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NPEAACAOBHE

VenemHoe wisyvcHie HOG0ro Kypca LIPUKTAAHEIX TEXHAYCCKUX ANCIHILTAH,
B TOM 9HCIC TEXHWYECKOH TMAPOMEXaHHKH, WIH THAPABIHKH, 3JaBUCHT OT YMeHus
cTyrenra paboTate camocroaressno. OcHOBHOE HalHauelHe DaHHMO YueGHOTO
nocobHA — HOMOYB H3YMAlOIBM THAPOMEXAIINKY NPHMEHHTE TEOPCTHYECKHE
MANHA H  OCBOWTE METOAHKY TIHAPABTMHCCKHX DPAacuToB s pellleHns
TIPAKTHYECKNX H HHXEHEePHETX 3aAa4.

KHura BrmouaeTr TPH QCHOBHEIX DailleNa Kypca THIpOMCXAHUKH:
“I'ngpocratuka”, “'miupomuHavuka”, “IIpHanaiwans  regpomexanvika”. Kascamif
pazicl CONCPXKMT HECKONBKO IMias KOHKPETHOH TeMaTHku. ITaBa nauuwuaerca ¢
TEOPeTHICCKOH YacTH, B KOTOpofl NPUBOSATCE OCHOBIIEE pacuérHale GOPMYIH C
NoApoBHLIM MMOKCHEHHCM UX IPUMEHEHHR /LA PEIICHHA TIPHMEPOB NO naunoi Teme.

VYyebuoe nocobue comepkWT pasHoobpaineie WO TemaTHKe B CTENCHH
CHOKIIOCTH HPAMEPLl, OXBATHIBAIOIIHE OCHOBILIC PA3ACbL KYPCa FHAPOMEXAHAKH.
1 [prmeprl ruapaB1IMYeckyX pacyéTon NPHOTIKEHB! K TOPHOMY [TPOH3IBOACTRY.

B npunoxendn upusoAfTca TablMUB! CTPABOYIIONG Xapakrepa, KoTopeie
MCMOAR3YIOTCA IPH  PeIIeHMH  TipEMepos W 3aaay. KpoMme mnpusejénHuIX
CMNPABOYHBEIX TAGIHII MOXKHO FTOIR3OBATECH ClIPABOYHRIM MATCPHAIOM APYTHX
yu4eDHHKOB ¥ Yuebubix nocobuti.

OusiT NpenogaBadus FHAPOMEXAHHKH 1JOKA3aR, YWTO CTYAEHTR CPaBHWTENBHO
JICTKO YCBAuBAIOT T€ CBEACHMA, KOTOPHE TIOACHAIOTCA B Y4cHHUKe NpH nomoln#
yeprexeil, Hmeano postomy B jlanmnoM  yuebwoMm  IocoGMA  npHMEpH
THAPABIHYCCKHX  pacuBroB  conepexar Goxbinoe konWdecTso rpaduyeckoro
MarepHana. 3aaayM  jaloTeA ¢ NOAPOOHWMY  MHCHEHHBIMU  PCINCHHAMMN.
HexoTophie npuBci€HKBIE HpHMepsl oOMMEHM3IBECTHR JIO IPyTHM  y9eOHERS
HOCODHAM, HO OTUKYAKTCA  MeTOAWKOH pemieHws, KOTOpOH Her B APYTMX
yueOHUKAX H Y4e0HbIX 110cO0HIX.

To xawpoit Teme OmpepIOKeHW 34A3a4M C OTBETAMH 74 CAVOCTOATeNLHON
pabotel. Taxoe wiiowmelHe MaTeppana HO3BOJIACT CTYAEHTaM TIPOBEPUTh CROM
3HAHUA ¥ CNOCOGHOCTH B PEIICHHH 32584 110 THAPOMEXAHAKE.



BBEAEHUE

Tudpomexanusa (runpapnmixa) — HayKa O MEXaHHUECKHX CHOHCTBAX KEAKOH
Cpelibl, © 3aKOHAX DABHOBCCHA U ABHXeHHMA KHAKOCTH, B3apMozeHcTBMR
WHUOKOCTH ¢ TeEpAbiMH  HobBepxpoctsMi. DHApOMexakuka - TeXHHYeckad
NpUKNagyHas ANCUMITHHA, BRIBOAK W 3aKofil KOTOPOH Dpcaua’HayeHml s
pPEITeHHA TEXHUMECKHX M HEDKSIEPHIWX 3anad,

FrapoMexaHuka #BIScTCS OOHOI W3 HAyK, COCTABRIAIOIDNX (yHIaMeHT
WHXKeHEpHBIX 3RaHMi, B BIUNOYaET HCCKOMLKO PasAeNoR.

B pasgene “PuapocraTixa® Aafrc®  BHIBOJ,  OCHORHOFO  YpaBHEuus
THAPOCTATHEHN, OUDSASANCTCH NABJICHHE B TNOKOAMEHCH XuaxocTd, selicieHe
HHMAKOCTH HE NIOCKHE ! KPHBONMACHHLIE IOBEPRIOCTH.

B pasgene “TmapoapmaMixa” pacCMAaTPHBAIOTCA OCHOBHME 3aKORH
ABHKEHHA KHUKOCTH, ypasHetHe JI. Bepuy:iam, HIyystorcd pemimMhl JBIKEHWA
MHAKOCTH H HOTEPH BANOPa B IMBPABINIECKHX CORPOTHRIIEHMAX.

Pazaen ‘“Twjapasnawveckudi pacuéT TpyOONPOBOJNALIX CHCTCM” ABJASTCH
OCHOROH ANA PelICHHA HHKEHEpHBIX 33184 N0 pacyéTy NPOCTHIX M CIOMHREX
TPYOONPOBOAHEIX CHCTEM.

B pazgese “Hcrevenme XARKOCTH Hepe3d OTBePCTHA # HACANKA™ AadTcA
PacHET MaiklX # GOCIBIIMX OTBEPCTHIH, HCTCYEHHUS IKHAKOCTH B3 HACAAKOB.

B cooTECTCTBHM co chnenMalwsanied HIy4waloTes BOLPOCH PABHOMEPIOTD
OBIDKEHUA JKUKOCTH B OTKPHTRX pyciax, ¢uisTpaimy, B3anMoielicTBua noToka
WHIKOCTH B TREPROTO Tela B OpPYTHE .

OBHIME CBEAEHHAA O XKWAKOCTAX

AKudxocms - uenpepeisrag cpena, 002anal0Mag CBORCTBOM TEEYYeCTH R
YpCIBEAITHO MANKIM CONPOTHBICHNEM RedOpMalHN paspLisa.

Paimmuaior xanenslisle, ra3cobpasime W MHOTOQAIHBIE  KEAKOCTH.
Kanensuse xncudrocmu (BOJa, Macng, CHMPT, PIYyTh W T. L), B OTAMMHE OT
razoo0pazapx, o0paiyloT ¢s800600HYNY nOSepXHOCHIG, T. . TOBEPKHOCTS,
OTACIAOUYIC KalleNbHYH XUAKOCTE oT rasoobpaznoil cpenn. K muorodanim
HHIKOCTAM OTHOCATCR TYMALY, LM, HAWCTBIE PACTBOPH M T. It.

TNpexite Yed nepefitH K W3ydeHHI0 QUH3IHUECKUX CBOHCTE WHNKOCTH U
38KOHOB DaRHOBECUA W ABMKCHHA KUIKOCTH, OTMETHM, YT0 eAHHHUN HIMCPEHHS
B THAPOMEXaHUKE  OPWHATEL COMIAcHO MewyHaponsoii cHcTeMe eAWHHY,
Himepenns (CH). Bwmecre ¢ 3THM, B HEKOTOPbIX pacyéTax MNOALIYIOTCH
BHECHCTCMHBIMUY €IMHAHAMM, LIHPOKO NPHMEHSIOWHMMHCE B TIPOH3BOACTBEHNOH
OEeATETLHOCTH.



IL-10THOCTE M YAenLHLIR Bee MMAKOCTH

Hnomuocme - 5T0 Macca XRUIKOCTH, 3AKCTIONEHHAR B ¢vHHIEe oObéMa,
e/IMHRAIA H3MEPEHHS Ko/

p =m/V.

¥Ydenvustii gec — cuna TAKECTH XHHAKOCTH B epuauie obbéMa, elHHWIA
K3MEPCHHA T’

¥ = G/V.

Tak xak cuia Tixkee™Tn G=mg, I0TyYUM NEpecYETHYIO GOPMYTY MEXITY
yIeThHEIM BeCOM W [LIOTHOCTBEC:

Y=PE

Vieasubifi Bec He MBINETCA CTIPABOYHON BeNW4wWHON, TAK KAk 32BUCAT OF
YCKOPEHHA CUMBl TAXecTH (g) B MECTe M3MEpEHHA, IO3TOMY B JansHeimux
pacudtax HyneMm noTb30BATLCH CIPABOHHON BeAMYHHOH NIOTHOCTH (p).

A Texuudeckuy pacwEToB ¢ NOCTATOYROH TOYHOCTBHO MOMHO MPHEHHMATE
{LIOTHOCTE BOAH! (B AaibHeHIIeM Oy/ieM 3annceBaTh Oe3 AHIeKca ) p= 10" xrid,
[UIOTHOCTE PTYTH pm=l3,6'103 /. Jns Opyrx  XuAKocTeld creuyer
nonszoBaTees TaGn | (em. npunoxersue). B arofi Tafauue npnBoasTcs
KOoG(HHIMEHTE ITIOTHOCTH XUAKOCTEH.

Puzpueckne CBoOiCTBA MHUAKOCTEH

B xypce ruspoMeXaHHKH CNeMyeT H3yunTe 1o noboMy yuebunky umu xypcy
aexuuit  caeaylomme $HIAMSCKHE CBOMHCTBA KMAKOCISH:  cacaMaeMocme,
KAanWUIRPHOCb, KARUMAHIHO R §RIKOCHD,

OGpaTaM BHMMSHWE Ha OUIMYECKOE CBOHCTBO MHIKOCTE - BAZKOCTS.
Bazkoemy — cBOACTBC JKHAKOCTH OKA3LIEATL COHPOTHRICHHE CHBHTY HIA
OTHOCHTCALHOMY NlepeMelleHMIO 1088 XUIKOCTH.

B TexnudeckHX pacufrax W UPWM PCLUCHMM 33039 TONOE3YIOTCA ABYMA
koehhunvieHTaM  BE3KOocTH: KoodUDMEedNT JuHAMMUecKOi BA3IKOCTH |,
pasmeprocts  Ilac;  kxosddunment  xuHemarudeckofi  BAzkocTH v,
Npe;IcTaBARIoNH cobofi OTHOIIEHNe AHHaMU4ecKoll BE3KOCTH K ILIOTHOCTH!

v=u/lp .
Ilogcrague pasmepHOCTH W W p B pacuBThyro QopMyily XosdduiuesHTa
KHBEMaTHUecKoH BAIKOCTH, DOTYUHM pasMepHocTh v B cncteme CU — mP/c,

DKCNEPHMEHTATEHO BSIKOCTS WANKOCTH ONpenensercd Bickoznmerpamu. Ilo
BHCKO3HMETPY ONpeleli0T BRIKOCTh OTHOCHTENLRYIO, YeIoBHyle (BY), wiu Tak
HasplBaeMbH rpagye Juraepa (CE). JIns niepexoga OT YCNOBHOH BEIKOCTH X
KO3DVITHCHTY KMHEMATHHECKON BAIKOCTH Vv IIONLIYIOTCS  IMIOHPHYECKOH
thopmynoii ¥6bemoge:

v=(0,0731 "E- 0,0631/ "E)10™.

OrMeTi™, 4TO 3NauCHHC KOa(hHIMENTOB BAIKOCTH KAAKOCTCH IIPHBOJKTICS
B Tabn.t (oM. upuroxenne) ¥ GyieT HCHOIE30BAHO TIPH PELieHHH 337124 B pazge:e
*T'uapoauraMmuka”,



Pasagenr nepsbiif
TAAPOCTATHKA
Inaasa 1l
TFHAPOCTATHMECKOE JABJEHHE B XKAAKOCTH
1. IlonwTHE YRAPOCTATHYECKOrO AARICHAN

B pesymerate aclicTRuN BHEmMHHMX ©Hi1 (IOBEDXHOCTHRIX M MACCOBHIX) B
KWAKCCTY BO3HMKEIOT GHYMPENHHE HOPMUALHSIE HANPAXKCHUA, H23EIRACMBIE
zudpocmamuueckum daenenuem. Taxum o0paioM, THAPOCTATHYECKOS NABICHHE
— 3T0 HOPMAIBHOS CHAA ¢ TOYHOCTHIO 0 OeckoHeuHo Maikx (dR), paBHOMEpPHO
pacnpenenénnas na GeckoHeTHO Manci ncmanke ( dA4):

p=dR/dA.
EAANALA HIMEPeHHS JARIGHEA COOTBETCTEYET PA3MEPHOCTH Hanpmerus Hiv?,

Hpumenauue. B pannom yyeGHoM irocofPm cHOY JaBaenms  Oynem
obozHavars Oykeod R, 4To0m He NyTaTh PR HATHMCARRM JABIEHNHE p ¥ culy P,
nouads Gyksof A, KuK 3T0 IPHHATO P ARCUMTUIAASX MEXaHMDeCKoro npodunrg.

1.1. CpoiicTBa rEAPOCTATHYECKOrO ABNEHHA

IHepeoe ceolicmeo. JlapiieHWe, KK HOpMANLHOE HANpAKEHHE, BCErA
HENPARISHO N0 BHYTPSHHEeH HOPMANN K IUTOINaNKe, BEINIHHA JARASHHA ABIETCH
GyHKDKell TONEKO KOOPAAAAT TOWKH B He H3MCHACTCA BO BpeMeRUY:

p=fxy 2.
Bmopoe ceolicmeo. [laBlleHHe B TOUKe XENKOCTH aclicTByer Io Bcem

HANpaBICHHAM ¥ AMeeT OIUHAKOBYIO BEIHTHHY.

1.2, OcnoBuoOE YpaBHeRHE THAPOCTATHRH, AGCOJI0THOR, MAHOMETPHYECKDE,
BAKYYMMETDHICCKOE AaB/ISHHE

A onpenenenug ARBICHMA B IIOKOAINEHCA KMOKOCTH — IOIBIYICTCA

OCHOBHEIM YPREHCHHEM IMAPOCTATHKH!
P=potpgh. ' (1.1)

Jasnenue B3 moboll Touxke DokoAmelicd XUIAKOCTH CKIATWAACTCH M3
OABNCHUA HE TMOBEPXHOCTH WWAKOCTH (2p) ¥ CHIE THXECTH c1ol0a XUAKOCTH ©
OCHOBEHWEM, DABHBIM eIHHNNe, A BLICOTOH, paRHol IIIyOHHE HOTPYXEHMS TOYKH B
sunRocTs (pgh). Bemwynna pgh moxeT ObITh HA3BAHA SECOEBIM JBBIIEHMEM, HIH
HLIDHINOUHEM JaBICHHEM KRIKOCTH, )

TiosepxHocTHOE gamneRuwe Py Moxer OHTH OO0yciOmleHO AABNeHHeM Ha
MOBEPXHOCTH KAGNBHOA XUAKOCTH FA3a, BOAYXA WAW TBEPILOIe Tens, HAIpAMED
LIOPIIHE.



JlaBlieHHE Ha TNOBEPXHOCTH KHIKOCTH pPo MOKET OHTE paBHBEIM
wtMocdeproMy aasneuvio, Oohbule aTMOCHPHOTO WAH  HEAGCTAIOIHM 10
wrMocdepHoro.

JlapnenHe, paccudTasHoe o©T abCOMOTHOIO HYId, T. €. ¢ Yy9&TOM
aTMOCqepHOro napieHns, HasppaeTca abcomomumm. Tak, ecaon B ypassenuu (1.1)
HABNCHMC HA TIOBEPXHOCTH KHIAKOCTM PABHO aATMOCHepHOMY (P = pg), TO ¥
RABJEHHA p clCMyer NOCTABUTE MHAEKC "alc™ H cuHTaTh ero abCOMOTHRIM

JURIICHHEM .
P =Ds* pgh. (12)

Eciu abconioTHoe — naBaenue Gonsme arvocdiepHOTO, TO AaBiIEnye,
npeastiugioniee  atmocdepHoe,  HAIRIBACTCA  MAHOMEMPUYECKHM,  FIIY
u3bsemourteine (TEpMHMHET paBHO3HASHM). B 3axkphrroM pesepsyape npd YCAOBHE,
YT0 Possc ™ Pay BENMHUKHIA MAHOMETPHYUECKOTO KABICHUA

Pum = Possc ~Pa + PEh

ManoMeTpiieckoe JanIeHne B CTKPLITOM pe3epByape Ha raybuue A

Pum = pgh. (1.3)

Jasnenue, Hedocmaioee ap armoc{epHoro, HAYLIRAETCA
SUAKYY MM ETNDUNECKHUM:

Pox= Pa - Puser (1.4)

NpH YCITOBHHY, UTO Pase < Py
Ilpn pewicekvy 3anau MBEHOMETPHYECKOE NABNCHHE YYUTHIBAETCA CO 3HAKOM "+,
BAKYYMMETpUYECKOE - CO 3HaKoM "-",

Cnenyetr 3anmoMHHTB: WTOOK 3anHCaTh a0COMIOTHOC AARICHHE B MECTE
YCTAHOBKH MaHoMempa, HYAHO K atMochepHOMY NaBneHul) npubasunts
MaHOMETPHYECKOE, T. €.

Patc™ Pa + Prasn-
Yrobu zanucars abCoMOoTHOE JaBjIeHie B MECTE YCTAHOBKA 6aKyYMMempd, Hy XHO
K aTMOCHEPHOMY HABTEHTIO npubasums P, €O IHAKOM MUHYC, T. €.

Pssc = Px =~ Prax-
B cooTRETCTRUM ¢ HINMEEHHBIM Y4TEM, KaK B Jadsuefimmx pacuérax
NOMB3OBATLCA  NMTOASTHAMH MAHOMETPHUYECKOTO, BaKyYMMETDHYIECKOTO M

aGconaranoro aasneHnii.

1.3. TlaockocTs yporus, HouATHe NLpezomeTpHuECKol BLICOTD,
IMOPLI FTRAPOCTATHILCKOTO AABICAAE

TIpu peruennn 3ajay Do OHpPEAETEHAI0 AABNEHUA B NIOKOAHIEHCA KUAKOCTH
HCOOJB3YIOT YCIORHE PaBHOBECHA HKHAKOCTH OTHOCHTCHILHO MAGCKOCHM YPOGHR
(IUTOCKOCTH paBHOTO AABIICHHA).

ITaockocms ypoeHs — 3TO TUIOCKOCTh ¢ HOCTOSHHEBIM THAPOCTATHUECKHM
NARICHUEM BO BCEX TOYKAX 3TOH MIOCKeCTH. BeiBOn yPaBHEHHA [NOCKOCTH YPOBHA



K NPHMepPh! INIOCKOCTH YPOBHY NIPHBOANTCS B yaeOHUKax B ydeOHBIX nocobuax fmo
rafipomexannke (oM. Gubinorpadwmeckuii cmucox).

TYacTHeIM ¢TygaeM IUTOCKOCTH YPOBHA ARINETCA 20PHIONMGILHAN [UIOCKOCTE
B OAHOPOIHO# noKosneics KUAKOCTH, HAXORANICHCE B MoJe AeHCTBHA TONBKO CHI
THKECTH.

ITbesomempuyeckan esicoma, uau MbE3OMETPAYECKU Hallop, - 3TO Takas
BEICOTR CTONGA JXMKOCTH, KOTOp2® CBOHM BECOBRIM ZnaBileHMeM (pgh)
COOTBCTCTBYET AaBleHuio (p) B nokommedcs MUOAKOCTH. XapaKTepRLE cIyuaw
NPCUCTARNCHHA THE30OMETPHTEcKON BEICOTH IpHBeeHH B Yebkoll antepaTrype,

PaccMoTpuM ONMH U3 caydaes, lIycTs MMeeM 3akphIThii pesepmyap,
KOTOpOM Ha choboanoil nmoBepxHOCTH AgcicTBYeT aGcnmoTHOe AapeHwe, Oomblie
arMochepaoro  (paspa) (pue. 1.1,8). Ha tnyOuee i Bumeneda orkpbitas
¢TeRIAHHAA TpY(Ka, HazhBaeMan neeiomempoM. FEcnu 6Bl peaepeyap GRUT OTEPHIT,
YPOBHH XHJIKOCTH B pejepsyape W B HkeloMeTpe OnuiM OBl HB OOHOM TOpPH3OHTE
{kak B coobuiomMxes cocyaax). [TockonsKy JaBNCHUE Ha IOBEPXHOCTH AUIKOCTH
B pesepeyape 6oAbure, Zem armocdeproe, YpoBeHb XUOKOCTA B IbeaomeTpe Syaer
BEIINIE, 9eM B pesepByape.

Bricora, Ha KOTOPYIO MOABRAMEICH KHMAKOCTE B ILSIOMETDE, HEIRIBASTCH
mecioMempuieckolé  BeicoTof  u oDosHazaercs A, [loxawem, uTo
nee3oMeTpUdeckas Bhicora B, courBercTsyeT MISLHTOUROMY AaBaeHnio. IlpopenEm
TOPH3CHTRABHYIO miapckocms yposta 0 - 0 Ha rayGuHe h ¥ cocTaBEM yoilosde
PABERCTBA AABIICHUS, PACCYMTAHBOIO CIEB3 IO UnesoMeTpy (7)), 4 JaencHux (i)
cnpasa 8 Oaxe Ha rnybuue A

a =Py
CoriiacHo ocitonHOMy ypaBHeHwio rrppocTatiku (1.1}

Pr=patpghy P2 = Pase ~ PEAY
P pghy = Pusc + PgAY

h, =P PotOBR _ Prs (1.5)
Pg PE

Vcnosue gokazano, rakum obpasoM, H30RITOMHOC JaBneHHe B :noboll Todke
TIOKORMEHCE WUAKOCTH MOXKHO BaMeHHTh J4uMeHHMeM cronfa MOgKOCTH B
IIBE30METPE. AHANOrHYHETe PacCyHACHHX MOKHO HpOBECTH mo
BAKYYMMETPHUECROMY JABISHUIO.

I'padiveckoe npefcTapieHne BENUGRHE U HAPABACHUA HOPOCTATHIECKOTD
BABRCEKA, AeAcTRyOLlero Ha molylo TOMKY IOBEDPKBOCTH, HAILIBACTCA IHOPOH
dasrenun. CornacHo ocHOBHOMY Yypasmenwio THApoctaraky  (1.1), zaxom
pacnpeaenedns garnenus () mo riybune (h) nHHeHHRIH,

Ha puc. 1.1 npencranienn suopal abcomoTnoro Hannenus (6) u BecoBOro
AABJICHH HBAKOCTH Bea yu&Ta AaRiteHus Ha MOBEPXHOCTH WHIKOCTH (B).
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31110p£-1 JaBJIGHHA NMPCACTABIRKOT COOTBCTCTREITHO PARHOMEPHO
pacrlpcueaéﬂny!o HArpy3ky B BHIOC TPalleniHH AldA &0COMIOTHOTG WM TIOXHOTO
MABICHHA W B BHIAE TRCYI'DIBHRKA M1A BECOROIO JAaBNEHHA. Yron HAKMOHA HIHOPLL a
3ABHCHT OT BCIWYHHH [JOTHOCTH XHAKOCTH p. CTPEJIKEIMH NoKa3aHo, ©To

aasnenne B mobolt Touke mo rmyOuHe AeitctByeT mo BHYTpeHHell HopManM X
NOBEPXHOCTH AB.

1.4. EAMAHNE hiMepeRRs AABIEHHS

Ocposnoli cuctemolt eaMHu HaMepeHua nasieHds apiasercs cHcrema CH.
Ho uapsny c »roif cucTemofi HPY TEXHMTECKWX pacu€raxX H B IPOHIBONCTBEHEOH
NPEKTHEKEG NOIRIYVIOTCA TexHMdecko# crctemoli (CGS) u  BHECHCTeMHBIMH
€/IMHATIAMM HIMCPEHMS.

Cucrema CU: Biv® = T1a; 10° Ma = xTla; 1087Ta = MIia; Gap = 10°Ia.

Texnmieckar cHcTema: 1 xre/em’ = 1 ar; kre/m’.

BrecHCTEMHLIE €MHHLIE W3MEPEHUS: MM DT. CT.; M BOA. GI.; MM BOJ. CT.

TNoxaxem nepepod eZWHML HRMEPEHNAS JABICHHA:

1 aT =1 xre/en® = 10 kro/m? = 9,810 1/m ~ 98 kI Ta;
1 ar = 735,6 MM pT. CT-

1ar=10wm BoA. cT.

1 MM pr. cr. = 133,3 ITa.

Ileperog enmuMI H3MEpeld RABNEHMA U3 aT Wi [la B BRICOTY cTONGA
JKUOKOCTH ¥ HA0BOPOT MoxeT GpITH BHMOAHEH 10 hopMyNay:

H=pipg wn p=pgtl.

[poBepAM TIpHBCIEHHLIC BHIUC RE;THYMMHBL. IlTepeengsm 1 at 8 M BoOm.CT.,
2HAN, UTO IITOTHOCTS BOZLL = 10° xriv®:



Hopor. = (98-10%) / (10°9,8) = 10 ne.
Temeps nepepentm 1 aT B MM PT. CT. IpPH fNOTHOCTH PTYTH Py = 13,6 10° xr/m’:

Hyreo = (98°10°)/ ( 13,6:10°9,8 ) = 0,7356 m = 735,6 mm.
B npunoxenmn (1a6a. 2) mpupedcHO COOTROINEHHE MeXAY elHHHLEAMH
AaBneEA.

1.5. IIpamepsl pemrepnd 34229 IO TEMe:
“I'nApocTaTHeCKoe JaBIEEHE B KHOKOCTH™

Jagaua 1.5.1. K pesepryapy {(pumc. 1.2), sanomneHHOMY OGeHaHHOM
TUIOTHOCTHIO Pgo™= 700 xr/M’, TpHCOSIMEEH U-obpasHbii pTyTHEE MasoMeTp,
nokajanue koToporo A= 0,1 M; yposens Macita Hajl pTyTEio A, = 0,2 M,

Oripenenuts aGCOMIOTHOE JRBICHHME Dy NHAPOB HA NOBEpXHOCTH Genzuna W
HoKazaAWe IpyXHHHOre MapoMeTpa (e, obosHauyenwe Oyksoit M),
YCTAHOBIEHHOIO H4 KPLOOKE Pe3epPByapsa, & TaKKe BOIMOXKHYIO BHCOTY YpOBHA
beEanHa B mpesoMerpe Fy, npw yonosuH, wto A=0,75M; a=0,15m H=1,1m;
TIPHHATS INIOTEOCTS PIYTH Ppr = 13,6107 kr/M’; 10THOCTE MACHE Py, = 820 Kr/M’.

P
&
1 e ._.{’:&_ — Pai
—_— - MacAao
& -l - -=m - T
.l t_..__“,___ B -2[_
i 1 %= £
“t-— = {0k A O
0 pi Ps_g Semun~ PTyTSL
Pac. 1.2

Peurenne. Peurenne sendM ¢ yaéroM aTMocdepHOro NaBlenns, TAk Kak 1o
YCROBHIO 3a51a9H TpeliyeTcs onpeaenyTs abcOnmOTHOS NJaBeHne napos GeHInHa.

Jias pemenms zagadr  BOCTIONR3YEMCH [IOAATUEM IIOCKOCHIE YPOSHN.
Bribepem mnockoetk ypopax (-0 Ha paszene xuaxecrei GeHsHH - pTyT: R
COCTSBHM YCHOBKE DPABEHCTBA HARICHHY, NPHPABHAB JaBeHWs B Opasom (p() W
nepoM xonese (p; ) --ofpasnoro ManomeTpa:
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P =ps
P17=Pat Punc8hu + Pplty: 5
P2 = Pase + Poacglh +a).

flpnpasnsem naBneHne B rpasoM | NesoM konese U-oGpasHoro MaromeTpa:
Pat Punc€hiu + PpiBfpr = Patse ~Poemlh Ta),

oTcioa aGeoNeTHOE AaBaenue mapoe BedsuHa:
Patc = Pa + Pruachu t Ppughip: — PoensBll + @)

[pweaman armocdepnoe gasnenne p, = 98:10° Ta = 98 «TTa, nomyurm:
Paic = 98:10° + 820°9,8-0,2 +13,6°10°9,8-0,1 - 700-9,8:0,9 = 106,76 10° [fa.

IMokazanne MaoMeTpa, YCTAHOBACHHON Ha Kphiake Gaxa, MOMHO ONIPeACINTh Tak:

P = Pabc ~ Pa = Puec8hu + Ponhipn — Poernlh ~a) = 8,76 xlla = 0,089 ar.

Hnaa onpeaeacHus posmMoroll BeIcoTh feH3HHa B nbezoMeTpuyeckofi pylxe
hp cocTaBaM YCNOBHE PABHORECHS XHIKOCTH OTHOCHTGABHO MIOCKOCHIH YPOGHA
0-0 B 3TOM €AYYAE PACHETR MOMKHO BECTH N0 WIDHTOYHOMY (MAOMETPHYECKOMY)
AangeHno. JI1A BAOCKOCTH YPOBHA 0-0 zanumen PABEHCTBO AABICHUIM Py = py:

PocnZily = P + PoongH,

oTCIona h,=-—"5-3+ H=238m,
Psen 8

Omeem: pg, = 106,76 - 10° Tla = 106,76 K11a; puy = 8,76 klla; ki, = 2,38 M.

3anavwa 1.5.2. [lpa peszepnyapa, 3ali0MHEHHbIE BOJOH W OeHIHHOM, THIUNA
HCHTPOB KOTOPHRIX HAXOUSTCA HA OJMHOM YpPOBRE, COCAHHEHB! IBYXKOIEHHLIM
PTYTHEIM MamoMmeTpom (puc. 1.3). ITpocrpanctso MOy YPOBHAMM PTYTH B
MAHGMETDE 33NOIHEHO MACAOM IUIGTHOCTBIO Pysr = 900 KM

OnpenennTsb, B KAKOM pesepByape Nap:ieHMe Donbllic H HA KAKYIO BETHIMHY,
€CNH BHICOTH YpOBHEH XMAKocTedl COOTBETCTBEHHO: M= 250 MM; Fy= 120 mM;
by = 80 mwm; Ay = 50 mum. TTpenaTs n10THOCTE GEH3HHA Poys =720 K, PryTH
Pp=13,6:10° ki,

Pemchne, PeiepByaphl 3aKphiThl, NOITOMY JARICHHE OyAeM paccauTmiBaTh
no HIGLTOYHOMY JapBIcHM Gez yq&ra atMocdepHoro aasnenns. Oboznaanm
DaBleHHe Ha YPOBHE LEHTPA B JICBOM PEIEPBYape P4, B IPIBOM - pp.

TlokaxeM NoNOXKeHWe MAOCKOCHIEH YPOSHA VA [IAHHOH PaBHOBECHON
CHCTEMEL: 310 miiockocth  0-0; 0-0 u 0-0. DTH TOPH3OWTANEABIC ILIOCKOCTH
NpoOBOJASTCA N0 0ZHOPORHON KuakocTH: Nnockects -0 no Machy, mee NpyrHe no
pryTH. Jlas 3THX mnockocTed 3amumeM YcAOBHC PEBCHCTBA AABGICHHI: Py = by

11



P3=ps ps=ps Thockocts 00 ABISETCH GCHOBHOH IIOCKOCTBIO PABHOBECHOIO
COCTOAHMA, ANA KOTOPOH py =pP2 -

CornacHo ocHosHOMY YpasHenwro raapoctatukn (1.1), urobm 3amAcars
JaBNenHE pi, HYKHO K JARJEHHUIO B eHTpe pesepbyapa A (p,) npubaBure AasileBne
cronba BOMB  pghy - DONYSHMM JAsiieHHe p; = py, H3 JaBICHUS Py BRYTCM
(noaHAMAeMCs BREPX) JABTeHME CT0AGa PTYTH Ppr gh: 4, TRKAM 0GpazoM, nomywg
HarneHue p,:

DV = Pa * pgin — ppe gz

AHANOTHYHO 3aNHUIEM JaBAEHNEe pyf X AABICHHIO B LEHTpe pesepmyapa B
(ps) npubaskm nasnenne cTonba GEHINEA PecaRhts U NARITEHHE CTONOa PTYTH Ppcghs-
HOMYUHM MABNEHNE Pg = ps 3ATEM OT ILIOCKOCTH O-— O NOAHAMEMCH BBEPX O
nzockocTH 0-0, T. &, BRIMTeM AABNEHHE CTONOR MACHTA Pysc €77 M ONYYHM NaRNEHHE
P2

P2 P8 *Pocwlis + Ppria — Puackts.

