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: MPEOHUC/TIOBHE

Peskoe ypesnucHHEe NPOAVKTHEHOCTH CeJbLCKOTo Xo3siieTea,
npegycMmotperHnoe pewennaMun XXII cwesna KIICC, cesizano B
NepByio ovepeib C NOBBILUCHHEM YPOXKAHHOCTH CeJbCKOXosfilcT-
BEHHBIX KYJALTYP Ha yiKe OCBOEHHBIX TeppuTopHsaX. Bropuim Bamk-
HEHIIHM MeponpHATHEM B 3Toii o0JacTH ABJACTCA OCBOEHHe 3e-
MéeJib, HEHCNOJL3YEMBIX B HAcTofillee BPeMA B CEALCKOM XO3:ii-
CTBE, K KOTOPEIM B HeYePHO3EeMHOIl 30He OTHOCHTCH 3HAYHTCJABHOE
KOJMHYeCTBO G0JI0T H H36LITOYHO YBJAMKHEHHBIX MHHEpaJbHbIX
noys. Ilnoaopoaune 3THX 3eMenb B HEOCYIUEHHOM COCTOAHHH BeChb-
Ma HH3KO, H MO3TOMY yBeJHYeHHC BaJ0BOro c6opa cenbcKoXo3ai-
CTBEHHBIX KYJLTYP 3a CHET BOBJCYCHHS HOBLIX TeppHTOpHil Gyner
B GOJILUIOH CTENEHH 3aBHCETHL OT PA3BHTHA MEJHOPATHBHBIX pabor.

B ycnoBuAX KpynHoro MexasHH3HpOBAHHOIO CeNLCKOro Xo3sii-
CTBA IPH HHTCHCHBHOM HCMOJIb30BAHHH OCYUICHHBIX 3e€MeJbs HAaH-
GoJice MPHEMAEMBIMH SBJAAIOTCA 3aKPbITLIE CHCTEMbl, JlAIOlIHE
BOIMOXHOCTbL CO3/1aHHA KapT TAKHX Pa3MepoB, KoTophle ofecne-
HHBAOT pauHOHaNbHOE HCNOVIB30BAHHE CENLCKOXO3AHCTBEeHHBIX
MAWHH H MNO3BOJAIOT NPOH3BOANTE NepexkpectHyo obpaboTky
noJiei.

HeoGxoauMo 3aMeTHTh, YTO KPOME CTPOHTENLCTBA HOBBIX ocy-
ITHTEJALHBIX CHCTEM, MPeAnpHHHMAEMOro B CBA3SH ¢ BORJEYCHHEM
B CENbCKOXO3AHCTBEHHOE HCMOJL30BAHHE 3eMe/lh pe3cpBa, B HAa-
CTOSIUIHA MOMEHT Ha3peaa HeoGXOLHMOCTE KOPEHHOI nepecTpoil-
KH pPeryiHpylolleil ceTH CYUIECTBYIOWHX OCYUIHTEJNbHBIX CHCTEM,
NPEACTABNEHHON, Kak NpaBuio, HErMyGOKHMH OTKPHITHIMH Ka-
HaJlaMH.

HsBecTHO, 4TO OTKPHITAA CeTh HMEET PAX CYULECTBEHNBX Helo-
CT4TKOB, OCHOBHHIM H3 KOTOPLIX SBJfAETCH cTecHeHHe paGoTh
CEALCKOXO3AHCTBEHHBIX MexaHn3MoB. [Tostomy u npu PEKOHCTPYK-
UHH CHCTEM 1eaeco00pasHO NepeXoANTb Ha 3AKPLITHIE ApeHaK.

H3 3akpuiTeX cucTem Hanbonbluiee pacnpocTpaHene noay-
HWJI CHCTEMATHYECKHH TFOPHSOHTAABHLIN TPyGUaThiili JApeHamx,

OCHOBHOH UeabI0 TaKoro ApeHaxka ABAseTcs CBOCBpEMenHoe
yAa/aenne H30BITOYHBIX TPYHTOBBIX BOJ. Cheiyer, olHaKO, OTMe-
THTD, HTO B TSAMKELX MO MeXaHHYECKOMY COCTaBY I'PYHTax rop-
JOHTA/MBHBIH CHCTEMATHYECKHA APEHaK MOMET OTBOAHTL MOBEpX-
HOCTHYIO BOAY H BEPXOBOJAKY MaXOTHOIO FOPHIOHTA: B 3TOM cay-
Hae (pyHKLUHOHAJLHOE HA3HAYEHHE JAPEH I cxeMa HX paboTh H3AMe-
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HAIOTCS H OHH NMPEBpaullaloTes B PasHOBMHOCTL 3AKPLITHIX CH-
CTEM — 3aKpuiThie coGHpaTenH,

B nacrosuieit paGore Mul GyjleM paccMaTpHBaTh JpeHax Kak
CpeicTBO /I OTBO/A IPYHTOBBIX BOA H MOHHMKEHHS HX YPOBHEH
Ha OCYIIdEMOM YUYacTKe C Uebio CO3JaHHA HeOOXOAHMEIX YCIO-
BHIl a3palliy 30HHI, Tje Pa3BHBaeTCs OCHOBHAH YacTh KOPHEBOH
CHCTEMBl CENLCKOXO3AHCTREHHBIX PacTeHHH.

PasBepHyBlieecsi Ha NPOTAMEHHH MOCJAEANHX JIET CTPOHTE/b-
cTBO JApeHaxa B npubaatuiickux pecnyGankax, BCCP n e ne-
KOTOPHIX WEHTPaJbHEIX H ceBepo-sanaaneix paiiosax PCOPCP
[O3BOJIKJIO 3HAYHTEJILHO NOBLICHTL 3({eKTHBHOCTh HCMNOJIL30Ba-
HHA CeJIbCKOXO3AHCTBEHHBIX MAUIHH, CHH3HTL 3aTPAaThl Tpylda Ha
eAHHHIY NPOAYKUHH H YBeJHYHTh YPOmAHHOCTE CENBCKOXO3AH-
CTBEHHBIX KYJLTYP.

HeenenoBanua HAYUHBIX YYPeJIeHHH, NPaKTHKA CTPOHTE/L-
CTBA H BKCNAYVATAIlHH OCYIIHTENbHBIX cHeTem B CoBerckom Comwae
H 3a pyGemoM MNOKAa3LIBAIOT, UTO JIpeHAX ABJAETCA JIOCTATOUHO
AOATOBEYHHM H 3(QeKTHBHLIM cpeicTBOM ocylieHnsi, OTtHocH-
TeJLHO BHICOKHE 3aTpaThl Ha CTPOHTCABCTBO JIPEHAMKHBIX CHCTEM
¢ JHXBOI OKYMAOTCH HUIKHMH SKCIJYATAUHOHHBIMH pPaCXo[amMH,
Gonce 3 eKTHBHBIM HCNONB30OBAHHEM TeXHMKH W YBeJHUEHHeM
Y POHACB.

Bee Gonee u OGoaee WHPOKOe NPHMEHEHHE JIPEHAMKHBIX CHCTEM
TFEﬁ}’ET }’JI}”‘IL‘L[EHHH HX HKOHCTPYKTHBHLIX 3JeéMEeHTOB, METOAHKH
pacuera H NPOH3BOACTBA CTPOHTe bLHBIX paborT.

J¢dexTusno paforaomas W B TO ¥e BpeMsu Hejoporas pe-
HazKHan cHeTeMa MOXeT GuITh COo3JdaHa TONLKO HA OCHOBE BLI-
COKOKAYECTBCHHOrO NPoekTa, DKOHOMHUHBIL e NpoekT oGBIYHO
OasHpyercs Ha Xopoileil CHCTeMe pacueTa, YYHThiBalouleli Bax-
HelwHe QakTopsl, BAHAIOMHE Ha paGoTy ApeHaMHONH CeTH.

B neuepuozemuoi sone CCCP, pecbma 0OWHPHON mo TeppH-
TOPHH, jipeHax paboTaer B OUeHb pPAa3’HOOGPA3HBIX YCJAOBHSX,
onpegeaeMblX TeoJOTHYCCKHMH, THAPOJOTHYECKHMH H APYTHMA
9COOCHHOCTAMH KOHKpeTHOro paitoHa. 3TH 0coGeHHOCTH AOAMHB
HeTaNbHO aHaJH3IHPOBATHCA NPH COCTARJEHHH NPOEKTA,

CymecrByloman cucreMa (HABTPALHOHHBIX PACYUETOB, J4K0-
as BOIMOMHOCTb ONPENeNHTE HaHOoOJee BaMHYI0 PaCUSTHYIO
XAPAKTEPHCTHRY JpeHaXa—pacCcTosHHe MeX1ly APeHaMH, HMeeT
pAl HEAOCTATKOB, OAHHM H3 KOTOPHIX ABJAACTCHA HeyueT MAH Heao-
CTATOUHBIL YUeT HeOAHOPOIHOCTH (HALTPALUHOHHLIX CBONCTB Cpe-
Jibl, TA@ MPOHCXOANT OBHMKENHne rpyHroeulx Boj. Ilpuunnoil storo
ABAsierca caafan paspaGoTKa TeopHH (HALTPAUHH B HEoAHOPOA-
HEIX cpeiax, ocofGeHHO NPHMEHHTENbLHO K ApPeHamy.

Jlosoakho xopouwo paspaGorannas CHCTEMa pacuera Apenaxa,
padoTaiolilerc B OAHOPOJAHLIX TPYHTAX, He HMeeT JeralbHHX pe-
KOMEHJIalUMil A8l cydaeR yKJaAKH JPEH B peaibhbe, Kak npa-
BHJIO, HCOAHOPOJHLE IPYHTLI, BOAONPOHHIAEMOCTE KOTOPHX B 00-

HICM caydyae MOMeT H3MCHATBLCA B JOBOJbHO OOJAbLLUMX Nnpeiesax
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B0 BCeX Hanpapierdsx. 3/icch oObuHO NpHOeEraT K PasjHYHBIM
OCpeAHEHHAM, OUEHKa TOUYHOCTH H JIONYCTHMOCTH KOTOPBIX HE Mo-
Kaawinaercs. [losToMy BNoJiHEe TIOHATHO CTPEMJIENHE THIAPOreoao-
roB, THAPOTEXHWKOB H MejHopatopoB, naubonee GAH3KO CONpPH-
Kacamuxces ¢ (PHALTPAUHOHHLIMH pacdyeTaMH, NMONYYHTh TakHe
pacueTHule (PoOPMYJIEI H CXeMbl, KOTOpLle YYHTHIBAAH OBl HEOAHO-
pPOAHOCTL (PHABTPAUHOHHLIX CBOHCTB €CTECTBCHHLIX TPYHTOB.

o nocaeanux Jer TeopHs (PHUALTPaUHH B HEOAHOPOJAHBIX
rpyaTax Oblna paspabotana sejocratouyno. Cnaboe passHTHE
Teopun B 370l o6nactH o0LACHACTCS JOBOALINO GOMLUINMHE TPYI-
HOCTAMH, KOTOpPLIE BO3HHKAIOT NPH OTHICKAHHH TOMHOIO pelleHHs
sajgay no pUILTPAUKHH B HEOLHOPOAHLIX cpefax. [lpuGnuxenHLe
Ke PellleHHs, COBepIICHHD nensferknble B JaHHOM ciiyuae, no-BH-
AHMOMY He GEIJIM JOCTETOMHO NPHBJACKATENbHLEIMHA JIJIA HCCAEL0Ba-
teqaell B 3710l ofsactu, ITostoMy MeToALl onpefeneHHa paccTod-
HHI MEXKJY JApeHaMH B HEOJHOPOIHBIX TPYHTAX /0 CHX MOp He-
AOCTATOYHO OCBEICHB KAK B OTeUecTBeHNoll, Tak U B 3apydes-
Holt auTepatype. B To e BpeMa HHTCHCHBHOE PasBHTHE MeaHopa-
THBHOTO M FHAPOTEXHHYECCKOTO CTPOHTENbLCTEA, CBASAHHOE C BOBJE-
YeHHEeM B CeJALCKOXO3AHCTBEHHOC HCMOJIb30BAHHE KPYNHBIX 3e-
MeJqbHBIX MAcCHBOB, YaCTO HMEIOILHX [OBOJLIHO CJOMKHOE Teono-
rHuecKkoe CTpoeHHe, Hacrosresabio Tpebyer Ooaee rayfokoro
Heeaenopanug paboTe peHaxa B HeoJHOPOAHBIX TPYHTAX,

XOpoio HM3BECTHO, YTO B NPHPOAHBIX YCJAOBHAX HEOLHOPOA-
HOCTBH TPYHTOB (ocofeHHo B BepPTHKaALHOM HanpasieHHH) vacrto
BHIpakeHa oyeHb APKO, TAK KaK CBA3aHA C HX reHesncoM (Hanps-
Mep, ajJIoBHi) H nouypoofpa3cBaTeNLHEIMHE NMpoueccaMy (HanpH-
mep, oprwTteiid). Ocofoe anavende yyerT HeOAHOPONHOCTH TPYH-
TOR HMeeT NMPH pacueTe OCYIWIHTENBHHX cHCcTeM, H6O HeoIHODOA-
HOCTH TPYHTOB, Ha KOTOPHIX PACNOJIATAETCHA OCYUIHTENLHAH CeTh,
006BIYHO ABAAETCA NPaBHJAOM, a He HCKJIKYCHHEM,

KpoMe HeoJHOPOAHOCTH 110 BePTHKAJAH B OCVIIHTEABHOH Me-
JUOpALHH, XOTS H pexe, o BCTPENAIOTCS CAy4aH HeOAHOPOAHOCTH
B FOPHIOHTANLNOM HanpapieHHu (Hanpumep, GUABTPALHOHHEE
ceoficTBa ocywennoll TOpanol 3anexH B CBA3H C HEpaBHOMEp-
HOCTBIO OCajJKH Topa B MEHAPeHHOM NPOCTPAHCTRE H3MEHAIOT-
CA W B FODH3OHTAJbHOM HaNpaBJeHHH).

[IpuMepop 3aknafky apeH B HCOLHOPOLHBIE TPYHThl MOMHO
HPHBECTH MocTaTouHo Muoro, Tak, npH OCYIMEHHH MENKHX TOp-
(hANKHKOB [ipeikl YKAaJALRAIOTCA B MHHEPAAbHEIR TPYHT, huasTpa-
HHOMBIE CBOHCTBA KOTOPOro MOTYT Pe3Ko OTJAHYATHCA OT (MJIBT-
pauHoHHEX cpoHcTe TOpda. Ilpn ocymienHH TaMKenwx, cja-
GonponNiaeMblX NOUB MeJHOPATOp ONATHE CTAJKHBAETCH C Heofd-
HOPOAHBIM TPYHTOM, COCTaBAeHNLIM K3 XOpOollo TPOHHILAEMOTO,
OCTPYKTYPEHHOrO naxeTHoro H ¢JaalonpoHHALAeMoro noinaxoTHo-
FO ropH3OHTOR,

Kak ykaspiBanoch BeUi€, TOUHOE pellieHle 3alad o ABHHKeHHH
(PHABTPALHONIONG NOTOKa B HEOAHOPOAHBIX TPYHTAX TOJYUHTH
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oOLIMHO 3ATPYAHKTEALHO, NOITOMY HleNecoobpasHo NoayucHue NpH-
GAHMEeHHBIX, HO JOCTATOMHO NPHTOAHBIX A8 NPaKTHKH pPelieHHH,

MoxHO ¢ VBEepeHHOCTBIO YTBEPIKAATb, YTO pacueThbl, OCHOBAH-
Hble fgaxe nHa rpybo nNpHOAHMKEHHBIX pellleHHAX, YYHTHBAKUIHX
HEOMHOPOMHOCTL TpYHTA, OVAYT AaBaTh Oojee NpaBHJbHBle pe-
AYJAbTATBH, HCM CAMBIC «TOUHSIE? FHAPOMEXAHHUECKHC pelUeHHS,
NOJYYeHHRe 148 OJHOPOAHOTD IPYHTa, HO NpHMeHAeMBle K Cay-
yalo, rie HMeeT MeCcTo HeoJHOPUJHOCTD.

MunorooGpasie NpHPOAHHX H X03AACTREHHLIX YCJAOBHH npu-
MEHCHHA MIPEeHaa NopoJuac CoOMHEeHHe B LeaecoobpasHocTH npo-
M3BDACTBA (PUABTPAINHOHHEIX PACYMETOR NMPH NPOEKTHPOBAHUH pe-
ryJaupylolleii ceTH ocylIMTeAbHBIX cHcTeM. YacTo npeanaraerca
HA3HAYATL PAaCCTOAHHA MOKAY OCYLWIHTE/IAMH, HCXOOS H3 cpell-
HHX HX 3HAYeHHH AaA oTAeabHbix 3oH. Taxas MeTo/HKa Ha3Ha-
MEHHA PaccTOAHNI MeXAy ApeHaMH He MOMKeT CUHTAThCA 000CHO-
BAHHON, TAK KAK BHYTPH 30H TEOJOTHUECKHE YCAOBHSA OCYIIACMBIX
VUACTKOB, CTPOEHHE MOYBCHHOTO NMOKPOBAa W JIpyrHe aktopw Ha-
CTOJABKO PAITHYHE, YTO KOpeHHLM o0pasoM H3MEHAIOT pacuer-
HBlE NapaMeTpsl LpeHaxka.

[Tpupencuusie BHUE coo0paKeHns NOATBEPKAAIOT AKTYalb-
HOCTE HCCe20BaHHA paboThl ApeHakel B HEOAHOPONHLIX TPYHTAX.

B nacrosieii monorpaduu jesaeTcs NONLITKAa paccMOTPeHHs
paGoTel AipeHama B pasJUuHbIX CAYYASX HEOAHOPOIHOCTH Cpejbl
H obocHCBaHHA (DHALTPAUMOHHLIX PACYETOB A ITHX CAYYAeCB.
[lpegnaraemple OpMYyNL, Kak NpaBHAo, ABNAKTCA NPHGIHEKEH-
HEIMH, TaK KaKk noJydyesHHe TOUHOrO rHAPOMeXaHHueCKOro pelienns
BOMPOCA O APHTOKE BOJAB K JIpEHe B HEOAHOPOAHBIX FPYHTAX OOBLIH-
HO HAaTANKHBAeTCA Ha 3HAYHTEAbHEIe TPYIHOCTH MAaTEMaTHYECKO-
ro NoOpAAKa AW NPHBOLHT K HACTOJLKO TPDOMO3JAKHM pelleHHAM,
YTO OHH He MOTYT YCMeUlHO NPHMEHATHCA B NPAKTHEE,

HeobxoauMo 3aMeTHTh, YTo B MeJHOPATHBHBIX pacueTax Her
OCHOB2ZHHH TpeOOBaThE TOYHOCTH pewleHHil, Gogbliedi, uyeMm Tou-
HOCTh HMCXOJAHBIX PacueTHBIX JaHHBX (KosdduuHmenTn dHABTPE-
IHH, MOAYJIH CTOKa H Op.).

Hacte MaTepHanos, NOMeUICHHLIX B AaHHoR pa6oTe, MpeacTas-
AfeT coboH peayanLTaThl HCCAEAOBAHMI aBTOpa, NPOBEeIEHHBIX B
JCTOHCKOM HayYHO-HCCIEA0BATEILCKOM WHCTHTYTe 3eMJelenHs
MeJaHopauun Ha npotsikedun 1954—1961 ronos.

ABTOp  BHIpaxkaeT HCKpeHHIOlO  GJarofapHocTs  npod.
C. ®. ApepeaHOBY 3a IlCHHLIE 3aMeyannsl, NO3BOJAHBIIHE 3IHAYM-
TeABHO YAYUIIHTE COAepPManie KHHIH.

3a Bce yKasaumg W 3aMeuaHun no Hacrosauleii paGore asTop
OGyner BechbMa OJarojaper H NPOCHT NOCHJIATE HX No aapecy:
Tannun, Cagy, Icronckuil HayuHO-HCCASAGBATENLCKHIT HHCTHTYT
3eMJe1eHS i MEeJIHOPAaLHH.
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KPATKHHA OB30P NPENJOXEHHHA
Me PACHETY APEHAXEH
B HEOJQHOPOAHBIX N'PYHTAX

He crapa cpoeii 3anaveii getadbHBIiE o630p JHTepaTypsl no
BOMpOCY JABHMEHHA IPYHTOBLIX BOJA B HEOJHOPOAHBIX Cpenax,
CYHTAEM MOJE3HBIM OCBECTHTH OCHOBHLIE 3Tansl B PasBHTHH Hcche-
NOBaHHil Mo NAHHOMY BOMPOCY W MpoOBecTH KpaTkHil anaaus dop-
MyJl [JA pacueTra ApeHaxed B HCOAHOPO/JAHBIX FPYHTaXx, npemno-
MEeHHEIX TJapHEM 00Gpa3oM COBETCKHMH aBTOPaMU.

Kax ykasmBaetr I H. Kamenckuit [19], onuum M3 nuoHepos
B HCCNEIOBAHHH ABHMEHHS FPYHTOBLIX BOJI B MJAcTax pasjHu-
HOH nponunaemoct 6wl Jliorep [59], [60], koTopwiii paccMoTpen
JABHMEHHEe TPYHTOBHIX BOJ B TOPH30OHTAJBHOM BOJCHOCHOM Ijia-
CT®, COCTABJEHHOM H3 JIBYX CJ0CB Pa3JHYHOH NMPOHHLAEMOCTH, a
TaK#e B BOJOHOCHOM NJjacTe ¢ BOAONPOHHLAEMOCTHIO, NOCTENEH-
HO HaMeHAIOLEHCA B rOpH3OHTANLHOM HamnpaBieHHH (Bo3pacrta-
wouedl HAH y6biBawllell No HANpaBAeHHI0 NOTOKA).

Tum [63] enepeble NPHMEHHI TEOPHIO NPHTOKA IPYHTOBBIX BOJ
K Kojiofuam, pafoTawlliM B HeoJHOPOAHBEIX TPYHTAX, Ha OCHOBA-
HHH KOTOpPOH mMo HX AeGHTY onpelensan cpelHHe Ko3()ODHIHEHTH
PHALTPALHK BCEro BCAOHOCHOTO CJIOA,
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Teopua NBMMeHHA TPYHTOBBIX BOJ K HUJ‘IG,ELILHM . 3aKkaaibiBae-
MEIM B JABYXCJOHHEIA BOJOHOCHBIH ropH3oHT, paspabaThiBajachk
Hlyasue [62], npenaoxuBmuM GopMyJbl Aas pacueTa OZHHOYHBIX
KOJIOAIEB W TPYNMOBHIX YCTAHOBOK, NMPHMEHAEMBIX A TOHHIKE-
HHA rpyHTOBMX BoA. Buisogw ILlyiabne ObAH MOABEPrHYTHI KPH-
ke M. I1. Kycakunwm [28], kotoputii npuwen k y6emAeHHIO, YTO
OHH He MOPYT CAYHKHTh HaaexHoH 0GasoH AaA NPakTHUECKHX pac-
YeTOB.

B pa6ore K. M. HoGposoabckoro [15] npusoaatcs ypashenud
IBHKEHHA TPYHTOBLIX BOJA K KOAOAWY, PacnonokeHHOMY B ABYX
CJACAX pasjaHuHoil npcHHuaeMocTH, Bueoa GasHpyerca Ha ypae-
HeHHH JlionoH, a peavabTaThl AHAJOTHYHE YIOMAHYTLIM RBINE
popmynam Lyvnsue,




B 1933 roay axaep [56] ony6ankosan pafory, nocesulen-
HYIO BOMpOCaM ABHIKEHHH [PYHTOBHIX BOJ B Napa/uieNbHO-CJAOH-
croM rpyite. B 3Tcil pabote um Obina npeanoxena Qpopmyna
Ana onpejencHus Kosduumenta QHALTPAIUNRK CAOHCTOTO MaTe-
pHajia B 3aBHCHMOCTH OT HanpaejeHnHd ABHMKEeHHHd CTPyH (HAb-
Tpanuonnoro notoka. B 1ol xe cratee [laxaepom OmA npenno-
AteH npubalKeHHBI cnocof peureHHs 3aaavyd O QUABTpALNH B
FOPHIOHTAABHO-CAOHCTOM [AACTE, NPOHAJIOCTPHPOBAHHEHA NpH-
MepoM NpHBIHKEHHOTD NOCTPOSHHA JHHHH TOKOB H NOBEPXHOCTEH
pPaBHOTO Hanopa Jag cayuad HAanopHOH (HIARTPALHH.

Onuoit B3 pamnelmux paGoT no BONPOCY ABHMKEHHS FPYyHTO-
BbiX BOJ B HCOMHOPOANBLIX rpyntax asasercsa paGota . H. Ka-
menckoro [19], B Kotopoii asTopoM npHBe/eHEH OCHOBHBIE 3aKO-
HOMEPHOCTH JIBHIKEHHS TPYHTOBHIX BOA B HEOLHOPOJHBLIX TPYHTaX
W alibl pacuetisic (pOpMyJLl I/ NPOEKTHPOBAHHA apTe3HAHCKHX
H FPYHTOBLIX KOJOMIEB NPH CJHOHCTOM CTPOEHHH BOJAOHOCHOT
naacra,

HaunGonee snauuTeNbHBIMH TEOpPETHUECKHMH paGoTaMH no BoO-
npocy ABHMKEHHA TPYHTOBLIX BOL B HEOAHOPOIHBIX CPElaX ABRIH-
totea paborw H. K. Inpunckoro [11], [12] u [13], npeanomxupmero
cneuHanbHyo (PYHKUHIO, NPHMEHeHHEe KOTOPOH AaeT BO3MOMKHOCT L
CBECTH 3ajauy 00 ycTanopHplieics GUALTPAILHH B HEOAHOPOAHOM
N0 BEpPTHKANH TPYHTE K 2amayc, pemracMoll MeTofaaMu TeopHiu
(PYHKUH KOMIUVICKCHOTO HEpeMeHHOoTOo.

Teopernueckue HccaeJOBAHEA N0 BONPOCY ABHMKEHHS TPYHTO-
BbiX BOJl B HEOAHOPOANBIX H AHH3OTPONHEIX TPYHTAX NPOBOIHJANHCH
I1. A. INoayGapunorofi-Kouuno#t [37], [38], [39], [40], H. K. Kanau-
naaeiM [21], [22], B. U. Apaunsim [7], B. C. Kosnopmm [247,
B. K. Puaenxkamndom [43] 0 ApyruMa BEAAKOUIHMHCA NpEACTaBH-
TSJAAMH COBETCKOH WEKONL THAPOTeXHHKOB. B ocHoBHOM 5TH
HEE‘ﬂE}IﬂBET—IHﬂ KdCAaJHChL NBHIKEeHHA B IIED,‘],H(II}D}[HI;I}: CPE,LT,.EIK o
THAPOTEXHHYECKHMH COOPYHEeHHAMH.

B meauopatusHoil nHTepaType pacuer apeHameld B HeoaHo-
POAHBIX FPYHTax Lo CHX nop oceelen wepocrarouno. B «0Ocho-
BaX MmenHopaumii» A. H. Kocrakora [23] sonpocy pacuera ppe-
Hamel B CAOHCTHIX FPYHTax yie/eHo BCero HecKoAbKO CTPOK.

M3 pa6ot, noceAlleHHbEx pacuery ApeHameidl H KaHaJIOB B He-
OJHOPOAHBIX TPYHTaX, MOABHBUIMXCA B MOCJAeHHe TOAL, HeoOXo-
nuMo ynoMauyTe paGorst H. H. Bepuruna [9], I. H. Jy6axo [30],
X. A. INucapekosa [35], 1. I1. IOunesuua [53], B. A. Taeiizepa [14]
H H. M. Kpusonocora [26], [27]. HeoGxoiuMo 3aMETHTh, 4T0 BO
BCEX 3THX paoTax paccMaTpHBAaeTcA B OCHOBHOM ciyuaii pabo-
THl Apen B ABYXcaoiiHoi cpeje. boJsee ofmMe caydyan HEOAHOPO1-
HOCTH—MHOroc/oiiible, H30TPOITHO-HEOJHOPOAHEEe H AHH3OTpON-
HO-HEOTHOPOILHLIE IPYHTRE— BoOGILE He paccMaTpHBAaOTCR ™.

* B.pabGore I'. H. JIy0ako paccMaTpuBaloTcs cayuaw padoTul apes u b
MHOTQCAOHKOM [PyHTe,
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M3 wuuocrpanHrx pador HecOXOAHMO YNOMAHYTE paboThl
Kupkxema [58], kotopmil paccmarpuBaer cayuaii HanopHol dHAb-
TPAUHHA ¢ 3aJHTOH BojJ0H NACILAAKH, NPeACTABAAIOUIAR 114 ocy-
HIHTETLHON MeJHOpauid MeHbIIHA NpaKTHYCCKUH HHTepec, uem
cayyan GeaHanopHoW (PHIBTPALHH.

Heboabmoe uncao paGoT no AaHHOMY BONPOCY JaeT BO3MOMK-
HOCTL GoJiee WAH MeHee J1eTaJbHO PACCMOTPETh HX COAep:KaHnue H
NPOaHAJH3HPOBATE NOJIVYCHHBIE BHBOJIL,

B CCCP oauoit u3 nepeux paGoT mo pacuery apeHamedi s
HEOQHOPOAHBIX TPYHTAX MOMXHO cuuTaTh pabory X. A. IMucapsxo-
Ba [35], B KoTopoii nesnaerca nonkTKa BEBOAA pacueTHO dopmy-
Jibl Q1S OonpejiefieHds PACCTOAHHI MEMAY COoBeplieiiHbIMK Jpena-

A A2 A%
B br s 475 ;,/f-ﬁ"r‘ o f*}'
DL ILPLBN s SIS IS STt B I . O

—— | ¥
_ﬂ:_ : o ‘.' =F =g '1.1' .r-‘-;-_'.- - rr '\ﬁ
-~ e e e X
S - o
) £
J .
Pue. 1

MH B ABYXCJAOHHOM TPYHTe W aHajiH3a ycaopuii paboTw Apenamka
€ 1eJbl0 BHGOpa onTHMaAbHOll FAYOUEBL 3aKA3AKH JpeH.

Buison 6asupyerca na ypasuenun liomon, kotopoe X. A, [Tu-
cappkoB Ha ocuose pabor I'. H. Kamenckoro [19] sanucuisaer
CAenyoleM BHIe:

9= hepy 2, (L.1)

rae ke, — cpendee suavenHe xosthpuunenta (GuabTpamHy, Bbi-
uncasemoe no Gopmyne

kcp: kqlih |k;-{‘!;|' fy) . {ilz}

[Tpnuaroe poipaiKende 145 onpenesenns kep pacnpocTpanser-

cA X. A. ucapskoseiM Ha BCio 308y ot 0 1o S (puc. 1), uto He

TOUHO, TAK KaK Ha yYacTKe Si ycaoBHe (1.2) ne mnnoansercs.

DopMyna nna onpelefeHus paccTOAUHN MY JPeHaMH, no-

aydenHas X. A. TlucapbKOBBIM B peayibTare MHTErpHPOBaHHA
9



ypasiedua (1.1) c yuerom (1.2) wua ycaosua, uto npe  x==0,
y=0, HMeeT caenyiouHii BHAI;

E—2 |/ R 20, (13)

rae E—paccTosune Memjy ApeHamu; p—pacyerHas HHTCHCHB-
HOCTL OCAAKOB;
H=hi1+hz.

[pu ky=Fki=k dopmyia (1.3) npupoaurca xk popmyne Pors
E~2H )/~ (1.4)

Hetpyauo nokazaTe, 4To NpPH HEKOTOPHIX COOTHOIIEHHAX 3HA-
uennit H, ki, ky 0 M1 uHCAHTeNs MOAKOpenHOro BhIpameHus op-
Myabl (1.3) cTaHOBHTCA paBHBIM HYJI0 HJH JaKe OTPHUATEIb-
HOH BeJHYHHOI,

Tax, nanpumep, npu hi1=0,3 a, k:=3k n H=04 u umeem
no gopmyae (1.3) E=0, 1. e, no X. A. [IucapekoBy, Apenax ne-
PECTAET CNpaBAATLCA € OTBOLOM FPYHTOBHX BoA. C TakuM BHBO-
JIOM COTJIacHTBLCS HeNb3A. !

Ecnn nanee conocraButh pesyibTathl, moJyuaeMmsie no op-
Mysae (1.3) npu ke>ki, ¢ pesynbTaTaMmu, nonyuaeMuiMH Mo dop-
Myse (1.4) npu ky==FK1, To MOXKHO yOEIHTBLCH, UTO B pAje cayua-
€B PACCTOAHHA, BHYHCAAeMble no dopmyae (1.4), noayuaworcs
Gompuinmu, yem no dopmysae (1.3). Takum oGpasoM, Bonpeks
CNBITY, Mbl AOMHE NMPHATH K y6eKIeHHIO, YTO NPH VBETHYCHHH
NMPOHHLAEMOCTH BEPXHETD CJA0A YXYAWAIOTCA ycJoBHA paboTw
ApeHama;

B cBf3K C HETOYHBLIMH HCXOAHEIMH MOJOMKEHHAMH H NPHBEIEH-
HBIMH Bhille coobpamkenHamu, dopmyaa X. A. TTucapbkoBa aas
Onpejie/ieHHA PACCTOAHHI MEeXIAY ApeHaMmu B ABYXcaoiiHoll cpene,
4 TAKMe OCHOBAHHBIC HAa TeX e MOJOMKEeHHAX DEeKOMEHIALUHH o
«HanboJsiee BHIrOAHOH rayOHHe» 3al0XKeHHs IpeH (3jeck He npH-
BOJATCA) He MOTYT CUHTAThCA yOeauTelbHBIMH,

Bropoii nonbiTkoil pazpaGoTku hopMya AA8 pacueTa KaHANOB,
paboraiolinx B HeoAHopoanoil cpele, aBAaack pabora 1. IT. IOwe-
Bliiua [53], B KoTOpoil arTOp naer (opMydn A0 pacuera Heco-
BCPLWIEHHBIX KaHaJoB, 3aKJa/blBAeMEIX B ABYXCJAOMHBI TpYHT.
Has exembl (puc. 2) J1. T1. IOuesnuem npeaiioxeHa tpopmMyna ana
OOpeJIeJCHHA paceTOANHI Mem 1y ray0OKHMH KaHaldaMu cHeTeMa-
THYECKOIH CCTH OCYIICHHSA, HMENad cJaenVIOUIHiT BHI:

B 2 Ri(2Hho—2H hs + H:—2hhe—2hhs—h?) 4 (1.5)

" No + ke (2hhi—2 Hhy+ HE+B2), 3
riae N— pacuerHoe KOMHYECTBO OCAJKOB, 0 — Ko3hduument no-
TJIOLIEHHS OCAIKOR,

10




Popmyna (1.5) BH3EBaeT coMHeHHe B CBOCH MpaBHABHOCTH
(BpIBOJ ee He onyOJHKOBAH), TAK KAK B UaCTHOM, HO BIOJIHe pe-
anbHOM cayuae, npH Ri=ks=k, ho=0, h=0, no dopmyae (1.11)
E=0, To ecth npH yKJialKe ApeH Ha BOJOYNOP B OJHOPOJHBI
PYHT PACCTOAHHE MY APEeHAMH A0JKHO PABHATHCA HYJIO.

Taknm ob6pasom, dopmyna [I. I1. I0resnua, kak u dopmyna
X. A. INucappkopa, Takxe He npeAcTaBiAfAeTcs JOCTaTouHO 06o0-
CHOBAHHOH.

H. H. Bepurun B ceoeit pabote [9] npusoaut pacuethrie dop-
MYJL 78 YacTHOro cayuad pabGoThl ApeHa»a B JABYXCAOfiHOM
rpyuTe (BepxHMil ciofl rpyHTa OTHOCHTENLHO MeHee NpOHHIAeM,

1

T
#)

® V5

TR
e

Pue. 2

yeM nofactHaawwni). Tpenaomenswie H. H. Bepurnunm dop-
MYJibl OTHOCATCA K cJaydaie paGoThl HeCcOBEPIUEHHOTD [ApeHaMa
(MpH OrpaHHYeHHON M HEOrPAHHYEHHOW MOUIHOCTH HHMKHEro Xo-
poLIC NPOHHILACMOro CI0fA), YEJAaALBaeMOro Ha KOHTaKTe CJ0eB,
OTHOIIEHHE KO3(Q(pHUHEHTOR (PHALTPAUHH KOTOpHIX Menbuie | : 10,

Kak BHIHO H3 NPHHATHIX YCJAOBHIH, paccMaTpHBaeres n ofueM
NOBOJBHO PeIKHH, yacTHEIE cayuall paboTu apeHa)ia B ABYXCI0ii-
HOM TrpyHTe. Moxuo cornacutecs ¢ H. H. Bepurunsm, uto B npo-
uecce (POpMHpPOBAHHA AJNIOBHAJABHLIX OTJOXKEHHA B MepBY o4e-
PeAb OTKAAAHBAIOTCA KPYMHO3CPHHCTHE COCTABJAIOIINE, a Ha
Honee NO3AHMX CTAAHAX — MeJKozepHHcTHe. Hecomuenno, mpa-
BIALHEIM - ABnsiercd visepmjaende H. H. Bepurnna, uro npu
npﬂunml": cXeMe HanOonee palHOHAJBHO YKAAAHBAaTL JAPeHHE B
HHKHHE, OGosee mpoHHUACMBIL CJOfl, OHAKO YyTBep:KaeHHe
H. H. Bcpnruna YTO MO TEeXHHKO-3KOHOMHYECKHM coolpaKe-
HUAM uallle BCero HauboJiee pauHoOHAAbHGH OKAa3LPaeTcd yKaan-
Ka Jpen Ha KOHTaKTe CJoeB, a He HHXKe, NMpHBeneHo Ge3 o6oCHO-
BANHLIX JokazaTesbeTs. [lannuil Bonpoc gosskeH, Mo-BHIHMOMY,
PElIATLCA TEXHHKO-3KOHOMHYECKHMH pacueTAMH B KOHKPETHBIX
YCJIOBHAX pafioHa yerpoiicTBa apeHameit.

Kak ykaaupaer H. H. Bepurun B neppoii uactn cBoeii pabo-
Thl, NPH pacuere ApeHaxka NPHHHMAETCH BO BHHMaHHe HHOHIbL-
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TpauHa arMocdepibX OCAJKOB H HCUApeHHe ¢ 3epKana TPYHTO-
BOl BOJAH. C 3TOH Uenblo BBOJAHTCA BENHUHHA e, KOTOPaa HOCHT
HA3BAHHE MOOYAA NOA3CMHOrO CTOKA. & npeicrasnger coboit pas-
HOCTE MEKAY HHPHIALTpauHeil W HcnapeHHeM, NPHYEM ero BeJH-
HHHA MOMKeT OLITh Kak NOJOKHTeAbHON, TaAK W OTPHILATENbLHOI.
KpoMe TOro, yuWTHIBAeTCA BAHAHHE KAMHAJIAPHOCTH BEPXHETO
c1abonpoHHUAEMOro FPyHTA,

- Teopernueckoil npeanochiKoll pacueta aBAfeTca npeHeGpe-
JeHHC IOPH3OHTAJNBHOH cOCTaBASIOULEH CKOPOCTH (PHALTPAUWH B
JCPXHEM CJIOE W BEPTHKAJNLHOI—B HIKHeM, Pacemarpusaercsa pa-

Gota Oeperesoil jpennl (puc. 3), vJjaoxeHHON Ha paccTosiuuu [y

OT ype3a BOALI B peKe MAH BoAOXpaHuaniia W Il OT Mecta, rae
NpeKpanlaeTcs NOHHAAWLee JIeHCTRHE JIPCHBI,
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Puc. 3

I'panuiibl NOTOKA CO CTOPOHBI BOAOXPaHHJKLLA ¥ OOJACTH NH-
TaHHA, I'/le HAMOoPLl ABNAIOTCA 3alaHHLIMH, NPHEHMAIOTCA MO 3KBH-
MOTeHUHANAM @u=—RH,; U @a=—FkHy, KOTOpHE npHEUMAIOTCA
S/H3KHMH K BePTHKAJBHEIM miocKocTaM. PacueTHasa Mogedb ro-
PH3OHTAJLHOH JIPEHH NPHEHMMAaeTCA B BHIe TOYEMHOro CTOKA.
Ouepranne JpeHaKa TNPHHHMAETCA MO SKBHNOTEHUHAJALHON mo-
BCPXHOCTH ¢=—khy, Toe k—kosdduunent GpHALTPALHH HHMKHe-
ro, Goaee NPOHHILAEMOro CJO0A, ;

B pa6ote ne npuBoauTcs noApoGHEI BHBOA pacdeTHuX (op-
MYJl, a4 J0al0TCA TOJMIBKO OKOHYATEeJbILlie pPe3yJLTAaTHI, KOTOpBIe H
NONbLITAEMCH NPOAHAJHIHPOBATD.

B cayuae HeorpanMuyenpoH MOILHOCTH NOJACTHAAIOMIErD NAac-

¥
]

[ —
e

Td NPHTOK BOALI K JIPCHe Ha edHHHUY €¢ JIJIHHEI BHpaxaercsa -

caeaytomeil hopmyaoi:

G J'I'-k{Hn'+-::':r—ﬂn]| \ (1.6)
in—t-
'rll

ijle rp—paiHyc ApeHsl.
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 bfHy—=ho)-rlalHy—ho) 1 I Hu—ho
e la [ Iﬂ."'l:r o ? {L?}
l'-ll(fa]“r—ﬂ'f‘-fu In '_;..;)

rie /—noctoaAnHas, paBHas rpaiHeHTy GHALTPALHOHHOrO MOTO-
ka na GeckoHeunocTH. [lasi cHMMeTpHuHoro mnputoka ly=Ilg=[
H,=H,=H; I=0 u suipaxenue (1.6) nonyuaer caelyoUuHi BHA:

L nk{HTh-.‘-b ; (1.8)
n—
Fo

dopmyaa (1.8) npeacrasiaer coboit Gopuyny A. H. Kocrts-
koma [23] Anm pacxoja H3 30HHI, PACMOJNOKEHHOI MOJ JpeHoN
(npH npHTOKE C ABYX €TOPOH).

Heo6xoaHM0 3aMETHTb, YUTO NPHBEAEHHEIMH (OPMYJTaMH HH-
(GHABTPAUMOHHOE MHTAHHE He YYHTBIBACTCH.

®opmyna (1.6) MOXKeT NPHMEHATLCA IS ONPEeeHAs pacxo-
A4 Apelsl, BCKPHBaOeH HANOPHBIH NOTOK MPYHTOBLIX BOA B O4-
HOPOLHOM rpyHTe MpH GecKOHeYHOH MOUIHOCTH BOJOHOCHOTO CJIOA
H MpH OTCYTCTBHH HH(PHJABLTPALHH,

H. H. Bepurad npH BuiBole JaHHOH QOPMYJLl no CYULECTBY
saMeHHJ TNOTOK co CBOGOAHON NOBEpXHOCTLIO B JIBYXCJIOHHOM
FPYHTC HATIOPHBIM MOTOKOM B OAHOPOAHOM TPYHTE € KOS HLN-
enToM uabTpaunn k. Ilpn npunaToii cxeme (ApeHa Ha KOHTAK-
T€é C/I0eB) H TOJIBKO NPH PYHTOBOM NHTAHHH TaKasd 3aMcHa, no-
BHAHMOMY, He BHOCHT CYLIECTBeHHOH OWHOKH.

Hanop Ha KoHrtakrte Bepxuero u muxsero caoces H. H. Bepu-
PHH TIpeAJaraer onpeiendTh 1O caeaylouleid Qopmy.e:

hehot-Lx-+ 5 1n ( +2). (1.9)

Fo
Aana KpHBOH fenpeccHH npejaaraercd cjaelylollee ypaBHEHHE.

1] K (1.10)

rae h—mno (1.9).

Ecau fo nocTaTodMHO BEJHKO M0 CPABIEHHIO € g, & 3T0 O0BIYHO
H HMEET MECTO, TAK Kak Jlame [A0BOJBHO caabonpoHdiacMble
rpyHTH MMeloT Kos(duudents (Quaprpauun nopaika 0,1—0,2

M/CYTKH, a pacueTHOe sHaueHHe & NpHHEUMaercs ob6bluHO B 2—3

2

MM/CYTKH, TO 3HaueHHEM o MOXKHO npenedpeub, -YpabHeHHe
{

KPHBOR JenpeccHd B 3TOM Cjayyae NpHMeT BHI

y=h+hy, (1.11)
13



riae fh,—BBICOTA KanuaJapHoro MOAHATHA, nnpﬁur.rmem:-m pas-
MEpPOM KaMHAJAPHOTO Bakyyma B BepxueMm rpyute®.

[Mpu cuMmMerpuunoM nputoke ypaeuenda (1.9), (1.11) nepe-
NHCBIBAIOTCA B BHjLE

y'—-hn+ﬁ,.;-|—-£hf[ﬂ[f}:—}. (1.12)

uto otanvaerca ot opmyan A. H. Kocrakosa Toabko yuetoMm
|

[Mpu pacnonomedun Apelbl HA KOHeYHOM PAacCTOAHHH m OT
BOAOYNOPE MNPHTOK BOAL B APely Ha eJHHHLY ee [LJiHHBI onpeae-
aferca no gopmyie

4 wk(luHy + Lol ) v

fupy- EuF_'

(1.13)

rie
H;=H —hﬂ‘l“ "r sl H;szfll_h“_‘_gﬁfltfh;

:IB -tl!“

[ it ’ | |l—e ™
P1=ln_ — Efg ? == —&Fy "

l—e " l—e ™

Crpoenne dopmyant (1.13) ykaseipaer Ha TO, YTO OHa, KakK H
tpopmyna (1.6), ve yuuThIBaeT ABHMKEHHS B 30He, PACMOJOMKEH-
Hoii Han apewoii. [1pasaa, 3aeck yke npouaroauTes y4eT pacxo-
Aa oT HHQHABTPALHH, KOTOPLIl BXOAHT B BeJHUHHE H, H H,

Moxkno nokasatk, uro dopmyna (1.13) (npn e=0) npuun*
autes Kk dopmynam A, B. Pomanosa u C. ®. AsepbsiHoBa AR
JHaYeHHil pacxol10B, NMOCTYNAWWHX H3 30HHE, pacnojoxeHHoH

noa apenoil. JleficTBATEILHO, B cAyYae CHMMETPHYHOrO NMPHTOKA,
T. €. NpPH IB_I [ Ho=H,=H

P+ pa=2in =57 (L)
rie ﬂz'i._:!n{T:- —%‘

[Ipuunuman Bo BHAMAaHHe, 4TO

e"—e " =2sha, (1.15)
Bhipaiende (1.14) Mokuo npHBecTH K cheayioliemy BHIY:
pi+pe=2In-rt gt | (1.16)
rle {=-4-=an

* 3T0 NMpeAnoXKenne HeTOWHO, €CAH 3a NOBEPXHMOCTH IPYHTOBMWX BOA MpH-
HHMATL NOZEPXHOCTL C JABACHHCM, PaBHuM atsmocdepromy. [ pus. ped.

14



Ecan —}}I To 8h a“*% B stom cayuae seipamenne (1.16)

upuc,-ﬁpe'rae-r CAEAYIOULIHA BHA

pi+p2=2(In ::; +1). (1.17)

Bt LA e Sy TR

Fa iy
Beanunna y= - - 06bIUHO COCTABASCT MHWH HE3HAUHTENBHYIO

A0JI0 OT MEpPBOro YJeHa, crofumero B ckoGKkax suipamenns (1.17),
H €10 MOXKHO NpeHeGpeus, an,.:l;a

ff +pz—21n |1 m?.(u+ln —:j (1:18)
HPHHHHHH BO BHHMAHHE, YTO = ﬂi':;,ﬂllfl}"lHH OKOHYaTeNALHO
Pi+pr=2(oe- +in==]. (1.19)

B cayuae cummerpuusoro nputoka (npn Hy=Hy=H) ¢op-
myna (1.13) nproGperaer Bua

2k H—ho+ 2% ]
P1+-ps

Q= (1.20)

\ [Mocae noacranoBku 3navenun py+pe w3 (1.19), Gynem wmers

el
Q= “k[:mhﬁ;ﬁﬁ : (1.21)
-+In

% - 2m ary

4 .U Monenus YHCAHTENL H 3HAMEHATENb HA %, MOAYUHM
el
E*’“("—"'ﬁﬂ—m)

I[I+ ln.—-}

Q= (1.22)

Ecau npunarts Bo puuManue, uto

2m
i om 1 i 3+|.1?m1£-;l? 8
il trg I LTS

Mo

-”“— AHAMETP ApeHHE; @ — KOS(OQHUMEHT BHCAYECTH APCHH — MO
3 AsepbanoBy), To nocae noacradoBkn B (1.22) 6vaem

Q= 22 (H—ho) + el (1.23)
15




Crporo ropops, Beod o' B pacXoj aTMoceplbX ocafkow He-
sonyctus. Ilpn e=0 dopmyaa (1.2]1) npusosutes K BHAY.
Ot ak (H—=hy)

nl 2m *
D i md

(1.24)

IMpuHUMan BO BHHMAaHHE, YTO § = —g—‘-, noAYYH L

g= vk (H—hyg)
:a(-”" +1n%‘;‘-

+ (1.25},'

2m

Bbopmyaa (1.25) apnserca dopmynaoii A. B. Pomanosa,

Taxum oGpaszom, dopmyast H, H. Bepuruna, A. B. Pomanosa

n C. @ AsepbanoBa JaloT HAEHTHYHBle pesynbTatel. Kak Gyzer

MOKA3aHO HHMKe, OHH JaloT

|¥ NpeKpacHylo CXOAHMOCTE H C

pesyJibTaTaMH OlBITOB Ha NpH-
Gope 3TIA.

Ofmee 3aKIT0YCHHE, KOTO-

poe MOMIO caenath no pac-

CAlR A x

Puc. 4
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e
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cMarpusaemod paGore H. H.
BepuruHa, CBOJHTCH K CJIe-
ayiomemy, 3azaya o OGesHa-
IOPHOM JABHMKEHHH TPYHTOBBIX
BOJ B ABYXCJOHHOH cpeae a4s
ONpENeeHHOro  COOTHOWIeHHH

KOS(pODHINEHTOB  puAbTpaLlHH
EEPXHETO H HHMKHETD CJOBB 3J¢Ch CREJleHA K 3a1aye ¢ Ha-
NOPHOM [BHMEHHH B HHXKHEM XOPOLIO NPOHHLLAEMOM CJ0e, BCJIe-
CTBHe 4Yero pacuernble (opmyasi H. H. Bepuruua ue naior ob-
IIEro pelleHHs A8 NPOH3BOJNLHOTO OTHOWEHHS Kos(hQHUHEHTOR
(PHALTPALHH BEPXHEro H HHMKHErD C/I0EB H NPOM3BOJLHOTO pac-
MOJOKEHHS [1PeHbl MO OTHOLWCHHIO K TPaHHuUe pa3fieia TPyHTOB.

Ha ocHoBe HCnonb3oBaHHA aHaJOTHYNLIX MOJOMKEHH O Bep-
THKaABHOM JIBHXKEHHH BOJLl B C1a00NPOHHILACMOM BepPXHEM cJoe
H TFOPH3OHTAJLHOM-—B HHXKHEM (GoJee NpoHyuaeMoM) oCHOBAWA
Taxie pabora I'. H. Jly6sxko [30].

Jenxenne Bo BeeX CAYUAAX CUHTAECTCH HANOPHLIM, T. e npo-
HCXOJAAIHM Ge3 ofpasoBauna KpUBOil genpeccHu (pacyeTHas cxe-
Ma npeanoJaraer HaJHYHe CA0A BOAB TOJNIMHON N HAa nopepx-
HOCTH OCYINACMON TCPPHTOPHH).

OcHoerble audepeninanbible ypaBHeHns ABHKEHUA (HIb-
TpauHoHHoro notoka I'. H. Jly6ako noayyaer ua veaoeua ero He-
paspuiBiocTH. Caeaya I, H. Jly6sko, BHAEJHM B NECYaHOM cJoe
JABYMH BEPTHKANbLHEIMH NAOCKOCTAMH SJeMEHTApPHH oObeM
B BHAE NPHIMBI BEICOTOMH @, TOJMWHHON dXx u wnpuHoil 1 M (puc. 4).
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K sujenenHomy oGBeMy 3a nepuoj df no sToMmy ¢noo npu-
Texder ofbeM Boan Qdf. M3 BepxHero m HMIKHEFO CNOCB MOCTY-
naer obweM BoAK (wh+ws)dxdt,

CyernaHo, YTO H3MEHEHHE PACX0da Mo LNHHE NOTOKa ADAMHO
PaBHATLCA HHTEHCHBHOCTH NyTeBOro nurakra, OTcwza

R e (w4 w) . (1.26)

3HaKk MHHYC DOCTABJACH B COOTBETCTBHN ¢ HaNpaBieHHeM OCH
¥ (pacxoi yGHBEET NO Mepe YAANEHHA OT ADEHH ),
Mo Japcn

d
Q=nkT§, (1.27)

rAe p—nbe30MeTPHYECKHH Hamop,
Hia (1.26) u (1.27) noayuaercs oCHOBHOE YpaBHEHHe

ak S5 =—(wi+ws). (1.28)
Hurerpupopane ypapHenus (1.28) B KOHKPETHHIX yC/HOBHAX

Jajadd JaeT BOSMOMHOCTE ONPenesHTh OCHOBHBIE 3J¢MEHTH!
(HALTPAUHOHHOIO NOTOKA,

1
I-:J

&)
SR e R T TR

T

Puc. 5

ABTOp paccMaTpHBaeT OIHHOUHYIC ApeRy (CM. pHC. 5) B Ha-
MOPKOM BOZOHOCHOM MIACTe € MOBEPXHOCTBLIO 3CMJH, 3aJHTOH RO-
ROH ¢0eM 1, NPHYCM B caMoli ApeHe Hamop MPHHAMAaeTcH pag-
HEIM MOLIHOCTH BOAOHOCHOTD nAacra a.

Hns sroro uwacTHoro cnyuas, UPHHMMAn wa=0, W‘“%S’

Fle S=b+n—p, pemas ypasueune (1.28), ABTOP NOJAY4aeT B
KOHEYIIOM HTOre caelyiollee BHIPaWEHRe AJA NPHTOKAZ BOAM K
apexe ¢ OAHON CTOPOHM:

i Q=(b+n)ak:} A, (1.29)

Cac A=IE

B. A, Houar. 17



YpaBHeHHE Nbe30MeTPHYECKOH TNOBEPXHOCTH HMEeT CJeiylo-
LHI BHA:

S=(b+n)e—*¥A (1.30)
roe S=b+n—p.

[lpp S=0 x=oco, 7. €. JeficTBHEe OJHHOYHON JPEHEl pacnpo-
crpausiercsi 10 GeckoHeuHOCTH. ABTOpPOM mNpeiiaraercs YCJIOBHO
onpesensTh KOHEUHYI0 AaJbHOCTb AeHCTBHA OAHHOUHOH JpeHbl
Xo, MPHHAMAs S=n, 4TO NpHBOAHT K (Qopmyne

x=—In 222, (1.31)

OrmeTuM, uTo 3Ta (QOpMyaa, €CTECTBEHHO, NMPHroAHa TOJbKO
aaa caydas n>0, TO eCThb NPH HAJHYHH BOJABL HA TOBEPXHOCTH
MOYBLI.

[lpoBeneHnblil ananus nokaswsaer, uto dopmyan . H. Jly-
GAKO OTHOCATCA K 4acTHOMY ciay4aw paboThl OJAHHOYHBIX JpeH
(paGoTaomMUX NPH COJOUWHOM 3aTONJIEHHH JIHEBHOH MOBEpX-
HOCTH) H, ecTecTBeHHO, He MOryT ObIThb NpHMeHeHbl 1JA OUEeHKH
paloTh CHCTEMATHYECKOro TFOPH3OHTAJBHOTO [peHaKa, npeina-
3HAYeHHOro AN4 aspHpoBanus mnoupbl, OTMETHM, YTO ecJH TpH

HHTerpHpoBaHHH ypasnenHs (1.28) COOTBETCTBYIOLLHM o6pasoM
nogo0GpaTh MOCTOAHHLIE (HAampHMED, %z[} npu x=I, rae [—no- -

JIOBHHA PACCTOAHHA MEeMIY ApeHaMH), TO MOMHO B AHANOrHYHOM
NOCTAHOBKE HaliTH pelueHHe [AJf CHCTEMaTHYECKOro JpeHaia.
Quo HMeeT BHI

Q=2)/ B2 (ntp)thi |/ ks (132)
PR e (1.33)
chl Eﬁ‘—b

rje Se—Hanop B cepeiMHe MeKAPeHHOro npocTpancTea (0CTanb-
Hble 0603HAYEHHA AaHbl BHINE).

Tak KaK MH CYHTAEM, YTO CAYYal CNJOLIHONO H PaBHOMEpPHO-
ro 34TONJEHHA NOJAA He ABJAAECTCH XapakTepPHBIM JMA OCYLIEHHA
(B cHay HeoGXOMHMOCTH aspalH IOYBLI) H MOXKeT OTHOCHTLCH
JHIIL K YACTHBIM CJAy4asM OCYLIeHHs (ApeHa: PHCOBBIX MNOJeH H
T. n.), NoApoGHO HA HeM OCTAHABJIMBATBLCA He GyleM.

PacemoTpennbie Bhilie paGoThl OTHOCHJAHCH K CXeMaM, COOT-
BETCTBOBABLIMM CJYYAI0 YCTaHOBHBIUErocs ApHiKeHHs. Takas
CXEMa, KaK M3BECTHO, SBASETCH YCJAOBHOM, oTHOCAMeiica K ne-
pHOLY, B TeueHHe KoToporo (pakTOpLl, Onpeiendiouine paGoTy
ApeHama, MOMKHO CYHTATE HEHIMEHHBIMH,

B GoablwHHCTBE cjayudeB, OJHAKO, TaKas CXeMaTH3auHA fAB-
JAfieTcd HeJOnyCTHMOMH, W pacuer jApeHa)ed HeoOXOAHMO BECTH,
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HCXOASl H3 3AKOHOMEPHOCTEH /i HEeYCTAHOBMBIUErOCs MOTOKA
- TPYHTOBHIX BOJ.

PsjoM COBETCKHX M HMHOCTPAHHEIX aBTOPOB JaHB (OpMYyJibl
AnA pacyeta ApeHaiKeii, paboTaOUHX B YCAOBHAX HEYCTaHOBHBLIE-
rocq ABHMKEHHA MOTOKa B OAHOPOJHBIX IPYHTAaX,

Pacuer npenaxeii 1 Kananos, paboTalOWMX B HEGAHOPOAHBIX
FPYHTaX B YCJOBHAX HECTAllHOHADHOTO peKHMa OCBellcH 3HauM-
TeqibHO chaGee. [losToMy, onpejgeneHHblii HHTepec BLI3LIBaeT pa-
Gora B. A. Tneiizepa [14], B KoTOpoill NenaeTcs NonwiTKa peine-
HHS JlaHHOH 3ajaud H B ABYXCJaoliHOM rpydte, Beuay rtoro, uto
ciayual QHIALTPAUHH B ABYXCJAOHAHOM TPYHTeé paccMaTpHBaercs
Ha OCHOBe OPMYJ, BHIBEIEHHHX 17 OAHOPOAHOTO TPYHTA, aAd-

Ly
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Puc. 6

JIMM KPaTKoe ONHCaHHe OCHOBHLIX NPELJOKEeHHH aBTopa M A4
STOrO caydas.

B ceoux npepaokennax b, A. nefisep nenoabsyer nmeloume-
€5l PEICHHS JIHHeAPH30BAHHOrO YPABHEHHA HeyCTAHOBHBLUIEroc:
ABHKEHHA TPYHTOBRIX Boja Dyccumnecka (cosnagaiowmero no dop-
ME ¢ YPABHEHHEM TeNJONPOBOAHOCTH) H BHINHCHBAET PACYETHHIE
(popmyJiLl, BHOCS TOMBKO HEKOTOPbE H3MCHEHHS B PaHee NOJdyueH-
nuie pewenns [1. 1. [Toay6apnroroii-Kounnoii [38], H. H. Bepura-
na [10], C. @. Asepbanosa [5] u apyrux asropos. Busoa dopmya
I UHTHPYeMoil paGoTe He AaeTcs. -

Ins cayvas yKJaajiku JIpeH HJAH YCTPONHCTBA KaHaJAOB B OQHO-
POAHOM TFPYHTE NPH MTHOBEHHOM ONYCKAHHH TOPH3OHTA BOALI B
Kinanax Ha BeJHuuky Hy c yuerom unduavrpaunn (cm. puec. 6)
VPUBHEHHE NMOBEPXHOCTH TPYHTOBLIX BOJ MMeEeT BHJ

H (x.t) =Hg--—{Hr-—H]}q+“’—:{1—4;..:}, (1.34)

e H(x,f)—opanHata KPHBOH JeNpeccHH, OTCYNTHBACMAR OT
IJ. IH



BOJOYNOPA B MOMEHT { Ha PACCTOAHHH X OT CEPEe/iHHBl MEHIpEH-
HOFMD HJIH MEMKAHABHOTO NMPOCTPAHCTEA; —MOLYJdbL HHQHIALTPA-
LHH OCAAKOB, BW—KO3(D(pPHUHEHT BOJOOTAAYH, OCTAJALHBIC ofo3Ha-
yeHHS coryaacHo puc. b.

% 1 1 QYHKIHH OT Ge3spasMepHLiXx BeauuHH F H a. AHAJHTH-
YeCKHEe BhIPaKeHHA M8 QYHKUHH % W 1) B paboTe He NPHBOAATCH,
HO AaoTceda TaGauubl AJA HX onpelejeHHs B 3aBHCHMOCTH OT

rae lo—nosoBHHA PACCTOAHHA MEMAY KaHajaMH HJAH ApeHaMmu.
Beanunna F onpenenserca no chaeiyiouled popmyJe:

F=, (1.35)
F.El.E'
g—t . (HetH)
=4 Hh) |

k — kos3pPpHuHeHT (HALTPAIIMH TpPYHTA; [ — npuBeseHHas Aan-
Ha notoka, koropyio B. A. Iaeiizep cuuraer «uenecooOpasHbIM»

NpUHATLE paBHOi lo-+ %-—
Ecau obosunauute Ho—H (x, 1) =h(x, t); Hy—H=H,, t0

hix, {) =Hm— “:"—’(1*4;:}. (1.36)

Torga npn w=0, T. e. NPH OTCYTCTBHH HHQHILTPAUHOHHOrO
MUTAHMSA,

hy=Hmo, (1.37)

rie ¥o-—3HAUeHHe ¥ NPH OTCYTCTBHH HHMHALTPALMH.

IMocae noacranoBku sHauenus [ B dopmyay (1.35) u paspe-
lieHna ee otHocnTenbHo Le=2lh B. A. Taeiisep noayuaer dop-
MyJy AJf onpejeJeHHs PacCTOAHMA Memay ApeHamu (Ans cay-
uan w=0)

H.
=2()/ % -1). (138)

31eck noj fy NoApasyMeBaeTcd AJHTeNbHOCTh PacyeTHOTO ne-
pHOAZ TPH OTCYTCTBHH HH(MHIBTPALMH, 332 KOTOPLIH nNoBepx-
HOCTh TPYHTOBHIX BOJI ONMYCTHTCA Ha BeJHUHHY fig (B YaCTHOCTH,
NpH ONpefejeHHH fy nocpejnHe MEMAY JApeHaMiu cjeayer npH-
HATh a=0); Fos—cooTBercTyolee fo 3navenne GpyHxkuun F.

Xon pacuera npu 3ToM Takos: suas fy, Hy, &, p, t u hy onpe-

i
AeJATCs 3HAUCHHE 1)p== Fﬂ H MO HEMY € MOMOUILI0 TAa0JHIL Ha-
[+

xoautcs seanynna Fo. Ilocae storo no gopmyne (1.38) onpese-
20



nserca Lo, TTpu nanuuny HHHALTPAUNWE PACCTOAHHA MEKAY Ipe-
HaMH H KaHnalami peKOMeHJyeTcs onpelenaTs no (opmyJae

L=AL,, (1.39)

rae A—(QyHKUHA OT 1o H fi= ﬁ%* JlapaemMas apTopoM B Tafiuu-

Ho# opmMe.

ITo nosoay npeanomenuii b. A. Taefisepa B wactu onpenene-
HHA PACCTOAHHI MeXay JApeHaMu B OJHOPOJHLIX TPYHTax cJeny-
eT CKa3aTh, UTO OHM OT/IHUAIOTCA OT aHaJOrHuNBIX, panee npea-
Jgomennux (C. 0. ABepbAHOBEIM M OP.), BO-NICPBHIX, HECKOJLKO
uHoii dopMoli TabGaHL M, BO-BTOPHX, cnocofoM yuyeTa LONOJHH-
TeNEHBIX CONPOTHRAEHHH 33 cueT «BHCAYeCTH® (HecoBeplleHCTBA
N0 BCKPHITHIO TJ1AcTa) JpeH.

[Teperift BONpoc He MMeeT NPHHUHNHAJABHONO 3HA4YeAHs (XOTH
HaM npejctapasercd, uro tabauus b, A. Tneiisepa menee Tounw,
yeM tabanusl A. B. Jlugosa, C. @, Apepranoea n ap.). Co nro-
PHIM MpejioMKenHeM BooOlle HENL3A COTJIACHTBLCH,

Kak BuaHo H3 NPHECACHHEX JaHHBIX, DOMNOJHHTEABHEIE CONpO-
THBJAEHHA 38 CHET HECOBEPUICHCTBA [PeHK aBTOD YYHTLIBAET BHe

32BHCHMOCTH OT €e JHAMETPa BeJHYHHON f;-—‘ TO ecTh NpH6aB-

JAf€T K TOPH3OHTAALHOMY NyTH ¢uHALTpauHH (AauHA noTtoka ly)
MOJOBHHY MOIIHOCTH BOIOHOCHOTO NJacTa.

D10 npeanoxenne He Hopo: ewe Haxaep B 1933 r. (em. [5])
VUHTEIBAM TAKHM YIPOILIEHHEIM 06pa3’oM JONOJHHTENBHOE COMpo-
THBJIEHHE HA BePTHKAJNLHOM YYacTKe NYTH NpH QUILTPALHH H3

kaunanop (o npuuuMan =+ Hi). Kax nokazaan uccnenopanus
H. K. I'npunckoro, C. @. Aepnsnona [3], [5], C. H. Hymepoea
8], Xoorxaynra [57] M MHOrHX JIPYrHX aBTOPOB, Y4eT «MeCTHBIN®
CONPOTHBJIEHHIT HEIPEMEHHO JI0/I3KCH BRAIOYATE XapaKkTepHsie pas-
MEpbl BXOIHOrO CeMeHHMsi NMOTOKa, B AaHHOM cayuae — AHAMETp
Apenst d; weyder 3TOro 0GCTOATENLCTBA, OCODCHHO NPH MalbIX
.;h-, MOKET BHECTH BechMa CyIlecTBeHHbIe OlHGKH,

ABTOp He NPHBOJANHT JI0KA3aTeJALCTB CBOETO VTBEPH#JICHHS ©
S(e3yCNOBHOH HeNpHeMJeMOCTH® BBoia xkosddHUHeHTa BHcAYe-
T NpH onpejene’HdH pacxofla HeCOBepIUeHHLIX KaHaJdoB H JpeH,
paboTaomKUX B YCJAOBHAX HEYCTAHOBHBILIEroCcA ARBHMKEHMA, npei-
lkennoro C., ¢. Apepbanoesim [4].

(cnKa HA HeyCTAHOBMBIIHHCS XapakTep ABHIKCHHS, KOTOPYIO
seaner b, A. I'neiisep, neyGeauTenena, TaKk KaxK ecjii paccMaTpu-
WITh HeYCTAHOBHBIIESCH [BHMKEHHE ¢ TOMKH 3pelHs Merojaa To-
HivloBaTebHol CMeHbLl CTAUHOHAPHLIX COCTOAHHEH (cnocol LUM-
KO NpEMCHACMBIH W o61enpH3HAHHKI), TO JOrHuYecKkH HeobXo-

91




AHMO B pacyeThl JApPeHama NpH HEeYCTaHOBHBUICMCH JIBHKEHHH
TaKie BROAHTL KOS(PHUHEHT BHCAYECTH,

Pacuetbl NOKa3uiBaloOT, YTO €CAH NOJL30BATLCA PEKOMEHLAILH-
AaMi B. A. Taeiisepa ans onpejenennn paccTosHmii Mexay jpe-
HAMH TOPH3OHTA.ILHOTO CHCTEMATHYECKOrD JIpeHaxka, To owu6Ka
(10 CpaBHEHHIO ¢ pacuetoM no (popmynam C. &, Asepoanosa, Xo-
orxayara, A. H. Kocrakosa), npu MaibiXx anaMeTpax IpeH MowKer
Aocturath 50-—100% B cropony saBuiwenus paccrosuuii. OTMe-
THM, 4TO (POPMYJALl YROMAHYTHIX aBTOPOR GhLIIM WHPOKO NpORe-
pensl B 3ab0paTopHHX M OTYACTH B MOJAEBHIX VCJIOBHSAX
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Pue, 7

C. ®. AsepbanoBbim u Lot Cun-e (cm. [5], (51]); B otaene Me-
anopaunn IHUH3uM V. X, TomGeprom dopmyaw C. . Asepba-
HOBa Obi/iH nposepensl Ha npuGope ITJIA u naanm BechMa Xopo-
Wy CXOAHMOCTE pe3yabTaTtoB®,

Bce nanomennoe y6exiaer HAC B HENPHEMIEMOCTH PeKOMEH-
daumit B. A, Taefisepa nas pacdera ropH3oHTaJbHOrO CHCTEMa-
THYECKOTrO JIPeHaXKa, TO ecTh IR PAcCMaTPHBAEMOro aBTOPOM
cayuas,

3anauy pacueta JpeHama B YCAOBHAX HeYCTaHOBHBLIEroCs
ABHAKEHNA B AByxcaoiHom rpynre B. A, 'nefisep pacemartpusaer
Ana aByX BapuaunrtoB: 1) cayuail, Korla AHo KaHnajaa He J0XOAHT
A0 JHHHH pa3gena rpyuTos (pec. 7), w 2) cayuail, Koraa Kaunan
(1pena) mpesaerca B nwxunit caofi (puc. 8). Kospduument
(pusnbTpaunn sepxnero caos npunumaerca s 50, 100 u Goaee pas
MeHbLIC, ueM v HHAHero (cxempr B. A, Taefisepa anasornunnbi
cxeme H. H. Bepuruna). Pacuer no B. A. Taeiisepy aaa nepsoro

e

* TaGanua CPABHEHNA ONBITHRX NAHHKX W PEIYALTATOB, NOAYMAEMBIX 10
opmyne C. @. Anepbsnopa W APYrux asTopos, npuReiena wa ctp. 91.

22




CAyuYas BeNeTcA Kak AN8 OAHOPOJHOTO TPYHTa ¢ PacyeTHHM KO-
sthpruHenTOM HABTPaunK Ry, T. €. BepxnMii cJofi 3aMeHgeTcs
SKBHBAJEHTHBIM CJioeM ¢ Kos(pprunedTom duabTpaunn ky (npu-
MeHAeTCA TaK HaswiBacMblii BHPTYa bHHIT Meron).
INpesbilierHe HEMOHHKEHHOTO YPOBHA IPYHTOBBX BOJ Hal BO-
AOYNOPOM pEKOMEHIYETCA onpefensTe No caeayioiuleit gopmyae:

Hy=H—ho+chg=Hz+ (6—1) ho. (1.40)

[Ipesniiiense ypoBHs BOAW B KaHanax (apemax) Haa Bojo-
YMOpOM onpefeasercs no (popMmyne

Hi= Hy—aHo, (1.41)

rae g= J';t_i: :

IMon ho=d B panHOM cayuae NOHHMaeTcH TOMIUHHA CJAOA OT
MOBEPXHOCTH HEMOHHKEHHOI0 YPOBHA TFPYHTOBHIX BOJA N0 KPOBJH
HHAKHEro naacra.

Ho=H;—H;, (1.42)

B kavectse Kos(pHuUHeHTa BOJOCOTA4YH PEKOMERAVETCH TPH-
HHMAaTh €ro cpejlHeB3BelleHHOe 3HAYECHHE, onpeaenseMoe no pop-
Myfe,

o= “Ihﬂ-'I'.F:‘r':H!_hn] . []43}

Heobxoanmo sametuts, yto B. A. [aefizep B nanHoM cayuae
ZlaeT ABHO HenpaBHAbHBE pekoMedpauus. [leificTBHTeNbHO, ecaM
JHO KaHaNa He JOCTHraeT rpaHdllLl pasaena rpydtos (puc. 7),
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TO MOCTYNJEHHe BOJALI B K2HAJ MPOHCXOIHT 3a CYeT BOAOOTAAUH
BEPXHEro ¢10d H HeoOX0AHMO NPHHHMATL BOLOOTAAYY, PABHYIO W),

Pexomenayemoe b, A. [nefizsepom 3uavenHe BOAOOTAEYH CO-
OTBETCTBYET HEKOTOPOMY NPOMEKYTOUHOMY NOJOKEHHI0O KPHBON
AENpPeccHH NPH PacnofIOKEHHH €e YaCTHYHO B BEPXHEM M YacTHY-
HO B HHMHEM CJO0fX, OJHAKO YHCJCHHOE 3HAYeHHe BOJOT/IAMH,
Kak OyleT NMOKa3aHo HHME, He COOTBETCTBYET PEKOMEHIyeMOMY
B. A. Taeiizepom.

Ilna muorocnofinmx rpyator B. A, I'aeiizep pekomenayer 3a-
MEHY CJOHCTOTO FPYHTA OJHOPOHLIM, CO CPCIHCBIBEIUEHHBIM KO-
s(ppuunenToM PHABTPALNHH, onpejenseMbiM o GOPMyJIE.

__ ki -FRofia Ry Rty
ST R T A A R st

llannas pekoMeHAalMa Takmke HelpHEMJIEMa, TaK Kak 3/ech
B. A. Iaeiizep nosropsier 0WHOKH, PACCMOTPEHHLIE HAMH paHee,

Haa toro, urofnl noKkasaTe HEAONYCTHMOCTL NPHMEHEHHs Ta-
KHX ocpefHenHbix Kos(duunenTos ¢HAbTPaIMUM npH pacderax
HECOBEPUIEHHBIX JipeH (OWHO0YHOCTE JKCTPANOJAAUNN 3HAYEHHR
kep , onpepenensoro aas yuactka Sy (pue. 1) ma pecn yuacrok S
nas ceoboaHoro notoka Gblna NOKasaHa NpH paccMOTPeHUH pabo-
Tt X. A. [lucaporkosa), npeiacragum cebe, uTo japeHa BCKPHIBAET
HaMoOpPHBIA BOJOHOCHBI NMJACT, COCTOALLHA H3 HECKOJLKHX IOPH30H-
TAABHBIX CJIOER PA3AHYMHON NPOHHILAEMOCTH.

Tak Kak aHaMeTp ApeHbl 3HAUHTEJNbHO MEHbIUE TOMILHHBL BO-
JOHOCHOTO T1ACTa, TO 114 MOCTYNJCHHA B He¢ BOABI H3 HHMKHHX
CAOEB JIOMMKHO TNPOHCXOANTL CYViKeHHe TMOTOKA H HCKPHBJEHHE
CTPYH, T. €. CTPYH JOJHHBI NEpeceKkaTs Bulenexalne cinou. Ilpu
OcpefHeHHH Kos(duuHenTa (HABTPAIHH TOPH3OHTAJBHO-CJOH-
CTOTO BOJOHOCHOIO iJjacta no gopmyae (1.44) wmu onpeneasiem
€ro pasMep B HanpapiaeHHy NPOCTHPAKHA NIACTOB, T. €. B Hanpan-
JdeHHH HauwGoabuied nponuuaemoctH. Kak nokasaa daxnep [56],
NMPOHHIAEMOCTb CJAOHCTOrO rPyHTa nonepex naacros OyaeT copep-
weHHo HHOML. TIpH aBHzKeHHH NOTOKA NMOL YIJIOM K JIHHHH pasjiena
rPYHTOB OHa 6yAeT 3aBHCETL OT Yrjia HAKJAOHA BEKTOPA CKOPOCTH
K TOPH3OHTY.

[Tpeanonoaium Tenepb, UTO OAHH H3 CA0EB HMeeT HeGOABILIYIO
MOLLHOCTD, HO BechbMa caabGonponniaem. I1pw ocpeanenun no dop-
mMyse (1.44) ero poab B obleM pasmepe npHBeJeHHOro Koaddn-
UHeHTa QHALTPAUHH OGYIeT He3HAYHTEJbHA H, €CJH OCTAJbHbIE
CAOH HMeT GOoNbIUYI0 MOIHOCTL H NPOHHLAEMOCTb, TO NMOJYUYHT-
Cfl JOCTATOMHO GOJBLIIOH ocpenHeHHBI Ko3(MOHUHEeNT QHALTPALHH.

[Tpuuumas B pacdyerax ocpeaHeHHbIil Ko3(duiMenT PuabTpa-
IIHH, MBI 6yAeM MOAY4aTh 3aBLIUEHALIC PACXO/L, TaK Kak He Oy-
A€M YUYHTEHBaThL MOTEPH Hamopa B npeaenax caabonpoHHLaeMoro
cosl. ITH NOTEPH NPH MAJOi ero NPOHHLAEMOCTH MOryT GHITL
BeCbMad Be/IHKM, H TIO3TOMY B JApeHy OyIeT NocTynaTh JHIIL He-
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JHAYNTEJLHAA J0JS pacxoja H3 CJoeB, PacnoJoxeHHHX HHKe
caaGonpoHHIaeMoil NPocaoiKH  (ecaH NPOHHUAEMOCTh NMPOCJIOH-
KH paBHa HYJI0, TO pacxoibl H3 CJ0€n, PAaclOJOKEHHHX Noj
npocaoiikoil, BooGlile He N0JXHBE NONaaaTh B Apeny).

Takum oOpazom, ocpeanenne KO3IQOHUHEHTOB QUALTPALKH
no BLICOTE JAPEHHPYEMOro CJAOS NpPH PACYeTax HecOBeplIeHHBIX
JApeH M KaHAJA0B HEAONYCTHMO M B CJAYy4Yyae HANOPHOro NMOTOKA.
OHO BO3MOMHO TOJBKO B CJyudae COBCplIeHHOro Kanana, pabo-
TAIOMEro B YCJAOBHAX HAMOPHOro JABHMKeHHs (NPH MOJHOM 3anoJ-
HEHHH CCYEHHMA KaHnaJsa), Korla MOMKHO NPHHATDL, YTO CTPVH TOpH-
30HTAJbHEL.

B pase cay4yaes npu pacuere roipoTexHHYECKHX COOPYHKeHHH
H JpeHameit peKOMEHAYeTCA NPHMEHAThL TaK Ha3biBaeMblil BHp-
TYAJLHBI cnocol NpUBeleHHs HeoAHOPOAHOro rPYHTa K OJAHOPOL-
HOMY, CYTh KOTOPOro 3akKJI04aeTcs B TOM, YTO HeOoJHOpoAHAaA
TOJAUA NPHBOAHTCH K OJHOPOAHON H YyiKe A4 3TOH nochneaHeR
npoHseoidaTca pacuers. MollHOCTE NPHBEAEHHON TONLIH NOACUH-
TERaeTca no gopmyne.

k ky
Top=T1+ ; e+ 2Tt . T (1.45)

Takoii npueM aHanorpyed ocpefHennio Kospduunenta QHIL-
TPALHH H NPHHUHNHANLHO JOMYCTHM TONLKO B CJyuae coBnajge-
HIIA HanpapjedHHs [ABHMEHHA ¢ HanpapJeHWeM TPOCTHPAHHA
NA1acToB.

Ilpu pacuere apeHazmeil HCNOJbL3OBAHHE 3TOro NpHeMa BO3-
MOMHO NMpH coBJI0leHHH pala YCI0BHI no caeayloniHM coofipa-
MEHHAM. 3aMeHsad peanbHyl0 20HY “¢GHIALTPanAn  (GHKTHBHOH
(MpUBedeHHOl), Mbl HCKamaeM reoOMeTpHYECKHe pasMepml Gﬁﬂﬂ-
cTH (pHALTPAUHH NO BLICOTE.

Masectno (E. A. 3amapuu, TTapkep), uto 30HOH, B KoTOpO#
nanGojee aKTHBHO NPoABAAeTCH AciiCTEHe JApeHaXKa, ABJACTCA 30-
Hd, HENoCpe/ICTBEHHO NPHMLIKAKULAA K JpeHe. 3aMeHas peank-
HYIO TOJMULY NPHBENEeHHON, MB OTOABHTacM peanbHbli NMOTOK MO
REPTHKANH B TY HJAH HHYIO cTopony ot apeHbl. Ilocnennee mower
BHeCTH oWHOKH B pacueTHbe paaMeprl pacxoaa (ocofieHHO B Cay-
Mae MaJoil MOLULHOCTH CJOM, HPHMBIKAIOUIEro K Apene) H B CBA3H
¢ 9THM [IPHBECTH K HENpasHAbHBIM pe3yabkTaTam npH onpeiege-
Min paccTosaHuil Mexay apedamu.® [IpuMeneHue Takoro cnocoba
py pacuere PUALTPAUMH NOJA FHIPOTEXHHUYCCKHMH COODYHEHHS-
MH Tak#e NPHBOAHT K OWHOOUYHLIM Pe3ynbTaTaM,

JnA HAnOCTpalHl J1aHHOTO MOJAOMKCHHA NpHBEAeM pe3yJibTa-
T pacuetoB, npoussenennsx H. K. Tupunckum [12], ana cay-
Hast oOTCKAHHA WINYHTA MO BHPTYAaJBHOMY METOLY H MeToay, pas-
pafoTaHHOMY HM caMHM (MeTod NpHBejeHHA (QUALTPAUHH B He-

* Boaee noapofHo Ha AHANMIE NPHEMAEMOCTH BHPTYaaLHOro cnocoGa ppu
pacueTax apenaxedf MH ocrasoBuMca B § 3 raasw 1L
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OIHOPOAHBIX cpelax K (HILTPAUHH B OAHOPOAHEIX TPYHTAX C
nerounnKkaMu-aunnamMi), H, K. 'mpupckaM paccMmorpen cayuah
ABYXcAoOiHOro rpynTa_ (BepxuHii ciofl HMeeT Kos(PHUHEHT (PHAb-
Tpauun k;, a HHKHHEA—Rz).

k
an pa3HYHBIX COOTHOLUIEHHAX -'1="k‘f' noaydyelbl CAcAVIOLLIHE

COOTHOWEHHA Meway Q u Qg (raba. 1), rae Q—pacxoa, noay-
uenHuit no mMeroay H. K. I'ipunckoro, a Qg—pacxoi, nojaydae-
MBI 110 BHPTYaNBHOMY MeTOJY.

Tabauna 1

S, A i

P 0,1 | 02 | 05 I 08 | 10 [ 125 | 20 | 50 | 100
i If

_gi- 11.49[ 1,201 l,mﬁl_ 1,032 | 1.000| 0,969 0,004 | 0,775| 0,670

Kak BHAHO M3 JaHHBIX Ta6a. |, BHpPTyaAbHBIK MeTOn Jaer
Gosapwne omubkH (B yCNOBHAX pacCMOTPEHHOTO NpPHMEepa OKOJIO
50%). IlostoMy pexkoMeHJOBaThb €ro nNpHMeHeHHe 0e3 COOTBET-
CTBYIOLIEro aHAJH3a HEeJb3A.

[Tpusenennsie coobpaxkeHHs MOKA3LIBAIOT HECOCTOATENBHOCTD
pexoMenpaumit b, A. I'sefizepa u Aa17 HeOXHOPOAHBIX TPYHTOB.
[Mostomy ero dopmyasl no-BHAHUMOMY He MOTYT OLITh PEKOMEH-
NOBaHB A8 MPAKTHYECKOrD HCMOAL30BANHA,

Heof6x0oauMo 3aMeTHTL, UTO TPH Beefi NPHBJEKATENBHOCTH
CHE/IEHHA 3a1ay no (PpUABTPAUHH B HeOJAHOPOAHHX FPyHTax K 3a-
fauaM HILTPAUHH B OJHOPOAHON cpelle NyTeéM OCpelHeHHA KO-
apdunHenToB QUALTPAUMH HJH H3IMeHeHHs BepTHKaJbHBIX pas-
Mepos obnactTh GUABTPAUMKH B NMPHMEHEHHA YiKe roToBEIX (op-
Myn Onf pacyera JpeHakeldl B OJAHOPOAHEIX rpyHTax Booblle
STOTO JEJaTh HeJb3d 6e3 COOTBETCTBYIOIErO aHajH3a, Tak Kak
3TO MOMET NPHBECTH K rpy0GblM npocuetam.

Jlaunan sapaua TOuUHO pellaeTcs 3HauHTenbHo Gojee CJA0K-
HEIMH nyTamu (meron H. K, TupuucKoro u apyrue MeTois, o Ko-
TOPHX OGYIeT YNOMAHYTO HHXKE),

Kak ykaswiBajoch Bellle, BOMNPOCH JIBHMKEHHsl NMOTOKOB TPyH-
TOBBIX BOJ B CJAOHCTHIX M HEOJHOPOJHEIX MO TOPH3OHTAJH TPYH-
Tax ocHoBatesbHo Hecaenosadaucs I'. H., Kamenckum [19]. Mccne-
Aopanusn I'. H. Kamenckoro OuliH noCBALICHBI JBHKEHHIO eCTe-
CTBEHHBLIX NMOTOKOB TPYHTOBBIX BOJ, 2 He NPHTOKY K JApeHaM.

[Tpuunman 3a ocuosy ypasrenne Momiou, T. e, npenebperas
BEPTHEAJLHONH cocTaBisollel pextopa ckopoct, I, H. Kamen-
CKHH fan Goablioe YHCJAO PelueHHi, OTHOCAUHXCA K PasjH4YHBIM
CAyHagM NEDTHOPOAKOCTH TPYHTOB, THNAM NHTaHHA TPYHTOBOTO
NOTOKAa H YKAOHaM Bogoynopa. Beuay Toro, uto B dasbHeiiuiem
BulBOAL [T, H. Kamenckoro BuuiH Henosib3oBaHe pALOM aABTOPOB C
Leqabio paapaboTKH pacueTHuIX GOPMYA A5 NPOSKTHPOBAHUA Ape-
namedl, naausM KpaTkHil 0630p pe3ybTaTOB, K KOTOPBIM NpHILE
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I. H. Kamenckuil, 1 caenaem npeisapHTeabHYIO OIEHKY BO3MOMK-
HOCTH HX HCNOJAB30BAHHA NPH NPOEKTHPOBRAHHH OCYUIHTENBHKIX
CHCTEM.

I'. H. Kamenckuit pacemotpen cayvai ¢puabTpaunu co ceobo-
HOH MOBEPXHOCTBIO TPYHTOBHIX BOJA B JIBYXCJOHHOM TPYHTE, a 3a-
TeM MOJYUEHHEIE Pe3yJbTATH PACHPOCTPAHHA HA cayyaii MHOro-
caofRHoro rpymura. Isusenne B MHorocjaofinoM rpysate, no I'. H.
KaMeHCKOMY, NPOHCXOAHT KaK B ABYXCJOHHOM TPyHTE, ¥ KOTOpO-
ro B BepXHeM ¢JIO¢ PACTOJIOMEHA KPHBAs NeNpeccHH, a HHKHHI
COCTONT H3 A—1 cacep. Cpennas NPOHHLAEMOCTh HHXKHEro CJ/0s
onpefie/iiercl Kak CpeaHeB3BellieHHas M3 NPOHHIAEMOCTH OT-
AeJBHEIX TIJIACTOR, T. €.

M=
13 kih;

L R
1

Kak OGblio NOKasaHo BHILLE, NPH pacyeTe JApeHamxed Taxoe
pCcpeiHerHe HeLOMyCTHMO, TAK KAK OHO NMPHBOAMT K 3aBbllIEHHIO
pacueTHON NMPOHHUAEMOCTH HHMKHeH 30HH, W60 3HaYeHHA R cp.
noayuyaemble no gopmynae (1.46), GyayT MakcHMaJabHO BO3MOK-
HbI MH.

[Tpn pacuere JOCyIIHTENBHBIX CHCTEM, B OCOGEHHOCTH B Tex
CAyYAsiN, KOrjd ApeHa YKJaAblBAeTCA B MEHee NpoHHIaeMble HHMXK-
HHE IAacThl, HTHOPHPOBANHHE NOTEPhL HANOpa, CBA3AaHHBIX C Mepe-
XOMOM MHIKOCTH H3 BEPXHHX CJAOEB B HHMKHHe, OYAET NPHBOJIHTh
K 3aBLIIEHHIO PAacyeTHBIX PacXkofoB H PACCTOAHHH MeX1y npe-
HAMH.

Aunasoruunoe nonoxeHwe Oyjaer HabmoaaThCca H B Clyuae
BePTHKAALHOTO jApeHaxa; nostoMy KpuTHKy H. 1. Kycaxnueim
suisodos Illyasue Hado npH3HATL COBEpILEHHO CNpaBelHBoR.
Mo#HO AHIIL NOAYEPKHYTh, uTo 3amcuanne M. 1. Kycakuha o
ToM, uTo topmyna llyasle «nprroana AHIEL TPH YCAOBHH, KOTAa
cJIOH OTAn4aioTes (no nponnuaemocti—B. H.) apyr ot gpyra He-
JHAUHTENbHO®, ocofeHHo HeoOX0AHMO YUHTHIBATL NIPH pacyeTe Tak
HA3ILIBAEMOTO H30JHPOBAHHOTO TOPH30HTAJLHOrO ApPEHaXa, yKna-
1bIBAEMOTO B MeHee NMPOHHIAeMblH CAOH.

Kak noxkasmpaeT npakTthka, pabora ApeH, YKJAaiblBaeMbiX B
caafonpoHHLaeMsle TPYHTH (rAKHa, THAMKe/se CYTJAHHKH), B 3Ha-
HHTeJAbHOH Mepe 3aBHCHT OT NMPOHHLWAEMOCTH ApeHaMHOH 3ackin-
k. B Tex cayuasix, orlla IpeHaKHas 3achinKa Npeacrasjser co-
(0f BHIHYTHI H3 TpaHiied rpyHT (0OBIYHO NPAKTHKYEMLIH MeTOn
pafoT), HeCMOTPA Ha HEKOTOpOe pa3spbiXJeHHe 3achliKH B NpO-
llecce CTPOMTENBLCTBA, 110 HCTEMEHHH HeDOoJblIOro CpoOKa OHa
\VIJOTHASTCA H, €CJH M He AOCTHraeT cpoel nepBoHaYaNbHOH MJI0T-
HOCTH, TO BCE K€ CTAHOBHTLCA GJH3IKOH No CBOHM (pHABTPAUHOH-
HLIM CBOHCTBAM K HCHAPYLUeHHOMY rpyHty. [lanHoe OGCTOATENL-
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CTBO 3HAUNHTEABHO YXYALIaeT yejoBus paboThl ApeH, Tak Kak OHH
HAXOAATCA MPH 3TOM B VCAOBHAX, OJAH3KHX K TeM, B KOTOPHIX ONH
paborann Okl NpH yKAaAKe HX Ge3 OTPLIBKH TpaHwWwel (Hanpumep,
ecnu Obl OTBEpPCTHA 14 JpeHbl Gbl/iH BHICBEDJEHE B HHAKHEM CJa-
GompoHHUaeMoM TpyHTe). JlpeHy, YIOXEHHYI0 B TPYHT C Ipo-
HHIAEMOCTLI0, PaBHOl NPOHHILAEMOCTH HHMXHEro cJjos, 6yiaem
HA3LIBATbL H30JIHPOBAHHOI,

Hnd Takux JApeH HenodbaopaHue noaoxennit I'. H. Kamen-
CKOI0 HEJIOMYCTHMO, TAK Kak ocpeiHeHuulii no dopmyae (1.46)
KO3(OMUUHEHT (UALTPAUHK OyIeT 3HAYHTEJbHO 3aBHILIEH,

Hunoe nonoxenue co3gaercsa NpH 3anoJHeHHH TpaHiueidl npo-
HHLUAeMOH 3achiNKON, KOrjla nocjeiHsii HMEeT MNPOHHLAEMOCTb,
GOABIIYIO HAH PaBHYI0 TPOHHIAEMOCTH BepxHero ciaod (ApeHa
VKJajJklBaeTcd B Takyw 3acunky). [lpu nponycke Goaklunx pac-
XONOB UACTh pPacxofla B 3TOM CJyvyae NOCTynaer yepes 3achHNKy
i Apena paGoTaeT Kak 3akpuITHIA cobupaTtens.

Jaa pacuera apeH, YEAaAwBaeMBIX B ABYXCJOHHEIR TDYHT,
MpH 3anoJiHeHHH TpaHiuell 3achnKoi ¢ JOCTATOYHO BHICOKOH Tpo-
wunaemocteio M. M. Kpusonocopmim [20] pexomenayioTes cie-
ayioune (opMyan (oa8 caydyas HHQHALTPALHOHHOIO MHTAHHA):

a) NpH pacnoJOXEeHHH KPHBO#H JENpeccHH B BEePXHEM cioe

=/ Z [ raM (h—ho) + 52 (r—h%)|,  (1.47)

rae #;—kos(QpHUHEHT (PHABTPALMH HHKHero caofl, ke—Koaddu-
UHEHT HALTPAIHE BEpPXHEro caos; i 0 he—Hanopsl Hax KpoBaei
HUAKHEro N/1acTa, COOTHETCTREHHO, B CepelHHe MeMXIPeHHOro npo-
cTpaHcTBa M Haja OpoRkoil TpaHieH;®

6) NpH pacnoJOMeHHH KPHBOI AenpeccHH B ofoHX ca0fX, T. €.
IpH  TMepeceyeddH KPHBOI JenpeccHd JMHHH pasieja TPYyHTOB,

- Bl
:=]/% | eiMp 22 2'{Mi'-au'*‘]], (1.48)

rjie @o—BLIXOJAHAS OPAHHATA KPHBOH JenpeccHH NpH noaxole K
NPOHNLLAEMOll 3achiNKe APeHaXHOH TpaHeH; g—pacueTHEI Mo-
Ayab HHGHABTPAUKA; [—NOJIOBHHA PACCTOAHHA MEXIY JpeHaMH.

Beoa seanununt ae 8 Gopmyay (1.48) wenpasunen. Kak no-
kazaan ucenegopauna C. H. Hymepopa [8] u M. A. Yapuoro
[49], npn noaszosanun opmyaoi lonion B cayuae BHIXOAA NO-

* M. M. KpueonocoB HAa3LBaeT BejauunHy Mg BHXOAHON OpANHATON NoToKa
B naxornoM cice. Oanako noa puxoancil opaumatoil notoka nonumMaerca
obuane cymma M- Tak kak Beerga wmeer Mecto BaanMofeilcTere caoces,
TO, CTPOrO rOBOPA, O BHXOAHON OpAHHATE NOTOKA B BEPXHEM CA0¢ TOBOPHTL
HeMb3d, HOO B 3TOM Cy4Yae pacxol BHXOJHOrO cedeHds we OyaeT papen pac-
X0AY, BXOLSNIEMY B HAYANLHOS CEYEHHC NOTOKA B BEPXHEM chaoe (o NyTH npo-
HCXOAHT NMEepejaue BOAR B HHAHHE Cnoi).
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TOKa B TPaKWE OTKPLITOrO COBEPUIEHHOr0 KaHaja BHCOTY BhI-
KJAHHHBaHHA VUHTHIBATh He CJEIyeT.

Bmecto a; HeoOxoanmMo NpHHAMATE ho'—ray6uny soas B ape-
HEe HJH B KaHane,

Gopmyasl, npesaaraemsie H. M. KpuponocosuM s pacuera
APeH, YKIaAbBACMbBIX B NMPOHHUAEMYIO 3acCHINKY, 1O CYUIECTBY He
OTPAMXKAKT BAHAHHA NPOHHUAEMOCTH 3acuinki. OHH BHBejdeHL B
NpeanosoKeHnt, YTO COMPOTHRAEHHe 3acChINKH He3HAYHTEeNBHO,
T. €. ApeHa paGoTaeT Kak OTKpeITHiH Kanan. Kak noxaasisaior
ONBITH, MPOBCAEHHBIE HaMH B IleaeBoM JoTtke (cMm. raasy VI),
NPpH NPOHHUAEMOCTH 34acCLIlIKH, [ame PAaBHOH NPOHHIAEMOCTH
BEPXHEro ¢/04, JONOJHATEIbHLIC CONMPOTHBAEHHA HA BepTHKAJh-
HOM Yy4acTKe (QHJBLTPAUHH BHISEIBAIOT HEKOTOPOE CHHIKEHHe pac-
X0Jla JIpeHbl Mo CPABHEHHIO ¢ QTKPLITBIM KaHajaoM, B npaktnke
NpHMEHAETCA 3acLIMKa, COCTOALLAS M3 CMECH TPYHTOR BEpXHEro
H HHMHero cioes. [Tostomy ee nporHllaeMocTs GyaeT HHKe upo-
HHIAEMOCTH NaxoTHOro CJ0f, T. €. B 39TOM Clyuyae npejiarae-
Mble (popMmyant OyAYT AaBaTh 3aBLlllieHHble pacyeTHbie PaccTos-
HHA MeMKAY JIpeHaMmH, NpHUYeM BeJHYHHA 3aBblyeHnsa Gyaer 3asi-
CeTh OT CTENeHH NPOHHUAEMOCTH 3ACHIMKH.

Kak Guio yKa3aHo Bbille, BeJHYHHA PACX0fa He onpeieasier-
CH NOJOMKEHHEM KPHBON JenpeccHH no OTHOWEHHIO K JHHHH pas-
Aena rpyuros, Kak 310 cuntaer M. M. Kpusonocos, [Tpu ropuson-
TaJLHOM BOJIOYNOpPe OHa ONpeejfeTcs 3HAYCHHAMH (QYHKIHH
H. K. F'npunckoro Ha KoHuax yuactka [, KOTophie, B CBOIO o4epe/lb,
OnpeilensOTCH BETHUHHON Haopa B CepeiHHe MeXAYApeHba M ray-
GHHOH BOALI B Kanaje WAM JPeHe, a He BRICOTONH BLIKAHHHBAHHA
HaH Hapucauus. Ilostomy dopmyna (1.47), BooGiue roeops, e
TOuHa, a (opmyna (1.48), ecan B Heil 3aMEHHTL BeJIHUHHY Qo Ha
ho'—rayGuny Boak B KaHade, MoxerT GHITL NPHMEHEHA IS onpe-
fleJIeHHs PACCTOAHHI MEKY OTKPBITBIMH KaHAJAMH HAH JApeHaMu
¢ HCKAIOYHTENLHO BBICOKO NMPOHHMIAEMON 3aCBINKOI.

Ecan sBectn ykasannble uaMeneHus B Qopmyay (1.48), 1o
OHA MOJKET MPHMEHATHCA BO BCeX cAyvyasX, He3aBHCHMO OT TOro,
KaK pacnonaractca KpHBafd JAenpeccHH Mo OTHOIIEHHI0 K JHHHH
pasaena rpyHteB. Ecan 3acmnka HMeeT OTHOCHTE/BHO HeG0.b-
WVI0 TMPOHHIL@2eMOCTb, TO AOJIKHBE YUHTBIBATLCA NOTEPH Hanopa
NpH IBHKeHHH noToxka yepe3 sacunky (cm. § 10 raaswm 111 Ha-
crodleil paGothl).

Kak Gyaer nokasavo HuiKe, NOJOKEHHe KPHBOH JenpeccHH
(Hau pasMep BHIXOJAHON OPAHHATH) onpefenfercd pasMepoMm Ha-
flopa B CepefiiHe Mex[PeHHoro npocrpancria (OT HEro 3aBHCHT
anavenne ¢pyukunn H. K. I'npunckoro) u pennunsoi xosddpuiu-
ClTa pacxojia [ BepXHero IJlacta, B CBOWO ovepelb 3aBHCS-
lero ot GHALTPAUHONNHLIX CONMPOTHBAGHHI, NPEOAOJEBACMEIX NO-
TOKOM Ha nyTH K apede. Bee sTo gaer nam OCHOBaHHE YTBEpK-
nate, uto dopmyast H. M. Kpusonocosa, He yunThBalouHe sTHX
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$aKTOpOB, HEJL3A MPH3HATE JIOCTATOYHO XOpowo OBOCHOBAH-
HEIMH.

JlloGonelTHLIE JaHHBlE O METOAMKE pacyera JpeHamed B CJ0-
HCTHIX TpyHTaX, npuuatoil 8 I'IP, npusoautr A, B. Jlaspos [31].

Jlasa onpefeneHus pAacCTOAHHI MeXKAy ApeHaMH B 3TOM CJIy-
yae peKOMEHAYEeTCA CJAEAYIOUHA NMpHeM: OnpeaenfioTcss PaccTo-
auua Mexay apedamd Ei, Es, E;... E; B npeinonoxenus, uro
ApeHH YJOXKEHBl B IPYHT ¢ Koa(HUHEHTaMH QHALTPAUHH Ry, R,
ks . . Rp. PaccrosHHe Mexkay NpeHAMH NPHHHMAETCA KAk cped-
HeB3BellleHHoe W3 pacctoauui E;, 1. e

n
? Ek;
E ==

— (1.49)
Lk
1

rae h; — ToAlHHA OTAEJbHLIX C/0EB B AKTHBHOH 30He I, KOTO-
pas NPHHHMAETCH PaBHOil PACCTOAHHIO MeM 1y FOPH3OHTA/LHBIMH
JIHHHSIMH, PACMNOJIOMCHABIMH Ha 25 CM HMMKe JAHEeBHON NOBepXHO-
CTH H Ha 25 cM HHMKe TOPH3OHTA YKAALKH JpeH.

HeTouyHOCTL TaKOro MeTojla oueBHAHA,

Onpegenenne pacxolop JpeH B HeoJAHOPOAHBIX cpefax 6Ga3u-
pyerca Ha ofumefl TEOPHH ABHMEHHS NOTOKOB IPYHTOBLIX Bojx. B
HAYYHO-TEXHHUYECKOH JIHTepaType HMeeTcd psAjl BaKHeHHX B
sToil obnactn paGor I1. 8. INonyGapuuoeoit-Kounnoit [37], [38],
[39], [40], H. K. Kaauuunna [21], [22] u C. H, Hymeposa (8]

BecbMa BamHONH B TEOPETHYECKOM M NPAKTHYECKOM OTHOLUE-
HuH sBasiercs paGorta I1. . INoay6apunosoii-Kounnoii [37], B ko-
TOpoil BrnepBhle jAaerca ofoluleHHe ypaBHeHHsa DyccHuecka ana
caydan nmepeMeHHoll Mo BePTHKANW NpoHHULaeMocTH rpysra. [lau-
Hoe o6oblleHne ObN0O CAeNalo AAf YacTHOro CJy4as HeoAHOpo-
HOCTH (aByxcaoiiHblfi rpyHr). Doaee obluee pelieHHe NOJYYEHO
C. H. HymepoBuim [8]. O6a sTH peluieHda noiayueHbl QA cayuas
rOPH3OHTAJBLHOTO BOJOYNOPa HA OCHOBE NpHMeHeHH: QVHKUHH
H. K. 'mpusnckoro.

BecbMa HHTEpeCHBIM H Ba)KHLIM B TEOPETHUECKOM OTHOLIEHHH
apafgerca npueoauMoe B pabote Il . IloayGapunopoii-Kounnoit
[38] pewenne ana cayyas, Koraa KosuuueHT dHABTPALHH AB-
JfeTca HenpepbiBHON (YHKUHel He TONBKO 0jHO#, a aByX H 6o-
Jeg KOOpPAHHAT,

Ecan, B yacTHoCTH, ABHMEHHS NJOCKoe, To (paccMaTpHsas
ABHAeHHe B obhactu, riae KospQuUMeHT (HALTPALHN SBNAETCH
(byHKIHeH OBYX KoopInHat (X, y) W BBOLs Ge3pasMepHyI0 BeaH-
UHHY

K(x, y)— “-‘;-ﬁ*’? , (1.50)

rjle Ro—HEKOTOPOe NMOCTORHHOE 3HaueHne Ko3puunenTa GpUALTPa-
IHH, HAOpHMEp, cpefHee AR BCeid o0JacTH [ABHAEHHS, MOMHO
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Jas Bektopa V' cKOpocTH (PHALTPAUHH 3aNHCATL CJAedYIOULHE

ﬂ]ilﬂllE‘HHH:
' V=0 VeKk[2® ;%) .
div V=0; V=K{5E+i a;]* ¢ = koh. (1.51)
Ecau specTH PYHKUHKIO =% ¥ TaK, 4TO NPH 3TOM
N 0 (09 . 09 ;
V= o —i g =K(5; .ﬂy), (1.52)
1o MOMHO NOJIYUHTE YPaBHCHHSA
T e, S, SO s -
dx ~ K TR, T R S, T (1.93)

Has dyurunit ¢ 1 ¥, ynopnersopaiouux cucreme (1.53) 3a-
JUNTHYCCKOTO THNA, HMEET MEeCTe TenopeMa O CoXpaHeHHH obha-
eTH: 06JacTh MJOCKOCTH Zz=x-}iy nepexojutT B 006JaCTh NJOCKO-
CTH @+ ip; OSCKOHEYHO MadblM OKPYKHOCTAM IJIOCKOCTH 2 COOT-
BETCTBYIOT GECKOHEYHO Maable HJJHICH NJACCKOCTH @ ¢ MOJAYOCH-

b
MU @, b, mapaanensHEMH OCAM @, |, NpHYEM TZK'

K comajenHio, nNoka He [aHo MPHMEPOB pelleHHS KOHKpeT-
HBIX 3a7a4 Ha OCHOBe NPHMEHeHWd MpHBeJeHHbIX 3aBHCHMOCTEH.

Ha patGor I1. 1. IToay6apunosoii-Kounuoil, nocssaleHHbIX ABH-
MEHHIO (PHALTPAUHOHHBEIX IOTOKOB B HEOJAHOPOAHLIX Cpeaax noj
FHAPOTEXHHYECKHMH COOPYXEeHHSIMH, HeoOXOJHMO OTMETHTb pe-
wiendd Aaa ¢aoTéera W WNYHTA B IBYX CJ0AX OJHHAKOBOH ToJ-
IHHBL.

EEHJ.I.}F TOIO, YTO 3TH PeLUCHHA HE HMeOT HeNoCpelCTBEHHOTO
OTHOLWIEHHS K BOMPOCY pacueTa ApeHaxed, Mbi MX He paccMaTpH-
RACM,

Mz paGor I1. {. [ToayGapuuopoii-KouHHON, OTHOCALIMXCA K
pacuery aped, HeoOXOAHMO YIOMAHYTh FHAPOMEXaHHYECKOe pelle-
e O NPHTOKE K COBEPIUCHHOH JpeHe B aHH3OTPONHOM TpPYHTE
[38]. Ilpencrapnger MHTepec OAA pacueTa JApeHaxel Takke pe-
Wenne ana caydas (PHALTPANHH B JABYXCJOHHOM TPYHTe ¢ Ha-
KNOHHOH JHHHEH pasjena rpyHToB.

I'mapoMexaHHYecKoe pellleHHe BOTpoca © (HALTPALHMH B He-
OJAHOPOAHBIX Cpefax mnmoj THAPOTEXHHYECKHMH COOpPYMXKeHHAMH,
plopyaoBaHHLIMH apenaMu, gawo H. K. Fnpunckum [12].

Cyte npegaoxennoro H, K. 'npuHckuM Merona pacuera TH-
APOTEXHHYECKHX COOPYMKCHHH, pacnoflaraeMelX B HEOHOPOIHBIX
FpynTax, sakjo4YaeTcd B 3aMeHe (GHABTpALUHH B HEONHODPOIHOM
gpene guasTpauHedl B OJHOPOJAHOH Cpele ¢ HCTOYHHKaMH—JH-
LLLEEANE N

Peiene Bonpoca noJjyyaeTcss KOH(OPMHBIM 0TOOpaKeHHeM
nenoMoratensioil o6aactH, BHIGHPAEMON B BHIE KOOPIHHATHOID
Yidn uepes nonynjaocKocTb Ha oGaacTeh (puabTpauui. Beuay Toro,
o npr koudopmHoM orofpaikeHHH BCNOMoratensHolt cbaactu
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Ha ob6JacTe (HALTPAILKHK NHHHH pasfiena TPYHTOB [OJIKHBI nepe-
XOAHTL JAPYr B Jpyra, npeipapHTenbHO NPOH3IBOAHTCA Nepenoc
HX BO BCNOMOraTenbHyl 06aacTh Mo JOBOALIO IPOMO3JKHM 3a-
BHCHMOCTAM MeMXy KOOpPAHHATAMH BCMOMOTATeNbHOH olnacTy H
obnactH (PHABTPALHH.

Jna BHIYHCAEHHS MJOTHOCTH HCTOMHHKOB—JIHHHI B OT/eb-
HBIX TOUKAX NPHXOAHTCA pellaTh TPOMO3JIKHe CHCTeMbl JHHEeH-
HBIX ypaBHeHHH ¢ OoJbLIHM 4HC/IOM HeHspecTHHIX. Kpome Toro,
HeOOXO/IHMO [eJaTh JAONOJHHTE/LHLIE BHIYHCAEHHA BO BCMOMOTra-
TeJbHOR o6JacTH.

[Tpunuunuaneio GUABTPAUMOHHOE NOJAE JAPeHBl B HEOAHOPOI-
HOM TPYHTE MOMKHO OblJIO OBl MOJAYYaTh HANOKEHHEM QHALTPAIH-
OHHOIO NOJAA ApPEHL B OJHOPOAHOM TPYHTE H MOAA HCTOMHHKOB—
anHui. O1HAKO TeXHHMECKH 3Ta 3aja4a PelaeTcs MCKIIUHTE b
HO cao#xHo. KpoMe Toro, upe3BuiuaiiHo rpoMO3aAKHe CBASH MEMHAY
KOOpJAHHATAMH BcmoMoraTtensHoil obaactH u obaactH dHALTpa-
UHH He NO3BOJIAIOT NMOJYUHTL (opMmyanl obutero Buaa, 3ajavua
peliaeTcs B Kam/a0M Cjyuae oTAeJbHO A8 TOro HJAH HHOr'O cTpo-
eHHs obsactH QHABTpaLMH,

Xopowo Teopernueckn obocnosauumili meron H. K. Iu-
PHHCKOrO HEJb3f NMPH3HATL YAOOHLIM AJf MacCcOBLHIX pacueros,
KOTOpbie MPHXOAHTCH BLINOJHATL NPH NPOCKTHPOBAHMH OCYLUH-
TE€JIbHLIX CHCTEM, XOTH OH, HECOMHEHHO, NPeJACTABJARET OYeHb
GoNbLIIOH TeOpeTHYeCKHHA HHTepec,

Peuenne 3aaaun o JABMKEHHH TPYHTOBEIX BOJ NOj THAPOTEX-
HHYECKHMH COOPYIKEHHAMH B Cpejle, coCToAuleill H3 TOPH3OHTAb-
HBIX CJIOEB TFpyHTa pPasiiHMHOH NPOHHUAEMOCTH, MOMHO CBECTH K
3afave 06 o6TEKaHHH Tes, 2 HMEHHO 3aMEHHTb KOHTYP OCHOBaHHA
FHAPOTEXHHYECKOI'0 COOPYMKEHHA CHCTEMOH TOYeYHHIX BHXpeil M
nogbHpaTe NJOTHOCTL MHTEHCHBHOCTH 3THX BHXpefl Tak, 4ToOHl
YAOBMETBOPAJIOCH YCJAOBHEe Ha KOHTYpPe COOpyHeHHs, a HMeHHO—
HOpMaabHas COCTABAAIOILAA CKOPOCTH 31ech A0JKHa ObiTh pas-
Ha HYJIO.

Ias cocTasjieHHs HATErpajbHOrO YpaBHEHHs, KOTOPOMY [10J-
WHa YIOBAETBOPATE HHTEHCHBHOCTE HCTOUHHKOB, HYIKHO HAallTH
BbipaieHHe KOMIJIEKCHOrO MOTeHUHaJa TOYCYHOro BHXPA B MHO-
rocaoinoi obaacti. Komnnexcuas ckopoere W =U,—iV . B Tou-
Ke 2, NpHHaanexalled r-mMy oo, o0ycAOBACHHAA HAAHUHEM BHX-
pA, HHTEHCHBHOCTb KOTOPOro paBHa eAHHHUEe, NOMeLlaeMoro B
':‘IEJ]'-H{E ¢=E-+in BepxHero cnof, HAXOAHTCH B BHAE MHTErpana

Ypee

Wri(z) = j Ay (u) e | B(a)e "] da, (1.64)

gt B Ll RS

rae A, (a) u B, («)—KoMmnaekcusle GyHKUMH AeHCTBHTEALHOH
nepeMenHon .
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Pewenne nojay4aerca B BHE ABYX HHTErpPaJbHLIX YPABHEHMI,
U3 KOTOPBLIX OAHO SIBJISI€TCA YpaBHeHHeM BTOPOTro poja c OObIK-
HOBEHHBIM SIAPOM, & BTOPOE—YpaBHEHHEM MNEpBOro poja ¢ He-
cOOCTBEHHBIM sI/1POM.

H. K. Kanunuaum [21], 11, §. Tloay6apunosoii-Kounnoii [39]
n B. K. Pusenkamndgom [43] ykasansl HeKoTOpble BO3IMOMKHOCTH
PELIEHHA STHX YypaBHEHHH Ansa caydasi njockoro (uorbera.

Hnst MHKenepHbIX pacdeTos B 06/aCTH OCYLIEHHA 3TH pele-
HHSL TAKIKE BPAL JIH MOTYT GbITh HCNOJb30BAHLI BCJACHCTBHe HX
Upe3sBbYaHHONH CJIOMHOCTH,

[Ipusesennslii Bhime 0630p OCHOBHEIX paGor, onyGAHKOBAH-
ibix B CCCP 3a nocJeadue rofsl, no BONpocy pacuera NpeH B He-
OJAHOPOAHLIX TPYHTaX MOKa3sblBaeT, YTO /10 HACTOALIEro BpeMeHH
HET LOCTATOYHO HAaNeKHBIX, TEOPeTHYECKH 0GOCHOBAHHBLIX H yVA06-
HBIX J718 MPaKTHYECKOro MCNOJAb30BAHHS CrnocofoB pacueTa Jpe-
HAHEIX CHCTEM B HeOIHOPOAHBIX PYHTAX.

B To e BpeMs NpaKkTHKa NPOEKTHPOBAHHA H CTPOHTEJLCTRA
METHOPATHBHBIX CHCTEM HacToATe/LHO Tpebyer pa3paboTKH 3TO-
ro Bonpoca. ; _

Huske HanaraloTcs pesyabTaThi HAlIMX HCCJAEN0BAHUI, B KOTO-
PHIX MBI Ha OCHOBE HMEIOWHXCA TCOPETHYECKHX pa3spaboTok
(I1. 5. ITonyGapuuosa-Kounna, H. K, Tupunckuin, I'. H, Kamen-
CKHIL |1 Ap.) AesaeM NONBITKY NOJYYEHHS NPUOJHMAKCHHBIX, HO 10-
CTATOYHO HAaJEeKHLIX A8 HeJeld NPakTHKH cnocofoB pacuera ocy-
IHTEABHOTO AeHCTBHA JAPEHAMKHLIX CHCTEM B HEOAHOPOIHLIX FPYH-
Tax.

4 B, A. Horar



FTnasea 11

OCHOBBI PACHETA APEHAEHN
B HEOJIHOPOJIHBIX FPYHTAX

§ 1. ¥cranopueueeca ABHIKEeHHEe MOTOKOB TPYHTOBHX BOJ
B HeodHOPOAHOH cpene

[ToTokn TrpyHTOBBIX BOA B TNPHPOJAHLIX YCJOBHSIX HaXoAATCH
Mo HeNnpepLBHBIM BO3JAeHCTBHEM paaa (pakTopoB, TAKHX KaK HH-
(pUALTPALHA OCALKOB, HCTIAPEHHE C NOBEPXHOCTH TPYHTOBLIX BOJ,
KonebaHHe YPOBHEH B BOAONIPHEMHHKAX, BO3AcliCTBHE pasiHYHDBIX
HCKYCCTBEHHBIX COODYKEeHHH H 7. . ITH (pakTopH, KaK NpaBHio,
H3IMEHYHBH BO BpPeMeHH, M nostoMy Hauboaee oOGUHMM Cayyacm
JBHMKEHHSA TPYHTOBBIX BOJ ABJSETCH CAy4aill HeYCTAaHOBHBILErocs
JBHAKCHHA.

Peanunble ecTecTBeHHBIE TPYHTEI B CHJY HCTOPHMECKOrO Mpo-
ecca (pOpMHPOBAHHA OCAJOYHLIX NOPOM, KAK MPaBHJIO, HEOLHO-
POANE HE TOJBKO B BEPTHKAaNbHOM, HO H TOPH3OHTAJBHOM Ha-
npapneHHAx, npHuyeM o0bYHO o©oCOOGCHHO #APKO BhIpameHa Bep-
THKa/JbHafA HeoJHopoaHocTh. Bee 3T0 HHOrga oxkasnipaer pe-
Latoliee pAHAHNE HA OCHOBHLIC 3JIEMEHTH MOTOKA TPYHTOBLIX BOJ..

