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YK 556.3:622.583.33

B padore npaBejieHH 0o0mue CBEAGHNA O COBPEMESHOM COCTOAHRM
M NePCNeXTHRAX MCNONB30OBAHUA NPOTUROPAABTPALNOHHHX- SABEC B
rOpHO# NPAKTHKE, USNOXEHN PUAPOXAHAMHYOCKM® OCOCHOBAHMA NpN-
MEHOHHA 3aB6C B PA3AWYHHX NAACTOBHX yCAOBMAX NPE 3amare rop-
HHX BHPROOTOK ¥ MPOMHUNSEHHX NNOMANOK OT OCBOAHBHUA, 8 TAKE®
C LEeAbo NOKalAu3anMu MCTOUHMKOB 3arPASHEOHMA NMOA3EeMHEHX ¥ NO-
BEDXHOCTHNX BOA, KOTODWE CBEZGHH K RECKOABKHM HauGonee xa -
PBKTODHHM pDAaCYETHHM CXEuaM.

a3 METORUKA TUAPOreOROrVUECROr0 OGOCHOBAHUR NPUMEHEH 4 R
KOHTYPHHX M JUHEHHHX NpPOTUBOPUNBTPALUOKHHX 38BOC B ORHOPOA —
HHX, CHOMCTHX ¥ TPOHMWHOBATHX TOAMAX BOAOHOCHHWX NOPOA.

C nensw MCNONB30BAHHMA ANA pacueror SUBM 1JaHH aXropuTy n
ApOrpasMa NO ONPEeAENEHMD NPATORA Y6Pe3 KOHTYDHYD NPOTHBO -
¢UABTPALMOHHYD 38BECY M NONOXEHUA YPOBHA BOZL B NMPOM3BONBHOM
TOYKe BOJOHOCHOIO TOPHU3OHTA.

MeToAMYeCKUE PEKOMEBHAALUNM NPEAHAIHAYEHH AJNiA NPOEKTHHX H
HayYHO-UCCJEAOBATENBCKUX OpPranu3anuil, MOryT OHTH MCNONB30BA-
HH NP pemesud 33434 OCYLEUMA MECTODOXAEHHN NCNE3HHX UCKONa-—
€MHX, 3aM4TH NPOMRAOMAZOK OT OCBOAHEHMA C YyUETOM COBPELEGHHHX
TpelopaHKil ¥ OXpaHe BOAHHX pecypcos, a TaKme Np® DPacCMOTpe -
HUY aHAJOT'YYHHX BONMDPOCOB B pAfAe APYrux OTpacleit HAPOR HOI O
XO3AiCTHA.

PaGora BunonHeHa B Ia6OPATOPHM (UABTPALUOHHHWX pPaCY6TOR
OoTZena ocymeHusa wHcruryra BUOTEM Kapz. TexH. Hayx K.B.lloHo -
Mapesko, nuzxeHepanud H.[l.T'oronesoit u J.B.lleAuux., YTBODPXAGHA
Ha cexnuu HIC no Bsonpocam OCYWEHHUA ¥ PMAPOTEXHUKM MHCTHUTYTA
BIOTEM B kauecTse MOTOAMUECKHX PEeKOMeHAamuit 26 uwHA 1979 r,

©Bcecoxoal-lun Hay4YHO—HCCNe1oBarenbCKRA H NPOEKT HO~KOHCTPYKTOPCKHM# HH—
CTUIYT NO OCYWEHHIC MECTOPOXAOHHA NOME3HBIX MCRONAEMbIX, CNEUHAILHBIM [Op -
HbiM paGoraMm, PYANK4HOA TeONOTME W MapXwehnepcxoMy feny ( BUOTEM), 1880,



BBEINEHUE

CorpeueHHHE TENMH Da3BUTUA I'OPHOZOONBAWWLEH NPOMHUNEHRHOCTH MpPU-
BOAAT K HSOOXOLMMOCTYA OCBOEHHA HOBHX MECTOPOXAEHUN MONE3HNX WUCKO-
naeskx. BONBUAHCTBO NMEPCMEKTUBHNX MECTOPOXAEHMI No I'e0nOro-ruipo-
Te0JIOrYNECKIM YCNOBHAL OTHOCHATCA K CTOXHHM ¥ XapaKTepUsywTCHs BH-
COKOil OOBOZHEHHOCTEY; MX Da3paCOTKA NPAKTHAYECKM HEOCYWBCTBUMA (e3
IIPOBEAEHUA KOMIUIEKCA MEPONPUATUA NO 3auuTe TODPHHX DPACOT OT NMPHUTO-
KOB MOA3ENHNX BOZ.

linpoxo np.MeHsemse B HacTOsAmee BPeMA CNocolh OCYMEHUF MECTO-
poxzeHui 3aKMOYaKTCAd B OTKAYKE MOZA3EMHWX BOJ C NOMOMBN CHCTEM
paslvyHLUX APEHAEHHX YCTPOWCTB, NPU 3TOM AJNUTENHHAA SKCUAyaTa-
UMA APEHAXHHX CUCTEM {PUBOAUT K POpMMpOBaHMX B pAifOHAX OCBEHMBA -
eMHX MECTOPOXACHHA OCHMDHHX AENPECCUOHHHNX BODOHOK X HApPYyZOEMD ec-
TECTBOHHOI'0 PEXUMA MOZ3ESMHHX U NOBEDXHOCTHHX BOA HA CONBUHMX Tep —
PHTOPUAX, CHAXEHUD ECTOCTBEHHHX PECYPCOB MOA3EMHWX BOA, YXyAEEHUN
KayeCTBa NOA3EMHHNX BOJA, 3arPASHEHMO DYAHMYHHNMY BOAAMM ¥ MPOMHE -
JNeHHHMI{ CTOKAM# MOBEPXHOCTHHX BOZ, Pa3BUTHO Aedopuauuit ZApenupy -
eM0il TONHY NOPOZ M OCENAaHWK AHEBHOH NOBEDPXHOCTH, HApPymWEHU® MpH -
PORHHX YCHOBUit B paltoHax BeACHUS APEHAXHHX DabOT.

[lo yka3aHHHM NMPEYUHAM B COOTBETCTBUM C 3AKOHOZATENHCTBOM O BO~
LCe ¥ TNonokeuuAwn o6 OxpaHe OKpy.amueit cpeax K cnocodau 3amMuTH
PCLiua D4OOT OT OCBOAHEHUA B HACTOAWGE BpeMA NPEABABIAANTCA Kaye -
CTBEKHO HOBHe TpeCOBaHMR, YUUTHBANLUE HEOOXOAUMOCTH COXPAHE HUSA
BOAHAX DECYPCOB ¥ DAaOWOHANBHOIO MX MCNOJIB30BAHMUA.

K uucny NepCHneKTABHWX B 3TOK OTHOMGHUX CNOCOCOB 3amUTH PYAHU -
KOB OT [PUTOKOB NOZA3@MHHX BOA OTHOCHAT NPOTUBOQUILTPEINOHHHE 33BO-
cu ([193), mosToMy 3aReCM BCE UANE HAXOAAT NDUMEHEHAE B  T'OPHOH}
npakTuke (MHrynenkutt POK, /BOpPCKH# cepHwit xOMOUHAT X ZP.).

liensw HacroAue# padorTH RABNASTCA OCOORENNe® COBDEMEHHHX aHAAUTU-
YECKMX METOAOB (UIBTPALUOKHNX pacueroR [103, NpuMeHAGMHX ANA TUR -
POZMHAMUYECKOT'O OGOCHOBAHMA MEpONpUATHR MO 3amUTEe KapEEPOB ¥ maXT
OT O0BOAHEHMA MOA3EMHHMU BOZAMHU.



I. OBUME CBEHEHWA O MPOTUBO®MABTPALMOHHHX SABECAX

[ poTuBOYUABTPALMOHHN. 3aBECH NIPELNGBHAUEHH ANMA 38OUTH T'ODHHX
pacoT,CTPOUTENBHEX ¥ I'MAPOTEXHIIUECKAX KOTNOBAHOB OT NPATOKOR NOA—
8EMHHX BOJZ, DCKOMEHAYWTCH Takxe ANA AOKAAUBALUM HCTOYHMKOB 33 -
T'PASHEHUA NOAIEMHHX BOZL ¥ NOATOMMEHHA TEPPUTODHUI: JAA OrpaxzeHus
XBOCTOXDaHUNNE, mAaMOHaKOnuTeneit, ucnapureneilt ¥ Ipyrux BOAO38NOA-—
HEHHHX ¥ NMOZAMNOPHNX COODYREHUH C LEABRN CHUMEHHA QUABTPANMOHHNX MO-
TEPh ¥ YTOUSK TEXHONOTMYECKUX BOL.

CymHOCTB cnoco0a 3aXipuaeTcHd B CO3ZaHUM BOKDYI 3BamMUHAA MOT O
y9aCTKa MM U30NUPYEMOr'0 HCTOUHUKA OOCBOXHEHUA 3aAMKHEYTOrO NPOTHBO~
$UABTPAaNUOHHOrO orpaxfiekus ("cTeHw B IpyHTe", OCappaxa ¥ T.0.),
NPOHMNE6GMOCTD KOTOPOI'0 3HAYUTENBHO HUEE NPOPE3AEMHX 3aBECO# HOZO—
HOCHHX NOPOZ.

B 3aBUCMMOCTM UT TEXHOJNOIUU COOpPykXeHus IIP3 HA NMpaKTUKEe HAXOZAT
NpUMEHESHUE NPEUMYNECTBEHHO CAEAyOUNWE TPU OCHOBHHX TUNE 33BEC: WH-
¢dy3uoHHNE (3anUBHHE),HMHBSKUMOHHNE M KDUOreHHHe ( JeZOmMODOZHHE ),
ONYHTOBHE OrpaxieHdd ¥ AP., KAXAH{ 43 TUNOB UMEET CBOXY OOGNECTH
NpYMEHEHHUA B ONDEAENCHHNX IeONOrO~IUAPOre0yOrUUECKUX YCNOBUAX [1l.

PesynpraTh TEODPETUYECKUX ¥ IKCMNEPUMEHTANBHHX WCCREeROBaHuit, a
TaKXe NPAKTUYECKUHA OMHT, HAKONJNEHHHA MpA CTPOUTENBCTPS U IKCNNya-
rayuu [1¢3, CBURETONBCTBYOT O TOM, YTO B OZHOPOZHHX MO BOAOMNDOHU -
1aeMoCcTyu niacrTax TexHUYeCckd 3HPEeKTUBHO NMpPUMEHEHNS TI'UAPOZUHAMUYEC—
K COBGDHEHHHX ¥ 38MKHYTHX B NA2HE KOHTYDHNX 38B6C [a]. Hesaukny-
THE B [7laHe 3886CH NPUMEHANTCA NPENMYMECTBEHHO B NIacTax, XapaK-—
TEePU3YDOUXCH GuAbTPAnNUOHHOt HEOAROPOAHOCTED B Niare [ 31,

[Ipumerenne TIP3 HECOBEDPWOHHOrO TUMA& MORET OHTH ZOCTATOYHO 3P -
PEeKTHBHHM BOZO3AMUTHHM MEDONDUATHEM NPH CHOUCTOY CTPOEHUUM BOJO -
Hocuo#t Toamu [ 4,5] n B TpenuHOBATHX NOPOZSX, XAPARTEDU3y O W UXCH
yMeHBIEHWeM NPOHANAEMOCTH MaccuBa ¢ raySumoit [6 1.

