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DHALTPAIONILIC PACYETH BEPTHEAALNOTO JIPeHAKA.
Oneitmnk A. H. K., «Hayr. gpymias, 1978, 202 c.

B monorpahus nanarawres sevopw GuALT paiuolioro pecaera
BCPTHEAI LUK CRBAGIE I 0X eHeTes, IeiicTRYVIONNX B CI0Ines rij-
poressoraieckux ycaosuax. Paccmarpnnaiores ocobennoeTn pace-
TOB REPTHRANLIOTO JIPedasia OpusennTelIbHO K 3aJatuaM  Melopa-
THBRAOCD E-TPI!HTHJIHGT na. D‘GB-EIEI,E. IOGH B ]:I-I}C-I:.l l'lF,i![p{ll'l."[hilI'JI"IHEH_:I{{]-E
CXeMATHAAMNN OPHPOJTHX  YeNoRiil, BL0Oopa HEXOMUME  [PACeTHLIX
LA PaMeT pOs, oNpejleIesna GRALT pannolihiX CONpPOTHRICH 1 il la 1e-
COREPIENCTEO CREBAMKIE I PASJMYITIX NCTOMEH KOS untannsi. Ipnso-
AATCA PE3YALTATH TEOPETHYECKIX HCCAOMORANMIT MpuTokKa rpWHTO-
BEIX BOJL K CEBIGKHOAM, HCUONLIYWIMECH JLJAA TOCTPOCTE S [RiCTIeT-
nWx 3apmenMocrelr. Ilpegnoikeninue MeTOAL PACHETA HIAJI KT pYy-
IOTCA NPITMEPAMIT.

Paccuanrana ma THMREHe POR-TI POTeXHNKOR, MEIR O PaTm o,
CHAPOFEOJIOTOE 1 JIPY¥IAX chenmanucron, padoralomux i ofmacry
L POCKTH pOBAMItA 1T CTPOMTENBCTRA APeHA KA.

War. 39. Tabn. 40. Concor ant.: 6. 194—200 (137 nass.).

Otrsercreennnit pemawrop M. . Jawwo

Peuenzentw H. H. Deanwescnutt, H. E. Mepnow

Pepakiprs  gmarko-MaTeMaTHuecKoll AnTepaTy pi

20 0H-1056 A

M221(04)-75 S © Hapareavcrnoe «Haykosa pymicas, 1978



OPETUCIIOBHE

Basgueiiingy 2IeMeuToM B KOMIDIE KCE MEM0PpaTRILIX M ol i aTui
I FJ’I‘_’,-"IILIEHI‘.‘IU 'lt'|lj:J].lTlJ-i]llﬁ HIAARTCH IL']‘I.'EIEI]':H Kl (G OLEo O Pt Le T [H"'I _"I.'-"l'llf]ﬂ-
BAHUA BOTHOTO W COTEROTH PEKIMOR MOAHODHPYEMBIX SeMeib. Juavire Lo
yeeaudewe s CCOP naomapeil opommenssa im ocy ey apn YeAosit ix ni poKoero
OXBATA JLPEHAGI M CHCTCAMAMI TPCOVET KPYyOULX KANUTAILNLIX 3ATRAT I RLIT0T-
pena Goapmmx ofdneymon cTponTentnux pador. Hostomy ccobor simaanne neoi-
XOAMMO 00 paTHTL 04 Hayiioe ¢dOCHOBAHHE THNOB I KOHCTPY KNI A penaina jLis
KKULOI0 0pollliieMoro i oCyIlaeMoro MaccHpa Ha OCHOBE COBEPITeNNLIX MeTH0H
pacueTa MApAMETPOR Peiaxa, B KOTOPWX Handodee Hodilo U npaniibito yiuTh-
BajlMcL Ol MPHPOANLIE VCAODEA MACCHBA.

B nocaegues Bpes# @ HPPUragMonNoM CTROUTEILCTRE, ocODCIIO B Sonax
G HELOCTATOMIRIM YRIAHIHEHIEN, LN POKOE PACIIPUCT pallenne Nodyuuio YerTpo-
CTBO BEPTHRAJABIOrS Apeuaa kak adderTnonore neroga Hopedu ¢ 3acojicunes n
3a00NaUUNATIHEM MCAMOPEPYEMLIX JeMelb I KAK TeXHHMCCKOrO CpPeicTBa N iipub-
JICHHA P IEMOM III'.l_j];:IL'.'MIth_\.‘_ 11 L‘p}l'J_IT'JB'FJIx B, a TaKkD COJIeBEM ]l[‘ililtﬁtﬂ.\l.
B kuure n ocHORHOM PACCMATPEBAETCA BEPTHHAJALDHLIL Jpenaik Wa opoiliacMux
aemapx. CaejyerT OTMETHTh, OJHANKO, WTO BOSMOMHOCTH Cro LpUMeneln:s nu Jes-
JAX ¢ MIOWTOMNEIM ¥iAakUe ey eme e coBCeM Hay ek, I3 pane canyqace ad-
thexrrrnos odecmeneHie JBYXCTOPOHNETrO NedoTEILN MOTHOPALLIN HA ITHX IeMIAAX
MoKerT OurThs unanbolce PANEOHANBHO JOCTETCHYTO BEPTHRAJILHLIM JIPeilaiies o
HOMIUIEKCE € JPYTHMI MEPOOPHATHAMM. ¥ CTALOBIEHO, 9TO WpH  OlpejedeHinBX
FHAPOrecAorMMecKIE YCIOBIMAX BEPTHRAJBH AT [[PeHAYK 110 CPABASTIND ¢ TOPI30H-
TAALHEM 00Ia7acT sHANNTEIBIKME NMPOHMYIIECTBAMI, a4 B HEROTUMIX CJOYHAHX
ABNAETCS OIRA I HE CMMHCTECIELIM CpeJCTROM JLNS DENIeHNA TOCTHBACHHON
3amadn.

XoTa Aaf pogocHaiieRnnd BEPTHKAARIRG Bolo3adopiue ¢Kuuiiin 1 Ko-
ACNULI HCHOIbAVIOTCH JAABH0, METOAW HX JerALTpalonUuGro  pacHeTa, ueoDenHG
PN AeHCToRN 0 COoKALX UHAPOresiormYec kil YeTuRHAX, ems HeCOREpnenHh
W TpeGyior yvayumwenis. [{poye TOro, CymecTsyomne Meroiau n Do biamiucTie
clydaen paspaborTanll NPUMENUTENBHO K TeM SafaqaM, KuTOpPLIe CTABILIUCE 1T pe.
WAAKCH ¢ 1eIRI0 2afopa 11 OTHATKI NOAIEMHEIX BOJ, W I0ATOMY HE BCErda MoryT
DHITH HCIOMLIOBATI PR pacieTax BepTHRanLUuoro MEJLIOPATIRITONG  J1DOIaHE.

Ha xpymunx opolllacMiX MACCHBAX PEHITM MO13EMHEYX BOJL B CRA3M C DpoLie-
HHEM NpeTepOenaeT CYTNECTBCLHULIe N3MEeHeHNs. ¥ BeITenie NAaHOBbIX passepun
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PRAGTpANAOHNOrD MOTOKA UPHBOAHT K YROAMUENITI0 TAYHANER Oro aKTHEAOrO
fopMuposadEA, I B CHUAY BTOL0 D pacHeTaX pollalLuee sparenue upuolperaer
VHOT BJAMAHMA BEPTHKAJBHOH HEoJHOPOJHOCTH BONOHOCHOH TOMMDN, B HOpeaenax
KoTopoi gopsmapyerca morok. Hpome Toro, ocoleHHOCTH ArpoTeXHEKA MOJIWE=-
noro sesMienedna B pAue cayudaep TpedyioT olecucuennn NEoDXOANMOTO BOLINO-
BOBLYUIHOTO 3 CONEBOTO PESKEMOD NOMBOrPYITOR B ONpeAe]enHBMe HepHodLl oaa
(eereTanumonaue). 1 makonen, dakrnueckn cesondan pabora wacocHoro obopy-
JOBEAHMH, HAaJHTHe I'I"l;':ill'_-":'l.'[Eﬂllﬂl"l'.l Bil r:l-]'J'E-'l{EITII MITaHHA F]T}'HT{IHH."C BO M up}'rn‘a
HPHYHNE  ODYCIORAMBAKT LepPHOINYSeCKYI paboTy BEpPTHHAALUHOIO APeHAMIA.
Bee aru ocobennocT paloTn A peHaska MOUYT OWTH YY4TEHL OPH €ro pacdeTax B
VCAORWAX NEYCTAHOBMBMerocs peswnma @uasrpanmmn.  [loayvaempe B TAKHX
pacueTax mapaMerpsl JIEIVKeRMA Nof3eMAw X Bog gaiT npefctasienme of nx
auvaMuke, Haubonee OOANO COOTDETCTRYIOUCE AEHCTDHTENLIIOCTIH.

Uﬂ_Hal-H!l B EFI.IJ,I:."{:-THJ‘IU]J.[HK METOMNAX !]Ml,!-"-il.‘.T.ﬂ E'HaHE.I-IJ'Ih!E' AMOMUEHTH HeHLOCTH-
TOMHO YIUTLIBAKTCA, A WMEIONIMECH PYKOBOJACTRA W MocoDns MO pacuery Beprir-
Kol IOra ﬂ;pl.'.‘[lﬂ‘ﬂ{ﬂ COCTABRJIEHE LA EHJIEE IMPOCTELX }"EJ’I’-!]-E-H’“ aro pﬂﬁﬂ'[‘hl u 3a-
YACT Y 10 HENOJIHOCTLIO OTpadialor 1n o0oDIA 0T coBpeMes b Daydlbe pasdpadoTHI
il AOCTIGMKEHMI M0 3TUMY BOOpPOCY.

Mpepnaraemwan padora B Karoii-ro mepe mocnodnser npoben n obaacTn
GUALT pAMONNEX PACTeTOR BCPTHRAALNOrO Jpenwka. B neil n wparkoi gopme
l]]{ll'_l]..'l'_',".']li!}}'lﬂTl:H QUIonnMe 3ala4il BepruRadbLHOrG JpeHada, HNppoigarca Hewo=
Tt]lll-lE TIOINFRCITRH T {Zl'ﬁi.'lf!-l[IZI'EIEF.IlIlII":lI i BhTEH[l:'p' d}‘ll.“lhT['_lH.lEHﬂHl:[Hﬂ CXEM M NEXOTIHAX
napaserpon. OcHopnan YacThk MoHoOrpaduy OCBANEH A HITOMKEHNI0 METO[OE pac-
YETA BEPTHRAJLUMX CKUIKHE M HX CHCTeM, ACHCTBYIONMX IpH VCTaHOBM BIIEHCH
H HeVCTAnoBMBUEHcH (uibTpanu) OpPEMEHUTEILHO K pasHoobpasnumM rHjporeo-
JOrMYUecKn™M YCJI0BHAM MeTHOpPATHBHHX obnherton. llpegncixennnie MeTOmL 1MH-
E]UHH I-I.'lﬂ[ﬂﬂ-TPlIi}}’IDTEH ITPH}'I.'EF-H.MF[ I:h"'IET[E'Tl'.Il'I.

B padore HCnoJALI0OBANK MATEPHAAN HCCACAOBALNE ABTOPR B €r0 YUCUHKOD,
a TAKMe PeAVARTATEI, TOJAVUEHHEIE OTEUSCTBEHHMMM M 38 pYOCHKHBIMH YUeHEIMHE.

Orpanmiennni obbeM MOHOI padnii, K COMRAIEHH D, He MO3BOJNI OCTAHOBIThb-
CH HA TEOPeTHUYCCKHX OCHOBAX NpHBeJeHHLIX MeTOMOB PacTeTa, X HATOKCHHE
HE BEIXOMHT 38 PAMKH naubojiee muTepeciiplX TeoPeTHYecKuX HOCAS0BANNI BO3D-
NABIASMOrs ABTOPOM KOINEKTHEA.

C yueroM TpPARTHYECKOIT HATIpABAENHOCTH padoTH, pacCIATARNHOI B OCHOR-
HOM L[Ia Itl_-t.'.'['i{‘.'TlEpDB-ﬂPﬂEHTH]}ﬂH]IIHIEﬂB fhl‘EJ[Hﬂp&TﬂpﬂH, l'lIJI_pﬂl'-EDJII}I'ﬂB H I'I[.I'[.'F]ﬂ'-
TEXHWEKOBR), DOALIIOS BHUMAHME B Hell yjeleHo NPeAcTABASHHIO OKOHYATENLUBIX
PEIYJALTATOR B BAAE, YAODHOM JAs UWIHPOKOT0 HCITOABIOBAHHA B MHKEHEDHMX
pacHerax.

Aprop upnauaréenen H. M. Jlamxo u B. M. [lecrakosy 3a paj nenpux opeg-
aokenni, H. H. Benamescxomy u H, E. JHeppory — 3a pmonesume spuruve-
cKHEe BamMevanud, BLICKAIAHHELE HME ODH o0CYRICHAN pPYROIHCH.



IF'nasa 1

OGIIHUE BOIPOCHI
OUJILBTPAIITHOHHBIX PACYETOB
BEPTUKAJBHOTO JIPEHAKA

lKak mapecTHO, ¢UALIpAUKOHHBIE pacyeTHl JApeHazkeld 1an
MEJHOPATHBHOI0 CTPOHTENLCTBA SAKJHYAKTCA B HAXOKACHHMM TAKMX
napameTpon, Kak HeobXopuman rayOuna TOHMMEHAA TPYHTOBLIX BOJ,
PACCTOAHHE MEKAY CHBAMHHAMME (JipeHaMu), pacxol n oDBEM JpeHaHi-
goro croka. Ilo aTum mapamerpam oueEHBawT 3QfeKTRBHOCTL peie-
HHMA NocTasileHnoi sajaun. Oapako GEABTPAUMOHKHKM pacueTaM ape-
HayKa J0JKHO NpelulecTBOBAThH BHWACHeHHe pPAa BAJKHHX BONpOCOSB,
De3 KOTOpWX BbIMOJHWTE PACcYeThl HEBOIMOIKHO,

Ilpenass, B TOM 4YMCIe BePTHKAJBHEIA, HeoOX0IHMMO PACCMATPU-

BATh KAK COCTABHYIO YACTh KOMIJIEKCH MEJTHOPATHBHBIX MEDPOLPUATHH
no odeCHeYCHH ONTHMAJBHLIX BOJAHO-BO3AYIIHOIO H COJNEROIO PeHiM-
MOB, rapaHTHPYWIMHX HojiydeHHe Bhcokux ypossaen. llodtomy npm
OPOEKTHPORAHHH MEJHOPDOTHBHBIX CHCTEM JLOJMCHB OBITD BCCCTOpOHHE
NpoaHaJdH&aHpOBaHL BOBMOHHBIE HIMCHCHHH EHHLPETH}"H]II[[FI I o -
HO# ODCTAHMOBKH M HA OCHOBAHMH 3TOr0 BLABJACHA HeodXojamuocTh
CTPOHTEJILCTBA Jipenaska, Hpu ATOM MO THLPOreoNorH9eckum ocodeH-
HOCTAM M YCJOBMHM OpDOIICHHA H pﬂ'ﬁ['."l'hl APeHHHR .‘l!I.E'."I]Il]}IﬂTHBlIi'IH
TEPPHTOPUA MoeT OwTh pasiHTa Ha 0TAEAbHBME XapaKTepHLe yIacT-
K|, Jloe Kaxknoro us uux HeobXoauMo ounpeienuTh 3afadn M THIO Jpe-
HAaMa, a TAKHE ero BOIMOKHLE KOHCTPVKTHRHLIC CXEMB B PeKOMCH LA -
UHMHE 00 PACHOJ0KEHHI0O B IJane M rayomHe NoToka,
- Tlecae yeTanoBieHHA HeoOXOAMMOCTH B CTPOHTENLCTBE JIPeHiaz::
H onpejie/ieHus KOHKPeTHRIX 3ajlaY, KOTOPLE OH [0J:KCH pemars Ha
NAHHOM YUACTKEe, COCTABJAETCA pacqeTHad (QUIKTPALMOHHAA CXCMA
Ha OCHOBOHMH AHAJHIN CYHECTBYWUWEH MeIHOpATHEHOH oleTanoBIiu,
e orfyecKoro CTPORHUA BOJOHOCHON TOJULY, BO3MOKAMX KOHCTPY K-
THUBHRX CXeM (BapuaHTOB) M Jp.

Ilﬂﬂ.'ﬂiliﬂﬂlﬂTb I.'l.lll.'lh'l'[}ﬂII.}Iﬂll.HH."i pacieTol SAHHCHT OT MMOJIHOTBE OT-
paskeuns B MCXOAHMX JIAHHLIX, LHOJYYCHHBIX NPH HIBICKAHUAX, MPH-
POAHLIN NOMBCHILO-MEJIHOPATHBRHEX M FUAPOremJIOrHIeCkHX YCJOBNEA 1
OT BONJOILEHHA MX B pacteTHYO GuaAbTpanmoHHyw cxemy, JJIA KOTO-
poll TeopeTHYECKH MWW IKCOCPHMEHTAJBHO paspalaTeIBACTCH METOl
pPacuera. Uesm odmexkTupiice H NOAMEe B TaKoil cxeMe OYIAVT yuTenw Xa-
PAKTUpHIME uepibd HPHPOAHOE MEJIHOPATHBHOH 00CTAMOBRHM MACCHEA
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U 0COOCHHOCTH PACTIONOAEHHS HA NeM APCHAKHEIX YCTPolcTB, Tem c
DoJblIel  OCTORCPHOCTRIO M YOOMHTENBHOCTLI0 OVIYT 000CHOBAHII
1]-'.I[.II-'.I!'|]L'."].']I}I:I IIPEH!I}I-ZI'I H I'I]]CII'HD!I {}U}I{HMH I'I'.I-}-'l.[’l‘ﬂﬂhll'i BON Ha MACCHEBL,

Basipoil wexopnoil xapaskrepucrnsoll B pacyeTax npordosa ypos-
HA TpPYHIOBLIX BOJ Ha MEJHOPHUPYeMblX TEPPHTOPHAX ABIACTCA MX
MOIVIL TTUTAHAA, I[Im pacuerax Me/IMODATHBHOTO [PEHAKA BMECTO
MOLYIAS nHTannA odLYMHO OMEPHPYIOT MOYJIEM JIPCHANHOTO CTOKA,
T. . B [I-I'lii"lll‘-'.ll'[.. [J-IIIH.T.!T_I'.‘IHHJIILE‘I-‘I ¢ KaKoH HIHTEHCHMBHOCT LY Hi—‘ﬂr\.{lﬂﬁ"
MO TBHOJLHT I» HADKTOK B [Id.—l.lﬁllH{}lﬂ I'E|1{}]IGJ|.[:?]\|II,EHIIH C eIHHHITLI
MTOILAAN OPOIAEMOH TEPPHTOPHN, JTO NoiBoadeT Gojaec paBHOME]-
TN ERCy HPDLIQHH H IO INTONEIH pacupejcnTh Te JHINHEEe NOCTYIINCHHH
i'f!},‘HTUHIJ){ By, I{I}'l‘ljl}]ilﬁ H L2k (' rRecTH ﬂp[ﬁ“““}"l UTo Bo MHO-
'Hx CJAIVUAHX EIEIJIEF‘HI.ET COCTARSCIEe j:?ilﬂ"l:ﬂTlIl-I.‘{ METOIHIL ﬁEEI JaMOT-
HOTO CHM:ieHMA uX ToUHoCTH. D melmopatHBHON NpakTHEEe MHpPoKoe
pacnpocTpaHeHde NOAYUUIAO0 ONpPelejIeHHe JIPEHAXKHOTO MOOYAA Ha
OCHOBE MeTO/d BOJHOID ﬁH..'lHH{}H., T. B, JHad KOJIAMECTREHHOM COOOCTAR-
JIeHAW OPHXOAHBX H PAcXOoAHHIX ajdeMcnron Oajzamuca 3a onpefgencn-
Hoe Bpesa, llpu necnenonaann BogHoTo DallaHCA OPOLIAEMBIX TEDP[IU-
Tﬂ[lllﬁ lllIE,TJ;:HJ}I{EH]:l H HCOMMWTBEAVHYTCHA HECKOJIBRED THIIOB DAMAHCOBLIX
‘_"l.r'_'|’!lil]3i[I-llll!i-ll'li ﬂ'l'I}iliIEH!{]III_HI C jjﬂl‘-‘lillli CTENMPHBID TOJIHOTLI EEE!_HL][}J.LEE-
CTEMA TOBCPXHOCTHLIX, HOUBCHHLX (30HMaA3PANHMH) H TPYHTOBLIX BOJL.

.U ]TPDI],EEG&E |]HEEJI(}EHHH oun IHZI;UI,E'."IIH{EIHHH B HHX ﬁ.'l.'-]l"ﬂllpl*l—
HTHOUO  BOJHO-CONEROTD pmuu.’-m !l['IEH-Ei‘.uIﬂ-I hlfl MOOAVIE BRYHCJIACTCSA
MHa GCHOBE HOCAOEMOBRAHHA BOIHOTO M COJCEOIND 'Ei-El.]lﬂHf_‘.-il JOHLL D2pd-
I 1 TPYHTOBWMX BOJ H MX B3auMocBaau Mexrjy coboii [4, b, 37, 38,
41, 42, 45, 49, o1, 6Y, 80, 88|,

PﬂL‘"IL’:Th! APENHRHLX }’UT]HH“I[’-'J'H.. DCHORBAHHRME Ha MCTONAX BOJTHOTO
DaNanca, MMCIOT P, CYILECTHEHH X HELOCTATKOR (HOBLCOKAHA TOUHOCTL
I}HPE,]].E!JIEHIIH ﬂil(‘llﬂ}liﬂﬂru LIIH[}'JIH. BOJAMGLEHOCT FETHHHI!.‘IEIIHH TN k=
KO CPEMHRX O MACCHBY XAPAKTCPHCTHIE FPYHTOROIO noToka Oea nndipe-
PEHIAAINH BHYTPH HEro u Ap.) ¥ HOCAT BecLMa NpROAmKeHHB
xapanTep. Hooromy B mocaennne rogu GuaLT palionmLe PacueT pai-
JWYALIX JIPeHAGHEC ﬁz't;*r]-fpy:—u'rcﬂ Ha METOJAN HOEBOMHOE THIOIHAMK-
KK I:l‘El:I-I'HJI,]:HF..'I,IiiliHMHl-iH), OCHOBAHHRIX Ha peUICHIL }'[Jﬂ]:Tli‘llliﬁ JBRM -
ILIEH I‘Il}’ll'J'UHL-IJL BOJO If MOZROJIANMAX nade1RaTL },‘l{{i;]:ﬂ!.ll.[lﬂ.‘{ HE -
CTaTKOB !,

rlrljum,.'lhI'I.*l.".ﬂf"lﬁﬂﬂ'[-‘[i‘. AMETOIMK JIAHYT ROAMOFHOOTH B CAMOH ALaTe-
MATHUCCROI MOJIH  guakTpannm MenmopapyeMoil TeppuTopun pas-
JITLITO "L""III']']-I HATH HLIICI'J.‘{]I]:IJE DI TIEITOHITA 11 }]ﬂﬂ"iﬂﬂ,fjﬂﬂl] nH l|} YH-
TOBWX BOj, &4 Tiakdse Ooaee CTPOGro YCTAHARITITHITL |}4'IE"J‘II"JHI'-IH MONMYIb
UNTAHHA, JTHMH METOAMME JLAH 1Hoc rp:wnll:m pracueT HOI cxexmnl obJac-
TH PUIBTPALHE MOJKHO OMPeICIMTE XADAKTCPHCTHRH (UILTpannon-

' Pemenne NpaETHMECKNX 3afay, CBA3AUHWY ¢ PACTROPENNCM CONel, npo-
MIMBROGT SHRCOJEHHBE [ONE T OTIPECHenies  Munepaanaonainue Mogsesius sog
Ha poe ,weuuiltvll OCHOBMBAETCH Ha MOTOAAX TeOXHMIMCCKO FIAPOIRHANMARN,
e unuuumi_u upoieces (LT, ,lun]mrhw. WM N XIMOYeCKCH  KHHeTIE,
H TPeOYET COBMECTIUID pace unrpu:m:-r V[ RHEH I JERHCHNN FPYUTURLX BOJ, I-U“iﬁ-
dbysun u smaccoofmena |6, 26, 72, 126].
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HOTO NoToka B Jdoboi  Touke ofnacTn ¢UALTPANUE U B pasnoe
BreMI.

Bascnoit ocobennocThi0 MEIHOPATHRHOTO BEPTHRAJILEOTIO Jpeliaika
ABIAETCA VCTAHOBJIEHNE KOJIHTECTBA CHBAMKHH H DACCTOMUHI Memny
HHMH, 8 TAKHe PeHIMOB HX pnﬁu‘rm ¢ IENLID ODCCNeUeRHA I8 AHHO
MHHHMAJILHON T.'I}'ﬁlll-lhl IMOHWAHEHTH I'PYHTOELIX BOJ B HYMHHBE NICpH-
oK B [e10M II0o MaccHBY JAr00 Ha oTie bHLIX y9acthax. I'nydmaa no-
HHMEHHA FPYHTORLMX BOJA BO MHOIOM OODCUCIACTCHA arpoinoaornye-
CRUMM TpeOOBaAHMAMM CRJBCKOXOIANCTEBCHHBIX KYJABTYP, a TaK#ke pe-
sxuMamu paborw cusasiuu. [lostromy onpegenenuio sTUX mapamerpon
noNHHO OuITL YIACJNCHO Cepbe3noc BHMMAHNE,

§ 1. 3ALAYN BEPTHKAJILHOTO JIPEINAIKA
H ErO THITL

OeHoBHRMI 32/ aUaMI BEPTHEAJNLHOI'O JPEHA:A, KaK, oue-
BUAHO, I BCAKOIO JPYLoro, NPHMEHATEALHO K 1poblienay Meamopa-
THBHOTO VAVUUICHHH OPOLIACMEIX 3eMeib ABJIAITCA CJIeNVIoLume:
oOeCIeMEHNE CHIGKEHUA YPOBHH IPYHTOBLIX BOJ Ha MACCHBE Ha
Tpebyemyio riy0uly U B 3aJaHHLIC CPOKH © ROBMOMHBIM  OJHOBPEMCH-
M 3a00poM NPCCULIX HANOPUEIX PPYHTOBLIX BO A MOCILAYIONLC!O
HCHON L3OBAHMA B OPOIICHMH;

BALLHTA OPONIAEMBIX MACCHBOB OT NOATONIEHHA CO CTOPOHB BOJI0E-
MOB H KaHAJIOR, it TAKAE OT NPATOKA TPYHTORLIX BOJ, M3BLE, CO CTOPO-
HEl JIPVIHX MACCHROR,

o0ecneueHne PACCOJICHHA IOYBOIPYHTOR M FPYUTOBMX BOJ) I 1e-
PHOL OCROSHWHA]

nojyepiianne HJAronpHATHOre COJCROTO PCKUMA MO MPELOTE -
OIEHHUIO BTOPUYHOTO 3ACONCHUA B NEpHO] IKCMJIAVaTarim.

IHerpyano yheanrees, UTo TPARMIABHOE M OKOHYATEILHOS Pellenne
ATUX 34,14 MOLET OWMTh HOJVIEHO B PeayIhTATE BHMNOTHeHRA DHA KT A~
MHOOLLY PACTSTOR PAAIMUHLX BAPHAHTOR M THIOR JIPCHAGED ¢ TOCT0-
AVIOLUM BGopoy oOTHMAALHOO BAPHAHTR, KOTOpLIL 3 PCKOMeH Y C-
TCA 1A CTPONTEILCTBEA.

Jlas onenww odupeRTHBOOCTH PAdOTH APCHAHA B JABYX HOCICAHNY
aagavax Hapaay ¢ gUILTPATHOUHLIMH PACUCTAME HPODXOAUMO TAKIKE
BLIMOJIHATE PACHETH 11U TIPOTHOSY COJEPHSAHHA COJAM B NOYMBOIPY -
TAX W FPVHTORKX HBOjaX B uponecce padors JpeHasia,

I3 sapmcumocTi 0T MOCTABJISHHBX 30447 0 HaZHAYCHHA Na opolac-
MBIX MOCCHBAX BOZMOMNIHL CACAVIOMBE THILL BEPTHRAABUOTO JPeuasia
PACCOJNTEILHLI — 1A PACCOJEHHA B 3ajlaHHLE CPOKH REpXHEro
RKOPHCODUTACMOrO CJIOA OB H DOCTCAYVIOMETO NOUICPHAHNT B Hen
E-T[EI.I‘{'.!I[FIIIEJ'I'IllH'U BOARO-BOAIVIIHOIO H COMNCROTO POYHMORB, ﬂ}“HLIH,'Iq'IH'
TAMBCKNH — [  oNecTedMCiHA TOHWAEHN S YPORHA TPVHTOBMX BoL
Ha HeoOX0AHMYID ROJIPINAY 0 DOIePRAHUH 10 Ha UayOuHe, Daaro-
OPUHATHON WA PAZBHTHA CCTRCROXOZATCTREHHMX KYILTY] M NCKIIOA10-
WEel  BropHYHOe  SaC00CHHE DOUB;  orpajiuredaulinid (orcequmil) —
JULAL 3a1HTH OPONAEMEX YHACTHOR 0T NONATOIICHMH I HepeXBaTa I'pyil-
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TOBBIX Bo/, noctynamomux uasAe. llpm onpeneseHAmx ycaoBmax
APEHAK MOMieT BRIMOTHATE IBC GyuKunn (Haupumep, pacCoiuTed by io
H UPOQHAAKTHICCKYIO, PACCOJHTEILHY If OTCCUHYIO), & HUOIA OJHO-
Bpemenno u Bee Tpu., Mamecrno, wro cravana paccoiacnue, a 3aTem M
nojyiepikanue HAaroupuATHOrO COACBOrO PesHHMA CBAJAHO Ne CTObL-
KO C HOHHYKEHHEM YDOBHH FPYATOBKIX B, CKOABKO € HCOOXOIMMOCThiO
oDeclleveHHA B BEPXHNX CJOAX HHCXOAAMEro TOKA NpeCcHLIX BOJ, HEe-
0DXOJIHMOTO JUIA PACTBOPEHHA Codeil TBepaoi dasi 0 BMMHEAHEA NX
M3 Bepxuel toamm rpynros. Jlas cosjanma tTakoro HNCXoaAmero To-
Ka ¥ oDeCLeYeHns OTROA I'PYHTOBLX BOJA NPH DPOMBIBEAX HCIIOJbLH0-
BAHHE BEPTHRAIBHOT0 ApeHaska ABasercAa ocoleuno aduesTHRTILIM,
dagacryw nanbosrce yenecooipasno NPAMEHEHHE BOPTHEAJBIMX CKBa-
AHH PH YCTpoHCTEE OTPaiATEIBIOI0 [PeHAMA.

llzauonoe pasmemerRHe CKBAKMH [OMKHO OCYIMCCTRAATLON
YUETOM HOUBCHHO-MEAHOPATHBHBIX YC/0BMIl, panHoOHaJLHOTO pacno-
AVHKEHHA OPOCUTEALHKX W cOPOCHMX Kanalos, yioDceTBa MX CTPOMTE L=
CTBA, DHOProcual-eHnA W JKCHJIyaTalum M T. J.

B saBucumocTnn o1 pacnonoikenns CKBazRHI N0 OTHOWEHWIO K Jipe-
HIIF}"E'Hﬂﬁ 'TF[IP][T{.'IPHH H MCTOYMHHKAM BOJHOID IIHTAHWHA RepTHKAM -
WO IPEHQGK TOApAasfeAeTeA Ha cucTemaTnyecknit, sBuGopovnnil i
JAHHeHHkI,

CHeTeMaTHIECKUM JIPEHAKEM HAZLIBACTCH CHCTEMA BOPTHRAIBHLIX
CEBAKHH, pasMelleHHEnX Oojiee WJIH MeHee PABHOMEPHO 1O BCOH Jpe-
uupyemoir Teppuropun. Ilpu oTom pasamuar pacnonosicnue cxBa-
iIKHH N0 CeTke © EI‘rlEHﬂMEPEHM H HE'H[HH“MEPHHM maramMm.

Brutopounuii xpenask — jokaasHan cuctema ofmMYHO NPOHIBOIL-
HO  PACTIONIOJRCHELIN  CKBAMKHH HA  OTICALHBX He(JaroupHaTHHX
VIACTKAX OpPOIAaeMol TeppHTOpuUM,

Jluneiinnii orpanuTenbunii, wan orcedmLit, Tpenaw yerpammact-
CA B BHIE OAHOrO MIM HECKOJAhKUX PHIOB CKBAMHH [UIA NepexraTa
HHENTHETO MHTAHNA FPYHTORLIX BO, TIPH HOJTOUTEHHHA CO CTOPOHB pe-
Ki, MATHCTPAJALIOrO KAHAA WAN BOJOXPAHHININA,

OKonuATeIRAOE KOJMYECTBO CKBAKMN HA MOCCHBE B YKAAHHIIX
CXCMAaX BePTHRAILHOTO JADEHAM J0TKI0 OBITH VCTAHOBIACHO B PO3YJIh-
TaTe pacuacTOon PAalJMYHEX RAPHAHTOR M nocieldywouiero swbopa onrTn-
MATBHOTO BAPHAHTA, 0GCCIeMHBAIONETD DENTEHTC TTOCTARACHHON Mepe
ApeHarseM s3ala'H MpH 3aJInHHOM PHCETCTIIONM ,:'][!'GHT-E'_." HJIONYCTHMOM INO-
HIAHeHHH JITHAMETeCKOTo YPORIIA B CHBAKNHAX, T, @, (DiRTHICCKH 1101
VeTaHOBIeHHOM HacocHoM obopyiosauun. RoauvaecTpo cksakmnH B
MEPBOM BAPIHTE OPHEHTHPOBROYHO ONPCACHACTCH JENCHHAM CYyMMap-
HOrO AedHTa CHCTEMBI, HafieHHOTO (aJanCOBLIMM pPACYETAMHE [T pac-
CMATPABACMOr0 MACCHEA, HA CPeIHHE JIEONT OJIHHOYMHON CHBAGKHEL,

B paie cayvaen gas nomyuenns neoGxoaumoro sdderra JLPCHM POB-
HHA LerecoolpasHa coBMeCTHAN padoTa pasiIMMHLIX THIOBR JIPEHAKCI,
PACITOJIOACCHHIWY B CIJOAX HA pasnoi rayOHOe BOJOHOCHOH TOJMHIN,
Haupumep ropusONTATBHOTO (MAM BEPTHRANBLHOIO), JAPCHHPVIOLIE!o
HePXHRI Ca0i, W BEPTHRAJILHOO, JPPHEPYIICTO HIGKUHA CJoii.
Becuma pacupoctpasen Ha npakrTuke uacTomii cayuail Taxkoro covwue-
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TARHA — KOMOMHMPOBAHHKN JPeHAN, KODAA BEPTHKAIBHLIC CKBAIKN-
HEI FH{JHHJIHI'HHITEH HenocpeJcTBCHIO 1O/l TOpHAOHTAJI BHLIM ApecHaMKeM,
NpHYEM H3JIHB W3 CKBAGKAN DPOMCXOIUT B Jpeny.

Kak HARCCTHO, pasiaHualor i OCHORHLIX peikisa padoTe BeprH-
EalbHOID Jl]]'ﬂl:lﬂ}h'.i’l: HpH NOCTOHHHOM ,‘l["EIHTE: CHEBAYMKHU M MOCTODHHHAOM
nouMenun  (yporHe) B cxpaknuax, B oscanopaTornoi npaktRke
BOBMOMHB! 004 YRKABAHHEIX PEAHMA, 1 PHYEN B LePEOM TPH 308 HAOM 10
TEM HJIH HALIM COO0pakicuusam (pacueTam) ONTHMAALHOM JCOMTe 0T b-
HEHX CEBa:LHI M I.IIJIIHFIT{IH HXx ROHCTPRYRITHHA |HIE‘II’.’TH.'|IH npoBepaRT-
CA  KMIHYECTBO CKBAMNI, oDecneuHBawllee Ha MACCHBE W B CKBAMN-
He Tpedyesmoe NOUMMKeHHC YPOBHA TPYHTOBKIX ROJL B OOPEACTICHILIR
CPOKH, pasMepnl cEBasuH (ayOMHB, IHAMETPE), THU BOJONPHEMHOR
gacTd (puantpa). Bo sroposm pesmye npu SajlaHHOM N0 TEXHHYECKHM
YCAOBHAM OTKAYKH H3 CKBAMIMU INOCTOAHHOM YPOBHC RO pPellarwTcH
ATH #He RONPOCH 3, KPoMe TOro, onpeiejfaercs JedHT CRBANKMIM B He-
obXoauMEIe CPOKM.

Beprakaabum# ipenass ABIAETCA OJHOH M3 BAMHBIX COCTABHRIX
YACTEH PACYSTHON QHIBTPAIMOHHOE CXeMbl, H N03TOMY TaKol Boupoc,
KillK thﬁ[i]] H pasyemene CHKBaAHH, JOJHeH B KOMILJ¢KCe C APYIrHMHA
Bﬂﬂpﬂﬂﬂ!ﬂ]l PelaTeCH NpH NMOCTpOCHHN CXEeMEI.

§ 2. MOCTPOEHHE PACUETHOR
MHIBTPAIIIONITON CXEMDI

ITpusnmMne cXeMATHIAUNH IPHPOJIHKMY  YCJAOBHA W wo-
CTPOEHNA PACUCTHLIX GHIALTPALMOHHKX CXeM JI0ROIBHO noApoino pas-
pafoTans NPHMCHMTENLHO K rMjporeojormyeckuy pacderam [17, 34,
77, 8UL. llpu npoesTupoBaHEE APEHAKA MELHOPATH BHOI'O HAAHATCHI
ATHMH HPHHIHMAMHA MOMHO BOCHOJILIOBATHCH LA COCTABJICHHA pac-
YOTHLIX QUALTPANHOAHLIX CXeM opoliaeMux maccupon, Ilpu srom me-
XOAAT U3 TOro, 4To 0baacTh UARTPALMKE KAK B CCTECTBEHHMX YCAORH-
AX, TAK M I} VCJAOBHAX, BOIHHUKIMKX Ioc]e },fl:1'|mi‘i{'1'n:+ JpeHAIeI,
npenetasiaaer coboll euHy0 guanueckyw obaacTh, BHVTPH KOTOpPOI
FHAPOIHITAMBYCCKHE XAPAKTEPUCTHRH (HADOPH, CKOPOCTH W Pacxojim
FPYHTORKIX BOJ) OHPEIEIHIOTCA HAUYaJALHLMI W FPANMYHMMHE YCA0BMA-
Mu. B cavuae yeranopmBineiica QuAbBTPAIME ATH YCAOBUH JTOTCHIN
OBMTH BHPAKCNL 3AJANHLMH ZHAMEHMAMHM HAUOPA HIM pacxola
FpauMLax o0aacTH (PHABLTPAIAK, & TAKMC HA CEBAKHHAX, PACITNJ 0=
Hux Buyrpu artoit obaactu. [Ipu meyeranosmsieiicsn guasrpaunm ne-
O0XO0AHMO HHATH TFPAAMUHKC H HAMAJBHWE VCJIOBHA, BUpaKalomme
AHAMCHINA Hanopa (VpoBHA) A0 Havaaa paborw gpenaiia. Xapakre-
PHMCTHEA ITHX YCJTORHIT HPUMEHHTEALHO K Padianiinys GuiabTpaiuon-
HBM cxemMam nojpoliHo OINHCAHA B CHCNWAJBHON JHTEPATYPC 110 Teo-
PHH  imanTpanmmn,

B awbeit pacuetHoll GUALTPAIMORIONE CcXeMC Q0JKHLI GHTH OTpa-
JREeHBI B B OTIPEJIEJIEHHONT CTeNEHN YITeHM 0CHORHBIE 0CODEHHOCTH TTOTO=
KOB rpyHTORKMX BOJ (CTPYKTYpa H CTPOEHHe 110TOKA Mo TAyOnne, ruipas-
JHYECKHE XapakTep BOJOHOCULIX TOPHIOHTOR, BX CBAIL € atsmocdepoil
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1 YCJ0BHHA NUTAHWA B Opeaesax pPACHPOCTPAHCHNA, PewmHM (PUILT-
JHUMOHHBIX NOTOKOB), (HABTPaAINOHHBE CBOHCTBA IPYHTOB, Clarao-
UIX BOJOHOCUYIO TOJAULY, MEOMETPHUCCKHNE ovepTaHHA obaacTel (uinT-
PalME B YCA0BMA UX MUTAHUA Yepes OvokoBwe rpapBnL. Kpose Toro,
B CXeMe C JpeHarkeM, KaK YKashBaJoCh BeIUe, JJIf PACCMATPHBAEMO-
I'o pACYeTHOTO BAPHANTA M0JKHO OBThL 3aaH0 pasMeeHie BepTHE AT b
HUMX CKBaMHH B ILTAHE M N0 rayOnne u mpuHAT pesuM ux paboTh,

Coraacno paGore [29], npm cxemaTHzanmmm nepeuucieHHHX W
ApYrux GakTopoB upupOAHLIY YCHOBMIT yaolHo BLAEIATh [IBe OCHOR-
HEe TacTH (MW ITama) — THAPOreoJOrHYeckylr M RIBTPaIHOBLYIO
(ruaposunamnueckyn). B npouecce ruaporeosornveckoil cxemaTHza-
IHK CO3NAeTCA CXeMa BOJIOHOCHOI0 Muccnpa B (JopMe THApOIren]orH-
“ECKHX KapT M paspesos. B npouecce gmuaprpanmonsoil cxematnaa-
IHI PACCMATPHBAKTCH OCHOBHKC 0CODCHHOCTH IMPOJAHAMAKH I'PVH-
TOBRIX ROJ| B 30H€ H3YUACMOr0 MACCHRA,

I'1pu nocrpoenun pacreTnoil duianrpannornoll cXeMu uHOTIA Hede-
Co0BpasHo  UOATALHO PACCMOTPETh [BC (MABTPATMOBHLE CXEMU,
OTAMYAIONHECH To MacTalHOCTH paccMATPHBAEMEIX 3ajaY,— CHA-
dla NpejRAPHTENLHY) — PCTHOHAJILHYK, 8 3aTeM OCHOBHYH) — J10-
Ka1LHYI0, KoTopas, coDCTBEHHO, W NPUHAMACTCA B KaYeCTBe pacuer-
woil  duaprpanmonnoi cxemu |29, PernonanbHoi (puaLTpALMOHL O
CXeMOIT  oXBaTuBaeres 00JACTH GOPMHPOBAHMA TPYHTOBLLX BOJ B
Hpejledax 30HK OpoIagMoro MACCHUBA, JIOCTATOTHAA OJOH 000CHOBAHNH
FIAPOANAIGMHNECKAX FPAAMIL, XapakTepa NMTaHMA B PasrpysKkH rpyi-
TOBLX BOA. B aokagumoii gumasTpanumonnoii exeme, KoTopas SiBARETCH
COCTARHON WacThio (pparMeBTOM) permonadnnoil cxemn, Godee Tia-
TEABHO paccMaTpHBaeTcH obdJacTh (MALTPALMOHHOD MOTOKA B 30HE
PACTIOMTOKEHNA W BAWAHNA  OTJeNbHLN OPOCHTEIBHBIX KAaHANOB M
APCTEAGEHBMX YCTPOTICTS © yUeToM PermolaiLHbX $a KOHOMepHocTel dop-
MUPOBAHHA Tolsemunx Bol. B oroil exeme, cocTosmed Ha ojlHOro WM
HECKOALERX (hparseaTon, yaodHwX QA8 pacueTon, 00.1bII0F RHHMARNC
VACISICTCH AHAJNEY BOPTH R LHON ACOAHOPOIHOCTH NOTOKA, 0DOCHORI-
HIUIO FHADOAHIAMHYECHHY NAPAKTCPHCTHE IPYHTOB M BOJOHOCHMX To-
PHAOHTOB, YTOUHEHHID MOJAYAA HHOWIBTPATIHOLHOTO UWTAHMA N
VETOBRIN Ha FpaHiLax obJacTd GEABTPAITIR 1M OTIeIRHELX 00 dhpar-
MCHTOR. BWDOPY THI ApeHaKERX yerpoiicrs. Hiske B kpatkoii dopye
OCLEIAKTCS OCHOBHHE 1OJTOMCIMA W COCTABHEIC TACTH PacHeTHO
dnabrpanuontoil cxenw. Loaee noapoGhoe ux uaiosenne L HMCHH-
TEABTIO K Iirlj.'lh‘]'{l-ﬂLE].‘EDHII}:IM PARCTeTaM BePTHEAJLHOTO japenaiia pas-
AUAHOIO HASHANCHAA NpHBOJAeHO B eneupaiabroil Jureparype |5, 37,
ob), hl, 69, 77, 86, 80, 97].

Hpesiae Beero mozssnm GuTh VeTanoniens reoMeTpHIeckne oTep-
TAHIA 0DAACTH PRABTPaIMT ¥ BLSCHCHL YCIOBMHA NHTAHTA I'PYHTOBRIX
ST s MacCHRe,

. ObaacTs guarTpali mMeeT aHAYATOILIBEG pasveps, NpHYeM
DAGTHIHRC BOJIOCMEL W KPYUIKIE NOCTOAHNHO JeHcTBYONHe KaHAJL y1a-
JICAW wa DOJABITE pacCTOAHMA OT OCUOBHLIX YUacTKoR obaacTH, rie
OPOHCXOAUT CYIMECTEEHHOC H3MeHeHHE pe:kuMa TIDYHTOBBIX BOJ.
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B aros cayuae obaacts GuasTpanun OesrpaHuiEA, THTARNE FPYHTOBLIX
BOJL B HCH MOM(ET NMPOHCXOANTH 34 CYET NOBepPXHOCTHOrO M riyOHHHO-
ro upurokon. llpurok TpyuToBMX BOJ HW3BHE HCJUAMHTENCH, H €I
BJAHAHNEM MOMKHO npeHedpets,

2, Ofaacrn mABTPaNNT orpannycua ¢ ojHO, JABYX HAH Jawe
YeTHPeXx CTOPOH IPAaFHUAMH B BH/@ BOJ0OEMOB (KallajioB), NUHWH KOH-
TAKTR XOPOUIO HPOHHLAEMMX NMOPOJ ¢ MeHee NPOHMUAEMBIME 10POia-
MH, TPHHIEMACMLME 38 HENPOOULAEMBIC IpaHMilh, TEeRTOHHYECKHX
H.B_]JFH.IEIII-H.&, rjie IIFDHEICI:.[I'I'T HIOTCHCABHOE2 LHUTAHHE HIN pﬂﬂl‘[}:‘fﬂﬁil
IPYHTOBKIX BOJ{, WIH YCIOBHLIMH FPAHMILAMM, Y€PE3 KOTOPHE NPOHCK 0~
JNT HOCTYOIEHAC IPYRTOBLX Bojl co cTopoHL. BB aTom cayuae, Kpome
YKaJAHAEX Boillie BHAOB NATAHHSA, CACAYeT yYecTh (0KOBLIE TPHATOKM.
310CL BHeAHIOTCH: '

a) nonyorpannuenuas o0hacTs QUALTPANHE ¢ OAHOH IPAMOIAHEH-
HOW I'paHAed;

0) monocoobpasnan obIaCTL PUALTPALMK € JBYMA NaPaJICILILME
rpasmiaMmu, yxojlaupiMi Ha OoJemiHe pACCTOAHHA;

B) «IJIACTH-YIILY ¢ NepeceKalomuMEcA UPAMOJHHEIHMMI rpann-
ImAMM, VXOAHMHMH Ha OoJbITHC paccTOAHUMA;

r) Kpyrosana m npAMoyroinuas obaacTH (UALTPAIEA ¢ 3AMKHYTLHI-
MM I'paHWIEAMY,

R yeasanpms o6aacTAM CXEMATHICCKH MOTVT OuITh OTHeECeHw 00-
JdacTi GUALTPALMK € TPAHNIAME, HMEWIHMH CIT0KIILE TeoMeTpHtIe-
CKHE OYepTaHMH.

Yeranosap rpannnn odiacTH UARTPALME M VCJIOBUH NWTAHHH
FPYHTORMX BOJ B Heil, MOGHO ITPE/IBAPHTEILI0 HAMETHTh ITAHOBOe Pad-
Memerine BE[ITIIHEI.’IhHh[."C CEBAYKHH Ha MACCHRBE.

lHocaepaymmum aTanoM ABJHETCA YCTAHOBJICHHMC MONTHOCTH BOjO-
HOCHOH TOJIM, ¢¢ FeoJorHYeckoro CTpoeHuA o MayUeHHe (uIbTpa-
IHORMLIX CBOMCTR IPYHTOR, caarawmmx oty Toxuy. Hog wompocrsw
BOJONOCHOIT TOJIIM TOHAMAWT TIYOHMHY AKTHUBHOH 30HB TPYOTOBOIO
NOTOK:. B NPEJARIAX KOTOPol BO3MOMHO BAHAHNC PadoTul JpeHa.
Bepxmeil rpammneii sojgonocuoil Toaum obuduo Oupaer crobogHasd
NOBCPXLUOCTH TPYNTOBKX RO, A HIGKHeH — BOJOYNOp WIM KpPOoBas
00MALHOIO HATIOPHOTO TOPHIOHTA, B KOTOPOM BeAHUNHA Talopa B Opo-
necees pﬂﬂm'm Apenaika oe Oyvnaer uamensntnes, pealibHbIX YCAOBRHAX
34 HIGKIIOW FPpanlily PacveTHOH TOMMM OPHHHMASTCA KPOBRIA pas-
NeJJLuOra CJioH NN pPOROIO PasBHTHA C Iiﬂ:-ll!'ll(]:I“TT_li['lITH!ul {IJ]'I.'II-TF‘.LHII-II'I.
saaunTeihio MeHnionmy (n 100 u Goaee pax), wem y sajJeraoumero Ha
HeM pojlonocioro ropiaonta. Takas rpannua Oyiaer anuneil Boloyoo-
pa. Caxeayer nmetnh B BHY, 9TO YCTaHOBJACHHE rpaHiilsl BOOYTIOP
no couTHOMERnAM KodppuuuenTor uapTpanu HIH BOJOOPOBOILL -
MocTeii wacTo OpEAET HEJOCTATOMHMM, ¥ TOrJa OPUBIACKAIOTCH pPad-
auunme spurepun neperexanns [34, 69]. B wacrnoern, coraacuo pa-
Gore [D0], B kKavecTse BojlOYHOPA MOGKET OLTH NPUHATA KPOBJA TAKOrO
CHOA, vepes KOTOPLIE DOCTYHACT B PAacCMaTPHBACMYID BOAOHOCHY K
ToJamy ue Hojgee 5—10% ofmero pacxona sonw. I3 cayuae, korpa u
KAYEeCTBC HMAUCH TPAHMIM NPHHATA KPOBJAH 00MJbHOrO HaNOPHOIO
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FOPHAOHTA, TARKAA TPAHWIA DYIET JHHKeH pasHoro namopa. C ysean-
UEIMEs 1)1 :-,rﬁ;mm NoToRKA T[H."ﬁ-lll!HH HH h YCTaHOBJACILMID HUGKHCM rpaHH-
Il ROJLOHOCHOIT TOALIH MOHIGAWTCH, Tak Kak Aciicreue jpedarsa
ymensutaercs,  HodoTomy B caydae MHOTOCJOHHOH TOJMUM JOJKHO
OLITL OUCHEHO BJINAHWE HUWIHHUX CJAOEE B HeoDXOJMMOCTL MX YUCTi,

[locsae YETAHORIEHUST HUAKHEH T DANRILL BOLOHOCHOH TOJUM 0KOHYA-
TeabHo (GopMRPYeETCA ee cTpoerne no rayomue, BojoHocHasx Toma no
FEOJOrAYeCKOMY CTPOCHHK 3AYACTY 0 HeOIHOPOJHA M MOjKeT DuTL npR-
BOICHA K CAOHCTON CTPYKTYpe — OJROPOIHOM, ABYX-, TPEX- H MHOI'O-
caoiipoii. [laubGoaee xapakTepHMMB ABIAKTCA ABYXCAOHHAA Toana,
B KOTOPOM pepxumi caoil caadonpornnaensii (Cynech, CYrIHAOK), a
HUFHHI — XOPOomo NPOHMIEeNMB, COCTOAMMI M3 DecIaHo-IpaBe-
AUCTHN PPYHTOR, TPOMIMHOBATUX HABCCTUAKOB M OCCHANMKOR, M Tpex-
CAOHHAA TOAMA €O CAADOUPOLMUACMEIM (IAHHHCTEIM) PARIEIBHEMM CI10-
esm HeDOABWOR MOWHOCTH.

LIOMCTHE BOJOHOCHBIC TOJMM, B KOTOPHX X0POWO UPOHWIAEMbIE
cA0M UepeayiTesa co caabonpoRHmacMuMu, coraacio paboram |29,
S0, weaecoolipasno KaacenpuiMpoBATE CAL/YIONMMI OCHOBHEIME TH-
namyu  (PpUALTpAUMOHHKX cHeTem: | — oaHonnacToBaA — ofuMH BOIO-
HOCHEIT NaacT (OHOpOJAHOTO WIAM JAByXcihaoluHoro crpoenus); [l —
ABYXITACTOBAH — ABA BOJOHOCHWX IJacTa (OAHOPOJHOID HWIH Cloue-
TOro cTpoenns), pasaeredsnx caaliounpornnaemus caoem; [ — Gee-
NJACTORAN, NPCICTABIEHHAH lNepecilanBaAEHeM cJadouponnmaembix
nopon; |V — romoynopras cucrema, juia Kotopoil Xapakrepuao npeob-
JAJAIONIee PASBUTHC B paspeide BOAOYUOPHBIX HOPOAL.

Ilpu onpejeneHHsXx YCJIOBUAX CJIOMCTOE CJOKEHHE BOJOHOCHOMN
TOJH ¢ HeDOIBINNA PARTHIHCM KOD(POHIHCATOR (PUALTPAIHE OT/Lel h-
HBIX CJA0EB MOYKeT OLTE 3aMCHCN0 0/IHOPOAHLIM C NOCTOHHHON HPOBOJLM-
MOCTRIO, PABHOH cymMMapHOl NpOBOJIMMOCTH BCCX COE BOJAOHOCHOH
TOJAMM,. JTO NOABKIAST MHOTOLIOHHYK TOJNULY YACTO PACCMATPHBATL
K JIBYXTUTACTORYIO cHCTeMY (TPexXclolHBIT CPYHT), COCTOAILYK WA
BEPXHEIro ropusonta H odpeAMICONLX B 0MH Huxmux caoces [110].
Ocoforo noaxona M aHajJnaa NpPH CXEMaTHAaIMN TpedyOT BOJOHOC-
HEIC TOJU ¢ BECHMA COMHBM W HEVIIOPHAOMCHELM cTpocnuey | 104].
B npegeaax pubpanmoil noAoHOCHON ToamuM J024<HE OThL HAYYEHb
fuanTpaguonnoue cBoiictsa  FPpYHTOB (KoaduprimerTi  uasTpann
CAOCH, BOJMOOTAAMA WIH HEJOCTATOK HACMILCHMS, CTencHb 3acoen-
HOCTH FPVHTOR) W APYrUe XapakTepucTHRE.

B eaenywme ctaguy CXCMATHAANNN YVCTAHABAMBOCTCH I'MAPABJIN-
CCKHIT XAPAKTeD ropHsoHTOB BOAOHOCHON TOJIIH, YTOUHHIOTCH YCJI0-
BHH W BEINYHIL NITAHWS BOJOHOCHRIX ropuzoutoB. [ yenoemax we-
JAHOPATHRHMY CHETEM OORHO BOJLOUMOCHEE TOPHIOHTH NOJIPAZACITHIT-
cH Ha OcananopHMe TPYUTOBLIE BOAM Co CBODOAHON NOBCPXHOCThHID B
REPXHHX CAOAX, CRAZANNHLIC ¢ ATMOCHepoll, B HATIOPHBE BOJLM B HHAHHX
CAOAN, HWAMIHPORAHHLIEe 0T atmocdepu. B HanoOpHBIX roprsonTax pe-
UM GUALTPAIHT 0N PEACTACTCH YT PY rIvm AedopyMaHaMiI Bodsl ¥ o=
POJILE M COOTBOTCTBCHEO HABLIBACTCH YIPYIHM DOASHMOM,

Jdanee uayunerca peskHM UPpYHTOBRY BOJ Hd MUCCHEE B ECTECTBOH-
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goil o0CTANOBKE N1 PTO BOAMOMKHALC WIMEACHWA R NIponecee patoTr Bep-
THEAJABHOTO Jpenazka, OCHOBHLMH BHAAMH UHTAHWUA TPYHTOBMX BOJ
B VCIAOBHAX OPOMCHNA HBAAITCH COCPELOTOMEHTION, HudHILTpaIMON-
noe (muomaguoe) u rayonaaoe. Cocpejoroucnioe nuranine gopanpyer-
cA 3a CYUeT (PHJIABTPAUMM U3 KPYUHKX OPOCHTCALHMX KAHAJORB JalLe Bee-
o HOCTOHNHOTO IeNICTBHH, PCK, BOJOCMOB H NPHTORI C ITPUJIET: OIH X
TEPPHTOPHIL, TIPAHULL KOTOPLIX O0OWMYHO NMPHEAMAIOTCA B KAYCCTBO
rpauniy obnacTeil pEIALTpanmm. FTOT BI NATAUMA MOKET DHTL foc-
TATOYTHO TOMHO YYUTEH B jIHE‘IETI[ﬂf{ [l}I[HLT"IH[IIUHHﬂﬁ CXeMe, JILMH KoTo-
poil paspadaTHBASTCA CHAPOIUOAMWYECKMIT MeToj, 3agannem cdop-
MYJHPOBAHHKIY PASTMIus obpaion JUIH COBCPHIEHHBIX W HeCOBC[-
MCHHKX KAHAJOL M ROJAOEMOR FPpaHnTHLX yeiaosuii, Ocobdenno aro
KACACTCA MAJALIX OPOIMACMMY MACCHBOR ¢ HCOOJRINMM KOJIHYCCTHOM pac-
DONGKEANMX Ha NHX CKBAMIMI, KOUA PACHOTHAA CXEMA CHCTOMATHIC-
CROr0 BCPTHRAJIBHOIO JpeHa:ka Ae Mo:eT OuTh peaanzorana, B oton
cayuae B pacueraXx odHiaTeILHO J0JiKRen OuTh varen DoKoBol NpuTokR
BAGIL UPAHHLL MACCHBA, 3AJANULIT TeM MW HHWM odpasom (nanpumer,
HA OCHOBAHWM PACCMOTPEHHA perdosadabrod cxemw). Mudmawrpa-
IUHOHHOC nuTanue dopuupyerca 3a cIeT HoAnBos, atmochepuus oca-
KOB W uanTpanmu w3 MeTKoll 0pOoCHTEILHON ceTH MepHoINYecKoro
NeUCTRHA.

Ofkunn B npejenax pacuerroil ofaacTi GHIABTPaAIMKH BHGIILTPA-
WHOHHOC NUTAHNC PACHPCIEIASTCA PABHOMEPHO MO (TOMAAN ¢ 3aa4H-
HLIM MOZIYAeM ¢ (B auTpax na ceryaay) ¢ 1 ra wiH UHTEHCHBHOCTLIO ¥
(B MerTpax na CyTHH) U eiicTBYeT BO BPEMOHM DOCTOHHHO WAM NepHo-
auuecin, lpm paspaborke meTojos pacuera dToT BHL NHTAHHI VIHTH-
BASTCHA B NCXOAHMX YPaBHEeRHAX HAR rpannunux yeaosuax, llesoro-
PEIE TIPCUIOACHUA M0 VCTAHOBICHWK KOJAWICCTBONNLIX NOKaiaTe e
HHPIIBTPATHOHNOr0 NHTANUA § W & pacesmotpenn w pabore [69], o
qeM moApoiHo ChalaHo HWMKe, B § 3,

FayGuunoe nuranne OCYMECTBAAETCH W3 HHIKCIGRALUMY ropm-
J0HTOR C HATIOPOM, HPCBLIIIAMMIHM W COBRMAANI0ONMAM C YpOBHEM
IPYHTORKMX BOJU R BepXxunx ciosAx. Hosromy upw nowwssenuun nopepx-
HOCTH rpyraToBnY BOJ B BEPXHHAX CHAOHAX ROGHHKEACT NCPCTONR 113 HURe-
AERAUTO FOPHAOHTA Yepes pasaeiabnsie caon, Bonpocm peprikain-
HOTO nepeTora MOy OTACNLHBMN FONHADITAMIT JLOCTATOMIO AO0POWo
OCHEIeH K B CHeINAJIBHOH JHTEPATYPC B VCAORHAX KAK JPCOMPOBIRA-
HEIX, Talk I HCPeHITPORAHAKX ROZoROCHMX ropusonros. llpocreinman
OICHKA HREPTHKANRHOTO TICPCTOKA MEHly TOPHIOHTAMM MOKeT OMTHL
BEUIOJIHEHA A 0CHOBe JanuslX nabmogenuii aa wanopamu (vposaaMu)
B cocenuny ropusonTax. pm atowm

H—h
en = ky B (1.1)
rne £, — UHTCHCHMBHOCTH NEpPeToka (OpuToka BiaM oTToKa), m/eyTru;
I w h — wanmopw (ypomHi) B cOCeAUMx ropusonrtax, m, u k, — co-
OTBETCTHCHHO MOIIIOCTE M KOodupunueRAT (uarrpaiun pasicinioro
crofa. llpn paspaborke MeTOLOB PUcHeTa BEPTHKAJBHOrO JPelazia B
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CAONCTHIX BOAOHOCHHX TOJMAX NCPCTOR MEHRIY OTASORHLIMIE CJOHMI
BECLMA CTPOTD YUTEH B CAMHX pPelucHusx.

Basiinian MOMERTOM B NOCTPUOCHHUN (MILTPAIMOHIION CXCup ARIAC-
TCA CXEMATHIAUMA (VIPOWCHHE) CTPYRTYpL rpynrooro motora. [pn
APCHUPOBARKH HOTOROB GO0 TPOTALEHHOCTH PEaTBHLIT HPOCTpPaH-
CTBeHNLI (TpexMepHLIl) FPYNTOBON NOTOK NMOYTH BCOUIa MOGHO 3a-
MEHHTE JIBYMEPHEM (IJIAHOBLIM), & BO MOOFHX CAYUAHN I O]HOMEDHBIM
(THK HAZMBACMBLIM IAAHOBO-Pagnad kv, Ha yuacTrax RIa 0T crRi-
ML TAKAA 3aMCUa JOILYVCTHMA B CBASI € TEM, YTO MJIAHOBLIE PilaMe]inl
NOTOKd SUHAYHTEABLHO NPeBHIIAIT pasMepn 0o rayouue oo sHxkenne
HOTORa (PAKTHYCCKN OCYIWECTRIHETCH B HaupaBiIeHll K CRBGEIIaM,
Ila yuacTrax, HCUocpelCTEEHHO NPHMUEIOMMY K CRBAYSULLM, 1K
NOMOLT  MeTOa (IABTPAIMOHILIX COupOTHEIENEH B oDuwy caydae
TPpeXMepHLil (HpocTpaHCTBeHNBIE) NOTORE MPHBOAUTCH K JABYMCPHOMY
(ITAHOBOMY) B ABYMEPHBIL, B paspese ocecHMMerpuunLii, norok ¢
KOOPAMHATAMI © H 2 — K ojHOMCpHomy (NJA0CKO-pajMainiony) ©
KOOpAMUATON T,

Hak yse VRasspBaaoch B, 00000 M3 BaKHUX COCTABHBIX %ac-
Tel (I LTPAHOUNON CXeMBl HBIACTCH BepTHRAIBIMIL Jpenass. D
CHHAM C DTHM B PIILTPANMOHHOIN cxeme joisken ORTH peuien Kpyr Bo-
NPOCOB, HeUoCpeICTBCRED KACAIMXCH IDOCKTHPOBANNH HepTHRAJL-
HOTO jipeHaia, a HMeHHO: HaMeveno KOIHYecTBO CRBadinn 1 oCyule-
CTBJACHO UX TUEIHORBOC passellenne, 000CHOBAHA KONCTPYRITHA 80101 H-
eMHOIT MACTH | ee PpacHoJoedne B upeleidax BOLOMOCHOI TOJIM, B
COOTBETCTBIM ¢ HAZHAMCHMEM YCTAHOBACH POAUM I PACHETHHIC 11e DHOL
padoThl BepTHEAJBHOTO jpewika. 1B pesyvabrate duawnTpanmonnux
pacqeTon oupeleanercd HpPeRTHBHOCTL BLIGPAHHON CXCME ApeHak
B PCLICHA OCHOBNON, & TAKMKe BOIMOWKHLN JIOTTOJHATSILEMY (DyHK-
i, Hyrem conocranienns smednopatipuoro dpderta pasiimaHux
BAPHALTOR € YUYCTOM TEXHHKO-IKOHOMIFICCEMX NOKasaTeded BLidn-
PHETCA ONTHMAJLHWI BAaPHAHT BEPTHRAABHOIO JIPeHéKa.

§ 3 BLIBOP NMCXOMNLIX FIIPOTEOJOTTTYECKIIX
HAPAMETPOB BEPTHKAJBNOIO JIPEHAMNA

TounoetTh GEALTPALMOHHLIX PACUCTOR DO MHOIOM SABHCHT
OT TOYHOCTH ONPEIeIeHN TAKHX HCXOUX FHAPOreOIoriMeckinx ma-
paMeTpoB, Kak KodfupnignenT (MABTpauan caoes BOLOHOCTION TOJIN
ko (mnn uposopusoct caocs I, ABAHOMECA UPOHIBCACHIEM KoM~
gunuenta guasTpamun & na MomuoceTs exos m, 1. ¢. I' = km); xo-
spuiguent BogooTAAUN (MCAOCTATRA ACKITCHUH) [L €J0H N0MBOT PyH-
TOB, B MPCICAAX KOTOPOTO NPONCXOLAT Koaeda HIS HOBePXTTIOCTH TPYH-
TOBLIX B0/, KoadiiiieHT Ny TAK HAZMBAEMOH YUPY Lol Bojooriadan,
ONPEEIHeMOl YIPYIHALL CBOHCTBAMM TIOPO)L W BOAW B HANODHALLY
BO;OHOCHK Y TOPHIONTAX, il TAKMKE MOIVAL IPCHAKIOI0 cToka § (HHTen-
CMBHOCTL WH]MIALTPALMOHHOTO NHTAMNH £) W XaDAKTePHCTHER ueia-
penma. I3 pacuerax paccJOCHHA NOTB i MUUPATMI coaell, wak wane-
CTHO, RAyIBIMIT HCX01NBLIAMK XaPAKTePUCTHLEAMMN ABJTHKTCH KOMMPIIIC-
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i auddysnn, pactsopumoctn u copbrun. ITTooromy B Ractosmes
pnaparpade WaN0/CHE HERKOTOPLIC CBEACHUH 110 HANOHICHAT0 YKA3AH-
HMX DapaMeTpoB 0 pacdeTy JIPpeHOHGE MedHOPATHEHOO Oasuatennsn,
SANMCTBORANELIC M3 CHEUNAJILHON JHTEPATYPL 00 (LT PailHoHL LI
pacueTaM M JApeHamy. VaurnBas NMPAKTHHECKVIO HANPARICHHOCT b
pﬂﬁﬂTLI. HayM NPpICTaABNARTCH, TTO OTH CB®IEHHA, HC HNpereiuylouine
Ha OOJHOTYV WATKECUHN, ORAMRYTCH NoJaeslsEyl B pactieTax.