Kak ykasbiBanoch BuLllie, TEOPETHUECCKHE BOMPOCH JBHIKEHHH
FPYHTOBLIX BOJA B HCOAHOPOIAHBIX TI0 BEPTHKaAH rpyHrax nanGo-
Jjgee neraapHo Geuin HeenepoBansl H. K. Impusekum [11],
11 51. TlonyGapunosoii-Koununoit  [38], H. H. Bepuruumm [10],
I. H. Kamenckum [19] u pagom ApyrHx COBeTCKHX MW HHOCTpaH-
HbIX YYEHBIX,

B cBoeii paGote Mbl onupaemcss B OCHOBHOM Ha TEOPETHYECKie
nojomenns, paspatorannsie H. K. Cnpuncknm, n gesaem nonbit-
KV HX PasbBHTHS W NMPHMCHCHHA K PEUICHHI0O KOHKPETHBIX 3ajau
TEOPHH [ipenaxa u, B UaCTHOCTH, IV NPHOJHMKEHHEIX pacyeToB B
Cayuae HeYCTAHOBHBILErocs ABHMKeHHS,

H. K. Tupunckum paccMorper cayuail yeTaHoBHBLLErocs jinu-
HEHNA TPYHTOBLIX BOJ B CJNOHCTLIX HeOJHOPOJHLIX TPYHTax, T. €.
B TAKHX TPYHTAX, rjie Kosp@uunent GUALTPAUNE ABJAsETCH (YHK-
IHEH BLICOTHI PacCMATPHBAEMOTO CJ0A Haj BojoynopoM (mjac-
THl TOPH30OHTA/bHBLI).
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Ocnosusle aonyuenus, caenannsie H, K. TupunckuM, csonat-
Ci K caeayiomemy: 1) nosepxXHocTh BOZOYNOpPa rOPH3IOHTaMAbHA,
!) nBHIKeHHe B BOLOHOCHOM choe nojqunsierca sakody [Hapcw;
d) HaknoH cTpyek cnalblfl, BCAEACTBHE Yero MOMKHO npexebpeyb
HEPTHEAJIBHBEIMH COCTABASIONIHMH CKOPOCTH JIBHMKCHHA,

ITpH npHHATLIX AONYILEHHAX CKOPOCTL B J0O0H TovkKe, Ha-
xoasuteiici Ha BepPTHKaAH, HA PACCTOAHHH Z OT BOAOYNOpPA
(puc. 9) GyneT BEIpAMXKATLCA CNEAYIOWNM YPaBHEHHEM:

dh :
Ure=—FRs75; (1.1)
rae B —xoshduuuent PUALTPAIHH TPYHTA 3aBHCAUIHA oT KOOp-
JAHHATH Z.
B ypapueunn (1.1) aua- lz

al
HeHHE e IOJA BCex TO4YeK,

pACNOJ0MKEHHBIX HAa J1aH-
HOH BEpTHKAJH, €CTh BEJH-
HHa NOCTOAHHAA, TaK KakK
OHd He 3I3aBHCHT oOT Z. nﬂ'
JTOMY  30I0pa  CKOpOCTEH,
NOCTPOCHHBIX HA 3TOH Bep- N P/
rHKaan, Oyier nmo KoHpH- l ; Rt TR
I'YpalHy aHAJ0rHYHOM 3110- N

pe KoshhuuHenTos GHALT- 14

pauny, TosibKo aGeosaotHas g

1 5 ah
X BeJHuYHHA OYIeT B - Puc. 9
piaa  MeHblle. YpaBHeHHe

(1.1) naer cocTaBAAOUIYIO CKOPOCTH B HanpasieHHu ocH x. B cay-
e, ecnH uMeno Gbl MECTO ABHMKEHHe H B NMJOCKOCTH nepleHH-
KyAAPHOH K MJOCKOCTH X2, TO COCTABJAOILAS CKOPOCTH MO OCH i

nWpamanack 6 ypaBHCHHEM
Uy:':-"k - TR {LE]

LOCTABHM YPaBHEHHE Hepa3pLIBHOCTH B HEOAHOPOAHON cpele.
/i sToro BHpeKeM napaJaesienknel ¢ ocHoBaHueM dxdy u BH-
goroft i B ero cepeanne (puc. 10).

Pacxoa, npoxoaawui yepes cevedne ABC,

h
x:(uj' Ux,,dz)dy——-f?—f‘—(éfk dz)dy (1.3)

Jdaeck nenoabs3oBaHo seipamenne (1.1) aasa ckopoctn Uy, a
i
Jy "BHECEHO 32 3HAK HHTerpana, Kak He saBHcsillee OT 2 NO NpH-

WHTOH runotTese.
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Torpa npupatienne pacxona mMexay rpansmu HKMN n OPRS
naiigercs no oGEYHOMY BHIPAXKEHHIO

h
da,___ a | on
e 75 (Eﬁ;k;dz ):]dyd,r. (1.4)
AHaJIOTHYHO NO OCH Y
A
oh | r
q}.:“ﬁ—y(é kzdz )ﬂ'.ﬂ‘, {].5}
i
My o @ VOB
e ﬂy[ E Jﬁezdz )]dydx. (1.6)

g

Pre. 10

Beuay Toro, uTo no NyTH He MOCTYNajno pacxofa uepes CBo-
GOANYIO MOBEPXHOCTh, B CHIY HECKHMACMOCTH MKHAKOCTH obuiee
npHpallenke pacxoia J0JKHO PABHATLCA HYJIO, T. €.

A ; B
dgy , Ogy __ 3 [ ok a [ o 5

Hna npueenenns ypasuennsa (1.7) K Buiay, nawolleMmy Bo3-
MOHOoCTh uuTerpuposanna, H. K. Fupunckuit npeanoxun gyHk-
LHIO CACAYIOUEro BUa:

¢=j k. (z—h)dz. (1.8)

Hanunaa dyHkuua obnamaer paaoM 3aMeyaTesbHbIX CBOHCTB,
Gnarogapa KotopelM ypasnende (1.7) MOMHO NPpHBECTH K YpaBs-
Hennio Jlannaca.
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JleficTBHTEABHO, MO NpapuaaM AHpdepeHUHpOBaHHA HHTErpa-
Jlil N0 mapaMeTpy, ecaH

biz)
[ = _rf[z, a) dz,

10 €CTh W NMOAHHTerpaaknas Qyuxuus f(z, a) u Bepxuuii npeaen
b{w) saeucaTt or napamerpa g, nmeeM [38]

Bia)
2L =1(b, a}a—i[b{ﬂ} ]45-3{; dz. (1.9)

B paccMmarpuBaeMom cayvdae a=x, b(a) =h(x), 1. K. h 3aen-
ent or X; f (2, a) =k;(z—h). Takum o6pasom,

k iy

g alt ah oh

o =kn(h—h) 5 — [ kyrde=— 2 [ hpdz. (1.10)
AHaNOrHYHO Halinem:

aP
(R

an o
5 ﬁfk,d:. (1.11)

Conocrasaas (1.3) u (1.5) ¢ (1.10) u (1.11), noayunm peck-
Mil BaXKHHIE COOTHOIIEHHH

d
=y o s g (1.12)

[Moacraensa B (1.7) BMecTO BhHipamenui, CTOSIMAX B cKOOKAX,
WX snavenna, nonydaemuie u3 (1.10) u (1.11), 6Gymem umers:

P | @p

M3 coornomenns (1.13) caenyer, uro dynkuna H. K, F'upun-
fkoro yaomaetropaer ypasHeHuio Jlannaca wu, crajo GLiTh, fB-
Jnerca rapMmonndeckoi dynkunef.

Tak kak @ apadercsa rapMoHHUecKol (PVHKUHENR, To ee MOKHO
[IECMATPHBATE KaK BEUIeCTBCHHYIO YACTh HEKOTOPOH anajHTHYe-
EHON (hYHKIIHH KOMIJeKcHo# nepeMennoll z=x+iy, rie x 1 y OpH
peuiennn QUALTPAUHOHHEIX 3a7ay MOMKHO paccMaTpPHBATE Kak
KhopianHaTel o6aacTi (GHALTPALUH,

s waxompenwsa aApyroft rapMonnveckofi ¢ynkumm P, co-
Hpicennodi ¢ pynkuneit @, MoKHO BOCHONBL3OBATHCS YCJAOBHAMH
,l&mmﬁepa*:-}ﬁﬂepa (nap Komwn—PurMaHa), coriacno KOTOpHIM

M n3AHMHOR CONPAMKEHHOCTH rapMolBYeckHX QYHKUHE neobGxo-
AMO, UTODR!

b _ P éd _ P
g% Opek Yoyt TigET (1.14)
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Toraa noausit Mudgepenunan
apP dP ad e
dP = E’di—l— W‘iy’:_"ﬂ—ydxi"'ﬁ?dy‘ (1.15)

MoxHo nokasats [11], uto

13
J dP = j (_r Vndz)d3=l§},43. (1.16)
i} AB \0

rie Qap—pacxon 4epes HekoTopyio kpusywo AB; V, —cocras-
JSI0as CKOPOCTH 1o HOPMaau K kpusoit AB.
H3 ypasnenus (1.16) caeayer, uro P=Y, rae ¥-—¢yuxuus

TOK4.

IE

-~ @

Iﬁ

s {?’, e E‘ llh—ﬂ;’ F!-'-'IE‘_—-'I

=l ® .

Lz

Puc. 11

B uenoMm. ananautHyeckass QyHKUHMA, cocTaBjelHas W3 (yHK-
unit @ n ¥, Moxer OHThH 3anHCaHa B CAeAyIOlleM BHJIE:

h
y=b iV = Jk:{zmh}dzﬂ‘-}'. (1.17)

Jlaunyio (PYHKUMIO, 1O AHAJOTHH C COOTBETCTBYIOULEH (YHE-
IHel MAOCKOro MOTOKa B OLHOPOAHOM TIpPyHTE, MOMKHO HA3BaTh
KOMIVIEKCHBIM  MOTEHILHAJOM HAH XapakTepHucTHUYeCKOH (VHE-
IHeil.

CocTaBasiiolllHe pacxoloB B HANPABJAEHHH OCEH X H i MOryt
fuiTh Hainens Ha ypaeHedHil (1.3) u (1.5).

OTtMeTHM ellle ojiny ocolennocTe GpyHkunn H. K. I'npunckoro.
[MpeanonomxnuM, 4To ABHKEHHE MOTOKA NPOHCXOAHT B MHOTOC/AO0M-
Hoit cpene (puc. 11). @yukuno H. K. FHpHHCKOro, BLIpamaeMylo
ypasHensen (1.8), MOXKHO nepenHcark B CAeAYIOLEM BHIE;
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k
P=— !k;{h—z]dz. (1.18)

Ma (1.18) caegyer, uto alconwWTHOe 3HavYeHHE
pynkuun H. K. THpHHCKOro €CTh CTATHYECKHI
MOMEHT 3NIOpH KOS(MGPHUHEHTOB (QUALTpPALHK
OTHOCHTENBHO [OBEPXHOCTH TPYHTOBHX BOL

B wacTHocTH, AJif CAY4aAs, KOFAa HEOAHOPOAHBIH 1O BepTHKA-
AN NJAaCT cocTan/iel H3 HeCKOJMLKHX OJHOPOAHEX, MOILHOCTD KaK-
JIOT0 M3 KOTOPBIX COOTBETCTBEHHO PaBHAa 41, @2, O3 ... Op, QYHK-
una H. K. I'npunckoro npro6peraer caeiylOUHid BHA

¢=_Iklﬂ]{h—31] +k3ﬂ2{h-_32:| + s kﬂﬂ-ﬁ [.h--—*zﬂ] prer—y

= ék;a;{h—zﬂ, _ (1.19)

fputIem

i
La;=h, (1.20)
1
rjae z;—paccTofHHe OT CepelHiH i-T0 Cl0A 0 BOAOYNOPA.

Beaencrave toro, uto ¢yekunn @ u W gBasoTea B3aHMHO
CONPSMEHHEMH TaPMOHHYECKHMH (DYHKIHAMH, OHH JIOJKHLL #AB-
ANThCH perrenHaMu ypasuenusa Jlannaca (1.13) pas @ u anano-
rHunoro gna W,

B uacTHOCTH ANS OJHOPOJIHOTO TPYHTA

P— ﬂ[hkz(z_m dzz;z(%ﬂ_zh]: ——2=.  (121)

[Tocae noacraHoBKH B ypaeHenue (1.13) noaydum
o2 kh? a2 Ri?
g )t ay*[“ 5) =0 e

[Tpuunuman Bo sHHManue, 4To B ecTh BeNIHUHHA NOCTOAHHAN,
HOAYUHM

gt R N S
3\ )T o3 )—ﬂ. (1.23)

VYpasuenue (1.23) apnserca ypaBHeHHeM YCTaHOBHBLIETOCH
JAhiKenua co cBoGONHON NMOBEPXHOCTRIO B OINHOPOJHOM TpyHTE
WM OTCYTCTBHH HH(QUABTPALHH M HCNapeHus co CBOGOAHOH no-
" WEpPXHOCTH TPYHTOBBIX BOJA; OHO H3BECTHO KakK YypaBHEHHE
1. E. JKykosckoro—®. dopxreiimepa,

lKak w3pecTHo, NPH THAPaBAHYCCKOH TPaKTOBKe BoOnpoca,
$0 eCTL NPH OCPejiHCHHH CKOpocTell Mo KaKoMy-An60o CeYeHHIO Nno-
10K, TpeXpasMepHEe ABHMKEHHS PacCMaTPHBAIOTCS KaK ABYyXpas-
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MepHble (njaockue), a mnaockue--kak auneduvie. IMosromy aas
MJaockoro (B TJIOCKOCTH XZ) MOTOKA NPH HEOJHOPOAHOM TpPYHTE
AefiCTBHTENBHO YPaBHEHHE .

ardp
=, (1.24)
Tak kak ¢ynxuus H. K. Tupuuckoro sasaserca rapMOHHYECKOH
¢yukumedi, To peuleHHe 3ajaay no YCTaHOBHBLICHCA (PHABTPALKHH
B HEOJHOPOAHOI cpele MOXeT NMPOH3BOAHTHLCA HA OCHOBE NMpHMe-
HEHHA MeTONOB TeopHH (PYHKIMH KOMMJEKCHOTO nepeMeHHOro.
PEEL‘MBTI}HM TEenepb HaANOpPHOe JABHMKEHHE nojaseMHBIX BOO B
naacte nocroauroil Mownocetw M (puc. 12). OueBnano, yTo KO-
s(ppuument puabTpauuH Kpos/aH BOJAOHOCHOrO nJaacTa, Kak H BO-
poynopa, HeoOGXOAHMO MPHHATL paBHbIM HyJwo. B srom ciyuae

PP T LT FIEET BT FE TS T T i =
'

ST T
§

V.
'y
M2

Puc, 12

poab KpuBORl menpeccun OyjeT HrpaTh Nbe3OMCTPHUECKas KpH-
pan. HanopHoe ABHKEHHe MOMKNO PAaCCMATPHBATL KAk MacCTHLINM
cayuail Geanamopnoro, Korja Koshpguuuent (QHUALTPALHH Bepx-
wero caon pased nyao, Pyuxuns H. K. mpunckoro s nannom
caydae Moxer ObIThL 3anHcaHa B CNeayloleM BHJE

h M k
» = J k, (z—h)dz = J ky(z—h)dz+ | kg(z—h)dz,  (1.25)

rie EB,— Kos(puupuedT QUIALTPALMKE KPOBAM HANOPHOIO NMOTOKA,
Beujy Toro, uto k,==0, Bropoii uuTerpaJi npasoi 4yactn ypas-
nenus (1.25) paBen uHya0 1 oHO MoOKeT OLIThL NEPEnHcalo B BHIE

M M
@={ zk,dz—h £ kydz. (1.26)

L]

3aech i BHIHOCHTCA HM3-TOJA 3HAKA HHTErpana, TaK Kak Ono
He 3aBHCHT OT 2, 4 TOJIBKO OT X H Y,
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Huterpanpusie BeIpakeHHs, cTOAILHe B NpaBoil 4acTH ypas-
Henns (1.26), He 3aBHCAT OT X M Y, NOITOMY

P =c1—cgh, (1.27)
rie

A M
€= Jzkzdz; Cy= i kodz. (1.28)

IlocToannan cg, Kak He TpyaAHo yGenutbesa u3 popmyan (1.28),
UHCAEHHO paBHa NAoWAaJH 3MopsH Ko3(QQHUHEeHTOB (PHABTPALIHH,
KOTOPYH MOMKHO, B CBOIO OuYepelb, BLIPA3HTE Yepe3 cpeldHHH Ko-
SippruHenT GHALTPAUMH Beero naacta, Mommnoctrio M. Taxum
nfipasom,

M
Co= ;;,f kzdz=kopM. (1.29)

[Moctoaunaa ¢1 npencrasnser coloii  cTaTHYeCKHIT MoMeHT
SIIOPEL (PHABTPALHH OTHOCHTENLHO TOPH3OHTAJBHOH JHHHH, Npo-
XOsel yepe3 ee HHIKHIOW TOYKY (B JaHHOM CcJayuae—Bolo-

Yrop) :

M
f]:J Ek.zdz=ﬂk¢pmﬂl {]3{})
rne uM—paccrosnne (B gonax M) or uentpa TAKECTH SMIOPLL 10
noaoynopa.
KoMnaekcHelii nOTeHIHa A HANOPHOTO ABHMEHHSA
%=kepM (aM—h) +iW. (1.31)
[Moacrasue snavenne @ B ypasuenne (1.13), nonyunm
P2h . Pk
s 'E'Wﬁ - (1.32)

Ionyyennoe ypaBieHHe TOMIECTBENHO ¢ YPABHCHHEM JIIH HA-
NopHore MOToKa B OAHOPOAHOM MO NMPOHHUAEMOCTH MJlacTe NoO-
CTONHHON MOUIHOCTH, YTO YKa3bIBACT HA BO3MOMHOCThH HCNOJb-
AORANNUA pelueHnH, NONYYEHHBIX A8 ABHACHHA B HANOPHBIX nJa-
CTAX, COOMEHHBIX H3 OAHOPOAHOrO FPYHTA MPH pacyeTax B Heoj-
HOopojnelx cpenax. B sToM cayyae npH onpejesedibix VCJIOBHAX
PACXO/IBI MOMKHO ONpejeaaTh no GopMyJaaM, BHBEASHHLM JJIA 01-
HOPOJHOro FPpyHTa, NPHHUMAaA, ojJHako, kosdduunent duavTpa-
I paBHLIM COOTBETCTBYIOIUHM 0GpasoM oCpelHCHHOMY Ko3(-
dllluuvu'ry (pHIALTPALMH kﬂp, NpHYeM HeoOX0AHMO HANOMHHTD,
U0 9TO BO3MOMKHO TOJILKO NPH HAJNOMEHHH pPHAa OFpaHHYEHHI.

Hpn nanuuun naduALTPAUMH MM HCNAPCHHA ¢ NOBCPXHOCTH
FPYNTOBEIX BOA npaBaa yacTte ypasnenus (1.7) ne Gyner papsa
WYMo, a Gyaer npeAacraBieHa QaKTOPOM, YUHTHBAIOIHM H3MeHe-

4]



HHe PAcXoja B CBA3M ¢ HHPAALTpauKed WA ucnapenneM. Oucani-
HO, YTO MPH HAJAHYNH HHGHABTPALWA C HHTEHCHBHOCTBIO P HA e/lH-
HHLY mJjollaal ypaBHenHe Gananca NpHMET BHI

g, , 094 ﬂ‘ifﬁ gy
Syt 20,00, (1.3

EciH HMCET MECTO HCnapeHHe ¢ MHTEeHCHBHOCTBIO € ¢ €JHHH-
UK MAOOIAAM, TO BMecTo p B npasoil vactH (1.33) Hamo nocra-
BHTh € CO 3HAaKOM MHHYC.

B cayuae niaockoro noroka Gopmyas Moryt GuiTh nepenuca-
HEl B CJeiyloluleM BHJe:

L I S
=5 =P a e (1.34)
Ecau rpywr oanopoaeH, To ¢'_——% No3TOMY HHTErpHpO-
panHe ypapHennit (1.34) naer
kf;’ £ o + €9, (1.35)
£ k_g:._, --{xv—l— Eax+ Cs. (1.36)

Vpasuenue (1.35) ectb ypaBHenue snaunca, ypaetenue (1.36)
ABJAACTCH ypapHeuweM runepOoaw. Takum oGpasoM, npH ycra-
HOBHBLIEMCH JBHMKEHHH B cliyuae HHOHABTPALHOHHOTO NMHTaHHA
KpHBaA JIENPecCHH B OJHOPOAHOM FPYHTE—3JIIHIC, NPH HANHYHH
HenapeHHga—runepboaa.

Ecan ucnapense u unduabTpauns orcyTCTBYIOT H NOTOK MH-
TACTCA BHEUIHHM HCTOMHHKOM NOCTOSAHHOH NPOH3BOAHTENBHOCTH,
o ypasHenua (1.35) u (1.36) npunnMaT BHA

2

= _‘?;_:Esxﬂﬁ, (1.37)

Ypasuenne (1.37) ecte ypasHenue napaGoaw (Jlioniou).

VpasnenHe KpHBOI NenpeccHd B ¢Jyyae HeodHOPOIHOTO TPyH-
Ta JIerko Momer GbITh TOJAYYEHO 11a OCHOBE HCMOJAb30BAHHA Ypas-
wenns (1.34). B cayuae ecanm wMeeT MECTO HHQHALTpALHA, HH-
TErpHpoBaHue yvpaeneHus (1.34) naer

i

i ]
= [k, (z—h)dz %me +¢s. (1.38)

[lpn HaAHYHH HCNAPEHHA

f]

b= | k,(z—h}dzz—f-;—? +eax+cy. (1.39)
i}
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llocToAHHRE € H €3, €3 M €4 ONPENeNAIOTCA, HCXOAA H3 KOH-
KPeTHLIX YCJNOBHH 3ajauH.

Haa HANOCTPAUHH METOAHKH OonpeleneHHa YpaBHEHHA KpH-
Boil fenpeccHH pacCMOTPHM NPHMeP.

I1 p‘ HMCD I. GHPEﬂEﬂHTh YF‘EE"EHHE HPHBﬂﬁ JenpeccHH NpH
HaJdHYHH HI-Iii]H.ﬂthﬂIlHH, eCJIH H3BeCTHO, 4TO H3MEHEHHE HDEIP(I]H'
HHEHTa EI:FHHBTI]E“.HH Mno BRICOTE n]]ﬂ'ﬂtxﬂ,ﬂ.ll’l‘ no CJ]E,’J.}'H}[HEM}’ 34-
H{J'H}r'.

Tak Kaxk nHTande NoToKa NPOHCXOAHT 3a cueT HHHABTPALHH,
noabsyemca gopmyaoii (1.38). B stom cayuae

fk;{z—hldz= ’f (ko+az) {z——f:}dz=-—% (3ko+ah).
]Z
I R

Puc 13

Takum oGpasoMm, ypaBHCHHe KpPHBOi#l Jnenpeccun (puc. 13) 3a-
INCHBAETCH B CAEAYIOUIEM BHJLE:

1 u
" (Brtah) =—(Bpoxte).

Jasn onpejeneHus NOCTOAHHBIX €1 W €2 HEOOXOAHMO 3HATL ABE
T0MKN, uepes KOTOpHe NMpoXoAuT KpuBaa aenpeccuH, Ilpeanono-
MM, uto npin x=0 KpHBas JenpeccHH NPOXOJHT Yepes TOUKY
e, a npu x=S—uepes Touxky h=h,, Toraa W3 nepsoro ycio-
I oS yYHM

R S
2 e 6 (3ko+aH).
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H3 Broporo ycaoBus (¢ yueToMm onpeiefeHHoro ¢z} Hafinew
1= [% (3ko+aho) — H (3ko+aH) +3pS?].

D[{EIIH HaTensEHO }'pﬂBHEH He KpH BOH JenpeccHl ﬁ'fﬂET HMEeTh
caeayiowni Bua:

ahd -+ 3koh? = —3pa2+ [ 3ka (R20—H?) +a(h%—H?) +

+3pS2+H2(3ky+aH). (1.40)

Ypanuenne (1.40) MoxHO NpeicTaBHTH B BHAe
h2(1+ph) =H=gl+ﬂﬁ}+ﬁx.:5—x}+

+ S Thto (14 Bho) —H2(1+BH)), (1.41)

A

=
Tak xak 3axkoH H3MeHEHHA kKO3(QdHUHEHTa PHALTPALHH HAMH
npunaManca kz=*~ke+ a2, To ovepHaHO, yTo NpH a=0 B=0 #
ypaetenne (1.41) o/KHO NPHBOAMTHECA K YPABHEHHIO HH(H/bL-
TpaulioHHoro nutanua (Kemwe) npu oanoponnom rpyate (ko) M
TOpH3OHTANLHOM BOnOynope. B stoM ne Tpyauo yGeauTben, npH-
Hap B (1.41) a=0 u p=0, uro naer

rie

hﬂ:Ha(tm-';-)-}-—g-ﬂ.ﬁJr Zx(s—x). (1.42)

JHaunTe/ibHEI HHTEpec NpeacTaBJfAeT YacTHHi caydai orpa-
HHYEHHOH JUIHHBLI MOTOKA H HaJHYHe BOAOPA3ena, TO eCTh CAy-
YaH HHQHALTPAUHOHHOIO NMHTANHA MEMKaHaBHoro (MemApeHHO-
ro) NpocTPaHCcTBa.

ah
Ouesnano, yto B 3TOM cayuae npu x=0 ——=0,

ix
Benomunan, uto %=p; —gg— =pX+Cc1=qg,, rle gy—pacxoj,

YEpe3 cedyeHHe X, NOAYUHM veaoBHe g,.=0 (npn x=0), To ecThb
c1=0. BuinuceiBan paHee noJydeHHoe BHIPaXKEeHHe JAA €, W NPH-
PABHHBAA €ro HYJI0, NOJYYHM

H2(1+4BH) =h2 (1 + pho) +T§'53~ (1.43)

PacemoTpuM Bausiiue kKos(@uunenta o (M, caenonareasHo,
f) Ha nojoMeHHE MOBEPXHOCTH IPYHTOBHIX BOJ,

O6osnauan vepes My ropusont B cevennn npu x=0 B ofiHo-
poanoM rpyure (upuueM HP=hg+ —;:-S?], HMEEeM
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L

He = H2o— B (H2—ho?), (1.44)

e p= -3%- :

M3 (1.44) ouesmansl Hepapencrsa: H>H npu a<0: H<H,
npun a>0; H=H, npu a=0. CrejopaTenbHO, NpH 3a1aHHOM 3H4-
qenun Kos(duuHenTa QHALTPALHE NMPHAOHHLIX CJI0EB BCAKOE HX
YMEHBIIEHHEe 110 BBICOTE BeleT K MOAbeMYy NOBEPXHOCTH IPYHTO-
WLX BOA, a yBenHyeHHe—xk onyckanmio, Ma (1.41) BuTexkaer He-
nocpencTeerHo Qopmyna Ang onpeicsienHs PaccTONHHA MKy
ApeHaMH B TPYHTaX ¢ JHHEHHO H3MEHSIOUWHMCH N0 BHICOTE KO-
s(ppnupentom buabrpaunn (ky =ke-+az) B BHIE

E=25=2 )/ Ao (H2(1+pH) — (14 Bha)] . (145)
B uactHocTH, npH fu=0 HMeeM

E=2H /- (14pH)., (1.46)

Wro orianuaercda oT Qopmyas Pors MHOMMTENEM MOA KOpPHEM
(1 +pH), KoTOpLi H YYHTHIBaeT HEOAHOPOAHOCTL TPYHTA.

[Ipumenp.

Kosthduunent pHABTPAUHH TOP(AHOTO GonoTa MOUWHOCTLIO
4 M, MOACTHAACMOro NPaKTHYMECKH HENPOHHUACMBIMH TJIHHAMH,
amensiercs oT Ro=0,1 M/cyTkH y AHa 3anexku o 1 M/cyTKH Ha
popepxnoctn, Onpele/luTs PaccTosHHe MEKY KaHnajaMH, npope-
SAIOILHMHE BCIO 3aJieXb, Ha otBoj 200 MM/roa v HOpMe OCYIUeHHS
| M.

HMmeem: i
ke=0,1 mlcyr.; k2=0,14+023z m/cyr. (a=03);
H=3—1=2 M; p=g== 0,00055 m/cyr.

= g ) 0.3 >
_1.-3-2'/ sass— 1+ 307 2) =9 v
Ecan CYHTATL TPYHT OAHOPOAHBLIM ¢ Kod(dHUMEHTOM (Hab-
gparnn ke=0,1 Mm/cyTKH, COOTBETCTBEHIO paccTosiHHE E=54 M.
Lean «ocpeasnTh» Kos(uuuent GuibTpaiunu B caoe 0—2 M, T0
kop =04 mjcyt. n E=108 M. Haxomel, ec/ii OCpellHeHHe Npose-
¢iit B cevennax x=0 n x=S=E/2, 10

kcsz}E‘ﬂ-‘J— =0,25 mfcytkn n E=85 M.
[1puBeaeHnBll TPHMEP HATIAAHO NOKASLIBAET MPOAYKTHBHOCTD
nenosassosanna gyakuud H, K. TapHHcKoro npu pacdere JpeHa-
Welt B HeOAHOPOJAHLIX FPYHTaX, B YacCTHOCTH TMPH HH(HALTpaLLH-

OIOM NHTAHHKH [MOTOKAa IPYHTOBLIX BOL.
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Kak ykasmpanocsk phime, H, K. Tupuucknit npu paccMmorpe-
HHH JBHMEeHHA TPYHTOBBIX BOI1 B BEePTHEKAABHO-HEOIHOPOIHOM
FPYHTE He NpHHEMAaJd BO BHHMaHHE BCPTHRAJILHBIX EHHFHET'EF':I.
CYHTAaA COCTARJAIOINIHE CKOPOCTH MO BEPTHEKAIH PabBHBIMH HYJIO.
Ecan npunnMaTh BepTHKaAbLHLIE CKOPOCTH PaBHBIMH HYJI0, TO NPH
HHQUAETPALHOHHOM NHTANHH HJH NPH JABHMEHHH NOTOKA B YCIO-
BHAX, KOl'Jda CO cBoOOHOH NOBEPXHOCIH TRYHTOBLIX BOJ I'II]{'.IH'E-
XOAHT HCnapeHHC, CTAHOBHTCA COBEpPIICHHO HENOHATHHIM, 3a CYHeT
Hero NpoHCXOAHT NONOJHeHHe BOAR B OTAGJIBHBIX CJIOHX,

[TpuGansenHoe sHaveHHe AN BEPTHKANBHBIX CKOPOCTEN MOK-
HO NOJYYHTL, HCXOAA M3 caeayiownx coobGpaxenuii, Onupasck Ha
H3pecTHble pesyabTaTthl, nonydeunble [1. H. TloayGapunosoii-Ko-
uHHON aas cxemul [liomon (cm. [38], ctp. 463), ypasuenne nepas-
PLIBHOCTH MOTOKA MOMKeT OLITL 3anNHCaHO B CAeAVIOUlEeM Buie:

all aV
B E_ﬂ' (1.47)
rae U—ropuzontanshas, V—eepTHKabHAA CcOCTaBAAONLAN CKO-
POCTH (PHALTPALLHH.

B peprukansHo-neognopognom rpyite ckopocte U Ha peptu-
Kaan h He ABASETCA NOCTOAHHOMN, TaK Kak 3nwpa CKopocTeil no-
BTOPACT 3N10PY KoshpHunenTos PUALTPALLHK.

SIS LS
U=—k, dx °*
OTKyAa
av __p, @h
de*da”
dlf
[Tocne noacTaHOBKH 3HAYCHHA dr B YpaBHenue (1.47) u uu-
TErPHPOBAHHA NO 2, NOJAVYHM
i
d*h
V=V, =23 J kydz. (1.48)

Kak 6ulio nokasano Bblile, B BePTHKaJLHO-HEOAHOPOIHOM
rpyHTe, BRIpAMKEeHHe AJA pacXona MOMKHO 3aNHCAThL B CJAEAVIONLEM
BHE!

TR

I
Gx =S =—-G [ kydz. (1.49)

Ecan pacxon noroka no aauue nmoctoaneH, To, Anddepenun-
pya ypaeHenue (1.49) no x, noayuum

—_ [i;g-j!k:d3+ (%")!ﬁ j!kzdz ] =0. (1.50)
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Tax kax

L kydz=hp, (1.51)

S g

Pie ky—3vavende KoapdHiaenTa GUALTPaUHH HA choboanodl no-
WEPXHOCTH NOTOKA, TO

£ S’
%z————:(‘“‘_] | (1.52)
e

[Togcraenas B8 (1.52) Buipamenne % H3 (1.49) u satem B
(1.48), Gyaem uMeTh

i -
| k2 d2 kw“g ks dz
dh 42 b
sz-—k;,(dx) —=——— . (1.53)
|\ By dz (f k; di")
0 b
Ma (1.53) sunanm, uto V,=0 npu z=0. HanGoabliero 3nave-
Wip pesrunia Vz 40CTHraeT Ha NOBEPXHOCTH PYHTOBBIX BOJ
. dh\2_ U2y
Vi= -kﬁ[_ﬁ) =k, (1.54)

fiue Uy —ropH3oHTaJNbHAS CKOPOCTBH HA MNOBEPXHOCTH TPYHTOBBLIX
{TIe

Bupamenne (1.54) noxkaswsact, 4To NPpH OGBIMHLIX YCJOBH-
X H MaaeX CKOPOCTAX 3HaueHHa V., HMewT CcaeayloWwHi no
¢punnennio ¢ Uy nopAafok MajocTH W YYeT HX NPH OTCYTCTBHH
WIpUALTPALAH He HMeeT [IPAKTHYECKOro 3HaYCHHA.

lican rpynt opHopoueH, To ky=kp=Fk n ypasHcHHe (1.53)
NPNROOHTCA K BHOY

Vy=—LZ. (1.55)

¥papuenne (1.55), npusonumoe B pabote II. H. TloayGapu-
Wonoi-Kounnoi [38], ana onHopoaHOre rpyHTa SBJASAETCA uacT-
WM cayuaeMm ypasHenus (1.53). :

|lpencraBnser npakTHYyeckHil MHTepec 3aKOHOMEPHOCTb pac-
HPeLe/IeHHA BEPTHKANBHBEIX CKOpPOCTell MPH HAaJAHYHH HHHALTPA-
WHK (Han Henapenus).

Eean pacxon g hopMHpYeTCH 3a cueT HHPHALTPaUKH, TO ypas-
HElNe IBHAEHHS B HEOJHOPOAHBIX IPYHTAX, KaK OKa3aHO BHILLE,
lCHIBAGTCA B CNeNVIONIEM BHIE:

A
P T =-—-E_-§k3d ! (1.56)
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Ouddepenuupya no x ypasuenne (1.56), GyaeMm HMeTh
f1

dh dh 2 - |
P —ESkzdzq-feh(-d—x-} ] (157)
0
OTKY/1a
dh 2
.ﬂ-‘-kh("'—) :
dh dx
g-’i’:dz
Ha (1.56) noayuum
dh %
E—:_:— Az __ (1.59)
gk;dz

rle ge=pXx.
O6weauusa (1.59), (1.58) u (1.47), uaiizem

F 4

k. d
khﬁ'i fl i

Ver—| pt -5 2 | :
(lk,dz) gk,,dz

(1.60)

B uactaocrn, npu 2=0 V=0. Hauboaswee abconoTHoe 3HA-
yenHe V. jJocTHraer Ha NMOBEPXHOCTH TPYHTOBHIX Boj npu z=Ah.
B sTom cayuae

(é R r.i'z)E Tb

Iloayuennoe BHpameHue NMOKA3LIBAET, YTO NPH HHPHALTPALH- |
OHHOM NHTAHHH abCOoAKTHOe 3HAYeHHe BepTHKaJILHOH cocraB-
.ﬂﬂg]ﬂl.l.l_&ﬁ CKOpPOCTH GOJIbLIE HHTEHCHBHOCTH NMHTAHHA HAa BeJIHUHHY |
Uy i
T Cropocte Vi BCerjla HanpasneHa BHMS,

B cayuae onHopoaHoro rpyHTa

Vz=—(ﬂ+%)%:'(ﬂ4‘%)%r “‘EE};

rje U—I"EF]JHEI{)HTE.IIIJI[HH CKOpPOCTD.

[TpuMeHsis aHANOTHYNYIO METOAMKY AJf CAy4yas HCnapeHus,
MOJAYYHM caeiyioinue GopMyJibi:
a) AN HeOQHOPOAHOrO MO BEPTHKAAH FPYHTA

F
: k. dz
knd’y n[ 4

V| e— e 0 (1.63)
(ks ;Iz) {4 d:
i

18



i 6) nns olHOPOJAHOrO TpyHTa
SfaiEin)
V _L ] - (1.64)

e e—MOAYAbL HCMNapeHHA.

i
HurepecHo oTMeTHTE, uTO NpH e= - V, =0 no Bcel pricoTe

h.

Kax BHAHO H3 npHBEAEHHHX HOPMYJA, B caydae HHQHALTpPAIHH
Wi nenapenna sefHuyuHa Vo apngerca QyHxuHed BeJHUYHH, H3-
MUHAIOWIHXCA KaK [0 BEPTHKAJH, TAK H N0 FrOPH3OHTAJH,

Kak ykasmBan H. K. T'npunckuii [11], BuiBoAb, nosydcHHbie
M, OTHOCATCA K NOTOKAM, B KOTOPBIX HAKJOH CTPYEK HEBE/HK,

B 3one, HenocpeACTBEHHO NPUMBIKAIOUICH K ApeHe, NPoHCXo-
AT peskoe HCKPHBJENHe CTPYCK, MOSTCMY KpPHBas JIenpeccHH,
HocTpoeHHasa no ypasHenuio Jliomion, GyAeT OTAHYATBCA OT KpH-
WOl aenpeccun, HabmonaeMoit B natype. Oanako cyilecTscHuas
lidHMua B pazMepax OPEHHAT HaOGAIACICA TOALKO B 30HE, He-
lOCpelcTBEHHO NPHMBIKawLel K jpene.

[1pn onpejenennn paccrosHuii Mexay ApeHaMH Hac B OCHOB-
UM HHTEPECyIOT pacxojibl, KOTOPEE NOCTYNAIOT B JAPEHYy NpH 3a-
ANNNOI pasudlle B Hanopax BOJAbLI B CEpellHHe MEMHIYIPCHbA H
Apene, Bonpoc B AaHHOM ¢/yyae CBOAHTCH K OLEHKe MOTpellHo-
VI, KOTOpasi MoJyYyaerTcs B Onpeje/ieHHH PacXoAoB MPH HCNO/b-

donannn runoTtess ionon [% =const no BecoTe) H no gopmy-

AOM, yunTHBalOIIHM Hamenenue ckopocredi, M. A. Yapuwim [49]
My notoka ¢ noctosHHuiM pacxogoM W C. H. Hymeposum [8]
A MUALTPAUMOHHOTO TI0TOKA, NOKAas3aHo, YTO THAPOMeXaHH-
NBCKOe pelueHHe 3ala49H O Pacxojic BOALI uepes NepeMbluky JIaeT
TN Takoi e pesyawTtart, uro H dopmyaa Domon, Panee
ShcnepumenTanasio 1o nokasan B. B. Begepuukos [8a).

B} rex cayuasx, Koria ApeHa YKNAABIBAGTCA B TPAaHIIEK H3
AlJI0e POHHLAEMOrO TPYHTA M €CAH BOZHHKAeT HeoGXOMNMOCTDH
WOETpoenna KpHBo#l  JenpeccHH, HeoGXOJHMO ONpelesHTs Bhl-
LTy NaBHCAHMA B NMOCTPOHTL KPHBYIO J€NPecCHH, NPOXOAALLYIO

- Nepes navanbnyio Touky fiy'=ho+h g4 (rae ho—BHICOTa BOAW D
- Apeiie, a hy—BBicoTa HaBHCAHMA).

E H. K. l'upunckuii paccMorpen cayuaii ABHMKEHHSI TPYHTOBOTO
Aitoka B cpene, raoe KosdHLHEHT (PHALTPAUNK MIMEHSETCH N0
THRAH, NPHHAMAaA, YTO BOLOYLOP ABASETCH TOPHIOHTAJBHEIM,
Hllmﬁ ciyuad siBASeTCH YACTHHIM CAydaeMm pewennsa Gojee o6-
JIAYH, KOrja Bojoynop MMmeer ywiaon, T. e, (70, [lonw-
MEN NOJYYHTBE TaKkoe pelleHHe,
JonyeruM, 4TO KPOBAH BCEX BOAOHOCHBIX CJOCH napaJielib-
Hojloynopy, a caM BOAOYNOP HMeeT OTHOCHTELHO HeOoJiblIoi
Ul Jlanueft cnyuali sasasercs nanGonee pacnpocTpaHCHHBIM
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B NpakTHKe, TAK Kak OH cooTeBercTByer mopdoaorun obpasopa-

HHA OCAAOYHBLIX MOpPOA, Kyaa oOblYHO H YKJAJALIBAKTCA APEHAMH.
Ecian nanpaeJeHue TeyeHHst NPHHATL corJacwo pue. 14, To

(pyukuns H. K. I'mpinckoro npuoGperaer cjaeaylowuii B

i
D' = gk;(h—z}dz, (1.65)

dh .
TaK Kak B 3ToM cayuae U=+k ——, n6o /i Boapacraer ¢ pocToM X.

[Mpeanonoxum, uTo ABHMKEHHe [POHCXOAMT B OJHOPOLHOM
FPYHTE, NPH rOPHIOHTAJLHOM BOAOynope; Toraa npu BhifpaHHOI
cHeTeMe KoopauHat no Hiwoniou

g=kh 92 (1.66)

lE

d

Pue. 14

Ecau IBHKeHHe NPOHCXOJHT B HEOJHOPOJAHOM [0 BepTHKaJH

FPYNTE, TO JLNA KamKJA0ro 03 cjoeB KOs(pdHIHeHT pHALTpalUnn 6y-
Aer pasnuued. Kak Obl1o nokasado BblWe, NpH NOCTOAHCTBE %
Nno BEPTHKAJJIH CYMMapHaa MNPOHHUAEMOCTh OT/A&NBHBIX CJIOCB MO-
Aer OGBiTh 3aMeHeHa CPelHed Nno BHICOTE i NPOHHUAEMOCTBIO Rep,
BCJHYHHY KOTOPO MOMHO HANTH H3 YCNOBHA PaBEHCTBa 3MIOP
ks k:pr NOCTPOEHHBIX HA BepTHKaau h. [Taowans 3nopsl NPOHH-

1AEMOCTH HeoHOPOAHOro rpyHTa

h
F= | kedz. (1.67)

Haowans smope! ke, paBHa
Fe=keph. (1.68)

M3 vcnoRua papencTBa nJiomwaned

h

| k.dz

By o= Hi (1.69)

ep h

i "Whid o BNEa = om

B e s i e T e s



- Cpasuenne (1.69) u (1.66) npHBOAHT K panee HEOJHOKPATHO
MOMHHABIUEMYCH BbIpaMCcHHI0O AJA pacxoia B HeOJHOPOAHOM
PYHTe NpH FOPH3IOHTANLHOM BOAOYNOpe

h

=20 ( kydz (1.70)
LH

3HAK MHHYC 3aMCHEH Ha NAKC B CBA3H ¢ H3IMEHEHHEM Hanpas-
iHA TeYeHHs),

HuTerpupoBanne ypasrnenus (1.70) naer pacxon notoka B He-
AHOPOAHOM TPYHTE B CJy4ae roOpH3OHTaALHOrO BOACYnNoOpa.
I BoJoynop HMeer VEJou (%0, TO B 3TOM Cayuae YpaBHeHHe

.70) npHHAMaeT BHA.
h

H
q=§5—,§k=dz_ (1.71)

¢ H=h+z,, a npeseisl HHTerpHPOBAHHA AN NepeMeHHOR 2
10BJETROPSIOT cAedyioilemy yoaosuo: 0 <z h.
‘3aect HeolGX0AHMO NPOBOANTL CTPOroe pas/jHuHe MeXay z H
160 21 OTCYHTLIBAETCH OT OCH X W npejacTaBasfer coboil npessl-
CHNC BOJAOYNOPAa B TOYKe ¢ KOOPAHHATON X HAJ HAYaJOM KOOp-
4aT, 2 Z OTCYHTHIBAETCA OT BOAOYMOpa A0 CepeAHHBl OTAE/b-
4x GeCKOHeuHO MajblX NMPAMOYTrOJbLHHKOR 3n0pbl KOS({pHIUHEH-
8 unbTpaLHi.

' dH
Ilpn otHOoCHTeAbHO MaAbIX YKJOHAx Bojoynopa 7S MOKHO

b

HTL 4epes Ei—f H CUNTATL CeYeHHS, NepneHAnKyaapHbie JABH-
mn NOTOKA, BePTHKAJALHBIMH. TlpHHuMan Bo BHHMAaHHE, 4TO

dH __ lfH -Iﬂt 1.79
dsm =i <1, (1. }

S . i &
g i—yKJA0H BoAOYMOpa [: =sina == tga= ",Ei')
. dFi

locae noacranosku B ypasuenne (1.71) snauenua —g noay-

LS

h
g= k,{!:+£§k,_dz. (1.73)

":"l'_..-l-1 =

3biHoCsA 06LIMA MHOMKHTE b 32 ckobku, yvpastenne (1.73) mo-
ITb NPeAcTaB/eHo B BHJE

h
dh o
g=|< +i |\ kedz. (1.74)



i1pu oGpaTHOM YyK/CHe NMOBEPXHOCTH BOAOYNOPA | NPHHHMALT-
CH €O 3HAKOM MHHYC.

Ypasuenne (1.74) ssaserca AuddepenunadiblibiyM ypaBHeHHeM
notoxa ¢g@ CROOOAHON MOBEPXHOCTBLIO TPYHTOBBIX BOJ B BECPTH-
KanbHO-HEOJEOPOAHOM FPYHTE NMPH HAKNOHHOM BOjOYynope.

B cayuae OAHOPOAHOro TPyHTa, T. €. NpH K z=k=const, nme-
eM oflLicH3BeCcTHOe YpaBHelne HePaBHOMCPHOrO ABHMEHHH TPYH-
TOBBIX BOL

g=kh (G5 +i). (1.75)

Hurerpan ypasuenns (1.75) Takos:

.hp.'—'ﬁ]

f{x—_r;]+{h-—Ft;]=frPEnm, (1.76)

rge h;, h—raybHusl Ha PacCTOAHMAX X; H X (X>X); hp=.ﬂ_

(3nech MPHBOAHTCA CJY4ail cnaja TPYHTOBLIX BOA, NPH KOTODOM
hr{h{hp].

CyuleCTREHHO OTMETHTH, uTo ypasHenue (1.76) nepexoaur 8
popmyay Jonon npu i=0. /lna nokasatenbcrBa MpecTaBHM
(1.76) B BHIE

. ﬂp—‘jﬁ hp—h]
i{(x—x,) + (h—h,) =hp(ln i —~In ) [1.74)
.y
Yuutpipaa pasaoxenre B paa In (l—u) =—u— ———5—..
NoAYyYHM
; e i iy [ A2 1( 8 Ky
RS L S B
+T(\EJ *'3‘[‘51;) Foos | (1.78)

Orewona uMeem

AT g h R "

I.I:I—'“Iﬂ rf_qg_'rﬁ:r_r'-i}ﬂ_hih_p -:ﬁ-l';-_. {I.?g]

Tar kak (= —q—. TO

khy
1 et Mot aee
g o e ol e 7y e (100
HJH
q f—h? | (BP—hM)ik | (B—h') PR
--":E- {I—Ilj = 3 1 3{"' =l '4-ﬁ'E ‘I_-n-u [].SI}

QueBngHo, 410 NpH =0 Bce uleHsl NPABOR HacTH (KpOMe nep-
BOTO) PaBHBI HYJIO, UTO H npHBoANT K dopuyne Jonon.

a2

B e e o

PR e —

i
i



'E

Ormetum, uto dopmyaa (1.81) mMeer camoctoaTeabHoe 3HA-
YeuHe onq II]}Hﬁ.IIHH{'EHHﬂH} pacucta HepaABHOMEPHOID LABHAKEHHA.
THH. €CAH OrpaHEMHTRECA TOABKOD ABYMHA WJICHaAMH W NPHHATDH
ToMpocTh pacuera B 5%, TO NOJAYUHM HEPABEHCTBO
—h? 0,06

ik
00T s L
e <0075 T &g

=

(npyn 6ausxux i u hy), TO ecTb hopMyaa NpHMEHEHMa npH GOJb-
WWHX pacxoaax ¢, MajabiX YKJIOHAX { H MaablX ray6unax h <hp.
Ml ocTaHoBHAHCHL HAa 3TOM Bonpoce Goaee nojapobHO, Tak
KK 151 HAC CYIIECTBEHHO MNOKA3aTh BO3ZMOMHOCTL paccMoTpe-
s eayuan =0, Kak yacrHoro aag obulero peluenns npu =0,

|2
e

Pre. 15

Cleaaem Tenepb NONBITKY YCTaHoBHTh BHA (yukuwn H. K.
[Wpnickoro Ans BepTHKAALHO-HEOAHOPOAHOTO FPYHTA NPH HAJH-
Wil YKJIOHA NOBEPXHOCTH BOAOYMOpA.

Jlan onpenenennoctH GyseM paccMaTpHBaTh CJaydail cnana
FpyntoBbix Boj, H3oOpaxeHHb Ha pHe. 19, XoTa npHBOAHMBIE
:Itﬂ}f}ﬂﬂ.EHHH AHAJOrHYHO MOryT ORITL pacnpocTpaHeHn H Ha

Pyrue cayuan aBHxeHus (npu is=0).
I1amu npusenero Boiwe ypasHenne (1.74) aas pacxona noto-
y KoTopoe aas cayuana, naobpasennoro na puc. 15, nmeer BHA

g=(4r +i )f#;d:. (1.82)

: Tguﬁyﬁcn HalTH TaKylo QYHKIHIO, HACTHAN NPOH3BOAHARA KO-
POl no x nasana 6s 3navenne pacxona no (1.82).
Inenem o6osnauenns:

i
gr=1i ) Redz=q(h); (1.83)
33




i

t;“:;'é Ridz=gq, {I.E'

L€ gp-—pacxol MOTOKA TFPYHTOBBIX BOJ B BePTHKAJALHO-HeOdHO
POJAHOM FPYHTE NPH PABHOMEPHOM JIBHMEHHH ¢ NOCTOAHHOI ray
Guuoil h, pasnol rayGuHe HepaBHOMEpPHOro MNOTOKAa B CCMCHHH
h; ecrecTBendo, uTo ¢ p H3IMEHHETCA MO MJIHHE MOTOKA; fo— pac:
X0l NOTOKa B BEPTHKAJLHO-HEOAHOPOLHOM TPYHTE MPH - paBHO:
MEPHOM IABHAEHHH N rayOuHe h pr NpHYEM raybuna h unpen‘.
JAACTCA, HCXOAS H3 PABEHCTBA pm:m.unn G H g, TO ECTh :ﬂ Y C10:
BHH

( it

{.E.l.' Jlkdf—l'lkd-:

D10 Bhipa:CHHe MOMHO 3anucaTtb B BHIOC

. t‘ﬁ% +i ?]'-:"ﬁT £y [ Ijﬁ'_l
Ilpeacrasum (1.86) B dopme

REC A el ! ih
g=g,= % . A . & (1.87)
Teneps Hanuuem
; : .
o, =3y Tnilh 1.
i 11‘?11 —qn' (158

npHueM gp M go mo (1.83) u (1.84).
BosnMem vacthyio npoussoinyio ot dyHkunn @; no x

Aff ORIl eyt gy it
{

dx  dk ; dr e Go—Gp ; dx * [IEQ}

yto no (1.87) pasno pacxoay, To ecTh PYHKUHA @; VIOBJIETBO-
PAET MNOCTABJMEHHOMY YCJOBHIO 1

ﬂﬂb

=, 0 O; = g+, (1.90)

Moxno nokasate, uro npu i-=0 3uauenne @; Hupmﬁﬂaw
CA B panee npuseleHHoe pepamelne P (ans r—'t}:l Jna storo

sannwenm (1.88) B BHAe '-
Aob
(| hedz
'fi-",- =ney . TRaE elh. (Lgl
'Y I. _!'i.lé_
0 G

o4



Tak kak no npeamayuemy

| %fl_’ I -— Er}ﬁ ~»(), (1.92)
dx |i-n
1
; h h
Do =P = '];J k, dzdh. (1.93)

Bopmyaa (1.93) sasaserca uuoil dopmoil 3anuen pyurin P’
Henocpencteennan npoeepka aaer

i h
9Pio_oM ok __oh
s gk 8x Ox
(i}

k;di"=‘fﬁ-u.

[Toxkamenm Ha npumepe noab3oBanHe QyHKUHEI @; . das cay-
wan ky=~ko+uz u ycaosus x=0, h=0 numeem

]
an=i | (ko+a2)de=i (keh+25-).

lorna no (1.88)

i o h ;] '
P; = 'z." ﬁ gf‘: = i“ —j‘ dh+qq, a4 ==
g T J o (k27 )

jr———
2%—-:’::{ kot | R+ 5‘“’"]

. G o i e J

= g h+ _ 'thn]ﬂ = TR gy e o . (1.94)

Tak kak @; =qx+c¢; u NpHHHEMAaA no ycaoBuio x=0, h=0,
HOAY aHM

iy hy—0,54 (1—V 14p)
—— |n — —
VIR hy—058(14 V 14P)

| iX+h= (1.95)
|
Be g, 2ug
! fhe h, “Tho ’ ﬁ=—[-:"f;. go=4.
Jerko y6eantses, uto npu =0, p=0 (k;=const=£&) ¢op-
Myan (1.95) nepexoant B obuienssecThyvio GoOpMyay Aas OJHO-
Jlioro rpynTa.

A dAOFHYHO HpelblIYieMy, MOMHO NOKA3aTh, UTO

ddb; !
--'E?=qu. HJH 'Il :q}ry-|'[::.-."'- [I'glﬁ]



e m—
e

rae gy —pacxojl NoOTOKd FPYHTOBBIX BOJ B HanpasieHHH KOOp/AH-
HaTHOH ocH ¢, Ocobon noayepKHBaeM, YTo peds WIET o MJaH 0=
BB X KOOpAHHATaX (X, &), TO ecTh 06 ONMHCAHNN Tak HasbIBaeMhl
NAaHOBH X TeucHHI, '

Henoassya (1.90) anasormuno npessaymemy, MOJAYUIM

AP, PP,
T

=0, (1.97)

TO ecTh Qynkuns H. K. I'mpltckoro u B cayvae HakaonHoro Bo-
aAoynopa #ABJAAETCH rapMoHnveckoii. Ecam manpasaenHe nortoka

COBNAAALT C MOJOKHTeALHbIM HANpPABJACHHEM OCH, TO P; =,

B npusenennwx Brie popmynax n® npunumanocs po punMa-
HHE H3MEHeHHe (HALTPAUHOHNLIX CBOHCTE TPYHT4 B [OPH30H-
TaJAbHOM Hanpapienns, OIHako B HaType BCTPeyaloTcs TpyiTH,
Y KOTOPLIX H3MEHEeHHE (PHALTPAUHOHHLIX CBOACTB NPOHCXOAHT BO
BCeX HanpapJeHuax. B page cayuaer wanGoJiee pe3koe HX H3Me-
HEHHE MPOHCXOOAHT B ABYX HalpapieHWsX (BepTHKAJLHOM H Tro-
PH3IOHTAJILHOM) H MOMKHO npedHe6peib H3MeHeHHeM NPOHHLAeMOo-
CTH B HanpasieHwy Tpethell oc Koopauuar. B atom caywae 3a-
Jaya CBOJAHTCH K ONpefefeHHI0 OCHOBHBIX 3JCMEHTOB JABHIKCHHA
MOTOKA TPYHTOBRIX BOA B TPYHTE, ¥ KOTOPOro H3MeHeHHe (Hb-
TPAUHOHHBLIX CBOHCTB ABAseTCA (PVHKUHEH NBYX KOOPAHHAT (X M
z). Ecan rpyntr uzoTponei, To ero MOXHO HAa3BaTh H30TPOIHO-
HEOZHOPOMHBIM, MOApasyMesas B AAHHOM cCJy4Yae H3OTPONHEIH
TPYHT, ¥ KOTOpPOro NpOHHUAEMOCThL siB/AsieTcd GyHKUHeH ofenx
KoopanHat. Byaem cumrate, uro k,. MO¥HO NpeNCTaBHTL Kak
npousBefieHHe ABYX GyHKumit by =k k.. Torna mddepenunans-
HOC ypaBHeHWe ABHIKENHs YCTAHOBHBIIETCCH NOTOKA MOMHO 32-
MHCATh B CJEAYIOLIEM BHE:

i
g=(5 +i )'xﬁ kedz, (1.98)
{}

rae k,—Ge3apasMepHas (YHKUHA, YUHTHIBAWOUIAA OTHOCHTCALHOE
H3MeteHHe KosddpHiHenTa QUIBTPAINE No JJHIE TOTOKA. ;
Ecau rpynT TOJNLKO BePTHKA/AbLHO-HEOJHOPONHBII, TO ypaBHe-
Hue (1.98) npusogures K yparueuwio (1.74).
B cayyae ropusontanbHO-HEOJHOPOAHOrO rpyHTa, Koria H3-
MEHEHHE NPOHHUAEMOCTH POHCXOAHT TOJABKO BAOJL OCH X, HMEeM

g =kl (%‘- +i ). (1.99)



~ Leau =0, 1o nocne pasjieficHHA NePeMcHHBIX H HHTerpHpona-
WA npy yeaosuax x=x, hi=he; x=x2, h=H noayuum

i

_. 2
g= -:f=” 2"*' , (1.100)
Xy
TRy A
g= - (1.101)
B
A

Ecau ﬂpHpﬂBHHTh IIﬁJI}"IEHIIHﬁ pacxoa g K FKBHBAJIEHTHOMY
o BeaHYHHE pacxoiy OAHOPOANHOrNO TPYHTa ¢ MNMPOHHUAEMOCTBID
ko, T0 GyaeM HMeTb

Hi—hs? _ ko(H'—hd)

Y T e (1.102)

2{ & -

\E,

¥y

TRy aa

¥3
 d

Sap=to § 5 » (1.103)
&y

IAe S;p—NpHBEICHHOR 3HAYEHHE JUIHHBI S = X2—X), COOTBETCTBYIO-
jiee cayuao GUALTPAUHH B OHOPOAHOM TPYHTE.

§ 2. ¥YpasHeHHs HeYCTAHOBHBIUErocs ABHHEHHA
i BEPTHEANBHO-HEOAHOPOILHOM M H3O0TPONHO-HEOAHOPOAHOM
rpyHTax

KiuK yKasuLpaaoch Boille, YCTAHOBHBLUErocsd ABHMEHHA B Ape-

WA ILIX CHCTEMaX, Kak mpaBHiao, He Habaloaaercs, NosToMy cxe-
M, npeaycMaTpHBalOWHe pacyeT JApeHaKed B YCJIOBHAX YycTa-
WiNLerocs ABHIKENHS KaK OCPEJHEHHOTrO 3a OnpelefeHHbIH ne-
()l HecTauHoHapHoro peHma (Hanpumep, cxema Pora), B
Juell uan MeHblIeR Mepe YCJAOBHBI,
Jlan MeaHopaTHBHBIX pacyeTos 0COGLIl HHTEpeC NpeACTaBif-
C pAYUaH HeyCTanOBHBIUErocs ABHMKCHHA, MOSTOMY B HACTOS-
pasiene npHBeieH BuBOJ 0606UeHnoro ypasueHus bByccn-
A aam cayuas BepTHKa bHO-HeOAHOPOAHOTO TpPYHTa, Tak
Junisiil cayyain mpefcrapaser Goablod NpaxkTHYECKHH HH-
nepruie obobiesne ypapuenns bByccuuecka na cayvail ne-
Wioll npoRHnaeMocTH Mo BepTHKAaAM  Oblio  NPOH3BEAEHO
- NoayGapunosoii-Kounnoii [37]. [Ipuseaem pewenne B co-
AT ¢ ero nznoxennem C. H, HymeposeiM [8].
a7



Jlan cocrasaenus jddepeHuHabHOro YpasHeHHA HeycTal
BHBIICTOCH ABHKEHHA B BePTHKAAbHO-HEOHOPOJHOM FPYHTE B
pexem ctoabuk Beicotoit i (puc. 16) U ocHoBanwem dxdy w pa
cMOTpUM GanaHc BOIAL B BbiaejeHHoM napaaaciaenunene. bBynael
paccMaTpHBATL CAYYaii NJIOCKOro JABHMKEHHA, KOrja

Pacxoa ¢uabTpaumoHHOro nOToOKa Ha eIMHMILY €ro Iup

Hbl BuipasHTca vepes ¢yukunio H. K. 'mpuuckoro B caenyiomnied
BHIE:

Ly (2.1

Hamenenne obbema ¢UALTPYIOILEH HH/AKOCTH 3@ NPOMERKY
TOK BpeMeHH df panHo

iy 0
—;-%—dxd!=—q&*§-dxdf. {22
Z
b

riili_ilil‘ 44

!
1

Puc. 16

daecsk (puc. 16) aaa onpene eHHOCTH paccMaTpHBAGTCA NOAb
eM MOBepPXHOCTH rpyHnToBLIX soa npu &£ >0, pacxea ¢ npu 3TO
BJOJIL OCH X BO3pacraer.

C apyroit cTopoHbl, naMeHelnne oGbeMa (PHABTPYIOWICH HKHAKO
CTH MeXKAY BHIOPAHHBIMH CevueHHAMH, 00YCAOBACHHOE H3MEHEHHEM.
rayounel i (HALTPALHOHHOID NMOTOKA, a TAKKe HIpHAbTpaunei,
Oyier pasno

h -
a ai i
I'flnt:'r..—_ (E}F ll} 'r.la-fl"-:-'l'l"J f-!’:l E.“‘J— { E’h 3 1— 'I:.')I'l'...‘:l ﬂ'f.. {3.3}



Jiece dz—nepeMeHHBI B BEPTHKANLHOM HanpasBaeHHn Ko3dQu-
IWHCHT  BOAOOTAAYH TPYHTA HJAH  HEJOCTATOK  HACBHIUIEHHA;

' anavenne soacoTaauM W HEJOCTATKA HACHILLCHHUA FPYHTA
I Touke 2= (Ha ceoBoIHON NOBEPXHOCTH FPYHTOBHX BOA).
[Tpupasuueas npanusie wactn ypasuennii (2.2) n (2.3), no-
AVUNM
i
ax?

| B -"g% pigml); (2.4)

YpapHenHe (2.4) Momker GHTL NpHBeleHo K OoJee yaoGHOMY
nay. Henoaeays yeaosus

ab__ad oh *
o —akh 9’ k%:2)
d i} : :
ﬁz?ﬁﬂh kziz_hmdzm—é kadz, (2.6)
NOAYYHM
i
ab ok
—'_-_i—f——‘—'—ﬂr'§ k:di. {ET}
A
Y MHOMHM BCe UICHE ypaBHenns (2.4) na BeqHunuy ?L-ﬁ\ kadz.
4
Toria, Henoandys sasucaMocts (2.7), noayuum
@ 2L +o1= 22 (2.8)
Ve
£
ai = - :‘, R.dz; by=ega?. =
3; ]

Hpn £=0 ypasheune (2.8) npuuumaer GoJce NpocToil BHA:

dzh g
g O =
g T (2:9)

Ypannenne (2.8) oTHOCHTCH K KJaccy HeJMHeAHBIX YPaBHeHHl
N UACTHEIX NPOH3BOAHLIX BTOpPOro nopfaka napaboiHyecKoro TH-
i, HHTErpupoBande KOTOPLIX CONPAMXKEHO ¢ A0BOALHO GONBLIIHMH
TV ANOCTAMM,

s ofaerdenns pewenuii o6HYIO TPHMEHSIOT CAeayIouH i
PHEeM: nepeMendyio rayGuuy A B BhIpaXKeHHAX 408 BeJHUHH
(' by 3aMeHSIOT HeKOTOpPOl NOCTORHHON TAVGHHON hiep; TOrAA
" I by cTanopaTes nocTOSHHLIMK, B ypaeuenie (2.8) npHBOLHT-
i leojnopoaroMy ypapHennio @ypwe. Takoit npueM BHOCHT

59
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HEKOTOPYIO HETOYHOCTE B NOJYUaeMbie PeayibTaThl, OIHAKO onpa
HBEIBACTCS O6ACrYeHHeM MATEMATHYECKHX BHIKIAN0OK.*

Ypasucuune (2.8) BhiBEACHO B NMPeiNONOMKeHHH, UTO BOJOY 10
ropuzontanen. OaHaKo 370 JHIL YACTHBIN CAyyaii pacnonoxeny
BOAOYNOPa, no3TomMy OLiio Gh KeaaTeabHo NMOJAYYHTEL Gosee o
ee pelienue, T. e, AAA cayuas, Koraa i+ 0.

[IpuBenentoe Bulllle BHIpaMeHne A (pyHEOHN P; naer Bos
MOMHOCTB PelleHHs] Bonpoca W AJA 3TOro CJAyYas.

Pacxoa ¢uabrpaunonsoro notoxa Ha eammuuy ero LIHPHHE
Hepes (PYHKIMIO P; BHIPA3HTCA B CACAYVIOLIEM BHE:

_ 9% |
q_'_ Ax ' (E'ID;

MpHYEM 31eCh cAeayeT HMeTh B BHAY, UTO § 3aBHCHT OT BPeMeHH.
(M x. DYHKUNA @; A48 OPHHATOrO HANPABJIEHHS KOOPIHHAT (em.
puc. 17) uMeer ghenyroumui Bua;

h it
—_ 9 ( gndh _  q { @(h)dh
e i Q 9—qn i D\ g—p(h) * (%108

rue

n
plh)=i gk: dz.

HMamesenue obbema (PHABLTPYIOLLCH KHAKOCTH 38 NPOMEKYTOK
BpeMenn df coctaBuy :

dg dg*gh ‘

* 8% npunumacten pasumn A8CP
G



Ipn nanuuus nHGUALTPALME nocTynaiollas noja Gyaer pac-
PAOBATHCH HA NMOLBEM MOBEPXHOCTH IPYHTOBBIX BOA H oTTOK. Co-
TANAAA, aHAMOTHYHO npeabayulemy, Gasianc, NOaYUHM

A NN RS} (2.12)

Ypapuerne (2.12) momwer GuiTh npeobpasoBaHo Kk GoAee yaob-
HOMY BHAY HA OCHOBE HCHNOJL3OBAHHA YC/IOBHA

ab; _ad; ok
T T e {2.49)

npdepenunpyn euipaxente (2.10a), noayuum

h

oy 9 [ g { eihdr 1__
Oh aa[r ;! q—q (k) ]'" F(h). (2.14)

Takum obpasom,

ad;
R a: : L243)
Ma ypaeuenns (2.15)
ﬂ'h__ I 7 ad;
A e (2:15)

oh
ot

BUek ujeHoB Ha o, BeJHYHHA KOTOPOTO aanJIEJIHETcn no ¢op-
Myhe

Hocae nogcTaHoBKH B ypasienne (2.12) u VMHOMEHHA

af=A0 (2.17)
Hoayunm
didy; ad;
ﬂ'.'i(ﬂx’-{- ] -"El'r—'+ (2118}

Dot nenocpeacTsenHo ypasenue (2.18) noBoALHO TPYAHO.
e, onHaKko, NPHHUMATE BEeJHUYHHY h paBHoil HeKoTopoli no-
WOl BeaudHHe, To @ OY/AeT BeJHUYHHON NOCTORHHOA U ypaBs-
e (2.18) nonoGho ypasuenuio (2.8) npupejierca K HeoLHO-
JoMy ypaBHenuo Pypoe.

Wynknuwo F(f) B nepeoM npHOJHAKEHHH {npu MaJblX VKO-

j MOKHO NPHHHMATE paBHON F[h}—ﬂﬂ- = Ek,da
Npunnenne ®ypre ¢ NOCTOARHBIMA H{raqnbhuﬁemami peluaer-
MunsiMy Merogamu (oM, [5], [8], [38]).
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[pn aBHAKEHHH TPYHTOBOrO NOTOKA B H3OTPOMHO-HEOAHOPO1-
HOM FPYHTE ¢ HIMCHeHHeM Kosdduurenta GuabTpaumn n no aam-
He noToka Jingdepenunanbioe yparHene B cayuae ropH3oHTa b
IHOFO BOAOYNOPA H COBNAJAEHHA HANPABJACHHA TCUCHHA C NOJOMKI-
TeJAbHBIM HaANpPaBJCHHEM OCH X NMPHHHMAET CJACAVIOULHN BHL

h
dh

Ana spiBoga andpeperuHaIbLHOro YpaBHeHHA HeYCTAHOBHE-
lnerocs Ankikenua Hanbosaee paunoHaspHo Gblio O BBECTH HoO-

BYIO (pYyHKILHIO @y, KOTOpas AaBana Obl BOIMOAHOCTL BbLIpamarn

g Kak ﬂ;- B stom cayuae noaxuo Obio Ob  cola0aaThes

VCIOBHE

i
o=t ﬂé kyodz. (2.20)

ax ix

as nponssoabHoro Buaa QyHKUMH Ry, =[(x,2) nairn dyix-
nuio P, xoropas yaoeacrsopsaa Gb yeaosuio (2.20), no-Buam-
MOMY, BeCbMa 3aTPYAHHTEbLHO, OJHAKO MOMKHO NOJYUHTE pelle-
HHA JIJH HEKOTOPHMX 4YaCTHBIX CaAy4YaeB, NpeacTaBjfomHX npak-
THUECKHH HHTEpec,

B npaktHke MeJHOPATHBHOTO CTPOHTENBLCTBA BCTPEYAIOTCH
FPYHTHI, ¥ KOTOPHLIX H3MEHEHHE NPOHHUAEMOCTH B objacTH Puab-
Tpaunn Ry;=f(x, z) Belpakaercs B BHAe NPOH3BeACHHA ABYX
(yHKUMIl, Kazaa% W3 KOTOPHIX 3aBHCHT TOJBKO OT OJHOI nepeMen-
HOM, T. e.

Rz = ko (2) 1 (2), (2.21)

rne ke—xospduunent puapbTpanun B navaide koopansar. Ecam
FPYHT H3oTponeH, To ypasHenwe (2.19) npuuumaer caeaviouinii
BHA:

i

g=—(x) 'g‘ﬂ ko (2) dz. (2.22)

Jaect g(x) BLIHOCHTCA 3a 3HaK MuTerpana, Tak Kak ¢(x),ne
JABHCHT OT 2.

[Mponssencune kop(2) MomHo paccmarpupath kak k.. B cBoio
ouepe/ib, Kak Gbl10 NOKa3aHo paHee,

d

B

a5

ad
dx

kydz= (2.23)

'3'-.-.-',] =

ti2



IM obpasoM,
g=qlx) %‘; : (2.24)

0IKHO paccMaTPHBaTh KAaK OTHOCHTEILHOE HIMCHEHHE KO-
. -
enra (pHAbLTPALHH MO X, TO €CTh k""zfo- . HdefcTBHTENDb-

{ 66 TPYHT OblA1 TOJABKO TOPH3OHTAABHO-HEOAHOPO/IHEIM,
BEPTHKAJBHOM HANpPaBJecHHH €ro (PUALTPAUHOHHBIE CBOJ-
B Gbl Hewsmennbl, 1o P(2)=1 n kyr=kop(x). Orcrona

@ (x) =52 =ky. (2.25)

0

71 MOACTAHOBKH 3Hauenus g (x) B (2.24), Gynem umeTh

g=Fe 5o (2.26)

§
{

pdepenunannioe ypasHerue BOAHOTO 63 aHca NPH HeyCTa-
JEMCS BHAKEHHH B ITOM Cayuae NPHHHMAeT CACHYIOUHH

-

b —-g—idxd!=+—(f;f .22 +E:%§)dx dt -
- -
4 = (‘f? 5 Y )d.t i, (2.27)

L i
, —NepeMeHHbil 0 BepPTHKAAH H TOPH3OHTAAH (B 3aBHCH-
OT KOOpAHHAT X H Z) Ko3hPUUHENT BOAOOTAAYUN HAH Helo-
MAChILLEHHA PYHTA.

aBofia mnpeoGpasoBaHHA, AHAJOrHYHBIE NPHBEJEHHBIM
noaysum caeayouwee anddepeniinansioe ypapHenne:

ok, ad A 0P g
o 22 bR g+ Yirgy +E=0. (2.28)
RO BHHMAHHE, UTO
o £ go
dh_ = of 904
o i TR TN, (2.29)
¢ gk,d:

IIHX nNpecGpazoBaHui NOAYUHM

g ok, 4P ;- 0P\ 9P _
@ie+ 5 - 5r +hegw) 5 =0 - (2.30)

b 63

§




Paspewans noayueHHoe YPABHEHHE OTHOCHTENBHO %?, Gyae
HMETh
gp” . = fak. ‘8P =T awi:.) :
Srab (22 4R 204, (23))
rae
2 1 4
Iy = T Skfdf
3 H.rz[,

Ypapuenne (2.31) Takke ABASieTcs HEJIHHElHBIM YDaBHEHH-

€M B HaCTHHIX MPOH3BO/AHLIX BTOPOro MopAjika napaboiHyecKor
THNA. :

Ecan ky=const, 1. e. B ciy4yae OTCYTCTBHA H3IMEHEHHd np
HHILAEMOCTH BAOJIL OCH X, ypaBHuenue (2.31) npusoautes K ypas-

Hetinio (2.8). Ecaun sopoynop mMeer yk/iow, To B HAOTPONHO-HE
OHOPOJHOM FPYHTE

h ;
q=—(i;§ +i ] \ kyedz. (2.32)
(¥

Hcnonesyem aas cocrasicHus anddepeninaibioro ypasHe
HHA NeYCTAHOBHBILCTOCHA [IBHMEHHA B H30TPONHO-HEOAHOPOI-
HOM TPyHTe MpH HAKJOHHOM BOJOYNOPe PaccMOTPEHHYID BHIIE
pyHruHID ;. :

Huddepennunansnoe ypasnente sojHoro Gananca B 3ToM CIy-
Hae NpHHHMAaeT caeayomuil Bua; ]

__ dg L dk, od; 4 oy
T?';dx fff——(—‘ax . BT -I-'k_f ?F,)dx i =

R

- ("%j E-Hdz+:-.)rix di, (2.33)

YpaBhenne (2.33) Momer 6uTh TNEpenncaHo  CACAYIOU
ofpasoM:

o, . 2w, e i o |
% o Hhegs Thrgr te=0 =o3
Tak kak
o,
oh at
B i (2.35)

TO nocne noicraHovkl e (2.34) u HeGoabuwnx npeoGpazosaHuil
NOJYIHM

ol e+ - T2 4y (2.36)



Jifs
Paspemasn noOJyuCHHOE ypaBHerHe OTHOCHTEALHO -, Bylem

it
HMEeTL
AP :(5;‘-1-.-: S0P g Py ) 2.37
of % \Tax ek T ky Er i - (2:37)
e
2 Fim
Iy —3}'}—‘;

Huterpuporanne ypasHenuit (2.31) u (2.37) name B npocte-
WY cayuanx modceT ObITh NPOH3BENEHO TONLKO NPH ONpenencH-
X YIPOLLEHUAX WJIH C TOMOLLBI) CYETHO-AHAJHTHUCCKHX MAalIHH,

§ 3. HecopeplueHHsli KaHaa WiAH ApeHa B HANOPHOM noToKe

YeTpolcTRO KAHAMOB WJIH YREAAAKA APeH HIMeHAIOT XapakTtep
(CTECTBEHHOTO TPYHTOROrO noToka, Kak npaguio, nocle yKimagku
JpeN WAH ycTpoiicTBa Kanaja B o0JacTH (puABTpauHH npoHCcxo-
ANT M3MEHEHHe MABJCHHA, pasMepoB H HanpapfieHHs CKOpOCTeH,
0 HHorga HIMeHAeTes H NpPoHHILAeMOCTE CPC/nl, B KOTOPO Npo-
Wexoanaa puabTpauus (nocaeiHee cBA3aHo ¢ olpa3oBaHHeM MO-
WIEHHBIX FPAaAHCHTOB B OTAEAbHLIX TOUYKAaXx W cyddosuei rpyn-
[0l HENOCPeACTBEHHO BONH3H JIPCHEL).

HanboaslIHi NPakTHYECKHI HHTEpPeCc NpeicTapifaer pelleHHe
pulpoca o pacxofiax (NpH onpeiejeHHBIX HANopax), KOTOpble OT-
WMUITCA ApeHaMeM HAH KadHajaom, nbo 3HaHMe STOH BeJHYHHE
lpeaeaseT ¢Tenelb Bo3AeCTBHA HCKYCCTBEHHLIX COOPYKENHH HA
PeCTBeHNBIT NOTOK, 4TO, B CBOID OYepeldb, AdeT BO3IMOXKHOCTL
PUPeJeAHTE TaKHe NIPAKTHYECKH BajKHbLIe XapakTepHCTHKH, Kak
PAAMED pacCTOAHHA MEMAY KaHaJaMH H JpeHaMi, npH KOTOPLIX
WORCNeYNBARTCA BHNOJMHeHHe TpeGoBaHHH, 3a/aHHBIY VCIOBHAMH
WENONBL30BAHKA IPEHHPOBAHHON IJIOLLAH.

Llcsin KaHaa WAl JpeHakHas TpaHiuen NoJHOCTLIO Tepepe3aloT
POAOHOCHBIR cnoil, To, ofecneyuBas CBOEBPeMEHHLIH OTBO/ MOCTY-
WHIHLeH BOARL, MOMKHO A00HTECH NPAKTHYECKH MOJHOMO nepexpara
YITOBOrO NMOTOKA, NOCTYNAamwllero Ha ocywaeMmbli 0OBLEKT €0
(0N, TO ecTh NMpH BHewHeM nuTadkH. EcaW ke KaHan uaM
UHA HecoBepLleHHbl, TO €CTh JpeHa YKJaAbIBAETCH Ha HEKOTO-
Il BucoTe OT BOAOYNOPA, HAH JHO KaHajla Jo0 HEro He A0BO-
WYen, TO B KaHaa HAY ApPeHy NOCTynaeTr JHIWbL vacTe pacxona,
Ntopui Mor 661 GpITE Nepexsaved coseplueHnbIM kKanagom. Kak
URASAAH HCChedOBAHUA, IOAA 3Ta 3aBHCHT B OCHOBHOM OT TJY-
Wil Bpeskn KaHaJaa Wau jpeHil B BOAOHOCHBIH c/loH, WX co-
PIlliBIX pasMepoB (WHPHHA KaHaja mo AHY HJIH AHaMeTp Ape-
M) M XapakTepa NUTAHHA NOTOKOB (rpyHTOBOE MAH HAMGHABLTPA-
Honoe) .

N A Howuar. G




HaunGoaee yao6uo ans pacueTa HecOBeplUenHbIX APeH H KaHa
JIOB, YCTpPaHBaeMblX B OLHOPOJHEIX IPYHTaX B UeJASX OCYLIEHHS
noJb30BaThed QopMyaamu, npeiioxennuimg C, @, Anepeanopnl
[6] mas cayyas HanopHOro MOTOKA [PH TPYHTOBOM NHTAHHH H
C. ®. ApepranoBreiM coBMectHo ¢ Lol Cun-e [6a] aas Gesnanop-
HBIX NOTOKOB H HH()HILTPAUHOHHOTO NHTAHHA.

PR LR e
Z 2 H
AR 7777777777777 L

TR -—h—.f..-_ ‘5

-..r ~ -:;f':,#fj \\ '.I_ :

777777 fff ffffx,-fffnif ¢
: il

A Gbnoemb nomoxa ((Z)

b T
~

: 0 s
., Hopraonbibw ~npsroyeantrus ((Z)
Panc. 18

Pacxon wecosepuiennoro Kanana (puc. 18) B HanopHoM no
toke C. ¢. ABepLAHOB PEKOMEH/IyeT ONpee/iaTh Mo cJaelyiolle

opMyse:
q=k(H—=h)y, (3.1)

3neck H—h=Ah—pa3snocTs HanopoB nNpH HeNoHHKEHHO
YPOBHE TPYHTOBLIX BOJ B JIOBYEM KaHaJje; §—pacxol BHCAYETo Ka
HaJ/ia, MOCTYNAIOUWHH ¢ ABYX CTOPOH; jp—KoshpdHUHeHT pacx-::ma
k——unat];t]mu;uenr (PHABTPALHH, :

Pewenue nosyueHo MeToioM KoH(OpMHOro oTobpaxKeHHA o
JACTH (QHIALTPALHH HAa HOPMAaNbHHEIA NPAMOYrOJBHHK, NpHYE)
CBASE MeAy KoOpAHHaTtaMH oGaacTH (pHALTPAUHH H HOPMAJb
HOro NpAMOYroJibHHKA BHpamaeTcd caelylolHMu dopMmynaMu

on (78
(3 8)

sn(Z, ke) = (3.2



ka=k sn [—S-;‘— .J.:) ; (3.3)

I Uil
"'_'.B,_—-'-F " [3.4)
Opainatel nbe3oMerpuueckoil KpHBOI oOnMpeeafioTes no ypas-
HeHH O

hy =h+(H—h)q. (3.5)

Aiech hy—Hanop Ha NpPOH3BOJILHOM PACCTOAHHH OT BHCAYEro
Aoniero kanana; H w h—nanopsl B ceueHHH JIOBYEro KaHana /10
il fioc/ie ero yeTpoicTBa.

Kos(pdpuumnent pacxona sHcavero Kamana W onpeiesnsierca no
pupmMyne

p=—20 (3.6)

_Eﬂi’

» r :
the Ko, Ko, K n K'—noatble 3A0HNTHYECKHe HHTErpaJinl npH co-

DTDETCTBYIOLHX MOAYAAX Re, kﬁ, kRu k.
Mas ynpoulennss pacueTHeX GoOpPMYa HCNOAb3YeTCsi CBOKCTHO

sanTHYecKHX GyHKuHA .u;.rm—%;- < 0,5, 1. e. aaa cayuas, Koraa

T
& <0,5.

[annptit cayvaii HanGosee uacTo BCTpevaeTcs B MPaKTHKE.
VUlTBas MPHGIHIKEHHO BAHAHHE WHPHHB KaHAaJa Mo AHY ANs
4 L. @, ApepbAHOB NPHBOAKT CAeAyIOllee 3HAUSHHE:

2
- —. (3.7)
?'I‘qubﬁ]g' ﬂ{ﬂ—i-'S}I
Sl ———
2r

Hi# (—I1UHpHHA KaHaJa mo AHY; S—3anoJHeHde KaHana npH Gul-
JUROM ropH30HTE.

(finaHavan

A=1,4661g (3.8)

1
in n{a4-S)

X oT

icTaBaAA noayuyeHHoe 3Havende B (3.1), on noayvaer non-
Wil pacxosl HeCOBEPILIEHHOTO KaHana B BHJe

VR B (3.9)

e 67




Ll

[epsulit unen ypasuenus (3.9) npeacrasaster coboit pacxo
COREPIUICHHOrO KaHana, BTOPOl YUHTHLIBACT €ro HeCOBEpIleHCTR
n naszpan C, @. ApepLAHOBHIM <KO3(D(PHIUHEHTOM BHCAYECTHS,

KoshduienT pucauecTH Kanana, sakuM o6pa3oM, HMeeT cie-
Ayiollee 3HaUeHHe:

] :
} {t= : T_ . {31 lﬂ}
1+ A

Ecan BMeCTo KaHana Ha CThIKe KPOBJH BOJAOHOCHOTO CJO§ W
MEPEKPHIBAIOILCTO. €ro HEMPOHHLAEMOTO TPYHTa Y/AOMHTL JPeny
TO, npeneGperas BHICOTON BOAL B Apene, dopMyay (3.8) Moxu
NepenucaTh B CAeAVIOUleM BHE:

A=147Ig

: (3.11)
sin -:T—I

2r
[punuMas BO BHMMAHHE, YTO BeAHYHHA T OGLYHO B JECATK

7 i |
pa3 GoNbIne AHAMETPpa ApeHB, MOXHO SIn -Ej.lf NMPHEATL PaBHb

ad
57  Toraa A
= +]
A=1471g i (3.12

Aunanornunas 3zajava jus cayuas paGoTe Apenaka npH HH
(PHABTPANHOHHOM MHTAHHH M Ge3HATOPHOM JIBHKCHHH TPYHTOBHI
Boj pewena B [6a]. [Ipu pewennn zanayn Gu NpPHMEeHen npH
OIHIKEHHBIH NPHeM, 3aKk1I04aBlIKiica B 3aMeHe cBoGoaHOl, crato
H3OTHYTOH MOBEPXHOCTH PYHTOBBIX BOA NpAMON JHHHE.

18 paccMOTPeHHOTO cayuas NoJayuCHo CAeAVIollee 3HAYEeHHe

5=2941g -Eﬂ% (3.13

Pacxon, nputekaowmuii k HecoBeplieHHOMY JAPeHaXy ¢ OIHO
CTOPOHBL, onpenessgercsa no ¢popmyJe

E(H:— H?Y)
AL, (3.14
rie
] [
B — s 3.1
W (
LR

Hy—ray6una notoka B cepenntie Mexapenbd; If)—puicoTa ykaa
KH JIPeH HajJ BOJOYNOPOM,

B cayyae copepuiennoro apenama o'=1,

HeoOxoanMo HanoMHHTL, 4To npHBesennble GOPMYJIL MOT

ObITL HCMIONL30BAHLL LIS ONPELC/ACHHA PACXOJA APEH NpH %:}-
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NTo ofpuno coGalolaeTea A NOoAaBAAIONIEr0 YHC/aa BCTpevae-
MulX B npaktike caydaes. Mcexniouenmne npeiscrasasior chaydan
VKJaJKH Jipen B chafonpoHHuacMele FPYHTHI, KOrjla MOMKET oKa-

SATLCSH, UTO -?-ﬂ <.

[loanwil pacxon copeplieHHOll ApeHbl, BCKPHIBAIONLE Hanop-
Wit noTok, onpelenserca dopMynoii (3.9). Pacxonm, nocrynaio-
WM ¢ OJIHOH CTOPOHBLI, NPH 3aMcHe OYKBCHHBIX ofo3HaueHHil,
IPHHHMAEMBIX C. &. ApepbsiHOBEIM, Ha oGoaHauenns, NpUHHMace-
Mble B JlajbHelllueM HaMH, MOKHO BBIMHCJAHTB NO popmyae, HMcIO-
nieit coaenyIomHi Bua;

_ ka(H—ho)

o e e

o (3.16)

Iae S—paguyc OeficTBHA JpeHbl; d—pPacCTosHHe JApPeHhl A0 BO-
noynopa; H—ho—pa3nocres Hanopos (aeficToyiolmHiA Hanop),
[TpeneGperas ho, noayunm
kald

g=2 (3.17)

@ UMCET TO :Ke FHAYCHHC, HTO Y C. P, AEEPLHHGBH | A, e E’JIF-
e apeHsl H FPYHTOBOTO MNHTAHHA

? o_———.  (3l8)

] 2a
: H—I,-.ﬁT lgn_ﬂr

C. @. Apeppsiiop u H., K. TupuucKuii paccMoTpenu caylaii
pafoThl HecOBEpPLIEHHOH ApPeHBI B OAHOPOJAHOM rpyute, 3and
puboTe HecoBeplUeHHON ApeHbl B HCOAHOPOAHOM TpyHTe 3MduH-
IeALHO cAOMHee; FHApoMexanntieckoe peilenne ee B obuieM Buie
iy 1eT, BHAHMO, Ype3pbiuaiHO 3aTpyAHHTeALHO. [lame npocTeil-
i cayuail HanopHoil (pRALTPALNE NOJL THAPOTEXHHYCCKHMH CO-
Uy MeHuAMH B Pa3HOPOAHBIX TPYHTAX CBOAMTCH, Kak YKashbl-
paer H. K. I'npuncknii [13], ¥k 3agave o HanopHoid QuaLTpauwin
Il (JIHOPOJHOM NOJIe ¢ HCTQUHHKAMH-JTHHUSME  (MOBEPXHOCTAMH),
|, ¢ K 3ajaue, Koria o6adcTs (pHABTPaUHK He ABJAETCH OAHO-
Pianoit oGnacreio, Jlo noayueHHs TOUHOro PEWICHHA TIPHACTCA
NOLCTBOBATECA NPHOAHKEHHEIM PeUICHHEM,' KOTOPOE MOMKeT
Oltn noayueno na ociose popmya C. @, Asepoanosa, npeﬂ.ﬂn-'
lelnLx UM s oaniopoanoro rpynta. Ionbitaemen MOJIYUHTh Ta-
Woe pewenue. Jast sTofo Bocnosab3yeMcs caeﬂymmﬂmu pacr:'ym-'
RN M,

Mopmyny (3.18) MoKHO nepenHcath B CACAyIOUleM BHe:

|
!

““'sir_..* (3.19)

(Y



[Mocae noacranoskn a B opmyay (3.16) pacxon g Gyaer Bui-
PazaTtbCH VpaBHeHHeM CJeAYIoUero BHaa:

=7 ka({H—hg)

S (3.20)

J:[-'IH OoNnpeic/IcHHA H3IMeHEeHHH pacxola g B 3aBHCHMOCTH OT
H3IMEHEHHs] Z—DACCTOSHUS JpeHbl /10 BOAOYNOpa BO3bMEM MNpoO-
n3sojnyio g no 2. Torna (puc. 19)

: v
Q I g

bt g %

Pure. 19
H—k{H—-’In] d—zl‘s—_H-l:J—k[ff—hﬂ}E: {3*2”
ric
n1=§iln%=l,4?zlg%; R= rg_{ﬁ

Besnunna k& npu pewennn 3agaum o pabGore ApeHs! B OLHO-
POAHOM TPYHTE NPHHHMAJACHh NOCTOANHOI. B HeojHopoaHoM rpyH-
Te OHAa H3MeHseTcA ¢ BulcoToll. [losTomy B cayuae HeosHOpOAHOrO
rpyuta 8 gopmyay (3.21) smecro & Hazo noAcTaBuTh k ,—nepe-
MeHHBIH Mo BeicoTe Koadduuuent puavrpaunn. [Nocae Takoil noa-
CTAHOBKH B CJy4Yyae HEOAHOPOMHOTO N0 BEPTHKAAH TPYHTA

dg __ dR e
HMuterpupysn ypasuenue (3.22), noayunm pacxojl H3 30HBHI,

pacnosoxeHHoll noj JApeHoH
70



i { ke (S — -f-;:j dz
g=(H—hi) | kzdR=(H—ho) . e (3.23)

2a
| Otmernm, uto unen nz=1,47alg —— MOXKHO paccMaTpHBath

KaK IOMOJHHTeNLHYID OJAHHY YYacTKa (QHILTPANHH, HA KOTOPOM

peANH3YIOTCA MOTCPH, CBA3AHHLIE ¢ HECOBepPLIEHCTBOM JPEeHBI,

C. H. Hymepon, A. B. PomanoB u apyrue arTopw ANA y4eTa

JIOMOJHHTENBHBIX MOTEPh HANOPAa, CBA3AHHLIX ¢ HECOBEPIIEHCTROM
. JlpeHsl, BBOAKHJH JONOJHHTENbHLEE YieHE B AJAHHY NyTH GuabTpa-

wii. Moxuo 6o 661 BMecTo YAJHHEHHs yYacTKa QHABTpaLHH

"r'MEHhI]]ETb pacueTHoe 3naueHHe Hanopa, T. e. NMPHHUMATH, 4YTO
: I, = (H—ho)a, rne Hp—pacuernoe 3nauennwe Hanopa, a a—
kosppHuHeNT, MEHhI]]HH e/IHHRILH,

B ¢opmyne (3.17) nponsseliende ac MOMKHO TPaKTOBaTh, Kak
caktuBuyio 3ouy» (E. A. 3amapun, [lapkep). CobGcrtBenno, ¥y
(. ®©. ApeppaHoBa poab 9Toro KosddHiHenTa YMeHbIICHHST @ HIK
Il w urpaer KosdduuHenT BHCAYECTH w.
| B oranude oT JBHIKEHHsI B OJIHOPOJAHOH cpeje, Tjle CTPYHKH
. )i HCNHETHLIBAOT NPEJOMJICGHHA HA TPaHHIlax AByX cpel, B Heoa-
. OPOAHBIX TPYHTAX NPOHCXOAHT H3MeHEeHHe HX HaNnpaeJeHHdA, NpH
~ toxpanennH ofllero HanNpapBleHHs IBHMEHHS K CTOKY (ApeHe).

PaccMoTpiM KapTHHY NPHTOKa BOAL K JpeHe, 3a70MKeHH0l B
BepXHUE, MEHee NpoHHUAaeMblli TpyHT (R1), noncTHaaemulii Goace
NpoHHLaeMeiM (Rz).

Kak nzpectno ([8], [38] m ap.), npu nepexoje PpHALTPAUHOHHOTO
OTOKA W3 OJAHOrO TPYHTa B APYroi AedCTBHTENBHE YCJOBHH pa-
nencTsa gasiaeduid (p), nanopoe (h) n dynxumi Toka (¢). OGo-
Jiauad cCoOOTRBETCTBYIOIHMH HHAeKkcaMi | u 2 xapakTepHCTHKH Te-
NeHHI B BEPXHEM H HHMKHEM rPYHTax, HMeeM cliefyloliHe YCJA0BHS
il IMHAH pasaend:

Ii-
|
|
|

Dtz fiy e aby = tfi‘:’:*i':*, (3.24)

e @ty H oag— YAl Mexay BEKTOpaMM CKOPOCTeill B HHIKHEM H
BUpxHeM TPYHTAX H HOPMaabio K TNOBEPXHOCTH pasjena (B Ha-
lIeM caydae BePTHKaJbIO).

(Csie1oBaTenbHO, CKOPOCTH ABHKCHHSI NPH Nepexofe uepes rpa-
Wity npeTepneBaldT paspbis, HX BEePTHHAJbHLIE COCTABJAAIOLIHE
Puniis Vin=Van, HO ropH3OHTAJBHEIE COCTAB/AAIOINIHe OTHOCATCA

; V Ry
Wi ,_""- , OTYEro H MOJHLH BeKTOp cKopocTH Vy M mo nanpas-

ACHHIO H rm BeJIHUMHe oTaH4aerca ot Vi,

B nawem cayuae (ke>k)) Ve>Vi v a2 >aq, TO €CTH JHHHH
Wikl npeTepreBaldT H3J0M, KaK 9TO NOKazaHo Ha puec. 20, Or-

MRaeM, uTO NOTEHUHAJB CKOpocTeil ?.—_—k(%-l ;,r]:—fi:k
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TAK e, KAK 0 CKOPOCTH, NPeTePnesiior paspsin n ux oTHouwenne
papno . .._—-'I'!_'_' e
2 ki

Caeayer noAMEPKHYTh, UTO HECMOTPH Wil %10, HHKAKHX 101071-
HHTEJBHBIX NOTEPL HANOPA NPH NEPEXOLE Hepes rpatuLy pasjena
FPYHTOB He npoucxoant (M= hz).

Tounoe pewenne aa8 paccMaTPHBACMON 340440 NOJYYHTD
BCCbMA 3ATPYAHHTENLHO (CM. NPHMEPHO ANAJOIMMNYIO 3aaauy o
HANOPHOH - PUALTPALHH 1OA THAPOCOOPYKEHHAMH B CJAOHCTHIX

_ & "PynTax,  paccmorpen-

e - nyio IL $1. Kounnoir. Pe-
WIEHHE A4 MACTHOTO CJTY -
yas ABYX caoep odnHa-
KOBOH TOAWMHE (a,=3)
noayueno wa 13-t crpa-
HHIAX € NpUBJICHEHHEM
TEOPHH  PHNEpPreoMeTpH-
UECKHX 3 JHITHUCCKNX
(PYHEIMIT 1 BECLMA CI0XK-
HOFO  MATEMATHYECKOTO
annapata. [lostomy no-
NBITAEMCA pelinTh 3ana-
W HY VHApouleHHO, Koppek-

1z THPYS pelleHne JaHHbl-
MH  Jaabopatopuelx  He-
Pue. 20 cJeaoBaHnil.

[lpekae veero, orme-
THM, 49TO Caydyal Ky >Ks: ocobuiX 3aTpyanennii He BbI3bIBAeT, T. K.
OCHOBHOIT pacxojL B 3TOM cJayyac NofIer no nepBoMy cJaoio M
YUET AONOJHHTEbHLIX CONPOTHBJACHNHA BBejaenwem Koadpuunenta
@ J0/KeH, BoOOLEe ToBOPS, COOTBETCTBORATL CXeMe ABRHIKCHHA.

[lpn k2>>ky, T. €. B TOM cayuae, Korja jpena yJaomeHa B Mc-
Hee NpoHHUaeMBIl BEPXHHIl C0M, pacxo/ H3 NEpPBOro CJ0S MOKET
OuTh 6e3 ocoGoro yuep6a 145 TOUHOCTH Buiudceaen mo ¢Gopmyae
C. @. ApepbAnoBa npu a=a; u k=ki, 7. e. B NPeANOAOKEHHN,
UTO N0 JHHHH pasjiena CA0es yaomena HenpoHHILAeMana MeM-
Opana.

Pacxoa u3 HUAKHET0 €105 JL0AKeN BUYHCAATLCH ¢ YUETOM J10-
NOJHHTEALHBIX (PHALTPAUHOHHEIX CONPOTHBJAEHHN, CBA3SAHHBIX C
NPONYCKOM 3TOr0 Pacxojia uepes BCPXHMH, MeHee NPOHHILACMDbI]
caoil,

Kak ykasviganoch pbilde, B raase 1, B kauecTse 0AHOrO U3 Me-
TO/OB PelleHHs JIaHHOH 3a1a4H MOMKHO BOCHONbL30BATLCA Tak na-
3hIBAEMbBIM BHPTYaabHBIM MeTOAOM, [lauuwit Metoa Owi npeio-
wen akaaemukoMm H. H. [Masnosckum [34] aas pacuera asuike-
HHA TOPHBOHTANBIOrO NOTOKA vepes 3eMJAAHLe NJIOTHHBL ¢ All-
poMm, axadgparMoil HAR SKpPaHOM,
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Bupryaaphniii MeTol OCHOBLIBAJCA Ha BO3MOMKHOCTH MACLI-
Ta0HOro HCKaKeHHA ofJacTH (PUJALTPALKH B TOPH30HTAJBHOM Ha-
NpaBJeHHH NPH COXPAHCHHH BeJIMYHHLL [AeHCTBYIOLLEro Hanopa
(pasiocTh HAMOPOB HA KOHWAX yyacTKa S) s peanbHoil 0 HCKa-
AMeHHoH obaactell pHABTPALLHA,

B cayuae, pacemorpennom H. H. INapnoscknm, pacxon uepes
a1po, AHadparMy WIH 3KpPal 3apuces HCKIIOUUTENBHO OT KO-
(puiHenTa QUABTPALUHH TPYHTOB, NPHMEHEHHHIX /18 HX COOpY-
JKeHHA, H BeAHUHHBI JeHCTBYIOULCTO Hanopa,

BeaanesnsiuHoHHaa 3KCTPANOJAIHA AaHHOIO METOJAa Ha CJy-
uaii paboThl ApeHamed NO-BHIAMMOMY HE COBCEM 3aKOHHA, TaK
KAK, B OTJaH4YHe oT pabornl sapa win anadparmul, rae H. H. [Tas-
JOBCKUM NpPeanoJiaraioch Ilpﬂhlﬂ-.;!‘lHHLﬁHDE HALIPABJCHHE [IBHMKE-
HHA MOTOKA, NOTOK K HECOBEPIUIEHHON Apene HMeeT KPHBOJAHHeRHOE
ouepTaHie, 0COOEHHO PE3KO BHIpaKeHHOE B 30HEe, HeNOoCpeaCTREN-
HO K HEeH nmpHJaeralone.

B cBSI3H ¢ KPUBOJAMHEHHOCTLIO NOTOKA B (hopMyJie A pacxo-
ja K ropusontaibHOMY yuacTKy S nobasiasiercs HCKOTOPHIA Jlo-
IOJIHHTEABHBIH YYACTOR 14, KOTOPLIH, no C. . ApepbaHoBY, B CaY-

nae rPyHTOBOrO NMUTaHKH, papen n, =1,47alg %%

Eciv noj BHPTYAJbHBIM  METOJOM NOHHMATh  MaclutTabHoe
HCKamenne obaacTH QHALTPAUHH, T. €. 3aMeHy peajbHoil obaa-
CTH Je(OPMHPOBAHHOI, TO, NPHHHMAA BO BHHMAaHHE, YTO BeJHYH-
Ha JMONOJHHTENLHOIO YYACTKA 1)y 3aBHCHT OT PACCTOAHHS MeEay
APEeHol W BOAOYNOPOM (3To paccTOAHHE BXOJAHT B COCTaB BHIpa-
ACHHA CTOSWIEro Noj 3HakoM Jorapudma W SBASETCA MHOMM-
TeJEM B BhIDaXKeHHH ALJs OnpeieseHus Na). ounbKa OT 3aMeHhl
peaibHoll 30HB NpHBEdennoil OVAeT 3aBHCETh OT CTeNeHH HCKa-
MeHusl, KUTopas, B CBOW ovyepeldb, GyaeT onpelensiThesl OTHOLIC-
HHeM KosdduuHeHToB (PHALTPANHH JePOPMHPYEMEIX CI0eB,

HeobxoHMo TakaKe 3aMeTHTh, 4TO @ ABJHCTCA MHOMHTENEM B
hopmyae aast pacxona. [lostToMy H 3ect BMeECTo @ Hal0 NOJCTAB-
JNATH NMPpHBEJEHHOE €€ 3HAUEeHHE, ;

Ddopmyna C. @, ApepbsiioBa PCKOMEHAYETCA A8 NPHMEHeHHA

il -3
noHl —w=— I.,ﬂ. ]:.{!.Illrl A3HHUIA B MNMPpOHHULACMOCTH BepXHero H HHK-
el

Hero chaoes 6yaeT AocTatouno GoJbLUOH, TO NOYTH BO BCEX CaY-
yanax, Koraa ke > Ry, nodab3oBathes nannoi dopmyaoi 6yaer ve-
BO3MOKHO H NPHALTCHS NPHHHMATH, HTO pPacxojl U3 HHKHEH 30HH
OyaeT papeH pacxoay ApeHn! npH GCCKOHCYHOM YAaJeHHH BOA0-
VIopa. .

HaGnionedna 3a TedeHHeM KHIAKOCTH B LLCAEBOM JOTKE NoKa-
3LIBAIOT, YTO HAHOOJIee Pe3KOe UCKPHBAeHHe TPyl Habaioiaerca
B HENOCPEeJACTBCHHOH OJH30CTH OT JIPeHH.

[TosToMy, ecan NOAXOAHTL Cyry6o npuOJHAKEeHHO, MOXKHO CYH-
TaTh, YTO TPAECKTOPHA IJIEMEHTAPHON CTPYAKH COCTOHT H3 JBYX
VUACTROB—TOPHIOHTAJNBHOTO, AJHHOH S, H HEKOTOPOre KPHBOJH-
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HEHHOrO YHacTKa, KOTOPHl B cayuae oanopoaHoro FpyHTa pa-
BCH T) -

CuapoaunaMuyeckas CeTka JABHIKEHNN 10TOKA K JIpeHe B cJ1oH-
CTOM (B YACTHOCTH, B ABYXCAOHHOM) rpyNTe NOKa3LIBaeT, 4To OT-
AeabHble JJHHHH TOKa BXOIAT B BEPXHHE CAOH B PA3AHYHBEIX TOY-
Kax JIHHHI pasjiesia TPYHTOB; NMOSTOMY B npununne 6uao Gul He-
06X0AHMO HaXOAHTh NPHBEACHHBle JAHNL JAJA  SJEMEHTapHBIX
crpyek. IIpunuMan Bo BHHMaHHE, YTO NPH peakoil pasuuue B npo-
HHILAEMOCTH CJI0O€éB [JIBHAHEHHe B Gonee NpoH”ILAEMOM CJiOC B
OCHOBHOM TFOPH3OHTAJBLHO H NMEPEXo] B BOPXHUA CAOH (HCKpHBIe-
HHe NOTOKa) NMPOHCXOAHT B HemocpeacTBeHnol GaMzocTu K ape-
He, HAM TMPeACTaBASETCH BO3MOMKHBIM NPHMEHEHHE CAeAYIOero
nMpHeMa.

B cayvae ayxchaoitHoro rpyHTa, npeanosaras oTcyTcTBHE B3a-
HMOJCHCTBUA MEXAY MIacTaMH, PACX0] H3 BEPXHEro cJos, B Ko-
TOPOM YJ0MXeHa JApeHa, MOXKHO ONpeieanTh no gopmyae

_k|ﬂ|H_k|ﬂ|}f i
{.;'II T 5+“I s S, ' {3243}

rae mi=1,47 a, Ig%; Si=85+n,.

Pacxon m3 HHKHero cniof, ¢ y4eToM AONOJHHTENLHBIX CONpO-
THBJI€HH, BOSHHKAIOUIHX NPH ero Nponycke uepes BepxHHil cJoil,
onpeaeanMm no gopmyae

L (3.246)

rie Sz—npHBeleHHaa AJHHA NYTH (PHABTpPauMH AAs pacXola M3
HHIKHETO CJ0A.

Ecan npeanonomuTh, 4To nepexoji B BepXHHil cJaoii npoHcxo-
AHT B HENOCPeACTBeHHOH OGAH30CTH K JIpeHe, To BEJAHYHHY S2 OLI0
Gl HeoGXOAHMO NPHHATE paBHOl S:=S8 +a+ma,, rae nj=ky/k,.
Takoe nonyuienne, BHAKMO, ONpaBabiBaeTca NpH GOJLIINX 3HaYe-
Huax my(n; >100). [1pn orHocHTeNbHO MaJLIX 3HAYEHUAX 7 NPH-
BelleHHAs AJHHA nyTH (HAbTpauun Oyaer Godbuiel, TAK Kak JH-
HHH TOKAa BXOAAT B BepXHHN caofi Ha OGoJbllieM yaajdeHWH oOT
ApeHH,

Ha ocuopanum matepuanop onwiToB Ha npubGope 2IJA n b
UleJ€BOM JIOTKE Mbl CUHTAEM BOZMOXMHEIM NPHMEHCHHE Cleayio-
weit dpopmyasl A0 onpeneseHna Se:

Se=S+147 (a+ 210 ) g 22, (3.248)

rae ni=Rkelk.

IMpu nmy==1, 1. e. B cayuyae OANOPOAHOro rPyHTa, MOMKHO 110J10-
MHTH AH00 a1, anbo az;=0 u Gopmyna (3.248) npusenerca K op-
myae C. ¢. Apepnanosa.
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Ecan rpynt tpexcnofinmii, To Beauunny S;—npupefeHHyio
ITHHY yuacTKa (HAbTPauwn [AJ8 pacxoja H3 TPeTLEro cJaos
onpejensieMm no gopmyae

. 5 2 2 3 ) 5.}
Si=S+147 (a4 S40% 4 e ) g 20 (3.24r)

il /

k'l
T'Je fle= — _
L 2 I:

AHANOTHYHO [AA M-TO CAOA MOAYUHM

! w1
Sjji_znﬂ-" |-|'4? (ﬂ‘l‘ i.:__ ? ﬂ;fﬁ-‘ﬂi-}]) ]g% 3 {3.24_.&.)
R
rie ny= ':;’ ..

Ecan ofHH M3 CI0EB HENPOHHLAEM, To NPHBeleHHas JHHA
JIA PacxofioB H3 CAOEB, PacnoNoKeHHbIX HHIKe 3TOro cJof, cTa-
HOBHTCA paBHOH OeckoHeuHocTH. CocTaBagioliHe PACXOJ0B H3 9THX
ciaoes OYAYT paBHB HYJAIO.

[Tpu Beelt npHGAMIKEHHOCTH BHPTYaJbHOro MeTolda (B Aadb-
HeHIIEM MBI 1OJ BHPTYaJbHBIM MeTofoM Gy/ieM Nojipa3yMeBaTsh
He MEeTOJl HCKameHH:A ob6aacTH (pHALTPalHH B BepPTHKAJbLHOM Ha-
NpaBJeHHH, a BBOJ NPHBeJeHHBLIX MJHH) oH 6yaer nasaTth Gojee
Onu3kHe K JIeHCTBHTENIBHOCTH  PACXOALI, YE€M pPEKOMEHJYeMblil
b."A. TaeiisepoM Merox ocpeanenust kosdpuumuentos ¢HIbTpa-
IIHH MO BbICOTE APEHHPYEMOro CJIO.

[Monuwlit pacxos H3 30HLI, pacnofoXeHHoil Noa APeHoil, B Cay-
Hae ABYXCJOIHOTO FPyHTa onpefenuTtcs no (opMmye

k R, .
el sl i

B cayuae Goabulero yucaa caoes (Hanpumep, A48 M-cAoliHOro
FPYHTa) NOAY4YHM
w ka
B
g=H 2, ~&t, (3.25a)
L

]

riae S;—npHBejeHHas JJaHHa nyTed (UABTPAUHH JIAN COOTRET-
CTBYIOILHX C/I0€B HHMKHENl 30HBL.

MNoncuers, npoussenennsie no gpopmynam (3,25) u (3.25a) nan
PasaHYHBIX cayvaeB cTpoeHHs oGaacTH puabTpauuu, nawor B ob-
LieM YIOBJICTBOPHTEAbHYIO CXOAHMOCTh € JAHHBIMH ONHTOB (CM.
cTp. 85).

ITprinMas Bo BHHMaHHe MPHOJHMKEHHBIT XapakTep MejiHOpa-
THBHBIX PACHETOB, MOMKHO (C YKasaHHBIMH OTOBOPKAMH) CYHTATH
JAaHHBIA METOjl NMPAKTHYECKH NPHEMJEMEIM,

JAPYrHM BOSMOMKHBIM, HO Talme NPUGAHAKENHBIM [OAX010M
ABIHETCA NpeAjaraeMblii MeTo] pacueta, NpeiycMaTpHBAOWLIH
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BBOL KOS(MPHUHENTOR B PACXOAL OTAEABHHX CJAOCH, YUHTHIBAI-
WX AONMOAHHTEBHEIE NOTEpPH, CBAZAHHEIC ¢ JIBHMKEHHEM HMHIKO-
CTH H3 HHAHHUX CJloep Yepes pepxune. B nanHom cayuae, Kak u npu
BHPTYaJdLHOM cnocofe pactuera, He NPOH3BOAHTCS HCKAMKCHHA 00-
NACTH (PUALTPAUHH H JIOTHYECKH OH TIpeAcTaBaferca Godee npa-
BHABHBIM, YEM METOJ HCKaMeHHs o0JacTtH (HALTPAUNH,

C BBOAOM 3TOro Kosppuunenta gopmyaa (3.23) npuobperaer
CAeAVIOUHH BHA:

g = (H—ho) !1,&,:”3. (3.26)

Heo0xoaHMOCTL yUeTa 5THX NoTeph MOKHO NOKA3aTh HA OCHO-
BE CaeayowWnx paccyxaednil. Ecan B dopmyae (3.26) npunsntsb
by =1, 7. e. npeHeGpeun NOTEPAMH Ha YYACTKe OT JHHUH Pasjlena
N0 ApeHL, TO

g=(H—Mh) | k.dR. (3.27)
1

[lpn paspeiBHOM N3MeHeHHHM NPOHHIACMOCTH 10 BHICOTE, Ha-
Ga100aeMOM B Clydae CAONCTBIX TPYHTOB, ypasnenue (3.27) mo-
AKeT OLITh (OPMaJILHO NMPOHHTECPHPORAHO B CAGAYIOULEM BHAE
(718 ABY XCJOMHOrO rpynTa):

g= [H-—-hn]( kiﬁ dR+-k, [ dR ) , (3.28)
B pesyabrate HHTErpHpPOBAHHA 1OJYYIIM
o et ' At bl i *
= (”—F!u]l e -i-k?.{ 59 5] 11.1 I ) (3.29)

rie n=147alg *E:_I L T ]!,"-i?ﬂ't]g:é;% s
locae neGoavmnx npeobpasosannii popmyaa (3.29) mower
OBITL NPHBEACHA K CACAYIOHIEMY BHAY:

k Ry—& )
g= (H—ho) |20+ Lhac ] (3.30)

s BHFI}HHEJIH;]H]J}-'EM 3HAYCHHS PACX0joB, AasBaeMmule Qopmyaoil
W),

ITpn ke=k1, 1. e, B cayuae oanopojiHoro rpyuta, opmyna
(3.30) naer pacxoiwl, COOTBETCTBYIOULHE PACXOAAM, MOJAYIACMbIM
no gopmyae C. . Asepbsinosa (anasoruano u npu ky=0). Ipu
ki=0, T. e. NpH yKJAaxKe Apensl B HenpPoHHUAeMHEA rPyHT, hopmy-
na (3.30) nonxuna nasate ¢=0. Oauako B 3TOM CAyuae

q=(H—ho) [ Ratk o —*i“i‘—] >0, (3.31)
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TAK Kak nepeblid uacn seerjia Goabie BTOPOro H paBen eMy ToAL-
KO NPH a=a1, T. €. B Cciy4dae olHOPOJAHOrO rpyHTa (B cayuae He-
OJIHOPO/IHOTO IPyHTa 5TOro ObITh He Momer). Iloayuennmii pe-
3yJAbTAT IIOHSATEH, TAK KAK HHTerpHpoBaHHe Buipamenus (3.26)
AAS HHAKHETO CJI0A MPOH3BOAHTL Hesb3d, HO0 JOMOJHHTENLHBIC
COIIPOTHBJ/ICHHA BO3HHKAKOT HE B HHXHeM, a B BepXHeM chnoe, Ta-
KM ofipaaoMm, Ges BBOJA cOOTBeTCTBYIONIEH nonparku dopmyna
(3.30) Gyamer pasath HesepHuwie pewienna, OueBHaHo, HMTO NpH
k=0 cymmaphble noTepn N0aXKHB GLITH TAKOBE, YTO § AOJIKHO
CTAHOBHTLCA PABHBIM HYJIO, HECMOTPS HA TO, UTO PAaCXod, HAY-
IHH MO ¢J010 a; He pased nymo. Taxoii cayuail Moxer HaGaio-
AaTbCA, HANPHMEP, NPH YKJAJlKe JpeHbl B KPOBJID apTe3HaHcKo-
ro njaacTta, Korjia no BoAONpoOHNUAEMOl NpocaoiiKe ABHKETCH A0-
BOALHO GoablION pacxoj, a B Jipeny, YJAOKEHHYIO B HENpOHHIAC-
MBI €J10ii, BOfA He mocTynaeT Ao TeX Mop, NMOKa oHa He BCKPOeT
BOJIOHOCHEIH T114CT,

Beesem Bo Bropoit unen dopmyan (3.29) uekoropulii Koad-
(puupent 1. B sTom cayyae :

Ry (H—
q= —'E—'é-lr-q—f{-ﬂ + hake (H—ho) {TET]-“_ET_TI_:] . (3.32)

Ilepeuiit unen B popmyae (3.32) npencrasaser coboii pacxoa
H3 BEPXHEro caof, BTOpoi—us Huxkuero, [pu k=0 nepsuiii unen
popmyant (3.28) obpawaerca B Hyab, Utobw ¢=0, HeoGxoaumo,
uTOGH Ar=0.

Jlng npakTHYECKHX PacueTOB MOKHO NOAL3OBATHLCH NPHOHH-
AMCHHBIM 3Ha4YcHHEM Ko3((HUHEHTa A1, NMOAYYEHHOTO HAMH Ha
OCHOBAHHH 00palOTKH MaTepHasoB ONBITOB, NMPOH3BEICHHBLIX HA
npuGope ISIJA. 3mnupuyeckas 3aBHCHMOCTL /IS Onpeencins
Al LIS IBYXCNOHHOTO TPYHTA HMEET CACAVIOWMA BHI:

e S A
-I"'.I. R l/! +I|I|I'I:r ] {3-33]‘

rae
_aml g,
“}l_ﬂ':[ﬂ.:l-‘i'j § H:—-?I—.
R (3.34)
Bli=1‘; l+'t:r_ln- i

[lpoanaausupyem suauenns i, noayuaemuie no Qopmyae
(3.33). IMpu k=0 ny=co, @1=co 0 =0. B cayuae oanopos-
HOTO TPYHTa JHHHA pasfiena B 06AaCTH PHALTPAUHMH OTCYTCTBYET
H MOJKHO CUMTaTh, 4T0 JHO0 a1=0, T. e. AUHHA pa3fena rpyHToB
NMPOXOJHT Ha FOPH3OHTE YKAAJAKH ApeHbl, JH6o az=0, T. e, oHa

pacnoaaraerca BLOJb Bojoynopa. B ofoux cayuaax ;=0 u
AM=],
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Taknm o6Gpasom, Qopmyna (3.33) npaer HeoGXOnHMBIE MO
CMBICAY TpanuuyHble 3HaueHHs Kosdduunenra i

B cuay orpanHyeHHBIX BO3MOMHOCTell, NaBaeMblX IKHIKOCT-
HEIM npuGopom 3T LA, Ha KOTOPOM NPOH3BOJHJIHCE ONLITH, AHa-

Nna3oH H3MCHeHHA n,= k; OLI1 OTHOCHTENLHO HEBeJHK (B OMNbl-

Tax yAanock NOAYYHTL pelnenus aas cayuaes 0,1<n<10). an
cayuaep Gojee peskol pasHHUb B NPOHHUAEMOCTH BEpPXHEro M
HikHero caoes (0,001 <n<71000), no naHHBLIM ONLITOB B LieJe-
BOM JIOTKE A4 BLIYHCJACHHS (1, MOKHO NOJbL30BATLCA CJeLVIO-
el popmyaoii:

i ﬂlﬂiﬁzﬂ?'ﬂ
1= Tafosay ! )
rie
p=b 142 (3.36)

Jlas cyxnenus o Mmacwtabax pacxosAeHHH B pa3mepax pac-
X0[0B, BhluHCAgEMBIX no dopmyaam (3.32) n (3.25), ¢ neiicrTsu-
TeNbHBIMH pacxofami Obl/IH MpPOH3BefeHL pacyeTel H onpejene
HBl pacxo/bl Ha npuGope AT A npu ciaelyOIHX 3HAYCHHAX KOM-
nonenTos opmyast (3.32): a=4 M, a;=14 M, az=26 M, d=0,1 m,
S=14 M, H=08 m.

Kospdpuunent puapTpaunn suxkuero cjaoa Gbli yCJI0BHO NPH-
HAT paBHBIM eauHnue (| Mfcy-ruu] a pepxuero  cnoa—0,25

mleyTkn, Takum ofpasom, n,= i’ []EE =4,0.

[Tpn npuuATEX Aanubix, Tak Kak ;<0 n fi= V 1+
= 1,16,

o —

-hi:h
1

_ Pl 116.14.26.4 o0
1= g2 BE+D) i

- LV S
A= l/l+m‘-'! J l+uﬂ= 0,52;

S4n=S+147alg 32 =1441,47 -4 -1g, - +-=22,30;

3.14-0.1
S+m=5+147a1 1g23 =14+147-14- lgm £ = 15,95;
|
0,25 - lil
=08 [>2:14 10,82 1,0( 555 — |f95 )| =0.078 a/eyr

Ilo dopmyae (3.25) g=0,074 w*/cyr.

[To naxnsiM onwira, g=10,078 m*/cyrxu.

Bo sropom Bapuaute Gbio npunato ky=025, k=1 m/cyr.,
a ;=206 M, a;=14 n, H=0,8 u.
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[Tpu atux yeaosuax mi==0,25.

ﬂlﬂzi'iifﬂ _26-14-025.1,28

£ a?(ng42) —  42(0,25 4+ 2) =0,008; Ai=1;
. 5%
S+m=14+1,47-26-1g2 "0 =1865; p=V 1+22=1,8

9=0,8 |Fs— +10+0,25( s — e )| =0,120 a/eyr.
Oneit pan g=0,127 m2/cyTru,
[To dopmyne (3.25) g=0,123 m%/cyTrH.
B TtpereeM BapHaHnTe OBJIO NPHHATO i=1 M, az=3 M, a=4 M,
k1==0,1 m/cyTKn, Re=1 m/cyTkH, S=14 M, d=0,1 M, =1 M.
[1pu sTux yecanosuax ny=10.

