfem® n h=10 cM BEMeeM:

T e 2:75

1-R-981°

R=~0,015 ¢m=0,15 MM H COOTBETCTBYIOIHIT AMAMCTP OTBCPCTHA, uepes
roTOpOC npounkact Bosayx, d=~0,3 mm,

Beamunng d=0,3 MM HMeeT TOT Ke NOPAJOK, 4TO H OTBEPCTHE
ceTKH. Kpome Toro, M3 rpanyJ/lOMETPHYECKOT0 COCTABA MCCKa BHLHO, HTO
dpakmnsa 0,5<d<0,25 mm cocrasaser okodo 50% wacthu, Ecam npu-
HATH TPH LCNPABHALIIOM H JOCTATOMHO PBIXJIOM CAOKENHH YacTHIL JUHa-
MeTp HaHGOABLICrO OTBEPCTHS 10 IJIOWAAH NPHMBIKAHHA CETKH DaBiLiM
NOJOBHAE JAHAMETpPa 4acTHU, TO CHOBA UpHAEM K BCJIH4YHHE d ~ 0,25 mM.

Taxkum ofpasoMm, npx orpunarcapiom nanope Ao 1) cm pBakyym
MOAHO HAJIeKHO HIMEpPATh BOAANLIMH nbesoMeTpamu. llpu oTpunatedns-
oM xanope 10...20 cM mokasauHs nbe3OMCTPOB Melee Ha/CHHBL, a 1pH
OTPHILATEAbHLIX Hanopax Oosbme 20 cm unesephu. ITocmorpuM, Kax
pacnpejeasioTca AasJeHHsi OT TMOBEPXHOCTH BOJOYNOpa A0 AHA KaHala
10 NEeNTPaJbLHIOMY CTBOPY MbE3OMETPOB B TCUCHHE HEKOTOPLIX ONLITOB,

[To onblTHBIM AAaHHBIM nocTpoed pucynox 49, na KOTopoM noKasa-
O paclipedeieniHe HANopos Mo BHCOTE B TCYCHHC Kaxaoro onwiTa.
E nayajabiislii mepHoj ONBITOB BCEerAa MEXKAY JHOM KaHala H YPOBHCM
FPYHTOBLIX BOA HMMCCTCH 30HA JlaBJenHs MeHbllie armocdepuoro, Ko-
TOpas COXpPanAeTcss B TeYeHHe HEKOTOPOro BPCMCHK H JHKBHAHDYCTCH
TOABKO TIPH CONPSMCHHH CHJIOWHOrO NOTOKA IPYHTOBLIX BOA € [10TO-
koM B o0JjacTH Kananaa. 30Ha OTPHUATEALHOrO JlaBjeils JHKBHANPYCT-
csi B pasnoc BpeMs AJH PasHbIX ONMBITOB H 3aBHCHT OT CKOPOCTH MOAL-
eMa ypopns rpyutosbiX Bod. TakeM o0pa3zoM, SKCHCPHMENTANLIO NOA-
TLCPACLIACTCH, YTO LPH HEeYCTAHOBHBINEHCS (HALTPALHH H3 Kanaia 1o-
cjle oKonManHA MepHOAA CMAUHBAHHS, TO ecTh MNOChe TOr0, Kak OIy-
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cKalonutites  (PHALTPARHONILIT TOTOK JOMICT A0 KaNWLPHON  KafiMbl
FPYHTORBIX BOA, AOBOJBHO NPOAOIIKHTEABLIOC BPCMHA CYUECTBYCT Me-
Ay 00JacThI0 KaHana W YPOBHEM IPYHTOBBIX BOL 30Ha OTPHUATCAb-
AOFO TABJCHHS € HENOJAHHM HACBIULCHHCM rpYNTa BOLOMN,

GuanTpamKs B 3TOM CJAyuae H3-3a HATHUHS 30HL OTPHUATEALHOrO
AABJACHMA W HeNOJHOro HACLIUCHHA TPYHTa BOJAOH OYVIeT OTAHMATLCHA
OT OOMUHOrO ABHAKCHHA IPYHTOBLIX BOJL NpH noanoM Hacsimenun. Ilo-
sroMy  npn QHALTPALHH M3 Kanada BboljaeaenHe CTaand KanwuiapHo-
FPYHTOBOIO NOTOKA OHpaBiaio.