Pyl
Fadanmua |

Fpyury &, M, ORI
anmst, NACTIME MEPICTN ZiL01
AMHMCTHe TPYITU. CYEATHEN 00—t
CyuecH, NEACKATHE DCCKR 0,1 —I
Meagose puncTee necKin 1.0 =5
Cpeiiicac puucThie 1T rpaneiucTie aecKn a—223
IancuHo-Tpaspe I HCTHIe OTAGKEHIH, S KapeTOBM IR HARCCTIN- ) )

Kl B TPCeOiHoBaTic Mmoo Al Gnaee

UcHOBHBIM COOCODOM ONPeACTCHNA  KOMDpHUMeHTA PIILT AT
ABJHIOTCH THAPOreoJOrfvIeCKIe HALMCKANMA B HATYPHMX VCIOBAHX
(orkauka, naaus, Harmeranue). MeToguka w TeXHHKN U pOBCCHUA Ti-
KHX M3LICKAHWE N3Jodieda B pale paﬁuT U PYROBOJACTR 19, 12, 18, 20,
22. 40, 42, 45, B0, 76, T71. llpn npoekTHPOBAHI ONLITHO=MI WY Pa-
UHOHHEIX padoT HeoOX0ANMO DPEeAYCMOTPETL HOBTOPHOCTL WX NpPOBC-
NEHHA, HTODLB HCKAIOUMTL 2JeMelTLl CAYUalHOoCcTH, CHA3AHHLIe ©
HEOIHOPOAHOCTLIO REYUAEMBIX TOpunX nopoi. Menee cosepuwentim
cnocohoM oupeaeienn s KodHUnenTa GuABT parlinn ARLAWNTCH Ja00pPi-
TOpHLI MeTo/l M ocoDeNno MeTol OnpPeacideHusA 10 PABJIHIHEN OMIIN-
PHTECKUM 3ABNCUMOCTHM, lpHBemcnnmy B padore [91) Jawacryw
npi oGpaloTke HAHHBIX PASTHYHLIN OTRAMCK YA00HO ONCPHPOBATE
DPOBOINMOCTLIO BojOHOCHOH Toaum 7. UpHenTupoBotine orieibHnc
FPYHTH MOTYT XA PaRTCPHIOBATECH SHAYEHUAM I RodQdiumenTon g inr-
panmu, npuscaeniausn s orada, 1.

JLpyrius BaKHMA LA paveTpoM, HeoOX 0UALIM [LJTA pacTera Heyeralo-
BHBHIIQHCA GUALTPAIN, ABIAETCA KOPIINeHT rpasuTanonnoii oM-
KOCTH CPYuTA W, KOTOpPWIl NPeacTas et codoll HaMeHeuwle  Koande-
CTBa BU/W B HOPAX npn koJdedaHmaX choGoilloil NoBepXHOCTI, oTHeCel-
HOE K OORCMY CPYHTA B HPEICAAX S0HK KOJICONHIH YPOBHA BO/M, [pn
MOBRUICHINT ¢RODOINOIL HOBCPXHOCTH NOTORA AFAMCHIHA (L XaPakTepi-
EI:,F[U-T HNLOCTATOLR HACKHIINCHITA [y, [ll.,'lil]l.il:l,'l,l{}'lﬂ Ilﬂ]'lll‘-ﬂlf:u:'.‘l‘h] rpyviTa,
pacooioReNOro Buitie EPpuroil denpeccin, o npil HOTILGKEEIN Y pop-
HA — BOJOOTAAYY M, T. ¢ CHOCODHOCTL rpVETA OTAABAOTH BOLY 10T
AGHMCTBHEM CILI TIGEECTH, B CBASH © 90M KOIGUPIIMCHT 1y, ©ne Tasn-
0T KOMupHIMCHTOM FpatuTallHolHol BOOOT1a M,

Cormacno patioram 134, 54. 77, 106], 1an seawann py o jt, cnpa-
BEJIHDBL CaeIvionge qopymy.im:

Wy = @Wp — Wgr — Weyy Wy = Wy — Wy, (1.2}



AR M, — BIKHOCTL TPYHTA D NACHIICHAOM ROTOH cOCTOAHHEM (o
cBOGOAN0I NOREPNXHOCTRIO), KOTOpUH PaBHA AKTHRHOE HOPHCTOCTH 34
BLIMCTOM OOBEMHOTO COABRAAHIA  HANEMISHHOTO BOUIYXA; Wep —
RIQKHOCTD CTHKORBOH RO (R YTIAX TOP), (e — OBEMHOE COJEDHRA-
AHe ceAzarHod ROJAL (O0KTHO MaKCHMAABLHAA MOJICKYIAPIAA BIATO-
EMEOCTR), (e ~— BJAAWHOCTL FPYHTA B BOBAYIMIO-CYXOM  COCTOAHMM
(Ran crofognoit momRepxHOcTHIO), MEsuueckoe npejerapieHue ol JITHX
ROJIMIHHAX W HCKOTOPLIC NIPHEMM MX OUPeICTCNHA, B MACTHOCTH I
VCIORMAX MEJUOPATHRHOTO CTpoMTeabeTa, dano B palorax [3, 2. 9,
A0, 49, 54, 55, 37, 60, 76, 87, 106, 114, 120]. Beawunmnm [tz n gy uedb-
3H PACCMATPUBATE KAK HOCTOAIIULE NAPARTCPHETHRY, M OHK SaBH-
CAT Me TOALKO OT CTPYRTYPLL IpyUTAa, O B OT FAVOHHLI 3aJICTaHHs
MORCPXHOCTH FPYHTOBWY LA W, B MeHbIel cTenenu, of CHOPOCTH
ONYyCKAHMA VPOBHA, OT KOTOPHN, Wik WAReCTHO, sapucier opmmupona-
HHE KaUWIIAPHOIL 301L B COOTRCTCTRCHHO MIOPLL BLAGKHOCTH B e
npenenax |[Hh, 57, 106). Coraacno qopayaam (1.2) pennimra py »
VEJNOBHAX TOIBEMA FPVHTORKN BOJL 10 (DMEMMECKOMY CMMC.TY H THETCN-
HOMY AHAMOHMIO B KAKQH-TO Mepe OIHIAeTCH OT BeIWUHHB [y B
VEJOBHAX cuana rpynTonux oo, Beuay eme megocTatoTHol mayen-
HOCTH 3TOTO BOTIPOCA M YUUTHERA HPUJIMRCHBMIT XapakTe oupejacic-
NMA, B A IBACHITeN O BeTHIHEOH 1 Oy/1eM TOHWMATE KaK BOJOOTLd-
Yy, TOK W HEJOCTATOR HACHINCIHA, TeM DOTer WTo NP MEeLICHHKX
KoAelaHUAX YPORHA IPYHTOBLIX BOT M 3aMCeTranny nx ua rayduuax, mpe-
REITNAKMIINX MOUHOCTL KAl HPHON RAMMB, BOJLOOTLAMA 1 HEIOCTa-
TOK HACLIMEUNS B OCHODBHOM oIMAakoBw [40)],

OpuerTnpoBoTHO ONEINTE BENIUITHY L MOGKIO 1O AAUHMM, TPHBe-
meminy B padborax [54, 119]; nos mecuyanmx 0ods, ¥y Koropux dy, =
= 0,1; 0,2 u 0,5 som, p = 0,18; 0.25 u 0,28; naqa cynecyannx p =
= 0,05 — 0,15; aaseyramameruy w = 0,01 — 040, Jlas onpegeacuns
IL B 3aBACHMOCTH T & upusenes cacaviomuae gopyyan., Jloa mecuanmx
rpyuros [1, A, Beuwnucruit [H4] pekomenyer anonpruecky o GopuyTy

w=0,117 /7 (1.3)

(amech & HOMOPASTCA B MOTPAX B CVTKIL); TTO TATWHLIM, TPHBOTCTIAMM B
paborax [31, 60], sroit fopmyroil MOKHO TOILIOBATBCA DU | =
= 0,15, Jlaa awbwx rpyuros, no K. T1. Jlyanmy [46],

w=0,13 4 0,07 lg &, (1.4)
a no Jl. Janay u I, Bunrepy 491,
= 0,1254 |- 0,1152 Ig k. (1.5)

Onmako cpofomuan LOPHCTOCTL IPYHTA MOGKET OMTL UPWHHTA T
KAKOU-TO MEDE DOCTOSHHOE Juub 1Py KodeDaHHE TopHEONTOs Py H-
TOBLIX B 0A FAYOHHAX OT NOBCPXHOCTH IEMIAW, NPERLINAOMIY BLICO-
TY KaUWLIAPHOrO ODognaTud. O0m4ne B YCI0BHAX APCHAMG LOBCPN-
OCTL TPVHTOBLIX BOjd  Kodedjercs Ha HedoALIMX raydupax  of
LHOBEPXHOCTH SCMJIH I[_H JOHE KAalllIJISIPHOrO l.ll’_},’fl,l-l}'I'I‘lll.i:l}.r H BOIHYHHA L
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ARNALTCH NOPOMOHIOH §1 SO0BHCHT OT TAYOWAK ATCTAHNST FPYHTORLIX
BOO, HJIH — TOUYHEE — Fanacos sasl'd B HHHH.‘IJIH]]HIIH AHME B e 110-
Aoxkenna [43]. Oaumaro yuecter nepesMeHHBIT XAPAKTCD BeaudMuM
B IPAKTHYCCKHY DPACYETAX [0 PAZALIM NPUUNHAM BeChbMA CI0NHO, I
moaToNy Oo0LMHO onepnpyioT woaddumuentTom cpejinei (cysmmapnoi)
ROLOOT/LTH B doue nancnenua yposua. [[pu arom juia npudanskennux
PACHETOR BEJIMINUY L PALARTONOB HPELIATAIOT BLMHCIAATE CIeA Y M
oGpasom. C. . Aseprsnor [3] opu Y < Hi:

P-=m..!l—]/i—i+:[i-—- [-:ﬂi)i]} (1.6)

me Yoo =Y, + VY, ¥, — VY, — noisem UOBEPNHOCTH TPYHTOBLIX
Boj, [f;, — sMaRenMaIblaH BHCOTA KANWLIAPHOIO TOINMATHH, By —
MHUWMITHBAAH BAATOSMKEOCTL IFPYHTA.

B. C. Macaos [49]:

(w, —w ) k= (o, — wy) (h— I}

IL == T 5 '“ -?}
rae i — rayOonnag HoHWHEeHNS YPOBHA FPYHTORKIX BOL OT HNORGPXHOC-
™ aemnn (> H,), w, — RANWLAAPHAA DBIAr0eMEOCTL [P YHTA.

I'. 7. 9prun s ymmepansawXx rpyuros [117):
pn=165VkVh, (1.8)

rne k& — soadpunuent prasTpamEN, M/CCR, 2 — TaAyOHua saneranus
NOBCPXHOCTI TPYOTOBLX BOJ, M.
A. I Usnnunii aaa ropdsaamx rpyuror [36]:

p=82V B (1.9)

(oDosuaveHns  npestune).
B. II. Hacnwoncwuit u B. H. Hanpun [57]:

n=vVh (1.10)

OpPH MOHIGKEHIN YPoRAN oT nosepxnoctt aesan (& = (1) 1o oy dunn
h = I,

- L [F"J‘rV'hH _’rlu l fry)
5 R — b i

(1.11)

1l
U HOHEGKCH N Y [I0RHA 0T Hagaannoft raydumm iy == U o soneanoi

. - I. -
foy < [y Snccn y = 0,07 = (e, — wy). [Mpudanenno aan paanux

FPYHTOR Joadcuns ¥ npuseieiw g omahn, 2.

Caeayer oraeriTh, UTo BCC UPHReEHILIEe GOpAaVIW e YIuTI oY
PACX OLORAHUH BN U [ PPYHTA 30H Q2Panitn 1o neia penne i v pame-
DUPAITT PACTOIAME B OCPHOL TOHIGKCHNA NORSPXHOCTH FPYHTORLX
Boj, o rayomma i << . Hootomy v pabore [45] v wawecree mando-
Jee HajCKHOre MET01a UPELIATAETCA onpeieants KodduuuenT u
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NOCPECTROM CPABHCHMA M) BIAGKHOCTH B HWAHEH wacTm 3sonm
aapanun,

I peaynbrare naGopaTopHLIX H IOJEBLIX WCCACHoBaumii Koaphhn-
WACHTA |t B CPeAHECYTAMHHCTHX TPyHTax yeramomneno [57], wro
JUIH Beelt ray0uMun MaMeHeHHA YPORIA B 30He RaTmTH. ST PIoi KaliMB

IL MOKHO IPWHHMATEL NOCTOHH-

TaGamna 2 nunm (= 0,083) u ne sanucs-
MM OT CKOPOCTH CHHYKCLWH
1l ounorpymT ¥, a1y yponusa npu v < 1,0 mievrim;

coryacHO JaBHMM pabori [55],
i = const aas MeakozepHHC-

L}'l‘ﬂ;:{g‘:_:ﬂﬂﬂ 0,06—0,07  TOr0 MmECKa NpH CHIDKCHHM
cpeiRUE W aerEmid 0,07—0,0% VPOBHA BOJL TPUMEPHO HA

"i:-’ﬂf-'uh ?.?g—{l.}‘i 0,4M BHE 3aBUCHMOCTH OT CHO-

lHecaanwmii rpynt W2—016 2

llecor sienkoaepunCTRIE U 16—0,25 e

OpuenTHpoROTHEE 3HAYE-
UHA MAKCHAMAJALNOH BHICOTL

RAMMJIAPHOTO Nk eMa I8
UCKOTOPhIX TPYHTOB NPHBEIEHW B Tahr. 3.

Mz conocrapieHus paciueron OCY UMUTEJNLHOTO JIPEHANA B 30HAX
L :F‘[EEHTG‘].H['IIM FEJIHH':HEHHEEHI H pﬂ FHITHYALIMEA llﬂ.llﬂ'ﬂ'I',I.l.ﬂ'IEHH {ﬂHilE}lEH'
Hoit p = f (h), cymvapmuoii (cpenneii) p u makcuMamIbBOM p = 1wy —
— W), npusenenunx 8 pabore (93], caegyer, uto B PACCMOTPOHHBIX

YCJAOBHAX MCUOTB30OBAHME B pacteTax MaKCHMAJbLHOM BOMOOTAaYMA He-
NpHEMIEMO H NPaKTHYECKH

MOM{HO MCOOIBAOBATL 3HA- Tabauua 3
veHMe CYMMapHoil (cpennei)
BOAOOTAAYTH. TloanorpysT My ™

[lo mapHEM peAHMHLIX
nabaoaenuil ¥ ONLTHMX OT-

kavex B GeaHanopHLIX 1OTO- GF”T'E'__?;‘W& 9

KaxX UPH HEYCTAHOBHBIIEM- i 1,6—2.0

cA  pesdiume PEaAbTpaunn  Cynecs

o0LITHO ONpeNensAlICA TaK THKEAA 1,0—1,5
= AerKan 0,7—1,0

HadeBaeMEE  KoapHIHenT i

yporHenposoguocta 9, 12, METKOICPUMCTHE  1aTR-

20, 22, 40, 54, 76, 77, 91, HHCTHII 0,5—0,7
106, 113] MEIKOASPRNCTHIT 4 NCTHLil 0.3—0,5
T C P ZLHE38 PH N CTHIET 0,15—0.20
a= e (1.12) KPPy LEHO3e P CTHIT 0,10

BETHYHHOH KOTOPOTO MOHIHO
LOJIh30BATRECA B pAcYeTa X He-
yeTanoBUBINeHcHA PraLTpawmn; npn aTom uer HeobxogamocTH npuberaTh
K pasgensuomy onpegesnenmo seamn kup. Ha dopuyam (1.12) npn
H3BCCTHOH upoBogumocTr I BOJOHMOCHOTO INIACTA I HAlljIeHHOM KaKEM-
anbo cnmocoboM nmapamerpe @ MO:kHO TaKKe ONpPede/iuTh BEIHIHHY U,
dayerny, 9T0 MeTO){ HAXO:KEHHS BEAMINAL [L [0 OIKTHLIM OTKQMKaM
no CpapHeHuio ¢ JafopaTopHLIME oupeieleHHAMHE HAa o0pasuax sB-
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aqetcA Gonee mpajessuuy. OaHaKO PR OTOM HYVIEHO WMCTE B RAAY, 4TO
gaubojee JOCTOBCPHLIE 3HAMEHUH I, COOTBeTCTR YOI ACHCTRHTCI LI BIM
YCJAOBUAM CPABHMTCALHO UTHTCABLAON paboTuLl BEPTHEAJLHOrO jpe-
HAYKA HA OPOLIIEMBIX HEMJAX, MOCYT OWTh DOJYUCHB I NPOLOTHE-
reapHuX (ue menee 100 —19 cyTok) 0TRAMTKAX ¢ HACTYILTCHHEM TAK HAAL-
BACMOID I'IJH.HHTEHHU-HH.I_H‘G- III,!IJHD,L[H! Z\LE'I[]I'IHTE]Jl'l.'!j.'lﬂﬂ],l.'!l'ﬂ[.'.-ﬂ {:-THI".II.I.-‘II-P
samueil rpasmTangMonnoii noxootaauwn |55, 76, 120]. 3nagenna p,
NOJMVICHHEE B YCAOBHAX HEUPOLONHEATOIBHLX OTKAYEH, RAK IPaRHAO,
JAHMKCIL T 0ATOMY 00 BCEra MOryT OuTh HCHOALAOBALK TPH ohoe-
HOBAHHH PUCHCTOB jipeHaska HA BCCX HTAUAX Cro aeiicrrud. 3 ceasn
CATHM HACIVHIMBALT HHHMAHMH onpejescHne KoafpuitmenTa U o nan-
HWM HATYPHBIX  HCCIACNOBAHMN (MLIBTPAIME HA CTAUHOLAPHO jeil-
CTBYIONMX ONLITHLX Y4acTHAX JApeHamka, o qoM nogpobHee crazano
HIHe,

Bosee upuesaemuis i B O1PeJIe1ennoil CTereHH HEKTIDMAIOIIHA 0TME-
YeHHLIE BLIIE HeJOCTATRH ABIACTCA ¢cnocod oupeneterna sodpdunuen-
T | U0 JAHHLM HADAKJCHHE 32 CHMAeHMeM YposHA cBolOJHON HO-
sepxmoctu (Y, 76, 1191

:AS .
Po= =, (1.13)

rae AS — pasHOCTL MOHMAEHHIT YpoBHeH B HADMIOAATEALUMY CRBA-
smunax-1yoiepax, Az — pasnocts ux saray0iaenuit (mess/ly cepeam-
HaMI GHIABTPOB), ¥ — CKOPOCTL CHUGKEHHA ypoBus croloHoill noBepx-
HOCTH, (PMECHpYyeMasa No BepXHeld CKBAJIHHE.

3 manopHlx ropu3oRTax, COrIACHO HCCASIOBANNAM [115, 116, 132],
HeYCTAHOBWBIMMICH PessuM PRABTPALME OTPEACTACTCA YIPY FHMH CBOK-
CTBAMI TPYHTA M BOZLM H XapakTepRayercA Kod(uuiHenToM yHPYroi
BOJ0OOTIaYM TUIacTa My, onpeaeisemmm no dopuyae

Ly = M), ﬂ= lzﬂ_l(%"["ﬂc)i {11"‘1}

rje m — MOOHOCTE ILacTa, 1] — EoadQunuenT ynpyroesmEocTd nopo-
auf, Yo — obnemuuii Bec Boast, yy = 1 I/ea® = 1T/n*, & — wooddu-
LMEeHT DOPHCTOCTH IPYHTA (a = 11") , E — moayas ynpyroctu Boiin
(E = 2 . 10* klVen?), @ — woadpmument cimmaesmocTn  (ynaorue-
HUA) TPYHTA,

B obuiem caygae ;LiH CAOHCTOTO HAMOPHOro MIACTA BEJIHYMHA W,
CYMMEPYCTCA W3 3HAMeHUIl, OUPeLeNCHHLX LA KAKEI0T0 C0A B 0T b
HOCTH.

Koopmiment & w a. Oupepeasotca 1a00OPATOPHLIM TYTeM [
Ofpasi@x rpyuToR, LpHues Ui NaX0#gleHIA de A01:KHA OWTH M3Be-
crea goumupeccuonnasn kpusaf rpyura. Mo ciumaenocTd rpYHTH MOTYT
GMTE pasgesens wa Tpu ocHesHbe rpynum [18, 69]: sradocikmmaesmtis
(neckn pasamunoro coerana), @ < 0,001 ex¥/wr; cpeppecikumacynie

2* 1%



(cynecn, eyramnn), a. = 0,01 em*/wr; upeamepro cmmuacmue (we-
Koropue rameb), @, = 0,1 ca®/kr.

OpuenTrpoBodnsle 3Hadeuns Kooprnuenra 1 AIA  pASTHAHRX
rpyaTos u nopox caegyiomme [54]: (0,02 = 1,7) 107 aas craanupx
nopoia; (0,5 =15) 10~ aas necIaHLIX M FPABEIHCTHIN 107 —10~* nan
CYNECHAHMX W CYIMIMHUCTHIX.

Taoauua 4

AVEDD R &
m;r:mln [:-:rl:? H:;j:‘:mfi Hanopume 1a50mW
Cpyirs W Oopo. §
T a - By
I'nusuerwit (cyrianmox) 0,2—10 4—200 04—-10 20100
Heckn
ULJCBATHIE, CY-
eCL 220 20200 2—20 100=100%)
MEITI IR 20—100 (0,2 1)10%|  20—100 | (0,25--1,25) 108
CpeyHeIe PRICTIL
rpaseancTmil 100—600 | (05 = 3) 107 | 100—600 (0,15-+13 10
I'ancudo-rpaBeIneTHe
OTI0HCHNA 20004000 | (I = 2) 10" | 2000—4000 | (0.5 —=-1) 10%
MNapee gl Lf‘.l . — ] "_,1:]- A —1004) “..',.'i o I.]- 14 AMN=—=1000) ‘,3 == ﬁg 11 )
Necaammsn (n=0,05) | 200—40 |04 =-1)104 [ 200—400 (2,5 +-9) 107 °
Hawepaeminue nopoju
(r = 0,IM) 20—100 |[(0,2 = 1) 104 20—100 (0,8 4 10F

M3 maaoimennoro merpyamo yOeguThes, wTo W@ 3> py. lak mw B
NPEABAYULEM Cayuae, B YCJA0BMAX Yupyroro peiiuma duinrpalan Ha
OCHOBE JAHMHLY ONLTHBIX OTKAYCK HAXOMUTCH TAK HazbBaeMuil Komp-
(MIMEAT NLeZ0NPOBOTHOCTH

T k(1

Ay = —— =
My

m E}

i &: .
(et )
Orcrofa serko Haiiti py. JToT Ccrocod oupejesieHHA BeAHTHHM [y B
oaHOpOTHOM I cromcTX maactax [20, 22, 76, 77] nandoxee uaiciken.
(pHeHTHPOBOYRNE 3HAYCHMUA TpoBouMocTit T 1 koaddunuenTos a u ay
JUIH PABAHMHLY TINOB TPYHRTOB I TI0PO,T NPH CPC/UCH MONULOCTI 11IAC-
ra m = fyy = 20 » npupegenst B Tabr. 4 [87].

Taxusm obpaszos, sHauenust wKoddpdunmenrta a A De3zHANOPHLIX
norokor uamenmores or 10% go 103, a koafppuouenra ay; B HAOPHKIX
norokax — ot 10% no 107 m¥cyreu. B HarypHLIX YCIOBHAX HTIN HHaMe-
HETHA MOUYT NPOHCXOAHTEL B HECKOALKO D0oJee NMHPOKoM IMililoHe,

Hark yRAILBAIOCH BLIINE, TP PACHETAX MEJAMOPATHBHOIO JIPELARA
RAVHHOI MCX0JHOH XapakTepreTHROM ABTACTCH BEJINUMHA HHIILTDA-
WHOHHOFO NUTAHEA TPYHTOBLMX Boj, KoTopoe (GopMEPYCTCA 3 CUET
NoaAMBOR, aTMOCPepPHEX ocaskos M (UIBTPALHK M3 MCJIKOL OPOCHTC L~
HOIl CeTH HePHOTHYECKOI'O JeMCTBHA.

(1.15)
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Crenenb BANAHHA WD HALTPA INOHHOTO NATAHNA A VPOBEHE rpyH
TOBBIX B0/l SABUCHT OT €8 MHTEHCHBHOCTH, NPOLOEHTEILN0CTH jeii-
CTBHA N pasMepos vojauBaesmoil naomaan. D duanrpanmonsmx pacue-
tax OOLIYHO ONEPUPYIOT UNTCHCHBHOCTLIO HEQHILTPAILMM E, HOJ| KOTO-
poil DTOHUMAETCSA PAcXold BOJILL, HOCTYUAIOIEH HA eJIMHNILY TI0MALH CRO-
DoJHOH NOBCPXHOCTH NOTOKA, Hurencnsuocrs £, M/CYTKN, CBH3aUL C
MOJLYJIEM JIPCHAMKHOIO CTOKA , A4/C C 1 ra, sasucumocrTnIo

i

E=-T% " (1.16)

MrarTHYECKA BeIu¥Inna € BLlpaAaeTCH CAaeTyVHNMM UGI}H JOM:
€ = Eyup — Euens (1.17)

IAC Epugp — MHTEHCUBHOCTh CYMMAPHOrO HHPHILTPALMOUHOLO NUTA-
HHH, Eyey — HHTEHCHBHOCTH CYMMAPHOTO HCHAPCHHH € UHOBEPXHOC-
TH FPYHTOBMX BOJ (Mcuapenne miawe rpancnupanun). Ila seamnmy
£ BIAMACT PHJL PAKTOPOE MEIHOPATHBHOH oDCTAHOBEM, HO B obhuiem
OHAl H3MCUHETCH B BARMCUMOCTIH OT FAVOMHLL 34Jeranui ¥V POBHA I'PYHTO-
BRIX KO no naomany maceusa (r, y) M Bpemedu [, JaBMCHMOCTD & ==
= { (h) ocobenuo npoasjaseTcH npH BIHAKOM PACIHOJIOKERTH TPYHTO-
BLIX BOJ K MOBEPXHOCTH 3eMMM, KOTAA CYIICCTBCUUYID poidb B olpe-
JEJEHHH I:lJ'i']-I'I'I'H’-II.'EH{JI'ﬂ IMUTMIINA HI'[}H{'T HCIIapenae G HOBEDXHOCTH
FpyHTOBNX Boa. D 0THX cayyasax B pacuerax, Ho-RHIMMOMY, leje-
Eﬂﬂﬁpﬂ.ﬁll{] paccMaTpuBaThL OT I IMHO NATAHAS I HCNDAPCHHE COTNACHO
Gopmyae (1.17), apuinyad BEITHIHAY Eyup B UCPROM NPUOIMIKCHNN He
HHHliﬂHllll'ii or hu VIUTLBAH HO HMCIOMNMCH PCROMEHTATLHAM Hi![]&lH‘Il'EI
AABRHCHMOCTH  Eyen = f (A). Opnaro npn neboanmux koxedanunx
VPORNOA TPYUTOBLIX BOJ B NPEACAAX 3aflaHHKY DOMIGECHIIT BeIUYHIY
E MOAHO HPHIMAATL HE AUBHCAIENR oT roayOnnu /.

Cupenesenne MHTCHCHBHOCTH & JUIH Kaskoro MacCHia ConpiieHo
¢ CVICCTRONILIME TPYVIUHOCTAMH, 3A4YACT VH) HeoDX 0IHM Ll CHeLmaaLHLIe
uatypume ueeaeobanuda. [la HeszacosenHux 1w c1ab030COMCHHLIX SeM-
JHX, Hil kOTOYRIN HE ll]lE.‘l’,}r‘ﬂllElT"llIl'lﬂ[?T'EF[ LIyl BHOM prediM OpOITHCHEH ,
CCTECTBECHNO, HTOT BAT MATANMHA ABJIAETCH HCKEIATEIhHRM, H JLO1EH b
Ell.nl'l'h HPHHATI KOHKPETHLIG MUEPKH, HANPABJACHHBE® Ha ¢T0 RCCMCpUHOC
coipauenne, B katecTBe TAKNX Mep PCROMCILIYCTCH YET POHCTBO COpoc-
HOH cern LIS 0TBOTA HOBEPXHOCTHEIX BOJ MPPHIAIMOHHKX cDpocor 1
ATMOCHCPUMA OCAIKOB, HNPOTHBOMMIARTPAIMOHHLIX (Ll Ha OpotH-
TETLHIMXY RalidEx I odill [Hnl'l'ﬂﬁ ﬂpﬂﬂ]‘l'[’i‘ﬂhﬁﬂﬁ COTH, O TaRLE OpuMeHe-
HHe MPOrpecCHBHBIX METO/IOB [OVTHDBA J0R1eBAIHEM.

HurencusuocTes mHOUIABTPALNOHHOTD NHTAHHH MOGKCT OBITH YOTH-
HOBJCHA DKECUCPHAICHTAJLHBM NYTeM OpH NoMOUM JH3MMCTpOl —
HEI |]I!Tl".’ll—'ﬁ C HCHLVIBIORAHITEM, Ht’lﬂplluﬂ'p.r cacivouero GaJancoBo-
ro ypasuenus [39]:

E=A+4+M4u—I+AW, (1.18)

rae £ — eymmapuoe ncuapeHne n Tpancuupamua, sy, A — armochep-
HBIE ocajiku, MM, M — OpOCHTENBHLE BOJALI, MM, I — [PACXO IPYyH-
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TORLIX BOJL B0 MCHAPEHHE W Tpapcnupaunio, MM, f — nnduartpannn
OCIJLKOR W OPOCHTE I RO BOAL 10 YPOBHHA I'PYHTOBRIX Bog, My, AW —
HEMEHEHHA KRIAaTosagacons B A0HE ilHi]illlllIl, DAL

Ilpn obocnoBaum LHOCTAHOBEN ANSHMETPHYECKMX NCCJE10BAHRNIT
B 30HE A0PAIHH HEOOX0AUMO HMOTL B BILLY, YTO € rAYOHHOID ¢ OCTA B A0-
was ¢ peako  yumensiwaetrca. llosromy veranorka Juanaerpor na
Goapmux raybmnax, rae u == U u cocrapaawomasn / menee nojlreprKera
l]lfﬂﬁh]l‘l-l HE.‘I-I["IIL"HHHH,, BpAL JR Tl.t'-.'l(."ﬂi.'l[il-ﬁpil.'ll-!ll. I‘IH TOYHOCTR JAAHLLX
JIMANMETPHYCCKNN  HCCACAOBAHNH CYUCCTBCHHO BAWIIOT PasindHLe
thakTops npupoanoii obCTanoBrn, KoTopue O0YCHOBIMBAIOT AHAYN-
TEALHYID H3MCUHYHBOCTE A0CONKTHOI BCAMTHE L HIDUILTPAILME BO Bpe-
MELI M 00 DSOUH. YAKHM MCCTOM JHIHMETPHYECKHX HCCAC10BAHMIT
HRJIHOTCH T, UTO li}i'l.KTII‘IE'ﬂl{ll Uﬂpﬂﬂ{!.'lll'l'h HCXONHLIC ]]-EI]JH}IETPH MO k-
Hy JIHIE B OTAMNMILHEIX TOWKAX.

Huodnavrpanmossoe unTanne rpyaToBMY BOL MO:EeT OGRITh Tlike
ONEHEHO UYTeM HCCACLOBAHHA NPoUCcCOR BIaronepenoca B 3000 adpi-
. ITpr arom MoryT LT, MCNOABL3OBANK KAK TEOPETHUCCKHE, TAK N
]lEI-H.’IH"[HL]E :J'HI:JIUPHMEH'HL'I BHEE METO/IK 10 HAVYICHH Fﬂﬂlll“‘!‘ﬂﬂ.ll CHIHA
RAQMNIHOCTH B 30He aspaimn. MeToanka Takux mecaeloRanuil natoaicna
w pabotax |79, 81, 103l

Becema maaeisno peanumuHy WHOWILTPATHOHIONO MATAHMA MOGITHO
ONEHUTL 110 PeayJLTATAM MATYPHBIX MCCAeLoBaHmnil (uaAbTpannn Ha
OULTHBIX YYACTRAX aperaxia. I nocaeance epessa ¢ 1esinio moay1enn
fojiee JlOCTOREpPHOI HeXoAHOH wHoOpMalm, HAKONJASHHA M oboDie-
NUA ONBTA DPOCKTHPOBAHKUA , CTPONTEIBRCTED I HKCINIYATAILMN Pasiny-
IX THIOB II,PI:"HH}I-ZH B COOFRILX I"HRI]DFPH"I[ll'H'IHﬂHHH VCITORHMAX T
OPOUIACMBIX MACCHBAX jora Y Epauln WHPOKO NPAKTHEYETCH cTpoM-
T HCTEO OIMBTHLIX :F'IE'II'.'-TH[]]! JL]H"I[HHGH. HH TalkHX }ftlﬂETl{ﬂR !J-III'H HH-
HYETCA KOMTJICKC PE/KHMHBIX HaNTIONEHWN 32 AHHAMHKON TpyHTO-
BWMX BOA, MHIpaneil cojlcl B FPYATAX, BOJONOIAYCH, MOLYAeM qpe-
HaGEHOro croka u T, 1. TounocTs oNpejeIennsa rHiAporeoToTnIecK
JENIH MUT]]I}H H 2JACMEHTOR OiJIAHCA T]'I}'HT{IHF-HI: "ol Bo MHOGCOMN Sappent
OT XOPOmMeH Opraudsanny B KaecTRa [Dposemerns nadaonernu, Rmm-
AMATCIALHOE NUTEPHPEeTATIHIE LOJVICHHBIX JAHHKIX 0 HCLOJBIOBAH HA
npn MX obipaloTke coBepIIeNNHX METOANK, OCHOBAHHOLIX HA rijipo-
AMTHAMHY2CK X [Hl[:'-ll.‘"l"!lﬂ.

hak B raaporeodiorimiccliue DapaMeTpu, o 9eM VIOMEHAI0CL pa-
1ee, MHTEHCHEBHOCTE MM BLTPALNNOHHOIO OUTAHMA  TEICCO0lpasin
OUPCACIATR AHMTHTHUCCKHMHE MeTOJaMI, THCITCTITILIMM PACUeTaMMd  Hi
ADBM mam mojeanposanmen nyTeM pemennn Tak HaimBaembix ofipaT-
HHYX 323249 00 JANHBM peERMALX padqoaennii. B srom cayuae ere
netb JLOCTORCPHOCTH NOJAYYACMKY PeayAbLTaToB BCCUCTO JNBUCHT OT
.'I!]FHH-I.'I."IhlIf.Ii'H H'lﬂ'r]'D]}H THNOBLIX D TH:J_I]UHI.‘I].!.HHH'I[‘E-HHH },-'['.‘II:IHHIIM
V'HICTHOB OPOIACMOH TEPPUTOPHE ANA LOCTPOCHHUHA pacueTHON QnILT-
PAIOAHOH CXCML, XOPOmMel opranusaimn CeTH PexHiHMubBX Hafa10/10-
MM A 3THX YYACTRAX H YAAUHOTO UPHMENCnia MeToaa pemcHmns ohpat-
HOIl 3ajla9f CTAIMOHAPHOI M wWectamuonapHEOl duawrpanmn, Jlnn
ODICHEHR BeTHYHIL l-lIIfIl-Il;Ih'l'llHI[HGHHUl'U NMUTAHHA DD IJEH}'.'ll:TﬂTHH |IE'
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meHEnA OOPATHRY 32149 YACTO MOKHO NPUMCHATL OoJee YUPONCHHYIO
pacderHyio exemy. ITocpefcTBOM MOJICAMPOBAHWA MK UHCITENHLIMH Pic-
qeramu ga JBM ofparvas sapaga pemaercs MerTofoM nogdopa cuig
TOKa, MOJEIHPY M MuTague, 10 COBIAICHEA MO IV LAeMBIX Ha MOJean
ypoeHeil ¢ dakTuveckn HabOTogapmuMucsa. Menoausosarme pacuer-
HBIX 3aBHCHMOCTEH NO3BOJACT HENOCPECTBEHHO N0 HalJI0/a RIIHMC A
OOHH:KCHUEAM YCTAHOBHTH BENMYWHY NHTAHHS € NPH U3BECTHEIX Jpy-
rux rujporeojornicckux napamerpax. B nactroerm, taxum ofpasom
Dbl YTOUNCUA BOARINUA HHQHALTPALMOHHOTO TUTAHEHA HA HEKOTOPH X
yuyacrkax opomenud HpacHozmaMeHckoll opocHTelIsHoll  CHCTeMM,

B ormenbHLIX cayqdasix [0IH ONPeIe/leHHd &, & TaK:ke APYrux rumi-
POrenNOrHICCREY NAPAMETPOB 10 SAHULIM PCAITMuLIX HADTI0EART 1e-
JgecoodpasHo HCMOas30BaTh DATANCOBLIE PACYSTH, METOLHEN KOTOPHX
NS PasIMYHBX FPYHTOR nojpodHo ocpemena B padorax [41, 42, 45,
52] = np.

Hpnbamcenno oneHNTE BeARYHEY HAQUIALTPAUMOHHOIO NUTAHHH
OPOIIAEMOI0 MACCHBA MOYKHO TAKAE HA OCHOBAHME HCTTONh3ORATMA TU/-
POrecaoro-nHACHEPHLX AHAJOT OB, T. €. IYTeM MepeHeCceH A Pe3yabTa-
TOB H3YICHHA NAPAMECTPOR HOTOKA HA JIHCTBYIEd Ipena:kHoil cHcTe-
ME Ha YCA0BMA, (AM3KHE K YCIOBMAM DACCMATPHEABMOrD MACCHEA.
Ecrecrsenno, aerTuBHOCTE TAKOIO NEePeHCCCHMA DYACT 3aBHCETH O
TOr0, HACKOABKO JAeHCTBYIOIMAN amantor mo rEgpoiudaMuIccEM yeian-
BHAM COOTBOTCTRYET HAMEUACMOMY K CTpoHTeaRseTRY. HeroTopuie npei-
JIOKEHUH 10 ATOMY BOTIPOCY Hajo@eHs B pabore [52],

Ha ocvoBaEnm agasimza JaHHMX HADJOAEHAT T NecleqoBapuii non
opomacumx smacenpos  wra ¥YCCP epegueroponoil apenakamii cron,
BUIAUMO, MOMKOO XAPAaKTEPU30BATL CIACAYVIOUIHMI JHAUCHHAMH MOjY-
asa q: oea npommpok (,06—0,1, npx npomsiskax 0,1 —0,15 n/c ¢ 1 ra.

Jlna xapakTepHwX TepHOINOB roja JpeHaKHBI MOJY1L OpUCOTHDO-
BowHO mMecT caenyiomme spavenna: 0,1 —0,15 gna secennero (1.111—
1.V); 0,06—0,1 paa sereraumonnoro (1.V—1.X); 0,03—0,06 qan
ocerne-awmuero o npommpor (1LX—1111 w 015—=0,25 gaa ocen-
He-sumuero ¢ upovwBroi (1.X—1.11])

Mpu poau3aosanuit MeTOTAMHA paciera YCTAHOBHBUIETOCA OPHTOKA K
CRBA;KUHAM B KavyeCTRe pPacIeTHOIO MOAYJIH PEKOMeHIYeTCH HnpuHu-
MATH ero CPejHes 3HAUeHNe 34 Beretaumonunil nepwoy, Pacuer ppena-
A8 B VCIOBUAX HEYCTAHOBHBIMERCA (MILTPAINMM 10JGHCH BLITOTIATL-
CA ¢ YVUeTOM WAMEHeHHA MOLYIA ONTaHMA 1o cesonam roja. Pacuersan
BEJIMMUHA MOV PEHKHOTO CTOKA B IPEIETaX D/ALUOI0 W TOTO e
OPOMIASMOT0 MACCH R, KAK IIPABHIO, —REINTUOA NepeMennan. [looTowy
HADALY ¢ PAllOHEPOBAHUCM OPOMAEMoll TEPPMTOPHH 110 NPHUIHAKY
CXCMATHAMPOBAHHMY  FHIAPOTEOIOTHYCCKUX  YCTORHIT  1ieiecoolipaiin
BLILDOAHHTL €8 PAROHUPOBAHUE B 1O BEANMHHE DACIETHONO MOJVIH Jipe-
HAH{HOI'O CTOKA.

Ilpu pacuerax apemas;ka METHOPATHBHOIO HAZHAYMCHNH, KAK YEAIL-
HAJIOCEL BuiTe, COPhE3HOrO BHHMMAHHA sacaymusaer olocHOBaHHE He-
oBX ouMoil FAVOHHK TOHPHCHHA YPOBRHA TPYATORKY RO B OTACIAhHKIC
HEePHOJABLL BPCMCHRI B TIEJN0M M0 MACCHBY WAH B NpelgelaX oOTAeALHLIX
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VAIACTKOB. GT ATOM REJIHYHHB BO MHOIOM 32RHCHT pasMemenne m Koau-
HCCTRO CKBAKNE W peskus nx akcuayatawnn. Oauako 10 cux nop Ha
JTOT CYET HET JI0CTATOMHO MCTRHX M ACHLX peromenipainii. Hekotopue
HPCAAGECHEA 00 ONpeiecuuio DTOH BEINYNAL colepwaTea B pabo-
rax 13, 38, 069]. Haupusmep, Ha HesacoacHHHX OpPOWACMLIY GCMIAX
NpM MHEEPAJMUIANITE FPYRTOBMX BOJ MeRee 3 1/, HCXOAH Wi Heohxo-
AMMOro A HOPMAJIBLHONO PA3BMTHA PACTCHNE peskuMa BAGKIOCTH
kKopHeoDNTAeMOll 30HK 1 N3 TpeloBanni, nperbHBIHEMMX K CELCKO-
XosHicTBeHHLM paloTaM, MHHHMAJALHYIO TIYOHHY SaJ€ralima I'pyu-
TOBLX BOJ Oe cieayer npuaumartt smeree 1,0—1,2 m s resenne Beero
opocureabHOro ceaona, Dodee npununnmanbamy joisken Outh 1oj-
X0l L[|JI'I YCTaHOBJEGHHUHM TpeleJibAO JonyoTHMOO IO.heMa uopepx-
HOCTH IPYHTORKMY BOJLIIPH HX HeCOKOI Murepaausauun. Hynino rakae
MMETHL B BHIY, 9TO B VCJOBHAX BEPTHKANBHOTO JApeHa:ka npu obecne-
TOIMM B [eJ0M 00 MAaccuusy HeoOX0AMMOro NDOHM:KEHHS VPOBHH HA
IIL‘[HIUJTBIUHI KpPyroepx Uaomajilkax, HEMOCPEACTREHHO UPHMBMEAHOIIHX
K CHKBa)KHIAM, CHMeHMe YPOBHA ropasio GoJabiue JOoNYCTHMOTO, “ITO
NPHBOJHT K HEKOTOPOMY HEPCCLIXAHNIO 31ech noussl., CooTBetcTBYI0-
l.I.l,Ei:[ ﬂ[l-['ElHHﬂﬂll,“Eﬁ PE:'HHMEI. JECIIYATAIIMN CHKBaEHHE U OpolIeHHH
ITO HeHeIATeNbHOE ABJEeHHE MOKHO CBECTH K MUHHMYMY.

B sakmwuenne oTvMernM, UT0 KOAMUCCTRENHO BLIPA3NTh B pacder-
noif cxeme ¢ Heo0XOANMOIl TOUHOCTEIO TY HIN HHYEK UCXOAHYI0 Xapak-
TePACTHKY, LOJAYYCHHYIO, HANpPHUMep, 10 JaHHHM HILCKOHMI B Buie
HEKOTOPOIo [MANA30HA €@ AHAYMennii, He peerjga noasmoiino, Rorpa aro
TPYIHO, CHELYEeT PACCMOTPCTDL NPEAeNLHLIEe SHAMEHUA W ONEHHTL Ho-
CPeACTBOM PACTETOR HECKOJLKMX BAPHAHTOR VLB BHHMHE BEC X BAMALNA
i DOJIVIEHHRE ]TEH}".‘lhT-ﬂThI. B |IH,,']|I':! ClayTdaen Tak o NOoAX0M oo T
ofoiTHCE D3 JOMOJHATEABHLIX [OJCBHIX H3LICKALMEA AA8 yToMHEHNA
aroit sennauun. Heobxomumo rtakiie obDparuti BHUMAHHE Ha nocta-
HOBKY W oDocuoBanue Heohxoanmoro obbsema onbITHO-QHABTPALMON-
ULX M ApYrux padoT no opraHM3anBy U UPOBEeACHHI0 MILICKIUMWIL.



T'naesa 2

METO/Ibl PACUYETA

OIJILTPAIIMOHHBIX COMPOTHUBJEHIIL,
OBYCJOBJIEHHBIX THIPOJIMHAMHYECKIM
HECOBEPUIEHCTBOM CKBAMKHH

U TPAHHI] OBJACTEN ®ILIBTPAIHI

B juasTpanuonnnx pacuetax pasiawuibx ApeaaHed, Kanua-
JOR H JIPYIHX COOpY:Renuil, JCHCTRYIIMX B PAZHOODPAINLIX FHApo-
reoJOrHICCKNX YCAOBMAX, LINPOKO IPHMEHASTCH MeTo GICILTpaTiion-
HUX CONPOTHBACHIN, NOZBOJAIOMME BO MEOTHX Clyuanx Oe3 ocohoro
CHWAEHHA TOYHOCTH CXOMATH3MPOBATE CAMKHLIC TCYCHMA TOTOKOR M
NpeACTABAATE PLOVILTATLHI HX H3IVHEeHUHA B BU]e, }'.'III'GHEJH A1 upn-
nosiennii, OCHOBHIEG DPHHIMIIE METOA (MM LTPATIHONHBIX CONPOTHRIe-
HHIl MAPOKO OCBELlEHb B CNelAaAbHOl Jauteparype (cM., mHanpmumep,
(11, 13, 15, 17, 47, 77, 78, B7, 107, 112, 114]) u » ofmux =geprax cpo-
aaTeA Kk caeaywomemy. HapeetHno, 4to cymecTrrRennoe oTKIOHENWE 1B~
JRCTHTHA TPYHTOERMX ROJI OT FOPpHAOHTAIBHOTO MallpABICHHA B BOOLOHOC-
HMX TJACTAX HAGIIOJAeTCA TNPeHMYILCCTBONIO BOJANSH PasIMuHKX
HECOREPIIEHHLIX LUPOHNUACMEX H HENPOUMIMeM X rpadnn (Kapasion,
Aped, CHCTeM CHBa}KHUN, d3aBec B T. ,;II,.}, BEERBAKMIINXY DOARTCANC 0=
RAJALULIX 30H peako Mamepnsjoweiica duavrpanmn. B orax cayuanx
BIAMANKE 30H pezkoll edopMaliun ToTOKE, XAPAKTEIHAVEeMOe 11 LeHI0M
YPOBHA (HAIIOPA) B HEX, MOGKET OLITH YITEHO 1O MeTOJY QUIALTpaIoN-
HEIX f-ﬂllPHTHH.'lEH'I-III.I[ NYyTEM JAMECHK HECOBEDIUICHHBX Tpaonu illliil':‘
THEHhLIMH COBCPINCHNBIMI, SEBHBAJCHTHRIME DO {I,Ill.'1 LTPALHOHHOMY
IcCXoay M kapruue Lilﬂ.'lh'.l‘[}ﬂllﬂﬂ HA HEKOTOPOM YIAJICHUN OT paccMaT-
pusaesmoil rpannuu. llpu Taxoit samede soHH pesko wMeHSOMCHE A
PuALTpaMKY MCKAWYAWTEH W3 pacesorpenna. Mousn caosavu, sror
MUTOJ| IABT ROZMOKHOCTE SAMEHHTE D pacueTax auDerT o1 CaMpix -
HOOOPASNKIX MO CBOMM TCOMETPMYECKNM oCOORHHOCTAM W KOHCTPVE-
PERLA A I:IJI'[.‘H:-TI]H CEpa;xHH 0 MX CHCTeEM NPARKTHMECKHE ORBHBLJICHTHRKM
adperTom (npu coba K ICHHK HEMZMERHOCTH BOJIHYMH JIeONTa 0 1Ka pri-
L l]lH-'I LT[R Ha HOKOTOPOM YAAJCHMM OT ﬂlil!i]}i:-:l"” OT NMPOCTHIX 1
'I-'I:Il‘.]"l.‘ﬂ.'ll;_'.L H KOHCTPYRIIMA ChBidyskHH WX JIPYVIHX :lll[‘Hil}Iii‘ﬁ. ITIII-E1 HeCon-
BEpMICHAKWC CHBAFHHL MOUYT OWTE npReICHE K EHBE]}IHUHHHM,
JHUCHANE PHAL E{jltﬂpllll‘ll'ﬂlﬂx ({1 HWGHE]]I“U"[IMN ChRBUOMHAHE  MOHHID
HpeICTABHTE COBCPLICHIMMH TPARIWIEAMH € PACXOOM, pPABHEM VM-
Mapnosmy pacxoly poex ChpayhHI, HT, 1. n[ll'[ ATOM YVIiKe IO PpAacCTOAHUAN
”npﬂ'ﬂ,l{i-_l MOIMHOCTH ILTACTH Hﬁ[!ﬂ:ﬂFETEH TIJIANOBLIM NMTOTOR © DBMHLC I e
FPYUTOBLIX BOJ TMPEHMYIECTHEHHO B TOPH3OHTAALHOM HAIPABICHI

i



I ¢ PACOPE/ICACHIEM HATIOPA B HEM Takns olpazoM, Kak B caIyTae co-
HEDTIeHN X Jl{"lﬂ']'li.I}HE'ﬁ. Iro obCTOATEILCTRO CYmMeCcTieHHO obaeraaeT
ONpeIeeHne MeToIoE QHALTPALMORARX PICUETOE CHBAIIHH, BiaHMO-
JCHCTBYIOMMX B CHOMHLX TMAPOTeTOrHIeCKHX YCAOUNAX, SHAYeHM A
PisdIMYEBX  DIIBTPALMOHHBIX  COUNPOTHRIeNNE, deodlXoauMux s
OCYVILECTBICNHA JTOTO Mepexaia, HAXOUAT NoCPeICTROM IIIPOMCXATH-
MMENX ]]E].I.IE].IHE OTABJBHLIX JDKAJLHEX 38144, MX OOPeACTACHMA I JNit-
O0pATOPHMX M HATYPHBIX YCAOBHAX,

OcHosHERMM PHABTPANMOBHEIM CONPOTHRICIEEM 5TBAMETCH CONPOTHE-
aeane (D, ofycaoBienHoe THPOAHHAMHTECKHM HEeCOBEepPIIENCTBOAM
ClLBziHH, :_::'TU COUPOTHRJACHHE eIe Ha3LIBACTCH BHYTPEHHHM HJIH Jl0-
NMOJHUTEIBHLIM, TAK KaK BWSLIBAETCA HDeRMyUEcTBenHo fedopmaiut-
eil noToka BOAN3K CKBa®WHAK M B Beil camoil, B obmes cayuae pasamaa-
0T [Ba DBUAA HECOBEDUWCHCTE CKBEMHMO L0 CTCHCHH M XAPAKTEpY
BECKDBITHA maacta, T. ¢. obuwee conpoTHBIeHHe

O = D, + D, (2.1)

rjie M. — conpoTURIEHUE HECOBEPUICHCTRA CKBayKHHHB 110 CTCUCHH,
Dy — mo xapaktepy BCKpoiTuA unaacra, Merommka onpegelenuA co-
npoTABIeRAA P, paspadoTana 074 OJUOPOAHOrO H HEKOTOPHX CJAOMC-
THX MAACTOB NPEUMYIMECTBEHHO Ha OCHOBAHHM PEHIEHHI OT/e1bHLIX
sajan pRALTpaunn K ckeawmnEas |15, 22, 23, 48, 59, 62, 92, 100, 102,
109]. Ilpusennressno ® napbodee pacHpocTpaAUCHHLIM B IpPHpoe
nByX- M TPeXCIAOHHOMY DNACTAM THAPOMCXANMYCCKHC [CIICHUS BTHX
saga" paccmoTpenst B paborax (66, 681 ITpn stom Takme npunmaer-
Cil - floKasaHBHaf  pajom uccaeposartenedt 28, 63, 64, 101] npeano-
ChITHA O TOM, UTO B YCJIOBUAX NCYCTAHOBHBMCIICA (PUARTPALNM Colljio-
rupicHne 5a gHecopepmenceteo Dy XOTH 1 HAaBMCHT 0T BPEMEHH, OJHAKO
OLETPO CTPEMUTCH K NPEIedbHOMY VCTAHOBHBUIEMYCH HSHAYSHHIO.
[pakTuveckn pan OJTHOPOHOTO IPYHTA MOKHO CUATATL, UTO ITO MPO-

E: - —
HEXOAUT YIKe TP G = —— < D - 107, 7. ¢. mo BCEX Cay"aax,

KO ONpesiesaercst ReANMHIA NMOHMMCHMA Y PORIs HCHOCPeICTREN-
HO B CEBAXKHHC Wian BOJTHIN Hee,

Compornsaenns uo xapawtepy sekpwTia miaacta Uy ofyveaosan-
BAWTCH PA3HOODDAZHMMI (PAKTOPAMIL PHILTPOM I @T0 KOHCTPY RUmeil ]
AMCHOHTEM CTPYKTYPL NOTOK: B OPHCKBLKMAHOH 30Fe BCAGICTHHL
PASMBIBA, & TATKe JAPACTAHUH, KOPPOANN 0 KOJALMATAHEA PUAKTPOR;
napymennes duieiinoro sakona guasrpannn sOI3KH cksawmnm |56].
I\ comzanenno, B HaCTOAICE BPEMHE HOT YIAOBJCTROPUTEIALHLIX HpC-
JHGKEHIT 110 YCTAHORJICHWID Y KASANIMA KOMILOHEHTOR COL [Ny B CHI
. Myewommecs uexoTopue 0peaaosmenua No #ToMy BOTIPOCY NpHBe-
deawt B pabotax [7, 8, 14, 20—22. 56, 94, 105, 106], Fereerrenno,
Haubosce HajpewHii merog ONpeaesenua coupoTunicunid P, u oco-
DEHILO ero CoCTABHONR MacTH (Dg, — no jUtHHWMM ONLTHLX M OKCIAVATH-
imonnux orkadex. Hyswno ofparurs suunanne Ha To, YT0 Jame npi
HCTHOM BCK PLATION (PHALTPOM BOIOHOCHOTO MIACTA, KO MOALO Noj10-
anre @ = 0, neiicreue conporupiacunn Py He HexrIwIaeTeH (naxke
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VCHIANBALTC A) B LOERO GLTH yurcno B pacterax. Opnakxo senjny or-
CYTCTEHA JOCTATOMNO OGOCHUBIMHHBIX crocobon OHPLIRTCHIE COnpo-
rpeaenna Oy npH OTHOCHTEABHO KaIecTBCHRON paboTe puavrpa B pac-
HeTAX HACTO MOIENO OFPAHHYMUTRCA YVUCTOM TONITBKGO CONpoTHRACHIA .,

[apany ¢ oDmEnpUHATHM YIETOM COTPOTHRICHIA (b B pacaeTnmx
dopmyaax nyres npudaBIennA ero K CONPOTHRICHNI CORCPIICHAOIT
CKBAKHHM F B paje cayuaen ueqecoodpasuo paceMaTpuBaATL PMETHE-
HYH) COBCPMCHUYR) CHRBAMHUNY paluycom

re = ree s (2.2)

IKRNBAJICHTHON [0 CBOCMY JIelcTRIIo JACHCTRITEIRION TeCORe plien-
HOH CRBAGKIOC PRIy COM Te.

§ 1. TEOPETHUMECKIE NCCIAELOBATLITN

[MocTpoenue seroankn pacdera (QuILTPATHOLNUMY CONPO-
THB.‘II‘]IHi.T OCHOBLIBASTCH MO I'II,.'I.;'ITJ.\'H".‘{Hll“'li"[‘iiﬂl‘i pemennax H.i'l.]?l'i
GUILTPAIN K CEBGKRIC B HEOJHOPOIHO-CAoNeTHX rpynTax. Cyni
HOCTL TAKHX pemcnnii sakaouaerca v caepywonem. Cuavasa ¢ no-
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Puc. 1. Pacueriue cacsid  QUALTpaunm K JSHCHUUMY  CTOEY I COOICTHN
MaacridX.

songsio unrerpaiaa Dypne npu wssecTHMs rpaspinmy yedoenss 1l
pogia a LLCLE B s A RHOBJE B Lo Lo e COOMCTOrO ATy yHolo
maacTa n yeaonnax [V poia B JUHEn pasiend CAoPHE HaXaiMTeH [eme-
HME /Uy U Ppacupeicacniad DOTeHNMaAIa @ ToMevHoro npocT pin-
CTRONHONO CTOKA B COAUHX LAACTA. JaTeM, npUHUMAST PadOYID HacTh
CHBGEMHED [ 30 JUHNI CTOKOE HOCTOAHUONH HHTCNICHBHOCTI ¢, HaXoAnr
pacnpeacacnne norenmuaia 7 B caoax or aroro anneiinore evora,
Mpu onpepaeicunn norenmada ua expruue Uy yuuruBaerest cro

=

=l



CeJIHeB3BEINEHROE 3ZHAYSHWE HA TOREPXNOCTH padoveii wacTw ckpa-
iRHHBKI,

llocTanoBiy sajaun B LOCJACNOBATEILHOCTh P€ DRINCHHA pOCTe-
Aum Ha Gosee olmiem cliydae TPeXCI0HHOTO HIACTA © pﬂ{‘:ﬂl:],.']u}l-.t-'-l-r:{en.[
paoueit gacTu cxpamuAws (fuasrpa) m pepxmem caoe (pue. 1, a).
llpr pacmonoskenun paGotdeil 9ac¢TH B HIGEUEM CA0e pelleHie 3a1atun
dHAJIOMHYHO, TAK KaK PACIeTHyIo CXeMY, IIpeACTaRIeHHYI0 Ba puc. 1, 6,
MOFHHO PACCMATPHBATh KAK 38PKAJLHOR 0TPAKEHTE H3VUaAeMOi CNeMbl,
Ilpm pacnmonomenun CTOKAa B BOPXHEM CI0C TPexcoiiloro miacta B
ToYKEe ¢ KOoOpAuoaTalMH {D:ﬂ} BEPOMCHTA JJIH LOTEHIMAJOBR B CJOAX
¢, Py H Py UMEIOT BHj
1

i+ =01 T+

i

—
r
-

¢ === (" + =+ 3

L\ Ty (ra) [4 (@) e~ + B (o) e20—m)] dat;

0
Py = % S Jo(ree) [D (o) e*i =™ L C () e=e—m)da;  (2.3)

—
E™

L

@5 = = | Jo(ra) [V (@) et 1 M (@) e-mon) s,
S0

e r= V::-:i—l—y“, OCTANBHEIC 0D03HAUMCHMA AalbLl Ha pHc. 1. Bug
dyurunit A (a), B (a), D (a), C (o), M (=), N (o) silupaes takus ob-
Pasoa, UTOOLI Fi1p Pz H Py YHOBICTBOPHIHN CHEeNY MMM IpamiYHLIM
VCAOBUAM 381a4%M;

i & ) ‘s
T —); T3 =0 '[1_'1 l _ %2 ;
L 2=l vz I=m 1 jr=m, ki I=m;
g, . P, Fa Ta .
S ’ e
9% [im, 95 |em, T . S ’
g iy
92 |zem, Y2 |z,

Henoabayn a1 rpaHHYHBIE VCIOBMH W HHTETPAJbBHBE NPELCTARICHES

—
z

P+E+00 * =T 00 e tdda npr z24+{>0;
[h]
I R

P+ -0 °=|loa)exbde mpm z—{>0,
1

Ha ocHonaHuw (2.3) cocTaBuM caeqyme anredpaniec ke ypasHCOHA:
A — Be—amy — I:I_ — N - Mexin—me) — (}:

Ae—am, + B — Dye=imy—mg) 'y — p—%lin—{) ._E_ e—ﬁ{mﬁ-{};



Aﬂ—um. — B + Dﬁfm,a—-m.'l o Tl {:' — p—m—2y _;r_ E—m{m.{-ﬂ: {2‘4]
ﬂv“ + Eung—mnu—m.: gt ;.Hb.*e—ut'm,-—m| e 1.!”’ = ﬂ:

D — Ce—mima—m L Ne—alme—m) _ I =),
k k
re v = —A_-';—- , V== T}' Iocae vaxowgennn woopdmunenton A, B, ¢,

D, N u M n3 cucrenn (2.4) 11 noJCTaHOBEN HX AHAYCTHIT B HCXoQuBIe
ypasucnua (2.3) molyunM okoHUATeNRELIe BLIPAKEHNA /A DOTeHma-

0B
1

|
¢ = — - {[f=+ z4+08 C+ 4 eE—00 4
+ 2":11 zn(Eq + Un,\} + ey
n=
%——-—q“_i]({?uﬂ '%:bﬁ' + Ca: (2.5
STE (g b e 4
% i Q{l —};;]JEI +1|] (E dnEu + l‘} !HU“)'{—{.':I.
T[] M
~-L -
3necn By =[1*+(z42nm 5% * 242+ 2am, —02] *°
1 i
Up=[r+@—2mm, 4+ * [+ (z—2nm— D 7
ky — k by — k
Al 2 = 2 1. -
e ok
€y, €3 W €3 — HEKOTOPHC AIRTHBHKE TocToAOMNLE, iy, by 1 &y — Kood-

Guiien Tl b Tpau cioes niacra; KodhpUIHENTN C,y dn, by, dy u
ln HAXOUITCH M3 BbIpaerui

ApEmy a4 —Eﬂ{m.+n1,]|_:|. —2krmy g =2k
T(@) = — — s R . = e =

=]

= p— }':. E-FE—E':I'.ﬂmD:
fi==1]
[cs]

e Ly

Va (C£) == — n - — {i — A} :h_" @, e Enmy,
n=0
— By (p—lmm __ g —d0m, F-1 n :
Vs (o) = — il x e L= — h) N be—mume;  (2.65)
11
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Mo—o0u|H Aandoabm KT QeNuTeas BeTHTHI My, My W T. O. TaK KAk
e=2%ms <7 {1, 1o paam v (&) cxoaarca. Ha noayuennoro obimere penre-
HUS DHTCKAKT 9ACTHLE CJAYYANW AJA JBYXCHAOHHOrO M 0LHOPOIHOTO
naacros. Tar, opH ky = 0 (A = — 1)

—immy g =T, [
T {ﬂ.] o ﬁt" v T {a'r'} T Aa ’
{ — ) e o
Val@) = — Tk Va(®) = Vs(2) =0,

A =1 — e—2ams L }p—talme—m,) _ } p—lam,

NTO COOTBOTCTHYET pacemorpennoumy B pabore |68] cayunw snyxenoii-
HOTO HIJIACTA MOWMOCTHID My = m. lpn ky = ky {J'Ln = () u3 noayen-
HOTO pelnieHHA BLITEKAET Cayuail i asyxcaoiigoro niacra moul-
HOCTRIO m = my, - m*,

PE]]]E]I_HE Jajlagay e nnyxﬂnﬂiilmm HIaCTa, B |ll]Tl'.|']'H]l'4'l (IEEMERTIIRLH
ABAAETCA JIMHIEH PABHOTO HAIIOPA, MOKHAO NOTVINTE, NOJIOKHER B TIOTY-
MeHHOM PEINCHWE 18 Tpexcaoiinoro niacra ky — oo (A, = 1). Torna
A JBYXCA0HUOTO NISCTa MOMHOCTLIO M = My,

i 1—A
?l.[u'}zr .1"&‘ 3 T:[u}='_"—{'jtl ¥
| — & —20
Ta {{:‘j . [ if r Ta [ﬂ} =% [ﬁ-] - 'ﬂ-

A*=14 g—iamy __ )} p—2amy __ } p—20{Me—m)

Herpyano yoeguThea, 4ro BHpPAKCHMA 718 HOTEHUWATOB B TOANE ©
PABIMYHEIM KOTHYECTBOM CJIOCE OTJMMATCH Meikay coboil ToabKo
IHAYCHMAMM KoahDUIMEHTOR Cp, @y 0 T. JI., ONPEACIIACMBMH  KOJIMYE-
CTBOM CI0€B, MX KOd(ppHIMenTaMH HIBTPAIME 0 MOUHOCTAMA, JTO
obCTOATRALCTEO noaBoaaer Dea ocobulXx TpynHocTeit HailTn obmee pe-
MeHMe 3aJa%9n JUIA MHOrOCTOHOr0 niacra,

It HecoRepIIeHHON CRBAMELL ONPENeIHM PACH PE/l@JeHre N0 TeH-
NHAJMA TOJLKO B TOM CJI0€ IWIACTA, B KOTOPOM pacitojaraercs pabouas
MACTH CRBAMIMHM, TAK KAK WMEHHO DTOT Cay4ail mpejcranidgeT nurepec
A DoaydeHns (RABTPALMOHHEIX conporasTcmuil, Ilpuwuman pabo-
9VI0 YACTh CKRGKMHM [ 334 JIMHHK CTOKOB HOCTOAHHOIN HHTeRCHBHOC-

o

TH ¢ = -, BLIDAKEUUE [IA NOTEHUEAN) OT ACHCTBHA HTOro JTUNIHOTO
CTOKA, pacmoloikeHHoro Ha paccrosuuy b ot Kpoeam naacra (cu.
puc. 1, a), npegcramEmM B BHA@

bl o5
L § Q&= — 7 | P9+ S alalrzm) [+ C 2D

rie

P9 = (L) 41 (1H=2),



- o+ b |/ T T
Prl [I", Z, Mu}=f(= Eﬂmr - )+;r( y =1 Eﬂ.‘m z)+
¥ [ 5'—24""'?_4." L )—]‘f( !l—l-ﬂ-l-fﬂmn—-z 1.;

}r(__"_‘f_f_J — arsh —ﬂ—:i — arsh —':— :

Haiiesm penrenne 3ajawm s 0Aioii 13 mpocTeiiinx cXeM upuToKa,
HATPUMED OHOCTOpONNCTo (LoJ YOI pAHHYCHHOTO njaacTa), Kotopoe Hy-
6T HCNOALIORANO L5 onpeacaeans PuibTpalliloOaILX COolpoTHRICHII
CKBAKAH B HEONHOPOARO-cIoMeTHY naacrtax, Cnpasa of Opasoin-
HellHoro KOHTYPA WITALNA Ha pacerosaun L pacinododmy anHeil i
ueTodHE UiiHoi { w pacxonom (). s yjlosaeTsopennsa rpanuinoro
yeaopusa Aa kKontype nuranma Uy = consl paepo ot HEro Taiike Ua pac-
CTOARENM L pacioosuy IuHeinnil cToR paBuoil JAWHE I PABHOTO pac-
xona. Torja OKONIATCIBHOE pPelnelne 3ajauyn NOJTYTHM B PeayanTaTe
CYMMITPOBAHIA Peilednii LA JHHCHpX  TOKA W HCTOMHMEA, & IMCHTIO:

DT -_— U“ ":"‘ U{:j {2-8}

rae nmotennmadu {fy u U AMACHENMX MCTOMNNER M CTOKA OMpEeasior-
ca mo vpasuenno (2.7), B KOTOPOM MPUHARNMACTCH LA UCTOUHUKA Iy =
=V 2 4+ y*, nascrokar, = ) (¢ — 2L) 4 y*. Onpeneany norennnad
U, na cipassnie |ry = re, rp = 2L, nupudgem sa U, npusem yepejauen-
HBi NOTEHIMIAJ HA TMOBEPXHOCTH CRBAIKMHBEL pajuycoM re W jauuoii /
(mpu arom, uroln yjosacreoputh yemosuio U = Uy npm x =L,
pocTosinNyIo Beanuimay € HeoGXo Mo NPHEATE PABHON Uy

it ul )
Ue = ‘1T é U(z)dz = 213: {H"{rI] — W (ry) + i; en[Walry) —
— Wn [;t.”} + {"'".Iu {2'9)

rge W (r) = fo(r, b) — fo(r)h; wn{FJ' =h{"—'| ﬁ} ‘|_2f2[ﬁ +-"a{;1 b);

Jru-{'r'r '5}: ﬂj -+ l{}ﬂPSh Lh:l.i-[zbﬁ‘“ﬂfﬁh Eb:-f +

-+ barsh -Eri V@ FIDEF =V (6F)EF (0,0rf—

in }frbﬁ 4= iUTE?'}E:
folr) = !-'ﬁrshT‘! dr—VE

20T+ my

r

—2 {5 4-0.51 & n) X

fua(r, b) = (b -1 4 n)arsh
2 (b 4+ n

2(b '}'”_'m 1= -+ {E! -+ n) arsh = T
r r

% arsh
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+ V4@ 05+ n2+ 72—V (b £ 0+ (05r) —
— V(541 £ rP + (0,50)%
Jn +f

+ (n — 0,50) arsh £ el

r

— 2n arsh b -+ V‘iﬂ"’ -} F*—V{n -t 0,502 + (0,5r)2 —
r

f:(F) = (n -+ 0,50) arsh ———

—V (e =050 + (0,50

= [ = b o s fe
2 my b= my ' & b

’ FE=EE= = .

