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BBeaenue

PykoBOACTBO MO THAPABAWYECKHM pacderaM BOJOCOPOCOB OETOHHBIX H
JKene300€TOHHBIX IUIOTHH pa3paboTaHo B Pa3sBUTHE INOJOKEHWI psja CBOJOB NpaBUIL
(CTI), pernamMEHTUPYIOIIMX MPOSKTUPOBAHUE, CTPOMTEILCTBO M SKCILTyaTaLHIO
TUIPOTEXHUYECKUX COOPY)KEHHH, Uil pealM3alid MPOCKTUPOBHIMKAMHU TpeOOBaHUIA,
3anokeHHBIX B CII, W BBIMOJHEHHS THAPABIHYECKHX pPacyeToB, OOOCHOBBIBAIOLINX
IOPOEKTHBIE pPa3pabOTKH Ha COBPEMEHHOM HAyYHOM YPOBHE M B COOTBETCTBHH C
YVKa3aHUAMHM HODMATHBHBIX JOKYMEHTOB. PYKOBOJACTBO pa3BUBAET M JOIOJHSIET
TpeGoBaHHS W TONOKeHUs, wu3NokeAHsre B CII, B uactu 6a30BBIX IPHHIUIIOB
IPOEKTHPOBAHNS, METOJIOB PAcieTa OCHOBHBIX TEXHHYECKHX IapaMeTpoB BOJOCOPOCOB,
Pa3MEIIEHHBIX B Tele W Ha MOBEPXHOCTH OCTOHHBIX M JKEI€300€TOHHBIX INIOTHH. B
PYKOBOACTBE OOOOLIEHBI CBEACHHS, KOTOPHIE IO3BOJIAT BHIMONHATH pAacyeTsl JULL
OCHOBHBIX, HanOoOJIee PacHpOCTPAHEHHBIX THIOB BOJOCOPOCHBIX COOPY)KEHHI C LEJBIO
OLICHKH MX INPUEMIEMOCTH B PAcCMaTPUBACMBbIX YCIOBHAX M PELICHUA BOIPOCA O
HE0OXO0UMOCTH PacCMOTPEHHS APYTHX BAPHAHTOB COOPYKEHHUSL.

PacueTHBIE METOABI, NPHUBEACHHbIE B PYyKOBOACTBE, HOIDKHBI NPUMEHSTHCS,
TJIaBHBIM 00pa3oM, Ha HAYAIBHBIX CTAIWSAX ITPOCKTUPOBAHUS I/ OCHOBHBIX PACUETHBIX
Clly4acB IPOIyCKa PacXofoB BOABI uepe3 coopyskeHus I u II kmaccoB mo nmpoBeacHHS
HCCIEA0BAHUI 3aIIPOSKTHPOBAHHBIX KOHCTPYKIMiT HA Gu3udecknX MOAemsax. OHE MOTyT
TaxOKe IPUMEHATHCA HA BCEX 3Tanax MpoekTHpoBaHus coopykenuit III u IV kmaccoB B
CIydae, €cnu He TpeOyeTcs SKCHEPUMEHTAIbHOE OOOCHOBAHHE IPHUHATHIX B IIPOEKTE
HNHXCHEPHO-TEXHMYECKNX ~ pEIIeHWil  (CIOKHOCTH  KOHCTpyKUmMM  BogocOpoca,
HEJOCTaro4Has pa3pab0TaHHOCTb METOAOB pacyeTa BbIOPaHHOM KOHCTPYKIMY U T. II.)
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CIT 58.13330.2012. T'maporexHudeckue coopy)keHus. OCHOBHBIC IONOXKEHHUS.
AxtyamusuposanHas pegaxuus CHull 33-01-2003.

CIT140.13330.2012. TInOTHHEI OETOHHBIE U XKENE300€TOHHBIE. AKTYaTU3UPOBAHHAS
penaxuus CHull 2.06.06-85.



CIT 38.13330.2012. Harpy3ku U BO3ACHCTBUS HA THAPOTEXHUUECKUE COOPYIKEHHS
(BOJIHOBBIE, JIENOBBIC U OT Cy10B). AKTyanmu3upoBanHas penakuus CHull 2.06.06-04-82%.

CI123.13330.2012. OcHoBaHKs THAPOTEXHUUECKHX coopyrkeHmit. CHul 1 2.02.02-83*

CI120.13330.2012. OcHoBanus 3nanauit u coopy>kenuit. CHull 2.02.01-83%*,

CII 290.1325800.2016. BoAoOmpOmyCKHbIE T'MAPOTEXHHYESCKUE COOPYKEHUS
(BoOCOPOCHEIE, BOJOCITYCKHBIE, BOXOBHITYCKHBIE). [IpaBuia MPOEKTHPOBAHUS.

T'OCT 20522-2012. I'pyutsl. MeTOAB CTATHCTHYECKON 00pPabOTKH PE3YNIBTATOB
HCIBITAHUN.

Paspabotka PyxoBoxcta BeimomHeHa B AO "BHMHUI um. b. E. Beneneera"
(pyxoBomutens TemMbl — K.T.H. A. IL Ilak) aBTOPCKMM KOJUISKTHBOM B COCTaBE. BEI.
HayuHblfi coTpymHuk A. B. Bexcnep (Beenenue, . 1, nyHktel 3.18-3.20, 1. 5, xpome
m 5.18,), 3aB. otmenom, k.T.H. B. A. IlpokodbeB (m. 5.18), 3aB. maboparopueii, K.T.H.
T'. A. Cynoneckuii (r1. 4, 1. 6), BeA. HayuH. cOTpyIHHK, K.T.H. A. M. IlIBaiiHuireiin
(.2, rn. 3, xpoMe mnyHKTOB 3.18-3.20). PaloTa 1m0 MOATOTOBKE MaTepHANoB
BBINIOJTHSJIACH CT. HAY4H. cOTpyaHUKOM, K.T.H. O. A. TletpoBbIM U Bel. umkeHepom JI. B.
Petinrapa. OOmee HayuHOe pemakTHpoBaHHWE PykoBoacTBa ocymecTeiaeHo A. B.
Bexkcnepom.

B 0CHOBY JOKYMEHTa IIOJIO>KEHO BBIIYIICHHOE B 1983 r. PykoBOJCTBO K IJaBe
CHullI I1-54-77 "TInoTHHEI OCTOHHBIC W Keae300eToHHBIE", ToM. 1 "OOIHe MONoKCHHS.
PacueTsl OETOHHBIX H JKEIE300€TOHHBIX TUIOTHH, kaura 3 "PykoBojicTBO 1O
rugpasnuueckuM pacdetam” I107-83/BHUMI. OCHOBHBIMH COCTaBHTENSMH 3TOrO
nokyMmeHTta sBisttorcs coTpyzHuku BHHWUMD um. b. E. Bepeneesa: T. C. Aprioxuna
(compsbxenue 6pedoB 0TOpOCOM CTpyH B HIKHUIN Obed), A. B. Bekciep (00mue pa3sMbIBEI
pycia B HwkHeM Onede), @.I. T'yHpko (00upe nojoxeHus, conpsokeHne Obedon
JOHHBIM T'MJPAaBJIMYECKUM NPBDKKOM, KperieHue HikHero Obeda), I'. K. deprorun
(BomocrmBbl W BojociuBHas rpanb), IO. T'. JKapko (mehopMupyemble KpeluicHUs
HiwkHero  Obeda), H. WM. XKapoB (3ammra OT KaBUTalMd W MPOTHO3WPOBAHHUE
6e3kxaBuTAMOHHOM paboTel BogocOpocoB), A. A. McaeB (ruapoJuHAMUYECKIE HArPy3Kd
Ha Kpermnenne HmkHero 6beda), I'. B. Kyapsmes (nmporHo3npoBaHre 0e3KaBUTAIMOHHOTO

oOrekanust MecTHBIX HepoBHOCTeH), JI. B. Momkos (3atBopHbie kamepsl), K. C. ITomosa



(mecTHEIE pasMbIBBI B HibkHeM Obede), T. B. [IpoBopoBa (BOMOGOMHBIC KONOMIB H
crerxn), I. B. Credanosnd (y4yacTok paciIMpeHHdss NOTOKa B HIKHEM Obede),
A. M. IlIsadinmreliH (TpyOuarsle BOJOCOPOCEH M BOJOCHYCKH). B cocraBieHnW
PYKOBOACTBA yyacTeoBanM Tarke corpynnukd MHCH u BHUWIT'MM C. M. Ciucckuii
(TIOBEpXHOCTHEIN pexkuM compspkeHHst O6beor) m I1. E. JIbiceHKO (3aTBOPHBIC KamMepHl
IIyOMHHBIX BOA0cOpocoB). OOImiee HayyHOE PYKOBOACTBO M PEHAKTHPOBAHUE OBLIO
ocymectBiieHo @. I'. I'yapko u JI. B. MomkoBeIM.

B nacrosmeM DOKyMeHTe MHOTHME HoyioxkeHusi PyxoBoactsa 1983 r. momonHeHsl
HOBBIM MAaT€pHaIOM, & HEKOTOPBEIE NEPECMOTPEHBI M NepepaboTaHbl ¢ UCMONb30BAHUEM
NOSBUBLINXCSA 3a MpomlefuMe 35 JeT HaydHbIX pa3paboTok. I'maBHBIM 00pasoM, 3TO
KacaeTcs pacueTHOro OOOCHOBAHWS THUIPABIMYECCKUX PEXUMOB IOBEPXHOCTHBIX H
ryOuHHBIX (TpyOYaThIX) BOAOCOPOCOB, PACUYETOB T'UAPOIMHAMHUYECKOTO BO3JCHCTBUS
cOpOCHOTO TIOTOKA Ha KPETJIeHNe HIKHETO Obeda.

B PyKOBO)ICTBe HCTIOJIB3YIOTCS CICAYIOIINC 0003HaUEHHS OCHOBHBIX BEIMUHH:

a — BLICOTA YCTYIA U HOCKA-TPAMILIMHA TIJIOTUHBL,
a=h,-h — BEICOTA IIPBDKKA,
B, By, By — IIMPHHA BOAOCIMBHOTO (ppoHTA, pycia B
BEPXHEM M HIDKHEM Obedax;
b — MWPHHA BOJIOCITHBHOTO OTBEPCTH,
Cs — BBICOTA BOJIOCJIMBHOM CTEHKH (IJIOTHHBI) CO
CTOPOHBI BEpXHETo Obeda;
Cu — BBICOTA BOJIOCITABHOM CTEHKH CO CTOPOHEI B
HWKHETO Obeda;
c — BBICOTA BOIOOOMHOM CTCHKH,
C — koo punment Ile3n;
d — riybuHa BoA000iMHOr0 Konoaua
dy — JameTp (KPYImHOCTh ) KAMHS ICPEXOTHOTO

JepOpMHUPYEMOT0 KPETUIEHHST,

d JIUAMETP YaCTHUl| FPYHTA;
h
D= h— -CTENEHb 3aTOTUICHUS TPBIKKA;
2
V 2
Fr=— —ygucno Opyaa;
gh
g — YCKOpEHHE CBOOOIHOTO Ma/ICHUSL,
H — Hamop HaJ rpedHEM BOAOCIMBA HA PACCTOSHUI

(3+5)H oT HaNnoOpHOI rpaHi BOJOCITUBHOM
CTEHKH;
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— FHy6I/IHa IIOTOKA, BBICOTA IMOMCPEYHOr0 CCUCHUA
TpyOuaroro Bogocopoca;
-ryOWHA IOTOKA B BEpXHEM Obe(he;

— KpUTHYECKas ITyOMHA MOTOKA,

-TiepBas ¥ BTOpast CONPSKEHHBIE TITyOWHBI
MPBDKKA;

— TIyOMHA MOTOKA B HAYAILHOM CEYCHHUH BOI000S
OOBIYHO paBHASA TITYOHHE /. B CKATOM CCUCHUH
MPY OTOTHAHHOM WJIM HAJIBUHYTOM TIPBIKKE;

— rryOWHA HA BOAOCITUBE C IMUPOKUM TOPOTOM U
MIPU CXOJIE C YCTYIIA,

— TOJIIIMHA TPAH3UTHOTO MTOTOKA B HAYAJIE
BO000S ITPHU 3aTOIUIEHHOM TIPBIKKE;

— rryOWHa BOJIBI B HAUaJie BOA00OS MpH
3aTOTICHHOM TPBDKKE;

— riryOWHA BOJIBI B KOHIIE 3aTOMJICHHOTO TIPHDKKA,
— nryOWHA TOTOKA B HIDKHEM Obe(e 3a
COOPYIKCHHEM,

— BBICOTA MOJITOTUICHHS BOJIOCITHBA;

— JUTMHA 3aTOTJICHHOTO MPBIKKA,

— PacCTOSIHUE OT C)KATOTO CEUCHUS 10 TACUTENS
JHEPIUK;

— JUTMHA HE3aTOTUIEHHOTO MPBDKKA;

— K03 PUIIUEHT pacxo/ia BOIOCIUBA;

— armoc(hepHOE TaBJICHNUE,

— MI'HOBCHHOC JaBJICHUC B TOYKC,

— OCPCAHCHHOC TaBJICHUC B TOUKC,

— MyJNbCALMOHHOE JIABICHUE B TOUKE;

— pacxoj BOAOTOKA, BOAOCOPOCA, BOJOCIINBA,
— YJENbHBIN PacXo/l HA CIUHUILY IIHPUHBI
BOJIOC/INBA,

— THAPABINYCCKUNA paguyc,

—yucno PeliHonbaca;

— yJenbHasl SHEPIUs OTOKA TEPEl HATIOPHBIM
COOPY’KEHHEM OTHOCHTENEHO MMOBEPXHOCTH
BOI000SI WITH THA HWKHETO Obeda;

— TO K€ C YUCTOM CKOPOCTH IOAX0A4,

— BpeMms;
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— CPEIHAsA CKOPOCTh TIOTOKA Ha MOXOE K
COOPYIKEHHIO;

— CpCaHAA CKOPOCTE IMOTOKA B C)KATOM CCUCHHH,

— Cp€aHsd MO CCUYCHUIO MOTOKA MJIM IO BEPTHUKATIA

CKOPOCTB TEUCHHS,
— nepenan ypoBHEH, CO3AaBACMBIA COOPYIKEHUEM;

— TO K€ C YUCTOM CKOPOCTH IOAX0A4,

— KOPPEKTHBBI KHHETHUECKOM 3HEPTUH U
KOJIMYECTBA JIBIKEHVIS,

— CTEleHb TUIAHOBOTO PACIIMPEHHS TIOTOKA B
npezaenax Boaooos;

— CTEIEeHb TIAHOBOTO PACITMPEHUS MOTOKA B
HUKHEM Obede;

— BBICOTA BBICTYTIOB MIEPOXOBATOCTH,

— CTCIICHb BEPTUKAJIBHOT'O paClIMPCHUSA MOTOKA,

— KO3 (DUIHUEHT THAPABIAICCKOTO
CONPOTUBJICHHA,

— K03 (pUIIEHT PacX0/1a OTBEPCTHS, HACAAKA U
2p.

— KUHEMATUYECKNH KOB((ULIMEHT BI3KOCTH;

— IJIOTHOCTH BOJHI,

— KO3 (PUIMEHT NOATOTIIEHHS,

— KO3 (PUIIHEHT CKOPOCTH,

— CMOYEHHBII IEPUMETP;

— IJIOIIAb KUBOTO CEYEHHS TIOTOKA.
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I'naBa 1. BonocopocHble, BOTOCIYCKHBIE H BOTOBBITYCKHbIE COOPYKEHHS.
I'mapasiinyeckue pacyeTbl IIOTHH

1.1 O0mue moJI0KeHHsI

BonocOpocHBIE, BOAOCTYCKHBIE M BOJOBBIIYCKHEIE COOPYXKEHHUS IUIOTHH CICAyeT
IpeTyCcMaTPUBATE JUL:

- cOpoca MaBOKOBEIX PACXOIOB BO/IBL,

- IPONyCKa Pacxof0B BOABI C LENbI0 OO€CHEeYeHHs HppUranud, OOBOHEHUS
HEPECTUIIILL, CO3JaHHsl CYAOXOMHBIX NIyOMH B HIDKHEM Obede, BOAOCHAOKEHUS, U Ip.,
IIPOIYyCKA CTPOUTENBHBIX PACXOMOB,

- cOpoca W3JIMINHAX BOJ K3 BOJOXPAHIUIMINA O IPEANABOAKOBOIO YPOBHS B
IEPUOA TIPOIYCKA PEAKO MOBTOPAIOMMXCA TABOJAKOB IMPH OrPAHHYCHHOH EMKOCTH
BOAOXPAHWIININA,

- YaCTHYHOIO OMOPO’KHEHWS] BOJOXPAHWIMINA B TEPHON CTPOUTENBCTBA W
9KCILTy aTalvH.

OcHOBHBIE  3a71au¥  TWAPABIMYECKOIO pacdeTra 3JIEMEHTOB BOJOCOPOCHBIX,
BOJIOCILY CKHBEIX M BOJOBBINYCKHBIX COOPYKEHHIT GETOHHBIX U JKEIE€300€ TOHHBIX INIOTHH:

- ONpesieNieHHe INWPUHBI BOAOCIMBHOTO ()POHTA, OTMETKH TpeGHS BOAOCIHBA W
poduist BOAOCIUBHOM MOBEPXHOCTH,

- Ha3HA4YEHWE OYEPTAHU OTOJIOBKOB M OBIKOB, JUTMHBEI M BBICOTHI PAa3/CIbHBIX
CTEHOK, KOHCTDYKIMH ¥ OYepTaHuWii OEperoBbIX OTKPBUIKOB, OTMETOK MOHypa H
KOHCTPYKIHY KpEIJICHHS THA B BEpxHEeM Obede;

- BEIOOD ONTHMANBHOTO PEXUMA COUPsuKeHMst ObeOB M HA3HAYEHHS OTMETOK
3aM0XKEHUA BOMOOOS W PHCOEPMBI, THIIOB M Pa3sMEPOB TacHUTEIEH SHEPrHH, HX
KOHCTPYKIMH, y9YacTKOB KpPEIUICHWS [HA, O€peros, [UIMHBI W OUEPTAaHHS B IUTAHE
GeperoBBIX OETOHHBIX COMPSTAOMINX YCTOEB M OTKPBIIKOB B HIDKHEM Obe(e;

- COCTaBJICHHE ONTHMAJLHBIX CXEM MAHEBPHPOBAHWS 3aTBOPAMH TIPU MPOIYCKE
4epe3 TUApOy3er IaBOAKOB, JIBIA W THIABAONIUX TEJI,

- HA3HAYCHHUE TUIIA W PA3MEPOB BPEMEHHBIX BOIOCOPOCOB IS MPOIYCKA PACXOJI0B
BOZBL, JIbJA U IIABAIOILMX TEN B IEPUOJ CTPOUTENBCTBA THAPOY3Ia,

11



- Ha3HAUEHUE (B CIyyac HEOOXOAMMOCTH) AOTIONHUTENBHBIX YCTPOWCTB B BEPXHEM H
HIKHEM Obedax, 00yCIIOBIEHHBIX CXEMOU IMPOITyCKa CTPOUTENBHBIX PACXOI0B BOJBI,

- YCTaHOBJIEHHE  BEPOATHBIX  MECTHBIX  pa3sMbIBOB  (pa3pymieHuii) U
nepe)oOpMHPOBAHNIA pycila KaK B CTPOMTENILHBINA NEPHOJL, TAK U B MPOLECCE HOPMATBHOM
IKCIUTyaTaly MHAPOY3Ia,

- OLIEHKA BO3MO)KHOTO OOLLETO MOHIKEHHUSI OTMETOK PyCJia PEKA W YPOBHEl BOJIBI B
HIDKHEM Obe(e B CBSI3M ¢ HapylieHHEM OBITOBOTO TPaH3UTA HAHOCOB W 3apeTyIIMPOBAHUS
CTOKA,

- OMpeJeNeHNe CKOPOCTHOIO PeXMMa B BEPXHEM U HIDKHEM Obedax W JaBiieHUS
BOJbI (B TOM YUCIIE MTyIbCALIMOHHOTO) HA JIEMEHTHI BOIOTPOIYCKHBIX COOPYIKCHUIA,

- OIpE/ENICHUE 3aBUCHMOCTH MEXY PacXoJaMU BOJABI U YPOBHSIMH B HIDKHEM
Obede.

B cooTBeTCTBHM CO CIIOKHBINEHCS MTPAKTHKOM 11€J1IeCO00Pa3HO pa3zcieHue MIOTHH
Ha HHU3KWE, cpemHue W Bbicokwe [13]. Tlpy BBIMOJIHEHHMN TUAPABIMYECKHUX PacieTOB
MPUHATO CUMTaTh HHU3KMMH IUIOTHHBI, CO3JAlOIIME Hamop (MOHMMAacMblii  Kak
MaKCHUMaJIbHasi Pa3HOCTb YPOBHEH BEPXHET0 W HIKHETO Obe(hoB) 10 12 10 60: BHICOKAMHU
— Gonee 60 M.

OTy rpajamuio ClIefyeT Y4UThIBaTh HpPU HCNOJb30BAHMM TEPMHUHOB HH3Kasl,

CpeaHAd U BEICOKasA IUIOTUHA.

1.2 OcHOBHOIi W NOBEpPOYHBIH CJIY4YaH THAPABJIHYECKOr0 pacdera
miaotTaH. OG03HAYEHAS] OCHOBHBIX BEJIHYHH

ITpu BEIIOTHEHUH THAPABTHIECKAX PACYETOB IUIOTHH CIICAYET Pasiiiuarh OCHOBHOM
U TIOBEPOYHBIH pacyeTHbIE ClTydan B COOTBETCTBUH ¢ TpeboBanmsamu CI1 58.13330.2012.

OCHOBHOI pacyeTHBIN CNydaifl COOTBETCTBYET MPOMYCKY pacxoJa BOIBI, Kak
MPaBWIO, BCEMH BOJONPONYCKHEIMH COOPYXKEHHUAMH THAPOY3Ja TpPH YPOBHE BOJBI B
BepxHeM Obede Ha oTmerke HITY. Mcxoms W3 3TOro ciiydas, HA OCHOBE TECXHHKO-
SKOHOMHYECKOT0 0O0CHOBaHMsI YCTAHABIMBAETC 00Ias AJIMHA BOAOCIMBHOIO (ppoHTA U
yAENbHBIE PacX0Abl BOJbI HA BOJIOCOpPOCE U B HUXKHEM Obede.

TToBepOYHBIE PACUETh AODKHBI HPOBOIUTHCS B CIYYasiX:
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- MPOMYyCKa pacuyeTHOTO MAaKCHMAIBHOTO pacxoia BOJABI TpH (OpPCHPOBAHHOM
ypOBHE BepxHero Obeda;

- BHE3AMHOTO TOIHOTO OTKPHITHS OJHOTO TIpOJIeTa TUTOTHHBI TpPH 3aKPBITBIX
OCTAJILHBIX H HOPMAaJIbHOW paboTe THAPONIEKTPOCTaHIMY (C yueToM TpeboBanuii n. 8.26
nm. 827 CIT58.13330.2012)

OcraibHble Clyyad NPOIYCKA pacxXxoA0B BOJbI CIEAYET IPelyCMaTpUBaTh CXEMOii
MAaHCBPUPOBAHHWS 3aTBOPAMU TIJIOTHHBI. l'[pn OTOM MOPSAAOK U BBICOTY OTKPBITHUA 3aTBOPOB
cledyeT Ha3HAuaTh, MCXOAS U3 HEOOXOAMMOCTH MONYYEHUs B HIDKHEM Obedie ycioBwii,
KOTOpble HE MOTPeOYIOT AOMONHHUTEIBHBIX MEPONPUSTHI IS 3alUThl COOPY)KEHHWil U

[PUIETAOIIMX K HUM yJaCTKOB PYyCIa 0 CPABHEHUIO C PACYETHBIMH CIIyUYasiMH.

1.3 Onpeaenenue AJUHBI BoAocOpocHOTO GpoHTA

B coorBerctBuu ¢ TpeGoBanmsmMu m.  6.34 CI140.13330.2012 gnuny
BOAOCOPOCHOTO (pOHTa IUIOTHHEIL, pasMEpEl M HUMCIO IPOJICTOB IIOBEPXHOCTHHIX H
IMyOMHHBIX BOJONPOIYCKHBIX YCTPOMCTB CleAyeT OPUMHMMATh B 3aBUCUMOCTH OT
cOpPOCHOTO pacxo/la OCHOBHOT'O PACUETHOTO ClIyuasi, ycTaHaBiuBaeMoro 1o . 8.24 CIT 58.
13330. 2012, 1 KOIIyCTUMBIX TPH JAHHBIX T€ONOTHYECKUX YCIOBHAX YACIBHBIX PacXxo/I0B
BOABL. [IpOBEpKON NpPUHATHEIX pa3MEPOB BOJAOMPOMYCKHBIX YCTPONCTB HA MPOMYCK
pacxoJ0B MOBEPOYHOTO PpACYETHOro cCiyuyas JOJDKHA ObITh MOATBEpXKIECHA WX
OpUEMJIEMOCTh. B IPOTHBHOM cilydae cieayeT paccMaTrpuBarh APYrue BApUAHTHL.

IIpu 3TOM JOJKHEI YUATHIBATHCS:

- BIUSHHUE NOTOKA HA PYCNO PEKH U paboTy APYTHX COOPYKEHUM THAPOY3a,;

- TpeOOBaHUI K THAPABIAYCCKOMY PEKHMY PYCJIOBOTO MOTOKAa B Obedhax u
U3MEHEHHIO YPOBHEll BOABI B HIDKHEM Obede, BBHI3BIBAEMOro acopManusMH pyclia W
Geperos.

Pacuers, 00GOCHOBBIBAIOIME BHIOOP ONTHMAIBHOIO BapWaHTa  JOJDKHEI
OXBAThIBATh PACCMOTPEHUE THAPABIMYECKOTO PEXKUMAa B NPEAENAX BOJONPONYCKHOTO
TpaKTa, yCIOBUHA NOJIX0Ja B BepxHeM Obede W ycmoBuit conpsbkeHus Obe()OB U rameHust

9Hepruu B HwkHEM Obede. CornacHo TpeGoBanusm CIT 58.13330.2012 mist mmoted 1 u 11



K1accoB OOOCHOBaHHE ONTHMAIbHOTO BapHaHTa KOMIIOHOBKH — BOJONPOMYCKHBIX
COODPY’KEHHI B COCTaBe THAPOYXIA M HX KOHCTPYKIMH MAODKHO MOATBEPKIATHCS
pesynbTataMy (pU3HIECKOTO MOJIETHPOBAHHSL.

IIpn BEIOTHEHUH THAPABIMYECKAX PACYETOB [UTA YKA3aHHBIX PACYETHEIX CIIy4aeB
JODKHBI OBITE M3BECTHEI, HA OCHOBAaHNH TEXHUKO-IKOHOMUYECKUX U BOAOXO3SHCTBEHHEIX
pacyeToB, HOPMANBHEIA IMOANMOpHbIH ypoBeHb (HITY) u ¢opcrpoBaHHBIA MOANOPHBIHA
ypoBeHb (PITY). ITpu u3BecTHEIX HITY 1 ®OITY pekOMEHAYETCS BRIIOIHSITE PacueThl MO
OIIPEIENICHHIO JUTMHBI BOAOCIMBHOIO (PPOHTA B CICAYIONMIEM TOPSIKE.

1. YeTaHOBUTE 3HAUEHHE MAKCHMAIBHOTO PACX0a OCHOBHOI'O PacuETHOIO Clyydast

Quaxe B 3aBUCHMOCTH OT KJIacca COOPY>KEHHUS [T €CTECTBEHHBIX YCIOBMIT U 3HAUYCHUE 0

Make

€ Y4ETOM TpaHC(HOPMAIMH TT0TIOBObS BOTOXPAHIITHIIEM.

2. Y CTaHOBUTE pacyeTHEIE 3HAYEHUS Pacxoos, MPOIYCKAEMbIX
THIPOIIEKTPOCTAHITHEN O, ¥ IPYTUMH BXOJSAIIAMH B COCTAB THIPOY3JIa COOPYKEHUSIMH
(BomozabopaMu Uil OPOCHTEIBHBIX METHOPATABHEIX CHCTEM, BOAOCHAOKEHHA,

XO3SHCTBEHHBIX HYKN) @, mipw HITY, u onpenenuts ¢, = 0. ~ Croc = O o -

3. YCTaHOBUTH [OMYCTHMOE 3HAYCHHE YAENBHOTO Pacxoja Ha BOJOCIHBE B
3aBUCHUMOCTH OT T€OJIOTHYECKUX, TOHOIPaUUYECKUX, KOMIIOHOBOYHBIX YCJIOBHIA,
IOpPEANONIaracMbIX THIIOB TracHTENel JHEPrud, PEKAMOB COMPSHKEHHUS BOJOCOPOCHOTO
MOTOKA B HIDKHEM Obede 1 Ha OCHOBAHNH TEXHHKO-3KOHOMHUYECKAX PACUETOB.

B nepBoM npuOnMkKeHUM MOKHO OPWUEHTHPOBAThCA HA YACIbHBIE PacXOibl B
ceayommx uaTeppanax [137]:

- IIPH HECKAJTLHOM OCHOBAHHH (HECBS3HEIE U CBSI3HBIE IPYHTHL) — 30—70 M7/c;

- IIPH MOJTYCKATLHOM OCHOBAHMH (MEPIeIH, aprHILTHTHI H Ap.) — 50-90 mM7/c;

TIpH CKaILHOM OCHOBaRHH — 90—120 m7/c.

4. Onpenenuts AMUHY BogocOpocHoro GpoHTa, 3Had ¢,,., H ¢:

P (1.1)

paca
q

5. Hasnauuthe B Cltyqac HEOOXOMMMOCTH THII W KOJHYECTBO CIEIHANBHBIX

OTBEPCTHIA:
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- 1eA0CcOPOCHBIX (KaK MPaBUJIO, CO CABOCHHBIMHU 3aTBOPaMH ),

- BOJOCOPOCHBIX A7 IIPOIyCKA YacTO HOBTOPSIOIINXCS PACXOI0B;

- YCTAaHOBUTb HEOOXOIMMBIE Pa3sMEpbl 3THX OTBEPCTUH M MPOMYCKAEMBIE MMHU
pacxoipl Q,, (10 3TOMY BOIIPOCY CM. Taloke 1. 1.4).

6. Onpenenuts He0OXOAUMOE KOJMIECTBO OCTATIBHBIX BOZOCOPOCHBIX OTBEPCTHIL C
6oJiee IIPOCTHIMU 3aTBOPAMH, PACCYUTAHHBIMU HA IIPOITYCK PacXoja:

Qoer = Ppaca = Pen- (1.2)

7. Haznauutb, mone3ysch ykazanusamu CIT 58.13330 u yuyuThiBass KOHKPETHBIC
0COOCHHOCTH THAPOY3/a, OKOHYATENBHBIC pasMephl M KOJNMYECTBO BOAOCOPOCHBIX
OTBEPCTHI MIOTHHEL, THIT X OYepTaHHUE ObIUKOB.

8. Ompenenuts OTMETKH TrpeOHS (IOpora) M pa3Mepbl BOJOCIHBOB H/HIH

ryOuHHBIX BojgocOpocoB mpu u3BecTHRIX HITY, pacxonme ¢ KOJIMYECTBE W THIAX

pacu >
BOAOCOPOCHEIX ~OTBepcTHif, (opMe OBYKOB M YCTOEB, WONB3YACH H3BECTHBIMH
3aBHCHMOCTAMH JUIS OLPEENICHNS HX IIPOIYCKHON cHocOOHOCTH (T71aBa 2).

9. OnpeaenuTh IPOIYCKHYIO CMIOCOOHOCTE BCEX BOAOMPOMYCKHEIX OTBEPCTHIA ITPH

(opcupoBaHHOM YpOBHE Q

O 4ny » KOTOpPas JOJKHA COOTBETCTBOBATE (HE OBITH MEHBIIE)

Pacu€THOTO MAKCUMAIIBHOTO PACX0/J1a MOBEPOTHOTO CITy4dast.

1.4. Onpenenenne AIHMHBI BOAOCIANBHOTO (DPOHTA C y4eTOM YCJI0BHii
NMPOIYCKa JIbAa

IIpu HeoOXoAMMOCTM TpONMyCKa JIEAOXOJa 4epe3 THApPOy3eNl pa3sMepsl H
KOJIMYECTBO OTBEPCTHUI IUIOTHHBI IOJDKHBI HA3HAYATHCA C YYETOM YCIIOBHIA TIPOMYCKa Jibaa
[64]. ITnpuHy npeAHa3HAYEHHBIX IS MTPOIMYCKA JIba TPOJIETOB b, BOJOCIMBHBIX MIOTHH,
HMEIOIIX BEPTHKAIBHYIO BEPXOBYIO IPaHb, CIICAYET OIPEAECIATH To hopMyrie:

IR
b =21,6-10°—L, (1.3)

voe,

rne
/ — JUIMHA JIbUH, M,
R, — TIPOYHOCTE JibJa NpH W3ruOe B mepuo €ro mpoimycka, Mlla, onpenensemas
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no popmyie (49) CIT 38.13330.2012;
V_  — CKOpPOCTb NOAXOJAA JbAa K BOJOCIWBHBIM IIPOJIETAM, KOTOPYIO MOKHO
MPUHUMATD PaBHO# CpeIHEH CKOPOCTH BOIBI, M/C;
P; — INTOTHOCTE JIbJA, Kr/m’,
3aBucuMocTh (1.3) mpumeHMMa NpU MOAXOAE K MPONETaM OTASABHBIX JIbIMH,
pa3sMepsl KOTOPBIX COM3MEPHMEI ¢ IMMPHHON MPOIETOB H I KOTOPBIX OTHOLICHHUE b, /!
/"2

gl

Gompme 0,4-0,7, v U1 0,02 < < 0,2, TIe g — YCKOPEHHE CBOGOIHOTO TafeHus, M/c .

Heo6xomMyr0 1O YCIOBHSAM IIPONMyCKa JbAa INUPHHY OTACIBHBIX IIPOJIETOB
MITOTUHBI, HA IOAXOAE K KOTOPHIM OTCYTCTBYET COCPENOTOYEHHBIM THAPABIMICCKHNA
Heperaj Wik KpUBas clafa BOJHOH IIOBEPXHOCTH, CIIEAYET ONpPEeIesTh 10 GopMyIie:

110k b,
b= (1.4)

rae
k, =kk,R, Ui ObIKOB C BEPTUKAIBHOW TEPEAHEH TPAHBIO M k, = k R tgf 1id
OBIUKOB ¢ HAKIIOHHBIM JICTIOPE30M;
k, Wk, —K03()PUIMECHTH COOTBETCTBEHHO CKOPOCTH epOpPMAIIiy B CMATHS JibJA,
npuHUMaemMslie o Tabnunam 18 u 19 CIT 38.1333.2012;

k, — ko>(pduumenT, yuuThBarOIWMA (GOpMy H pasMephl Oblka C HAKIOHHBIM

JIeIOpe30M, IPHHUMaeMBbIii 1o [63, Tab. 8];

R, — TpOYHOCTH JibAa Ha cxarue, MIla, ompenensemas mo Qopmyne (48)
CIT 38.1333.2012;

Vz — CKOPOCTb JBIYKEHHUS JIbJVH, M/C;

bs — mmprHA OBIKOB, M.

Mpumevanus.

1) Tlpu y4ere pasnambiBaHus JTbAUHBI HA KPHBOM Crafa b, MOXHO yMmeHbInaTh Ha 10—20% 1o
CPaBHEHUIO C pacCUUTaHHBIM IO (opmyne (1.4).

2) B nepsom npubmmxennn s pex EBponeiickoit wactn P® b, ciemyer mpunuMmarh Goiee
10+20 ™, mst pexk Cubupn u Jansrero BocToka ¢ TskenbiM nenoxonom — Gonee 18+30m [63].

3) lupuna nenocOpocHOro ¢ppoHTa KomkHa cocTaBmsaTh 0,3—0,45 oT mupuHbI BEpXHEro Obeda
y IUIOTHHBI [63].
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JUIS peK C TSDKENBIM JIEMOXOJOM, OCOOCHHO IPHM HM3KMX ILIOTHHAX, CJIEAYeT
YUUTHIBATH BO3MOKHOCTh AKKYMYJLILIIAM JbJa B BEpPXHEM Obede, KOTOpas MOXET
NPUBECTH K CHHKCHUIO l'[pOl'lyCKHOﬁ CIIOCOOHOCTH IUIOTHHBI U K JOMOJIHUTCJIBHOMY
3aTorieHuto 6eperos Bogoxpanmwma [137]. MakcuMambHas TONIIMHA BO3MOXKHOTO CIIOS
AKKYMYJISILNH JIbJAa NEPE MIOTAHOM:

(51) s =515 (15)

6

>

rae

3, — TOJIITMHA OJTHOTO CJIOS JIBJIA;

hy — r1yOMHA BOABI Epe/l MJIOTHHOM (OT OTMETKH JIHA),

hs — riryOuHA BOJBI B PEKE B OBITOBBIX YCIOBHSIX.

Ipu A, <(3+4)h, MOXKET TOTPeOOBATHCA  YCTPOHCTBO  CTEIUAIBHOTO
Je10cOPOCHOTO (PPOHTA TS pa3rpy3KH BEPXHETO Obeda 0To NbJa.

B mepmon 1ef0x0/a Npyu BHIOpaHHON OTMETKE rpeOHs MIOTHHBI JOJDKHBI TaKKe

cobmroiaThes CIeAyIoNe aABa ycnosus [137]:

a) HAmop HaJ rpeOHEM IUIOTHHBI HE JIOJDKEH MPEBHIIIATH

wake = Locn kh,, (1.6)
Q.
rae
Q... — bacxon BoAbl dYepe3 JeHOCOPOCHBIE OTBEpCTUs, k — K03(ULUEHT,

yIH/ITBIBaI'OH.II/Iﬁ 3aMCJIJICHUEC JBUXXCHHA JIbJa B OTBepCTI/ISIX TIJIOTUHEI, HpﬂHHMﬁCMBIﬁ
paBHeM 0,75;

Q, — HOJNHBIA pacyeTHBIH PacXoj BOABI HEMOCPEACTBEHHO IEPEN TIIOTHHON BO
BpeMs Neloxona, B oOumieM ciyvae MeHbumi Q- (32 CYET APYTHMX BOJOCOPOCHBIX

OTBEpCTHIA).

Ipu H > Hyme B MaIbIX ITyOHMHAX BOJBL B BEPXHEM Obede JICJONpOIyCKHAs
CMOCOOHOCTE B HEKOTOPOM CTBOPE MOXKET OKA3aThCS HEAOCTATOUHOM, U TaM BCIIEICTBHE
3TOro o0pasyercs 3aTop ¢ HEXKENATENbHBIM [I0JbEMOM YPOBHS Ha BBILIEPACTIOIOKCHHOM
Y4YacTKe BOAOXPaHWIHIIG,

6) Hanop Haj rpeOHEM NNOTUHBI H NPU OTKPHITHH BCEX JIEAOMPOIMYCKHBIX
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OTBEPCTHI JTOJDKEH TIPEBOCXOJNTH [y, 3HAYEHHE KOTOPOTO B CBOKO OHYEpPElb, JOIDKHO
6bITh Ha 10-30% OoblIe TOMLUHEI § JEASHO! MacChl B CEUCHWH IEpe] BOAOCITUBHOM
YacThIO IIOTHHBL.

Eciii u3BeCTHA [JIMHA JIbAWH /, MPOXOISAIINX YePE3 OTBEPCTHE, TO:

Oopu /<35 H, =178 . 1.7

npu’>38 H, =178 _  +02/, (1.8)
37ech 38— MaKCHMaJIbHAS TOJIIMHA JIbJa (B M) C YUETOM CMEP3aHHs JIbJNH B TTAKETHI
[137].

Ipw &, < (3 +4)h, MIHPHHA NEAOCOPOCHOTO GpoHTa B, HA3HAYACTCS W3 YCIOBHUS
IIPOIyCKa depe3 IeT0COPOCHBIE OTBEPCTHS PacXoa:
Qion=0,-0'
TZIE © '— Pacxo/l BO/bl 4epe3 APyTHue (HENeA0COPOCHBIE) OTBEPCTHA.
[InpuHa B, ompenenseTcs o HopMylie pacxoja depe3 BOAOCIHB (TJaBa 2) mpu

H <H<H

MHH Makc *

B HEKOTOpEIX ciiydasx I COOMIONCHHsS STOTO YCIOBHS CIICAYCT YBCIMYHMBATH
Q... 3a cueT yMmMeHplieHWs Q '. [Ipu ckopocTH MOTOKa B BepxHeM Obede menee 0,4—
0,45 M/c u raybuse h, > (3 +4)h,, MOXKHO PacCUUTHIBATh Ha TasHUE JbJA B BEPXHEM
6bede 1 He yCTpanBaTh CIICIUATBHOrO JIEAOCOPOCHOTO (POHTA.

Tocne BBHIMOJHEHHS PACUETOB, OTHOCSIUXCS K MPOMYCKY JibJa 9epe3 IUIOTHHY,
JOJDKHBI OBITH YTOYHCHBI OTMETKA MPEOHS IUIOTHHBL, Pa3MEPHl U KOJIMYECTBO TIPOJIETOB.

Bompockl, cBsi3aHHbiE C TIPONMYCKOM JIBJa depe3 [IyOMHHBIC BOZOCOPOCHI B
CTPOHTENBHBIN Neproxa (depe3 CYXKEHHOE NMEPEMbIYKaMH PYCIIO PEKH, depe3 TpebeHKy
OETOHHBIX IUIOTHH, AOHHBIE BOJOCOPOCHI) M TPHM AKCIUIyaTallMd THAPOY3Ja, a TaKkKe
BOMPOCHI, CBA3AHHBIC ¢ 3a/ICPXKAHAEM JIbJa IEPEH THAPOTCXHUUCCKUMH COOPYKCHUSIMH H

€ MEPOIPUATUAMH IO MPOMYCKY JIb/1A YEPE3 HUX, PEIUAIOTCA 10 AAHHBIM [63].
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1.5 OuepTaHus ycToeB, OTKPbLUIKOB H APYTHX JIEMEHTOB COOPY:KEHHS
HA MOABOMMIIEM YYACTKE pyca

B cBA3M ¢ T€M, 4TO YAENbHBIE PACXOABI BOJBI UI PACYCTHOTO W TOBEPOYHOTO
cIydaeB B IpeAenax BOAOCOpPOCHOrO (MM BOAOMPOMYCKHOro) (pPpoHTa CyIIECTBEHHO
HPEBOCXOAAT OBITOBBIC, B BEpXHEM Obede mepea BOJOCIMBHOM YACTHIO TUIOTHHEL
IIPOUCXOJUT CY)KCHHE NOTOKA OT MNapauIeNbHOCTPYHHOr0O Ha wWWpUHE B, K
napanienecTpyiHoMy ke B Mpejciax IIHPUHB B, BCIAEACTBHAE Yero IUIAH TEYEHWS Ha
YUYacTKe CY>KEHUs! IMeeT CIOXHYI0 Gopmy (puc. 1.1).

C TOYKH 3pEHMs YCTPaHEHUs SBICHUH YPE3MEPHOTO CXKATUS TOTOKA B KpaifHHX
IpOJIETaX BOAOCIMBHOIO (PpoHTA, a Tarke HENOMYINECHHs 0Opa30BaHMS BOAOBOPOTHBIX
30H, GOJNBILIOE 3HAYECHUE UMEET OUEPTAHUE YCTOEB, COMPATAIOIINX BOJOCIUBHON Y9acTOK
IUIOTUHBl € TJIYXUM, C TuApocTaHumedt win ¢ Oeperom. OcCoOEHHO BaKEH BHIOOP
OuepTaHusl CONPATAIOIINX YCTOEB ISl TUIOTUH CPEJHEr0 ¥ HA3KOTO HAMopa Mpy GONTBITIX
YIOENBHBIX pacxojax, a TakKe B CIy4asX COMpPSDKCHUS BOJOCIMBHBIX YYacTKOB C

HEBOAOCITMBHBIMHA, BEITOJIHCHHBIMA U3 TPYHTOBBIX MATCpHUAJIOB
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IIpu pacmonoKeHUH TIOTHHE (2 B paae coydaeB u I'OC) Ha moiiMe HA MOABOX
BOJBl K BOAONPONMYCKHBIM COOPY)KEHHAM OKa3bIBAaCT BIMSHHE TAaOKe OYCPTAHHUE
MOABOAALIET0 KaHama. OHO NOKHO HasHAYATECA M3 YCIOBUS OTCYTCTBHS B KaHAJIe

BOJIOBOPOTHEIX 30H 1 00ECTICUCHI HEMIOCPEACTBCHHO HEPE/] COOPYIKSHHEM

Pucynok 1.1 — CxemaTuueckuii IU1aH TEICHUN B BEPXHEM U HIDKHEM Obedax
BOAOCITMBHOM MJIOTHHBI
(x ompeeneHuio (GopMbl CTPYECHAIPABIISFOLINX OTKPBLUTKOB)

HapayUIeNEHOCTPYHHOTO TEHIEHUS, HOPMAIBHOTO K BoA0cOpocHOMY (poHTY. B OCHOBHOM
ATOT BOMPOC, KaK M BOMPOC 00 OYEPTaHNH YCTOEB, HOIDKEH PEINaThCs SKCTICPUMEHTAIBHO
Ha FHIPABIHIECKIX MOJENX ((Pr3nuecKknx U MaTEMaTUYECKHX ).

IpeaBapuTeNbHO OYCpPTaHHE TOABOAAIIETO KaHANA H YCTOCB MOXHO HAMETHTH TI0
aHaJloraMm, MCCJICIOBABIIMMCS B Ta0Oparopusx, a OYEpPTaHHs YCTOCB B BepxHeM Obede

BOJOCOPOCOB (CXEMBI OTKPBLIKA) — MO AMArpaMMe, IPEICTABICHHON HA pucyHKe 1.2.
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Pucynok 1.2 — JluarpaMma Ui npeBapuTENbHOrO BEIOOpA THIA
CTPYEHAITPABJIAOMMX OTKPBUTKOB

31ech cxeMa OTKPBUIKA 3aBUCUT OT OTHOCHTEIBHOTO HAaropa Ha rpebHe H / h_, TIe
h, =c,+H W OTHOCUTENbHOW LIMPUHbL B, /h, 4acTU BEPXHETO Obeda, MPUMBIKAIOIIEH K
YCTOIO, T. €. 3TO MOXET ObITh 100 B, / , IS JIEBOTO yCTOS, Jmbo B, ., /h, NS NPaBoOro

yerost. Ha mmarpamMme BHIHO, 9TO deM OoJbIIe B, /h, U MEHbIMEH /h,, TeM Oombmmas
cBoOoza BEIOOpA IPEIOCTABISCTCS B OTHOLICHWH CXEMBI OTKPBUIKA (B 00IIEM cirydae 3To

TIO3BOJIAET MPHHSATE GOJIEE TTPOCTOE SKOHOMUUHOE pemenue). [lpu B, /h, W B /h > 25

IU1si 000MX YCTOEB MOJXKHO NPHHHMATL OJMHAKOBYIO CXeMy. B MpOTUBHOM ciydae OHU
JO/DKHEL OBITH Pa3HBIMU.

Hambonee  pacIpoCTpaHEHHHIMH  SIBISIOTCS ~ OTKPBUIKM  SJUTMOTHYECKOrO
OUEPTaHUsL: IOCTOSHHOM BRICOTHI MM IIOHIKAIOIIUECS B CTOPOHY BEPXHETO Obeda. J{nuna
GOJBIION TTOMYOCH 3aTOILIAEMOTO JJLTUIITHYECKOTO OTKPBUIKA [ JUId 1,75 <c, / H < 4,2,
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TpH KOTOPO# Ko3((UUMEHT pacxoaa KpaiHeTo MpoieTa YMEHBIIACTCS 10 CPABHEHHUIO C
€r0 UHCIICHHBIM 3HAYeHHEM IPH OTCYTCTBHM OOKOBOTO CTECHCHHS He Gonee, yeM Ha 1 -

1,5%, onpenensercs 1o 3aBUCUMOCTH:

;—:6{;—“—]] . (1.9)

Jins OTHOWEHHUS !/ a, TOE g — IIMHA Mol NOJYOCH JJUIMICA, PEKOMEHIYIOTCS

CIICAYIOMUE OPUCHTUPOBOYHBIC 3HAYCHU !

npu nziso,zs 1/a=2,5,
Bx
OpA 1 =~ 0.5 l/a =2,8; (1.10)
opu n 0.5 1/a=3,0,
roe b, — IIWpHHA TPaBOM WM JIEBOM 4YacTH BOJONPOMYCKHOro (hpoHTa, KOTOpas

MPOIyCKAeT pacXon, MPOXOAMINKY Hepe3 COOTBETCTBYIONIYIO 4acTh Pycia B BEPXHEM
oeede B,
DIMOTHYECKHE OYEPTAHUS OTKPBUIKOB MOXKHO IIPOEKTHPOBATH HPU IIOMOLIM

3aBUCHMOCTH:

(1.11)

OucpTanue OTKPBUIKOB THMA OOpaTHOM CTEHKH CIEAYET Ha3HAyaTh, MONB3YACH
JIAHHBGIMA aHAJIOTOB M KOHCTPYKTHBHBIMU COOOpaKEHWSIMU. Pajauyc CKpyriieHHs yria
MO>KHO NMPEBApUTENIbHO Ha3HAYaTh PaBHBIM .

Ecnmu  BOAOCTMBHAA IUIOTHHA CpEelHE- MM HU3KOHAMOPHOTO THUAPOY3Iia
TOPAMBIKAET K 3JaHWI0 THAPOCTAHIMHM, TO OTOIOBOK PpAa3JCNbHON CTEHKH MOXHO
Ha3HAYaTh B MEPBOM MPHUOMKEHUM HONYLHUPKYJLHOIO OYEPTAHUs, a JUIMHY CTEHKU B
BepxHeM Obe(e, — PYKOBOACTBYSICH KOHCTPYKTHBHBIMH COOOD&KECHUSMHU C YYETOM
obecrnieueHus HanboJiee ONAroNpHATHBIX YCIOBUI ¢ OOTEKaHUs IPA OCHOBHBIX PEXKUMAX
pabotel ['DC. B stoMm ciydae (T. €. npu Hamuud I'OC paaoM ¢ IIOTHHOI), a Taroke IpH
COBMEMIEHAN TIOTHHEI ¢ I'DC HY»HO COOTBETCTBEHHO PELIATH M BOIPOC 00 OYEpTaHHU
NOABOALIEIO KaHaaa 1 ouepranuu ycros ['2C (mbo obonx ycroer coBMemeHHoi ['OC)

Ha OCHOBAHWH OJIM3KKX aHAIOTOB JIMOO0 CTICLUANBHBIX JaHHbIX [117].
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Ipr BBICOKMX BOAOCIWBHBIX IUIOTMHAX TOBEPXHOCTH OOKOBOM CTEHKH KpaifHWX
BOJOC/IMBOB IPHJACTCA B IIIAHE TO K€ OYEPTaHHE, YTO U OOKOBOM MOBEPXHOCTH
HPOTHBOTIONOXKHOTO OBIKa. OroJIoBKaM OBIKOB JaeTcs JTIHOO MOMYLUPKYJIBHOS OUCPTAHHIE
pamuyca r = a/2, Tae a — TonmuHaa OBIKOB, JINOO0 3a0CTPEHHOE (TP HAJIMYKMHU, HATIPUMED, B
BepxHeM Obede TpouHOTO Jhja), obpasoBaHHOE paauycoM * = (1+1,7)a ¢ Kaxnoi

CTOPOHBI. YTOJI YCTOS! CKPYTIISI€TCS, KaK MPaBMIIo, OOJIBIINM PaginyCcoM.

1.6 Kpenuienne mogBoasiimero y4acTka pycia

Kpennenne moApoasmero pycia B BepxHeM Obede OeToHHON BOIOCOPOCHOM
IUIOTHHBI, PACIONOXKEHHOW HA Pa3MBIBAEMBIX [PYHTAX, CO3[AETCSA C LENBI0 3aUIATHI
OCHOBAHHS IUIOTHHBL OT MOJAMBIBA. [IpH JIErKOpa3MBIBAEMbIX I'PYHTaX U 3HAYMTEILHBIX
CKOPOCTAX TEYEHHUS 3TO KPEIJICHUE COCTOUT M3 HECKOJIbKUX Y4acTKOB (puc. 1.3):

1) npu3Mel U3 KaMEHHOH HAOPOCKH, IIPEHA3HAYACMOM JUISL TOKPHITHS OTKOCA MBI
pa3MEIBa CO CTOPOHHI TUTOTHHEL,

2) GETOHHBIX IUTNT, THOKOCBSI3aHHBIX B MIPOIOIEHOM H TIOIIEPEUYHOM HAMNPABJICHHSX
W YKIAJbIBAEMBIX Ha ABA-TPU CJI0S KaMeHHOH HaOpPOCKU WM Ha HHYIO AedopMupyeMyio
TOCTENb (Hampumep, GalTuHHbIe TIODIKK);

3) OCTOHHBIX ILIAT, TOJINMHA W PasMEPbl KOTOPBIX HAa3HAYAKOTCS JMOO
KOHCTPYKTHBHO, TM0O0 MO aHAJIOTaM.

I'mapaBnuecKoMy pacHeTy MOUISKUT JIUIIb YIACTOK kKaMeHHO# Habpocku. B Tex
CIy4adx, Korja HeoOXomMa kKaMeHHas HabpocKka M3 He OUYSHb KPYIHEIX KaMHEH, VKIanaka
KOTOPBIX HE BBEI3BIBACT IPOM3BOACTBEHHEIX 3aTPYAHEHMH, TOKPHITHE €€ INTHTAMH HE
Tpebyercs.

B cimydae, ecnu  HEOOXOAMMO YMEHBIINTH KPYIHOCTH KaMHs [0 CPaBHEHUIO C
pacueTHol, HaOpOCKy ClenyeT TPHKPHITE THOKOCBS3aHHBIMU IUIMTaMH. KpymHOCTB
IPHKPEIBAEMOT0 KaMHs U pa3Mepbl IUIMT OPUEHTUPOBOYHO OIPEICISIOTCS 110 METOAUKE,
npuBeACHHOA B 1. 4.15 PykoBojcTBa. BETOHHEIE IUTUTEI, YKIAAbIBACMBIE B HEKOTOPBIX
cllydasx B NPUMBIKAIONIEH K MJIOTMHE YacTH KPEIUICHHS TOBEpX MOHypa (pUCYHOK 1.3),
YCTOHUYMBEL IPH CKOPOCTSX TEUCHUST MO S5—7 M/C, KOTOpBIE MOTrYT HaOMIONAaThCS MpPH

SHAYUTCIIBHBIX YICITBHBIX pacxodax M HHU3KHX INIOTHHAX, a TakKXEe TpH IUIOTHHaxX
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CPEIHEro Haropa sl Ciaydas TpOMycKa MaBOAKOB 4epe3 IPeOCHKY B CTPOMTEIBHBIH
nepuoj. JmHa y9acTka KpeIUieHHs OSTOHHBIME ILUIATAMH ONPENEISETCS JIMHOW TOHYpa
U3 MaJIOBOJONIPOHNLAEMBIX I'PYHTOB (CYTJIMIHKOB, CYTIECEH, IMIHH, B HEKOTOPBIX CIIyYasX

necyaHbIX rpyHTOB U Topda) [18;137].

O0BbeM MpU3MBI KAMEHHOI HAOPOCKHM 3aBHCUT OT OJKMAAEMOI TTyOHHEI pa3MEIBA
nepex KpeluicHheM. BrruncieHne o0beMa aHANOTHYHO PAcdeTy, BBIMOMHACMOMY JUId
HIKHEro Obeda (1. 4.15).

TakuMm 00pa3oM, chemu(UueckuM SIBISETCS JIMIIb pacdeT KPYMHOCTH KaMHS
HaOpocku. PekomeHayeTcs clieyoumii Mopsii0K BbINOJTHEHHS 3TOTO pacyeTa;

1) mocne Ha3Ha4YEHWS OUYEPTAHHS YCTOEB BHIIONHACTCS IIOCTPOCHHE ILIaHA
TeueHuit B BepxHEM Obede Ha OCHOBE pelLeHMs YMCICHHBIME METOIaMU IIIAHOBOM 3a1auu
TUPABJIHKH,

2) mpH W3BECTHOM JUTMHE TOHYypa HA3HAYACTCS UIMHA KPEIUICHHS OETOHHBIMH
TUTATaMU;

3) OpHEHTHPOBOYHO HA3HAYACTCS JUTHHA YUacTKa M3 KaMEHHON HAOPOCKH,

4) mpu wu3BECTHOM oOWWEH MIMHE KpewieHUs /[, omnpelensercs ImiaHoBas
KOH(HTypamus Havana KperieHus U yACIbHBINA pacxol g, MOTOKA B Hadale KpeIUICHHs
[IPU PacueTHOM IIaBOAKE (IKCILUTYATALIHOHHOM HJTA CTPOUTEILHOM ),

5) ompenensercs cpefHsia CKOPOCTh TeUeHHs V = gp/h, mepen KpelvieHHeM H, ¢
YUYE€TOM XapakTe€pa TECYCHHsA II0CJIE pa3MbIBa Pyciia CYXKalOIMUMMCA MNOTOKOM, 3HAYCHHUE
MyJIBCAITMOHHON COCTaBISIONIEH CKOPOCTH, npubim3utensHo pasHas 0,151 [117], 3atem
HAaxOIMTCA pacdeTHasd CKopocTh V), = 1,15V, [lanee, Nonb3yaCh METONUKON ONMpPEACICHHS
HepasMBIBAIOIEd ckopocTw (1. 5.15), HaxomWTcs KPYMHOCTH Marepuana dy Ha
3aIIUIacMOM OTKOCE MIIHM MMEPEC KPCIUICHUEM OETOHHBIMH IJINTAMHU,

6) TpW M3BECTHEIX YJENBHOM PacXOfe ¢, M COCTABe pPa3MbIBAEMOrO [PYyHTA
OIpenensaeTCsa, Kak Uil PaBHOMEPHOTO TIOTOKAa TIJlyOMHA MECTHOTO pa3MEBIBa /g

€CTECTBEHHOTO pycia Iepel KperieHeM (CM. I7IaBy 5);
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7) omnpenensercss (OPHEHTHPOBOYHO) HEOOXOMUMBIM 00BEM KaMHs IJisl 3alIATHI
OTKOCa UIMHOM mh, ~ (1.5+2.00h, (rne my — kodpdurmeHT 3amoxeHHs OTKOca U3
KaMEHHOH HaOPOCKK) M TOJILIMHOM B JBA CJIOS KAMHS,

8) mpm 3maumTenbHOM (6omee 10-15%) pasmuuum MeXTy TPHHATOR IIMHOIM
KPETUTCHHS ¥ TIOJYYEHHOM B pe3yibTaTe pacueTa JUIMHOM /; (CuuTast OT HOJOIIBEI OTKOCA B
sIME Pa3MBIBA C OCHIIABIIMMCS KaMHEM 10 KOHIA KPEILICHUS) UiH M0 KaKUM-THO0 ApyruM
COOOpaKEeHMSIM pacyeT CJIeAyeT TOBTOPHTH. Ha pucyHke 1.4 mIpUBERCHBI IpyTHE
BO3MOJXKHBIE BapUaHTH Havasa Kperieus [117].

Ilpn KOHCTPYMPOBAHMM KpEIUTCHWsT CcieayeT oOpaTute ocoboe BHUMaHWE Ha
KpeTUIEHUE Pycia BAOJb MOAOIIBLL M OTOJIOBKOB YCTOEB, a TAKKE HA IIPUMBIKAHUAE KPEILICHHUS
K OTKOCY TUIOTHHEL OTMETKa TIOBEPXHOCTH OETOHHOTO KPEIUICHHS W €ro Mpoduib
HA3HAYAIOTCS 1O KOHCTPYKTUBHBIM M DKOHOMMYECKUM COOOPKCHUSM, (B YACTHOCTH,
JIMKTYEMBIM KOHCTPYKLMEH 3alMIIAcMOT0 MOHYPa), B CBA3U C YEM KPETUICHHE MOXKET OBITh
KaK TOPU3OHTANLHBIM, TAK M UMEIOIMM MPSMOI WM 00paTHbIA YKIOH Ha BCEM MPOTSDKCHHI
WM Ha 4YacTW JUTMHBI, a Takke WMETh MEPEMEHHYIO JUIMHY. OTH OOCTOSTENLCTBA CCAYET
VUUTBIBATH PU BBIOJIHEHNN PACUCTOB.

Kpennenne, 3anpoeKTUpOBAaHHOE Ui MaKCHMAJIbHOIO pPacxoja OCHOBHOTO
PacueTHOro Ciydasi B SKCIUTyaTallHOHHBIX YCIOBHSX, HEOOXOIMMO TIPOBEPUTH HA YCIIOBHS
OPOMyCKa pacxoja MOBEPOYHOIO CIydas, a TaloKe Ha YCIOBUS NPONYCKAa PACUYETHOTO
pacxosia CTPOMTENBHOTO NepHoaa. B HEKOTOPHEIX Clydasx YCJIOBHS TPOIMyCKa PacXOAOB
CTPOMTENIBHOTO MEPHOAA MOTYT OKA3aThCsl ONPEAENAIOIINM KOHCTPYKLHUIO M pPa3Mephl
KpEIUIeHNs pycia B BepxHeM Onede, 0COOCHHO Ha MEPBOM 3Tale IMOCe HEPeKPLITHS
pycna. TTpeaBapHTENBHO 3TO MOXKHO YCTAHOBHUTD 10 BHINOJHCHUS YTOUHSIOLUIMX PacIeToB
[0 3HAYCHWSM CpPEHHX CKOPOCTeH TeueHWs B BepxHeM Obedpe, B CTBopax mnepen
BOJIOCJIMBHOM TUIOTHHOW (M)A BOJOMPOMYCKHBIM (D)POHTOM, €CIIM B HEr0 BXOJMUT M

CTPOSIIASICS THAPOIIIEKTPOCTAHIIHS ).
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Pucynok 1.4 — Bo3MOHBIE KOHCTPYKTUBHBIE PEIICHUS KPEIUICHUS BEPXHETO Obeda:
a — cXeMa KperyieHHs Y MPaBoOEPEKHOTO YCTOs;, 6 — Pa3pe3bl KPEIIEHHIA;

1 — KOHTYp O>KHIaEMOI'0 Pa3MbIBa
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I'maBa 2. IToBepXHOCTHBIE BOZOCOPOCHI

2.1 O0mue cBenenns

IToBepXHOCTHBIE BOAOCOPOCEI, COBMELICHHBIE C TENOM OCTOHHBIX TUIOTHH,
BBHITIOJTHAKOTCA B BUJAC BOJOCIMBHBIX CTEHOK (BOJIOCIMBOB), 4epe3 rpebeHb KOTOPHIX
MpOMmyCKaroTCA pacxoabl BOJBI. Ot BOAOCIMBBL MOIYT BBINOJMHATECA B IIOTHHAX
PAa3NIYHOM BBICOTHI M PA3IMYHOTO OYEPTAHNS B HOIIEPSIHOM CEUCHHH U B IUIAHE.

B obmem ciydae B mpeAeniax TpakTa MOBEPXHOCTHOTO BOmocOpoca MOTYT ObITh
BBIJIENIEHBI CJICAYOLIME Y4acTKU (pHCYHOK 2.1):

- Y9aCTOK TIO/IX0/IA BOJBI K COOPY>KEHHIO,

- BOJOCJIMBHOH OT'OJIOBOK;

- CIIMBHAS TPaHb INIOTUHEL,

- YYaCTOK CONPSDKECHHS ¢ JHOM HIDKHEr0 Obe(a, BHIMONHAEMBIN B GOJBITHHCTBE
CITyYacB B BHJC IUIABHOTO TIOBOPOTA B BEPTUKATEHON TITOCKOCTH, € YCTYIIOM HITH HOCKOM-

TPaMIUIIHOM.

TTTTITITS

Pucynok 2.1 — Cxema BOOCOPOCHO#! MIIOTHHEL:
1—BOAOCIUBHOMN Or0NOBOK; 2 —CJIMBHAA I'PaHb; 3 —Y9aCTOK IUIABHOTO COMPSDKEHUS
(TIyHKTHP) UK CONPSDKEHMAS € YCTYIIOM-TPAMIUTHHOM (CIUIONTHAS JIMHUS )

Ha pucynke 2.1 npuBemeHa cxeMa BOJOCOPOCHO! IUIOTHHBI C BOJOCTHBHBIM

Or'0JIOBKOM KpI/IBOJ'[I/IHCﬁHOT‘O oucpranus.
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Tunbl BOTIOCJHBOB H ONpeIe/eHHE HX NPONYCKHOM CMOCOOHOCTH

2.2. Knaccudpuxauusi BOZ0CJIHBOB 0€TOHHBIX IJIOTHH

PaznuuaroT cieayromue TUIB BOJOCTUBOB OCTOHHBIX TUIOTHH:

- IPAMOYTOJIbHBIE M KPYTOBBIE, 3aBUCAIIHE OT (JOPMBI TOMEPEYHOTO CEUEHHUS BO-
JIOCIIUBHOT'O OTBEPCTH,

- ¢ TOHKO# cTeHKo# (8 < 0,5H ), ¢ mUPOKUM MOPOToM (2H < § < 8H ), CO CTEHKOI
MPaKTHYECKOTO Mpoduiis (BCce MpoYue), KOTOPhIE ONpPEAEsitoTes GOpMOii U pazMepaMu
MIONEPEYHOr0 CEYEHHUs BOJOCIUBHON CTEHKH,

- C IPAMOJIMHEIHBIM 1 KPUBOJMHEHHBIM OUYEPTaHUEM IPeOHS B MIIAHE,

- C NIAAKOM U CTYIICHYATON CIIUBHOM I'PaHBIO;

- TIpSIMBIE, KOCEIE ¥ OOKOBBIE 110 OTHOIIEHHIO K HAMPABIICHUIO TEYEHNUS B BEPXHEM
onede;

- HEMOJTOIUICHHBIE W TOATOIJICHHBIE ¢ HAMopoM Ha rpebHe H w pacxoaoMm (O,
HE3aBUCAINME W 3ABUCAIIME, COOTBETCTBEHHO, OT IOATOIUICHHMS BOJOCIMBA HIDKHUM
ObedoM, KOTOPOE ONPEAENAETCS 3HAUYECHUEM BHICOTHI TOATOILUICHUS,

- BOJOCIIHBEI 0e3 OOKOBOrO CxKaTwsl, Korga Bpz=b, W BOIOCIHBE C OOKOBEIM

CKaTHEM, Koraa B, > b.

2.3 IIpsiMbie NpSIMOYT0JIbHBIE BOJIOCIUBBI ¢ TOHKOIl CTEHKOI

Ha TpakTe Takux BOAOCIMBOB, €CITH O]l CTPYIO 00€CIIeueH CBOOOIHBIN TOABO BO3AYXa
WM BOJIBL, MMEET MECTO CBOOOMHOC MCTEUCHHIE, €CITH JIOCTYIT aTMOC(HEPHOTO BO3/MyXa HMITH BOJIEI
HEBO3MOYKEH WJTH 3aTPYAHEH, TO HAOIFOAAeTCsl HECBOOOIHOE HCTEUCHHE.

ITpu cBOOOAHOM MCTEUCHHWHM BOJOCIHMB MOATOIUIEH, KOIZA HEMOCPEACTBEHHO 3a
HUM HaOMI0AaeTCA CIIOKOMHBIN PEeXXUM TeUeHHS U /1y, > 0, TA€ /iy —3HAUeHUE MOATOMIICHUSL.
pPaBHOE Pa3HOCTH OTMETOK YPOBHSA BOJIbI Y I'peOHs BOJOCIHBA M HamOOiee HU3KOW €ro
TOYkH. [IpH HECOOMIOACHHH XOTS OBl OMHOTO W3 HA3BAaHHBIX YCIIOBHM, €ro CIeayeT
CUMTATh HEMOATOIICHHEIM.

HenoATonneHHbI BOZOCIWB ¢ TOHKOM CTEHKOM 0e3 OOKOBOro cCxkaTusi Npu
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cBOOOTHOM HCTE€UEHUH CIEAYET PACCUUTHIBATH MO (opMyIie:

Q =myb 20H?, (21)

H
rae m,=0,40+0,05— TpH ¢, 2 0,5H mupu H 20,1 M.
c

B
B cimyuac OOKOBOro CXKarvs, TOATOIUICHAS, HECBOOOJHOTO MCTEUCHHS,
HEOOXOJUMOCTH OLPEACICHUS TMOJOXKEHUs] BEPXHEH WM HWDKHEH TpaHHULBI CTPYH, €€
(opMBI, a TaloKe IPU HAKIOHE BOJOCIMBHOM CTEHKH, PEKOMEHIYETCS HCHOJB30BAaTh

JaHHbIE [92].

2.4 IlpsiMble MPAMOYTOJbHBIE BOAOCIHBBI ¢ HIHPOKHM MOPOroM

BomociMB ¢ WIMPOKAM IIOPOTOM HMMEET TOPHU3OHTAIBHYIO BEPXHIOI TPaHb
MIAPHHOM B HANIPABICHUU TE€UEHNS & = (2 + 10) H ¥ MPOU3BOIBHO OUEPUCHHBIE BEPXOBYIO
¥ HU30BYIO Ipanu (puc. 2.2). Takue BOAOCIUBLI CIEAYET PaccuuThIBaThL N0 opmye:

QO =oc,embJ2gH"?, (2.2)
rme m — koabduuuenT pacxonma (ompenensercs mo tabmane 2.1); € — koadduupent
6okoBoro cxarus (npu By — be = 1), onpenensercs no Gopmyne (2.7) Wiad MO JIAHHBEIM
[99]; &n—nnd BOOOCIMBOB paccMarpuBaeMOro Tuma 0Oe3 MOpora OmpeiessierTcs IIo
tabmuue 2.2, oy — Kod(QUUMEHT NOATOIIEHWS, KOTOPHI 3aBHCHT OT 3HAYEHHA m
HETOATOIIIEHHOTO BOAOCITABA M OTHOWICHNS A, / H | , ONPENENSIEMOro MO JAHHBIM PHCYHKA 2.3

(B clTyyae HEIOATOIUIEHHOTO BOJIOCINBA G, =1).

1'6' H
o
7 T
&
’ | 25 2
A L P ik L L
D —_1
PP 72T 777777777
3 F y En
Yrerirrrerad I

Pucynok 2.2 —Boocnus ¢ MAPOKUM [OPOroM
Q@ — HENOATOIUIEHHBIN;, 6 — MOATOMNJIEHHBIA.
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Tabauna 2.1

ﬁy—“-_‘_ ==
H T i

¢ .
/7?7 Q“ 4 i{‘
cu/H ctgf o /H r/H wma f/H
0 Lo 25 0,025 0,2 1,0
0,0 0,38 0,38 0,38 0,0 0,38 0,38 0,38
0,4 0,36 037 0,38 0,4 0,36 037 0,38
1,0 034 037 0,38 1,0 0,36 037 0,38
6,0 0,32 0,36 0,37 6,0 0,34 0,36 0,37

Tabnwma 22

B; _f:vc %

ctgh r/b unu e/b
b/ B, = b/By
0 0,5 13 0 0,2 1,0
0.0 032 0,34 0.35 0.0 0,32 035 0.36
0,4 0,33 0,35 0,36 0.4 0,33 0,36 0,36
0.8 036 036 0,37 0,8 0,36 0,37 0,37
1,0 0,38 0,38 0,38 1,0 0,38 0,38 0,38
G,
7y \\
08 ™.
a6
g4
g2
v — 07 G4 06 a8 B, 0

Tig

PucyHok 2.3 —I'paduk nnst onpeaenenus Ko3(ppuuueHTa noTonaeHus
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I'nyGuny /; Ha MOPOre BOAOCIIMBA C MIMPOKHM IIOPOroM (PHCYHOK 2.2) MOXKHO

OTIPENEeNNTS, 3Had O, Hy 1 b, U3 ypaBHEHHS

0 = ghby2g (H,-h), (2.3)

rae Kod(GGHUIMEHT CKOPOCTH ¢ Ha3HAYACTCS, COOTBETCTBCHHO, I HEHOATOTIICHHOTO W
NOATOINICHHOTO BojocauBoB B mmanazone em or 0,30 mo 0,38 mo dopmynam,
Momy4YeHHbIM 10 AanHeM J[. M. Kymuna
®=0,75em + 0,715, 2.4)
@ =2.5cm +0,04. 2.5)
Bonee TOYHO PpAacXom MpH MOATOIUICHWM MOXKET OBITH ONpEIeneH € YYeTOM
Iepenanga BOCCTAHOBICHUS Iy, (puc. 2.2, 6) [13, 99]. B atux ke pabotax Oojice MOIHO
PacCMOTPEHBI Pa3IMYHbIE CIyYau UCTEUCHMS depe3 BOAOCIHBLI C IUPOKHAM TIOPOTOM.
®opmyrna (2.2) mis ompeAeneHUs MNPOMyCKHON CIMOCOOHOCTH BOAOCIUBOB C
HMIEPOKUM OPOTOM MOKET HCIOIb30BaThes, Mo AaHHbIM H. I1. Pozanosa [103, 139], u mis
cilydas BOAOCIMBA C BEpxXHEW MONKo#, umeroweid npsaMoii ykimoH /<0,025. Jlns storo
3HAYEHHUE 1 NOILKHO ObITh YMHOXKEHO Ha MOMPABOYHBIH KOSGOUUHEHT m, /m . 3HAUCHHUS

9TOT0 KO3 (PMIMEHTA, 3aBHUCSIIHE OT M U i, IPUBEAECHBI HA PUCYHKE 2.4.

Tl 0025
m <1_==1
1,08 U

N
P

~

N

l"\ N
0,015 ™I
{ - N

~—a
I
I
S
S
[

[
030 032 034 036 038 m

Pucyrok 2.4 — TI'padyikn st onpejie/ieHus NOMPaBOYHbLIX KO3 (GHIMEHTOB MPH
npUMeHEHIH (QopMyIIBL (2.2) IUTs BOAOCIMBOB C HAKIIOHHOMN BEPXHEH MONKOH
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2.5 IlpaMbIe MPAMOYTO/IbHbIE BOAOCIUBBI MPAKTHYECKOTO MPodHis

Pa3nuyaroT clieAyIOIME TUIbL BOAOCIMBOB NPAKTHYECKOTO MPOodus:
- 0e3BaKyyMHbIE BOJOCIIUBEL C JIABJICHUEM HA MOBEPXHOCTh CTEHKH y TPeOHH,
OMM3KUM K aTMOC(epHOMY;
0e3BaKyyMHBIE C YIIUPCHHBIM IPEOHEM, Ha KOTOPBIX [JaBl€HHE Y TrpeOHSA
MPEBOCXOUT aTMOC(epHOE;
- BaKyyMHBIC C JABJICHUEM MEHBINE arMoc(epHOro B 00nacTu, pactoiioNKEHHON
HIDKE TPEOHS N0 TEUESHHIO.
Pacxoj gepe3 BOAOCIMB IPAKTUUECKOro mpoduis (pucyHok 2.1) onpenensercs 1mo
dopmyrne:
O =0, emby2gH’", (2.6)
rae ¢ ,— K03(pUIUEHT TOATONIICHNS,
B cimyuae OypHOro pekuMa TEUeHHs 3a BOJOCIMBHOM CTEHKOH BOJOCIHMB BCET/IA

HETIOATOILIEH U 6, = 1; TIPH CIIOKOWHOM PEKHME TCUESHHS HIDKE TOM CTEHKH o | OTPEAEIIeTCs

0

KoadrmmeHT OOKOBOTO CXATHUSI PEKOMEHIAYETCS ONpeNessTh Uil  OIHOIO

OTBEPCTHS TNPH z <1 dopmyne [99]:
b

K -K c
eo1- 2K (p g ) 2.7)
l+c¢/H b J
b )
rne K, = —J — KO3 (QUITUEHT, YUUTHIBAIOIIMI MIAHOBOE CXKATHE, BEIYHCIISICTCS TI0
B

tbopmyne:

1 238)

)
K, =1-1,4| —-0.2 |
B

B

K,=f {L} — KO3(PUIUEHT, YIUTHIBAIONHH CKPYTTICHHE BXOAHBIX pebep yCToeB
H

2

1 OBIKOB PaayCcoM 7; BBIUHCIAETCS IO hopmyJie
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r

K,=0.17- ; 2.9

30H
r
K,=f {I—J Haxomutes no Qopmysie (2.9) moacTaHOBKOI BMecTo H 3HAYCHHS b;
2
I ~
K,=f (;j — KkK03(GHUIHEHT, YUHTHIBAIOLIMI BHIIBIDKEHHE BEPXOBOH TIpaHH

yCTOeB H OBIKOB B BEpXHMi Obed) Ha paccTosHHE / OT BXOAHOro pebpa BOJOCIMBHOM

>3

b

c 1
CTEHKH; ONpEAENseTcs Mo JaRBBIM [92, m. 4.9]; B ciydae, xorma —— ® —
H H

Koadpdunrenr GoxkoBOro ckatus Mis BOAOCIMBHOTO (PPOHTA, COCTOAIIErO M3

HECKOJIBKUX BOJOC/IMBHBIX OTBEPCTHH, CleIyeT ONpeaeNiTh MO 3aBUCUMOCTH (2.7),
H

none3ysach MeronoM (parmentoB H. I1. PosaHoma [99]. B cnygae, ecmu 2> —>1,
b

(dopmyiy (2.7) MOXKHO HCIIOIB30BaTh, MpUHUMast H =b.
Jlannble 00 y4ere BIUsSHUS HAa OPOMYCKHYEO CIIOCOOHOCTH BOJOCIIMBA COMPSITAOLINX
3JIEMEHTOB B BEPXHEM Obe()e, 04epTaHus OTKPBUIKOB, YCTOEB NPUBOASTCS B [77)].

Koagdunuent pacxojna 6€3BaKyyMHOIO BOJOCIMBA PEKOMEHIYETCA OMPENCIATH

o popmye:
m=c,0.m., (2.10)
H()
TJC M, BEIYUCIAETCS IpU —= < 6,5 ¥ Hy>1 M 10 3aBUCHMOCTH:
c
HU
m =0,50-0,012—2; 2.11)

cB
Gy — Kodpuument Gopmel, onpenensdeMsnii mo [92, n. 4.10] B 3aBUCHMOCTH OT
HaKJIOHA BEPXOBOM M HHM30BOM TpaHM BOJOCIMBA K TOPHM30HTY, i1 HauOonee
PacIpOCTPaHEHHO (POPMBI CTEHKH C a, > 75" H a, 2 60°, 6= 1;
Oy — KO((HULIEHT HOIHOTBI HANOPA, ONPEAeTIeMblii Mo AanubM [92, 1. 4.10] B
3aBHCHMOCTH OT HaKJIOHA BEPXOBOM rPaHH K TOPU3OHTY W OTHOIIEHUS H/Hypgp; [T CTEHKH
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€ BEPTUKAIbHOI HAMOPHOI IpaHbI0 3HAYEHUS Gy IPUBEACHBI B Tall. 2.3;
Hype — Dpouuupyrolmii Hamop, papHbii JiroOOMy Hamopy Ha IpebHe OT
cootsercTytomero HITY no ®ITY, npu KOTOPOM BakyyM 3a IpeOHEM HEAOMYCTUM.

Tabnuua 2.3

HH 0,2 0,4 0,6 1.0 1,5 2,0
Gu 0,84 0,90 0,94 1,00 1,05 1,10

Beimie ObUI0 PacCMOTPEHO OIPEJCICHHUE MPOIYCKHOH CIIOCOOHOCTH BOAOCIUBOB C
6e3BaKyyMHBIMH ~ OTOJIOBKAMW, TIPOJNONBHBEI  TPOGHIB KOTOPBIX  CTPOMTCS  TIO
koopauHatam Kpurepa, yrouneHueiMu A. C. OduunepopeiM [76]. Tabmuuma ¢
koopauHatamn Kpurepa—OduuepoBa npusomurcs B [92], a Takke BO MHOTHX
CMPAaBOYHBIX M YYEOHBIX MOCOOMSX, € PACCMATPUBAIOTCS THAPABIMYECCKHUE YCIOBHS
pabOTHI BOIOCIIUBOB.

Takoif mpoduib OpPUONMIKEHHO MOXKET OBITH BOCIPOHM3BENSH HA YYACTKE HIDKE

rpedHs 1Mo TEUEHUIO 1o (popmyJie:
y=0,475z", (2.12)
ITpu sToM opauHara ¥ u aberpcca X (pucyHOK 2.1) HAXOAATCS KaK IIPOU3BEICHHS
Y=yH ¥ X=xH

wpp> & HA BEPXOBOM YYaCTKe OT TPeOHS — MO Ayre OKPYKHOCTH

panuyca r = 0,25H

upd *

Jns  BOJOCNMBHBIX  MIOTHH, kpoMme mpoduns  Kpurepa-Odumnepora,
1enecoo0pasHo TaloKe MPUMEHEHHE XOPOIIo 0TpaboTaHHOro Oe3BaKyyMHOTO TpOQHIIs
tuna WES (Water Experimental Station), KOTOpBIi IMPOKO UCTIONB3YETCS B 3apyOCIKHBIX
coopykeHusiX. OH TOYHO ONMUCHIBAETCS ypaBHenuem [ 136, 154]:

x=kH "y, (2.13)

up
B KOTOPOM JJ1si BOJOC/IMBA C BEPTUKAJIbLHOH BEPXOBOM IpaHbio (pUCYHOK 2.1) ¥ =2 u
n=1_85.

Bespakyymusiii npodmis WES no cpaBHennto ¢ npodunem Kpurepa—Oduieposa
HECKOJIBKO Ooliee 00KaT 10 TOPH30HTAIM, a Taoke HMEET TPUMEpHO Ha 2% OONBUIYIO
TMPONYCKHYIO CIIOCOOHOCTb IPH H = H .

Bonblmeii npomyckHo# cnocoOHOCTHIO, YeM BOJOCITHBE 0€3BAKYYMHBIX MPOduIIC,
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0o0NafaloT BaKYYMHBIC BOJOCIMBHBIC CTEHKH C JIUTANITHYECKMMH OronoBkamu [92].
Koaddument pacxona m Ui BaKyyMHBIX BOJOCIMBHBEIX CTEHOK € SJUIMNTHYECCKHUMH

OroJIOBKaMu PEKOMCHAYCTCA TNPUHUMATE MO JaHHBIM Tabmune! 2.4 B 3aBUCUMOCTH OT

N ! . /
OTHOWIEHWH —L M —, rAe 7y — (UKTUBHBIA PaJuyC OTOJNIOBKA, & — — OTHOIICHUE
s s

Ty

noyoceii drmmnca, 00pa3yromero KOHTYp OTOJIOBKA.

Ta6nuna 2.4
) H, / 7
f 1,0 1,4 1,8 2.2 2,6 3,0 3,4
3,0 0,50 0,52 0,54 0,56 0,56 0,57 0,58
1,0 0,49 0,51 0,52 0,53 0,54 0,55 0,56

ITponyckHas cnmocoOHOCTH HEMOATOIIIEHHBIX BOAOCIMBOB MPAMOYTOJBHOTO MPOQMIIs
— OHH HYACTO TPHMEHSIOTCSA Ui HPOIYCKA CTPOMTE/BHBIX PACXOIOB — TAKKE MOXET
paccunTeiBathess 1o opmyne (2.6). Ux kxodddummuent pacxoma m mpu H <c < 4H |
0,6H <& <2H ¥ CBOOOTHOM JOCTYIIC BO3/yXa IO CTPYIO PEKOMEHIYETCS ONPEICNIATE TI0
(hopmyue:

m:o,42{0,700+0,1ssij, (2.14)
3

B pabote [99] mpuBomsTcs TakOKe HaHHBIE, HEOOXOMUMEIE UTS OIpeaeIeHHUs
K03 dUITMeHTOB pacxofa Oe3BaKyyMHBIX BOJOCIMBHEIX CTEHOK IPH HAIMYMK Ha rpedHe
IJIOCKOTO TOPH3OHTAIBHOTO y4acTKa IIMPUHOH 0,3<8/H _, <2, TPANCHECHAANBHBIX
CTEHOK, CTEHOK KPHBOIMHEHHOr0 mNpoQuiis, NOJYIEHHOIO IyTEM CKPYIJIEHHS YTJIOB
npoduIis TPANEEHIATFHOTO OYCPTAHUS 1 T. 1.

Ha moBepxHOCTH OroNmoBKOB O€3BaKyyMHOIO THIA Ha OOMbIICH YacTH NIMPHHEL
IPOJIETOB BAaKYYMBI BCETAA OTCYTCTBYIOT, HO NpH H > Hpp, Takhe OTONOBKM Y€ He
ABIAIOTCA Oc3BaKyyMHBIMH. Tak, Ha BOJOCIMBHOM OTONIOBKe ¢ npodmiem Kpurepa—
Oduueposa [76] npu H=1,25H,,, nbe3oMeTpHUIecKas BEICOTA CHIDKACTCA 110 CPABHEHHIO C
COOTBETCTBYIOMIEH aTMOC(EPHOI HA yUacTKe A0 IPeOHS IO TEUCHHIO Ha 3HAUCHHUE, PABHOE
0,3H,p. Huke rpeCHA 1O TeyeHMIO 30HA BaKyyMOB IPOCTHPACTCS Ha HHY,
COCTABJIAONTYFO OKOTIO 0,5H g,
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ITpy mpuMeHEHHH BOJOCIUBHEIX OToJIoBKOB THa WES n H = Hyg [136] BOmMI3H
OBIKOB Tepe rpedHEM TI0 TEUCHHIO HAOIIONAIOTCS HEOONBITNE BaKYyMBI, COCTABISIOIINE
9ucieHHo  okono 0,03H,. Ha BOZOCIMBHOM OTronoBKe 3TOTO MpoQmis B ClIydae
H=133H,,, Ube30METPHYECCKHAE  HANOPEl  CHIDKAIOTCA 10  CPABHEHHIO  C
COOTBETCTBYFOIMMH aTMOC(EPHOMY JABJICHHIO MO OCH TponeTa NpuMepHO 10 0,2H g, a
y ObikoB 10 0,5Hps. 30Ha BaKyyMOB MOXKET B 3TOM Clydae PAaclpOCTPAHSATBCS HIKE
rpeOHs Ha JUTHHE, YUCIICHHO PaBHOM 1,5H g,

Ilpu oOmIpemeneHWH MaKCUMAIbHBIX 3HAYCHUH OCPEAHEHHBIX BAKYyMOB Ha
OrOJIOBKaX BUTUIITHYECKOTO NpOQWIsL HEOOXOMMMO pPYKOBOJICTBOBATHCS JAHHBIMM,

[IPUBEIECHHEIMHE B [92].

2.6 KpuBo/imHeiiHbIE B IIAHE BOTOCAUBBI

ITpomyckHast CHOCOOHOCTh KPHBONMHEHHBIX B IJIAHE OrOJIOBKOB BOJOCIIVBOB,
KOTOPEIC MPEIyCMaTPUBAIOTCS Ha TPeOHE apOvHBIX MM MHOTOAPOYHBIX KOHTP(HOPCHBIX
TUIOTUH, YCTAHABIMBACTCA B 3aBUCMMOCTH OT OPOAOJBLHOrO O4YE€pTaHUs OrojioBKa Mo
dopmynam (2.1) wmm (2.6). Tns storo KodGPHIMEHT pacxoa KPUBOIMHEWHOTO B IIaHE
BOAOCIMBA MPEACTABJIACTCA KaK MPOU3BEACHHUC

m_=mo_, (2.15)
rae
m — K03 GUIHEHT pacxo/a MPsIMOTO BOAOCIIHUBA;
Oy — MOMPaBOYHBI KOI((UIMEHT, KOTOPEIt ONpeAensIeTCs B 3aBHCHMOCTH OT
BEJIMYMHEI IEHTPATBHOTO yIi1a O u otHomenus H/R [13, 93, 122];
R — paguyc KpUBH3HBI TpeOHSL.

B [93] paccMOTpeHBI Takke Marepuaisl JUid pacdera kodddummenta pacxoma

KpHBOJTHHCﬁHBIX B IUIAHC BOJAOC/IMBHBLIX CTCHOK C HAKJIOHHOM rpaHbl0 U T‘pC6HCM,

HMMEIOIAM KPYTOBOE MOTepeyHoe ceuenne (H /r=1+12).
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2.7 Pacder MNpPOMYCKHON CHOCOOHOCTH NpPHM YACTHYHOM OTKPBITHH
3aTBOpPAa Ha rpedHe BOAOCIHBA

Ilnockue W CErMEHTHBIE 3aTBODLI, YCTAHOBICHHbIE HA TpeOHE BOOCIHBOB,
HanOoNee [WaCTO WCHOMB3YIOTCS IS PA0OTHL NPH YaCTHUHBIX OTKPHITHAX. PacueTsl
pacxoma TMpH YacTHYHBIX OTKPBITHAX IUIOCKMX 3aTBOPOB Ha rpeOHE BOJOCIMBOB

BBITIOJTHSIOTCS 110 (JopMyIIe:

0 =gstaby2g (H,~ws'a—h,). (2.16)
rIe
a — OTKPBITHE 3aTBOPA;
¢ = 0,99 — xo3unmeHT ckopocTy;

&' — k03 PULUECHT BEPTUKAIBHOTO CHKATHsl, OMpeaenseMblit o gopmyse [133]:

pre—— L (2.17)
1+ K(I— a’ )
S

K — xo3(duiienT, yUnTHBAOMNN YCI0BIsS 00TeKaHUS HU30BOTO KOHTYpa 3aTBOPA,;

b — TIpoTIET 3aTBOpA B CBETY,

hy, — rnyOuHA OATOMNIEHHUS 3aTBOPA (Pa3HOCTh MEXKIY MTyOWHAMY BOJBI Y HU30BOM
OOIMBKY 3aTBOPA M 3HAUCHUEM €T0 OTKPBITHI B CBETY),

& — KO3(Q(DULMEHT, YIUTHIBAIOIMN OTIMYHE PACTIPEICIICHUS JABICHHUS B CYKATOM
CEUECHHUHU OT TUIPOCTATHIECKOTO.

ITpy OTCYTCTBUM MOATOMIEHHS CO CTOPOHBI HIDKHETO Obeda A, = 0. Ecru 3atBop

CO CTOPOHBI HH)KHETO Obe(a MOATOIUIEH, TO 3HAUCHUS () U /1, TOJDKHBI OMPENENAThCS C
yYETOM YpaBHEHUS (2.16) M YpaBHEHWs, XapaKTEPU3YIONMIETO YCJIOBHS COIPSDKCHUS
ObehoB, a TaKKE C YU4ETOM Iepenaja BOCCTAHOBIECHMs. 3HaueHUs K OIpeIesLIroTCs
OUYEpTaHNEM HHU30BOTO KOHTYpa 3aTBOpa. Psll BApUaHTOB KOHCTPYKTHBHBIX CXEM IIJIOCKHX

3aTBOPOB C Pa3IMYHBIM OYEPTAHUEM ITOI0 KOHTYPA, TPHBE/ICHBI Ha PUCYHKE 2.5
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PucyHok 2.5 — OCHOBHBIE THITHI OYEPTAHUS HI30BOTO KOHTYPa INIOCKUX 3aTBOPOB:

d — C OCTPBIM HIDKHHM pedpoM; 6 — ¢ OCTPHIM HIDKHUM PeOpPOM U YIUTOTHSIOMUM OpycoM;
6 — ¢ 00TEeKaeMBIM OYepTaHHEM HU30BOTO KOHTYPA; & — CO CKPYIJIEHHEM HU30BOTO
KOHTYypa €O CTOPOHBI BEpXHETO Obeda; O — ¢ IPIMOIMHEHHBIM CKOCOM HH30BOTO KOHTYPA,
00palleHHEIM B CTOPOHY BepxHero Obeda

<
—
w
U

|

B cnyyae Hambonee uacto ynoTpeOJsieMBIX OYEpTaHWii HH30BOTO KOHTYpa C
OTpBIBHBIM 0oOTekaHueM (pucyHok 2,5 a, 6) K = 0,4. TIpu ckpyrJieHUH BEPXOBOTO yria
HIDKHETO KOHTYpPa 3aTBOPa PafilyCcoM 7

K=0,4¢"%, (2.18)

3OTa 3aBUCUMOCTH IIOJIy4€Ha ONBITHEIM yTeM [133] B quanasone 0 < r/a < 0,25.

3HayeHne Q€' MOXET OBITh OMPEAETEHO U YACTUUYHBIX OTKPBITHIH IJIOCKHX

3aTBOPOB TIPU W3BECTHBIX 3HAUECHUAX K03 duInenTa conpoTusiaeHns £ mo Gpopmyre

1

B=ge'= (2.19)

1+¢
JIns 3aTBOPOB ¢ HU30BBIMM KOHTYpaMH, M300paKEHHBIMH Ha PUCYHKE 2.5 ¢ U O,
TaONMUIBl CO 3HAYECHWSIMU C MPH PasNUUHBIX OTKPBITUSX JAHBI COOTBETCTBEHHO B [130] u
[138].
Ilpy ompenencHUM NPOMYCKHOM CHOCOOHOCTH HYACTHYHO OTKPHITBIX CErMEHTHBIX
3aTBOPOB 110 hopMmyam (2.16) u (2.17) 3sHaueHne K yCTaHABIMBACTCS 1O 3aBucuMocTH [132].
K =0,4sin’ o, (2.20)
TJIE 0L — YTOJT HAKJIOHA K FTOPH30HTY KacaTelbHOH K HAOPHOM OOIMBKE Y HIDKHE KPOMKH 3aTBOpa.
IIpu pacnono>keHuu ITIOCKOTO 3aTBOpa HA FOPU30HTATLHOM T'peOHE ¢ JUTMHON OT
CTBOpa HOXEBOIO VIUIOTHEHHMS OO0 ycTyma, Ooubieit 4€', B dopmyne (2.16) 3HaueHHe

ko3¢ duunenta £=1,0. Ecnu cTBOPEI HOXKEBOTO YILIOTHEHHS 3aTBOPA M YCTYIIA COBIAIAIOT
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WITH 3aTBOP PACMONOXKEH HA rpeOHe KPUBOIMHENHOTO B MOIEPETHOM CEYCHHH BOJOCIINBA
MPaKTHYECKOTO NPoduIs, TO ciieayer npuuuMmars & = 0,75. IIpu anuvHe ropu30HTAIBHON
MOJIKK 32 CTBOPOM HOXKEBOTO YIUIOTHEHMS MeHblne 4€'a 0,75<@ <1,0 u 3HaucHue &
MOYKHO PacCUMTBLIBATHL KaK Ui TTYOMHHOTO BogocOpoca ¢ monkoii [118, 138].

VYcraHOBKa 3aTBOpOB Ha rpebHE BOAOCIMBOB, MPOGUIb KOTOPbIX OUYCPYEH IO
koopauHaTam Kpurepa—O¢uiepoBa, MpUBOJUT K IOSBICHHIO HA UX TOBEPXHOCTH 30H
Bakyyma [1]:

1. Ilpy NONHOCTBIO OTKPHITHIX IUIOCKHX 3aTBOPaX C Ma3aMH Ha TpeOHe
OCPEIHEHHBIH BaKyyM coCTaBiaeT okono 0,04H;,y, a aMIUIATYJa €ro myJsbcanuii
nocruraer 0,7H g,

2. Tlpym 4YacTWYHBIX OTKPHITHAX IUIOCKOTO 3aTBOPA MAKCHMAJIBHEIE 3HAYCHHS
BaKyyMa HaOMIOAAIOTCA MPH OTHOCUTENBHBIX OTKpHITUAX 3areopa 0,5-0,7. Ilpu 3tmX
OTKPHITHSAX 3aTBOpa M 1a3aX, PAacHOJOKEHHBIX Ha TIpebHe, OCPeJHEHHHBIN BaKyyM
cocrasniser 0,124, a CO CMEMIEHHEM MA30B OT rPeOHS Ha PACCTOSHHE MO TOPU3OHTAH 0,2 H g,
1 0,4Hpg on ymenbaercs nuib 10 0,09Hmg u 0,08Hp;. B 3TuX ke cTBOpax MpOMCXOAUT
YMCHBIICHAE OTHOCUTENILHOM aMIUTMTYABI IyJIbcauyu aasiaeHus ¢ 0,6 10 0,3 1 0,2.

3. Ha BogocnuBax ¢ MCHOAb30BAHUEM /I PETYIUPOBAHUS PACX0Aa CETMEHTHOTO
3aTBOpa MaKCHMAIIbHBIH OCPEIOHEHHBIf BakyyM HaOMIOZAeTCsl MPH OTHOCHTENIBHBIX
OTKPEITHAX OKOJIO 0,4/ p4; TIPH YIJIAX KACATENBHON K HIKHEI KPOMKE 3aKPBITOTO 3aTBOpA
k ropu3oHty 30, 40 u 50° on coctapnger 0,3Hppg, 0,2Hmpy U 0,12H . Ilpu cMemenun
TOYKHM OMHMPAHUS CETMEHTHOTO 3aTBOPA OT rpebHsa Ha 0,2H gy 1 0,4, OTHOCHTENBHBIH
BakyyM cHikaetcs ot 0,5; 0,4; 0,2 no coorBerctBeHHo 0,4; 0,2; 0,1.

4. BakyyMmbl Ha CIHMBHOIl IDaHH BOAOC/IHBA CYIIECTBEHHO YMEHBIUANOTCS, €CIU

YBEJIMUUBATD H,p [0 CPABHEHUIO ¢ MAKCHMAIBHBIM HANIOPOM Ha rpeGHe BOJOCIHUBA.

Ycii0Bus TeYEHHS HA CJIMBHOM rpaHu BOAOC/IMBOB

2.8 O0mue nos10KeHus

Jiis  MaccWBHBIX ~— OCTOHHBIX ~ IUIOTWH  (TPAaBUTAIMOHHBIX M apOYHO-

TPaBUTAIMOHHBIX) VKJIOH CIIMBHOM I'PaHHU OMpeNeNseTcs Ha OCHOBE PAacueTOB MPOYHOCTU
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IUIOTHHEI, & TaloKe C YYeTOM e€ KOHCTPYKIMH W pasMepoB. CITMBHAS TPaHb JOJDKHA
COTPATAThCA ¢ KPUBOJMMHEHHEIM B MOIEPEUHOM CEUCHUM OTOJIOBKOM 0€3 IEpesioMOB H
neperndoB. [Ipu He0GX0MMOCTH Ha CITMBHO# TPaHW JIOJDKHBI OBITH TIPETYCMOTPEHBI OBIKHL

IIppy [MOHHOM pEXUME TEUYEHUS 3a BOJOCIMBOM CIIMBHAs [IpaHb [ODKHA
CONpSTaThCs C JHOM HIDKHEro Obeda pamfiambHEIM B TOTIEPEYHOM CEYCHHM TTOBOPOTOM.
18 HW3KO- W CPEIHECHANOPHBIX COOPYXKEHUH OPMEHTUPOBOYHBIC 3HAYECHHS PaadyCOB
STUX HOBOPOTOB IPHBEACHH! B Tabmuue 6.14 [122]. JIns cpenHe- W BBICOKOHATIOPHBIX
BOJOCIMBOB PaIuyC CONPSDKEHHMs JO/DKEH COCTaBNATb HE MeHee 6-8 rnyOMH TOTOKa B
Ha4YaJIbHOM CTBOPE  BEPTHKAJBHOTO ITOBOPOTA W JOJKSH BBHIOMPATBCS, MCXOOS W3
3HAUCHUM [JOMOJHUTENBHEIX HArPy30K HAa HM30BOM KIMH TJIOTUHBI, HEIOMYIIEHWS
CYIIIECTBEHHBIX JAeopMarmii MOTOKa ¥ 3HAYMTENHHBIX BAKyyMOB HAa IPHMEIKAIOIEM K
BOJOCIMBY YUYacTKy AHA B HWKHEM Obede. [I0OBOPOT B BEPTHKAILHOMN MIIOCKOCTH CPEIHE-
1 BHICOKOHAIIOPHBIX BOJOCIMBOB CIIEYeT 3aKAHUMBATh YCTYIIOM IIPH MX COIPSDKEHHH C
IOHOM B HIDKHEM Obede. B 30HY MO CTPYsSMH 3a YCTYIIOM BBEICOTOM HECKONBKO METPOB
Heo0X0auMo 00eCHeunTh MoAauy BO3AYXa, UTO JODKHO CIOCOOCTBOBATH YCTPAHECHHIO
OIIACHOCTH KaBHTAIIMOHHBIX BO3JACHCTBHMI Ha yUacTke, TJi¢ HAaOIOMAIOTCs 3HAYNTEIBHBIC
BaKYyMBI.

B cimyyac MOBEPXHOCTHOIO pekUMa CONpsbkeHHs ObeOB KPHBONMHEHHBIN YYacTOK
CI/IMBHOM I'paHy [Py COMPSDKEHUH C IHOM HIDKHETO Obe(ha 3akaHuMBaeTcs ycrynoM. Ero Beicota
ONpEAENAETCA  YCIOBIAMM  OOECTIEYEHHs. 110 TPOEKTY COOTBETCTBYIOIMX MOBEPXHOCTHBIX
pexumoB TeyeHus. OTMETKH Ha CXOZIE C STOr0 VCTYNa PABHBI WM HECKOJBKO IMPEBBILIAIOT
YPOBHH HIDKHETO Obeha.

Ipu conpsbkeHnn ObehoB OTOPOCOM CTPYii B KOHIIC CITMBHOM MPAHH YCTPAHBAIOT HOCOK-
TPaMIUIMH. JTOT HOCOK-TPaMIUTHH OTOpAchIBAET NOTOK Ha TpeOyeMoe PacCTOSHHE BIUIOTH JI0
MaKCMMATILHO BOBMOXKHOTO. B psifie CllydaeB HOCKH-TPAMIUTAHBI BHITIOJHAIOT TaKUM O0pa3oM,
YTOOBI OHM OOECIEUMBAIIM PACTIPE/ICNICHHE MOTOKA M0 IUIOMAMH U CMEIICHHE €0 B HY>KHOM

HarpasJICHUHA.

41



29 TayOmmbl MNOTOKA W /[AABJCHHSI HA Pa3IHYHBIX Y4YacCTKax
BOJAOCIMBHOH MOBEPXHOCTH

JUls HENOATONINIEHHOrO MPSAMOYIONBHOIO BOAOCIAMBA C TOHKOH CTEHKOW ¢
BEpPXOBOW TI'paHblo, OM3KOM K BEPTUKAIBHOM, U CO CBOOOJHBIM MOABOAOM BO3AyXa IMOJ
CTPYIO TpW  ONpENENiCHUHM KOOPAWHAT BEPXHEH W  HIDKHEH IMOBEPXHOCTEH
TIEPENMBAIOIIEHCS CTPYH CIIEAYET UCMONb30Barh AaHHble [13]. Jlns onpeneneHus Takux
KOOPAWHAT IS BOJMOCIHBOB ¢ OOKOBBIM CXKAaTHEM HEOOXOMMMO MPOBEACHHUE
TUJPABIMYECKUX OKCHEPHUMEHTANBHBIX MCCICIOBAHUNA WM pAacuyeroB € MOMOLIBIO
YHCJICHHBIX MPOrPAMM TPEXMEPHOTO MOJICTTHPOBAHHUSL.

CpoOonHas MOBEPXHOCTH HA YyYacTKaX BOAOCIMBOB C LIMPOKMM IOPOTOM
(pucyHOK 2.2) cTpouTcs TO TIyOWHAaM BOABI MEPEA BXOJOM BOJOCHMBA [ W B Hauaje
TOPU3OHTANILHOTO MOPOTa /11, pacCUMTEIBAEMOii no dopmyne (2.3). [IpakTuyecku Mo Beei
JUIHE Nopora riiyOuHa nopora ocraeTcs MOCTOSHHON W paBHOW 4. Micnone3ys Gopmyny
(2.3) Ang HEMOATOIJICHHOTO BOJOCJMBA C IIMPOKMM MOPOTrOM, 3HAYEHHE (P HEOOXOAUMO
NpUHUMaThE 10 Qopmyne (2.4). Jlns MOATOIUIEHHOIO BOAOCIHBA € IIHPOKHM HOPOrOM
3HAYEHNE () yCcTaHABIUBaeTCs mo ¢opmyne (2.5), a npu 3afaHHBIX pacxoje (O u riyOuHe
HIkHero Obeda A, ompenensercs mepenay BOCCTAHOBIEHHUS I, a 3aTeM A= A, — zZy.
JlagHble A7 BBIIOMHEHMS 3THX onepauuii mpuseneHsl B [13, 92]. Ilbe3oMeTpuueckue
BBICOTHI HA IIOPOTE 3TUX BOAOCITIMBOB MOXKHO IIPHHUMATE PABHBIMA FJTyGI/IHaM IOTOKa.

Bonpoc o mnpuOmkeHHOM OIpeAeneHUd IIIyOMH MOTOKA W O 3HAYCHHAX
IIBE30METPHUECKUX BEICOT HA KPHUBOIMHEHHON B IONEPEUHOM CEYECHHH MOBEPXHOCTH
OTOJIOBKOB 0€3BaKYYMHBIX BOJOCIMBOB IMPAaKTU4ECKOro Hpoduis OBUT PaccCMOTPEH B
1. 2.5. 3HaueHNs NITyOWH Ha KPHBOIMHEHHEIX TIOBEPXHOCTSAX BOJOCIUBOB IIPH OTCYTCTBHH
a’palyy IO0TOKa MO)KHO OMNpPEAENATh TAKKE 110 CPEeOHEHM CKOPOCTH IMOTOKA B /-TOM

ceueHnd [13]

V,=,/2g(H Uz, -0y, 2.21)

U3 ypPaBHEHUS HEPA3PHIBHOCTH, 3alMCAHHOTO B BUJC
0 = bhiV;, 2.22)
rae Az; — pasHOCTH OTMETOK TpeOHS OrojoBKA M LEHTPA THKECTH CeueHHs i, [; —

pacCcroaHue mo KpHBOHHHeﬁHOﬁ TMOBCPXHOCTH OT rpe6Hsr [0 IICHTPA THKECCTH I CeYeHUs
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NOTOKA;, i, =V ., /(C2R,) ~— CpeAHee 3HAYCHHE YKIOHA TPeHHs B MpeAenax

paccMaTpHUBAEMOTO Y4acTKa.

B dopmyne (2.21) mpu g > 30 M*/c MOXKHO IPHHUMATD ;= 0.

Ha ygactke cnuBHOI rpaHu, pacoIOKEHHOM HIDKE 110 TEYCHUIO KPHBOJIMHEHHOTO
B MPOAOJIBHOM TIPO(HIIE OTOJIOBKA BOAOCIMBA M HMMEIOLIETO MOCTOAHHBIA YKIIOH JHA,
ryOMHBI MOXKHO PaCcCUMTHIBATHL HA OCHOBE YMCIIEHHOTO WHTETPHPOBAHHSA OJHOMEPHOTO
middepeHnIanbHOr0 ypaBHEH!sI HEPABHOMEPHOTO TUIABHO M3MEHSIOIIETOCA IBHKECHUS
BOJ/Ibl, KOTOPOC MPHMBOAMTCS BO MHOIHX CIPABOYHBIX W Y4eOHBIX MOCOOHAX IO
THPABIMKE. B Ka4eCTBE IPAHWYHBIX YCIOBUH NPH WHTETPUPOBAHHUU 3TOTO YPAaBHEHHS
HEOOX0AMMO NPUHUMATH 3HAYCHME MIyOMHBI WM CPEIHE CKOPOCTH B CEUYEHHH, TIE
KPUBOJIMHEHHBIN MTPAKTHYECKOTO MPOGHIIS OroJIOBOK BOAOCIHMBA CONPATAETCS C YIaCTKOM
CIIMBHOU I'paHH, UMEIOLIMM ITOCTOSIHHBIN YKIIOH.

ITpu OTCYTCTBHM a’paltid IS TIOCTPOSHUS CBOOOAHOI TMOBEPXHOCTH MOTOKA Ha
Y9acTKE CITMBHOM TPaHW C TOCTOSTHHBIM YKJIOHOM JHA i MOXET TAaKoKe HCMONIb30BATHCA
HEMOCPEJICTBEHHO ypaBHEHNE BepHYIH, mapaMeTpsl KOTOPOro ONPEAEHAIOTC Il psaa

MMOCJICAOBATCIIPHO PACIJIOKEHHBIX OTPE3KOB JUTMHOM A7 , 3aMMCAHHOE KaK:

2

V. V
h, cosa, + Hl—h,cosoc"—;=(i—i/)A/, (223)
2g 2g

rae uHACKcaMu / U i + 1 0003HAUEHBI COOTBETCTBYIOIIUC BCJIMUUHBI B JBYX CCHUCHHUSAX,

HAXOJIIUXCS HA paccTostuu A/ Apyr oT apyra; i, =V, /(C.R_) — CpejHee 3HAUCHAE

YKJIOHA TPEHHS B IPEJieaX PACCMATPHBAEMOrO Y4acTKa OTOKa; V, = 0,5(V, +V, ) ; Rp 1

1 ;

C = —R'"

p op
n

COOTBCTCTBCHHO CPECIHUC 3HAYCHUA CKOPOCTHU, TUAPABIIMYCCKOI0 paanyca u

koo(p¢uuuenta Ille3n, noAcYMTaHHBIE TIO gy, 7 —KOI(QHIHEHT MIEPOXOBATOCTH
00TeKaeMoii MOBEPXHOCTH; O, — YIOJI HAKIIOHA y4acTKa CIUBHOM I'DaHU C IIOCTOSHHBIM
YKJIOHOM K TOPH30HTY.

JlaBjieHUE HA Y4aCTKE CIIMBHON I'PaHM C TIOCTOSHHBIM YKIOHOM JHA ONPEACIAETCS
o (opmyJie

p,=vh cosa . (2.24)
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Pacnipenenenne OCPEAHEHHONW COCTaB/IAIOLICH [aBICHHMS Ha BEPXOBYIO T'DaHb
BOJIOCJIMBOB BCEX THUIOB TOXYMHAETCA THAPOCTATHYECKOMY 3aKOHY;, 3HAUCHHUE 3TOTO
JaBJICHU JINIIB HECKOJIBLKO HIDKE HA YUacTKe BOMM3M rpebHs BogocamBa. [TybcatlioHHYO
COCTaBJIAIOILYIO JABIEHHS Ha 3TY TPaHb MOKHO IPUHUMATE PABHOM HYINIO.

Pacuer cyxarommxcsa M PACIIMPSIOMKXCS YYaCTKOB BOAOCOPOCOB M Y4acTKOB
TIOBOPOTOB MPOM3BOAUTCS IO 3aBMCHMOCTSIM THAPABIMKK OypHbIX MOTOKOB [11, 13, 14,
118].