OGparumest Tenepb K pHCVEKY 50, pa KOTOpPOM BHAHO H3IMCHCHHE
GUARTPAUMONHBLIX  PACXOA0B  # MOKA3AHHA  XapakTepHHX 11LE30MCTPOB
A8 AnyX onbiron, ONBTURIC TORKH gailopon JCrad [a nAanHne KpH-
iple, TOPa Kak TOUKH pacyolos  pasOpuocainbl.

B onwtax Ne 1 (puc.b0,a), Ne 2 (puc.50,6) u Ne 10 (puc. 50, 8)
BHAMM pe3koc pasauuse 8 Xoace ¢uasrpamsn. das raybokux rpysTto-
pulXx Bog (onett Ne 1) xapaktepwo OoJee njaasioc YMCHLIUCHHC pac-
NOAOL, TOIAA Kak A4 OJH3KHX TpPynTonunx soj (onwt Ne 2) — Gouce
peskoe. [lpn GAM3KHX TPYHTOBBIX BOJAAX 3HAUHTEABHO pe3ve BO3IpACTa-
0T HaNoOpu B HAMAJABHBIH NEPHOL.

JKcnepuMenTadLHan npPoBePKa HEKOTOPLIX TEOPETHHECKHX 3ABHCH-

mocteil, B momasasiomem Goaumusucrse onsiros (N 2..14) wabmonaa-
b 1 e
a4 21 v
' .?b‘; :
f 2 4 B0 &0 100 120 YA 160 10 M
l'? T |__ T ] T T #_
. =]
£ i
th ] .1
&2
j W0 J20 40 BYG Lemmw 2 .3
g P ) i " L
! q_ﬂﬁ!ff
e g
AT
VL T
Lol g
Puc. 50, Haumcuenust (puanTpaninom-

goro pacxola Qp ¥ muanopor i B

onuTe Ne | npu rayboxnx rpysro-

pux ponax (@), B onetre N 2 npw

GauaknX  rpyHTOBBIX Bogax (6) n

p onpre Ne 10 npu cpeaHunx rpyH-
TOBIMX BOAAX:

| — nsesomerp N 3 2 — nuesomerp

A 150 1 — neesomerp Ne 28, Koopanaa-
Tl nsesometpon: MNe 3 x=I138 M.

W Wl L MU

7= ex: Mo 15 x=156 oM, z=~19 cm,
N 25 x=10 e, Z2=—=09 cm, rac x—
'|,'I:'.‘l‘.‘:ET1IIHIIIIE OT OCH KaHaJa. 2 — OTMCTHKA
OTHOCHTENLIO  NMOBEPXHOCTH  NOAOYNOPA.
Moraganist NBEIOMETPeR  XapiakTepH3y-
0T NOALEM FPYHTOBLX BOJY NojJ KaHa-
nom (Ne 28). B cperrell uacTH NOTOKS
(N2 15) it B cro Kouue (Ne 3).
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JICh BTOpas W TPeThbA craauu (uabTpannn u3 Kanana. C oamoil crTo-
pOnbl, MOMHO TIPHHEATb, HTO JUJI8 BTOPOI CTAa/JHH (PHALTPAIHH JelcTnn-
TEIbHBl Te JKe KOIHYECTBeHHBIC CBA3H, YTO H JJIH TpeTheil CTaiui,
TO CCTL C €aMOro Hauada KaXKAOro onniTa MOXKHO NOAL30BATHCH pac-
CMOTPCHHLIMH  BbllIe 3aBHCHMOCTAMH IS HEVCTAHOBHBLUCTOCH ARMKC-
liHSl TPYHTOBBIX BOJ NMPH OTCYTCTBHH MOJA3EMHONO OTTOKa H KOHeuHOi]
Ajuiie notoka. C ApYroil cTOpPOHLI, PEXHM YPOBHH TPYHTORLIX BOA 1101
AHOM KaHaJa CYILUECTBEHHO 3aBHCHT OT H3MCHEHHS NOCTYNAIOMCTT W3
Karata (HABTPALHOHHOrO pacxoaa. OnwiTer (eMm. pHe. 49) nokasaan,
4TO B HavaJae Kaxioro 13 HHX MEKIV TOTOKOM IPYHTOBHIX BOL M
AHOM  Kanana CYIICCTBOBa/Ia 30HA OTPHUATENRHOTO jawdenust. Takuwm
06pa3oM, JoUyulenne O MIHOBEHHOM BO3PACTAlWH HATIOPA B CCUCHIN
Kamara oOT BeNHuMnsl Ty (mauansHas riayOGuHa TPYHTOBLIN BO1) 10
pefirnel fo+-To (ypoBenb BoOALL B Kauade) wHe COOTRETCTBYCT Lcii-
CTBHTeNBIOCTH. Ofuako npHHHMAaeM Takoc JONYILeHHe, Tak Kak ycTa-
HOBHBIIHHACS PCIHKHM IVIOCKOTO KaNHISPHO-TPYKTOBOrO NMOTOKA NOKA e
MOXKET OBITh OMHCAl JMOCTATOYIIO TOYHO.