My Mg

D opnsepennnx opMyaax 3HaK OJ10C IPHHAMASTCA 114 [, a 3nak y-
{

ayc — s fy. Tpw — << 10 u ~ = 10 Bripasiennn 1A dyur g
0

W ueckoamsko yupumﬂ.mmﬂ:

W(ry) =

b1 Bb+10)
(447 ) + 010 Gas

I - = (n+b4+Nnstb
Wir)=—1: W()=(r+5)ln £E2ED0LH
? kn + b - 0,503
n? — (0,51 = n—b—D(n—H

fﬂ.a!} 4+ (n—1b)In { ) )

- (r — b — 0,00)?

- b4+ N(n—b+ 0, 0,3
+£ln{”+++ﬂ’f =) "rf_}{n . 1_5}.
(4 &4 00){n —b—1) (n —0,H)

Jdag anyxcmoiinoro mamacta, wogpolnoe paccMOTpeHEOr0 B padorTo
[6GS]. npuseesm uekOTOPHE WACTHEIE CIYYUAM, BECHMA MOJILIHLIC |1
HOCTPOCHHA MeTONMKH pacuera PUILTPANMOHNLIX COMpOTHBICHNI,
licJin MOIMHOCTL BCPXHETO CJIOA PABHA MOUHOCTH HIGRHETO CHos (m, =
— m,), o opu L = m pacueruan opMyia ;oA noteHigmaga O, nacer
IHI,..[

- 2nln

27
U = ﬂ_w (1 4+4)In ——:--~{1—?]1..(m] 2as(m) | U (2.10)
rae g (m) = 2afuf (m,) = 2nf, — GUARTPH IMORKKE COLPOTH BACIIA

HA  HECOREPIIEHCTIO B OJHOPOJHOM ITACTE ¢ MONIHOCTSN® m W ),
MCTOURL ONPEIEIACHUS KOTOPKN M3J0MCNa mGKRe,
e MOmuUoCTL MKHers ¢1o8 Seckonedno doanias | m, — oo,
To B dopyvae (2.9) HeoBXonN0 LOAGKHTE &, = A", my, = m,. llc-
XOAA 3 OPILELIHITOT MeTOAa (PHABTPAIMOHIIME COUPOTHRICHI, (Qop-
MYJHLJAH JedHTd CRBAGKIHLL B PACCMOT POHHOI CXeMe noJyor palinseii-
HOI'O HALOPUOrO HEOHOPOJIHO-C.IONCTOTO IJIACTA MMOCT DM
(i, — )T
Q= —, (2.11)

25
In — = 2ni
T
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rae M1y, He — manopu va koRTYpe nntanus u B ckpamnane, ' — npo-
BOAMMOCTh HEOHOpOHO-CAoMCTOr0 wiacta, G HOMOMLIO OpPMYI L
(2.11) na ocHoBamuu aHAAM3A TOAYYCHHKX PEMICHNIT ¢ ONpHBICUEHTEM
st aroro DBM Guan paspaGorans npriJMHENTNC 30 RUCHNOCTH 1H
onpeaeiaenns conpormsiaeHnit (D B gRYX- # Tpexcaoiimom ngacrax,
MoCTPOCUHMEe KOTOpPBRIX OCHOBRIBAJIOCE HA OPHIHUNITAX NTOAYTCOES ni
HHX YACTHBIX pPesyILTaToOB [ Jojice MPOCTLIX CAYUACD CTPOCHWUH
LHAACTA,

Hdaa cxemu apyxcioiiHoro nmiacta, mogompa (MAN KPORIA) KoTo-
POro ABJAAETCA JNUNHNell paBHOro HAMOpa, UIA HAXOHIAeHIA GuiaLTpa-

nuonnoero conporustenud O menoavayerca gopay.a

ko (H —
Q= ‘m_ o) . (2.12)
th

Jlas cxeMul TPEeXcCaoHHOrO IJIACTA CO CPETHHM CJOAGONPOHMIACMEIM
caocys npulIMKCHHKME, HO BOCHMA ODPHOMIACMHE I NPAKTIEN BLipa-
AEHHA TR onpejieienna coupoTuniennii O yMoiHO noayiaTE B pe-
SYABTATE PACCMOTPCHUA 32144 0 MPUTOKE K HECOBCPUCHHOR CKRAKN-
He ¢ MocToARALM yposHesm [T, B kpyrosoit obaactn guasrpannn, Jlan
aTNro HeodXoNMO PCUIATE H3BECTEYIO CACTEMY YPABHEHNIT, OUHCHBALO-
MAX JIRWHCHME TPYOTOBEX BOJ B BEPXHEM M HIDKHEM CJT0AX,

i i o ko
Tl(udﬂ] o - ﬂrl)_ = (i, —H,y) +e=0,
‘ 2.13)
R ol " (
Ty (G + =) + o — ) =0
opit CACAVIOMEUNX TPAHNTARX YCAOBHAX:
r=R, 22 _o o0, Zh_y

1
=

aif,
or

F = Fg,

Dﬂ'}"ﬂ-ﬁﬁ.ﬂ OpoMEKEYTOTHLE DLIKJIAJKE, NOCJAE HEROTOPHX }'ﬂ]}ﬂ[ﬁlﬂlIHft
OROHYMATCILHO MOV CTeYVIONE: BHpAaKCHTE 108 OUpCcIcIeAnd pac-
[IPE,’I,E‘J]UH imH HFII'IH]I'H B HHHEHEA '[:JlﬂE.,. H3 [iﬂ'TﬂPﬂ[‘ﬂ [Ii]ﬂl-'l-'ﬂlﬂ.f[“Tﬂﬂ OTHA[=
Ea.
E E.H r -
ﬂﬂﬁmﬂk—qrﬁﬁ-ﬂ+- (n7-+ag+
Q
Ty ()
i 2IT,

Hanop ma snemmueii rpaanue OoToka (r = R) ouncwnagrcs Brpaike-
HEeEM

(2.14)

2 b Gt A+ Iy er) A -+ Ky (er) |

r . e,
(]ﬂ -—rc——ﬂ,,ﬁ —1—':,3) + —'E'J,Z'J'I'.T- x

H'E {R} o \'.rlr

x@ et A E) (2.15)

3 8-140 33



3nech
Ky(eR)

T=T,+T,, E_V-M.Tﬁ 4= 7, (cH) °

B = K, (cR) + %ﬁ,ﬁl}’- 1, (c),

Ly = 2;1_;3 — COMPOTHBRIACANE Q. HECOBEPUIEHCTRO B NPCIIax 1iik-

Uero cJos. )

C apyroii eTopoHk, 1o MeToAy (IILTPAIHOHHLIX CONPOTHBICIIIT
B paiiicune Jaf  oupenenedusi manopa H, (ff) moewino npeicrapurh B
RLLIE

ellr | I i . i) 5
Hy(R) = Il +—5—(In = -—U,.:—--_:r'h]‘ (2.16)
[} ] [
Ha (2.45) n (2.16) maxomy HCKOMOC (U LT PAIMOIIOE COTTPOTILLICITIE
HA HECOBEPIICHCTBO CRBGRIILL B TPeXCIOITHOM [IacTe

urs—’—[-;a Sl (5 In LS _}-;1._3”:._

2: Ty s

—— +Af — Af).

i ;
= fo+ - (fs + 0,366 1g
af
ArazormuEnM 00Opasoym OhLUT HAMJCHW TPHBCUCHHLIE HIHE BbIpake-
HUA PHALBTPAIMOHHWMX COHPOTHRICHHUI JUIA JIPVIHX CIOVIACDE  pactio-
JOMHEHAH CRBAANN B PACCMATPHBACMOM TPeXCJIOITHOM ILIACTe,

§ 2. ONIPETEJTEHHE
GILUBTPATIHOHNHBIX CONPOTIHBAEINTN
HA HECOBEPILEHCTBO CRKBAWKIH

CorslacHo BaJ0KeHHoMY BhIE, B 3ADHCHMOUTIL OT CTPOC-
HUA D0 TAVORDe BOJONOCHOIO ILTACTA (IPYHTL) 1 YaCTIMHO VCI0ODBIE ero
NUTAHHAA CIACIVCT PasiuiaTh B3 BAjJa oDUMX CONPOTHBJIERNI Ha He-
COBEDINMEOCTRO CKBAWHI © ]'I:I]Hﬁ.'llliliﬂl[ﬂrm VUCTOM B HUX CONPOTHRIC-
HWA Ha HEeCOBCPLUCTICTEO NO XapakTepy BCKPHTHH JLIACTAC CONCTREH-
o conporuriciue (0 jaf rpyHTa, OTPANNMCHHOTO N0 TAYVOMHE Cuepxy
W CHHZY HenpouMIessn TPamduasn (Bo10y mopaMit -1 CBEpXY CRO-
Bo/iHOIT NOBCPXNOCTHIO NOTOKA), W conporurienue 4 J10H rpyHTA,
O PAHIICHHOND 1O CAYONHE CBEPXY WIN CHH3IY TIPOHMUAEMOI  rpan-
neit (noBepxrocTLI0 pasuol o Hanopa) [Ga, GY, 133).

JapHenMocTH LA pacueTa
conpornpiennii O

Tpexcaoiimarit rpywur. Tlpr pacnoav:euun
II.II'I;”:TF:-'I CEBLKHH B BCPXHEM I HICEHEeMN CAONX TPCeXCIHOHHOIO UPYHTA
(pue. 2, a, &) upn ky > ko 2= kg, by < by < by u by 3 = &, cootser-
CTRCHHO NoJayiae

D (b) = Bifs —

TS BeE fe+ S (247)



[
,-".-"..r";.-’,-’ .-"' T ,a-".,.-r"
ﬁﬁ’fz’f ; ”xﬁf{
-"'{‘f "J:-’",-“' .-v""r-i --""-.-""I-‘{:""f..-'"".-

2R 53

-
" . "

RRERAT

[ N

A g,

Puc. 2. Cxemua Quaptpaninit K DOCOBEPIIENNTEM CHRBAAIHAM B Padlnyibx
rpyuTax.

M@ (by) = Pafy _i’ -+ — L =5 * - kaT:hE‘fai (2.18)

npu —-::Lll I ——;::-EI{H aag O (b)) m —-::_"Eli M :::“ = 0,01
3

iy
nnn {IJ{E.-} cupase ML (hopayi

T o I - .

m{b!] - Jrl <+ k:l Lml ka""ll_; .l’# |" ar ] {31”}
ﬁ' " §

q H-’.a:' e .r'.-l j:.: (’IH k._..r:* jf* -+ "ﬁ__‘wk't ] {32{]}

opu ky o ke %—{ 0,00 gas D (&) n ky 3> by n LQ{!UI NP
|

a* 33



(M (by), T. e, pam cxemsl TpexcioiiHoro rpymnta co cpexumm ciaabo-
JNPOHNIAEMEIM  CJHOEM,

@ (by) =Il+'%'(fl m), (2.21)
O (by) = f5 + (fs +0,366 Ig ) (2.22)
e F{-‘ = Llgy C= V ’Hf;f;-.; 1 T s Tl + T!'h .ﬂﬂ} = I'I:'l-fr — &fu ,ﬂ_ﬂﬂ'

|

CeTKN CKBAaKHH ¢ paBHOMEpHMM marom, Awm Af" nas numeiiHOro
pana cksaxkue upn cL > 3 wn ¢B > 3,

Jlaa muHelinoro pAIA CKBAXKHH B OTOH cxeme yaolHee nocnoabao-
BATHCA MPHMEMOM IIPHMBEJEHHHA WX HEMOCPeICTBEHHO K COBepmeHHOil
tpanmee. Torpa couporapacuue M, upu co > 3, cL > 3 nmmeB = 3

onpejejaaeTca no gopmyaam

, (b) = = 0 (/s + Fo) + 53—, (2.23)

Dy (b) = = 0 (fs + Fo) + 5= (2.24)

rae Fo = 0,366 1g (2.25)
Jleyxcaoiius it rpyseT (pue. 2, 6, 8):

® (5) = B, jj* f4— ,; " f (2.26)

D (b) = Bu f+ L (2.27)

Opropoamwii rpynT (puc. 2, d):
D =1, (2.28)

Herpyano yiegurvea, wro na dopuya (2.47) u (2.18) gana rpexe.oii-
Horo rpyura npu ky= &y, ks = kg, ky = On k; = 0 MOKDO DOAYUNTE
sasucumoctu (2.26) u (2.27) pan puyxenoiinoro rpyara. B crow oue-
peans, us (2.26) u (2.27) nan Tpex- n ABYXCI0NHOO IPYHTOR MOKHO
moayunth gopuyay (2.25) gasn egaopojaunore rpyeta Jwboit mommpoc-
TH M.

B upusepennuix dopumyiax  Geapassepuoe conporusienne f; B
OJHOPOJHOM IPYHTE COOTBETCTRYICMCH MOMMOCTH m; == m, m*,
My, My H H'i',‘ PiIH-HD:

fisz‘["[_fxi'l {2-29]
rpe ,fﬂ — COMNpPOTHBRACHHE HA ACCOBEPLICHCTEOG 110 CTEUell BCRPLITHH

B OJIHOPOJHOM [IACTE ¢ HCHPOHKIASMLMH KpoBjdeil u mogoweoll smoul-
HOCTBI My, JIA KOTOPOH HAXOJIATCA 9TH COUPOTHRJAEHUA, f.. — TO e

no Xapakrepy BCEPHTHH B O HODOJHOM NIJIACTe MOMHOCTLIO M,
Ipies _

fﬂi - fﬂe; -+ I'-"-"l-f::p [2.3”}
J6



rie fue, — COMPOTHRIACNHE 11a HECOBEPMEHCTRO OAHHOTHON CKBUGKHETL

B OJAHOPOANOM WLIACTE ¢ HENPOHHIGIEMEIME KPORIei 1 Dol0m kol Mom-
NOCTLIO My, JJA# KOTOpoil Haxoaures oro coupotunicune, Af . — jo-
DABOMHOE CONPOTHOBJACHHC, HB3BANINOC HECOBUDIICHCTBOM CKEAGIGHA
HOHX B3amMoleicTsmes Moy coDoil B o opoiHONM IIECTE MOUHOCTLIO
i
mi. llpn T ey | ﬁf,_.i = (.
]

s onpepenenns conporusiaennii fy., n Afe, mowino socnoanso-
BATLOA pasiInaiuM rpagurasu, TaOTHUAMI B HPOCTRIMI DO P yIaMu,
NPHEEEHNLIMIT B AUTepaType no QuILTHIHOMHMM  PacuetTaM. Jech
HATIOMHTM ToJLko cagjiyioniee, Eejan pynoRoACTROBATLCA peKROMeilga-
musasu H. H. Bepurana [15, 22, 23], npusegenmuayn vakike B paborax
117, 51, 77], To neobxoanao yuecTL, ITO

|
.fm:,- g = Ciy [2.3[}
A LS 2,32
L"i _— T h"f_l ‘I.,. {hn- }

Ha pne. 3 npeperanaen rpadmy jis onpeaeacnust conpoTuniaonni
[ mis cayuas, KOriaa pofoupuemHas uacth (PpuanTp) npuMmbikaer k
Kposae win nogompe unacra (b; =U), a na puc. 4 — rorga ona pac-
OOJIOMEOAA NPUMCpPHO I Cpeduei vacTu waacta. Dosace TouHo conpo-
rusacnue £ a8 cavaan by == 0 Mmomno oupeacauts no gopuyie

(7] it b \2 b
6= (1) G+ (o) T 05|81 — (2 =5 + 1) 8otz
(2.33)
3aect couporusiAeHnn O Lpn Syz M Taguz Oepyres ua rpadmia
puc. 3 coorsercrsenio upn L = by -~ 4, b, U2, by + V2 (i =1, 2),

B. M. Hlecrakor [106, 112] gas onpegeaenns counporusicuns f,.
apeatodind  popuyay

I S et o P ik Y
opudes Be;nrmnd € opu b —= 0 npuHuMaeTcA To TAKHM  AHUBM:
I 0 0,05 0 02 03 05 07

e —039 —022 —0,08 0,43 0,32 0,65 1,1
[lpm by = 0 ¢ onpejpeaserca no rpagusy puc. 5.

Euupm‘uum*mﬂ} .ﬂ._f.:i IS JIHHEHIIOro pHAd CKBOGKHH MOWKeT OhiTL
TAKKE HaleHo 3 rpaduia puHe, G |63, 78]. 3amerum, uto npu onpe-
nenenuu  couporupiennii fuye, ® Afe. nan pacuera D (b)) Gepercn
Besinduma by, a pas O (b)) — b, (em. pue. 2).

Lieapasmepnoe couporuBiaenne f; g cooTBETCTRYIOUIX 3HAaTeNNiT
MOLIHOCTH M, —= M, My, M*, My, My onpejgeaserca no gopyy.ic

It = fo; + fop (2.35)

S



62 04 06 08

Puc. 3. Upadmi jas onpeaeienms

CUMTPOTHERACHIN o it Jlft- =

Puc. 4. padmr jan onpepesednn
conporusaeunn L npu b, 4 (/2 =

== (0,35 =060} m..

(3

12

a8

{4

¢

"'ﬂ": " I I |
0 B2 04 95 Fa-Y

m—i

'nc. o. Ipadmr pan oupegesenun ua-

JHIMLET P E.

Pue. . Ppadmg pan onpejeieunn jo-
GaBUMHOrO conpotusicuns Af, .
i

0.25

050

a7s




rue E.‘f — CONPOTHRIACHUC HA HACCOBCDINEHCTRED MO CTEMEOH BCEPLITHA
ﬂn"[}p{]ﬂﬂnr{) MAACTa MOMHAOGKTLIY M, B ROTOPOM KPOBIA {I'El]}];:)"luu:l

ABJIACTCS LHOBEpPXHOCTLIO pasaoro nanopa. CompoTuBicume fo Moii-
HO BRI PASHTL MEPES CONPOTHBICHNC fo CTeIVIOMNM 0D pagom:

Jfr';' T fﬂ; — fe;r {2.36)

rae fy; B fo, BUMHCAAWTCS NO op-
mvae (2.30), npires npr naxose-
i fo;  UCOOXOINMO  HPHIHMATH
my, = 2m;. Tak, npm seranciesns

conpotuBIcHanil fo, fi. fs. f* » dop-
avee  (2.55)  npnuMMANOTCA M,
W
my, Wby My, My, 0 bys m*.mg n by
Mg, My, W by, lHonpasouuuie Koog-
duimentsl i Woog A CooTBeTeT-
BYWWHY suadenuil r, L nm Gepyr-
e wa rpaguror puc. 7, 3. Wakue
HAECHHO 3HAYCHHA £, A W I YINHO
GpaTL B 9THX  rpakEax npu Ha-
XO:EACIHHY TOTO IH nuoro Kodddu-
menta fBi moo, acno ua rada. 5. Hpu
o< U vpniamsiemio  npuHHMART-
cA Pi=1 nm o == 1. S1ecy m —

= G g
QDA MOMUOCTL BOAOMOCHON Tod- 47 l | l l J
M, M = ny -|= My == Mg LI TREX- g 62 04 46 08 4
CAGITHOTO  TPYHTH, m == m; — m, Pue. 7. Tpadnn jpan onpejencins
WA ABVXCaoiinoro, m, = m, - Besddnupenra

“+ iy, ¥ =my - Mg, 1y — cpel-
HAH MOWHOCTL Dovoka B sBepxdem caoe. Couporusicounsn A =

] h I:.Jr_;.:l aF ] s 5T i .lr- E-] _— I
= 0,06 2221 @ Af =0,16 | K, (B) + ) 1 (B) | onpeacanioe-
1, (R £, ()
=5
i 1 1 ™
en ua rpafmros pme, 9 AfY = = N K, (nea) — us rpadmka
==
- a
pue. 10, Ha vrux rpadmios caeayer, wro npa i = cff — ¢ T e
MoskHO voaoskuts Af =0, nprec=3A" =0, anpn i >0 Af'=
= Af" = 0. Taxum o6paaoM, B UPAKTHIECKUX pacueTax BaanMOACICT-
BYWILNK CRBMKHL B TPONCTOHILOM IPYHTE CO CTatonPOHTIACM LM ¢
HHUM CI0BM UM [RCCTOSHUHX MEHILY CRBAKAHAMH co ™= 3 B Juop-
myaax (2.21) u (2.22) vomkno moassnte Aw = (),
Hak yvEasupadoch BLIWE, YIOBACTLOPHTC LHLX PeroMeN;La i
NO oNpPeeAe A0 CoNPOTHLICHAA 110 XAPAKTEpY BCKPLITHH B 0RO
HOM 1JJacTe B HACTOSINEe BPEMHA HET,
Rak mapecTHo,

Je= fx, + fu, + Fa, + [, (2.87y
34



10

0,9

m =50
28 [ I i I A e i
0 0,2 0,4 0,6 0.8 0.9 0,94 0,98 104

Pue. 8. T'paduk paa onpenemenun xooduunenra ce.

rie fr — obmee conpoTHBicHMe, [, — CONPOTHBICHHE, BHARAHHOE
COaMTIM {EIHJIE-TFl}}I CRBOEHIIL, jf;.,-’ i ﬂﬂll[:‘ﬂ'l‘}il.l.‘lEHHE, CRAIAHHOE ©C
WIMEHEHHEM BoJONPOHHIAEMOCTH B OPHCKBaKMHNON (npusadoiinoii)
A0HE, fi, — CONPOTHRICHHE, XApaKTepH3aylomee HapylueHHe JHHACH-
HOTO peuMa Tedenud, f., — COHPOTHBISHNE, YUUTHIBAKIEE Til-
PABINYECKHME TOTEPH BHYTPH BOJOLOJBEMHBIX TPyO.

B paborax [7, 8, 14, 20, 22, 53, 56, 94, 105, 106] npusepenn pas-

40



7 L J “ A
Prnc. 9. I'padnrn aasn onpepenenna conpornexentii A" (f) s A f7 (2).

JAHYHLBE NPUHOSMGHeHHLe PEKOMEUJATIHN MO O PIeSeHII0 3THX 1a0T-
Hux conporneaenmi, Taw, cormacmo [20, 53],
mh
fa, 2mr loc
rae § — Tommmuea crenox uUAkTpa, & — CKRBA;KNOCTE PuianTpa (oTHO-
MeHne miIonaan oreepernit K obweil naomain gmawrpa), £ — xood-
PHOEeRT, YUYNTLBAKIME Cy-

rr
senme fuaptpaunonnuxerpyii 4 = 2"
NpH  NoX04¢ K OTHEPCTHAM i
¢uapTpa (usmenserca ord mo 29[
1/e). llexkoropwii ananns cy- iy
MECTBYIOMAX NpeLtoskennii u 24
NAHHLIX 10 YCTAHOBJICHMIO Be- 10
AL [, AR QUABTPOB pas-

Au4HOl KOHCTPYKOUN TpHBEe-
nen B pabore [7].

Conporunienue f,, MOMHO
HAilTH Mo WiBecTHmoill 3aBHCH-
MOCTH

[k r,
fi, = 0,366 (- — 1) lg ==, s
(2.39)
il ' : ' 1 ———
rne k, w r,— xoadpuuuent ar gz 03 04 43 a5 <€

@HHBTIIHHHI}_ I paauyc HOpH=  pye 40, Tpadusr pan vnpegesenna co-
CHBaMHHOM 30HBI, HEKOTOPLIE  ppurHBdenns Af”,
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= g il - Fe e re
F m, My y iy ity
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kg -+ ky key | frg kgt kg g+ 3 Ky - &y
e Fiy Mg mr i‘“.l Ty

NPEIIO/KEHNH 10 ONMPEIETeRH0 PABMEPOB 9TOH BOHB NPHREJIEHB B
paborax H. H. Bepurumna [21, 22].

Couporunjienue fr, KaK HABCCTHO, MOM{CT BOSHUKHYTH, KOIIA
B pacCMATPHBAEMOIl 30He (QRAIABTPALNM pPAjMYCOM Ty U > Uk, LiC

k i “
Upp = ? & — KpUTHYICCKAA CROPOCTE, HATIHAA ¢ ROTODOM JHNCHHEBIR

sakoH (mantpanuu (sakoH Jlapen) msapywaercs u UIBTPAIEA OLuH-
CHBAGTEH HeJHUCTHBIM 32KOHOM BHJla

£ v i
=] L f— ;
I k[i,ﬁk) (2.40)
(f — woodujnent mHeanneliBoc™ (uanTpanum, § — 2ajaunafg lo-
LYCTHMAS TOrPEmEOCTE B pacuerax, & — roadduiuent ¢uiabTpaunn

UpH BHOOJHEHHN Juneiinoro sakoua)., Terja coOpoTHBIeHHe [, ol-
pegesinercs no opMyae

- ¢ 1 . 1
f'f‘ _ﬁ 2tk ( r. ry )'

[+

(2.41)

Hpw possossuocTe nposeienus ouwrasix orkatex H. H. Bepurus
[22] pexomenpyer dopuyly, DoaBolABMYK HCKIOYHTL JOBOIRHO
CAGKEEHA Jaua oupejpeacunst Koodungment [

e (p— 1)

ey (2.42)
"I,II'I'-IE.‘I.T
&
—
P = T ‘Z i (2.43)
_L L )I A

dueesr A} — pasnoCTh NOMIGKCHMI B UCHTPAMBHON M madlonatens-
noil CKBazkHHax opu nebure (), A, — 10 ke opu gebute ), r, — puc-

42



Tadnmua 5

poadduumenTi
ﬂ: ﬁi E* f:j_ ﬂl ﬂ_:
Fa e Fe Fe Fe Fe
mﬂ ﬂ'tﬂ H!.! ml E!i ﬂla_
ke | B | b ey — Ky by — by wy — ks
R 1 _i' -IFI-E Fh: 'JI -'!I.'j ﬁ‘z 'i" L'I ;l'-l. ":" .I;'lg A.H —|— Ilri k: _; rl'i
iy T g it n, iy my
My ity fity iy L my

CTOAHHUE OT INPHTPAIBHOH 1o Habiwgatelnuoll ckea;RHHEH. DB oTom
CaAyHAL

p=—ToO=D pe - (2.44)
l = _I)I*':"'l

Herpyano ybesmteen, uro npu ry S re Biusanue HeauHeiiHocTn
YMEABILACTCH,

Ilpu spaunrearHmy eGRTAX AIH rayvOHHC CKBaMiMH CYIICCTROH-
HOE BJMANNC Ni €€ CONPOTHUBJICHHE MOTYT ORAJLIBATL IHAPABITUYE-
CKNE MoTepu BOYTPA BONONOABEMHLIX TPyD. VueT aTHX NOTEpL MOKeT
OLTE OCYDIECTBACH CONPOTHRICHHEM fx,, onpegciaeMeis mo Qgopyae

Sl
fe, = Qlmey, o (2.45)

g :E.i'.

tP‘l‘:

7

rag I m dy — JOMHA W BHYTpeHRHE IMaMeTp BOJOLOABOMILIX TPy,
A
y =

{:1-
Hu goadupunutent Hlean, Eereerrenno, ¢yulecTECHHOE SHAYCINE jLIH
YMEOLINCHHA CONPOTHRISHMA [, MOMET OKAaBaTh NPABHIBHEH BHOOp
KOHCTPYKUAH BOJONPHEMHOH  MACTH CKBALNILL U ¢ KATCCTRCIIASL
IRCIIyaTanma, Nak MoKasaTH OOBITHRIC OTKaYKM W aHaans padoru
CREAIHL B HATYPHBX YCIOBHAX, ATO MOZBOJHET CBECTH K MHHHEMYMY
Kodmounenrw conpoturieuns (D u Bo Mmmorux cayganx opeHefipedn
HMM R pacuerax,

- M peasoikeERRMI 30BHCHMOCTAMK, MoJYTEHAMME COOCTEEHRO JUIH
HAMMOPHAKIX UJNACTOR, MOMHO ODONBIOBATHCH LA OmpeeyIeHnAH Caupo-
THBAeHWi (I B GesHanopHKMX IIOTOKAX ¢o cBOOOMHON HOBOPXHOCTLIO B
BepxHes caoe. B arom caylae MomA0CTL HOTOKA B BePXUEM CAOC My
H mauea dunerpa L npudiuitHHO YEPeIHATCH caejlviouus oGpason,

Mpu pacnono:ncesmnn GuAbTPA CKBAKAR B BCPXHCM CJA0C INA CKBA-
HHH ¢ HezaTomTenuusm GUIBTPOM, B ROTOPLIX AHUAMHECCLENE YVPOBUAL
pacuonaraerca Huke spepxa GuaesTpa jaunoi § (I << 1), m;, = m, -

4

— RoadipnupenT THEOpabnuueckoro  Tpeaus, C — uaBecT-



4+ 0.5 8;, b, =05 8, I = m. — @i 'IA CKBAMIE C 3aTONTeHALIM
(pnanTpOM, ¥ KOTOpPHX AEEAMUYECKUE ypoBeHB BOALI pacnojaracrcs
pume Guavtpa, m, = me + 0,98, by=m;, — 1l — a,, | = I,

Ilpu pacnonosedun GuabTpa CHBAGKNH B HIKHEM Cl0e€

ml — m.{' + ﬂ.aﬁra

Jlag cHCTeMATHUECKOI0 BEPTHKAIRHOTO jIPEla:ia NpH ocpeiHe-
HIR BedM4ny hey, Oy W [ BMCCTO NOHMRERRA 8. B DPHBCICHHLIX PeKO-
MCHAAUMAX OPHHAMACTCH DPCBLUICHNE B RepXHeM caoc k.

JaRMCHAMOCTH 1A pACUYeTH
conpoTHsacHuii P

Nevxcaofinwii rpynr. llpn pacnoioikenii
GUABTPA CKBAKHME B BePXHCM M HHuHeM cxosx (puc. 11) coorset-
CTREHRO 1101Yy"aem

= ky 3 kg — Ky = talt b

D (b)) = o "}a:;rf -+ —"Wh npn y = i;:' = 0,05, (2.46)

@ (b)) = B (_,f, -+ 0,366 In 14 -[-ﬁj’] npu y< 0,05, (2.47)
My L

- e =i el ey

D (by) = E,Tf“ f+ _'__E"r,ruai fa npu Yy, = ﬁ;':: = 0,05, (2.48)

{12

TIETPIITIT L s

A (2.49)
, —_t— Oamopoanmii rpysET
Lo ,.E:f',:’}} D= -%-f. (2.50)
TPy W Sl B opneejensnx  dopmynax
B L T e e Y COLPOTHRITEHIE ﬁ I pejlesiHeTcH

a uo  dopuyae (2.35), B KoTopoil

: f{:i RHYMCAHETCH coraacho (2,.36).
pu srom  nobasounce conpo-
THBJIEHHE .rﬂ.;i = Afo;, — Af; B
popuyae (2.30) nan cerkn He-
COLCPIIEHHLIX CKBUKHH € [uB-
HOMepHRM  marom  (CHCTEMaTH-

I'me. 1. Cxemw guasTpaunun K ses
COBLPMSNNLIM CKRAMKHHEM B ABYXCAO#H-

T T AT, UM YT @ — ApH QAT payuou-
nNoM W HAnOPHOM nATannn; 6 — upu
i UMTANEH BY BOJOEMA.
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geckHii Apenas:) Mo;er GHTE BAATO UONOCPEACTRCHHO nA  rpadim-
ka puc. 12. Jnech CNJIOIWMMBLIC JHUAN OTHOCHTEH K CAY9410 pac-
DOJI0eHHA (UABTPA CHKBAMKHHL Y BepXHCH M HWMWHASN rpanni niac-
TA, OYHKTHPHAH — K CAYYA0 pacnoiowenua uawrpn Jamuoi § <<
=< 0,3 m; upubiauanTensno B cpenwreii wacte naacra (b -|- Y, =
= (0,35 =+ 0,65) m;). Ha rpajgmra cacayer, 9ro npun % = J MoWHo

i

af., u;

85 10 s 20 zz &9 3 B

Puc. 12. Upaduen ana oupegenenss conporuBienmii Af, n wu,.

cuuraTt Af = U, OcradwHns oGOZHAYCIHNA BOJIWMNH, BXOIALLIX B
BTH ropMYanl, 1 CNOCOUKM WX HAXOAIENNA VRAIAME BLIITIE,

M punepw. 1. OnpeaeinTs PEALTPALUOLLOE CONPOTHRIEHHE HECOH-
Bepmennoil cuBakiiw ¢ guasTpom paamepamm [ = 10, b, =5 n
ry = 0,15 n cnereyaTnueckoro aperamka (@ = 200 u), apennpyromero
HIAHII  cooil Tpexcaciiioro  rpymnta ¢ n-:mmmummu ey = 0.1,
kg = 1,0, k; = 20 w/eyven, m, = 8, m, = 10, = 20 wm, F‘nn]m=
T}IB‘II.""HHI..' D (H,) naxoy no ljJU[I\.I}JIE {«’ 18); rak hr.'.h Koy R = e

Opelnodaracxm, 4ro f,, = G. B craan ¢ tem wro T g I, nhopuyne

(2.30% menuo momoEnTL Af = 0. Taknw oOpazon, B pacuerax npm-
HuMaerca f, = f,.. ||L’PE‘H1 M K ONpeieaenuio uT'lE‘lI:IIhH €O Po-
THBJICHIIT, ANA uero Bocnodssyvemcs dopyyaoid (2.34). Has odweii
MomuoetTn m = 8 4 10 + 20 = 38 m umeen
| | — 0206 {1 -

= In Al 150

f 2 - 311 206 ( U015 0,73 1,0!’},
v - - i E ]
riae anavenne & = 0,73 Depem ws rpadwra puc. 3 opn ! = e 0,26
- b o P
m b =a—*- = 0,18, Auanornunamm obpasom mHaxogmm: f* = 1,03

-1
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opu T = —— =033, § = —— =025, e=092; f,~046 npn

Y i, Bk w15 8 4,38,

Herpyano yGeantnes, uro jisa sBeex xooadduuuenrtos fi; mapamerp
L << 0, noatomy npuuumaesm fiy = p, = p* = 1. Toraa no dopuyae
(2.18) oupegensenm
0 —

1
— 5 0,46 = 0,49.

i —0,

0,1 | ,
D (by) =1-1—5-156 41 —5——1,03 +-

Mz opumeepernoro pacuera caejyet, ato (D (by) =~ fy, T. e., Kak n
caenoBano osKmgath, B Qopuuposanun couporusiaecans O (b,) oc-
HOBHYK) pOJdL HIPAET HM:HNH, nanboaee MOUHELINL H npn}muuemmﬁ
caoi. ITonromy B TpexcIoilHLIX IpyHTAX, B KOTOPHX NPOBOIHMOCTL
OCHOBHOTO CJOA 3uaunTeibHo (B cOTHH paa) Doiabime TpoBOIHMOCTEIl
IBYX APYTHX CIO0EE, MOGIHO OFPAIMYHTHCH BRYNCICHUCM COUpOTHBIC-
aus @ (b)) B oqropojnoM rpyrre (OCHOBIOM CJoe).

2. Jlna Tpexchoiidoro rpyuta ¢ napamerpamn bk, = 10, k& = 0.5,
ky = 10 m/eyrer u my = 8, my = 10, my = 20 m npu Tex ke pazme-
pax (RALTPA HECOBCPMICHNOOE crBawmnnu conpotuBienue @O (by)

2

onpepensiercst no dopmyne (2.20), rak kak %=D,ﬂﬁ}ﬂ.ﬂi,
3

%-:D,[}Ec:ﬂ,l. Cornacuo (2.34) f, = 0,46; f; suumcasem mo

l:},u;pm;-.rne (2.36). ITonaram f,;, = 0, mo dopmyne (2.36) npu m,, =
= 2m, — 40 u,] = -,;;; s 005, B m:t_! —= 0,17, e = 0,7 nony-
uaem fo, = 1,67, rorna f; = 1,67 — 0,46 = 1,21.
ApamormyHuy ofpasom maxoamm fy = 2,92 upu my = 2m* = 60 M,
! by

l=— =017, b= —=2— =01, e=0,48; f*=1,06 npn m* =
=30 M, f_-—_-m—!* =033, b= m"‘bi_:! = 0,25, e=0,91; rorga }I- =
=2,80 — 1,05 = 1,84. Ilo rpadusy puc. 8 mpu A= —3—%_ _ g
kg -t Ky
m= —2 =05 u r= :f = 0,075 maxopmm o, = 0,97.
3
Tarkum oGpazom, no dopuyne (2.20)
® (by) = 0,46 + - (U.E}T U550 1,84 4 050 1=21) = 0,78.

J. Ilaa tpexcaelinoro rpynta  co cpeaHmM CaadolpoEHIACMBIM
caoem ¢ mapamerpamu by = 2, &y, = 0,01, k; = 10 s/cyten n m; =
= 8, My = J mmy = 20 M npu Tex ke pasmepax PUALTPA U paccToH-
HER Medsny cxBauuamu o = 200 s conporusaenue @ (by) maxonms
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no gopmyne (2.22). TTpermapnrentoo onpenenmes

- 246 _ = . 200
L == ]/m=ﬂrﬂ11ﬁ M ’, R=U1[}1-ih' T:;.:L:H'

re = 0,0116 - 0,15 = 0,0017, [, = 0,46.
Mo rpajmxy poc. 9 uwaxogum Af =007 n Af" =013, Torm

L3 G 1,12 ' e
D (by) = 0,46 —;- ({}14{‘: + 0,366 g — o + 0,07 —0.13) = 0,57,

# 4. OITPEIEJIEHIIE
®ILILTPAINOHHLIX COMPOTNBIEHUN
HA HECOBEPINEHCTRO FPAIILL
OBJACTEN DUIALTPAITIN

[Tpn paspaloTke MeTo10B PHILTPANMOAHOrO PACTCTA k-
THRAJLHOTO JIPCNaKa PARTHUARIE B HJaHe Tpanuiil MHTAHKA CPYHTO-
BEIX BOJ (HPAMOIHHENNLIe, KPYTOBRE K AP.) TPUHHMAIOTCH CORCPIICH-
HEIMI{, T. €. TAKWAMH, 9CPC3 KOTOPLE OTHTALNNC BOJOHOCHON TOAMM 110-
CTOAHHKM HATIOPOM HJAN PACXOI0M UPOHCXOINUT PABHOMCPLHO Ha RCIO
rayonay. Ojnako 8 jelCTBUTCILHOCTH TFPAHANAME OHTAUMA COV:EaT
HGHTFPH Pa4JAHYHBIY  BOJLOCMOE H RAHAJTOR, J3AYMACTYVH HCCOREPUICH -
HBIX 1O CTENEHH BCEPLWMTHH BojlonocHoi Tommu. B arom cayuae norok,
HOCTY I MM N3 HECOREPIICHHMX KAHAJA0B H BOJIOEMOB. J0.14KeH 11]e-
OIOJIETL JONOAHNTEILHOS CONPOTHBISHHE FPVHTA MOL JHOM HTOTO BO-
poema (Kamana), Deamunpa Takoro ConpoTHRICHHA B OOIMIEM Cayuae
Gyaer ZaBHCeTL OT CHAOKeHMA BOTOHOCHOI TOAuM 1o AHOM BOOEML,
ETO SANJICHHOCTH []}"E.’IUHHMH OTJIOMCHIHAMIT, Hllﬂﬂllllﬂ!]l‘lﬂ_ﬂl}MHETH ITFII".I-
THBOPHALTPANMOHHON OJE/KIM W WnpnAb sonocsa (Kanaaa). 1lpn
HAJHUYMW THIPABIHYCCKOE CBASM Moy Bojoesmom  (kamagos) o
GUALTPATEOHHMM IOTOKOM, T, €, B VCJOBMAX THK HAILBACMOH Io0jl-
neproil QUIALTPAINHKM N3 BOJOEMA, HECOREPIMCHNLIC IPAHMILK MOTYT
OWITE NPHBEACHK K COBEPINMERBEIM MeTOA0M (GHIALT PAIlM OHHKX COTPOTH B-
Jeruil, TpUMCHENHe KOTOPOTO K pacTeraM (JuALTPALNE H3 KaHAJI0B
H Bojloexor paccuotpeno B paborax [10, 11, 32, 53, 77, 98], Ocoden-
HOCTH DTHX PACHETOR FAKJNWOYGETCHA B HCOOXOINMOCTH VieTa 00mero
conporusienus ma wecosepmencTso AL mo Goaee caomnoil exeme o
BEI@TRHIEM ABYX [AONONMHATENBOMX couporneaenmis AL nm ALY
(77, 112]. Jlun Gonee npoCTHX €XeM OTTOKA H3 BOJOEMOB M KATWAJIOR
(0AHOCTOPOHHETO W CHMMETPAYHOTO ABYXCTOPOHIETO OTTOKOD, OTTOL
H3 KPYNHOro BOAOCMA HAH 09CHB (0XLINOro KaHada MMpHHoIE A, >
= 2m) yuer aToro colnpoOTHBARHEA NpakTHYCCKI CBOJIMTCH K V/LTIIC-
HHKO nyTH GuabTpanm, T. €. K YBeARIelno odmero conpoTupienns
NIaHOBOTO NoToKa #@a conporusiaenme Afl. Jrnm campm Vpes BoLn
Bogoema war Ou orojumraercs Ha paccrosnue AL, Boaee chomuine
CTygam yueTa ConpornsIeHnii Ha HECOBCHICHCTRO PUaJIHYHKMY  BOJLO-
EMOB I KaHaJaoB pacesmorpenn B padorax [11, 32, 08, 112]. Haudoien
AOCTOBePHRE 3HATCUMH AL MOMHO TOXYYNTH HA OCIOBE ALAJHAA [L0H-
HHX peskuMuux HaOaw;ennil BOAM3E Kamana mam pogoema |33, 58,
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| m=05
1,0 -
— 10
0.9 g5< %‘fé 1,0
F

0.8

0,6

34t

%2 ) L '| ‘}.’g

i - | | L
0 0,2 04 06 0809 0% 098 A

Puc. 13. I'paduk pan oupepenenun woafpnnmeuTon

90, 111]. Opnako npu Baaudun TakHX JAHHLIX 00 yposHAX BOAH3N
KaHAJA WIM BOJADEMA MO;KHO BOBCE HCKJIOYMTH M3 PACCMOTPEHHA CO-
NPOTHBAGHIE 1L B KAMECTBE MCXOHON rpAHAIB MTHTAHAM 3444BaTh Ipa-
HHILY TIOTOKa o Haiijienans yposuam. llo peayiasTraram amaamruie-
CRHX pemcnmil 148 oupejgescnusn couporusiennii AL npegaarawtca
CABYOIKE PACTCTHLIC 3ABMCHMOCTH.,

Han xapagos peboanmux paavepon (B, << 0,5 m)) AL = AL".
[MTpudamsienno ato couporHBaeHNe MoxeT OWTL Haiigeno [G5, 69] xan
Tpexcaoiinoro rpynta mo gopsyaaxm (2.17) n (2.19), gan apyxenoiino-
ro — no gopuyae (2.26), pas oppopojuoro — no dopmyae (2.28),
npHYeM NPHUHHEMAETCH

‘ iy pa
fi =0,73m; g o (2.51)
= hm;
fi = 0.73mlg -, (2.52)
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| 1 1 | 1 J
02 04 06 08 10 B

e L
b - ,ﬂt,..j m=G5  Puc. 15. I'paduiu Als onpejenesun co-
o porasaenwii 7, (1) w f, (2).
5}
[‘ﬂﬂ rh — [}123 ..PH, -"1[ — k“_ = mn‘—|_
+ hy, Py — nOepumerp cMOYCHHOM
I HACTH KAHAJA, My—MOLUHOCTD BEpPX-
HEro CJIOA [0 [Ha Bojoesa (Kawa-
4 na), hy — rayouna BoAH B BOJLO-
eyme (Kanamne).
sl JIREY rpexcioiigoro rpyata co
CPeAMM CaadonPOMUIACMLIM GO
npu ¢L > 3, rne L — paccronnue
2 _30 OT BOJOCMA IO CKBAMKHE,
.07 - r 0o T,
il e e — ——
1 ! | | —] AL = AL" = TI .lfl. + e Tl ]
a 22 04 06 08 A4
; (2.53)
Puc. 14. I'padur pana oupejenenns
Koadpuumenton L, npuuem f; waxoaurea no opuyae
(2.01) nmpu mi = m,. Jlan kanaaon

CPe[lHEX pasMcpoB B pacueTax ¢mrypupywt oba CONPOTHBICHHH —
AL w AL", Jlas aByXcaoiiHOTO TPYHTA OTH CONPOTHBICKHHA 01 PeLe] -
OTCA 110 GopMyaam

AL =t -mfy + Bt g (2.54)
1 1

AL = Ly—2-mfu + 25 fy (2.55)
1 1
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rine

By nBy, 2
i o nﬂ L]
frg = 0,733 Ig cLh——ﬁmf‘ ; (2.07)

1

3nect m o= hy + mg, my = g, iy = my ~+ hy, E,u g, —uonpanounue
koamment, onpefenaesue wi rpagukon puc. 13 u 14, 5a koroprix

T i - _k
npunATo M= —= W A = F—0=. Jlan Beex rodpdunmenton §, w
& | '|

Lampud < 0 HHEIIEM E=1nl, = 1. Jlan yaobersa sudncacunn Ges-

pazMepHLx conpoTupienmi fp u fi wa pnc. 15 npweegen pacueTHbe
rpaduKkn, cocrapaenune no Gopmyaam (2.57) u (2.58) (sanvcrsoBani
na pafiormt [11]). Ha dopmya (2.55) 1 (2.56) aas asyxcaoiisoro rpys-
T4 OpR Ky = ks B Ky = () BRITEKAIOT MARECTHHC 3AaBICHMOCTH ONpese-
JACHHA COOTBETCTBYIOMMX CONPOTHBICHNE B OJUOPOJHOM I'PYHTE

AL =mfy, AL’ =mf. (2.58)

[1pu onpesenenus conporusaenwii fx i fy no Gopmyaan (2.58), (2.57)
u rpadpmkam puc. 15 npegmoaaraeresa, uto rayiMHa BOALl B KaHaJe
No CPaBHCHEK € CI'0 MHPHECE 1o ypesy Boasl [y u MOUWHOCTHI
m, npeHebpe:iNMO Mana, ¥TO YacTo BeTpedaerca ua npaktaxe. Ee-
an ke rAyOuHa NOToKa B KaHAJge fig 3HGTHTCAbHA, TO COMPOTHBICUNS

fu W fa B OTOM cHyuae MO/KHO paccUMTHBATL IO rpadmkam, npemio-
sientuM B pabore [11].

/
[Tpn Tﬂf-:: 0,5 upmrumaerca AL’ = O u conpornsiense Haxo-
JAMTCA TO MPUBCIEHHLM BLIIE YVIPOULEHELIM GOopMy.IaM jJJIA KAHATOB

neGoapmmx  pasvepos, llpn —=2> 2, naofopor, MOiKHO cuHTATH

AL" =0, a comporusicHne AL’ pacctmTHBATE MO YOPOUCHHBIM
opmynam gas miupoknx  Bojgoemos. Meromuka yvera conporunic-
uuit AL" w AL" B pacierax onmmeana HiGke.

Has rpexcaoitmoro rpyura co cpe/Hny ¢aaGonpoOHRTACMEM CHOM

npn cobmiopennn yeaosns 7, = 0,0e8,, << 0.2, uro vacTo BmnoJduaer-
CA Jaa OOABIMENCTE 3HaYeuil WupuH Kanaja, odmee counpoTHs-
aeume AL = AL' -|- 2AL" mosxwer Gurek naiimeno no dgopuyae

AL =t AL — 052 B, 4-—2- (1 —eBAL), (2.50)

Tl Tl Tlf-‘
rie By — mmupuna kanasa mo ypesy moawt, AL, = ALy + 2AL] —
COUPOTHRJIIEHHE HA HECOBCPHICHCTBO KAHATA OTHOCHTCABHOrO Be pxae-
ro oA cpejgreil momuoctn m,. Herpyauo yoepmreca, uro npn By —
— U AL = AL" u dopmyaa (2.59) nepexount s dopmyay (2.53).

Han mwmpoknx Bogoemon (BOAOXPAHNANIL, HPYAOB, PEK) mupHHOIl
By > 2m AL = AL'. TlpuGausicHIO ITO CONPOTHEICHHE MOMSCT

a0




Gurh maiinemo caejywmusm obpasom [69, 77, 112]: aar omuopognore

TPpyHTA
AL = AL = 0,44m; (2.60)
AAA OBYXCJHOHHOMO TrpYHTA HPHM ::‘ = 10
|
Kalll gt
sr= )/ 5 2.61)
mpu 1 < - <10
AL=0,5 (:a.ﬂ tmytmy ) ) (2.62)
|
mpn :‘ < 1
1
AL = 0,5 (hy -+ my, + my —2 ] (2.63)
! b |

JLoCTOBEPHOCTE PE3YIIBTATOR PACHETOR CONPOTHRICHNI HA HecoBep-
MEeHCTBO BO/LOCMOD H HKAHAJOB OOpPEeIeSIeHHhiM ﬂﬁjlﬂ.’!l’]:ﬂ SABACHT OT
NpABHIILHOTO BHOOPA PACUETHOI MOUHOCTH TOTOKA BEPXHETO 08 .
Caexyer, oanako, 3aMeTHThH, 9T0 3Ta 3ABHCHMOCTL IPH PACIOTOHEHHH
BOAONPUEMHMKOR B MCHEO NDOHHIACMLIX CJHOAX BOJOHOCHON TOJNLN
OPOABIACTEA BeceMa caabo,

§ A JOIVINTHTENBHBIE CBE/TEHITH
K PACHMETAM CRKBAMKIIH B BEZHAIIOPHOM 1IOTOKE

I Geananopnos noToKe B YCAOBHAX COBEPIICNHOIM CKBANKH-
HEl M He3aTonJenuoro guisTpa HecoBCpileHHoN obpasyerca yuacTon
BLUCAMBAHMHA, A B CAYTIAC S3ATOMIGHNOTO (PHALTPA HECOBEDIICTIHON
CKBa;KHHR — Y'acTOK HaBHCA-
Hud. R cosmajienmo, jocratou- Tadanua 6
HO obocHoBaNHLY [PELILOEE-
HE Mo OnpejaejJcHd BLICOTH

"

Dyng-

BLCAYMMRAMTIN Jr!g Il HABHMCAMHAA mha o o5 I : ;
hy,, ocobeHHO M CKBAYKHH, . J *
,ﬂ,EﬁﬂTB_\’HlIILHE R lIt"[I','I,IIl'.I']H}:IED-

CIOHCTHIX TPYHTAX, U HACTOA- f 04 026 | 017 | 010 | 005
mee Bpesma ner. Jlas oauopoa- fa 1,70 | 1101 070 | 040 | 0,22
HOrCO TOTOKa Beauduna fi, MO- f 130 [ 084 | 003 | 030 017
AeT OurL npuATDReNIO oue-

nena no gopayae [77, 107] =

5 =
o= l/ Lﬂ,'?.'i lg {fr:? — ﬂ,ﬁ)tj—j— fie— e, (2.64)
rae tf)_?_ = % . he — rayOnHA NOTOKA B COBEPUICHHON CRBaKHHE,

Jli1a HecopepICHROIT CHBAKNILL BMECTO TayOnuLl i, IPpHHUMACTCH 3a-

4* al



ToONACHnan uacTes guasrpa I, [Mpw conocTaBieAwW PACUICTHMX W ONKT-
HLIX g HsIX, NPOBEJEHHOM B padoTe [107], moayucno yioBaeTsopuTeb-
1 vecopnagenne. BeanuuHaa HABACOHUA HECOBEPLICHHON CKBAHAL /iy B
O/IHOPOIIOM HNOTOKE NDUOJMKRCULO OUPEIEIACTCH WA BEIPAKCHIA

I = g | 0 = — 1), (2.65)
e f() =f(€) —file), ¢= -i“—:.— (amauerna ¢yuxkuai fi (c)

npupegesn B raba. b).
Bupasncenne (2.65) pemmaerca noaGopos; B ucpsoym npubanskernn

MPHOAMACTCSA € == —=, TAO b — mpeDLNICHIe YPORAA BOALL HAJ HIBT-

PoM B CHBaLKHHE.

Onpeapeaenne Beawint fiy u hy s coneToil BOAOHOCHON ToIIMu
RECHMA FATPY,AHCHO, OHAKO ¢ ONPCACACTILIM U PHOINACHIEM TNPHBEe-
AeHANE PeKOMCHAAIMT MOTYT OLITL NCUOIL30OBAUN B PACYETAX JIPEeHH-
POBAHMA CKBAMMEHAMH BCPAHEro GCBHANOPHOrO TOPHIOHTA,



F’'nasa 3

METOIbI PHJILTPAIIIOHHOI0 PACYETA
BEPTHRAJIBHOT'O JIPEHAMA
NPH YCTAIIOBUBIOENCH ®ILILTPAILITIT

[Tocae yeranonnenus pacderHoill GUALTPAIMOHHON cXOMu
AJIA OPOTHAEMOrO MACCHBA ¢ REPTHRAILHIM APCHAKEM W 000CHOBA b M5
HCXOAHLIX JANNLIX HPOH3BOJNTCH pacuct, oupejesomui suesTui-
nocTL padors BMOpanHoil cxemu. Ecan iperai BLNOARACT HECKOALKO
QyHEUMH, HeoDXO0ARMO MPOBCCTH jLONONHUTEILHIE PACUETH N0 Npo-
BEPHE REINOMHERNA #M APYIUX saja’. Quenb uacrto, HCXO0IH M3 yeio-
BHH H TPOAIIEUTEALHOCTH PAGOTL JIPeHaska W REITOTHCHNA MOCTH B EH-
HEX HNCPELHHM 3344, AOCTATOMHO DACCMOTPOTL Cro ACHCTRIHA Lp®
YCTANOBHUBINCHCA PUALTPANMK. JTH 3Ke JATIHLEC MOUYT HCHOILIOBATRCH
VA PacueTon JIPCHAGKD NPH HeyeTauopunmedcs QuanTpannm.
Meroguka pacuersa DCPTHKAIBHOIO JIPEHAA B YCJIOBHHX YCTAHO-
BuBINCHCH Quanrpanny paspaborana Gogee oGCTOHTENBHO, OXBATLI-
BACT JIOBOJIBHO CAOKHLIC (MIBTPAIMONHKE CXCMBl M, Kak mpasuio,
obecnenmBacT Xopomyw TOUHOCTE pacueta. Huske pacemoTpenn ocnon-
HLIC, BauDOJICe YACTO BCTPETAOMHEECH ¢ XeMB BEPTHRAJLHOTO Apenasia
HPUMEHHTENbHO K o0bextaM meawopainn. [Ipu orom nasomeune pac-
HETHLIX PeROMCIIANME orpaduyeHo oupelcacHues 1efMTon CRBAMNHH
W NONMACHHI YPOBAA TPYHTOBLIX BOJA LPEHMYIHECTBCHHO B XapaKTep-
HEX ToukaX (cevennax) obaacty duanrpanun, U9To JMacTVIO BIOJTHE
AOCTATOMHO JINfl DpakTHUCCKHMX ueneii. pome Toro, sro juer soa-
MOIKHOCTD CYNCCTBCHHO YIHPOCTATE PACUCTHHE HABHCHMOCTH U obiaer-
YHTL modabaouanne umu. llpegnaraemme nwae pekoMeuIanuu W 3apmn-
CHAMOCTH 10 pacHeTy BePTUKAJILIBWX JAPEeHANET DOdAYUCHn U3 CPaBLK-
TCABUO TOWHWMX TEOPETHICCKHUN pPeMICHNT 38484 (MABTPAINH K ¢Kia-
WIHAM, KOTOpuLC YacTuiio onyiaaKkosans s paborax [32, G5, 66, 68,
70, 74, 73] ¢ MCNOABRORAHHEN HAYIH WX Pe3yabTaToB APV IHX ARTOPOB,
paceMaTpUBRARINNY ATY MpofIeMy B NMPHIAOMCHHEAX HPCHMYLCCTRCIAO K
Apyram nHacencepuny 3anavam [15, 18, 24, 25, 27, 30, 48, 77, T4, 82.
83, 87, 89, Y7, 107, 109, 123, 133].

§ 1. CHCTEMATHYECKNA BEPTHEAJLIULIA IPEHA
C HHDIILTPATIHONHBIM NTITANHEM

Hperpimenne M, vanopa (yposns) Mengly ckRassumasm 1o
CpaBHeHMK) ¢ DAlopoM ﬂ}'}l(lﬂﬂﬂll) B CHBa}KWHEe OUpencIsierc’ udo

fopmyne
Iy = 22 (F + @), (3.1)

a3



rne B — pPACCTOANME M@Ky PHLAMH CHRBANNND, O — DPACCTOARNE
MOV CHBAMHHAMU B PANLY.

Jlna ceTkn CKBAKEA ¢ HEpABHOMEpHHEM waroym, £ > o (pac. 16, a),
NP HaxoAcHHH npepnmenus [, B cevenun nocpeiwie Mewly paja-
MH  CEBa;NMI  IIPHHHMACTCH

i .

i .
o (3.2)
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Puc. 16. Cxemul pasMemenna o miaHe cHcTeMaTnuecKuro BepTHkaibHoro
Apenazka ¢ uepaBuoMepULIM (2) U pannoMepHsM (G) maroy cerTin,

nocpeinHe Mek/Jly CKBaRHOAMH B pPAAY
F 0,366 1g — (3.3)

L
A
o]

Pemus ypasuenue (3.1) otuwocwrenasno [, noayumm 3apHcmmocTh
JUIA OHPeJeJerRns 00JILIIOT0 PACCTOHHMA  MEHHLY CHBAFKHHAMM HOpH
N3BECTHLIX Beawaupax Hy, oun &

i
B ]f, Op + —— — W, (3.4)
B Kotopoii conporupienne (O, A Tpexenoiinoro rPYNTA €O CPEAHMM
caabonpoummaess clroem onpexeaaeTes no qgopyyaan (2.23) u (2.24),
4 B OCTAaJBHWX CHIyIaux — no Qopuyae

®p = 0(0,366 g 57— -+ ). (3.5)

s cerkn ckBamum ¢ pasnosMepusim warom (pue. 16, 6) no fopmy-
ae (3.1) maxogmres npeBwicuue Hy, nocpejuHe MeHI1Y CKBAJKHHA-
MH, B KOTOpoii upuanmaerca B = o; F pwancanerca no gopuyae (3.3).
Ipn napectrom anavenmn [, us ypasuenns (3.1) meromoyn nondopa
HaXOJHTCH PHEET{IHHEL‘ MOWRIY CHDBAMSHIAMH 0.

Jamenanua x paceemanm, 1. llpunejennsiyvn SaBHCHAOCTAMM MO3i-
HO MOJB30BATLCH JLIH PACUETOR B OJNIOPOIINOM, JIBYX- | TRPEXCJAOHHONM
[PYHTAX NPH PACTIONOKCUNE (HABLTPA CKBASKHH B BEPXHCM H HUMHEM
caoax u cobmoaenun veaowvnii B = 2m, o = 2Zm. llpn aTom npeano-
Jaraercs, 9To CBOOOHAA HOBEPXHOCTL IPYHTOBLX BOJ pacmooaaraercs
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B BepXHEM CJoe. Metonnka onpeaenenna conporaerennii O gua paa-
JMYHLIX TPYETOR npusejaena 8 § 3 ra. 2.
2. Jlna TpexcaolHOr0 Ipyura co cpeauuM  caaboUpOHRIAEMbIM

cioeM B caydae B =05¢B <01, B =cll —¢ ‘ﬂ_. << 0,4, roe ¢ =
o
= V_m_'z“T_ i.?'a' Ty=km, Ty=kmy, T=T,-4 T, cpenunit cioi

¢ mapaMeTpaMu k; M m, B OPAKTHICCKUX PACUCTAX MOKHO UPHHANMATL
34 OTHOCHTEJLHHWH BOOVIOP.

3. [Mpu pacoonosxennn (UABTPA CKBAKHHE B BEPXHEM CIOE Bejluun-
aa H, COOTBETCTBYET NPEBLIMCHLI0 YPOBHA IPYUTOBLX BOX ft nocpeiin-
HEe MEEKAY CKBa:suHaMu (pAjgaMy CKBAFKHA) HaJL YPOBRHEM ROJAL B HHX.
[Ipu pacnodosiesnn (UARTPA CHBAMMH B MIGKHCM cjaoe (eM. pue. 2,
g, 2) Bennunna ff; coorsercTByeT MpeBmmenuo nanopa ff B HusHeM
C0€ MOCPeANHe MeHTY CHBAYKHHAMY (pAJAMHE CKBAMKHHE) 1O CPaRHCHITIO
c manoposm B HUX. [Ipw weboawmonm pazanunn koddduunenTor ¢uawrpa-
nuM cloep B pacuerax npuanmaercs [, = I = h.

Jlaa Tpexcaoiimoro wracta co caadonpoRHUAEMBIM CDETHHM CT0CM
H, = II, a nepexojl & npeBrIEHHD YPOBHA B BepXnem cioe & ocy-
MEeCTRIAACTCH no dopmyie

B 71 - -
k-nH—,—Eu(iﬁ—BHh_ﬂ_), &= G-~ s (3.6)
OAA padla CRBAMIHE 11
i
h=H+%+-i Af (3.7)

AR CHBAYKWH B PABHOMEPHOMH ceTke; conpotupieune Af" onpenenser-
cA 13 rpadmia, npuBeIennoro ua puc. Y.

[Tpu B> 3 b QopMylax MOMKHO LHOJOMHTH :E =0, a opn { >
sh

=5 Af" = 0. B ocraabHLX CAYTagX TPexXcaoiHOrO rpyHTA NPH pac-
HOJOMEHMIt PHABTPA CKBAKHMI B HHKHEM Cl0€ nepexojl & yposuw h
or mauopow ff, = H ccymecrsaserca no dopmyae (npudmnoienno)

i my , m
I‘_H“FE(TI'I‘T:‘)* (3.8)
U3 Koropoil 1A ARYXCA0HEOrO TPYHTA MOTyYaeM
h=H+p%ﬂ (3.9)

Hpumep. Onpegenuth pacCTOAHEE MEHETY PAJAMA HECOBEDIICHHKX
CEBAYKIH 1 H MOHMKeHH OT ]]ﬂB'E]"I!{HDI.':.TII SeMJIT H[E‘rll.'.:[_'f pﬂ,‘li’llll[
ckBaminn 1,0 s, Puaprpm ckpamun pasmepavn [ = 10, b, = hur =
= 0,15 u pacnosarawTes B HMGKHEM caoe TPexcAoillHoro rpyarta co
cpexany crabonpormiaerns clioeM (Dapamerprl NPUBEEHR B TP
aymeym upusmepe). Pacetoanue MeKAY CKBazkuHaMu n pagy o= 200 u,
AHHAMUYCCKHH Y PoBcib B CKBAKHHEAX NOAACP/KUBACTCH 11 TAYOHEE 3 M

wleld



0T DOBEPXHOCTH ZeMIH, HHTEHCHBHOCTL WHUABTPAINORAOTO IHTANAA
e = 0,001 m/cyrin. [Ipeswmenne H yposusa B Bepxmem cioe Mewy
PAIAMM CEKBAM(MH N0 CPABHCHHIO C YPOBHEM B CKBajHHe COCTARNT
3—1,5=1,5mu. CoraacHo OpeauaymeMy HDPHMEpY COULDOTHBIEHHE
PRAA CKBAKME, Baiijennoe no dgopmyae (3.5), O, = 286,5 m.