L T e L

aasnyh  1.3. 000 1,12 1/ 1
[:1'. _—= —.—.-..__..-;:a—--\.-nn'_. —_— [ 1 — <
T @ (m2) £2(10F2) st lI L s

Sy O R S R e e
Ll_.‘/]_Hﬁ_]/I_HH =0,50; S4+m=15,7;

0, -1 4 | :
g=1,0 [I'E.T + 0,50 - ]'H[Eﬂj{} — m]?)]zﬂ,ﬂﬁﬁ M*/CYTKH.

*

Onur nan ¢=0067 m*/cyrkn. Tlo dopmyne (3.25) g=
=(,062 m*/cyTKn.

Kax BHAHO H3 NpHUBEJCHHBIX JAaHHBIX, PAcyeThl AOBOJBHO XO-
POLIO CXOAATCA C pesyibTaTaMu onbiToB. Ecin  He BBOAMTL A1 B
pacxojl HEAHETO MJacTa, TO B TPeTheM CJyyae, KOTAa pasHHlla B
MPOHHIAEMOCTH CJ0eB YiKe Obljia CYILECTBEHHOM, pacxoi Ol OHl
pasen 0,120 m*/cyTkn, 1. e. nourH B ABa pasa npepsicua Ob ak-
THYECKHHH. .

CnenaeMm Tenepb NONBTKY MOJTYYeHHS nonpasoyuoro Koadwu-
[iHEeHTa ISl PACXOJ0B H3 OTAENBHLIX CJ0eB B C/ydae MHOIOCJOM-
HOTO BOJOHOCHOTO CJOA.

[Ipeanonoxum, uto BojoHocHEI caofi (puc. 21) coctabien u3
Tpex HaH, B GoJiee o0leM cayvuae, H3 /M CA0EB PAa3JHYHOH NPOHH-
LLACMOCTH.

Pacxon apensl ¢ yyeToMm noTteph Ha NpPomyCcK PAacXo/loB §s H §s

“epes BLILIeJIeXallne MIacThl MoXeT ObITh OoNpejeseH no caeaylo-
uiel gopmy.ie:

iy iy +ay a
g=(H—he" (kii dR+k, | dR4hoky | dﬁ), (3.37)
iy @, ity

rae A1 — Koa(pHuueHT, YUHTHIBAIOMHI CyMMapHble noTepn Ha-
nopa no JAJHHEe NyTH (PHABTPALHH.
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Jlas ynpouenna TePMHHOAOMMA B laabueiimeM OyaeM yeaos-
HO CHHTATB, MTO BCe MOTEPH OTHOCATCS K COOTBETCTBYIOWLEH JANHHH
pasgena. Ouepnano, uto ecan 66 Objo m caoes, T0 OO Obl
neobGxonnMo onpeneauts m—I1 Kospuunentos A;,. Beanunny
Kosthdminuenton A;_,, Ha KOTOPYIO HYKHO YMHOMATH Pacxoj
cnos (=23 m), moxHO onpeledaTh No creayiouleii dopMyne:

=] 7 |+1¢.,;¢L_,‘ (3.38)

rae B chay4ae Majoil pasHHUL B NPOHNHUACMOCTH COCEAHNX CAOCE

(n;<10)

JLLLLLLLLLLL . *:n;f’x.fi-i»? P 2222428" 3
(B) 5
|
1
St -,

1
i
# 3

5 o — o e e i —

z
Puc. 21
=1
N Heate g eny .
W= ll‘ "il:ﬂt-.-l'-!-il ¥ {1;9]

rie
(t=2, 3. m),Ber=V !+—'{}§.§‘-; Moy == nf:. :
D,_; —pacctosnne ot apens A0 nojouisel ¢—1 caosn;
A-—NOJAHAS TONHHA BCETD BOAOHOCHOrD IJaCTa.
IMpu n™>10, T. e. npun GoabuloH pasHHile MeXAY nNponniLae-
MOCTBIO COCCAHHX CJOEB, mj-y Onpeaenaserca no Qopmyne

=1 L8
Bemi@e @en

i E (3.40)

s P i=1 g
1 (ﬂ-l‘ 0.5 Enr)
1
rac e
’ fjp,‘l g 5 k;
Be-1° ] "'_IT* Hc—l—‘En

D). —paccroanne ot ApeHb 10 NOAOWRLL €-I0 CAOS.
Sl




Haga cayyaa TpexchAofiHOTO TPYHTa MPH MaldoH pasHule B Mpo-
HHILAEMOCTH CAGEB 3HAUeHHe w1 M we NOJYUHM, NpHiuMas (=2 u

i=3 B hopmyae (3.39). Daa i=2

% Biaiasn i ks
O =0 = eyt M= . (3.41)
Nas i=3
o piaaon :11 ﬂ-.eﬂrﬂ:l-"% ks
e (T MU= T i

Ecau rpyHT ueTeipexcaoiideit (puc. 22), 1o KO3(QpHILHEHT Aa5
BEIYHCJAEHHA As, HA KOTOPLIE HeOOXOJHMO YMHOMKATL pacxol H3
f]r-_"r;afp'mru cjos, onpefensercs no caeiylonied opmyae (nps
1=4);

By, 1 Bt Rl e
S S mp 19ty ..-.r";g__‘ ‘ﬂﬂ:'l-vl._?."
xh g ﬂ"{n,-]-.?] ; i'fj{ﬂ-;rJ.:-E] ﬂ'ﬂ[ﬂ{r!'.?}’

ny=2%; (343)

e E—

-

e I.-"'II l_L__:.l . Shbas ﬁ. - .
ﬁt—] l+ﬂg ¥ ﬁL—V]-"‘D: y ﬁ:}-—]' l+_.ﬂ_;
Di=ai; D:=a,+ay; Di=a+a:+as; Di=a.

[lpn peakoil pasuiie B [POHHILACMOCTH COCELNHX CJOCB Heod-
XOIHMO NofbaopaTbes opmynoit (3.40). B vactHocTh, A0 YeThl-
PEXCAOHHOrO TPYHTA (3 NOJYYHT CAeAYIOUIHH BHIL

"qH‘ g ¥
ﬂ il daft 1 ﬁﬂgﬂ;ﬂ 2 8 Bﬁﬂ'aﬂqﬂ g 8

8= G05a)t T [@r05@tanP | @+ 05(d + a T )P

(3.44)

[puunman Bo BHHMaHHE npuGAHKenHLH Xapakrep mpejaarac-
MBIX 3aBHCHMOCTeH, NPUMEHEHHE HX OrpaHHuHBaeTCs YCIOBHEM
1< 1000.

Paccmorpus  cBoiictea  Koadipuitnenta A;—;, BLIpaXacmMoro
diopmynoit  (3.38). Ilpeanojoxum, 4To TPYHT qeThl pexcaoiiHblil
(puc. 22). Ecan Hu OHNH M3 CJIOCB He HMECT HYJIeBOH NpoHHLaeMo-
CTH, TO B JIPeHY TOCTYNAlOT PacXoibl H3 BCCX HETHIPEX CJAOCH.

[IpeanoJokuM Tenepb, UTo TPeTHi CJI0H HMEeT HyJeByio npo-
pubaeMocts, Torja pacxosbl M3 TPETHEro W YETBEpPTOTO C/10EB He
JIOJMKHLL [I0CTYnaTh B apeiny, uO0 H3 TPETLEro Clod pacxol o
ke GBITH paBeH HYJO, Tak Kak k;=0, a pacxoa H3 UeTBepTOro
c109 He AOMKEH NonafaTh B Apeny, TAK Kak Ha ero nyTH Haxo-
AnTes HermpoHuuaemuil ciaoi. [leficTenTeAbHO, B popmyae (3.37)
TPEeTHil ujeH, cTOAWMI B CKOOKAX, paBeH HY/110, TAK KaK fy==0.
UeTpepThiil wieH (e, KOTOPHHl HeoOX0AHMO Obuii0 OBl BRECTH B
5ty (QOPMYJY) paBeH HYJIO, TAK KaK B (opmyic (3.44) ns paeHo
GeCKOHCYHOCTH i IO3TOMY @3==Co. Pas @wy=09, T0 Ay=0 n pacxon
H3 HETBEPTOro cJA0A He nonajaet s ApeHy.

¢ B. A. Honar. 81




lNponaponn ananorvuHele paccy:AeHHA AnA caydas kRe=0mnn
k=0, Mb Moran Obl yGeanThed, 4TO NpH k=0 B ApeHy monana
TOJILKO pacxojl H3 nepeoro caof, a npd k=0 B wee He nonana
I 0aHI 13 pacxenos, n0O0 U3 NEPBONO CJAOA pacxoia He nocryna
Tak Kak Ri=0, a H3 OCTAALHLIX — BCACACTBHE PaBEHCTBA HYA
KO3(ppHUHeHTOB Aj_,, BXOAAUHX MHOMHTENAMH B pacxofsl
3THX cJoeB. dro cpoficteo Koadupuuuenta A, nospogsioiee Y4
TLIBATH NpexpaulcHie AOCTYNA BOAbL B ApeHy H3 cJ0eB, NepeKkpH-
BACMBIX HEMPOHHUAEMBIM CAOCM, HIH PesKkoe CHHMKeHHe MOCTYI:
JIEHHA ee M3 ITHX CJioeB B c¢ayyae caalolfi mpoHHUAeMOCTH nep

; | -
®) Y |
(%2 Tﬂ" &
D S
e
e

Pue, 22
KpbiBaioulers nJjacra, AaerT oCHOBAHHE HAa3BATBh A «3anupaioiiiM»
Koa(ppuiuenToM.

C ueasl0 mnNpoBepKH pe3yJabTATOB, JaBaeMblX pacyeTHBIMH
(hopMyanamu, OblIH NpoH3BeAeHLl TOACYeTH PACXONOB IS Tpex-
CJAOHHOrO H YeTHPEXCAOHOr0 BOAOHOCHOrO MAAcTa, KOTOpLie 3a-
TEM CJIHYAJHCh € Pe3yJbTaTaMH ONLITOB,

ITpu ofbweii MomHOCTH Tpexciaofinoro BOAOHOCHOINO MAacTa
a=4 M, 6Lan NpunATH @=14 M, ae=1,2 M, as=14 M, S=14 M,

=0,1 M, H=0,8 M. Kos¢ppnumenTn GuALTPAURH, COOTBETCTBEHHO,
NPHHHMANHCL paBhbiMH R1=05 M/cytkn, Re=10 ™m/cyTRn, k=
=0,25 M/cyTkn.

Pacxoawl ¢, g2 1 s, BhluHc/ACHHBe Ge3 yuera KosddHuHenToR
Aj—y, COCTABMJIH, COOTBETCTBEHHO:

 kaH 0,5:1,4.0,8
h=Ern T 168

=0,085 x?/cyr.;



iR ity 4illy ...F_ ___i|4
g 'kEH(.S-M: E Im} 55 Gﬂ[mﬁﬁ 15.9) =0,041 #%/cy7.;

= ay -+ a. i 4.[' E.E e & Jes
Gu=heH( 5 — o) =025 0,8 (553 — 120 ) =0,008 w¥/cyr;

- 14.12.2 1.4 Ty e e,
g 42(2+2) ]+-Eﬁ-ﬂ'3_ﬂ‘ f.l—ﬂ,ElQa,

020,122+ 2080 1 4 28 0,134; 520,00,

G=@1-+hi1gz+h2q; =0,035+0,995. 0,041 +0,99 . 0,008=
—0,0837 #%/cyr.

[lo dopmyne (3.25a) g= 0,083 m*cyr. Onur jpan g=
= (,083 m3/cyr.

B cBaan ¢ TeM, uro onwT C Tpex-:.'mﬁuuu rpyatom ObL1 no-
CTABJICH C ueépejoBaiHeM CJA0EB, NPH KOTOPpOM M=k, = 1, 1. e.
He CJYHKHI yOeHTeIbHBIM J0KA3aTeNLCTROM HEﬂﬁK‘DﬂHMﬁﬂTH BBO-
Aa KO3(DHIHEHTOB A;—q B pacXoAbl H3 { ¢j0eB, GbI NpPoH3BeAeH
GIBIT ¢ UETHIPEXCAOHHLIM TPYHTOM CO CJAELYIOUIHM PAPDHAHTOM ue-
penoBaHHa choep: ai=14 M, a:=1,4 M, ;=09 ™, as=08 mn,
ki=0,1 MlcyTen, k=008 w/cyrku, ks=0,19 wm/cyTrn, ki=—
=1,0 mlcyrkn, H=1 M.

Pacxoast i, g2, gs 1 g, BouHCIeHHBle §e3 yuera Kos(duuHen-
TOB Mj—;, PaBHHL, COOTBETCTBEHHO:

aH _ 011441 .
¢i= bl—[-lrn 5 o5 —0,0088 w?/eyr.;

1.4
19,15 1595

{?2:!‘?2!{({11 + ﬂz

=) 2
S o i-fn] J 0,934 s/ cyr.

=0,58. 1(-22

ﬂ]+ﬂ2+-ﬁ d; 4+ a 213 i
'?H“kH( S5+n 3 S+n:) =0,19: l(ms 19.15]_

=0,0050 x3/cyr.;

-

a; + a;-4a - b WA
q**k*H(s+q 15—{-11;3) 1,0 m(ﬂsm 21.5)_

=0,018 m*/cyr.

O6unii pacxon apennt (Ges yuera %;—,) ¢=0,0658 m?/cyTkn.

_14-14-58 o
mt_lmﬁr“ﬂ]/14r —0,515; A1=0,895;



I.d‘ﬂ.ﬂ*ﬂqw .__‘-i_s. 5 &
w, =0,515+ 157033 + 9) V 1+ 3T =0,518; 4.=0,893;

08-0,9-525 3.7
ay= 05184 28:09:522 )/ 4 3T 0 700; 7,—0,82.

O6iunit pacxoa apeHst:
go==0,0088 40,895 . 0,034 40,893 - 3,00501-0,82 . 0,018 =
=(,0088 40,0304 + ﬂ,t}_ﬂﬁ +0,0147=0,058 M2/cyTKH,

Onumt aaa 0,057 wm¥feyrkn. [lo Qopmyne (3.25a) g=
=0,058 M*/eyTKn.

3ambiuiene pacxoia NpH BLYHCAEHHH pacxoaos Ges yyera
KoappHIHeHTOR Aj—; cOcTaBudo 15%e, ¢ yueToM Ko3(pHIHEHTOB

——ToJibKo 2%/
lNpupeseHnble AanHbic MOKa3sHWBAalOT B OOLIEM AOBOJLHO XOpO-

WY CXOAHMOCTh ONHITOB ¢ pacyeTaMmy.
[lo paay obcroarenbers (oM. [4]) npuMeHeHHe NpeanaraeMex

(hupMyJ OTpaAHHuKBAETCA YCJAOBHEM

.53, (3.45)

Cayuait apyxcaofiHOro rpyHTa MOMHO pacCMaTpHBaTbh KaKk va-
CTHBE cayuail MHOrOCJA0MHOrO TPYHTA, KOTAa CYLUICCTBYeT JHLIb
cauncTeenHas aunusa pasaena. INostomy dopMmyast aas AByxcaoi-
HOFO TPYHTA HMEIOT TO JKe CTpPOeHHe, 4To W JAI8 MHOrocJ0fHOTO.

BoaMoxnocTe NOJAYUCHHA NONpaBOvHBIX Ko3(pduUHenToB, yul-
THIBEAIOWIMX NOTCPH HANOPA B CAOHCTHX I'PYHTAX HA Npeoioienne
NOMOJHHTEABHBIX CONPOTHBASHHA, BO3HHKAIOUHX NPH Nponycke
pacxojla M3 HHKEJeKalHUX CJ0oeB Yepes BepxHue, [103BOJAET
PEelIHTs BOMPOC © - pacxofe JApeH B  BEPTHKAJALHO-HCOIHO-
POMHLIX FPYHTAX C NJAABHEIM H3MEHEHHeM NPOHHIAeMOCTH MO BH-
cote. Pacxoa M3 Takoro rpynta ¢ y4etroMm MoOTepb Moer ObiTh
onpegeaen no gopmyae (3.26). Tak Kak oOLIEro BuIpaKeHHa LI
}y = flz) noka ne noayueHo, TO onpejenieHHe PACXOAa € Y4eTOM
NOTEPh MOXKHO NMPOH3BECTH nyTeM pa3bHBKH smopul Kosduimen-
TeB (PHALTPALMHE HA M vacTell, BIYHCJCHHA LI HHX CPeaHHX 3HA-
ueHHi Ry W KO3Q(UUMEHTOB b;—,; , T. €. MyTeM 3aMeHbl 3MIOpLl ©
NAABHO HW3MEHAKMIHMCA 3HavenueM Kosdduuuenta QuabTpaunu
ciynenvaroii smiopoit. Takaa pasGuska AaeT BOIMOMKHOCTE npi-
MEHAITh paHee NpHBeAeHHHIA MeTOo) mnojcuera Aj—, . PasGueky
INOPLl, KaK NpaBHio, He cJeiyeT NPoHIBOAHTHL GoJice weM Ha

3—D YYaCTKOB.
B sakmoucide HeoGxogumo o6paTHTh BHHMAHHE Ha caeay10-

it dakr.
[Ipn uaTCHCHBHOM yMenblueHHH Kosgduuyuenta ¢HALTPALIH

at




B Hanpas/AeHHH OT APEeHL K BOLOYMOPY, T. €. B Ccayvae yKIaakKH
ApeHs B HauGosiee npoHHuaemblii caoil, kKospduunents A,y
OAH3KH K CAHHHLE H yMeHblieHHe pacxoia JpeHbl B OCHOBHCM
HACT 3a cuer yMenbureHHsa obuiell nponyckHoi cnocoGHOCTH BO-
JIOHOCHOTO MJA4CTa, 4 He 34 CYeT JIONOJIHHTEIbHLIX 10Teph Hanopa.
B stoMm cayuae Aj—, MOMHO NPHHATL paBHEIMH cAHuuile, uGo Ta-
Koe jonylleHHe He GyjieT BBOAHThL ocoG0ll NOrpeluHocT B pesyib-
TATH PACYETOB.

Jlpyroe neno npu HaMeHeHHH PHALTPRUHOHHBIX CBOHCTE B 00-
PATHOM NOpANKE, T, €. B CJyyae HApacTaHUA MPOHHILAEMOCTH B
HanpasjaeHHH Bojoynopa. Tak Kak pacxoa JApeHH 32BHCHT B ocC-
HOBHOM OT QHIBLTPANHOHHBLIX CBONCTE 30HL, HENOCPEACTBEHHO
NPHMBIKAWONICH K ApeHe (akTHeHas 3oma), a Bosgeficteie Gogec
YAaJCHHHX CJA0EB B 9TOM cayyae Oy/1eT OCYUIEeCTBJAATHRCH qepes
Gosiee cnalonpoHuLaeMble CJAOH, TO MOMHO CYHTATEL, YTO XOPOLIO
NPOHHLAEMBIE CJIOH NPH 3HAUHTEALHOM VA2JeHHH OT JApPeHHl, yio-
AMEHHOH B cnabonpoHHUaeMblil TPYHT 6YAYT OKashiBaTb TCM Melb-
litee BO3AeliCTBHe HA ee pacxoj, ueM OHHM ray6ie pacliofoKeHbl.

Kax ykasmpanock pbiie, KoshpuuHenTsl Aj—, MNOKasbLIBaIOT
ROTEPH MO AJAHHE NYTH (PRALTPAUNH, KOTOPLIA COCTABJACH H3 pa3-
JHYHLIX TPYHTOB, pacrnojarallNXcs Bhllle KPOBJH paccMaTpH
paeMoro caos. IoTepu Ha cymxeHHe NOTOKa BeJejiCTBHE HeCOBEp-
IWEHCTBA Apenn B (opmyae (3.26) vurednl paxee BBoAoM Koad-
¢uupenta sucauectn. Kak OyaeT nokasano nue, AaHBwil koad-
(PHIHENT BHOJHE YAOBACTBOPHTEALHO OIEHHBACT 3TH NOTEpH.

Cpabienne pesyabTATOB ONHITOB H NOACYETOB NO BHPTYadb-
HOMY H npejjaraeMoMy HaMH MeTOlYy NoKasbBacT, YTO JaHHble
METOJIE 18107 B o6GlleM YIOBAeTBOPHTENLHYIO CXOAHMOCTL Bhbi
UHCJAEHHBIX W NoJayvyeHHniX Ha npunbope I A pacxonon.

Bee 3to aaer ocnoeaunne PEKOMEHi0BaTh Kak TOT, TaK H Apy-
FOH METOJL AASl HCHOJB3OBAHUSI TIPH NPOR3BOACTEE pACUCTOB B
CAOMCTBIX FPYHTAX.

Ecan onpesesnth pacxofbl, HCX0As W3 NPHBEACHHEX 3nate-
HUl @pp, NOAYYaeMBIX B pe3yanLTaTe MaciuTaGHOTO MCKaKeHun 06-
JA4CTH (DHABTPAUHH, W CPaBHHTL MX C PE3VAbTATAMH ONLITOR W
PACUCTOB MO PEKOMCH/0BAHHLIM BHILIC MeToaaM, To GyleM HMEThL

caenyiomyio kapruny (ra6a, la),
Tabanua la

Pacxonuw mifeyreu

Ne  |Yncao
€ 3amM- |SMPTYadb] Meton no Mpnmevane
ONBITA| CAOCH | paOLIHMIL Hufl | HeKawke- | nasmpiv
Kosthhuu. | meron | vnm ofa | onwTom

0.078 0074 0.055 oo7s [IlpH @pp>S pacxoaum
0,120 0,123 0,121 .| 0,127 BHYHCIAANCE N0

0.063 0,062 0,028 0.067 dopuyze A. H. Ko-
0,084 0,083 0,095 0,083 CTAKOBA XaKk jna

0,058 0,058 0,028 0.057 Apen ¢ Geckonew-
; HWM yIadcHHeM BO-

Aoynopa

el S0 B =
i L3 b3 B B
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Kax BHAHO n3 pannuix TaGa. la, Meton nckamenns ofiactu
(HALTPAUKH aeT HEYAOBACTBOPHTEALHBIE PE3yAbLTATH, NPHUYEM
pasHnIa B pacueTHHIX W (PAKTHYECKHX pacxogax TeMm Goabiue, UeM
pesye HCKaKeHHe o6/acTH, PACNONOKEHHONH NOA NMEPBEIM CJ0eM,

H YeM MeHblUIe yleibHHH Bec mepsoro cjos B obuleil MouwHOCTH
BOJOHOCHOTO NMJACTA.

&€ 4. HecomepwenHnlii Kanaa uam ApeHa B notoke co csobonnoi
NOBEPXHOCTHID

Brilwe Mb paccMoTpend cayuail BCKPHITHA ApPeHOR MAH Heco-
BEPUIEHHLIM KaHalloM HaMoOPHOTO BOJIOHOCHOIC NAacTa U NpHBeaN
JHaYeHHs PacXOflOB NPH YKJalKe JApPeHsl HAa KOHTAKTe ero KpoBal
C HENPOHHUAEMBIM CJlOeM, TNEepeKpLIBAIoEM NaacT.

!Z

'I
X
-4%;5 o i“*'“:__
e b S
A hi ll.ﬂ
S i A
Puc. 23a

PaccMoTpHM Tenepb MPHTOK K JipeHe B NoToKe co ceoGoauoil
noBepxHocTbio. O6paTHM BHAauale BHHMaHHe HA OJHO BaxHOe
croficTBO TAKOro MOTOKA HA NMpHMEpe XOpouwo HCCAeNOBAHHOrO
cayuas (QUILTPAUMH BOABI Yepe3 MNPAMOYIOJBHYIO NMepeMbiuKy.
Kak nokasan H. A. Yapnuii [49], dopmyna liomion aas onpene-
JIeHHA pacxofa, HMelollan BHA

_ k(H—Hj)
g= a5 ’

B TOYHOCTH COOTBETCTRYET FHAPOMEXaHHYECKOMY pelleHHio, noay-
uenHoMy Gonee caoxuum nyres I1. f. Kounnoii [38].

Ocobo caeayer NoAYepKHYTh, UTO B KavuecTse M caepyer npu-
HEMaTh (paKkTHYECKYio ray6uny BoAsl B nniKHeM Obede 6e3 yue-
Ta BHICOTH YuacTKa phicaunsanus (/fg).
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IMpoBesem MbICAEHHO HEKOTOPYIO TOPH3OHTaAbLHYI0 aunnio AA - -
Ha pacCTOAHHH Z OT NoBepxHocTH Bomoynopa. Torna (puce. 23a)

Hy=z+b+H;, Hi=z4b-+}h,. (4.2)

[Mpuauman he=0, 1. e. nonaraa I,=2+b=a, noayuum ang co-
BepPIIEHHOr0 KaHaaa.

R(H b+ 2)2—=(b-+2)0__ K[(H + b)2=b? | kzH
o o =MELNA LB 49)

INepeuiii uwaen npasoit yacTy ypasnenns (4.3) wHcaeHHO pa-
REH pacxoiy MOTOKAa €O CBOBOIHON NMOBEPXHOCTHIO NMPH BOJOYNO-
pe, npoxoaamem no aunHun AA, sropolt — pacxony HanopHoro no-

|2

B

S -

Pue. Z36

TOKE, ¥ I{GTDPDI‘U KpOBJIA ﬂpDHHI.I.HEMDFG CJOA NPpOXOAHT No JHHHE
AA. Taxkum o6GpasoM, Pacxoa § MOKHO paccMaTpPHBAaTh Kak CyM-
MY pacxoioB JABYX NMOTOKOB, OJWH H3 KOTOPHIX — Hanopuoiil, a
apyrofi — co cpobGoaHoi nopepxHocreio, HeoGxoaumo 3aMeTHTh,
NTOYHCJEeHHOe PABCHCTBO pacxoja § cyMMe pacxoloB gp H 4),
3 KOTOPBIX (fo — Pacxofl HamopHoOro NoToKa, a ¢i1— pacxoi norTo-
Ka co cBoboaHoM MOBCPXHOCTRIO, BOBCE HE obosHauaeT, uTO nepe-
asHraa asnuio AA no sepruxann, Mb npeppauiaeM 30HY, pacno-
JOMEHHYHD HHXKe STOH JIHHHH B 30HY HANOpHOrO MNOTOKAa, a4 30HY,
HAXOOAINYKOCA Bhille 3TOH JIHHHH, OCTadBJHCM 30HOH NOTOKa CO
crOBGOAHON NOBEPXHOCTHIO.

[Toroxk npH BceX VCJIOBHAX OCTaeTcs CIVIOWHLIM H Henpephs-
HEIM H JABHMCHHe (QHALTPYIOICH MMHIKOCTH COBepIIeHHO He H3-
MEHSIET CBOEro Xapakrepa OT nepeMelledHs YCJIOBHOH  JIMHHA
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— i e e :

, 2
pasnena AA. B uacrnocti, npu z=a (b=0) noayunm t:-'r=£2‘;i;

«  RaH
qu: e i

3avenum Teneps HHmHME Gbed (10 ecThb  OTKOC nepeMbiqKil
I KaHaAd, JoXoadulero 10 Bojoynopa) apenoii (puc, 236) c
TEM e caMbiM nanopom Hi=a, .

MoXHo npeinonarats, YTo nNpH TAKOH 3aMeHe pacxon ¢, noji-
CYHTAHHBIN Kak MpOTeKaBWHii B BepXHeil done (Bbime AA), cyue-
CTBEHHO HEe H3MEHHTCH, a JAONOJANUTENLHEE CONPOTHEICHUS, Bbi-
3BaliLie 3AMCHOR Kanana apeHoi, GyAyT BO3HHKATH NPH ABHAKE-
HHH B HIGKHell 3o0He, Takoe momywenHe sHauHTeNLHO obJjcryaer
PACUETBl H AACT BO3IMOIKHOCTh DpHMEHEHHA (OPMYJ, YUHTHLIBAIO-
HIHX JIONOAHUTRALHEIE CONPOTHRACHHN NPH BEIYHCACHHH PACXOA0B
HECOBEPUICHHBIX JIPEH He TOAbLKO B CAYHAE HANOPHOrD NOTOKA, O W
B cayuae GesHanopHoro,

PaccMorpennbiii swime cnoco6 yeaosnofl pastueks noToxa mHa
ABE 30HLI HCNOJMb3OBAN PAAOM ABTOPOB, KOTOPHMH GBLTH Npes1o-
KCHBL pasjiHunibie o cTpoeniio QopMyabl A9 onpeieacHus g,
AOCTYNAWIEre B HECOBEPUICHHYIO JIPpeHY WAl  Kanajd H3 30HM,
PACTIONOKEHHON MO/ APEHONl WIH N JHOM HecoBeplueNHoro Ka-
Hana. Tak, npu pewennn Bonpoca o acGure HEeCOBepIIEeHHOH Ape-
HBl Aaunbli npuem Obin npumenen P. P, Uyraepmy [50], npuuen
PACXOML H3 BepXHeH 30HH onpedeasics no gopmyae [liomon, a
113 HHIKHCH — 1A 0CHOBE rupoMexannueckux pemennii H. H. [Tan-
A10Bckoro [34] no manopmoMy ABMMNKEHMIO TpYHTOBHMX Box. Jlas
CUPEACNEHN PACXO/I0B H3 30HB HanopHoro nmortoka P. P. Uyrae-
BEIM Npe/IIoKensl cnetHanasisie rpadukn. Kpome P. P. Uyraesa
i C. @, AsepuanoBa, Gopmyas 11a onpeieenns pacxojna Heco-
BEPIIEHHON APeHbl H3 30HK HATIOPHOTO NOTOKA, BCKPBIBAEMOro ape-
HOH, npeanoxennt B, C. Kosaosuwm [25], A. H. KocTakosbim [23]
H JIPYTHMH aBTopaMp.®

[To A. H. Koctsikosy.

s |
7k i (=)
g
=, (4.4)

2In '—d‘

— i
gﬂ

T:-?_ In (I +0,81In iﬂ) .

g
mka (1--08 In = (H= o) |
qo= 9% . (4.5)

251In —d—
* Qopuyau A B. Pomanona n 1. H. Bepurmia agech e NPHBONKM, TaK

Rali PACXOAN, BLMHCACKHHER N0 3THM GOPMYAAM, COBTAAAIOT ¢ PACKOAAMN, NO-
AVHENHWMUE no dopuyae C. @, Asepuanosa [6). :

8




B ¢opuyaax (4.4) u (4.5) a— paccrosnne oT ApeHn A0 BO-
Aoynopa; d — anamerp ApeHwn; S — paanyc AenpeccHu; §,—pac-
X0, MOCTYNawlilHil B ApeHy ¢ OAHOil ee CTOPOHHL.

B. C. Kosnos [25] nas npuToKa BOABI K HeCOBEpIIEHHON apene
MPH rPYHTOROM NMHTAHHH NPeJnoxua Hnyw dopmyay. B obosua-
HEHHAX HACTOSLIEr0 HIJIOKEHHS OHA HMeeT Cleylounii Bua:

mkli
= {5’+H?]j - {dﬁ]

Indi (a3 M)

i
Ilna apennl Ha Boaoynope caeiyer NPHHHMATE Q= .
[Tpn nojcyere pacxona «HanopHoil 30HL» NPHHHMACM

kH? i
Go=9— 55 - (4.7)

Hpyraa gopmyaa B. C. Koanosa npeatomena aas onpegede-
HHSl pacxoja HecoBepllenHofd apensl B cayqac HH)HILTPAHOHHO-
0 NHTAHHA H HMEET CACLYIOULH Bra;

;}.S:F‘—giﬂ,* (4.8)

rAe P — MOAYAL HH)HILTPAURH OCHAKOB;

od .
B—1+155V S (4.9)

[To H. K. Inpusckomy [11], pacxoa necosepiensoli apens
onpejejaserc caeiyoiteil popMynoi:

k(H? |- 2all)

P 23a._ 2a\ ’
2(s+3 e

(4.10)

rje BTOpoil wieH anaMeHaTens VUHTHIBAET JONOJHKETENLHEE NOTepH
Hanopa, cBsisaHHbIC ¢ HECOBCPUICHCTBOM apedild. Beanunna gg na-
MH OnpefessieTcsl H3 YCJI0BHS

e k(H? -}- 2aH) EH?
e 2%, 2y 28 °
2[‘”_{'“5]

(4.11)

B npakruxe mpoektupoBanusi ApeHaxKHBIX CHCTEM 3a rpanuied
HHpoKoe npuMenenne noayunaa gpopmyaa C. b. Xoorxayara [57],

* @opuvaa (4.8) aaer 3annKewHble PACCTORHNA MEMAY APCHAMH N0
cpasiennio ¢ Qopmyaamn C. @, Apepnancosa, A. H. Kotrakosa u  apyrax
ABTOPOB.
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KOTOpas MPH NPHHHMaeMbIX HaMu obo3HauyenHsx MOMxeT OHTL 3a-
nHCcaHa B CAeAylollleM BHAE:

E?=<8 =T {H—hu]‘-]-ai—'} (H*—ha?), (4.12)

rae T)— BeqHuuna, Kotopyio, kak nonaraer C. P. Apepoanos [3],
MOAHO TPAKTOBATH KAK «aKTHBHBIH C/0f TPYHTOBRLIX BOA®, y4YacT-
BYIOULHH B HX ABHXEHHH K JipeHaM.

Onpenenenne Beanunnsl T1 no Xoorxayaty nponssopuTCA M0
NOBOJIbHO TpoMo3akuM Tabawuam, npudem T; onpeneaserca nom-
GopoM, TaK Kak OHO HAXOMAWTCS B 3aBHCHMOCTH OT CaMmoro onpe-
aensieMoro paccrosHuna E, paguyca ApeHH H MOOLHOCTH BOJOHOC-
HOTO mJjacra, pacnojoxenHoro noj japeHofi. Kak uano H3 Tab-
qul, snavenue I'i VBeJHUHBAETCA € POCTOM IVIYGHHE  3aJeraHusi
BOJOYTIOpA, HMesi, OANAKO, onpefeieHHull npenen.

IMpunuman pennunny ho=0, dopmyny (4.12) MoxuHo nepenmn-
CATh B EJIEJ.I}"H]IIJ.EH BHAE:

E=oH | £ Va-l-”’ (4.13)

Ecin CpaBHHTh pesyabLTATH, NoJyueHHHle 10 (opmynam Xoor-
xaynra 1 C. @. AsepbaHOBa, MOMHO YGEAHTBCA NOYTH B noaHofl
WX HHgenTHuxocTH. OpHako npH  noap3oBaHuH  QopMyaoR
C. ®. ApephanoBa MOMHO NOJVUHTE PellCHHA HenocpeacTBeHHO—
Ge3 noabopa, a no HETU.IL}’ Xoorxaygra storo usfexaTh HeBO3-
MOMHO,

Econ pomoynop Haxonutcs Ha GecKOHeYHOM YAaJeHHH oT jipe-
HEl, TO A1MA BLIYHCIEHHA pacxola H3 HHAKHEeH 30HB MOMKHO BOC-
nosb3opathes Qopmyaoi A. H. Kocrakosa, KoTopas umeer cie-
AVIOUHA BHA:

__ nk(H — f‘-‘u‘l

2 In—

(4.14)

dopmysa A. H. Kocrakosa nonydena Ha OCHOBe Npenonoxe-
HHA, YTO Npu GecKOHeuHOM YIAJeHHH BOAOYNOpa JHHHHM pPaRHOTO
HAnopa — KOHUEHTPHYECKHe OKPYIKHOCTH, 8 JHHHH TOKa — paauy-
CHl, NepneHAHKYAAPHLE K 3THM OKPYMXHOCTAM, TO €CTh OHA COOT-
peTcTByeT (hopMyJie TEUCHHH K JHHCHHOMY CTOKY.
exay npounm, (4.14) B TOUHOCTH cooTBercTBYeT (hopMyae
Jliomon anas naanosoro TevenHs BOAL K OJHHOYHOMY KOJOALLY
(a1 TOrO NO CMBICAY cJjaeayer nNpuEATh S=R; d=2r; Q=4q,).
B onyGaunkosannoil C. K. AGpamonus [1] paGote pekomeHayeT-
ca 8 hopuyay A, H. Koerakopa BpoauTh nonpaeounbifi kosdrdu-
unent 0,8. [lannan pexkomeHnauus, Ha HaWl B3raam, HeobocHoBaHa.
JaHmweHHEle 3IHAYCHHS PAcXOAOB, NOJIYYEHHHIE B HHCTHTYTe
BOII'EO, obbacHaoTca, no-euauMoMy, TeM, uTo dopMyaa
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A. H. Kocraikora, BeiBeftlenian aas GecKOHeMHO yaadeHHOTo BOIO-
ynopa, npoBepasiach NPH KOHEYHOM €ro yiajeHHH, T. €. YCJIOBHS
ONMBITA He COOTBETCTBOBAJM CAYYAIO, JUTA KOTOPOTO NpejycMoTpena
(popmyna.

Jlast npoBepKH NpPaBHABHOCTH PasMepoB pacxojga W3 HuMKHei
A0HEl HECOBEpUICHHON JApPeHHl, JaBaeMblX (POPMYJaMi pPasTHUHLIX
ABTOPOB, HAMH NPOH3BEACHO ONpelesieHHe pacxoiaa §p no qopmy-
adam C. @. ApepwanoBa, B. C. Koanoga, H. K. TI'upnnckoro n
A. H. Kocrakosa (nocaegnsas ¢ yueToMm KoHeunol rayGuebl 3aje-
ranusa sojoynopa). PesyabTaThl pacueToB mpoBepensl Ha npuGope
IIJA. B kauectBe pacuetHoro GEI1 MpHHAT cayuaii S= 14 wm,
d=0,1 m, H=08 m, E=l M/CYTKH npH HameHnenun a ot 1 1o 7 M.
PeayabTaThl NOACUETOB H N@HHBIE ONLITOB, npoBefenubix Y. X. Tou-
Geprom, npueogarca B tabauue 2. Tlpu nponssoacTBe pacueToB
no onpegenensio ¢, no B. C. Kosnopy ucnoas3aosana dhopmyaa
(4.7).

H3 npupenendnx B tabanue 2 pesyJbTaTop noicuera go Nno
(opMyIaM H 1aHHBIX ONBITOB BHAHO, uTO Hanbojee 6.JH3KHE K pe-
3YJAbTATAM ONLITOB 3HAUCHWA ¢p nNoayvaloress 1o dopmyaam
C. @®. ApepbanoBa. Pasuniia B BEMHCAEHHBIX H NOJAYYEHHBIX B pe-
AYALTATE ONLITOB 3HAYCHHAX o O6LIMHO He npeBblaer 5%, T. e
HAXOJMHTCA B Npeaeaax TOYHOCTH H3MepeHuil M HHMKenepHHX pac-
uetoB. Popmyaa A. H. Kocrakosa u  rpadugn P. P. Uyraena
AaT HoNee HH3KHEe, YeM Mo JJaHHbIM ONBITOR 31HAUCHHS.

@opmyna (4.10) H. K. I'npunckoro Aaer nopuilieHHLe 3Have-
uus pacxonos. Popmysa B, C. Koanopa naer apHo HeyaoB/jeTBo-
PHTEALHBIE Pe3YJALTATH, H PCKOMEHAOBATL ¢¢ NNA NPakTHYCCKOrO
NPUMEHEHHA, NO-BHAHNMOMY, HEBO3MOMKHO.

[Tpunumas Bo BHHMaHHe MeHee IpoMO3fiKoe crpocine (opmy.
C. @. Aseppsinora, B JNanbHelllem, npu BelBojfe pacuctnuix dop-
MYJ L1 onpeacaetia Pacxofia W pajanyca neficTBus llecoBeplleH-
HHEIX apeH, Gyjiem noawsaopathed dopmynamu C, @, Asepnanoba.

Tabanna 2
I Pacxon w3 muxnedi sonn, B M*feyTin
Paccronnna
IO BOMO- | o paHHEM | 10 ::: Ploo p.p. (@ H K tpo g ¢ |70 A H.
vaops (@) | "omiron” | Ao yraeny | T Roasony | Kocon
0 0 0 0 0 0,160 0
I 0,054 0,054 0,051 0,054 0,210 0,049
2 0,002 0.093 0,090 0,100 0,235 0,081
3 0,125 0,122 0,104 0,139 0,245 0,105
4 0,151 0,143 0,122 0,171 0,272 0,126
5 0,172 0,160 0,144 0,199 0,288 0,143
6 0,182 0,171 0,153 0,222 0,301 0,159
7 0,190 0,182 0,162 0,242 0313 | 0171
|
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ITpu npounssoacTee nomcueros Aaa cocrapiaenus TaGauwupt 2
pacxojl u3 nuxHeH 30HL ONpefcisaCcA KaK pasHocTh Memay ofi-
LHM PACXO/0M §. NMOJYUABLINMCSH B Pe3yibTaTe ONEITOB, W N0CTO-
AHHBIM PacXo/loM ¢, KOTOPbIi NPH NPHHATHX pasMepax (S=I14 M
H H=0,8 M) cocrasnan

__kH: __1-08
T o

0,023 m*/cyT.

Takum o6pasom, npeanoaaranochb, YTo KpHBas AenpeccHH NpH
BCEX YCA0BHAX Owisia napaBonofl ¢ TOPH3OHTANLHON OCBIO CHM-
MeTpHH, NpoXoAAUIeH Yepe3d LUEHTP ApPeHHL

Heo6xoaumo, oanako, 3saMeTnth cienyiomee. Tak kak onpeje-
JIcHHE pAacXo/loB §p NMPH COCTABJCHHH Tabauill 2 Beaoch WCxoad
H3 TOro, 4to gy=const, 7. e. Aa8 ¢, He YUHTHIBAJHCH NOTCPH «HA
BXOI» B Jpeny, BO3PACTAIOIHE B CBA3H ¢ OOILHM yBelHYenneMm ¢
NpH YAAJCHHH BOJAOYMOPA, pacXoabl M3 HHMKHel 30HLI HeCKOJLKO
3AHHIKAJHCh 3a cYeT 3aBbillennd ¢). Ecan yuntwisate 3TH conpo-
THEAEHHA, T. €. BBOJUTE KOIPPHUHCHT BHCAYCCTH M B PACX0] Bepx-
Heil 30HbL, TO C YAAJNCHHEM BOJAOYNOpa pacxod ¢; GVAeT HECKOJABKO
VMEHLIIATECH W B CBA3H C 3THM B o0lleM pacxole g GyaeT YBeaH-
YHBATBLCH A0JIS, NAAAI0Wad HA §o. ITHM MOKHO o0GBACHHTL HEKO-
TOpPOE 3aHHKeNHe ReJHYHHbL (o N0 CPABHENHIO C JaHNBMH ONbITA
(npH nojacuere gp Mo NPHHATON MeTojAHKe), HanbGodee 3aMeTHoE
npi GoJibIIHX 3HAYeHHAX O—PACCTOAHHA [0 BOAOYNOpPA,

Ecan yuects cKasaHuoe, Mbl 0JKIB NpH3HATL GOJALIIYIO TOY-
HocTh popmyan C. @, Apepoaunosa. Ilpun yseanucnun a, no-BuaM-
MOMY, NPOUCXOANT NEKOTOpOEe Mepepacnpele’eHie pacXoloB Mew-
Ay Bepxnehd n wuwxnel sonamu. IloaTBepmiacuneM sT0ro, MOKHO
CUHTATE M3MeHeHHe KOH(HUrypalluu Kpupboil Aenpeccum npu HaMme-
HENHH paccToalng oT apennl a0 pogoynopa. Ipoxoas uepes oaun
H Te e KOHUepble TOUKH, OHAa, ¢ ylaJcHHeM BOAOYNOpa, cnavana
CTAHOBHTCS HECKOJbKO nojoxe, a sarem Bee Oonee n GoJsee Kpy-
TOH, npuueM HauboJiee IHAUNTENLHANR PAIHULA B OPAMHATAX HA-
GaloaaeTcA Ha yyacTKe, HellOCPeACTBEHHO NPHMBIKAOWEM K JpeHe.

Ias paaocTpaini NPHBOAMM AaHHBIE H3MepeHHil  opaHHAT
KPHBOH penpeccuy B aoasax ot M npu pasawiuHoM paccTosHHH @
0T BOZoynopa jao jpensn (Tadanua 3).

Hamenenue pacxojos w3 sepxeil 30HE, CBA3AHHOC ¢ H3IMeHe-
HieM GopMB KpPHBOH AenpecciH, NO-BHANMOMY, He3HAUHTEIbHO.
[Tostomy pasGuBka noToka Ha JABE VCAOBHHIE 30HLI H BHIMHCJACHHE
pacxoma ®3 BepxHell 30Hb B NPeANOIOMKEeHHN, YTO KpHBaA Jenpec-
CHH — napatojla ¢ ropHsoNTaNBLHOR OCBIO CHMMETPHH, NPOXoAs-
el Yepes HEHTP JApeHb!, BHOCHT, MO-BHAHMOMY, HECYLIECTBEHHYIO
ourfKy B peayastathl BeuBcaennii. OnHaxo 3To jgaer BecbMa
BAXMNYIO, B OCOOEHHOCTH B CJayyae HCOAHOPOAHHIX TPYHTOB, BO3-
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TaGaunua 3

x5

0,1 0.2 0,3 0.4 0.5 0.6 0.8 1.0
iy

0 030 | 045 | 055 | 0,63 0,70 0,78 0,90 1,0
| 022 | 032 | 043 | 052 0,60 0.69 0,85 1.0
2 0,29 | 0,38 048 | 0,55 0,63 0,71 0,87 1.0
3 032 | 043 | 050 | 058 0,656 0,73 0,87 1.0
4 035 | 045 | 0,54 | 0,60 0,68 0,75 0,58 1.0
3 037 | 049 | 058 | 064 0,70 0,77 0.88 1,0
6 041 053 | 061 | 0,68 0,73 0,79 0,90 1.0

MOZCHOCTE HE3ABHCHMOTO BBIYHC/JEHHS! PACXOJA0B H3 BepXuell
PHHXKHER 30mH.

Pa3buska (HIBTPAUHOHHOTO MOTOKA #la ABe YCJAOBHLE 30HH
Aaer, KpoMe TOro, BO3MOMKHOCTE H3GABHTRCH OT OAHOTO BechbMa
CYUIECTBEHHOTO  OTpaHHYeHHsl, Kotopoe  ObUI0  HAJOMEHO
C. ®. ABepbfiHOBHM Ha NPHMCHEHHE PeKoMeHayeMBix uM (opmy..
Orpannuenne 5T0 CBOANWTCA K TOMY, 4T0 (popmy.nl, rae Kosddu-
IHCHT BHCAYECTH BBOAHTCA MHOMNKHTCAEM B pasmep obimero pac-
X0Aa g HeCOBEPUIEHHOTO KaHala HIH APeHbl, C. ®. ABephaHoB

H
PEKOMCH/LYeT HEeNOCPEeICTBENHO NPHMEHATs NPH ~ - <02 T € B

TOM C/y4ae, KOTAa Pacxoj M3 HHmHell 30HBI cOCTaBAseT MojaB-
Jsilolyio yacTh ofliero pacxoja.

B cayuae -‘g- >0,2 maa npuMenenus popmya HeoGXoaHMO CO-

OTBETCTBYIOUIeE «OCpeflleHHe® MOUIHOCTH NMOTOKA IPYHTOBHX BOJL,
MTO MpPH pacuerax ApeHaxKeH B HCOAHOPOAHLIX TPYHTAX MOIKET
BHECTH HEKOTOPBle Heymro6eTaa,

YuuteiBas cKazannoe, B JajbliciiliMX pacyeTax NpPHHEMAaeTCH
chaeayiownin euj GopMya LA pacxola HeCOBEPIIEHIILIX TOJAOBHLIX
JpeH HJH Kanajlor B OHOPOAHOM TPYHTE:

=55 +5 0, (4.15)

T. €. @ BBOAHTCA TOVIBKO BO BTOPONl wiCH, YUHTHIBAIOWHA pacxoj
H3 HukHell sonul. Taxkas cxema NPHUBOANT K HEKOTOPOMY 3aBhillie-
HHIO pacyeTHbIX PAcXoJ0B M PACCTOSMHHI MeXy ApeHaMH, OAHaKO
IHAYHTEABHD obJerdacT pacqersl.

B npeasiayuiem pasgene nacrosiedl rjiasbl HaMH yiKe MOKa-
34HO, UTO B YCAOBHAX HANOpPHOro mMoTtoka oluine noTepw Hanopa
NpH ABHAMEHHH JKHIAKOCTH K JpeHe COCTOAT H3 NOTepb MO JIHHE
nyTH PUABTPALHA M NOTepb Ha cyxende notoka. [locaenuue cpsi-
3dHLl ¢ HECOBCPIUSHCTBOM [APEHBl H YUHTBHIBAIOTCA BROAOM Koaddu-
LIHEHTa BHCAYECTH.

Cheqyer 3aMeTHTh, UTO ABHIKEHHe BASKON MMIKOCTH B ecre-
CTBEHHBIX TPVHTAX ¢ MaJoil NpoHHIlaeMocTbio (IJINHB M THMKe bie
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CVIJIHHKH) MMeeT cBoH ocoOeHHOCTH, cBAsaHuble ¢ Oojee HHTeH-
CHBHBIM TIpoABAeHHeM AeHCTBHA MOJICKYJAAPHLIX  CHJI, KOTOPGLIM
MOXKHO npeHelpeus JHUIL B CJy4ae NPoHHUAEMBIX TPYHTOB.
OObiuio npuMensiemblii 3akod Helotona s BHYTpPeHHero
TPEHHA B BA3KOH MMHUAKOCTH JUIS AAHHOTO cAyvas JoJiKeH OGHTL
saMeed sapHcuMoctelio DBunrama-llleegopa, 1. e. npu pacuerax
JABHMCHHA B caabonpoHHilaeMblX TPYHTAX JAOJKEH YYHTHIBATHCA
TAK HasbiBAeMblH Ha4YaNbHBIA rpagnenTt ig, BeAHYMHHA KOTOPOro Yy
FAHH H TRKEIWX CYIVIHHKOB 4acTo A0CTHTACT GoabLINX pa3Mepon.
ly mpeacTasaser co6oii rpajiHenT, KOTOPHLIl Ao/en GbITh NPEB30il-

dh
JdeH J5s Toro, utobbl Ha4ajaoCh JABHXKeHHe NMOTOKa. EEJ'IH——" < iy,

TO JBHMEHHE NMOTOKA He HAYHHAETCA, HECMOTPA Ha HAJAHYHe pas-
HOCTH Hanopos.

§ 5. Yver pacxona KanuanspHoh Kafmsl npu
QHALTPALHOHHBIX pacyeTax

[Ipn nBHKenHWH NOTOKa co CBOGOAHOI MOBEPXHOCTLIO TPYHTO-
BhIX BOA JBHMEHHE NMPOHCXOAHT He TWibKO B 30HE NOJHOrO Ha-
CLILLUCHHA, pacnoJoXeHHoll noji cBo0OAHOH NOBEPXHOCTBIO TPYH-
TOBLIX BOJl, HO H B 30HE, HaXOAALLCHCA HAA 5TOH MOBEPXHOCTHIO,
T. €. B 30He TaKk Ha3suiBaeMoil Kanuaasipoit kaiimsl {pHE, 24).
3oHa KanuaaspHoW KaifiMbl pacmojaraercs Mexay JAHEBHOH mo-
BEPXHOCTBIO H cBOOOAHON NMOBEPXHOCTBIO MOTOKA H MpeAcTaBaAseT
co00ii 30HY HemoJIHOro HacuieHua rpyurta, Ilepeasumenne paa-
FrH B 30HE KanHJAJAApHOH KaiiMbl nNpoHcxoAHT GoJjiee HWAH MeHee
napanfenbHo OCHOBHOMY NOTOKY TPYHTOBLIX BOMd, a pacxoj 3Toil
JOHHL B pAAe CAYUACB COCTABJAAET IHAYHTENbHYIO 1104110 OT OCHOB-

HOro pacxoja {PECKU.H.H NoTOKa, pacnoJioKeHHOro HHKe HPHBUE
Jenpeccun),

¥4

Puc. 24
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Poab pacxona kanuansipHofi kafiMsi 8 ofimem pacxode rpyi-
TOBOrO NOTOK@ 3aBHCHT OT OTHOLIEHHH TOPH3OHTANbLHOH npoTs-
MMEHHOCTH NOTOKa K ero ray0nne H BHICOTH 30HM HENOJHOrO Ha-
cuiiienus. Uem Ooabllie 3TO OTHOWEHHE W uyem GoJbile 30HA
HEMOAHOr0 HaculleHHs, Tem OGonblUHE yaesabHbll Bec npuoGpe-
TaeT PACXO/] KanuAnspHoil Kaiimul B obuem pacxoje. B npaktuke
MEJHOPATHBHLIX PACYETOR HEPEAKH CAYYaH A0BOABHO GOJBLUIHX
OTHOIIEHH ﬂ_::_ , H MO3TOMY YYeT pacxoja KanuAJAAPHOH KaHlMul
npeactabaser SHauNTeAbHbI NpakTHYECKHil HHTepec,

Oanoii H3 NONLITOK KOJHYECTBEHHON OUEHKH YYacTHS Kanui-
JAApHOH KaliMpl B 00LIEeM NMOTOKEe TPYHTOBHIX BOA siBAfieTca pabo-
ta C. ¢. ApepbsiHosa [2], B KoTopol aaercd npubGaumeHHbA Me-
TOJ onpefesieHHs pacxofa 30Hb KanHJAJfapHOTrO NOAHATHA H KpPH-
TepHil N9 OUCHKH BO3MOXHOCTH npeHeOGpekeHHs 3THM  pac-
XO0M,

ITpusenem ociosuwie paccyxaenna C. &. ApepbaHoBa no
JaHHOMY Bompocy.

Pacxon motoka rpyHToBHIX BOA, Ge3 yueTa JBHIKEHHA B Ka-
MIAJAPHOH 30HE, AOCTATOYHO TOYHO Npefendercd CJAeAyIOWHM
VpaBHeHHeM:

y h
Qo=hw, 5 hep, (5.1)

rae  Re, — KO3(DpHIUHEHT BOAONPOHHILAEMOCTH PPYHTA N1PH NOJAHOI

ero BJAArOEMKOCTH @) C YYeTOM 3allemJieHHoro Bosayxa; Ah—na-

JeHHe Hanopa Ha AJguHe L npu cpeauei rayGuHe NMOTOKA HA 3TOi

aanHe—hep L. Beanuuna hep npn o0biusoM cnocobe ocpesHenns
5 hy 4+ h

NPHHHMAETCH PaBHOM Aep= —‘-2—-—’

Pacxon sonsl kanuaaspuoft kallmMel aas cayuas, Koraa o —
paccTonHHe OT NOBEPXHOCTH FPYHTOBWX BOJL A0 NOBEPXHOCTH 3&M-
JIH, MEHbLUE HAH PABHO MAKCHMAJALHON BLICOTE KanuAJIfiPHOrO NMoj-
HATHA fi,, MOXeT GUTL ONpellesieH KaK

¥g
Or= -i—h u} kydy, — (b2)

rae ky— nepeMeHHas Mo BHICOTe NMPOHHUAEMOCTh KanuiaApHOM
30HEl, 2ABHCAULAA OT BJAAKHOCTH NOYBO-TPYHTA.

[Ipunamas, 4To BA&MHOCTD NPH KaNWIAPHOM NOJAHATHH pac-
npefejsiercsl Mo BLICOTe COrAacHO napaGonHyecKoMy 3aKoHy,
C. ©. ApepbfHOB MOJYYAET CACAYIONIEe 3HaueHHe LIS BAANKHOCTH
Wy B TOUKE, PacnoNOKeHHOR HA PacCTOAHHH Y OT NOBEPXHOCTH

FPYHTOBHIX BOA
o 1
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rie W—BAaXKHOCTh YV MNOBEPXHOCTH FPYHTOBBIX BOM; Wy—BJaK-
HOCTb NPH MaKCHMaJbLHOH BHICOTE KANMUAASPUOrO NOAHATHA,

Has onpejenicHns Ry — xos(puunenta GuabTpaun na Bhico-
Te Y OT CBODOJAHOH MOBEPXHOCTH, B 3ABHCHMOCTH OT Wy=w HC-
NOJb3yeTes caeayiollee ycaoBHe:

34,4
by = ko= | 220", (5.4)

Henonbays sasucimocth (5.3) u (5.4) nocie onpeneicuus Ry,

NOACTAHOBKH B YypasienHe (5.2) H e€ro HHTETPHPOBAHHA
C. ®. ApeprsiHOB noayuaer

=1~ lew,Bio, (5.5)

rae gx — pacxojl Kanuaaspioli Kaimsl.

i (l—Eﬁ](lu:-—g- w,) kglw—)| @+ : )

9
e 1 R PR = oy . s (9.6)
I (1l —w?)(l 4 wp) kw,‘[l—iﬂul[l‘"._g“wnJ
— w —
PAE W =g We= —Ef—
Ipu %E— =), T. e. Ha NOBEPXHOCTH I'PYHTOBHX Boj f==1, npu

== =1, T. €. B cayuae eC;JH 30HA, PACNOJOXKECHHAS Haja NOBepx-

=
HOCTBIO TPYHTOBOrO NoToka Gomblile Win paBHa BHICOTe KalH1fp-
HOT'O MOAHATHA,
. TRE
4 (1'1‘? Il‘.’f_-)
f=—— (5.7)
(1 + wy)
Cymmapnwil pacxojl NnoTOKa TPYHTOBKX BOA
' Al =
q :qﬂr_l_ 9k T g k"n'& J (5.5)
rie
h=’ﬁcp+ﬁﬂﬂ .
B npesenax nanfiosiee 4acTo BCTPRMAIOWIHXCH 3HAUEHHN OTHO-

IeHus -:E“r. (—{},I r.:% -:':U,E) anavernne f Koaebaetca s npe-
1 ¥

geaax p=027-+90,36 uau, oxpyraento, p=x0,3. Takum oGpazom,
MAKCHMaJBHEI Pacxoj MOTOKA ¢ Y4YeTOM pacxofa Kanuiaspho#

Kaiimu (npu ¥, 2y )
Tmax = }h' kaltep-+0,3h ). (5.9)

¥ ]
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TIpHHHMaA AONYCTHMYIO OIHOKY B ONpepeseHdyn pasMepa pac-
\0ja rpyaToBoro noroka pasnoii 5% u p=0,3, C. @. AsepesaHos
[IPMXOAHT K BBIBOAY, YTO pacxo] KanWwIsipHOH KalMH HeleJecc-
0fpasiHo YYUTHIBATE TOJBKO B TOM CJyuyae, ¢C/IH cpefHss rayGuua
LOTOKA TPYHTOBLIX BoJ Gojee ueMm B 6 pas npepwiuaer MakCHMalb-
VIO BRICOTY KanHIJAPHOTO NOAHATHA. 3TH CpeaHHe TYGHHE
IDYHTOBBIX BOJ [0 BecbMa IpyOblM MNOACYETAM MOrYT ObITh NpPH-
HATH A5 MEeCUaHblX TPYHTOB B pasmepe 3—6 M, CYIVIHHACTBIX
rpyHToB 6—12 M B rIHHHCTRIX — 12—24 M.

[ame nna ornocnTeNbHO HerAy0OOKO 3aK/ajLIBACMBIX IpeHa-
mell (cHereMaTHuecKud apeHax) npu ol6LuHo HeGOALIUNX Yo HKe-
JATEJIEHO YYHMTHIBATE PACXOJA KanuaasapHoll KafiMe npH Hefoab-
[IIHX PACCTOAHHAX ApeH oT pogoynopa. Kak Guiao yxe mokaszaHo
phiLIe, MAKCHMalbHoe 3Ha4yeHHe Pyo konebnercs okono 0,3h . Ecan
}'.J{ﬂx, TO AONOAHHTCABHAA BHICOTA B}'n MoMeT OHTh npeacrapie-
ia Kak Pro=0,3 ahg, rae o — HeKoTOpHIH KOS(DDUUHEHT, H3IMe-
HAIWHACH oT HyJf 10 eguHuisl. Ecan rpyfo npunare, uto a Ha-
MEHSIETCA TI0 NMapaboJHYeCKOMY 3aKOHY, TO B&IHYHHA o  MOIKET
OBITh onpepgeseda no hopmyae

A o
o= ;—: (5.10)

Ilpu a, onpeaensemom ¢opmynoii (5.10), aononuurennHan
MOLIHOCTE NMOTOKa OyAeT paBHa

4
W =pye=03V y i . (5.11)

3asucuMocts (5.11), KoHeuno, Gyaer BeckMa rpyGoil B cpas-
1IEHHH € 3aBlicHMOCTRIO (5.6), ofHaKko ona aaeT BO3MOMKHOCTL nep-
BOH TMPHKHAKH NPH NPOH3BOACTEE PACYETOB M, KpOoMe Toro, yaofHa
A NMOJb30BAHHA, TAK KaK He COAEpPXKHT YJIeHOB We, W1 W W, KO-
TOpHE ONpefeadloTcd B TOAEBHX YCJAOBHAX.

[lpu noawsosauuu dopmyaoit (5.11) aas onpeaenenus h'

4
g=5" ke, (hep+-0.3V yohiz ). (5.12)

Ecan O6pare Geckonmeuno Gauskue ceuenusi, 10 Moy — /I,
Af dli

[~ " W YpaBHeHHe (5.12) mMoxer GBITL NEpenHcano B cJe-
JIVIolleM BHAE:
4
g=k(h:-03 Vyhi) . (5,13)
R = Ew,
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Hbllﬂumaﬂ B BHHMAaHHE, uTo fHo=b—h, riae b — paccroany
4

OT BOJOYNIOpPa N0 MOBEPXHOCTH 3eMad, n obosnauus 0,3 V hy;
MOJAYYHM :

; |
g=hk(h4nVb—h ) G- (5.14

Ypasueuune (5.14) MOXKHO paccMaTpHBATh KaK ypaBHeHHEe
[1IOH, B KOTOPOM NPHOGIHAKEHHO YYHTHIBAEGTCS PaCcXo/| KalH/1IapHO
kafimel, Ono  acficrsuteanitio npu b—h<<h, . Tlpu Bceli cBOE
npuGanxennoctn (5.14) 6yner nasath Gojee NpapHJibHble 3HAYE
Hus, YyeMm GopMyasl, He YUYHTHIBAIOIIHe JBHMEHHSl B 30HE
NAPHOI KaliMbl, ._

Ecan b—h>hy, To ypasnenue (5.14) npumer coeayiollH
B

g=k (h--03h,) - . (5.15,

MurerpupoBanne ypanHenus (5.14) paeT caeayrouinii pesyas
THT;

k[ He— 2 ]:,r—_, i i ]
g=1 5 40,24 V ke [(b—ho) " — (b—H) ]J :;~'I_;

B peayabrate uHTerpHpopanus ypasaenus (5.15) mnoayum

_ R(H2—hg®) | 06kh (H— hy) b
q_ ?L -E EL s {5‘11':

a

dopmyaa (5.17) noxaswiBaer, uTO NPH PACCTOAKHHM OT CBO
GOAHGH NOBEPXHCCTH A0 NOBEPXHOCTH NOYBL, OoMbleM fy, BeJl
UHHa PACXOLa § AOBONLHO PE3KO YBEJIHYHBAETCA 3a cHeT PacXofl
KAMHIAAPHON 30HHL.
Ecau B3s#Th OTHOLIEHHE BTOPOTO WieHa ypaBHenus (3.17)
MepBoMy, TO 1

A ﬂ.ﬁh“ '
T p—— H+hg & {E-l

B riHHAX M CYNMIHHHCTHIX TPYHTaX, rie hy BeaHKo, T MOME
NOCTHTATL SHayeHwuil, GoablwMX elunHubl, B Kauectee npuMep
paceMoTpum cayuail H=1 m, hg=0,05 m, hy=1,2 M, k=1 M/cyTKE
L=15 m,

PR (s b e

T= Torgns e

Taxum o0pasoM, B NaHHOM Clyuae 3a CYeT KannajspHoil KaH

MBl NOCTYnaer okojo 70% pacxona, BouncjiedHoro 6Oes yuerd

ABHKEHHMSl B KanuaaapHoil 3oHe, m (akTHueckuil pacxon OyAeT

pasel 1,7 g. \
9



K.ak BHIO H3 DPHBEJICHHOTO NPHMEpa, B IMHHAX H THKEbIX
CYrJIMHKAX JPeHa)K KeJaTeabHO YKNaablBaTh Ha TayOHHy, He
MEHBINYI0 BHICOTH Kanuaasphoro nojwusitus, [Ipu yknanke apes
Ha Heboabliyi rAYyGHHY KpoMe YMCHBIUCHHS eHCTBYIOLIMX HAa-
MOPOB OCHOBHOrO MOTOKa He HCMOJAbL3YeTCfl BO3MOXHOCTE A0M0.1-
HHTENBHOTO YBEJHUYEHHS Pacxoja 3a cyeT pacxolla KanuiaspHOl
KaiMmbel, EcaH npHHATE BO BHHMAHHE KpaKkHe TAMeNble YCAOBHA
A OTBOAA BOA B cAabonpoHHUACMEIX FPYHTAaX, HCNOJL3OBaHHE
JONOJHATENLHLIX BO3MOMKHOCTEH OTBOMAA BOAbl 34 CYET ABHIKCHHA
B 30HE KANWAAAPHOTO HAachllleHHa Obino Obl BeChMa JKEaTeNlb-
HBIM.

[Tpuseaecnnsle BhILe cOO0OpaXKeHHA NOKASHBAIOT, YTO H B CJa-
GonpoxuuaeMblX rpynTax GoJiee rayGoKas 3akjafka APCH HMeeT
onpeneseHHble NIPeHMYLIecTBa nepell HerJyGoKoi.

B zakmiouenne oTMeTHM cjaeayiouiee: npusefeHubie B § 2 na-
croslledl rjase aH(pdepeHUHanbHble ypPpaBHEHHH HeyCTaHOBHB-
IErocH JBHAEHHA B BEPTHKANLHO-HEOAHOPOJHLIX H M30TPONHO-
HEOJHOPOAHBIX TPYHTAX, OCHOBAHHLIE Ha HCNOJL30BAHHH (PYHKUHN
H. K. F'upunckoro (npu i=0) u QpyHkuun @, (ana cayuan i 5= 0),
NPUHIHNHAJBHO NPHMEHHMB JHIIL B caydyae cnalo HHCKPUBIEH-
HeX notoxkoB. EcaH moToK pesko MCKpHBAAETCs (HanpuMep, B
30HE TOUEUHOrO CTOKA) M NMPOMCXOJHT NMEPENHE BOJLI H3 BEPXHHX
C/OCB B HHMKHHE, B 3TH ypaBHeHHs He0OXOJIHMO BBOJHTHL “WIEHLI,
YUHTHIBaKOWHe (GHALTPALHOHHEIE CONPOTHBJICHHS Ha BepTrHKab-
HBEIX Y4acTKax TPaeKTOpHH 3SJeMeHTapHEIX cTpyek. B pane cay-
YaAEeB 3TH COMPOTHB/JEHHS OKA3LIBAIOT peinalollee BAHAHNE HA Be-
JHYHHY pacxoja ApeH.




raABA 1

PACYET JIOBYHX KAHAJIOB, TOJIOBHbIX
W BEPEIMOBBIX JIPEH NMPH CTALLHOHAPHOM
PEXXUME IFPYHTOBOIoO NOTOKA

PaccmaTpHBaeMble B HacTOAUIeH raage CxeMbl XapakTepH-
3Y10TCH MOCTOAHCTBOM pacxXolla no AJHHe MNOTOKAa TIpyHTOBLIX
BOJA, OHH MOTYT GbLITb MPHMEHeHLI K pacueTy TOJIOBHBIX [IpeH H
JOBYHX KAHAJOB, a4 Takde HCNOAL30OBaHB NpH pacuere Gepero-
BbIX JpeH. 3aMHUIAIOUHX TEPPHTOPHIO OT TOATOICHHA TPH
VCTPORCTBE BOAOXPaHHJIHILL,

MaBecTHo, 4TO JOBYHE KaHaJjbl, rofoBHble H Geperosbie Ape-
Hbl PACCUMTHIBAIOTCA HA MEpPexXBaT IPYHTOBOrO MOTOKA, NMOCTynalo-
Ulero Ha Orpam/1aeMyi0 TeppHTOpHIO co croponul. Pacxopu ot
HHOUABTPALHH ¢ TUIOMAaAn BojocGopa camoil apeHsl 00HIYHO He
NpHHHMAIOTCA BO BHHMAaHHe, TAK KaK OHH, KaK NMpaBHJIO, COCTaB-
JAI0T He3HauUMTeNBbHYIO uyacTh ob6ulero pacxopa. [lpena B 3TOM
cayuae paGoTaer Ha OTBOJ NMOCTOSHHOrO IO JAJHHE NMOTOKa pac-
Xo/d ¢, H TOSTOMY 3/eCh BO3MOMKHO HCMOJL30BAHHE COOTBETCTBYIO-
UIHX TEOpeTHYECKHX MOJOKeHHH,

PaccmaTpHBaeMble HHXKe 3ajlaul pacnofnaraloTcs B TOpsjiKe
BO3PACTAHHS CJOXKHOCTH; BHAayaJle paccMaTtpHBaerca padoTa CO-
peplIeHHLIX KaHajoB, a 3aTeM — GoJiee CAOMKHGIH cayyail paGo-
Thl HecOBeplUeHHBIX KaHajoB H JAPEH.

§ 1. Copepuexnsblii nopuHil KaHad NPH rOPHIOHTAALHOM
BOAOYNOPe B ABYXCJAOHHOM TpyHTE

B oTanuHe or pacuera ABHXKENHS TPYHTOBHIX NMOTOKOB CO CJa-
GOM3OrHYTOH NMOBEPXHOCTLIO, KOTLa MOMHO NMPHHATE NOCTOAHCTBO
rOpH3OHTAALHONH coCTaBAAONIEH CKOPOCTH MO BHICOTE H NOAB3O-
paTbcd  Ge3 BBOJA COOTBETCTBYIOUIHX  MONPaBoK dyHKIHEN
H. K. 'upusickoro uian ee pasHOBHAHOCTBIO @; , npu pacuere
aApenax<eii, Korga KpHBas JACMPECCHH MMeEET MECTHYI DoJLLIYIO
KpHBH3NY M NOTOK HArHGAeTcd HA OTHOCHTENBHO HeGoNbIIOM
YUaCTKe, NPHXOAHTCS BBOANTL HeoOXOAHMEIE NONPABKH HA NMOTEPH
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B) ky=ks=~k, Jlaa coBMecTHOro notoka

x _ (b M)2—(h + M)
S (hg + M)i—(hy + M)? ° (1,11)

Ha ocHoBaini mpHBeicHHBIX (OPMYJA NMOJIYHHM  CACAVIOUIHC
I‘r 1
anavennd —o (Tabauua 4) 498 OAMHAKOBHX uanopos (B AoAAX

Tabaunua 4
hih, 1 I 1.2 1.4 1,6 1.8 i 20
=0 .. .| o | o020 | o4 | o0 | o080 | 100
Bl tan A O DS 0,32 0,52 0.75 | 1,00
=R ... 0 | 017 ' 0,36 (0,56 [ 1 B 7 S 1,00

-t ). CoorpercTByiOlliNe pacnpefefeHdsl HanopoBR MNOKasaHel HA
puc. 26, HecMoTps Ha NpocToTy paccMaTpHBaeMOro npuMepa, oM
MO3BOSART C/IETAaTh HEKOTOphle BEIBOAL,, & HMEHHO:

1) pacnpeaejeHse Hanopos 3aBHCHT OT COOTHOLLUEHHA KO3Q)-
duuHeHTOR (PUABTPAUHE ABYX <J0eB; 2) KpafiHHe nNOJOMeHHA
onpefeIsioTcAs  ABYMA  OpeleibHLIMH  cayuasmu: a) we=0;

& k
h—‘: co (aunefinoe pacnpenenenne), 6) R,=0; T:: co (napa-
GonHueckoe pacnpenenenne); 3) aaa gwoboro KoHeyHOro oTHoLlile-

HHA -'#—: SKBHIOOTEHUHAJAH {H COOTRETCTBYIOLLEE NMOJTOMNKEeHHEe Nbe30-
1

METpHYECKOA MOBEpPXHOCTH) OyAyT 3aHHMATP [POMEXKYTOYHOE
I:HE]EIL}" HpEﬁH.HHH:I noJgoMeHHe; B YaCTHOCTH 3TO XOpOWIO BHAHO

I8 Cayyas -T:-’ =1 (ecayuaii 8).
F

Tak kKaxk npusejenible pellenHa 408  Kpaiinux cayvaes

ABJMAKOTCH JOCTATOMHO TOYHRIMH [T BEpXHEro IO0TOKa TIpH

;,-,STH}E.E i Ej—ﬂ 0,5 napaGoanyeckas KpHBaA NPakTHYECKH

COBNAajaer ‘¢ MOJy4aeMOH N0 THAPOMEXAHHYECKOMY pelleHHIO
[38] (ans HuMHEro noTOKa — AMHellHoe mNajeHHe HaNopos),
TO MOMHO cilenars oOuwMi BLIBOA O TOM, YTO npH J060M KOHey-

k
HOM 3HAYCHHH _,;i A0TAKHO MPOHCXOAHTE NEPETEKAHHE BOAH
1

H3 BepXHEro B HIDKHHI Tsiact. YudTeiBas, uto B CHJAY HepasphiB-
HOCTH NOTOKa Hanopbl Mo JHHHH pa3fiefia MIacToB A0JMKHE GhITh
PaBHBI, NOAYYHM CACAYIOLYI0 KAPTHHY ABHMeHHA npub1H3HTeIbHO
HaofipaxKeHHyw Ha puc. 27, ana cayuaa ki ke

[yukrupuoit auHrell 0—g NOKA’3aHA TPAHHILA MeMIY ABYMS
NOTOKAMH; Kak BHAHO M3 pHc. 27, oHa He CoBRanaer ¢ TOPH3OH-
TaJdbHON rpanuuesi pasaeaa naacros. Humuuf naact Kak 6wl o1-
cACHIBAET BOAY M3 BepxHero (apenupyer ero). Clenopare/bHO, B
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PACHiOIOMEH HHKE KPOBJH HHKHEIO CJA0A H HMEeT MecTo ee ne-
peceuenne KPHBOI JlenpeccHH.

MpeanoaoxuM, 4To KaHaa npopesaer oda oA, JOXOANT-
10 MOBEpPXHOCTH BOAOYMOpPAa H TOPH30HT BOAL B HeM pagel
M+h, (puc. 25). TopusonT BoAW B ceuelid ¥=3S npuAHMaeM
pasibiM M- he.

IMpeanoaoxum, Aajtee 4TO BEPTHKANbHAS COCTABJAAIOULAR BEK-
TOpa CKOPOCTH paBHa Hyawo., Torla, HCHOAL3YA (QYHKILHIO
H. K. T'npunckoro npH NPHHATOM HaNpap/ieHHH MNOTOKa, Moay-
UHM

m*-fki (H—z)dz. (1.1)

Tak Kak JABHMeHHe HOET B ABYXCHoiiHOM rpyHTe GYHKIHA
H. K. I'mpunckoro npuoGpeTtaeT cleLyOMHA BHA

M H
D'k, | (H—2)dz-+hy | (H—2)dz. (1.2)

Huarerpuposanue ypaBHeHuda (1.2) OaeT clefyloOWHH pe3y./b-
TarT.
P’ = knﬂi{EH’—M];k:{H’—MF . (1,3)

YyuTHBas OCHOBHOE CBOHCTBO (hyHKUHH P, nMeem
P =gx+c. (1.4)
Hasn onpenenennn ¢ npumem x=0, H' =M+ h,. Torpa

kMM + 20 + kohi

. (15)

o=
Ypapiieine NMoBepxXHoCTH FPYHTOBHX B0oJ OYVIeT HMeTh BHI
gr=kyM (H'—M—hy) + 2 (H'—M)?—h2],  (16)
HJIH, YUHTHBadA, uto H'=M+h,
gr=ky M (h—hy)--22 (H2—hy?). (1.7)

B uactiocti, npu x=35, h="h,, orkyza

= RyM (g — F:L}_i_ iy (ha2 — )

5 25 ' (1.8)

rae




Anannsupya dopmyay (1.8), Moxkue 3aMmeTuts, uTOo nepsuil
ee ujeH YHCJIEHHO PaBeH pacXoly HHUMKHEro NoToKa (M3 30Hb
ABEF—puc, 25), ecan npeAnoaokHTb, 4TO OH HAaMOPHLIA; BTO-
poil uier copmyant (1.8) pasen pacxoay BepxHero mnoToKa B
NpeanoaoKeHnH, YTo oH CBOBOIHBIH.

Takum o6pasom, paccyxnan (OPMadbHO, Mbl MOJYUAEM, UTO
MOJHBIA PAcXOA NOTOKA B ABYXCJAOAHOM cpeide paBen cymMe He-
JABHCHMBIX TIOTOKOB — BepxHero (csoGognoro) H Humuero (Ha-
MopHOro). T0 PAaBHOCHABHO NPeANONONKEHHIO, 4TO MO MJAOCKOCTH
BE pacnonaraercs HenpouuilaeMas neperopoika (memGpana) u

b S 3

Puc. 26

MOTOKH He BAHAIOT Apyr Ha apyra. OfHako H3BeCTHO, YTo pacnpe-
JeJeHHe IKBHNOTeHUHANeH B cBOGOAHOM W  HATIODHOM IIOTOKax
PASIHYHO M, CA€JOBATeJbHO, OHH TNPH OTCYTCTBHH NEPeropoaxn
AOJUKHBL BIHATH APYr Ha apyra. PaccMoTpusm 3710T BOmpoc Gogee
BHHMaTeabHO. B cooTBeTcTBHH ¢ 0Go3navenusMu puc. 25, npuMem
I Kauectse npuMepa S=10 M, hy=4 M, h; =2 M, M=3 M u onpe-
JCJTHM pacnpeaeycnue HAMoOpOB B BEpXHeM H HHMKHEM NOTOKAX npH
NAPAKTEPHBIX 3HAYEHHAX KosQHuHeHTOB (unabTpaunu kz u k.
a) ke=0. Jlna nnxHero HanopHoro notoka

X h—h
SRR iy
6) ki=0. IIna Bepxuero ¢BOGOAHOTO NOTOKA
- B T
e e ) (1.10)

S T hg—hs)
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B) ky=ke=k. /lns coBMeCTHOr0 MoTOKa

x _ (4 My2—(h + M)?
S = (hs 4+ M)2—(h + M) °

Ha ochopanin npupeicHbblXx GopMysa mnoaysnMm  caeiyio i
r
InaveHn — (raGamua 4) Aas OAMHAKOBHIX Hanopos (B 1078

TaGanua'

ik, 1 k2 1.4 1,6 1.8 2,0
Ry *, . 0 i 0,20 0,40 0,60 0,80 l,uq.
ky = ooy s ouiets 0 | 0,15 0,32 0,52 0,75 1,00 .
he=ky . . ., 0 1 0,17 036 | 056 l 0,77 1.00

hy ). CooTBETCTBYIOIIIE PACHPEe]eHHs HANOPOB NOKA3albl He
puc. 26. HecMoTpsa Ha npocToTy paccMaTpHBaeMmoro npumepa, ol
NO3BOJSIET CAEeJaTh HEKOTOphLIe BHIBOJLI, & HMEeHHO:
1) pacnpegesienve HAnOpoOB 3ABHCHT OT COOTHOLIEHHA KOS@=
wunenToB (PHABTPALMH JABYX cJ0eB; 2) Kpaldnue noJoKeHHH
ONPENCJTIOTCA  ABYMS  NpeflefibHBIMH  Cayyasmu: a)  Ke Uy
k k .
g= 00 (auueiinoe pacnpenerenue), 6) k=0; E’-:m (napa-
- |
Goanueckoe pacrnpefenenne); 3) nas ao60Oro KOHeYHOro OTHOUIE:
g F:g SKBHNOTEHIHAAN (1 COOTRETCTBYIOLLEE MOJIOMKEHHE Nbe30-

MeTpHuecKofl MOBEPXHOCTH) OyAyT 3aHHMATh MPOMEKYTOUHOE
(Mexay KpafiHEMH) TIONOMKeHHe; B YaCTHOCTH 3TO XOPOINO BHAHO

JUIA cayuasn “I-'; =1 (cayuaii 8).

Tak kak npusexeiiible pewelda A8 Kpaluux ciayuaen
ABJAAIOTCA JOCTATOYHO TOYHBIMH 18 BepxXHero noToka -IIFI_E

-
| .1
|

EE—T-—H}E'E " ::: I‘:: ~0,5 napaGoanuecKkasn KpHBas NPpaxkTHIECKH

COBRMajaer ¢ MoJy4YaeMod M0 rHIPOMeXaHHYecKOMYy pelleHHK
[38] (aas HMMKHEro MNOTOKA — JHHEAHOE NajeHHe Hanopos),
TO MOMHO ¢jleq1aTh oblHil BLIBOL O TOM, 4TO MNpH J060M KOHE

k.
HOM 3HAYMEHHH "k—' JOJEHO NPOHCXOAHTE NEepPEeTCKAHUNE BOJB
1 g

H3 Bepxiero B HIKHHA naacr. YYHrbiBas, 410 B CHIY HepasphiB
HOCTH NMOTOKA HAMOPH 1O JHHHH pasiena fAacToB AOKHHE ObITH
PABHLI, MOJAYYHM CJAeAYIONIYI0 KAPTHHY ABHMKeHHS NPHOAHIHTETLHO
HsoGpaKeHuywo Ha puc. 27, ans caydas ki >ke.

[Myuxrnprofi aunpefi a—a NokazaHa rpanuua Memay ABYMSA
NOTCKaMH, KaK BHAHO u3 puc, 27, oHa He cCoBnajact ¢ TOPH3O0H-
raapHoll rpannuei pasacaa naacros. Hukuni naact Kak 66l oT-
cACHRACT BOAY M3 Bepxuero (apenupyer ero). ClenosaTe/bHo, B

10t



ABYXCAOHHOM TPyHTE pacxoi BepXHEro noToka, BTEKAaloulero ue-
pe3 ceuenne JE, uacTHuHO nocTynaeT no nNyTH ABHIKEHHS B HHK-
HHil chofl 1 o BeIXoaHOro cevenna BC poxonut ne pech. Anano-
FHYHO, CJAeAYeT NPHHATh, YTO PACX0/, NPOTeKAIONLIHI Yepes HUMHKI
c/ioii, yBeaHunBaeTcs no nytd ot Bxoaa (EF) no ewxona (AB).
OQuepnano, uro y6uan pacxofa H3 BEPXHero cJos paBHa nph-
GapKe B pacxolle HHMKHEroO CJod, TaK KdK CYMMAPHEL pacxoi,
nocrynusiuii B ceuenne DEF, pased cyMMapHOMY pacxony, BhiTe-
Katolemy H3 cedennsa ABC.

Boaunkaer cymiecTBeHHHIH Bompoc: GyAerT JM NpH 3aiaHHbix
swavennax S, M, hy, hy, k) u Rz pacxon, nponyckaeMuii ABYMA

.

CJAOSAIMH TMPH HMX COBMecTHOM JeficTBHM, GoJbllle HAH MEHbIUEe
CYMMH PacX0/10B, NoAcYHTAHHEX Mo (opmyae (1.8) mis Kaxaoro
CJ0A B OTAGJNBHOCTH, T. €. B NPpeANOJOKCHHH, YTO OHH ﬂ‘EﬁCTB}TI{}T
caMoCcToATeAbHO. BBUAY OTCYTCTBHA TOYHOrO THApOMexaHHYecKo-
ro pellleHHf, yKa3aTh PACXOMKACHMA B pacxolax, MOACYHTAHHLIX
yKasaHHbM ofpasoM, saTpyasnTesnbio. OaHako MOXHO yTBep-
Anare, 4TO, BooOILe roBopfA, NpH COBMECTHOM JeHCTBHH JBYX
cJ10eB pacxojl (NpH NPOYHX PABHLIX YCAOBHAX) JOJKeH OHITh He-
CKOJIbKO GoJblie, ueM cyMMa pacxo/JioB KaXKIoro Hi cjoes, noj-
CYUHTAHHLIX B NPeAnoJOMeHHH HX CAMOCTOATENBHOIO NelCTBHA.
3T0 cjeiyer M3 TOro, YTo NPH COBMECTHOM [EHCTBHH CJOCE
OCYLIECTBAAETCA NOTEHUHAABHOE JIBHMKEHHE, TO €CTh [BHMKEHHe,
COOTBETCTRYIOUlEE MHHHMYMY MOTeph BO Beed 00JacCTH.

CoBepiuenio no-ApyroMy CTOHT BOMPOC ¢ pacxojie OTAGJNbHO
B3ATOre caod. Beie Gwla0 nokazawo, UuTo no Mepe anﬁﬂHH{E-
HHA K KaHaJ/Jly pacxXo/ BepXHero CJ0d VYVMEHLIUAETCH, a HHAKHS-
ro — yBeaxunBaerca. LEciad onyckaTbh rOpH3OoHT BOALI B KaHadqe
HHME JIHHHH pasjena c/a0eB, TO NMPH ONpeleJIeHHOM COOTHOIIE-

{LF



HHH —:f'— H BenHuydHe fip Bech pacxoi BepXxHero cjaos Oyier
NOCTYNAThL B HHIKHHI, WTO BHAHO, Hanpumep, H3 puc. 28. 3nmecs
BeCh pacxoj, npouweauiunii yepes ceuenue HE, noctynua g HuK-
il caoil na yyacrke GE.

[lokameM Tenepsb, UTO HECMOTPA Ha To, uTo GopmMasbHO 1O
thopmyne (1.8) pacxoa coBMECTHOrO MOTOKa B ABYX CAOHX pac-
CMaTPHBAETCA KAK CYyMMa He3aBHCHMBIX PacxoioB BepxHero (cBo-
G0AHOrO) W HHMKHero (HaMOPHOrO) MOTOKOB, B STOM  PElUIeHHH
npeAyCMaTpHBACTCA MOCTYNAEHHe BOAbLI M3 BEpXHEro cJofd B

HHIKHHA,
{Z

Prc. 28

HanmoMuuM, uto runotesa H. K. I'dpHHcKoro saknouaerca s -
TOM, 4YTO Ha BEPTHEAJAH MNpHHHMAaeTCA MOCTOAHHOE 3HaYyeHHe ro-
PH3OHTAJNBHOH COCTaBJAsAIOUIEH CKOPOCTH; HaJHYHe BePTHKAMbHOI
cocTapisiledl He orosapuBaeTcd. AHAJNOTHYHO TOMY, KaK 3TO
Oulio caenano B § | raasm 11, onpenenum sHaueHHe BepTHKAEJb-

HOH COCTaBAROILEl CKOPOCTH AA# ABYXCJAofiHOro rpynta. B coot-
BETCTBHH ¢ pHC. 29, HMeeM a5 HHIKHEro NoToKa

dh
Ui=hs 3% ; qr=taM S . (1.12)

Hﬂﬂﬂ#‘lhﬂ}'ﬂ YPpaBHeHHe HEPa3pLIBHOCTH

alf, oV :
Et:j-_j_'-{ﬁ}:ﬂ' (1.13)

MOJMYYHM 3HAYEHHe BePTHKAALHOH CKOPOCTH HA AHHHH pa3gena
CA0eB, HanpasneHHOH BHH3
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M
Viee—hy | Didz=—h M35 . (1.14)

ChnenopatenbHo, HHAKHHIH noToK (B cjaoc MOUHOCThio M)

HMeeT nmepeMeHHBA pacxol, nNpHYEM HHTEHCHBHOCTL €ro nonoJj-
dq ath
HEHHA TO NYTH JABHXKEHHSA E—u—kM o (3HAaK MHHYC

nocrabjaed B cCBA3W ¢ yObiBaHHeM pacxoia no uepe pocTa X).
Tak kak na nuuuu paagena naacros (Touka ) BepTHKaAbHBE
COCTABJAAIOIIHE CKOpPOCTel A0MXKHBI OHITH paBHb {mpﬁﬂﬂﬂ‘l‘ﬂﬂb

Hbig, COOTBETCTBEHHO, PpaBHW A BepxHero CJjosA Uz—kg d',r
r

A5l HHAKHero LHﬁk]E_—}, TO HMeeM

VamVi=—k,M 522 (1.16)
}Z
®
¢ Us ﬁ TJ%
]® X 3 { X
5"1'—.-_: S

Puc, 29

CaenoBaTesibHO, W3 BepXHEro CJ108 B HHAKHHI npﬂu-::-:n.-lur
NOCTyNJAeHHe HHAKOCTH ¢ HHTeHCHBHOCTBIO V:—-klM o x,
Beaencrere sToro w BepXHHA NMOTOK HMeeT mnepeMeHHBlli 1o
JJIHHE pacxof, NpHYeM O4eBHAHO, uTO im'f’z
Tax kak (npw orcuere i OT KPOBJAH HHKHETO CJI0R)
qE:knﬁ %’:-— #

TO

l.'h dxt

Ypasueune (1.17) moxuo 3anucate B BHIE
| (kah+ksM) 2] =0, (1.18)
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HAH )
(ksh-+-kM) 22 < C, (1.19)

rae =g, T0 ecTb PaBHO NOAHOMY Pacxoly BepXHEro M HHMHETO
IIACTOB, NPOTCKAIOWIEMY uepe3 g060e BepTHKAIBHOE CeucHHe
(g=const).

HurerpupoBanne (1.19) maer dopmyay (1.8), ecau h >0,
Onpejiesiny Teneps pacxofibl, NOCTYNAIOUIHE B CEYCHHH Y=—=S

BEIXOJALUHEe B cedeHud X=0 AJA BepXHero W HHXKHEr0 NOTOKOB,
HMed B BHIY, YTO

dh _ q '
Eukgﬁd-k:ﬂi . “'2{]}
a) Ceuenne x=S
Bepxuuft notok
ah' . Rshag :
U ETS ﬂklh!,(ﬁjrr_; — Reha+ M C “'21}.'
Hukunfi notox
ah kMg
!i'l.s=k1M(§;}x_5— Fealtg il- kM (158

Moxuo  yGemuTbes, Uto §y,5 “4-g2.5=¢, UTO U NOTKHO OHTH.
6) Ceuenne x=0

ok oL kjhiq‘ : )
Gan=bah(Ge), o = ek (12318

. kMg
TO= ik (1.24)8
H 3nech qrot+ga0=gq.

Ha npusefiennblx GopMyJ CTAHOBHTCA SCHBIM, 4TO MO nyTH
ABHIKEHHA H3 BePXHEero B HHXKHHA IOTOK MOCTynaer pacxon

koM (g —
Tos— 0= 00— 1= ATy B G iy - (125) 1

Mo Ho Tenepb NOCTABUTL BOMPOC © TOM, Kakasi 105 06LIEro

pacxoaa mnoctynacT B HHXKHee cedyeHle HMMKHEro cJos (rpafb
AB, puc. 25). :

Ouesuano, uto 370 GyAer pacxon qip, paBHbIl

— Mg 1 | E
ql.ﬂ'—ﬁ,!ml__l_ kﬂhl_l+ﬂ ql (IIEE]

rae



Hanee, cunTas, YTo pacxoll, NOCTYNAIOUWIHIL B BHIXOAHOE Cede-
HHE HHIKHEro CJofl, PABeH PACXOALY, MNOCTYNAINEMY H3 HHMK-
HEro CI0A Kak HanopHOro H 4acTH pacxojia BepxHero caos (noi-
CUHTAHHOTD KaK CBOOOAHOrD), MOMKHO HANHKCAT,

1 [ﬁuﬂfﬁ:—hni+hthﬂmﬁﬂ_},] 24
(l+ﬂﬁ] S 2'5
M

T kM (hy — Iy}

erghy? — 2)
2 ==, (1,27)

o=

rne
M (hy — hy)

&= Thathy) (M+-nhy)?

(1,28)

H3 nocaenuux gopMya BHAHO, uTo nmpu k:=0, T. e. npu n=0

ftg — i kM
o= 0 =g (hah).
HauGonee nurepecen cayvait hi==0 (noaueli nepexpat noto-
ka). B stoM cayyae e=1, q—kM he+ k’h’? » OTKYIa MOXHO

OnpeaeaHTb NpH 3anadHom g, M, he, by 1 ks HCKOMOe S,

25 5% M{h:—-ﬁl}
OrMeTnM, 4TO NpH n=1 g= Ui+ ia) (Mbrehy) <1, TaKk kak

paccMaTpHBaercsi NMOCTYIVIEHHE ), Yepe3 HHMHee cedeHwe AB
pbicoTolt M (Ge3 yuera h,).

[Toanwit pacxon uepes o6a caod B 3TOM cayuyae

mmm—m} +*=iﬂ=’2; &) (1.29)

dr0--G20

Kosdppuument e MoXKHO paccMaTpHBaTth Kak KosdduuueHT He-
JeHHA BepXHero notoka (co ceoGoaHOH MoBepXHOCTLIO), BHITEKAal0-
ero B OTKPHITHIA KaHan B ToM caydae, ecad rayOHHa BOAL B Ka-
HaJje Oojbllle WIH paBHA MOIIHOCTH HHXHero chaos. Heobxoaumo
o6paTHTbL BHHMaHHe Ha TO, YTO KO3(pdHLUHEHT & He ABAALTCA 3aMH-
patwiuM KodbduinenToM, T. K. OR XapakTepHsyeT JIHIIb
jiefieHHe BepXHero NoToKa Ha yacTh, MOCTYNAIOWLYIO B KaHan yepes
HHMHHI CNOH, Bupamaemyo (opmyaoii

eky(hg? — B2
gy=""20E =) (1.30)

i 4aclTh, KOTOpad HSJAHBACTCH B KaHaja, NoOCTYNas no BepXHeMY
CJ0K0,

qz -— {j "!-Jkﬂgéhi—hl:} : {1.31}
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OG6umit e pacxod KAHANA OCTACTCA HEHIMEHHLIM W PABHBIM

My —h k. — k2
q: - {;':‘ l}_l__?{hzzﬂs Ij_ ! {1-32

MHoe noJomenHe co3faeTcd B CJayyae H30JHPOBaHHON ApeHHl.
B stom cayuae B JipeHy NOCTYNAeT JHUbL HaCTs pacxoia gz”, H pac-
XOJ jApeusl GyAeT MeHblIe pacxola KaHana npw TOM e Hamo
H. MNMocaennee o6ycaoBaeno TeM, UTo NPONYCK pacxoia ¢.” Aodi-
KeH NPOH3BOANTLCA Yepes HIKHHE CJI0H, uTo, B CBOIO OYepe/lb, CBA-
3aHO NpeojoJieHHeM AONOJHHTENBHMX CONPOTHBJIEHHH, OleHHBAE-
MEIX KoaduilnenTaMu, 3Havuenie KOTopuix Oyaer npHBeieio HHMEKE,

Pue. 30

PaccmoTpum Tenepb caydail, korga riyOMHa BOAW B Kauande
ho<M (puc, 28).

Ha yuactke Si apHieHHe TPOHCXOAHT B OJHOPOAHOM TpPYHTE,
NOSTOMY MOMHO BOCHOJNb30BATLCA ypasHennem [ionion wan GyHK-
nuweft H. K. CupuHCcKOro, Kotopas B 3TOM ciyuae NpHHHMAaeT BHA

h
P'=qx+c=k [ (h—2)dz. (1.33)
Ll
Hurerpupya vpapuenne (1.33), noayuum
gxtc= ‘*1;" : (1.34)

Mpu x=0, h=~"hy w BeanuNHa ¢ Onpejeasercda B CACAYIOMEM
BHe: d
c—E-'-g-“f : (1.38)
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[lpn x=381, h=M. Tloacrasaas faHHble BeJHYHAB B ypaBHe-
Hie (1.34) n paspewas noayyeHHblil pesyJbLTaT oTHOCHTEALIOD S,
NOAYYHM

3,=*'“";-"ﬂ” : (1.36)
Beauynny S@ mMomHo onpenenunts no dopmysae
s==§—; (nhs? -+ Mhs). (1.37)

Mpunumas Bo BHEMaHKHe, uTo S =S Se, CKAa/LIBaA npasbie o
Jepuie uactu opmya (1.36) u (1.37), nonyuum

S o ';1? (nhe3-2Mhs + M2—he?). (1.38)

Tak kak he=H—M, 1o, 3amenns hz B Gpopuyae (1.38), Gymem
HMETH

‘=-;—;[n{H—M]E+2M(H-—M}H-M'*‘~—hn’]. (1.39)
Paspemus dopmyay (1.39) orHocuTeabHO ¢, noayuum

g = ge-{n (H—M)>-2M (H—M) M2 —h ), (1.40)
HSTH

9= ;-g- (nhs?4-2Mhsd-M?—he?) . (1.41)

[lpy n=1, 1. e. B cayuae oaHOPOAHOrO rpyHTa, dopMyaa
(1.40) npuoGperaer Bus

k
G=g5 (H—ha?), (142)

T. €. NpHBOAHTCA K ¢opmyae liomon.

GpaTHM BHHMaHHe HAa HeKOTOpLie OOGCTOATENBCTBA, CBA3aH-
Hble ¢ JIBHAEHHEM B JIBYXCJAOHHOM TPYHTE, ¢ NOJAHBIM norJolle-
HHEM %acxnﬂ.a BEPXHCr0o maacta HumeAM (puc. 30).

1. B Touke nepexona noBepxHOCTH IPYHTOBBLIX BOJ U3 BEPXHEro
cnof B HHHHA (D), pooblie roBops, nNpH THAPOMEXaHHYECKOM
paccMOTPEHHH BONPOCAa TAHTEHCH YIVIOB MOBEPXHOCTH TPYHTOBHIX
pol (Kak JuuHA TOKa) ¢ BepPTHKANAMH JOJMKHE OTHOCHTBCHA Kak
ko3 puunenThl ¢uasTpaunn. B paccmarpusaemoil cxeme, Koraa
Nnonepeynoe ceycHHe NOTOKa NPHHHMAETCH NJOCKHM, 3TO YCA0BHE
He coxpansaercda. Tak, aaa yuacrka 0<x<S, umeen (h—ot BOJO-

dh
yriopa) T ﬁ‘l' i B yacTHoCcTH npu h=M
ah g

— —

ox kM °
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e

Jlas yuactka Si<x<S umeem no (1.20) (h—ot nuuun pas-
aena NJACTOR)
ol __ q
ax kM -+ keht?
HaH npuw A=90
ok . 4
o9x T kM

Taxkum ofpasom, B paccmaTpuBaemofl cxemMe MOBEpPXHOCTHL I'PYH-
TOBLIX BOJ He NMPETepneBaeT H3JOMa Ha JHHHH pasjena TPYHTOS,
uTo B AefCTBHTeJNbHOCTH, OAIaK0o, HMEeT MecTo.

[Mpeacrapasier HHTEpeC NPOCAEAHTL Tepemelende Toukn D,
B 3aBHCHMOCTH 01 HaMeHeHHH Ko3(puuueHTon ¢uaprpaiud. by-
AeM cuHTaTh (kcHpoBanHBIMH (nocTosHHEIMH) ¢, M, he n hy n
NpocJejliM H3MeHeHHe TOBEPXHOCTH TPYHTOBMX BOJ TPH pas/iHu-
HBIX COOTHOLUCHHSIX MemAY R1 o Ra.

Ms dopmyaw (1.41) BraHO, uTO NOCTOSHHEIT pacxoj ¢ npH
sanannuix hy, hoe w M moxer ObiTb mponyuien NpH pasJHYHBIX CO-
oTHoweHusix R1 u ke, Otmernm Kpailiwe cayuan. [Tpu ka=0 n
k=const Ha yuactke S1< X< 5 3KBATOTEHUHANLHAN NOBEPXHOCTE

GyiaeT npsMoi, TanreHc yrJa HAKJAOHA KOTOpOl paseH 2 . on

M °

Je papeH tg yrsia naxkiona NOBepXHOCTH TPYHTOBLIX BOJ NpH ne-
pexoae B8 Huxuuil rpynt (B Touke D). Jlanwneiiimee npojasuxenne
Touex D BnpaBo Hepo3MOXKHO (NpH sajannblx ¢, hz, he n M) —
310 OyAeT caMbiM HH3KHM MNOJOMEHHeM TIOBEPXHOCTH IPYHTOBBIX
pof. Ecan Gyler yBeJHUHBATLCA Ry M. COOTBETCTBEHHO (NpH ¢, ha
# hp MOCTOAHHLIX), YMEHbIIATLCA Ky, TO TouKa pasjena Oyler
ABHratecs Bacso (Di, D:) u noBepXHOCTh IPYHTOBHIX BOJ TNOJL-
HEMAaThCA (B LEHTpadbHON uacTH, T. K. hy ¥ Me (PMKCHpPOBAHEI), 4
touka D Gyger crpemuteca K Touke C. [lanbHeiimee yMmeHblIEHHE
ky (k1 — 0) yxe He MoxeT GuiTh paccmorpeno, T. K. mpu CD=0
cxXeMa MEeHSieTCs 10 CYUIeCTBY H OCHOBHYIO POJb HAYHHAKOT HIPaTh
BePTHKAMbIEE TOKH (cXeMma, aHaJOrH4YHaf 3aTOMJEHHIO NOBEPXHO-
cTH). EcrectBeHHo, MOXHO cefe NpejCTaBHTh, YTO MPOHHILAEMOCTDL
k) Tak MaJja, a kg TaK BeJHKO, UTO BepXHHI NOTOK, JOHAA A0 OTKO-
ca C, 6yneT"H3aJHBaTLCA B KaHaJl.

[TpupesedHble BHLIE paccyXAeHHA NOKa3bBalOT, YTO B caydae
nepepesaHus BOJOHOCHONO NJACTa OTKPBITHIM KaHAJOM Her He-
06X0IHMOCTH BBOAA B pacueTHbie (GOPMYAB «3aNHPaIOWHX» KO-
(HUIHEHTOR, T. K. NOTOK H3 BEPXHEro CJOA MOMKET H3JAHBATLCHA B
KaHaJ.

Ipenaxnyio Tpanilleio, 3anoJIHEHHYI0 34CHINKOH ¢ npoHHua-
eMOCTBIO, 3HAUHTENLHO GoJsbluedl, YeM NPOHHUAEMOCTL BEPXHEro
CJ0S, MOXHO B NEPBOM NPUONHAEHHH PACCMATPHBATD KAK OTKPHI-
Tuﬁ'hiaua.n H NOJb30BAaTLCA NMPH pacverax (opmynamu (1.8) man
(1.41).

3a6uBKa TpaHwell TrpyHTOM, NPHOAHMKAIOMMMCA [0 CBOHM
(PHALTPAUHOHELIM cBOficTBAM K CBOHCTBAM KOPeHHOH nNOpoasl o
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eaatonponniaeMelx rpynTax (B NpHHUNNE COBeplleHno Hexomy-
¢THMan) OyZeT BbI3BIBATL [OMOJIHUTEIbHBIC [OTEPH Hanopa i
yxyauate paGory Apen. Ecan BepxXuui clofl XOponio NpoHHIAeM
(HanpHMep, MAaxXOTHHI), a HUAKHKHA — crafonpoHHUaes, To B Ape-
iy GyAeT NoCTYNmaTh JHUIL HeGoJbIIAA YACTh PACXOda BepXHero
ci1o8. B stom cayuae B dopmyan (1.8) w (1.41) seonurcs Kosg-
(puilHeHT pacxojia 475 BEPXHETD MJIacTa, W OHW NPHHHMAOT Cae-
AVIOUIHET BHAL

| q‘::%hln(h;}?--—fhﬂj +-2M (ha—hy)]; (1.8 a)
|
| G=g (wha +2Mhy-+-M2—a?) (141a)

| Briudcienre p B ¢Jaydae JIBYXCAOHHOFO TPyHTa BEACTEsA MO cae-
| AVIOIEH SMONPHUECKOH (hopMyae:

= F e (148)

rjie
B ’: :rf,f—?tm (1.43a)
B popmyae (1.43a) H — nanop naa apeHoil B cepeiiie Mex-
AV A PeHEA.
R = k" s 4=1+n+13) ny ha=H—-M; 1_1/1 !;Tf.

i M A e Mt [ ’y f_ﬂ b
ﬁ—"(l‘]' < )l"*’+’*:’]lﬁf+ﬁlh,} (1,349)s ol

a — paccTosiiiHe OT ApeHsl 1o Bojoynopa (B cayuae necopep-
IICHHBIX JIpeH).

[Toaszopanue opmyaasn (1.8a) n (1.41a) nonycraetca npn
n< 1000, M/S<0,25 u a/S<02. Tlpu a=0 Koadpdunnent v=1.

[Mpoanaansupyem anauenns p, napaembie (opmyaoi (1.43) npu
pa3JHYAHX Beanuynnax n. Ecam k=0, a ks =0, 1. ¢, n=0c0, B
JIpeHY pacxoja nocrynarbk He GyAeT, T. K. H3 MEPBOTO C10A OH He
nocrynaer noromy, uro k=0, a H3 BTOpOro — NoTOMY, 4To p="70.
Taknm ofpasom, npu £,=0 Boga B Apeny M3 BepxHero €Jof He
MOCTYIAET [aKe B TOM cJyuae, ecaH 1Mo HeMy JABHKeTeA OOHIBHLIH
FPYHTOBLIH TMOTOK.

Ecan k=0, a k150, 10 no Bepxnemy caoi0 npHToKa He Oy-
netr. B apeny OyaeT nocTynaTh pacxold TOJALKO M3 HHKIEro €04,
BEIYHCASIEMBIH KaK pacxojl Hanoproro notoka (ccau hg=M),

Takum oGpasom, dopmyaa (1.43) aaer snaveHua KoadpulHEH-
TOR PACXOLA BEPXHEro closl, oTBedaiiliHe NpeicibliblM CayvyanM
ITHOINECHHA MPOHHILAEMOCTH CJI0eB JABVXCAONIOro IpyHTa.

8 B. A, Houar. 113
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I1pn nocTpoesnn KPHBRIX Aenpecciiy, 8 0cOOEHNOCTH B HEOIHO
POMAHBIX TPYHTAX, HEOOXOAHMO VUHTBIBATH BeAH4YHHY Ay , KOTOpas
P CAVHAe 3AKPBLITEX JAPeH HOCHT HA3RAHHE «BHICOTH HABHCAHHSS.
B oTKpbITEX ApeHax (KaHanax) y4aCTOK HABHCAHHA BBIPOXILACTCH
B «BLICOTY BHIKIHHWBAHHA® M PACCMATDHBAETCA KaK pAa3HOCTh
OTMETOK MeMLy TOuKoN BEIXOJA MOBEPXHOCTH TPYHTOBHIX BOZA HA
OTKOC KaHaJ/ia § TOPH3OHTOM BOJH B HeM.

Bricota HaBucanud 3aBHCHT OT pajga GakTopoB, OCHOBHBIMH H3
ROTOPLIX SIBAAIOTCA Pa3Mepll ApeHEl, NMPONYCKACMBII pacxo, HAJH-
uHe AOMOJNHHTEC/ALHLIX CONPOTHRACHHH HA BXOJA B JPeny, NpoHH-
1LAeMOCTh FPYHTA, B KOTOPBIT VJioMKeHa JpPeHa, M paccToflHHe OT
APeHLT A0 BOJOYMOpa.

B paje rugpomexanuueckHx peleHuii s BechMa rAyGOKOTO
340eraHusl BOAOYTIOPA M OAHOPOAHOTO TPYHTA MOJYYeHH 3HAue-
HHSL BRICOTH BRIKJAHHUBAHHS TOPAJAKA'

hy=0,17+0.26 -2, (1.44)

rac Q==2q — nputok K jpeHe ¢ ABYX ee CTOPOH B M°/CYTKH Ha
I nor, Mmetp; A—Ko3QpPpHuUHeHT PHALTPALHNK B M/CYTKH,

Ilpun Gamakom zaneranun pogoynopa no [38] Mowuo npnGau-
_#KeHHO TPHHATh

Ity =037 —i . (1.45)

Gopmyanl (1.44) u (1.45) noayvenu npu pelleHHd 3asad o
NPHTOKE K TOPH3ONTAJLHLIM HJIH BEPTHKAABHBIM INEJAM H Nepe-
MBLIMKaM, KOrla MOCTYIMICHHE BOALL B JPeHY NPOUCXOJAHT MO BCEMY
ee nepuMerpy. B neicTenTeabHOCTH (HANPHMep, B Ciyuae roH4ap-
HOTO JAPeHAXA) ROAA NMOCTYNAGT vepea CTHIKH Wid wead Tpyb M,
Ha Hawl Baragid, Oulio Gl GoJee NpapHAbHBIM NpHHHMATE GoJdee
OCTOPOMUYID PEeKOMEHAallnio, a HMeHHO, TIPHHHMATE ANA Jpei,
VIOAKEHHBIX Ha BOAOYNOPE,

=05 %, (1.46)

rae Q—pacxon, noctynawiipii B Apeny ¢ ofeHx ee cTOpoN.
Hauuaa peaimnna, w jgame Oojslias, o0LMHO noJayuajach Ha-
MK MpH NPOH3BOACTRE ONLITOB & WenepoM JoTke*. Donee noapobno
HA BONPOCE O BLICOTC HABHCAHHA MBI OCTAHOBHMCH B rjase V npu
anamanae paGoT jApell B YCJOBHAX HEYCTAHOBHBLICTOCS JIBHA{EHHS.
OTMeTHM, O/HAaKo, ellle pa3, u4To ecjd BeicoTa napucanus hy U He
HTpaeT poJid B pasMmepe pacxoja Jpeiibl, To pasMep ee BecbMa cy-
lieCcTBeHeH MpH onpejescHHd o0beMOB OT/aBaeMol TPYHTOM BOAH

* Anasornynmit peayabrar gaer pewende C. ®. Apepbsnosa u Lo
CHH-¢ aad CAYYAR VEINSOKH ApeHi Ha pOIOYAOP, MPHBCICHHOE B HX COBMECT-
ol pafiore [6a)
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(npu pacuere JApeHaxa Ha NOHHMKENHe YPOBHeH IPYHTOBBIX BOJL
B YCAOBHAX HEYCTAHOBHBILErOCH ABHIKEHHS).

Boicory HaBucanma cieiyeT YYlTHIBATH TaKde NpH MeJlaHHn
NOCTPOHTE HCTHHHYIO NMOBEPXHOCTH rpyutobsiXx noa. B uactiocti,
NpH yKJIaJKe JApeH MaJoro jJuamMerpa Ha OGOJbIIHX PACCTOAHHAX
B TSXKENBIX IPYHTAX BLICOTA HABMCAHMS MOMET OKA3aThLCH MOUTH
paBHOH rayOHHe 3aJ0KeHHs JPeH, 4To He jaeT BO3MOMHOCTH
(ApH AaHHBIX § H k) a3pHpOBAThL TPYHT He TOJBKO Ha MexkpeHbe,
HO fAaxke BOIH3H Apenbl. B takom Kpafinem, HO BO3MOMKHOM CJy-
4ae, NO-BHAHMOMY, CJAEAYeT HIMEeHATL CXeMy OCyIIeHHs,

Paccumorpenne npocteliero ¢ayuas JABHMXKeHHA PPYHTOBLIX BOJ
B JABYXCJAOHHOM TLiacte ¢ oOpazoBaHueM c¢BoGOAHON NMOBEPXHOCTH
MO3IBOJIAECT TMPHMEHHTEIBHO K BONpOCAM JipeHHPOBAHHA CAeNaTh
CACAVIOUIHEe BRIBOAKL,

|. Pemwaiouiny ¢akropoM nocTynjaeius 0 OTBOIA BOABI H3 Jpe-
HHPYeMOro IJiacrta SIBASeTCA pasMclieHHe JpeHaxa Mo BHCOTE H
KOHCTPYKUHA Aped. Ecin apenax npeiciapied OTKPLITEHM KaHa-
JI0M, TIpopesawwiiM 06a naacta Ha Belo rayGHHY, TO, NO-BHAHMO-
MY, € JOCTATOMHON AAS NPAKTHKH TOMIOCTBIO PACXOJ, NPHTEKAID-

IHH B TAKOH KaHaJ, MOKHO onpefensnts no dopmyaam (1.8) wam
(1.41).

2. Ilpn  noaezosauun  Qopmyaamu  (1.8) n (1.41) caenyer
UMeTh B BHAY, YTO OHH Jal0T 4YHCJEeHHOe 3HaueHHe pacxoga (pae-
HOrO CyMMe PacxofoB BepXHero -— cBofOAHOrO M HHUM¥HEero — Ha-
NOPHOTO NOTOKA), HO MO cyUlecTBY (Kak 3To (I0KA3aHO BhIlLE) mpe-
AyCMaTPHBAIOT JBHMKEHHe B 000HX CJ0AX C NepeMeHHbIM pacXoloM,
NpHYEM H3 BepxHero <Jos (npH JIoOBIX KOHeuHblx n=£y/k1) npo-
HCXOAMT MHTaHHe HHXHero. B wactnoM ciyuae, KOrga TOPH3OHT
BOAL B KaHaje CTOMT BPOBEHL HJH HHMEe JHHHH pa3sfiena cJoes,
BECh BePXHHH MOTOK NEepeTeKaeT B HHMKHHA (echnu WHMKHHI Cnoi
HMEeT AOCTaTOuHYI0 NPOHHLLACMOCTE).

3. B ToMm cayuae, Koraa BepxuHil cjoil ABAAETCH 3aKPHITHM (TO
€CTb He UMeeT JAPCHHPOBAHHOTO BLIXOJAA4), a JApeHa TOH HAHW HHOM
KOHCTPYKUHH PasMellleHa B HHAHEM CJI0€, TO MOMHO PacCHYHTHIBATD
MPHTOK K Hell Mo ToMy cJ0I0, Ijle OHa passellena, Ho npHGaBiaTh
K 3TOMY TIPHTOKY 4YacTb (HJH Becb, B 3aBHCHMOCTH OT YCJOBHIL)
pacxofa, TeKYUIero no BepXHeMy CJ0l0, YMHOMXeHHEM ero Ha «3a-
nupatouui» Kosdduinedr p. Poas storo kosdubuunenta ocobeu-
HO BO3pacTaer (TO eCTh BeNHYHHA YMeHbLIaeTcsi) B cayyae apell
MaJoro aHaMmerpa, pasMellleHHbLX B Oojiee THAMENBIX 10 MexaHHye-
CKOMY cocTaBy rpydtax. Hume Mbl ellle pas BoaBpaTuMcH K 3TOMY
BOTIPOCY.

4. Ilpn ykaamke aped MaJoro AHaMerpa B TAMKEABIX 1O Mexa-
HHUECKOMY COCTaBY rpyHTax cJdeiyeT HMeTb B BHAY, 4TO NpH 3HA-
YHTEJbHBIX NPUTOKAX BOAbLI HAAHUYHe OOJibINOH BBLICOTH HABHCAHHS
Hag NpeHod MOMeT He NO3BOJHTh OCYUINTE NOUYBY AaKe B 30He,
HenocpeIcTBeHHD NMPHIEralollel K JapeHe,
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§ 2. CoBepweHHbifl JOBYHH KaHaa WAKM roaoBuas ApeHa Ha
FOPH3OHTANLHOM BOAOYNOpPE B MHOTOCAOAHOM TpYHTE

[Tokaszsannas B mpeiblaylleM Pasjefic BO3MOMHOCTh NpHME-
nenna gyukunn H. K. I'mpruckoro nnas pacuyera JpeHbl B ABYX-
CAOIIHOM TPYHTEC MOMKeT OLITh pacnpocTpaleHa TaKMxKe H HA Cay-
yai MHOFOCJAOHHOIO TPYHTA,

IelicTBHTENRHO, NPEANOJIOXHM, YTO BOAOHOCHBI mJaact co-
CTARJIEH H3 Tpex C¢J0eB paznuuynoil npoHHuaesmoctd (puc. 31).

| £

Pre. 3]

Torpa B ceueHHH X, OTCUHTBIBAEMOM OT HAYana KOOpAHHAT, rae
pacriosiaraerca JApeHa, MOXKHO COCTABHThL CJelyiolllee ypaBHeHHe
Ias onpejeneHusn pacxoia g

0, Dy h
gx--c = ky J {h—~z]dz—!—k:£ {h-—z]dz{—h{ (h—z)dz. (2.1)

3nece Dy n D2— paccroaHns, OTCYHTHIBAEMBIE OT BojAOYNopa
JI0 KPOBJIH COOTBETCTBYIOILHX CJIOERB.

[lpu x=0 h=ha.

Beauuuna ho (Hanop B apeHe) 3aBHCHT OT nponyckHofi cnocod-
HOCTH JpeHbl, NPHTOKA, MOoANOpa €0 CTOPOHbB BOJONpHEMHHKA
H T. . [losoxeHne Kpupoil aenpeccHd Haj ApeHoill 3aBHCHT OT BHI-
COTHl BLIKJAMHHBAHHSA, B YaCTHOCTH, B CAYyYae TPeXcJAOHHOTO rPpyHTa
MOI'YT Ha0bJwgaThcd TPH BapHaNTa pacnoJOiKeHHA KPHBOH Je-
NPeccHH No OTHOWEHHIO K KPORJe ¢Jioes, a uMenno: 1) D, >ho+h 55
2) Dy<"ho-t-hg< Ds; 3) De<_ho-thy<<HH (roe h ; — BricOTa BHI-
KJAHHHBAHHE) .
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Mpyu BeBoge opMya A48 AByAcJofHOTO TpyHTa pacyeTHhE
popMyasl GBVIH NOAy4eHbl Ha OCHOBe CYMMHPOBaHuA JLTHH yua-
CTKOB &7 H S5, U3 KOHUAX KOTOPHIX BHYHCAAJOCH 3HAUYCHHe (QYHK-
unn H. K. Tupnickoro. MosKHO cKazats, 4To anauenne S=35,+3S;
MOJKHO OBIIO NOJAYYHTL HENOCPEACTBEHHO, HCXONA W3 OCHOB-
noro ceoiictsa stoit gyaxunn. JleficTRUTEALHO, eCoii By =gx-te,
TO QUEBHAHO, yTo D' 5 — D'y, =g (x:—x).

CyMMHpY$ 110 YUACTKAM, NOJYYHM

(tp—2Xp— ) (Xn—y—Xp-2)+ . .. f(xe—2) +X—0=x,=
'I’lr-"i'"hl

=S=——H, (2.2)

TakuM ofipazom, BeqHuuia S npu Ji0G0M UHCAE CA0EB MOXKetr
GRITE ONpeleaeda Kak pasHocTs anauenuil gynkwsn H. K. I'npun-
CKOTD Ha KOHIAX 3TOTO Y4acTKa, AeJeHHas Ha pacxon ¢.