B xauecTBe pacueTwoll npHmHMacM cxemy, COOTBETCTRVIOUIYIO MTIIO-
BEHHOMY BO3pacTaHHiD Hanopa B CCUCHHH KaHala oT auaucuns 1o 10
peanunusl Ho+To, llpunesesm ocnosnue 3asHCHMOCTH Jdst 1aHnol cxe-
MBI, YDOBelbL PPYHTOBBIX BOJL B KOHUC MOTOKA B COOTBETCTRHH ¢ (hop-
wynoit (204) paeen hi=Ho(1—¢), rac h:— npespiuexne yYpoBus
FPYHTOBLIX BOA B CEHCHHH X=L B Moument speMcun { 0T Havana duIs-
TPAUHH HaAL dakaiaensim; [ly — npenmiimenne vpoBis BOAB B KaHAJC
Hajl CYICCTBVIOIMHM YPOBHGM rIpyutonnx Bot npH (=0; 3uavenue
(1=q) Gepercst m3 Tabumst 21 1O OTHOCHTEABIOMY BpeMern Po.

Pacxox ma ¢rantpanmio  onpereasetes no  opmvie  (208):
Qi=Qu, rne Q:— pacxoa na OHALTPATIHIO B MOMENT BpPCMCHH { TO-
cjae Havama onbita; Qo — pacxon NpH  yoTauosuBIieitcs (puabTpalun
Last HAvaJbHOTO MOJOMKCHHM IPVHTOBLIX BOJ, TO €CTh TIPH YPOBHSAX
Hy+To n cevenwnn x=0 n Ty 8 ceucunn x=L. Kosdpduuwrent | Geper-
CA H3 TA0MHNB 2] NpH H3BCCTHOM OTHOCHTEIBIOM Bpemenn P,

Dopuyanr  (204) w (208) BuBeacHH M3 VCIOBHA  MTHOBCHHOLO
nonLeMa YpOBHS TPYHTOBRIX BOA B ceyendd x=10, cuHTast 3T0 Ccoeye-
HHC BCPTHEAJBHBIM, TOrJla Kak TNpH (PUALTPAUHH H3 KAHAJOB TOTOK
NOCTYNACT 110 HEPHMCTPY KamnaJga, pacuupscTes H U3 BCPTHKAJBIONO
CTanoBuTCd [OYTH TOPH3OHTAJIBHBIM. ITO OGCTONTENLCTBO OBIIO yuTeno
AT VCJOBHIE YCTAUOBHBIIETOCH perxuMa  BRejdcnies Kosbdummenra P
B (opumyay pacxoita Qo=2HLAR/L, rae B onpeseaseres no dopmyse
(61) B sasucumoct ot Bfficp, afficy, fiep/L. 31ech a — cpepnsns ray-
Ouia BOAM, flep —Cpednsnss MOUHOCTh TPYHTOBOTO HOTOKA € YHCTOM
BOJONPOBOAHMOCTH KaNHMAPHOI Kalinbl, fAep=hep+ ahy.