ITo dopmyne (3.6), npeanoaaran, 9ro B = 3, Haxoium npessie-
HITE 14 l]l'.']l]]iﬂ. B HMFHEeM Choe:
0,001 - 200}
r 1
H =15 — <5151

- 5 = i.ﬂ‘i M.
Torpa paccroAarme Mex1y PALAMH CKBAIHE coriacno (3.4)

B=4() 205 + 5520 _ 286,5) = 606 u.

[Tpn pEHaMHMUCCKOM YPOBHE B CKBajHNe Ha Taybume 5 M OT HOBEpX-
HOCTH B€MJIH

Bk (]/255,? 3,06 - 216 —286,5) = 1414 x.

+ 2 - ﬁi'UUl

TMebur wamnoit cxpnknaw coctasutT @ = eBo = 121,2 »leyTeu B
nepeom B @ = 283 w¥/cyTKn BO BTOpOM CayUae

§ 2. OPPAJIITETBHBIN (TEPEXBATBIBAIOTINI)
BEPTHEAJBIBIA JPEHAK

B ¥CJIOBHAX BOKOBOIO NMPHTOKA

13 IMMPOKIX BOJIOEMOB

HebnT CHBAHHL ONpeNeSAeTCA N0 CHeNyKmed yYHuBep-
canpHol dJopuyme:

TS
0= (3.10)

Ecan ;ie geGnr ckBasminun ( n3BeCcTen, To NOHIRCHNE B CRBAKTHEE MOK-
HO OHpPefe]nTh TakK:

S, = _% (F 4 @). (3.11)

IToum:kenue wmam ypoReHb HENOCPeACTBEHHO BOJIHIM CKBA/KMHLI
onpefiensercs no QopMyram

Se=8.—2®, Hy=H.4+4O, (3.12)
a BOJIM3H CKBAKNH JNHEHHOrOo pAja mo GopMyaaM
Sp=Se— —p-Op, Hp= Ho+ Dy, (3.13)
Ypoeens rpyrtoprx pogx BOanan nojoema (kasana)

Hy=H,— 5 AL, (3-14)



rpe Hy — ypomrenb Bojum B wamaie (sonoeme), F — dmasrpanmonroe
COMPOTHRJIEHHE NPH /eHCTBUN COBEPUICHHON CKBAJKHHLL, oupeeaae-
MO€ [IAHOBKIMH PasMCpPaMH NOTOKA W He 3ABMCAICC OT €r0 CTPYKTYpH
no rayoame. JTHM CONPOTHBJIACHHEM YUNTHBASTCA pacnoAoKeHMe B
njaaHe CPaHmnl, UATAHHA, 0COOCHHOCThH OTTOKA M3 HHX duavrpaunon-
HOTO IOTOKA, PACNOJOMEHNC BCPTHRAJBHOIO IPEHAHKA TTO OTHOIeHIIO
K TPAHHNAM THTAHKA, KOJUYSCTBO CKBUMMHE B UX DA3MEmCHHe B NJIaHe
N0 OTHOMEHHK JpYyr K Jpyry.

B pacemuTtpuBaesmpix cXxemMax B cONpoTHBACHHE F BRIOUCHO Tak#e
pofapounoe conporupicune AL ua wecoBepmeHCTRO BogoeMon (Kaua-
nos). B taba. 7 aas aekoropmx cxem obnacrelt duasTpaumn (uaacron)
A OQHHOYHOU CHBAMIMHE NPWREACHL BEHPAKCHHA JUIA onpegeenns
compoTHBAeAnil F W nmonmikeHmi B ckpaykune S. B dopmyae (3.10),
a TaKme nojoikeumsa ypopus [, nocpeanne MeKIAY CEBAaMRHHAMH
Geckomednoro psaaa.

Jna orpapuveHunX B IJANC IIACTOD C IBYMA TPAHMIAME NHTARMA
(eToxa) oluiee conpoTHBIEHHE

AL = AL, 4 AL, (3.15)

rae AL, — compoTuBicHHe HA HECOBEPICHCTBO TPAHHIE DATAHNA
(ctoka) ¢ yposmem H,, AL, — To e ¢ yposnem H,.

s ppyx GeckoHeYHHX PAJOB CKBA/KMH, HAXOAAMMXCA HA pac-
croaaunx L, u L, or Gumsaduell rpasnnsl oOrpaHEMTEHHOr0 IAACTA
(Ly > L, ), nonmikenue BAoIbL 0CH T onpesensercs mo gopmyie

8y =4 (Fy+ @) + -5 (F, + D), (3.16)
L L —
rue qiz%-! fa = S: , np].'-l —?}G.S, ':‘_:‘L:'!l %}1,
Sy -i_ﬂgﬂﬁ
L_ T 1
2ntx—Ly)
Fy =z —-Z2 —0,3660,1gle © —1|,
22— L.4) {3'1‘?}

Fy=z— 2 —03660,lg]e > —1].

[Tpu ompegedcnuu NONMKEHHHA Ha PACCTOAHMAX Z = M R pacuer-
HuX dopuyaax momcno nogoikuts O = M, = 0. Jlan exemnt moay-
OFPAHMYCHHOTO MJIACTA (OIHOCTOPOHHEr O IPHTOKA) PACYETIILIC 3aBHCH-
MOCTH MOJKHO TIOJYIHTH U3 NMPHBEACHHKX BhIPAKCHNiT, DOJ0KHR B HUX
L — oo, Torsa uaennt, copepiaume L, TPHEEMAIOTCH PaBHBMI HYIIO.
B wactnocrn, nonnsennA B CKBamuHax neproro paja S, (opu r =
= L, — r;,) u nroporo pana S; (npu £ = L, — r.) BLUECAAICH No
opmynam

3y

l

1
E (g 1) + g1y ), (3.18)
Sy = T!; (2,4 -+ quRy). (3.19)
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Ilna cxeMmp! ABYXCTOPOHHEro MPHTORA

b

.2
Fi=L,— -_‘ o ﬂ,ﬂﬁﬁu,lgml H
L;. ; a,
FE- = LE —_ T ‘I-‘ U.ﬂﬁﬁﬂilﬂ ‘-i.'lT "
i (3.20
Fyy=1L,— ﬂiﬂ —0,3660, Ig]e ™ —1J; !
2l
Fyy =L, — =% — 03660, 1gle * —1],

rnel" =L, — Ly —r., ' =Ly — L, —r.,. lpn llo > 0,5 8 dop-
MYJ1aX MOHHO nperedpeun Jorapudsion, U Toria

‘Fh? —_— F'--'.I o L'[ e Lll'll"':

= (3.21)

Jaa cxemw ofHOCTOPOHHETO LPUTOKA PACIETHLC 3ABHCHMMOCTIC MOH:-
HO LOJAVUHTEL Wi papasiennil (3.20), nonomes B uux L. — oo. Torga
BTOPLIE YWICHL B OTHX JopyMynax, coacp:kaipe seiwmny L, npuuu-
mawTeAa papuivp wyam. Compornsaennn (b, n Wy, obyeaonienune
THAPOAWHAMUICCKUM ACCOBLPINCHCTROM CKBRIKHIL NEPEOTO W BTOPOTO
PAIOB, [ 00CHX CXeM NPUTOKA oupegeastioTes uo opsayiae (3.3) wawn
no gopuyaan (2.23) n (2.24) paa TpexcaoitHoro rpyuta co cpejnum
CAADONPUNHIACM N CII0EM.

Hotavounme conpornsacunn Dy u Dy, obyenorieHnue niaua-
AUCM HECOBEPINCHCTRD JIMHEHHWMX PAJOR CHBAMHI HA UX BIaHMOIeH-
ereue npu Ly, — Ly = 2m, a paa cxemm tpexcioiimoro onacrta co
caabouponuuacmum caoem — npn ¢ (L, — L)) = 4, mosino noaossnryn
PUBHLIMH HYJIK),

Jas onperencnnn nOHMWKEHMA MERAY PHAAMU CKBAKHH S, no
Gopymyae (3.16) B sasncumocrax (3.17) caeaver noaoninre r —
= 0,5(Ly + L) m npunste npw L, — L, > 2m O, =0, = (.
O vocrpoeHHn KPHBRIX ICOPECCHIT B OTACALUBIN S0HAN 00J0aeTi (-
pPanum neodXoaumo saveTuTs caeayoaree. [loayuenne oy Y priBHO-
HHH TARMX KPHUKWX B HEOJHOPOAHEX FPYHTAX C BEPTHEAI LH MM JAPeTa
ASeM CHEGAHG ¢ ﬁl’.‘r{lhlllllhlﬁ MATEMATHIEC KTLALLL TPYAHOCTAMM W RPHI SN
HX MOKHO WCNOALIOBATL B upaktrIecknx pacuerax. [loortomy s
HE“‘.’HHI!ID_’[IIHI I';l}'ll‘l‘lll‘.‘ MOASHD I]E'H-ﬂl.‘.]l..'H,'l,l_lliilTh JUECRITE BOCLHMA lI|II!-
ﬁ:lH?l{E‘lIllE-[[‘. }-‘]I‘HH-III.‘HHH. IIIIHMEEHEMHE AR l].'].HU[]D.']_IIHT[I- FPNVHTSE H CoO-
BEPUICUHHX CHBARMN 0 OCHOBAMHBIE [ ANIPOKCHMALMHE KPHBMX |-
Mpeccuil B OTACIRHMX sonax mapabomasu Jwmow 108 Sestanopn
CAONCTHX MOTOKOR WJAN Il[”-lf-lh[llli JHHHHME JLTH HOMOpUKX norokon,
IHpu arom Hecovepmennue ckBAEMHK Mo dopuyae (3.12) nmeodxoan
MO LUDHBECTH K COBEPLICHILIM, & JIHHEHHNe PHIAL CHKBAKHH No thapyy-
ae (3.13) — x covepmennns TPRHIEAM, HCHOIABIYH 3ATEM JLIA pacie-
TOB KPHBUX JICNpecelii N3BCCTHME B ARTePATYPC MPOCTHE Y PARICHNS,
Upuentuposouno uprANMAIOT, 9TO 30HA peakoil gedop mamun GuabTpa-
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INHONHOTr0 TOTOKA TMPOABIARTCA HA YTACTHE [JLUTHAOW, NPHMEPHO paBHOI
MOIHOCTH TPYHTA, TOITOMY HA TAKOM YU4CTKE KPHBAA JIGNPECCHI 0]~
AEMT KOPPCKTHPORKE B COOTBETCTBHH C YPOBHCM BOORI B CHEBAIKHHC.
fTpumep. Onpejeants Ae0AT pALa TPeX HCCOBEPUICHHEIX CKBAKIH,
PACHDJIOEHHOrO OT Ypeiid BOAbl HCCOREDINEHHOTO BOMOEMI HAa plc-
croamuau [° = 500 n. Paccrosdue mexay ckpaziugamm o = 200 i,
MONMKENNe YPOBHA B CKRAKHHAY 5. = My — I, = 5 m. Crpanimu
APEBHPYIOT ABYXCHOHHLII rpyRT ¢ wapamerpamu fy, = 0,5, &k, —
= 20 mfeyrrn, my = 10, m, = 20 m; Guaerp cEBAGHT passepan
I =10, r. = 0,15 n b, = H M pacnoloiken B HIKHEN CJI0e.
IlpensapuTeNBHO OUPEIEIARM CONPOTHBICHIHA Hi HOCOREPINCHCTRO

Le ! ﬁll'l
BogoeMa AL n ckpamuam . Tak rax == 10, 1o AL paccunrusa-
|
em no opuyae (2.62):

s 1!; 2[]-3{;- Y g

Conporasacenue (D naxomnym no gopuyace (2.29), B koropoii Geapasmep-
Hhle COuPOTHBICHHA f; == fy.. coctapar: [ = 1,06, f; = 0,46, Tax kax

k '-_jl' r
A= .‘::Tk: < 0, 10 By = 1. Taruu oGpason,

(0,5 g o il -

mﬁlﬂj = 1 ® T l‘{]{] + —Eu_ (]146 == ﬂ,égi

Coryacro taba. 7 qas paceMmarTpuiaenoi cxesms Y11

F = 0,366 lr 786 |1 TEG02 (1 —|— E*El.';;]:li“: [le {1 4+ 4 - 2,052 )2 =187,
e (T7. 2050 )

2L

rie L=L"++ AL =500 4 89 =580 m, A, = = 78060,
A= = =295,
Lr]
Hebnt kpaiiany cxBaiuE
5 - A . y
Q1= : ;? 3_ u—raia = 862 m*eyrin.
Jlebur memrpannyoii CKBaHHL
o A E 4 2,95
(14 2,95%) -
Q, = 86211— T = 784 weyTru.
Iz 7 4 - 2058

§ 5 TTPTIRATIAJIBILIN BEPTHRAJTBHBIA JIPEHAMK
B ¥CINOBHHX BOROBOI'O IIPITOKA
A HCILAPENIMSL (1HTDILALTP AL

anpn,ucmun[ ONPHBCICHILLY HH/e DACCRIETOB NpPeIcTab)H-
CTCH BOBMOVKHBIM YCTAHOBHTL  (JHIASTPALMOHHBIE HNOTEPH 03 LaHajla
KaKk OCHOBHOIQ MCTOMHMKA OHTAHHA TPYHTOBHX BOJ M OLEHHTL He-
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o6XOMHMOCTL OCYINECTBACHHA APEHAIKHWY Meponpuatnii w wx ad-
dexTuBHoCTh 1O Gopule ¢ sul0IATHBARNEN U BTOPHUHLIM 3aCOTCHUEM
OpPHJAEramux 3eMeTh.

Paccuorpum pasamisble cXemMul DOANCpToill gmanTpaumm us kama-
0B B NPHKAHAJBHALI BEPTHRAJIBHBI ApCHAH B BULC JAOCHHOTO paja
CHBAKUL, PACTOJOMKeHILIX B HIGKHEM ¢JIoe, B YCTOBHAX HCUAPEHIA ©
moBepXHCCTH TPYATOBRX BoA. Ha mpumepe anyxenofinoro rpyura sth
cxeMi Haohpaszkenn Ha puc. 17.

Cxewma 1 — cuerpuynuii oTTOR M3 KaHATA OpR OTCVTCTRI
ppuKanajasuoro apenaxa (puc. 17, a). Ilpu nurencusnocrn neuape-
HAA &, MAMCHHIONEHCH ¢ ry0nuoll yPoRIA TPYHTOBLIX B0 10 JIHHeT-
HOIl 3aBUCHMOCTH

= i

e en(l— ), (3.22)
b,

Tjie €, — WHTeHCHBHOCTL HCIA Pelusd HA NOBEPXHOCTIN 38MITH, Z, — KPH-

THYeckas ry0Ima rpyuTonMX Bojg, upu koropoii e = 0, pacgcrmnie

JABHCHMOCTIT MMEIOT Bij(

Ir :
qu="T “— (3.23)
AL - l :
/ T
Ijie gy — ONUIOCTOPOHIMI [OIOHHMIT OTTOK H3 Kauaia;
h=hy+ He™, (3.24)
rae o —rayGmua rpyHTORMX  BOJ BOAMAN  Kamaaa; Hy=h,—hk,:
H,=H ﬁﬁL—d‘L'E—ar*a—'fﬁj n, v G
[ S B T T ﬂ'.I}I.L-I—'l L] _' L] e f '_'?'l-‘:_ﬁ"t _rrl}l WHk

YPOBHA TPYATOBHX Bofd, upu kKoropoii & = 0; AL = AL" 4 2AL";
I' — cpepnsisi  UPOBOANMOCTHL  BOROUOCTION  TOALLN, Hanpuuep, B
cayuae jeyXcioiigoro rpysra (pme. 17)

T=, [:Fau - %J -+ kammis.

Cxewmal — cumverpuyHsldl OTTOK N3 KalldJa K CKBAKHHaM
(puc. 17, 6). [Tpn nocroAnnoil BEINIHIC HHTEHCHBUOCTH MOKAY KaHa-
AoM H ApPCHALCM, He 3aBMCAMmMENR or raydmum 2 (8 = consl), pacuer-
HHC (QOPMYJILL WMCHT BHL

TS 4 ¢L (0,RL - @)

I!.'l".lli — ;‘ X YA '!"“]p ¥ t:-j,l}:!}
7S — el (056 4 AL) g1 s
L+ AL+, (:3.206)
L i . fozpaivem AR
g = — — OPUTOK K PAJY CKBa/KHH |;
g A W ; (3.27)

T
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(Hy — ypoBer®b rpyHTOBMX Boa BOMIW KaHana);
He=H.+——D, (3.28)

(He — nanop (ypoBeH:n) rpyHTOBKIX BoJl 3a ckBasmHamm, S = Jf, —
— H. AL= AH 4+ ZALS,
Ecan seananuoil nenaperna momno npenebpeus (8 = 0), ro gop-
myda (3.20) yvuapomaerca:
e TS
k=1=TFaL+o,

Ilpu nepemennocil no auneiinoit sapncnyocty (3.22) HETEHCHBHOCTH
HCUAPEHHA & = [ (2) Ha VHACTRE MEAIY KAHAJIO0M I JIPEeHa e pacueT-
HLIC SHBHCHMOCTH NPUHOGPETAIOT BAL

— (ch L +- a0, sh ), (3.30)

g 531

(3.29)

e =

rpe P = (14 ALD,a*)sh L +a(D,+ AL)ch L, L = aL.

OcranbHpe BEANTHNM B HAPAMETPLL O PEJIeIHITCH 110 [eKOMen1a-
MAM, UPHBEICHHBM BLIIIC,

Cxema 3 — ogHOCTOPOHHMIE OTTOK M3 KANANA B UPHKAHAILHEIH
apenazk (pue. 17, 6). llpu & = const Ha y4acTke MEAlY KAHAJIOM I
aperazies, & = {} Ha NOHMKEHHOH TOREPXNOCTH IPYLTOBLIX BOM 34
apeHazkes me = f (z) (e, (3.22)) B aone caena oT KaHaJga pacyeTHLIE
SADNCHMOCTM CICaVIOmIe:

HOTOHH LI OTTOR 1;;" 3 Kauaja Chpana I OPpHTOR B APCHa oupeje-
asored no goparyiaas (3.29) u (3.20), B Koropux npunusaerca AL =
= AL' - AL";

VPOBHIL  I'PYRTOBLIX BoJ BOJMEN KaHATA CHPABa I 33 JAPCHAIKEM
HAXOJATCH COOTBETCTBCURO o gopuyiam (3.27) n (3.28);

NOroHuLil OTTOK gy M3 KaHAAa B JACDYI0 CTOPOOY M HOJ0:KCHTE
VPOBHA I'PYHTOBLIX BOJ B OTOM 30He HaXouATeA Ho dopyyaas (3.23) u
(3.24), B KoTopuX ByMeeTo AL npunnvaeres AL u H, = H, — q—;ﬁh”.

[Tpn nepevensoil nUTEHCHBHOCTH HCOAPeHNA TAKAE B 30HE ClIpana
OT KaKaaa (Ha yuacTie L MeMgy RamaloM M TPCHaKeM) PacueTul cie-
AYeT NPOM3BoANTL N0 3apmcHEMoersM (3.30) u (3.31), B KoropLX wysi-
Ho upnEnmars AL = AL" 4+ AL",

Cxexa 4 — qByXCTOPOHHKA HeCHMMeTPHIELIE OTTOK H3 Kanajia
B npenascu (puc, 17, &), llpn & = const ma y9acTRe MEEAY Kaualom
H JpeOazKasun pacHeTibie JABHCHMOCTH HMEHIT RHT

5 (Lg + My) — S"AL" |- 2y (Lyg - @) — 2, AL

r e 4 LY e : ‘::
o =1 (T + @) (Ly | By) — AL v dgad)
. _ gw 8L+ D} — S'AL" - ay (L - D) — a AL .
g“ e -'{ {Ll e ED” {L._; + mﬂ} g -1'|.f..-"= ’ {1...!.3!!..'?_]

a B-149 6o



I gy M Gy — MOTOHALH OTTOK M3 KAHATA COOTBETCTBEHHO B NPABYI
M JeBYI0 CTODOHBI;

U S’ (Ly 4+ @) — S"AL" —a, (L3 + @) 4 2, AL" (3.34)
g= (Ly - D) (Ly —Dy) —AL™ ’

" Tn S.{Ll+ml}_3J£L'_EE[L|-+'!:'l}"i-;l_ﬂ-.f.r. [3-35}
8 (L1 + @) (Ly +©y) — AL™ *

rae g° u q° — NOrOHHHIE OIPHTOK COOTHETCTREHHO B PABKHI H JICBHI
A peHakH,

S =Hy—Hey 5% owmHy—Hey 6= (0,5L, + Dp),

8y =52 (05, + D), 2, = L;P;L(ﬂ,a:,l AL 4 ALY,
Gy = <2 (05Ly + AL+ AL), @, = (AL +®Dy),

O, = (AL + @), AL =AL' AL,

T'n I'" — npoBOARMOCTL COOTBETCTBCHHO B JIEBOI N Mpapoil 30HAX,
(Dp, m @y, — CONPOTUBACHME JHWHEHHHX PAIOR CKBAKHE, PACHOIO-
JKEHHBIX CJeBAa U CIpapa OT KanaJa;

Hym Hy - AL ——2L AL, (3.36)
Hy=Hy— % AL =5 AL, (3.37)

rae H; i H; — ypoBens TPYHATOBEIX BoJ BOJININ KaHAIIA COOTBETCTBCH-
HO ¢ JIeBoii H npapoii CTOPOHK;

He, = He, + -5~ ®p, (3.38)

H,, = H., + - ®y, (3.39)

rae He, w H,, — MaKkcnvaabHpe YpPOBHN (HAMOPH) TPYHTOBHX BOJ
30 JIpeHa;KaMy COOTBCTCTBEHHO Clena M CIpaRa.
Ecnn peiiersnem wcuapennsa moicao npenedpeus (8 = (), 1o pac-
qeTHEE GOPMY L YIPOLUAKTCA:
S’ (Ly 4 Dy — S"AL" - (3.40)
(Ly + @) (L + D) — ALT

g 8" (L4 O —SAL” s
(Ly + @) (Ly+ D) — AL

Cxema 5 — paByxcTOpOHHHE HECHMMETDHIHLH ODPHTOK H3 CO-
BePIMEHHLIX BO0CMOB K JHHCHHOMY PAAY HECOBEPMEHHBIX CKBAJKHH,

g=q0 =1

(3.41)

q:‘=q"=

60



[Ipm & = const Ha y7acTRe MEXAY BOMOCMAMM NOTOHEEN ODDPHTOK K
ApeHa;KY onpeaenAerca mo Qopmyae

18, — 350
g = 57 47 ¥ {3-42}
ey

(H,— H
L

JoeMax. OTTOKH H3 JeBOT0 H npasoro BogoeMoB COOTBETCTBCHHO CO-
CTABJAKT

e Sec = 2) Ly +H,—H,, H, [I,— yporEE BOJH B BoO-

- 2
P J}f’E‘L* (3.43)
= 2
. PS.4-05
g, = “"L b g (3.44)
rne

S;=SG_'qup+

Cxema 6 — neyxcropommEmil HeCHMMETPHYHEI NPHTOK W3 HEe-
COBEPUIEHHLIX BOMOEMOB K JIMHEHHOMY PANY HECOBEPMEHHLIX CKBAMKNE,
Jns aroro eaydas pacaeranie opMyan cTaROBATCA Golee rPOMO3JIKE |
Oopu & = const UMenT BHJ '

g=q,+ (3.45)

(g — olbumgmir OpHETOR K APeHAXKY, ¢ M §; — TPUTOKH COOTBETCTBEHHO
M3 JIEBOTO U NPaBOrD BOAOEMOB),

qlﬁ = + 'ELLI {3.4‘5.}

Quy = Ga + €Ly (3.47)

(7w, M g, — OTTOKH COOTBETCTBCHHO M3 J€BOrO H HPABOrO BOJOEMORB).
peacraBsuM OPMYIN A onpefeleHIA NPUTOKOB B PAIBEPUYTOM
BHIE:

TP, (e — oty — — Taf,
G Br (e — :azfrﬂ Tafy (3.48)
Qg = il‘ﬁ! {E‘T_n —a :"115'1} + Tayfy ! {349}

rae
A =y (1 —oyly) + (1 — aully) (0 — & + ae,Ly),
a 2

3 I el - L
ﬂ‘1=ﬁt+e_TL'_ﬂig—Tl‘: ﬁ1=“ﬁ=—'ir‘l‘+f‘n?|
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YpoBeHL rpyHTOBLIX BOA BOMHZN BOJOEMOR ONpeacIsierc s no gopyyne
(3.14), a ypoeens n6aman apeHazka — no dopuyae (3.13).

Jamevarus & pacveman. 1. Kpusnie jenpecenn Ha yuacTeax yeiiy
KaHaloM n apesa<amu L, u Ly B PACCMOTPEHUBIX CX@MAX IPHOIMILCL-
H0 CTPOATCA N0 YpapHEHHAM

., W —H, -
H = H::. + TI s —;?—,‘{Ll — E:I', {d-dﬂ}
; H,—H,
H =1l + =" — (L~ ). (3.51)

dnecs yposHE M., w H. ma ausus apenasa onpegeastores 1o dop-
myaaum (3.39) m (3.40) m npumepHO COOTBETCTBYIOT YPOBHAM NOTOKA 110~
CpeiMHEe MELY CKBUMHAMI COOTBETCTRYWINEro pajia.

2. IlpenaoseHHEIMI 3 BHCHMOCTIMIT MOCHO 10JIb30BATRCH NP pac-
NONOKEeHHH BOJOTIPHEMENKOB (KAHAJOD, ApeHaxced M T. JI.) Ha pac-
croauun L; >> 2m; ppyr ot gpyra (cL; 2> 3 pas cxemul Tpexciioi-
HOr'O TPYHTA ¢ UPOCAOITKOIT) H BIPH pacnoJioiicann ceobonuoii nosepx-
HOCTH MOTOKA B BEPXHEM cJoe,

3. B ycnosuax ncuapenns (WHGUILTPAIMK) pacueTy 110 HPHBEACH-
HuM OpMYJIaM A TPEXCIoHOTO TPYHTA €0 cpejlHuM caabonponuiae-
MBLIM CJIOCM CYUIECTEBEHHO YCAOMIHHIOTCA. OpHako u B 2TOM cJayHae ¢
HEKOTOPLM IPRGJMAEANCM pacueTHse hopPM YL MOIKHO HCHKILIOBATE
¢ yueroMm caefymux noupasok B HuX. llpu pacnoromenun xamana n
CHBAHH B BEpPXHCM cjioe HA paccroannu cly > 3 apyr ot apyra B

THCANTEAAX GOPMYA 15 Gy HCOOXO/MMO NPHOABATL WICH —- &, 4 B

qucAnTeaAX dopmyd ana g neolxoanso ero sudectb. llpn pacuoao-
ACHWH CKBAKMIL B HIGENCM CJ0C B TuCIuTeanx GopMya aas g neobxo-
Ty 3 my Ty

JAMMO mpHEOGaBHTL WJICH T Eor T8 By = €5 Ypopuu (Ranopu) rpyu-
TORBMX BOJ BOJINAH KalaJda ¥ CKRIGKHH B TOM ¢J0e, T8 olH Paciooiie-
HEl, MOIYT ORITE RLIMIHCICHR 10 TTPpRBejeHauy dopyyaan, JLoa naxone-
HUH COOTBETCTEY UEro vporua (Hamopa) B Apyroa eroe upudiaimisen-
HO MOIKHO BOCHOJALIOBATLCH #ABHCAMOCTHMH, UPHBCAeHiiniyvn 5 § |
unctosmeii raasi. llpn avom weodxoaumo yuecTnL, 9TO 30CH E— HH-
TCHCHBHOCTL HCUA POHIA C HORCPXHOCTH UPYVITOBLIX BOJL.

4. Eean smeero nmenapenus ¢ HOCTOAHNON HMHTEMCHBHOCTHIO HA
VHACTRE MeKIY Kandiasm o JApPeHazReM Ha O CTCH  JLONO0JHITE b-
Hia)l NOANNTRA TPYHTORMX BOL 38 ¢HeT BRPIILTparin HocTOMNUoI -
TOHCHBHOCTH, TO B PACUCTILIX BABMCHMOCTAX BCJNYMHA £ JIOJLKIA
uMerh ofpaTnnii 3Hak.

HMpuxep {. Paceunrarh NPHKANAJIBHBE BEPTHRAXBHLI jpenasi B
BWAEe JHUCHRHLIX P#JOR HECOBCPINCHHLIX CKBAIKAH, PACNOJIOREHHMX
npapoit w aepoil cropon na pacerosnun L, = 500 n L, = 300 u or
vpesi Boabl B Kamajge, PoaccTommme Moy CKBaBHHAMM B Py
¢ — 200 m, mommzcenme yposua B cepBammwHax S = H, — [/, —
= 4w, 8= My — H., = 3 n. Cpepuna wmpuna KaHaga uo ypeay
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pomsl By = 5 M, cpeauas rayGmma Boaw B kKanage fis = 1 M. Bono-
HOCHBA TOJMHEA DPCACTABICHA JBYXCHOMHLM rpPYHTOM: BepXHuK
ca0it — moxposasie cynecw cpeaneii momuoctoio 10—12 m ¢ koad-
punmentom Quavrpatmn ky = 0,5 M/CYTEH, HH/KHUIE CA0if — neckn
momocTLio my, = 20 m ¢ ‘woaddmumenTom Pnasrpannu kb, ==
= 20 s/cyrku. OnanTpu ckpasing pasvepayy = 10, r. = 0,15 »
by, = D M pacnonowens B umknenm caoc. CpejHAs UATCHCHBHOCTH
ucnapennna ¢ worepxmocTH rpyuTormx soj & = 0,001 wm/cyrrm,
[lpeasapurensno onpejiesneM CONDPOTHBICHUA HA NECOBEPINEHCTRO
ganpaxa u jpenaskeii. Jlas paccwartpmmaemoil cxeMul NCCHRMMeTpMU-
HOTO TOTOKA M3 KaHAJA B JIPEHa¥H CONPOTHRJIEHMC 1a Heconep-

By

wernetso kanaga AL = AL+ AL". Tak wax —= = 0,45 = 0,5, B pac-

werax npuanmaercs AL = 0; AL” HHIB,;'J‘,H_MI no dopmyae (2.20), &
KOTOpO#H CONpOTHBIAEHHA f; BMumCAAWTCA nmo Gopmyne (9.02) npm

g = U.EEP” — 0,28 . ? = 1..,,96 M,

f=073.31 gt =159 m, [, =0,73- 111g 57155 =
= 1,82 M.
o rpafmky puc. 7 opu A =H =095, m == —:;;:— = 1,82,
F=—% — 0,178 maxomum By =0,91. Torza no qopmyme (2.26)

1

=1 20 0,5— 20 .
AL" = 0,91—05—15,94— — 1,82 =508 wm.

ConpoTHBJICRHWEe HA HECOBEPIIEHCTBO JIWHEHHOro paAja MHECOBEpINCH-
anx cksasinH Dy, KOTOpoe € NeBO M NPABOH CTOPOH UPHEMMACTCH
0JlHHAKOBLIM, onpeneasem mo dopmyae (3.5):

= 200 (0,366 1g - e 0,43) — 266

rge O = (0,48 — pamec maiijleARHOe COLPOTHRJIEHHE ONHOM CKBAIKHHII
paga. JlomoaRHETEILHO HAXOLHAM

M7 =11-0,0 420 .20 =405,5 m¥cyrin;

0,001 - 500 :
a, = 2G5 (0,5 - 500 - 266) = 0,64;

Q0L - 20 (0,5 - 300 -+ 266) = 0,31;

N T
g, = 2050 (9,5 . 500 -+ 508 + 508) = 1,561;

8y = — 2 (0,5 - 300 + 508 -+ 508) = 0,863,
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Taxnym obpasom, 0TTOKW N3 KAHATA Ju W G M UPATOKIT B JIPCIHAKM
g' 1 ¢", neuncaenraue no gopyayaanm (3.32) — (3.35), coctapsrT:
. 405.5 4 (300 - 774) — 3 - 508 |- 0,64 Hl'l{l L 7T — 0,31 - 58
(GUQ + 774) (300 4 774) — SU8%

—
e

i'?IE

= 1,21 »*/cyTEm;
Wy 3(500 - 774) — 4 - 508 |- 1,31 (500 4 774) — 0,64 - 508
g, = 4000 (D00 - 774) (3 -1- 774) — 082
= 0,68 m%*/cyren;

=~ A(300 -774) — 3 - ;HJS—I“&hl{W—T?ﬂ—]—GEGE - 208

q'"' e ‘iﬂ"-}:'} {‘}““ _|_ ‘F?.{.] {m ,.. f?'il S — T

= 0,50 s¥/eyrru;

3(500 -- T74) — 4 - 508 — 0,863 (500 - 774) -}- 1,561 - 508
T = = i
q" =405, (500 — 774) (300 -|- 114) — 3U8°

I

= 0,504 m¥cyThu.

Ipu orcyrerhun nenapenua (& = 0) mo dopmynan (3.40) u (3.41)
o yYaes

g, =g = 1,02 »*/cytrm, g, =g = 0,67 u*/eyrrn.

Paccuntaem no gopuyaas (3.36) n (3.37) upepnitienna yponneii
BOAMAN KaHAJA 10 CPABHEHMIO ¢ YPOBHAME B CKBAMKMBAX!

121 . 068 rno

II — g — Tﬁﬂﬂg—mﬂﬂs—- 1.63 M,
» 0,70 _ id{]

H.,-=3—WDU8— ‘iU —_— 008 = ﬂ‘iﬂ M,

a no dopmyaan (3.38) u (3.39) — npewnnmenus yposucia (sanopon)
4 JIPpEHAHCAMY DO CPABHCHA K C ¥ POBHECM BOILW B CRDGGREHM DN

H, =04 —25— 266 =0,37 u,

‘i'.-i-l

H =0+ —pe 266 = 0,35 .

Hpuxep 2. Uexojuue gaunse Te e, uton 8 npuvepe 1, Paccanrars
JIBYXCTOPOHUHIT HECHMMETPHUHLH DPHUTOR N3 HECOBePMEeNHLX BOJOE-
MOD K JIHHCHHOMY pH,u_'f [I[‘CUHEPIIIEHHMI ckpaknn, Cormacno npumepy 1
i-'” = I = T = 40,5 n¥cyrin, O, =266 M, e = 0,001 wjcyrkn,

Ly = 500, L, = 300 s, 8" =4, 8 = 3 m. Beuay Goawmoit uporta-
FHEHHOCTH HPAROIO M JCBOTO BOJOEMOB COTIPOTHR/ICHNC HA HX HECOBE]-

g -
mwencTeo onpepeasem no gopyyne (2.62), rax kak = = 40 > 10.
|

Torpa

ﬂLL :—-.'.ﬂul_r.rE = V Eﬂ-j[;j' 11 = 94 M.



[MoromELIC TPATOKH K APEHAMKY € JeBOro ¥ OPABOTO RBONOEMOB
ompeneasieM mo popstynam (3.48) u (3.49), nas "ero npejrapuTeNbHO
HaxoiuM o, = oy = 0,0106, a = 0,0038, p, = 0,0426, f, = 0,0319,

By = 0,0406, B, = —0,0315, A = —0,104. [loayuaem

0,0406 (0,0038 — 0,0106 — 0,0038 - 0,0106 - 300)-4-0,0106-0,0315
g, = 405,5 — =
1 U104
= 1,69 v*/cyTrn;
= — 0,0315 (0,006 — 0,0038 4- 0,0038 - 0,0106 - 500)- 0,0106-0,0406
g, = 405,5 =

— 0,104 o
= 1,63 w*/eyrrH.

Orciona oGmmil Dororn bl pACX oI B THHERH I ApeRai coraacuo (J.45)
g = 1,69 + 1,63 = 3,32 m*/cyTrn. OTTOKHE U3 JeBOr0 H NPaBOro BoO-
poemon 1o gopyyaam (3.46) u (3.47) cocranar:

g, = 1,69 4- 0,001 . 500 = 2,19 »*/cyrkn,
g, = 1,63 4+ 0,001 . 300 = 1,93 w*/cyrrm,

4 OpeRLINNIEHHNE Y POBHH ROJITISH ApeHaika B BOJLOEMOB ITO CpPaBHCHHIO C
YPOBHEM BOIW B CEBAMKITHAX

241 1,943 .
Hz:,zfi—'T':J;':Tﬂ-ﬁ=3,‘iﬁ M, Hu,=3—m—gé=2ﬁ}5 M,
He =04 —222— 266 = 2,17 .

§ 4 BBIBOPOYHLIA (JIOKAJIBHEIN) BEPTIHRAJLIILIN
NPEHAM B KPYTOBOH OBJACTH @HJILTPALLIH
C JOUNOJOUTEIBHBIM NHEIIBTPALHOHILIM NMAOTANNEM

PasnooOpasusie caydan pacnoomenud CHBAKHE 124 opo-
maeMux 3IeMAAX MOTVT OHITL DPHEBENEHL TTOCPEICTROM CXCMATHIATMI
IPYHTOEOT'O MOTOKA K Kpyronoid obaacTu Juasrpannu.  YYuTLBAH

CHMMETPHIO OTOKA, K Kpyroeoii ofractu uasrpawnn pajuycom i =
o

n
Tﬂ"llﬂﬂliﬂrﬂ' NAOMANHOCD BePTHRKAJNBHOID [PCHA ALK, 1IE[}E3 BHEIIHK O
rpapuiy obaacTn QUABTPAIAE B 9ToM Cjy4dae HPUTOK WHBHE OTCYT-
cTeyer 0 QopMupoBiHHe FPYRATOBOr0 NOTORA OCYUECTBAHETCH TOABKO
3a caeT HEguARTpannoARoro nuTaRnA, Ognako AeicTAHTCALHAA KapTi-
Ha pacinojo:kenna CRBa-HA Ha OpollacMbix  MaCCHBAX MO#eT OLTh
npuBejera K cxeMe CHCTEMATHMCCKOrO JApEHA:RA, COCTOHLILErO H3 He-
D0ibITOTO UMCAA PABHOMEPHO PACNOI0MKCHHLIX CHBAMKHE, TOJALKEO B
OTAeJIBHLIX CAYUaAX Han| C GoaBImuME JOLYIMEHWAMH B CXeMATHAATINH
noToKa,

[1pn aperupoBanun opoINAEMEIX MACCHBOB BePTHRaJBHLIE npenran:
obuuno yerpauraeTca B BHAE OTACABEKWX HeDOABINNY TPYIN CKBMGKIH,
OPMEHTHPOBAHHLIX pA3JINYHBIM O0pazoM B upejedax opoutaeMoro

= (0,560 npreejien yuyacTok AeiicTBHA OJHOLU CKBaKHHL CHCTEMA-

il



vacensa. Ilpn pactere TAKAX CRBAJKMH MAPAAY © H3yIenneN BCeiT
FPVIITL B3AHMOAEHMCTBYIOUIMX CKBAGKIH NHOCAA npeacTaBaseTcH Lene-
COOBPASIIIM WK JaKe HeoOXo/uMEIM BUGopotHD paccMOTpeTh acli-
CTHHA OT/eJAbHBX CKBAKHHE 9TOM FPynns.

IIpn coctapaeHHn PAcHETHLIX GUALTPANMOHAMX CXeM Lak jIsA
PPYIIEL, TAK M JITH 0TI LHLX CKBaKHH HEOOX0/IHMO, KPOME HE{HIh-
TPALHONNOTO MATARNA, JCHCTEYWINCTO B NPELCIax BrLdpannoi of-
JNCTH (PUARTPAIIN, ofA3aATCeALHO YIUTLBATE NPUTOK H3IDBHE ITYTEM Hi-
AR HA Tpaniiuax o0IacTi PuaLTPAN NOCTOANHKX VPOBHEN (Ha-
nopos) nan pacxojos. I'panmnik aToil ODJACTH M XAPAKTED NMUTAHI
Ha IHX YCTAUARTHBAITCS B KAHGI0OM KOHEPETHOM CJAYUAC B PE3VALTA-
Te aHAANZA THIPOTCOTOTHICCKHUX YCIAOBIH MACCHDBA I TTPCIBAPUTE] b
poro paceMotpenns fosee obmeil PernoHaILHOU CXCMBL (uLILT PATLIN,
COCTABHON HACTHIO KOTOpOil Apiasercs nayuaeman obiacrn. Moikno
VIBCPAIaTh, uTO Jadike IMpR l‘lphﬁ.‘ln:-lﬂ'rmmm yuere DATaOuH Ha Tpa-
puiax obaacTi (MIALTPAIIN NPEACTARIACTCSH BOIMOMIHLIM € JIOCTATO -
HOil 18 TPARTHYMECKNX PAacueT 0B TOYHOCTLIO BHINOJIHNTH PacueT Bep-
THRAJRHOIO JIPEHAMG HA OPOITAaCMBIX MaccHBax,

B yea0BHAX MOCTOAUNOIO YPOBHA (HATIOpa) HA TPALINIE LA NpaK-
THUCCKHX PACICTOR NCKOTOPRX XAPaKTePHLIX CXeM PAcnoso:ieHns
CKBAGKMH B Kpyrosoii obJactn QEILTPaNNM HPeIAralorea ciaenylo-
e sapnemsocrr [70]:

(H,—H)T + H (2)

P T (3.52)

AR ompeaeacnnA acinTa Kamknoll CHBAKHAE,

(ro,r)?

; " 2 e ———— —2r, rcos ((p— q,.
Hr,9) = H;— Er=an . 9 \1 In i : i
1 I AT Aal ﬂ rﬁi e _.rul_r cos |:{F e -:.Pﬂi.}l

(3 .53)

LI HAXOAenuA ypobasa (mamopa) B Jwdoi Touke odJacTH puasTpa-
MH TPH OTKAYKe u3 n ckBammun ¢ jgeduramu Q. dpecn [y u H, —
YPOBHM HA TPANMILE W B CKRamune, [t — paiuyc odracTtu fuanTpa-
WM, To; W o, — IHAMITPHYICCKHC KOOPMHATH CHBAMKIHM, ITpr cnu-
MOTPHIHOM PACIOJIOREHUH 12 CKBAYKHT 1 ofiiacTu puanTpanuun yiob-
HO pasdHTh ee HA N OAHAKOBHIX CEKTOPOB i B LaJbHCHIIEM PACCMAT-
pPHBATEL OJHH X HHX!

o e{rt — 3 Q
Hir, ) = Hy— 7 it
=" - (‘r% T —2 (rgr)" cos ne o
% In , << ==, (3.54)

"r.;n + Pt __ 9 lr.u.filn cos nfp

Vporens (Hanop) B nentpe Kpyropoii ofaacrin guanTpanuu

e ; L nf} n P
Jqu = .“ru -I" T —_— -ﬁ l" ™ ¥ {d.ﬂ‘d}



B rada. 8 qas pAana xapakTepHRX CXOM DACHOTOMICANA CHRBAKHE
npuBejens GopuMynLL LA onpejeienusa conporusieunn F, uapaverpa
padEaLTpanmorHoro naTanunsa /1 (8) m HexoTOpHEe ApYTHE, NOAYUCHNLIE
g3 o0mero JOBOJLIO CAOIKHOTD DEMICHIT 3a/av.

Jlas Tpexcioiinoro rpynra co caabonpoRMIACMEM CPOIAHUM CHOEM
g dopuyae (3.52) smecto ff (&) npunnManTes cacayone sRateHN
I (e):

1 g
H,(e) = IT () — T\eq ( - W) (3.56)
npu ﬂﬂﬂﬂﬁﬂﬂ}liﬂ[!l!li CEBAMCHHL B HIGAHEN CIT08e
i ==
1'?-3 f["} =H (E} -+ TEEH (1 — w—) {3_.”}
OpH pacnoNOKCHHM CKBAKAH B BEPXHEM ¢i0€. 3JeCh €, =g -:—*- L § ;
5
B %) . s 1 _ =0
¢ = V T T npu ¢ > 5 MOMKHO NOAOHKUTH AT

Jamevanun k pacwemam, 1. Jlan tpexcaviinoro rpyaTa co caado-
NPONHIAEMLIM CPEJHIM CIoeM N0 NPABEACHHMM Gopyuynay onpeesn-
eTcA NONIiCHUE YPoRHA (Hanopa) B TOM Cloe, B KOTOPOM pPacnodio-
siepa cxpazinBa. O HeKOTOpnM npubiAMMKeHHeM 3HaYeHHe YDPOBHA
(Ramopa) B APYTroM cjoe Ha PACCTOAHHM OT CKBAMKHUHLL ¢ = J paccun-
TEHIBAETCS Mo (popMyIaM

Hy=H,} ¢ (1 " '.%) (3.58)

(p Bepxmem cioe H, npum napectHom anavwennu [7, B mwixuem caoe);

ki)
B aa H — sﬂ(i s ‘fftn‘frTr:}'] (3.59)
(8 mwnem caoe f, npn masectHom anauenun fl, B Bepxuem caoe).

B ocTaabHBIX CAVY4AHX CTPOBHHA TJIACTOR A Nepexofa npuiiau-
sKeRHoe Henoibaywores cootwomenus (3.8) u (3.9).

2. Jlas cxemmt 1 (Taba. 8) B caywae Tpexcaoiinoro rpynra co cpej-
HEM caa0ONpOHRAIAEMBIM CH0eM NnoJoMenne ypopHeil (Hanopor) Beio-
AX B 00MacTH QUALTPALMKM OHpeJensaeTcs Mo gopuyaam

233 @ { Iy (er) .
Hy = Hy— g W (1) + & (1 — ﬁ-) (3.60)
= e(rt — 1% Q r
I.Ir! = If”_‘ AT —]— T ln i ._[.-
QT T, Iy ler) :
+mer}—Tg"(i~W) (3.61)
npH pacnodokennn padoueil HACTH CKBAKMUL B HIGKHEM €100,
) - e - A g(r* — /%) + () IHL i
S AT Il R '



TaGnanwmoa 8

Pacgetnan cxéma

PacacTHR® GopMyasl

LI petarey anme

K

R el _
r y Hie)= "R

[

F = 0,366 1g

H=Hﬁ+-$-(u.3&slgrL+m)—%

R eR?
SRS lg o T 4T

Fa>22m, erg >3

R—r
F=U,3ﬁﬁ' ]E T+
c

R 2 ru 2
-+ 0,366 1g (Tn-) +\ =) +1[—0475;

1,00 .. R ., «f%
ﬂ. = H“ . r lg Ta + AT
e(R*—r})

H{E}= 4

o> 2m, erp > 3

|rn} E-m' \“.:'r,u:'.i-a
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5 er foler)
2n T;‘ {1_ !:I[-:H} ]' (3.62)
e () Iy (ery
Hy = I, — 5 iy (1 — —-"ll:FﬁJ_) (3.63)
npu  pacmoaoskeHmu paloueil wacTM CKBA/KHEM B BepXHeM caoe.
dnecs W (r) = I(er)A, — Iyler), Ay = !—“{E;HT]:" Ilpy R =
o

= ¢ = 3 nowno noaoikuth A, = 0, a npu er > 5 W(r) =0,

Tlana oupejejieANs ypoBucit B c1oax BOAM3H CKBAKMHBL B opMy-
74X AeodXOoAHMO MONOKHTE I' = Te.

B venosunax G0KoBOro npaToKa B Kpyrosyio o0aacTh faasTpannn ¢
pucxofom

Qs =2nTR iR 8 (3.64)
cyMMAPHELE 1e0AT BCeX CKBAKUE B uﬁ.mt:'m fHABTpA AR
S, Qo= net 40, (3.65)
= |

FEeam oTKAYRA NPOHSBOJAMTCA W3 R CKBA/KHE, TO YpoBeHE (Hamop) B
Aw6oll ToTKe KPYroBOTO 1JIACTA

er? L [ =
H{":[P}=Ha— AT +\ ""iﬂT 1l1+( ﬂ)_

—E—mww~%ﬂ{ (””T—Erﬁ mw~wuv (3.66)
ﬂ; !

rae I, — yponens (Hanop) B neETpe Kpyropoii ofaacTn QrabTpaiimi,

Ecian n ckpaskHH ¢ OJWHAKOBWMH Je0OHTAMH Pacnol0ikeH s CuM-
MeTpHYAO, To oOaacTh QuiasTpaiau pasduBaeTcA Ha N OJIMHAKOBLIX
CeKTOPOB, M YPOBCUL (Hanop) B Jd0G0H TOYKE CEKTOPA

2z . By .
II {F, q:'] = ”n g;r "|‘ TETED [1 _E‘ (':_) T 2 (r_:)“ Ccos H‘F‘ A

n T 0
x[‘l-}-(;:g] _‘2(_.!1"1_) -::usmp], ﬂa,';tps;-Tﬂ-. (3.67)

Vpoeens (manop) na rpasmie obxacTH GuabTpainm

H(R, g)=H M_Jrzrln[i-;- )“—
_2(%)"*}&5:@ 2‘0 ln— ﬂg:pegz—:-. (3.68)

Ilpr maxoskaeEuE ypoBEA (HAMOPA) Y CKBAWKNEEL, HANPHMEp UCpBO,
B hopuyae (3.66) caeayer mOMOMETR I = Fy, — Fe, ¢ = Po;, TOIJA

*# Er, 1 rE T .
H“ {rﬂl = Fe, "Pﬂ.] e Hﬂ_ Jﬂu' e E?I} In o, [1 G (_uf;—j ]+

]



g o (5] -t ]

f=

ro%0, \° 'ﬂ :
:,{' ‘1 + T —— 2 c“ﬁ [[pn S {l:'u*} {SJ.J‘E}]

Ypopenn (mamop) B 9TOH CHBAMMHE COIVIACHO (3.12) wpubanskenno
COCTABAT

H. (ro,— Tes B0) = I (ro, — Te, @0,) — - ©.

ARamornue by 00paszom MoykeT OnTL Haiijien yposenb (manop) sbau-
aW APYIUX CEBazRuH obaacTi puapTpaumm,

B raGa, § AA8 0OCHOBHLIX CXE€M PACTOJOKEHHA CKBAWIHMA NpUBee-
HL PACTETHHC HABUCHMOCTH JIIH ONPEACIeHUH Yposneii (Ravopos) B
xapakTepHiX Toukax (yuactkax) kpyropoii obiacTh (QRALTPaIHL.
[Ip arom ypoBenn B CHBa;knUe UPHOTHNERHO PACCYUHTHIBACTCA IO
Gopuyne (3.12).

Jamevanus k& paciemanm. 1. llopajos npopeaenun pacueros pan-
HOl CXCMBI, NO-BHANMOMY, J0JK€H ORIThH CACAVIONHM: COrJIACHO BRI pi-
siep o (3.060) yeTaHaBJAHBACTCH KOJHICCTBO W JeOHT CKBA;KHE HW Ha-
MEYASTCH MX PACTIONORCHUE B I1AlC, 30TeM NMPH 33/aHHOM YPOBHE B
nedrpe olfaacTy QUILTPALMI OLPEACJAKNTCS YPOBHH B XaPAKTePHBIX
Tolkax obnacTu uasTpamun n B camoii ckBamwnne, [lpu neynosnerno-
PHTEJIbHEIX Pe3Y.JIbTATAX PACHETHI MOBTOPATCA.

2. B cxeme Tpexcaoiinoro TpyHTa €0 CAADONMPOHAIAEMEIM CPeHHM
CA0CM MO NPHBSJACHULM (POPpMYJAaM ONPEACAACTCA TNOJMKeANe YpoB-
uAa (nanopa) B TOM €10€, B KOTOPOM pPacnosioikeH QHILTP CKBAM{MHELL
JHavenne yposHA (RAamopa) B APYroM ¢1o¢ NPH ¢ = J BHUACJAAETCH
€ HeKOTOpLIM npuilmKenueyM 1o gopamyie

=t ] 1 1 l'?;l {]E .l;- {f.ﬁ}
Hy =1l & + 55 ( e ) T, (eR) (3.70)
(B Bepxaem caoe H, npu mssecrHom suavenun ff, b BEMiKHEM cloe);

- ! @ 1:-';) Iy (cR)
ffg——ffl—-ED—--m(T—-T:-‘ W {3:?1}

(8 HmHem caoce H, npu wamsecrHoM amavenun [f, B Bepxmem croe).
J1ech
_ollg (R)

ar 4

Qo = 2xRT, 21 of — 2 RT,

Q = neR* +Qu + Qo

rae Gy m )y — DoKoBMEe HPHTOKM Yepes KPYLOBY IPaHELy odJacTu
grasTpaunu B Bepxues o HuskHeM ciaonax. [pu oRakoBRIX npRTOKAX

(Oy = Q8) nocaegnuii wien s popuyaax (3.70) u (3.71) npuunmaercs
PHBHLIM HYJII0,

6



Tabanma 9

Pﬂmﬂﬂ Pacueriinie GoOpMyIs 1T poves anne
Efﬂz—rz} R
@ If{ﬂ]ﬂﬂn—‘ li'.r 0 "!‘ 'E.ET —IHE JTE=J'.I'ID
- erg Q r, rera
H. =1 —_— = [ Y P ].
. " 4T Zal [ To e | —
eR? R \?
H (R, q) = Hy— g+ =g In[i+(—,—j ~
" D<o 2n
n Q R
.vz{:;)cnﬂml—-zﬂrlnji
3
' Ery [|. ’n"n L
H':';Hu-" ET + 2 T IIIE{ !{l ]1. q} =ul
al
HiE, %) S
H{R,p)=Hy— "—Jr— ..:'.J'I:T l 02 "
DS g
2 jLE-HE -—alen—ﬂ '
T "\ cos <% nl To
. = (}
» Fr'ﬁ 0 (r )H Fero . Teon Enn
B 12T + Zar o I TN oL T
e ) - dn
(029 | 1 (R ;) =Ho— R o In{ ) -
R\3? 30 %
S = 2n
—[Ju) {‘{I:IEliI] ST h: > 0 4 < -
Ty = 1,
’ U Q¢ Fin - Fola l_ " __:l_
H, = Hy—"0r ¥ Ix” ]’”‘Hm)' A0k | e
el* Q o dF BEAE. Yoa =N
H(R,q)=H,— T3 + 2T |II!|.'." ('HJ -
' 4 EG H '-["I:II-' 3 1
_.E(r J cns-linpl——l-l-r- [ ==se ;
L] o ﬂ i " :E: ;‘}.
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3. Jlaa neproii pacuernoil exemut (taéa. 9) » cayuae Tpexcaoiino-
To UpYHTA co cpefnuy caalolPOHRIAeMEIM CIOeM YPOBHK (HANOpL) HA
rpagnue odaacTH GUALTPANHE PACCUNTHLIBAIOTCA 1O GopMmyaanm

H,=H,+ g —1—+;—= (neR® | f?,] + Qo) Af" +

1 (& &\ KR
+W(Tf—--ﬁl)7——j{jn: ; (3.72)
: 0y -+ Q;
Hy= Mo+ 51 (In - — 05 4 2n0) + =72 X

R T ( Oy @ \ lolesty —1
e (]I'I. ',T o Eﬂm] — -_EIIHTE L-——‘TI — _Ta I, (eR) [3?3}
npu pactoToKenni padotell TacTH CKBAKUNL B MIGKAEM CII0E;
R® it 3 -
o, =H, +—— (n._ —0,5 + 22D) +

b i

il (ln-f_i-.l- 2a) + (?“ —ﬂ) h(eR) —1_. (3.74)

+ —Zar ; SaReT \ Ty, T}  Tiich)
1 T . ¥
IIE:IIIEEH+T{HEI{I+QU "!—Ou}ﬂf —_—

| (IIJ Gll -fu{cﬂ..! 3 ?.-
0 T 0, LR (3.19)
np  pacrnojgoskenn  padoueit  uacrTn
CHEBAYIHHLI B HE]’!IHEH[ Carom, B pacHueT-
HLX hopMmyaax mpu cfl 2=  MOWKHO No-
AowuTh Af" = 0,

dpumep, Paccunrars Brfopounui
BePTHRAJILHMIL jipeHas B KPyroBoii
oGaacTi UABTPAIEM ¢ NOCTOAHILIM
yposHesm Ha rpauwmie (r = R) ma oj-
HOM W3 0pomaemnx MaccuBop pacHo-
aHaMenckon  cucremil, BojoHocman
TOMULE  OPeCTABICHA  Tpexcaoinnm
FPYHTOM: BEPXHHI €0l — NOKPOBHKE
METROGEPHHCTHIE [ECKA € HPOCJIOAMI
JCCCOBM/IHLIX  CYMECe M CYIIHOKOB
smompoceteio 10—25 M co cpegnum Ko-

Puc. 18. Cxema x npumepy pac-
geTa BRHOOpOUNOro  BePTHRAMNL-

HOTO JIPeHaKa, apprpenTon  Quasrpamumn k=
= 1,5 s/eyTiu; mnKALE caoil — Mea-
KOICPUNCTHIC MEeCcKll MOMUOCTBIo my = 4% M, k; = 10 m/cyriwn;

CPEeAHMIT CH0ll — THKEABIE CYTJAMAKH B CAHHB CPeJHPH MOMUOCTHIO
my = 15 M, iy = 0,02 w/cyren. [leckn nojcTHIAITCA MOMHKMM CIOBM
TAMCABX TNINY, KPOoBAA KOTOPLIX B pacuerax NPHHAMACTCH 34 JTHHAL
BOjlOyHopa, C]]E;r,uﬂﬂ HHTCHCHBHOCT tial.l.‘lLTpﬂulmHHuru NDHTAHIA
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g = 0,00086 m/cyrrm. OTkauka H3 HAMKHETO CIOA IPOMIBOJANUTCH we-
THPBMA CKBAJKHEEAMI, PACNOJOKEHHBIME B npejeiax obuactu puabt-
pauuu (puc. 18), ¢ nocroananm aeburon ¢ = 3800 »¥/eyTrm. Pnaprp
ckpazxua (d = 0,3 M) DOTHOCTRIO Dpopesacr HIKHEMI ciroil. Yporenn
IPYHTORKIX BOJ B CAOAX A0 OTKAYKH NPHMEPHO COBNAAALT ¢ YPOBHEM B
cnoax My, u H,, na rpaunue obaactn guianTpammi.

Tadbanga 10

S, M NpE pasHLX IHATeHERE r, M

¥ 100 2040 SO0 &On SO0 G0 T00 BOD a0 1000 | 1100 12350
o | 327 4,63 | 4,52 |5,03 13,31 4,17/ 2,88 [1,97[1,30]0,74(0209]| ©

589 | 525 | 5,14 | 5651393 4,79( 349|258 (1,86 | 1,24 [ 060 | ©

500 | 4,29 | 4,03 | 4,43 [12,66] 3,53 2,20 | 1,46 | 0,90 | 0,46 | 0,46 | 0
1574 | 491 | 4,65 | 5,05 |13.28] 415|290 | 207 | 1,46 | 0,96 | 047 | 0
8 _ | 546 | 4,22 | 3,56 |3,02] 2,52| 2,01] 1,53 [ 0,97 | 0,66 | 0,34 [0,08] 0
BT | 578 | 484 | A48 |ans| 3,44 263|244 (1,58]1,22(0,84[039] 0

Mpumensnne [ uepxoux cTPOKAX TPHOCHCH aHAGCHmn S, 0 UMYX — Sy,

[Ipeasapurensno HaxoauM
T, =15+ 14 =20 w¥/cyrkn, T;=10-.44 =440 M2 eyTRH,

_m . 2 - 0,02 460
I'="1T,+ T, =460 s*/cyrxn, ’:”Vladuraif.u“
—0,0084 ™!, ¢, = 0,00086 -0 — 0,62 .

MupapTpanpounoe CONpOTHRICHIE HA HECORCPHIEHCTBO CKBAMKIII

B PACCMATPUBACMOM CJIYYAC TPEXCAOHHOTO TPYHTA H PACHOT0HICHIA

ckpazsnn coraacuo (2,.22) mpu f =0, Af' = Af’ =0 cocrasur

sy o) 1,12 _

D = U‘,ghb Za0 IE[}JJIM . I.l.,li.:l - {},ﬂ-.}.

[Morn:ienne B nmwxneM ciaoe (S, (r, ¢) = H,, — I, (r, @)) paccun-

ThiBaerca mo gopmyae (3.53), B pepxmear caoe (8, (r, @) = Hy, —

— H, (r, @) b awdoit Touke obxactn duasrpatun) — no gopmyiae
(3.58), umeonieii TIA JANNOTO Cay4ad BiLl

= Se— o by
Sy =S —e(1— 75 -

Peayawrarm ppvuciaenuii momusrennii S, u S,, upousneleHHNX BIOIL
pamgaycon 1—-2—5{p =0), 1—4—T (p = a) n 10 (*P — E;_), I -

Befens B radn. 10, llommsenHa HenocpeiacTBemio B CKBa;KUHAX Sc
BRYICAAeM no dopuyae (3.12), B kotopoii §; = S, (re, ¢);

Se,= 14,32 4 - + 0,05 = 14,73 s,

Se, = 13,68 4 0,41 = 14,09 m,



£ 5. BEPTHREAJBHLIA JIPEHAK
B YCTOBHAX MR LTPALNOHHO
11T HAIMOPHOUO IITTATIIF 11 1101 JUHOM BOJTOEMA

VYayuumeHue THAPOCeOJ0OrHIeCcKoro COCTONHUN 3eMelb 1
HHAMHTENLHO Mepe yCI0WHACTCHA HAJNYNCM HAODOPHBIX MOJSCMHBIX
B0, MA HOKOTOPLX OPOIACMMY MACCHRAX, BCJACICTDUC TCTO BepXHHe
CAJoH  JIONOJHMTUIBHO NOJUNTHRAIOTCH B3 HIGKRCIGRALCTD, BCChM
00N HLHOTO, BOTOHOCHOIO TOPH3OHTA. YCTPAUMTL BIAMAHHE TAROTO ro-
PM3OHTA DYTEM CHHMKCHMA ¢ro Hanoploct, ocedbenno 1pu HoJAninoi
MOIHOCTIT BHINCACHIAUUIX Nopo, B MCJIHOPATHBHOI HpPaKkTHEe He
Beeryia BOAMOMHO H DOROHMOMMMSCKT I PHEIBJaHO, HOXTOMY HORJIIOTEH R
ITOro BAMAHIA A0DHBAIOTCH HENOCPeTCTHeHHO JeHCTBICM CHCTeMaT-
HECIWOTO EllTEHilﬁHﬂ, [‘lﬂ[‘.llﬂ.‘lﬂilit‘}lllI:H‘l] B BEpXHUX CTOHX. H['III pachieTix
JIPCHRA B YREAGOHHLIY VCAORHEX HapAly ¢ MTHTAHHEM CO CTOPOHM Mo-
BEpX HOCTH 383K fli'.lll]lll.'l l-’l'[]ﬂlIl'[[]HthM:! ]lFl:Iﬁ.\'. O TITAIY }-‘lli-‘ﬂ'l‘h BOCXOQIIA-
MUHEe TOKH TOIBeMHLIX RO M3 UANOPHOG HOJAOHOCHOIO IOpPHAOHTI,
ROTO Y hIE B Cnay oDHIILHOCTH NoC Cnero C HEROTO]M LM HPIIEIH}HEHHHM,
JAMHIHM OTIPEARTeHIMIT 3aMAC B PACHCTAN, UPHIITMAINTCH B npeieiax
_,"[||L‘II|I]l:|.-‘lJ.‘LI{}L'ﬂ MOCCHBEA UOCTOHEITTRAMHE 10 BEITHYHHC,

I3 wactosmes maparpade: onpucaga MeToMKD PACYeTA CHCTeMATI-
MeChOro H[?[]lTJ.IHiL-'[LHl’H'ﬂ II;III.‘HEIEHH. ,J.I;ll!l‘lll.lp}'ﬁ]lll,l."[‘(l t),ﬂ,!lﬂ}]ﬂ.ﬂ,ﬂ}'!l i
ABYXCAOINY I ROJOHOCHEE TOJIM HPH J1000M COTETAHIM CJOER TPYH-
Td H HX Hl.HHIJIIJIIII,l[L‘HT{]I!- t[rl'l.'ll'.:'}'!'h'.lll:lll. H PACCMATPHBACAMOMY  C1Y Ha
OTHOCHTEH TAKKC CXOMA APENMPOBAHKA BOJOROCHOIT TOJANIH, 3aTOIIAEH-
HOWH CBCPXY CI0CM BOJLL, li{]'l"ﬂi'lilH HMeerT MCCTO NpH ;mﬁnw ,.‘I]}IE]IE'IH-Z':!.
Noj JHOM BOJOCMOR I NMepiuod NPOMBEBOK JacOJCHULX IPYHTOR I O
NOJOBHAX ,'l,|JE']I11|]DHE11TIIH PHCOBLIX CIHCTEeA,

CreremaTHueckil ABHCinLii BePTHEAIRIBIL Apena
opi HHGMIALTPALNOTHOM H HANOPHOM NHTAHMAX

Ipn pacnoaomennn Jnaeiinux  PAJIoR CKBAGKHI B BepX-
HeM CO00 JIBYVXCT Ufl HOO I'pyHTa paciueT BROOJHTITCH MO COACY LM
goparyaan 73

P [ N —‘,*_i- (my — by} - —— m,
' ‘a W
SR i o i b))
'? 'lbi? “’IJ ¥ l: ¥
Jy: = g M {3}.?}
Ju = o = lfry {3?5}
H = H. 4+ —— b, + == (Dp—up), (3.79)

rne ¢ — obmuil MoronHMil NPpUTOK K JPCHAWKY, ¢ — HOTOHHLI pac-
X0/ HH!lni.Tu;'rpnm-mmmm M ATANHH, ¢, — MOUOHHKIIT pacxaoj, NoCTYy-
nalowuil ¥3 "Hanopuoro ropusoHTa, M — YPOBeHBL BOIK NOCCLHHC
Nessy  pagave cxpakuin, Bonpuseienunx  dopuyinax ppn oy =

R



Puc. 19, I'padur ana onpenerenna xo-
afpunnesTa 1.

frgm

e ~ 0,05

@, (b)) = o®@ (b)), (3.80)
up =g u+ L (3.81)

opa p << 0,05 )
ﬁip [:EI'[} — T:I_ .||F] "|" Dql:jli'n cth B{” {382}

1'f.r.':!||"'|-|I 8]

Uy = mr, I:SEJS:I
rie B, =0,0¢,B, ¢, = 1 5, = ky :: ]/ — pac-

Hrby FFR

CTOMHUME MCHLY PALAMM, 0 — paﬂcu:-HHHL MCHINY thﬁdl.-l-jmd\l}l B pA-
ny, ., — ypopeas ROAW B CKBAJKMHE, ff,— HALOD B BOMOAOCHOM TO-
pHIOUTE, I, 1y — CONPOTARICHHA IJTA COOTBCTCTBVIOMMX MOMHOCTEH
m o= M, - My W My, ONPEISNAWINECH U0 Gopuye

nn

i =1,27¢ Tm; cos M1 (3.84)
2my
B3 Koropoit opu b, = 0 caeayer
BV E
wi=1,27¢ ™, (3.85)

1) — noupasounwit Koafuuuent (cm. rpadur pmc. 19, pa wotopowm
fE=lg%,B r—i;upﬂ?ﬁéﬂﬂ:i}.
H

l

*
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Conporusaense @ (b,) pumucaserca no gopuyae (2.46), a Geapas-
MeépHoce conpotusjienne f, — mo Qopmyae (2.29) nan sepxuero caon
MOMHOCTRHY My,

Crcremarnuccrnii maomaanoii BePTERAIBHBIL Apenas
B YCAOBMAX HHOUILTPATNOHHOTO
I HAOPHOTO MATANNI

[Ipn pacunodo:keHuy CKBazKHH B BepxHeMm ciaoe (cu.
prc. 11, a) mcmoanaywTea chaegymomue Gopmyan |74l

kl[ffu—ﬂr:-|—k—i-tm|—nn'.'r,]r!—--fl%—mg h

Q= AT : (3.56)
p = EO°, (3.87)

Qu =} — {"'r"— {3-‘3‘8}

H=H% 'E_ (@ — w), (3.89)

rae @ — obmuil qedur crBazmin, (J; — jAchuT CHBAMUNHL 0T HHHAD-
TPAUMONHOTO MUTAHUA, (Jy — 7e0NT CKBaKMHLL 0T HADOPIOTO IHTA-
HHHA, H = YPOREHB I'PYHTOBLIX BOJ MEAY CKRBAMNHHAMIT.