Boamoxnocte noabsoBauus ¢Qynkumein H. K. Tupuuckoro
B CJyuae MHOTOCJAOAHOrO MOpHO3HTANBHO-CJI0HCTOrO IPYHTA MO3BO-
AACT MOJYYHTh 3HAYEHNEE PacXoI0B, NOCTYilalUHX B apeny (c oa-
HOIl ee CTOPOHBI), Kak YacTHoe oOT JeneHusn 3HadcHuil dyHKiHn
H. K. I'npuncKoro Ha KoHlax yyacrsa S ma AJHHY 3TOro y4acTKa.

BeipepeM pacueriibie opMmyasl  44d  cAydas  TpexcaodHoro
IPYHTA.

B nanxom cayuae

D, D, . H
fﬁ’..=k.J {H—z‘.ldz+kg£ [Huz}dz-‘,—-k;:j? (H—z)dz. (2.3)

B pesyabpTate HMHTCIPHPOBAHHA NOJYYHM

; kahia? 4+ ksMaolhy 4 H — ERM (2H —M
¢": ahia? + RaMy(hy 4 gML}—'_ M2 1}, {24-!

rae :
hs=H—Dy=H— (M, +M,). (2.5)

Beauunna @'y, 3aBHCHT OT BeJHUHHBE Ng—rayOHHE BOOH B Ka-
nane. [Mpu he<Z M,
h,

O'n=k, [ (ho—2)dz= 5" (2.6)

Ecan M;< hy<ZDs 10

.1-]‘1 hp" =
D'y =k | (he—2z)dz -+ ks jT (ho—z2)dz =
1] A

" ByMy (20— M) + ka(fy — M) (2.7)

2, .
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B cayuae ecan Do<"ho="H, T0

" keofis? ol + 1y — M e
Py at? + RaMolhy + My . )+ kM (28 — My) : (2.8)

CoOTBCICTBEHHO pacueTHan (POPMYJIa NPHMET CACAYIOLLHIT BIIL:

Py b
il (2.9)

rie 'p, — coOOTBETCTBYIOIEE pacyerTHOMY CAy4aw 3HaveHue
dynkunn D aas cevenun x=0; ', — 10 me pam x=S.

OcTtaHoBHMCA HeCKOJIbKO Ooaee noapoGHo  Ha  pacyeTHBIX
(opMyaax aas TpexcaofHOMO TPyHTa.

Gopmyay (2.4) MOMKHO NPeiCTaBHTE B CJEAylOWEM BHIe:
'y = kiMy | Mathot 00 4+ haMa (ot 22 )+555. (210)

3aeck HArAAAHO BHAHO, OTMeyaBlueecs paHee CBOHCTBO
(byHKIHE @' —npeacTaBaaTh CyMMY CTATHUECKHX MOMEHTOB, 3MI0p

NnpoHHIaeMocTell NJAacTOB OTHOCHTEJIbHO MOBEPXHOCTH FPYHTOBBIX
BOJL.

Koraa Dy<ho<<H (puc. 32) ansa npouiBoabIOro cedyenns X,

@' p=hiMy (Mat-h+ 82) kMo (4 B2) +555 . (@10)

B wacrnoct, npu x=0

D' 4, = kyMi May+hy+ 55-) 4 kaMa iy + 11,,—1#‘-”5‘-‘ . (212)

Orcona

gxm s, =M (h—hy) +keMe (h—h) + 2010 (2.13)

IMoausif pacxoa pasen
g =] kM (hs—hy) + ReMa(ha—hi) + B3 . (2.14)

CloBd, KaK M 1A ABYXCJORIOro TPyHTa, MBI noayunan ¢op-
MYJy Pacxojid, COOTBETCTRYIOMYI0 AKOOM He3aBHCHMOMY AeicT-
o naacrop. OHAKO AHAJOTHUHO TOMY, KaK 3TO OBLIO CAeNAHO
1A ABYXCJAOHHOrO FPYHTa, MOKHO MOKA3aTh, HTO B AeHCTBHTe b
HOCTH paccMaTpupaeMas cxema NpeaycMaTpiBactT nepesds BOAbl
43 BEPXHHX NJACTOB B HIDKHHe H JBHIKEHHe B npelenax Kamioro
114CTa C NepeMeHHbIM PacxoloM Mo AJHHE MOTOKA,
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Mpoauddepenunpopan (2.13), nmeen

dh __ q : .
ey T R T (2.15)

PaccMOTpHM COOTHOIIEHHe PACcXOAOB, NMOCTYMNAIOMHX H BT
KWK M3 Kaxnoro naacta (cm. puc. 32):

o gk M, ok e gl M, -

"'I"B k]M' + kﬂMﬂ- + kgh] : ‘IF{'FH_ kl.l“{i + kﬂME‘ 'i— j?:'l-ﬁ_\ '

Gpe= ghaMa SO S, .. (L. b

BC™ My + koM ¥ Bl * TGF™ T, + RoMy + Ralty’
l?kaht i til'h-"ls

-

QD™ ToM, T koly & Fals ©  TFE ™ My + koM + halts "

|2 ¢

Puec., 32

OueBHAHb PAaBEHCTBA § .5 +45c+Tcp=Y9an T 9ar T Tre
KpoMe Toro, yuuthiBas, uto Beeraa hs>hi, umeem

Gap>06n° Tsc>9ar> 9ep<9rr-

Ce10BATCNBIO, MepeJHB TPOHCXOAHT M3 BepxHero «cBobol-
HOro® MOTOKAa B 00a HHHEX «HanoplbiXs OOTOKA.

[pu h1=0 pepxumii NOTOK UEAHKOM MHTACT coboifl HHMNHE.
CHopa, KAk MW TpPH PAcCMOTPeHHH ABYXCJIORHOrO TPynTa BCTAer
BONPOC O TOM, KAK ONpefeisTh NPHTOK BOAB K JIPCHHPYEMOMY
niacTy (Hanpmuep, HHMKHEMY).

OueBHMIO, YTO ec/ai Kanad wii apena (¢ npoHnilaeMon 3achiil-
koil) npopesaeT BCE NAACTH W AOXOHT CBONM ANOM [0 HOBCPXRO-
¢TH BOJOYNOPa (NpH ropH3oNTE BOAB B KaHate ho=Ds+ 1), TO
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HPHTOK CJACAYET CUHTATHL HPOHCXOAAUIUM MOJHOCTLIO 13 BCeX M-
CTOB, TO €CcTh ONpeieaaTe ¢ro no dopmyae (2.14). "

Hedno, oaraKo, H3MCHACTCS, CCAM KOHCTPYKUUA JApensl Takopa,
UTO JIPEHUPYETCH TOJABKO oAuH (nuaHui) naacr. Ecan Mbl X0oTHM
OnpesesnTb NPHTOK BOAW K ceuennio AB (cuntas, uto pacxossl,
BRIXOMsHe Yepes cevennsns BC w CU, nenocpencrsenino s apeny
He NOCTYNAwT), TO AWIMKHLL BOCIOAL3IOBATECA (GopMyI0il

£ kMg
Y28 kM kM- legh, * (2:16)

H3 KOTOPOH ACHO BUAMO, YTO B JAPeHHPYeMHIl Njact nocrynaer
TOJBKO 4acTh obllero pacxoia. :

[ogcrasnan B (2.16) 3navenne ¢ no (2.14) n Bugeass ove-
BHIHBIA uieH I8 HANOPHOTO NOTOKA, TIOAYYHM

— M (As—t) | k(bR kM,
Y48~ S l (oM -RaMo-Rshy) S ° (2.17)

Ecan aanee, no ananornn ¢ ABYXCJAOHHBIM rPYHTOM, NONBITA-
eMCS HAHTH KO3(OHUHCHTL 1eenus MOTOKA, T. ¢, ONPeAeIaThL pac-
XOAbl OTACABHBIX MJACTOB ¢ YHETOM Nepednsa, To GVAEM HMeTh ;

- R
gpp= 2t ebMbeh) | esBihd) (o 1)

-

roe

ik kyMihy ]
e (Arrt-ha) (RyMy-|-RoMat-kshy) ? (2.19)

— = _klmlkg_h]_
A= o (R oM oMy Feahiy) (2.20)

Ecau snavenne £, anajgoruuso TakosoMy aas ABYXCAOHHOro
FPYHTa, TO BhIpaxeHue 115 e, OTPHUATEIbHO. DTO 06BACHAETCH
TEM, UTO BTOPOH MJIACT CaM YBEIHYHBAET PACXOJ 34 CHET BepXHEro
MJIacTa, OTHEro B CaMblii HHMKHHE NOCTYNAeT Medbllie BOMIL

Takum ofpasom, B caydae tpexcaofiHoro TPYHTEa MOJYUHTE
3HAYCHHE KOI(QQHIHEHTOB AejeHNd NOTOKa He VAaeTcs, H vacTh
PACXOAa, NOCTYNAKWEro B HHMKHIA AAacT (A0TIOAHUTEABHO K pac-

& fa—
XOJLY Jﬂ!-is-“--ﬂ H3 ABYX BEPXHHMX MOXer ObiTh onpegeaena fo

BTOpomy wuieny topyyast (2.17).

Hanommum, uto see (pOpMYABI, OCHOBaHHLIE Ha pyuruun I'n-
PHHCKOro, NpeAycMaTpHBAalOT B3aHMOAelCTBHe NJACTOR, HAAHUHE
JEPTHRAJBHBIX COCTABIAAIONMX CKOPOCTEH M nepeiinp BoOsl i3
REPXHHX TIACTOB B HivkHHe. B CBASH ¢ 3THM, Hanpumep, HeJbss
B pACCMATPHBAEMOM cavuae npuHaTe k=0, T. K. npn stom Paa-
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PLIBAETCA CBA3L MeXay naactami. B cBsazn ¢ arum npu K2=0 110
ByM, (ha—Hh
opmyae (2.17) g,, ‘—--’-{j-“---—li— , KaK 970 cacaoeado Obl no
CYUIECTBY Jena.
Ewe Goabuiie NPpoTHBOPEMHs NOJYHAIOTCH NPH PACCMOTPEHNN
cayuan fo<M,. Tak, nanpumep, npu hy<M; umeem

g= g |RiMs (hat-Me- ) daMa( o472 ) 4 ™S — 0, %) (2.21)

[Tepeuiii waen (2.21) orpaxaer HanopHoe ABHIKEHHE MO HHIK-
lHeMy IJIacTy, BTOpPOH — Mo cpeaHeMy M TpeTuit — cpofoaHoe no
BEPXHEMY.

Ouesnano, uto npu k2=0 pacxoj H3 BepXHEro maacra He ao.-
/KEH NONAJATE B HHAHHA, OIHAKO MOJKHO NMOKA3aTh, YTO H B 3TOM
cayuae on GyaeT BXoAuTh 8 GopMyJy pacxoia HUIKHEro caos,

YuuThipaa HaJomKenHoe, CAcAyeT clile pas noJyYepKHYTh, YTO
(pOpMYJLE, OCHORAHHEIC HA NMPHMCHCHHUH (YHKUHMH P, NPHroAHLl B
CAYYAe CPABHHTEJNbHO He0OJbIIHX PasjHyHil B NPOHHLAEMOCTH
NJacTOB, KOrAa cOXpangeTcd MPHEMJACMOCTh PHIOTE3H O MOCTOAN-
CTHBE Hanopa B BePTHKAALHBLIX NJOCKOCTAX, Nepecexaloliux pas-
JuuHbe maactsl. [1pyn pesxoM paszinuiy B NPOHHIAEMOCTH TIJIACTOR
CASAYET PacCMaTPHBATh YIKe HHEEC CXeMBl ABWKCHHA, H3 KOTOPHIX
HanboJiee YNPOIWEHHONR ABJIAETCA NPHHATHE FOPHIOHTAIBHOCTH Ha-
npas/eHnil ABHAeHUA B Oojee NpPOHULAEMBIX I1acTax H BEpTH-
KaJbHOCTH B MeHee npounuaemux. ITpumepn Taxoro noaxona K
pacuery Hamu ObliH ganbl B 1 raase,

B cBfizM €O CKA3AHEBM ME CUHTAEeM, YTO BOpelk, 10 noayye-
HHA GoJee TOYHEIX H OGOCHOBAHHLIX PpemlcHHA, MOMKHO TNpH
PACCMOTPCHHH H30JAHPOBAHHOrO APeHHPOBAHHA TLIacTa yueT no-
CTYTIIENHS B Hero BOJAbLI H3 JPVIHX MJACTOB NPOH3SBOAUTE NMVTEM
EBefIcHHS «3aNHupanliuxs> Kos(puuHeHTOB, IMNHPHUYECKoe BHIPA-
MeHHe AN KOTOPHIX OyAeT NPHBEACHO HHMeE.

Brons B pacueTHele (opMyan (B 3HaueHHe gz W §3) COOTBeT-
CTBYIOIHE KOIPPHUHEHTH |y H po, NOAYYHM Aa8 D', caedyomee
BEIpaMeHue;

O’ = pokahs? + pikaMy (hs+ H—M;) + kM (2H—My) . (2.22)

Koapdunmentsl p,_, Nperiaraerca BLIUHCASATL [0 CJeAVIO-
lleH ONATL-TAKH BechbMa npubiankennoil aMnupuueckoil opmyne:

,LH._,_‘/ L (2.23)
(Foa)
1
e fr— HOMEPR CJ05, H3 KOTOPOrO BLIMHCIASETCd Pacxo] {ﬂﬂﬂlll
H}'.\TEP}'lﬂ]TH [£] |[1-|'|'EIJE|H1'H"E!]TI| aT IIU_[ﬂ}':HJpﬂ i Jl{]ﬂL‘lJ."'lilU"q."l'H
FpyHTa),
121



Ecan npeanonokuTh, YTO NPH (PHALTPAUHH H3 CaMOTO BepxX-
HErO CJ0R, e PacnoJoeHa Kpupas AemipeccHH (YacTHYHO WM
NOAHOCTBIO), JJeMeHTapHaa cTpyiika Tak HJAH HHAaue JOJJKHA

K

- g
npofiTH uepes Bee HHUMENeKallHe CAOH, TO ]EBH MOXKHO pac-

cMaTpHRaTh KaK Ko3(HIUHMeHT, yUHTHBAOWHA CyMMy CONPOTHB-

JeHull mo myT™™ (PHABTPALHH.
Onpeaenenne ©;—; B MHOrocaofiHeIX rpyHTax Belerca 0o

caeayiomei sunupudeckoi gopmyae:

ny_iRiaM_ythy

Tia(4-3M )P (2.24)

T

roe
i—1
":‘-FTI:; Tici=14ni—+13Y ni—y; k,-:H—'IﬂMH;
(k=12; i=1)

I—1 ; i=1. =9
3 5 M, ) [ 6% m]

= 1 81 Myt vy
ﬁ;—:—(1+ S J(M7_+h] ) (M 40,1k) (et slg

3il] ﬁj-l-;ﬁj_l SO SH °

Ecan apeHa ykJaaiasiBaercsi Ha Bogoynop, To t=1, ubo a=0,

B KayecTBe WJJIKCTPALHH PACCMOTPHM CJCAYIOWIHH npuMmep.

[Mpumep. Onpeneantb pacxoi H3OAHPOBAHHOH ApPeHbl, YJiO-
JKEHHO Ha BOAOYNOP B TPeXc/oiiHuil rpyHT, ecan S=I15 M, Mi=
0,56 M, Me=03 M, H=12 m, Fki=03 Mm/cyT., ke=3 mlcyT,
ky==5 mfeyt., L=100 M (aanua apeHu).

OnpeaennyM BHAYANe IHAYCHHA M1 M pe.

: % ni oM hy
? L 1 (ha+3M))2
: ny PiMihy n3 PaMafty

?BE_]:T (ha+3My)2 ' o (Fa4+3My) 7 T

Onpejesny KOMOOHeNTH, BxoifAlilne B ¢opMyibl i1 BLIYHC-
JAeHHA GQHALTPALHOHHBIX CONPOTHBJIEHHIL:

hy 30 o g Fa 20 _yeo.
E 05 =10; My=5-=35= 1,67;

1!‘.:

1 =14+ 13V 0 =1+ 10413V 10=52; 1,=I4ne+13 V' n’=

=14 1,674-13)1,67=19;
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2 |
e B L S S T N N :
TR s G

hy=H-—M;=12—05=0,7 x.
he=H—(My-+M:z) =12—(05+0,3) =04

1]’!‘11 J‘l‘iiﬂtﬂ E.I'HI
ﬁ’_(H' ]tM.=+-':,=HM.+mh=l{“3+ '}"'+ 5
(4 3.05 05-07-12
=(1+ 15 /(054077 (0,540, n7;[“3+ﬂ535m5359+
EELE] —0.8:
%= =0T o585,

h:+M, 0,74+05

o.M Mh _183.08.05-07
o (he+3My)? T (0.743-05)2

1
py= 1 = l/ e =) 99,

Beuay Toro, 4to CONpOTHBJEHHA TPH Mepexoae W3 TpeTLero
CJ0R8 BO BT gm: TAKIKe HeIHAUHTeNbHB, NpHHHMaem ©O,=6);
0 pg= =09

Moapaysce dopmyaoit (2.22), noayuum
2, =099-5-042+999-3-0,3(0,4+1,2—0,5) +
+03-05(2-1,2—0,5) ==1,88 a'/cyr.,

=0,111;

OTKyZa

b,
g=75= urﬂ: ——=0,0625 »*/cyr.

I-'::'I'l]ZI'E..EI.'I.’l.-'I'HHn'l I'I]]H'ﬁ.-"IH}HE'HH[I BHC'DT}" BhicauylBalHsd, nmpeanoan-
AuB BHauadae, uto hy<<M

0,0625 5
hy= gim o5 =021 %< M=03 x

Takum oGpasoM, ocyuienne BepXuux NJacToB OCyUICCTBAASTCA
HopMaJabHo,
O6muii pacxoa apensl Q=2gL=2-0,0625-100= 12,50 x*/ cyr.
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§ 3. CosepilleHHR{l KaHaa uan ApeHa Ha TOPH3OHTAAbHOM
BOAOYNOPE B BEPTHHANBHO-HCOLHOPOLHOM IpyHTe

Ecan namenenne NPpOHHULAEeMOCTH MO BEPTHKAJH NPOHCXOAHT
NAABHO 110 {'IIT|'!IEJ1FJIET-IIIHIHI JdROHOMCPHOCTH THNA

ke =F(2), (3.1)

T0, Henoas3ya (Qynkunio H. K. Tnpunckoro, mMomupo ans cayuas
c/aboro H3MeHeHHsl TNPOHHUAEMOCTH TO BHCOTE WM B caydae
VEJAATKH Jpedil B nanbodee NpodnlaeMblit caol sanucath CJeayio-
liee ycaosue (a1 cxembl puc. 33):

| £

S

Puc., 33

i
J Ry (h—2)dz=qgx+c¢. (3.2) =

Ecan npu ¥=0 ray6uHa BOAH B JpeHe WM KaHajde paBHa
fte, TO

s
c=| b, {ho—2)dz (33)
Lt !

H ypaBnenHe I."I[}IJ*IB'IJI“I ACTIPECCHH 3aNHIETCH B ClelywowesM BHiae:

M

]
J‘ ke (h—z)dz=gx+ 1_}[ ky (ho—2)dz, (3.4)

Ecan npn x=S8, h=H, 10 ypasnenue (3.4) npuoGperacr BHI

H ha J
J by (H—2)dz=qS+ § ky(hy—2)dz, (3.5) =8
i1 T L !



OTKY 14
% Iy
1‘! b, (H—z)dz— | Rs(hop—2)dz

S= : , (3.6)

HAH
7 ha

H
ﬁ]‘ ¢ {H—z}dz—g‘ k. (hy—z)dz
g= 5 — - (3.7)

Vpapuenns (3.6) u (3.7) nator obuiee phipaenue A1 pagny-
ca neflcTBHA M pacxofa COBEPUIEHHONO KAHA 4 WIH JAPCHBI, YKIa-
nBBaeMOll Ha TOPH3OHTAJbHBIA BOAOYNOP B BePTHKAJALHO-HEOIHO-
poansiii TpyHt. B caywae oamopoamworo rpynra Qopuyaa (3.7)
npusogutca K Gopuyne doniou.

JIna WANOCTPALMA  npusejem (opMyay, AaOUyio BOIMOR-
HOCTH OMpefleienisi PACXOfa KaHana Wil JApenbl, YKJIa1bBaeMoil
B TOp(hAHON TPYHT, ¢ H3MeHsOmelcA N0 BLICOTE MPOHHNAEMOCTRIO.

O6uien3sectio, uto Kosddunuent GuabTpamun Topha HIME-
usieTcs Mo Beicote Topdanoil sademu. Ha ocnopanun oGpaboTky
nosicBbix Matepuatos Y. X. TomGeprom [47] jas ycaopuit CCP
NpeiaoMKeHa cAeoyiouas NpHOIHMEeHHAT 3aBHCHMOCTD Ko dH-
nueHTa (UABTPaUHH Topda OT BHICOTHL TOYKH HAaj TOPH3OHTOM,
rAe NPOH3BOAKIOCH onpefenenne Ko3ppuLHedTa QUALTPALHIL

k:=kﬂ lﬂ?;- {35}

v B yeaopuax SCCP konebaercs okoao 0,70—0,90; ko—rosg-
(GHumenT QUAbTPaUHK Ha raybiHe ero OMpeaeJeHus (To=1,0—
1,2 M),

Beauunny 2 He pexkomenayerca npuaumare Goapie 0,8 Tpwm,
Tak KAK BepXHHH TopH30HT TOpdSHHKOB OOLIMHO MpeacTaB/el
ouecoM H sfech qropmyna (3.8) HenpurojHa.

Cuurast, uro THI 3aBucuMoctH (3.8) Xapaxreped A/ H3IMeHe-
i Kosdppunmenta GuasTpauyun Topdaneix GoJOT N0 rAyGHHE
3alerH (NpH pasiaHyHbIX TOCTOANHLIX Y), TPHMEHHM ee 1A onpe-
qejleHHsl pacxofa Kadaja, NMPOXoiAwero B TOphsHOR 3anexu.
[Mocae noacraHoBKA B opymyay (3.7) 3HadeHHA Ry NOAYUHM

k
g=-3

F hy
( f]f:ﬂr (H—z)dz— g’ 1012 (hg—z2) dz ) . 438)

Hurerpupysa (3.9), Oyaem HMeThb

Ko ch o il g
q.‘-= ﬁ.ﬂmjﬂ "—l.n[ '[[ltjr Jriu}llﬂ“]'-l- {Elu\'
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[lpuaumasn Bo pHumanne, uro Inl0=23 noayaus OKOHUA-
TENbHO :

g E“,‘:ﬂiku : !ﬂ'lrhr e IHTJ’“-—E.ST [H-‘hﬂ}l ’ i l] ¢

Ecan npeneGpeun BuicoTOll BOAB B JpeHe, T. e. MPHHATH A
ho=9, 10 107" —| 4 gopmyaa (3:11) npumer caenvioutwit Bua:

qm‘f-ﬂ;.:?r“'“n'rﬂ—-(aa?ﬁ+ 1)1. (3.12)

JaibHoCTh OCYIIHTEILHOTO JeHCTBHSA JAPelbl NpH pacxofe no-
TOKA FPYHTOBLIX BOX Ha | nor. M aApeHbl—g (c 0HOII cTOpOHEI)

S="2 0 10— (2,8vH + 1)), (3.13)

b

§ 4. Jlpesa Mam Kawan B roOpH3OHTAILHO-HEONHOPONHOM TpYHTE

Jas pewenna sanaun Bocnosbayemcst ypasHennem J[Lionion.
O4eBH/NO, Y4TO MpPH NMOCTOSHHOM pPAacXoje FPYHTOBONO MOTOKA g
B J0GOM CeYeHHH, PACMONOKEHHOM Ha PACCTOAHHH X OT JpeHbl
(puc. 34), Gyaer cobm0aaThes YC/10BHe '

dh 4

rae kg, — kospduunent dpuastpausn m-ro caos. [ponssons mo- |
GlejopaTe/lbHOe HHTErpHpoBaiHe ypasuenns (4.1), aas xamaoro
H3 CJIOeB, NOJYYHM

by HE—p? kol RE—N* Bl 12 —h? ¢
S;="—‘—'—-—I{ EI:? hu'] r Sy _[; 2: ‘] S e mi 'q;:q m-—l} HE] ;

Buipaxenne (4.2) moxno nepenucate B caeayioilieM BHie:

. 2 2 2
S, M—hy s,  M—h} R e T w
| T T R S e T | S T s T y e

Ecnu npouspecti caoenne BCeX WJIeHOB (4.3), To moayuum

m 2 2 2
s Wy, —hy H2—h}
Dpp= X4 = g~ =g

PR ey (445
OTKY/la '
Hi—h{ .
T (4.5)

e noj an noapasysMeesaeTrcH HEKOTOpAS NMPpHBeleHHAS BeJIHUYHHA,
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pazMep KOTOPOH Onpefensiercs 3 CAedYOLero ypaniens:
i

5
Dp= 2% - (4.6)
Mo#HO MOCTYIHT H APYrHM 06pPa3OM: 3AMEHHTh BCE CJIOH pas-
1O NPOHHLAEMOCTH 3KBHBAJICHTHBEIMH MO TIPOHHILAEMOCTH CJIOAMM
OJHOTO Kakoro-HuGyiab rpyuta (npuBecTHn K NPOHHLAeMOCTH OA-
HOTO FPyHTa).
HanpuMep, ecim NPHBECTH BECh CJOHCTHI TPYHT K KO3(u-
UHEHTY (PUALTPALHH K), TO TOJIIMHA NPHBEJEHHOrO CJ10f Oyier

.B::p:5| +kT:' SE"[‘:_;-S:“I"'I... i_;“-s;uu {4.?}

)\ Z

Puc. 34

[Tpusumas BO BHHMAaHME, YTO HAMOPbLI HA KOHLEBHIX Y4YaCTKax
KaK AJAA NPHBEAEHHOrO, TAK H 475 CJA0OHCTOTO TPYHTa OAHH W Te JKE,
pacxoji HAXOAUTCA no (opMmyJe

Ry H2—hg)
q T

rie Spp ONpeaensieres no GopmyJe (4.7).

B page cayuaep HeoOXOAWMO ONpeAeauTh He ¢, a JAAABHOCTL
OCYLIHTeIbHOrO AeHCTBHA JAPEHBl; ee HernocpelcTBeHHOe Onpepede-
HHe B JAHHOM c/ydae HEeBO3MOMKHO M peilleliHe NPHXOAHTCA HaXo-
AHTH TIyTeM TOCAeA0BATENbHOrO NPHOIHMKeHNS.

[Mopsigok pacyeTa B STOM cJydae CAeLYIOLIHA. Paspewasn ¢op-

wyay (4.8) orHocHTENBHO Supp, NOAYHYHM

(4.8)
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Ry He—=n3)

Sage= 00 (4.9)

24

Coraacno dopuyae (4.7),

S;p=si-+%s._,+3§i-s3-|-...-+% s (4.10)

MMest Beanuuny Spp, NMOAGHPAIOT CYMMY N MEPBHIX WIGHOB

TakuM obpasoM, uyToOm ona Obiia pasHa Sy . B psage cayuaes
S'npOYAeT MeHblle CYMMB 72 \WieHoB, HO Goabule cymmel n—I -

yaenos. Torad A8 NOJYUeHHsl TOMHOTO 3HAYEHHsA peasibHoro S Ha
M yuacTKe BeAH4YHHa aS, (e<{]) HAXOAHTCA NyTeM TOCIeloBaTelb:

HoTo NprOAHKeHHA,

Hamenenne kosdpullieHToB (PUALTPALNHH B TOPHIOHTANBHOM
HanpagieHuH oOBUHO MPOUCXOANT HA NPOTHMeHHAX, OOBUINK, YeM
PACCTOSTHHA MEMAY APCHAMH, XOTH HIBECTHLI CJy4aH HITeHCHBHO-
ro W3MeHeHHi MPOHWLAEMOCTH Noj BJAHAHHEM ocywenun. B sTux
CAyMAasgx TPeAcTABJAeT HCKOTOPHIH HHTepec onpenejeHde pacxoia
JIpeH  I7s cay4asi, Korja npoHHUAEMOCTh H3MEHACTCA BAOJbL OCH
X, T. €. O TEUeHH NHOTOKA.

Ecan nzpecTHa (pynKuHONAILHAA CBA3L Memkay xosddHuuen-
ToM (HABTpaAUHH W abcuuccoll cevenusi, B KOTOPOM paccMarpi-
BACTCH ABHMKCHHE MOTOKA, To ypasHenue JLionion MOAHO 3aNHCATH
B CJaeaywiieM BHIE:

g=ksh S, (4.11)

rie Ry — nepeMeHnblii BAOAb OCH X KO3(MPHUUHEHT (HALTPAILHN,
Hurerpupyst vpapienue (4.11), noayuum

e (4.12)

[pn pacuerax Apenaskell 3aBHCHMOCTh Ry=F (x) yrobuee 3

RCEro UMeTh B BHAe ky=Fko--f (x) nam ky=kop(x), rae Ro—Kosg-
(pHUHEHT (PUABTPALHN B HAYAJE KOOPJAHHAT.

Ouepuaio, yto
[(0)=0; ¢(0)=l

Bennuuua AansHOCTH JAeACTBHA APEHB ONpeReaneTcs H3 Yoio-,
BHAH
&5

C dx _ H—hg :
Qkx# i (4.13)

[lpn ky=k,, 7. €. B caydae OXHOPOAHOro TpYHTA, (popMmyad
(4.12) npusoaurca k Qopmyae loniow.
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§ 5. JpeHa wiau COBepPUIEHHBIH KaHad B H30TPONHO-HEOAHOPOAHOM
rpyure

B ofuem cayuae (puAbTpalMOHHBIE (BOHCTBA HEOAHOPOAHOTO
FPYHTa MOTYT H3MeHATHCA B BécbMa IHPOKHX NpeAesiax Kak B 3a-
BHCHMOCTH 0T KoopauHaT oGaacTH GHALTPalKMH, TAK H OT Hanpae-
JeHHs cTpyil GpUABTpaUHOHHOro NOTOKa (B cjyuae aHH3OTPONHO-
NPOHHLAEMBIX TPYHTOB).

YV H30TpOnHO-NpoHHUAEMLIX TPYHTOB KOos(@HUHeHT (HiLTpa-
wiH Apaserca QyHkiHell TOABKO OAHHX KoopAuHAT. B ToM cayuae,
eCAH H3MeleHHe TPOHMUAEMOCTH BAOJAbL OCH Y HE3HAYHTEALHO,

B—=R—(x 2] (5.1)

Ecau noctponts sniopsl Ko3(hduIHeNTOB PUIALTPALHH A Ce-
YeHHI MOTOKA, HAXOAAUHXCA HAa Pa3jiHUHbLIX PACcCTOSHHAX OT Ha-

|2

T

F

.
|

v
-

e |

yanaa koopauuar (puc. 35), To 3TH 3MOPsl GyAYT HMETh PasiHuHbIE
kowurypawnu, TIpH yKaaike jpensl Ha BOAOYNOP YpasHEHHE
Jlionion NPHHEMAET CJAeAVIOULHH BHA:

/]
dh
4= G | kurtlz, (5.2)

rjie yz — NepeMeHHbIH B HaNpaBjJenHl Oceil X U 2 KOI(PPUIHEHT
(puasTpaLiH,

HurerpupoBanne ypassennsi (5.2) B oOuleM BHAe 3aTPyAHH-
TeJbHO BBHAY TOTO, YTO Ky SIBAAETCA (YHKIHEH JABYX NepeMeH-
HBIX (X H Z) H pasaeieHHe nepeMeHHBIX He BCerja yjaeTcd.

Kak yKasLBaJgoCh Bhillle, B YaCTHOM CJydae, KOTAa Ryz MOMKHO
npejCcTABHTE B BHJe Npou3BejeHHs JAByX (YHKU#H, Kaxjasa 3

9 B. A. Honar. 129
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KOTOPEIX 3ABHCHT TOJALKO OT OAHOTO H3 MepeMeHHbiX, HX pasjede-
HHE TPOHCXOAHT AOBOABLHO Jerko. JlefcTBHTENbHO, ecill R yr=

==Rkop(x)(2), To Gea yueta noreps Hanopa npu pUALTPAUNN Ye-
pesd HHAEeeXalliHe ¢J0H

Fi]
dh
g=k,qp(x) ,“-h,! wi(z)dz,

(5.3)
OTKY A4
5 s Hi v
q{]' 6m) _k"b[,-j. wiz)dzdh. (5.4)
Paspewras ypasuenne (5.4) OTHOCHTEJABHO ¢, NOJYHHM
o
.f.mL § wiz)dzdn
g== _f';- : (5.5)
e
a ¥ix)

Gyukunn @(x) 0 P (2) AOMKHB  YAOBJAETBOPATL YCAOBHAM
¢ (0)=p(0)=1

G®opuyay (5.5) MoXKHO NPEACTABHTH B HECKOJbKO BHIOH3Me-
HEeHHOM BHAe Ha OCHOBAHHH CJAEAYIONHX paccyKaeHui.
Ecan 66 rpyHtr Obl1 TOJALKO TOPH3OHTAJbHO-HEOAHOPOAHBLIM,

T. @, TPYNTOM, ¥ KOTOPOTO NPOHHILAEMOCTh H3MeHAdach Obl TONBKO
BA0JB ocn X, T0 no Qopmyae (4.12)

= —— (5.6
o 3 o )

3aMennM Aanuslil pacXOL IKBHBAJEHTHHM PACXOAOM /s
rpyHTa ¢ Koapmipmentom quiabrpamun Ko, [lpu ognnx u tex xe

Hanopax H » he Ha KOHUAX yuacTKa
q_.._’_‘”*”ﬁ. _. ko{H2—h) (5.1)
2 f dx B2
L ﬁ-1-'
OTKYAa
- dx
Snp:' -"ﬁl P (5.8)

Ecan 6ol rpyuT GbiA TOABKO BEPTHKAJABHO-HEOAHOPOAHBIM (cO

CAROBIM HAIMEHCHHCM 0 POHHIEMOCTH N0 BepTHEAJ H] » TO HCNOMh-
13U




wa ceofictea dynxusn H. K. Tnpuiuckoro, momio Geino Gnl 3a-
MHCATh

@y,
. SRR (5.9)
rae
H
P u"“'ﬂr ky (H—z)dz; (5.10)
iy
ffJ‘.a,d:::af k. (ho—z)dz. (5.11)

Beuny Toro, 4to ABHHelHe NPOHCXOAHT B H30TPONHO-HEONHO-
pomioM rpyute, Heobxoaumo B dopmyay (5.9) Bmecro S noacra-
BHTE Spp, ONPENeaseMoe no opmyae (5.8). Tlocae noacraHoBKH
MNoOJY4HM

P y—Pry
F=="="F

5

dx

-kﬂ - —
%

(5.12)

"

dopmyaa (5.12) npurogka B TOM CJyuae, €cTH YAaeTcst Kod-
(pHUHCHT (HALTPAIHH MPEJCTARBHTE B BHie: Re.—R,p(x)¢(2).

B 4acTHOCTH NpH Ky=K,=Kp, T. €. B CJyuae OJHOPOIHOrO
rpyuTa, opmyaa (5.12) npusoaurtca B: hopuyae Lionou.

Heo6x0,1HMO NOMHHTb, uto 3ieck P —pyakuma H, K. I'npun-
CKOTO /A «TepeBepHYTOro» notoka. Ecan noab3osatbes (yHK-
e H. K. Tupunckoro n ToM BHie, B KOTOPOM oHa Obiia npei-
/l0IKeHa HM CaAMHM, TO CJellyeT H3MEHHTh B (5.12) anax na oGpar-
||uu

B npakTHke MeNHOPATHBHEIX M T'HAPOJOTHUECKHX pacueTos
SOFYT BCTpeuaThbesl caMmble pasnooGpasdble KOMOGHHAIHE 3aKOHO-
MEPHOCTE A H3MEHeHHd (UABTPAUMOHHLIX cBodcTe rpyura. Pac-
CMOTPHM OAHH H3 TAKHX CTYUaeB.

M3eecTHo, 4To_NpH YCTPOHCTBE OCYMIHTENBHBIX CHCTEM BChea-
CTBEHE nepepacnpeficieHis HATPY3OK B CBA3H C OCYIIEHHeM Top-
(pAtasn 3ajeXb OCefaeT, DPHYCM BEJHUYHHA OCANKH HC OJAHHAKOBA
o OJAHHE Meaapendoro npoctpadcTsa. HaunGoasmana ocaaka
HaGal0jaeTc HenocpeicTBenio y JApeH HJAH ¥ KaHajJopB H nocTe-
NeHHO 3ATYXAeT 7o HANpaBJACHHIO K cepeiHHe MexApeHHOoro
NpocTpancTaa.

Ha6aionenns, npouseesennsie Y. X. TomGeprom [47] na 6Go-
notax DCCP, nokasuiBaloT, YTO H3MEHEHHE (HUALTPAUHOHHBIX
croficTa mpcba nocjie YCTPOHCTBA OCYWHTENLHEX KAHANOB HJH
penaxken, HanGosee Pe3Ko BHPAMKEHO B HenocpelcTBeHHOH Gnu-
10CTH K Kauany uan gperc. Hamenenune buapTpanionHbiX CBOHCTR
NPOHCXOAHT NpHOJAH3HTEIbHO No NapadoiHYecKOMY 3aKOHY.
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dakT yMeHbLWEeHHA NpoHHLaeMocTH Topda BOAHIH KaHAJOB MOA-
TBepIAaeTCa TakxKe, Hanpumep, Hadmogennamu A. B, CuupHosa
[44]. Ha ocnosanun naGaomenuit ¥. X. TomGepra namu npeina-
raeTcd CcJAeayiolas 3aBHCHMOCTL H3MeHeHHA (HALTPALHONNBIN
cpoiicTe Topdha No JAAHHE MEKJAPEHHOro nojynpocrpaHcTBa (npH
AABHOCTH JIEHCTBHA oCYINHTeALHONW cueremul B 14—17 ner):

ke=ko(l+0)V x), (5.13)
raie
o= —2. (5.14)

S — JaJBHOCTh JeACTBHA APeHbl HJAH TMOJOBHHA PACCTOAHHA MeH-
Ay ApeHaMH NPH CHCTeMaTHYECKOM JpeHarme.

IMpumenenne dopmy/, Y4YHTHIBAIHX H3MCHeHHe (HILTPA-
HHOHHBIX cBOHCTE Topda nocile OCyuleHns, AaerT BO3MOAKHOCTD
NnpaBujibHee ONpele/HTh PACCTOAHHA MEMAY JAPeHaMH, T. K. OHO
OPHEHTHPYETCA HE 1a YCAOBHA, KOTOPHE CYLULeCTBYIOT 10 YCTPOii-
CTBA JPEHaa, a Ha YCJIOBHA, B KOTOPBIX NpHaercs paGorars jpe-
Ham B Te4YeHHe JJIHTeIbHOTO fIepHOJa nocje HX 3aKJajdkH.

Ecan waMmedHeHde NPOHHILASMOCTH [0 BePTHKAIH NOAYHHAECTCH
JAKOHOMEPHOCTH k,=Ry- 107, a8 MO TOPH3OHTAIH — 3aBHCHMOCTH
(5.13), To ME HMeem cay4ai, xKorja

kyeo=hko(1+oV x) 101%.

B paccmatpuBaeMoM ciyuae ky=ke(l+0} x) ne 3apucut ot

2, a ky=Fky- 107 He 3aBHCHT OT X.
[Mocne nogeranoskd B Qopmyay (5.12) noayunm

o s o
ky (J 107 (H—z)dz— ‘!!‘ 107% (hg—2)dz )

g== S - (5.158)

uf I+ay'x

B pesyabrate HHTerpHpoBanks ypasuenus (5.15) Oyaem nmerh

_ 0.190%o [1077—10M0—2 3y (H—hy) (5.16)
& ey S—In(l+0V'S)] ;i ' '
[locae noxeranopku o n3 (5.14) NMOAYUHM OKOHYATENLHO

ot oo _ 2
e 0,225k 10 lgﬂs 2.3y(H—hd)] (5.17)

[lpn peakom ymeHbleHHH MPOHHILAEMOCTH B HanpaBjJeHHH
ApeHsl B nojHHTerpaibioe BulpaxkeHue (GyHkuuy H. K. I'npuneko-
re Heo0X0AHMO BBOJIHTE AONOJAHHTE/NbHBIE NONpaBKy (ecan ApeHH-
PyeTrcsi H30NHPOBAHHBIL CJ0H).
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§ 6. [lpena wauM coBeplleHHBbll NOBYHMIA KaHan B AByxcaoiinom
H MHOTFOCAOHHOM FPYHTax NPH HAKJAOHHOM PACNONOHKEHHH
BOAOYNoOpa

Bocrnoabayemes i BBIBOJA pacueTHHIX (OPMYJ B cayuae
MaJofl pasHHUbl B TPOHHIAEMOCTH BEPXHEro M HUMKIEro CJ0eB i
YKJAAKH IpeHsl Ha Bofoynop dynkuneil @';. Kak u 8 cayuae ro-
PHAOHTAJBHOIO BOAOYNIOPA, ABHIKCHHE B ABYXCJAOIHOM rpyHTe MO-
AeT NPOHCXOAHTL € HepeceyeHneM KPOBJH HHMKHEro cJof, Koraa
ho<ZM (puc. 36), nan Ges nero (korma M<hy<H).

ll‘z

[ o 2
R 4 r' :
(G —t— 53
Puc. 36

PacevoTpum BHauaae eropofit cayuail. Tlpeanoaoxus, uto B
Hauajde yuacTtka S rayGuna Boibl B KaHane fg=hi+ M. Oyuxuna
&'; npuobperaer B 3TOM Cayuae CASAYIOUIHI BHIL

hr

h
‘.Irf:-_"_: i'l::l( - 502 l] dh= ?‘ {E[q_ﬂ{kl_fﬂﬁ'l'{?—&] — | )fff!r {ﬁl}

oo
# M h
o) =i | kodz=i (k, | dz4k; Idﬁ);'-ff{fn—faz}ﬂ'[ + kah].
i ik M /
O6oauauun §-+i(ke—F~ki) M=A, noayuum
h

P =1 g (=t —1) . (6.2)

i A—iksh
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- o e i B
e ———

HMurterpupys ypanuenune (6.2), 6yaem WMeThb
il & - S 3
gr+e=- [ m&ln[d iksh) h]. (6.3)

Ecan npu x=0 h=h;, a npu x=8 h=H, 10

q q A—ikolty
gS= 4 ho—H4L 7= | . (6.4)

[Mpusuman Bo BHUManue, uto A=q-+i{kz—Fki) M, nonyqnm

18- gy, G+i(Re—h ) M—ikshq
8= H{ho— H-t In GG i |+ (65)

HJH, COKpallas Ha ¢ W yMmMHoxasa obe uacTH Ha I, Oyaem HMeThb

o 0 9 g-i(ke—Ri ) M—ikshy .
(S =ho—H + - In e e —ikall * (6.6)
Eciii npuHaTe BO BHHMaHHe, 4TO ﬁ'—‘-“f“i';—,-kl]ﬂ —hp,
riae h; — rAy0HHa paBHOMEPHOTO MOTOKA B ABYXCJOHHOM TPYH-
Te, TO _
hy — ko
iS=hy—H4+--1In 5——. 6.7
L] 1 mﬂ . hF_H ( ]
JefictBuTeABHO,

h; .

- M hi o
g=i j‘kfdz=£(ﬁ', ﬁr dz+ky }“Fdz)=:{k|M+k={hF—-M}], (6.8)
0 M .

OTKY1a
" g LiM(ky—k) |

o T (6.9) |

Ecau kpueaa nenpeccHn B navade yuyacTEa S nepecekaeT Kpos-
mo, T. e. hp=M, T0 dopmyaa (6.7) npuuumaer Bug

hrr___“.j . =3
e if P v

Ecau B (6.10) noacraeute anauende g 3 (6.8), 1o

_ M(b—b) kb K —
iSmM—Hp 2T e S
) F:P---H

(6.11) %



Paspewas dopuyay (6.7) orHocHTensHO S, NOAYHHM

_beH g M=t
S="+a-1In e (6.12)

Ecan paspelinTh ee OTHOCHTENbHO ¢, TO MOJAYUHM
g USHH—ho) ik
hy —ho
h,—H

(6.13)

In

Ecin Kpupas JiellpeccHH Nepecekaer KPoBalo HHKHEro IJacra,
1. e. hg<M, 1o pacxon ¢ MoxKeT GHTL onpeaeed depes (PyHKUHIO
B’; caeayloumuM obpazoM:
¢FI'H "_¢"H'.!
H S ity e (6.14)

riac

H
=3\ (== ay k A1 AP
2 IH_'T'.;H" (2w —1) dh= \—H+5 0 ) (6:15)

@'n=1 (7= —1) dh=t{—hot o In =) (6.16)

[Moacrasass auauchus @'y u @i, B (6.14), nocae nedoab-
WHx npeofpazoraHuil  NOAy4HM

R R e A B R ey
iS=ho H+:‘k,|" A=l ik, I = (6.17)

Ecau npunate ka=nki, 10

(A +H—ﬁn}l-k|”

InB C* . .{E'IB}
rie A=g+i(ks—k)M: Hzf;m; c=ti?.

Paspewas gopmyay (6.17) orHocuteabno S, Gyaem nycrs

"o Tho—H q A q q——ikyho
=Tt ima T " g (5:19)

dopuyay (6.18) mMoAKHO NOAYYHTH TaKkKe Ha OCHOBE HCNOAL-
sosauns ypasHenna (1.82) raaset 1. B yem momer yOeanTbed HH-
TaTedb,

[MoauepkHeM, uYTO MOJydelinbie pellleiiid OCHOBAHBI Ha raas-
noM csoiietee @’ ;, Bupaxennom Qopmyaoii (6.14).
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YKaszanHoe o6CTOATEABCTRBO, Kak GyleT NMoKasaHo HHAe, aaeT
BO3MOMKHOCTE BecbMa OBICTPOTO M JIETKOro pellleHHs 3ajad no
(pHALTPALHE B MHOTOCJOHHBIX TPYHTAaX, TAK Kak npH BuBoae dop-
MyJ He BO3HHKaeT Heo6XOAMMOCTH NPOH3BOAHTEL HHTETrpHpPOBaHHe
Ha OTHEeNBHBEIX ydacTKax. Pacxoa B 3TOM cayuae nosyuaercsl Kax
pasHocTb 3Hauenuit gpynkuun P’; Ha KoHuax yuacTKa S, jaeqeHHas
Ha JJHHY 3TOrO yyacTka. Mowno yGeanTbesi, UTO pellicHHdA, MOay-
qaeMhle Ha OCHOBe npHMeHenHs (yHKIEM P'; B cayuae AByXca0i-
HOro rpyHta coBmapaior ¢ pemwrenusmu I'. H. Kamenckoro [19].

Ecn sonoynop siMeer oGpatheill ykaoH, To dynkuua @ ’; npu-
ofbperaer caeaywomufi BHA:

h

]
o= L § (Grtm —1) dh= 4§ (1— 735 Jan. (620)

TAK KaK B 3TOM cJaydac [ HMeeT OTPHILATENBHBIH 3Hak.
I'Ir.:v_[ p(h) weoBxoaumo HI‘JHH"-‘EHTb A0COMOTHOE  3HAYCHHE

Jk dz. Ecan rpynT OnHOpOIeH, TO :!k;dz—:kh

B nannom cayuae

¢r;u=¢.i3(l—q:kh)dh=‘j—[f!{—%ln e E (31}
i
mh;—?ﬁ['l — )= ho— & 1n ZXEe) . (6.99)
q=_“3'-'f;‘""=~=.--_-;_§(,ﬁ_;m feln L), (623)
HJH
iS=H—ho+ - In % (6.24)

He npeacrapasier Tpyaa BbiBecTH (JOPMYJAY H 18 ONpeeieHus
pacxona B apyxcaonuom rpyure npu i< 0. leficTeuTenbHo, B 3TOM
cnyuae

i "
¢=}H=iié(1-.—E+;{,l})dh=q7[}(1 — s ) dh,  (6.25)

rae A'=g+iM (ki—ke) .
HeficTBHTENBHO,

A M
q~r-rp{ﬂ}=q+ihfk,dz=q+i (k g dz Fktl‘[dz)

=g+ {kj—k:} M+-iksh,
1436




B pesyasrate HHTerpupoBanus BuipaxieHns (6.25) noayuum

! A4 ik,H
Biy=H— - In =572 (6.26)

Bocnoas3oBaBilichk YHe roToBuiM peincHueM (6.22) naa cb;,-.r_ ;
Gyaem umetb (mpu hg<M) :

qﬁﬁ'f = ihy

2 Lk g g, A 8o GFiEk
T R R e _I'S[H_h”uz, N TR ik In q ) (6.27)
HIH

Tt ol WL B g e O L Pt i

H hl}‘i‘ Ik: ]n ‘4,+!.k2H T{Lkl ]”. q [ [ﬁ'rgg.}

PaccmoTpiym  Tereph caydail MHOFOCJOHHOIO mnapaninefbho-
cAOMCTOrO rpyHTa (npeanonaraercs, 4YTO KPOBJAH CJI0EB Tapad-
JedbHB MJIOCKOCTH BOAOynopa).

B stom cayuae npu i >0, nanpumep, 8 ueTblpexcioiinom rpynre

i
¢(h)y=i | kydz=ilkiMi+keMs+FkaMs+ki(h—D3)],  (6.29)
Ly

e
Ds=Mi1+M;+Ms,
HIH

() =i (k\M, +kasMz+ksMs—FkiDs+kih). (6.30)

[Tepsbic Tpu uyieHa, crosiuHe B cKOOKax BbIpameHns (6.30),
npeacTaBASIOT NAOILALL 3MIOPL Ko3(pguuHeHTOB QHALTPaLLiN, 10-
CTpOEHHON Ha BEpPTHKaAW BhicoTol Ds.

Uetseptblii wien npejacranifger cofofi Takme Nollaib 3MOPL
¢ BhicoTOll Ds, HO ¢ NOCTOAHHEIM KO3(MpHIHCHTOM (PHILTPALNHH Ru.

Pasnocts 3THX smiop oboanauum 4epes Fj, Torja
ql(h) =i(Fs+Fkah). (6.31)

IMocae noacraHoBkH 3nauenus ¢(ft) B opuyay iM8 BeMHCAE-
A P'igy, NOMYIHM
I

*I"ﬂf:—:f- \ { ] l) dh. (6.32)
i

g—i(Fa k)
Ecan oboanaunts g—iFz=As, T0 B UeTHIPEXCAOHHOM rpyHTe

H
ey Jr.r.f:r,‘—“% “\ ['-ﬁif:-_'t__l ) dh. (6.33)

i

bt



e

Jlas Tpexcaofinoro rpyHra noJyuuM, COOTBETCTBEHHO,
H

P TIE fr
@i, = (- —1) dh. (6.31)

Ilsia ABYXCAOHHOTO rpynTa, Kax ObiJ0 patee NOKasato,

H
gy bl q
P, = Td‘ {;4._—:-!‘1::!'1_!') dh. (6.35)
B cayuae ogHOpPOAHOTO TpPyHTa
7
ft e e q
f_lrn'-' j-”p = ---E-é (m-——‘ ) dﬁ. {E-&Ej J

Hurterpuposanue 3THX ypaBHCHHH He NpelcTasjser Tpyda H
AdeT ofHOTHOHbLIE (QOpMYyJbl, KOTOPbIE MOMHO MNOAY4HTh MOMTH

ABTOMATHYCCKH.
Tak, nanpuMep, /A YCTHPEXCAORHOrO TPYHTA B 3aBHCHMOCTH

OT ryAyOHHBE BOAL B KaHaJe MOTYT BCTPETHTLCA CJACAYIOULHE BaPH-

aHTH opmya. :
. Ecan Da<ho<H, 10

Pty —p’, :
SRl | R (6.37)

= 5 : (6.38)
3. Ecmn Di<ho<Dsz, TO
) Q:T*fﬂ-ﬁ;iﬁt'u_ (639)
4. Ecau ho<Di=M,, 10 ,j
PR s L (6.40) 4,

3neck uHaekewl oz, fos, Mos 1 fton neobGXxodHMo MOHHMATE Kak
snavenns dyukunn ©’; B ceuenun, rae ii=hy, npu rayéuie oAbl
n Kanage, Goasieit Dy, Dy, Dy wan menswen D). Ananornuno u B
oTHomenun wnpexcos Hs, Ha, Hi B dopmynax (6.32) — (6.36).
B obuiem cayuae, Koraa R HaMenfercdA He paspeiBHO, a nJas-
o, T. . k=F(z), pacxoa g onpeaensercs no popmyae (6.14).
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B KayecTneé WANOCTPALHE PaccMOTPHM BbiBoa dopMmyan a4
cAy4Yas chaemyiolleil 3aBHCHMOCTH Ry Mo BhICOTE

ky=ko(l+az) . (6.41)
[Mpu i >0 u Kpusoit cnaga (h {JIP} AMeeM

]
plh) =t'.t:uﬁf (l+az)dz=ike [JI+E§~ ’

Beipasum rayGuHy paBHOMEPHOTO pexuHMa h, wepes pacxox

: rh uh;;)
g=iko{hp+-—5-].
Orciona
2q0t
altp+1= )/ 14302 ;
- "
g R I LA .:ﬂ;:i.!_ﬁ\ e ® Y i
i . {ﬂ i) ) i X fkg,‘:—rk..il;—!'
fin+h
Ok 1 {'+“"p2 ]‘T’F
——T- n "
L fzku“'i"ﬂhu} [h—ﬁp}(l-i- l'lhp)
@b’
Henoasays ocHoOBHYIO cBS3b §= - IHS s nmeem
h
l+12£ (hp—H) ( I.+:11’h]'_:|:'I p)
iS=ho—H+h — In ——r—— . (5.42)
P T ;
I +ahy [.’ip-—h}(ld-{t fn-::hl,]

Ouesnano, uto npn a=0 dopuyaa (6.42) neépexoant B n3pe-
CTHOE YpaBHeline HepaBHOMEpHOTO JIBHXKEHHA TIPYNTOBLIX BOJ.
MOMKHO paccMOTpeTh (HOPMBI KPHBBIX TIPH PASAHUHBIX 2HAUSHHIX
¢ (a>0, a<0); Ha 9TOM OCTaANABAMBATLCA He GVACM.

Kak ykaseinasioch pance, npiuBefeisuic Bhilile (opmyaul BH-
BOJHAHCL, HCXOAA H3 napajaneJibHoCTH L‘Tp}’ﬁ NoToOKa H NpH npe-
HCOPeIKEHHH NOTIONHHTEBHEMH  CONPOTHBACHHAMH, CBA3AHHBIMH
C TepexonoM cTpyil 13 Bepxunx cioee B nukuue. Ilpu peakoil
PA3HHIEC B NPOHHLUAEMOCTH CJOCB H JAPEHHUPOBAHMH 3aMKHYTOIO-
MIaCTa HKeAaTe/bHO YYMTHIBATE 3TH COMPOTHBJICHMS.

Pauee uamu npuammanoch yseawvenme myteil (pHABTPALULM
MPONOPUHOHALHLIM peatbiol AJiHHE S MEKAY CeveHHAMMH, rie
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lh=he u h=H. Tax, nanpumep, 1718 pacxoaa 3 BCPXHEro CJAOMN
ABYXCAOHHOTO naacta npu =0

il (hg2—hy?)
=93 :

S
Beauunna ﬂS=T B HAHHOM cJy4Yae fABJASeTCA MNpHBefeHHON

AanHoft nyTH UABTpaUH.

Moxno nosioliTh K 3TOMY BONPOCY HECKOJBKO HHaue W pac-
CMaTpHBaTh JBHMKeHHe CTPYH He Kak KPHBOJIHHEHOe ¢ NMpHBefeH-
HOH anunoll myTH (uALTPauuH, a Kak napaajeabHocTpyiinoe ¢
NPHBEJEHHLIM KO3(DDUUHEHTOM (UABTPAILHH PRy,

Ecan npunste takoe ToaKoBaHHe Bonpoca, TO B CJayyae Ha-
KJAOHHOTO BOAOYMOpa Benndudbl ¢(h) 1 ¢ Momuo npuanseuio
BEIYHCAATE No dopMyaaM

h h
g(h)y=i [ pskedz; g=i | pohadz. (6.44)

B cayuae muorocaofiHoro rpyHra ¢ paspuiBibiM H3MEHCHHEM
NMPOHHLUAEMOCTH TO BHICOTE

D, D, D, k
{p[h]=f(k1 Jd?-!—;ukz {) dz-]—;lza’-r;,,‘!:dz-!—.... - 1Ry _r ffz) :
1 ]

(6.45)

0, 1y h
g;mi(k,!dz-]-mkg Ll:dz+... e 1Ry I;.' n’z]. (6.46)

fi=1 E

Buiyucaenne Koa(PpPHUHEHTOB pj—, AAA CAy4as HAKJIOHHOTO
BOAOYTIOPa M H30JAHPOBAHHONH APCHB NO-BHAHMOMY MOMHO BECTH
no Tem e dopMmynam, uro u aas cayuas (=0, n6o npn majomM
YKJI0ie Bofoynopa (puibTpalnoHHble CONpoTHBAeHHA GyiyT MaJo
OTJHYaTBCA OT TAKOBHIX B caydyae =0,

Brox xkoahduunento p;-, (GH3INYECKH COOTBETCTBYET nepe-
CTpoiiKe peafbHOW 3MIOPLl NPOHHUACMOCTH Ha opaunarte i, npu
KOTOpOil opanHaTta smopul B { cioe Ae)OPMHPYETCA B ji;—; pas.

Kak yxe oTMeuasoch BHILE, YCTPONCTBO H3OAHPOBAHHLIX [pen
Kpafine nemenareasio. [TostoMy B npuHIme Apenax Hajlo GHlJIoO
6Ll paccuHTHIBATL Kak Hensoaupoeannulii. [Tpunuman, ognaxo, so
BHHMAaHHe, YTO MPaKTHYECKH OCYIECTBJACHHE MPOHHILACMOMl 3achifn-
KW He BCerja MpoM3BOINTCA, Mbl B AajdbHeiliem Gyaem paccmart-
puBate o©o0a Bapuanta (H30JHPOBAHHON H  HEN3OJAHPOBAHHOI
JApPeHbL).

Xopolo M3BECTHO, UTO 3achiNKa pcerda GoJce NMpoHHLAeMa,
HCM KOpDeHHaa nopoja, Ho CO BpeMeHeM MPOHCXOAHT ee YnJoTHe-
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Hite, ¢ KOTOPbM HeoOX0AHMO CYHTATLCS, TAK KaK JpeHaK paccuu-
THIBAETCHA HA AIHTeAbHbIH nepuoa pabotul. Pan uccienopauuii no-
KasplBaeT, YTO HHOrAa TPOHHLAEMOCTh 3aCHINKH COXpansieTcd Jo-
BOJABHO J0Jr0. 3T0 NO-BHAHMOMY 00YCJAOBJIHBASTCH HAJHYHCM GO-
Jiéeé BBICOKHX TpPajiHeHTOB Hanopa B 30He, pPacnoJoOXeHHON Hemo-
CPeNCTBEHHO Han Jjpenodi, Gaarogapa 4eMy B NepPHOJ HHTEHCHB-
HOTO BHIMAJCHHA OCA/IKOB, KOrJla BO3HHKAET MOTOK 4Yepes 3acCLinkKy,
OTMEYAIOTCH ABJIEHHS Cy(Po3HH.

Ecan apena y/oxmena B TpaHulewo ¢ 3acLinkoil, npoHnaeMocTh
KOTOPO#l BBl TPOHHUASMOCTH KOPEHHOH [OPOAM, TO ee Helb3s
PacCMATPHBATL Kak HaoaupoBannyio. Pacxon takoft apensl B mne-
PHOT NPONYCKA MAaKCHMYMOB CTOKa (JNMBHEBOrO XapakTepa HJH
CTOKa TaiaslXx Boj) Oyler B sHauHTesbHONl Mepe 3aBHCeTh OT Mpo-
HHILAEMOCTH 3aChINKM.

Ilpn BEINycKe NMOTOKA TPYHTOBHIX BOJA B OTKPHITHI KaHal M
He NMPHHHMAEM BO BHHMaHnHe (PUALBTPAIHOHHBIX CONPOTHBJACHHN Ha
BEPTHKAABHOM YYACTKe ABHMKeHHHA, W00 31ech MO JOCTHHKEHHH MNo-
TOKOM TpaHWIEH NPOMCXO/AHT CTeKalie MO ee CTeHKaM.

B cayuae nsonupomanmofi apeust, maoBopor, norepH Hanopa
Ha BEPTHKANABHBIX NYTAX (GHABTPALMH NPH MaJjOH NPOHHIAEMOCTH
HHAKHErO CJ10A BeChbMa BEJHKH H NMO3TOMY B Jpeny nonagaer JHIUL
HEZHAUHTE/IbHAA YACThk Pacxoja, KOTOPLH MomeT GHTL NPoNyiLeH
BEPXHHM CJIOCM MpPH QAHHOH PA3HOCTH HANOPOB HAa KOHLAX yya-
CTKa S.

HaunGoaee nurepecHbiM ¢ NPaKTHYECKON TOUYKH 3DEHHA SBJSAET-
csl cAyuai, Koraa ApeHa yKAa/AbBaeTcs B TPAHWIE, 3anoJHeHHYIO
S8CHINKOH, B oblieM cayyae. oTiHYaoweficA No NPOHHIAEMOCTH
KidK OT BEPXHEro, TAK H OT HHIKHEro cAoeB ABYXCJACHHOIO rpyHTa.

OO6LYMHO NPOHHILAEMOCTh 3aCHINKH CEbCKOXO03AACTBEHHBIX Ape-
Hamel HMEeT NPOMEeKYTOUHOe 3HAYeHHE MEXKAY NPOHHILAEMOCTHIO
BEPXHEro—nNaxoTHOTO CJ08 H KOPeHHOH Mopoibl, TAK KaK OHA co-
CTONT H3 IYMYCHPOBAHHOH 4YACTH TPYHTa H CMeLIaHHOH ¢ Hel
paspeixiieHHoH KopeHHOHR NOpOARLL.

Pacyer Taxux japei, KOTOphle B OTJHYHE OT H3OJHPOBAHHBIX
JpeH M OTKPBLITHIX KaHa/NO0B HA30BEM HEH30JHPOBAaHHLIMH JpeHa-
MH (B NpakTHKe TaKHe JApPEHbl HHOT/A HA3LIBAOTCA ApeHaMH
(puALTPYIOUeR WTOPOii), PACCMOTPHM HHIKE, B KOHIC HaCTOALLEH
I7188H,

§ 7. Hecosepwennas japeHa WAM JOBUMIT Kawan
B ABYXCAOHHOM rpyHTe

YKNajka ApeH HA BOAOYNOP ABJACTCH HACTHBIM H B O6LLEM
AOBOJIBHO PEAKHM CAyyaeM, BCTPeuaWHMCAd B MeJaHOPaTHBHOM
npaktike. Kak npaBuno, npedbl YKAaALIBAIOTCA HAa HEKOTOPOM
paccToOsHHH @ oT soaoynopa., B paae cayuaes poobule ouveHb
TPYAHO BHIABHTE TOUHOE pacnoJiodeHiie BOAOYNOPA, H TaKyW Ape-
HY MHOrA3 PAacCUMTHLIBAIOT KAk ApeHy ¢ GeCKOHeUHEIM yaJeHHeM
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ot sogoynopa. Ecan npu pacuere Apensl ¢ Geckoneuno yiaset-
HEIM BOLOYIODOM MPHANMAaTh, 4T KOs(Q@uuuenT (PuIbTpauun —-
nocTONNNAA MO0 BLCOTe BeAWUHHA, paBHas Kosdpuuuenty (pHiIb-
TPaunn B MeCTe YKIAJIKH [peH, TO, KakK Npasuio, MoJY4aTCH
JaBblILEHHEE PACXOAk, MPHBOAALULNE K HASHAYCHHIO HeonpaBaaH-
HG 3aBLILEHHLIX PacCTOAHNN MeAy JpeHamu B caydae cHcre-
MATHYCCKOr0 ApeHaKa WiH H3JHuIHe ONTHMHCTHYECKHM MpOrHo-
54M B OTHOLICHHH pacxXoloB BoAOCOGOPHLIX Tajjepel, KaHaaon
wan apen, HaGmoacuus Y. X, TomGepra na Gonotax H saMepul
KO3(pPUIIEHTOR QUALTPANNN B MUNEPANLHBIX TPYNTAX NOKA3b-
BAIOT, YTO HHIKHHE CJOH Aame OQHOPOJHEIX TPYHTOB, Kak mpa-

ik
@ i

'Q"h.

2 / ®

!
T
{i

Puc. 37

BHJAO, HMCIOT MeHBIIYIO NponHiaeMocTs. Jlannoe spjerHe MOXHO
OOBACHNTD, BO-TICPBLIX, NABJEHHEM BEPXIHX CJOeB H. BO-BTOPBIX,
HCKOTOPHIM BAHAHHEM NOYBOOOPA3IOBATENBHLIX NPOLECCOB, B pe-
ayAbLTATC KOTOPHIX B HIKHHX cAosx o6pasyioTes caabonpoHuuae-
MBIE, @ MACTO M HCKAWMHTeNbHO caabonpoHHULAeMble TOPH3ONTL
(oprinrteiin). Jlannoe o6CTOATENBCTBO, €CAH OHO He YUHTHIBAETCH
MpH pacueTax peryanpyioulel ceTH OCYIIHTEbHBIX CHCTEM, MO-
AET NMPHBOJANTL K HA3HAUEHHIO HEONpaBlaHO BRICOKHX paccTos:-
nuil MCKAY ApeHaMu, uTo, B CBOKO OYépeib, NPHBOIHT K HEL0CTa-
TOYHOMY OCYUIEHHID,

[Tpi ykJajake Apensl B ABYXCJAOHHBIH TPYHT MOTYT BCTPETHTL-
csl JBa BapHAHTa PACnOJOMXKeHHs APCHb OTHOCHTELIO JAHHHH pas-
feaa cacep: 1) ApeHa yKAaauBaeTcs B HuKuuii caoii, 2) npena
yKAaaupaerca B Bepxunit ciol. PaccmoTpim obfa 3TH cay4asa M
npHBeieM A48 UMX pacuetHuie Gopmyast. [lpn yxaaike ApeHbl B
HUMKHWI caoli (pue. 37) na paccTOAHHH @ OT NOBEPXHOCTH BOLO®
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ynopa( npu MolnHocTh naacta a-+M) MOMHO YC/NOBHO CUHTATH,
WTO pacXoj APEHLI ONpejesiuTCs Kak cyMMa pacxofloB, NOCTynalo-
npix w3 obaacteil, pacnoNOMCHHBIX Bhllle TOPH3ONTA 3aJ0MEHHA
apensi (g)) 1 HUEKe ee 3anomennsn (go). Takoe nonyienue Mol ae-
JaeM MO aHANOrHM C JAeTanbHO paccMOTPeHHoil BLllie 3ajavyed o
NPHTOKE BOABL K COBCPLIEHHOMY KaHaJy B ABYXCJAOHHOM rpynTe

¢ ncnonszosaneMm ¢ynxkuun H. K. Tupunckoro. Pacxon ¢, Gyaer
pasen (B cayuae hp<_M)

=g lnn (H—M)2+2M(H—M) -+ M—he?] . (7.1)
riae
ks

ﬂ.='k—l .

Huxuas 3oHa npeacTaBieHa OJAHOPOMHLIM FPYHTOM ¢ KO3(Hu-
nuentoM (prasTpaunn ki PaccmarpuBas HHKHIOW 3011 KaK YCI0B-
HYIO 30HY HAMOPHOrO NOTOKA, NOIVYHM €€ pacxol B puje

4o =k|__fH‘;—-ﬁ'.n L- a, {TE:I
rie
TR B
g . 2a °

O6unit pacxoa g=gi+go COETaBHT

G=a-lwn (H—M)? +2M (H—M) + M?—he? +2a (H—ho) a] . (7.3)

[lpu oTcyTCTEBHH NOANOPa B Apede WAH Manoil rayGHHe ee 3a-
NOJAHEHAR MOMHO NpHHATE he=0. B 3TOoM cayuae

g= o nn(H—M)2 +2M (H—M) +M?+2aHa] . (74)

HaasHocTh OCYMIHTEABHOTO ACHCTBHA JAPCHB NpPH  H3BECTHOM
NPHTOKEe § ¢ OAHOA ee CTOpPOHW onpeaenscrca no gopmye

:~:=;_ng:: (H—M)2 +2M (H—M) +M? +2aHa].  (7.5)

[pn yknaake apensl B Bepxuuil caoit (puc. 38), npumenss
AHaNorHuHLle JIONYHEHHS, NOJYUHM pacxoa u3 Bepxilefl 30HB Kak
pacxod M3 OJHOPOAHOTO PPYHTA € MPOHHLAEMOCTBIO Rz no dop-
vyae Hioniou

Ry (H3—
;fl_zd.‘-ié.sﬂ : (7.6)
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Pacxon u3 uukuefi 30HBI, KaK pacxoj M3 30HB, COCTAB/EHHOI
H3 IBYX NJIACTOB (HHM{HEID — MOULHOCTBIO @1 C TIPOHHUAEMOCTEI)
k1 H cpejHero — MOUWHOCTEI0 Gz H MPOHHIAEMOCThIO Kj) MOMKET
OBITE YCJOBHO ONpeJeNIcH ¢ y4eToM NOonpaBki A no dopmyae

go=_(H—ho) L[ Ak dR, (7.7)
rne i
N
{ i
L.' [T
)
|
' Q
®) .
£
bl : —
< s
Puc. 38
Ipu paspuieHOM H3MeHeHHH kB, 10 BEICOTe B cayqae H.nycnuﬁ- '
HOFO PPYHTAa

go=(H—ho) [ 422 ‘*‘*? = fa(s+ -ﬁﬁ]]. (7.8)

3nauende 4 onpejesercs B AaHHOM ciydae no gopmy.e

: A ¥
L '/.__H_w : (7.9)
rae (npu n>10)

- -Biajagn W& 0 Ry 4 as
O=larogar’ "Ta s M=) 1+ o

OGumit pacxog ¢ pased cymMe pacXo/loB OT/AC/IAbHBIX 30H, T. €.

_ Ry(H1=hg?) kg a as
S E +[H-«hu)[m+lk.[§+“ = -)]- (7.10)
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TAE

n=147a. |g—§% ; Me=l4Tas-lg %‘E+

Beanunny S npu sajzanHoM ¢ Jydile Bcero onpeaetarb noaso-
poM, H60 paspemienue ypasuenns (7.10) orTHocureneho S mgaer
YPABHEHHE TpeTheil CcTenewwu,

3ajgaya o0 pacxofe HecoBeputenHoili apennt (puc. 39), yaomedu-
HOH B JBYXCNOHHHI IPYHT MNpPH HAKJOHHOM BOACYNOPE, MOMKET
OMTb, npaBfa, BeckMa MNPHOAMMKENHO, pelIela HA OCHOBAIHM
CACAYIOMIero AOMYINEHNA: NMPH MAJLIX YKJIOHAX BOAOYNOpa Kod-
(pHLHEHT BHCAYECTH JApPeHHl NPH HAKJIOHHOM Bojoynope Gyaer Ma-
A0 OTIHYATBCS 0T KOsQupHIHEHTa BHCAYECTH TOH e JApeHBl mpH
FOpH3cHTaJALHOM pojioynope. Taxkoe nonymenne, kag Oyiaer nokKa-

} 2 *
) g
| v
b e O R
A
@& .3

Pure. 39

3AHO HHAeE, NOATBepkaaeTca onuitaMu. Pasbueas, Kaxk n paxee,
06lHA MOTOK Ha JIBA YCJAOBHBIX MOTOKA, pacxol 13 pepxHeil 30HLI
ANS NEPBOTO BapHaHTa yknaiku apensl (npn i>0) momno noav-
YHTE MO cAedylolileit (popmyae:

S 4 H—h
e (7.11)
rae _
PR T O L O
— 1.k'| g ,I;;'_-]‘,I 3 bk J.kg F o) .Ir!-;,; ---H ¥

Pacxon nanopHoro notoka, nocTynaiomuil B Apenry H3 Himued
30HB, MOXKET GHTh HaRZeHd N3 claeayiollLx coobpanenuil.
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Ecan paccMaTpuBaTh KPUBYIO JGAPECCHH Kak MBE30MeTPHIS.

CKYH) KPUBYI NMOTOKA, NPOXOJAUlero noj aApeHoi (kaxk Oyler no-
Ka3aHo HHiKe, 3TO He COBCEM TOUHO), TO

go=kya{ i+-22). (7.12)

Hurerpupys ypaenenue (7.12) n paspemas nonyueHssifi pe-
3YAbTAT OTHOCHTEABHO ¢p, Gy1eM HMETD

_ ka4 i5—1y)
— 3 s

o (7.13)

YuuTHBas NOTEDH HANOPA HA HECOBEDIIEHCTBO [pell, PACXOL
nocTynawinnil B gpeny Oyaer papeH

-

o= k[u[H_giSu.‘:u] g {?.14} :

O6uwnii pacxos HecoBepleHHON ADEHLl B 9TOM Cay4Yde COCTé-
BHT

(S 4 H—bg . kya(H 4 iS—ho)
== ALE —j— : 5 &©. {?-15]

[Tpu onpeneneHun pacxoaa § Beanunuet by B hy BHUHCASIOT-
Cid B NPEATOJNONXKEHHH, YTO BOJOYNOP MPOXOAHT 0O JAuuukd AB
(puc. 39). Tak Kak 3TH BeAHUHHLI ONPELEITIOTCA B 3aBHCHMOCTH
OT ¢,, HEH3BECTHOM B HauaJje pacyera, TO NPH 3aJaHHOM S BeJH-
YHHAa q1 OTpejeqsieTca MyTeM Moabopa*.

[Mprmenas auanoruuusic paccymieHHs IS Cayyas ofipaTHoro
YKJOHA BOAOYNOPa, NOJYUHM

. B—Hik

o= ik +klu{H—s-.fS--I:n} a, - T
rog
Ar"= i Bl Bl 2 lg ol ;
f.lq Ii;. +M s .:.f.‘,= j;: +H

Ecan gpenH yknajaspaioTesi nmo  BTOpOMY BApHAHTY, T. €,
B BEDXHHH CJIOM, TO PACXOABI H3 BepXHel 30HE MOXHO ONPE/ISJAHTL
no gopumyse (6.13) npegwiayimeroc pasaena. B cayuae (>0 i

"?1-' hp—}i,u.u . {?-]?]

In
hp—H

B cayyae { <0

o Ry (IS 4 hg—H)
A= (7.18)

T |

* Hanee, 5 § 9 nacrosmed raasw, Gyder jpado npubaKeHHOe pelienue,

NO3BOAIOLICE ONPEAEATs ¢ HEenoCpeACTBeHHO. '
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Kax puano n3a gopmyan (7.14) u (7.15), nanuyue ykaoira Boao-
yropa 3aCTaBAfieT NMPH BHYHCJIEHHM Pacxojfa H3 HHXHell 30HH
BEOOINTL B pﬂE‘IETIIhH-i Hanop ,E[,D]'ID.-‘IIIHTE'JIBHHﬁ YWJIEH, pamlmﬁ no
abGcoatothoil Beanuue (S, I1pn nonoxutensHoM yraowe (i>0) on
npu6asasercd, B MPOTHBHOM CJy4Yae — BHIYHTAeTCA M3 Hanopa H.
[losTomy npu yKaaaKe jApeHBl MO BTOPOMY BapPHAHTY, HCMNOJB3YA
thopmyay (7.7), pacxol H3 30HH, pacnofioeHHON HHXKe APeHH,
npx i >0 MOMHO OnpeaeuTh MO cAeayioulei gopmye:

go= tH+iS—hn}érl,k;dR. (7.19)
B cayuae ofpaTHoro ykJoHa

go’ = (H—iS— ho) g Mk, dR . ‘ (7.20)

I1pu paspeisnoM usmeHcHHH Ko3(dnuuentos QHALTPALKH, IPH
i>0 n apyxciaofiHoM TpyHTe

qo=(H+iS—ho) |2 i g~ )] (7.21)

S+1;:
Ecan i<Z0, 10
Go= (H—iS—ho) [$22 4okl ot —2 )] (722)

[Mpu H=iS+hy, ccan i< 0, npuToK B Apery NpeKpallaeTcs.
OO6wuft pacxox apexs npa i>0 Gyder paeen

T 7 fkj- k;u
g {H+E_h‘]lﬂ+s+;’+ kl(m—r)l. (7.23)
e
P
[pn i<0
= PEEEE) 1 (H—iS—ho) [§+ 25— 52 ) (724)
In et
ot H

Ilns npoBepkH BHBefeHHBIX GopMya Oban NpoH3BeleHH pac-
YeTH H KOHTpOJbHBEle H3MepeHus Ha npubope DIJA nas cayuas
(=005, H=1,5 M, S=14 x, d=0.1 M, a=2 x. 35aueHHe YKAOHA
OH10 BHIOPAHO MAKCHMAMBHEM C LENbI0 JIOKasaTelsCTBa TOrO, 4TU
Jlazke B 3TOM CJyvae noayyalorcs [pHeMJeMble A8 NPaKTHKH
pemtenns. B npupoaHblx ycloBHSIX nNajeHHe Ci10eB, KaK NPaBHIO,
menbiue 0,05,

B nepeom Bapuante NpHHHMAJAOCH, UTO Kos(dHUHeHT dHALTPA-
Ui BepxHero caosi k=025 mfcyr. Kosddbuunent GpuanTpanun
HIXKHEro cnos NPpHHEMAaJaca paBHeIM 1 sfcyriu, M=0.5 m
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ﬁpﬁ NPUHATLIX pasMepax # 0pH npcHeGperennH BeAHYHHON
fv oOumuit pacxoa g Oyaer pasen

ot ES+II+k1Hff-’+fS] 00514415 , 1-2(1,540,05- 14) a

1=4+B S [T WO i4
29
=4<H +0,254,
THK KaK
I
i i q? E-l '_ﬂ:ﬂ[}'ﬂlﬂ
R TR Y

Jaaanumca ¢,=0,080 m*/cytkn. B stom cayuae

o '?J - i ﬂ,ﬂﬂﬂ il =
hy = =T.ops 10 #;
B = QM (k) 0.0804005-05(025—10
o iks 3 0,05 - 0,25

[

r 53 IJEI|:| o per

]~—-4,9 M

hy—M —005-1 °16—05

1,30:

L
2.3 ho—M 23 4,9—0,5 ;
Be o ’g'h;rﬁ = 005025 81015 — 202

—_— 2.2 -
g = m =(),080 .H}.I"IEFT.

Taxam o6pasom, oGuinil pacxon, BhUMCAGHHEIM Gea ywera ho,
¢=0,08040,254=0,334 s?/cyr.

B pesyabrate onuita noayueso ¢=0,321 m¥/cyrru.

Bo Bropom Bapuanre npmHuManocs, uTO ApeHa VJoKeHa B
BepXHHil Ca0l ¢ Kospduunenrom GuasTpaumn ky=1 M/cyrie.
Mounocts ciioes @y ¥ a; npUHUManack pPaBHOMN, COOTBETCTBEHHO,
14 u 1,6 . KosppuuHEHT (HALTPALNN HHAKHEro CJAOA NPHHAT
k1=0,25 m/eyriu. Tlpu npunareix suavennsx H, k: u S pacxon
BepxHell sousl (npu ho=0)

ik (iS+H) _ 005-1(0.05-14+15) _ 0,048
hp e &p ik T ;
I“ hp-—ltl, 2.3 i lE hp—H ]hﬂp‘—l.ﬁ

4=

azagumca g1=0,132 m¥/eyreu. B srom cayuae

T O :
hp= Ty = 006 10— 2644,
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nma

‘E?1= EH
e T

2.64—1.5

=0,132 x¥cyr.

Pacxon w3 HHMKHER 30HK paBeH

) . Ratty e il

go= (H+iS) [S+'q +hk (S-E-'q -5-1-1];-)]'

Buiugcany KOMNOHeHTH (POPpMYJIL A8 onpeieeHis go:
H+iS=15-+0050-14=22 u;

2+3
3,14-0,1

S+n=14-1-147-31g = 19,65;

S+m=14-+14716 Ig =55 o7 = 16,40;

Pasan? _ 1,24-14-1,6-0,25° ==(,09;

W= a3 0 32({025+2)
1 R ot i Y
e rpri ]/i—m.ngr -1 <
1 1.6
go= 22 N0 +0.25- 1 (135 — 25:)] =0.234 w/eyr.

O6muft pacxon
g=0,132410,234=0,366 su2/cyru (Ges yuera hs).

B peayasrare onelta noayueno ¢=0,363 w3/ eyrru.

CpagHeHHe pe3yabTaToB BLIMHCJAEHHH ¢ JAHHHIMH OMETOB NO-
Ka3HBAIOT, YTO Ja’Ke NPH OTHOCHTENRHO GOJNLIIHX YKJIOHAX BOIO-
Vopa pacyeTHee (OPMYJH [al0T YAOBJETBOPHTEIbHBIE Pe3y/ib-
TATH.

& 8. HecosepineHHan jApeHa WJIH KaHAN B BEPTHHANBHO-
HEOQHOPOLHOM FPYHTE

Pacuer ppennl, yJaoxkeHHofi B BepTHKA.1bHO-HEOAHOPOMHHH
rpyHT, NPHHUHOHRAJBHO HE OTJAHYaeTCA OT pacuera [peH H KaHalos
B ABYXCJOHHOM TIpyHTe, Tak Kak OasupyeTcs Ha MCNOJb30OBAHHH
¢yukuun H. K. Dnpunckoro @' naun ee pasnosuauccra 'y, npu
BHIYHCAGIHM pacXoloB W3 BepxHedl 3oHU H Qopmya (7.19) w
(7.20) Hacrosginell raaBel NPH BHIYHCASHHW DACXOAOB W3 HUMKHERH
JOHKBI,
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B cayuae ropHscHTaJbHOro BoJoynopa obwiali pacxod JApeHsl
WIH KaHana OyxeT bluucaaTdea no caeaywowmedt gopmyne: 3

=lEi_‘ll"_E'£'IEI +[H“"—’|FH|} {szzdﬁ 4 {Erl] |

IlpenieGperaa ho, eciu 9T0 BO3IMOMKHO, MOJYUHM

Gt j‘ Aoz dR . (8.2)

B cayuae HakKJOHHOTO BOAOYIOPA

D jy— D’ o
gt S EHRE ) [ hoksdR, (8.3)

wa, npedebperas o (€cai 370 BOIMOXKHO).

= f.ﬂ*_ + (H + IS]J haoRodR . (8.4)

B KauecTBe nmpuMepa mnpHBeAeM (OpMyaH IJR OnpereneHH:A
pacxola HecoBepIIeHHOM JipeHbl B cJjydae H3IMeHeHHs (QHABTPaA-
IHOHHEIX cBoficTB TophsHoro rpyHTa No 3aKOHOMEDPHOCTH, mpe-
noxentofi ¥. X. TomGeprom, Ilpumem, uto BoAOYMOpP TrOpPH3OHTA-
Jged. Pacxon U3 BepxHell 30HH HAMH YMe ONpeNedeH W Bhiparkaer-
ca dopmynoit (3.11) HacTosuiell raaswL

[TpunnMas Bo BHHMAanme, YTO C YBEJAHYEHWEM DPACCTOAHMA OT
ApeHbl B CTOPOHY Bofoynopa KosdduuueHT (QHILTPALHE YMeHb-
maercs, T. €, jJpeHa HaxoAuTca B HaubGogee NMPOHHUAEMOH YacTH
sanemn B npoMmexkyTre ot 0 10 a, npumMeM Az=1; Toraa

go=(H—ho) l_:szdR. | "~ (8.5)

aﬂ.ﬁ:h Nnojg a4 noapasyMeBdeTCd pacCTOAHEE OF ADEHH A0 BOOO-
ynopa. Hanpaeus B faHHOM cAy4ae OChb 2 BHH3, TIOJYYHM:

d
S+n—2 7;'5

; [3+q:)= S+7)? - (8.6)

o T 2z
[IpuEEMas BO BHEManue, uTO0 Ny—=-— 2|0, NOAYUHM

‘-‘i Un—+1] (8.7)

T
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dh
[Tocae moACTAHOBKH 3HaueHHA ?zf B ypapHenue (8.6) u npu-

peleHHS TOLOOHLIX W1eHOB GYIeM HMeTh

S5—0,64z
dR= B (8.8)

Kos(pidmmuent ¢puabrpanuu no ¥. X. Tombepry o mnmneft sone
H3MEHAETCA N0 3aKOHY

kyho+ 107, (8.9)

rae £— alcoMIOTHOe 3HavYeHHe OPAHHATHL

Heob6xonumMo oTMeTHTh BechMa NpHOIHMeHHBIH XapaxTep 3a-
pucuMocts (8.9). BeayciopHo, naMeHeHue npodnnaesmoctd Topdos
B HEPTH}{.EJII:H{}M IIHHFEHHEHHH ONMUCEHBABSTCH HECIJE.I]HEHHH ﬁﬂlﬂEE
cAOMHBMHE 3aBHcHMocTaMH. Jlaa caoem, yviajdedHwx nHa Gogsllioe
paccrosHne (Gosee 3 MeTPOB) OT NOBCPXHOCTH, 3aBHCHMOCTH
(8.9) Gyner napaTb 3aHHIKeHHOe 3HaueHHe NpounnaemoctH. Ilei-
CTBUTENBHO, ec/IH NPHHATE a=5 x ny=0,7, To k; =&y 1035, 1. €.
no ¥. X. TomGepry mnosyuaeTrcsi, uTo NPONHIIAEMOCTh HA Taybnue
5 M OYIET NOYTH B TPH THICAYH Pa3 MeHbINE NPOHHILAEMOCTH B TOU-
Ke YKJAaAKH Apedbl. CToib pe3koe H3MeHeHHE NPOHHILACMOCTH
PPAANH NpakTHUeCKH Bo3MoxHo. [IpH pacuere Apenaikei, B 0CO-
GeHHOCTH CHCTEMATHUYECKOTO ApeHama ¢ rayGnHaMi Topda no
3—4 wMeTpoB, NO-BHAHMOMY MOMHO C [AOCTATOYHOH TOUHOCTLIO
noas20BaThed saBHcHMOcTRIo (8.9). Tlocnennee cpsiaalo ¢ TeM,
YTO OCHOBHASA YacTh pacxoja HHmHeR 30HB QOpMHPYETCH B aKTHD-
HoH 30HE, T. €. B 30He, HENCCPeaCTBEHHO HPHMI:IHEI'D[I],EITI K JpeHe.
IMosToMy HekoTopoe 3aHMIKeHHe pacXoja, CBA3AHHOE C HeTOYHO-
cThio 3aBHcHMocTH (8.9), OyneT HeBeJMKO M MOKET paccMaTpH-
BATHCA Kak onpefeaennnil kosdupuiment sanaca.

VY. X. TomGepr npuuuMan y NocTOAHNEIM MO Bceli BHCOTE 3a-
nexn. [lo-euauMoMy, ero Hago NPHHEMATL NepeMellHbIM,—YyMeHb-
IIAIOWHMCA 70 Mepe yiajeHHA OT ApeHu K Boioynopy. Onxako
elle GoJbllee ycJaoMKHeHHe 3aBHCHMOCcTell, ONHECHBAIOLIHX. pacnpe-
neneHHe GHALTPANHOHHHX cBoficTB TophaHON 3aeKH N0 BHCOTE,
npuBesao Gbl K BecbMa FPOMO3AKHM (hopMyJaM, H Mo3TOMY HaMH
NPHEHMAETCHA B 3aBHCHMOCThL R=[(2) B TOM BHJle, I KOTOPOM OHAa
Grina npenaoxkena ¥. X, TomGeprom.

[locne nmoicTanoBKH MoJyuyeHHOro 3HaueHHa dR B nogunTe-
rpanbHoe BeIpameHwe dopMyar (8.5) OyaeMmM HMeTh

[ —-12;0__
go=Fo(H—hq) | W P atdn 0048 1o (8.10)

(S+054z- un% f

0
HMFEEHHE TOYHOTO pCIleHHA ITYTEM HHTEerpHpOBAHAA YpAaBHE-
Hua (8.10) saTpyAHATEIBHO BCJASACTEHE MOBOJBHO CJ0MHOrO BHAA
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nojunTerpanabHod (yukurn. Beuny Toro, uro aanmuil cayuai
NPEACTABAACT NMPAKTHYECKHH HHTEpEC u MoHanofHTCA HAM B 1ajib-
HeHeM ApH BEBOZC (GopMya A0A onpeaescHHs PACCTORHHE MEHK-
Ay ApeHaMH CHCTeMATHYECKOTO JOpeHa)Ka B Top(pAHHX TpyHTax

(cM. raasy IV, § 4), nonsitaemcs nonyunte npubJaHxesHoe pe- &

ieHHe,

PasolfbeM 30HY MOLIHOCTBLIO @ Ha TPH y4acTka Beicotofi no a/3.
Ha yporne saknanku npens KosdgpHuHeHT QHALTPALKN PaRel Ry,
nHa yposHe a/3—F’, na yposue 2a/3—k" u, nakouei, Wa yposHe
pojtoynopa — k. Cpeaune snadeuns roadduiumenta GuabTpaiui
A OTJeJBHEIX CJI0eB HailjeM, NPHHHMAaN B KauecTse a; paccTos-
HHA OT Cepellbl 3THX CJI0eB 10 JpPEeHH.

B stoMm cayuae

ki = ko - 10~0467a;
k=t - 10~054 ; (8.11)

kg“ﬂkll' 1Q—=0883a ]

Beanunnunl &y, k3, k3 ABJAAIOTCA MOCTOAHHLIME H NOTOMY I1jHI
HUTETPHPOBAHHKE MOTYT OBITh BBIHCCEHLl 3a 3HaK HHTErpaJja.

Pacxon na HudHell 30HH TPEXCJIOHHOrO FPYHTAa NpH pasphis-
HOM H3MeHeHHH xo3(duunenTa QUALTPALHH MOXKeT OHTL BHIYHC-
aent no gopmyne (3.37) rnaeu Il. B nanHom cayuae, npeneSperan
fio 1 NpAMHBARA =], noayuumM

0, 33 {.G6a :{
q,,-:.H(ki &[dﬁ'+kz L:ﬂHkaJ dR ) (8.12)
0, 0,66 ]

IMoacraBnaa snauennsa Ri, k: u k3 8 dopuyay (8,12) u npona-
nons HeoGXoauMbie npeoGpazorannd, NOJYYHM

go=koHIN, (8.13)
rae
4 f = 0.32a i > 0,684 x a 8
A =h$+n;]n i ]Gm{5+n;)u.3aa+ I{}m($+n;)n.ﬁﬁa}mm’
m=—0,1671a. |
O6mnil pacxol, nocTynawUyi £ ApeHy ¢ oAHOH ee CTOPOHL,
9= “ﬁ“ [10W — (2,3yH +1)] +koHN . (8.14)

Kak suano 13 Gopmyant (8.14). pennunna g GyaeT 3HaUHTENb-
HO OTJAHYATBCH OT pasMepa pacxofia, MOJAYY4aeMOTo B NPeAnoJo-
ACCHHE, 4TO TpyHT oanoponct. IMosToMy He VAHBHTENbHBI Pe3xHe
PACKOMICHEA B SHAUCHHAX PacueTHHX H (akTHuecKn Habmoac-
MBIX HA JPeHaKiblX CHCTEMaX PacxoioB,
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B KauccTBe WAMOCTPAILHA BBHYHCAKM pacxol roJoBHOR JpeHhH
anamerpom d=0,2 M, ecan S=50 u, [I=1 u, a=06 u, xoa(ppunHeHT
(puabTpamHn k =2 10°5% mfcyrru. ’

Pacxoa w3 BepxHelt 30HB

gr= 203 2010085 - 1 (2,3 0,65+ 1,0+ 1,0)}== 0,352 #¥/cyr.

Pacxon n2 HHAHeN 30HL

go=hoHN=2 1,0 - N=2N;

x i '-1.3341 3 rl-:. AN ;
Lf—i—‘q;ju 5 T 2.2 =0,0383;
50-+147-2-lg575 00
(=) . 0,0383=0,0685—0,0383 =0,0302;
S+n'0.33a 2.4
5‘“"'1.4?'4"] 3;14"{;:2.
(52=)e = : —0,0685=0.095)—0,0685==0,0265;
|5 Tz /0,6 2-6

501,47 -4+ 18575709
m=—0,167ya=—0,167 - 0,65 - 6=—0,65, 10" = 10-0%=(),224;
N = (0,0383--0,2242 - 0,0302 + 0.224? - 9,0265) - 0,224=0,0090;
go=2N =2.0,0090=0,018 a*/cyr.
O6unit pacxoa apedst ¢ =0,0532 u?/eyrxu.
Jl5 OleHKH MPHEMJIeMOCTH TOJNYUEHHBX NMPHGAHMKEHHBIX (op-
MVJ NPOH3BEJeM UHCACHHOe HHTerPHPOBAHHE BbIpamKeHus (8.10),

nosapayAck npasuaom Cummcona.
Kak uapecTHO, B 3TOM Cay4ae

b
| ydx Eiiyn-l-*lyﬁ?ya—n—--- 4n—1 +Ynh

b—a

rae B= ., N— YeTHOE; Uo, Y1...Yp— SHAYEHHA QYHKOHA ¥

B TOMKAX JACJEeHHHA.
B namem cayuae

; m-”*“'{ﬁn—-l 2) ds
J= 5 -

2z 9242
50+ 22

Mpumem n=10, h= ﬁ]—_;::'=li},6 M.

(OGosHauuM: a=10-28: p=H0——; c=50+—



e ———
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Briyncaenns ceoauM B Tala. 5.
Pacxon w3 uukHCf 30HH

go=kotiJ=2-1 221808 _ 59,

Orciona BHAMM, YTO paHee onpefeseHHHl pacxon go=
0,018 m?/cyrku sanumen Gonee uem ua 40%, uTo nokasusaer
HEJIOCTATOUHYI0 TOUHOCTH TPHBENCHHBIX NPHOAHKEHHHX (opmy..

Tabauuab

- — e —_ e i ==

|
No lf ab
CeVeHHA - m ¢ . B In
! 0 1.000 50,0 50,0 0,02000) 0,02000
2 0.6 0,407 49,62 0,25 0,00799 0,03196
3 6.2 0,166 49,24 5103 0,00314 0,00624
4 1,8 0,0677 | 48,85 51.74 0,00124 0,00496
B 2.4 0,0275 | 48,74 53,11 0,00047 0,00094
6 3,0 00112 | 4809 54,19 0,00018 0,00072
T 3.6 0,0046 | 47,71 56,05 0,00007 0,00014
8 4.2 00019 | 47,33 58,23 0,00003 0,00012
9 48 0,0008 | 46,94 60,74 0,00001 0,00002
10 54 | 00003 | 4656 63,60 0,00005 0,00002
I 60 | 00001 46,12 66,80 0 0
Z£=0,06516

(Ofpamana nHHMaHHe Ha To. MTO B 3Ha4ueHNWH HHTerpana rJas-
HYIO POJb HrpaeT OueHb Pe3KOe CHHMeHHe By C BMOJHe AONYCTH-

Mol S,:um NPaKTHKH TOYHOCTLIO HE;H{HG- OCpeHHTh GYHKLIIO
z
s 3+ MPHHAB €e paplol - | A14 Majbix T;"S
( S+0,64 z In ?:T)
Toraa

= ko(H—h) [ 1077 aR=2U=b. (1—10-19). (8.15)

INpx 3HayuTEABHEIX @, YYnTHBAA, uTo y=0,6—0,8, MoxHO npH-
HATb, 4TO

— kol —ho) k{H—.i‘:}

B Hamem cayuae (npeHebperas ho)

90==0,435 T =0,435 —0,0268 #%/cyr..

uﬁa nn

4TO COBNANAET C Peay/bTaToM YHCJAEHHKOrO WHTerpHpopanns. Mex-

ny npounm, B dopMvae (8.9) k,=10%1F xosdpunuesT y umeer
154
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1
pasMepHOCTL M—', BojleICTBHE Uero sHaveHHe TTinjo MOXKHO pac-

CMATPHUBAThL KAK «NPHBEJeHHYIO» K R0 MOWHOCTD HHMKHEro MIacTa.
Torna, cunTans TPYHT B HiMKHell 30He OJHOPOMHBIM, HMeeM

go= My = E'F—{_]:;g?'—lﬂ,gm =0,0268 s/cyr.,

rae

L it LiNE .
@= o 06525~ 007 M

I | 99
[1'.-= e — =[] 4-
iy 2a, 0,67 2. 0,67 i

O6muii pacxon apeun §=0,0352+0,0266=0,0618 m2/cyTka.

IMponsseseM Tenepb MOACHET Pacxoaa B NMpeAnoNoKeHHH, UTO
rpYHT oaHopoaen u ofgafaerT Kos(pguuueHTOM QHALTPALHN
ko=2 MicyTKH.

Pacxon w3 BepxHeil sonsl no iomon

sy et 2
=S5 1-,2_5:}-—!].!32 M cyT.

Pacxoa M3 HHmHell 30HH

go="M 0 =2:8-10 78 = 0,187 w/cyr;

1
i B gl s
150 ¢ 31402

O6muit pacxoa g=0,207 m?/cyTru.

‘Takum ofpasom, NpH HrHOPHPOBAHHH HEONHOPOAHOCTH TPYHTa
nonyuaeM pacxoi, noutH s 3,5 pasa Goamewmi, Ilpu H<T1 » pas-
HAlA nodyuHaack Ol eule Gojee 3HAUMTeNbHOH. TAK KaK NMPH Ma-
NEX PACYETHHIX HANOpax KOMMeHCauWs OWHOOK 3a cuer mogyue-
HuS TIOHHMKEHHOrO pacxoja H3 BepxHell 30HBl TPH BHYHCICHHH
no opmyde [liomion Gyner MeHbllel.

§ 9. Pacuer ronoBHOM ApeHLl HJAH COBEpIIEHHOro KaHana
NpH CMEMAaHHOM NMHTAHHH W HAKJOHHOM BOAOYMOpe

PaceMOTpHM OIWH M3 BCTPEYAIOUIHXCHA B NMPaKTHKe MeJHOpa-
THBHOTO CTDOHTEJBCTBA CJAydYall CMEIIaHHOrO NHTaHHA JApeH, T. e.
cayuyall, Korja KpoMe IPpyHTOBOro noToka, JefMT KoTOpOro paBeH
7 (g pKAOuaeT B cef6A W OcaiKH, KOTOPBIC BEINALAIOT HA YHACTKE,
PacnofioAeHHOM 33 30HOH BAHAHHA OPeHbl ), YUHTHIBAIOTCA OCAIKH,
pLNanaiolilie B 30He paaHyca AeHCTERA APEHL PacuetHas cxema

135



A8 faHHOrO CAaytuas npHHuUMaer Buj, usoSpaxenusi na puc, 40.
B cayuae nakaonnoro sopoynopa (iZ>0) u oAHOpOIHOro rpyH-
ta ypasuenne lionwon npuoGperaeT cAeAViOULHA BHI:

o

kh(%+!)=p{5—x}+q. (9.1)

rae p— MOAVAL HHPHALTPAUHOHHOIO MHTAHHA.

LU

Pemeane ypapHesna (9.1) ¢  rparnuHuM  yoaoBmeMm x=0,
hm=ho noayueno C. ®. ApeppanoBuiM B caenyiomieM Buie (B ofo-
JHAYGHHAX HACTOALIEro HAIONKEHHA):

p
1 hi—ih (S 1—x) + o {5,.-._:}'-*_ |

+ In =—B
= hot—ihoS1+ = Si2 J

roe

R e - o T
B S 1 S 5*’;;*"—1*/;& 1 >0

208 —x)—kih
gingh

1
—arcig *ilf:;fi =

B=arclg

Yeiopre n_>0 oObivi0 BCerjla BHINOAHARTCA, TAK KaK f WMee

nopsgok 0,1—1 afecex. ¢ ea. a xosppuunent GuasTpauun k peako
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Hyeer 3HaueHus, Oonbwme 10 smicytru. [laa kpafiuux snaueHun
(n=0) nonyynm

i< l/{:zz V%m- =0,019.

YKNOHB! ecTeCTBEHHEIX (QHJALTPALMOHHLIX MOTOKOB OOWYHO GHi-
BaloT MeHble, yeM 0,02, 0 nostoMy HasoMeHHEE YCA0BHA OOBIYHO
Benosnsiiores. B cnpasepansocts ypasrenns (9.2) nerko yGe-
?thcﬂ. Ecan npoauddepenunposarb ero, 10 NOJAYYHM ypaBHEHH:

1 )

B uactHocTH, npu x=35, S.—-—x=S.—S==33=-Fi; h=H umeem

: HH-—JH-:— i %::- :
5 I[II& e { 3+i_'q_l) |£_( ok _q]u- - 0 Hll'r [93}
0 o | P b P
rae
2g—ikH 2(pS+q) —ikho

By =arctg Y arctg o

OTMeTnM vacTHHe cayuan pemenus (9.3).

I. Ipu otcyrcTsHi nputoKa co cropous (g=0), T. e. npw
YHCTO HHHILTPAUHOHHOM NHTAHHM, HMEEM Ha rpaiuile NOTOKa
(¥=S) ycaoBHe IOPH3OHTAABLHOCTH MOBEPXHOCTH TPYHTOBLX BOJ,

TO €CTh ;;.{f__- =—i[(cM. (9.1)]. Tak KaK gs=s =0, T0o B 37OM cayuse

He V. hé—iheS+ 2.5, (9.4)

rae
1T | 2pS5—ikhy
B— TI arf:tg(_ T]"-‘) boiks arclg _m;ﬁ-

Beipamenne (9.4) Moxer ObTb YNpoIEHO, eCAH BOCMOJb3O-
BATBCA JLIA 3T0f UeaH dopmytofll cromenus aprymentos. QpHako
IUIfi 3TOTO Ha/0 MpejBapHTe/bHO OUEHHTH IHAKH CAMHX apryMed-
TOB H MX TPOH3BejeHHI.

B paccmarpusaemom cayuae n>0; —-=—TL- <0
[Tponapenenne

1 (2pS—ikitg\ __ ikhg—2pS
L' '_fkhn- )__ ikhgn® {“:'-ﬂ* ‘:95]‘

raKk Kak oueBHAHO, uTO PS >ikhe.
[Mpunimas Bo BHHMallMe cKasauuoe, NOJYUNM

arctgx—arctgy =-—m-Larctg |x::!:-.r m—-~ﬂ+nrctg-§%. (9.6)
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[Tocae moacranosku B opmyny (9.4) nociennasa npuMer BHA

H=V ne—inS+ L-852¢", (9.7)
rae

ﬁuuﬁ-( —n:+an:tg£s 2'. )
HAH, HMes B BHAY, 4T0 arcig(—x)=— %— --arctg '31?*'

=V he—ineS+ Es2¢T,
rae

2hg—iS
V=" [——+arctg WS } (9.8)

Qopmyaa (9.7) ynobua aas caydas hu-ciljf- , a thopuyaa
(9,8) — mna cayuan ftu:}-.hﬂi.

Paccmartpusaemelit cayvait (¢g=0) nutepecer u TeM, uTO
MaKcHMa/abHa# rayOHHA NMOTOKA IPYHTOBBIX BOX M, MOMeT Haxo-
JHTBCSl H2 HEKOTOPOM PAacCTOAHHH X OT HHXKHEro crsopa H Obifu
Goabluen, uem 1,

HMa (9.1) Buaso, 40 MakcHMyMy h COOTBeTCTBYeT YC/IOBHe

=T i, (9.9)
HJaH
S—xo= 222, (9.10)

[Moacrasnss 3nayenue S—xo BMecTo S—x1 8 dopuyay (9.2)
H noJaras, yro ¢=0, noay4nm

=V hi—inS+ L52e, (9.11)
ras
o TRl T
gl 5 [arctg“ arctg nikhe ]
. HJH, YTO TO HKe caMoe.
=V ho'—ihoS+ L-S2 e, (9.12)

rae

a:%[—‘}"*ﬂfftg :I(H'H —ikhy) )J
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CpaBHeliHe peay/ibTaTos, NOAYYEHHBIX nn (hop Hy.nr.- (9.12) n
dopmyse (9.8) marasano nokasmipaet, uto hg >

IMpu he=0 dopmyast (9.7) u (9.12) NPpHHHMAIOT COOTBETCTBEH-
HO CACAYIOUWHH BHA:
(—=+ arctg 1)
H=S$S e ; (9.13)

LA |
bn=S V£ e‘f[“%‘*"“m—;)_ (9.14)

[Ipuues no ycaoBHO 1_>0

Ormerum, uro npu { — 0, n —oo . IlokasaTeqn cTeneHu e
s dopmyaax (9.13) u (9.14) crpemarca K nyaio. B stom cayuae

H=nm=sl/%. (9.15)

T e.ﬂtpnpmynu (9.13) u (9.14) npusoasitca k dopmyse Pors (nps
ho=0),

[lpsn HAAHYME CMeIIAHHOTO NATaHHA, M 0pH he=0 moayunm:

V i L + £ :( ) _[_ Ta'ﬂgﬂmﬁﬂ (9.16)
g PR 7 :

B wacrsocTH, npE i=0, =00 QopMyaa NPEHKMaeT BHA
HaV 51242 (9.17)

OTMeTHM, 4TO B cjiydae o6paTHOro yK/AOHAa y WIEHOB, COMAEp-
Wawmux i, HeoGX0AMMO MOMeHATh 3HaK Ha ob6partHuii, B jesux ua-
cTax GopMya CTPYKTYypa HX He H3MeHfAeTcd, a B NMPaBHIX CJeAyeT

OLEHHTh 3HAKM apPryMeHTOB H HX NpOH3BelenHii H CKIajHBaTh
HX, MOAB3YACH OOLIHMH MpPaBHJAAMH.

Ecau npunars h=0 u ¢=0 u paspemnte (9.8) OTHOCHTEJBHO
S, TO DOAYYHM
S=HV %ﬁ, (9.18)

e e 1 ]
ﬂ_-q [-E—-Hrctg i b

rie

®opmyay (9.18) MoxkHO paccMmarTpuBath Kak ¢opmyay Pors
17151 cAyuan HaknoHHoro sojgoynopa (i2>0).
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Ecan <0, 10 npu n >0 MOKHO NOAYUHTEH

si—HV Xon (9.19)
p
rae
1 1 Fd
b=—(arr.: —.v—-—-).
4 g 1 2
Cayuali 9HCcTO MHOHABTPAIHOHHOIO NHTAHNA W HaKJIOHHOrD
BOJOYIIOPA, KOTOPHIT MOMHO PacCMATPHBATL KaK uacTubil cayvai
CMellanHoro nuranua (npu g=0), pacemotpen takwke X, A, Tlu-
capeKoBEM [36).
Paccmorpam Teneps Gosee obuiyio sagady, a nMeHHO — 3a7a-
Uy O pacuere JApeHLl, YJI0XKEHHOH Ha BOAOYNOP B HCOAHOPOAHGLIA
N0 BEPTHKAJH FPYHT NPH CMEMIAaHHOM MHTaHHM,
Brauase paccmoTpuM caydall TOPH3OHTAJABHOTO BOJOYNOPA.

Hudpepenunansioe ypapuenne iomon B stoM caydae npHoGpe-
Taer CJAeayIOImHA BHI:

ft
&£

tn.
—C

| kydz=p(S—x) +q. (9.20)

=8
=

[IpuHumasn Bo BHuMaHie, 4TO npu BHOPAHHOM HANPABJICHH
ocell KoopaHHaT
b

dh ad’
'!TA'_HS k;dzﬂ' E, (9'21}
NOAYUHM
-@% =p(S-—x) +g, (9.22)
OTKyAa
: .
¢,,:_,;_s. (28—x) +gx+e=\ b, (h—2)dz . (9.23)
]
Ecan npn x==0 - h=hy, a npy x=39 h=H, 10
Py~ P'n=(g+ %S, (0.24)
oTKyAA '
Py—d S
——-—-——*S . ={ -+ E-,:!' . {925}

B uactHocTn, B csyuae OAHOPOMHOTO TpyHTa, Koria

kH? kg2
Py=73i Pr=95,
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IHLTVHE M

R(H2—h¢*)  2q4-pS |
o 'eg; 3 9 ¥ {Hpﬂﬁ"
OTKY. 8
5 . i - I'i -|"-ﬁji'l H..‘,...j-l u)
St y = ) (9.27)

Ecan g=A, to popuvra (9.27) npusoanrcs k (popuyae Pors.
Fean p==0, To, pazpeiasn hopmvay (9.26) oTHocHTeARHO §, NOAY-
uim hopmyay Jlomon.

Kak puano na Qopsyael (9.23), B cayuae cMELIaHHOro NATAHRSA
pasnocTb anauchunil Gynkuun H. K. Fnpunckoro na konuax yda-
CTKA, JdeacHHas na AMHY 3TOro YuacrTka, pasHa He ¢, a pacxoay,

15
COCTABACHIIOMY H3 g N ;é'.

B cayuae nakJAOHHGIO BOLOYNOPA MO BHANMOMY MOMKHO CUH-

IATH, YTU RBIIOLNIHSICTCH }"«.'."IUH-HIE.‘!

P —P; ] 5
Ll _EAER ) (9.28)
OTKY/14a
= 9 -ﬁ g 1} "¢T
Sae — '/ L T, (9.29)

Ecan Hoab30Baibes 108 BRUHCACHHA sHaveunil @' dopmyanii
ofulero Buaa, T. & NPHHAMAETHL, YTO

2 IL/L. (9.30)

oh’ .=
g—qih) ’

= 8
L

=l"'--"_‘.'tr

My B HEe HYAHO BBOAHTL BMECTO § 3HaqYcHHe pacxodd, cooTBeT-
CTBVIOULCE CAYUAKD CMelaHHoro NMATAHNA, T. e. NPHHHMATH

h
— §e { @h)dh
e NpH NPHHATOM HANPABJACHHH TIOTOKA
ge=q+p(S—x). (9.32)

Buluncaenne suadennfi @'; nyTeM HHTErpHPOBEHNA BbipameHHd
(9.31) B ofmem cayuae MOMKeT ObITh YypesBHualino 3aTPYIAHATE-
HO, TAK KAK MOJAHATerpajdsian OQyHKUHA [OJVH3eTCH BOChbMi

CO0HKHON.
[TostoMy nonbiTaesmcs jaarb Gojgee Jerkii, Xors i Hoaee npu-

OJHMKeHHBIT MeTon Bhlusicrenus @'y,
i1 B. A. Houar. 1431



Kak OB0 noKasano pawee, abeoMIOTHOE 3nauenue (yHKIH
H. K. T'upuHcKoro B cCMEHHH X YHCJIEHHO PaBHO CTATHYECKD
MOMEHTY 3MmIOpH! NPONKIAEMOCTH, NocTpoenHoi Ha Buicote i OT-
HOCHTENLHO NOBEPXHOCTH FPYHTOBHIX Bod. Takum oGpa3soM,

D' =gx 4+ c=S8p. | (9.53)

rjie Sp— CTATHYECKH MOMEHT MIOPH NPOHHIAEMOCTH OTHOCHTE b
Ho cpobGognofl NMOBepPXHOCTH IPYHTOBBIX BO.

IMudipepennnpya (9.33) no x, noayunm

h
P a8y _ dh

Kak OG0 nokazano panee,

P’ ok - .
ot § kedz i [ kedz. (9.35)

dx .
0

Bropofi wien npapofi wactu euipamenns (9.35) MoxHo pac-
CMATPHBATE KaK JI0110 OT MPOM3BOAHON MO X OT CJAeAVIOLIEro Bh-
PAKEHHA:

I
—x J kadz. (9.36)

HeillcTBuTeqEHO, ecad npoARQbepeHIHPOBATL NO ¥ BHpaKeHnHe
(9.36), To noayunwm

i
a8 L e’ |
a}"'ﬂ'—"l{!‘ k;dz‘i‘l#am g {93?}

Bropo#t unen npapofl wacti Bupamenus (9.37) ue coaepmur-
ci B eupaxennn (9.35), 7. e. Buibpauublii BuA AA8 PYHKUHH S;
GyaeT laBaTh HECKOJILKO 3aBLILIEHNOE 3HAYEHHe pacXoaa.

[MonuiTaeMes Aate xoTa Obl rpy0yio OUEHKY POJH BTOPOro uie:

Ha B Bulpaxenun (Y9.37). Pacemorpum cayuail oasopoiHoro rpys-
ta. TIpu atom

a5

E'"_’ lkr’ +k.r

-I'ﬂt (9.38)

OGoznauum vepes f oruourenne sroporo uwiena (9.38) k nep-
BOMY:

hy 28
B SR LG (9.39)

T i idx
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llpy MansIX YKAOHAX § MOKHO NPHOJHMKEHHD 3a KPHBYIO -
peccHH MpHHATb mapaGoay

h2=hq? +— X. (9.40)
MpeneGperas hy (0GHuHO HeGoABILOA MO BEJHYHHE), NONYUHM
hi==% Xx. (9.41)

Nubdepenunpya (9.41) no x, Gyaem HMeThb

2h < £ f-;‘ . (9.42)
OTKyA8

dh __ g

= (9.43)

[Mocae nojacTaHoBKH NoAydeHHoro snauenns s (9.39), oHo npu-
MET CAedYIOIAN BHA:

p= —-— (9.44)

WAH, NPHHEMAas BO BHEMaHHe (9.41), 1. e. noacrasass B (9.44)
iauenne h? ua (9.41), noayuum

Tak xaxk P ecth OTHOWEHHE BTOPOTrO ujeHa NMPaBoil YacTH Bhi-
pakenus (9.97) K neppoMy, TO

h
f kode="2 (E!'k dz +x 2o )ﬂ»-:}?(afk dz 4 fﬂﬂ; . (9.45)

Takum ofipazoM, A1 6ojee TOYHONO BBIYHCJACHHA PacXOioB
Heobxoaumo sBeipamenne (9.36) asanmucate B caeiyioulem BHJE:

h
S;=07ix[ kdz. (9.46)
L]

B caydae HEOJHOPOJHLIX FPYHTOB [IOCTOAHHASN B BbIpaHeHHH
(9.46) Oyner uMern orauyHoe ot (),7 snadenne, olHAKO B UEAAX
viipolenna GopMya npusMes ee tTakKe pasnoi 0,7 1 g4 HEOAHO-
POLAHBIX FPYHTOR,
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IlpuHuman o BHHMAHHC cKazaHMOe BhIlUIC, vpasHeHne (9.35)
MOMKET OBLITh NepenHcalo B CAeAVIOULeM BHIE:

aP;  as, . S,
,ﬂ_]' P s E' —" = ﬂ': " { EI. 4? ]ii
e *i

h
Si=07ix[ k,dz.
il

Hurerpupys ypasuenne (9.47), noayuum (noaaras, uro c={0)

i h :
B, =I kolh—2)dz -}-[I,Ti.rJ Rz, (9.48)
i 3

|
Buipa:enne (9.48) npeacrapaser coGoli HoBoe aHaucHHe ﬂ.:m,'i
@i Beanunny S; MOMHO NpejcTaBiTh CACIYIOUMM o6pasom:

& |
Si= ﬂ,?f.r‘l' bdz=07zF, (9.49)

rie 2p=ix — [peBbllleHHe BOJOYNOPA B TOMKE X HAN FOPHIOHTOM:
F — nacwaas smiopw, noctpoennodi Ha sricote h.

Takuw obpaszom @’; MOKHO paceMaTpPHBATE KaK CYMMY CTaTH
HECKHX MOME@HTOB 3MI0Pbl NPOHHLACMOCTH B CEYCHHH X OTHOCHTEND
HO! @) NOBEPXHOCTH TPYHTOBBIX BOJA, 0) npamoil, npoxoaaiueit Ha
paccTroatun 0,7 2; OT UEHTPA THAMKECTH IHOPHI, :

Hannoe oficTostenseTro H3GaBaseT oT HeoBXOANMOCTIE HHTErPH-
POBaHIf TPOMO3/IKHX Bbuipaxenuil H NO3BOJSCT NOJAVYHTL 2HAYCHHS
P"; myrenm BechMa HECAOMHBIX jAeficTBHIL.

s HANOCTPALHE NPaKTHYECKON NPHeMACMOCTH caenaiil
AONYULeHH paccMOTpHM cayuail oHOPOAHOTO TpyHTA.

Ecan rpyut oanoponen, to

Sp="a-1 S;=0.Tikxh. (9.50)
Ecan npu x=0 h=hg, a npu x=S h=H, 1o
Piu="1" +0.7ikSH; (9.51
b=

[pu ToaLko rpynTOBOM NHTAHHH

tﬂ;lln_ ¢ri o k{H— .
g= —" g =R L0, 7ikH. (9.
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Ecan nuranne T0LKO HHPHALTPAUHOHHOE, TO

B2 M) 1 0.7ikH,

OTKyAa, npedebdperan fip, NOJAVIHM

S=A+ } A% B, (9.53)
" e

g OTiRH . g RHE
P n

Popmyiin (9.52) v (9.53) MOKHO paccMaTpPHBATEL Kak npuoai-
AeHHbIE (OPMYAN AJA BLIYHCNEHHA pacxoia ApeH, VAO:KeHHBIX NHa
HAKJAOHHBLIH BOJIOYTIOP NPH YHCTO FPYHTOROM HAH 4HCTO MHpUABTpa-
WHOHHOM MHTAHHMU.

Jas cymaenua o rouyHoctH (hopMyJ paccMOTPHM CACAVIOMIN
npuMep.

[Tprumep. Onpeaeants paanye AelicTBHa Apelll, YA0MKeHHON
Ha HAKJIOHHBI BOAOYNOP B ofnopoliublii rpyut, ecan H=I1 u, i=
0,01, p=2 mmfeyriu, k=028 smfcyrru.

0.7-001-08-1 el B :
= "opr 20 B=35=400;

—

S =28+ J/ 2,8°-400=23,0 .
o dopuyac C. @, Apepbanosa (9.18),

S=H V—;—e“ a= -“L(-E'— +arcig r:)‘

RE Vs AT Y v 1 e s
Ul & enl S lfu,m?-ﬂ,f-' Bt

==+ L{-;- + arclg +1I-u— ] =0, 168;

W | V %ﬂﬂ*lﬁﬁ =23.7 M.

Taxkum obpaszom, npubnuxennas (opMyaa laer snojne yao-
JACTBOPHTEALHLIE PeayaLTATH.

Han asyxeaofinoro rpyura, npese6peras fig, NOAYYHM CJAEAYIO-
ipe snavennn S, 8; (3HaucHus Sy u S; B cevenun x=S8):

S _ RM(2H—M) +ky(H—M)* |
— 2 b

Si=0,7[~\M + ks (H—M))iS.
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Ias caynan yncto HHGKUALTPA LHOHHOTO THTAHNA

pE o : !
5= ﬂs --N, (9.5
e

R=kM(2H- M)+ ks(H—-M)7

N=0,7ilk;M+ ko (H-—M)].