Puc, 1.3

CornacHo yeprexy, Bucota cronda GenanMa ks = by — b + by — By = 160 mm.

Ilo pacupegenewnic ypoBES PpryTd B IEQQepeHLHAIBHOM MaHOMETpE
NpenosaraeM, YTo fasnenyde B peseppyape A Gonbime, Yem JamieHHe B pesepeyape
B. HaxonmM 3Ty pasHOCTS:

Ap = pa=Ps= Pocns 85 T Ppr8Ha— Prac B3 - P F Ppr .

Hp}[ NoACTaHOBKS YHCAEHHLIX 3paveHHi cneayer nepeBeCTH PBRICOTH
YpOBHEH KUIKOCTH B M,

Omeem: Ap = py—pp=20,63 Klla.

OTEeT NONYYRNCS TIONOKMTETLHEIM, 3HAUUT, NPSNNONOAKEHNE, JTO AaBNeHe
B pesepByape 4 Goubllie, BEPHO.
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3agaua 1.5.3. Oopenenmts, Kax0¢ NAWICHHE - MAHOMCTPHYECKOE MIIN
BaKyyM, NOKAZKIBAET MAHOBAKYYMMETD (P\p), YCTAHOWIEHHHH N0 0CH peaeppyapa B
€ KepaCHHOM, ecH TMOKa3AHHE MAHOMETPa Ne NEHTpY peiepeByapa A ¢ BONOH
Paan= 0,12 ar. Mexay pesepeyapavu noapcnonés U-oGpasusiii pryTHmif MaHoMmer),
NoKazaHue KoToporo Fig, = 200 MM; pacCTOSARe OT YPOBHS PTYTH B JIeBOM KOJIeHe
Ao ocH peseppyapa A i = 300 mm. OcH BeHTPOB PE3EPEYAPOB HAXCAFICA HA OMHOH
huHHR (pHc. 1.4).

IIpHHEATSL IIOTHOCTL KEPOCHEA Py = 820 l(]'fM]; PIYTH - ppr = 13,6 10° xehd.

Hpumeunnue. Manosaxyymmernp — 310 npulop AN M3MepeHHs Kak
MaHOMETPHYECKOTO, TAK M PAKYYMMEIDHHeCKoIe JaBlicHus, HMeowmd mxary
HIMepenns co 3HaKoM "+ (MaHoOMCIpHYeCKOe HABNEHHWE) W CO 3HaKoMm “'-F
(BaxyyMMeTpHuecKoe AaR1CHNE).

Puc. 14

Pemenge. B 3azasax 1.5.1 w 1.5.2 wonpofHo HINOKeHa MeTOAHKA
OTpeneneHns AABACHMN NYTEM COCTRRICRHA YCIOBHMH pAaBEHCTRa JaBRNEHMA
OTHOCUTENLHO NNOCKOCTH ypoRHA. 3 5THX peinennit CNeAyeT CAENaTh #61600M.

Bo-nepsvix, no NAOCKOCTH YPOBHA MOMHO nepeiiTH B mobyw ToIKy
¥HOKOCTH, H N3BICHHE OCTAHETCH TOH %e BeJHIHtIbL

Bo-smopuex, npn pacyéTe BecOBOre JaBNeHBS KMAKOCTH {(pgh) B chaydae
yeeanuenun zaybunst (OTCUETH BHM3) JaBleHNE YBEIHYHBACTCE H YIHTHIBAETCH CO
3sakoM "+", B cnyvac ymenssienun zay6unsi (1OAHAMAEMCA BBEPX) DaBICHHE
YMEUBLINAETCA W YUUTHIBAETCE CO 3Haxom "-"",
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B pasuoit 3apaue (cm. puc. 1.4) ccHOBHON INOCKOCTEIO YpOBHA ANA Boel
CHCTeMH sRfderca mrockects 0-0, B gesol 3acTH oHa npoXoamT no Boje, B
tipaBoii ~ o pryth U-oGpasporo mMauomerpa. Jla stolf mnockocts py=p, = ps. B
APYroi TWIocKOCTH 0-0, npoBeEHHOH B KEPOCHHe, py = ps. 3anady Gynem pemars
fe3 y=éra armocdepHoro JARNTEHHA. 3JHAYMT, ¢CNY PacCIMT2HHOE JARNEHUE Ha
YPOBHe YCTAHOBKK MaHOopakyyMMerpa (MB) nonydiTces NOAmKATENRERM, TprGop
paboTaeT kak MaHOMETp, €ClM JA2BIEHHe IOAYYHICH OIpHNaTeThHbM, T. e
BAKYYMMETDHYECKHM, TprGop paloTaeT Kak BAKYYMMetD,

A Teneps 3anumeM [JABIEHHE HA YPOBHE YCTAaHOBKM MaHOBAKYYMMETpa
IYTEM CIEAYIOMMX paccyxaeHnit, FiMeeM MaEOMETPHYECKOE TORICHHE Dyyy [O OCH
peaepRyapa 4, modnuMaeMcs 0 NIOCKOCTH YpoBHA 0-0, 3Ha9MT, SMdRnacM-
HAaBNcHHe cTonba BOmW pgh, TIOAydacM JAaBRNEHHE p), 10 JUIOCKOCTH YPOHHS
nepexofuM B MeBoe koseHo UlobpasHoro maHoMeTpa, I'fe p; = po. 3areM
TIEpeXo(UM B IPABOE KONEHO MAHOMETDA, TIC P3= Py, MOOKRMEEMCR K ILTOCKOCTH
0-0, 31AuKT, Ss/MumaEM TABREHAE c'ronﬁa PTYTH Py ghyr, ONyyacM NaBleHnRe pg;
TICPEXOANN 1O [ANOCKOCTH YPOBHS 0-0 x AARTEHMIO ps = py. K mocaegrult aTam:
TOIy9CHHOMY NARACHIIO ps HpRbasiRes NaBleHne CTON0a KEPOCHHA Py, 2(A+Hy),
TIOCKONLKY OMYCKAEMCR @HUT IO OCH PE3¢pByapa B,

. TaxnM 00pasom, 3amHcalA jaRIeRNE N0 OCH PE3cpBYapa ¢ KEDOCHHOM, [T
YCTAROBIEH MAHOSAKYYMMEMP.
IIpencTaBieHHBIE PRCCYRACHAA 3aNHIleM CAeHyIOnuM offpaloM:

DPuan— PR — Ppe i +Puep B AHhp) = P
HO,H.CT&BI!M YHCACHHEES IHATCHHA:

P = 0,12-98-10° — 10°9,8-0,3 -13,610°-9,8-0,2 + 820'9,8-0,5 = 9,810 - (1,2-0,3-
-272+04l)—-14198103I1a--1382x11a.

3nax “-% CRBHMETENLCTBYST © TOM, TIO MUNHOsaKyymmemp pabortaeT Xak
saxyymmemp. Iloxananpe BAKYYMMETPa e = 13,82 xlla = 0,14 ar { B Takoit
3ANHMCH HAMCKC 64K 38MEHAET 3HaK "-").

Omasem: MaHOBAKYYMMETp paboTaer Kak BAKYYMMETD H HOKAIHBAET
BaKYYMMETPEHUECKOE ARRIEHHE Py = 0,14 a1

B paspere 1.6 DpwpeneHR! 3agauM A4 caMocTodTexaeHoB paGore Do
YCBOSHHAIO SHARHK ONpeNenreHH JaRICHMS B NOKOMIEACS KAZKOCTH.
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1.6. 3anaun a9 camocroaTennHoii pabore no Teme:
“T'ujpocTaraveckoe JABIEBRE B MUAKOCTH™
3agaua 1.6.1
Onpenendrs, xkakAM DprGOpoM CIEAYET HIMEPATDH

napnende B Bake,
MITOAHCHHOM MECAOM, H ToKalaHue 3Toro npHGopa (B ar), YCTAHOBIEHHOTO HA
rnybuse A = 1,2 M, ecny HoKalaHHe

U-obpasiolo PTYTHOrO MaHOMETpa,
YCTEHORTEHHOTO HA IOBCPXHOCTH Macaa, Ay, = 200 mm. TIPHWATE IKIOTHOCTE Macna
Pus= 900 xr/v’ (puc. 1.5).

OrBer: cnefyer NoNs3OBATECA BAKYYMMETPOM, Puows = Paac— 0,163 at.

ﬂ*
? |—=|-_
ﬂuac:;;_"'
>

Var J 0 ar v v 7 B v
Pue. 1.5

3aaaua 1.6.2
Onpenenuts

mokazanse [lobBpasHoro prytHOoTO MaHoMerpa (M),
NOMKMO4EHHOID K pelepayapy ¢ MaciaoM Ha ruybhHe k2 = 0,8 M, ecin noxasanwe

HNPYRUAHOIO MAHOMETDA, YCTAHOBICHHOIQ Ha Faybude k= 1,2 M, pue= 0,15 ar.
Ilpunate nonpasky prytHoro maHoMetpa a = 0,3 M,

WNOTHOCTE MAacHR
Pusc™ 900 i1/ M, LIOTHOCTD PIYIH P = 13,6 10 3 kv’ (puc. 1.6).
Otrer: k1, =104 My

AP} p)

R i

£ _4=h |
M -—--v
AL U

MACHIO
VO ey

Va4
Puc. 1.6



3agaua 1.6.3

OnpenendTs pasnesne (pg) Ha DOBEPXHOCTH OCHIAHA B IAKPEITOM

ptaepByape H MmoOKazaHHe MAHOBAKYYMMeTpa (p,,), YCTAHOBVIEHHOIO Ha rnyGuHe

h = 1,5 M, ecna nokazanmue {U-06pasHoro PTyTHOIO MaHoMmeTpa /i, = 400 MM,

Mpusats rayGuny Hy = 1,0 M, TIOTHOCTS GeIRHHA Pay = 720 Ki/M° (puc, 1.7) .
OTRet: py= Do = 60,4 kl1a; po= pr=49,8 kI1a.

Ps —C

el €7 -

= MB
Y

eI

Puc 1.7

3agaua 1.6.4

Onpenenits 86COIEOTHOS NARICHHES Ha DOBEPXHOCTH GEHIMHA B 3aKpLITOM
pesepByape {py), A4 TAKKE [CKA32HHE MAHCBAKYYMMETpPZ (P, B Gap),
YCYAHOBIEHHOIO Ha royOune Ay = 1,6 M npH 3apanHeX BesmAumHax b = 0.5 M,
hy = 300 MM, armocdeproe japnende p, = 740 mm pr. or. TTpuHstrs MIOTHOCTS
GER3MNE Poos = 720 KI/M°; PTYTH P o= 13,610 xr/u®. Jlarnenwem Bosgyxa B U-
obpasAOM PTYTHOM MaHOMETpe MOXHO peHeOpeup (puc. 1.8).

OTBRY: Pousc= 55,13 Wlla; pun™ o= 0,32 Gap.

r———-——ﬁ
R
e — — Pa
A i
- = 3
- - Ul
mB -
-5 — pTYTH
CM3IHWH
PTTO7TT 777777777
Puc. 1.8
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3apava 1.6.5
Onpenemats, KaxiM npHBopoM (MaHOMETPOM HIIA BAKYYMMETPOM) cleXyeT
H3IMEPHTh NamjeHUe rasa B OalloRe 00 DokaiarAw () ABYXKHJKOCTHOTO
JameyHOro MAHOMETPa, JaNONHEHHOTO Booi H PTYTEIO (p o = 13,6°] 0* xr/n ),
ecad H=0,6 M; h=100um; Ah=40mm.  Tlokazanne npnbopa npeacranirs
B ar (pue. 1.9).
Oraer: clieyeT NONL30BATECA BAKYYMMETPOM, Dipws = Pau = 0,13 ar.

Puc. 1.9

3anaua 1.6.6
OnpenearrTs abcomoTROC JaBneHHe BO3AyXa E pesepByape B, ecim
NOKA3AHAC MEHOMETPA, YCTAHOBISHHOTO 10 LICHTPY pesepByapa A, 3al0NHEHHOTO
MACHOM, Dy = 0,12 at, BacOTH ypoBue#t Macnta H pTyTin b U-oOpasHom pTyTHOM
nndpepenuyansHoM MaHoMeTpe A, = 600 Mu; A = 200 mM (phc. 1.10).
TIpHEATL ILIOTHOCTD MACAR Pua: = 900 1/ M PTYTH pp, = 13,6 10° xr/n’,
Oreer: pos.= 88,4 x1Ta.

=
e
||'°t

L
Fm

pm'_

hy

}

he

PTYTh

Puc. 1.10
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3anaqa 1.6.7
Onpegenurs passocTs aasncEkid (B ar) B nertpax TpySonposogos A4 u B,
3ANOMHEHERIX Rojoli H MAcNOM, cciid BHCOTH YpoBHed BOZW H Macia B
U-obpastoM pryrhom muddepediaamEoM ManoMerpe: ki, = 500 MM, hy, * 400 wmm
(pue. 1.11).
IIpAHATE MIOTHOCTE MECHA Py, = 00 Ko ; PTYTH ppr= 13,671 0* xrid’.
Oreer: Ap =p,-pp=0,122 ar.

" Pame. 111

3agaqua 1.6.8
[Ba cocyna HAIOMHEHH PAIHOPOINHMH XUJIKOCTAMI: MACIOM ¥ KEPOCHHOM.
Ha oosepxsocTd smarocteli B cocyzax AelcTaYIOT NERREHNH Py ¥ py.

Halita pasdocts srix ganneHuii, ecmd noxalamme [-ofpasyoro pryTHOrO
Mapomerpa ki = 100 M, BRIcOTa YporAs Macna [ = 500 MM, DpeRbilleRye YPOBHA
¥epocuHa A =40 mu. TIPHEATE IMOTHOCTH MIJKOCTER: MACIE P o= 900 KT/M;
KEPOCHHA Py = B00 KI/M°; PTYTE Py = 13,6 *10° ke’ (pme. 1.12),

Oteer: Ap =p;~p; = 0,126 ax.

=

r:sr

1“

MBCNO KEpocHH

Pnuc. 1.12
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3apaua 1.6.9
M3 otkphiTore peaepsyapa C wepes 1pyGy B Bona noansta B pesepeyap 4 ¢
raybudoi zanonsenna k = 0,5 M. Hamrenue BO3/yxa HA NOBSPXHOCTH BOUEL B
pescpeyape A aamepero U-00pa3isiM PTYTHRNM MBHOMETPOM, TIOKa3aHye XOTOpoTo
by = 200 mm (puc. 1.13). Onpemeuts Bricoty Bomst H B Tpybe B. Ilpunars
ILTOTHOCTE PTYTH pyr = 13,6°10% xr/m’.
Oreer: H=2,22 m.

T — poma — C

A S B S o

Pre. 1.13

3apaqa 1.6.10
Onpenenuts 136urrouRoe aasnerse p, (8 6ap) B NeHTPe cocyaa ¢ GeHIRHOM,
eCIH NUKA3AHAC MAHOMETPA, BIUMOYEHHONO HA YPOBHE UEHTPa cCOCYAa C Bonol
Pune= 0,12 aT, BEICOTH Yposueit xuaxocteil: y = 400 wv; ; = 200 mm.
LlenTpsl pesepsyapoB HaxoZfIci HA OJHOM YpoBHE. [IpHHATL IDIOTHOCTE
OeH3NAA pge = 720 KT/M; PTYTH Py = 13,6'10°kr/im’> {pHc. 1.14).
OtRer: p, = Py =0,354 Bap.

Puc. 1.14

1%



Japawa 1.6.11

OnpefennTs [OKA3AHME MAHOMETPA Py (B 8T), YCTaHOBNCHHOTO Ha
Macnomporone AnaMeTpoM d = 200 MM, ecira abcomoTioe AaRTeHMe B BOAAYITROM
PeIepByape Pus: = 0,9 ar. Mexay BOSOyIIHBM pPesepByaDOM H MACIONPOBOAOM
riomaaouén U-ofpasHaiil pTYTHEIT MaHOMETp, MOKA3alie KOTOPOro Ay, = 200 MM.
Bricota cTonfa Macha ©T OCH MACHKOUpOBCJA KO YPORHA prytmr B L-obpaznom
Manomerpe Ay, = 600 mM. IIpHHATS WIOTHOCTD Macia Pu = 900 kr/m’; pryta
Ppr=13,6-10° ki’ (puc. 1.15).

OT1BeT: py,, = 0,11 at.

Prc, 1.15

Zaasus 1.6.12

B szaxpeitoM pesepeyape A, 3anONHEHHOM MacioM, JaBheHie Ha
NOBEPXHOCTH HRHKOCTH pg. Ha rnybuue £ = 0,6 M nomenogén U-oOpazHbul
PTYTHRI MAHOMETP, [IOKA3AHAE KOTOPOTO Ay = 40 MM, TOHHKEHRE YPOBHA PTYTH B
TpanoM kodeHe a = 0,24, Onpenennts nasieane py (8 6ap) Ha nosepxmocTn Macns,
8 TAKKe BHCOTY Nogbésa pogsl (f1,} B cTeIIMHHOI TPyOke, OIYIeHNOH B OTKPLITLIA
pesepayap B, sanomHernnii poaoii (puc. 1.16).

TIPMHATE IWIOTHOCTE MACHE Prye = 900 XI/M*; PTYTH ppr= 13,6:10° krvn’.

OrBeT: po= Py, = 0,124 Gap; h=1,264 M.




3ana4ga 1.6.13
OnpeneTuTh, Ha Kakoil BelcOTe Z HAXORHTCA YPOBEHB PTYTH B JIEBOM KOJEHe
U-00pazHoro pryTHOTO MAHOMETpa, eclld IPW MEHOMETPHYCCKOM JABIEHHA [10
HERIPY MACAOTIPOBOAA P, = 0,24 0ap M nokasaHW¥ pPTYTHOTO MaHOMETpA
by, = 110 MM cHcTeMa HAXOFHTCA B paBHOBCcHH. IIpnHaTs mioTHOCTs Macha
Praze = 900 KE/n’, IIOTHOCTE PTYTH P = 13,6°10° kr/at’ (puc. 1.17).

Otaer: Z=1,06 M.
3

w AN TU

Puc, 1.17

3agaya 1.6.14

llsa pesepsyapa A ¥ B, aunuH LEHIPOB KOTOPLIX COBIANAIOT, COETHHEHE!
IBYXKONEHHBIM PTYTHRIM MaHOMeTpoM. Onpenenurs, Kakum NpubopoM cremyer
H3IMEPSTE JABNEHWE BOINYXd D, B peiepByape B, eciu JIABNEHHE HA NOBEPXHOCTH
po/il B pesepByape A puy = 0,18 a1, a pasgocrn yposmel pryre B
audrdepeHmmansiom  MaHoMetpe: i = 100 mm; Az = 120 mm. Yposens pryTh B
JIeBOM KONMCHE PacloloxeH HHXe YPORHR BOIORI B pe3cpeyEpe A Ha BelWaidy
h = 0,5 M. TlpocTparcrBo MeXAY YPOBHEMM DPTYTH B MaHOMSTpE 3IdOONHEHO

MACTIOM IUIOTHOCTEIO Py = 880 kr/v’. IIpHEATE IUIOTHOCTE  PTYTH
Ppr = 13,6'10° xr/m’. TLroTnocThio RO3JyXa [IpM pacuéTax MOXHo IpeHebpeus
{puc. 1.18).

OTBeT: [aBIeHHe UAMePAETCA BAKYYMMETPOM: fy = Pyoy = 5,9 KI1a = (0,06 ar.

< BOKA > M - BOWX
L
£ &
-]
APTYT!
Puc, 1.18
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I'mana 2

CHIIA JABJEHHSA XAJAKOCTHA HA TUIOCKHE IIOBEPXHOCTH

B npakTEKEe THApaEAHYECKHX pacuéTOB WacTO TPHXONHTCH ONPEASIATH
BENMIARY M TOYKY HPHUACKESHMA CHIIH AARNCHHN MUAKOCTH HA MIOCKHE CTEHKH
pazauuHoil xondrrypauuy. TaKuMP IVIOCKHMH CTEHKAMH, BOCIIPHHMMAIOITMMM
NIABIEHME MHIKOCTH, ABINIOTCH CTEHKH Pe3epBYApOB, IFOCKHE 33TBOPH, KPLILKH,
FPAHA IUOTHH, 3JIeMEHTH THAPOTCXHHYECKHX CoopyeHn | ap.

HAaa  onpeneneHHS CRIH  JIARICHHA KUOKCCTH Ha IUIOCKHE CTEHKY
TNONE3YROTCH IBYMA METOIAMH - QHAIMMIMECKUM B ZPaQo-GHAIUMHYECKMM,
Ananumimecknii METOA DpAMEHEM VA 1UIOCKAX CTEHOK oGol dopMu, rpagio-
AHATHYECKUH - TONLKO A1 NPAMOYTONBHEIX CTEHOK.

2.1, Avanureveckuii MeTo ollpeie/ieHns CHIILI JABICANE EKEAKOCTE

Jag pacura culll DOMHOrO MIH AGCOMIOTHONO AABNEHHA KHIOKOCTH HAa
MIOCKYI0 NOBEPXHOCTD IONB3YIOTCH AHAANTHYECKOH pacu€THOM 3aBUCHMOCTBIO:

Riom =pc A (2.1)
Cnna monROro AaBAeRHS KHEAKOCTH HA NJOCKYI0 CTEMKY paBHa
WPOMIBEACHAI0 IIOWAAM cTeHxH (4) Ha noanoe AaBMewHe Wa riyGmme

DOrPYAeHAS HEHTPA THXNSCTH CTEHKA B AHAKOCTE (Pc).

CornacHo ocnosnomy ypaanenuio zudpocmamixy (1.1), nasnenne aa
rayGHHE NOTPYXeRUS LIEHTPA TORECTH CTCHKR (P)

Pc=po+ pghc, 2.2)
rae Ac — MybuHa Norpy®enad EHTPa TAXECTH CTEHKE B WHAKOCTE, OTCYHTSHHAA
o7 Ce0GoONDT TIOREPXHOCTH;

P - TOTHOCTE KHAKOCTH;
£ - ycKopeRHRe CBOOOLHOTO NajieHUd.
B dopmyae (2.2) mapneRus Ha NOBEPNHOCTH MATKOCTH (Pg) Moxer GLirh
aTMochepHsIM, MAHOMETPHISCKHM (W30 TOUHEIM), BAKYYMMETPHYECKAM. PopMy.Ty
(2.1) ¢ yatrom dopmy:n (2.2) MOKHO 3aTHHMCATE:

Ruom = pod + pghc A @3)

Taxpm ofpazoM, CHIE NOXROTC JaBNeFAA Mo¥eT GHTE OPCNCTARIeHa B BIIC
HBYX COCTaBILRIOMEX:
CHIIA SHEMINEZD, Wil NOSEPXHOCHINO20, NABICHHT

_ Ro=pod; (24
CICTa #eCO8020 AABNCHHA HEKDCTH
Ry =pghcd. 2.5)
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Cuna nonuoro AasieHHA Ry, AAXOIMTCA K3K TCOMETPHYECKAR CyMMa ABYX
napanensHx ¢ET Ry B Ry

—— -

lelﬂ =Ro +£.

JlaBneHHe Ha NOBEPXHOCTH JKHIKOCTH, COINlacHQ 3axoHy Ilackans,
nepenadic BHYTPL KHMAKOCTM BCeM TOYKaM 63 HM3MEHelMs. 3TO 3HAYHT, 9TO
3Mmopa BHEIIHErc MaBleHMA (py) WPEACTABNAET PABHOMEPHO pacnpeiengHRyIo
OpAMOYTONEHYI) Harpy3Ky, a paeaofeficTeyionian Taxoii marpysxs  (Rg)
RPUACHCENA 8 REHMPE MAICECIU ROSEPXHOCIY CINEHKN, T. €. HA TTIyORHE A .

Cocrapmoiliad oT BECOBOIO JaBICHMS WHAKOCTH R, NOpHNOXKeHa B TO4UKE,
HasLBacMoll yenmpom daerenus.

T{eutp pasnenma cumul R, BCEIAA pacnonaraercs HWKe LCHTPA TIKECTH
cTeHkH. [ yOHHa norpyaelns iteHTpa XasncHra {(hp) paccIHThIBAETCH 10 (opMyNe

s 2
By =h + I sm__a’ (2.6)
R hoA
I sina
rae —-:h—A——- =g — OSKCHEHIPHCHTET LeHTpa JaRNeHMs, ero  BenMHHA
e

COOTBETCTEYET CMENICHHIO UCHTPA KAaBICHAA OTHOCHTEIRHO LICHTPA THIKECTH;

fc — HeHTpanBHEIE MOMEHT WHEDIME NIOCKOH CTEHKH OTHOCHTENLHO
ZOPUONMLABHON OCH;

0 — YTON HAKIOHA TUIOCKOH CTCHKY K MOPR3OHTY.

B npunoxenny (1201 3) Inm HEKOTOPRIX MIOCKHX CHMMETPHYHEIX GHATYD
TNPUBENCHN (OPMY.TH OIR ONPEOCRERUR MEHMPAILHMX MHOMENMOS HHEPUNN
OFtHOCUMENbHO ZOPUIOHMATbHOM ocu, naoupded o KOOpOuHam X HEHMPOSs
maxNcec,

Jlnd onpeneeHwa TOMKA NPAAOMKEHHA CHTh MIOMHOTO JaBRCHUA Ry AYEHO
BOCRONIS30BATECA  MICOpeMOii 0 MOMenme pasHodeidcmeyigeii: MOMERT
paBHozgiicTBy1I0mel OTHOCHTENLLHO Kakoi-mio ocH paBeH cyMMe MOMEHTOB ed
COCTABAAIONIMX OTHOCHTEALHO ToH e ocd. IlpumeHenne 3Tol Teopembl GYRET
PaccMOTpeNio aance npy pasbope pelncHad 3aaauu 2.3.2.

2.2, I'padw-anaanrariecknii mevoa pacuita cRihl IaBjIenas B UEHTDA
AEBJICHHY HA NPEMOYTOIbHLIC TOBEPIHOCTH

I'pado-asanvTugeckuli MeTom pacuéTa CHAN JARICHHA OCHOBAH Ha
HOCTPOCHUK 3MIOP THAPOCTATUIECKORD JapReHan. SHIOPE NARIEHNS TREICTANIHOT
cofoli pasHOMEPHO pacnpefenSHHYIO HArpY3Ky 110 IMpHHe (JETR ZUTHHE) IUIOCKOH
NPAMOYTONLAOH NosepxHocrw. Jiim NoBepxHocTed B BHAE KpyTa, 3AJUOCH,
TPEYTONIEEAKA W HM NOAoGHRIX >miopa napieHAd B OOLEMHOM NpeRCTaBASHWH
ABNAETCA NOBOBHO CHOXHOH ¢urypol, Tak Kak M3MEHCHHE NABIEHMA CIEXYeT
YYMTHIBATE NIPH NepemeHHOH rity0uHe no BoeH rwmockoill DopepxuocTi. A TaxHx
TIOBEPXHOCTEH rpado-ana i THyeckHii METOR He IPHMCTIACTCS.
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Onpenenmm cEAy AARNGHMS XFMEKOCTH Ha NPAMOYIONLHYIO (TeHKY A8
Bhicoroii [ a1 anunol (7), nepaeBAHKY TAPHON ILIOCKOCTH YepTena. ¥ aepKHBaeMEIH
Haflop paBeH Bucore crepky (puc. 2.1). CopMecTEM NpPAMOYTONBHYIO CTEHKY C
ILIOCKOCTHIO YEPTEXA W MOKAXKEM DOR0MSHHE IICHTPS TAHECTH CTeHKR TogKky - C.

PaccauTacM CHITY AARICHWS MUAKOCTA Ry GHANMUSECKY N ZpadusecKn.
Ananumunecxuii Meton pacuéra. Cornacio dopwyne (2.5), ciia aaBneHnAs
KHNKOCTH
2

R, =pgh.d= p—gf—l, en
rae he=H2; A=H1
Tonoxenwe HEHTPa NariIeHus PAcCIHTHBAEM 1o dopmyne (2.6)

I.sin*a
h, = +_(.'_______
b =het =4

3
rae I. = %— — HEeHTIPaIbEEH MOMCHT MHEPHHR OTHOCHTENBFHO TOPHIOHTANEAOH

OCH JIA IPAMOYTONLHMEA (CM. DpHI0KeHHe Tabn. 3); o = 90°% sin o =1,0.

H IH2 H H 2
Taxum oﬁpasom, h’p =?+ 12}{2! =—2—'+—6—=§H. (2.8)

A Terieps mepeliném k zpado-anarumirieckoMy MeTony pacabra cHAR
AaATeHHA W LieHTpa Aakdedys. IlocTpomM »mopy [RAPOCTATHMECKOrCG IABACHMR.
Jarrenne xuakocta s Touke 4  py=0, Brouke B - pp=pgH,

3mopa BABRGHMA B IUIOCKOCTH YepTeia HPOACTABINET PABHOMEPHYIO
HATPy3KY B BHAE TPEYTONBHHKE, B OOLAMHOM NpPEACTABICHHH — BTQ TpeyronLHas
npusMa.  PaeHoxclictBylomas Takolf pasHoMepHoOif Rarpysks papHa OOBEMY
TpEYTOTbHON OPU3MEL B SIPOXOAET Yepes ICHTP TEAECTH HTol NpImMES, T. &. depes
HEHTP TKECTH MOPEH ITHIPOCTATHISCKOrO JaRICHRA,

ITposepum:

F
R, =V =S,l= "gg I, @9

TAe S~ WIOWAAL SIICPE JaRie Vs B BHAE TPEYTOILHHEA.
LleRTp THXeCTH SMOPEI pACTIONAraeTCA Ha paccTosuHH 2/3 H (ueutp TaxecTy
TPeyTONBHHKA):

Buron = 2/3 H. ' (2.10)
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Cparuupaz dopmynet (2.7} n (2.9), a Tawxe (2.8) n (2.10), npmxoaum x
BHIBONY: ZPa@o-GRAMUMUNECKY CHAG OQENICHUR HCUOKOCHIIE RE NPRMOYZOTEHNE
HOGEPXNOCIMI PasHa MPOUIREISHINO NAOWAON IMOPK  ZHAIPOCTAIFIECKO20
0aeneNR N Onury ( HAN MIUDUNY ) RAOCKOH CIERKI & HPOXOOuUN YEPe3 UeHmp
MRNCECHTH INIOPM dasneHus:

Ry=8n I hp=hyson (2.11)
|

A AT

- £

] =

C £ lc

wr. tis. —/ 7]

D D

- t e OA /FS,“_?J' 7?11..:(.

i
-+

i ! ~

- g

Pre, 2.1

HC!’IOJTBS}'H BRI H3TONKEHHBIC TEOPCTHUCCKAES IIIONRCHMA, PacCMOTDHM
NPAMEPH OTipeJCeNCHMA CHIILI JARICHHA HA IOCKAE TTOBEPXHOCTH.

2.3. IIpameprs pemenas 387a4 N0 TEME:
“Pacnér cHNbI JABJeAHS ARHIKOCTH HA II0CKHE ROBEPXHOCTR "

3agaqa 2.3.1. [Ipsamoyronsuas kpemika A8 (puc. 2.2), pacnionoxensas nomx
yrmom @ = 60° x ropusomry, nepexpriBact naTpy6oK 3aKpHITOrO pe3epEYapa ¢
Bozo#H. Bricota natpybxa A = 600 Mm, nmpusa b = 400 mm. Kprixa moxer
NOBOPEYRBATRCA BOKDYT WiapHupa 4. BhicoTa YpOBHS BOAN HAZ ILAPHEPOM
a = 200 mM. Jlapnenwe Ha [TOBEPXBOCTH BOIM COOTRETCTRYET mokazammwp [-
ofpasHoro pTyTHore MaHOMeTpa Fi, — 80 MM.