B npupenennnix dopaynax O (b)) suwumcnsercs mo gopmymaam
(2.46) u (2. 47), a

o Wik )
= 1] j._;n u - ET:"'-:!_H' npr y = 0,05, (3.90)
TR upu y<<0,05, (3.91)

iy
FAC CONMPOTHBJICHUA N M 4y JUIH (JIHOPOJHOTO TPYHTA MOUIHOCT SIMH
M = my -~ m,nmy vaxoaAr us rpadukor puc. 12 (mrpuxoyakTRpHan
KPHBas), Ha KOTOPOM NP BLYMCACHAH U TPHHOMACTCH OTHOMCHHE

[
uka pue, 19, rge B = o; conporupnenue Af* — ua rpadura puc. O
F |

npu A = ¢ li.

iy — 1)
St @ HPH BHYUCIACHIN 4y — ——; KO(pduumenT 1) HaXoZUTCA H3 Irpa-
|

Cneremarivecrmii peprukainpupii ApeH
B YCIORIAX NATOPHOTO MHTAHIA

Ecan B pacuerHux opMyax nodoxmutsk € = 0, 1o mouy-
MEHHBIC JABMCHMOCTH OyAyT UPHTONHL IAA pacvueTa BePTHHAJIBHOIO
APCHAKA B NBYXCTOHHOM PPYUTC ¢ UHUTAHHCM TOJALKO CHH3Y I3 HAOP-
HOCO TOpPM30NTA,

Beprunxaapustii gpenas nog guom sogoema

Taxoii gpenasm ncmoabayercst, HALUPUMEp, JUIA TPOTOTAI-
TEJALOLIX DPOMLBOK, 8 TAK/E TP JPeHIPOBATEM PHCOBBIX CHCTEM (M,
puc. 11, 6). B arom cayuae pedur ramoil CKBARUULL ¢ QUABTPAMU B
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HEKHEM CI0e [BYXCHOHHOE BONOROCHON TOJNME MOMHO PACCUINTATE
mo dopmyne
ky (H K It Iy

¢ = ATX : (3.92)

rne Hy — yposens Bojiu B Bojoeme, @ (b)) — duaprpaunonxoe coopo-
THBIEHME, onpegendemoe no popmayaam (2.48) u (2.49),

Ecan B npubeennux 3aBHCHMOCTAX HONOKUTE &, = Ky, & — oo,
kg = oo, To AnaA obenx cxem (em, prc. 11) moayaum pacdeTnwie fopay-
JH AJAA OJHOPOAHOTO IPYHETA MOITHOCTAME M, My | 1,

I pumep. Onpenenurs paccTOAHHE MEHIY HECOBCPIICHHLIMYE CKEBA-
JREHAME TJI0MANHOTO BePTHRANLAOTO JApeHaxa B cxeme puc. 11, a
InpH NOHMREHHAN OT NOBEPXHOCTH 3eMIH 1,5 M MEMIY CHBaiiHHaAMH
H O M B ckBaxkmHax, Pasmepun ¢mastpa crpaxum: [ =5 »M; r. =
= 0,1 M. OcranpeEse wHcXojume JaHHBE clepylomue: kb, = 5 M,
ky =01 wleyrsm, my=10 M, m. =12 M, ¢, =5 M, &=
= 0,001 m/eyren, AH = Iy — H. = 4m. llpegsaprTeabHE0 HAXO0/HM
m=m.+05AH =14 ;0 =m—({I+a)=14—(5+ 5=
=4 u, m=m; + my, = 14 + 10 = 24 m. Cormacno paspaGoram-
HOH METOUMKE pacdeTa PACCTOAHHE MEIKAY CHBAWHAMH O Heoldxoum-
Mo naxonurts wopbopos. llpummsaem B nepsoy opubamisenmm o =
= 200 m. D weasnx manwerpannn conporubicans D n o Buaucasem
nas oboux cayqaen (y.->> 0,00 ny << 0,05), npurusas satem B Kagect-

BC DACUETHLX WX 3HAYCHUA, HalileHHEEC A caydan, Koraa § =
0,114

= (0,028 = 0,05, Ilpeppapuressmo onmpeieasaed  Cconpo-

a2+ 110
THBRICHIAH I|'rliI f.., OpH BHYMHCICHAN KOTOPLIX, COINIACHO HNIJIMHCHIOMY
Buuue, opueuMaeM fi = fe.. Jas pojedera  conporusnenuit  fi

pocnoanayescs Qopuynoii (2.34), » peaynrrare nonyunm f, = 0,79,

fun=231, f=180, f,=4,68, J,=fi—f =152 f=[—
— = 2,79. Tax vax o/m,> 3, To M0iKHO CYATATR, uTO Af = Af; =

— 0, Mo rpadmky puec. 8 npu r :— = 0,007, m= 22 =1(,715

iy y

H A= i';? = (0,96 paxogum o, = 0,93, Torma mo dopuyae

(2.46) conporupaenue

@ (by) = 0,93 5 279 + g 15 = 0,15 w™.

daMeTHM, UTo No r[]{::]u:y.lw (3.47)

D (b,) = _(ﬂ 79 40,366 1g 1 + D.Uﬂ) = 0,135 ™,

rAe npH ¢, = 1/ 0L =0,012 7" u R = 0,012-0,56-200 = 1,34

no rpafury pme. 9 maxogum Af" = 0,00 u Af" = 0,15, Ilo dopuyae

(3.91) u =32 =001 st Ecaw upn L =8 u-L =14
|
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nprGrmenso npaaaTh, uro . = 0,001, u, = 0un =17, 1o mo pop-
myae (3.90) monyams

9 i e o |
u=T 5rgr 0,001 +0=0,014 7.

Takam ofpazom, PEALTPANHONHEE XapaAKTEPHCTHKH jpeHaia cje-
AV IOImHe:

5[4 +- -[E%-'“—m—-a} + ”ﬂl ; m]
Q= 5T3S : = 156 M¥cyTRm.

Q. = 0,001 . 200® = 40 wm®*/cyrem, @y = 156 — 40 = 116 w*/cyrkn,
h=H— H.=—2-(0,135—0,011) = 3,93 .

Vs mpusegensaoro npumepa caeayer, aro upe ¢ = 200 u normie-
nue ypoBHA Me#AY cKkBasKAEAME cocTaBuT 1,07 M, wro meEbme nmpuus-
roro (1,5 m). [loatomy pacuer mosTOpsiem Bo BrOpoM HpubaM#eHHH,
OpH MeHBIIEM PACCTORHHHM M&KAY CKBAaXHHAMHE, Hanpumep ¢ = 150 m.

o =
H B aT0M cayqae = = 3, noatomy conporusjuenue @ (b)) ocraerca

gpaKTHYecKH 003 HaMEHEeHHA H OOPOJCICHHIO HONIKHT TOALKO CO-
DpOTHBIACHME .

ITo dopmyae (3.91) npr R = 0,012 - 0,56 - 150 = 0,9 u Af" =

= 0,36 maxonum u = ﬂjﬁ = 0,026 w1, Torga oo hopmyae (3,89 k =

= H — H. = 22* (0,135 — 0,026) = 3,42 m. Iommxenme ypous

IPYHTOBHX Boj BO BroposM npubiamsennn coctasur 1,58 m, 4ro mecn-
ma Onmsko k upmEATOIH Beawunue 1,5 M. [looromy pacuer mosiHO cun-
TATh 3akoR4eEnbM. Takum ofpasos, JJA OPHHATOTO PACCTOAHHA 0 ==
= 150 M pacuerHme pacxogu coctaBar: Q= 156, = 0,001 x
X 150f = 225, Q. = 133,5 m¥/cyrrn.

§ 6. ROMBITHIPOBAIIIBIA JIPEHAK
(FTOPH3OHTAJILITBIA W BEPTHRAJILITLI)

H CEKBAKNNLI C DHJABTPAMH

B PAZTNYHNLIX CJA0AX BOJJOHOCHOHA TOHIIN

B ppakruueckux pacderaXx KOMOHHEPOBAHHOIO JIPEHAKA
npu Hebonbwoil nanme ¢uALTpa ¥ CYMECTBOHHOM YAAJeHHHE €ro or
JAPEeHEL MOHCHO HCX OAMTH M3 NPUHIHNA HelaBHCHMOCTH CONPOTHBJIeHMIT
Apeasl u ckBaxkuH. Torpa pacder kKomMOHMHHPOBAHHOTO JpeHa)ka B He-
ofHOpOAHO-CHONCTHIX TpyHETAX (pre. 20) MoHO DPOM3BOJNTE KAK pac-
qeT 00BIYHOrO rOpHAOHTANLHONO MM JARHEHHOrO BEPTHKAALHOIO Jipe-
HA;KA, BBOAA B fopMyasl COUPOTHRICEHE KOMOMEAPORANHOIO IpeHAHA

L LSS

Dua = g (3.93)



Goaee ToMRASA METOHKA pacueTa KoOMORHEMPORATHOTO IPCHAEA B IRYX-
c1oiinom rpynTe npusejiera B pabore [75].

Ilns TpexcaoitHoro rpyATa €0 cAa00NPONNLACMEM CPCIHEM C10eM
cuecremaTHuecKuit koMOunEposanEmil apenaik (puc. 20, 6) npu H 4=

UTLLLLL@J—LLJ;-&J}}J HHHHHHHJ
! S

-n-- .........-

&

Pue. 20. Cxesma koMONUMpopallHOro Jipenaska B rpyHTax:
g = JBYXCAofney, & — TPEXCAOARON ¢ DAaIICTbHMM CaoeM.,

= H. pacciurmpaercs no takuM gopmymam [69, 75]:

M= Oa(1+ o )+ T (1 — =) +
+-;,-%E;r(1—:,'}‘§-]+'gir'i (3.94)
h=h—tot (- OG- )i 6N
Ty + (267,00, i‘}‘-] th B
G 2Oy + OB ()
g. = eB — g, (3.97)

rae i, m h, — npesninieHNe YPOBHOA IPYHTORKY BOI Oa YUACTKAX Meik-
Ay ApeHa:kaMP COOTBOTCTEEHHO B BepXHeM M HIGKHEM CJI0AX, ¢, W
e — TMOrOHHKIH Ppacxof COOTBETCTBOHNO TOPHIOHTAJLHOTO H BEpTH-
KaJdBHOr0 JpeHAMICH,

B npueepenanx dopmynax 'I'; =g (fa ' E:r ) g

(puaARTpanuoRmoe CONPOTHB/ICHAR JMHHEHHOTO pPAjla HECOBEPIICHHLX

CKBIGKAH B HH:KHEM CJI0e MOMHOCTRIO my, O, = f; — JuasTpannon-
HOE CONPOTHRJICHHE JpPeHNM B BEPXHEM cjioe CpejiHeH MOIMHOCTLIO Ny,

— k. T m. 1
B = 0.5¢ s _ kT 2 I3
= 0,5¢B, ”‘“Vm,nr,’ L s T R



o 0,05

lpn 8>3 w o = pacteTHHe fopMyan ynpomarorcs:
] 141
' : r . 1=
Ry = —;1" (ﬂ':tmu + ¢.D, + T: .:1 o EH ) ' (3.98)
hy = hy — &, (3.99)
Ty 4 27,0 + %-
g, = &B (3.100)

T 26 (@7, + @, 7y

Pazpemus ypasucHne oTHOCHTEeILUO B M NOJICTABAE B Hero amave-
HItA g, 1 qq 83 dopuya (3.97) u (3.100), ooay4dum FaBNCAMOCTE JJA
OUPENeNCIHA DACCTOMHNS MCIY APCHAMAMN

M\t T 1 Wy — nt M .
B:-ill/(T) e :(‘_’:TI € uN n)_[_ :;E__T:[. (3.101)

rae

M = 7, (14 26Dp) 4 Ty®;, (1 + 260},
‘;"b,:r = T —|—- EI‘: {{D: T_q ‘|'__ {l};fli}'

I ocTaannmx ¢nyuagx CHCTEMATHYECKOTrO ApeHadma acCTOAHRE MO
ay napesaziamu B onpepexsercs mo Gopuyae (3.4), B koropoil co-
ONpOTHRIGHH® HﬂMEITHHIIGHHHHDI‘ﬂ JpeHaia (I},,_n PACCINTLIRACTCH
no dgopmyae (3.93), a npesmmenme mamopa — no dopmyaam (3.8)
n (3.9).

Has expakun ¢ puasTpamn 8 000HX BOMOHOCHLIX CAOAX TPEXCIOI-
HOTO TPYHTY B YCIOBHAX O0KOBOT0 OPHTOKA 9epes IPAHHTY B CJO0HC
pacxogamMu 'l'?.;]. H (Jﬂ pacueTHre (POPMYIN IIA ONpeILTIenna YpPoBHeil
(namopoB) nu rpannne wpyrosoi obmacrH dunnTpaumm pagmycom R
HMCHT BHAT

7 G &
(k) = '”l (1 — Wo,) — EI[T:}EC ( i"? = T: ) Wiy
(3.102)
T T r Q* ¢,
HE (R} — .l‘.l;:_ {n}——; E"[I {1 I.Fﬂ;) —r" 31;.“.‘(.-‘ (_T:'Ln'—'_ _“"ﬂl') 1'1: oy
(3.103)
rioe
Hi(R) = H. — 5 + 4 (el + Q,) (0, )
. Iy (e Ry
o s _ (E},ﬂhh TR fi) e
L e REEP s X ;
0,366 1g + Af
&= Q-.} T ‘?u-f
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f; T f3 — CONMPOTHBACHAA HA HECOBEPNICHCTRO CKBAKHNM B Npegesax
BEPXHETO H HH;KHEro ciloes — uaxoparca no dopuyae (2.29), a co-
nporusicuuAa Af' m Af" Gepyres na rpadmea pue. 9,

Ipu eR > 3 mosuo noxownth Af' = Wy =0,a npn eR > 5 —
Af' = Wy, = W; = 0.

Oﬁmnn Ne0uT CKBAMKMHBL COCTOMT H3 PACXOI0B, NOCTYHAKINX b
cKBa:KAAY N3 repxoero ((,) m mmwxnero ((0,) caoes. Jlas onpeaeaennn
9THX PACX0/10B OpefIarawTes caelywmue dopyyab:

) 2. 0 T
= ‘ RAUEL il A 3.104
Q= Q+—7m W, cRI (cR)W, —° (5,104)

" '.'l" "
r iy T.T Ep !?“ T l? Tﬂ.
et A ki < ;

Q:=—5 Q_":i"w,_ T T ¢RI, (ch) n.. ’ (3.105)
Q =0, + Q. = neR* +Q; + Qy: (3.106)

1,12
cr

Ecau upw oTCYTCTBHH GoxoBoro NPUTOKA B PACYCTHRX I.flﬂp.hi}’Jlﬂ.I

monomuTs @y = Qp = 0, To mpuiizeM K cXeMe CHCTEMATHYECKOTO
niaomajuoro jipena:a, 8 Koropoit B = 0,564,

ITpumep. Onpeneants paccToAHNE MENLY JIPEHAMH CHCTEMaTHYIe-
CKOT0 KOMOMNNPOBAHHOTO JiPEHAKA B TPEXCA0IHOM TPYHATe OpH DOHN-
JKCHHH nncpu:-;ume MEILY JPeHaIKAMMU 1,5 M 1 caeayiomux HCXOMHLIX
maHENX: H, = He, by =0 M, Mg =0M, Mg =20m, &k =2,k =
= 0,0, &k = 10 s/eyreu, & = 0,001 m/eyrrn, FayOuua sakaankn
ApPeH OT MOBCPXIOCTH 3eMJIM 3 M, pasMeps MApPEH M CHBAMIH TAKKC!
ry = 0,15, { = 10, r. = 0,45, b; = 5, ¢ = 200 u.

[Ipenrapurensio maxoaum
By =3—15=1,5 .m by =05 - 1,5=0,70m, m =5+0,10=
= 5,79 m,Iy=5,75 - 2=11,6 v*/eymen, T, = 20 - 10 = 200 :.F.n’r:ry'rhu

T=T,+T, =211, :Ll‘fny-mn,; —]/ % = 1.356.10>
M)

314 . 0.15 = 4,56 M,

;, = 200 (0,366 1g #% +0,46) = 2023 u

¥
(D; — conpoTHBIeHNe HA HECOBEPUICHCTBO JIPEAK B BCPXHEM Cioe,

@D, — conpornsnenue INHeHOro pAjAa CKBAKNH B HIGKHEM clo0e)
H DapaMmerpsl

M=456-115(14+2-1,356 - 1072 . 262,3) -+ 200 - 262,3 x
X (142135 -107". 4,56) = 5,9 - 10* s¥/eyren,
N =211,5-+2.1,356 . 107%(4,56 - 200 4+ 262,3 - 11,5) =
= 318 m*cyrin.

D, =0,73 - 5,75 1g




Pacerosune mesny gpenamm B onpenensem no dopuyre (3.101):

5,4 - 10% \2 200 1
B =4 [L) e _
{ l/’ <18 1,350 . 10~ (2-1,:5.-315-111*‘- 11,5 T

- o e

- ¢ @@

4,56 — 262,43 1,0 - 211,56 5.0 - 404 ;
T 318 )+ 2.0,001 3180 ] = 806 a.
Ilorottnsie pacxofbl rOPH3OHTANLHOIO M HEPTHRKANLEOLO ADPEHAKCH
cornacuo (3.100) u (3.97) coorBercrRenno caemyiomme:

11,5 42.1,356- 107 . 115 - 262,3+ %

gs = 0,001 - 806 — _
211,5 + 2 - 1,856 - 1072 (4,56 - 200 - 262,3 - 11,5)

= 0,33 m*/eyrin:
g. = 0,001 - 806 — 0,33 = 0,48 m*/cyTrn.

lIpeBnimenue Banopa MocCpeiuHe MeKAY APEHAKAME B IIMKHEEM CI08
HaxommM mo gopmyae (3.99): ky = 1,0 — 0,47 = 1,03 m. Jam npo-
sepkE mo dopmyne (3.98) BHUmCAAEM DpeBLImEnHe B BEpXHeM Cloe:

1 200 - 0.004
hy = ——(0,33-4,56 4- 0,48.262,3 :
17 7200 ( €3 + 13 (1,356 . 10—%)2 T

2 80T )= 1,51 u




IF'masa 4

TEOPETHYECKHE HCCIE]IOBAHISA
HEYCTAHOBHBIIEACH ®ILILTPAXLHI
K BEPTHRAJ/bBHBIM CKBARWHHAM

B nammoii ranase paccmaTpRBaKTCA aBAJIMTHYECKHe peme-
HHA PAAA 3209 HeyCTaHoBMBlWeHcA duavTpanus B pasnooldpasnnx
B IJIAHE ¥ 110 MONEHOCTH BO0OHOCULLY IJIACTAX NTPH JeIMCTBHM B HUX Bep-
THRAJIBHBIX CRBAGKHE. JTH peienus (OHHICII0 B3YIOTC 5 B HOCH ey DI X
raaBax npH DOCTPOSHHM LPAKTHYECKHX peKoMengaimii nmo ¢gminrpa-
MHOHHOMY pacieTy BepTHKAJBHOrO HPCHAMKA) HCXOMAT H3 MUHEeHO,
M CHAPABJINYECKOI, Teopul (QUILTPAUMM B NINACTAX, 0CHOBAHHON HA
OCPeHEHMN NOTOKA 10 raybuue, H CBOAATCH K PACCMOTPEHMIO JIHHEAPH-
BHPORAHHOTO JuddepenupaibHore ypapaECHNA 1A D€3HALOPHOIO N0To-
Ka HIIH aHAJOMHYHOTO eMy YPABHCHHMSA [ Hauoproro noroka, Coriacuo
YHA3aHHON TeOPHH, B CAOHCTHIX BOJOHOCHWX TOJIIIAX, COCTOAMMX
H3 YepeilyIuLcA Xopowo NPOHANAeMEX i CAafon poRHaeMEIX clo-
CB H XAPAKTCPUIYWIUXCA CYMECTBOBAHMCM THIpaBINTCCKOM CBA3N
(neperoxa) medly XOpomo NPOHHIACMEIMM CJIOAMM, [|BH3IKCHMHE rpyu-
TOBLIX BOJI 0CHORBIBACTCA HA JIBYX H3BCCTHRIX OPEIOCLIIKAX L PeTeRaA-
HUsA. B cooTBereTRUM ¢ HUMK IIPEINOIATACTCA, STo fAITLTPATIMA B Clabo-
HPOHHIACMLIX COSX HPOHCXOAMT TOALKO I0 BEPTHKAMN, a4 B X0pomnio
NPOHHUAEMEIX — HNPEHEMYMEeCTBeHHO no ropusontaim. Crporas onenka
ITHX fonymennii, caeaaunas s pabore C. H. Ilyweposa u P, M. Gap-
cersiga |61], cempereascrsyer o ToM, UTO MX MCUOAB3IOBAHKE olecHe-
HHBAGT XOPOMIYIO TOYHOCTH Pacuera Npu HAJIMIAE B HEOJROpOIHO-
CHOHCTHIX INIACTAX COBEPIICHHEIX FPAHMIL IIMTAHKA B cToka. B amano-
THYHLIX 3a/ia"ax (UILTPAINK ¢ HeCOBOPIICHHEMMY rpaHUIAME TTHTARMA
M CTOKA (CKBaKHHAMM) C HEKOTOPHM NpuOAHAKEHNeM NOCJACABHE NpK
HOMOIHE METO14 q:m.ub'r]mimunnux CONPOTHRICHIE 3aMeHHAJNCh k-
THBHEIMH COBEPMICHOLIME, OJKBHBAJEHTHLIME 00 (Q#MIbTPANKOHOOMY
pPacxoay u KapruEe QHIALTPAIMN Ha HEKOTOPOM VIAJeHNH OT paccmar-
puBaeMoil rpaunnel. B pemeHnax jis Tpexciaoimoro rpyHTa pemnEm
(puAbTpanmu B caaGonmpPONUUAEMOi NPOCIOHRE TPHEM MAJICH KECTRIM,
1TO, COITacHO CYMECTBYIOMHM NPeICTARJACHNAN H  PeKOMEIIATTHAM
na aror cuer [1, 30, 53, 108, 121], apasercs npuenaemum B unskeHep-
LBIX PAacieTax MeJMOPATHRHOTO JAPeHAMA.
Pemenne npenMymecTBeHHO UHCACHOEIMI METOAMI pAaaa aagay
OCECHMMEeT PHUHON (uAbTPAUMM ¢ YOPYTUM peskmmoM B caabonponu-
IaeMoN cjioe paccmorpeno B padorax [1, 19, 28, 43, 84, 99, 122, 136).
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i3 obGmux pemernii jra Tpexcaoiiioro FPYUTA NPH ONpeleIenRN X
YCOAOBUAX HETPYIANO MONYUUTL peliendAa [LWIH ABYXCI0HAoroe 0 OJHo-
pPOOHOro I'PYHTOB, 9T0 M IHCMOJALIYETCA OPM COCTABJCHHI PACUCTHLIX
dopmyar.

§ 1. NECOBEPINENIAN CKBAJRILIA

B KPYTOROIT OJTHOPOTION 1O MOTTHOCTII
OBJACTH ILTETP AT

It aroil cxeme (puc. 21), kak OVICT DOKA3ANG LHKC, MOMEOCT
DRTEH NPHBEIEHA CXCMA CHCTEMATHUECKOTD MAOMAIHOTO BEPTHEA!N b
noro gpenazka ¢ mnduasrpaigiorkey nutanmem. Pemenne apanormi-
Hodl 3aJ4%H A COBCPILCHHO CKBAMNNLL paceMoTpeno i pabore [97].

£
REREER IRREERAR
'd-HI!T ] i Ty Falls
b 1| LAy O ——O——- I
00 O TS 1 R Lt |
- . n ; S BN _Ea_
5 AT gl W = I
e i SO0 N\
Bl ] | B e S
58 7. --_l-,:.'_,': e S —€3—E— C
W‘:L‘u ii‘i#ﬁ H.:E‘H‘H x"a‘;;;ﬁ;ﬁ“ﬁi\: i.x\r: re—
I
r e

Puc. 21. Cxeuma l]H_\?'E'Iﬂlllll'!lll'illl{!'jj:ril ¢|!T."ILT|}EH],IIII' K I]I!EfJIIE‘EJIJI-E'JIJ[[Iﬁ CRAAIe
B OJHOpeLIIOM FpYITE.

ITpuGanaennoe pemerne Japnoil sajauu OCHOBLBAGTCA [A  yueTe
o MeTOAY PUIBTPANHONOLIX COOPOTHLRICHNI HCCOLCPIIEHCTBA CKBA-
SWHE DI Pem equy HeXo uoro Y pasieHHA A COBCPUIEHHBIX CHBAMKAT
[G7]. Ilpm atom, o weym yike rOBOPIAOCE BEILIE, CUMTAEN, 1TO XOTH Co-
nporuenenne 4O u 3ABHCUT OT BPOMOHII, OJHAKO ONPCJSTHTH €ro HHa-
MEHHE TIA MPAKTHYECKUX PACHCTOB MOMHHO HA YOJI0BMH YETAHORHBIIEH-
e uasrpamm. Ha npasepe noroxa ¢ mocrosnnoil nposoanMocrnin T
NOKAKEM, KALIM 00pA3OM B PCLUCHIIT YYHTHBACTCA conpoTHEIeHne (D,

Hanop (yporens) B copepiiennoii cxpamnue I, censan ¢ nanopom
(vpouuem) B weconepmennoil crpanue He coornomennem (3.12), »
ROTOPOM TT0 yeqonuam aajavty Hanop He, uposoanmocts T u conpo-
THRJCHHC (P upMAATH MOCTOARHMMI, HC 33BICANMMK 0T BPCMCHH.

Yunrmean, uro
= Sy o8

¥
ar r=rpa

Ho w8 |ouis 4.1)

10



npeobpazyem dopmyay (3.12) k punpy

il | i,
ar  2nr.D e 2arth ° HE}

L

Ec:u 611 neduT ckpasnumi @ O NOCTOAUHLIM, TO BTopoii 1ien ypan-
wenHns (3.12) Gua Gpl TaRiKe TOCTOANULIM, HC HIBHCALMA OT BREMel,
I3 aTom caydae NpH pacueTe HecOBePUICHHBIX CHBAICHIL MOMKHO BOC-
NOJLBOBATHCH PACHETHMMI GOPMYIAAME [ COBEPIICHHBX €KRBAKI,
veeanausaa ux conporuraenne [ ({) ua peananuny conportneiaenns N,
00YCI0RIERNYI0 HECOBepIencTRoM crpazkun. Takaa metToura pacue-
T HECORCPIIEHNKMY CKBAMHWH B VCJIOBUAX HEVCTAHOBABIMGHCT Juuinr-
PAlHH MUPOKC NTPAMCAACTCA NPH OTKATRAX U3 CRBAKHIE ¢ NOCTOANH KM
nedmrom |53, 77, 112]. llpun orkaukax ¢ mocTosnELM HALOpOM (VpoB-
rem) He B yenosuax weycranornBinedica pUARTPaNME CKBAKITHA Pado-
TACT ¢ TIEPEMEHNLIM BO BPeMeHT nedntoM (), UTo B COOTBOTCTBNN € 31BN~
craoereio (3.12) rpebyer pewcnna HCXo/lHOTO YPABHEHHA 1PN IPiaHRY-
HOM VCJOBMM TPRTHOIO PO HA CKBAKIHE, 0NPEe/IeIAeMOM BLIPaKeH-
enm (4.2).

Hexonnoe anneapusupobanunoe ypasneune Lycenmecka npumchu-
TeJAbNO Kk cxeme, n3obpaiennoii na puc. 21, uneer suj

all =l 1 v ., =
IR (ar* s )T (4.3)

r

H pemaerca Npu CAeJyliolHy HAYAJMLHBIX W TPAHHYHBIX YCJIOBHAX:

=0, regr< B, =1

it
E:::-El, FZH, i —= ﬂ,
ol
i}ﬂl il ?_'cthr'_- '_'fﬂuj"rﬁ
rne a —_.1 T = km, £, == - § Oeransnme ofo-
. T 1 T - E T B T s

SHAYEHMA  ACHL U3 npentygymero waino:enns w puc. 21, Hpunenne
Kk ypasrennw (4.3) npeodpasosanue Jlamaca, noayuusm ypasuenmne
aas mzodpaskennii u (r, p)
i 1 U ' If E

e ol (. My BN p (4.4)

art ' oF ar i p*

PeHIennesM KOTOporo B o0mEeM BHJAC ARIACTCH ¥PABHEHHE
! ..“rg &
Ulr, p) = = -+ —

- + Al (wr) - BK, (wr), w= V% . (4.5)

Onpegenus nocrosuune A w B npu rpanuumax veaosmax

(i), abilre, 2y ‘ el
T_ﬂn e el (rey p) = — =
0l



H DOJICTABHAB X B BHpa;ienne (4.5), oKoHYaTeNbHO AAA Baolpasienna
U (r, p) momydun
Hn H,—H -
U, p) = 2+ —+ e +—r) X

s _th (1) ."u{mr‘} _:.ﬁu l'.u"rl-’ (wh) : (4.6)

rae
A=wl[K, (wh)I (wr))— K, (wrc) I, (wR)]—

— g [ Ky (wR) I (wr,) 4 K, (wr.) I, (wR))],

I, (z), I, (), & () 1 Fey () — mapecTnnie Qyuximn Beccean myaeso-
ro ¥ IePBOrO NOPH/KOB OT MEEMOro aprymenTta z. [Ipumenus k ypasme-
auio (4.6) oOparnoe npeobpaszopanne Jlanaaca m onycTHB NPH TOM Jl0-
BOJIBHO TPOMO3IKHE HNPOMEKYTOYHBLIC BLIKJAJAKH, DOJIYYHM JJIA
onpefeleHHA N0JO0KeHRHA yposus M caejyomee supaKenne:

3 o
z}P,.e et (4.7)

n

H(r )= H () — a6, 3 [fﬂu—‘Hn]'—' oA

=]

/e
H()=H, 42— (ln ——F- Z:rl:(l‘i] l_’r‘—r‘], (4.8)

.f‘]‘{::ﬂ'_i [Ags (ree,) — B, Y, {rcr."]]
M, !
My = Bi— (an + c4) J1 (@),
A = anY, () + €Yo (rean), B = and, (rettn) + c4J (reain),

- Fa

re = -z, Cu = Cu R, F=J—’;; -,,r=~—£‘—‘ Gp — KOPHE ¥paBHEHHA
Y,(@B—J,(x) A =0, (4.9)

Jo (), Iy (1), Yo (4} m Yy (y)—mnasectnnie gyakumn Lecceas myme-
BOT'0 H NePBOL0 UOPHAAKOB OT JIeliCTENTEIBHOTO APTYMEHTA If.
Ilposepxa noxaausaer, uro ypasaeaue (4.7) ymoBaersopsier rpa-
HHYHBIM 0 HaT941sHEM yeaosuas. [Ipn ¢ — oo 3 ypasnenna (4.7) mo-
ayausM dopmyay (4.8) naa yCTAHOBHBINEIOCH pesuMa QHIALTPALMM.
Y porens rpyHTOBHX BOJA Ha BuemHeil rpammne moTtoka maiigesm c
HOMOUIEI BEIPAKEHEA

H(R, )= H (R)+ %, i[{ﬂn—m— .

B

e_wi', (4.10)

T ann

n

n ] Jy(e,) B,

4 YPOBOHL I'PYHTOBEIX BOJ YV CKBAMKHHE

H (rey ) = Ho + 22 E[{Hn—ﬂa—- s ] L ST
oo | n "
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rne H (R) u H, — m3pecTHHE YPOBHE IPYHTOBKX BOJ IPH YCTAHORHE-
MeMCA PerHMEe II}H'ILTPHII,HH,

H(R) = H. + 55 (In 7-—05 +2a®), M. =M. + 25~ 0.

Tle6nT ckpamunn Q numremuy o Gopuyae (4.1). Onyeran npose-
JRYTOTHBIe BHKIAJKHE, OKOHIATEILHYI0 QOpPMYIY [UIA ONpPe/ieiIennsn je-
OmTa rpYHTOBLIX BOJ| NPEJCTABHM B B

e 2 ] J, 2
QW =0 -+47 ¥ [tl— I T— 25| S 7, (12
=1 "

rpe Q = ne (R* — F‘E} — e0uT NpH YCTAHOBHBINEMCH peéruMe QHIL-
TpamuE, T. €. Opn { — co.

Pacemorpum HekoTOopre YacTHLIE CJIYVYaH.

1. lpn orcyrersum nuduasrpanmn (e = 0) wa (4.7) u (4.12) nomy-
9HM

- o0 e
H(r,t) = Ho— ne,(Hy— Ho) ¥ Pne 7, (4.13)
n=}
— l{“n] —'pmzr
Q (t) = 4nTc" (Hy— H.) ‘5‘ nl, (4.14)
nn[

Ilpu ¢t - co ua dopmya (4.13) n (4.14) cnenyer, wro Hl = ., Q = 0.

2. Ecan nogbem ypOBHA FPYHTOBBIX BOJ HAYHHAETCH TOC1€ HAavaja
HHQUABTpauME, TO B pacdeTHuLX (popymyaax HeoOXOAHMMO HONOKHTH
H, = H.

Ilia ogpopoanoro 0e3HANOPHOTO HOTOKA ¢ TOPHAOHTAIBHLM BOJLO-
ynopos fozee npHeMJAeMOil ABIAACTCH JIMHCAPHIAIMA HCXOAHAIX YPaB-
Henwit no propomy cnocoby — H, A. DBarposa — II, 1I. Bepurusa,—
KOTOpas M03B0OJACT HeNoCPeACTBCHOO 0NPCAedaTs IayOonHM Gesnanop-
HOI'O IIOTORA. l‘iﬂﬂﬂ:i LiyH NIBCCTHHIE NpHEMBI oo nepexoiy oT Halopon
(yposmeit) H B norokax ¢ HoCToAHHOIN NPOBOARMOCTEI0 K raydnuaM /i

B GeamanopemX norokrax (A = _TT ann h =V 2mil), HETPYAHO CO-

CTABHATH PACUYETHLIC 3ABMCHMOCTH 1A cayuad De3HANOPHOrO OJHOPO-
HOTO HOTOKA ¢ FOPMIOHTAIBHEAM Bojoynopom [67].

ITpr BeinonEEeENE PACTIETOB YacTO MOTPEOVeTes HAXOMUTH (PYHKUMH
beccean nas maawx anavwenwi aprysmenta y. B oTom cayuae gaa pm-
YHCAeHUA Y00H0 BOCTIONBIOBATECH NPROIMMCIHEMY (hOopPMYIaMU

2
Jo(y) =1—-35 Jy(g) =—4— Tb :
_
Yo ) == (0577 + lg 5} Jo 9
) ' g y
Yy () = — =~ +%|k[},a?'.-' + ), )
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koropeie npn y << 0,01 ympomasores k Bagy

! 2
Loy =1 Ji) = B e
Y, (y) = %(n,m? +In4); B=q,

ITpu BrmeaeRun CYMM PALOR B GOJIBITHHCTRE CAYYACE B pacier-
HBIX QOpMyJIax MOMHO OFPAHHYHTHECA OHHM HJIM J{BYMSA WICHAMH PAIA.
Ha ocuopamum noayuenworo pemenns 8§ 2 ra. 0 mpupejens npak-
THYECKHE PeROMEeHJAINMN JJIA pacTeTa paceMaTpuBacMoil cxemul (huiin-
TPAILHH.

§ 2, CKBAGKRITHA B KPY¥TOROT
TPEXCIORNON MO MONHOCTH OBJACTH dILIBT PAIIMH
TP OTKAYMKAX C IIOCTOAHHLIM ¥ POBHEM

Pacemorpuym nawbojiee xapakrepume caydal OoTKadex o
HOCTOAHHLIM YPOBHCM. '1} H3 BePXHETOD M HHAHEro CJoes ¥ 2) TOJBKO
us Hkpero cion (T4l Heycrarosnrimeecs nBinkerre TPYHTOBLIX BOj
B TPeXcA0iHOil BOJAOHOCHOIT TOJIE TPH JRECTHOM pPOiKuMe (uIBTpa-
IHE B PASEILHOM CTa00TIPONMLACMOM CI0€ W HAJAMUHE HHQIIBTpA-
MHOHEOIO OHTAHTA ONACLHIBASTCH CHCTEMOH YpaBHCHKI

] EJ-EI'_';1 1. ﬂS. = B‘Si
'5':[~ d,.T"Jr r Ar )—'33'1{31—32}‘—‘5: at ? N
28 1 as as (&id)
(Yo 2 - .o L
% L dr? 5 r dr ] + 02 (5, —8a) = T
rie
. i 3 ]
Hy Ha Hyg gt g 18y

Si(r, t) = I, — H;(r, ) — noRIGKEHNT YPOBUA FPYATOBHX BOJ
B BEPXHeM I HILEOeM OCHOBHHX CI0AX ¢ nposogumoctavn Ty = kym,
u Iy =kymg, g, u H; (r, {) — ypoBHU jlo HAYaJA W B OPOIECCE OTKA'-
gu (i =1, 2), uy 1 py — woodduuuuenTu CoOOTBETCTEEHHO MPABUTALLMOH-
HOH W yNpyroil BOJ00TIa4l OCHOBHLX BO/LOHOCHBIX CJIORE (b= ty g =
= ly). Cucrema (4.15) peuraerca npn HavaabHEX YCAOBHAX

t=0, Si=0 (4.16Ga)
H I'DAHAYHBIX YCIOBHAX
As.
t=0, r=R, w' — {} (4.160)

Ha BHemHEeM Kourype obaacta guabTpamms;
f } ﬂ,. F= Fg, LS.'F = .S: (4.1.63}
Ha CEBAMRHHE OPH OTRAYKEe ¢ OOCTOMHMMM DOHMMeHHeM H3 oboux
C/LOEB; '
a8,

>0, r=r, SL=0, §,=5. (4.16r)
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Ha CKBAJKHHE NPH OTKAYKE ¢ NOCTOAHHEM MOHIKCHNEM W3 HIDKHErO
cnos. Pemenue jgas S; npejcrapuy B Buje

Si = Si(r, ) + Si(r, 1), (4.17)
rae mommkenme S (r, 0o) HAXOAHM B PesyabTaTe PCleHns CHCTEeMb
(2.13) mam cueremul (4.15) npu £ — oo (% = J M  HpPHBEJEHHBIX
BRINE TPAHATHLIX YCAOBHAX, @ | £

noHM:eEHA S (r, ) mHaxoamm,
peman cucreMy (4.15) npue = 0
H KPaeBLX YCIAOBHAX, YEAZAHALIX
HHMKE VI KajK0ro BapuadTa 3a-
JavM.

Orkiagka ¢ nmocTo-
AHHUM TNOHHUKCHHCEM
M3 HMUHCTO M BepX-
Horo canoek {puec, 22).

Pewas cuctemy jusa S; npu rpa- :
HuuHEX yoaosuax  (4.166) m A
(4.168), naxojum pemenmne saja-
qI A YCA0BHI yeTaROBHBIIEHCA
duasTpannm:

%

Pue. 22, Pacupruns ¢XeMa OTHAMEN 03
,.'I,II:,"I{ L [RTLY

S’ (7, co) = Lo e (W, + W, — 1), (4.18)
S5 (r, 00) = l_ Tr eo (W, + W, — 1), (4.19)
rae
So=8I—2 Il 4 2—r) T=T+7T
Wi !I {::r::rt : W Ko I[c!t}?
Iy (er) + ﬁ%ﬁn (er) Ky ler,) + Tﬁf%fﬁ,{r‘,}

Ha (4.18) u(4.19), nono:us p pux r = R, MOKNO0 TOIYIATH LpiBe-
nernsie panee sapmemyoctn (3.102) u (3.103) aas onpenerenus yposaa
TPYHTOBWX BOJ HA BHemucH rpamume ofaacTd uaLT paHKE A 9acT-
Horo cayuas f; = 0 n @y = @ = 0.

Cucrema (4.15) pasm maxossaeHus TTOHMKCHMWIH S; pemaerca upm
KpPaeBEX YCJI0RHAX

t=0, Si=—S8; t=0,r=r, Si=0 t=0, r=A,

a o
AR

=0,

ur

Jlnsa aroro ® §; ppuMelunym Kouewmoe npeofpasoBaiue XaHKen

BHA
R

H (S} (r, ) = | 1V, (pr) Si(r, ) dr (4.20)
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¢ sgpom mpeoGpasopaEmsA

Vo (pr) = Jal(pr) Y, (pre) — Jo(pre) Yo (pr), (4.21)
Ijie p — KOPHH XapaKTepHCTHIECKOro YPABHLHUA
Jy (pR) Y o (prd) — Jo (pre) Y, (pR) = 0. (4.22)

3/1ech M HEAE IPH KOPHAX p W CBA3AHHEIX C HAMH DApaMeTpax ooy-

men mugexc n = 1, 2, 3,... -
WMenodsays COOTHOMEHAS, BHTeKaomue u3 ceoifets dymKumii

V (pr), a mmenno:

Vo(pra) =0, Vo(pr) -+ prvy (pr) = — prV, (pr),
2
Vl {Frf} = '

npr.

noJydaem

. R s
H{i ;_(r ii)]=SVﬂ{pr}%( . )ti?'—-*—'PSi. (4.23)

r

Fe
Tornpa encremy (4.15) Mosku0 npeobpasorats K BEAY

d'i;* = a8y, + b8z, (4.24)

ds,, i .
—— = BS2, + baSi.,

rnea = —a,p® — b, p=—ap*—b,. lIlpat =0
R
Si, = — \ rSiV, (pr) dr = §i. (4.25)
To

Peman cucremy (4.24), maxopms
Si (g —a) — bS8, My 5 (o —Ay) -+ by S, Mt

Si(pt) =8, =

. M= (4.26)
Si(p, 1) = S = 35“‘-“‘;1 ‘j‘*;f' s, by Sl ;[,- T
l"'u'B { + blbi ]
__p_ V T 1 o (4.27)

ITepexop or maobpamenua Gymrmmi Si (p, ) K X opHrmEHAJIAM S (r,
£) OCYymecTBAALTCS MO @up}::,r.ua

" e J(p RH" (P v
: g 2 i LS8 (pn £)- 4.2




Haxomnenue no Gopuyae (4.25) smagenmii Sin S, OpH onpefeIeHnn
noamwwkenuit Sy (pn, ) u Sz (pa, {) npeacranaser coGoit BeckMa rpo-
MOSIKHH Oporece.
Obmmii Bu BHpasenni gun St u S cormacno (4.18) m (4.19) cae-
My IO it
Si=oar* +fln .:T + yid, (er) + 6K, (er) + C, (4.29)

g |2
R
ﬁ=—qsf-i ﬁ=—— EE?' ' 'll"]-tﬁIA! 1}11":65‘4'

- r:lrEn — T:Er.
ﬁ] T(A+In 1;:2) G (A+l ’c—:g)

] il

T
C:=Sn_%'3m C:=Sn+'TLEI' A = 2aAf'.

[Topcranme sHavenms S; B dopmyay (4.25), DOTYIAM 2aBHCHMOCTH

R R
E'Ez—uiﬁmprndr—ﬁﬁrln,.i olpr) dr —: § 1oer) Vo (pr) dr —

R
— 8  rK, (er) Vo (pr) dr — [mrv (pr) dr, (4.30)
e
B Kotopoil yaxoua V, (pr) maxomatca mo dopmyae (4.21). Torpa,
HAlpUMEp, NepBHIl HHTErPal MOMKHO npezr.cranﬂ'rh B BHAE

H
—c I;r“Tf"n (pr) dr = uﬂj PJ, (pr)dr 4 aw 5 r*Y o(pr) dr,

roe

0 — — Y, (prd) =0,64 In 1;;:2 , w=Jy(pr) =1.

c

AHAJOTNTIO MO{HO HPEACTABHTE H APYIHE MHETErpaibkl 3aBUCHMOCTH
(4.30), B peaynnTaTe BEIIHCAEHNHA MATErPAJIOE OKOHIATEALHO jLJ15 01l

pejesenusa 3HAMEHMIT Si moxyums pacgeTuyo dopmyay

IS"II = Fi + ﬁ':P! + Yifs + ﬁ.l‘p_‘ -+ Eiq:"a.]- {43“

dnecw @; = Bg; + wo; (i =1, 2,3, 4, 5);
0 =wl, () — 2T2 (0 @1 =RY, () —2Y s () —
=plo =7, @+ LW —1 =pla-Y, @+
4 Y, (1) + 0,64 In 112,

J""':
T 8149 97




- 0,3 0.5 1,0 1.5 2,0
¥ 0,015 0,06 0,21 0,38 0,45
™ —0,08 —0,05 —0,03 0,42 0,39
s 0,03 0,12 0,44 0,84 1,45
s —0,04 0,10 —0,14 —0,02 0,42
P 0,0153 0,063 0.2 0,457 0,502

= : 2
¢ s s
_ i@l tuh(e) /i . ely{e) Yo (0) + wlo(e) Ya () +—

. 2 y Ny — -
1+ () t+(<)
— 1 — ek, {€) Jo (n) %— ;;K., (@) J, (w) :
1+ (5]
. OIn K —aKy (5Y )+ 1y (0) Yy )
W= = .3 '
)

- 2
@y =Sy (W; @ =pY,(p)+ -,

F

rme p=pR, e=cR, r= % y To== -ﬁ"—. Uncnennue sgagennsa mapa-

MCTPOB @, ; # 0 105 PA3IMYHLIX W, F'. W ¢ NPHBEJIER: B Taba, 11—13,

[Ipn ¢>> 3 MOMHO HONOKATH (=~ 3 .

4= 14 (-=

OxomgarensHo gopmyasl AIA oupeneienus Doumsemut S, (r, {) n
S, (r, f) npencrabEM B BANE

)g ¥ '-'P;Z

i ) = Si4+ 5= 3 P(un) Vo (1) 5i (s ), (4.32)

Ti==]

T ()
rae pyeroua P (p,) = ﬁl’;—n—i (Mocnennne sHaveHUA dToll ymx-
— TS,

nuu opusegens B tabn. 13), p, = pafl — Kopum ypasmenma (4.22)
(3Ha9eHHA ero nepBHIX YeTHpex KOpPHe npuseiens B Tadn, 14).
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TaGanua 11

2.5 1.0 3.5 4,0 5,0

l
0,35 0,04 —0,42 —.49 —1,73
0,67 0,93 1.10 1,00 (1,05
1,25 1,02 0,45 —0,26 —1,63
1,01 1,60 2,02 2,23 1,38
0,34 0.13 0,019 0,0044 0,116

Mpn pacuerax no gopuyae (1.32) 8 Qopuyne (4.31) neodxogamo
onyeTnTnL Koadupunment % es cymecTrRenHoro CHHAKEHHA TOTHOCTH

pacacrayio gopyyay (4.32) MoEHO YUPOCTATE, €CIAH YUECTh, 1TO Aj <<
< 0, |2 > |2, | ke | > | @ |, Torna eropus uienoMm b dopuyaax
(4.20), copepsiamum e™', BuoJme MOKHO upenedipeds U BO MHOPHX
CAYVTARX OPpAHNIATEL pﬂ{:-'![—.‘.‘ThI }Fﬂﬂ']]:'l{i'l HHeM TJIeHa pAda 1 = '1.

Obumii pedur ckBasknAE () COCTOMT N3 PACXO/0B, TOCTYNAIOINKN
B cKBaHAY U3 Bepxuero (Q)) u mmnero (@) caoes, Menoanayn wa-
BECTHOC BLIpa-KeHHE
a5,

e Fe=ra ¥

Qi = —2nrT;

OKOHYATCILHO A onpejie’lenaa pacxoxon ) u (), noydaem

0 () = Q, + 2T, N P (1) S} (s 8),

“:’ (4.33)
Q)= Q.+ EnﬁTn :ﬂ P (un) Si:. (L n, 1)
n=|
dnecn
O = B () 4 2 g,
Q=20 (g —py — 2lste g, (4.34)
1
(e L
(n re N J

— HIBECTHHE PACXOJR NPH YCTAHOBHBIICHCA (UALTPAITHH, KOTOpH e
TaKksKe caeiyior na (3.104) u (3.105) npu i— co. Hetpyano yGenntucs,

aro Q = Q, -+ @, = ne (R — r).
7" 99



TApwe 0.5 0.5 1,0 2,0
r.=0,01
P 043 0,50 1,79 4,49
P —0,16 —0,32 —0,40 2,09
0 3,88 5,45 l 3,01 2,57
r, = 0,004
P 0,20 0,78 2,81 7.12
% —0,29 —10),51 —0,83 3,08
b 5,30 4,92 4,48 4,03
;¢ == (,0001
P 0,27 1,14 3,83 9,74
w 0% —0,82 —1,14 4,08
v 6,82 6,40 5,93 5,50

OTkauka ¢ NOCTOAHHLWLM HNOHKHKNEeHMHEeM H3I
gudkEero cnosa (puc. 23). B peayasrare peineHms cH-

cremul an S npH rpaunyHLX yeacsmax (4.166) u(4.16r) mmeen

. T 1,12
S, 00) = 220 — oy — 470 (10 22 4 4)—

— B [Ty (er) A+ K, (en), (4.35)

S o A2
Si(r, 00) = S0 _ %ﬁ-[ln L2 LA, A—EK, {cr]l.
(4.36)

Ionoxine B oTHX dopmynax r = R, monyvuM npHBeJeHHLE paHee 3a-
BHCHMOCTH JAJA ONpPe/ieICHHA YPOBHA TPYHTOBHX BOJ HA BHEMHEK
rpasane obpacte guasTpanm,

Pemennme cueremut 1A HAXO0MICHHA noHMKeHW Sy BRINOJIHACTCH
NpH KPAaeBLIX YCIOBMAX

L \ a8’ "
f-==ﬂ, S{=—-Si: #:"..rﬂ, Fr=r, ﬂ—‘f:ﬂ: Sazﬂ: I‘,'...‘-ﬂ,
as;
r"nnﬂ, Br =ﬂ.
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Tabnunga 12

2.5 3.0 1.5 4.0 B0
4,70 3,42 0.88 —2,59 —8,70
4,60 7,42 4,00 0,44 5,00
2,43 2,31 2.21 212 1,498
7,58 2,70 2.0d) —3,20 —{25
6,08 10,9 13,8 14,0 8,26
3,89 3,78 3,68 3.59 3,44
10,46 8,00 3,13 —0,8 —16,2

9,27 14,5 18,5 19,7 11,5

5,37 5,25 2,15 5,07 4.2

AHAJNOTHYHO, KoK M B NPEILAYIEM Clydae, IPUMEHIM KOHEYHOE npe-
oOpasoranne Xaukean (4.20), vo ¢ aapou

Uglpr) = p [Yo (pr) Jy (pre) — Jo (pr) Y (pre)l, (4.37)

rae p — KOPHH XapakTepHcTHUCCKO-
ro ypacocHHHA

PP LY, (pr) J, (pRY— Y, (pR) J, X
X (pre)] = 0. (4.38)

duavuenus NePBHX Tpex KopHeii
P1, Pg M Py MOTYT OHITH B3ATH M3
Taba. 15. Menoapaysa cooTHOmMenuH,
BhITEKAOUHEe H3 CBOHCTD QyHEUHI
U, (pr), nonyuaem npeoGpasoBanuyio
CHCTEMY
- F— . . | 43
- Q',Sh —- ,EJIS::_, Puc. 23. Pacuernas cieMa oTKat-

dt KH H3 UHHEHETD CJIOR.
dIB. -_— L] 2
— = PBS2, + bsSy, — =g (1), (4.39)
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0,25 0,5 1.0 1,5 2,0
e= 1,0
Py 0,04 0,44 0,50 0,94 1,27
Ps —0,04 —0,11 —0,15 0,05 0,53
@y 0,025 0,100 0,30 0,72 1,07
@y —0,034 —0,084 —0,195 —0,165 0,04
c=2,0
P3 0,06 0,19 0,68 1,27 1,67
s —0,06 —0,4 —0,18 0,16 0,88
Fi 0,011 0,044 0,168 0,345 0,535
Py —0,018 —0,049 —0,11 —0,12 —0,081
i=35
T3 0,11 0,43 1,50 2,68 3,90
g —0,13 —0,29 —0,2 0,67 2,50
P, 0,05 0,020 0,075 0,155 0,246
T4 —0,000 —0,025 —0,060 0,080 —0,083
¢= 4,5
®3 0,21 0,82 2,86 5,00 5,88
o —0,23 —0,53 —0,32 1,62 5,27
P 0,003 0,012 0,047 0,097 0,165
9, —0,006 —0,017 —0,045 —0,068 —0,085
=50
P 0,30 1,45 4,03 7,00 842
Py —0,41 — 0,74 —0,38 2,49 7,84
¥y 0,002 0,010 0,038 0,082 0438
¥ —0,005 —0,015 —0,040 —0,063 —0,081
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Tabamga 13

2.8 8,0 3,5 &.0 5,0
1,34 1,02 0,37 —0,51 —2,10
1,24 1,87 2,38 2,40 1,20
1,34 1,44 1,33 1,06 0,54
0,37 0,77 1,16 1,44 1,42
1,64 1,02 —0,05 —1,49 -3,72
1,88 2,80 312 3,30 1,17
0,60 0,82 0,88 0,87 0,76
0,035 0,180 0,35 0,50 0,65
2,78 0,80 —2,36 —5,99 —10,65
4,83 0,80 7.67 6,76 —0,40
0,338 0,425 0,500 0,566 0,670
—0,073 —0,043 0 0,04 0,16
4,12 —0,08 —8,11 —14,10 —22 60
9,8 13,50 14,70 12,0 —4.3
0,235 0,308 0,376 0,442 0,552
—0,088 —0,080 —0,062 —0,037 —0,030
5,60 —1,00 —10,90 —21,60 —33,05
14,38 19,5 20,7 16,2 —3.4
0,190 0,265 0,329 0,3M 0,5
—0,088 —0,084 — 0,071 0,057 0
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rne

85, (r, e 2
g(d) = 2: ) @ =—ap’—by, p=—ap*—by. llpn t=0
H -
§i, = —{ rSi () Uy (pr) dr = §. (4.40)
Te
TaGnannma 14
= ppR
0,2 0,1 0,01 0,001 0,0001 0,00001
My 1,42 1,10 0,717 0,569 0,486 0,431
™ 5,08 4,97 4,290 4,111 4,032 3,987
s 969 | 850 | 7.546 7:320 7,228 7478
b 13,70 | 1210 | 10,766 | 40,499 10,396 10,342

B panpmeiimesm naa GonbiaX SHAYCHHI BpeMeHH MOKHO OrpaHH-
quThCA pemenmen cueremiut (4.39) npu koprax p = 0 m p,, BeTEACTBHE
q9er0 MOCAE HOKOTOPHX YIPOMEHHN MOy THM:

[}
opa p=08}, (0, £) = Ay — v, jg (r) dv, rae
1]

v by S5, (0, 0) 4 b5, 0, 0) - _ __2azh,
1= by 1 by A N

It
81, 0, 0) =— [ rS; () ar:
o ol |

St oy ) =

S, (g — ) — B,5, oy [
= el — 02\ Gult—ng (1) dr,
Ayt — Ay nf.iu—i-n}ug T

(4.41)
A d VA =L (4.42)

e - = r— -_ﬂ
sy =“_l‘£|‘__ﬁl_ I/(E‘J_ﬂl] - bybs.

Hecnonbsosas gopmyay oOpamenus m ofoznaqaus p = %—, OO YIHEM

S1(ry 8) = 5 S1, 0, ) + - S, (s ) Q) U (), (4.43)
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roe
m{ﬂd=_"?{_'"] i AL
mr)—Jim) Yy —YZ(ny

3aTemM K HCXONHOI cucTese ana S (r, {) HpUMERNM KOHCUHOe npeolpa-
sopanme Xamkens ¢ anpom (4.21), B KoTopoM Kopuu p onpenensiiorcs
no ypasHenmio (4.22).

Hak n B npepsymax cauy- Tabauna 15
gaAx, mHaiigem opeobpasoban- = :
HYI0 CHCTeMY " M
[ ﬂ' o7
. " B

2y
==18 B 44) M | 3957 | 3833 | 3832 383
ne | 7.426 | 7020 | 7016 | 7,015
ds,, . , N | 10,981 | 10182 | 10174 | 10174
—— = PSa, + 0,5y,

rae f ()=8y (r., 1), a KoaunnenTs o 1 [} onpeneannTCA N0 TpeaEIY-
muM coothomenusam, Ilpn ¢ = 0 nmeem (4.25), Broca mexoropuie
YOPOILEHUA W OFPAHMYHBAA PCUICHAE CHCTEMB OPH KOpHE py, DOJYy-
qaeM

: . Sa(hey =P )— 330

SE (F” t} = 32" e - !;-.:1 —BIJL:I I tﬁiﬂl —

s 2a,b,
7 (Ayy = A

I
- j’e"""‘“f (v) d, (4.45)
[l

rae Ay, 1 Ay onpegensawores ua coornomennii (4.27) upm n = 1. Tlepe-

xop, or usoOpamenmit dymxnuit S, (p, {) x ux opurmmanam Ss (r, t)
ocymecTniaes no gopmyne (4.28), B peayasTaTe Gcro moaydaes

Sa(ry 1) = 55 (g, 1) Py (1) Vo (w1, (4.46)

Iy
rae P, (py) = T’t'ii" P(n,). Henonsays yenoBme Ha CEBLMHO r =

== I, COCTABJIAEMN CHCTEMY MHTErpajbHHX YpaBHenmil
[

g () = Ayer v, [ ent=0f (1) dr,
" (4.47)
[ @) = A+ Agehid - { [vy + voePnt=0] g (x) dr,
U

rae

EI‘J:ﬂl 2 o Eblﬂg

vl:fcﬂ'l.l'_l:l} Py () VSRR . Mgl =— U (n,),

r‘, [11[ — }-g-l!
i0o



—B)—3b —_—
Ayre—" Sy gy — By) i.P#fIh]s A, =-§,—..=I

L 111—11
— ) — b, S2
A; = :: 31{1“ _IL : 'I'l'l 1)

Pemenme HETErpajgbHLIX YPABHEeHHHE MOKHO CBECTH K PEIIEHHIO
CHCTeME 00OKKHOBEHHLIX ILHM‘E]JEHJIHMLRH: ypaBhenmit

dg
__.=:llr +|:1,1n +1,1}__1|L g,
I1 ﬂ 2z 3 211 {4.
e = A€ + Vf

¢ HAYANbHEMH YCIOBHAMM

gl0)=4,, f(0)=A4,+ 4 d':r# = iuﬂ‘ia + (vg -+ vy) 4,

a*g (0} 3 _dg (0) df (0)
—a_ oimTgr + v Q"

Pemernne oT0l CHCTEME! HME8T BH[L

f) =3 Cie®™, glt)=3 Cue™, (4.49)
fi=i

i=}
rne ﬂ{ ﬂ'ﬂPﬂJJ,EJ'.lHIﬂTEH H3 I-H.]]EHTBPEETH"IEBK&I‘D ]FFIEIEEEEH

— (hiy + M) 8 + [Agyhoy — ¥y (Vg + va)l 8 + vivohyy =0, (4.50)
a KooppummenTh
Ci=" (=123 1=1,2 (4.51)

"5-=':53_ 1]':63_61}{'51 ﬁﬂ':
By = 1 (0) (838, — 830y) — L\ (83 — &%) + ZLO. 5, — ),

Agy = — £(0) (835, — 836 + L0 g3 g} — 2O (5,3,
Agy = £ (0) (838, — 88 — L 85— &%) + - ‘“‘ (8, — 5,
ﬂu=g(ﬂ1[&ﬁ,—&ﬁa}—i‘§m§—6§a— “'5,‘.”’ (8, — 8,),
By = — g (0) (638, — 8i0;) + £ (88— 5) — L0 (5,3,
By = g (0) (838, — 836,) — 10 (83 — &) + ZE). (8, —3,).

Hs ertEx coorHomemmit Bmamo, aro Aj; € Ay, Ay (=1, 2).
lipome Toro, |[Ay| » | Ayl | A | 3> |Aj2], 970 moseonser pexo-
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MEHJ0BaTH NAA onpenexenusa dyaxnmi f m g Gonee npocroe BEIpaReHHe
f6) =1(0) e, g(t)=g(0)e%. (4.52)

Ecan cymecteyer HeobxogamocTs B Ooziee ToWHOM pacuere, To MOMHO
HCHOMb30BATE SABHCHMOCTH

f(t) = Cpe®' + Cyye,
g (f) = Cyo8™* -+ Cpee.

Onpepeans sHavennA QpyEKOmMi f @ g, okoEvaTenbHue QopMyan aas
HAXOJKACHAA NOHMKenHi Tpr GoNbMHX 3HAYCHHAX BPEMEHH OpencTa-
BHM B BHJE

Sy (ry 8) = S1 () + -HET S}, (0, t) + “2’ : [f (t) --,%r 51 (0, t]]Un (mr),
(4.54)

(4:33)

Se(r, 1) = S2 {r}—%fﬂ} Ve U'I’:I.;]

Jle0nT CKBaKHAL onpejelfeTcAa no dopmyne
Q(t) = Q— 2nr Tyg (1), (4.55)

rie Q = me (R? — r2) — pPACXO CKBA)KMHL UPH YCTAHOBHBILEMCH
pesnme daneTpaunn ( £ — oo).

Ha Gase nonydennanix pemenmii B ra. O nocrpoens npadimikennse
HHE/KEHEDHEE METOJLl PACYeTa M COLOCTABJIEHL PE3yJbTaTil PACIeTosB
00 TOUHLM H ONPHOMMKeHHERM QopMyaaM,

§ 3. CKBAJKHHA B KPYT'OBOH
TPEXCJORAHOR MO MOMIAOCTH OBJACTH OHJILBTPAIINH
NMPA OTKAYKAX C NOCTOAHHLIM JNEFHTOM

PaccMOTpHM aHAJOTHIHYH CXeMY BePTHKAJILHOIO ApeHA-
KA ¢ (MILTPAMH CKBAaKMH B OJHOM M3 CJOEB TpexciaoiiHoro rpysra,
HO IPH OTKA9KaX ¢ nocToaBELM aeburom [84].
OTkauka ¢ MOCTOAHHHMM JeODAToM H3 HHK-
Hero c¢aoasn(em pae. 23). Mexonman cucrema ypasmemmit (4.15)
ocTaeTcA NpH CACAVIONIAX KpaemslX YCIAOBAAX:

t=0, =0, t>0, r=r, - =0, —2wl,Zt=0;
| 65, _ @S
t>0, r=R, 2t =10 (4.56)

ITpencrasum S, (r, £) B BuAe cymmu aByX QyBRKnni, ofAy B3 Ko-
TOPHX, & mMerHo [ (r), Moxem BuGRpaTh npom3BOJAbHO, TPebya Anmb
BHIOJHEHEHA YCJAOBHMR

—2mTy | =0 4| =0 (4.56a)
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Yaurusan, ato S, (r, ) = v (r, ) + f (r), mcxonuyio cmcTeMy sanm-
IHIeM B BHIOIE

o (G + 7 5) —h =) + b )~ = G,

(4.57)
s (5 + ) F B 1= + @ () — bl ) = 5.

IIpEmennam k cEcTeMe (4.57) xomeunoe npeoGpasosarne XaHKe A BHAA
(4.20) ¢ axpom mpeobpasosanus (4.37), B KOTOPOM p — KOPHH Xapak-
TepucTEYecKoro ypasuenna (4.38). Torpa maa mynesoro xopusa p = (
cactema (4.57) npeobpasyerca K BUAY

ds
—a= b 09 —n 000, 58)

—i— = by [Sy, (0, £t — v, (0, )] + g2. (0)

¢ HAYAJNBHBIMHA VCIOBHAMH

R
81, (0, 0) =0; v,(0,0) =— = { r(r) ar.

B cucreme (4.58)

R
_ & _ 2,
Ei,{ﬂ,ﬂ.@}—- ™ R irf{r}dri

R
82,0, Q) = g — —"*j:—f rf () dr-
Hasa xopreii py (n = 1, 2, 3, ...) noayvaem cucTemy
dSy, (Pps 1)

di =a S1, (Pns T) + by (Pny £) — 81, (Pn),
vy (P, 1) (4.59)
tPn L BS1, (Pns 1) +Buby (P 1) + £2. (00)

¢ HAYAJIBHRIMH YCI0BHAMH

R
S1, (pn, 0) =0, vy (Pn U) =5~"f (r) Vo (pa, 7) dr-

R
dneck coraacmo (4.38) j. rVolpnr)dr = 0. Toraa

R

g1, (ony Q) = — by | 1/ (1) V, (pw) d,

Te
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R it
2. (ou Q) =, {5 (r 5 ) Volour) dr — o { 1f () Vi pur) i,

e Fe

oy = _HLP:!I_"*'D Ba= _"EIEF"?E — by,
Pemenne cucremsl (4.58) umeer nup
1 0) 4 g, (0
8y, (0, 1) = T,,.l_—bg[h [u* 0, 0) -+ £, O+ 8, ( }le“""“"" 1

by + by
. . E1, {0y £z, {0 |
+ Vs (0, 0) 0y — by —=———==— + [g2, (0) b, — g1, (0) b] #}1 (4.60)

i O+ O] _
Vg {{}1 ﬂ = m {-E-'g [U* {D, ﬂ_} —gh’ bli +i‘:‘ u} ]1‘3’ (B -0yt +
gi, {ﬂ} -+ Ea, {D-]

i + (82, 0) by — 1, (0) byl e

- vg (0, 0) by - By
Jlerko nokaaarte, WTo

k
182, (0) by — g1, (0) bl £ = —2— [T?F. s g] t. (4.61)
B sapuenyocTy 0T COOTHOIERHA MEHKAY () H & MOIKHO TONYUHTE TPH Ka-
YECTBEHHO DA3NHYHEIX caygasg () << neft?, Q = nef* u 0 > aeR?2,
B mactooctn, Toasko npr ¢ = neR® uckomuie seamumart S; (r, ) Gy-
LYT HMETL LHpPH { — co CTAHOHAPHLIE TaCTH.
- Humske pacemorpen manfosee mutepecHLIl A OPaKTHKH Cayuaii
Q > neR*
Pemenue cuctemnt (4.09) npu cooTBeTcTRYOMMX HATAJALABIX VCJI0-
BHAX HMeeT BH/L (3/1eCh i HHKE IPE KOPHAX O U CBASAHHRIX ¢ HUME No-
paMeTpax onymieH HBzexc n = 1, 2, 3)

T L e N

Ay — Ao
s A (A — ) —AI[ET, 0y — B &, TOR, 4
0y (p, 1) = [ (p, ) —Elfi: o) — b, gt 1
i _Aby — |y “:‘:lﬂlim{le —cz) el LB, (4.62)
7 A pey, (. ?_}I + bygs (p, Q) o T oo [p,_{)_} + a2y (p, Q)
Sfiy ofh — by, !