2.10 TIlapamerpsl mNOTOKAa B MNpeAeax PpaJHAJILHOIO y4acTKa
CONPAKEHNs B KOHIIE CJAMBHO# rpanu

IMocrpoenne kpuBoii cBOOOJHOM HOBEPXHOCTH M pacyeT JaBJICHHI HA PaIHaTbHOM
B NIONIEPEYHOM CEYEHHH YYaCTKE COTPSUKCHUI

- 6€3 ycTyna H ¢ YCTYIIOM C JOHHBIM PEKMMOM TEUCHHS B HIDKHEM Obede,

- C YCTYIOM H C OBEPXHOCTHBIMH PEXMMAaMH HIDKE €70 TI0 TCUEHHIO H

- B BUJI€ HOCKa-TpaMILINHA 17151 0TOpoca CTpyid
PEKOMEHAYETCA BBINONHATE IO JaHHBIM padot [11, 13, 14, 75]. TnyOuHBl MOTOKA M
CpeHel CKOPOCTH TEedyeHHMS Ha YKa3aHHOM YYACTKe B TEPBOM  MPHOIDKCHHH
ONMpPENENAOTCS € UCHOJIB30BAHUEM ypaBHEHMsS BepHYIUIM, COCTABIEHHOTO UL

IIOCJIEA0BATEIEHO PACITOJIOKCHHBIX YUYaCTKOB

vV:  p V3 Priv1 | Veoiblii+s
Az + hjcosay; + =+ == hy,,COS @, + 24 2L B 7 (D25
Li+1 i HI 29 v i+1 H,i+1 29 % CcpiRCpi ( )
3meck Az, , — Pa3HOCTH OTMETOK JHA C Y9Y€TOM 3HAKA Jjis CTBOPOB i WM /i + 1,

OTPaHUYHUBAIOLIMX OTPE3KH MOBOPOTa MHHOH mo ayre Al hey, Vepi, Repin Copi
COOTBETCTBCHHO CPEHHE 3HAUCHUS INIyOUHBI, CKOPOCTH, TMOPABIMYECKOTO paguyca u

koo(punmenra Ille3n Ha ITOM ydacTKe, O — YroJN HAKJIOHA MOBEPXHOCTH OHA K

P
TOPH30HTY; 7“ — YJIENbHOE LEHTPOOEIKHOE NABIICHHE Ha OOTCKAGMYyH0 TIOBEPXHOCTH Ha

R
KaXXA0M OTPE3KE, ONPEALCIACMOC IPH h_ = 6 + 8 1o 3aBHCHMOCTH
cpi

14
o DonTopr (2.26)
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T/I€ ¥ — YACTBHBIA BEC BOIBL, K — paguyc IMOBOPOTA.
ITpu HKCTMOMB30BAaHWM 3aBUCUMOCTH (2.26) AN KOHIIEBOTO CTBOPA ydacTka

COMPSDKEHMs, KOrma 3a YCTym oOecreueH CBOOOAHBIA MOCTYN BO31yXa, CIEAyeT

p
IPpUHUMATD h, cosa, + =~ = (0, T. €. CYATATh, YTO JABJICHUE HA JHO noBOpPOTa B JAHHOM
'Y

cTBOpe paBHO arMocdepHoMmy. IlapameTpbl MOTOKAa B TpeAeiaX TPAMIUIMHOB,
OTIMYAIOILMXCS OT IMIMHIPHYECKOTO, CIEAYET ONpPENeNsITh MO PEKOMEHJALMAM B
yKa3aHHBIX BHIIIE paboTax.

JIs HU3KUX ¥ CPEIHMX IO BBICOTE IUIOTHH CKOPOCTH Vi M IIyOMHA NOTOKA /i B
KOHIIE y4acTKa COMPsDKEHHS BOJOCIMBOB (Ha CXOJAE € YCTyIa, B Hauaje BOA0OOS MpHU

COMpsDKEeHUH 0e3 yCTyIa) ONPEASIAIOTCS 110 M3BECTHBIM 3aBUCUMOCTSIM:

V. = o\la (1) (2.27)
ho gy, - IN2EH (2.28)
4

Opu 3TOM KO3(OHUIMEHT CKOPOCTH () MPUHMMAETCS B IMpPEJEiaX, COOTBETCTBEHHO, IS

HU3KUX U CPETHUX TTO BBICOTE TITOTUH, paBHBIM 0,98-0.95.

KaBurtanusi Ha 3J1eMEHTAX BOAOCOPOCOB H 3aIUTA HX OT
KABHTALHOHHBIX pa3pyLueHmii*

2.11 llonsaTA 1 onpeaeieHHs

Kapuranusa — ruapoAuHaMUYeCKUH NPOIECC BO3HUKHOBEHMS B 30HAX HU3KHX
JIABIICHUH TMOTOKA MAPOra3OBbIX MOJOCTEH (My3bIPHKOB WM UX CKOIUICHWH — KaBEPH),
HapYHIAONIMX CIUIOIHOCTH BOAHON CPEBL.

YcnoBue BOSHUKHOBECHUS KaBUTALMK 3anuckiBacTes B Buae [13, 100, 102]:
p,=p,+p =p,+p-p'sp,, (2.29)

rae p, — abCONIOTHOE [ABNECHWE B PACCMATPHBAEMON TOUKE IOTOKA, P, — artMochepHoe

JaBlicHHE HAJ TMOTOKOM; p; p; p' — MTHOBEHHOE, OCPECAHEHHOC U MyJILCAIHOHHOE

“B JaHHOM NOPAICIC 3ATPATHBAKTCA TAKOKE HEKOTOPBIC BOMPOCHL, CBA3AHHBIC C KABHTALMCH B HATIOPHBIX BOZOCOPOCAX,
BCJICACTBHE HX OOIMHOCTH C AHANOTHYHBIMH BONPOCAMH A1 [IOBEPXHOCTHBIX BOAOCOPOCOB.
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TUIPOJUHAMMYECKOE JIaBNICHAE, p, — JaBJIeHNE MapooOpasoBaHUs KUAKOCTH IIPH 3aJaHHON

€€ TeMIeparype.

Takum o6pazom, cormacHo (2.29), BO3HMKHOBEHME KABUTALMK MNPOMCXOAUT IPH
TIOHIDKEHHH aGCOITIOTHOTO JIABJIEHHS B TIOTOKE JI0 JABJIEHHS IApOOOPasOBaHHs . B KauecTse
OCHOBHOIl KaBHUTALIMOHHOM XapaKTCPUCTUKH IMOTOKA MCIIOJIB3YETCS IapaMeTp KaBHUTALUH,
XapaKTePU3YIOLIMI THAPOMHAMUYECKOE COCTOSIHUE MOTOKA MO COOTHOLLICHUIO MEKIY JABICHAEM

¥ CKOPOCTBIO B paccMarpiBaeMoii Touke ((akTuueckuii napamerp KaBUTALUK ), PaBHBbIi

anp - Pv

K, =L Py (2.30)

14

xap
P

2
rie p,, — XapakTepHOE JABJICHHE, IIPHHAMAEMOE B KA4ECTBE PAacueTHOrO VIS 3adaHHOH
TOUKM MOTOKA; Vyy — XapakTepHas CKOPOCTb IOTOKA, NPHHMMAacMas B KadecTBE

PpacUETHOM A 3aAaHHON TOYKH, P — MJIOTHOCTb KHUJIKOCTH.
TTapametp KaBUTAIMK, COOTBETCTBYIONIMI BOSHUKHOBCHUIO KABUTAIMM B MOTOKE,

Ha3bIBACTCA KPUTUUCCKUM U 0003HaYaeTCs K]ql .

HCO6XOI[I/IMOC YCJIOBUC BO3HHUKHOBCHHA KaBUTALMU B IIOTOKEC MOXCET OBITh

BBIPOKCHO C ITOMOIIBIO IMMapaMCTPOB KaBUTAIIUU B BUJIC:

K <K_. (2.31)

SRy
XapakTepUCTUKONH KaBUTALMOHHOIO IIporiecca SBIsSeTcs KOI(PQPUIMEHT CTENeHH
pa3BUTHsSL KABUTAIWHM, ONPEACIAEMBIl COOTHOIICHWEM MEXAY (aKTHIECKHM |

KPUTHYECKUAM IIapaMeTpaMy KaBATALN:
o2 (2.32)

K,
C TOUYKM 3peHUs] MHTCHCHBHOCTHU IIpOLiecCa KABHTALMU M THUAPOIMHAMHYECKOTO
BOSZ[GFICTBHSI IIOTOKa Ha COOPYXKXCHUA pa3vuyarOT TPU OCHOBHEIC CTaJAUU Pa3BUTHUA
KaBUTAIIUH:

HAYATEHYIO [TPU 0,7<B <1,0;

" B mefiCTBHTCIbHOCTH BOSHMKHOBEHNE KABUTALUH B PEATBHBIX IOTOKAX MPOHCXOTHT IPH HEKOTOPEIX KPHTHUCCKHX
JABICHUSX, HCCKOIBKO TPEBHIIAIONINX JaBICHHE TAPOOOPA30BAHIS, YTO O0YCIOBICHO HATHYHEM B BOAC TBEPABIX MPUMECEH
[102].
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Pa3sBHUTYIO IPH 0,3<p<0,7;
CYNEPKABHTALMIO TIPH 0<p<0,3.
Hauanenas cmadusi XapakTepH3yeTCs CPABHUTENBHO C€1a00H HHTCHCHBHOCTBEO
mpolecca M He3HAYUTENBHBIM BO3ACHCTBUEM Ha 00TEKAEMBIE MOBEPXHOCTH COOPYKEHHUS.
Paseumas cmadus XapakTepU3yeTCs BBICOKOH HHTEHCHBHOCTBIO IpoLecca H
ABJIAETCSl HanOoee OMacHOM sl COOPY)KEHHUSL.
Cyneprasumayust XapaKT€PU3yeTCs BHICOKOA UHTEHCUBHOCTBIO ITPOLIECCA, HO, KaK
MpaBwino, cnabbiM BO3JCHCTBHEM HAa COOPYXXECHHMS B CBS3H C TEM, YTO IapoOra3oBbic
MONOCTH, O0Pa3yIOlIME KABUTALMOHHBIN (haken, oObIYHO OTPHIBAIOTCA OT OOTEKACMBIX

OJIEMCHTOB W CXJIOTIBIBAIOTCA BHYTPHU IMMOTOKA, HE KaCasdCh MOBCPXHOCTH COOpyX(CHHi/'I.

2.12 MeTtoanl NMPOrHO3HPOBAHHA (ECKABHTAIMOHHBLIX YCJIOBHi paGoThi
BOJ0COPOCOB

CymecTBylOT  TpPH  OCHOBHBIX ~ MeTOJla  TPOTHO3MPOBAHWS  YCITOBHA

OecKaBUTALMOHHON paboTHl BOAOCOPOCOB:
- pacYeTHBII;
- 3KCIEPUMEHTAIBHBIH;
- KOMOMHHMPOBAHHBIH.

Pacuemnuiii memoO OCHOBaH HAa BBIYHUCICHHH aOCOJIIOTHBIX [JABICHUH B
Pa3NUYHBIX TOYKaX IOTOKA H COMOCTABJICHWH MONYYEHHBIX 3HAYEHHH C [aBICHHEM
napooOpa3oBaHUs Ha OCHOBaHHH (2.29), a Taroke (PaKTHIECKHX MapaMeTPOB KaBUTALWMH H
COTIOCTABIEHUH MX C KPUTHUECKUMH, HCXO/Is U3 HepaBeHcTBa (2.31).

s obecriedeHnss OeCKaBHTAMOHHOW paboTBl BOJOCOPOCOB IOJDKHBI OBITH
COOJTFOZIEHBI YCJIOBUSI:

p,>p, H K1>Kkp. (2.33)

Beiuncienue aGCOMIOTHRIX AABJICHHUI W MApaMeTPOB KaBUTALMK I OTOKA BOJIBI
TPOM3BOAUTCS HA OCHOBE THIPABIHYSCKHX PACUCTOR, MPHUBEACHHBIX B COOTBETCTBYIOLINX
naparpadax Hacrosmiero PykoBoxacTBa. 3HadeHHSI aTMOC(EPHOTO NABIEHUS CIEAYET

MPUHUMATH N0 Tabnwmiie 2.6, B KOTOPOil yYUTHIBAETCS BHICOTHOE MOJIOKEHHE MECTHOCTH.
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Tabnumna 2.6

OTMeTKa MECTHOCTH, M 0 200 500 1000 1500 2000
ATMOChepHO® AaBnerne Pa, 1,05 1,02 0,99 0,94 0,38 0,83
T , X s s , \

3HaueHUs [JaBICHUS MapooOpa3oBaHMSA IPH Pa3INUHON TeMIEparype BOMIEL
HpHUBEAEHE! B Ta0. 2.7.

Okcnepumenmanshuiti mMemoo TPOTHOUPOBAHHUS OECKAaBHTAIIMOHHBIX YCIOBHIMA
paboTEl  BOJOCOPOCOB OCHOBAaH HA WCMOJB30BAHAM  PE3YIIBTATOB  J1abOPaTOPHBIX
KaBUTAIIMOHHBIX HCCIICAOBAHMM PAcCMATPHBAEMBIX COOpYyXKeHmit. [Ipn MpOBENEHAN TaKAX
HCCIICIOBAHMUH BEISBIIIOTCS SIIEMEHTHI BOJOCOPOCHOTO TpPaKTa, HA KOTOPBIX BO3MOXKHO
BO3HUKHOBCHUE KaBUTAIlUM [PU PA3IUYHbIX THAPABIMYECKUX pexuMax paboTel
COOPY)KCHHS, M YCTAaHABIMBAIOTCS HEOOXOMMMBIC YCIOBHS OCCKABHUTAIMOHHON €ro
pabotsl. Haubonee Hafe)XHBIE pe3yabTaTbl MOTYT ObITh MOAYyYEHBI HA OCHOBE HATYPHBIX
HaOJTIOACHMI W TIPH UCTIBITAHUH MOJCICH BOMOCOPOCOB B CIICTIHMAIBHBIX BAKYYMHBIX H

KaBUTAMMOHHBIX CTCHOAX.

Tabnumna 2.7
ue‘;zgijo o 10 15 20 25 30
[Temmeparypa BOAbI -
B rpan. 283,16 288,16 293,16 208,16 303,16
Kenbuna °K
ﬁ?{”e“e [1apooOPasOBaHA P, 0,013 0,017 0,024 0,033 0,045
a

Kombunuposannviii  memo0 IPOTHOZUPOBAHMA OECKAaBUTALMOHHOW  paboTHI
BOA0OCOPOCOB OCHOBAH HA MCHOIB30BAHHH PACUETHOTO M HKCHEPUMEHTAIBHOTO METOJIOB,
B3aMMHO JIOIOJHAOIMX APYT Apyra. DTOT METOJ sBJETCS Haubonee HaTeKHBIM, TaK Kak

TMO3BOJIAECT BCCCTOPOHHE OLICHUTE YCITOBHSA pa60n;1 BO,Z[OC6p0C2L
2.13 McTOYHMKH BO3HHKHOBEHHS] KABHTAIIMA B BOJ0COPOCHBIX
COOpY:KeHHAX

I'mapaBnuyYecKre YCIOBHSA pPabOTHI BOJOCOPOCOB, TPH KOTOPEIX BO3MOXKHO

CYICCTBCHHOC CHIKCHUC MHaBJICHUA B IIOTOKC MW BO3HMKHOBCHHC KaBHTAllMH, B
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SHAYMTEIBHON CTENCHH 3aBHUCAT OT OYCPTaHWS OOTEKAeMON MOBEPXHOCTH. DJIEMEHTHI
COOpPY)KEeHMs, OOTeKaHHE KOTOPHIX COMPOBOXKAACTCS BO3HUKHOBCHHCM KABHTALIWH,
HA3BIBAOTCS HCTOUHHUKAMHY KaBUTAIMH. [T0CITeTHIEe MOYKHO TTOAPA3ACIUTh HA ABE IPYIIIIEL

- 3aBUCAIIKE OT KOHCTPYKIUH IEMEHTOB COOPY>KECHHS,

- 0OyCIIOBJIICHHBIE TEXHOJOTHEH BO3BEACHHMS COOpPY)KeHHM (HA3bIBacMble B
JanbHEAIeM MECTHBIMHU ).

TepBas rpynmna BKIIOYACT TAKHE IEMEHTH BOJOCOPOCHOTO TPAKTa, KAK BXOJIHbBIE
OTOJIOBKH, pa3ziefibHbIe OBIUKHM KaMep 3aTBOPOB, 3aTBOPHI U MX TA3BI, YIACTKA MOBOPOTA
WM pacIMpeHHs MOTOKA, TACHTENW SHEPTHH, YCTYMBl W T. O, T. €. OJIEMCHTHI,
FCOMCTPUYCCKUE XapaKTCPUCTHKKU KOTOPLIX YCTaHABIWBAIOTCA NPH MPOCKTUPOBAHWA
coopyxermii. [Ipu OOTEKaHWM HOTOKOM JTHX 3JIEMEHTOB BOJOCOPOCOB BO3MOMKHO
CYIMICCTBCHHOC MMOHIKCHUC JABJICHUS HA UX MOBEPXHOCTHU.

Bropast rpymma HCTOYHNKOB KaBUTAIlMA BKITIOYAET OTHOCHTENBHO PABHOMEPHYIO U
OJHOPOJHYFO IIEPOXOBATOCTE MOBEPXHOCTH, OOTEKacMO TIOTOKOM, HW MECTHBIC
HEPOBHOCTH 3TO MOBEPXHOCTH. K HIM OTHOCSTCSL

- NOTICPCYHBIC K HAMpPaBJICHUIO TCUYCHUS HCPOBHOCTH, 06pasy101u1/1ecsl Ha MCCTC
CTBIKOB 3JIEMEHTOB ONAITyOKU OETOHA U JINCTOB METALUTMYECKOH OOMIIOBKH;

- ITPOAONBHBIE HEPOBHOCTH TOTO K& IPOMCXOKICHHS, MECTHEIE HEPOBHOCTH HAJl
CPABHUTE/ILHO POBHOH IOBEPXHOCTBIO (KPYHHbIE KaMHH B O€TOHE, HEJOCTAaTOYHO
CPE3aHHbIEC BBITYCKH apMaTypbl, OONTEL M raifkd, OTBEPAEBLINE KAIUIM CBAPKH, MECTHEHIE
HAILIBIBEL OETOHA M T.11.);

- TMIaBHAas BOIHACTOCTh MOBEPXHOCTH, BO3HHUKINAS IIPH W3TOTOBICHHM W
gedopmanuy  omamyOku, BCICACTBHE CBAapOYHBIX  JedopMamdii  METANIAYCCKHX
MOBEPXHOCTEH, HEPABHOMEPHOCTH HaHECEHH s HAOpbI3r-OeToHa U T. 4.

Ipu IIPOTHO3UPOBAHUM OecKaBHTAIMOHHOM paboTHI BOJOCOPOCOB
TEOMETPHUECKIE XapaKTEPUCTHKA BO3MOKHBIX MCTOYHHKOB KABHTALWH MEPBOH IPYMIIBI
ABJIAIOTCS OOBIYHO M3BECTHBIMH. PasMephl ske U (JopMa HCTOYHMKOB KaBHTAIWH BTOPOH
TPYTINBI, KOTOpble 00pa3yloTcsl B XOAE CTPOHTEIBHBIX M MOHTKHBIX pabor, a B psade
CIIy4acB IIpU NOBPEKACHMM 00TeKaeMoit TMOBEPXHOCTH COOPYKEHUS B MpOLEcCE €ro

9KCIUTyaTalui MM PEMOHTE, 3a0JTaroBpeMEHHO HeU3BECTHEL. OHHM 0OHAPYKMBAIOTCS HPH
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o0ceIoBaHUN COOPYIKEHHST B XOJE CTPOMTENBCTBA, TIEpeN BBOJOM COODY)KEHHS B
3KCINTYaTalMIo B TIOCTE €€ psijia 3TanoB. [103ToMy HpeBAPUTENBHO MPH IPOSKTHPOBAHNA
OHH HA3HAYAIOTCd OPUEHTHPOBOYHO, HA OCHOBAHWH WMCIOUIMXCS HATYPHBIX NAaHHBIX. B
pszie caydaeB 3TH PasMepsl B (popMa 3a1at0TCs B KAYECTBE MPEASIIBHEIX TIPH BBINOIHCHAH

cTpoutenbHbX padot [100].

2.14 IIporuo3s 0eCKABHTAIHOHHLIX ycioBuid o0Tekanus
TEXHOJOTHYeCKHX HEPOBHOCTEl HA MOBEPXHOCTAX BOJAOCOPOCOB M CHOCOOBI
yCTpaHeHHsl KABHTALAH

BrimonHenue  TpeOoBaHuii  OCCKABMTAMOHHOrO  OOTEKaHWs  HEPOBHOCTEH
BBITIOJTHSIETCS B CIy4ae, €C/IM 3HaUCHNE (PAKTHIECKOro TTapaMeTpa KaBUTAIMH MPEBHINIACT
€ro KPHTHYECKOE 3HA4YeHHWe, T. €. K > K . 3HaueHWe K, JUIA XapaKTEPHBIX BHIOB
HEPOBHOCTEH, HAOMIONAIOMIUXCS HA TUIOCKAX TOBEPXHOCTAX BOAOCOPOCOB, MPUBEIACHE B
tabnune 2.8 [13]. ITpu ucnonb3oBaHUM JaHHBIX TOM TaONMUIBI HEOOXOAMMO UMETH B BUAY
CIIEAYIOLIEE:

1. BbIcoTa HEPOBHOCTEH z, OTCUMTHIBACTCS OT TPEOHS BBICTYMOB €CTECTBEHHOM

paBHOMCpHOﬁ HICPOXOBATOCTH IIOBEPXHOCTH A. I[J'ISI BCCX BHIOB MICPOXOBATOCTH B
Tabnuue 2.8, KpOME IIPUBEAECHHOM B 1.1, 3HAYEHHS K MOTYT PaCCUMTHIBATHCS JIMIIb TIPH
z,>2A.

2. CpenHee 3HaYeHHWE BBICTYNA PABHOMEPHOH €CTECTBEHHOM IIEPOXOBATOCTH A
JOJDKHO MpUHUMAThCs mo Tabnuie 2.9. [100].

3. B tabnuue 2.8, 11. 2 kpuTHIeCKuit K03hGUIMEHT KaBUTAIMH, B OTiI4re oT [ 13],
PEKOMEHAYETCS YCTaHABIUBATL IO (OpMyJE, NOJYYEHHOW MO [JaHHBIM HATYPHBIX
HccrieaoBanuii [72].

4. B rabnume 2.8, m.2 npuBeneH KPUTHYECKHH KO(DOHUIIMEHT KaBUTAIlMH IS
BBICTYIIOB, UMEIOIINX MONEPEK MOTOKA 3HAUUTENBHYIO UIMHY. B cilydae npocTpaHCTBEHHBIX
BEICTYIIOB HAJ IIOCKOH HOBEPXHOCTBIO (C MPOMEKYTKAMH MEXKAY COCEIHUMH
OrPaHMYCHHBIMH T10 IMUPUHE BBICTYIIAMH ) 3HAUESHHST KPUTHUECKOTO TTapaMeTpa KaBUTALNH

B 3aBUCHMOCTH OT HaKJIOHA UX IIEPEAHEN MpaHl HEOOXOAMMO ONMPEAEATh 110 hopMyJie
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K, =2sina. (2.34)

Hns HEepOBHOCTEH, pACTONOXKEHHBIX Ha KPUBOJIMHEHHOH NOBEPXHOCTH B TIEPBOM

HIpAOIMKEHNH CIIEAYET NPUHUMATD 3HAYCHHs K  , IPUBEICHHBIE TS YCIOBUl 00TeKaHUA

>
HEPOBHOCTEH Ha TIIOCKHX MOBEPXHOCTSX, € y4ETOM TOMPABOYHBIX KOIPQHIMEHTOB,
XapaKTePHU3YIONINX BIMSHUE KPUBH3HBI OBCPXHOCTH W BO3ACUCTBHS IIEHTPOOESIKHBIX CHIT
[IOTOKA. OTH CHIIbl ONPEACTAIOTCS YCIOBUAMHI 00TEKaHUs KPUBOJIMHEHHON MOBEPXHOCTH,
IPU KOTOPBIX COITAcHO [36] LeHTpOOEKHBIC CHIIBI MOTYT MM YMEHBIIATh M30BITOUHOE
JaBJICHHE II0 CPABHCHHIO C THAPOCTATHYECKIM JIARTICHHEM (HA BBIMYKJIBIX KPHBOJIMHECHHBIX
CTEHKAX) MJIN YBEIMUMBATE €ro (HA BOTHYTHIX KPHBOJIMHEHHBIX CTCHKAX). B mepBoM cirydae
3Ha4eHus Ky CIEMYET YBEIMUMBATH, BBOA HOMPABOYHBIN KOX((GHIHEHT UTS BROTYKIONH

CTCHKH, BO BTOPOM CJiy4ac — CHM>KaTh, BBOJIS KOBd)(bHHHCHT JUIA BOI‘HyTOﬁ CTCHKH.
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Tabnuua 2.8

i 2

Er K = 811 uepoBHOCTH Cxema ueposuoeTs l Kep

= Bug ueposdocTh CxemMa 1epOBHOCTH Kp P4

-3

4 | InaBauil  BHCTYN 2,24 (Lyfzg)~ %
} | Pasromepnan ecre- { Ha pOBHOH no-
c1BeHHafA epo- BEPXHOCTH {(cBap-
X0BaTOCTL  NO- HOMl LIOB, HANALB
BEPXHOCTH €O 6cToHa W T. f.)
cpexren BRCOTON
BLICTYEOB A
S
2 | Buictyn nascrpeuy 510 " 2
noToKy (CTHK 05- AHHONHLIH BLICTYT
) - c ocTpoft pepxneii
SJHUOBOK, BLICTYN ap- 0,435tg0.7 ¢y KpoVKOfi (110X0
6eTOHA H3-3a CMe- - < po N
WeHHA ONanyoKu ¢ N 3AYHILEHHLIA Ceq
KT n) OT CTHlKA ona-
AyOKH)

3 | Yeryn no motoky , , ) 2— ann  OKpy-
(n);)oucxomncm{i riaxe™ Vap) I opu 2,>6; | 6 | Otaessusie nuicty- FJACHHBIX Ouep-
TaKoe ke, Kak ] 2y \314 nalune  Mect- ramui; 35 —
u B0 2) x (T) HElE HEPOBHOCTH a5 pesKux

(xpyname KaMey, ouepTaHnit
TIITITI7I7777, = npu 2, < & Gpnarn  caapke,
Weso2° SXE N CTePKHH apMa-
777777777 TYpH H T. 4.)




3HAUCHUs] CPEHUX BBICTYIIOB PaBHOMEPHOM €CTECTBEHHOH ILIEPOXOBATOCTH
IpUHUMAIOTC 1o Tabmume 2.9, B KOTOpOM MpPUBEACHBI XapaKTEPUCTUKH Haubonee

PacnpoCTpaHCHHBIX B CTPOUTCIILCTBE 00TeKaeMbIX HOBerHOCTCﬁ.

Tabnuna 2.9
XapakTep IOBEPXHOCTH A, MM
CranbHas 00JHLIOBKA CO CaObIMU CIEAaMH KOPPO3HHU 0,05-0,1
CranpHas 0ONHIIOBKA, TIOBPEXKACHHAs KOpposueit 0,1-1,5
BbeToHHas MOBEPXHOCTD € TINATENBLHO 3aTUPKOIL U XKeJle3HeHHEM 0,3-0,5
TopxpetupoBanHas GeTOHHAsI IOBEPXHOCTh 0,5-1,0
BbeTonHas noBepxHOCTD, BHIIOIHEHHAS B METAIHIECKOIl onaxyoke 0,5-1,0
BertonHast OBepXHOCTb, BBIIOIHEHHAs B A€PEBSHHON onayOke 1,0-4,0*
To ke, 4TO 1. 5 U 6 MOCTIE HECKOJIBKUX JIET 3KCILUTyaTal iU 1,5-6,0*

*B 3aBHCHMOCTH OT COCTaBa OETOHA, TEXHONOTUH VKIAIKH, a TAKXKE OT (QHILTPALMH arpeCCHBHBIX
BOZ uepe3 OeToH

3HavyeHns (DaKTUYECKHX MApaMeTpoB KAaBWTAIWMM TpPH BHNIOJHEHWM TPeOOBAHMMN
0ecKaBUTALMOHHOIO OOTEKAHHMS OMPENEISIOTCS T0 XapaKTCpPHBIM JIABIICHASM M CKOPOCTSM,
BBIMMCIICHHBIM Ul HEBOSMYIIEHHOTO MOTOKA B CTBOPAX MPEATIONArACMOTO MECTOTIONIOMKCHHS
HEPOBHOCTEH. B kavecTBe XapakTepHOro JaBleHs IPHHAMAETCS CPe/IHEE 3HAUCHUE TARTICHHS HA
00TeKacMOl TMOBEPXHOCTH B CIBOPS pPACIONOXKCHWS Y OCHOBaHWS HEPOBHOCTH.  JIyist
KPUBOJMHEHHEIX OOTEKAcMBIX TIOBEPXHOCTE! XapakTepHOE JARJICHWE OMPEIEISIETCs C YYETOM
LEHTPOOEKHOM COCTABISIOLIEH, BRIUUCISIEMO IO opmyrie (2.26) 1 TIPHHAMAEMOMN CO 3HAKOM
MMHYC Ha BBIIYKJIbIX CTEHKAX M CO 3HAKOM TUTFOC Ha BOTHYTHIX [36].

Ha niocknx o0TeKaeMbIX MOBEPXHOCTSX B Ka9ECTBE XapaKTECPHON CKOPOCTH Jis
HEPOBHOCTEt THUNA PaBHOMEPHOW €CTECTBEHHOM LICPOXOBATOCTH M BBHICTYIOB (TabjMIa
2.8, nm. 1, 2 u 4-6) npuHUMaeTCI CKOPOCTh HAa YPOBHC TPeOHS HEPOBHOCTH (T. €. Ha
PacCTOSHMH OT JHA y = A +z ). E¢ Ha3bIBaIOT CKOPOCTBIO HaberaHus. ISl HEPOBHOCTEH
THIA «ycTymy (Tabmuua 2.8, m. 3) B KauecTBe XapakTepHOU MPUHUMACTCS MaKCHMAIbHAS
CKOPOCTB B JKMBOM CEYEHHH MOTOKA B CTBOPE yCTyma. XapakTepHasd CKOPOCTh HaberaHus
Viap ONPEAEIACTCA B OOLIEM CIIy4ae C yUETOM Pa3BUTHS HOTPAHUYHOTO CIIOSL.

B mpenenax BopocOpOCHOro TpakTa mpH miuHE ero 6onee 504 (rne A — riybuna
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MOTOKA) MOXHO BBHIJCTHTh TPU XAPAKTEPHBIX YYacTKa IO YCJIOBUSIM Pa3BUTHA
MOrpaHuyHOro cios (pucyHok 2.6) [100]. IlepBelif y9acTOK, BXOQHOM, XapakTepu3yeTcs
MPSMOYTOJIBHOM 3IMIOPOM CKOPOCTEH M MPAKTUYECKH OTCYTCTBHEM TOTPAHMYHOTO CJIOSL.
Ha BTOpOM ydYacTKe IMPOMCXOAMT pa3BMTHE MOTPAHMYHOIO CIIOA B MOTOKE. B mpenemax
TPETBEr0 yYacTKa IMOTPAHHYHBIA CIOH JOCTUTacT MOJHOTO Pa3BUTHS, €T0 TOJNIIMHA B
HAMOPHBIX BOJIOCOpocax (PUCYHOK 2.6, a) paBHa MOJIOBUHE BBICOTHI CEUCHUS WM

JmameTpa TpyOsl, a B 6e3HaNOpHBIX BoAocOpocax (PHCYHOK 2.6, 6) — riyOHHE MOTOKA.
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PucyHok 2.6 — XapakTepHble YUacTKN TEUEHHS B BOIOCOPOCHBIX COOPY>KEHHSIX:

a — cXeMa M3MEHEHVS 3ITIOphI CKOPOCTEdt 10 JUTHHE HAaIOPHOTO BofocOpoca; 6 — T iKe,
Oe3HaIopHOTo BoIocOpoca; I — yuactok L, ¢ IpsMOIMHEHHOM SIFopoii CKopocTeit; [/ — yJacToK ¢
PA3BUBAIOLIMMCS TIOTPAHNYHBIM CITOEM;, /// — y4aCTOK C Pa3BUTHIM ITOTPAHMYHBIM CJIOEM; 6 —
HEKOTOPBIE THIIOBBIC YIEMEHTHI BOIOCOPOCa, 32 KOTOPEIM (hopMHPYETCs YCITIOBHO MPSIMOYTOTBHAS
3IEOPA CKOPOCTEH: | — OTBOISIIINI YHaCTOK C BEPTUKATBHBIM YCTYTIOM 32 IUIOCKUM 3aTBOPOM;, 2 —
TO YK€ 32 CETMEHTHBIM 3aTBOPOM; 3 — 32 OTOJIOBKOM Pa3EIIbHOTO OBIKa B KAMEPE 3aTBOPOB; 4 — 3a
TIa30M ITIOCKOTO 3aTBOPA; 5 — y MONyMa3a CErMEHTHOTO 3aTBOPa (BHE3AITHOE PACLIMPEHHE MOTOKA)
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TonmuuHa MOrpaHUYHOrO Ciosi & W O0mas IIWHA IONHOTO €ro PasBUTHS
ONPENENAOTCA B 3aBUCHMOCTU OT BBICOTHI BEICTYIIOB LIEPOXOBATOCTH 0OTekaeMOi
HOBEPXHOCTH 11O TPaduKy 5 /A = f(L/a) (PUCYHOK 2.7).

Ilpu ompenaeneHNM CKOPOCTH HaOeraHus B Hpeneiax MEePBOTO ydacTKa TONIIMHA

IOTPaHAIHOTO C104 6 =0, a v, ~V, . B meppoM NpUONIKEHHA MOXHO MPHHAMATH JUTHHY

P
nepsoro yvactka [100], orcumteiBacmyro ot crtBopa 0-0 (pucyHok 2.6), paBHO#
MIONIEPEYHOMY pa3sMepy HalOPHOTO MOTOKA WM ABYM €ro INyOMHaM INpH MCTEYCHWH U3-
noji 3aTBopa. B mpenemax BTOPOro W TPETBETO YYACTKOB CKOPOCTH HaOeraHus

oIpeenseTcs no npubIKeHHON hopmyite

e —lyr
Voo =V, =0V, ek, (2.35)
Trac &1 bis &2 - K03(1)(1)I/II.II/IGHTLI, VYUTBIBAKOIINC BIUAHUC MICPOXOBATOCTHU IOBEPXHOCTH U

TOJIIMHBI TOTPAHHYHOTO CJOS, OMPENENSIOTCS HA OCHOBAHHM pHCYHKA 2.7, ¢

K02(PUIMEHT, YIUTHIBAIOLIUI BIMSHEE TONIIMHEI MOTPAHUYHOTO €05l U (JOPMEI KHUBOTO
CEueHHs1, oTpeesieTcs o gopmynam, mpuBeaeHHBIM B [100], u s npeaBapUTETBHBIX
pacueToB MOXKET ObITb MpuHAT paBHBIM 0,97-1,0; 5TW 3HaueHus oTBevaloT Hambonee
4acTO BCTPEUYAFOIIUMCS YCIOBHUAM Pad0Thl BOJOCOPOCOB.

OpHEHTUPOBOYHEIE 3HAYEHHUS TOMPABOYHBIX KO3()(PUIMEHTOB IJIs MapaMeTpoB
kapuTamu K, KPHBOIHHEHHBIX MOBEPXHOCTEH BOAOCOPOCOB MpHBEACHBI B Tabmuue 2.10.
OHU 3aBHCAT OT OTHOLUEHWS pajuyca R paccMaTpUBacMOTo KPUBOJIMHEHHOTO yHacTka

BomocOpoca K riiyOKHe IOTOKA B PaAMaIbHOM HAlPaBICHUY /1.
Tabnuna 2.10

lOtHOCUTENBHBIH paguyc [/ 20 10 6 3 1

[lonpaBo4HbIit Koua(bdmunen'r st 1,0 12 13 15 20
BBINYKJIOH CTEHKH

[lompaBo4HeIit ko3 dHUIUeHT 11 10 0.9 0.8 0.7 0.5

> > > >

BOTHYTOM CT€HKH

Jaarasie Tabmuipl 2.10 478 BOTHYTOM CTEHKH MOTYT OBITH PaclpOCTPaHEHBI Ha
KPUBOJIMHEIHBIE YUACTKH C YIIIOM IOBOPOTa He Gonee 60°.
Jns onpeneneHus cKOpocTH HaberaHHs HAa HEPOBHOCTH KPHBONMHEHHBIX Y4aCTKOB

MOBEPXHOCTHBIX BOJOCOPOCOB MOXKHO MPUOMIDKEHHO MCNOJNIBL30BATh PEKOMEHAAHH [34]
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WIH CHEYIOIIY0 3aBUCAMOCTL [36], MOMy4EHHYIO ISl HAMOPHOrO MOTOKA B BOAOBOJE
MOCTOSIHHOM BBICOTHI.
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Pucynok 2.7 - I'paduik Mo ONpeAeNeHNIO TOJIIUHEL TOTPAHUYHOTO CJI0SI M XapakTepHOM
CKOPOCTU HaOeraHus:
A — BBICOTA BEICTYIIOB IIEPOXOBATOCTH;, » = A + z — PACCTOSHUAE OT CTEHKH 10 rpebHs z; L
— PacCTOSHUE OT HYJEBOTO IO PACCMaTPUBAEMOT0 CTBOPA; & — TOMIUHA OTPAHMIHOTO
CJIOS B pacCMaTpUBAEMOM CTBODE; & U &, — pacueTHbIC KO3(QDHUIIMEHTHI
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) (236)
J

rae

V., — OCpeIHEHHas CKOPOCTh B i-M CEUECHUH II0TOKA HA YPOBHE rpeOHs HEPOBHOCTH,

¥, — CPEeIHSS CKOPOCTB B /-M CEUCHHUH,

i

R,,=R,+h, /2 W R, — PAANYCHL B i-X CTBOpPAX, IPOBEICHHBIC IO CEPEINHEI TIIyOHHBI
TIOTOKA U JI0 YPOBHS IPeOHS HEPOBHOCTH (10 CYIIECTBY TIPOCSKTHEIM Panyc TIOBOPOTA);

n — II0Ka3aTClib CTCIICHHU, OHpC,E[@JlﬂeMblﬁ 110 3aBUCUMOCTH:

M o, )]
n=sin| R,o, ‘(1 - 0,1 6R[i\| s (2.37)
L { 180 )|

rac
R, =R, Ih;
h, — IITyOWHA TIOTOKA,
(p; — LIEHTPATBHBIA YIOM MEKTY HauaTbHBIM U pACCMATPHBAEMBIM CEYCHHEM Ha TIOBOPOTE
(B rpamycax).
HpI/I IIPOCKTUPOBAHUH BOZ[OCGpOCOB TIPOTHO3UPOBAHUE 6CCKaBHTa[IHOHHBIX
yCcNoBUi paboThl X 00TEKAEMON NOBEPXHOCTHU BBIMOJIHACTCS CIICAYIOLIMM 00pa3oM.
Tpakr BOmocOpoca IO JMHE pa3fesseTcss PACUCTHBIME CTBOPAMH HA DA
y4acTKOB. {7 KaKA0ro CTBOPa ONPEessIOTCS AABIESHMS HA 00TEKAEMYI0 MOBEPXHOCTD U
XapaKTEPHBIE CKOPOCTH Ha Ppa3HBIX PACCTOSHMSX B TIPEAeTax BO3MOXKHBIX BBICOT
HepoBHOcTeH. [To momy4yeHHBIM faHHbIM 110 Gopmye (2.30) paccuuThiBaOT HakTHYECKUE
napaMeTpel KaBuTanun K;. J[Ns ompemesieHHBIX BHIOB HEPOBHOCTEH 10 NAHHEIM TaOAIEI
2.8 yCcTaHaBIMBAOTCs 3HAYECHUS KPUTHUECKUX MapaMeTPOB KaBUTALMK. Ecnu i Kakux-
TO pasMepOB HEPoBHOCTEH K; > Ky, TO P TAKUX WX Pa3MEPax KaBUTALMS HE BO3HUKACT, U
oHH JomycTHMBL Ecnu ke K; < Ky, TO HEOOXOAMMO TMPOBEICHUE KOHCTPYKTHBHBIX HITH
PEKUMHBIX MEPOIPUITUH 10 NPEeJOTBPALICHHI0 KaBuTauuy. K Takoro poaa MEpOTpHSTHIM
OTHOCSTCSL:
H3MEHEHNE O4YEPTaHUs O0O0TeKacMOM MOBEPXHOCTH BOJOCIMBA, HAIPHMED,

YBEMMICHUE €70 NPOPUIMPYIOIIETO HAIOPa;
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- YBENMMYEHHWE OTHOCHTENLHOTO paadyca IOBOPOTA CIIMBHOM IIOBEPXHOCTH B
BEPTHUKAILHOM IIJIOCKOCTH;

- CMEIEHNE CTBOPA ONMPAHNs PETYIUPYIONIETro 3aTBOpa Mpy HEOOXOAUMOCTH €T0
palOThI IPX YaCTHYHBIX OTKPBITHAX HIGKE IPeOHS BOJOCIMBA M0 TEUECHHUIO,

- obecnieueHne paboTE BOAOCOPOCA TOIBKO TIPH TMONTHOCTBIO OTKPBITEIX 3aTBOPAX
WK OrpaHuYCHUC qMana3oHa KaBUTAlMOHHO OIMACHBIX YaCTHUYHBIX OTKpLITI/Iﬁ 3aTBOPOB,

- YCTPOMCTBO METAITMYECKNX W OCTOHHBIX KaBUTAIMOHHO CTOMKUX OOIHIIOBOK U
06,EL€J'10K Ha y4JacTKax, I’i€ TOJbKO HAYNHACTCSA PAa3BUTUC NOTPAHUYHOIO CJI04,

- obmaropaxuBaHHe 00TeKkaeMOl MOBEPXHOCTH BOAOCOPOCOB TOCHE MPOBEACHHS
pasonanyGJluBaum[: 3a4YHUCTKA HEAOIYCTUMBIX OGETOHHBIX U METATHIESCKHAX HCpOBHOCTeﬁ,
3a/leNIKa PAKOBUH, YMEHBIIEHHE YTTIa HAKJIOHA T0G0BOH NOBEPXHOCTH BHICTYIIOB;

- cHa()KCHME 30H CYILECTBEHHOTO IIOHIDKGHWS MNABICHWS M TIPUCTEHHOTO CIOS
BBICOKOCKOPOCTHOIO NOTOKA BO3yXOM. Takoe BO3MyXOHACHILIEHHE IOTOKA OCYILECTBILIETCS C
MOMOIIBIO CHEMATHHBIX OTKJIOHATENEH MOTOKAa OT CTeH, muadparM, TPaMIUIMHOB M MAa30B-
a3PaTopoB, CIELMAIBHBIX YCTYIOB W APYIUMX KOHCTPYKLWMM, KOTOPBIE PAaclojiararoT BBILLE IO

TEUCHHIO 30H BO3MOKHEIX KABUTAITMOHHBIX BO3ICHCTRHIA.

2.15 Ilporno3HpoBaHHE KABHTAIMOHHOM PO3HH H ¢ HHTEHCHBHOCTH B
BogocOpocax

OCHOBHBIMH XapaKTEPUCTUKAMH KABHTAI[MOHHOMN PO3HH BOJOCOPOCOB SIBJISIOTCS
00beM (TIOoTepst Macchl), IIOIMAAE U ITyOMHA pa3pyLIaeMoro MaTepuana i HHTEHCHBHOCTD
KaBHTAIIMOHHOM JPO3WMH, KOTOpas OTPKAET M3MCHEHHE €€ XapaKTepUCTHK BO BPEMEHH
WIN CPEIHIOI CKOPOCTh PaspylleHUs Marepuaia. B psae ciayyaeB mpu JKCIUTyaTalduH
BOJOCOPOCOB MPOUCXOIMITH 3HAUMTENBHBIE KABUTAIMOHHEIE PA3PyIICHUS HX JJIEMEHTOB;
[IO3TOMY KAaBUTALMIO, KAK IPHYKMHY TaKOH 3PO3HM, CTPEMATCS HE AOMyCKaTthb. IIpu 3TOM
MPenbsBIAIOTCS Oojee BBICOKHME TPeOOBaHHS K KOHCTPYKIIMH COOPYKEHHHM, KOTOpBIE
00eCIIeYnBAIOT CHIDKEHHE CKOPOCTH TEUCHUS, BBHIIONHEHHE MX C Oojiee TUIABHBIMU
npoQWIsIME, CTNIAKMBAHWE HEPOBHOCTEH, BOSHUKIIMX TIPU TTPOU3BOJICTBE CTPOUTENBHBIX
pabor. UToOBl  MpPENOTBPATUTh  MOSBICHHWE  HEPOBHOCTEM Ha  OOTEKaeMBIX

BBICOKOCKOPOCTHBRIM TOTOKOM ITOBEPXHOCTAX COOpyX(CHHﬁ, CYIMECCTBCHHO ITOBBIMIAOTCA
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TpeOOBaHHMS K KECTKOCTH ONATyOO0K M 0OHIIOBOK, IPEIOTBPAMIAIONIAX X HEAOMYCTUMBIE
MpOruObl, a TAKKE K TOYHOCTH MX YCTAHOBKH.

OO0BpeMbl KABUTALIMOHHBIX Pa3pyLIEHUH 3aBUCST OT psiia (JaKTOpOB, OCHOBHBIMH M3
KOTOPBIX SIBISAIOTCS: CKOPOCTb IIOTOKA, CTAUS PA3BUTHs KABUTALMHU, TPOJOILKUTEEHOCTD
KaBUTAIMOHHBIX BO3AEHCTBUI (BpeMs paOOTHl COOPY)KEHHMS B KaBUTAIIMOHHOM PEXHME),
¢u3mgeckne cBoiicTBa Marepuana. BnusHue ¢usmdeckimx cBOICTB MaTeprana 0cOOSHHO
CYIIECTBEHHO B HAYIbHBIH KPAaTKOBPEMEHHBIN MEPHO BO3HUKHOBEHHS KaBHTAITMOHHOM
9PO3HH.

XapaKTepHCTHKOH ycioBuit paboThI MOBEPXHOCTH BOJIOCOPOCOB,
MOABEPTAIOIMXCSA TPH OOTEKAHUM MOTOKOM BO3ACHCTBUIO KABWUTALIMOHHOW DPO3WH, HA
KOTOPYIO  OKa3blBalOT BIMsHME (DM3MYECKHE CBONCTBA Marepuaia, sBIsETCA
TIPOAOJDKUTENFHOCTE MHKYOAIMOHHOTO HepHoia 7y BemmumHa 7T, HPEACTABISET
co0oif MHTEpBajl BPEMEHU, B TCUCHUE KOTOPOTO Il ONpPEAENICHHOrO Marepuana, Ipu
JOaHHBIX GopMe M cTaauu 0O0TEKaHWs, CKOPOCTH MOTOKA, BO3YXOCOAEPKAHUHU Y SKECTKOIA
[OBEPXHOCTH, OYEPTaHMM OOTEKAEeMOro TeNa, Pa3HOBHIHOCTH BAaKyyMHOH 30HBI U IIp.,
€ILE HE MPOMCXOJNT CTPYKTYPHBIX M3MEHEHUIT MaTepuaia i Ha4albHbIX MOBPEKACHUH.

Jns o6prdEbIX 6eTOHOB (Kitacca B25) npu Bo3aeiicTBHE HEA3PUPOBAHHOTO MOTOKA
Ha BO30OYAMTENs KaBUTAIMH B BHAE IWIMHIpA, TS CTAAWM MAKCUMAIBHOTO Pa3BUTHSA
KaBuTaLmu B = Py, ¢ pocToM ckopocteit Teuerus ¢ 22 10 30 M/C Ty YMEHBILAETCS € 5 10
0,1 yaca. TIpumenenue OetoHa B40 mis Tex k€ YCIOBHN NPUBOAMT K YBETHUYCHHUIO
3HaUCHUS Tpe B 50-60 paz [13]. Hacelmenne moToka y oOTekaeMoON MOBEPXHOCTH
BOJOCOpOCA BO3LYXOM € POCTOM ero KOHIEHTpammu ¢ 0 10 6% TakKe CIHoCOOCTBYET
YBENUUEHUI0 3HAUCHUS T p HE MeHeE, ueM B 10 pas.

Pan paHHBIX O 3HAUCHMAX Ty, IONYYCHHBIX HAa OCHOBE J1a0OPaTOPHBIX
WCCcIenoBanuii, mpuseacH B jureparype [10, 13, 100]. B [10] Ha ocHoBe 0000MIECHUS
MaTepHalOB  HATYPHBIX  HAONIONEHWH  YKA3BIBAETCS, 4YTO HOPH  OMNPEACICHUM
MHKYOAalMOHHOTO TepHoma 3a HEPOBHOCTHIO THIIA «BBICTYIT» JUIS [EMCHTHBIX,
MONUMEPIEMEHTHBIX U OTMMEPOCTOHOB MOXKHO MCTIONBb30BAThH 3aBUCUMOCTB (B CYTKaXx)

T,..=510720 /3 B"), (2.38)

TIe z — BBICOTA BBICTYIIA, M; b — JUIMHA BEICTYIIA MONEPEK HATIPABICHUS TCUCHHUS, M; | —
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MHTEHCHBHOCTh KABUTAIMOHHON SPO3HH MO 06eMy, M/CYT; B — Kod(dHIMEHT pasBUTHS
KaBUTALUH.

OCHOBHOI XapaKTEPUCTHKOH, KOTOpas WCHONB3yeTCs B pacuerax sBIsAETCS
MHTCHCUBHOCTh  KABUTALIMOHHOH  3pO3UM, MAaKCUMAIBHOE  3HA4YEHUWE  KOTOPOid
OIpeieNAeTCs KaK CPeIHsS CKOPOCTh Pa3pyIICHHs MaTeprasia IIOBEPXHOCTH COOPYXKEHHUS,
o0TexaeMoit TIOTOKOM €O CKOpPOCThIO 30 M/C TIpW CTaJi Pa3BUTHA KaBHTAMH [o. ITO
3HaYE€HHE OTBEUaeT MAaKCHMAIBHOMY PA3BHTHIO KABUTAIMOHHOW PO3HH W 0003HATaeTCs
KaK fya. VIHTEHCHBHOCTh KAaBHTALIMOHHOM 3PO3WH YCTAHABITHBACTCA Kak MO TIYOWHE i,
cM/9ac, TaK M TO OOBEMY i, M/C. B GONbIIMHCTBE CiyyaeB 6€3 CyIIECTBEHHOM
TOTPENTHOCTH HPUHUMAETCS, YTO B TIpefieaX HAYaIBHOW CTaauH KABHTAUNH /iy, TIO
rinyOuHe U no 00beMy MPUMEPHO OAMHAKOBI [ 13].

MaxkcnMaibHas HMHTEHCHBHOCTh KaBHTAIIMOHHON 3PO3WH I THAPOTEXHUYECKUX
6etoHoB kiacca B25 Ha rpaBum kpynHocThio 10 40 MM #s=0,13 cM/4ac u kmacca B30 ¢
MTOBHIIIIEHHOW KABUTAITMOHHOMN CTOMKOCTRIO /30=0,08 cm/gac. JIna OETOHOB HHOTO COCTaBa
MOKHO CUUTATb, YTO

I = iy/N, (2.39)
rae N — ko3 PUIHEHT OTHOCUTENBHOM KaBUTAITMOHHON CTOMKOCTH, IPAHSTHIN it 6eToHa
Kiacca B25, paubiv 1. 3nauenue N mis OSTOHOB APYruX COCTABOB MPUBEACHHI B [13].

JlaHHBIE O BITMSHUY Ha KQBUTALMOHHYIO SPO3HIO (pa3Mep HOBPEXK/ICHIH, UX TITyONHBI
1 00beMa) GOpMEL U pa3MEpOB BO30OYQMTENs] KABUTALMM, CBOOOJHOIO BO3/yXa, CBOMCTB
Mmarepuana mnpusefeHsl B [10, 13]. OneHku /Uit ONpEACHCHMS HHTCHCUBHOCTH
KaBUTALMOHHBIX MOBPEXKIECHUI 00TeKacMBIX TIoBepxHOocTei M3 ctaim B.CT.3 manb1 B [100].

Bompoc ke 0 NMpHeMIeMOCTH TOW WM HHOW KOHCTPYKIMH COOPY)KEHHS WIH O
JIOTYCTUMOCTH TOTO WM HMHOTO WCTOYHMKA KAaBHTAllMA JOJDKEH PEINaThCd ¢ YYETOM
JIOMYCTUMOCTH OXXMJAEMBIX Pa3MEpOB 3p0o3uM (€€ TIIyOWHBI, MPOTHKEHHOCTH, 00bhEMA),
BO3MO)KHOCTH ¥ CTOMMOCTH BBITIOJHCHHWS PEMOHTHBIX paboT TO YCTpaHCHHIO
KaBUTALIMOHHBIX pazpymieHuid. Ecam 0O 3TUM  1HoOKa3arensM pa3Mepsl  DPO3UH
HEMPUEMJIEMBI, TO CIIEAYET HCKaTb HOBOEC KOHCTPYKTHMBHOE WM TEXHOJOTHIECKOE
pelIeHUE C LENbIO NOJHOTO YCTPAHEHUS WM OCNIa0NeHus KaBUTALIMOHHON SPO3HH TyTEM

OPUAMEHEHUS, HAIPUMEDP, CYNCPKaBUTUPYIOIMX KoHCTpykumid [13, 80, 100] wmm
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NpUMeHeHHs 6oJ1ee KaBUTAIMOHHOCTOMKMX Marepuasios [10, 13].

OO0Ienpr3HaHHBIX PEKOMEHAAUMM, YUMTHIBAIOIIMX IIPH OLEHKE BO3MOYKHBIX
pasMEPOB KaBUTALMOHHOH 5PO3MH HAa OOTEKACMBIX MOTOKOM 3JIEMEHTax BOAOCOPOCHBIX
COOPYKEHHI CBOHCTBA M KA4eCTBO OETOHA, YCIIOBHS HPOM3BOACTBA paboT, XapakTep
HEPOBHOCTEH M Apyrve OOCTOSTENBCTBA, HE CYIIECTBYET. JTO JAETAeT HEOOXOMMMBIM
IMPUHATAEC OKOHYATENBHbIX PEIICHUH 110 KOHCTPYKIUSIM U GOpPME IIEMEHTOR COOPY>KEHHUIA,
a TaKKe MO OLIEHKE BO3MOXKHBIX pa3sMEPOB J3PO3MM W €€ WHTCHCHUBHOCTH JUIS
OTBETCTBEHHEIX COOPYXKEHMH IIO pe3ysibTaTaM J1a0OopaTOPHBIX HCCIENOBAHMM WM Ha

OCHOBEC PAaCCMOTPECHHUS AHAJIOTOB.

2.16 TI'mppaBanveckoe 0O0OCHOBaHHE paGoThl  BOIOCOPOCOB ¢
JoIyLieHHeM OrPAHHYCHHOI0 00beMa KABHTAIIMOHHBIX MOBPEKICHUT

Hanbonee >xecTkne TpeOOBaHMS W3 YCIIOBHMS HEAOMVIICHHS KABUTALHOHHBIX
BO3/IEHCTBHI NPENBABNAIOTCS B OONBIIMHCTBE CHyYacB K oOTekaeMoil MOBEPXHOCTH
BOZOCOPOCOB TMPH TIPOIyCKE PACXOZOB, ONM3KUX K pacueTHhIM. B 5TOM ciydae 3a cyer
caMoaspalyy OTOKA MPH MOJHOCTLIO OTKPBITHIX 3aTBOPAX BOAOCOPOCa BO3MYX JHOCTATACT
IHA, JIMIIb €CIM YACNBHBIE Pacxoabl He mpesbimaior 2040 M*/c. CrienmanbHbii xe
[OJBOJ, BO3/yXa B IIPUCTCHHBIC CJIOM MOTOKA NPEIyCMAaTPUBAOT OOBIYHO NMPU CKOPOCTSX
TeueHus1 okono 30 M/c. Jlake A TakuxX CKOPOCTeH TCUCHHMS CTIIAKHBaHHE HEPOBHOCTEH
MOJKET BBI3BATH TEXHOJNOTMYECKUE TPYAHOCTH, TaK MO JaHHBIM [73] B 3TOM ciydae
HPHILIOCH OBl CIIAKMBATh HEPOBHOCTYU THIIA «BBICTYID) TOJ YIITIOM MeHee 90° BEICOTO#M 2—
4 MM. PaboTel 1O CrNIQXXHBAaHMIO HEPOBHOCTEH IUIOXO MOIJIAIOTCS MEXaHH3alMH |
TO3TOMY SIBJIIOTCS JOPOTOCTOSIIIME U, KPOME TOTO, TPeOYIOT GONBIINX 3aTPaT BPEMEHH.
B TO € BpeMs HPOIYCK OCHOBHBIX, a TeM 00jce MOBEPOYHBIX PACXOJOB IPOUCXOIUT
J0CTaTouHO PefKo. [103TOMYy panMOHAIBHBIM SBISAETCS PACCMOTPEHHE YCIIOBHH PaboOTHI
BOJOCOPOCOB € Y4YETOM KaBHTAIMOHHOTO pecypca M PEaNbHON HPOAOJDKATEIEHOCTH
NpOIycKka TMaBOAKOB. B 3TOM cllydac Ha COOpYXKECHHH AOMYCKAcTCsA 3apaHee 3aJaHHBIH
OrpaHWYeHHBI 00BbeM KABHTALMOHHBIX TOBPEX/CHHHM 32 HEPOBHOCTAMHI OOTEKaeMOi
MOBEPXHOCTH BogocOpoca. TakoH TOAXOA BO3MOXKEH TOJNBKO JUIsl BOAOCOPOCOB,

MPOMyCKarmMnX IMaBOJAKOBBIE pacxXxodbl B TCUYCHHME KOPOTKOrO CE€30HA, HA KOTOPHIX B
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MEXKCE30HHBIN TIEPHO MOXKET OBITh TIPOBEIEH PEMOHT MOBEPXHOCTH.

Ipu peam3auy TAKOTO MOIX0AA B CIIydae MPOIycKa Pa3IMYHBIX PACXO0B Tepe3
COOpYKeHHE, HEOOXOAUMO Ha OCHOBAHWM THUAPABIMUCCKHUX PACYETOB WITH MCCIICIOBAHMIH
[PEIBAPUTEIILHO YCTAHOBUTH CPEAHHE CKOPOCTH TEUCHHS M OCPETHCHHBIE NABICHHUS II0
IUTHHE BOA0COpOCa.

OHPCHCHCHI/IG B3aUMOCBA3U  MCKIY 00BEMOM KaBUTALlHOHHBIX HOBpG)l(,Zleﬂl/lﬁ
OeToHa 3a JIOKATBPHONH HEPOBHOCTBIO HA €r0 IOBEPXHOCTH, XapaKTEPHUCTHUKAMU TMOTOKA W

CBOCTBAMH OETOHA MPOM3BOAMTCS 110 (hopMyIte, cocTaBnenHoi . A. BopoObesbiM [13]:

r i1y :
1+0,75In— .10 *exp|a(p-B,)
. J w | ( [ ] (2.40)
Vxﬂp
(D(M“L 30

Iae
To — pecypC KaBUTAUMOHHBIX IIOBPEKACHWH, SBILIIOIMIACS BPEMEHEM, 3a KOTOpOE

B

TIOBPEXK/ICHIS GETOHA 33 BHICTYTIOM Ha €r0 MOBEPXHOCTH JI0CTHTHYT 33JaHHOTO 00beMa |7

M — wacmTabHE  KOI(D(QUUMEHT, CBA3aHHBIA C TEOMETPUYSCKUMH —pasMepaMu
BO30YIMTENS KABHTALWMM, KOTOPBIA IUIA BBICTYIIA PAaBEH /-z: (3HAYCHUS ! W z, HMCIOT
Pa3MEPHOCTh B METPaX);

/ — IIAPYAHA BHICTYIIA B HANPABJICHUH NEPHICHIMKYISIPHOM HAMPABJICHUIO TCUCHHUS,

z, — BbICOTA BBICTYTIA,

a — SMIMpHYecKHil Kod(urment, pasHpii 20 B cilyyac KaBUTALMOHHON 3po3dM 32
BBICTYTIOM,

B = K / K, —HapaMeTp, XapakTepU3YFOLIMI CTAIMIO KABUTALIVH,

K — dakTiyeckutii mapaMerp KaBUTALIMY, YCTaHABRIMBAEMBIii o opmyae (2.30);

K, — KPUTHYECKIT MapamMeTp KaBUTALWH, KOTOPBIi Ulst HPSIMOYTONIBHOIO B HOMEPEHHOM
CEYEHHH BHICTYTIA paBeH 2,3 (cM. Tabnuiy 2.8) [72];

Bo= 0,55 — 3HaueHNe MapameTpa, XapaKTePH3YIOIMETrO CTA/AI0 KABUTAITHH ¢ HAHOOJBITCH
MHTCHCUBHOCTBIO 3PO3HH 32 IPAMOYTOJILHBIM BBICTYIIOM;

@ — smMmupdecKuii koa(puIrenT, yInThIBatomuMii (opMy KaBUTHPYIOIIETO SJIEMEHTA,

JULS1 IIPSIMOYTOJIBHBIX BBICTYNOB @ = 1;
62



o — KO3(GUIMEHT, YUMTHIBAIOMIMY BIMSHUE HA KABUTALOHHYIO 3PO3UI0 CTEHEHH
a’palMy  [IPUCTCHHBIX CJIOGB MOTOKA (IpH  OTCYICTBMM adpauuu o = 1; 1Opu
10% 221 a=0,11-0.01p ,TAE B=(Q, /0, )100% );

Viap — CKOPOCTb TEUEHUs HA YPOBHE I'PeOHS BHICTYIIA, KOTOPYIO CIEAYET ONPEAENATH 110
JIaHHBIM TyHKTa 2.14.

Jnsa mposeaenus pacuetoB mo (Gopmyne (2.40) BeiOpaHa HEPOBHOCTH TUIA
«BBICTYIT», 32 KOTOPO# SPO3HMOHHBIC MOBPEXICHNS, KaK IPaBUIo, Hanbonbimme. I1pu 3ToM
OTCYTCTBYET HEOOXOAMMOCTb OCTAHABIMBATHCS HA PACCMOTPEHUM HEPOBHOCTEH, KOTOPhIE
MPUBEACHEI B Tabmume 2.8, Ti. 5 u 6; HEPOBHOCTH 3THX TUIMOB JOJDKHBI OBITH YAAJICHBI
Opy NOATOTOBKE COOPYXKEHWH K JKCIUTyaTalWM, a y4acTOK, TAE OHM PacHoJarajiuch,
HEOOX0UMO 3auicTUTh. OTMETHM, YTO H HCCIIC[OBAHMA 11 0OOCHOBaHHs pacueToB MO
(opmyne (2.40) MPOBOAMIMCE B OCHOBHOM TSI HEPOBHOCTEH THITA BBICTYIDY.

3HayeHNe UHTCHCUBHOCTH DPO3HHU icy PA3MYHOrO TUNA OETOHOB U PAaCTBOPOB IS
o0nmuuoBok manel B [13]. 3HaueHus i, TPHWBEACHHl K CTaHOAPTHBIM YCIIOBHAM
(xapaxrepras ckopoctb 30 M/c, BO3OyAWTENlb KaBMTAlMM B BUJAEC BBICTYNA BBHICOTOM
z,=0,0l M ¥ IPOTSLKCHHOCTBIO MOMEpek MoToka / = 1M OpH CTaAMM KaBUTaLUU

B,=0,235). Jlaxke IpH CTaHAAPTHBIX YCIOBUSX WHTCHCUBHOCTH Iy 3aBHCHT OT

COOTHOLIECHHS & MEXIy MaccaMH Tecka M BCETO 3alONHHUTESI B OSTOHHOM PacTBOpe W
BOJOLEMEHTHOr0 OTHOmEeHus B/II. [lns ycioBHif OTJIMYHBIX OT CTaHAAPTHHIX, B TOM
YUCNIE Ul TOPKPETOSTOHA M JaTeKCHOro OETOHA, 3HAUECHHS WHTEHCHBHOCTU 3PO3UU
VUUTHIBAIOTCS ¢ TIOMOIIBIO TTOMPAaBOYHBIX K03 urmeHnToB. Ha HHTEHCHBHOCTD Pa3BUTHS
9PO3HH BIMSIET TAKXKE CTETIEHb Pa3BUTHS KaBUTALUH [3.

Jns pacdera 7, clIeoyeT 3a4aBaTh NOIMYCTUMBIE OOBEMBI KaBUTALMOHHOMN 3pO3UU
|7 | Taxiem oGpasom, uroGEI mOBpeXIEHHs OOTEKaEMON NOBEPXHOCTH BOJOCOpoca HE
PacIpOCTPaHWINCH HA TOJIIUHY, IPEBBIMIANOIIYI0 CI0H OeTOHA IOBEHIIIEHHOIO KaueCTBa
WM 3aIWTHBIA CNO# Hecywled apMaTypsl (0003HAaUMM WX TONMLMHY f). B To e Bpems
pa3Mephl 3TUX MOBPEXK/ICHUN HE TOJDKHEI HAPYIIATh IPE/C/IbHBINA YPOBEHD HANPSHKEHHOTO

cocTostHms BojocOpoca. COOTHOUIEHHE MEXIY 3HAYCHHSMH |7 | M f, MMEIOIHMH

Pa3MEPHOCTD, COOTBETCTBEHHO, M U M, CACAYET OTpeaessTh mo Gopmyie [10]
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|7 |=6:". (2.41)

B pacuerax 7, ciemyeT 3amaBaTh PSR 3HAYCHMM z, W ¢ JUIS PasHBIX Y4YacTKOB
BozmocOpoca.

Onuenka 7, J1aeT BO3MOXKHOCTh YCTAHOBHTH BPEMS, 32 KOTOPOE JOJDKEH IIPOM30MTH

3a0aHHbIi  00BEM TOBPEKACHWH 3a BBICTYIIOM  ONPENECICHHOHM  BBICOTHI  JUIS
(DMKCUPOBAHHBIX YCITOBHI PaboThl BogocOpoca: cOpocHOTo pacxona mwin orMeTku YBEB u
OTKPHITHS 3aTBOPA.

B 3aBHCHMOCTH OT TIPUTOKA BOABI B BOJOXPAHWIMINE U €r0 EMKOCTH
JKCIUTyaTalMOHHBIM BOAOCOPOCOM THUAPOY3Na OCYIIECTBISIETCS HPOIYCK pPa3IHYHbIX
PacxojioB BOJABI KAKABIM M3 €r0 MPOJIETOB MPU Pa3IM4HBIX OTKPLITUAX 3aTBOopa. OueHka
0o0beMa KaBUTALMOHHOM HSpO3uM OCTOHHON MOBEPXHOCTU B KAXKIOM M3 IPOJICTOB 3a
BEICTYIIOM OITPEJICIICHHOM BBICOTHI, CpaBHMMasi C €€ 3aJaHHBIM 00BeMOM B 00O
(UKCUPOBAHHOM TOYKE MPH YKA3aHHBIX PEXXUMAxX MPOMYCKa pacxoloB, MOXET ObITh
BBINOJIHEHA HA OCHOBE OMpelesicHUs HapaOOTKH KaBUTAIMOHHOIO PECypca Ha 3aJaHHbIH

00bEM KaBUTALMOHHOM 3PO3MH, HCXOAS U3 COOTHOIIEH! [73]

H, -y (2.42)

k=1 jomk

rae ¢, U 7, — BpeMs pabOThl COOPYKEHUS IIPH KAXKIOM k-M pexumMe paboThl IpoJeTa

Oink
BozocOpoca (Ind KaKAOro pacxoia () WM Hamopa Hj; M OTKPBLITHA 3aTBOpa aj) H
KaBUTAIIMOHHBIN pecypc OSTOHHOH TOBEPXHOCTH 32 BHICTYIOM OIPEAETICHHON BBICOTHI B
(PUKCHPOBAHHOM TOYKE TPOCTPAHCTBA M MPU TOM XK€ k-M pexxuMe paboThl MpojieTa

BogocOpoca. Ilpu 77, <1 KaBHUTAUMOHHEIN pecypc OCTOHHOM TTOBEPXHOCTH HE

BBIPA0OTaH, W O0O0BEM MOBPEXKACHUH OETOHHONH MHOBEPXHOCTH OXHAAETCS MEHBIIE
3aJ]aHHOTO, a MNpH H,, >1 KAaBUTAIMOHHBIM pECypC HCUYEPNaH, H TOBPEXKICHUS
MPOTHO3HUPYIOTCS TIPEBHIMIAIOMINME 3aJAHHBIC.

Hndopmauus, npuBecHHA B STOM pasfene 0 PasMuHbIX MapaMeTpax, BITHAIOIINX
Ha pa3sMepel KaBUTANWOHHOW 5po3uM OETOHHOW MOBEPXHOCTH 32 BBICTYNAMH,
00TEKaEMBIMH BBICOKOCKOPOCTHBIM TIOTOKOM, CBUJICTEILCTBYET O TOM, YTO B KAKOH-TO

MEpe 000CHOBAHHKIEC WX 3HAUYECHHS HMECIOTCS JJTS TIPAMOYTOJIBHBIX B MOMEPEYHOM CCUCHUU
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BBHICTYNOB. JlaXKe B 3TOM ClIydae HEKOTOPBIE MapaMeTpPhl CIEAYET MPHHUMATH C 3amacoM
TakuM 00pa3oM, YTOOH! MOBPEX/ICHAS OETOHA HE CTAJIH ONACHBIMU JUTA COOPY)KCHHS.

3HaueHus psaa MapameTpoB, HEOOXOMMMBIE VIS ONpPEIEIICHAS] PECypca KABUTALIMOHHOM
JPO3MH I CIVIKEHHBIX BBICTYTIOB Ha OETOHHO! MOBEPXHOCTH (MPEKIE BCETO 3TO Kacaetes Py u
yactiuHo @) HyKOaercs B JalbHEHINeH SKcrepuMeHTanbHOM otpabotke. Ilostomy Ha
HACTOALIEM 3Talle U3yYCHHOCTH 3TOH MpoOseMbl W pa3paboTKu TPeOOBAHMI K JOTyCKaeMOoi
BBICOTE BBICTYIIOB M MX CIIDKABAHMIO HA OOTEKAcMOlM BBICOKOCKOPOCTHBIM TOTOKOM
MIOBEPXHOCTH OETOHA MPUMEHUM CIEY LI MAUTHATHBHBIHA TIOIXONT;

- OpejebHas BBICOTA HPAMOYTONBHBIX BBICTYNOB MPUHUMAETCS U3 YCIOBHS, 9ro
HapaOOTKa KaBUTAIMOHHBIX Pa3pyIIeHUil He OJDKHA HPEBHINATH 3a1aHHY IO,

- BBICTYIIBI ¢ BBICOTOH OOJIbILIE MPEACIBHON NOIDKHBI CIIDKUBATHCS MO YCIOBHIO
MPeIOTBPAIICHAS KaBUTAITAH.

TpeOyeMblit Yron CriiaKMBaHWs BBICTYMA JUTS CHIDKCHWS 3HAYCHHUS KPATHUYECKOTO
napameTpa KaBUTal|H onpeaensiercs no Gopmyne mist K, B Tadn. 2.8, m. 2. CrnaxuBaHue
BBICTYMOB MIPUBOJUT TAKXKE K U3MEHEHHIO K03 duimenTa, Bxoasiero B gopmyny (2.40),

KOTOPOE YUUTBIBAETCA CleayrommmM obpasom [10]:

1.5

@ =(a/90") ", (2.43)

IJI€ 0. — YTOJI HAKJIOHA TOPLIEBOH MIOCKOCTH YCTYTa K MOBEPXHOCTH BOJOCOpOCa, Tpal.

ITpu ¢opmynuposanuu TpeOOBaHUI K HEPOBHOCTAM OCTOHHOW IOBEPXHOCTH THUIA
PaBHOMEPHOM €CTECTBEHHON MIEPOXOBATOCTH, YCTYIOB 10 MOTOKY W TUIABHBIX BEICTYTIOB
CJICAYET UCXOJUTh U3 YCJIOBHS MPEAOTBPALICHUSA KaBUTALMK. 3HAYCHUS KPUTHYECKUX
MapaMeTpoB KaBUTALMU YCTAHOBIIEHH! JUTS TAKUX HEPOBHOCTEH AaHHBIMK TaOnuipl 2.8.

IIporHo3 OPOAOIKUTENBHOCTH IPONMYCKAa PAa3HYHBIX PAcXOMAOB, PE3YIBTATHI
KOTOpOT0 MpPWBOJATCS B wuciuTene (opmyiasl (2.42), mowkeH OHITH BHIIONHEH ¢
HCIOJIb30BAaHUEM BCEX JAHHBIX TMIPOJIOTHYECKUX HAONIOAEHMI NI CTBOpAa THAPOY3Ja.
Ha 370it OCHOBE BBITIONHAIOTCS pacdeThl BO3MOXKHOTO BpeMeHH paboTel BogocOpoca Mpu
Pa3NUYHBIX OTKPHITUAX OCHOBHBIX Pab0dMX 3aTBOPOB 3a BCE BpeMs HAOMIOACHU MO
MIPOTHO3HBIM ruporpadam B pa3aM4HbIE IO BOJHOCTH MEPHO/BL.

PaccMaTpuBaeMblii  31€Ch HOOXOA COIAEPKUT OSJICMEHTHl PHCKA, CBS3aHHBIE C

HEIOCTATOYHOH Pa3paboTKON TPOOTEMBI H HEOMPENETIEHHOCTRIO 3HAYCHHH HEKOTOPHIX
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HCXOAHBIX TIApPaMeTPOB, KOTOPHIE OIPENEIAT KABHTALMOHHYIO 3pO3HI0. Ilo3ToMy
HeoOXO0AMMBbl  JaibHEHIWE pa3pabOTKM Ha OCHOBE HATYPHBIX HAOMIONEHWH U
HCCICAOBaHNY B KABWTALMOHHEIX YCTaHOBKAX. IIpMMeHeHHME Takoro mojxojga IpH
IIPOEKTUPOBAHUH JOJDKHO OCYINECTBIATHCS C HCIOIb30BAHNEM HEKOTOPHIX 3aMacOB.

B pabore [73] mpuBeieH IpUMEpP MUCIOIB30BAHHS PACCMATPUBAEMOTO B 3TOM

IIYHKTE METOJA TMAPaBIMYCCKOTO pacycTa ajis BOI[OCG'pOC& KOHKPCTHOI'O ruapoyaia.

2.17 Camoaspanusi NOTOKA HA TPAKTE BOJOCIMBHBIX IVIOTHH

ITpr BBICOKMX CKOPOCTSX TEYEHWs BOABI B IpeAenax TpakTa Oe3HAIOPHBIX
BOAOCOPOCOB MPOMCXOANT HAPYIICHHE CIUIOMHOCTH CBOOOMHOW MOBEPXHOCTH MOTOKA
BOJBI, OHA CTAHOBMTCS PBHIXJIOW M BO3LYX 3aXBATHIBACTCI B BOAy. Takoe sBICHUE
Ha3bIBAIOT camoadparmeit. OHa COIMPOBOXKIACTCS YBEIMYEHHEM TITyONHBI IO CPABHEHHMIO C
0aHO(a3HBEIM TIOTOKOM, TIPH TIPOHMKHOBEHWH ITy3BIPPKOB BO3AyXa B Boay oOpasyercs
HIDKHSS 30HA — 30HA TEUCHUS BOJOBO3AYIIHOM cMecu. Hax 3Toli 30HO#H MOTOKa BO3HAKAET
BEpXHssA 30Ha TeueHHs. OHa COCTOMT M3 BBUICTEBIINX CHHM3Y Kamelb BOABI M BO3AyXa,
KOTOPHIM BOBJICYCH B JBIKCHHE TUMH KAILIIMM W HANPABICHHE ABIKEHHE KOTOPOTO
HCHTHYHO C HAIpaBJICHWEM TEUCHHs Bcel Macchl TOoTOKa Bombl. Kammm Boasl Hajn
OCHOBHBIM IIOTOKOM BOJIbl MOT'YT IIOJHUMATbHCS Ha BBICOTY, CYILECTBEHHO MPEBHIMAOITY O
BEICOTY HIDKHEH 30HBI TOTOKa. IIy3BIPEKH BO3AyXa B HWDKHEH 30HE IIOTOKAa B
OIIPEZIETIEHHBIX YCI0BUSAX MOTYT JOCTUrarh 0OTEKaeMol MOBEPXHOCTH JHA BOJOCOpOCa,
YTO J[ODKHO CIOCOOCTBOBATH BO3MOMKHOCTM CMSTHEHHS WM BOOOILIE YCTpaHeHHs
OIIACHOCTY KABUTAIMOHHON 3p0o3uu. [Ipu 3TOM, OJHAKO, AOIDKHO YUMTHIBATECS, YTO JAXKE
IIPH OTHOCUTENBHO HEOOBIION KOHIICHTPAINH BOIHBIX KaIlellb B BepXHEH 30He MOTOKa U
[P HEIOCTATOYHOM 3aIIace BBICOTbI OOKOBBIX CTEH MOBEPXHOCTHOIO BOZOCOpoOca IpH
HEONMaronpuATHEIX YCIOBUAX (OOKOBOM BETpe, 3aTOINICHHH BEIXOZHOTO —CEYEHHS
BOAOCOPOCa, H3MEHCHUHN €T0 IIWPHHBI) MOTYT MOSBATHCS CYIIECTBEHHBIE 3aTPyAHCHUS B
SKCIUTyaTalWH COOpYXKEHHHM TMApOy3ia, NMPUMBIKAIOMMX K BogocOpocy (BosaeiicThe
Kamenb BOABL HA PACIpenyCTPOMCTBA W JWHWHM  3JEKTPOINEepenad;, HMOATOILICHHE

NPAMBIKAIOMMX K BOAOCOpOCcaM COOpYXKeHHMH n ux oOMep3aHne, KOTOpPHIE MOTYT
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0COOEHHO TIPOSBUTHCS TIPH M3MEHEHWH VKJIOHA JHA BOJ0COPOCa M €ro MOATOINIEHHH CO
CTOPOHBI HIKHETO Obe(da).

Pacuer camoa’palMyd IOTOKAa Ha TPakTe BOJOCIUBHBIX IIOTHH MOXET
mpousBoauThes o Merony B. IT. Tpounkoro, 000CHOBaHHOIO NaHHBIMM DPsa HATYPHBIX
MCCIICIOBAHHM W OKCMCPUMEHTATBHBIX  padoT, TPOBEJACHHEIX Ha JabOpaTOPHBIX
ycraHoBkax [128, 129]. B panbHeiiieM 5TOT MeTod ObUI HECKONBKO YTOUHEH IS
yuebHoro mocobust [118]. HeoOxomumMo WMeETh B BHIY, YTO 3aBHCHMOCTH TPOMIIKOrO
MOTYT UCMOJb30BATLCS B CIyyac MJaBHO W3MEHSIOIIErocsl OBUXKCHUS, B TOM HUCIE Ha
y4acTKax C BBIMYKJIBIM TpoQuieM AHA, HO TPH OTCYTCTBHHM Ha 3THX Yy4acTKax
3HAUUTENbHOro Bakyyma [13].

Iepen MCIOTE30BAHMEM YKA3aHHOTO METOMA pacdera caMoa’lpaliy HeoOXoauMo
OIIPENEUTL NPOMYCKHYIO CIOCOOHOCTh BOJOCIMBHOM IJIOTWUHBEL (I 2.5), H OOHUM U3
MIAPOKO U3BECTHBIX CIIOCOOOB YCTAHOBUTH IMIyOMHBEI «4UCTOH» BOABL IO [UIMHE
BojocOpocHoro Tpakrta (m. 2.9). Kpome  TOro, BMecTe ¢ pacdeToM IiIyOMH
HEa3pUPOBAHHOIO MIOTOKA HEOOXOJUMO YCTAHOBUTH CTBOP, B KOTOPOM BO3IyX HAYHHAET
BOBJIEKATHCSI B MOTOK BOABI (HAYAJIO a’parivi). B 3ToM cTBOpe CpeHas CKOPOCTh MOTOKA

V momkHa OBITH PABHA KPUTHIECKOM CKOPOCTH Vg, ONpenensemMoii mo popmyie [118]

Vo = 1/(0,381{ cosa,)h, , (2.44)

rae R — TUApaBIMuecKuit pagmyc; o, — YTOoJl HAaKJIOHA CIMBHOI rpaHn BojocOpoca; Az —
KO3((PULIHEHT THAPABIMYECKOrO TPEHHUS €r0 MOBEPXHOCTH.

IIpuMeHeHHE C€aMOrO METOJla pacuera CcaMOad’pallid MPEANONaraeT, 4To
pacrpeieNieHie KOHIICHTPaLlK (COACPIKAHMS) BO3AyXa MO BEICOTE BOJAOBO3AYIIHON 30HBI

AOPHUPOBAHHOTO MMOTOKA OIMMUCHIBACTCS 3aBHCHMOCTBIO

[yl
s,=s. exp| —k|1-—]]| (2.45)
L U )
U 1O BBICOTC BO3HyH.IHOBO,Z[H0ﬁ 30HBI, HCXOJ U3 IOJIOKCHHUA, YTO YAaCTOTA NMECPCCCUCHUS
Kallellb Pa3MYHBIX YPOBHEH y* BHINIE 30HBI BOZOBO3AYIOHONW CMECH MOJUUHSCTCS

HOPMAaJIbHOMY 3aKOHY PacIIpeeNIeHIs, 3aBUCUMOCTBIO
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Los Iexp[f() ﬁ(y*/cs)]dy (2.46)
2(1- c \/_n
rae
— OTHOLIEHUE 00bEMa BO3AYXa K 00BEMY CMECH BOIBI M BO3/yXa B ICMEHTApPHOM
0o0BeME;

Sy ¥ hy; — KOHIIEHTPALWA BO3AyXa HA MPAHMULIE MEKY 30HaMH TIOTOKA BOJOBO3YIIHON H
BO3MYIIHOBOAHOH CMECH M BBICOTA HWKHEH 30HBI (OT TOBEPXHOCTH [HA 0 YKA3aHHOM
TPaHHIIBL),

y ¥ y*¥ =y — hy; — PaccTOSHYE N0 HOPMAJH, COOTBETCTBCHHO, OT JHA O JIEOOOH TOUKH
IOTOKA M OT TPAHMIBl MEKIY HIDKHEH W BEPXHEH 30HAMM IIOTOKA W TOH K€ TOYKM B
BO3YIITHOBOAHOM 30HE;

k — k02 PULMEHT MPONIOPIMOHATBHOCTH,

G — CPEIHEKBAAPATUIECKOE OTKJIOHEHHE PACCTOSHMUS, HA KOTOPOE BHIIETAIOT Karlll
BOJIBI HAJI MOBEPXHOCTBIO PA3AEIaMU MEXKY IBYMsI 30HAMH OTOKA.

J1s HAMISAIHOCTH PsJ apaMeTpPOB ASPHPOBAHHOTO MOTOKA B €0 MONEPETHOM

CEUCHHH [TOKA3aHBI HA PUCYHKE 2.8.

¥
LSw=1-S,
Sa
5 3/
-~
lzlx 4 =
1 7/ -2
/ I
/ EN
/
/
,l Sa+Sy
0

Pucynok 2.8 — [TapaMeTphl IONEPETHOrO CEUEHUS a9PUPOBAHHOTO TTOTOKA:
1 — KOHUEHTpaLHs BO3AyXa B HIKHEH 30HE; 2 — KOHIIEHTPALUs BO3AyXa B BEPXHE( 30HE;
3 — rpaHHIa MEXKIY STHMH 30HAMH
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Pacuer Hen3BECTHEIX MAPaMETPOB, BXOMAIMX B 3aBUCUMOCTH (2.45) u (2.46), nis
paza CTBOPOB IO [UIMHE BOJOCIMBHOM ILIOTHHBI HEOOXOIUMO HAYHHATL CO CTBOPA,
ompeneneHHoro no gopmyne (2.44). 10T pacdeT JOJDKEH BHIIOIHATHCS 110 JAHHEIM Ta0l.

2.11 ¢ nOMOUIBIO OJTHOTO U3 CIEAYIOMIX KOMIUIEKCOB:

m=(R/h)"(5/R) " Fr; (2.47)
1= (E/_)l’z(a_/g)o'zs Fr, (2.48)
rae
Fr=7"/gRcosa, — NAPaMETP, AHAIIOTHYHBII 110 CTPYKTYpe unciy dpya,
R ¥ h — rujipaBIMYecKuii paguyc U ryOuHa Oe3 ydeTa adpalu MoToKa («YmMCTOM
BOJBD»),

3,3v
8 = ——+ A — XapaKTEPUCTHKA IICPOXOBATOCTH CTEH M IHA BOAOCHpOCa;

u,
A — abcomoTHas JKBUBAJICHTHAS IEPOXOBATOCTH (CM. HATpuMep, [13, 99));
V — KUHeMaTHIecKnif KO3(P(OUIMEHT BI3KOCTH BOMBL, u, = \[gRi — JUHAMHYECKAST

CKOPOCTb; | — YKJIOH CJMBHOI MPAHH.

Tabnuma 2.11

M=T1<40; h=h 40 <I <71 71< 10 < 280 I > 280
5, =0,00219m"" 5, =0,002190" 5, =0,0022m"” 5, =0,3470"
=5 5,=5" 5, =0,2951"" 5, =0,56201""
RJR, ~1 R/R, =0,507"" R/R, =0,50711° R/R, =0.891m""
5, =0,5 s, =1-1,62"" s, =1-1,6201 """ 5, =1-1,010 "%
k=390m ™" k=390 k=10,3511""° k= 4,030
ofh=0,0087511 ofh =0,063111°% ofh =0,063111°" ofh =0,14711°%

B tabmume 2.11 5, u s,
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TIepTa Haj 3HaYeHUsIMHA IT , R, 6, Fr O3HA4YacT, YTO OHM ONPEIACIAIOTCS LT

MoTOKa (UKTUBHOW TIyOWHBI, HA3bIBACMOH TNpPHUBENEHHOM TyOMHOM 4 = &k

Kp
BOJIOBO3/IYIIHOM 001aCTH, KOTOpas YCTAaHOBUIACH OBl IPH YOANCHMH M3 HEe BO3IyXa.

Inybmna  n,, =3/q° /g ABIAECTCA KPUTHUECKOM JUI1 HEA3PHPOBAHHOIO  IOTOKA.

Koahdunuent & Beruucnsercs nepBoHavYaibHO 10 opmyne
~0,975

( ( -
LH ZTaJ . (2.49)

)
0345L1+2;J 60,125]72.875
xp

3
h L1375

=8

Hocne onpenenenwst w3 ypapuerus (2.49) &€ m h=¢h B caydae h=h_(C
OTKJIOHEHUsAMU 110 3%) 1o ¢opmyine (2.47) Haxomures 11 10 MCXOOHBIM [JAHHBIM IS
HEa3pUPOBAHHOTO MoToka. [Ipy # < h 3HaueHwe II paccumThiBaeTcs mo popmyne (2.48) ¢

BBEICHUEM B pacueT /# . Eciu okakeTcs, uto 1 > 280, 1o &, a3aTeM U # YTOUHSIOTCS 1O

(bopmyie
( h \71‘5 h e 2,875 ( hKP o
4,03 1+2— — =t 1+ 2—¢ . (2.50)
L bJ 5" h " L b J

Tocne onpenenenus & U, COOTBETCTBEHHO, # TOJDKHBI OBITh YCTAHOBICHHI [T mm

o o ¢dopmynam (2.47) u (2.48). Jlamee B 3aBHCHMOCTH OT MX 3HA4YEHUI pacdeT

HapaMeTpPoB a3PHUPOBAHHOTO MOTOKA HEOOXOAMMO MPOBOAMTH MO (OPMyJaM OJHOTO M3

cTonbuoB Tabn.2.11. B 3toif Tabnuue s.. — CPEHAS KOHLEHTpALKs BO3AyXa B HIDKHEH
BOJOBO3AYLIHON 30HE, s. — CPENHss KOHLIEHTpALUs BO3yXa B NMPEAENIaxX BCETO >KUBOTO

CCUCHUS TIpu  # KOTOpast COOTBETCTBYeT s, = 0,99, R, -— HpI/IBCI[eHHHﬁ

as
TUAPABIHYECKUHA paJlyC HIKHEH 30HbI NOTOKA.

Jlanee 1o COOTBETCTBYIOIEMY 3HAUEHUIO MPUBEACHHOTO THIAPABINYECKOTO
panuyca Ra YCTaHaB/IUBAETCA
bR

ho = ——,
b—-2R:

2.51)

a 3aTcM BBICOTA BOI[OBO?:ZIYLLIHOﬁ 30HbI IIOTOKA

70



ho-—n (2.52)

1- San

C y4eroM NONyYeHHBIX 3HAYEHMI TApaMeTPOB BOJOBO3AYINHON 30HBI MOTOKA:
KOHLCHTPALMK BO31yXa HA IPaHULE JBYX €r0 30H s, 3HAYECHHUS kK M BBICOTHI STOH 30HBI

h, — 1o ¢opmyie (2.45) ycranaBimMBacTCs paclipesieieHHe KOHICHTPAMH BO3AyXa MO

1

BBICOTE BOJOBO3AYINHOM 30HBL IIp HEOOXOAMMOCTH TPOTHO3a KABHTAIMOHHON SPO3UH

00TeKaeMol TOBEPXHOCTH UIsl TIOJNYYCHAS 3HAYCHHUA S, HA JHE JOCTATOYHO OMpPEAC/IUTD

JIMIIb NApPaMETPBl s U k, Tak Kak B popmyre (2.45) B 3toM caygae y = 0.
Jing ompeneneHns KOHLEHTPAIMK BO3AyXa IO BBICOTE BO3AYLUIHOBOAHON MACChI

¢dopmyna (2.46) npuBoOUTCS K BUAY

1
s,=1-2(1-s.)

a

Iexp[—O,S(y * /c)2j|dy* =
oN2m |,

r M R
—1-2(1-s5,)]0,5-—— [ exp(-0.5¢ )dr|, (2.53)

roe f=y*/o .

Ilpu pacuere mno ¢opmyne (2.53) HeoOXOMMMO WMETH B BHOY, 4TO

y*=ot
1
«/_ j exp(—o,Stz)dt SBISIETCS. WHTETPAJIOM BEPOATHOCTH, TAONHIBI KOTOPOTO
27
0

OPUBOIATCS B  PYKOBOACTBAX M CIPAaBOYHHKAX IO TEOPDUM BEPOATHOCTH M
MaTEMATH4ECKOH crarucTuke (Hampumep, [68, 113]).

3anapasce B Qopmyne (2.53) riyOuHO# h,, COOTBETCTBYIOIUIEH OINpeNCcIEeHHOM
KOHLEHTPAaUMU BO3/lyXa Ha BEPXHEH rpaHMLE NOTOKa, Hampumep s, = 0,99, ee MOxKHO

TaKKe ONPEJCIIUTh C OMOLIBIO hopMybl (2.52), TAK KaK & = h_ + v.

Y000 -
ITprMeHeHrEe PacCCMOTPEHHOTO METOMA JUIA pacyeTa a’palyd MOTOKA B Ipefesax
BOJOCOPOCOB MMAPOY3/1a MOKa3aHo B yueOHoM mocobun [118] Ha mpumepax. Pe3ynbrarsl
TaKMX PacueTOB I KOHKPETHOrO BOXocOpoca faHkI Taroke B padote [42].
B 3akmrodueHHMe pacCMOTpeHMS camoOa’pallid TI0TOKa Ha  Oe3HamOpHBIX

BOIlOCGpOC&X OCTOHHBIX IUIOTHH HGOGXOI[PIMO OTMCTHUTD, YTO MMPOHUKHOBCHUEC BO3ayXa 0

71



UX JHA OPOUCXOIUT JIUIIb MPH OTHOCUTCIHHO HEOONBITIX YACIBHBIX pacxoaax BOAbI,

06BIYHO He MpeBBImaromux 2040 M/c.

2.18 MckyccTBeHHast a3panus 00TeKaeMbIX IIOBEPXHOCTell 0e3HAMOPHBIX
BOI0COpOCOB

Ha TpakTe Oe3HAmOpHBIX BOAOCOPOCOB OETOHHBIX IUIOTHH B CIy4dae Y/ICIbHBIX
pacxomoB 6onee 20-40 m/c Ny3bIPbKM BO3[yXa 3a CUET CaMOa’palMyd IIOTOKA He
IIPOHMKAIOT JI0 [HA, a NIPU CKOPOCTIX TeueHUs Oosiee 25-30 M/C 1O TEXHOIOTMYECKUM
OTPaHUYEHHUSAM HE YIAeTCs BHINOJHUTL c(OpMyaupoBaHHble B T. 2.14 TpeGoBaHHS K
pasMepaM W OUEpTAaHMSIM HEPOBHOCTEHl Ha O00TeKaeMBIX TOBEPXHOCTIX, Onaromaps
KOTOPBIM TIPEAOTBPAIIAIOTCS KABUTAOHHEIC BO3ACHCTBHUSA. [l 0OeCTICUeHHUs 3allNTHI
00TEeKaEeMBIX IIOBEPXHOCTEH PacCMaTPUBAEMEIX BOLOCOPOCOB MPH TPEBHINICHAN YKA3aHHBIX
napaMeTpoB TOTOKa Hanbonee >(PGHEKTUBHEIM MEPONPHATHEM SIBJISIETCS MCKYCCTBEHHAsS
a’jpamyis TPUCTEHHBIX CJIOCB BBICOKOCKOPOCTHOTO NOTOKa. OHA OCYIIECTBISETCS C
TIOMOIIBI0  @JpaTOpOB  PasIMUHBIX  KOHCTpyKImH. Hambonee pacmpocTpaHeHHbBIE
KOHCTPYKITMY a3paTtopoB, mpuBeneHHbIe B. M. CeMeHKOBBIM [8], moka3aHbl Ha pucyHke 2.9.
['MaBHEIMH DJIEMEHTAMH TAKHX a3PaTOPOB SIBISOTCS KOHCTPYKIWMH, OOCCIeYHBarOIIe
OTpPBIB MOTOKA OT OOTEKAEMBIX MOBEPXHOCTEH, U YCTPOHCTBA, KOTOPbIE MOABOAAT BO3AYX
M3 NPOCTPAHCTBA HaJ MOTOKOM BoAbl. OTPhIBHAS 30HA CO3JAETCA C IOMOIIBIO TPaMIUIHHA
(puc. 2.9, cxema 4), ycryna (puc. 2.9, cxema b5) mni ux koMmObunauuu (puc. 2.9, cxeMa B),
a BO3HUKAFOLIHMIA B 3TOH 30HE BaKyyM CHOCOOCTBYET MOCTYIJIEHHIO B HEE BO3yXa U3 30HHI

00MBIIETO JABJICHUA HAaJl BOOHBIM ITOTOKOM.
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oononl

Pucyrok 2.9 — CXeMBI a3paTopoB M YCTPOHCTR IS TIOABOAA BO3AYXA,

4 — moACTpyHHAas MOJIOCTB; 5 — rpaHuIa B KOHIIE OACTPYHHOM TTOJIOCTH;

ma3; 10 — BozayxopacnpeaenuTeb, 11 — BO3AyxXonoaBoAsAIIAs rajaepes

THIIBI A)PATOPOB: A — TPAMILIMHHEIM; 5 — CTYNEHYATHIH; B — KOMOMHUPOBAHHEIH;
CXEMBI IOJBOJA BO3yXA: [ '~ MON0CTHAS 3a OBIMKOM; /] — TOJNIOCTHAS 38 CTyTEHYaThM (1)
WM TPaMIUIMHHBIM (/1) OTKIOHMTENEM; I — KaHabHasT; JK — KOMOMHMPOBAHHEIE,

1 — Hea3pUPOBAHHBIN IOTOK; 2 — MOABOA BO3AYXA; 3 — BOAOBO3AYIIHAS CMECK,

6 — BO3yXOMOABOAIIAS TIONOCTE; 7 — BO3AYXOBO;, 8 — BYT; 9 — BO3MyXOIMOABOAALLIKIT

BakyyMmHas 30Ha 3a a3paTtopamu CHa0KAeTCs BO3LYXOM 4epe3 IOJIOCTH 33 30HaMU
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OTPHIBA HA BEPTHKAILHBIX MOBEPXHOCTEH (pucyHOK 2.9, cxeMbl [” u /[[), Yepe3 masel
coopyxennuit (pucyHok 2.9, cxemsl K/ u JKI/) v crielHaibHEIE a3PallMOHHEIE BOTOBOIBI

(KaHaIbl, BO3AYXOBO/bI), MPHBE/ICHHEIC HA pUCYHKE 2.9 (cxeMbl /2 1 /K [1]). BoBeueHne



BO3JyXa 3a TAKAMH adparopamMH NPOMCXOIMT B HIDKHIOIO 30HY OTOPBABIIETOCsS OT
TIOBEPXHOCTH COOPY>KEHHsSl MOTOKAa (PUCYHOK 2.9, cxembl Hh u B). DTHM BO3AYXOM
HaCBIIAOTCSl TPUCTEHHBIE CJIOH TMOTOKA HIDKE TI0 TEYSHWIO KOHTaKTa OTOPBABLIMXCS
CTpy#i € )KECTKHUM TpaHMIIAMH BOj10cOpoca.

ITpu paccMOTpPEHNH TUIMOB a3PaTOPOB CIEAYET UMETh B BUAY KaK IIOJTOKUTEIHHEIE,
TaK 1 OTPULATENBHEIE OCOOCHHOCTH MX KOHCTPYKLIMH U TH/IPABITYECKUX YCIIOBUI paboThL.

TpaMIUTMHHBIE a3PaTOPbl MPH PaBHOM BBHICOTE CO CTYNEHYATEIMH a>paropamu (B
BUJIE YCTYTIA) CO3JAI0T 30HY OTPbIBA CYLIECTBEHHO OONBINCH JTMHBI K BOBJIEKAIOT B MOTOK
OonblIOE  KONMHYECTBO BO3AyXa. X MOXKHO YCTaHOBHTH Ha YK€ MOCTPOCHHBIX
COOPYXKEHUSX. BMecTe ¢ TeM YCTPOMCTBO TPAMIUIMHHBIX &3PAaTOpPOB MPHBOIWT K
3HAQUUTENBHON JedopMalMu IOTOKA, YBENIWMUMBACT €ro IIyOMHY M NOPUBOIMT K
o0pazoBaHHIO IpeOHE HAJ OCHOBHBIM ITOTOKOM, OCOOEHHO ITPH YCTPOHCTBE TPAMILTHHOB
Ha OOKOBBIX IOBEPXHOCTSX BOAOCOPOCHBIX TpakToB. K TpaMIUIMHHBIM aj’paropam
CJIOKHEE OPTaHU30BaTh MOBOJ BO3AyXa.

CryneHuaTble a3paTopsl B MEHBIIEH CTENEHU Ne(OPMUPYIOT IIOTOK, YTO MO3BOJISET
YMEHBIIUTE BBICOTY OOKOBBIX CTEH, H CHOCOOCTBYIOT YMEHBLIEHHIO OpBI3ro0Opa3OBaHIIs.
CryneHuarsie a3paTopsl NMPOLIEC MO KOHCTPYKLMM M OHM, B OTAENBHBIX CIydYasx, AAIOT
Jydiiee KOMIIOHOBOYHOE pEIIEHHE. B TO ke BpeMs, Uil YCTPOMHCTBA CTYIEHYATBHIX
a’paTopoB HEOOXOMMMBI JONOHUTENbHBIE 00BbEMbl OETOHA, KOTOpHIE MONKHBI OBITH
OpeIyCMOTPEHbl HAJ, HU30BBIM OTKOCOM OCTOHHOW IUIOTHHBI, VKJIOH KOTOPOTO
OMpesenseTcs CTaTHUECKIMU YCIOBUSIMU €€ PaboThl, BBILIE YCTYTA a3paTopa Mo TEICHHIO.

BricoTa TpaMIUIMHOB-23paTopoOB W Yrojl HAKJIOHA WX BEPXHEH MIOCKOCTH K
BOJIOCIIMBHOM TOBEPXHOCTH  YCTAHABJIMBACTCSl HA OCHOBE  JKCTIIEPUMEHTAIHHBIX
MCCIEAOBaHUI WnM 1o aHatoraMm. Yamme BCEro MCHONB3YIOT TPaMIUTHHBI-a3paTopPhI
BbicoTOi 0,1-04M C yrjmoM BepxHell IJIOCKOCTH K TOBEPXHOCTH BogocimBa 7—12°
BeicoTa Takux TpaMIUIMHOB B HEKOTOPBIX Cllydadx Moxker gocturate 0.8 m [8].
CryneHuarsle a’3paTopbl IPEAYCMATPUBAKOT IPEHMYIIECTBCHHO BBICOTOM 1-2 M, HO
WHOTAA WX BBICOTA MOXET JocTuratb 5-7 M. OuepraHue BepxXHEH MOBCPXHOCTH

CTYIEHYATOrO a3paropa sIBISETCS YaCThIO BOJOCITMBHOTO PO,
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KoMOmHVpOBaHHAS CHCTEMa a’paToOpoOB MO3BOJSET B 3HAUMTEIBHON CTENEHH
KOMIICHCHPOBATh HEOCTATKY ¥ MCIIONB30BATE IPENMYIIECTBA 000UX HX THIIOB.

Ha pucynke 2.9 Taioke NPUBEACHBI CHCTEMBI MOABOJA BO3AyXa B IMOJOCTH 3a
a’3paTopaMy: ITIOJIOCTHAS 32 OBIYKOM M HETOCPEACTBEHHO 33 BEPTUKATBHBIM YCTYIIOM
HIDKE a’paropa 1Mo TEUCHWIO, B BHIE KAHAIOB WIIM Ta30B, TIOCPEICTBOM a3PaIlMOHHBIX
BOJOBOZOB. [l Gojee paBHOMEPHOTO pacnpeleieHus BO3AyXa [0 MIUPUHE MMOJOCTH 33
a3paTopoM TI0 TITOMAIM TOPLEBON CTEHBI JOHHOTO KaHajda MOTYT TPEAyCMAaTpHBATHCS
oTBepcTHs (BO3AYXOPACIpeIeTTENb). BHIOOP CHCTEMEBI MOABOAA BO3AYXa NPOU3BOAUTCA,
HCXOJ W3 KOHCTPYKTHUBHBIX 0C0O€HHOCTEH coopyxenus. Ocofoe BHUMaHWE TIPH 3TOM
Heo0x0auMo 00paInaTh Ha MPeayNpekACHIE CKAIUTHBAHIS HA TPAKTE 3TOH CUCTEMBI BOABI
U cHera U 00pa30BaHuUs HAJIEHAEH.

BonpIoe KONMUYECTBO BO3MOXKHEIX BAPUAHTOB KOHCTPYKLHMK a39PATOPOB U CHCTEM
HO/BOA K HAM BO3yXa, & TAKOKE HEBO3MOKHOCTh BOCIHPOHM3BEJCHHS 3aXBaTa BO3AyXa
NOTOKOM BOAEI B MpeAeiaX TaKMX KOHCTPYKIMN Ha OOBIYHBIX THAPABIHYECKAX
J1a0OpaTOPHBIX YCTAHOBKAX B CYIIECTBEHHOM Mepe OCIIOKHSAET pa3paboTKy OOUIMX METO/IOB
WX THAPABIAUECKOro pacdyeTa. HecMOTpst Ha 3HAUMTENBHOE YHCIIO UCCIIEAOBAHMUIT YCIIOBHIA
paboTEl a’paTOPOB HA MOAENAX U B HATYpPE, B HUX PACCMOTPEHBI JIMILIL OTACIBHBIE UX
KOHCTPYKIIMM M PSJT YaCTHBIX BOIIPOCOB THPABIMYECKOTO pacdera, a TMONyJYeHHBIE B
pe3ynbTaTe PasIUIHBIMA WCCICHAOBATEIISIMHA pacdeTHbIe (HOPMYITBI BO MHOTHX CIydasx
HECOMOCTAaBUMBI MEXAy co0oif. [1o3ToMy HpHBEAECHHBIE HIDKE 3aBHCUMOCTH JOJDKHBI
paccMaTpuBaThCA Kak OICHOYHBIC JUTS pacdera a3paTopoB BOAOCOPOCOB, COBMEIIICHHEIX €
OCTOHHBIMH IUIOTHHAMH, KOTOpPHIE NpEAHA3HAYEHBl /IS WCIONB30BAHMS JINb Ha
HAYQJILHON CTaguu MPOCKTHPOBAHMA. OkoHYaTeIpHOe PCUICHUE 1O KOHCTPYKIHHU H
TUAPABJIMYCCKIM YCIOBHSIM PabOTHI a3paTOPOB JOKHO OBITh OOOCHOBAHO PE3yIbTaTaAMU
I/ICCJ'ICIlOBaHI/Iﬁ Ha THAPABJIMYCCKHUX MOJCIIAX, B TOM YHUCIIC, HA (I)pal"MeHTapHLIX MOACHIAX
Maciiraba He MeHee 1:8 — 1:15.

Tpu ruapaBIHYEcKOM pacueTe a3paTopoB HEOOXOUMO YCTAHABIBATE!

- €ro MECTOTOJIO)KEHHE Ha TPaKTe BOAOCOPOCAa, HWXKE KOTOPOr0 MO TEYESHUIO
NpPEIOTBpAICHAC KABHTAIMM W KABUTAMOHHOI 3po3uM 0Oe3 MOaBOja BO3AyXa B

HpI/ICTeHHbIﬁ CIoit MOTOKa IIPAKTHYCCKHA HCBO3MOKHO,
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- BBICOTY W YTOJ HAaKJIOHA BEpXHEl €ro IOBEPXHOCTH, HCXOAM M3 HEOOXOAMMON
MPOTSDKEHHOCTH — HOACTPYHHOH  oOmactw L, JUIMHBL  y4acTKa, 3allMIIaeMOro
3aXBATEIBAEMBIM B MPUCTEHHEIH CJI0# MOTOKA BO3IYXOM,

- Pacxol BO3/yXa, 3axXBaTbIBAEMbI HOTOKOM H3 IOACTPYHHOH DOJOCTH, H
Pa3Mephl CUCTEMBI [UIs MOJBOAA B HEE BO3YXA,

- IPOTSDKEHHOCTh YYACTKA, 3aLIMILAEMOro OT BO3/EHiCTBUS KaBUTALK BO3IyXOM B
IOPUCTCHHOM CJIO€ MOTOKA, KOTOPBIM PpACHONOXKEH HIDKE CTBOPA KOHTAKTa CTPyd 3a
a3paTopoM CO CIMBHOM I'PAHbBIO;

- YPOBEHHBIH PEXXUM MOTOKA HA yUaCTKE adparopa M HUXKE €ro 10 TEUEHHIO.

IIpu ompeaeneHuy MECTOMONOMKEHHS adparopa Ha IOBEPXHOCTM BojocOpoca B
OCHOBHOM CJIENy€T UCXOAUTh U3 YCIOBUS HEJONYLICHWS KABUTAMU HA HEPOBHOCTSX
BBIIIIE a3paTopa 0 TeUSHUIO. [ BLIMOIHEH M 3TOr0 TPeOOBaHMS C YYETOM KOHCTPYKLIHUU
00TeKkaeMolf TOBEPXHOCTM BOAOCOpOCA M METOAAa €¢ BO3BEJACHWS (THII ONATYOKH,
BO3MOXKHOE KaueCTBO OOTEKAEMOI MOBEPXHOCTH, AOMYCKAEMBIC Pa3MEpbl W OYEpTaHHE
HEPOBHOCTEH) YCTAHABNIUBAIOT WK 33JaK0T TEXHUYECKUMHU YCIOBUSIMU Ha BO3BE/ICHUC
BoJocOpoca BO3MOXHEBIC pa3MepHl STHX HEPOBHOCTEH M HEOOXOAUMEBIC MEPOTIPASITHS TIO
CIMKUBAHUIO WX rpaHeil. K TakuM HEPOBHOCTAM OTHOCATCS BBICTYNBI H YCTYIIBL,
HEPOBHOCTH APYTUX THHOB (CM. Tabnuuy 2.8) HOMKHBI OBITH 3QUYMINECHBI 3aIOUIMIO C
00TeKaeMOii TIOBEPXHOCTHIO.

IIpu paccMOTpeHMH BO3MOKHOCTH CITIKUBAHHMS BBICTYIIOB HEPOBHOCTEH B
YCIOBUSAX KOHKPETHBIX BOAOCOPOCOB CIEAYET MO BO3MOXHOCTH HE JIOMyCKaTb
3HAUUTENBHOTO YAOPOXKAHUA COOPYXKEHHH B CBA3H C IPUBEJICHUEM €0 B KABUTAILIMOHHO-
6e30macHOe COCTOSHUE. BMecTe ¢ TeM HE0OXOOMMO YIUTHIBATh, UTO [0 CHX JIOP PCATBHO
HE YIABAIOCH BBINOJHATH CITIAKMBAHHME TIPAHE HEpPOBHOCTEH BBICOTOH 5-20MM C
YKIOHOM paBHbIM unu Oonee 1:12, a BeicoToii 20-40 MM — Gonbiue 1:20. Bonee moapo6Ho
JaHHBIE O Tpelenax CIrIOKUBAHUS IpaHell HEPOBHOCTEH OOTEKAEMBIX MOBEPXHOCTEN
Pa3NMYHBIX TUTIOB U BHICOTHI MPUBENEHHI B paboTe [43].

MecTonooKeHHE a3paTopa AOJDKHO OBITh YCTAHOBJICHO PAcdeTOM (haKTHYECKHX
3HAYEHHUIT TapamMeTpa kapuranuu 1o gopmyse (2.30) [y HepOBHOCTEH COOTBETCTBYOLIEH

BBICOTHL M (OPMBI UTsl psiga CTBOPOB HA MOBEPXHOCTH BOAOCOPOCA OT €ro BXOIHOTO
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CEeUeHHs BHU3 MO TEYEHHIO. Adpatop HEOOXOAMMO pacmomaraTb B TOM CTBOPE
BOIOCOPOCHOTO TPakTa, B KOTOpOM (DaKTHUECKOE 3HAUECHHE MApaMeTpa KaBUTALUH
CHU3UTCS JI0 €r0 KPUTHYECKOIO 3HAUYCHUS, ONPEIEIIEMOTO B COOTBETCTBHH C JaHHBIMU
Tabm. 2.8.

Jmna BozaymHOH mnomoctd L (puc. 2.10) nmpu pacdere moaOOpoM BBICOTHI
a’paropa d W yrila HaKJIOHa €ro BepxXHeil rpaHH (¢ MO OTHOLICHHIO K TMOBEPXHOCTH
PAcCIIONIOKEHHOIO BBINIE N0 TEYCHUI0 YYacTKa CIIMBHOI IMOBEPXHOCTH BOJOCOPOCA MOXKET
OLITH YCTAHOBJICHA HA OCHOBE YPABHEHH CBOOOTHOTO MAJCHMs YaCTUI] BOABI U3 TOUKH A
NOJ, YIVIOM K TOpu3oHTY (a+¢) no touku C Ha OTBOAAIIEM y4vactke BE. HauvanbHas
CKOPOCTh ¥y B TOUYKe A MOMET ObITH MPHHATA PABHOM CPEIHEH CKOPOCTH » B CEUYECHHH
MOTOKA 4Yepe3 3Ty Touky. IIpum TakoM crmocoGe ONpenesieHus pacCTosHUE L MEexay
ToukaMi A u C OyneT HECKOJIBKO MPEYBETHYECHHBIM, TAK KaK CKOPOCTH B TMPHCTEHHOM
CJIOE MOTOKA y TOUKH A JOJDKHBI OBITh HECKOJIBKO HIDKE CPEJHUX CKOPOCTEH, a BaKyyM B
TOACTPYHHOI 007aCTH, KOTOPEIH B 3TOM CIOCO0E OMpENENeHHs /. He YUUTHIBACTCS, TAKKE

CIOCOOCTBYET YMEHBIICHHIO €r0 3HAYCHMUS.