Onpenenuts caly HaTaxeHma Tpoca T ans yAepskanns xpmmxy AB ®
3AKPETOM TNOJOXKCHAR. Y0l HATMKeHHs Tpoce f = 45°, TIpHHATL TWICTHOCTS BOMN
p = 10* kri’,

Pemrenne. Urobut oupenetnth city RaTsxeRMs Tpoca I nns yHepkaHHA
KPHIIKM AB B 3aKpHITOM TIONOKEHHM, HYKHO ONPEAeNHTh CHIY OT BHEIUHETO
IapieHus Ry H cuiy NaRICHHA BOOLE Ry

PacemoTpum anazupneteckuii cnocob pacyuéra oMbl JARJICHHA W LEHTpa
JaBJICHUA.
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Memoouxa pacuéra CHAM JABACHAA BKMOYEET  CIHCAYIOMIYIO
M0CNENOBATENLROCTE:

- PAcCCURTHIBASTCA CHIA JAANCHAS XXAJKOCTH M CEUIE OT BREITHEIO JARICHUA,
IIpK 5ToM Ha deprese obo3HaYRioTeA HEHTPANRHEE OCH INIOCKOR CTERKH H rryOurna
TIOTPYXREHUs IIEHTPa TAKECTH CTEHKY 0T cBoBo/IHoH moBepxXxHoctH (Ae);

-~ ONPENEnFIOTEH TOUKH NPHNOXKEHUA CHI, Ha deprexe 0003HAYAETCS TOIKA
TIPUNOKEAHA CHIIBL AABNCHAN XHAKOCTH, T. €. LEHTP AaBITeHHs, M Iiybnua
[OTPYKEHEA IeHTPa AasjieHus fp;

- IIOKA3WBACTCH RanpaBnende AelicTBug cwl. Cnenyer NOMEHTH, 9TC CHIa
JARICHUS BCErAA HAIPABICHA A0 HOPMWIH K IOBEPXHOCTH,

1. Ompenenum cuny om sneneze dasaesur Ry, 3namenve nawnerns py no
noxazapo [-o6pasHoro MaHOMeTpa IOMYyTAM K3 YCIOBAS PABHOBSCHR XHAKOCTH
OTHOCHTEILHO IrockecTH ypobus 0-0. Japienve py ghiseTcs H30RITOTHEIM:

Po=Pmghy;  po=13,6-10°9,8.0,08=10,66-10°TIa 10,7 xTla.

3maueHue py MOXHO MODYyHUTH HPYFHM clocofoM, 4 MMeHHO fepesecTd

noxasaEne MaHoMeTpa 80 MM pr. oT. B [la:
po = 80-133,3 = 10,66-10° TIa = 10,7 xTla.

Cuna oT BACIIHEro J4aRTeHus, cornacro GopMyne (2.4), Ry pod,
rae A — naowass KpRINKY, M

A8 HATAAAHOCTH KPHINKY COBMOCTHM ¢ IUTOCKOOTEIO HEPTekKE, TOraa
INMpREA KpHIIKH pasra b, a BHCOTa Asin a = A/&in60°— 0,693 u.

[Tnomans xprimxe 4 = bhvsin 60°.

Cina oT BHeITHEero JARIeHHR

Ry=10,7-04-0,693=2,97 xH.

Tloxamem sununo delicmeun u mouxy npiwioxcensun cunw Ry Cortacho
TIOSCHEHHSEM B pasfiene 2.1, smopa JAaBIeHHK Py NPSACTHMIROT PABHOMEPHO
PacnpeneiEHHYI0 IPIMOYrONBHYIO HAIPYSKy, pasHogelferaylomux oT Takol
Harpyak¥ (Rp) npoxedum vepes NCHID TOKECTH 3ILOPH H MPIIONCERE B LEHTDEC
TEAECTH CTeHKH Ha TiyOuue k¢ (pre. 2.2,6). Cana Ry RAnNpanicHa #o NopMaiu 43
KEIKOCTH HA CTCHKY, KK CIUTa BHEIHHETD, W3DBINouH020 JasIeHNN.

2. Onpenentv ciny dagaenur scudkocmii Ry cornacio dopmyne (2.5):
Ra = pghc A,
rae ke =(a + A2) = 0,5 »; rnybHHY NOTPYMEHEHA LEHTPa TANKGOTH CTCHKH B
KHAKOCTS e OTCITATHIBAEM OT co0Bodnoii ToBepXxHOCTH (oM. pue. 2.2, 8),
IopcranaM 3HA4MEHEN:
Ry=pg(a+h2) hbhing;

R.=10°-98-0,5-0693-0,4=136-10°H=1,36 xH,
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Puc. 22

YrobK NOKA3ATE FGOMETPHIECKOS TIONIONEHHE CHIE! JaB/IEHUA KUIKOCTY Ry,
paccunTaeM rMyGMHY NOrpyaeHHA LEHTPR JABJICHUS Ap, T.. TOUKH IPRIONKEHN
cuant Ry no gopuyne (2.6):

Icsina

hyp,=h-+
p = ¢ hed

L 4
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bi’
Dead'a UERTPANLHLE MOMERT MHCPUMA IPAMOYroasHOl KPBRITIIKH
sin’ a
OTHOCHTENABHO IOpHIOHTaNBHOH ocH (T. €. DpoXozsmies Yepes UEHTP THKECTH
KpPBILIKH).
TNoacrapus sce mapamerpnl B 6YKBEHHOM BEIpAXeHMR, 4TG0 cHnenath
BOIMOXHLIE COKPAUICHHA, IOIYIUM TAYGHHY NOTpyIKEHHs HeHTPa haBneruA by

rae I.=

kp = he + B/A2he = 0,5+ 0,06 = 0,56 w.

Oxcuentpucater ¢ = K/12hc , T. e. NOHWKenWe UEHTPa NaBNeHus
OTHOCHTEALHO USHTPA THRECTH € = 0,06 u = 60 Mp.

Hoxaxem na ueprexe (puc. 2.2,3) Ay w e. Cuna RABIEHMS RUAKOCTH R,
HPUIOXCHA B LeHTPe AaniieRus (104ka D) no nopmant w3 XuaxocTn Ha KPhIIKY.

3. PaccuuracM cHAY namaNcenus mpoca T. TIpH pewennd 2Toii 3aaagn
MOXHO HEe HaXOAHTb paBrOAcHCTBYIOmMYI0 cmn nasnemms. CocraBuM YPaEHEeHKE
MCXaHHKH: CyMMa MOMERTOB CHII OTHOCHTENEHO IapAHpa A PaBHa HY;HO: ZAf, =0,
Or xaxniolt cirsl Ro, Ry 1 T GepETCH MOMGHT OTHOCHTENEHO TOIKY A:

Ry AC+ Ry  AD—T- AK =0

2sin60°  sin60° sin 60° )

Iocne coxpaierus wa sin 60° n npeobpasoparuit roxyanm T = 3,25 xH.

Omsem: A1 YACPIKAHUA KPHIWKH AB B 3aKpHITOM MONOXEHMH HeobXoquma
CHIA HaThkeHmd Tpoca T 2= 3,25 kL

Paccmorpum Apyroti sapHanT B yenosuw 3axann 2.3.1, xoraa nokazanme U-
obpaaHoro MawoMerpa Gygmer DNPCACTABIERO TaK, 9TO YPUBGHE PTYFH B [CBOM
xonene U-o6pasHoro Manomerpa Gyaer Brie Ha BEIaMHY Ay, (pHc. 2.3).




H3 ycnoess papercTra AanieHNs OTHOCHTEILHO IIOCKOCTR yposag 0-0 (cm.
pric. 2.3) sanumem:

Poase + Pp?ghpr = Pa WK Pa ~ Posge = Por@hors
Pa—Pasc =" Pums  3HBIUT, Poax = Phy, .

Ha nosepxHocTH BOAM feiicTBYET BaKYyMMETpHYcCCKOE maBieHMe. "HTO
SHAUHT, YT0 CHIA OT SHEMNEZO BAKYYMMEMPUECKozo dasaenun SyaeT IpENOKeHa
B NEHTPE TAKCCTH CTEHKH, HO HanpaBicHa 0O HOPMANM GHYMpSs SCAIKOCTH
(puc. 2.4).

Prc. 2.4

B ypaBHEHHH MOMEHTOB CHJI OTHOCHTENBHO TOMKH A MOMEHT OT CHABL Rg
HYXHO YYHTHBATE CO 3HAKOM MWRYC, KAK ¥ MOMENT oT cHirsr T

Ry - AD—Ry-AC-T-AK = Q.
Bo3smoxHo, nonyumTes Takoil ciyaii, korna xe nortpeSyercs TPOC, A MOMEHT
OT CHJH Jap/iehkis KHAKOCTH OYHET paBeH AN MeHbllic MOMEHTA OT BMEIHeH

BAKYYMMETPHYCCKOH CHNbL. IToj AefCTBHEM BAKYYMMETPHUECKOI® IARICHHS HA
MOBEPXHOCTH BOALI KPbIMIKa OYNET B 3aKPLITOM NOA0KERHH:

Ry - AD = Ry - AC.
MoxHo paccuuTaTs npeAcnBHBN BAKYYM IA  yHEpKawwus KPhIIKA B
3AKpEHTOM nonoxennd. M3 npusengruoro pasencrea creayer: By= 1,632 k1.

38aw, UTO Ro = Puay A, ONPEIENAM Doy

Pun =Ro/A; A = bh/Gin60° = 0,2772 M%, TOraa P, = 5,89 ki1a.
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Paccumraem Bhicoty cronfa prymd F,, B U-obpatHoM Masomerpe (cm.
prc. 2.3), IpH KOTOpOM KpRIKa Gymer B 3AKPRITOM HONOXEBRH TOA ACHCTRREM
BAKYYMa Ha NIOBECPXHOCTH BOJIRE

Dsax = Ppr 8h, 0101002 Py, == 0,044 M= 44 M.

3apaua 2.3.2. B 1opHeBoil cTeHKe IMCTEpisl, 3anoiueHHod BGoHsMHOM,
NPEeRYCMOTPERA IIOCKAR KPYITAs KPelka ArametpoM d = 1,6 M, yXpemnéanana npn
nomord Hontos. OnpenemuTe cuily RapleHAs OeH3WHAa Ha KPRIKY K TOYKY
NPANONEHUS CHALL, ECAM BBRICOTA YposHs OeHsHH2 HaX HukHell KpoMKol KpHINIKH
H = 2,0 M. Ha nosepxHecTs OeHzMna ReHCTBYET BAKYYMMETPHUOCKOE HABICHAE
DPeax = 0,2 a7,

TIPHHATE DAGTHOCTS HEH3URA Poon =720 Kr/M° (pHc, 2.5).

Puc. 2.5
Peinenme, [z onpenenenus  pasnodeiicmepiouieii  Oasienus
BOCIIONB3YEMCH  aHaiMTHYecKuM  meTomoMm. CormacHo  dopmyre  (2.3),

PAPHOZICHCTEYIOIAY, FilK CUMIa IONHOTO HABRGHAS:
Rown™ po A + pghc A BN Ry =Ry + R,.

1. Onpeapend CiTy OT BHELIHETC, SAKYYMNEmpUieckozo NaBneHAn:
Ry = Ryax = Proxc 4,

rie A — miowmaak Kpelke; 4 = xd?4=3,14-1,654 =20 w".

R = 0,298-10°.2,0 = 39,410° H= 39,4 xH,
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HokaspmaeM JAAA JeHCTBAR Ry T2 CHIA NPHAOKEHA B IEHTPE TAKECTH
kpentkd (1. ) M HampamneHa Ho NOPMEAN EHYMPS KUIKOCTH, KaK CHia
OTPHUATENLHOND, BAKYYMMCTPUHCCKOTO ASANICHNA.

2. Paccunraen cHily NABACHHA GeHiuna Ra KPYTIYIO KpRILKY To  dopmyne
(2.5)
Rx = PﬁmEhCAa
THe h— T1yGuHa NorpyKeHAd LEHTPA TKSCTH KPLUIIKA B AKHHKOCTS, OTCYHTAHHAS
ot cpobonnoit nopepxuocrn. Ompepesem  Ac nmo ueprexy (cM. puc, 2.5):
he=H-d2=12mMm.

R, =7209,81,220=16,910° H= 16,9 xH.
[MokaswpacM AUHEHIO 4efCTBAA CHIB ZaBACHWA OcH3mna. Cuja Kamnenua

KHAKOCTH (R,) IPHNONKENR & 4enmpe oasaenun Ha raybuve hy, v HanpamieHa no
HOpMaaH 13 *kBakocTi. Ilo dopmyne (2.6) roybana DOrpyReHHs LeHTPa A2BlIeHUs

I-sin’a
hp=he +———
b =he + 25—,
rie a = 90°; sin a = 1,0 1A BePTEKAILHOR KPLILIKH;
Ic — neqTpaNBHEOI MOMEAT HHEpPLUMH KPYLII0H KPRHIOGI  OTHOCHTEIRHO
4
ropmoRTANLHOH ocu: 1 =-?4~ (cu. npanoxenne, Tab:t. 3).

TIoce moAcTaHOBKY JaHHBXK B BYKBEHHOS BRpakeHye fp NONYUHM:
2
hy=h, +—d—— ; ip=12+0,13=133 M.
164,
IKcucHIpACHTeT € = 0,13 M.
[NoxameM Ha veprexe hp v e.

3. Onpepenum sennuMHy H NONOKCHHE PasHodedcmeyontei Ry, (ANH CHIb
TIOHONO AABNCHUN) TYTEM BEKTOPHOIO CAOKEHHA CHI Rg H Ry:

R =P+
Riwn = Ro - Rx=122,5 xH.

Hlonoxncenue paenodeiicmeyioweii MOXEO ONPENENHTb, NOIBIYACH TEOpEMOH
Bapunrora: MoMent oT passopelicTBYIOMme# paBEHM CyMMe  MOMEHTOB
COCTABIATOUIEX .

CocTaBHM CYMMY MOMEHTOB CHJI OTHOCMTEJASHO OCH, mpoxosmuedl no
cso0oanoil nowsepxxocTn Gensuna. Beeném obGosnawenne: mycts AY™ rayGuna
MOTPYKEHHN HEHTPA IaBICHEHA N4 paBHOAeHCTRYIOWIEH, TOraa

My papn = Mp o+ Mpy ;
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Roen ™™ = Rohc - Ruhp,
oTcIoAa kg™ = (Rohc - Ruhip) Rosen -

TMocse HORCTAHOBKH YMCHERMBX 3HAYCHMI ™ = 1,1 m. TMokaxeM Ha
aepTexe A", uewtp namneRHs paBponelcTByIOmEH H JIMHMIO NeicTBHA
PaBHOREHACTRYION(EH Ry, 110 HOPMATH BHYTPE XHATKOCTH.

Omeaem: k,mf 22,5xH; By =1,1 M.

3apaua 23.3. Ksauparmmii 3atBop AB co cropomoii @ = 12 M,
NEpeXpRBAIONME BEIXOX BOAW M3 3ymnda, YKpennéH MSpHUDHO H MOWET
TIOBCPATHBATLCA OTHOCHTENSHO OCH, IPoXORALLel nepes MeHTP 3aTBopa {puc. 2.6).

Onpeaenurs cury F, KoTopylo HYAHO NPHIOKHTE HA paccroanuu 0,la or
HINKHETO Xpaft 3aTB0pa, 9T00H YAEPKUBATE 3aTBOP B 3AKPHTOM TO/IOKEHHR TIpH
rerybure BOAN nepes 3aThopoM A = 1,5 m.

Pemenme. CrieBa oT 3aTBOpa HMeeM OTKPEITYI0 CBOGOIAYIO DOBEPXHOCTE €
arMOCIEpPIM  JAaBNEHHEM, ChpaBa IMUT TaKKe HaxoauTcs mnog JeifcremeM
ATMOCHEPHOTO NaBieHNs, NMOYTOMY Nph ONpENEIeHHA CHAN ZaBleHHs OyaeM
YUHTEIBATE TOABKO CHILY HEBBIEHHS MUIKOCTH, CHIY OT aTMOC(EpHOre NapTeHuy B
TAKOM CIYJae HE YUHTRIBAIOT.

Pewenne sagaun nposeniyM anarumuuecxum u zpado-ananumrieckum
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1. Anqrumuseckii mentod pacuéma.
a) PaccunTaem cH:Ty AanieHns poas! oo dopmyae (2.5)

= pghc A,

rae A — naomank 3atBopa; 4 = &= 1,44 Mz;
he - ryGERA DOTpyXeHus NenTpa TAKCCTH 3arBopa: fi = h — a/2 = 0,9 M:
MOKaMeM A Ha ueprexe.
Re=10"9,80,91,44=12,71° H= 12,7 x.

6} Onpenemim rmyGHHY NOTPYXEHHA NEHTPA MARICHHE Ap, T. €. TOYKH
TIPUNOKEARA CATN BaBneuns R, no gopmyne (2.6)

I.sin
By =he +-£ s
he A
rae a = 90% sina = 1,0; ueHTpaNEHBEL MOMeHT HHEPLIMH  OTHOCHTEABHO

FOPH3OHTAILION OCH A7 KBAAPATHOIO 3aTsopa Io=a'/12.
Tocae noacraHoekn Beex 3naucendl B GyxBenHoe BHpaXKenHe hp W
COOTBETCTBYIOUMX COKPAIEHHAI NOTYTHM:

a?
By =he+——>: h 09+0,13=103
b = fic 12k, D™= M.

IxcuentpucuTer ¢ =0,13 M.
Tlokawewm 11a ueprexe hp, e H CHIY Ry , NPUIOKEHHYIO B LeRTpe Aasienns (1. D)

B) Onpenenrm ity F Ans yaepaanun 3aTBOpa B 39KPHTOM MONOKESHHH,
T. €. B COCTOAMMH PanHOBECHA, COCTABHB YPABHEHHE MEXAHMKM: CYyMMa MOMCHTOB
CHI1 OTHOCHTENBHO MapHEpa ¢ pabHa HYJIO:
EMc=0; Rye - F04a =0, orciona F=344 gH.

2.  TIpado-auarnumuueckuii Memod pacuéta CHinl NaBACHHS BOXH R, B
rAyGHHB DOrpyXeus ueHTpa AaBneHns Ay,
a) Onpeacium sqapieHue BoIw B Toukax 4 u B:

Ppa=pgh-a); p=10"9803=29410°Tla = 2,94 xl]a;
s = pgh; pe=10"9,81,5=14,7 I 1a.
6) CtponM 3muopy 2udpocmanisieckozo daeaeHus O B M0boM
BRGpanHOM MacuITabe o HOPMaA K CTEHKE OTKNANBIBAEM RCIHUHITY NABICHEN Dy
H [7p, COEIMHAEM NOXYHEHNbIE 3HAUEHHA HAKIOHHOE NIPAMO, TaK KaK 3aK0R

H3MENCHHA JaBIeHdn o raybune onueifEnIA (oM. pasnen 1.3), u sammpyxossipaey
rOpPU3CHTAILHBME ISTPHXOBHIMHA JIHHHAMH, CTpeilKaMH 0603nadys Hanpasieyye
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JanjieHHA. [lomyam smopy N4RICHHS BOGH B BHjIE TPanelMy 8 BepTHKATEHOM
NAGCKOCTH.
B) Paccautaem cuay nasnenus BogH Ry . Corstacto dopmyne (2.11):
Re=8ma;

+ h—a)+pgh
SSII xsmu z%&a:.?_g_(,_%)_g-a.

Tlocite AOACTANOBKK HaHHBX HoyunmM: S,,= 10,6 kFla'M; R.= 12,7 kL

1) OnpefennM nodoXeHwe UNeRTpa nasneRpa. Cornacpo  rpado-
AHATIATASECKOMY METOAY CHIA HABICHHA WKHAKOCTH MPOXOOUM Yepes uenmp
MREXCECu NMOPH! uOpocHamiseckoze Oasienun: hp = Ry, Tlonowcnue
LEeHTPa TAXKECTH SIMOPH B BUAE TPANCHMH onpepensercd mo Tadm 3 (om.

TIpHIOKEHHE):
=P Py) a7,
Hpa+rs)

T,

CorftlacHo gepTexy, ry0HHa HOTPYXeHM LiCHTpa JaBleRud fip
hp=h-Yyrn=1,5-047=103 M.

Taxum obpazoM, ananumuuecKkitli B ZpaQo-CHARMINMUNECKUN METONLI

pacuéra cHAR jgamneHus Ky ¥ rIyOuHH norpyXeHHs NeHTpa Naslnehus hy zaior
OOHHAKOBRIC 3HAYCHHA.

Omaem: cana =344 xH,

Jagaus 2.3.4. Onpepennts paBHONCHCTBYIONIYIO NABNEHHS BONGL H
NOJOMERHE NCATPA AaBNeHHs Ha TpaHEH Hamopaoll I'paHR wiorweu  ABC,
yiaepsuBaromel Ranope: H) = 3,0 M; A = 2,0 M. Yron HakroHa HAKIORHOHE rpany
NAOTHHEL o = 60°, JHHa NAOTHHE B IUIOCKOCTH, NEPIeHAHKYAAPHON WIOCKOCTH
ueprexa, [ = 10 m (puc. 2.7). PeweAnc BENONHHTh Zpao-aHanumuueckum
METOHOM.

Pemenne. [Dpado-amannTHbeckMid METOA  pellleHHA [PeAYCMATPHHACT
BLIIONHEHHUE 9epTeka B MaciTabe. [IpegcraBaM B yooGHoM BHOpaEHOM Macmitabe
ceyeHHe WIOTHHR H AcicTRylomue Hamopsl. PannogelcTByl0may JaBNCHHA BOJAER
Ha IpaHH ANOTHHBE OlIPEAENRTCS NYTEM BEKTOPHOTO CIOKENHA CHul, HeficTRyromux
Ha HaKIoRHYI0 (R4p) B BepTHKaNBHYIO (Rpc) FpaHH MIOTVHET:
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Pacuér cuiel ApRIEHUS HE IUIOCKEE TOBEDXHOCTH Zpagbo-uHanimuteckum
Memodom IPOBOIHM He cAeOVIDUiCE MEmoonxe, '
1. Ompegensem zapierye BOOE! B XaPAKTEPHEIX TOUKAX IIOTHHLL A, B ' :

pa =0, pg=pgHy pe=pgHh~H)
Py = 10°9,8:3,0 =29,4-10° Tla = 29,4 kI1a;
pe = 109,850 = 49,010° ITa = 49,0 k[1a.

2. CTpouM 3MOpR rHAPOCTATHYECKONO JaBAeHHS ROJBL.

B srifpannom maciuralle OTKRANBIBACM BENHRHHY RaBnenns B Touxax A, B u C,
NOMHA, YI0 J[AaRIeHHe fgeficTByeT HOPMANRHO K [NOCKOH NOBEPXHOCTR
(cm. puc. 2.7).

Dmopa FaBNEHHA Ha HAKIOHHYI0 TIpaHb: TIOTHHH  NPEicTaBifeT
PABHOMEDHYI0 HATPY3KY B BUAC TpeyroisHAka. OcHOBaHWE TpeyroNbHHKA
COOTBETCTBYET BENEIAMe JaRneHHs pp = pgH), T. e paenenno » TOouke B,
OTHOXNEHHOMY #0 HOPMALIL K HAKROURON ZPanIL

INpx nocTpoeHHn 3MOpH JABICHAA HA BEPTHKANLHYIO I'PAHE TO K& CAMOE
ASBIACHHE B TOUKe B OTKIAABIBACM HOPMARGHO K SEPMBKANGHON JPANN TUIOTHREL,
B Touxe C orknannieaeM nasnesre pe = pg (Hy + M) Tawxe no Hopmams K
BEPTHKANBHOA rpanK 110TWHRL JInAa pepTHKANbHON TpaHW JINOpa HaBJICHMS
Ape/ICTARIET PABHOMEPHYIO HArPy3Ky B BEAE Tpancimu (eM. pac. 2.7).

¢aofHoNtiag ROBEPXHOCTE ——— .-

— 1- T =

Hh
|

T NN
|l ~ - ‘ NG Y
il _ TR DWW K?Q“ﬁ
CoNAY,

L4 /////llllffpg(Hl:_Hz)/ ///////up!’ l:g’sma

Puc. 2.7
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3. PaccunThIBaeM CHNE! JaBNeH#s BOAM Ha TPaHM ILIOTHHE! COIJAcHO
dopmyne (2.11):

pgH? :
R =S8y I=8pd= = sin;(-);:, R, =509,2 kH;

‘,ngHl +pg(H, +H,)

A Hyl; Ry =784,0xH.

Rac =8y, 1= S,

4, [Toxa3riBaem TUHMIO HeHCTBHS CHUI Rys m Rpe.

Cornaceo ¢opmysze (2.11), rpadpmvecks cwIa  AaRIeHus EHIAKOCTH
NpoXodun: depe3 UEHTP TEKECTH DINOPH THAPOCTATHIECKOTD  JIAB/IEHHA,
LenTp TaxecTd SMOPH B BHAE TPEYTONLHOH HATPYIKH PACTIOZIONKEH Ha paccToAHuN
2/3 BhIcOTH TpeyroNsRHKE, T. ©. 2/34B = 2/3-H, Ain 60°. Haxomum B Macuwrabe
LEHTp TAXECTH TPEYTONbHMKE H JIOKAIMBAEM JIHHEMIO jJelicTBuf CHnl R Camna
Rpoxodum Mepe3 NCHTP TAKeCTH TPEYIONLHHKA M MPUNONCENG HOPMATBHG K
HAKNOHHOA IPaHA IUIOTHHEI B LeHTpe AaBjeHs (109K Dy). IToxazuBaem na
HepTexe rNy6uHy norpyxXenns UeNTpa RaBneHns kp = 2/3 H,.

/LA onpenencHAs RONOMEHHA LCHTPA TAKECTH SOIOPEl B BHAE Tpameury
MOQXHO BOCIIONBIORATHCE Tabil. 3 (CM. NproKeHUe), Xak GO OTMEYEHO B 3ajjade
2.3.3. Tlocxonsky MeTon pemeHns 3ajaui rpado-anaTHTETECKUH, PACCMOTPHM
zeoMempineckuii ciocol onpeenenus HeHTPa TIKECTH Tpanmelun:

a) K MEHEINEMY OCHOBANMIO TPANCLMH HA &r0 MPOAIDIEKEHHM B sToBy10
cTopoHy npnbasngem Gonpiee OCHOBAREE TPANCINN;

6) x GoibleMy OCHOBAHMIO TpANEIHH A TPOTHBOTIONOMKHYIO CTOPOHY
NpABaBAAeM MEeRbIlEE OCHOBAHME;

B) COSAMHAEM HOMyHeyHEle ABe TOUKYE IPLMof urMel;
I) Hepe3 CepelMALl OCHOBAHMHA TPANCHMA TIPOROIHM BTOPYIO NHHEIC;

) TO4KA NEPECEUEHUN JBYX MUHHI TIOCTPOCHHA ARIIETON EHTPOM THMECTH
3/HOPH /I2BNEHHS B BAIE TPATSIHHY, .

Iloxasuiaaem uenmp mascecmu mpaneyus u wepez smy MOuKy npoeodus
cuay Rpe no nopmanu x sepmumanvuoii Zpany. YupTemas MacmTab
AeHCTBYIOUMX HANOPOB, RAXOAYM BenSuHY by = 44 M,

5. CupegesiseM BenMYMEy B MMHmO AeHCTBUA Pasnodelicmeyoweii cun
RapneHvs R nyTéM eexmoprozo crnodcenus cun Ry u Rpc . IlpopoaxkaeM cunsl mo
THHMH JeWCTAUA 10 B3aHMHOrC nepeceuenua B Touke K. 1lo zmmum pelicisag
OTKISARIBAEM BCTUMUHE! CAN B YAODHOM NIpUHSTOM MacmiTabe M CRIAfMBasM X
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“Io IpaBMITY TpeyroabHUKA" MM “TI0 Mpapwiy napamrenorpaMua”. Moxer OHTh
BapHANT, KOT/a TOUKA NEpecevdeHd COCTARINIOMMX CHI1 PaciNIONEHa TaK, Y1) €8
ClIedyeT BHIHECTH 33 NpPeRell YepTexa, Kax NMpeacTARIEH0 B JAHHOM peleHHM, H
NpOR3BECTH  CHOMEHME  BEeKTOPOB CHIl, 38TeM [0 JMHHM  [elicTRHA
pasHoneficTeyionrylo R TApAINENbHO UEPEHECTH B TOMKY INepeceyeHus
COCTARISIOLIMX M ONPEACIMTE TOUKY NepecedeHns paBHoaeiicTeyiomeif ¢ IUIOCKoH
NGBEPXHOCTHIO.

B naunoii 3amaue (cM. puc. 2.7) cuny R, nafigeHHylo nyTéM BEKTOPHOro
ClIOMeHUs, NEPSHOCHM NapAINenbHO B TOUKY TlepecedeHHs cocTapsommx - K, no
NuHEE aelcTEUA cwry R NpoAomKaeM J0 NepeceucHHs €€ ¢ IpaHeio JLIOTHALL B
Touxe D. Touxa D Reanemca yenmpom dasnennsa Oan pasnodeiicmeyionuieii R .
I'nyBuuy norpyseHus ueHTpa HaBIeHHS Ap cheAYeT ONPENSIUTh N0 MaciiTaby.
BermmuuHy papHoZecTBYIOLIEH CHIMW ONPEAENMM D10 HpuHATOMY Macirtaly pu
caomenuy cun, Tlo macraby riryGuHa norpyxeHna LeHTpa nasnexua kp = 3,5,

IpoBepnM 3HaueHWe CHIN R aHBAMTHYECKMM pacdéToM, IIOJIB3YACH
meopemoil kocunycos. Yrol MeXAy cuiaMH Rup ¥ Rpe npu mx crnoxerms “To
ppasuty Tpeyronbuuka” [ = 150° (eMm. puc. 2.7). PampoxeficTBymomas cana
JaBIeHHA BOTIBL:

R=+R%; — 2R ;5 Rycc0s150° + R ;

cos 150°= - cos 30°=],866;

R=+/5092% +2.509,2-784,0 - 0,866 + 7842 =12512kI.

[Iporepus spavenue USRI R 1o MacmiTaly, TOMYHYHM € JOMYCTHMOH TOTHOCTRIO
TO e CaMOC IHAUCHHAE.

Omegem. Cila [ARICHER BOAL HA HATOPHYIO TpaHb MuoTHHE R =1251,2 xH.
I'my6¥na norpy:keHKsA LeHTpa pasnenys hp= 3,5 m,

3anaua 2.3.5. Oppegennts BeNnuvwRy, HANPaBIEHHWE W TOUKY NPHIOKCHAL
€I A3aBTEHHA BOJAE HA HAKIOHHYIO CTEHKY AB, ylepkHBAIONTYIO HANOPBI: CAEBA
H =45 M, cupasa - k =1,5 . JUIHHA CTEHKM B ILIOCKOCTH, NEPNEHAHXYIAPROHA
mwicckocTH 4eprexa, I = 5,0 M. Yrol Hakiowa CTeHKM K TFOpM3ONTY o = 45°
{puc. 2.8). TIpencTaBUTE epagho-araaumureckii NETO] PEIIEHNAS.

Pemreane. MeTonrka pacHETa CHIIEL IARIEHHNA HA ILIOCKHE THPEMOYTOLHAIE
[IOBEPXHOCTH rpado-aHANNTHUECKHM MeTDIOM NoApolHo paccMOTpeHa B 3afgade
2.3.4. Pemnerue nanyoli saaagu Oyfer ipencrasrexo Gonce KPaTKo.

Pasnodedcmeyiowiyro  cuty  daenenus 800 onpedeTRM  nymém
ROCIPOEHMR PEIYABINUPYIONCld INOPI 2UOPOCHAMUIECKOZ0 OR6TLHIR,
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Puc, 2.8

1. NaBieHHe BOALL B XAPAKTEPHEIX TOMKAX:

cuena p,=0; ps™=pgH=10"9_84,5=44,1-10° [Ta = 44,1 xTla;
copapa py =0; pg™? = pgh=10"9,81,5= 14,7 -10°TTa =14,7 «Ila.
2. CrpoHM 3rIOPH TARICHAN BOIE CYeBa B CTIpaRa,

Cnepa nmopa [aBNeHHA IPeICTABIMET pPABAOMEPHYHY HArpysKy B BHIe
TPAMOYTOIIEHOTO Tpeyroasuuka ABK ¢ ocHoBammeM KB = pp™ = pgH., Bro
Iaprenve OTKAglHMBaeM B Macurabe D0 HOpMAaIR K CTeHKe AB, crpenkamn
TIOKa3biBAEM HANDARNCHHC JNaBleHHd W3 XHIKOCTH Ha crenky. Cnpaea smopa
AEBICHUA TAKNE HPeXCTANINET PABHOMEPHYIO HAIPY3KY B BHJe TpEYToNbHHxa NBE
¢ ocHOBaHMEM BE = pg™F = poh, Jlannenne cUpany SRASETCH MPOMULOOQRIERUEM,
MO3TOMY HAIPRR/ICHAE JABICHAN COOTBETCTBEHHO NOKAZAN0 CIPEAKAMM HABCTDEYY
AABJICHAIC ClIEBA, O AHANCIHE H3 XHAKOCTH BA ILIOCKOCTh, YITIH HAKIOHA 30p
OIMHIKORRE, TAK KAK ClleRa M CIPABd WMIKOCTH OXWHAKOBOM ILTOTHOCTH - BOda

{cm. paspen 1.3).

H3 neoctpoenus o2rmop clefyeT, YTO H3 IMOPH AsBAcHMS cneps (U3
TpeyTOIEHAKA ABK) MOMHO BudecTh 3THOPY AABNEHAA COpaBa (TpeyroasHEK
NBE). PesyneTHpyioluad 5INOPA JABICHHE  OpeACTARIAET Tpancipno FMAB
(cm. pac. 2.8).
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3. PaccrmiTrrBaeM pasHOIEHCTBYIOIYIO CH:TY AABRGHAN BOJEL:

R 1m S 1= g,

2 noctpoenna 3mrop (cm. puc. 2.8) Haxogum:
AB = H/sin a = Hfsin 45° = 6,36 M;
FM=NB= hfina=h4sn45"=2,15m;
FB=py™ - py’™ = pg (H-h) =294 dlla.