=250 |/[i;—f*)“ +bidy

h=2EP 1/ (E5E) Lua,.
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Ilepexon ot naobGpasncennii dyaxumit Sy, (p, §) # v, (p, ) ® @OX opurmna-
JaM OCYHIECTRIMCTCA ¢ HOMOILIBI0 COOTBETCTBYlmuXx d¢opmyn obpa-
e s

Sy (s ) =81, 0, 1) + o= 38y, (s ) On (1) Vo (),
o (4.63)
Sa(ry ) = vy (0, 8) + RTE }:i Vg (May 1) D (M) Vg (M) + (7).
=
I3 (ny)
Ji(nard) —J5(n,)
Pﬂ.ﬂﬂ-h[ﬂ'l"[_'lllhl TAaCTE HCHROMBIX BEeIHYNH, HE JaBHCALINHE OT HI}EMEIIFI,

KOTOpHIe 10CJ¢ HeCHOMHBX npeodpasoBaHAl MOMKHO NpeAcTaBHTh B
CAelymesM BHIe:

31 {7 K by 3!' by ( HE; 5 n‘.fg ] T I:Ii A 7Pn (M) Fﬂ{‘"ﬂr,]i
(4.64)

= = r
ﬂn=PnR: T=F, rﬂ='ﬁ"l mﬂ{“ﬂ}=

R
So () =— 5 | ) dr + 2 (- + ) +

+ 22 N Ba®n (1) Vo (a) + £ ()

n=i
Tax kav A, = Ay (pn, @) Bn = By (pa, @), To 0pH paccMoOTpennn ana-
JOTHYMHOIL 3ajla4l ¢ TeMH e napaMerpaMM, HO APYIrHM SHa'lCHHEM
HHTEHCHBHOCTH HHQHIABTPAIMOHHOIO NUTAHNSA € I10JY9acM

- b E—E
Si(r) = —— -+ Si, (r
l{ by -1 by By b ': ]
Ecam pmbpats & = %, TO ._5_,-_ (r) OynyTt craumoHApHHMH (YyHK-

MHAMHE JIJIA COOTBETCTBY ORI 2agaun € = . Torja

Sl Ey g—E d.'i‘ ert (2 %
5, ()= by+ by oy + So— Inr+4 2= ar ZaT
or (4.65)
§] by E—& e R? er 1
() =536 —— To— g Inr+ 77 —2arr; X

En,

X (Al (en) + Ko (er)) +

- e T :
rae g, = —::—?T’-mw A =2nAf'. Henasecruaa noctomunas S, oupe-
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feIAeTCA W3 YCIOBHA COXPAHCHHA CyMMapHO#l Maccs BOgH B oGomx
XOPOmO NPOHAIAEMEIX CITOAX

R
{7 (10t () + paS2 (9] dr = 0. (4.66)

[IponaTerpuporar eupasense (4.66) u cuenas HekoTOpHE YOpomenna,
moayauym dopMmyny

3eR* el £y QreKy(er) | p, Ty —nT
Sﬁ-——BT—-F?lnR-[-[?'Fm ll‘!l‘}‘ll:l . (4.67)

OKoHUYATEABHO 3aBACHMOCTH NJIA HAXOMJCHAA NOHH:KCHHEI HMe-
KT BH]

S0 ) =5, () + 2 F(S1, (s ) — Aa) On (1) Vs (17) +

n=]
1 ki
-+ (e —e)t,
i S My ) (4.68)
$1(ry ) = 52.0) + =3 3 (04 (tns ) — Bl On (1) Vo (nar) +
1 Y
+- e E—e)t.

dnecs dyrxmmo f (r) nas ynoGersa pacdera ciaeayer BuOHpaTh B Buge
vr: +E In ';—, rpe KoadgduumenTs v u L onpefenalOTeA H3 YCAOBHiD

(4.56a), Dﬂﬂ;l'{ﬂT'EﬂhHﬂ pyaxmusa f (r) ameer Bug

A Q i r
fr) = i (2 R® In -:). (4.69)
Torpa
o d d
5 - (r 2 )Vu[p.,r}dr -0,
£, [Pm Q} = _"bﬂ-"‘t {plt:- ﬂj,
4.70
g2, {P‘m Q] - b‘aﬂt ':Pm ﬂ]'l [ }
rge :

R

R
Vg (Pns 0) = !‘ PV, (par) dr +E ‘5 rinV, (par) dr.
s Ts
Bruamcasem kaspmii materpan orgennuo:

R
§ Vs (pur) dr = —— (09} + ),
r, L

kR
§ rIn ¥, (pur) dr = —— @ + ogs).
Ta n
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31ech
Pn'e
2 ¥

E=FI (pnre) =~ — ' I':"-"—"-r;t (Pare) =

np,r,

1= 3 (1) = 273 (W), = Y4 (1) —2¥ s () —

‘ R " n
‘P:E“nl"'T_'J:{‘]n} +Jo(Ma) — 1, 'F2=ﬁnlan'Y1{TIn}+

1,12

N, T

+ Yo () + 0,64 In

£

bea cymecTBeHHOT0 CHHKCHHA TOTHOCTH pacuetayw Qopuyay (4.68)
MOYKHO YHIPOCTHTB, €CAH y4ectb, 910 Ay & 0 m | Ay | & | Ao |. Torna
opuaM wienoM B opmynax (4.62) emoswe momHO npemebpeds M Bo
MHOTHX CIy9afX pacueTH OrPAaHNIHTE YJAep:KaHHeM 4YieHa pAja
cn =1,

Orkadka ¢ MocCTOAHEMM febuHToM H3 Bepx-
Hero ciaoda BoaroM ciyvae rpannYnnie YCIOBHA HA CKBayKHHe
CAeNVIOmue;

a5 a8
:}ﬂ, r=rg —EETTI-?_!—= O“ '—ﬂ—:'=ﬂ.
Honowus S, (r, £) = u (r, ¢) + w (r), ncxommyio cucremy npeobpa-
JyeM K BHJY

a* i du . d dip
0 (G + - ;J~ﬁ1iu—éa—[—a. +(rF)+

a
+ o (r) + —IfT':|=§_I:|

(4.71)
S Ss \
ﬂ“( &:ﬂ; ;i : aa; J + Do (u—38,) + byw (r) = -_._ai‘ :

Ha dgyakiuo w (r) HaJaraioTea Takke yCIOBHA
dw B Q dw

re=r, s err Ty ' dr

= .

Fes [T ¢

dr

ITpusenns B cuerenme (4.71) Koneanoe npeoGpasobanne Xankeasn (4.20)
¢ ajpom mnpeobpaszosanma (4.37), noaywusm cmereMmb, aMANOrHUYHHE
(4.58) 1 (4.59). Hopnm p, onpegensiores na ypasuenusn (4.38). Hauas-
HEIE YCJIOBHA HMEIOT BH

El=-]

up 0, ) = ——- {rw () dr, 82,0, =0;

R
Uy (Pn, t) = E”ﬂ (Vo lpar)dr, Sz, (pn, t) =0,
Fe
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Pemenne cueremu A nyneroro nproamswerna (p = () naer

LO+6, 0]
(b 20 0, 0) 4 Q00 O] e

I g E[}, f:ll = m"

e £y, (™ + Ba, (0} h] i 1, (0, Oy bi 4 Igh [[}} bi — gy, {ﬂ] IFJEI f} y
b:[ + B'!t

82, (0, 1) = 5 {— s

(4.72)

£y, (1) +H"-g'_ (M ‘ ()t
Ty 3 ty (0, 0) 4 e £

by -+ by
gy, () L g ()

B T by g (0, 0) by g2 (0) by — g, (0111
1+ &

Jnech

g!¢{n5053}=%‘(ﬁ_’%) + ﬁ,., \,rw{r}dr,

I
g2, (0, Q) = 2 { rw(r) dr.

[

f =

ITo anaxornu ¢ (4.61) moayuaen .
(82, 0) by — g1, Q) bl t = -2 (< —e)t.

Mald g

Torpga pemenne cHCTEMB JIAIA HYNEBLIX KOPAEGI p caeayomes:
tﬂ'—'- — ?'-gj I“. !.F'I lI:I]' S "'IIII 5 '!"IH 37'-.1'- I

Ly I::Pl t} =
(A — @) [1g (p, By — A1 + b, B dd o

|.'|-|11 — }FE

Ay — )y

+

= ™ = - {’i'T:?J']
] e | [ R . )
Sl Oies by [y (p, }?»1 i:Lﬂ b—M)5

A EE — M) B — by r‘f# (p, ) _"Tﬂ glal L E
v fi] _"-IF'J__:- L

p— —

rme A uw B oupedeamioTeA H3 MPEARYIMMY BLIPAKCHNI, B KOTOPHIX
K £

£1.000 Q) =—a { = (r G Voon) @r + b, [ re ) Vo or) dr,
Fe H Fe
g2, (p: Q) = b, | rw () V, (pr) dr

Henonkaya dopmyay olpaldenns, mnepexoguM o7  u3odpakcnmii
Si, (p, &) ® WX opurHAIAM:

L]

Sy (r, 6} = uy (p, ) + =5 "-‘ g (May £} Dy (M) Vo () + wlfi"J

&
n—] L

O5ry §)=ibs (U' t) -|- g "'5:' S o | Dy (M) V(070
:-:—1

8 &-149 113

=
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ITo apanornm ¢ IpeawaymAM cayTaeM AaA 3’, (r) crawana sammmen

H
50 =g €= !mde-

+ "’;T'- > Enmn (Ma) Va ["Iﬂ;] + o(r),

f={

32 S e (by +hb::| Iy {E Rz %1- ﬂé an“ (M) Vs '.:“‘"F]’

Q
nRE !

g =

a4 3aTeM B OKOHYATENRHOM BHIG EﬂﬁﬂEM
- bl "H: T: -
3]: [r} . (5, + b':} ( ﬂ} - S + liT _T By _|_

-+ 23;;1 [ATy {er) -+ K, (er)],

520 ==t o+ om S B i

_E_.TLF [;‘ifu {:‘.’-‘!"} + Kﬂ III."-T}I.

HenasecTroe noumsienne S, onpefegsdeTcsa H3 YCIAOBAA COXPaHCHHA
o0meil Maccs BOJH B TIACTE:

e l? it £q Qr K, (er.) Ty — paly
Su R AR 9= aT In H—I_ e nel' T R? } Iy ~+ Ha

OronuaTeLHO BHPA)KEHHAA AJA HAXOKIEHUA WoHm:Kemmit S; (r, 1)
HMET B

Sy ) =51 0) + 5= 3 [ty (s ) — An] O (1) Vi (7) +

Tima ]
-I =
Rifrorra. et L (4.76)
Sa(ry ) =54 (1) + S= 3 [S2. (ny 1) — Bal O () V, (a7) +
=]
1 -
T 2 e—&) &

Ian pacueror ypobmo Gpate dymknmo » BEze w (r) = v,r® +
+ 'E] In -:—. Tﬂl‘nﬂ

w(r) =

En[R‘O AT, ( =i _:)
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Hak 1 B upegeaymes cayaae,
LS (Prs O) e E’L”* (Pns ﬂ}: 2 (Pr» D,IJ = by, (Pm ﬂ};
e (o 0) = =1 (05 + 0@ +—2 (072 + o).

Ha ocHopanmn moJyYeHHLIX PemeHHil B CI. 5 DOCTPOCHL NPHONHHEH-
HBEIC MHKEHCPUHLIC METOAM pPacdeTa M COMOCTABICIL Pe3YILTATLL Pac-
YETOB 110 TOYHEIM I HPHOIHMeHELM Qoparyias.

§ 4, CKBAJKITHEL B HEOTPAHITYEHHO
TPEXCJTOHHOIL 110 MOIIHOCTIH OBJTACTH @ILIBTPALLII

Onuuwouunan cxksasknua. Kpoue camocroarers-
HOTO SHARMCHHA MOTYVUCIOOC pPOrmeHmes ﬁ}"}l,l.!"l" TAKMRE HOIOJIL3IOBATIO B
DanLHETIme NPH COCTABICHHI METO/OB [ACHMETA BEPTHRAJALHOLO Jpe-
Hama B o0JacTsax PIIBTPALNE, OrPAHRATCHHEIX NPAMOIHHEIHLIMIT Ipa-
Aanayn, B aToil sagaue uexojguan cucresma ypasrennii (4.15) pemacren
npu & = 0 u enengyomux kpaessix yerosuax |44]:

t=0, §=8=0 t=>0 r-0 ijr;——a-ﬂ, ExTwr-%L—p—y;

t>0, re+o0, 8§-=0 S§,—0.

Jina onpeneTenna NeKOMBIX DOHW/KEHHUI HCIOXLAYCTCH UHTETPAILHO
IlIJf‘.‘UﬁIHI-’H}EIHHIIE‘ KHHHEJ[H Bl

L=Ce )
L]

H[S ()] =8 (p, t) = j rS(r, ) Jy (pi) dr. (4.77)
0
[Tocae mpeolpazorRaHEA MACCM
ds, :
7 I = EE.L‘.” - :'JISJH,
i 14.75)
©re = 1,8, +pS 2
i . 1'5 2 T i !
riee = —apt— b, fp = —ap* — b, llpu ¢t = 0 §;, = 0. Pemun cu-
cTesmy (4.78), oavaIuM
B by ( T gt : N
e 2mg \ B —R) T RaflA—R) ¢ TL"'?) ' (4.7Y9)
=l [ e e - @
¥ E:KFJ'.E |‘I-|-1 [_.I'q.l —'lE] .|-'|.-3 |:I.|r'.|1 S— }...:ﬁ -l':-luﬁ.n: L

riae Ay oupejeiasiored H3 Bepaiiedni (4.27). Menoansosar coorper-
CTBYHOMY0 dopmyay oOpANEHNA, JI# HCKOMMX QyHEnuia S; (r, )
A XOJ[HM

[ =]

Si(r, ) = j' pJo(pr) Si, (p, t) dp. (4.50
U
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Jlas OpakTHYECKHX PACTeTOR 3TY 3ABHCHMOCThH MOMKHO CYIIECTBEHHO
o—fp )2
YOPOCTHTH, Notomns b by == 0 @ yura, uro ycionue ( 2 > bb,

REIMONASACTCA B MHPOKOM JiHanasone usMeHenus kopueit p. Teneps,
nyved A, = o, Ay = P, cucremy (4.79) MoikHEO UpNBECTH K BHAY

ds wt __ Bt ds.
: — bl.g £ Eﬂ : 2y = — ‘:} e"-“' (4“8 1}
df 2op, a—p di dmy,

Orcioma gaa S (r, 1) noayvaem

! o
ML o8 'l %" o (pr) —aypty
SI l:.i",. -I‘—} Eﬂ-:-lz j [f' 5‘ [ﬂzn_ﬁl}pf_|_ 'ﬁ'a—h [ dﬂ
v 0
— —by1 m: P"‘rﬁ {Fr] —f1y TP? : l o
‘ S (@, —ay) p* L by —b, © dP:I dr; (4.82)
0

(-]

t
Sy (r, 1) = Tiﬁ[‘ " 4_1J pJy (pr) e " dpdr.

Ilocae mpeobpasosannii Beipaskenna (4.82) npejcrasnm B BRje

Si(n =42 B ), Sy(rt)=r3—Ry(r, 1), (4.89)

¥ nly
rue
BT Lg iy f r 24l r
w0 == W G )= )] +
J'E r '_l":a F
i W( da,t ' B, )_' W( dagt * "B, )} ' (4.84)
rﬂ e
R,(r, t) = W( TR 1;; ), (4.85)

" at r ; r rd r )
w(—ﬂz_, T)=ﬂfu(3_]—‘w{rm;: )

. Ty —a 2 __ & e __ g =
B%_ by — b, * H] = [:'I. ’ BE— by L I|ﬂ'‘_ﬂ':l'l-:.'.!._"';Iﬂ:tl'lil.!-

W — nasecrnan {yHsums, o kKoropoit mogpoino cxasano HmC.
IHoayuenupie sasuCHMOCTH HO3BOIAIT HAXOANTL MOMIKEHNHE B IIHPO-
KOM AHANAZOHE NIMEHeHUH BPeMeHN, XOTS 1 ARIATeH npudiusked-
HLIMM B PeayanTaTe NpUHATHX Jonymenwii. Kak Buniuo, atn jlonyme-
ANA GodBINe NOBIMAAN Ha TOMHOCTL PACYETA TONIGKeHN Sy, HeM 5,
HLIMHCICHIC KOTOPLIX 110 noJy4eHnol gopuyae (4.83) okazanocs anano-
FHUHBM pacemorpenuoit B pabore [17] exeme oTRaukn us ocwoBnoOro
CAOH NPH ITOCTOANHOM ¥ PORIIC B COCE/NEM BOLOHOCHOM ropuzonte ( 17, —
— oo, 8, = 0), Herpyano Tak:ke 3aMeTuTL, MT0 TOYHOCTL pacueTon

1l



no gopmyne (4.83) Oyner camxarsea qaa Gonbmmux (f — oo) Bpemen,
JUIA KOTOPHIX, OfHAKO, [APYIEM CHOCOGOM MOMHO OAVYHTH BechMa
TOUHOE pemeHHe, OPHTOJHOe JNIA OIeHKH NOIYUCHHOr0 ofmero npm-

OARAKeHHOrO PpeIueHHHA.
[Ipumenus k cucreme (4.15) npeoGpasosanue Jlamnaca no nepemen-

HOli {, OCJe PAJIa NPOMEKYTOYHLX OLEpPAIHil OKOHIATCIBHO V1A H30-

Opaskesnit S; nDoaydaem
T @b Ky (uyr) Ky (i2gr)
8. tr, p) = 1 1L — 2
I{r P] Eﬂr:rﬂi [P{Wf_wij P[wi—wﬁ]

Qb rl"%— bh—p K, (wqr)

Sﬁ (ry p) = -“TIEI b, P{H’i—lﬁ'ﬁ
W — By —
2 by —p E':."- [t.l::rlil']_]'I i:"-LEE}
b P (v — w))
TAe W) M Wy — KOPHH, 3HAYEHHA KOTOPHIX npnﬂep;eﬂm B paﬁuTe [16].
IOaa cayuasm p— oo (t = 0) mmeem wi = ﬂ— n wi=L, Torma

nepexon or wusobpamennii (4.86) k opurumanam paer B nimpu:.max
(4.83) caepywomue Bmpamannﬂ s conpoTHBacHMi /Ty

R1|:F,f]=¥ 4‘11)51( 4:‘,) (t-l- 4“:);{
x Ei (_ ﬁ) - t(e > > (4.87)
Ry, t) = Ry (r, ) — Bi(— J,u) (4.88)

Ilpn nm'.[hannannn a'mun dopuynamu caefgyer ydecTs, 9TO QJH [ <
<0,1-—= m‘ (pl - Tt k7 ] = {, omn0KAaB BHYHCICHEM NIOHIHeHNI S;

c-:n.'.:ran:err e Oonee 10%.
Ipu p— 0 (t — o0) nmeem wuwi = :'b“, wh =~E. Torpa pas
conpornpiaenail f; nnil},rl-lllEH :

g0t r rd r
Bulrid) =g [ I -ﬁnu#‘ Ew)_w(éant'ﬁ)_

~B(—2) 1L 5]

s
I—l
o
i
o
3=
i

4at B

= st = ) )-
= ( _'E:T)*’_M"(q:; )+ Lt [W{‘;‘ , ﬂ"n)_
—e"*".f(é;:t, T )]] (4.90)



By \2 by
Tiie f_‘:u—(-—”-] , Bi= g"’ o % em & , Bfy = b o Bl
1 n 0 - . M
i
T r k T?
a= —, @, = = 3 by = —% W L o
THE Ty rn ' M 12?'1 |—|.|,?"‘} T

=y + uy Ei B [ — HibccTHRe YHEUMEH, © KOTOpHX nojpobHO
CRAZIAHO HHILE.

Ilonyuennas oneHKAa CBUJETENRCTRYET O ToOM, UTO npH { = 40 X
my Ty — UaTy s

=

e Gomee 10%.

JMIpamonnnaeidinanit fecKomeunoui pAL CKBa-
s 1 H. [Ipepnaraevupie B DoceyI0MAX TIABAX METOIK (HILTPALHOH-
HOTO Pacvdera JNHeHHHX PANOE CKBAKAH B PACCMATPUBACMEIX HEOIHO-
POIHO-CAOHCTHX IPYHTAX OCHOBHEBAIOTCA HA NPHBEJCHHEE HX IO METORY
PHAILTPANMONNLY COLPOTHBICHHIY K COBePINEHHOH TpaHIlee B IIpe-
JIeJaX BOJOHOCHOTO CJIOSA, H3 KOTOPOrO LPOMIBOJIUTCS OTHKAYKA.

Kak napectao [77], meycTaHOBHBINMIICA TPHTOK TPYHTOBBIX BOJ
I Tﬂl{ﬂf{ TP-EIH]]]EE B TPEIC-JIﬂﬁEﬂL[ I'pynTe oIHCLBAReTCHA NOpPH JReCTROM
peiktuMe QEIBTpALIME B PasfeJbHoM cAa0ONPOHRIAEMOM CI08 CHOTE-
MOH ypaBHeHNH

¥ wx OmmOKa B BuiyECAcHHM S; cocTaBHAT

28
T b (8, — 8, = 2L,

g = —J5— WSE 4+ by (8§, — 8y = {H '

rie Si(z, ) = Hy, — Hi (z, {) — nonmxenne ypoBHA TPYHTOBHIX
BOM B BepXHEM M HMGKHEM OCHOBHEIX CHA0AX, OCTAJABNLIC 0003HAYCHHH
npe;ikane. Cuerema (4.91) upn orkauxax §a HGKHEro ¢JI0A ¢ MOCTOAN-
ALM medutoM () = go pelraercsa NpH CJACIVOMEX KpacBLIX YCIOBHAX!
==D'll Si=ﬂ. t}ﬂ} *TP=D-, i—s-.__ﬂ ET 'E}SE =—q=—i}
oL a
a5,

=0, z—o, B5;i—0; ~d—;—- (i=1, 2).

Has pemenna cueresmnt (4.91) npn VEA3AaDOWX KpacBHX YCIOBHAX
BOCHONL3YEeMCH KocHHyc-npeoOpasosanunes Dypee suaa

& .asl

(4.91)

=]

i, (0 1) = K[Si(z, t)] = -l/i IiS (z, ) cos prdz.  (4.92)

Torpa emerema (4.91) npeobpaayerca caemyouuy odpasom:
ey bS» = e 1
fe T O0% = 5 (4.93)
+ 5,81, + BS2 =

—

2
n2|,1
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mea =—ap— b, f=—ap®—b, Ilpn ¢t = 08; = 0. Peme-

i Flg"
ane cuctemu (4.93) nan r—d:— HMCET BIjL
d'-., __l Gl T
“wz_ . ]/T g (hy—) e — (R — ) 2!
it T MW by —ha ’
rx +
rae Ao = 1/{ } -+ b,b, .

Haa HEI."E:]:I\,.ELEHHH o pmmmums-numnnenuﬁ Si (z, 1) neodxoaumo
K euerese (4.94) oppayvenuts Gopyyay odpaiienu s i MOIVICHILIE Bhipi-
CHHA I []DIIIE']'III”I!]IIIGHEITL B Hp(",J,EJIEl"E or U A0 O, D;I'llﬂhﬂ HpPHORMOA
.m —

BO BUMMAHME, YTO 3--*::10:51113[ ] 2 by BLinomBARTCH B mmpo-

KOM [IHANAZOHE H3MENCHNA KopHeil p, B pacterTax MOAHO HOJ0KNTL
hy = a, ty = fi. Torpa nekomsie GynximMy nocje HECIOKILIX Opeod-
pasopannit Mo:iuo NpEJICTABHTL B BHjE

Si(x, t) = 5—Ri(z, 1), i=1,2. (4.95)
3
dnecn coupornpaenua R; (z, {) onpegensioTes no Qgopyyiam
by | ﬁ-: r i
R, (z, 1) = -_I_'..:T""_ Lot IT{B** a,) — W' (B, a,)] -

-+ W (B,, a)) — V¥ (B,, a,)}, (4.96)
R, (x, t) = 2¥ (B,, a.), (4.97)

rae W — nawectnag gyusnua, o Koropoit moapofno ckasano HmKe,
ocTaJibHBe ODOJHAYCHHN LpPEKIne,

Iar u B ppetnaymeil cxese, Apyram ciocoDOM MOAHO MOIVINTH
doJIce TOYRLIC PeITeHMA AJH MaAuX 0 00/ ILINUX Bpesed f, [[pmstenum
k encresme (4.91) npeolGpazosanne JJawraca o nepesennoii £, B peay.an-
TaTe ero 1locie BHLIOJIHEHHA PHIA NPOMEACYTOUHRX  onepaiii
1A M3otpadsennii S noayms

31 (i, p) = th.. . (glm.r - Srak ) 1

2a,Typiwy (w; — w5) uy iy
o o (4.98)
i auws; —p—>b -
S (z, p) = ":’_. : ( L%y =P 1 pus _-ﬁ'm., p—1 e
) Za,Typ (W] — w35) W iy

- S 2 __ P .

ﬂpH p—oo(t—+0) uj = L e lorpa, ocvmecrnng nepe-
1 -

XOA o1 nsodpaienuit (4.98) kK opurnpazas, monyunm

A=

Sl {1‘, 'EJ = ; [f&'ﬂ ] {[FEE P {?'«-E} (1 'I‘ E:;: ' R = : —

dJV n
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TaGawrua 16

i i j A I () 5 A P (k)
| |
0,00 0,564 0,28 0,328 0,62 0,145
um D,a.a:i 0,29 0,321 U, 64 0,141
0,02 0,544 (0,30 0314 (0,66 0,133
ﬂ,ﬂ3 {LEE;': (0,41 0,307 0,68 0,427
0,04 0.525 | .32 0,401 U,'m 0,120
0,05 0,516 0,33 1,204 0,72 0,114
0,06 U, S 0,34 1,258 { T’ 0,108
(0,07 0,497 (}, '35 (),282 0,76 0,402
1,08 0,488 0,36 0,276 {) T::! 0, 08H3
(1,08 0479 0,37 0,272 i, 80 0,001
040 0,470 0,18 0,204 {0, 53 {1,085
0,41 0,461 (1,34 0,258 0,84 0,051
0,12 452 0,40 0,252 0, (B 0,077
013 0,444 H 0,41 1,246 1] 83 0,072
0,14 0,435 0,42 0,241 0.90) 0,068
015 0,427 0,43 0,235 0 9‘. {0,064
0,46 0,419 0,44 0,230 0,94 {0,006
047 0,410 0,45 0,225 () 53 0,007
0, 18 402 0,46 0,219 | (.98 0,053
[} 19 0,394 0,47 0,214 ML {0150
0,20 0,387 0,48 {0,204 1,10 0,030
0,21 1,379 0,49 0,204 1,20 0,026
0,22 0,371 0,50 0,200 1,30 0018
0,23 0,364 | 0,52 0,190 1,40 0,013
(h,24 (0,356 0,54 0,181 1,50 0,008
0,25 (0,340 0,56 0,172 1,60 IXELE
00,265 0,342 0,58 {1,164 1,80 0,002
(0,27 0,335 “ 0,60 1,156 200 0,001
-)
LR 3 4 "1 l
—Vait | POI1E = )— e 4.9¢
11_(1}(4-%, T (4.99)
[} G
S,z ) = 8y (2, 1) - —fl alt P’ (),), {4.100)
rae A; = : l"_‘ , P(A)=ierfed = —l-—.l_—f""" — Acrfe 4 — MaBecTHAA
a; a

GYHKUMA, sHaYeHHA KOTOpOI npueeicun B Tada. 16,

Illpg p— 0 (t — oo) wt =12 +b Couh = ;;TJ Torga mepexon

K OPMIHHAJZAM JaeT B opymy:ie (4. 95] CARLVIOULHE BIPaKEeHRNA JI A
oupejleTerua conporusieani Mg

R (z, 1) = e l% [l--’ﬁ PO —1, (b:, %)] g x

:{I*(fb—bn}.!, _ELJ_T (By, uu}}, (4.101)
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R, (z, ©) = R, (z, t}+an7}’i—[2i;(1— ':' )f*(bf,, ':T)_

_ﬁ-rﬁ-'(i— 2) 14 (6 —bo) t, ) +

b B
+ | Y B a) — - e (0=t )]} @102)
N
(Oyaxnns [, (n, z) = _ET"'? EIT dz rabynuposana (tabn.17).

JInsn dyukumm [, (1, ) cupasesInBa ONEHKA
e"VnLM LI, 1) <2V PR). (4.103)

AHanmua 3aBACHMOCTE H PeayILTATE PACYETA TPHMEPOR NOKABAJM,
4TO W IJIA JauHOH CXeMbl NPHTOAHL ONEHKH, HpHBeneddse suime, [lo-
AyUeddLe pelueddA ACO0JL30BRaHL B M. 5 AJA paspaboTkH pasnand-
HBIX NpakTHYecKUX PEeROMEHAANRE N0 (HILTPAIMOHHOMY pacuery
BEPTHKAJBLHOTO [pPeHAIKA,



I'masa 5

METO/IbI PACYETA

BEPTHRAJBHOT'O JIPEHAKA
IMPH HEYCTAHOBHBIIEWUCA @ILILTPAILIIL
C 3ATAHHBIM JEBHUTOM CHBAKITH

Meroant HHAHEHEPHOT O PAaCcieTa BCPTHRAJILHOTO JADEHAMN
NpPH HeYCTAHOBHBIICHCH (DHIALTPALMHE JOBOIBHO NoJpolHo pazpabora-
HBI JJIA OPOCTEYX CXCM B OJIHOPOJHRIX IPYHTAX B B MCHBIUCH CTeNEHI —
VLA DoNee CIIONILIX CXeM B HeOHOPORHHX, [Nak npanuio, TeOPeTIHC-
CRHEe PCIIeHHA OTIACALINX 30aT Jaiie I YVIOPOMCHOELIX CXCM, 4T
RHIHO A3 MPEIMIVINero u3I0:CHHH, BeCLMA CJIOMKHB A HCHOIBI0RA-
HITA B npaktHveckuX pacderax. Ioaromy npm pazpaGotre peroisen-
MAUWH 00 pacueTy HeyCcTAHOBMBIICHCH (HABTPAIEH K APCHAKRAM 0CO-
foe BHEMANHC (L0 VICIENO NPEICTABICHUIO HKOHEUHBIX PesyikTa-
ToR B hopme, VinGHON A MPAKTHUYSCKOT0 HCIIOILA0BAHIIA, Iamatoro
OCHOBHBLC XAPDAKTEPHCTHRI OKAZAIOCE NEJICCO0DPAIHLINM NpeneTa-
RHTE B DBUAC NpOoN3BEICHIA COOTROTCTEVIOIIMX OapaMCrpoB APCHARRA,
OOTYICHHLX M3 YCAOBHH YCTAHOBMBINGHCA (DIIBTPALIMME, HA HEKOTO-
prie KoauDUInenTL, NPCHMYICCTHEHHO 3RHCAIHEe OT ppesein (om
MOIYT ORTH ONPELETICHLI ¢ MCHLIICH TOUHOCTRIO),

Kar mapectno, pasaudaioT ABa OCHOBHLIX PewknMa padoTel BepTH-
RAILHOrO Jpenika: Mpu IMOCTOHHIOM [Je0HTe CKBIGRHHE 1 IOCTOSAHHOM
NOHMHCHUW (YPORHE) B CHKBAKHHAX.

B mHacrosmiel raane paccMaTpHEBACTC A METOMEA (MIBTpAIHOHHOI 0
PACTETd BCPTHRAALHOLO JIPeHa:HEa MpH OTKAYKAX Ha CKBAKHH ¢ TIO-
CTOSHEEM Jetnrom. TIpm SaJamHOoM 10 TeM M WHLIM OO0 CHEAM
(pacyeTaM) OOTHMAJABHOM JeORT? CRRAMHI K OPHUATON MX KOHCTPYH-
MHE pacueTami o0LIMEO LHPOBCPAIOTCA KoIMYecTso cKpaud, obecne-
THRAIOMES HA MACCHEC M I CHEBAMHHAX TpedveMmoe MOHM:ReHHE B 3ajaH-
HEIE CPOKM, PasMepsl BOJOUPHEMHON YacTH cRBsKAD i T, j. [lpuseacu-
HBIE HIGKe MeToInl pactdera Hamboace BARHBIX I pacunpocTpaHemX
CXEM MIHODATHBHOTO BEePTHRAJBIOID JIPEHAA ABHUHCL CJEICTBHEM
JOROJILHO CIHOERHRX TeopeTHHYECKHX MCCACIOBAHNE M IJEIHEHHf'l Sa.av
HEYCTAHOBHABINEHCA (HARTPANMHE K BePTHRKANLILIM CKBa:KHHAM, 9ac-
THYHO PACCMOTPEHHBIX B MpejulAymei riaase, a Takme B padorax [16,
1%, 25, 28, 53, T, 82, 87, 96, 99, 112, 121, 124, 125, 1286132, 134,
135] = mp.
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§ 1. BRIBOPOYIHBIA JIPEHAMR, COCTOAITNEA

A3 HEBOJIBIIOND YHCJHA B3AIMOJIEACTBY IONINX
CEBAKIH, ¥JAJEHALIX OT 'PAHNI] OBJIACTH
OHJILTPAIINH (B HEOTPAHHYEHHOR OBJIACTH
OHILTPAILITH)

Cxema pwmOOpouHOTO ApeHania ¢ neDONLITMM THCIOM CKDBa-
JKAH B HeorpannyenHoii obnacTn guanrpanun nanbonee WMHEPOKO mpej-
CTABJIENA NPH PACTETAX BePTHKANBHOTO JpeHAA HA OPOIACMLIX Mac-
CcHBAX B YCJIOBAAX HeycTaHOBHBIeica ¢uasTpaunu. Raxk mamectno,
g obnactax ¢uABTpaUNK ¢ YIAJCHHEBMA TPAHMUAMY TIHTAOHA B Peaib-
HHEX YCAOBNAX padoTH CKBAKAHE MEIHOPATHERHOTO PCHAMA BIARAHNCM
STHX TPAHMI MO}KHO npeAedpedn U paccmMaTpuBath obJjacTh duabTpa-
mEH Kak neorpapmuenHyi B oaame. Cormacmo paboram [53, 77, 97,
106], oOmacte (puabTpanIU NPHHEMAETCA HEOTPAHHTCHHON, CCTu ce
Gamxaiimad K CKBAJKMHAM UpPAHHNA Yiajena Ha paccrosnune H >
~ 3,4V at nan L > 2 V' nat. C ponyermoii norpemuoetoio 5—10%
YyCJAOBMC CYIECTRODAHMA HeorpamuyenHoit obaactm  duasTpammn
(naacra) Takske MmoikeT OLTH BHIPAKEHO CIELVIOUIAM COOTHOIMCHNECM:

_ Ba(u)
6= 7"— R ar < 0,00 —0,1,

rane R, I:u} — 3HAYeNnNe THIPABIAHYECKOr0 COHNPOTHBACHUMA I8 OLpi-
prvennoil obaacTn ¢u:1hrpalmn (¢ yuwerom rpammunm), Hy (4) — TOMHe
oA HeorpaHmieHAol obacty UIBTpAIIHIL.

[Tpn oTkaukax ¢ NOCTOAHHLIM JeOUTOM H3 PASANTHLIX 110 Ie0I0TH-
qecKOMY CTPOSHMIO BOJOHOCHBIX ToJm, o0Mee NOHM;KCONe YPOBHA IPyl-
TOBHMX BOMA B OTASJERHLIX BONJOHOCHLX TFOpH3OHTAX 1 w000l TOTRII F H U
awboit moment ppemenn ¢ S(r, t) = H, — H (r, t) npu pabore cn-
CTEeMBI CKENKNE ONPEIeaseIcs, KAk uapectuo, no gopmyie

S(r, t) =t *'?' R (u,, ry) + o7 2 R(upr) + - +
Q; - "
-+ e R (u;, i)y (9.1)
¥ . ok

ry ra == Je o= r
I‘I[Bul=m-,u.l=-ﬁ—, T Hi=‘,_.-.mr r1=ﬁ:r—z=_‘,§“s”*
- r; .
ey Ti= 5=, My Ty «esy Ti— PACCTOAHNE OT CKBAKMHN s . S,

a0 pacgernoil Touku, 4y, Oy, ., @, — nednr i-it ckpasiunst, H,u H (r, {) —
YPOBHH (manopm) o Hauada ¥ B Hpolecce oTkauku, B — mapamerp
neperoka. B cayuae opropoanoro rpyata s opuyae (0.1) nppunnvaer-
car, = (,

Pacemorpam pmavane mexkoTopme Hamboaec XapakTepHLE Caydam
PACOOJIOMEHHA CHKBa:KHH, OJIA KOTOpPLX pac4dYeTHRIE JAaBHCHMOCTH CY-
IMecTBEHHO YUPOLIAKTCH,
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1. lns omuoll CKBAKAHEN

S,y =-2_ R, 1. (5.2)

GnT

2. Jlns expaskuH ¢ OJUHAKOBEIMYM Je0HTAMH, PACIOIO/KEHHABIME 110
KOJIBOY, THAPABIMYECKOC compoTupienue B gopmyne (5.2), cormacuo
padoranm [18, 28], npu onpeme-

4 B J8HEH NOOKCHHA B NEHTRe
i Gl 4 ROMBILA . i
o @ o] R (u, 1) = pR (g, 7o) (5.3)
e “_1:: - 1 r§ = r
:‘-.f;/ s FAR My =5 a.’mr‘r“:TTf’r”_
“ paguyc KOABIA, P — HHCIO
Pl & i CROOJI{HEH B KOJILIE] IIPpH ONnpe-
4o JeeHMHE DOMIGKCOMA B CHKBA-
- HHAAX KOJBIA
£ == o—nu " -
o Iy, r) = 81U, r) +
s p—1 -
3 S R, 64
.r.'='-5--:'i'u~—ni- =1
! ric r. — pigAYC CHEBaHIHNI,
Prc. 24. [lpavoamueBHET PAL CKBAMHE  p; = p1 P, ..., Fpeg — pPAac-

B HeorpaHHYedHaold ofaacTi QHALT AU, CTOANME OT CKBAKHHM, B KO-

'l'DiJﬂf[ OnpeaenaeTCa TOHWHE-
HHEe, J0 OCTATRHRX CHKBAHIHH KOJbBIA. H]'J'II OHHAKOBLIX PACCTOAHNAX

MEMIY CHRBAHHAMK
,
ri = 2ry sin —.
I3

3. s npaAMOIAHeNHOr0 PAJIA, COCTOALLCTO M3 HeDOIBINOTO MHCIA
CKBAKHEH P OMHHAKOBOO AHAMETPA 2Zr,, pPAaCHOTOKEHHBIX Mpyr or
ApYra HA PACCTOAHMH O M MMCIOMHMX O4MIIAKOBHE 1e0HTEI (), WOHH-
meHne B H00oi Touke onpeieidercd no opmyne (2.2), B KoTopoi

(15, 53
- n 2
Ru, r) = R(uy ri), (5.3)
roe n = f;—11 o= - (y — io)® — pAcCTOAHHE TOUKH A (z, y)

OT UCHTPA CKBAHCHHBL i, i — HOMED CHBa:KMULL. CEBAMHHLL HyMCpY-
w0TCH or uenrpa pana (i = 0) & ero kounam ({ = -+ n) (puc. 24). Haa
HAXOHEACHEA NOHMMKCHME B XAPAKTEPHLX TOYKAX HCOIPAOHTCOHIOrO
nnacta 8 gopmyae (9.2) upunnvacres

R(u, r) = R (uc, ro) + 2F (ug, 0, n), .

_ . B N (5.6)

F(ua, 0, n) = ¥, R(us,0), to= —
e |

- O
S
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IAA UeRTpaiabHoil cksamman (I = 0);
i (H, ;} - R (Hm ;ﬂ] + ¥ (Hq, EI Eﬂ'}i'

= 2n _ (2.7)
F (4o, 0, 2n) = ¥ R(ug, 0)
femy
naA Kpaiipell CKBSKHIL,
R{HI ;:I . R{H‘.\'t ;—} — EF {ui.'ﬂl ;:h H)I
F (Ui, 2, n) = N R (e, 23), (5.8)
=
o 2L gt - - r? - jig?
Uy = Lat ! uiﬁ:=ﬂ‘;'Tu'r g::%' Iy = V: -g:ﬂ

NJAH HOPMAJH, NPOXOAAMEeH 9ePe3 NeNTPaJbHYI0 CRBAKHAY paAja (i =
= 0, y = 0);

R(u,7) =23 R(ui, 7)) + R (itny T)y

e
et i—=05® = oli—0
I = Aat y = E ] {5‘9:'
__d*n4052 =  a(n40,5)
o o s T I A B

MEY UCHTPAIBHOI B coceneil ckpamuHaMu (Docpeamue).

HOnn opmopogmoro rpyura (0 =0, t =z =0, rp =r; = ()
sHadennA pyHEmuH F (iq, n) npueenens B Taba. 18; anatenna Gpynk-
nu F (i, 2n) Tak#e onpegeamorea o3 tada. 18, B xoropoil BuecTo n
opEHEEMaeTcH 2n; sHavenusa ¢ynrumE  F (4, n) DpabBeleHn B
raGa. 19, a smavenusa conpormsiaenns R (u, 0), onpejenennnie mno
gopmyiae (5.9),— B taba. 20. Iti rabamus 3aEMCTBOBAHEL B3 pabo-
TH [53].

IlpupeaeM BLpazkenunsA JJA onpejejleHAd THAPABIAYCCKHX CONpo-
TEBJAeHMil [ B pasauuYHHX 110 reoJOTHYCCKOMY CTPOEHHID BOJOHOC-
Hex Toamax. Jlas oguopogEOro rpyaTa, KaKk M3BECTHO,

i (u) = — Ei (—u), (0.10)

e
—x
rae Ei (—u) = — j EI dz — WHTErpaJBHAA DOKAJATENBHAR QYHK-
ke

IuA, 3HaveHHA KoTopoil gaus B Taba. 21. Boaee mogpolrasn Tabanua
snavennit pymrnma — Ei (—u) umeerca B paGotax [17, 531, Ilpu u <
< 0,05—0,1 ¢ meoOxoauMoll AJA NPAKTHKH TOYHOCTBI) MOKHO M-
HEMATH

L L 2 In i; (5.11)

rs r

R(u) =1In

no BHAY 2T1a QopMmyna apagormuma gopuyae J[omom ¢ yclaoBnbiM
nepeMeHHLM pagmycom Bauamma R = 1,5 ) at.

9 8149 129



ot
hat

1.40~8 13,2 25,1 36,1 46,6 56,6 66,3
1-10—% 10,9 20,8 29,2 37,4 454 52,5
.10 8,63 15,9 22.5 28,2 33,6 38,6
2.40—4 7,94 14,5 20,2 254 30,4 34,5
5.40—% 7,02 12,7 17,5 24,8 25,6 29,0
1-10—3 6,33 11,3 15,4 19,0 22,1 25,0
2.403 5,64 19,90 13,4 16,3 18,7 20,8
5.10—2 4,73 8,08 10,6 12,7 14,3 15,6
1-10~2 4,04 6,72 8,64 10,0 11,1 11,9
2.10~2 3,35 5,38 6,60 7,55 8,11 8,50
5102 247 3,70 4,32 4,63 4,77 4,84
1.10—1 1,82 2,52 2,78 2 87 2,90 2,90
9.40—1 1,22 1,53 1,60 1,61 1,61 1,61
5.20~1 0,56 0,61 0,61 0,61 0,61 0,61
1 0,22 0,22 0,22 0,22 0,22 0,22
2 0,05 0,05 0,05 0,05 0,05 0,05
_ﬂ n
Sal i 2 3 4 5 a
x
i ]
1.10—% 13,42 254 36,1 46,6 55,6 66,3
1.40~3 10,9 20,5 29,2 37,4 45,1 52,4
£40* 8,62 15,9 223 28,2 33,6 38,6
14032 6,32 11,3 15,4 19,0 224 24,9
2.10~3 5,63 9,89 13,3 16,2 18,7 20,8
5.103 4,72 8,07 10,6 12.7 14,3 15,6
1.10—2 4,03 6,71 8,62 10,0 1,1 11,8
2-10—2 3,35 5,97 6,68 7,54 8,10 8,46
5-102 2,46 3,68 4,30 4,61 4,76 4,82
140 1,81 2,51 2,77 2,86 2,88 2,89
2.40~1 1,2 1,52 1,50 1,60 1,60 1,60
5-10~1 0,5 0,60 0,60 0,60 0,60 0,60
1 0,22 0,22 0,22 0,22 0,22 0,22
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Tabnmna 18

8 10 12 16 20 24 32 40
84,7 102 118 150 180 208 261 309
66,3 79,2 91.3 114 134 153 187 27
47,9 56,2 63,7 76,9 88,3 93,1 114 127
42,4 49,3 90,4 66,0 74,7 82,0 93,2 101
a5, 40,2 44,6 91,8 97,2 61,3 66,9 70,2
29,6 33,5 36,6 41,4 44,6 46,3 494 50,4
24,3 26,9 28,9 31,6 33,2 3,1 34,8 35,0
17,5 18,8 19,6 20,4 20,8 20,8 20,9 20,9
12,9 13,4 13,6 13,8 13,9 13,9 13,9 13,9

8,54 8,97 9,01 9,03 9,03 9,03 9,03 9,03
4,87 4,88 4,88 4,88 4,88 4,88 4,88 4,88
2,90 2,90 2,90 2,90 2,90 2,90 2,90 2,90
1,61 1,61 1,61 1,61 1,61 1,61 1,61 1,61
0,61 0,61 0,61 0,61 0,61 0,61 0,61 0,61
0,22 0,22 0,22 0,22 0,22 0,22 0,22 0,22
0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05
Tabauna 19
| = 10 12 16 20 % 3z 40
0,41
84,7 102 119 150 180 208 260 300
66,3 7,1 91,2 114 134 153 187 217
47,9 56,1 63,7 76,9 88,3 98,1 114 127
29,6 33,5 36,7 414 44,6 46,5 49,3 a4
24,3 27,0 28,9 31,6 33,2 34,0 34,7 34,9
17,5 i8,8 19,6 20,4 20,7 20,8 209 20,9
12,8 13,4 13,6 13,8 18,9 18,9 18,9 18,9
8,82 8,95 9,00 9,01 9,01 9,01 9,01 9,01
4,86 4,87 4,87 4,87 4,87 4,87 4,87 4,87
2,89 2,89 2,89 2,89 2,89 2,89 2,89 2,89
1,60 1,60 1,60 1,60 1,60 1,60 1,60 1,60
0,60 0,60 0,60 0,60 0,60 0,60 0,60 0,60
0,22 0,22 0,22 0,22 0,22 0,22 0,22 0,22
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b
2
3
{.40—% i | |
) Elr E
1.407 10 ; i F
{40~ . 13,6 i " I
1.10—2 79 2 25,2 i i
. : a: 1-' . 55,5 65 o
2.40™3 it 10,4 s A | s !1
i s ; 14.4 5| . 31.3
510 8.96 ge s *
= % F‘ o 17.9 21,0 37,5
- : o X P . 19.8
A0 1.8 4,50 64 9.00 e T
Liu]*l B2 2 87 BT ;3!‘* s o
= 5 | i D4 10,8
i I & 7,08 :
: i . il 3,85
i 22 0,24 o | % :
0,05 ' 0,25 o r o
l : ‘ : 0,28
e 0,25 "
0,05 0,05 - ﬂ‘
.40 | ) ‘EE
{.40™ s )
r 17,2
i s oo 25,3 3 T
{.40—3 4,03 s 18 5 5
10 8,03 2 i s |
2. 40~ 1,51 S'Eu i rlﬂ ur ;
. 5.9 T
5.40— 124 2.41 3,34 7 = .
P 0,55 f ; : %
A ¥ 1,00 ol 4.5 i ‘
,?.. =1} ﬂ122 1 l ﬂ{] 1.hrj ; 1{} 2
- u : g 5,71 ;
: ! X in 6,68
5.40—*° 0,090 o o o -
3 : s V10 0,93 o
0,002 0,16 i o
0,003 s
_ﬂ o 0,21
) (0,003 0,00
) JO0ES
ol 7,24 14,5 i
{.10 240 B s |
{403 2,68 - i 7 * j
1 H o # Fa 3b.1
2403 0,70 1,40 ; | s :
5.40—3 0,31 4 : a :
0,05 0,62 A8 2,76 44 | ‘
i. iﬂ_g J 0,10 0,92 1‘2 o “
2.40—* 0,007 s r e g
: i : i 1.77
0,004 g ALK 0,014 it ’
n1m:'l GT{:H:H':]i D‘lull ? E:!E?
g L0119
0,0002
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T poitoascenue maba. 19

5 w | e | w | = | = 32 A0
=1
83,5 101 | 118 149 179 207 259 408
65,1 78,0 90,0 112 133 152 186 916
46,7 55,0 62,5 75,7 87,0 66,9 113 126
28,5 32,3 39,4 40,2 434 45,6 A8A 49,2
23,4 25,7 27,7 30,4 32,0 32,8 33,5 33,7
16,4 17,6 18,4 19,2 19,7 19,7 19,7 19,7
11,7 12,2 12,5 12,7 12,1 12,7 12,7 12,7
7,78 7,91 ™™ 7.05 7,90 7,96 7.00 7.96
3,94 3,95 3,95 3,90 3,95 3,05 3,95 3,95
2,11 2,11 2,11 2,1 2,11 2,11 241 211
0,98 0.98 0,98 0,98 0,58 0,98 0,98 0,08
0,25 0,25 0,25 0,25 0,25 0,25 0,25 0,25
0,05 0,05 M35 0,05 0,05 0,05 0,05 0,05
= {0
67,4 83,3 48,9 129 158 185 236 254
48,9 60,4 71,3 924 112 130 163 192
80,6 37,4 43,3 55,6 (3,9 73,0 90,3 102
13,1 15,6 17.8 21,3 23,9 25,1 27,8 28,7
8,44 0,91 11,1 12,9 14,0 14,6 15,1 15,2
3,54 4,01 4,35 4,73 4,88 4,93 4,95 4,96
1,23 1,34 1,4l 1,40 1,47 1,47 1,47 1,47
0,23 0,24 0,24 0,24 0,24 0,24 0,24 0,24
0,004 0,004 0,004 0,004 0,004 | 0,004 0,004 0,004
= 20
57,5 71,6 85,5 113 139 165 214 260
291 48,4 a7y 76,00 03,4 1 141 169
21,0 26,0 30,8 30,9 43,3 55,0 69, 79,5
3,30 6,44 7,46 8,27 10,7 11,7 12,9 13,5
2,28 2,73 3,12 3,44 4,15 1,50 i 4,70
0,33 0,39 0,43 0,48 (4,50 0,51 (a1 0,31
(4,023 0,026 (003 (3,028 0,029 0,029 0,029 0,029
0,000z 0,0002 (0003 0,0003] 00,0003 0,0002 0,0002 0,0002
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u-l'

Tat i 5 3 5 5
i.40~4 27,9 42,5 53,4 67,2 78,0
2.4~ 25,8 32,0 50,6 50,9 70,4
5.40—% 23,0 34,4 44,6 52,7 60,4
1103 21,0 31,0 39,3 46,5 52,8
2.409 18,9 27.5 34,5 40,3 45,3
5.0 16,1 23,0 28,2 32,2 35,5
.10~ 14,1 19,6 23,5 26,3 98 4
2.40— 12,0 16,2 18,9 20,6 21,5
5.40~2 9,35 11,9 13,9 13,9 14,2

04 7,40 8,96 9,54 9,74 9,80

0,2 5,56 6,33 6,51 6,5 6,54

0,5 3,42 3,61 3,63 3,63 2 63

1 242 216 216 216 216

Haa ppyxcnoiinoro rpyuta co cnaGoNpoHRIIAEMBIM BEDXHHM CJ0eM
HOKPOBHEIX OTIOKEeHMi HOHM:KeHHA B BepxmeM (§)) m mmkaem (S,)
CHOAX onpepeaawTcaA no gopmyme (3.1), B koTopoil npunnmaerca I’ =
= Ty, a g conporunaenuii B, (u, r) m R, (1, r) MOYKHO DONBL30BATHCA
CAeAYIOMEAMH NpADIM/KeHHEBMH BhIPAKeHIAMU:

Rl (12, ;ij - W(u:, ‘;_:') — et W (H-:, _;IET‘) ' (0.12)
Ry(ui, 7) = W (u',, ;i ) (5.13)
nna ppeMen §<Tl,, =J ”_LTI '
Ry(us, i) = byt [e 1t — (1 + uy) Ei (— uy)], (5.14)
Ry (s, ri) = B, (ui, ri) — Ei (— ;) (5.15)
nas spemen t<t, =01 ”}:" ;
Ry (s, 7) = — B (— ) — I (s, ) » (5.16)
R, (ui, ri) = — Ei (— u;) (5.17)
s Bpemen ¢ 3> t,, = 58U w L = 3 (cormacmo [17, 87)).
1

Jnn onpepenenua conporusienus [1; ueaecoobpaszHo Doabao-
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Tabanma 20

5]

7

A

]

10

15 %
88.1 97,6 107 115 12.3 150 187
79,2 87,3 94,9 102 1049 137 160
67.3 73,6 79,4 84,8 89,7 110 124
38,4 63,4 67,8 719 73,5 89,3 97,9
49.5 53,2 96,5 59,3 61,7 70,1 74,3
38,2 40,3 42,0 43,4 44,5 47,6 48,5
30,0 31,2 32,0 32,6 334 339 34,0
22,0 23,0 23,3 23,9 23,6 23,7 23,7
14,4 14,4 14,5 14,5 14,5 14,5 14,5
9,82 9,82 982 0,82 0,82 9,82 9,82
6,54 6,04 6,54 6,04 6,54 6,54 03,04
3,63 3,63 3,63 3,63 3,63 3,63 3,63
2,16 2,16 2,16 2,16 2,16 2,16 2,16

BATECH Ta:ke Tabn. 22, sammersosanpoil ua pabotu [77]. B npusejcn-
HEIX Qopmynax W Tabn, 22

0 -;.
T J-‘I: E r-ll. rgl 2 g ) T
e Gagt ' = bat * T By = . B - by, °
2 a Ta k k
B = = b, = ! b, = L
* by — by TR g & F Mgy
i
W=y -+ Py R

rae [y, W — KodpdhuIHeRTH BoOJ0OTAAYTH BepXHere OesHANOPHOIO M
HHA{HErO HAMOPHOTO CJA0ER.

QO yuKIER

2
e

_ 5 hHix
I—'l}"ifi.-:,r]lsj'E = dx

B

r!
il -

I(u,r)=e w'uj ‘ dx

&
E]

OIHCHBAKT AWHAMHKY NOHIKEHNA B PACCMATPHBAGMOM FOPH30HTE C
YYeTOM epeTeRaHn A B3 COCeAHero Mo BepTukaiau ropuzonta, Oyaknua
W (u, r) moppotuo tabynmposana M. Xanrywem [28], ee smauenus,
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Tabnuna 24

—Ei —Ei —Ei —E4 a

i x{_E_:jl il x‘_ﬁi u .'3':“""“:;: u Kl,'—l.t:i: u —Ei {—u)
|

0 oo
0,001 6,332 | o041 | 0,737 0,39 | 0,719| 0,67 | 0,396 0,95 0,239
0,002 5,639 | 0,42 [ 1,660] 040 | 0,702} 0,68 | 0,388 0,96 0,235
0,003 5,235 | 0,43 | 1,589( 041 l].EBEl 0,69 | 0381} 0,97 0,231
0,004 4,948 | 0,44 | 1,524 0,42 | 0,670] 0,70 | 0,374] 0,98 0,227
0,005 4,726 | 0,15 | 1,465) 0,43 | 0,640( 0,71 | 0,367§ 0,99 0,223
0,008 | 4,544 | 0,6 | 1,409 0,44 | 0,655] 072 [ 0,360] 1.00 0,219
0,007 | 4,392 | 047 | 1,358} 0,45 | 0,625] 073 | 0353 1.1 0.186
0,008 4,259 | 0,48 [ 1,310 046 | 0641 0,74 | 0,347 1,2 0,158
0,008 4,142 | 0,49 | 1,265] 0,47 | 0,598] 0,75 | 0,340 1,3 0,135
0,1 4,038 | 0,20 | 1,223] 0,48 | 0,585] 0,76 | 0334 1,4 0,116
0,015 3,637 | 0,21 | 1,483 0,49 | 0,572 0,77 | 0,328] 1,5 0,100
0,02 3,355 | 0,22 | 1,145] 0,50 | 0,560 0,78 | 0,322 1,6 0,086
0,025 3,437 | 0,23 | 1410 0,51 | 0,548] 0,79 | 0,316 1,7 0,075
0,03 2,959 | 0,24 | 1,076{ 0,52 | 0,536 I 080 | 0311 1,8 0,065
0,035 2,810 § 0,25 | 1,044 0,53 | 0,526 081 | 0,305( 1.9 0,056
0,04 2,681 | 0,26 | 1,014 0,54 | 0,514 0,82 | 0,300] 2,0 0,19
0,045 | 2,568 | 0,27 | 0985] 0,55 | 0503] 0,83 | 0204 2’5 0,025
0,05 | 2,468 | 0,28 | 0,957 0,56 | 4,493| 084 | 0.289] 30 0,013
0,055 2,378 | 0,29 | 0,931 { 0,57 | 04831 0,85 | 0,284 3,5 0,007
0,06 2,295 | 0,30 | 0,906) 0,58 | 0,473 0,86 | 0,279 4.0 0,033
0,065 2,220 | 0,31 [ 0,882] 0,59 | 0,464 087 | 0,274 4,5 00021
0,07 2,451 | 0,32 | 0,858 0,60 | 0,454 088 | 0,260 5,0 0,0011
0,075 2,087 | 0,33 | 0,836 0,61 | 0,445| 089 | 0.265) 5.5 6,410~
0,08 | 2027 | 0,34 0815] 062 | 0437 090 | 0,260 60 | 3.6.10—
0,085 1,971 0,35 | 0,794 0,63 | 0,428 0.9 0,236) 7.0 1,16-10—*
0,09 1,919 | 0,36 | 0,775 0,64 | 0,420 092 | 0251 || 8.0 37710
0,005 1,870 | 0,37 | 0,795 065 | 0,412) 093 | 0,247 ( 9.0 1,25-10—*
0,40 1,823 | 0,38 | 0,737 0,66 | 0,404] 094 | 0,243 || oo 1]

BAMMCTBOBA HHEE 13 paboTh [17], npueeserst n Tada. 23 u na pue, 25,
Oyaknua [ (u, r) raGymaposana @, M. Bouesepox [17], ee anauenmns
nanst B Tabu. 24w ma puc. 26, Us anaausa ynsuan W (i, r) caenyer,

uTo Opu { = (2—2,5) -%— i r < 0,2 Momno NPAEAMATE

W (u, ry==2K, () — I, (r) [— Ei (— bt)), (5.18)
rpe Ko w [y — masectume dynrumnn Beccean, werpewasmmeca panee.
ITpu merevennu eme Goxpimero BpeMenu {! }EIJJ BTOPLIM WICHOM B

(popmyme (5.18) wmommo mpenedpeds M UPUHEMATE B pacUeTax npu
t -+ oo (u— 0) upegeasuoe smaucHie GYHRIIN
W (0, r) = 2K, (r). (5.19)

Hpu r =0 cneayer W(u, 0) =~ 1 (u, 0) = —Ei(—u), a npur=>5
HparTHIeCKA MoKHO Noawtints W = 0 ul = 0. Jlas spavennii u
= J MoxHO Tarwe npunnamath [ (u, r) = 0.

s mamopmoro mojomoCHOro ropmsouTa ¢ uapaMeTpamu non
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T abannna 22

0,00 | 0,03

0.05 | 0.1

-
3

—
=
(5
=
[F]

—_—
[

—
=

PG v

S B e l-‘-F-:#ﬂ:#ﬁ
o oS

-

ke

== =
o
o

Ll el == = = =]
&

-, -

-

tn omiabo

el = =R ===

-

uk

o

00 2 e s

Whrmooooo
(44 |

2,956

528

L4

-+
=
L=

-+

S bogo
288
= b3 00

ﬁ

el

=2i%¢
ba S

-

cooo
o

BB

to
&

==J=J-Y-T oy YRy,

-

CODOOO R
= E
—
= g

3,483
2,161
0,987
0, dﬁi

0,087
'DIIJT

3,877
2,542
1,316
0,721
0,393

0,035
0,004

4,379 ]

3,034
1,771
1,119
5,724
0,471
0,159
0,043
0,002

-

ST

(=l el T

= =T
|l |

3,804
2,557
1,330
0,732
0,401
0,12
0,037
0,005

s
SEEE

SoSSSmros
EGEEE
H'Eﬁ-l —

0,371
0,040

4,850 |
3,4999
2,217
1,587
1,108
0,815
0,397
0,197
0,043

4913
3,561
2,278
1,506
1,165
0,859
0.442
0,234
(0,064

=

~a
-
-

§§§EEE

-

[=F=F=J_T_J g TYXYN
=

b 22
= 3

=

fl
i
=]

5,011
3,655
2,360
1,666
1,222
0,915
0,467
0,245
0,064

5.241
3,880
2074
1,861
1,400
q. 077
0, 500
0,395
0,115

5,475
4,106
2,773
2,044
1,560
1,215
0,681

IJ.,'[EE

g&g

-

&E

= -

===l CT L
=1 =

-:i':r'ml =2

=4 20 an =

=

3,611
4,243
2,911
2,714
1,634

0,730
0,475
0,185

5,994
4 ﬁIE
3, 262
2,496
1,977
1,996
0,975
0,614
0,250

6,130
4,750
3,306
1,628
2105
1,719

0,707
0, 313

6,361

3y 513
2, 831
E.EEIB
1,892
1,219

0,366

6,423
9,041
3,674
2,80
2,352
1,949
1,270
0, 35«3
0 3‘5!3

6,477
2,005
3,727
¥ 943
2,403
1 iiEIB
ifﬂ'l '.:'I'
0,395
0,427

6,859
5,475
4,008
3,302
2,747
2 327
1,509
1,131
0,583

6,921
5,536
4,159
3,353-
2,807
2,335
1,654
1,181
U,EH




0.10 0,20 0,30 0,50 0,60 0,70 0,80
0 4,80 | 3,500 | 2,740 1,849 1,555 1,321 1,131
0,001 | 4,820 | 3,505
0,005 | 4,206 | 3,457 | 2,743
0,01 3,85 | 3,288 | 2,10 1,849 1,555 1,321
0,02 3,244 | 2,952 | 2,569 1,838 1,553 1,321 1,131
0,03 2887 | 2,690 | 2411 1,806 1,542 1,318 1,130
0,04 2,629 | 2,482 | 2,268 1,760 1,521 1,309 1,127
0,05 2,427 | 2,311 2137 1,703 1,493 1,296 1,121
0,06 2,262 | 2,467 | 2,023 1,652 1,459 1,277 1,112
0,07 2123 | 2,048 | 1,921 1,297 1,423 1,205 1,099
0,08 2,003 | 1,935 | 1,820 1,544 1,386 1,231 1,085
0,09 1,808 | 1,839 | 1,746 1,492 1,349 1,205 1,068
0,1 1,806 | 1,753 | 1,670 1,442 1,312 1,179 1,051
0,2 1,216 | 1,494 | 1,460 | 1,115 0,059 0,996 0,928 0,858
0,3 0,902 | 0,890 [ 0,871 | 0,846 0,814 0,778 0,737 0,693
0,4 0,700 | 0,693 | 0,681 [ 0,665 0,645 0,621 0,594 0,565
0,5 0,558 | 0,553 | 0,545 | 0,534 0,021 0,504 0,486 0,466
0,6 0,433 | 0,450 | 0,444 | 0,436 0,427 0,415 0,402 0,387
0,7 0,373 | 0,370 | 0,366 | 0,361 0,353 0,345 0,335 0,324
0,8 0,310 | 0,308 | 0,305 | 0,304 0,295 0,289 0,282 0,273
0,9 0,260 | 0,258 | 0,256 | 0,253 0,249 0,244 0,238 0,231
1,0 0,219 | 0,218 | 0,216 | 0,214 0,210 0,207 0,202 0,197
2,0 0,049 | 0,049 | 0,049 | 0,048 0,048 0,047 0,047 0,046
3,0 0,013 | 0,13 | 0,013 | 0,013 0,013 0,013 0,013 0,012
10— jg—3 5-40—3 10—2 3.10—2
13,208 10,518 0,223 0
11,624 11,11 3312 0,334
10,933 10,69 6,248 1,354 (}
9,326 9,285 8,344 6,002 0,391
8,633 3,614 017 6,931 1,389
7,024 7,021 6,019 6,73 1,30
6,332 6,330 6,30 6,20 0,245
4,038 4,037 4,036 4,03 3,989
2,468 2,468 2468 2,467 2460
1,823 1,823 1,823 1,823 1,820
1,223 1,223 1,223 1,223 1,222
0,906 0,906 0,906 0,906 0,905
0,540 0,540 (0,540 0,540 0,540
0,374 0,374 0,574 0,374 0,374




Tabamma 23

a,%0 1,0 1,5 2,0 2,5 3,0 3,5 4,0 5,0
0,974 0,842 0,428 0,228 | 0,1247 | 0,0695 | 0,0392 | 0,0223 | 0,0074
0,974
0,973 0,842
0972 0,842
0,970 0,841
0 Eiﬁﬁ 0,839
0,959 0,836 0,428
0 ﬂ.;-‘.l. 0,832 ﬂ 423
0,941 0,826 0, 42?
0 ﬂH{I 0,519 0,427 0,228
0,786 0,715 0,414 0,227 | 0,1247 | 0,0695
0,648 0,601 0,381 0,221 | 0,1240°| 0,0694
0,535 0,502 0,341 0,210 | 01217 | 0,0691 | 0,0392 | 0,0223
0,444 0,421 0,301 049 | 01174 | 0,0681 | 0,0390 | 0,0223
0,371 0,354 0, 963 0477 | 041142 | 0,0664 | 0,0386
0,312 0,300 0,229 0,460 | 04040 | 0,0639 | 0,0379
0,264 0,254 n 199 0,144 0,0961 | 0,0607 | 0,0368 | 0,0218 | 0,0074
0,224 0,217 0,173 0,428 | 0, {}EBI 0,0572 | 0,0354 | 0,0213 | 0,0073
:} 191 0,186 0, 151 0414 | 0,0803 | 0,0534 | 0,0338 | 0,0207 | 0,0073
ﬂ.ME 0,044 ﬁ,l.‘l.?:'il 0,034 | 0,0271 | 0,021 56 | 00112 | 0,001
0,2 0,M2 0,011 0,010 l].mﬂﬁ 0,007 | 0,00567 | 0,0045 | 00025
Tabnnna 24
5. 40— 10—1 0,4 0,5 1,0 1,2
0
00,0873 0
0,214 0
20el 0,303
3,781 0,976 0 0
3,82 3,342 0,889 0,202 0
2,447 2,387 1,844 1,143 0,252
1,816 1,796 1,594 1,268 0,513 0,343
1,221 1,215 1,152 1,039 0,665 0,540
0,905 0,902 0,874 0,320 0,620 0,527
0,540 0,58 0,538 0,532 0,450 0,421
0,374 0,373 0,370 0,362 0,328 0,320
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BE
yg—4% 1—3 5. 4—3 10—2 3.10—2
1,2 0,158 0,158 0,158 0,158 0,158
1,4 0,116 0,116 0,116 0,116 0,116
1,6 0,0863 0,0863 0,0863 0,0863 0,0863
1,8 0,0847 0,0647 0,0647 0,065 0,0647
2 0,0489 0,0489 0,0489 0,0489 0,0489
22 0,0372 0,0372 0,0372 0,0372 0,0372
2.4 0,0284 0,0284 0,0284 0,0284 0,0284
2.6 0,0218 0,0218 0,0218 0,0218 0,0218
2.8 0,0160 0,0169 0,0169 0,0160 0,016
3 0,013 0,013 0,013 0,013 0,013
3,5 0,007 0,007 0,007 0,007 0,007
4 0,0038 0,0038 0,0038 0,0038 0,0038
5 0,0011 0,0011 0,0011 0,0011 0,0011
P
1,4 1,8 1,8 2 g2 | 2,4
5-10~"

10—} 0,236 0,170 0,128 0,101 0,081 0,067
0,2 0,423 0,320 0,243 0,196 0,165 0,140
0,3 0,437 0,362 0,296 0,256 0,219 0,189
0,5 0,382 0,343 0,306 0,268 0,239 0,210
0,7 0,295 0,278 0,257 0,231 0,153 0,144
1,2 0,141 0,136 0,131 0,125 0,419 0,44
1,4 0,106 0,103 0,009 0,006 0,093 0,089
1,6 0,080 0,078 0,076 0,074 0,072 0,069
1,8 0,061 0,059 0,058 0,057 0,055 0,054
2 0,046 0,045 0,043 0,044 0,043 0,042
22 0,035 0,035 0,034 0,034 0,033 0,032
2.4 0,027 0,027 0,026 0,026 0,026 0,025
2.6 0,021 0,021 0,021 0,020 0,020 0,020
2.8 0,016 0,016 0,016 0,016 0,016 0,015
3 0,013 0,013 0,042 0,012 0,042 0,012
3,5 0,007 0,007 0,007 0,007 0,007 0,007
4 0,004 0,004 0,004 0,004 0,004 0,004
5 0,001 0,001 0,001 0,001 0,001 0,001

TI' = km, u3 xotoporo upon3BofNTCA OTKAYKa (Takoll rOPHIOHT orpa-
HHYed Ao ceepxy, nnbo cupay, aubo ceepxy u cEuay caabonpounn-
HACMBMH PasjelbHEMA CAOAMH, OTACIAIIOUMH cOCeAHHEe 00mAbHLIC
BOJIOHOCHLIE TOPH3ONTH C MOCTOAHBLIME Eamopamu), B dGopmyne (5.1)
NPUHAMACTCA

Y H (uii F'!} — W {uh ;i}!‘ {542{3}
2
rne u, =¥'f 4By = -E—, ==-p£, a papasmerp b DpuEnMaerca B
3ABHCHMOCTH OT PACHOJIO}KEHNS NPHKDPHBAIOWHX pPasielibHWX CJI0CE
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T podoamenue mabe, 24

5. 402 sg~1 0,3 0,3 1,0 1,2
0,155 0,138 0,156 0,156 0,149 0,145
0,116 0,116 0,115 0,115 0,111 0,108
00,0863 0,0863 0,858 0,0854 0,0829 00814
0,0647 0,0647 0,0644 00,0642 00,0626 (,0616
00,0430 00,0489 0,0487 0,0485 0,0475 0, 0469
0,0372 0,0372 0,087 0,037 0,0363 0,0359
0,0284 00,0254 0,0283 0,0283 00,0278 0,0276
0,0218 0,0218 0,0217 0,0217 0,0214 0,0212
0,016 0,0169 0,0168 0,0168 0,0166 0,0164
0,013 0,013 0,013 0,013 001258 0,0128
0,007 0,007 0,007 0,0069 {1, 00649 0,0069
0,0033 0,038 0,0038 00,0038 0,0037 0,007
0,0011 0,001 1 0,011 0,0011 0,0011 0,0011
2.6 ¢ 8 i 3.3 4 | 5
0,657 0,049 0,021
0,117 0,097 0,079 0,043
0,163 0,134 0,109 0,059
G184 162 0,143 0,106 0,080 0,051
0,134 0,126 0,143 0,085 0,088 0,057
0,108 0,102 0,066 0,83 0,071 0,05
0,085 0,081 0,077 0,068 0,060 0,045
0,067 0,064 0,062 0,055 0,049 0,03%
0,052 0,050 0,049 0,044 0,040 0,032
0,041 (1,039 0,038 0,035 0,032 0,027
0,032 0,031 0,030 0,028 0,025 (0,022
0,025 0,024 0,024 0,022 0,021 0,013
0,019 0,019 0,19 0,15 0,016 0,014
0,015 0,015 0,015 0,014 0,13 0,012
0,012 0,012 0,011 0,012 0,010 0,009

0,006 006G 0,005 0,006 0,005 (0,005

0,004 0,004 0,004 0,003 0,003 0,003

0,001 0,001 0,001 0,00 0,001 1,001

caeayiommy: b = 11‘: piaa cxesm, mzodpaskeHHmx Ha puc. 2V, a, 6,
(1]

k k
Bz At - “ ) mam  cxem, naobpamiennux ma puac. 27, e
A mg T

Ilpm atom mpemnonaraercs, w9ro Ho= Ho= My, tne s u H, —
NOCTOAHHEE HANOPLI B COCEJHAX TOpPH3IOHTAX, H,,], — HAIOP B OCHOBHOM
rOPM30oHTE JIo Havajla oTkavku. Hpowme toro, B paszielbHEIX CT0AX npu-
HAMAETCA KeCTKHH pesusM (HIBTDPALNHE, T. ¢. BOZOOTAATA PAZNEILILIX
Cll0eB upeHedperaercs.
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JIET:

onmpefeleHuA coupoTHBieHnit R, n

b £ 2

Puc. 25. I'padmr dynrunn W (u_ %) (

atl
_T;'

mup

L)
8
7
6 02
5
£
X 1

OKO  pacnpocTpaHcHHOT( TpexcioilHoro TpyHTa co
CPe/HEM CIA00HPOHMIAEMEIM CI0€M, B KOTOPOM perunm GuaLTpammm
npuEEMaeTcA sxecTikuM (W = (), NOHMKCHMA B XOpolno NpoHHIae-
MEX BepxHeM (5;) m mmHeMm (S,) CI0AX NpH OTKAMKE M3 HHMKHErO
ciosa oupepenares no gopmyae (5.1),  woropoit T = T, a pan

00408 08

10 10
1.0
- 08} %_a

2,0

- 'ﬂ i | ] f
-2 —1 0 “1inFk 4
« L 1 il L 1 i
- 0 g7ar ¢ A
gz onise ' ? 0,2
2L 0.4
a8
= 2.8
1
'ﬂ' | =R | i 1 1 1 T I_g

o M R R o i 7 Unfy

L i I - | I | I i 1

0050 03051 J 5 10 30 50 100 300 50071000 F,

1
Au

na rpapuke Fy = — =

H, na OCHOBAHWUW NMPHBEICHHOrO

Bhillle PeUTeHHA peroMeHAYIOTCA caeayiomue gopmyan. {as sBpemen
t<tl,, m3 (4.84) m (4.85) mocae HeKOTOPHX npeobpasoBaumii mo-

JdyTaeM

rie

R, (uy, ;t] = {L"m { W (u},

o =

;‘I ] — W (H;i

Fi
E i Fi) *

)]+
+W (u;, Tfi—)- W (u}, _;2.”