Takmy  ofpasoy, nps ompencscsud pacxoaa  GHALTPALHE 14
meyeTanopHsIierocs pexkHva no gopmyae (208) vkazanunie gononnu-
TEJhITRIC MOTCPH B HavaJle H B KOHLC [OTOKA YUHTHEBAIOTCS B PAcXoic
veranorurueroest pexnma Q.

JonoawnTeasinic TOTCPI na paculipeite, TOROPOT H CYIKCHHC NO-
TOR#  3aMeTaqa10T JIBHKenne, 1103ToOMY MpH l'IHf.ﬂthEIU,TII[ H3 KaHaJos
Bpevd cTadunuzanmn pasno vp==~3L%kT . pp.

Tak xax paccromime 0T CpPEANErO HOMOMKCHHH VPOBIIA T'PYHTOBHIX
BOM 1O TOREPXHOCTH 3eMJH I/ B VCJOBHAX ONLITOB MeHSIETCS W CTano-
HHTCH MCHBIIC MAKCHMANLIGH BLICOTH KAMEANAPIHOrO MOLSTHS fly, TO
caoboanas noposnocts § zasuenr ot glh,.

Pacuernas cxema, 1ias kotopofi nnenenst dopvyan (204) u (208),
PCANOJAATIAIL CIVIOWHOH NOTOK IPYHTOBRIX BOA AJMiH0i L, Torma Kak
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D OULITAX MMCAHChL KapMaHBl ¢ BOJOi, Kawkabi amuuoit 37 om. Yerpoii-
CTBO KapMmanos OblJO0 BHI3BAHO HCOOXOAHMOCTBIO H3VUCHHS JPYTHX
CXEM HCYCTANOBHBIICTOCH pPeXHMA M, B UACTHOCTH, HAJIHUHEM OTTOKA
FPVITOBLIX BOJ H HX [OTOKa HOA KAuaJoM.

Ouwennairo, 4To HaANMUNe KAPMAHOB H3MEHAET COXCMY  ABHIKElHS,
Tak Kak npHuathe (Oh/0x)y—1=0 yiKe HETOYHO BBHAY TOCTYILICHHS
pacxofla BOAB B KapMmaH, YuTeM UpHOMMKEHHO HAJHMHC KapManos
BEEIeHHeM CcpejHell NMPHBEASHHON INHBI NMOTOKA, PAaBHOM

[,= £+(!J— x l = [, o Han L,=148 31 340
I TR TR T L Ty ©80)

rie L=148 cm; a=37 cm; 0 — ceoGoanas nopoanocts. TIpn olcnxe
npuuaToro ponyuienua (340) vutedHo, uro Kapmanbel, Kak Obl VJHHSS
HOTOK, R YBCJIHUHBAIOT CONpoOTHRIEHHH na nepejBHKcHHe (HILTpa-
HHOHHBIX BOJ.

Cpeanion MoU{HoCTh NOTOKA TPYHTOBLIX BOJ, NPHHHEMACM € VHCTOM
MPHBCACHION BLICOTH Kanuaiaapuof KafMbl, TO ecTb fAep=fcp-+ahy.

CpabHeHHe TCOPCTHUYCCKHX M ONBITHHBIX AaHHLIX NMO3BOASIET ClENaTh
CACJIVIOUIHE BHIBOJLLL.

Heemorpst ma clomuble VCJAOBHS Heycranosusmeics QHIALTpaln,
P HAJHUHA HCMOJHOH KamHMISIPHOH 3011kl ONBITHBIE JAHHLIE B OCIHOB-
TOM MOATREPAITH TIPABHILHOCTL TEOPeTHUCCKHX (opmym.

BeposiTHbie OMHOKH CpeInix TeOPETHUCCKHX 3HAUCHUH A8 ypoB-
neit r=23,6%, ans pacxopor r=329%, wro AM8 HeVCTANOBHBIIETOCH
PCKHMa MOMKHO MPH3HATE VIOBJIECTBOPHTE/BIBIM,

OT/eIbHEIC ONLITH 40T 3HAYHTECALHBEIC OTKJAOHEHHS yposHeil (onot-
el Ne [3 u I4) u pacxogon (onwitet Ne 5..10 gas (=100 mun). Onna-
KO il ONLITOB JaeT YAOBJACTBOPHTCALIOE COBNALCHIC TEOPHH H Ha-
OAOACHHA Kak Aasi pacxomos, Tak H ads yposuein (onsrrer Ne 11,
12, .3 #54).