OCHOBHHE TEXHUYECKUE TPECOBARUA K MPOTUBOQUIBTDANUOHBHM 33B6 —
caun COCTOAT B CIEAYOHEM:

I) Teno 3aBecH ZONKHO XapPSKTEPU30BATHCA HU3KUMHU GHUABTpaNUOHHH-
uu cBoficTBamu (koadduuueHT uabTpanmu 3asecH K =I0" u/cyr);

2) Teno 3aBeCH AOAXHO OHWTH OZHOPCAHHM M MMETH NMOCTOAHHHE QANE—~
TpalnuoHHHe croficTBa 1O rAyOuUHE U NPOTAXEHROCTH KOHTYDA;

3) GuapTPanuNHEHE napaMeTpH HAa CTHKaX MEXAY 3aX0ZKaMy MY CMex
HHMA KOHCTDYKTMBHHMM DIEMEHTAMM 38BECH He XONXHH OTIAYATHCA OT
CPEZHMX 3HRUEHMI NAapaMeTpoB TeNia 3aBECH;

4) Teno 3aBeCH ZONKHO COXDAHATH CBOM NMPOTHBOPUABTPALK O H HH &



CBOliCTBA HE BECH MEPUOA SKCAAyaTauud COODYXEHWA;

5) saBeca A0AXHA OHTH YCTONYUBA K BO3IMORHNM ZedopualusAM, TeIo
6¢ He AONXHO PA3YyNNOTHATLCA U DACTPECKUBATHCA;

6) Tenc 38BECH XOAEHO OHTH YCTONYMBHM B OTHOWEHNM BHYTpenHEN
KOoETAKTHOH cyddosuu,

?) nporsBOPUABTPAUKOHENE MATEDUATH, NPUMEHAEMHE NPM CO3UAH U U
38BeC, AOXXHH OHTH CTOUKNME K 4PPECCUBHOMY BO3ZeHCTBMO MOA3EMHHX
BOX.

2. TURPOTEONOI'MYECKUE CXEMur K PACYETY
TPOTUBOCMIBTPALYOHHNX 3ABEC

Cxesmb 3aMUTH OGHCKTOB OT MOZISMHHX BOZA ¢ NMOMOEBD NMPOTUBOPUABT-
PALKXOHHHX 3aBOC BHOUDANTCA C yUETCM:

a8) reoIoro-~CTPYKTYPHEX OCOCEHHOCTell MECTODORZEHUH U PuApOreo —
JOrUYeCcK#¥X napaMeTpoB, ClIarabluX pa3pe3 IOpPHHX NOPOA;

) PUXpOreonor44ecKoi 00CTEROBKI NPU CTPOUTENBCTBE W IKCNAYY ~
Tauuy 3aMUBA6MHX OT OOBOIHEHUA OCBEKTOR ¥ Ha3HAUEHUA NPOTUBOHUNE—
TDALMOHHOH 3aBECH ( YMOHbJUEHKE BOAOMNDUATOHOB B rOPHNE BHPAaGOTHKYA,BO-
BIGUEHNE B OTPACITKY AOMOJHUTGNBHHX 3alacOB [10NI€3HOI'C ACKOMNaeMo —
ro, OCTAB.CHHOIO B LGAMKE, COXPaHEHME 3aNacoB MOAIEMHHX BOA, JIO—
KanusanuA UCTOYHMKOB B4IDA3HEHAR ¥ T.I.);

r) cnoco6a COODYXEHUA 33aBECH.

B pesyAbraTe aHanU3da ruiporeonornyeckux yclrosuit CONbWOr0 yucna
NSCTODOXZOHHUI NMONG3HHX UCKONAEMHX ¥ NMPOMHUNEHHHX NAOWAAOK BHAENE-
HH CleAynN#e I UAPOAMHAMUUECKUE CXeMh pacyera NpPOTUBOPUABTPALUOH —
HHX 3836C.

B OZHOPOZHHX nRracTax:

I) nuHeiiHad PUAPOAUHAMUYECKYN COREpEEHHAA 3aBeca, NOBeIEHHAA A0
BOZOYNOpa B HOJIYOUDAHMYEHHOM AnacTe;

2) KOHTypHaf PUAPOXVHAMUYECKU COBEDUEHHAA 3aBeca B miacrte ¢
KPYroBuM KOHTYPOM NHTEHUAA, B NAACTE-NONOCE U B MNONYOI'DAHUYEHH O M
nnacre;

3) KOHTYypHafA COBBDUEHHAsA 3aBecA B KPYroBOM NIacTeé B COYETa —
HAW ¢ BHYTPUKOHTYPHHMU BOZONOHMXADLMMUMK YOTPOACTBAMM ( BOAONOHWEA —
OEKUMY, BOCCTAWL UMK, BOZOCODOCHHMH, PMODUIOHTSNBHHMU CHKBAXAHAMU,33-
GuBHHMYM QUIABTPAMU, APEHAXHHMU KOMOALEMHA ¥ AP.).

B ycnopuax CnAOMCTOR TOAmMM:

I) nuHeiHAR PUAPOZUHAMMYECKM HECOBOPMEHHAH 3apeca, He x10Be -



AeHHAA N0 BOAOYnODPa,COODyxaeMas B BepXHeM,00Nee NPOHUIZEMOM MIac-
T6, OTZGNEHHOM OT HMEHEro CJaCONDPOHUNAEMOH NMepeMuuKoil,

Z) Ta Xe 3apeca B JBYXCHO{HOM NNAacTs, OPU ITOM BepXHuil - Conee
NMpoHUANAEeMuit.

B TPeuZHOBATHX NJAacTax PACCMOTPEHA KOHTYPHAA IUAPOAAHAM'IYECK'!
HECOBEDUEHHAA NPOTHBOQUIBTPALUUAOHHAR 3aBeca.

3.PUIPOrEQJOMMYECKUE PACYETH MPOTYBOQUIBTPALMOHHNX
RABEC

OUNBTpPanUOHENE PacueTu HABIANTCA HEOOXOZLAMHM 3/NEMEHTOM 0COCHO -
BAHUA NDPUMEHEHUA NPOTUBOPUMIABTDALMOHHNX 3aBEeC B DA3AUYHNX T4Apo -
IEONIOrKYECKUX YCIOBUAX. PacueTH BHRIONHAWTCA C LENBH OLEHKY d(kpeK—
THBHOCTH [103, BNOODA palMOHANBHHX M SKOHOMUYHHX NapaMeTpOB 3aBeC,
NONyYEeHUA WMCXOJZHHX HaHHWX ZJIf NPOBEPKM 3aBECH HAa LPOYHOCTH # JyC -
TO#YUBOCTE K BO3ZAeiicTBM0 $UNBLTPALVOHHOrO MOTOKA.

lipeanonaraercA, 4YTO NpUMEHAEMHEe cnocolH CTDOUTENbCTBA ofecne -
YUBAWT HaZEeKHH{ KOHTAQKT 3aBECW ¢ BOAOYNODPHHMU UAM cradonpoHunae -
MHMM nopozamu (IPYHTaMM) # VCKIMOYAKT NOBHWEHEYW OGXOZHYN (UABTPa—
L¥D B NPUKOHTAKTHO{ 30He, McTOZN pacyeTa 38BEC HE YUYUTHBANT DUAB—
TPAaLUOHHMX CONPOTHUBNSHMR PAUHMCTON KODKM ¥ 3aravHU3UPOBAHHOR 30—
HH, 00pa3yomaxCR IpA OPOXOZLE TPAMUOH C NpUMEHEHHEM PIUHUCTHX
ADPYrux OypPOBHX THKCOTPONHHX PA&CTBOPOB.

U3noxeHHWe METOAN pacyeTa NPOTUBOPANHTPALMOHHHX 38BEC HE YU —
THBAKT HAYaNbHHA rpazueHT QuUABTpanud MmaTepuana B Teje 3aBecH
(L = 0), uro oGecneyuBaeT HEKOTOpDHil 3anac B pe3yABTaTaX PacueToOs.
TuApONMHAMUYECKUMME pacyeTaMu ONPEAENANTCA CHEAYDHMUIE INEMEHT H
$uNsTPaOHHOr0 NMOTOKA:

- pacxon BOZH, ROCTynapueit yepes KOHTYD 3aBeCH B KOTJAOBAHH;

-~ Hanops (yPOBHM) M FpazveHTH NOTOKa MOZA3EMHHX BOZ HA TIDaHAX
npOTHROPUABTPANUOHHHX 3aBEC, HA HOHTAKTAx 3aBECH C BONOHOCHHMU
nopozamu, B MeCTaX BHKAUHUBAHWAA NOTOKA HA OTHOCH KOTJIOBAHA;

~ QOMIBTPAIMOHHHE CBOACTBA NPOTUBOGMABTPAUMOHHOTO waTepuans,yw-
NaZNBE6MOI'0 B TEJNO 33aBOCH.

(Ipt npoBeAGHUX TIUZPOreONOT'MYSCKUX pPacueTOB MNPeUMYNECTBEHHO
OPUMEHANTCA AQHANUTUYECKUE METOZH ¥ METOZH MATEMATHGECKOI'O MOZENU-—
posaHui. METOZH PUAPOr€ONOrMYECKO# aHANOI¥W M BOZHOI'O 0anaHca uc-
NOoNb3yNTCA 3HAYHTENBHO Dexe A/NA NPUGTUEEHBHX OHEHOK, a MaTema -
TUYSCKOrO MOZSAMDOBAHWA (aHANOI'OBOI'O ¥ YHCAGHHOFO)  WCHOABIYOTCA



Rif pacyeTa NpoTUBOPUNBTPALMOHHNX 3aBEC B HauCGoXee CHOKHHX IHUADPO-
TEOROIIUECKAX YCAOBUAX 4 0a3upPyOTCA Ha npumeHesuwm ABY u 2UBM.

{IpOREEHM QHANATUYECKUX PACUYETOR MNpEANECcCTBYET CXeMaTu3anu g
NPUPOZHOU OOCTAHOBKY C LENbY NPUBEREHUA pEalbHHX YClOBiuiA K pac-
C:OTPEHHHM TUMOBHM DACUETHHM cxemaM. CxevaTuldanusa MPUPOLZHHX yClo—
B A0AKHA o0ecneyyBaTh HeOOXOAuMyow TOYHOCTH pacueTra # BO3MOXE-—
HOCTH MPUMEHEEUA NpEANaraeMHx MeTonos. HazexHOCTHE GUNBTPALUAOHBHHX
pacueTOR 33BiACUT OT TOro, Ha CHOJBKO MOJHO YYTEHH B  pacueTHo i
CXeleé OCHOBHWE YCJAOBUA MUTAHUA U Da3rpy3Kdl BOJOHOCHOIrO TIOpW3OH —
Ta, B KOTODOM MDOEKTUDPYETCR COODYREHUE 38BECH, 8 TAKKe OT TOUKOC—
T# onpenenenua QUILTPAHAOHHHX CBOCTB I'OPHHX IOpOZ.