Fi

Ry (i, 7i) = w(u:, ._)*

'HE
Tﬂ ﬂlb! — ﬂ,l"l 3 ﬂi e -ﬂl
TI_TI ! g_ ﬂj—ﬂl ! B;: '!"I_bl. ;

(9.21)

(5.22)



m T T
anra  epesmen << {, = D,iﬁ [pl - T+ P —T‘-] ynodHo TakmKe

pocOooibaoBaThea sapucuaMoctamu (4.87) n (4.88), kotopue b npHBATHX
ofo3HavenuAX MMEIOT BHJ

R, (ui, 7) = TL (4 + ) Ei (— u)) — (1 + ui) Bi (—u) +

il W Y (5.23)

infy =2 8 a 12
1 L | | 1 L1 L1 L I
Fp Q05 025 255 25 200500 W 510* 25.90%
0,125 05 5107
- | :
Pue. 26. 'padux dynxuun I (u, r) (ua rpafike F, = T % ;
R, (ui, ry) = R, (i, ri) — Ei (— wy); (5.24)
na  Bpemen > t,, = 40 . L L smecro (5.21) mu

k (E_?_l'
i
(5.22) meoGxommumo moan3oBarbes sapmeumoctamu (4.89) m (4.90), xo-
TOpsie Opu byl > I MO:KHO YOPOCTHTE K BHAY

Fi

Ry (i, 1) = an[— W (ufy ) — B (— w) — I (u, T)] (5.25)
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Ry (i, 1) = R, (i, i) + ot '% [(1 — "%‘)f (ﬁ.ﬁ- -B—) +

ay by Fi =
+ u:.!; T*F(H?s Tu)] (5.26)
3necs
'y 2
1l = f:—.l, a, = Tg ¥ i H bns ifl I.L-g_T'z i‘“ ;r-:!’
Ml"f—j—‘E'Fs_T:' S
ol b'n et Eﬂ 2 2___ ﬂﬂ 2._.. =
bui_n. ' m"_[m]’ O e =g
[1 ]
re r?
i} i £
wi= g W= T=Ti+Ty p=p+p

[MToaosxue B oTRX dopmyaax JaasA Tpexcioiimoro rpyera 4, = 0, noay-
UMM NPHBEACHIKIE BLINIE 3ABUCEMOCTHE JAJAA ABYXCJAOHHOro rpysTa,
a noaokus @; = b, = b, = (), noayunm aapucumocts (2.10) pan oano-
pojiHoro rpyuTia, llpu oTkadke U3 BepXHEro cJaoA TPexcaoiHnoro rpym-
TAa pacueT mommkenni S, u 5, Bunoamnaerca Takmce no popuyae (5.1),
B koTopoil npunnmaerca I'= T, a 1A BLUYHCT2HHA CONPOTHBJICHHR
A, 1 H, M0#HO BOCTOIB30OBATECA I PUBEICHHBIME (JOPM yIAME, CACJAAR B
HHX BAMEHY TapPaMeTpoB dy, b, COOTBETCTBEHHO HA @,, b, u Haobopor —
@y, by HA a4, by, Torma s spesen { << {,, DOAYUHM CACAYIOMHE BRPA-
denus qan B, n R,

R, (ui, 1) = w(u.;, _;LI) (5.27)
Ry (ui, 1) = @ {eﬁ'{ W (u,], %) — W (u}, ;; ]-I -+
- * L |
W (u:, ;T] W (E;, T':T)} : (5.28)
w = T = aaly — aha —_— @y — fa
I:':'::"':l_tlr‘l g: -"1:—"";- g 30 P2 f‘:_b; '

Bupasienna gaa ff; m f, npu mannx B GolbmBX BpeMemax moJyva-
IOTCH AHAJTOPHIHBIM  00pazon,

JLas pazinaHbX 9ACTHLHIX CAYIAeR 3HAYCHIIT OT/e/IbHBIX HapaMeT-
pos pacdetnuie Qopuyian yopomawrtea, Haopmsep, npm a; = a, =
=a u Iy I, dopMyan [JJA BHMACICONA CONPOTHBIeHAl R, n
R, upnanvawt Buj

Ry (ui, J:I] = f‘,—infr';- [W (u“ ;—] — W (Hf, %)] , (5.29)

3/

Ry (uiy 1) = W (uy, ——) (5.30)
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nna Bpevenm f< I,.;
- '."'I* -
R1 {Hh I"{} = — m IW (LL,'., *E--) -f- i {— Hfj] » {5+31}
F i
)! B, =55, (5:32)
001 BpeMeR ¢ = f i Opu @y = a, = a, by = by, = b

R, (us, r,}=—ﬂ5[Ei{—u)+W( | )] (5.33)
(

by

R, (us, i) = — 05 [Er (—u) — W = (5.34)
nna spemed > fenpe Ty =T, =05Tna,s=a, ana t > i,

R, (u;, ) = —0,5 lEﬁ (—uwi) + W (u;, L)] (9.35)

By
R, (wi, 1) = —0,5 [Es (— i) — W{ut, _; ]I (5.36)
e Bi = -2 = 0,25 Tmi i e =% Cornacao padote [17],

D

sapMcuMocTH (9.31) — (O, 34] CTAHOBATCA TOUHLIME 1A MO0MX BpeMen.

JaMedan A K pacueram 1. lasgcrouctuix BogosHocHEX
TOJIL, BLYHC/HCHNE MOoHWkennit S, aaa eayvasn t < ¢,, B BepXHeM clioe
HPOUBBOAUTCA ¢ GOMBWEH TOYHOCTHIO W JOCTOBCPHOCTLIO, MM B HMIK-
HEM €108, U3 KOTOPOTO OCYMECTBIAETCHA 0TKAYKA. JTOT BHIBOJ clelyeT
M3 AHAJM3A NPUBEJEHHOTO BLIG PEeNIeHHAA Saa4M ¥ CAeJNANHLIX Hp®
HOCTPOCHHHE pPacHYeTHRIX 3aBHCHMOCTEH ﬂ['PE!.HII‘lEHHﬁ+ 5

2. Ecim crpa;KuBEL HAMHHAWOT pa 0O0TATH B MOMCHT BpeMenH Iy,
TO SHAYTCHHHA EGHPE}THBHEHHﬁ HYHHO OPHHAMATL CACTYIOMIMI.

0 npu & <1,
R(t—1) opu t =1,
T. €. BO BCEX 3ABHCHMOCTAX BuMecTo ¢ npuHmmaerca { — &, rie i,
l, .oy B — BpEMA HauaNa oTRavurH Ha 1, 2, ..., -t CKBAKUHLL

J. Ecam cEBasEMER vaduuawoT pabotarTh B MOMEHT BpeMeHm /;

M TNPeKPAmAnT B MOMCHT {4, T0 3HAMCHHA CODPOTHBICHMIl [OTIHLI
OLITh TAKKHMU:

R({) = (5.37)

0 opu I-:.'__"t;,
R () = Rt —t) npm 1 < <t (5.38)
R(t—t)—R(—1t) mpu t>t;=t; + 1,

rae iy, la, ..., f; — BpemMs OpeKpamEeHAA OTKAYKH (Hauaja BOCCTa-
HoBNeHus yposea) 1, 2, ..., - cKBasKHHB, &, = § — §; — QOHTENAR™
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HOCTH NEPHOIA OTKAOMKI 0T BRIWYUEHAS 10 OCTAHOBKE CHBAKHHE
(n Ha9aja ROCCTAHORJEHWH YPOBILT).

4. Jlaa onpegereRds NOHIGKEHWH b i-il CKBAKWHE R cIy9ae co-
BEPHICHHLY CKBMEAH B Mpeienax JPeHHpYeMiX CT0eR B PACUCTHLIX
dopuyinax neoOXoQuMO IOJNOHMTR It = I, B caydae peconepuen-

UBIX CKDAMIE MONIFRenne HenoCpejeTEeHI0 B CRBAKUEHC onpeenaer-
¢ no gopmyac

So () =Silt) + @ (=1,3), (5.39)
i
re S (f) — aHAJOTHYHOE MONMMEHHe COBEPIeHNoil CHBASKIHLL B
LHpeReNax JpenupyeMoro j-ro cIoa npopoguMoctsio T, D — co-
llp::rTan']lHﬂ Ha HeCOEepUICHCTRO B NPOICIAX HTOTO CIOH.

. Bapamue muguiinypaltHonnoro nHiamus ymoc TOHUION NIITCHC HB-
NOCThIO & I pemmmrpnmﬂuﬂﬂ neorpanmdennoi ofaacTi PuanTpanie
MosieT OuTh NPHGIMACHIIO YITEHO NYTCM YMEHLIICIA HHHJ‘WHH’I-.["{
NONMAICIHT HA BeAWURHY S, KOTOPAS OUPEAEIsTCTCH CICTFIONIN pOpa-

J0M: UM ABYXCIO0IHOTO rpyHTa, coriacuo padore [87],

S i £ _____I__ — Py plighty |, B
S, == ‘1 — ot —e }] ; (5.40)
npa (b, -1 by) ¢ = 5 rwpaikeune (5.40) yupomaeres ¥ BI1y
' £ 2
e, = :; : (h.41)
npu Ol = 3 == 3 IpHIHMACTCA
_ B Ty 1 e NEa bt = 49
Sl‘-’l - I, [ '!1"|"" I'.__ I Jl {I' £ }-I? {'j‘j-]
JIZLSL TPEXCIOHHOTO 'V HTA
S, == ey, (5.43)
: Ly

Eean MAPMALTpaUonnoe OUTAOHE JeiictBYeT Ha OTPAHIUCHLI0N 1110~
maju, To JdH HIJLIEJ[LI}!{EHIIDT{} D]][JE"."I,E.'IE}.IHH BOTTITMTIHE SEI MOS0

BOCMOJIBIOBATLCA PCROMCIAAIUAMI, Hanoniemuuyu B pabore [l
1o noay4YenusM 3aBHCHMOCTAM NPOLCICHLI PACUYETH HOHIGRECHII
S B BOMOHOCHBIX CIOMX TPEXCTOINHOIO FPpYyuTa Ipi MIHPOKOM H3MCLC-
uH GuALTPAMHORHMX mapaverpos a n b, Ha pue. 28 nsodpaken
P KR 3aBHCHMOCTH LOHMKeHHI §; oT £, ToayueHHbe I Majibx
ppesen na paccrosuuax 10 (kpupan ) u 40 m (£) oT cRBURMOE, OCY-
NECTHAHIOMEH OTKAMKY HOCTOHHHLIM JHe0NTOM 113 HUARHEro OCHOBHOTO
ropuaouta. I3 arosM caywae, cOIVIACHO iTpI'IHE*;[EHHﬂﬁ RhITHE Ole¢HKe,
pacueT mo Gogee Tounoil gopumyae (5.23) BosMoOCH At 1< 20 cvrox,
npuies omubka npu 20 cyrrax He npepmmaer 10% u veanme 10%
man { << 20 cyrox. Hak mmjiHo w3 puc. 28, B upejeiax BO3MOKHO-
I'o COTIOCTABJICHHA Pe3Y.JETATE anﬁ.‘II[.‘rHEHH LIX PAactMeToR OTJIHMAHKYTCH
0T TOMHMX ue OJoaee geM Ha 5—10%. Jro mospoasaer ropopuTh 0
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NOCTATOTHOMN MJIA NMpPAKTHYECKHX PACTETOB TOYHOCTH NPHOIMKeHHHX
popmya.

Ha pmec. 29 ppmeefeHn rpadMkm 3aBHCHMOCTH NOHIUKeHHA S,
ot f, moayuenHEse no npubmpkeEHoE (INTPHXOBHE KpHBHE) W Donee
To9HOH (cnnomuse wpuBsie) dopmymam (5.21) m (5.25) gaa Gonpmax
ppemed {. 3peck naoGpa)iens TPH IPYOOL KPHBHX, COOTBETCTBYIIOMAS

pad VA
2 52t

24+

24

OBl T | PR
T & 10 20 50 20
L, Cymai
Puc. 28, JapucuMocTHt monmsenna 8, 16
OT BPEMEHIH:
CICIOMNAR  HPAKIA — [e3yAbTaTe, I1071y9es-
Hee N0 $opayie (3.23), MTPEXO0OBEAA — II0 12+
poparyae (3215, X
a8
04}
Puc., 29, 3anncuMoCcTH DORMEeOEA S1 0
OT BpeMEHH. 00 200 500 100 2000
£, Cifmny

pasdHYHEEM QUIBTPALUHOHHEIM NOapaMeTpaM TpeXcHoiHoro rpYHTA,
Ipunne I—J paccuHTanm OpH CAE[YIOUUX HCXOJHMX HapaMerpax:
ay = 200, 100 u 100 m*/cyTkm; a, = 1,33 - 104, 1,33 - 10° u
108 m¥/cyrrm; T,=20, 10w 10 m¥eyrenm; T,=400, 400 i 500 sm®/cyTru;
w, = 0,1; p, = 0,03; 0,003 g 0,0005; k, = 0,01; 0,005 m/cyrru;
me = 10 m; ) = 4000 m¥*/cyTrn.

Kak u caegopago OKEAATE H3 PACUeTOR, NpH GoJee MPOHHIAEMOM
pasiejlbHOM CJ0e TNMOHHMKeHH:? YPOBHA B BepPXHEM CJI0€ NPOHCXOTHT
foNiec HOTPHCHBHO H 3aMETHO B VCJIOBMAX HempoJo/KHTEALHLIX OTKA-
UeK B3 HHMKHETO ¢/10A W, HA0DOPOT, NPH MEHEeE NPOHALAEMOM PARIeI k-
HOM cJaoe Tpefyerca NpoaoJUKATENBHAS BO BPEMEHH OTHKAYKA JUIA CYy-
MECTBEHAHOr0 NOBMKEHNA YPOBEA B BepxHeM ¢joe, CoriacHo npuBefen-
HOH BLIINE ONEHKe, AaA GoAbmNX 3Ha4Yennil £ pacder no opmyne (5.25)
AaeT HeKOTODHH ONEHOYHRH MOMEHT BpemMeHu [.,, HATHHAA C KOTOPO-
ro MOPKHO ¢ ToTHo0¢TEI 00 10% menonnsoraTs B pacuerax oty GopMyay.

Jdna Tpex paccMaTpEBAeMHX CJIY4ACB MOMEHT BpeMenH f,, COOT-
percToesro paser 180, 200 » 1560 cyrram. Ilommwmenusn S, paccuu-
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TanHLe no Gonee Tounoil Gopuyne (5.25), ¢ momenTa f,, W 10 HEKOTO-
poro MOMEHTA f; OTJHYAIOTCA OT MOHMMKeHHIT S,, pacCYMTAHHEX mO
npubamkennoi gopmyae (5.21), B Opegenax BO3IMOIKHOIO COMOCTARNTE-
HAS BPEMEHH f, — [, UPUMEPHO JUIA BCEX PACCMOTPEHHHX TTapaMer-
poB u awbsix paccTosnmil r ge Goaee vem ma 10—15%. Jaa pacemar-
PHBAGMBX CIYYaeR MOMEHT f; CoOTBeTcTBeHHO pasen 240, 540 wu
3000 eyrox. Haumman ¢ ¢y KpHBHe H3IMeHCHHA 5, U0 TOYHHM H IpH-
GaumenEnM Gopmynam pesko pac-

XOJATCSA, & HTO BHAYMT, 4o npuban- ™

JHeHHEe QopMyaIm npr ! >, HC- 7 =—
nonsioBaTk Hedsas. Ha pue. 30 7 e
NOKAZAHH M3MEHEHMA NOHWHCHHH Z =
§,, paccumTamEbie no Qopmyne g e
(5.21) (mrpuxoBHe KPHBHIE) H MOCT- [ 5 ==
POEHHBIE TO JaHAWMM BaDmMogeHnd & bt 18 MR R R
(ctomHEMe KpHBRIE) B nepuwox 10 20 50 100 200 toymeu

OMETHO-KCIIYATAIMORERI X 0TKATER  pyo 30 Conocrapaenne pacuer-
CKBAKWAAMA 1 —3 M3 HIKHEr0 CHOA  pyx ponmskenmii S; ¢ JAHHLIME Ha-
TPeXCcAONHOH TOJNIIM HA OJHOM N3  TYpuMX nabawojenmni

OPOIIACMBIX MACCHBOB 10ra YEKpa- 1 —3— Haljofacuic CHBKRIEL, COJOL-

WA KPHBAA — 10 PEAYALTATAM PacYcTon,
HMHLL. BI{,II,HD, 9TO pesyasTaTe pac- MTPHXOBIA — [0 JAHHEM HATYPHLE Hald-

4eTOB XOPOIN0 COTJACYIOTCA ¢ fag-  vonensd.
HBIMH HATYPHBX HabJwIeHRIl,

[Tpusep. Onpepennts NMoEA#EeHUA HA MEPHO] 100 n §ﬂﬂ CYTOK B
roure M HeorpaEmuennoii ofiacTH (MILTPATIHHE, B KOTOPOIl MeHCTBYeT
BHIOOPOYHBI BePTHKANLHBI Apenask U3 NATH ckBaxun. Paceroanua
OT CKBa¥KMH o0 ToukH M:r, = 500, ry = 361, ry = 300, ry, = 361,
r. = 500 m. Bogonocnan Tonma mpeicTaBJeHA TPEXCHAOHHRIM TDYH-
ToM ¢ mapaMerpamm: my, = 10 M, k, = 5 m/cyTRE, W, = 0,12; m, =
= 5 M, ks = 0,01 m/eyren, my = 15 n, by = 10 m/cymkm, p, =
= (0,002,

Orrauxa oguraxoseyu gedntamn @ = 2500 »¥/cyTEH ocymecTnA-
eTCA M3 HIMHEIO CI0A CHBAKHHAME, COBEPIIEHHLIME OTHOCHTCIBHO
aroro ciaod. Ilpeppapurensuo HaxoanMm

5+ 40 1515 _ YT e
4 =—17 = 47, a,= = T 11,25 - 104 m*/cyTR®;
n,r}l i ki ﬂlui i _'I_
b= 5oz =007, by =550z = 1.0 cymu
T, =050, Ty=225, T =275 u*/cyrsnm;
T 11,25 10' oo
Bl = W =-- iﬁ'ﬁ',ﬁ, B= = ]/ 1 = 330 M.

IHosmsenna paccunTrsaem no dopmyae (5.1), B KoTopoH conpoTHBe-
Hue R pas spemenm t = 100 << ¢, = 456 CcyTOK BEIMHCIAACTCA IO
dopmyaam (5.21) m (5.22) (npeasapurensHo Haxogmm o = —1,285,
p = —0,133, B, = 338 m):
R, (u;, ry) = — 1,285 {e %300 1457 (0 0055; 15) — W (1,5; 1,5)] +
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4 W (1,5: 3,2) — W (0,0055; 1,5)) = — 1,285 10,264 [0,428 —
— 0,095] 4 0,031 — 0,428} = 0,40; R, (uy, ry) = 0,65;
R, (uy, Ts) =0,79; R, (ug, ry =0,65; R, (uy, ry) = 0,40;
R, (1, 1) = 0,43; Ry (ug 1) = 0,76; Ry, (g ry) = 0,97,
R, (ug, 1) = 0,76; R, (1 1y = 0,43.

Orewpa

§ =220 ___ 0,40 4 0,65 4- 0,79 -+ 0,65 + 0,40) = 2,56 u;
S TR Tl e S A T i e |
g 2500

o= rara- gz (048 + 0,76 + 0,97 + 0,76 4- 0,43) = 2,96 m.

Ias ¢ = 500 > #,, = 456 cyror compormmaenne R paccauThiBaeM
no gopuyaam (5.25) u (5.26) (npegmBapHTelNLHO BHYMCIAAEM 4, =
= 509,3 w»*fcyrem, & = 0,025 cyren —la = 2254,1 m¥eyThH,
b = 0,032 cyrsu ', B = 2064 m, B, = 142,7 m, By, = 264,1 m):
R, (uy, r) = 0,83 [— W (0,245; 3,5) — Ei (— 0,055) —
— 1(0,055; 1,89)] = 0,83 (— 0,039 + 2,378 — 0) = 1,94;

- 0,032 47 - 0,025 :
Rﬁ {Ml, i"ﬂ == 1,94 —|— {},BB—W [D —[— 5003 - 0,032 ﬂ,ﬂ35‘} = 1,93,

R, (u,, }E} =2,39; R, (ug Fﬂ] = 2,61; R (u,, ;4} = 2,39,
R, (g, 7)) = 1,94 Ry (ua, 72} = 2,50; Ry (1 ry) = 2,81;
R, (1, ry) =2,50; R, (uy, r5) = 1,98.

Torya
Sy = . 5215;:}{] 595 (1,94 4 2,39 4+ 2,61 + 2,39 4 1,94) = 9,92 m;
Sy = i (1,98 + 2,50 + 2,18 + 2,50 + 1,98) = 10,40 .

§ 2, MPAMOJHHEAHLINA PAJT CKEBASKHH
B HEOTPAHIYENION OBJACTIH @IJILTPATTHI

ITpu pacuerax NpuUTOKA K IPAMOJIHICHHOMY PALY CKBAGKMI
y 10000 BOCTIOAB30BATLCA NMPHBEIEHIEM ero IPH MOMOLE MeTo/1a (k-
TPALMONHLX CONPOTHBICHMII K coBepIIeHn0il TpaHee. JTO H03BOAA-
€T ¢ JOCTATOMHOH A NPAKTHEN TOMHOCTEIO M3YVINTE (UILTpanuononii
NOTOK HA PACCTOANNH OT CKRAMUH, NPEBEILAKIEM PACCTOARNE MEKIY
aama. OfocHoBanue BOZMOYKHOCTH NCPeXoga NO MeTony {(uabTpaim-
OHHBIX Eﬂ[IPUTHEJlEHI{ﬁ oT DeCKONCYHOTO ]].FIJIEI ClhitayiHH K OKEHEAJEHT-
HOIl 110 IeHCTBHID Ha PACCTOAHNM TPAMEPHO X > O COBEPIIEHHO Tpau-
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mee npneeaeno B padotax [23, 53, 64, 114]. TIpm oTom ¢ Terennem npe-
MEHI JeilcTBHe cOBepPIIEHHOE Tpammen npudILKAeTea 1o BCINYHHE
K NCUCTBHIO DecROICTIRorO PAMA CHRBAMIHI TCM 5T=I{5TI;FEE, e AEEEETS
paccToAnue Mexly nnvn. lipose Toro, jis V0BCTBA 3 YHPOIERNS B
HCCAEMOBARMHX YACTO OUCPIPYIOT cXeMoil decKOREYHOTo PALA, IO Ko-
Topoii OOLINLO TOHMMAIOT JWUCHINLH PAT CRBAYKWH SHATHTCILLOIN
nporamennoctT.,  looroaty npeieTapasceT GoALINOH TpakTHYECKuii
HHTepEC BLACHERHE VCI0BHE, DIPH KOTOPWN JIWHCRILIE paj, p ckra-
JRUH B NIGECHEPHBIX pacderax MOKHO C'LITaTh Deckoucduuy, Heroro-

Tabanmuma 25

TTann: e o et
2 5.00—% | = | 20072 | 5.0070 || =1 |2 10— ||r..1u—1 1
% i J 7 | 5 5 3 3 3
S 29 21 5 | 9 7 5
3o 19 11 4 ; i D 1 7 9

PHE DPCROMEIINININ 110 HTOMY BOTIPOCY MIT0iKeHw B paboTax 125,
53, 64, 114]. B sacraocrsr, no jaHeamy pador |55] masu cocraniena
Taba. 23 B OeH VRASHBACTCA KOIHUCCTBRO CKBAGKHH P KOHCUIIOTo psl-
fla, B KoTOopoM PACXMGEACHUHC MOHALLY HOLIGTOHITAMI 5.“ (B JEHTPAIL-
noil cRpaEHHE) WS, (mocpejiuHe MOsEAY HCHTPAJBION 1T COCCIe
CLBKUENAMH) HE OVJACT IpeBHINATE COOTRETCTBCHIIO 10 {;ime Bepx-
nne crporn Tada. 25) ud % (ABe HIGKIKMC CTPOKN) 110 CPABHEHHIO € AL -
JOTMTHRMI NOHMECHUAM I B CJydae DCCROmeUHOro paa. Ha rada. 25
CACAYET, 9TO ¢ MOCTATOMHOM UIH LUPAKTHRM TOYOOCTRHID BO MIOTHX
CAVUAAX CXOMA OCCKONCUROIO PAga MO#er OmMTh MCNOALIOBALA MPH
pacHeTe JHUeHINX PAN0B € KOUCTIEM UACIOM CRBAMNH,

[Mwse paccvaTpupaercd JSHCTERHC TAKOTO PAIA, NPHBETERROIO
I COBCPINCHION TpaRmee, ¢ HEOTPAHNYCHHOM oddacT GUIBTPAIET ¢
P IHYHLM CTPOCHMCM BONOHOCIOIT 1O,

[ounseHus yposHa & B CHOAX TPEXCTOHNHOIO IPYHTA €O Cpei-
HUM CIA0OTMPOHNIAEMBHM CTOEM P OTRAYEAX M3 HIGRIero Caod ¢
netntom ¢ = @0 ONPLICIATCA 1O CHEIYHUIM 3aBUCHMOCTAM, CO-
CTARJTEHHRAM Ha OCHOBAHMI MPUBCHCHIION0 BRINE PEIIeHNHAD JLIH Bpe-
Mo f < £y, 13 (4.95) — (4.97) nesme mexoropux mpeolpRIOBAKMI I0-
JAYTaeM

S (@, ) = - Rila, 1) (5.44)

Rt =a{ @[t 50) =¥ (0 )]
+ ¥ (%0 5| =V (T ﬁi:]] : (5.45)
Ry 8) =¥ (v 7). (.46

in1
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£
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poF ot 63505 1 JF §F 17 J@ 50100 JOO 500 1000 T
Puc. 31. I'padmr :In}.runuun‘if(r. —;;)

rie
2 B, e L
¥ (Ti, TJ = Py [E B; erfc E.I- — e Bi erfe '.I‘]j]'.
i x — 1 x —— v
Li = El’ff_i B, VT-. s ﬂ_-E_VT;-I-_Bi_VTi 1 {3-47"}
agt -

Ti = T;' v erffcz=1—D(z); ©(z) = 5 e “dot — M3pecTHRIl MH-

v
0

Terpai BepoatuocTn. Ha rpajmke pme. 31 u B rabun. 26 npusegenun
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b
gravenna Gyrsmnii ¥V 11a pasnmuERX mapamerpos T m 5+ rpadurn

aaHMCTROBaHM w3 padorwt [17].
Cpeppee nonuwenne BOIRaH paja cksaxne (x = 0), opaMepno
PABHOC NOHKKEHEREH IOCPEINHEe MeK/Y CKBasKMHAMM, COCTABHAT!

§:(0, t) = R; (0, ?); (5.48)

q
T

R, (0, t) = rx{eﬂfﬂ* [tI}| azd ) — m{l%i.)] i

-+ B (V 5 — B (V b)) (5.49)
Ry (0, t) = B,® () byt). (5.50)
- T3 _ ﬂ'.l.hi_ l!'i'gr;'j_ Bi —
B npueepenunx ¢opuymax o ——H—Tl_n e By
— ‘;2 _i‘ : . Ocranpane oGospasenua Te ke,
=5 by

uTH W PHHL-I]IE.
lloam:acerme B CHBAGKHHE

Sty =850, ) +—— m,,. (5.51)

aaeck comporueiaenne pana @, maxoanrcAa no dopmyae (3.5) naa
HUKHETO CJI0M,

LBojaee TouMHO NOHWKEHEA DO JHUMH PACHOIOHKCHHA CHBAYHH
(x = () B mwoboii Touxe A (0, ) Mown0 ONMPERINTEL [0 3ABMCHMOCTH

Frsa = 0 =
Silnt) =—= N Runr), (5:52)

B KoTopoil Opu BUYHCIeHWR counporupiennit A uo gopmynam (3.21)

m (5.22) npuERMaeTcH ri = (y — io):. llpm oToM HOHE/KEHHE B
nenTpaibioll ckpasmEe (i = 0, ¥ = re)

Se(re, 1) == G [ath (b + R (ue, 7o) + EL R, (i, {_J] (0.53)

j=1i
Bl b
roe ri = o’

B npakTmg9eckEX pacuerax AOCTATOYHO OTPANMYHMTLCA HECKOJbLKMN-
MU nepeReMP 9ieHaMu pAaja. Hpose toro, geficremTedbHLIE pAn co-
CTOUT M3 KOHETHOTO uncaa p = 2n - 1 ckBasmuH, pacdeT KOTOpOro
npoussoauTea no Gopuyie (5.2) ¢ nenonszoparEeM (9.5). Crenansoe
NPH OUMCAHMM UPEIHIAYICH CXCeMLl saMedaHne OTHOCHTEIBLHO pacyer-
HHX opMya g0 ppemed ¢ << {,, COpaBelINBO H AJA MAHHOH CXeMH,
PRy BT i
Haa spemen t << 1, =01 —k-“-'- %— y100HO TaKMke BOCIIOJIb-
2
soparbcA sapucemocTaAME (4.99) n (4.100). B arom caywae cpenhee

1ad



t i 0,08 0,08 0,1 0.15 |
0,08 0,29 0,0M 0,001 0,001 0,001
0,14 0,37 0,006 01,0086 0,005 0,003
052\2 n!"i? E-DE' ul|{|]2 ﬂp[}z "-:ll[-.:'2
0,37 0,61 0,05 0,05 0,05 0,05
(61 0,78 044 0,41 0,11 0,11
1,00 1,00 0,20 0,20 0,20 0,20
1,65 1,28 0,33 0,33 0,33 0,33
2,72 1,65 0,51 0,51 0,51 0,50
4,48 212 0,76 0,75 0,75 0,73
7,39 2,72 1,07 1,07 1,05 1,02
12,2 3,49 1,48 1,47 1,46 1,40
E[’-j 4543 Ep{]ﬂ i:"i-{; j .89 117‘4
33,1 5,76 2,65 2 56 2,45 218
54,6 7,40 3,43 3,26 3,05 2,48
90,0 9,41 4,0 4,00 3,63 2,72

148 12,2 5,43 4,72 4,10 284
244 15,6 6,31 5,29 4,39 2,87
403 20,1 741 5,63 4,50 2,86
(it 25,8 761 S 10 4,02 2,87
1006 33,1 7.8 5,717 4,02 2,87
1808 42,0 7.84 5,77 A, 02 2.87
2980 4,6 1,83 2,7 4,22 2,87

nounkenne B6ausn cxsamun (z = 0)

gyt (
I!I]_ }

S, (0, ) =

S2(0,8) = 5, (0,8) +

g

VE-V

[

2t

n

iy é
T ¥

(2.99)

Hua ¢ = t,, Bmecto fopmyn (9.45) m (5.46) meobxopmumo moanao-
RaThCA sarmeEMocTsaME (4.101) m (4.102), KoTopre npu byt > 5 moun-
HO YOPOCTHTE K BHAY

Bae, ) = o[ 2 [VE Py — 41, (01, )] =¥ (s )]
(5.56)

L R

(5.57)

rmoe
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TaGanoma 26

0,2 0,5 1,0 1,5 2,0 a,0 4.0
0,001 0,001 0,001 0,001 0,00H 0,00 0,000
(0,00 0,005 0,005 0,004 0,004 0,000 (0,001
0,02 0,02 0,016 0,014 0, 010 0005 {0,002
0,05 0, 0% 0,041 0,040 U,l.' K20 0,007 ﬂ,m}ﬂ
011 0,10 0,076 0,050 0,024 0,008 0,002
Ch, 200 017 017 0,065 0,033
([T I],E'F (0,153 0, (73
0,44 55 0,175 0,074
0,70 (1,48 0,183
0,96 (0,56 0,184
1.25 0,54
1,54 0,50
1,79 0,61
1,96
2.03
2,05
2 ()5 0,61 01184 0,074 0,033 0,008 0,002
b T ks T
o S|, J— y p== - ; = = : o
: P d i L I
a Ty Is
P
2 at

Cpensee DOMIGRCHHEE 1O AHHUH PHIAD CRBLKTH (x = O

5,0, ) = 37> lz lfi--ﬂtlJ (1 byl) — BI . (bt, m] (5.58)

8,0, 8) = §,{0, #) -+ [

7 By (V bet ) +-

HIJ' ; y ]I* (bt, {}}] i (2.04)
IHounskenne B CKBAKIHE S',_. paxoanreda mo Qopuyae (5.01). [lpp z =10
- ¢ g 2 f
- ] _— =T T
Je (M, 0) = = 5 7 dz = = e Sa dr. (2.60)
0 0
Vi

Hnterpaa \e dr nporabyauponan B padore [118], a amauennsn Gpymnk-

i £y (v, 'J} npuseaens B 1adn, 17. Pacuerame fopMyin CymecTBeHHO
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yOpomaoTcA AIA PA3THYELIX TACTHLIX CAYY4eB SHAYCHHI OTHesb-
HeIX napamerpoB. Hanpumep, npu ¢, = a, = an Ty 5= T, dopmyau
(9.49), (2.46), (5.56) m (5.57) ynpomalTcs k BEAY

By t) =5t [¥ (65 ) =¥ (n )], 66
Ry(z, ) =¥ (»c, Hii] : (5.62)

Ry () = 2 [i“_‘ P () — ¥ (tyu o= ]] (5.63)
Ry(x,t) =Ry (z, ) + ¥ (1:,,,,,,, EL"] . B ﬁ (5.64)

OPH @ = g =a, bj = by, =5

Ry (@, 1) =0,5¥ (v, ) — 5 o

fil )4
-—-%-'_ 5 —¥(x, %)] (5.65)
R, (z, t) = ‘1"(17, %) . (5.66)
R, (z, ?) =ﬂ,5[ "f‘ PR —¥(7, 5 ] (5.67)

V at
A

R, (=, :}=ﬂ,5[ Py +¥ (T %}], B=2: (569
npe Iy =73 = 05T un a,a,
By ) =—2 ¥ (v ) — ¥ (00 ) —

dg —ay

n 28,
+0 Vo w [ —v(m, 2)]), 6.9
R, (z, z}=‘:lf[1:2, ;ﬂ ); (5.70)
Ry (z, 1) = {},EI ]’;“-‘ Py —¥(x, .."L)] (5.71)

B,
R, (=, n=ﬂ,5[ﬁ‘ POy +¥(r,

£

il
[ ——
L]

- (5.72)

2 a Tm
roe By = b: =D,25-T*, nu=a=%.
t 4

Rak m B mpegminymeit cxeme, 3aBECHMOCTH (5.99), (5.60), (5.63)
u (5.64) CTAHOBATCH TOYHEIMH OJIA JWOHX BpemeH.

156



Jng nByXCAOHHOTO IPYHTA CO CTA0OIPORRIAEMEIM BEPXHAM CI0eM
MOKPOBHKX OTJOKEHHH pacdeTHAHe HOPMYJAR MOWKHO NOJAYYATL H3
OPeHAYIIAX 3aBACHMOCTeH, noaomxne B vuX 4, = 0. Torga oo = —1,

B= —b, Bi = 0 u nua spemen ¢ << t,, B dopmynax (5.41) n (5.45)
COLPOTARJIERHA [, chelywmme:

Rz, t) =V (B,, a,) — e~"'¥ (B, a,), (5.73)
R, (0, 1) = B,D (1 b,t) — e—B, m( "’"i*‘], (5.74)

e BE=_'& ﬂ“b . Hua t<t,
- T |
byt 2% -e_;ll'E
x L
8, (z, 1) = T; Vﬂat[f}mz}(i‘I‘W)‘—'m]: (9.75)
gl il -
5,0, 9= )5, .10

rae 4, = %, T, — mposonmuMocTes Hmkeero cjoda. llommsemrna S,

B PACCMOTPCHHBIX CJAYHaAX OHNPEeNejJdRITCA 0 HPBII,IJIJI}FHIHM JaBUCH-
moctay, Jaa spemen ¢ > f,, moaydaeMm

Sy(z t) = -T-"E—[VEE P — % z (blt, %)], (5.77)

S () = 7 Vat P (V); (5.78)
50,0 =22V ZL L r,60) 5.79)
$2(0,1) = & V=, p= - (5.80)

Moxomns B fopuyiax gpyxciaoitnoroe rpynara by = by, = 0, noayunm
M3BECTHLIE 3ABHCHMOCTH T ONpPEICIeHUA MOHMMICHIHT B 0JIHODOHOM
rpyaTe ¢ napamerpaMa I' @ a:

Sz, t) = % Vat P (3), (5.81)

SO0, 5=+41 =. (5.82)

] .

Ilonumenne B CKBasKHHE, KAK H TIpesKAe, HAXOAHTCA N0 dopuyie
(5.51).

Hpumep, Tpebyerca yCTAHOBHTH MOHHACHHE TPYOTORHX DO B
BEPXHEM CJIOe TPexcJoiiHOl BOJOHOCHON TOJmM OpH ACHCTBHRN JIH-
H{-"l"il-lill'l:} BePTHEAIBIOTO Apedazka, OTHauka 0MHAKOBEIMH JeluTaMp
@ = 1000 m¥cyTiu OCYmMECTRIAALTCA N3 HIGKUCIO CJIOS CKBAKHHAMN,
COBCPIIeHHAME OTHOCHTEIBHOIG 3T0l0 ¢aos. PaccToarne meniay ckpa-
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Tabanmoa 27

i, CYTHE

X, M
1,5 5 20 50 100 200 GO0 1000
0 0,12 028 | 087 | 1,65 | 221 | 250 | 938 14,06
2 0,08 0,26 2,51 2,03 2,53 2,53 09,37 13,97
Tl 0,075 0,23 0,84 1,82 2,25 2,26 9,21 13,90
1K) 0,064 0,14 0,78 1,58 1.4 2,09 9,41 13,71
200 0,045 0,13 0,60 1,29 1,69 2,04 8,44 13,20
L 0,013 |~ 0,07 0,22 0,56 0,59 1,11 'ﬁ,ﬁﬁ 11,11

skpfaMu B pAaay o = 200 m, puamerp dmasrpa d. = 0,3 M, ocrajin-
HBIE HCXOJIHLIC IAHHEIe H PACYCTHHIE HAPAMETPH TE e, UTO U B Ipejibl-
nymem unpumepe. llommwwernusa S, paa spemen § < ly = J CYTOR
paccuaTHBaeM oo Qopumyae (4.99), maa Bpemen f < £ <<, — Do
dopyyae (5.44), B KoTopoit comporueaeHns A, Baupcasem no gop-

myae (0.49), a pna Bpemen §{ =1, = 456 cyrok — no dopmyae

1000

(9.96). PeayawraTel BuumcIenmil uoHmmenHs S, npm g = B =

= 0 M*® /cyTkM cBesienst B Tadx. 27,

§ 3. CHCTEMATHYECKHN IIJIOIIATHON
BEPTHRAJIBHBIN JIPEHAMK
C HHOILIBTPAITHOHHBIM IMATAHNHEM

IIpn papHOMEPHOM PACHOJNOKEHHH CKBAJKHH II0 CETHEe ¢
IIATOM 0 MOGKHO OT/eJIbHO PACCMATPHBATE YYACTOK TEPPUTOPHE PasMe-
poM ¢ X G, OTHOCAmMIHCA K JaHHON ckBaxmue. Jlaa ymobersa uc-
CIEe0BAHAA JTOT KBAJPATHLIH YIaCcTOK 34MEHAEGTCA SKBHBAJEHTHOIT
S = 0,060 B
Y
naane (em. puc. 21). Tak kak naTane HoToka B TaKoit o61acTH (uib-
TPANHH MPOHCXOTHT TOALKO 34 c9eT HEQHALBTPALHN, TO OTHAYKA C MO-
oAHHEIM feduToMm () BosmokHA JEmb npu ¢ = neR® u Q > nel®,
IIpHYCM, KaK HETPDY/HO 3aMeTHTh, TOJBKO B IMEPROM CAYVIAS BOIMO:EHO
CYLECTBOBAHME VCTAHOBHBIIErocA peskuMa GmIbTpanun, Pacemorpum
OTH CJAYIaH.
Has TpexcroiiHoro rpyHTa co CpeHHEM CIADONPOHHIAEMHEM CI0CM
MOHMKEeHHA B J1000H Touke o0nacTl duapTpanun S, = H, — H; (r, {)

HPH OTERAYEAaX KAK H3 EE]‘,II'{HE]"G.,. Tdh H H3 HHMEHETD CJIOA ﬂlI]}l],El;E..‘.IE-
IOTCH O CASAVIOMHAM DPAOIHKEHHBM 3aBHCHMOCTAM, COCTABJIEHHLIM
Ha OCHORAHHH NPHBEEHHOTO BHINE TEOPEeTHYCCKOr0 PelueHH A JToil
saflama: gaA caydasa Q = meR?

Sifr, 1) = Si(r) (1 — ), (5.83)

= — — = s b
rie a=-%f‘—+|/(“;ﬂ) o B u=—%—m, (5.84)
158

Kpyropoil obmacTelo dpuiasTpanum ¢ paguycom R =




2
= @Y
p=— .ﬁ'; — b, apryment 1, Gepercn ua tabx. 15. Beanmnuu no-

HIGREHERH S, (r) BHIACIANTCA MO caeayommuy GopMyIaM: OpH oTKAY-
Ke H3 HHM{HEro CcloM

s - T
5, (1) =50, + S(e) — =2 W () — &,
(5.85)
= L oL T . Ay
Sg{r:’ == Suu —]_S{E} “l_— _m' {r] + T E{l'l
rne
- 3 _eR® £ ¢ Ty —uely |
Sy +( 7+ alTy (He)? ) 10 ol
OpH OTKaTKe U3 BePXHEro ¢I0A
- = T T
51(r) = So, + 5 (&) + 5api— W) — =20
(5.50)
_ _ 7
52(r) = Sy + 5 (&) — o W () + 0,
rje
T 3 =it & _Q )P“JITH""MET':
Sop=—F 7 T ( T 2al T dic)? e
gre el it

W (r) = 2aAf' 1, (er) + K, (cr).
Ilonm:xenua yposus IPYATOBHX BOJ Ha BHEWHeH IpaHimle NOTOKA
(Si (R, ))m y ckpansunm (S; (re, £)) onpenensAwTeda ua (5.83) coorser-
erpenno npur = R nr — r.. Torna, B vacTaocru, gpyuxuus W ynpo-
LACTCH K BHIY

W (R) = 2adf", W (re) = 2nAf 4 In—

i
¥
£r,

rae dyakmen Af' o Af” rabyrupopann ma rpagukax puc. Y. Hpu i >
> 3 moxEe nmoaoknre Af' =0, aopn R >5 — Aff = Af" =0
Herpynuo yGemursea, 9To NpeBLIIERHe YPOBHA Ha BHEIHEN IPaHuOe
1ajl YPOBHEM BOjL B CKBAJKMHE NPHM OTKAUKEe M3 MIKREero (S, (r:) —
— 8, (B)) u pepxmero (8, (r,) = &; (R)) ropusoHTOB B YCIOBHAX
yeTanopupmeiica HIBTPANTE PABHO M3BECTHOMY BHIPAaKeHI

Si(rd — Si (R) = - (m {"- 5 znm)

(3nech compoTUBIeRHe Ha HecopepmencTro O BL9UCIARTCA D0 GopMy-
aam (2.21) u (2.22) pna tpexcroiimoro rpyHTa).
HOasa caysaa Q= nel?

Si(ry ) =S (N (1 —eM) + Hlfm e—e)t, &= “ﬂ. . (9.87)
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B oroii dopmyne mnommaeEHA S5; (r) OnpeleqsioTeA MO CASAYIOMIHM
SABHCHMOCTAM: HPH OTKadKeé W3 HILEHETO C/IOA

- E) Pa ° Q-
=Tt I H SO WO—Fh
5,0 = — ;T+Sn“+5ts}+ ”T W (r) + = &

OpH OTKadKe H3 BepxHero CJOA

- g 2 {E—"Hl: [ ) {.JT., ‘—'_.
SI {r} = ___{I-ll ‘l'" I-"-:llll'l —[_ Sﬂu + S(E}-I_ EHTT W{r}_- ; Eﬂ‘ {5.39}

ot 4 S0, + 8 @) — e W)+ o

Bxopamue B st dopMyian sHaueHns S, S(e) m W(r) onpegeasior-
€A 10 NpeARAYHIMM 3aBHCHMOCTAM, B KOTOPHIX BMECTO MHTEHCHBHOCTH
'
nRkt -’

Tlas nByXCc/oifHOrO IPYHTA € BePXHUM CJI0eM HOKPOBHHEX OTJI0Me-
gnil pacdeTHHe POPMYIE MOIKHO NOJYYHTh H3 OPEABLIYUMX 3aBHCH-

Er-:':r]-_—

HH{]IHJ'II:T[]EHI,HH £ NOACTABAACTCH BEIHTHHA E =

socTeit, moaowus B BAX a; = 0 (7, = 0). Toraga o = — by, udop-
MyJda A8 onpeeseHad napasMerpa A I][Jllﬂﬁ[‘.lETHET DU
8 . +|/ “' " byby, (5.90)

a AnA onpeaeicHEA NOHIGKeHNI Hoayuaes

S10) = S, +5() — -,

Sy (r) = §,, +5(8), (5.91)
e S, = — —;—L;- -}- % y I =k,m, snazeane S(g) ocraerca

1

npescuum. DupaskeHHe [aA onpefjeeHuds OpeBsimeHns S, (re) —
— S, (R) Tarme o0CTAGTCH IPEHCHEM, O/IHAKO B 3TOM Ciy4ae conpo-
THRJICHAE Ha HEGUHEFI’DEHETH{I @D oupre; IGTHETCH ONA Rﬂ\”{ﬂ']ﬂﬂHﬁlﬂ
rpyuta no dopmyae (2.29). Iloxowme B dopmynax asyxeIoiiHoro
rpyuta b, = by, = 0, mnochne nexoroprix npeodpaszosaBuil moay'auM
caeaviomme pacderasie GOpMyisl I8 O peleeHua napaMerpa L 1 uo-

mkenuii S (r) B cayuae o[{HOPO/HOTO TPYHTA:

i a P
o= — T M (5.92)
¢ I 3 &R
o e

Bupasenune Aaa ompefgesieHua npesnmenna S (r,) — S (R) ocraerca
NpeKHNM, OJHAKO B HeM ConpoTHBIeHHe na mecopepmencteo O onpe-
qeaAeTcsa AJf o/\HOpogHOro rpyaTa no dgopmyxne (2.30).

S(r) = (5.93)
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ITpumepw. 1. s mmsnero ciros Tpexeioitnoil BogoHoCcHON Toamn
¢ mpapaMmerpamu my; =mg =10, mya =5 M, %k = 5, & = 0,01,
ky = 20 m/cytrm, p, = 0,10, p, = 0,002 npomssogmTca oTKauka
nebmrom Q@ = 1000 u“fcy'mn H3 CKBA}KHHH, PACNOJOKEHHON B IEHTpe
Kpyrosoii ofacte puavrpanmn paguycom B = 500 v, @uasrp ckpa-’
JHEB pagnycoMm 7, = (0,5 M noJHOCTHI mpopesaer HIGKHARE CJoi,
T, e, | = my = 10 M. Iluragme rpyuroBHx Boj B npeaexax oGmacTw
GRALTPAIME MPOMCXOANT 3a cYeT MHOUIBTPAUHE CpPefHeil WATeHCHs-
pocteo & = 0,001 m/cyrkn. Paccuarpmpaemas cxema cOOTBETCTBYET
cXeme CHCTeMATHYECKOT0 NJOMANNOrO BEPTHKAJIBHOTO [peHaka, B

KOTOpOil CKBAsKMHEL PACIIOJATAIOTCA Ha paccToAHnm ¢ = ) aR =
= 885 M apyr or apyra. Ilpenpapuressno Haxoaum

T,=5.10=50, T3=20.10=200, I'=T, 4T, =
= 250 mYevTRm;

ﬂl__’"_.5 108, @, = 200 . __ qo8 MY ey TR

01 0,002
by = — 0,02, b= T&L{”—J- = 1,0 eyrxu—t,
c= Y B0 00071 at,
- 1000 a3 - 127 40
E = W = 1,2? iﬂ L'[u"ﬁ}'THH, Eﬂ = U,Ul }::
X 20~ - 5= 0,508 a1,
lipome Toro, ompeneanem
- _( 28 ) 5. 10° — 0,02 = — 0,049 cymrm—t:

B (Laf)’mb— { = —5,88 cyThE—!;

—_— S 5 — 0,049 2
g ﬂ.mg %.%+M( 58 Enum)_f_ﬂlﬂz_i___

= 0,042 cyrm;
— o 2
I:."i e D.NEIE 9,88 o ]/-( El.,HH -I—JH.IM!?] + ﬂ,ﬂz : 1 =

= — 5,89 cyrrn—i;
f(r)=1,6-10""2— 0,8 1n 2r;

- 1,27 - 10— 1,27 - 1072 . 5000 500
o Dl el 7
- 3 14,27.10~%. 5000 0,508 1000
og2e—rg 250 +(m+31425umm¢ﬂ]x
r 0,40 - 200 —0,002 - 50 |
= 0,10 T 0,002 )"D'ﬂz M
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roM |S@, M| B, M| B m Sy M 8a M Sis ™
i 2 | 2 i 2
05| 4,39 0,34| 5,43 0,34 0,29 5,46 3,63 0,45 0,43
30 1,449 ¢32| 1,80 0,30 0,28 1,84 1,20 0,41 0,39
100 1,03 0,23 1,25 0,24 0,22 1,30 0,89 0,32 0,32
300 044 | =001 0,58 0,013 0,07 00,64 0,45 0,13 0123
L] 0,32 | —0,08] 0,44 0,01 (0,02 0,50 0,36 0,06 (1,05

Hpryevadaue B rpadax | o 2 pads COOTRETCTRCHHD TOTIRE o pralUEiocHH G IR0 YCIIH

2% 50
r, M 5 (#), S,.m| 8, Siy M Si. M Sy ™ S M
[T
1 2 1 2 1 2 1 2

00 | 2,18 906 016 867 59 0,40 042 897| 8,02 0,19 0,19
al (74 1,651 O045] 146( 4,21 0,08] 041 1,i5| 1,67 047 0,18
1000 0,5l 090 041l 057 O61) 004 040 083 085 043 0,16
300 0,22 |—0,08] 0,00 =001 |—0,04 |—0,00 | 0,02 |[—=0,05 | =002 ] 0,05 0,06
U0 046 |—0,15]—0,03 |—0,08 |—0,14 |—0,06 |—0,03 |—0,24 | =016 0,00 |—0,01

Hpamesamme B rpadgax 1o 2 gasl cOOTRCTSTHEIND TOHIMHE B OpICITIGHKEHHES 3A4CILH

Peayanrarst pacueror mnonmkennit S, (r, f) m 8, (r, {) » pasznuunmx
ToOMKAX 00JACTH PHABTPANMN ¢ KOOPHHHATAMM 7 Hmo TouHnM (4.068)
H npubdnmkerHuM (5.87) gopyyiam npusesenn B Tabo. 28,

2. Orkauka MPOM3BOJUTCH M3 BepxHero chaon  jgefurom Q =
== 300 m¥eyrrm npr £ = 5-10—%/cyrru. CeranpEme HeXoauEe an-
ABIe TPHANMAIOTCA TAKHME JKe, KaKk i B upejsylymem npusepe. B aton
CAYVIAE HaXOJIM

£=0,63 - 10~ wmlcymem; € =0254 »; w(r)=23,2-10""2—
—1,591In2r.

Pesyapratm pacuera nommwenmit S, (r, ) 1 §; (r, {) 1o Tounwmu

(4.76) u npubmmxenanym (5.87) dopmyiaam npusegenst B tabma. 29,
Hak pupwo ma ta6n, 28, 29, & ofoux cayuaax seamaunn S, u S,,

BHYHCAEHHEIG [0 TOYHLIM H UpEOJIMHEeHHELM popMydaM, B I(eJ0M XO-
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Tabanoa 28

t, CyTH@
100 J00
By, M By ™ 8, M 8, M 8 M
1 2 | * 1 2 i 2 | 2
Dy 4,95 0,60 0,60 0,68 0,64 1,14 1,14 6,22 6,23
1,9 | 172 | o056 | 057 | 204 | 203 | 140 | 141 | 258 | 2,59
1,38 1,22 0,49 0,49 1,52 1,51 1,03 1,03 2,06 2,05
0,71 0,65 0,26 0,26 0,84 0,83 0,80 0,79 1,38 1,38
0,56 0,02 0,18 0,18 0,69 0,70 0,72 0,72 1,23 | 1,25
o,
Tabanoa 29
[y CYTHR
100 J00 1000
S, M 8,.0m 8, ™ By M S;, M By, M

945| 9,07] 0,28 | 027 | 944 | 943 | 0,55 | 0,54 | — — | 1,49 | 1,48
192] 193] 026 | 026 | 221 | 222 | 0,53 | 0,53 | 315 | 38,16 | 1,47 | 147
009 1,001 0,21 | 0,23 | 1,28 | 1,20 | 048 | 0,50 | 2,22 | 223 | 1,42 | 1,44
0,02| 003(011 |042 |02 |030 |038 |040 |1,23 | 1,24 | 1,32 | 1,33
—0,15|—0,13| 0,07 | 0,04 | 043 | 044 | 034 | 0,31 | 1,07 | 1,08 | 1,28 | 1,25

pomEecen .

pomo coriaacyorca mexgy coloii. Jamernoe pacx od/IeHHE HMEeT Mec-
TO TOJNBLKO BOJMAN CHKBaMHHL B HAYaJAbHON CTAJMH OTHAYHKE, HpHIEM B

TOM CJI0€, H3 KOTOPOTO OHA NPOM3IBOIHTCAHA.

§ 4. BBIBOPOUHBIN JIPEHAK,

COCTOALLNA U3 HEBOJBLIOTO YHCIA
B3ANMOEACTBYIONINX CKBAKIH,

B KPYTOBOR OBJIACTH ®ILILTP A

C JIONOJINUTEJABHBIM AHONIBTPALMOHHLIM MHTAHOEM

B paccmaTprBaemoii Kpyrosoii o0aacTH (uALTpanmm pas-
MEIAeTCA OJHA MIM HECKOJLKO B3auMofeiicTBYOIMBX CKBAaKHH, OpH-
enTHpORAHHKLIX pasamuauM obpaszom. Hapapy ¢ BEyTpennum nuranm-
eM 3a cueT HHOUABTPANNE YINThHIBAETCA TAK:Ke BHEIIHEC NUTAHHE IPYH-
TOBOI'0 LOTOKA 84 CHET NPHTOKA HIBHE 4epes KpPYyrosyw rpasmly
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obmacTw fUABTPAONKE DOCPEACTBOM 3alaHNA HA HAX DOCTOAHHHX YPOB-
gelf (EADOPOB) MM PACXOI0B,

Ias wpyrosoii ofnacTs (UIABTPAIIHH ¢ MOCTOSHHBIM YPOBHEM HA
rpaguine My, W Ipu NOCTOAHHOH HMHTEHCHBHOCTH RHPHIBTPANHAW &
SABHCHMOCTB I OTPE/Ie/ eHH s 0O EHNA Y POBHA TPYHTOROTO NOTOKA
B aw0doi Touke obaacTH GEALTPALME € OPH PACHOJOMEHNH B Heil n

Tabnuga 30

k
j 0 2 & 6 8 10
1 2,405 3,532 5,136 (6,380 7,588 8.771
2 5,020 7016 8,417 0,764 11,065 12,339
3 8,654 10173 11,620 13,015 14,373 15,700
4 11,792 13,324 14,796 16,223 17.616 18,980
5 14,934 16471 17,960 19,409 20,827 22,218
6 18,071 19,616 21,117 22 583 24,019 25,430
1 21,212 22,760 24,270 20,748 27,199 28,627
8 25,352 25,904 27,421 28,908 30,371 31,812
cKBAMHI, coraacHo mamamM paloru [70], nsmeer sug
Tt
|
B, ) =H 0,0 + 5 D He 0,0+
Y kg — @)
+-2- 3 3 Hlr, b, t) cos ——2 (5.94)
=1 h=2
- Iy (vg;) neltt Ja(vy;)
H:-_I-{rpﬂ1 t}E L En{HH—Hﬂ.} Tn-J — ?, ‘vE_J +
Ju=1 ? 0j
0 _ ] Jotvgn) —mi i
T (Vo) | —5——e 7 (5.95)
"'ﬁj- J JT h’uj]
J (v.)+J V.
Frog [t 4o g
H.(r, k ) = (—1) o - rt—
Ip 1 {vfni}-{— In (V;70) ] I (v .
2 2 = 2 5 5
— r, 7 (5.96
'lu"j DEJ J.ﬁh E‘?j_:l }
7 !
- r a T "
THe 7, = HL B =rrg By k=2, 4,0, ..., voj ¥ v; —KOopHHM
XKAPAKTEPHCTHUCCKHX ¥V PaBHEH HIi
Jo(vo;) = 0, (5.97)
e S
v 2
(55) 7, =0 (5.98)
T3
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roTopee oupeseanwteda mo tabn, 30; H, — yporeHDL TPYHTOBRIX Boj
no orkaukm, H (r, ¢) VPOBCHb TPYHTOBKIX BOJ| IPH YCTAHOBHEBINEM-
cA peskEMe (uUALTpANME, onpeAenAmuEica no dopuyae (3.03).