Pucynok 2.10 — Pe>xuM TedeHus Ha YYacTKe a3paTopa IPUCTEHHBIX
CITOEB TIOTOKA Ha CIIMBHOM rpaHu BogocOpoca
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BnusHue HA 3Ha9eHWE [ BakyyMma B BO3JYINHOM TMOJIOCTH 3a adparopoM MOXKET
OBITH YTOYHEHO HA OCHOBAHUH METO/IA PAcyueTa, IpUBEASHHOrO B [20, 118].

Onpeznenenre pacxoa BO3Ayxa, 3aXBaTbIBAEMOI0 B MOJIOCTH, KOTOpas oOpasyercs
IOJT MOTOKOM 32 a9paropaMy, MO>KHO BBIIOJIHATE B NEPBOM MPUOIMKCHHH HA OCHOBaHUU
(opmyibl, KOTOpast MPUBOAUTCS B paboTax psajga uccnepoBarenei (IaMunbron, [TuATO M
Heiinepr, Bpycuun) [162].

0, =aq,b=Kubl, (2.54)
rae

g, — YAETBHEIH pacXo[ BO3AyXa, 3aXBaTHIBAEMBIi B OTOK 32 a3paropom;

b — mmpuHa nposnera BoAocOpoca HIDKE a3paTopa 0 TeYECHUIO.

Kospduurent K B yKa3aHHBIX UCCIICHOBAaHMAX, NMPOBEACHHBIX B HAType M Ha
Moaenax, m3MeHsyicas B amanasoHe 0,01<K<0,04. Ha ocHOBaHMHM aHajM3a JaHHBIX
HarypHBIX HabmroneHmit [171] mnpeacTaBnsercst LenecooOpasHBIM MPHHAMATh IIPU
JIBYXCTOPOHHEM TIOJIBOJIE BO3AyXa B IIOJIOCTh MOA CTPYSIMH 3a adpatopoM K = 0,025 +
0,005.

Pacuer mozBoja BO3Ayxa B IOJIOCTH 33 a’dparop ¢ MOMOIIBIO CHEHHATBHBIX
BO3YXOBOJOB 3aMKHYTOT'O IONEPEYHOIO CEUYCHHS AHAIOMMYEH PACUYETy BO3LYXOBOJOB
3aKPBITEIX BOAOCOPOCOB, KOTOPHIA paccMorpeH B 1. 3.10. OmpeaeneHwe pacyeTHOH
IUIOIIANN KX TIOMEPEYHOrO CEUECHHWS Ha TNpPEABapUTENbHON CTaAuu IPOCKTUPOBAHHA,
VUUTHIBas MPUONMIKECHHOCTh OIPEACIICHUS. PAcXoJa 3aXBaTbIBAEMOIO BO3MyXa, CIEAyeT
MPOBOJUTH, MPHHUMAsA 3HAYCHUE MpPEACTbHONW CKOPOCTH BO3AyXa HA TPAKTE, DPAaBHOMH
60 M/c. Jlume mnoclie YTOYHEHHS STOr0 Pacxoja Ha OCHOBE JKCIEPHMEHTAIBHBIX
HCCIICIOBaHMI HJTH aHAJIOTOB 3TH CKOPOCTH MOJKHO YBEIMUIHTH 10 100 M/C.

Ecnu BBIXOA W3 BO3AYXOBOAA B MOJNOCTH ajpaTopa MOJ CTPYSIMH BOABI
MPEAYCMOTPEH PACIpPENENICHHBIM 10 JUIMHE (Yepe3 psAA OTBEPCTUH, KaK 3TO MOKA3aHO HA
pucyhke 2.9, cxembl E u JKIII), TO yCJIOBUSI TEYEHHS STOr0 THIIA MOTYT OBITH OMUCAHBI
YPaBHEHUEM JIBIDKCHUs C IEPEMEHHBIM PAacXoJoM. B 3ToM cilydae pacyeTHas ILIOaib
BO3yXOBOJIa MOXET OBITh OMpEAEiCHA YACICHHBIM MYTEM WIM HA OCHOBE MCCIIC0BAHUH

HAa Mojend. IIpefBapUTEIbFHO MOMHO JIAOIb YyKa3arh, YTO ILIOW@AAbL OTBEPCTUH
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BO3OYXOPACTIPEACITUTENI JOJDKHA OBITh paBHA WM HECKONBKO MEHBINE ILIOLIAAM
HNOABOISAIIUX BO31YXOBOJIOB.

J1s npoeKTHpOBaHWS MOJBOJA BO3AyXa B MPOCTPAHCTBO MOA CTPYyAMH 3a
ajparopaMu 4epe3 MOJIOCTH 3a Oblukamu (pUCYHOK 2.9, cxema /'), 3a 30HAMHU OTpbIBa
IOTOKA OT OOKOBBIX CTEH MPOJIETOB BOJOCOPOCOB ¢ TOMOIIBIO MIAHOBBIX YCTYIIOB MU (1)
TpaMIUIHOB (puc. 2.9, cxema /{) nubo yepe3 mas3bl OOKOBBLIX CTEH MpoJeToB (puc. 2.9,
cxeMbl K [ 1 JK 1) MOKHO 1aTh OOIINE YKa3aHUsL:

- wMpuHa OBIYKOB, CO3JAIOIIMX BO3AYLIHYIO MOJOCTb, AO/DKHA COCTAaBIATH HE
MeHee 1/12 ot mpoJtera MexIy HAMH,

- IJIaHOBBIE YCTYNbl M TPaMIUIMHBI Ha OOKOBBIX CTE€HAX HEOOXOMUMO
IpeAycMaTpuBaTh LMpuHOi He MeHee 100 MM,

- HU30Bas MO NEPUMETPY I'PaHb Na30B JOUKHBI ObiThb Ha 25-50 MM KOpoue
BEPXOBOIf; ecu MUPHHA IPOJIETA OCTACTCA M0 JJIUHE MOCTOSHHOM, TO 3Ta PaHb AOJDKHA
compsararscsi ¢ OOKOBBIMH CTEHAMH TMPOJIETA TIOCKOCTSMHE C YKJIOHOM B made 1:20 — 1:12.

ITpy mpOEKTHPOBAHUU BO3LYXOMOJABOSIIMUX YCTPOMCTB a3paTOpPOB HUX BXOIHBIE
YUYACTKM CIEeAyeT MpeaycMaTpuBarh IUIABHO OOTEKAGMBIMH, YTO MO3BOJIET H30eXkKaTh
BO3HUKHOBEHUS CHIBHOTO IMyMa. Taroke TO/DKHBI ObITh BBHIONHEHB! OTPAKACHUS ITHUX
YYaCTKOB, YTOOBI 006€CIEUUTE G€30IIaCHOCTE OOCITY KIBAIOIIETO IEPCOHANA THAPOY3IA.

Hiokxe cedeHms moTOKa, mpoxonsmiero depe3 Touky C (puc. 2.10) pacnonaraercs
y4YacTOK CITHBHOM TIpaHM BojocOpoca, KOTOPHIM 3alMINAeTCss OT KaBHUTAMOHHBIX
BO3ICUCTBHI 3a CUET BOBJICUCHWS BO3AyXa B TPHCTCHHBIE CJIOM BOAHOTO MOTOKA.
Onpenenenne UIMHBL TakOTO Yy4yacTKa CIWBHOM TpaHW MPOU3BOAUTCA C YYETOM
MapaMeTPOB, XapaAKTEPUIYIOIINX CBOMCTBA MMOTOKA M MaTCPHAJIA, U3 KOTOPOTO BHIMOIHEHBI
00TeKaeMbIe TIOBEPXHOCTU COOPYIKEHHIA:

- HAYAJTBHON KOHIIEHTpAIMKM BO3AYXa y JTHA BOJAOCOpPOCA B CTBOPE, MPOXOASLIEM
yepe3 Touky C,

- IIOTePh BO3AYXOCOAEPXKAHMS HA CIUHUNE JUIMHBL HENOCPEJACTBEHHO Y
00TeKkaeMoit MOBEPXHOCTH BOIOC/IMBHOM I'PaHU BOAOCOPOCOB;

- 3HAaUEHUs MUHUMAJIEHOTO BO3AyXOCOAEPKAHMS, KOTOPOe 00ECHEUBAET 3aIUTY

MTOBEPXHOCTH Marepuaa (1713 BogocOpOCOB — 3TO OETOH) OT KABUTAIMOHHON 3PO3UH.
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IIpn oneHKe HaYaTBHON KOHLEHTPALWX BO31yXa B MOTOKE B = Q, /O, JUid CTBOpa
HIDKE [0 TEYECHUIO BO3AYILIHOM MOJIOCTHU 3a a3paTopoM, Tie OH KOHTAKTHPYET ¢ BOJIOCITMBHOM
HNOBEPXHOCTbIO (TOuka (), MOXKHO HCXOAHTb H3 TOTO, YTO CPEAHSA KOHLEHTpAmWs IO
rIyOHHe [; COCTaBIIAIET 371ech HE MeHee 45% [43]. Torna B 3TOM e CTBOpE y AHA MOXKHO
IIPUHATH C 3al1acOM BO3AYXOCOJEPKaHKE B, = 0,45 (Ha caMOM Jienie OHO GOJbILE).

Hwxe crBOpa, mnpoxomsmiero dYepe3 Touky C, MPOUCXOMUT CHUKECHHE

BO3/IyXOCOAEPKAHUS MOTOKA Kak CpeJHero mo raybumne p, Tak m y gHa B,. Ero

YMCHBIICHUE HA CIAUHULC JJIAHBI BOJOCJIMBHOM NOBCPXHOCTH Ha3bIBAlOT CHHUXKCHHUCM

BO3AYXOCOAEP)KaHUA CpefHEro AP W mpuaoHHoro Ap,. Tak mo panneiM [111]
YMEHBLICHHE AP Ha y4acTKe BOJOCOpOCA ¢ MOCTOSIHHBIM YKJIOHOM JIHA COCTaBJs€T MpH

padote omgnoro tpamiumna 0,5-0,8%. Ilo Mepe CHM>KEHMS 3HAYCHUS A[; HaOmoaeTcs
VMEHBIICHHE  CHIDKCHHMSL  BO3JAYXOCOAep)kaHus y  OHa  AP',.  CHkeHue
BO3IYXOCOAEKAHHS Y AHA MPOUCXOMUT ObICTpEE, YeM B OCTAIBHOM IIPHCTEHHOM MOTOKE,
B 1,5-2 paza.

B pesynbrare uccnenoBanuii, mposeaeHABIX no3aHee [162]: Prucza (1983), Minor
(2000), Vernet (1988) — 3HaucHMs A[; H AB, momyyeHsl B 1,5-2 pa3a MCHBIIAMH.
TTostomy ucnonb3zoBaHue AaHHbIX [111] MOXKET MPHBECTU K HEKOTOPOMY 3aBBLIILIEHHIO
yKa3aHHBIX 3HAUCHHH, ITO OMPABAAHO Ha TIPEABAPHTEIBHOM CTANH IPOSKTHPOBAHHMS.

Hesaspanusi NOTOKa MPOMCXOAMT B NpEAenaxX PaaudalbHOr0 HOCKA-TPaMILIMHA
6onmee HHTEHCUBHO, 4€M HA IPSMOJIMHCHHOM Yy4acTKe; B IMPHUAOHHOM CJIO€ HOCKa-
TPaMIUTHHA CHIDKEHUE A", cocraBiser 1,2—-1,5%.

ITpy TMPOECKTHUPOBAHMH BOJAOCOPOCOB OETOHHBIX IUIOTWH BhICOTOH 1m0 100 M B
GONBIIMHCTBE CIy4YacB AJIsl YCTPAHCHUS KaBUTALMOHHOW 5PO3UM JIOCTATOYHA YCTAHOBKA
ONTHOTO ajparopa B KakjaoM mpoiyiere. Ecnm BTOpOH a’parop ycTaHaBIMBacTCs MEPER
BOTHYTBIM YYaCTKOM (HOCKOM-TPaMILUIMHOM), TO HEOOXOAMMO, 94TOOBI BO3AYIIHAS MOJIOCTh
3a aIparopoM 3aMBIKAIAcCh BHIIIC BXOJHOTO CCYCHHS HOCKA-TPAMIDIHHA. TOJBKO B 3TOM
cliyuae adpatop He OyAeT OKa3plBaTh BIMSHHS HAa JAIBHOCTH OTOpOCa MOTOKA OT
COOPY>KEHHS B HIKHUI Obed.
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B cioydae HeoOXOMMMOCTH YCTAHOBKM Ha TPAKTE BONOCIVBHOM IUIOTHHBI BTOPOTO
a’paropa OKHO OBITH YITEHO BO3/IYXOCOAEPKAHKE TIOTOKA JI0 BTOPOIO 10 TEUEHHIO a3paTopa.
Takoro ponia 3a71a4a paccMaTprBaIach B KCIIEPUMEHTATIBHBIX HCCenoBaHmx [150, 161].

VKIIOH BOJOCIHBHOM TpaHM MOBEPXHOCTHBIX BOAOCOPOCOB, COBMEIIEHHBIX C
OCTOHHBIMM TUIOTHHAMH, KAaK IPABUJIO, ONPEACIACTCA HX CTaTHYECKMM MpoQuieM.
HauMmeHpIMM YKJIOH HH30BOM IpaHM OETOHHBLIX IUIOTHMH XapakTepeH Ui IUIOTHH
T'PaBUTAIIMOHHOTO TUIA, HO U Y 3TUX IJIOTHH YKJIOH HU30BOH I'DaHU 3HAYMTENIBHBIN, OH
cocrapiser 1:7-1:8. Ilpu TakoM YKIOHE CIMBHOW TIPaHH MOATOILICHUE BO3AYLIHOH
HOJIOCTH 33 a3PaTOPOM IPAKTHYECKH MaJIOBEPOSTHO.

Omprtamu  Pacmyccena u IleTepku ObUIO IIOKA3aHO, 9rO a’pauus MHOTOKA
CYIIECTBEHHO YMEHBIIAET KABHTALMOHHYIO 3PO3HIO, a IPH JAOCTATOYHON KOHIEHTPALWMU
BO3AyXa B IIOTOKE KABHTAIMOHHBIC ITOBPEXKACHHUS BOOOLIE HE BO3HMKAOT. Takoe

COJEPIKAaHKE BO3yXa 3aBUCHT OT MTPOYHOCTH OETOHA Ha CKaTHe o . Tak mo JaHHBIM [44,
111], rpaHNYHbIE 3HAYECHUS KOHLECHTPAlMM BO3MyXa B, , MPH KOTOPOH HE BO3HUKAIOT

KaBUTALTMOHHBIC MOBPCKIACHUSA, YMCHBIIAIOTCS TMPHA MOBBIMICHUHA NPOYHOCTH OeToHa Ha

ckarue (Tadmaua 2.12).

Tabnuma 2.12

o, Mlla 10 15 20 25 30 35 40

B % 9.7 8.0 6.8 57 47 4,0 3,0

Ha oCHOBaHMM W3NOXEHHOTO B OJTOM MYHKTE, YCJIOBHE MPEAOTBPALICHUA
KaBHTaHI/IOHHOﬁ Op03UH Ha MOBCPXHOCTAX Bonoc6p0ca HIJKE adsparopoB IO TCUYCHHIO,
00TEKaEMBIX CO 3HAYUTENHHBIMU CKOPOCTAMH NOTOKA, MOXHO 3allUCaTh KaK

Bni;fAB'bl‘f AB";)IHZﬁr, (255)
rae
I — JUIMHA yYaCTKa HWKEC CTBOpPa KOHTAKTa IMOTOKa 3a aj’paropoM co CJINBHOM
rpasbto (Touka C Ha puc. 2.9) ¢ MOCTOSHHBIM YKJIOHOM JTHA;
[" — [onWHA HIOKE pACTOJOKEHHOTO YYacTKa, OYEPYEHHOIO B IIPOJOJIBHOM

HAaIpaBJICHNN TI0 PaaIycCy.
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YCTpolicTBO a’paTOpoB Ha CIHMBHOH TpaHd BOAOCOPOCOB MOKET HPHBECTH K
3aMETHOMY TIOBBHIIICHUIO YPOBHEH BOJIBI M YBEIWYEHHIO OpBI3roo0Opa3oBaHus Y OOKOBBIX
CTEH TMPOJIETOB, KaK MOKa3aHo Ha mpuMmepe bparckoro ruppoysna [43]. MakcumanbsHbIE
VPOBHU BOJBI HAJ JHOM HA YYacTKE 3a a3paropoOM MOXKHO, B IEPBOM MpPUOIKCHHH,
YCTAaHOBUTH HA OCHOBE KPHMBO# CBOOOJHOTO MaJCHWS MaT€pUANTbHOM YacTHIIBI, KOTOpas
JO/DKHA OBITh NOCTPOEHA U3 BEPXHEW TOUKM MOTOKA B CEYECHHMH HA CXOAE C TPAMILIMHA
asparopa (prucyHok 2.10). Pacuer 3T0if KpHBO# ClieyeT BHIONHATD, TPUHAMA CKOPOCTh
BOJbl B MCXOJHOH TOYKE PABHOM CpeAHEd MO 3TOMY MONEPEUYHOMY CEUYCHUIO, a yroja

HaKJIOHA 3TOM CKOPOCTH K TOPU30OHTY TAKHUM K€, KaK y BerHeﬁ MOBCPXHOCTH asparopa.

CTynquaTue BOAOC/IUBHbIC IVIOTHHBI

2.19 KoHCTpYKIMH M HAZHAYEHHE

[Inpokoe pacmpoCTpaHEHUE CTYMEHYAThIX BOAOCIWBHBIX [UIOTHH CBS3aHO C
Pa3BUTHEM TEXHOJIOTMM BO3BEJCHUS IUIOTHH M3 YKaTaHHOTO MAIONEMEHTHOro OeToHa.
Takue NIOTHHEL BO3BOMAT clOAMH TOMUUHOW 0,25-0,5 M, KOTOpBIC YIUIOTHAIOT €
IIOMOIIBI0 BUOPOKAaTKOB. BhicoTa cTymeHeli Ha BOJOCIMBHONM TIpaHH OOBIYHO
IIpeAycMaTpuBaeTCs PaBHOH 2 WM 3 ciosM ykaraHHoro 6etoHa. C Haubonbiieit BEICOTOI
BBITIOJTHEHB! CTYIIEHW Ha BOAOCAHBax rugpoy3nos Ben (Mcnanus) u Borydaunckom (P®),
OHA, COOTBETCTBeHHO paBHa 1,2 u 1,5 M. IlupuHa cryneHe#t npu (PUKCUPOBAHHON HX
BEICOTE OMpEIeNsIeTcss YKIOHOM HU30BOM TpaHH BOAOCIWBHON TIOTUHBL CrymeHdaTas
CIMBHAA TPaHb TaKUX BOJOCOPOCOB BHITIONHAETCA JIMOO W3 BHOPHMPOBAHHOTO OETOHA,
KOTOPBIN YKIIAABIBACTCSA HA MECTE, TUO0 U3 CIIEIHATBHO H3TOTOBIECHHBIX OIIOKOB.

IIpn paccMOTpPEHMH KOHCTPYKLMM, HAa3HAUEHUs M THIPABIMYCCKHX YCIOBHH
PaboTEl BOXOCITUBHBIC CTYIIEHYATHIE MIIOTHHEI MOXKHO Pa3/Ie/IUTh HA TPH TUNA:

- ofecneunBalomIye TAICHUE 3HAYUTENBHOM 4YacTH M3OBITOUHOM KWHETHYECKOM
SHEPIMH TIOTOKA, KOTOPOE BO3MOXKHO TNPH OTHOCUTENBHO HEOONBIIMX —YASNBHBIX
¢OpocHBIX pacxomax (mo 20—45 m?/c). BomocOpock STOro THIA [is KPaTKOCTH OyaeM

Ha3bIBaTh TPAAUITMOHHBIMU,
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- paccuMTaHHBIE HA TIPONYCK COPOCHBIX VAENBHBIX PacxoJ0B, aocturaomux 100—
200 m*/c. ITlpuMeneHMe TakuX KOHCTPYKIHH BONOC/IMBHBIX CTYNEHYATHIX IUIOTHH B
3HAUUTENBHOH CTCIEHHM YCTPAaHSAET OMACHOCTH CYINCCTBEHHBIX  KaBHTALIMOHHBIX
BO3JeHCTBHN. Ha WX CIMBHBIX IPaHAX CYIIECTBEHHOIO YBEIMYEHHS MOTEPh U3OBITOUHOIM
KHHETHYECKOH 3HEpruM He NpoMcXomuT. IlosToMy Juid JOCTHXKEHUS IPUEMIIEMBIX
YCJIOBHII TE€UECHHS 32 TaKMMH BOAOCOpOCaMH HEOOXOMMMO BO3BEACHHE B HIDKHEM Gbede
CTEMATBHBIX COMPSTAIONTNX YCTPOHCTB 3HAYUTENBHBIX Pa3MEPOB U CTOMMOCTH,

- YCTpaHSIONME B MPEAENax CYXAIOWIECHCS BHU3 MO TEUCHUIO CIUBHON TpaHH
BOAOCOpOCa BO3HHKHOBEHHE I'peOHEl 3HAUNTENBHOM BEICOTHL.

TloapoOHBIE TrHApABNMYECKME MCCACAOBAHHS Uil IIHPOKOTO  JAWAnasoHa
U3MEHSIOMINXCS MapaMeTPOB KOHCTPYKIMU M IOTOKA OPOBOJWINCH TOJBKO IS
CTYNEHYATHIX BOAOCOPOCOB TPAAULMOHHOTO THIA. I Takux BOAOCOPOCOB pa3pabOTaHBI
NpuOIIKEHHbIE METOJbl THAPABIMYECKOTO pacuera. Hibke NpHBOAATCA HEKOTOPEHIE
YTIPOLIEHHBIE TIOIXObI OTIPEAECIICHNS] OCHOBHBIX THAPABIMYECKIX MApaMETPOB MOTOKA HA
TPakKTe€ BOAOCIUBHBIX CTYNEHYATHIX IUIOTHH, B IpeAeiax KOTOPOTO OOECTeUHBAETCS
CYIIECTBEHHOE TallleHne N30BITOYHON KUHETHUECKOl 3Heprud. Taioke MpUBEIEM CCBLUIKH
HA HEKOTOPBIE IyONMKALWM, KOTOPblE MOTYT ObITh MONE3HBI IS OIECHKH JPYrHX
XapaKTEPUCTHUK ITOTOKA Ha UX TPAKTE.

Crynerdarsie BOAOCOPOCEI BTOPOTO THITA BO3BOMIIMCH TONbKo B KHP [163].
Kaxaplii M3 NPOEKTOB 3THX CTYIEHUYATBIX BOAOCOPOCOB OBLT BBHIIONHEH HA OCHOBE
CIIENMANBHBIX THAPABIMYECCKAX HCCITCIOBAHNI, TMPHBS3AaHHBIX K KOHKPETHBIM MECTHBIM
yeaousaM. CTyneHuatslii BOZOCOPOC TPETBETO THIA BBHIIONHEH JIMIIb HAa OJHOM
rugpoysne [101]. ITosToMy Ang COOPY>KEHMH BTOPOrO M TPETHETO THUIIOB TPHBOJUTCS
JUIb psf o0ImmX cBeAeHNUH 00 UX KOHCTPYKLMHU U O THAPABIMYECKHAX YCIOBHUAX PabOTHI.

PaccMOTpEHHME  XapaKTEpHBIX  OCOOCHHOCTEH  MOCTPOEHHBIX  BOJIOCIHBHEBIX
CTYIICHYATHIX IUIOTUH, NpPEJHA3HAYECHHBIX [UIsl raumeHuss M30BITOUHOW KUHETHIECKOM

3Hepmn*, CBHUIETENBCTBYET O caenyromieM [140]:

Jarnee, 10 paACCMOTPCHHSA CTYNICHYATHIX BOJOCIMBHBIX IUIOTHH BTOPOTO H TPETHETO THIIOB, [T KPATKOCTH HCTIONb3YCTCS
TEPMHH "CTYNCHYATHIC BOJOCIHBEL".
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- Ha CIHBHOW TpaHM TaKWx BOJOCIIMBOB ynaercs mnoracuth a0 50-70%
M30BITOYHOM KWHETHYECKOW SHEprmd COPOCHOTO TIOTOKA, YTO B KOHEYHOM WTOTE
MO3BOJISIET CYIIECTBEHHO YMEHBIIUTH Pa3MePhl BOJAOOOWHBIX YCTPOHCTB B HIKHEM ObE(E;

- IUIS TPOMycKa MAaBOAKOBBIX PacXofOB BOJBI IO CHX TOpP HCMOJB30BAIUCH
CTYNEHYAThIC BOAOCIUBHI BEICOTOH OT 10 10 90 M;

- C YBEITMYEHUEM BEICOTHI CTYTIEHYATHIX BOAOCIWBOB HAOIOAAETCA POCT 3HAUCHHMN
pacxomoB, TPU KOTOPHIX OHM oOecmeunBarOT 3((EKTUBHOE TamieHWe W30BITOTHON
KMHETHYECKOH SHEPrum; yAeTbHbIE PacXoibl cBbile 30 M’/C JONYCKANMCH JUIsl TUIOTHH
BBICOTOI OoJiee 30M;

- BOJIOCITMBHBIE OTOJIOBKH IUIOTHH (PUCYHOK 2.11), BEICOTa KOTOPBIX MPEBHIIIACT
25M, BHITIOJTHAIOT CKPYTJIEHHBIMH W, KaK TPABHJIO, O€3BAKyYMHOTO TpPOGHs ¢ TIIAAKOMH
BOJOCIIMBHOM IIOBEPXHOCTHIO,

- Ha 60.]'[]:1]_[6171 YaCTU MUIMHBI TpaKTa CTYNCHYAThIX BOAOCIMBOB CO CKPYIJICHHBIMA
OTOJIOBKaMM TIPEAYCMOTPEH KPYTOM YKIOH HW30BOM TpaHHW, KOTOPHIM ONpEACISICTCH
CTaTUUECKUMU YCJIOBUSAMU PabOTH mIoTHHBEL OOBIYHO 3TOT YKIIOH coctapiser 0,708,
HMHOTZIA €T0 YMeHbInarT 10 0,6;

- HIDKE TO TEYECHWIO TIJIAAKOI0 OrojOBKa CTYNMEHYATOr0 BOJOCIHBA TIPH
COMPSDKEHNH €r0 CO CIMBHOM IPaHbIO C MOCTOSIHHBIM YKIIOHOM YCTPaHBAaIOT TEPEXOTHEIH
Y4acTOK €O CTYNEHSMH MEHBIIEH BBICOTHI, YTO TO3BOJISET CHU3UTH CYIIECTBEHHOE
pa3OpbI3riBaHKe MOTOKA HA 3TOM ydacTke. BBICOTY CTymeHeH Ha MEPEXOMHOM Y4YacTKe
BBHIMTOJIHSIOT TPOMOPLIUOHATIBHON TOJIIUMHE OJHOTO MJIM JABYX CJIOEB YKaTBIBAEMOTO
OeToHa,

- KPOMKH CTYNCHEH MEPEXOAHOr0 ydYacTKa BOJOCIHBA JOJDKHBI CIEJOBaTh
OUYEPTAHHIO 3TOr0 KPHBOJIMHEIHOIO y4acTKa, a HA YYaCTKE CO CTYNEHIMH HNOCTOSHHOR
BBICOTHI 3TH KPOMKH JOJDKHBI KacaThCs TIOCKOCTH HHU30BOM TPaHU BOAOCINBA, YKIIOH

KOTOPO OIpeleNICH CTATUIECKUMH YCIOBUSIMU PabOThI BOJIOCITMBHOMN MJIOTHHBI,
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Pucynok 2.11 — Cxema CTyneH4aToro BOJOCINBA CO CKPYIJICHHBIM BOAOCTHBHEIM
OTOJIOBKOM:

1 — BOIOC/IMBHOIT OTOIOBOK 0€3BaKyyMHOTO MPOQuIIs;, 2 — MEPeXOHbIH Y4acTOK CO
CTYNEHSIMHU YMEHBILEHHOM BBICOTHI, 3 — TICEBAOAHO; 4 — YYaCTOK CO CTYNEHAMH
MIOCTOSIHHOM BBICOTHI; 5 M 6 — BAPHAHTHI CONPSKEHHS TPOQWIIS BOAOCINBA C AHOM
HIKHETO0 Obeda, COOTBETCTBEHHO, HEMOCPEACTBEHHO CTYICHAMH U PaJUaIbHBIM

npodunem

- CTYIICHYATEIC BOJAOCIUBEI TPaANCUICHAAITBHOIO l'lpO(bl/IJlH B OOJILIITHHCTBE CliydacB
BBITIOJTHAIOT BhICOTOH 10 20 M [166]. OHM 00ecneunBaoT 3aMETHOE TalieHre H30BITOUHOM
KHHETHYECKOM SHCPIruu npru OTHOCUTCITEHO HEeOOIIBIINX VACIBHBIX pacxodax ! IOJIOrux
VKIIOHAX CJIUBHOM rpanu [142]. VKIOH 3TOM rpaHu IO/DKEH OBITH BCe 00JI€E IOJIOTHM C
YBEMMYEHUEM YAEIBHOT0 COPOCHOTO MOTOKA,

- CTYIEHYATHIE BOJOCIHBEL, OOCCIICUMBAOINME TrallleHAEC 3HAYUTENBHOM 4acTu

KHHETHYCCKOM IHEPTUH, KaK TIPABHIIO, BEITIOHSIOT HEPETYIHPYESMBIMH,

2.20 T'mapaBiauHvecKHe YCJOBHS paGoThl BOJOCIAMBOB C TalIeHHEM
3HAYUTEIBHON YACTH YJHEPrUH HA CTYNEHYATOH CJIMBHOI rpanu

IIpu cBoOoaHOM IMepenuBe BOABI 4Yepe3 TpeOCHb CTYMEHYATHIX BOJOCIHBOB
CHayajla Ha TPAKTe BO3ZHUKAET PEXUM TECUCHUA, TPH KOTOPOM IO TMOTOKOM HIDKE
HCEBJOAHA (YCIIOBHAS JIMHHSA, NPOBEACHHAs Yepe3 KPOMKH CTymeHei) Habmwomarorcs
MONIOCTH, 3AMOIHEHHBIE BO3AYXOM (PUCYHOK 2.12, a). Takoil pe>kUM TEUEHUSI HA TPAKTS

CTYNICHYATBIX BOOOCIWBOB HA3bIBAIOT «NCPCHATHBIMY). C YBCIIMUCHUEM  YICIIBHBIX
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pacxogoB cOPOCHOTO TOTOKAa BO3AYX CHAuYala BBIHOCHTCS W3 TIONOCTEH BEPXHHX
CTYIIEHEH, najee ATOT MPOIECC PAcIpOCTpPaHseTCs BHHU3 10 TedeHWIo. [IpH 3TOM B
MOJNIOCTSAX ~HIDKE TICEBIOAHA OOpa3yroTCsl 3aMKHYTHIC BOJOBOPOTHBIC — 06JacTH,
3aII0JTHEHHBIE BOJOM. DTOT PeXUM TEUECHHS HA CTYIIEHUATHIX BOAOCIMBAX UMEET HA3BAHUE
«cxoip3ammity (puc. 2.120). B cnydae yMEHBIIEHUS YOEMBHBIX PACXOAOB CMEHA
VKa3aHHBIX PEKAMOB TEUCHHUS TPOMUCXOAUT B 00PATHOM HAMPABICHUHU, HAYMHAS C HIKHIX
CTymeHeit BoocnBa. [IpOHUKHOBEHNE BO3AyXa B 3aMKHYTHIE BOZOBOPOTHEIE 00IACTH HA
CTYNEHSAX MPOMCXOINUT 3a CUET adpallMi C MOBEPXHOCTH MOTOKA. B ciydae CKOMB3SIIETO
peKMMa TEUCHMs, TOKa HE BO3ZHUKACT a3PalldH TOTOKA, €ro CBOOOMHAS TOBEPXHOCTHL
BEIJIUT COBEPIICHHO IMAAKOM. J{nsd HepenajHoro peXuMa TEUEHMS XapaKTepPHBIM

SBJIACTCSA CYIIECTBEHHOE Pa30pBIsTHBAHNE TTOTOKA.

Pucynok 2.12 — CxeMbl peXKUMOB Ha TPAKTE CTYNEHYATHIX BOJOCITHBOB!
a — iepenajHbliA; 6 — CKONB3AIINA;
1 — BO3/yIIHAA MTONOCTH MOJ CTPYEH Ha CTYNEHH; 2 — 4acTh MONOCTH HOA CTPYeii,
3aloJIHEHHAs BOJOIL; 3 — BOAOBOPOTHAS 00JIACTh MO TPAH3UTHHIM OTOKOM Ha CTYIICHH

I'paHuLBl YKA3aHHOH CMEHBI PEXHMOB TEYCHHS HA TPaKIE€ CTYMEHYATHIX

BOJOCJIMBOB, YCTAHOBJICHHBIC SKCICPUMCHTAIBHO PAOOM HCCIIENOBATENEH, 3aBUCAT OT
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YKIJIOHA CTIMBHOM I'PaHu O, YAENBHBIX PACXOAOB BOJbL ¢ (MM KPUTHYECKOH IIyOUHBI Ayy,)
d BBICOTHI CTymeHeil d. I'paHULIbI CYIIECTBOBAHMS W CMEHBI PEXIMOB TEYCHHS Ha
CTYIEHYATHIX BOJOCIIBAX MOKHO YCTaHABIMBATh IO JAHHBIM ONBITOB Slcyma m Otcy
[181] u 0OOOIUICHHBIX UMM pPE3yJIbTaTOB HCCICIOBAHMH JPYTHX aBTOpoB (pmc. 2.13).
Heo6x0muM0 OTMETHTB, 9TO IPH OONBIMX YKIIOHAX TIceBHOAHA (tgo > 1,4) mepemaansii
PEKMM TEUCHHS TIPAKTUUECKH HE MPOSIBIIIETCA, a IPH HEKOTOPOM YMEHBIICHNH YKIIOHA OH
HaOJTFOmaeTCs ML HA HIDKHUX CTYICHSX.

B Buzie pacueTHEIX (GOPMYIT 3aBUCUMOCTH IS ONPEICICHUS CMEHBI IEPEIaHOIO
M CKOJNB3SIIETO PESKHUMOB MPEACTABIEHE! B paboTax UeHcoHa, a 3areM SIcyapl. YUUTEIBAs
CIIOKHOCTh THAPABIMYECKUX YCIOBHH pabOTHI CTYNEHYATHIX BOJOCTHBOB Ha OCHOBE
COTIOCTABTICHUS, TPHBEICHHOIO B [71], COOTBETCTBHE MEXIY STUMH 3aBHCHMOCTAMHU

CIICAYCT CUNTATh TPUEMIICEMBIMHU.
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Pucynok 2.13 — O61acTu CyIIeCTBOBAHUS U I'PAHUIBI PEXKUMOB TCUCHIUS
Ha TPaKTe CTYHNEHYATHIX BOJOCIHBOB!
1 — mepenaaHbIii; 2 — MEPEXOHBIN; 3 — CKOJB3AIINI

Ha TPAKT€ CTYICHYATBIX BOJOCIIMBOB Ha4aJ0 aj’palu TakXKEe CBA3aHO C
BBIKJIMHUBAHUEM TIOTPAHUYHOIO CJIOS Ha CBO60LLHy}O IIOBEPXHOCTb, OHO B OCHOBHOM

3aBUCUT OT YJICJIBHOTO pPacxoja, a0COJTFOTHOU BBICOTHI MEPOXOBATOCTH U B MECHBIIEH
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CTEHEHH OT YIJIa HAKJIOHA CJIMBHOM IpaHy K TOPU3OHTY (TIcEBAOHA). JleTabHOE AeNeHNEe
001acTH BO3yXOBOBIICUECHHS BKIIFOYAET YeThIpe 30HHI [147].

1. ITy3eIpu BO3yXa OTCYTCTBYIOT.

2. Bo3nyxoBoBiieueHHE pa3BUBAETCA Y OOKOBBIX CTEH.

3. [ToToK aspupyeTcs Ha MOBEPXHOCTH MO BCeii IHPUHE.

4. Bo3ayx pacpoCTpaHseTcs 10 BCEMY TOTIEPEYHOMY CEUESHHIO.

B pesynbrate 0000IIEHUs AaHHBIX psana wmccnenopaHuit Camden-/bxynu [147]
COCTaBJI€HA 33aBHCHMOCTH, MO3BOJISIOLIAS MPUONVDKEHHO OMPEAENATh TPAHWLBl MEKIY

O3TUMH 30HaAMH:

L. ./A=a&Fr

i+, >

(2.55)

rae Fr, = +, & — K03()(pUIUEHT NPONOPLMOHATILHOCTH, 3HAYEHHUS KOTOPOTO ISt
\’ gA sina

rpaHun Mexkay 30HamMu 1 u 2, 2 u 3; 3 u 4, COOTBETCTBEHHO, paBHH 5,9; 7,9 u 10,2.

PacmipeneneHue BO3AYXOCOAEPKAaHUA MO TIYOWHE TOTOKA BHINE TMCEBIOAHA
MU3MEPSUTOCh MHOTMMH HccnenoparenaMu. Yencon [151, 180] npemnoxkun momysm-
NHUPUYECKUIT METOZ OTpEeNCHAs paclpeneicH s BO3AyXa MO TIyOWHE BHILIE MCEB/I0HA
Kax JIs KBa3UPOABHOMEPHOTO TEUECHMS, TAK M IS YYAcTKa BEIIIE MO TEYCHWIO, TJIE Ta
JMIOpa eme He chopMHpoBanack MO IMHE. [0 JAHHBIM COBMECTHON HyOJMKALWH
uccienoparenel u3 ynusepcuretos Jluccabona, Huxona u Bpucbena [167] i cnydas
HEIUIABHO M3MEHSIOMIETOCs JBIDKCHUS JAHHBIC SKCIEPHMEHTOB MO PACHPCICICHUIO
BO3IYXOCOAEPXKAHUS OTAMYAIOTCS OT pacueTHoi kpuBod YeHcona. Iloxoxee Mo
OUYEPTaHUIO PACIIPE/ICNICHIE BO3/IyXa M0 TIIYOHHE a3PHPOBAHHOIO MOTOKA OBIIO MOJIYYCHO
TpH TPOBENCHHWM THAPABIAYCCKHX WCCICAOBAHHN BCTIOMOTATENBHOTO CTYIEHYATOTO
BogocOpoca Borywanckoro rtmapoy3na [125], XOTA €ro KOHCTPYKIHUS CYIIECTBEHHO
OTINYACTCS OT KOHCTPYKLMH CTYMEHYaThIX BOJOCOPOCOB, KOTOPHIE PAaCcCMATpPHBAIMCH
BHIIIIE.

CyIIecTBEHHOE 3HAYCHUE JUTA OICHKH BO3MOXKHOCTH BO3HMKHOBEHHS KaBHTAITHH
HA TOBEPXHOCTU CTYNEHEH BOAOCIMBOB SBISIETCA HAJMYHAC BO3AyXa MPH CKONB3SINEM
PEKHMeE TE€UCHHS B BUXPEBOM TIOJIOCTH HIDKE TPAH3UTHOTO TIOTOKA (HIDKE TCEBI0AHA). B

TAKOM TIOTOKE BO3AyXOCOACKAHME MEKIY KPOMKAMH CTYNCHEH BO3pacraet IIo
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CPaBHEHHUIO ¢ HAOMIOJAIOIUMCS B CTBOPE HETOCPEACTBEHHO Y 3THX KpoMok [125, 167]. B
[ONIOCTH HMKEC IICEBIOJHA, KAK IOKA3aJM W3MEPEHUS SMOHCKUX HCCIEA0BaTENeH,
BO3IYXOCOAEPKaHUE MOXKET ObITh OoJice BHICOKHM, YEM Y MCEBAOJHA MEXKIY KPOMKaMH
CTYIECHE.

AnnpokcuManys 3MIOpbl CKOPOCTEH TEeYeHUs HaJ MCEBIOJHOM BOJOCIUBHOIA
TPaHW CTYNEHYATBIX BOJAOCIMBOB OOBIYHO TMPOHM3BOIAMTCS C TMOMOMIBIO TOKA3aTENbHOTO

3aKOHa
1n

Vv, (2.56)

(
| —
\hgo%

B ¢opmyne (2.56) v,,, — CKOPOCTb TEYEHHSA HA PACCTOSHAM HA PACCTOSHHH OT

N——

MCEBJIOIHA, COOTBETCTBYIOMEM 90 MPOLNEHTHOMY COAEPXKaHHIO BO3/yXa B IMOTOKE BOJIBL
PaccrosHue oT mnceBrojHa 10 TOYKM MMOTOKA, B KOTOPOM KOHICHTpAMs BO3IyXa
aocruraer 90%, mo dopmyie, MOMyYEHHON B pe3yJbTare JKCIIEPUMEHTOB BoycoM u

Xarepom u npuBeaeHHO# B pabote [125] cocTaenser

Ry, 1d =035 (2.57)
Ilpr MOCTPOSHWH KPUBHIX CBOOOJHOM TMOBEPXHOCTH OAHO(A3HOTO MOTOKA HAI
TCEBIOTHOM CTYTIEHYATOM CIMBHOM IPAaHM TIPH YIVle €€ HAKJIOHA K TOpu3OHTY o>20°
3HaueHHe KOd(PUITMEHTa THAPABINYECKOTO TPEHUSI MOXKET MPHOMMKEHHO NPUHUMATHCS
paBHBIM A, = 0,2 [152].
IIpu yBemMYeHMU CPEIHETO BO3JAYXOCOAEPKAHUS IOTOKA § HAa CIMBHOM T'paHU
CTYNEHYATHIX BOJOCIMBOB IPOMCXOAUT YMEHBINEHHE KOd((HIIeHTa THAPABIMYECKOTO

TpeHus %, . Ero 3Hauenue B auamazoHe 0,28<s<0,6 MOXKHO yCTaHOBUTH No (opmyie,

HOJIy4YEeHHOH! B pe3ynbTate 00paboTKU JaHHBIX UCCIIeA0OBaHMIA psaaa aBTopos [149]:
A, =0,276-0,288s (2.58)
HeoOxomiM0O WMETh BBHAY, YTO 3HAYEHHE A, Ui A>PUPOBAHHONO MOTOKA

OIIPEEIAIOCH 110 MOIN(UUIPOBAHHOM ¢ yueToM a’paii GopMmyiisl JlapcH, 3anucanHom

B CJICAYTOIIEM BHIC!
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i%g;3 .
L, = - sina | (2.59)

TIE 0L — YIOJl HAaKJIOHA NCEBI0AHA K TOPHU30HTY (pHCYHOK 2.12).

B dopmynax (2.58) u (2.59) mpuHSTH claeayromue 0003HAYCHUS: s - cpenHss

KOHIICHTpAlLUA BO3ayXa 1o I‘JIy6PIHe HaZA TICCBAOOHOM, KOTOPasA BBOJUTCS KaK
h

1 99%

j sdh ; (2.60)

99% o

s =

h

riIyOMHA «YUCTOM)» BOJBI

h99‘/n

h= [ (1-s)dh, (2.61)

HawubGomee TIpoCTast HHTErpajibHasd OLICHKA MOTEPh HAINIOPa HAa TPAKTE CTYNMCHYATHIX

BOJIOC/TABOB B TEPBOM TMPUOJIIDKEHAM MOET OBITh BBIMOJHEHA ¢ HCIOJB30BaAHHEM
K03 dUIICHTa CKOPOCTH, ONPEACIIEMOTO II0 3aBHCUMOCTH ¢ = f (¢,d,p) (p — BHICOTa

BOJOCIHMBHOIl CTCHKH HaJ OTMETKOH MOBEPXHOCTH [OHA HIDKHero Oweda), KoTopas
TpeyIoxkeHa KuTalickuMu uccienosarensamu [179]. Ha pucyrke 2.14 3Ta 3aBUCHMOCTH B
nonynorapuGMUUeCKUX KOOpAUHATAaX HMEET BUJ NPAMBIX JHMI [ 175]. BepxHss Ux 3THX
KPHBBIX TOIyYeHA HAa OCHOBE MAHHBIX KHMTAHCKMX HCCIeoBaTenel, Ha yCTAHOBKE
KOTOPBIX COTIPSDKEHWE CTYNEHYaToif CIAMBHOW TpaHM C JHOM HWKHEro Obeda
OCYLIECTBIISUIOCH TTaJKUM [TOBOPOTOM B BEPTHKaNBbHON MIockocTH (6e3 cTymneHeit). Otu
BAPHUAHTHI CONPSKEHUS TIOKa3aHbl Ha pucyHke 2.11. HuxHsisl KpuBas MOJIyueHa B OMbITAX
[175], B KOTOPBIX CTYNEHH BHIMONHINCH BIUIOTH OO OTMETOK AHA HUxkHeEro Obeda. Bo
BTOPOM CJTy4ae MECTHBIE IIOTEPH HAIlOpa Ha MOBOPOTE MOTOKA B BEPTHKAIBHOM TUIOCKOCTH
ObUIM CYILECTBEHHO OONBIIUMU M MEHBIIUM OKA3aJloCh 3HAUCHHE (. BOIM3M HIDKHCH
KPHUBOH PACTIOJIOKHIIHCH 00paboTaHHbIe U NIpUBEeHHEIE B [175] maHHbIe OnbITOB ToIu
(1994 r.), Mup3oesa (2005 r.), a Tarxoke gaHHBIC onblToB Jlaun—Kackona u ap. (1991 r.),
Ans-Amm Abnenppasaka (2000 1) mis 60MBIAX 3HAYCHUM BBHICOTHI cTymeHel d. Hibke
BTOPOH KPUBOW OKa3aJKCh JAHHBIE ONBITOB P MEHBIINX 3HAYCHUSAX BBICOTHL CTYICHEN B
JBYX TIOCIEHAX W3 NEPEUNCIIEHHBIX UCCICA0BAHMH, a TAlOKe JaHHBIE ONMBITOB COpeHCceHa

(1985r.). IlepeuncneHHble IKCICPUMEHTHI HPOBEIAEHBI ITIPU  BOCIPOM3BEICHUU
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CTYNEHYATHIX BOAOCIIMBOB C OrOJIOBKaMH 0€3BaKyyMHOTO NMPOGMIIA ¢ YKIOHAMY CIIMBHOM
rpand 0,7 < tga < 0,833 mpu pasMmepax cryneHedl B mpenenax 0,5-7,3cM W BBICOTE
Mojelei BogociauBoB oT 0,5 10 3,8 m.

3navueHue KOI(HUIUEHTa CKOPOCTH MpPAaKTHUYECKH BO BCEX PAaCCMOTPEHHBIX

HCCIICAOBAHUAX YCTAaHABIIMBAJIOCH C UCIIOJIb30BAHUEM 3aBHCUMOCTHI

q

®= —hl ,—zg T , (2.62)

hy — T1yOMHA B CKaTOM CEYCHHH Y TIOAHOXKBS BOJOCIINBA,

rac

Ty — monHas yACIbHAsA SHCPIrUsd MOTOKAa OTHOCHUTCIIBHO IIJIOCKOCTH CpaBHCHHA,

COBMAAAOMICH C THOM HIDKHETO Obeda.
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PucyHok 2.14 — 3aBucuMocTtb K03 PuLmMeHTa CKOPOCTH (@ [T MOTOKA HA
CTYIEHYATOM BOJOCIIHBE OT YACIBHOIO PacXo/a g, BBICOTHI CTYIIEHEH d U BBICOTHI

BOJIOCJTMBHOM CTEHKH HAJl OTMETKOW IOBEPXHOCTH JTHA HIKHETO Obeda p:
1 — Uit ITABHOTO COMPSDKEHMS ¢ THOM HIDKHETO Obea; 2 — IIPY BBINOIHEHHH CTYTICHE! BILIOTh
110 AHa HibkHero Obeda

Janasie pucyHka 2.14 MOKHO WCMONB30BAaTh Ui ONpeJeNeHus KodxppuimeHTa
CKOPOCTH TIpH TIPENIUBE Yepe3 OCTOHHBIC COOPY>KEHHS TPANCIEHIATHHOTO B TIONEPEYHOM
CeueHWW mnpodumis, BO3BEICHHBIE W3 YKATAHHOTO O€TOHA CO CTYMEHYaTroil HHU30BOM
TpaHbl0 (HanpuMmep, MepenruBHbIE OCTOHHBIE TEpPeMBbIYKHM) B BepxHeil yacTH HH30BOTO

OTKOCA TAKUX BOJIOCITHBOB HAOJIIOAAETCS 30HA, B KOTOPOIf TPAaH3UTHBIIM MOTOK OTPHIBACTCA
91



OT TIOBEPXHOCTH OeToHA. J[IHA 3TOH 30HBI 3aBHCHT OT CKOPOCTH TE€UEHUS IIPH CXOJIE C
rpebHs (Hanopa Ha TpeOHE BOAOCIMBA), YIUIa HAK/IOHA IICEBJOHA H B MEHBIIEH CTETICHU
OT JJTHHBI TUTOMIAIKH Ha TpeOHEe coopyskeHus. [Ipu [TMHe OTPLIBHOM 30HBL, paBHO#t 0,1 oT
JUTMHBL HU30BO TpaHH COOPYXKEHUs, 3HAUCHUs Kod((ULMEHTa CKOPOCTH MOTOKA
MPaKTHYECKA HE MODKHBI OTNHYATLCS OT IOTEPh HAa IUIOTMHE TOM JK€ BBICOTBI C
00TeKaeMbIM OTOJIOBKOM, M MX MOXKHO OMpEAEIATH IO JaHHBIM pucyHKaA 2.14 [142]. Ipu
YKa3aHHOM JUTMHE 30HBI OTPBIBA OT HMU30BOI'O OTKOCA, MMEIOIIETO Pa3HbIE YINIBI HAKIOHA
TICEeBAO/IHA, 3HAUCHUS AOIYCKAEMBIX COPOCHBIX YJCIBHBIX PacxoJOB UL COOPYXKEHUM
TpANEeNIATbHOTO MPOUIIT Pa3IMUHONA BBICOTHI U C FOPU3OHTAJBHOM IUIOMAAKONH Ha

rpeOHelt MOTYT OBITh YCTAHOBJIEHHI HA OCHOBAHMM AaHHBIX pUCyHKa 2.15.

HM, M
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PucyHok 2.15 — MakcuManbHO AOMYyCTUMBIE 3HAUEHUS YAEIBHBIX PACXOAOB o
B 3aBHCUMOCTH OT BEICOTHI IIJIOTUHBI TPANELEUAATLHOTO NpoQuiis Hyy
U VKIIOHE €€ HU30BO# TpaHHu:
1-4 — a5t yKIIOHOB HU30BO# rpany, cooteTcTBenHO 1:0,75, 1:1, 1:1,5; 1:2

HccnenoBanust pacripeieieHus JIaBJICHUH NPH CKOJNB3SIIEM DPEXMME Ha TPAKTE
TPaMIIMOHHBIX CTYMEHYATHIX BOAOCIMBOB CO CKPYIVICHHBIMH OTOJIOBKAMM MOKa3bIBAIOT
CIIEAYIOIIIE OCOOEHHOCTH.

1. HanOonbmree 3Ha4eHE H30LITOUHOTO 110 CPABHEHUIO C aTMOC(HEPHBIM JIABICHUS
HabmopaeTcss BONMM3M CTBOpPA, II€ HAyMHAETCs a’pauus. Hipke No TedeHWIo depes

HECKOJIbKO CTYNEHEH OHO CHIDKACTCS B CPEAHEH 4acTH TOPH3OHTANLHOM IUIOMIATKH
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CTyIEHeil 10 JaBJIEHHMs, KOTOpoe Heckoipko Ooimbime armoctepHoro. Bmmke K Kparo
TOPU3OHTAJIFHOTO YYaCTKA CTYMeHel OHO IOBBIMIAETCS 3a CUeT OOTEKaHWs MX KPOMKH
[125]. Eme HWke MO TEYEHHIO OCPETHEHHOE AABJIEHHE OCTAETCS Ha TOPM3OHTAIBHBIX
IUIOIIAIKAX CTYIEHEW MPAaKTUUECKW IOCTOSHHBIM, YBEIHMYUBAACH TOJIBKO B KOHIIE
cIUMBHOI rpanw [ 147, 153, 158].

2. AHanoru4HeIM 00pa3oM H3MEHSIOTCA [0 ANUHE CTYNEHM HMHTEHCHMBHOCTH
IyJIbCALMH TaBICHUS.

3. Ha BepTUKaIBHBIX Y4YacTKaxX CTYNEHEH BaKyyMbl (UKCHPOBATUCH NP
IIPOBEICHUM THPABIMUYECKUX HCCICA0BAaHUI CTYNEHYAThIX BOAOCIWBOB THAPOY3JIOB
ITy36no ne Kasayuta w Benm, oHM OTCYTCTBOBAIM MPH PACCMOTPEHHH THAPOY3Ja
Anmnepcrunyorep. [lo maHHBIM 1a00paTOPHBIX MCCIEIOBaHWM, PacCMOTPEHHBIX B [142,
153], nDoHMXKEHHWE OCPEXHEHHOTO MbE30OMETPUYECKOr0 HAmopa HA BEPTUKAIBHBIX
IUTIOIIA/IKAX CTYIEHEH, II0 CPABHEHUIO C COOTBETCTBYIOIUM aTMOC(EPHOMY JABIEHHUIO, HE
npeBbmaroT 0,3 BEICOTBI  CTYMEHHW. [IpakTHUecKW TakuM OKa3ajoch 3HAYCHHE
MAaKCUMAJIbHOIO OCPEIHEHHOIO Bakyyma h,, /yd 1O pe3ylbTaraM JIabOpaTOpHBIX W
HATYpHbIX  UCCIICAOBAaHWH, TIPOBEJICHHBIX A  THIAPABIMYECKOTO  OOOCHOBAHHUS
CTYIIEHUATOr0 BOAOCIMBA boryuanckoro ruapoysna [125].

4.  MakcuManbHele 3HA4YECHHMS  CTAHJAPTOB  NYJNbCALMU  JABJICHWS HA
FOPU30HTAIBHBIX IUIOMAIKaxX CTyneHel 3auKkcupoBaHbl B y3KOI 30HE MO IJTHHE TaM, T¢
HauMHAETCA a’paums. 3AeCh Ha Y4YacTKEe ICEBJOAHA MIMHON (2-3)k, 3HaueHus
WHTEHCHBHOCTH IyNbCAIMM IILE30METPUYECKON BBICOTBI MOryT mocturars 0,15-0,20
[147], tme » — BBICOTA BBICTyNAa MIEPOXOBATOCTH, & HMHTEHCHBHOCThH IyJIbCALIUH
MbE30METPAYECKOA BBICOTBI — OTHOLICHUE €€ CTaHJapTa IyJIbCAallMd K CKOPOCTHOMY
HAaIopy 10 CPeaHEl CKOPOCTH «YUCTOM» BOJIBI.

Ilpy 3TOM yKa3aHHAas WHTCHCHBHOCTb BBOAUTCA KAk OTHOLIEHHE CTaHIapTa
IyJlbCalMii NbE30METPUUECKUX BBICOT K CKOPOCTHOMY HAmNoOpy, PacCUATAHHOMY IO
CpemHeH CKOPOCTH «YHCTOH» BOAbL ¢ ucCnonb3oBaHueM Qopmyibl (2.61). Hmwke mo
TEUCHUIO MHTCHCUBHOCTH IIyJbCALlUM MbE30METPHUECKUX BBHICOT CHWKACTCS HA JUIMHE

okonmo 25k, mo 0,08-0,06, a eme HuXKE MO TEUEHHIO cOcTaBiseT okomo 0,05, Ha

BCPTUKAIIBHBIX IHNIOMIAOKaX CTyl'[eHCﬁ HWHTCHCUBHOCTH HyHLCﬂJ_[I/Iﬁ TBEE30OMETPUICCKHUX
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BBICOT B OCHOBHOM COCTaBJsItOT OKojo 0,03, yBemuumBasch y mceBpomna mo 0,06, C
YUETOM MOJIOKUTENEHON aCHMMETPHH ITyJIbCAIHil PACCMATPUBACMOTO ITAPaMETPa Ha 3THX
IUIOIIAKAX CTYMEHEeH UX OTpUIIaTeNTbHbIe BHIOPOCH o0ecneueHHOCTRI0 0,01% Mo JaHHBIM
[125] nponopuronansuel (2-2,5)c .

5. C y4eToM yKa3aHHBIX HauOOJBIUMX 3HAYEHHUH OCPETHEHHON W MyJIbCAIIMOHHOM
COCTABJLIIOLIMX JIABICHUS BO3MOXKHOCTh BO3HUKHOBEHHS KABHTALMOHHBLIX —SIBICHUIM
nenecoobpazHee oueHuBare 00 ¢opmyine (2.18). domycTHMO TakKe WCMOIb30OBaHHE
dopmyisr (2.19), HO TIpUHSATHE B KAYECTBE XapaKTEPHOM CKOPOCTH y NCEBIOJHA MOKET
TIPUBECTH K CYLIECTBEHHBIM TOTPEITHOCTSIM.

Cnenyer OTMETHTb, Y4TO /IO CHX IOpP KAaKUX-JIHOO CEPbE3HBIX KaBUTALMOHHBIX
HOBPEXKACHHH CTYNCHYATHIX BOJOCIWBOB TPAAWMLHOHHOTO THIIA B JIATEpAType HE

OTMEYAJIOCh.

2.21 Ctynen4aTsie BOJOCIHMBLI, PACCYHTAHHBIE HA NPONYCK OOJIBIIMX
YAeJdbHBIX PACX0/0B BObI

BonociuBHEIE CTYIIEHYATHIE IIOTUHBI IPUMEHSIOT JUISl TPOMYCKA M 3HAYUTENBEHBIX
YAENbHBIX pacxoo0B, cocTapisrommx 100-200 M/c 7 ake Oonee, B cocTaBe THAPOY3JIOB
C BBICOKAMU OCTOHHBIME IUToTuHamu [155, 157, 163]. Ha TpakTe Takux CTYIEHYATHIX
BOJIOCJMBOB MOTEPH M3OBITOUHOM KMHETHUECKON SHEPTHH CYNIECTBEHHO MEHBIIEH, YeM Ha
TPaJUIUOHHBIX. BMecTe ¢ TeM NpUMEHEHHWE YKIAAKd MalOLEMEHTHOTO YKaTaHHOTO
O€TOHA TIPH BO3BEICHWH TAKUX TUIOTHH MO3BOJIAET CYLICCTBEHHO YIIPOCTUTH BO3BEICHHE
COOPYKEHUs, B BBIIOJHEHHE TpPaKTa BOJOCIMBA CTYNECHYATBIM MO3BOJISET CHHU3HTDH
TpeOOBaHUs MO 3ALIUTE CIUBHOM IPaHy OT KABUTALMH M KABUTAIMOHHOMN PO3HH.

Takue KOHCTPYKLUHMH BOAOCIMBHBIX CTYNEHYATBIX IJIOTHH ObUIM pa3paboTaHbl
UCTIONIB30BaHBl TNpH  Bo3BeNeHMM TuApoysnoB B KHP. K wumcny ocoGeHHocTeit
KOHCTPYKLMM M YCIOBMH pabOTBl TAKOr0 POAA BOAOCIMBHBIX CTYNEHUYATHIX TUIOTHH
OTHOCSTCS ceayromue (pUcyHokK 2.16).

1.BonocnuBHOH OroNOBOK ¢ MIaAKOH CIIMBHOM I'PaHbIO MPEAYCMOTPEH JOCTATOUHO

TIPOTSDKCHHBIM.
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2.Ha Bceii JuinHE BOTOCIMBHOTO OTOJIOBKA MPEAYCMOTPEHBI OBIKH; HX KOHLIEBOMH
YYaCTOK BBIOJIHSAETCS IUIABHO PACIIMPSIOIUMCS U O1arofaps 3TOMY TOTOK K KOHLEBOMY
CEYEHHIO OBIKOB CYKAaeTCs B IUIAHE.

3.I'nagkuii BONOCIHBHOH OIOJIOBOK COIPSracrcs C  HIDKEPACIONOKEHHOM
CTYMEHYATON CIHUBHOW I'PAaHBIO C MOMOMIBIO BEPTHKAJIBHOTO YCTYNA BBICOTOH HECKOJIBKO
METPOB.

4.ComnpsokeHre ObeOB Ha 3THX THAPOY3NAaX OCYHIECTBIIETCS C HOMOIIBIO
JOHHOTO THIPABIMYECKOTO MPBDKKA MM PACTIONOKEHHOTO B HIDKHEM Obe()e KOPOTKOro
6ETOHHOTO KPEeTUIeHHs ¢ TPaMILTHHOM JUTS 0TOpOCa MOTOKA.

5.3maHue  TUAPORNEKTPOCTAHIMU  PACCMATPUBACMBIX  T[WAPOY3NIOB  OBUIO
PacronokeHo Ha 3HAYUTEIBHOM YAAICHHAH OT CTYIEHYATOIO BOJIOCIIABA.

Takasd KOHCTPYKUHS CONPsDKEHUS! BOAOCIMBHOTO OrOJIOBKA CO CJIMBHOH IDaHbIO
obecTieunBaeT CyHMIECTBEHHYIO a>PalliIo IOTOKA HA CTYNMEHSX. JTa a’pamusl IPOUCXOIUT
33 CY4ET TOrO, YTO MEXKIY CTPYsIMH, KOTOPBIE TNOCTYMAlOT C COCEAHWX IIPOJIECTOB
BOIOC/IMBHOIO OrOJI0OBKA, HA CTYNCHYATOH CIMBHOH I'DaHW MMEIOTCSA CyHMIECTBCHHBIE
MPOMEKYTKH, IO3BOJLAIOIIME BO3AYXYy MOCTyMaTh K MOTOKY 3a YCTYNIOM CHH3Y.
OnHOBpPEMEHHO CTpPYs aspupyercs ¢ O0koB. Takum 00pa3oM MOTOK a3PHPYETCA MO BCEMY

MEPUMETPY. DTa KOHCTPYKLHS paboTaeT J0CTaTOuHO 3P PEKTHBHO.

Ha HagambHOM WepHOAE OJKCIUTyaTalnd BOJOCOPOCOB, PACCUMTAHHBIX HA IIPOMYCK
3HAUMUTENBHBIX YIACTBHBIX PACXOJ0B, OBUIM IIPOBEACHBI HATYPHBIC THIPABIMIECKUE
UCCIICIOBAHUs, KOTOPHIE BKJIIOYATH BH3YAJIBHYIO OLECHKY THAPABIHYECCKHX YCIOBHIA
palbOThI, M3MEPEHUs] CKOPOCTH TEUEHMS, COACPKAHMS B TIOTOKE BO3[yXa, OCPEIHEHHBIX H
MyJIbCALMOHHBIX COCTARJIIIOLINX JABJICHWS Ha CTYIEHAX. JTH WCCICNOBAHKSA B 3HAYHTENHHOM
Mepe TOATBEPOMITM HANSKHOCTH KOHCTPYKIMIT BONOCIMBHBEIX — CIYIIEHYATHIX  IUIOTHH,
npumenseMbix B KHP mot nmpomycka COpOCHBIX PacXo[OB CO 3HAUUTETGHBIMA YICTBHBIME

PacXOIAMH.
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Pucynok 2.16 — IIpoaonbHblii pa3pe3 no cTyneHYaToi BOJOCTUBHOM INIOTHHE U
KOHLIEBOMY YCTPOWCTBY, KOTOPBIE PACCUHTAHEI HA MPOMYCK 3HAYMTEIILHBIX VETbHEIX
Pacxoos:

1 —3aTBOP; 2 — OBIKK; 3 — PACIIUPSIOIIAIACS B IUIAHE YYACTOK OBIKOB (CY)KEHHE
BOJIOCITUBHOTO OTOJIOBKA B IJIaHe); 4 — yCTyn 3a ObIKaMy II€pe]] BXOXOM Ha CTYIICHYATYIO
CIIMBHYIO IPaHb; 5 — CTyIeHYaTas CIMBHAS TPaHb, 6 — GETOHHOE KpeTUieHue; 7 —
TPaMIUTAH 1 0TOpOCa MOTOKA B HIDKHUIA Obed)

O0 O0CODEHHOCTSX THAPARIMYCCKAX YCIOBHIT PabOTHI CTYNEHYATHIX BOIOCIMBOB
PaccMaTpUBaEMOro THIA € MapaMeTpaMy MOTOKA, KOTOpBIE MMEIOT MecTo Ha Bypeiickom
rUapoysne, MOXKHO IIONYYUTh TPEACTABICHHE HA OCHOBE PE3YJIHTATOB  JIAbOPATOPHBIX

WCCIIEIOBAHNN, TPUBEICHHBIX B [ 141].

2.22 Cy:karomuecs CTyeH9aThbie BOTOCAABBI

YCTpOHCTBO CTYNEHUYATOH BOMOCIUBHON NMOBEPXHOCTH SBISCTCS 3(P(HEKTUBHBIM
MEPOIPHUATUEM NPEIOTBPALICHNS] Ha TMOBEPXHOCTH CysKaroLlerocs BOAocOpoca KOCBIX
BOJIH W rpeOHel 3HAUMTENLHON BbICOTHI. Takue BOJHBI M I'PEOHM AOJDKHBI TIPUBECTH K
YBEMMICHUIO BBICOTHI OOKOBBIX CTCH BOAOCIHBA W TIOHH3HTH CTENEHb YIIPABIAEMOCTH
[IOTOKa HOCKOM-TPaMIUIMHOM. 10 yCIOBUSM NPOMYCKHOHM cmocoOHOCTU BoaocOpoca Ha
rpedHe apo4HOil ILIOTHHBI OBUT OONbINE, WeM MIHPHHA HOCKA-TPAMIUIMHA, KOTOPBIH

otOpackiBal MOTOK B y3Kkoe yuiense [101]. Takum 06pa3oM, ¢ MOMOIIBIO IOBBILEHHON
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mMepoxoBaToCTy, CO3JIaHHOH CTYIICHAMU, OB npeaoTBpaALICHBL HC6JTal"Ol'IpI/IﬂTHI)le

SIBJICHHS. HA TPaKTe BOJ0cOpoca M300pakKeHHOTO Ha pHCYHKe 2.17.
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Pucynok 2.17 — Cyxaronmiics B IJ1aHe CTYIEHYaThIi BOA0COPOC Ha rpebHe apo4Hoi
TUIOTHHBL:
1 — ragkuit BOJOCIMBHOM OroJi0BOK; 2 — Cy’KarOILAsACs CTyneH4Yaras ciuBHas IPaHb;
3 — rIagKui HOCOK-TPaMIUIMH
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I'maBa 3. TpyOuaTnie BoA0ocOPOCHI 4 BOAOCIYCKH

3.1 OcHOBHBIE KOHCTPYKTHBHBIC JJI€MEHThI IIyOMHHBIX (TPy0uaThIX)
BO10COPOCOB

Jns rnyGuHHBIX BOAOCOPOCOB U BOAOCHYCKOB (B AalbHEHIIEM sl KPATKOCTH
Ha3BIBAEMBIX ~ «TpyOuarsle  BOAOCOPOCHY) IPUHHAMACTCS JICICHHE Ha  YYacTKH,
npuBeeHHOE Ha pucyHke 3.1 [15]. Ha oTaenbHbIX KOHKPETHBIX COOPYKEHHUIX HEKOTOPLIE
M3 HUX MOT'YT OTCYTCTBOBATh IMO0 COBMEIIATHCS.

KpoMKu BXOJHOTO OTBEPCTHS OTOJIOBKA MIyOMHHBLIX BOAOCOPOCOB JOJKHBI UMETh
CKPYIJIEHHOE OYEPTaHME, YCTAHABIMBAEMOE HAa OCHOBaHWHM pacueTtoB [15, 134]. Takoe
OYEPTaHNE KPOMOK BXOAa IIO3BOJIAET YBEMMUUTh MPOMYCKHYIO CIIOCOOHOCTH BogocOpoca u
n30eXKaTh CyIIeCTBCHHOTO IOHIDKEHMS NABJIEHHA B 30HE OTPHIBA IOTOKA OT CTEH Ha
BXozie. Ilnomans nonepeyHoro ceveHus HAMOPHBIX BOJOCOPOCOB HA BBIXOJHOM Y4YacTKe
WA B Tpeaenax BEPXOBOIO y4YacTKa KaMephl OCHOBHOIO 3aTBOpa, Kak IIPaBHIIO,
YMEHbIIACTCS B  LenAX  oOecreucHUs  OSCKAaBUTALMOHHBIX  ycioBuit  paboThl
BBILIENICKALIETO y4acTKa BogocOpoca (HampumMep, BomocOpockl KpacHospekoro u CasHo-

Ilyrmenckoro ruapoy3inos)

NANRY

Pucyroxk 3.1 — Cxema Tpy6uaToro BomocOpoca
1 - yaacrok IIOAX0/A; 2 — yYaCTOK BX0/1a (BXOMHOM OTOJIOBOK); 3—TpakT BogocOpoca;
3a - kamepa 3aTBOPOB; 36 — OTBOAALLMY y4ACTOK; 4 — BHIXOJHOM Y4YaCTOK TPAKTa,
5 ~ yuacTox mepexona k €CTECTBEHHOMY PYCIY; 6 — 3aTBOPHBIE LIAXTHI € 3aTBOPaMH,
7 — a3palOHHAS AXTa

Ilpu  kpuBonmHeliHoM  oueprammm  rIyGMHHOrO  BOAOCOpOCA  HATMUME
HCHTPOOEKHEIX CHIT OPHBOIHUT K CYILECTBEHHOMY Tepe(OPMUPOBAHUIO PacIpeeTeHus
CKOpOCTel M maBNCHMI TNO CPABHEHMIO ¢ DACIOPEHCTICHHEM HX B IIPIMONHHENHOM
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BogocOpoce. 310 mepeOpMHPOBAHHE MOXKET CITOCOOCTBOBATE PA3BUTHIO KABHTAIIHOHHBIX
ABJICHHUI OCOOCHHO HA BHIMYKJIOH MOBEPXHOCTH BojocOpoca. KpuBonmHeitHOE odepTanme
BojocOpoca crmocoOCTBYET OOpa3oBaHMIO 30H OTPhIBA M THMAPABIMYECKAX MPBIKKOB,
3aXBATHIBAIOMIMX 3HAYUTENBHOE KOJIMYECTBO BO3JyXa HPH CMEHE PEKUMOB TCUCHHS.
VYKasaHHBIC SBICHHS MOTYT OBITH MCTOYHWKOM CYIIEGCTBEHHOM MYNBCAIH JABJICHHS B
notoke [32, 138] . MeToauka pacyera 3THX MPOLECCOB pa3paboTaHa HEIOCTATOUYHO,
MO3TOMY B K@KIOM OTHEIBHOM CIlydac HEoOXOoJUMa TMOCTAHOBKA CHCHHATBHBIX
HCCIIEAOBAHU.

Oco0bIMH ~ yyacTKaMM BOAOCOPOCOB  SIBJISIIOTCS  3aTBOpHBIE KaMepwl  [95].
3arBopHbIE Kamepsl MpeHa3HAYAIOTCS JUIst pa3MeIeHus OCHOBHOTO
(3KCIUTyaTallMOHHOTO) 3aTBOpa, a Takke PEMOHTHOTO M aBapuifHOro 3aTtBopoB. B
mpenenax 3aTBOPHOM Kamepbl ¢GopMa M MIOMAAb MOMEPEYHOTO CEYeHHS BOJAOCOpoca
OOBIYHO M3MEHSIOTCS.

OcHOBHBIC, PEMOHTHBIC W AaBAPHUHBIC 3aTBOPHl MOTYT pa3MEINaThCs B OAHOM
00mmIel WM B Pa3feNbHBIX 3aTBOPHEIX KaMepax. MecTomonokeHne 3aTBOPHBIX Kamep B
npeaenax BoJocOpoca YCTAHABIMBAETCS C YYETOM YCJIOBHI compsokeHus Obedos,
KOHCTPYKTHUBHO-KOMITIOHOBOYHBIX YCIIOBUii, HAMpPSHKEHHOTO COCTOSHHS TJIOTHHBL W €€
JMIEMEHTOB, KIIMMATHIECKUX YCIIOBHiA 1 11p. I1py 3TOM IpH JIFOOBIX YCITOBHAX PACTIONOKEHHE
OJHOTO W3 3aTBOPOB (KaK IIPABIIIO, PEMOHTHOTO) HEOOXOMMMO 00ECTEUHTh HAa BXOIE B
BogocOpoc. Ecnu BEIXOJHOE cedueHHme BOJOCOpOCA 3aTAIIMBACTCA CO CTOPOHBI HHJKHETO
6beda, obs3aTencH PEMOHTHBIH 3aTBOP M Ha BBHIXOJIE W3 BOJOCOpoca.

3arBOpHAs KaMepa OCHOBHOTO 3aTBOPA BKIIFOUAET, B OOIIEM CITy4ae, CIIEAYIOIIE YYACTKU:

- BEPXOBO}1 110 OTHOIIEHHWIO K OCHOBHOMY 3aTBOPY Y4YacTOK, B TpeaeaX KOTOpOro
BCETIa UMEET MECTO HAmoOpHbI pexxuM Teuenus. OH BHIMONHAETCS, KaK TPABIIO, C
CY’)KCeHHEM IIOMEPEYHOTO CEYCHHS C TENBI0 TOBBIIICHHS HM30BITOYHOrO AABJICHHS Ha
PAcIOIOKCHHOM BBIIIE YYAaCTKE M MCKIIOYEHMS KABUTAUWH HA DJICMEHTAaX Kamepsl (Ha
mazax 3aTBOPOB, B INIPOEMax IOTONKA, HA HEPOBHOCTAX OOTEKACMBbIX IOBEPXHOCTEI).
CxeMBbl TaKUX KOHCTPYKLMA OPUBEICHBI HA PUCYHKE 3.2, KPOME TOTO, OHH PACCMOTPEHBI B
[95];

- HU30BOW IO OTHOLICHHUIO K OCHOBHOMY 3aTBOPY Y4YaCTOK C 663Ha]10pHHM NI
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HaIOPHBIM PECKUMaMU TCUYCHHA. DTOT Y4aCTOK B 3aBHCHMOCTH OT THAPABIMYICCKUX
YCJ'IOBI/If;I MOXET OBITh BBITIOJTHCH  PACIIMPAOIIUMCH, IIOCTOAHHOTO CCYCHUA WA

CYIKAIOLTHMCSL.

I

W = e =g

I e )

Pucynox 3.2 — BapuaHTEI BEPXOBOTO YUaCTKa 3aTBOPHON KaMEpHI:
a — IJTaBHBIA MUPaMHUAATIBHEIN KOHGY30D; O — IUTaBHEIM KOHWIECKHH KOH(DY30p
(aBapuifHBbIf 3aTBOP OOBIYHEI HITH C 3AMEIIAFOIINM KOJIBIIOM ),
6 — 3aTBOpHAas Kamepa 6e3 koHdy30pa

B Ka4ecTBe OCHOBHBIX 3aTBOPOB OOBIYHO IPUMEHSIOTCS IUIOCKHUE M CEIMEHTHBIE
3aTBOPBL, @ B OCOOBIX CJIy4asX — KOHYCHBIE M MTOJBYATHIE 3aTBOPHIL. PaccTosHue Mexay
OCHOBHBIM U aBapuiHBIM 3aTBOPaMM HA3HAYAECTCS KOHCTPYKTHBHO. ONTUMAIBHBIM MO
THIPABIIMYECKAM YCIOBHUSM SABJISETCA PaccTosiHUE, paBHOE 1,5-3 BricoTaM Bomosona. B
MEXK3aTBOPHOM IPOCTPAHCTBE U MEPEN aBapUiHBIM 3aTBOPOM HA PACCTOSHUM, PABHOM
BEICOTE CEUCHUSI, CIIEAYET NMPEAYCMaTPUBATh CTATBHYIO OOMMIIOBKY JTHA, CTEH M MOTOJIKA.
Ha pucyske 3.3 mpeactaBieH psAA THUIOBBIX CXEM KOMIOHOBOK MEXAHUYECKOTO
000pyI0BalHs B MIyOMHHBEIX BOTOCOpOCaX OETOHHBIX IUIOTHH ¢ OCHOBHBIMH 3aTBOPAMH B

HavaJIc, CEpCAMHE U Ha BBIXOAC U3 BO,I[OCG'pOCOB.
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3.2 3agaun ruApaBINYecKoOro paciyera TpyouaThix BoAocOpocoB

OcCHOBHbIE 33241 THAPABIHICCKOTO pacieTa TpyOuaTeIX BOZOCOPOCOB CBOMATCS K
OIPENIENICHAI0O HUX pa3MepoB M KoH(Urypauuu, oOecHeUMBAIOMUX IPU MPOMYCKE
3a[aHHBIX PacX0J0B AOMYCTUMbIE THAPOIMHAMUYECKAE HArPY3KH, OTCYTCTBHE OIMACHBIX
KaBUTAIIMOHHBIX BO3/JCHCTBHI HA OTHACIBHBIC JCMEHTHI TPAKTA W OIACHBIX PAa3MBIBOB
pycna. BomocOpoc, ynopieTBopsIoumit UM TpeOGoBaHUAM, BHIOHpaeTCS B Pe3yNbTATE
PacCMOTPEHHS Psijia €T0 BAPHAHTOB, ISl KAKAOTO U3 KOTOPBIX BEIIOTHSIIOTCS CJICAYIOLIHS
THAPABIHYECKAE PACIETHI;

1. Onpenenenue npomyckHO# cnocoOHOCTH (pacxosa) Bogocopoca.

2. Onpenenenne peXHUMOB MOTOKA B BOAOCOpOCE MPU PAa3iIMYHEIX PACXOJaX H
ypoBHsIX ObeioB, a TaKOke PA3NUYHBIX OTKPHITHAX PETYIMPYIOIMETO 3aTBOPA.

3. Pacuer adpallMOHHBIX ILIAXT, OPOEKTUPYEMBIX ISl YCTPAHEHHS OMACHBIX
KaBUTALMOHHBIX SIBJICHHH W CMEHBI PEXXUMOB TeUeHHS (0T OC3HAMOPHOTO K HAMOPHOMY H,
Hao00pOT, OT HAIOPHOTO K OE3HATIOPHOMY ).

4. IlporHo3upoBaHKe 30H 3HAYHTEIFHOTO TOHKCHHS TABICHAS 110 CPABHEHHIO C
aTMOCGEPHBIM U COMYTCTBYIOIIMX €MY SIBJICHHI KAaBUTALMH W KABUTALMOHHOW SPO3WH, a
TaKKEe BO3MOXKHOCTH BO3HHKHOBEHMS KABHUTAIMK 3a CYET MOSBICHHS 30H OTpPHIBA 32
BBICTYIIAMHU BBHICTYNAMHM LIEPOXOBATOCTH, IIBAaMU OETOHHPOBAHMWS, MA3aMM W B CBS3H C

TTOABJICHUEM BUXPCBBIX IITHYPOB.

PucyHok 3.3 — TunoBbl€ CX€MbI KOMIIOHOBKH MEXAHUIECKOTO 000PYIOBAHHUS B
TIyOMHHBIX BOHOCOpOCcax GETOHHBIX TIOTHH ¢ PACTIONIOKEHHEM OCHOBHOTO 3aTBOPA:
a, 6 — Ha BEIXOJIe M3 BOZI0cOpOCa; 6, ¢ — B HaUalle BOA0cOpoca; 2, O — B CPeAHEH YacTH
BoJ0CcOpOca; / — OCHOBHOM 3aTBOP; 2— aBapuilHEI! 3aTBOP; 3 — PEMOHTHEIN 3aTBOP; H, 6
— HamopHHIH 1 Oe3HATOPHEIM YyYacTKH BogocOpoca
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5. Ompenenenne ruApoAMHAMHUYECKIX HAPY30K HA 3IEMEHTHI TpakTa TpyddaToro
BOJOCOpOCaA IIPU Pa3IMUHBIX PEKUMAX OTOKA.

6. PacdeT KOHIEBBIX YYaCTKOB, ONMPEACICHUE YCIOBHH COMPSOKEHWS MOTOKA Ha
yUaCTKe Mepexo/ia K eCTECTBEHHOMY PYCITy, OlpeneneHue gedopMarmii 1Ha, B TOM YHCIIC
pa3pyIIeHnit CKATBHBIX TOPOJ HA yYacTKe PYCIIa, IPUMBIKAIOIIEM K COOPY>KEHHIO.

B oT0if rmaBe OCBEIAIOTCS BOMPOCHL, CGOpMyIHpoBaHHbE B 3.2, mm. 1-4.
Bompockl ompeneneHns peKUMOB TTOTOKa W mepehOpMHpPOBaHUS pyclia B HIDKHEM Obede

3a COOPY>KEHHEM, U3JI0JKEHBI B IU1. 4 U 5 HACTOAIIETO PykoBoACTBA.

IIponyckHas cnocoOHOCTH TPYOUATHIX BOA0OCOPOCOB

3.3 IIponycknas cnocoOHOCTH 0e3HATIOPHBIX TPYOUATHIX BOAOCOPOCOB ¢
HE3aTOILVIEHHBIM BXOIOM

BesnanopHele TpyO4arsie BOAOCOPOCH, B KOTOPBIX IOTOK HE KacaeTcs BEPXHEH
KPOMKH BXOJHOTO OrOJIOBKA, YTO MMEET MECTO MPH HAIIOPE HA BXOJE
H < (1,2 +1,25)h, @3.1)
PacCUMTEIBAIOTCS TI0 CXEME HCTEUEHNUS Yepe3 BOJOCIHB.

B TpyOuareix BomocOpocax Oe3HANOPHBIA PEXHM TEYEHHS C HE3aTOINICHHBIM
BXOJIOM HCIIOJIB3YETCS B OCHOBHOM IPH UX paboTe Mo BPEMEHHOI CXeMe: B CTPONTENbHBIIH
MEPHO WK UHOT/IA B IEPHOA BPEMEHHOMH 3KCIUTyaTalu TUApoy3a.

B 3aBrcrMOCTH OT (JOPMBI BXOJHOTO MOPOTA M 0YEPTaHKs TIPOJOIBHOTO PO TpakTa
MOTYT HMETB MECTO JIBa ClTydasi paboTh! O€3HAOPHOr0 TPyOUaToro BoA0cOpOCca: HCTEUCHHE Yepe3
BOJIOCJIMB C LIMPOKWM MOPOrOM U HCTEUYEHHE YePe3 BOJOCIMB MPAKTHUECKOTO MPOQMILT (PHCYHOK
34).

ITpu KOHCTPYKTUBHOM O(OPMIIEHHH TPyOUaToro BoAocOpoca, Kak MoKa3aHo Ha puc. 3.4, a,
MpU HE3HAUMTENHHOM VyKioHe AHa / < 0,025 wnM TOpH3OHTATBHOM JHE W OTCYTCTBHH
MOMATOIUICHUS CO CTOPOHbI HIDKHEro Obepa MOXKHO CUWTarh, 4r0 OH paboTaer, Kak
HETIOTOIVICHHBII BOIOCITHB C IMMPOKKM TIOPOroM Ty cobmoaeHnH yerosus [103, 123].

(2+3)H <L <(64-163)ymH 3.2)

Wi 6osnee MPUONMIKEHHOTO YCIOBHS
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(2+3)H < L<(6+10)H 3.2)

Pucynok 3.4 — HcreueHne uepe3 TpyGuarhiii BogocOpoc Mo cxeme BOJOCIHBA:

¢ — HETOATOIUIEHHBIH BOMOCINB ¢ NIUPOKUM TIOPOTOM; 6 — IIOATOILIEHHEIH BOJIOCIHB C
IIAPOKKMM HOPOrOM; 6 — HENOATOIIICHHBIH BOJOC/HB MPAKTHIECKOro IMPOGust

ITpu yxmoHe nHa TpyOuaToro BomocOpoca /i, mprOIMKAIOIEMES K KPUTHIECKOMY
YKIIOHY Iy, HO MEHBIIE €T0, 3HAYEHUE BEPXHETO Mpezena B (3.2) claeayeT yBeNIuUuBaTh Ha
30%. B popmynax (3.2) u (3.2") L — nmHa coOCTBEHHO TPyGUaToro BogocOpoca (yuacTku
2 — 3 Ha pucyHoke 3.1); m — ko3QUITEHT pacxoa BXOAHOIO OTOJIOBKA.

Pacuer mponyckHo# cnocoOHOCTH B MEpBOM ciiydae (PUCYHOK 3.4, a) HaIUISKHUT
BBIIOJIHATE 110 3aBUCHUMOCTH (2.2) npu G; = 1. Jimd npuOmmKeHHBIX pacyeToB GopMyita
(2.2) MOKET TaK’Ke MUCTONB30BAThLCS CIIE B ABYX CILy4asx:

1. Viion nua BomocOpoca MEHBIE KPUTHYECKOTO, a €r0 UIHHA YIOBJICTBOPSCT
ycnoButo (3.2).

2. YkioH aHa BogocOpoca GOIbIIEe KPUTUYECKOTO.
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3uaueHnss KOd(pHUIMEHTOB pacxoga JUisi BOJOCOPOCOB C VKJIOHOM JIHA,
OMpeACACHHEIE 10 pganubiM  [103], criepyer yBenuuwBarh IS BOJOCOPOCOB
MPSIMOYTOJIBHOTO IOIEPEYHOr0 CEYCHHS B COOTBETCTBUM C rpadukamu pucyHKa 2.4, a
BOZOCOPOCOB KPYIJIOro HONEPEUHOT0 ceuenus — Ha 1 % Ha kakayro 0,01 yKiIoHa aHa.

Pacyer mpomyckHOH CHOCOOHOCTH  TPYOYaTeIX  BOZOCOPOCOB  KPYIJIOro
NONEPEYHOTO CEYEHN, PabOTAOIMX MO CXEME HEMOATOILICHHOTO BOAOC/IHBA € IIMPOKAM

IIOPOTOM, MOKHO IIPOM3BOINUTS O opmymne [78]

3/2

O =mDy\2gH", 3.3)
rae D — puamerp BogocOpoca.
3Havenue ko3ddunneHTa pacxoaa Takoro BOA0COPOCca MOKET OBITH OMPEIENICHO 110
SMIUPUIECKON PopMmyIie

H
m, = , (3.4)
0,275+ 3,407/ D
0,90 + ———

0,096 +1,52r/D

B KOTOPO#H 7 — Pafiyc CKPYIJICHUS! KPOMOK BXOJHOTO OTOJIOBKA.

Ecrm ykinoH gHa Ge3HamopHOro Tpyo4yaToro BoAOcOpPOCa MEHBINE KPHTHYECKOrO M
anuHa ero Oombime, deM (64-163)mH, WM CXKaroe CeUeHHWe BO BXOAHOM OTOJIOBKE
HOATAIUIBACTCS HIDKHIM Obe(oM, TO BoAocOpoc paboTaeT Kak 3aTOTICHHBIM BOMOCIHB C
LIMPOKUM IIOPOTOM M PaccuUUTHIBacTCA 10 (opmysne (2.2). TnyOuHa /; BO BXOJHOM OTOJIOBKE
OIIpeaeNseTCs IyTEM IIOCTPOCHMSL KPUBO# CBOOOAHOM MOBEPXHOCTH B BogocOpoce.

IIponyckHas cmocoOHOCTh OE€3HANOPHBIX TPYyOUaThiX BOAOCOPOCOB, PabOTAIOLIMX
KaK HENOATOIUICHHBI! BOJOCIMB MpakTHueckoro mpoduiis, ompenensercs mo ¢opmyne
(2.2) ¢ ucmonb30BaHUEM COOTBETCTBYIOIIMX BBHIPAKEHUM Ui € U m (TJ1. 2 HACTOSIMIETO

PykoBonctea u [92]).

3.4 IlponyckHas cnoco0HOCTb 0e3HANIOPHBIX TPYOUATHIX BOAOCOPOCOB C
3aTONJICHHBIM BX0/10M

3atomieHne BXoAa OE3HAMOPHBIX TPyOUYaTBIX BOJOCOPOCOB HAOIOMACTCS TMPH

HANope Ha BXOJHOM IIOPOTe

H >(1,2+1,25)h. 3.5)
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[IponyckHas ciocoOHOCTE TaKHX BOAOCOPOCOB ompenersercs no hopmyiie
0 :um,hg(H —¢h), (3.6)
rie |p = ¢.& — kod(duuMEeHT pacxona, OTHECCHHbIH K ILIOWAAY HONEPEUHOrO CeUeHHs

BOJOCOpOCAa B KOHLE BXOJHOIO OIOJIOBKA (0, / — BBICOTA HONEPEYHOTO CEUCHHUS
BOJOCOpOCA B TOM K€ CEYEHUM;, € — KOI(DPUIMEHT CxKaTHs MOTOKA; (. — KodpduuueHt
CKOPOCTH, OTHECEHHBIH K CXKATOMY CCUYCHHIO. 3HAYCHUE @, MPUHUMAETCS paBHBIM 0,97
MPH OTCYTCTBHH Na30B MEPE] BXOAHBIM OTBEPCTHEM M paBHBIM 0,94 1Ipy HaIM4YMK 1Aa30B.
3HaueHHe € U1 OTBEPCTHI CO CKPYITICHHOW KPOMKOH MOKHO OMNpPENENATH MO

dopmyiie [134]:

1
o, (37)
(pml(,'}m

7€ Cpy — KOO(QGHIMERT MaKCHMAITBHOTO IOHWKEHHS JIABIICHASL, MPAUHUMAEMBIii B 3aBHCHMOCTH
OT KOHCTPYKIIMH BXOJTHOTO OTOJIOBKA W BeMMUMHBI H 1o rpadukam puc. 3.14-3.16.

Jis oTBEpCTH ¢ OCTPOMl KPOMKOH 3HA4YECHWs € CIEAyeT NMPUHUMATH TI0 JAHHBIM
TaOnuue 3.1.

Tabnuna 3.1

/H 0,10 | 0,20 | 0,25 | 0,3 0,35 | 0,40 | 0,45 | 0,50 | 0,55 | 0,60

€ 0,617 | 0,620 | 0,622 | 0,625| 0,628 | 0,633 | 0,638 | 0,645| 0,650 0,660

3.5 3aBucumocTH I ONpeAEJCHHs] MNPOMYCKHOH CHOCOOHOCTH
HAMOPHBIX TPYGUYATHIX BOAOCOPOCOB
IIpomyckHas cmocoGHOCTH HAMOPHBIX TPyOUaTBIX BOAOCOPOCOB OMpEAENseTcs II0
dbopmye:

0 =nog2¢H, , (3.8
rae p — xodbduuuent pacxoma BomocOpoca, OTHECEHHBIM K IUIONIATM PACYETHOTO
MONEPEYHOr0 CeUeHus ; H;— neficTBylommii Harop, onpeaenseMslii no gopmyne (3.17).

B xadecTBe pacyeTHOI ILTOMIAAM TIOMEPEHHOTO CEYEHHS MOXKHO TNPUHMMATH
NIIOWAne Jr00ro MOMEpevyHoro cedeHus BopocOpoca, HO yHOoOHEEe BCETO NMPHHHMATH
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MITOMAAb BBIXOMHOTO CEUEHHS Oy KOd3(hGWIMEHT pacxoia HAMOPHOro IITyOHHHOTO
BOJOCOPOCA PACCUUTHIBACTCS MO CICAYIOIIMM 3aBUCHMOCTSIM

1

PSR SR (3.9)
Vo /0,,) +e,
L =3¢, (o) +2L, (0/),) (3.10)

rae £, — k03 GAIMEHT rTHApPaBIMYECKUX MOTEPh BOA0COPOCA; ®; — IUIOMAIN XapPaKTEPHBIX
cedeHmit  BomocOpoca, K  KOTOPHIM  OTHECEHBI  3HAYCHUS  COOTBETCTBYIOLINX
K03(GUIHMEHTOB TMApPABINYECKUX TMOTEPh HA TPEHHE MO JUMHE, (,,— KOIPHULHEHTHI
NOTeph Hamopa Ha TPEHWE MO JUIMHE /-0 ydYacTka BojocOpoca; ¢, — Ko3(uIueHT
MECTHBIX THAPABIMYECKUX MOTEPh HAIopa; ) — IUIOWIAAX TIONEPEYHBIX CEUCHMH, i
KOTOPBIX OIPEIENeHB! KO (HHIMEHTH MECTHEIX TOTEPH HAIMOpA.

Pacuer k0>(QULMEHTOB THApPABNHYECKUX TOTEPh HAa TPEHHE MPOM3BOAMTCS IO

opmyue;

L 8gL
Cu=h,—=——, (3.11)
i C!ADI
rae
h,— KOI(p(UIMEHT TrUApPaBIMYECKOrO TPeHUs /-r0 ydacTka BopocOpoca,

OTHECEHHBIN K €r0 IMIpaBIuiYecKOMy AuameTpy D; = 4R;,

R,=0,ly,; C,; L y, — rAOpaBInueckuii pamuyc, koxdpduruent Ille3u, nmmHa u
CMOYEHHBI IEPHMETP i-T'0 YIacTKa BogocOpoca.

3nayeHne ko3GUIeHTa THAPABIMYECKOTO TPEHNS MOKHO TaKKe OMpPEASNIUTh 0
(dopmyne Anprimyns [12, 99]:

0,25

(68 k)
A, =011 += (3.12)
(Re, D
rae
k — aOcomoTHAas SKBHBAJIECHTHAS IUEPOXOBATOCTL OOTEKAEMOM NOBEPXHOCTH
BoJocOpoca,

Re = VD /v —HUCi0 PeifHONBACA HAOPHOTO MOTOKA,
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V — cpenuss CKOpOCTb TEUEHHUS,

V — KUHEMATHIeCKHit KO3 HUIMEHT BAZKOCTH.

IlepBblii wieH B ckoOkax ypaBHeHus (3.12) HeoOXOAMMO Y4YHTBHIBATE B
OTHOCHTENEHO HEOONBIIAX CcOOpyXKeHusx mpu V< 5w/c. TlompoGHBle naHHBEIE ©

3HAUEHUSX k UMEIOTCs, HanmpuMep, B [12, 13, 39, 99].

3.6 Kox¢punueHThI MECTHBIX MOTEPH HATIOPA B HAMOPHBIX BOA0COpoOcax

B HanopHeIX BoAocOpocax HEOOXOIMMO YUHTHIBATH CICAYIOIIME BHIBI MECTHBIX
TUPaBIUYECKIX TIOTEPh HANOPa:

- Ha BXOJE,

- B I1a3axX ¥ [IPOEMax 3aTBOPOB;

- Ha yYacTKe CYXeHHs U Ae)OopMaIiiy MOTOKa HA BXOJE B KAMEPY 3aTBOPOB;

- Ha y4YacTKe pacIliupenus U aAedopManyy noToka Ha BEIXOAE U3 KaMephl 3aTBOPOB;

- Ha BBIXOAHOM Y4YacTKe BOJOCOpOca, €CIIM TaM HMEETCS MOJUKATHE WM
paCIIUpEHUE II0TOKA, HANPUMEP, YCTAHOBIEHbI AC(IEKTOPHl, a TAKKe NMPU UCTEUCHUU
HOJ YPOBEHB HIDKHETO Obeda,

- Ha IOBOPOTHBIX YYaCTKAX TPaKTa.

B penkmx chydasx meped INyOMHHBIMH BOJOCOpOCAMHM  YCTaHABIMBAKOTCSH
PEIIETKH, MPEAOTBPAIAOIINE TOCTYIUIEHHE HAa WX TPaKT KPYIHBIX INIABAIOIINX Tell
(mbaa, TommskoB). JInsg ompemeneHus ux KOI(PPUIHEHTOB MECTHBIX COMPOTHBIICHHUIA
cIeAyeT HCIONMb30BaTh JanHbie [13, 117].

VYka3aHHblC BblLIE MECTHBIC T'WAPABIMYECKHE MOTEPH HAMOpa YYMTHIBAIOT TIPH
pacyeTe MPOMYCKHOH CIOCOOHOCTH BOJOCOPOCA C MONHOCTBIO OTKPHITBIMH ILIOCKAMH
HITH CErMEHTHBIMH 3aTBOPAMH ; TIPH YACTHIHOM OTKPBITHH 3aTBOPA CIIGAYET YUUTHIBATD
U MOTEPY HAmopa Ha 3aTBope.

Ko>pduuuenter norepe Ha Bxox [134] mig Haubosee pacmpoCTPaHEHHBIX
OTOJIOBKOB, KDOMKH KOTOPBIX 10 BCEMY NMEPUMETPY HIIM II0 YaCTH €T0 OYCPUCHEI [yraMu
OKPY’KHOCTEH NIMHON 77/2, MOXKHO onpeaenuts mno rpaduxy puc. 3.5. Koadduimentst

MOTECPh HA BXOJ OTHECCHBI K IJIOIIAJM B KOHIIC BXOAHOT'O OrOJIOBKA. IlJ'[S[ Or0JIOBKOB C

" Koa(MHIMCHT MECTHBIX IIOTepb HANIOPA TIPH MOJHOM OTKPBITHH U1 APYTHX THIIOB 3aTBOPOB MOXKET GbITh HE pase 0.
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npoduineM 3IUIUNTUIECKOTO O4YepTaHWs (TOIyOoCch JJUINICA, HANpaBICHHE KOTOPOi
COBMNANACT C HAMPABICHHEM TEYEHHSA, PABHA BLICOTE IIOMEPEYHOIO CECUCHHUS B KOHIIE
BXOJIHOTO OTOJIOBKA /1, a MONyOCh, MEPNEHAUKYIsIpHAS eif, paBHa //3) ko>ddurment
motepb Ha Bxox coctapisier 0,03 — 0,04,

ITpn ompezeneHUM MOTEPh B Ma3axX 3aTBOPOB, KOTOPHIE B GOJBIIMHCTBE CIIy4acB
HEBENIMKH, MOXKHO PYKOBOJCTBOBAThCs pPekoMeHmaumsamu [13, 15, 138], ans npoema B

MOTOJIKE — PEKOMEHIAUAMH, coaepskamumucs B [117, 138]:

1
Cop = 0,05 —
h ,
w (3.13)

>

roe !, A k, — JJIMHA [IPO€Ma B HANPABJIICHUU TCUCHHSA M €ro BhICOTA IO OCH B

cTBOpe maza. Koadduuuent conporupnerus B dopmyie (3.13) OTHECEH K MONEPETHOMY

CEUEHHIO, B KOTOPOM PACTIOJIONKEH MPOEM.

a) [

o
W
/"

01

0,4 —1

03—

02—

6)

0,1

Pucynoxk 3.5 — 3uauenus ko3 PuurMeHTOB NOTEPE HAIOPA HA BXOJ OrOJIOBKOB HAMOPHBIX
BOAOCOPOCOB, BEITIOTHEHHBIX B BEPTHKANBHON CTCHE M OYEPUCHHBIX TI0 IYTe OKPYXHOCTH,
B 3aBucuMocCTu r/h (r/D):

a — I 3HAYUTENBHAIX Pa3Mepax MOMePeYHOro ceueHus Bepxuero Opeda Ha moaxoae K
OTOJIOBKY; & — TIPH YCTPOUCTBE TIepe]] OTOJTOBKOM OBIKOB € ITPOJICTOM, PABHBIM IIUPHHE BO
BXOJTHOM CEYEHHH BOJOCOpoca
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Pacuer xoadduimenTa moteps Ha BXOJAE M HA BBIXOAE U3 KaMephl 3aTBOPOB U Ha
BBIXOJHOM Y4acTKe BOA0COpOca IpH HAMOPHOM PEXUME TEUEHHS CleAyeT MPOH3BOAUTH
10 AaHHBIM, NPHBEACHHbIM, Hampumep, B [15, 39, 138]. OpHEHTUPOBOYHO MOKHO
CUHTaTh, YTO KO3(QUIMEHTH COMPOTHBIICHUS KOH(Y30pOB MpH yIax CYKeHHA B
quanazone ot 3 go 15° cocraBmsor 0,10-0,15, a K03((ULUHEHTH COMPOTHBICHHUS
nuddy3opo npu yriaax paciumpenus ot 4 no 12° pasusl 0,15-0,35. Bee 511 3HaueHus
K03 HIEHTOB COMPOTHBIICHUS OTHECEHH! K 3HAYESHNIO CKOPOCTHOTO HAIopa B MEHBILEM
13 MONEPEYHBIX CEYCHUI NEPEXOJHOTO YIaCTKa KaMEPh! 3aTBOPOB.

Koah¢uimmeHTsl MECTHBIX TOTEPh Hamopa MOBOPOTHBIX YYacTKOB TpakTa
HATOPHBIX BOAOCOPOCOB MOTYT ObITh ONpEACNiCHbl B COOTBETCTBHU C JaHHbIMHU [39] mo
dhopmye

Ly = ABC . (3.14)

3navenne A B 37Ol (opMysie 3aBUCHT OT yria noBopota 8° (PUCYHOK 3.6) u
onpeaenseTcs no tabmuue 3.2.

3HaueHue B 3aBUCUT OT OTHOCHTENIBHOTO pajuyca MoBopoTa Ry/D, (CM. pUCYHOK
3.6) (rme Ry — pagmyc OCH TIOBOpPOTa, Dy — TUAPABIMYECKHA IUAMETP MOMEPEYHOTO
CEUCHHST) M YCTAHABIMBACTCA MO AAHHBIM TaOMuULb 3.3.

3naycHue C 3aBUCUT OT OTHOIMECHUS a/b (CM. PHCYHOK 3.6), TO €cTh OT (OPMEI
IIOIIEPEYHOr0 CeueHUsT BOZocOpoca (B ciiydae KBaApaTHOTO M KPYIJIOTO TMOMEPEIHOTO
ceuerus C = 1). Pasmep b pacmonaraeTcs B IUIOCKOCTH IOBOPOTa, a pasMep d

MePICHIUKYIIAPEeH b. 3nadene coMHOkuTeNs C mpuBeaeHH! B Tabmune 3.4.

Tabnuua 3.2 — 3aBUCHMOCTE A OT yrvia moBopora 8°
3° 0 20 30 45 60 70 90

A 0 0,31 045 | 060 | 078 | 0,90 1,00

Tabnuma 3.3 — 3aBHCUMOCTH B OT OTHOCHTENBHOTO paanyca MoBopoTa Ry/D;
RyD, | 1,0 | 20 | 40 | 60 | 80 | 100 | 150 | 200
B 021 | 015 | 011 | 0,09 | 007 | 007 | 0,06 | 0,05
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Tab6nuna 3.4 — 3aBucuMocTh C 0T OpMEI MOMEPETHOTO CEUCHHUS
alb {025 (0350 |075 |10 |15 [20 |30 |40

>

C 180 | 145 |12 1,00 | 0,68 |045 |040 |0,43

Pucynok 3.6 — Cxema IIOBOPOTHOIO y4YacTKa TPaKTa HAIIOPHOTO NTyOWHHOTO BoJocOpoca

HedaexTopsl, OTKIOHSIOMME ITOTOK OT OOTEKAEMBIX TMOBEPXHOCTEH 3a TasaMu
3aTBOPOB, BOILTH B IIPAKTUKY IPOEKTHPOBAHHUS CPABHHUTENBHO HENABHO. YCTAHOBKA
IeGhIeKTOPOB HECKOIBKO CHIDKAET MPOIYCKHYIO CIIOCOOHOCTh NTyOMHHOTO BojocOpoca
MOJKET C/eNlaTh HEOOXOMMMBIM HEKOTOPOE YBENMUYECHHUE IUIOMAAN OMCPEYHOrO CCUCHUS
HAIOPHOrO y4YacTka BomocOpoca, PAcHOIOKEHHOTO BhINIE AediiekTopa IO TEHEHUIO.
BMmecte ¢ TeM, medIeKTOPEl CIOCOOCTBYIOT MOBBILEHHIO OCPEAHEHHOTO IABICHHS Ha
OTOM Yy4YacTKe M CHIDKAOT JUIL HEro TPEeOOBaHMS 10 MPOTHBOKABHTAIMOHHBIM
MepomnpusTasiM. OHA CIOCOOCTBYIOT CMSTUCHAIO HITH JJAXKE YCTPAHEHHIO KABHTALIMOHHBIX
BO3/ICHCTBHI HAa y4acTKEe HI)KE 3aTBOPOB MO TEUYEHHIO. 3a Ne(IIEKTOPOM CO3MaeTCs
OTpHIBHAS 30HA, B KOTOpPOH TPH HAMOPHOM JBW)KCHWHM 3a 3aTBOPOM KABHUTALMOHHBIN
(axen cmemaercs OT MOBEPXHOCTH BojocOpoca BriayOb moroka. [Ipu Oe3HamopHOM
peKuMe TeUeHHS 3a JAS(IICKTOPOM BO3MOMKHOCTH KaBHUTALMOHHBIX  BO3ACHCTBHIA
CHHKACTCA 3a CUCT MOABOAA BO3AyXa B OTPBIBHYIO 30HY H HWDKC €€ IO TCUYCHHUIO.

3HaueHne ko>pduumeHta notepe Hanopa AeduieKTOpa MOKHO YCTaHOBHTH,
HCHOIB3YS K03 (UIMEHT MPOCTPAHCTBEHHOTO CIKATHS HOTOKA, 110 hopMyIie

1
v = -1 (3.15)

P
(PHSH

gy

rze @, — K03(pUIIHEHT CKOPOCTH, COCTABISIONIMIA ULt 3TOoro ciydas 0,97-0,98.

3HaucHuE Sﬂ B CTBOPC MMa3oB MJIOCKOrO 3arBopa MOXKHO ONPEACIUTH, KakK st
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Jwadparmel [2], mo Gopmyne Anprinyns
0,047
g, =057+ — (3.16)
LL1-n ’
s
B KOTOPOH 1y = ©,/0; 0y 1 ® — IUIoImaan nedekTopa B cBeTy U BogocOpoca B
cTBOpE 10 AediekTopa.
HekoTopble faHHBIE 0 3HAUCHUAX €, VIS CIOXKHBIX KOHCTPYKIMi KaMep INIOCKUX K

CErMEHTHBIX BOJOCOPOCOB IIPUBEEHHL B [95, 138]

3.7 COpocHoii pacxog HANOPHBIX TJIYOMHHBIX BOJOCOpOCOB W
KO3()dNuHeHTHI OTEPb HANIOPA NMPH YACTUYHBIX OTKPBLITHAX 3aTBOPOB

Ipu ompeneneHuy pacxoia HAOPHOTO IIIyOWHHOTO BOJOCOpOCA HMPH JaCTUIHBIX
OTKPBITHAX 3aTBOPa HEOOXOAMMO McHomb3oBark Gopmynsl (3.8) u (3.9), kak s ciyyas
MOJIHOTO OTKPHITHS 3aTBOPA, HO BO BTOPYIO U3 HUX BBOAUTE K03((HIEeHT NOTEph Haopa
TPH  COOTBETCTBYIOIIEM OTKPBITHH 3aTBOpPA, MpPHBCACHHEI K PpacdeTHOW TUIOMATd
HOTIEPEIHOTO CECUCHHUS.

IInockue 3ameoper. I'AApapIHIECKHE YCIOBUA PAaGOTH INIOCKHX 3aTBOPOB IIPU
YaCTHYHBIX OTKPBITUSX B CYIICCTBCHHOM Mepe ompeaerstorcs Gopmoii u ouepraHuem
HHU30BOTO KOHTYpa 3aTBOPA, & TAKXKE YKJIOHOM YJacTKa, Ha KOTOPOM PACIIONOXKEH 3aTBOP.
Ilo (I)opMe HHU30BOT'O0 KOHTYpa B MNPAKTHUKE BCTPCYAKOTCA THIBI TUIOCKHUX 3aTBOPOB,
n300paxkeHHBIE Ha PUCYHKe 2.5.

KpOMe TOr'0, IO OYCPTAHUTIO HWKHCH KPOMKH pa3inyaroTCA ABA THIA 3aTBOPOB!

- C TOPU30HTAILHON NPAMOJIMHEAHON KPOMKOIA;

- C BBIPE3OM HIDKHEH 9acTH 3aTBOpa B BUAC TPANCIIUU WJIN CCTMCHTA OKPY>KHOCTH.

KoadummenTs noteps Hanopa i OOUHAKOBBIX YACTUYHBIX OTKPBITHI MEHBILEC
y IDIOCKHMX 3aTBOPOB ¢ OOTEKAEMBIM HH30BBEIM KOHTYPOM H CO CKOCOM, OOpAIEHHBIM B
CTOpOHY BepxHero Obeda. [{1s 3aTBOPOB ¢ 0OTEKAEMbIM HIU30BBIM KOHTYPOM HEBO3MOIKHO
obecmeunTh GE30TPEIBHOE OOTEKaHIE HM30BOTO KOHTYpa BO BCEM JIMAIAa30HE M3MEHEHHIA
HapaMeTpoB IOTOKA, & JUTs 3aTBOPOB, IMEIOIIUX CKOC HI30BOTO KOHTYPa, OOPAIICHHEIA B
CTOPOHY BEpXHEro Obeda, 3TO 00TeKaHNE SBIACTCS TPAKTHUESCKU BCEra OTPHIBHEIM. Ha

HOBEPXHOCTH HH30BOTO KOHTYpa 3aTBOpPA B ITHX CIYYasiX MOLYT BO3HHKHYTb
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HEYCTONUMBBIC BUXPEBHIE 30HBI W 30HBI NMOHKEHHOrO AaBjleHUs. B cBoro ouepems 310
MOXKET MPHBECTH K HEMOCTOSHCTBY CHJI, NEHCTBYIONIMX HA 3aTBOP, €ro BuOpauud H
JIOTIONTHUTEITEHEIM HArpy3KaM Ha MOXBEMHBIE MEXaHU3MBL, OTH SIBJICHUS B MHHAMAILHOH
CTETICHU TIPOSIBIISFOTCS MIPH YACTHIHEIX OTKPBITHAX 3aTBOPOB C OCTPHIM HU30BBIM PEOPOM.

3aTBOpBI C BBIPE30M BHW3Y MPHUMEHSIOT HAa COOPYKEHUSAX CO 3HAYMTEIHHBIMU
Haropamu. [Ipi MajbIX OTKPBITUSX MOTOK 32 3aTBOPAMH CHJIBHO PAaCIIHpsIETCs B TUTAHE, a
MpH OE3HAMOPHOM PEXXUME TEUSHHSI HIDKE 3aTBOPA M0 TEIEHHUIO CHITBHO Pa3OpBI3THBACTCSL.
Ynanenue NoToka OoT OOKOBBIX CTEH B CIydac YCTPOHCTBAa BEIpe3a B HIDKHEH dacTd
3aTBOpa CIOCOOCTBYET YMCHBINCHHWIO KABUTAIMOHHBIX BO3ACHCTBHN HA MOBEPXHOCTH
BOIOCOPOCA 32 3aTBOPOM.