2154636

R -29,4-50=6255xH.

4. TlokaskiBaeM JRRMIC DeACTBHA paBHOAEHCTRYIOUIEH R.

Cuna IPOXOAMT Yepes LEHTD TAKECTH MO0PE B huie Tpamenwu. B 3zanguae
2.34 paccMOTpeHO 2eoMempuieckoe ONMpeleNeHHe NSHTPa TOKECTH Tpaleluu.
TlyTém reoeTpHueckyx DOCTPOEHMH NTOKAKEM [EHTD TAKECTH TPaNCupM B depe3
Hero mposengM pasgofelicTByomywe R no Hopmand x crenxe AB. Touxa
TIepecereHMs IHHUK ReHACTBNA DaRHOACHCTBYIOmeli ¢ NAOCKOA CIEHKOH SBIgCTCA
LOEATPOM AaRnenns T, .

I'myOuHy norpyxeHus LeHTpa AableHEd fp = 2,87 M MOXHO ompegenuts N0
Macuimaby, swuucaums 10 dopmyne {(cM. npunoxenne, Tafn. 3) unE uepes
KOOPHHHATH. HEHTPOB TAKECTH CJICKHOH PHIypH, cocToMiedl ua IpaMOyroNLANKS
H TPEYTONBHMKZ. 3TOT METOA pAacCMAaTPHBAETCE B KYPCE CONPOTHBICHEA
marepuanos. B qannom yueGsoM nocobmu Takol MeTon Oyner npeacTaBneH OpH
ONpeACIeHAN CYIIET AARIEHNA HA KPMBOIMHECHHNE NOBEPXHOCTH.

Omsem: paBHOjelicTRYIOWES IaBneHHA BOAM R = 625,5 xH, rnyOrma
MIOrPyAMEHAS NeATpa AaB1eHas hp = 2,87 M.

Tlpa pacuére cRIN AapNeHMS XMIKOCTH HA ILIOCKHE, A B JankHeiilieM B Ha
XpHBoaHAeiHble NOBEPXHOCTH MOTYT OHITH CHYSAH, KOIAS pE3epBYap 2aKpHT,
HAXOJMTCHE TIOJ, HEKOTOPEIM HATIOPOM, OTCYTCTBYET CBOOOZHAA IOBEPXHOCTE
MHIKOCTH, HO H3BECTHO NoOKadadMe npHOOpa AiA HIMEPEHHA JARNCHHN HA
onpeAcnéHEOM yposhe. Takump npuSopaMu MOTYT ObiTh Nbe30METP, MaHOMETP
MEXaHHIecKui MM UIKOCTHEIN, BAKYYMMET]D, MAHOBAKYYMMETP.

B atoM ciyuae parmoHaNEHEDM CIMTASTCA METOT pactéTa CHIEl A2BlEHRAL,
IIPA KOTOPOM NPOAIBOJIHTCA NEPeend Danienun us am, bap, MM pm. cmt. u m. n.
8 dasienite cmonba HeuOKOCII RO NLEIOMEMPY.
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3anana 2.3.6. Onpeaeuts Cuily ASBIEHS MacTa & [LIOCKYIO KPYriny1o
KPBUUKY DHameTpoM d = 600 MM 3aKpLITOTO pe3epsyapa H DIOIOMCHRE LeHTpa
AABNCIHA, €CIH NOXB3aHWE MAHOMETpa, YCTAHOBNCHHOIO HA pACCTOSHHH
a = 200 MM OT RHWAHCH KPOMKM KDBUOKH Pugm = 0,11 aT, NNOTHOCTE MACTa
Puusca = 900 xr/n® (prc. 2.9).

p yeaosnas ceoboonas Hosepxrocms
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Pemiesme. Cuny aaencuna ba IVIOCKYI0 KPYTIYIO KPLIIKY CREmyer
PACCIMTHIBATE  ANQAUMUMECKHM METOAOM, rpadic-aHaIATAYECKAN MeTon He
NPIMEHAM.

PaccmoTpum B3 BapranTa pemenns.

1. Hepewit sapuanm. Cuny naBieHAs XIAKOCTH OMpPeNETAEM 10 HRBECTHOH

dopmyne (2.1
Ry =Pc A

TAg pc- RABNCHRE MACHa HA YPOBHE LCHTPa TAKCCTH KPYIIIOH KpHMIKY:

PC= Pusn— Pusea (@ + d/2);

2
A - nomank KpHILKY: A= 3‘41— =0,2826m2.

3HauHT, CHIA XABIeHMA Macna

dY|nd?
R, = Py ~ Puna 8| ﬂ'+-2 P 3




R=(0,11-98-10° - 500-0,8-0,5)-0,2826 = 1,8-10° H= 1,8 xH.

Jia onpeaeAeHns NOICWEHHA CHIN Ry HaXOAAM 2KCOEHTPHCHTET M3
dopmyan (2.6)

}' 2 . d-ll-
= --‘:"--SE-E; raea=90% sina=10; J.= iy
hcA ‘ 64
Tlocne HOACTAHOBKH HapaMeTpoB B GyKBEHHOM BHIPAXCINMY S0yHacM:
2
e= -d—,
16h,

rne he — rmyGuHa morpyxeHus NEHTPA THIKECTH KPHIUKM MIH HANOP H& YpOBHe
UEAITPA TAHKECTH, KOTOPLIE MOXKHO PAcCUHTATH N0 GopMyie

P& Puen & 2
3
c =M_£_0,5=0,72 M
900-98
2
" 0.6 =0,031m=31 Mm.
16-0,72

OrtmeqaeM Ha 4Yeprexe dkcleHTpucuTer € = 31 mM. Oty BemaiuHy
OTKNAEIBaeM HIDKE LEHTPA TAKCCTH CTEHKM W Ha 3TOM YpPOBHE TIOKAIRIBACM
TIONOAKERNE CHIIE! JaBneHmd Macna Ry (eM. puc. 2.9), Cwia Dpaiokena 1o HOpMamm
¥ KpHIIKe B UCHTPE AaBiacHng (T. D).

2. Bmopoii sapuanwm. JlaBieAn¢ pu.y Ha YPOBHE YCTAHOBKH MAHOMCIPA
MOXKHO lI€peBecTH B JaBNeHHe cronba MAAKOCTHM, YCAOBHO 38MEHUB MaHOMETP
nihezoMerpoM. Ha puc. 2.9 nee3oMeTp TipejicTamied MYRKTHPHOH nuived.

PaccuRTHBAEM BLICOTY YPORHS MACHa B NEE30MeETpe N0 $opuyae (1.5)

3
hp=—‘pi'“’—; hp=0,11-93-10 =122 M
Prascs £ 500-98
Tak Kak ILEIOMETP — 3TO GMKPIINGR CTCKIIAHAAL TpYOka, To TaruM obpazom
MOXHO TIOKAazaTh PCACSHYIO CS0DDONYI0 NOSEPXROCID, Wi NVEIOMENIPULECKYIO
nrockocms (I111). Or yenoero# ceofoanoli NOBEPXHOCTH OTCYHTEIBAETCH TTyOHHA
MOTPYKEHHS USHTPE TSOKeCTH Kpelunky (1L.T.) ¥ ray0uHA DOTPYXEHHS OEHTpa
JaB;ieHns (1.4.).
CHiy naprenyus Macha paccyuTeiBaeM oo dopmyie {2.5)
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Ry = Pruaca B e A,

riie he— DIyGuHS TOTPYACHAA NEHTPA TAKECTH KPRINXH, OTCINTAHRAS OT
yonordoli cpobORHOM HOBEPXHOCTH:

he=h,—(a+d2);, he=122-05=0,72m
Tor,na CHJIa naBnNEHHA Macia
R, = 900-9,8-0,72:0,2826 = 1,8:16° H = 1,8 xH.

I'myGuHa noTpyXEHAS HEHTPa AaRICHUS 0T YCNOBHOH cBOOOIHOM
nopepxHocTH coriacuo dopmyne (2.6) :
I sin? 2
hD:hc+stm a_ o+ d .
ho A 16h,

h, =0,72+0,031=0,751 m.

Ha ruyGure hp moxassibacM cHIIY JaBNeHMA Macsa. Liewtp nanitenns Hpxe
IEHTPA THKECTH KPRITIKKY Ha BEIHUYNHY BTOPOIO CaTaeMoro, T. 6. 3KCIeHTPHCHTeTa
e=0,031 M=31 M.

Taiam o6pasom, 06a papHaHTa pacuEToB COBIANAOT,

Omeem. Cuna panierns Macta Ry = 1,8 kH, rnybuna norpyxeHus meHTpa
paBneHnst hy = 0,751 M, 5KCHeHTPUCHTET € = 31 MM,

PaccmoTpaM elE HECKONEBKO CIY9Iaes YCTAHOBKA MIMEPHUTEThHEX mpubopos
JABJICHHA, NepeBod OAaRACHAA 10 nprOopy B panmeaHe ©r100a XAMKOCTH M
onpeReneHia NoNoxeHus ceoboAHON NOBEPXHOCTH.

3agaua 2.3.7. Onpefennrs BSIMUHAY CHIB  JIARNEHMA OGeH3RHA A
MPAMOYTOILAYIC KpLuKy AB BricoTofi A = 600 MM 1 mmpranoil b = 400 Mu, conu
noxasauuy Uobpasworo pryrHoro MaHOMeIpa: PYyTH h, = 40 MM, Macna
Buncn = 30 vam; paccronana: @ =100 mm, ¢ =200 mm (puc. 2,10).

HafiTn reomempuueckoe oNoKeHe IEHTPE JURTCHAN.

TIpwHATh ICIOTHOCTH MHAKCCTCH: MBCHA  Puex = 900 KT/, pPTYTR
Per= 13,6°10° kr/v’, Gemanua Pocs. = 720 KT/’

Pewnenne NpelCTABHT:E ORAINMUNMECKUM i Zpao-ananumiecium
METOHAMH. :
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Peweane.
1. Anansmuoueckui memod. Cvny nesfmeHns DewsuHa paccuHTaEM IO
dopuyne (2.5)
R£=p&1nghCA!

rae A —omaxne Kpeliuxkn, A = bk;
Ry= Pﬁmghc bh.
Ilepceentm nokazanwe [F-oBpasHoro MaroMeTpa E JaBicHHe cronfa
MHIKOCTH 10 NEE30METPY.
BenmoMHYM YChoORME PRBEHCTBR A4BICHHA OTHOCHTENBHO TUIOCKOCTH YDOBHN

0-0 (cm. rmapy 1; maparpad 1.5), yuMTHBAS TONEKO M30HITOUHOE RanneHHe
{cM. puc. 2.10): P =P

P1= Pouaca & Pusca + Py € P — Poen 8 @5
P2= Pooa & hptess;
Praca & Puses + Pprﬁ’ﬁn"PGemga: Pﬁmgh_p Sein-

_ Puscn Puscs + Pyr B

Poen

Orcrona kphn

_a;
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. - 900-003+136-10°-0,04
Phew 720

-0,1=0,693m.

PaccaATaeM rnyGHMHY DOTPYXeHHA HEHTPAa TAKECTH KPHIKKH OT YCIOBHOH
cBOGOAROI NOBEPXHOCTA:

e = Bygom te+ W2 he=1L193mM=12M
OnpegennyM cUIy AABICHHA GeM3HHa:
Ry =720'9,81,20,40,6 =2,0 - 10° H=2,0 xH.

InyGuny noOTpymeHUE NeHTpa AaBIeHMA OT ycioBHOH cBoGomBOM
TIOBEPXHOCTH OnNpelienseM no E3pectroll hopmyae (2.6)

I sin?
hy, =h. +-£ o -(}-; a=90°; sina=10.
ho A
Hoacraene B dopMyny /ip IHaYEHUe LEHTPANERONO MOMEHTA MHEPLHH INA
npamoyroasimka Io= bk'/12 (cm. Ta6n. 3, npHAOXKEHHE), MOMYUHM:

hp=he+ W N2kc; hp=12+0,025mM=1225m.
IKCLEHTPHCHTET COOTBETCTBYET BTOpOMY cnaracMoMy: e = 0,025 M =25 MM, |

2. I'pago-anansimusecknii semod onNpciencAMS CHIK AaRseHNA GEHIUAA
a) onpeaenseM AaRIEHHE B XapaKTePHBIX TOIKaXx A 0 B:

PA= Prscacs t Pphp: TPocng(c-a); P4 =6,3 Klla;
Ps=pa+ poemgh; pp= 10,53 xfla.
6) crpouM MOPH rHAPOCTATHIECKOIO JARTEHKS B ynobHoM MacmTabe.
Ho mopmami K crenxe AB OTKaIEBaeM BEIWMHHY JOUBNCHAS Py W  Pg
{cm. pac, 2.10).

B) paccHHTRIBACM CHUTY AaBnedns Gerauna Ry 1o dopyyne (2.11)

Ry =S b;

R, =24 ;*"!hb; R, =2,0 kL.

I') ORpeAeNseM NONCKEHHE HEATPA TAKECTH MIIOPbL, T. €. MEHTPA THKECTH
Tpanenue no Ta6m. 3 (cM. IpHACKEHAE):
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_,h{PB +2PA)_

Yuton = 3(PA + Pg)-’

A1) uepes HeHTp TANECTH BIIOPH NPOBOIUM CHIY AaneRHs OeA3ura R,.
IIpoBepAeM BEIMUMHY IKCIEHTPHCHTETA &

Yoz =0:275 M.

e=hi2 = Yuzan s
e=0,3-0,275=0,025 M = 25 mm.

Peaynerarel pacuSra cRMW jJandedns OsHIMMA M ICOMETPHHECKOTOD
TIONOXEHHA [eHTpa NABJICHHA JBYMA METONIAMH COBIANAIOT.

Omeem: R, =20xH; hpy=1225m; e=25wmw.

Zanaqga 2.3.8, OunpepenuTe cumy JaBlieHMS BOJH  HA  HAKNOHHYKIO
TIPAMOYTOAIBHYIO  CTEHKY AB, lEpNEeHAUKYNAPHYIO [UIOCKOCTH  deprexd,
HAKIOBEHHYIO OO YIJIOM O K TOPH3OHTY, lepekpRBaiomylo narpybox 1mrpaHoi b
¥ pricoTolt A, JlapneHye Ha NOBEPXHOCTH BOALI COOTBETCTBYET Puw:. ¥ POBEHE BOIR
Han BepxHei KpoMKo#H Kpriiky paseH a {puc. 2.11).

Pemetmse npeacTaBuTs B OyKBEHHOM BEIpaRtcHUN.

Pemrenne. Cxema pacmo;someHHs NPIMOYTONIBHON KPEIMKM A8 aHanoryaHa
cxeme x 3agade 2.3.1 (cm. puc. 2.2). Tlokakem Gonee pauMoRaNbHBN HOAXON K
pellledrIo 3a0a49H.

[lepesensM noxazanue MaHoMeTpa b paBlende cTonfa bBoxwl. lloxawem Ha
yeprexe (cM. puc. 2.11) myHKTHpOM DRE30MeTp 0T CBOGOIHOR DOBEPXHOCTH BOMILL,

NOTY4UM BEICOTY (HaNOP) Mg = P uan .
pg
VCcIOBHG MOXHQ TIPBCTABMTh, 4T0 Haj cBoGONHON NOREpPXHOCTHI €7aMen
MAROMEMPUNECKOZG DASRENNR Oelicmeyens dasienue Ccmoaba 6006 Ry
TNokaskeM TYHKTHPOM 5TY XKU/JIKOCTE H YCAOSHY0 Ce000HYN nogepxnocme.
Tenept o1 yenosuoi ceoboaHold nobepxHocTi BYAEM OTCUMTHIBATE INYGHHY
OOTPYKEHMS LEHTPA TAWECTH NI0CKol cTenkn (hc) u roybusy norpysxexss
nenTpa gasneHud {fp).
PaccywThIBAEM CHIY HABJEHRE KUAKOCTH R, 110 dopmyne (2.5)
Rx=pghc 4,
roe hc— Fiybuna NOrpyKeHRs UeHTPa TsKECTH CTEHKH!
he= Buse 1 a + H2;

A —nnouiank creuxu: 4 = bh/sina .
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{ ycaoenas ce06o0Han ROSEPXHOCITD
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Pac. 2.11

Tlokamem na puc. 2,11 rayBugy DorpyeHna HUEHTPa TOKECTH CTeHKu fy: .
TTony4#m BRpaXXeHNC O CHALI AABNCHHA BOJIEL

Ry = pg (Ptuan + a + H/2) bh/sin a.

Tloxazkem jwHaIo HeHCTRHA CHIBL Mapiehus BoAn. Ciia R, npuwioxeHa Ko
HOpMan¥ H3 XUIKCCTH Ba cTeHKy A8 Ha rmy6ane Aip, colmacHo dopmyac (2.6)

I sin’a

hy=h,. +
p = he A

rae I - uvenTpaeHHNIE MOMEHT HHEpIUMH CTEHKH AB oTHOCHTEIEHO
TOPH3IOHTANKHOME OCH A NPAMOYTONLANKA (CM. T26A. 3 B NpUROXeHAR):

bh?

Iocae noncTaHOPKH NaHHKX B COOTRETCTBYIOIHUK COKPGILIOHHFI IOy THM:

.hz
Ay =h- +——,
o =he * 1z




Toxaxem na puc. 2.11 rayGuRy norpyXeHHs UeHTPa RABJICHHA hp K OWIY
AaBIeHnAs BOAbI R, : CHIa NPHIOREHA B UENTPE NABIeHHA [0 HOPMATH X HAKNORHOH
AOBEPXHOCTH,

Taxnm obpazoM, IT0T METOR pellelud cileAyeT HPH3IHATE Dolee HPOSTHIM M
PAlMOHAABHRIM H HPUMENATH IpH pacdéTe CHABl ZABNCHHA XHIKOCTA KAK HU
ILIOCKHE, TAK M HA KPHROJIHHEHHEIE NIOBSPXHOCTH.

PaccMoTpuM caydafi, XOTan HIBECTHO SAKYPMMEMPUYEcKoe J0CIENUE HA
onpefenEHHOM YPOBHC 38KPRITONO pezepByapa. B stomM cnyvsae MomHo He
TIOKAIRIAATE [hGIGMCTP H YCIOBIYIO CBOGONHYIHC NOBCPXHOCT:H, 8 MPEACTARMTS
peineHHe TyTEM Jozuveckux paccyyedenuii (cm. 3aaaTy 2.3.9).

3apana 2.3.9. Onpeneauts CHIY JaBICHAUS BOAK HA KPYIIYIO KPHIULKY

AuameTpoM d 3aKpHITOrO peaepsyapa, eclIH M3BECTHO MOKalaHHE BAKYYMMETpA
Pux HA BBICOTE  OT UENTPa TAKECTH KPhilike (pHc. 2.12).

~ B
—— L -~ —— - i
- o2
— T T T #C )
I V.Y .
_— _ ‘,..._* \"/
......__- _ ; \
- BOJR
VA A A A S A A A e
Puc. 2,12

Cwiry nanneHus BoAk PacCIMTaEM Mo W3BECTHOH dopmy.e (2.1)
Rﬂ =Pc As

rae A = momazns kpenukn: 4 = nd’/4;
Pc— A3BICHUE HA YPOBHE IEHTPa TMKSCTH KPHILIKH.
3neck chaeaycT NOMHHMTH, YTO OpM PeleHWM 3802494 MAHOMEMPHYCCKOE
HAaBfCcHHE YUMTLIBACICH CO 3HaKOM “+7, a saryymmempurieckoe - co 3HaKoM “-“
(cm. pazzen 1.2}
Pc=(- prxt pgh),
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Toraa R, = ( pgh—Puu ) nd /4. 2.12)

TlepecunraeM mesoMeTpydecknit HANOP Ha YPOBHE HEHTPA TAKECTA KPHIIKE
AB:
e =P6 = p P
Pg PE

LlenTp BasncHus HAXOZMTCA Ha DACCTOSHMH HKCUCHTPUCHTETA & OT UeHTpa
TARECTH KPuinku, n3 Gopmyne {2.6) ameem:

I.sin*a xd*
e=———, 1eq=90" sina=10;, J.=——.
hCA » pit L] * [ 64

Ilecae ROACTAHOBKH [IAPAMETPOB TIOIYYHM.
r

16k,
PaccMoTpuM TPH BO3MOKHHIX BAPHAMTA JHAYMEHMS CHMITK DaplieHHs Ry o
NONOXEHAA HeHTpa JasneHna (puc. 2.13).

b 6

s

S——p———b rd
Pou = pgh Pa™ pgh

Puc. 2.13

1. BaxyymMmeTpHueckoe JDaBleHHE MeHdIse PABICHUA BOAH OT YpOBMA
YCTaHOBKY BAKYYMMETpa IO LIEHTPA TAKECTH KPHUIKY, T. &. pgR > po,, . Cornacko
dopmyne (2.12), nomyuHM ROAOKMTENEHOE IHAICHHE CHIH JBBNEHHR MHAKOCTH

-

Cuia HanpapneHa M3 XKAOKOCTH HA CTeHKY. 31aYeHHC SKCIEHTPHCHTETR e-
TamKe BellHuYMHA [ojloxurenbhas, CHaa faRdeHud DPHIOKEHA HWXe LEHTPa
TAKECTH Ha BejMIAHY KCOeHTpAcHTeTa (e) (oM. pic. 2.13, a).
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2. BexyymmeTpuiecKoe JasleHHe Py, = pgh. H2 paculraoit dopayan
{2.12) nomyany R, = 0. 3T0 IHAYAT, YTO CHIIA ABRICHAA BOIM YPaBHOBSIIHBAETCH
CUI0H BAKYYMMETPHYECKOTO JaBneHua (oM. puc. 2.13, 6).

3. BakyyMMeTpHYECKOE JAEICHHE 6oAsNie AABNCHHSA BOJBL HA YPOBHE
HEHTPa TAMECTH KPHIIKH: Page > pgh. [Ipn noacranoeke B pacuérhyro dopmyny
{2.12) noxyaum orpHLaTeNnsHOE 3HAYEHHE cuibl Ry. 3o 3R2YNT, ¥yTO cHaa OyneT
HANPEBIEHA SHYMpPs WAAKOCTH 38 CHET BAKYYMMETPHUECKOTO NaBIEHHUA.

3nauenAe  SKCIEHIPHCHTETA ¢ Takke NORYYACTCS  OMIPUKQIMCIbHbIM,
FHAUHDL, HEHMDP OG8TCHUR PACHORONCER GWIIE HEHIMPA MRICECHIN KpbliiKl
(cM. puc. 2.13, B). )

Huxe mpesnmaraloTcs  3auadd 114 CaMOCTOATEIbHOH  palorar ¢
WCHOLI0OBAHHEM TEOPeTHIECKHX IONOXeHuH [0 ONpeneleHRIo CHIH JaBileHuA
MUAKOCTH HA NINOCKAE NOBEPXHOCTH.

2.4. Japatuu Aa8 cAMOCTONTEILHOI paGoThl Mo TeMe:
“Cuaa pasJeHHA RAAKOCTR HE 1110CKHE NOBEPXHOCTH”

Japaua 2.4.1
Brixon 3 pesepByapa, 3alONHEHHOro BoZoH, INpeAcTaBiIaeT maTpyloxK,
KOTOPHI 3akphiBaercs Kpyriaodl kpemmxoff jmamerpom D = 600 mM. Kprrmka
MOXKET HOBOPaYABATLECA BOKPYT apmapa A.

Oupenenuts cuny T JUIR yAEp#kANUA XpPLOUKE B 32KPBITOM NOTOMEHHN, €CIH
DOKA3AHMWE PTYTHOI®G MaHoMeTpa h,, = 120 MM, BHCOTAa YPOBHS Maclha Hal
pryteio A, =50 s, Hpuuars a = 500 MM, mI0THOCTL PTYTH PR 13,6:10° xrvm?,
MNOTHOCTE MACHA P g = 900 xrm’ (puc. 2.14).

Orger: T 23,53 k1L
________ A
T
T
~ noma —

TI777 77777777777
Prc. 2.14

2
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3apaua 2.42
IlarpyGox  pe3epsyapa ¢ MacnoM REPEKPHBACTCH KPYITIof KpRILKoif,
noeopauMBadmeticn Bokpyr Iapwnpa 4. OnpejenHTs, Xakud BOmKHO OLITh
moxasanie U-obpasaolt TpyGisa, sanomuennoli pryteio  (Ay,), ycTamomnenHol wa
NOBEPXHOCTH Machna, 9vo0bl KPhIIIKE HAXOAWIACE B 3aKPRITOM NONONEHUN 34 cubT
BaKyyMa.
Ipunsre: muaMerp kprinky D = 600 mm, rayGauy macia /o WapA#pa 4
pasHOH A = 200 MM, [OZIOTHOCTE MACHE Pu,= 900 Kr/M 7,

ANOTHOCTE PTYTH
Ppr=13,6 *10° xrin’ (puc, 2.15).  Ormeer: h ;=38 Mm.

L VAP A O T
Puc. 2.15

3anaua 2.4.3

B BeprRKansHOB  meperoponke OTCTONHHKA, COCTOMIEr0 M3 JBYX
peaepayapos - 4 u B, clesado KBagpaTHOE OTBEpCTHE €O CTOPOHOH a = 600 M,
KOTOPOE NEPEKPLBACTCA KPRINKoil, TOPOPAYHBAIOMEHCH BOKPYT mapHupa O.

OnipeneinTs, Xaxoll HaNMeHLIOHH BAKYYM HYXKHO CO3JATH HA MOBEPXHOCTH
BOAGB B 3AMPHITOM pesepByape A4, 9To0hl Kpuillika OCTaBANACh B 33KPHITOM
nonoxenwd. Pesepayap B otkperr. Ilpaasts Hy=1,5w; H=0,8 M (puc. 2.16).

OTBET: ppnc = 6,86 Kl ]a.

TIFTIITITITIITI IV
Prc. 2.16

50



3agaua 2.4.4

OrcToliHHK QNA BOAH PA3AENEH BepTUKANRHOH meperopomkoil, B XoTopoh
CAeIAHO KpyTIoe otpepcrHe pgHameTpom D = 0,6 M ¢ xpuumkof,
NOBOpayYHBAICLICHiCA BOKPYT WapAppa (. 3aKkpHTOe TONOKEAAE KpBIMIKH
obecneudractes H20WITOUHEIM AaBieHMEM HA NOBEPXHOCTH BOAB! B 3aKPLITOM
pesepeyape B. Pescpayap 4 oTkpsT.

OmnpeneanTs, PR KakOM MOKa3aHAH ManOMETpa B pescpeByape B kphumka
OCTAHETCA B 3aXpuToM nonoxerus. Mpuasts A= 2,3 m; H, = 0,8 M (pue. 2.17).

Oreer: py, =0,15av.

A— —
VAV
Pac, 2.17
Janaua 2.4.5

OupeRemnTE BeWYWHY W Hanpanierwe CICIE N, OpWioieHHol K 1ITOKY
rMOpOTMAHHIPE A8 YAEpAKAHPA ere Ha MecTe, eCIH IIOKA3aHHE MAHORAKYYMMETPA
Pt ) Pur = Puan = 012 a1, 6) p™ Pay= 0,11 ar. T'nmipounmmAap 3anonneH
MACJOM  1JIOTHOCTHIO Puae = 900 kr/M’, mHamerp nopums d = 100 MM, BricoTa
YPOBHA Macha Ha ypobue ocu nopurua H=0,8 m (purc. 2.18).

Oreer: a) ¥ = 147,7H (nanpaprena Breso), 6} N = 29,2 H (nanpasacna
BNIpaBo).
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3apaaa 2.4.6
Onpenemts cuny jgasicHa Gem3mma Ha TpeyronbHENL 3aTBOpP TUMpHHOMN
b =600 mv 1 BuicoTol b= 800 MM , & TAKKE DONOXEHHE OEHTPA ZARTEHHA, €K
MOKa3aHNe MAHOMeTpa, YCTRHOWICHHOr0 Ha paccTosHud a = 300 mm oT Bepxsaeit
KPOMKH 38THOP& Py =0, 11 aT (puc. 2.19),
T1noTHOCT, GCHIHHA IPHEATE Paen= 720 KI/M.
Oteet: R, = 4,0 xH, sxkcuenTpAcuTeT 2= 15,0 MM.

e ity

|

- M

Il

———

iy

o -

!
}

—

|

—_— -

H

GeMaHR

I
Puc, 2,19

3azaqa 2.4.7

OnpenenuTe BEIMYKHY H NONCKEHEE PaBHOACHCTEYIOMEH Cd JaBmEMMR
BORLI H& IAOCKYI0 ROMaNyio CTeHkY ABC, yAepxuBaWIIYIO C/eBa HATIOp BOZK
H=5,0wM, cipapa # = 2,0 M, JlIMHA CTEAKH B [NIOCKOCTH, NEPIEHAMKYRSpHON
IIOCKOCTH "eprewa, [ = 6,0 M. Bepxnad 2acTh CTEHKM HAKICHEHE IIOH YLAOM
&z = 60° x ropwsonry. PacadT BEMQIHMTEL IPAadO-BHATATHIECKHM METOIOM
(prc. 2.20).

Orper: R =636 xH.

I SRy ENeEs

- - B
4
L AV AV A AV P T i i i A P

Prc, 2.20
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3agaua 2.4.8
OnpenennTs BeaWuHHY W MOIOKEHHE PAaBROACHCTBYIOWER CHMN AaBICHAS
BOJIH Ha TUIOCKYRO JOMAHYIO CTeHKy ABC, ynaepxunarowryio namopsl M, = 3,0 M u
H; =1,5w, ecmu Anema crenkr L = 5,0 M, Yrosl HaxTOHA HYXKHEH QaCTH CTEHKH K
ropasouty o = 45°, Pacufrm BunommuIL rpadio-2HATHTHICCKHM  METOIOM,
TI0XKa3aTh NOA0XKEHHEe NEHTPa faBieHns (puc. 2.21).

OrBer: R = 568 xH.

= *‘“I
I L
B .
- - B]H\
S NN
— {oNC
777
Pue. 2.21
Zanava 2.4.9

Onpenenuts HopMaTeHOe yowme F, NMpUTOXENHOE K HAKTOHEON KpHIIKE
AB nna yﬂ.epncaﬂma KPLIIIKY B 3aKPEITOM Nosroxernny. Kpoinxa pacnonroxena oog,
yraoM a =60° x TOPH30HTY, YKpellIeHa ¢ IOMOLOBIO IIapHUpa A 1 mepekprisaet
naTpy0oK KBIPAaTHOrO0 CEYeHMs CO c'mponoﬁ a = 200 wmm. Iarpybox 3anommen
MAaCJIOM ILTOTHOCTEIO Pyscy = 900 K,

K mny matpy6xa npucoenuHéH nbe3oMeTp, HokaszaHue KoToporo H = 300 mm.

Cuna F npwiioxena na paccroanuk b = 50 MM ot crenxu narpyGxa (puc. 2.22).
Orper: Fryn =279 H.

Ill!'l{

ke " YRR, T e e
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3apawa 2.4.10

IatpyGox Macnofiaxa KBaJpATHOTO CEYEHMA €O croporofi a = 150 mm
nepexpaipacTcs Kphiukoi AB, nepemeinaomedics B BePTHKAIRHEX Na3ay.
Ompenemmts caty F  ans OTKPHITHA KPHODKY, €CM TOKA3aHHEe MaHOMETpS,
YCTAHORNEHHOTC Ha BepxHell cTeHke maTtpyOka, puy = 0,12 ar.  Ilpemsars
LICTHOCTE MACHA  Puae == 900 xi/M’, ¥03BUUACHT TPEHUA CKONBXERMA B Ta3aX
J=0,5. Macca xprimuxu M = 2,0 Kr (pac. 2.23).

Oteer: F=159,0 H.

r 4F
- ;A o L.
1
— 1
_ E ‘
4B g
!
Puc. 2.23
3agaua 2.4.11

B 3akpmiToM pesepeyepe ¢ BOJOH KPYIioe AOHEOE mmpme 3aKPHEIBASTCA
kperyxod 2= 300 My, mapauprOo yKpelménHolk B Touke 4.