Teoperuueckue 3mavenus vposiueir uu—7To, B obileMm, MeublIe Ha-
OIOACHIHX, TO €CTh NOABEM TPYHTOBBIX BOJA (AKTHUECKH MPOUCXOANT
OBICTPEE, 4eM MO TEOPeTHUEeCKHM pacueTam.

Teopetnueckue pacxoiasl r obdmeM Goapute nabmojennsix. IMpruewm
lajfieHHe pacxola BO BPEMEHH [IOCHT B OMBITAX HCCKOJBLKO HHON Xapak-
Tep, uem B TeopuH. B onwmitax pacxoas J10BodbHO GHICTPO MAAAN0T IO
BOJMYHHEL, NMpHMepHO pasunofi Q. a 3aTeM VMEHbLINAIOTCA BECLMA Mejl-
acuuo. [Io TcopeTnmyeckHM pelicHHAM pacxoid ymensmiaercs Goaee pas-
1TOMEPITO.

OOBACHEHNA PAaCXOKACHHN TEOPETHYCCKHX H  ONBITHBIX 31HaUCIHKil
CNeAYeT HCKaTh B CJEAVIONMHX 0O0CTOATCALCTRAX: HANHYME KapManos
3HAYHTENBHO OTPAXKAETCS HA PCKHME MOTOKA M BBEACHHC cpeasell pac-
TeTHON ANHHBL ABJAETCH VCAOBHBIM, HAJHUHE 300Bl OTPHLATCALHOIO
NABJICHHA TIOA AHOM KaHana (BTopas CTaaHd) BHOCHT 3NAYHTCALHLIC
HIMCHCHHS B NOTOK; KaNWIASAPHOC HACKIIICHHC NPH GBICTPOM NMOILEME
PPVHTOBLIX BOJA MOIVIO OTCTABATL OT MOAKEMAa TPYHTOBHIX BOX, TO CCTh
Ha MOBCPXHOCTH PPYHTOBBIX BOA MOMMO GhITh HE OCYVIICCTRICHD paBei-
CTBO P=fa; HIMCHCHWS CBOGOAIOH MOPOIHOCTH W KANWAIAPION BO-
JAONPOHHILACMOCTH  HEJOCTATOYHO BHISICHCHLI KAK TEOPETHUECKH, TAK W
SKCIepIMenTalso.,

JKCNEPUMEHTANLHAS TMPOBEPKA TEOPETHYECKHUX CBA3ECH JLIH HeveTa-
nopupiieiica  (noanepToi) (UALTPAIMH NPH HAAHYMM BOLOCMOB. Bac-
MOMLIOBARINHCL  NIPHBCACHHBIMI BEINIC 3aRACHMacTaMy  (325)...0327) w
pueyikami 38.41, onpeaeans TEOpeTHUCCKHe (BHALTPALHONIEE DaCKO-
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ABL B YPOBHH BOALI 1B KapManax JOTKa W cpasnuMm HX ¢ nabmogenisimy
b oneitax (rada, 31).