B npakTUyeCKUX pacyeTax Np¥ OTHOCUTENHHO OONBUO} ANUHE 33BECH
MOXHO NpeHeOpeuydb HEKOTODHMI OTKJIOHEHHAMW DPEANBHOrO MOTOKA OT MIO-
CKOro., B oTOM Clyyae 00nacTh QUABTPANUN DACYNEHAETCH BEDTUKANBHH-
MV NJIOCKOCTAMA HA CAMOCTOATENBHHE I'APOAWHAMAYECKUE $HparMeHTH,pas—
ZEenATENbHHE NAOCKOCTH NPOBOAATCA HODMANBHO K KOHTYDY 3aBecH (BRonB
nMHUE -TOKOB).

3aukHyTHE [1Q8 CPaBHUTENBHO AONBMO{ NMPOTARKEHHOCTH, KAaK NpaBuno,
NPUBOAATCA K CXeMe KPyrosoil B NNaHe 3aBecH ¢ paauycom K, , onpere-

NAEMHY MO QOpPMYTE l/,_,
=E
A=VF (3.1)

rae F - miomanb yyacTka, OPpamieHHOro 3aBecoii.

JACXOZHHNA AGHHNMM ANA pPAacYeTOB ABNANTCH PE3yNBTATH WHEEHEDHO-
reoNIOr#MeCKUX M3HCKAHMUR, MONEBHX ONHTHO-PUABTPALUOHRHX padoT, na-
0OpaTOPHHX MCCHEAOBAHUi ¥ NMPOEKTHHE pPEmEeHWs NO 33MLAMAEMHM OT 06 -
BOAHEHUSA OCLEeKTaM.

[lpoTuBOdsABTPANMOHHEA 3aBEca cuuTaeTcs TexHuuecku 3ddexTusHOH,
€CNY BHIOJAHAETCA YCHOBUE

8% 8y, . (3.2)

B koropox & - CyMmaphuit npuToOK (NPOCKOK) MOA3EMHHX BOA uepes
KCHTYD 3aBECH, M3/cyT; @3,, — ZOMYCTAMEA BENMYIHA MPUTOKA K 3amu-
maeMoMy 3aBecoil yuacTky (OGBEKTY), M3/cyr.

3naueHue §/;,, yCTAHABNABAETCH NPOCKTOM B KAXAOM KOHKDPETHOM CIy-
Yyae UCXOAA U3 TEXHONOFAYECKMX PAacYeTOB WAM HOPMATUBOB YTEUek (mpo-
CKNKOB) MNOZ3EMHHX BOZ.



3.1. Pacue? npoTUBOPUABTPANUOHHHX 33BEC
B OZHOPOZHWX Mracrax

YZeneHuit (Ha I MOr.M) DasXoX BOZAK 4Yepes JNUHeliHyw I'UIPOZUHAMU —
YEecKM COBEPEEHEYD 3aB6uy B OZHODOXHOM Ce3HAmOpHOu nnacre(puc.3.I)
onpezenneTcs no dopuyre [7 1

- K/fl:'fl:) X (5.9)
2[[, +3{p-/)] ’
ras /), - TrayOuHa PDYHTO3ZOIO NOTOKA HA BHEWHEH IpaHume o6nac T U

GunbTpanuM, M; /), ~ PIyOUHA MOTOKA H3 KOHTYDE CTOKA,0TKOCE XKaphb-
epa, KOTIOBaHe, Mj O - TONUMHA 3aBecH (WUPMHA LeNH), W, (HA3Ha-
YgercAd B 3&BUCLIOCTH OT NPUMEHAEMHX TEXHUYECKUX CPEACTB ZAA NpO -
XOAKYM OS8pPAaxHOi HENM UMM TONMMHH 30HH WHBEKTWUPOBAHUA); A — KO -
3GOMIMEeHT (ANBTPANNKM BOAVHOCHOTO T'OPU30OHTA, B KOTOPOM COOPYXaeTCs
3ameca, M/CyT; A; - KO3QPUUMEHT JuTBTPAaUUM MaTepUaNa B TENE 3a -
BEeCH, M/CyT; L — DAcCCTOAHM3 MERAY OCHOBAHLEM OTKOCA KOTJGBaHa U
KOHTYPOM MHT&HMA, ONpeZeNAeMoe IO ZAHHHM U3HCKaHMM, M.

p:,f/[} . (3.4)
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Puc.3.1. JluHeitHan 3aBeca B OZHODOZAHOM NAACTE.

[lofoxeHue yPOBHA BOXH HAJ MOYBO# BOZOHOCHOrO ropusoHTa (rayCu—
Ha NMOTOKA) Ha pPACCTOAHWA X OT OCHOBAHMA OTKOcAa ONpefieNieTrc A Mo
cnezyomux 3asacumoctay [71:

8



B 30He I, 3a nperenauu orpameuﬂoro 3aBecoil yyaeTka,

h = 1/ L+é‘(7 Lvopn'txl (3.5)
B 30He 3, Or'paxZeHHOoit npormomunmpaunonaon 3aBecoit,

h = +h—h—x .

3 o L_,.d‘/?_,) (3.6)

B ycnoB4fX HANOPHHX BOZOHOCHWX I'OPU3OHTOB DACYETH BHMOOJIHANTCH
no QopuMyaau

rmiH, -H,)
D (3.7)
L+Otp-1)
(H, -H,)
H=H —————ril-x), .
=t e Tt R (3.8)
_ (H,-H, 1 x
R (3.9)
rue /M - MOMHOCTH BOAOHOCHOI'0 POPU3OHTA, M; /,, A, — HamO-

pPH BOAN COOTBHETCTBOHHO HAa KOHTYDE NUTAHMHA M HA KOHTYPE CTOKa, M.
O0muit NPUTOK K 3aUUNAENOMY YYAaCTKY ONpefieliUTCA B CYMMe

24
=‘z=' q[”i ’ (3010)
B KOTOpO# q‘- [} B‘ COOTBETCTBEHHO 6RUHUYHMI MPUTOK U MNPOTAXE H —
HOCT® ( ~r0 yyacTHa NPOTUBOPUIBTPaIAOHHO! 33BECH.
[ipy npoBeZeHuyn NPAKTHUYESCKUX DACYETOR I'IYOMHA [MOTOKA (Wﬂu Ha -
l'lop) Ha OTKOCEé Kapnepa (KOTJIOB&H&) MpUHMMAETCHA 43 YCNOBUA

h(uma H,) < h, (nau Hiop )+ (3.II)
Jlonycruune 3HAYEHHA HAMOPOB ANA IPYHTOB, CAAU8NEMX OTKOCH, BH—
gucasorca no sasacumocTH [1 ]

Py = Haom =2/ V0 . (3.12)
JanpHeftiuae pacyeTH NPH 38ZaHHHX 3HAYOHUAX AONYCTHUMHX IPHUTOK O B
¥ ypoBHe{ NOXA3EMHHX BOZA COCTOAT B NMOACUpe KoadpunzeHra QGUABTpamur
3@NONHUTENR TPAaHESH METOAOM MOCHEAOBATEABHHX MPUONUREHRMH.
3PPexTUBHOCTE [FOTUBODUABTPALMOHHHX 3aBeC OLCHUBAeTCA Koafjm -
LUMEHTOM, DaBHHM OTHONEHHMN IPATOKA Yepes 34BECY K NPHTOKY 663 3a —
BECH ; 0,

q== (3.13)

Q
rae 0 — BHYUCNAGTCH C UCIONL30BAHNEM pememm A7 COOTBETCTRYN—
LAX PACYETHHX CXeM “au onpeaenfercs no peaynnatrau IlOZlGJalOBBHHH.

9



PacyeTi XONTYPHHX PHAPOAMHEMHEYOCKM COBEDMOEHHX 38B6C lIPOM3BO -
AATCA HO cIeaymmuM Gopuynaw (pmc.3.2) [81:

y

Frc.3.2. Cxema K pacueTy COBEDUOHHEX KOHTYDHHX 8aB6C.

B yCIOBEAX ©e3HANOPHOro0 BONOHOCHOI'O IOPUBOHTA
— 2
=Znlh ) (3.14)
bz m?
h, = ——67—'3-—’7 1 [nTR‘ ; (3.15)
! V " [ﬂﬁ:*‘r? !

2
1

2 k]
h, = Vf,§+£a7-_".7n?.__(,,% : (3.16)

[ﬂf"'z? .

10



AZNA HaNopHOI'O I'OPU3OHTA

_25nmHe~H,) .
§= ;

//2?{‘3'- +-—%g

o HaHy g R
h=th & R lage (3.18)

(3« I?)

o

Ho-Hy , R
Hy = H,+ —22 nst
£ ok, 5%, (3.19)

%R

o
rxe A, - paccToAHME OT LEHTPa Kaphepa (KOTXIOBaHA) KO KOHTypa Nu-
TaHUA, M} A, = NPUBEAEHEH]l PAIUyC yYacTKa I'OpPHHX padoT (KOTAO -
Baka), M, Takxe onpeaensewmsil no dopuyne (3.I); A - paccroaHue OT
UGHTPa 38LMNAEMOI'0 yYaCcTKa A0 BHemHeli rpaHda 3aBecH, ¥; £, -~ TO xe
ZO BHYTDEHHE{ NOBEDPXHOCTY 3aBecw~, M /2, 4 /1, = IIyOuHa T'PyHTOBO-
ro NOTOKA COOTBETCTBEHHO y BHEWHel ¥ BHYTpeHHe{l NoBepxHOCTe# 3a -
BOCH, M; A/, i H, - HANOpH HAJZ MOYBO{ BOAOHOCHOTO rOPU3OHTA Yy BHEWm-
HOelt ¥ BHyTpeHHe# nosepxnocTeéit 3aBecH, M.

PaccrosHMe OT LEHTPAa KOTAOBAHA (Kaphepa) A0 BHYTPERHE} NMOBEpX-
HOCTY 38BOCH HE ZOMXHO NPUHUMATECHA MEHBNE BEJIUUUHH, ONpexendemol
no sasucumoctu [T ]

o

R, = K, 1 Hiclg <, + ctg ) (3.20)

B KOTOpOK A - rayOuHa KOTNOBaHA, M; £,~ Ppe3yIbTUPYORAE yrox
6opra ROTNOBAHA, I'pazyc; ¢ - CpeIHMIt yrON BHYTPEHHETO TPGH M A
I'PyHTOB B OTKOCAX KOTAOBAHA, Ipaiyc.

Pacyer BOZORPUTOKOB K YYAaCTKy IOPHHX padoT yepes 3aBecy B nia-
cTe-N0JI0Ce CHEAYeT ONpeAendaTh MO cleryomun 3apuckmoctas [ 9] (puc.
3.3):

(=4

2

H = const d H=const

}
1
g L/\"' y

e
i ;

-.—___;———_—_ ——
: M= const H=const
1 x fx

Puc.3.3. KoHrypHas 3apeca B Niaacre-noznoce.