Paapewan (9.54) orhocureanto S, 6y1emM uMerh

I H . ..III_'"E"_' R
Cogtept o BE
pie J P p (%

lNpumenenue aaHHOl METOANKH onpejenesus @'; noaroase
JErko NoAYYHTh pacueTHule (JOPMYAL NPH AOBOJBHO CJAOMKHBIX BE
nax ¢ynkunn k;=f(z).
B kavectBe npumepa BuiBenem npuGanKennyio dopumyay ag
onpeneNeHds pacxoia TOJMORBHON JIPeHE!, VAOKEHHOH Ha HAKJOH
Hulil Bonoynop, ecau kR, =Ry (14 az). i
Jniopa NPoHNLAEMOCTH NpeacTapanet cofofi TpaneuHio ¢ ocHo:
BaHHeM fi 1t GOKOBBIMH cTOpOHAMH Rg 1 Ro(1 4+ ah).

Paabusas smopy Ha ase (HrYPH-—NPEMOYIILHHK © I'IJI{'rItlEluh
ko h?

Eoh W TPEYTOABHHK C MJIONLATLIO )

- NOJYUHM
Fe=hoh (14 %%

CraTnvecknii MOMEHT 3IMOPH NPOHHILAEMOCTH OTHOCHTENLHO NO-
BEPXHOCTH FPYHTOBLIX BOA B cevucHuH, rae h=H (x=25), noayunm
KaK CYMMY CTATHYECKHX MOMEHTOE NJOMIAAeR NPAMOYIroOAbHHKA I
TPEVIOAbHHKA

SH__EOH’ i “kDH kﬂH {d—b' H}

'—'__-'I"

2 6

Crativeckuil MOMEHT 3INOPL NPOHHLAEMOCTH OTHOCHTEABHO
npavoi 2=0,7z, '

S, =0,7iSF=0,35keH (2+ aH)iS.

[Mocae noacranorkn B opmyay (9.28) noayuum, npuHUMAan RO
BHHMaHHe, UTo

By = k“"'"'iﬂnh..jf
CAeayroilee Bhipaenue 4% pacxoia 4.

= X [3(H?—hy?) +a(H*—he*)}-+-035ikH (2+aH).  (9.56)
|66



Ecan a=10, 1. . rpyH1 0IHOPOAEH, TO

g =R 10, TikoH. (9.57)

hopuyaa (9.57) uaentnuna dopmyae (9.52), noayuenuoil
pamee., Popmyna (9.56) snaunTenbHO Npolle paHee MOAYUCHHO#H
115 JaHHOTO BHAA s3apuchHMocTH ky=f(2) dopmyau (6.42) nacros-
et raansl,

PaccMOTpHM ellle HecKOJbLKO NPHMEpOoB.

Pasee, B § 7 HacTosuleil raapul, npH npoBepke pacyeTHbIX ¢op-
MYJ S HEeCOBepIUeHHON IipeHsl NpH YKAalKe IApPeHnl B BepXHHA
ca0# ¢ KosthpuurenToM puabTpauun Re=1 sfcyTu npn S=14 u,
=15 m n i=0,05 Guin0 HalineHo nyTeM noabopa, ¥To pacxoj H3
pepxuelt zons g,=0,132 »*/cyrku. Onpenennm 3ToT pacxol no
npubansennoi dopMyae

i-15

kH? .
'!.l'|= ?-5- +ﬂ.,?ka= m' -E_'D-p? ‘ﬂruﬁ - lln R 1!5’“{]-'33 Hzfﬂy’r,

Kak BHAHO, peay/ibTaTel BLIMHCJCHHH JOBOABHO XOpOLIO COBMNA-
an. [1pn BeYKHCAeHHH pacxona W3 BepXHel 301LI B TOM e NpHMepe
npH VKJAajake Apenbl no nepsomy sapuanty (M=0,5 m, k=
0,25 m/cyrru, k=1 mjcyrxku) Guno nailgeno g,=0,080 »*/cyrKu.

[To dopmyae (9.54), aaMEHHﬂ&g— =g, NOJYYHM
R 5

|
gim g5y

Tt 0,0262 = 0,0799 x%/cyr.,

rae -
R =kyM(2H—M) 4 kg (H—M)?=1,0.0,5(2 - 1,5—0,5) +

+0,25(1,5—0,5)2=1,5;
N = 0,7k M +ka (H—M)] =07 - 0,05{1,0 - 0,5+
+0,25(1,5—0,5)1=0,0262.

Kaxk W B nepsoM ciyuae, pesyiabTaThl BhIMMCJEHHH NO TOYHBIM .
) NpUOAHReHHBM (dopMyJaM ZOBOJALHO XOpOINO COBNAaJH.

PaceMOTpHM, HAKOHCL, NPHMEpP HJs cAyyad W3MEeHeHHs NpPOHH-
ILAEMOCTH MO 3aKOHOMepHOCTH R, =ko(1+4a2).

[Tpuwmep. Onpesenuth pacXon APeHB, NMOCTYNAKUHA B Hee
¢ ogrolt cTopouil, ecan H=15 m. S=20 u, k1=2(1+0,32) m/cyr-
xu, =0,03.

[Mpenebperas seanynnol fig, no dopmyae (9.56) nmoayunm

i - E-_EE—D{E- ' ].52+ﬂ,3 ' 1,5.3}+ﬂ;35 i ﬂpﬂa 3 E i ]I5(2+n13 a ]*5} e

= (0,206 M*/cyr.
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Qopayiy (6.42) Hactosulel raaibl MOAHO NPEACTABHIL B Cae-
AyiouleM Blie (npedeGperas BeAHYHHOH fig):

2+ ahy Tpl2 + a (H + hp)) ;
e e A L )
g=is| H+hp st aing) Mty @xaiy) | (90818

Beamanny g onpeiean us yeaosns

hty iy 7 ;2
. A 3 : i Mo
g =i f Ratiz=(kyg J (|l +uz)dz = ]--Ii{-"—;;---- % '-]- ’
L {1
OTKYAA, NPpHHAMan g=0,206 m<fcyr.,
o571 g g P ARA Bl 10 e s 7208 TP 1
ApR I e el TR ] 0,3 ‘"n,ﬁa-z-n,:a"ﬂ‘ﬁ o

Hocne noacranoskn B opmyay (9.58) dyaem umers

¥ D,E{JE__[ 15 250(2403-25) o4 25[2+03(1,542,5)]
17 0.03. 20 ' 2(1+03-25) ' B{@5-15)(2+03--25)

0,206 a2/eyr.

Kag sHaHo, 8 B 3TOM cay4ae npubianmennas QopMyaa aaaa
AHAUEHHe PAcXola, TOYHO COBNAAAINIICE ¢ BLIYHCAeHHBIM o GoJiee
104HO# opmyde. Bee 910 aaer ocHOBaHHe CYHTATH NPHOIHKEHHYIO
(hopmyay A0CTATOMHO NPHTOAHON LA NPAKTHYECKOro NPHMEHeHHs,
HBO NOACYETH § NPH NOABLIOBAHHH TOR (GOPMYJOR JHAUHTENLHO
OO0JErYaioTes, 4 PesyabTarthl HEAHAUNTCABHO OTAHIANOTCA OT NON-
CHETOB 110 TOUHBIM hopymyaaM.

lNpoussenem Tenept NpoBepky (QOPMYJ Ads CAYuiaf HecoBep-
IeHHux aped. PaceMorpum, Hanpumep, caydail ogHOPOAHOTO IPyH-
ta. B cayuae necopeplienHofi apenn (npenedperas uieHamy, co-
ACPIKATLAM fig, H MIPHHHMARA Noka KoupHOoHeHT a=1) ce pacxong
OyAeT paBeH

et 1‘:&' -_-‘:f__’ (H 1-iS). (9.59)

In ——

= -

Ecau nocnonsaosatees npeataraensoi dyusuued @;', 1o

r""'IIJ'-'I'J'.l"v'- umf",;-u kH® | kaH : x
g L =55 < +07ik(H+a).  (9.60)

Panee yike Gpio noKasano, 0 © ACCTATOYHON TOMHOCTLIO

(RIS ‘fb'i%i—r-ﬂ.ﬁkff . (9.61)




Has toro, uTolGhl pacxodu, Buiviicaentuie 1o gopmyae (9.59),
COBIIAATH MO BEJHUHHE ¢ pacxojamy, BEMHCJISHHEIMA N0 qopMyJe
(9.60), neobxoanmo, wrobH

Ra(R D). ol s 0,0 (9.62)

Buipamenne (9.62) momno npeactasits B CACAYIOUEN BIJIC:

Ai:g‘r ik = #:i -0, 7ika. ($.64)

Buipamcune (9.63) nwe wmomer ObiTh paBeHCTBOM, T. K. HOCAe
npHBeLeHHA NoAoOHBIX YJEHOB W COKpalleHHs Ha (R@ Mbl J0JIAHbI
npuiiti K abcypanomy peavastary 1=0,7. [1punepcunnie 8 nacTosn-
el raase NpUMeps J10B0JabHO YOeAnTeAbHO NOKA3LIBAIOT, YTO pac-
X0, BHIYHCJAEHHBIE HA OCHOBE NPHMEHEHHA NPHUOJHKEHHOro 3Ha-
qeHus @, 1al0T X0powyo CXOANMOCTE € TOUHBIMH pPelleHHAME i
TOM CJay4ae, ec/lH ApCHa pacnogoxeHa Ha Bojoynope.

[Tpuunna pacxomiacHHB HAXOAHTCA, BHAHMO, B 10M, 4TO 1pH
oflpefieieHHH PacxoloB 30HB HANOPHOTO NOTOKA MLl 33 NLE30OMET-
PHYECKYIO JHHHIO NpHHuMadd Kpusyio jacnpeccun. Ecan npn bw-
YHCJEHHH pacxoioB ans cayuaa (=0 rakoil npHem JAo0yCTHM, TO
npi { = 0 AM, BHAHMO, NOJL3OBATLCA HEAb3H, T. K. OH JaeTr 3a-
neleHHLie pacxoas (npu i >0). [Mpu <70 pacxoaw, naoGopor,
OyayT 3anumens. [MoaToMy npH BLEIMHCACHUNI PACXOMOR H3 1HK-
nefi 30HB HecoBepiueHnb X apen no gopMyaam §§ 7 u 8 nacrosuwien
FAABBl  3HAYEHHE PACYCTHOIG Hanopa npasHianiee Owao O npu-
ruMaTe pasuwy H4-07iS pmecro H--iS. C yuetom Bucsuect
apen, Hanpusmep, npu i >0 4 OTHOPOAHOM TPYITE HOAYYHM

kH: ku{H-rl.l Tid)

g—g5 +0.7ikH + 202

3% (9.64)

rae n=147a- lg yd —— naserp ApeHn,

B npnnem::-mmx B § 7 HACTOAWEH rAaBbl pesyabTatax nposepki
pacueTHBIX H (PAKTHYCCKHX PACXO/IOB NPH YKAAAKE APCHL 6 HHH-,
M c.rmu NOAYYeHO: pacueTibiil pacxon q,=0,334 s*/cyrru. dax-
=(),321 w2/cyrKu.

Pacxon H3 HHKHeR 3016l Obia BRUHCAEH 1O (hopyyag

b "'"H;:'“ A “fl'.‘.;":ﬂl]“" W 0.81 -0,254 M CyTRU.

Ecan npuusate sMecto iS peauunny (0,768, 10 nojayuns

Jo= EE{EEM] o= ":.E_'_'-!l-‘_a."'_?fi.':'-qa.'_"” 0.81=0230 s fcyrr.

It
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Ob6uui pacxoa apedn 0,08040,230=0,310 d6auzoxk x noayueu-
HOMY B peayibTate onbiTa (pacxoileHHe cOCTaBjfer 3.5% or
(baKTHYECKOrO pacxofla B HAXOAWTCA B Mpefetax TOUHOCTH HaMe-
penni). j

Ecau K TOMY 3Ke yuecTh, 4T0 MBl He BBOAHM KO3 pHIIHEHT BHCS-
YeCTH B PACXO/K! BepXHel 30HH, TO BLYHCAEHHE PAcX0/10B, KaK pas3-
HocTH 3navennit Gynkunn P’; Ha KOHNAX ydacTka S, jejennofl na
ero AAnHy X, 6y1eT, no-BHAHNMOMY, NpaBHAbHEe, HeM Mo QopMyaam,
OCHOBANHBIM HA Npelino/iokKeHHH, YTO KPHBAas ACNPeccHH ABJIAETCA

NbE3OMETPHIECKoll KPHBOIT- 119 HAaNOPHOTO TOTOKa B HHMKHEI
aoHe.”

§ 10. Pacuer HeH30AMPOBAHHLIX APeH

Moa HensoaAHPOBAHHOM ApeHoll HaME MOHHMAETCA JpeHa, y.Jo-
WMeHHAR B TpaHUIen, 3an0JHeHAYI0 FPYHTOM, OTAHUHEM 10 NPOHH-
LAEMOCTH OT FPYHTOB, H3 KOTOPBHIX cOPMHPOBAHBI CNOH BOJOHOC-
HOro naacta. B autepatype Takue JApeHbl NOJAYYHJIH HA3BaHHEC JpeH
¢ (uapTpyiomedi INTOPOM HIN C PPOHHIACMO# 3aChHINKO.

PaGoTa TakhAx ApcH oTAn4aercs oT paboThl OTKPBITOro KaHas:
i H3QAHPOBAHHBIX APEH TeM, YTO, B OTAHYHE OT OTKPHITOTO KaHaja,
NpH NPONYCKE PacXofoB B HEH3OAHPOBAHHYIO JPEHY HeOGXOAHMO
MPeOoNeBaTh MONOJNHHTENBHEE CONPOTHRJREHHS, BEJHYHHA KOTO-
pHIX SaBHCHT OT XapakTepa 3achNKi ApeHaxnoil Tpanwen. Msoan-
POBaHHYIO JKe JAPeHy MOMKHO pacCMaTpPHBATbL KaK HeH30JHpOBaH-
HYIO €O CTPOEHHEM 3acHNKH, NOBTOPAILLEH XapakTep uepeoBa-
HWHA CAOEeR BOJOHOCHOTO nJdacTa.

Taxum oGpasoM, ycioBhda pa0oThl HEH3OAHPOBAHHHIX JApeH fB-
JIAIOTCSH MPOMEKYTOUHBIMA MEHKAY VCJIOBHAMH paboThl OTKPHITOrO
Kanaia (ero MOMKHO paccMaTPHBATH KaK HEH3OJAHPOBAHHYIO ApeHy
¢ Oeckonedno GoabINON NPOHKUAESMOCTLIO 3ACKHINKH) 1 H30JAHPOBRaH-
HOli Lpens,

PaccMOTpHM BO3MOMKHEIE ciaydaH paboThl HeH3OHPOBANHBIX
JipeH.

CoBepuIcHHO OUeBHAND, UTO cayuail aabHBKH TpaHwel rpyHToM,
MCHEe MPOHHLAEMBIM, YeM FPYHT, B KOTOPOM YyCTpawpaetcs Jpe-
HamHas TpaHiles (MB npeanonaraeM, YTO HHAKHHA CAOH MeHee
NpoOHHLAeM, YeM. BeDXHHH), He MPAKTHKYETCA, H NO3TOMY ero He
paccMaTpHBaeM,

Ecan TpaHmes 3anoJHAETCS TPYHTOM, BHIHYTHIM H3 HHKHETO
CJIOf, H CO BPEMCHCM 3achiilka npruoOperaeTr NpoHHLAeMOcTh, 6AH3-
KYIO K MPOHANAeMOCTH HeHapYIIEHHOro rpyHTa, TO JIpeHa no xa-
pakrepy cpoeil paGoTw 6yaer NPHOGAHKATLCA K H30JHPOBAHHOMN.

O6rui0 3anojHente TpaHiiell BefeTca NepeMellaHHEMA MeXKay
cofiofi TpYHTAMH, H NIO3TOMY 3achilKa HMeeT NPOHHLAEMOCTh, MPO-
MEKYTOUHYIO MEMAY NPONHNIAEMOCTHIO BePXHEr0 H HAMKHREro CJO0eE.

* C sponom koshhiunenta BHCAYECTH B PACXOAN N3 HHMHCA 30HH
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Eciil sachinka QopMHpPYeTcs H3 NMPHBOZHMEIX Ha OCYLUAEMBIH
VHACTOK XOPOIIO NPOHHLAeMBIX MAaTepHaJoB HJAH H3 TyMycHpO-
BAHHOTO TPYHTA, TO €e NPOHHUAEMOCTh MOXKeT OHTh Aaxe Bhille
MPOHHIAEMOCTH BEPXHEero ¢Jos.,

Paccmorpus cayuail paboTsl HeH3OJNHPOBAHHOM FOJOBHON Apenb
B apyxcaofinoy rpyure. Tlpennosomum, uto cobawnawTes yono-
nHa Ry >k >k, (puc. 40a).

B paccuatTpHBaeMoM cayuae pacxol ApeHbl GyAeT MeHBILIHM,
YeM pacxol OTKPHITOro Kanana, Ho Goablle pacxojia M30JMPOBAH-
Holi apenw, TouHoe pewenne NaHHOA 3agauH eile Gogee 3aTpyIHRA-
TEJABHO, YEM PelleHHe 3aJaul 0 NPHTOKe K H30JHPOBAHHOH mpene.

Puc. 40a,

Pewenne, NpHBOAHMOE HHKe, NOAYYCHO Ha OCHOBE MNPHMCHEHHA
BHPTYaJbHOrG METOAa, T. €. ABIAACTCA BechMa NPUGIHKEHHBIM.

Kak Gei1o yKa2aHO BhLIE, NPH NOJbL30BANHM BHPTYAJIbHBIM ME-
TOAOM OTHICKHBASTCA NPHRENEHHOe 3HAYEHHEe AJHHB NYTH (PHIbI-
panuHd, Ha KOTOPOM NPOHCXOMAT NOTepH Hanopa.

Ha6moaenus, nposeiennble B HIEJeBOM JIOTKE, NOKA3AJIH, UTO
peJHYNIA NPHBEAEHHOTO YYacTka Spp, HA KOTOPLIA HEODXOAHMO
1eJHTh CTATHYECKHH MOMEHT 3MOpPH MPOHHUASMOCTH BCPXHEra nai-
CTA OTHOCHTEALHO JIHHHM, TPOXOASUIeH Yepes TOUKY nepeceueHus
HEPTAKAJAH €O CBOGOMHON MOBEPXHOCTRIO, 3ABHCHT OT paia (parro-
POB M, B OTAHYHE OT HANOPHOTO ABHKEHM:, BEAUUHHA Spp HE AB-
AFETCA NOCTOAHHOMN, 4 H3MeHATCH ¢ H3MCHEeHHeM Hanopa.

Kax ykaawBanoch BLIIU€, PACXOR NOTOKA B ABYXCAOHHOM TPYH-
re, cOpachiBaeMblil B OTEPHITYIO TRPAHIICIO, MOKCT GBITE BRYHCIEH
no opmyae

g= ;; (nhe® 4+ 2Mhy-1-M2—hg). (10.1)
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Bopmyay (10.1) MOKHO NEPenHCaTh B CACAYIOMEN BHILE.

Ry M(2hs+ M) —Rihg® | Rl

Ecan paccMarpuBaTb KPHBYIO ACNPECCHH Kak MbLE30MCTpHYC
CKYIO JHIHIO 051 HHIKHEro Maacta, 70 Nepebiil 4iel Bupaxienis
(10.2) npeacrasaser coGoil pacxoa u3 muxuero caon. Ilpn npo-
HHIAEMOCTH 3aCBINKH, PaBHOH OECKOHCUHOCTH, B KaHAJ H3 Bepxiie-
ro cJos NOcTynua Ol pacxof, UYHC/AeHHO PaBHLIH BTOPOMY 4JeHY
puipakenns (10.2).

Tak Kak TpaHles sanojHeHa FPYHTOM C NPOHHUAEMOCTBIO kg,
npH RaHHoM nanope f B ApeHy nonajaer JHWb “1acTb pacxoja,
H NO3TOMY PACXoa Heusosnposannoi apewn (npenebperas fig)
OVIET BeIpakaThes caenyiomeii hopryynon:

kM (20 + M) | kohs? .
i o 'H";;* (10.3)

riae SIII‘ — HNpPHBENCHHARA JLJIHHE NYTH (pHABTPALIH AAR pacxoia M3
BEPXIEra CJow.

Kak nokasaiu onbithl, NPOBEAEHHLIE B ILEJCBOM JOTKe (CM
raasy V1), pacxossl, nponycKacMblie H30AHPOBAHHOI APEHOI], Y10
AMEHHOMN B ABYXCAOINLIE TPYNT, IPONOPHHOHAJBHE! IIC BTOPOM CTe-
rMeHH Hanopa, Kak 970 HMEET MecTo B cjyyae OJiHOpPOAHOIro rpynTa.
Beanupa 310il CTCHCHH HW3MCHACTCA B 3ABHCHMOCTH OT OTHOIIEHNS
NPOHNUAEMOCTH BCPXHErO M HHIKHEro CJOeB M C yBeNHYeHHeM 1
yMEHLIIAETCA 0T JABVX 0 eAHHub (npin GecKoHeuHo GOABILOM ).
1o noarteepxaaercs TouHbiMH pewenuamu Jlionon (s n=1)
u B. B. Beaepmikopa (ansn cayvasn a=cc). [lostomy BuipaxeHne
1A BOIMHCAEHHS Sy HMeeT nepeMentblii KoaPHIHEHT, 3aRHCALILIII
kKiak ot H, TaK n ot A

Hann 145 NpeapapHTeibHbIX pPacueroB npeaiaracics claeayio-
nlee npHBMIGKeHHoe BHPAXKCHUE JUIS onpeaefents Syp, NOJayueH-
HOE 12 OCHOBANKN ONLITOR B EJeBOM JNOTKE:

Spp=S+05MnzA", : (10.4)

Ihe fgp= i c a=05(1+225n2 - 10-5}; H=M+h;;

.
)

A _H-'r 0, 1 ety j‘i-ﬁ*?ﬂ:_
= M30,1ks' Y M+0,1h '

Ra—n POHNHLAEMOCTD HACHITKH.
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hopmyaa (10.4) npumeHRMa NP n-_:,éﬁﬁ-'i",m < 1,0>>1,354 M.

Ecan rpynt oanopoaen, 10 M=0, §;, =S u ¢opmyaa (10.3)
npHBOANTER K (opryae Jliomou.

[Tpu Bceii croeil npudaumendocTn dopuyaa (10.3) npn onpe-
nencnnn Syp no qopuyae (10.4) naer p oGuleM yaoBACTBOPHTENb:
HYID n::-:n:lmmmh pacueTHHIX H BHEIYMHCACHUBX PACXOA0B (CM. TAARY
V1) n, n0-BHARMOMY, MOMKET OLITh HCMOALIOBANA BNPelh 0 MOaY-
UEHHA TOYHBIX PEeleHHi,

Ecan nponnuaeMocts 3achinky npuOauKaercss Kk nNpoHHUaemo-
CTH HHMKHero ciaos, 10 ¢opmyaa (10.3) OGyaer napaTe 3HAUEHHHA
pacxofoB, GaU3KHe K pacxojlaM H30JHPOBAHHON Apeinsl

* Tlpn n,>665 nomcuer mo supryaaseomy cnocofiy segerca npw a-=|l,
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Fanapa IV

PACYET CHCTEMATH4YECKOIO NPH30HTAJADBHOTO
JAPEHAKA NPH CTALHOHAPHOM PEXHME
FPYHTOBOIo NOToKA

§ 1. CuctemaTHeCKHil APEHAMX B OJHOPOAHOM rpyHTe®

Onpeaenenne paccToAHM MeMLy ApeHaMu npH HHQUABTPa-
WHOHHOM NMHTAHHH ¥ CTAWHOHAPHOM pexHMe MNOTOKA BELeTCH, HC-
xoa5 M3 papencTBa 06LEMOB BO/B, OTBOAHMOH JAPeHaMeM H 10-
cTynaioueil B BHie «PacyeTHOTO ACHAA» € HHTCHCHBHOCTLIO HH-
dmabTpaim ocaakos p (cxema Pots).

Bupog pacuerHoit (GOpPMyJaB ANA ONpejeleHHs paccToaHMi
MERIY ApeHaMH, YA0XKeHHEIMHE Ha BOAOYNOP (B OAHOPOAHOM FPYH-
Te), pnepswie npouspegen Pors, npuMenuswieM a08 STOH LedH
ypannenne JLionion cneayouero suia:

idh

rje S—paccrosHue or rpaHHibl HHQHALTPAUHOHHOrO NHTAHHA 10
Hauana KoopAuHat (pHc. 41).

B peavavtare nnterpHponanus ypapHennsa (1.1) noayunm

kh? S5—x)*
3 ZJ—J"'—'—ir ) 4.

[punas npu x=0 h==hy u npu x=S h=H, rae hy n H, coor
BETCTBEHHO, HANOPH, OTCYHTHBAEMBIE OT FOPH3OHTANALHOI TJI0CKO-
CTH, IpoXoasueil yepes WeHTpP ApeHs (Npeanojaraercs, Y10 ApeHa
Bpe3ana Ha NOJOBHHY CBOEro JHAMETPa B BOAOYNOP), MONYUHM

k(H?—he?) _pS? |
5 =3 7 (1.2)

EraT TE— -

* & 1 paspaBoran commecrro ¢ C. @, ApepurHOBHM.
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UTKYAa paccTodHue Mexay apedamu E=28 6yaer pasuo

E=2 )/ % (H2—hg?) | (1.3

Ecam paspewurs ypaprenne (1.2) orHocHrensHo pacxona noio-
Ka NpH HHQUIBTPALHOHHOM TIHTAHMH, TO

pS=2L (1.4)

Ecau apeHa necopepluenHa, 1. e, pacnojaraercs Ha HeKOTopoft
REICOTE O Hal BOAOYNOPOM, TO, He YUHTHIBASN NOKA NOTeph, CBA3aH-

¥:

-

A
RERTRRRTRENEY

e ]
TS

Pue. 41

R |

HBIX C HECOBCPLUGHCTBOM [APeHM, T, €. NPHHHMAas Pacxol APeHu
PABHEIM pacxony kKawana, AOBEACHHOTO 0 BOLOYNOPA, NOAYUHM

k(1)

pS= S

(1.4a)

rae Hy=H-t-a; Hy=ho+a (cm. pue, 42).

Mpasas uwacts Qopmyan (1.4) uncaenno pasHa YABCEHHOMY
PACXONY MNpeHbi, YJNOKEeHHOH Ha BOMOYNOP, NOCTYNAOUIEMY B Hee
C GHOH CTOPOHBI NPH rPyHTOBOM NHTaumu, [Ipapas yacts QopmyJibl
(1.42) uMcAeHHO paBHa YIBOEHHOMY PACXO/y COBEPLICHHOrO KaHa-
/18 (0BEAEHHOTo 10 TOPHIONTAMBHOIO BOAOYIIOPA), NOCTYHAIOWEMY
B KaHad € O/HOH €ro CTOPOHB! NPH IPYHTOBOM NHTAHHH, T. €. NPH-
HIMAKWMEMy TOCTOAHHBIE N0 AnHHe notoka pacxoa (cxema Jlio-
mion). Takum oOpasoM, MOMKHO 3aNHCATE C/CAYIONEE PABEHCTRO:

pS=2q. (1.5)
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HeobxoauMo NOIYEPRHYTE, Y4TO PS TOALKO YHCAGHHO PaBsHO 24,
HOO FEHe3HC pacxo/la B TOM M APYroM ciydae pasiHieH.

AHanornuno ToMYy, KaK MBI 3TO Aeaalin AJdd NOTOKA ¢ NOCTOfH-
HBIM N0 ero AJHHe pacxonoM, npeictanusm dopmyay (1.4a) n cae-
AvioniemM puiue:

’ e ¢ * ik - +
k(H?4 2aH + o?—l?—2ahg—a?) _ & {H?---:’;:'-'} 2ka (H—hy) }
po= = - =2t (1.6)
S5 S -

MpeneSperas veandunoil Mg, OGLUHO MaJOi 1O CPABHCIHIO C

H, noayuum
4 i}
pS = Mt sl (169)

B opuyae (1.6a) neppsift YieH NpaBoil 4ACTH MOMKET pacemat-
PHBATHCA, KAK pacxo;l HHQHALTPARHOHHOTO NOTOKA, NoCTYNANLIH

|2 !
RIARERIRRRARRR
| il
o
ool < T
~ * l TR,
| g
T 3 ‘
WWWWLE‘JPPE’
Bl g )
Pue. 42

i3 oGJaacti, pacnoOMeHHOH BLILC TOPH3OHTA YKJA4AKH ApCHBbL, A
BTOPOii—KAK PACX0j, HOCTYNAOHMI W3 HiKHel 30HH (pacnono-
MEHHOH Noa APeHoH).

CUHTaA, KaK H NpH aHafdH3e ABHIKEHHUS NOTOKA ¢ TOCTORHHBIM
pPACXOAOM, UTO MONPABKA HA «HECOBEPLIEHCTIO ApeHbl» AOMAH
OLITh BEEAEHA TONBKO RO RTOPOH WIeH, NOAYUHM

kH? | 2kaHa

jl';) o S I -E 5

(1.7)

e

vie of, Kak nokazaan C. @, Apepwsmor n Lliof Cun-¢ [Ba:, parua
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1 1
o' = == ] {:'ﬂ}
, da 1 a . 2a
L S e R '8
1

!

d — auaMmeTp LpeHbl,
Orciofga paccroanue Mexay Apenasu (E=25) pasmo

E=2V % (H2+2aHw). (1.9)

Ecaun H& a, To nonpapka ¢’ MoxeT OBHITB OTHECEHA K oGonmM
yjaeHaM gopmyasl (1.6}, uro naer

B2 —’;- (He—a?) o' =EoV o, (1.10)

rne Eo— paccrosunue, onpejensemMoe no gopmyne Kene, T0 ecTb
dopmyay C. @. Asepbsiriosa (cwm. [3], [4]). Ona pexomenayercs s
pacueTa CHCTEMATHYECKOro HeCOBEpLIEHHOro JipeHaxa B OJAHOPOL-
HHIX TPYHTaX NPH TOPH3OHTAJNLHOM BoAoynope (HpH co0nI0AcHHH
ycaoBHA a = S5H).

[1pu a=%; a’'=1 u qopuyna (1.10) npreosuTcs K Gopuyne

Pors.

Brime (cm. ra. 111, § 9) Guun pacemorpen ofumii clyyal JBH-
JKEeHHA MOTOKA TPYHTOBLIX BOA N0 HAKJIOHHOMY BOLOYNOPY MpH CME-
IIAHHOM NHTaHHH (HHOHALTPALHOHHOM H MPHTORE CO CTOPOHLI) .

Z ) T

£

8 B. A Honar. 177
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Pacemorpum Goaee nogpoGuo wuactuwii cayuai nnduabrpa-
UHOHHOrO NMHTaHHA NPHMEHHTEeJaBHO K BONpOCY OnpejencHus pac-
CTOAHUA MeHy APeHaMM NpH HaKJIOHHOM BOJOYIIOpE.

Jas yenosuit (puc. 43) nprMeM, 4TO NOBEPXHOCTH BOAOYNOPA
napajjejibHa NOBEPXHOCTH 3€MJIH H HMECT YKAOH i, 4 apennt (ka-
HaJlbl) 3aN0XeHsl Ha OoJAHHaKoBY rayO6uuy f. Toraa npH HHQHAL-
TPAUHOHHOM MHTAHHH M HAJHYMH BOLOPA3JeNbHONH TOUKH (ee
MOXKET # He OhTh MpH OnpejeseHHbX COOTHOLWEHHSX NapaMeTpoRr
NOTOKa) WMeeM a5 JAenoro noToka i’iHM{'HHﬂ T na a)

N B arrlg—-‘l-——~”
H=V 2s iaStare " : i d

H 444 Npasoro noToka

Wl

He=V L.S21iaS +a2 e o (1.12)

b | oy
]
I
=
—
'
p——
=
e L
e —
—
|
13
Liels
——

rjae
S b S =B ) 4——1 >0, (1.13)

[Mpupaeuneas (1.11) u (1.12) ¢ yuerom (1.13), MoxkHO nog6o-
POM pelnTL 3asauy no onpeaenedrio E, ecan sagaum k, p, i, a, H.
Bonpoc 3aHauyuTeabLHO ynpoliaeTcs, ecyaH NpuuatTL a==0, 1. e. cun-
TaTL JApeHb YAOMEHHBIMH Ha NOBepXHOCTH Bodoynopa. B smowm
uacTHoMm cayyae ypasHenus (1.11) u (1.12) npunumalor Buja

l (= 1)
- (--Q—+arcig~ﬁ— |

S=H]’r—-::—f" ' i (1.14)
P —“—-—-arctg . }
Si=H EE N\l | B (1.13)
OTKY/1a
LS l g-——
E—on ) £ Eﬂ " chg (1.16)
p

Ananornunoe pewenne npupoautes X. A, ITucapokoesm [36].
O6paTHRIIHCL K pHc. 43, MOXKHO 3aMeTHThL, 4T0, XOTA TouKa A n

dz
ABJASETCH BOAOpAasAeNbHOH (—‘:'=—-I] OHA HE NMOKa3LIBaeT Mecta

Hanbosaee GAH3KOro PACCTORHHHA H{JHE]}IHDETH FPYHTOBEIX BOL OT
NOBEPXHOCTH MOYBLI; TAKHM XapakTepHbiM MecToM GyaeT Touka b,

iz
rae cobaioaaercs ycaopue ——=»0, To ecTb rayGHHa NoTOKa rpyH-

ToBRIX BOA My ABAAeTCR MaKCHMaJbHON H, cleloBaTeNbHO, pac-
CTOAHHE OT MOBEPXHOCTH TPYHTOBBIX BOJ IO MOBEPXHOCTH NOYRLI
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MHHHMaNbHO. CleloBaTeNbHO, ecAn 3a/laHa «HOPMa OCYIIeHHA»—
¢, KAK MHHUMAaJLHOE PACCTOSHHE OT MOBCPXHOCTH NOYBLI JIO MO-
BEPXHOCTH TPYHTOBLIX BOJ, TO B pacueTax Mo ONpeiefeHHID pac-
CTOSHHA MeAY ApeHaMH Hajo MCXOJHTL He W3 BedHuunnl f, a us
peHYHEB M.

M3 OCHOBHLIX ypaRHeHHA ABHAEHHHA

p(S—x) =kz( I+ 2

dx /*

(1.17)

&

. " |
p(Si—x1)=kz(ZZ—i | (1.18)
dz iz - Y e
BHAHO, YTO NpH 7 ._1-1-,;; HMETCH VCAOBHA

LQ""S[F—_-%; LqInF__S] == kl':u “Ipil b =+ S] :Sn +Sﬁ:} . [].]g}

[Ipouseous udterpupopanue (1.17) w (1.18), npu ychoBraAX
(1.19) noay4um Ba)Hoe COOTHOLLEHHE

—— ATCIF——

Ho=He M 00 (1.20)

Ypasuenne (1.20) nokassiBaer, 4o sceraa Ho>H,
C yuerom (1.20) ypasuenna (1.1) u (1.2) npumyT Bun

Ho= ]/—52+m5 ar o[t rarcte ()] (1.22)

B yactHom cayuae, npu a={0, noayunm dopmyny, aHaJorHYHYIO
(1.16):

E=2H, |/ % ¢ Toreley choit-. (1.23)

ITOT PesyJbLTAT yiKe BechbMa CYILECTBeHHo OTJHYaercs oT noay-
wennoro B [36] X, A. [TicapekoBbiM.

JIna npubaumentoro conocrapiaenna dgopmya (1.16) n (1.23)
paziomxuM gyukunn ¢ u che B pag n orpaHHIHMCH ABYMA MEPBHI-
MH uJleRaMi. 310 aaer

E=2 ]-’r—_.ﬁ—-Hp; p=-l+ﬂ,5f5—’;§; (1.16a)

P xym= E — .
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E=2 )/ L Hpi pi=1+00642, (1.23a)

Kak BHAHO, NONpaekd, YUHTHBAKIIIAA VKIOH NMOBepXHOCTH BO-
Aoynopa B 3aBHCHMOCTH OT TOro, HCXOAHTEL H3 BeJHUHHH H HIH
Hg, namennaace B 10 pas.

Tak Kak nNpaBHALHEIM SIBJSIETCA COMOCTABJEHHE [0 ¢«HOpMe OCy-
UIeHHS», TO MOMKHO 3aIHCATh

E=Ewp,, (1.24)

rae Ey — paccrosune wmexxny apenamu no dopmyne Pors (nps
i=0);p, —nonparxa no dopmynam (1.23) wau (1.23a). IToayuen-
HEIll pesyJabTaT AJA YacTHoro caydas (a=0) sacrapiser BecbMa
KPHTHYECKH OTHECTHCh K paclnpocTpPaHCHHOMY MHEHHIO O TIpeHMy-
HiecTBaX OCYIIHTEJNLHOro NeHCTBHA MONepeyioro JApeHaxa, Tak Kak
MOMpARKa p; NPaKTHYECKH PARHA COHHHIE.

Ormetam, uto npH =0 B coOoux cavyasx p=p;=1, oaHako
npH n=0 pesyabTaThl COBCPUICHHO OTAHYHBLI: no ¢opmyae (1.16)
E = 2o, T0 ecTh OpeHax He HyxeH, a no (1.23), packpuiBasa Heonpe-

[ o4
AeJeHHOCTD, NOMYYHM fy=—5 = 1,359; cnepopaTtenbHo, A05 npeleib-

Horo ciaydad n=0 E=1236 Ey a gna nwoboro >0 E=E,p, npu
1<p,<1,36.

Tax xak o6uuto 12> 1, 10 py=1.

Beuny BaxHOCTH NOJYUEHHOro pesyjaLTaTa B ONEHKe OCYILH-
TeIbHOro AeHCTBHA OpeHaMa NpH monepedyHOM M NPOAOJBHOM €ro
pasMclUeHHH nonmTaeMcad HalTH pelledde ypapHeHH# (1.21) =
(1.22) nnsa obwero cayuas a +=0.

O6oznayan i L e e
ﬁ 0 [—artlg-—ﬁ-+amtg 0 ( Ria i]] (1 25}
=g ] .
LIS Zlice 1 _(2pS

po3poasa Buipaxkeuusa (1.21) m (1.22) B xXpajpar H cKIAJHEBaA HO-
WIEHHO, NOJYUHM

pE= £ (p*Hy—a?) +-(Bi*Hi—a?). (1.27)

[Toayuennas dopmyaa adagornuda dopuyae Kene ana uHpHIb-
TPALIHOHHOTO NHTAHHA MNPH TOPH3OHTANLHOH NOBEPXHOCTH BOJO-
yrnopa, HO OTJHYaeTcsl OT Hee BBelleHHeM nonpaeok P u f, B 3Ha-
‘YSHHA HAMOPOB {1y, a TaKiKe accHMeTpHell noToka (S+S,).

18
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Oueppano, 4to NpH i=0 n—= oo; B=p=1, stlz%
n (1.27) nepexonut B popmyay Kewne.

Ilo opmyae (1.27) nemocpeAcTEeHHO B SIBHOM BH/le BeJTHYHHY
E onpeaenanth nHe ymaercHd, OTUEro paccMOTPHM HeKOTopble mpe-
AenbHBIE MPHOIHKEHHA,

OGpawaa BHUMAaHHE HA BeJHYHHY 1), MOMHO YCTAHOBHTL, UTO
o6uiuno >4, a waume n>10. [leifictBuTennno, BeanunHLl, B Hee BXO-
ASIIIKE, B YCJAOBHAX CHCTEMAaTHYCCKOro rOPH30OHTAIBHOrO ApeHaxa
peaKo BLIXOAAT 3a chenyiougde npejensl: 0,2<p<]1 alcex- ¢ 1 2a
unn 0,002<p<0,01 mfcyrru, 01<ih<2 mfeyreu;, 0<i<0,03.
CnenopaTelibho, nokasateqan crenenu s xosdhunaentax f u fi
pOOOLIE Maabkl Mo aGCOJIOTHOMY 3HAYEHHIO, OTYEro ouHOKa B HX
onpeleieHHH He J0JAKHA DHOCHTh CYIIECTBeHHHX norpemHocTef.

FHE‘CHGT[JHM CHa4Yada E-’I}"'—IHH. Korjpa pedHvYHHa a Mana, XoTH
W HE paBHa HYJ/IO. Torpa Mo#HO NPHHATH

> ?FS’ 1. (1.28)

CunTad, uTO NPH MaJLIX @ CABAT BOLOPa3jena OCTAETCHA TAKHM
e, KakuM oH 6ua npr a=0, n3 (1.21) u (1.22) noayunM

ik i M

S T SR S B T

-EH=-§* . th_ﬂ_‘ Tj"_" 7 L] thl . (1.2—9)
21 an

Yuntuisas HepapencTea (1.28) n dopmyawm (1.29) u nmoxcras-
A87 3nauenua S, Sy, f u Py p ocnosryio sagicuMocts (1.27), nai-
neN cacayioulee MpHOJHIKeHHOe BhIpaKeHHe:

EEEPEV f; {THHE :19‘} : (1.30)
rae
2 l
———arctg —
y=e FEE Fg—l‘.‘h—ﬁ-

wan eme Gosiee npHOAHIKCHHO

ki ki?
y=1—551 p2=l+ﬁ,3l?, (1.31)

Jlerko ycTaHoBHTb, uTo npu a=0 d¢opmyaa (1.30) nepexonnt
B (1.23). M3 (1.30) u (1.31) BHAHO, UTO NPH MAJHX, HO KOHEYHEIX
sHayeHHsiX @ CyMMapHas MoOnpaBsKa, YuHThiBalollas BJAHAHHe
YKA0HA BOLOYNOpa, CTAHORHTCA MeHblle, ueM onpelendeMas mno
(1.23). Ipu nanpHefiwem yBeanuennn a eonopaanen (Touxa A Ha

1)



puc. 43) capHraeTca BNpPaso, oKa He GYAeT JOCTHRHYTO AOJi0MKe-
HHe, NPH KOTOPOM HH(MHILTPAUHOHHEIH NOTOK, hopMHPYHOWRcA
MeXAy ApenaMH, OydeT OTBOAHTBCA TOJILKO OOHONR HHHKHEd ape-
noit. [las storo cayuas oueBHAHK panenctea {cM. puc. 43)
e oS e=()

IMogcrapnas srtn 3navenns s popmyan (1.11), (1.12), (1.21),
(1.22), noayuum

T

arctg. i
H=a; Hy—ae " n (1.32)
2pE I. l
kia

._.L[ arctg?-l-ﬂr clg —1

P E2_iEa+a? ¢ (1.33)

[lochennee pasenctso nossoaser uaith E npu napecrumx p,
k, i w a, npuuem Hy naiigerca no (1.32).
[puGauxennoe peweune (1.33) nmeer pua (npun 1)

.- Ba ..._,E.km
. “]i

11+ }. (1.34)

C Apyrou CTOPOHEL, A PACCMATPHBAEMOro NPeAedbHOIO CaY-
naa ¢ yuetoM (1.32) no Kene umeem

E=2 )/ LyEi—a a2 B (135)

— arcig—
rfie B3SATO: [H"} =gl

(NpH MaJBIX i),

ChienoBatesbHo, NpH yﬂenuqenuu @ TO HeBOJbIIOE NPeHMyliLe-
CTBO NONEPEYHOro ApeHaxka, KOTOPoe HMeao Mecto npu a=0, no-
CTEMEHHO YMEHbIUAeTcsl H COBepUIEHHO JHKBHAHpYeTcAa AJA npe-
AeJIBHOrO cayyvas, korga E=E,,

OtmernM, uto npencabHoe 3uauense a no ( 1.32) pasuo

—~ ki? ' RiT =
T Ve -

L hl'.l oy ---.-Ehﬂp
Q= =l —-~J, (1.36)
= ANk ] 1
2. 1 1 Sll'—‘l'rﬂrttg "_I

CaenoBarensio, npu HaMmenenun 0<Ca<<a, NPeHMyUIeCcTBO OCY-
ILUTEJIBHOFO JICHCTBHA NONEPEYHOro APeHa’ka no CPaBHeHHIo C
MPOAOABHBIM MPAKTHYECKH HECYLECTBEHHO i PACCTOAHHE MCMKAY
ApEeHAMH MOXKET onpeleciarsca no dopMyae

E=Eqp, (1.37)

rie Ee—paccroanne memay apenamu no Kewe nam i=-0; p —no-
MpaBKa, JeManlas B npejenaax
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| <p< 140,062 (1.38)

Ilpn atoM, teMm GoJbile MOILHOCTh BOAOHOCHOrO naacra, Tem
MEHBLUE 3Ta NMonpaska; AJs NpeAebHOro caydana a=ag p==1. I1pn
(_>@y NONepeunblii ApeHa) CTAHOBHTCH MeHee liejecooBpasibiM,
eM NPOAOABLHEIA, T, K. B 3TOM cayvae p<1.

Taxum oGpasom, ecan cHCTEeMATHYECKHH TPaHILCHHLIH ApeHam
e npeaHasHaveH s yJasJHBaliHa NoBepXHOCTHLIX BOA MAH 4a-
CTHYHOrO MNepexsaTta BHellHero MNPHTOKa TPYHTOBLHIX BOA, TO B
yCA0BHAX 60Jiee WIH MeHee OJHOPOAHLIX NMPOHHLAEMBIX TPYHTOB
pasMelleHe IpeHaHbIX AHHHIT B NJ1aHe MOMXKET OCYULecTBASTHCN
KdK MO nonepe4yHoH, Tak H No NPoAOJILHOH CX¢MaM ¢ NPaKTHYeCKH
OJHHAKOBBIM OCYLUHTEABHBMM 3 peKTOM; BEIGOP CXEMBI 3aBHCHT OT
OPraHH3aluy  CeNbCKOXO3AHCTBEHHON TePPHTOPHH, AONMYCTHMbIX
CKOpOCTel ABHIKEHHA BOAL B peHax M KOJJeKTopax, paBHOMep-
HOCTH OCYIUCHHSA NO AAHHE APEH B APYrHX 06CTOATENLCTS.

OcTanoBHMCA KpaTKO Ha y4yeTe HecOBeplUeHCTBA ApPeHb (no
BCKPLITHIO MaacTta). B nauwane macrosiwero pasgena GO nokKa-
1aHO, UTO JONOJHHTeLHBIE CONPOTHBJAEHHA B NOTOKe, Bhi3BaHHbIE
HEMO/IHBIM BCKPBITHEM MNJacTa, MOrYT YUYHTHIBATHCA BBEINEHHCM
«KOIPPHIHEHTa BUCANECTH? MHOKHTEJIEM B BHIpaMeHun 445 pac-
xona [eM. dopmyan (1.7)—(1.10}].

OTMeTHM, YTO BHIpameHHe AAA « MoxKeT ObITh 3anuUcano B
BH e

W, (1.39)
Spatginsh
n nd

UTO T10 CMBICJY PABHOCHJIBHO BBEACHHIO «NPHBCAEHHON AJMHLI»

S=5S+ab,
rae E-=— =
wd

Tak hEH TOYHBIH Y4YeT «BHCAYECTH» ApeHama NPH HEeCHMMeT-
pPHYHOM HH(pHAbTPauHOHHOM noToke (i==0) 3aTpyauuTtenen, pe-
MM 3TY 3ajauy npHbanmenHo,

OGpawasice k gopmyae (1.27) u noacrasiass B Hee 3Ha4enus
npuBefieHHbIX aann S=S-+ab, $;=S8,+ab, a TaKkKe KospHUM-
cHTel B u fiy (npn maawix a), nocae npeoGpazopanua NOJYUHM
(117 GOABUIHX 1)) 3HAYeHHe PACCTOAHHA MeXAy APeHAMH ¢ yde-
[OM “£BHCSYCCTH> B BHJE

E,—= VE:+ (aB)*—-aB, (1.40)

rne Eg—pacctosinne MeXiy APeHaMH, onpeaeJeHHoe Nno npeib-
ayiemy Oe3 yyera «BicadecTH». ITa Qopmyna oKkasasach coBna-
nawuell ¢ panee npeanomennoil C. ®©. Apepuanoebim [4] ans
cayuan (=0,
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& 2. CucremaTHuecknii ApeHax B ABYXCAOHHOM rpynre

Cayuaii nHQUABTPALHOHHOrO MHTAHHS MOMHO PacCMaTpPHBATh
Kax uacTHuIA cayyail CMelanioro nHTaHns, npi kotopoM ¢=0,T. ¢,
KOrla GTCYTCTBYET rpyHTOROE NHTaHHe. Kak 6u10 moKasaHo BHIDE,
NpH HHEGHALTPAIHOHHOM NHTAHUH H OLHOPOAHOM TPYHTE MOMKHO
HCIOMIL30BATE YHCACHHOE PABEHCTRO pacxoia NpH AH(QHILTPAIHOH-
HOM MHTaHHH YABOCHHOMY pacxo/ly npH rpyHTOBOM [IHTaHHH, BBOAA
COOTBETCTBYIOIIHH cay4aio HH(QHILTPALUHOHHOTO NMUTAHKA KoaddH-
IHEHT, YIHTLIBAIOWIHIH HECOBEPIUCHCTBO JIPElihbl.

Beoa uamenenHoro snauenns Kos(pPHIHEHTA o, YUHTHIBAIOMICTO
JAONOJHATEILHBIE CONPOTHBJIEHHA, CBA3aHHBE ¢ 3aMeHOH coBepuIeH-
HOFO (LOBEJeHHOrO [0 BOJOYNOpa) Kawaja jpeHoil, oGycaosjeH,
BO-TIEPBRIX, H3MEHCHHEM pasMepa pacXxolia H, BO-BTOpPHIX, CaMHM
XapakrepoM ero QopMHpOBaHHA,

Ecau B cayuae rpyHTOBOro NMHTAHHA PAcXol ¢ NMOCTOSHEH MO
AJNHHE NOTOKA, TO MPH HHPHALTPAUHOHHOM NMHTAHHH OH HapacTaer
M0 HanpasJieHHIO OT BoJdopa3fiesa Kk aApeHe. B coaan ¢ stuM HaMme-
HACTCA H XapaKTep I'H/Ipo/IHHaMHYeCKON CeTKH.

B neyxcioiiHom rpyHTe, Kak NMOKa3alH ONBITH B IEJ€BOM JOT-
K€, B CBA3H C H3IMEHEHHEM XapaKTepa NHTAHMS H3MEHACTCA He TOJb-
KO 3HaueHue Ko3(pHIHEHTa BHCAYECTH, HO H 3HauYenHe koshhH-
UHEHTOB @ H O, YUHTLIBAIOWHX (PHALTPALHOHHLIE CONPOTHRACHHA B
30HaX, PacnoJOMeHHBIX HHJKE H BbIIe TOPHIOHTA YKJAA[AKH JPEHBHL.

Paccmorpum Gosree mospoGHo TpeGOBaHHA, KOTOPHIM HOJMKEH
YOOBAETROPATh KO3(hQHUHEHT, YUATHBAIOWAN cONPOTHBAEHHS, CBA-
3aHHBIe ¢ HeOAHOpPOAHOCTLI0 ofnacTH QHABTPALUMHH B cAydae IBYX-
CIOWHOTO rpyHTa H HHGHALTPAaLHOHHOrO NuTauna (pHe. 44).

Ecan B ciyuae rpyHTOBOro MHTAHHA PacXol JpeHs CTAHOBHTCA
PaBHEIM HYJAI0 TodbKo npH k=0 (peub Hier of H3oAHpoEanHOH
IpeHe), To B caydae HHGHILTPALHOHHOTO MUTAHHA AOMKHH cO6II0.
natbed Gonee ecTkHe TpeGopaHHA, 4 HMEHHO: pacXol ApeHH
JOJM¥KEE CTAHOBHTLCH PEBHEIM HYJIO HE TOJNBKO nNpH 2;=0, HO K npA
Ro==0, 1. &. hopvwaasio KosdbduuHeHT © monxkeH GHITH paBen Gec-
KOHeYHoCTH npH Ry=0 (R =£0), npu k:=0 (k; = 0) nam npa
k|=kg='ﬂ.

Heo6xoaumo, olHaKo, 3aMETHTE, YTO €CJIH B CJyYae FPYHTOBOTO
AHTAHHA B MPHHUHOC MOMKHO PACCMATPHBATL NpelesbHB cayual
k=0 B nNpHEHMATb, YTO IBHIKEHHE SBJSETCH YCTAHOBHBILIHMCA H
NOAYHHAIOUIHMCA 3aKOHOMEDHOCTAM HAMOPHOro NOTOKAa (MpH JocTa-
TOYHO GoJblIoM Hamope)®, To B caydyae HHOHILTPAIHONHOIO MHTA-
HHA 3TO NPHHIHIIHAJLHO HegonyeTamo. [eficTBuTensHo, ecan k=0,
TO KPHBAfl JEMPecCHH HE MOMET HAXOIATHCS HH B pepxHeM, HH B
HHXKHEM CJ0AX, T. K. HeT ycJoBHH Ans oOpasoBaHHA 3Tof KpHBOH

* B narnom CAYUAE NpPUHUMAETCA, WTO B NHMKIHE NaacT Boja nocTynaeT
rae-To na GoablnoM YIAJAEHHH OT Opedbl, TIC HMCETCA KOHTAKT HHIMEHErO rnaacra
C HCTOYIHEOM TPYHTOBLX BOJ,
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(oTcyTeTBYeT pacxon apess). Kpome Toro, B laHHOM caydae BO-
ofle HEeRO3MOMKHO YCTAHOBHBIICECH ABHMKEHHE, T. K. BhillafaioliHe
ocafiki He GYAYT OTBOAHTHLCA ApeHoH, a OyAyT CKanjJHBaThCcA Ha
KpOBJE BEPXHETO CJOH, ¢CAH HeT OTTOKAa, MM OTBOAHTLCA B BHAE
MOBEPXHOCTHOTO MOTOKA MPH B0 HAJHYHH,

| P
itiHHHti

K,) S 7

~X
g

b f

Puc. 44

Ecarn ApeHHpOBAHHE NMPOH3BOAHTCA OTKPHITHIM KaHAaJOM HRIH
ApeHa yJoXeHa B TpaHLIelo ¢ oYeHb XOPOIIO MPOHWUAEMON 3achn-
Kofl, Koraa MOKHO npeHeGpeus AOMOJHHTENLHLIMH CONPOTHBIEHHS-
MH, CBA3aHHEIMA C H301A1Hel IpeHbl, TO 061UYI0 hOpPMY.IY AAA pac-
yeTa COBepHICHHBIX ADEH HJIH KaHaJ0B, YHEJIaAblBa€MbIX HA TOPH30H-
TaJbHLIl BOZOYNOP, MOMKHO noay4HTsh Ha ocHoBe ¢yukumn H. K.
ICUpHHCKOro, HCXOAs W3 CAelyloulero ypasHeHHa pogHoro GaJjaHca:

25—’
ol 2.1)

B gacTHGM caydae A5 IBYXCJAO0MHOro rpyHTa npH rayGuxe so-
awl B KaHade (apene) ho<M

pS == k_l_ﬂ_lii’gi_l ﬂig‘?“}"ﬂe_hﬁﬁ ; {2'2:’
uan npu H >hy >M
F"S= kn[ﬂ{hﬂ’—ki’}s‘l‘gﬂ'ﬂfh—hﬂ] g (23}

rae ha w hy—Hanopsl Hax KpoBJedl HHAHEro miacTa B KOHlUe H Ha-
yase yyacTka S.

Ecnn apena maonuposaHa, T. e. yJoxena B Tpanweto Ges npo-
HHlLaeMoli 3aCHNKH TaK, UTO CTPoeHHe 3aChiNKH NOBTOPSIET cTpoe-
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HHe BOAOHOCHOrO MAacTa, To B dopMyan (2.1), (2.2) u (2.3) moa-
Aen BpoauTheA KoadduuenT pacxoia p.
[Mpu pacuere roJIOBHBIX ApeH KOa(PQHUHEHT PAcXoild p BBOIAMI-
CH HAMHK TOJALKO JHLIL B pacxod BepxHero maacta. [lpw pacuerax
H3OMHPOBAHHLIX ApeHazKel, NHTAHHE KOTOPHX oCYUlECTRAACTCA 34
cuetr HHUALTPALMH, OKazaxoch Gojiee yA06HBLIM BBOJHTL 3aTIH-
paloumii kospduuuent B o6muii pacxoa noroka. losromy s 06-
UleM clyyae pacXoil H30AHPOBAHHOMN APeHBl, YKAAALBACMOH M4
ROJOYNOP B BEPTHKAJLHO-HEOMHOPOAHKIH TFPYHT, OyleT onpeie-
AATLCA no (popMmyae
2n [¢.’I_¢'h..]

||'?S=-" g [?4]

rae hy—rayGuHa Boabl B IpEHe.
B pacueTHHIX YCJOBHAX (NPONYCK «€pacyeTHOro AoKAs») Be-
JIHUHHA hp OGHYHO Majd, No3ToMy ¢ He0OoJbIIoH NOrpelHocTbIo

MOHO INPHHATE
psﬁzig’_", (2.5)

B caiyuae ABYXC/AOHHOroO rpyHra

BeanunHa p, KaK W B cayvyae rpyHTOBOro nuranus, onpeae/ser-

cs no gopmyae
-I ]

OaHaKo ANA BEIYHCAeHHA O B cayuae HHQHALTPAUHOHHOIO MH-
TAHHA W ABYXCJAOMHOro rpyHTa npejaraerca cieayioulee (BecbMa
npubamKeHHoe) BHpakKeHHe, NONYYEHHOE HA OCHOBAHHN MaTepHa-
JOB ONBEITOB B LIEJICBOM JOTKE!

(n+0,001) Mha (Mn+hy)o
O="THroME(H+1.2M) e

rae
ho=H—M: n——-—E‘J ]
i
Moassopanue ¢opmynoi (2.8) orpaHHuHBAeTCA  YCJIOBHEM

0,001 <n< 1000, _
BeanunHa ¢ 475 HecopeplleHHOR ApeHbl onpeteaserca no cie-

nyloluen opmyse:
| M Hah) 1/ b q_*".-f.],lﬂi_”t. 9.
”__[H (Hhi) )/ e 10,6555 Lot (2.9)
rae a—pacctosielne o rojoynopa; M —unanop naa apenoi,
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B wactHocTn, Aaa conepuicHnoi apent (a=0) noayuaem

M (H24h?) 1/ FI:-
0= T (Mithg) M +Ur 55 (2.10)

PaccMoTpuM npefedibible 3Haucnna ©, NasaeMble GopMyaoi
(2.8). Mpn By=0 1 k3 = 0 O=0co n p=0, ubo uien +ﬂm]"""l a

naed Mn-+hy=oco0. llpn kz=0, n=0 B ciosa panHo ﬁen—:mlequu-
cti, p=0, 6o Mn=0, n+0,001=0,001, a anamenaTenbr pasel
HYJIO.

Takinm obpazoM, H B npeledblblx cayuadax 8 dopmanbhuo Nno-
1y4aeT HeoGXoAHMbLIC JHAUEHHA, XOTA B 3TOM, KaKk YKasuLBaaoch
philne, et HeoGXoauMocTH, H60 B NpeleibHBIX CAYYaAX ABHKENHe
orcyTcTsyeTr. Ecan rpynt oanopojen (n=1), to 8=0, nbo 3nech
MO0 cunTaTh, uTo M=0. Tak kak 8=0, To p=1.

Paspewas dopmyay (2.6) otnocureabno E=25, noayuumM dop-
MVJY A5 ONpefcieHHs PacCTOSHNA MedKAy ApeHaMH, pacnoJo-
JMeHHBIMH 1132 BOAOYTIOPe B ABYXC/IONHOM TPyHTe

E=25=2]/ *% (nhy?+ 2Mhy+ M2), 2.11)

WM, NPHHHMAaA BO BHHMaHHe, 4TO }lg-'=H—M. NOJAYUHM

E=2 )/ Boipn(H—M)T+2M (H—M) + M7 . (212)

Ecan Apena He H30JHpOBAHA (KaHa/ HAH JpeHa B TpaHllee C
OUCHL XOPOWo npouKlacMoil 3acknkoi), Top =1 H

E=2 /2 (nhg+-2Mh+ M) (2.13)

Kak YKa3jblBaaoch BHILIE, B CAyYae HCCOBEpUIEeHHOro apeHaxa
MOIYT BCTPETHTLCH [BA BAPHAHTA YKJAAKH APeH NO OTHOWEHHIO K
rpannle pasjena IFPpyHTOB, a HMEHHO: 1) IpeHa yJaoXKeHa HHXKe
rpaHMUEl pasgena rpyHToB (B HHMKHHEA cjioil) 2) gpena ynoMeHa
phillle rpaHHLBl pasiena choes (B pepXHuil caoil).

Ecan npupepuBaThca NPHHATOTO MeTOla, 4 HMEHHO —BBOJA
ko3 (DHUHEHTA, YUHTHIBAIOWETO HCKPHUBIEHHe CTPYH TOJBKO B
pacxoil HWKHell 30HL, TO ypaBHeHue BoaHoro 6ajanca npu pac-
HOJOMEHHN APENtl HUXKEe rPaHHilbl JHHHA pasjela rpyntos (pHc.
45) npHHHMAET CAeAVIOIMHH BUA:

pS=— j_l@_:trl.!if-;?ﬁ'!ﬁﬁ-’ﬂ“ _1__&1“',_":“ (2.14)
rac .
: 1
o= Tl
a
| +2,94 5 g el
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Paspeman ypasucHue (2.14) orwocuresnwino E=2S, 6ynem
HMEeTh

E=2 )/ B[ tu o +2Mo i) + ] (215)

roe 11’=2,94alg-§% ;
Ilpn a=0 d¢opmyna (2.15) npusoaurcs k opmyae (2.11).

Heo6xonuMo 3aMETHTDB, YTO 0 B 3TOM CAYYae BHMHCAAETCA C yye-
TOM BHCHUCCTH Jpensl no gopmyae (2.9). :

Ecan ke=0, T0 popMasbHO Nepemii uAeH, cToamuf B KBAAPAT-
HeiX ckoBkax (2.15). pasen nyao, T. K. papen Hy110 Koaphduuuent

|2

p. BropoRt uwmen ¢opManEHO He CTAHOBHTCA DPaBAEIM RYJIM,
ONNAKO, eCc/IH YUeCTh, UTO NPH Ra==0 NpoHCXOAUT PA3PLIB CBAIH Me-
HAY naacTaMH M rHAPOCTATHYECKOe NaBJeHHe ViKe He mepelaeTcs
B HHJKHUA cnofl (a2 cTano GHITH H B HHXKHIOW 30HY), AalHOe NPo-
THBOpeuHe CHHMAeTca NyTeM NPHHATHA PasHLIM HYyJI0 Hanopa H

Ilpu pacnoaciennn Apelsl Bblile JAHHHH pa3fiena TPYHTOB
(puc. 46) ypapnenne BojHOro GasaHca 3anHCLIBACTCA B CACAVIO-
ueM BHAe:

£l
T I T T . T L o N Ty o NSl (AT g o g |

_ﬂk_jfi_-:! _kﬂ_ __itl bl (4§
e | I EAT)

' I NI 2a
n'=294alg =5 7/=29%4alg =2

Paspeinana ypasuenne (2.16) orvocureasino E=28, Gynem
HMETh

8%



E=2 )/ L {eat+2F | 2 (gt} (217)
rie

r—

o Til-l_m? ; (2.18)

Jdasa cayyas HHQUIBTPAUHOHHOTO MATAHHA BEJHYHHA ® Onpe-
LenAeTca Mo caeAyiowed npubiniKeRnon sMNHPHYECKOH GopMyJe:

Barazn "
o= ELE— (2.19)
rae l:'-'1='%l_l}'5 ; fl“;%i"- == ]-/] T .aﬂ_I: 1 <n<1000.
Vn+05) |
'

Puc. 46

Paccroanne no gopmyne (2.17) npuxoautes onpenensats Noj-
Gopom. Popmyna (2.17) paerT BO3MOMHOCTE PelUHTb OOHH BecbMa
BAJKHEIH B NPpaKTHUECKOM OTHOILIEHHH RONPpOC, 3 HMEHHO—TpPOH3-
BECTH OLEHKY BJANHAHHA XOPOLUIO NPOHHUAEMOro NMOACTHJAAIOWErc
naacta Ha paGoTy ApeHama, yKJaALlBaeMoro B BepXHHIl MeHee
NPOHHILAEMbLH TPYHT.

YKkasannas cxema peanHsyercs, Hanpumep, Ha rayGokux Top-
IPHIIIIHQI{, NOACTHJAIEMEIX TICCKAMH, KOrjia yekJalka JApeH B HHK-
MUl cJon SKOHOMHYCCKH HEL[EHECI}D&]]HHHEI HJAH TeXHHYeCKH 34d-
TPyaHeHa. Kak nmoxassipaoT pacuyeTsl, HAJHYHe XOPOWO NPpoOHKHLLae-
MOro naacta yayumaer pabory aped. [lns wanocTpanuu paccMoT-
PHM CASAYHOUHA NpHMEp.
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Tpusep. Onpeneants paccTosHHe MeXKLY ApenaMu B Toppi-
HOM FPYHTE MOWHROCTLIO 3,2 M, MoAcTHAAeMOM Necyancl npoc.iof-
iolt MomkocTeio 2 M. Koadwbannents dbuasTpauun topha u necka
paBHH, cooTeeTcTBeHHO, 0,2 w 5 M/eyTRH, Pacuerunii mMoayas
nabuasrpauun p=0,003 m/cyTiH, rayOHHa 3aJ0XKeHHA [pen—
1,2 M, HopMa ocywenns U,7 M, ananerp apen d=0,05 m.

Onpeaeanm komnoneHTr dopmyan (2.17).

G=3242—12=4 p: 0,=2 M, gp=20 H=12--0,7=05 .

- 4

e 2 =004.4.1g .23 _op:
' =2Malg=;=294-14 IEE,H-U.G;': 20,25 u.

0 =2940,1g 2% =204.9 . g2 2. 8,95 .

: 3,14 0,05
B 08 i e B B0 gE . W R
7 o003 = 1073 =g =pq =25 p= Vi+ =122
£ .
e R
_ V=05 _V25-05_ 292-05
& L 292405 =0.71.

Va+0s V25405

_Paan™ _ 1,22.2.2.25%
o Boen2_ L22AB 368,

e
=V ige = V im0,

IMocne noncrainonkn B opuyay (2.17) BeUicC/IeHHBIX KOMNG-
HeHTOB W HeGoabllnx npeobpazopaniil NOAYUHM

E=258 )/ 01 +2E (2. 222 ),

[MoaGopoM HaxoauM, uto E== 37m.

Onpeaensus Tenepe paccTORAHHC MeXAYy ApeHaMH, HCXOAS H3
BHPTYaJbHOrO MeTOME, T. €. 112 OCHOBE BBOJA MPHBEJSHHOH ANHHE
nyTH GUAbTpPAULHM 0451 HHHHero cjos. [Ipy MHEDHABTPALHOHHOM
MHTAHHH BENTHUHHY y4acTKa Spp MOXHO ONPefeanTs no (opmy.e
caAeRy0ero BRaa:

2na,a da
Snp=5+2,94(a+ 0% 1g 22 (2.20)

B stom cayuae ypasHeHue BogHoro Oanaica aanuchiBaercs
ChefyiowHM obpaiomM:;

Lo IR kay | kap e
ps = E‘_-sz[S-—;r#ffS_f_ﬂ,"Fj. (2.21)

rae

' i 2na,ap 2a
T = 2,94 la+ -—;155} lg .
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Paspewmasn ypasnenne (2.21) ornocurensHo E=2S, noayuum

E=2 |/ L[+ 2B (ho -+ )], (@210)

B paccMaTpHBacMOM cayuae

2.25.2.2:

1 “;;{ X = | G0 1.

A
40,05

Ty =2.94 (4 +

[ocne nogeravopin b Gopmyny (2.216), Gyaem nMeT.

arx i D4 10

Em268 [/ 014408 (st e |

[Mfon6opom onpeaensem E= 45 u.

Kak BHANO M3 pacuera, npeasaraeMblii MeTo/[ AaeT HEKOTOPLIH
koshuUHenT 3anacd 10 CPABHEHHID ¢ BHPTYaJbHBIM CHOCOGOM.

Eciin He yUHTHIBATE BJAHAHHE NOACTHAAIOULErO NJACTA, T. €, NPH-
HHMAThL, YTO TPYHT OLHOPOAEH H HMCET NMPOHHILAEMOCTh BEPXHEro
nnacra (tropa), To no gopmynae C. ®. Apephanona Gylem HMeTh

B2 )/ L (H—H)a =2 |/ (454,65 ' = 3361/ <,

roe a : o
. FTL

d
1-+2,94 E‘ lg‘ H

[MonGopom Haxoaum, uto E=25=22 u,

[pueesennblil NpHMep NOKA3BIBAET, YTO XOPOLIO MPOHHUAEMbIH
OACTHAAKIMEI NAACT 3HAYNTEALHO yaydwiaer paboTy Apenaxa,
TO, B CBOIO O4epellb, NMO3BOJAET YBEJAHUHTh PAcCCTOAHHE MEeRay
ApeHaMH W yIelUleBHTh OCYIIHTENbHYIO CeTh,

GeckoHeunoe yBeJaHYeHHe NPOHHLAEMOCTH HHAHEro ¢104 BOBCe
He TIPHBOAMT K GECKOHEYHOMY YBeJIMYEHHI0 PacCTOSHMH MeXAy

I pEHAMH.

[MokameM 3TO HA AaHHBIX TOJBKO YTO PacCMOTPeHHOro NpH-
mepa. Kak sHANO H3 ypaBHeHHa (2.16), npH HeH3MeHHOM k) BeJiH-
yHHA PACXOAAa INPH M3MeHeHHH Ry B CTOPOHY YBeJHYEHHS BO3pa-
CTaeT 3a CYeT BO3PACTAHHA MHOMKHTENS ARs.

[TpocieauM HiMeHeHHe ARz NMPH H3MeHeHHH R;. Pacuersl Be-
1eM. K4K H paHee, Npu ay=az=2 &, a=4 m, k=0,2 m/cyriu, 3ana-
BAMCh PA3JHUHON BeJHYHHOH OTHOLIEHHH ke: Rk, B npedenax ot |
a0 1000. PeayabtaThl pacueToB cBOAHM B TabJ. 6.

Kak BHAHO H3 Pe3y/bLTATOB pacyeTa s KOHKPETHBHIX YC/AOBHH
NAHHOTO TpHMepa, Bo3pacTanue Ak B CBA3H C YBe/lHUEHHEM Ry
[IPOHCXOANT MO KPHBOiH, ACCHMNTOTHYECKH NPHOMHMKAIOWEHC K
HEKOTOPOMY NpededbHOMY 3HAaYeHHIO, KOT[a 3Ha4YHTeJbHOE YBeJH-
neHHe ke YiKe He BHI3HIBAET CYLIECTBEHHOrO yBeJIHUeHHA Aky. [lan-
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Hoe ABJeHHe CBA3AHO C YBeAHYeHHeM NOoTephb, NPOHCXOAALeM na-
pajedbsHo YBeJTHUCHHIO NPOHHILAEMOCTH HHAHCTO G0, bnaroga- -
psl STOMY NpH OnpeleJeHHOM OTHOLIEHHH Rg:R) TOTOK NMpakTHye-
cKH cTabuaH3yeTcs H HajkHefiulee yBeJHYeHHe Ry He NPHBOLHT K
RO3ACTAHHIO pacxolia JIPeHH, _
TaGtanuna 6

by ‘ e ] @ 1 i by
| I

I ] |
02 ] L0 000 | 1,000 0,20
5,0 l 25 | 3,68 | 0,262 1,31
10 50 5,45 0,180 1,80
N e 11 TN M 2,44
TR T 1240 | 0,085 3,22
60 300 1580 | 0063 3,80
80 400 T e R Y el R ™
100 e e | (R T Lt
120 600 | 2450 | 0041 | 490
140 700 2690 | 0,038 5,20
160 800 29,20 0,034 5,50
180 900 31,70 0,032 5,70
200 1000 33,80 0,029 5,80

OrtMeTHM onHo JioGonuTHoe obcToaTenbeTBo. Eciu Benuuuna |

fa : Ry -

f= - OTHOCHTEIbHO BEJIHKA, TO B BRIPAKEHHH Spp= +1 pp BE-
i

aHuHHA S B CPABHEHHH C BeJHYHHON n'hp He3HaukTeJbHA W e€l0

Mo HO npereGpeus. Torfa npu rpyHTOBOM H HHQHILTPAUHOHHOM
MHTAHHH NOJY4YHM COOTBETCTEBEHHO

- kol . 2kaasH
Irp= T Tuup= Aap.

[TpuuuMas BO BHHMAaHHE, 9T0 1'yp =21 p. NOAYYHM, UTO B CJITY-
yae GOJBLIAX ﬂ=-§—’- PacxoALl §rp M Gyuuy OYAYT PaBHE MEKILY
1

coGoifi. Jannoe ofcToATeNLCTEBO 00YCJAOBJIEHO BHIHMO TeM, UTO B
paccMaTpHBaeMOM CJiyude OCHORIYIO POJb HrPaloT NOTEPH HA BEP-
THKAJLHEIX, 4 He HAa TOPHA0HTAALHBEIX yYacTKaX (HALTPalHH, KaK
STO HMeeT MECTO B cayude oA4HOPO/HOrO rPyHTA.

§ 3. CuncremaTHyecKuii ApeHax B CHaDONPOHHUAEMOM rpyHTe

Ilo nacrosmiero BpeMeHH GOJblIME CNopsl BH3bBaeT Bonpoc 00
OCYIIEHHH caGonpOHHIIAeMbIX MHHEPAJALHBIX TOYB (IVIHALL 0 TAMKE-
Jble cyrauHkn ). Bonpoc o BO3MOMKHOCTH NpHMeHeHns Apenaxa npH
OCYIIEHHH PJHIACTHIX JIOUB HMCCT BEChMa OOMBLIOE NPAKTHUCCKOE
SHAYCHHE W [O3TOMY MOCTapaeMcs Aath HEKOTOpoe OCBellleHHe
yeaceuil paGoTH Apenaka B ciabonpoHHIAeMbIX TPYHTAX.

Hcenegosauuamu T. H. Ilysupesckoit [41] ycTanoBeso, 4To A4
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p#jia rpYHTOBR ABHMKEHHE BOJbL HAYHHAETCH TOABKO NPH JOCTHHEHHH
HEKOTOPOro HavaJpHOTO rpajHcHTA Ig. Beanuauna 31010 rpajHeHTH

1181 OUeHb TJIOTHBIX MIHH MOMKET JOCTHTaTh BecbhMa DoJbIUKHX 3Have-
Huil (nopaaka 20—30).

Mul He GyieM OCTAHABJMBATLCHA 31€Ch Ha 9TOM BONpoce, Mo KO-
TOPOMY CHEnHAJNBHEX SKCIEPHMEHTOR HE CTaBHAH, OAHAKO OTMETHA,
UTO JIaHHEIA BOTIPOC AOJIMEH CTaTh oOBEeKTOM TLLATENBHEIX HCCHE-
NOBAHHI,

PaccuoTpim 34eck BadHBIA C NPAKTHYECKON TOYKH 3peHHH
polpoc 06 OTHOCHTEILHOH NPonycKkHOH cNOocoGHOCTH CJ0EB B CBASH
¢ pasMellenneM B HUX FOPH30HTAAbHBIX [1PEH.

2

] e
AARITEREEERRENENERRER
::,; r L__
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ac : X
5, Se
— S

Puc, 47

I1. I1. Onesnu [53], kKoMmentupys TaGauuy «Hanbogee BbIrod-
Ho# rayOGuHb 3anomenna ApeHama» X, A. Ilucapskosa, caenan
BLIBOM, YTO NPH OTHOWEHHH KO3()PUUHEHTOB QHALTPALHH BEpXHe-
ro caosl K HH#HeMYy, Gonbwem nata (1:0,2), nuskHHA cioil yiKe
cJeyeT CYHTAaTh BOAOYMOPOM AAA BepXHEro H, CAeloBaTeNbHO,
ApeHs HeoOXOAHMO YKJIaALIBATL Ha «BOAOYNOp» (T. €. HA KposJe
HHAHero cjos). BeiBog 3TOT OCHOBaH Ha HETOUHBIX pe3yJbTaTax,
noayuenublx X. A, [IncapekoBhiM, W BCJACACTREHE 3TOrO He #AB-
ngetrcHd yOelHTeJbHLIM.

Jas cysjeHHs o pasMepax OTHOWEHHS KOI(PQHIUEHTOBR Npo-

k :
HHILAEMOCTH n==k—1, Npd KOTOPEIX HIGKHHE CJIOH [eHCTBHTENABHO
i

TepseT cpoe sHadenHe MW Koraa Ges yuepGa nas paGoTel ApeHa-
Md ero MOMAO BHIYOHTH M3 HHMKHEro ¢ilof, paccMOTPHM €0O0T-
HOLIEHHEe MeAKIY PAcXOfaMu, MPONyCKAEMbIMH 10 BEPXHEMY H HHHK-

13 B. A. Houar, 193




HeMY CJIOSIM TNPpH JABMMKCHHH B JBYXCJAOHHOIl cpeie B cJayyae
HHHABTPALHOHHOrO NHTAHU.

Ecinn nmuuil cnoil deaserca BOLOYNOPOM, TO KpHBaa JAempec-
CHH JOMKHA PAcrnoJiaraTbcf NeJHKCM B BEepXHeM cJjioe, a pacxof
HHYKHEro c/10of AoJikeH OBITE PABEH HYJAK. ITO yCjaoBHe cobJio-
aeTcA TEOPETHUECKH NPH n= co. MoO¥KHO CYHTATh, YTO NPAKTHYE-
CKM, YiKe NPH HeKOTOPOM coOTHOUeHHnH Ko dnunenTor uakwTpa-
IIHH BEPXHEro W HHIKHEr0o CJI0eB, KOTOPOE HA30ReM KPHTHUeCKHM
(7xp ), MOAaBAsAIONIAA YacTh 06WEro pacxoia ABYXCJAONHOrO TPyH-
Ta ABHAKETCSA B BEPXHEM CJ0€ H TOJAbKO HC3HAUYHTENbHAA €ro Ho/d
NOCTYIAeT N0 HHAHEMY.

Ha yuactke S, (puec. 47) pacxoj, nocTynalouii K ceueHnio X,
MOMKHO pPAaccMaTPHBATh KAK CYMMY PACXOO0B §; M §a, TAE §—pac-
X0/ HHAKHET0 ¢JI0s, 8 §o—BePXHEero.

I_,_{ R EE e

s D

Pue, 48

lipunuMasn B0 BHHMAaHHE, YTO B Npolecce QPUALTPALHK TIPOMHC-
XOAHT HelipepLIBHOE MepeMelleHne BOA H3 BEePXHEro c1osi B HHAK-
HHH 38 cueT BePTHKANBLHON coCTAB/ISIOWEN CKOPOCTH, PACXO] HHHK-
HEro cJod B HANPAaBJCHHH ApeHll GyaeT HenpepeBHO BO3PACTATL,
a BepxHero—yG6niBaTh, BIJAOTh 10 MOMEHTA, KOIAa OH CTAHET paB-
HEIM HYJAI0 B TOUKE NepecevyeHHsl KPHBOH [JenpeccHH ¢ KPoBJaeH
HHMKHEro cJaof.

Has npuGanmxeHHoR OUCHKH COOTHOWIEHHS pPacXoloB, OTBO-
AHMBIX PasfienbHO KadALIM H3 IBYX CJ0OeB, PacCMOTPHM CXCMY
(pHc. 48) paboTel ApeHa)Ka B ABYXCJOHHOM TpyfTe npn HH(HAL-
TPAULHOHHOM NHTAHHH, PaHee JeTaJLHO HCC/EHORAHHYIO AAA CAV-
uas NoToKa rpyntoBuix Bojg (e, § 1 ra. I11).

ITpumewm, uto Apeas< npejicTapjel OTKPHTONH TpaHuieed, AHO
KOTOpOH AoBejieHO 0 Bogoynopa (Touka A), a ypoBeHb BOJAbl B
Heil HAXOAHTCA BHILIE JHHHH pPa3sje.la NAACTOB (CXeMa yCJaoBHaAfN).
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s sToro cayuas, B COOTEETCTBHH C paHee NpHBeIeHHLIMY J10-
razateqabereaMu (e, § 1 ra. III), pacxoas, nocrynalouie M3
IHIKHEro ¥ BepxHero cjoes, OYAYT paBHbl, COOTBETCTBEHHO,

— MpS . khipS
Y48~ BM+haty* 9 BC ™ M 3Ty - G

Ilons obuero pacxofia ¢=—pS, OTBOAHMAR HHAKHUM CJOEM,
ONPEAENAETCA BHPaKEeHHEM
1
H=—, .
] 4 ﬂ{

i

(3.2)

Irae
Tap ks

F q_ " -ﬁr'kj 3

Ecau cunTaTh npeeibHo JONYCTHMBIM (C TOUKH 3PEHHS HC-
0JB30OBAHHA BOLOOTROAHON CNOCOOGHOCTH HIMHEro CJA0s) onpe-
jefeHHoe 3navende » (Hanpurep, x=0,01—0,1), To cooTBeTCTBYIO-
uiee 3HaverHne n GyaeT paBHO

e Sk (3.3)

C apyroil cTopoHb, 3nauene f; CBA33aHO C pacCcTOsSIHHEM Me-
WAy ApeHamu S W ApyraMu napaMerpamu. [leficTBHTeNILHO, Kak
3T0 NOKa3ano padee (cM. popmyay (9.25) raasm 111), ara un-
(PHABTPALHOHHOIO NOTOKA JefCTBHTEILHA CBA3L

$=¢IH_“I}r—"--: )
rae @'y n @'y, —anavenun gpyusunn H. K. Cupinckoro aas ceue-

HHi =8 u x=0.
B paccmarpusacmom caydae

B k(g —ht) 20 M Ul (3.5)
2 2
Buipamana h; n3 (3.5) n Henoawsya (3.3), noayuum
S e LIRS e (3.6)

i

J n
' (M4nhg)e— ‘fﬁ

Ha (3.6) u (3.2) Buano, 4TO A0AA pacxoja, OTBOAHMAA HHIK-
HHM CJOeM, ZABHCHT He TOJLEKO OT COOTHOLUIeHHSA KﬂB(I.‘I[])HI.I.HEH-
TOB (HABTPALMH, HO H OT MOWHOCTH HHMHEro CJOH N APYIHX
napaMerpos.
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Ouesnano, uro npu h;=0 Becb pacxoa Oyner nponyckarbcs
TOALKO Hepes HHKHIIA caoil, uto aaer no (3.6) npu »x=1 npenens-
Hoe anauenne S=Syp, rie :

Sp=V “-V ZMhyFnh. (3.7)

Hakoneu, o6veannsa (3.7) n (3.6), noayaum

o= —-—--_——-I—-—-— —r {3.8}

ST T
Vo1 s (Ske—sn)

Otcioga BHAKO, YTO NP S=S8,, %=1, uT0 1 10/1K0 GbITH NO
emutcay sagaun. [Ipn S<Syp N0, OTBOAMMAA HHACHAM CJ0EM,
yMmenbmaetca.* Tlocaegnee 06CTOATENLCTBO TPeOyeT MOACHEHMA.
Tlesio 3aKJI04aeTCsl B TOM, 4T0 BesnuiHa S B ypasHenun (3.8) as-
asieTes e NPOH3BOJLHOA BeJHUHHON, a CBA3aHNO0I ¢ BeAHIHHON )
ypasuenneM (3.5). TMostoMmy npn BeMsMeHHLIX p, 1, Ry, M nu hy
npH yMmeHbleHHH S ypenuunpaercs hy, 4TO H BHILIBAET YMEHb-
LIEHHE X,

[NpusenenHas cxema orandaercs 6oJblioH yCI0OBHOCTLIO—TNPH-
HATIEM B Tpailuiee Hancpa, pasnoro M-}-h,, oTuero ona goaAHa
paccMaTpPHBATLCA TOBLKO KaK BeCbMa YacTHBI Cayuai W He NO3BO-
AAeT Aenatk ofwmx Bwipogoe. [opasno GoablUHi HHTepec npen-
CTABASIET PACCMOTPEHHE cJyuas «coBeplIeHHOro» JpeHaia npn
HyJesoil (Hau HesHauynTeNbHOH) rayOnne poasl B HeM. Takan cXe-
Ma HaMp paccMaTpuBajachk [AJs cjyuas MOCTOAHHOrO pacxoia no
naune notoka (§ 1 ra, I11), rae 6uad nokasawo, uTo A48 caydas
n% 1, Hexoan M3 runotessl FHPHHCKOro, HaHTH COOTHOWEHHE pacXo-
0B A ¥ §pc NPH CBOGOAHOM HCTEUCHHH B TPAHLIEIO HEBO3MOKHO,
TAK KaK 3/1eCh ABHO HAPYWAETCA TOPH3OHTAJALHOCTL TeHEHHH IS
HUMKHero chos. **

Bnpeas no nojdydenus 6ojee TOMHBIX pelleHHH MOXHO AaTh
NPUOIMKEHHYIO OLEHKY BOAOOTBOJAHON CHOCOGHOCTH BepxHero M
HHIKIErO MJACTOR, HCXOAA H3 CAeAYIOMHX cooBpareHni,

o B. B, Beaepuukory u Y. Canxtepy, npHTOK BOAL K TpaHilee

5
¢ ABYX CTOPOH NPH 7 > 2 npuOAN3NTEABHO PABEN
a) ans GOH3Koro BodoyvIopa

29 5= 1,48 &\ M; (3.9)

* Qopuyaa (3.8) nokazwpact, YTO BHXO0A DOAL B TPanLIED no BEPXHEMY
caow npu S>Sgp nepoamomel, W0 B 3TOM CAyuae ¥ A0AMHA GuTh GoAbLE
EJHH L,

** Cy. C. @, Apepbanop. Ocymurensnoe aefictene apenameii. Joxaan ua
cOBCIAHNN PAGOTHHKOR NPOCKTHWX monoxos. opranmasuuii PCOCP 181V
1960 r.
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6) aasg raybokoro Bojoynopa
24 yp=2~M. (3.10)

B nocaeanem cayuae M-—rayGuna Bpeski b HIKIHA ¢A0i.

C apyroii cToposbl, mpu n > |1 pacxol, OTBOAHMEI BepXHHM
CA0eM, IIpIIﬁ.’FHJIITﬂJIbIIﬂ paneH

kahg!
Ioc="5, ° (3.11)

rae 51 = 8,

31eck MOrYT BCTPETHTLCA PasaHulble CAyuaH,

1. Iponyckuas cnocobHOCTE HHIKHErO €05 GOAbLIC MPHTOKA

HH(PHABTPALHOHHLIX BOIL
Torpa

q yp= (0,74 -+-1,0} ey M=pS, (3.12)

W BEPXHHI NOTOK BECh NMOTJAOLLAETCA HIKHHM (S;<S5).
2, lNponycknana cnocoblOCTh HHAHErO ¢nog  Hea0CTaTOUHA
AN1f OTBOJA BCEX BOA

pS=(0,74--1,0) kM + 225

(3.13)

[Mpumem Ads AaNbHEALIET0 HAJN0KEHHs, 4T0 §ap=R M (rayGo-
WHH Hﬁﬂn}'tmp}. B stoMm cayuae Jo0d HHKHETO CJ0A B OTBOMAC
CYMMAaPHOTO pacxoia onpeieJHTCA BeJHYHHOH

%

. (3.14)
&7
Orcrona s
() —x =
T R (3.15)
Ecan puipasuTe S ni !3.13} , npuuman gapg==~;M, To nonyunm
4 Anphs
S= (1+[/ 4+ klm). (3.16)

Moacragans B (3.14) noayuennoe snauvenue S, OyieM HMETh
nocae HebOAbIIHX npenﬁpaauuaﬁﬂﬁ

M2 LT Anphyt
x=garp\ ¥ 1+ g1 - (ol

| -
Ecan 4 kpﬁﬂ < 1, To, Henodabaya npudinAKeHHoe paBelcTRo,
1

VT Fzmiq £ —Lp, (3.18)
NOAYYHM
sk Ty | (3.19)

[T TE
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doas o6uiero pacxoaa, OTBOAHMAan BePXHHM CJA0EM, COCTABMT

nphgt
aef == | —
¥ =l—n=g5 (3.20)

Paspewan (3.19) ornocntesbho A, noayuum (GopMysy, 1aio-
ULYIO0 3HAYEHHe f1, NPH KOTOPOM OTHONIEHHE PACXO0MO0B, Nponyckae-
MBIX BEPXHHEM H HHKHHM CJA0MH, paBHO oTHoOWeHnw x” K # B
JAAHHOM cayuae

__ A M
l— 3.
e | t). (3.21)
Ecau 4 1’:’:;: 2 1, To Buipamenne (3.17) Momuo npueecTH K cae-
AYIOWEMY BHAY:
=M 3 B

7= | e (3.22)

Paspeman (3.22) otnocutenbio n, 6yjiemM HMeTh

3 kg’ "-r M 'ﬂ"l- iy

n= 'xml e (3.23)

oas pepxHero nyacta B oTeojle ofllero pacxofia B 3TOM Ciy-
yae GyaeT paBHa
M1/ ke

"'_ — -
el el ﬂﬁi P

: (3.24)

[TpupencHuble Beile NPUGAHKEHHLIE BHPAXKEHHA 1O3BOJSIOT
OUEHHTE AOJI0 YUaCTHA BEPXHEro H HHXKHero cjoes B ollleM ape-
HHPOBAHHH NPH 3alaHHOM OTHOIWEHHH KosdduunenToB GHALTPA-
WHH n=kolk,.

AHaJAH3NPYsA sHauenus x, AapaeMble Qopmyaamn (3.19) 1
(3.22), momno yGeanThea, UTO POdbL HHAKHEro CJ0S B nrjnmm
APEHHPOBANHY YBEJIHYHBACTCA ¢ YBe/IHYeHHEeM ero NPOHHILAeMOCTH
oy M rayGHHBL BPE3KH TPAHIUEH B HIKHHI €0l H yYMeHBLIACTCH C
VBCAIYEHHEM TPOHHIAEMOCTI BepxHero cnos ks, Hanopa hy H
HHTEHCHBHOCTH HHpUALTPALLHH p.

OTMeTHM, YTO ec/ii MPHHATL Cpejilye 3Hauelnd, XapakTepHbie
AJH CHCTEMATHYECKOro TOPH3OHTAJALHOrO ApeHa)a B THHKEbIX
PYHTAX ¢ Gonee PHIXMBIM MaXOTHBIM chaceM, Hanpamep, M=1 w,
=02 M, p=0,004 m/cyTEH, :‘e.—-ﬂl]l M/CYTKH, TO. pazpeuias
hopMmyay (3.24) otHocHTENBHO %' B BHIE

rol gl MR ol
e e 7 L ol (3.25)
IIU.':IJ.”!FIM B pHEEMﬂTpIIHH{:’MﬂM EJ!"_‘,F'-IHIJ
0Pl R
Gﬂ[ﬁ:r —7,9 I

14k

oy E——, S R

TN SR TreS—

Y e MR e




Ecan npunath #'=0,5, 1. e. noTpe6Gosats, 4yTo6p NoJ0BHHA 006-
llero pacxofla OTBOAWJACE NO BepXHeMYy c/010, To HeoOGXOAHMO
co6aKoAeHne ycaosHaA n 2> 250 nan ky > 2,5 M/cyTRH. \

Ecan e sagatecs »'=0,75, TO NpoHHIlaeMOCTL BEPXHEro cJ10s
n0a#Ha OGBITh YVIKe B THCAUY pas GoJblle, 4eM NPOHHUAEMOCTDb
HHAHETO.

Mbl npuBesau pacueTsl A4 AOBOJBHO HH3KHX 3HAYEHHH NpPOHN-
LAEMOCTH HHMKHEro ¢JIos M NOKa3aJ i 3aBHCHMOCTh Rz OT aoau 006-
liero pacxoja, NPoNnycKaeMoro mo BepxXHeMy ¢/A0l0, NpH pacuer-
HBIX PACX0JAAX, HA KOTOPHE OOLIMHO NPOEKTHPYETCA OCYILHTEMbHAs
CeTh, HCXOA N3 cXeMbl PoTa.

B peasbHHX YCJAOBHAX BbUIALAET He pPacuyeTHOE KOJHYECTBO
OCAa/IKOB, 4 YacTo 3HAYHTebHO O0Jibllee, YeM TO, KOTOpoe NPHHNA-
MaeTcA g8 pacuetos no cxeMme Ports.

[MocMOTpHM, UTO NOJYHACTCH, eclH A NpUBeleHHLIX BhIlie
yCAOBHI 3ajaTeen p, pasgem ve 0,004 m/cyrkn, a, ckamewm, 0,030
MfcyTKH. Takoe KOJHYECTBO OCALKOB BIOJHE peaibHO, HANpPHMEP,
aan Konxnas. Jlaasuero Boctoka M HeKoTOpMX APYrux obaacreil
CCCP.

Ecan onsts 3anathes »'=0,5, 1. e. norpeGoBath, yTolbl NOJO-
suia obllero pacxoaa Nponyckanach No pepxuemy ¢/1oio, To Heol-
XOANMOE 3HAUSHHe 11 MOJAYUHM, HCXOASE H3 YCI0BHA

e 10 1/ 001 AR
056=1— 55V g =1—290 ! —,
oTkyAa n=34 u Heo6XoAHMAA AJd# NPONYCKA NOJOBHHE 00uiero
pacxojia no BepXHeMy CJ0K0 NPOHHUAEMOCTh STOr0 CJ0A COCTAB-
asier anmb 34 cM/cyTKH.

Takum ofipasoM, pacnpocTpanennas oleHka pojH NPOBOAHMO-
CTH MJACTOB 1O NPOCTOMY COOTHOLICHHIO n=FRy/k; ABasercs Helo-
cratounio ofocHosannoil. B page cayvyaen poJib OTHOCHTEABHO MJIO-
X0 NPOHHILAEMOro FPYHTA, B KOTOPbIR 3arayOed qpeHam, No-Baam-
MOMY Topasio GoJjice 3HAUNHTEALHA, YEM 9T0 NPHHATO CUNTATH.

H. M. Kpuponocosnim [27] nns Noka3aTebcTBa TOTD, YTO B
caafonponuilaeMblXx IPYHTAX BOJa B JAPCHAKHYIO TpaHWew no-
CTYNAET B OCHOBHOM TOJIBKO 10 NaxoTHOMY c¢J0i0, ObUIN mpojena-
Nl cJleayiouiye oneiThl, BOan3an apenasuoil TpaHilen (Ha pac-
CTOAHHH OHOrO H Tpex Merpos) Oblan OTPHTH WYp(L, KOTOPHE
NOCTENEHHO 3anoAHAJNNCh BOJAOH, NpHYeM, Kak yKasupaer M. M.
KpuBoHOCOB, BOAA B TPaHUIE0 CTaja NOCTYNaTh TONLKO TOrjaa,
KOraa yposeHb ee B Wypde gocTur maxotHoro ciaod. lannoe o6-
croaTeaberso M. M. KpnBoHOCOB CUNTAET peinaliiiM J0KasaTelib-
CTROM TOrO, uTO B caaGonponHuaeMblX NOUBAX NOCTYIMICHHE BOAB!
i JApeHy NPOHCXOANT TOJABKO N0 NAXOTHOMY CJ010,

Kak nokasano seliie, NOCTyNJAeHHe BOIALI N0 BePXHEMY NMaxoT-
HOMY H HHJKHEMY MATEPHHCKOMY CJIOAM 3aBHCHT OT pala daxto-
POB W B HACTHOCTH OT BEMHMHHLI pacxofa i paccTOAHKMA 10 CTOKA.
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[TosTomMy KaTeropiyeckoe cymienne o caaboll poin NPoBOAHMOCTH

HHMAHErD NJAacTa Ha OCCHOBANHH TOJABKO aHAJONHYNBIX ONLITOB BPA4d

A1 060CHOBAHO,

ChegopatedbHo, NpH  ycTpoiicTee CHCTEMaTtHvecKoro ape-
HaMa B THXKeNLX rPyHTax HaA0 Mo BO3MOKHOCTH HCNOJIL30BATE
BOAOOTBOAHYIO cMoco6HOCTh MaTepPHHCKHX MOPOA; ecJH NpH noj-
HOM €€ HCMNOJAL30BAHNH CeTh BCE JKe moayuaercs ryctoll u, cielo-
BaTEJbLHO, HMEOlLeH BLICOKYIO CTOHMOCTh, NOJIAKHBEI H3LICKHBATLCA
APYrHe MeToAl ocyuenus caaGonporuniaemux nous. B ocHosHOM
OHH CBOASITCH K COpPOCY NMOBEPXHOCTHLIX BOA I pasrpyske naxor-
HOTO CJA0SA NMYyTeM NPUMeHennd arpoMeInopaTHBHBX MePpOnpHATHR.
[oche c6poca ocHoBHOH Macchl BOAK N3 NMAXOTHOrO ¢J104, 1anb-
Heilllee NOHWXeHHe YPoBHeill rpyHTOBHX BojA obecneynBaercd 3a
cyeT Henapenus W OTBOAA BOALI Yepes HHMKHHE cnoi. Takas cxeMa
palioThl ApeHama peajuavercs B KoMOGHaUun paspemcHuoil ape-
Ha Kol ceTH (TpaHileH KOTOPOH OJHOBPEMEHHO CAYHKAT H 3aKpH-
THIMH coGupaTensiMi) ¢ arpoMcJHOpPaTHBHLIMH MEPONpHATHAMM.
Kak nokassipacT OneIT, AanHas MeTOAHKa ocyluenna caabonpo-
HHILAeMBEX nous HanGoaee s3PpdeKTHBHE 1T SKOHOMHYHA,

§ 4. CucremaTHyeckMil APeHa B MHOTOCJOHHOM
(TOHKOCJHOHCTOM ) FPYHTE

Ecan obnacte ¢uasTpaunn cpopMHpOBaHa N3 HECKOJLKHX OT-
NeJIbHBIX TOPHIOHTALHEIX CACEB, TO NPH ARQHALTPALUHOHHOM NMHTA-
HHH )18 JAPeH, VAOKEHHBIX Ha BOAOYNOP, yparHeHHe BoaHoro Oa:
Jancy 3anuchiBacTCs B CAeIVIOWeM BHAe:

2(d y—P', )

F'uﬂ — Iy

! (4.1)

[1penebperas peanyunuoit ®, , T. K. OHa NPpH Nponycke «pac-
HeTHOro Ao aa» oOBIYHO Mana, MoJAYUHM

pS= 22, (42)
OTKYAa
E=25=283 ‘!:;- : (4.3)
rhe .
H
= |k (H—2)dz.

==

Ecnu gpeHaz BHMNOAHAETCH B BHAC HIOJHPOBAHHBLIX APEH, TO

_ WP, (4.4)

pS= =%

HH)

dn L LUK

:
]
1




i thopmyna (4.3) npuobpetaer caeayiOuini pua:
=2 B&'V d:"r“ {4'5}

Ecan apena wecopepileHeH, T. e. APeHbl pacnojaralwTca Ha
pacCToOAHHH @ OT BOAOYNOPa, YpasHeHHe Bodnoro GadaHca NpHiH-
MaeT cACAVIOWNA BHA (npu npeHebpedenin BeaHYIHON HANopa B
npene):

pS=% 20 —f—EHEh;_,k 'Ry, (4.6)

rie m—uynAcag cJocB B HHMKHell 3oHe, R'; —xoshdnuvent QuIb-
TPAUHH (<10 CTOA B HUIKHEN 30He;

: B i b Sop o8l . 2a;..;
Ri s+m —Snan W =2Mailesg v =2a;-, 18907
rae @; W @j—y—— COOTBETCTBCHHO, PAcCTOSHHA NOAOLIBH M KPOBJM
[-T0 cN0fA OT LeNTpa JApeHbl, H3MepsaeMble N0 BEPTHKAJH.

Ecan apena m3onupoBaHa, To VpasBHeHHe BoJAHoro Ganaunca
NPpHHEMAaeT cAeAVIOUHA BHA:

F m
pS= S LoHa, &R/, (4.7)
- |

O6pauiaem suuManue Ha 1o, YTO KOSPPHUHCHT P BBOIMTCH B
pacxol Bepxuell 30HH TONLKO B €AyYae HIOJHPOBAHHON ApPeHLl.
hospdmudenT A BBOAMTCA Kak B cayyae H3IOAHPOBAHHLIX, Tax N
HEHIOJHPOBAHHBIX ApeH, HO0 B OGOMX CAYYASX PACXOAW H3 HMHMK-
HHX CJA0eR NOCTYHaloT 4epes sepxuue (Gonee GAH3KHe K ApeHe)
CJIOH M TPeGYeTCA YUET A0NONHHTENBHBIX (PHABTPAUHOHHBIX cONpo-
THBJCHHN, CBA3AHHBIX ¢ HEOJHOPOJAHOCTLIO I'PYHTA.

Paapewan ypasuenne (4.7) otHocuteasno E=2S, 6yaenm umers,

S .

B 2]/ —(2..@* +EH‘*‘ ’E ,1 (4.8)

Beuay TOro, 4To B MHOrOC/JAOHHOM TPyHTE HMEET MEecTo pas-
pPLIBHOE H3MeHeHHe KOo3(p(PHIHeHTOB (PHALTPALHH MO BHICOTE, pac-
XO[ W3 HUAKHel 30Hbl GYIET BLIPaMarbcs KOHEUHOil cyMMo# chaa-
raeMuiX, YHCAO KOTOPHX OGyAeT paBHO M -— YHCAY CJ0€B B STON
J0HE,

JLaa BeluncaeHus KO3(PPHUUHEHTOB A 1 p, a4 Takme PUALTPA-
LHOHHBIX CONPOTHBAECHHTT v 1 O pexkoMenayiOTCs (hopMyaL:

=yl

(4.9)
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o AT T | (4.10)

|+ 0%y
rae
=2 6 o= ——, (4.11)
| 1 =1

mMy—unciao cloes B H'E']:IHH-E'ﬁ 30He, colepHallHX KpPpHBYKX Idenpec-
CHH.

sp . B X  Ven—03
= V I _E_ — =1 : -H s E_ = -= £=1"" |-l- >
Br I ﬂ; £=1= F;-I y Yp—1— vfﬂ . +05

B kauecTee wadOCTPanuK BuBeaeM opMyay A8 pacuera M3o-
JAHPOBAHHONH APeHbl, YJAOMEHHOH Ha BOAOYNOpP B TPEXCAOHHBIR
rpyuT. Tlpunumas eropoit wien npapoit vactn ypasHenun (4.7)
paBHbIM HYJ0, T. K. NOA ApeHofi 30Ha (PHALTPALHNH OTCYTCTBYET,
NOJAYHMHM Cleayiolee YpasHeniie pojHoro 6ajanca:

pS = ?F%"" ; (4.12)

B caryuad TpexcaollHoro FpyHTa, Kak HeTpyano ybeinThes,

E‘I}FH=§3HE+2!?3H—}- C3, {4,13}
rpe
by=k M} kaMo—ksDy; c;=h3Do*—ke(Ds*—D*)—kD?

Dy=M;; Dy=M;--My;—paccrosnus KpoBaW nepporo W BTOPOro
COeB OT BOAOYIIOpAE.

[Mocae nogcranonkn sHavenns 297, v ypasuenne (4.12) u pas-
peilleHHsa ero oOTHOCHTCIBHO E-'—'ES. MO Y HM

E=9S=2) & [kaﬂ“+2bqﬁ—l—cs} (4.14)

rae p—ros(ppHIHENT pacxola AAR TPEXCAOHHOTD NJaacTa, KOTO-
puiil onpeaeasierca no popmyae (4.9).

Hdas suuncienns B —cpeasero cyMMaphoro uibTpauHoHHo-
ro CONPOTHEJIEHHA B CAYyYae TPeXCJAOHHOrO TPYHTA BOCNONbLIYEMCR
o6menl popmyaoi (4.11), KOTOPYIO MOKHO NPeACTABHTL B CAEAYIO-
LIEM Pa3BepHYTOM BHJE:

A=
e 0000 MM (M ng 4+ Mg )i
Be = L O 1 O, 4 3.0M,) ° (1.15)
rae
MM+ M- MY Mo, , MYy
OV My, MM AT, )" MsM V9 Tanp - (419)
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st necoseplienHon Jipers
3= 9y, (4.16a)

41
a -t %Mr

i1 v

2a+4 %M{

rne -—.-‘1,- ==

(1~ PAcCTOAHUE OT APeHbl 10 BOAOYNOPA.

JLas BepxHero cos, rie pacnonoxena KpHBan Aenpeccuil, ne-
cto M; npuHuMaercsd Hanop Haja KposJaeil i-ro naacra.

B wacTtHoCcTH, 4719 TPeXCJAOHHOTO rPYHTAa:

lﬂ|+ ﬂ.[l'ﬂ'] }M|M:{M|ﬂ'1+M:] T {ﬂz+ﬂ.m! }M:’ﬁ.{“ﬁl:*‘hﬂ}ﬂg v

' ny (My-3M1)2 (M*+2,2M;) ng(hs-+3Ma)? (ha+2,2M,) \si7)
= M(Ds M) )/ My M2

0= HE?{MILI_M?’ -y '-}—U.E'EI'M]DE: » {4 18}
_ hl(Metha)?+h) Y By B N

O3 (My+hs) (MT+hs?) VMg-u-!:; 005 g M) (4.19)

rae nyp= —:“T; ﬂgi‘g:"; Dy=M,-+M,.

MoKHO 3aMeTHTb, YTO NMPH PaBEHCTBe HYJAK NPOHHILAEMOCTH
K0TS Obl OAHOrO H3 ¢JIoeB B CTAHOBHTCH PaBHBIM GCCKOHCUHOCTH,
a4 ) paBHBIM HYJIO,

JeiicTruTenbro, ecan k=0, 10 nj=co n 8, -co. Ecau Ry=0,
ro B, Take parHO ©2, TaK Kak fg=co . Ecan ky=0, 10 ny=0 n
cHoBa B,—<c, T. K. BTOpOil unen Bupamennn (4.17) craHosuTCs
paBHbBIM GECKOHEHMHOCTH,

PacemoTrpum GoJee TulaTe/bHO 3Havdenusi ©., nasaemble (op-
mysaoi (4.15). Ecan rpynt Apyxcaoinsii, To 3ta ¢opMmyna npu-
NOAHTCS K caedyiouemy suay  (dopmyaa (2.8), npusefcnnasx
paHes):

Y (n+0,001) Mha{Mn+hg)o
= na(HF2MI(H+1.2M)

(4.20)

[Mpu n>1, 80 u p<1. Mpn n=1, 6=0 u p=1. [lpn n<l
peaHYuna B noayuaercs Takme Goabiledl HyAs H KosQdHULHEHT
pacXojAa i CHOBA CTAHOBHTCH MEHBbIUE CAWHHIH, T. €, HECMOTPA Ha
najduune GoJiee MPOHHILAEMOro HHIKHErO CJ0fi, KOTOPOMY COOT-
neTeTByer n< 1, nojayuaercs, 4To JApeHa B 3TOM cayuae Gyjer pa-
GoTaTh Xyxe, ueM B cJyvae OJHOPOJHOrO IPyHTA.

lausoe npoTHBopeuse CBA3aN0 ¢ NPHGJIHIKCNHBIM XapaKkTepoM
MIHPHUeCKNX dopMya Aas onpegeaesus B u p.

Onpegennm npubaumendo anauenve B.npu n=0001, 1. e. B
npefesbHOM CAyude, Korja ellle Jonyckaetcd Nojab3oBaHue cop-
myaoit (4.20).
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Ecan npurate M=08 m, H=1 M, h=0,2 M, To npun n=0,001
NoaAYyyYHM

4 [i;_&t 12—0,27) }/ 0.2

0.2° :
10,8402 ' 1.0 +0,65 4 ]"“{}555

1,0%

= Lﬂ.@}_‘l" UEI]&E‘GFE' [D*E'*ﬂ,ﬂ]l"l*ﬂ.ﬂ} -ﬂ.ﬁﬁﬁ]_
> 0,001(14-2-0,8)%(1+1,2-0,8) =0,0027.

Nl;lpn | >n">0,001 3navenna © Gyayr eue Menbite, [Tostomy
p==1,

IlpuBenennulii npuMep nokaswiBaeT, uTO JAae B NpeleJbHOM
cayvae, HECMOTPA Ha npubJmKeHHBIA Xapakrep dopmyam (4.20),
He NONy4aeTcA CYlecTReHHoH OlNGKN NPH BEIYHCACHHH .

Moxno nosarath, YTO HaJAW4He HHIKHETro XOPOUIO NpOHHILAe-
MOro ciios Gyaet yayvmarh paGory apens # o6unili pacXoa ApeHnl
AyaeT HeckodhKo GOJBIDHM, 4eM CYMMapHblii pacxoa OTAe bHBLIX
CAOEH (MPHHIMIT KOJJIEKTHRA ).

B naavueiinem Mbl GyieM NPHHAMATHL AAA BCeX CAyuaep nepe-
X044 AMHAKOCTH N3 MeHee NPOoHHULAEMbLIX caoen B 6oJee npoHHiLae-
MEle 8 =0, 6aaronaps ueMy GYeT CO314BaTLCA HEKOTOPHIE KO(-
(puiHenT 3anaca, BNOJHE YMECTHBHIH B JaHHOM cJyuae,

Anajansnpys Bulpazenns, nojayuaemble B pesyibTaTe onpeje-
JEHNA CTATHUECKOrD MOMEHTA 3MIOPLI TIPOHHLLAEMOCTH OTHOCHTEb-
HO JHHHM, NpoXoasflleil Yepes To4Ky nepecedyeHusn cpobogHol no-
BSEPXHOCTH € BEPTHKANBLIO, MOMHO 3AMCTHTD, UTO B KAXKI0M ciyuae,
He3aBHCHMO OT YHcAa c/10eB, Mbl GyleT noJyuaTh TPexujeH cje-
AYIOUlero BHaa;

Eq:'iu Ekm_Hi’t'Ebm,H'i‘fm, ¥ {‘121 )

FAC My—HOMEpP CcaMoOro BepPXHEro ¢J10f, COACPMKALLEro KPHBYIO
aenpeccun; by, M cm, — NOCTOSIHHBIC, JIEFKO ONpeleaseMule H3 CO-
OTBETCTEYIOULEIO CTATHYECKOrO MOMEHTA 3NIOPH NPOHHILAEMOCTH,
NOCTPOCHHON Ha BepTHKaJH [f OTHOCHTENBHO JIMHHM, NPOXOASILEN
Yyepes ee BEPXHIOID TOUKY; Rm, — NMPOHHIIAEMOCTh CAMOro BepXHEro
NJacTa, COACPAALIErD KPHBYIO JIenpPeccHH.

YpasHenue (4.21), kax Oyner mokasano HiHMKe, JdeT BO3IMOM-
HOCTH MNOJYYEHHA [0BOJLHO NpocThix ¢opMyn 1aas pacuera jipe-
Hamedl B CNOHCTHIX IPpyHTaX, paGoTaOLUIHX B YCAOBHAX HEVCTaHOBMB-
Ierocs JBHKeHHS rpyHTOBOro NOTOKA.

§ 5. CHCTeMarH4eckWii ApeHam B BEPTHKANBHO-HCORHOPOAHOM
rpyuTe

Metoauka noayyesus pacueTHnlX QOpPMYJ B cayuae BepTHKANb-
HO-HEOAHOPOAHOTO IPYNTa NPHHIHNKAJBHO He OTAHYAETCA OT NpH-
BeAelinol Buie. B cayyae BeprHKaabHO-HEOJHOPOIHOTO FPyHTa H
COBEpLUeHHOrO JIpeHaKa HMeeM

2ndr,,
pS = =, (5.1)

i



OTKY N4
£—9.83 l/ﬂ:' " (5.2)
E Eﬂ}l’qae ﬂTHpHTDrn Kanajga uWaH 4J#H HE‘iI.‘.ﬂﬂHDDHﬂHIIDﬁ JPEHH

‘_..mV‘p". (5.3)

Ecan npena necosepuierHa, To B NPaByio 44cTh ypaBHeHHs
(5.1) noaxeH GHTL BEeleH YA€H, YYHTHBAWOUINI pacxos WA 30HH,

pacnonomednoid nof apenoii. B stoMm cayuae ypasuenue (5.1)
NPHUMET CAeAYIOWHHA BHA:

pS = 2Py

T el

b keed R (5.4)

:’F_'_-r::

rae A’ ;—Ko3ppuUHeHT pacxofa H3 HHIKHeNl 30HL AJ5 cAy4an WH-
(PHALTPAUHOHHOrO MUTAHHMS,

OTtkyaa

E—983 ]/ _; (ud',, +0.5EH | 1/ k' .dR"). (5.5)
il

Kak yKa3sbiBaJoCh Bbllle, PH HHTEHCHBHOM YMEHLILEHUH TPO-
HHLLAEMOCTH OT IPeHbl B HaNpasJeHHH BoAoynopa A';_, MOXHO
npuuaMate pasiubiv 1. B nporuenoM cayuae mipixoauTcs pasGu-
BATH 3MIOPY HA OTAENbHLIE YUACTKH, HAXOIUTD Rep A8 STHX Y4acT-
KOB H BHYHCAATH Ay | MM pacXofoB H3 OTAeAbHHX cioes. [Tpu-
MEHHM NoJyyeHHYIO hopMmyay (5.D) Aaa chyuas HaMeHeHHA QHIDL-
TPAUHOHHEX CROACTE TOPQAHON 3a7eXKH NO 3aKOHOMEPHOCTH, Npea-
noxenHon ¥, X. TomGeprom [47]. B stom cayuae, npuHHMasn, uto

ApeHa HeH3OJAHPOBAHA M MTO A ;—,=|, Aa4 BCceX caoeB HUIKIel 30-
HBIl TIOJYYHM:
a) Pacxon m3 pepxseil 30HH B cayuae nHpHIBTPALHOHHOrO NH-
TaHHA
{ ko10?
Tl L e _ 0386107 @3y +1)]. e
y LT i ;R ViS = n e kBt

6) Pacxon u3 3ouBl, pacnojioieHHoll noj gpenof

do=2H fk,'dR’=2H f 10~ ZdR’. (5.7)

rie R = E%rﬂ" P de'lg 2 s =z,

Ik
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Panee, ¢ § 8 raasut 111, Gb10 NOKa3aHo, YTO JJA MaJLIX OTHO-

eHuH : NOAHNTErPAdbHYIO (PYHKINIO, KOTOPaA B cAyuae rpyHTo-
ROTO NHTAHHA HMEAa BHL

k10 ¥ (8—0,642) (5.8)

HE]I’ o s
f o \*
| $+0,642 In-:_-[E!I

MOMHO OCPEJHHTE B BHAC

f(z) 220 "7, (5.9)

B cayiae HHQHABTPAUHOHHOrO NHTAHHA TNOAHHTErpaLHARA
(DYHKILHS NPHHHMAET CJeAYIOUITH BHL:

_Tz
E(E} =0 kg 10 = {S-—-—l.ﬂ'ai] {Eqﬂ:l

(5+1,282In27)

Ocpeauns ee, T. €. NPHHHMAA ee CONAcHO (D.9), noayunm

4,012 ,
go=2H [210 ¢ =ﬁ.3?%{_;-n- 10 @),  (5.10)
3

Ocpeanenne noAunTerpaibHoii GyHkumMu (5.9a) npuBoauT K
1aBBILIEHHI0 PACYETHOrO Pacxola ¢g, NMOCTYNAIOWEro H3 HHIKHEH
sonet. Tpn cpeanem snaucnun S=20--30 & n a=1-+3 u ganHoe
saBblleHHe cocTapaseT okomao 20—25%.

Beoas B pacxoi, onpededsiemblii no gopmyae (5.10), nonpa-
poMHE Kos(duunenT, papusiii 0,8, noayuaum

r;u=ﬂ.?%'§{1-.1n 1), (5.11)

Ypanuenue BoaHoro Gasanca npH HAQHILTPALHOHHOM MNHTA-
HHH B AaHHOM cayuae npuobpeTaer caeiyiouni BHL

0,38kor ik __ o« Plold ,
pS = S5EEN10W — (23yH + D)]+0,755 (5.12)
rae p=1-—10"1%

Paspelias noayueHioe ypasHenne oTHocuteasno E=25 Gyaem
HMETL

E—=283) ﬂii%ki[ IV (2,3—1,858)yH). (5.13)




V. X. TomGeprom cobpaHil aHHLIe MO CTOKY Gojee uem Ha 20
APEHAMKHLIX OCYWHTEJNLHBIX CHCTeMaX, PacnojiomenHbX ua Top-
hanmukax SCCP. Moasaysck (opmyaoit (5.13), npoussesem noi-
CcueT PACCTOSHHA H CPABHHM Pe3yJbTaThl BHYHCACHHA ¢ (paKTHUE-
CKUMM paccTOAHHAME (NPHHATHIMH B HaType). PesynibraThl pacte-
TOB NpUBOAATCA B TabGa. 7.

Tabanna 7
R | Paccrosuns | 4
Mo Haumenopanne k" I P | :—‘éaﬂ‘
| cufeex. v | a | H |H5Icc-u BHUN- lpaen-l & ®
nim. XoanilcTna i B el b g L Eg
| HWe =
| o=
. _ e T R A R C
| |Ofiapema (cosx.) ... | 5 [0,70 2,2 |0,50] 3.0 | 780 | GO -+30
- i 12 08216 [040] 25 | 326 | a0 | +9
"!-r » 64 10,6922 (0,60] 4,1 | 835 70 + 19
| » | 50 lo70l23 |osof 32 | 355 | 30 | +18
B » 57 {‘},EQ{E.E- 050f 81 |485 | 45 | +21
g1 55 [0,682.2 [050| 47 | 635 | €0 | +6
il 70 (070|124 [0.30{ 85 | 363 | 32 | +13
8 > 16 JI}.EI] 1C |o27] 1,7 | 326 | 30 | +9
9 |Caina-Pexemns . . . .| 13 (083105 |040] 1.21] 41,5 i g
10 |¥yc Say (koaxos) .. .| 11 [0,86!037|045| 1,20 420 | 33 | +27
11 |Cosx. nM, CoMmMep- : !
AMMra . ........ 65088{15 jo41] 1,11]360 | 34 | +%
12 |Bufisy (comxos) ....! 4409205 |038] 05 | 368 | 32 | +15
13 '"Tooma (onuTh. Gaaza | .
SHHH3uM) . ... | 15 |082 0.7210.34] 131 405 | 30 | 435
| |

aunste Tabauus 7 nokaseiBaloT, uro dopmyaa (5.13) paer 3a-
pLleHHBIe BeAHUHHB pacueTHbIX paccrosinnil. [locaennee csa3aHo
¢ TeM, WTO €1 He YUYMTLIBAeTCHs HIMeHeHHe (HILTPAIHOHHBIX
cBoiicTE TOpda No ropU3oHTANH,

Kak ykasslBasoch Bhllle, NOcJAe YCTPORCTBA OCYLIHTENLHBIX CH-
creM HapboJiee sHepruuHas ocaika Topda NPOHCXOAHT B 30HE,
HenocpeAcTBeHHO NpHJaeralouleii k apene, Beanunna ocaakn yMeHb-
IACTCH RO HANPABJCHHIO K CepPe/iHHe MCHIPEHHOI0 NPOCTPAHCTRA,
AOCTHras MHHHMYMA npr x=35. B cBA3u ¢ ocaakoil HIMCHAIOTCH H
(pnabTpauHoHHbie cBoiicTBa TopdsAHON 3anexu, npuuem nanbonee
HHTEHCHBHO B 30He, [IPHJeraolled K ApeHe.