Onpenenenne Kod(QQUIMEHTa TOTEPh HANOpPa IPH HYACTHUHBIX OTKPBITHUIX
[UIOCKMX 3aTBOPOB, paloTalolMX € OTPHIBOM MOTOKA OT OCTPOM KPOMKH, IOJDKHO
BBINOJIHATECA 110 (opmyne (3.15). Ilpum 3TOM MOXHO IPUMEHATH TE€ JK& 3HAUYCHUS
Ko3(punmeHTa CKOpPOCTH, 4TO HpH pacuere Ae(IeKTOPOB, 0003HAUMB MX KaK (., a
3HAUEHHUE €;, MO’KHO PacCUUTHIBATH Mo dopmyie (3.16), HO B 3TOM CIIYHae #,, = M,,, TAE
@y, — IUIOM@Jb OTBEPCTHS. B CBETY UYACTHYHO OTKPHITOrO 3aTBOPA; (© — IUIOIIATD
HAIOPHOTO BOAOCOpOCa MEPEN 3aTBOPOM.

Ot1MmeTHM, 4TO 3a IUIOCKMMH 3aTBOpaMH BOAOCOPOCOB 3HadeHHE kod(hduimenrta
CKaTHUs MPAKTHUECKH HE 3aBMCHUT OT TOTO, Kako# PEKUM 3a 3aTBOPOM: HANOPHBIN HIIH
OC3HATIOPHBIH.

KoadpumpenTsl moTeps Hamopa MpH pa3IMuHBIX JACTHIHBIX OTKPBITHAX IUIOCKHX
3aTBOPOB, PabOTAIOLIMX C OTPHIBOM OT OCTPOH KPOMKH M PACITOJIOKEHHBIX HAa YYacTKe ¢
CYILIECTBCHHBIM YKIIOHOM JHA C,, (pucyHok 3.7), OpHBEIEHHBIE K TUIOIAIH

MEPEKPHIBAEMOT0 OTBEPCTHUS B CBETY, AAHHI B Tabnuie 3.5 [95, 135].

Iy
;x

PucyHok 3.7 — Cxema II0CKOro 3aTBOpa Ha HAKIIOHHOM YYacTke BogocOpoca

112



JUIs TIOCKMX 3aTBOPOB B TOPHU30HTAIBHOM HAMOPHOM BOJOBOJE, HMEHOIIMX
HM30BOH KOHTYD CO CKPYIJIEHHEM (CM. PHCYHOK 2.5, T'), JUIsL OHpefiesieHust Kod(duimeHra
€, TI0 KOTOPOMY PacCUUTEIBAIOCH Gy, [133], pekOMEHIyeTCs HCIONIB30BATh 3aBUCAMOCTD
(2.17). 3navyenue xoddduumenta K B ITOM Clydyae JODKHO OBITH YCTAHOBJIEHO IO
(opmyre (2.18), koTopas monyueHa juist quanazona 0 < r/a < 0,25.

Tabnuma 3.5

3navenus xoddduimenra G npu iy, = a/ by
0,1102]03)|04]05|061]07]08]09
45 102 32,6 13,0]6,17(3,0 | 1,5 |0,76|0,34|0,11
60 | 177 |432|16,6|7,54(3,6 |18 |0,389]|040]0,13
90 |22953,8(192(8,10|4,6 |24 |1,20]0,54 0,17

135 | 307 | 65,4 | 24,5 [ 11,2 (5,7 | 2,97 1,52 | 0,99 | 0,20

Cucremarnueckux HccienoBanuit  Ko3(p(UIMEHTOB TOTEPh HANopa MpH
Pa3MUYHBIX  OTKPBITHSIX IUTOCKWX  3aTBOPOB, HAa HH30BOM  KOHTYPE KOTOPBIX
IPEeIyCMOTPEHBL BBIPE3bI B BUJIE TPAICIIUM UM CETMEHTA OKPY)XHOCTU HE IPOBOAMIIOCH.
OtaenbHbIC JaHHBIE 00 X 3HAYCHUSX IIPUBEACHH B [95, 138].

Ilepen  3aTBOpaMHM  HAmOPHBIX  BOJOCOPOCOB  BO  MHOTHX  CAydasx
IIPEelyCMaTPUBACTCS YUACTOK C YMEHBIICHUEM IONEPEUHOrO ceueHus (00KaTue MOToKa).
TIpu yacTHYHBIX OTKPHITHAX TUIOCKMX 3aTBOPOB 4 = 0,3 yCTpOHCTBO Takoro KoH(py3opa
OPUBOIUT K CYIICCTBEHHOMY IOBBIICHUIO 3HAYEHUS € W, COOTBETCTBECHHO,
ko3(dunuenra moteps Hamopa { [31, 138]. Oro moBbILIeHHE CTAHOBHTCS OONBLUINM C
YBEMMIEHUEM YITIa KOHYCHOCTH.

Ceevmenmuvie 3ameopwvi. HU30BOW KOHTYD TakWX 3aTBOPOB BBIIOJHSIOT
MPAKTHIECKH TOJIBKO ¢ OCTPOil KPOMKOIA, a CTETICHB MIABHOCTH BXOJIa TIOTOKA B OTBEPCTHE
MO/ 3aTBOPOM B BOJOBOJE C HYJICBHIM VKJIOHOM JHA ONpEJENseTCs €Ie YIJIOM O,
06pa3zyeMBIM MEXAY KacaTe/ibHON K Hapy>KHON MOBEPXHOCTH OONIMBKH 3aTBOPA Y HIDKHEH
€€ KPOMKH M TOpPU30HTAIBHON JIMHKEH, IPOXOAAILEH 4epe3 OTy TOUKy. Jlna onpeneneHus
KOO(Q(QHIMEHTA CHKATHA TMOTOKA 38 YACTHYHO OTKPHITBIMH CETMEHTHBIMH 3aTBOpPaMH B
TOPU30HTAILHOM BOJOBOAE HEOOXOXUMO Hcnosib3oBarek ¢opmyny (2.17). Ipu stoMm
3HaueHne K B opmyne (2.17) pekoMeHIyeTcs YCTaHABIMBATEL IO 3aBUcAMOCTH (2.20).
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Pa3bpoc okcHepuMEHTATBHBIX JAaHHBIX OT pacdeTHOH 3aBucMMOCTH (2.20) sBisercs
BECHEMa CYIIECTBEHHBIM, a MOTPEIIHOCTE ONMPEJENICHHS € C YUYETOM 3TOTO pazdpoca MOXKET
pocturath 10-15%. TToaToMy [U1si onpeleneHus € U, COOTBETCTBEHHO, { dopmynsl (2.17)

1 (2.20) MOTYT HCTIOB30BATHCS JIUIE B TIEPBOM MPUONMKEHUH.

3.8 JleiicTBYI0mMii HAMOP HANIOPHBIX IIyOMHHBIX BOA0COPOCOB

dopMyny s OnpeneneHus ASHCTBYIOILEr0 Hamopa ryOMHHBIX BOAOCOPOCOB
3aIHMCBIBAIOT B CICAYIOLIEM BH/E
H=T,-11, 3.17)
rae Tp — mMonHas yJeiabHAs JSHEPrHs IMOTOKA, ONPEACIEHHAs OTHOCHTEIIBHO
IUIOCKOCTH CPaBHEHUS, KOTOpasd NPOBEACHA YePE3 HU3LIYIK TOUKY BEIXOAHOIO CEYEHUSA
HAMOPHOTO ydacTka BojocOpoca; II — cpegusas yaenbHas NOTEHIMANBHASA 3HEPrHs
IOTOKa B BBIXOJHOM CEYCHMH HAMOPHOTO VyYacTKa, OMNpeNeNIcHHAs OTHOCHTENbHO
VKa3aHHOM IIOCKOCTH CPABHEHNS.
Onpenenenne 3HaveHns 7, WLTOCTpUpyeTcs pucyHokM 3.8. B ofmeM crmyuae
CpelHsis yaelIbHas MOTEHIMATBHAS SHEPTUs B BEIXOXHOM CE€UYEHHU HAOPHOTO BOAOCOpoca

yCTaHABIMBACTCS MO (hopMyITe

1 )

1'I=—J‘Lz+-p—Jdm (3.18)
(0] o 'Y

WA 014 cily4das Hpi{MOyFOHBHOFO nOHepeIIHOFO CCUCHUA
h

1

H=—.[(z+£\a’z, (3.19")
h L ¥ J

Iie © W A — IIOmamb M BbICOTA BEIXOAHOrO TIONEPEYHOTO CEUYCHHS TIIyOMHHOIO
BOROCOpOCA; Zz — OTMETKA PAacCMaTPUBAaEMOM TOUKM BBIXOJHOTO CEYeHHs BOAOCOpoca
OTHOCHMTENILHO TJIOCKOCTH CPaBHEHHMS, NMPOBEJCHHOM uepe3 ero HaWHH3IIYI0 TOUKY; p —

JIaBJICHHE, Y — YIAENbHBIN BEC.
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Pucynok 3.8 — PacyeTHas cxema IS ONpe/IeiieHUs JefCTBYIOLIETO HAnopa NIyOnHHOTO
BOO0CcOpOca, padOTAIOIMIET0 BCEM TIOIEPEUHBIM CEUEHIEM

3nauyenue I1 B BHIXOJHOM CEYCHMM HAMOPHOTO y4YacTKa MIYOMHHOTO BOJOCOpoca
3aBUCHUT OT CXEMBI €r0 COMPSHKEHHS C YYaCTKOM, PACTIOJOKEHHBIM HIDKE 3TOTO CEYEHHs
Mo TEYECHHIO0. J[d 3THX YYacTKOB SIBISIOTCS XapaKTEPHBIMH CIEAYIOLUINE OCHOBHBIE
pacueTHbIE CXEMbI COTPSIKESHHUS:

1. IIo COOTHOWIEHWIO WIMPUHBI BBIXOJAHOTO CEYEHHs BOJOCOpOCa M IIMPHHBI
y4acTKa COMPSHKEHUS

- nrockas 3adava (PACYHOK 3.9, a);

- npocmpancmeennas 3aoaya (pucyHok 3.9, 0).

IIpocTpaHcTBEHHBIE YCIIOBHS MOIYT HE Y4YUTHIBaThes, korma /B > 0,7 (b —
CyMMapHasl LIMPUHA B BEIXOJHBIX CEUSHHUSIX BOAOCOPOCOB; B — IMMpHHA HIDKHETO Obeda) n
OTKPBITEL Bce BomocOpockl. Ecnu B HbkHEM Obede mpenyCcMOTPEHB! OBIKH ITHHON Oonee
O+h (8 — BBHICOTa ycTyma 3a BBIXOTHBIM CEUYCHHEM), TO MOXKHO CHUHMTATh, YTO CXEMa
conpspkeHns Obe(hOB OTBEYAET YCIOBUAM ILIOCKOM 3amaum [117].

2. ITo BBICOTHOMY IIOJIOXKCHHUIO JTHA BBIXOJHOTO CEYCHHS OTHOCHTEIHHO OHA B
HaYaJIbHOM CEYECHUH OTBOAAILIETO y4acTKa BojocOpoca:

- OHU HAXOJATCS HA OJHUX U TEX JKe OTMETKaX (PUCYHOK 3.9, a, 0);

- JHO BBHIXOJHOTO CEYEHMS HANOPHOIO Yy4acTka TIIyOMHHOTO BomocOpoca
CONPSATaeTCs ¢ THOM OTBOJAIIETO YIACTKA BEPTUKAIBHEIM YCTYIIOM (PHCYHOK 3.9, B).

Ompenenenune 3HadeHus [1 WIs HAMOPHOTO ydacTka TIyOMHHOro BomocOpoca B
ClTy4ae IUTOCKOM 3a1a4u 1 IIIanKoro (6e3 yeTyna) COnpshiKeHus ¢ OTBOISIINM YIaCTKOM 3aBHCHT
OT YCJIOBUH IOATOIUICHHS BHIXOJHOTO CEYCHHS] HAOPHOTO YYaCTKA IITyOMHHOTO BomocOpoca:

- IIPH HE3aTOIUICHHOM BBIXOJIHOM CedeHHH (pucyHok 3.10, a)
115



II=h, (3.19)

ecan t < hy. 3gechk ¢t — TIyOMHA NIOTOKA HA YYacTKE COLPSDKEHMSA, /i, — IIyOuHa

THAPABIMYECKOTO MPBDKKA, COMPsUKEHHAas ¢ TIIyOMHOH B CXKATOM CEUCHWM, PaBHO#

BBICOTE /1 Ha BEIXOJE U3 HATIOPHOTO ydacTKa NIyOMHHOIO BOAocOpoca,

- IPH 3aTOIUICHHOM BBIXOJIHOM CEUEHHH 1 > A, (pucyHOk 3.10, 0)

1= hy (3.20)

3HayeHHe TIyOWMHBI BOABI 3@ BBIXOJHBIM CEUYCHHEM DIIyOMHHOTO BojpocOpoca

(pucyHok 3.10, 6) ycTaHaBIMBACTCS [y YCIO0BUH ILUIOCKOH 3a1a4y IIPH HYJIEBOM YKIIOHE JHA

Ha Y4aCTKE CONPAXKCHUA 110 3aBUCHUMOCTH BUJA:

(3.21)

s, 49/—-——
a) h —— ; _
—— T
. ~ Z Z 72
o T 4
6) ﬂ‘@w
—— ———
o 7 e 7z 22
T ——— |
— /’—_________—
I T=F— -
—’("~.>.-_. ——— P
(7.
8 [

PucyHnok 3.9 — KOHCTPYKTHBHBIC CX€MBI CONMPSDKEHHs HAIOPHOTO BOmocOpoca
C HIDKHAM ObedoM:
d — IIMpUHA yYacTKa CONPsIKCHMS PaBHA IMMPHUHE KOHLIEBOro ydacTka (6e3 ycryma); 6 —
IIMPHHA YYACTKA COMPSDKEHHS OOJBIIE MPHHBL KOHIIEBOTO YUACTKA, 6 — TO JKE, UTO U
«O», HO ¢ yCTymoM
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a)

0)

Pucynok 3.10 — CxeMsl conpsbkeHus riyOMHHOTO BofocOpoca ¢ HIKHHUM ObedoM 6e3
yCTyna: a — He3aTOIUIEHHOE HCTEUEHHE; 6 — 3aTOMICHHOE HCTCUEHNE

B cnyuae ucreueHus JKUAKOCTH M3 HAIOPHOTO Y4acTKa, COMPATAIOMIErocs ¢ AHOM
HIDKHETO Obeda yCTYNOM, BO3MOXKHO CYILECTBEHHOE MCKPHBICHHE CTPYH Y BBIXOJHOTO
cedeHHs] TIIyOMHHOTO BOJOCOpOCa B BEPTHKATBHON IIOCKOCTH, KOTOPOE 3aBHCHT OT
YPOBHA HIDKHEro Obeda M HapymiaeT YCIOBHE IUIaBHOH H3MEHAEMOCTH IOTOKA.
Pacripenenenne ocpeTHEHHBIX NaBlieHHil B BEIXOXHOM CCUCHWH TIIYOMHHOTO BogocOpoca ¢
YCTYIIOM 3aBMCUT M OT KOHCTPYKTHBHOTO O(OpMIICHHMS €ro KOHLIEBOIO Y4YacTKa: €ro
BBITIONIHSFOT TOPU3OHTATBHBIM M HAKJIOHHBIM, C BBICTYHArOmIeH B HibkHHI Obed) MOJKOA,
KOTOpas TAKOKE MOKET OBITh YCTPOEHA C YKIIOHOM.

JUist BceX BApHAHTOB KOHCTPYKTHBHOTO O(OPMIICHHSI KOHIIEBOrO YIACTKA [TyOHHHOrO
BoJocOpoca C YCTYIOM HpH ompexaercHuH 11 HeoOXOAMMO pacmoyiaraTb 3HAUCHHEM
MBE30METPAYECKOM BEICOTHI MO CTPYeH B BBIXOJHOM CEICHHM HAMOPHOTO ydacTKa Ay
OHO yCTaHABJIMBACTCS HA OCHOBE pacyeTa YCIOBHH cOmpshkeHust Obe(OB HA OTBOISIIEM
y4yacTKe nIyOHMHHOTO BoocOpoca, KOTOPBIE pacCMOTPEHBI Hibke. HeoOX0AUMO YUIUTHIBATD,
YTO 3aMETHBIM CTAHOBHTCS BIHSHHE Ha TIPOTMYCKHYIO CIOCOOHOCTH HATIOPHBIX
BOZOCOPOCOB OTJIMYHE PACHPENCNICHUS MNABICHWS B WX BBIXOAHOM CEYEHHH OT
THIPOCTATHUECKOTO JHMLIb IPH MX OTHOCUTENBHO Masioit mmmHe u Ty < (4-5)4 (h — BBIcOTA
BBEIXOJHOTO IIOTIEPEIHOIO CEUCHMUS).

CpemHsst yaeneHas TOTCHIMATIBHAS 3HEPTUs MOTOKA 1 B BEIXOAHOM CCUCHHUM
HAIOPHEIX YV9ACTKOB ITyOMHHBIX BOJOCOPOCOB, CONPSTAIOIIMXCS C OTBOMSIIAM TPAKTOM
yeTymoM (IUIocKas 3a/ava), yCTAHaBIMBACTCS B 3aBHCHMOCTH OT YCIOBHS CONPSDKCHUS
6be)OB Ha OTBOIAINEM ydyacTKe [15] JUIs TpeX pacueTHBIX CITy4acs:
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- BBIXOJHOE CEYECHME HE 3aTOIUICHO IPU HANKMYMU AOHHOTO THAPABIHYECKOTO
IPBDKKA HA YYACTKE CONPSOKCHUS,

- BBIXOJHOEC CEYCHME HE 3aTOIUICHO IPU 00pa3oBaHUM HA yYacCTKE COTPSKCHUS
OJIHO#H 13 (JOPM ITOBEPXHOCTHOTO PEKIMA COMPSDKCHUS C HE3ATOTIIEHHOM CTpyeit;

- BBIXOJIHOE CCYCHHE 3aTOMJICHO MDY HAIMYUK HA YYAaCTKE CONPSDKEHUS OFHOM M3
(hopM 3aTOMJICHHOTO MOBEPXHOCTHOTO HJIH BOCCTAHOBIICHHOT'O JOHHOTO THAPABIHYECKOTO
MIPBDKKA.

HauOonee mpocToif ¥ NpHUEMIIEMBIH JHIIB JUTS TEPBBIX NPUODKEHHH CHOCO0
orpenencHus 3HaueHus 11 CBA3aH ¢ IPUHATHEM JOUYIIECHUS O JIUHEHHOM pacipeaeneHiu
OCPEIHEHHOIO JABJICHUS B BEIXOJHOM IIONEPEYHOM CEUCHUH HE3aTOIUIEHHOTO CO CTOPOHBI
HIKHETo Obeda rryOuHHOro BojocOpoca ¢ ycrymom [15, 116]: B BepxHel MOIOBHHE
NONEPEYHOI0 CEYCHHMsT OHO IIOMYMHACTCS THAPOCTATUUECKOMY 3aKOHY, TO €CTh
m3menseTcs oT 0 0 /4/2, a B HIDKHEH ero MONOBHHE — OT //2 1o hy. Torma

I =0,253h+h,). (3.22)

PacnipenencHue OCpPeAHEHHOTO [aBICHUST B BBIXOJHOM CEYECHMH TTyOHHHOTO
BOJ0COpOCa OTIIMYACTCA OT THAPOCTATHIECKOTO, HO VIOBJICTBOPSCT JIMHCHHOMY 3aKOHY B
clyyasx:

- KOT/Ia BBIXOJJHOE CEUCHUE HE 3aTOMJICHO MPU HATMYUU HAa YYacTKE COMPSIKEHUs
0JHOH U3 (OPM MOBEPXHOCTHOTO PEKUMA C HE3ATOTUICHHOM CTpyei

I =0,5(h+h,), (3.23)

- KOI'ZIa BBIXOJJHOE CEYCHHUE 3aTOIUICHO, M HA YYACTKE COMPsDKEHUs HAOI0AaeTCs

oJHa u3 ¢opM 3aTOTUIEHHOTO TIOBEPXHOCTHOTO JINGO0 JOHHOIO rMAPaBIMYECKUX NPHIKKOB
M =0,5(h+h,+h). (3.24)

B ¢opmynax (3.22) — (3.24) npuHATH creqyromue 0603HaYeHN: /iy — M30BITOUHAS
[IbE30METPUIECKAsl BBICOTA MO CTPYeii (ecnu moa cTpym oOecreyeH NOABOJ BO3AYXA, TO
hy=0); h; — Ibe30MeTpHYEcKas BHICOTA Ha MOTOJKOM BBIXOAHOTO CEYCHHS BOAOCOPOCOB.
3HaueHus hy U /3 TPUHUMAIOTCSA HA OCHOBE pacyera conpsbkeHHs Obe)oB HA BHIXOJAE U3
HAMOPHOro BogocOpoca.

Ecnu 3a BBLIXOAHBIM CCYCHHEM HAMOPHOTO BOAOCOpOCA ¢ YCTYNOM HaJ JHOM

OTBOAIICTO YYaCTKa TMPEaAyCMOTPEHA TOJIKA, TO C€ro MpoIyCKHas COOCOOHOCTH
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YBEIIMYMBACTCA €IIIe MEHbILE, 9eM B ciy4ae Oe3 moyku. [Ipu UTnHE Tako# moaKu OOJBIIe
MIPUMEPHO YETBHIPEX BBICOT BBIXOJHOIO CEUEHHUS BOA0OCOpOca /i MOXKHO CUMTATh. UTo [1= /.

Bonee mompoOHBle paHHBIE 00 YTOYHCHWM ACHCTBYIOHNIEro Hamopa W,
COOTBETCTBEHHO, MPOIMYCKHO# CTIOCOOHOCTH HATIOPHBIX BOAOCOPOCOB, CONPATAIOIINMCS C
OTBOJIAILUM YYaCTKOM YCTYIIOM ¢ MOJIKOH M 0e3 Hee, mpuBeaeHsl B [13, 15, 118, 138], a
TaKe B MyOIMKanusx, OOIMPHBIH CIMCOK KOTOPbIX NPHBEAEH B 3TUX paboTax.

Tpw ompeneeHnH Ui HAOPHEIX BOXOCOpOcoB 3HaueHuit I1 u H; 1, B KOHEUYHOM
UTOre, MPONMYCKHOM crmocoOHocTh ¢ ucmonb3oBanueM dopmyn (3.8), (3.9) u (3.17)
HCOGXOI[I/IMO YUYHUTBIBATH HCKOTOPBIC YaCTHBIC 0COOCHHOCTH UX TAAPABINYCCKUX yCJ'lOBI/Iﬁ
paboThI.

1. B ycnoBmsx miockoit 3aaum cxema conpsbkeHus ObedoB 6e3 mogauu Bo3ayxa
3a YCTYII MOXCT OKa3aThbCsad BO MHOIMX Cliydasax HCHpPICMJ'[CMOf/I BBUOY 3HAYUTCIILHOIO
BaKyyMa IOA CTpyeil W CBA3aHHOH C OJTHM HEYCTOWYMBOCTBIO TeueHms. llpm
HEOTPaHNUEHHOM TOABOJE BO3AyXa MO CTPYIO HA YCTYINE OCPENAHEHHOE JABJIEHUE MOXHO
CUNTaTh, KaK YK€ IPUBOAMIOCE BEIIIE, COOTBETCTBYIONMM aTMOC(epHOMY, TO €CTh
ho~ 0. Pemenue Bormpoca 00 ONpEJCICHUU JABICHUS HOA CTPyell NpU OrpaHUYCHHOH
Tojradue BO3IyXa CBA3aHO € YIETOM IIPOIEcca €T0 3aXBara IIOTOKOM BOABI, KOTOPHIi [0 CHX
MOP MO UCCIEeI0BAH.

2. Tlpm pacyeTe TPOMYCKHOM CIIOCOOHOCTH HAMOPHBIX  BOJOCOPOCOB,
BBIIOJIHCHHBIX CO 3HAYMTENBHBIM YKIOHOM [HA, CPEIHSAA VYIeNbHas HOTCHUHAIbHAS
SHEPTHS MMOTOKA B BEIXOJHOM CEUCHHH OTPEACIICTCS KaK

IM=hcosa, (325)

T2€ /1 — BBICOTA BBIXOAHOIO CEUCHUS 0L — YroJl HAKJIOHA IHA BBIXOJHOTO HAIOPHOIO
y4acTka BoJocOpoca kK TOPH3OHTY.

3. Tlpu ompeneaeHWH TPOMYCKHOW CHOCOOHOCTH HAMoOpHOro BojocOpoca,
KOHIIEBOIM YYacTOK KOTOPOTO BHIMONHCH PAifalbHBIM B BEPTHKAIBHON IUIOCKOCTH,
HEOOXOANMO YUUTHIBATh W3MeHeHue I1 3a cueT HeHTpoOeKHOM COCTaBIAIOIICH NaBICHUS
B BBIXOJHOM ceueHHH. Kpome TOro, Ha KOHIIEBOM y4YacTKe IIIyOMHHOTO BoJocOpoca
OCpEIHEHHOE MAaBJicHHE ONMM3KO K arMocepHOMY, M TaKoe €ro OYepTaHHe MOMKET

IpUBECTH K 3HAYMTCIIBHBIM BaKyyMam BOJIM3H BBIXOJIHOTO CCUCHHS HarmopHoro
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riry6uHHOrO BogocOpoca.

IIpm TPOCTPAHCTBEHHBIX YCIOBUAX COMPSOKEHHS TIOTOKOB 3a BBIXOJAHBIMH
CEYECHNSIMH HAmMOPHBIX BOAOCOPOCOB OHH MOTYT OTIMYATHCH OONBIIMM pa3sHOOOpasueM
(opm. 31H HOPMBI ONPENENAIOTCA:

- CXEMaMH COTIPsDKEHHs ObeOB TPH PA3THYHBIX YCIOBHUIX PAabOTH BOAOCOPOCOB,

- MANAa30HOM NPELYCMOTPEHHBIX TPOEKTOM JAEHCTBYIOIINX HAMOPOB,

- COOTHOLICHUEM LIMPHHB BOAOCOPOCOB U pyclia B HIDKHEM Obede,

- KOJIMYECTBOM paboTaroIMX MPOJNETOB BOAOCOPOCA M CXEMOH pacnoyoKeHUs
9THX BOAOCOPOCOB MO PPOHTY COOPYIKEHMUS,

- KOJU1YCCTBOM ITPOJICTOB, poacmBaronmx pacxoabl NMpU YaCTAYHBIX OTKPBITHAX
3aTBOPOB, ¥ 3HAYCHUAMH 3TUX OTKPBITHIA U eLie MHOTMMH JpYruMH (akTopamu.

ﬂJ’lﬂ HCKOTOPBIX CXCMAaTU3NWPOBAHHBIX YCJ'IOBI/Iﬁ UCTCUCHHAA W3 HaANMOPHBIX
BOJOCOPOCOB MPUONIMKEHHBIE METOIBI PEILECHHS 331Ul YYeTa Paclpeae/icHUs AaBICHUH
B WX BBIXOJHBIX CE€UEHMAX AaHbl B [15]. HeoOX0AMMOCTh yueTa OTJINUMS pacipelesicHus
JIaBJICHUI B BBIXOJHOM CEUECHHM HAMOPHBIX BOJOCOPOCOB OT TMAPOCTaTUYECKOTO 3aKOHA
TOSBISIETCS NPHU 3HauYeHusX 7, Mo KpaliHe#t Mepe MeHblux 4h. Ilpu 3aroruieHUM
HAMOPHEIX BOJOCOPOCOB CO CTOPOHBI HIDKHEr0 Obe(ha HeoOXxoauMo obpalaTth BHEMaHHE
Ha BO3MOYKHOCTH TIOSIBJICHUSI TIepenaia BocctaHosierns [15, 103, 138].

B ofmeM ciydae paccMaTpHBacMoOi 3aaud pelIeHHE BO3MOXKHO HA OCHOBAHHMHU
OKCHEPUMEHTATBHBIX HCCIIEAOBAHMM, JmO0 ¢ TOMOIIBI0 pPAacyeToB, YYHTHIBAIOIIMX

TPEXMCPHBIC YCITOBUA TCUCHUS.

OnpenelieHne pe:KUMOB NMOTOKA B TPYOUATHIX BOAOCOPOCAX U
pacuer NogauH U TPAHCHOPTA B HUX BO3AyXa

3.9 O6mmue MoJIOKeHNsI MPH PACCMOTPEHUH THAPABIMYCCKHX PEKHMOB
Te4eHHH B TPyOUATBLIX BOAOCOpoOCAX

Ipr paccMOTpeHHM THAPABIMYECCKOTO OOOCHOBAHMS TPyOUaThIX BOAOCOPOCOB
OCTOHHBIX M  JKEJIE300CTOHHBLIX IUIOTHH HEOOXOAMMO YYHTHIBATH  CJCAYIOMINE
0COOEHHOCTH HX KOHCTPYKIUH W €€ JIEMEHTOB:

- OTHOCUTEJILHO HeOobIIas JIHHA TpaKTa, KOTOpas, Kak MpaBujio, HE IIPEBBIIIACT
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20-25 BrICOT;

- Oombioe pazHooOpasme (GOpMBI M OdYepTaHWit BOJOCOPOCHOTO TPakTa, Ha
KOTOPOM MOTYT OBITh IPEyCMOTPEHBI

- IOBOPOTE] B BEPTUKAJIBHOM, a MHOTJ]A ¥ B TOPU30HTAIBHOM ILIOCKOCTAX;

- U3MEHEHNE MONEPEYHOTO CEUEHMS B KaMepax 3aTBOPOB,

- I3MEHEHUS MONEPEYHOrO CEUECHUS IO JTHHE, KOTOPBIE MOTYT ObITh IUIABHEIMH H
PE3KUMH.

Takoe pa3HooOpasne KOHCTPYKIMI W DICMEHTOB TPyOuareix BOHZOCOpPOCOB B
CYIECTBEHHOH Mepe 3aTpyJHseT pa3paboTKy METO/0B HX TWAPABIAYECKOTO pacueTa.
TlostoMy ux npubmmKeHHBIE Pa3pabOTKU BEIMONHECHBI OONBIIEH 4acThio s Haubonee
MPOCTHIX ClTyyaeB O€3HAMOPHBIX M HAOPHBIX TPYyOUaTHIX BOAOCOPOCOB.

Bo MHOrux ciydasx CIOXHOCTH THAPABIMYECKHX METOAOB pacyera TpyOdaThx
BOZOCOPOCOB yCyryOJIAIOTCS HM3-32 HEOOXOJMMOCTH Y4Y€Ta TMOJAIOIIErocs Ha HX TPaKT
BO31yxa. Takas moaaya Bo3Ayxa HEOOXOAMMA [Tl CMATUEHHUS WITH JaKe TPEIOTBPALCHHS
OMACHOCTU  KABUTALMOHHBIX BO3JCHCTBUH Ha 3JEMEHTHl TPaKTa, MOBBILICHUS
YCTOWYHNBOCTH O€3HATIOPHOTO PEXUMA TCUESHHUSL.

CMeHa Oe3HanopHOro M HAOPHOIO PEKUMOB TEUEHHs B TPyOUaTeIX BOAOCOpocax
MOXKET OBITH CBsI3aHA C BO3ACHCTBHEM CYIIECTBEHHEIX THAPOJUMHAMHICCKAX HArpy30K
(cM., HapuMep, [32, 138]), MeTOIB! OpeAeTIeHNs KOTOPBIX MaJIO HCCITETIOBAHBL.

IToaTOMy MPOEKTUPOBAHUE CIIOXKHBIX 1O KOHCTPYKLMH TPyOUaThIX BOJOCOPOCOB
JOIKHO ~ COTIPOBOMKAATHCA  CHICHUANBLHBIMA  THAPABIMYCCKUME  OOOCHOBAHUAMH — WJTH
yuaeToM paboTel aHANOTOB. IIpy 3TOM JUIS HANOPHEIX BOJAOCOPOCOB Takwe OOOCHOBAHHS
MOTYT TIPOBOJWTECS Ha OCHOBE TMIPABIHYECKUX MCCICAOBAHUN Ha MOAENAX WK
pacyetoM o 3D-mporpamMmaM. B ciydasx OTBETCTBEHHBIX COOPYXKEHHE TpyOuaThie
BOAOCOPOCH ¢ OE3HATIOPHEIMU PEIKUMAMHU TCUCHHS MITH, €CITH HA WX TPAKTE AOMYCKAeTCs
cMeHa Oe3HAMOpPHOTO WM HANOPHOTO PEXUMOB IMOTOKA, T'MAPABIMYECKOE OOOCHOBAHHC
JO/DKHO BBINOJHATECS HA OCHOBE HCCICOBAHMNA HAa KPYMHOMAcIITaOHBIX MOJEISX.
Jomyckarh Ha TpakTe TPyOUaTbIX BOAOCOPOCOB CMEHY PEKUMOB CIIENYET JIMIIb TPH

OOJIYICHIH CYIIECTBEHHOTO TEXHUKO-IKOHOMAYIECKOTO Y eKTa.
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3.10 Pacuernl TpyOUATHIX BOAOCOPOCOB NpH OE3HANOPHOM pexXHME
TeyeHus

Hanbojiee BaXHBIMM  XapakTEPUCTHKaMH  ycioBwid  paboTel  TPyOuaThix
BOAOCOPOCOB mpy OE3HATIOPHOM PEXMME TEUCHUS SBISCTCA HAMOJHEHWE MOMEPEYHOTO
CEeUCHUS] W YCTONUYMBOCTH OE3HAIIOPHOTO peXuMa TedeHms. OnpeaencHue HaNoIHEHHS
TpyOUaThIX BOAOCOPOCOB Npu padoTe ¢ HE3ATOMICHHBIM BXOJOM MPOU3BOAMUTCA, KaK IUIS
BOJIOC/TMBA WM KaHaia, HA OCHOBaHWH IOCTPOCHUS KPHBOH CBOOOJHON IOBEPXHOCTH. B
ciyuae paboTsl TPyOUaTOrO BomOcOpOCa ¢ 3aTOIICHHBIM HadadbHbIM ceueHueM (H > 1,2—
1,34, rae H — Hanop Ha BXOAHOM TIOpOTE, /1 — BEICOTA B KOHIIEBOM CEUEHHM BXOIHOTO
OTOoNTIOBKA BomocOpoca Ha BXoje) A0/KHA OBITH IPeIyCMOTpPEHA 3a0paibHas CTCHKA WU
Takas ero paboTa JOJDKHA 00ECTIeUnBATECS TACTUIHBIM OTKPEITHEM OCHOBHOTO 3aTBOPA.

Onpenenenue rnyOuHBI HAMONHEHMs B O€3HAOpHOM TpyOuaroM BopocOpoce ¢
3aTOIJICHHBIM BXOZOM TAakoKe BHIMONHSAECTCS HA OCHOBE IIOCTPOCHHS KPUBOH CBOGOAHOM
HOBEPXHOCTH. [ paHWYHBIM YCJIOBHEM TIPH TAaKOM pacyeTe HamoJHEHHS TpyOdaroro
BoAOCcOpoOca SBISIETCS TIyOHHA, paBHAs BEICOTE OTBEPCTHs MOJ 3a0pabHOM CTEHKOM, HiH

ckaTas TIIyOMHA 32 YaCTHYHO OTKPHITHIM 3aTBOPOM. B Ge3HanopHOM mOTOKE B TPyGUaThIX

2

vV
BOjlocOpocax, ecid 3Ha4YeHHe mapamerpa Fr, = —R> 40 | HeoOXOIMMO YYHTHIBATH
g

HACBILIEHUE TIOTOKA BO3YXOM, KOTOPOE B IEPBOM NMPUOIIKCHUM MOXKHO YCTaHABIUBAThH
no Qopmyne HMcauenko [41], xoTropasd MpuUMEHSAETCAs IS ONPEACNIEHHs CaMOadpaluu

OTKPBITOI'O IOTOKA

p=0,10, =o,o4,/FrRW—4o, (3.26)

rie Op ¥ O, — pacxofibl BO3AYXa, BOBJICYEHHOTO B IIOTOK BOJBI, U BOABL

BO3MOJKHOCTE TIpHMEHEHHS 3TOHl (OpMynBl UL ONpeNeneHHs B MEPBOM
mpuOMKEHUHM pacxoja BO3AyXa Ha caMoadpalliio B 3aKphITHIX BogocOpocax Obuia
HOATBEP>KICHA Pe3yJIbTaTaMH SKCIIEPUMEHTANBHBIX UccieaoBanuii [3].

IoBBImEHNI0 yCcTOHYMBOCTH OE3HAMOPHOIO pEKMMa TEYEHHUA B IIIYOHHHBIX
TpyO9aTeIx BomocOpocax CHMOCOOCTBYET DPSAA MEPONPHSTHI, KOTOPHIE HAIPABICHBI Ha
YBEMMYIEHUE PACCTOSHUS MEXKAY MOTOKOM BOIBI M MOTOJKOM BogocOpoca. K Taxoro poaa

MCPOTIPUATUAM MOXKHO OTHECTH!
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- opraHM3aiMio (PMKCHPOBAHHOH TOYKHM OTpbIBA MOTOKA YCTPOMCTBOM BXOJHOIO
OroJIOBKa 6€3 CKPYINICHUs WM IOCPEACTBOM 3a0palbHOA CTCHKU € HOABOAOM BO3yXa
HEMOCPEACTBEHHO 3a TOYKY OTpbiBa (mpu Frp < 5 momBon BO3Ayxa He oOs3aTeneH,
HEeoOX0AUMOCTh B IOJABOJE BO3JyXa MOXKET OTCYTCTBOBATh IPH MAJIOH JUIMHE TAKOIO
IyOMHHOTO BOAOCOpOCa);

- YBEJIMYEHHE TUIOLIAM IONIEPEYHOT0 ceyeHHsl OE3HAMOPHOTO YYaCcTKa,

- YBEJIMYEHUE YKIIOHA JTHA.

Jnst perynupyeMbix NyOMHHBIX BOAOCOPOCOB MOCIENHEE MEPONPHUATHE H3-3a
CYILECTBEHHOTO YBEJIMUEHUsS CKOPOCTEH TEUEHUs] MOXKET OKasaTbCs HEeAP(EKTUBHBIM.
BuInonHeHNe yKa3aHHBIX MEPONPUATHI MO MOBBILICHUIO YCTOMYMBOCTH O€3HAMOPHOIO
[IOTOKAa Ha TpaKkTe IIYOUHHBIX BOAOCOPOCOB BO3MOXHO JIMINb, €CJIA OTCYTCTBYET
3aTOIJICHHE  BBIXOOHOTO CEYEHHsl €O CTOPOHBI HukHEero Obeda. Ilpu 3aromieHuun
BBEIXOJHOTO CEedueHUs OC3HANMOPHBIM PEXKUM TEUEHUS Ha BCEH JUIMHE MOXKHO 00ECHECUYUTH
JIMIIb TIOBBIIIEHHEM OTMETOK IOTOJKAa BOAOCOpPOCa ¢ OJHOBPEMEHHBIM BBHIMOJHEHHEM
YKa3aHHBIX MEPOIPUITHI, €CIIU 3TO HEOOXOHMO.

B Tpy6uareix BomocOpocax MOCTOSHHOTO MOMEPEYHOTO CEYECHHs C HEOOJBIIMM

y?
YKIIOHOM [IHA TIpM 3HaueHWsix napamerpa Fr, = 2 <5 Oe3HANOPHBIN PEXUM TECUCHHS

oq

COXpaHACTCA OO0 TEX TOP, MOKa cBOOOMHAS TIOBCPXHOCTEL BOABI HC NOCTUTACT TOTOJIKA
BOOOBOA.

IoaBox BO3ayxa B MiIyOuMHHBIE TpyOUaThle BOJOCOPOCH 3(eKTHBEH Wit

5

HOBBILICHHUS YCTOWYMBOCTH OC3HAMOPHOIO PEXKMUMA TEYeHMs Toibko mpu Fr, = _R >5.
4

VYCTaHOBUTh B TakKMX BOZOCOPOCAX yCTOMYMBOCTH O€3HAMOPHOrO MOTOKA, ONU3KOIO K
paBHOMEPHOMY, MOXKHO II0 TIpHBEACHHBIM B [19] rpadukam, KoTOpble B AanbHEHIIEM
Obmu yrouHeHsl B paborax [15, 118] (pucynok 3.10). Ha 3TOM pUCYHKE HpPHHATHI
caexyromue 0003HAYCHUA: /iy U /i, — TIyOHMHA BOJBI H BBICOTA BO3AYIIHOTO MPOCTPAHCTBA
B BOjocOpoce Hajg IOTOKOM BOABI, Oy — IIMPHHA BOJHOTO TIOTOKA HAa CBOOONHOI
MOBEPXHOCTH; |, — K03(UIMEHT pacxoja a’pallMOHHON MIAXTHI, NMPUBEACHHBIA B €€

PacueTHOl MIOMAnN monepeyHoro cedenus (); b 1 / — mupuHa U AaMHA GE3HAOPHOro
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yuacTka Tpyd4aToro Bogocopoca 3a 3aTBOpoM.

Kaxnas u3 KpUBBIX, IPHUBEACHHBIX HA 3THX rpadukax, pasienser KOOpPAUHATHYIO
o0nacTe Ha JBe 4acTH. U KaKIOTO OTKPHITHS 3aTBOpA YCTAHABIMBAIOTCS TApaMETPHI,
XapakTepu3yIoLIne pekuM TeueHus. Eciu Ha rpadukax pucynka 3.11 Touxa, OT/IOKEHHAS
B COOTBETCTBHUM CO 3HAYECHHAMHM OTUX TMapamMeTpOB, PpAacloNIOXEHAa  HIDKE
COOTBCTCTBYIOLICH KPHBOM, TO B 9TOM Cily4ae MpH Fr, < Fr, = COXPAaHSETCS YCTONYIMBEINA
Oe3HAMOPHEIH PEXUM TCUCHHS.

Bo mmormx cnydasx ¢opma NONEpEeuHOro ceucHus MiyOmHHOrO BomocOpoca
OTIMYACTCs OT MNpPAMOYIONBHOH, B O3TOM Ciydac JUIl BBIIOJHEHHS PpAacdeToOB €¢
HEO0O0X0UMO IPUBECTH K IPAMOYTOJILHOM, CUNTast BEICOTY BO3AYLIHOTO IOTOKA

h,=(0-0,)/b, (3.27)

TAC My — IJIOLIAAb MOIICPCYHOrO CCYCHMA IIOTOKA BOJIBL.

\\\\ :—; Fr,
0,1
\ 1
N\
1 I

02

N

A
77
v//AE

Pucynok 3.11 — 3aBrcuMocT NpeETBHOTO Yrcna Gpyza st 6e3HANOPHOTO MOTOKA BOABI OT
OTHOCHTENBHO# BBICOTBI BO3AYIIHOTO MPOCTPAHCTBA HAJI IOTOKOM BOIBI /1,/b;
a—ms 0,02 < an/b2 <0,06; 6 — nns an/b2 = 0; I m I — 30HBI, COOTBETCTBEHHO,
YCTOMUMBOTO M HEYCTONUMBOTO GE3HATIOPHOTO PEXKUMOB TEUEHHS, | — 4 — JUist P, CYh,
paBubix 0,02, 0,03, 0,04 u 0,06; 5—11 — nns I/b, paBHbIX, COOTBETCTBEHHO, 10, 20, 30, 50,
100, 200 u 500
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PacuerHasi BEICOTa BOJOCOpOCa B 3TOM ClTydae
hy,=hy, + h,<h, (3.28)

rae h — ¢pakTadeckas BbicoTa Tpyb9aToro Bogocopoca, A, — riyOMHA BOTHOTO TIOTOKA.

Ecnu Ha Oe3HAalOpPHOM y4yacTKe TpakTa TIIYOWHHOrO BojocOpoca Halmomaercs
HEPaBHOMEPHOE IUIABHO W3MEHSIOMCECS TEUCHHE, TO [ OLCHKH YCTOMYHBOCTH
0€3HaNOPHOro PeXUMa BOAHOTO NOTOKA €O 3HAYEHHEM Frg,, HEOOXOAMMO CPaBHMBATh
qncio Frg UTsS TIOTOKA BOABI B CEUCHAN, MMEIOMEM MAKCHMAIbHOE HATIOTHEHHE.

Ipu ompeneneHNN 3HAYCHUS [1,() JUIL adPAlHOHHOM WWIAXTHl CIEAYEeT HMETh B
BHUJY, 4TO, KaKk MPaBUIIo, 3a 3aTBopamu I'B He momyckaeTcs BakyyM Ay Gosee 10-20 xITa
(mpumepHOo 1-2 M BOA. CT.). MakcUMANbHbIC 3HAUEHHUS CKOpPOCTEll TeUeHHs BO3AyXa Ha
TPaKTe a’parMoOHHBIX IMaXT OOBYHO HE MOJDKHBI MPH PacX0JaX OCHOBHOTO Pacue€THOTO
cmyuas nOpesbinate 60 M/c. JIMmb OpH OPONMYCKEe dYepe3 COOPYXKEHHS THApOy3na
TOBEPOYHBIX PAcXOJOB BOIBI Ha WX TPaKTe CKOPOCTH BO3AyXa MOTYT COCTaBJATH JIO
100 m/c. Mcxoas u3 mpesiebHbIX 3Ha9CHHH BaKyyMa B TpyO4aToM BOZocOpOce Ha BBIXOAE
U3 a3pallOHHON IMIaxXTHl WM IPEJENbHON CKOPOCTH MOTOKA HA €€ TPakTe, pacuyeTHas

TUTOTIIA/h STOM MaxThl MOXET OBITH paccunTaHa o Gopmye

0. -p0 2g%n (3.29)

= a

rae W, — kKod(pOHUIMEHT pacxoja ad’parMOHHOM IMaxThl, TPUBEACHHBIN K pacueTHOU
MUIOIIAAM MONEPEYHOro cedyeHus () ITOM WIAXTHI M OMpEACIscMBbId KaK U OOBIYHBIX
HaropHbIX BOM0BOIOB 10 dopmyaam (3.8 — 3.10); p,, U p, — IJIOTHOCTH BOABI H BO3yXa,
OpM 3TOM ONPEACICHHH P, HCOOXOAMMO YYMTBHIBATH MHOJIOOKCHHE COOPY)KEHHS HAX
YPOBHEM MOPSL.

PaccMarpiBacMBIe METOABI pacdeTa YCTOMUMBOCTH O€3HANOPHOTO MOTOKA B
TpyO9aTEIX BOAOCOPOCAX MPUEMIIEMBI JIIIG TIPH OTCYTCTBHHM B HUX PE3KOTO M3MEHEHHS
JKUBOTO CEYEHMS MOTOKA (HAampUMep, B KaMepe 3aTBOPOB) M NPH OTCYTCTBUH Ha TpakKTe
BOJOCOpOCA TH/IPABIMYECKOTO IPBDKKA.

B GonpImMHCTBE CITy4aeR TIyOHHHEBIE TPyOUYaThie BOJMOCOPOCH GETOHHBIX IUIOTHH,
npeIHasHaYCHABIC I paboTHI MPH OC3HAMOPHOM PEKAME TEUECHHS, HIMEIOT HEOOJBIIYIO

JUTHHY W CHIOXHYI0 ¢opMmy Tpakta. [1ooTOMy MX KOHCTpYKUHs, popMa M odepTaHHE
125



JOJDKHBI 0TpadaTeIBaThCSA, 10 KpaifHel Mepe, TS OTBETCTBEHHBIX COOPY)KEHMl, Ha
KPYITHOMACINTAa0HBIX TMAPABIHMICCKAX MOAEIX. Eci Takue BOAOCOPOCH MMEIOT JTHHY
6omee 10 BBICOT BOIOBOMA, IPU3MATHIECCKYFO (GOPMY M OTHOCHTEINIBHO HEOONBINOI YKIOH
JHa, TO JJIS ONPEJEICHNUS NX 3aIOTHEHNs, pacuera MoJavl Bo3AyXa U €ro TPaHCIopTa U
a’pali  Ha TPaKkTe CICAYeT WCIONB30BaTh METONBl pacdera, pa3paboTaHHBIC

M. S I'unpaendnaroM. OHu paccMOTpeHsl B paae padot [13, 15, 118, 138].

3.11 TlpuOaukeHHBIE OLCHKH YCJIOBHI paGoThl M MOABOAA BO3AYXAa B
rJIYOHHHBIX TPY0UAaTHIX BO0ocOpocax

B KOpOTKMX TIIyOMHHBIX TPyOUaTHIX BOAOCOpOCAX MPH MOABO/E BO3AyXa HAINYME
JIOKAJIbHBIX MCTOYHUKOB BO3MYIIEHHH MOTOKA HA YYACTKE 3aTBOPOB — HHM30BOH KPOMKH
3aTBOPA, €T0 I1a30B, AS(IEKTOPOB U YCTYIOB HA JHE U B IUIAHE, NIEPEJIOMOB Ha OOKOBBIX
CT€HaX IPH CONIPSDKEHWM CY)KEHHS Kamepbl 3aTBOPOB € PACMONOXKEHHBIM HIDKE MO
TEUCHUIO TPAKTOM U T.II. — IPUBOAAT K TOMY, YTO HA TPAKTE BO3HHUKAIOT crelupuueckue
VCIIOBHS TEUEHHUs. OTH YCIOBHUS OTVIMYAIOTCA OT TEX, KOTOpbIE BO3HMKAKOT B JUIMHHBIX
3aKPBITBIX BOZOCOPOCAX TIPH TIOJTHOM OTKPHITUHM 3aTBOPOB M CMEHE OE3HAIIOPHOTO M HATIOPHOTO
PEKUMOB TEUEHHUS, CXEMBI KOTOPBIX IpuseacHs! B CIT290.132.580.2016.

ITo xmaccupukanmm, nannoi X. P.Illapma [174], 3a 4YacTMYHO OTKPHITHIMU
3aTBOpPAMU  paccMaTpUBacMbIX TpyOuarbix BOAOCOPOCOB  CIOXKHOM  KOHCTPYKLUH
HaOTI0IAr0TCS CIEAYIOUINE PEXKUMBI TEUSHUS BOJOBO3AYIIHOM cMecH (puc. 3.12):

- B Buae oOnaka OpbBr M OOJBIIOrO KOJMYECTBA MAJCHBKUX Karlelb,
BOSHHUKAIOIINX 0OBITHO MPH OTKPHITHSX 3aTBOpa MeHee 0,1 oT momHoTO (pHC. 3.12, @); npu
JTOM TPOMCXOAUT 3aXBAT 3HAYMTEIBLHOI'O, 10 CPABHEHMIO C PACXOJOM BOJBI, KOIMYECTBA
BO3IyXa,

- B BHIEC OC3HANOPHOTO TOTOKA, KOTOPBIA MOMKET HUMETh W3MEHSIOMHUECS BO
BPEMEHU N1apaMEeTPhl, BOMHLL Ha MOBEPXHOCTHU, & TAKXKE CYIIECTBEHHOC HACHIIICHUE II0
ry6uHe Bo3ayxoM (puc. 3.12, 6);

- B BUJIE IICHBI, 3ANIOHAIONICH BCE MONEPEUHOE CEUCHHUE C MOYTH PABHOMEPHBIM
pachpeielicHneM MO HEMYy BO3AyXa TpPH [TaBICHAM B 3TOM TIIOTOKE, ONM3KOM K

armocdepHomy (puc. 3.12, 8),
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- C TUApaBIMYECKUM NPBDKKOM Ha TPAaKTe, HIDKE KOTOPOro HabirogaeTcs
Oe3HanopHsLi pexxum TeueHus (puc. 3.12, 2);

- € TUApPABJIAYCCKUM IIPBDKKOM Ha TPAKTC, HWXKEC KOTOPOro 1o TCUCHHUIO B
BostocOpoce 3aMKCHPOBaH HATIOPHBIN peXkuM 1OoToKa (puc. 3.12, 0);

- TOTOK «4HCTON» BOABI (MOATOTUICHHBIH WM 3aTOINICHHBIM THIPABIAYECKAM
MPBDKOK ), KOTOPBIA W300pakeH Ha pucyHke 3.12, e.

IMpoekTrpoBaHe YCTPOHCTB JUTsl TTOJa49M BO3AYXa MOXKET OBITH BBITOIHEHO, €CIH
M3BECTEH €r0 Pacxoj, KOTOPBIi 3aXBAaTHIBACTCA U YHOCHTCS TTOTOKOM BOJBI B TJTyOMHHBIX
TpyO9aTeIX BomocOpocax. s GONBIION JaCTH THAPABIHYCCKHX PEKHMOB C 3aXBATOM
BO3/yXa B TPyOUaThIX BOZOCOPOCAX IO CHX IOP HE YAATOCh COCTABHTH PACUCTHHIX CXEM, H
OHH HE BOCIPOM3BOAATCS Ha JAOOPATOPHBIX THIPABIMYECKHX Mopesx. [lostomy B
MHKCHEPHOH IpakTUKe OOPaTIWIMCh K BBIABJICHHIO MaKCHMAJBHONH MOTPeOHOCTH B
BO3IyX€E JUIsl TAKAX BOAOCOPOCOB HA OCHOBE IOCTPOCHUS KPHBBIX, OTHOAIONIMX 3HAYCHHS
PacxomoB BO3AyXa, MOCTYNAIIMX YePe3 a3PALMOHHBIE YCTPOHCTBA MO JAHHBIM HATYPHBIX
HCCIENOBAHNM, a TAOKe HA OCHOBE HCCIIENO0BAHMUI Ha KpymHOMAacITaOHBIX YCTAHOBKAX B

nabopaTopHsX.

Pucynok 3.12 — Knaccudukauus pe>xuMOB TEYECHHS 33 YaCTHYHO OTKPHITHIM 3aTBOPOM Ha
TpakKTe DIyOMHHOTO Bogocobpoca (3aeck O, i1 O, — pacXoabl BOAB H BO3IYXa)

Ha ocHoBaHMM M3MepEHMii pacxoa BO3yxa, OCTYIMAKOLICTO Yepe3 a’paldiOHHbBIC
MIAXTHI 32 3aTBOPHI NMIyOUHHBIX BOAOCOPOCOB Ha psine runpoysnos CIIIA [148], Uranuu
[156], sAAmonnu [168], Hopeeruu [174], nanneix Bucuepa [178] u omeitos [llapma [174] Ha

KPyIHOMAcITabHOU T'UPaBIHYECKON YCTAHOBKE OBUTH MONYYeHBI OruGaiolye KpPHBBIE
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JUTS OTIpEZieTIEHHs] MaKCHMAJTEHOTO Pacxojia Bo3AyXa B AuanazoHe usmepenuit Fr. ot 150
Jio 100, mMeroniye cieayoumii BUI:

- Juist 6E3HAMOPHOTO MOTOKA MPU OTHOCHTENBHBIX OTKPLITHAX 3aTBOpOoB Oonbuie 0,1 —
02

>
p=0,/0,=0,09Fr, ; (3.30)
- JUIsl HOTOKA € 00pa30BAHUEM 3HAUYMTENLHOTO KOJTMYECTBA OPBI3T M MEJIKHX Karnenb

BOJIBI IPH OTKPBITUAX 3aTBOpOB MeHbe 0,1 —0,2
p=0,/0,=0.24Fr, (3.31)
rae O, — pacxoa BOABI IyOHHHOIO BogocOpoca; Fr, = 1 (V. / gh,) — uucno ®pyna i

CKaToro CeYeHUs 3a 3aTBOPOM; V; U A, — cpelHss CKOPOCTh U IiTyOMHA BOJBI B 3TOM K¢
CCUCHUH.

3aBucumoctu (3.30) u (3.31), Ha OCHOBE KOTOPBIX MOKHO TOJYYHUTbH C 3alacoM
3HQUEHHWE pacxoma BO3AYyXd, I[OCTYNAIOMETO 3a 3aTBOP DIIYOWHHOTO TpyOuaToro
BojocOpoca TPH  CIOXKHBIX PEKAMaxX BOMOBO3AYINHOTO TOTOKa (pHCYHOK 3.12),
HMOATBEPKICHBl Pe3y/IbTaTaMi HaTYPHBIX U3MEPEHUil B BojocOpoce ruzpoysna Kaprepa
(IIseiiapus) [164], B crpomrensHBIX BogocOpocax KpacHospckoro u  3ekckoro
ruapoys3noB [138]. 3nauenwe [ Ha rUapaBIMYECKO ycTaHOBKE B yHHBepcutera IOTa
(CHIA) [169] monyueHs! CyLIECTBEHHO MEHBIIUMHE, 4eM 1o Gopmynam (3.30) —(3.31).

Pacuer ycTpoMCTB /I OAA4M BO3/MyXa B MIyOHHHEBIN TpyOUarkiit BogocOpoc mis
(PMKCUPOBAaHHOTO 3HAYeHUss OTM. YBB MOXHO MpOM3BOAMTL B  CIEAYIOMICH
MOCNE0BATENHHOCTH:

- IO JaHHbIM 1. 3.5 — 3.7 mis pa3Nnu4HbIX OTKPHITUI PErylMPYIOLIECTO 3aTBOpa e;
YCTaHABJIMBAIOTCS 3HAYCHUS PACX0JI0B BOJBI O,y

- Ha ocHoBauu# (opmy (3.30) — (3.31) ans Bcex 3HAUCHUH €; U (y,;; ONPENEIAIOTCS
HEeoOXOAMMBIE PacXo/ibl BO3yXa (J,;; KOTOPBIE IOJDKHA MTPOITYCKATh adpariHOHHas [1aXTa,;

- O JAaHHBIM 1. 3.6 PACCUMTHIBAIOTCS 3HAUCHHS KO3(PHIHMEHTOB TOTEP Hamopa &,
U |i,, IPHBEICHHBIEC K PACUYCTHOH IUIOIAM IAXTHL;

- MO 33JaHHBIM 3HAYCHUSIM IPEJCIBHBIX CKOPOCTEH TE€UEHUS BO3JAyXa Ha TPaKTe

a3palMOHHON IaXThl WM BaKyyMa Ha BBIXOJE M3 HEEe B BOJOCOpPOCE OMPEAEISIIOTCS IO
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HanbonpmeMy 3HaueHHIO (J,; 1o Qopmyne (3.29) pacueTHas MIOMALs HOIEPESYHOTO
CEeYEHMS a3PaliOHHOMN MaxXTH ]

- pacdeTHas IUIOLWAAL AYPAMOHAON IaxTHl ), BO-TIEPBLIX, MPOBEPSETCS, a CCITH
HEOOX0IMMO, TO KOPPEKTHUPYETCA € YIETOM BTOPOTO U3 33AaHHBIX MPEACTBHBIX 3HAYCHMIA,
W, BO-BTOPHIX, €CJIM HANOp Ha 3aTBOPE OTHOCHTENBHO HEOONBHION, TO MPOHYCKHAS
cocoO0HOCTE BOZIOCOpOCa, M, B KOHEYHOM HTOre, 3HadeHUs () YTOUHSIOTCS C y4ETOM

BaKyyMa BO3IYLIHOM IPOCTPAHCTBE 32 3aTBOPOM.

3.12 Onpenenenne MeCTONOJIOKEHHSI THAPABIHYECKOT0 NPBHIKKA NPH
YACTHYHO HAIIOPHOM pPeXnMe Te4eHHs B TPYOUATOM BoocOpoce

TI'ujpaBngeckuii IPHDKOK MOXKET MOSBUTHCA HA TpakTe TpyOuaroro BogocOpoca,
pAcMoNOKEHHOTO Y OCHOBaHHA OETOHHBIX IUIOTHH (Takue TIIyOMHHBIE BOZOCOPOCH!
Ha3bIBAIOT JOHHBIMH), €CIM O€3HAMOPHEI MOTOK MOCTYNACT HA TPAKT M3-MOA 3a0panbHOIM
CTEHKH WITA YaCTHYHO OTKPBHITOTO 3aTBOpAa M MOATOIUIEH HWKHAM Obedom. Ecnm mpu
TaKOM IOATOIUICHHUHM BTOPad COMNPAKCHHAA rny6nﬂa ruapaBIMidCCKOro npbDKKa MCHBILIC
BBICOTBI IIONEPEYHOIO CEUEHUs JOHHOTO BOmocOpoca, TO YCIOBHA pabOTHl Takoro
BOAOCOpOCa NPAKTHIECKH HE OTIMYAIOTCS OT YCJIOBHM, HMEIOIUX MECTO B OTKPHITOM
pycne. ITo3TOMy NpeacTaBiseT MHTEpPEC JIMIIb CIydail, KOrna HIDKE THIPABIHYECKOTO
MPBDKKA IO TCUCHUIO TPAKT TOHHOTO BOI[OC6pOCﬁ pa60TaeT BCCM CCUCHHUCM.

B mpoekTHOH NpakTHKe 00BIYHO CTAPAKTCS M30eXKaTh PEXKUMOB TEUECHHS B IOHHBIX
BOIOCOpOCAaX ¢ BO3HUKHOBEHHEM THAPABIMYECKOTO MPBDKKA, 332 KOTOPBHIM Ha TPAKTe BCE
HONEPEIHOE CEICHHUE 3AMOJHEHO ITOTOKOM. OTO CBSA3aHO, TIPEXK/IE BCETO, C CYMECTBEHHBIM
VPOBHEM MYJIbCAIMH JABJICHUS B TAKOM THAPABIMYECKOM IPBDKKE M, YTO MOXKET OBITH
0COOCHHO HEONArONpUsTHO, CO 3HAYUTENBHBIM BO3TEHCTBHEM ITHX IIyJibcanmii (Tpu
PAacTONOKEHNM  THIPABIMYECCKOTO TIPBDKKA HETOCPESACTBCHHO 3a 3aTBOpPaMH) Ha
JNIEMEHTHl 3aTBopa. J[Nis OmMpenmeneHus YCJIOBHIL paboThl JOHHBIX BOZOCOPOCOB, Ha
yuacTKe KOTOPOTO 3a 3aTBOPaMHM BO3MOXKHO — CONPSDKEHHME MOTOKOB THAPABIMYECKUM
IIPBDKKOM, HCO6XOI[VIMO yCTaHaBJIUBATE IOJIOXKCHUEC IIpBDKKA 10 DJIUHE 3TOr0
y4acTka.

OmauM W3 crocoOOB MPEIOTBPATUTH MOSBICHUE HA TPaKTe AOHHOIO TpyOuyaroro
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BOJOCOpOCa TWAPABIMUYECKOIO MPBLKKA, HIDKE KOTOPOTO 10 TEYCHHIO 3aMOJHEHO BCE
MIONEPEYHOE CCUYCHHE, SIBJETCA BBEJCHHE OrPAaHMYEHUI IpM MOCTOSHHON 0TM. YBB M
OTKPBITHH 3aTBOpa AOMYCTHMOIO YPOBHS IOATOIUICHHS BBIXOJHOTO CEUeHHS. PeicHue
3TOli 3144 POU3BOAUTCA B CIIEAYIOMIEH ITOCICAOBATEIBHOCTY:

- TpH 3aJaHHBIX OTMeTKax YBB (unm Hamope) mepen 3aTBOPOM Ha BXOAE H
3HAUEHHH YaCTUYHOTO OTKPBHITHS OCHOBHOTO 3aTBOpa BOJOCOpoca, paboTaromero ¢
Oe3HAMOPHBIM PEXUMOM TCUECHHS Ha TPakKTe, MO JAHHBIM TJABHI 2 YCTaHABIHBACTCS
pacxon BoAbL (,,; M [IyOHHA B CKATOM CEUCHHUU 3a 3aTBOPOM A;;

- OT CKAaroro CeYeHus A0 BBIXOAHOTO CEYEHHSA BOAOCOpOCA HA OCHOBE YPAaBHEHHUS
HEPaBHOMEPHOIO IUIABHO M3MCHAIOLIETOCS ABIDKCHHS  pAacCUWTHIBACTCS — KpUBas
cBoOOIHON MOBepXHOCTH. Pacuer 3TOW KPHBOH MOXHO BBINONHATH JIOOBIMH IIMPOKO
pacIpoCTpaHeHHbIMM MeTojaMu: baxmereBa, UapHOMCKOTO WIJIM HEMOCPEACTBEHHO
YUC/ICHHBIM MHTErpUpOBaHUEM JAUG(PEpCHIUANBHOIO YPABHEHUS HEPaBHOMEPHOTO
IJTABHO M3MEHSIOIIETOCS IBHKCHNS,

- NpuOMKEHHO W3 YPAaBHEHHMS T'MAPABINYECKOTO NPBDKKA B YCIOBHMSX IUIOCKOM
3a7aud 110 3HAUCHHIO TTyOWHBI TIOTOKAa B BBIXOJAHOM CEUCHHH BOAOCOPOCA OIMpPEENIsieTCs
BTOpasl CONPsDKECHHAs NTyOMHA THAPABIMYECKOro IpbDKKA. Eciy 3Ta riyOnHa oKakeTcs
Oorbie TyOUHBI HIDKHETO Obedha OTHOCHTEIFHO JIHA BBIXOAHOTO CEYeHHs BomocOpoca,
TO OH pabOTaeT Ha BCEH MIMHE 0 PEryiIMpYyOIIETo 3aTBOpa B OE3HANOPHOM peXHMeE
TEUCHHSL.

Ecimm ke mmpuHa HwkHero Obed Oosnbile IMpUHBI BOogocOpoca, TO 3a cHET
OOKOBOTO HATEKaHWS TOATOIUICHWE BHIXOJAHOTO CEYCHHS MNPOM30HAeT mHpH TIyOmHe
HECKOJIBKO MCHBIICH BTOPO# CONPSKCHHOH ITyOMHBI IUI YCJIOBHI INIOCKOHM 3aia4u, HO
IPH 3TOM THAPABIMYCCKHIl NMPBDKOK HE MOXKET CKONBKO-HHOYIb 3aMETHO CMECTUTHCS
BHYTpb BojocOpoca. OnpejeneHHyl0 TaKHM 00pa3oM BTOPYIO CONPSDKEHHYIO TIyOHHY
MOJKHO CUUTATh INpPEJCIbHON IIyOWHON HIDKHETO Obeda, mpH KOTOpOM BoAOCOpOC Ha
y4acTKe JI0 3aTBOPa paboTacT B OE3HAIOPHOM PEKIME TCUCHHS.

Takum xxe 00pa3oM MOXKHO MOCIIEAOBATENBFHO YCTAHOBHUTH NPEIACIbHBIC TITyOHHBI
HIDKHETO Obe(da mpu To#t ke 0TM. YBB U Apyrux OTKPHITUSAX PETYJIHPYIOLIETO 3aTBOpPa, a

3aTeM npH Apyrux OT™M. YBB U COOTBETCTBYIOINMX OTKPBHITHSX 3aTBOPA. BEINONHEHME
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TAaKAX PACYCTOB MO3BOJISICT YCTAHOBUTH 001acTh NPUMEHUMOCTH 3aBHCUMOCTU MEKIY
HAmopoM Ha 3aTBOPE, €ro OTKPHITUEM M YPOBHAMH HUXKHEro Obeda, IPH KOTOPBIX
BBIXOJIHO#M y4aCTOK BOJOCOPOCA MOATOILIEH H pabOTAeT BCEM CEUCHHEM.

Ecnu Ha Tpakte HOHHOTO TpyOdaToro BomocOpoca ¢ yKJIOHOM fHa MeHbime 0,05
JOTTYCKAETCS TOSABIICHHE THAPABINYECKOTO NPBDKKA, HA YYacTKE HIDKE KOTOPOIo MO
TEYEHHIO TTOTOK 3aIOJTHSET BCE MONEPEYHOE CEYECHUE, Ul PacueTa NapaMeTpoB NpbhKKa 1
€ro MOJIOKEHHS Ha TPaKTe, CJIEAYeT HCIONb30BaTh YPABHEHHME KOJIMYECTBA IBUXKCHUS,
3aMMCanHOE YT OTCEKA KMIKOCTH B LJIMHAPUYECKOM BOJOBOAE MEXTY cedeHUsIMH 1-1 u

2-2 (pucyHok 3.13), B clIe[YIOILEM BUIE:

2 o
Qo 22 Q) e, (332)

g0, g0

rae O, U O, — pacxomsl BOABI W BO3AyXa; (] U (@ — IUIOMAJAM IOTMEPEYHOTO CEUCHHS
MOTOKA TIEPE/T THAPABIHIECCKUM MPEHKKOM (cedeHue 1-1) ¥ B HAOpHO# 9acTu BojocOpoca
3a TIPEDKKOM (ceueHne 2-2); y) — The30MeTPHUEecKas BEICOTa B LIEHTPE TSDKECTH MOTOKA B
cedeHu 1-1; y, — paccTOsHHE OT BEpXHEH TOUKH IOTONIKA IO IEHTPA TSDKECTH B CEUCHHH
2-2; a, — TbE30METpUYECcKass BBICOTA Hal TNMOTOIKOM B CeUeHMH 2-2; hy — BaKyyM B

BO3YIIHOM TONOCTH TEPeI THAPABINYCCKAM IPEDKKOM.

PIIIIII LLLLL

TV llf' (& L 77, 7. 4/4‘1‘:—"v,' PPS PPl 77777, 777
he=ea 1 L 2 / ' ’
o n i 23 *—‘
< — L i
F

Pucynok 3.13— PacueTHas cxema [is Onpe/Ie/eHIS MONTOXKEHNS THAPABIMIECKOTO
NPBLDKKA B IOHHHOM BOJ0COPOCE 32 9aCTHIHO OTKPHITHIM 3aTBOPOM IPH MOa4e HA TPAKT
Bo3ayxa ([ — mbe3omerpudeckast JTUHHA)
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Ilpy BHIMONHEHWH pacuyeTa MECTOMONOXKEHNS THAPABIMYECKOrO  MPBDKKA
Heo0X0IMMO YIUTHIBATE CIACAYIONIEE:

- TIpU 3aJaHHOM 3HAYCHWH T, M OTKPHITHH 3aTBOpPA d PacXod BOJBI W TIyOHHA B
CKATOM CEYECHHH C-C 33 3aTBOPOM OIPEAEISIOTCS MO JAHHBIM II. 2.7 ¢ YU4eTOM 3aJaHHOTO
BaKyyMa Ay B BO3IYIIHOM MOJIOCTH TEpe/l THAPABIMYCCKAM TIPEDKKOM (Ha BEIXOAE W3
a’paIMOHHOM IIAaxThl HA TPAKT BogocOpoca);

- TiyOWHa /A Hepen NPBDKKOM YCTaHABIMBASTCS PacuyeToM KpHBOi CBOOOIHOM
MOBEPXHOCTH MOTOKA MO 3aBICHUMOCTSIM U1l HEPABHOMEPHOTO ABWXKEHHS, IPUBOJUMBIM B
NOCOOUSX N0 TUAPABIUKE;

Pacxon Bo3ayxa, 3aXBaTEIBAEMBIN THAPABINYECKUM IIPEDKKOM, CIEAYET ONPEAEIIATh
mo sMmnupuyeckod 3apucumocTu Kammucke u  PoGeprcona [160], HeomHOKpaTHO

IIPOBEPEHHOM ApyruMH HccneaoBarensmu [138]:

1,4

520,10, =0.0066(\JFr 1) . (3.33)

Ilpu Fr, > 40 UL IOTOKA Ha YYaCTKE O MMAPABIMYECKOTO IPHDKKA PACX0J BO3AYXa (g

MOJXKET YUUTEIBaThCS 10 (opmyse (3.26), B kotopoit Frp mpunumMaercs s cedeHust 1-1.

Torga pacxoa Bo3ayxa, TPaHCIOPTUPYEMOro BOJAOM HAa YYacTKE 3a THIPABIMYCCKHAM
TPBDKKOM, OTIPEJIENSETCS KaK

0,=0,+0,. (3.34)

3HaueHHE THE30METPHUIECKOM BBICOTH d; B CEYEHUH 2-2 HaJl MOTOJIKOM BojgocOpoca

COCTaBJIACT

a,=t-y +h —il, ;- N (335)

(2.+2.)
2gco2
rae s, — CyMMapHbIe TTOTEPU HANopa Ha BBIXOJ NOTOKA M3 BOJOCOpOCA H HA TPEHHE MO
qmiHe (puc. 3.12), KOTOpoe YCTaHABIMBACTCS B COOTBETCTBHHU C peKoMeHaauusamu [12, 13,
99]. OnpeneneHne MOTEPh HAOPA HA TPEHHUE HA YYACTKE 3a THAPABIMYECCKHM IMPBLKKOM

JOJDKHO BBITIONHATELCA 110 CPEHEH CKOPOCTH CMECH BOBI H BO3AyXa.
Pa3Mephbl IAXThl WIS MOJBOAA BO3AyXa ClICAyeT pacCUUTHIBATE O gopmyie (3.29) ¢
YYETOM MPHUBEICHHBIX K YCJIOBHAM e¢ pabOTHI OTpaHHYEHUI 10 MpeAebHEIM CKOPOCTAM

BO3ayXa WK 3HAYCHHNIO BaKyyMa.
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C nomompro ypaBHeH## (3.29), (3.32-3.35) nonoxeHHe THAPABIMYECKOT0 MPbDKKA
Ha TpakTe TpybuaToro BomocOpoca, CXxeMa KOTOporo JiaHa Ha pucyHke 3.12, onpeaensercs

nonbopom. Bonee Tounslii Meron pacuera fad B [138].

Onpeneﬂeﬂne THAPOAHHAMHYECKOIo J1aBJICHHUA H NMPOTrHO3
KaBUTAllMH HA 3JIEMCHTAX HANIOPHBIX BOZ[OCﬁpOCOB

3.13 OOmue cBegeHMs 0 THAPOAHHAMHYECKHX  JAABJIEHHSIX.
KoHcTpyKTHBHBIC MEPOTIPHATHS N0 CHIKEHHIO BAKYYMOB

Pacuer rHapOAMHAMHYECKOTO MABICHWS B HANOPHBIX TPyOwaTeix BomocOpocax
IIPOM3BOAUTCS € LENMbI0 ONPEACTACHHS HArPY30K HA MX JJIEMEHTBI U ISl NPUOIKEHHOTO
MIPOTHO3UPOBAHUS TOSBIEHUS BAaKyyMa, KOTOPBIM MOKET NMPHUBECTH K BO3HUKHOBEHHIO
KaBUTAllM¥ M COOTBETCTBYIOLIEH €ii KaBUTALMOHHON SPO3UM 2JEMEHTOB BoJocOpoca, a
TAKKe K CpbIBY HANOPDHOIO JBIDKCHUS BCJICJACTBHAE 3acCachlBaHUS BO3Ayxa uepe3
3aTBOPHBIC IIAXTHl M APYTHE TPOEMBL.

OnpeneneHue  TUAPOJMHAMUYECKOTO  JABIACHMS M IPOTHO3  KaBHTALUMU
BBIIOJIHSIIOTCS. Ul CHEAYIOIUX XAPAaKTEPHBIX YYaCTKOB M 3JIEMEHTOB BOAOCOPOCOB:
BXOJHOIO OrOJIOBKA, KaMep 3aTBOPOB M UX MA30B, OTOJIOBKOB DPa3eNbHEIX OBIYKOB U
YYacTKOB NOBOPOTOB. IloMuMo 3Toro B OONBIIMHCTBE CIIy4acB HEOOXOAUMO
PACCUNTHIBATH MHE30METPUICCKIE JIMHUH 110 JUTHHE BOAOCOpOca (METOIBI X MOCTPOCHHS
[PUBOIATCS B Kypcax M'MAPaBIUKH).

TIpu mpeacTaBieHUH MTHOBEHHOTO THAPOAMHAMHYECKOrO AaBjieHus B Buae (2.29),
MOYKHO CUMTATh, YTO €r0 MYJIHCAIIMOHHAS COCTABJIIOMAs (aMIUIUTY/1a) NPONOPLUOHAIBHA
€r0 CpeHEKBAAPATHYECKOMY OTKIIOHEHHIO (CTAHAAPTY) Gp

p'=vko,, (3.36)
rae ks — ko3 duuuent, 3apucsaumii OT 3a1aHHON 00eCIEYEHHOCTY AMILIUTYIBL.

Ecnmu mynbcaumy AaBIEHUS HOAYUHSAIOTCA HOPMALHOMY 3aKOHY PacTipee/eHus,
a UHCIO MOSBICHAS WX PEAKAX BBIOPOCOB MOXKHO PacCUUTHIBATL B COOTBETCTBHUH C

3aKOHOM pacnpeneinenus Ilyaccona, 3HaYeHHE k, MOYKHO ONpPeaeNATh o Gopmyrne [109]:



) 0.5
r r 1
ky=]2In| - ——| (3.37)
L L 27, 1In I, ) ]
rae
7T — TNpOJOJDKUTENBHOCTh PaboThl BOAOCOpOCa MPH PacCMaTpPUBAEMOM PEKUAME
MOTOKA,

Tp — CPeTHUM UHTEPBAT MEXKTY HYJISIMHU TTYJTHCAITHIA;
Fy— 3agaBaeMast BepOSTHOCTE SKCTPEMATEHOTO 3HAYCHHUS AMILTUTY/IbI I JThCAIIHH.

OpHEHTHPOBOYHOE 3HAUCHHUE Tp MOKHO MONYYHTH IO PACTIPENECIECHUIO (YHKLMH
CHeK’I‘paIH:HOﬁ IUDIOTHOCTH IIyJIbCAllUH  JTABJIICHUA, o0 HEMOCPEACTBEHHO HAa OCHOBE
OCLIAITOTPaMMBI (PEATTH3ALUHY) Iy IbCALIUM JABICHH.

B psine ciaydaeB, 0COOSHHO TP OTCYTCTBHM 3HAUCHUH Ty TIPUXOAUTCS OMPEALIIATH
OPHWEHTHPOBOYHBIC JKCIIEPUMEHTAIbHBIC 3HAYCHUS AMIUIUTYIBl IMyJIbCAlldi, MCXOIS M3
HOPMAJTBHOTO 3aKOHA PACTIPEACIICHHS TIPH MAaNBIX 00ECTICYeHHOCTSX. [l HOPMAIBHOTO
3aKOHA PACTIPEACIICHNS MyJIbCAIMI 3HAUCHUs &y MPUBEACHBI B Tabmume 3.6. 3HaueHus k;
JOJDKHEI TPUHAMATHCS B 3aBUCHMOCTH OT KJlacca T'MApoy3a o pekomerpaiusM CIT 290-
132.5800.2016.

Tabnuma 3.6

O06ecneueHHOCTD,
% 3,0 2,0 1,0 0,5 0,2 0,1 [0,05]0,025] 0,01 | 0,005 | 0,001
ks 1,88 | 2,05 2,33 | 2,58 | 2,88 | 3,09 (3,29 3,48 | 3,72 | 3,83 | 4,26

TIporHo3 KaBUTALMH HA SJIEMEHTaX TPyOUaTBIX BOJOCOPOCOB MPOU3BOAMTCS OO
HA OCHOBE CPaBHEHWsS THAPOAMHAMHYECKOTO [ABIECHHA, OMPEACIAEMOro mo (opMmyiie
(2.29) ¢ nmaeneHueM napooOpa3oBaHUs B JAHHBIX YCIOBHAX, JIMOO IIyTEM CpPABHEHUS
mapamMeTpa KaBUTAlNH B €r0 KPUTHUIECKUM 3HAYCHUEM IS PACCMATPUBAEMOTO 3JICMEHTa
(em. . 2.11-2.14)

HenmomycTuMBle BakyyMBl Ha TPakTe HAMOPHBIX TPyOuaThIX BOMOCOPOCOB
HEOOXOMMMO YMEHBIIATL C IOMOIIBIO KOHCTPYKTMBHEIX Mepompustuif. [lpu 3TOM

CHIDKEHME BAKyyMa BO BXOJHOM OrOJIOBKE OYZET CrocOOCTBOBATh YCTOMYMBO# paboTe
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BOA0COPOCA B HANOPHOM PEKUME TCUCHHS M YCTPAHCHHIO BO3MOYKHOCTH MOCTYILICHHS
BO3/IyXa B BOAOCOPOC CO CTOPOHBI BepxHEro Obedha. K TakuM MEPONPHATHAM OTHOCATCS:

- yCTpoiicTBO OoJiee TIIaBHO 00TEKAEMOr0 BXOJHOTO OT0JIOBKA,
- YBEJMYEHHE MIOMIATM HOIEPEYHOTO CEUeHHUs] HAIOPHOTO YYAaCcTKa IlyOMHHOIO

Boz[oc6poca, a HHOrJa TOJBKO BXOOHOTO Yy4YacTKa € YMCHBLICHHUEM IUIOIaAd €ro

BBIXOHOTO CEUCHWSI 3a CUET YCTPOUCTBA KOH(DY30pa;
- JOCTATOYHOE 3arayOlieHue TTyOWHHOTO BojocOpoca HOA YPOBEHH HIKHETO

Obeda.
B rnyOunHBIX  BOZOCOpOCaX C  PETYJNMPYIOIHM  3aTBOPOM  OCHOBHBEIM

MCPONPHUATUEM, TapaHTUPYIOIIM H&HOprlfl PeKUM TCUCHUA, SBJIACTCA 3a1"JTY6JTCHI/IG

KaMmephbl 3aTBOPOB 1101 yPOBEHb HIDKHETO Obea.

3.14 Bxoannie OrojIOBKH
OcpemHeHHOE TABICHUE B JFOO0H TOUKE i BXOIHOTO OFOJOBKA YCTaHABIMBACTCA

mo (opmyre [134] (puc.3.14)
L (3.38)
Y 2g

rie
T; — yaenbHas NOTCHLUUAIBHAS SHEPTHs BEPXHETO Obeha OTHOCHTENBHO TOUKH /)

Vi — CpE€aHsA CKOPOCTh B KOHIIEBOM CCYCHHUH BXOAHOI'O OT0JIOBKA.

[ 2

(}VB' o
1_‘ - -y

A 7
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Pucynok 3.14 — Cxema, WITIOCTPUPYOIIAs onpeaencHue Cpy

3naueHue C,,;, KaK TIPaBUIIO, M3MEHSAETCS 110 MOBEPXHOCTH BXOJHOIO OrojoBka. B
TO K€ BPEMsI OrOJIOBOK K&)KIOTO OUEpPTaHHUs XapaKTePU3YyeTCs MOCTOSHHBIM 3HAYCHUEM
C

"> KOTOPOE OTBEYAET HEKOTOPOH TOUKE €ro MOBEPXHOCTH, B KOTOPOH 3a(hMKCHPOBAHO

JIOKaIbHOE MAaKCHMaJbHOEC MAICHHE OCPEIHEHHOTO AaBleHHS. HeoOXommMo OTMETHTH,
gto 370 3HaueHue Cpy [134, 138] MOXKET HECKONbKO YBEMWYUTHCS mpH To/mc<4 (he —
BBICOTa BOJIOBOJA B KOHIIE Or0JI0BKa), @ Npu 7o/h< 3C,, MOXKET IPUHAMATE PA3/IMYHBIC
3HAYEHMS B CJIydyasx IOJbEMa M CHUYKEHHS YPOBHs BOABI B BepxHeM Onede. CHmkeHHe
MTHOBEHHOTO JIABJICHUSI BO BXOAHOM OTOJIOBKE MMEET MECTO U 3a CUET €T0 IyIbCaLiu.
TTpubnnkeHHBIN MPOTHO3 TIOSBICHUS KABUTAIIMY BO BXOZHOM OTOJIOBKE C YUETOM
JIOCTHYKECHUS a0COJTFOTHRIM JIABIICHUEM p JIABICHUS HACHIIEHHBIX TTAPOB BOJIBI Pyac MOXKET
OBITH TPOM3BEACH HA OCHOBAaHWMW clieaytouieii (HOpPMyJbl, MO KOTOPOH onpenensercs

OTCYTCTBUC KaBUTALIMOHHBIX SIBJICHUH

V 14
P Paiqp e Do pgle JPe (3.39)

M ~opm B

Y v 2g 2g v
rae

Pa — aIMOC(epHOE NABICHHE C YYETOM BBICOTHOTO pPAaclOJOKECHHS TIIyOMHHOTO
BOJ0cOpOca Hall yPoBHEM Mops (cM., Hanpumep, [100]);

Iy —3nauenue 7T; B Touke, rae Cp = Cpy;

ky — x0>(Q(UIHEHT MPONOPLIUOHAIBHOCTH MEXKAY aMIUIUTYAO0H W CTaHAApTOM
IMyIbCALMA JABJICHUS , ONpeAeseMblii NPUHATON 00ECEUEeHHOCThI0 MaKCHMABHBIX
3Ha4YeHUH myJbcanuii fapnenus (cM. Tabi. 3.6);

O — 3HAa4YeHWE OTHOUICHWS CTAHIApTa IyJbCAlMii K CKOPOCTHOMY Hamopy B
KOHLIEBOM CEYEHHMM BXOJHOIO OroJOBKA. J[aBlIecHHE HACBHILEHHBIX MapoB BOIBI py B
peanbHOM JMAla3OHe €€ TEeMIEparyp B TIIIYOMHHOM BOAOCOpOCE, OTHECEHHOE K Y,
cocrasnser 0,1-0,25 m [100, 118].

bonee TouHBIH IPOrHO3 BOSHUKHOBEHHS KABUTAIIMKM BO BXOAHOM OTOJIOBKE MOYKET
OBITH BBIIOJHEH C YYETOM CpPaBHEHHS KOX(P(DHUIMEHTOB KABUTAIIMH HEPOBHOCTEH Ha

IMOBCPXHOCTH BXOAHOI'0 OI'0OJIOBKA C UX KPUTHYCCKUMHA 3HAYCHUAMHU

136



Jina rayOMHHEIX TpyOWaTeIX BOJOCOpPOCOB Hauboliee pacIpOCTPAHCHHBIMH
ABJIAIOTCS BXOJHBIE OrOJIOBKM, IPOJOJBbHBIE OPOQUIM KOTOPHIX OUYEPUEHBl JyraMu
DJUTMIICOB (OKPYXHOCTh — YaCTHBIA ciydai sumnca). IIpomonbHele mpoduiy Takux
OTOJIOBKOB XapaKTEPU3YIOTCS JBYMs IapaMeTpaMu: COOTHOLICHUSMH MEXAY MOIYyOCSIMH
JJUIMINICOB Kk,=a/b (a — HanpaBNEHWE MO TEUECHWIO, b — TEPNEHAUKYJPHO a) H
OIPEAENAIOLIUM KOH(Y30PHOCTb OrONOBKA Ky = Hg/hy (cM. pucyHOK 3.15). Ha pucyHke
3.15 ana ycnosui NIIOCKOW 3afa9d TPHBEICHBI KPUBBIE 3aBHCUMOCTH Cpy=fKs, Ki),
nonyuenHsle B onbitax E. W JlyOounduka [30] u garonmme HanGonpimue 3HaueHus Cpy OPH
NOCTOAHHBIX K, H Ky, TO CPaBHCHHWIO C OMNbITaMH JApyrux astopos [118, 138].
CooTHOWIEHHs MEXKAY OSTHMH [apaMeTpaMH ONpEAETsUINCh HEOJHOKPATHO PSIOM
HCCIIeN0BaTeNcH, HO ONBITHBIE JAHHBIE JAF0T 3HAYMTENbHBINH pa3dpoc. Ha pucynke 3.15
MOKA3aHBl 30HBI OTPHIBHOrO M OC30TPHLIBHOIO TEYEHMS B OrOJIOBKAX, BBHIMOJHEHHBIX C
NapalIeNbHEIMA  CTEHAMH HEPE] BXOJOM. OTH OIBITHL CBHJCTEILCTBYIOT, 4TO 30HA
HMOHIDKEHHS PacCMaTpUBAcMOro mnapamerpa HaOitomacTcs W B ciydae O€30TPHIBHOIO
00TeKaHMs IOBEPXHOCTH OrOJIOBKA, HO 3Ta 30HA XapaKTepU3yercs MEHBIINMH

3HAYEHUAME Cpy,, YEM TIPH OTPEIBHOM OOTECKAHWH.
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Pucynox 3.15 — 3asucumocti Cp=f (A, k.) 11 BXOAHBIX OTONOBKOB C
napaiiebHEIMU CTEHAMH B BEPXHEM Obe(he U cXeMa BXOJHOTO OrOJIOBKA:
A —30Ha Ge30TpBIBHOTO 00TEKaHNs; b — 30Ha OTPEIBHOrO 0OTEKaHAS

Pucynok 3.16 — 3asucumoctb Conf (K, k) A1 SMHNTHYSCKAX TPOQHIel BXOTHBIX
OTOJIOBKOB IIyGHUHHBIX TPYOUYaTHIX BOAOCOPOCOB IPSAMOYTONBHOTO MONIEPEIHOTO CEUCHHS
IIpY IIUPUHE BEPXHETO Obeda, MPEBHIIIAIOIIEH NIMPHHY OroJI0BKa BO BXOJJHOM CEYEHHUH,
o manaeM b.M. Ynksamsumu u E.W. JlyOnaunka.

1 — rpanmia OTPEIBHOTO ¥ GE30TPLIBHOIO 0OTEKAHHS
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Pucynok 3.17 — 3aBucumoctb Con ke, k) U1 SMMHITHYECKHIX npodueit BXOAHBIX
OT'0JIOBKOB rJ'[yGHHH},Ix Ipy6anle BOI[oc6pOCOB KpYIJIOTO MOMNECPEYHOro CEHEHUA MPH
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IIHPUHE BEPXHETO Obe(da, MpeBbIaOIIeH IAPHHY OTOJIOBKA BO BXOJHOM CCYECHAM TIO
JanabM b.M. Unkeamemm u E.W. JlyOunumka.
1 — rpaHuUIBl OTPBIBHOTO U OE30TPBIBHOTO OOTEKAHMS

Maxkcumanbhple  3HaYeHHs Cp,, 10 OCH BXOJHBIX OrOJIOBKOB TIIYOHMHHBIX
TpyOUaTeiX BOZOCOPOCOB NPSMOYTONEHOTO M KPYTJIOrO MOMEPETHOTO CEUCHHMS, TPODIIH
KOTOPbIX OYEpYCHBl JyraMM OSJUIMICOB M B Npeeiax KOTOPhIX HadmodaloTes
NPOCTPAHCTBEHHEIE YCIOBHS TEYECHMs, JaHbl Ha pucyHkax 3.16 u 3.17. 3uauenue C,y B
[IyOUHHBIX BOAOCOpOCAX NPAMOYTONBHOTO NONEPEYHOro CEYEHUS ADKE N0 OCH OTONOBKA
B YCIOBUAX MPOCTPAHCTBEHHOH 3aJayd 3aMETHO BHINIE, YE€M TMPH HAJMUMHA B BEPXHEM
Obe(e mapaICNBHBIX CTEH C NPOJETOM MEKIY HMMH, PaBHBIM IIMPHHE BXOJHOTO
ceyeHus. ClieflyeT yYATBIBATh, YTO B YIIIAX TAKMX BXOJHBIX OTONIOBKOB 3HA4YeHHE Cy
6omnple, 4eM IO €ro OCH U B KaKOH-TO MEpe OHO 3aBUCHT OT OTHOILUEHHS BBICOTHI K
IIMPUHE B KOHIIEBOM CEUCHHH OToJIOBKA. i yBeIWYEHHs OCPEJHEHHOTO IABJICHUS B
yrmax pekoMeHnayercs ux ckpyriaeHue [104]. JlocTaTo9HO MpPOCTBIM MEPONPHATHEM B
KOHCTPYKTHBHOM ILIaHE UL CHIDKEHUS C,y B POCTPAHCTBEHHBIX YCIOBHAX Ha MOAXO0E K
TIyOMHHBIM ~ BomocOpocaM  SIBJSIETCS  BBITIOTHCHHWE TIEPEX  BXOMHBIM  OTOJIOBKOM
BBIHECEHHBIX B BEpXHMH Obed OBIKOB, YCTPONCTBO KOTOPHIX IENIAET YCIOBUS PabOTHI
Or0JIOBKA XapaKTEPHBIMU AT IUTOCKOM 3axaun [30, 138].

PaccMoTpeHre YpOBHS MyJIbCAMM JABISHUS BO BXOIHBIX OTOJOBKAX ITyOHMHHBIX
TpyOuarelx BOAOCOPOCOB, Kak IOKa3BIBAIOT OSKCIIEPUMEHTAIBHBIE HCCIIEAOBAHMA,
paccMoTpeHHble B [134], CBUIAETENBCTBYET O TOM, YTO OH YBEIHUUBAETCS C YMEHBIIEHUEM
IUIABHOCTH MX ouepTaHus. OOBIYHO STOT YPOBEHHb OINPEAENSETCS OTHOCHUTEIBHBIM
3HAUCHUEM CTaHAapTa IIyIbcaluii JaBIEHUS O,, SBJAIOIIETOCsS OTHOIICHUEM CTAHAAPTA G,

K CKOPOCTHOMY HAIOpPy B KOHLEBOM CEYEHHH BXOJIHOIO OrONOBKA. MaKCHMaJIBHBIE
174 2

3HaueHusd & =o [/ —— (Vi— cpenHss CKOPOCTh IOTOKA B KOHIIEBOM CEUCHHH BXOTHOIO
oy

OTOJIOBKA) IS PSIAa CXEM OUYEPTAHMS BXOIHBIX OTOJIOBKOB, IPOQIUIE KOTOPHIX OYEPHUEH IO
AyraM OKPYKHOCTEH Pa3nMYHOTO OTHOCHUTEIBHOTO pajmyca #/ Wi /D, IPUBEACHEI HA

pucynke 3.18. [l BceX BapHaHTOB BXOIHEIX OTOJNIOBKOB, M300pa)KCHHBLIX HAa PHUCYHKE
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3.18, MakcHMasbHbIE 3HAYEHHS O,y 3APUKCUPOBAHBI HECKOIBKO HIDKE KOHLIA 3aKPYTIICHUS
BXO/JHOTO OrOJIOBKA.

Jns BXOOHBIX OTOJIOBKOB, NMPO(UINM KOTOPHIX OYEPUECHBI IYraMH OSJUIMICOB C
OonblLIel MONYOChIO @ = h, PaclONIOKEHHOH mapajuleNbHO HAIPABICHUIO TCUCHUS, U
C MEHbIIEH MoNyochl0 b = &h, rae & < 0,5 OTHOCUTEIBHBIE 3HAYCHHUS MAKCUMAJIBHBIX
CPEOHEKBaAPAaTHYCCKUX OTKJIOHEHMI Mynbcalliii AaBieHusl NpUBEACHBI Ha puc. 3.19. Jlns

TaKHUX OTOJIOBKOB HAUMEHBIIEE 3HAUCHHE Oy HMEET MECTO TipH & ~0,35.
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PucyHok 3.18 — 3aBUCHMOCTE MAKCHMAIBHOTO 3HAYCHHST OTHOCUTEIIBHOTO CTAHAAPTa
IyJIbCAAH JABICHHUS BO BXOHBIX OTOJI0BKAX MIYOHHHBIX BOXOCOPOCOB oy OT
OTHOCHTEIILHOTO paanyca MpoQuis ux moBepxXHOCTH /Ay (r/D):

1 — ans ouepranus I; 2 — 1y1s KpUBONMMHEHHBIX OBepXHOCTEHR ouepTanuit [l u V; 3 — s
KPUBOIMHEHHBIX noBepxHOCTEH oueprannil 111 u 1V, 4 — nid cren ouepranus [l u IV u
JHa ouepranus IV
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Pucynok 3.19 — 3aBucHMOCTS MAaKCUMAITBHOTO 3HAUSHHSI OTHOCHTENBHOIO CTAHAAPTA
IIyJIbCALIMY JABICHUS BO BXOJHbIX OrOJIOBKAX ITTyOMHHBIX BOJOCOPOCOB oy

Ilpy ruApaBIMYECKOM pacueTe BXOAHBIX OIONOBKOB DIIyOMHHEIX TPYyOUATHIX
BOZOCOPOCOB MaKCHMAIbHOE 3HAUEHHE CKOPOCTH TEUEHMSI B TOYKE C MAKCUMAJBHBIM

CHIDKEHUEM JaBJICHUS JOJDKHO cocTaBisaTh [118]:
U _=V_.JC . (3.40)

YcnoBue OTCYTCTBUA KaBUTAlMU BO BXOAHBIX OT'0OJIOBKaX MOKHO BBIPA3UTH TaK:

K, =C, +x5,,. (3.41)

JAs OUEHKH OOMyCTHMBIX Pa3MEPOB HEPOBHOCTEH HAa MOBCPXHOCTH BXOJHBIX
OTOJIOBKOB M3 YCIIOBHI MpPETOTBPAIICHUS KABUTAIMH CIEAYET HMCIOJIb30BATh YKA3aHMS

Pexomenpanuii [100].

3.15 Onpeneenne naBjieHUs 3a IIOCKMMH H CerMEHTHBIMH 3aTBOPAMH
HANOPHBIX YYACTKOB TJIYOHHHBIX BOJOCOPOCOB

3aBHCHMOCTD UL OLIPEACIICHHS OCPEAHEHHOTO JIABIICHHS 32 3aTBOPOM COCTaBJICHBI
JUIS CIlydas PacloNOKEHHs IUIOCKOTO WJIM CETMEHTHOTO 3aTrBOpa HA MPU3MATHYECKOM
yYacTKe HAMOPHEIX TIyOHMHHBIX TPYyOUaThIX BOXOCOPOCOB C TOPH3OHTATHHBIM JTHOM. [1pu
9TOM MPOTSDKEHHOCTh BOJOBOZAA HIDKE 3aTBOPA MO TEYCHUIO JOJDKHA MPEBBLILATH JUTHHY
y4acTKa PacCIIHPEHUs CTPYH, BBITEKAIOLIEH M3-1moj 3aTBOpa (6—8 BHICOT BOAOBOJA). OTH
3aBUCUMOCTH CIIPaBEUIUBHI [JI pacueTa OCPEIHEHHOrO HaBieHus ¢ 000l (opmoit
MOTIEPEYHOTO CEUECHUS U ¢ JI0OBIM ITPOCTPAHCTBEHHBIM PpACIONIOKEHUEM YYaCTKOB
DIyOMHHEIX TpyOuaThIXx BOmOCOpocoB. C HEOONBINOW CTENEHBIO TNPUOMIDKEHUS 3TU
3aBHCAMOCTH MOTYT HCIIONB30BATHCS NMPH MaJibIX YKIOHAX y4acTka 3a 3aTBOPOM, IO
Kpaitaeit mepe 10 7 <0,01.

C yueToM YKa3aHHBIX YCIOBUI W psifia OOBIYHBIX TMAPABIMYECKHX MOMYIICHHMH
MTBEE30METPAIECKYI0 BBICOTY HAX MOTOJIKOM BOJOBOAA B cedeHuu 1-1 (pucyHok 3.20)

CJIEMyeT PACCUUTHIBATE 110 3aBUCUMOCTsM [131]

(3.42)
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re o —1FtEal (3.43)

- YUb

Pucynok 3.20 — PacueTHas cxeMa JUIs ONPEAEIICHIS OCPEIHEHHON Me30METPHICCKOM
BBEICOTHI B HAITOPHOM TJIYOMHHOM BOJ0OCOpOCE 33 YACTHYHO OTKPHLITHIM 3aTBOPOM
B ypaBHeHmax (3.42) u (3.43) npHHATHL cheayomme o0o3HaueHus: H, —
AeficTByIoNMi HAmop BOAOCOPOCa, COOTHOLICHHE MEXTY KOTOPBIM H PAcXOIOM BOBI
(omHO W3 ITHX 3HAYEHHWH AOJDKHO OBITh 3a/IaHO) OMPENENACTCS C YUYETOM mepenana
BOCCTAHOBJICHHUS, M0 JaHHBIM N1.3.5 — 3.7; h; — Mbe30METPHUECKasd BHICOTA B BBIXOJAHOM

CEYCHHH BOHOCOPOCA OTHOCHTENIBHO TOTONKA YYACTKA PACIOJIOMKEHHA —3aTBOpA:
=, +(e’/0l)-1; ¢, u C, — KoODQUIHEHTH NOTEPh HAMOpa HAa y4YacTKax

ryOMHHOTO TpyOdaToro BoAocOpOCa, PacloosKeHHBIX, COOTBETCTBEHHO, BHIIIE CXKATOTO
ceueHus u Hwke crBopa II-II mo teuenuro (pucyHok 3.20), OTHECEHHBIE K CpEIOHEH
CKOpOCTH 110TOKA B ceueHuH [I-11, koTOpble YCTaHABIMBAIOTCA MO AAHHBIM 11. 3.6; ® U 0 —
MJIOMAaM monepeyHoro ceueHuss B ctBopax I-I u II-II u B BBIXOAHOM CTBOpE,
N=0,/0=(en®)/®=¢n, N — OTHOCUTENBHOE OTKPHITHE 3aTBOPA; € — KOSPPUIIHEHT CoKATUL
TTOTOKA 3a 3aTBOPOM, KOTOPBIH paccuuThiBaeTcs 1mo opmysne (2.17) mpu 3HaueHuu H B
oTOM (opMmynie, paBHOM BBICOTE BOJOBOAA [0 3aTBOPA, Ui CETMEHTHBIX 3aTBOPOB

3Ha4enue K ompenensres o gopmyie (2.20).
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VYpaBHeHnue (3.42) sABNAETCI PAcUETHOHW 3aBHCHUMOCTBIO Ul OIPENENICHUS
OCPEIHEHHOIO JABJICHUS HA MOTONKE ITIyOUHHBIX TPyOUaThiX BOJOCOPOCOB B CEUYCHHH CO
CKaToil TMyOWHOM TpH Ppa3NMYHBIX OTHOCHUTENBHBIX CHXATHIX TUIOMIAAAX TPAaH3UTHOH
CTPYH, 3aJaHHBIX YPOBHIX BEPXHETO M HIDKHEro OheoB, pasnuuHBIX Kod(duumeHTax
[IOTEPh HAMOPA CUCTEMBI JI0 | MOCIIE CXKATOr0 CeUeHUS & o5 M £y M PA3NUYHBIX CTENEHSIX
HOATOIICHMS.

@opmynsl (3.42) u (3.43) cocTapieHBl B MPEINONOXKEHUM THAPOCTATHYECKOTO
pacnpene/ieHus NaBICHUS B CTBOPE CXKAaTOro ceueHus. HecMOTps Ha HEKOTOPOE OTIINYUE
OT TaKOI0 PACIPEAENCHUS AABICHUS, OIBITEl CBUIETENBCTBYIOT [61], UTO MOIPEMIHOCTD B
OIPEAECTICHUN MbE30METPHUECKO# BEICOTHI B CTBOPE HE MPEBBIMAET 5—7%.

3naueHne OCpeHHGHHOfI HLC3OM6TpH‘I€CKOf/'I BEICOTEI 3a IUTOCKAM 3aTBOPOM,

00TEKAaeMBIM C OTPHIBOM OT OCTPOM KPOMKH, h 1O JUIMHE NOTOKA X, MOXKHO TAKKe
MOIYYUTh 10 SKCTIEPUMEHTaIbHBIM MaHHbiM JIL.B. CwmupHoBa [119], mpuBeaeHHBIM Ha
pucynke 3.21,a. 3HaueHws K, 3aBucsue oT 7,/a (@ — OTKPHITHE 3aTBOpA),
YCTaHABIMBAIOTCS. HA OCHOBAHMM JAaHHBIX TaOmuipl 3.1, B KOTOpO#l cleAyeT NpUHHMATh
h/H=a/T5. 3nauenne T3 MOKHO OBITH TIPHHATO PABHBIM, €CIH 3aTBOP YCTAHOBICH Ha
BX0JIe TyOHHHOrO TpyOUaToro Bogocopoca, riyOnHe BepxHETO Obedha Hall €ro MopPoroM,
a €CNM 3aTBOP pa3MEHICH B CPeJHEHM 9acTH TPakTa, TO BEICOTE MOIEPEUHOTO CEUCHHS
nepen 3aTBopoM 4. I'padmk Juts ompeieTieHAs 3HAYCHNS JUTHHE 30HBI OTPHIBA 32 INIOCKAM
3aTBOPOM L, ¢ TIOMOINBIO KOTOPOH HOPMHpPYETCS PAcCTOSHHE OT STOTO 3aTBOpA, Takke
n300paxeH Ha prcyHKe 3.21,6. Ha rpadmkax pucynka 3.21 mpuHSTH 0003HaUeHHS: /1, —
MbE30METPUYECKAs BBICOTA HAjl MOTOJIKOM B KOHIIE 30HbI OTPbIBA HAa NOTONKE (cTBOp II-II
Ha pucyHke 3.20); V; — cpemHsisi CKOPOCTh MOTOKA, PACCUMTAHHAS 0 MJIOAAN OTBEPCTUS
MOJl HU30BOM KPOMKOIi 3aTBOpa (® = ab).

CpenHekBafpaTUYECKUE 3HAYCHHUS ITyNbCAlMU JIABJIEHHA Op B 30HE OTphIBA 3
YAaCTUYHO OTKPHITHIM 3aTBOPOM Ha MOTOJKE U AHE IITyOMHHOro Tpyb4aToro BojgocOpoca

MOJKHO OLEHMTh IO JaHHBIM [119], npuBencHHBIM Ha pucyHke 3.22. IHTEHCHBHOCTU

. v .
nynbcauym JaBJICHUA o » /| — onpeaciCHbl OJisd HECKOJIbKUX OTHOCHTCIIbHBIX OTKPBITHH
2g

IUTOCKOTO 3aTBOPA, KaMepa KOTOPOro pacioiiosKeHa B CPEAHEH JacTH Tpakra Boaocopoca,
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B 33BHCHMOCTH OT PACCTOSHUS X, HOPMHPOBAHHOTO JJIMHOHN 30HBI OTpHIBA L. CKOPOCTB

TedeHus V| paccuutbiBaeTcs Kak (/ab.
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Pucynok 3.21 —I'papuku [y1st onpesieNieHus: OCPEJHEHHON NbE30METPUUECKON BEICOTHI IO
JUTMHE TOTONKA 7 (¢) M AJIMHBI 30HEL OTPbIBA L (6) B HAMOPHOM IyOMHHOM BogocOpoce
3a miockuM 3arBopom: 1 — a73>0,75;2 — a/T5<0,5
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Pucynok 3.22 — IHTeHCMBHOCTY TyJThCAIWA M TABJICHHUS MO UTHHE 30HBI OTPbHIBA 32
IUIOCKUAM 3aTBOPOM Ha IIOTOJKE ¥ JIHE TIIyOMHHOTO BOA0OcOpOca 10 JaHHBIM
JKCIICPUMEHTOB U pacueToB; [ —3 — s a/h, paBHBIX, COOTBETCTBEHHO, 0,2; 0,51 0,8

IIpu ompeneneHuy HMHTEHCHUBHOCTEH Mysbcalliii JaBIEHWS B 30HE OTPhIBA 3a
NIIOCKAMH 3aTBOPAMH, YCTAHOBJICHHBIME Ha BXOJE B IIyOMHHBIM TpyOUaThlit BOmocoOpoc,
MOJKHO HCIIOJIE30BATh JAHHEBIE, IPUBEICHHBIE HA PUCYHKE 3.23, KOTOPBIC TOJIYYEHbI 11

BOJOCOPOCOB MPSAMOYTOILHOTO M KPYIJIOro monepeuHoro ceuenus [134, 135].

a) )
0,16 021
0,14 0.19
oz | 0.17

0,15
0,10

0.13

0,11

0,09

0,07

Pucyrok 3.23 — 3aBUCHMOCTH HHTEHCUBHOM MyJIbCAIAN TABICHAS 5 - / .Y B30HE
AP

OTPEIBA OT OTHOCUTENIEHOTO PAaCCTOSHUS 32 YACTHIHO OTKPHITHIM ITOCKAM 3aTBOPOM:
a — And TIyOMHHBIX TPyOUaThIX BOAOCOPOCOB KPYTIIOTO MONEPEYHOTO CEUEHHST; & — ISt
DITyOMHHBIX TPyOUaThix BOJOCOPOCOB MPSIMOYTOJIBHOTO MONEPEYHOTO CEYCHHS

PacrpenencHue IMynbCcaliii JABICHUS HA MOTOJKE W AHC HANOPHBIX [yOMHHBIX
TpyOUarTelx BOZOCOPOCOB B 30HE OTPHIBA 3a 3aTBOPAMH ITOAYMHSETCS HOPMAIBHOMY
3aKOHYy. Il03TOMy MOXHO HCHOJIB30Barh KOI(GGULMEHTH NPONOPLHOHATBHOCTH Ky,
XapaKTEPHBIE JUISL 3TOTO PAcHpENENeHNs, /Ul ONpENENCHAS MaKCHMAIBHBIX 3HAYCHHUI
MyJbcanuii TaplIeHus pa3inyHoii o0ecneueHHocTH (Tabauua 3.6).

HekoTtopele faHHBIE O CTATHCTHYECKHUX XapaKTEPUCTUKAX MYJIbCALMH JABICHHS

(ko> puLmeHTH KOppensIunun u GYHKIMHA CHEKTPATBHON TUIOTHOCTH), HEOOXOAUMEIE UTS
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OTIPEIETICHUS TTYJIbCAIIMOHHBIX COCTABJIAIOIINX HArPy30K HA 3J1IEMEHTHI TPaKTa HAOPHBIX
BOJIOCOPOCOB ITPH pacueTax uX MPOYHOCTH, IPUBEIEHHI B padoTtax [13, 15, 59, 138].

ITpy TIPOEKTUPOBAHWH TIIYOWHHBEIX TPYyOUaThIX BOAOCOPOCOB C PETYJIHPYIOLIMMH
3aTBOpaMH HEOOXOAMMO YUUTHIBATH [95], 9TO KaBUTAIMS IPH HATIOPHOM PEXKUME TCUCHUS
Ha TpakTe€ MOXKET BO3HWKHYTH Aake mpu Hamope 10-12 M, a npu Hamopax 15-20M u
Oonee KaBUTALMOHHAS 3PO3Ksl OOBIYHO CTAHOBUTCS HENOIYCTHMO MHTEHCUBHOM. [To3TOMY
B TaKkWx BOMOCOpOCax HEOOXOAMMO TPENyCMAaTpUBATh CHELUMAIbHBIE KOHCTPYKTUBHEIE
MEPONPUATUS HA YYACTKE 3aTBOPOB, MO3BOJIAIONINE OTKIOHUTE KABUTALMOHHBIC IIOIOCTH
OT TBEPIBIX MOBEPXHOCTEN, W MOJIa9y B 30HY KABHTAMOHHBIX BO3AeHcTBUM Bo3ayxa [13,

100].