IaA 0e3HANOPHOIO MNOTOKA:
a) 3aBeca MPUMHKAET K IpaHMiaM yuacTKa TOPHHX pacdor

TI



gln

0,:%
¥/ "7
m’}-/e ~lnth

(3.21)
6) saBeca pacnOXOXGHA Ea pacc'roaan Ry -
X2 ropHNX pasdor “% or rpaRmm ydacr-
0’=e_\‘7—‘m (3.22)
5 ; .
7y ¥ *?“—%J‘T—j‘&
AN HANODHOTO NOTORA:
&, = M
8) P etnlRt R X (3.23)
= 2XAm S,
6) 0’ thR F/4G ~
th’fﬂ +p i:h ;{/Pfl’/é (3.24)
B samucmMocrTax (3.2I) = (3.24)
5_ R 5 _ R 5
R=2e, R=1 . =~
° a Tat =g (3.25)

Ompezenense BOZONPATORA K YYaCTKY IOPHMX BupaGOTOK P NOXYOrpa—
HNYONHCU NIZACTO, 3ANMRGHHOMY NDOTHBOGRIBTDANEOHHOR 3aBOCOH, PaC —
CINTHBAETCA 1O (POPMyIaM AR GesHamopmoro moroxal 9 ] (pc.3.4):

a) 8aBeca NMPUVHKAGT K KOHTYPY yYacTR& TOPHNX paGoT

Fh(hz~ HE)

8= gty
!n—l + 7?/1..:. (3.26)

G) 3aBeca COOPYEAETCA HA PACITOAHME £, ~A£ OT PDAHEL yu.acTka Irop-
HHX pacdor .
T lfg = #Z)

&= 2 .
Y thda 9 (3.27)
R UE
AJA HANODHOr'O NOTOKRA:

a) 03=

2FxmS,
Za . ., R’
%+ nln g

2IKMS,

%) Us= ——”_ o (3.29)

£

B saBucuMocTax (3.21) - (3.29) Q - pacCTOAENEe OT NEHTpa yua-
CTKA I'OPHEX BHPACOTOK X0 NPAMOXHHEHEOrO KOETYPa ORTAHUA, OCTANB-
EH9 0003HAUGEAA ZaHH DAEeS.

(3.28)



o a

x b

_..______._.—-—-———-_____——u—.__-—.—-—-—-—

]

PHc,3.4. CXesmu K pacdyeTy XOHTyPHOR 3aBecH
B NOAYOTPAKWYEHHOM HABCTE,

3.,2. MEeTOAN I.JAPOARHAMMYOCKOrO OCOCHOBAHNS
NPOTHMBOYANLTPANKONHHX 38B6C B YCAOBMAX
CIOMCTOr0 CTPOGHHUA TOAMM

[IpETOK K NOr'OHHOMY MOTPY TPaHmeH,OrpaxA6HHOR NpAMONMHEHHON 38 -
BOCO}t PNAPORHHEMAYECKHR HECOBEpmeHHOro Thna (puc.3.5), COOPyxOEHOH
B ABYXCAOHHOM NIACTE, ONPEZENAGTCA MO CAGAYDNHUM 38BHCUMOCTAMS

¥3 HHEXHEro cxuos

S
%:_A_%”'___-,; R (3.30)
by (] )
Yy - 2
LRI + LA NG tfesy (6 VX)) (3.31)

" e, @+ [ENUND TN 1+ 7+, )

M3 PODXHOIO CHOA
— Arl ”7’ 80

Lk 7; ’ (3-32)

9,
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Jro LULNRD) + EOfE ) + %2/, 6, 1/c8°8 V) ) (3.33)
2 e/, B +[EAILNL) + LAV + £+ X [t ) :

z

/;—

Yoo Al s st 2 2Ll L L hL LA Lhhk h by L LLLLL

“loN « ® m |
19N
R NG vo® @ m

g
'////F’////77/////////////L/////I///] X

Pnc.3.5. Cxema K pacueTy HeCOBEDmEHHOIt NyEERHOU 3aBECH
B AByXCAO{HOM nnacre.

B samucuMocTax (3.30) - (3.33) npuHATH clezyomuye OGO3HAYEHMA:
K, K, R 7, m,— COOTBETCTBEHHO KOQDMOMGHTH GUABLTPALMM, M/CYT, U
MONHOCTH, M, BEDXHEro ¥ HEXHEIO CN0EB; A; = KO3QDUNMSHT PunbTpa-
LAA Tezla 3aBECH, M/CYT; S, - NOHKEEHM@ Ha CTEHKe TPaHuOM, u; L,—
PACCTORHMG OT TPaHWNeM AC KOHTYpP& DMTAHAA, M.

I, Jn
_ 2 . . ‘ . .
A = rmtm, n e ra s XS AT %A (3.34)
T R VA (3.35)
,_(:T ’ H,,—-ﬁ, £ ’ .

L - pacCTOAHHEG OT COPEAWHN 3aBECH MO KOHTypa nuramma, x; £ -
paccrosHge OT TpPaHEeA A0 COPSAHHH 34BECH, Mj O - NUPHUHA TeX8 3a~
ROCH, M.

B TOM CAyYae, €CXU B BEPXHOM NIACTO BO3HMKAOT HANOPRO-CE3HEA =
ROpHOE ABMXEHU6, I'DAHHLA MOXAY HanopHOft ¥ Ce3HANGPHOU 30HAMM NpPO-
BOZMTCA MO JIMH¥M 38BECH, NMDHTOK M3 HUXHEI'0 CNOA POROMOHAYBTCR BH-
YucaATh No fopuyxe (3.30), noxmaras B Helt

S, =He=-n, .

(3.36)

I4



[lpaTOK M3 BEpXHETO0 CJOA ONpeASNAeTCA MO 3aBUCUMOCTH
T A, .
g.z :2—(2/772//‘"/77:‘,77,‘)7‘ . (3037)

3HAYOHHA o, M , BUYHCAADTCA COrIacEC BhpaxemEAM (3.34),B KO-
TOPHX /7, 3GMEEAOTCA CpPeZHefl rAyCHHO# IDYHTOBOI'O NMOTOKA B 8OHE 2
4 onpepenAeTca nO gopuyxe

2h, + A,
fop =="5—=2 - (3.38)

ipn &, = O NpMTOK U3 BOPXHErO0 CIOA NMPUHUMAETCA NMpPH NpaERTAIEC-
K4X pacyeTax paBHHM BRyXn, [I[pHTOK X3 YHEHEr0 CXOSi PpAaCCYATHBAGT CH
no gopmyne
g, =22 (2m,H, - m})T,;.
'y 2 (AAt4 [ § (3.39)
3navenue QyHKnuM 7, ONpeAeNAeTCA No sapacumoct# (3.3I). Ecnm
NMOTOK B ©CTECTBOHHHX YCIOPHMAX HOCHT CO3HANMODHH{t XAPARTEP,MPE A, A
CBOCOAHAA NIOBEPXHOCTH pACHONAraeTCA B 30HAX 2 # 3, 8 B 30oHax I #
4 aBUEEHME MOA3IEMHHX BOA CyX6T NO-NpPOEXHOMY HEMOPHHM. B 3THX YCJO-
BHAX NPHTOK U3 HEXHErO CHOA CNEAYOT ONpeAeNATs MO 3aBUCUMOC T H
(3.30), BOZOMPHTOK M3 BOpXHEro niaacra - no dopuyne

FK, ,,2
Gy = G2 e )T, . (3.40)

ipg Ay= O kpuBar gempeccud pacnoxaraercA B sosax I # 3, T.e.
NPUTOKOM M3 BEDXHEro NMAACTA MPAKTHYECKH MOXHO NpeHeCpeYsb, B HHX -
HeM cnoe cPOpMEPYeTCA HANOPHO-OE3HANODHHH{ NMOTOK, PACXOA KOTOPOro
CleZyeT ONpenensTs N0 3aBACHMOCTH (3.30), NPAMEHAB NOACTAROBKY

2mH = h® (3.41)

InA pacyeTa JAHEHHWX OPOTUBOPUABTPANNOHHHX 3aB6C, I'UAPOAHHAMA-
YeCKH HECOBEPHEHHNX, B TPOXCNORHOM naacre (pHC.3.6) clenyer HC -
nonp3osaTh Popuyin (3.30) ~ (3.40), npu 3TOM of,, o, B A POKOMEH -
ZAyeTcs ONPeNeNATh OO 3aBUCHMOCTAM

A I A - s
o('—/fl,/f,/ﬂ, ’ Ay T A, 7 A =L, + AL, , (3.42)

rxe A, K /m, - COOTBETCTBOHHO KO3(puumeHT dunprpanum, M/cyr, H
MOmMHOCTH, M, CNaGONMPOHALAEMOTO CIHOA.

Ha Gase pemennft (3.30) u (3.32) paspaGoTaH AurOpHTM H COCTEB -
NeHa nporpanua ANA ONpejeneHds NPUTOKA K NPAMONMHOHHOM Tpanmee.

IS
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Yuc.3.6. NunoitEaA 3aBeca HOCOBGDNEHHOrO THIE B ABYXCZOHHOM
nnacre, pasAeNeHHOM CIaCONPOHANAEGMO# NepeMHYKOHR.

[Iporpausa zas pacyeTa NpeACTaBNeHa B NpEL.I.

B AByXCRO#HO} TOIEE NOPOAR NPUTOK HENODHEHX BOA B KOTHOBAH, OI—
PaxzieHHEN# KOHTYDHOR HecOBEPmOHHOX NpoTHBOGAIETDAnMOHEOR 38B6C O it

(p4c.3.7) ompenennerTcA NO CIEAyomEM gopmyiam [ 51:
US SOHH HEXHEro CXod
4, =28x,m,S,F, .

F= 8,601+ %1 /ot,) -8°6; 6, - %1/ets 6, 8 .
! A {8, ln BRI % [ )T-§%6, 6, %/, En R, IR ]

(4

43 SOHH BOPXHErO CROf
&, =2%x,m,8,F. .
£ 8,61+ %/, )-§°6,6,+ 6,8
2 ", L (G U+BnRSR 1+ %[ )\~ 8% 6, 6,% /ot En R, IR}
B sasHcEMOCTAX (3.43) - (3.46)

R K
6=F7t; E=RVC,  p=(R+R):2,

a

6, = L(R NI, (R NT) - [ (R ACIN, (£AD)

I6

(3.43)

(3.44)

(3.45)

(3.46)

(3.47)
(3.48)



6, = L(RVZ I, (RVZ) 4 [ (R, VKK, (RVL) (3.49)

O =1, ARVX I, (R VA + I (R, VL), (RVA) (3.50)
Lyxx) B Ayix) — MORMDMIHPOBAEHNE QYHKIMHM Beccens nepeoro u BTo-
poro poga, Y =05 I; &, of, . - ONPEAGNAETCA COTNACHO Bupa ~
soHmAM (3.34).
b4

Puc.3.7. Cxema K pacyery HOCOBEGPWEHHO# KOHTYPHOU 3aBOCH
B ZBYXCIOUROM naacre.