B caeayouieM pasieje Mbl YTOUHHM pacyeTHyio (QopMmyay
(5.13) ma ocHope yuYera HeOLHOPOAHOCTH (PHABTPAUHOHHBIX
cpoficTe TOpga Mo roOpH3OHTAAH. ITO faeT BOSMOKHOCTL NOAYUHTL
AHAYMEHNA PACYPTHLIX paccTostHui, Gonee OAN3IKHE K HATYpeE.
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§ 6. CucreMaTHUeCKHil APeHAW B HIOTPONHO-HEOLHOPOLROM
rpyuTe

Paccrognne MeKAy ApeHaMy, YI0KelnbiMH Ha BOLOYII0P, B TOM
cay4qae, ecdH MPoHHIAEMOCTh FPYHTa H3MEHAeTCs B ABYX Hanpae-
JCHHAX, HanpHMep, R yz=kop(x)P(2), MOMHO TNOJYYHTE, BBOLS
NpHBeIEHHYIO JJIHHY TFOPH30HTAJBHOTO yvacTKa (PHALTPAUHH S=
S,,P YpasHenue pognoro GajaHca NpH WHQWILTPAIHONHOM nHTa-
HHH A5 HEH3OJHPOBAHHKIX ApeH NPHHAMAET BHA

2epy’ 2y,

i e RS il (6.1)
s Jnp. 2 dy
hl .‘-.f}'p
st H3ONKHPOBAHHBIX JIPEH
pS=" st (B2
;dx
i Plx)

Paapemasn ypasnenns (6.1) n (6.2) ornocureasno E=2S, no-
JAYVUHM, COOTBETCTBEHHO:
4) AJA OTKPLTBEX KaHAJO0B

P~ (6.3)
|I. ix
P gl
0) A49 HIOAHPOBAHHBIX JPEH
E= nff,’:'ﬂm‘-‘n-, (6.4)
F1 o
¢ (x)

B cayuae HECOBEpPLIEHHOIO JpeHaka, ecJai H3MEHEeHHe TNpOHH-
AEMOCTH B TOPH3OHTAJILHOM Nanpas/ieHHH KAK B BEPXHCH, TaK H B
HUMKHEI 30HAX NPOHCXOANT MO OJHOMY H TOMY K¢ 3aKOHY, paccTosn-
HHE MEXY JAPeHaMH MOXKET OblTh ONpelesIcHo 13 CJIe/YIOLero ypas-
HeHHa pogHoro HajaHea:

pS = 2H"‘I:' “+‘"]‘1H.E A dR”, (6.9)
¥ dx
\ il {F{I]
rae i :
# z prt IR PETL o dx
e .EI;I:‘E"].E Lt 3|, “F_J (x)
; ’ 2z
e=29421g %
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Paspewan ypaerense (6.5) ornocurensno E=28, 6yaem nmers
nd
1:_

4
Emp _LI"':
\
n ¥

+H ,f’kfz}.’za.e" (6.6)
i 1
m

Kak ykaswipanock poine (oM. § 5 raapst 111), namencnne duin-
TPALHOHHBIX CBOHCTE B HANPABJCHHH OT APEHEl K Cepefiiie Mexay-
Jpenba MPOMCXOANT No HekoTopoil kpuBoil, Gan3kol kK napaboae,
MPHYCM B 3aBHCHMOCTH OT JAaBHOCTH YKAAAKH [peH H3MeHAeTcs
napaMmerp o 8 hopmyae (5.13) ranasm 111,

Eciain npeanososnTh, 4TO B BepxXHeill W HUMKHEH 30HAX H3MeHe-
Hie (PHABTPAUHOHHBLIX CBONACTE 3aJ1€3KH N0 HANPABJIEHHIO OT JPEHB
K cepeaMiie MeAayapenbss NPOHCXOAHT ONHHAKOBO, T. e. B OBOHX

soHax B,.=ko(l +EV:’F:|'1 TO AAdA CAYUAA HIMEHCHHA TIPOHHILAEMOCTH
o Beprukanu, nabmwopaswemces Ha Goaorax D2CCP Y. X. Tom-
Geprom, Npu HHOUALTPAULHOHHOM NHTAHHH OyACM HMETh

skt 1077 (93¢
pS = 045410 ﬁsiz.ayﬂﬂﬂ_'_ﬂ.ﬂ&%gi_ (6.7)

3aeck nepselil wieH Npapoil YACTH NPHAAT PABHLIM YABOCHHOMY
1HAYEHHIO ¢ coraacho Gopmyae (5.17) raasu 111, a sropoil uien—
IHAYEHHIO pacxojia M3 HHXKHeH 30mbl cornacHo Gopmyie (5.12) ¢
BBOJAOM NPHBEAEHHON AIHHB Sy, paruoil 0,845S.

Paspewan ypasnenne (6.7) otHocutesnnno E=2S, noayunm

—

Bk zaaV”‘mﬂ[m*H 1—(23—1,858)yH).  (6:8)

TaGanua 8

e St A pm e e e e e e L T LE

j Pacxox- Pacxom-
S Paccroanun aesine, N l Paccroanng ACHNE,
i B % K e T L I
nén. BHYH- | dhakTH- thaKkTH- nin. BLYH- | DAKTH- harTu-
i ChRenHEe | TeCcKHe _ HECKHM _ | CACHHLIE WeCcKne YEeCKHM
| 71,0 ‘ fill +18 5 29,8 a0 -]
2 249.6 30 — | 0 38,0 37 + 3
A 76,0 70 + 8 | 10 | 382 33 +15
4 323 30 -+ 8 '
11 328 34 — i
5 45.0 45 0
: 32 4
6 58,0 ) Sy B o i
7 330 | 32 | +3 13 | 368 30 +23
| |

14 B. A Honar. 209



s

[Mpu euuncaennn 3navennit E no dopmyne (6.8) ana cpasHe-
HHA ¢ paccTosaHuaMN, 3amepennnimu Y. X. TomGeprom Ha ocyul-
TeJibHBIX cHeTeMaXx JCCP, HeoBXoanuMo 34 Ry NPHHHUMATL 3HAYCHHE,
pna 309 menbllee, YeM NPHHHMAJOCH NPH pacyetax no Gopmyae
(6.13) nacroseit raassl, 1. K. kg onpeneasnoct Y. X. TomGeprom
B CCPCAHHE MEHAYAPeHbA,

PeayabTatel pacueros no dpopmyae (6.8) npusoadrca s taba. 8,

Jlas MAJCTPAUMH  HEAONYCTHMOCTH NpumeHenus dopmyan,
HEFHOPHPYIOUIHX HEOANOPOIHOCTL FPYHTA B TOM cAydde, KOria no-
CACAHAN HMECT MECTO, BLIMHC/HM PACCTOAHNS MCHKILY ApeHaMH,
MCXOAA H3 NPCANOJOKCHIA, YTO TPYHT OAHOpOden 1 HMeeT npo-
HUUAEeMOCTh Ry (KOTOpas 0OLIUHO W ONPEeAeSSeTCa B NOJERLIX YCAO0-
mHAx MeTodamn Ipkuna, [lowara, [ncapskosa n Apyrux apTopos).
Buuncaenne pacetosnnil gegem no gopmyae C. @, Apepoanora

oy b AR u.s] g
E-——Eﬂ“’) I [E_.. } o (6.9)
e
[T
Ea2l 2 (2 2); (6.10)
Hy=H+a, H=h+a=a;
[=294a g =2 (6.11)
g nd ’ ?
PeayauTaThl pacueror croaum g Taba, 9,
Tadanna 9
Pace | Pacxom- | Paccditi Paexom-
Mo ACCTORILIA NetIte. N aAccToANNA AeiHe,
X TS B % X AR R e L (e b R
nin. waan- | daxri- harTn n'm. | BuMd- | parTi- (PaAKTH-
| caennue | ueckue | weckum cAcHHWe | wecKie HECKH M
| 132 til} + 120 4 A6 30 454
9 52 30 r 74 ] 50 37 4+ 35
3 135 5 A T M 13 33
i) Ji {100
. r I o 34 + 65
5 83 45 + Bb
12 45 32 + 40
6 105 @ | +75 '
|

B cpere panunix Ta6a. 9 cTAHOBATCA ACHLIMH NPHYHHL Heylay
QUALTPAUMOHIKX PACYETOR NIPH ONPEACJCHHI PACCTOAHNA MeK LY
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apenaMu Ha ocHose (OpMy.a TeopHn QUALTPAIHH B OAHOPOAHBIX
pyHTax.*

[Tpupesentble NpHMepH pacyeTa ApPeHaXeH ¢ yueToMm HeodHo-
POLHOCTH FPYHTa [OKA3LIBAIOT HACTOATEALHYID HEOOXOAHMOCTh
YAYHLEHHA MEeTOAHKH oOnpejelieHHs OCHOBHONR XapakTepHCTHKH
(hHALTPAUHOUHBIX CBOIICTE rPyHTa — KO3(pDUUHEHTa QHALTPALHM.
Kpaiine nHeo6X0AHMO YCTAHOBHTH THMHYHLIE 3AKOHOMEPHOCTH H3-
MeHeHHA Kos@dnuuenTos PHABTPAILHE KAK B BEPTHKAJNLHOM, TAK I
(B OTAEALHBIX cAyuaax BGAH3N Kanajos B Topdax) B ropHIoHTANb-
HOM HATIPABJEHHAX H A4Th OlleHKY HeoOXOAHMMOCTH YUETa ITHX W3-
meHenuid, ToAbKo NMpH 3HAHUH 3THX 3aKOHOMEpPHOCTER MOMKHO NO-
JAYVUATE TIPHeMJIEMEE NPAKTHUECKHE Pe3V/ILTATHL.

[Tpumenciune GopMy, BHBeAeHHLIX A8 OAHOPOARLIX FPYHTOR,
B CJAYyude HX HeDAHOPOAHOCTH MOMHO AONYCKATL TOJBKO NMpi Hai-
JeaaueM ocpedvernn kosgbuunenton pUALTPalMN, LTS Hero
ONATE-TAKH HAA0 HMOTL B CROEM PACTIGPSMeHHN rpapuEn nian qop-
MYJbl, JAIOUiHe CBA3L MeXAY NPOHHIAEMOCTRIO FTPYHTA H KOOPAH-
HaTaMmil 06JacTi QHALTPALHH,

§ 7. Pacuer CHCTEMATHUECKOrO APEHAMNA B HEOAHOPONHLIX FPYHTAX
C YUETOM HANOPHOIO NHTAHHSA

PaccMOTPeHHLIC BHIIE CXEMBI NPeanoaarajin, 4ro japens ykia-
NLIBAKOTCA HAH PAcnodaratres 1al COBCPIICHIRAM  BOAOYTIOPROM,
T. €. HAJl HENMPOHHULACMEIM CJOCM.

B peanbibix yeaonhax abcoioTHO HENpPONHIAEMEX TIPyHTOH
HAATH HelL3st B EuHE‘plU[‘IIIIi-Iﬁ ROTOYNOP—INOHATHE OTHOCHTENRHOE,
LOTOpPOE JENCTRHTEJLHO npu onpejaclelnibiX YCAOBHAX, a4 HMCHHO—
ROrAA BAHAHHE HHAKEJAEAKAUIHNX CJaoes cylleeTBeldHe He oTpa-
MAETCH Ha HANOPpax H pacxofax pacCMarpHpaeMoro noToka.

i3 piie caydacp noj chaoesM, yCoslo NPpHEMMacMbiM 34 BOILO-
ueupuuuuaemuﬁ. pacnonardeTcs HH]H’HHILLI’I BOAOHOCHBIA NAACT, KO-
'I‘npblﬁ nUuTaercs 3a cyueT MOJ3eMHBIX BOJ, HOCTYNANOIMHX ¢ TEPPHTO-
PHH, PACTIOJIOMKEHHOIN 3a rpaHdlaMu ocyuaemoro ydacrea. Eean
H4TIOP TPYHTOBRIX BOI BeJIHK, TO Jlade NPpH OTHOCHTEJNEHO Manoi
NMPOHHILAEMOCTH GO, NPHHHMASMOro 3a BOJOYNOP, B 301y, OCY-
IHIAeMYIO ,,.EI,|'IE‘H[.II"I1 Gyer nocTynats AOROJBHO 3HAMNUTENBHOE KOJIH-
HECTBO BOJAK (MaCTO MOAYJL FPYHTOBOrQ MHTAHHA Yepe3 «BOAOYIOP»
BO MHOMO paa Gojbiue, 4es pacteTHLIH MOAYIL HHPHALTPAIKN OCall-
KOB), Oaarofaps uemy ycjosua patoTel apeHaxa OyayT CHABHO
YXYAWATECA 1, NPH HTHOPHPOBAHMK 3TOTO (pakTOpa, pacueTHhe
PACCTOAHNA MeRAY ApeHa M TOAYIaTeA 3aBRITHEHHBIMIL

* Jlerko 3aMeTHTE N0 AaHdM Tada, 9, uTo ecau NpHIATL MAJAENR Al s
afipasom ocpennenntfl Kospduunent GUALTPAUNH (RAN NPUIATE €70 N0 OAHOMY
3 3AMEPOR), TO ToOMMoCTe pactetor no Gapmuyaam (6.9) —(6.11) Gyaer yaosner-
ROPUTEALIGH, T. H. OTKACHEHHA BLIYHCIENHBIX IHAUCHNIT OT HAGTONAEHHEYX HMEIT
OJHH AHAK H Wé TAK CHABHD OTAHYSKNTCR B NPOUCHTHOM OTHOUIEAEH (mpea. ped.).
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Paccmorpum suauase cayuaii paGoTsl COBEPLICHHOTO JpeHaxa,
YRAaALEBAEMOTO Ha caabonponuuaemMslii BOLOYNIOP.

[Tpimenm, uTo NPOHKIAEMOCTEL 30HHI, PACIONOKEHHOA Hajl KPOB-
nel «sojoynopa» Gonee uem 8—10 paa GoJblle, 1eM NPOHHIAEMOCTD
YCJOBHOrO Bofoynopa. Ecnu npunats, 4ro ABHKCHHE B 30HE JPEHH-

POBaHHA NPOHCXOAHT NPH rOPHIOHTANLHOM HATIPABJICHHH cTpyil, TO
Ha OCHOBE OTHOLICHHA

tgay &
tgw — b S

MOMKHO CYHTATb, UTD JABHMEHHE B CJoe, MPHHHMaeMoOM 3a BOJO-
ynop, 6yaer GAH3KHM K BEPTHKAJLHOMY. 3aKOH W3MEHCHHA Mpo-
HHUACMOCTH FPYHTa B 30HE, PACTONOMKEHHON BB KPOBJH YCAOB-
HOTO BOAOYOOpaA, MOXKeT OBITh cambill pasnuunuié, [Monomum, uto
B paccMaTpHBacMOM cJaydae TPyHT BepTHKAJLHO-HeoLHOPOAHLI,
T. €. B TOPH30OHTAJIBHOM HANPABJEHHH H3IMCHCHHA NMPONHIAeMOCTH
He MPOHCXOUHT, mpHueM colsironaeres yeaopne fy>>108,, riae ki—
KOS(PHIHENT NPOHHLAEMOCTH YCJAOBHOro Bojoynopa. B stom
cayuae k=k, =kop(z). [peanonoxum, 4o no ycJaoBHAM HCMOAbL3O-
BAHHA OCYWEHHOH TepPPHTOPHH HeoOXoAnMo oGeclmeuHTh HOPMY
OCYLIEHHA € MNMPH 3aJlaHHBIX pasMepax MoOLyas HHQHALTPaLHH p,
rayOHHe 3akiafakd Apen { W Hanope rpyHToBRIX BoA My (Haa no-
BEPXHOCTRIO BOAOYNOPA) B CJAOE, PACNOJONEHHOM MOJ YCJIOBHEIM
BOJOYTOPOM.

Ecan 661 nuTante 3a cYeT NPHTOKA TPYHTOBLIX BOJ Yepes «BO0-
YIOp®» OTCYTCTBOBAMO, TO pacyeTHaa (popmyJaa nMeaa Oul BHI, aHa-
JOrHYHBI opmMyae (5.2) HacTOsSEH MTABK,

[Mpu HanuuHH NPHTOKA TPYHTOBLIX BOJ 4epes «soaoynops aud-
(pepeHunanbhoe ypasHeHHe [lonion HMmeno Owl chaedyiomwufl BHA
(puc. 49):

i s
q_f:r;% f k.dz=p(5—x)+ S.::rd:-:, (7.1a)
0

T

rae g—nepeMeHHLli no AJautie S MOAY/AL HANOPHOrO MHTaHHA,
Beanynny o MO:KHO onpeleinTs no cleayiomei dopMyne:

Hy—h
n=kl_l}f_g [?12}.
rae fi—opasrars KpHRON JenpeccHH B 20He, PACNOJOKEHHOW Bbl-

e YCJAORHOro podoynopa.
Ecan B3ath npouzeogunyio ot (7.1a), To noayuum

el . % -_—._p..f.klﬂ'.:':i‘. {Tigﬂ]
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Muterpuposanne (7.2a) aaTpyAHHTENLHO, 0O3TOMY npufieraeM K
npubIHKEeHHAM.

Iuavenue opaHBaTLl i B HaUaNe pacuera HeussecTHo. Ecan 0w
OHO Jame ¥ OLLI0 H3BECTHO, TO B cJiydyae BepPTHKAJAbHO-Heo HOpoa-
HHX TPYHTOB 3TO ypapuchue Hmeno 6Gbl BechMa TPOMO3AKHE BHI
i NOACTAHOBKA ero B opMyay (7.2) nano Gbl 3HaYeHHe @, C KOTO-
PLM NMPAKTHYCCKH HeBO3MOMKHO Opijio Ohl ONepHPOBaTh MPH Npo-
H3BOACTBE pacueToB. B cnyuae ofHOPOAHOrO FPYHTa MPH HHQHIL-
TPAaNMONHOM NHTAHHH KpHBas Aenpeccun OJH3Ka K 3JJHICY.
Moskho Gbi10 661 NPHGAHKEHHO IPHHATh, Y4T0 0 B CAyyae BepTH-
KaldbHO-Heo AHOPGILHROIG FpyHTd KpHELA AenpeccHn—=3JLAHRHINC, !'[F'U'

=

-0
e ™

|2

Puc. 49

xoaamuil yepes touky (0, fg) u (S, ). Onnako npuHATHE KPHBOH
AENPECCHH JaKe B BHAE 3AJHNCA NPHBEAeT K BECbMa TPOMO3Jl-
kum popmyaam. TMostoMy NpHMEM TIPH Onpefle/icHHH MoAyJas o,
HTO KPHRAS genpeccHi—napaGona, npoxolsanias uepes TOUKH /i H
H na yuactwe aauuoii S. [lapaGona umcer opAHHATHE, HECKOJABKO
MEHbIIHE, UeM OPAHHATH 3MJHNCA, MOITOMY pacueTHble paccToA-
HES GYAYT BHIYHCAATBCA € HEKOTOPLIM KO3(wpulIHenTOM 3amnaca,
T. K. pacueTHple sdavenns i 6yayT, BHAHMO, Melibile (PaKTHUCCKHX,
a ¢ paccuernioe 6yaer 6oabuie o akrnueckoro, Taroit kospdunH-

* JlapHoe AONYUICHHC [eAaeTci TOABKo npE onpelenenns o, Pacver me
npiEeHns GUALTPAIHOHHOTO TOTOKA BEACTCA B UPELlQJIOMKElHH, YT0 KpHbas
nenpeccH—3/annc.
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enT 3anaca (puaumo, nefoaplioi) ymMecTen npH NpHOAHKENTHBX
pacuerax.

Ypasueuue napaboam, npoxoasuei epe3 ToUKH (0, o) n (S,
I), momno s3anucath B caeayioniem suje:”

.h“E —."!|:|1II

Tl he=22, (7.3)

It == S

rie

A = H2—hy?; D=h*S.

[TpeneGperaa suicotoil fig, noayuum Goaee NpocTol BHA ypas-
nweuua (7.3), a nMeHHo:

N
h i {14}

OTKYAa g
Hy' x 25
h:ﬂ: 'f'rE L ':. L }

Mocae nogcranoskn anadenus i B (7.2), OyjeM uMeTh

k Iy a

== ‘[H = FT} -(Hy—BY x), (7.6)

rae . o
B"‘ ﬁ
[Mpu o, euipaxaemom popmynoi (7.0), nMeeM

5 5
Cadx= 5 ( (Ho—B YV x)dx=§ {Ho(S—x)— 2SH S—x1'x)).
L x (7.7)

Ypapuenue (7.1) reneps Momer OLITH NEpPenHcano B caeayio-
IeM BHIC:

= \kdz—pqs x) +adHo(S—x)— aqsr's- V)l

(7.8)
Ky
rae {]‘[;I—T .
Tak Kak ::
) E.I"ﬂf-l" .
m..- fyn- dz = (7.9)
TO
A ~ . J
&= u;;m =._,+n“'.[H.,{"-] ) FASVS— xVx)Jdx.
5N (7.10)

* 3neck we cofawaacTca ycaonne (,, f-H' } =0 (npum. ped.).
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Huterpupya (7.8), nMeeM

; 21 : : £ 5
ﬂ“t‘- [Ho(S—x)— —EEISIHS—x Vx)ldx= au[SHm dH)S .‘_2_ ’
(7.11)
rac
ky(5Ho—aH) _ & .
g OS) — SL (Ho—0,8H), (7.12)

T0 eCTh 3a PACUCTHYIO CPEeANIOI0 BEJHYHHY MOLLHOCTH NOTOKA NPH
onpeieJenyd HANOPHOrO MUTAHUA NpHHMMaeTcs opaunara H (=
-0,8H.
Takum oGpasom, nocie nogcranosku 8 (7.10) nonyuum

I’ = (p+1)5?, (7.13)
OTKYAa |

- @’

=283} RS (7.14)

Kak suano n3 gopmyan (7.14), naanube HANoOpHoro niTauu
VUHTHBACTCHA AONOJHHTENBHBIM YWIEHOM B 3HAYEHHW PacyeTHOro
moayas croka. [Mpu k=0, 1. e. B cjyuae coBeplICHHOrO BOAOYNO-
pa, dopmyaa (7.14) npusoautcs K Qopmyse (5.3) nacTosueH
718 Bh.

[Tpi vieTe npuEaTHX AonvineHnit secbma rpyGo npubanmkenno
MOMKHO ciutath (hopmyay (7.14) aclcTBHTeALHOR W 048 APYTHX
TAKONOMEPHOCTEH HIMCHCHHA NPOHHIACMOCTH B MEHAPCHHOM 110-
AynpocTpancTee S, uTo nospoaser NpHOAHKEHHO N0JLIOBATLCA
paiee BuBeLeHHBIMH (hOPMyAAMI 14 COBEPIIEHHLIX ApeH, BBOMIA
B HHX BMECTO PAcUeTHOro MOAYAN P MOJAYJL p+ 1.

Ecau rpyut oanopoien, to (opmyaa (7.14) npuummaer cae-
1YWL BHAL

iy R 5
E=2H ¥V ——. (7.15)

Gopuyvay (7.15) Mozuo paccMartpuniarth Kak hopmyay Pors
¢ NONpaBKoil Ha HaNopHoe NUTaHKe,

Tak kKak npn HaAWuuH OGHALHOIO NPUTOKA N3 300 HANOPHOTD
HOTOKA TOPH3OHTAJABHBIA Apenam cnpasasercs ¢ paboToil NJa0Xo,
[0 ero NPHXOANTCH CHABLHO crylaTth, [TosToMy oanuM 3 BamHen-
X MCPONPHATII ABASETCA CHUAKCHIE HANOPHOCTH TOrO NOTOKA
HYTCM YCTPORCTRA TOJAOBHLIX APCI HAN JOBYHX KaHaJl0B.

Jlasi cayuast OLHOPOAHOrO FPYHTA pacueTnas (opmyna ans
OnpefeJcHHA PACXOA0B copepielnoii apens Ouiaa susencna Lioi
Cin-e [52]). Oanako Lhoii Cun-e perina 3anauy ne nyrem swibopa
nekoTopoil npHBAKKeHHO KpHBoil nenpeccul, KaKk 310 G0 cae-
AANO HAMM, @ NYTeM OCpefeHid opaunar & aAngpepeHiiaipiom
VpasHenii caeyowmero Thna:

d e k [ r-.
"'-"I'E(}' t;{:'l—' p-p (Ho—y). (7.16)
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[punnmas y=h (puc. 49) n ocpeanas cro, HMeeM

di dyy__. dy -
dyh dx = Yepge (7.17)

[lioi Cur-¢ npuren ypaenenne (7.16) w suny

iy
—— Y= (a g+ b}, (7.18)
roe
saiy 'E_l : TR ]
_ﬁyrp?" h= yrp. [?,IEI)

Buipaenne AAR KPHBOIl HeNpeccHH Npu 3ToM noayyaer cjie-
AYIOWHA BHA:

_. 4 ch k;I_' (S—x)
y=hot (Ho—ho+E-) | - ———L——1, (7.20)
s
Ehl.-"'r Eﬂ!‘frps

rae hp—ray6una Boibl B ApeHe H/H KaHaJe.
Pacxon, noctynaloliiii B APpeHy ¢ 0AHON e¢ CTOPOHLI, paBeH

Henl e At
l',i‘-"ky,,:p(Hu ho+ +-)l kqu. th KTy S. (7.21)
3Hauenne ycp NpeaaracTcs onpenenntb no popMmyJe
: b\, thSV a
yep=hot ( Ho—hot o 1—22V2) . (7.22)
HMa dhopmyawn (7.20) npr x=S, y=H noayuacrca 3apHcHMoCTh
A5 ONpefeJeHnA PaccTOSHHA Mexay ApeHaMmu (npu hy,=0)
kTH 1 -
E-2 )/ 8 2, orch —F— (7.23)
pl
Ho+ -E

H

ConocrasuM pesyibTathi pacuetos no dopmyaam (7.19) n
(7.23) ans caeaymouero npiMepa.

ITpumep. TpeGyercs onpeacintb paccroiHne Meay ApeHa-
MH, VJIOXKEHHBIMH Ha NMOBEPXHOCTL OTHOCHTE/ILHOTO Bojoynopa Ges
V4eTa HAaNopHOIO MHTAHUA W C ero y4eToM AJA -‘:.:iur;, IOLLHX YCNo-
puit; p=0,004 m/cytkn, k=1 m/cytkn, H=005 M, &, =0,1 M/cyTknu,
T=10 M, .Hl.nzl M.

[1o opmyne Pors nMmeem

ko i g
E=2H |/ —-=2-05 |/ 557 =158m.
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Mo dopmyae (7.15)

,=_"T' (Ho~0.8H) = ©(1,0—0.8 - 0.5) =0,006 slcyr.;

WY P e oo
E w2 | ﬁr‘“'z'”"r" T TR gk e

[io hopmyne (7.23)

AT e R B
E=21)/ 5, 5, arch —— 10,1 .

[IpuMmep nokaseinaer, uTo dawe NPH OTHOCHTEALHO MJOXO0 MPO-
HiUaeMoM noactHaawueM rpyete (R=0,1 m/cyTKH), 3HAYHTEADb-
noit ero MmowHoeTH (T=10 M) u oTHOCHTEALHO HeGONLILIOM Hamope
Ho=1 M nanopneii noToK OKasblBaeT BecbMa cyllecTBeHHOe BJHA-
HHE Ha paamellenne JpeH.

Momxno samernTh, uto dopmyau (7.20), (7.21) u (7.22) no-
BOJIBHO TpoMo3akH. OoHako NoJb3oBaHHe KoHeuyHo# topmynof
(7.23) ve npeacrapasier 3aTpyAHeHHil.

Ecau nofiTH TAKHM NyTeM H B ¢/lydae HeOANOPOANBIX FPYHTOB,
TO MOJYUHM BecbMa CJOMKHEE H TPOMO3JKHe (GOPMYJIbl, OUeHb He-
vaobiule Aaa npaktiveckoro npuMenenuf. ITosToMy MB H oTKa-
AdJHCE OT 3TOrC Ny TH.

Kak BHaHo u3 dopmyan (7.14), HaanuyHe AONOJAHHTEABLHOrO
NPHTOKA B 30HY (PHALTPALHH 33 CYET HATIOPHOrO NMHTAHHA YYHTHI-

RAETCA JNONOJAHUTeNBHLIM MOIYJeM T= l:.'-(Hu-B,SH 18

B cayuae necosepuleHHOro IpeHama, Korjla apeHa yAaJjeHa Ha
HEKOTOpOe PacCTOSIHHEe @ OT BOLOYNOPA, BhipaKeHHe LJsi T NoJy-
HAeTCH HeCKOJIBKO HHOro Bija, T. K. B NPHHUHNE HeoOXOAHMO Y4H-
THIBATh [OMNOJHHTEJbHLHE CONPOTHBJEHHA HA Y4acTKe OT <«BOJO-
yiiopa» A0 JPeHHl.

: ITpnnuMas Bo BHHMAaHHE, UTO NPOHHLAEMOCTbL HECOBEPLIEHHOID

BOAOYNOPa 3HAYWTeNMbHO MeEHbllle NMPOHHUAEMOCTH TPYHTOB, pac-
NOJOKEeHHLIX BHILE CTo KPORJH, H, KPOME TOrO, YUiThIBAS, YTO 11PH
HBIYHCJACHHH PAcX0/oB M3 HHMHell 30HE MH BROAHM Ko3(hdHUHeH-
THl A'j—, MOMKHO OTKA3aTLCH OT YYETa ITHX COMPOTHBRAEHHA H MpH-
HHMaTh L% ‘MOAVIS CFPYHTOBO-HANODHOrO NHTAHHUA TNPH pacue
TAX HECOREPLICHHOrD APeHAMaA 3HavenHe T, BEMHCAAeMoe no dop-
myae (7.12).

B cpeTe AaHHBIX cooGpaMeHHH B COOTRETCTBYOMMX dopMyaax
115 pacyeTa HECOBEPUICHHBIX JAPeH MpPH HaJHuYuH Kak atMmocdep-
HOT'O TAK H I'PYHTOBO-HANOPHOI'O NUTAHKA cleayeT NPHHAMATE BMe-
CTO REJIMUHIIBL P 3HAYCHHe P-| 1.
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§ 8. Pacuer cHCTEeMaTHYECKOro APenaMa ¢ y4eToM NPOHHUAEMOCTH
3ACHINKH

Pannee, 8 raase 111 (§ 10), M yxe pacematpupaan pabory
apen, VEAaAbBACMBIX B TPAHIUEH ¢ 3acHIKOil, NIPONNILAEMOCTE KO-
Topoil B ofleM, cjayvyae OTAHYAETCA OT IPOHHILAEMOCTH BepXHero
M HIKHEro cjoen ABYXCJAoiHOro rpynrta. Cxema, paccMoTpeHHas
patice, OTHOCHIACH K C/AYy4alo BHellncro nutanua (npuw g=consi
o AJAuie NOToKa).

[Tpu uHpHALTPAUHOHHOM MHUTAHHH H YKJAdlKe APeH Ha BOJO-
yiop (comepuienble ApeHb) VpasHenue soanoro Gananca aan
NOTOKa B ABYXCAOHHOM TPYHTe MoiKeT ObiTb 3alnucano B cheaylio-
uleM Buae:

rie 8’y =S + MniAY, ng=--§§{uﬁnaualmlluﬂ no puc. 40a).

3unavennn a, A u y TaKue ke, Kak u npu BHewHeM nuTannn. B
AAHHOM cayuae Sy, OTAHYACTCA OT Spp, NPHHHMABLUIETOCH B CAY-
Gae BHCIUICTO MHTAHNA kox(phuineHTOM ¥ BTOPOro WJACHa, KOTO-
pHit B cayuae nnduasTpannonnoro nuraiua B Aea pasa GoJslie,
MEM B CAYHAC BHCLIHETO MHTaHus.

Paccroanne Memay Apenami MOKHO onpelejnTs nolbopom no
caeaviouteil goopmyie:

kM (2h+M) | kahy? .
v _.fT E “E+2al" (8.2)
rae A=MnzA ',

Ecan apena HecoBepilienia, T. €. BOAOYNOP Pacnofoken Ha ne-
KOTOPOM YAAJCHHN @ OT Apelibl, TO B ypasiuenne sojanoro Oatanca
AOOABANCTCH WACH, YUNTHBAKOWKE Pacxol U3 301, PACON0KCH-
HOMH Noja Apedoi, B pannoM cayyae nMeem

_kj."l-f[ﬂ’l‘g-'l‘“} i kgﬁ'f :EnkpﬂH
P (8.3)
rae n'=2.9 4alg !. d—puametp apenst; (pS>074 M, - 2 1),
Paccrosiine MexKay apenamu naxoantes noaboposm no rpupmym-
- 5.‘;.."1"[2!1:-# My . Iﬁ'g-flr' ..E'k|ﬂ|tf ] B _1
e E "E+204 Ed2q S,

B sakmoucnue oTMETHM BECLMa CYUCCTBCHHBIT NEMOCTATOK
cxemn Pora, Bopajge cayviaes cOBCPHICHHO HE NO3BOARIONIHI He-
I BAODRATL G0,

DcobGento pesko 3ToT HelOCTATOK BLIABASCTCH NPH pacueTe ape-
HaAMKen. VEJANBWBACMBEIX B l_‘f'lﬂﬁnTI[‘rﬂIIIﬂ'I_.ﬂ('MI-II‘." r‘p:.‘n‘ri-l. nmpu M A0
MOUIHOCTH BCPXHEro, 3uauntennio fojaee NPpoHHIEaeMoro cios.
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Ecan uexoauts, 3 cxemn Pots, T. e, BeCcTH pacuer Ha nponyck
HOHS PACUETHOH HHTEHCHBHOCTH W BBIOHPATL paccTOfHHe MemAy
JApeHaMH, HCXOAA H3 KaKOH-TO onpelejcHioii HOPMBI OCYILelus,
GOJblIell MOLLHOCTH BEPXHErO CAOA, TO NPONYCK pacueTHHIX pacxo-
108 HeoOXOAHMO NPOM3BOANTH, NCXOAS H3 NMPOHHLAEMOCTH HHHK-
Hero caabonpoHnilaeMoro caos,

Ilocneanee npu npakTHUECKHX 3HAYeHHAX rAyOHHBI 3aKjJaiKn
Jped NPHBOAHT K HA3HAYEHHIO BCCbMAa MafblX PACCTONHHH Memxay
HHMH, UTO, B CBOIO OUepedb, aeT OCHOBAHHE YTBCPKAATL O Henp-
I'OHOCTH JIPEHa)Ka AAf OCYICHHH caabonponnuaeMblX TaMmelbix
noys,

PaccMorpum Gosiee BHUMATENLHO, UTO e NPOHCXOANT IPH pa-
Gote ApeH B caabonponnuaeMblX rpyHTax.

[Mpeanoaoxum, 4To apeHa yaomena B XOPOWO NPOHUUACMYIO
JAPEHAKHYIO 3aChiNKY HWAH NpeacTas/jicHa OTKPLITHIM KaHajoMm. fas
pacuera no cxeme Pots Geapazanuno, n30JHpoBana WaH He H30AN-
poBaHa ApeHa, T. K. Npeanofaraercs, UTo Bech pacxoj Bbinalaloumiux
OCa/LKOB NPONycKaerca uepes HHMKHHI choi.

B peanbHbiX ycJOBHAX He NPOHCXOANT HeNpepuiBHOro (Kpyrao-
CYTOYHOTO H €ejHeBHOro) Beinagenus Aoxas. Kak npasuao, pe-
AAbIILIH 10M AL HMeeT HHTEHCHBHOCTD, 3NAUHTEAbHO GOABLINYIO, UeM
NPHHHMAeMOe B pacueTax 3naueHne CYTOYHOTO KOJHYECTBA OCANKOB
(2-—3 MM), il BRIIAAACT B TEUCHHE HCCKOJALKMX YACOB, OTBOJSCH J1a-
Jee OCYIHTeAbHOH cHeTteMoll H 3a cuer ucnapenus. [lpu cocpenoro-
NeHHOM BhINafeHHn noxiacii (AHBHER) OCYIIMTeALHAN CHCTeMa pa-
GoTaer COBEPIIEHHO B HHBLIX VCAOBHAX, YeM Te, KOTOpble npeano/a-
raorca pacuetHoi cxemoil Pota. B vacryoctn, Beaeiactsue madofl
BEJHUHHBE BogooTAauYN caabonpouniaeMbx rpynTos, T. €. Bejel-
CTHHE Manoro o0beMa KpynHBX MOP, KOTOpbie MOTYT 3anoJHATLCA
FPAaBRTAIHOHHON W Kanuaaspuoil pogoil, e caoil Guictpo 3a-
MOJAHACTCH ROAON, W ONA HAMHHACT CKAIHBATLCH B BCPXHeM, Godce
nponKuaeMom n foaee BIATOEMKOM ¢JoC.

Mo goctTuaenitn NEKOTOPOro HANOPA KPOME CTOKA Cpes HHH il
CA0I HAYHHACTCA CTOK N0 NAYKION NOJOWBE, NPHICM 3aBHCHMOCTD
pacxoila KaHaaa o7 YPosHs FPYHTOBLIX BO/L NPHHHMAET COBEpIIEnNo
HHOH Xapakrep, yem Ta, H3 Kotopofl exonut Pors, B naunnom cay-
Hae HeOOXOAHMO MOJL30BATLCA (POPMYJAAMH, OCHOBANHLIMH Ha
(hynkunn H. K. Tupunckoro, kotopsie 6uam npuseacinl Buie.

Habawacnus, nposenenibie HaMH Ha ONLITHRX YWacTKax B
ACCP. w aannwe CHHUHTGM nokazsisaior, 1ro ¢rox w3 japenas-
HLLX CHETEM B elafonponHiiaeMuiX rpynrtax B nepuoj nponycka Jans-
HEH MOAeT AocTHrath a0 2 alcek/ra. Las nponycka takix pacxonos
Hepes HHAHNH caadonpoHnuaemMblil cnoil DpH NPAKTHYECKH TIPHCM-
1CAIWX PACCTORNMAX MCAULY ApeHamu norpefosainch Obl HANOPHI,
HAMUCPHCMBIC MCTRAMH, HO3TOMY HC MOMCT BATH IH."--'II 0 MpUMe-
HCHHH TAKOH paciueTHoll cXembl,

OrMeTHM, HAKOHCI, ele OAHO CYIECTECHHOe 00CTOATENbLCTRO,
TiK K&K pacuer B yeJ0BHAX CTALHOHAPIONO PeXuMa NpeaycMarpi-
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BaeT nojgepmatide onpeaejaerdtofi HOpMB OCYIUEHHA, NOAL3OBAHHE
(opmynamu (8.2) u (8.4) nonycTHMO TONBKO NpH HopMe ocyIIEHNHA,
MEHBIUEeH MONHOCTH BepXHero caoa. B Hartype, kak npasuao, Mo
HOCTh MAXOTHOTO CJA0H MeHblle HOPMBl OCYHIEHH:; NOYTOMY B faH
HOM cJiyuae nodb3cBaThcd STHMH Qopmyaamu neanza. Bee 910 eme
pas NOKasWBAeT HEYAOBJIETBOPHTEABHOCTD cXeMbl PoTa.

ITpupenenusslie Bullle cooGpamKenna TPeGYIOT COBEPUICHHO HHOTO
NOAXOAA K peuieHHI0 Raunoro penpoca. Ou MoMer ObTh peinen,
TOJIbKO MCXOAS H3 3aKoHoMepHocTeli anm paloTe ApeHamHEIX CH-
CTeM B HEOAHOPOAHLIX TPYATAX NPH HEYCTAHOBHBLUENMCS IBHAEHHH,
T. €, HCXOAH H3 PeajbHBIX YCAORHE paboTul ApeH.

Heofxoaumo NOMHUTE, Y4TO XKMBOIl OpranusM, KoTopuil npeicras-
Jser coGoi pacTeHHe, B pslie CAYYAeR He MOMKET BBIEPKHRATh
ANHTE/BHEIX 3aTONJEHHI, H NOSTOMY pacyeT H0AMKeH HCXOANTb He
H3 YC/IOBHBIX OcpefHeHHbIX 3HaueHul cTtoka, a M3 zagaun obecie-
HeHHA HeoOXOAHMMX VC/I0BHH aspauui nOMBeHHOro COs.

Bonpocy paGoThl ipeH B HeOAHOPOAHBIX IPYHTAX B YCJIOBHAX He-
VCTAHOBHBILEIOCH J[RHIKEHHS TMOCBAlLIeHAa cJaeaylolias rJjaea, rie
AenacTes NONBITKA NPHGAHMKEHHOro peleHns Aannoil npobaemsl.




FrNMABA V

PACHET CHCTEMATHYECKOIO JAPEHA)KA MPH
HECTALHOHAPHOM PEXXHME FPYHTOBOIO NOTOKA

§ 1. O TounocTH mMerofa nMOCACHOBATEABNON CMEHBI CTAHOHAPHBIX
COCTOSAHMI

Pacuetnas cxema, HCXOAAWAS U3 CTAWHOHAPHOIO peAHMa no-
TOKa, He YYHTLIBAET CHCTCMATHYECKOrD H3MCHENHH OCHOBHEIX 3Je-
MENTOB TPYHTCBOIO MOTOKa BO BpeMmeni. b To se speMs H3necTHO,
HUTO YPOBHH IPYHTOBBIX BOJ Ha OCYLICHHON TEPPHTOPHH TECHO CBA3a-

HBl ¢ TAKHMH (PAKTOPAMH, KAK BEINAAeHHe JOMKAS, HCNapeHne, pa-
GoTa camoro aApexnaxa M T. n. Beseactsie sHaunTeasnoil naMeRdH-
BOCTH STHX (aKTOPOB roBOPHTb 00 YCTAHOBHBLICMCS peXHME
FPYHTOBBLIX BOJ B HCNOJIL3YCMBIX AJf1 OCYUIEHHS CEJbCKOXO03#il-
CTBEHHBIX YTO/HIl APEHAMHBIX CHCTEMaX MOJKHO TOMBKO YC/I0BHO,—
ANA KAKOro-TO HHTEpBaJa BPeMeHM, B TeYeHHe KOTOPOTro PeXKHM
FPYHTOBBIX BOA W (GAKTOPH, ero onpele/fiollHe, HAMEHAKTCA He
CAHMIKOM ciibHO. [1osTOMY NOHATEN HHTEpeC K BONPOCAM HeycCTa-
NOBHBILErOCS ARHMKEHHA B APEHAMKHBIX CHCTEMAaX, KOTOPHIA NpPOosB-
JACTCA Me/IHOPATOPAMH, THADPOTEXHHKAMH H APYTHMH CrHeuHaJif-
CTAMH, HMEIOLIHMH 2eJi0 C ApeHazKeM.

Hsyuenne BONpocoB HEYCTAHOBHBIIETOCH ABHIKEHHS GHALTPYIO-
el JKHAKOCTH Jae B OHOPOAHBIX FPYHTAX NOKA3LIBAET, UTO TOY-
HOe pelieHHe HanbGodee HHTePecHLIX ¢ PaKTHYECKOl TOYKH 3PeHHA
BOMPOCOB HaTaJKHBaercd Ha GOJbLIHE TPYAHOCTH MaTeMaTHYECKOro
nopsjka. [locneaHue cBA3aHBl ¢ TPYAHOCTAMH TOYHOrO HHTerpHpo-
saHHA ypasHenna Dyccunecka. JInneapusauus xe 3T0ro ypasHeHHs
BHOCHT HeH30eXHble HETOYHOCTH B MOJyYaeMble Pe3yJabTaTh, NpH-
“eM B pAJe Clyuaes H JiHieapHsOBalible ypasHeHHA J0BOJLHO TPYA-
HO mpoHATerpupoBats. Bo MHoro paa Gosee cJ0KHEIMH CTAHOBATCA
JHppepenunanbible YpaBHEHHs, ONHCHIBAIOIIHE ABHKEHHE FPYHTO-
BOI'O MOTOKA B HeOAHOPoAHOI cpene. [Mostomy B Tex cayuasx, Korja
HEBO3IMOMKHO MOMYHEHHe TOUHBIX pelueHHil, NpHXOAHTCA obpanlaTh-
CH K MCTOAAM, Jaiolwmni npubaKKeHHble Pellents, NPOH3BO/S COOT-
BETCTBYIOULYIO OMEHKY MX MPHIOAHOCTH ILJIA MPAKTHYCCKOTO HCMOL-
30BAHH.
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OannM 02 METOAO0B, AAIONIHY BOIMOMHOCTE MOAYUCHHs npHbin-
WKEHHBIX peuieniti, ABASeTes MeTOd NOCJAe10BATCILHOI CMCHBL CTA-
HHOHAPHBIX COCTOAHHH, KOTOpbIH, Kak OyAer NMOKa3aHO HHIKe, NpH
NPABHALHOM €ro MPHMEHCHHH J1A€T BMOJHE V/I0BJAETBOPHTEALHbIE
Pe3VALTATHI,

He Bjasadcs B onncaHHe CaMoOro MeToja, AOCTATOMHO XOpollo
OCBCULEHHOrO B HAYYHO-TEXHHYECKOH JuTepatype, OTMeTHM, uTo J10
CHX MOP OH paccMaTPHBAJCH Kak MeToi, Aaiiuii cavmkom Gonb-
VIO norpewnocts. Tpn cpagiciun pesyasTaToB, Noayd4acMmelx ny-
TeM WHTerPHPOBAHHA ypaBHCHHs DyccHHECKa H ¢ NOMOMNLLIO MeTo/a
NOCACAOBATC/ILHON CMCHE CTAIHOHAPHBIX COCTOSHNI, NOJAYYAIOCE,
4TO PA3HHUIA MeXAY TOYHBIM H NPHOAHKEHHBIN pelleHHeM CocTan-
asaa ceuue 4006, Beaycaonto, NnpH Takol pasHlue BPAJ 0 MOKHO
rOBOPHTL O NPAKTHYECKOR NPHEMJICMOCTH JalHOTO MeToAa.

hogee jleransioe O3HAKOMAEHHE C PElUEHHAMH psia 3a/1aqy Me-
TOAGNM NOCACAOBATENLHON CMCHBI CTAULHOHAPHIWX COCTOSIHHI MOKA3bI-

BACT, Y10 HETOYHOCTH BHOCHT HE CaM MOTOA, 4 NPHEME €ro HCNOML-
J0BAHHA.

Kak ykasusaer Il. $. IoayGapuuopa-Kounna [38], oanum us
NePBBIX HCCAENORATeNCH, APUMEHNBUINX METOA NOCJeA0BaTeNLHOl
CMEHLl CTAUHOHAPHLIX cocToAnui, Oua K, 2. JlemGke [29], pacemor-
PEeBLUMIT 3a4auy OCYIWEeHHs BOAOHOCHOID CJOS TFOPH3IOHTAJALHOIN
ApeHol ¥ BepTHKaNbHOH ckBa)KuHO. Merton nocaenopateanHoll
CMelbl CTAIHOHAPHLIX COCTOSIHIRA NPH pellennil psia BONPOCOB NpH-
smenancn B. C. Koanorwmwm [25), A. H. Koctakoruwm [23] n panom
APVIEX aBTopoB,

Heofixonumo saMetirn, 410 peticHie ponpoca of ocyidenig po-
JICHOCHOT O FOPH3OUHTA TOPH3OHTAALHOR ApeHoil, Aannoe K. 3. Jleub-
Ke, COACPIKANO DAL AONYUEeHIH 0 OLA0 HETOUHBIM,

Hetounocts, nonyuiennas K. 3. JlemOke n nosropennas paiom
ARTOPOR NPH PeIUeHnd AaHHOA 3a4a4H, 3AKMOYACTCH B NPHHATHH
B KAUCCTBE KPHBON JCnpeccHi /INH OTASALHO B3ATOIO MOMCHTA He-
VCTAHOBRBINCTOCH JQOHACHHH I‘LE‘.H.-"I,FH’I’II'IJ[UH II.EJ[]':HFH]-.?II'-I, T, B I{IHI.-
BOM, COOTBETCTRYIONLEN YCTAHOBHBIUEMYCS JIBHMKEHHIO MO FOPH3OH-
TaJLHOMY BOAOYNOPY NpH NOCTOSHHOM NO Ajauite pacxofe g. Oaua-
KO [IPH HCTOULWCHIN BOACHOCHOTO CJ0A JIPenoil (GpMUpORanne pac-
XOAA NPOHCXOANT 3a CUCT BOAOOTAAMN, T. €. 34 CHeT MOCTYNIEHHA
BOAB H3 OCYUWIAEMOTO FOPH3OHTA, A HE 34 CYET HCTOMHMKA, pacno-
JOMEHHOrD BHE 30HL JACNPEcCHi i noanutueaouero apeny. Ipu
GopMUpORAHNN pacX0la 3a CYCT BOJCOTAAMH PACXOAB HApa-
CTAWT OT nepundepun K apene, nNpuyeM MakCHMaabHLil pacxol
aocruraerca npun x=0 (puc. 50), a MHHUMaABIER (§=0)

B COMEHHH X=J5,, Ha ywactke S|, NpoMcXofinT HapacTtaHie pac-
xo4a. B cayuae nepementoro Ha yuactke S| pacxofa kpupas gen-
peccHn He MOXeT OGuiTh KBajpaTHunofi napabonoil, 1. K. npu napa-
Gonnueckofl Qopme KpHBoil aenpeccHn pacxoa p ahom ceueHnd X
(O<x < S} apageTcd BeanUNioil noctToanuol, nbo na 3ToOM OCHO-
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paH cam BuiBoa dopmyas lonwu. B paccmatpHBaeMoM Xe cay-
wae oll-—npeanunna nepemednas, Takum oGpaszom, K. 3. JlemOxe
AONYCTHI HCONPaBAaHHOE NPeANOJOHeHHe 0 NOCTOAHCTEC pacxo/ia
no aaumHe 8, npn dopMHpoBaNHH pacxoda 3a cYeT BOAOOTAAMH,
Vkazauuoe o6CTOATENLCTBO He GBI10 OTMCUCHO H APYIHMH aBTOpAa-
mi [8, 38 u ap.). TIpu f=o0, T. €. IpH YCTAHOBHBLIEMCS JABHMKEHIH,
KOrda Bech pacxod GpopMUpPYeTeH sa cHeT HHpuianTpauin no Pors,

&

Pue, 50

g=H) ke=cel. ..,

ae e—MOAYAbL HHDHALTPALIN,
Mo K. 2. JlemGxe, gzl

quV ‘;‘f sl

Pacxon no K. 3. JlemGke » 1,42 paza menblue, uem no Pors,
T. €. OTJHYACTCH Ha Te camule 42%5, 0 KOTOPLIX FOBOPHJOCE pailee,
Takum oOpazoM. owHbKa, AKODL JaBaeMas MeTOA0M NOcaeloBa-
TEABHOH CMEHB E€TAIHOHAPHLIX COCTOAHNN, O00yCAORJNEHA HETOYU-
HOCThIO BHIGOPa (GopMbl KpHBOIT Jenpeccuil, a He oUGoUHOCTLIO
CAMOro MeToja.

PacemaTtpupaq 3anauy o6 HCTOIIEHHH BOJAOHOCHOrO clos Ape-
HOH, YAO0XKEeHHOH HA TOPH3OHTAJALHBIH Boaoynop, bByccuHeck nonay-
Nl CAeAYIONLEE TOUHOE PelleHne AaHHoN 3a1aun (0003HANEHHA NO
puc, 51):

AT
5(H—H3) ° (1.1)
223

E=214



riae O — BojooTaavua rpydra; I — QJHTeABHOCTL PACUETHOrO Me-
pHoma.

Ecan sanatees xpupoii flenpeccuu B Buje saannca, to audie-
peHUHANbHOR YpaBHEHHe BOAHOTO GajaHca NPHHUMAET CJEAYIO-
A BHA:

ndSdH _ kH2 |
= 4‘ ="g-df. (1.2)

Hurerpupys ypaenenue (1.2) u pazpeiias ero oTHOCHTENBLIIO
E=28,, noayuum

S TS
E=226 ) Al (1.3)

|Z

@opuyna (1.3) naer pewenne, TOAKO Ha 5% oTanualo:lescs
OT TOYMHOTO PelleHHd, NOJYYAeMOro HHTerpHPOBAHHEM YpaBHeHHS
bByccunecka. Ilocnennee caszano ¢ TeM, uTo JeHCTBHTE/bHAA KPH-
Basi JENPECcCHH HeCKOJBKO OTAHYACTCA OT MPHHATONR 3ech 3JIJIHI-
THUeCcKoil, ofHaKo [aHHas Pa3HHLA JaeT NPAKTHUECKH He3HauyH-
TeNbHEIe OTKJIOHCHHS, KOTOPble MOMHO KOMIIEHCHPOBATH BBOIOM
COOTRETCTRYIOIHX NONpaBodYHbLIX Kos(Gduunentos. CrenosaTe/bHO,
BHIOHpad KPHELIE, MAKCHMANBHO NPHOJANKaOLHecd no croel dop-
Me K ACHCTBHTENbHBIM KDHBBIM JENpeccHH, MOXHO MOJYUHTL pe-
1MeHNA, 6AH3KHe K TOUHBIM. Ecan e 3ajpathcea napaloiHuecKol
(popMofl KpHBOH, TO MHOXHTeab B QopMyte (1.3) Gyier yie He
226 a 1,73, uto naet sanumennnle Ha 19,5% paccrosnnsa Memny
ApeHaMH (MO OTHOLIEHHIO K TOYHOMY PellueHHIo).

Peunm 3agavy, nocrasnaennyio K, 2. Jlembxe, npunas p Kaue-
cTBe Kpupoll genpeccuu saaunc. Ecam cuumraTe, uto Hag DpeHod
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BOMLa ONYCKaeTciA MrHOBeHHo, To AH(deperunanbHoe ypapHeHHe
ABHACHHSA NPH HAJHYHH HHQHABTPAIHH HHTEHCHBHOCTLIO e NOoJy-
UHT caepylommi Bna;

(1 =5 )oHodS +eSdt =" gy, (1.4)

[Mocne pasgenenns nepeMeHHuX

SdS 4,65,
RHA—152 B, O

(1.5)

Huterpupya ypapnenne (1.5) w npuunMas Bo BHUMaHHe, UTO

npu f=0 S5=0, nonyuum
kHy
In m_rﬂ, (1.6)
rae
9,3
L= ﬁ‘_""Hu .

Paspewas (1.6) otHocuresnsno S, Gyien nmern

s HoV By /iy (1.7)
a

[pn f=cc popmyna (1.7) npHHEMAET cAeAYIOUHIT BHIL

S L |/% : (1.8)

(Dopmyna (1.8) seaserca popmyaoii Pors.

[lpu orcyreTrun unduabTpainn ypasuenne (1.4) npuunmaer
(in;1ee npocToi BHA:

ﬁ+215aHﬂd5=£’;—ﬂ’m_ (1.9)

Hurterpupya ypapnenwe (1.9) u paspewas peayantar oTHC-

CHTEJIBHO S, moaAyunM
S=305 )/, (1.10)

10. J1. Cokonon, pacemaTpuBas aannyio aafayy s paGore [46]
dh

W NPHMEHAA NPeAIOKeHHbIR HM 3Ke MeToj ocpeaHeHus Bf B Ypas-

Wenun byccnHecka, noayunsi GAn3KHe K TOUHOMY pelueHHIo pe-
1YALTATH.,

K 3aKMI0MEHHIO 0 BOAMOMKHOCTH NPHHATHA KPHBOH Jenpeccus
i BHAE SJAAHNICA NpH pelleHHH AaHnol 3alaun nNpHillen TakKxKe

15 B. A. Honar. 225
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C. H. Hymepor [33). PaccmoTpum Teneps sagady o NOHHMKeHHH
YPOBHA TPYHTOBHIX BON MeXmy ApcHAMH B OAHOPOAHOM FPYHTE
MPH HAYaJLHOM HCNOHHAKEHHOM TOPH30HTe rpyHTOBBIX BOm
(puc. 52) wu orcytereud HHGuAbTpaunn. Cuntan, uTo NOHHKeHHE
ypoBHell Hag JApeloll NPOHCXOAHT MrHOBeHHO, pa3o0beM nepHoa
T, 2a KoTopHil NPOHCXOOHT NOHHKEHHe YPOBHEH B cepellHHe Me-
sayapenss na peanunny AH=H,—H;, na aea nepuona—7T, u Ty
ITpumenm, uro 3a nepuon Iy Kpunas AenpeccH pacnpocTpaHsieTcs
Ha paccrosnue S, T. e. nepuoa Ty paseH gpeMeny, HeoOX0AHMOMY
JLISE CMBIKAHUSE KPHBLIX JACTIPECCHN JIBYX cocelHNX ApeH. 3a nepHog

|2

e |i%|\\7
7 | e
4 X
o
e
o6 g 43

Pue. 52

T; npoHcXoanT COOCTREHHO MOHHMeHHe %"[IGHHEFI MPYHTOBRIX BOJ HAa
AH =Hy—H,. DdanreasHocts nepuoaa T moxer ObiTh onpegee-
Ha no gopmyae (1.10). Paspemas ee otnocureasio =T, noayunm

T)=0,027 3. (111)

Janreavhocts nepuoja Ty onpeaenurcs no dopmyne (1.3)

il SE{Ho—H,) |
Ty=0,196 2 (It (1.12).

T. k. B naunom cayuae Hy=H,,

J"E.E__[
kH Hq
OTKYJa paccrosiiie Mewkay apedamu E= 2S5 onpeaengercs no ¢gop-
MYyJie
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E_o0g 1/ KAl
E=226 S (Ho—0,87Ha) . {1.14)
- Ilpunnmas po BHMMAaHHe, YTO NpH 3JIHOTHYECKCH (opMe KpH-
BOH JenpeccHH PaccTOAHMA NOJYYAIOTCS ¢ 3aBbIEHHeM NOPSAKa

5%, seoguM B opmyay (1.14) nonpasounsrit kosdduumnent 0,95.
tlocne storo dopmyna (1.14) npumer Bug

by T RHGHLT :
E=214 ],fﬁwa_u;wﬂ. (1.15)

OTMeTHM, uTO anajornunas gopmyaa Gbisia npessonena B, C.
Kosaosuim [25]. Ona uMeer caepyiomwnil Bua;

] RHH T :
E=225 )/ S (1.16)

- Opauaxo nannas dopMmyna 6Gelia BbiBefeHa Ha OCHOBAHHM He-
TOYHOIO JONYUICHHSI O TOM, 4TO 0 CMHIKAHHA B CepelHHe MeXay-
APeHBE KPHBGHIC fenpeccHH—napaloabl, a noche cMbIKaHHg—:3J1-
JIHICE, i TIOTOMY He MOMKET CUHTATHCA BEPHOI.

- @opmyna (1.15) naer pewenHe AJs 4aCTHOrO c/iyuas YKJAAAKH
iPEH B BOJOHOCHBIH CJIOH, & HMEHHO—IJA CTyvas YKIaAKH ApeH
4 BolOYNOP.

. Tonuitaemcs nony4nTs pelleHte H A8 cayuas HeCOBePLICHHOI
ipensi. [loaaran, Kak u padee, yTo KpHBas JENpeccHH W B cayyae
HECOBEpLIEHHOH ApeHbl—9JIIHIC, MOAYUHM AJAA PacXofa M3 Bepx-
4eil 30HbI cleAyIolice sHaYeHHe:

|
ql=% . (1.17)

~ Pacxol u3 nnxteit 3oubl npumem no C. @©. Apeppanosy

go= 2oy (1.18)

P |

e a2
E ol

- OGuinit pacxoa g Gyder paBeH cyMMe PacXoaoB §; H §o:

3 g="0% (Ho+2aa). (1.19)

- Tlpn a>= 5H; kosppuunent o’ Gea Goabluoro ymep6a A To4-
DCTH PACYETOB MOMKHO BBECTH MHOMHTETeM W B pacXoj BepXHed

oLl B stom cayuae

g=220Roa. (1.20)
Ro= (Ho+2a) .
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Koshduument o’ MOKHO NpeacTaBuTh B CEAYIOUIEM BHE!

s
r

o'=g5rs (1.21)
rae

n'=294alg 2.

Mocae noacranoskn a’ B (1.20) Oyaem nMeTh

_kHI}R[I )
l'.]'-—'—g—+"'—r : “33]

VpasHeine BoJAHOTO Gananca B cjayuae HECOBEPIIEHHON APeHbl
NpHMeT BH]

—kHoRo
0,2156HdS = S+’ dt. (1.23)
Murerpupys ypasrenne (1.23) s npesenax or 0 a0 S n ot 0
A0 [, NoJayuHM

0,1088 (S2+2/S) =kRot =k (Ho+20)1, (1.24)
OTKYla
0,1088S S+ 5,88a1g-2>
: \ nd

k [Hn_'rﬂﬂ} { 1.25)

==

Ilpu a=0 ¢opmyaa (1.25) npusoautca k Qopmyae (l.11).
[Moactaeus eMecto S noaosuny E, noayuynm spems Ty, 3a xotopoe
paauyc AenpeccHH AOCTHrACT BeJHYHNb, PaBHOH NOJOBHIe pac-
CTOAHHS MEXIY ApeHaMH
__0,0278E(E+4n) (1.26)

h= o)

Ian onpegenenns Ty pocnoabsyeMces cAeVIOUIHM VpaBHeHHEM
poanoro Gananca: '

ahE 2kRH

dH — 2RH 4 (1.27)

& E+ 2’
rae
R=H+2a.
HUuterpupya vpasueune (1.27), nonyunm
%) SE(E+2n) | Ho(Ha+2a) ol
T:=0,226 ka | Hq(Hy+2a) ° (1.28)

O6Gunit nepuoa T, 3a kotopwili ofecneunpaerca NOHHKeHHE
yposneil B cepeaune Mexayapenss Ha semmunny AH=H,—H;

_ OOOE[E+4n o JE420 | Ho(Hy+2a)
T= k He+ﬂn-hﬂ'4 a ]EH={Hn+En]]' (1.29)
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Paspewan (1.29) ornocutreanno E, 6Gyaem umeTthb

. 21"‘““ + '/iill*l*'ﬂ}’fl” T “3[”

u+-:r (p+a)? u+u:r y

P e
R e ﬂjﬂﬁ o HolHz+2a)
= k(Ho+2a) ° Ha(Ho+2a)

[TpuHuMas BO BHHMAHHE, YTO NPHHATHE 3AJHNCA B KauecTpe

KPHBOI JIeNpeccHH BLIZBLIBAET 3aBLIICHHEe PACUETHBIX PACCTOAHHI,

| nroAHM Koshpdunuent 0,95 B noayuaemeie no dopmyae (1.30) pe-
i syasTathl. B 3TOM cayuae

L ——— =

i 2ute)m= , T  Zute
E_ﬂ'gﬁ( B0 p+o u+nﬁ' (420

PopMyna (1.31) aossHa pnapath NpHONH3HTENLHO Te JKe 3Ha-
neHus, uto u popmyaa C. @. ApepbaiHOBa, OTHOCSLLAACA K 3TOMY
cayuaio. [Nocnenuna uMeer caefyiOunid Bl (B NPHHHMAEMBIX Ha-

Mil 0603HAMCHIUAX) ;
E=2,07 l/L‘;;”“ (1.32)
g TH,

Jlas cpasHenns pesyabTaToB, AasaemMbix Gopmyaamu (1.40) u
(1.41), paceMOTPHM CJAeAYIOWMIA npHMep.

[Tpumep. OnpenennTs paccToAHHe MeXKAY JApPeHAMH, NPH KO-
ropoM olecneunpaercs NOHHAKeHHe ypopHedi ¢ Ho=1 m g0 Hy=
(.8 M 3a | cyTku, ecnin a= 5 M, d=0,06 M, 6=0,03, k=1 m/cyTkn.
o gopmynie (1.31) noayuum, npn n' =266, Ry=11, p=0,0000737
i a=0,000122, EZ 42 M. [1o dopmyae (1 dE] E=40 M.

[TpakTHUECKH pacXomAeHHe MEKAY PACCTOAHHAMM, noayvae-

| MbiMi 10 dopmyaam (1.31) u (1.32), HeanaunTeABHO, UTO CJAYIKHT
XOPOLWHM MNOATEEPHACHHEM BO3MOMKHOCTH NIPHMEHEHHST MeToja
OCAEA0BATENLHOH CMEeHEl CTAUHOHAPHBIX COCTOAHHI NS BHIBOAA
pacyeTHHX fopmy.a.

[Tpumenenne B KayecTBe KPHBOH AeNnpeccHH sJJMMca NpH Ha-
JHYHE HHOHABTPAUHK eule Gosee 0BHOCHOBAHO, T. K. B 3TOM cJy4ae
(npH HAIHYHH HHQHABTPALKH, OAHOPOAHOrO I'PYHTA, NPH YKIAOHE
pojgoynopa i=0) ypanneHHe byccunecka npuoGperaer cJielylomui
BHA:

k a,_&ah] e __ ah

5" ax\ st )

Ecan ABHMKeHHe YCTalOBHBLIEECH, TO f;:i =0 u ypaBHeHHe
(1.33) npuoOperaeT caeLyOLHIA BH:

ka5 |=—¢. (1.34)

Iﬂr"

o i &



e e 5 -

[log ¢ v ypapnenun (1.34) HeoOxoauMoO NOHHMATL MOAYJb
RHELIHEero NHTaHKuA, KOTOpHIl npeacrasaser coboil pa3HOCTb MekK-
AY MOJYJAeM OCALKOB 0 i MOAYJeM Hcnapenns e (npu oTCyTCTEHH
nHTanug uepes pogoynop). Takum obpasom, E

e=p—e. (1.35)

JHAK & 34BHCHT OT 3HAKA CYMMBI, cTOsWEH B npanoii uacTy
ypashenua (1.35). Ecaun p>e, 10 &€ HMeeT NOJOKHTEALHE 3HAK, B
NPOTHBHOM cayuac — otpuuarteasisii. Ecan p™>0, 10 npu ortcyr-|
CTBHH HcnapeHuss (korna e=(0) ypasnenne (1.35) npuolperaer
CASAVIOMHT BHA: 1

dh ]
rJ.“:[a‘ 79 (1.36)

Muterpupys ypaphenne (1.36), noayuum
kfi‘g—l—ﬂ..t':ﬁx'l'fg. flq?}

YpasHenue (1.37) ectb ypapHenne 3aJu1ca,
Toynoe ypasHeHHe KPHBOIT AeTIPecCHH NP OTCYTCTBHH HH( k-
TPALHH U HCHaPeHHA MoXeT OBHTh NOJAYMeNo HWHTerpHPOBaHHeM
yvpapnenns byccunecka, ecan n ypanuennn (1.33) npunarte g=0,
B sToMm cayuae

Bl W), O (1.38)°

i ox ax ) af -

Muterpuposanne ypapuennsn (1.38) naer xpuBymw AenpeccuHy
BHPAAACMYIO Y PABHCHHEM CJeAYIOUIers BHAA; :

h=F (£)H (@), (1.39)

rae f(f) —opaunata KpuBoll AenpeccHy B KOHILE YUACTKA S B aH-
HEHH (HKCHPOBaKNBI MoMenT [ F [? | — nekotopas gyHKkIHa O

= £ 5
HOCHTeNLHOH abclHeeh < -

Ecan nocrponts no ypannenuio (1.:34) KPHBYIO lenpecciy, oHé
OKa3bBaeTcsa BechMa GJH3KOH K 3/JHncy. 70 CROHCTBO B HCTIOJb:
IVETCH B METOJ¢e Noc/ie10BATE bHOH CMeHbI CTHHHEIIdeHK COCTOH=
HHE npi oreytereinn nudgmastpaunn. [Ipy naanunn unduastpanui
KPHBAS JENPeccHH Pacnofiaracres Bbille KPHBOH, BhIpaKacMOR
vpasaennem (1.39), 1. e, 6yaer cuie GanHe K 5A0HNCY.

B cayuae nenapenus ypasienmne (1.34) npuinMacT cienyouH i
BHL

¥ ah ¢ !
aelh 36)=+ (.4

rae ¢ — MOAYJbL HCnapeHHsa.
X0



Hurerpuposanne ypasvenns (1.40) aaer runepboay. Oua
Gyjer pacnonaratbesl HHMKe KPHBOIi, npeacTaBieHHOlN ypaBHeHHeM
(1.39).

Monyas wenapenns B 3one H3GHITOUHOTO YBJAAKHEHHS OGLINHO
e npessinaer 2—3 mm/cytin. TTostomy niMmenenue GopMsl Kpu-
BOH JenpeccHi NPH HAJHYHA HCMAPEHHA MaawX pasmepos Oyaet
n obuiem HesnauntesbHbIM, IlociieHee cpA3AHO ¢ OTHOCHTEALHOM

MAJIOCTBIO YJeHa -ﬁ-u (1.33) no cpaBHeHHIO ¢ uaeHOM

d dh )
a5 )

Takum oGpasoM, B NpH HANHYKHE HCRapeHua (NpH NPaKTHYeCKH
He3HAYHTENbHEX €ero pa3Mepax) MOXKHO B KauecTBe KPHBOH jle-
NPECCHH HCTONb30BATH KPHBYIO, Bhipaxaemylo ypasneanesm (1.39),
Wil 6an3KKil K velt saaunc. Omnbka, noayyaeman B 3TOM cayuae,
GyaeT HeCKOJABKO 60JbLueil, HO e¢ MOKHO KOMIICHCHPOBAaThL BEOAOM
COOTBETCTBYIOIHX KoadduineHTOoR.

PeiunM Teneps 3agauy of ocylieHWH BOAOHOCHOrO cJosA He-
coRepiueHHon  apedHoil npu vaawuun uauastpauun, INpuaamas,
HTO B 3TOM cay4qae KPpHBas AenpeccHt — 3JJIHNC | uTO ONycKaHHe
VponHeil Han ApeHoil NPOHCXOAWT MIHOBCITHO, NOJYYHM cleayiollee
ypannenue Gananca;

Al
S

(Ho+2aa')di=0,2156H,d5 + pSdi, (1.41)

riae p— MoayJb HH(HIBTPAUHH OCANKOB,
Bsoas, kak panee, MHOXHTeNb ¢’ B PACXOJ BePXHeil 301k, T. €.

paccMaTpusas NOTOKH, ¥ KOTOPEX a = 5H,, noayunm

kHuRo

%Rnu’deé }ﬁ”d!=ﬂ£iﬁﬂHm’S+p5dL (1.42)

5
rie
Rn = Hﬂ +2a.

[Tocae paspenenns nepeMeHnLIX, GYACM HMETD

465 (S+v)dS
S, df‘“ms"erhfsﬂq} . (1,43)
rie
A= EHRe (1.44)
p

Huterpupya ypasiedue (1.43), nonyunm caeayiomuii peaynb-
Tar:

5
T S L 5 ,F  ds
'aE'—_tl"{S tn'S—A4) —n {.S S*+\1*’S—A]’ (1.45)
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OTKY LA
5

{ o A=n'5—$?) ol
ke . 5*-1--1'5_..4—__[ nH., _J {"45.

Tak kaxk &A= (44 +n"?) <70, To

Yy
©dS ;
J= \ =——— =———In\.
) SHNS—A Ty

llocae noncranopkn snavenus J B opmyay (1.45), NOayaEM

e=st= ANS=S' i1 (1.47)
riae |
_ (24— V 4407 (' + V 34T (1.48)

(25+n'+ V dd 1" 5 (0'— v 44 £ : B

93p ' "'
0= =—, 1.49)
l‘.le "'1 1’{'4‘4 + “12 { -

[Ipn a=0, 7. e. B cayuae yknagku apens na Bofoynop. 1’ =0,
y=0, N=1u dopmyaa (1.47) npnoGperaer pua

A5t .
it A -
gut= A5 (1.50)

Paspewan ypasuenue (1.50) otnocutenbno S, noayuum

S=V A (1—e—), (1.51)

B srom cayuae (npua=0) Ry=H,
, kHgt -
A= Fa ;1.522_

[Nocae noacranoeku A" B hopmyay (1.51) 6vaem umern

S= H,.]/ ——{I-he oty | (1.53)

opmyaa (1.53) uaentnuna gopmyae (1.7).
Paspewas gopmyay (1.47) oTHocHTeAbNO {, NOAVUHM

OHq A
[=0,108—/lg — 1.54)
p B (A—n'S—SHN T o

npH & = 51--~ fe=1T,
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OTKYa

s dH, 4A -
T|—ﬂ'.1ﬂ3 " lﬂ f‘d—.ﬂl‘l’E—-E!JH|T ? {Iwﬁ!. }

rae

Nyw EEA= VNSNS 33y SERT) (1.56)
(E+0'+ VA7) (' —Vad+0?)

IpomesyTok T, ecth Bpems, Heo6xoanMOe A CMBLIKAHMH
KPHBON JenpeccHd ABYX COCeHHX ApeH.

J1las onpegenenns ppeMenn Ty, » Teveline KOTOPOro NPOHCXOANT
noiiKenne yposHel B cepeiune mexjayapenns va AH =H,—H,,
BOCHOIBbAYEMCS  caeaviolluM  AHdepeHuHatLHBEM  VPABRHEHHEM
KOJAHOTO Gallanca:

adE 2kHR pE
— X dH = (B 1\ (1.57)
rne R=H+2a.
HHHE“HH ﬁ- gF, (1] =£§, = E_ifi‘“j+ NoOAYYHM
— BdH + odi =0 (H+2a)dt. (1.58)

[Mocae pasnenenns nepeMenHbX H HHTerpHpoBaHus, Gviem
HMETh

et s L '
i J&H?r}-?ﬂﬂﬁ—m B (1.59)

Jnavuenne wuterpana, CTOSUEro B JeBoll MACTH ypaBHCHUS
(1.69), 3anHcHT OT 3HAYCHHA THCKPHMHHAHTA;

Az = —4a (0 +ao). (1.60)

[Tpunnman po BiuManHe, 410 Npu Beex yeaosuax Ay<<0, noay-
YHM

TR-: —:.':'_.'—-—-ig N, . ; (1.61)
rie e
_[o(He+a)— V o(e+ai0)jlo(Hy+a) +y o(w+a%)]
" lo(Ho+a)+ Y a{w+a'o)]io(Hata)—y o (o +a'a)]

Bpems T, neo6xoauMoe a4s oCyHIeHHs BOAOHOCHOrO 08, Ha-
nerca Kak cymmMa Ty n Ty, T. e

T= T| +T2.

[1pn otcyTeTBun ocaakos, koraa p=0, ¢opmyaa (1.61) npuso-
AuTesn K opmyne (1.28),
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Jijin NpoBeprH pacxomIeHH MeMAY pesyjbTaTaMi, LaABaeMbl-
MH noJyueHHbIMH QopMmyiamMu u dopmysoi C. . AsepbsaHosa,
BEIBEJICHHONA MyTeM HHTErPHPOBANNHSA JHHEAPHIOBAHHOrO YpaBHe-
nusi Byccunecka, paceMoTpuM npuMep.

ITpuwmep. Onpegeants BpeMs, HeoGXOAHMOe LIS NOHMKECHHA
rPyHTOBHX BoA Ha 30 cM B cepeliHe MeXAVAPeHbA, ecan E=20 m,
d=0,05m, p=2 mmlcyTen, a=5 M, Hy=1 M, k=3 mlcyTtrn, §=0,03.

Mo npepnaraemeiM opMynam

T,=0,108 20 1 oo ,
P (44—29'E—E?) N,/

rie
v (E+W-—VB)(n V' B).
.|l I__'_'_'_F—_ s 5
(E+n'+ ¥V B) (w4 V B)

SRl e 20 2
1&_1"'5;1 1) —?,94ﬂ]g“dﬂ—4d+t} :

OnpejennM 3HaYeHHA KOMNOHCHTOR, BXOAAWNX B GopMyay ajan
onpegencuusa T,

1 RHoRy _ kHo(Ho+2a) 31+ (142-5) _ \penn.
A== B P =08 — |9900;

’ ; 2 2.5 .
=" C — - s e T
n=2Malg —=294-5lg 314. 008 = 26:6;

B=44-n""=4.15500-}-26,6°=62710; VB=250;

N o A204-266—250) (266+250) _ noe. W __266 _
N =50426,6 250) (26.6—250) — 5% ¥ B 250 =0, 106

Nocae nopcranoskn B gopmyay (1.55) noayunm

¥4 0.03-1:23 4+ 15500 4
Ty 100 T 0002 B (iTTE0 2266 20008500 — 1092 eyT.

[Tepexoanm Teneps K onpeaeacunio npoMexytka Ty

e o L e 3
{1 = 'E_P__E.I,.I.r e w_j_g_ﬂﬁlﬁ—-ﬂtnﬂgu

PE 00220 g 0o,

Vo (o+oa?) = = /0,082 (0,02-1-0,082 - 57) =0,43;

_ (0,082-6—0,43) (0,082.5,7+0.43) : 5 i ‘
N2= (0082-6+0.43) (0,082 57—043) — 01 1§ N2=1g 1,51 =0,18;
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0,455E {Hn 0,03 - 20
=0,113 cyr.
Va(oteay 0,43 ; &

Ty
O6Giee spema
T=T;+T:=0,052+40,113=0,165 cyr.

Mo ¢opmyae C. ®. ApepbatoBa (B NpUHAMAaEMbIX HaMu 060-
AHAYEHHAX)

42N
; 4 n? .
I=1—%In “( M} : (1.62)
10,50 —
rne
A .

TS e T AkaHo *

Boiuncsanm komnonenTs gopmyam C. P, Apepbanosa:

' | I

e N ag0q 82 D042 - [ D T
S 'End 10 © 3.14. 0.0
OE? _ 003-200 o -o
V= Skaa’  4-3- 5"u,2?5_n*'3‘
g = 00039 085

dkatfyn  4-3:5-1:0275

4
1| === 0,0485
T w750 1g - --l-—E-H’ - J =0,181 cyr.

0,3
M T 304(1-05 - 0,0485— 1)

Pacxoxkaenne B pesyabTatax CoCTaB/ifeT OKOIO JICCATH Npo-
ILeHTOR,

Ecan npunars BO BHUMaHHE, YTO PaccTONHHA, noOJyyaeMbie 1o
gopmyanam C. ®. Asepusnona, na 5% Menbilue paccTosuuil, 1Moay-
yaeMHhX Mo HawuM GopMyJaM, To pasHiila B sHaYeHnax 1 10aKHa
coctapaath 10%, uTo B noayuHaOCH NPH PaccMOTPEHHH nNpuMepa.

Taxum o6GpaszoMm, W B ciiyyac pacueTa JpPeHaxa nNpH HAAHUHH
HHOHILTPALRH METOJ, NOCAeL0BATENbHON CMEHB CTAUHOHAPHLIX
COCTORHHI AaeT BROAHE VAOBJIETBOPHTENLHBIE A8 NPaKTHYCCKHX
pacuyeToB pesyiabTaThi.

BoaMoXKHOCTE NpHMeHeHHS MeTOAa NocAeloBaTe/bHOI cMenbl
CTALHOHAPHHIX COCTOANNE SABANCTCA OCHOBOI AJfi NOJYMEeHHA
CPABHHUTENBLHO NMPOCTHIX (POPMYJ I pacucTa ApeH B YCJIOBHAX He-
VCTAHOBABIIErOCs ABMKCHHA H B HEOAHOPOAHBIX TPYNTAX.

IMpneegcnnbie ppitie opMyabl GbiaH BHBeLCHb B NpednoJiomKe-
HiH, YTO YPOBEHb FPYHTOBBIX BOJ Hal JAPeHOH NONHXKAETCA MrHO-
ReHHO, NPHYeM MPeanoaarajoch TaKAKe, UTO BHICOTA HABHCAHUA
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GLi1a HE3HAUMTENLHOMN, T. €. OHa MaJ0 OTHYalach OT FOPH3OHTA
ROJB B IpeHe.

H
B Tex CAYYanAXx, KOorga OTHOIUEHHE 1 7% BEJHKO, BHICOTA HABHCA-

HHA OOLIMHO MMEeT 3HAYHTeJbHBIE pasMepbl, H NMO3TOMY AAf Bhi-
UHCJAEHHA NJolLaAH, oTaalolleli Boay (pacueTsl BeAYTCA Ha elHHNU-
Y AAHHLL IpeHs), HeoOX0JHMO NOAbL30BATECA (QOpPMyJaMH, YuH-
THBAOWHMHE BLICOTY napucanud. Ha nepsol cragnu paGoth ape-
HH MAoWaAL df MOMHO paccMaTpHBaTh Kak pasnocTh naoulajned
HACE w ACB (puc. 53), KoTopeie papHbl, COOTBETCTBEHHO:

|2‘

gk i
p &

Pnc. 53
Fa=0215(S +dS) (Hy—hg+dhy); (1.63)
F,=0,2158 (Hy—hy). (1.64)

[peneGperan Geckoneuno MaJbiMH BTOPOro NOPALKAE, NOJVUHM,
peiupTag Fy us Fs,

dF=0,2156[ (Ho—hy)dS +Sdhy). (1.65)

Ecan He yYHTHBATL BHICOTY HABHCAHHA, TO 3@ PacueTHYIO Nao-
Hiafb npHaoch 6w npuHAaTh maomwaie dF =0,215HdS, uyacto
RaunTe b0 G0ABILYIO felicTenTenbHOR naowann dF. B ceasu c
JaBbllCHHEM pacueTHol nJowain, orgatowel soay, 6yaeT 3apbl-
NIAThCA NPOTHE AeHCTBHTE/NBHOIO H PACYETHOE BpeMs.

Jas cayuas MHPHALTPAUHOHHOIO NHTAHHA H OAHOPOAHOrO
rpyiita C, ®. Apepuanosbim H Lot Cut-e [6a] npeanomeno cne-
AVIolllee BHpamenne ana onpeiesiesna by (B NPHHHMAaEMbIX HAMH
o6o3HaucHHAX) ;
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e oo o

[

= ud :
—— ---. ot e i z E
= = (h-d) — 1n sin 505 (1.66)
iie h— Hamop B cepeinHe MeKIAyApeHbs; hy — BHICOTA HaBuCa-

ins; E — paccTosiHHe MexXAy ApeHaMu; p — MG.E[}ML HHpHIABTpA-
ILHH OCAJIKOR,

h u hy OTCUHTHIBAIOTCA OT TOPH3OHTAJM, NpOXofAlled uepes
REPXHIO KPOMKY JipeHBl (ApeHa cUMTaeTcs YTONJEHHOH B BOIO-
VNop Ha NOJOBHHY CBOEro AHaMeTpa).

Hcenonsaosaune dopmyau (1.66) naa apedbl, yJiokeHHOH Ha

pojoynope, OrpanHuYHBaeTCH TPEGL‘IEH HHEM BRBIMOJHEHHA IRVX YLIO-
RHH, OIHEM H3 KOTOPHIX ABJAAETCH

5
HEP

2 (1.67)

rie hop — HeKOTOPas ocpejiientas rayGHHa norToka.

B paccMmaTpHBaeMOM HaMH cJyuae HEYCTaHOBHBLIErocs ABH-
MEHHS B JipeHamHBIX cucTeMax ycaoese (1.67) ne BunoJHAeTCH
Ha NPOTAMKEHHH BCEro nepuoja, xorga S<<2-+25H,, 1. e. B nepuog,
HauGoJee HHTCHCHBHOTO TIOHHXKeHHA YpoBHel Han apenoi. IlosTo-
My noabaoBaThest opmysaoft (1.66) ans paceMmarpHBaemMoro cay-
ag, No-BHAMMOMY, Helleslecoobpasno,

Ecau HCXOAHTHL H3 YCJOBHH, YTO

he=—-, (1.68)

- kH[:F
TO B CvVHae METAHHA 3a CHET BOJOOTHAYH, KOrAda g= S ¥ ﬂﬂ\-r]}"“HH
he=T2 . (1.69)

Mu y#e panee oTMeuadaH, UTO B APCHAKHBIX CHCTEMAX BHICOTA
HABHCAHHA NoJyvyaeTcsa Lae D0ALUICH, YeM BHUHCAAeMasn no gop-
myae (1.69). Moxno yGeanthen, uro gopmyaa (1.69) npu esoge
i ypasHeHHe BojAiHOro Gajalnca JaeT HeBepiHbie pPe3ybTaTbl: BO-
NepBeX, OHa JaeT (H3HYECKH HecOoCTOATe bHble pelmeHHsa NpH
S < Hy v, BO-BTOPLIX, H3MHIUHE BEICOKHI TeMIT YMeHblICHHA BLICOTH
NaBHCAHHA B Npouecce yBeJHUCHHA pajaHyca JenpeccHd, B YeM Ml
yOeAnJHCh Ha MaTepHaJax onbTos,

Henoasays Bee ke opmyay (1.69), nmeem
d&nm——-—— S. (1.70)

Onyckaa MHHYC noche noacraHopkn 8 (1.65), nMeem

dF =0216HdS, - ' (1.71)
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Oyernako, To thopmyna (1.69) aMeer cMblca TONLKO il
iy Hp, oTuerc npu unTerpuapopanin 6aJancosoro ypashenus

gdt= 23 dj==bdF (1.72)

cheayeT MpHHATE npedenb f==0; S=S;=Hy f=T); $=8;. 370
AaeT

=008 g0 [1— (He '] (1.73)

ConocTapfieHHe pe3yasTaToB noicuetok no gopmyae (1.73) ¢
ONBITHWUMH JaHUBIMH TIOKA32J10, YTO OHA JaeT 3aBBILIeHIIBE 3Ma-

weHHs 7. 3T0 BEIHYHKAAET NPUOETHYTL K HCHOABIOBAIHIO 3MTTHDH-
YECKHX 3aBHCHMOoCTeM.

[1pu npouzeofcTee ONEITOR B LIENEROM JOTKe HaMu Oulaa noa-
MeyeHa npulanxedHas cBasb Mexay A W hy 144 H301HPOBAHHBIX
ApeéH, YEIaihBaeMblX B BCPTHKaAbHO-HEOAHOPOAHEIE ITPYHTH  (CM,
opmyny (2.17) Hactoswed raaset). Jaa oanopoasoro rpyHTa
5Ta popMyaa Laer cAefyOLLYIo 2aBHCHMOCTh Mexay H u hy, npu
NHTAHKM 38 CUeT BOA00THAYN:

ﬂﬂ:Si};jf’ (1.74)
ruae
AN
g oSHH (1.74a)

€—OCHOBAIHE HATYPAALILIX orapupMOB,

[lpu S=0 dopmyaa (1.74) aaer kh, =H=H, 4ro n TpeGyerca
no ycaosuio sagaun. Ilpu S = 10/, hﬂEﬁm,Tau Kak Kosbgu-
UHEHT [} CTPEMHTCH K eJHHHUE TIPH HCOTPAHHYEHHOM YBEJHYEHHH
S. B wacrrocth, npu S = 10H,, f=1,31. Ecana yuects, uto npn S=0
B==20, To MOMKHO CYHTaTSH, UTO [} AOBOABHO OGHICTPO yMeHbIIAeTCH.

Ecau nosibsosaTees Ans Boidkcnenus by gopMyaci (1.69), To
Noay4yuM B aaHHoM cayyac hg =0,1 . Hy; no dopmyae (1.74) sbico-
Ta HagHcannda coctasut 0,116 Hy, 1. ¢, pesnunny, LOBOABHO GAH3-
KYIo K h,;, nasaemomy dopmynoii (1.69).

Taxnm oOpasom, popmyna (1.74), nasas npn Maablx 3HaYEHAAX
S GoJiee 6a1M3Koe K HCTHIHLIM 3HaueHusiM Ay, ueM Gopmyaa (1.69),

IEI;-%QS}}WH" naer hy. nessaunTeabHo Goabliee, vem dopMyaa

IMpumencure dopmyan (1.74) NpH BHIBOAE pacueTHRX dopMya
IIpHBeao Ol K uPe3sbluaidH0 FPOMO3JAKHM 3aBHCHMOCTAM, T. K.
f=F(5) na mepeofi cragun paGors ApeHt u p=F (H)—ua BTO-
poi. IlosToMy nonsiTaemcsi HalTH NYTH ocpeAlieHHs f ¢ TeM, U4TO-
OBl NP} HHTErPEPORAKKK ARDPepPeUUHANBIOT0 YPARHEHHA BOAHOTO
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Ganauca f npuuuMmate nocrosuuuiM. Las 31oro socnofbsyeMes
yolosHeM

5 § _&H,
r§ pdS= | eSHdS =pepS. (1.75)

L]

Tak kag unmerpan B vpapuenda (1.75) Bepaxsderca uepes
cneuMansiele QynEaHY,* To nafigeM ero npuGaMKeHNoe 3HaUeHHe.
Ecau pazOuTh yuacTok S Ha pasHble OTPe3kd seanuunol Hy v Bbi-

: dH,
YHCJHTL 3HAUEHHE € S+Ho [OAA PasfHUHBIX S, paBlblX, COOTBET-
creenno, fy, 2H., 3Hy . . . nfle, 8 3atTeM npocyYMMHUDOBATE MJAO-
' i/

maake dF; n pazgenurs cyMmMmy ZdF; uwa S=nfly To noayuum,
i

NoNb3yECE GOPMYIA0H Tpaneuss,
. 3_ " _i'-
Bep=S 5 (€367 1227 ), (1.76)

rae [ — NOPaLKOBEIH HOMeD CYMMMPYCMLIX OPAHHAT {(3a NepBRYIO
OPAMHATY TMPHHHMASTCA OpPAMIIATA, COOTBETCTEYIOMAs S=0),

B gauectse npumepa BHUYHCHHM fig, AJA NOTOKA, y KOTOPOro
S=4f,. B pauvom cnyyae n=4 n

Bop= 516" +2(e"5+-e+€07)] = 4,83,

Ilpunuman Bo="%p, MONYUHM Ha NEPBOH CTALHH paBors ape-
Hbi, Korga ff =Hy=const,
flep Hy2
S+Bﬂ:p iy
Ouddepesunpys fiy 0o S v noacrapans peayawsTaTthl 8 (1.65),
HOJIYUHM

(1.77)

frg=

0,2158 Hy{S+28) ds (1.78)

dF = S+5o)° i

rie Bo=pep .
IMogerapnad dF p ypasHenue BojHoro Gaaanca, UMeeM

021565 Ho (S428:)dS _ kH dt
(S+Byp)* -
* Hurerpan (1.70) suipamacTcA uepes [NTErPAALHYIC 1MOKE3ATEABHYID

dvurume Ei{x). Buuwcaenns pawor
de

fep= (1 £) el e —eed 3¢ E Ei(3)—Ei( <L

(1.79)

1+ J I 3
Hy
Fie HETI .
Tag, npu e=0,1, fep==246; =0,25, Pop=4.13. Bouay svMonpuviecKoro xa-
pakrepa dopyyan (1,74) sammefiupe sukaangn aeTopa A0NYCTHME (AP0
e, ). '
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B pesyabrate nuterpupopanns ypasnenus (1.79) noayunm

,_ 0,1080
el 7

5 F SI_!,ﬂn.J_ 8, . i
[$2—2B¢? (In 2204 Foo 1) (1.80)

Herpyano sameTuts, uro dopmyaa (1.80) naer snauenus T,
smeHbline, yem dopmyna (1.71). Toxkamem 3T0, paccMOTpeR cJe-
AYIOUIHH mpHMep,

Mpumep. Onpegeants Ty, ecan S;=10 M, k=1 MicyTKH,
Ho=1 m, 6=0,1. Ilo popmyae (1.71)

o 01088 o 5  0,108-0,1 nn
s R i R s

[lpn S,=10H,, f°, onpenesurcs caelyIOUIHM ofpasom
(n=10):

ﬁ"if]:l: ETII-EF.{FH 1I' EU'2?+2(E['5+EQ'?5+E‘}'“ '|_
+Eun_|_En.u'.'a_l_en.auﬂ+gﬂ.a}]=2,?]_

[o ¢opmyne (1.80), npuHHMasn BO BHHMAHHE, UTO H;,:ﬁ“cpHﬂ=
=271, " b

7 =108 00 9.9712(231g A 2L —1)]=096 cyr.

T (]
OTtHOWIEeHHe Tl cocrapager 1,13, daa Gonee KOPOTKHX NOTO-
1

KOB OHO ObIJIo Obl 3HAYHTEJALHO GOABUIMM, BeJAeACTBHe Gonbillero
anavenus fcp

IMposeprka popmyast (1.80) B uwlenesom J0TKe nokKasaa, uTo
T, moayuaemoe no qopmyae (1.80), TakKe BHUYHCAAETCA € HeKO-
TOPHLIM 3aMacOM, YTO JlaeT OCHOBAHHE BRECTH MONPABKY B (OpMYTy
(1.80) u npeacTaBHTEL €e B celylOIUEeM BHIE:

__ 009 e s opaqnitBe, Bo_
=085 oppnEly Lo 1) (1.800)

Beoa nonpapouHoro koz(ppHUHEHTA BBI3BIBACTCH TeM, 4TO B

= [
HauaJbHBI NMepHol Nneppoit cTajHM, Korjaa OTHOLIEHHe FS—“ elLe
otelb peauko, popmyaa (1.74), kak u apyrue Gopmyan, gaer 3a-
BHILICHHBIH TeMIl yMeHbHIeHuA fig, B CBA3H C HeM YBeJHUHBAETCH
pacueTHOe BpeM.

Ecau suuncasts Ty no gopmyne (1.80a), To ans paccmorpen-
noro peitue npamepa noayuum 'y =09 cyrok.
[1pnanuMas Bo BHUMaune, uto Ty BXOAHT NPy BhYHCJAEHHH pac-
CTOSHHI MeXKAY APEHAMH NMoi paiukas, ownOKa B BbIUHCJEHHH
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accTonnii Mexray ApeHaMu Gynaet eute Menswed. Takum oGpa-
DM, YUer HaBncauusi npH paGoTe ApeH B OAHOPOAHBIX FPYHTAX He
feeT 0co0o CYILEecTReHHOIo 3HAYEHHA NPH AOCTATOMHO MAJHHHBIX
otokax (S= 10/fy). Kak Gymer nokasano umske, B cayyae He-
LHOPOIHBIX FPYHTOB y4eT BLICOTH Hasucanns, HaoGopoT, urpaet
CLMa cyuecTBeHHYI0 poab. [TostoMy QopMyasl, ne yunthBalo-
(e fiy, MOrYT JaRaTh 3aBBILUEIHA PACYETHOIO BpeMelH B AecaTHH

| laiKe B COTHH pa3 NPoTHB (aKTHYECKoTO.
~ Paccemotpum Teneps paGoty apeusl wa sropoii ctaamn, Ecan

Puc. 54

I nepuoa dt ocBoGoKAAETCS OT BOAK MAOWANKA dF (puc. 54), o
rggnenue BOAHOrO Oanauca Ha BTopoil craann palioTw JPeHBI
SUNHCBIBAETCA B CACAYIOUIEM BHILE;

- *

kH*?
MF=TIH_ (1.81)

11

dnech S;=const, a H-—nepemennas seanunna, Muomans dF
MOJKHO paccMaTpHRATL Kak pa3nocTh nuowmaneit ABDE w FCDE.

~ [lpunuman, uro Kpupsie menpeccHu — JMHNCH, NPOXOASILHE
lepes Toukn A u F, nojyuuM B peayabTate HeCl0MHBIX M04CUETOR

dF =728, (dH }ydhg), (1.82)

y=1=1=20,275.

&
-
!

MHoactapass snavenne y n NPHHAMAA BO BHUMAHWE, YTO
- ==(),785, nonyyum

dF =0,785S (dH +0,275dh,,). (1.83)
B. A Houar. 241

e —— e —



Hupepenmupya b, no H, 6yaem nMeThb

B(25,4 B) §
o= (5 By o

rae B=f.p H :
[Tocne noacranoskn dhy B (1.83) Buipamenne ang dF npuobpe-
TAET CAEAVIOULHH BHA:

dF=0,7858,[1 -+ f(H))dH, (1.85)
rae

__0,275B(2S,+ B)
ﬂH) =T {S|+E}!

Hudpepenunansioe ypasienne poanoro Gananca (mocje pa3s-
JeJIeHHs NepeMeHHbIX) 3anHckiBaeTca clelyouumM obpasoMm:

e ﬁf}f“[:-pffm]dﬁ. (1.86)

[Mpoun3eeneM, KaK W paHee, HEKOTOPbLIE YNPOIIEHHA, HCXOAA H3.
cneayoumux coobpamxennii. [lpu S, > 10H, uyro o6uiuHo c06AI0-
paercd B ApPeHaXHbIX cHeTeMaX, fep < 2,71. Tlosromy

0,275 20
fiH) < 2R 0 0,105, (187)

Taxum o6pazowm, 1-H1(H) <1,105. -
Ecan MPHHATH 1+ (H)=1,10, To ypasHenue (1.86) npumer

CJAeAyIoIHi BHA:

0,8650S.2 ., |
di=— 28852 4y (1.88)

Huterpupys ypasHenue (1.88), noayunm

T, — 0865082 (Ho—Hy) :
St (1.89)

Paapewasn (1.89) otHocutensHo E=25,, Gyaem nmetn

kHoH 7Ty ;
E= 214Vﬁ[H Ha* (1.90)3

T. €. IpHBeAeHHYio paHee ¢opmyay ByccuHecka.

Yedosie S, > 10H o0b9HO BHNOJHAETCH NMOYTH BO BCeX CAy-
MASIY, 32 HCKJIOUeHHEM 0c000 TAMKeILX rauHieTHX nous, [NTostomy,
ecaH BROAMTEL nonpagounklil kosdduupent, pasusif 1,10 naa Beex
NOTOKOB, riae S, > 5H, To splulc/eHHe paccTOAHKA MeXAy ApeHa-
Mt npn S; > 10H 6yger secTHch ¢ HeDosblUM KO3 (QHUHEHTOM
Janaca. ]
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Ecaw. apena HecopepuieHHa, To Ha neppsoil cTafun ee paGornl
AuipthepeHuHaabiOe YPARHEHNE BOANOTDO DaNanca NPHIHMAET Ccae-
AVIOWHit BUA (A8 cayuas a =>5H,):

ﬂE]-‘.’lﬂ'S.Hu[S | Eﬂll] dS kHﬂ
(54 Ba)? T sS4

(Ho+2a)dt. (1.91)

[Mocsie pasfeneHuss NepeMeHHBIX W HHTCCPHPOBAHHA MOJAYUHM

-, 01080 [, §+_B_- _____ L A

+21'S; (1 (1.92)

mﬁh )J-

Beoas, kKak W B c/Ayuae cOBEepLIEHHOA APeHbL, NMONpPaBOMHBLI
Ko3(pHHLHEHT, OYAeM HMETh

: 0,08 5% "B K
T'_k{Hu-l-i'-’ﬂ} IS]Rr 25“2[] lﬂu iy S +aﬂ = ) -
+2n'S, (1—5 fh'}] (1.93)

nFHHHMHH BO BHHMAHHC MPHBRCACHHLIC BLIWe Cﬂﬂﬁpﬂ?ﬁEHliﬂ.
NPH BRYHCAEHHH T3 MOXKHO NOJL30OBATLCA PaHee NOJY4YCHHON (op-
MyJsoi (1.28). Beoas B see kosdppuunent 1,10, noayunm

T,__[:] 25() IiiI:':'l:l:-i'ﬂl:rl ) | HolH:--2a)

ka Ha(Ho+2a) ? Siv
HJTH
..-.....155. {Sl’i M) 1 HU{H'*i'E.a.}
T= ka | Hy(Ho+2a) ~ ko9

Kax nokasuwpalor onuthl B lWejdesoMm JoTke (cMm. raaey V1),
pacueTHoe BpeMm#, BeluHcaeHHoe no dopmyae (1.95), copnagaer ¢
pe3yaLTaTAMH ONBITOB YAOBJAETBOPHTEALHO.

§ 2. Packer cucreMaTHYeCcKOro ApeHara B ABYXCAOIHOM TrpyHTe

PaccmoTrpuM Buavane nanGonee mpocToil caydail, a HMeHHO:
C/Iy4aHd CHCTeMAaTHYECKOro ApeHaxkKa NpH yKJalke ApeH B JABYX-
C/OHHEIH TPYHT Ha TrOpPH3OHTalbHHI Bogoynmop (puc. 55). Iaa
NOAbL30BAHHA METOAOM MOCAEL10BATEe/bHOH CMEHBl CTAllHOHAPHHIX
COCTOAHUA Heo6XONHMO 3HATH 3Hauenue pacxosa B Awboilt Mo-
MeNT £, (hOpMY KPHBOH AeNpeccHu 0 8 ¢p—3HAUCHHE CPEANEro GOETIE
(PHILHEHTA BOAOOT/AYM, CGDTEETETB},-’H)IHE'I'EI Momenty | (0<I<T).

Ilpn sanunrhueckoi gopMe KpHEON AenpeccHHd, Kak G110 no-
Ka3aHo paHee, pacxol COBepPLICHHON JpPelbl, YIOXKEeHHOH B OOHO-
POAHLIA FPYHT, YHCACHHO PaBeH CJAeLYIOLHM 3HAYEHHAM:
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a) B CTagMu yBeanueHHa paauyca aenpeccus or 0 a0 S

gt ﬂ”ii;jl. : (2.1)
6) B CTAAHH HCTOLLEHHA BOJAOHOCHOPO FOPHIONTA
k (H2—hy?
g="0510 (22)

rae S5,=0,5E, )
B qopmyae (2.1) Hy—nocToanuas BejHYHHA, a S M hy—nepe-

Mennble, B gopmyae (2.2), naoGopor, BeanunHa H—nepemeniias,

'Z

2 ,__,,._T]

2?:'$

-~

@ 1
S

S, =

Pue. 55

i

a Sy—noctoannas. Beanunna hy B gopmyae (2.2) oOuiuHO Hepe-

JAHKA H ee H3IMeHeHHe HE3HAYHTENIbHO, _
Beanunna ¢, MomeT paccMaTpPHBaTLCA Kak YABOCHHOe 3Haye-

e pacxofa, fasaemoe ¢pyuknueit H. K. F'npuickoro npu noctosH-
Hom Hy u nepementom S u ho. efictoutensto, B ciyvae oqHopoa-
HOTO FPYHTA [AA «llePeBePHYTOro» MOTOKA B CTAaAHH YVBeJHYeHHSA
paaumyca AenpeccHu

h:.-. h,

i! (Hy—2)dz- J (ho—z)dz

S
Ilna apyxcaoiisoro rpynta, ecan hg<<M w Apena n30aupoBaHa,

g1 = "B (Ho-M)?+2M (Ho—M) +M—he?].  (24)
po=consl,

f ) |
gy =2g," =2 n“""';“‘"’ Tl
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I HEOAHOPOAHOTO MO BEPTHKAAN FPYHTa

o (@ 4y — B} -
q!= M I:;ﬂ E]. {-?15}

B cTaguu HCTOUWERHHA BOAOHOCHOIO CJ10A

2p (P gy —P ,
PRl (26)

3xeck 5;=0,5E — nocrosunas sennuuua, H — Hanop B cepeaH-
He MeMAYApeHbs, W3IMeHAWmHica no Mepe HCTOWEHHA BOJAOHOC-
HOTO TIJIACTa.

s oasopoasore rpyuta (p=1)

Ei{H*— g
q==_{‘ﬁ# : (2.7)

A apyxcaoiinoro rpynra, ecau hg<M w gpena nsonuporana,
gr=t5t (n(H—M)2-4-2M (H—M) + M—hg?),  (28)

rie p— «3anHpanlini KosdhdHunenT»>—noobie BeaHYHHA Tepe-
wenHas, T. K. p=i(H).

Ecau hg >M, 1o popmyan (2.4) n (2.8) nprHHMAaIOT, COOTBET-
CTBEHHO, CeAYIOIHH BAL:

g1 =225 (hog?—hor?) +2M (he—hoy) (2.9)

go="0 - (hs—hy?) +-2M (ha-— h) | (2.10)

rne h-m=.Hn—M: hg-EH—M:. ﬁ¢,=ﬁ;=ﬁn—aﬂ; hI1| H hl-—HH"DPH.
OTCYHTHIBAEMBIC OT KPOBJH HHXKHero naacta B Touke x=0Ha [ n
Il cranum, cooTBeTcTBeno; fgy—Hanop B Konue y4actka S; ha—
HANOP B KOHIle Y4acTKa S;, OTCUHTHIBAEMBIl Takike OT KPOBJH
HIMKHEro C04.

Kpunas aenpeccHi B TOHKOCJAOHCTOM rpyhTe npy padorte apetl
4@ cuer sogooTAaun Oyler npeiacTaBisaTbk coboil JoMaHylo, co-
CTABJCHHYIO M3 OTACJBLHBLIX KPHBHIX, GAH3KHX K 3nauncam, [lpu
NpoKr3BoACTBe NPHOJHAKCHHBX pacueToB 3Ty JoMmaHyw Ges ocobo
foasuioro yimep6a aas TOYHOCTH pacyeToB MOXKIO 3aMEHHTh Of-
WHM 3JJaKNcoM, ornGalllHM JaHHOC CeMeHCTBO KPHBBIX, H BHI-
UHCARTH Naowais Gurypsl, oTaawuleil sojly, Kak NJollanb,, 3a-
KAIOUEHHYIO MEXKAY AYraMH 3JJIHNCOB C COOTBETCTBYHOUIHMA MOJaY-
ocamu: 1) S, Ho (npu ho=0) u 2) S+AS, H,.

Ha sTopoil craanu (cTaaun HCTOIEHHS BOJOHOCHOTO CJ1051) 3Ta
naoltanbL 6yACT 3aKAI0YATLCA MEMAY AYraMH 3JJHNCOB C BEpPTH-

245



i 4
B e ———e]

KaaeHeiMi noayocaMmu H n H—AH n ropusontanshoil nonyocsio,
paBHoit 5.

Muoro cioknee 06CTORT 60 ¢ onpeaeaennem Ocp — cpednen
BOOOT 1AM,

Hasectro, uTo BOJOOTAAYA 3aBHCHT OT PAAA YCIOBHI — Xapak-
Tepa rpynta, cCKOpPOCTH ONYCKAHHA NOBEPXHOCTH IPYHTOBBIX BOJ §
7. n. Paa asropos, KpoMme Toro, cTaBut kospHUHCHT BOL0OT 12N
B 3@BHCHMOCTb OT paccTOsHHA CBOBOAHON NMOBEPXHOCTH TPYHTO-
BOro NoToKa or nopepxnoctn nouss (A. M. Usnukuit, T. I1. Spxun,
C. ®. Apepusnos). E

BRHLY c10KI0CTH yueTa Beex 3THX MHOOUHCACHHBIX (DaKTOPOB
NPHMEM B NEPBOM NPHOAHKEHHH, UTO SHAYCHHE & 3aBHCHT TOJBKO
OT BHI1A TPYHTA W He 3aBHCHT OT PasMelleHHA CA0eB OTHOCHTEbHO
MOBEPXHOCTH NOUBH 1 Apenn, B Takoii nocranoske, Kak Gyaer no-

-

Ka3ano HuKe, ocpeHeHHoe 3nauexiie KosgduunenTa ponooraayn

L |

Oyner sashceTb oT S W-hy Ha Nepsoil cTaaNN ABHIKEHH, a Ha BTO=
poii-—p ocHoBHOM oOT hy W H.

lMonwiTaeMcst HARTH 3TH 3aBHCHMOCTH, : 4
[Tpeanoaokum, uto pogoHoCHBIl HAACT COCTOHT M3 N CJAORB

PasSAHYHON TONWNHL @, HMEIOUIHX, COOTBETCTBEHHO, BOAOOTAAUY
8; (puc. 56).

[Mpu yseawuenun paamyca menpeccun Ha AS H yMeHblIeHHH
hy Ha Beawunny Ahy or Boaw ocro6oKaaercs KPHBOJHHEHHA!
rpaneuua AMNB, naowans kotopoit npubanikenno 6yaer parsa

AF=0215[(Ho—hy)AS +SAh, 4 AS - Ahy). (2.11]

[Mepexons Kk npeaeay n npenchperas GecKOHEUHO MadbiMH BTC
PoOro NOPsAKa, MoJyunm

dF=0215] (Hy—hg)dS 3-Sdhy). (2.
OGuveM Boawl, oTaaBaeMulii rpynTom, 6yaeT pase
dw=bcpdF ,

rae ﬁ.;p“ Cpeansis TeKyllasa BOA0OTAA4a 3a nepuoa di aan Beer
ocBob0KAAEMOr0 OT BoAL o6beMa rpynta dF (na eaAMHHILY AJHHI
Jpens). :
Kak suano u3 suipasenns (2.12), seanunna dF 3asucHr 0
by, S w nx auddepenunanos. Iostomy aas HHTErPHPOBAHM
ypaBHenua Boancro Gajanca seanunny fiy u ee anddepenuna,
ncoOX0aAHMO BHPasHTh Kak Gyukuun ot Hyn S. £
Popmya aas onpejeeHus fy B cAydMae HeOAHOPOAHBIX rpyt
TOB MOKa He HMeeTcd, W NOITOMY nonwbiTacMmcs MaTth cnocol
npubaizKentoro onpeaeienns hy =f(Hq, S) ana nausoro cJyuas
Ecan npena ne nsonmuposana, T. e. yJokKena B Xopouwo npoHi
LAEMYI0 34CHINKY, W HMECTCH BO3MOMKHOCThL GecnpensTcTBCHHOMN
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cpoca poau M3 BepxHero Goaee NMPOHHUARMOro CJA0OA, TO BEJAHYH-
HY hp MOXHO (NpaBaa oueHb NPHBAKHAENHO) ONPeaeSATh, HCXOAA
(k] u-tpr:nuemmm AJ5 BEIXOJIHOTO CedeHis NOTOKd Kod(puuHenTa
(puabTpaunn. Bennuynna Rep B NAHHOM ciydae onpenejsercd H3
YCJIOBHA '

W Sty (2.14)

Ecan npuHATE 8O BHUMAHWE, 4TO NPH paboTe ApeHb 3a CUET
ROAOOTAAYH B OCPEJHEHHOM OTHOPOIHOM I'PYHTe :

(npu @y, =(), rae ¢—pacxo NpH TPYHTOBOM MATAHHN, BHIUHC-
JasieMblil o hopmyac Lionom, 1o nocjie NoACTAHOBKH 3HaYeHHA
kep B (2.15) nmoayuum ycaoBHe A4f ofipelefcHHs hg., a HMEHHO:

Iy 2P, ;
ﬁik; 5 {E.Iﬁ]
[Mpumenenne dopmyans (2.16) nonyctumo npu $>2H.
Ecan apeHa HaoaupoBaHa, TO BelHYHHA hy MOKeT OLITh 3HA-

URTENbHO GoJbleH, YeM B MepBoM cayvae, BeaeacTeHe GoabUIHX
(PHALTPAIHOHHBIX CONPOTHBACHHI. :

YieT BHICOTH HARHCAHHA HMeeT CMbica Toabko npw n=1. B
Tex cayuanx, koraa Ry >k Beanunna fig B o0uicM HepeJiHKa H €€
MOKHO He yunTeiBatbh. Onpegencuue fiy, B 3TOM cayuae MOXKET
BeCTHCH N0 opmyae (2.16).

[pn pabore co WEICBLIM JOTKOM HAMH NOAMeUeHa CBA3L Me-
Ay hy u H 08 M30JAHPOBAHHEIX APCH, KOTOPYIO MOMHO Bbipa-
anTh caeayiowei npubanaennoi dopmyaoi:

!1}-‘1'.,:([_“.?“5_)2 ‘P;‘h I?'f-fs » {EJ?}:.

rae @ — OCHOBaHHe HATYPaidbHbIX JorapupMon; p -— KO3QPHIUHEHT
pacxona AAs HEOLHOPOAHOro IVIACTA NPH NUTAHHH 33 CUCT BOAOD-
OTAAYH HAR HHOHALTPALKN, BLYHCASCMBIT 0 GopMyaaM, npHBe-
neuwnbiM B § 4 raasu 1V; @, — anavenwe Gpyuxunn H. K. Tupri-
CKOro B CEUCHMM X=35; ﬂ?# — anavenne Qynxian H. K. Tupun-
ckoro B ceuennn x=0; § — paccrosnne OT JAPeHH 10 paccCMaTpH-
BAEMOro CeYyeHHH.

PaccmoTpum 3naverns, fRapaemble dopmyaoi (2.17) B npe- !
Ne/IbHBIX Cy4anx,

248



— R g

Ecan vuxunin caoilt venpounuaes, T. e. p=0, win ecan p=-0,
Ho S=0 (npu ¢=0, 1. e. Korga JABHKEHHC elle He HAYaJlOCh), TO
Py, =P, 01kyna hy=H. Tlonysaembiii peayabTar cooTBeTCTBYET
CAYHAI0 OTCYTCTBHA J[ABHMEHMA W JOrHYeCKH mnpaBuied., Ecau

IPyHT oanopoded (p=1), To moayvyaeM cleayiollce yCAoOBHe AIA
onpeneseHua fyg:

kbt S \2kH:
1 S, o
oTKYNa
Hz
= (2.19)

[lpu S=0 no dopmyae (2.19) &y = H, uto cooreercTBYET J€ii-
CTBUTENEHOMY NOJOHEHHIO B HAYAILHHH MOMEHT JABHMKCHHH
({=0).

Ecan nonbzopaTecs npubARAKeHHLM BHpaKennem aas fig,
NpHHHMAR
H?

."r.H:? :

(2.20)

to 1py 5=0 noayuaem hy=—co, YTO NPOTHBOPEMHT 3ApaBoMy
cMmetcay. [lpn S<H Oyaem noayuatek h, >H, uTo Takme H3Hue-
cku abeypano. [MostoMy, ecad W MOIKHO TOBOPHTL O NMPHMeHHMO-
CcTH hopmyas (2.20), To Toakko npu S>2H.

®opmyaa (2.19) npu S=H paer hy; =0,73H, uro ropaspo Gau-
Ae K HeTHie, veM hp =H, noayuaemoe no dopmyae (2.20). Bee
3TO 1d€eT OCHOBAHHE CYHTATL ec OoJice NpaBHJbHOM, YeM (popMyny
(2.20). I'lpu ypeanuenun S u HeuaMenHoMm M BejinunHa fig YMEHB-
liaetcsl, AocTHras Hyas npu S=co. Herounocrteio QopMyns
(2.20) B 30He 0<S<2H no-suaumomy obbsacusercs u Gojee pes-
Kafg pazlinia Meday pacueTHeiM B dakTHucckuM Ty, nojayvaemas
B ONBITAX NPH NOJbL30BAHHH POPMYJIaMH, OCHOBAHHLIM Ha A g, BbI-
HHeaseMbiM no hopmyae (2.20).

Jaa cyxaenus o0 Macwtabax OTKJIOHCHHH pPacuyeTHBIX 3Haue-
ik hy BoluHcaseMblx no dopmyae (2.17), ot GakTHyeckux npu-
peieM Janipe pacucToB H 3aMepeHibc B UETeBoM JoTKe (GaKTH-
NeCKHe 3HaueHHsa hy paa cayyas ABYXCJOHHOTO rpyHTa H JIPCHH,

yioKeHHOH Ha pogoynop. Onwitel Beanc, npu M=15 cw, H=i—’=
1
= 1000, k;=0,0121 cm/eex, ka=12,1 em/cex.
B cayuae ﬂnyxmﬂﬁ.}mrn rpynTa BHpaxeHus aas P, n Py
NPHHAMAIOT CAeLYIOUIHE BHA

tI-‘-';_;: k:[nhn’+ﬂ;{ﬂ+f!=l]; fp;!u:ﬁllflﬁl:'f';'f{ﬁﬁ'-‘!iﬂ‘
rae
hy=H—M; hi=hz—M,
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Moawayacy dopmyaoi (2.17), noayyum, NPHHAMAA BO BHHMA:
HHe, 4T0 5= 100 cMm, A

- 7 :
nh.9+M{h,+h.}nlnhr+M[H—|—h=]][i—1—£—J‘:—‘;T} . (220)

[MpunuMas po BuuManue, uto npu n = 1000, BeJuunHbl
M (hg 4-hy) uw M(H-+hg) otHoCHTEeALIO MaAL B CPaBHEHHH C wJje-
namu nhe® w nhy?, umu Momuo npereGpeun. B stom cayudae ycao-
aue (2.21) nepenvineTes B CASAYOWEM BHAE!

.Fl'l| :5.’!13( | — -I-E:J[T'"ﬁﬂ ) . {2.22

Beanunny hy; Haxoanm no qopmyie
hy =M+, (2.23)

PeayabTaTul pacueToB M H3MepeHHble B JA0TKe 3Hauenna hg
npueeachu B Taba. 10.
TaG6anua 10

g - = m e m—— _EES ——

Brcora nanncanus,
Hex i i: Mpumenanne
'Fa-.:qeman ?::::::n 1 H
a3 32,6 32.8 0,99 |5 =100 cu
32 315 315 100 | P —pacnernan prcota FODHCANHA
31 30,5 40,7 0,99 hf —paKTHYECKAR BHICOTA HABH
29 28,8 28,5 E T O el
27 26,6 26,7 0,99
29 24.6 24,6 1,00
23 22,6 22,0 1.0
21 20,6 205 1,01
19 18,5 184 1.01

[Mpupesennbie B Tabaune 10 pacuernbic n haKTHYECKHe 3HA-
wenns h, HeaHauWTeNbLHO OTAMMAIOTCA APYr OT Apyra, uTo Aaer
ocHoBanWe cuuTaTth dopmyay (2.17) AoCcTaTOMHO TOMHOW AR
NMPaKTHYECKHX pPacueTos. 1

B kauecTBe WJJIOCTPALMH PAaccMOTpuM cayuai, xoraa H=_
=33 cMm, S=100 cM=3H. I

250



BritgeaM ocHOBHBIe KOMIORCHTH dopmyan (2.17):
ar

p=eStH=e075=2,12; hg=H~-:’|-i'=33— 15=18;

- MH R

~ H(M: ,J,::] H +0, Eb
= 150337+ 18%) 8 40,65 1[:I.~1_w_“I I
33152 18%) 33 1532
~  MiziMath)o 15+ 18(15+ 10004 18) - 1,1

4.
=TT 2T 12M) — (3342- 1523312 15) — 2%

jl—-l —!—-é- ]/ |ngn_UL4‘m'~

=1 =g ) ha= (1 G ara 33 18= 176 cx;

hg=M+hy=15417,6=32,6 cm.