B ocuonnoM TeopeTiHHCCKHC 3aBHCHMUCLIE HPABHALUO  OTpadalor
AHHAMHKY 1nipoiecca, o TOHHOCTL pacucTa MMOJATCALIHO HMCTL DO.L-
nen, Caeayer OTMeTHTb, 4TO, HECMOTPS Hd  COBCPLICHIIY  PASIMHYNBLC
ROAXO/BI B TCOPETHUECKHX pellenusx, Aasi 0c30TTOuHON cXeMmbl (nyTem
BREACHHS YCJOBHOH NPHBCIAEHHOH AJMHULI notoxa Lp=L-4af20) u pias
CXEMbl ¢ HAJHUHCM BOADEMOB pE3YJbTAaThl pacyeToB AAI0T BCJAHYHIIL
OAHOTG nopsjka, a A pAda  OILTOB NPAKTHUCCKH COBNA1al0LHC.
ObOpamaior Ha celf pHHManHe OO0ALIIHE OTKJIONEHHS TCOPETHUCCKIX
pacueros 0T HaOJI0AEHHBIX BeJHunit 8 onweltax Ne 2, 10, 13 wu 14.
Onerr Ne 2 uveer BechMa  MaJdnlit  wanop Hp=1,1 cm B pacxoj
Q0,8 s¥fc, HOITOMY TOMHOCTH HX saMepop e Moraa ObTh 00JbIOIL
Onvrrpt Ne 10, 13 u 14 npoxoguan npu CcpapHHTeIbHO TNYOOKHX YpPOB-
HAX IPYHTOBEIX BOJA, NpHYeM sHauveHHe ¢3000HONH MOPOSHOCTH IMPHHATO
C pacderToM, COOTBCTCIBYIOWHM CTATHYCCKOMY YPOBHIO TPYHTOBBIX BOJ
Adist CpeiHero MX yposust fep (ocpeanciine OblJio NPOBEACHO JUIS BCEro
OILITA M BO BPCMCHH H B npocrpancrsce). HavanbHast BAAKROCTL IPyH-
Td B 3THX onplTax Oula HECKOJILKO GOJLLICH, ueM BJAMKHOCIL, COOT-
BETCTBYIOI(Asl CTATHYCCKOMY cc  pacnpeicacunio. Ilepephsos  Mexm Ly
oublTavMu (1.2 ¢yT) BeAOCTATOUMNO AJs QIO BOAOOTAAYH IHpH ro-
PHIOHTAJILHOM CTCKaliK. IJT0 0OCTOSNTEALCTEO MOMKHO OBIO OLI YYCCTL
B ooneiTax Ne 10, 13, 14, npuaHMan 3a pacuetnoe spaueine & MONLIUHC
BeauuHuLl (TAaK Kak Blara HE yCmesa CTeub), 4TO 3HAYHTENbIO NpH-
0JIH3110 OBl TEOPETHYECKHE pPEe3yJbTaThl K ONBITHEIM JaHHEM. OjHaKo
Cro He YudThiBaJM, 4TOOM He MOABASTIach HEONPCACJCHHOCTH HPH
CpaBHEHHH TeOopeTHUEeCKHX H ONBITHBRIX JalHkIX,

YuuTbBas BCIO CAOMKHOCTH HECTAUHONAPIOrO ABMHAEHHS TPYHTOBLIX
RO B YCAOBHAX CBOOOAHOH (HJLTPALHH H HELOCTATOMHYIO H3YUEHIOCTh
BONPOCOB  JHUAMHKH KaOHJAAPHOIO HACLILLCHHHA, MOMKHO YTBEpmaTh,
YTO TCOPETHUECKHEC PCWEHHA A CC30TTOMHON CXCMBl IIPH HAMHMHH BO-
AOEMOB B OCHOBIOM COOTBETCTBYIOT ONBITHLIM JMaHHLIM., TeMm HC MeEHee
HEOOXOAHMO HOAYEPKUYTL 3HAUCHHC Aaiuieillliero TeOPeTHYCCKOro M
SKCICPHMEHTANLUOIO HIVUCIHHA HEeYCTANOBHBIICIOCH JABHIKCUHS TPYNTO-
BBIX BOJ ¢ oOpasoBandeM cpolodnoil nosepxunoctd, llpuuesm ocodoe
BHHMaHHe cJeayeT o0paTHTL HA TEPeABHMKCHHE BJAIH B 30HE HENoJ-
HOI'O HACHIEHHSt H Ta vodosne Ha cBODOAHON MORBEPXHOCTH TPVHTOBLIX
BOJA B CBA3H ¢ MNOBEPXHOCTHbIMH (KANMHMJISPHBIMI) sIBJEHNHAMH, Ha M-
HAMHKY ¢BOOOAHON IOPO3HOCTH IIPH HECTAUHOHADHLIX Npoieccax M Ha
APYTHE BONPOCH, NMOKa eLIe¢ HEJOCTATOYHO H3IYuCHHbLIC.
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