[ipy IBUXEHAK MOA3EMENX BOA K yYACTKY I'OPHEX padoT uepes saBecy
HOCOBGPWEHHOr'O THNA B BODXHO# (2-O0i) 30HE BOSHEKAOT HANOPHO-Ges -
HGOOpHas (QunbTpanuA, PPaHMUE DAsSAeNa MOXAY BanOpHO# ¥ GosHANOpHONR
30HAMW NPOBOAMTCA N0 JAMHAK 38BECH. B 2TOM CIyyae NPUTOK M3 HUK —
HEro 2J0R PEKOMEHAYETCA BHYHCIHATHL No ¢opuyne (3.44), nonaras B Het

Sy =H, -m,. (3.51)

[IpMTOK W3 BEPXHErO CAOA (30HA 2) ONpeZeNAeTEs N0 3aBACHMOCTH
G, =Fny (2H,m, -1 - M} IF,. (3.52)
3HaueHEA o, B A, BHYMCIANTCH 0O 33BACHMOCTAM (3.34), B KOTO-

PHX MOMHOCTH I'DJHTOBOI'0 NOTOKA SOHH 2 NPHHMMAETCS PasHOR ee cpea-
HoMy 3HaveHmw (3.38).

7



B cayuae #, = 0, OpA KOTODOM ReNPECCHOHHAA KPUBAR NEpPPuemasTCA
B S0Hy I H NPATOK W3 BOPXHErO C]OA NPUEAMAEYCH NPARTHIGCHH DABHHM
HYAr, NPATOK 43 HERHEIO CJOA BHYMCIAGTCA NO Qopuyne

Q, =Fx,(2m,H, -m}IF, . (3.53)

a SHAueHMA QYEROMH £, ONPOZGAADTCH 1D 3aBHCHMOCTH (3.44), noxiarad
B HOH /7, = N (3.38).

B pafioHax, Ifié B OP=POAKHX YCIOBUAX DACMNPOCTPAHEHH TIDYHTOBH 6
BOJH UMM CAAGOHANODHHO BOAOHOCHHWG IODMBOHTH, NOTOK OyA6T HOCHT B
063HANOPHHA XapaKTep.

B cayvae «; # O mpu pacuerax NpuHAMAeTCH, YTO CBOCORRAR 0O -
BOPXHOCTH NACNONAraeTCA B SOHaX 2 M 3, 8 B 30HaX I ¥ 4 NBEXOHK ©
NOAS6MHHX BOZ OyZ6T COXPaHATH EaNOPHHH XapakTep. B YKasaHHHX yC =
NOBHAX NPUTOK M3 GHXHEIO CIOA ONPEASNAETCA NO 3aBACHMOCTH (3.43).

BOAONPATOK MX BOPXHEIO NA&CTA MOXHO BHYMCIHTH MO Qopuyxe

Qe =Tiny (W2 -m2IF, . (3.54)

B cayyae #; = O NMPHTOKCM 43 30HH 2 NPH NPAKTHYSCKHX pacuera X
MOXHO NpeHeOpeuYh M NMPKHATE, YTO KDHBAA Zienpeccuu OyAeT pacnora -
rarsca B 30He I, T.6. © HHXHOM CHOe CHODMUPYETCA HANOpPRO-(CE3Ha -
NOpHHY NMOTOK. JlAA 3TOr0 ClyYad NP4 OHEHKE BOJONPUTOKOB DPEKOMEHAY-
eTCA BOCHONH30BATHCA pemeHUEM (3.53).

z
—T —_— e — — Y
S
=— R, 1 f Hy
~— & @ @ K, Ta
1A ’4’7.1
L g ——
n ® ~ m
o..lgo‘..'/i/ﬁ///////f/// 2
Ry

Puc.3.8. KoHrypHas 3apeca BECOBOPUEHHOrO THIA
B TPOXCJOitHOM nAacTe.

Jxa pacuera HPOTHBOJEALTPANMOHHNX 38BE6C HECOBEDUEHHOr'O THHA B
TPOXCNOfEOM naacTe (ABa CHOA pasAeNeAH claGONpOHMNAeMO} mepemud -

I8



KO#) (pHc.3.8.) cneayeT MCNONB30BATH 3aBUCUMOCTH (3.43) m (3.54),
NpH 3T0M X, , of,, «{ BHYUCHANTCA MO fopuynam {3.42).

3.3. d@pexTusHOCTD [I03 B TPEMWHOBATHX MAACTAX

CoopyxeHue NPOTHBOPMUIBTPAIMOHEHNX 3aBe€C COBEPWOHHCIO Tuna (A0 -
BOAOHHHX 7O BOZAOYNOPA) B TPEMUEOBATHX iI0POZAX YacTO MPEACTABIAET-
cs TOXHWYOCKHU. CAOXHOX U1 HE Bceraa BHMONHUMOR sanaveir. Kal uaBecT-
HO, ANA TPOMMHOBATHX TOJE XapaKTepPHO yOWBANMe OPOHULAGMOCTA C
rayCuHO#f mO BSKCHOHOHUMANBHOR 3aBucumocTd (10, II)

K/E)=A’,é'_'6§‘, 2=%/m , ©3.55)
rze X, - KO3QQHUHEHT QHUABTPaLXM Yy KPOBAM BOROHOCHHX ROpPOA, M/CYyT;
2 - pepTUKANBHAA KOODAMHATA, M; /77 = MONHOCTH BOAOHOCHHX MODOZ,M;
J ~ 083pasMepHas NOCTOSHHAR, ONPEAGNAEMAas N0 JAHHHM MOMHTEPBAND -
HHX OTKaveK.

0TMBYEHHOE NO3BONSET MDPH 3aMATO NOPHNX BHPAGOTOR OT NOA3OMHHX
BOJi COOPYXATH I'MAPOAMHAMAYECKN HOCOBODHOHRHG 33BECH,KOTODHO Neps-
KDHBaDT BepXHLD, Ha@G0Nee BOAOOGHIBHYD YACTh MACCHBA. [IpM omeHKe
3(POKTHBHOCTH yra3aHHHX 3aB6C NPUEMMAETCH, 9T0 A, =0 ¥ KOHTYD
38BECH HENOCPeACTBSHHO MPUMHKAGT K YYaCTKY I'ODHHX AW CTPOMTENH -
BHX pador (puc.3.9).

aJ LLLLLLILL L L L L L L L LL L L LY

©

|
| @ 2

7727777777777 77777777

s-.—ko

Rx

Puc.3.,9. Cxema K pacuery KOHTypHO{ [I¢3 HeCOBEepEOHRHOro Twna
B TPEHHHOBATHX NJA8CTaX.
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D DAacCMaTpMBAGMOM CHIYyYa® UNPUTOK K IamANAEMOMY YYSCTKY uepea
MHTOPBAN HE3AKPOMJIGHHHX I'OPHHX NOPOA B OCHOBaHWM NpoTuBodmApTPE ~
LMOHHOK 3aBECH DACCYATHBABTCA Mo Jopuyne

- [ "\o B-ﬁa— £ s = —
03 = 2¥x,m l/ﬂ'ﬁ/j’; 7 Sy S p R, 171 ) (3.56)

[lonMxeHMe Ha BHYTPEHHEH NOBEPXHOCTH 3aBECH

/ ‘

. Y
s]{):bl) _——________L S B lj = 777 N (5.57)

R T (B M.

5l

= 2
Tis R, a, =52 L ()
A
n=t

MR, = I pn)
[f—e'”;_’;”"‘i”]{f./r (o~ LA _p-hd =& /xir-o ra‘} (3.58)
h %

e
(o -rls-e7"

AAZY
T(AR.& 7)=2 > Rl
2Pt L MR- Pop

,[I-E"’;_ﬁ) L e~(%-%)- l‘//+d)-é,—fr 5)- r,(?__é AP I'L:[_]_
J.)[, PR r)]

rje S, — paccrofHde LO BEPTHKANM OT 6CTECTBEHHOI'O YPOBHA NOA36M -
HWX BOX AO OCHOB&HMA [I®3, M; A, ~ DacCTOAHMS A0 KOHTYpa naATa -
HWA, M; A, - PaRRyC KOHTYDHOA 3amecu, M; & =- pPacCTORH4E OT KpO-
BIM nAacTa A0 OCHOBaHUA 93, M; S, — DOHUREHHME Haj LOPHOH BHpa -
GoTHOHA

»  (3.59)

,.‘/ 2,4 ”:,ﬁ! _1’ 2 Mt
,;zf’ ﬂ.g:_/"_,; ,;=A_£2__”1’1__,,;7:%,(3.60)

Mn = KODHE YDABHEHHA

Ty ipn )%y (Mn) ~Jo (Mn) Gy mhy) -0, Ry=Ee (3.6T)
x

B TOM CAyyae,ecnd ABMXGHMS NOAIOMHHX BOJA BOCUT Oe3HanopHuit xa-
pakTep,peNeBEde AlA NPUCAMXOHHOH OUBHKE BOTONPUTOKOB NPHHAMAET BHA

ni-ty eprv-g” 5 5 :
@y = am, [ e e T p R R, D | (3.62)

20



hro=te — e Sl (3.63)
R IR, TR R, frep. )

3 3aBUCUMOCTAX (3.62) ¥ (3.63) NpuUHRTH CHeAyvE¥e OCO3HAUSHHA:
1, = NepPBOHAYANBHAA MONKOCTH PPYHTOBOIO NMOTOKA, M; /7;~ PACCTOR -
4H6 OT OOYBH BOIOHOCHOIO I'OPU3OHTA AO OCHOBaHua [103, M; Hs0
STONC BOAH Haj ropHoil BHPRCOTKOHR, M.

OcraibHil® 0CGO03HAYEHAA NPBXHME.

Snavenun gysrouit T, (8, R.A,. & ) w T, B R, /o, d) npuse-
AeHH B Ta0NHUAX Np4N.2 4 3, NPX STOM MOWHOCTH NIBCT& /77 3aANGHAET—
cA cpezHeit rayGusoy#t moTora (3.38).