Ha nepsoii crazun paGor apensl, koraa [ =Hy=const, hy
B eAydac ABYXCJAOHHOrO FPYHTA i OTHOCHTEALNO GOJABILIWX n onpe-
aeasercsa no caeayioumei gopmyne:

hy =M+ (Ho—M) 'ﬁ”%‘;u;f"*sl : (2.23a)
rae
M,
ﬂﬂ'= mh

B dopmyae (2.23a) po=consl, 1. K. Mbl NIPHHUMAEM, YTO g
He 3asHCHT oT S. Bpoasd, Kak W B cilyvyae OJHOPOAHBIX I'PYHTOB,
BMECTO nepeMentoro fiy ero cpeinee 3aHaveHinc u anddepeHunpyn
figno S, nonyuum

dhy=—teelle=l) s, (2.236)

rae Bo=p"p Hy, p° cp — Cpeinee 3navcHue fip Ha nepsoil cTaanu
paGoTel JApeHhbl. ﬂnr: Je MOACTAHORKH 3Hauennil hy u dhy B (2,12)
NOAVIHM

dF =0.215p0 (Ho- M) |1 |ds. (2.24)

|5IHI-="

INMocae noacranonku anavenus dF B ypasienne poanoro 6anau-
ca W pasieeHHs nepeMenibx GyaeM HMeThb

l]:&'l&bq.[Hu—M]E[ Byt ] 9 94,
=TRIE L emil )
rae Do?=n(Hy—M)2+2M (H;—M) -1 M2,
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Huverpupya vparuenne (2.24a), noayvuum

0, 1080cp (Ho—M)

Tl—' EDy [ql —2B8s" (In :?I +m— SE" H _Il”

(2.23)

B cayuae onHopoaHoro rpynrta, Korjia MomHo npanate M=0,
fep =0 B n=1, ¢popmyna (2.25) NPUBOAHTEA K thopmyne (1.80)
nptnuﬂ} ulero pasiena.

[Tpn BuiBose dopmyan (2.25), upuimman fip =p’ cp’ MBI 11041y~
Haan, uTo hy =[(S), 1. e. BHICOTA HABHCAHNA ARNACTCHA NePeMeH-
HOH BEJHYHHOH HA NPOTHHKENHNH BCETO e pHOAA T,.

B cayvae yxaankn apen n nwmuni caaGonpornnuaemMuii caoi
(PaccMaTpHBAaCTCA HIOAHPOBAHNAA JAPCHA), NPHANMAA BO BHN-
Manne, uTo npn Goabux n pasnocte Hoe-—h, BecbMa HeBeAHKa,
MOMHO CHHTATh, 4TO hy AOCTHIAET CBOCTO 3HAYEHMS MIHOBEHHO W
ROpONKA AenpeccHH o6pa3yerca OT HAYAABHOH TOMKH C KOOPH-
natamu (0, hy ).

Bulcota Hasucanns B koiue nepuona T, moxeT GHTL onpene-
JeHa 1o opmyae

g =M+ (Hy—M) gy, (2.25a)
roe -

B BeprékaibHO-HEOAHOPOAHBIX TPYHTAX, rie NPOHHIAEMOCTh
yOHBAST OT MNOBEPXHOCTH NOYRLI K TFOPH30NTY YKAalKH ApeH,
MOXKHO Takxe Oe3 ocoboro ywepla An8 TOMHOCTH PacueToOB NpPH-
HHMaTbh /iy NMoOCTOAHNON HA TPOTSAKeHN# Bceil nepsoii craauum pa-
GOTH ApeHbl H 10Jb30BaThes AJAA onpededenus hy dopmy.ioii
(2.17). Ecan napacraide npoHHaeMocTi H1eT Nno HanpasieHHIO
K ApeHe, TO MOXKHO fiy NPHHAMATL paBHBIM HYJAI0 W CUMTAThH, 4TO
YPOBHE HAA ApPeHOH MrHOBEHHO NajdaloT 10 YpoBHeH B apeHe.
[Mpnunmas MruopenHoe NOHNUMKEHHe TPYHTOBLIX BOA Hajd ApeHoil
He O rOpPH30NHTA BOAM B Apene, a N0 BLICOTH HABHCAHHA, Mbl OY-
A€M BHOCHTh 3HAYHTENLHO MeHbluyio omunbky B pacuerd. [leil-
CTBUTENBHO, B JIBYXCJOHHBIX TPYHTAX C Pe3ko BepaKeHHOH
pasHuuell B NpoHHIlAeMOCTH caoes (ko> k) npu yrjalke apeHbl
B caabonpolHuaeMblii FPYHT BHEICOTA HABHCaAHHA (B cayyae H30-
JAHPOBAHHON JApedbl) Oyjaer GOJABIIOH, a8 TNOHHAKEHHE — MANLIM.
[Tostomy ob6bem rpyirta, B AEACTBHTENLHOCTH OTAAIOLLErD BOLY,
ByAeT 3HAYNTEABHO Melblie pacyeTHOro ofbeMa, KOToOpHIl noay-
HaeTcH B npelnodioellHndy, UTo YPOBHH BOALI Hal APEHDﬁ MTHO-
BEHHO TNOHHKAIOTCA A0 FOPH30OHTA BOAKW B Hell. B Tex cayuasx,
KOrJla HHAHHA cnoi Goace NPoHHLLaeM, peandnna hy Oyaer yMmeHb-
IATHCH AOBOABHO OBICTPO H MOMHO B nepBoM NpubaHKeHHH NPH-
HHMAaTb, YTO NMOHWMKEHHE YPOBHel Hald APEHOH NMPOHCXOAHT MI'HO-
BEHHO 10 ypomHed poaw B Hed. HeoOxoaumo 3aMeTHTb, 4TO B
caydae pe3Koll pasHHNEI B NPOHNIAEMOCTH caoeB (ke ki) MoOmKeT

252 |



i
.

NPOHCXOMIITL Pasphia HenpepLBHOCTH MOTOKA, Korja BoOAa W3
pepxnero caod GyleT nocTynath B HWAKINKA B BHAe Kamelb, na-
JANoWNX Ha cBoGOIHYIO (I0BEPXHOCTh MOTOKA B HHAKHEM CJloe.

[Mpunuman aas hy supamenne (2,25a), noayunm cjeayioilee
ypapienie Aa4 onpeaeieHus o6LeMa BOAK, MOCTynaouen ni Gec-
KoneuHo Majoro obLeMa rpynTa:

i =>bdepdF =0,2156¢p (Ho—M) (1—qo)dS =ﬂ,?lﬁﬁtp.ﬂﬂ¢1‘5, (2.26)
e Oep—CpeiHds BOA0OTAAYE,
Ap= (Ho—M) (1—qpy) =const. (2.26a)

C apyroil cTopoHbl, dw ecTb 06LCM BOAL, OTAABAEMBEIH TPYH-
ToM (HAa eAMHMIY AJAHHL JpeHbl) 3a nepuoj di, B TeueHHe KOTO-
joro pajMyc aenpeccHH ypenuuusaercs Ha dS. Ero moxmno pac-
CMATPHBATD Kak cymMmy o0beMOB BOfibl, OTAaBAaCMOH 3JeMeHTap-
MK naowaakaMu dF;, 3akA0ueniBIMH MEXIY AYraMHi 3JJIHN-
con ¢ ocamu S, Ho—hy, n S-+dS, [Ho— (hy+-dhg)] v ropusontans-
HILIMH JHHHAMH pazflesa cJ0EeB.

PaccmorpuM naowaaky dF;, orpaiuueHnylo AyraMmu sJJHn-
¢OB, KpoBJel W NoAOIIBOI JaHHOro caoa (puHc. 56).

B rpaimuax paccMaTpHBaeMOH NJOUIAJLKH BOL0OTAAYA AB-
JsleTcs NOCTOAHHOMN, paBHoi &; —BOAOOTAAYe CJ0A, B KOTOPOM
pacnonodeHa 3Ta nJollaika.

s npocTOTH paccymOenuil NpeiAnoJoXHM, 4TO AYrH OBYX
WIIMICOB OrpaHHYMBAIOWINX TJoWaaky dF, cxoadatcda B HEKOTO-
pofi Touke L, pacnonomenHoil Ha Bogoynope (HETOYHOCTD, Bbi3bi-
BaeMan AaHHLIM NpeanojokenneM, nesnauntensna). Toraa, yun-
rupas nogoGue duryp CEFD n CMND, noayuum

CD_ # . EF_ Ziy
B He' a5 Ho ' (2-27)
[l Z; B Zjy, — PACCTOAHHSA OT BOAOYNOPA A0 MOJAOWBH [ H i+1
CAOeR.
M3 (2.27) nmeem

07 Pl L

. EF = 51103 9 98
Ho b EF -t (2.28)

Pacemarpupan dF; ®kak niaomans KpHBOJTHHCHHOH Tpaneuus,
fyaeM HMeTh

. 0215(2t 2i,)adS

dF=0,215(CD+EF)a;= e s (2.29)
O6neMm BOAB, oTAaBaeMbii naolaakon dF; ,
dw;= 0.215‘!&;&;;:;“]&.-:#5 ’ (2.30)
o

rae &; — BOAOOTAAYA i CNOA.
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Ecan Goi rpynt Ouia coctanien w3 Geckoneuno Gosduinoro
yHcAa GeCKOHEYHO TOHKHX caoer (ToawmMHOA dz) ¢ BojocoTRauell
6z, TO, NPHHHMAS 2j4; =2j+g, =2+d2;, a; =dz W npeueGperasi
GecKOHeuHO MaJBIMH BTOPOro nopanka, sbipaxenue (2.30) mom-
HO Gbiio Gbl NepenucaTh B CASAYIOUICM BHE: |

0,430 2dz - d5

dﬂ'.";= H,

(2.31)

[MpeneGperas peanunnoil naowaakn ABG (puc. 56), ofuryio
naouwaas QUrypel, OTAAOIEH BOAY TNPH YBEJIHYCHHH pagHyca
AenpeccHl Ha dS, MOKHO ONpPefeaHTh CACAYIOUIHM o6pasoM:

dF=0,215(AG+MN) (Ho—h ,). (232)

H3 yeaosus
i
MN — H,
HMEEM
AG= -52-th= HdS. (2.322)

[locae nogetanoskn 3vavednsa AG B (2.32) nonyunm

0,215(Hy*—h2

dF = Hy

0) 4S. (2.33)

CyMMHpPYs 06GBEME BOJL, OTAABAEMBIE SAEMEHTAPHEMH NJO-
wagkamu dF;, nMeem :
H,

|3, 2dz. (2.34)
hl]- "

04304
dw = H

CpeaHon TeKYILYH CYMMapHyR BOAOOTAAMY HAlaeM H3
YCIAOBHS : ;
7

duw 2 s :
%= ar = Ha—rm, ) Y274 (2.35)

B uacTHOCTH, B cliyude OQHOPOAHOrO FPYHTA

s

20 .
bep= g | 2d2=0. (2.35a)

Ecan npunate Bo sunmaunme, wro hy=—=/F(S), 10 d¢p Taxme 2a-
BHCHT OT 8§ H B NPHHUKNE €€ HALO CHHTATL NePeMeHHOR BeJHYHHOR
Ha NPOTAMKEHHH BCel NepBoH cTaanu pabGoThl APEHLI.

Ecan ke npeneOpeub naMmenenuem hy (He camoii ﬁe.uliuuuuﬂ-
hg, a ee usmeneHueMm Ha NPOTAMEHHH NepBOi cTaind paboTel



jipeiisl), TO BOLOOTAAYA NOAYYAETCA NOCTOAHHON,—HE3ABHCHMOM
or 5.

Jlonyckaa Takoe ynpolleHwe, Mbl 3HaunTe]bHo obaeryaeMm pe-
JCHHe NOCTABJEHHBIX BOTPOCOB, He BEOAA CYLLECTBEHHOH norper-
HOCTH B OKOHYATEJbHLIe Pe3y/ibTaThl.

B yacTHOCTH, ANA H30JHPOBAHHON JpeHbl, YAOMXeHHOH Ha BO-
A0y nop, noJyuaeM clelyiollee ypasHeHHe BoaHoro GanaHca (npu-
Humas rayGuHy Bogsl B apene hig=10)

e

|
0,2158cpA0dS = P& Dy, (2.36)
’ Dﬂﬂ=ﬂ[Hn——M]2+EM{Hn—M} +ME.

Huterpupya ypapuenue (2.36), noayuuM aasa onpeaeseHus
I} caeayroulee BbipaxKeHHe:

0,1080cp AoSi®  0,0270cp AoE?
Y peliDe T pokilDet

(2.37)

B uacTHOCTH, B ¢Ayuae ABYXCJNOHHOrO rpyHTa, ecjli Ha npo-
r#enuy nepuoga Ty KpuBas AenpeccHH He BHIXOAHT H3 BepXHero
caos (hg>M), T0 bcp =02—BomooTaave Bepxmero caos. Ecau
fhy <M, 10 d¢p BLIMHCASETCA CJAEAYIOUIHM o6pasoMm:

G e 9 M g
ﬁcP: mlj‘ Sy2dz= m( O EI.. zdz—l—ﬁga zﬂ'z) —
2]
__ Oy (M2—htg) + by (H*—M?)
. Hol—he? . (2.38)

[1pHHATHE MIHOBEHHOro [(OHIMKEHHA YPOBHER Hal APeHoi ¢
Hy 10 hy BHOCHT HEKOTOPYIO OWHOKY B pacueTHHe GOPMYJHI, HGO
weerna TpeGyercs KaKoe-TO BPEMs HA NOHHIKeHHe YPOBHEi c Hy
10 hy . Onnako ownGKa, KOTOpas noay4aercs npu npeHeOpexennu
CAMOI BeaHuHHON hy, B cayuae Pe3KOro pasiHuHa B NMPOHHLAEMO-
TH FPYHTOB MOMKeT GbiTh BO MHOro pas Goabuieii, yem OWHOKA,
JonycKaeMas npH NpeanoJoMkKeHHH, UTo hy AOCTHraeT CBOErO 3HA-
wennst mruosenHo. Ilokaxkem sto Ha npumepe. [lis 3T0ro BHBE-
nem popMyay Aasa onpefienenus Ty Ges yuera BbiCOTHl HaBHCAHHS.
[lpeanonomuM, 4TO ypoBeHb BOAB B JpeHe MTHOBEHHO NafaeT
0 HYJAS M BMECTE ¢ STHM Majder A0 Hy/Js BeICOTA HABHCAHHS.
Toraa, NpHHMUMAR, KAK W paHee, 4TO KPpHBas ACNPeccHll— SJUHNC,
IpoXoasmMiA, oAHaKo, Teneps yepes Toukn (0,0) (S, Hg), no-
AVUHM caeaylollee YpaBHeHne BOAHOro Gajiatca:

0,2158¢p HodS = 1520 ait, (2.39)
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B peayabtate unterpuponaina GyiemM uMeTh

. 0,1088cpHeS?
T, = M’:‘;)ug 3 (2.40)

Gopmyna (2.40) oranuaerca or gopmyan (2.37) Tem, uTo B
neit sMmecto Ag ctont Hy Takum oGpasom, T, peiuncaseMoe no
popmyae (2.40), ro croabko paz Goabwe T, BHYHCASEMOro no
tpopmyne (2.37), Bo ckoawko paz Hy Goawwe Ay PaccMmorpum
cayvait M=15 cm, Hy=33 cm, n=1000, gas KoTOporo Mol yxe
NPOH3IROAHAN pacuetrsl Npu coctanieudun tabanuw 10, [To ¢op-

myae (2.26a), npuuuman BO BHMMaHHC, uTOo S;=3H; noayunm
npH ﬁ“.:p =6,05

Ao= (Ho—M) (1 —go) = (33—15) (1—0,985)=0,27,
rie
_BOp Hot (1—1o) Sy __ 6,05+ Ho+09545-3H, _ 891 _
P P T e~ BHot605Hy 005 V0D,

Ecau pasti otnowenne Hy K Ap, To noayunm

S8 e
Ag Ay 122.

Kak BHAHO H3 NpPHBeACHHOTO pacuera, npeHebpeiKeHHe BLICO-
TOH HABHCAHHS B CAyuae Pe3koid Pa’HHUBI B NPOHHILAEMOCTH CJA0-
eB NMPHBOJAHT K 3aBLIUIEHHIO PAacueTHOro BPeMeHH B JIeCATKH pas.
[locnennee crA34AHO € TEM, UTO B 3TOM CAYuYae MLl B JIECATKH pas
3aBbllaeM pacueTHble 00beMLl BOAb, KOTOpPHEe HeoOXOAHMO OT-
BECTH H3 BePXHEro caos Ha npotaxenun nepuopa Ty Jdeicron-
TeABHO, eCJH NPHHATL (PaKTHUECKOE NOHHXeHHe YPORHeH rianue-
pHHA B JOTKE, lIPH NPOH3BOACTEE ONLITOB pasHoe NpubAH3INTEALHO
0,2 cMm, To o6beM OTBCAEHHONH MHAKOCTH COCTABHT MPH AJIHHE
S=100 cM u wnpuue mwean 1 cm '

w;=0,215-100:0,2.-1=43 cm®,
Ecan npuaaTs, ut0 hg =0, TO,
wy=0,215-100-33- 1 =710 ca®,

VMeHBIIHE @y 3a CUCT TOro, YT0 KPHBAs JACMpPeccHn B 3TOM
cayuae GyleT HACTHYHO PACNONATATLCH B HHMKHEM €J10e, Mbl NO-
JY4YHM, YT0 Wy Goauiue, veM @, Gonee uem B 120 pas. Heyausu-
TeJIbHO, UTD ﬁﬂﬂfﬂﬂﬂpﬂ BT{IM}' ﬂ[].ll}"-lﬂll.'}'!'[‘ﬂ I'PI‘.]MEI,EI.HI:.EE JABLIILE-
HHA pacHeTHOTD BpEMCHH.

[Ipneegennbie BLille pacyeTsl NOKasbBalor 00JbILIOE 3HAYE-
HHe MPOHALLAEMGCTH ApeHakHoH 3acenkn B nepuoa cGpoca Tanbix
H JHBHeBLIX BOO, KOrja mHMeeT MeCcTO NoJHOe FaTONJIeHHE EEPI-
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Hero cdiof ¥ cKOMJeHHe GOJIbLUIMX MACC PPABHTAUMONHON BOAW B
HeMm. Moo yTBep#aTh, Y4TO H3OJHPOBAHHLIE APeHbl B 3TOM
cayuae Gyayt paGoTaTh 3HAYHTENBHO XYiKe, HeM JPeHbl ¢ XOPOoLIo
NPOHKILAEMON APeHAXHOM 3aChNKOH HAM OTKpPEITHE Kanaasl, [lo-
yioMy 8 nepuod cBHpoca MAKCUMYMOE 3achiiKa HMeeT OrpoMHoe
AHaveHHe,

PaccMoTpuM Tenepb H3MeHeHHe O ., Ha BTOPOH cTajiun (Koraa
HPOMCXOAHT TIOHHMKEHHEe YpoBHEH rpj,rﬁ'mﬂmx BOJ B CepelHHe
MCHAYAPeHba).

3iech moaAyueHHe CTOJgb NPOCTOH, X0TA W npubiniKentoi 3a-
WHCHMOCTH JJ1sl E,:p kak ¢Qyukuuu or H B obuwem cayuae GoJee
yrpyanuTeasto. [TostToMy pacemoTpum uacTHbie cayuad, nanbo-
J¢e BazKHble ¢ NPakTHYeCKol TOYKH 3peHHs.

A . Cayyan gByxXxcaoflHOoro rpyHTa

Ecau apena pacnojaraercss B HuxHeM ciaoe uw hy >M, 10
B2, T. K. KPHBa$ JenpeccHH MNOJHOCTBIO pacnoJaraercs B
pepxieM caoce. Ecain KpHsas nenpeccHH MoJHOCTBIO NEepeMecTHTCH
b HHAKHHE Caoil, TO dep =81, T. K. MOCTYIJIeHHe BOAM Gyjer ocy-
IMECTBAATLCA 3a CYET IJI:[\-’LIJEHHH OAHOTO HHxKHero cyof. Boamox-
HO Takde NMpoMeAyToUHOe MOJOMKeHHe, KOria KpHBasd AelpeccHH
epecekaetT KPOBJI0 HHAHErO njacta H NocTynJiaeHHe okl B Ape-
Yy NPOHCXOAHT 34 C4YeT BOAOOTAAYH W13 BePXHCro H HHIKHEro
caoes. IlpuAnMan BO BHHMAaHHe, YTO B STOM Cjyyae BLICOTa Ha-
piucanua Gyaer HeGoabwIONH (BO BCAKOM cayvae MeHblued, yeM M)
i nocTynJeHHe BOAL 3a cyeT OCBOOOKAEHHA HHIKHEro cJiod co
CpaBHHTENLHO MaJoil BofooTAavel OyleT 3HAUYHTENbHO MeHbILe
NOCTYIJIEHHA ¢ H3 BepxHero c/osi, MoxHo Ge3 ocobo Goablloro
yulep6a AJA5% TOYHOCTH PacueToB NPHHATH NPH onpefeJeHHH Ocp,
nto hg=0.
B cooTeeTrcTEHM ¢ pHe. 57, ypasHeHHe 3naunca npuolpetaer
CAeAYIOUIHIT BHA:

h
v

B e 1)

[}
[TpumeM, Kak M paHee, YTO CpelHAs BOAOOTAAYA bcp PaBHA

= mdFt::; Sudls =8¢y +02(1—qy) (2.42)

rae dFy—nnowans OND; dFy—nnowage NBCD; dF—nnowaab
OCB: nmeem

dF =

:ES:IH 3 {2.43}
[Macwaas purypst ONEF momno onpefejnTh no popmye
M Mo
F'=Foner= | (S1—x)dz=SLT V2 dz.  (244)
L

17 B. A. Honar. 257



B pesyabTaTe HHTErpHpPOBaHHA MOJAYUHM
F'= | MYHE—ME + 12 aresin 1. (2.45)

Ecau H noayuaer npupawmenne df, To naomans F' nonyuaer
npupawenue dF’. Tuddepenunpya F no H, noayunm

T o e B . M
idF = E’[artﬂrn TR ]/lmﬂm-JHH. (2.46)

Puec. 57

Tak xax dF' =dF;, To

S o M M ]/ M"’. i
dF, = ~-§-[ aresin=—— [— e dif. (2.47)
Beanunny ¢, MOKHO paccMaTpHBATL KAK OTHOLIEHHe

dF

[Toncrasans anavenns dF; w dF, 6ynem uMeTn

: 2R
Y=g (2.49)

rae

b WM L M:
I = aresin 7 ”-]_/] 7 -




M
(uenniHo, uTO NpH — =0, 1. e, B cAYYae OAHOPOAHOrO TPYH-

M
™, gy =0n ﬁ:'p =g [1pn F=l‘ T. €. B cAyYae OnyCcKaHHA KpH-
WOl genpeccuu B HHAHHA coil, gy =1 H d¢p =01,

Hrak, snavenHe BOAOOTAAYH, COOTBETCTBYIOUICE AaHHOMY 110-
AOMeHHI0 KPHBOR fenpecchu (MrHOBeHHOe 3HAY€HHe RBOA0OT-
Hnuu),

B = Oy = D1y + 02 (1—py)- (2.50)
Qopmyna (2.50) avaunresbHo oTaHuaercs or opmydn B, A.

| nefizepa (cm. gopmyay (1.43) rnaswl 1), KOTOPYIO HEBO3MOMHO
lipHaHaTh NpaBiaLHOR,

5 M
Mg Manelx snavennil - MOXKHO, MCNONL3YA pasiioxeHHe

i M
'- | — 75 B pad, NOJYuHTH NPHONHIKEHHOE 3HAYEeHMEe ¢y B CJe-
AVIONLEM BHE:

2 M3 d M2
?H-‘-'irf(?T] [14- -gj;,-] J : (2.51)
(. rouHoCTBIO 10 5%0 NpH .,%" < 0,36
w021 (4)" (2.51a)

Kak BHAHO K3 Beipamenusa (2.00), B cTAAHH HCTOULEHHS BOLO-
HOCHOTO TIACTA Oy ABAAETCA NEPeMEHHON BeJHYHHON, 3aBHCsILLEeH
OT PACTIONOMEHHS KPUBOIT ZenpeccHy 110 OTHOLWEHHIO K BOAOYNOPY.

B. Cayuahi MHOrocloHHOro rpyHra

| I pubGinieHnoe onpejieieHie MrHOBEHHOro 3Hau¢HHA BOAOOT-
AAUH B cAy4Yae MHOFOCAOHHOTO FPYHTAa MOMeT GuTh NpoHiBeleHo
NUANOIHYHO aHaJIHTHYECKOMY onpeieenio dy B cayuae ABYX-
pdoiiHoro rpyHTa. OAHako aHaAHTHYECKHe BhIpa:KeHHH J1ad onpe-
Aefendd &, B 5TOM cayyae, Kak npaesuio, OyayT LOBOJBHO Ipo-
MOSAKHMH, H TIO3TOMY NpOLLEe HAXOMNTE Ocp rPadHYecKH. Has
YIOrD HYAHO MOCTPOHThL ABe KPHBHIX JenpeccHH (ABa 3JJIHICA,
puc, 58), cooTBeTCTBYIOUHE HAYAJBHOMY H KONeUHOMY Hanopam
I CepejiiHe MeKAYAPeHbA W 3HAYEHHAM Jtgy M Ay, M IIAHHMETPH-
popanneM onpeieanTs niowann Fy, Fo, Fs. . Fp.

VMHOMKas MoJayueHHble MJouladl Ha COOTBETCTBYIOLLHE 3HAYE-
ISl BOLOOTAAYH W 3aTeM Jens cymMmy &;F; Ha F, noayuuM cpen-
oo sHauenne BojooTaaun. Takoil npueMm npw Beeil ero rpyGocTH
OIpaBAbiBAeTCA NpPaKTHUeCKOH Hellejecoo6pasHOCTbIO coCTaBJe-
WIH AHANHTHYECKHX BBIpakeHmil AAsi onpefededus &y, W BBOAA
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MepeMeHHOro 3HaueHHss BOAOOTAAYH B AuddepeHuHanbible Ypan-
HeHHs1 Boanoro Gananca (nocdeindee GyIeT NPHBOAHTE K YPe3Bbls
HYaHHOMY YCJAO0MHCHHI0 pacueTHbIX (opmya). MoxHo nokazats uTO
Aaxe B cayuyae ABYXC/AOHHOrD TPYHTA M COBEpUIeHHOl ApeHH
ypaeHeHHe BoAHoro OajaHca NPHHHMAaeT BHA, He TMO3BOJAIOLHH
Cro HenocpelcTnenioe uuTerpuponanne. IlostoMy B panbuedinien
B ypasncHHe pofHoro Gananca Mbl Oy[eM BBOIWThL CpeiHee 3HAa:
HeHHe BOAOOTAAYM, NMPHHHMAA €r0 NMOCTOSHHBLIM B TeuelHe pac
CMATPHBAEMOTO PacyeTHOroO MepHoaa.

\Z

4

[

@
§i
il

o' iy

i
% &\ .

ﬁ AT B TR L7 e P iy LAEY T
| |
| s S,

Pue. 58

[Honpsysick popmysioi (2.51), moxno onpegennts & 1as npo-
MEeRYTOYHOrO NoJoXeuns M, npuuas, Hanpumep, aas onpeiene
HHA Ocp 3HAUECHHE H=HEP=E,E[HD+ Hs). Ilpu BROOE bep B ypas-
HeHHe BOAHOro 0ajiaHca B KauecTBe NOCTOAHHOH BEJHUHHBI MOJIV:
YUHM 3HauuTeabHo Oosiee npocTile GOPMYJL, KOTOpLle NpHBELeM
B AaJibHeiime. |

AnanuTHYECKOE BHIpaKeHHe NN Ocp Ha CTAAMH HCTOLLEHHS
BOAOHOCHOTO CJIOA B CAy4ae NMIABHOTO H3MEHCHHA BOAOOTAAYH M0
BEPTHKAJAH 04Tk 3aTpydHHTeqbHo. B nanHoM cayuae npupmercs
Aenate PasOHBKY HAa TOPH30OHTAJbHHE HOMOCH CO CPedHHMH 3Ha:
HEHHAMH BOLOOTAAYH O; W OnpelefisTe d¢p KaK cpeiHeB3BelieHs
Hoe H3 §;.

HeoGxoaumMo 3ameTnTh, 4T0 Kak Ha nepsoil, TaK H Ha BTOPOI
CTAAHAX OCYLUEHHS BOJOHOCHOTID CJIOSl BHICOTA HABHCAHHS SBJSET:
cAl nepeMeHHON Beanyunoii (npu ho=0), npuuesm ocoGeHHO 3HAYM-
TeJIbHOE e¢ H3MEHEHHe NMPOHCXOAHT Ha NEepBOH CTAAMH OCYIUCHHA,
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Kak Gblio noxkasano pbiiue, npeHelpeseHie BLICOTOI HaBHca-
I HHOTJAA MPHBOJAHMT K 3HAYHTEJNLHOMY YBeJNHUYEeHHIO 3HAUeHHH
I\, 7. K. hakTHYeCKas OTJaya BOALI, ©CJH YUHTLIBATDH hg, Gyner
MElible pacdeTHOIl,

Eean peHa H30JMpPOBaHA H HeCOREpIIEHHA, TO NMPH VKJIalKe
Pe I HHEKHHE caofi (puc. 59) auddepenunanbioe ypaBHeHHe BOI-
Horo Gananca Ha nepeoii cTagnd padoOTEl APEHE ¢ YYETOM BHCOTH
HOBHCAHHA NPHARMAeT cAeIVIOWWHA Bua:

98 4 j.-||;||f.}:_'|2 EﬂHB
0,2150,¢pA0dS = ) ( et (2.52)
1KY A8
_ ¥S(S+4n)dS
b w{n’+S)+Ars "’ kD)
rie

¥=02158¢pAg; 0= ok Dg* =2k aHs.

%ﬁ“ﬁﬂ—';‘ BT T,

Pue. 59

B peayabTaTe HHTErpHpoOBaHus ypasHenns (2.53) noayuyHM
{L+m}5+t]’m]
"o ¢
(2.54)

Jlas onpenenennss BpeMend T; noaoxuM B dopmyne (2.54)
Se=S5,=0,5E. B stom cayuae

f [(l+m] 282+ 2 (A+0) An'S—2r6n"2In

LRSS,
2(A+w)?

(A+w) E+2n'w ]
Mo
(2.55)
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Ecan a=0, n'=0, A=0, 10 suipaikenne (2.55) npuoGperae
BHI BeIpaxenun (2.37). ]

Ecau nuxKHuil cnoit coctasied u3 Goiee NpoHHLAEMOro rpyk
Td, ueM pepxuuil, T. e. n<l, To Kos(ppHUHEHT o' MOMHO BBECT
Gea Goabworo yulepba [Js TOYHOCTH PACUYETOB H B Pacxoi Bepl
Hell 3onbl. B sTOoM cayuae vpasHeHHe BojgHOro Ganamnca noJyul
fioJiee NpocToil BHA -

0,2158:5A0dS = :;1. (poDo’2aH,) a'dt = 5%;. (noDo*-+2aHo) dt,

MuTterpupys vpapnenne (2.56), noayuum

k.[mﬂg%?affn;;f
2 < s
S%+2n°S 0,1080cp A5

OTKYAA
e 0, 1080 cp Apd (S +2n°)
— k(peDg+2aHy)

[Tpunumas S=0,5E, nafigem spema T,

0,0278cp AcE(E+4d’)
'™ Ei(peDe?+ 2aH,)

opmyaa (2.59) mence rpoMosanka, uem Qopmyaa (2.55).
Mpu yknaake apen B sepxunil caoit (puc. 60) nnddepenu
4JLHOE YpaBHeHHe ROAHOro GajaHca NMPHHAMAET CAeAVIOULHIE BE
(ecsin MPHHATE, YTO HaJ JipeHoil YPoBeHb rPYHTOBLIX BOJ MTHOBE
HO TONHMKaeres 00 My, COOTBETCTBYIOUIHI KOHIY nmepHoaa

0,2158;4,dS = %”E (Ho--2bS) d1,

ruac
ay

g S+n’

= I (1 fa; - " Jaran iy
LA (5+TI'_5+TIJ'}‘ Ao=Ho S1+ Boep Hy

Ypasuenpe (2.60) MOKHO PHBECTH K CASAYVIOWEMY BHJY:

0,2158:4,5d5 (2.6

1= W (Hy +265) °
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Uuterpupys (2.61), moayuum

X,
_ D,2150,4, SdS
Ty RiHo o Ho4-2bS ° (2.62)

Huterpan, ctosuuii B npasoil vactH supamenus (2.62), mo-
¥ et OHTB NpelcTdp/eH B GedyoleM BHAC.

5, s,
_ ( _ESd5  _ ( (d:S*+dS?4d,S)dS
Ao ﬁs Ho--2b5 "J S pdy S+ : (2.63)

rae
ffaEHn'l'E{tP}-l-{pﬂ}; dy =dan+2{'i'l'l'jf+{P2‘l’||:] ' dt='f1l|;Hn;

dy=n"4n1"; c=n'n"; gi=a,(1—in’); pe=ain’. (2.64)

Puc, 60

Muterpan (2.63) pasGupaerci Ha paa TalGJHUYHBIX WHTErpa-
JOB, 3HAYEHHE KOTOPbLIX 3aBHCHT OT 3Ha4YeHHA JHCKPHMHHAHTAa
A=4c—d :

Beuay rpoMo3iKoCcTH BRIpaXKeHHil 4058 JaHHbLIX HHTErpaJjos Mh
WX He NPHBOAHM, OTCHIIAA YHTATE]NS K COOTEETCTBYIOULHM chpa-
pounnram (nanpumep, M. H. Bponmteiin 1 K. A. Cemenases,
erp. 350).

Bpema T, B 3ToM cayuae Haliaerca no gopmyae

021584,
T i J. (2.65)




£ - —

[IpunsaTie MrHOBEHHOTO TOHMMKEHHS YDOBHell Haj npeHoii ¢
Hy no hy Gyner BBOANTL HEKOTOpOE 3aBHIlIeHHE B pasmepsl pac-
ueTnoro spemenu. [TosTomy Bsox nonpasounoro kosdduunenta
1,10 He uMeeT cMBICaA,

Paccmorpum Teneph caywai paborsl ApeHsl, YJi0KeHHOI Ha_

HOAOYNOP B ABYXCAOHHBIR FPYHT NPH HAAKYHH HHPHABTPALKHK HAH
HCnapenus®, :

a) [pu nanuuun unGuUALTPALEK (HAH NPH P>€) M HIOAHPO-
RANHOH ApeH:l j

0,2150p AgdlS + pSct = HHOL gy, (2.66)
6) NpH HAANYHKH HCNapeHus (WA Npu p<_e)

0.2150cp ApdS—eSdt = LD g (2.67)
[locne paspenenns nepemennuix ypamnenne (2.66) npuoGpe-
Taer CJAeAVIOUIHI BHa:

0,2158¢p ApSdS .
U= kDSt - (250
Coorperctsento, ypasuenne (2.67) npusoaurces K Buay

Mok, D% €57 {2'59:

di =

Huterpupyn ypasnenna (2.68) n (2.69), noayunm:
NPH HANHYHH HEDUALTPAaLHK

0,108 PotyDg? -,-

e cpAaln ik DF—pS [25"!]_
npH HAJIHYHHA HCNapeHHs

0,108 Mo De? + £5° i

S cpAln Mokt Dg? (278

Bpema T'; onpeaenutes, cootnercrnenno, 1o GopMmyaam

p__ 0,108 dpoiy D
Ty = 3 acp-‘qnm T DA—pE *
I 0,108 4M|Dn=+EE: :_:.
e A SRS = - (218

B dopmyaax (2.72) u (2.73) p n e—aGcomoThbie 3Ha4eHHN
MojyJeh HRPHABTPALKH H HCTapeHNS.

* Bananc paccMaTpHRACTCA AR EBCErO NOTOKA b ueaos (npus, peﬂ.}'_
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Feaw apeHa HecOBeplIEHHA, TO NPH HANHYHH HHQUALTPALMH

M YKAaAKe ApeH B HUMHMA chaoit anddepenunansioe vpasHenne
noanoro Gananca NPpHHHMAaET CJAeAYIOUIHH BHI:

0,2158 ¢, AgdS + pSdt = (L2 +E§fﬁf}d!. (2.74)

Huterpuposanne ypasnenus (2.74) jpaeT AOBOJALHO FpoMoO3j-
Ko BLpameHHe 1Ja {, KOTOPOe MEl He NPHBOAHM,
B Tom cayuae, ecau npoHHI@eMOCTh HHIKHEro c¢jaos 6oJiblie

NPOHKIAEMOCTH BepxHero, Anfrpepenunabioe ypaBHeHHe BOJ-
oro Basanca NpUHAMAeT CleAyIoINi Bua:

0,2150ep oS+ pSdt = 4L (2.75)

rne
Ro=oDe?+ 2aHy; Do?=n(Ho—M?)-+-2M (Ho—M) + M2,

[Mocae paanenenns nepeMeHHbIX

A= "’{5“"}”’: - (2.76) .
F{E" - q*Su-T )
HMuterpupya ypasnenne (2.76), noayunm
=Y In 2R -, (2.77)
2 (kiRe—pS*—py’S)N;""
rie
_ (2S+n=V A (W+V —Ay) . (2.78)
(25+0'+ vV =A3) (' —V —Ay)
A (4020 4 s i DB o s e i
p g LA vV —Aa;
[Mpuuuman S=0,5E, noayuum cacayioltee nbipaxedne aua Ty
Ti=+1—ln 4kiRo 2k (2.79)

o (4 Ro—2p1y E—pE2) N, ™ i

rae N4 nosayuaem, npunumas s dopmyae (2.78) S=0,5E.
[Mpn a=0, T. e. B cayuae YKIAAKH JApeH Ha Boroynop, Gopmyna
(2.79) npuo6peraer BHA paHee NpHsefeHnol popMyan (2.70).

Ecnn ]]El'ﬁﬂ'l‘ﬂ ApPeHB NTPOHCXOAHT MPH HAAHRYHH HCMAPEHAA, TO,
NpHMeHsaa aHaJJOFrHYHEE PACCYAHACHHH, MOJYYHM

b L eSHn'eS+RiRe 3 an
=Bt in =), @
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rae

B = —__ arcl i —arclg — L],
ey —arele

‘“’l Ro

eCJIn

Ay= n“>0. (2.81)

Jnavenne T, naiinerca no opMyne

oy eE-2n'eE+ 4kR, .
n=.§7;(., B’ -In e )s (2.82)

rae

tm 2 arctoEX
B ﬁa_‘[arr:tg{._ arctgv,_]

Ecan Ay<0, To ann suuncaedus Ty noayunm cheiyioulee Bui-
pamenne:

ey E'-l'?l]JEE‘l"Ik]Eu
Ty=-In B M, (2.83)
rae

N o= Ew— VAV A) (ol
R e D e e e ) (258

Mpun n'=0, 1. e. B cayvae yxaajaku Apen Ha poaoynop, popmy-
Ja (2.83) npuroGperaer sul dopmyan (2.73).

ITpn yknaaxe aped B Bepxuni caoi (puc. 60) anuddepenun-
AJbHLlC YpaBsHeHUs BoaHoro GanaHca NpH HaJTHuW HHPHALTPALLHH
WAH HCTapeHns NPHMYT COOTBETCTBEHHO CAeAVIOIWHA BHA!

a) npw nanHuYsn HHQUALTPAaIHR

0,2158,40dS + pSdit = ’-"”“ (Ho--2bS)dt: (2.85)

6) npu HAAHUHK HCHAPEeHHs) BMECTO P B JIeBOH YaCTH NOACTaB-
JACTCH € (CO 3HAKOM MHHYC). :
B ypasnennu (2.85) &,—soaooTaadya BepxXHero cJaos. i
Hurterpupys npuBeieHHbBle YPaBHEHHN, MOKHO NOJYYHTh 3Ha-
yeHHst { Kak ¢ynxumo or S wan S=f(f). Ecau npuusate B noay-
YeMHBIX pesvabTaTax $=38,, 1o I=T,.
Ypapuenust ans onpejedenus { waM S B 3TOM cayvae OyayT
JOBOJLHO TPOMO3IAKHMH, T. K. Nocie pasfelleHMA NepeMeHHbX B
nogHHTerpadbHoil (yHxkuuH OyAeT NHOJAHHOM TpeThell CTencHH,
HH%J‘IE{;TH‘IHHIHI MOJUHOMY, NMOJYYEHHOMY npH BbiBoge (OpPMYJH
(2.65).
Ecan B npupeseidbx pbie (popMyaax A8 HeycTaHOBHBLIErO-
CH JABMMKCHHA NPH HaJH4YH HHPHABTPAUHH NMPHHHMATL =00, TO
OHH JAJVT 3Hauenus S, COOTBETCTBYIOUHE CJAYYal0 YCTAHORMB-
Hierocs ABHKEHHS.
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[lpu oTCyTCTBHH HHUABTPAILMH HJAH NPH p=¢ (HanpuMep, no

dopmyae (1.10) npn {=co TeopeTHYecKoe 3HaueHue S Oyler pan-
1O GeCKOHCYHOCTH.

B cayuae cHcTeMaTHyecKoro ApeHama mnpu =T, NpoHcXoanT
CMBEKAHHE KPHBHX NENpeCccHH COCEIHHX APeH H HAYHHACTCH thaza,
VCJIOBHO HazsaHHan (asoil NCTOWEHHS BOJOHOCHOrO CJOM.

B Teucnue 3TOR (ha3kl MPOHCXOAHT NOCTYNACHHE BOJAB He 3a
CHeT BOAOOTAAYH ¢ eme GoJee yaajeHNIbBIX YU9acTKOB BOAOHOCHOIO
ropH3oNTa, a 3a cueT BOLOOTAAYH rpynta, ocBofioxkiaeMoro or
BOJAK BCJCACTEHC NMOHHMKEHHS TPYHTOBBX BOJ B CepeHHe MeXIy-
npenbs. Hauaaom propoi ¢ha3sbl MO¥HO CUHTATh KOHeN nMepHoma

Ty, KOrAa NPOHCXOAHT CMbIKAHHE KPHBBIX ACNPECCHH COCeAHHX
ApeH.

Has onpeaeaenus ppeMensn T neobxoauMoro AAA NOHHMKe-
HHA VPOBHA TPYHTOBLIX BOJ B Cepeiuie MemAyIAPeHbA Ha BeJiH-
uihy AH=Hy—H,, B ciiyuae yknagkuw [peHel B ABYXCJOHHbBIN
FPYHT Ha BOMOYMOpP MPH pacueTe Ha CPedHERJaXXHBIA NepHoa

=¢) HeoOXOAHMO TPOHHTCIPHPOBATL YpaBHCHHe Bojanoro Ga-
JaHCA, KOTOPOe B JAaHHOM cAyuae MPHHAMAET cJeaVIOUHi BHA:

L nbtpf::,{dH+ﬂ.2TE:dh,.} T Hl]k]ﬂﬂ X
3 o di. . (2.86)

B dopuyne (2.96) d¢p—cpeanss BOAOOTAAYUA, COOTRETCTBYIO-

Hdad ABHHCHHIO, TIPH HﬂTﬂPUH ﬂpﬂHEﬂﬂﬂ.HT MoOAHHeHHE VIJQEH'EH
Ha AH=H,—H,

D?=n(H -M)24+2M(H—M) |- M?;
(2.87)
S; t'E'-.EE

B auddepenunaibioe ypabHeHne BojHoro OGasanca (2.86)
BXOAWT p, KoTopoe spasercs gyuxkuned or H. Ecau na nepsou
craann paGoTel apeHaka (CTaAHA YBeJHYEHHS paauyca aenpec-
cuu), korna H=Hy=const, npu- uuterpuposanun AHQQeperiy-
ANLHLIX ypaBHelHid NPpHHHMAN0Ch, YTO pu= lip=consl, T0 Ha BTO-
poii cragun (CTaAun HCTOWLEHNS BOJAOHOCHOIO naacta) Heolixo-
JAMMO NPHHHMATH L NepeMenHoi BeTHYHHOMN.

OnHako, eciH NPHHAMATD | B KavecTBe NepeMeHHOH Be/IHYH-
HEl, TO HUTErPHpOBaHHC ypapHeHHH soanoro Oananca Gyjer upes-
BHYAHHO 3ATPYAHHTENbHEIM, a QOPMYJIL, NOJAyUaCMBIC B pe3yib:

[4Te WHTETPHPOBAHHS,—BECbMa IPOMO3IKHMH.

C nenbio yOpouleHHsi W, Moxer ObiTb, B yllep0 TOYHOCTH pac-
ueTHBIX GOpMya OyeM NPHHHMATL L= |lcy, TAE flep OyAeM BhI-
UHCASATL, Hexousa us He,  =0,50(Ho+ ;) nau, Kak PHoKasmBaioT

OMHTH B LieJeBOM J0TKe, Goaee Touno, Hexoaa us Hep =
= 0,35 (Ho+ Hy).
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i s o S

C yueToM CKa3aHHOro B, ypasHenne (2.86) npunuMaer
caeayiounii Bua:

, = R el (2.88)

[Mocae pasgesenna nepeMenunx ypasuenne (2.88) npunnmact
WL
“t'cpsll [dH+ nlﬂ?'Edhh]

di=— kD . (2.89)

Beanunny dhy Mom#o HadTH, auddepeHuMpys BoipacHue
nas hy, KOTOpOE B CAyYae JABYXCJAONHOrO IPYVHTA W OTHOCHTENLHO
GOALINKNX 71 Ha BTOPON cTafnn paGoThl APEHL NPHHUMAET CAAVIO-
uynil BHAL

s 1Sy ;
hy =M+ (H—M) (1—gig ), (2.80a)
rje p u py—nepementsie Kosduunentsl, sasucsiuue or H,

Ecan pame npuaaTh M By NOCTOSAHHBIMM, PABHBIMH HX OCpea-
HCIHBIM 3HAYENHAM, TO W B 3TOM cJyuae Bhipamensne ana dhg
Gyaer peckMma rpomMosakuM. [lostomMy nonwiTaeMca yNnpocTHTh
Bpipakenne (2.89), ncxonsn u3 caenyiomux cooGpamennii. [pu ao-
CTATOYHO GONBINHX N1 KO3DPHUMCHT 1 Mad U MOXKHO CYHTATh, YTO
hy 6anako x H, 1. e. yTo KpHBas jAcnpeccui TepeMellaercs na-
paasessio camoil ceGe, 3To X0polio NOATBEpPHKAdeTcs, HaANpHMep,
taGauueii 10, rae MoxHO 3aMeTnTs, uTo npun n=1000 AL, =AH
(ecain yuecTh HEKOTOPYI0 HeTouHOCTL Hamepennil). B npexene
NpH p, GAHIKOM K HYJI0, NAOLLAAL, OTAA0INAA BOAY, OyieT npu-
OJHAATECH K MA0IAaAH JenTh Beicotoit dH w anunoi, parunoi
Ayre s3anunca, npoxoasumero uepes toukn Oy, (hg—dhy) n 5,

—dH).

Ecan npunste dhy, pasunm dH, 1o dH 40,275dh, cocraput
1,275dH, 1. e. neo6xoaumo ypasnenne (2.89) nepenucats B Buae

 1,275mdep Si?dH
-ip-rp klﬂl

=d¢pS1? (2.896)

mkﬂ"

Kospdunuenr 1,275 cooTpeTcTByeT npejenbHOMY Cay4qalo,
Korga p=0, T. e. N0 CYIECTRY HEBO3MOXHOMY B NpakTHke, n6o
npH =0 npuToK B Apeny Boobule HEBO3IMOMKEH,

I pyreM npejenavHuIM cayyaeMm apasercs p=1, cooTBeTcTBYI0-
utee n<_ 1 B cayuae ogHopoZHoro rpynta (n=1)

) s Pull?
S T

Ecan npuusarte, uto S$,210H, 10 py<e’??=132 nam
hg< 0,117H, orkvaa dhy<0,117dH. TlpuunMan B0 BHHMaHMe Jo-
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BOJLHO CAOKHYIO 3aBHCHMOCTb MeAY W, Py n H, BBOA nepeme-
X Kos(pduunentos A0 dh, HemenartedeH, T. K. 9T0 NpHBeao Onl
K upesBLIYANHOMY YCJAOKHEHHIO H Ge3 Toro rpoMosikux audde-
peHlHaJbHLIX YpaBHeHHi sojJHOro GanaHca.

Ocpeanenne kosphHIHEHTOB p U Py, HETOUHOCTL SMIHPHUC-
CKHX BHpamenui aas 3THX Kos(QOhHUHEeHTOB, NPHHATHE JIHICA
i} KAYECTBe KPHBOH JenpeccHy M Jpyrie AONYLIEHHA 3acTapasioT
NPHHATE NONPABOYHLIA KOSQQHUHENT HECKOJBKO MEeHBIIMM, UeM
cpejiHee H3 NMpeAe/bHbIX 3HAYENHI, NOJYUYEHHbIX HAMH BhiLIe.

OnpiTel, NpoBedeHHbLe B LISJeBOM JIOTKe, TIOKA3aJIH, 4TO IpH
NPUHATHIX A8 onpeaefenns j 0 Apyrux kosdduunentos B popmy-
Jax naubogee GAH3KHE K Pesy/abTaTaM ONuTos 3nauenus Ty paer
nBOJL NonpasouHoro Kosgguunenra, pasuoro 1,10. Kpome toro, B
cJAyuyae OQHOPOAHBIX TPYHTOB OH NPHBOAHT K Peay’abTaTam, noJy-
naemuM no gopmyae DyccHHecka.

[MpuunMas BO BHHMAaHKe NMpHBedeHHBIE COOOpAKEHHs, ypaphe-
ine (2.89) nepenncuiBaetca B CJelYIOWEM BHAE:

0,8658¢p 512

df =— DT

dH. (2.90)

Hurerpupys ypasHenne (2.90), noayuyum

i
_ 0,8650¢pSi® " aH

o @91)

rae Dr=n(H—M)2-2M (H—M) +M? (hy npunuMaeM paBHEIM
HYJI0);  fcp— CPeAHnii KO3QUUHEHT pacxoia AMA BEPXHETO
ciios 3a nepuof Tg; 8cp — CPEANAs BOAOOTAAYA.

Beauunna uwurerpaga J, cTOANLEro B NPaBoi YacTH ypaBHeHH:A
(2.91), 3aBHCHT OT 3HAYEHHS JHCKPHMHHAHTA A5, PaBHOTO

As=4M? (n—1). (2.92)
[Tpu As >0 Gyaem HmeTh
0,8650cp 5124,
& : 2.93
' neptiM Y n—1 (&)

riae

A, =arctg M"—-ﬂrclg n(He—M)4+M
M l’rn-—l M ."Ilr ﬂ—]
Ananornuno, npu As<_0

p Py 1=H

2
rie

B,=In [n(Ho—M) +M(—V T—n)]in (H M) +-M1HV 1—n)]
[ (Ho—M)+M(1+ f-l'—rll][ﬂ{Hg—-Mj-l-M[lu_sj 1—n)]
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e ————————

Paapeman ypasHens (2.93 )u (2.94) ornocuteabno E =25,
noayuns npn Ag >0

SRR B e
| E=214 |/ W (2.95)
npH As<_ 0

i R
. sephiTey 1—n :
1:== - .'L
3,04 ],/’ P, (2.96)
Ecan noHmmenne ypouHel NPoOH3IBOAHTCA OT HA4YalbHOIro No-
Jomennsn ypopueit, papsoro we Hy, a, wanpumep, Hy (H,<H,),
TO PAacCTOsHHE MeXAy ApeHaMmu npu 3anannom Iy’ moryr GuiTh

onpefedenn 1o dopmyaam (2.93) wan (2.94), rae spmecro fy He-
ofixoaumMo npuHuMate H,.

[pn waawuum wepuAbTPauMH ocankos audpepenunansuoe
ypapHeHne poanoro Gajganca NMPUHUMAET cAeAyIOIHi pHI:

kD2
0,865 S1dH +pS dt = ~L<—dt. (2.97)
1

Iocse pasfenennsi NepeMeHHBIX W MHTErpHpoRaHH#, Oynem
nMeTh npn Ag >0

0,4320¢p S1?As
Hep kl'ﬁ"'rﬂ_;

?Eﬂ

; (2.98)
npu As< 0
 0,2160¢ 5B,

_Jlrph:l"ifi"-ﬂu =

(2.99)

riac oSt
L g R ) QO e Sy
As 4{M (n—1) Skl

£ M4
An(Ho M) +M] .o to 2An{Hs—M) +M] .

HAg= ==
g=arclg 75 i

B — |y 12 Ho—M) +2M—V —Adl(2n (Hy—M) +2M+ vV —Ad
& (20 (Ho—M) +2M +  —Agll2n (Hy—M) +2M— v —Adl

Paspewas dopmyan (2.89) n (2.99) OTHOCHTENBHO E=2S,,
noayaum npu Ag >0 :

Piple!VEl‘
E=\.52|/ o (2.100)

npn Ag<Z0

Hp#lTi \‘J:EI- i
E=214 + (2.101)
bepBa
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AHaJOrHUHBIE Pe3yALTATH MOAYYHM MPH HAJHUNK HCNAPEHHA.
B sToM cayuae npu A; >0

- Tot/ As
E= |,52'/*“"":,;r ’;’J‘“" ; (2.102)
pia
npn Ar<"0
BiTaV —0y :
F=214 ]/*‘" 13::;“ i (2.103)
rae 7
e feag” | .
At [M (—1) + 22
2[n (Ho—M) + M] 2n(Hy—M)+M] |
As=arct ~.
a=arctg K —arctg— v’m -

By I 120 (Ho—M) +2M—V —5e)(2n (Hy—M) +2M+ V —&s]
[2n (Ho—M) +2M 4V —Ag)[2n (Ha—M) +2M— y —Aq]

Crpoenne popmya aaa onpeidencius E takoso, uto npu Hanu-
NI HCTapedus WAH HHQHUABTPAaLMH pacyeT NMPHXOAWTCA BeCTH
noaGOPOM, T. K. HEH3BECTHAA B Hayane pacuerta BeJHYMHA 5 BXO-
JNT B 3HaYeHHe AHCKPHMHHAHTOB As u A; [lpn orcyrcrBHa HH-
(puALTPAUMH M HCNAPEHHA HJAH NMPH p=¢ pacueT BEJEeTCH Herno-
cpencroedHo no hopmyaam (2.95) nan (2.96).

[Mepeiinem Teneps K Buipoay Gopmyn aas onpefeienus Tg
I cayuae HecopepwenHoro apedama. Ilpu orcyrcrBun wndHAL-
TPAUKH OCAAKOB H HCOAPEHHS H IPH YKJa[Ke ApeH B HHAKHHH
caoil anpdepennansioe ypasHenue poanoro Gananca npuobpe-
TAeT CAeAVIOUIHIT BH

kD
0,865 S 1dH = ("‘1’91‘ £ g"f{}.-ﬂ --';($~¢,,D {-2aHd’)dl,
(2.104)

raec
1 »
f!r = - &
2a
14-2, 94 |E —d—,

[locae pa3sgeaenus nepeMeHHBIX M HHTerpupoBanna, Gylem
HMETh

H
L dH P l'lﬁ.llq:#.?g
ek l e e . (2.105)

3HaueHHe MHTerpasa J B 9TOM caydae 3aBHCHT OT 3HAUCHHA
ANCKpHMuHANTa A, onpefeasemMoro no (opmyne
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Ae=M (n—1) (M4-2¢) —c2*, (2.106)

PR
Bop
Ecau Ag >0, To
0,8650 cpS124 4
o el 2.107
: Hep kLVm t }
HJTH
kT .
ey 14}/"‘“" T2 Vi (2.108)
Bep A
Eean Ag<0, TO
0,4320 . 8128,
To= i (2.109)
tephy V —As
HJH
mTs Y —As |
E=304)/ "l ) —A (2.110)
depBi
riae

n(Ho—M)-{-M+e¢ n(fH;—M)+M+c |
. —arcet — :
VAs € vV As

[n(He—M) +M+c— ¥V —Adn (Ha—M) +M+c+ V —AJ)
[n(He—M) +M+c- V —Adln (Ha—M) -+ M+c—V —Aj]

Ay=arclg

-

Ilpamenns ananoruuHylo MeTOLHKY I8 cJydas HHOWILTPa:
UHH HJH B CJayyae pacyerTa HEeCOBCPUIEHHHIX JIPEH ¢ YHETOM Hema-
PEHHS, NoAYUHM (POPMYJIL AHANOTHYHOTO CTPOSHHA, OTJHYAIOULHE-
cA ApYr ot Apyra sHauennem A;, A; H B, )

Tak, npu nannunn HAQHALTpaLHK NpH A=Aq, rae

=M (n— 190y (g2 AR
Bo=M (n—1) (M-+20) —(c=+ 2205 (2.111)
MOJAYYHM TPH Ag >0
0,8650cp 512
> FTR 2.112)
: Ptpkﬂ«"rﬁi { ]
npn Ag<Z0
0,4328,, 8,28, |
2.113)
B !'Lq:kl]’r -I!Ivn ( ]
rae _
s n{Hn"—M}_—i—M+-’:_ n{H:_»--M]:t—Mh-: :
g=arctg Vs arctg Vi .

* Tounoe amavenne As=4[M(n—1) (M+2¢)—c®, Ho BBHAY TOrO, 4TO NpH
HIBJEUEHHH KOPHS B3 As H3-NOA PAANKAAA BHXOANT ABOAKA, KOTOPAR 3aTeéM CO-
Kpaulaercs, MW Hawan Goaee yaoOnuMm mpHMenenie Ay B HACTOAUIEM BHAE,
BECAA COOTBETCTBYIOWME H3Menenna 8 Ay u By Anajornunue nsMencuns Boo-
AATCA H B gaabHefmne A; .
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Bo—n 0 Ho—M) Mo V Nl (Ho M) tMtct V=5
. [ (He—M) +M+c+ -—_e‘.'iﬂ[.l'!{ffg_ﬁ[}_!_m_'_rl_ "‘( ';"il.l. .

Ecan JApeHax Pﬂﬁ-ﬂTEET COBMCCTHO C HCHIApPeHHEeM, TO

Aw=M (n—1) (M4-2¢) — (.-,-:r.. "L’*.Si']-, (2.114)

tep
npun Ay >0
0,8650.,.5,24
Ty= e (2.115)
-’ﬂh."-‘v:|m\"‘r Agp ;
npu Ayg=_0
0, 4320, 528
y= P, (2.116)
ep Ry V=
rac
A.;=arcig"{H°“M} +M+c n(H;—M)+M+¢ _

= —arctg =
V Ao . V A 4

Bg=In [ﬂ[Hﬂ—M]'I=M+F—\-"”~—_ﬂm][H2—M]+M-}-c-|—1.f"-.~__¢L,;.]
[n(Ho—M)+-M+c+ v —AllHa—M) +M-f-e— v —Ay]

: Ecan pacuer sesercs Gea yuera nepeoil cTagnu, To, pazpewas
. lpoBefeHHble Boillie GoOpMyan oTHocuTearno E, noayuum pacuet-
lbie GopMyJaBsl [IJs OonpeleeHHd PacCTOAHHI MEXAy ApeHaM#

| npu HauvansHoM yposHe [y u koneunom Ho,

Ecnn HavanbHEIR YPOBEHL HAXOAHTCA Ha Bbicore My, To B dop-
MyJdy Janas onpedenenus T Beoautces BMecto Hy nenwunna H,.

[Tpueesennste Gopmynnl npuroinsl aas cayuvaa [y >M. [pn
llepexojie KPHBOH IeNpeccHd B HUMHHH cjol HeoOX0AHMO NOJb-
H0BaThCA (OPMYJaMH, BbIBEL€HHBIMH I8 OLHOPOAHOTO TPYHTA.

[Tpn yknaake apen B pepxuuii cnoit audpepennantioe ypae-
HeHHe pogHoro Gajanca aasa cayuas p=e win p=0 u e=0 nph-
MeT cAefyoinl Bua.*

[T T m——

4 ﬂ,ﬂﬁﬁals.dﬂ.—(‘f’Jr%‘;f"-)m, (2.117)
1 1
Ije
b=aa,"-}in"(aa’—a;a,’);

1 : |

7 - -
a)’= e h = yr
Gy 2ay a . 2a
142,94 S, Ig wd | 42,94 S, g wd
OTKYda
uaaaﬁmﬂ“ dH
T ok MEEOGBy 5 : (2.118)
k., I, HiL-26H

*-B OEHHOM CAYYaE NpHHAMAEM, 4TO BEPIHHﬁ CHOf HMEeT NpodHlaeMocTh,
paBHYIO ).
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B peayabtate unterpupoBanun nosyunm

__0,8656,5,2 ,  Ho(Ha+2b) _6,52 .  Hy(Hs+2b)
L= - Obk, | !

[pu 267> Hy Mmoo npunuMate nprbauxenno

_&S? He
Ty="30 185 -

[lpuMenss ananornuHbii NPHEM, MOWKHO NMOJAYUYHTL pacueTHbie
(hopMmyael Ans onpenedcuua Ty npu paGoTe ApeHbl, KOTAa HMeeT

MeCcTO HHQHALTPAILHA HAH HCNapeHHe.

W el A ey T R e R o
. L] .1‘1" o . W T ]
i ; l. I.,.,‘:-ri“ llu |."
e o . a # £
¥ g el
» "

e

Hi(Ho+2b) ~ bk, '8 Hy(Ho+2b) *

v

2

<
|
|

a; d:"-"f’é-—t

Pue. 61

Ckaaawsas Ty w Ty noayunm nepuop T, cooTseTCTBYIOULHHA
BpeMeHH, HeoOXOUHMOMY IS NOHHKEHHA YPOBHell B cepeiuHe
Mexayapenba Ha AH=Hy—H; npu navansiom yposue H, naa
ApeHoA u npH 3anandom S;=0,5E. Ecan, wao6opor, wasectho T,
HO HeH3pecTHo E, To B cayuae HecoBeplleHHBIX APeH WIH NMPH HA-
JIHYHH HCMapeHHs HAM HHGHALTPaUHK onpelenedne E npuxoauT-
¢l BeCTH noabopom, onpejiedaa npelpapuTeabiHo AHCKPHMHHAHTHL
4;, Kyaa o6uyHo Bxoant u Sy IlpoBepka pacuetux dopmya B
lleJIeBOM JIOTKe Aana B o0UleM yI0BNeTBOPHTEABHYIO CXOAHMOCTh
BEIYHCJEHHBIX N0 npeajaracMblM (pOpMynaM H 3aMepeHHHIX B
npouecce onbiToB 3Havyenwit T (cMm. raasy VI nacroswed pabo-

THL),
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§ 3. Pacuer CHCTEMATHYECKOrO ApeHaKa B MHOTOCHAOMHBIX
rpyHTax

FEean npexa ykAaablBaeTcsl Ha BOAOYNOP B MHOrOCJAOHHBI
{pyur, 1o, noavaysack ¢pynkuneii H. K. I'mpunckoro n npunnman s
MAMecTRe KPHBOI JenpeccHH SJJHIC, Ha Nepsoit crainn padcoThl
Apelsl ypaBHeHHe BoaHoro 6ajianca MOMKIO 3aNHCaTh B CJedyio-
WieM pnge (AafA H30AHPOBAHHON Apensl):

¢
0,2158pAedS = ~2dl, (3.1)

e Ag=Hy—hy (npunumaercs MrHoBennoe nonnkenuwe ¢ He
0o hs ).

Beanuuna hy B 3TOM ciayuae Onpejlensierca, HCxoan W3 ycao-
Wi

‘I’;_=[ 1— ﬁﬁ)ﬂ o (3.2)

I e dﬁi_ n @' g, — cooTBeTcTBeHHO, 3navenns Pynxunn H. K. n-

punckoro B cevennax x=0 n x=3S,; po—krospduunent pacxoia
AAR BCEr0 BOJOHOCHOTO ILiacTa, onpedeaseMsulii no ¢popmyae (4.9)
(hape 1V npn O, suuncasemoM no Qopmyae (4.15) Toil xKe
TS

Kak u B caiyuae ABYXCJAOHHOTNO FPYHTE, B JLAHHOM CJlyuae NpH-

b o o il

T

WuMaercs, -uTo 3a nepuoa 'y BeaHYHHA hY  He cTaHOBHTCA Melb-
e CHOEro 3HaYeHns, BHYHCAAEMOro u3 ycnoeus (3.2).
(JGo3HaYnB
oSy ]2_ - g9
[ I. Sh+ﬁDHﬂ =Y. { - ]
HOJTY UHM
b % r
¢Hl _?ﬂqj Hy* [3‘4]

Juas sennunny @) , yKe HeTpyAHO onpeaeanth hy . Meto

NiKa onpegedennn i gy 6asupyerca Ha o6LHX CBOHCTEAX (yHKILHH
M. K. 'npHHCKOro, K onHcaHHio KOTOPBIX Mbl CEHYAC W NepexoaHM.

[lpeanonomum, uto rpyur Tpexcaoliuwii; Torna, Kak yxe Obi-
- Jio nokaszano B raase 1V (cm. gopmyay (4.13),
E‘ﬁ'“ =k3ffﬂ'+' Eb__'-lH '}—fﬁ. {3,5‘]
Fav
!'J;,"’kjiﬂr'l'kgME-- kﬂﬂg; Og= ka:ﬂgg-—-kﬂtﬂfﬂ"—ﬂlﬂl_ijF.
MoxHo yOeanThes, 4TO NpH ao6om vHcae CI0eB BHpamenue
Wns onpenenennn @, Gyaer npeAcTasafATh co00H Tpexu/eH THMa
o' =k H*+4+2b,H4cy, (3.6)
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rae kp — Kosppuunent GUALTPAUMH CaAMOr0 BepPXHero cJos, co-
Aepmallero KpHsyo genpeccHu. Kospduiuuent b, onpeaenserca
no caeayiouwei popmyae: :

n=1

bp= T kiMi—hknDp- . (3.7)

B d¢opmyne (3.7) nepsulii ujen ecTh naouwlaib SMIOPH, MO=
CTPoeHHOH Ha BepTHkaam M, wa KoTopoil HCKAOYeHa naoulaih
3NI0PL caMoro BepxHero ciaod. Bropoit uinen supasxenns (3.7)
npeacrapiafer cobol naowanb 3N0PL, HMeIleH To e OCHOBA-
HHe, YTO NepBas 3MI0pa, HO OPAHHATY, PaBHYIO NMPOHHIIACMOCTH
camoro mepxiero chaod. TakuMm obGpasoM, oTbicKaHHe Kos(dgus
iHeHTa b, He npeacTaBiAfAcT TPYAHOCTEH.

Kosipduunent ¢, oTtuickupaercs no cieaywiuei gopMyJe:

n—1

en=knDih 1 — E,w?—ﬂ?_-}, (3.8)

rae D; — paccTosinne KPOBJIH i-T0 NJ1acTa A0 BOAOYNOpA.

Tak kak kosppunuentsl by U c,He 3asucaT ot H, To, HMes B
CBOCM pacnopsayKeHnu 3navenne 29, peawunny H momxno onpe-
HeNIHTL M3 O0BIYHOrO KBaAPaTHOro YPAaBHEHHS CJASIYIOUEro THNa:

Ry H2 426y H--¢y=y @', =0. (3.9)

Paapemas ypapuenne (3.9) orvocutensno H, GyleMm HMeTh
H = otV 8% 5 2 u—cp )k (3.10)
= kﬂ . - 5 y

Anasornunpim 06pasoM MOKeT ObTh ONPeaeaeHo H iy, celn H3-
0 (1] U :
BECTHO 3HaueHue P, =yP'y uan hy, ecan uapecTHo P =P’ Hy,

B KauecTBe npuMepa onpefesium hy  aas YeTHIPeXcA0HHOTO
I'PYHTA, €C/IH H3BECTHO, HTO Ry=1, Ro=2, k3=3, ky=4 M/cyTKH;
My=1, Mg=ﬂ,5. Mazﬂ.4, My=0,2 M; HIM|+M2—]—M3+M{..
=21 M. §;=20 m. :

B nanHom cayvae

IE'H =k M, +.|E+’3Mg—[—k31’|-'rl; kiDs=1-1+42 0,64+3:-04—4-19=

=—4 4 sn¥fcyr.;

- -

Cn=kaD®—k\D*—k3 (D2 —D ) —ks (Ds*—D4?).
3aeck

Dl='|l'd| ='I| ‘“'r DE='M|+ME= 1,5 ..1!; Da#.ﬁ"‘!;'l‘-ﬂﬂﬂ"“fl‘"g= I.g M, .
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Takum o6pazom,

€y =4+ 1,9°—1 + 12—2(1,52—1,08) —3(1,921,5%) = 7,25 md/cyr.

[Mocae noacranoBkn B ypasdenne (3.9) noayuum, npuunmMan
o sHUManne, uto H =21 m,

WDy =hgH2 20y H A ey =4-2,12—2 . 4,4 2,1-7,25=6,35 s¥/cyr.

Has onpegenenns 290%y. neobxoiumo Gui10 Obl BLIYHCAHTD §
o dhopmyne (3.3) nactoswed riaasy M, NOAL3YACH (OpPMY-
Aamu (4.9), (4.15) u (4.16) raaew IV. C neavio HekJlOYeHuHa
TPYADEMKHX BBUACIEHWN, e Wrpalominx B AaHHOM caAyuyae TIPHH-
IHNHAJABHOTO 3HAYEHHA, npHueMm ycnoBHo, uto y=028. B stom
cayuae noJayuaHM, uTo

2%, =2y’ . =0,28:6,35=1,78 m¥cyr.

Tenept Heo6GX0AUMO ONpedesiHTh, B KaKOM cioe 6yaer pacno-
AAraThCH KpWBas JenpeccHd Hajl JApeHoW. YcTanosjaeHHe TNOJAO-
MCHHA KPHROH JlenpeccHd NPUXOANTCA UPOH3BOAMTL NyTeM Mo-
clegoBaTenbioro npubanxenus. [TpeanonoxuM, uto KpHBas me-
[IpeccHH PacrnojodeHa Bo BTopoM caoe # hy=0,, 1. e. ceoboanan
OBEPXHOCTL HAXOIAHTCA HAa YPOBHe KPOBJAW Broporo miaacra. Be-
auuuny @'y, nafinem kax ann ABYXCAORNOro rpynTa no gopmyae

'_"‘bi .hﬂ__'kIM] {Eﬂ"f:—|' "HI] +k2.|i'l"12?£ I - 1 L {E 'ﬂ.5+l] +2'n+52=
=20 #¥cyr.

[Moayuenuslii pesyabTaT nokaszwpaer, uto hp<Ds T. K.
20, < 2,5 MBfcyr.
Ecan npuuate, uto hg=M;=1m, 10

2%, =kMy?=1-12=1 s¥cyr.

Takum ﬂﬁpﬂ.’dﬂh'l.. VCTAHOBJAEHO. YTO KPHBAH lenpecCHH HaXo-

AWHTCH BO BTOPOM choe, npuueM Dy<"hp<D;=13 M.
Tenepbk MOMHO NPHCTYMHTL K onpefenacnnio hg. B nanHom

eayuae ky =Rka=2 M/cyTKH.
by =k\M;—kaM, =M, (ki—kq) =1 (1—2) =—1 m¥cyr,;
Cp=baM?—R\M2=M?(ka—k;) =13(2—1) =1 u*fcyr.
VYpasnenue AJs onpeieaenns hy NpHMCT cjelyIOUIHA BHA

by —hy—0,39=0,
OTKYNa

by =0,5+1 0,25+0,39=0,5-+0.8.
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Tak kax hg >Mi=1 M, To npunumaem h,=05-+08=1.30 m,
IMposepum noayuennoe anavenne hy. Tpu hg=1,30 M u hy=
=hp—M=130—1,0=0,3m

b2
o
%

Py =R M, [hn—%} i--‘r-"-";f’f= | +1(1,30—0,5)4 2= —
=089 x*/cyr.;
20, =0,89.2=1,78 m¥cyr.

Humes auauenme N, MOAHO ONpelenTh hcp, HCXOAA H3 hopMya
AnA neppoii craann paGoTr ipeHH

Ha
el )

B paccmarpupaemom cayuae

9 15 1,8 2.1
Sep== 21713 (D2 ]!3 2dz+ 0 :‘Es. zdz+ by lig z2dz).

Kak BHAHO M3 NpHBeAeHHOrO NpuMepa, onpefenenne hy 0 dep
Ha NepBoll cTaaun paGoThl ApPeHH B MHOTOCJORHOM IPYHTe NpHH
WHNMHAABHO HeCJ0MAHO, HO TpebyeT AOBOJbBHO MHOTO apHpMeTH-
YeCKHX BBIYHCAEHHI, :
YpasHenne pogHoro GajaHca B MHOTOCTOHHOM TOHKOC/JIOHCTOM

FPyNiTe npi ykJaalke APeHH HA BONOYNOP 3aNHUIETCA B CeLYI0-
HeM BHIC:

”,El E‘hcp:‘qg‘ﬂilg -— Pﬂ_-i:'qid!“ {‘3- I 1.

rae Do’ B nawnoM cayuae Gyier npeiacTasasTh coGoit Tpexyaer
G B

Dot =k He?+2b s Hot-C s (3.12)
-""1':| =Hﬂ-"ﬁﬂu

Tak kak peaunuunnl Agp w Dy NPHHHMAIOTCA Ha NPOTAKEHHE
Beell nepsol craaiMd paGoTH Apelkl He3aABHCHMBIMM OT S,
HHTEIpHpOBanHe ypasrnenus (3.11) naer

o 0, 1080 cp ApSy?
L byt ;

Popmyna (3.13) nanomuuaer 1o ceoeMy cTpoeHHo GopMYaY
(2.37) u oraHuaerTcs OT Hee JHIb 3HAYEHHEM MOCTORHHBIX Ao W
Dg?. @opmyny (2.37) MOXHO paccMaTpHpaTh KaK YacTHHIM cay-
yait hopmyan (3.13),
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Ha nporamenun PTOPOH cTaann paboThl Apedbl ypasHenHe
poaHOro Ganalca 3anicLBAETCH B CJCAViOUleM BHAC: :

®hepSidH pepl?
s g g

df, (3.14)

OTKYJLa

r,o S\ dn i (3.15)

fpen -
R,
WA, € YIETOM NONPABKH,

H,
ﬂ.ﬂﬁﬁﬁtp -51Il C dH

Ty e _J'Hl',ﬂ:l (3.15a)

rne
Di=k,H?+2b,H-}-c,.
JnavedHne murerpana, crosinero 8 npanoi vacrn (3.13), Gyaer
IARHCETh OT 3HAYCHHA AHCKPHMHHAHTA,

Apy=4(kntn—br). (3.16)
[Tpu Ay =0 wurerpai OyIACT BHPaKATHCH CAeaylouium obpa-
LAY e
9 2 (kg Ho+ b u) 2( nHi'+'bu}
J i _[ aflotba) _,peq ] 3.17)
: VA arclg Van : {
IMTpun A<Z0 :
! oty L gy 120k ot b)Y BNk o+ ba) + V—Rui)
V— [2(knHytbp) 4 V —Aull20ka Hat-bp) —V —Ay)
(3.18)
-, Heobxonumo 3aMeTHTh, 4TO BejIHUHHBI £ .-!r_., M Cp NOCTOAHHBI
toabko npu cobawopenun veaopusn: Dy, <H-<=D,. Kak Toaeko

KPHBAA ACMPECCHH B CepelHie MeXAVAPEHBA NepeccKaeT ouvepeld-
HYIO JHHHIO pasziend, HeobXOAHMO BHLIYHCAATH HOBHE IHAUEHHA
kp—1» bp—y, €p—; NPH 3THX HOBHIX 3HAUEHHAX onpefedsTh 7 agm—1
rie Jom—1!—Bpemsa najedun yposHeit ¢ poicotel Dy_y 0o Dp_y B
} cepellHHe MEHEIAYApeHLA. Ecan ApcHa HecoBepuweHHa, TO, NOMb-

L

IWACH TEM JKe MeTOA0M, MOMKHO 6610 6k NOAVYUHTE (hopMyaLl AR
puiuMcaeHna Ty u To npu gwboM uicie cioes Kak B BepxXHel, Tak
H B HHHedl 3one. Oanako ste dopmyan Gulin 6bl OueHB TPO-
MO3JIKH.

B kawecTBe maJOCTpauMH BuiBeleM dopMyay AnA pacyeTa He-
COBEPIIEHHON APeHb!, YJ0XKEHHOH B CPelHHi CJOH TPexcAOHHOro
rpyuta (puc. 62). Ilna onpegedecuuss T, (npu paGoTe ApeHH Ha
BTOPOIl CTA/HH) COCTABHM YpaBHeHHe sodHoro Gananca. C yye-
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TOM NONpapouuoro Koshduunenta, OHO NPUHAMACT CACAYIOUNR
BHA:

: repkiD® | abk, 1
0.8650¢pS1dH = (“t— + =5 H)dl, (3.19)
OTKY1d :
n.ﬂﬁﬁ'ﬂ':pb‘]: aH Y
= .= 3.20
. Elr.l‘ il'{p-k!l. D’- }‘_E'I'H ) {. j
rie
f = f s bh=a'a,+ i (an’—aa;’);
<p
5 q " k! l F E?i
D2=n(H-M)22M({H—=M)-+M?;, n= N H = Y
a3 * .
v X
23
. L
hJ_ l_-r
Qj‘"
L
ot b L
H;_D* ‘I_r_..*:_-;l ]
e |

Puc. 62

Muterpuposaune ypasuennsa (3.20) paer caelyiowui ]IIEEI-}I’JIB;,'
TAT. NPH ﬁu}ﬂ

o ﬂ,ﬂﬁ:.}hcpiSqu? {3 91 }

I
tepks V Az

rae

"'-'F';'I!'—Ml .|.M.-|-f ”'IHE—M] +M'+.l:
— —arcl L .
Vi 2k V A
A= (n—1)M(M+42f) —f%

A= Hl‘l:lg

npH Ay2<70
0.4320c0 512B:

Hpk|V:-TIE ¢ {3-22}

?I=
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'ne
i [t Ho—M) -+ MA-f— V —Aulln(H—M) +M+f+ / —Az]
[t (Ho—M) + M+F+ ¥V —Aulin(H,—M) + M+ f— v —Ap]

7 =

OTMETHM, UTO 3icCh NPH ONpefeaeHHn GpUALTPALHOHNBIX CO-
NPOTHBJAEHHIH [ Pacxoaa W3 sepXHeH 30HBI HeoGXOAHMO YUHTHI-
HiTh HECOBEPLUIEHCTEO APenbl H NPH Bhiuncaennn kosdduunenTa
0 N0Ab30BATLCS hopmydoil (2.9) raaesw [V,

Ecan sepxuasn sona AByxcaoliHas, a HHKNAA COCTABJAENA He
I3 IBYX, @ H3 HeCKOJABKHX CJoCB, T0 BMecTo & HeoOXoaumo noi-
CTARNTE HEKOTOPEA Kosgduuuent B, KOTOpHil olpeae nM, HCXoNA
N3 caeayowux cooGpakeduid. Ecawm wumuan 2ona cocTapiena

Hi m CN0eB, TO
ka ! ' a a !
;O I gy WM W o P O el VBT
S4+m’ Az {5+1‘i?’ 3-.1-"h’) Fharts (54"]:' -5+".|="}—r
, a [
B e (3.23)

Bripaskenne (3.23) MoOMKHO NPEACTABATL B CAEAVIOUIEM BHAC:

k ¥ r r K
Wi EI'LHHM + ki (ages’—a,ay") -+ heny (azas’-—azad’) +
]

'1_' P ?"'-’?1—1”*."?1"1 {‘-"Llrﬂlr ﬂ;n—rlrn;—.-l} . [3241

rne ayf, gz .. p=a'— Ko PHIHCHTH BUHCAYCCTH, BHYHCAAEMbIC

H3 VeToBHil
x |
oy’ = " a hdﬂﬂ_: ay' = :l: 2a, :
R T8 i
2 Ya 1
=] = L iﬂ i
! '\.1 _ﬂ'l:-;" - =]
+2.04-5 1g =2

@y, @z G3...4, —pPacCToOAHHA OT ApeHbl A0 NOACWARL COOTBET-
CTAVIOUHX CAGeH,

# : - F SIS ktm &

Ny = =——, flg = T&j—, ...ﬂ'm._l-—-—] .

Aty A2y Asev . hm—1 —KO3(D(HIMEHTH  PACX01A, COOTBETCTBEHHO,
JLIS BTOPOro, TPEThEero W M-ro CJACen.

Takum ofpa3oM, NpHHLHNHAIRNO HaxomueHue T, u T nas
CAOMCTOr0 CTPOEHHA BOAOHOCHOrO IJIACTA He NpelcTaBjafAeT 3a-
[pyaHeHHH, 1o Tpebyer A0OBOJBHO MHOFO apHdMETHUECKHX NOA-
CUEeTOB,

Ecnn Bepxuas 30Ha TAKMKe MHOrOCJI0HHA, TO H3MeHAETCH TONbL-
KO 3HAYeHHE ¢, KOTOpoe HeoOXOIHMO onpefeifiTt MO NPHBEIEH-
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HbiM Bbille OPMYyAaM AJAA CAYYAA ApeHbl, YA0MKEeHHON Ha BOAO-
VIop, NoJab3yack A48 onpefededus (UALTPAIHOHHBIX CONMPOTHR-
Jnennii dopmyaoil (4.15) raaew 1V, rae o; onpenenserca no gop-
myne (4.16) c yuetom HecoBeplleHcTBa ApeHBH (BBOLHTCA MHO-
wuTeneMm Kospduunent A; .

§ 4. Pacyer cHCTEMATHYECKOro ApPeHama B BePTHKaAbHO-
HEONHOPOAHOM TPYHTE

[lpn paGorte apenaxa B MHOTOCJAOHHOM TOHKOCJIOMCTOM IPyH-
Te, B KOTOPOM H3MeHeHHe Ko3pduumeHTa PHIABTPAUHN MPOHCXO-
AMT MJAaBHO WAW cKaukoofpasHo, B ypashende Bojnoro GanaHca
coBepiennoil apensl GyLyT BXOAHTb PAcXolbl, onpeienseMbie no
dopmyae (2.5) nas nepeoi ctagun pabortel apenama u (2.6) na
pTOpoll ctajun. Ecan apeHbl Hecopepiuennbl, TO K JAHHBIM pac-
XOLAM A0JKHB J06aBAATBECH PACXOAB, MNOCTYNAOUIHE M3 HHKHEH

NOTOKA B BEPTHKAJALHO-HEOLHOPOAHOM TPYHTE [IPH OTCYTCTBHH
HCHaPeHHs W OCAKOB B CAyuYae COBEPLUCHHOro JpeHaxka NMpHHH-
MaeT caeaviouui sua (npu npenebpemennn fo):

2P’

S—di, (4.1)

0.2158 5 AodS =

OTKYAA, NMocAe pajiefedHHs MepeMeHHbIX H HHTErpHpOBaHHA,

: Mo’ g,
S=473 S (4.2)
B uwactHOoCTH, npu k. =k, 1. ¢. AAR OQHOPOJAHOIO IPYHTA, €CJH
npeneGpeyb BHCOTOH HHHHCEIIHH noayuum dopmyay (1.10) Ha-
CTORUIEN rABH.
B dopmyay (4.2) BXOAUT dep, KOTOPAR NPH VHeTe BHICOTH Ha<
RHCANHA onpeaeaserca no GopMyne

Bep= Hn?—}i'! |‘- FELES . (4.3)°

Bonee Tounoe sHaueHwe S, ecjaH BBECTH YNOMHHABLUYIOCA Bbls
e NONpPaRKy B COOTBETCTBMM ¢ pemleHneM byccunecka, Gyner

Ho gy,
Sy e =t (4.4)
HIH
0,065 cp AoS*
2o (4.5)
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Ecan neofxoaumo onpeleints T npoMexyTok BpeMeHH A0
(MBIKAHHA KPHBLIX JeNpecciid B cepeiiiHe MeXAyApeHbd, To, NpH-
iuman S =0,5E, nonyuum

bt A . (4.8)

[pn ky =k 1 d¢p =09, T. €. B cyuae OAHOPOAHOTO TPYHTA,

0,036A,E? i
T ﬁ—,;an" . (4.7)

dopmyna (4.7) HECKOJBLKO OTJAHYHA OT 3HAYEHHA, KOTOPOE MO-
et 6biTh noaydeno u3 dopmyas (1.10) npu S=0,5E, 7. K. 31ech
IPHHATA He sAaunTHYeckas (opma KpHBOi AenpeccHH, a KpHBas.
fosee OGiH3Kas K Kpusoii byccHHecka, B YYHTHBAETCHA BHICOTA Ha-
pHCAHHA.

[Mpun Hajauuun WHGUALTPAUHH YpaBHEHHE (4.1) npuHHMAET
B

2pe P’
0.2150cp AodS +pSdt = e, (4.8)

OTKYNA
S, S e 4,65d1 (4.9)
0P py —p5* T Yo

[Mps waauuuu wcnapenus ypanHenne (4.9) nepennchisaercs B
CAeayioueM BHIe:

-5dS __ 4,654t 410

. X .‘. EH'I'I':’HUTL'ESE Ty E’:‘PA'U » ( }

B 3aBHCHMOCTH OT 3HaueHWs K, NOJYUHM TO HJIH HHOE peuie-
e anddepenunansunix ypasuenni (4.9) uan (4.10). Ernu He-
06X0AHMO onpeaeauth Ty, TO MPH HATHYHH HHOHALTPAIHH

o
bepdo (_-SdS v
T\= 4,85 ) 5ne® y,—PS" (ki)
[MTpu HaHUHKH HCTTAPEHHS
&
bpdo (__SdS (4.12)

Bhep 4.635:! Iuo® py 15

B cayuae HecoBeplIEHHOro ApeHaKa, OTCYTCTBHA HH(PHALTPA-
UHK W HCNADEHHs WK MPH P=€ WMeeT MecTo cjelyiollee ypas-
HeHHe:

F gy
ﬂ.2|5ﬁ¢p-4m'§d«q=2{II..;.*II"H,, +H.-}Sé A kAR dL (4.13)
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CooTBeTCTEEHHO, MPH HAJAWIHI HHPUABTPAUNN WIN HCNAPEHNA
NanHoe YpaBHEHHE MPHHEMACT CACIVIOILHHE BHA:
d) NpH HAAHYHH HHpHABTpaLHN

0,2158¢pAoSdS +pS?dt=2(1e®'n,-1-HoS | W KidR')dt;  (4.14)

6) npH HAAWYHH HCNAPEHAA
0,2158¢pAcSdS—eS?dt =2 (ne®’ n,4-HS | h: k:dR")dt;  (1.15)

rae
R“:E—%ﬁ}; v Na=2942"1g %;T'- 2= (—2).

Huterpupya st anddepenumasbibe vpaBHeHHA, noayunm f
kak GyHKUHIO oT S wan S kak dyukuuio or {. Bpema T, naxoaur-
ca npu S=0,5E,.

Anddepenunansibie ypasHeHusn ABHAEHHA Ha BTOPOI cTagun
paboThi ApeHaMa (HCTOUIEHHe BOLOWOCHOTO CJOf) C Y4eTOM BBO-
AMMON NonpaBkH B c/ydYac COBEPUWEHHOro jpeHara TNPHHHMAKT
cAeayIoWHi BUa:

a4) mpH OTCYTCTRHH HHGMHALTPALHH, HAH HCNAPEHHA, HAH MNPH
p=¢£

¢*"
1
6) npx HAJHYHH HHOHIBLTPALHH
¢,I
~0.86500y S dH = (225, )at, (1.17)
B) NMPH HAJTHYHH HCNAPEHHA
¢.’
—0.8600 0,5 1 dH = (EP‘; "-{-eSl ]:ﬂ‘ (4.18)
1

B cayvae HecoBepuleHHMOro ApeHama 3TH YPaBHeHHA MPHHH-
MAI0T COOTBETCTBCHHO CJAeVIOILHI BHA:
d) NPH OTCYTCTBHH HHMHALTPALKI H HCOAPEHHA HJH NPH p=¢

—U,BEEE}cpS.*dH=EmEP¢’H+HS1E L kidRYdE,  (4.19)
6) NpH HaAHYHH HHDHALTPAILKH
—0,86505S *dH=[2 (nepep’ s+ HS, g \s ks dR')—pSAdt;  (4.20)
B) NMPH HAJHYHH HCNAPEHHA
—0.8656 S 2dH= ! D", + HS, f, ) kLdRY) -eS,7jdt. (4.21)
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Bua pewenuil, noayuacMuix B pe3yasTate HHTErPHPOBAHHS
npuBeleHHbIX And@epenunanbHEX ypapHeHui, GyleT 3aBuceTh OT
pufa pynkuni Ry =F(2).

Caeayer oTMETHTB, YTO BBOJ MONPABOMHBLIX KO3(DDHUKEHTOB B
mauenna Ty u T, He Bcerja onpapaal, Tak Kak BCeraa Hmeer
MECTO pacxoll KanWIJIspHOH KaiMbl, KOTOpbIH HaMH He Y4YHThHI-
BaeTcd W KOTOPbIH OyaeT VBCAHYMBATL APeHHpYHOIHH sddekT,
cHuxKan snadenne 7. Heyuer pacxosa kKanwansipHoit kaiimel cos-
JaeT HCKOTOPHIH KO3QpHIHeHT 3anaca NpH onpeacieHHH pac-
croauni mexay apenamu. [lpw oTHocHTenbHO naoxoit HayueHmo-
CTH BONPOCA [ABHIKEHHS MPYHTOBLIX BOA B HEOAHOPOAHLIX TPYHTAX
Il MaJOH TOYHOCTH 3aKOHOMEPHOCTEH pacnpefefeHHs NPOHKIAC-
MOCTH peajibHblX FPYHTOB Kak OQYHKUHH KoopaunaTt obnacri
(PHABTPALHH HaJHYHE TAKOro 3anaca spasercds Ge3ycJOBHO He-
OOXOAHMEIM H ONpaBAaHHLIM,

KaK BHAHO H3 TNpPHBEJCHHLIX Bbllle Pe3yJbTaToB, METOA MO-
CJAEA0BATENLHOH CMEHEI CTAULHOHAPHLIX COCTOSAHHA AAaeT BO3MOMK-
HOCTh YCMEWHOro pelienis A0BOAbHO CJO0MKHBX 33134 Mo HeycTa-
HOBHBLIEMYCA JABHMKEHHIO H B HeofHopoanoi cpene. Bee medo B
3TOM CJAYYae CBOIAHTCH K HHTErpHpPOBAHHIO OGLIKHOBEHHBIX AHG-
(pepeHUHANBHBIX YyPaBHeHHH, TeXHHKA KOTOpOro ropasfo mNpoiie,
HEM TeXHHKA HHTerpuponanus auddepeHnuanbiulXx ypasHeHH ¢
HACTHEIMH NMPOHIBOAHBIMH,

[TpuHuman BO BHHUMAHME, YTO oOCpeldHeHHe h, MPOH3BOAHMOE
NP NPHBEIEHHH 3ITHX YpaBHeHHi K ypasuenuio ®ypbe, BHOCHT
HETOUHOCTH TOro e NOPAAKA, YTO M MEeTOJ] NOoc/JAeA0BaTeNbHOH
CMEHLl CTALUMOHAPHBIX COCTOAHHI, MOMHO CYUHTATB, YTO IPAKTH-
HECKH MBI MOJYYHM aHAJOTHYHEIC Pe3yabTATH ¢ MeHbUIell 3aTpa-
TOH Tpyaa.

Ecnn Bocnoan3oBaThes 3naueHHAMH PACX0I0B, ONpe/iesisieMbix
no gopmyaanm (8.1) u (8.3) rnasu IV, To MoXKHO GBJ0 Ghl NOAY-
HHTB (POpMYNE ANA pacyeTa apenaedf, paboTaloHX B YCNOBHAX
HECTAIHOHAPHOTO NOTOKA ¢ YUETOM MPOHHIAEMOCTH 3acuinku. TTpu-
HHMasa BO BHHMAaHHE IPOMO3JAKOCTb H HECOBEPINEHCTBO 3SMNHUpHYeE-
CKHX (popMyJ, MB noayusan Obl BecbMa CAOMHLIE pelleHud, KoTo-
phie¢ BpRA JH MOKHO PEKOMEHQOBATh AJA NPAaKTHUECKOTO HCMOJb-
J0BaHHA,

[lpu ko >Ry HAKHHE CAOH, NO-BHAHMOMY, MOXHO paccMatpH-
BaTh Kak sofoynop. Ecau saceinka A0oCTATOYHO nNpoHHUaema, To,
npedeGperasi COMPOTHBAEHHEM Ha BepTHKANLHBIX NYTAX QHALTPA-
IUHH, pacueT MOXKHO BecTH no Qopmyie byccuHecka, nomaras, uro
ApeHa NeXHT Ha KPOBJe HHAHEro cos.




rJaABA Vi

AKCNEPHMEHTAJIBHBIE HCCJEJLOBAHMUS
B ILEJTEBOM JIOTKE MO NPHTOKY K JIPEHAM
B HEOLHOPOAHBIX CPEAAX

Jlas cysaennsa o NpHeM/1eMOCTH BEIBeJeHHMX (OPMYJ H Onpe-
fleaeHnd TOUHOCTH BBIYHCAEHHA PACXOA0B H PACCTOAHHIA MEXAY
JpeHaMH no 3TEM (QopMmyaaM Kpome onuTtoR Ha npuGope I[JIA
(pe3ysbTaThi KOTOPHIX wacTHuno npusenens B raasax 11 u 11I)
H MPOBEPKH B TOJEBBX YCAOBHAX (Mo MaTepHanam, coGpaHHLIM
Ha 6osotax SCCP V. X. TomGeprom) B sabopatopun IHHUH3uM
Gui/iM NPOBEAEeHbl HCCJAeLOBAHUS N0 NPHTOKY K APEHAM B HEO/HO-
POAHBX cpeaax ¢ nomomblo weaesoro aotka. leaesoii sotok ¢
epeMeHHON UWTHPHHOM UIeJH AaeT BOIMOMHOCTL NPH OTHOCHTE b
HO HebOoJALIIKX 3aTpaTax BPeMCcHH NOJYYaTh 3HAUCHHUA Pacxoilos
Aped npH Ao60M 3aJAHHOM 3aKOHe HiMeHeHHs NPOHHIIAeMOCTH B
o6aacth $uabTpalnn. PaGora co uiejeBbiM JOTKOM HMeeT elle
H TO NpedMyllecTso no cpapHennio ¢ npuGopom 3TJLIA, uto u3-
Gapasier OT HeOOGXOAHMOCTH BHYEPUMBAHHA THAPOAHHAMHYECKHX
CETOK, AOBOJILHO 3aTPYAHHTEJNLHOro NPH Peskoll pasHHLe B npo-
HHLAEMOCTH OTAeabHBIX cioes, Ocofenno BamHOH 0COGEHHOCTHIO
[1leJIeBOr0 JOTKA ABJASETCS BO3MOMHOCTb H3YUeHH HeYCTAHOBHB:
Weroca ABHKeHHs,

§ 1. Bonpocu 3KCNEPHMEHTHPOBAHNHN B WENEBOM JNOTKe
¢ nepeMeHHON UWHPHHOH weawn

He spapasck 8 nogpobuoe onucanne o0WHX NPHHUNNOE MOde-
AMPOBAHHA ABHKEeHHA (QUALTPAUHOHHLIX MNOTOKOB € MOMOLLLIO
wenesoro JoTka (cMm. paGors B. M. Apasuna [7a], I1. 5. Toay-
Gapuxopoii-Kounuoil [38] n ap.), H3/0KHM JHWbL OCHOBHBIC MO-
NOMeHnsi, Kacawipecs paGoThi WENeBOro J0TKa ¢ nepeMeHHoi
WHPHHOR Wean, e e

HEBECTH(}' UTOo NJAOCKOoe NOTCHIHAJALHOE ABHAMEeHHe TNOTOKa
MOJKHO BOCTIPOM3BECTH NMYyTCM NPONYCKAHHS BA3KOH JKHIKOCTH
MeXKIY ABYMA napanjeibHuMH niactTHHkaMu, Ilpn stom npeiano:
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Araercs, 4To ABHIKeHwe Oyaer namunapHuM, [locneanee oGec-
PuNBaeTcAa HaajdemalluM BbIGOPOM WHPHHBLI IIEJH W BA3KOCTH
lponycKacMoi MeKay NJACTHHKAMH ¥HIKOCTH.

JapHCHMOCTD MEXAY CcpeaHel CKOPOCTBIO HBWIKeHHS MXHIKO-
¢t V, nponyckaeMoii MeXay napanjeiibHHIMH BePTHKAJbHBIMH
aactuHkamu (puc. 63), W nagenueM Hanopa no AMHHE MOTOKA
Hpit IAMHHAPHOM €ro ABHIKEeHHH BBIPAMACTCA CAeIVIOUIHM ypas-
HEHHEM:

ge?  dh
VE— a'_h"*dI. ‘_I.I}

e g — YCKOPEHHEe CH/bI TAXKECTH; v — KHHeMaTHuecknil kosddu-
UHEHT BA3SKOCTH; £ — MOJIOBHHA LUHPHHEL LWEJH B CM,

Puc. 63

[IpunuMan BO BHMUMAHKE, 4YTO KO(pPHIHEHT, CTOAWMA nepea
ih d
U+ TPH HCHIMEHHON ILIMPHHE WIEJH — BEAMYHHA TOCTOSIHHAS,

ypasHenne (1.1) moMHO nepenncarts B CJAeIVIOLIEM BHIe:

V=—o 2. (1.2)

g2
e n=% MOMKHO PaccCMATPHBATL KaK Kos(OHIHEHT NPOHULA

CMOCTH LUEJ1i.

B uacTHOCTH, eclin, HANpHMep, LeJdb HMeeT WHPHHY, paBHyio
| MM, 10 e=0,5 MM, wau 0,05 cm. MNoacTapans COOTBETCTBYIOLLHE
IHAYEHHSA t]mauuecua:-: KOHCTAHT & H v, MOMXKHO NOJYUHTE 3Haue-
ine o, B kavecrse npumepa suyncaum o npu = 0,05 cM aan r.im-
iepuHa npu § =20° -

H3BecTHO, YTO KHHeMaTHUeCKHI KO3()HUUHEHT BAIKOCTH XH-
MHYECKH YHCTOro raduepuna coctapaser (npu 20°C) 8,75 crokca.
Jnsa wenu wHpHHOA | MM MoayuUAM

__981- 0,05 _
= S 0,093 cm/cex.



—_—— i

Kunematuueckuil KoappuuuenT BAIKOCTH FAHIEPHHA LOBOJIbY
HO CHALHO H3MEHAETCA B 3aBHCHMACTH OT TeMMCPaTypul u colep-
AKAHHA B HEM NPHMeced, No3TOMY MNPH NPOH3BOACTBE ONLITOR He-
06X0ONHMO YYHTHBATL 3T0 0GCTOATENLCTRO,

Ecan temnepatypa B noMeuleHHH, I/leé NPOH3IBOASNTCA OMNBLITH,
Gyjler NOCTOAHHOH, To o OyAeT 3apHceTh TOJBKO OT IUHPHHB
LLeJTH. :

B paGote [38] nokasuiBaeTcs, UTO NAOCKOE ABHKCHHE B ILleAe-
BOM JIOTKE C Y4YE€TOM NeHCTBHS CHA TANKECTH OMHCHIBACTCH TeMil
e an:quepEHuHa.uhHHuH YPABHEHHAMM, 4TO H ABUZKENHe TPYH :
TOBBIX BOJ, ¢ 3aMcHoil Kos(pduumenta GuabTpanun seJHYHNON 7
(B BHIpAMKEHHAX AJA CKOPOCTei); NpH BBIYHCASHHH PACXOA0OB HE-
06X0AHMO BBOAHTDL IIHPHHY el (TAK Kak pacxoj notoka rpyi-
TORLIX BOJ BHYHC/AsieTCS Ha eIHHHLY WHPHHL noToka). [lostomy,
Hanpumep, 4as cxembl J[LONOH MOMXKHO HAMHCATb BHIPAMCHHE A
pacxofa Wean WwHpHioi 2e B BHae

di
q. =2ech ", (1.3)
HJH B BHAE r-
B '
q. =TH125,€E_: “-4}

rje H—nanop B KOHue yyacTka S; hg—Hanop 8 Hauajde yuacTka

a L1 L]
S; Tzﬂgz — TaK HasulBaeMblil «BTOpOil KO3(pGHUHEHT NPOHHILAE-

MocTH wenn» (Beawuuna o wocur Hazeanne nepeoro kKosdgdm-
IHEHTA MPOHHILACMOCTH 1UEJaH).

[Tpn oaunx v tex xe H n hy, ecan weaw umena Gul noayuin- .
PHHY He g, a, HANPHMEep, &),

) i Ha_h? ;
9 - T (1.5)

OTHomeHHe pacxofon

UL 'ﬂ

Ao 2 (1.6)

Takum obGpazom, pacxolbl nNpH OLNHX I TeX ¥Ke HANOpPAX HA
KOHLAX y4acTKa S oTHOoCATeH Kak KyOLl noiayiumyupHH Illenei, :
Ilns onpegenenus pacxona peajbHOro NOTOKa Ha eIHHHLY €ro.
LWIMPHHB NO PACXOAY MOAENH IEeNeBOro JOTKa ¢y €O UeabIo um-
PHHOH Z2g CVKHT (popMyaa

=5~ 'E‘UB i “-?}

Tak KaK pasMepsl MOJETH OOHUYHO B HECKOILKO P33 MeHbIUe |
reoMeTpHYeCcKHX pasMepoB peatbHOro rpyHTOBOro MOTOKE, TO NP
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DANHAKOBOM JHHENHOM MaciuTabe A, B KOTOPOM MOAEJHPYIOTCH
L0 FOPHAOHTAJNLHEIC, TAK W BEPTHKAJLHBIC PasMepbl peasibHOIO
notoxa, s gopmyay (1.7) aonxken RBOANTHCS 3TOT KO3((HILHEHT.
T'aknm obGpazoM,

A
0= 3qe In- (1.8)

[ToJoMHM Teneph, 4TO IPYHT COCTOMT H3 OTASNbLHMX CJoeB
PASAHYHBIMH KosgphuunenTaMy PHALTPALHH,

[TpuMenerne MeACBOro J0TKa A8 Mofeanpopanus (pHALTPA-
WHOHHOrO [MOTOKA B CJOHCTOM IPYHTE OCHOBBIBAETCH HA BO3MOMK-
HocTH HaMenenns KosQQUILHEHTE NPOHHUACMOCTH WWEJdH NYTeEM
HAMEHEHHS ee IHPHILL

I1. 1. Kounnoit B [38] paccmorpen cayuai ApyXca0HHOrO rpyn-
14, NPHUEM MOKA3alo0, YTO NPH Nepexoje ABHIKEHHA BA3KOH MHl-
KOCTH B IHEJeBOM JIOTKe W3 LieJH WHPHHOH 2g; B leab WHPHEOH
Ugo NEHCTBHTCABHE! Te 3Ke 3aKOHBI «NPeIOMJEHNs», KOTopble JeH-
CTBATENbHB A8 (DHALTPALHH B PasHOPOAHBIX IPyHTaX IpPH nepe-
X0Je uepes rpaHuily pazfeda TPYHTOB ¢ NPOHHLAEMOCTBIO Ry H
ko, CliefloBaTeILHO, €CJH B lueJaeBoil Moaesn noao6paTh 3HaYeHHs
WTOPEX KO3(p(HIHEeHTOB NPOHHIAEMOCTH WEIH T= g:—s TAKHM
oGpazoM, YToOb HMX OTHOLeHHe OHI0 PaBHO OTHOWEHHID KO3(-
(puienTos QHJALTPALHH PeajJbHOr0 CJOHCTOrO IPyHTa, TO B Lie-
JCBOM JIOTKE € NEepeMeHHOH IHPHHOH ulend MOXKHO MOLefupo-
BaTh PeajdbHbH NOTOK B CJAOHCTOM TPYHTE.

Tak Kak g M v OJHHAKOBE! NIPH ABMMKEHHH vepes ek Jioboil
WHPHEB, TO (NMPH BLINOJANEHHH YCAOBHA JaMHHAPHOCTH ABHIKE-
HUA) NOAYUHM

k&
St e (1.9)
OTKYIa
. S
sty | o (1.10)

T. €. NONYIUHPHHA (HAH LIHPHHA) WeAH H3IMEHHETCA NPONoPLHO-
HAJABHO KYGHYHOMY KOPHIO H3 OTHOWEHHA KO3 HUNCHTOB (PHJIbL-
[palHi MOJACAHPYEMEIX TPYHTOB.

MMounMas no-npexHeMy NOA ¢ PACcXoj rPyHTOBOrO NOTOKA HA
¢AHHHUIY €ro IWHPHALL, 2 NOJ ¢y PAcXeil WIEJeRrOH MONE/H, MOKHO
HATTHCATh

‘F=Eéf' s (L11)

|ne Ry —KOa(QMUIHCHT (PUABTPALMK TPYHTA, B KOTOPOM pacnoJia-
raeTcd JpeHa.

14 B. A. Houar. 289



Ecan Mogens uMeer AuHeilHbll Maciutab A, To

ke "
9= Qu =l G (112

BecbMa UeHHBIM KauyecTBOM WIEJI€BOro JIOTKa SIBJAETCH BOS
MOMKHOCTE MOACJHPOBAHHA B HEM MNJOCKOrO HeycTaHOBHBLIEr0e
ABHMEHHS] TPYHTOBBIX BOJ. TIpHMeHeHHe KHHOCBEMKH MO3BOJAE
3a(PHKCHPOBATL MIHOBEHHBIE MOJIOXKEeHHS KPHBOH aenpeccH, [
KOTOPHIM JIETKO NOCTPOHTh KPHBbLIE H3MEHEHHs YPoBHell B 1060
ceyeHHH notoka, Ecan K ToMy xe oliafath annapartypoii, 1ai
wed kpurylo g=[(f) (romorpad), TO MOKHO AOBOJALHO Jerk
NPOBEPATL TEOPETHYECKH BHIBCIACHHLIE pacyeTHbie (HOPMYJb. '?"

Caeayn I1. A. Koynnoi [38], ans cayuas niockoro HeycTaHo
BHBUIErOCH [ABHM(EHHS MOMHO 3ANHCATh CALLYIOULHE nuq}q}epf_
NHAJNLHBIE YPABHEHHS:

GBI g g e
0 ai " iax B 7

(1.13)
1 v I adp g 4
FT s 8z o

HHH, MPHUYEM OCh 2 HANPABJIEHA BEPTHKAALHO BBEpX; 0 —nJoT
HOCTE ¥KHIKOCTH. :
[Tepenuwenm ypasuenuna (1.13) B cnenyouwem suie:

o ot ' dx :
(1.14}
L 90,9 (py, ‘ |
o a?[l{ it e=l)
rie y=pg—necoBad NNOTHOCTh KHAKOCTH; _‘: —~Nbe30OMeTPH

CKas BHCOTA.
Brenem g ¢popmyant (1.14) macwrabasle KospPHUHEHTH, TPH
ueM 0003HaYHM:
)y — Macwrtalb cKopocTed;
hg — macwTat Kosghuiunenta GUALTPaLLHK,
h{— MaciwTab BpeMeHy;
by — macwitab ko huuneHTa BOLOOTAAYH. 4
Macwrabbl nbe3oMeTPHYECKHX BLICOT H JHHeHHbIH Gyaem
HHMAaTb OJHHAKOBHIMH M 0D0O3HAYMM, KAK H PaHee, yepes L.
as noayuenns TomjecTBeHHOCTH siBNeHHi neoGXoanmo co
G/ioaeHne cAeiVIONHX YCAOBHMH:

A (1.15)
2N} A



=g (1.16)

st wenesoi Mofean ananornuyno ypasennam (1.13) moxcio
HanHCAT.:

A R i
g daTl 4_6,1‘ ( ) =0; !
: (1.17)
| dvy, dfpy, vs 31
g p: d‘:{ Y J J a +1=0.

Conocrasasn ypasHenue (1.17) ¢ (1.14), ormerum, uto B
(1.17) xostpdpuument BojooTAAYH PaBeH ellHNLe,

CpaBHusan Tenepb TPYHTOBYI0 MOIe]b CO WIEJAEBON, BHIMNOJ-
HCHHOH B TOM e Macwrabe, YTO it FPYHTOBAS MOIE]b, MOXHO 3a-
MHCATEL A8 5THX MoJaeael:

(1.18)
ty=T;8,=1; &k, =0. ;

Ec/in BuIPa3nTh COOTRETCTBYIOUIHE BeJHYHHL JL1S HATYPEL, TO
nogayanum®

U=hyUy; O=3yTs}
{=hT; R=Ago; b=1;. (1.19)

[Tph nocranoske ONLITOB MOMKHO 3aQaThCH Ay, M JaJee HA OC-
nosawnu (1.15), (1.16) u (1.19) naiigem

hg=hhy, = Wb, (1.20)
a4 Ha ochosanuu (1.20)
X =k

CaenoBatelIbHO, NoA VILHPHHA 1EeSaH A0 TAKHa GbITh

Ivk 1
£hyb

PaccMoTpum, nakodel, elle oAMH BecbMa BaKHBI Bonpoc, a
HMEHHD—BONPOC 0 npegenax npuMeduMoctH moaenn. Ilo pexo-

(1.22)

P

* OTMeETHM, YTO NpH MOAEAHPOBANHH HEYCTAHOBHBILETOCH AMKCHHA 1
eaenoM AoTke Macwtald xospduusenta sofooTaaun He MoxeT OwTh nubpan
NPOHIBOABHO — O pased Kosdduuuenty nogootaaun B natype, Tak Kak 6<_1,
TO 5TO BHOCHT HEKOTOPOE HCKAMeHHe B OOBMHBe COOTHOWIEHHMS MeMay ?..g 1l
M, HHade roBops, npy COXPAHENNH OCTAABHLIX NPHIHAKOR NOAOGHA, NOTOK R
ieaesoM Jorke Goaee «eronoofinaens (npus. ped.).
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mengaunu B. M. Apasuna ans obeciiedeHHs JaMHHAPHOCTH NOTOKA
HeoOX0AuMOo, 4ToOs cobJ1101aM0Ch yCjoBHe

Re= < Rey, =500, (1.23)

rne Re—uncno Pelinoasaca, oTKyAA

e (1.24)

i)

[Mpn pabote ¢ rJAHUEPHHOM CO CPEAHHM 3HAYEHHEM v=>, CTOK-
COB H Upgx =10 cM/cEK

r -
tmax S e =250 ca.
Takum oGpasoM, NPaKTHYECKH He BO3HHKACT COMHEHHA B BO3-

MOMHOCTH NPHMEHeHHs lieJeBoil Moje u, ecin B Kavectse paGo-
ueil KHAKOCTH HCTIOAbIYETCH MHUEPHH.

§ 2. KoHcTpyKuHa Wesesoro JOTKA H NHTATEAbHLIX YCTAHOBOK

Kopnye wejesoro JOTKa, NPHMEHABIUIErOCs A4 MOAeJHpoBa-
HIA (PHABTPAUHOHHBIX NOTOKOB B CAOMCTHIX rPyHTAX, OBl H3rOTOB-
AeH N3 nepepa. B nazax kopnyca ycTaHaBAHBAJKCH JIB€ NJACTHIE
H3 OPradHueCKOro CTEKJAa TOJNIHHOH 5 MM, NpHYEM OJHA H3 HHX
Kpenuaack B nasax Harjayxo, a propas Obljla CheMHOH W 3akper-
JSJ4chk B KOPNyce 3a:KHMHBIMH BHHTaMH. MakcuMasibhan wHpn-
Ha wean coctasasaa 10 mm, MHHHMaabHaa—He MeHee | MM, Ta-
KHM 006pa3oM, B JOTKE MOMXHO OBIJIO MOAEJHPOBATL TPYHTH € OT-
nowenuem npouniaemoctu or 0,001 go 1000.

Mamenenne WHPHHB LEJH OCYLLECTBJAAJOCH ¢ NOMOULLIO Ha-
KJEKH HA CHEMHYIO CTEHKY CTEeKJISHHBIX MAacTHHOK TOH Wian HHOil
TOAUMHE (NPH HCCACLOBAHHH ABHKEHHS B CJAOHCTHX TPYHTax)
wan peiseda, BHINOJHEHHOTO H3 BOCKA MAH Mjacrequna (npH ue-
CACAOBANHN JABHAKEHHA B HEOAHOPOAHLIX Cpelax ¢ nJaaBio Hime-
naoummMes Kos(duuueHTom GuasTpaunn).

C ueabto $HKCAUAH IMHPHHB MIEAH  MEKAY MIacTHHKaMH
VRJAGALBAAHCE KaanOpopaHHuble NPOKAAAKH H3 KPYTAOro mejesa
d=10 mm. IMocae yeTanonkH NMJIACTHH ¢ HaKJeeHHHIMH KaauGpo-
BAHHLIMH NPOKAAAKAMN, OHH NPHAKKHMAJIHCD APYT K APYTy BHHTaMH
pepTHEaALHBIX cTpy6uunok. O6mui Bug coGpannoro J0TKa <o
cTpyGUHHKAMH nokasan Ha puc. 65.

[MTaz Aaa NOABHAKHON naacTHHLL Ha 8§ MM IKpe naza ans He-
noanwkuoil. TlosToMy 3akjiafka H BHIEMKa NMOJRIDKHOH MJacTH-
Hbl ¢ HAKJCEeHHLM Ha Hee penvedoM He NpeicTas’fain 3aTpyade-
HUH,
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MoapiKHan NJAACTHHA DNPHKHMAaAAChk K CTelke 11a3a ¢ no-
MOUIBIO 3AKHMHBIX BHHTOR, PACNOJOMKEHHBIX NO NEePHMETPY 3a1-
Hell CTeHKH Kopnyca JoTKa (pwe. 66) B wnpoxoM nase xopnyca,
I KOTOPHI 3aTeM YKJAAABBAJNOCL YNJAOTHEHHe B BHAC Tpex pesu-
nosuX TpyO6oxk aumamerpom 12 mm. Tak Kak nas nocjie yCTaHOBKH
NOABHAKHON ¢TeHKH JoTKa ¢ |3 MM yMeubwiajcsa ao 8 MM, TpyOKn
IIOTHO 3AN0JAHAAN OCTaBlleecd NpocTpancTeo, ofecneunnan yaon
JeTBOPUTENBHOR YNJIOTHEHHE,

'

18
=5

- g

Pue, 64

Jlpessl MoJenupoBasuch B Buae TpyOOK nepeMeHHOro AHaMeT-
pa (d=8, 10, 12, 14, 16, 18 n 20 MM), KOTOpLIC BEHHYHBAJHCL B
nacajakH, YKpenacHusle B kopiyce Jotka (cm. puc. 65). Konusl
e ipeHaiHbIX TPYGOK» TOATOHAJHCH 3ANOAMHLO ¢ BHYTpenHeH no-
BEPXHOCTLIO HENOABHAHON CTelKH JoTKa.™

LlenTp neppoil HacajkH PacnofoMXeH Ha YpPOBHE AHA LUEIH.
/launag nacalka MOAEJHPOBaJa «apeny na sogoynopes. LlenTpsl
OCTaNbHBX NACAJOK pacnofarajiuch, COOTBETCTBEHHO, HA BHICOTE
10, 20 » 30 cM HAA AHOM JOTKA H MOJEJHPOBAJIH «€HECOBCPIUEH-
nue apens», B aepoit Gokopolt cTenke J0TKa Oblia yCTpoeHa He-
Goabinas MaxTa — YCNoKOMTeAbHbIA OacceHd, B KOTOPY nocTy-
Hadt FARLEPHH NPH MOJENHPOBANKH IPYHTOROTO NETAHNA.

* Ilan toro, wrofi He AONYCKATH noanopa, nanfiodee 1acTo nNpaMensaach
ipyGKa anaMerpoM 2 oM
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OTcueT HANOPOB HAA APEHOI B HAyale H B KOHLE YJacTka Sy
(§;=100 cM) NpPOH3BOAWJCA NO BEPTHKAALHBLIM METAJJHYCCKHM
AMHEKAM, YKpenaenHbM Ha HeNnoABHAKHON 1 MOABHMKHOI CTEHKAX
JOTKA. :
Mpu  HayueHHH YCTAHOBHBIIErOCAs ABHIKEHHS HEOOXOAHMO
OLIJIO CO3A8Th TOK AMHAKOCTH C NOCTOSHHEM pacxoaom. [lpn mo- =
ACAHPOBAHKN APEH € rPYHTOBLIM TNHTAHAEM? 3TO JOCTHraJOCh
¢ nmoMollblo cocyaa MapHoTra, KOTOPBIH OL NpeAcTaBjieH nura-

TedbHbIM Oakom Ha 20 kr ranuepuna ¢ Tpy6koii. Tpybxa coob-
manack ¢ Apyrum Gaukom, caymuBliHM GacceHHoM, rae 101
2epIKHBAJCH NOCTOANALIH YposeHs. Bropoit 6avok 6w obopyaos
HaH KPaHOM, PeryJHpoBaBLIHM MOCTYNJeHHe IMHUEPHHA B IAXTY
noTka. Tak Kax Hanop Bo BTopoM Gauke Obil NOCTOAHIBIM, NaH-
HOH KOHCTPYKUHEH NHTaTelJbHOH cHCTeMBl 00ecneynBajoch mno-
CTYNJICHHE MHAKOCTH C 3aJaHHBIM HeH3MeHHbIM pacxoaoM. O6uiui
BMA YCTAHOBKM MpejcTaBied Ha puc. 64, o

[Mpy Moae HPOBAHHH HEYCTAHOBHBIIErOCH ABHMKEHHA YCNOKOH=
TeJbHAA WaxTa oTKAluanack, [lepep HAuaJoM OnbiTa JOTOK 3ds
JUBAJICHA TAnlepHHoM A0 TpeGyeMol OTMETKH H BRJIIOHAJCH B pas
60Ty NyTeM BBIHHMAaHHA H3 €I1peHbl» 3aKpHBaiouleil ee NPoOKH.
DUALTPALHOHHBIE CONPOTHBJAEHHA AJA «HHPUILTPAUHONHOIO NO=
TOKa® NPHHHMAAHCH PABHBIMH CONPOTHBJIEHHAM NOTOKA, NHTaes
MOr0 3a CUeT BOJOOTAAMH.
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Jamep pacxoAoB NPOHIBOANICH FPajyHPOBAHHBIMH LWHANIAPA-
Mi eMmKocTbio ot 250 no 500 cm® Ilns ynoGeTea MaHHNyAHpoBa-
IS MOABHMHON NAACTHHON B Heil OLLJIH BHICBEpPJICHbBI OTBEPCTHA,
i KOTOPble YCTaHABAHBAJIHCh CHEMHLIE PYYKH.

Onpit paGoThl ¢ JOTKOM IlOKasaJ, uTO AaHHas KOHCTPYKIWA
JOTKA B oOlIeM JocTaTouno yvioOGHa 047 3KCNePHMEHTHPOBAHHA. -

g Pue. 66
§ 3. O0 W3MepeHun pPacxofos

[1ps NPOH3BOACTBE IKCNEPHMEHTOR KeJaTe/lbHo ObUIO HCMOJb-
wpaTh HanboJee NMPOCTYI0 METOAHKY Nepexoda OT pacxoios, Bbl-
uHCaneMblx no (opMyJsiaM, K pacxoiaM MOLC/H.