3.16 CocraBiasiiomiue TrHAPOAHHAMHYECKOr0 JABJICHHS HAa NOBOPOTAX
TPAKTA  HANOPHBIX TJYOHHHBIX TPyOuaThiX BogocOpocoB. OueHKH
BO3MOKHOCTH KaBATAINHT

VI3MeHeHIE HaNpaBlIiCHWS TpakTa [IIyOMHHBIX  BOAOCOPOCOB  BEI3BIBAET
CYIIECTBEHHOE TepeOPMHPOBAHAC pACTpeiclieHHs] JABICHHM M CKOPOCTeH Mo
CPaBHEHHIO CO CITy4aeM NMpPSMONHHEHHOTO NBMKeHHS. [10BOPOTHI HAMOPHEIX IITyOHHHBIX
BOAOCOPOCOB  BHIIONHSIOT, Kak IPaBWIO, TUIABHBIMH, OYEPYECHHBIMH  JyramMu
OKPY>KHOCTEH. [N BBIMYKJIOW MOBEPXHOCTUM TAKOIO MOBOPOTA XapaKTEPHO CHMKEHHE
OCPEIHEHHOIO JIABJICHUS 10 CPAaBHEHHIO C PACOPEACIECHHBIM [0 THIPOCTATUYECKOMY
3aKOHYy, Y BOTHYTOM €ro IIOBEPXHOCTH OCPEAHEHHOE JABJICHUE MOBBIMIACTCS.
OmpeneneHne QaBicHUs HA YYACTKaX TAKHX HOBOPOTOB HEOOXOMUMO Il MPOTHO3a
BO3MO)KHOCTH KABHTALMHM M COMYTCTBYIOIIEH €M KaBUTALMOHHON DPO3HH, a TAKKE B PANE
CIy4aeB Il ydyeTa JOMOJHUTENbHOM Harpy3KH Ha CTE€HKH MOBOpPOTa. MrHOBEHHOE
JaBlieHHE HA TIOBOPOTHOM YYACTKE HAMOPHBIX TPyOYaThIX INIyOMHHBIX BOJOCOPOCOB

MOXKHO ITPEACTABUTL B BUJIC

S (3.44)

-<|'w=

rac

7 — OCPEJHEHHOE JABJICHHE MO OCH B IUIOCKOCTH TIOBOPOTA,
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P’ — TEeRTPOGEKHAS COCTABIISIONTAS THPOMHAMUYECKOTO JABICHMUS,

A — nynbcayMoHHAs COCTABIAIONAs (AMIUIUTYAA) MyJIbCAIIHH TaBICHH.

IIpu OLEHKE BKCTPEMABHOIO 3HAUYEHHMS MIHOBEHHOTO JABICHUS Ha BOTHYTOM
TMOBEPXHOCTH TPaKTa HAMOPHOrO BoAocOpoca BTOPOE M TPEThE cliaracMele (OpPMYITHI
(3.44) mOMKHBI IPUHUMATHCS CO 3HAKOM IUIIOC, 4 HA BEIMYKIIONH MOBEPXHOCTH CO 3HAKOM
muHYC (puc. 3.24). 3HaueHHE p HA OCH B TUIOCKOCTH MOBOPOTA YCTAHABIMBACTCS MyTEM
MOCTPOCHUS HAMOPHOH W MbE3OMETPUUECKOW JMHMN MO JUTMHE TpakTa HATIOPHOTO
BozocOpoca.

CocTaBreHHE 3aBHCUMOCTEH Ul ONpenecHUs IEHTPOOSKHOM cocTaBisromest
JaBJICHHs HA MOBOPOTE HANOPHOIO IIyOMHHOrO BOZOCOpOCA BBIIONHSCTCS HaIle BCETO,
KCIIONB3Ysl Psii JOoNmylieHni, B OOIBIIMHCTBE CIIy4acB ABIDKEHHE HA IOBOPOTE CUMTACTCS
HOTeHUMANbHBIM. [lonydenHble GOpMyIbl Ui pacdeTa B OCHOBHOM AT MaKCHMAIBHOE
suauenne p°. OHYM HE YUMTBHIBAIOT PACTIPEEICHUE CKOPOCTEN TEUEHHMS MEPE/] OBOPOTOM,
YTOJI MOBOPOTa, TPEHHE TI0 €r0 JUTMHE | T.01. MX comocTapieHue ¢ 3KCIEPUMEHTAIBHBIMU
JaHHBIMH CBUJETEIBCTBYIOT O TOM, 4TO € KX NOMOLIBIO 3THX (opMyn abCONIOTHBIE

3HAYEHHUS P’ MOJYYAIOTCS HE BCET/IA C 3MACOM.

h

Pucynok 3.24 — Cxema MOBOPOTHBIX YYaCTKOB TPAKTA HANOPHBIX TTyOMHHBIX TPyOYaThIX
BOAOCOPOCOB C HEKOHIEHTPHYECKUMH IOBEPXHOCTAMH:
a — ¢ 00OMMHM paJycaMA KPHBH3HEI KOHEUHBIX Pa3sMEpPOB; 6 — C OMHUM PaJyCcoM
KPUBH3HBI, HMEIOINM OSCKOHEUHOE 3HAYCHAE

OrnpeaenuTh NEHTPOOCKHYIO COCTARISIONIYEO JABICHNUA B HATOPHBIX BOAOCOpocax

C HEKOHLECHTPUYECKUMH TOBEPXHOCTAMH (PHCYHOK 3.24) M, Jake €CJIH OJHA W3
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MOBEPXHOCTEH ABJIACTCA MPAMOIMHEWHOMN, a MPOTHBOLONOXKHAA € — BBITYKIIOH, MOYKHO
no gopMyiam, IpuBeicHHBIM B [118].

PsgoM aBTOpOB (cM., Hanpumep, [6]) npuBommTCs eme Goiee mpoctas hopMmylia
JUISL OTIpEAENeHUs LEHTPOOEKHON COCTaBINIAIOIICH TMIPOJMHAMMYECCKOrO JaBJICHUS Ha
MOBEPXHOCTH TIOBOPOTA HAMOPHOTO BOAOCOPOCA C TOCTOSIHHOM IIOIMAABI0 HOTIEPETHOTO
CEUYCHUs, KOTOPas 3alUChIBACTCS B BUAE
L
R, 28

2 (3.45)
¥

YkazanHble Bblle GOPMYIBI IS ONPEHCTHCHHs TMEHTPOOCKHOM COCTABIAIOMICH
JIaBJIcHUS IO3BOJLIIOT YYECTh €r0 M3MCHEHUE B IUIOCKOM CCYCHMH B 3aBHCUMOCTU OT
BBICOTHI (MJIM LIMPUHBI) NOBOPOTA H PAANYCOB KPHBOJIMHEHHBIX MTOBEPXHOCTCH.

Ot PopMyNBI AT BO3MOKHOCTH MOJYYHTh LEHTPOOCKHYIO COCTaBJIAIONLYIO
OCPEIHECHHOTO JIABNCHHS HAa TIOBOPOTE€ HAMOPHOTO BOAOCOpPOCA JIHMIL B TEPBOM
npulmkeHun. J1s OTBETCTBEHHBIX COOPYXKECHHUM TaKUE JAHHBIE JOJDKHBI OBbITH OTyYEeHBI
Ha OCHOBC JKCINCPMMEHTAIBHBIX HCCIENOBAHUI WM PacyeToOM C MCMONb30BaHMEM 3D-
IIporpamMm.

I{eHTpOOE)KHAS COCTABIISIONIAS NABJIEHHSI HA PAJHATBHBIX MOBOPOTAX HANOPHBIX
BOJOCOPOCOB IIOCTOSHHOTO MONEPEYHOTO CedYeHWs Oo0jiee HAOEKHO ONpeaensercs,
UCIIONB3Ysl PE3YIbTaThl IKCIIEPUMEHTAIBHEIX HccienoBanuii [13, 35], B KOTOpHIX OHA

MpEACTAB/ICHA B BUAC

=

p*
v

(3.46)

=zta&k

1 H

N
0oQ

rae

& = f(a=0p/360),

( — YroJ MEKIYy HAyalbHLIM CEYEHMEM IIOBOPOTA M CEYEHUEM, JUIs KOTOPOTO
OIIpeEeNAeTCS 3HATCHHE P

ky=f (Ro/h);

V — cpenHss CKOPOCTh IMOTOKA.

3HaK MUHYC TIPUHUMAETCS 1S BBITYKION IIOBEPXHOCTH MOBOPOTA, 3HAK TUTHOC — JUTA

BOCHYTOM.

148



Moy YeHHbIE SKCTIEPUMEHTANBHBIC 3HAYCHAS & W & TPHBEJCHBI Ha PUCYHKe 3.25.

a 12

os LA A-A 1A
WARE b
0,4 —
<i> N
0 0,1 02 03 a=¢%360°
-0.4
1
-0.8 3
12
k
6) 08 "

l

2 4 10RJ/h

12

Pucynok 3.25 — 3aBUCHUMOCTH 471 onpeneneHus ko3¢ ounuenros & (a) u ky (6),
BXomAnMX B opmyny (3.50) g pacdeTra neHTpoOEKHOM COCTABISIONIEH OCPETHEHHOIO
JaBIIeHNS Ha TIOBOPOTE HATIOPHOIO BojocOpoca:

1, 2 — Ha BRIYKJIOM ¥ BOTHYTOM MOBEPXHOCTIX COOTBETCTBEHHO

Ilpu onpenencHuy IMyJIBECAIMOHHON COCTAB/LIIOLICH MIHOBEHHOIO [AaBJICHHS Ha
pafuaiEHOM TIOBOPOTE HAIIOPHOTO BOAOCOpOCca HEOOXOAUMO YUUTHIBATE, UTO
A=k,o, (3.47)
rae
ky — k03 ¢UUUEHT NPONMOPLUOHAIBHOCTH, ONpeAcisieMbli mo Tabmune 3.6 B
3aBUCUMOCTH OT 00€CIIEYEHHOCTH BBIOPOCa ITyNbCAIMOHHOM COCTABIIIONICH NABICHUS,
Gp — CTaHaPT MyJbCAllMK AaBJIEHAS Ha MOBOPOTE HAIOPHOTO BoZocOpoca.
Ipu pacueTe MyIbCALIMOHHON COCTABIIOMEH TAaBICHHUS Ha MOBOPOTE HATIOPHOTO
IIOTOKA  CJIEAYyeT PYKOBOACTBOBATHCA  DKCIIEPUMEHTANBHBIMM  JaHHBIMH  [134],
MPUBEICHHBIME Ha pHC. 3.26 B BUAE 3aBUCUMOCTH

;2

V
8, =0/
) 2g

=/ (R, /1h.B),

rac
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Oy — MaKCUMaJIbHOE 3HAUCHUE CTAHAApTa MyJIbCAlMid [AaBICHUS HAa HAIOPHOM
IOBOPOTE;

Ry — panryc OBOpOTA,

B — yros moBopoTa, OTCYATHIBAEMBII OT €r0 HAYAITLHOTO CEUSHUS,

h —pa3Mep B IIOCKOCTH NOBOPOTA.

007 ;
006 \ i
005 N 7 ) B
004 \\\ g
7 \ 5
agg "\\ )
a02 \\\h P
y “hh\\
qu1 72
1/ 7 Z g 4 5 Ry &

PucyHnok 3.26 — 3aBUCHUMOCTh HHTEHCHBHOCTH MyJILCAIIMNA THAPOAUHAMHYECKOTO
JABJICHUS HA BBII'[yKJ'IOf;I TIOBECPXHOCTU TPAKTa HAIIOPHOI'0 BOAOBOAA OT OTHOCUTEIIEHOTO
paauyca KpUBH3HEI Ry/h U yIiia IoBOpOTa O:

1-4 — mys B, cOOTBETCTBEHHO, paBHBIX 30, 45, 60 1 90°

BO3MO)KHOCTE HOSBICHHS KaBHTAlMM B TIpefielaXx MHOBOPOTA HATOPHOTO
BoocOpoca OleHMBaeTCs Mo BenuuuHe K. IIpm 3TOM 3HaueHHe (aKTHUECKOro
mapaMerpa KaButauud K; OIpefenseTcs Mo CpefHell CKOPOCTH W JABJICHHIO HA OCH
BOJOBOJA TIEPe]| MOBOPOTOM B CTBOPE, OTCTOSIIEM OT €ro BXOAHOTO CEUCHHS Ha
paccrosHun AR~h, a KPUTHIECKHE TApaMeTpPhl KaBHTAIMHA OTPEACHSIOTCS MO KPHBOM,
MpUBEACHHOM Ha rpaduke pucyHka 3.27 [25]. Bonpocsl mporHo3upoBaHMs KABUTALMH HA
HEPOBHOCTAX KpHBOJIHHeﬁHle Y4aCTKOB HOBCpXHOCTeﬁ MOBOPOTOB HaMmOPHbIX
BOJOCOPOCOB JOJDKHBI PEIIAThCs HA OCHOBE HepaBeHcTBa (2.31). [pu sToM 3HaueHus K
HCO6XOI[I/IMO onpeaAcadaTb Ha OCHOBaHUU Ta6.]'lld].lbl 28 ¢ Y4€TOM TONPaBOYHBIX
KO3 (HULMEHTOB Uil KPUBOJIMHEWHBIX TOBEPXHOCTEH, MPHUBEACHHBIX B Tabnuue 2.10,

npuHuMasa B HEH h PaBHBIM TOJIOBUHE BBICOTHI BOI[OCGpOC& B TUIOCKOCTH ITOBOpOTA.
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Pacuer ¢paxtuueckux ko3(p(PUUIEHTOB KABUTAIIMH HEPOBHOCTEH UL PA3INYHBIX CTBOPOB
IO JUIMHE KPMBOIWHEHHEIX TTOBEPXHOCTEH TaKMX BOZOCOPOCOB JOJDKHEI MPOM3BOMMTHCS
o popmyie (2.30):

- T0 3HAYECHUSM JABIICHWS HA KABUTAIIMOHHBIX IIOBEPXHOCTAX Py, KOTOPHIE
YCTaHABIIMBAIOTCS 10 JaHHBIM, IIPHBEACHHBIM BHIIIE B 3TOM TYHKTE,

- [0 3HAYEHUAM OCPEHEHHOH CKOpPOCTH HaberaHus NOTOKAa Vi, Ha rpeCHH
HEPOBHOCTEH 3THX MOBEPXHOCTEH MOBOPOTOB MO (opmyiam (2.36) u (2.37), HO B 3THX
(opMynax A KaKAOro / —To cTBopa HEOOXOAUMO NMPHHHMATH, 9TOOBI R; OBUIO PaBHO
pagrycy OcH KPUBOJIHUHEHHOrO y4yacTka, a R,— Rth/2 — paguycam TOBOPOTa 10 YPOBHS
rpeGHA HEPOBHOCTH, COOTBETCTBEHHO, HAPY)KHOWH U BHYTPEHHEH MOBEPXHOCTH MOBOPOTA;
h (umn b) — pasmep BojocOpoca B INIOCKOCTH TIOBOPOTA.

ky

12

{0
28| \

45 AN
\\
a4 S
\-\_\
a2 Ri/h
028 30 &0 30 &8 70 47 49

PucyHnok 3.27 — 3MeHeHne KpUTUYECKOTO YMCIa KABUTALME OT OTHOCUTEITLHOTO
paaryca moBopoTa BOAOBOAA
Ecny yKa3aHHBIX JAHHBEIX OKA3bIBACTCA HEAOCTATOYHO i OUCHKHU 3HAYECHUS Py, 1
Viap, TO HX — OCOOEHHO I THAPOY3NOB 1 M 2 KIAccoB, — CIEAYET OMpPENeNATh

SKCHEPUMEHTAIEHO WK 110 YHCIEHHLIM 3D-nporpamMmman.

3.17 I1porno3sl KABHTAIIMH B 3aTBOPHBIX KaMepax

KaBuTauus B 3aTBOPHBIX KaMepax MOKET BO3HUKATh B PE3YJIbTaTe OTPhIBA NOTOKA
OT MAa30B 3aTBOPOB M OT HIDKHEH KPOMKH OCHOBHOrO 3arBopa. IIpoBepka OTCYTCTBHS
KaBUTALWH OCYIIECTBIACTCS 1O 3aBucuMocTH (2.33). [lpu onpeneneHuy BXOAAILETO B 3TH

3aBHCHMOCTH KPHTHYECKOr0 NapaMerpa KaBHTaWH K, s 1Ma30B IUIOCKAX 3aTBOPOB
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paccMaTpUBAIOT IBA B3aWMOCBS3aHHBIX MCTOYHMKA KABUTAMA — BEPXOBas M HHM30Bas
Kpomku naza [43, 100]. B pacuer BBoAMTCS OONbLICE U3 TONYUYCHHbBIX 3HAYCHUH K.

JUist BBIYMCIICHHS. KPUTHYCCKOTO MapameTpa KaBUTALlMM Ha BEPXOBOM K, W HA
HH30BOM K, KPOMKaX I1a3a UCIOJIB3YCTCs 3aBUCUMOCTB:

K, =K, K, K, K,, (3.48)

rae

K xp, KPUTHYCCKUHU NApaMCTP KaBHTAIMHA JJIA BEPXOBOU WJIM HHU30BOU KPOMOK

«EIUHUYHOTO» Ta3a, MMEIOMIEr0 OJWHAKOBYI0 MIMPUHY W TIyOHHY, 3aBUCAIIMHA OT

OTHOCHTENBHOM IMMPHHEI BOJOBOAA B CTBOPE Mas3a B / 4, (pucyHok 3.28, 0);
K, — K0(hGUUMEHT, yINTHIBAIOUWMHA COOTHOWICHHE WAPHHBL by U IyOUHBI /iy

nasa (puc. 3.28, g);

K, — x0>(pOUIUEHT, YUUTHIBAIOIMI BIMSHHE CMELICHUS d), HU30BOH KPOMKH

a3a OTHOCHUTENRHO BEPXOBOit (pucyHok 3.28, r);

K, — KOO(QQUIMCHT, YyYNTHIBAIOLIMHA BIHSHHE OTHOCHUTEIBHO —TOJIIIHHEL

MOrPaHUYHOrOo ciost O/, B cTBOpE nepen nasoM (pucyHok 3.28, 0), npu onpeaeneHnu dy
CIIEAYET UCTIONb30BATh Ipaduk pucyHka 2.7.

JInsi CHW)KEHMSI OMACHOCTH KAaBHUTAIMM TA30B IJIOCKHX 3aTBOPOB MPUMEHAFOTCS
TaKKe CIENUANBHBIC TNIAHOBBIE OUEPTaHUsI HU30BBIX KPOMOK Ma30B 0€3 YBCIMUCHHS HA
CYLLECTBCHHOM JUTMHE IIMPHHBI TPYOUaThIX BOAOCOPOCOB. ISl TAKUX MA30B 3HAYECHUS K
npusencHsl B [13, 100].

Jns  yctynos (MONynma3oB CETMEHTHBIX 3aTBOPOB) MPH TIOJHOM OTKPHITHH
3aTBOPOB U HAIOPHOM WM OE3HAMOPHOM PEKUME MOTOKA 0e3 CenualibHOW adpalii 30H

€ro OTPbIBA 3HAYCHUS K OTPEIENSIOTCS Kak i 00brMHOro ycryna (tabmana 2.8, m. 3),
B TaKHMX K€ YCIOBUAX MPH YACTHYHBIX OTKPBITHAX 3aTBOPOB K, = 1,0,

Kputnuecknil mapaMeTp KaBATALMU, COOTBETCTBYIOIIHMI MOMEHTY OTPbIBA MOTOKA
OT HIDKHEH KPOMKH 3aTBOPA, H3MEHAETCA B 3aBHCHMOCTH OT OTHOCHUTEIBHOTO OTKPBITHS

IUIOCKOro0 3aTBopa B npezenax 1,6 < K- <2,0, a cermentHOro 3aropa 1,2 < K- < 1,5. Tlpu
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9TOM MCHBIIICE 3HAYCHHE COOTBETCTBYET OTHOCHTENBHOMY OTKPBITHIO 0,1, a 6ombinee — 0,9.
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Pucynok 3.28 — Cxema 1na3oB IJI0CKUX 3aTBOPOB CO CMEIIEHHEM 3a/IHEH KPOMKH 11a3a (a)u
3aBUCUMOCTU KPUTHUYECCKHX NApaMETPOB KAaBUTALMH KPOMOK 11a3a OT €10 Pa3MEPOB H
XapaKTEPUCTHK MOTOKA:

OTHOCHTEIIBHOM IHPUHBI BoJ0cOpoca B/, (0); COOTHOILIECHUS pa3MepoB asza b/ h_ (8);
OTHOCHTENTLHOTO CMEILIEHUS KPOMKH (2); OTHOCHTENBHO# TOJIIMHBI TOTPAHCIION (0),

1 1 2 — BepxoBas M HU30Bas KPOMKH 11233 M OTHOCSIIHECS K HIM 3aBHCHMOCTH
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Jns ycnosuit BORocOpoca ¢ NpAMONMHEHHOH OCBIO 3HAUYEHNE Pyyy B 3aBHCHMOCTH
(2.30) mpu mpoBepKe KaBUTALMK HA Ta3aX 3aTBOPOB OMIPENEISETCA B COOTBETCTBHH C
dopmynoii [100]:

Py =P8 (H, —0.5h+1,), (3.49)
rie h, — U30OBITOYHBIA MBE3OMETPHYECKUN HAMOP B PACUCTHOM CEUCHHM; /i — BLICOTA
BOOOCOpOCA B TOM JKE€ CEUEHMH; h, — aTMOC(epHOE NaBIICHHEC B CAMHMIEAX BOASHOIO
ctonba, onpenensieMoe To Tabmuie 2.6.

3HaueHue hn OMpPCACIIACTCA IO 3aBUCUMOCTH.

17 2

h, =T, -[1-¢.] (3.50)

2g ’
37ECh

Ty — momnHas yAenbHAs 3HEPIWsl MOTOKA, ONMpPEACTEHHAs OTHOCHTENBHO TUIOCKOCTH
CpaBHEHHUS, KOTOpas NpOBEACHA Uepe3 HIBMIYIO TOUKY PACIETHOTO CEYCHHS 3aTBOPHOM
Kamepsl ( B IUIOCKOCTH BEPXOBBIX TOPLIOB 11a3a);

V — cpemHsis CKOPOCTh IOTOKA B PACUETHOM CEUCHHN 3aTBOPHOM KAMEPHI,

¢. — K0od(QpUIMEHT IMIPABIMIECKUX TTOTEPh HAa y4acTKe BomocOpoca OT BXoAa IO
pacueTHOr0 CeYEHHMs, ONpeIeIAeMBIi 110 3aBucuMoctH (3.10).

Eciu 3aTBOpHAas Kamepa pacmoyioKCHa B MpEacyiax BXOAHOI'O OroJioOBKa, TO TpH
IIOJIHOCTEK) OTKPBITOM OCHOBHOM 3aTBOPE MbE3OMETPUUECKUII HAMOp OLpeiemsIeTcs ¢
y4eToM pexkomenaauuii 1. 3.14. 3HaueHne XapakTepHOH CKOPOCTH NOTOKA Vi, B 3aBHCH-
Moct (2.30) mpUHMMAETCs PpaBHBIM CpelIHEH CKOPOCTH B pacueTHOM cTBope. I[lpm
IIPOBEPKE BO3MOYKHOCTH Ppa3BUTHs KaBHTAIMM 32 OCHOBHBIM 3aTBOPOM HAa OOKOBBIX
CTEHKaX BOJOCOPOCA HA YIACTKE BEPTUKANBHOIO PACLIAPEHNUS CTPYH 3HAYCHUS Py M Vigp
OMPEIEIIAOTCS MO CIICAYIOMIKM 3aBHCUMOCTSM:

a) TIpU HAOPHOM PEXMME TECUCHHs 3a 3aTBOPOM B COOTBETCTBHM C (HOPMyIIOi
(3.42).

Py = PE (hI +ha); (351)

6) pu Ge3HATIOPHOM PEXHUME TCUECHHS 3a 3aTBOPOM

Py =P8 (H, + 1), (3.52)
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Vi = 0,95,‘,2ng ; (3.53)

3HaueHwe f, B Gopmyne (3.53) paccUMTBIBAETCA Ha OCHOBE ypaBHeHHE beprymmm,
COCTABJIEHHOTO JUIS CEUCHHS IIepPe 3aTBOPOM M CKATOTO CEUEHHS 3a 3aTBOPOM:
- TIPU HATTOPHOM PEKMME TEUCHHS 32 3aTBOPOM
v’ v?
H,=T,- === = b (3.54)
2g 2gg'"'n

- TIpr GE3HATIOPHOM PEIKHUME 32 3aTBOPOM

H =1,-¢, —-————-¢'a+h,. (3.55)

B ¢opmynax (3.51) — (3.55) npuHATH cneayrome 0003HAUCHUS:

hy — TIBE30METpHYECKAs BBHICOTA HAX TOTOJIKOM BOXOCOpOCAa B CTBOPE CIKATOTO
CCUCHUS IPX HATIOPHOM TCUCHUU 34 3aTBOPOM;

hy — BaKyyMeTpHUYECKas BbICOTA B BO3AYIIHOM IOJIOCTH TIPH OE3HAIOPHOM PEKUME
TEYEHHUS 3a 3aTBOPOM;

€' — K03 IIIIEeHT BEPTHKAIBHOTO CXKATHSL CTPYH IIPU HCTEYECHUH H3-TTOJI 3aTBOPA;

n —a /h — OTHOCUTEIEHOE OTKPHITHE 3aTBOPA;

d — OTKPBITHE 3aTBOPA,

h — BEICOTA BOAOBOJA B CTBOPE 3aTBOPA.

3HaueHWE €' MOXET paccuuThBareess mo Qopmyne (2.17), HO i 3aTBOPOB
IIyOMHHBIX TPyOYaTelX BOXOCOPOCOB OTHOWIEHHWE «/H JOMKHO OBITH 3aMEHEHO
OTHOCHUTENILHEIM OTKPHITHEM #1. 3HaueHue K B 3T0H (GOpMyJie JOJDKHO MPUHUMATHCS JUIs
IUIOCKUX U CETMCHTHBIX 3aTBOPOB B COOTBETCTBUHU C YKa3aHUAMM II. 2.7.

ITpyu mPOEKTHPOBAHUH 3aTBOPHEIX KaMep, €CIM HAMOpHBIN TpyOUaThiii BOAOCOpOC
MMEET HECKOJTBKO MPOJIETOB, HE0OXO0MMa TIPOBEPKa BO3MOXKHOCTH TIOSIBJICHHS KABATALIMH
Ha OroJIOBKaX IPOMEXYTouHBIX cTeH [13, 100]. 3a nazamu u noiynasamu 3aTBOPOB Kak
[IpA HAlOPHOM, TaK U NpU OE3HAOPHOM JBIDKEHWH CKOPOCTH TEYCHHs 3HAYMTEINBHBI,
JaBIICHUS CPABHATEIIBHO HEBENMKH W HAONIOJACTCs JIMIIL HAYaidbHEIA HTAll pasBUTHA
TOTPaHMYHOTO cyoss. [lo3ToMy B 3TOM 30HC HeoOXOAMMa TPOBEpKa BO3MOXKHOCTH
Pa3BUTHS KABUTAIIMI HA PABHOMEPHOH €CTECTBEHHO! MIEpPOXOBaTOCTH. 3Ha4YeHUE Ky ANA

3TOTO cnydas mpuBeneHo B Tabmuue 2.8, m. 1, a cpeaHue 3Ha4YeHHs BBLICTYNOB A JUIL
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Pa3IMYHBIX MATEPHATIOB CTEH 3aTBOPHOM Kamepbl JaHbl B Ta0muLe 2.9. Ecnu oka3biBaeTcs,
9TO 3a IpelenaMy 3aKIafHbIX uYacTeil 3aTBOpa Ha OCTOHHOM MOBEPXHOCTU KaBUTAIIWS
MOXET BO3HUKHYTb, TO HEOOXOAMMO PACCMOTPETH BO3MOXKHOCTH MPENOTBPAIECHUSL
KaBUTALUMM ¥ 3alIUTHl OCTOHHOM TOBEPXHOCTH C IMOMOIIBI0 KAaBHTAIMOHHOCTOMKON
00mu1oBKY [95], B IEPBYIO OYEPEAb METAILIMYECKOM.

Ecin s KakMX-TO DIEMEHTOB WJIM VYACTKOB 3aTBOPHOH KaMepel YCIOBHS
MPEAOTBpAIIEHI KaBUTAMKM 10 Kputeputo (2.31) He yAaeTcs BBIMOIHUTB, TO MOXHO
PEKOMEHIOBATE:

- TIOBHIIIIEHUE NABICHUS W CHIDKCHHE CPEIHEN CKOPOCTH TEYEHMS C YBEIUUCHHEM
DOTIEPEYHBIX CCUCHHI Ha HEOOGXOOMMOM Y4YacTKe, 9TO MOXKET OBITh HOCTUTHYTO 33 CUET
yBenuueHus: KOHQY30PHOCTU WM TPH yCTAHOBKE Ha BBIXOAE M3 HAIOPHOTO YdYacTKa
BonocOpoca aediekropa,

- CO3[aHKE Ha YIACTKE 3a 3aTBOPOM OTPbIBHBIX 30H C MOABOJIOM B HUX BO31yXa,

- HCTONb30BAHME CIEMHABHEIX KOHCTPYKLHMM BONOCOPOCOB WM  3aTBOPOB,
00ecreynBaloMIX OTKIOHEHWE TPAH3UTHOIO MOTOKA OT IOBEPXHOCTH BOAOcOpoca mpu
BCEX OTKPBITUSX 3aTBOpA WM IIPH MX YacTH (3aTBOPHI C 3aMEMIAIONAM KOJBLIOM, C
BEIPE30M Ha HM30BOM KOHTYpE, 3aTBOp-AMadparMa) WIH MOBBILICHHOE [JABICHHE Ha
oOTexkaemoit moBepxHOCTH (BOAOCOpPOC C JBIKEHHMEM O€3HANOPHOTO IOTOKA IO
KPUBOJMHEITHOMY TIOTOITKY ).

Psin Takux KOHCTpYKLUM BoAocOpocoB M Oojee MONHBIE PEKOMEHAALMM 110 UX
THAPABIAYECKOMY 0OOCHOBAHHIO W MEPOTPHATHSIM 1O 60pEOE ¢ KaBUTAIMEH B 3aTBOPHEIX

Kamepax cojepxkarcs B [13, 32,43, 95, 110].
CudoHHbIe BOo10cOpPoCHI

3.18 O01mue mos10:KeHus

Cudonnble BoIOCOPOCH! SABISIOTCS PA3HOBUAHOCTHIO TPyOUAThIX BOZOCOPOCOB U
IPEACTABISIOT cOO0M M30THYTYIO B BEPTHKAIBHOM MIOCKOCTH TPyOy MpAMOYTOIBHOTO
MM KPYIJIOrO MONEPEYHOr0 CEYCHHS, PACIONAraeMylo B Tele OCTOHHOH IOTHHEBL Ha
pucynke 3.29 mpuBefeHa TpocTeiimas cxema CH(OHHOro BoJOCOpoca M TOKa3aHBI

OCHOBHBIC YYACTKH M JICMEHTHI €10 BOTOCOPOCHOTO TPAKTA
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CudoH aBTOMaTHYECKH BKIIOYACTCA B PabOTy NpPH TOBHINICHWHM YPOBHSA BOJHI B
BepxHeM Obede M0 OTMETKH Bepxa BO3AyxomoaBoAsmeii TpyOel. Jlo 3TOro BOAA,
HOCTyNaromas B BoA0cOpPOC 4epe3 BXOJHOE OTBEPCTHE, MEPENMBACTCS Uepe3 BOAOCIHB
(rpebens crudona), pacroaracMblif Ha paCUeTHOM YPOBHE BEpXHEro Obeda, KaK IMPaBuiio,
Ha otMeTke HILY. I1oTOK, cTekaronuii no BOOCINBY, OTKIOHSETCS YCTYIIOM K BEpXHEH
MOBEPXHOCTH BOAOCOpOCa (Karopy), NepeKphlBacT MOCTYIUIEHUE BO3AyXa BO BHYTPEHHEE
IIPOCTPAHCTBO A CO CTOPOHBI HUXKHETO Obedha, i BEIHOCHT OCTABIIHICS B HEM BO3AyX. [1pH
9TOM BOJia 3alOJIHIET BCE BHYTPEHHEE MPOCTPAHCTBO BopocOpoca, U B HEM oOpasyercs
BakyyM. 3apsiika cuoHa IPOMCXOAUT NP BaKyyMe, TIPEBHIMIAFOIIEM BHICOTY «TOPIIOBOTO
CEUCHUs» — ceYcHUs Ha rpeOHe BoxociauBa. [Ipy MOHWKEHWM YPOBHS BOOBI B BEPXHEM
Obede HIDKE OTMETKH BEpXa BO3AYXOMOABOAALIEH TPYOBI BO BHYTPEHHEE IPOCTPAHCTBO
HAQUUHACT OCTYNATh BO3AYX, BAKYYM cpblBacTcs U cu(oH Bbikovaercs. Takum obpasom

IPEI0TBPAINAECTCS IOHIKEHUE YPOBHS BEPXHET0 Obeda Hrvke ormerk HITY.

Ik
1

Pucynok 3.29 — Cxema cutoHHOTO BoJocOpoca B Teae OeTOHHOM IIOTHHBL
1 — BXoHO#M yuacTok; 2 — 3aKpyTJICHHBIH (TOPJI0BOM) y4acTOK (0roJioBoK) Bogocopoca; 3
— HUCXOZSIINH BOAOCIMBHOMN yUaCTOK; 4 —BXOIHOE OTBEPCTHE; 5 — rpebGeHb; 6 —
BOJIOCITUBHAS TIOBEPXHOCTH (BOAOCUB); 7 — OTKJIOHSFOIINH yCTYIT, 8 — Karop; 9 —
BO3AyXONOABOAsALIAs TPyOa; A — BHYTPEHHEE IIPOCTPAHCTBO BogocOpoca
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JUis mepeKphITHsA MOCTYIUICHAS BO3AyXa CO CTOPOHBI HIDKHEro Obeda momMumMo
yeryna 7 (pucyHok 3.29) mis oOpa3oBaHHsl «BOASHON MpOOKW» NPUMEHSIOTCS U JIPYTHE
YCTPOMCTBA: JOMONHUTENBHBIE U3THOBI BOJOCOPOCHOM TpYOBI Ha HMCXOISIIEM Y4YACTKE,
BOJOOOMHHBIE KOMOAUB! | T.A4. [112].

CudoHn BKIIOUaeTcs B paboTy MONHEIM CEYCHHEM M IPONYCKAET PACUETHBIN pacxo,
KaK IpaBUIIO, NPU TIOBHIIEHWH YPOBHA BepxHero Obeda Ha 20-30 cM Haj rpebHEM
BojocnuBa. J[sT OOBIYHEIX KOHCTPYKIWI CH(OHHBIX BOJOCOPOCOB YACTBHEIA PACXOX
BOOBI Ha 1M mwmpuHBl rpeGHS coctasiser He Gomee g = 20-25 m*/c. IIpu Gombmem
VIETBHOM Pacxofie ¢, Kak mokasaHo [112], wis momydeHus B ropioBOM cedeHuH cudoHa
BaKyyMa, [JONYCTMMOTO IO YCIOBUSM KaBuTauuu (He Oomee 8M) TpeOyercs
CYILECTBEHHOE YBEIWYEHUE BBICOTHL TPYOBI ¢ M Pajdyca 3aKpyIJICHUS OrOJOBKA 7
(pucyHOK 3.29). [lns mpomycka TaKOrO K€ YAENbHOTO Pacxoja IEepenuBOM depes
TIOBEPXHOCTHEBIM BOJOCHUB (MyHKTBL 2.3—2.5) TpeOyeTcs MOBBICHTH YPOBEHb BEPXHETO
6beda 3HAINTENTFHO BHIIIE.

IIpumenenue cu@OHHBIX BOAZOCOPOCOB LENECOOOPa3HO MpPH  CPaBHUTEIBHO
HEOONBIION aKKyMYJIHPYIOIIEH €MKOCTH BOJOXPAHMIMINA W HEOOXOMMMOCTH TPOIYCKa
OBICTPO HACTYMAFOLIMX JAOKACBbIX MAaBOAKOB (4Yallleé B BHICOKOTOPHBIX paiioHax). IIpu
YCTpOHCTBE Ha TUAPOY3Te HECKONBKUX CH(OHOB MX IpeOHM MOTYT pacmojiaraTbCsi Ha
pasHBIX OTMETKAaX BHIIE pacdeTHoro ypoeHsS (oObraHO HITY), o6ecneunBas
TIOC/ICIOBATENIFHOE WX BKIIFOUCHHWE TI0 Mepe MOBBHIMICHUS YPOBHS BOIOXPAHWIMINA TIPU
VBEIMYICHAH PACXOJa PHTOKA BOABI. Takoro ke 3¢ ¢exra MOXKHO AOCTHTHYTh, 3a0aBas

pasHble OTMETKH KPOMOK Karopa BO BXOAHOM oTBepcTHH [118].

3.19 IIponycknas cnocodHOCTH cHpOHAOTO Bogocopoca

Pacxon BOJBI, TPOMyCKaeMbli CH(OHHBIM BOJOCOPOCOM, OMpeAeNnsercd IIo
dopmyne (3.8). Koapduument pacxoma cmdona | OOBIYHO OTHOCAT K BBEIXOAHOMY
otBepcTuio. OH ompeAensiercs no cymme Ko GuuUMeHToB noteps Hamopa (M. 1. 3.5) Kak
JUIl HAMOPHBIX TPyOYaTex BoAOCcOpocoB. Koa(UIMEHT MECTHBIX TOTEph Hamopa
OPUHMMACTCS MO PEKOMEHpauusM 1. 3.6, k03(PUUUEHT HOTeph HAMOPA HA BXOJ

ompenensieTcs 1o rpadukaM pucyHka 3.5, a koaGuImeHT moTeps Ha BBIXO] TPHHAMAETCS
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paBHBIM ¢, =0 [118]. KosdduiueHT noteps Ha OTKIOHSIOMEM YCTYIIE

BEIX

HEQ——IJ (3.56)

TA¢ o, H o,  — IUIOMAAy IONEPEYHOIO CEUEHHUS HUCXOALIEro yyacTka TpyOsl cudona

HA YPOBHE YCTyNa M 3a ycTymoM. IloTepm Hamopa HA TPEHHE MO MOBEPXHOCTH YCTyNa
MOXKET HE YUUTHIBATECS U3-3a €T0 Manoi uiHel [118].

Koo duumenr pacxoma cudona ¢ miaBHBIM 04EPTaHUEM BOJOCOPOCHOM TPyOBI U
Pa3BUTEIM BXOIHBIM YYaCTKOM MOKET pocrurarsb i = 0,8-0,85.

Bxomroit ygactok cudonnoro sogocOpoca (puc. 3.30) uMeeT BHA MPAMOTHHERHOTO
WA KPUBOJIMHEWHOTO KOH(Y30pa ¢ ceueHueM Ha BXO[E, MpeBblawoiieM B 2,5-3 paza
TUTOMIAAL TOPJIOBOTO cedeHus TpyOnl Han rpedHem (CIT 290.1325800). 3armybnenne
Karopa &; BXOJHOTO OTBEPCTHs MO PACUETHbIH YPOBEHb BEpXHETO Obeha ompenensercs
M3 YCIIOBHS HEJOMYIIEHNUsT BOPOHKOOOPa30BaHNS M 3aCaChIBAaHUs BO3/yXa BHYTPH CH(OHA
M MECTHOTO MOHIDKEHHS CBOOOAHOM MOBEPXHOCTHU NMPH paboTe BoJocOpoca:
o in

> — (3.57)
2g

8

1

rae ¥, — CPemHss CKOPOCTb BO BXOJHOM OTBEpCTHH, o ~ 1,1. YBenuumBars miuomans
BXOJIHOTO OTBEPCTHS PEKOMEHIYETCS 3a CYET €ro BHICOTHI, OCTABJIAS IMHPHHY BOJOBOJAA
TIOCTOSIHHOW MO Beeil €ro AnuHe. 3ariyOneHue HIDKHEH MOBEpXHOCTH TPYyOBI B CTBOpE

BXOJTHOTO OTBEPCTHSI OIpeERersercs no Gopmyie

(3.58)

Pucyrok 3.30 — OdopmiieHre BXOAHOTO y9IacTKa cHdoHHOTO BogocHpoca
a — IpAMOMHENWHBIH BXOJHOM yacTok; 6 — KPUBOIMHEIHEIHM BXOTHON yIaCTOK
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3aKkpyTIeHHOMY Y4acTKy BoaocOpoca MpUIaroT KPYTOBOE OUepPTaHUE, ONUCHIBAEMOE
panuycamu #, = 1,3a v r, = 2,3a, rae a — BeicoTa ci()oHA B TOPIOBOM CEUCHUH (PUCYHOK
3.29). Otu 3HaueHuss 00ocHOBaHH [112], MicXons W3 YCIOBHS MOMy4YeHHs HauOOnbluei
MPOIYCKHON CIIOCOOHOCTH MPU MAaKCHMAJBHO JIOMYCTHMBIX 3HAUEHUSIX BakyyMa 8 M Ha
rpebHe W Ha Kamope ropiaoBoro cedeHus. [[lupuHa TpyOB cH()OHA TIPUHMMAETCA, Kak
npaBmwio, pasHo#t b = (1,5 — 2.5)a. Tlpm b < a koddoummeHT pacxoma | Pe3Ko
yMEHbBIIAETCS, PH b ~ 3¢ OH JOCTUracT HauOOJBIUIErO 3HAYECHHS W MPH AATbHEHIIEM
VITUPESHUN HE U3MEHSETCS.

JlelicTByromuii Hariop H , onpexensiercs no Gopmye

H,=H +Ah, (3.59)

rae

H — BbicOTa rpeOHS HaJ[ IEHTPOM BBIXOAHOI'O CEYCHMS TPYOBI,

Ah — popcupoBaHue ypoBHS BepxHero Obeda Hajg HITY (pucyHok 3.29).

3.20 OnpenesieHne MeCTA PACIIOJIOKEHHN W YIJIa HAKJIOHA OTKJIOHSAIONIEro
CTPYIO yCTYIA

MecTo pacToNoKeHHUs U YTONl HaKJIOHA IOBEPXHOCTH YCTYIA ONPEAEIISIOTCA UCXOS
M3 TOTO, 9TO OTOPOIIECHHAS YCTYIIOM CTPYys AOJDKHA JOJNETETh O BEPXHEH MOBEPXHOCTH
TpyObl cU(OHA BHIMIE €0 BHIXOAHOTO ceueHus (puc. 3.31) U MEPEKpPHITh MOCTYIUIEHUE
BO3IyXa B TIOJOCTE BOAOBOAAa 4 CO CTOPOHBI HWKHETO Obedha: CO3maTh «BOASHYIO
IPOOKY».

Tpaekropus oTOpOca CTPYH PACCUMTHIBACTCS II0 YPaBHEHUSM [BIDKCHHUS Tena,
OPOIIEHHOTO CO CKOPOCTBIO Vo yriaoM B k ropusonTy [112].

Ckopocth cTpyu V, npeHeOperast BBy MAJIOCTH HAIIOPOM Ha TPeOHE /iy, B MECTE

CXOJIa ¢ YCTyTa onpenensercs mo dopmyie (cM. prcyHOK 3.31)

vV = (pJZg(z -¥), (3.60)

rae kKo3(pGHUImUEeHT CKOPOCTH (p MOKET OBITh MPUHAT paBHBIM 0,8.
MecTO CONPUKOCHOBEHMSI CTPyH C [OBEPXHOCTBIO Kalopa COOTBETCTBYET

3HAYCHUAM
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x=1Isiny +acosy, (361)

! = + atgy , (362)

cosy

a JUIs HAKJIOHA TIOBEPXHOCTH YCTYyMA 3 K TOPH30HTY

1gp =

! (—V2+\/V4—g2x2+2gV:y). (3.63)
gx

Pucynok 3.31 — Cxema oT6poca cTpyH U OTKJIOHSIOLIETO YCTyna

CornacHo [112] mnaBHBI €XOA ¢ yCTyna IPOMCXOMWUT NpPH TOJNUIMHE CTPYH MPH
3apaake cu(poHa, MPUMEPHO B 2 Pasa MEHBINEH BBICOTHI YCTYMa Oy, IlosToMy mif
OHpEIENEHHS Oycr MOKHO MOJIb30BATHCA 3aBHCHMOCTHIO

20,

8 = >
b(p\/Zg (z-y+h,)

¥

(3.64)

rae Q,., — pacXol, COOTBETCTBYIOIIMH HANOPY BKIIOYECHHS A b — umpuna TPyOBI

cudona. OcranpHble 0003HAUCHHS — CM. PUCYHOK 3.31.
BoicoTa ycTynma JObKHA MPUHUMATLCA € YY4€TOM TOTO, 4YTO OH CO3/aeT
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JIOTIOJIHUTEILHOE MECTHOE CONpPOTHBIACHUE. HO clemyer yuuThiBaTh, YT0 NMPU OYEHDb
MaJIOH BBICOTE Oycr HE MOXET ObITh OOECIedYeH IUIABHBIA CXOA CTPYH M HEOOXOAUMAst
IUVIOTHOCTb NEPEKPHITAS  CTpyei cedeHuss TpyObl. [losToMy BO Bcex ciydasx
PEKOMEHyeTCsl Ha3HA4YaTh dyer > 0,1a. IIpu 3ToM B dopmyiel (3.61) u (3.62) HeobxoauMO
BMECTO ¢ OACTaBHUTh YTOUHEHHOE 3HAYEHUE BBICOTHI TPYOBI d' = d — Syer.

Bo3moxHble MoaM (KA CHPOHHBIX BOAOCOPOCOB U MPUMEPHL HX HUCIIOIIHEHHS B

Tene OETOHHBIX IJIOTUH NMpuBoaATCs B [112].

162



I'naBa 4. Huxaune O6bedbl BO10cOPOCOB GETOHHBIX H KeJ1€300€ TOHHbIX
IJIOTHH CPeIHEro ¥ HU3KOro Hamopa

4.1 O01mHe MoI0KeHNA

OCHOBHOH OCOOEHHOCTHIO HHXKHMX Obe(poB BOJOCOPOCOB M TMAPOY3JIOB B IIETIOM
ABNAETCA TO, YTO B HUX HAa HEKOTOPOM MPOTSHKEHHH MPOMCXOJMT MpeoOpa3oBaHue
HOTOKOB, MPOIYCKAEMBIX Pa3IMYHBIMU COOPYKEHUAMHU (BOAOCOPOCAMH, MMAPOCTAHIMIMHU
W JAp.) B OBITOBOH PEYHOH MNOTOK, TMpHYEM HAa 3TO NpeoOpa3oBaHUE BIUAIOT Kak
XAapPAaKTEPUCTHUKH MOCTYIAOIUX B HIXKHUE Obe()BI IOTOKOB, TAK U XapaKTEPUCTUKH PYCIIa.
MHoroo6pasne XapakKTepHCTHK OTPEAEISIET CIIOKHOCTE H MHOT000pasie THAPABIIMICCKHAX
yc/ioBuit B HIDKHUX Obedax, CIOKHOCTh THAPABIMYECKAX 3a/1ad, PEIAcMBIX B IIPOIiECCE
MIPOEKTUPOBAHUS BOAOCOPOCHBIX COOPYKEHMI U COOPY>KEHUIA, pacnoyiaraeéMbix B HIDKHUX
Obeax TUApPOY3NOB, a TaKKE TPYAHOCTH, BO3HHKAIONIME TpU  pa3paboTke
COOTBETCTBYIOIIIX METOJIOB THAPABIHICCKHX PACUYCTOB.

OTU MeTOABl pa3padboTaHbl ML A1 HEKOTOPBIX YIPOIIEHHEIX CXEM COOPY>KEHHIA.
ITosToMy B OOJBIIHHCTBE CITyYaeB MPH MPOSKTAPOBAHWH THAPOY3JaoB I u I KiaccoB ms
MPUHATHUA OKOHYATC/IbHBIX HAACKHBIX pCI.HEHI/If/i 0 KOMIIOHOBKC BOI[OCGpOCHBTX
COOPY)KEHU! THIPOY3IOB U IO KOHCTPYKIIUAM COOPYKEHHH, CBA3AHHBIX C HIDKHHUM
6bedoM, HEOOXOAMMO TPOBEACHHE  OKCHEPUMEHTAIBHBIX  THAPABIAYCCKHX W
ruIpouHaMudeckuX uccienoBanuit (cm. m. 8.23 CII 58.13330.2012). OnHako B psje
CIy4acB, KOTJa HY)KHO OIEHMTh OOCTAaHOBKY B HIbkHeM Obede THApoysna o
NpPEeIBAPUTENLHO, [0 IIPOBEACHUS HCCICAOBAaHUM, HaMETUTh HpHemieMbie (GopMbl
CONPSDKEHNs Obe(oB, MEPONPHATHA MO TamIeHHIO M3OBITOYHOI SHEPruM MOTOKA H IO
3AMIUTE COOPY>KCHUH W GEperoB OT pa3MbiBa U MOAMBIBA LEJIECOO0PA3HO HCMONb30BATH

Marepual, MPUBOIMMEIL B HACTOSIIEN TJIaBe.
4.2 CoctaB coopyxeHuii nmkaero 6peda. 3a1a4i U NOC/IEIOBATEIBLHOCTD
HX FHAPABJIHYECKOr0 pacueTa

B HwkeHeM Obe(e OCTOHHBIX W HKENE300CTOHHBIX BOMOCIHMBHBIX TUIOTHH (M

THAPOY3/IOBR B IEJIOM) Pa3MEINACTCS KOMILIEKC COOPYXXEHHI, KOHCTPYKIMS U Pa3Mephl
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KOTOPBIX ONpPENENAIOTCS, B OCHOBHOM, THAPABIMYECKUMH yCioBHsMH. [ J1aBHOE
Ha3HAYECHUE 3THX COOPYXKEHMI — 00ECTIEUnTh HAJCKHYIO paboTy THAPOY3a B 3aJaHHEIX
KOHKDETHBIX YCJIOBHAX, a Taloke PEIICHHE HEKOTOPHIX CIICHHAIBHBIX 3a/ad. CO3[AHHUE
OnaronpuATHBIX yCIoBriA 1t paGoTel I'2C, cyn0X0ACTBA, IECOCITIABA, TPOITYCKa PHIOBI H 1Ip.

B of1meM cryyae B cOCTaB COOPYKeHHI HIDKHETO Obeda BXoasT:

1) ycToH, pasieibHbIe CTEHbI, OTKPBLIKH;

2) Bonoboii, pucOepma, NepexoJHOE KPEIUICHHE,

3) oTBOAAIIEE PYCIO (ECTECTBEHHOE HITH HCKYCCTBEHHOE).

K ycrpoiicTBam HIKHETO Obea crieqyeT Takke OTHOCHTh KOHCTPYKLMIO KOHLICBOTO
ygacTka BOJOCOpOca, OT KOTOpOH 3aBHCAT (DOPMEI COTpsDKeHHsS ObedoB, XOTA 3TOT
yUacToK sBigeTcs sneMeHToM BojocauBa. B CIT 40.13330.2012 (m. 6.38) comepskarcs
OCHOBHBIE€ YKa3aHHMS MO KOHCTPYKIMH KOHIIEBOTO y9acTKa BOJAOCOpOCA: «KOHCTPYKLIHIO
KOHIIEBBIX YYaCTKOB MOBEPXHOCTHOTO U MIYOMHHOrO BOZOCOPOCOB CIEAYET BHIOMPATH B
3aBHCHMOCTH OT YJCNBHOIO pacXoja BOJABI HAa BEIXOAE, NMPUHIMAEMOTO C YYETOM
XapaKTEPUCTHK TPYHTOB B HIKHEM Obede, a Taioke TpeOOBaHMM, MPEABABIAEMBIX K
OCHOBHBIM THAPABINYECKHM PEKIMaM CONpPKEHHs OheoBy.

Haubonee pacnpocTpaHEHHBIMM KOHCTPYKLMSIMH KOHIIEBOTO y4acTka BOomocOpoca
SBJISTOTCS

1) mnaBHOE COMpSIKEHME BOAOCIMBHOW TIOBEPXHOCTH ¢ BOm0OOiHON mmToi (6e3
yCTyla Wi ¢ HeOONBIIUM YCTYIIOM UL HOJBOJA IIOJ, CTPYIO BO3AyXa WIH BOJIBL C LIEBIO
TIPEIOTBPAIICHAS KaBITAIIOHHOM 3p03uH BO000s Ha ONIDKAMIIIEM K IJTOTHHE YYacTKe ero);

2) HOCOK-YCTYIl C TOPU3OHTAJILHON MM HAKJIOHHOM BOJOCIMBHOI IOBEPXHOCTBIO
Ha CXOJe IS ODECTEeUYeHUs TOBEPXHOCTHOTO DPEXMMAa COMPSHKECHHS CTPYH C BOTHOM
Maccoii HikHero Obeda,

3) HOCOK-TpaMIIJIMH, odecreunBarouil 0TOpoc CTPyit 0T BOAOCTHBA.

CyliecTByeT Takke psa APYrMX KOHCTPYKUMH (TPaMIUIMHBI-BUP&KHU, IIPOPE3HBIE
HOCKH-TPAMIUTHHEL B (hOpME «IACTOUKMHOTO XBOCTa» T. IL), IeecooOpasHOCTh
yCTPOMCTBA  KOTOPBIX ~ JODKHA ~ OBITh  OOOCHOBAaHA  JKCIEPUMEHTAIBHBIMU
THAPABIINISCKIMHE HCCIIEIOBAHUSAMA.

Ilpu  yka3aHHBIX  KOHCTPYKUHSAX  KOHLEBBIX  YCTPOMCTB  OCHOBHBIMU
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TUIPABIHYECKUMHU PEXUMAMH CONPSLKEHUS Obe(DOB SBISIOTCS:
— IIOBEPXHOCTHBIN;
— IOHHBIN;

— 0TOPOCOM CTPYH HOCKOM-TPAMILUIMHOM.

Pexum  conpsokeHus  ObeOB  HAWICKWAT  TPUHEMATh, PYKOBOJCTBYSACH
nonoxeHussMu myHkToB 8.25,9.10, 10.10 —10.12, 11.12 1 11.13 CI1 40.13330.2012

KoHcTpyrpoBaHHe U pacdeThl COOPY>KEHUI HIKHETO Obe(a AOIKHBI BEITIOHATHCS
BO B3aMHOI#i yBsA3Ke. B 11€710M 7K€ KOHCTPYKIMH U pa3MEpPbl COOPYKEHU HIDKHETO Obeda
W WX OKOHYATEJIbHBI COCTAaB NMPUHUMAIOTCS HAa OCHOBAHWM TEXHHUKO-DKOHOMHYECKHX
pacyeToB, BBLINONHAEMBIX Ui Haubojiee ILeNecooOpa3HBIX B PacCMaTPHBAEMBIX
KOHKPETHBIX YCIIOBHSIX BapHAaHTOB. B kauecTBe NCXOMHBIX JAHHBIX JOJDKHBI ObITh 330aHbL:
MECTOMONOKEHUE BOJOCIMBA, €T0 TUN, OTMETKAa TrpeOHs, KOHCTPYKIHS KOHIECBOTO
YCTPOMCTBA, KOMMYECTBO IPOJIETOB IUIOTUHBI, PAcUYCTHBIC PAcXOAbl OCHOBHOIO U
HOBEPOYHOTO CIYYacB W COOTBETCTBYIOIIME UM OTMETKH BEPXHETO U HIKHETO ObedoB (IO
CIT 58.13330), cxema mponycka CTPOUTENBHBIX PACXOA0B U UX ruaporpadbl, MOJOKEHUE
OTBOJAILETO pycia (kaHama) W TEpPBOHAYaIbHAs OTMETKA €ro JHA, TeOJOTHYECKHE
ycioBus B HIbkHEM Obede, enecoodpasnas Gopma conpspkenus 6behoB W skenaTeIbHBI
THI KPEMJIEHUs pycia.

PexoMeHayeTes clie yIOIInii MOpsIOK pacueToB.

JInst ycnoBUiA IPOITyCKa OCHOBHOTO PacueTHOTO PacXo0/1a OMPeACsAOTCA:

- ONTHMAJIbHAs OTMETKA TOBEPXHOCTH JHA BOJAOOOS, €0 JUIMHA U TONIIMHA, THII
racuTesiei SHEPruy, THI, JUIMHA U TOJIIUHA IUIUT PACOEPMEL U NEPEXOAHOTO KPCTUICHNA,
OUYEpTaHUE YCTOEB WK YCTOS U PA3CIBHOW CTCHBI,

- TyOWHA ¥ MPOTSDKEHHOCTb MECTHOTO Pa3MBIBA 32 MEPEXOIHBIM KPCIUICHHEM (CM.
IyHKTHI 5.8 — 5.13), IIMHA ydYacTka pacIIMpeHHs MOTOKA 3a SMOM pasMbiBa (CM. MYHKTHI
5.14-5.18),

- OTMETKA YPOBHS HIDKHET0 Obeha 3a IITOTHUHOM (PHCYHOK 4.1, B cTBOpe 1-1) ¢ yuetom
TIOHIDKEHUS YPOBHEN BOABI IIPHU TPaHC(OPMALMH PyCla PEKH B HIDKHEM Obede (CM. MyHKTLI
52-55).
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Pucynok 4.1 — Cxemarnueckuii IiaH HUKHETo Obeda ruapoysina

3areM BBITONHSIOTCS YTOYHSAIOMUAC PpacuCThl MJId TCPBOHAYAIBHOTO BapHaHTa H
JIPYTUX KOHKYPHPYIOLIMX KOMIUIEKCOB YCTPOICTB B HIDKHEM Obede, M ompenensercs
CTOAMOCTh KaXIOr0 W3 BapWaHTOB. Ha 3To# cTamiu MpOU3BOIITCS TAIOKE PAaCcUETH s
MOBEPOYHBIX CIIy4YaeB: NPOMycKa pacxoja npu (opCHPOBaHHOM YPOBHE BepxHeTo Obeda u
I CIIyYaeB BHE3AIMHOTO TMOJHOTO OTKPHITHS OJHOTO OTBEPCTHA M TIPOMYyCKa
CTPOHTEINTBHBIX PACXOI0B.

BapuanTsl, Hanboiee MPHEMIIEMBIE MO TEXHUKO-DKOHOMHYECKHM IIOKA3aTeNsIM,
OPUHUMAIOTCS B KAueCTBE OCHOBHBIX, HNOMICKAIIMX YTOUYHEHHIO M OKOHYATEIEHOMY
000CHOBAaHWIO HA OCHOBAHWH MCCIICIOBAHMIN HA QU3NUSCKHX MOENAX (00S3aTeAbHBIX JJIs

COOPY>KEHUI MEPBOTO U BTOPOTO KITACCOB).
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4.3 YcraHoBjleHHe KOHCTPYKIHH H Pa3MepoB YCTOEB (HH30BBIX
CONIPATaIOIIMX CTeH), pa3AeJbHBIX CTeH, OTKPHLIKOB

B HwkHeM Obede CTECHEHHBI MOTOK NEPEBOJAUTCS B E€CTECTBCHHOE HITH
HCKYCCTBEHHOE PYCIIO, IMMPHHA KOTOPOT0, KaK MPAaBIIIO, 3HAYMTEILHO GOJIbLIE MHPHHBI
BOAOCIHBHOTO ()pOHTA, € OJHOBPEMEHHBIM TallcHWEM M30BITOYHOM SHEPTrHU MOTOKA H
YBEIUUCHNEM €ro IyOmHsL. 1Ipy 3TOM BOJOCIMBHAA YacTh IUIOTUHBI MOKET TPAHHYHThH
nmbo ¢ TIyXod TAOTHHOH (TpyHTOBOf WM OETOHHOM), MO0 ¢ OeperoM WIH ¢
THIPOIEKTpocTanmed. [Ipu conpspkeHHU BOIOCIMBHON IUIOTMHBI € T'PYHTOBOH 4acTh
yCTOSI, PACMONIOKEHHAs B HIDKHEM Obee (HM30Bas compsAraromasi CTEHKA), Yalle BCETO
BBITIOJIHAETCS B BUAC 0OpaTHOM CTeHH (cM. puCyHOK 1.2 B raBe 1 juis BepxHero Gbeda).
JInnHa CTeHBl BIOMb IOTOKA OIPEENSeTCA: TNPOTSDKEHHOCTHIO HH30BOTO OTKOCA
TPYHTOBOH IUIOTHHBI M JUTHHOH BOX0OOS M PHCOEPMBI, Tak KaK CTEHKY PEKOMEHIyeTCs
JOBOIUTH 0 KOHITa pucOepMel. [IpuHUMaeTcs Gonblliee U3 3THX ABYX 3HaueHHit. OfHAKO,
€CNM JUTMHA YCTOS MONMYIHUTCS IPE3MEPHO OONBINOM M HEIKOHOMHYHOMN, OHA MOXKET OBITH
YMEHBIIEHA, OCTABAsICH IIPH 3TOM OOJIBIIE IIMHBI BOAOOOS.

Jlvmieast TpaHe CTEHBI OOBIYHO OTKJIOHSETCS OT HANpaBIICHWS, HOPMATBHOTO K OCH
IUIOTHHBL, Ha 6-12°  oOecreumBas yCiOBHS, CHOCOOCTBYIOIIME PACHIMPEHHIO IOTOKA,
BTEKAIOIIET0 B OTBOAAINEE Pycio. bombmmii yrom cieayeT HPHHAMATh HPH HATHYAM HA
BO000E TacuTeneit SHEPruy.

JUmiHa OTKPHIIKA 3aBHCHT OT ITyOWHBI 0XKHAEMOr0 PasMbIBa (B HMPEAIIONIOKEHHH,
9o OOKOBOH OTKOC CGHOPMHpPOBABILEHCS SMBI pa3MbiBa OyJeT HMETh 3alIOJKCHHE,
OmpeensieMoe YIJIOM €CTECTBEHHOTO OTKOCA pa3MBIBAEMOTO TpyHTa). JIms 3amuThl
OTKPBLIKA OT TIOJIMbIBA NEPEXOHOE KPEIUICHHE 33 PUCOEPMOif JOIDKHO OBITh BBITIONHEHO
1O BCeil JUIMHE OTKPHUIKA W O00ECHIeUMBATh COXPAHHOCTH MACCHBA TPYHTA, HA KOTOPOM
pacrosioxkeH OTKphUIOK. [Tpn OGNU3KOM PpactonokeHMH Oepera KPEINICHHUE TMOOIIBBI
OTKPBLIKA JODKHO NEPEXOIUTH B KpeIicHHe 6eperosoro orkoca. [ImmHa y4acTKa ¢ 9THM
KPEIUICHHEM OIpPEEIACTCd MECTHBIMA YCIIOBHSMH, a TONIIMHA — BOJHOOOpa30BaHNEM B
HIDKHEM Obedpe. BO3MOXXHEI M Apyrue KOHCTPYKIMM HH30BOH CONpAraromeil CTCHKH
(nanpumep, [16, 28, 38, 46, 117, 127, 137]). OTMETKH BEpXa CTEH HA3HAYAIOTCA C YYETOM

MOMEPEYHOTo TIPOQGHJIS TUTOTHHEI U ITyOHH a3pUpPOBAHHOIO HOTOKA HA YYACTKe BOJ00OOS U
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pucbepmer, ¢ 3amacom 1,0 — 1,5 M [71, 91].

ITpu BBICOKHX OETOHHBIX IUIOTHHAX BOJOCIHB M [JIyXas 4acTh OSTOHHOM IUIOTHHBI
pasmensoTcsA CTEHOH, BBICOTA KOTOPOH ompenensercs TO Tpodwmo cBOGOAHOM
MOBEPXHOCTH CTPYH C YYETOM BO3MOXKHOM a’palluy, ¢ 3amacoM, Kak Ha OBICTPOTOKAX,
opumepHo 0,3-0,5 M [91].

PaznenpHble CTCHBL B HIDKHEM Obe()e BO3BOAATCS MPU HANTMYMU MPHUMBIKAFOLIETO K
BOJIOC/TMBHOH YaCTHl IUIOTHHBI 3/[aHKs THIPOYTEKTPOCTAHIAN PYCIIOBOTO MJTH MPHILIOTHHHOTO
THNoB. OCHOBHOE HA3HAYCHUE PA3/ICIbHBIX CTEH — o0ecneueHne OnaronpuaTHBIX YCIOBHit
pabote! '3C B mepuoj npomycKa pacxoioB depe3 Bogocopoc. [To3ToMy BOmpoc 06 uX IjIHHE
U BBICOTE JIOJDKEH PEINAThCS C YYETOM PACHONOKEHUS M KOHCTpyKuwu 3aaaus ['3C [117].

BMmecTe ¢ TeM IMapaBnHuecKuil peskiM 3a IIOTHHOM TakKe JOJDKEH OBITh H3BECTEH
U NpaBWiIbHO BbIOpaH. Tak, Mpu I1aaKoM BoJ00O€ U HAIMYMH HA HEM THAPABIMYECKOTO
NPBDKKA JUIMHA Pa3JeNbHOi CTEHBI /. JOJDKHA OBITH OONBINE JUIMHBI HPBDKKA (/; MOYKHO
OPWHAMATE paBHO# ~ 1,5/;); MpH MOBEPXHOCTHOM pEXMME TCUCHHS 3a IUIOTHHON ¢
YCTYIIOM CTE€HY CIEAyeT JOBOAUTH A0 TOUKM neperuba BTopoii BonHE [117].

l'lpvr BBICOKOHM IITIOTHHE C HOCKOM-TPAMIUIMHOM HCJIB3A OOMYyCKaTh 3a MECTOM
MajeHus CTPyun OOpa3oBaHHMsS BOJOBOPOTHBIX 30H C OOpaTHbIMM  TCUCHHUSIMM,
HalpaBICHHBIMU IIPOTHB MOTOKA, HAYIIero oT Typoun I'DC. B stoM ciydae pasmenbHas
CTEHA HE Bcerfa pemmaet 3anauy 3amuTsl [ OC 0T yKa3aHHBIX TEUCHHH, U MOKET OKa3aThCs
1eseco00pasHEIM  TIEPEHTH K CONMPSHKEHHUIO Obe()OB NOHHBIM TIPHDKKOM C HATHMYAEM
BOMOOOUHONW CTEHKHM WM Kojoana (Kak, HampuMmep, BojoOoMHBINM Komomern CasHo-
IMymenckoit [DC). TIpn Takoi cxeMe UTHHA Pa3feNbHOM CTEHBI OyJAeT paBHA JUIMHE
KOJOJa M y9acTKa ee¢ 3a BOJOOOWHOM CTEHKOHM, BKITFOYAIOMIETO MPBDKOK 38 CTEHKOH

JUTMHOM /; M YacTh MOCIENPLDKKOBOIr0 yuacTtka miuHO#H (0,5+1,0), T.e.:

I=1 +(1.5+2,0)L. 4.1

Ilpy oTOM  pasigenbHas  CTeHAa  MOXKET — [OABEPrarbCs — 3HAYUTENILHBIM
THAPOIMHAMUYECKAM HArpy3KaM 3a CUET Pa3HOCTH ypoBHeii 3a I'OC u B koJI01E, a TakKe
3@ CYET MyJIbCALMOHHOW HArpy3KH, NEHCTBYIOLIEH CO CTOPOHBI Konoaua. YmcineHnoe
3HAYEHUE NYJILCALMOHHONA HAIPy3KM YCTAHABIIMBACTCS 110 JAHHBIM 3KCIEPUMEHTAIBHEIX

uccnenoBanuii. OTMETKM TOBEPXHOCTU PA3JEibHONW CTEHbl HA3HAYAIOTCA C YYETOM
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yPOBHei#1 BB U UX KoneOanuii [91].

K ycrpotictBaM HuXHEro Obeda OTHOCUTCS M OTBOJALIEE PYCIIO, KOTOPOE MOKET
ObITh MO0 HCKYCCTBEHHBIM (KaHal), MO0 €CTECTBEHHBIM, C PacuHCTKaMu uiau 6e3
PacYMCTOK. DTH BOMPOCH PEMIAIOTCS MPUMEHUTENFHO K KOHKDETHBIM VCIOBHSM, H

HAMEYCHHBIC PCIICHUS YTOYHSIOTCA Ha GH3HUECKIX MOJEIIAX.

44 OOmme ykazaHusi K pacdyery HIWKHero Obeda B yciioBHAX
NMPOCTPAHCTBEHHOI 321241 H MO Y4YeTy NPONYCKAa CTPOHTEIbHBIX PACX0I0B

PacueTHble 3aBHCHMMOCTH JUIS BBITIOJIHCHHS THAPABIMYECKMX PACUYETOB HIDKHHX
O6beoB THAPOY3JIOB HAKOTCS B yueOHOM, CNpaBOYHOM M CHELHAJILHON JIMTEparype Uit
JIBYX OCHOBHBIX CITy9acB:

1) ons Tak Ha3bIBaEMOUM «IUIOCKOHM 3aJaumy, KOTAA YCIOBHS TEUCHUs MO LUMPUHE
MOTOKA MPAKTHIECKH HE H3MEHSIOTCS,

2) s «IPOCTPAHCTBEHHOM 3ajaduu», € CYIIECTBEHHBIM W3MEHCHHEM YCIIOBUIA
TEUEHHUS 10 MINPUHE.

Bo BTOpOM ciTydae 3ajaya YCTAHOBIEHMS OKHAAEMBIX (HOpM compsbkeHHs O0beoB
3HAUUTENBHO CIIOXKHEE, TaK KaK OJHIM M3 BAXHEIX (AKTOPOB, OMPEAETISIOMIX 3TH HOPMEI
U MX XapaKTCPUCTUKH, SABJIIETCS 3apaHee He N3BECTHAs ITyOWHA BOJBI B HUXKHEM Obede B
MECTE BCTYIUICHUS B HETO COPOCHOTO MOTOKA.

Pemas 3amady IO OIPEHCICHMIO 3TOH TNyOWHBI, HYXXHO B OOOHX CIydJasx
paccMaTrpuBaTh Bech HIDKHUN Obe() Kak emuHoe 1enoe ot creopa /—/ (pucynku 4.1 u 4.2)
MOCTYIUIEHUS] COPOCHOTO MOTOKA B HIDKHUI Obed 710 cTBOpa 2—2, B KOTOPOM TPAKTHICCKH
YCTaHOBMIIOCH OBITOBOE TeueHUe. [I0OHIDKEHHE YPOBHs BOABL B HIKHEM Obe()e Ha ydacTke
o0Imero pa3MblBa OLCHWBACTCS B IIEPBOM MPHOJIMKEHHI 10 PEKOMEHIAIMSIM ITyHKTOB
5.2-5.4, a Ha y4acTKe pacUIMpEHUs MOTOKA — IO AaHHbIM ITyHKTOB 5.14-5.18. Ormerka
YPOBHS BOABI B HAYAJIe Y4acTKa PACLIMPEHHS MOKET OBITh IIPUHSATA B KAUECTBE PAcUeTHOM
B KOHIIE prcOEpMBI IPH YCTaHOBJICHNH (opM compsukenus 6bedoB Ha BOg060e it 000HX

paccMaTpuBacMbIX CIly4aeB.
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Pucynox 4.2 — [TpononeHbIi MPodIIs yyacTKa ConmpsbkeHus Obe(oB NpH yCTPOHCTBE BOAOOONHON CTEHKH U KOBIIA



ITpu cabopa3MblBacMOM pyciie TITyOHHY BOABI B CTBOPE /- / MOXHO MPHOIMIKEHHO

OTIPENETATh IPU TOMOIIM METOAWKH, TIPe/ICTaBICHHON B [15, 26, 27] U oTHOCAIIEHCH K

2

1%
THAPOY3JIaM HHU3KOTO M CPEAHEro HamopoB, Jis KOTOPEIX umcino dpyga Fr,= —— B
gh,

CKaTOM cedeHnM (Ha BOJ00OOe WM IIpU CXOAE C yCTyma) He mpeBbimiaer 40, XOoTs
BO3MOKHBEIE (popMmbl conpsbkeHus ObeOB M METONMKA PACUYETOB CIPABEMINBH U IPH
6ompmux 3HaueHusX Fr.. Ilpw Fr. > 40 oxxmmaemeie GopMer compsokeHns ObedoB 1 HX
XapaKTEPUCTUKN YCTAHABIMBAIOTCS, KaK YKA3bIBAJIOCH BBIIIE, TOJIBKO HA OCHOBAHHH
OKCIIEPUMEHTANBHBIX THAPABIMYECKIX HCCne0BaHuil. IIpi BEITONHEHHH TIpeIBAPUTEBHOM
OLICHKM YCNOBUit B HWKHUX Obe(ax KPYIHBIX THAPOY3JIOB C YYETOM BO3MOJKHBIX CXEM
nepeopMHUpOBaHKs PYCiIa U, B YACTHOCTH, B CTPOUTENBHEIN MEPHO, MOCIIEA0BATEIEHOCTD
BBITIOJTHEHVSI THAPABIMIECKHUX PACUETOR B OOIIEM CITydae NOJDKHA ObITH CJICAYHOLIECH:

1) ycTaHOBNIEHHE CXEM ITPOIYCKa PACXOJIOB B MEPUOJ CTPOUTENBCTBA MHAPOY3IIA (110
rojiaM) U CXeMaTH3UPOBAHHBIX THAPOTpadoB MPOIMYCKa ITHX PACXOIO0B;

2) yCTaHOBIICHHE BO3MOXKHBIX TepeopMHpOBaHHil pycia BO BPeMs CTPOUTEIBCTBA
THAPOY3Ia;

3) BHIMONHEHHE THIAPABIMYECKOTO pacdeTa HIDKHEro Obe(a npu  Ipomycke
pacyeTHBIX NMABOJKOB B HAdale OSKCIUTYaTAMOHHOTO MEPHOAA € YYETOM BO3MOMKHBIX
nepe)OpMHPOBAHNIA PyCia B CTPOUTENBHBIN TIEPHO/L.

3apaua 3Ta BECbMa CIIOXKHAS, TaK KaK YCIIOBHS TPOMYCKA CTPOMTEIIBHBIX PACXOI0B
HEIPEPHIBHO M3MEHSIOTCS 1 TIPH STUX NEPEMEHHBIX YCIOBUAX HEOOXOUMO ONPEAEIIATh:

a) NPOMYCKHYIO CIIOCOOHOCTB COOPYXKEHHWH, T.€. 3aBHCHMOCTH IPOITYCKAEMOTO
pacxoza OT pa3HOCTH YpOBHEH Obe()OB, pa3MEPOB M KOHCTPYKIMH COOPY>KCHHUIA,

6) ycnoBus B HikHeM Obede (xapaktep conpsbkeHUs Obe()OB, TCUCHHS B HIDKHHX
6bedax, pa3MBIBH PyCiia H OTIOKEHHUS IPOAYKTOB PA3MbIBA).

Ipomyck CTPOMTENBHBIX PAcXOJOB TpPH BO3BEACHHH IUIOTHH OCYIUECTBIISCTCS
OOBIMHO B JiBe—TpH Ouepen. CTPOUTENBCTBO COOPYIKEHHMIT EPBOM OYepeId BEASTC MO0
[0 OAHOKOTJIOBAHHOM, MO0 MO ABYXKOTIIOBAHHOM, JIMOO MO KOMOMHMPOBAHHON CXEME
(CIT1290.1325800).
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ITpy OHOKOTIOBAHHOM CXEME, Hallle BCEr0 MPHUMEHSEMOI NIPU BO3BEACHUU TUIOTHH
13 MECTHBIX MaTepHAJIOB, OCHOBHBIMH 33/Ja4aMy PAacucTa ABJIIOTCS:

1) onpeneneHue NPOMYCKHOM CMOCOOHOCTH CTPOWTENLHOTO TYHHENS (TPyOBl WIIH
00BOJTHOTO KaHaNa),

2) ONpeAecNcHUE XapakTepa TEYEHUs] B HIDKHEM Obede W BO3ZMOXHOTO
nepepopMUpoBaHUs pycia.

ITpu ABYXKOTNIOBAHHOM CXEME BO3HMKAET TakKe 3a/a4a ONMpPEACIEHHS TyOHHBI
pa3sMblBa ALUIIOBHMSA B NPOPAHE U YCTAHOBICHUS XapakTepa OTIOKEHHH MPOIYKTOB
pa3MbIBa B BOJOBOPOTHOM 30HE 32 IEPEMBIUKOI.

B nepuon Bropoii oyepenu npu ABYXKOTIOBAHHOW CXEME PACXOIbl MPOILYCKAOTCA
00BIYHO 4epe3 IPeOCHKY, a 3aTeM 4epe3 JOHHBIEC WM ITTyOUHHBIE TPYOB! W IEPETUBOM
uepe3 WITpabiacHble OIOKM CTposmIeiicd IUIOTHHBL. B 3TOM ciydae pa3sMBIBBI pyclia
ITPOUCXO/AT 33 BOJOCIMBHON (WM BOJOCOPOCHOM) YacThIO IUIOTHHBI U MOLYT OKa3aThCs
cylecTBeHHbIMA. [I03TOMy HEOOXOJUM HX pPacueT, a TaKKe NPOTHO3 BO3MOKHBIX
OTJIOKEHH MTPOAYKTOB Pa3MBIBa B HIDKHEM Obede.

Jns coCTOsIHMS pycia, MPEAUIECTBYIOIIETO Hayaly SKCIUTyaTalyd THIpoys3ia,
IIPOM3BOAUTCS B OOWIEM cilydae pacueT pa3MbiBa M Iepe(pOPMHpOBAHMI pycna npu
MIPOIYCKE PACUETHOTO SKCIUIYaTAllMOHHOTO PacXofa, CTPOSATCS TpadMKd 3aBUCHMOCTH

Q= f(H) ANd PacyeTHBIX CTBOPOB HIDKHETO Obe(a (BKIIOYAad M Y4YacTOK 0OLIero

paSMBIBa), YCTaHABIUBACTCA CXEMa MAaHCBPUPOBAHHWA 3aTBOpaMH, €CJIIM BOAOCIUBHASA

IUIOTHHA MHOT'ONPOJICTHAA.

4.5 CocraBjienue cxeM MAHEBPHPOBAHHSI 3aTBOPAMH MHOTOMPOJIETHBIX
IUIOTHH, 060PY/10BAHHBIX EPEABH:KHBIMHA KPAaHAMHA

ManeBpupoBanue 3aTBOpaMu MHOTOIPOJIETHBIX IUIOTHH SIBIIACTCS
JKCIUTYyaTalMOHHBIM MEPONPUATHEM, K KOTOPOMY IpeabsBisercs psnm TpeboBaHmil,
CBSI3aHHBIX €O CNEUM(UUCCKUMH YCIOBUSMH IPOEKTHPYEMOro ruapoysna. IlosTomy
cXeMa MaHEBPHPOBAHMS 3aTBOPAMHU, KaK MPABMIIO, COCTaBIETCs A coopysxenuit I, II, a
uHoraa u I1I knacca Ha OCHOBAHUHK SKCHEPUMEHTAIBHBIX THAPABIIMUYECKUX HCCICIOBAHUI
¥ OKOHYATENILHO KOPPEKTHPYETCS MOCIE MOCTPOHKU IMAPOY3NIa ¢ YU4eTOM (PakTHUecKux
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ycnoBuili paboTHl COOpPY)KEHHI U TIpomycka pacxoJoB. IIpu IPOSKTHPOBAHMU MOKET
OKa3aThCsd HEOOXOIMMbIM YCTAHOBHUTH BEICOTY CTYIEHEl YaCTHYHOTO OTKPBITHS 3aTBOPOB
(OOBITHO 3TH CTYHEHH PUHUMAROTCS paBHBIME 0,5 11 1,0 M).

OcHoBHbIM TpeOoBanueM CII 40.13330 k cxemMe MAaHEBPUPOBAaHMS 3aTBOPAMU
SBIISETCA oOecrieueHne ONarompusTHEIX YCIoBHH B HIkHeM Obede. Ha pucbepme mpu
IIPOIYCKE PACXOOOB, KOTOPEIE MEHbIIE PACYETHBIX, JOJDKHBEI OBITH 0OECIICUCHBI
JIOIIyCTUMBIC CKOPOCTH TCUEHHWS, TIYOWHBl DAa3MBIBOB HE JO/DKHBEI IIPEBBINIATH
TIOJIYYECHHBIX NPHU MPOMYCKE PAcuYeTHOro NaBoAka. B TakuxX YCIOBUSX JO/DKHA OBITh
ofecrieyeHa JOMYCTAMOCTE Oe(WINTOB JAABJICHWS VI TUTAT BOA0OOS W PHCOEPMBL,
6e3yJapHBI NpOMyCcK JIbAA W MJaBAIOLIMX Ted, OnarompusiTHele yciaoBus pabotsl I'DC
(HemomyImeHue oOpaTHEIX TEUEHWH, HANMpaBJIeHHHX K TypOmHaM ['2C) U MUHUMATbHBIX
ypoBHeil 3a I'OC. O6GBIYHO Monaraior, Yyto OIArONMpUSTHBIE YCIOBUS B HIDKHEM Obede
BO3HMKAIOT TP TaKoM CXeMe OTKPHITHS OTBEPCTHH, IPH KOTOPOit IONHOCTBIO
YCTPaHAIOTCST COOMHBIC TedeHHs, obecreumBacTCsl 3aTOTJICHAE CTPYH TpU  JOHHOM
PEXIMe T€UCHHs W TOBEPXHOCTHEI PEKHEM B CIIy9ae INIOTHHEI € YCTYMOM. C yueTOM 3THX
yCIOBHH  pa3paboTaHBl PEKOMEHIAIIMH UL  COCTABIICHHS pPAlMOHATBHBIX  CXEM
MaHEBPHUPOBaHUS 3aTBOpaMHu [56, 126, 137].

Onnako Oonee BaXHBIM SBISETCS YCIOBHE OOecledueHHss B HIDKHEM Obede
CKOpPOCTEl TEYEHHs, HE IPEBHINAIINX pACUYETHEIE, OCOOCHHO IIPH Pa3MbIBACMBIX
TpyHTaxX. DTOT BOmpoc Oosiee MOAPOOHO PaccMOTpPEH B CIIEUaNbHOI muTepatype [26, 27],
a taxoke B 11. 4.7 PykoBonctaa.

CyIlecTBEHHBIM 171 COCTaBIEHUS CXEMBI MAHEBPHUPOBAHMS 3aTBOPAMHU SBIAECTCS
THII IOJBEMHBIX MEXAHH3MOB — CTAlMOHAPHEIC WITH NEPEIBIDKHBIE KpaHbL Hamtyumue
VCIOBHSL CO3NANOTCS IIPH HAIMYMM CTAIlMOHAPHBIX WHIVBUAYAIBHBIX IIOJBEMHUKOB.
OnHaxko npu OOJBIIOM KOJIMYECTBE IIPOJNIETOB SKOHOMHYHEE IIE€PEIBIKHBIC KpaHbI (KaK
3TO U OCYHIECTBIICHO IPAKTHYECKH Ha BCEX MHOTONPOJIETHBIX INIOTHHAX).

INoxpoOHBIE pEKOMEHAALMU IS Pa3IMYHEIX CIy4aeB COCTABICHHSA CXEM
MaHEBPHUPOBAHUS 3aTBOPAMHU MPUBOAATCS B CHICLMAIBLHOM JIuTepatype [26, 27, 46, 54, 56,
126, 137, 144, 145].
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Pacuer conpsizkenuns 0be)0B NPH OTCYTCTBUH FACHTEICH SJHEPrUH

4.6 Conpmxenue 0bed)oB NMpH MOMOIIH HOCKA-YCTYNA (MOBEPXHOCTHBIM
THI CONMPSIKEHNN)

Ilpu conpsoxkeHun ObeOB TOBEPXHOCTHBIM PEXUMOM C  HE3ATOILICHHBIM
MOBEPXHOCTHBIM IIPEDKKOM 00J1aCTh Hanboliee MHTEHCHBHOTO BO3/ICCTBUS MTOTOKA HA THO
HIbKHET0 Obeha HaxXOOUTCA B KOHIE JOHHOTO BajibL, [Z€ NMPU OTCYTCTBUU KPEIICHHUA
o0pasyeTcs BOPOHKA pa3sMbIBAa. B mpesenax JOHHOTO Bajibla IYJIbCALH CKOPOCTEH U
JOaBJIEHHI y JAHA OKa3blBAIOTCS MEHBLLIMMH, YEM OPH JOHHOM PEXKUME C 3aTOIUICHHBIM
MIPBDKKOM, 9TO MO3BOJISIET OOJIErYuTh KPEIICHUE HIKHETO Obeda, a MpHu CKaJbHOM pycie
— YKOPOTHUTE YIaCTOK KPETICHHS WM JIaXKe TIOJTHOCTBIO OTKa3aTkes OT Hero. Kpome Toro
IPH MOBEPXHOCTHOM PEXAME BO3MOXKEH MPOIYCK JbAa M APYIHX IUIABAIOIINX TeNl 6e3
3aJCPKKH B HIDKHEM Obede 3a BOAOCTHBOM W Oc3 yIapoB JbAa O KPEIUICHHE HIKHETO
oneda.

B coorercteun ¢ m. 6.39 CIT 40.13330.2012 «mpH MOBEPXHOCTHOM PEXKUME
conpspkeHus OpedoB B KOHIE BopocOpoca cCliefyeT mpeaycMarpuBaTh HOCOK-YCTYI C
TOPH3OHTAJGHOW WM HAKJIOHHOH IOBEPXHOCTBIO, CO3JAIOLMMHA  HE3ATONICHHBIA
TOBEPXHOCTHBIN pekiM. TIpH 3TOM MpPBDKOK AOMKEH OBITH YCTOMYMBBIM; MOTOK HE
JODKECH BBI3BIBATH OMACHOrO pasMbiBa pycia U Oeperop pekd Ha HPHIIETAIOMEM K
COOPY)KCHMIO y9acTke. [IOBEpXHOCTHBHIN PEKMM CONPSDKCHHA CNEAyeT HPUHHMATh C
YYETOM MPONYCKA JIbA U APYTHX IUTABAONINX TEIY.

TIpoeKTHPYS TIOTHHY ¢ HOCKOM-YCTYIIOM, CJIEAYeT HMETh B BUJY, YTO 32 YCTYHOM
BO3MO)KHO BO3HHKHOBCHHUE BOJIH, BO3/ICHCTBHE KOTOPBIX HAa COOPY)KEHHS 1 Oepera MoxKeT
OBITH OTICHEHO JIMMIG Ha (PU3MIECKUX MOJEIIX.

ConpsbieHUE MOBEPXHOCTHBIM PEKHMOM JIOCTHTACTCS MyTeM YCTPOMCTBA HOCKA-YCTYyTIA
TaKo#t BRICOTHI, KOTOpast 00eCTICUMBACT NPH MOBBIIIEHIH YPOBHA BOIBI B HIDKHEM Obedie repexon
JOHHOTO POKAMa B TOBEPXHOCTHBIA. HeoOxommMasd MUHWMAIBHAS BBICOTA YCTyma IIpH

TOPU30HTATEHOM CXOJIE CTPYH C HOCKa ompeensercs o dopmyie ([117, 122]):

a, = 2,7({/;— L6)h,, “42)

174



2
rag Fr = q—z; q, h— ynenBHbIH pacxo/ ¥ TTyOWHa BOJIBI HA HOCKE.
gh,

IMpu BEICOTE YCTyNA « > a_, 10 MEPE MOBLILICHUS YPOBHS BOABL B HIDKHEM Obede
MPOMCXOAUT CMEHA OCHOBHBIX (hopm compsbkenusi ObeoB (pucyHok 4.3). Ilepexon ot
OItHOM (OPMBI COTIPSDKEHHS K APYTOH TIPOUCXOIUT YePe3 KPUTHUECKUE PEKIUMBL

- nepaeiil KPUTHUCCKUN PEKAM, Pa3TPAHWYMBAFOIINN PEKUMBI JTOHHBIA (PHCYHOK
4.3, 0) 1 IOBEPXHOCTHBIIH ¢ HE3ATOIUIEHHBIM OBEPXHOCTHBIM IIPBIKKOM (PUCYHOK 4.3, B),

- 6mopoli KPUTHUCCKUN pPEeKUM — MEXIy TOBEPXHOCTHBIMH PSKAMAMH ¢
HE3aTOIICHHOMN U 3aTOIUICHHOM cTpyeil (pucyHOK 4.3, B, T),

- mpemuti KPUTHYECKAN PEKVM, BO3HHMKAIOIIMN B ONpPEJACICHHBIX YCIOBHAX MpPH
MEPEX0AE OT HE3ATOIUICHHOH CTPYU K 3aTOIUICHHOH. B 5TOM cilyuae cTpys 3ararmBaeTcst
TepBOHAYAITBHO B TIpeneiax BMaJWHBI CBOOOTHON TTOBEPXHOCTH, 0Opa3yromeics HIke
rpedHs. BOJHBI, MOCIE YEro TPaH3WTHAS MOBEPXHOCTHAs CTPYsS HANpABJAETCA KO AHY
(pucyHOK 4.3, @), 9TO MpH HE3AMMWIICHHOM THE W PA3MBIBACMOM pyCJie TPHBOAHUT K
00pa30BaHuI0 3HAYUTENBHOM BOPOHKM pa3MbiBa. 3alurta JHa B 0ONAcTH MANCHUsS CTPYH
TpeOyeT KpEIJIeHHs, AHAIOTMYHOTO KpPEIUICHHIO BOXOOOS IpA JOHHOM PpEXKHUME
COTIPSUKCHMS.

I'nyOuHbl HUKHErO Obeha, OTBEYAIOIINE TIEPBOMY KPUTHYECKOMY PEKHMY, 3aBUCST

OT HanpaBJIeHHs MPOIEcca CMEHBI PEKMMOB; INyOWMHA 4, HUXKHETO Obepa NpU CMEHE

AOHHOTO 3aTrOoIUICHHOTO THIAPABIUYCCKOTO TIIPbBIKKA TOBEPXHOCTHBIM HE3ATOIICHHBIM

IPBDKKOM  OKa3biBaeTCs OONbINEH, 4eM INyOMHA £/ IPH CMEHE TOBEPXHOCTHOTO
HE3ATOILIEHHOIO NPbDKKA JAOHHBLIM. Takum 06pa3oM, pasiHyYalOT BEPXHIOW 4!, H
HIDKHIOIO 4, , PAHALbI [ICPBOIO KPUTUYECKOTO PEXUMA, IpUYeM /., > h, . IIpu BTOpOM

KPUTHYECKOM PEKAME (ha3bl CMEHBI PSKAMOB OT HAIPaBIICHHS TPOLIECCA HE 3aBUCHT.

Ipu pacdeTe BRICOTHI YCTYIIa HJIH IPH ONPEACIICHIN (HOpMBI CONPsbKeHNUs ObeoB mpr
33JJaHHBIX BBICOTE YCTYMA M TIIYOWHE BOJIBI B HIDKHEM Obede clielyeT pa3iuyars ciiyyau
[UIOCKOH 3aaud (IIMPHHA BOAOCIMBHOTO NPOJIETa U HIDKHETO Obeda OMMHAKOBEL, b — B)
W TIPOCTPAHCTBEHHOM (Hh<); BHX HOPMBI 3aBICHT HE TONBKO OT 3Ha4YeHus f = B/b, HO

OT MIUPHHKI TPOJIETa BOAOCIUBA b.
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Pucynok 4.3 — OcHoBHBIE (GOPMBI coNpskertst Obe(oB 3a BOTOCIMBHOM IIOTHHOMH ¢
YCTYIIOM ¥ TOPM30HTAJILHEIM HOCKOM (WM 33 BOIOCOPOCOM ¢ OTBEPCTHEM HA YCTYNE) B
YCIIOBUSIX TUIOCKOH 3aJa4H:

a — JIOHHBIH PeXUM conpspkeHrs Obe(OB ¢ OTOTHAHHBIM THIPABIMYCCKAM MPBIKKOM;
6 — TO K€, C 3ATOILICHHBIM THAPABIAYECKAM [IPBIKKOM; 6 — IIOBEPXHOCTHBIH PEXUM €
HE3aTOIIEHHOM CTpyeif; 2 — MOBEPXHOCTHBIN PEXKHM C 3aTOMIIEHHOM CTpyeH
(3aTOTIICHHBIH TOBEPXHOCTHBIN HPHDKOK); O — MOBEPXHOCTHO-AOHHBIN PEKHM;
€ -~ CXeMa ¢ HCTEUYEHHEM M3-TIOJ] 3aTBOpa B KOHLE HAIIOPHOTO BOAOCOPOCA € yCTYIIOM

IInockue ycnosus, b = B.

B aToM citydae pacuer cneayeT Bectu o popmynam [113, 114]:

Bl =a+1.2h,, 4.3) hl, =0.875a+0,7h,, 4.4)

K

h, =a+2h,, (4.5) h, =a+17h, (4.6)

Kp, xp;

roe i, = 3fq" fe = nAFr -

3aBucuMocTd (4.3—4.6) IPUMEHUMSBI IDH a /h>2 W Fr=V"/gh <40. 30eCh U B
dbopmynax Hmwke /; — ryOrHa BOJBI Ha ycTyme. Eciam ucTeueHHe MPOMCXOMUT M3-TIOM
3arBopa Ha ycryme (puc.4.3, e), To /1=ge, TA€ e — BBICOTA OTKDHITHsS 3aTBOPA;, € —

ko3¢ duImenHT cxatus;, no [117]:
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0,043
6=0,57+ —— 4.7
1,1-n

h
rae n = — (mpu 0,1<n <1); /& — BeicoTa ceueHus BogocOpoca.
e

IIpn ckpyrneHHOH cO cTOpOHBI TpPyOBl HIDKHEH KpOMKE 3aTBopa MOXKHO
TIOJIB30BaThCA  3aBUCUMOCTBIO (2.17) Hactosmero PykoBoiacTtea, moHumas mnoj H
TUIPOAMHAMUYECKHET HAMOP TIEPET 3aTBOPOM.

Tperuii KpUTHYeCKUM peskuM HaOmojaercs npu s <h, . Ilpu 4, >k

kpP3 kP, Py kP,
IIOBEPXHOCTHO-AOHHBIN PEKUM HE 00pasyeTcs.
IIpocmparncmeentivie yciogus, b<B.

Ilpyu mepBOM KDHTHYECKOM DpEXKHMME CpelHssi IyOMHA HUKHEro Obeda

hl +h!
h, =—"—"": h_ =0h ONPEHENACTCA H3 YPABHEHHA H3MCHCHHA KOIHYECCTBA

py xp,
2

JIBIDKEHUS TSl OTCEKA HIDKHETO Obeda:

2Fr 2Fr

CN B
rae k;=0,5(0y-0p) + 1; 8, = l(1+ \J6Fr + 1); w=alh; B=B/b.

3
OtHocuTenbHass TyOMHA 6, M3 ypaBHeHMs (4.8) MokeT OBITh HaliieHa WK

+ k4 0k —0,750°; (4.8)

= | =

mogbopom wmm 1o ¢opmyne Kapmano [51]. IlocnenoBarenbHOCTh BBMUCICHHN

CIIeAyOmAst:
0, =y-—: y=1156NM cos(60°f<p/3); cosg =35,19NM ~";
2 " . 3 -‘
a a ab
M=—"-b; N:0,5\2(4\— Lt |; a,=——k;
3 | L3 3 | 3
401 , 2Fr) 8Fr

bO:—;LEJrlir 5 J co=3B2A

ITpu B > 2,0 pacuer riryOunel 4, 1o Gopmyne (4.8) naer npuemiieMble pe3yIbTaTEl

P

npu b > 4(0 -1k, . TouHOCTH pacueta 4, mpu B < 1,4 cocraBuser +6%; mpu B > 1.4

P
TOYHOCTH pacuera +10%.

I'ny6una HIDKEETO Obeha, OTBEYAKOMAs BEPXHEH I'PAaHHUIE MEPBOTO KPHTHIECKOTO
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peKUMa, MOXKET ObITh IPUHATA PABHOM 4, =1.05h

‘ w. » HWOKHEH TDAHUIE — hy, = 0.85h, .
IIpx BTOPOM KPHTHUECKOM pexHMe TiTyOuHa HIDKHETO Obea B ciaydae B < 14
OIPEIENACTCA U3 YPABHEHUSL:

2Fr 2Fr

—- w4k, (2u+1)-0], (4.9)
0.B B
rae k, = 1—(90—1)+1, 0, = l(l+\/6Fr+l).
B 3

OtHocutenbHas TnyOmHa 6, Haxomutcs moadopoM umu 1o Gopmyne Kaprawa.
TTocnenoBaTeIbHOCTD BHIYUCIICHHI CIIE YOS

1,5

5 1 _
M =y +k,(2y +1)+2Fr—; N:Fr/[iz; cosp =5,19M TN,
8]

0, = 1,156\/M_cos(6()° -o[3): h, =0,h.
Tounoctb pacuerta h,, nipu < 1,4 coctabuster +5%, npu > 2,0 £10%.
IIpu B > 2,0 3aTomieHHe CTPyHM B 3aBUCHMOCTH OT TIMPWHBI TIpojieTa (Mid
CYMMapHOH LIMPUHBI CMEXHBIX MPOJIETOB) MPOMCXONUT WM BCJIEACTBHE 00pa3oBaHus

BaJblla HAJ CTIpyeH npu oOpymeHWn rpedHs BOJHBI (b >4(6-1)h) MIM 3a CYET
TOCTYTIEHHS BOJIBI HA CTPYIO 3 OOKOBBIX BOJOBOPOTHEIX 00IACTEH (b < 4(0 - 1)A, ).

ITpu > 2,0, » > 4(6, - )4, pacdeT BTOPOM KPUTHUECKOI [IIyOUHBI #_ BO3MOXKEH C

Py

TOYHOCTBIO +10% mo dopmyne [122]:
hy =a+ho,. (4.10)
Ecu BOAOCIMBHOM IIPONIET MIIM OTBEPCTHS BOZOCOPOCA OIPAaHMYECHEl OBIKAMH,
BBICTYNAIOIIMMY B HIDKHUH Obe( Ha paccTosHEE /, ~ 6,4, TO pacueT mo Gopmyie (4.10)

BO3MOYKEH IPH TFOOBIX 3HauCHHsX 3 > 2.0.

I'myOuHy HWKHETO Obeda, OTBEHAIOUIYIO TPETHEMY KPHTHUSCKOMY PEXKHMY /i,

npu <1,4 OpHEHTHPOBOTHO MOXKHO OMpeAeauTh 10 hopmyie (4.6).
YpaeHeBus (4.8) 1 (4.9) HO3BOJISIOT ONPEIEITHTE BBICOTY YCTYTIA, KOTOpasi 00eceurBaeT
3a7aHHy0 (hOpMy NOBEPXHOCTHOTO PeKMMA CompsbkeHusi ObeoB. Eciu 3amada miyOvHa

HIKHET0 Obe(a 4, = 4/, , TO BBICOTA YCTyNa MOXKET OBITE HalieHa rpu 3> 1 mo dopmyrte:

alzz[—k;+,/efﬂ471/ﬁ}hl, (4.11)

178



h 1 2Fr( 1)
Te k) =1+0.5(01-6,); 6] =—"0,=—(1+6Fr+1): 4=—|1-—|.
h, 3 B k ﬁelj

B cmywae B > 2,0 sta ¢Qopmyna gelicTBHTENbHA TPU BBIIOIHEHHH YCJIOBHUS:

b>4(6, -1k . Ilpu rmyOune HwkHero Obeda #, =4/, m B < 2,0 BeICOTA ycTyma

ompezensiercs mo hopmyre:

az:2[—k2+,/kf+6§—A—kﬂhl, (4.12)

/
roe k, =1/p (8, - 1)+ 1; 92:1&; 90:£(1+\/6Fr+1); A=£|(1—L\\,
h, 3 B L pe,)

®DopMa ¢ HE3aTOINIEHHOM NMOBEPXHOCTHOM CcTpyell OyaeT NMETh MECTO TIPH BHICOTE
yCTyma ay<a<dap, npu a>a, OyieT UMeTh MECTO (bopMa C JIOHHBIM IPBIKKOM, IPH d<d) —
(opma ¢ 3aTOMIEHHOM TOBEPXHOCTHOM CTPYCH.

IMMpumeuanue: Bonee npocToil NpUOIIKEHHBIA METO ONPEeIeHUs TPAHUL] PeXXUMOB ((hopm
conpsikeHust Obe(oB JUIst IPOCTPAHCTBEHHBIX YCIIOBHIA) naH B yHKTax 4.19 u 4.20 PykoBoxcTsa.

3aBUCAMOCTY UL pacyeTa JUIMHBI OOpasyloIMXCs MpH pasiuyHbIX (opmax
CONPSDKEHUS. BOJOBOPOTHBIX 30H B YCJIOBHSIX IUIOCKOH 3aiauM TMPUBEIEHBI Ha pucyHke 4.4
[115].

Onpenenus JMHY BOJOBOPOTHBIX 30H, HEOOXOIMMO MPaBUIILHO HA3HAYMUTH JUTHHY
7 TONIWHY KpeIUleHWs AHA B HIKHEM Obede, a Taike B Cliydae MHOTOMPOJETHOM
TUIOTHHBI 3aIIPOEKTHPOBATH COOTBETCTBYIOIIYIO CXEMY MaHEBPUPOBaHUs 3aTBopamu. Ilpu
3TOM CIICAYET HMETH B BHAY, YTO KHHEMAaTHYeCKast CTPYKTypa MOTOKa B HIDKHEM Obede ¢
TOYKH 3pEHUS 00€CTIEUeHHUS 3aIUTHI IVIOTHHBI OT TI0IMbIBA OyIeT OIarompUsATHOM:

a) B YCIOBHSIX TUTOCKOW 3afaudl — TIPH TMOBEPXHOCTHOM PEKUME TEUCHHS, MpH
IMOBEPXHOCTHO-AOHHOM DPEXKHAME 3a COOPYKEHAEM MOTYT BO3HHKHYTH 3HAYUTCI/IBHBIC
Pa3MbIBBI, OLICHKY KOTOPBIX M pacyeT pa3MepoB KPEIUICHHS MOXHO BBHIOJHUTE,
PYKOBOJCTBYSICh YKa3aHUSIMH, COAEpKAIUMUCS B [4];

6) B yCIOBHSIX MPOCTPAHCTBEHHOMN 3314 (MHOTOTIPOJIETHAS TUTOTHHA) — TIPU TIPABIJTEHO
COCTAaBJICHHOH CXEME MAaHEBPUPOBAHMA 3arBOPAMM, CBOIAMICH MPOCTPAHCTBEHHBIC YCIOBHS

COMPSDKEHNS B HIDKHEM Obe(he, B CYIHOCTIL K YCIIOBUSM IIOCKOH 3a/auu.
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Yucio

dopmymna
Dpyna

Cxema

TToBepPXHOCTHBLI PEXUM C HE3ATOINICHHOM CTPYeil PH TaBICHIH MOX
CTpyel MEHBIIEM THAPOCTATHIECKOTO

A
aPSIN= 1-10 1,=0.28(h, -k, (33.2 - Fr))
L /7
= = (4.13)
h ]
APrESS= | M > 10 1,=0.015(h, — (420 + Fr))
7
i gat

TToBEPXHOCTHBIN PEKUM C HE3ATOILICHHOM CTPYEH MPH JABICHUH MO
cTpyeit GOIBIITe THAPOCTATHYECKOTO

L <10 1,=0,25(h, - h)(33 - Fr)
af > S| ST (4.14)
i /B’ :r 1.=0,01(h, —h)(565+Fr)
TToBepXHOCTHBIH PEXNM € 3aTOTUIEHHOH CTpyeit
h, ;_@——k\.t:—_h L=(h, = h)x
6.6 +—-07—=
[a_;l XL " Fr th_ZJ

TloBepXHOCTHO-IOHHEBIN PEKUM C HEATOIICHHOH CTpyeit

g /Thn

a = = >5 13=3,1(h"—h1)(1+ 0,65 (4.16)
Ll“__)r L Fr-2
i [ ——
OO1wwast AnKMHA BOAOBOPOTHBIX 30H
>5 I=4.4(h, —h)(1+2.1Fr
( ( ) “.17)
>25 1=4,5(h, - h) '

PI/ICyHOK 4.4 — CxeMbl TIOBEPXHOCTHBIX 1 MOBCPXHOCTHO-TOHHBIX PCIKUMOB H
3aBUCUMOCTH 1A pacucTa JJIMHLI BOAOBOPOTHRIX 30H

4.7 Conpsizxenne 6be(h)oB JOHHBIM I'IAPABIHYECKHM NMPbEKKOM (IOHHBII
THII CONPSIZKEHMST)

B coorBerctBum ¢ ykazanueM m. 6.40 CIT 40.13330.2012 «mpn DOHHOM pPEXKHME
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conpsbkeHus ObeOB CleAyeT IPeayCMaTpHBaTh COMPSDKEHHE BOJOCTIBHOM MOBEPXHOCTH
¢ BOAOOOEM IUIABHBIM WM C HEOONbIIMM yCTyrmoM. OTMETKY TOBEPXHOCTH BOJOGOS M
PUCOEPMEL, MX UIMHY M TOJNILMHY CIIEAYET Ha3HAYaTh HA OCHOBAHWUM THAPABIHYECKHX H
TUAPOJAMHAMUYECKHX MCCIE0BAHAI H TEXHIKO-?KOHOMHUECKOTO CPaBHEHHS BAPHAHTOB C
YYETOM BCETO KOMIUICKCA MEPOTPHSATHH, BIMSIOMWX HAa THAPABINYECKWE VCIOBHS B
HIWKHEM Obede (racwrermu »Hepruu, obecneumBaroiiie 0OOpa3OBaHHE 3ATOILICHHOTO
IPBDKKA HA BOAOOOE W ONArONMpHSTHBIC YCIOBUS JUIS MaHEBPHPOBAHWS 3aTBOPAMH;
TIEPEXOMHBIE KPEIUIEHNS OT OETOHHOM pUCOEPMBI K HE3aKPEIJICHHOMY pYCly, KOBLI 3a
NEPEXOMHBIM KperieHueM ¥ 1p.). IIpH HeoOXOAMMOCTH CIIEAYET TNpeAyCMaTphBaTh
JONOTHUTENIBHBIE MEPONPUATUS MO NPONYCKY BOALI M JIbJa B IEPUOA CTPOMTENLCTBA
IITOTHHBI, 4 TAKKe MEPOIPUATHS, NCKIIOUAIONINE MOBPEXKACHUS DIIEMEHTOB KPCIUICHHS
TBEP/bIMH MaTepraIaMu (KAMHHU U Ap.)».

JloHHBIH pexuM cOmpsbkeHUs. Obe()OB MOKET MOMYCKAThCS KAK IIPH IVIaAKOM
BoaoOoe, T.e. 6e3 ycTpolicTBa racureneit SHEPIHH WM pacipeneNuTeNei moToka (ecau
rayOrHa BOIBI IPU PACUETHOM PACcXO/Ie M PACXOAAX, MEHBIINX PACICTHOTO, 00ECIETNBAET
00pa3zoBaHHE T'MAPABINYCCKOTO MPBDKKA), TAK W MPH HAJMYINH TACHTENCH SHEPTHA WJIH
pacmpeaenureliel oToka (eciau IIyOrMHA BOJBI 32 COOPYKCHHEM MEHBILIE COIPSKEHHOM
co ckaroif). HeoOxoMuMBl MEponpusTHs 11 PeJOTBPalIeHUs HEJOMYCTUMBIX COOMHBIX
Te4eHuii B HIDKHEM Obede.

IIpy BBHIMONMHEHWH PAcUYETOB JUIA Ciyyas BomoOos Oe3 racutelieit SHEPTUU TPEKIe
BCET0 HEOOXOMMO YCTAaHOBHUTH, B KAKWX YCJIOBHAX NMPOHCXOAUT CONpsDKEHHE ObedoB mpH
PacyeTHOM pacXofe: COOTBETCTRYIOIIMX YCIOBMSM IUIOCKOH 3afiauM, KOTAa MIMpHHA
paGoTtarouiero BogocnuBHoro (GpoHta He MeHee 0,8 MMPHUHBI Tak HA3BHIBAEMOTO
«OJIMKHETO yYacTKa HIKHEro Obe(hay, Wik yCIOBHIM MPOCTPAHCTBEHHOM 3aa4eii, korjaa
mprHa ¢poHTa MeHbIe 0,8 MIMpHHET OJIMKHETO HIDKHETO Obeda.

Tlpumeuanue: bmkanii yuacrok HinkHero Obeda BKIHOUaeT Bonoboii 1 xecTkyto pucbepmy,
a JaNbHUH — Y4aCTOK Pyciia OT KOHLA PUCOePMEBI 10 CTBOPA, B KOTOPOM IIOTOK JIBIDKETCS MPAKTHYECKH B
OBITOBBIX YCIOBUSIX [26].

Bropas  compsbkeHHass ryOMHa  A,,  COOTBETCTBYHILIAs  00pa3soBaHMIO

HE3aTOIUICHHOrO NPBDKKA HA [JI4JKOM BOA0OOE B YCTIOBHSX IUIOCKOW 3a7auM, M OTMETKA
TIOBEPXHOCTH BOAOOOS TPH 3aJaHHBIX VACTEHOM pacxoie Ha BOJ00OE W YPOBHAX

BEPXHETO U HIDKHETO Obe(OB, ONPEENnsIOTCs MO 3aBUCUMOCTSIM:
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(4.18)

{
b+ =T =z, 4 h,. (4.19)
2g9°h,
JUTS TmpemBapUTEIbHBIX PACYETOB MOXKHO TMPHUHUMATh (@ = 0,95, JIHHY mpBDKKA
PEKOMEHAYETCS IPUHUMATh PaBHOM /[ = 5,7(h,—h;) B Cllydae HE3aTOIUIEHHOTO TPbDKKA K

0

I)=57(h-h’) B CIydae 3aTOIUICHHOTO MpBIKKA, IJI€ h, — IIyOHHA, COOTBETCTBYIOIIAA

nepenany z,=7T,-h,, a h, - IMyOuHA BOABI B Hayane BOA0OOs, ompeaenseMas IO

13 2

(hopmyne

h +—F¢J2g(r V1 hy=0.

IIpumeuanue: BrlmenpuseqeHHbIE 3aBUCUMOCTH ICHCTBUTEINBHBI 1IpH Fr > 3.

Jns ycnoBuii IpOCTPaHCTBEHHOM 3a1auy pacueT HIPOM3BOAUTCS, KAaK YKa3bIBaJIOCh,
0 3aBHCUMOCTSIM, IPUBOAUMBIM B [15, 26, 27, 52].

Conpsoxerne OpeoB mpu raaakoM Bogoboe (0e3 racutencii SHEPruM) MOXKHO
JOIyCKaTh JIAIIb IIPH TIyOWHE BOJAbI B HIDKHEM Obede Ham AHOM BOn00O0s, OonbLiei
npuMepHo Ha 10% BTOpOI compsbkeHHO# MyOHHBI NPBDKKA. J[miHa Bogo6od H pucOepMBI
JOIDKHA HA3HAYATHCS [0 YCIOBHSAM O0ECTICUEHHS JOMYCTHMOTO Pa3MBIBa MOCIIE TEXHUKO-
SKOHOMMYECKOro 000cHOBaHMs. [IpeBapuTENBHYI0 OLICHKY HE0OX0AUMOlt JJIMHEI BOL0OOS
1 pucOEpMBI VTS THAPOY3JIOB CPETHETO HAOpa MOKHO MPOM3BOAMTH IO JaHHEIM [123].