4, PACYETH OCYUEHWA B YCAOBWAX HPVMEHEHNA
[(POTHUBOQUIBTPALMOHHNX 3ABEC

[lpumedeH®e KPOTUBOPUIABTPANMOHHNX 3aBEC [PDAKTHYOCKHM BO  BCEX
CAyyadax NPeAnozaraetT ORHOBPEMEHHO® HCNOAB3OBAHMO DA3IAYHHX THUNOB
APOHARHHX YCTPO#icTB, KOTOPHE 3aKJAANBANTCH BHYTPHA KOHTYDA 38B8C H
A% OCYWOBHA 38EMEAEMOr0 yYacTka TODHHX EA# CTPOMTENHHNX PacoT.
[OpoBeeEM (RABTNANMORHHX PaCUOTOB BOZONOEMEALEHEH# CHCTOMH NpeAme-
CTBYOT CXOMBTH3ALWA I'HAPOreOJOrKY6CKUX yCNOBHY palloEa BOfleHMR pa-
6or. Jlaa arux neneit peaAbHu# y4acTOK, OKOETYPEHHNHE NPOTHBOQUABT -
pPansoHEO} 32BOCOH W MMEDLmMIt YACTO CROXHHE OYeDTAaHRA B NNAHS, Np&~
BOAUTCHA X DABHOBEJNMKOMY Kpyr'y. [IpuBeZenHNlf PAAMYC KOHTYDHO# 3aBpe-
CH R, onpezeaseTrcA B YKA3aBHOM cAy4ae 1o gopuyze (3.I). lipr a3r0M
MONHOCTH BOAOHOCHOI'C I'OPM30HTAa X KOS(PEnAeHT PEABTPAU¥N TI'OPH H X
NOPOA B rpaHMNAX OrpaxZeHHO# NNOKAZAR OCPEAHANTCH.

llps coorHOomeHmMsx KO3QPHuMEHTOB PrEbTpPanHZ MeEHbme I : TO MHOro-
CNOilHNe NOTOKN NPHBOAATCH K CXOMAM OZHONODPORHOrO BOZOHOCHOI'O 'O —
pusoHTa NyTEM BBOZCHEA B pacuer cpexHero xosdbunuenra mubrpanuu,
ONpexexneMoro no fopxyne

Kep= %"‘,’;‘ , (8.1)
C COXpaHGHEEM YeHCTBATENBHOH MOEHOCTH BOJOHOCHOM TOXNH.

B GesBanophux nOTOXAX /7, BepxHero czoa B fopuyxe (4.I) same -
HAGTCHA cheAHel rayomHOd noroxa, BHYuUcAAemoit N0 3asEcHMOCTRE (3.38).

Jlusi TPeREEOBAaTHX TOXN, XIPAKTEDHSYDRHEXCA YJOHBAENEM NPOHROAGMO-
CTH BOZOHOCHHX NOPOA C rayCuHORf N0 BKCHOHEHNASXBHO! SaBMCHMOCTH

Kez) =g, Y7 (4.2)
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cPefHee 3HaUGHAE KOIGPMUMEHTA GUABTPALAM DaCCUMTHEAETCH OO JOpMY-
ne

hea = 501 e’). (4.3)
B cooTHOmeHUsX (4.I) - (4.2) creaypmue 0GO3IHAYEHUS.

A;,M; = COOTBETCTBEHHO KOIDYULHMEHT GHANBTPALMM,M/CYT, U MOMHOSTH,
M, { -I'0 CNOA BOZOHOCHOW TONMHN; 7 — BEPTUKAABHAA KOOpAMHATa; £ -
OCHOBaHHEe HATypPaNbHHX JNOrapudMoB; A, — 3HAYEHHEe KOIPpuUnieHTa
QuNBTpaUUAN y KPOBAY TPEMUHOBATOIQ BOAOHOZHOrO nnacra (npH Z = 0);
i - KO3(QUUMEHT, XapaKTepuayomuli WHTEHCHBHOCTH CIMXEHUA NPORMLA-—
€MOCTH TPEEHKHOBATOI'O MACCHBA NO riyOuHe, onpeaenfaeMHit no pesyndb—
T3TaM ONHTHHX MOMHTEPBAWBHHX OTKAY€K. KoadduuueHT B  BHYUCHAS .-
cA 1o gopuyne

_ména; -m/r,-.,)
- Z;, =7, (4.4)
llpu a3BecTHOM 3 KO3(QPUUUEGHT QPAABTPAUUM ¥y KPOBIM TPEmMHHOBA —

TOr0 MacCmpa onpezenseTCA MO 3aBUCUMOCTH

XY

A, =m P (4.5)

rae 2, B 7, — KOOPAUHATH LEHTPOB ONPOGOBAHHHX OTKAYKAMU MHTED-
BaNOB; A, M A, ~— CpPexHue 3HAUEHHA KOIPPUUMEHTOB QUABTpanUM
NOPOZA ONpPOGOBAHHHX MHTEPBAaZOB, M/CYT.

[ip coorHOomEHAAX KOIPPUUMEHTOB QUABTPANMUM CMEXHHX BOZOHOCHHX
7aCTOB MEHBmE 1/50 BO3MOXHO NpUMEHEHUWE I'UAPOZUHAMUYECKU HECOBEep-
WEeHHHX 3aB6eC, MNOPEKPHBAPMUX HAKOONEE BOJAOOCHUNBHHR POPHU3OHT 1 3a-—
DURANNAX KOTAGBAHE OT OCHOBHOR 4aCTd BOZROMPHTOKOB.

Takum oGpasos, pealbHaf 00CTAHOBKA NpPM COODYXGHHA BOAOHENPOHA-
HaeMuX IHRPOAYHAMAYECKY COBEPHEHHHWX 33BOC CBOAMTCA K CXEM6 3aKpH-
TOro, OAHOPOAHOI'0 KPyroBoro niacra.

AnA npuORIEXOHEHX PACYETOF BOZONOHWXADNMAA YCTAHOBKA (Trpyn
Na CKBAaXKH M AP.) CBOAMTCA X "COJBEOMY KOMOALY", NpuBeseHHH{ pa
AKYC KOTODOI'O BWYACAAGTCA NO gopuyre (3.I).

B HauaneHui{t Oepxof BOAONOHMEEHHA PacyeT OAMHOYHOR BOZOMOHUEE
pme# CKBAXUHH UIM IPPYNON CKBAXUH, PACNONOEGHHHX B LEHTPE Orpax
ACGHHOI'0O 3apecoif yJyacTKa, BHNOJAHAETCA MO ¢opuyNaM ANA O0e3rpPaEWYHO~
ro B nnade nnacra [ 12,13 3

- @ 2
§ 4fxm£‘{ /raf)

2
i IpH -f—é?f— 0,I no fopuyne (4.7)

(4.6)
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g o 2 ?é()/
47‘Ar/n ¢ (4'7)
{poZOILMTENBHOCTE HAUYAABHOI'O0 NEPUOAa OTDAHUYWUBAGBTCH YCIO -
Buen [ I3}

S =

‘f;éf‘ (4.8)

I
B fopmynax (4.6) ~ (4.8): ’0 - 7Z1e04T OAMHOYHON CKIAMUHH WUAA
CyMM3pHaH NpPOA3BOAMTENBHOCTDH CKBAXMH YCTAHOBKM ("CGOJBWOI'0 HONOA~
na"), ¥’/cyr; @ - xoadPMUMEHT NHE3ONPOBOZHOCTH BOAOHOCHOTO IOPH —
30HTa, M°/CyT; / - BpeMA, WCYUCHAAEMO® OT Hauala pPaGOTH BOAONOHY —
zapneft ckBaEaHN (yCTAHOBKM), CYyT; £, - 0003HayYeHWe UHTErpalp —
HO! 3KCMOHEHUWANBHON PyHKLUM, ONpedeNAEMOit MO TACNALG, NPUBENGR —
HOR B paCore [14]; Y - PpacCTOAHA® Q0T NEHTPa BOAONOHKLANME}! CHBA~
®¥HH (JCTRHOBKM) JO pacueTHO@ TOYKX, B ROTOPOAA ONpeAenAe T C n
NCHREEGHAS, M.

PacueTH TOHMEEHHt yPOBHA GE3HANODHHX BOA HA NEPBOM 3TalNe 3KC =
nAyaTanM¥ CKBAXUH TAKKE NPOM3BOAATCH MO 3&8BUCHMOCTAM LJS HEOrpa -
HMYEHHOr0 MO NPOCTMpPaHM® NAacTa, KOTOPHE NpeolpasydTCA ¢ ONOmMEBD
nogcTaHoBKkY [ 12 ]

IS

A =2Hm. (4.9)

[lo ¥CTEeuUeHUN BPEMOHUM, ONDERENAEeMOr0 cooTHOmeHuew {4.8), noHm -
EE6HHEO YDOBHA HANOPHHX BOA B NPOM3IBOABHOR TOYKEe yacT4 nnacra, Or -
paxieRHOft 3aBecoii, onpexensercs no gopuynam [ 151

Mm( tnk), (4.10)
Z""f? H (Q.II)
_£_’ 2 2 2 2 2 .
r=5 \(R] -6 Nk} -2+ B2 (4.12)
H

s
9_3 f? fa)

4 2 R

rie z'- NnpuBeJieHHOe PacCTOSAHWEe TOYKM, B KOTOPOH BHYMCHAGTCA [O —
HUXKCHAE OT [OHTPA CKBAXWHN WIM IDYNNH CKBaxuH, M; 2, ~ PaccTOSHHE
OT LGHTPA yYacTKa X0 TOYKU M , B KOTOPOi ONpeAenAeTCA NOHAREHME,
M; A - DacCTORHME MExZLY UEHTPOM YYACTKa ¥ NEHTDOM BOZONOHMEA =~
pmejt yCTAHOBKM ( CKBAXHHH), M.

[px pacrnoJoXeHun BOAONCHURANNE! CKBAMUHH NIW YCTAHOBKH CKBAXHMH
B LOHTpPE OTpamfieHHOro 3amecoit yuacTka ( z,=Z; A =0) sHavuenne
@yHrnum y Buumchserca no sapucimocty [ I5)

, (4.13)
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—p Ny 4 20t £y
S=4, \|/7, -7;_”(7?_ + [n.ZJ;) (4.15)

[ipaBeZientHe peNOHUA NO3BONANT YYOCTH OSKCHEHTPUYHOe NONOXS ~
HM6 CKB3XMH B TOX CAyvyafX, KOIZ& IDH NPOBEAGHHKE DEaNbHOH KOHTYyp-
HO#f 3aBOCH K KDYyroBodl CKRBAXUHH HO BNXOXAT 38 NpeAeN NOBOI'0 KOH-
rypa. Ecam 9T0 ycAOoBHe HE BHHONHAGTCA, TO CHNOXHHX OYEePTARER yuac-—
TOE NP OZHOBPEMEHHOW pacoTe BCOX CKBAXNE PAacCMATPHBAGTCA MO Yac-
TAM, KOTODHE® EHAENAPTCA NO AMHHAM TOX8. [IION3AB KAaXAOro yY&CTK &
onpezeadeTcad B COOTBETCTBUM C HETOHCHBHOCTBD OTHKAUE6K OTAGABHH X
rpynn BOZOMNOHAXAPNUX CKBAXAH, T.6. [IOKAZE, OROHTYDOHHAR BOXOHE -
OpOHUNEEMOR 3aBECO#, DACUNOHAETCA HA PUAPOAMHAMMYOCKHM HO38BHCHMHE
JYACTKH COriacHo coorHomex#n [ IS )

= =2, (4.16)

B KOTOPOM &,y &y ooy U,y eeey &, - NOOHTH OTAENEHEX CKBAK i H
HIK IDYNNOBHX yCTAHOBOK, HAXOAAMAXCH HA BHZGLOHHHX yYacTKax.lanap-
Heilmuit pacyer MNPORSBOZKTCA C HCHomb30BAHMEM Jopuyn (3.1) v (4.6)-
(4.14).