OnpellenuTh HAUMEHRIIYIC CANY HATSECRAES Tpoca 1° Ang OTKPHEITUS KPEILKH.
Tpoc yxperwmée mox yrmom & = 60°. IipuusTh TokasaHue MaRoMeIpa Ha
MOBEPXHOCTY BOIB Puye = 0,12 aT; riyORHy sanonrexus pesepsyapa H = 1,5 m;
Maccy kpunke M = 2,0 xr. TpeHsem B IIAPHHPE M HANPRRIMIOIMHX TPOCH

npexebpeus (puc. 2.24).
Oreer: Tin=1, 09 kL _
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3anaua 2.4.12

3agpwTHEE pesepByap, 3anOAHEHMEI Bofod, HEXOANTCA noj AaanesdeM. B
pelepByape JOHHOE KpYyTnoe oTaepcre pmadeTpoM o = 300 MM saxpseBaercd
Kpemiikodt D = 380 MM, 3akpemndygolf  mapHHpoM B Touyke A,
Onpenenurs cuay F, yACDXUBAIOINYI0 KPHIIKY B 3aKPHITOM TIONOWKCHHH, €CIH
macca kpurkd M = 3,0 xr, TJoxaaande MaHOMeTpa Ha paccToaruu A=15M or
OHa Pue = 0,25 ar (puc. 2.25).

Orper: F= 1,4 kL.

Puc. 2.25

3anaua 2.4.13
Onpenenuts fapies¥e p B OPABOH H4ACTH IMAPOIHIHNIIPA AHAMETPOM
D =200 MM, sanomuenHoro macnoM “Hupycrpmannhoe 207, Cpna, neficTRyiomas
Ha mrok o = 50 MM 1ipu paBHOBEcHOM ¢OCTOAMHH nopiHg, F = 2,0 kH. Ilpunrate
H3frTONHOR NaBIeHYE HA TOBEPXHOCTH Macia py= 0,8 at, Hanop macsTa Ha ypoBMe

ocw nopmns H=1,5M, ILIOTHOCTb MaC/8 Dyaes= BID xr/n’ (puc. 2.26),
Oreer: p=29,55 xl1a.
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3agaua 2.4.14
TIpemoyronhuRii IocKuii MAT, NepexphiBatomui Kaay mpHHoi B = 2,0 M,
BEEDPXY NOANEPKABACTCH ABYMA KPIOKaMK, A BHEIY coeqMHEH IMApHHPHO C© JHOM
xanana. Chepa AT yAEPXHBAET Ranop Bogw F; = 2,1 m, cupaea - k= 0,9 M,
Kpiok® yxpemnreHH Ha paccToSEMM a = 0,5 M OT BepXHEro YpoBHA BOIHL

OmpenenuTs peakius Kpiokos Ry, oT geltcTeis sonu Ha mat (puc. 2.27).
OtBet: R ;= 5,36 REL
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Pac, 2.27
3azaua 2.4.15

Onpepenurs yeivke T, KOTOPOE HYXHO HPHIOKHTE K BEPTHKANEHOMY TROCY
ANS OTKPLITHA INHTA, UePEKPHBAIOIIETO XAHAN JPAMOYroiasHoro cegemns. Iur
pacTonomked HOX YTHoM o = 60° X ropusoHTY ¥ 3aKpemn®y mIapHHpHO B T. O X
omope. Illwprra nmra B IUIOCKOCTE, TEPNEHARKYMAPHOH IITockoCTH wYeprexa,
B = 3,0 M. 'nybuna Boaw! niepen maroM H, = 2.0 M, 2a murom ;= 0,7 M. YpoBeHE
BOTE] Ha)[ InapHApomM h = 0,5 M. Macca nurra M = 400 xr (prc. 2.28).

IlpeacrasuTs aHanUTHIECKCE H rpadio-aHATHTHYSCKOE pelIeHye.

Oreer: T=64,4 kH.

| ==

56



Tnapa 3

CHILIA NABJIEHHS XHIKOCTH HA KPUBOIMHERHRIE
HOBEPXHOCTH

3.1. OcHoBELIC TOHETHA H TEOPETHYECKHE NIQIQKEARN

TlpAMepaMu KpUBONMHEHHEIX TIOBEPXHOCTEH, MCTBITHBAKIIHX DABJICHHE
noxoameics MKMAKOCTH, NRINIOTCH ClEeputeckHe H NMNHBAPAYECKHE CTEHRH
Pe3CPBYSpOR, CeKTOpHLIS, oepHYECKHe M UMIHHAPHYECKHE 36TBOPL, KNANMAHEL
HACOCOB, IOBEPXHOCTH TPYOOIIPOBOAOB U T. 1.

B npaxTHke HHX¢HEPHEIX pacutToB CTABATCA 38Jd9H OTpeReJeHHH CHAL
ZaBJEHNA HA KPHBO.IMHEHHEe MOBEPXHOCTH, HEOOXOAUMEIe YCRINA A OTKPEITMA
KJ1aIIaHOB W 3aTBOPOB MM YAEPHKAHHR HX B 3AKPEITOM LIONOMCHHR.

ClomHOCTE OTIPeAeTeHUS CHIbI JABNEHHE HE KPHBOMWHEHHEE HOBEPXBOCTH
38KMIOMASTCE B TOM, 9YTO KOKADE INEMEHTAPHOC YCWIME, AeHCTRYOUlEe Ha
KPHBONMHEHHYIO FOBCPXHOCTh, HANPABJICHO [0 HODMANM K  3IeMEHTAPHON
INOMAIKE ¥ HMEET YTOi HAKNOHA 0 OTROICHHIO K ADYIOMY 3IeMEHTApHOMY
YORIHIO.

DT0 3HAYMT, YTO HPM ONPEACNCHHR CMAL NARICHMA AMOKOCTH IIPHOETCH
HHTCTPHpOBATH 3BRHCHMOCTB DJIEMEHTApHOE CHIN dR 0o OnollagH
KpUBOJIHHEHHOH noBepxHocTH. 1A HEXCHEPHETX PaciCTOB 3TO 3aTPYIHATENLHO,

B cesiv ¢ 9THMM NpUHAT MemDd, cOrNacHo KOTODOMY paBREOOCHCTBYIOIMAn
DARICHHS HA KDHBWIMHEHHYIO NOBCPXHOCTE ONPCHEISETCH KAK [eoMeTpuueckas
CYMMa COCTARIMIONIMX O TEYM MIH TPEM BHIGPAHHEIM HRTPARIEHHAM:

——

R=R,+R, +R,. (3.1)

Hamme BCEro KpUBOJIMHERHEIE NOBSPXHOCTH, ACOONBIYEMEE B TEXHHKe,
HMEOT OChb CHMMETPHM HKIH OCh BpaweHud. Jlng Taxnx nosepxzocTel mpa
ONpene/ieHHH CHIE JaBISHMA RHAKOCTH  JAOCTATOMHO JABYX COCTARISICIIMX
TOPMBOHTANEHON 1 BepTHKALHOMN:

R=R?+R2, (32)

Topuzonmansian cocmognAiou{GR CUAN OQSTEHNHR HAE KPUSOANHEUHYIO
ROBEPXHOCME DASHG Ciie OGENEHUR HCHOKOCME HA NAOCKYI0 SePMuKaabiyrw
BPOLKILI0 KPUBOINHEHNOT nOsSepxIOCMU:

R, 7’pgyaAy, (3.3)

rae p-— ILIOTHOCTH KHAKOCTH;
4, - molaAE BePTHKATEHOM IPCEKIHM KpHBOIUHENHOS NOREPXHOCTH;
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Yc - KOOPJMHATA LEHTPA TAKECTH BEPTRKATHHON TPOCKIHH, OTCUHTAHHAN OT
cBOGONHOR NOBEPXHOCTH.

Inybuna norpykeHms LSHTPA TAKECTR BepTRANLHON mnpoexusn hc
COBUARAET ¢ KOOPAMHATON DEATPa TWKCSCTH Y , HOITOMY B JaAblejimeM Yo MOXHO
Ha3EIBaTH NIYOUHOM NOTpY)XKeHHA 1IEHTpa TOKECTH WA HANOPOM HA YPOBHE HenTpa
TAXKECTA BEPTRKANLHOH NPOEKUHA KPABONHACKHOIN TTOBEPXHOCTH,

Apyzums crosamu, wmobm nainu ZOpIZORINIIBNYIO COCHIOSARIOULYIO,
HYICHO KPUEOHINEIINYIO ROSEPXHOCHS CHPOCKMUPOSAINS SHYMPL NCHOKOCIU N
SEPIHURARBHYIO NIOCKOCHYS i HASME CILIY OQSRERNR NA NOAYUEHIYIO NPOCKUINO.

Cpapemsas $opmyny (3.3) ¢ dopmynoit canm jgancHAA KHAKOCTH Ha
anockyio cremgy (2.5), BADMM amanormio pacdaéTHEIX 3aBHCAMocTefi. 3MaukT,
KOOpAMHATY yp RIH TTYOHAY NOrPYKEHHA TOYKH IIPHIOMEHHA TOPH30OHTANBROH
COCTARNAKINGH, T. © MEHTpa NABNCHHN, OypencnseM no dopMyne  ais
SEPMUKARLH O RIOCKOE OBCPXHOCTH:

Yp=Yc+- , (34
D C Ve Ay

rae Ig ~ HEHTPANBHENT MOMENT HHEpPIHH BEPTUKANBHON NPOEKUWH OTHOCHTENLHO

rOpH3OBTANREON och.

Bepmurdaionas cocmagiNiuan Cuts DRENENNS MG  KpUSORNHeHHywo
ROKEPXHOCIED PASHA CHIE MANCCOMU HcudKocmu ¢ obvémMe “ mena dagnenun”:

Ry =pg Via, (3.5
rae ¥; 5 —o0bEM Tena rapneHus.

PacemoTpuM HoRATHE “ meno dagnenun”.

Teno daenenus — 310 KpUBONHACHHLIN ofrbéM, orpanHdeHAEL:

a) camoll KpusouReiinoii BOSCPXHOCIINID,

6) UoBepXHOCTRID, OOPHICBAHHON SEPMUKANDHLLMYU BPOCKMUPYIOHINMU
JANHUAMY, TPOBCOCHUEIMH H3 KCHTYPa KPHUBOJMHEHHOH DNOBEPXHOCTH Ji0
cBo6OAHOH OBEPXHOCTR WIH €& IPO/IOKEHRS;

B) TOPH30HTANEHOI Opoekimel KpHuponnHeHON NOBEPXHOCTH HA C60600HYIO
ROSEPXNOCHIL HeUdKocmu AN ¢ TIDOIONKEHNE.

Pazsmgator npa PEAZ TeNa NABICHHA.

L Pearenoe, Oclicmenmenbnoe uan noroNCUmensioe meno 0eneNus,

10 coIyualt, KOrga Teio JaBCHEA TNOCTPOSHO Ha CMOuEeHMod YactH
KpupONHHEHHOH JJORBPXHOCTH, 3aNGIHCHO WHAKOCTHIO, T. €. CHIA THKEeCTH
MHAKOCTH PEANBHO AcHCTBYET HA KPHBOIHHEHHYIO IOBepXHOCT:. BepTHkannaan
COCTABNAIOLIAA CHITEL AaBNehud R, i Henmpa mascecmu 00BEMA Tena jaBreHas
HANPARICHA ENLF M TAKKE CIMTACTCH ROMONCUINENbIOH.
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TlpuMepn  nmoAodcHmeasHo20  TENa  jJaBiieHis  H sepmuKansroli
cocmassIouieii AR KPHBONAACHHON [TOBEPXAOCTH AB mpejcraBnichn HA
puc. 3.1.

Puc. 3.1

2. DuKmushoe, MREMOE RIH OMPUHAMEAbHOC MERD dasreRus.

910 cnywait, Koraa HKHAKOCTE HAXOUWTCH BHE KpnaoauHeiiHoli TIOBEPXHOCTH,
TEIO0 JARICHHA DOCTPOSHO HA HECMOUEHNOM ACTH KPHBOJINHEAHOK NOBEPXHOCTH.
FCHAKOCTL B 06bEME TEa AABNCHUA OTCyTeTBYyeT. Beprakanshas cocrasnsoman R,
w3 yenmpa maxcecmu ofséMa Tena NARICHAN HANPABICHA #FEPX M CUUTAETCHA
OMPpUHAMeIsROiL.

[Mpumepn  ompuyamenstoze TEAd  JARIEANSA H Sepmunansiou
cocmoensouiedi Ui KpusonureiRo# nosepxxoctd CD NpABE/ICHEL Ha puc.3.2.

- e D
LA

Puc.32

Wz onpencsieHHMS NOHATHSA TeTa JARTEHHA ¥ NPAMCPOB TOCTPOCHUA TEid
JABICHHSE MOMKHO TPEJCTABATE MENMOOHKY TTOCTPOCHHA TEAA NARTEHHA.

Yro6hl OMpPEacnTs o6bEM Teaa JamicHUs B €10 BUA (MONOXHUTEILHOE HIA
OTPHIATENLHOE), RYKHO K3 KOHTYpa KPHBOMHHEH!I0H 110BEPXHOCTH, T. €. H3 BCEX
TOYeK KpDHMBOJMHEHHOH WOBCPXHOCTH, TPOBECTH BEPTHKAILIbIC NERMH [0
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cepboonoil mosepxuocpii XMIKOCTE HIM €8 npogomxenns. Eciu owepaennsiii
BEPTHKAISHBIME  JEHHAAMH obséM 3anonsen XHOKOCTEIO, TEX() [aRneHus
MOCTPOEHO HA CMOYEHMOH Y3CTH KPHBOMMHeHOH NOBEPXHOCTH, OHO CUMTACTCH
nronodxcumensimm. CTpeNKamMu, HANPaBIEHHBIME #HM3, IIOKe3hIBAEM, HTO
EUIXOCTE AABUT Ha KPHBOMHHeRHYIO TOBEpXHOCTS (cM. pre. 3.1).

Taxum oBpasom, BHAeNTeHHLt oOBEM MOXHO HASBETE IMOPOH mena
dasaenun. Onpejeimed NONOXeHHe LEHIpa TixecTd Teia Hannenus. Ha nentpa
TENECTH 00BEME BEPTURATLHYIO COCTERAMIOIYI0 R, HATIpaBiiNeM sHus.

B npotuBHOM iTydae, €CiH OJEPICHHHI BEPTHKANGHRIMA ITHHUAMH O0BEM
TeHa MBRNEHMR TOCTPOSH HAa HECMONEHHON  IOBEPXHOCTH H He IQNORHER
KAOKOCTBIO, TOUIO JARJIEHHN CYMTAeTcH  ompuuameisiwm. Crpeaxamm,
EATIPAENEHHRIME 86£pX, TOKAILIBAEM, YTO EMIKOCTR KAK OBl BEITECHeHA 3a culr
KOHQIIypan®Ey  KpHsOnmHeHnOH  nomepxHocts. M3 oewtpa  TexecTu
OTPHIIATENSHOr0 TeNd JABNENMA BEPTHXAIBHAY COCTRBIfOmas R, panpamnena
TAKKe édepx {cM. pHc. 3.2).

PacemoTpuM ciyual, KOrja IPK HOCTPOCHAE MOXKET MONYYHTECE He OZHOD, &
LBz Tena Aasinenus {puc. 3.3).

Pac. 3.3

VlmeeM KpHBOMMHeHHYIO0 NopepXHOCT: AKE, YIepXUBAOLIYIO HEKOTOPHIA
HANOp ¥HAKocTE. KpupoiureHyio IOBEPXHOCTE MOKHO PAIJIETATE HA JBG YACTH ~
AKu KB.

Jna gactR AK CTpoHM Teno QasNeHnd IO INpHBeNEHHON MeTOIHKE.
[TonygaeMm neaoxcumenwnoe Teno Aabreras obséMom AKM, 0OCIpOSHERM Ha
cMoueHnol nosepxxocTH AK.



Joisi qacte xpuBOMHHCHAOHE nopepxHocTH KB Teno nannenms  obnéMom
KBNM, nocTpocHROE Ha necMonennoii ioacpxaoctd KB, empuyamensnoe.

B ofpéme KMNE NpovCcXOQdT HANOXKEHHE OTPUNATELHOrO Teda NARNEHAS
HA NOJOXWTENbHOE, JBa TEHa JAARNCHHAS CIAHMHO  VHUNMONCAIOMCR
(KOMIEHCHPYIOTCA, COKPAIIAIOTCS).

[Mocne nocTpoemiii MveeM ABa T€14 NARICHAS: ROMONCIMMEAMHOE OOBEMOM
ANE, cura R, 43 ueHTpa TAXKECTH Tena JABNCHMA HaNpamiena ewnus;

ompusamenviioe obpvémom EKB, cona RJ,2 NaNpaBACcHS seepx.

B npupengHHEX DpuMepax “Tella NARIEHUS™ IOPY MOAONCUMEABHOZ0 TENa
DABNEHHS 3ISMITPUXOBRBAEM  CRAGIMHGLIMII  MAMAMM, OMpHNEMEANOZO —
nynxmuprwsu. Takyio se  DIpHXoBKy OylleM NOKAILBATE B IIPUBEAEHNLIX
npEMepax K 3aaavax.

IlpepaaracTes paccMOTPETh NPHMEPH PACYETA CHIW JIRANEHHA KHAKOCTH HA
KPHRBOIAHEHREE HOBEPXHOCTH PAINHYHON COKHOCTH,

3.2. Ilpnmepnl pemieHAR 38124 N0 TeMe:
“PacuiT cAAb! ARBJICARNA XHAKOCTH HA KPHBOAAACHNBIE NOBEPXHOCTR™

3apana 3.2.1. Ipanrapudeckuii 3aTpop juamerpoM D = 0,6 M nepekpripaer
APAMOYIOABHOE OTBEPCTHE B BEPTRKANLHON CTEHKE, YASPKUBRIONIEH HAIOD BOXBL
BricoTa OTREPCTHA PABHA AKMAMETPY 38TROPA, AAHHA oTBepeTua L = 2,0 M. Vposens
BOAE! Hajl BepXHel kpomkoif 3aTsopa k= 0,2 M. 3aTnOp MOXKET NOBOPaMBATLCH
OTHOCHTENEHO TOPHIOHTATGHOA OCH H, NEPeMEHIaACh, OTKPHIBATL OTBEPCTHE
{puc. 3.4).

OupescnuTs BeTMBAY ¥ YIOJ HAKIOHA K TOPM3OHTY CHJIK JZRNEANA BOIRI
Ha URIRHApHYecKnil 3aTBOp.

Pemenne. Ha puc. 3.4,a nokazar obwmi emn1 3aTBopa. Pemexne
MPEACTABHM B MIOCKOM HMEpPTEXe A BCPTHKANLHOIO CCHERHA 3aTBOPA, 1P ITOM
a;imAa 3aTBopa L neprnenmukyaspHa miockocrd ueprexa (puc. 3.4.6). Mia
HaIrTADAOCTH ¥ AYTLIET0 NOHIMAHNE yepTEK BLIIONHEH B Macuimabe.

Ha npymepe penienus 3Toit 3aA3d9n IPEACTABICHA MemodiKka PacuéTa CHINE
JABBICHUA XHAKOCTH Ha KDHBONHHCHEEIE TIOBEPXHOCTH,

1. BpfupacM ppa HAOpaBIEAMA X H ), [0 KOTODHM ONpPEHEIAEM
COCTARNSIONIMEG CHIBI JABICHWA ¥AgKocTH. CHila non#oro aasnenqs R:

R=R}+R.

Ja nanHOH /MHAPHYCCKOH NOBEPXHOCTH AOCTETOMHO ABYX HanpamIeHwit,
TAK KaK MMOBEPXHOCTE HMEET OCh CHMMETDHH.
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Prc. 3.4

Hayano woopmmiar seifupaeM ®a csobogmoli  mopepxmocts. (ce y
HaNpaBnseM BEPTHKATBHO BHW3, TaK KaX MOJOXHMICNLHOE 3H3YEHHME rNYOMHE
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OTCYMTHLIBEETES oT cBobBojgmolf momepxuocT® BAWA. Ock X  HANpABISEM KO
cB060MuOfi NOBepXHOCTH BODABO [0 HANPABNCHAIO HACHCTRAN KMIKOCTH
(oM, puc. 3.4, 6).

2. Ompenensem ropuIcCHTABHYIO cocTaBonnyio R, oo gopmyae (3.3):

Rr:Pg Ye Ay-
KpusousHeliHyo nosepxHocTh AB crpoexTHpYeM eHymps KUOECCTH Ha
BEPTHKAIBHYIO  IUIOCKOCTE.  |IOMydIMM  BepTHKANBEHYI0O  mpoexumo 4'B',
HpefCTABISIONNYI0 NPSMOYTONGHEK BhicoToit DD ® mopuuod  (mnwnchH) L

{cM. puc. 3.4, B). PaccumracM cmily NaancHWA BOOH HA 3TY BCPTHKAILHYIO
NPOCKIHIO.

Inomzm BepTHKannEoi npoexnun A4, = DL.
Koopaunara, wi rifyGuEa DorpyseHid NeHTpa TOKeCTH £ 1ol mposkumu
ye=h+D/2=05wm.
TToxaxeM Ha yeprexe ye. PaccuuraeM ropmIoHTAIGHYK COCTABIAIONIYIO:
R.=pg(h + D2)DL; (3.6)
R, = 10°9,80,5:0,6:2,0 = 5,88:10°H = 5,88 kH.

Onpeae:teM CIYORNY TOTPYXeHAS NeHTPa SARICHHR Pp A1 TOPHIOHTAILHOM
cocTarnmoieit, T. e. IIyOHMHY TOYKH IpUnoKeHns cwikl B; no dopwyne (3.4):

Ie
YA

Yo=Yyc+

rfe fr - OEHTPATHHAIN MOMEHT WHEPIMH OTHOCHMTENILHO MOpRIoHTaNnbHofi ocn s
BEPTUKANBHON HpOeKUUH RpUBOMHHeHHON MoBepxHOCTH. MoMeHT RHepHAM AL
NpAMOYTOEHIKAE, Corstacko Tafn. 3 (cM. npuoxeHne):

LD’
To=""1,
12
ITecne DoacTAHOBKH JAHHEIX HOITYHHMM:
‘ 3 2 DZ
=Ye t s = Yo + ———; IKCUSHTPHCHTET €= ;
To=Ye t DL € Ty, TP 12y,
0,6° -
Yp=05+ =0,5+0,06=0,56m; ¢e=0,06 M=6cm.
12-0,5

FokmxeM Ha YePTeXe ¥p, SKCIEHTPUCHTET £ U [IOIOKEHHE CUITL R,.
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Iopusonransayio cocrasnmouryio R, MOKHO ONPENIETHTE TAaKKe rpatho-
AHATHTHYECKHM METOAOM, cornacao dopmyae (2.11):

R =SnL.

OnpenennaM nartedue pogm B Toukax A’ u B':
Pi=pgh  p,o=10"-98.02=196-10"Na =196 xlIsa.
Py =pg(h+D); p,=10-98.08=7,84-10° Ila="7,84 kTla.

IocTpouM 31U0pY rHAPOCTATHMYECKOIO AGBICHHA {cm. puc. 3.4, 8). Omiopa
TIPCACTARACT NPAIMY ¢ OCHOB2HAEM B BUJIC TPAIICLIMK 4 BricoTol L, Toraa

R, =S,,L= P«?"’_“‘F.’gﬁi.{)l DL=pg(h+D/2)DL,

Ho:zyurna popmyny, cootsercrayiomyto dopmy:e (3.6).

Haxonum  rpadmyeckn  monomxenue HEHTpa  pamneHus. MowHo
BOCHONIEI0BATHCA JAHHMMA Ta61. 3 (oM. mprnoxense). InyGama norpyxedus
HeHTPa NamneHHd, cornacHo $opuyne (2.11), copnagaer ¢ nonoxeHuem newTpa
TIDKECTH MMOPH B BHAC Tpanemin (oM. puc. 3.4, 8). Haxoxrm xoopauuary neerpa
TEHECTH S0P

DQ2p +py)

= =0,24M.
Ap; +py)

OT.3ML

Leatp maXecTH IpanemMm MOXKHO  ONPEACIMTE TeOMETPHYECKAM
TIOCTpOCHHEM (CM. 3axaTy 2.3.4).

Ha puc. 3.4, B noxakeM ypyom, nomyuaM yp = h+D—y, ... = 0,56 m.
Pacaétit ropmsontaneHoit cocrammmomeld R, u IMyOMHEl DOTPYXeHHR LEHTpa
AABIIEHAA Pp AHATHTHYECKHM H Ipado-aRaIHTHYECKEM METONAMM COBITANH,

3. Onpenensem BepTHXANRHYIO COCTARIMOLIYIO R, canbl faniedns Bogu Ha
IMIMHZPHYECKYH? IOBEPXHOCTE No Gopayne (3.5):

R, =pgV,

Kpusonuueiinas nosepxHocTs HMeer ipe Hacta - AC 1 CB.

CrponM Teno mamtedns jim zacty AC. Vs KOHTYpa XpuBomueiinoit yactu
AC ApoBOAMM BepTUKA:IGHEIC NUHMH A0 ceobodnoii ROGEPXHOCINY  HOWIKOCTH,
OOJYSHM peanshoe (DOIORMTENbHOE) TEN0 AARIEHHE B BUIe KpHBOIRHEH RO
HpH3MA ¢ OCHOBAHKEM AKMC, NOCTPOERHOE HAa CMOYEHHOH NoBepxHocTH AC B
3allofHERRoe 2oA0H. B amope Tena RaBnesus cTpeTkH HANPARIsAeM sHiz3,
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Has uacTH KpvBOnHMBEHHOH IOBEPXHOCTH CB cHoBa npoBOTHM
BEPTHEANBHEE JHHMH 0 csobodnodl nosepxpocmu, NOIYHUUM OMIPHRGMETINOE
TENO0 JARITCHEA B BHAC KPBROTHHEHEOH UPIIME! ¢ ocHoBaHieM BCMK, Tax kak ono
TOCTPOCHO Ha HECMOYEHHOH MOBEPXHOCTH ¥ He 3alonHeHo XuaKoctro. CTpenxu B
3MIOPe TEI2 AARNCHII NOKLKEM IIYHKTHDOM H HAlIPEBHM $6EpX.

AHa1H3 [IOCTPOEHN ARYX TGN JRBIIeHUA MOKA3LIBAET, WTo B ofnéve AKMC
IBa TeNs NEBICHHS B3AWMHO YHHYTOWKAIOTCA (COKPAINaKTCs, KOMIECHCHDYIOTCH).

Pesyapmapyloiies TENO ASBICHUA ompHuamendnde B BYIE HOTYLRIHHAPA
obuéMoM:

2
v, = 2
-
BeprukamsHas CoCTAaBIAOMAN Ry
3 nE2
R, =pg L R, =10° -9,33'1-48——01‘1- +2,0=2,77-10° H=2,77xH.

8

IToxasuieaem aunKio JelicTARS M TOUKy npitoxenna R,. Bepruxanssas
COCTARJIAIODIAS JIDHIONKEHA B HENMIPE MANCCCH Tela NABNEHWS M HalpanRieHa
eeepx. LleHTp TaKecTH NMOMyLWIMHApa (cM. Npwioxende, Tabn. 3) EaxouTcs Ha
paccTOSHAR Xc = 47/3xn = (,13 M OT OCH LUNAHAPA.

IlokasnBaem pa yepreme (cM. pHc. 3.4, 0) paccTosHUe Xg, NEHTP THEECTH
TIOMYIHIAHAPA H HATpaBsIerue CHiIkl R,

4. OnpenenseM BelMYFHY PaBHOREHCTBYIOWMCH JARISHUN BOAM Ha
NHIEHApRYecKul 3aTBOD:

R=./5882 +277% =6,5xH.

Yrobm mafite nuMuo geficrteud, mampamieHBe M TOMKY TIPRIOKEHHN
passogeficTeyiomedl K, mo gauwu JelcTBea npoaomxuM K, B R, A0 B3aMHOIO
MepeceycHus, JoayeuM Touky N. ['eoMerpuueckoe cnomeHMe cHEIl DpoBegEM Bue
gepTexka. BaiHeceM Touky N M NOKaKeM cAOKEeHBe CHI B MacinTabe,

IMapa:nensHo no NMHWE  fieficTBaA cany R mepeHecEM B Touky N ma
OCHOBHOM YepTekc M IpoAomxkuM e g0 MepecedcHHA ¢ KpuBoIMHcHRnoi
TOBEPXHOCTEIO. PasHozeHicTeyioman R nonxua npoifin aeped TOUKY IepeceyeHRs
COCTABJLAIONINX M IIEHTD KPHBOIHHENHOA NOBEpPXHOCTH.

Touka nepecedeHRs paBHOASHCTRYIOMEH ¢ IMIHHAPHYECKON NOREPXHOCTRIO
SBIAETCA KEHMIPOM DaeReHus.

VYroi o Raions papHoReficTByloeH R nainéy yepestg o :

R
tga=-L= 277 _ 047, o=25"
R, 588

X

a5




Omesem: pagHOACHCTRYIOMEAS JgapneHns Boxel R = 6,5 xH BappasicHs
PAAMANEHO Y10 ¥TIOM @ = 25°,

B npaktmxe pemcEpE 3apad MOryr OHTE CIyuay ONpeneiieHWs CHITSl
HABJIEHHA HA KPHBONMHEEHYIO MOBEPXHOCTH, KOTHa XHIKOCTh HefcTByeT © ABYX
cTopon. Takoe pelueHEe paccMOTPHM Ha MpuMepe anaan 3.2,2,

3agaua 3.2.2. QOupelenats cU1y JARACHHA HEGTH HA IWIHHADHYECKYIO
HOBEPXHOCTh AR, a TaKXKe YroJ HaxioHa CHNLI K TOPHIOHTY, €CHH CIEBA YPOBEHb
HeQre Hy = D = 1,2 m, copaga H> = D2 = 0,6 M. Jena prneaapiyeckoi
nosepxiocT L=4,0 M. IIpHHATS ILTOTHOCTE HeQTR p, = F00 K/ (prc. 3.5).

Pemcenwe. Ha pmc. 3.5,a npencrasneH ofmmi BHI IMOIMHAPHYECKOH
TOREPXHOCTH IUTHHOH L, BOCIpAHUMAIOUIEH JaBienne HedrrH ¢ ARYX CTODOH.

B caydae peficTBus XAAKOCTH € HBYX CTOPOH Ieliecoo0pasHo ONpenciIuTs
COCTARTMOULYI0 Ry, KaK T€OMETPHECCKYIO CyMMY FOPHIOHTANGHLIX CHM cliea R,
M cnpasda R, , H BEpIHKANEHYI0 cocrapuaomylo R, uepes  ofnim
PesyILTHPYIOMEro Tena AaBIednd, 3aTeM FEOMETPHUECKM CNOBMTE Ry u R, u
HONYYHTE PEIYISTRPYIOLIYIO CRAY Aannenws R A e& nojloxenwe.

Paccuprars cwily [aBleHHs XWAKOCTH HA  KPHAONHHEHHYH0
NOBEPXHOCTL CHAYANA CIOCBR, 3aTeM COPABR, IEOMETPHHECKH CHOXHTE STR
COCTABAMIOIIME JUlA OOpeNeNieHNs paBHofelicTeyiomell W e€ noloxcnMns Ooaece
TPYROEMKO, KAK aHAIHTHYECKH, TAK H FEOMETPHISCKH.

1, ITokamem #Zpa HanpasieHns - x ¥ y (em. pac, 3.5,6), mo koTopeM
oupeAenM COCTANISIONYME CWIN AABNEHHA ¢ HOCICHYIOITAM HX TEOMeTPRYECKHM

CITOKCHACM:
- 2 2
R=.R,+R,.

2. Oopeje:nnd BETHUMHY M NONOXKEHAe I'OPH30HTATRHON cocTap;momed R,
Pacuér npopenéM spado-anaiiimueckim MeTOI0M:
a) OnpefenuM CRITy faBJenud HehTH cieBa K, .

Kpupo:HHelinylo NOBCpKHOCT: AB CHPOCKIHPYCM BEYTDH FUOKOCTH Ha
BEPTHKANBHYIO NIOCKOCTE W UOJydHM BEPTHKAALHYIO lipoeknpie A'B' B muje
NpAMOYFONEHEKA BRIcoTod M ¥ gamrol (mmpusolt) L (e, pac. 3.5,6).

Hanneme vedrn 5 Touxax 4' u B

Pe=0; pp=p.gH,. py=900.98-12=10,6-10° Tla=10,6 «lla.

CrpouM 3mopy ZAaBicRug. OTKNaibBaed N0 HOPMATH K BEPTHKANLHOM
NpOCKIHA BeMYWHY JIABRCHUE B XADAKTePHLIX TOWKaX B yaoOuoM MacmuraGe,
COBAIMHAEM [OnYHEeHHLIE TOYKH HAKNOHAOH nDpaMod. Omiopa aamneHuHs
OPeNCTABISET TPEYTONLHYIO NPHAIMY ¢ OCHOBAHEEM B BHAE TPEYIOJIEHMKE H



BHCOTOH, papvolf L. 3aurpHxoskiBacM 31DOpY,

CTpCaKaMH  NOKAIWBacy
HallpgRieHMe JaAneHHA HehTH caega Hanpapo (¢M. pHc. 3.5,6)

Hy-D
|
A

i

cz,

Pac. 3.5
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Crwoy R,, paccuutaem no opamyze (2.11)

2 2
R, =5, L=2u8l g 0BT 40 554100 H=254xH.
2 2

Tiokaxem NMHMEO sleficTBHA cmpl R - CHAR TIPOXOXUT Fepe3 LEHTP TSDRECTH

9MMOPH, T. €. 4epe3 HEHTp TIoKecTH Tpeyronsuuxa (cM. dopMyny (2.11)). I'myGnua
BOTPYXKEeHUA BEHTPA JaBAcHHA AN CThl R

2

hn =h =—H,.
Dy 3

LT

Ha yeprexe (oM. puc. 3.5,6) nokakem h p, W AHAVIO neficTBug cuns R, .