IMpr HeoOxomuMocTH ycTpoiicTBa BOJZOOOMHON CTEHKM M ApYrMX Tracutenei
M30BITOYHOM SHEPIHH IIOTOKA WITH pacIpelNeuTeNiell pacxoja KaK MEpONpHSATHH To
60opbOe co cOOMHEIMU TeUEeHMMH (B HACTHOCTH, YKazaHHBIX B 1. 9.11 CIT1 40.13330.2012),
a TaKke racuterneii-pacpencnuTencii, CeayeT, Kak i IpH IIaIKkoM BoAoOoe, pa3iudarb

YCIIOBHS ITIOCKOM U IIPOCTPAHCTBEHHON 3a1a4.
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Pacuer conpsizxenusi 0be¢)oB NPH HAJTHYMH FacUTeJIeii JHePrHu.
I'mapaBianuecknii pacyer racureJieii JHepruu

4.8 O0mme nanubIe

B cootBerctBum ¢ TpedoBanuem m. 9.11 CI140.13330.2012 «1pu TOHHOM pEKUME
CONPsDKEHHU ObeOB B KayeCTBE OCHOBHBIX HAICKHT TPHHUMATH CICAYIOUIAE THIIBI
racuTelIed 3HEPIUHU:

- CIJIOIIHAs BOJOOOWHAS CTEHKA,

- BOJI00OOMHBINI KOJIOJELL,

- BOJ0OOHHAs CTEHKA C PACHOJIOKEHHBIMH HIDKE Hee HerslyOokuM BOAOOCONHHBIM
KOJOALEM;

- Ipope3Has BoA0OOIHAs CTEHKA,

- TacUTEllb B BUJIE HECKOJIBKUX PIOB INAMIEK HITH MUPCOB;

- KOMOMHHMPOBaHHBI€ M3 Pa3HBIX YKa3aHHBIX M JAPYIMX THIIOB TacuTeleit mpu
HaIUIe)KaLIeM SKCTIEPHMEHTATBHOM 000CHOBAHHH.

KoHcTpykums racutens W ero pasMenieHHe Ha BOA00OE€ Hapsay C raumieHHEM
SHEPrHU JOJDKHBI 00eCmeuMBaTh YCTOHUMBOCTH IIOTOKA M HCKIIOYaTh OMNAcHOCTb
BO3HMKHOBEHMs cOOWHBIX TeueHHd. KaBuraupoHHas Oe30HacHOCTh racureneit Jo/bKHA
o0ecreunBaThC  WCMONB30BaHUEM HX 0€339pO3HMOHHBIX (opM U 00OCHOBaHHBIM
UCCIEAOBAHNUAMM YAANCHUEM OT CKAaTOr0 CEUCHUS».

Hape)xHbIM ¥ IpOCTHIM TUIIOM TacUTENd, KaK IO HCIOIHEHUIO, TaK U 1O Py
Opyrux mokasareneil (racslieMy M pacHpefieNdomeMy JACHCTBHAIO, MEHBINCH
HOJIBEP>KEHHOCTH KABHTAIMH, Pa3pabOTaHHOCTH METOAOB pacyera M T.I.), SABISETCS
BoHOOOMHAs creHka. ONHAKO CIEAyeT WMETh B BHIY, YTO IPH HAIUYUU BOAOOOWHHOM
CTEHKH JHO BOAO0OS MEPEA CTEHKOH MOXKET MOJBEPrHYThCA HCTUPAHUIO MOMABIIMMH B
KOJIOZEL] TBEPIABIMHU peAMETaMH (Kyckamu GeToHa, 00JI0MKaMHu CKabl | 1p.). Ecnu Takas
OMAcHOCTh CYIICCTBYET, MOXKET OKa3aThesl LieNiecOOOpa3sHbIM YCTPOWCTBO IPOPE3HOM
BOJOOOMHOM CTEHKH WM APYTHX TacuTeneil, obecneunBaroluX BHIHOC B HIDKHUN Obed
MOMABIIMX B KOJOJACH[ MPEAMETOB, WM MHBIX MEPOIPHUATHI, HpeJOTBPALIAIOIINX

nonagaHue »J3THX MIPEAMETOB B KOJOACI. AHaOTHYEH MO CBOEMY JCUCTBHIO H
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BOAOOOMHEII KoNOzeL, 00pa3oBaHHbIH 3a CYET YTIYONCHNS JHA, OJJHAKO TIPH YCTpOiicTBE
TIIyOOKOTO KOJIOALA YBEMMYMBACTCS BBICOTA IUIOTHHBEI CO CTOPOHBI HIDKHETO Obeda,
YXyIIIaTcd YCJIOBUA €€ cratuyeckoi paGoTel, a Takke TpedyeTcs BBIEMKA
3HAYUTENBHBIX OOBEMOB TPYHTA, MO3TOMY YCTPOMCTBO BOMOOOWHOTO KOJOAIA MEHEe
SKOHOMHYHO, Ye€M YCTPOHCTBO BOJ00O0IHOI cTeHKH. Ho B HEKOTOPHIX CIydJastk, 0COOEHHO
MpU MaJbIX MIyOMHAX BOBI B HIXKHEM Obe(de, Bon0OOHbIN KOI0ACH HEOOXO0UM.

MoyKeT OKa3aTbCsl IENeCOOOPasHBIM YCTPOHCTBO KOMOWHHPOBAHHOTO TACHTEILA
BOIOOOMHOM CTEHKH U HETIyOOKOro BOoMOOOHHOro KojoAua 3a Hed. DTOT racuTelb He
Tpebyer 3armyOneHust OCHOBaHUS coopyxkenus (1. 4.10).

OKoHYaTEeNbHO BOMPOC 00 YCTPOMCTBE TOrO WM MHOTO TUMA Tacutens DOIDKEH
pemaTses Ha OCHOBAHWH TEXHUKO-IKOHOMHYECKUX PACTIETOB W OICHKH YCIOBHiT pabOTHI
TaCUTEIIEH.

Pacuer conpsokeHus Obe()oB IPH HAIUUMKM BOJOOOHHOH CTEHKM B YCJIOBHAX
TUTOCKOM 3a1a4M MOKET BBITIOJHATHCS HA OCHOBAHWHU pekomeHaanwmit [90] w nm. 4.8—4.10
Pyxoonctsa. Ilpu ruapaBnvdeckux MapamMeTpax COOPY)KEHHUs, BEIXONAINIUX 3a IPEACTIE]
00nacT! TPUMEHUMOCTH 3THX PEKOMEHJAUMH, — Ha OCHOBAaHHMH 3KCIIEPMMEHTAIBHBIX
TUAPABIMYECKUX MCCIAEAOBAHUN. ['MapaBiuyecKuii pacd4eT BCEX 3TUX TACUTENCH TECHO
CBSI3aH ¢ MX I'MJPOJAHAMAYECKHM PACUCTOM.

I'mppoavHamMuveckwii  pacder, Kkak  MpaBWIo, OCHOBAaH HAa  JAaHHBIX
OKCIICPUMEHTATIBHBIX MCCIENOBAHUNA. B HEKOTOPBIX CIly4asx NPENBAPHTENBHBIN pacyeT
MOKHO BBITIOJTHUTE 10 3aBHCHMOCTSM, MPUBOJUMEIM B [59, 90, 96]. 310 OoTHOCHTCA K
TAJIPaBIMYECKOMY U THAPOAMHAMUYECKOMY pacueTaM BOJ0OOHHON CTeHKHU MpU paboTe ee
B YCIOBHUSAX IIPOCTPAHCTBEHHOI 3aJayl M K CIy4asM MPHUMCHEHHs IPYTrUX THIIOB
racuteniell (B 9aCTHOCTH, MPOPE3HON BONOOOWHOM CTEHKH, racureNs-pacTeKkaresis), Npu
paboTe UX B yCIOBUSIX IUIOCKO# U MPOCTPAHCTBEHHOM 3a/1a4.

B kadecTBE OCHOBHOTO BHJIa racutens B PykoBoAcCTBe paccMarpuBaetcs Haubomee
PacTIpOCTpaHEHHAs M HKCCICAOBAaHHAs €ro PasHOBWIHOCTH — CIDIONHAsS BOJOOOIHAs
cTeHKa (pucyHok 4.5, a). HekoTopbie JaHHBIE AJ1s1 THAPAaBIMYECKOr0 pacieTa MPUBOIATCA
IU1s1 BOJOOOHHOM CTEHKH ¢ PACHOJIOKEHHBIM 3a Hell konojaueMm (pucyHok 4.5, 6) u mo

BozoOoiHOMY Komoaiy (pucyHok 4.5, B). IIpoekTmpoBaHHME M pacueT OCTAIBHBIX
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NEPEIHCIICHHBIX THITOB FACUTENEH, IPUMEHEHNE KOTOPBIX MPH 3aJaHHBIX [HIPABIMIECKAX
HapaMeTpax HHOrIa HEOOXOAMMO, MOKET BECTHCE 10 JaHHBIM [17, 26, 46, 53, 82, 86, 89, 96,
173].

"
Qe

Pucynok 4.5 — CxeMel racuTelieii SHEPTHU:
a — CIUIOIHAs BOKOOOIHAs CTeHKa,; 6 — BOXOOOHAsA CTEHKA ¢ BOAOGONHBIM
KOJIOAUEM; 8 — BOJOOOMHBIN KOJIOAEI]

4.9 I'mapaBanveckuii pacyer BoA000IiHO# CTeHKH

Cryiomnyro BoAOOOIHHYI0 CTEHKY LENecoo0pasHO yCTAaHABINBATh HA PACCTOSHUM

N
Il

N c
3k, OT Hayana BOm000s [26]. OTHOCHTENbHAS BLICOTA BOAOOOMHON CTEHKHM — TpH
h

3

~

0T 2 no 12 onpenensercs mMo 3aBHCHMOCTH

X

i=0,12,/sg0+2 . (4.20)
h

I3

3aBHCHMOCTh NPUIOJHA I pacyeTa CTCHOK, yKa3aHHBIX B TpUMedYaHnu 1 K

!, = 3h, 1 3HAYCHUSAXE | =

>

JaHHOMY IYHKTY W 3HAY€HHH KOd(pQUIeHTa CKOPOCTH Ui BOJOCIIMBA MEPEN CTEHKOIA,
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paBHom 0,95. Ilpu koxdpdunmente ¢, ommmuaromemcs or 0,95 Ha 5%, pacuerHOE
3HAYCHUE &y TOMYCKACTCS MPUHAUMATE ¢ MOMPABKO# A, paBHOI OTHECEHHOM K /1, pa3HOCTH
CKOPOCTHBIX HAMOpPOB B CXATOM CE€YEHHM, BBMUCICHHBIX mia 0=095 m mg
JICHCTBUTEIBHOTO 3HAUCHUSA ¢, T. € TPUHUMATE &) =&, A&, & BBIUMCIACTCS IO

YIETBHOMY Pacxojay Ha BogoOoe. B 3ToM ciiydyae MUHUMasbHAs OTHOCHUTENbHAS [NTyOuHA

Ps

h
BOIBI —~
h

X

Ha pucOepme (C TOl K& OTMETKOM TOBEPXHOCTH, KOTOPYIO UMEET U BOZ0OO#),
COOTBETCTBYIOIIAs 0Opa30BaHMIO TPHDKKA, Kak Ha pucOepMme, Tak W Ha BOH0o0OE €O

h h
CTENEHbIO 3aTOMmIeHns D = —~=1,1 u —>-11 (tae 4, ¥ h,_— YaKTHYECKHE TTyOUHBI
P , :
2p 2

BOAbI Ha pucOepMe wm Ha BomoOoe mpu (0=0,95), ompeaenstoTcss MO CIEAYIOMIM

3aBUCHUMOCTSIM:

o T,
- JUlA 3HA4EHHUM ¢ = — B npeaenax ot 2 go 10

h 1,1k z
S . 20,0283+ 1,64, 4.21)
B h h

K K K

- UL 3HAYCHMH & > 10 —

2 _1,90. (4.22)

IIpumeuanus:

1) 3aBucumocti (4.21) u (4.22) UCHONB3YIOTCA AJSI pacdyera CTEHOK NPSMOYTOJIBHOTO WM
TparneLenIaNtbHOro IONepeYHOro cedeHus. B mocnenHem ciydae ctg yria HakjIOHa BEPXOBOH IpaHH o,
(xoapunmenT otkoca), obo3HauaeMblil manee OykBoil m; He HOokeH mpeBocxonuTh 1:4 (uwmm 0,25) u
HuzoBo#t 1:1 (wmm 1). Hlupuna rpebHs cTeHKu & = (0,1+0,2)(H'+c), roe H'— Hamop Han rpebHeM
FacUTeJL.

2) Kpuruueckas riiyOuHa /s, OIpenessieTcs 1o yIeJIbHOMY pacxony Ha Bopodoe.

3a BomocOpocamy, MPOMYCKAIOIIUMU PacXo[ IPH PaBHOMEPHOM OTKPBITHH BCEX
3aTBOPOB, a TaKXKe 3a OIHOIPOJETHBIMM BoxocOpocamu, pabOTAOLIMMH B YCIOBHAX
IUIOCKOM 3amaun, BOXOOOMHYIO CTE€HKY MOXHO YCTaHABIMBaTb B 3aBHCHMOCTH OT
KOHKPETHBIX yCJIoBHH u TpeboBaHmii Ha pacctosHun (1,5-6)a, rme a — BHICOTa

HE3aTOIUIEHHOTO JOHHOTO IMPBDKKA HA TOPU30HTaBHOM BOjo00e. [Ipu 3ToM HambGoiee
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nenecooOpasupic 3HadeHus /, cocTaBmsior (2—4,5)a. C TOYKM 3PEHMS YMEHBUICHHMS
pasMBiBalolIeii CIIOCOOHOCTH MOTOKA HHKE TACUTENS CTEHKY Lenecoo0pasHo NpuOKaTh
K CKaTOMy CcedeHu0 10 /[ = (1,5+2,0)a 1O COOOPaXEHUAM KABUTALMOHHOH
6€30MacHOCTH TaCHTENST MOYKET MOTPeGOBaThCS yBEMMYEHUE UTHHEI /, 110 4,5a [90].

IIpu BHIOOPE BBICOTHI CTEHKH € HEOOXOAMMO HMETh B BHAY, YTO CYILECTBYET TaK
Ha3bIBacMas «KpUTHYECKas BHICOTA» BOJOOOWHOH CTEHKH ¢, Tpd  KOTOPOii
obecrieunBaercsi KpuTHueckoe (wiu ONM3KO€ K HEMY) YCTOHYMBOE COCTOSHHE
IIOBEPXHOCTHOTO BOJIOBOPOTA MEPE CTEHKON HE3aBHCHMO OT PEKMMA ITOTOKA 3a HEl, T. €.
U Tipu OYpHOM pexuMe TedueHHs Hibke creHkd [90]. B atom cmyuae, oTBedaromem
MAKCUMyMY PEAKIIMM CTCHKH, JOCTHIAcTCI MaKCHMAaIbHOE CHIDKCHUE [IIyOHMHBI B KOHIIC
OpBDKKA &, IO CPAaBHEHWIO ¢ IIIyOMHON A, HAa IiagkoM BojaoGoe, T. €. Oe3 racurenel
SHEPTUH. JTOT CjIy4all COOTBETCTBYET HAmOOJee BBICOKOH OTMETKE PaclOIOKEHHS

BOJOOOMHBIX YCTPOUCTB (puc.4.5). 3HAUECHHS /,, U ¢ IPH U3BECTHBIX FT U /2 (OTHECEHHBIX K

CHKATOMY CEUCHHIO) M TIPH 3aIAHHOM /, / a OTPEAEILIIOTC 10 rpadukaM Ha pucyHkax 4.6. u

47.

HaxyioH BepXOBO TpaHM CTEHKM m 33aJa€TCs O YCIOBUAM KaBHTAMOHHOH
6esomacHocti racutens (cm. m. 4.11). Ilpu HawioHe Bepxopoil rpamm m; = 0,5
BOJ0OOIHAs CTCHKA HMMEET CYIICCTBCHHO JyULIME KABMTALMOHHBIC MOKA3aTENH, 4YEM
creHka ¢ m; = 0, HO jyis obecreycHus TUAPABIHYECKH SKBHBATICHTHBIX PEKHMOB IPH
JTOH CTEHKE TPeOYyETCs yBETMUCHHIE €€ BBICOTHL.

VYBENMUEHUE BBICOTHI CTEHKH CBEpPX ¢ (mpubmmsutensHo Ha 20%) BBI3BIBACT
3aTOIUICHHE MOBEPXHOCTHOTO BOJAOBOPOTA MEPEH CTCHKOH, HO HE BIHACT HAa PEXUM U
ITyOHMHY MOTOKA HIDKE CTCHKH, T.€. IPH 3TOM HE HY)KHO M3MEHSTH OTMETKY 3aJI0>KCHHS
BOJOOOHHBIX YCTPOHCTB, MOAOOPAHHBIX [/l CTCHKH KPUTHYECKOH BBICOTHL.

B cnywae mocrarouno Gonmbnmux riyOWH HEKHETO Obeda #, >h, WM B Ciydae

Zc
HEOOXOAMMOCTH TIOHIDKEHUSI OTMETKH BOJOOOMHBIX YCTPOMCTB MO TEOJOrMYECKUM
YCJIOBHSIM, YCIIOBUSIM ITPOU3BOJCTBA Pa0OT M T. I BHICOTA CTEHKU ¢ HA3HAYACTCS MEHEE C¢

u onpenensercs npu m; = 0 no nanseiM puc. 4.8, npu m;=0,5 — 1o JaHHBIM prc. 4.9,
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IIpumedanus:
1) s obecneuenns 5%-Horo 3armaca IIyOHHBL ,, OTMETKH IOBEPXHOCTH BOX000s U pHCOEpPMBI

CJIEAYCT IOHU3UTL Ha O’OSth N0 CpPaBHCHUIKD C YCTAHOBJICHHBIMU PaCHETOM. HpI/I 3TOM BBICOTA C,

OIpefeTIeHHAS paHee, COXPaHsaeTcs: Oe3 BHECEHUs STOro 3araca.

2) Ilpu ycrpoiicTBe BOonoOOMHHON cTeHKH ¢ m; = 0 32 MHOTONPONETHON IJIOTUHON €€ BBICOTY,
HOJIy4eHHYI0 1Mo rpadukam Ha pucyHkax 4.7-4.9, ciemyer mpuHATH OOJbIIE PACUETHOH Ha PasHOCTb
Hanopos AH, COOTBETCTBYIOIIMX Y/EJIbHBIM PacXOAaM Ha Bomocnuse U Bogodoe. B ciayuae m; = 0,5 3to
yBeNUYeHHE TOKHO cocTaBmaTh (1,25—1,4) AH, npudeM MeHbIlee 3Ha4eHNe 31€Ch OTBEUaeT /, > 3/, .

4.10 I'napaBan4vecknii pacyer BOA00OIHON CTEHKH € PACHOJIOKEHHBIM
HHIKe ee BOA00OIHBIM KOJI0AEM

[Tpu HEOOXOIMMOCTH TOBBIMICHUAS OTMETKU 3aJI0XKEHMS BOJ000S U pucOepMbl 110
CPaBHEHHUIO ¢ HanOOJIee BHICOKUM MX 3aJI0XKEHHEM, OIIPEAECNIICMBIM MO KPUBBIM [, 2 1 3,
pucyHka 4.6, T.¢. TpH Maiblx OBITOBEIX TIyOMHAX B pycie M HEXeNnaTeabHOCTH
IIPOM3BOJCTBA PACUMCTOK, BOJOOOMHAS CTEHKA BBICOTOM ¢ MOXKET OBITH JOMOJHEHA
PACIONIOKEHHBIM 33 HEM HErmyOOKMM BOAOOOMHBIM KOJIOALEM. Takod racurenb He
TpebyeTr 3arayOjeHHs OCHOBAHHS BOJOCOPOCHOTO COOPYXKCHHST M 00ECIECYMBAET
npreMIIEMOe COnpsDKeHNe ObedoB MpH MaNBIX OBITOBBIX IIyOuHax B pycie (1,2-1,4)h;
MHHUMaJIbHAs HeoOXouMast I 3TOr0 TIyOMHa h,, Ompenenserca Mo JaHHBIM puc.4.6
(xpuBas 4) [90].

hi!n/ /72 H
haxftz,
ﬁzm/ hy
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Pucynok 4.6 — I'padmk ans onpeaeneHuss MUHUMAIBHBIX ITyOuH:
1,2,3 —3a BogoOOMHO# CTCHKOIA; 4 — 3a BOJOOOHHON CTEHKOI ¢ BOJAOOOHHBIM
KOJIOAIEM; 5 — 3a BOAOOOMHBIM KOJOALEM

188



R
ol R
o2 S A
4 Ve 3 M g
m=05 //,1 e Y
== 6 LA
0” ~—
g e /hﬁ/ L~ 4
] L
ﬂ7,~0 = ——
= — ™,
2 ==

0
03456‘78\/5:,'70

Pucynok 4.7 — I'paduik st onpeneneHus KpUTHYeCKOH BEICOTHI BOIOOONHON CTEHKH ¢
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Pucynox 4.8 — I'padux 3aBucumoctu 4, /h, = f(c/h,.Fr. I /a) nis BOROOOHHOH

CTEHKH 1pH 1, =0
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PucyHok 4.9 — I'pamk 3aBuCUMOCTH /1, /1, = f(c/h,Fr, [ /a)

JU1s BOA0OOHHON CTeHKH npH m; = 0,5

Ilpu BomOOOHHOI CTEHKE ¢ BOXOOOWHEIM KOJOALNEM PAcCTOSHHE OT CHKATOro
CEUCHHUs O CTCHKM HaszHauyaeTcs B mpepenax (2-3)a. I1o KaBUTALMOHHBIM YCIIOBUSM

3HAaYCHHE [, MOXKET OBITH YBEIMUYEHO 70 44.

I'nyOuHa KONMOAIA TIPH BEPTHKATBHOM BBIXOJHOM Mopore kojoama (m = 0)
HazHaJaeTcs IO JaHHBIM prucyHka 4.10. B cimydae h, =k, ¥ HAKIOHHOTO mopora (IpH
m=2) rnyOmHa Koyloama d =0,125h, . JnuHa KojoAua [/ TpH 3amaHHOM [J/a

onpenensiercs mo rpagpukam Ha pucynke 4.11.

4.11 IlporHo3upoBaHHE KABUTAIIMA HA BOJO0OITHBIX CTEHKAX

[TporHo3upoBaHWe  OCCKABUTALMOHHOTO  OOTEKaHWs  BOJMOOOMHEIX  CTEHOK
ocymectBisiercs o yeioeusiM (2.30), (2.31). Tlpm STOM B KauecTBe XapaKTEPHOTO

M30BITOYHOIO JABJICHUS CIIEyeT PUHUMATh [82]:

Poss = th - hy, - (423)
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Pucynok 4.10 — I'paduk 3aBucumMocta h, /h, = f(Fr, I /a, d /h ) Wit BOKOGOHHOH
CTEHKH C PACIIOJIOKEHHBIM HIDKE €€ BOJOOOHHEIM KOIOILEM
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PucyHok 4.11 —'paduk 11 onpeneyeHus UIMHbl Boa000MHOro KoJ10aua,
PacnoNoKEHHOTO 32 BOJOOOITHON CTEHKOM, TPH Pa3NuuHbIX [/a u Fr
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B xauecTBe XapakTEpHOW CKOPOCTH MPUHUMAETCS CKOPOCTH B CHKATOM CEUCHUM 3a

BOIOCIIMBOM. 3HaueHus KPUTUYCCKOr0  napamMeTpa KaBUTAllMH K ;P B ciyvac

=
©
5

c
—=1wu D =
c

K 2¢

=1 JUI TpeX XapakTepHbIX THIOB CTEHOK (pucyHok 4.12, a)

>

OTIPENETIAIOTCS B 3aBUCUMOCTHY OT COOTHOIIEHU [/ 10 rpadukam Ha pucynke 4.12, 6.

4 ( 4
B caywae —=1 | —=0.6+11| npu D no 1,5+1,7 3HaueHus «
c, NS )

m =0 OIPEACIIAOTCA 110 3aBUCUMOCTH

JUIST CTEHOK C

K, =K, -074(D ~1)-0,4(1-c¢fc,), 4.24)

3

a g m;= 0,5 — 110 3aBUCUMOCTH:

Kp Xp

K, =K. —045(D-1)-04(1-cfc,). (4.25)

6)
72 LI\
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" ]

2 J 4 § 6 lp/a

Pucynok 4.12 —I'padux ans onpeaeneHus KPUTHIECKUX TAPAMETPOB KaBUTANK K|, |
Bcmyvae ¢/c,= 1 m D = 1 g BoZoGOMHEIX CTEHOK Pa3IM4HBIX hopM
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3nauenue K, 111 BOTOOOKHOH CTEHKM BRICOTOH ¢, € BOMOCONHBIM KOIOALEM HIDKE
€e MMPUHUMAETCS N0 AaHHBIM pucyHka 4.12, 6. B ciaydae K < K, faxe A TpeyroapHoi
CTeHKH ¢ m; = 0,5 clemyeT OCYIEeCTBIAT BHE3AHOE CUMMETPHYHOE PACIIMPEHHE PyCia
B CTBOPE BEPXOBOro pedpa CTEHKU. YBEIMYCHWE IIMPUHBI PyClia B YKA3aHHOM CTBOPE

IOJDKHO COCTaBJIATh (0,05+0,1)ch /2g C K&KI0H CTOPOHBL. [Ipu 3TOM KpUTHYECKUE

HapaMeTPhl KABUTALUHN Kiyp pacm. A1 TPEYrONBHOM cTeHKH ¢ my = 0,5 U my; = 1 mpm
D=1 u c/c, = 1 npunumarorcs paBHbiMu 0,40 u 0,35 g l/a = 3 u 4,5
COOTBETCTBEHHO.

Ipu BBIGOPE HOPMEI CTEHKH JIOJKHA OBITH PACCMOTPEHA BO3MOXKHOCTE €€ PaboTHI ¢
JOMYIICHHEM  KABHTALMOHHOM 5pPO3MM ¥  OIEHEHB HAa OCHOBE JAHHEIX O
IPOAODKATENIFHOCTH IPOIyCcKa IAaBOAKA MHUHHMMANBHBIE JOMYCTHMEBIE CPOKH Takoi
paboTHl Oe3 KAmUTATLHOTO HMJIM MEHee CYIIECTBEHHOTO PEMOHTA, a TAKKE OLICHEHBI

CTOMMOCTE U TPYAOCMKOCTE PEMOHTA B PACCMaTpruBACMbIX YCIIOBUAX.

4.12 TuapaBanveckuii pacyer BoA000HHOTO KoJoANA

IIpu manbiX OBITOBBIX IIyOWHAaX BOJBI B pycie W HEOOXOMMMOCTH TPOMycKa
3HAYMTENBHBIX YJICNBHEIX pacxoloB, korma uucino ®pyma Fr; B oxartoM ceyeHHH
OKa3bIBACTCS CPABHUTENHHO MaJIbIM (~9+16), WK JJ1s NOBbILLEHUA OTMETKH OBEPXHOCTH
pucOepMBl  1OCTATOYHO OGIIArONPHATHBIE YCIOBHA COMpsDKEHUA ObeoB MOTyT OBITH
obecrieueHbl MyTeM YCTpoHCTBA OOBIYHOTO BOAOOOIHHOro konoAua. OCYIIECTBICHHE
TAKOTO TracuteNs TpeOyeT 3arTyOneHHs OCHOBAHHMSA BOJOCOPOCHOTO COODPY)KEHHs IO
CPABHEHHUIO ¢ BOZOOOMHON CTEHKO# MM CTEHKOH ¢ BOAOOOMHBIM KOJIOILIEM HIDKE €€.

MuHuManeHas TiayOMHA /o, TOPA KOTOPOM BOMOOOMHBINA KONMOZENl O0eCTIeUMBAcT
YIOBJICTBOPHUTEITBHBIC YCIIOBHS COMPsHKEHIS ObehOB, OMpeenseTcs 10 JAHHBIM puc. 4.6 (kpuBas
5). miaa BomoOoifHOro Konoaua /; BEIOMpAcTCs B 3aBUCHMOCTH OT KOHKDETHBIX YCJIOBHH B
npenenax (1,5-6)a. Haubonee nenecoodpasHbIE UTHMHBI KOJNOALEB COCTABILIOT (2—4,5)a.
I'myOuna BOmOGOMHOTO KOJOAUA d NIPU M3BECTHBIX 3HAYCHWSX Ay, My, U Fr, U 3amaHHOM
cootHoweHun //d onpenensercst no rpadpukam Ha pucynke 4.13, a, npu ko3 duuuente
otkoca m = 2 u pucynke 4.13, 6, npu m = 0. Bonee moapoOHO Bompoc o padoTe

BOZOOOMHBIX KOJO/IIEB 1 BOOOOHHEIX CTEHOK paccMarpuBacTes B [81, 82, 86, 89 11 90].
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Pucynok 4.13 — T'paduk 3aBUCUMOCTH hy/hy = Rddlha, I/, Fri) anst BonoOoiHbIX KONoaueB a) m = 2; by m =0



Ilpumeuanue: B ciyuae ycrpoiictBa BomoboiftHoro xomozua ¢ m = O 3a MHOTONpPOJNETHOMH
IUIOTHHOH TiIyOMHY KONOAuA, OmpeneneHHyro mo rpapuxy Ha puc. 4.13, 6, ciemyer yBemMuuTbh Ha
BenuuMHy AH, paBHYK pa3HOCTHM HAnopoB Ha rpe0HE BOHOCHIBA, COOTBETCTBYIOIUMX YAEIbHBIM
pacxonam Ha BopocnuBe W Bopoboe. Ecmu m = 2, 3amac B riyOuHE KOJOALA 32 MHOTOIPOJETHON
IUIOTHHOM MOJDKEH MPUHHAMATBCS PaBHBIM 3Ha4eHHI0 AH, yMHOXEHHOMY Ha KO3(dUIMEHT, paBHbIi
OTHOIIEHUIO TYOuH Kojomues nmpu m = 2 u m =0 no rpadukam Ha puc. 4.13, a u 4.13, 6 npu 3aKaHHBIX
sHadeHuAX Fr,, I/an hyy/ hy.

PacueT AfiHBLI BOA00O0s1, pucOepMbl H MEPEXOAHOTO
(aedopmMupyemMoro) Kpenjienns 3a pucoepmoii NpH HecKaIbHBIX
rpyHTAX

4.13 O6mue yxazaHus

IIpu OpOeKTUPOBAHNH KpeTeHus HIKHEro Obeda BOZOCOPOCHBIX COOPY)KEHHUI HA
HECKAJIBHBIX I'PYHTAX JOJDKHBI BBIIONMHATECS ciieayromue Tpebopanus CII 40.13330.2012:

«9.13 Inuna u mpoduiib pucOEpMbl, KOHCTPYKLMS MEPEXOJHOIO KPEIUIEHHS OT
pucOepMbl K HE3aKpEIDICHHOMY pYCIy MO/DKHBI OHPEAENSTHECS HA OCHOBE TEXHHKO-
SKOHOMHYECKOTO COMOCTABICHUS BAPHAHTOB, C Y4ETOM O0CCICYCHUS HEPA3MBIBAIOLIUX
CKOpOCTelt TOTOKA B Hauasle He3aKPEIUIEHHOTO Pycia.

9.14 na nmotu I, II u III ximacco pucOepMmy ClemyeT IPOEKTHPOBAaTh, Kak
IIPaBUJIO, B BUAE IUTHT U3 MOHOJIUTHOTO OETOHA HITH JKeJe300eTOHa.

Jna mmotmH IV kmacca pucOepMy HAoOMycKaeTcs IIpefycMaTpuBaTh B BUIC
KaMeHHOU HaOpOCKH, TAOMOHHEIX CETOK, COOPHBIX OETOHHBIX WM XKEIE300€TOHHBIX TLTUT,
COEIMHEHHBIX MEXKAY co00M apMaTypoif, METATNUSCKUMHE TUTUTAMH.

9.15 Tonmuna NauT BoAoOOS U PUCOESPMEI OMPEACIASTCS PACIETOM U3 YCIIOBH
obecneyeHus: UX MPOYHOCTH W YCTONUMBOCTH € YIETOM OCPSIHEHHBIX M MYJILCAIIMOHHBIX
Harpy3ok. HeoOxoauMo mpemycMarpHBaTh PaspesKy TUTHT TEMIEPATypHO-0CAI0YHBIMA
IIBaMHU, JPEHHPOBAHKUE MOMIUIATHOM 00IacTH, YCTPOHCTRBO APSHAKHBIX KOTIOIIIER U AP.

9.16 Tun 1 KOHCTPYKUMIO ApeHaXKa TMOMIUTATHON oOnacTi Bogo6os U pucOepMbl,
pasMepBl B pa3MELICHHE MPCHAXHBIX KOJOMIEB ClieqyeT BHIOWpATh B 3aBUCHMOCTH OT
BEJIMYUHEL U PACTIPENENECHHS THAPOANHAMIYECKOTO AABJICHAS TIPH Pa3JIMYHBIX COPOCHBIX
pacxojaax depe3 mioTHHY. IIpH 3TOM JOIDKHBI ObITh HCKJIIOUECHB BO3HAKHOBCHHE
BEICOKOTO OCPEIHEHHOTO M MYJIBCAIMOHHOrO MAAaBJICHWS B TOIIUIUTHOW 0oOmacTw W
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cy(pdozuoHHbIe SBIEHNS B 00paTHOM (QIJIBTPE W MOACTIIIAIONIEM TPYHTE.

JlomyckaeTcss  ycTpauBaTh 3aKpHTBIC MHOMIUINTHEIE JPEHAKH C  BBIBOJOM
(unprpyroueiics BOAbL B CONPSTAMOIMHX YCTOSNX, PA3ACIBHEIX CTEHKaX, OBIKaX.

Bermycky apeHaka TODKHBI Pa3MEIAThes B 30HAX MOHIDKEHHOTO AABICHHUS, HIKE
MUHHUMAJIbHOIO YPOBHS HIDKHETO Obe(a.

B pucbepme 1u3 COOPHBIX IUIMT APEHAKHBIE KOOI JONYyCKACTCA HE YCTPauBaTh.

9.17 B xoHle OSTOHHOTO KpPEIUICHHS CIEayeT MpeaycMaTpuBaTh YCTPONCTBA B
BUJIE BEPTUKAIIBHON CTEHBI, IPEJOXPAHUTENBHOIO KOBILA, IEPEXOAHOT0 AehOPMUPYEMOTO
KPEIUTCHHUS MU COUETAHUS U3 STHX KOHCTPYKIHIA.

9.18 BeprukanbHbIE CTEHBI B KOHLIE pUcOEpMBbl WK BO1000s (B BUIe OETOHHOMN HITH
JKETe300€TOHHOM CTEHBI, IIMYHTOBOM CTEHBl IUIOCKOH WM SYEHCTOM KOHCTPYKIMH,
psDKelf, 3allOMTHEHHBIX KaMHEM W Jp.) CJEAyeT NPOEKTHMPOBaTh HA BCIO INyOHHY
BO3MOXKHOTO pa3MbIBa IpyHTa. JIOMyCKAaeTCsl yCTpaWBaTh BEPTHKANBHYIO CTCHY HE Ha
HOJTHYIO TITYOMHY Pa3MbIBa ¢ YIACTKOM TIEPEXOHOTO Je(hOPMUPYEMOTO KPETITCHHS 32 HElf.

9.19 Ilepexoanoe aehopMUPYEMOE KPEIUICHUE HAJICKUT IIPOCKTHPOBATH:

B BHJE OTJCNIBHEIX OCTOHHBIX HITM JKEJE300€TOHHBIX TNTAT, MIAPHUPHO CBS3aHHBIX
MEXy OO0 TN COSTUHEHHBIX KOMITCHCAIIMOHHBIMH CBSI3AMI,

13 TpaBUitHOM UK KaMeHHOM HaOpOCKy,

rabuoHHBIX, (AMWHHEIX KpPEIUICHHH WM WHONH KOHCTPYKUHH TIO(IKOB ¢
IPUTPY3KOi MX KaMHEM UM TPaBUEM,

a TakoKe B BUJIE COUCTAHHUS 3THX THIIOB KPEIICHHUIH.

Tun kpemeHus craeayeT BHIOMpaTh Ha OCHOBAHHHM CPaBHEHUS TEXHHKO-
SKOHOMHMYECKMX IIOKasareineil pa3pabOTaHHBIX BAPHAHTOB C YYETOM THAPABIMICCKHX
yCI0BHi, TOIyCTUMOM ITyOMHEL pa3MblBa U Apyrux (pakTopoB, B HACTHOCTU, C YUETOM
BO3MOKHOTO KPHOTCHHOTO ITyI€HUS TPYHTOBY.

W3 npuseneHHblx TpeOoBaHmit myHKTOB 9.13-9.19, a Tawke n. 9.11 CII
40.13330.2012 cnemyert, 4TO BO BCEX Ciydasx Juisi coopykeHuit I u II kmacca kperierue
3a IUIOTMHAMM Ha HECKAIbHBIX TIPYHTaxX BKIIOYaeT HeaedopMmupyemble BoaoOO#H u
pucOepMy, 3a KOTOPHIMHM BBIIOJHSETCS TEpeXojHOe AedopMHpyeMoe KpEIUICHHE

KOHCTPYKLM#, yKa3aHHBIX B II. 9.19.
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Tlpu  BO3BEACHMM  KDYNHBIX THUAPOTEXHHYECKMX  COODYXEHHMIt  Hambonee
PacTpOCTPAaHEHHBIMH SBJISIOTCS:

1) mepexomHOE KpEIUIEHHE W3 KaMEHHO# HAOPOCKH € MOBEPXHOCTHIO MPAMEPHO Ha
TOM e OTMETKEe, UTO M TIOBEPXHOCTH JKECTKOH pHCOepMBI (WIH ¢ HEOOIBIMM
MOHIKEHUEM),

2) KpemneHue u3 THOKO CBS3aHHBIX JKETI€300€TOHHBIX IUIMT, YKIAABIBAEMBIX Ha
TOATOTOBKY M3 KaMEHHOH HaOPOCKH WITH MICOHS,

3) xpemieHUue BEPXOBOrO OTKOCA KOBLIA 3a PUcOEPMOll M YAaCTUYHO AHA KOBIIA
JKeTe3006 TOHHBIMH TTUTAMH, a KOHIIEBOTO yYacTKa JIHA — KaMEHHOI HaOpOCKOif.

B HEKOTOpBIX ciydYasx, KOrja BOPOHKA pa3MblBa I'DYHTA OXXHMIACTCA HE OYEHB
rIyOOKOM WM TIOJ Pa3MBIBAEMBIM TPYHTOM Ha CPaBHMTENBHO HEOONBIION IiyOHHE
3QJIETAET HEPA3MbIBACMbIH TPYHT, MOXKET OKAa3aThCs LENecOOOpa3HbIM YCTPOHCTBO B
KOHIIE pucOepMBbl OCTATOYHO 3ariayONeHHOHW BepTHKaNbHOH cTeHku (OetoHHOTrO 3y0a,
myHTa) 6e3 KperuieHus TPYHTa 3a CTeHKoi. Torja paccMaTpHBaroTCs TOJNBKO TTyOHHA
MBIl pa3MblBa U OOHaKeHUE 3y0a B KOHIE pUCOSPMbI, KOTOPHIE ONPEICIIIOTCS IO
3aBUCUMOCTSM, MPUBEICHHBIM B MyHKTax 5.8 —5.13 PykoBoacTsa.

Hiwpke NOpUBOAMTCS METOAMKA pacdeTa KpelUieHHs U3 KaMEHHOH HalOpockw,
HEMOKPHITO U MOKPHITOH OSTOHHBIMY ITUTaMH.

ITpy MPOEKTUPOBAaHUM KPEIUIEHHS U3 KAMEHHON HaOpOCKH HEOOXOAUMO 00ECIEYNTh
BEITIOJTHEHHE CIIEAYIOUNX OCHOBHBIX TPeOOBaHMIL:

- YCTOﬁqHBOCTL KAMHE# B OTHOIIICHUH BBIMbBIBA,

- JIOCTaTOUHOCTh 00BeMa MpPU3MBI JUIL TOKPHITHS OCHITAIOMIAMCA KaMHEM
IMPUMBIKAKOILECTO K KECTKOM pHc6epMe O0TKOCa BOPOHKH pa3MbIBa,

- I0CTaTOYHOCTH TOJILIMHBI IPU3MbI HAOPOCKU M MOJATOTOBKM MO HEW MO YCIOBUIO
MpEaOTBpAICHNA HHTCHCUBHOTO BBIHOCA U3-TI0J] HUX TICCKA,

- ynoOCTBO MPOU3BOJCTBA paboT.

Pa3mepsl Tpu3Mbl K3 KaMEHHOH HAOpPOCKM HA3HAYAIOTCS B 3aBHCHMOCTH OT
ryOUHbL M MECTOIOJIOXKEHUS BOPOHKH PA3MbIBa M XapaKTepa 3TOr0 pa3MbiBa.

Ipy KPYIMHO3EPHUCTOM Pa3MBIBAEMOM TPyHTE (TPaBHii, TaJbKa, KPYITHO3EPHACTHIA

necok d > 1 MM), koraa ko> QpULHEHT 3a0XKeHUs] OTKOCA IMBI pa3MbIBa IPUMEPHO PaBEH
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3-3,5, mpu KOTOPOM YK€ HE IIPOMCXOJMT OCHIIAHUS KaMHEH B BOPOHKY pa3MbiBa,
Ha0pOCKa, 3alUINAOMAsT COOPYKEHUE OT IIOAMbIBA, MO3BOJAET COKPATHTH [UTHHY Goiee
Jopororo 6eToHHOTO KperuieHus. COKpallleHHe JUTMHBI PUCOSPMEL, a Takke Ha3HAYCHHE
YuCclia CIOCB KaMHS B 3TOM CIydac NPOM3BOIAT HA OCHOBAHUM KOHCTPYKTHBHBIX
coo0paxkeHu# U yI0o0CTBA MPOM3BOACTBA paboT (HallpuMep, YA0OCTBA YKIAJKH KPYIMHBIX
KaMHe#i, eCJIH TaKOBbIE TPEOYIOTCS 110 YCIOBHAM YCTOHYMBOCTH B OTHONICHNH BHIMBIBA) C
YUETOM SKOHOMUUECKUX MOKa3aTeleH.

JUts obecrieucHUs IOCTENEHHOTO TOHIDKCHHS KOHIIEBOTO y9acTKa KPCIUICHUS W3
KaMeHHOH HaOpOCKM B Tpolecce pasMblBa pPycCla, CIOKEHHOTO MEJIKO3CPHUCTEIMA
neckamu, HaOpOCKy ClelyeT YKIagblBaTh Ha JIETKONPOHHLAEMYIO IMEOCHOUHYIO WITH
IPaBUMHYIO IOATOTOBKY, JOIyCKAIONIYI0 YACTUUHBIH BBHIMBIB IECUMHOK OCHOBAHUS Yepe3
nopsl HaOpocku. KOHIEBOH y4acTOK KpEIUIeHHd IienecooOpasHO BHITIONHATE W3 OXHOTO
€10 KaMHsl, 3aTeM, Ommke K pucOepMe, NepexXoauTh K ABYM CJIO0SAM KaMHS, CyMMAapHYIO
JUTMHY 3THX IBYX YYacTKOB B II€PBOM MPUOMMKEHUM MOXXHO TIPUHHMATh paBHO#M 3/4
oOmeit AIMHBL ydacTKa KpEIUIeHHS KaMEHHOH HaOpockoil. YdacTok ke HaOpockw,
MPUMBIKAFOLTUAA HEMOCPEACTBEHHO K JKECTKOH pHCOEpMe, PEKOMEHIYETCS BBINOIHATE U3
TPEX CJIOEB KaMHS, YKJIA[bIBACMbIX HA JBa €08 IICOCHOYHOM WJIM TIPaBUIHOI
HMOATOTOBKH, TAK KaK 3[€Ch 3HAYUTEIBHOE OHIKEHUE HaOpocku Heomycrumo. IIpu srom
HIDKHHE CJIOM KaMHS MOTYT Ha3HAJaThCsl HECKOJIBKO MEHBINEH KPYITHOCTH, 9eM BEPXHHE,
€CIIM 3TO SKEJIATEBHO M0 YCIOBHSAM NPOM3BOACTBA paboT. IloyHas jvHA MEPEXOJHOro
KPEIUTCHUs W3 KaMEeHHOW HaOpOCKH TpH MEIKO3EPHHCTOM pa3MBIBACMOM Marcphaie
pyclia Ha3HAYaeTCss B 3aBHCHMOCTH OT IIYOMHBI BOPOHKH MECTHOTO pa3MbmBa. lIpu
riyOuHe, MeHblueit 20 M, peKOMEHAYETCH:

a) MOoCJIEAHMI yyacTok HAOPOCKU IUTHMHOM, paBHO# 1/4 moJiHOM UIHHBI KPEIUICHUS
HaOpOCKH, BBHIMONHAEMBI W3 ONHOTO CJOS KaMHA, B pacdeTax HE YYHTHIBATh, 3TOT
y4YacTOK Ha3HAYaeTCs B 3amac pacyera;

6) ocranbHble 3/4 JUTMHBI yYacTKa HaOPOCKU MPUHAMATH PAaBHBIMU JBYM ITyOHHAM
pasmbIBa A, (5, paBHO Pa3HOCTH OTMETOK [HA IO Pa3MBIBA M B HAMHU3LICH TOUKE BOPOHKH
pa3MbIBa).

CoOTHOIIEHHE MKy HAHOOJBIIMMH H HAUMEHBIIMMH TMONMEPEYHBIMH Pa3MepaMu
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KaMHS JOJDKHO ObiTh TipumepHo 2-4. TIpu oxupmaemoii rmyOuHe pa3sMbiBa Gosee 20 M
JUIMHY y9acTka HAOPOCKH W €ro KOHCTPYKTHBHOE OQOPMIIEHHE MOXKHO IPHHHAMATH
TaKHUMH Xe, Kak 1 npu i, = 20 M. Omnako misa wiotad I w I kmacca KOHCTpYKIus |
pasMephl KOHIIEBOTO KPETUICHHs JOJDKHBI 3aTe€M YTOUHSTHCS HA OCHOBAHUM (PH3HUECKOro
MOJICIMPOBAHUA. B 3aBHCUMOCTH OT MECTHBIX YCJIOBHMH MOTYT NMPUHUMArbci M APYrue
pelmeHms.

JlonycTMMOCThL PacyeTHOM TIyOHHBI pa3MbIBa, KPyTH3HA €r0 BEPXOBOTO OTKOCA M
JOMYyCTUMOE MpHOIKeHHe PoKyca BOPOHKH pa3MbIBa K BOJOCOPOCY, K YCTOSM U JIPYTHM
COOPY)KEHHSM TIPOBEPSIOTCA 1O YCJIOBUSAM YCTOWYMBOCTH MacCHBOB TPYHTa MOA
VKa3aHHBIMH COOPYXKCHHSMHA TPH HAJIMYHM PACUETHOTO pa3MbiBa. Ecimu  ycnoBus
YCTOMYMBOCTH ITHX MACCHBOB HE BHIMOJHSAIOTCS, HEOOXOAMMO 3aMpPOSKTHPOBATh TaKHe
KOHCTPYKLIMM TacuTeNiell M KpPEeIUICHWH M HA3HAYMTh TaKyl0 CXEMy MaHEBPHPOBAHUA

3aTBOPAMH, IPH KOTOPBIX PACUETHBIM Pa3MBIB HE IPEBOCXOIMII OBI IOMYCTHMOTO.

4.14 Onpenenenne JIAHBI KECTKOTO KPEIJICHHS W KPYNMHOCTH KAMHA
AeopMHpPYeMOro KpenieHus

ITpu ycrpoiictBe Ha BomoOoe BOXOOOMHOM CTEHKM W TOPU30HTATBHOTO
MEPEXOTHOrO KPEMJICHUs HA YPOBHE MOBEPXHOCTH PUCOESPMEI ITHHA HEXeGOPMUPYEMOTO
yuacTKa pucOepMHI /, OOBITHO BEIMOIHASMOrO U3 OETOHHBIX IUTHT M 3aKAHYMBAIOMIETOCS 3a
IPeAEnaMl BOJOBOPDOTHOIO yuyacTKa mpebDkka S [90], HasHadaeTrcss C  y4eToM
YCTOHUMBOCTH KaMHs AehOPMUPYEMOTO KPETICHUS d, ¥ YCIOBHIA POM3BOACTBA PaboT Mo
YKIafKe JTOro KamHs. Takum o0pa3oM, IPH pacueTe IIMHBEI OCTOHHOTO KpPEIUICHUS
3aJaHHBIMU BEJIMINHAMHA SABJIAKOTCA NIIMHA Sy U KPYITHOCTE KaMHs1 dy.

B cimydae BomoGoiinoi cTeHkH ¢ my; = 0 mpu ¢/c,=1 mmHA s, OMPEACNICTCSA TO

3aBHCHUMOCTH.

2

s“/h2:4,2+0,14(]—°—1} : (4.26)

a

Ecmu c¢/c, <1, 3HaueHWe s, Haxomurcs 1o rpadmkaM pucydka 4.14. B ciydae
3aTOIICHHBIX PEXUMOB € [)>] yBENUYEHUE IJMHBI S TI0 CPABHEHHUIO ¢ IIMHOM mipn D = 1

cocrapyseT (4+5,5)Ah, rne Ah — mpuparenue riyOuHBl HIKHETO Obeda 0 CpaBHEHUIO
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¢ D = 1. 3aBucumocts (4.27) u rpaduxu puc. 4.14 oteeuator cnyqaro m;= 0. Ecm m; =
0,3-0,5, mHa s, Ha 5% Oonbie, yem npu m; =0.

JUtss BOJOOOMHOM CTEHKHM ¢ PacmONOEHHBIM HIDKE €€ BOAOOONHBIM KOJIO/IIEM
MPOTSHKEHHOCTB Sy, OTIPEAEIIETCS TAKKE MO 3aBUCUMOCTH (4.26).

IIpn BHINOMHEHUN NPEABAPUTENBHEIX PACUETOB MO OMPEACTECHUIO MECTOTIONOXKEHHSI
KOHIa IPBDKKA 3a MPOPE3HOH cTeHKo# mpu [, = 3/, W 3a racutelieM-pacTeKaTelieM
JIOMYCKAEeTCsl MPUHUMATh PACCTOSHUE OT Havyala BOJ0OOS IO KOHIIA MPbDKKA TAaKAM JKe,
KaK U /I SKBUBAICHTHOMN MO racsuemy 3G ¢eKkTy CIUIOMHON CTCHKHM, YCTaHABINBACMO

Ha PacCTOSHUH 3/, OT CXKATOTO CCUCHUS.

6/hy
04 ,)\‘9 A ’@/ “y § .
w5 | — /S /

XN
sz ///,z / J,/

a7

Pucynok — 4.14. I'paduk 111 ONpeaeneHns JTMHbL BOAOBOPOTHOTO Y9aCTKa MPBIKKA Sy/fy
IIPY HAJIWYWH 32 BOJOCOPOCOM BOAOOOMHON CTCHKH

KpynmHOCTE yCTOHYMBOIO IO OTHOIIEHWIO K Pa3MBIBAIOLIEMY JECHCTBHIO MOTOKA
KaMHsL THOKOH pHCOEpMBI, PacHOMIOKEHHON Ha TOM JK€ YPOBHE, uro W riaakuii (6e3
racutenel) BogoGol, PeKOMEHAYETCA NPH MPEABAPUTEIBHBIX pacyeTaX OMpelessiTh 110
rpadukam pucyHka 4.15. J{ns 37oit sxe CXeMBI KPEIIEHHS KPYIHOCTh KAMEHHOM HAOPOCKA
C YYETOM BEDPOSTHOCTH BHIOpOCA KaMHS M MPOJODKUTEIBLHOCTH JACHCTBHS IaBOJKA

pexomenayercs [33] onpenensaTh 1o rpaduky Ha puc.4.16 U 3aBHCHMOCTSIM:

dnl = d(?] L;’ (427)
: “y1.5-10
fa "
p(d)=01] —=| . (4.28)
Y

Ha pucynke 4.16 u B 3aBucumoctax (4.27) u (4.28) npuHATEL CIEAYIOLINE

0003HAYCHUS

hy, he, h, h, — TIyOMHA B KOHLIE XXECTKOM pHCOSpMBI, KpUTHYECKas TyOMHA U
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COMPSDKCHHBIC FHY6I/IHBI, COOTBECTCTBCHHO,

>

D = —* — CTCIICHb 3aTOIUICHUS IIPBDKKA,

=

§ — PacCTOSHNE OT CXKATOTO CEYCHHS JI0 PaCUETHOTO YUacTKa KPEILICHHS,

I = 5,71(hy — hy) — AnMHA THAPABIMYECKOTO TIPBIKKA,

p(d) — BepOATHOCTD (4acToTa) BLIOpPOCA KaMHs (OTHOINCHWE YHCIIA BHIOPOIIEHHBIX
KaMHell K IX 00IeMy KOJIMIECTBY B TIOBEPXHOCTHOM CJIO€);

v,
Sh = — — yucno Crpyxans,
h

¥, — CpEeIHSS CKOPOCT TCUEHHUS B KOHIIE JKECTKON PHCOSPMEL;
! — IPOJOJDKMTEILHOCTE JCHCTBHA PacyeTHOTO MABOAKA, d, — AWAMETP KaMHS,
BEPOSITHOCTBH BEIOPOCA KOTOPOTO PaBHa p;

d; — JAMAMETpP KaMHs, BEPOSTHOCTb BHIOpPOCA KOTOpOro paeHa 0,1 mpH 3HaYeHWH

)
ancna Crpyxans, papaom 15 - 10%;

doy — IMaMeTp KaMmHsi, BEPOSTHOCTH BBIOpoca koroporo paeHa 0,1 mpu roGom
3Ha4YeHun yucia CTpyxas.

BepostHOCTE BBIOpOCA KaMHS M IPOJAODKHTENBHOCTH IEHCTBHS PACUETHOIO
IABOJKA CIELyeT HA3HAYATh C y4YETOM TEXHMKO-?KOHOMHUYECKHX MOKazarenaeid. UToObl
OIPENENUTh JUAMETP KAMHS, OTBEHANOIIMIT 3apaHee 3a/]aHHON BEPOSATHOCTH €ro BBIOpOCa,
HeoOxoauMo M3 rpaduka pucyHka 4.16 mo 3agaHHBIM HapameTpaM MOTOKA HaiTH

3HAYeHHE d,,, 3aTeM, HCIONb3ys ypapHeHHe (89), ompememuts d,, IS 3aJaHHOTO

BPEMEHU BO3/IEHCTBHS TI0TOKA Ha KPEIUICHHE W W3 YpaBHEHUS (86) HAlTH AHAMETD KAMHS,

COOTBETCTBYIOIMI 3aJaHHON BEPOATHOCTH BEIOpOCa p(d).
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Pucynok 4.15 — I'padux asst onpeaencHus KPYMHOCTH KaMH$ dyy THOKOH pucOepMBl, TpH
OTCYTCTBUM racuteneil Ha BopoOoe, d /h = f(x/h,) Py Pa3IUUHbIX 7, /h, 1D =1,0
(IYHKTHPOM MOKa3aHA OTHOCUTENIbHAS JUIMHA TIPbLKKA)

=
E\ o [7 |
05 \\ | o ¥ A |
+ -5 |
7 o-§ i
AN\ |
W |
03 i
A |
4. :
v \ E
aJ \.b_s/lm
a5 %0 19 20 24 30 35
h, h, 1 h,
1) ==2,6, 2) ==2,4 5) 2 =24, axz D =1,20;
h h h
* * L past D =1,0; *
h, h, | h, -
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['papuueckue 3aBucMMOCTH (pUCYHOK 4.16) copaBeUTMBBI B CICAYIOLIEM

JMana3oHe M3MEHEeHWs mapameTpoB motoka: 10 < Fr; < 60, 0,7<—<3,0, D = 1,0

272

n

TJIOTHOCTH KaMHs p = 2,65 r/em’.

B ciryyae 3aTonieHHOro ruApaBIndeckoro npeikka (D > 1,0) Ha rpaduke pucyHka

0

S S
4.16 BMECTO OTHONIIEHHS — HEOOXOAMMO MOACTABIISITH — (paccrostHME  5°
i i

n o

0
OTCUHTHIBAETCS OT cedeHus ¢ — ¢ (PUCYHOK 4.17), a I° OIpeNensIeTcs U3 BHIPAKSHHS

0

I° =5,7(h, -h°),TH€ h°, — IyOMHA IOTOKA B cedennu ¢ — c).

MECTOMOJIOKEHUE CCUCHUS CO — CO MOXKET OBITh OMpPECACIICHO 11O 3aBUCUMOCTH:

h —h i
=+ _0,64D
h, —h

2 1

4,2

+0,2. (4.29)

3Has ryOuny h, (puc. 4.17) u KOOpAMHATHI BOAOCIUBHOM rpaHy IUIOTHHBL, MOKHO
HAlTH MECTOTIONOKEHHIE CKATOTO cedenns ¢ — ¢ 1 yOuHy &', .

Ilpn crenenu 3artomeHus D > 1,0 Bellieyka3aHHbIE 3aBHCHMOCTH CIEAYET
MPUMEHATh Ui Cllydas IMepelMBa MOTOKA 4epe3 BOAOCIHMBHYK IUIOTHHY. [Ipum cxeme
UCTEUCHUS U3-1I0J1 IUTa OHU MOTYT OBITh MCIOJIb30BaHbI TOJILKO Npu D = 1,0, Tak Kak B
5TOM CJIy4ae MECTOIOJIOKECHUE CHKATOrO CECUYECHUs HE 3aBUCUT OT CTEIICHM 3aroruicHus. B
CXEME MEpPENMBa 4Yepe3 BOAOCIMBHYIO IUIOTHHY CXKAaTOE€ CEYEHUE CMEIIAETCS BBEPX MO
BOJOCIIMBHOW T'paHM, YTO MPUBOJUT K CYIIECTBEHHOMY Pa3jIMYUI0 B KHHEMATHYECKUX H

JUHAMHWYCCKHUX XapPaKTCPUCTHKAaX IMOTOKAa B HUXKHEM 6]:6(1)6 JJIA 3THX CXCM.

ATTTEERRRRRERSSER
<o
7,
f/
=
Ca \
H

‘%

Pucynok 4.17 — CxeMa k onpeaeneHuo MECTOIOIOKEHHS CKAaTOr0 CEYCHH
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[lpy HamMuMH HAa BOAOOOE CIUIOLIHOM BOAOOOMHON CTEHKH, YCTaHOBIICHHON Ha

paccTOsAHMH [, = 3k, OT CXAaroro CEYCHWs, KPYMHOCTb KaMHs dy, oOmpejesnsieTcs Mo
rpadukam Ha pucynke 4.18, anpu / /h,#3 W c¢/h =0,675 U 1,26 — HCOONB3YIOTCA
rpaduku pucyHka 4.19. 3naueHue 4, / b, nonydeHHoe no rpaduky puc. 4.19, Heo6xoaUMO
YMHOKUTH Ha Ko3(duuuent 1,3.

Ecmm I #3 wm, =0, 0pu c/h, >1,26 Jyisi NpUOTMKECHHONH OLEHKH d, MOXHO
WCIOJIb30BaTh d_, OMNpPEACICHHOE M0 [aHHBIM puCyHKa4.18 M yMHOXXEHHOE Ha
KOOQQUUHMEHT &, , TAC k, PABHO OTHOIICHWIO 3HAYCHWS d, / h,, HAWICHHOTO IO PUCYHKY
4.19 mns ¢ /h, =1,26 TpH OPUHATOM //a, K 3HAYCHUIO d /h TpH [ = 3h, W 3aJaHHOM

3HauCHUM Frowmm 4, / h .

50 15 20 25 Hajhes

PucyHnok 4.18 — I'padwmk mis onpeneneHus 0y NPy HATHIUK BOZOOOMHOM CTEHKH TIpU
I =3h,
B cimywgae m; = 0,5, a Taxke B CIy4ae CTEHKHU, JOMNOIHEHHOW PaclOIOKEHHBIM
HWKE BOMOOOMHBIM KOJOAIIEM TP JIOOBIX 1, JUIsSl HA3HAUCHUS d, TIPH OJAHUX U TEX XKe
3HaueHusax Fr, M [/a MOXHO HOJb30BaThCA 3HAYCHUEM d,, HAWICHHBIM MO Tpadukam
pucyHkoB 4.18 1 4.19, 11 TUAPABINYECKH SKBUBAIEHTHOMN CTEHKH C 1177 = 0.
Jlns onpeaeneHus IHHBI JKECTKOTO yyacTka pucOepMbl 3a BOJOOOHHBIM KOJIOALEM

W Ha3HAYEHUS KPYMHOCTH KaMHs d, HCIOJB3YIOTCS 3aBUCUMOCTH d_ /h, OT [/h, TIpH
pasnmuuHbIX 3HaueHWsX Fry, [ /dum m = 0 u 2 (puc. 420). Ha pucynked.20 nma
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PasiImIHBIX 3HAUEHUH lc/a MOKa3aHbl CTPEIIKAMU OTHOCUTCIILHBIC UTMHBI BOAOBOPOTHBIX

YYacCTKOB s, / h, .
IIpm HamuuuuM Ha BOJOOOE TacUTENS-pacTeKaTeNs KPYHNHOCT KaMHA d
PEKOMEHAYETCS OMpenesTh 0 rpagukaM Ha pucyHke 4.21. Pa3Mepsl 4, , IOMy4eHHbIE

0 3TUM TpaduKam, creyeT YMHOKHUTE Ha koddduuuent 3anaca 1,3.

B cnydac HEOOXOAMMOCTH YCTPOMCTBA KOBIIA 33 TOPH30HTAIBHBIM JKECTKHM
KPCIUICHUEM C LCJIbIO YMCHBIICHHUS KPYITHOCTH YKIAABIBACMOTO0 KaMHs IMTPH BBIMTOJITHCHAH
OpPEIBAPUTENBHBIX  PAcuyeToOB  JOMYyCKaeTcs  CIACAYIOMWM TOPSAOK  ONpeNeNCHHs

HEeo0X0UMOr0 pa3Mepa KaMHs d, .
1. Onpepenenne mapamerpa TypOyTeHTHOCTH M =u. /V B  KOHIE

TOPM30HTAJIBHOTO YYACTKA PUCOCPMBI 110 3aBUCHMOCTSIM:

a) €CIIM raCUTENH YHEPTHA Ha BOJ0OOE OTCYTCTBYIOT —

4,55 h
M, = ’ —IpH n=-2>4 (4.30)
L—146‘)./n—4+0,l‘)5(n—4) h,
hZa
4,55
M, = — IIpH 3Ha4YeHuIx nor 2 no 4. (4.31)
x 4,55 3

8 —
L o,lssn—o,nJ

=

23

3nech T BBIYHUCIIACTCA 110 3aBUCUMOCTH:

n:%(‘/ml c1-1); (4.32)

X — PacCTOSAHKE OT HaYasa BO000A (CKATOTO CEYESHHUS) IO PACCMATPHBAEMOrO CEUCHNMS,
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Pucynok 4.21 —T'paduk 11 onpeneneHns d,; Mpyu HATMYAH HA BOJOOOE racuTens-
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2

d
=10
h

pacrekarens —

= f (x) MPH Pa3IuYHbIX D
()

0) eciu Ha BOm0OOE TMPEATONaracTcs YCTPOWCTBO CIUIOMIHOM BOTOOOHHON CTEHKH

Ha PaccTOsIHUU 3/, OT CXKATOIO CEUCHUS, HIIM TaCHTENS — PaCTEKATENs

4,55 h,

M_ = , rmemn=—.
’ ( 4,55 ) A h (4.33)

X 1p

P J .
h L 0,235n—0,37J
Ilpumedanus:

1) 3aBucumoctu (4.30), (4.31), (4.33) meficTBUTENBHBI IPH —— > 6 .
h

2p
>
2) 3aBucuMocThIO (4.33) DOMyCTUMO MOJIB30BATLCS TAKXKE NPH [ _ 34, .
3) PaccTosiHue /; OT CTEHKM OO CXKATOrO CEHUEeHHUs 3a Hell COCTaBJIieT B ciydae ! /a >3 OKOJO
(1,75+2,0)A; 11 TONBKO MPY MAJBIX [, /a = 1,5+ 2,0 OHO yBenu4uBaeTcs 1o (2,25+2,75)h,,

2. Onpenenenue napaMerpa TypOYyJIEHTHOCTH MOTOKA B KOBLIE M =u' /V, TO

MaKc

3aBHCHMOCTH:
( 0,7) (1) 1
M, = 03+=— M, +|1+—[0,02m" M +0,7(n, —1)————, (4.34)
\ n. ) Y 1+0,02m

rae n, = :—3 (puc. 4.2).

ITpu 3HaueHnn KO3 duIeHTa 0TKOCA M<3 JOMYCKAeTCsA HE YUUTHIBATH BIMSAHUE M

Ha M, u onipenenars M., monaras m = 0, 10 3aBUCHMOCTH:

( 0,7\
M, =|03+— M +0,7(n -1). (4.35)
\ N )
OOGBIYHO M NIPHUHUMAETCS PABHBIM 5.

3. Onpenenenne kKo3pduIreHTa pa3MbIBAIOIICH CIIOCOOHOCTH TIOTOKA B KOBIIIE:

k,=—"-=087(1+M). (4.36)

=~ |

U CpeIHEH CKOPOCTH TEYEHHMS %) I0TOKA C HOPMAJIBHOM TYpOYJIEHTHOCTBIO!
u,=kV, (4.37)

rpc v = 4 Cpe€aHAA CKOPOCTh TCUCHUS B KOBIIE.
h

3
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4. OnpeneneHne HEOOXOIUMOM KPYIMHOCTH KaMHsl, YCTOWYMBOTO MO OTHOIICHHIO K

pa3MbIBY, 10 Tpaduky Ha puc.4.22, rie / 1aHO B METpax.

IIpumeuanus:
1) Koapduument £, MoxkHO onpenensaTs Takxe 1o rpaduky puc.4.23.
2) 3aBucumoctu (4.34) u (4.35) NO3BONSAIOT ONpPEAENUTh 3Ha4UeHne M B CTBOpE, OTCTOSLIEM HA

PacCTOAHUH 8(h, - h, ) OT Hauaja KOBLIA.

3) Pasmep kamus, nonmydenHelii no rpaduky puc.4.22, cienyer ymHOXaTh Ha koddduument
3anaca, pasHbii 1,5+2,0.
4) IIpu ycraHoBKe Ha BOf0OOE peKOMEHyeMoit pope3Hoit creHku ¢ my = 0,25; ¢ = (0,7+2,5)h;

h,, = (0,65 +1,2)h,, dy MOXHO onpenesnsTh no 3aBUcUMoCTH [57, 58]:

(4.38)

T -h h
Ecmu m, #0,25 win > 4 u —=

h

> 1,2 , KPYIIHOCTb KaMHsl d,, pEKOMEHIYeTCs

K 2

OIIPCACIIATh IO NPUBCACHHBIM BBHIIIC 3aBUCUMOCTAM, OTHOCAIMAMCA K CJIy4yar0 HAJIM4YHs HA

BOI[O6OC CIUTOMIHOW CTCHKH WUJIH raCuTCia-pacTCKaTCid.

m0 -

dy, oM T TATL 171/
T R 7
; HEW,
JiRHY
11
| /
{/ 4
“ JIRANY,
1/
A / / }A yi A
00 QA A
g NIR / |
| ( @ / // A
8 P ]
| J‘ /| / X // /L7 A
- | } / Va 2
200 1 ,/ // / 7 ///,/,
/ 4%
7 N AT
A /1L / J‘@/'// r
00 VR84 J{ /%
80 l/ A'//, /%‘ 4
60 ,//1;,///'//
40 4
ZZ(I] [ 1 U, )
10 20 a0 40 50

Pucynok 4.22 — I'paduk 3aBucumoctu d,, = f{u)
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6 7 8§ § W0 # 12 1635 f Sz

Pucynoxk 4.23 — I'paduk ans onpeneneHus koddduimenta pasMpIBaomei
CIIOCOOHOCTH #, = f (x/4) MPU PA3NMYHBIX 3HAYCHUSIX B, = h / h,

4.15 Pacuyer KpenieHusl U3 KaMeHHOII HAGPOCKH, MOKPLITOH IJIATAMHA ¢
KOMIEHCATOPHBIMU CBSI3SIMH

B Tex caywasx, Kkorma TO JaHHBIM pacyeTa MM 3KCIIEPUMEHTAIbHBIX
THIPABIMYECKMX — MCCIENOBaHMH  KaMeHb  3a[aHHOM  KPYIHOCTH  OKa3bIBAeTCs
HEYCTOWYHBBEIM Ha MEPEXOJHOM yYacTKe (C YUETOM BO3MOXKHBIX COOMHBIX TeUeHHIt), M
HOKPBITUS. KaMHsl WM KPYIHOIO 11eOHS TMPUMEHSIOT CBS3aHHbIE OETOHHBIE IIMTHL B
KA4eCTBE CB3€H HCIONB3YIOTCS METAM U3 KPYIJIOrO JKee3a, COSIUHSIOIMHNE INTUTH B
TPOONBHOM H TOIEPEUHOM HANPABICHAUAX. Takoe COSAWHEHNE, MO3BONAIONICE IIIUTAM
TepeMEINaTbes B JTUX HANPABICHHUAX, HA3hIBACTCS KOMIICHCATOPHOH CBsA3pr0. Cxema

ycTpoiicTBa 1 paboThl KperieHusl Hoka3aHa Ha pucyHke 4.24 [74].
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PucyHok 4.24 — KoHCTpyKIUS HEPEXOIHOTO KPEMJICHHS] U3 KAMEHHOH HAGPOCKH,
TOKPBITO OETOHHBIMH IUTHTAMHE ¢ KOMIEHCALOHHBIMH CBA3SAMM:

@ — IPOOBHELA pa3pe3 A0 Havala pasMBIBa; 6 — TO JKe 110CIIe pa3MBIBa pycia U
nedopmartiy KpeTieH:s; 6 — BUM INTAT ¢ KOMIIEHCATOPHLIMH CBA3SIMH J0 Pa3IBIKKH,
2 — TO e II0C/Ie Pa3IBIDKKH; O — IITaH (parMeHTOB ¢ OOKOBBIMH M TOPLEBBIMH
KOMIICHCATOPHBIMY CBSI3SIMU; ¢ — BapPHAaHTBI KOHCTPYKLIMI KOMIIEHCATOPHBIX CBA3CH;
1 — mo Goxam KT, 2 — MO BEPXY IUTUT; 3 — MEX/Y INIUTaMH

KoMneHcaTopHble CBA3M COCTOST M3 KOJEL OBAIBHOW (OPMBI (CTATBHBIX HIH
KaIPOHOBBIX), KOTOPBIE IIPOIYCKAIOTCS 4Yepe3 NETIH, BRIXOAMIHNE U3 INMT. CTEpKHU C
TMETISIMH TIPOXOAAT YEPE3 BCIO IUTUTY, ABNASACH, TAKUM 00pa3oM, apMarypoil mmTel. B
IIPOJOJIBHOM HAaIpaBICHUH KaKIas IUTATA COSAUHSETCA C COCEMHEH IBYMS CBA3SMH, a B
IOoIepeyHoM — oaHoi. IIpu moameree, OOBIYHO HAOMFOAANOIIEMCS B YCJIOBHAX INIOCKOH
3a71aud, MOIIEPEYHEIC CBSI3M MOXKHO JENaTh depe3 ONHYy — JBe MMThl. Kaknas u3 T,
IIPUMBIKAOMEX K 3y0y PHCOCPMBI, KPETTHTCS K HEMY IBYMSI CBSI3SIMH.

Kon@urypaims kaMcHHON HaOpOCKM MOA IUIATAMU HECKOJIKO WHAS, YEM MPH
OTCYTCTBUM IUIMT. Tak Kak NMPH HAIMYMH IDAT 3y0 HANEIKHO 3AUIMIICH OT IOJMBIBA, a

KaMEHb, YIOXKCHHBI B KOHLE DPHCOEPMEI, MODKEH CKAaThIBATHCS B SIMy Da3MblBa H
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CO34aBaTh TOCTENb UIA TUTHT, TO OCHOBHOM «CKJTQ» STOr0 KaMHS LEJecO0OpasHo
MOMECTUTB Y MOAMBIBAEMOI0 KOHIIA pucOepMbl. J[IIMHA KaMEHHO MOCTeNnu JOoJbKHA ObITh
HECKOJIBKO OOJBIICH, YeM JUTHHA TOKPHITHS W3 TUTAT (Ha BBICOTY «CKJTaja» KaMHs)
(pucynok 4.24, a).

XapakTepHOi#t OCOOCHHOCTBIO TIEPEXOJHOTO KPEIUICHUS SBJSIETCS €ro BBICOKAs
Je(OpPMATUBHOCTD M «OKMBYYECTBY MPHU HEPABHOMEPHBIX Pa3MBIBAX JIHA 33 KPCTUICHHCM.
Ilpu pacuere cnenyeT yUuThIBaTh HATMUHME YETHIPEX CTaauit paboTH KPETUICHHUSI:

1) monHO# yCTOMYHMBOCTU KaMHsl MEXKAY TUTUTAMH,

2) HavaJla pacKauMBaHWS STIX KaMHE;

3) nepeMeleHHs OTAENbHBIX KAMHEH B MPOMEXKYTKAX MEXKTY TUTHTAMH;

4) BBIHOCA KaMHEH 13 NPOMEKYTKOB (10 JAHHBIM [74], mpoMCXOaUT TpH CKOPOCTH
IIOTOKA, B cpeHeM B 1,4—1,5 pa3za Bbillie CKOPOCTH, COOTBETCTBYFOIICH BTOPOI CTAIHH ).

OcHOBHOI pacueTHOH craguell nokHA OBITH CTagusi BTOpPas, MOBEPOYHON —
yeTBepras. PacyeTHas cCKOpoCTb V) OKHA OMPeNeNATECS M0 3aBUCHAMOCTH V, = Vk, , e V
— CpefHss CKOPOCTH TEUCHHMsS B PaccCMaTpUBAacMOM CEYeHUM; k, — KOI(DPHIHEHT
Pa3MEBIBAIOIIEN CIIOCOOHOCTH NMOTOKA. JIJIsi OTHOCHTENBHO KOPOTKAX pUCOEPM &, MOYKHO B
NepBOM IPUOMIKEHUY IPUHAMATE PaBHBIM 1,7, a uist minHHbIX—1,3 [74].

Bropoii (pacueTHoif) craquu oTBedacT rpaduk Ha pucynke 4.25, B, a 4eTBepTOil
(moBepouHoit) — Tpaduk Ha pucyHke 4.25, T.

Pa3mepsl cBOGOMHO JIEKAMIMX YCTOMYMBBIX KBAAPATHBIX IUNMT (THHY CTOPOHBI
KBajpaTa b ¥ TONIIFHY IUIMTHI A) IPU U3BECTHOM CKOPOCTH Vy MOXKHO OTPENENSTh TPH
nomommy Tabauusl 4.1. B 310if ske Tabnuie naHa pacueTHas MAKCUMAbHAsA JUHAMAYECKas
HArpy3Ka Ha OJIHY CBS3b, IPH JAHHOM Pa3Mepe IUTUTHI U CPeMHE# CKOPOCTH MOTOKA V.

Jlnamerp crajibHBIX cTepkHed d; (CTamb 3) aIs KOMICHCATOPHEIX CBA3EH MOJKHO
npuHAMaTh 10 Tadn. 4.2 [74] B 3aBHCHMOCTH OT YCHJIUS P, TPUXOISMIErOCsS HA OJHY

CBA3b.
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Pucynok 4.25 — HoMorpaMMBI U1 OIIpe/ie/IEH s TOJIIMHBI IUTAT A, pa3mMepa KaMHS dy 1
TIPOMEXYTKOB MKy IIMTAMH BJIOJIb TEYEHUS /| U NONEPEK TEUCHUS [y TIPH 3aJaHHON
cpenHel ckopocTd V1 rmybuHe noToka /:

a —dy= (V) IpH pasnu4HbIX A = V/\/g_dj ; 6—hid, = f(34);

6— A/l =/ (4) UK CTaAUK HA4a/la PACKAUNBAHYS KAMHEH [TPU PA3IUYUHBIX / /d , U A /d,
Uhid =50, &= A/l = f(A4) Ui CTAAAX BEIHOCA KAMHEH NPU Pa3IMYHbIX /, /d , U
hid,=50. TlonpaBka 04 yYuTHIBaeT BIUSAHHE OTHOCHTEILHOMN ITyOMHBI TIOTOKA HA

napametp 4
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Tabnuna 4.1

Ckopocts
[IOTOKA, TPH
Pasmepst KOTOPOIi CBO- MaxkcumanbHas auHaMugeckas Harpyska P, kH, Ha oxHy cBsi2b
TIIATHL, M GoIHO NesKa- MPH 33aHHOM pa3Mepe IUTUTHI U CPCIHEH CKOPOCTH TeucHus V, m/c
IIHE TUTHTHI
YCTOHYHBEL,

b A Vo, M/c Vv P V P V P V P V P

0,5 10,15 3,45 39 1012 [ 42 | 0,12 | 53 ] 022 | 59 [ 0,23 | 6,2 | 0,29

> >

0,66 | 0,20 4,03 46 1027 [ 48 [ 028 ] 62 ]| 052 |68 (05572071

> >

0,83 [ 0,25 4,50 51 [ 053] 54 105569 (101 | 76| 106 ]| 80 |1,38

> )

1,00 | 0,30 4,90 56 1090 | 59 [094 ] 76| 1,72 |84 | 132 88 [235

1,15 [ 0,35 5,31 6,0 | 1,46 | 64 | 152 | 82 | 2,79 | 9,0 [ 2,91

1,32 | 0,40 5,70 6,5 1216 | 68 | 225 | 88 | 412 | 9,7 [ 431

>

1,50 | 0,45 6,00 6,8 | 3,05 | 7,2 | 3,18 | 92 | 5,83 | 103 | 6,08

1,65 [ 0,50 6,35 72 1418 [ 76 | 435 | 98 | 798 [ 10,8 [ 836

1,82 [ 0,55 6,65 7,6 1558 (80 |58 [102]10,77] 113 [11,15

2,00 [ 0,60 6,95 79 1 721 | 84 | 7,55 10,7 13,80 11,8 [ 14,45

2,15 | 0,65 723 82 | 9,20 | 87 | 9,60 | 11,1 | 17,65 | 12,3 | 18,38

2,30 | 0,70 7,50 85 | 11,50 9,0 (12,24 11,5 |22,00| 12,8 | 23,10

2,50 | 0,75 7,76 88 [1405]| 93 [14,70( 11,9 | 27,00 | 13,3 | 28,20

Tabnuna 4.2
‘1\1:[0; 6 8 10 12 14 16 18 20 22 25 28 32
KI;’* 0,98 | 2,94 | 6,85 | 10,77 | 14,70 | 19,60 | 24,50 | 30,18 | 37,20 | 48,00 | 59,65 | 78,50

*TIpu P < 1 kH auamerp crep>kHeil IPUHUMAETCS PABHBIM 6 MM

Paccrosnue /; MeXIy MIUTAMU TOCHE PA3ABIKKM HMX IO TOTOKY ONpelesseT
pa3Mepel KOMITEHCATOPHBIX cBsizell. BHawane nmo Homorpamme (pucynok 4.25, a) mpu
U3BECTHBIX dyy U V), COOTBETCTBYIOIUMX PAaCUETHOMY PacXofy, ONMpPEAEINseTCS MapameTp

Vv

A= , 3aTeM 1o rpaduky Ha pucyHke 4.25, 6. onpenensiorcs mompaBka o4 s

gd,
(hakTHUECKOTO OTHOUICHUS h K dy (Tak Kak oOcTajbHble TpaduKu TONydYEeHBl AT
OTHOIIEHUS /1 K dy, paBHOro 50) M yrouHeHHoe 3HaueHHe 4, = A + J0A4. Tlo Tabm. 4.1
OMPEeIIIOTCA pa3MEPHI AT b U A, yCTOHUYMBBIX MPU 33JAHHOM 3HAUCHUH V), U JaJiee 1o
rpaduky Ha puc.4.25, ¢ Haxomures A/l u 3areM /;. Ilo rpa¢uky Ha pucyHke 4.25, r, npu

n3BecTHHIX A/l m [\/d,; onipenensieTcs 3HaYeHUE A, COOTBETCTBYIOIIEE MOBEPOUHOMY CIIyYaro

* IlpuseneHubie B Tabn. 4.1 [aHHBIE MONYYEHBI JUTS IUIAT C COOTHOIICHUEM b/A = 3+8
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BBIHOCA KaMHEH. [Tpn M3BECTHBIX 3HAUCHWSX dy, 4 (Wit hid; = 50), 04 (npu h/dy #50),
Ay, = A=+ 34, no rpaduky Ha pucyHKe 4.25, a, OIpEeNEIIeTCs V) 1 OKOHYATENBHO PeLlaeTcs
BONIPOC O TIPHEMIIEMOCTH Ha3HAYeHHO!N KPYITHOCTH KaMHs (B YACTHOCTH, HA OCHOBAHHH

14
CPABHEHHS 3HAUCHUS V = — M 3HAUEHMS J - I OTBEYAIOLICro MPOIMYCKY MOBEPOUHOIO
k h

pacxora).

Jlmina cBsi3eli B MONEpeYHOM HAITPABICHUH HA MIEPBOM TPETH KPEIUICHHS IPUHUMACTCS
paeHoii 0,5/, Ha BTOpOIf TpeTH — 0,7/, ¥ HA OCTIEAHEM YUACTKE, B CJIy4ac OXKAJAEMBIX TTyOOKHX
pa3sMeiBOB, — 0,9/, IIpu 3TOM OBE-TPH IOCIEIHHUE IJIMThI MONMEPEYHBIMH CBS35MU HE
COENMHSIOTCS M MMEIOT OOITBITYI0 CBOOOAY IS AedopMarniy 1o TIyOuHe.

PaccTosiHus MeKAy IIIATAMH TPH HATHYAA KOMICHCATOPHBIX CBSI3CH JIOJDKHBI
peanu3oBarhes ocne 00pa3oBaHNug BOPOHKH Pa3MBIBa, KOTOpas B OOMIEM CIIydae MOXET
OBITh MEpeMEHHOH INyOUHBl B TOMEPEYHOM HampaBiIeHWH. [103TOMY TepBOHAYANBHAS
yKIafka TUIAT Ha TIOCTENd U3 KaMeHHOM HaOpOCKH [OJDKHA BHIIONHSTECA C
MVHHUMAIbHBIMU TPOMEKYTKAMH MEXIY HHMH /;, OOYCIOBJIEHHBIMH KOHCTPYKIHMCH
KOMIIEHCATOPHEIX CBsI3€H W YCIOBMSIMH NPOM3BOACTBa pabor. B sTOM ciyuae
[EPBOHAYAIIBHAS JUIMHA [ KDPCIUICHUs U3 # IUIUT, Oyner paBHa (b + [;) U KOIMYECTBO
PAI0B ILMT N Py MUPUHE PUCOEPMBI MEXIY YCTOSAMH B, pasHO N = Bp/(b + Iy). Tlocne

AeopMalliy KpEeIUICHUs! MpH TIYOWMHE pasMblBa /i, IUIMTHI JOJDKHBI HOKPBHITH OTKOC
~ 2 2 —
WMHON TPHUMEPHO L = .| + L° . OTHOWehme [/Bp = m;, OPHCHTEPOBOYHO MOXKHO

IPUHATE PaBHBEIM 2 (TIpu OoJiee MOJIOTOM OTKOCE CKATHIBAHMS KAMHEH B sIMY Pa3MbIBa H

CIIOJI3aHUsI TI0 HUM IUTUT PUCOEPMBI IPOUCXOUTE He OyeT). B aTOM ciydae

>

L :\/h2+m2h2:h \/1+m252,33h, L=2h (4.39)
P P PP P 3 P P
Takum o0pazoM, 3HaueHWE /; AOKHO ObITh He MeHee (Lp — L)/n, 4To cremyer
UMETh B BUY IIPH HaszHaueHuu /; (¢ yueroMm rpadukoB Ha puc.4.25). O6beM HaOpocKu

Ha3zHaA4Yac€TCA B MNPCATNOJIOKCHUN 3aJ€TaHus €€ II0A IUIUTaMH TpPEMs CJIOAMH, T.€.

w,=3Ld . Konpurypaums n o0beM «cKIaga» HaOPOCKH B KOHIE KPEIUICHHS JIO €ro

m

z[e(I)opMauwn Ha3HAYarTCA KOHCTPYKTUBHO.

" MuprHy NpOMEXYTKA [y PEKOMEHAY€TCS IPUHUMATE paBHoi 0,5];
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I'mapoauHaMuYecKue HArpPy3KH Ha IVIMTHI BOA000EB U pucOepM H
pacueT uX TOJTIHHBI

4.16 O0mmue MoJIO:KEeHAA

ITocne pemieHUs BOIPOCOB O THIE TACUTENIECH SHEPIUH U OTMETKAX MOBEPXHOCTH
KpeIeHus, odecneunBaomux TpedyeMyto Gopmy conpspixenus 6peoB, a Takke BOIpoca
0 palHOHANGHOM JUMHE KPEIUICHHS, CIEAYeT YCTAaHOBUTH pasMEPHl ILIMT BOAOOOS U
PpUCOEPMBI, TOJIWHHI TUTAT H HEOOXOANMYIO CTETICHb MX IPCHUPOBAHMUS.

TonmuHa KT KpEIUIeHHs, UX aPMHPOBAHKE, & B CIy4Yae CKaIbHOTO OCHOBAHHS —
M aHKEPHOE KpCIUICHWE K HEMY JOJDKHBI Ha3HA9YaThesl M3 YCJIOBHM YCTOWYMBOCTH H
npoudocTu B coorBercTBHU ¢ CII 58.13330. Pacuersl miaMT KpeIUIEHHMs HA MPOYHOCTH
JOJDKHEI BEITIOTHATHCS TIO TIEPBOM TPYTITIE TIPEACTBHOTO COCTOSHUSA (N0 HEMPUTOJHOCTH K
sKkcIuyaraimu B cootseTcTBrM ¢ CI140.13330) ucxoas u3 yCIoBHS:

v F <y R, (4.40)
TIE J4 U % — COOTBETCTBEHHO KOA(PULIMEHTHI HAIKHOCTH 110 OTBETCTBEHHOCTH (KJ1acCy)
COOPY)KCHHS H COUCTAHNH HATPY30K; Yeq — KOIDPULHEHT ycIioBHii paboThr, I+ — pacueTHOE
3HaYeHHEe OOOOIIEHHOTO THAPOIUMHAMHWIECKOTO CHIOBOTO BO3ACHCTBHS (B3BEIIMBAIOLICIH
CHJIBl, OMPOKUIBIBAIOIIETO MOMEHTA MM CABHTAIOMICH CHIE), R — pacueTHOE 3HAUCHHE
0000TIEHHOHN YACPXKUBAFOIIEH CHITBL

B coorserctum ¢ CIT 58.13330 u CIT 40.13330 xoapduuueHT y, NpUHAMACTCS
JUIsL OCHOBHOI'O COYETaHMs HArpy30K paBHbBIM 1, mis ocoboro codetanus Harpy3ok 0,9,
JUIsL COUETAHUS HArPy30K B Iepuoj cTpoutenseTsa 0,95; koahPUUHeHT y. MpuHAMAaCTCS
Juis coopyskeHuit 1 xacca paBabiM 1,25; mst 11 kmacea — 1,2; g 11T knacea —1,15; mis TV
knacca — 1,1; koapdumment ycraouit padboTsl Y= 1,0.

JIns BBINONHEHNUS PAc4eTOB IO ONPEACIICHUI) YCTOHYMBOCTH U NPOYHOCTH IUIUT
KpeIwleHuss 00OOILIEHHOE CHIIOBOE (TMAPOAMHAMHMYECKOE) BO3ACIHCTBHE HA HHX
MPEACTABISETCS, BO-MEPBEIX, B BUAE COCPEIOTOUYCHHBIX CIJI, NEMCTBYIOUIMX HA LIENbIe
IUTUTHI WK uX (pParMeHTH],  MOMEHTOB OTHOCHTEIIBHO KpaeB IJIHTHI, BO-BTOPHIX, B BHIC

SIIOP MTHOBEHHOTO 3arpy>KeHHUSL.
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OnpeneneHue  TUAPOJMHAMHYECKOTO  BO3ACHCTBHSL HA IUIMTHI  KPEIUICHUS
3aKIII0YaeT B ceOe JBe 3aJa4u:

- OIIpe/IENeHNe BO3ACHCTBIS HA IOBEPXHOCTH, 00TEKAeMy10 COPOCHBIM MOTOKOM;

- onpeacneHue (GUIBTPAUMOHHBEIX HANOPOB NOA KPEIUICHUEM, KOTOPBIE
00yCIOBINBAIOT HAJIYHE CHJI, B3BSIIHUBAIONINX ILIUTHL.

B o6wem cinydae (TUI0CKas U MPOCTPAHCTBEHHAS 3a[a49M) OCPEAHCHHAsS Harpy3ka
Ha TUIMTY HEJPEHUPOBAHHOTO KPEIUIEHHs, Kak 0Oe3 racuresed >HEpPruW, TaKk M IPH UX
HaIWYMY ONPEAENSAeTCs MOJHBIM AeHIMTOM NaBICHHS, IOJCYUTAHHBIM Ul BEpXHEH
TTOCKOCTH TUTATHI. T10/1 MOTHBIM Je(UIUTOM JaBIeHHS 3A€Ch MOAPa3yMeEBAeTCs Pa3HOCTh
JaBJICHHIT HA HIKHIOKO M BEPXHIOIO TIOBEPXHOCTH IUTUTHL. [1pH 3TOM IpeAnonaraeTcs, 4ro
IOJI KPEIUICHUEM YCTaHABIMBACTCA [JABICHUE, CKIAJBIBAIOINECECS W3  JABJICHUS,
COOTBETCTBYIOLIETO TNITyOWHE BOIBI B HIDKHEM Obede, H 0CTaTOUHOrO (PUIBTPALHOHHOTO
nasnenus. llocnennee BbI3BaHO (UIbTpauuel BOABI IO/ COOPYXKEHHEM U3 BEPXHETO
oneda.

Ocraro4uHoe (GUIBTPALIMOHHOE JABICHUE ONPEACIACTCS NyTeM (PUIIBTPALIMOHHBIX
pacueToB. Ha cTaguu mpemBapuUTENBHBIX PAacueTOB KPEMIEHHWs BIMIOPY 3TOrO JABIEHHS
MOJKHO NPUHHMATh TPEYTrOJIbHOM C AaBjicHUEM B Hadase kperieHus, pasasiM 0,05 (7 —
h), B KOHIIe KpEIUIEHNS — PABHBIM HYIIIO, B CIIydae ke YCTPOMCTBA B MIATAX APEHAKHBIX
KOJIOALECB AABJICHHE, PABHOE HYJIIO, CIEAYET OTHECTU K MX BTOPOMY psfy, CUMTas OT
Havasa KPEIUICHHUSL.

PacueTHbIC 3aBHCHMOCTH, TIPHBOAMMEBIE HIDKE JUIS ONpeacncHus Aeduuura
JaBIICHHA MO JUIMHE KPEIICHHS W TUAPOAMHAMHYECKAX HArpy30K Ha €ro IUTATHL, HE
YUUTBIBAIOT OCTATOYHOTO (YMIIBTPALIOHHOTO AABICHHS.

Kak npaBuno, ans KpeIUICHHii, YCTpaHBacMbIX HAa HECKAIBHBIX I'DYHTaX, MOJ,
IUIITaMH YKJIaJpIBacTCs OOpaTHEIN GUIBTP B OAWH MM HECKOJNBKO cioeB. I1IBBI MExkIy
TUTATAMH JIENA0T BOAOHETIPOHUIIAEMBIMH.

B npakTrke CTPOHTENBCTRBA PUMEHSIOTCSA KPETUICHHS HEPEHMPOBaHHbIE, T.€. 6e3
JPCHOKHBIX KOJOALEB, U APEHUPOBAHHBIE — € JPCHOKHBIMU KOJIOJIAMH, PAacHOIaracMbIMU
Ha BCEM KPEIJICHWH IIH Ha OTJENBHEIX €r0 ydacTkaxX [4]. YCTpoicTBO ApeHasKHBIX

KOJIOAICB  IO3BOJ/LICT YMCHBIIHUTH Jle(bl/ILlI/IT JaBJICHHA, a COOTBCTCTBCHHO H
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B3BCLUMBAIOLIAE CIUTBL, Onarojapst 4eMy IIPEACTAaBIACTCS BO3MOJKHBIM YMEHBIIHTH
TOJIIUHY TUTUT KPETUJICHUS.

3HayeHue AeGUINTA JABJICHUS 3aBUCHT OT THAPABIMUCCKOTO PEXUMA B HIDKHEM
Obe(he, KOHCTPYKIMM TONIUIUTHOTO APEHAKA, €ro MPOMYCKHOW CIOCOOHOCTU, a TakKe
9HCIIa QPEHAKHBIX KOJIOATIEB U MX PACIIONIOXKEHHS 10 JTIMHE KPETIICHNSL.

JpeHa)kHBIE KOJOLBI PEKOMEHIYETCS pacIojararb Ha IUIMTaX B IIaXMaTHOM
HOpsOKE PABHOMEPHO MO BCed ILIOMAAM APEHHPYEMOTO YYacTKa C YCIOBHEM, UTOOBI
OTHOIICHHE CYMMapHON IUIOMAAN PCHAXXHBIX KOJIOAIEB K IUIOWIAIHW APEHHPYEMOTO
yuacTka He Oputo MeHbmre 0,015, IlyTem palMOHAILHOTO PA3MEIIEHUS IPEHAKHBIX
KOJIOJIER AeHUIINT AABICHUS MOKHO CBECTH K MUHMMYMY [4]. OnHako mpu pacdere Cui,
B3BCIUMBAOIIMX IUIUTHI, C HEKOTOPBIM 3aMacoM PEKOMEHIYETCS MPHHUMATH, YTO 38 CIET
YCTPOMCTBA PCHAKHEIX KOJIOMAIEB Ha yJacTKaX, TIe UMEET MeCTO HauOompmmit aedurmT
JIaBJIeHUs1, €r0 3HAYEHNE MOKET ObITh YMEHBIIIEHO B 2 paza, a Ha pucOepMe — B 3 paza.

He pexoMmeHzmyeTcsl o[ BCEM KPEIUICHHEM yCTpauBaTh CIUIOIIHOM ApeHax, Tak
KaK 3TO CIOCOOCTBYET O0Opa30BAHMIO TECUCHUS, HANPABICHHOTO K HAYANY KPEIUICHHA, B
CTOPOHY IIEPBOTO psfa APEHAXHBIX KONOMIEB. [ €ro YCTpaHeHHs MEKAY paIaMu
JPEHKHBIX KOJOALEB NOJDKHbI YCTPauBaThCs IPErpaibl.

B cnoyuae [OpEHHPOBAaHWS TONBKO pPUCOEPMBI  TOJA IUIATAMH  BOA00OA
YCTaHABIMBACTCS ITBE30METPHUECKOE ITABIICHHUE, COOTBETCTBYIONIEE €r0 3HAUCHHWIO Hal
TIEPBBIM PSIOM KOJIOILIEB.

Bonee TouHO 3¢ dexT ymeHbIneHus neduimrTa faBiaeHus ¢ TTOMOIIBIO YCTPOHCTBA
JPEHKHBIX KOTOIEB MOXKHO OIPEALIITh, MOIb3YsCH 3aBUCAMOCTSIMH, IIPABEACHHEIMU B
[4].

HccnenoBanust  4acToT  COOCTBEHHBIX — KoneOaHMi IUIMT HA  yIIPYroM
BOAOHACBIIICHHOM I'PYHTC W THAPOIUHAMHUYCCKOrO BOBI[CﬁCTBHS[ Ha TUTATHI KPCIUICHUSA
HIDKHETO Obe(a TaroT OCHOBAHME CUMTATh, YTO PACUCThl MX NEPEMEILICHU, aedopmanuit
n Hanp;mcem/lﬁ JOJIDKHBI MPOBOAUTHCA Tipn CTaTHYCCKOM TIPATIOKCHHUI
TUAPOAUHAMIYECKOTO BO3ACHCTBIS.

TonmmuHa MIMT KPEIIeHns B OOIEM clydae 1o AaHHEM [13] onpenensieTcs mo

YCIOBHSAM HEIOTYILCHUS CISAYIOMIMX BHIOB TIePEMEIECHHIA:
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1) BEpTUKAILHOTO MOCTYMATEIBHOTO TIOABEMA IIUTHI TIPH:

G>plhe 4.41)
Yea
rae G — Bec muuTel; P — HauOoNbliee 3HAYEHHE BEPTUKANBLHO HAMpPABJICHHOM

B3BELLIHMBAKOLLICH TUIATY mI[pO[[WHaMH‘ICCKOﬁ Harpysku, 06YCJ'[OBJ'ICHHOI71 Pa3HOCTBIO
JIaBJICHHI Ha BCPXHIOK 1 HAKHIOIO NIOBEPXHOCTH TUIUTHI,

2) MOBOPOTA INHTEI OTHOCHTENBHO €€ BEPXOBOI WM HA30BOI IpaHN MPH

0.5G 1 > pm Lehe (4.42)

na >
Yea
rae M — HanOonpllee 3HaUEHNE MOMEHTA OTHOCHTENBHO HIDKHErO pebpa HU30BOH IpaHu
IUTATHl (JUIS PacCMATPUBAEMEBIX CXEM TallIEHHS SHEPIHH MOMEHT OTHOCHTENBHO HM30BOU
rpaHy TUTTH Beeraa OoJbllle MOMEHTA OTHOCHTENIBHO €€ BEPXOBOIt rpaHy); /my — AJMHA
TUTATBL,
3) TOPH3OHTAIBLHOTO CABHMIa MO TOBEPXHOCTH MOJCTHJIAOIIEr0 TPyHTa TNpH

HaQJIUUMK HA IJIUTE FaCUTENCH:

G-P)s,>plehe,  (443)
Yea
raoe P, — HauOosbliee 3HAYECHHWE TOPU3OHTABHONW HArpy3kd, KoTopas oOycioBleHa

Pa3HOCTBIO JABICHUI HA BEPXOBYIO (II0 OTHOLICHUIO K HAIPABJICHUIO IIOTOKA) H HU30BYIO
IPaHH FacUTENS, fr, — KOSQOUUUEHT TPSHUS IUIUTHI O MOACTHIAIOLIMKA IPYHT, 3HAYCHHS
KOTOPOTO U1 Pa3IM4HBIX TPYHTOB CIIECAYIOLIUE:

- MOKpEIE ITHHBIL — 0,2

- MOKpEIE CYITIMHKH U cynecu — 0,3;

- MOKpBI cpeanuii necok — 0,35,

- MOKpEIE I'paBuif u raeka — 0,5;

- ckama — 0,6 — 0,75.

B o0weM ciydae BepTHKaIbHAS W TOPH3OHTAIbHASA THAPOJMHAMUYECKHE HATPY3KH
OIIPEIENAFOTCS KaK:

p=Peph (4.44)
P=pP+pP,
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rae P M P,— OCpEIHECHHBIC TI0 BPEMCHHU COCTABJIAIOINEC COOTBETCTBECHHO BEPTHKAIIBHO K

TOPH30HTAIBHO HAPABICHHBIX HATPY30K, P’ u P’ — HAMOONBINNE 3HAYCHUS My/bCAMOHHON

COCTABJLIIOLICH BEPTUKAILHLIX W TOPU3OHTAIBHBIX HArpy30K, KOTOPHIE MOTYT OBbITH
OIIpeENEHBI IBYMSI CIIOCO0aMH:

1) no JaHHBIM O MYJNbCALMK JABIEHHS B «TOUKaX» (CM. HIKe MyHKT 4.17);

2) 1O SMIMPUYECKIM 3aBUCHMOCTSIM, MO3BOJIFOIAM HETMIOCPEACTBEHHO OIPE/ICIHTE
HaubGonbLIee OTKIIOHEHNE HArPY3KH OT €€ OCPEIHEHHOTO 3HAYECHMUS.

HanGonpmue 3Ha4eH1ss MOMEHTA ONPEEAIOTCS KaK:

M=M+M", (4.45)
rae M — ocpemHeHHas MO BPEMEHH COCTABJAIONMIas MOMEHTa, a M — HamOonbliee
3HAUEHUE MYJIbCAHOHHON COCTABIISIOMICH.

IIpu ycrpoiicTBE KpemaeHus Afd CKaJbHOTO pycia TONIIWHA IUTUT JAENaeTcs
MEHBIIEH, uyeM TpeOyeTcs MO YCIOBHIO YCTOHUYMBOCTH CBOOOMHO JieKallell Ha IpyHTE
IJIATEIL. H’pl/l OTOM IUIATBHI 3aaHKCPUBAKOT, T.C. CKPCIUIAIOT ¢ OCHOBAHHUEM CTaJIbHbIMHA
aHKepaMH.

B ofmem ciaygae i pacdeta TPOYHOCTH TUIAT BoA0OOS HE0OX0IUMO
paccMarpuBarh yCIoBUs paOOTHI IUIUT B CTPOUTEIBHBIN M SKCITYaTALMOHHBIN IEPUOEL.

Ilpu pacdeTe MPOYHOCTH IUIMT B OJKCIUIyaTAMOHHBIA TEPHUOJ YYHTBIBAKOTCS
Harpy3ky, OOYCIOBJICHHBIE COOCTBEHHBIM BECOM  IUIMTHI, TWMAPOJMHAMHUYECKHM
BO3IECHCTBHEM CO CTOPOHBI MOTOKA, (QHILTPALMOHHBIM TIPOTHBOABIICHHEM W peakuueit
rpyHTa ocHoBanusA. Hioke B 1. 4.18 PyKkoBOJCTBa pacCMOTPEHbI BOJOCIIMBHBIC TUIOTHHBIL,
uMeroLre 0e3BaKyyMHBIH MPoQuITb, O4epUeHHBIH 10 KoopauHaTam Kpurepa—Oduuepora,
KOTOPBI#i IUTABHO COTIPSTACTCS C THOM HIDKHETO Obeda.

st pacueTa INTUT KPEIUICHUS Ha IPOYHOCTD THIPOANHAMUYECKOE BO3/ICHCTBIE Ha
TUIATBL TOPCACTABIACTCA B BHUAC OIIOPBI MIHOBCHHOTO 3arpy>XCHHS. MraoBeHHOE
3arpy’KeHHE MOXET ObITh TIPEICTABICHO B BUAE PACTIPEICIICHUS NABJICHHM MM HArpy30K

Ha 3JIEMEHTHI IUTUTHI COTJIACHO PEKOMEeHIauusm [96].
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4.17 Pacuer TUIPOANHAMMYECKO HATPY3KH HA OCHOBe
IKCHEPHMEHTATBHBIX TAHHBIX

IMo  pesymsraraM  SKCIICPUMEHTANBHBIX  THAPABIMYECKUX  HCCIECIOBAHMI
OTIPENENAFOTCS OCPETHECHHBIE W MYJbCAIMOHHBIE COCTABIIAIOINE IMAPOIMHAMIYECKON
Harpy3ku. MakcuManbHOE 3HAUEHHWE YACNbHOW  MyJBCALMOHHOW  COCTaBILIOLICH
THIPOIUHAMUYECKOW HArpy3Kd Ha IUIUTY KPEIUICHUS OIPEAENIeTCs IO JAAHHBIM O
IyJIbCAIMAX JABICHHS B «TOUKAX» IO CIEAYIOLICH 3aBUCHMOCTH:

P = ok, (4.46)
rae G — CTaHAapT (CPeIHEKBAPATUYHOE OTKJIOHEHNE) MYIbCALUMY JABICHUS B TOUKE;, Ky —
KO3 (PUIHMEHT OCpeNHEHHUS, PaBHBIM OTHOILUEHUIO CTaHJApTa MYJbCAIMM NABIICHUS B
TOYKaX K CTaHJApTy YAENbHOH IyJbCALUMOHHOH HAarpy3ku Gy, PpacIpeaesieHHOW Mo
IUIOMIANN TUTHTH, ko — KO3()(HMLIMEHT TPONOPUHUOHAIBHOCTH MEXTY aMIUTATYHOM
MyJIbCAllMH JABJICHUS U €€ CTaH1apTOM.

Cranpaptel nyjbcaluy JaBi€HUS G [0 [JAHHBIM  OKCTIEPUMEHTAIIBHBIX
MCCIIEI0BaHMU M pacueToB, 0000IMEHHEBIX B [13], mpeacTaBieHb! Ha puCYHKE 4.26.

Hpyrum crocoboM — ompefieeHns Kod(QUIMEeHTa SIBIACTCA MOACYCT CTAHIAPTA
VIACIBHOM  IyIBCAIMOHHOM  HArpy3Kd Gy,  PACHPEACNCHHOM MO  MUIOIIAaN

paccMaTpUBaEMOro IEMEHTA CIEAYIOIUM 00pazoM:

\(Zécc rAFAF\|, (4.47)
‘ )

H Joi

1
F’ Ui a1
rae F — mromame wmrtel BoA0OOS, HAa KOTOPYIO PACCUMTHIBACTCS YIE/bHAs Harpyska
(COOTBETCTBYET pasMepy IUMTH), AF; m AF; — SIeMEHTapHble IUIOMIANKH, B TMpEenax

KOTODBIX OCPEIHEHUEM ITYJILCALNI MOXKHO ITpeHeOpedb; /2, m — YUCIIO TUIOMAN0K AL,
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PucyHok 4.26 — Mi3MeHeHHME CTaHIAPTOB MYJILCAIMH JaBJICHUS 110 ITHHE PHIKKA:

1 1 2 — XpUBBIC [0 JAHHBIM PACUETOB [Tl BEICOKOM M HU3KOM HHTEHCHBHOCTH
TypOYACHTHOCTH, G;, O; — 3HAUCHVSI CTAHIAPTOB MyJIECALIMN YIEBHON HArPY3KH HA ILIOWIAIKK
Aln AFj; rij— k02 ORIECHTEL KOPPEISLIAN MEKIY LICHTPAMH MEMEHTOB AF; 11 AF;

Koadumment ocpenHenns k; onpenensiercs B 3aBUCHMOCTH OT pa3pe3kd Boj000s
Ha OTJETIbHBIE IJIMTHI [10 JaHHBIM pucyHka 4.27 [59].
KoadprmumenTtel Koppensupmu B NPOAOALHOM M MOMEPEUHOM HAINPABJICHAH

ompenensroTes mo rpaduxam 4.28 [13].
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PucyHok 4.27 — I3MEeHEeHHE CTaHAAPTOB MYJIECALNH JABIECHHUA 1O JUIMHE IPBDKKA

222



a) b)

P .

! W

v,sé\ 7 0 N

0 NS 04 X

02 N 0,2 N

0 a7 0z giex/T, 0 AR
g s e e e | Pt

Pucynok 4.28 — Koppensuuu nynbcaimii 1aBjaeHUs
a — IpOJOTBHbIE, 6 — OTIepevHbIe; | — HAuao MPBDKKA, 2 — CePeIrHa U KOHEIl MPBIKKA,
3 — 33 IPBLKKOM

KoadduruenT nponopioHanbHOCTH MEX/Y aMILTUTYAOH MyJIbCALMH JABICHHS 1
€e CTaHmapToM koo maHHEM [118] mpuHAIMaeTcs paBHBIM 4-5.

IIpn ompenesneHr MAKCHMAJIBHOTO 3HAYEHWS MYJIBbCALMOHHON COCTABJIAOIIEH
MOMEHTA CJIEAyeT YUHUTHIBATH, YTO KOI(DQPUIMEHT OCPEIHEHHS OMPOKHIBIBAIOIIETO
MOMeHTa ky HE COBMANAET ¢ KOI(P(PUIMEHTOM OCPETHEHUS IIyJIbCALIMOHHOM HArpy3KH ky

[59], xax moka3zaHo Ha pucyHKe 4.29.
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Pucyrok 4.29 — CooTHONIEHHE MEKAY Ko3dpuimeHTaMu ocpeJHEHNS B3BEIMBAOIIEH
Harpy3ku v OIMPOKHUABIBAOIICTO MOMCHTA



4.18 I'mapoaMHAMAYECKHE HATPY3KH HA TUIHTHI BOA0GOs W pucOepmMbl U
HX pacyer A/ YCJIOBH IJI0CKOH 32124

Ilpu paboTe MHOTONPONETHON BOJOCIMBHON IUIOTHHEI BCeM (poHTOM (TIpH
OTHOIIECHUY IIMPHHB! OBIYKOB K INMPUHE BOAOCIKUBHOIO OTBEPCTUSL B CBETY B MpEAenax
0,1-0,25) 1 mpu OTCYTCTBHY B IUIMTaX KPEIUICHUS JPEHAKHBIX KOJIOALECB MOXKHO CUMTATD,
YTO TEUCHHE B HIDKHEM Obe(e MPOUCXOIUT B YCIOBHAX IUIOCKOH 3amaud. OpAuHATHI
SMIOPH AedUIUTa DaBICHUS M3MEHSIOTCS TOJNBKO IO JIMHE KPEIUICHWS W 3aBHCAT OT
MOJIHOW yNIENMbHOM SHepruu cOpPachIBAEMOT0 IMMOTOKA, DIIyOHMHBI HIKHEro Obeda u
JaBJICHHS HA TIOJOIIBY IITUTHI.

Jns 3tex ycnoBmit smropa medumuTa JaBIEHMS B Npeenax THAPaBIMYECKOTO
OpeDKKA ©Oe3 ydeTa (WIBTPALMOHHOTO [MaBIEHHS CO CTOPOHBI BEPXHETO Obeda
BOJOCIIUBHOM IUIOTHHEI IPEACTABI/LSIETCS B BAAE TPANENUH, OONBIIas CTOPOHA KOTOPOIA,

pacmosnaraemasi B C’KaToM CEUCHHH, OTPEIENSETCS 10 GopMyJie:

rr oo [r, ]
Fyeee =1 0,85[1-0,55/— 1] [==-2|n,_, (4.48)
k hl ) hkp J
a MEHbIIIas CTOPOHA, pacroyaraeMas B CTBOPE KOHIIA MPLIKKA, —
01155, (4.49)

JeQuuT naBneHUs MOXKHO CUWTATh PABHBIM HYJIO HA PACCTOSHUH MPHUMEPHO
20hy OT cKaToOro ceueHus. IIprBeicHHbIE 3aBECHMOCTH CIPaBeUBH NpH 2 < To/h, < 10
ul<hh<12[96].

Tlpu onpeneneHAN HArpy3KH Ha IUTATY P HeoOXOIMMO INIOMIAIb 3MIOpHI Ae(UINTA
JIABTICHYs HaJl TUTHTOM YMHOXHTB Ha YH, TAE b — NIMPHHA TUTHTHL, Y — YCTBHBIA BEC BOJIBL.

Pacripenenenne no anuHe KpeIUieHMs HauOONBIIMX 3HAYCHHH MyIbCALMOHHOMN
COCTaBJIAIONICH JaBeHNs p' B TOUYKAX U YAEIHHON HArpy3kd P’ (C y4ETOM OCPEIHEHHS
OyJlbCalMii 10 IUIOIAAW) HA IUIMTHI, NPOAOJbHBIA pa3Mep KOTOPHIX HAXOAUTCS B
npenenax 0,054, < 1< 0,41y, mus auanasoHa 3aadennit 3 < To/h, < 9 nano Ha rpadukax
pucynka 4.30. st it ¢ npoioibHeIMH pasmepamu 0,50, < [ < 1,3/, Harpyska pr”
onpenensercs 1o rpadguky pucyska 4.31. Harpy3ku P, ompenensieMbie MO 3THM
rpadukaM, cnpaBeTHBBL IS TUIAT H WX DJIEMEHTOB C Pa3JIMYHBIM COOTHOINCHHEM
pa3mMepos B Iu1aHe B npeaenax 0,2 <b/l <1
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3aBUCUMOCTH, NTPEICTABIICHHBIC HA pUCcyHKax 4.30 u 4.31, He YUUTHIBAIOT BIIUAHUSL
OBIKOB M 3aTOMJICHNS THIPABIMYECKOrO MPBDKKA.