Ha npaxTuxe NPOTUBOGUABTPAIMOHHHG 38BECH YACTO XaPAKTEDHSYDICH
NPOHANAEGMOCTED, OTNMYHOR OT HyJA, MAM He AOBOAATCA A0 BOAOYNOPROM
NOYBH BOAOHOCHOIO I'OPU3OHTA, B PE3yNbTATE YEro CO3ZAPTCA Onaro -
Np4ATHHE YCNOBHA ANA NOCTYNAGHHA BOX K OCYymaeMOMY YYAacTKYy 38 cuyer
GOKOBOr'0 MpDATOKA. B npepenax Orpa8xXAEHHOrO YYACTKA TAKEE MOT'YT
AMETh MOECTO MHOMABTPANMOHHOE® NUTAHUE, NATEPH NMOBEPXHOCTHOrO GTO-
K4 M YyTOURN NPOM3BOACTBEHHHX BOZA. B paccuaTpuBaeuMOoM CHyyae pacye-
*H BOARONOHMXGHWA B KOHTYDO 3aBOCH BHNOJHANTCA M0 CX6M8 KpYyropo-
ro nNzacTa ¢ yyeToM BHENHOrO HpUTOKa,

PacyeTHHE (QOPMYNN AN YKA3BHHHX yCAOBYR MMENT CISAYOEUA BUXS
ANA pacueTa NOHUXEHUA HRNOPOB BOA

S:IH“ 77 —f’”,,)al ,_ 9 &Z& . (4.17)
TrmRy 2T K z2* *

Alfl NOHUXOHRA YPOBHA PPYHTOBHX BOX

2 2Q-Gy-Guiat & , £
= —\ Z—__.._.L"___..______ J
5=/ [/7” AR} 72

, (4.18)

rze /, — ruyOuHa NOTORA I'PYHTOBHX BOZ B OCTECTBOEHMX YCAOBH A X
A4 CHOXMBEAACA A0 HAYANA NMPOBOZIGHUA APGBAXHMX Pacor; {;- Goxo -
BO} NPHATOK, ONDPOZENAEGMHH MO METOZMKO, NSIOXEHEOR B3 pasx.3;
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4., ~ WHQUABTPALKOHHOE NuTadue, HOPMMPYDNEECH 3a CY6T arTMOCHEp-
HHX OC8AKOB, NMOTEPH NOBEPXHOCTHOI'O CTOKA M NPOH3BOACTBOHHHX YTO —
yeK. (., BHYMCIAETCA MO QopMyne

Q= 7R, (4.19)

B ROTOpO#t & -~ ROIQPMUMEHT URPUABTPALUK.

PacueTH BOZOMOHMEAVIMX CHCTOM, KaK ¥ B NPeAHAYymEM clyyae, 0OCy-
MeCTBIANTCA METOJZOM NOCICAOBETOABHHX NpPUOIEE6HARX H 3aBepmANTCA
NPA AOCTUREHHHM YCAOBUA Spacy = Sdon
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OB NN AN

[lporpauma Zasg pacueTa NpATOKA
K NpAMONMHEUHO} TpaHmee

‘BEGIN
‘REAL’K1,K2,K3,M1,M2,%81,2A2,04,0K,348ECA
CeS,YNEA, 3HAM, I, S0,L,LL,PACXOR;

POOLZIKLIIK2,M1,M2,50,3ABECAY;
POO41(K1,K2,M1,M2,50,3ABECAY;
PAL:=(3xK2}/({MI*x(K2xML+K1xM2));

PA2:=(3nK1)/(M2x(K2xM]1 +K1xM2));

DAI=PALLPALS

P1041 (DAY ;
*FOR*K3:=0,5%,0,1,0,01,0,001,0.0001°00"
«FOR*LL:=10,20,50,100,150,200°'D0"
“FOR‘L:=100,200,300,400,500,800,10004p0"
*BEGIN
QK= (L+LL)xSART (@)}
Fre=X3x(L+LL)/(3ABECAXK2);
P104L(T);
tT-(2x (LLXSART(®A)))}
Ple:=-(LLxSQRT{®A))};
Ar=(1-EXP(P)I)/(2EXPLIPLY)}
P2:==-(2%L=SQRT(®PA));
P1041(A);
Bi=(1+EXP(P))/(2+EXP(PL))
P10411(B);

C:=(1-EXP(P2))/(1+EXP(P2));

P1041(C);

§:S{K2xM2x9501 /(L1 L)}

YUCN ;ZA/B+C (PA2/0AL1%QK )X (A/BuA<B);
IHAM:=®AZ/PALXAK+ (C+A/B)IX (14T +PA2/PALxT )i
PACXON:=Sx(1~UNCR/3IHAM)

P10&1(PACXOA)S
CENDC
¢END‘;

[lpunoxerue I

,P,P1,P2,A,8,



3HaueHUS (YHKGHH T,r/a.i.ﬁzd')
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p =1
R, m
0,1 0,3 0,6 0,8 0,I
I 3 4 5 6 ?
0,10 0,204 | 0,I06 0,052 0,029 | 0,181
g 0,50 0,099 | 0,046 0,023 0,014 | 0,089
Q 1,00 0,067 | 0,029 0,014 0,009 | 0,061
o 1,50 0,052 | 0,021 0,010 0,007 | 0,048
5,00 0,021 | 0,007 0,003 0,003 | 0,0I9
, 10 0,907 | 0,423 0,207 0,27 | 0,8II
g 0,50 0,356 | 0,I52 0,075 0,049 | 0,326
o 1,00 0,224 | 0,090 0,044 0,030 | 0,207
e 1,50 0,167 | 0,064 0,032 0,022 | C,IS5
5,00 0,06I | 0,021 0,uI0 0,008 | 0,058
0,10 3,857 | 1,69 0,834 0,533 | 3,471
n 0,50 1,329 | 0,528 0,261 0,177 | 1,232
= 1,00 0,786 | 0,298 0,148 0,104 | 0,737
1,50 0,568 | 0,207 0,103 0,074 | 0,535
5,00 0,195 | 0,066 0,033 0,025 | 0,188
0,10 6,366 | 2,872 1,410 0,889 | 5,723
5 0,50 2,267 | 0,897 0,443 0,303 | 2,097
= 1,00 1,337 | 0,501 0,248 0,I% | 1,252
° 1,50 0,961 | 0,347 0,172 0,125 | 0,907
5,00 0,326 | 0,109 0,055 0,04I | 0,315
0,10 25,030 | 10,499 5,176 3,411 |22,703
o 0,50 7,808 | 2,938 I,457 1,026 | 7,313
m 1,00 4,405 | 1,577 0,784 0,571 | 4,176
© 1,50 3,092 | 1,075 0,536 0,397 | 2,952
5,00 0,996 | 0,332 0,166 0,125 | 0,972
0,10 47,306 | 19,239 9,498 6,373 | 43,253
o 7,50 13,896 | 5,088 2,527 I,8I1 |13,106
) 1,00 7,610 | 2,668 1,330 0,983 | 7,311
< 1,50 5,303 | 1,805 0,901 0,673 | 5,097
5,00 1,660 | 0,553 0,277 0,207 | 1,629



[Ipunoxenue

2

B=3 =5

a

0,3 0,6 0,8 0,1 0,3 0,6 0,8

8 9 10 11 12 I3 T4
0,075 | 0,03 | 0,017 | 0,157 | 0,052 | 0,08 | 0,0IT
0,03 | 0,015 | 0,009 | 0,079 | 0,026 | 0,010 | 0,007
0,023 | 0,010 | 0,007 | 0,05 | 0,018 | 0,008 | 0,005
0,017 | 0,008 | 0,005 | 0,043 | 0,0I%# | 0,006 | 0,004
0,006 | 0,003 | 0,002 | 0,018 | 0,006 | 0,003 | 0,002
0,317 | 0,I35 | 0,084 | 0,716 | 0,233 | 0,092 | 0,060
0,I2I | 0,054 | 0,036 | 0,297 | 0,097 | 0,042 | 0,029
0,075 | 0,034 | 0,024 | 0,190 | 0,062 | 0,028 | 0,020
0,054 | 0,026 | 0,018 | 0,T4 | 0,046 | 0,022 | 0,016
0,0p | 0,010 | 0,007 | 0,055 | 0,018 | 0,009 | 0,007
1,308 | 0,576 | 0,3% | 3,086 | 0,996 | 0,416 | 0,284
0,442 | 0,205 | 0,142 | 1,136 | 0,371 | 0,168 | 0,120
0,258 | 0,123 | 0,087 | 0,688 | 0,224 | 0,105 | 0,0%
0,184 | 0,089 | 0,065 | 0,504 | 0,Ie4 | 0,079 | 0,058
0,062 | 0,031 | 0,023 | 0,181 | 0,059 | 0,030 | 0,022
2,191 | 0,953 | 0,612 | 5,081 1,641 | 0,672 | 0,452
0,749 | 0,348 | 0,243 | 1,928 | 0,627 | 0,285 | 0,204
0,435 | 0,208 | 0,149 | 1,768 | 0,380 | 0,I79 | 0,131
0,309 | 0,I5I | 0,110 | 0,853 | 0,277 | 0,I3% | 0,099
0,104 | 0,052 | 0,039 | 0,303 | 0,100 | 0,050 | 0,037
8,339 | 3,769 | 2,538 [20,392 | 6,580 | 2,862 | 2,001
2,550 | 1,216 | 0,869 | 6,823 | 2,225 | I,048 | 0,763
1,422 | 0,694 | 0,509 | 3,951 | 1,289 | 0,625 | 0,462
0,992 | 0,490. | 0,364 | 2,814 | 0,919 | 0,453 | 0,337
0,323 | 0,761 | 0,121 | 0,97 | 0,314 | 0,157 | 0,718
15,649 | 7,182 | 9,924 (39,236 | 12,710 | 5,669 | 4,016
4,512 | 2,179 | 1,579 |[12,325 | 4,022 | 1,925 T,4T3
2,459 | 1,214 | 0,900 {6,968 | 2,275 | 1,120 | 0,833
1,699 | 0,846 | 0,632 | 4,895 1,603 | 0,798 | 0,59
0,542 | 0,271 | 0,203 | 1,599 | 0,832 | 0,310 | 0,217
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I 2 S S
0,I0 0,135 0,036
. 0,50 0,070 0,020
9 I, 0,049 0,014
iy 1,50 0,039 0,011
5,00 0,017 0,005
G, I0 0,626 0,173
~ 0,5C 0,269 0,079
o I,00 0,I74 0,052
1,50 0,133 0,040
5,00 0,053 0,017
0,10 2,726 0,767
0,50 1,045 0,317
0 1,00 0,647 0, I9%
iy I,5" 0,473 0, 147
5,00 0, I74 0,057
0, IC 4,479 1,250
5 0,50 1,768 0,534
= 1,00 1,088 0,336
> 1,50 0,801 0,250
5,00 0,233 |- 0,096
0,10 | 18,212 5,263
5 0,50 64356 1,970
] 1,00 3,734 1,179
< 1,50 2,682 0,856
5,00 0,924 0,306
0,I0 | 35,438 | IO,485
o 0,50 | I1,578 3,628
\n I,00 6,638 2,119
< 1,50 4,701 1,519
5,00 1,569 | 0,521
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5 & 7
0,012 | 0,008 0,108
0,008 | 0,005 0,058
0,006 | 0,004 0,042
0,005 | 0,004 0,034
0,003 | 0,002 0,015
0,067 | 0,047 0,509
0,034 | 0,025 0,231
0,024 | 0,017 0,153
0,019 | 0,014 0,118
0,008 | 0,006 0,049
0,320 | 0,227 2,245
0,145 | 0,106 0,921
0,093 | 0,069 0,577
0,071 | 0,052 0,431
0,028 | 0,021 0, 165
0,508 | 0,358 3,681
0,245 | 0,179 1,551
0,159 | 0,117 0,977
0,121 | 0,090 0,729
0,048 | 0,036 0,277
2,279 | 1,656 | 15,286
c,933 | 0,688 5,716
0,573 | 0,426 3,433
0,422 | 0,315 2,476
0,153 | 0,15 0,891
4,704 | 3,420 | 30,3IT
1,743 | 1,291 | 10,545
1,044 | 0,778 6,176
0,756 | 0,566 4,427
0,261 | 0,196 1,527