B rabn. 31 ma ocHoBaHHE NpHBE/ICHHHEIX BLime OOMEX 3aBHCHMOC-
Tell cocTaBiaeHEH npuOAmKeHHHE (OTPAHAYCHHEEC IEPBHIMH TJacHaMM
pAna) paceeTENEe GOpPMYIH AaA UHcha cKBamuE R = 1, 2, 3 u 4 (cxBa-
JHKIHB CHMMETPHYHO pacnosioskentl B Kpyropoif obracTn puabTpanms).

Jasa npepmaymedt cxemn QUABTPANME, HO ¢ HOCTOANHLIM OOKOBKM
npuToKoM (J, HA TpaHENe YPOBeHE IPYHTOBHIX BOj B JN1000il Touke
obnacTu ¢dmasrpanun M (r, ¢) onpeneaserca no gopuyie

n
N — y
iﬂl 1
H{r,q}.t}ﬂ B i m '-.'"-"f(r,';l}:l+
n n e k(o —
4 D He 0,0+ B S H (ke foos— T, (5.99)
| i [
He(r,0,1) = {" [& = + = wﬂj;u;}] e o) e_""‘ﬁi' ; (5.100)
iy My }:l [ g ng T'.rﬁj J";{vw} 5 .
o Qi n (vfe)  J oy Gy N
H. (r, k. 1) =E 2 " .00
: T'.‘; J k {_\’J}
=1 5

"'Fﬂ,jar Vi — KOpPDHH XOpaKTePHCTHYUCCKHX }FPHBHPHHfI
Iy (vg;) =0, (5.102)

[
Z

( 1.‘.:.: ] H- "r_z_ (vi) — vl 4 1h’j}] =0, (5.103)

-

KoTopuie HaxonaTca ua Tada. 32, H (r, ¢) — yposeHh TPYHTOBEIX BOj
NPH YCTAHOBMBINEMCHA peikume (QUAbTPAINE, ONpEejeIfOmuica no
"
:L: *?t T f:'-'n
=
gropmyae (3.66) npu & s
B rada. 33 npueeficnu noayueHnEe Ha OCHOBAHWH PACCMOTPCHIMX
BeIe o0MMX 3aBHCHMOCTEH npriaMKeRHLEe pacueTHble fopMyan i
qucAa cKBayKEE no= 1, 2, 3 w 4, CHMMETPHYHO PACHOTOMKEHHBIX B
KEpyropoi obaacTi ¢HIALTpammn,
dameuaHuda K pacuerTanm [Ipusenenune 'pacucTHHe
3ABHCHMOCTH MOJAYIEHH JAA oAHopoanoro rpyata. Oanako mmu momk-
HO BOCHOJAL3OBATLCA A NPHOIH/KEHHWX pPacueToB’ paccMOTPeHHBIX
cxem (HALTpAUNH ¥ B HeoQHOPOIHO-CIOMCTHN IPYHTAX, B YACTHOCTH,
B XapAKTepHEX [IBYX- H TpexcioiiHoM TrpyHTax co caabonpoHH-
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Tabanoma H

Cxema

Pacqerane gopMyan

Ilpamesanna

1
Hr, g, 8y =H(r, ¢y + —nﬂqin 0, &) 4+

2
+ = H,(r, 2, cos

Iy (v,)
Vo

H,(r,0, f)= [En (H, — Hg)

Rt Ja(vy) ”
B s fg Jo {vu,r{.}]x

ﬂ| I'|l'u1

Jo [“ﬂ: ;} E_.Hgl t*
J% (vgy)

Hc{rl 2. f}:r.% _‘r'_!{vl-:';ll".f.{vl_ ;n_

_ s (vyro) + Jo f“’:;n}F
¥i "

J J {vl;‘_i ¢—"""%'

-f% (vy)

I_'pﬂ.:=-ﬂ:'
< o< 2n

1
H(r, g, t)=H (r, q:}—]—THEI[r. 0, £)+

i He(r, 4, t) cos 2q;

H 8

_I_

Iy (vp,) e

Vil

H(r,0, t) = [En (H,— Hy)

T
1

9 =
+ T‘%’I—. J nh’ni"ﬁ}:l X
Jnl:vnl;] U:I
e
ilvg)

Q

MEAC-I L NN Q7 e
vy 1I% (v

Iav) T () 2

P, = 0;
Fo, = T

lg g
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T podoamenue maba, 31

Cxema PacueTHme OpMYIIW [Ipoxeyanme
1
i {_I‘, {P'[JE Hr{rl T}'!'?”c{ﬂ ']'l 'E}"f"
+ ——H_(r, 6, ) cos 3¢;
' %8 TC Fy ) cos Jg;
gy v
Hc{r‘ﬂ.!]=|'2n{ffh-—ffﬂ}-—-!-£-—- ., =0
Yo, 0 ’
: 2
asftr J2(v) = .=
i FI_;__ 5"2 1 + 3? Jn{vﬂirﬂl] b4 4
0, Tvy, 4n
Po,="F

Jo {vﬂ'} ) m“ﬁu!.
Biley. © o
1+70, 0= L .~ T

Q I..f‘{u,j. +Ja(ve)

Hu{r,ﬂ,ljn? v# 0
e J, {"’3"’;]‘ + J3 {"r’:l-‘.‘n} ;u] Sy f‘*’a}l E—W%’
Va 5 (vg)

an%u=Hm¢yp%HJnmq+

+ —-:, H,(r, 8, 1) cos 4p;
Ty (v ) Po, = 0y
Ht‘:rlﬂ! ljm{zﬂiﬂh—ffﬂv_'— ,
73 (v,) ) =
neR® ¥, 4 "
A, == Ef_ !#ﬂ; - 7 Et Jl- hnlrn}] X tFIiII., = I
¢+ [ Vi :
.I J{I tvl}l,;} E_Ttﬁl!. "TI:II s T 1
JZ3 (vg) ' _
1V iy 0<g< %

H,(r, 8 t)=— _;?F[ o [‘I-’;'_i;t Sy (V) ;:.';_

__ﬁ{v;m‘.l -+ J;_{’v:r.]. = ] J g (ver) E—W'fi‘
Va ‘1 Ji(v)
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maembMm caosama. Torpa B exeme By xCa0MHONO FPYETA NPWHEMAETC A
I'=Ty,, p=m-+p, a B cxeme tpexcaoiimoro I' = T, -+ T,,
W = Ji; -+ [y, OpEIEM YPOBHE (HANOPH) PACCYRTHEAIOTCH JIJIA BOJO-
HOCHBHIX FOPH3OHTOB (CA0€B), H3 KOTODPHX IIPOH3BOJMTCH OTKAYKA,

Ilepexon k ypouam (Bamopam) B ZPYTMX BOJOHOCHHX CJIOAX MO-
7KeT OWTh NPHGIHKeHEO OCYMEeCTBIeH 0 PEKOMEHIANIAM, IPEAT0HKeH-
HEIM JIJIf YCTAHOBHBINETOCHA pesiuMa (HIbTPaLNH.

Tabamnoga 32
h
i
1] 2 L] i L] 10
1 3,832 1,841 3,054 4,2M 5,313 6,416
2 7017 5,332 6, 706 8,015 9,283 9,987
3 10,174 8,536 9,969 11,34 12,68 14,01

Taxoe pacmpocTpamenme pacuernnx saBucHMocTell Ha cayuail
CHAOHCTHIX TPYHTOB, LO-BHANMOMY, HemecooOpasHo [JAf CpPaBHHTEILHO
ConbMX 3HAYEHMii BpeMeHM H NMPH HAXOA{/IEHEH ypoBHell (Ramopos)
B TOUKAaX, y/aJeHHEIX HA PacCTOAHHE cr >3 0T CKBAaMKHH,

lpumep. OnpeneanTs NOHMKEHENe B KpYrosoii o6nacTs $uasTpa-
NHH ¢ TOCTOAHHLEIM YPOBHEM Ha BHemHeH rpannne npm paboTe BepTH-
KAJABHOTO JpeHaa mo cxeme Ha pme. 18 sa mepmop ¢ = 20, 50, 100,
150, 200 n 360 cyrox. Heobxopumuie ucXoHLHe JjaHHBIC A pacueTa
NPHBEIEHL] B IPHMEpPE pacdeTa 9Tol ¢XeMH B YCI0BHAX VCTAHOBHBIICIH-
cA puarrpanun. Kpowme Toro, npuErMaem, 4To YPOBHE IPYHTOBHX BOJ|
B CIOAX [0 OTKAYKH NPHMEPHO COBLAJAKT ¢ YPOBHAMM B CJOHX H“I,

Hy_na rpanune obaactn guasrpammm; p, = 0,12, p, = 0,003.
[Tonmssenne yposHs rpyHTOBEIX BOJ B HHKHEM CJI0@ PACCMATDHBAE-
MOt obTacTH GHABTPaINE onpegeasaercst no gopmyae
S:l (ry g, t) = Hﬁ. — Hy(ry @, 1).

dneck spavenme yposmeil Hy (r, ¢, {) Buuncanenm no gopmyae (5.94),
OrpaHmINBasAch nNepBeiMH wienamu pama (K =0, k=2 u j = 1),
UTO OPHEeMJeM0 JJs MPaKTHUYeCKMX neneii,

ITocesoraTeALHOCTE pacueTa NPOCITEANM HA NPHMepe BHYNCIEHA
NOHWKEHHA S, B Touke M ¢ xoopaumatamu r = 100 m, ¢ = 0 ma ne-
paop ¢ = 20 cyrok. M3 rabn. 30 gna bk =0, k=2 n j = 1 cuaua-
1a HaxonmM ropmm vo, = 2,405 m v, = 3,832, a satem jan 9THX Kop-
Heii m asmagemmit r = 0,08, rp, =ry, = 0,4, 15, = 0,56 1 ry, =0
no rabaunam, mpueemenawy B padore [118], onpenensem

Jy(vo) = 0,519 Jy(v,) = 0,432; J,(vo,r) = 0,99;
To vo,r0,) = Jo (vo,r0) = 0,782;  Jp(vo,ra) = 0,59; Jo(voro,) = 1;
Jo(v) = 0,402; J,(vy) = 0,403; J,(v,re) = 0,241;
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Tabannoa 33

Pacyeruse Gopsye

IMpaseegan

H{r-tp.f‘.l=( ! b {-‘u) T

-{-%Hcl[r, 0)+—g H,(r, 2, 1) cos g;

=_ Gﬂ' JII {“ﬂ'l:l Q I‘n{?u.;ﬂ} ‘Pﬂ'l - ﬂl
:% H':{r'u"}_['r_'_ﬁ_'PT-—vz X
- 0 21
_'r I:'u.PI_.II r} _-.Fv%If, = iy £, 20
Ji I:v,u,] :
H.(r2 t)= f-’ Julvirs) J1 (v —
g W =y .,..-'5 J'I-E{vl,ll
2
AN E( @JIH’?. ) + H(r, )+
+_H ry 4, 1) cos2qy;
T-ﬂ. — n‘l
Ja (v, 20 Jalvy T
H_(r,0, :}:[ ﬂ;ﬂ *"I_:'LL} A ~;? ul:znt n]];{
Cé:—_‘% ; Vi, Vo, Gg, =
---._-.-"'Ill _ i
Totreh) —ni,
—_—
Jﬁwu,} g a
H {:I" 13 ,-_;} e G -rz E?grﬂ] .ft {ﬂ,,r!r‘] E—?\EE
¥ T \_:: "1 {‘b*}
|
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M podoancenue mata. 33

CRend Pacgerune dopuyam Npuscyanea
10 0.0 =(s— 2g?) -+ H e o)+
+lﬂ (r 0,8 +—5 H,:{r,ﬁ #) cos 3q; gy, =0
q:i —Eni
i, J,{vn:} 30 J,,I:'uuir} LI
"E‘.u_.jD 0y 0y i A
- i, .
Jﬂ{'\.’nlr} E—ngf. 3
JZ (vy) :
> 0< 9< 2
__l?_ 'ra‘:""-n} Js'f"'a;’] —111;23:
i
40 — £
H( ¢, 0= (s— 2 “] L H () +
Py, = O
- Ho(r, 0, 8) 4 — H, (8, £ cos de;
1
Yo,=3*
[ 0p d2lvg,) e Yo {‘-'n,-?']
H.(r, 0, tj—[ 7 "u’ﬁ -L T 'h'f,, X| %o, =T
. B
o (g, 1) -—-Wﬁf_ Po, =7 %
Il o &
2
H (r, 8, f) = — ':} Jy {"'-’d.ru} Iy l""".lr] RN
‘uﬁ Jq(vy)
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Jo(vyre,) = 0,494;
To{v,ro) = 0,385; Jo (vyre) = 0,138; J,(vro) =0
Jo (vyro,) = 1; J; (vyr) = 0,152,
HPE,I[BE[JETEJIB'EG TAKERE HAXOJIHM

st = 3,74 - 1P m¥feymrE; vy = BLH L

@ = 312 F 0,003 12500
= 00,0025 cyrer—%;

7
o, =P, =0 @0, =7 Qo, = 7.

Torpa mopmserne B Touke M

- 1 3,14 - 0,0086 - 1250° 0,432
Sy=0,89 ——p {_ 560 " a0 T

3800

+ =g zms (110 + 0,782 4 0,59 + 0,782) 2o 5193 e—ﬂ-ﬂﬂ%ﬂ-wﬁ*-m} -
2 3800 0,402 < 0,403
i o \ DAL (0,4 1—0/4 4 +04+0,5 X
VZ
x T) -

(0,241 4 0,494) 0,4 - 1 + (0,385 4 0,138) 0,56 ——— Vg — (0,241 + 0,494) 0,41

=3 3,832 1 A
s 92 0,025 3852820 — 5,89 — 3,41 = 2,48 M
ﬂ.‘“}E 5 ¥ L]

SHAUCHAA MONM/KCONE B BePIHEM caoe S; ¢ HEKOTOPEIM NPHDImKeHE-
eM BhI9HCAAEM mo Qopmuydae (3.08), KoTopylo MOMKHO OPEICTABHTL B
Bujle

fg(
8, (r, @, ) = Sy (r, @, I}‘“En[i'_d}{—g% :

Orciona, npefBapuTensHo BRuHEANB g, = 0,62 M, ¢ = 0,0084 »—,
I, (er) = 1,18 m [,{cR) = 4,53 - 10?, maiizeMm noHmwKeHHe B TOY-
ke JM:

1,18
SI _— 2:43 - ﬂ,E'E (1. — m) -= 1186 Al

Pesynpratm pacdera nommkeHmi S, ® S, mDpOH3BeNcHAHE B0
paguycos 1—2—5 (p=0), 1—4—7 (p=n) m 1-6 {p—-—-)
(cm. pme. 18), npmeegens B Tadu. 34,
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f, CYTHH
100 201 300 400 500 é00
=1
: 1,56 1,30 1,33 2,05 10,59 1,76
20 2,48 1,92 1,95 2 67 11,21 2,38
50 3,02 244 2,42 3,07 11,52 2,58
3,64 3,06 3,04 3,69 12,14 3,20
100 4,14 3,03 3,47 4,05 12,42 3,38
4,76 4,15 4,00 4,67 13,04 4,10
150 4,71 4,08 4,00 4,54 12,56 3,78
" 5,33 4,70 4,62 5,16 13,48 4,40
200 4,08 4,35 4,25 4,78 13,08 3,97
3,0 4,97 4,87 5,40 13,70 5
360 0,24 4,61 4,49 5,00 13,29 4,15
5,80 0,23 5,11 5,62 13,91 4,77
o 2,27 4,63 4,02 5,03 13,31 417
5,89 5,25 5,14 5,65 13,93 4,79
=7
2 1,70 2,00 YRLY 0,51 10,02 1,20
2,32 2,62 1,52 2,13 10,64 1,82
%0 284 210 .95 2,49 10.M 1,493
= 3,46 2,72 2,57 3.11 11,53 2.4
100 3,96 3,19 208 A3 11,57 274
4,08 3,51 3,000 4,07 12,30 3,36
130 4,53 3,74 1,51 3,95 12,21 344
= 5,10 4,36 4,13 4,56 12,83 76
9100 4,50 4, b b 4,18 12,43 3,33
5,42 4,03 4,35 4,40 13,05 4,95
400 5,006 4,26 4,000 440 12,64 4,51
y 5,05 4,55 4,62 502 13,26 4,13
i 5,00 A2 4,03 AAS 12,66 253
> 5,71 4,91 4,65 5,05 13,28 4,15
3
"T' = _:.!_-:I
90 1,79 2,01 0,37 0,004 —0,20) — 040
2,37 2,63 0,90 (), i3 0,42 ()22




1250

TaGawua 34

1100
0,42
0,08
0,51
0,16
0,50
—0,49
0,12
0,14
0,29
0,42
0,03
0,46

—0,06

1000

0,06
0,59
0,55
0,63
1,16
0,7

1,23
0,03
0,42
0,95

—0,50

ooo
0,52
— (140
0,18
0,03
0.61

1,97
2,01
0,37
0,97

8

00

H

2,86
347
2,89
349
0,30
0,91
0,97
228
2,90

Ty M

—{,61
—0,18

65
15

0,7
-—0,12

—‘.LTE

—0,13

—), 04
0,07




fp SyrR 100 200 300 500 500 600

50 2 .01 2 03 1,46 1,06 0.73 0,42

3,03 2,65 2,08 1,68 1,35 1,04

100 4,03 312 2,01 20 1.63 1,22

4,65 3,74 313 2,66 2,20 1,34

150 4,60 3,67 3,04 2,53 2,07 1,62
Dyad 4,29 3,066 3,15 2,69 2,

2010 4.87 3,04 3,29 2,77 229 1,81

5,49 4,06 3.9 3,39 2.1 2,43

300 8,13 4.19 a,03 2,99 2,000 1.99

5,75 4,81 4,13 3.61 3,12 2,61

5.16 &2 3,00 3,02 2,52 2.0

=2 5,78 4,54 4,18 3,64 3,14 2,03

Hpumecdanue I nepupx cTpordX NPHABSTENE SHATEHEA TOTHECIINT S, B ORHUINT — 8.

§ 5. CRBAKHHDLI B PASIIHYHDLIX
OFPAIHNYEHNLIX OBTACTAX PILTBTPAIIHIT
C NMPAMOJIITHEAHBIMITI I'PAHITITAMII

Mcuoabaya NpABeIeHHBE BHILe pPe3yabTATEl pactuera
CHBAKHH B HCOrpALKYICNOLX obaacTaX (QRALTPANUN METOLOM CYIep-
HOZHITHHE {E:it]iliﬂl[l-{ﬂ TE"-]E.’.IIHH:I'., MOAKHO NOJIVHHTE COOTBETCTBYHIMLLMC
JABICAMOCTH JUIA OTPAHHIEHHKX NPAMOJINHEHHEHMH TPAHHIAMH o0-
gacreii duapTpanur. Torga B ofmesm caywae nmoHmKeHua & B modoi
TOYKE Orpald4YenHoil o0aacT QUABTPALMHE UPH ARUCTEME B Heil rpyu-
IR, COCTOAMEH H3 P B3AUMOJIEHCTBYHUMY CHBAMEH, MOHHO Onpeje-
JAMTL CHEAVIOINM ofpasoi:

n
Sty 8) = == 2 QiF s 1), (5.104)
= o]
rne F(r, ) — ofmee rEipanimHveckoe COTPOTHBAGHAE PeasbHMX
CHBMKHHE M HX 0TOOpPA/KeHHUE OTHOCHTEABHO NPAMOJUHCHILIX Tpammil
obaacTn uasTpanun,
IIpueejem sravenna conporueiaenna F (r, ) naa wauboaee xa-
pPaKTCPUEX orpaEnYedHX obaacredl masTpanmu.
1. [loayorpanudensas obracts GuasTpanun (puc, 32, a):

F{rh 'E} = F [rir i} == F{Ph 'E}:- ['31":'5}
rne

ri=(@—L)l+ W+ ) o=+ L3+ + s
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I podoamenne mabia, 34

r; M
[ 00 00 ‘ 1000 \ 1100 1250
047 —0,14 —0,3 —0,34 —0,41 0
0,78 0,46 0,35 0,49 0,12 0
ﬂ.EE ﬂ.-‘iﬂ Utzl _l::hﬂt —E,EE D
1,47 1,02 0,79 52 0,21 U
1,19 0,70 (0,42 0,15 —0,13 0
1,80 1,30 1,00 (68 0,30 0
1,36 0,84 0,53 0,23 —0,09 0
1,97 1.44 1.11 0,76 0,34 0
1,51 0,99 0,62 0,30 —0,06 0
2,12 1,57 1,21 0,83 0,38 0
1,02 1,00 0,64 0,31 —{,04 ]
2,14 1,58 1,22 0,84 0,39 ]

L; — paceToanne or i-ii CKPOKHMHEL [0 TPAHMNLE. JHAK MHHYC CO-
OTBETCTBYET NpPOHMIAEMOI TpaHMIE ¢ NMOCTOAHHLIM YpoBHeM (Hamo-
poM) Ha Hel, 3HAK III0¢ — HeNpPOHULAEMOMd rpamuie.

2, ¥raosaa obnacTs UIABTPALNE C IBEYMHA NEpPECEKANMMMNICA TPo-
HHIACMEIMH ¥ HeNpoOHHIDAeMEMM rpapmmamm (puc. 32, 6):

Firis)=F(@ro OFF s, )FF(r,t)+ Fp,t), (5.106)
rae
=(@—LP+y—L); of=@E+L)+ @ —L),
= (@— L + (v + L)% of =@+ L) + @ + Lo
Liu i g PACCTOAHHMA 0T  i-if cKBasKUHE 10 rpaHun obaacTi muabTpa-
AN, 3IeCh ¥ HUHE BEPXHHUC 3HAKH COOTBETCTBYIOT TPOHHIIACMEIM I'pa-

HHIAM, HHUKHHE — HeNpOHHIACSMEIM.
3. ¥raoBaa obnacTs ¢uasTpamuy, B KOTOPOH ONHA rpanHua, pac-

HOA0EHEA A HA PACCTOIHAR L;, siBnsieTca NpOHHIAeMoil, a Apyraa —
HenpoHunaemoii (pme. 32, é):

Firiot)=F(rs, ) —F (pi, ) + F (ri ) — F (pi, £).  (5.107)

4, ObnacTes QEUALTpALEN, OTPAHNYCHHAA JBYMS IapalijielbHBIMIL,
NPOHHIACMBIMHE WM HEOPORMIAEMLIMN, TpaHEmaMuE (pme. 32, 2):

F(ro, ) =F(ry, ) FF (o, ) F F(pi, 1) 4+ F (ri 1) +
+ Firi, 8) F F (pi, 2), (5.108)
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Puc. 32. Cxemu orpanmuennux obnactell ¢uapTpampn ¢ npAMOAuHeilsn-

MM I'pAHHUAME,



rhne
= (z— L)+ (y +y)% pf =(z+ LY+ (v + »)*
o =(@—2L+ L)+ (y+ y)% ri=(z—Li+ 2L+ (y+ yi)%
ri=(z—Li— 202+ (y + y)% pi = (z + Li + 2L)* + (y + y)%

L — PACCTOAHHE MERAY IpaHHIaM#.

5 To ke, HO opEa rpaHMiua Oopounilaemas, a [Apyrag — Her
(pnc. 32, ):

F{Fi, ” = F (ri, 1) — F{Ph B+ F[P;1 I}_ F{r:',i t‘] e
—F @, 0+ Flp, 1) (5.109)

6. ObaacTs fuabTpaumn, orpaguvdenHas TPeMsa NPAMOJIHHEHHLIME
rpanmnaMm — TAPAJEJIbHEIMA OPOHHUAGMBIMH M HPHMLKAKUICH
HIGKHeil nponnmaemoii u Henporunaemoii (puc. 32, e):

Flriyt)=F(riyt)— F(ps, t) — F(pp ) F F (riy t) &=

+ Fp,, )£ Fp/, )+ F(ry, 1), (5.110)
raoe

= (z— L)+ (g — L)% pf = (= + L) + (v — L%
o} =(@+ Li—2L) + (y — LY, ri =(z—L)* + (v + L)%
of =&+ Ly + W+ L)% o = @+ Li— 2L + (v + L)%
ri = (z— Ly=—2L)* + (y — L))"

7. To e, HO mapaJjieJIbHEE TPAHMIK ABIAIOTCA HENPOHHIACMLI
s (pue, 32, x):

Fri )=F(rat)+ Flpa )+ Flpp ) F F iy 1) F
FF@, ) F F@ )+ F (7, 8)- (5.111)

8. To e, HO O/lRA U3 DAPANJENIBHAIX PAHNI ABJIACTCA HpOHHIAC-
moit, a gpyran — Her (pme. 32, a):

Flriyt) = F(riy )y — F (py ) 4+ F (p ) F F (rp ) ==
+ F (0, ) F F (0], &) — F (r;y 1). (5.112)

9. OrpasEvcHEAA 00:1acTh (QHEABTPANHE B BUAE OPAMOYTOABHMKA,
gce CTOPOHL KOTOPOTO — HemponMiaemsle CPAAMML WAH /iBe mapa-
JeJibHEE CTOPOHE — MpOHMIAeMble rpaHnnu (pue. 32, u):

Flri, ) =F(ri, t) F F [ps, 8) F F[P;u )+ Fr,t) +
+ F(r;, ) FF (pjs t), (5.113)
rne
(@=L + y—L)% 0= @+L)+y—L)s
of = (@4 Li— 2L + (v + Lo ri* = (e— Li)* + ( + L)%
e = (@—L)® + @+ Li — 2L)% pi° = (@ + Li)* + v + Lo);
1/, 12 8149 177



Ly w Ly — croponw mnpamoyronwmmka, L; << 0,5L,, L} < 0,5 L,.
Snech M HHIKe BepXHME SHAKA COOTBETCTBYIOT IPOHHUACMBIM, 8 HHH-
HHE — HEeNpPOHNIAEMEIM FPAHKIAM,

10. Orpammaennas obaacts QuAbTpanmME B BHAE NPAMOYTOJALHI-
Ka, JBe DapajjejbHbe CTOPOHB KOTOPOro— NpOHHUAEMBIe HJIn He-
NpOHMIAEMBe TPAHMIL, & H3 ABYX [APYIMX DApaJieJbHHX CTOpPOH

0/lHA — OPOHHLACMaAA, @  Jpyras — HEOPOHHOAEMAA  rpanuia
(pmc. 32, &)
Friyt)=F(ri, ) F Flpa ) F F(pjy 1) + F(r}, t) —
—F(ry ) F F(p,, 0). (0.114)

11. Ta ;e obnacrte, B KoTOpPOIT OABA M3 NapajNeNbHLIX CTOPON OPO-
HHILAEMAH, A JIpyragd — #Henponnnaemas rpaamna (pme. 32, a): ;

Flriy y=F(ri ) —Fpi, )+ Fpp t) + F (75 ) —
—F (@, t)—F (p; 0). (5.115)

JamMevanua K pacuae Tanm 1. Pacyernme sapucumoctn
CYIMCCTECHHO YNPOIWAKTCA AJf OAHHOYHOH CKBAMWHL, KOTILAa IHaK
CYMMUPOBAHHA N0 i oTHpacbIBAeTCS,

2. s orpapnyennnx obaacreil PUALTPAIHE pacueTnne Gopyy.inl
MOJYHeHLl B peayibTaTe yuyerta OrpaENTCHHOrO 4mcaa orobpasicuni
PeaabHOH CHCTEMBl CKBAKHH OTHOCHTCABHO rpanut obaacT duantpa-
nup. ONHAKO OHA AT BUOJAHE OPHEMIeMBEe PesYIABTATE, eCI BRI0/I-

Lz
NACTCA  YCAOBHE —- 2> J 1A OJHOPOAHOTO TPYHTa WIH OIHO i3

e
YCI10BHI % > J, —E = J — aaa caomcThiX rpyHTOB. B npormsnom
cayvae npu JIHTENbHEX NepuodaXx OTKAUKH KOJARIeCTBO oTo0pamennii
CACAYET YUEeAHUMBATE, NpAYeM o0mee KoJuIecTBo orodpaskenuit onpe-
penserca Tpedyemoil TOUROCTBIO pacuera.

B pane cayuaes (upn onpejejeHnd NOHW;KEHHA YPOBHA B TOYKAX,
YaaadeHHuX OT CKBa:KHH, NPH BHYHCASHIH El}upﬂTHBJIEHHﬁ ﬂ‘rﬂﬁ]}ﬂH{E—
i pEthllﬂﬁ CHCTEME EHBH}HEE} C OCABKD YHPOMIEHHA pacueToB ILe-
Jecoolpa3HO 3AMEHHTH TPYONY B3aHMOJAeHCTBYIOIMMAX CKBAKHH O/H-
HOUMHHMM ROJOANEM C© TeéM e CYMMapHRIM pacxofoM NI0 MeTOAHKe,
usAvikeHHoll, wanprmep, B padore [87].



F'nasa 6

METO[Ibl PACHETA

BEPTHRAJILHOI'O JIPEHARA

ITPH HEYCTAHOBHBHIENCA ®NJIBTPAIIMH

C NOCTOAHHBIM INOHHRKEHHEM B CRBAMRHHE

Onunm B3 ABYX OCHOBHEIX peskuMOB paloTh BEPTHEaIbL-
HOTO JPCHAKA ABJACTCA OTKAYKA C NOCTOAHHMM NOHRMeHneMm (ypos-
uem) B ckpayinpax. B meamopaTneHoll npakTEKe Takoil peanam pabo-
T CKBam#HH oco(eHHO HHTEPECOH, TAK KAaK IO3BOJACT B TeYeHHE JIJIH-
TEILHOrO BPEMEHN HOLASPREBATL 3AJAHHLIE YPOBHH I'DYHTOBMX BOJ
Ha ﬂ]]ﬂ]llﬂﬂh‘lﬂ” MACCHBE, H]]H. NPHHATHX IO TEXHHYECKHM YCIOBHAM
MOCTOAHHOM YPORHE M KOHCTPYKIHH CKBAKHH PACTETAMH IPOBCPAOT-
€A TaKHe MAPAMeTPR; KOJIHIeCTBO CKBAKNH, 00ecIeunBalOLUX HA Mac-
cuge TpedyeMoe NOHMKCHHE B 3alaHHLIe CPOKH, PasMepsl BOLOINPHeM-
HOIl YACTH CKBA:KHHBI, ee aeduT,

Caienyer oTMETHTL, 4TO paspaboTKa aHAJHTHICCKNX METOA0B dain-
TPAlMOHAOr0 pacyeTa BePTHEAJILHOTO [APCHAIA B 3TOM C/AYYae conpa-
AeHA ¢ DOABIMAMHE MATEMATHYIECKHMH TPYIHOCTAMM, H MO3TOMY HME0-
MHecH PemeHns noJayqcHsl jas Hojee NpocTHX YCJOBHI W cxeMm nei-
creus fpenasia [15, 53, 67, 71, 96, 112, 123, 127, 137]. Hekoropwne
PESYABTATHEI 9THX JOBOJLHO CIOMHBIX pelleHuii B ya00HOM JLIA Tpak-
THUCCKOTO MCHOJb30OBAHMA BUIE HAMOMEHHN B HAacTOANEN riase,

§ 1. BEPTHRAJIBHBIA JIPEHAMK
B HEOTPAHHYEHHOH OJJHOPOIHON MO MOUIHOCTH
OBJIACTH ®HILTPATTHN

Opunounan cxkpa:xunra, Cornacao paboram
[15, 53, 137], nonmsienne yposua (manopa) B nioGoil Touke obxactn
GuaAbTpPaNEA HA PACCTOAHMNA I OT CKBAKIHB OMACHBAECTCA BHPa;KeHEEM

S(-", t) = S':” — i (x,, ;:}I: {ﬁ'-i}
a nedDHT CKBAYKHHL
Q= 2nT S (7). (6.2)
3nech Te =--:—i, re = FT.:, S¢ — 3ajliHHOe NOCTOAHHOE TIOHHIKE-
z :

ANe B cKBaziknne. 3uadensa gyuxoun [ (1., re) onpejenswres oo

Yatte 12 8189 {70



Tabhanuna 35

g
v
0,25 0,3 1 ‘ 2 4 ‘ 4 ‘ A [ 10
r. = 0,0001
0 | 0,345 | 0,265 | 0,180 | 0,087 | 0,039 | 0,017 0,013 0,013
1 | 0375 | 0207 | 0,220 | 0115 | 0,062 | 0,020 0,014 0,014
2 0,465 | 0375 | 0,265 | 0434 | 0,044 0,021 0,015 0,016
3 0,532 {} 425 | 0,302 | 0,455 | 0,048 0,023 0,016 0,047
4 0,728 | 0, 549 | 0355 | 0177 0,054 0,026 0,018 0,048
3 0,905 {},533 0,428 | 0,212 | 0,065 0,030 0,021 0,021
r. = 0,0005
0 | 0,320 | 0,245 | 0,476 | 0,082 | 0,035 | 0,016 0,012 0,012
{ | 0345 | 0,258 | 0,205 | 0,097 | 0,038 | 0,018 0,013 0,013
2 | 0,408 | 0,328 | 0,230 | 0,118 | 0,04 | 0,020 0,014 0,014
3 | 0470 | 0,385 | 0,257 | 0,435 | 0,043 | 0,021 0,015 0,015
4 | 0,554 | 0,448 | 0,305 | 0,52 | 0,048 | 0,023 0,016 0,016
D U*?{}I 0,240 H.Eél} 0476 | 0,055 0,026 0,019 0,014
r, = 0,001
0 | 0,305 | 0,226 | 0,465 | 0,077 | 0,033 | 0,015 0,012 0,012
1 0,334 | 0,235 | 0,485 | 0,100 | 0,038 0,017 0,013 0,013
2 0,408 | 0,315 | 0,216 | 0,110 | 0,040 0,019 0,014 0,014
3 0,445 | 0,367 | 0,233 | 0,126 | 0,040 0,020 0,014 0 {}H
4 | 0,515 | 0,410 | 0,282 | 0441 | 0,045 | 0,022 0,016 0,010
5 | 0,632 | 0,490 | 0,317 | 0463 | 0,051 | 0,025 0,018 0,018
r. = 0,005
0 0,265 | 0,212 | 0,453 | 0,052 | 0,023 0,010 0,010 0,10
1 | 0,300 [I 235 | 0,465 | 0,075 | 0,023 | 0,015 0,011 0,011
2 | 0324 | 0,270 | 0480 | 005 | 0,032 | 0,017 0,012 0,012
4 | 0355 | 0,300 | 0,202 | 0008 | 0,035 | 0,018 0,013 0,013
4 | 0433 | 0338 | 0,235 | 0420 | 0,033 | 0,019 0,014 0,014
5 | 0,507 | 0,306 | 0,250 | 0135 | 0043 | 0,021 0,015 0,015

rpaguky puc. 33 npu 10 < r, << 2500 1 10* < 1, << 103, a snaue-
HEA Qyarung G (t.) — wo rpapmey pue. 34, Beam 1. = 100, ¢
JOCTATOMHOM TOYHOCTLIO MOGKHO CUHTATE, YTO

: = p)
G (1) = = [_ &ic )

(6.3)

I} cayuae uccopepimeHHOM CKBAKMHEBL BMECTO PAIHYCA Fe NPUHIIMACTCH

1]
pajuyc re (em. Qopmyay (2.2)).
Ipamonuneilinwii pajy ckea;nar Cormacno pa-
Gore (D3], sasmcuMmocTs Jas onpeneeHIA DOMIGKEHMH BLOIL HpHMoil
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3
ot
e
=
L]
P
e

& 1 [ — | [ I ;
02 10% 10° 0% 10" T, 4L QT

'ne. 33, Upadms aas onpejencans
gyuwumn £ (1., r.). 1o

Pue. 34. Tpadur pan onpewexcuma g™ 07 107 710° 107 10 f'? i iFf'r-_?:"
dvaemm & (t.). -92 -46 0 2.3 89 15 16,1 207 213 int;

. NPOXNOTANER 1T0CPCIHMHE MCHTY CKBAHIAMI MePHeHARKYIADHO PH-
¥, MMECT DBuj

S 8) == S [ —F (1a, ¥, 7). (6.4)
JeOUT CRBAKMOL MPH Ty = (0,20 onpejeanaerca no l:br:rpmy.rm
8BTS, .
Q =——5— {1l +AULS + BN B ——7=(B+)} 65
nln
Eﬂ.ﬂ‘c
rge
=S, Y= R=, A=
(111 T, J
Vg ;
p=———. @) =eMorlch, ericp=1—0)
In
2nr,

(D (B) — masecTupil  unTErpaJ BEPOATHOCTIL, Saauenus gyt

F (tg, y, r.) npuseacunt B 1a8:1. 35, sanMeTRoBanHoM na paborn [53],
dyuxmma ¢ () tabyanposana B padore [93]. B cayuae ucmncpmcu*

HWMX CEBa/HH BMECTO PAUUyCA Fp OPHHHMACTCA pajmyc rp., OLPELE] HE-
Muit popmyaoi (2.2),

IRKoaruesan Oarapeda CKBajkHH, IT_[}I-I'IEH[!.\I pac-
NOJO/KEHN JeOuT cHpasknOnl ¢ mpE JoJBINHX SHAUEHMHX T == 1
npubankenno onpeyenserca mo dopuyie [33]

8TS.. ‘
Q e it - ¥ {h " E":.

B s
In - M"Tl’mn

L

c

e n — TUCJI0 CEBAYKMH B KOJawlle, 0 — PACCTOAHHE MEHY HHMH,
fl — pajuyc KOJBLA,

Mpamoaunei uwil psapg HeCOBEpWEHHHWX
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ckpaiuH OGoawsmoi mporTAmennmocTH. D aTom
eJdydae psj CKBaKHN Do MeToay (MALTPANHOHHBIX CONpPOTHBJCHMI
3AMCHACTCA DKEHBAJCHTHON COREpPIICHHOI TpaHmerii W paccMaTpHBALT-
CH NPUTOK K Takoil Tpanmee. Torna moEm#eHHA B HeorpanmYCHHOM
objacTH UABTPAUNH Ha PACCTOAHNE X *> 0 HaxoaaT no dopmyae

al -
LA P I RN =
S{m,t}= cﬁrﬂm— c€ eric T, -+ 2}""? .

(G.7)
Bupakenne 1aa nonmkeRna BOIU3N ckpaniun pAga (z = 0) nmeer By

u!

S0, 1) =.$‘n(1 —e ®p erlc V ) (G.8)
FI
Iloropumii IBYXCTOPOHERE NPHTOK K PAAY CKBAMHEH ONPEICIACTCA
no popmyae

ul'
g= Ei,ti* e “reric ﬁ (6.9)
P Py
3nece O, — QUALTPATHOHHOE CONPOTHRICHNE HA HCCOBEPHICHCTEO
JuHeifHOTO PAJA HECOBEPIIEHHLIX CKBAMHH, onpenexsemoe no dgop-
myxae (3.9).

Ecan B pacuernnx dopmynax momoskam @y, = 0, To monyaum ms-

BecTHEEe (OPMYJH ANA pacdera INPHTOKA K COBCPIIEHHOH Tpammee

S (z, t) = Scerfc :'—: , (6.10)
o d
278,
= —, 6.11
e (6.11)

§ 2. CHCTEMATHYECKHA BEPTHKAJBHBIA JIPEHAR
B YCJOBHAX HHOWIBTPAIITHOHHOIO IMATAHHA

[Ipaoamsenasie MeTon QUIBTPANMOHHOTO pacdeTa dTol
¢xeMu paspadoTaEsl HA OCHOBAHHN IPHBEIEHHBIX B I'l. 4 TeopeTuuc-
CKHX peneHni.

Maomapmnoi npeHa;:s (leorpaEmaIennan

CeTKAa CHKBAaMHHE € paBHOMEDPHHM wWarom),

1. B cayuae ognopoauoro rpyuata (cm. puc. 21) pacuernas dopuy-

na pasa onpepenenus ypopaa H (f) nocpepwnre memny HecoBEpIUIeH-
HEIMA CKBa;EHHaMu (r = H) mMeer BHj

H(t)y=H+4 (H,— H) e®", (6.12)

rae { = -,'? y T = ﬁ R = 0,560, @ — Kopenb, ONpEIEIAEMHIT N3

ypasaerEA (4.9), ynpum&annrn K BHOY
Y, @) + —-J, (@) @20 — In 7 + 0,11) = 0; (6,13)
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H — ypoBeHB TPYHTOBHIX BOJ| NpH YCTaHOBHBINEMCA peisuMe gmian-
TPannAu, KOTOPHIHA nnpenennemﬂ oo 1:]:(:1]:-13:;1:3 (3.1) xak

e Hy - —— (ﬂaam )

H, — ypoBeHL I'DYHTOBEIX BOJ JIO OTKAYKH {npn t =0), D — puan-
TpallHOHHO2 C-DH[.IUTHH TeHHe HA HEGGEEPIJ]EHGTE-EI CEBA;KHHE B OJIHO-
POAHOM TPYHTE.

Aebutr cxBainnw {) onpeaenasercsa no gopuyie

Q(t) = H (rer t) — Hel 55 » (6.14)

rine H (re, 1) — ypoBeHs IPYHTOBHX BOJ V CKBAKHHEL
H(re, t) = He + (Hy— HY) e,
Hi=H.+2—®, T=kn (6.15)

B rawecThe pacvueTHON MOMIHOCTH HOTORA M NPHOIHKEAHO NPHAHMA-
ercA npu by > hg > h°

m= —Eh";_—h“: (6.16)
npu hg > hy > he kel

m= T (6.17)
npe hg = by = hs Ty

m=—xFr, (6.18)

rine hg, hy B hﬂ — rAyGHAB TOTOKA TPYHTOBLIX BOJ, COOTBETCTBYIOMHE
yposuaM Hg, H, v Hg;

[1 ——i}E-}-Eni]}j (6.19)

I:

2. B pByxcioiiHOM IPYHTe HIPH 0TKAYKE M3 HAAHEro CIOH YPOBEH
rpyaToBsx Boj M, B BepxmEeM cJoe w Hamop A, B HHIKHEM cJoc Io-
cpelHHe Me1y HecoBepIneHHbIMN CKBa:kuHamu (r = R) onpegensior-
ca no gopMyie

Hi(t) = Hi+

(4 Eﬂ i
Tr

B CJI0AX MO OTKAYKH, W,, W, — Bojoorgaum cices, H, (i =1, 2) —
VPOBHH B CHOAX OPH YCTAHOBHBIEMCA pekKEMe QHIBTpanum, KOTO-
pue onpepensnTeds no popuynam (3.1) u (3.9), & — xopers ypanue-
ausn (6.13). Hebur ckpamnan Q (f) nnpa,qenﬂemﬂ no dopmyie

Q(t) = [y (rer ) — Hel 5

Hﬂ-,l-ll + -Hu,!-'--a
By T M

— Hi)e—a, (6.20)

- t
The by =——) Tp= » Hg,, Hyp,— YPOBHH IDYRTOBLIX BOJ|
o
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rjie ypoReHL TPYHTOBEIX BOJL ¥ CKBAKHWHEL
Hmyl -+ fful].li

Al Hon B} = H; + { My T Mg

a ypoBeHb BOJANANM CHBIKHHEB NPH YCTAHOBHBIICMCA pesume (nib-
rpanuu (em. (3.12))

— H;) e~ (65.21)

* i
fI¢=H¢+ T m{lﬁ'ﬂ}-

3. B Tpexcaoiinom rpyHTE CO CpeiHUM cIa0onponMUACMEIM CHOEM
UpH OJHOBPEMEHHLIX OTHATKAX M3 BEDXHEr0 M HHIWHEro caoes (cM.
puc, 22) nprdmnkennas GopMyaa 1A oNpefeleHns yPoBHA IPYHTO-
BLIX BOJi B CJOAX HOCPEIMHE Me:KIY CKBAKHHAMM MAMCeT BHI

Hi (R, t) =H; 4 (Hy,— IT}) ghd (6.22)
Pﬂﬂ-ﬂﬂjlhl, NOCTVOAIOmMHE B CRBAYRHAY B3 BEePXHETO H HIROero cioen,
OUpPEeIAIOTCA KaK
Qi (t) = Qi+ Qle™. (6.23)
Oomuit neduT CRBAKNHL
Q) = Qy(t) + Q2 (). (6.24)

3necs H; m @; (ypopuu M pacxoin B VCIOBHAX YCTAHOBHBINCHCS
¢uaprpanun) onpepensorca mo gopuyaam (3.102) — (3.105) n upu

Q=0U=0

4T, (H,, — H;)
Qi = = R (6.25)
Yo lw) -+ 0,640 () In —
forieas ‘1"?‘|3+ _/“I_“E’.E_bel
2 ]' ( 2 ] =2 (6.26)

b=—8j"m — ' p=—ay7z— bs

Y, (u) n J, (u) — masectrue ¢ynkuun Beccensa peiicTruTeiabnoro
apryMmeHTa |, sHaueHme koToporo Geperca ma Tadm. 14 mpu n = 1.
Ocraababe 0003HAUCHEA T e, 4T0 U palkine.

[Ipn oTKauke TOJALKO M3 HMMKHETO CI0A (CcM. pHC. 23) pacuers ¢
ONPENeIeHHHM NPUOIIKCHEREM MOKHO BHNOIHATEH 110 [PETHULY M
BABHCHMOCTAM, OJIHAKO B HTOM CJydYae BMECTO KODHA A DepeTea Kopelhb
a, MeToHKEa olpejJejIeHiHd RKOTOPOrd HeCROUbBRO FEJIDH{HHETGH.

Hopens & maxoauTca B pesyIbTate PeNIeHAA YPaABHEHIA

0 — (A 4 M) &  [Ah— vy (vy + V)8 +vwd =0, (6.27)
npHueM B KadecTRe pacuerHoro npunmmaercs & = 0,. dpech xopeun
A, onpenesnnerca ns ypasnenus (6.26), ¢ A — ua ypapHenna

s E__;i_'_ ~ R ;
o zﬁ"‘l/(mzﬂ)'f'blb*’ (6.28)
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2 == 2
rne o = —al% —b, Bp= —aE% — by; wopenn 7 Geperca

uz taba. 15 npu n = 1. Kpome Toro, B dopmyae (6.27) npunumaiorca

2boa, dagly

v = Fe (A — Ag) Py(p), w= T AR (b + by’
_ 2hyay (D
vy = T (),
e
¥2(m) Ll
D m) = 2 ¥ L WEEIT e
A — Ty (m)
ar M

Y, (), Jy(n) —muszeecrane dyuruunr Deccena nelcTBHTEILHLIX
APTYMEHTOB 1) H L nepeoro nopanka, Ropau A, u A, onpeneasoTcsa Tak-
;e nz ypaprerni (6.26) n (6.28), B voroprx nepes KopHeM HeoOXofu-
MO CTARHTE 3HAK MHHYC,

[Mpumepw. PaccuntaTs DOHMMEHNA MEHIY CHBAKHHAME CHCTeMAa-
TRYecKOro Apera:ka npu A = 0,56 ¢ = 500 M B caydae TpexcaodHoro
IPYHTa ¢ mapamerpaMm m, = my = 10, my = 5 m, &y = 5,k, = 0,01,
kg = 20 m/eyrin, py = 0,10, p, = 0,002, Hpoae Toro, npuHmumMa-
em I =my, r, =0,0m 1 & = 0,001 m/cyrrn.

1. Cxema © NOCTOAHHBM MOHEMeHUMeM B 000X CI0AX S, = 5 M.
IlpeagsapureasHO HAXOTEM

T,=35, T,=200, T=250 u*/cyTKnm;
a, =5-10%, a,=10° m¥cyren; b, = 0,02,
by = 1,0 cyrkn ; g, =04 m ¢=0,0071 s
re=0,001; ¢ =355 p=p =0569, p,=A4,11;
a =o, = — 0,0207;
B=p =—1133; o,=—0,054; fp,=—7,75 A =A% =—0,0026
Apg = — 1,148, dyy= —0,05, Ay =—7,75.

PeayapTaTsl pacueros MOHM/AKCHMIE HA BHemHOel rpanHie obJacTi
¢uasrpanuu S, (R, &) = Ho, — H, (R, &) n S; (R, ) = I, —
— If, (R, {) m neburoe Q,, Q,, q 10 TOYHKM (OTPAHMYCHHLIM I1e DB LIMU
OBYMH 4wieHAMH paga) n oprdiamsessuy GopuyiaM NPHBEEHD B
tabx. 36. JlonmoaunTennHo Ttanike upuHEMaeM B opmyiae (4.51)
alR? =025 M, p = —0,5 u, 6, =0,058 m, §, = —0,014 M, v, =
ey =00, = 4,68u, C;, = 5,08

2. CxeMa © DOCTOAHHBIM LHOHMKCHMEM B HIDKHEM cioce S = 2 M,
llononuntennuo maxoaum 1 = 1, = 3,832, o = o, = —0,049,
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B =0 =—112, A=A, =—0,0026, % =7, =—0,043, &, =
=hy = —1,148, Xy =%yy = — 6,75,P, (0) =9 - 107, @ (1) =
= 6,45 - 107°, », =157 - 107 v =—0,001, vy = —7,97 - 10~

N =By Bmt T, BOEST, Bl 55
My " B 1y

A, =—0245, A,=—074 4,=0206, 25| (0,0) =—0,74,

=~ |l
=

2 = i
520, 0)= 123, 5§ =—9.107" 8, =6=—19-10""%
8, =—0,042, A=—1,64-10,

g0) =—0245, L0 __g7.10, LD _35.407,

10 =—048, 2O _504.107, LEO __569.10,

Tatbauma 36

=

4

& S, m 8, M Gy, MYeyTHRE |y, MECYTHE Q, sYeyrin

] { 0 L] 0 — — - i, — —

2 | 043 0,08 0,03 0,09 235 243 1007 948 1282 1191

o0 | 0,22 048 0418 0,23 232 235 a6 923 1218 1161
100 [ 0,37 0,34 037 0,43 223 230 40 BE4 1163 1114
150 | 0,52 0,48 004 0,60 217 223 g0l 831 1118 1074
200 | 064 0,60 0,70 0,75 212 217 865 823 1077 1040
MK 142 1,08 1,34 1,37 192 194 726 709 918 903

1,48 1,48 1,88 1,88 175 175 £11  Git 786 TG

Mpamesanme B JeneX croadnax UpHeeqein TOVHLE 3HaqeHnn S,, Sy, Q. Q. n Q,
THfReliflel X = T10T0 AT LT,

Tabaunma 37

dmn | F® g () S, u 8.0 m Q, ey
0 - e . i — 0 — 095

20 — —_ — 0,06 — 0,03 —  08G

5L - s — 011 — 0,06 — 076

100 0,55 0,23 0,32 0,20 — 0,1 923 0938
Lo} 0,46 0,20 0,42 0,30 0,09 047 902 943
200 0,39 0,18 0,50 0,39 0,45 0,21 897 928
300 0,26 0,08 0,76 0,70 0,40 0,41 848 866
i 0 1,00 1,00 0,68 0,68 TRG  THG

Ipumerannme B Iepus croaloax mpueegens TOUUMNMe 3uadedds S, S, @ @, 6 npa
B X — OPHOAHHEHALR,
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Ay =—09-10"% A,=208.10"%, A,=—0,08.10"2
Agy = 0,52,
SII = [},55, ) EEI = — I.ET, Cl! = B;ﬂﬁp Eﬂg = _-U-,qu-

Peayabratn panspefilunx pacueTroB Lo TOYHBIM (c orpanmueHmeM
NepeLIM wWieHoM pana) u nprlammeRHsM GOPMYIaM NPHBEICHL B
Tada. 37.

JInmeiiamii fpemam (HeorpaHNvYenHasn ceT-

Kd CKBAMNMMNMHE C HCPDABHOMEePHHLM maroM).

Meronmka pacuera TaKOro BEPTHKAJRHOTO [pemas;ka paspaGoTana
MpH ODOMOWHA MeTOoAd PHABTPANHORHLIX COOPOTHUBICHNI,

I. Jlaa opsopogHOTO rpyHTA PacHeTHLIC 3ABHCHMOCTH MMEIOT BRI

he)=V 1+ 05— B, () + <= 4D, + L — 205, () (6.29)

ANA OUPEACHEHHA MIYOHHLN PPYHTORMX BOJ MOCPEIHHC MCHITY PHIAME
CKBaKMH;

. 2Q (1
hﬁ {f:] e hl‘ _F- ¥ {'hlil + h,.} ':]}r.l {51-3[:'}

AdA OpHOIHFKEEHHOT0 ONPENeTeHEA TIYOHIH TOCpeANHe MeHiIY CKBa-
JMHHAMHE B PANY;

ko(hg—h2 - :
Q) = 3 01 (t) +eBo [1—p, (1) (6.31)

JUEA OnpefesieHnA GefaTa ¢KBA/KANLL.
B npueenennnix dopmynax xoodduunents B, Ba, p, M py B 3aBH-

7 ¢ 2
CHMOCTH OT Bpemenn [ = — (1: -— _!-l_) H MapaMerpa HCCOBCp-

L
WEHCTBA € = —0— ONpCACIATCA 1O Tpafmkam, NPHBEJEHHLM T2
&)

pue. 35—38, Ocraapanie of0sHAYMOHNA BEJUYHH T »Ke, UT0 M PanBIOe,
2. JAna AByXcnoliHOTo TPpyHTA NPH OTKAUKe M3 HHKHETO CI0# pace
YeTHbIE 3ABUCHMOCTH HMMET BHJT

H, () =H 4 H (t,) (6.32)

AJA ONpEeJe eHHA YPOBHA FPYHTOBLIX BOJ MOCPENUHEe ME:ILY DPANAMH
B BEpXHEM CJI0e;

H,(t) = H-—-—;,T—‘ + H (t) v (W) (6.33)
418 onpefeJleHUA Hallopa DOCpeaNHe MexIy PAJAMH B HUMHEM CJoe,;
Q(t) =eBo + Q(t,) v () (6.34)

£m,y el

Ansa onpefejnenusa febmura cxBazkmEE. 3pece H = H. + e ¥
1
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Pue. 35. U'padur pasn onpegeacuns wovpduuncara fy.

S

NG

—
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0,2 a5 A1 )

Puc. 35, I'padnr aaa onpenencooa woosdupuumcnra B,
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X (L + 4*11?,,} —YPOBEHEL FPYRTOBLIX BOJ NPH VCTAHOBHBIIEMCSH peikuMe
(puaBTpanmm;

How + Hgn - & el2 =
Hity = e — He) By () — B2 (o
2Ta  Hyue+ Hou, - -
Q (L) = LU { nl!-l:“['l-l:u _H'r.:] Py (o) — eBop, (t);
. u @ .. it Me g
e el S
c =Tfl§_ ; Ho, m Hy — ypoBEn TpyHETOBLIX BOJ B CHAOAX [0 OTKAYKH
i}

; 7

N\ \\ 04 5 5
: %‘}; 0.3 %‘g
a6M ﬂﬁ’g e 3 :ﬁ‘(

t""ﬂ“‘“ L M
g vMﬁ 0,1 02
92—2Z N 05T 2 15,1 0,7 05 04 02
0 I B =10 K%’—"—‘-‘_——“———:——_—__ —

a2 0« 0f 0O 7 '2 T € ¥ © T 8§ § t

Puc. 37. 'padmr nan onpemeaennn woofdmuuuenta p,.

£
10

a8
o8
04

0 I |m5| 1 -- i M-.__ I T
42 04 05 08 1 2 < 5 & 7 &8 ¥y £

Puc. 38. I'padur aaa onpepeacnun wodpdmumenta p,.
13 8149 189



p; (1) — woapdrunentir, xoropuie Gepyrea us rpadmkos puc. 35—38
npun :=3,[|,.'

RKomMOoemupoBpaHHEMWE ApeHa® (ropmaon-
TANBHAA HeCOBepWMeHHAaHx" JgpeEa B BepXx-
HEM CJH0B8 H JIJHMHHEHWHHHH pPpAX BePTHKAJILHMX
HeCOBOeDMEeHEHNX HJIH COBepWMEeHHHKX CHKBa-
KHH B HHNKHEM CJI0€ € HIIMBOM BOJM H3
CKBa;Kuum B paApery; Hy = He).

Tabamma 38 Tabanma 39
~
¢ o e o £4,2 £1,2 4.2 £1,2
0 0 2 1,08 oo 1 0,9 0,42
0,005 0,07 4 1,265 100 0,99 0,4 0,38
0,01 0,10 7 1,38 © 50 0,98 0,3 0,33
0,05 0,22 10 1,43 10 0,91 0,2 0,28
0,10 0,31 20 1,50 9 0,84 041 0,20
0,26 0,48 40 1,53 3 0,76 0,04 013
(0,5 0,65 100 1,555 1 0,55 0,01 0,06
1,0 0,86 oo 1,071 0,7 0,48

IIpubnmxeHnan MeTONAKA PACILTA TAKOTO JPeHAKA TAKKe paspa-
foTaHa OpPH MTOMOIH METOJA PUILTpAaINOHENX conpoTmBaenui, Jlaa
CXCME TPEXCAOHHOT0 IPYHTA €O cpefHuM caa0onpoHMOAEMLIM CIOeM
pacUeTHBIE BABHCHMOCTH CJe1YIOMmue:

hy () = hy + (Ro, — hy) €M,
hy (£) = Ry + (ho, — hy) €M,

riae fy (f) — npesunmenne ypoBEA B BepXHeM clioe, R, () — mpeBsime-
HHE HATIOPA B HHGKHEM CJIOR IOCDe/HHe MY JpeHaiKaMm,

(6.35)

@) =q -+ f?ﬂ. —qy) eM,
¢z () = g, + (g0, — q2) €M,

rie ¢, () B gy (f) — COOTBETCTBEHHO HOrOHHHIT MPHTOK K ApeHEe B
BEPXHEeM CJIOe K PARY CKBamuH B HI:KHeM. B npusenenasix dopmymax
hys hiy B @y, g, — COOTBETCTBEHHO YPOBHMA (HAMOPH) M MOTOHHEE OpHTO-
KH B yCAOBHAX ycTaHOBHBMeHca ¢masrpanum, ho, ko, # go, go, —
OpeBHIle s YPOrHA (HA0pa) M NOrOHHKE NPHTOKN B HAYAJILHEI MO-
mMeAT BpemeEr (f = (). Beamumnaw go, m g, npEGIMKeHEHD paccum-
THBAKTCA 1o QopMyaaM

(6.36)

T

] .
o, ko, o, = v, begs (6.37)

o, =

150



rae Oy = fi, Op =0 (j’, -+ 0,366 g 2::}_3] — CONpPOTHBJICHAA HA HOCOBED-

eHCTBO JipeHawel OTHOCHTeNBHO TOr0 CJI0A, B KOTOPOM OHH pac-
nonoskensl. [lapamerp A maxogurca mo gopmyae (6.26), B Koropoi
0P HHAMAETCH

@ = ——;:—ﬁﬂl—b“ ﬁ=—-;%-t:§ag“bm (6.38)

rae §;, m {; — RoapmupenTn, yIaTHBAKIHE BIHAHES HECOBEDINCH-

Tabarnma 40

CTBA JpeHA)KeH B CIOAX | nx
Gepyr martabn. 39 npu smave- E g.
3 by = . ) E- = = ) §
HHAX ¢y = T ) g - ® - - =
10, oy < & ¥, = &

B cayuae comepmenHoro
rOpH3OHTAJIBHOIO JpEeHaka B 0 3 3 7,66 2,29
npenenax pepxmero cios (0= 01 2= LE | S
= 0, ¢, - o0) npuEEMAETCA 50 | 256 | 2% | 532 | 1.73
{, = 1, "B cnyuae JIHHEHHOTO 100 | 222 | 197 | 33 | 1,3
pAfa COBEPIICHHHEX CKBa/KHH % :Eg iﬁ ﬁg gﬁ
B npenenax l_i[m-lﬂlﬂm CloA ?;FE- £00 I:Eai 1:(}3 “:5 1 “:52
anmaerca Op=0,3660 lg > oo 1,50 1,03 | 033 | 048

IIpumep. Bunonaurs pac-
uer KOMOMHHPOBAHHOTO ipe HA-
’KA B YCJIOBHAX HeyCTaHOBMBmelcA (HIABTPANMH IIPH CASAYHOIMHX HC-
xopuednanuux: ho, == hy, = 3,0 m, p,= 0,10, py=0,002. Ocranprnie
HCXOfHHEe W JAPyrAe aHHEE Te ke, UT0 M B IpHMepe, NPHBEeHHOM B
§ 6 ra. 3. IlpegpapRTeasHo Hax o HM

806 806 § o ;
& = m = 44,2, Ly = m—r = U.TBS, ;1 == ﬂ,EIT, E, = {],5,
o = — 28 0,07t - 415 — 0,02 = — 0,0217; B = —335 0,5 X

s 505 l=—ﬂ,ﬂﬂi;—1.ﬂﬂ & V{i‘aa"f'ﬂzl?)'+ﬂ.02-i=
= —0,0074

Teneps cormzacuo (6.35) muA BHYHCICHHA NpPEBLIMEHRH B CIOAX
hy(t) m hy (f) cocTaBiiAeM YpaBHeHHA

hy (¢) = 1,5 + (3—1,5) ™™,

ht {t} == 1,.[]3 -+ {3 - 1103} E—ﬂ.nu'm'
o 194



a cornacno (6.30) nna onpenenenns DOTOHHEX NPHTOKOB K JpeHAa-
A M—Y PaBECHU A

g, (t) = 0,33 4 (7,56 — 0,33) g-‘"rﬂﬂ?irl
g (1) = 0,48 + (2,29 — 0,48) 0074
PeayasTaTil pacuetoRr no stam ypaeHennsM upmpefeEsl B rtada, 40,

§ 3. JIHEHRHBIN BEPTHEAJNBHLIT JIPEH A
BEIH3H BOJOEMOB (EAHAJIOB)

B YCJIIOBIMAX NCIAPENTA

C NOBEPXNOCTH 'PYHTOBLIX BO/T

C nomomeio MeToa GHABTPANMORNLX CONPOTHBICHHI paa-
paforana npulanmKeHHEA A METOIMKA PAacueTa HeYCTAHOBHBUICTOCA IPH-
TOKA 13 WCCOBCPIICHHOTO BojoeMa (Kamaaa) K amHeliHOMY DALY Heco-
BePMCHHLIX CHBAMKHH ¢ VUeTOM MHC-
NAPEHAA ¢ MOBEPXHOCTH I'PYHTOBLEIX
pof. Menmoaszoeamme aToH MeTomH-
KM NpefmoJaraer, Wro Bojoem (ka-
HaJl) pacHmojioded Ha pPaCCTOAHHAM
OT CKBRa}KHMEW L > 2m, e m —
MOIMHOCTE BOJOHOCHON TOJILH, W
9T0 KAHAJX JCHCTBYET B YCAOBHAX
pmopneproil ¢uavrpammn, Ilpegno-
JHEHHAS METO[INKA MPHMCHHMA B CIY-
HAAX O/(HO- I IBYXCTOPOHHEr0 CHM-
METPHYHOIO OTTOKA W3 Kanajaa (mpu-
TOKA K JIPEHAMY), 4 TAKMIC U3 BORO-
eMa {(IUPpPOKOro Kanajna) aaa awdoil
cXemMul OTTOKA M3 Hero,

1. Jlas onsopoanoro rpynra pac-
MeTHRE IABHNCHMOCTH HMEWT BHI

oy

=
70 =100

25

2.0

]

Bz, t) = h(z) + [hy—h (2)) e ¥

& B i I 1 {639}
o = a 7 lgc pasonpenelcHUANPERHINCHAA YPOB-
Puc. 39. I'pagmi aas onpescacuun HA TPYHTOBMX BOL HAAL YpOBHCNM
KOPHS . BOE B CKBajKuHE B J11000M Ceden
x> 0,

oy |l
g(t) =h (0, 1) 4 (6.40)

I

JUI5T ONPEIeTeHIA HOrOHEOTO HPHTOKA K PALY CKBAYKHH;
r

gu () = T [hx— R (L, )] (6.41)

IS onpefeicHua GTTOKA M3 HecoRepulaHHOrO BogoeMa (Kamana).
3accs npepsimenus kb (0, ¢) u & (L, {) saxogsatea no dopmyae (6.39)

192



coormercTeenno npu x = [ (B cesennn paga cksakmR) 1 2 = L (B
CeYCHNH Ypesa BOAH B Ka@ale), a IDeBbIeHHe YpoBEA & (z) B veado-
BHAX ycTaHOBHBINelicA (uabrpanum — no Gopmyne

hy— h,

N = (L —a), (6.42)

h(z) = he + 57

I =

. 7
rme Ia.,--?—(Ilp, hk=h;,-——;mk. Pacxoowl g W gy ANA  CXeMul

OJHOCTOPOHHEr0 OPHTOKA K JApPeHaMNY OOpefeAinTCA TaKHEM ﬂﬁpﬂﬁﬂlﬂ
Thy, — eL (0,5L + @)

1= ITF0,+0, '
Thy - eL (0,51 + @)
R=—"ZTT® +0, °

e @©, = AL = AL’ -+ AL". Jlna cxeMmul CHMMETPHYHOIO JBYX-
CTOPOHHETO NPHTOKA K JPeHAKY

2Th — eL (L + 20,

Th -+ eL (0,5L + 2@,)
"= ITF 0,20,

rne ©, = AL = AL’ 4 2AL". B pacuersnx dopmylax OpHHATO:
@, — KOpeHh, onpenensemwit ma puc. 39, hy — npesumenne ypopus
BOALl B BojoeMe (KaHAaNe), &€ — cpefHss HHTCHCHBHOCTL MCIAPeHNA
¢ NOBEPXHOCTH TPYHTOBHIX BOJ MY KAHAJOM M ApeHAKEM, 0CTAJb-
Huie 0003HAYCHHA Te JKe, 4TO ¥ paHbIe.

IIpuGnamskenno opepnuenne ypoeua fi. (/) nocpeanae MeH1y CKBa-
JEHHAMH B PAAY M 3a [peHaz<eM B CXeMe OJHOCTOPOHHETO IPHTOKA
MOA{HO HaXxoanthk 1o gopmyae (6.39) npr z = 0.

2. Jlan neyxcaoifHOTO TPYHTA C BeDPXHHM CJIOEM NOKPOBHEIX OT10-
JCOWH NPH 0TKAaYKe B3 HIKHET0 CI0A NMPEBHITEHHE B BEPXHEM CJ10€
onpenensierca mo caeayomeil npnonmkennoit dopuyae [32]:

hg 1y =+ fig_Ha e, ;
Tz, 1) =} 0, e } 1% 6.4
@ =R+ | 20l (6.43)
rae hg, m hp, — HagajeHue M[pesHmIeHns YpoBHell (Hamopos) B

t
cloAx, ID =y Tu—{”‘-l_”*}fﬁ O1TOoK M3 KaHana W NPHATOK K
L]

ApeHaRY BHIHCAATCA N0 OPeALAVIIHM PeROMEHIANNAM, HO C YIeTOM
ABYXCHOMHOI0 CTPOCHHA BOJOHOCHO TOJMIIHA.
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