CHia HampaBIeHa MO HOPMAIH K BepTHKANBHOH npoexumu A'B’ cuaepa
HATIPARO (M3 MHEKOCTA HA BEPTHKANLHYIO IPOEKIHIO).

6) Onpenenum crty nasirers Hedh cupasa R, .

Kpusomaneitnyio nobepxHocts CB cnpoexTHpyem BHYTPh XKHOKOCTH Ha
BEPTEKAIBHYI0 IAOCKOCTh, NOAYUAM BEPTHKARLHYIO Nhpoerumio C'B B BMAE
TPAMOYTONLHKA BarcoTol Hy v mmmoi L.

Paccanraem ciLty R,,. llaBneRne B XapakTepHEIX TOYKAX:

Pe=0; pg=p.gH,. pp;=9%0.98-0,6=53-10°1la=53xlla.

Ile aramoTvE cTpouM 5moOpY NABTeHHA HedTi cnpapd. Dmopa DaBNCHHA B
BEPTHKATEHOH INIOCKOCTH —Takoke NPENCTaBAACT PABHOMEPHYH0 HATPY3KY B BMJAC
TpeyronbHuxa. CTpenkaMd NOKAKEM HanpapienAe Jelicteus HedTH Ha
BEPTHXAJILHYIO NIPOSKIMO CNpaBa Haneso, Paccawraem cuny K, :

i _pa8H; _900-98-0,6°
R, —SM2L———2-- L R, ==

-4,0=6,35-10° H=635xH.

Toxaxem JuANIO nefictus cHIN R, . CANA MPOXOAAT Jepe3 UEHTP TAXECTH
BTOpOfi SMOpK  Ha rayluse hy =hy.,, =2/3H, 1 HenpasneHa fio HOpMATH K
BepTHKaNbaoit npoexunu C'B cripapa Eaneso {cM. pHC. 3.5, 6).

B} ONpEACINM TOPAOHTANBHYIO COCTARIMOIRYIO R, MyTEM IeoMeTpPHYECKOro
CHOMENMS COCTaRAoNMx R, u R, :

- il

R, =R, +R,;

R, =R, -R,; R, =1905gH.

Xy




Monoxenne chiw R, onpenenum, nonesysce Teopemod Bapuabowa: MoMeHT
or pamnoxclicTeyiome#t R, paEcH cyMme¢ MOMSHTOB COCTRBASIOINBX CLUT R, m
R,, otHOCHTENENO TOH %e OCH, HanpuMep 0-0, cormeiugRroll ¢ xHom. OGo3naTIM
yepes yp paccroanme oT ocr 0-0, Ha KoTopoM mpunoxena cuia R,

R.yp =R, -1/3H,-R 1/3H,; orcioma yp,=04Tm.

Ha paccTosiHHM yp OT IHA HOK2KEM NHHHIO NelCTBHA B TOYKY OPHIOXKEHHA
ropusoHTankHoit caapl R, (eM. puc. 3.5,6). 'aybuna norpyxenns ueHTpa napieHus
I18 TOPHIOHTANRHON cocTammalomich fip = Hy—yp=12-047 = 0,73 M. Cuna R,
MANpAR/CHA N0 HOPMANH CNEBA HANDABO Ha BEPTHKANBHYIO npoexmno 4'B'
KpPHBONTHHEHHOR NoBEpXHOCTH.

3. Onpeaennm senrusuny, Henpagnenuc u MOMKY BPURONCENUR
eepTHKANBHOH cocTapnmoneii R,. Cornacro dopmyne (3.5):

Ry =pgVia

Hafingm nomoxenne pesyAbTHpYIOWlCro Tena maeacHus. Ha puc. 3.5.B
NpeACTARIEHO TOCTPOEHAE Tela JaRieHMs 1% JicBod W mpaBod  gacTy
KPHBOIMHEHHOHA TOBEPXHOCTA COTNACHO NpUHATON MeTommke (cM. raasa 3; 3.1).

Ja nepoil HacTH HORYMacM ompuHAMEIsnoe TeNo NABTEHRS 00BEMOM B
BHIE DOMYUMIHHIDA:

v, =M,
8

13

Jinn npaBol uacTA Teno namienws nonoxcimenswoe oDbEMOM B BEAE

QeTREPTH HTHH/DA:
Vog, = KHZZ

TLy 4

L

TIpi  reomerpHueckoM cloXeHWH OOBEMOB  JABYX TET JamIeHUS
NOZIGKATEIBHOTO B OYPHLATEBHOTO, T. €. NPH HANOKEHHH o00bEMoB Tenma
AABTCHAA, IONYSHM PeIpRbmupyIowiee meio OGBAEHNUR OMPULOMECTISNOe B BHIE
YeTBEPTH LwiMHapa  (cM. puc. 3.5,6). Bepruxaibran coctasanioman R,:

2

®H
Ry = pugy'r..:.pesyn_ =P.£ '#L; Ry =997 kH.

M3 uewtpa THiECTR pPesyNBTHPYIONIErO Tela MARNEHHA, T. €. H3 IIEHTpA
TDKECTH 9eTREPTH NWAHHAPA, BEpTWXanpHa# cocTapifomas R, nenpaenena

69




séepx. JleHTP TAMECTH <eTrBepTH DWAMHIPA TAK e, KAK USHTP TEKECTH
DONYUWIHHADA, HAXOAMTCS HA PACCTORHME X, = 4r/37 (cM. npuaoxenue, Tabn. 3):

x, = heit PR A LY
3n 3.314

Ha pHc. 3.5,6 noxakeMm X, H NONOXKEHUE BEPTHKANLHOMK cocTapsiomed R,.
4. HaxoauM pemauny parHonelicTBylomeit R:

R=\JRZ+R?; R=119,057 +997% =215,

YrobLl Haliti NojoKEHAE W TOUKY TIPHICKEHHR PaBHCACHCTRYIONECH CHI
masnermn  nedrr R, mpofoawaiM cocTapnmionue R, n R, no msanmHoro
nepeceveHu, TOMYIAM TouKy NV (¢, pHe. 3.5,6). Bunece Touxy N mue Jepreka A
NpoBenEM reOMeTPHIECKOES CITOEHNE CHUT,

Ho nuumm aeilcters  paBnozeiicTBylonrylo R mapamiencno nepenecéM B
TOUKY HCPeCedCHIDI COCTAANMION(AX Ha OCHOBHOM 4Y€pTeXe K HAluéM TOUKY
TiepecedeHRd CHIM R C KpMBOJRHE{ROH NOBCPXHOCTBIO, DTa TOYKA ARNAETCA
OEHTPOM ARBJICRHA JUIN PE3yNbTHPYIOLIEH CHA NaBieHNs HediTH.

Pamnopeiicteyromas R fomkna 6HTL HAOpaBleHa pPAgMAILHOG K
KpHBoaAHeiHoH nopepxuocth. FIposepuM, JelicTeaTeinsro cuna B mpoxXoanT epes
UEHTP OHAHAPHYECKON II0BEPXHOCTH, IOCTPOCHHE BEPHO.

Vron a Rakiona pasHoAelicTBY01e HalingM yepes tg o

R
a=-"2= 397 _ 0,523, o =27°40",
R, 1905

Omegem: cuna japnenns HeTH Ha  LUHAHHIPHYECKYR TIOBEPKHOCTH
R=21,5xH, crna pefictayer pajHanbHO 1HOA YTIAOM a = 27°40°,

B szapawax 3.2.1 m 322 npencrasncHH aHANATHIZECKHD B rpado-
aHANMTHYECEWH MeTONW onpedencnuid FOPHIORTIILHON COCTABNMOWESH CMIIB
HARICHBA FHAKOCTH Ha KpHBOTHHEHHYIO [OBEPXHOCTH, PacusT BepTHKANEBHON
COCTABAAIOWSH uepe3s 00BEM Pe3y TRTHPYIOIETO Tela jJapdeHus. B a1Hx zapavax
o6BEM Teila JABIEHHA NPEACTARIEH NPOCTHIMA TEOMETPWYECKHMM durypamy,
TMONOXEeHHE LIEHTPa THXESCTA KOTOPEX OLPEXSIACTCH o Tabaune.

Hapany ¢ mpoCcTHMA reoMETPHUeCKMMH (HTYPAMH Tela [aBNeHHd IIPH
pemenduu 3anat Moryr OMTR cIyval, Korjda Telo AaRiieHMs OpeacTapiaeT
KPHBOAMHEHHYIC OpH3My ¢ OCHOBagHeM, CoOCTOMUNUM M3  HECKOJLKAX
reoMeTPHIECKHX Guryp. :

Ha npamepe petiienns 3anaun 3.2.3 paccMOTPAM ONPE/IeiIcHHE TTONOKEHAN
1CHTPA TKCCTH T4 ARBICHUS, Kax CTOXHOH reoMepHueckol GHIyphL.
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3apaua 32.3. OupenenuTs CHITY JHaBIeHMA BOAB HA 9ETBEPTH
LHIHHAPATECKOH moBepXHOCTH AB OTKpHITOro pe3cpByaps, YIoil HAKIOHA CHAH K
TOPHIOHTY ¥ IMYGHHY NOIPY)KeHHS LEHTPd JARICHWH, eCTH rTy0khHa 3anomseHus
pesepsyapa H = 1,6 M, paanyc npiMHapudeckoi nosepxaocty r = 0,8 M, qrmHa
pesepryapa I = 5,0 M {pmc. 3.6).

Pemrenwe. Ha pue. 3.6,a gan obumit BuI pesepByapa ¢ HHIMBOPHIeCKOH
nosepxuocTeio B HzoMerpu. Ha pue, 36,6 npeacrasneno cpendee cewenme
Pe3epRyapa HopMaTEHo) IITOCKOCTHIO B COOTBETCTRYIOUIEM Macuimabe.

Cornacto npensToit Memodune, TPOBOANM ClIETYIONINE pacy&Thl.

1. BrufupaeM HanpasieHdy X B ¥, N0 KOTOPhIM ONpcAesieM COCTARLUIOIIHE
CHBI IABIIEHHA C NOCTEAYIOWEM HX TEOMETPHIECKHM CIIOXKEHHEM!

R=JRZ+R2.

Hayaio xoopauHat BoiOHpaeM Ha cBoGomrof nosepxnocTH. Ocbk X
HANPaBifiem BIPABO 110 HANPABIEHWIO TEHCTBHA XHMAKOCTH, OCh ) ~ BEPTHKANEHO
BHHM3.

2. OnpepensieM rOPU3CHTANLHYIO0 COCTABIMONLYIO Ry 1o dopmy:ze (3.3):

R, = pgyc 4, .

ChpoexmapyeM LMIEMEAPHYECKYIO TIOBepXHOCTE AB HR BHEPTHKANLHYIO
1:10CKOCTh, [Toy3aeM B NpOEKLKY OPRMOYrONLARK BRICOTOM AR'=r u mmprROH,
paBHolt Anuue pesepByapa L. Ilnomans sepruxanbuofi IPOEKIIME HETREPTH
uwraugpa A, =rL.

HaxomaM  xoopauHaty (rayGmHy HorpyxeHus) INeHTP2  TIDKECTH
BEPTHKANAHON NpOeKuHy Ye , KOTOpas OTCIUTRIBAETCA OT c600a0HOH BosEpXHOCIIU
HHKOCTH:

r
Yo=H 5
TlokazpBaeM Y Ha Jeprexe (cM. pHc. 3.6,0).
PaccuHTRIBAEM FOPHICHTEILHYIO COCTABIAOMYIO K,

”
R, =pe(H - —2—) rl;

R,=10°.9,8.12-0,8-50=47,0.10° H=47,0 xH.

!
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{loxa3anrsaeM HATMpaBIeHHE H TOUKY NpRIoKeHHs cunsl R, Cuna npunoxena
B Hermpe daenenus 110 HOPMANH K BCPTMKEILHOH Npoekiiy AR’ ua riryGune yp.
Tlo dopmyne (3.4) .

[
Yp=Yec t—
yCAy

rae Jo- UENTPRUBHENE MOMEHT HHEPLIMH BEPTHKATLHOH TPOEKIIMA KpABOAHHE i HOR

NOBEPXHOCTH OTHOCHTC/BHO T'ODHIOHTAILHOH OCH, T. € MOMEHT HHepIIHH
IEPAMOYTONBHHKA, cornacno Tabn. 3 (oM. nprnoKeHne):

Lr3
=T

IloacTaByM 3HAYEHHA BSEX 1apamMeTpos:

r? r?
= + — = +— 3
Yo =Xc 2yorL Ye 12yc
0,64
=L2+--—=[2+0,044=1244m.
yo =Lt M

SKCHCH'I‘[JHCHTBT €, T. €. NOHHEKESHUC [1IeHTPA AaBNCHHAA QTHOCATENEHO IeHTPA
THHECTH Bepmxa.nmoﬁ MPOSKIINH:

2
e=-te:  e=004uM=44Mm.
12y,

Ha geprexe (cM. puc. 3.6,0) NMokassBaeM KOODARHATY LIEATPA JaBJIeHHUA Yp,
3RC].[BHTpHCHTeT €, HATIIpABICHAS H TOIKY IIDANDKCHNA CHAE Rx.

3. OupenenseM BepTHKA:ILEYIO cocTaRouyio R, no dopamyne (3.5):
Ry =pgVzy

BepTuranbHag cOCTABIAICIIAN PABHA CHIE THXECTH KHUIKOCTH B 00BEMe TENR
Aarnenys. YTobu uaiitn o0néM Tea NaRneHus, TOCTPOHM 3NODY Tend JAABRIEHHN,
M3 KoHTYpa UMIMEApHYEcKOd NOBepXHOCTH NpoReAEM BepTHKANhLHEE TWHHH OO
npodomcenun ceobodnoii nosspxnocmu. Telo HARNEHHA OTpaEEenc caMoif
KPHBOAMHEITHON  noBepXHOCThIO AB, BEPTHKANLHEIMM  JIDOEKTHPYROIIMMM
IUOCKOCTAMH ¥ TOPHIOHTANLACH NMpoeKLMelf kpuBoiuHeHoH nosepxHocTH AB Ha
IPOIOIKEHHE TOPHIOHTA ¢BO0OTHOM NOBEPXHOCTH. ~
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OuepueHHOE Teno JAapicHHA TNOCTPOEHO Ha  HecModcHHOH 9ACTH
KpHBO:IHHefiHOH NoBepxHOCTH AB, He 3aN0NAEHO KHAKOCTBIO, NMOATOMY OHO
CUATAcTCH ompunariensrsim. CTPENKH B 31DOpE Teila SABICHHA HANpARAEHk! BBEpX
(cuna R, Oymer Take RampabieHa BaepX). Teno HaBAcHMN NPEACTABANCT
Kpuéonuneiinywo npusmy ¢ ocaopanned 4 A"B"B w pucoTol, pasHo# L.

IMnomaus ocHOBAHRA TCNa BABICHMA MOXHO PACCMATPHBATE Kak PasHOCTb
anowaziell AByx GHrYp: mpsMOYrobHMKa S, =S, pepp 8 HETBEPTH KpyTa

S2 = 814y - Torna obsEM Tena masncHuA:
ot
V‘r..m = (Slm.B'A'B‘B - SIHm.}L = (rﬂ' = _“4_ )L -

Bepruxancias cocrasnsioman R,
2

o
R, =pg(rH — —4—) L

2
R, =10"-9,8(08- 16—3&408

H=138,1kH.

INepexopuM K ODPEACHEHMIC BANPARNESHMA H TOYKH  IIPHIONKECHANA
BEPTHKANBHOH cocTaBimoueit R,. Cuina R, H3 yenmpa muoicecmis meng 0aeenun
OYAeT HaNpaBlReHa s8£py, TEK KAK TENO NARNCHRS OMmpuyameibnae.

Hyxao BaiiTH II0OXKCHHE HEHMPa maNcecmi TEna NaBNeHHs, T. €. OeHTpa
TAKECTH OCHOBAHAA Te;Ta AABIeHH.

Honoxerue LeHTpa TAXESCTH cocTaBHOH (HMIYpW OOpEAEHHM, TOABIYACH
MOBATHEM CTATHYECKOro MomedTa mromany. CormacHo ¢opMyaaM, HIY4aeMEIM B
K¥pce COTIDOTMBIICHHSA MATEPRAIIOB, B IaHHOH 3a/jade KOOPAMHATA LEHTPA THXECTH
CIOXHOH DHUrYypEl paccuntaes 1o GopMyIaM:

x _Slxc. ‘”Szxcl. y _SIJ’c, —SzJ’cg_
- S -8 " $-8

rhe S — nnoumans npaMoyroabidka B'A"B'B;

§7 — WIOIAAR 9ETBEPTH KPYTA;

X1 X3 ; J1 H)2 — KOOPRHHATE NEHTPOB TAXKECTH NPIMOYIORLHAKE H HeTBEPTH
XPyra OTHOCUTENBRO BPEMEHHRIX Ocelf Xap ; Fap '

Ha pnec. 3.6, npescrasneHo OcHOBaHHe Telda papnenas A4 A"B'B.
BpeMeHHHE OCH X up M J 5p, A18 YAODCTEA PACIETOR COBAANAIOT ¢ HANPABACHHEM
oceil XAy Ha ocHOBHOM dcpreme (cM. pHc. 3.6,6).

Jlis pacaéTa KOOPAMHAT LEHTPA TAKECTH X gy H ¥ uy. OuTYpsl A A"B'B
HMeeM:
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8, =rH =1,28m%; 7 =£-=0,4M; Yq =g=0,8M;

2
4
8= E——=0,50M2; Xc, =;; =034M; y, =H- 3—:i= 1,26 Mm;
. = 1,28-0,4-0,50-0,34 0,342 _ 0,443
nr 1,28 - 0,50 078
_ 1,28-0.8-0,50-1,26 =051m.

Yur 1,28~ 0,50

OrxrafbiBacM 3HAMCHHA KOOPAMHET HCHTPA TAMECTH TSI RABIEHHA Xy, H
Yur Ha puc. 3.6,B, MOK43LIBAEM TONCXKENWE LIEHTpa TAXECTH Tena Aannenud. B
COOTBETCTBYIOIIeM Maciurabe NepeHocUM DoNOKEHHe ICHIPA TKECTH Tela
JARTeMd Ha OCHOBHOH ueprdx M IOKASEIBAGM ITHHHMIO UCHCTBMA H  TOQKY
DNPUIOKEHHS BepTHRANLHON cocTamnmomelt R,. Kak Guino ykasano BLie, 3Ta cHAA
[IPHIOKEHA B HEHTPS TAKECTR TENA JARTCHMA U HANPABNCHA BEPTHKATLAO BBCPX.

4. OnpepenseM BeIHIMHY paBHOCiCTBYlomell cwil JaBleHHA BoAul K Ha
UMIIMHAPHYECKYHO [TOBEpXHOCT: AR no dopmyae (3.2):

R=447,07 +381% = 60,5H.

HaxoauM nonomesde ciin K. eoMeTpedeckn clIOXKHM  COCTABISIONIAC
cunsl R, n R, nponomxuM CWIL 00 NEHHMM AelicTBHA N0 B38MMHOMC NEpeceaeHus,
momy+4eM TouKy [V, uepe3 xoTopywe npoiagr passofelicTayroman R.

Jlna ynoberBa nocTpoeHus Touky /N BhiHeCeM 3a IIPEjeNbl YEprexa M
TIOK&XKEM CloMeHHe cuil. YUTolm HalTH UoaOKeHWe HeHmpa OJasaeHum Ja
paeHofteficTByIORIcH R, cRNy R 1mo IMHWM AeffCTBHA IMapalIcbHO NepeHecdM B
Touky N Ha ocHoBsHOH depTex (M. pHe. 3.6,6) ¥ NMPoAOKHM €8 0 DepeceycHus
¢ KpuBonuHelino# nopepxHocTRiIo AB. Mrek, umenTp JanfeHus — 3T0 TOYEA
mepeceyeHsn uHAK AciicTBHY cEIkl R ¢ IUIHHAPHYNECKO IOBEPXHOCTLIO AB.

PapHoaeficreyiomas R gomkna GLITh HanpasNeHa PBAMANEHO M OPCXOAHTH
uepesz Touky N mepecedenma coctapmmouikx R, ¥ R, , TAK KaK cHAA JABJICHUN
Bcerga AeficTByel HO HOPMAIM WIH PAAHANBHO K noBepxHoeTH. llposepym
nocTpoerne B Macirabe. | locTpoense BepHO.

OnpenemM yroJ o HakioRa pasAoAeHcTBYI0Iel X rOPHIOHTY Yepeatg o

RJ' o
tgo=——=0,81; a=39°
R

X
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I'mybuny norpymeHMS LeRTPa japneHHA AIX paBROAcHCTRYIomell R
paccanTaeM o GopMyne:

Yppun = H —rsin3%°; y, =1,6-08-0,63=11m.

INoxasupacm  roybuny — TorpyxeHMA  [eHTpa  JapneHus U
paBHOKEHCTEYIOMER (), ) HE OCHOBHOM Heprexe (cM. puc. 3.6,6).

Omaem: CUJIA AARIEHMN BOAM HA LUIAHZPHYECKYHO IOBEPXHOCTE
R = 60,5 kH pagpansno ganpariena noj yraoM o = 39°, opuioxeda Ha Trybune

ypm. = 1,1 M.

Ilpn pemenus 3agad 0O OUpPEAENEHIGO0 CHIK JABNCHHH MXHAKOCTH HA
KPUBOIMBEHHYIO HOBEPXHOCTE MOryT Gnns cIydan pacuéra ofnéma TeNa fapncHun
B BHJAC KPHROAHHEEHHON DpA3MEI, OCHOBaHHEM KoTopof KRISETCH KPUBOSIMHEeH R
TPEYTONBHHUK, CETMEHT, IOAYCErMeRT i HM nogobuue. Ha pue. 3.7 npeactasnerm
HEKOTOPRIE NeoMeTpHIeckue GHIYpH M MOKA3AH0 NONOKCHEE HX [EHTPOB TAKECTH.

1/4a
C
$ - -
N et
- LIV 12\
a 3/8a
a
TET=
N -
o R
3/8q
a
Puc. 3.7
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PaccmorpuM €€ ouMA THNOBOH chydail ONPEACHEMHA CHRM HABISHUA
WUAKOCTH HA XPWUBONMHEHHYIO MOBCPXHOCTE B BHAE Noxycdepn Ha IpHMEpe
peurenua sanayn 3.2.4.

3anaua 3.2.4. Oupelenuts CAIY AaricHHA OeR3MHA HA NOMYCHEPHUECKYIO
KpLIIKY 3axpurToro pesepayapa. Ha nosepxnoctn Gersmna aeficTByeT uaburrourioe
HamieHAE 0apoB GeA3HHA P = 0,03 aT. Kphlllika nepexphiszeT Kpyrioe ZOHROE
orpepcrre pagmycoM r = 0,3 m. Fmybuua 3anonnerus pescpeyapa H = 09 w.
[IpABATS TIOTHOCTD GCHIHHA Ppeyy, = 750 Kr/v (puc. 3.8).

Pemenne, Ha puc. 3.8,a npeacrarncy obwnil BHA pezcppyapa ¢ GeH3uHOM B
BEPTHKATBHOM paspese.

llpewcae 9eM ApHCTYNaTh X pelllEHHIO 3aNauHd, CACZYET ONPENENHTHCA ¢
METOLMKOH Y9ETa ¥3DHTOHHONO NAaBJEHHA HA TIOBEPXHOCTH NpU pacuére Cunkl
fABTeRns Ba noidycdepHveckyio NOBEPXHOCTh. 3Aeck MOryT GlTh BwOGpausr Ba
BApPHAHTA.

Bo-nepssix, paccUNTHIBATE OTHEILHO COCTABAMIOUIYIO CHNY OT BHEIHETOo,
MAHOMETPHICCKOTO JABNEHHA, a 3aTeM CYMMEpoBaTk & ¢ cunodl nasneHms
WHAKOCTH ! HAXOAMThH PABHONESHCTEYIONYIO CHIT HABJieHUI.

Bo-smopsix, MANOMETPHHECKOE JARIEHAE HA NOBEPXHOCTH KUAKOCTH MOKHO
NEePEBeCcTH B NanieHue cTonba GeHIwHa, YCNORHO 3aMEHHB MaHOMETP NbE30METPOM,
HaliTH MNBE3OMCTPHYECKYIC BRICOTY M NOAOKCHRC  yoioeHoid ceobodnoli
ROSEPXHROCHIN.

Taxas mMeToanka pacyéra paccMoTpeHa B Thape 2, B 3amauax 2.3.6; 2.3.7;
2.3.8. DOra MeTonHKS pacaéTa MOABONHT CPasy ONpeAciHTs PaBHOAESHCTBYIOITYIO
CHJI IABJSHHA MUAKOCTH W MAHOMETPHHECKOTO NABICHHS.

Buibepem Bropoil papnauT petneHns. PaccyuTaem NhesoMeTpHYeCKHE Manop
N0 NOKA3AHHAIO MAHOMETPA, 10Nb3YAch GopMynol (1.5)

P g _003-98:107

T Pesg P gspigg T

hp&lﬂ

Ha ypoBHe cpoboadolt nosepxHOCTH B pe3epByape (cM. pnc. 3.8,6)
TYHKTHPOM JOKAWEM MLE3OMETP, BHCOTA cToNba KHAKOCTH B KUTOPOM
COOTBETCTBYST H,, ge;- T1O YPOBHIO XKFAKOCTH B MBEIOMETPE [IOKAKEM PCAOSHYIO
ceobodnyso nosepxnocms, or KOTopoH ByAcM OTCIMTHEATE KOODAMHATE OEHTPOB
TAKECTH HHTYP W LeHTpa AABICHAA.

Janmeuelimuii  pacuér cwmal Jaanegua GensMna Ha  Hoxycepuydeckylo
TIOBEPXHOCTE NPOBOAEM TIO TIPHHATOH Memoduxe:

1. Bubepem ipa HanpasieHas - x u p (puc. 3.8,6), o KoTOpENM onpeneTnn
COCTZRIAKILHE CHIB) NIARTCHHS ¢ NOCICIYIONIAM HX I'eOMCTPRYECKHM CIOKENHEM.

17



‘Q\Z

X ycmosuan , ceoBopHaz o AHOCTE Ou
9 | | _{___ 11 I'j
IR 1§
S d<
M , ‘ Y il
% - K
—] - Ol — ~
| - - wr. . ;\ 8
—_ _ - - ] I = 1
—_— - 1+R'v l;l' l§ —_
Gl lsefnl.
—  Vagd ) "L NI
-— =

¥ (Vo)



2, Onpepenvv 2opuw3onmansuyio cocTapngomyso R, no dopmyae (3.3):

Rx= Pem.gycdy

llonychepuueckas nosepxHocTs AKB umeer npe vacti: AK, ma xoropyio
Gem3nn aelicTayeT cnesa, M KB c peiicTBnem Gedsnya cupaba.

Yrohul onpefendT: FOPHIOHTATBHYIO CUNY HE JCBYI0 4YacTh foaycdepei,
COpPOEKTHPYeM HacTh AK supmps XHUKOCTH HA BePTHKANBHYIO IUIOCKOCTE. B

2
nr .

HPOSKUMR TOMYUHM NORYKPYr miow@ausio A =~-2-~. Tlpoexuna moxazaua
MYHKTHPHEIME JIHHHAM.

3aTeM cOpoexTHpYEM TpaBYI0 €YacTh NOIychepsl $HYMPS KUIKOCTH W

2

MO HM TOYHO TAKYIO XK€ NPOCKUMIO B BHJIE NIOTYKpYTa IIOWALo A) = 1—'_';—-

HaxonHu KoOpARHATH LEHTPOB TAMKECTH ITHX POEKITHH:

. 4r
Ye=Ye=Ve=H+h g T3

NoxaXeM KOOpAKMHATL! UCHTPOB TAKECTH NpoeKUni Ha yepTexe (cM. puc, 3.8,6).
losyarm GopMyITBL VA FOPHIOHTAILHBIX CHIT CTCBA B CRpasa;

R; =psagyc Ay
R} =P8 Yo 4-

Cwmat R, m R} paBHBI 10 BeNHYHHE, HO NPOTHBONONOAHO HallpABICHEL,
Ilockonexy paBHL! KOOPIMHATHL LEHIPOB TSKeCTH npoekuuil, TO paBHH H
KOOPOHHATE IIEHTPOB AABICHAA CeBa H CIPaBa:

Yo =¥p=Yp.

Ha rnybnne yp moxakeM cwint R # R MPOTURONONOKIIO HATIPABICHABIMH.
TaxmuM 0Opaiom, TIpA reOMETPAYECKOM CIKKEeHHH cha1 R # R momyuaum:

R =R, +R]; R =0.

x

-
M ow

Fopuwzonmansnan CoCmasamsoman CUIM  ORSACHUN  JKUOKOCHH Na
ROAVCPEPIFIECKYIO NOCEPXROCINS PASHA HYINO.



3. Ouopepenum BepTMKAIBHYIO COCTABAMOIIYIO CHALI JRAaBNCHUS HA
NMOTYCHEpHISCKYT0 TOBEPXROCTE Ry o dopmyae (3.5):

Ry =P 6eol Vi, -

Urobm nOCTpoHTL TENO HABNSHHA, M3 KOHTYpa BORycdephl OposendM
BEPTHKXIRHEIE TNHUY A0 yeRosneil ceoboonoii noecpxnocmu. Tlomyaum smopy
Tesla gapieHHA. Teso HaBieHHA TOCTPOEHO HA CMOJeHHOH 9acTH monmycdeprl,
3aNONHEHO MXUAKOCTHIO, 3HAEMUT, OHO JeiicTBATEIRHOE, WNH IIONOMHTEABHOE.
CTpenkamy, HanpapIeHHWMY BHHM3, noxakem JaclictBre 6OeHsmHa Ha
noryedepuuecKyio KpERIKyY ( cina R, Taioke OyneT Hanpas1eHa BHHI}).

loppsouTanbuas MpoexuMA NONYC{Cpw HA  YCJIOBHYIO  cBOGOZNYIO
TIOBEPXHOCTD HPEACTARIAET KPYT.

Faxuim obpazom, o6néM Tena aapneHnd — 7o ofbEM UmTAHAPA BhicoTOMN
(H + h, 6oy, )» 32 BrTIETOM 0GBEMA TIOMYCPEpEI:

Vr-.ﬁ. = Vm:u. "Vﬂuﬂwl- ;

3
Vin =P (H + F g ) - 43”2 =Rr2(H + By —%r).

Beprukanshas cocTanmionian Ry
2 2 13-
R, =Poem 8RT (H +h g, -Er),
R, =750-9,8-3,14.0,09-1,1 = 22848 H= 2,29 «II.

Chenyer TOKA3aTh AKHIO Oelicmenn i MOYKY BPHAONCERUA BEPTRKANLAOM
canl R, Jluans  peifcTeas CHNEl  COBMANAET © IEOMETPHMECKOR OCHIO
- noaychepHYeckoil MOBEPXHOCTA M nunnHapa. HeolmaaTeasHo HaXoARTs TOIKY
NPHIOMEHMS CHILE Ry, T. e. LEHTD TsXKECTH Tella JARICHHA, B KOTOPOM OHA
MpWIOKeHa, TAX Kak CHAy IO ITHHHH IOeHCTBHA MOXHO nepemeinats. Ho no
NpasMiaM METOJIMKH pacydéra oNpefefiMM TONOKEHRE LEHTpa TRKECTH Teaa
gapnexuA. Hyxno onpeaennTs TOsbKO KOOPAAHATY OISHTPS TRKECTH TeNa JARTCHUA
- Yur. (cM. 32029y 3.2.3).

BpeMEHRYIO OCb ) 4y, COBMECTHM C OCHIQ P, TOTAA

y. = Sy Yo, -5, Y,
T, Sz _S‘

"
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2
e 8 = 1:_;__ - IIOLIAAK NOTYKPYra (BEPTHKANBHOE CEHERHE NOMychephl);

S; =2r{H + k4, ) - TIIOMATL OPIMOYTONBHHKA;
4
Ye, = (H+h,gp, — ﬁ) - KOOPAMHATA 1IeHTpa TokecTH C) IOIYRPYTa;

H+h

Ve, == 2‘“ Beex | KOOpPAMHATA UEATPa THRECTH (3 NPAMOYTOIBHUKE.