000 IXEHHe MpUN, 2

= I0 B =15
8 9 10 II 12 I3 I4
0,022 0,008 0,006 0,073 0,011 0,005 0,004
0,014 0,006 0,004 0,043 0,009 0,004 0,003
0,010 0,005 0,003 0,032 0,007 0,003 0,003
0,009 0,004 0,003 0,026 0,006 0,003 0,002
0,005 0,002 0,002 0,013 0,004 0,002 0,001
0,116 0,048 0,035 0,358 0,069 0,032 0,024
0,062 0,028 0,021 0,182 0,046 0,022 0,017
0,042 0,020 G,015 0, I24 0,033 0,016 0,012
0,033 0,016 0,012 0,097 0,027 0,013 0,010
0,015 0,008 0,006 0,043 0,013 0,007 0,005
0,541 0,236 0,173 1,611 0,339 0,160 0,I1I°
0,262 0,123 0,092 0,753 0,208 0,102 0,076
0,I70 0,081 0,061 0,467 0,141 0,069 0,052
0,129 0,063 0,047 0,371 0, I10 0,054 0,041
0,053 0,027 0,020 0,150 0,048 0,024 0,018
0,868 0,370 0,271 2,637 0,541 0,252 0,188
0,437 0,208 0,153 1,255 0,341 0,167 0,125
0,287 0,139 0,103 0,823 0,237 0,117 0,088
0,220 0,107 0,080 0,628 0,186 0,092 0,069
0,090 0,045 0,034 ¢,255 0,082 0,041 0,031
3,922 1,777 I,313 | I1,355 2,659 1,276 0,954
I,692 0,816 0,609 4,823 I,40T 0,692 0,518
1,052 0,516 0,385 3,004 0,910 0,452 0,339
0,780 0,386 0,289 2,227 0,690 0,344 0,257
0,29 0, 147 0,110 0,840 0,277 0,138 0,I04
8,180 3,793 2,812 | 23,346 5,933 2,879 2,154
3,187 I,552 I, 158 9,092 2,710 I,342 1,005
1,930 0,954 0,714 5,508 1,706 0,849 0,637
1,412 0,703 0,527 4,023 1,275 0,636 0,477
0,507 0,254 0,I90 I,461 0,485 0,243 0,182
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Opuxozerxe 3

3uavenne Qyskmun TLop £, md)
_ _ ad
R, m
0,1/0,3 {06 | 0,8 | 0,7 0,3 0,6 |0,8
1 2 4 5 6 7 8 9 10
B! A=3
0,10| 0,011/ 0,015| ¢,012|0,010 | O,u09 | 0,008{0,003 |0,001
— | 0,50| 0,004| 0,015| 0,004|0,004 | 0,004 | 0,003|0,001,(0,001
s | 1,00| 0,003| 0,002| 0,001|0,00I {0,002 { 0,008} © 0
s | 1,50 0,002| 0,001 © ]0,001|0,002 | 0,001 © 0
5,00| 0,00I] © 0 0 |0,001 0 0 0
0,10} 0,044 0,046 0,037|0,032 | 0,037 | 0,024{0,009 |0,004
0,50 0,013| 0,012 0,009|0,009 | 0,0II | 0,007{0,002 |0,001
o | 1,00} 0,006 0,005! 0,004|0,004 | 0,006 | 0,003{0,00I | ©
s | 1,50 0,0u4| 0,002| 0,001/0,002 | 0,004 | 0,001} O 0
5,00| 0,00I| © 0 0 0 0 0 0
0,10/ 0,171| 0,150} 0,015]0,109 | 0,44 | 0,082/0,029 |0,016
« | 0,50]| 0,037| 0,029 0,021|0,022 | 0,031 { 0,016|0,006 {0,003
‘o’. 1,00 | 0,017| 0,010| 0,006|0,008 | 0,015 | 0,006|0,002 |0,00I
1,50 | 0,010| 0,004| 0,002|0,004 | 0,009 | 0,003|0,00T {0,001
5,00 | 0,00I| O 0 0 0 0 0 0
0,10 0,301| 0,275 0,2070,202 | 0,254 | 0,151{0,054 |0,030
0,50 | 0,064 | 0,047 | 0,033|0,037 | 0,055 | 0,027{0,009 {0,005
2 | 1,00 0,028 0,015 | 0,009/0,012 | 0,025 | 0,010{0,002 |0,002
o | 1,50/ 0,017| 0,006 | 0,003(0,005 | 0,015 | 0,004/0,00T |0,00T
5,00 0,002| © 0 o |0,002 0 0 0
0,10 0,955 | 0,763| 0,568/|0,572 | 0,813 | 0,423/0,148 |0,085
o |0,50]|0,166| 0,103 0,068|0,082 | 0,143 | 0,06I|0,019 {0,040
:‘; 1,00 | 0,068| 0,026 | 0,013/0,022 | 0,059 | 0,017|0,004 {0,013
1,50 | 0,036 { 0,009 0,003|0,003 | 0,032 | 0,006 0 |0,004
5,00| 0,002 © 0 0 |0,002 0 0 0
0,I0| 1,560} I,213| 0,089/0,923 | 1,331 | 0,677|0,234 |0, 138
o |0,50]|0,250| 0,128 0,074]0,103 | 0,217 | 0,079|0,021 |0,01?
& | 1,00 €,092) 0,023| 0,009|0,022 | 0,081 | 0,016/0,002 |0,004
1,50 | 0,044 | 0,006 | 0,001/0,007 | 0,040 | 0,004 © 0
5,001 0,001 © 0 o |o0,001 0 0 0

32



[Ipozonxenune npun, 3

I 2 3 4 5 6 7 8 9 I0
p=d p=7
0,10 | 0,007 0,003 © v |u,005]|0,00I| O 0
— 10,50 ]0,003{0,00I| O 0 |0,002!0,06I| O© 0
8 |1,00}0,002 {0,001/ O 0 |o0,001| O 0 0
o {1,50]0,001] 0O 0 0 |0,00I| 0 0 0
5,001 © 0 0 0 0 0 0 0
0,10 }0,030(0,012 | 0,002 O |0,023]|0,006| O 0
~ 0,50 }0,009 {0,003 0,00I| 0 |0,007]0,002{ 0 0
f;- 1,00 {0,005 | 0,00I| O 0 |0,004|0,00I| O 0
1,50 | 0,003 {0,00I! © 0 |u,002t O 0 0
5,00 0 0 0 0 0 0 G 0
0,10 {0,II9 | C,042 | 0,008 | 0,003 | 0,097 | 0,021 | 0,002 0
w 10,50 0,026 {0,009|0,00I1| O |0,021/0,004| O 0
= | 1,00 {0,013 | 0,004 | 0,001| 0 |0,010{0,002| 0 0
1,50 {0,001 0,002 O 0 |0,003|0,00I| O 0
5,00 0 0 0 0 |0,00I|] O 0 0
0,10 {0,209 | 0,079 | 0,014 | 0,004 { 0,169 | 0,040 | 0,003 0
o |0,50 10,046 {0,015 | 0,002 | 0,001 | 0,037 | 0,008 | 0,001 0
< | 1,00 | 0,021 {0,005 |0,00I| O |0,018|0,003]| O 0
1,50 | 0,013 {0,002| © 0 |0,02|0,002| © 0
5,00 10,00I| O 0 o |0,00I| © 0 0
0,10 | 0,677 | 0,224 | 0,040 | 0,014 | 0,554 | 0,IT5 |0, 105 | 0,002
o |0+50 0,120,034 0,005 | 0,001 | 0,100 | 0,018 |0,001 0
- |I1,000,051 0,010 0,00I |0,00I |0,043 {0,006 | O 0
© 11,50 (0,028 [0,004{ O 0 |0,024{0,002| O 0
5,00 (0,002 | 0 ) 0 |0,00I}! © 0 0
0,I0 | 1,109 | 0,360 | 0,063 | 0,022 {0,909 {0,187 |0,CI7 | 0,004
o |0+50|0,185 | 0,046 | 0,006 | 0,002 |0,I54 |0,026 {0,002 0
& |1,00 0,070 {0,010 0,001 | 0,00I {0,060 | 0,006 | O 0
< 11,500,035 [0,00I} O 0 0,002|0,00I| O n
5,00 | 0,001 0O 0 o lo,001| ¢ 0 0
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lipononmxenue npun, 3

2 3 4 6
p=10 P
0,10 0,003 0 0 0,001 0
- 0,50 0,001 0 0 0,001 0
b= 1,00 0,001 0 0 0,001 0
<3 1,50 0,001 0 0 0 0
5,00 0 0 0 0 0
0,10 0,0I6 | 0,001 0 0,008 0
0,50 0,005 | 0,00T 0 0,002 0
o I,00 0,003 0 0 0,001 0
o 1,50 0,001 0 0 0,001 0
5,00 0 0 0 0 0
0,10 0,069 | 0,007 0 0,039 0
“ 0,50 0,015 | 0,001 0 0,008 0
< 1,00 0,008 | 0,001 0 0,004 0
° 1,50 | 0,002 0 0 0,002 0
5,00 0,001 0 0 0 0
0,10 0,121 | 0,014 0 0,068 0,002
o 0,50 0,027 | 0,003 0 0,015 0
= 1,00 0,0I3 | 0,001 0 U,008 0
1,50 0,009 0 0 0,003 0
5,00 0,001 0 0 0,001 0
U, 10 0,404 | 0,042 0,00 0,233 0,007
U,50 0,074 | 0,007 0 0,043 0,001
_ ,w | o,u3 | 0,002 0 0,019 0
S 1,50 0,018 | 0,001 0 0,011 0
5,00 0,001 0 0 0,001 0
0,10 0,664 | 0,069 0,002 | 0,38% |0,013
0,50 0,115 | 0,010 0,001 | 0,068 |o0,002
Q 1,00 0,046 | 0,003 0 0,028 {0,001
iy 1,50 0,028 | 0,001 0 0,014 0
5,00 0,001 0 0 0,701 0
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