BausHue OBIKOB M 3aTOIUIEHHS THUAPABIMYECKOTO TIPEDKKA HA MYJbCALUIO
HOaBNeHUS p' W VIOCABHYK HArpy3ky P°  YUMTHIBACTCS COOTBETCTBYIOIIHMHA
K03QPHUIMEHTaMI NPOIIOPIMOHATEHOCTH K 1 K /.

Ipw hy < h < 1,1k, mna war 0,47y, <1< 1,3/, K= 1,2 ¥ 014 IWIAT pasMepoM
0,250, <1 <04l K;=1,5; npn h/h, > 1,1 3HaueHHEe K| MPaKTHUECKN HE H3MEHAETCS H
pasHoO 1,2.

3HayeHue K JIMHEHHO MEHSETCS B 3aBHCHMOCTH OT 3aTOTUICHHS TIPBDKKA M UIS
naut amnoi 0,4/, < /< 1,3/, pasHo:

TIPY OTIpENeIeHn P

[ 1l opuh=nh )
K =4 P 2 (4.50)
[0.88 mpwm h=1,5h,

Y TIPU OTIPEAENICHHUHN p' B TOUKAX
(1 mpu h=h, (451)
K’ = >

0.5 mpu h =1.5h,
3HaueHus P’ A 37€MEHTOB KpermteHnus 0 </ < 0,4/, a Taroke p' Julst OTAENBHBIX TOYEK
Ha y4acTKe TMJPaBJIM4YECKOr0 MPBDKKA MpU 3aTOINIEHUsX M, < h < 1,5h, Moryr ObITh
ompesienieHsl Mo rpadukaM pucyHka 4.30, HO TpHM 3TOM 3a TPOJONBHYIO KOOPJWHATY X
MPUHUMAETCS TOPH3OHTAJIbHAS TPOECKLUS PACCTOSHUA OT IIEHTpAa PACCMATPUBACMOTO
3JIEMEHTA O HAYajla MOBEPXHOCTHOTO BOAOBOPOTA, HABHHYTOIO HA BOJOCIHBHYIO I'PaHb

TJIOTHHBI COTJIACHO pekoMeHaauusM 1. 4.14 ¢ yaerom 3asucumoct (4.29).
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Pucynok 4.30 — 'pauku W3MEHEHHs BAOJb MOTOKA OTHOCUTENBHBIX 3HAUCHUH
TyIbCaui fasneHus p'/(yhyg,) B TOUKax M HArPY3KU P / (yh,,) I AT 0,05/, < [ <

0,4/, ipu 2 = h, W pa3HBIX 3HAYCHUAX To/hig

HJ'IH IUIUT, PacCrHoJIOKCHHBIX 3a IpPEeOciIaMy IPbDKKA, YMCHBIICHUC HIYJIbCALIUN

VUYUATBIBACTCS KOS(I)(I)I/I]_[I/IGHTOM K , 3HA4YECHUS KOTOPOTO 3aBUCAT OT CTCIICHU 3aTOILICHUA

CIIEAYIOLUIM 00pa3oM:

il 1 1,05 11 13 15
X!, 1 0,95 0,9 0,8 0,75

HawGormpiiee MTrHOBEHHOE 3HAUCHUE MAeUIMTA MaBICHUS, ACHCTBYIOLIErO B
K&KI0H TOYKE KPEIUICHUsI, OTPEIEIIETCS CYMMHUPOBAHHEM OCPENHEHHOTO BO BPEMEHH
3HaueHus AePUINTA JABJE€HWS B JAHHONW TOYKE M IYJIbCAIIMOHHOM COCTaBIIAIOLICH
JIaBJICHUS B TOM K€ TOYKE, OTMpPECIeHHON o rpadukam pucyHka 4.30 (BepxHHe KpUBBIE),
KaK

p=yh +p'. (4.52)
HauGosbliiee MrHOBEHHOE 3HAYECHHUE PAaBHOACIHCTBYIONIEH HArPy3KH HA [UIMTHI A

MJIOIIAAKH
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P =bl[f(hm +hy )+ P'*} (4.53)

rae h, M hy — 3HadeHus AedupTa JapieHAS Ha KPasX TUTHTHL MWIH [UIOIAIKH.
[TocTpoeHHe SMIOPEl MTHOBEHHOT'O 3arpPyKeHHs IUTHTHI KPETUIEHHUS OCYIIECTBIISETCS
1O JAaHHBIM O MyJbCAUMM JaBJCHHS B TOukax Ha puc. 4.30 ¢ y4yeTOM IAaHHBIX O

TIPOIONBHBIX U MOMEPEYHBIX KO3((PHLEEeHTaX KOPPeun (pucyHok 4.28).

E/hx'p .
/
4 Q\."' 1 X7
10 ] A ATE R
,‘t?% /I/
S TSI TR
e
, 7
6 ,//// '//, 7
QS
RNV AR
z ‘5;’,‘\93‘@“‘ o
RS
A )

b

Pucynoxk 4.31 — 3aBucumoctd P / (ya,) = f (T, / k,,.1 /1, ) IS TIAJIKOTO BOAOGOS

npu h = h,

3HaueHNs MAKCUMAJBHOTO JaBjeHHUs B TOUKe / Haxoautcs no (opmyne (4.52), a
HauboNee BEPOSITHOS AABJICHWE, KOTOPOE MPH 3TOM PEau3yeTcs B JPYrHUx TOYKAX J,

OIpeaAC/IACTCA 10 3aBUCUMOCTH!

p,=p, +r,p. (4.54)
r1e #;; — KO3 GUIMEHT KOPPENAIAN MEXTY MyThCAMIME B TOUKaX i M/, a b, = vh

W

TTpuMep mocTpoEeHHS MIOPHI 3arpy>KEHHS TPUBOAUTCS B [96].
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I'napaBanyeckue pacyeTsl AJ15 MOBEPOYHBIX CTydaeB PadoThbl
BO/IOCJIMBHOT 0 ()POHTA MJIOTHHBI

4.19 TIlpomyck Ppac4eTHOr0 MAKCHMAJBHOIO pacxoaa BOAbI NpH
¢opcupoBanHomM ypoBHE BepxHero obegda

B cootsercreuu ¢ 1. 8.27 CII 58.13330.2012 «IIpomyck IOBEPOYHOTO PACUETHOTO
pacxoia BOABL JODKEH OCYIUECTBIATHCS NPM HAMBBLICLIEM TEXHHYCCKHA M SKOHOMHUESCKU
o0ocHoBaHHOM OIIY BCeMH BOAOIPOIYCKHBIMHM COODYXKCHUSIMU TMIOPOY3JIa, BKIIOYAS
SKCIUTyaTalMOHHBIE BOAOCOPOCH, TuapoTypOunbl ['DC, Bomo3abOpHBIC COOPYKEHHUSA
OPOCUTENBHBIX ~ CUCTEM U CHCTEM  BOJOCHAOKEHHUS, CYIOXOAHBIE  LLTFO3HI,
PBIOONPONYCKHBIE COOPYXKEHHS W PE3EpBHbIE BOAOCOPOCH. IIpm 3TOM, yuHTHIBas
KPAaTKOBPEMEHHOCTh [TPOXOXKACHHUS [IUKA NTABOJIKA, JIOIMYCKAETCS:

- YMEHBIIEHNE BEIPaOOTKY 31eKTposHeprin ['3C;

- HapylIeHre HOPMAaIbHOM paboThl BOA03a00OPHEIX COOPYKEHHI, HE PHBOISIIEE K
CO3JIaHMIO aBApUIHBIX CUTYalLlif Ha 0OBEKTaX - HOTPEOUTENAX BOMKL,

- MOBPEXKACHUE PE3EPBHBIX BOAOCOPOCOB, HE CHHIKAIOIIEE HAJCKHOCTH OCHOBHBIX
COOPY KEHUI;

- MpOMyCK BOJABI 4YEpe3 BOAOBOJABI 3AMKHYTOTO TMOMEPEYHOTO CEUEHHS TpH
[EPEMEHHBIX PEKUMAX, HE PUBOAALLMIA K Pa3pyLLIECHUIO BOJOBOAOB;

- pa3MblB pycia M OCperoBbiXx CKIOHOB B HIDKHEM Obede ruapoysna, He
YrpoKaloIuid pa3pyLLEHUEM OCHOBHBIX COOPY)KEHHMH, CENMUTEOHBIX TEPPUTOPHMA U
TEPPUTOPUI TPEANpPUATHHA, NPH YCIOBHM, YTO MOCIEACTBUS pa3MblBa MOTYT OBITh
yCTpaHeHbI OCHE MPOIMYCKa HaBOIKA.

Ydyer mnpormyckHoi cnocoOHocTH ruapoarperaroB I'DC B mpomycke pacxoia
MNOBEPOYHOTO PACYETHOTO ClIydasi OCYLIECTBIISAIOT TaK K€, KAK M B Clly4ae MHpOIycKa
OCHOBHOIO PaCU4€THOI'O CIIy4asD».

Harpy3ku OT qaBieHus BOJbl HA COOPYKEHHS M OCHOBAaHMS M CHIIOBOE BO3JCHCTBHE
(UIBTPYIOIIEHCS BOJBI, COOTBETCTBYIOIIME IPOIYCKY PAacxXoia BOABL IIOBEPOYHOTO
PacyeTHOro Cciayyas, B cooTBeTCTBHH ¢ II. 8.12 CIT 58.13330.2012 «I0IDKHBI ONPEAENATLCS
rpu (popcupoBaHHOM TO/ATIOPHOM ypoBHE (DITY) BoaBI B BepxHEM Obe(e U yUUTHIBATHCS

B COCTaBe 0CO00T0 COUCTAHMS HArPy30K H BO3ACHCTBHI.
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ITpomyck pacyeTHOro MaKCHMAJIBHOTO Pacxoja MPOM3BOAMTCS NpU paboTe Beex
oTBepcTHil BojocOpoca, BCEX THAPOArperaroB, a TAKXKE  APYTUX BOAOMPONYCKHBIX
coopyxkenuit. [ToaToMy ruapaBIuyeckuil pacueT BogocOpoca, BKIIOYas pacueT BogoOos,
pucOepMBl ¥ MECTHOTO pa3MbIBA 33 KPEIUICHWEM IPOU3BOAUTCS IO 3aBUCHMOCTSAM,
MIOJTyIEHHBIM [IJIsl YCTIOBHH TUTOCKOHM 3aauM, a pacueT ydyacTKa PacIiMpeHus U oOIIero
pa3MbIBa pycia — IO pekoMenjgauuaMm nn. 5.14-5.18 Pykosoacrsa. Ilpu 3TOM, €ciu
BO3MOXHEBIE BO3IEHCTBUS MOTOKA HA COOPY>KEHHS! WIIM Pa3MBIBBI Pyclla MOTYT OKa3aThCs
OTIACHBIMH [UTSl YCTOMYIMBOCTH U HANCIKHON pabOTEl OCHOBHBIX COOPYKEHHIA, TO JOJIKHBI
OBITE HAMEUEHBI MEPONPHATHS, MCKIIOYAIOLMINE 3Ty OMNACHOCTb. YCHJICHHE KPEIUICHUS,
yeunenue dbdexTa racureneil sHEPruy (HaOpUMep, MOHWKEHUE BOAOOOHHON CTEHKH AT
YMEHBIIEHUS MOATOIUICHNS BOAOCIINBA, €CIM OHO HAOJIONACTCS, WU MOBHILICHUE €€ C
TeJTBIO 3aTOTICHNS TIPBEDKKA Ha BOA0OOE, yCTPOUCTBO BOXOOOMHOrO KONO/IIA 32 CTEHKO! U
ap.). Ecnu Takuwe MepompusTHs HeoOXOAMMBI, TO JO/DKHA OBITH TpoBepeHa padora

BO/I0cOpOCa | IIPH IIPOITYCKe pacueTHOro pacxona mpu HITY.

4.20. BHe3amHOe MOJHOE OTKPLITHE OJHOI0 MPOJICTA ILIOTHHBLI NPH
HOPMAJbHOM MOMOPHOM YPOBHE BepXHeEro Obeda

BHe3anHoe TOJHOE OTKPBITHE OTHOTO TIPOJIETAa SBISETCA OAHHM H3 CaMbIX
OTACHBEIX, TaK KaKk IPU OTOM YPOBEHb HIDKHEro Obeda MOKeT OBITb HHU3KHM,
COOTBETCTBYIOmMMM pacxoxy I'DC mpm paboTe HENONHONW MOINHOCTBIO, WM (IpH
orcyrctBun ['DC B CTBOpPE IUIOTUHBI) COOTBETCTBYIOIIMM MPONMYCKY pacxoja s
XO3AMCTBEHHBIX HYXXJ (CAHWTAPHBIX, TMPOMBILLICHHOTO BOXOCHAOKEHHS, OPOLICHUS M
Jp.). TuapaBiuyecKuii pacyeT STOro Cyyas ABIETCS BECbMa CI0XKHBIM, TaK KaK sSBJICHUE
COMPsDKEHHs BOJOCIMBHOM CTPYH C YPOBHEM HIDKHET0 Obeda MPOUCXOMUT B YCIOBHAX

MPOCTPAHCTBEHHOM 3a1a4n. 11pu 5TOM:

1) dopmbl conpspkenusi ObeOB 3aBUCAT OT KOHCTPYKLHMM KOHIICBOTO Yy4acTKa

BOI[OC6pOC3., HaTM4YrA WA OTCYTCTBUA racureei OHEPIum,
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2
1

gh,

B ceyenud 1-1

2) Ha dopmsl conmpskeHus ObedoB Brusger umncio dpyaa Fr, =

: b
(pucyHOK 4.32), OTHOIIEHHE IMMPHHEL CTPYH b K e¢ ToMmuHe #, (N = — ) ¥ YPOBEHB BOJBI
h

1
B HIDKHEM Obede.
Camble HEOIArONpPUATHBIC YCIOBHS B HIDKHEM Obede CO3MArOTCS TIPH TIIAIKOM
Bonoboe [27, 26, 54, 56]. B 5TOM cnydae, B 3aBUCHMOCTH OT TITyOWHBI BOABL B cTBOpE 1-1

(pucyHok 4.32), 32 BOAOCIUBOM CIpaBa #_ W CIeBak, OT CTPyH (MU B 3aBUCHMOCTH OT
. 6 h +h, 6
cpenneli TyOWHEL & = T) MOTYT HaOMIOAATHCS CICAYIOIIHE OCHOBHEIE (DOPMEL

conpspkeHus 6be(oB:
a) npu 1wioTUHE O€3 ycTyma
— nepeas opma — pacTekaHue cTpy Ha BOKOOOE TIPH , > &, ;
— Bropas Gopma — 6e3 paCTeKaHUs U HATEKAHUS IIPY h, = h,_;

— TpeThs GopMa — HATEKAHWE HA CTPYIO BOAHBIX Macc M3 OOKOBBIX BaIHIOB 0€3

3aTOIUICHNUS €€ CPeAHeH JaCTH PU 4 <k, ;

— yeTBepras GopMa — TO JKe, UTO U TPETHS, HO C 3aTOTUIEHUEM CTPY# B ceueHuu 1-1
10 BCel mupuHe ee b;

6) npu MIOTHHE C YCTYTIOM (PUCYHOK 4.33):

¢ OoHHbIM PSKAMOM TCUCHHS 32 YCTYIOM

— [IPY PacTeKaHUH NANAOLIEH ¢ yCTyma CTpyH Ha BOX0GO0e, KOTIa 4, < a + h, ;

— [IPY 3aTOIJICHHOM Ha BOXODOE CTPYE TAIOKE, KOTAAA, < a + i, ;

¢ NOBEPXHOCHBIM PEKAMOM TEUYCHHS 32 YCTYIIOM

— mepBast JopMa — 00pa3OBaHAC MOBEPXHOCTHOTO PEXMMA (IIPH /. < a + h, ), KOTJA
Ha Kpas CTPyH 3a YCTYNOM B MECTC €¢ MOHWKCHHWS MOXET HPOMCXOAUTH HEOONBLIOE

HaTe€KaHHe BOAHBIX Macc HUXHEro Obeda;

— BTOpas (opMa — TOBEpXHOCTHHI peXuUM Oe3 OOKOBOrO HATEKAHWS IIPU
hcp =a+h;

— TPEThA, YCTBCPTAL (I)OpMBI — HayvaJio oGpasoaaHI/m IIOBCPXHOCTHOT'O ITPBDXKKA,
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KOTJA A, > a +h, ¥ IABIIEHUE O/ CTPYeH B CTBOPE yCTyNa GOJIBIIE IrHAPOCTATHYECKOTO;

— Igaras (bopMa — HayajJ0 3aTOINICHUA MOBCPXHOCTHOI'O IIPBDKKA — TaKKE IIpUA
hcp >a+h,

— mecTast opMa — 3aTOIIEHHbIA IOBESPXHOCTHBIN IPBDKOK, KOTAA /> a + h, .
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Pucynok 4.32 — Cxema conpsikeHust ObeoB NPH TOHHOMN CTPYE, BHITEKAKOIIEN 13 OAHOTO CUMMETPUYHO PACIIOJIOKEHHOTO OTBEPCTHS,
1 TJIAIKOM BOzoboe



Pacrekanue 3aromneHHas CTpys

HOGQPXHOCmeHZ Percum meuenus

Ilepsas popma — oOpasoBaHue Bropas popma — uncrsrit Tperbs hopma —
TIOBEPXHOCTHOTO PeXnUMa MOBEPXHOCTHBIM PEXHUM CMeLIaHHas

Uersepras popma — IIstas popma — Hauato Iecras hopma —
HE3aTOIIEHHbIM TOBEPXHOCTHBIM 3aTOILIEHHS MOBEPXHOCTHOTO 3aTOMJIEHHBIN
MPBDKOK HPBIKKA MOBEPXHOCTHBIIN MPBIKOK

By

Pucynok 4.33 — OcHOBHBIE (POPMBI CONPSIKEHHUS CXOIAIICH ¢ YCTYIa CTPYH € YPOBHEM
HWKHETO Obe(a B IPOCTPAHCTBEHHBIX YCIOBHAX

OcHoBHBIE (OPMBI: BTOpast — TPEThbs, 4YeTBepTas — msATas U wecrtasd. Hawanmy
00pa3oBaHusi BTOPO — TpeTheit GOPM OTBEUAET MEPBIA KPUTHICCKHIA PEXKIM; YETBEPTO
— IIATOH — BTOPOH KpUTUYECKHH pexxuM. QOpMBI C PaCTCKaHWEM, KaK pPaBHO3HAUHBIE
OTOTHAHHOMY ITPBDKKY B YCIIOBUAX TUIOCKO# 3a1auu, B HIDKHEM Obe(e HEOMYCTUMBIL.

OcranbHble  (OPMBI  TAKKE XAPaKTEPHU3YIOTCS BBHICOKMMH CKOPOCTSMH U
ME/UIEHHBIM 3aTyXaHHEM WX B TPAH3UTHOH CTpye HA 3HAYUTEIBHOM MMPOTSHKCHUN HHDKHETO
Obeda. [Tpu sToM HabmonaeTcs COOMHOCTh TeUEHHMS, YCTOWYMBAs, KOTJa CTPYS BCE BPEMS

OTKJIOHSIETCA K ONHOMY M3 O€peroB, M HEYCTOWYMBAs, — KOTAA CTPYS OTKIIOHSAETCS
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IOMIEPEMEHHO TO K OJHOMY, TO K JPYromy O€pery, uro MOXKET MMETh MECTO TIpH
pacnosokeHud padoTaroIEero OTBEPCTUS B CPEAHEH 4YacTH BOAOCIMBHOTO (POHTA U
OTCYTCTBHH KaKWX-TMOO JOMOJHUTEIBHBIX 3HAUMTENBHBIX IOMYCKOB B HMKHUU Obed.
[ToaToMy mpu HECKaJbHBIX PAa3MbIBAEMBIX TPYHTax IMaakuid BomoOoit (6e3 racureneit
SHEPIUU WM pacrpeenuTeneii pacxoaa) Mo yCiaoBUAM PacCMaTpPUBAEMOTO TIOBEPOYHOTO
Cllyyast, KaK MpPaBUI0, HEAOMYCTUM.

I'nankuii BO10OOH MOXKET OKa3aThCsi B HEKOTOPBIX CIy4asX MPUEMIIEMBIM TOJIBKO
npu cnabopa3MbIBAEMBIX W CKaJbHBIX TPyHTaxX. [ OLIEHKH STOH NPHEMIIEMOCTH
HEOOXOMMO YCTaHOBUCH, BO-TIEPBBIX, (GopMy compspkeHUs ObeoB, Mis 4ero cieayer
ONPEEUTE TITyOuHY, BOABI /i, B cedeHnH 1—1 HIDKHETO Obe(a, U, BO-BTOPBIX, ONPECIHTh
CKOPOCTH TEUCHUs (WM yACTBHBIN Pacxof) /Ulsl y4acTKa MEPEXOAHOr0 KPEIUICHHs WIH JUIs
HEYKPEIUICHHOTO PyCJia ¢ LEBI0 PEIIECHUs BONPOCA O JOIMYCTUMOCTH 3TOM CKOPOCTH.

[Ipu pelieHNM EPBOTO BOIIPOCA BHAYAJIE CIEAYET UCXOAUTh U3 TOTO, YTO IIyOUHA
BOJBl B HIDKHEM Obe()e¢ COOTBETCTBYET YCIOBHSM, HMEBIIUM MECTO OO BHE3AIHOIO
OTKPHITHS TIpojeTa. Toraa MpH HM3BECTHBIX INyOMHAX /g, U /1 MOXKHO ONpPENEIHTDH, B
NepBOM IPHOTKEHHH, Kakas opMa conpsbkenus OyaeT umers mecto. Ilpu he, ~ by n
IUIOTHHE 0€3 yCTyna MOXHO CUUTATh, YTO CKOPOCTh TeUeHUs V Ha OnmokaiiieM K I0THHE

yuacTke Oy/eT NPUMEPHO paBHa V.

IIpumeuanus:

1) IIpu HEOOXOAUMOCTH YTOYHEHHsI CKOPOCTH } (HampuMep, NMpH IUTHHHOM Bo#o00e) ee MOXKHO
OIPEACIMTh, C MOMOLIBI0 OOBIMHOIO YPaBHEHUS HEPaBHOMEPHOTO ABI)KEHMS, TIPHHUMAsI YCIOBHO, YTO
OOKOBbIE MOBEPXHOCTH BOAOBOPOTHBIX 30H, MEXAY KOTOPBIMH MPOTEKAET TPAH3UTHAS CTPYs, HMEIOT TOT
ke KO3 (HULUHEHT MEePOXOBATOCTH, YTO U MOBEPXHOCTH BOJOOOSL.

2) Benencreue nogbeMa ypoBHS HKHero Obeda nocie BHE3AIMHOTO OTKPBITHsL OOHOrO MpoJieTa
riyOuHa BOIBI Ha BOK0OOE OymeT M3MEHSTHCS, IPUYEM OHA MOXKET KaK YBEIMYHMBATHCS, YTO Hanbonee

B
BepoATHO (P P=—>3+5), Tak MU yMeHbliatecs (mpu B <3+5). I'myObuny Ha BomoGoe MOXKHO
b

OpUONMIKEHHO OMpPENENIHTh, MOJb3YSACh METONAMH W JAHHBIMH, MPUBEJICHHBIMH B CHELUMAIbHON
qureparype [27, 56]. OnHako Takue YTOYHSIIOI[HE PACUYETHl MOTYT MOTPeOOBATHCA B PENKUX CIydasx
(Hampumep, xoraa HEOOXOMMMO MPUHSTH OKOHYATENbHOE PElICHHe B OTHOIIEHMH IJIMHBI U TOJIIIMHBI
BOIOOONHOM IUIUTHI 0€3 NMPOBENEHHUS HKCIIEPUMEHTAIBHBIX THAPABINYECKHX UCCIEIOBAHHIH).

Ilpu »_ >~ B HWKHEM Obee MIOTHHBI Oe3 ycrynma OyayT MMETh MECTO, Kak

YKa3bIBAJIOCH paHee, GOPMBI ¢ HATCKAHHEM Ha CTPYIO BOAHBIX MacC U3 OOKOBBIX BAIBIIOB.

Hanuuwe HarekaHus WM TIOJMHOTO 3aTOILICHHS CTpyH B HAYAJIbHOM CCHUCHHH
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(h,—h)
(puc.4.34) MOXHO yCTAaHOBHTH IIPH IIOMOIIM TPAaUKOB 3aBUCHMOCTH M = f| — -1,
\V\/2¢g)

h_—h
NPEACTAaBIEHHBIX Ha puc. 4.35. 31ech p = .

. Ompenenus 1o rpadukam |, MOKHO

HaliTM b'— INMPUHY 3aTOIJICHUS Kpas CTPYH HATEeKaoMMH MaccaMu. [Ipu b=2b’

HareKarope ¢ 00enx CTOPOH HA CTPYIO MACChI BCTPETATCA, U CTPyA 6YI[CT 3aTOIUICHA.

h-h -
9 5 2ty
12 12 {
10 1 10 \
0 A
)6 \ 7 68 \ 2
06 06
AN AN
» Ozé‘ \
012 L 0;2 \\.\
h_,‘; 0f 02 03 h-hy ;,_U;,, g1 0z §3 h-hy
0 vi/zg ThT_ Vi/2g
g6 ! 96 2
NS e
)y “ % — s ~ )
; S — S =1

a1 42 G3 h-hs v g1 G2 0% h-hy

V,z/Zg Vlz/zg
(hy=h)
Pucynok 4.35 — ['paduk 3aBUCHMOCTH K = f k - J JUTS OTIPEAEIICHUS:
v'6l2g
a — NIAPUHBI 3aTOILUICHUS CTPYH »* ; 6 — 3aTOIUIAIOMNX MIyOuH; 1 — Ipyu JOHHOM
OTBEPCTHUH,

2- IIpH BOAOCIMBE C NJIMHHBIMHA 6I>I‘IKaMI/I, AOXOOAIMUMHA OO0 Ha4Yaia BO,I[060}I
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OnHako TpW 3TOM cepearHa CTPYH B ceueHWM 1—1 TONBKO Ha4yHeT 3atamnmmBaThbes. [Ipu

NaJbHEHIIEM BO3PACTAHUM 4~ IIMPUHY 3aTOIVICHHS CPEOHEH 4YacTd h/ MOXKHO

OMNPEETUTh TAKKe IPU MOMOIIM rpaguKoB Ha puc. 4.35, yCIOBHO NMPUHAMAs HATEKAHUE

Ha CTPYI0 ogHOocTOpoHHUM. Toraa:

hl’{l—i}(}ch -h).

2b’

(4.55)

IIpumeuanue: Ilome3ysach cxeMOH, mTOKa3aHHOW Ha pHUCYHKe 4.34, MOXXHO OMNPENEIHTHb
IebUILUT NaBleHNs, NEHCTBYIOMEro Ha BOTOOOMH 3a OTKPBITBIM IPOJETOM. JTOT Ae(QUIUT BLIYUCIIAETCS
kKak o0beM Tena, uMeromero (OpMy MHpaMuabl C OCHOBAHMEM B BHAE TpaleldH, IUTOIIAIbIo

F=(b=-b")(h, - h, ). BbICOTY IMpamMuibl s’ , ABNSAIOUIYOCSA PACCTOSIHUEM OT HAYAJIBHOTO CEYEHHsl CTPYH

BO,Z[O60$I OO0 MeCTa BCTPEYH HATCKAMOIIUX OOKOBBIX MacC, MOXHO ONpENeIuTb IMpU ITOMOIIU

'

2s
5KCIIEPUMEHTAJIBHBIX IPAQUKOB 3aBUCUMOCTH —— = f (k) IpH pasiauuHeX Fri, N u B, npencraBieHHbIX
b

h o
Ha pucyHke 4.36. 3nech r = —~. ['myOuHa BoAbl B HikHeM Obedle MPHHHMAETCS COOTBETCTBYIOILEH
1

YCJOBUAM OO MOMEHTA BHE3AITHOTO OTKPBITHU OOQHOTO MIPOoJICTa.

25'f% 2s'fb
i I in T
N\ es; pess 1\ N=5; p=55
40 > 40 ]
Ps \ \\ =N
20 \ \; 2 20 \ M &
2 \’\>io 2 N f
0 0 AN
W 48 a2yl 40 1% 18 22 26 k—-;”—
2s'fé T 2sifp !
50 50
| | t [ T
40 l N-10./-55 40 i\\\\\ \\”‘20;/”’5"5
’ S, N N
20 4 NEND 20 \\\;’0 %o
A “.;-b? \;0
O 4 niph U0 7% 18 B2 26,0
hy hy
2s'fb
=40; =45
40 [resaip
287 — ]
’ ~ Z r Q S

10 14 18 22 26 30 34 38 42 4.5,(,77'1_
1

Pucynok 4.36 — I'paduk 3aBUCUMOCTH 25"/ = f (k) IpH pa3nuyHbIX Fri, Nu  u
JUIMHHBIX OBIUKAX
Ilpu wu3BecTHBIX (opmax conpsbkeHus ObeoB 3HAYCHUS OCPEAHEHHBIX
MaKCHMAJIbHBIX NPHIOHHBIX CKOPOCTEH TEYEHUS Vipuyvaxe A1 IUIOTHHBI O€3 ycTyna

MO>KHO YCTAaHOBHUTb, OJIB3YSICh 3aBUCUMOCTAMM [27].

h, b .
Ecmu k= —>3.5, CTpys y3kad N = —<35 H pacloJIO’KEHa B CPEIHEH 4YacTH
h, h,
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BOJIOCTIMBHOTO (h)POHTA, TO:

Vnplul.maxc _ 10h| s (4.56)
V x

1

ecnu N<2,5 npu CTpye, BHITEKAIOIIEH 13 KpaifHero IpoJIeTa:

Vapuasse _ 5 fh_l ’ (4.57)
v, X

rac x — pacCTOAHHEC OT Ha4ajIa BOJI000S 10 paccMaTpuBacMoOro CCUCHUA.

X
3aBUCUMOCTH MNPUTOAHBI I —<60, k=2+5, N <10HM Fr<40. 3HauYeHHUA

Vipupmare HA Y9ACTKE JIMHOH x = 1004, JUIS IJIOTUHBI C YCTYIIOM MOXKHO OIPEIEHTH 10

rpadukam puc. 4.37 u 4.38. Ha stux rpadpukax V ', ... , papHoe V ',, — MakcuMaibHas B
HIDKHEM Obe(e PUAOHHAS CKOPOCTH 33 YCTYIIOM, OnpeaesiseMas 1o rpadukam puc.4.39
IJ1s paccMaTpUBaeMBIX GOpM conpshkeHHs Obe(hOB 32 YCTYIOM.

ITpumeuanue: I'paduku Vipyy vaxe IS TUIOTHHBI C YCTYTIOM MpPH YeTBEPTOil U IsITOi hopmax
COTPSDKEHUS TIOCTPOEHBI sl TAK Ha3bIBAEMOTO (PMKTHBHOIO YCTYyIa, MPH KOTOPOM TOJILHHA CTPYH HA YCTyIIE

h,, oTBedaeT BTOPOH (opMe Py 3a1aHHOA NTyOuHe BOMb! B HikHeM Obede /1, . IIpustom a, = kb, - h, .

Vapna vaxe
47 Vi bmopan popma Yembepmas popha amas @opma
? a.083|3:=3 o =3 ~ =
] /)‘ = - i \\ \FJ—‘Q’-BZ ,f \\\j\__‘._@&f
AR NG 6| |0 N_|7= 166 N 7 1466
; 333 h, 903
L2856 4 -
08 [ ! >~ ~~ ’ N i
’ [~~~ ~ 166
” VK Y] ﬂX ~—0,83 m\ — 083
) < == N TEE
0 399 N\ s
20 40 60 80 % 0 20 40 60 80 T 0 20 40 60 80 _Z_
}7(;‘0- 2 ]igp_ /2 ]76',5 by

Pucynok 4.37 — CoBmeIueHHbIC TPAQUKH BIUSHHES OTHOINEHHH a/h Wi B = B/b , 2 TAKOKE

v ([ x )
(opme! conpsbkeHns 6beOB HA 3ABUCHMOCTE —=" = f L J 17151 BOZOCOPOCOB
‘ h —h
2Makc cp

¢ ycrynmom (N = 10)
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a)

V ipua. v
;;2 Bmaopas popma YemBepmas popma flamas @opMa
¢
a8 \\\\ l \\\ T {T\\ =15
’ <|-——N=20 ~d N= ~N=2
” \s\mﬁggm INNTE I\ N | W=20
/] b N= o~ ~ ”=f
o LT i
5 20 40 60 80 x_ 0 20 40 60 80 Z. 0 20 40 60 80_%_
Vi OMOPAR_2OIMT hshy  YemBepmas gopma hgzhy  flgman @opma hoghy
s ékﬂr~ e 10 AR 10 [Xl\\ 0
/ ~ A T~ [ = ']
// = N NS
g4 TN=5 =7 | ~ \A/,V=—5
W=
0 20 40 60 80_z_. 0 20 40 60 80_Z_ ¢ 20 40 60 80_%_
hgﬁh, 77;‘517’ iep 111

Pucynoxk 4.38 — CoBMeIeHHbIE rpadUKy BIIUSAHUS OTHOIIEBMA N =b/h U B = B/b A
M ox )
=/ At
h,—h

BOOCOPOCOR C YCTYIIOM: @ — TIpH a/h, = 3,33, B = 3, 6-—Tpuah, =0,83;p =6

np.Makc

TaKxe (PopMbl CONpsbKeHUs ObeOB HA 3aBUCUMOCTH

2mMakc

V3 sasc

'Z—[)T/T—Bmapaﬂ waprz YemBepman @opma flamas [,UH,DMLZ/_
48 7 /A Ve
sl i 1/
IS % EW 1

[T 12 P VP

0 GZ G+ 6 08 [r, U G2 0% 06 G8 [, 0 02 04 G6 G 3
hL‘p 77(;/) WEP

’
PrcyHOK 4.39 — PacueTHele rpauki 3aBucHMOcTH L2ux _ 1 L —1J IUISL BTOPOIA,
14 h
cp

1

YeTBEPTOH U IATOM (POPM TIOBEPXHOCTHOTO PEXKIUMa TEUCHHUS IIPH PA3IHIHbIX, N, B u Fry

MakcumanbHbIA yIETBHEI PACXOX B CEUCHHH, PACTIONIOKEHHOM Ha PACCTOSHUM X
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OT HAYanbHOTO, MOXKHO OINpEefcnWTh IpH IHoMomu rpadgukoB Ha pucynke 4.40,
TIOMYHYEHHBIX JUIS 3aTOIUIEHHON JOHHOM cTpyu pu 3 > 6.

MakcuManbHEIR yAETBHEIA pacxof, Kak IPH 3aTOIUICHHOH NOHHOH, Tak M IpH
MOBEPXHOCTHOH CTPy€e MOYKHO ONIPENETHTE MO MPHOMKEHHON 3aBUCHMOCTH:

Lo 104k . (4.58)

7,
OpHEHTHPOBOYHOE PACCTOAHUE OT Hadaua BOJ00O0s 10 CEYEHHS C PACXOAOM ¢,

MO’KHO TIPHHATH paBHEIM 84¢, a BO3pacTaHWe YACIBHOTO pacxoja CUMTaTh
MPOUCXOMAIMM IO JIMHEHHOMY 3akoHy. Bonee moapoOHO 3TOT BOIPOC PaccMOTPEH B
cneuranbHON muteparype [27, 56].

Ilpu pasMbIBacMBEIX IPYHTAX 3a BOAOCOPOCOM, KakK IPAaBIUIO, HEOOXOIMMA YCTAHOBKA
racutened sHeprii. Hibke TIPUBOASTICA pacdeTHBIE 3aBHCHMOCTH IS CIydast YCTaHOBKH
CIUIOMIHO} BOXOOOIHOW CTEHKM HA PacCTOSHMM 3/, OT Hawana BOA00Os, a TAloKe HEKOTODEIE

3aBMCHMOCTH 15 POPE3HO# CTEHKM, TaCHTENs-pacTeKaTess U BOAOOOHHOTO KOMOATIA.

k=35 k=50
q LT £
Az q,
20 2 20 HAS N N=5I| 20
f\\ N=10 / \
; \ N=5-11 \\ 10
T TN
N= 2,5 N:%J'
0 = W0 0 S0=x M0 0 50z 100
Fre By hy
q I x)
Pucynox 4.40 — I"paduku 3aBucumoctn —= = f | h_)| JUISL pa3iMUHBIX N U k Ipu
q, k 1

PacIONOKEHUH OTKPHITOTO OTBEPCTHS B CpeaHe yacTh BogocOpocHoro ¢ponta (N =5-1)
u 'y OokoBoi#t cteHku (N=2,5; 5-11, 10)

[uapaBiidecKiii pacueT HIKHEro Obe)a MODKEH BECTHCH B CIEAYIOLIEM

HOPSIIKE.
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TloATOIIEHHOCTE WM HENOATONICHHOCTE NEPETUBAIOIIEHCS YEPe3 CTEHKY CTPYH
YCTAHABJIMBAETCS 1O YPOBHIO BOJBI B HIDKHEM Obe(e, yCTAaHOBHBIIEMYCS OO OTKPHITHS
nponera. [Ipu BHINONHEHUM pAacyeToOB CACAYET pasiuyarTh y3KHE M HIMPOKHE Obedbl
Y3kuMH Ha3bIBarOTCS Obe(bl, B KOTOPHIX IIMPHHA CTPYU B' B MeCTe €€ MaJcHus Ha
pucoepMy (HEIOCPEACTBEHHO 3a CTEHKOM) MOJyYaeTcs paBHOM Wi Gonbiieii B, T. €. B' >B.
B mmpokux 6sedax B'< B . [llupuHa B Haxoautcs no rpaduky Ha puc. 4.41 no 3Ha4CHHIO

B'-b

nmapameTpa 4 . Ecim B>B', CTEHKY MOXHO CUMTaTh 3aTOIUICHHOH CO CTOPOHBI

HIDKHETO Obe(a, KOT/Ia €ro YPOBEHb BHILLE BEpXa CTEHKH, W T10JIaraTh, YTO TITyOWHA BOJIBI
B OOKOBBIX BANBLAX IIEPE CTCHKOH /i, H B HIKHEM Obede /1, onuHakoBa. B sTom ciyyae
(opma conpsbKeHHs CTPYH ¢ YPOBHEM Ha BoJI000€ (TIEpe/ CTEHKOM ) ONpPENeNnsieTcs TaK ikKe,
Kak ® TIPH [IaJKOM BOA00OE, MPUYEM JKENaTelibHa (JopMa C 3aTOIUICHHOM B HAYAJILHOM

CEUCHHH CTPYEH.

.8 I A I y ur
T | wd g N=10 N=20
50 —L=15 //2;0 e =120
1 - =
77 B 0 A
20 o k£
T 4 /T\g,g s fy 24 _17
W5 P 3077, v, 20 W a0
A A _
20 70 N=§ 20 N=10
10 s nll P WA A
f 7 2)0 It
0 0

10 20 30Fr; 0 20 30Fr

Pucynox 4.41 — I'paduiku nu3MeHeHus kputepus A 1is pasjeneans ObeoB HA y3KHe 1

IIMPOKKE TIPH PasTuIHbIX — 1 N
h

1
I-1II — mpu CUMMETPUYHOM PACIIONIOMXKEHUAN OTKPBITOTO oTBepeTUst; IV u V — npu
PACIIONIOKEHAH OTBEPCTHS Y GOKOBOM CTEHKH

B cnyuyae y3kux ObeOB JAOMyCTHMO HPHHHMATH /i, = hy IPU CIEAYIOLIMX

SHAYCHUAX OCHOBHEIX ITapaMETPOB:
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(4
Fri=5, —>o0,8+1,0;
h

1

Fr;=12, hi>1,0 u k >3+4 npu N<5;

Fr,;=20, hi> 15 B k>4+5 npu N<5.

:

Ilpyu He3aTOMNCHHON CTeHKe W MMPOKoM Obede rayOuny /Ay, MOKHO TPHHMMATH
paBHo#i ~1,1¢, a ipu y3kom Obede A, = 1,36¢ B caydae Fr; <22 u hg,= 1,60c npu Fry> 33;
npu 22 < Fri< 33 pekoMeHIyeTcs JIMHEHHAS WHTEpPNojAlusa. [ayOuHa BOMBI,
3aTOIIAIONIAS MPBDKOK 332 CTEHKOH MpH y3KOM Obedie MOXKET OBITh MPUHATA PAaBHOI

TITyOMHE, OMpENENAeMOi MO 3aBHCHMOCTH ISl TUIOCKOM 3adaud, HO A yAEILHOTO
B . .

pacxojia Ha Bojo0oe ¢ = —, rae Q — pacxof, COpaCEHBAEMEIi Yepe3 OTKPHITHINA MPOJIET.
Q

3nas (OPMBI COMPSDKEHUS CTPYM C YPOBHEM BOABI B KOJIOIE, MOXHO HPH
HEOOXOAUMOCTH ONPENCIATh NeUIUT NABICHHA HA IUIATY BOAOOOS TaK JKE, KaK M B
cITyyae OTCYTCTBHSI TaCHTEINEH.

Ilpu mpope3Ho#M cTeHKe pazaencHue Obe(oB HA Y3KHE M IMIMPOKUE MOXKHO B
HepBOM TNPUOMIKEHNY TPOM3BOJAMTL Takke 00 rpadukam pucynka 4.41. B ciyuae
IHPOKUX ObedoB MOXHO NPHHUMATh fg, = hy Kak JUIS 3aTOIUIEHHOH, Tak W LA
He3aTomIeHHOH cTeHku. [lpu y3kux Obedhax s yCTAHOBJICHUS 3aTOILISIONIEH MPBDKOK
ryOWHbIl BOJBI 33 MPOPE3HOH CTEHKOH MOXKHO MCHOMBb30BATH TOT K€ MPUEM, YTO B Al
CIUIOLIHON CTEHKH.

Pacuer 1moToka 3a CIIONIHO CTEHKOM TTPON3BOIUTCS € TIOMOIIBIO Psijia TPaduKoB:

Vr[pwn MaKc

1. h“:f(Frl) u

= /'(Fr,)— TpM HAIAYHAM NPBDKKA 334 CTECHKOM,
c v

2nn

OPUIBHHYTOTO K CKATOMY cedyeHHIO (pucyHOK 4.42). 3mech Vipugvaxe — MAKCHMANbHAS
OCpeJHEHHAsd MPUAOHHAS CKOPOCTH 3a CTEHKOW (OOBIYHO B C)KATOM CEUEHWH), Vop; —
CpeIHsIsT CKOPOCTh TEUCHHs 33 OOBIYHBIM IPBDKKOM, COOTBETCTBYIOIIMM JaHHOMY Fr

(ocTanbHbIC MTapaMeTPsl 1aHbl Ha PACYHKE);

2., (Fr,) W15 Vipugsace =1,4Vomn (pHCYHOK 4.43);

&
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3.

A3THIHQ 5
p OH cTenenpio 3aTomneHms, COOTBETCTBYIOLICH yKa3aHHBIM 3HAYEHHAM

7’*: F(Fr) s Vipgoe = Vo (pucyHOK 4.44) — rpadmku s npspkka ¢

Vl‘l‘pl{):[.MaKC'
Voona, sae I
Viw = Neg wem * W=20(p=5)
3014 10 1f
g = —1-15 o/hh — ——
2,0 hy=10 g’g Il a— === 2,0
20 ’ 15u 20
l;a.”cﬁ 020 Fry 0 A 0 10 20 30 Frs
2
40 N7 1 AR o7 |,4;'5/ 20|
! ] 7 70 — /4‘0 /z’-’
-~ o ?}0'{'“ B = "\’(I/ﬁﬁ" ,,?J///z/ H
2,0 — G // ¢ -/ ’/ b e
Tt 2= 20 ,-/7;9;&9»
I/}
0 7 0 Fi [} 10 0 30 Frqe
V..p;“m y By e 0 0 20 m owegnipes T
2 - - 20
=1 ofh,=15 e
20 y 10 % ______,l-—;-ﬂ— B l 0
20 1
7] 7 £y 1 E% F I&
I 020 Fry 5 —7 B
] A )
40 | G\‘n«‘* . i » /4’5
20 - Pl i, 2,0
y — / /"’" e
0 1w 20 Frs g 10 20 Fry g W 20 30 Fry

V apuzsaro h
PucyHok 4.42 — I'padmku 3aBrcHMocTH ;“— = f(Fr,), —~ = f(Fr ) IpU HATUYAK
4

2nn

TIPBDKKA 32 CTEHKOM, PA3NMYHBIX OTHOIIEHUAX /Ay, N U mmpokoM Gbede:
[ — IpH CUMMETPHYHOM PACTIONOKEHHH OTKPBITOTO OTBEPCTHSL, 17 — NIPH PACTIONOKCHUH
OTBEPCTHS y CTeHKH (B = 6); /I — I CUMMETPHIHOM PACIIONOMKEHUM OTBEPCTHS
ansg N'=20 u = 3. [lyHKTMUPOM I10Ka3aHbI 3aBHCHMOCTH /,_/c = J/,(Fr,) Jjis BTOPOH

CONPSKEHHON ITyOUHBI /15, TIPBDKKA 38 CTEHKOHN B YCIIOBHSAX ILTOCKOM 3a1a4H.
A — cTeHka 3aToIuieHa; B — CTeHKa He 3aTOIIeHa

B namemeitimem 1-if, 2-ff u 3-# cIyyau CUMTAIOTCS COOTBETCTBYIOLIMMM IIEPBOI,
BTOPO# U TPEThEH Popmam conpsixeHus Obe(hoB 3a CTEHKOI (MX HE CIEAYET CMEIIUBATH C

(hopMaMu COMpPSDKEHNS 3a MIIOTHHOMN C YCTYIIOM).
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Ilpumeuanus:

1) Cywecrsyer eie u yerseptas Gopma conpspkeHus, 6JaronpusiTHas B OTHOLIEHUH 3HAYEHHH
Vipunaaxe — € TIEPEXONIOM Ha TIOBEPXHOCTHBIA PEXUM TEUSHHUSI 38 CTEHKOM. OHAKO OHA BO3HWKAET MpU
3HAYUTEJbHBIX TIyOWHAX /Ay, MAJOBEPOSATHBIX B PAacCCMATPHBAEMOM Cllydae cOOpykeHus. Ee MOKHO
PaccUUTBHIBAaTH MO rpadhukaM, MPUBOAUMBIM B [27].

2) I'paduku monyueHsl sl ciydas pacrojioKeHHss OHa BomoOos W pucOepMbl Ha OIHOMN
OTMETKe.

3) HaubGonee npuemiieMoil /Uil IPaKTHKU CIEAYeT CYUTATh TPeTbio Gopmy conpsikenus. [Ipu
nepBoii u BTOpoit (QopmMax wacTo HaOmopmaeTcs HexeNaTeNnbHOe (OHTAHUPOBAHHME CTPYH,
MpeoAoNeBatoILeil CTEHKY.

Takum oOpa3oM, Mpu MOMOLIM NPHBEAEHHBIX TIpagUKOB MOXKHO OMPENCITUTH
rIyOMHBI BOJABI, COOTBETCTBYIOIME Pa3sNU4YHBIM (opmam conpsbkeHust ObeoB, a Juis

1epBoit YOPMBI — H 3HAYCHUH V pun waxc-

By By I
0, T Ne§ N=10 N=20 (3=6)
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PucyHok 4.43 — I'paduku 3aBUCHMOCTH e _ 7 (Fr) A Vipug maxe =1,4 V2 — pa3sIMuHbIX
c

OTHOLIEHUSX ¢/ 1 N u mmpokom Obede:
I — Ip CHMMETPHYHOM PACIOI0KEHUN OTKPBITOTO OTBEPCTHS, I/ — IPU PaCHONIOKEHHH
OTBEPCTUS y CTEHKH ($=6); //] — Ip CUMMETPUIHOM PACTIOJIOKEHHH OTBepCTHst Wist N = 20

h . .
u 3= 3. ITlyHKTHPOM ITOKA3aHBI 3aBUCHMOCTH —= = f'(Fr,) IUIS BTOPO# CONPSIKEHHOM
4

ryOWHEI /1, B YCTIOBHUSX TUIOCKOM 3a1aun
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Jlaniee ycTaHaBNMBACTCS [OCTATOYHOCTh HAMEUECHHONW MO YCIOBMSIM IUIOCKOM
3aJa4d UTUHBL OETOHHOTO KPEIUIEHHS /s OT HAYAIHOTO CEYeHHS Ha BOja00oe IO Hayaua
MEPEXOAHOIO KpEMeHHs U3 KAMEHHOW HabpOCKH KPYTHOCTBIO dy [27].

ITpu Hanu4mu Bo1000HHOM CTEHKH:

1
lS
h—:k¢|(Frl +15)

. (4.59)

rae ky — k03hduIMenT, yuuThiBalomuii popmy conpskeHus ObeoB 3a creHKOW. s

nepeoit Gopmel kg = 1,25+1,30; st BTOpo# kg = 1,1+1,2, ans TpeTseit — ky = 1,0-1,05.
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Pucynok 4.44 — I'paduku 3aBUCHMOCTH h/ c=AFT1) D0 Vpusssae = Vo OPH ¢y, N 1t B
I —nnst 3 =3; 1] - pns B =6; /1] — post B =10; IV — st =6 TIPU PaCIOJIOKEHHH OTBEPCTHA Y CTEHKH, V — st
OOKOBBIX IPOIONBHBIX CTEHOK IPU N=5 u B=3; a — nnst 3HaueHnit ¢/hy or 0,8 1o 1,5. 6 — qA 3HAUEHMIT c/hyor 1,5 mo 2,0.
TlyHKTHPOM MOKa3aHbi 3aBUCHMOCTH Ay/c =f'5(Fry) mist BTOpoii COTIPSKEHHOMN ITyOUHBI /1, B yCIIOBHSIX TUIOCKOM 3a1a4u

VIIpI/LH. Make VZrm y



=0,1+0,3; Fry =5+40; N=5 + 20. IIpu N = 20 er0

s d
3aBUCUMOCTH NIEHCTBUTENbHA npu —=
h

1

d . "
MOJKHO TIONTB30BATRCA MPH — = 0,2 + 0,3, Fr1<5 1 BTopo#l 1 TpeThell gopmax compsoKkeHust
h

1
ObeoB, aNpu @ = 0,34, — IIPH BCEX 3HAUCHIAX Fry U1 TpeThelt (OopMe CONPSIKEHMSL.

IIpumeuanue. Ecnu Bo3HUKHET HEOOXOZMMOCTE B ONPENENEHHHA HOBOM OTHOCHTENIBHOMN
BBICOTHI BONOOOHHOM CTEHKH €, TO €€ MOJKHO IPHUHSATH PABHOIA:

mpu Fr; =5+8 ¢ =(0,8+1,2)h,
npu Fr; = 8+15 c=(1,2+1,7)h,
mpu Fr; = 15+25  ¢=(1,7+2,0)h.

INpu Hanu4uy HAa BOXOOOE MPOPE3HOH CTEHKH:

F
==k, | (Fr,+15)

1

( d 1
101 0,4 - +p+ N -11].
N

h ) |

Ecim N > 20 u Fr) > 40, npumMeHeHne Npope3Hoii CTEHKH He pekoMenayercs. [1pa

~

(4.60)

>

N <20 u Fr; <40 MOXHO IOTYCKAaTh JHILIL TPETHIO HOPMY compspreHms mist dyy = 0,37
PexoMeHmanue 10 3HAYEHHIM ¢/ TE XKe, YTO M JJIsl CIUIOIIHOMN ¢TeHku. I'panuis! 3: 3—6.
ITpu B > 6 B pacdere CIeAyeT MPUHAMATE 3 = 6.
JIns racutens-pacTekarens peKOMEHIYETCS 3aBUCHMOCTE:
1, r ( a.) 1
=k, | (Fr, +15)310] 0,4 - == | +2(N -5)|.
hl L \ hl )
3aBUCHMMOCTE TIPUTOaHA IPH B < 3, TpeTheit GOPMBI COTIPSDKEHUS U ;> 0,2/ nna

N=10.

(4.61)

Jns BopoOOHHOro KOMoANa:

1, r ( d,
==k, | (Fr,+15)310] 0.4 -
h, \

]
| +2p+N -4

(4.62)

1

3aBHCHMOCTD JeHCTBUTENBHA TIPH CIIEIYFOIINX 3HAYEHUSIX OCHOBHBIX MAapaMeTPOB:
Fri<12 u B<6
N=10,Fr; <20 u P <3 —TONpKO WA TPEThEH GOPMBI COMPSHKEHHUS,
N<10,Fr <20 m

Fri<5 =u

B <3 — s Bcex (POPM CONPSHKEHUS,
B<é6.

3HaueHMs kg TPHHUMAIOTCS T€ JKE, YTO U Jyls BOXOOOHHOH CTEHKH.
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Ecmm 3a pucbGepmoii ycTpanBacTesl IPEAOXPAHUTENBHBIA OTKOC ¢ YKIOHOM 1:4 m
KOBIL, KPYHNHOCTh KaMHS B KOBIIE MPH HaIM4YMU BOZOOOHHONM CTEHKH [OJDKHA
HA3HAYaThCS MITM TMIPOBEPATHCS 110 TEM K€ 3aBUCHMOCTSIM M € TEMHM e KO3(PULUEHTaMK
3amaca, YTo M B ClIy4ac OTCYTCTBHs KoBmIa. [Ipm Hamuumm ke racutenci-pacrekaresei

K03 duLHeHTH 3amaca Jyisi HAOPOCKH B KOBIIE MOTYT HE BBOJIUTHCS.

l
HpI/]BeI[CHHLIC 3aBUCUMOCTH I - SIBIISIFOTCS BECHbMA HpI/I6J'II/I)KCHHI>IMI/I.
h

1

IIpu coopyxeHusax I u Il kmaccoB, a Taioke B Te€X Cilydasx, KOTJa MapameTphbl
MOTOKA, KPEIJICHWA pyClia W TacUTeNICd 3HEPIUU BBIXOIAT 32 YKA3aHHBIE IIPEIEIbL,
NpoBepKka paboThl racureneid W KPEIICHHH Ui Clydas BHE3AIMHOTO OTKPBITHSA OJHOTO

BOI[OCGpOCﬂ JOJI’)KHA TPOU3BOJUTHCS HA TUAPABIHYCCKHAX MOJCIISIX.
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I'maBa 5. O0mme 1 MECTHbIE PA3MBbIBBHI HECKAJIBHBIX TPYHTOB B HUKHHUX
obedax

5.1 O0mme yxazanus

Hacrosmias r1aBa nocBsllleHa pacyeTaM oOOIMX M MECTHBIX Pa3MBIBOB
HECKATFHOTO pyclia B HWKHHUX Obedax TwapocoopykeHwuil. K HUM HEMOCPEACTBEHHO
OTHOCSATCS M BONPOCHL, CBA3AHHBIE C PACYETOM 30HBI PACIIMPEHHMS MOTOKA U Pa3MEPOB
BOJOBOPOTHBIX 00JIacTel HIKe BOAOMPOMYCKHBIX COOPYKEHHH THAPOYy3Ia. PaccMoTpeHue
STUX BOIPOCOB JOJDKHO BECTUCH KOMIUIEKCHO, TaK KaK B 3aBUCHUMOCTH OT MOHIDKESHHS
VPOBHS HIDKHETO Obe(ha, BEI3BAHHOTO OOIIMM Pa3MBEIBOM PYCIIa, TIPOMCXOIUT YIITyOleHHe
BOPOHKA MECTHOI'O pa3MblBa B HEMOCPEACTBEHHOM ONU30CTH OT BOIOCOPOCHBIX
coopyxkeHuit. M3MeHeHHEe (GOPMBI U Pa3MEPOB MECTHOTO pPa3MbIBa BJICYET 3a COOOi
M3MEHECHNE IUIAaHA TEUCHUM Ha y4acTKe PacIIMpeHHs MOTOKa, KOTOPOE, B CBOKO Odepelb,
00yCIIOBITIBAET EPePOPMHUPOBAHUE PYCIia HA ITOM YIaCTKE.

B CBf3M C 3TUM PEKOMEHAYETCS CIEAYIOIAas O4YEPEAHOCTh OCHOBHBIX 3TaloB
pacuera: CHadala ONPEACNIACTCS BO3MOKHOE NOHIKEHHE YPOBHEH 3a cyeT oO0Imero
pasMbIBa B mporecce TpaHcopMammu pycna (mn. 5.2-5.7), 3areM TpA TOHIKEHHOM
(OTHOCUTENBHO OLITOBBIX YCJIOBHIA) YPOBHE BOIBI oOmpenensercs (opMa BOPOHKH
MECTHOTO pasMbIBa Ul IUTOCKMX ycnoBuii (mm. 5.8-5.13) m mpow3BojuTCcs pacyer
IUIAHOBOTO pacmmpeHus nortoka (mm. 5.14-5.17). Tlo pe3ymsTataMm MOCICIHETO
KOPPEKTHPYETCS. PacueT MECTHOrO pa3MbiBa. [Ipu 3HAUMTENBHOM pPacmpoOCTPAHEHUU
y4acTKa MECTHOTO pa3MbiBA MOXKET BO3HUKHYTH HEOOXOAWMOCTH  OMpPEACIICHUS
JONOTHUTENIPHOIO MOHIKEHUS YPOBHEH WM NPOBEACHUS B TOH K€ MOCIEAOBATENLHOCTH

€IIIe OHOMU CePUH KOPPEKTHPYIOIIMX PACUECTOB.

OO0mue pasmMbIBbI HeCKAJIBLHBIX TPYHTOB

5.2 OcHOBHBIE HOJIOKEHHA

OO6mpe pasMbIBbL SBIAIOTCS OAHMM K3 BHAOB TpaHC(OpMalWM pycia pekd B

HiwkHeM Obe(e runpoysna. IlpuumHa TpancdopMamuu pycna — KOPEHHOE W3MEHEHHE
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€CTECTBEHHOTO THAPOJIOTHYCCKOTO PEXKHMA PEKH, BRIPXKAIOILEECS, TNaBHBIM 00pa3oM, BO
BHYTPUTO/IOBOM, & WHOTZA M MHOTOJICTHEM MepepaclpeficicHHH >KMAKOTO CTOKa,
JaCTHYHOM WM TIONTHOM 3aJICp’KKE TBEPIOTO CTOKA BOAOXPAHWIMILEM, 4 TaKKE B
3HAUUTENBHBIX CYTOYHBIX KOJIEOAHUSIX PAacXOJOB H YPOBHEH IpH OCYIIECTBICHUH
perymposaanst MomHOCTH ['OC. TIpr KOMIIIEKCHOM WICTIONIE30BAHMH BOJOXPAHUIIUIIA H
OTBHEME M3 HETO YaCTH CTOKA JJIsl OPOLLEHHSI, nepeOpOCKH cTOKa B 6acceiiHbl APYTUX PEK U
T. T. TeJIel TIPOMCXOMMT Taloke oOIiee YMEHBIIEHHE XHIKOTO CTOKA B HIDKHEM Obede,
KOTOpO€ HEOOXO0AUMO YUMTHIBATD PU pacuerax TpaHchopmanuu pycna [97].

TpaHchopMamis pyciia peku TOCIe e 3aperyJIMPOBaHus MPHBOANT K N3MEHCHHUIO
€€ YPOBEHHOIO PEKUMA, T. €. K HAPYIICHHIO ECTECTBEHHOM (ObITOBOI) CBS3M PACXOAOB H
YpOBHEW BOABI B peKe, UYTO HEOOXOMMMO YYHTHIBATH HPH HTPOCKTHPOBAHHU H
SKCIUTyaTally THAPOY3Na. DTOT YUET AOJDKEH KacaThCs:

1) pacueta 001mie ycTOHYMBOCTH COOPY)KEHHI THIPOY3Ia;

2) pacdera QUITBTPAIIMOHAOTO PEXXAMA COOPYKEHHS,

3) Ha3HAUCHUS TOJIOKEHHUS PAbOIMX KOJIeC TYPOUH;

4) HazHaueHWs (DOPMBI COMpPsDKEHUS Obe()OB M MEPONPHUSTHH TO KpPETUICHUIO
HIDKHETO0 Obeda (BomoOo#i, pucOepma, racuTend W T. M), a TAKKE pacyeTa BOPOHKH
MECTHOTO pa3MBIBa;

5) yCTaHOBIECHHS OTMETOK NMTOPOTOB CYIOTPOIYCKHBIX COOPYKEHHMIA.

6) Ha3HaueHHE HIDKHEH TPaHWIEI VKIAJAKA MOpPO30yCTOMYMBOTO OeroHa B

COOPY>KCHHUAX, BOBBOAUMBIX B paﬁOHax C CYPOBbBIMH KJIMMaTUICCKUMHA YCIIOBUAMUA.

5.3 Pacuer TpaHchopmammu pycaa, CI0KEHHOT0  HECBA3ZHBLIM
OIHO3E€PHHCTBIM H CBSA3HBIM MATEPHAJIOM

Ha mpenBapuTelbHBIX CTaAUsSX MPOSKTHUPOBAHMS, & TAkoKe MPH OTPaHHYCHHOMN
HCXOJHOM HWH(pOpMaNMd O MOP(GOMETPHH pyClia, COCTABE HAHOCOB M TBEPAOM CTOKE
pacyeT 0o0mEro pa3sMbIBa MOXKET OBITH OCYILECTBIEH N0 MPHOIMKeHHOMY MeTomny W. W
Jlesw [55], puc. 5.1. B ocHOBY pacueTa TooKeHO ypaBHEHHE OalaHca HAaHOCOB B BHJIE:

P

Aw =P At 6.1
P,
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rae Aw — o00beM IDyHTa, pPa3MBITOTO 3a BpeMs Af, py, — IUIOTHOCTH TPyHTa B
aINMIOBHATBHBIX ~ OTJIOKEHHAX; p; — IDIOTHOCTh MaTephHala HAHOCOB, Py —
TPAaHCTIOPTUPY oI A CIoCOOHOCTh MOTOKA 3a npeaciiaMn 30HbI 061]161"0 pasmbiBa, TAC
JIBIDKEHHE MPEANONAracTcss paBHOMEPHBHIM, a HACHINIEHWE TIOTOKA HAHOCAMHU —
COOTBETCTBYIOIMM TPaHCHOPTHPYIOIIEH cmocoOHOCTH; Py ompenensercs mo OJHON H3
IPUBOAMMBIX HIDKE (GOPMYI 11 TpaHCIOpTHPYIOLIEH ciocobHocTH Py,

Hcxognoe pycno HmkHero Obeda cxeMaTH3WpyeTcs B BHAC IPH3MATHICCKOTO
KaHaJla [MIHPHHOM B, Ha3HAYaeMOil 10 HMEIOLIEMYCsl KapTorpauyeckoMy Marepuaty.
VYKJIOH IHa iy Ha3HAaYaeTCs U3 cOOOpaKEHHH PaBEHCTBA HOPMATHHOU TIyOWHBI TTOTOKA /g
HIDKE YJacTKa pa3MbIBa cpejHell ObITOBOI IyOuHE mpu pyciioGopMUPYIOIIEM pacxone

thb-

>
5]
I |
A A ]
< ‘
<>
s O <
v %
-— - =
B " . Lo
B - A
= i
<2 Xy , 1
0 €z l
= -
~

PucyHok 5.1 — Cxema i DprOIIDKEHHOTO pacyera 00Iero pa3MbiBa pycia
mo merony Y. Y. Jlern
O0BeM pa3sMBIBa, PACIPOCTPAHSIONIEIOCS K MOMCHTY BPEMEHHU Al, HCUHCIIIEMOMY
C MOMEHTA MMyCKa T'UAPOY3iia B SKCILTyaTalllio, O CTBOPA, YIAJCHHOTO OT THAPOY3Ia Ha
PAacCTOSHAE X, OIIPEENACTCS BEIPAKECHUEM:
B
2

AW = =[(h, = h) (¥ - %)+ Ay,x] (5.2))

QM@

rae h, = — TayOMHA, COOTBETCTBYIOIIAS MPEIENIHHONM HEPA3MBIBAOMIEN CKOPOCTH
0 P p

B



nmoToka Vy (eM. m. 1V.25), x — mmHA y4yacTKa MECTHOTO pa3MbIBa, TPUHHMAaeMas MpH
OTCYTCTBHHM TOYHBIX NaHHBIX paBHOH 200-500 M; Ay, — NMOHW)KEHHWE YPOBHS BOJBI B
CTBOPE THAPOY3TA.

3amaBasch MPOTSHKEHHOCTBIO yUacTKa OOIIEro pasMbIBa X, OHPENEIIOT Aw 10
dopmyne (5.2). Bpems At, HeoOXoquMOoe ISl pa3MbIBa, ONPENeIsIeTCs MOJCTAHOBKON Aw B
ypaBHeHue Oananca HaHocoB (5.1). Ilpu Hammuuu [JaHHBIX O BBIXOAE pPa3MbIBaA HA
CKJIBHBIE U TPYJHOPA3MBIBAEMBIC MOPOAbl B BhIpakeHHE (5.2) NOJKHBI OBITH BHECEHBI
COOTBETCTBYIOINME IIONPABKH, YYMTHIBAIOLIME OTIMYHE OPOAOJBLHOTO CEUCHHS «Tea
pa3sMbIBa» OT TPEYTONbHUKA.

JIns mpoBeneHUs AeTaNbHBIX PacueToB TpaHchopMaluu pyciia HWKHAH Obed
pasbuBacTCs HA YYACTKU HMPOTSHKCHHOCTHIO Ax HE MCHEE ABYX-TPEX IIMPHH pycia (puc.
5.2). Pa30uBKa NPOU3BOAUTCS HA OCHOBAHMM PYCJIOBBIX CbEMOK, MCXOJS W3 TPWHIAIA
coOmoieHns 0HOOOpa3Msl IUIAHOBEIX OYEPTaHWIl pyclia W ero penmbeda B mpeaenax
pacueTHoro yyactka. I yOuHa MOTOKa M [IMPUHA pycia B MPEAENax PacyeTHOrO y4acTKa
MOTYT OBITh NPHUHATE H3MEHAIOIMUMHICA IO JIHHEHHOMY 3aKOHy. Jisi CTBOPOB,
pasrpanuyuBaromux Obe() Ha yYaCTKH, JOKHEI OBITH TOCTPOEHBI KPUBKIE CBI3H O = f(H).

Pacuyer nedopmarmu pycna HA KOKIOM YYacTKE BEAETCS MO YpaBHCHWIO OaraHca

HaHOCOB:

<= h, - B—, (5.3)

rae (J; — pacxo/l HAHOCOB; /i, — ITyOHHa pyciia OT JHA 10 YPOBHs OPOBOK; Az — TOJIIMHA
crmost neopMannu gHa; AB — IUpHHA pa3MbIBa OEperoBoi JIMHWH, OIpeaciseMas U3

coOoTHOWIEHHS [55, 97]:

g2, 2 (5.4)
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Pucynok 5.2 — CxemaTn3auusi pacueTHOTO pycila NPY TNPOBEJICHAH AETATIEHEIX PACUETOB

B ciydae pa3MbIBa CpeAHE3EPHUCTEIX OTHOPOIHBIX MECUaHbIX IPYHTOB k; = 0,05;
UL MEJIKO3EPHUCTHIX 3aujicHHbIX neckoB k, = 0,01+ 0,005. B ofmem cnyyae

KOI(PHUIUEHT k; MOKET OBITH OTIPEIEIIEH TI0 3aBHCUMOCTH:

B

|( [ C" \ (55)

Py

P

rae d — cpemHuil JuaMeTp TPyHTa; 6 =1 - — MOPHCTOCTB TPYHTA; ¢’ — yCTANOCTHAS

MIPOYHOCTb IPYHTA Ha pa3MbIB (11 5.5).
VYuuteiBaTh OeperoBric AedopMaIyi Ieecoo0pasHo JIHIIE B TEX CIy4asx, KOTraa

OHH COMOCTaBUMBI MO 00BbeMy ¢ AeopMaLliaMU JHA. B JOCTaTOUHO IMPOKUX pycrnax (
B
—=>200 ) OeperoBbiMu AedopMarmisMy, KaK HPaBHJIO, MOXKHO NpeHEOpedb M CUHTATh
h

AB
—]z(). le/l CJIIOKCHUH GGPCI‘OB mopoaamMmn Gonee TMPOYHBIMH, YE€M AJUTFOBHAILHBIC
Ah

OTNIOKEHHA Ha JIHE, OOBIYHO MPHHAMAIOT JOMYIIeHHE 0 HeneopMupyeMocTi Oeperos, T.

AB
€. TAKKEC CYUTAIOT —— =0 .
Ah

TommuAaa cnos nedopmammy mHA Az, 32 BPEMA a: ONPEACISAECTCA HCXOAA W3

3aBUCUMOCTH (5.3) o popmyie
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[ Q,-0Q 1
P, sk s(k-1) I ( AB )
PP T UL A g (5.6)
L Pe B, Ax, B, At J
(MHJIEKCBL, YKA3BIBAOMHE HOMEP BPEMEHHOM CTYIICHH, OMYILCHEI).
Iono>kuTenbHOE 3HAYCHHE Az, VKa3BIBA€T HA TO, 9TO Ha PacCMaTpUBAcMOM

y4aCTK€ HMECT MECTO OTIIOXKECHHE HAHOCOB, OTPHUUATC/IPHOC 3HAYCHHUEC OJTHUX BCIMYHH
COOTBETCTBYET Pa3MbIBy jHA. NI ClEAYIOIEH pacueTHON BPEMEHHON CTYHEHH OTMETKH
JIHA HA YYACTKE MPAHAMAFOTCS PABHBIMH
Zo T Zho T AZ4, (57)
rac UHICKC k o3navaer HOMCDP pacyYCTHOTO y4acTKa, 0 1 1 — COOTBETCTBEHHO HAYaJI0 U
KOHCIT BpeMeHHOfI CTYyTICHHU.
HpI/IMe‘IaHI/Ie -B cliydae HeO6XOIl1/[MOCTl/I yueTa B paCu€Te NPOBOAUMBIX B PYCJI€ KapbEPHBIX

3eMIIeHepIaHuii 11 J0ObIMH MecHaHO-TPaBUitHOI cMecH B mpaBoi yacTu 3aBHcHMocTH (5.7) cnemyer
BLMNECTB Z, ~— — CPCAHION HA k-M y4acTke TONIIMHY CJOSI M3BIEKAeMOTrO H3 pyclia MaTepHaia 3a
paccMaTpHBaeMblii MHTEPBAJ BPEMEHH Al

ITpn BBITIOJIHEHWHM PAacyeTOB CIEAYEeT YYWTBIBATH, YTO MPH JOCTHXKEHUH HA TOM
WM MHOM YYacTKe B Ipoliecce nedopmanun pycia KPOBJIH HEPA3MbIBACMBIX NOPOA HIIH
OTMETOK, COOTBETCTBYIOLINX 00pPa30BaHUIO CIIOA OTMOCTKH (1. 5.4), nanbHeWmmit pa3sMbIB
pycia Ha 3TOM y4YacTKe MpeKpamaerci. B ciay4ae OTCYTCTBUS OTIOKECHHWH, HAHOCHI
IpoXOoAdAT Y€pPE3 HEr0 TPAH3ZUTOM, TO €CTh pPAacXoJd HAHOCOB B HU3O0BOM CTBOPE 3TOro
y4dacTka (g IPUHUMACTCSI PaBHBIM Pacxony (Ogx — 1), HOCTYIMBIIEMY HA 3TOT YYacTOK C

BBINIEPACHONONKEHHOrO: AQy — 0 M Az, = 0 (3leCb HMHJCKCHI, YKa3bIBAIOLUE HOMED

BPEMEHHO# CTYMEHM, ONYILCHBI).

I'mapaBIMYecKhe XapakTepPUCTHKH TIOTOKA (V' W /) mpu 3amaHHOM pacxojae () Ha
BPEMCHHOM ILAre A: OMPEACIAIOTCS MOCTPOCHHEM KPHBOM CBOOOIHON MOBEPXHOCTH HA
OCHOBAaHWH DCUICHUS YpaBHCHWs BepHYJIM ONHAM W3 W3BECTHHIX CMocoboB. Cxema,
OOSICHSIOIIA  pacueT CBOOONHOM TOBEPXHOCTH B JAedopmmpyeMoM pycne mpu
CTYIIEHYATOM CXeMaTH3aIliy, IPUBE/ICHA B KAUECTBE MIPUMEPA Ha pUC. 5.2.

Pe3ynbraThl pacuera TpaHcopMmanpy pyciaa B HUKHEM Obee MOIDKHBI CTaTh

OCHOBOI1 JIs TOCTpoeHHe KPUBBIX () = f{H) B XapaKTEPHEIX CTBOPAaX PEKH, YUATHIBAIOIIHX
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nepehOPMHUPOBAHKE PyClia HA PA3NMYHBIX dTanax SKCIUTyaTalud ruapoysia (HampuMmep,
yepes 1 rog, 5 ner, 10 ner u T. 1. TOC/E BBOJA B SKCILTYaTalHIO).

Pacder ciemyeT BecTH OO TIOMHOW CTa0MIM3alMM YPOBHEH WM Ha TICPHOJ
BPEMEHH, IPOJOIDKUTENLHOCTD KOTOPOro 00YCIIOBIICHA KaKUMH-JTMOO NOTIONHUTEHHBIME
coobpaxxeHHsIMM (HANMpUMEp, CPOKOM BBOJA B JKCIUIYaTalMIO HIKEPACTIOIOXKCHHOTO

THIPOY3I1a, HOANUPAIOLIETO pacCMaTPUBaeMblii Obe() 1 T.11.).

5.4 Pacuer TtpanchopManHH Ppycaa, CI0KEHHOTO0 Pa3HO3EPHHCTHIM
MaTepHaIoM

(d N
B pycnax, 00pa3soBaHHBIX Pa3HO3EPHUCTBIM HECBASHBIM MATEpPHaNoM | — 5|,
N

d

5
JehopMany AHA W PasMbIBBL €0, CONPOBOXKIACMBIE BBIHOCOM BceX (pakumii,
IIPOUCXOAT A0 TEX HOP, IIOKA II0 Mepe YriayOlleHus pycia CKOPOCTH V He yMEHbIIaTcs 0
3HAYEHUS V' yaus — HEPA3MBIBAIOIIEH CKOPOCTH CaMBbIX KPYIMHBIX YacTHIL, IPH KOTOPOM B
pyclie TPEKpaIAeTcs WX ABKEHWE, M OHM HAYMHAIOT OTMAIWMBATh Pa3MBIBAEMYIO
MOBEPXHOCTh. IIpn AanpHEHIIEM YIIyOJacHMH pycia B CIIO€ OTMOCTKM CKAIIMBAIOTCA
6oree Menkue Gpaknum rpyHTa, H HOBEPXHOCTH PyCia MOCTETICHHO TOKPEIBACTCS CIIOEM
KPYIHBIX YacTHI[ CO CPEIHEB3BEIIECHHBIM IHAMETPOM dypy, KOTOPOMY COOTBETCTBYET
HEpa3MBIBAOLIAs CKOPOCTh Vyome 11 0Opa3oBaHMs OTMOCTKH TIOTOK JOJDKEH
nepepaboTarh CNo# rpyHTa TOMMIMHOMN 3z, OTMBIB M3 HETO YaCTHIH KPYIMHOCTBIO d < dyp,.
Cnoii 8z Ha3pIBacTCs C10emM Haxkonienus ommocmiyu. BeiHOC Menkux (pakuuit npu
V< Vyomn TPOMUCXOIWUT MYTEM «OTCACHIBAHHMA» MX MOTOKOM YEpe3 €lle HEAOCTATOYHO
cdhopmupoBasILyIOcs OTMOCTKY [49, 60, 65, 108].

Pacuer  medopmauMu  pycen,  CIOXKEHHBIX  Pa3sHO3EPHHCTHIM  T'PYHTOM
(OTHOCSLIMXCA Yallle BCEro K TOPHBIM M IPEATOPHBIM paﬁOHaM*), PEKOMEHAYETCA
BBITIOJTHATH B CIIEAYFOLIEM TOPSAKE:

1. 1o kpuBO#i rpaHyIOMETPHUYECKOIO COCTaBA AOHHBIX OTIIOXKEHU I HAXOAATCS:

- cpemHMif JMaMeTp TPYHTAa d W COOTBETCTBYIOLIAS €My OpAMHATA p; — HOJ,

COCTaBJIsieMasl YacTULAMMU, KPYITHOCTh KOTOPBIX MEHbIIE ¢ B 001IEM 00BEME CMeCH;

" Creunduueckne ocobenHocTH pacueta nepedOPMHPOBAHUS TOPHBIX PeK cM. B [64]
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- IMAMETP YacCTHIL, OTIPEACIISIOMINX [EPOXOBATOCTD Pycia, dos;
- HanOONBILIMH THAMETP YACTHILL iy
2. Beruucnsieres K03QULUHEHT OAHOPOJHOCTH TPYHTA
K=d/d,. (5.8)
3. [1o u3BECTHBIM XapaKTCPUCTHKAM NOTOKA O, V | /h ONpenensroTes:
- Hepa3MBIBAIOIIas CKOPOCTh Vj; JUIA YaCTHI| rPyHTA cpemHeil KpymHOCTH d 1o
3aBUCUMOCTAM (5.16) v (5.19) nipu riryOuHe moToka A,
- HEPa3MBIBAIOMIAS CKOPOCTh MOTOKA Vg M COOTBETCTBYIOIIAS €H HayaslbHAs

ryOuHa Ay, IPA KOTOPOH HaUMHAeTCA 00pa30BaHMe CAMOOTMOCTKH pycia

ho-—2 (5.9)
BV

H.Haub

3HAYCHUS Vipaus U Myay HAXOAATCSA IyTEM pEIICHHS (METONOM HWTEpauuil umm
rpaguuecki) 3TOTO YpaBHEHHSA COBMECTHO C 3aBHCHMOCTBIO (5.19), B KOTOpOif

MPUHHUMACTCA VH =V h=h U d=d

H.Hau6 > Hay nan6 *

4. Onpenensercs CPeOHUI NUAMETP YaCTHL, OTMOCTKH dopy U TOJIIMHA CJIOA €€

HaKOIUIEHHUS s , CBSI3aHHBIE MEXyY co0oii 3aBucuMocThio [60, 65, 108]:

8z(1-K,)(1-p,) (5.10)

d =d + N
l+15:(0,957pd)/d95

5z — TOJIIIIHHA CJIOST HAKOIIJICHUA OTMOCTKH.

Haxoxnaenue d_, W s; OCYIIECTBISECTCS COBMCCTHHIM PCHICHHEM YPaBHEHHS

(5.10) u 3aBuCHMOCTEIH

(5.11)

0=h,BY (5.12)

m.ot™ *

rae V BBEIUHCIIAETCSA 10 3aBHCUMOCTSIM (5.19) niput 71 = hyoy U d = dopy.

Pemenue cucrembl ypasHeHHH (5.10)—(5.12) ocylecTBASIETCA METOAOM UTEPALIUIA,
NpUYEM B KauecTBE NapaMeTpa HAYaIBHOrO HMPUOIIDKEHHS MOXET 3a4aBarbcsl b0 sz,

Jmbo d

orm *

ITomyueHHOE B pe3yibTare PEUICHHWS 3HAYECHHE h , YCTAHABIMBACTCA B PyCIe,

"

CITOKCHHOM Pa3HO3EPHHUCTHIM IPYHTOM C XapaKTePUCTHKAMHE d, Py, dos IOCIE Pa3MbIBa €T0
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pacxoaomM BOAbL Q 1 CaMOOTMOCTKHA KPYMHBIMHA YaCTHIAMHA CO CPCAHCB3BCUICHHBIM

IRaMeTpoM d__ ; TIyOuHA h_

otM 2

XapakTepU3yeT NPEeNesbHOE COCTOSIHHE Pa3MbiBa 3TOTO

H

TPYHTA IPH NPOXOXKICHUA pacxoaa Q.

5.5 PacueTHbIEe XAPAKTEPHCTHKH HAHOCOB H TPYHTOB, CJIATAIOIINX PYCJI0

I'pyHTHl, 00pasyrolmye pycino, AENATCS Ha CBA3HBIE W HECBS3HBIE (CHITYYHE).
CBsi3HBIE TPYHTHl XapaKTepU3YIOTCS HANMYAEM CHCIUICHUS MEKAY OTICTBHEIMA
YacTULIAMY; K CBSI3HBIM T'PYHTaM OTHOCSTCSl TJIMHBI, CYTJIMHKH, CyMecH. B HECBA3HBIX
TPYHTaX CLEIICHHE IPaKTUUECKH OTCYTCTBYET, K HUM OTHOCSTCS HECKH, TPaBHIiA, TATbKA,
BaJTYHEL

KpynHOCTE peUHBIX HAHOCOB YCTAHABIIMBACTCS HA OCHOBAHMH HX MEXAHNUECKOTO

aHamu3a. ['pyHT cduTaeTCs OAHOZEPHUCTHIM (OAHOPOAHBIM MO KPYIHOCTH) MpH

d,,
K03(Q(UITUEHTE Pa3HO3EPHUCTOCTH — < 5.
d,

Cremnenue ¢ s CBSA3HBIX I'PYHTOB ONpPEAENSCTCS HA OCHOBAHWH HCIBITAHUM
o6pasios rpyHTa Ha cpe3. HopMaTHBHOE 3HAYEHHE CLETUICHHS ¢ ONpPEIeNSeTCS s Beeit
COBOKYITHOCTH UCCIIEAyEeMBIX 00pa3noB B cooTBercTBHU ¢ 'OCT 20522-2012 mo MeToay
HAUMEHBIINX KBAAPaToB. IIpy ONpenencHHH NPENETBbHBIX HEPA3MBIBAIOLIMX CKOPOCTEH
BBOANTCA KO3(D(QULMEHT HAAEKHOCTH K., YYUTHIBAIOIINN BEPOATHOCTH OTKIIOHEHHS
BEIWYMHBI CHJI CLEIUIEHHS OT HOpPMAaTuBHOro, 3HaueHus. Ha ocHoBanum I'OCT 20522-
2012

( c
Kk =1/{1-1,—, (5.13)
-
I7le 6 — CPERHEKBAAPATHYECKOE OTKIOHEHHE BENHUYUHEI ¢ OT ¢ 1, — K0d(dHIHMeHT,
npuanMaeMbii mo 1adn. E.2 TOCT 20522-2012 B 3aBHCHMOCTH OT YHCIA WCIBITAHUNA W
3aJaHHOH ONHOCTOPOHHEN HOBEPUTENBHOW BEPOSTHOCTH (I, KOTOPYIO B pacyerax
PYCITOBBIX TIPOIIECCOB CIEMyeT MIpHHWMAarh paBHOM 0,95. TIpW OTCYTCTBHM JaHHBIX
HCIBITaHUM 00Pa3IoB rPyHTa Ha CPe3 MOXKHO MPUHATH NPHOIMKEHHOE 3HAYEHHE &, = 2.
B IpeaBapuTeNbHBIX PACUETAX UMC/IECHHOE 3HAYEHWE ¢ IUIS CBA3HBIX TPYHTOB

npuHMMaeTcs 1o Tadbnm. 5.1 B 3aBUCHMOCTH OT OCHOBHBIX XapaKTEPUCTHK TIPYyHTA:
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MOKA3aTeNs TEKYUYECTH Jj, I MOPUCTOCTH d.

Tabnuma 5.1*

Bun rpynra | IToka3saren HopMmaTHBHbIE 3HAYEHHS YAEILHOTO CLETIEHHAs ' (Kl_[a=T/MCZ)
b [PH MIOPUCTOCTH &
Tekyuectn | 0,30 | 0,32 | 0,35 [ 0,37 | 0,40 | 0,42 | 0,45 | 0,47 | 0,50 | 0,52
Jr 0 5 0 5 0 5 0 5 0 5
Cynecu 0-025 [165[135[11,5] 9 | 75| - - - - -
0,25 - 14 [ 11,5] 95 7 5 35 - - - -
0,75
CyriauHkn 0-0,25 [49,5| 44 38 | 33,5295 255|225]200]| 18 -
0,25 - 40 | 375| 35 31 27 23 19 (165|155 -
0,50 - - - 275 24 |205] 17 | 15| 13 | 11
0,50 —
0,75
T'nuner 0-0,25 - - | 81,5745 65 55 49 | 43,5 | 38,5 33,5
0,25 - - - - |605]| 56 | 51 | 45 |39,5]|34,5]29,5
0,50 - - — | 47 |445| 41 | 38 [345| 31 |265
0,50 -
0,75

* CocTaBlieHa Ha OCHOBAaHHHU NaHHBIX, npuBeneHHsix B CIT22.13330.2011, tabn. B.2.
TlokazaTens TeKy4ecTH rPyHTa ONpeaeseTcs no Gopmyie:

w o -w
[ SN

J (.14)

I3 >

W, - W,
rae W, — IpupoaHas BIQKHOCTH FPYHTA B AOJIAX SAUHULBL W; 1 W), — COOTBETCTBEHHO
BJIKHOCTh Ha FPAHHLIE TEKYYECTH M HA TPAHULIC PACKATHIBAHUS (TUIACTHYHOCTH).
IopucTocTh TpyHTAa O OHpEAENsieTcs Kak OTHOLIeHHME oObeMa mop K olmemy
00beMy TPyHTA W CBA3LIBAET IJIOTHOCTb [PYHTa B ALIIOBHAIBHBIX OTIONKEHUAX Prp €
IUIOTHOCTBEO MaTepHasia HAHOCOB P, CIICAYIOMMM 00pa3oM:
P, = (l—ﬁ)p:.

TIpu OTCYTCTBHHM JAHHBIX M3BICKAHUIT 3HAYEHHE O AT HECBI3HBIX TPYHTOB MOJKET
OBbITH TIPUHATO 110 JAHHBIM TaOMHIE 5.2.

B MexaHMke TpPyHTOB 49acTO ymorpeOusercs Kodp(HIMEHT HOPHCTOCTH e,
OMpeNieNIAEMBIN Kak OTHOHIEHHWE 00BbeMa Mmop K o0beMy TBepaod dacTH rpyHTa. CBsi3b
MEXIy HOPUCTOCTHIO O M KO3((PUUUEHTOM MOPUCTOCTH ¢ ONPEACISCTCS COOTHOIICHHEM

e

5= . Hcnone3oBanne B pacuerax pycloOBBIX nedopManuii W TPAHCHOPTAa HAHOCOB

1+e
TIOHATHA NOPUCTOCTH ABJIACTCA Oostee yI[O6HblM, IIOCKOJIBKY OHO HEMOCPEACTBCHHO

CBS32HO ¢ KOHIIEHTpaLKEll HAHOCOB Ha JIHE TOTOKa: § + & = 1.



Tabauma 5.2

I'pyHTBI M HX XapaKTEPUCTHKH

Cxopocts Vy (M/c) mipu cpemHen
rIyOHHE OTOKA /1, M

Hanmenosanue PaznoBHaHOCTD IMopucrocts & | PacuerHsrit 0,5 1 3 5 10
OCHOBHOT'O TPYHTa (pPa3HO3CPHUCTHIN JHAMETP
TpyHT, yacTuusl (d),
XapaKTepU3y eMbIit MM
CKOPOCTHIO V',
Om3KOi K
YKA3aHHOM)
[Ts11B IIs1mb ¥ WIT ¢ METTKHAM 0,65-0,35 0,05 0,37 | 0,39 | 0,43 | 0,44 | 0,46
MCCKOM 0,10 0,27 |1 0,29 | 0,32 | 0,33 | 035
TTecox MCITKHH ITecok memkmit ¢ 0,45-0,35
TPHMECHIO CPSIHETO 0,15 0,25 | 0,27 | 0,30 | 0,31 | 0,32
Cpenmmit Tlecox Meknuii ¢ 0.45-0,35 0,20 0.25 1027 | 029 1 0.31 | 0.32
TIHHOM, TIECOK 0,30 026 | 028 | 031 | 032 | 0.34
CpeaHuH C 0,40 0,28 | 0,30 | 0,33 | 0,35 | 0,37
MPHMECHI0 KPYIHOTO
KpYIHBIH Tecox 0.40-0.28 0.50 029 | 031 | 035 | 037 | 039
CPCIHE3EPHUCTBII C
TJIMHOM, TIECOK
KPYIIHBIH C 0,75 0,33 1 0,35 1 0,39 [ 041 | 044
TPUMECHIO TPABHS
_ _ _ _ 1,0 036 | 039 | 043 | 046 | 0.49
I'paBuit MEJIKUHI I'paBuit mekumii ¢ 0,40-0,28
TPHMECHI0 KPYITHOTO 1,5 0,41 | 0,44 | 0,50 | 0,53 | 0,56
cpenHui I'paswmii cpennmii 0,40-0,28 2.0 045 | 049 | 0,55 | 0.58 | 0.62
TPHMCECHIO TECKA
KPYIHOTO U MEJIKOTO 3,0 0,52 1 0,56 | 0,64 | 0,68 | 0,73
rpaBus 4,0 0,57 | 0,63 | 0,72 | 0,76 | 0,81
KPYIHBIH I'paBuif kKpymHBIH ¢ 0,40-0,28 5,0 0,61 | 0,68 | 0,78 | 0,82 | 0,89
TICCKOM H MCIIHM 7.5 0,70 | 0,78 | 0,90 | 096 | 1,04
rpaBUEM
Tanbka MeJKas Taneka cpemusis ¢ 0,40-0,28 10,0 0,78 | 0,86 | 1,00 [ 1,07 | 1,16
MIECKOM H TPaBHEM 15,0 0,88 | 0,99 | 1,16 | 1,24 | 1,35
cpeaHss Tanbka KpymHAas ¢ 0,40-0,28 20,0 097 | 109 | 129 | 138 | 151
TIPUMCCLIO TPABHA 30,0 1,10 | 125 | 1,49 | 1,60 | 1,75
40,0 1,19 | 1,37 | 1,65 | 1,78 | 1,95
50,0 127 | 146 | 1,78 | 195 | 2.12
KpymHat rﬁggg‘ﬁpﬁ:‘;@; 0,40-0,28 75.0 — | 165 ] 203 | 221 | 245
100,0 — 1,79 | 2,23 | 2,44 | 2,71
Banynst MEITKHE BzJJIyrr{:;II EES?IHW C 0,40-0,28 150.0 . o 254 | 279 | 313
— — 2,76 | 3,05 | 3,45
KPYIIHBIC BanyHsl cpenHue ¢ 0,40-0,28 200.0 ’ ’ ’
MPUMECHIO KPYITHBIX 300,0 — — 3,10 | 3,46 | 3,94

>
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Hepasmeisarommas CKOpOCTh UL JaHHOIO IPYHTA XapaKTEPU3yeT YCTONIUBOCTE €T0
Ha gaHe mnoTtoka. Ilpm 3TOM MoOryr OBITb BbIAECTCHBI Pa3IMYHbIE COCTOSHUS,
XApPaKTEPU3YIOIHMECS PA3HOW CTENMEHBIO HAJEKHOCTH, WM WHBIMH CJIOBAMH, Da3HON
BEPOATHOCTBIO CPBIBA YACTHIl CO JHA MOTOKA. B HWacTHOCTH, NPUHATO pasnuyarh IBa
COCTOSHMS, TIEPBOE U3 KOTOPBIX OINPENEIACT YCTONUNBOCTD OTACIBHBIX 3€PEH IPYHTA Ha
IHE IOTOKA, BTOPOE — YCTOMYMBOCTH IOBEPXHOCTHOTO CIIOS IPyHTA B LenoM. IIpu
pacdeTax TpaHc(OpMalWH pycla COCTOSHME IIONHOM ero cra0uimm3aluu ClemyeT
OLIEHUBATb JOCTHIKCHUEM [IOTOKOM 3HAYCHUS IPEACTIbHON HEPa3MBIBAOILEH CKOPOCTH Vi,
XapaKkTEPU3YIOIICH COCTOSHHUE NPEACIBHONA YCTOWYMBOCTH IPYHTa Ha OHE IMOTOKA, T.€.
TaKoe COCTOSHHE, IIPH KOTOPOM HAONIOMACTCS JINIIb INECBENICHWE OTHEIBHBIX YaCTHI
rpyHTa 6e3 uxX cpeiBa. IIpu TIPEBBINICHHN CPEAHEN CKOPOCTHIO MOTOKA J 3HAueHHS Vi
HAYMHAETCA CPBIB OTACIBHBIX 3€PEH, NPUBOIAIIMANA IPH CKOPOCTH V' = Uy K HApyIICHUIO
YCTOWYHBOCTH IMOBEPXHOCTHOTO CIOA I'PYHTA B HENIOM. UHCICHHOE 3HAYEHHUE CPBIBAKOLICH

CKOPOCTH MOET OBITE OTIPeAC/ICHO TI0 opmyrie
UO E\/;VH. (5~15)
DTO 3HAUEHHE TIPUHATO B KAQYCCTBC XapaKTCPHOTO NMPHU pacdeTe MECTHOIO pa3MbiBa

HECBS3HOrO IPyHTA (CM. I1. 5.9).

JUst OMHOPOJHBIX MO KPYNMHOCTH HECBA3HBIX T'DYHTOB Vy OBITH ONpEENEHO IO

(dopmyne [65]:

r " 7
N PR I TP S P (5.16)

" d 0,88n L\e, ) pwkcJ
rae my, — Ko3(pGUIMEHT, YUATHIBAIOMINI BINAHHE HAHOCOB, COAEPIKAIINXCS B MOTOKE B

KOJJIOMTHOM COCTOSIHMM; JUIl YHCTBIX IIOTOKOB my=1, IpU HAJIWNYUH HAHOCOB B
. 3
KOJUTOMTHOM COCTOSIHHM OoybieM, deM & = 0,1 kr/M”, m, = 1,4; NIpH MpOMEKYTOYHBIX

3HAYEHHAX & m, =1,4(1-*"*); € — OCHOBAHHE HATYPAIBHBIX JIOTAPHPMOB; 7, —

KO3((DHUIMEHT, YUHTHIBAIOMMIA BIHAHHE MyJbCAMH CKOPOCTM B NIPUAOHHOW o0macTu
MOTOKA U OMpeAesIIeMbIif 1o IpubmkeHHo# Gopmye:
. 1
n =1+ —-,
M ( N 2 \1/3 (5. 1 7)
0,3+ 3
e’
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¢,, - YCTNOCTHAS IPOYHOCTH HA Pa3PHIB HECBA3HOTO IPYHTA, yUHUTHIBAIOMIAS MOABIECHHE
CHIT CIIETUTEHHS] MEXIY YACTHIIAMH MEIKO3EPHICTOTO rpyHTa (d << 0,25 MM), paBHas s

TPYHTOB NIPAPOJHOTO IUIOTHOTO CIIOXKEHHUS [7, 65].

. (gv) (5.18)

Cou = 8p v .

k. — ko3 duuuent HagexHOCTH, M. hopMyIy (5.13).
JUist HECBSI3HBIX TPYHTOB IUIOTHOCTBIO Py = 2,65 T/M° B MOTOKAX, CBOOOJHBIX OT
HAHOCOB, V; MOKHO TIPHHHMATh Mo Tabnmure 5.2 wik 1o rpaduky Ha pucyHke 5.3 mo

W3BECTHOMY 3HAUCHUIO CPEIHETO AMaMeETpa d.

Vi, M/
0T T
N
\X,\
Y
30 %
2 4 9
9! l\‘
20 prr
o'y
,45//1"/ ﬁ
10 ,r//;’/’
" —/
L

L]
Yoo gz g7 4 40 40 W 20 40 #0 2Wam

Y

PucyHOK 5.3 — 3aBHCUMOCTB IPEEIBHBIX HEPA3MBIBAIOIIMX CKOPOCTEN vy HECBA3HBIX
: 3
TPYHTOB OT AMAMETPA YacTHI d ¥ TyOUHBI IOTOKA /1 (TIPH INIOTHOCTH P;=2,65 T/M”,
K03 hduTmeHTe HAAKHOCTH k=2 1 Kodpdunuente m,=1)

JIs HECBA3HOTO TPYHTA C KPYMHOCTBIO HYacTHLl ¢>2,5 MM, B KOTOPOM CHIIBI
CIETUIEHHS TIPEHEOPEXHMO MajIbl, a KOI(PDHUIUEHT Meperpy3ku moctosHeH (1,=4,3) u He

3aBHUCHT OT d, HEPa3MEIBAOIIAsi CKOPOCTE MOKET OBITH ONMpesienieHa mo Gopmyie

(5.19)

B ciyuae pasHO3EPHHCTOCTH HECBSI3HOTO IPYHTa, TO €CTh TpH d, /d,>5,
MICPOXOBATOCTh PYyCNa ONpENerseTcss KPYIMHBIME (pakiusMH, B CBS3H C 4YeM B

BEIDDKEHAM IOA 3HakoM Jjorapudma B (opmynax (5.16) u (5.19) BMecto d crmemyer
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TMOHAMATh dos. TTpy monmb30BaHMK TadM. 5.2 WM TpauKoOM Ha puc. 5.3 HOMYUCHHBIC ¢ UX
TIOMOIIBI0 3HAYEHHUA V; MOKHBI OBITh YMHOXKEHBl HA IOTPABOYHBIM K03(duIHEHT
. le(88h/dy)
1g(8,8h /d )
V., mic

u 137
AH2
.0

28 T L —
Vi npr h=10 [—

5M,

N
)

-
X

M|
. u b =05y ~__
16 .

W

06| F2 B

04[% —=f =

5 10 15 20 25 30 35 40 45 50 55 GO kIl

Pucynok 5.4 — 3aBUCAMOCTE HEPA3MBIBAIOIIKX CKOPOCTEH V} CBA3HBIX TPYHTOB OT
PACUCTHOTO 3HAYCHNS CLEIUICHHS ¢, = ¢, / K, TIPH INOTHOCTH p, = 2650 KI/M> U

pacy

ko3 puuuente m, =1

ITpu IpoBEIEHUH NPEIBAPUTENBHBIX PACUETOB M OTCYTCTBHU JAHHBIX O KPYIHOCTH
IPYHTa 3HAYEHHE V5 MOXKET ObITh MPUHATO MO OMUCAHMIO I'PYHTA, IPUBEACHHOMY B Talll.
5.2. OnwmcaHHe COCTaBICHO HAa OCHOBE JaHHHIX [97] ¢ Y4YeTOM Marepuaos,
cogepkamuxcst B uHCTpykuuu Corozsoanpoexra [40]. Bomee TowHBIM MeTOH yueTa
BIMSIHUS PA3HO3EPHUCTOCTH IPYHTA B pacdeTax MECTHOTO pa3MbIBa aercs B 11. 5.10.

JU1s1 CBSI3HEIX TPYHTOB V3, cieayeT onpeaests no gopmyie [67]:

r " ,
Vﬂz(lg—s’Sh} 2 ||(px—l\|gd+l,25 U (5.20

d 0.88n,(p, ) pwkcJ
rae d — JAMaMeTp arperaToB (OTPHIBAIOIIMXCS OTAENBHOCTEH) CBS3HOIO [PYHTA;, IPH

OTCYTCTBHH JAHHBIX CMIELHUATBHBIX UCCIIEAOBAHUN MOXKET OBITH IPURATO d = 4 MM = 0,004

M, ny — IJIS CBSI3HBIX TPYHTOB NPH OTCYTCTBHI NAaHHBIX MOJENLHBIX HJIM HATYPHBIX
HCCNENOBAHNH CliefyeT TPHHAMATE PaBHBIM 4; my M k. — CM. BBILIE, ¢, — YCTAIOCTHAs

MPOYHOCTh HA pPa3pbiB CBA3HOIO I'PYHTA, ONpCaACisAcMad B 3aBUCUMOCTH OT HOPMATHBHOTO
201



3HAUEHHS CIETIEHUS TPYHTA ¢ 110 (hopMyIte ey =0,035¢".

JU1st CBSIBHBIX TPYHTOB IUIOTHOCTBIO Py = 2,65 T/M’ B MOTOKaxX, CBOOOJHBIX OT
B3BCILCHHBIX HAaHOCOB, V; (M/C) MOXHO NpMHHUMAaTh NO Tabna. 5.3 wm mo rpaduky

(puc. 54) B 3aBHCHMOCTH OT PacieTHOIO CUEIIEHHA ¢ =c" /k,. JlId CIOXKHBIX

pac
CBA3HBIX TPYHTOB C BKIIOYEHUSIMH TpaBUs, TalbKH WIH BAJIYHOB MPEACIBHYIO
HEPA3MBIBAIOIIYI0 CKOPOCTh CJIEAYET YCTAHABIUBATE B 3aBUCUMOCTH OT KOJIMYECTBA
BKJIIOYCHUH M Xapakrepa MX 3ajeraHus. il TPYHTOB, B KOTOPBIX CBSI3BIBAOIIAS YACThb
JIAIIb 3aTIOTHIET TOPHI (TIPOCTPAHCTBO) MEXKTY 3€PHAMH I'PABHS WM TaTbKW, 3HAUCHHE
cllelyeT IPHHUMATE KakK JULi HECBA3HOIo rpyHTa. I1pu o6beMe BiITIoueHui He Oonee 20%
WJIM TIPH UX CIIOMCTOM PACIIONOXKEHUH PAcyeT CAEAYET BECTU [10 OCHOBHOMY IPyHTY [67].

IIpu mpoBeaeHUH MPEABAPUTEIBHBIX PACUETOB M OTCYTCTBUH JOCTATOUYHBIX JAHHBIX
Juis pacuera mo Qopmynie 3HaueHue Vi (M/C) M CBA3HBIX TI'PYHTOB MOJMKET ObITh
MTPUONMKEHHO OIPEAENEHO MO OIMCAHUIO, IPHBEICHHOMY B TabmmIe 5.3.

B wmxeHepHONW mpakTHKE YCTOWYMBOCTE TPyHTa MNPOTUB pa3MbiBa 4acTo
OLICHUBACTCS HE IO 3HAYCHMUSAM HEPA3MBIBAIOLIEH CKOPOCTH Vj, a IO MpPEACIbHOMY
HEPa3MbIBAIOIIEMY KacaTeIbHOMY HAMpPsHKEHHUIO HA JHE (WIM HA CMOYEHHOM HEpUMETpE)

moroka [24]:

T, = pghi-pu! (5.21)

2 o s
u,, —3HAUCHUC TUHAMHUYICCKON CKOPOCTH, IIPA KOTOPOHU IPYHT JAHHOTO COCTaBa SABIACTCA

*u
TTPpEACIIBEHO yCTOﬁqHBBIM MPOTHUB pa3MbIBa.

OmpeneneHne 3Ha4EHUS . IS HECBSI3HBIX HTOB MOJKET OBITH BBHITIOJIHEHO [48
u Y

d ( \ gd
Uy ) Ha puc. 5.5 r1ne vy Pe 1125 koo HULIMCHT
p 0 )qu

=|
v (e,

mo rpaduky % f{
Vo

"

YCTOWYUBOCTH JOHHBIX YACTHUIL, V - KHHEMATUYECKUI Koa(I)(l)HuHeHT BA3KOCTH BOJEI.
Ilepexon oT npenenbHBIX 3HAYEHUI AMHAMUYECKON CKOPOCTH (MM KacaTeabHOro

HaIpsDKEHHS) K HepasMbIBaiolleit cpemHeit ckopocTH Vy MOXET OBITh OCYLIECTBIIEH C

noMometo popmynbl [le3u, crpaBeMBOM Ui PABHOMEPHOTO WM OM3KOTO K HEMY

IIOTOKa:
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- (5.22)
Tabnuna 5.3.
OpueHTUPOBOYHOE ONMKUCAHHE Pacuernoe
Cpennsis ckopoctsb Vy, M/c ipu
COOTBETCTBYIOILIUX BUIOB CBA3HOIO CLEIJICHHE
riyOuHe moToka A, M
TpyHTa e =€ Lk,
Cynech CyrnmHok I"nmuubl Ia 0,5 1 3 5 10
MAIO- JIETKUM 0,5 0,39 10,43 (0,49 |0,52 |0,56
mnotHas | vano- 1,0 0,44 (0,48 0,55 |0,58 |0,63
JIOTH S S 2,0 0,52 0,57 |0,65 |0,69 |0,74
3,0 0,59 0,64 [0,74 |0,78 | 0,84
MaJIo- 4.0 0,65 0,71 [ 0,81 |0,86 |0,92
MJIOTHAs . 5,0 0,71 (0,77 [ 0,89 | 098 | 1,01
JEerKuii | Majo-
cpenHe- TJIOTHBIE 7,5 0,83 (091 (1,04 | 1,10 | 1,19
[JIOTHBIN .
TUIOTHAS TSDKEJBIT
10,0 09 |[1,04 (120 |127 |1,37
JIETKUil | cpenHe- 12,5 1,03 1,13 [ 1,30 | 1,37 | 1,47
[LIOTHBIC 15,0 1,13 1,23 | 1,41 | 1,49 |1.61
. (HOpMab ’
MJIOTHBIN .
TSDKEJIBIA | HBbIE) 17,5 1,21 | 1,33 1,52 | 1,60 | 1,72
20,0 1,26 | 1,40 [ 1,60 | 1,69 | 1,82
22,5 1,36 1,48 (1,70 | 1,80 | 1,93
IIJIOTHBIE 25.0 1,42 | 1,55 [ 1,78 [ 1,88 |2,02
30,0 1,54 11,69 (1,94 |2,04 |220
35,0 1,67 | 1,83 (2,09 [221 |2,38
40,0 1,79 | 1,96 (225 |2,38 |2,56
45,0 1,88 | 2,0 (235 |2,49 |2,64
50,0 1,99 2,17 (2,50 |2,63 |2,84
60,0 2,16 1238 (2,72 (2,88 |3,10
fso0 I—
0430 |- V¥
0400
0.350
0300
0.2'{5
o3 ul T
0.200 . T, =0-162 G
175 Ra - B
0.150 - @ -
eyd
0.100 L

1 1.5

20 30 4 5 678910 15 20

30 40 3¢ 75 100 150

200 300

500 750 100D 13002000

PucyHnok 5.5 — I'paduk namMenenus kodpduiierara moaBmKHOCTH

4acTUL| OT mapameTpa . d /v
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5.6 Onpenesienne pacxoa HAHOCOB

B ocHoBe pacueros Tpancopmanuu pycia B HwkHeM Obede mo dopmyne (5.3)
JISKAT OMPEAEIECHUE PacxoJa HaHOCOB (J,. B 3aBHCUMOCTH OT (OPMEI ABHKEHHSI HAHOCOB
B TOTOKC OHHM MOLYT IOAPA3ACIATLECS Ha BICKOMBIE (JIOHHBIE) M B3BEHICHHBIE,
OnpenencHue (HOpMBbI IBIDKCHUS HAHOCOB BBIMOJIHSETCS HA OCHOBAHWM JAHHBIX O
IPaHyJIOMETPHH NOHHBIX OTJIOXKCHHH ITyTEM COTIOCTABICHHUS THAPABIHYUCCKON KPYIMHOCTH

YacTULl W paccMaTpuBacMod (¢pakumu ¢ mnapamerpaMud motoka W pycaa (C —

c
k0o duupent Ile3n) B COOTBETCTBAN CO 3HAYCHHEM KPUTEPUS @ - — — ; TIpH O >4-6 —

v s
YaCTULIBI HEMOJBIKHBL, TIPH 4 + 6 > ® > 1,25 + 2 — BIIEKOMbIE HAHOCHI, TIPH 1,25 > ® > 0,6
— campTauMs, 4YaCTHULBI NEPEMEINAIOTCS BOMM3M AHA, @ < 0,6 — B3BCIIMBAHUE H
oOpazoBanue cycriensuu [172] .
B Tex ciydasx, Koraa onpeaesionyM B IPOIECCe PYCIOBBIX TiepedopMUPOBAHHMiA
ABJIAETCA JBMXKEHHE B3BEILEHHBIX HAHOCOB M MMEIOTCS JAHHBIE N0 U3MEPEHHIO PAacX0J0B
HAHOCOB, OIpelNeNeHue (J; CleAyeT MPOM3BOAUTH MO METOMY, H3JOKeHHOMY B [106].

MeTton OCHOBaH Ha MCIIOJIB30BAHMU YCTAHOBICHHOW M.A. BenMKaHOBBIM 3aBHCHMOCTH

V 3
KOHICHTpAWMXA HAHOCOB OT MmapaMmeTpa n = ——, TAC V' 1 h — COOTBETCTBEHHO cpenHss
ghw

CKOPOCTE U FJIy6I/IHa IMOTOKa, W — CPCOHAA THAPABINYCCKad KPYNHOCTH B3BCIICHHBIX

HAHOCOB. B npeanono:keHny Maaoro U3MeHEHNs w B Ipeaesax uccieayeMoro Oreda mo

3

JaHHBIM THIPOMETPHYECCKUX H3MEPEHUN CTPOATCS 3aBUCUMOCTH S = f L J rae S —

ghw
KOHLIEHTpAIHS PyCI000pa3yIoLINX, T.€. BCTPCUAIONIMXCS B COCTABE JOHHBIX OTIOXKCHUIMA,
(paxunii HaHOCOB. HIDKHSS BETBH 3TO# 3aBMCHMMOCTH (PUC. 5.6) COOTBETCTBYET Pa3MBIBY,
BEPXHAA — OTIIOKCHHIO HAHOCOB.