C 31oil 1edabl0 A4 LiedeBoro JoTka Gbl npuMenen 0GbIMHO
HENOJIL3YeMbll B QUABTPAULHOHHBIX HCCICA0BAHUAX cnocob onpe-
AeJeHusl NPOHHUAEMOCTH Mojein Ha caMoit Molead (aaa npo-
cTelitieil cxeMbl) M NPHHATHE 3TON BEIHYHHEI 33 MOCTOANHYIO NPH
HHBIX HAUAJBHBEIX H FPAHHYHBEIX yeaopuax. EcrecTReHHO, UTO 3TOT
IpHEM NMPHroAeH NpH OJHOPOAHOM TPYHTE (2e=const) u ycTano-
pHBLIEMCS ABMenHd. B HeoJHOPOAHBIX FPYHTAX NnepecueT npoHu-
ILAEMOCTH 11POH3BOANTCS, HeXoas u3 yeaopua (1.9), a npu neycra-
HOBHBLIEMCH JIBHMeHHH—C yueToM Macmitaba . Toraa aas npo-
cTefimed cxeMil [ionon HMeeM

_ ku (H2—h?) i
‘.ITM' 2-51 ? [31}
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Masmepsas pacxojbl Ha WENEBOH MOLEIH, MOKHO NOJYUHTHL 3HE
ueHnn ky .o 3nan H, ho n Sy, noayunm

b — 29uS, .

N g

Onpegeans TakuM o6pasoM 145l KOHKPETHBIX 3HAYelHih ¢
S1, H u lg Beanunny Ry, =T, cuntan ce nocTosnHol H NoacTaBas)
B ¢opmyay (1.11), naxoans npuseleHHOe K HAType 3HaYeHH
ONBITHOrO Pacxojia yae NPpH APYTrHX rpanuiHbiX YCNOBHAX, 8 HMEH
HO:

k
I,’g:—:' R

rie gae —(PaKTHIECKH 3aMepPenHbiii B eNeRoM JoTKe pacxoa 4
Aoboro onuiTa. :

Onpegenennoe tTakuMm o6pasoM NPHBEACHIOE 3HAMCHHE OTILY
HOrO PAcx0la ¢y CPaBHHBAEM C NOACUNTAHHBIM 1O (popMydam np
=1,

Caeayet MMeTh B BHAY, 4TO nod ky, =T Heo6XoanMo nonuman
HPOHHUAEMOCTL TPYHTA, B KOTOPHIl yaoxena apena. Mogeanpa
BAHWE JABHMKEHHS B HEOAHOPOMHBIX rpyHTax W ocofieHHO 11 HE
YCTAHOBHBINErOCH JABHKeHHs Oofiee CJIOKHO, HA 3TOM 0CTAHOBHM
cH HuHe. i

Kacasch TOUHOCTH H3MePeHHS PACXOI0B B LICJAEBOM JOTKe,
METHM, YTO KaK NepBblii, TaK H BTOPOil KOs(hPuMenT nponuaeme
CTH ULeJAH 3aBHCAT OT KHHeMaTHUECKOTO KOo3ipdHUHEenTa BAIKOCTE
KULKOCTH, TIPONYCKAEMOil 4epes uleJeBylo Mojedb (B onuTax
npuMensaca ranuepun). B cpolo ouepens, kuseMaTHiecknii Kog:
(PHUMEHT BASKOCTH 3ABHCHT OT TeMMepaTypsl H cTeneld YHCTOTE
rannepnna. Kak GuA0 yCTaHOBJAEHO NPH NPOH3BOACTBE ONLITOB,
FAMIEPHH TIOMJIOMAET Naphl BOAbL, B COA3N C YeM H3MEHACTCA €r
psiakocTh. [Mostomy B neasx colAweHns TOUHOCTH H3Mepenu
NPHXOAKAOCH CHCTEMATHYECKH MPOHIBOANTEL onpeleiedie BA3KG
CTH FARIEpHHa. ;

Heo6Xx01uM0 3aMETHTh, YTO UIEACBOH JOTOK BEChbMa HYBCTHHS
TEJCH, TAK KAK PacXofibl, MPOMYCKAEMbIC Yepes uleib, NPonopuio
nanbHE Ky6y noayunpnis mwean. lostomy name neGoabiune of
NJOHEHHS B UIHPHHE IeJH MOryT BHOCHTh CYUECTBeHHBIE HCKE
MeHns B pasMmepn pacxogon. Kax yKaaupanoch seille, (PHKCAITHS
WHPHHLL HICJAH OCYILECTRIANACE C NOMONUILI0 CTPYOiiH 1 Kaano
popauntix nporaanok. Hecmorpsa, oAHaKo, Ha NPHHATLIE MEpPBS
rHApocTaTHYCCKOe JaBjeHHe FAHIAKOCTH BHI3BIBAA0 HCKOTOPO!
nckamenne Gopme mean (meab nprolperasa ueuesnieobpas:
HYIO (POPMY, YTO HECKONBKO YBEeJHYHBAA0 ey ). Tosromy B nensay



YTOUHEHHA MNPOHHUAEMOCTH LIEJAH NPOH3BOAHANCE KOHTPOJibHBIE
saMepsl, npuueM &y, onpefejsyock, Hexoas Ha popmyas Jdiomon,
ceJH peHa Jeana Ha pogoynope, nian gopmyasl C. P. Apepea-
HoBa (npH HecoBepIICHHOH ApeHe).

Bee 3TH npefocTOPOXHOCTH ObJIH HeoOXOAMMEL 1J8 noJjyue-
Hist GoJiee WA MeHee YAOBJeTBOPHTENbHEIX Pe3y bTATOR.

Ilas onpeledenns NorpewHoctedl B pasMepax ky, Oblaum npo-
HABCAENBE  OonpeleseHHs ero IPpH PasAHYHOH LIHPHHE IUeaH M
CPABHEHLE ¢ TeOPeTHYECKH BBLIYHCACHHBIMH 3HAYCHHAMH. [laHHble
HaMepenuit Ry, # TEOPETHUECKH BLIYHCICHHBIC €ro 3HAYeHHs NpH-
poasTea B Taba. 1.

TaGawua 11

Inpnna l - GakTnye- Teoperuye- Pacxo#nenie,
MeaH. B = Vv CKOP aHaYe- CKOE apaveHme B % orTeo
MM une kg ®in ;::-’:::1';—‘::::“;“
l k 1]
: ; i |' ;
1,0 21 5,08 0,616 ' 0,016 | 0,0
|
2.0 19 6,26 0,108 0,105 | 28
60 19 6,26 2,870 2,820 | 1.8
7 e L 508 | 8,700 | 8250 46,7
10,0 | I8 6,50 | 12, 800 12,600 1,6

Kak enano 13 faHHBEX Taba. 11, npu Haaaexaulell TILaTeb-
HOCTH B YCTAHOBKC NAACTHH LEJIEBOro J0TKA PACXOHICHAA B TEO-
PETHYCCKOM 3HAYCHHH Ry, H NOJyYaeMbBIM B pesyabTaTe naMmepe-
HHil, HAXOAMTCH B npeacjax TOUYHOCTH HHIKEHEPHBIX pacyeTon.
[To3TOMY MOMKHO CUHTATh, YTO MIENEBOil JOTOK jaeT b obuem
YAOBJICTBOPUTEABHYIO TOYHOCTL H MOXKET ObITh NPHMCHEH A5 Hpo-
pepru (popMYa, npejiiaraeMbux A8 pacuera JApeH B HEOAHOPOL-
HEIX TPyHTAX."

§ 4. OnwiTHas nposepka pacyeTHwX dopmya aas cay4as
FPYHTOBOFO NHTAHKA A YCTAHOBHBINErOCH ABHMEHHS NOTOKA

[Tpopepka pacyeTHHX (opMya Bejach NPH OPONYCKe Ppacxo-
A0B rangepusa ao 15—20 cM?/eex. Tlpumensaacs raasubim obpa-
30M «ApeHa» auaMeTpoM d=2 cM, T. e. BEI0HpAJics TAKOH ee JHa-
MeTp, YToOH NpH Nponycke paxTHUeCKHX PacXolos B Hel He BOo3-
HuKano 6bl nOAMOpa.

Ilpr d=2 em raybuna raMuepuHa B JpeHe, Kak npasujio, He
NPeBLILANA NOJOBHHE ee JHaMeTpa, T. e, obecneyHBajcs OTBOA
pacxogos Ge3 NOJHOro 3aToNJAeHisa KHBOrO CeMeHHs.

* (JTMCTHM, "TO NPEMEHABIIANCA METOANKE MOACAHPOBAHHA OTpaHHYHBACT
BOSMOMKHOCTE YCTAHOBJACHWA amnupuvecxux ¢opMya (ia oCHOBAHHK ONHTOB
NpoBCACHAWX B LUeACBOM JOTKe), NpPHrodinHX AA8 NpHMEHEHHS B HaATYPHHIX
yeaopnax (npus. ped.).
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Manasn peanunna hy napaja BO3IMOKHOCTL npenebpeun YaeHas
Mi, oueHHsaWHMH 3navente pyukuun H. K. 'npunckoro B ce
HEHHHW, rae pacnonarajack apesa, OnkTH BeAHCHE OTACBHEIMH
CEePHAMH, KOTOPbiC COOTBETCTROBAJN 3al1aHHON MOJCAH TPYHTOBO-
ro paspesa.

[Mpn BuluBCACHHN PACXOAOB HIOJNPOBAHHLIX JpPeH, YJIO0MXKeH-
HBIX HA BOAOYMOpe, B PACX0AB OTAEJLHBIX CJl0eB (KpoMme caMoro
HHAKHCTO, B KOTOpoM ObiJia VJ0MXKeHa ApeHa) BBOAWANCH Ko3hdu=
IWHEHTH pacxoia, BblMHCAACMble 110 dopMyiaM, npHBeleHHbIM
raage 11 nacrosuieit patoTu.

[Tpu onpesenennn pacxojon HecOBeplIEHHHIX ApeH KoshdH-
ILHEHTH pAcXola BBOAHANCH TAKMKC B pacXoibl BCeX CJ0eB, pac-
NOJOMEHHBIX HUAKE €105, B KOTOPOM YJAOKEeHa caMa ApeHa,

B rta6a. 11 6nao yaxe nokasano, uto onpeaejiennsie no gop-
mMyde (3.2) suavenws k,, 0BOJALHO XOPOHIO CXOAATCH C Teopes
THYECKHM 3HaueneM t—aToporo kosdduuueHta npoHHitacMocTi
LLeJIH,

Ecap BuXoa noToka OCYUIECTBAAETCA B OTKPHITHIE Kanaa win
B HEHIOAMPOBANNYIO APEHY, TO HX PACXOAL A0JHKHB ONpeleasTh-
CH N0 npusefeHHLIM Bhile gopmynam (6e3 BROAA 3ANHPRIOMLIHX
koathduiunenToB B CAYUae OTKPHITOrO Kanaaa),

Jns nposepki cXOAHNMOCTH Pe3yabLTATOBR TEOPETHUECKHX pac:
UEeTOB € pacxoJaMi LIeneBoro JIOTKa Oni21 mocTasaen E.‘I-Eﬂ}’lﬂl.l.l,l{ﬁ '
onbiT, C Heablo MOAeJHPOBANNA HCH3OAHPOBAHHON ApPEHb NJaa-
CTHHKA, 06pasyiomlas HHAKHIOK 1eb ABYXCA0HHOro rpynta Onlja
cpesania na 2 cM. B peayantate sT0r0 ApenHa oka3zanach Ha AHe
BepTHKaabNOi «Tpanwen>. Ilnpuna nuxnel wean Guna npuxaTa
paBuoil 2 MM, BepxHei—10 MM,

[Tpu Takom crpoeHnn Moaean obecneunBancsa NPONyck pac-*
X0Jd JABYXCJOHHONO TPYHTa C ::umnummmem NPOHHULAECMOCTH |
BePXHEro H HHKHEro rpyHTOB, pasHbuim 125: '-

KonerpykTuenas ocoGeHHOCTh JIOTKA He Jlder HOIMOKHOCTH
OCYIECTBACHHA BLINYCKAa Pacxoja HenocpeacTseHHo «B OTKPHIThI
KaHan», T. K. HA BEPTHKAJbHOM YYaCTKe PACXO] «BEPXHEro CJos»
Nponyckaic 4epes Wedb TOH e TOJNLWHHB, YTO i Leb, MOJAEH-
popaBwias pepxunii caoit (10 mm). IMosToMy MOKHO GLLIO OHH-
AaTh, UTO PACXOlbl JJOTKA B 3TOM cJydae GYyILYT HOCKOJIBKO M@Hb:
IWHMH, YeM BEYHCAeHHBIE TeopeThueckd no ¢gopmyae H. K. l'npun-
ckoro. [elcTenTenbHo, KpOMe yyacTKa S, B 3TOM cayvae pacxof
BEPXHEro ¢JA0A NPOXOAHT BePTHKAJbHBI yuacTok aaunoii M, u no-
9TOMY HacTh Hanopa TepsieTcs Ha NpeoioJieHHe CONPOTHBACHNI |
NPH ABHAEHHA Yepes «3achinKy» JApeH. '

B rabanue 12 npupellens pouucheHHne no ¢opmyae H. K. °
I'npunckoro (6e3 yuera notepb Ha BEPTHKAJbHOM YvacTke) W no-
Ayuennble © JOTKe pacxoAbl AJf HeH30JHPoBaHHON ApeHn d=
2 cM NpPH NPOHHIAEMOCTH «3ACHLINKW®, PaBHOI NPOHHLAEMOCTH
BCPXHEro CJ105.
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Pacxogn,
| B cM2/cex
Homep cepun ', it
Il Xapakrep- . I Heu |l 3 {L‘-ﬁ- e q'p Ipumesanne
ONHETA = ;E G

CTHKa Mogean | e | Ew

| 8&| 28 |

| i
Cepun Ne 10 | 23 | 1850 167 | 111 | 1592]|v= 150 crokca
2e;=2 MM . 2 21 ({ 10501 90 | LI7 Q56 | Ky =0435 cmfoek
Dra==10 MM . 3 20| 7665) 525 | 1,22 i 682 | Ka =545 cm/ceK
M= 15 cm o 4 1!-1.E| 203 4,65 | 1,22 503 =2 em.
Jpena pe n3o-

WpoBana . |

Kak BHAHO H2 ganmubx tabauus 12, pacxonbl, BHYMHCACHHbIE
no opmyae H. K. I'npunckoro, Heckoabko shilile 3aMepeHHBX B
JOTKE, T. K. BHOYCK NPOH3BOAWACA He B OTKPHTHII KaHaa, a o
HCH3OJIHPOBAHHYIO JIPEHY.

Ecan BuuncAcHHe PACKOAOR N3 BEPXHEro ¢N05 BECTH, KAK And
HEHAOANPORAHHOI JIpeHBl, noab3ysack Gopmyaoii (10.3) raasw 111,
1O NOJAYHHM pacxonst, Gonee GAHIKHE K 3aMepeltbiM B JIOTKE,

Pacuernasn l;ll'][}H}"ﬂH B 3TOM CAYYAC HMECT CJ]EAFIDIIIHE‘E BHI.

v RM(20e4-M) | Rahg?
N aaeigr T ! 2Sp * (4.1)

PesyabTatel pacueros no dgopmyae (4.1) npusenenn B rpade
7 rabanubl 12, Anaans gaunuiX, npuseaeidnsx s rabauue 12, noxa-
ILBAET, YTO Jaie NpH pecbMma rpyboM yueTe cONpOTHBAEHHA Ha
BEPTHKAJALHOM YUACTKEe BHUYHCIeHHBE PAcXxollbl A0BOJALHO XOPO:
10 CXOAATCHA C 3aMepelHBIMHE B JOTKe.

- Taknm o6pazoM, MB MOAYYHAH BTOPOE NOATBEPHKICHHE BO3-
MOMHOCTH NPHMEHCHUS UleeBOro JIOTKA [JA NpPOBEpPKH pacyeT-
HIAX (POPMYJIL.

HauGonee penabeduo nHeoGXOAMMOCTE BBOAA «3ANHPAKOULHX
kosthdruuenTon» BHABAAETCA NPH pacueTe H3OJIHPOBAHHBIX ApPeH,
VEJAAHBAEMBIX B MCHee NPOHHUAeMBH cjioil npn GOJbLIIKX 3HA-
GeHHAX M, T. €. NPH PCe3KOH pasHHLe B NPONNILA:MOCTH BEPXHErD H
HUACHErD Ca0es.

B kauecTBe WAJIOCTPAUHH TIPHBEAEM MaTepHadbl H3aMepenui
PacxofoB AJs H30JHPOBalHOi ApeHbl, YJ0MeHHOH Ha ropH30H-
TaJAbHLIH BOJLOYNOP B ABYXCACHHBIA TPYHT C COOTHOLLEHHEM npo-
HILACMOCTH BEPXHEro ¥ HHAKHero cioes n= 455 (raba. 13).
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TaGauna |3

| Pacxoiu, B cu?fcex |

Hosmep cepun u Ne L g | |
NapaKTePHCTHRA | !"FIIEH PACYeT- 11’.']'3“‘-“‘“"" Il. {_]‘rl.. | fj'.llr'l

MOACTH onkiTa | HhE ] Ckue | 44 !

| . Tp 1 T | ! |
TP G L Al PNl LB e j > S
Cepnn Ne | ] 1 22 | 1,05 (86 1 1,22 8,90, 087
<15 o4, . . | A | R T 06 | 1,04 1800 100
Ky =0078 cmfeex .| 3 301 K2 1.32 092 | 4026 | 1,21
ke 356 cmfeex .| 4 | 35 | 140 1,56 | 080 | 7150 1.41
5 “Fan |78 184 | 092 11150 1,62
6 | 4 1,97 2,18 {090 15043 | 1,78

| | | |

B rpade 7 taba. 13 npusescun pacxoabl, phiMHcJenHbie Ges
BBOAA 3aHpauiny kosppuunenton, T. e. Ge3 yuera JONOJHH-
. TeJBHBIX CONPOTHBJACHNHN, KOTOpWe HeoOXoAUMO NpeoioseTbh Npn
Nponycke pacxola BepXHEro cJaos vepes HHKHHA, rae yaomxeHa
apena.

Kak BHAHO H3 NPHBEACHILIX AAHHLX, €CAH He BROAHTHL 3anw-
paouine Kos(ppHUHenTH, TO pacueTiible PACXOAb H30IHPOBAHHOI
apens OVIYT o AECATKH H Jla)Ke COTHI pai piwle, YeM akTue-
CKIC,

Hacro/ibko HaM u3BecTHO, B NACTOAILEE BPCMA HET TOMHLIX
FHAPOMEXAHHYCCKHX Pellenni Aa% apell, YAOKeNHbX B ABYXCAOI-
HbIl FPYHT 1 paboTaommx npe naangnn ceoboHOI NOBEPXHOCTH
notoka. [lostomy kawk-GyaATO HCT BO3MOMMHOCTH CPABHEHHA pe-
AYJALTATOR ONBITOR H PACYCTOB, NPOHIBOAHMBLIX NO NPEeANAaracMbiM
opMynaM ¢ TONHLIMHA peuwlennsiMp, Onpako 1npn BHICOKHX 3HAa-
weHHax n (n>=300) nam npeacTaBafgeTcs BOIMOMKIBIM CPABHEHHC
NOAVHAEMBEIX PE3VILTATOR ¢ FHAPOMeXaHHYeCKuM petlennem B. B,
Beaepuukopa [8a] ans cayuas cnjoliHOro 3aToiacHus NOBepX-
HOCTH OCYIIACMOro YYACTKa CJ0eM BOAb BHICOTON fiy.

HaGmogenunsi, npopeleHnbie B LIEJAeBOM JOTKE, ||une13unamr
uTO npu GONBIIHX A=Fk;:Rk; BLICOTA HABHCANMA HACTOJbKO BeJiM-
Ka, 4TO He3HAYHTEABHO OTJHYACTCH OT HANoPa B cepelHHe MemKay-
ApenbA.

Ecan caofi Boapl, 3anoavsioliii  MOBepXHOCTL [MO4YBH, pac
CMATPHBATL KAK TPYHT ¢ GeckoHeuno OOJLHIOH NPOHHILAEMOCTLIO,
TO cayuail, paccmmp;unmﬁ B. B. BenepHuKoBbBIM, MOKHO TOJKO-
BaTh Kak npejeavHuit cayuail paGoThl Apenbl B ABYXCAOHHOM
rpyute (npu n=09),

Bdopmyna B. B. Bepepunkopa nmeer caenyiouii pua (B mpu-
HHMAEMBIX HAMK ODO3HAYEHHAX)
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_ ki(he4-M-—0,5d) }
- 5.4 5 (4.2)

A= --—Arth sn (fif“ i‘é) .

B tom cayuae, koraa S/IM=3, npu sarnyGaenun apens B Bo-
Op Ha NOJIOBHHY e¢ JHaMeTpPa MOMKHO llpliﬁ-‘TH?ﬁEHHD NMPHHATDH

A=l o, (4.3)

i

[locae noacranoskn anatenna A B (4.2), noayunm

. lel [ﬂj-I-M-—U',M} o k| [H—ﬂ;ﬁd.
S R (4.4)
nd € d

le d—aHaMeTp ApPeHbl, §—NPHTOK B APeHY ¢ 0JHOI ee CTOPOHHI.

- B paccmarpupaemom cayuae (k;=0,078 cm/cex, M=15 cm,

=2 CM) :

: ~ 0,68-0,078

A% 8-15
83142

(H—1)=0,0415(H—1). (4.5)

Pacxonw, seruncaenusie no popmyae B. B. Begepunkora, npu-
pHBeenst B rpade 8 taba. 13.

- Kak Buano w3 npusegeHnbx QasHHBIX, PacXofbl, NOAYYEHHBIE
0 opmyse B. B. Beaepunkosa, npeajaraeMoMy HaMu MeETOAY
q:-an'ruqer:hﬂ JAMEpPeHHBe B ULeJIEBOM JOTKe, BechMa OGAN3KH
PYT K ApYIy, 4To, NO-BHAHMOMY, MOMKET CAYHHTL elle O4HHM H3
JKA3aTeNbCTB NPHCMAEMOCTH PesyibTaToB, MOJY4aeMblX B Lle-
2BOM JIOTKeE,

- OTMETHM OZHO OMEHB HUTEPEeCcHOEe 06CTORTENLCTBO.

- Eean npoanaanzuposats Gopmyay (4.4), T0 MOKHO 3aMETHTS,
'- tpopmysia B, B. Bepepnukopa naer aunelinyo 3aBHCHMOCTD
ipallens pacxoioB OT BeJHuHHbl f.

- B cayuae oanopoauoro rpyura gopmyaa Lonon AdeT KBaj-
ITHUECKY napaboay, T. e. pacxoj 3aBHCHT OT BTOPON CTeNeHH
Taxum o6pasom, npu npoMexyTounonm snadennn n (1< n <o)
DHIO NojaraTh, 4TO 3ABHCHMOCTh §= I{H} Gyjler nocTeneHHo
IMEHATBCH OT napaGoanueckoil (npu n=1) no anuncinoil (npw
CTaTouHo GoabLIOM n).

T'padmku, nocTpoeHtble Ha OCHOBAHHH ONBITOB B 1LEJ]EBOM JIOT-
s NOATBEPA AT 5TO NPeAnOJOHKCHHE.

; HEHIJT'I}]]UE' JaBUIeHHe Ppacxolon B JOTKe NpH OOJILIIMY 3HA-
HusiX [ (cM. Tabanuy 13) no cpaBHeHHIO ¢ BHMHCAEHHBIMH M0
IPMYJaM MO:KHO OOBACHHTL AONOJHHTENLHLIM PacxoloM 4epes

301

- e



B e

ynAoTHeHHa AoTKa, JlanHbiii pacxo, npy o6WHX MaILIX PacXod
HaGAKaeMblX [IPH BHICOKHX 3HAUEHHAX N, 3Jlech YiKe BHOCHT 3
METHYIO NOrpPellHOCTb.

B raase 111 Mbl yiKe yKa3solBaJu, YTO 3HAYEHHA 3aNHpaloUl
KOS(HUHCHTOR 3ABHCAT He TOJALKO OT OTHOLIGHHA n=1Ry: k), HO
OT reoMeTpHUecKnX 3neMenToB notoka (M, S, H, a). :

C ueabio NOJyueHHs SMIHPHYCCKHX 3HAUCHHH KO3(puilHen
pacxoaa AAs ABYXcJoiiHoro niacra GblJio BHIGPAHO TPH BapHaH!
ornowenns M/S, a umenno: 0,05, 0,15 u 0,25. Ornowenne a/S N
uanock B npeaenax or 0 (npewa wa somoynope) o 0.2. Jla

| 2

Puc. 67

HBIC YCJAOBHA BHINOJHAIOTCH B OCYUIHTEIbLHONR MENHOpauHH H, 1
BUAMMOMY, OXBATHBAIOT HanGoJ/lee HACTO BCTPEUAIOUIHECS CAY
paGotshi apen. B tabanuax 14, 15w 16 npuseacusl pacueTHsie o I
JyYyeHHble B Pe3yJbTATe ONLITOB PACXOAW s APEH, Y/0oXKeHHb
Ha BOAOYNOP, NPH PasjHuHbLIX OTHOWEHHAX n=Fky/ky n @=MIS,

B kauecTse WAJIOCTPALlMK XOAA pPacueTa NpoH3BeaeM onpeaed
HEe pacuyeTHoOro pacxosa aas yeaopuii oneita I cepun Ne 3 (3
cxeme puc. 67).

B naunxoM cayuae k;=0,92 cm/cek, ko =34,0 cMfcex =20 ¢
S=100 em, n=37. Onpeaenenne pacxona sejaem no gopmy.ne

_ M (20, 4-M) 4 pkghs?
q 58 :

Buiuncasnem KoMNoHeHTH (POPMYIL
M (2h M) =092. 15+ (2- 5+ 15) =296 cafeen;

Ryhs* =34 . 52 =850 cm¥fcek;
02



Ta6autta M

ARl :
Homep cepin u | Mo P““‘""H'I"“"il'l.‘gff:. 7
TapaKTePHCTHEA Hew | pacuer- |pakmiue- | — | Tlpumenanne
MOAEAH ol Hble cKHe T
i =1
Cepua Ne 7 1 10,0 343 | 370 : 093 | H—uanop nan
M=5 ¢gm, a=0 2 | 16,0 526 | 665 |080 ROAOYIOPON
ky=0,485 cufcek 3 200! 710 | o8 | o072
ky=455 cm/foek 41 | 260 11,60 11,80 | 0,99
=94 5 | 302 1650 13,60 1,21
Cepua Ne 8 1 | 10,0 0,78 0,67 1,16
M=h cm, a=0 2 19,0 1,31 1,67 0.8]
ky=0,124 cmfoex 3 | 26,0 2,10 2,78 0,75
ky=455 cmMfcex 4 | 320 3,34 3.34 1,00
=365 5 | 405 4,95 485 | 1,03
Cepun MNe 9 1 6.8 (1,89 0,79 1,13
M=3 cm, a=0 2 | 10,0 5,05 384 | 1,31
ky=1,10 eMjeer 3 | 185 ] 105 10,5 1,00
ky=41 cmfcer 4 | 16,0 13,5 14,3 0,95
n=37 5 | 190 18,3 18,0 1,02
: _ Tabauma 15
Homep cepun 1 Pacxoje, B eM?/cex g |
H XapaKkTepHCTHKA Hew | pacuer- | daxta- WLs Ipumeuanne
Moem Loy Hule ugckme | 190
o7 | W
Cepan N 3 l 20,0 5,60 5.6 1,00 |lanune onuTon
M=1b cM, a=0 2 | 223 10,30 9.7 1,08 cepun Ne 1,
k=092 cu/cex | 3 | #401 133 1.3 1,03 | oTnocauyrecs
Ra=340 cmlcex K Cay4am
n=37 ' M=15,
| ApHBEEN
Ceprn Ne 2 1 | 20,0 326 | 326 | L) B Taéa, 13
M=15 cM, ga=0 250 664 | 625 1,06
Fy=0,365 cmfcex 3 | 300 7.65 8,30 0,93
Jeg=34 cmfcex
n=—=93
Mis 15 e R o A TReEE
n= :q'_lﬂu H.I-E-r (1] oo a0 —'ﬁ,gﬂ, ¥ ﬂ-,ﬂﬁ.l‘!l.r).
s o, MiaHl(1,34-0) 0 +awp
f=(1430) (MI4Ig?) (M-0,1ha)
- 45 =, 15-5- 20[(1,34-0,25)0,0625--6 - 0,15 3
R )= ey (590, 1< 5) =0.56;
n? 372 ntpMhy 11,7 -0,56- 155 £
= e — — = | | 7 B = = e =0,197;
Y 14-37-+13 v 37 : vi{H 4-2M)2 (20-+2- 15)?
A8 P e e e
L ‘ T e ‘ 1-4-0,1972 =0,98.
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I'Nocae NoACTAHOBKH BHYHCAEHHBX KOMIOHEHTOR MOJAYUYHM

296 + 0,98 -
.'_'I'rl ey

= 850 =560 cm?/cek.

TaGauuna |

Hioiky oo sl ] . Pacxons cx?fcex
XAPAKTCPHCTHRE MOJens 8 onTa i | pacuer- | (aKTi- e
P P : HLde yecKue Ll

|
Cepua Me 4 | R | 088 0,74 1,19
M=25 cu, a=0 2 35 0,96 0,96 1,00 =
ky=0,059 cmjcex 3 0 1 1,06 | 1,16 0,91
ky=304 cu/cex A 435 | L15 | 1,9 0,92
n=515 : ! |
|
Cepusa M 5 | 28 2,90 2,10 1,38
M=25 cm, a=0 2 32 640 | 6,0 1,07
ky=0,365 cmfeex 3 38 79 | 740 1,08
k=340 cm/cex | i 43.7 8,90 8,90 1,00
n="93 _
M=25 cm, a=0 | 285 | 925 8,0 1,15
k=148 cMfoex 2 30,0 13,10 18 1,11
k=545 cMm/cek 3 3.8 1895 | 16,0 1,18 &

[Ipopepra pacuerumx QopMya Aas cayuasd HECOBEpPUICHH b
APeH, KOraa 30Ha, pPACHOJIOMKEHHAd NoL ApeHoil, cocTaBiaeHa W3

TaGanua |7

_—— TrEn——

Hosmep cepun M | Pacxoam ext/cex :

H XAPAKTEPUCTHKA 3 A - Mpusmesanne
MOAEA onutal P?E:: 3 ?::;:e L

Cepun M 4 1 20 0,58 0,61 0,85 H—unanop
M=15 cm, a=0 cm 2 25 0,69 070 | 0,99 Haj ApeHoft
ky=0,059 cm/cex 3 30 0,81 0,82 0,99 n=5|5
Ry=30.4 cm[cex 4 34 0,98 1,14 0,86
M=:5 cu a==0 cM 5 16 0,26 0,30 0,87
Ry =0,059 cm/cex 6 21 0,32 0,562 | 0,62
ky=304 cmjcex 7 23.5 0,38 0,78 0,49

Cepun Ne 5 1| 20 4,16 4,0 1,04 =03
M=15¢M, a=10cm; 2 26 5,63 5,9 0,96
ky =0,365 cm/fcex 3 30 6,42 6,9 0,93
fy=34 eMfcex 4 KT 7,79 8,0 0,97
M=5cuma=Xcm | 5 10 1,04 104 1,00
ky=0,365 cm/cex o T P 1,67 | 1.06
ky=34 cmfcek 71 20 | 263 2137 | 1.3

81 24 | 3as9 314 | 1,4

S



C ueasi0 HAAOCTPAIHA X04a pacueTa NpHBeicM pacuet A
oneita Ne 5, cepun Ne & (o cxeme puc. 68),

B paccmarpusaemom cayuae H=10 cm, a==20 cm, $S=100 cm.
d=2 cm, M=5 cum.

Tak kak zona |, pacnosoxennis noid ApeHoil, cocTasaeHa Hi
0JIHOPOJIHOrO TPYHTa, PACXOA M3 3TOH 30HW onpeaenseMm no pop-
myJie C. @. ApepeaHoBa

F kaH 2 2-20
| Qo= 5o i n= 147 alg 25 =1,47-201g ;57 = 23,6 ox;
' 0,365 - 20 - 2

Qo= T B 0,59 ca?fcex;

‘Z

@ e el T ]
Pt

e g e L]

Pue, 68

M (2hs+M) =0365-5- (254 5) =27 csm¥/cex;

kalta? =34 . 25=850 cu3/cex: L- Lk 40 w= '1:] =0,05;
] 193 -13Y/93 3
p=(143:005) =215 _[(]30,5)0251}6-005=0,60;
[l:+la}ﬁrﬂ‘:}
ol B
O =

e ——

107g° 00~ 207
r=V|.U-'— SH - V |ﬂ|—1m 104 =9 0:
20 B. A Honar. J0o




mfptMh; _ 40.060-9-5-5

o y(H |2M)* —  (1042.5) e
S DL SR S S Y
J BT el 0 TET T S
gy =100 20 2103 0,45 cu?fcer;

q=q,-+¢o=04540,59= 1,04 cx®/cex.

AHann3 BaHHBIX, NPUBEACHHBLIX B Ta6a. 13—17, nokasuiBaer B
o6leM YAOBIETBOPHTEALHOE COBNALEHHE BLIYMHCJIEHHBIX H N0AY
HEHNBIX B ULEJeROM JIOTKe PACXOA0B KaK A4 ApeH, YA0KEHHBIX H
ROJOVIIOPE, TAK M NS HECOBCPIIEHHBLIX ApPeH, PaCcCHoNOKeHHBIX

| £

#

e
o '{ l‘ X
B :

Puc. 69

HHAIEM cJoe ¢ npoHHlaeMocTbio k. HanGonee peskHe pacxox
JAEHHA B CTOPOHY 3apbilienns pakTHYECKHX pacxojios nHabJionaloT-
cfl NPH BLICOKHX 7 W MOryT GbITh 06LACHEHB NPOCAYHBAHHEM Y-
pe3 YHJOTHCHHS (B 9TOM CJyudae pacxoibl uepe3 YNJOTHeHHA
HMEIOT CyllecTBen Bl Bec B 06leM pacxoae ApeHnl).

Kak GuiJ10 NOKA34HO BHILE, BHYHC/IeHHe PACXOA0B HI0JHPOBAN-
HLX Apen Ge3 BBEoAA KO3(p(DHUHENTOB, YUHTHIBAIOUIHX JOMOJHH-
TeNbHble CONPOTHRJAEHHSA, CBA3AaHHLE ¢ H30AAIHEN JpeHbl, AaeT
pacxoau, B pafe cayyaen 3HAYHTEJLHO NPeBLILAOUIHE AEACTBH-
TeJblble,

[Tocaeanee 0GCTOATEALCTRO BlOANE MOHATHO, T. K. OCHOBHAH
runoteza H. K. l'upuickoro o noctoaneTse HANOpa No pepTHKalb-
HOMY CedyeHHio He cofiaogaercs no kpaiHeil Mepe BOAH3IH APeHbl,

306



Ocobenno oTueTAHBO 3T0 HabAW0AaeTCA NPH YKJAaJKe ApeH B cha-
GONpOHHUAEMBIIT FPYHT, KOrga B CHJY 3HAYHTCAbHLIX NMOTeph Ha
BEPTHKAJBHBIX AYTAX QHABTPALUHH PE3IKO YMEHBLIIAIOTCH PacXoib,
ponyckaeMble B APeHY H3 BepxHero, Gojace npoHHUAEMOTo CJAOA.

IKCNepUMeHTaJlbible JanHsle, MPHBEAEHHBE BLILIE, OTHOCHANCD
anbo K cayuaw pabots ApeH, Y/OKEHHWX Ha sogoynop, anbo
I CAYYAI0 HECOBEPLICHHLIX APeH, ¥ KOTOPBIX 301d, pacnoJomentan
noa APeHOH, COCTARAEHA N3 OJJHOPOAHOro rpyHTa (C npoHuuae-
MOCTBIO, PABHOI NPOHKILACMOCTH TPYNTA, B KOTOPOM YJAOMKeHa ape-
ha).

IMpueeaem Tenepb pesyabTaThl NPOBEPKH PACYETHBIX (OPMVJI
149 HecoBepLIeHHKX ApeH, paboTalouux B ABYXCJA0AHOM rpyHTe
¢ rpaduIleil paigena, pacnonoKeHHol HHXKe JTHHUH YKAAAKH apen
(puc. 69). Pacuetnole opMyasl B 3TOM caydae npuobpeTaloT che-
JVEOULHEE B

ol

7= o (1.6)
. |I|-'|ﬂ| - LN e @y
Go= HI S4-m, +"""k2(5-1-1| S4m )I : {4'?’1

'1e ) W §u-—COOTRCTCTREHHO, PACXOMAL H3 BCPXHEl H HHAKHEH 30H.

PE‘S}"J‘!LTHTH PacueToOR H NOAYUSHHbBIe B 1NeACBOM JOTKE PACXOALT

JLISE HOCOBEPLICHHBIX APEH NPH PaziHulibx @, 1 0 §g= z*- npusese-
1

i B Taba. 18, 19 4 20.
TaGauua 18

i Pacxoam cm®feex
Homep cepin u | N | BT B T Bl:;t':f?; '
XAPAKTCPHCTHKA . Hew | pacuer- | dakru- | == PTYAIL-
o 2 ilarbs e weckne | 19 HOMY METOaV
Cepun M 15 I 6 3,52 345 1,01 3,07
a=20 cM. a;=8 cm 2 125 7,52 7.20 | 1,04 6,22
az= 12 c™ 3 15 9,10 9,30 0.98 8,00
k=070 nlfn-:: i 19 11,70 11,40 1,02 10,35
ks 58,5 cMfeex 5 | ‘922 13,74 16,00 | 0,86 12,04
fm= |25
Cepun 15a
a=30 em, 8;=18 cmM | 4 2.0 210 1,0 1,34
=12 cm 2 b 3.0 346 0).88 244
ki =0,470 em/cek ; 7 3,52 4.0 0,88 2,39

k=585 cufeex

n=I125 ) l

2 ' 07
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Tabanua

_Par:muu, -r:;u‘f.—:f;:.
Homep cepun o Ne | ' q Beiuncaess
XapaKTePHCTHK Hew | pacuer- | dagra- | 22 m;'i::";a“ﬂi_
i Sk HHC YecKue te HOMY METOAY
Cepun 16 | 5 228 2,50 0,91 430
a=10 cm, a;=4 cm 2 10 4,72 526 | 0,90 8,56
ag=0 cwm, 3 17 8,60 9,10 | 0.94 14,90
ky=0,62 cmfcek 4 20 10,06 10,50 0,96 17,74
k=585 cm[cer :
n=594 cm
Cepua l6a | 838 4,60 3 86 1.17 3,84
a=20 cwm, 2 8,0 4,12 3,56 1,16 346
a=14 oM 3 7.0 3,59 277 1,30 3,01
4 60| 3.06 2 50 1.23 257
Tabanua
Pacxoau cm?fcex
Homep cepun m Ne I q Brauncaen- -
XapakTePHCTHKA Hey | pacver- | darru- | B H"H;;;R__{
MO rid e | veckme | P HOMY METOLY
Cepus 17a | 17 3,0 334 | 090 2,14
a=20 cM, a,=5 cm, 2 3.2 5.66 5,80 0,98 5,28
ag= 15 cM 3 0,3 9,46 10,50 0,90 8,76
k=126 cumfcex 4 65 | 11,67 12,50 | 0,94 10.87
Ry=4T cm[cek 5 9.5 17,20 i7.40 0,99 16,07
n=37
Cepua N 17 I 3.3 3,84 4,55 0,85 2,86
a=30 cm. a=15 cwm, 2 | 45 5,27 625 | 085 3.94
ag=15 eMm i 5.5 6,50 7.7 0,85 484
k=126 cM/cex 1 7,5 8,95 1030 | 087 6,75
ky=4T cm/cex 5 98 | 11,80 13,70 | 0,86 8,92
n=37

Anajn3 nannelx, npABCAeHHbX B TabaHuax 18, 19, 20, nokask
BAET, YTO npeaiaraeMbiil HaMmu cnocof BLIMHCIEHHSA PAcX0M0B He
COBeplIeHHBIX JApeH 0aeT MeHLIUHA paibpoc TOUEK, YeM BHPTYanlk

HBIH MeTO.

B kauecTBe MAAKOCTPALLIK NPHBEAEM NPUMEp pacueTa Aad ONbl
ta Ne | cepun Ne 15 (nmo cxeme puc. 69). B nannom cayyae a=
20 cm, ;=8 cM, a;=12 cm, £, =047 cm/cex, ky=>58,

n=125 H=6 cm.

Pacxon u3 pepxneil sons onpegenanm no gopmyae HLwoniou

q=

308

SR iR 0, 4700 2 rox
95 = 9.100 0,085 cx?/cex,

eM/cex,




(o onpeneanM no gopmyae (1.7), npeapapuTenbiio BHMHCAHE KOM-
NOHEHTH OPMYyARL.

me=147a; Ig% o) 47:8: 1g3.':i.;.§i;5 M
k|ﬂ| ___U.?E'ﬂ st Y
S 10045 0,036 cmfcex;
n=147a ]g% =1,47-20- Ig;% =24 cm;
s e 20 8

S50 St 100124 10055
=0,162—0,076=0,086; n"8=]25%8_47:
e IO (A SR il _ _Bajgnos
ﬁ_]/‘ 5 o |/'*- 20 =LI18; o= (a4-05a,)2

___|.IE~E-_'_i2*4? . 9E.
" (20-4-4)* 429,

5 B o o T g i, TSN e
h= '/ 4o '/I 19,257 0,107; lkﬂls;ﬂl S+ml)”
=6, 107 - 58,5 - 0,086 = 0,535,

locae noacranosxu B opuyay (4.7), noayunm
go= H (0,036-1-0,535) =0571H =0,571 - 6=23,44 ca?/cex.

Q6umi pacxon ¢ = g+ qo=0,085+ 344 =352 cm?/cex.
o BupTYanLHOMY MeToay HMeeM

Sap = S+ L4T(u—,‘-— .‘ﬂt:—ﬂ”-] g -}E:

=1004-1,47 (20 218812} ) 2B _ 1530 ¢,

LT AV T ( _ 58512 oy
0= 57> ~SPH]H—|LH,HEE-+ ) =

= 0,496 H = 0,496 - 6= 2 98 cmZ/cex;
q1=0,085 cM?[cex.

O6wnii pacxoa npent g=gq; + go=0,085-42,98=3,07 cM3/cek.

lMposepka dopmyan aas pacuera HEH30AHPOBAHKBIX ApPeH
OCYILECTBAANACH A MOAETH ABYXCaAofiHOro rpynta npu M =15 cm,
281 =2 MM, 2eg=10 MM 1 S=100 cm. Ulnpuna LieJIH, MOJeJHPOBAB-
weH «3acoinky» (2e;), namensaach or 10 1o 2 Mm (B nochegHem
CAydac npena paGortana kak wsoanposannan), lllupuua BEPTH-
Ka/NbHOH TPaHuUleH, 3an0JHeHHON €3acHNKOii», COCTABAANA 4 CM
(no 2 cM oT ocH APEeHb ).

3u9
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PeayabTaThl pacyeToB H ONHTOB npusoaarca n tabanue 21,
Pacuers Beanchk no gopmyae (10.3) raasw 111 .

JAg HANOCTPAIHH BO3MOMHOCTH NPHMEHEHHA BHPTYAJALHOTO
MeTola W MpH GOALIKHX 3nadeHuax n 1 M nponspeaem pacuer anas
H3OAHPOBAHHOII ApPeHb, YA0KeHHol Ha sogoymop npu n=>515
M =25 (cepnn Ned),

PeayabTathl pacuera no BHPTYaAbHOMY MeTOLY W MeTOLY, OcC-
HOBAHHOMY Ha TIPHMeHeHHHW 3anupalwnx wosdduiHenToB Nas
HIOJHPOBAHHON Ipensl, npuBoaATca B Tala. 22,

Tabauna 22

___Pacxoaw, B cM?/cek.
No Na
Hew no pHpPTY- noe 3anup. 0
ATLHOMY AKTHY.
cepHn OnLTa uemn}-} snsbib:

4 i 30 052 0,88 0,74

2 35 0.80 0,96 0,96

M=25 cm 3 40 1,14 1,06 .16
4 43,5 1,28 1,15 1,25

Kax suano u3 aannwx ta6a. 22, o6a metoaa aawTt s obiiem
V0BJIeTBOPHTENbHBIE Pe3YabTaThl,

Ecan npHHATL BO BHHMAaHHe, YTO OHH OJAN3KH H K PeayabLTaTam,
napacMmbiM dopmyaoi B. B. Bepepunkosa, To MOXHO npeanoaa-
raTh, YTO pacyeTs MO NpeljaraeMpmM MesojlaM OyayT aapaTh
NPaKTHUYECKH NPHeMJeMbie Pe3yabTaThl,

B kauecTRe WAJIOCTPALNHH NpHBeleM NPHMEDP pacyeTa Mo Bup-
TyanbHOMY MeToay aas onbita Ne 2 cepun Ne 1@ B pacemarpu-
paeMoM cayuae R;=0,435 cm/cer, ka=Fky=54.5 cmfcex (3acunka
HMeeT NpoHHLAeMOCTh Bepxnero caos), S;=100 em, H=21 cwm,
hy=6 cm, M=15 cm. Onpegeanm KOMNoHenTh pacuetibiX ¢op-
MYJ;

a=05(14+225-ng2- 10-5) =0,5(1-+2,25- 12 10-6) =0,5.
M +2h, 1542 - 6

1 _ | H40,1hq )mq_ﬂr—m"__(ﬂl—l--ﬂ,i -ﬁ]1$+_u,l_- "R
A —(Mm,m, i -

15-40,1-6
Sup =S+05Mn3A"=100-+-0,5 15195 1,74=113 cm;
kM (2hy4+M) =0,435-15(2- 6--15) =177 cm¥/cek.;

kahy?=54,5-6°=1960 cM3/cek.
J11



b pesvabrare noacranoskn B dopmyay (10.3) ranasw 111 no:
JAYUHM
q=|ﬁ:|!|_'n_'i_{2_{i'g+M}_!_ Raft 177, 1960

= i ity T = @ 5
28 o8 —aaa00 T 3. 113 o0 cm?fcex.

[TpuBeaennsle pHlle MaTepHaAbl ONbLITOB OTHOCHINCE K CAYUANE
paGoThl KaK COBEPUICHHBIX, TAK H HECOBEPLICHHBIX JAPEeH, YKJIaabl
BAEMBIX B ABYXCJAOHHBI rpyHT. OnsiTel NOKa3bBaloT, YTO BO BCeX
paccMOTPeHHBIX C1y4aqax pacueThbie GOpMYJB La10T pe3yJbTaThl
B ofueM GAH3KME K pe3yabTATAM, NOJYUeHHbIM 10 (opMyiaM
H. K. I'npunckoro u B. B. Besepuukosa (B Tex cayuasx, Koria
BO3MOMKHO NpHMeHenne 3TuX opmya), :

o ¥

o

ﬁ o 54’{?1 e
4 Y

e X crjcex ‘i?

F55 = D4t o foen

Mo

L
Q
E
_"i_

2

) 19 =64 o fcn £ v
mmmmhr—'—

_'I " S" fﬂ&'ﬂ"ﬂ = -p——

Puc. /0

HuKe npuBoaATCA MaTepHasbl OIBTOB MO Nposepke (GopMya
AAA pacueta ApeH B TPeX- H YeThIPeXCAOHHBIX IPYHTAX, HJIOCTPH-
pPyoLiHe BO3MOMHOCTL NPHMEHEHHA PEKOMEHYEMBIX METOJ0B pac-
CHeTa H B cyYae MHOroCAOHHBX IPYHTOR. !

B xadectse HAMOCTPALEN BO3MOKHOCTH IIPHMEHEHNA PEKOMCH-
AYEMOro MeToja NpHBeleM MaTepHaJibl PACYeTOB W H3MepeHHil
LS [ApeH, YJIOMKEHHMX B TPeX- W MCTHPexcaoiHbie rpyHThl (OpH
pacnoaoMkeHud ApeH Ha BOAOYNOPE H B CIAVYAC HECOBEPIICHHBIX
ApeH). ~

Ilna npeH, yaoseHHbx 1la BOAOYNOPE, PACCMATPHBACTCH CJle-
aywoulan cxema monenn: M, =5 cM, Ma=15 cm, Mi=5 cm, M=
=25 cm. Hlean, Mogeanpopasiune rpyHThI, HMETH, COOTBETCTREHHO,
CAeAYIOULYI0 WHPHHY: §;=5 MM, 6;=2 MM, 6;=5 MM, 6,=10 MM
(eM. puc. 70).
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FMpn suGpasnbix wyupunax weaed #n KosdPUHUHEHTe KHHEMA
rHYeCKON BA3KOCTH ranuepuna, pasuoM 1,60 ctokca, sTopbie Koad-
(PHUHEHTH NMPOHWILAEMQCTH lleJiell GblJiH, COOTBETCTRCHHO: PABHBI:
Ry =Rs=64 cm/cex, ka=0,41 em/cek, k=51 cMm/cex.

Pesyabratel pacueros Ads aped, yAomeNHBX Ha Boaoynop,
npueeacHbl B Taba. 23.

TaGawmunua 23
A I
| Pacxom, cu?fcex. |
Homep cepun u | Me H.. p
LAPAKTCPHCTHRA Moaei | OnLITa - pacyer- | akty "?1;-
Hifl YOCKRi

Tpexcaoipmil rpynr

Cepun Me 6 !
| R S e | 205 | 625 f.0 1,04
My=B oM . . . . . 2 | 240 A.06 740 1,09
Mp==18b em . . . . . 3 250 | 877 8.0 .06
Me=Bomw " o o oL |
|“-|=E-Fl- CHM |
YermpexcAolnui TPYHT
| |
Ki=Ky=h4 cm/cex. J 1 7.8 12,10 18 ; 1,02
Ke=0,41 em/cek, A 3 |
Kqe=Hl cM/cek. I 2 L0 16,10 16,70 | 0.96

|

[lpuBeaem npumepn pacuera AAfA Tpexcaoilloro W ueThipex-
CAOAHOTO FPYNHTOB, @ HMEHHO —adA onbiToB Ne 2 u Ne 5 cepum
No 18,

Pacuernyio dopMyny Aas cayuan yKAAAKH ApPeH B TPexcaoi-
HBH TPYHT NMOAYYHM, COCTARHMB CTATHYCCKHI MOMENT 3MIOpH npo-
HHIAEMOCTH B CCPeJHHC MeMRAPeHHOro MpocTpaHcTBa OTHOCH-
TeALI0 cnOBOAHON NOBEPXHOCTH NOTOKA, BBEAA B NOJYYEHHOE Bhi-
pamenne KO3PPHIHEHTH PACXOJ0B 4451 COOTBETCTBYIOUHX CA0CH
M pa3ielHB NoJYYCHHBIH pe3yabTaT Ha S. B cayuac TpexciaolHoro
I'pyHTa OVieM HMEeTh

G20 —M) +#|#Z;!:{?ﬂa+ﬂi-j]1:hha’ _ (4.8)

Beuay toro, 4ro caMblil HHAHHA cloil npubansnteasio B 15
pa3s GoJee npoHHLLaeM, ueM BTOPO, PUALTPANHOHHBIMHE COMPOTHB-
JACHHAMA NPH Nepexoac KHWIAKOCTH H3 BTOPOTO CN0A B NEPHLIA npe-
neGperaem, T. ¢. NpHHHMAacM py=1.

B paccmarpunaemom cayuace H =24 cm. Buiukcaas KoMnoHen-
Th popmyanl (4.8), Gyaem HMeTh:

ha=H— (M4 M3) =24—(5+15)=4 cM;

yM; (ZH—M\)=64-5(2-24—5) =1370 cx?/cex;
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e —————

kga“'l:{?hs - 1'1"2} =0,41 - 15{2 . 'i—',l*' ]5]_—' 141 EHEIITEN;
kahs?=6.4-42=103 cm?/cex:

ks ng 15,6
s =156 M o 363
Tk “'" R PR SNV St
 Hadthie
e % —0,21:

JM -+ M) M-k
ﬂ:=l|.+ ' =]{Mz!{-h3;]:::"i mmﬂ{lld-i—uﬂn B

:[I+3{5+—I51 ___15-4-
100 (157+47) (15+04)

‘51-""“-|'-l"’f=r:l]E :
S

[[1.3+u.2|}u.21?+5,ﬁ_1“j‘ﬁlﬂ 1

+ _ 0 (hy4-3My)? _ 363-1,0-15-4 :
W= Y2 PMiy T (443-15)7 =0,001;

Eﬂimﬂ =8,--68:=0,040,091=0,091;

pLy= | e — I_-_ ~ -".""-.'L
E 1 40,0912

[Tocae noacranosku B opmyay (4.8) noayuum

g= IETEI‘-{-E:;H—IHE =806 cm?/cex.

Pacyetnan opMmyia npH yKJaAKe APeHbl B YeThpexcaolHbil
FPYHT HMeeT caeayouni sua;

__ KM (2H M) + koMol 2 (Ma-hy) 4-Ma] + pakesMy (2h M) + pak b ?

= 25
(4.9)
B paccmarpusaemom cayuae H=31 cm, hy=H—(M,}-M,+
+M;) =31—25=06 cm;

RyM(2H—M)|) =6,4-5- (2-31—5)=1820 cud/cex;
RaMof2 (M3+4-1y) +MgJ=0,41-15.[2(5+6) -}-15]=228 cm3/cex;
RaMy (2044 M) =6,4-5- (2-645)=545 cmd/cex;
RihP=D51 - 6>=1830-ca’/cex;

P [ 1 SN | MahyH
? 5 (Mz2+ Iy®) (Ma=-0,1r3)

[ (1,34 02) 05°-- ﬂ@g{:@‘
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B aanxom cayuae fiy=H — (M + M) =31 (5-+15)=11 eM0=
¥ hﬂ-
= Wt [Moaromy ; ¥
e ) A
e e TR L

35+19) |E.-_-|_ Kt = .

G{3+15) ! -
F _I_'i]_"_ | —Fnl.lﬁ,

a.. Ma'baMehy _ 363-3.16-15-11 __ggn3.
27 V(b t3My)? T (11434 15)2 KB

B, =8, -+ @;=040,603=0603;, pz= V_m‘]]_ﬁ{}"ﬁ=ﬂ'ﬁaﬁ:

!

o s
; ﬂc: ———
Puc. 71
':I-{ML = '“:-l Mfl Ml H i LA
[I ¥ s ]l”.r |:'IFHMJH]H:,}[“'3 fo3) 05"+

G{M,+M:+M;) |J? . M54-15+3) bl
g ”_5? 1 SO0 I{aﬂl r—l—'il'rﬁill“'j_E

5 , 6(5+15+45) }* .
+0,545)0,545?+ & o kj ~90:

=i :-I 8 ﬂ__ﬁ__: 84 =1.40:
0k R P T D
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i s —————

.I'I'fﬁu“,l,ﬁl, _ |-‘H] :'U' 5 _Fl_ __] ,E”

F.!.-I._'d -1H{h:+3Mjli e lﬁ+3 '2'

a
¥O,=8,.=0+0,603--191=2513;
1

b e
o ]/————1 IEH‘*-: i 1-}2.513'_["3?'

[locae noactanoskn B dopmyay (4 ‘l'_l BHIMHCACHHEY KOMIO-
HEHTOR, NOJYTHM

__ 1820428840, smg;};qﬁﬂ_q._:_lsm ~16 cu?icex.

Pe3ayabTaTH pPacyeToR JANA HECOBEPIWEHHOH APCHBI, Y/IOKEH:
Hoii Ha pacctoannn 10 cM ot Bojoynopa (puc. 71), npusenens B
taba, 24,

TaGanuna 24
Pacxonmu,
Homep cepun Ne n EH?.’WH q
XNAPAKTEPHCTHKA e e i L INpumeyanne
MOdEaR OnKTa pacwer- | haktu- | T
HE 'I'f‘l:'HFlﬂ

= PR mm—— - L om - = —

Tpexcaoinmi rpynr

Cepumn MNe |Ra | H — nanop waa
a==ilenw . ., . . apenoil; & n
L T S R A | 11,5 214 286 | 0,75 ky'—koadn-
Pe=S M . . . .| 2 13,0 2,66 3.66 0.73 UHEHTH  (PHADL-
Mpy=10em . . . Tpammi Gaoen,
Me=h e . . . pacnonos e H-
Mi=20 em '. . . HhIX HHHKE

APCHH,
Herwpexcaniuuit rpyur
k=041 cm/cex .| '

=64  cm/cex 3 j170 | 540 | 538 |10
k=041 cufeex. | 4 1200 ‘ 979 as5 | 1.0l
ky=64 cufeex - .. 5 | 223 | 1200 | 1670 | 072

=51 emfee . .| ‘ |
td==2 oM : | |

[pueenem npumep pactiera Ads Aankoro cayyas. PaccMoTpum
caydail puALTPAUKH B HeTHPeXCAOHHOM FPYHTE NPH AaHHBIX OTh-
T4 Ne 4 cepun 18 a.

B paccmarpusaemom cayuae H=20 cm, a=10 cm, apena na-
XOAHTCH BO BTOPOM OT Bojoynopa cnoe. HuxHAsN 30Ha cocTasje:
Ha H3 ABYXCJOHHOTO IPyHTa, BEPXHAA—H3 TPEXCJOHHOTO, NpHyeM
HHAHHH CA0H BEpXHeH 30HL HMEeT TAKVIO Ke MPOHHILACMOCTb, KaK
H BE!]IHHﬁ CJIOH HHMHEH 301H, PHEI{]E H3 HHAKHCH 30HblI BHIYHCIHM
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lKaK pacxol M3 ABYXCJAOHHOTO rpynta no dopmyae (4.7) nacros-

el rJaass
Ri'a a Q
—H [—'—:_ 7 "'(. —_ I l .
9o S, M (s St }

B paccmaTtpusaemoM ciiyuae

S i ab et G2 E .
m=147a,1g 23 =1,47-5-1g =25 =15 ca;

— .?i= Eﬂz "
1 ].4?{11ng I.4?.IUIg3_H_2 7.0 cM,

’
P

B R N T e e e
n'= =g =156 p=)/ 1+ L=/ 14+ 5123

Pajagn®® _ 1,23.5.5. 15,60 —1.77:
(0-40,5a) — (i0+05.6)3 — "

) =

T
g ]’ I—:mi’ = |/|+|.l??="' =0.49.

Hocne nogcranoskn 8 popmyay (4.7) noayunm

0,415 10 5 et 49
9o=[%01 +0,49- 6.4 - Imvﬁ]]H_u.mﬁ-Eﬂ—ﬂ,lz cm?lcex.

Onpegennm Teneps pacxoi W3 BepXHeil 30HBI, KAK PAcXol M3
TpexcaohHoro rpyuta, B nawnom cayuae M;=10 cm, Mo=5 cwm,
hs=23 cM.

RM (2H—M,) =041 -10(2-20—10) =123 cx?/cex:
koM (2h5+M3) =64 -5- (2-5-1-5) =480 cm¥/cek:
Rahg® =01 - H2=1280 cm?/cex.

Ias onpenenenns QUALTPALHOHHLIX CONPOTHBJCHHI H KO-
(bHUHEHTOB pacxola AJsi OTAe]bHBIX CJAOEB BOCHOJLAYEMCH thop-
mydamu (2,24) w (2.23) raasei 111, B nansom cayuae

he=H—M|=20—10=10 cm; hy=H— (M, + M;) =20—15=5 cxn:

P e | | ey
i b M].'i’hﬂ 3% lﬂ—i-“} _ﬂ-ulﬁb

- 3- Moy MihaH
i=(1+=4) (M + Ii) (M, 1-0,1h3)

g 3-10 10:10.20
_(H' |m);m‘i+|ﬂfnm+u

l (1.3 m'.'ﬁlﬂ-l“-d—;-lilz‘_—.

61012
100

=] 30:
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Iml"lﬂﬂ o
= Vl - —;llm" '/' 100 90 =] 8-

ﬂuﬂ—:—" :-ﬁ,“ldﬁ vi=l+n--13Vn=1 +156+4 13156676
]
ﬂ|_“_ | LT
_-'I 2 h?.ﬂ' ?ﬁﬂ
_ m*BMihgr __3,63-1,30-10-10- 1,87
> e vilbA-3M)2 T (1043- 10)? =0.536;
w= Y == 1/l =088
P |82 I4+0,536 !
= _EIMH'MEI s MshaHl : 2 [‘!{MI.I_M!} '.!=
P=[ 145 ]{H:’+&;=}[M,+u.|;m[“»3"'“2]“2 |

of 3(1045) 5520 6(10+5) 12 _ 2
=[1+255 ]{_m,”ﬁnl_ﬂ_a}[(13+ﬁ5}n52+ | =4.8158

g = _5 s k;_ By
0= Mathy —B5 00 M= kg r:.-m 8
ng _ & el n?PaMohst _ 1,40-481-5-5-187 _
o perays % Or= G My T (Be3emyr 077
6,.=0,536+40,7721,31; po=- =605;
H_.F; 141,312

gy M (2H —-M,) +Hl##“2{2ha+l'ﬁ‘!:l;|-#qk:ma' &
s 5% o

= IEE'F“'E%';%’-‘"D'E“E' 1290 —6,60 cafeex.

OGuinii pacxon apenu

§=q,+¢2=6,60-}-3,12=9,72 cm?/cex.

§ 5. Onutnas nposepka pacuernwix Gopmya aas cayvas
HEYCTAHOBHBUICIOCH JIBHMKEHHS ;

Ulenesoii 10TOK MOeT GBITh NPHMEHEH A8 NPOBEPKI PACUET-
HLIX (POPMYJ H B CIyuae HEYCTAHOBHRILETOCH ABHAKCHHA.

Ecan mogeanpoBats B les1eBOM N0TKe HCYCTAHOBHBILCECH ABH-
KEHHE TIPH OTCYTCTBHH HHUABTPAUNH W HCNAPenns, T. e, cayyail,
KOrja NMHTaHHe APeHbl OCYLIeCTBASIETCS 38 CYeT BOAOOTAAYH, TO
HEOOXOANMO YCTAHOBHTL 3HaYelne BOAOOTIAYH, TPHMENSeMOoil NpH
pacueTax Ha MOAENH,
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CyMmMmapnas sofcoriaua, Qurypupywoulas B pacueTHux (pop-
MyJax, npedcrasiaser coboit oTHoweHHe o0beMa BOALI, OTAAHHON
FPYHTOM, K 00beMy camoro rpynta. Eciu npuHsTh BO BHHMAaHKe,
UTO MPH onpefesennn pacxoja Ha | nor. MeTp ApeHbl B pealbHbIX
VCJAOBHAX M0A BofooTAavell nouumaerca o0beM BOAB, NOJaYyYa-
eMbBlil ¢ 1 M? naowann ocywaemMoro paspesa, To npu pacuerax Ha
MOJLeH W MPH APOH3BOACTBE ONLITOR B JIOTKE 34 €BOAOOTAAYMY»
ean caeayer NpHHAMaTh 00beM FHUEPHHA, NOJYYAEMBIH ¢ e/
HHILE OCBOOOMKAAEMOI NJOWALN MOJe/IH NPH WHPHHE WeJH, pan-
noit 2e=230. IpunnMan Bo BHHMAaIIHE, YTO «II0PO3HOCTb? LIEJH pan-
A eAMHHLLEe M YTO B LeJeBoM NoTke o0beM, NMPHXOAALLHACA HA
cAHHHILY MJOWALH NPOAOJALHOTO CeMeHHA JIOTKA, paBeH d, NoJayunmM
2e=0=20y,, rae §,; — «BOA0OTAAUA» LLEJH, YHCJICHHO PABHASN LUH-
puie uean B cM. Tak, HANPHUMEp, «BOAOOTAAUA» LN LWHPHION
9 mm coctarut 0,2, meaun wnpnnoi 4 MmMm—0.4 u 1. A Tak Kak pac-
X0, BbIYHCAeHHb Ha | nor. MeTp LUMPHILL PACYETHON MOMEJH,
paBel pPAacXody MIEJAeBOro JOTKA, TO MPH paBeHCTBe JIHHEHHbLIX
macmtabos 1 MaciiTabon kKosgduiHenTos GuALTPalHH MacluTab
BpeMeHH A5 pacueTHOH MOAEJNH M JOTKa paBeH eaunuue. Takum
obGpaszoM, nNojydaeTcs BechbMa NMPOCTAs MCTOAHKA NPOBEPKH pac-
yeTHBIX (OPMYJA: N0 pacueTHHIM Gopmyaam npu xKosgpuunente
duabTpaluK, pasHoM ky, 408 MOAEAH BblUHCAAETCH HeoOXoauMoe
ppeMs T, 38 KOTOpoe YPOBeHL FPYHTOBLIX BOA B cepeliHHe Mery-
ApeHbs JA0J0AKeH NOHHINTLCs ¢ BbicoThl My 10 My Eciu pacuernble
(hOPMYJIbl BEPHbLI, TO TAKOE e BPEeMs NOKAMeT H LieJeBoil JOTOK.
B nporusnom caydae GyaeT HaOMOAATLCA Pa3HHUE, KOTOpas AacT
BOAMOMKHOCTE B NepBoM NPHGJINMKEHHH OLEHHTh TNOTPeliHoCTh

thopmya.
[Mpu npou3BoACTBC ONBEITOB, MOAGJHPYIOUIHX JABHMKEeHHe B He-
OAHOPOAHOM TPYHTE, KPHBad AeNpPECCHH MOMeT NepeXoiHTh M3

OJIHOTO CJ0A B APYroi WiH OJHOBPEMEeHHO pacnojaraThcs B He-
CKOJBKHX C/OAX.

[Mostomy mneo6XoAHMO YCTAHOBHTL COOTHOLIEHHE MeXIy
«BOJOOTAaueli» OTAeJbHLIX C0EB B 3aBHCHMOCTH OT LIHPHHBL Lie-
Neii, MOAeNHPYIOWNX OTAe/bBHEIE CJAOH, HIH, 4TO TO ¥Ke, 0T KO-
(PUIHEHTOR NPOHHILAEMOCTH HieNeH.”

PaccMOTpHM B KauecTse NPHMepa cyuail JByXcHOHHOTO rpyH-
ta, IlycTh &) — WHPHHA 1HEJH, MOAESTHPYIOULEH HUKHHHE coi, a

* Caeayer HMeTh B BIALY, MTO NpH MOACAHPOBAHIN B UleNeBOM JOTKE He-
YCTAHORMBLICTOCH JABHMKEHIS B HEOAHOPOAHLIX FPYHTAX HAKNAALIBAIOTCA Onpe-
NeAeHiHe YCAOBHA HA 3ABUCHMOCTE KOSQQUUnenTos QUALTPAUMH H BOLOOTAAYH;
B HATYPE JIA5 PASAHUHLIX TPYHTOR S5TH (H3NNECKHe XAPAKTEPHCTHKH, BOOGLLE TO-
pops, HE3aABHCHME, xoT# H HaGmofacTes ofllee yseanueHne BOAOOTAAYH € pO-
cTOM BojonpoHuudeMmoct rpyntos. CaeloeaTensio, NpH YKasanuoM MOAeaHpo-
BANHI PACCMATPHEAIOTCH HCKOTOPHE (DUKTHBHLE rPYHTLI, YTO BHOCHT onpeaeden-
Y0 NOTPEIIHOCTE No CPABHEHHIO ¢ HATYPOR (npum. ped.).

419



Sp—IIHPHHA WIEAH, COOTBETCTBYIOULAS NPOHHILAEMOCTH Hmpr:-rﬂ
caos. [peanonoxum nanee, uro k" >k T. 0. 8,8,

Ecan 6ul Kpupasa AenpeccHi pacioJarajachk NoJHOCTLIO B Nep-
BOM ¢J0€, TO, COIVIACHO CKA3aHHOMY Bbille, «BOADOTAAMA» COCTA-
BHAa O & =08 Tlpn pacnonomenun KpHBOH Jdenpeccun moJ-
HOCTBIO B BEPXHEM CJI0e COOTBETCTBEHHO Ob1o OBl NOAYYEHO, UTO
By =0a.

OTHOWEeHHe €BOJ00TAAY* COCTABHT

ﬁ!_Ei

= 61

Hoawu, npuEAMan BO BHHMAaHHe, UTO

Vk"

e i (5.2)
T
AR

MOJIYHHM

5, —— I;1 =3 : (5.3) '_'

Takum ofipazoM, B HIEJCROM JIOTKe OTHOLIEHHE «€BOLOOTAAY®
OTAE/NbHBIX C/0eB PABHO OTHOLIEHHIO TNEPBLIX cTerneHed MOJYILH-
PHH wiededl HaH KyGHUHOMY KOPHIO M3 OTHOWEHHS BTOPHIX KO3¢-
(PHUHEHTOBR NPOHHILAEMOCTH.

[pn nposepre pacyeTnux opMyn L E."l].”-ldﬁ OAHOPOAHOID
rPpyHTa B KayecTBe pacueTHHIX dopmys Aasi ApeH, pacnojomen-
HMX Ha sogoynope, Gwan npunate Gopuyaum (1.80a) u (1.89),
A LIS HeCOBPPIUEHHBIX ApeH — opMyan (1.93) n (1.95) rnapm V.

OnuiTel NpoOH3BOAHJHCE NPH WHPHHe wejun, paBuoil 1, 2 n
3 MM, T. €. OXBATHIBANCA AOCTATOMHO WHPOKKWIT AHANAZOH MO Npo-
HHILAEMOCTH.

PeayabTaTel pacyeTos W 3aMepeltoe B LeJeBoM JOTKe BpeMs
ONYCKaHusi ypoBHEH IMIEPHHA B Ccepeanne MemAPeHHOTO Npo-
cTpalcTea npHeegenb B Taba. 25, 26 w 27,

Il pena BrAwYanach NOCAE TOrO, KAK B ULeIeBOM JIOTKE YCTalal-
JHBaJIcsl onpeaenennbiit yposens fy, nytem GuiCTporo BHHHMA-
HHSt NPoOGKM, 3aKpBIRAIOWel €Apedy», T. ¢. BKJIOUeHHe JpeHh B
pabory npoussoanioch exezanno. B raGanuax 25, 26 w 27 npu-
pegeno noaxoe spems T'=T,4+ T T. e. NpoMeXyTOK OT Hauana
paGoTbl apedst 1o sadguxcupoBaHHoro Momenta I, cOOTBETCTBYIO-
ero onpefeeHHOMY TojoxeHno yposHed Hy; B cepenuue
MEKAYAPeHEa (MpH X=38)).
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_ Bpewms
Houmep onura Ty
W XapaxkTepn- Ha pacder- thakTu- o Mpuscuanne
YECKOP
CTHEA MOJEIN noe— T To L .

@) Apeda wa sonoyuope Hy= 27,5 cm

Onisr N |
Ugxoponsuil 26,2 21 20 1,06 T B8 cekymaax.

rpynt k= 24.0 40 44 061 Hy — nanop wan
0,495 cm/cek. 220 &0 63 0,95 Apenol

20,0 B4 86 0,98 r*-l.ﬁ CTOKCA.

18,0 112 14 0,98 =3 MM.

14,0 197 190 1,05 d=2 ewm.

i 10,0 346 330 1,05
8.0 477 418 1,00
55 777 825 0,95

6) uecosepuwiennan japena a=10 ey, H/=19 cm

18,5 16 13 123 |Hy —uHanop man
16,0 40 33 1,21 Apencill B Hauwane
140 63 59 1,07 pacyeTHoro  ne-
10,0 128 110 1,16 pHOJA.

8.0 174 145 1,20

6,0 244 195 1.256

40 338 270 1,25

2.0 519 420 1.24

TatGanua 26

Howsmep onura n . Bpesa To
XapaKTEPHCTHKS Hs pacser- | aktn- . IHpusenanne
MOIEH Bl
. Tie YOORDe
Onur Ne 2 a) apena na sopoynope Hy=29 cum
OaHopoanbil TpyHT 24 a6 30 1,20 | y=45 croKca
k=0,146 cufeek. 25 87 490 097 =3 MM
o ey et L) 127 099 |d=2 cum
20 % ' 206 195 1,05
I8 270 270 1,00
15 402 360 1.12
13 bl 460 1,18 ;
10 797 720 .10
75 1187 1200 -0,99
6) Hecomepmennas apena a=10 cm, Hy'=193 cm’
I8 47 52 0,90
15 116 123 0.
12 208 205 1,01
10 285 275 1,04
8 393 365 1.08
5 G631 560 1,13
3 925 785 1,18

21 B. A. Houar. 321
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TaGanua
Homep onuita ___ Bpeus 1 T3
H XapaKTCpPHCTRKA H; pacuer- | dakTHue- T nPHHE‘lﬂH
MOAEAR HOE CKOE »
Onwt Ne 3 5 a) ApeHa Ha BOAOYNOpe
Oanoponnuit rpyar| 33,0 107 80 1,33 | y=4,6 crokca
k=0,078 cmfeex.| 31,0 00 180 LIl |d=2 ¢m
25,3 554 600 093 |0=1 mm
22.0 844 900 0,594
18,0 1334 1440 0,93
15,9 1694 1800 0,94

i) necosepuiennas Apeda a=10 cwm, Hy'=24 cm

22,5 147 120 1,22
18,0 469 480 0,98
13,2 955 1020 0,94
10,5 1365 1500 0,92

87 1705 1920 0,89

[lpneenem npuMepsl pacyera O4JAf CcAy4Yas HeCOBEPLIEHHO
ApeHbl H NPH YKJAajike Apenbl Ha BOAOYNOP.

a) Ans ApeHbl, YJI0XKeHHOR Ha sogoynop, npu Ho=18 cm.

[To ¢popmyae (1.80a) rnaew V aas apeds, yioxeHnHolt H
BO/AOYMOP, ¢ YYETOM BHLICOTH HABHCAHHS MOJYYHM

0,096 S4B B
Tim S 1SP—2B2 (N2 420 1)), (8.

rie Bo=ppfo; 6=0,3.

IlpunuMan Bo BHUMaHue, yto S = 4H,, no popmyae (1.76
raaesl V. noayyum (npu n=4) :

3

F | "
Bi,,:i_(eu-em +2§3e7)=
= gryled +e004+2(e15--e+ €075) J=4,83;

By=p°cpHo=4,83 . 27,5=133 c.

[Mocae nopcranopku B opmyay (5.4), noayaum w3
Ti= gagsane [100°—2.1337(2,31g 1018
133
+m-])]-=12 Ccex.



Beanunny T, onpeneanm no gopmyae (1.89) raanm V:

0 B-EHS[E[HU—'HI]

Ty== e (5.5)
B nawewm cayvae Hy=18 em u Hy=27.5 cm
0,865+ 0,3- 1002(27,5—18) Lk
Ty="" 5275 18 =100 cex;
T=T,4Ts=124100=112 cex. =

~ 6) naa necosepuiennoli apentt npu Ha=10 eMm noayunm no
popmyae (1.93) raanm V:

5150 - 4B
Tm iy g | Sr—2B¢ (N> 52 4 o2 1) 4
By
+2'S) (I—575, )] | ol

-IlpunnaMasn Bo BHHMaHue, yto S,== HHY, no popmyae (1.76)
raasel V. noayunm poc, =4,38, orkyna.

By=4.38:19=84 cn.

[To dopmyne (5.6) noayunm, NPHHHMAR BO BHHMAHHE, uTO
a=10 cm,

0,09-0,3 am+s4 84
I'=Gasne+e: mj['mL'H“ﬂm 3lg RETTT TR

+2.14,7(1— }]—Hcer.:
rae
4 %a 2. 10
n'=294alg 25 =294-10ig % =147 cx.

Bpemn T3 onpeneanm no qopmyae (1.95) raanw V. Ona umeer
CAeVIOWHH BHA:

_ 05,(Si40) o H'(Hst2a)
Tﬂ,‘ ka ! Hy (Hi'+2a) ' (57)

rae Hy — wanop Han apenoit B Kodue nepuona Ty
[To popmyase (5.7) npu Ho=19 u Hy =10 noayuum

114 cex;

0310001004 147) | o 190104+20) _

Lo 0,495 10 10(19+ 20)

I= T1+T2= 14+ 114=128 cex.
J2u



Hannwe, npupegennwe 8 Taba, 25, 26 n 27, nokasbipaloT BRoJ-
He YAOBJeTBOPHTE/bHOC COBNALCHHE PACYETHOrO H BHIMHCJICHHOIO
gpemenn. Eciiu npuuath Bo BHHMaHWe, 4To T3 BHUHCIAJIOCH MO
dopmyae bByccunecka, To MBI CHOBA nojayuaeMm AOMOJHHTEIbHOE
NOATREPKICHHC BO3MOMKHOCTH NPUMEHeHNs 1leeBoro JoTKa B Ka-
YecThe MOJENHPYIoNEero YCTpoHcTEa,

Mpoumexyrok Ty coctapasier o6uMHO HeGOALIYIO 10110 06LEro
nepuoia I'=T;+T,, nostomy B Aaablieliliem Ml OyleM NPHBOAHTL
MaTepuadisl No Nposepke pacueTHbIX 3navcHuii Ty, T. e nepHoaa,
HAMKHHAIOWErocH ¢ MOMEHTA CMBKAHUSA KPHBHIX JleNipeccHH cocell-
wHIX [peH B cepelnHe Memayapenbs. Mccaenopanue pasiHyHbIX
RAPHAHTOB HEYCTAHORHBLLIETOCH ABIKENHA B HEOAHOPOUHOH cpeae
HauHeM ¢ Had6oJce NPOCTHIX ciaydyaes, NOCTENEHHO YCJOXKHAA
cTpoeHue obaacTH GuUALBTpalLHK,

Oaunm n3 nanGosiee NPOCTHX cJy4aes MOKHO CHNTATDH CAyudal
dbuaAbTpalMN B ABYXCAOIHOI cpefie K HecoBeplIenHon apene, yKaa-
NBIBACMOM B BEpXHuit caoi,

Kak Guo nokazano B raase V, pacueTHslil nepuon Ty B 3TOM
cayuae MOKHO ONPELeSHTD 1O caeayiouled Gopmye:

_8iSit | Ho(Hat 20) '

1% bk, Ha(Ho+2b) °* (58)

e b=aa,+in(aa’'—au’);n= % (cM. puc. 61).

&' = : T 3
7E B AP T a; . %a,°’
14284 lg— 14291 Ig =

8;—BOJ00TAAMA BEPXHErO /01,

B rex cayuaax, Koraa 2633 H,, dopmyny (5.8) MoxHO ynpo-
CTHTL N MPEACTABHTE B CACAVIOUIEM BHAC:

Migﬁn

§ fag v Hy™

(5.9)

Koshduupent pacxoia Aas NHAKIEro NJaacTa onpeieisem no
thopmyae

———

e e ' (5.10)

1-+w? !

rne
d- ey eyt
— M:‘iﬂ*-”—‘fﬂ'—n'ﬁ . {—_l;r]_'_zltﬂ—_.gf

(i} : T .
; I.IJ'IH kl

¥ b '

-;f' n+0,5

JLasi nPOBEPKH NMPaBHJIBLHOCTH pacueTHBIX (opMyJs OO TpO-
WAREACHO BHMHCAeHHe jHauenwii T; u 3aMepeHLl ero 3HaYenHs B
HeaeBOM A0TKe AJA cayuas a=20 cm, ay=ay=10 cm, 5;= 100 cm,
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R < /A

[
d=2 cM NpH pasaHuKLIX N= 1, PABHKIX, cOOTRETCTReHHO, 16, 37,

125, 216, 343 » 1000,

Pacuetnsie snauennsa To(T p] H NOJYYeHHLle B INeJeROM JIOT-
ke (T ¢) NpHeesenst B Ta6a. 28 u 29. 3necy H,—nanop b cepeanne
Memn}mpeﬂan B Hauane nepuoga Ty a Hy—p ero KoHite.

TaGanua 28
| i) 4
Ne T
H H. T Y Be
OnMTA x ‘ P ® Ty
di=4 mm, d3=10 mm, y=3,8 crokca, n=16
4 12 6 VBE e
14 L1 12 0 1,20
14 8 71 17 | 19§
% T @ 32 265|710
14 4 47 40 I 1.I7
14 3 o8 5| 1,13
14 2 73 65 | 1,12
14 1 100 89 - 1,12

=3 mmM, 6;=10 mm,

y=425 croxca, n=37

[ ]
14 12 (i ( (L]
14 10 14 14 1,00
i 14 8 23 23 1,00
: 14 G 34 34 1,00
14 4 9l 52 0,98
14 2 79 85 i 0,93
Ope=2 MM, O3=10 MM, yv==325 ctokca, n=125
14 12 8 7 1,14
14 10 17 15 1,13
14 8 29 23 1,26
11 14 5 46 35 1,23
14 4 6 0 1,24
1 2 102 S8 1,16

boaee snauntensnuniii Kospriwent 3anaca, noaydaeMuii npH
GOALIINX 3HAMEHHAX 71, YACTHYHO MoxeT ObTh 00BACHEN MeHbuieH
TOUHOCTEI0 HaMepeluil B npollecce npouapoiactisa onwitoB. Ilpn
GoablioM i oWNOKH B H3MEPCHHAX OTHOCHTENLIIO BEJHKH: BCJaea-
CTBHE TOFO, UTO TOHKAH WeJb HauboJiec YYBCTRHTEILHA K 1Orpel-
HOCTSIM B TOJUIHMHE NPOKAAJ0K H BEAHUMHE Pacnopa cTCHOK JIOTKA
OT FHAPOCTATHYCCKONO AaBAEH A,
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Tabauna 20
' |
No T
¢ H H r f el
OnLTA ' - P i ¢ Ty
di=1 mm, H;=6 mm, y=3,4 crokca, n=216
14 12 3l . 1.11
14 i 67 5 1,26
17 4 8 112 83 1,35
14 ] 170 103 1,65
14 4 250 158 1,58
14 2 388 243 1.60
d=1 mm, O:=7 mm, y=343 crokca, n=343
14 12 33 33 1,00
14 10 73 63 1,16
6 14 | 8 122 93 1,31
14 i 187 133 1,41
14 4 275 193 1,43
14 2 425 433 0,98
=1 MM, O;=10 mM, y=4,5 croxca, n=1000
15 13 22 22 1,00
15 11 49 46 1,06
15 15 ] 8l 74 1,09
15 7 121 108 1,12
15 5 175 175 1,00
15 3 25, 265 097

B kauecTpe WAJICCTPAIMH NPHBELEM IIPHMep onpede/ieHds pac-
ueTHoOro aHauerns Ty Ans pacueTHoi Moaean npu n==1000, H,=
15 cm, Ha=5 cm. B stom cayuae, npu y=4,6 crokca k;=0,0178
em/cyTkH, a =087, a’=0,68, b=8,7+49004.

3 ;
DY RIOE 0B dess V a, “V“‘"Tﬁ' _
01= = e =0905; pi= |/ 1+ L=} 14 55 =122 3

Vatos
Pranasn®® 1221010+ 1000°% _ g o

()= ==

a‘ay 202 . 0,905
, T T TR
A= I/|+m= = |/ 1+ 555 =0029;
b =87 4900 - 0,0296 = 154; v 3
ﬁhg]’___ UJ'H}* r 2
. bk, T 154-0,0178 365,

r2=3551g-g;— —365lg - =365-0476= 175 cex.
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Tenept paccMOTPAM cayyail HEYCTAHOBMBLIETOCA ABHAKEHHA B
ABYXCAOHHOM TPYHTE NPH YKJIajKe ApeHbl Ha Bojoynop. B mau-
HOM cJydae OA8 onpeleienns T; pexOMeHA0BAJOChH NPHMEHATH
dopMyay (2.93) raasw V; oHa uMeeT caeayoumii sua (npu n>>1):

00,8650 5,24
[ym e, (5.11)
repkiMY n—1
e
Ay ”{HD-_MJ-}M._ -t ;HIHE_"H]‘F M .
(=arctg N arclg T
fep — CPelHAA BONOOTAAYA, ep— KOIPHHIHEHT pacxoia.
|
tep = 1= V"m@ﬁ : (5.12)
;E
M
i .
P
By
'
&

Puc. 72

Bennuuna © npu a=0 (apena Ha Bojoynope) nonay4aercs pas-
HOH

(n-+0,001) (Mnt-ha) ahoM . Mhg(Mn-t+hy)o (5.12 a)
A(HF2M)2(HF1,2M) — (H+2M)2(H+1.2M) *

6 s

rane

M{H’:p-'l'hsz} '_h? hat - e ar. __ Hyt-Hs
o=foiria V gt 085y a=Hep— M Hep="%—"

B Ta6a. 30 npuselelbl BHYHC/AEHHBIE 118 PACUETHOH MOjeJH
W 3aMepeHHHE B LIEJEBOM JIOTKe 3Hauvenusn Ty npu n=12b u n=
1000 npn pazauHHX 3HaueHHAXx M-—MOWHOCTH HHIKHErO CJO4,
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B KOTOPOM YAOMXMeHa Apeda (cM. puc, 72). Buluncaenne npupaiges
uit ATy medock no uuTepsasam ¢ pasuuuedt suavennii H,—Hq=
2 cm. Pacuernoe snavenne © onpeleJssiocs NpH cpeliHeM 30aueHAR
I B paccMaTpHBACMOM NPOMEKYTKE, T. . Tipil i

Hep= H'—;HE n Hy>M,.

‘B raba., 30 npupefennl BHYHCHeHHBE W (PAKTHUECKHE 3HAYE-
Hua AT, a Takie HX OTHOLIEHNA, :

TaGanua
Ne H H. AT AT, AT
' vt 2 v —P | Ilpumeuanne
ONBIT A cM CM CeR CEK ATy
7 31 29 10 11 03 (a=125,
29 27 10 12 0,84 [M=5 cm
27 25 11 12 0,92
25 23 11 17 0,82
23 21 16 20 0,80
21 19 17 20 0,85
19 17 20 23 1,09
17 15 33 27 1,22
15 i3 50 37 s 4
13 11 &0 63 1,27
5 32 30 15 18 0,84 |n==125,
30 28 ki 18 095 [M=I15 cm
28 26 23 23 1,00
26 24 28 24 1,16
24 22 a6 35 1,03
22 20 53 49 1,08
L 20 I8 88 03 095 |n=1000,
_ 3 33 120 o) 1,33 [M=25 oM
3 L1 133 I15 1,16
31 29 173 185 0,94
29 27 262 200 1,91

Hanueie taba. 30 nokaswgaloT, ute npu ha>M dopmyna
(5.10) ofwiuno gaeT HeKOTOpOP 3AHUMENHe PACUETHOTO BpPeMeHH,
T. e. (DHABTPALMOHHBE CONPOTHRAEHUS HECKOJALKO 3anMmenn. Ha-
ofoport, npu ;<M pacyernoe spema noayuaercsa Goabiie GakTH-
MECKOTO, T. €. BBIYHCJCHHE DACCTOSHHH MeAAY ApeHaMH BefeTeH
¢ HEKOTOPHM KO3(PhpHUKeHTOM 3anaca, :

Ecau npuuate 8o nuuMajive, uTo cpeiiec PacxodJIcHue MeXxay
pacueTHbIM H HaKTHUCCKHM BPcMeHeM cocTanaser -|-20%, To Tou-
HOCTH BHUHCHACHHA PACCTOSHHMI MEAKAY JPeHAMH NPH BLYHCICHHN
Ts no muTepsanam coctasut B cpeauesm —+10%. [lpu nponzpons
CTBE NPAKTHUECKHX pacieTon GUALTPaAUHOHILIE CONPOTHEICHHS N0
SNAYCHHIO Hcp=ﬂ.5{H:+Hn} aqa seero nepuoja o (3a KoTopslil
VPOBeHb IPYHTORLIX Boa onyekaeTcd ¢ Hy no Ha) GyayT Hecko/ibRO
sapbiensl. [TosToMy B LedsX YTOMHEHHA PACYETOB JIyulle onpes
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AeAATH UX, Hcxoam w3 H P Dﬂ’i {H.+Hg}. T. €. NPHHHMATE HX
MeHbIITRME, wem npu A ep WO(H, - Hy)*. TokameM cnocol sul

yncaeHus To, Briuncaum, Hanpumep, snaucHue Ty Ans ycaoBui
onbta No 7, npusas ;=31 cm, Hy=I11 cm. B npouecce onbsitos

6ul10 yeTaHosaeno, uto y=>5,9 crokca, nostomy k,=0,111 cm/cek,
n=125, S,=100 cm, d,=1,0, 8,=0,2, Tak KaK Kpusaa Aenpeccuu

HAXOAWIACh B BepXHeM CJloe HA NPOTAXMEeHHH BCero nepHoia T

npuHEMaeM Oqp=02=1,0.
Pacuernnii nepnoa T: onpenennm no gopmyae (5.10)

~__0,8650,5,2A4;  __ 0,865+ 10 10024, _ 14104,
3 tep M V n— 1 001 1 jtep V124 Pch

Brivncaum koMmnouents thopMmya aas onpeaeaetna hep» MEXO-
JdH N3
Fy=0,35(H,+ Hj) =0,35(31 4+ 11)=14,7 cx =2 15 cx;

hy=H'ep—M =14,7—5 =9,7=10 cx.

5(225:4100) 1/ 10
““]Zﬁ'{iﬁ-_l-lﬂﬁri’ +0,65 Eﬁi{”‘

o Mhs (Mn-+ha)o 92 10(5+125:1-10) LT 249

~ (HepF2M)?(Hep-+1,2M) — (1542-5)%(15 ] 1.2+ 5)

= _—m e -

""F e ll,f'Jf —_;H! . }f’r —-:;— -——[],34]‘1:

A (Ho— M)+ M n(Hi—M)+M 125(31—5)+5
—1

Ai=arclg MV —arclg My n =arclg 51 124

125 (11—5) + __Eganlf_gﬁﬂ.:l,ﬂf-.:3"']3’:-&,[}55Fﬂﬂﬁﬂﬂf

|_

Sv124

14104, __ 1410 0,056
T o= e = 255 cex.

Cornacho tabu. 30, paxtudeckoe Ty pasno 242 cek. PacuerHoc
BpeMa cocrasaser 1,05 Ty, Paccrosinne Mexay ApeHamu onpeje-
JHTCA ¢ 3anacom B 2,5%s (T naxoamica B NOAKOPEHHOM BHIpaKe-
HHH) .
Ecui npunumate Hep =05 (H+Hi), 10 pep Gyaer pasko
(1,274, Tp =280 cex M pﬁumﬂﬂuu MEHAY ApciaMH onpeleanTcs

¢ 3anacom o 10%e.

* OrMeriM, 4TO anaNOrHYHBEC BHBOAL, OLLTH NoAYYeHH Ha OCHOBAHNY ONKT-
Heax gannwx Llwoit Cun-e [51]; oHw cAeayor nu3 saryxaollero xapaktepa npo-
Hesca. I:J'I.EII,}'E'I' HMCTh B BHAY, YTO 5TH BHBOIKW OTHOCHTCH K Cnaly NOBEPXHOCTH
IPpYNTOBLX BOM; OUPH NoZLEME FPYNTOBLX Box HaGmojaercd ofpaTHas KapTHiHa,

nputem Hep™ 0,65 (H-4-I13) {(npun. ped.).
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[Mepexoaum Tteneps K OGoaee ciaoKHOMY cay4aw padorTs
ApeHbl B ABYXCAOHHOM I'PyHTE, 2 HMEHHO — K CAVYal0 Hecosep-
IWEHHOH JPeHk!, VAOKEHHONT B HHARHUI caoil.

Kak 6uai0 nokasado g raape V, pacuernas dgopmyna (2.107)
AanA onpeaedednd To uMeer B 970M cayitae caenylowuii Bua (npu

n=>1):

ﬂ,ﬂﬁ&ﬁrpsiiﬂ; )
- e — 3 5.1
2 trepks V As (5.13)
I oe
. r F 1
.'igl—'aﬂ{ﬂ -|]{1"r'f'|-2f] t""; [_::_“ x u"._ - = .
i 142945 18 75
A =arctg ﬂ[HL—;":rfT};—_J-M+r _arclg H{HE"_?.E' Mtc
£
o 1
=
."-ﬁﬁf d'; I
:Eu X
) ® J
mwmm;'
e

Ppe, 73

Has ¢ npH BHMHCAEHHH (PHALTPALHOHHBIX CONPOTHBAEHHH B
caydae HeCOBEPIICHHOH JApeHtl PeKoMeHIYEeTCA clAeayiouee Bbi-
pamenue:

.r_|=|:"“ (HPep®+-hit) -jli-i-[},ﬁﬁ hs? ](-ﬂ-‘i-Hcp)

o oV Hy T O \2ag) - 1)

B ta6a. 31 npusenensl pacvuetsble  (laxTHUYCCKHe 3HAUYCHHA
npu Beiuncaennn Tg no watepsajsam aaa cayvas a=10 cM, d=2 cm
npu: 1) M=5cM:- n=125n 2) M=15 cm, n=1000.

Ha puc. 73 npeactassiena cXxema onbiTa.
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Kak BMAHO M3 TpHBENCHHBIX NAHHGLIX, PACYETHHIE 3IHAYEHHA
AT, noeoaeHo Xopowo cOBNALAT ¢ 3AMEPEHHHIMH B Npofiecce
OTLITOB.

Ecan ydecth 60abiluyi0 CAOKHOCTbL NpoLeccos (GHALTPALHN B
HEONHOPOAHMWX CPefax H JOCTATOMHO NPOCTOE CTPOEHHE pacyer-
HBIX OPMYJ, TO MOMKHO CUHTATE, UTO OHH A410T VAORJITBOPHTE/b-
Hbi€ Pe3yabTaTHI.

[Mpusenem npumep pacuera aas ycnoeuil onuita Ne 5. Onpe-
aeaum ATy B untepnane H=22 cm, Hy=20 cm, d=1,0.

B pacemarpuBaemom cayuae d=1,0, =0, EIJB cM/cek.

Hrp"—"' H1+H’ -?—EL =2] cM; hg=H¢p-—M=El-5=IE CM;

M[H"‘r: i) 3/ a+H
= : ]/-5-:‘ 40,652 ]( "’):

{H"-I-th-"] MH3p \2a+-Hep
_[s@124160 7/ 16 ](lﬂ-wi)_
_L‘I{ﬁ'+lﬁ=j gr +0.60 5 -212 |\ 20121 =129,
Taﬁ.amua EI
S _|__]_ et e e (T P N e Y
|
Ne | ' AT
H. H, |' & o e
onmra | 1 j ! Tp | ATy iy % Mpumevanne
e
5 | 22 | 20 | 13 | 13 | 10 In=125 M=5 ex
20 I8 1 17 17 |10 ‘t'hr—-:? MM,
I8 16 21 18 L17 [Ds=10 MM
16 14 32 28 | LI13 |y=605 crokca
4 | 12 43 37 1,16
12 n 7l k4 1,11
10 8 | 12 | 146 | 087
| -8 6 | 334 | 355 | 0,94
] 26 24 115 97 | 1,19 (n==1000, M=15 cM
24 22 157 125 1.25 [dy=1 mm, G:=10 MM
22 20 | 21s 185 1,17 iv==5.0 crokca
20 18..1.282 | 260 | 1,08 l'l[]m onpepenenuny AT; Ha craaum
18 15 | 430 | 365 | 1,18 Ii=18 cm,
Hg—-lﬁ CHi
Ocp =085, ubo aunua aenpecchy
. . poliaa p ondsHuE  caofl.
8==_ Mhy(Mn-+hz)o —9+16(125-5+16) - 1,29 —9 58
(Hep12M) (Hep+1.2M) — (21+2-5)2(21+1,2-5)
l/ — - =0,37;
1+ — ¥V 15256
P iy ' =(,875;

2. 10
4 b et - N o
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__aa’ 10:0875 _
e e 23.8.

Ag= (n— I}M[M+2;:}--.-:‘=I=r 124.5(5+2-23,8)—23.82=320. 10°

V As=10) 320=179.

Hy—M)+4+M--¢ n(Hy—M)4+M+c
Ay =arctgtlii—)- —arct = =
g V A E Vv A
¥ 125(22—5) 4+-5-1-23.8 125(20—5)4-5+238 _
= arctg 79 —--arctg 179 =

=37"==0,0108 paduan.

o dopmyane (5.13)

r_ 0,8650cp 81?4 0,865- 1.0+ 1007 0,0108 _ Tane
S 0,37 -0,108- 179 :

Pacemorpum Teileph eiie 6osiee cAoMHBIl CAYYAIT, 8 HMEHHO —
cAy4aH YKAANAKH ApPeHid B TPeXcaAoHHbI TpyHT. !

Ecan npena ynomena s cpennuii cioii Tpexcaocinoro rpynra
(puc. 74), To AAR pPacueTOB MOIKHO BOCIOJbLIOBATHECH TPHBEACH-
nofi B raase V opmyaoit crenyiouero suaa (npu n>1):

0,8658.p 5,24,
= — 5.18)
tepky \f} Mg I‘I )

T,

rae

Ap=M(n—1) (M+2)—[% fe= i b=aia/+in’ (ad'—arar);

n(Hy—M) + M-}

a(Hi—M) +M4f
== —arclg =%
V'ﬁm

A;=arclg

Beanunnn w, o ¥ A BHYHCAAKIOTCA N0 paHee NPHBEAEHHLIM dop-
MyJaaM. PeayastaThl noficueTon W H3MepCHHI AR caydaes n=n'"=
37 nn=n"=125 npu M=10 c™, a=10 cM™, a;=a:=5 cM, d=2 cm,
S1=100 cm npusoastea s Tabanune 32.

[lpusenem nprimep pacuera B uHTepsade H;=24 cm, Hy;=
22 cm onwita Ne 23. B pacematpusaemom cayuae &, =0,445 cM/cek,
bep ==1,0, M=10 cm. Mo popmyae (5.15)

0,8650cp 5,47 0,865-1,0-10P Ay 1,94-10' 45
ttepky V Ap 3 0,445p :pf:ﬁa E‘-cp-?"r;ﬂ_m

T,



TaGawnpa 32
i
: AT
e H, H, | AT, | ATy T30 IMpumMeyanue
ONETA &Td}
23 24 22 6 6 1L00 |n=37, &;=3 mm
22 20 7 7 1,00 | Ba=10 wmm,
0 18 Y 4 y=5,0 cToKca
18 16 13 14 | 093
16 14 18 149 0,95
14 12 28 23 1,22
29 24 20 11 12 | 092 [(n=120, ¥=50 cTokca, 5 ;=2 wmm,
22 20 12 15 | 080 | =10 mm,
20 18 19 19 1,00 [Ilpw Hy=13 em xpusas menpeccuu
18 16 25 21 1,19 B pafioHc JpeHE mepemLia
16 14 34 28 1,21 wiknnil caofi. [NostoMy npu pe-
14 12 48 40 1,20 uncaennn AT: B nochelHem me-
pHOlle BOAOOTIAYA NPHHATA pas-
HOM ﬁ:p=ﬂ,?5.

OnpegeiseM KOMuouenTsl GopMyast (5.15):
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b=097 - 5+0,213-37(10-0,875—5-0,97) = 36
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Kak puaino W3 npUBeAeHHBIX JaHHBIX, H B 3TOM J0BOJBHO CJIOXK-

HOM CJy4ac pacueThl H AAHHLIE H3MepeHH# aawT B obiieMm yaom-
NETBOPHTEABHYIO CXOAHMOCTB,

AHanu3 MaHHBX, NOMEIUEHHHX B Tabanmax 28—32, nokaswl-
BAET, UTO pacueTHHIe (QOPMYJE HMEKT TeHACHIHK K HeGoALlIoMY
3ARBILIEHHI0 pacyeTHOTo BpeMenn (ocobeHno saMeTHOMY TpH Ma-
JBEIX Hanopax Hajm KpoBJeH Maacra, rie yJoxeHa JpeHa), T. e.
NpH BHUHCAEHHHA PaccTOSIHUI Mexy ApPeHAMH OHH Aal0T HEKOTO-
puifi kKoadppumment 3anaca. Ecau pacuer BecTH He Mo WHTEpPBaiaM,
a 1aa uenaoro nepHona s, ucxoaa uz Ay u Hs; B Hauane H Kouue
3TOro NepHoaa 1 NPHANMAasS A48 BLYHCAeHHS QHIBTPALHOHHLIX CO-
NPOTHBJAEHHH Hcp =0,35(H,+ H3), To, no-BHAMMOMY, PACCTOAHHA,
onpeaeasaeMibie o npejnaraeMbiM QopMyaas, GyAYT HMETb MHHH-
ManbHulii KosdduinenTt 3anaca (B pajie cly4yaes BO3MOMKHO H He-
GosibLIOE 3aBHIleNHe pacyeTHHIX PACCTOAHHHA),

OneiTHl B JBYXCAORHLIX IPYHTAX NPOBOHANCH JIPH OTHOLICHHAX
M[S< 0,25, Jannwii auanazoH 3HAYHTCALHO TNEPEKPLIBAET BO3-
MOXKHEE B OCYHIHTEIEHON Me Hopaund TayOHHE 3aKJ40KH JpeH B

HHAHHA €10#, N NOSTOMY BapHanThl Gogee rayGoKol YKAAAKH He
npopataThiBaHCh,

IMpueegeHHEe BHIille MATEPHAME SKCTIEPUMEHTAIBHON NPOBEpKH
pacueTHHX (hOPMYJ MOKA3LIBAIOT, YTO BLIUHCIEHHBle [0 [1pejsa-
raeMelM GopMynaM Aas pacueTHoH MOJeNH H 3aMepeHHBle B e
JIEBOM JIOTKE PacXoAnl H BpeMs NoniKeHHa yposHel B oblleM coB-
nagawT Mexay coboii.

OcCHOBHBIM HEJIOCTATKOM JanibiX (opMmys ABASETCH TO, 4TO
OHH NOJY4eHB B NpoICcce SKCNEPHMeNTOB B IleneBoM JoTke, [lo-
9TOMY TOUHOCTB 3THX (JOPMYJ 2aBHCHT OT TOYHOCTH H3TOTOBJIEHHSA
CaAMOro JIOTKa H TILATEJABHOCTH 3KCTIEPHMEHTHPOBAHHA ¢ €ro mno-
MOILBIO.

YaoeneTBOpuTeILHOE COBNAJCHHE Pe3yAbTATOB, JaBaeMblx 1lie-
JeBLIM JIOTKOM JOBOJILHO TPHMMTHBHOH KOHCTPYKIHH, KoTOphif
GBI HCMONBL3OBAH HAMH, ¢ pe3yabTaTaMy, JaBaeMbiMH pelleHHsAMHU
Jwonion, Bycennecka, B. B. Begepnukosa, C. @. ApepbsinoBa n
H. K. I'mpunckoro, naer nam oCHOBaHHE NpPeinoJaraTh BO3MOXK-
HOCTh 3KCTpanoAaunn ganuux dopmyn u na paboty apeéHameil B
peasbHBIX TPYHTaXx. :

OcTaHOBHMCHA HECKOJILKO Hﬂﬂpﬂﬁ'ﬂl}l} Ha JNdHHOM BOMNPOCE,

Buie, B cHOCKe pelakTopa, yie YKa3blBaaoCh, 4TO, HaNpHMep,
Takoil (Gakrop, KaK BOAOOTHAYA, B YCJAOBHAX LLEJEBOro JOTKa He
COBCEM TOYHO MOjenupyercs, w0 BeJHUHHA BOAOOTIAYN B lIE-
JIEBOM JIOTKE CBA3aHa MEeCTKOH CBA3b ¢ Ko3(QOPHUHEHTOM (PHIL-
TpauHn (3aBHcuMocTeio (5.3) nacToswed raaskl). Beipamenne
(5.3) MoXkHO mepenHcaTh B cAelyiolleM BHIE:
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Jasucusocth (5.16) nokaswmBaer, 4To BOJOOTAAYA NPH Moje-
JHPOBAHHK TIOTOKA B LLEJIEBOM JIOTKE NMPH PaBeHCTBe Npounx (ax-
TOPOR NPONOPUHOHAIBHA 0333, ;

OGpaTuMecs K sMnupriueckum opmysam, npeajoietun pa-
AOM ABTOPOR LA ONpelejeHna BelHYHHEL BOAVOTAAYH.

I'. J. Iprun [Gla] afs MHHEpPaANbHBIX IPYHTOB peKOMeHIyer
cAeayiouyio GopMyay AA8 onpeaenenis BOIOOTAYH:

a3
8=163 VEVY. (5.17)

A. H. Menususm aas topdos npeioxkena chaeayiomas (pop-
Myaa:

0=8,2k% ", (5.18)

K. 9. Koxauce [22] npeaioxua (popMyny caenyolero Baa:

8=2300 . y3 . K0+ 4512 10y (5.19)

Ecan B gopmyae K. §1. Koxkauosa nosoxurs y—raybuiy ocy-

LeHHOro Ccaod, H3 RKOTOPOro nNpoHCXOAHIda BONOOTA4'Md, pﬂHHUﬁ
0,5 M, TO MOAYUHM

O=288/0315, (5.20)

[lo sapucumocti, npegaoxennoi . J1. IpkuHHM A8 MHHe-
paibHBIX FPYHTOB, BOLOOTAAYa nponopuwonaishna k%%, no A. H.
HeungoMy—£k®'375, B noTKe Mbl [0JYUHJIH, 4TO BOAOOTAAYa Mpo-
nopunonansna k%%, Kak RuAHO H3 NpHEeJeHHBIX AAHHLIX, 32BH-
CHMOCTh, JaBaeMasl JOTKOM [AJf MNPaKTHYECKH BCTPevalollHXcH
ciyuaes, HAXOMUTCH B MPOMEMKYTRKE MEKAY 3aBUCHMOCTAMH, TIpea-
nomenneiMn A, M. Henuknm n K. {. KoxanosuM ana Topdos.

Hanauyne B sMOHpHYECKHX (OpMYJax BeJHYHHB Y—TIYOHHE
3gJeraHns OCYLWAaeMOro cJos OT MOBEPXHOCTH MOYBW MOKa3bl-
BAeT, UTO ¢ POCTOM Y BeAWuHHA BOJOOTAAYH HAMEHseTcs (BOAO-
oTjaya yeBeauunsaerca). B llenesoM JOTKE oHa He 3IABHCHT OF
y, T. K. 34ech NPeanoaaraerca oTeoa noasoro oGuema riannephua,
FAKJMOYEHHOrO MEMAy CTeHKaMHu WenH.

[MpuBeaenHsie GopMyaLl NOKA3HBAWT, UTO B PACHETHBIX YCIO-
BHAX BOAOOTAa4a OyAeT MeHblIeH, HeM B LLeNeB0M NOTKe, 0 HAKO,
KakK W B lLleJeBOM JOTKe, OHAa 3aBHCHT OT NPONNULAEMOCTH TPYHTOR
H YBEJHYHBAETCH C HX YBEJHUCHHEM.

Ecan npu NpakTHUECKHX pacueTax B npemjaraemsie opmyinl
BEOJAHTL 3HAUENHA BOAOOTAAYH, BRIMHCAACMbIE MO SMNHPHYECKHM
dopMyJiaM, T. €. YYHTHBATL HIMEHEHHEe BOAOOTAAYM N OT BEAHMA-
HBl i, TO €CTh OCHOBANHe Npeanojiararh, YTo pesyibTaTbl pacueToB
GYAyT VAORJIETBOPHTEAbHO COBNAAATH ¢ AAHHBIMH, TIOAYIACMBIMH
B HATYpe.
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[lputiuman so BHuManne nNpHOAMMKEHHLI XapakTep MeaHopa-
THBHHX pacueTon H TO, YTO HEYYET pPAcXofa KanuwiJapHOH 30HM
Iaer HeKOTophlil Kos(HliHeHT 2anaca B pacueTHBX PaCCTORHHAX,
MEl MOJATaeM BO3MOMHBIM pPeKOMEH0BATe HAlIH (OPMyJB AJA
NPaKTHYECKOrO HCAOAB3OBAHHA BNPEeib A0 MOJyueHHs OGoJee Tou-
HBIX H Jyulle 0GOCHOBANHKX PCLUICHHI,

Panee, 5 rmase IV, MH nprBean naHHbe NO CTOKY W3 JApeHa-
HBIX CHCTeM, pacnoacrenHslX Ha Gonorax SCCP. Tam ke 6u0
MOKasano, 4To yyerT HeoAHOPOAHOCTH Cpeibl, B KOTOpoil MpoHCXO-
ART (huAbBTpauMA, NAeT BOZMOMHOCTH YTOMHHTDL pacueTnl H NOJY-
UHTh Go0Jiee MPaABWILIBIC PCIICHHA NPH ONpeie eHdd paccToIHuH
MEMIY ApeHaMu.

HeGesuutepecHn 6niao O CPaBHHTL Pe3yAbTATH, MOAYYae-
MEIE 10 NpefaaraeMelM HaMH (POPMYJaM, ¢ pesyJbTATAMH H3Me
PEHHH CTOKa N3 JApeHaMHBHX CHCTEM, PACNOMOMKEHHHX Ha MHHe-
PANBHBIX CJOMCTBHIX TPYHTAaX,

HanGonee oTueTNIHBO BAHAHHE CAOHCTOCTH BBIABJAAETCHA B Tex
CAyuaax, Korjla CjOH Pesko pasiHyHe no NpoHHLaeMocTH, Ta-
KOl cayuaii nabnwopaetcd, HANPHMep, NPH ocyLIeHHH caabonpo-
HHLLAEMBIX 1I0YB, KOT[a BEePXHHH MaXoTHWH cJoli B NeCATKH H
Aaxe coTHH pas GoJee NPOHHLAEM, '1eM HHMKHHEA, Kyoa YKAaob-
BAETCH ApeHd.

[Nonepwie Metoidbl onpefeneryus KosGdHUHCHTOB (PHABTPALLEH,
pa3pafoTanHble B OCHOBHOM /1A XOPOLIO NPOHHIAEMLIX TPYHTOB,
NOJMHBL ¢ COOTBETCTBYIOMEH COCTOPOMKHOCTLID MPHMEHATLCH NpH
pafoTe ¢ ITHHAMH M TSXKENLIMH CYTIHHKAMH. YUHTHIBAA 3TO 0b-
CTOATeJLCTBO, 4 Tak#e GoJawpllog BAHAHHC [Bpyrux (akKTopoB,
KOTOpBIE HCKAWYaTcs B JalopaTopHEIX YCJAOBHAX, MOMHO Io-
ROPHTh O COBNAJIEHHH KAPTHHH [IBHMKEHHS MOTOKa B IeJeBOM
AOTKE W B HaType Juiub B o6mux uyeptax. lososbHo (ogabluofi
MaTepHan no cToky W3 nped, coGpanwnmin CHHHWIEM, Jintos-
ckum HHUTuM, 3HHUH3uM, yxe cefivac nospoasier crenartsb
HEKOTOpPHE NpejBapHTeNLHEE BHEOILI.

Hanfonee noxazaTesqbHHM ABJAAETCA CpaBHEHHe pACUETHBIX
KPHBHIX pacxofla ¢ (akTHYECKHMH, MoayvyaeMbIMH Ha JPeHaXHBIX
CHCTeMaXx.

B unutupoeaunoii panee pabGore HW. M. Kpusonocosa [26],
a Takxe B paGore corpyaHuka Jlutosckoro HUMUIuM Ipaxuca
[35a] mpuBedeHb KpHBBlE pacxXola 08 OBYXCJAOHHBIX TPYHTOB
c peskoil paanuiedl B npoHunaemoctd ciaoeB. Ha puc. 75 B Ka-
YECTBE HJJIOCTPALHH NPUBONATCA KpHBaa pacxoja, NMOJYueHHAs

['pamucosm npH NPOHKHLAEMOCTH BEpXHEro cJ0d, NPHOGAHIHTENBHO
r 150 pa3 Gonplwred, yeM HHIKHEro.

XapakrtepHoii 0COGEHHOCTBIO AaHHOH KPHBOH ABAAETCA pe3koe
ce ynoJamuBanHe NPH VBeJHYEHHWH Hanopa o pasMepoB, NpEBL-
IAOUIHX MOUIHOCTE HHMXHero ciof. Axanornuuyio dbopMy HMeloT
kpuBeie, npusoaumule M. M. Kpreonocoseim [26] B noayueHHble

22 B. A. Houar. 237
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HAMH HA OCHOBe HafMIoNeHuli 33 CTOKOM M3 JIPEHARILIX CHCTEM
Ha muHepanpusix 3emaax s ICCP.

Ha puc. 76 npunenena TeopeTHYecKad KPHBas pacxofia oad
AByXcaofiHOro rpyHTa NpH OTHOWIEHHH NpOHHIaeMucTell BepXHe-
ro m nmkHero caoes Ki: K;=100. CpaBnenHe 3THX KpHBBIX NO-
KasslBaer ux Oogabllloe CXOACTBO, T. &. ﬂﬂﬂTBﬂpJﬁﬂ.ﬂETEH HACHTHY-
HOCTH 3aKoHomepHocTer g=f(H) aas pacuernoro W GaxkTHYe-
CKOro CNy4aes.

Ecau npereGpels CONMpOTHBAEHHAMH TIPH JABH)KEHHH Yepes 3a-
CHINKY, TO AAA APEHBI, VICKEHHON 11a BOAOYNOP B ABYXCJONHLII
FPYHT, MpH HAOHABTPAUHOHNHOM NUTAHMH HJAM 7P NHTAHWH 34
cyer BogooTaaun (oGosnaueHus no puc. 67) umeem

M (2ha-+ M) kah?
gr= [3 .

(5.21)

Pacxon u3 H:KHel 30HLI, eCcau JpeHa He yjokeHna Ha BOJAO-
ynop, MoxHo onpefeants ne gopmyae C. . Asepbanona, KOTO-
pas (B HAWNX OGO3HAUEHUAX) HMeeT CJedy IOl BHIL:

2k aH
o= * (5.22)

rae n'=294a lg Ii;: 1

[MpuMem, 4T0 AKTHBHAA 30Ha Apedn pasha 0,55, 1. e. cobao-
paercs ycaoewe, najqoxennoe C. @. ApepbanossiM. B stom cay-
- yae dopmyna C. B, Apepranosa nepenuileTcs B Bujle

EHS
o= sl+.rl ' {5123}
rae ne=1,47S Ig fﬁ.

CymmapHuii pacxol, NocTyNalOWni B Apeny ¢ OAHON CTOPO
Hbl, COCTABHT

4= ¢+ qo. (5.24)

[ponspeien noacucthl no gopmyaam (5.21), (523) n (5.24)
H CPABHNM PesyabTaThl PACYETOB € PA3MEPAMH CTOKA, NOJYYEH-
woro B Hatype B Koaxose «<Hckpa» KpacHosnameHCKoro paiiona
Kaaunuurpagckoit obaactu (nannse A, H. KauMko) npm cae-
AYIOUHX ~ PACUETHBIX  XapaKkTepucTHKax: ky;=>5- 10—% cm/cek,
ke=2-. 103 cmfcex, M=0,6 m, S=6 m.

Pesyabrathl pacueTtop cBoanm B Tadanuy 33,

J40
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Moayaii cToka, B afcexra |

Hanop nan wporacit | ! g
H cm pacHeTHL |PaKTHYCCK Ml ).
HHMNETO 08, B CM G

qp L

2 62 0,023 0,030 0,77
7 &7 0,060 0,050 1,00
19 749 0,228 0,200 1,14
20 #0 0,250 0,300 0,83
21 a1 (280 0.400 0,70

AHaans tabaunp 33 nokasbisaer, Y10 B CpelHeM pa3pnula
MeKLY (haKTHYECKHMM H PacuyeTHLIMH MOAYJSMH CTOKa COCTAB-
ager okoao —+=209%e. Ecan npuHATH BO BHHMaHHe MaJyl TOYHOCTb
NOAEBLIX MeTol0s HiMepeHHs Ko3(QOhHUHEHTOB (QHJILTPALHH,
MOMHO CYMTATL, YTO TNPH NOJAL30BAHWH PeKOMeHAYyeMBIMH (op-
MyJaMH noayyalores B 00leM YVAOBJIETBOPHTENbHEE Pe3yibTaThbl
H Ha MHHEPaJbHBLIX I'PYHTAX, .

SAKJTIOYEHHE

lNonuTKa YTOUHEHHA pPacueToB JApeHaKHbBIX CHCTEM H4 OCHOBE
yyeTda HeOAHNOPOAHOCTH [lTII.’IhTPEl];HU!IHl:I.‘E CBOHCTH Cpeibl, B KO-
TOPOil NPONCXOANT ABMMKEHHe TPYNTORBIX BOJ, AdeT JHLL nepsbe
W BechMa npubauimKenisie peitenns. ITostomy nawy paloTy He-
OGXOIHMO paccMATPHBATL KakK ORHY M3 TepBHX H, GHTb MOJKET,
HANeKO HEeCOBEPLUGHHHIX NONBITOK pellielHA BechMa CJAOYKHOro
BONpoca, HMelollero 6oJibilioe NPpaKkTHYeCKoe 3HaYeHHe.

Moo ¢ yBepeHHOCTBIO YTBePHKAaTh, HTO BONpOCY pacuera
ApeHaMkeldl B HEOAHOPOAHMX CPeaax A0NAHO GLIThL YIeJeHo 3Ha-
yUTEeABHO Godiblie BuuManns, n60 yTouHeHHe pacuyeTHBIX QopMyd
naeT BO3IMOMKHOCTH (Gonee NPasHAbLHO ONPEeAcdATb PACCTOAHHA
Medidy ApeHaMH H CIKOHOMHTH 3HAUHTEALHBIC CYMMBE, HCHHCJ/AE-
MElE fecHTKaMH MiJanoHos pyOaeil (ecnu yuecTh mMacuiTabhl Me-
auopatThereX pabor B yeaosusx CCCP), kotopuie TepsaioTes Ha-
POAHLIM XO3sIHCTBOM NPH HeOCTATOYHOM OCYLUIEHWH 34 CHET TO-
TCPh YpoKaa HAH (NpH H3GHTOUHOM Ut‘}'FII["ITIIII] 34 CUeT H3JHIU-
Hel FYCTOTH OCYIINTe N0 CeTH.

Mpenaaraemsie nprGanKenubie peigenus, OC3YCI0BHO, eLlle
HECOBEPUICHNE, HO JIOCTYIHBL AJ5 NPAKTHYCCKOTO HCNOAL3OBAHHA.

Tounoe pewnenne 3afavy no ABHAKCHHIO GUIALTPANHOHHBIX NO-
TOKOB B HEOAHOPOAHHX CPelax HecoHsMepHMo TpyaHee, HeM pe-
MeHHe aHANROTHUHBIX 3afav npu GHUALTPanun B OAHOPOAHOH Cpe-
ne. Hackoibko HaM H3BECTHO, TakHwe pelieHus 10Jy4eHbl NOKa
TOALKO AMA NPocTefiiny ciayuaes, oObUHO HC HMEROUHX NPaKkTH-
HECKOTO 3HAVCHITA,
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