Ona pacugron: S, =0l4m%; S, =0,78M%; y., =L17m; y., =0,65M.

Homyunm  yy.= 0,54 M. Iloxaxem na qepTexe y,, K NoNoKeHwe LEHTPR
TAKECTH TCAR JABACHNSE.

M3 nenTpa THXECTH TENA AABTCHHA BEPTMKANLIYIO CHIY R, RanpanuM sHu?.
TMockoaALKy ropUIOHTATEHAA CHIIA paBHA HYTIO, Ha NOAYCHEPHIECKYIO TIOBEPXHOCTR
HeHCTBYET TONLKC BEPTHKANLHAS CHAA.

Omsem: Ha nonycdepHyecKyio KphIUKY pesepByapa Do OcH Nomycleps
nmeficreyer cana R = K, =229 kH,

B zamaye 3.2.4 npexacrasieH ciydali, xorna Ha NOBEPXHOCTH XMMIKOCTH
3RKPRITOYO peleppyapa HeiicTByeT MaHOMeTpHMeckoe faeneHne. B upaxTHke
PacuéToR CHIH FaRNCANA HA KPHBOMHHEHHYIO NOBCPRHOCTL MOMET ORITH YCIOBHE,
KOT2 HAa NOBEPXHOCTH AMAKOCTY EJIA Ha ONPEIcHERHOM YPOBHE B 3aKpRITOM
pesepayape  HB3BECTHO BaKyyMMETpHYeckoe OaBleHHe {Pu..) B 3ToM cayuae
METOAHKA PaciéTa CHAL AABIICHHA HE MERACTCA.

IIpn onpenencHid ropa3oHTanbHoll cocranamomelf MOXHO BOCHONL30BATECA
NPHAITMACM PacaéTa CHBI AARACHUS, ATIOHEHIRM B 3a7iave 2.3.9,

[Mpy onpeaenesul BEPTUKANBHOM CIUIK CICAYET TOMARTD, 9TO BEPTHKANLHAN
COCTARAIOIIAA OT BAKYYMMCTPHHECKOI'O JIaBNCHHS OTPHLATEbHAA M HAMpaBineHa
BBEpX.

Ilo auanorHH ¢ MaHOMETPHYSCKMM  JaRIcHMeM MOXKHO  Haiith

BAKYYMMETPHuECKHit nanop h,, = fﬁ, KOTOPHI YUHTHBALTCA CO 3HAKOM MEUHYC,
Pg

noaroMy oOBEM Tena AaBicHAA OyAeT OTpHUATENBHEIM, IHAYNHT, H GEPMILKAIBHAR
COCHIGRARIOIMAA CITH OmM SAKYYMMEMPULECKO20 OSREHUR OMPHUAMETbHAR,
HANPAEAEHNAR 86EPX.

B npeIcTAaBICHHMX NPEMEPAX pellleHds 3a3ad PacCMOTPeRH PALTHIHbBIE
cayqan geficTBHA KMAKOCTA HAa KpuBoluAnelinge nosepxnoctd. Ilpeanaraetcs
MPOBEPHTE C¢ROM 3HAHMA W YMeHHE TNONA30BATECA  MeTOOMKo# pacu€ta CHAB
JAaBJICHHA Ha KpHBOI[Hl!BﬁHBIe MOBCPXHOCTH IIpH  DPENIEHUM 38384 nd
CAMOCTOATE thROH paboThl.
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3.3. 3anavn jis CAMOCTOSTENLAOH paboThl Do TEMe
“Cana paBieHEWs AHAKOCTH R KPHBONAACHABIE NOBePXHOCTH™

3apaua 3.3.1
OnpefenuTh BeTMYHHY KW YTOO HAKIOHZ CHIMG HaBleHHs OGeRsMHa Ha
nomycdeprdeckylo  KpellIKY 3aKpeiToro pesepByapa (puc. 3.9), eciu paguyc
nonyeepw r = 0,2 M, NMokazanwe NEE30METPA, BHBEHEHHOIO Ha YPOBHe HIDKHEH
KPOMKE Kpuiink® H = 0,8 M, N10THOCTE OCH3AR2 Ppoy, = 800 ¥ri.
Oreer: cuna papnenms Gepamaa R = 6052 H, yron HaxNoRa cHMikl K
ropH3oHTY o = 12°; rryOMHA DOrpyseHHs [eHTPA ARBNEHAR Vp o, = 0,643 M.

Pac_3.9

3aga=a 3.3.2

OupegemiTs cuy JaBENeHMA Macia Ha IFUIAEAPAYECKYI) CTEHKY PelepByapa
AB (puc. 3.10), yron HaxnoOHA CHIE H ITyOHHY IOTPYXKeHRS HeHTpa AARIECHAS, eCii
EryOAHE 3anoiHeHEa peilepByapa H = 0 8 m; pamuyc mEmMHapHdccxoff wacTH
r = 0,6 M; cEKTOPHHIH YTOH pased 90°; nmuua obpasylowieif ummﬂ,upmecxoﬁ
moeepxuocr® L = 1,2 M. [IPHHATE DNOTHOCTD MACHA Puga—860 KT/,

Oreet: ci1a nasnenns macns R = 3,64 xI1; yron HEKnoHa CENE K TOPH3OHTY
o — 33°; rryGHHA TOrpy/KeHE UEHTPA JARICHHT Vp g = 0,47 M.




3apaua 3.3.3
OnpeneuTe BEMHtUNHY, YTON HAKIOHA B ITyOMHY LEHTPA NABICHHMA IUIA
paBRofeficTRyIONeil AanneHns BORK HA EPHBONHHelHYI0 crenky AB (puc. 3.11)
anumoif L = 10 m. Heiicteyronmii mamop H = 4,0 M. Kpuponuuefisas creHka
TIPEACTARIAET YACTh IMIMAZPHIEcKoH OBEPXHOCTH C CEKTOPILIM YIAoM ¢ = 60°,
Oveer: pasaoneficreyowad cana jgapaeiing soam R = 1013 xH; yron
HAIJIOHA CICTb K TOPH30ATY @ = 39°; rnybUHa HeHTPa AABACHAA Vp pauon= 2,93 M.

=
= N
XTI\ N\l

P 7R S A A A i
Puc. 3.11
3anaua 3.34

OHpeneTHTE BEARTHHY W YTON HAKIOHA K FOPH3CHTY paBHOAcicCTBYome
JaBlieHds BOAL! Ha KpUBOAHHeiiyw crenxy AB pesepmyapa (puc. 3.12), ecinm
IIHpHHA pezepeyapa B = 3,0 M, HANOPH BOAA COOTBCTCTBeHHO ) = 2,0 M,
Hz = 1,0 M.

Oreer: pasnoaeficTayioman gasnenus Boasl R = 155,6 kl; yron mammona
CHMILI K TOPH3I0HTY a = 31",

ﬂ'ﬂzli‘!H‘]l

Puc. 3.12
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3anaqa 3.3.5
Onpenenure BeAMTHHY, Yro1l HAKROHA K TOPUIOATY M DiIyOMHY ueutrpa
JBRIIEHHN AUIS CAMLl AABICHHS BOJW HA CEKTOpHuIN satsop AB (puc. 3.13),
yaepauBaompi Hamop H = 1,5 M, ecnu mupesa 3ateopa B = 2,0 M, ceKTOpHEIH
yron satopa ¢ = 60°.
Orper: pasnogeficteyloman aasnewus sogu f = 28,5 xH; yroa uaknona
CHIIb K TOPA3ORTY @ = 39°; rny0uHa HERTPa AaBICHNA Vppaw = 1,1 M.

Puc. 3.13

Zapaua 3.3.6
Onpenemure peAudyuyy, Yrol HAK/AOHA K TOPM3OHTY M TAYOMAY UEHTpa
AABNEHMA VIS CHIL NABACHHA BOMAL Ha KpuBOAHHEhHYI0 crenky AB (puc. 3.14)
Anmaoi L = 3,0 M, yaepwupaiomyio Hanop H = 1,5 M, Kpasommaneitnaa crenxa
TIpEACTAANAET YACTb WATAHAPHYCCKOH TIOBSPXHOCTA ¢ CEKTOPHMM yraion = 60°,
Oreer: paBHOAelicTRyIOmMan cHAa fAarneHHA BoOw R = 35,0 rH; yrox
HaKAOHA CHIKI K roprionty o = 18°; ray6uRa neHTpa NaBIe AR ¥p paer. = 0,95 M.
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3anasa 3.3.7
Onpezenets cHny paeachus  OensMAa Ha nomyciepwdeckoe mo
UMIHHAPHYECKOrO peicpByapa (puc. 3.15) paadycom r = 0,4 M, ecam noxazaHue
MaHoMeTpa, YCTAHORIeHHOrO Ha paccroasmn k= 0.8 M oT aHa pesepByapa,
Pusn= 0,12 ar. TIpUHATE 110THOCTE GEHIUMA P goys = 720 Kr/M’,
Oreer: cuna napneuna 6enamua R = 7,81 xH.

Gemamn |~ -
- .. _iM
— ] =
‘
- |
Prc. 3.15
3anaua 3.3.8

Onpegenutes YeAmMe F, KOTOpPOE HYXHO NPIIOKHTS K Aonychepudeckoii
kpHMIKe pesepbyapa ¢ bBomoh (prc. 3.16) jns ynepmaHus e B 3aKpEITOM
MONOXEHHN, el pagnyc flonycheprl 7 = 0,2 M. Kphllika N0OBOpaYHBACTCE BOKPYT
mapRnpa B Touke 4. Iloxazanue nee3oMeTpa, YCTAHOBIEHHOTO Ha YpOBRHe
mapanpa, F=0,6 M,

Oteer: yowme F 2 28T H.

BOAR

Call ol T i i i A i T

Prc. 3.16



3azaua 3.3.9

OnipeacsATh paBHOTSHCTBYIONIYIO CHA JABNCHHA BOZH, YToi Hak/IoHa e Kk
TOPH3OHTY H TIybuHy NOYpyXeHAd ISHTPA [aBleHHA AN DHANHIAPEYeCcKOH
nosepxroctd AB ¢ cexroparM yraom ¢ = 120°, inuna nosepxsocra L = 3,0 M.
JeficTeyiommii Hanop Boaw cnesa H = 1,5 M, cnipapa k= H/2 = 0,75 m (puc. 3.17).
Tlpu pewledus npeAcTEBATE 4HepTEX B BHAE BEPTHKAITBHONO  CEYeHU
KpHBOIMHEHHON NOBEPXHOCTH.

Oreet: pasioxeficTeyroltas ¢l JasaerRnn Bouu R = 25,73 xH aedicteyer
nox yrioM o = }5° Kk ropraoHTy, IayOHHA HOTpYXEHH: OeMipa naBieHMA
VD poan. = 0,98 m,

- s —

T
]
Prc. 3.17

3apaua 3.3.10
OnpegendTs BeTHIUEY H YTOJN HAaKIOHZ K IOPA3ONTY paBHoielicTaylomiei
CHA JaBjicHHs BOAKI Ha YCTpoficTBC B BHAE IMLTAHAPHYECKOTO 3aTBOpa (puc, 3.18),
CCNH DMaMeTp wwiRHApa D = 0,9 m, xelicTeyromuii nanop caeea A = 1,2 M, cnipasa
h = Dy2. lmana unnAEEpKYecxkoro 3ateopa L=4,0 M.
Oreer: pasHoseficTHyIOmAA CAT JaRIcHUA Bonpl R = 20,24 xH nefictryer
o yrioM o = 39° K ropHacHTy.

. n
v




3amaun 3.3.11 _
B nakperrom pesepByape, samonAeHAoM OensuHoM, B OoxoBOM cTeHKe
CTeNiaHO KPYTJIOE OTBEpPCTHE, KOTOpOE 3aKpHIBAETCA Noiycdepudeckoll Kphmixoi
peauycoM r = 0,6 m  (puc. 3.19). Kprmka ykpenneHs ¢ NoMOWEBI0 IIEPHHPE B
rouke A. Ha paccrosumu h = 1,2 v oT mapHrpa Ha ceoBogHoi moBepxHOCTH
GeH3nHA AeficTBYET BAaKyYMMETPHUECKOE AABJIEHHC Py, = 0,05 aT. Onpepemnts
yeuine F o ane ylepXKauuf XpWITKM B 3aKPEITOM NOtoXeHud. ITpHHATE DNOTHOCTD
BEHIMHA P gows. = 710 K/,
Ovper: yeHime Ann yXepxanud Kpaimkr F 2> 4,25 kH.
B

rarad LA A i i A AV A A A

Pac. 3.19

3agaua 3.3.12
3axpuITRI pesepsyap ¢ NOMYLATHHAPWICCKUM JIHOM paguycoM r = 0,6 M ¥
Lol L = 1,5 M 3a00MHEH MACJIOM TUIOTHOCTRIQ Pyge, = H0 KO/ (puc. 3.20).
Cuiia paBleHMs Macna Ha JHo pesepByapa R = 15,4 xkH. Onpegemuts Ha xako#
saicoTe H OT OCH UMIAHOPHICCKOH YacTH YCTAHORIEH BAKYYMMeTp, HOKalaRne
KOTOPOTO Pyae. = 0,063 ar,
OTner: BrIcoTa YCTaHOBKH BakyyMMmeTpa ff = 1,2 m.

— - _IB

A
A
i
He
Hlx

Puc. 3.20
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3apawa 3.3.13
OnpeaessTs culy AZBIEEHS BOOEl HE BEPXHION M HIDKHIOIO [OJOBMHE
cepyieckoro pesepayapa paguycom 7 = 0,3 M, NONHOCTHIO 3AN0NHERHOTO POJIOH,
A TAKKC pacTRruBaloluee ycHxrue » Sonrax ¢manuesoro coenmpenns (6 Goiaros),
€C/IH HOKa3aHWe MaHOMEeTpa, YCTAHOBIEHHOIO NOJA YISIOM o = 43° B HuXHeH 9acTH
pescpByapa p,.. = 0,1 ar. {puc. 3.21).
Otser: R, =1L63xH; R, . =274xH;, Rg,, =073xH

Puc. 3.21

3aaaua 3.3.14

Ompene:mre BeUMEHY  paBHOAEHCTBYIOmEH  JaBfeHWs BOAW  Ha
NIOMY UHAHMAPHYECKYIO KPWINKY A8 3KPRTOro pesepsyapa K YRoJI HAKAOHA CHITH K
ropu3oHTy. JliaMerp wswinHnpageckod gacrd D = 600 MM, gnuna obpasyiomeit
nnHEApHYeckoli  mosepxpoctH I = 800 mm, nokasanae madoMerIpa,
YCTaHOBRNEHAOTO Ha paccTosHum i = 100 MM o7 IHa Pe3eppyapa, Py = O, 07 at
(puc. 3.22). PaccquTalh pACTATHBAKOIGEE B CPEIAIOLIEE YCHIAC, BOCIPHUHHMAEMOe
GonTaMA Kpeiomxw.

Orner: paBHOAciicTByIOWAS R = 2,6 KH, yroa HawiIcHa CRITKL K TOPU3OHTY
0 =25" Rour =2,35 kH; Ropex, = 1,12 xH,

i * 3 %
L
*
] o » )
VAT AV ST i i G G A v o

Ppc, 3.22
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Paanen propoi
THAPOAHHAMUPKA

I'naporuHaMuka — pazaen rMOPOMEXAHAKH, B KOTODOM HIYVAHOTCH 3aKOHE!
DBYOXEHUS EKPAKOCTH, B2ANMOACHCTRIE MUKOCTH ¢ TRED/ALIME NOBEPXHOCTAMM ¥
IBAAYTMMMUCS TBEPIEIME TEJIaMH.

Paznen rapomsHaMAKy NBISETCA OCHOBOW IUIM PEMEHHUS TCOPETHYCCKEX W
MEXEHEpHBIX 32384 [0 pacdy¥Ty TpyGONpOBONIHEX CHMCTEM, OTKDHITRIX pPycel,
MCTEHEHUA KHIKOCTH epe3 OTBEPCTHA H HACRHKH.

T'nasa 4

OCHOBHOE YPABHEHHE I'HIPOAHHAMHAKH.
PEXHUMBI IBHOKEHNA KUAKOCTH

4.1. OcAOBHBIC MOHATHY O NAPAMETPAX JBHXKCHAA EKHIKOCTH

K rigpoauHaMpiecKdM XapaKTEPHCTHKaM TIOTOKA OTHOCATCA: dwenenue,
CKOPOCMIE U YCKOPERNE, T. €. A3IMCHEHAC CKOPOCTH RO BPEMEHA.

Ipy ycTaHOBABHIEMCA ABAKEHHY MMAKOCTH pacnpeRelcHEE NABJICHAS 10
CSYERAIO JBMAKYIErocs NOTOKa NOMIHHEASTC TMAPOCTATHYSCKOMY 3aKOHY, T. €.
JEReHye Ae gBisercs Gpyncupei BpeMeny.

YT0 KAac4eTcs CKOPOCTH, TC OHA W3MEHAETCH BO BPEMEHK H B MPOCTPAHCTBE.
Maremarddeckd  TEBKYIO — 38BUCEMOCTH  TPYZHO  3ROHWCATh,  IIO3ITOMY
THAPOAMHAMIYECKAS 33KOHE HMEIOT AOCTATOIHO 0bIINiA XapakTep ¢ HEKOTOPEIMH
HONYIEHUAMH.

CropocTh B TOYKE HOTOKA HAM CKOPOCTh B CEHeHWH JEMEHTAPHOH CTpyHKN
(moustue crpyiiky GymeT npusencHo mHwke) ofosznanactcs Oyksoit w. Cpenmsa
CROpPOCTE IH0TOKA 0003HAYaeTCA -- 1.

B 3aRHCHMOCTH OT TOTO, SBILWOTCA JIH OCHOBHKIE TapaMeTPsl ABMKCHAL
dyHKuHell  BpeMeHs, paaMdarOT &8 BH;2  ABIDKREHMS  KHAKOCTH:
HEYCIGNOBUBHICECR I YCIRAHOBUBIHEECA.

Heycmanosusiieeca — 310 ABWKEHKE HHAKOCTR, HPH KOTOPOM CKOPOCTE
apngerca dynxnueli BpeMesn, B kauecTse INpHMepa  HEYCTARHOBHBILIEFOCH
ZBIGKEHHY MOXHO NPHUBECTH KCTEYEBHE XHMAKOCTH NPH NEpeMeHHOM Ranope
(oNOpOKHEHHE pe3cpEyapa).

Yemanosusiieecq —~ 370 ORIDKEHME KMAKOCTH, TPH  KOTOpOM BCe
TmapaMeTphl ABWKEHWI B OJHOH H ToMH ¢ TOYKe NPOCTPAHCTRA HE MEHSAIOTCH BO
BPEMEHH, T. €. IPUPAIICHUE CKOPOCTH BO BpeMeHH (YCKODEHAE) paBHO HYJHO,

B saBicHMOCTH ©T xapakTepa W3MEHeHMd CKOPOCTA Do JUTHBE
NPOCTPAHCTRA, 3ANCIHEHHOIO XWAKOCTEIO, YCTAHOBMBUIGECA NBHMKCHWE MOMKET
ORITE:
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a) pasHOMEPHMLIM, TPY KOTOPOM CKOPOCT: IO JUIHHE CTPYHKM, [OTOKa
ocraiTcs NOCTOAHHON (HPHACHME B TPYOax MOCTOXHHOTO AHAMETRA);

G} nepasnomMephsim, ecii CKOPOCTE N0 JTARE TOTCKA PE3KO BIMEHIETCH IO
penpyuHe WM (M) Do HAUPABICHEKW (BHE3ANHOE CYNKEHHE WM DPACMpPCHUE
[OToXA, PeSKHIt TOBOPOT H APYTHE);

B) MIGEHO USMEHRIOUUMCR, €CITH HIMEHEHHE CKOPOCTH NPOHCXOMMT
AOCTSETOMHO  IUIZBHC  (KOHEMECKWe  IICPEXOAHMKH  CYMCHIOUIMECS &
pacumpsiciEecd). B sToM cioyvae ¢ ROCTBTOWHOH M TMPAKTHKE TOMHOCTHIO
OPHAMEHAME! 33X0HA PABHOMEPHOTO JBHMCHAR.

B apoTpaMMy JaHHOTO KYPCa BXOMWT H3YIeHNE 3AKOHOB VCMaNOSUEIREIOCR
IBW/KCHIA ¥ NPAMEHCHEE ITHX 32KOHOR JIIY PEMERAA HEMCHEPHBIX 3a5a4.

4.2, HopaTHE AACANLA0N XAIKOCTR H NOTOKA RHJIKOCTH

B paspene “O6Gnme cBelleHAS © XHAKOCTAX PacCMOTPEHB! GH3EREcKwe
cBolicTBa mugxocTel. B pamgene “T'mapoawHaMuKa” NIpH BRIBONE 3aKOHOB
JEKeHas HeOOXOIUMO YIXTHIBATE IIOTHOCTD, YACIEHBIA PEC M Bee (PH3HYCCKHE
CBOMCTBA EHAKOCTEH. YdecTh BIMSHHAE BCEX THX YapaMeTpoB HA YCIOBHA
HABMXEHUS AMIKOCTH HEBOIMONHO, MOTOMY UM obNerdeHns pelueHus 3anay
TH/IPOTAHAMHKE BBELCHO [TOHATHE UOSTsHOI JcuOKoCm.

Hoeanwvran scudKocms — 5TC YCAGERO TIDUHATAL FHIKOCTD, HE CHRHMAcMan
OpH H3MeHEeHEW AaBIcHUT H H¢ PacnIMpPAIOManca NPH H3IMECHEHHE TeMIIepaTypEL,
obnaxaronad afcomoTHON ONBAXHOCTEIO, T. €. BA3KOCTh XHIKOCTH PaBHA HYN;
He GONPOTARNAUIAICA ACQOPMALMH PAIPEIRA,

Takum obpa3oM, 30KOHEI H YPABHEHAS I'MAPOSHHAMHEW BHIBOOATCA IJIN
HHACANLHOH MUEKOCTH, 3aTeM B HEX BHOCATCH HAOIONEMTEIRHEIE WICHH,
K03 OELACHTEL, TIONPEBEKH ¢ YIeTOM QEIMYEcKNX cBolicTE H YCNOBHE IBIDKEHNA
peamsHol, BAIKOH MUKOCTH.

B rappoguHaMBke HOMOK NeuOKOCHSH PACCMATPHBACTCA KAK COBOKYITHOCTS
SNEMEHTAPHEIX CTPYCR {prc. 4.1,8).

a 6

) w

Ppc. 4.1

Snemenmapnan cmpyiika — OeckoHeRro Manmii 3aMKkEYTHH OOBEM
JKHJIKOCTH, IIOBEPXHOCTE KOTOporo ofpa3oBana TRHESTME Toka (puc. 4.1,6).

Junug moxa — INHEN, B KKI0H TOUKe XoTopoH B AaHHOEe MIHOBEHYVE
BCKTOD CKOPDOCTH MMJKOCTH COBHAacT ¢ kacarentuol & orolf nmmwm. Ilpu



YCTAHOBHMBIDEMCH NBFKEIIFM ANHAA TOKA COBNANAET € TPACKTOPHER ABHMEHUA
MATEPHANBHON TOMKH AKUAKOCTH.

Jins 3IeMeHTapHOI CTPYHKR NPHHATH CBolfcTBa, KOTOPBIC HCIOALIYIOTCH B
TEOPCTHIECKHX BRIBORAN:

a) (hopMa CTPYHKH HE HIMCAAETCA ¢ TEYEHHEM BpeMEHH;

6) nDoBepxsocTs CIPYHKH HEUPOHHLAEMAa €O CTOPOHLI OKpyXalomed
KHIKOCTA, XUIKOCTE HE BXOANT B CTPYHKY @ He BEIXOAUT U3 Hed,;

B) B CHAy MANOCTH HOPMANLHOFO CEYCHHA CTPYHKH CKOpOCTL B MpeAenax
CeYyeHHA CHYNTACTCA EIOCTOAHHO.

PaznmialoT nBa BUAZ NOTOKOS.

Hanopuse nomoxu — 370 NOTOKH XHAKOCTH, OTPalilucHHME CO BCEX
CTOPOH TBEPABIMH cTenikamy. IIpunepaMn ciTyxar gerkerie BOIN, Macia, HedTH
B Tpy6onponoaax, Bo3ayxa B BEHTHIAOROHHLIX CACTEMAX H UM HoZobHsIe.

Besnanoprsie nomoxi — 3710 NOTOKH HAAKOCTH, OJpaHWAeHHbLIe TBEPTRIME
MOREPXHOCTAMH HE CO BCEX CTOPOH U uMelomue 110 Beell jumme cBoGolRylo
MOBEpPXHOCTR. [IpAMepaMM TakHX NOTOKOR RBIMOTCH JABHKEHHE XAIKOCTH B
PEKax, KaHaax, ToTKax, Xenofax u APYTAX OTKPHTHX pYCITaXx.

4.3. T'uaparniMueckue NieMeHTH NOTOKA

Hingoe cewenne (©) — ceqsHue CTIPYHKH HIH DOTOKa TAOCKOCTHiO,
HOPMATBHOH B kaknoli choell Touke k Npoxoaanteli Yepez Hed suHEM Toka. ins
PABHOMEPHOIO0 H IUIABHO H3MEHAIMOETOCH ABAKEHUA JKHBOE CEUeHHE NBIAETCS
TIOCKAM.

Ha prc. 4.2 apeacTaBneqo WHEOS cedeHMe ANA KpPYraci TpyDbl JHAMETPOM
d, FONMHOCTRIC 3anoIHeRAoH ®HAKOCTEIO (puc. 4.2,2), B ANS OTKPEITOrO Pycias
mypuHoii & 1 riayornoli nanosmenvs & (puc. 4.2.6).

a o
-
] npot
—— 1
: — LA
1
Frr?2r r/7rA N
w=nxd¥4=1w? o=bh
Puc. 4.2

Cuovennsii nepumenp (x) — JnHa KOHTYPa X%HBON0 CEIEHHA NO TBEPALIM
crenxaMm pycna. Ha puc. 42,2 nax xpyrnoit tpyém 3 = nd = 2w (anwma
OKPYRHOCTH Kpyrno# TpyGaL); ans oTKPEITOro IoToKa (cM. puc. 4.2,6) ¢ =2k +b.

91



Tudpaerunccxuii paouyc (R} — otollcHde ILIOMANM AKBOrD CedEHHA K
CMOYEHHOMY TIEPHMETDY: '
R=2, (a.1)
X
Jng HanopHOro moToka B Kpyrioif 1pyGe (cM. puc. 4.2,8) rugpabmmieckii
pamiyc

nd® d r
=-——=-—-=—; d=4R, 4.2
dxd 4 2 oryma (42)
ATSt OTKPEITOTO mMoToxa {cM. pHe. 4.2,6)
__bh
2h+b’

Funpaamiyeckuit paguyc (R) sBIfeTcH YHHREPCANBHOH reoMerpidecKoi
XapaKTepHCTHKOH HOoToKa, KOoTopasy MoxeT OmThH BCNONE30OREHA B TEOPSTHISCKUX
BEIBOA3X MIS TOTOKCB Jnobolf ¢GopMEl ¢ pasmMeHOH CTENEHBK) 3JaNONHEHHH
HHAKOCTHIO,

4.4. Pacxoa xuaxoctH. CpeRas cxopocTh NOTOKA.
YparHeMue HEPAIPLIBHOCTA MOTOKA

PacxoxoM HasLIRAeTCA KOMHMYECTBO KHAKOCTH, IIPOXOMNUIEC YEpes XHUBOe
CedeHye B eAVHHMILY BPEMeHH.

B 3aPHCHMOCTR OT TOTO, B GEM EHPAXAIT KOMAIECTNC XHUIKOCTH,
PATAYAIOT:

- o6némuetlt pacxox (0);

- MaccoBst pacxon (M);

- pecowoit  pacxon (G ).

Jna seoja pacubrHoli dopMmymu oObEMHOIO pacxoma pPaCCMOTPHM
IEMEHTAPHYI) CTPYHKY B YCTAHOBHBIIEeMCH LIBHMEHHH, BHjennM B Hell xuBOE
ceuense din, KOTOPOE 32 BPSMS df TIGPEMECTHTSH M3 TONMKEHAR 1 B nolokenne 2,
upoding oyte df (puc. 4.3).

dw
o

+ ?
‘A

Pac. 4.3
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JonycTHMO cOMTaTh, 970 HA PACCTOSHMH 4l MITOUIANE KHBOIC cedeHHs du
OCTR2ETCH [10CTOSHHOM ¥ CKOPOCTE & B HHUBOM CEYSHUM TRIOKE [TOCTOSAHA COTIACHO
CROJCTBAM 3IEMEHTApHOH CTpYiikn.

Tlpn nepeMenm(eHun KUBOTO CCHCHHA M3 1IOIOMKEHHN 1 5 nonoxense 2 3a
BpeMs 4f XUMOKOCTE 3al0JHMT otcek  1-2  obnEMoM dV = dwdl, Cornacro
OnpeleNcHMo oOBLEMHBIH pacXo A8 NEMCHTAPHOH cTpyiftiu

0= —ao?.
dt dt

dl
Tlpu ycraHoBuRIEMCE ABHXCHHN E:u, TIe ¥ — CKOPOCTh CIPYilKH B

FHUBOM CEYCHHH, TakuM obpaIoM, Packos JUis sneMeHTapHoi cTpyitky:
dQ = u dw.

Ilepexons ¥ DenoMy DOTOKY KHIOKOCTH, CHAEIyeT YYecTh, 9ID CKOpPOCTH
CTpyeK B IpelefiaX KHMBOI'D CETEHMA MOTOKA WAMEHAIOTCH MO BelUYHMHE U ITO
HanpasneHuio, UroOm HaliTh PACKOA XMIIKOCTW N4 IEIT0ro JOTOKA, CICAYeT
NPOCYMMMDOBATE DPACXOJE  CTPYEK O BCCMY HMBOMY cedMeHwto, T.e
[TPOMATEIPYPOBATE 3ABUCHMOCTE d{) 110 IUTOIEAN ¥KHUROTO CCICHRS NOTOKA )

0= fudo.

Jns HiDKeHCPHBIX pacdETOB BBOAMTCA IIORATHE cpeiuei, ycloBHoH
cxopocTs notoka (v).

CpednrA cKkopocHs — 3TO Takas OAHHAKORaA M BCCX CTPYEK CKOPOCTS,
Opa KOTOPOH PACXOA KHAKOCTH PaBeH CYMMapHOMY Pacxofy JCMEHTApHEIX
CTPYEK ¢ AcHCTEHTENEHBIMH CKOPOCTAMH, TOTRA

Jud(o
o= ==,
® @
oTCcioRa Q=va. 4.3)

Ejmnnna uaMepenvn oSpévuoro pacxoaa £: M:’fc; nfe.
Maccosrif pacxoa M = p(, kr/c.
Becoanoif pacxoa G = pgQ, He.
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DxcnepumenTansHoe onpeiekenne o6nEMHONO pacxopa () mpopoguTcs
OOLEMALIM MeTONOM, 2 WMCHHO OlpefeNfcTCd BpeMa Hanonnenums ()
onpenenéHaoro obnEma xuaxoctH (W) B MepHO# EMxoCTH, TOraa

0-7. (4.4)

0618 nporexmomell xunxoctd (W) MOXHO TaKKe OUpPEHeNHTh N0
BOJIOMEPY, CHETIAKY BOAN WM m000MY TIpHOOpY ZJIA WIMepPeHMs CKOpocTH W
pacxona (MpAMepE TakHX HprGopos OYAYT paccMOTPEHL! HUKE),

BaxueiM  ypaBHeHMeM B THADOJAMHAMMKE  ABIACTCA  VNISHENUe
Repaspuenocmiy nomoxa (ApuBoaated Bes Bupoaa).

B cnydae, ecim NAOTHOCTE HHAKOCTH - BeUTHIMHAA IOCTOSHHAd {p = const),
YTO HMEeeT MECTe OpH JBWKECHHH KANEARHWX JKMIKOCTEH, YpaBHeHMe
HEpAIPLIBHOCTH HMECT BRI

O, =, = = const

HAM AN ABYX cevenui i ) = thy ;.

by iy
Kax cnencTese MoXHO 3aTHCaTE — =—= 4.5

v, O
v, d?

2% XpyTIo# Tpy6H: L=-1
v, 4y

Ang  crIoOWnOZ0  REPAIPHOHOZD  NOMOKE  pacxod  udKocmu
ROCHIOERHWI, CKOPOCIMU € NCHEMX CEYEHURAX OUPAMHO HpOROPYUORGNbIEL
- RAGIYAORM HCUBNX. Ceveuil.