IIpy  HEmOCTAaTOYHOCTH  JAHHBIX  HAOMIONEHHMH  MOCTPOEHHME  KPUBBIX,

OrPaHUYUBAIOLIUX MOJIE TOUEK (PUCYHHOK 5.6),MOKHO MTPOU3BOAUTH TI0 opMynam:

. v’
§=23.7-10" 2=, - by — BEPXHI, (5.23)
P, ghw
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el y?
S=4.75.10" 2. = an — HIDKHSS. (5.24)
P, ghw

TTpu ompeneneHi S MO MOCTPOSHHBIM TAKIM 00pa3oM IpadikaM pacuer MPOU3BOINTCS
v
CBEPXY BHU3 I10 TEUEHHIO C YIETOM COOTHOIICHHAS —— B IBYX PSIOM PACTIONIOKEHHBIX CTBOPAX,
ghw
PYKOBOJICTBYACH CIIEAYFOIINMH OCHOBHBIMH TTOJIOKeHMsME [106]:

a) Eciin napameTp 1 B paccMaTpHBAEMOM CTBOPE & OKA3bIBACTCSI MCHBIIE TAKOBOTO
IJIs. BBILIEPACIIOIONKEHHOrO ¢TBOpa (kK — 1), TO €cTh 77, <7, ,, TO S oOpeAensIercs Mo
BEPXHEH KPUBOIA, TAK KaK B 3TOM CIIydae CIEAYET OKHAATh OCAKACHHUS HAHOCOB (PUCYHOK

5.6, a). OnHaKo, €CIU NpU 3TOM OKa3bIBAETCS, YTO KOHIEHTpAHMA S, , ONpEeaeTeHHAs MO

BEPXHEH KpHBOHM, IHONIy4aeTcsi Ooblie, YeM B BBILIEPACHONIOXKCHHOM CTBOpE S, ,, TO

k12

YMEHbUICHHE IIapamMeTpa T CUMTACTCS HEAOCTATOYHBIM I TOro, 4TOOBI BBI3BATH
BBINIAICHIE HAHOCOB U3 NIOTOKA. B 3TOM ciyyae npuHuMaeTtcs S, = S, | (pucyHok 5.6, 0).
6) Ecnut mapaMeTp 1 B paccMarpMBacMOM CTBOPE Kk OKa3biBaeTCA OOJIBIIE TAKOBOTO
IUTS BRINIEPACIIONONKEHHOTO cTBOpa (kK — 1), TO €cThb 7, >, ,, TO S OHpEAENndIeTcs Mo
HWKHEH KpUBOH — KPUBOH pa3MbIBa (PUCYHOK 5.6, B). I1pu 3TOM, ecnu OKa3bIBaeTCs, YTO

OTpeleNeHHas II0 HIDKHEM KpUBOM KOHLUEHTpauus S, IONYYaeTcs MEHbLIC, 4YEM B

BLIIIEPACIIONIOKEHHOM CTBOPE S, _,, TO IPHHUMAETCS S, = S, , (PHCYHOK 5.6, T).

k-12

B) KoHUeHTpanus HaHOCOB S B CTBOpe THAPOY3da (k = 0) mpUHUMAETCS 10
JAaHHbIM pacy€Ta OCBCTJIICHUA IIOTOKA BOJOXPaHWIHUILCM. B coorBeTcTBHU C OTHUM,
3Ha4YeHHe S B KOHIIE IIEPBOTO PACUETHOrO ydacTka (CTBOp k = 1) mpuHHUMaeTcs OO0 mo
HIDKHEH BeTBU S = (1) — IpU NOCTYIIEHUN B HIDKHUH Obe() OCBETICHHOIO IOTOKA, TG0

10 BEpXHEH BETBU — mpu cOpoce B HWkHUM Obed) MEPEHACHIINIEHHOTO HAHOCAMH TTOTOKA.
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Pucynox 5.6 — Cxema, MOSICHSIOIIAs ONPE/ICICHIE KOHIIEHTPAIIMAN B3BEIIEHHBIX HAHOCOB
S=f(n) Mo maHHBIM HATYpPHBIX HaOMoAcHuH [106]

Pacxon HaHOCOB ompernensercst B 3ToM ciaydae 1o ¢opmyne O, = SQ, roe Q —
pacxom BOMEL

TIpr OTCYTCTBHH THAPOMETPHYECKHMX IAHHBIX PAcXofd HAHOCOB (J; B PaCcUETHBIX
CTBOpaX MpPEINONaraeTCss PABHBIM TPAHCIOPTHAPYIOLWIEH CNOCOOHOCTH mOTOKa P, H
OIPEIENACTCA TEOMETPHYECKUMH XaPAKTEPUCTHKAMI CTBOPA (TIPH CTYIEHYATOH pa3OuBKe
— TMPAMEHHTESIHHO K BBINIEPACHIONIOKEHHOMY YUACTKY) H CPEIHEH KPYMHOCTBIO TpyHTa d
MO OJIHOM 13 cneaytommx GopmyiL.

1. ®opmymna Jlepu A BIEKOMBIX HanocoB (P>3,3):

a) Ui OHO3EPHUCTBIX IPYHTOB [55]:

Coooa] V(YT T, (5.25)
Psfo,OOZL\/g_dJ LhJ Ll— , JQ,M C,
roe U, \/_V ; <. npu d > 0,5+1,0 mm;
h 5000
6) 1 pa3sHO3EPHUCTBIX TPYHTOB [69]:
el Y UOJVL\ e (5.26)
P:_o,oozL ” J ZA/} p JL" J c,
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e U, = \/2_I/’HJ , Viy — TIpenenbHas Hepa3MBIBAIOIIAs CKOPOCTH IS TPYHTA KPYHHOCTBIO

d

2. Tpa"cnoprupymolas CHOCOOHOCTh TTOTOKA TIPH ABIDKCHAM BICKOMEIX HAHOCOB

(® > 3,3) MoxkeT OBITH ONpefeneHa II0 3IEMEHTaM [BIDKCHHUS TSI, HCXOIS U3
3aBucuMocTH [23]:

P,=(1-8)och B, (5.27)

rae 6 — KO3(G(UIMEHT TONHOTHEl I'PSA, YHCICHHOE 3HAYCHHE KOTOPOTO M3MEHSACTCA B

3aBUCUMOCTH OT (GOpMBI I'psax B mpepenax ot 0,5 mo 0,75 ¥ mpW OTCYTCTBHHM IAHHBIX

CTICIMANTBHBIX MCCIIEIOBAHUH MOXKET OBITh MpUHATO paBHBIM ~ 0,6 [120]; A, — BEICOTA

rpsmel, onpenensemas no gopmyie B.C. Knopo3sa [50]:

hr:3,5R(l—V—“\ (1g£+6\ , (5.28)
S A
R - FI/I[[paBJ'II/I‘IGCKI/If;I pamuycC moToKa, ¢r — CKOPOCTL ABMIKCHUA I'pAL, ompeaciaeMas 1o
¢opmyne Knoposa [50]:
(v -y )
¢, =0,4254gd LL\/_LJ , (5.29)
gR
ww 1o opmyne Canmenko—Komnanuany [120]:
¢, =0,0197 (v (5.30)
Lth

®opmynel B.C. KHoposa npuMeHuMsl ipu V' < (2,5+2,7)V,,.
3. ®opmyna Kapaywesa [47] anst B3BemeHHBIX HaHOCOB (P < 3,3) KpymHOCTBIO
0,04 <d <03 mm (0,0009 < we, < 0,02 M3/C)I

it L e, (5.31)
ol
rne w_ = —Z — CpCOHAA THUAPABIMYCCKAsA KPYIMHOCTE TPAHCIIOPTHUPYEMBIX
MOTOKOM  (ppaKimif; m — 4YMCIO TPAHCIHOPTHPYEMBIX (pakmuif; p;, — IIPOIEHTHOE

CoJIepKaHume i-oi (paKkLmy ¢ THAPABIHYECKOH KPYIHOCTBIO Wy, C — koahdurment I1le3n

4. ®opmysa ToHgaposa [22] 1T BIEKOMBIX U B3BEIIEHHLIX HaHOCOB (D > 0,5):

267



_Lredy, (V \||L—1\Q Mlc, (5.32)
800 & ¥ KV

TIIe @ — ITapaMeTp, OTPEAEIIIEMBIH MO (popMync_

P, gd
Q= 7>
0,9pw w’

TIe W — CPeHss THAPARTINIECKas KPYITHOCTS HAHOCOB.
O6nacTs mprMeHeHHs OpMYITE [ OHYApOBa OTPAHMYCHA YCIOBHUAMU:

h ( h N, 14
100 —< 1550 |8,7s—55()0|, 1<—<1,8.
v

d { d

95

14 o
HpI/I — > 2 MOXXHO IOJIb30BaThCA YIIPOIICHHON 3aBUCHMOCTBIO:
v

H

P = —1—] @ M. (5.33)

5. ®opmyia BarHosbaa UIA BICKOMBIX H B3BEIICHHBIX HAHOCOB [170]

:CfV( 0.13 0,01 ]Q, (5.34)

7

p'gh Ltgcp -tga w/V —tga
e

() — YTOI BHYTPEHHETO TPEHHUS IPYHTA JIOXKA PEKH,
Ol — YTOJT HAKJIOHA AHA K TOPU30HTY,
W — THZIpaBIIMuecKas KPYIHOCTb HAHOCOB;

Cr— k03 PUIIEHT TPEHNS, BEITHCIIIEMBIi 110 3aBHCHMOCTH

e = (5.35)
" maznay |

rae ®~0,4 — nocrosHuas Kapmana;, A — >¢ddexTrBHAA BEICOTA BBICTYIOB LIEPOXOBATOCTH,

2

MPUHUMaeMas B 3aBUCHMOCTH OT 3HA4YEHHS ITapaMeTpa
p'gd
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npu

=
*

v
—

3 >
| " pga p'gd
Ilepselii uneH B ckoOkax B popmyiie (5.34) yuuTsIBaeT JOMIO BIEKOMBIX HAHOCOB,

d,, mpu

a BTOPOH — B3BCIICHHBIX.

Heobxomimoe ycnoBue MpEMEHHMOCTH GopMyIisl P. A. BarHombaa 4jist BICKOMBIX
HAHOCOB O<() BBINOJHAETCS, KaK MpPABIIO, ABTOMATHYECKH, IOCKOJBKY qHAMa3’OH
usMeHenus tge cocrasnger 0,4 < tge < 0,75, a tgo peaxko (JMIIbL B BEPXOBbAX T'OPHBIX
pex) mpeeocxoauT 1. JIns B3BEMICHHBIX HAHOCOB YCJIOBHE €€ MPUMEHUMOCTH tg(p <w/V
JIOJDKHO MPOBEPATHCS, HO TMOCKONBKY 4YeM OoJbllle YKJIOH JAHA M CKOPOCTH TOTOKA, TEM
Gonee KpymHBIE HACTULBI TPYHTA MEPEXOAAT BO B3BEIICHHOE COCTOSHME, 3TO YCIOBHE
6yIeT BHITONMHATECA B IOCTATOUHO MIHPOKOM JHAMa30HE.

6. Ilpu pa3sMbiBE pycia, CIIOXKEHHOTO CBS3HBIM MarepHaioM, pacxon (s

OTpeensieTcs Mo 3aBUCUMOCTH MupIIXynassl [66]:

I 2

0,=6.4-10"°[ sd | (5.36)

!

H

| Bdx ,
J
roe

L — ynajyeHue cTBOpa OT mioTuHb, 0 <x < [;

14
f =0.73— — CPCOHAAL 4yacTOTa I1yJIbCallii CKOPOCTH,
h

d — nauMameTp OTHENBHOCTH CBSI3HOMO IPYHTA, NMPUHMAMAEMBI TPH OTCYTCTBHU

CIeLMABHBIN uccnenoBanuii paBHeIM d = 4 MM (0,004 ).

5.7 lono/IHATEIbHBbIE 3aMeYaHus

Hasnauenne pycroopMHUpYIOMETO pacxofa BOIbl (p SABISETCA OAHHUM H3
HanOoJiee OTBETCTBEHHBIX MOMEHTOB pacyerta. IIpu pacuere Mo NpHOIMKEHHOMY METONY
B KayeCTBE TAaKOI'0 DPAcxoJa MOXKET OBITh IPHUHAT PacXOA BOJBI, COOTBETCTBYIOLIMM

CPEOHCMHOTOJIETHEMY PacxoAy HAHOCOB, a IMPOAOJDKUTCIBHOCTE «PAacYCTHOrO roaa» —
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cpemHed MPOMOKUATENFHOCTH 3apETYIMPOBAHHOINO MABOAKA. J{OMYCTUMBIM SBJISETCS
npuHATHE () PABHBIM MAKCHMAIEHOMY PACXOAY, MPH KOTOPOM PEYHOM MOTOK HAXOIUTCS
B OpOBKaxX MEKEHHOTO pycIa.

JleranbHble pacyeThl CIEIyeT MNPOBOANTH, NPHHWMAs pacxogpl Bomel () B
COOTBCTCTBUHA C PACUYCTHBIMHA 3aperyJIMPOBaHHBIMA rHJ:[porpa(I)aMH MHOTOBOIHOTO,
MaJIOBOJHOIO W CPEAHEro MO BOJHOCTH TOJOB, CXEMATU3WPOBAHHBEIMH CTYIICHIMH
PAa3NITIHO TPOJIOIDKATENFHOCTH At € TIOCTOSHHBIM pacxojgoM (. PacdeTsl MOryT OBITH
HPOBEICHB! Ul Pa3M4HbIX BAPHAHTOB IIOCIENOBATEIEHOCTH «IIPOITYCKa» PacdeTHBIX
raaporpados. ITpu pacderax Ha JUIHTENbHEI epuoa (6onee 10—15 mer) menmecoobpasno
Ha3HAyaTh PacX0/ibl BOJIbI B COOTBETCTBAM C THAPOrpadioM rosia CPeIHEro 110 TBEPAOMY CTOKY.

JUIS KakKmoro JTama pacuera AODKHA OBITh IIOCTPOSHA KpHUBAas CBOOOAHOM
HOBEPXHOCTH, M0 MOJIOKEHUIO KOTOPOH ONPENEIAIOTCS THAPABINUECKAE XaPAKTEPUCTUKH
pycna s CIeAyromel «BpeMEHHOI» CTyNeHH pacdeTa. I1o pesyisTaTraM NOCTPOCHUS
CBOOOHOM MOBEPXHOCTH MOXKHO CYANTH O TIOHIDKEHHN YPOBHEH B CTBOPE THAPOY3IA.

Pesymbrarel pacdera MOJDKHBI NOCIY)KHTh OCHOBOM JUIA IIOCTPOCHHS KPHBBIX
Q=f(H), ¢ IOMOIIBIO KOTOPHIX YYWTHIBACTCS OOIMI pasMBIB pyciia Ui Pa3IHUHBIX
MOMEHTOB 3KCIUTyaTallli MHApoy3ia (Harmpumep, 9epes 1 rog, 5 ner, 10 ner u T.4. nocie
BBOJIa B DKCILTyaranuio). Pacuer cienyer BeCTH 10 MOMEHTA, OJHM3KOro K craOuiii3aiuu
mporecca OHIDKEHAsT YPOBHEH, HIIH HA NEPHOJ BPEMEHH, MPOJOJDKHTENEHOCTE KOTOPOTO
00yClOBJICHA KAaKUMU-IMOO IOTIONHUTENEHBIMH COOOpPaKEHUAMH (HAPUMED, CPOKOM
BBOZA B  OKCIUIyaTalWIO  HIDKEPACTIONOXKEHHOTO  THAPOY3Jla,  MOAMHMPAIONIETO
paccmarpuBacMblii Obed U T.11.).

Bonee monHable peKOMEHALNH MO pacyeTy oOILIETo pa3MbIBa cojepkarcs B [97].

MecTnbie pa3MbIBbI HECKAJILHBIX TPYHTOB B HIZKHHX Obedax
BOJOCOPOCHBIX COOPY:KEHHU i

5.8 O0mue no10KeHus

IIpuuMHAMYU MECTHBIX Pa3MbIBOB (PUCYHOK 5.7) B HIXKHHX Obedax BomoCOPOCHBIX

COOPY)KCHHH, SBISIOTCS: YBEIMUCHHAS IO CPaBHEHUIO C OBITOBOM pa3MbIBAIOLIAs
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CIOCOGHOCTE COPOCHOTO MOTOKA, OOYCIOBICHHAS HETOJHBIM TAlIeHHEM €r0 H30BITOYHON
SHEPTUM B TIPEEax KPEeIUIEHUS; KOHLIEHTPALUA PACXOMOB BOAbI Ha GoJiee Y3KOM yJacTKe,

YeM MIHUPHUHA PCKH B OBITOBOM COCTOSTHHH.

— 3
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27 } by

Pucynok 5.7 — CxeMa MECTHOTO pa3MbiBa 3a IUIOTHHOM:
a— TIpM YCTPOICTBE 3a prcOepMoii KoBIIA;, 6 — IPH HAMIMH 3y0a B KOHLE pUCOSPMBI

OCHOBHBIE 33aUd pacyeTa MECTHBIX Pa3MBIBOB CIEAYIOINUE. OIPEACICHUE
MaKCUMATBHOU TIIYOMHBI Pa3MbiBa U €€ MECTOMOJOXKEHHS, IUPHHBI U JUIMHBL BOPOHKH
pa3MbIBa, TIIyOUHBI OOHAKEHUS 3y0a WM BEPTUKAIBHON CTEHKH KOHIIEBOIO KPEILUICHHUS (B
TEX CIydasx, KOTAa OHU MPENYCMOTPEHBI).

Pasmepel u (opMa MECTHBIX Pa3MbIBOB 3aBUCAT OT THUNA COOPYXKCHUS,
KNHEMATHYECKUX XapaKTEPUCTHUK MOTOKA B KOHLE KPEIUICHWS, XapaKTEPHCTHK TPYHTOB,
3aJIETAIONIMX B HIKHEM Obe(e, COOTHOIIEHUS MEKAY ITUPHUHOM BOJAOCIMBHOTO (PpOHTA H
WIMPHHON pyciia. B 3aBUCUMOCTH OT COOTHOLUEHHMS IIMPHUH BOZOCIUBHOTO (poHTa (MM
pucOepMel) B, W OTBOASAIIETO pycla B MECTHHI Pa3MbIB IIPOUCXOAWT B IUTOCKHX
(By > 0,8B) mi TPOCTPAaHCTBEHHBIX (B, < 0,88) ycrnoBusx.

PacyeT MeECTHBIX pa3MbIBOB HEOOXOAMMO MPOU3BOAMTH /S CTPOMTEIBHOTO
nepuoJa M YCJOBHH TMOCTOSIHHOM 3KcIulyaralmd. B cooTBeTcTBHM ¢ TpeboBaHUAMHU
CIT158.13330 mns coopyxeuuit I u Il kmaccoB OKOHYATENBEHOE PEIICHUE O THIIE H
pasMepax KpEIUICHUs IIPUHUMACTCS HAa OCHOBAHMU JIA0OPATOPHBIX KCCICAOBAHUN W
SKOHOMMYECKOI'0 pacyera.
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Pesynbrarel pacueTra MECTHBIX Pa3MbIBOB HEOOXOAHMO YUUTHIBATH IPH:

a) Ha3HAYCHUY PACUETHOTO YAECIBHOIO Pacxoa;

6) onpeneneHNM UIMHB U TONIMHEL HEACGOPMHUPYEMOro KpEIUICHWS, THNA H
pa3MepoB racUTelei SHEPruy,

B) OMpEJENCHUN JJIMHBl U TOJIIWHEI THOKOTO (AeGOopMHUPYeMOTo) KpeIuleHHs 32
(weaedopmupyemoii) pucoepmoil, 06beMa KaMHS, HCIOJIB3YEMOTO JUTSl KPETUICHHS KOBIIIA,
pasMepOB TMOKOCBA3aHHBIX TUIMT U JIp.;

T') ONPEACIICHUH YCTOMIUBOCTH COOPYKEHHI THIPOY3a,

1) pacueTe OOIIUX Pa3MBIBOB PyCiIa B HIDKHEM Obede;

€) pacyere IJIaHa TCUCHU.

5.9 Onpeneiienne MAKCHMAJLHOH TJIYOHHLI BOPOHKH pa3MbiBa B
TUIOCKHX YCJI0BHAX

MakcuMabHas TIyOHHA BOPOHKH HPH PACYCTE PA3MbIBA HECBS3HBIX M CBS3HBIX

IPYHTOB ornpegensercs no gopmysne [98, 105, 107]:

H =k L, (5.37)
P 1

UO
rae Uy — cpeIBarollas CKOPOCThb JJIA TPYHTA (CBA3HOTO HJIM HECBA3HOTIO), 3AJIETAIOLIETO B
pycne u ompezenseMas no gopmyne (5.15); ¢ — yaensHBIM pacxoq B KOHLE PHCOESPMEL,

IPU PABHOMEPHOM COpPOCE PacXoJI0B OIPEAEIeTCs Mo Gopmyrte:

go—292r (5.38)
nb + (n - l)b6

rae

(O — pacxon BogocOpoca,

b w1 bs — mmprHa BONOCOPOCHOTO MPOoJeTa i OBIUKa,

7 — KOJIMYECTBO MPOJIETOB,

ki — KO3(QUUMEHT, YUHTHIBAIONMN YBEIHUECHHE PA3MBIBAIOIIETO BO3MEHCTBUS
MOTOKA, CXOISLIEr0 ¢ KPEMJICHHUS, 38 CUET MOBBIIEHHOM TYpOYIEHTHOCTH TIO CPABHEHHIO C
Pa3MBIBAOIIMM BO3ACHCTBUEM DAaBHOMEPHOIO IOTOKA IPU TOH e MIyOMHE M CPEeIHEH
CKOPOCTH.

Koapduument k; ans mecyaHBIX M II€CYAHO-TPABEIIUCTBIX TPYHTOB CIIEAYET
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MIPUHAMATH 110 GOIBILEMY B3 3HAYCHHH BHIYUCICHHEIX 110 (GopMyam [79, 98]:

hx
A»l=0,65+h (1+a,) (5.39)
zp
k, =0,87+3,25Fr, + 0,3M , (5.40)
hyp M By —TTTyOMHA IOTOKA B KOHIIE KPETIICHUS W KPHTHIECKAs! TITyOHHa,

u’

u! .
M =M,=-"HIAM_ =M, =—"—1apaMeTpPsl TypOYJEHTHOCTH NOTOKA B KOHIIE

> v, ;
KpEIUICHHs] WJIH B KOBIIE 33 PUCOEPMOM: «, , V>, V3 — MakcCHMaIbHAs ITyJIbCALOHHAS,
CpeaHue 1o riyOuHEe CKOPOCTH B KOHIIE KPETUIEHHUS U B KOBIIE,

Fr, =V, /(gh) —gdcino Opyna KOHIE pUCOESPMBL

JlanHbie, TO3BOJAIOINME ONPEACIATL 3HAYCHHE mapameTpa M, Ui IJamgKoro
KpeIUieHus, IPH HAJIMYWN Ha BOJOOOE racuTelNiell SHEPTHH B BHAE CIUIONTHOW M TPOPE3HO#M
CTEHOK M B KOBIIIEC 32 pucOepMoii, conepskarcs B 1. 4.14. Jjist OpUEHTUPOBOYHBIX PACUETOB
[OpU JANUHE KperuleHus, pasHol 10—12 pacueTHBIM NIyOMHAM IOTOKA B KOHLIE pUCOEPMBI,
3HaUCHUE Ko PUIMeHTa k; MOKET OBbITh IPUHATO paBHbIM 1,2 [55, 105, 107]. ITpu mmne
KperuieHus 0onbire 14 pacueTHBIX ITyOWH MOTOKA B KOHIIE pUCOEPMBL, H diciaaX dpyaa B
aToM cedeHnH Fry < 0,5 koo duuuent k; MOKeT ObITb TPAHAT paBHBIM 1,05.

Ilpy HanWwiM OJHOPOAHBIX HECBA3HBIX TIPYHTOB CPHIBAOMIAS CKOPOCTH U,
ompenenseTcs IO cpeaHeMmy AuaMmerpy mo  dopmynam  (5.15) w (5.16) wm
COOTBETCTBYIONMM MM Tadmuue 5.2 u pucyHky 5.3. J11 HEOTHOPOAHBIX MO KPYIMHOCTH
HECBS3HBIX TPYHTOB NIPH PACUCTe MECTHBIX Pa3MBIBOB JIOIYCKaeTCsl ONpeaensate U, 10
AMAMETPY OAHOPOAHOTO TPYHTA dp, SKBHUBAJIEHTHOTO MO COMPOTHBISEMOCTH PA3MBIBY
paccMaTpUBAEMOMy HEOJHOPOJHOMY HECBA3HOMY IPYHTY. JUIf CBS3HBIX TPYHTOB IIpU
pacyeTe TTyOUHBI BOPOHKH MECTHBIX PAa3MBIBOB U, ompesensercs o dgopmyaam (5.15) u
(5.20) nnmu cooTeTCTRYOWMM MM TabmwuLe 5.3 u pucyHKy 5.4.

Ilpu pacueTe MECTHBIX Pa3MBIBOB CBSI3HBIX TPYHTOB TIO IIPE/UIAraeMOMY METOAY

MOTyUeHHBIE PE3YIIBTATH CIEAYET PACCMATPUBATH KAK IPHOIIKEHHEIC.



5.10 OnpenesieHne pac4eTHOr0 AMAMETPA d), HECBA3HOIO HEOJHOPOJHOIO
TPYHTA NIPH PacyeTe MECTHBIX pa3MbIBOB

IIpu pa3MmblBe Pa3HO3EPHUCTBIX TPYHTOB IPOUCXOAUT OTMOCTKAa JIHA Oonee
KPYIHBIMH 9acTUI[AMH, TIpeIOTBpaIlaolias JaabHemid pa3Mei. DakTuueckas rryOnHa
PasMBIBa B HCKOTOPBIX CITydassX MOXCT OBITH CYIICCTBCHHO MCHBIIC ]"J'IyGI/IHBI pa3sMbIBa,
OIPENICIIEHHON Ul CPEJHEro OMaMeTpa YacTHI] TPYHTAa d, PacueTHble 3HAYCHUS
AAAMETPOB YaCTHUIl TPYHTa W COOTBCTCTBYIOIIME KM HEPAZMBIBANOIUC CKOPOCTH MPH
MECTHBIX Pa3MBIBAX OTJIMYAIOTCS OT WX 3HAYEHUN B PABHOMEPHBIX ITOTOKAX.

PacueTHbIlf auaMeTp d, OMpeAenseTcs B 3aBHCHMOCTH OT OTHOCHTENBHOIO

d
COJIEP)KAaHMs B TPYHTE YACTHI ki, = 1 — kyy, CTETIEHW HEOJHOPOJHOCTH IPYHTas, = —> H
d
5
d, _
e, = , XapaKTEepICTHK MOTOKa B KOHIE prucOepMbl. 31ech dos, ds — qMamMeTpsl 4acTu,
Cod

WK

MeJb4e KOTOPBIX B CMECH COAEPKHTCH 95 U 5% 4acTHL, dyy, dyx — CPEAHUE AHAMETPHI
KPYITHOH 1 MeJKO# (ppaknmii. BMecTO dyy MOXET HCHOIB30BATHCS dso MPU dsy < dep.
KonuuecTBo MENKUX W KPYIHBIX (paKuuii B IPYHTE U UX pasMep, T.€. K, kux, dip,
dy OMIPENENIOTCS MO KPUBOM IpaHyIOMETPHUECKOTO cocTaBa rpyHTa. Ilpu oTcyTCTBIH
YETKOH IPaHHIBl MEXCTY METKAMH U KPYITHBIMH (PaKIHAMI YKA3aHHBIC BEIMYHHBI MOTYT
OBITh YCTAHOBJIEHBI M3 CIIEAYIOMNX cooOpakenuil. CpeaHui amaMeTp YacTHil,
06pa3yloIuX OTMOCTKY NPH M3MEHEHHH & OT 25 10 400 u k, < 0,4, u3mensercs ot dys 1o

ds, Y 3HAYECHHUE €] I CJI0Sl OTMOCTKHM HE mpeBbImaeT 4+5. [IoaTOMy M3 cOCTaBa IpyHTa

Oepercs TpaHUYHOE 3HAYCHHE JUAMETPA drp, TIPH KOTOPOM Due . 51 1O BepxHEil yaCTH

rp
KpHUBOiil FPaHyJIOMETPHIECKOTO COCTaBA TPYHTA ONPEACISIOTCS COOTBETCTBYIOIINE EMY Pryp,
u Ky, YacTHiBl Menbue dp, OTHOCATCA K MENKOH (pakuuy, KpymHee — K KPYHHOM

(dpakuuu. 3HAYCHUSA dep, dy, dip OTIPEIEILIIOTCS 1O HOpPMYJIE:

J —_ J p— .
d, =% dAp, /Y Ap, (5.41)
x I=x
JJig COOTBETCTBYIOIUX MPEACTIOB HA OCH OpAWHAT MECXaHUYIECKOI'0 COCTaBa I'pyHTa
dp...x=0;, j=100,

... x=0;,  j=py;
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de ... X=pp; j=100;
37€eCh
i — HOMEp UHTEPBANA;
d; — cpenHMi IMaMeTp rpyHTa /-ro HHTEPBAla,
Prp — BECOBOE COJIEP)KAHME 4acTWIl Oonce MENKHMX, Y€M dip, BBIPAKEHHOE B
MIPOLICHTAX.

Hanune KPymHBIX YacTUIl B TPYHTE NPH PAacYETe MECTHBIX Pa3MBIBOB MOXHO HE

Xp

YYUTBIBATH, €CJIN

<6 Mk <0,15. PacueT B 3TOM, CITy4a€ MOKHO HPOH3BOJUTD IO

W TI0 dso IPH dsy < d.p. B Tabnume 5.4 yka3aHo, KaK\e AUaMETPhl MOTYT OBITH IIPHHSTHI
B Ka4€CTBE PAC-YETHBIX MPH U3MEHECHUU 4ucen Dpyna B KOHLE KPCIUICHUS B IPEAEax

0,05 — 0,3 1 oOTMEUYEHHBIX B TaOJIMIlE 3HAYECHUIX ONPEACIIONMX napameTpoB. [lapamerp

'

u
M = —" XapaxkTepu3yeT TypOYJICHTHOCTb NOTOKA B KOHLE KPEIIEHHUs, 34ech u/ u V; —
v

»
2

MaKCUMaJlbHas MyJIbCALMOHHAS M CPEIHSS CKOPOCTh B KOHIIE KpereHus (cMm. m. 4.14).
ITpuBencHuele B Tabmuie 5.4 JaHHBIE TPUMEHMMbl ISl  PAcyeTa HECBA3HBIX
HEOHOPOJHBIX TPYHTOB IPH ki, < 0,4, U1 KOTOPBIX dsg < dep.

Tabnumna 5.4

PacueTHbIi HcxonHble XapakTepUCTHKU
IUaMeTp 4aCTHUL IIOTOKa rpyHTa
rpyHTa dp ul 1V, k € )
dep <04 0,15-0,25 30— 45 6-10
d, <04 0,15 - 0,25 > 45 10-15
Ay (unu dsg) 0,4-15 0,15-10,25 30 — 40 <10
dep 04-15 0,15 - 0,25 40 — 55 10-15
d 04-15 0,25 - 0,40 >55 >15

3naucHue d, Ipu pa3OuBKe IPAHYIOMETPHYECKOM KPHBOW HA AECATH MHTEPBAJIOB

ompenensercs no gpopmyne [137]:

( i=10 \
i =lo1 s ar (5.42)
e
rﬂe dl - dO + le X , - dln + dlD ) s dl0 - dQO + leO :
2 2 2
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'

d
X=4,0-2,84 4 —2 @ (5.43)

,
100 ~ dux

B nannom ciyuae:

p,=100
d; =0,02-3 dap;

p,=50
p,=50
d, =002-3 dap,.
p,=0
Pacuer aeiictButene npu 4 = 0,3-0,9.
ITosy4yeHHbIe 3HAUESHNS PACIETHOTO AMaMeTpa BBOAATCS B hopMyisl (5.15) u (5.16)
wy (5.19) ansg onpeaencHus cpblBatoLIeii CKOPOCTH U, HECBSI3HBIX IPYHTOB. 3aTeM IO

(opmye (5.37) BeIanCnAETCA MAKCUMATBHAS TTyONHA BOPOHKH Pa3MbIBA.

Ipu pacuere DIyOHHBI h - ——
U

0

HETOCPEACTBEHHO 32 BOPOHKOH pa3MbIBa B

0

IpezeNnax y4acTka, Ha KOTOPOM OTKIIAJBIBACTCS BHIHECCHHBIN U3 BOPOHKHU IPYHT B CIy4ae
3ajleraHusl B pycie OJHOPOJHBIX IPYHTOB, HEPa3MBIBAIONIAs CKOPOCTh U, OIPEACIIIETC
no dopmymam (5.15) u (5.16).

ITpu HATMYMK HEOAHOPOJHEIX HECBSI3HBIX IPYHTOB PacueT U, TAKXKe MPOM3BOJUTCS
no Qopmynam (5.15) m (5.16) wm (5.19), HO B KayecTBE PACUETHBIX JHAMETPOB
MPUHEMAIOTCS AUAMETPHI, yKa3aHHbie B Tabmuue 4. 5. [Ipu & > 10,0 uid Beraucnenus U,

MOYKHO TaKKe€ MCIOJIb30BATh METO/, MPUBEACHHEIHN B [49].

Tab6numna 5.5

. Hcexonnplie
ITpurnvaeMpIit XapaKTePUCTUKHU TPyHTa
pacueTHsIil quamerp dp &
dep <0,15 <6
d, 0,15-0,25 6-10
dp >0,25 >15
IIpuBencHHBIE 3HAYCHUS pacUeTHBIX JIUaMETPOB TIOATBEPIKACHEI

AKCTICPUMEHTATBHEIMA TAHHBIMH, TTOTyIEHHBIMH IIPY HCTIONB30BAHUA Ha MOJEIH IPYHTOB
kpymHocThio 0,1 — 7,5 MM, I8 KOTOPBIX dsg < dop ¥ KO3(POUUUEHTH HEOAHOPOHOCTH

TPYHTa H3MEHSUTHCH B Ipenenax: g = 5,0-60,0; & = 2,0-15,0; k= 0,1-0,4 [98].
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5.11 Onpenenenne TIyOMHBI pa3MbIBA B IUIOCKOCTH 3Y0a KeCTKOI
pucoepmMbl

I'nyOuHa pa3MblBa HEMOCPEACTBEHHO B KOHIIE JKECTKOM pUCOEPMBI (cM. puC.5.76)

OpH HAJIMIUH HEYKPEIUICHHOTO MECYaHOoro IPyHTa W npH umciaax Pdpyza B KoHIE

v, o "
pucoepMbl  Fr, = ——, m3MeHsromuxcs B mpefenax 0,03-0,2, and yciaoBuit MIockoi
gh,
3ama4n onpesensercs no gopmyse [79]:

0,45,

M:h{ (HMQ)_O,I] (5.40)

2
Ui— rnyOMHa, COOTBETCTBYIOWIAs CpEHIBaloOmIelt ckopoctw; M, — mapamerp
0

TypOynerTHocTu (cM. mmL. 4.14, 5.9).

3aBHCHMOCTb IIOMydeHa HA OCHOBAHMM BBIIONHEHHBIX B  JabopaTopuu
WCCIIEA0BAHU HECBA3HBIX IPYHTOB IIPY U3MEHEHNH UX KpynHoctu oT 0,1 no 7,5 mm. Io
BLIUMCIICHHOMY 3Ha4deHMIO A/ HazHauaercs 3artyOmenume 3yOa. OpHako mpu
HepaBHOMEpHOM pabote (cMm. 5.13) BogocnuBHOTO ()poHTA IIyOMHA Pa3MbiBa A/ MOXKET
0Ka3aThbCs B CYLIECTBEHHO OOJbILE PACUETHOIO 3HA4YCHUA. B 3TOM cilydae 3a pucOepmoii

HEOOX0AUMO YCTPOICTBO NEPEXOAHOTO KpemieHus (cM. mit. 4.13 —4.15).

5.12 OnmnpenejieHde paccTOIHHA OT KOHIA HeaedopMHpPYyeMOro
KPpeIieHHs 10 CTBOPA ¢ MAKCHMAJILHO# ITyOHHO# pa3MbIBa H IHHbI BOPOHKH
pa3MbIBa

PaccrosHue /, (pHCYHOK 5.7) OT KOHIIA Heie(OpMIPYEMOro KPEIIeH s 0 CTBOPa ¢
MaKCHMAITBHON TIyOMHOM pa3MbiBa M 00INasi IJIMHA BOPOHKH Pa3MbIBA /n, MPH JIHHAX
KPETUIEHHS, U3MEHSIommMXcs B ipeaenax (6+20)4, (h, — rmyOuHa B KOHLE pUCcOEPMBI IPH
PacUeTHOM PacXoJe JUIs YCIIOBHUIA TIOCKOM 3a1auu), MOTYT OBITh MPUHSATHL PaBHBIMU [79,
105, 107]:

I, =3,5h; (5.45)
I, =10h,. (5.46)
3neck h, = Hy, — hy, (uma hy = H, — h3, oM. pucyHOK 5.7, a) — IIyOMHA BOPOHKH

Pa3MeIBa 10 OTHOLICHUIO K OTMETKE KPEIJICHHA B KOHIIC pI/IC6epMH.
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B cnydae, koraa monydeHHas pacdeToM [NyOMHA Pa3MbiBa MPEBHIIACT TOJILIHHY
ClI0f QUIIOBUANBHBIX OTJIOKCHHWH, JJMHA BOPOHKA pa3MbIBA VBEJIMYIWBACTCA IO
CPaBHEHHIO C /[y, OTpEACNeHHOM Mo dopmye (5.46). [IpubmwkenHas oueHka rityOHHBI
pa3MEIBa MONTYCKATBHBIX M CKAIBHBIX MOPOJA, MOACTANAOMMX MECYaHO-TPABANHEIA TPYHT
ALTIOBHAIBHOTO CJI0S, B 3TOM Cilyyae MOXeT ObiTh mojiydeHa mo (opmyne (5.37) ¢
3aMEHOI B Hel CPBLIBAOIIEH CKOPOCTH U, Ha HEPa3MBIBAIONIYI0 CKOPOCTD V,, 3HAYCHHA
KOTOPOH Mans HEKOTOPBIX BHAOB MONYCKATBHBIX M CKAJIBHBIX TPYHTOB MOTYT OBITH
IpuHATH 110 Tabmue 5.6 [107]. 3HaueHue yaenbHOro pacxona ¢ AOMDKHO MPUHAMATHCS ¢

YUETOM NMPOCTPAHCTBEHHBIX YCIIOBUI TeueHus (cM. 5.13).

Tabnuna 5.6
HaumeHoBaHue rpyHTa Cpennsisa ckopocTb Vy, M/c, npu rnyOuHe noToka i, M

1 3 5 10 15 20
Aunespounur ciabblit 0,50 0,60 0,70 0,80 0,85 0,90
AJNEBPOJIUT CPEenHEH KpenocTu 1,00 1,25 1,40 1,60 1,70 1,80
ANEBPOJIUT KpenKuii 1,50 1,90 2,05 2,40 2,60 2,70
Meprens 2,50 3,00 3,45 3,95 4,30 455
HzBectnax TIOPHCTBIH, CIOHCTBIH 3.50 4,40 485 5.50 6,00 6,35
¥ IOJIOMHUTOBBIHA
H3BeCTHIK JTUIOTHBIH, HECTOMCTHIA 1 5,00 6.25 6,90 7.90 8.60 9,10
KPEMHHUCTBIH
TlecuaHMK M3BECTKOBBIM 3,50 440 4,85 5,50 6,00 6,35
IlecuaHuk HOJIOMUTOBBII 5,00 6,25 6,90 7,90 8,60 9,10
Ipanur u [pyrue  u3Bep>KeHHbIE >15 >15 >15 15 >15 >15
KPUCTAJLJIMYECKHE TTOPOIbI

5.13 Pac4eT MECTHOI0 pa3sMbIBA B MPOCTPAHCTBEHHBIX YCJIOBHSX

I'nyOuna MecTHOro pasMblBA B OPOCTPAHCTBEHHBIX YCJOBHSAX CBf3aHA C
0COOEHHOCTSIMH TMPOTEKAaHUs MOTOKA KaK B TIpe/ieiaX KPeIUIeHHs, TaK | IIPH CXOJIe €T0 Ha
pasmeiBacMoe pycio. IIpn HepaBHOMEPHOM paclipelielieHnH 10 (POHTY COOpY>KCHHS
COpPOCHBIX PAcXONOB MOTYT BO3ZHHMKATh BOJIOBOPOTHI, TOJ BO3JEHUCTBHEM KOTOPBIX
CY’KacTCsl TPaH3WUTHAs CTPYs, TOSBIAIOTCA COOWHOCTH MOTOKA W TIOMEPEYHBIC TCUCHWS,
MPUBOJIAIIME K YBEIMYESHHUIO YAETBHBIX PACX0/I0B W CKOPOCTEH Kak Ha prucOepMe, Tak U B
BOPOHKE pa3MbIBa.

[pu BEIGOPE PACYETHOTO PACXOAa CIEAYET HMETh B BUAY, YTO MPH HEPABHOMEPHBIX
OTKPBITHSIX 3aTBOPOB IIOTHHBI M TIPOIYCKE PACXOJ0B MCHBIINX, Y€M PACUETHBIN pacxos

(npuHUMaEMblii TIpM OMpPEAENEHHH TNPOMYCKHOM COCOOHOCTH COOPY)KEHHS), 3a CHET
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6onee HU3KUX YPOBHEH BOJBI M COOMHOCTH MOTOKA B KOHLE pUcOEpMbl MOTYT BO3HHKATh
HauOO0JIBIINE CKOPOCTH TEICHISL.

OnpeneneHne yATEHOTO PacXxo/ia B BOPOHKE Pa3MbIBa gy IPH M3BECTHOM YACTEHOM
pacxojie B KOHLE PHCOEPMEBI ¢ MOXKET MPOH3BOANTECS Mo (opmyie [54]:

H
g, = 0.85q |—= 2=, (5.47)
h Bp

2
rie B, — IIPHUHA TPAH3UTHOI'O NOTOKA, CXOIAIIEr0 ¢ PUCOEPMBbL.

Pacyer BemeTcs METOMOM  MOC/IEAOBATENIBHOTO  TPHONMKCHHA, CHadaia
BBIYUCIIAETCS ¢ JUIS TIIyOUHBI /o, COOTBETCTBYIOLICH CPBLIBAIOILEH CKOPOCTH, 3aTEM IS
HalJICHHOTO ¢, ompenensiercss Hy no (5.37) ¥ CHOBA BBIUMCIIETCA ¢, . OKOHYATENbHOE
3HAYEHUE ¢, NOACTaBIsETCA B opmyny (5.37) Ui OnpeaeieHns MaKCUMATBHON TITyOWHBI
BOJBI H, B BOPOHKE Pa3MbIBA.

PexoMeHIalMM 0O pacdeTy YAENbHBIX PACXOAOB Ha pucOepMe TpW HATMYHH
MPOCTPAHCTBEHHBIX YCIIOBHIA coziepkatcs Tatoke B [26, 105, 107, 144] u B nn. 4.4, 4.20.

PaccTossHHEe 1O 30HEI MaKCHMAJIBHOTO pa3MbiBa, OOHAXEHHE 3y0a W UIHMHA
BOPOHKHM pa3MbIBA B IPOCTPAHCTBEHHBIX VCIIOBHAX OTJIMYAIOTCS OT MX 3HAYCHHIA,
OIIPEIENCHHBIX s YCIOBHMI IDTOCKOHM 3amaum. BBumy Oombimoro pasnoobpasus
BO3MOXHEIX CXe€M pPabOThl COOPY)KCHMH OTM BEIMYMHBI JIOJDKHBI yTOYHATHCA Ha
OCHOBaHUM JaOOPaTOPHBIX HCCIEHOBAHWN. [DTaHOBEIE pa3Mepbl MECTHOrO pa3MBIBA
VTOYHSIOTCS IIOCNE OTMPEIENICHHS OCHOBHBIX DPA3MEPOB IOTOKA, PACHIMPSIOIIETOCS B
HIDKHeM Obede mocne cxoma ¢ pucOepmsl (cM. mm. 5.14, 5.15). [mybuna pa3mbiBa
YTOYHSETCS C YYETOM TOHIDKEHWS YpOBHEH BOABI B HIKHEM Obede B pe3yibTare

MPOUCHIEAMIX 0OIMX Pa3MBIBOB (cM. Tl 5.3, 5.4).

Pacuer yyacTka pacliupeHus NOTOKA B HH:KHEM Obede
THAPOCOOPYKEHH I

5.14 O0wmue yka3anus

3nanue (opMbl M Pa3MEPOB TPAH3UTHOTO TOTOKA W BOJOBOPOTHBEIX OONAcTedd,
pacmpenienieHHsT CKOpPOCTel M BO3JACHCTBMSL DTOrO MOTOKA HAa PYCIO B HIDKHEM Obede

HEoOX0aUMO 17 OOOCHOBAaHMSl BapHaHTA KOMIIOHOBKM M Pa3MEPOB BOIOMPOMYCKHBIX
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COOpy)KCHHfI, VYCTAaHOBJICHHA 30H BO3MOJXKHOIO pa3mbiBa pyCjla MW Ha3HAUYCHHA

MEPOTPHSTHIA 10 MX yKperienuto (puc. 5.8.)-

Hpy (’n’p,,) B

o Ry

2 1 (urpy)

So

Pucynok 5.8 — OCHOBHBIE pacYETHBIE CXEMbI H XapaKTEPUCTHKH PACIIMPEHHS MOTOKA B
HIDKHEM Obede

Hwke paccmarpuBaroTcs Ciay4ad BHE3AllHOTO MM TOYTH  BHE3AITHOIO
OJHOCTOPOHHETO H JBYCTOPOHHErO CHMMETPHYHOrO H HECHMMETPHYHOTO PACHIMPEHMSA
NPU3MAaTHYECKOr0  pyclia C  TPSMOYTOJNIBHBIMH — HONEPEYHBIMH  CEYEHUAMH W
TOPU3OHTAIBHEIM JHOM WM JHOM C HE3HAUMTEIBHBIMU YKIOHAMH M M3MECHEHHAMH €ro
penbeda TpH CTENEHSX pacHMpeHus pycna B miaHe 3 = By/B < 4-5. PacueTHbIMH
SBISIEOTCS CITydau ¢ OJIM3KAM K PABHOMEPHOMY IJIAHOBBIM PacIIpe/IeCHHEM OCPEAHEHHBIX
BO BPEMEHH CKOpOCTelfl TeueHHMs B HAYaIbHOM TIPaHWYHOM CTBOPE PacCIIMPEHHS
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CIIOKOMHOrO II0TOKA M XApaKTEPHBIMHA [UIS I[UIABHO W3MEHSIOMIETOCS JBIDKECHUS
npejenaMil  M3MEHEHHS WHTEHCUBHOCTH TYpPOYJNICHTHOCTH IIOTOKA B JTOM  CTBOpPE
(oTHOWEHHS U’ /V =0,15+0,18, o/V =0,035-0,045, e ¢ — craHmapr MyJibCAIUK
CKOpPOCTH).

PaccMaTpuBaroTcs TakyKe Clly4au paclIUpeHHs MOTOKa:

1) mpu TypOyneHTHOCTH €ro B HAYAIBHOM TPAHMYHOM CTBOPE, OTBEYAKOLIEH
COCTOSAHHIO MOTOKA B KOHLE TMIPABJIMYECKOTO MPBDKKA, T.€. IpH U /V =1,5+1,8 (CM.
nn.4.14, 5.29),

2) TpH HEPABHOMEPHOM DACHpPEACNCHUN PAcXOJOB W CKOPOCTEH TEUCHHS IO
MIMPHHE HAYATEHOTO CTBOPA.

PexoMenfyemMass METOAMKA MOXET TIPHMEHATBCA Ui pacuera paCIIupeHHs
MOTOKA:

a) B Pa3MbIBAEMBIX PYyCJaX — B HAYAJIBHBII MOMEHT PabOTHI BOJOIPOITYCKHOIO
COOPYKEHHS U B cT1a00pa3MEIBAEMBIX Pyciax IPH POBHOM JIHE;

6) B pycnax ¢ pe3KMMHU H3MCHEHWSMH penbeda IHA, B YACTHOCTH, C HAJIMYHEM
KOBIIIA MM BOPOHKH MECTHOTO Pa3MblBa, — MPUMEHHTENBHO K YYacTKaM HIKE STHX
W3MEHEHHH perbeda THa.

B mepBoM ciIydae 3a HAYaIbHBEI CTBOP PAcCHIMPEHUS MOTOKA MPUHUMAETCS, Kak
IPAaBWIO, CTBOP KOHNA pHCOSPMBI (MM CTBOP KOHLA COHPATAIONIMX YCTOEB IPH
HECOBIAJCHUNU €T0 CO CTBOPOM KOHIA pucOepMbl). Bo BTOpoM ciydae, B CBSI3H € TE€M, 4TO
pacHIMpeHNe TPAH3UTHOTO MOTOKA COIPOBOMKAACTCS HEPBOHAYAIBHBIM «CXKATUEM)» €r0 B
aHe (B 30HE HamOOJNBINETO pa3MblBa Pyciia WM HECKONBKO HIDKE €¢), 3a HadaabHBIH
CTBOP IUTAHOBOTO pACIIMPEHUs MOTOKA HPHHHMMACTCA CTBOP HAHOOJBIIETO «CHATHS.
OnHako, BBUJY TPYAHOCTH ONPEAECNICHUS XapAKTEPUCTUK TPAH3UTHOTO IOTOKA B 3TOM
CTBOpE, IIPH NPEABAPHTEIBHBIX PacyeTaXx BO BTOPOM CIydac 3a HAYANbHbIA IPaHUYHbBIH
CTBOP MOXET OBITh TIPHHST CTBOP, KOHNA BOPOHKM pa3MBEIBA, HIDKE KOTOPOTO HE
TPOMCXOUT CYIICCTBEHHBIX M3MCHEHMI penbeda aHa. XapaKTepHCTHKA TypPOYIEHTHOCTA
3/IeCh TPUOMDKAIOTCA K WX 3HAYCHWSAM TPH IUIABHO WM3MEHSIOMEMCS IBIDKCHAH
U!/V =0,2+0,3, 1 IJTAHOBas 3MIOpPa OCPCIHEHHBIX CKOPOCTEH B MpeAeiax OCHOBHOM

YaCTH TPAH3UTHOIO MOTOKA YKE€ NOCTATOYHO BRIPABHCHA.
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IIMuprHa TPaH3UTHOIO IOTOKA B TAKOM CTBOPE MOXKET OBITH IIPUHATA PABHOM
IIIPYHE €T0 B KOHIE PUCOSPMEL, a ITyOHHA MOYKET ONMPEIENATLCA MO YACIBHOMY PacXojry
1 Hepa3MBIBAOMIEH ckopocTH (cM. Il 5.9, 5.10). B 3Tux ycnoBusx odmast JUTHHA y9acTKa
pacIIMpeHHsT MOTOKA CKIAaObIBAETCA U3 JJIMHBL YYaCTKA IUIAHOBOTO  «CHKATHSDY
TPaH3UTHOT'O IIOTOKA ¥ YUACTKA ITOCIIEYIOIIETO €10 PACIIHPEHHS.

Pacuersl B 00OMX CNy9asx BBIIOJHSIOTCS HEPBOHAYATIBHO B IPEITIONOKECHUM
PAaBHOMEPHOIO IUIAHOBOTO DAaCIpPENENCHUs CKOPOCTEH TEYEHHS W XapaKTEpPHOH Juis
IUIABHO M3MEHSIOLIETOCS JBIDKCHHMS HMHTCHCHBHOCTH TYpOYJIEHTHOCTH TIOTOKa B
HAYaJIbHOM CTBOPE; 3aTEM B PacdeT BHOCATCA INONPABKH Ha ACHCTBUTCIBHBIA YPOBEHb
TypOyJIEHTHOCTH MHOTOKA B 3TOM CTBOPE, YKA3aHHA IO ONpPENENICHHI0 KOTOPOIo
conepkarcs B mm. 4.14, 4.9. Cnemyer OTMETHTh, YTO YBEIHYEHHE B MACCATH pa3
MHTEHCUBHOCTH TYPOYJICHTHOCTH IIOTOKA B HAYaje €ro pacIiMpeHHs COKPAIIACT MIHHY

BOJIOBOPOTHOTI'O y4acTKa B CpeAHEM Bcero Ha 25% (cM. 1. 5.15 u tabnuity 5.8).

5.15 Onpenenenne 0CHOBHBIX PA3MEPOB PACIIHPAIOLIET0CA MOTOKA

ITpn ogHOCTOPOHHEM pacmmpeHuH pycna ¢ = By/B < 4+5 B cnokoiHOM MOTOKE
BO3HHUKAET OJIHA BOAOBOPOTHas obnacTh (puc.5.8), a Mpu JBYCTOPOHHEM PaCHIMPEHUU —
nBe obnactu pa3ubix pasmepoB. OOmias UIMHA y4acTka, B MOpeieiaax KOTOpPOro
o0pa3yroTcsi  BOAOBOPOTHBIE  00JAacTH, HA3BIBAEMOTO  BOJOBOPOTHBIM  YYaCTKOM,
onpeaenseTcs JIMHOM 00bIIOA BOAOBOPOTHO# oOnactu /, = I, (pucyHok 5.8).

OcpemHEHHYI0 BO BpPEMEHH MJIHMHY [, IJIS TIpEACTAaBICHHEIX HA pHCYHKe 5.8
pacyeTHBIX CXEM B pyciax ¢ (opMoii TIONEPEUHOTO CeYCHH, OJIM3KOM K MPAMOYTOJIBHOIM,
MPA MHTEHCUBHOCTH TYypOYyJIEHTHOCTH MOTOKA B CTBOPE Sy, ONMM3KOH K TypOYJEHTHOCTH
[UIABHO M3MEHSIOLIETOCS JIBIDKCHHS, DPEKOMEHAYETCSl ONpeNesiATh IO PacueTHBIM
rpaduKaM, TpHBENCHHHIM Ha pucyHke 5.9 [88]. T'paduku naHsl TIpM 3HAYEHWH
kos(drmenTa llesn B cTBOPE 8y Cy = 50 M™/c. [lns mepexosia K Apyrum 3HaueHusm Cy
HOJIyUeHHBIE 10 rpadukaM 3HadYeHUs [, YMHOXAlOTCS Ha Ko3(uuUUeHTH k u K,
MpUBCACHABIE B Tabmume 5.7. OnpeneneHHBIE MO 3TOM METOAWKE 3HAYCHUS IUTHH /;

cIeayer yMHOXHUTh Ha kod(duumeHnt 3amaca 1,05 B CBI3M C BO3MOXHBIMHU

g CyLiecTByIOT ¥ IPyrue METOABI pacyera, O npeaenax NpUMeHeHHs KOTOPBIX cM. B [84].
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OTCTYIJICHHUSIMA OT MPSIMOYTONBbHOHN (POPMBI MOMEPEUHBIX CEUEHHH, YCIOBHOCTBIO OLIEHKH
COTPOTHBIICHMA PYCia, OMBITHBIMA HOTPEIIHOCTSIMHM W T.II. B 0c000 OTBETCTBEHHBIX
cIydastx 3TOT KO3()YUIHEHT MOKET OBITh TOBBIIIEH A0 1,1.

Tadauma 5.7

k Cu 60 55 50 45 40 35 30 25 20

n=2g/C’ | 0,0055[0,0065 | 0,0078 | 0,0097 | 0,0123 | 0,0160 | 0,0218 | 0,0314 | 0,0490

k| 6/B>0333 1,12 1,06 1,00 0,93 0,85 0,76 0,66 0,545 0,41

¥ | o/B=025 | 1,08 | 1,04 | 1,00 | 095 | 090 | 084 | 077 | 068 | 055

Hpu 6/B=0 k=1,0; mpu 0 < §/B < 0,25 u 0,25< /B <0,333 — xoappuument k onpenensiercs: o
JMHEHHON HHTEPNONALMH.

7
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PucyHok 5.9 — I'paduxu 1711 onpenaeneHust OTHOCHTENBHO JUTHHBI BOJOBOPOTHOTO
yuactka 5,/8, = f{[}) Ipu pasuuHbIX Py, 61 U 6, B cimyyae Cy = 50 M™/c

OcpeaHEeHHYI0 BO BPEMEHH IIMHY MAaJloii BOZOBOPOTHOH 00MacTHl /; peKOMEHIyeTcs
onpeaenATh 1o rpagukam puc. 5.10 [83], mpHrogHeIM Aist pa3IMYHbIX PACX00B BOJBL, TITyOWUH

[IOTOKA U IIEPOXOBATOCTEH PYCiIa, TaK KaK BIMSIHUE 3TUX I1apaMETPOB HA |, HeBeIMKO.




Pucynok 5.10 — 'paduku a1 onpeaeneHusl OTHOCUTENBHO JTUHBI MOl BOJOBOPOTHOM
obmactu [}/AB = f{B/Byy 8:/By) v [1/6; = f{B/By 11 8,/By,)

PeKOMEHyeMBIe METOJMKH MOXKHO PaCIPOCTPAHSATH Ha PE3KO PACIIHPAHOLIMECS
pycna ¢ yraamu pacmmpenns o ot 90 o 45° Ha yuacTke mepexoga OT IHMpHHBI B K
HIUPUHE By, a TAKKE HA NOCTENEHHO PACLUMPSAIOIMECS WIN CY>KAIOIHUECS HIKE CTBOPA S
pycia ¢ yraamu o 6° (pucyHok 5.8). B mociemeM ciyuae 3a XapakTEPHCTHKH HOJTHOTO
pacImpeHns pyciia Hy>KHO NPUHUMATE BEJIMYMHLI &, ¥ 8, PaCIIMPEHHs €ro IO Ype3y BOJLL B
CTBOPE Spr IO OTHOIIEHUIO K CTBOPY So.

Ilpu pacnoioXKEHWH CTBOPA BHE3AMHOIO IMJIAHOBOIO PpaclUMpEHHs pycia Sy B
HEMOCPENCTBEHHOM OMM30CTH OT KOHIIOB pPa3feNbHBIX OBIKOB (OTMOpP) WHTEHCHBHOCTH
PACIIMPEHHS TIOTOKA BO3PACTACT BCIESACTBHE TTOBBIIIEHUS €r0 TypOyneHTHOCTH. [1o3TOMY
JUTHHEIL [, ¥ [, ONIpEeNeNICHHBIE 110 YKa3aHHBIM METOIUKAM, CIIEAYET CHIKaTh Ha 15% [87].

Ipu TpanenennansHOR GopMe SMIOPHI CPENHMX HA BEPTUKAIU CKOPOCTEH TCUCHHS
U B CTBOPE ) B YCJIOBHUAX OZHOCTOPOHHETO PACIIMPEHHS PYCIla IPH OTHOIIEHUH CKOPOCTH
U, cO CTOPOHBEI BOAOBOPOTA K CKOPOCTH Us y TIPOTHBOJIEKAMETo Oepera, papHOM 1,25—
1,5, mmHEL [, HoNMydYeHHEIe o rpaduky pucyHka 5.9, cneayer camkarb Ha 10%, a npn
Uy/Us = 0,65+0,8 mmHE! /, HY)HO yBenmumBarh Ha 7%. IIpM yKa3aHHOM COOTHOIUEHHM
ckopoctelt Uy 1 Us 1 MOBBILCHHON TYPOYJICHTHOCTH TIOTOKA B CTBOPE S JUIMHEL /2 OTKHEI
yMmenblarses npu Uy Us = 1,25-1,5 Ha 25%, a ipu Uy/Us = 0,65-0,8 — na 8% [87].

B ToM cnydae, korza HAuYadbHBIM CTBOP Sy COBIANAET CO CTBOPOM KOHIA

THAPABJINYCCKOTO IIPBIKKA, JJIMHA BOJAOBOPOTHOIO YyJACTKA 3HAYUTE/IBHO COKPALACTCS.
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3HaueHUs] COKpalleHus MMH /, (B %) TpW pasMyYHBIX MapaMeTpax MPBDKKa

ciieayeT IpUHUMATH 1o Tabmuue 5.8 [85, 87].

Tabnuna 5.8
B 80,9 57,6 439 27,7
D 1 1,5 1 1,5 2 1 1,5 1 L5
Fro=4 | 17 30 15 28 - 13 27 - -
Jir=s |27 30 25 30 36 24 30 22 32
Jin =7 | 35 40 28 32 - 25 30 - -
Ir, =8 - - 35 37 - - - - -

Bro=Bu/her, TE Iy — KpuTUYECKas rybuHa npu wumpuse By u o = 1,0; Tr, =7,"/ gh — uucno ®pyna B
CeYeHHMH Mepex NpbDKKOM, D — cTereHb 3aTOMIeHNs NPBUKKA.

MaKkcUMabHEIE W3MEHEHMS! dfl, TIONMOKEHWS KOHEYHOW TOYKH  OOJIBIION
BOJOBOPOTHOM oO0mactu MoryT jpocturarte 0,4-0,5. TTosTomy Ui TIPOTHO3HPOBAHHS
Pa3MBIBOB OEPETOB BAXKHO 3HATH, IOMUMO OCPETHEHHBIX, MAKCHMAJTHHBIC H MHHAMAJTbHbIE
MTHOBCHHBIE JUIMHEL BOJOBOPOTHBIX 007acTe€f M BOJOBOPOTHOrO ywactka. Jlis
OMPERENEHIS [y yaxe = £ yiaxe ¥ I s = [2rus PEKOMEHAYIOTCS 3aBHCHMOCTH [85]:

Iyyoxe = 1,20,= 1,20, (5.48)
[ yom = 0,81;=0,8,. (5.49)

Yuactok Oepera, HauOoliee MOIBEP)KEHHBIA PAa3MBIBY H3-3a MyJbCAUMH KOHIA
BOJIOBOPOTA, PACIONIATAETCS MEXKIY CTBOPAMM /y yo M /g yake-

JnvHy 0OCNEeBOJOBOPOTHOTO Y4acTKa [, HA KOTOpOM MPOMCXOOHUT TIONHOE
BHIPABHUBAHUE TIJIAHOBOH SMIOPHI CKOpOCTeH u (pUCYHOK 5.8), ciemyer HasHayarh B
COOTBETCTBHH ¢ rpadukoM puc. 5.11, rue AB = B, — B — pacIIupeHne pyciia B CTBOPE So.

@®opma Manoii BOZOBOPOTHON OOJIACTH, OHpeAensdeMas OTHOLICHHEM 14/8), MpH

B <4 ycraHapnuBaeTcs 1o 3aBUCHMOCTH:
Ho__ s (5.50)
5, 3-2s/1

€ Y7 — CM. PUCYHOK 5.8; s — paccTosiHUE OT CTBOPA Sp A0 PACCMATPHBAEMOTO.

- o (o]
®dopma OGonbluoli  BOAOBOpPOTHOH oOnact (OTHOWIEHHE —- WM —)

e
>
e

YCTaHABIMBAETCSA HA OCHOBAHUM 3aBUcUMoOcTE# [83]:
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o, 3-(-B.)s/L (5.51)
3-2s/1,

e

0

I

So oMk (5.52)
Ao 3-2s/1,

TI€ ©o, Or U Oy — TUTOIAIH KABOTO CEUEHHsl TPAH3UTHOTO IOTOKA B CTBOPAX o (31ECH (g
MOXET OBITh PABHO (,y; FUIH (3 B 3aBUCUMOCTH OT PACIETHOIO CIIy4as), § U Sy P= O/ g —
CTENEHb «OOBEMHOTO» PACIIMPEHMSI IOTOKA B CTBOPE Sy IO OTHOMICHHIO K CTBOPY So;

5® = ; — W ¥ A® = 0y — ®) (PUCYHOK 5.8).

Lo/l

1

1 2 Ly)AB

Pucynok 5.11 — I'padwik jutst onpeeneHus OTHOCUTENBHOM [UTHHBI TIOC/ICBOI0BOPOTHOTO
yuacTka hy/AB = (/1))

HVi3MeHeHue (BOCCTAHORBJICHIE) YPOBHS CBOOOJHOM MMOBEPXHOCTH AZ B CTBOPE Sy 110
OTHOIICHUIO K CTBODPY So MO)KET OBITH OHPENENCHO IO 3aBHCHMOCTH, TOJYyYCHHOM H3

ypaBHEeHUs bepHym:

Az Ah ( 1 .
[ \“7‘1_7" (553)
R G M
2
v v
rie h, = ——— CKOPOCTHOI HAIop B CTBOPE So; A/, — TIOTEPS SHEPIUH HA YUACTKE MEIKIY

2g
CTBOPOM §p €O CKOpocTeto Vo (Vo = Vi WM 7,,) H CTBOPOM s, CO CKOPOCTBIO ),
2
(Vo B Va)
OpPEIBAPUTENEHO ONpeaersaeMas Kak Ah ~ —————.
2g
3ajgada pelmracTcsi METOJAOM IIOCIEJO0BATENBLHOTO NPHOMIDKEHUS NPU NPUHITHH
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JIMHEHHOr0 3aK0HA N3MEHEHNS Az Ha yJaCTKe L.

Ilpn paccMarpuBacMoill pacueTHOM cxeme pyciaa ¢ ONM3KOH K MPSMOYTOIbHON
(opMOIl TMONEPEUHBIX CCUCHWH, HE YUMTHIBAA B TICPBOM MPUONIIDKCHAH H3MEHCHHE
rIyOWHBI BAOTH W HONEPEK TPAH3UTHOTO MOTOKA, BMECTO 3aBUCHUMOCTH (5.52) MOXKHO

I10JIb30BAaTECA 3aBUCHMOCTBIO.

3B _ sl (5.54)
AB  3-2s/1,

rae 08=B,— B, AB=B, - B.

5.16 IlocTpoenne MIaHA TeYeHU U IMOJIA CKOPOCTeii

Jis HOCTpoeHMs TaHa TEYEHHH M TONsA CKOPOCTEH pPEKOMEHAyeTcs Crocob
bepnanckoro-Jlesn [56, c¢. 138-139]. CpenHsass CKOPOCTb TPAaH3UTHOIO NOTOKAa V; B
PaccMaTpUBAEMOM CTBOPE S MOXKET OBITh IPEABAPUTENBHO YCTAHOBIICHA B COOTBETCTBHH €
(5.51) nmo 3aBucumMocCTH:

v, 3-2s/1,

_3-asih (5.55)
Ve 3-(3-B,)s/l,

5.17 Ouenka pa3sMbIBaOIIeii COCOGHOCTH PACHIAPAIONIETOCS MOTOKA H
MAaKCHMAJbLHBIX TJIYOHH pa3MbIBa BAOJIb YIACTKA PACITAPEHHS

PasMpIBaromas coCOOHOCTh PACIIUPSIOMIEIOCs OTOKA MOXET ObITh OLEHEHA MO
ero cpexHeit ckopoctu (m. 5.16) WM MO 3HAYCHHUSIM KPUTHUYECKUX NUAMETPOB JACTHI
TPYHTa di B XapaKTEPHBIX 30HAX JTOTO MOTOKA, T.€. MO KPYIHOCTH YACTHLL 3CPHUCTOrO
MaTEPHAIa B COCTOSHUN WX NPEAEIBHOTO PABHOBECHS Ha IHE MoToKa [83], cpapHuBaeMoit
¢ uMeromelics (QaKkTHIeCKOd KPYIHOCTBIO B HATYpe dy. Ecimm dy okakeTcs MeHble d,
6yIeT MPOUCXOMUTH PA3MBIB.

KpUTHYECKY O KPYIIHOCTb I'PYHTA dyy UL OCHOBHOM 4acTW IMMPUHBI TPAH3UTHOTO
IIOTOKA, HE3aTPOHYTOH MOBBIIIEHHOH TYypOYJEHTHOCTBIO, B TIpelenax JUTHHBI

BOJOBOPOTHOTO YIACTKA /;=/ PEKOMEHAYETCS OMPEALIATH 10 3aBHCHMOCTH:

" CyluecTByIOT U APYTHe METOIbI PacueTa M3MEHEHH s YPOBHS BOABI (CM., Hanpumep, [56 u 71]).
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d A 5.56)
- (0,21+0,245)——, .

h, gh,
rae A, — cpemHsas miyOuwHa, V; — CpeOHAd CKOPOCTh TPAH3UTHOIO IIOTOKA B

paccMaTpHBaEMOM CTBOPE.
Iony4yeHHble 3HAYCHUS TMAMETPOB dir B 1,5+1,75 paza NpeBBIIIAIOT AUAMETPHI

JacCTHIL dKO; yCTOﬁ'—IHBHX B YCJIOBHUAX TJTABHO U3MCHSAIOIIETOCS NBWXKECHUS, KOT A

oo g4, (5.57)
h gh

Kpurtndeckas KpyHmHOCTE IPyHTa dip, B 30HAX pasjeia TPaH3HTHOIO IIOTOKA M
BOJOBOPOTHHIX oOyacTell (B 30HAaX MOBBLILEHHOM TYpOYJEHTHOCTH MOTOKA) B CPEAHEH
YacTH JUIMHBL KKIOM BOJOBOPOTHOM oOmacty, T.e. Ha ydactke s—(0,4+0,6)/10),
OIPENEIACTCA U3 COOTHOMICHUS:

d
2 - 1,5+1,6. (5.58)
d

KT

K Hayany ¥ KOHITy BOJAOBOPOTHOI'O y4acTKa (K CTBOPAM Sq U Sy) OTHOLUEHUS dip/dlyr

JOJDKHBI (JIMHEHHO) CHIDKATHCS 10 1.
s OIleHKM MaKCHMaJlbHBIX [yOHH pa3MBIBa BAOJB YJACTKA pacIMpeHus IOTOKA

PEKOMEHIYIOTCA METO/IBI, H3II0KEHHBIE B [56, c. 204-213].

5.18 IlocTpoeHme mJjaHa TedyeHHH W MOJA CcKopocTeii Ha OCHOBE
ILIAHOBOH MaTeMATHYECKOI Moe/In

Pacuer y4yacTka pacluMpeHust HOTOKA B HIJKHEM Obede TuaApOCOODPYKEHUH MOMKET
OBITH BBIIOJIHEH Ha KOMIIBIOTEPE € UCHOJB30BAHWUEM COBPEMCHHBIX ITPOIrPaAMMHBIX
xommnexcos (1K), TTpumepamu Taxux ITK seasorcs Mike21® (mpoaykt aatckoro
nueruryta DHI), Hancock-2.5D (paspadorka BHUUI um. b. E. Benerneera). IlonobHbie
IIK mocTpoeHBl Ha OCHOBE IUIAHOBOH MOZENH MENKOM BOJAbI C OAHOCJIONHOW WM
MHOTOCNIONHON IuckpeTusauuei mo rnyoune. [Ins paccMarprBaeMoOifl 3aJadud BIOJHE
JOCTaTOYHO OJHOCIIONHON IUTAHOBOH MOJENN B TMAPOCTATHYECKOM HPHOIIKCHUH, T.€.
y4eT oTnu4ns Opoduis JaBIeHHS MO TIYOHHE OT THAPOCTATHYESCKOTO PACTIPEAC/ICHUS HE

obs3areneH. B Toxke BpeMs, 00s3aTeneH yaeT TypOy/ICHTHON BSI3KOCTU M TPEHUS HA JHE.
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J71s 3TOr0 PEKOMEHAYETCA MPUMEHATh JBYXIapaMETPUUYCCKUE MOJENH TypPOYJICHTHOCTH:
k-g, k-®, k-e-RNG. B cnyuae npuMenenns 2.5D-mopeneii (MHOTOCTIOWHBIX, HATPHMEP,
Hancock-2.5D wmmu Mike3™) u Tpexmeprsix moxerneii (Hancock-3D, Telemac-3D®)
TypOy/neHTHAs BA3KOCTh B TOPH3OHTATLHOM H BEPTHKAJIBHOM HAIIPABICHUSX MOXKET OBIThH
NpUHATA OJMHAKOBOH, T.€. aHM3O0TPONHIO TYPOYJICHTHOCTH B JAHHOM CIIyYae MOXHO HE
yuuTeBaTh. MojenupoBanue TypOyJICHTHOCTH C TIPUBJICUCHHEM YIPOMICHHOW MOAEIH
HOyTH cMemeHns TIpaHaTis MPUBOAUT K HEKOPPEKTHOMY PaclpeeleHUI0 TypOyICHTHOM
BA3KOCTU, CYLUECTBEHHO OTIMYAIOLMIEMYCS OT MOJYYSHHOTO 1O ABYXMApaMETPUYCCKUM
MozenaM. Kak creacTBHe, MORENb IyTH cMelleHUs [IpaHaTIis 0GBIYHO JaeT 3aHKSHHYTO
OIMHY OTPBIBHOM 30HEI IPH BHE3AlIHOM PpACIWPSHHHM TOTOKA B CPaBHEHHH C
9KCHEPUMEHTAILHBIMI JaHHBIMU (11. 5.15).

OcCHOBHbIE ypaBHEHHs IUIAHOBOM MOJIENH MENKOM BOIBI C MPHBICYCHHEM Kk-&-
Mozen TypOyNeHTHOCTH NMpUBENeHBL B [165, 176]. Habop KOHCTaHT M k-E-MOJENTH H
3anuCch TEHEPALNW/IUCCUATIALAA JHEPIUA TypOYAEHTHOCTH Ui IUIAHOBOM MOAE/H
HECKOJIBKO OTJIMYAETCA OT OOJiee PACIPOCTPAHEHHOM 3aMMCH B TPEXMEPHBIX MOIENAX
TypOyJNeHTHOCTH.

B03MOKHBI pa3NUUHEIE BAPUAHTHI MOCTAHOBKH T'PAHWYHBIX YCIOBHI IS pacuera
IUIAaHOBOM Mojenu. HanpuMmep, Ha BXOJHOH IpaHuUlE cO CHOKOHHBIM PEKUMOM BTEKAHHS
MOXKET OBITH 3aJaHO TOJIBKO DPAaCHpEHCNICHHE VICTBHBIX PacXofOB (CKOPOCTH IIOTOKA,
YMHOXKEHHAs Ha NTyOMHY), a Ha BEIXOJHOM — TOJBKO (PUKCHPOBAHHAS OTMETKA CBOGOIHOM
noBepxHOCTH. IIpu OypHOM peXxMe BTEKaHHS Ha BXOAHOM TpaHHULe TPeOyeTcs 3a/aHue
OJIHOBPEMEHHO PACTPEIENCHNs IO TPAHMUIE YACTBHBIX PACXOI0B H OTMETOK: BA BXOIHBIX
IPaHUYHEIX YCI0BUs. ECiiM Ha BEIXOAHOH IpaHULE MOTOK SBISETCS OYPHBIM, TIOCTAHOBKH
yCnoBUMH Ha JTOH TIpaHWIE He TpeOyeTcsa: pacuyeTHble MOJETH, Kak TpaBHIIo,
ABTOMATHUYECKU MX OTKMo4aroT. Ha HenmpoHuunaeMelx rpanunax (6eperax) pukcupyercs
HYJIEBON YAENBHBIA Pacxo]i, a OTMETKA HE 3aJaeTcs: I Hee MOXKHO NOCTaBUTH JIMIIb
MATKHAE IDaHAYHBIE YCIOBHS (HYJIEBBIC NPOM3BOAHBIE IO HOPMAaNH K rpaHune). s
KacaTeIbHBIX K TPAHUIIAM KOMITOHEHT BEKTOPA CKOPOCTH TEYCHHS B CIIOKOHHOM PEXHME
TEYEHHUS JOCTATOYHO MOCTAHOBKH MATKHAX TPAHUYHBIX YCIOBHM, a B GYPHOM PeXHUME ISt

BXOJHOH T'DaHHIBI MOXHO HPHHATH HYJICBOE (WJIH M3BECTHOC) MPAHHYHOE YCIIOBHE ISt
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KacaTeJIbHOI KOMIOHCHTH BEKTOPa CKOPOCTH TCUCHHSL.

Ilpu yuere TypOylEHTHOH BS3KOCTH B MOJCIM 3THX OCHOBHBIX TPAHHJHBIX
YCIOBHiA ANl YAENBHBIX PACXOTOB W OTMETOK CBOOOHON TIOBEPXHOCTH MOKET OKA3aThCs
HEJOCTATOYHO, T.K. CACTEMA YPABHEHUI MENKOH BOJBI C BA3KUMHU CIIAracMbIMH MEPECTAET
ObITh runepbomIIecKoif. 3/1ech BO3MOXHO J(BA TOX0MA. Bo-nepBrix, BONIN3M IpaHull (B
OPUTPAaHUYHBIX Y371aX PACUETHOH CETKM MM KOHTPOJBHBIX 00BEMax) TMPOCTO MOKHO
OTKJIIOYUTP BSI3KAC CllaracMble. BO-BTOPHIX, MOXHO JOOABHTH JOMOJHUTCIBHBIC MSTKHE
IPaHUYHBIC YCJIOBUS /Ui HOPMAIbHOM M TaHTCHUMANbHOM KOMIIOHEHTHI CKOPOCTH Y
IPaHHUL, YTO MO CYTH TOXKE OTKITIOUNT BA3KHE ClaracMble BOIM3HM IPaHHULL.

ITocTaHOBKA IPaHUYHBIX YCIOBUE 15l HApaMeTPOB TYPOYJIEHTHOCTH Pa3iiuyiHa s
CIOKOHHOro M OypHOro moroxkos. Ha BXoie CIOKOWHOIO NOTOKA AJs HApaMeTpoB
TypOyNneHTHOCTH £, € (WM k, ®) JOMyCTUMA MOCTAHOBKA MSATKWX TPAHUYHBIX YCJIOBHIA.
Jlns GypHOTO MOTOKA Ha BXOJHOM rpaHHIEC HEOOXOAMMO 3ajlaHie 3HAUCHUI MapaMeTpoB
TypOy/IEeHTHOCTH Ha 3Toi rpaHwIe. Ha BBHIXOAHO!M TPaHWIE W JOCTATOYHO TOCTAHOBKA
MSTKHX TPaHUYHBIX yCloBuil. Ha HenmpoHHIaeMbIx rpaHunax (beperax) Xopomue pe3yiibTarsl
NOKa3bIBACT MPUMEHEHHE MSTKOTO TPAHMYHOTO YCJIOBHMS JUIl KHUHETUYECKOH OSHEPIuH
TypOyJIEHTHBIX ITyJIbCALIMiA K, a JUIsl CKOPOCTH €€ AMCCHITAIIAN € 33/IaETCS €€ CBA3b C A:

e =) kM5 /(0.41L) (5:39)

3meck L — paccTOsHME OT CETOYHOTO y37a, B KOTOPOM CTaBUTCS IPaHHYHOE

ycnoBue s €, 10 Oepera, SMIHApPHYIECKas KOHCTaHTa Cy = 0,09 . Kak roBopuioCh BHILIE B

n. 5.14, yenoBus st mapaMeTpoB TypOYyJIEHTHOCTH Ha BXOJAHOH M BBIXOAHOH IpaHHLIAX
¢11a00 BIMSIOT HA JUIMHY OTPHIBHOM 30HBI.

B mobom ciydae mpaMeHeHWMe Toro wim uHOoro IIK g 4mcneHHoro
MOZETMPOBAHUSA TCYCHMH C PE3KMM pacIIMpeHHeM TIOTOKa B TMNIaHE TpebyeT
IpEeIBapUTENEHOTO TecTHpoBanwus [IK Ha 3KCIEpHUMEHTAIBHBIX JIAHHBIX. IIprMepamu
NOIOOHBIX TECTOB SBIISIIOTCS: 00PA30BAHKE OTPHIBHOM 30HKI IIPH 00TeKaHuH mWmopsl [177],
OTpHIBHAS 30HA 3a MPSIMOYTOJILHEIM ycTymoM Oepera [159, 177]. Ilony4ueHHbIE pACYETHRIM
OyTeM JJHMHA OTPHIBHOM 30HBI M TypOyJieHTHash BS3KOCTb JOJDKHBI COOTBETCTBOBAThH

3a()MKCHPOBAHHBIM B YKCTIEPAMEHTE.
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I'naBa 6. Conpsaxenue 6be(oB 3a IJIOTHHAMH BBICOKOI0 HANOPA
MOCPEACTBOM O0TGPOCA CTPYH HOCKOM-TPAMIIJIHHOM

6.1 O6mmue coobpaxennst

Cornacuo CIT 40.13330.2012 (. 6.41) «mpu conpsbkeHuu 6bepoB 0TOpocOM cTpyH
B KOHIIE BojocOpoca CiedyeT MpeRyCMaTpHBaTh HOCOK-TPAMILIMH, OTOpachIBArOIIMH
MOTOK BOJBI B HIDKHHYM Obe Ha Oe3omacHOe AJIsl COOPY)KEHHI pacCTOSHME, a B Y3KHX
CTBOpaXx - HCKJII0YAIOIIH OracHOe Bo3eHCTBIE TOTOKA Ha Oepera.

B ciydae cmaGOTpEIIMHOBATOIO OCHOBAaHWS B MeCT€ MAaJCHUs CTPYU ClEAyer
npeycMaTpuBaTh  CHEIWANbHBIE MEPONPUATUS IO IPEJOTBPAIICHHIO  OMAcHOTO
PacnpoCTpaHEH s Pa3MBIBOB. YCTPOMCTBO BOAOOOMHOIO KOJIO/ALA WK UCKYCCTBEHHO# MBI
pasMbIBa, PacCPENOTOUEHHE COPOCHOTO TOTOKA MO OONbINeH IDIOmaau MOCPEACTBOM
MHOT'05IpYCHBIX HOCKOB-TPAMIIJIMHOB, PACCECUBAIOLIAX TPAMIIJTMHOB, pacmermTeneﬁ HT.IL».

JIns BBICOKOHATIOPHBIX TMAPOY3/IOB, BO3BOMMEIX HA CKATEHOM OCHOBAHHH, OTOpPOC
HOTOKA B HIDKHME Obed C MOMOLIBI0 HOCKA-TpaMIUTHHA B PSAC CIy9dacB OKa3bIBACTCA
PALMOHANIBHON cXeMOH compsbkeHHs Obe(oB. TpPaMIUIMHEI TOH WM MHOW KOHCTPYKLMU
HO3BOJIAIOT OCYIIECTBUTH MOBOPOT COPOCHOTO MOTOKA M PACCPSAOTOUCHUE €TI0 BIOJb WK
IIOIIEPEK pycia.

ITo KOHCTPYKTHBHOMY OG(OPMIIEHHIO pa3AYaloT TPAMIUIMHBL, JHO KOTOPHIX
OYEPUCHO II0 LHJIMHAPUYECKOH IOBEPXHOCTH, M TPaMIUIMHBI, WMEIOIIHE ABOSKYHO
KPHUBH3HY.

Yka3aHHs [0 pacyeTy HapaMeTPOB MOTOKA B TPEAeSiaXx BOAOCTABHOM MOBEPXHOCTH
OTKPBITOTO BOAOCOpOCa, BKIIOYAs M YIaCTOK LIUTHHAPHIECKOrO TPAMILIMHA, IPUBEACHEI B
rn. 2. Huwke maloTcs peKOMEHAALMM JUIA ONpPENENieHHs OaJbHOCTH OTOpOca CTPYyH H
rayOMHBI pa3MBIBA CKAJBHOTO pyClla 3a BOAOCOPOCAMH, KOTOPHIC 3aKaHYHBAFOTCS
LUUIMHAPUYECKUMH TpaMIUIMHaMH. PekOMEHIAlM 10 OTpeeeHHIO MapaMeTpoOB CTPYH
oTOpaceiBaeMoil ¢ IOMOIIBI0 TPAMILTHHOB Ooiiee ClnoXHbIX GopM, conepxarcs B [11, 14,
146].
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6.2 OnpenesieHne JaJbHOCTH 0TJIETa H MAPAMETPOB 0TOPOLIEHHO CTPYH

JIaTbHOCTb OTJIETa CTPYM, OTOPAchIBAEMOI ¢ NOMOLLUBIO LIMIMHAPHYECKOTO HOCKA-

TpamIuiiHa (puc.6.1) MokeT ObITh ONpPEAEIEHa [0 3aBUCUMOCTH [94]:

[ ( 1

, z 3 1

L=kZo sin20 |1+ Jla] 2ol |0l (6.1)
( Z, )go“sin‘euJ

rae k — k03hdULUMEHT, yUUTHIBAIOILMIA BIMSHUE adpallii U PACLICIIICHUS CTPYU B [IONETE;

6y — yrom cxo/ia HOTOKA € TPAMIUINHA, Z) — HepeTa; MeX/Iy BEPXHIM U HIDKHUM Obedhamu

14
C YUYCTOM CKOpPOCTH MOAXOAa, VAR Hamop Haja HOCKOM-TPaAMILIMHOM; ¢ = —————

,,2gZ|

K03¢GUIUEHT CKOPOCTH, YYUTHIBAIOIIMIT IIOTEPH HAIIOpA B IIPEAeNiaX TPakTa BogocOpoca;
V2 — CKOPOCTb MOTOKA B CEUESHNH Ha CXOJE C HOCKA-TPAMITIHHA.
B 3aBucumocTH OT 3HaueHuil umcina Dpyjga B KOHIEBOM CEYEHHWM TPaMILIMHA

K03(hPULHEHT k£ MOXKET OBITH MTPUHSAT:

2

k=10 npH Fr, = Y <30+35;
gh,
k=0,8+0,9 npu Fr, > 35.

Pucynok 6.1 — Cxema conpsbkeHust Obe(OB 32 BOJOCIUBHOM MIIOTHHOM €

LTUITHHAPHYCCKAM HOCKOM-TPaMINIHHOM

VYron cxoza mOTOKa € TpaMIHHA 6p, T.€. Yroil MEXIy HamnpaBlICHMEM BEKTOpa
CpelHel CKOPOCTH B KOHIIEBOM CEYEHMM TPAMIUIMHA M TOPH3OHTANBHOH IIOCKOCTBIO,
OTIMYACTCS OT 6 — yINa HAKJIOHA JIHA TPAMILIMHA K TOPU30HTAIBHON ILIOCKOCTH B TOM K€
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cedenud. C yBEeJIMYEHHEM KPUBH3HBI JIMHHUIN TOKA pasimaue MeXAay 6p u 0 Bo3pacraer.
Yron 6, AnA CTpyd, CXOJAIMUX C IFUIMHAPUYESCKAX TPAMIUIMHOB, PEKOMEHIyeTCs
OIPEeAENATh ¢ IOMOILBIO rpaduka Ha PHCYHKE 6.2 B 3aBHCHMOCTH OT OTHOLICHHUS [%y/h, v
HEHTPATBHOTO yria B. 31ech Ry — payc, KOTOPEIM OYePYeH TPAMIUIHH B HpeAeax yria
B; 7 — ryOuHa NOTOKA B HaYaJie TPAMILTHHA. YTOJ CXO/a CTPYH C TPaMIUTHHA, KOTOPOMY
0TBEYACT HAUOOJIBIIAS AATBHOCTh OTJIETA CTPYH, cocTaBiseT 30—-35°.

JU1s rapaHTMpOBAaHHOTO AOCTYNA BO3/Ayxa IO CTPYH0 M BO U30ekaHWe ee
MOATOIUIEHNS BBICOTHOC IOJIOKCHME HOCKA-TPAMIUIMHA CHEOyeT Ha3HAuaTh HE HIDKE
MaKCHMAJIBFHOTO YPOBHS B HIDKHEM Obede.

Yron BxoJa CTpyU IOJ YPOBEHb HIDKHETO Obeda B peKOMEHAYETCS ONPEACIATD 1O

3aBUHCHMOCTH:

N =

Zg( hrcos(-)quafhupj (62)

2 2
V cos 6
T ]

tgB, =Aftg 0, +
rae
a — BRICOTA HOCKA-TPaMIUIMHA HaJl AHOM HWOKHETo Obeda;

Iy — TTyOuHA BOJEL B HIDKHEM Obede.

IR
I
AN
) \\\i\\

\ ~~—__ %/p=g08

N —
70 R \ éib\ 095
NN\~ T ——y
0092700090 450 T80 070 — 080
f 2 4 6 8 10 R,/br

PucyHok 6.2 — I'paduik mis onpeleneHus yrna o cXoja noTtoka ¢ TpaMIuIiHa
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6.3 OmnpeneneHne riayOMHbI pa3MbIBa pycia, CI0KEHHOTO CBI3HBIMH
TPYHTAMHU, OTOpPOIIEHHOMH cTpYeii

HauGonewyto riay6uHy BOmbl /1, B BOPOHKE pa3MBIBA DYCEN, CIOXKCHHBIX W3
CBSA3HBIX (TJIMHUCTHIX) TPYHTOB, NP COMPsKEHUM ObeQOB IO THIY OTOPOLIECHHOM CTPYH

(pucyHok 6.1) ycTaHaBRIMBAlOT Ha OCHOBAHMH COBMECTHOTO pEIICHHS (METOIOM

MOCIIEA0BATENFHBIX IPUOTIDKEHNUH ) 3aBrcuMocTeit [68]:

(8,37 b 3 i
hy =] == 7 5p, [ 0,25h,,; (6.3)
U Vans J1-0.175ctgp,
2m j (el \l 6.4
Viwn =125 |———2——JgTp —p (1-5)]d+1.25| =+ p, +p, |, (6.4)
0.3m,0, (1-5) | . Ji

rone vV — HOHHas HEpa3MBIBArOmlas CKOPOCTH B BOPOHKE pa3MbIBa, th — I‘HyGI/IHa

an.
IOTOKA B HIDKHEM Obede; 1 — yron HaK/IoHa CTPYH B MECTE BXOJA MOJ YPOBCHb HIKHETO
6reda (. 6.2); S — cpenHss KOHIEHTpAIMs Bo3ayxa B cOpocHoM notoke (cM m. 2.17),
KOTOPYIO MOXKHO IIPHHIMATH B IEPBOM NPHOMIDKEHHH paBHO# 0,5; Vi — CKOPOCTh CTPYH
B MECTE BXO[Ia IIOJ YPOBEHb HIDKHETO Obeda;, d — cpeaHuii pa3Mep arperaroB CBS3HOIO
rpyHTa (cM 1. 5.5), by — TOJIHHA CTPYH B MECTE BXOJA MOJ YPOBeHb HIKHETO Obedha. C
y4eToM u3MeHeHus (GopMbl CTPYM B IUIaHE OpPH YCIOBHAX IUIOCKOM 3amadd  Ha
IIWIHHIPAYECKOM TPAMILTHHE MOYKHO CUATATh

b, =0.8¢ V. ; (6.5
T1e g - YACTbHBIM pacXod BOABI B HAYAIBHOM CTBOPE CTPYH Ha CXOIE C TPAMILTHHA.

PexoMeHaaMmM Mo ONPEACICHAO My, Hy, ¢ W kg JAHBI B 1L 5.5.

ITpu apyrux Tumax TPamIUIMHOB 3HAYCHUs ¢, by U §; NPUHUMAIOTCS PAcUeTOM C
HCIIONB30BAHUEM peEKOMeHAaluuid, coneprkatuuxces B [13, . 10].

JaBneHue p,, OKa3plBAEMOE CJIOEM BOJABL Ha arperar INIMHHCTOTO IPYHTa HA JTHE
BOPOHKH Pa3MbIBa, U JHHAMHYECKOE AABIEHUE py, OKa3bIBAEMOE CTpyeH Ha 3TOT arperar,
YCTaHABIMBAIOTCSL 10 CJICAYIOIIUM 3aBACAMOCTSIM:

p,=o,(1-8)p, gh,; (6.6)

p,=1.88a, (1-S)p V. sinB,, 6.7

W NLHB

rae 0 — OTHOIICHHE CYXMX (WM WICHTUYHBIX MM IO CBOMCTBAM) KOHTAKTOB K OOIei

OIIOPHOH HacTW arperara, OHNPEAENAEMOE MO IMIUPUYECKOH pasMEPHOR 3aBHCHMOCTH
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a,=1-10 '¢", rme ¢" (1. 5.5) — cuerenwe, kI1a; npu nonyuenuu o; > 0,01 B 3anac pacueTa
cienyet npuHAMAaTh o = 0,01.

3HaueHue Ay, OIPENEIACTCS B 3aBUCHMOCTH OT HEPA3MEIBAIOLICH CKOPOCTH TIABHO

H3MEHSFOIIETocs MOTOKa Mo (opmye
h,=0[BV,, 6.8)
rae

(O — pacxon cOpackiBaeMoro B HIKHU# Obe() MOTOKA;

B — mupuHa notoka 3a npeaeaaMmyu BOPOHKU pa3MblBa,

V4« — HEpa3MBIBAIOIIAsA CKOPOCTh 32 IIPEAE/IaMU BOPOHKYU Pa3MBIBA, OLpeaenscMas
MYTEM  COBMECTHOTO  pEIUCHHs (METOAOM  MOCIEAOBATENbHBIX  TPHOIIDKEHMUM )
3aBucHMOcCTEl (6.3), (6.4) n (5.20) iy /1 = Ay,

3HaueHue V;, ompeaensercs B 3aBUCMMOCTH OT NIEpenaja ypoBHeH Z, mo hopmyre

V" =q)1[2gZO ) (69)
rae @ — KOSG(UIMEHT CKOPOCTH, 3aBUCAMIKM OT KOHCTPYKIMH CONPATAIOIUX
COODPY)KCHWI ¥ Y4YMTBLIBAIOIIWA IyTh, NPONACHHBIA CTPyed MO €€ 3aTOIUIEHWA [0
BOJIOCITIBY COIPSITAIONIMX COOPYXEHHM M B CBOOOJHOM MoONieTe B Bo3myxe. llpu
OTCYTCTBUM JAHHBIX CMELUATIbHBIX PACUETOB UM 1aO0PATOPHBIX UCCICAOBAHAMN () MOXKET

ObITh puHAT paBHbIM 0,98 — 0,95.

6.4 Omnpenenenne riyOMHBI Pa3MbIBA CKAJLHOTO PyCja OTOpOIIeHHO#
crpyei

JUnst peJBapUTENbHBIX PAacUCTOB MAKCUMANLHOM [IyOUHBI Pa3MbIBa /1, CKATbHOCO
pycna ¢ paseumoil mpewuHo8amocmsplo MOKET OBbITh WCMONB30BaHA 3aBUCHMOCTE [94]
IPHMEHUMAs B YCJIOBHSIX TUIOCKOM 3a4a4H [y BOAOCOPOCOB, KOHIIEBOM Y4acTOK KOTOPBIX

odopmiteH B BHjIC UMIMHAPHIECKOTO TPaMILIUHA (puc.6.1):

h, = h1(0,1 +0,458 Fr)\/;{’hd—}) (6.10)

rae
Iy — TTyOMHA BOJBL B HIDKHEM Obe(e;

d — cpemHAs KPYNMHOCTh CKaIBHBIX OTACNBHOCTEH, paBHas JMamerpy
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9KBUBAJICHTHOTO IO 00BEMY 11apa;

2

v
Fr, = ——; Vi, hy — COOTBETCTBEHHO umcio Ppyza, CKOPOCTh M IIyOHHA B CEUCHNN HA

gh,
CXOJIe TIOTOKA C TPAMILJIMHA.

3aBucumocTs (6.10) cripaBeIMBa B Ipe/ieNiax:

d
£ -5+30;, —=0,05+0,75; Fr,<200.
h h

K K

Ilpu xpynHOCTH d CKaNBbHBIX OTACNBHOCTEH B auanasoHe ot 0,2 mo 0,5 M miyOuHa
pa3MbIBa MOXKET OBITh OIpeeneHa N0 3aBHCAMOCTH [9], MoNyuYeHHON Ha OCHOBE aHAIH3A

OKCIICPUMCHTAJIBHBLIX U HATYPHBIX JAHHBIX,
_ 0,5,,0,25 6 1 1
hp = kpq z ( )

>
IIe Z— pa3HOCTb YPOBHEl BEPXHETO M HIKHETO Obe()OB, M; ¢ — yAENBHBIH pacxof BOABL,
M%/c, Ha CXOJIe ¢ TPAMILTHHA, kp— k03¢ GUIMEHT, NPUHIMaeMBIH paBHBIM 1,2 — 1,6.

Tlpu Hanu4IMu CBENEHUII O pazumepax omoenvHOCMed, Yeiax 3anecaHus NAACmos
ckanvrHozo pycia [63] (pucyHok 6.3) PEKOMEHAYETCs CIEAYIOas METO[AMKA pacyera

MaKCHUMAITLHOH ITyOHHBI BOPOHKH pa3MbIBa [94], cripaBeAnuBas pu cOOMIOACHUN YCIIOBUH:

2

To . V-.- 0 0. h lo
6<—2<16; Fr=——=10+150; 28°<0, 6 <42°; 0,5s—=<1,5; 0,1<-+<3;
h, gh, h h,

P
2,0 < —%<3,0, Y<30° v npu OTKIOHEHUH MAJICHNA TJIACTOB OT IPOJIOJIBHOTO HAIIPABIICHH

Ha 5 — 10°. 3pmech hy, — HaMMeEHbIAs CpenHssl IyOMHa HIKHETO Obeda, MpH KOTOPOH
THPABIMICCKAI MPBDKOK 32 MAJarommeil CTpyel B YCIOBUAX IUIOCKOH 3aJa4uM eIme He
OTOTHaH, [/, — cpemHuii (TMOMEpPEeYHBI) TJIAHOBBIH pa3Mep OTAENBHOCTEH, B3ATBHIA IO
HAIPABIICHAIO (POHTA MANAOMICH CTPYH; P, Pex — IUIOTHOCTD BOABL U CKAJIBL, \y — yTOII,

XapaKTePU3YIONIMI HAPABJICHHE BHIXO/1A OTACIBHOCTH U3 FHE3/a (CM. PUCYHOK 6.3).

Hanpaenenue .
IPAGNEHU! _~

Pucynok 6.3 — Cxema pacnosiosKeHus OTAEIBHOCTEH CKaBbHOrO pycia
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BHauane onpenenstorcs, 3SHa9eHUs B¥pes U P¥ e, IO 3a8BUCHMOCTSIM:

npen

_ ["_ s, (6.12)

npen

p
P (1,1+3) (e, \cos (6.13)
o

rae

¢ ( ¢ ) ¢
6=0mpu —=>0,17 ©8=6,7|0,17-—| npu — < 0,17,
h { h

¢ — CPCaHsAA BBICOTA OT}:[CJ'[BHOCTCﬂ;

B /pg HP*H])e,Ilz P/pg

o o

B*pen = — HapaMeTpsl, COOTBETCTBYIOIIME TPeaE/IbHBIM

HAWMCHBIIAM 3HAYECHHSM, TIPH KOTOPBIX OTACTBHOCTH €€ MOXKET OBITh BBIPBaHA W3
CKaJIBHOTO MAacCHBa;

B — nambonpoiee 3HAYCHHE H3MCHSIOIICHCA BO BPEMEHM TI'MIPOAWHAMHIECKOM
HArpy3KH, TPUIOKEHHOM K OTACIFHOCTH CKAJIbHOTO OCHOBAHMS, PACHOJIOKEHHOM B CBOCM
r'HE3JIC HA THE BOPOHKH Pa3MEBIBa;

P — ocpemHeHHas BO BPEMEHH COCTAB/LIIOIIAS BHIPABHMBAIOIIEH HArpy3KH,
JEHCTBYIOIIEH HA MPUMOHSTYIO B CBOEM THE3/E OTACIHHOCTE;

Q, — MIOI@/b MPOEKIMH OTACIBHOCTH CKAIB HA INTOCKOCTh, MEPIEHIUKYISIPHYTO
HAIPABJICHUIO BBIX0/IA OT/JACIbHOCTH 13 THE3/A.

* *

B P /
Jlasiee BEIYMCIIAIOTCS 3HAUSHMST —ZE2 ) _EPea - 0 7 10 rpaduKam, MPUBEIEHHBIM Ha

z, z, h,

puc. 6.4 u 6.5, ompenenseTcss HAUMEHBIIAS OTHOCHTENbHAS ITyOMHA BOABL B BOPOHKE
pasMbIBa Ay/h.
MaxkcuManbHas IyOHHa pa3MbIBa CKAIBHOTO PYCIIa BBIYACIIAETCS 110 3aBUCUMOCTH:
[ =h -h_+c. (6.14)
P P HpP
3aBucumoctu (6.12) u (6.13) crpaBeMBB B YCIOBUSX, KOTAa Oap 3a BOPOHKOM
pa3MbIBa OTCYTCTBYET.
Beicota Gapa /i; 32 BOPOHKOM pa3MbiBa (PUCYHOK 6.1) MOKET OBITh NPUONMIKEHHO

omnpezesieHa U3 CIEIYIOIHX COOTHOMICHHH:
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h, hy
MpH 1,0 < —+< 1,5 =0,7,
B By (6.15)
h, h_
opu —=< 1,0 = =0,5.
h

2 28

CornacHo 3KCTIEpUMEHTATBHBIM JAHHBIM /Ay MOXET ObITH MPHHATO paBHbIM 0,837,
rae h, — BTOpas conpsokeHHas IayOHMHA COBEPIIEHHOTO THAPABIMYECKOTO TIPBDKKA,
oOpazyronierocst Mpu 3afaHHbIX 7y ¥ ¢ 3a TUIOTHHOW, MMEIOIIEH TUIABHOE COMPSHKEHHE C
BOAOOOCM.

OrmoxeHne TPOIYKTOB pa3MbeiBa W (opMHupoBaHue Gapa 3a BOPOHKOH pa3MbiBa

OPUBOAMT K YMCHBIICHHUIO BRIPHIBAIOLINX HATPY30K, ACHCTBYIOMNX HA OTAEIBHOCTHL.

Lo/hy
35

30
\ Z
i >
25 -
M !
2l \\\ N %

29

: \\\ \Q

z i 5§ & & 9 Whih,

PucyHok 6.4 — T'padwk st onpeneneHus ITyOUHBI BOJIBI B BOPOHKE Pa3MbIBa /1, B

3aBHCUMOCTH OT B*/zy w1 ly/hy

Lo/k
35

—
F——
—
—
—_—
"y
fm

) N
> 1
4 4. Al
\
Ny
7]
w2

S 5
7 Q
X
\\\
X%

<

\\
\\\i/f@\\\

K N
X S §
95 VA
s [ 1/
."Ig
N R Q\'/
7
& Ihjh,

PucyHok 6.5 — I'paduk As onpeeneHns TyOrHbI BOABI B BOPOHKE Pa3MbIBa /1, B
3aBHCUMOCTH OT P*/z) u ly/h,
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KoadumuenTsl, yIuTHBAIONME BIVSHIE Oapa HA 3HAUCHHS MapamMeTpoB 4* m B*,

PEKOMEHIYETCSA IPUHUMATH B COOTBETCTBUHU ¢ TabuIei 6.1.

Tabauna 6.1
g A
5 = Zs
n. ky = " k, = T
0,5 0,94 0,87
0,7 0,88 0,78

B tabmue 6.1 A%s u B*; — 3HaueHus mapaMeTpoB A* u B* ¢ yueToM BiusHuA Oapa,

- A/’pg

4 — IapaMmeTp, COOTBETCTBYIOIMI 3HAUCHUIO 4 — HauOOJIbIIEH MyNbCaIMOHHOM

COCTABJIIONICH HArPy3KH, 0OYCIOBICHHOH TypOYIEHTHOCTBIO TIOTOKA M TIPHIIOXKEHHOM K
OTZEITFHOCTH CKaIBHOTO OCHOBAHMS, PACIOIOXKEHHOH B CBOEM THE3/E HAa JHE BOPOHKH
pa3MEIBa.

Koadduument ks, yuntsiBatomuii BimsiHEe O6apa Ha mapaMerp P*, onpemensercs

MCETOAOM IIOCIEA0BATCIIEHOTO HpI/I6J'[I/DKCHI/I$I I10 3aBHCHMOCTH:

. )
LLHO J 042+014—|
Z he)

IpenensHble HAUMEHBINNE 3HaUYeHUs B* U P* npu oOpazoBanuu Oapa 3a BOPOHKOM

B ( o ) 4 I,
Ll, +0 k= 0.4240.14 ° 1k,
PR % hx) %\ he) (6.16)
P B ( ) 4 {

pa3sMbIBa HAXOOATCA 110 3aBUCUMOCTH!

B’ B’

(Bupn ) P (6.17)
U —

(p° r’

Zupen _ meen (6.18)
L Z, J zokz

HpI/I y4eTe 06pa303a1msr 6apa MOCJIENOBATEIBHOCTD BBITIOJIHCHUS PACYCTOB 110

OTpeICIICHATO MTyOHHBI Pa3MbIBA PyCia CIIEAYIOMAL:

. B’ 4’
1) ompenieneHre 3HAYEHUH MapaMeTpoB — U —— 10 rpadukam Ha puc.6.4 u 6.6
z z

0 0
JUIsl OTHOCHTETbHOM TiTyOHHbL H/h,, HOMy4EeHHOH B MPEANOI0KEHHN OTCYTCTBHS Gapa 3a

BOPOHKOM Pa3MbIBa;
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2) BeruncneHne kod(@uuueHTa k3 MyTeM MOACTAHOBKH B 3aBUCUMOCTH (6.16)

*
B
npex

. . B 4 . )
HaHJICHHBIX 3HAYCHUNH — , — , ki, k»;3) Ompeie/icHre 3HAYCHUI MapamMeTpoB L J
z
Hemnp

-~

z z

o 0 0

*
P
npen

( \
u L J 110 3aBucuUMocTsIM (6.17) u (6.18);
z
HCIp

0

4) onpefienenye ¢ NOMOIIBIO rpaMKOB HA PUC.6.4 U 6.5 OTHOCUTEILHOM TIIyOUHBI B

(p
npex npen

(B
BOPOHKE pa3MbIBa /1,/h,, OTBEHAIOILEH L— J 7} L J ;
2 ;
0 HCIp Henp

“o

*

N 4" BT P
5) onpeneneHne 3HAYCHUN NapaMeTpoB — , — , —— 10 TOJYYECHHOMY 3HAYCHHIO
P

P
Z Zo

hy/h 1 TOBTOpEHHKE pacyeTa.

1/l
35

INNEREK
IR,
NN
NN
10 \\\\\\ L‘gg%\

AN Y ‘“\\ \\ \

2 3 4 § § 7 8 g hih,

KM
=
/4

06

PucyHok 6.6 — I'paduk juis onpenenenus rIyOMHEL BOJEL B BOPOHKE Pa3MbIBa /1, B

3aBUCUMOCTH OT A*/zo 11 [y/hiy

300



IIpomonbHbIi pa3Mep BOPOHKA Pa3MbIBa Ly, B3ATHIA HA YPOBHE HAYAIBHOW OTMETKH
HEPasMBITOTO JHA MPH TOPU30HTATEHOM MM BEPTHKAIBHOM 3aJIeTAHWM OTACIBHOCTEH
(y=0), HaXOAUTCS C YUETOM TOTO, YTO YKIOH BEPXOBOTO OTKOCA B CPEIHEM MOKET OBITH
MPUHAT paBHbIM 1:2,2; yKIIOH HU30BOIO OTKOCA — 1:1,5; AnMHA FOPH30HTATIBLHOIO yyacTKa
JIHA BOPOHKM MPUOIM3UTENBHO paBHa 2,5/,

L, =2.5h +3,71. (6.19)

PaccTosiHHE OT COOpY>KEHMsT A0 CTBOpa MaKCHMAaJIbHOTO pasMblBa pycia,
OIIPENEIAETCA 110 3aBUCUMOCTU:

h

Lo=L+——. (6.20)
tgh,

6.5 Onpenenenue TIyOMHBLI Pa3MBIBA PYCJia, CJI0KEHHOT0 HECBSI3HBIMH
TPYHTAMH, OTOPOIICHHOM cTpyeii
I'nyObuHa pasmbiBa KpynHozepHucmozo Hecesisnozo zpywma (d > 1 MMm) B
cioydae crnaboa’pupoBaHHOM cTpyn (T. €. Ui BOJOCOPOCOB HH3KOTO Hamopa),
BXOJAIIECH MO YPOBEHb HUWXKHETO Obea mon yraom B, > 30°, ompenensiercs: no

3aBUCAMOCTH [71]

B 4 1
—p:4~8(sin[51+0,33cos[§l)|_dy—l|, (6.21)
b, Lk (hyy [dy) J
rae Fr, =V, / (ed,,) ; kO3 PUUMERT k IPMHMMAETCS B 3aBUCUMOCTH OT 3HAYECHHA £, /arg5 :
h fdgs >10 10 <10
k 1,21 1,26 1,32

[pu meaxo3epHucHbIX TECYAHBIX TPYHTAX 3a BOAOCOPOCOM € TPaMIUIMHOM MM
KOHCOJIBIO W CPaBHUTEIEHO HEOOMBIINX YAENBHBIX PACX0/IaX HAa TPAMIUIMHE (B AHAMa30He
15 =30 M%c) ry6uHA BOJbI B BOPOHKE Pa3MbiBa MOXKET OMPENCIATHCA MO 3aBHCHMOCTH
[118, 124]:
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h =k [3 440 45—¢. % } {115 1 VY (6.22)

P ko \/—dOZSJ

3nech

kon — K0O(M@UUHEHT, y4YUTHIBAIOLIMIA BIMSHUE KOHCTPYKIMH BOmochpoca;
onpeaensiercs mo puc. 6.7 [118];

dsp — nmuamerp wactun obGecnedeHHOCThIO 50 %, ONpenensieMblii MO KPUBOWA
T'PaHYIOMETPUYECKOTO COCTaBa IPyHTa;

z, , N

—% ¢ *k, — KOMIUIEKC, OTpeAeNsieMbIi 1o TpadikaM prcyHka 6.7. Ero MoxxHO Taroke

kp

BBIYKMCINTh, MPUHKMMAsE COOTBETCTBYIOIIHE 3HaueHWs KoddduimenTta ckopoct ¢ M
ko3 dumenta asparmu notoka &, (npu Fr; < 35 &k, = 1, npu Fr; >35 &, = 0,8+0,9). {ns
onpeneneHus riryOuHbI BOIBI B BOPOHKE pa3MbIBa 32 KOHCOJBHBIMU BOIOCOPOCAMH MOXKHO
BOCIIOJIb30BATHCSA HECKOJBKO HMHOM 3amuchi0 3aBUCUMOCTH (6.22), B KOTOpOii TOYHEe

YUYHUTBIBAETCA a3paLusi MOToKa [45]:

hP/hﬂbg L
T Tl s
3 LT |-
o ) s
I | %.—r
=

1
07123456789 Zogik T
Frp! & k=056

Pucynok 6.7 — OTHolIeHUE IIyOUHEI /1, B sIME pa3MbIBa K TITyOHHE /i, PABHOMEPHOTO

. Z, .
TIOTOKA NIPY HEPA3MBIBAIOLIECH CKOPOCTU B 3aBUCHMOCTH OT KOMILIEKCA —-¢ “k_:
xp

1-6 — HOMep THMa KOHCTPYKIMH KOHIIEBBIX YCTPOHCTB

r
h, :\1+0,21£@2(1—A2)|

xp

(6.23)

31ech
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@ — KO>(QOUIMEHT CKOPOCTH TS CEUCHHS CTPYH Ha BXOJAEC B BOJHYKO MacCy
HIKHEeTO Opeda;

de, — CpeIHAA KPYIHOCTE IPYHTa B BOPOHKE Pa3MEIBA,

A — xo>pduumeHT aspanmu, OnpeneNdeMblii mo rpaduky pucyHka 6.8

(0603HaueHUs CM. Ha PUCYHKE 6.1);

— iyOMHA BO/IBI B OTBOJUILIEM PYCIIE MPH PABHOMEPHOM PEXHME

TeueHHS. 3aBUCHMOCTD (6.23) npoBepeHa B HATYPHBIX YCIOBHUAX NpH mepenane Zo < 12 m
g <15m/e.

z,/hy ’

740

20

!
Fr<1y I
I

80

1
80 Ff;_z‘zgﬁﬂl I

i
Fry=40:60 Z?
40 ]

2 /

a

92 4% 45 08 A

Pucynok 6.8 — 3aBucuMocTb ko duuueHTa aspauuu 4 oT nepenaga u 4ucia

14
®pyna Fr, = —— Ha CXO0JI€ ¢ TpaMIUIHHA
gh,

C HEKOTOPBIM 3aMacOM /1, MOKHO ONPENEIIATE TAKKE MO 3aBUCUMOCTH [68]

MM B LR L (6.24)
(w 7V, J)L- 0,175¢ctgP,
rae M — ko3(pULUUEHT nepexona OT CPeAHNX CKOPOCTeH K MTHOBEHHBIM, TPUHUMACMBIi
paBubiM 1,5-2; w — ruapaBIddeckas KPyIHOCTb TPYHTA, Vi, — CKOPOCTh B MECTE BXOJa
CTpyH B HIKHHH Obedy; 7 — rmyOGrHa BoJbl B HIDKHEM Obede.
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