4.5. OcuoBuoe ypaBHeHHe TBAPOARHAMHKH,
Ypapaenue Taompna Bepryann

Ypaenenve BepHYITH SBNAETCE OCHOBHAIM YPABHEHHEM M'MAPOMEXATHKH, ¢
NOMOLIBI0 KOTOPOTD PEMAKYTCA TEOPETHIECKHe BONMPOCH H HIKEHEpPHEIe 3aaTH.
Nppauvnm geficrens MEOTIX EPUGOPOB, B TOM HHCHE WIA H3IMEPEHHA CKOPOCTH M
pacxofia XUAKOCTH, OCHOBSHEI HA YpaBRERNA bepHymn.

B ypapneanmn DepEmyanyg yCTRHOBICH2 CBA3S MEXAY OCHOBHKIMH
NapaMeTPaMH KBAKEHNS: AABNCHHCM, CKOPOCTEHI0 B XHROM CEHCHHE CTPYHKH Umu
TMOTOKZ ¥ NeoMeTPHYECKHM TOTMKEHREM KHBOTO CeYeHHA CTpYHXM Wni ROTOK:
HHUAKOCTH,

B 1arHOM paspelie  paccMATDHBAaercs YpasHenHe DepHynm wm
JCmaRoeusiuezoc ABAXEHUS WUAKOCTH, RaXoasmieiica B woine aedcTBES cua
THKECTH, T. €, JeHCTBYeT TONLKO YCKOpeHHe CBODO/IHOMO NaJCRua .



Vpaerenne Bepiy:un BEIBOAMTCA B TDH 3TANA:
1) mna snementapnoii cTpyiikH HpeanckoH XHAKOCTH {CM. IOHATHE
HAcanbLOH WMUAKOCTH U SICMEHTApHOR cYpyiicu B pasaeie 4.2);

2) ams snemeyTaproll CTPYHKH PEANLHOM, BASKOH WULKOCTH;

3) And 11€20r0 NOTOKA PEATEHOR KHIKOCTH.

Kaxcnoe w3 nocaenylompx ypasHeH il BUBSONUTCH Ha OCHOBE NPEALUTYINETO.
BmMecTe ¢ TeM KaXnoe ypaBHeHHC MMECT CBOE HA3RayeHue B Kpyl pelllaeMbix
Iagar.

PaccmoTpuM iocneaosatespHo Bee ypasaeuns JI bepuy:um.

4.5.1. ¥YpasHenne Bepayaan ghg yiementapuoli crpylicn
HAEAILHOH AKUAKOCTH

Hneanspan xajKoCTh — 3TO YCIOBHAR XHAKOCT, B KOTOPOH OTCYTCTRYET
Takoe GUIMYECKOe CBOMCTRO, KaK BAIKOCTL, Mimeatbsas sumxocTe obnajger
aGcOMOTHON TeKyHecTho W JBHXKETCH Oe3 BO3HHKHOBCHHY COIPOTHRICHHI,
IOATOMY IHEpPraa CIpyiixu ocTa&rcs NOCTOAHHOHA MO XOAY ABHKECHHAA. YpaBlicHue

HMEET BUJI:
2

z+L + ¥ - const. (4.6)
pg 2g

Jas peyx u Gojee cewennii Te HanpasICHMIO ABHXCHHS CTPyiiky
YPABHEHHE NPUHUMAET BRI

2 2
z, Ny =z, +-p—2-+ %2 - .=const “n
pg 2g pg 2g

PaccMoTpAM CMEICH BCeX cnaraéMbtx, BXOZAIHX B ypaeHeHue (4.7).
4.5.2, Harepnperanuw ypasHedHA Bepuyaaa

Bce uneHrl ypasHeHMs MMEIOT NMHEHHYIO DAZMEPHOCTH, [IOITOMY MOIyT
XapaKTepH3I0BATECA C TeOMETPHYeckod TOYKH 3penna Kak BHICOTE! HIIH Hanopl, a
€ SHepreTHRecko TOMKY IPeHNA Kak YACHbHAA IHEPTUA.

Feomempuueckuii cuorcn ypasnenus bepuynnu:

Z = R - TEOMETPHYECKAS RBBICOTA, HTH ICOMETPUNMEcKHMi Hamop,
OTCHHTHRAETCA OT MPOHIBOILHONK [OPUIOHTAILINOCH NIOCKOCTH CPRBHEHUS,
P

~-- = hi, — IHE30METPHIECKUil HANOP, HITH Nbe30METPHMECKAd BLICOTA (CM.
pg
paszen 1.3). ITsesoMeTprgecknii Hanop COOTRCTCTBYET NOKA3aHHIO NLE30METPA B
3a/IaRROM CedeHHH CTpyTiki;
u’ "
5z = Jic, — CKOPOCTHOH Hanop B AABOM CEYSHHH CTPYHKH.
g
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Ypaprenne (4.6) ¢ reoMeTpHIeCKON TOYKY 3PEHHS MOXeT OLITH 3aBHCAHO!
B o, + Bp Hh o, = Hopou = cONDSE, (4.8)

r1e Hyouy, — HOBHBLE HERGP B TANAHAOM CEYEHMR CTPYHKH.
CyMMa reoMeTpPHIECKOTD H ILE30METPHYECKON0 HANOPOR HA3SHIBASTCH
cmamueckum nanopom, obosnauaerca H .

e+ hy=He wm z+L-=H_ (4.9)
pg

Tpaguuecnoe npeocmanncnue ypoasnennr Bepuynnu nazssaemca
Ouazpammoii ypasnenun.

JAns  mocTpoeHMs OHArPAMMIX  DACCMOTPHM  3NEMOHTADHYIO CTpyiixy

' MIeaNbHoOH JKUEKOCTH B YCTBHOBHBLIEMCA IUTANHO H3MEHMIOIIEMCHA [BIKESHHY,

BRiZENAM B Heli npa %MBRIX cedermd 1-1 m 2-2 ¢ nnomazamu de; B dos, ©o
CKODCCTEMH W3 H #2 M JABZICHEAMM B 3THX CEYSHUEX Py M .

ITpenctasnM rpabuieckn ypasuerwe (4.7).

BriGHpaeM OpOHIBONERO OPHEHTHPOREHHAYIO 20PHIOHMIWIBHYIO NADCKOCMY
cpasnenun 0-0 (pxc. 4.4). OTCYIH reOMeTPHIECKEX BRICOT CEMEHHA Zy B 73 OT
NJIOCKOCTH CPAaBHEHMSA N0 BePTHEATH BBEDX CINTAIOTCA NIOIOAMTENLHBIMHE.

JUTHHA TONHOTO HANIOpA

u
28 _ ¥
1 'nﬂ:fouﬂpnema P 2g

IIOCKOCTh CPABHEHHSA

Pre, 4.4



TlokasmBaem 2z; ¥ 2Z; D78 BeEUIENGHHLIX ceudenuil, B kaknoMm ceuesuu mo

BEPTHKRIM  NpubaBIfcM  NBE3OMETPUUECKHME  HATIOpE! L H El, 3aTeM
Pe  pg
2 2
CKOPOCTHBEIE HATIOPY —— H —-.
2g 2g

TlpH nocTpoeHWM IZHMArpaMMBl CHAGHYET YH€CTh, 4TO L14 WaobpakEauol
CTPYHKH ONOIIAAE BTOPOIO KHBOIO CEYCHMA ddz MeHhlle IUIOMEAN NEPBOTO
MHBOTO CEYCHMA dy, 3HAYMT, COTNACHO YPABHCHMIO HEpPAEsPHBHOCTH (CM.
dopMymy 4.5), CKOPOCTs B CKOPOCTHOIE HANOP BO BTOPOM ¢eacHUM BoNpie, 4eM B

1
nepeoM: - * > =
2g 2g

Cymma péx Hamopos ANA IeMEHTApHOH CTpylikH HiaealcHoll mMIKOCTH
BCIAYHHA NOCTOAHHAA, pakiad nONHOMY Hamopy fI. IloxasniaeMm Ha amarpamse
I = const.

Junun, coomeemcmeyioWan NOTHOMY HANOPY, HaiLISAEMCR JUMUE
nonnoze nanopa. [T UOealbHON XUIKOCTH JIHHMH TOJHOTO  HATOpa
PACLONArAIOTCS HA OOHOM MOpPHICHTATLHOR MNOCKOCTH.

JTurun, coomsemcmayiouian nve30MeMPUIECKUM HANOPAM, HAILIEALMCH
HBEIOMEMPHRECKOH AUR el

QuepTande Obe30METPRYECKOH THHUM COOTBETCTRYET dopMe dIeMenTaproi
cTpyiiky. Jng cTpylike UMAIHHApAYECKOR KIM INIasHO WaMeHmOInedica GopMml
NBEIOMETPHMECKAN IHAHHA ARIACTCH HAKMOHWON TIpAMOH., AHANKS IHATpaMMEI
NOKA3RIBAET, YTO OPH cyweHms cTpy#x¥ CKopocTHO# Hanop BOspacTaerT, &
eTaTuydeckuil Hanop HagaetT.

Suepzemuveckuti cmuicn ypasnenus Beprynu
Bce craraeMble ypaBHeHMS TNPECTABNSIOT YOERsHYIO IHEpzulo, T. €.
OTHECEHHYIO K e/IHHHNEG Beca:
Z = € gogon, — YACNEHAA NOTCHIHANBEAR SHEPTHA NONOKCHHS;

L = € ppgz. =~ YACHBHAA NOTEHITHAILHAR JHCPIrHs JABICHHA;
Pg

u?

E = € gy, — YICIBHAA KHIETHYECKAT JHEPTHS.

C sHepreTHuecko TOGUKH IpEHHA YPABHCHEE AMEET BII:
enmw.+em.+em.=E=wn51! (410)
rae E — nonnas yAeIhHAT JHEPTHA CTpyHxM,
Jns nacanpHoll MAKOCTH TIOJIHAN YJeNbHas SHeprHs crpyixm octa&res

NMOCTOSHHON ANA Beex cedeHyit o anuHe ApMxyelics crpyitkn. TaxuM obpasoM,
ypaBHeHHe bepHYIUM COTRAcyeTcs ¢ 3TKONOM COXPAHENUR INEPIUN.
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3akoH COXpAHERWS] SHEPTMH MORHO NpPOCIACIATE Ha AdarpamMe (cM.
2

o]
puc.4.4): Bo BTOpOM cedeHHH YAEIBHAS KUHETHYECKax SHCPrHA (-i—.-)

ysenuu@ABaeTcA, 3HAYMT, YOAeARHAR [OTCHIMANLHEA DHepris (z, +£l)
pg
YMEHHILACTCA,

4.5.3. ¥pasneane Bepayain ane 3iemenTapaoii erpyiixn
peaisHoil, BRIKOH XHAAKOCTH

PeaneHas XWARKOCTL CUIHTAETCH HeCkKumMaeMmol, obmapaomel BamHBIM
duapueckeM cBoMcTBOM - REIKOCTEIO (oM. pasgen “O6imue ceefeHEN ©
HEAKOCTAX"). BaakocTs NpoTHBONEHCTBYET OTHOCHTENBHOMY NEpEMENIeHHIO
ca0EB HUAKOCTH, B CBA3IN ¢ ScM BOSHHKAIOT CHAL Tpenud, Ha npeogonerue can
TPEHHA 3ATPAMHBACTCH 3HEprH (HAIODP) ABmKymelcs XUIKOCTH. JTO SHATHT, 9TO
ol Banop (H) unm momHas yaenbHag heprud (E) cTpYHKM He OCTanOTCH
NOCTOSHHEIME 0O JNHREE ABWKYDIeHcH CTPYHKHM, dYacTs Hanopa (SHEpPTHH)
3TPAaYHBAETCA HA NPEOJONCHHE CHI TPEHUA.

B ypasHenne BepHy:m BpofNTCH JOTIOMHATENEHBI WieH A, , HassBACMELE
notTepsmy Hanopa. Takum obpasom, ecrw Hy — noiukill HAOD B NEpBOM CeueHEH
CIPYEKH, TO KO BTOPOMY CedeHMIO CCTRHETCA IONHBOI Hanop Ff, a 9acTh HANOPA
h,, , H3PACXONYETCA HMA UPEOAC/EHHE THUPABINICCKEX CONPOTHBAEHHH MeXTy

NEPBEIM B BTOPEIM CCCHUEMH!

H1=Hz +h'

wi-2°

(4.11)

Vpasrerne BepEynnu das snemenmapnoit cmpyixu penmuoﬁ, ERIKOH
MCROKOCMU TPHHAMAST BH]

2
e A T +h,,]_z (4.12)

Zy+— 2
Pg 23 pg 23

TeoMeTpuveckvil ©  SHepreTHdeckdi CMBICT Kakporo CHAragMoro
YpasHeHEHS OCTRETCA TAKUM Ke, K8K 19 HAeATsHOH KUIKOCTH.

IlpeAcTaBuM JRATPAMMY YPABHEHHS JIS ncMenTapHold oTpylixy peamstioi
KBIKOCTH Ha pHC. 4.5.

o8



Hern

H

0 AOCKOCTS CPABHEHRA o

Pnc. 4.5

Yrofm npocneauts nofobMEe  NOCTPOEHME  AWATPAMMbI,  TIPHMEM

3MEMEHTAPIYIO CTPYliky upuMeplio 1ol e GopMel, ITO AN HaeansHON KUAKOCTH
(cMm. puc. 4.4). Bugenam asa xasex ceuenus 3-1 u 2-2 ¢ wiomansve do, n do,,

moKaweM TpH Hanopa (reoMeTpHdcckiii, neezomerpuyeckuii, cKopOCTHOH) B
MEpBEOM CeueHHUH M NOAHLIA Hamop B nepsoM cedenun — Hy. Jha sToporo ceveHns
aHANOTHYHO OTNONKAM TPH HANOPa TAK, ¥T0GE HOTHBIN HAIOp BO BTOPOM CCYEHHH
H; ORI Mensine Nomoro Harmopa B NEPROM CEYEHHN HA BEANTHHY h:ﬂ..z .

Beanuwna h:"l-z' IO NOTEPH HaNopa MeEKAY cedeHuamd 1-1 w 2-2.

OfosHaunN Ha AHATPAMME JUNIIO ROTHOZ0 HAROPA, NBEIOMETHPULECKY IO AUNILIO,

& TAKOKe SRR HasateHoeze ranopa (cM. puc. 4.5).

Ecimi sLipars moboe ceuerne N — N Ho jutHe AMacyineitcs CcTpYIiKH, To
UL HETO MOXHO [IOKA3aTH TMOTEPH HAMOPa k|, B BHJE BEPTHKATLHOH JTHHAH
ME&KIY JHAAel HaMaiLHoI0 HAOopa ¥ THHHeH monHoro Ranopa.

Taxum ofpalom, BepTHKamBHME IUTPHXOBHIE NAHHK MeXAy THRHMEH
HavyalbHOTG HATIOpa A Juinkeli Nojxoro Hanopa GYIYT COOTBETCTBOBATS TIOTEPAM
HAMOp2 N0 THHE DeaIBHOH CTPYAKM, @ 3aUITPUXOBAITHAS 9acTh HA3KIBAETCH
Inopeti Homeps Hanopa.
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4.5.4. Ypapnenke Bepayaan pasu menoro noToks
peanbHoii, Bucol FHMAKOCTH

Tlepexona x menoMy NoTOKy, YIuTeIBaeM CTPYfiHyic MOIens Moreka. 1o
3HAYHT, YTOGH 3aNHCATL YpaBHEHHE 1A HENOro NOTOKA, HYXKHO NPOCYMMEPORATE
SHEPTHH CIPYEK, COCTARMAIONTHX NOTOK, RO BCEMY MHBOMY CeUeHUI IIOTOKA.

TloppoGumii TeopeTAueckuii BHBOA YPaBREHHA ClieAyeT MIYYHTL 110
yiebuuky mmd Kypcy meximfi. PaccmoTpum Gonee yHpONMEHHO M KPATKO
TeopeTHIeCKHe - ONCKSHMA 0O ypaBHennio bepmnyinu ang notoka peanbHOR
KUAKOCTH.

Jsa casracMBIX ypaBHesms z + £ COOTBETCTEYIOT CTATHIECKOMY HAIOPY
g

H, cormacko dopmyne (4.9). B rmapogMHaMuRe UPHHATO CYHTATH:
PACHPEOLIIERIE CINAMINECKOZ0 HAMOPS NO NCUSOMY CESEHIO NOOUUMAEMICA
ZUOPOCHIGINUNECKOMY IAKONY.

z 4+ = const. (4.13)
pg

ToxaxeM 310T 33K0H Ipaduriecku ga puc, 4.6. B 3a120R0M WWBOM ceyeHHH
TmoToKa {) BEUICRKM NPOM3BONEHO MeMenTapAre cTpyiixu 1, 2, 3, naaneuns B
KOTOPHIX Py, P, P3 CooTBeTcTBeHHO. IIpopenéM mmockocts cpasuemas 0-0 m
TIOKaXKeM reoMeTpaYeckne BRCOTH (Zy, 22, Za) UBRIX CedeHHl CTPYEK.

= ¢onst

| ) &

T+

0 TLIOCKOGTD CPABHEHMA 0

Pre. 4.6
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Ha ypoBHe BEIOpasHAIX CTPYEK IIOKaXKEM IBEIOMETPH H COOTBETCTBEHHO

NBEIOMETPHYSCKHE HANOPK (EI-,-p—z,p—’). YpoBHM JKHAKOCTH BO BeeX
PE PE PE
nee3oMeTpax GyAyT HAa OTHOM rODH3OHTE, B CyMMa  z+ £ _ const Taxas
PE

NOCTOAHHAR BEMMUWHA CTATHUECKOTo Halopa OYAeT Tonsko B AGHHOM MHBOM
CEdCHHH, B APYTOM Cedenuy OHa GyIeT TakKe JOCTONHHOMN, HO Apyroft BeiuuHzL.

Caenmyiomas 3aiava — NPCCYMMHPOBATE KMHETHUECKME 3HEDIMM CTPYCK,
COCTABMIOIAX TTOTOK, N0 KUBOMY CeueHMi0 motoka. Cxopocrn crpyex (u) B
npedenax KUBOIO CEUEHMs IOTOKA IEPCMEHHBL, NOJITOMY CIACAYET YYECTh
HEPEBHOMEPHOCTE PACHIPEACICHIA CKOPOCTH 0 XKHUBOMY CATCHUID.

Ji1 mpaxTHYCCKHX DPACTETOB BEOAST CPedmions, Wi YCIosuplo, CKOpOCTh
notoka (v) (cM. pasmen 4.4), OIHHAKOBYIO WA BCEx CTpyek. Teopernueckn
PBCCYATHIBAIOT VCTOSHYI0 KUNEMHYECKYWD 3IHEPIIo (E;‘:') YEpPe3 CPEEION

CKOPOCTh NOTOKA .
3aTeM TEOPETHNECKH ONPENENRIOT OJeHCHBUMETBHYI0 KUHEMINECKYIo

swepzwo { E . ) nepes acHcTBATENBHEIE CKOPOCTH (%) JCMERTAPHLIX CIpPYeEK,
COCTABJSIONIMX TOTOK.

HepaBHOMEPHOCTh  PaclPEAC/CHHS CKOPOCTE [0 MHBOMY CCUCHHIO
YOMTRBAIOT RKOMpPHIMEHTOM KOPDEMILMHM  KMHETHYECKOH SHEprud, mIM

KOMPPURHEHMIOM HEPAGHOMEPHOCINU PUACKPEOENEHUR CKOPOCTIH — O

XHH.
= Lyt (4.14)
E)wr_.
Kosdummenr a HasuBaeTcs Takke kodgPuuuenm Kopuonuca.
3uagenne x03QPHUMEHTa O 3ABHCHT OT DEXHMA ABWKEHHA EANKOCcTH, Pemamu
IRMEHNR XHAKOCTH GyayT paccMOTpeHH Hike. lloka crenmyer ywecTh, 4TO LA
NAMHHAPROTO pexcuma o = 2,0, s typbynerrHoro pexpnma a= 1,0 + 1,15 (ans
NpaKTHHeCKHX PacuéroB IpH TyPOYIeHTHOM Pe)XHME BoA nmpuHMMaeT e = 1,0).
C yu8ToM BBCHEHHOTO KOSh(GHUMEHTa @ CROPOCTHOM Hanop (M) HAM

yaelLHas KUHeTHHECKAN SHEPTAR TOTOKA {€nq ) IPEICTABNACTCA KaK %1;—.
JonorupTennHEH 9iIcH YpaRHeHHs BepHYLIH ng alleMeHTapHoH CTpyHuu
PeassHOR KUAKOCTH h,, YIMTHIBAET 0TEPH HATIOPA B 3IEMEHTAPHON cTpyilke.
J:1a 1e10ro NOTOKA BROFATCH OCPEIHEHHAA BETMYWHA TOTEPh Hamopa A,
AHAIIOTHTHO CPefHEH CKOPOCTH CYMTAETCE, YTO CYMMApPHRIE TIOTEPH Halopa
3EMEHTEPHEIX CTPYEK © HEHCTBHTEILHLIMY BeTHIMHAME YCI0BHO PABHEL IOIHEM
I10TEpAM HATIOpA JUIA IT0ToKA A,
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C yuéroM sblUle HINMOWERAHGIX nNonoxenuli ypamrenue Beprymmy das
HERQZ0 HOMOKA PERALNO HCHOKOCME TIDHHAMACT BUL:

2 2
o, a,u
NP LR - e 1S

(4.15)
°g 2g pg  2g

zy

VYpasuenre (4.15) ABAACTCA OCHOGHBIM YPUSHEHWEM ZHOPOOUNEMUKY,
KOTOPSIM NONB3YIOTCH JUIA PellieHid TEOPeTHICCKAX H HIDREHEPHEIX 34/124.
Juarpamma  ypapHeHMS an¥  LE€NOI0 [OTOKA PealsHol  JHAKOCTR
AHATTOTHYHA [HATPEMME MM JICMCETAPHON CTPYHAKHE PeaNbHOH XHAKOCTH (CM.
puc. 4.5). Ha mparpamme cnepyer ofo3HaqIMTe FWPhie cedenus @) ¥ o, A
“:“12 “-z”§
—_—— =,
2g 2g
PaccMOTpHM ApakTHYecKOe NpHMEHCHHE ypaBHen A Bepuymm,

CKOPOCTHHIC HANOPH COOTBCTCTREHHO -

4.5.5. IKcNepHMEKTANLHOE OTIPEAEICHAE CTATHYECKOID H TORHCT0
Banopon, PacuéT cCKOPOCTE B TOMKE NoTOKA

PaccMorpuM HaAKROHHYI TpyOy mEamMeTpoM J, BRIICAHM XHBOE CEMEHHE ),
B KOTOPOM CICHYET OOpeNelHTh CTATHYSCKHH H NONHEIH HAROP HO OCH TpYOR

(puc. 4.7).

] OEOCKOCTS CPaRHCHIH 0

Puc. 4.7

IlpoBenEM APOA3BOIBHO HONOCKOCT:E cpasHeRHa 00 w  oTHomHEM
TeCMETPHYSCKAR Hanop ceuenwd (Z) A0 OCH XMHUBOIO ceucHns . [loxawmem

NBE3OMETP B JKMBOM CEYEHHH H OTMETHM NbeIOMeTpHuecKuli Hanop (L) no
PE

YPOBHIO AHAKOCTH B ([BEIOMETPE.
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TaxuM ofpasoM, #O ROKEIAHUIO RSEIOMEMPT ONPEDENAEM CrRAMUNECKi
Kanop:

P
H_=z+--.

Jas onpefeneH®d MOMHOTO HANOpA IO OCH OOTOKA MONLIYIOTCH TPyGKOH
TTuro. 310 TpYOKa OUEHD MATOTO AHAMETPA C JATHYTHIM HoZ YoM 90° B raanko
ofpaborarHbiM koHioM, TpyQxa TIHTO ycTanamnuBaercs uo ocH TpyOh HAHM B
moboit Apyroif Touke noroxka Tak, 9TobBl CKOpOCTh # Ohlla HAupapjeHa HA
BXOAHO¢ OTBepcTHE TPYOKH. Eciw Onl He Omao ABMEEHHA XMIxocTH (u = 0),
YPOBHH EMIKOCTH B Obt3omerpe u TpyOke Iluro Gninu OB HA OQHOM I'OPA3CHTE.
Tlpu meitersun cxopocts & Ha Bxoge B TpyOxy [0 ypoBeHs KMAKOCTH B TPYDXKE

TNONHUMETCA BhHIIC YPOBHA B TIEE3OMETPE Ha& BEIHMHMHY, COOTBETCTBYMOLIYIO
2

CKOPOCTHOMY Hamopy, - ;—
£

Taxum obpazoM, mpylxoii ITumo onpedensemcs noausmil sanop B
387aHAOHR TOUKE NOTOKA, B ¥ACTHOCTA O OCH DOTOKA.

Tpybxa ITumo 8 couemanuu © Nbe3OMeENMpoM REAREMCR NPpROOPpOM OAR
HIMEPERUR CKOPOCIN,

HeiicTBuTensHO, pasHoCTh nOxasaHud Tpybkm TluTo M meezoMeTpa
COOTBETCTBYCT CKOPOCTHOMY HAopy:

OTCIOAR CKOPOCTE B TOUKE MOTOKA: # = Jﬁgr(H oM. ~H_).
Jlaa oparkTryeckux pacuETOB CKOPOCTH NOJILIYIOTCH hOPMYyIoH

4= Q28(H e, — H o) s (4.16)

rAe ¢ — NONpaBoHHLN KoahgHUHEHT, KOTOPEIH onpenensercs 1TyTEM TAPUPOBAHUA
TpyOru IlnTo,

Jna onpefeneHns cKOPOCTH BO3IYIMHEIX H A30BhIX NOTOKOB MOIBIYIOTCSK
nHeBMoMeTphuccKo#t TpyOxoit  [Inro-llpanntna. B rakoft TpyOke commemneHsl
nbesoMeTp H TpyGka [Tuto. B kopriyce TpyBKH uepes Npopess B rOpH3OHTAILHOH
YacTH CHHMAaeTcs CTATHYCCKMEE Hanop, 2 4epes OTKpHITEE nocuk TPybKn
onpcoenaerca nonuumi  Hamop. TpyGra momxmouaeTes K U—oOpasmoMy
MAHOMETPY, MUKPOMAHOMETDY, AudhepeHHAILHOMY MAHOMEIPY WIH DOA00HRIM
opubopaM M8 WIMepeHMs pasHocTR aspaekud (wanopos). Tlo nokasaHmo
npubopa pacedmTmIBaeTCR cKopocTholf Hanop. € KoHeTpykmmedt TpyOkm
Iuro-TIpasaas caeyeT o3HaKOMUTECS B y4ebHol THTepaTYDE.
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4.5.6. Knarpamma ypasneng Bepuyan A% 0oToka IKEIKOCTH
B Tpyle nepeMenHoro ceueHus

PaccMOTPHM  SKCHEpUMEHTSIEHOE NOCTPOEHHE NUATPAMME! YDABHEHES
Bepuyinn ias notoxa WMEKOCTH B TPYHe {lepEMEHHOIO CeUeHHN MHAMETPaMn
dy . dy,dy (puc. 4.8). Ilycts & < d) < d3 . Jlns mocTpoeHnA QNATPAMMED
BOCIIONL3YEMCA HpHRaToil MeTomukoit (oM. pasgensl 4.5.2; 4.5.3).

TTo nanpapnenmo qRUAKESHUN KUIKOCTH BLICEHM TPH XUBLIX cevexun I-1;
2-2; 3-3; peifepeM muockocTh cpasHeHMs O0-00 H OTHOWHM ISOMETPHYECKHE
BRICOTH (Hanopel) BRIOPAHHHX CeYeRRit: 21, Z7, Za.

B cevenmsx mokaxem Nbe3oMeTpadeckne TpyOxka. Kak Omno ormeueHo
Brre (cM. pazgen 4.5.2), npu cymeHnr TpyOH Nee30METpHYSCKHH Hanop nanaer,
a cKOpoCTHOH Hamop BoapacrTaer, M, HaoGOpOT, Ipu pacIIHpeHHM TpyGhI
OECIOMETPHIECKH HAMOP 1TOBHIBAETCH, 8 CKOPOCTHOH HANop YMeHbIIASTCA.

OrMeTHM  ypoBHE KHAKOCTH B MhE30OMETPax (ﬂ,gz—,fo—a-). K

Pg PE PE
TEOMETPHYECKHM Hanopam npubanHm neesoMeTpuyecke Harnophl. ITponeagm
HBEIOMEMPIILCKYN0 AUNNTO TIO YPOBHEAM KHAKOCTH B Mbe3oMeTpax (oM. puc. 4.8).

|

Haﬂ'om )

Uyt
2g

3I0Pa DoTEpPs HaNopa
1

) Sy

0 IAOCKOCTH CPaBHERNA 0
Puc. 48
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AHATE? DOCTPOSHMA UBE3OMETPHYECKOH /NHHEHM MOKA3WBAeT, YIo
Hie.’i’Mﬂﬂpﬂ'lm HHHUR OYCPYNRECTCS nmoMaHoi JI.H'HI»!E'H, KOTOpas madxcem
ROSLKNENTMILCR ATIH MOHNICGMBMCA B 3ABACHMOCTH OT TEOMETPHICCKMX paaMepoB

TpyOR!.
K cyMme reoMerpHdeckoro M DIAC30METPHYECKOTO Hanopoe npeGanvm

azui a,uf u3u§
CKOPOCTHRIE HATIODHI B CEUEHUAX: —— -~ > —— > -——=.
g 28 2

B Raxa0M CCUEHHM IONYTaeM MONHbIe HANOPE!, NPHYEM CIEHYET Y9eClh,
yro fy > Hy > H;, cOeAUHACM JOMAHOM JHHMER ¥X 3HAYCHAR. TO JANNHN
ROSHO20 Hanopa, IOKa3kiRaeM o€ Ha ouarpamMe (eM. puc. 4.8).

HAunua noianozo Hanopa 110 XOUy ABAXEHUA KHIKOCTH MOMUNCAEMCH.
Iouwnenue THHAM TOAHOTO HANODA COOTBETCTEYET BeNHUMHC [I0TEph HAamopa
MYRUJLY CCICHHAMH [0 XOLY XBHKCHUA AHIKOCTH,

Bepmuransnsim i AUHUANY 3a1IMPUX0SMEALM INIODY nomeps Hanopd.

MeTonKKa TOCTPOEHKS MHEAOMETPHIECKON IMHAR, JHHHY NOMHOTC Hanopa
H MOpu OTeps Hallopa OyAeT NpUMeHeHAa OpH pacdérc TPYOOIPOBOTHEIX
CHCTEM.

CneyeT 3aYI0MHHTE, YTO HA YSACTKAX TPYORI C MOCMIORHMBIM QHAMETPOM
JNRHHA LOMHOTO HANopa IPOXOSHT AMPALIEAsHO NbC3OMETPHUECKod NHHAM Ha

PACCTOSHMM, PARNOM CKOPOCTHOMY HATIORY.

4.5.7. MeToauxa cocTaBieHnn yparnenus Bepuyana
ANS PemeHds TEOPETHHECKAX B NIACHEPHLX 3802

C nomongio ypasHehmda BepHyiRH pemarOIcs MHOIHE TEOPETHHECKHE H
npakTRucckae a2, [IpuMeHeHne ypapHeRus BepHyIM IpenycMoTpeHo Ins
peansHOM, BaIKoH ERIKOCTH DPY YCTAROBMBIUCMCA IBHKCHHR 19 Tex ceveHnH,
rjle ABHAEHAE He JOIHHO OMITEL pe3ko M3MEHyIOMEMCS.

Ha nommons3o0sagun ypasHeHns BepiHy:llM OCHOBARHO Co3janMe IpHOODOB
JU1 M3MEPEHUS CKOPOCTH M PACXOMa NOTOKE HUAKOCTH.

Tlpy cocTapnenys ypasHeHHs bepHyann cheyeT noNb30BATHCA CAC/AYIOLEH
Memoduxoil.

1. Buibupmwomes  dsa ceweRuR, 8 KOTOPEIX H3bectHO uanboinbmee
KONMYECTE0 NTApaMerpos, BXOAANHX B YPanHeHHe, MNH ¥X HYXBO ONPCACIHTE.
TakuMH CeMCHRAMH CNYKAT CROGO/HAS IOBCPXHOCTL KUAKOCTH MM MecTa
YCTAHOBKM  H3IMEPHMTENHHBIX  nhpubopor  (MAHOMEIPOB,  BAKYYMMETPOB,
Nee3oMeTpoB M MM ToAcOHRIX). CedeHHs NpOBOIATCR IOPHIOHTANBHO 00
crobosA0H moBepXHOCTH (L% NPAKTUMECKHX PACUETOB CKOPOCTh Ha cBODOAHON
NOBEPXHOCTH NIPUBKXMAETCA PABHON HY!TO, ¥ = () WM HOpPMAJILHO X HATPABICHUIO
JBIKCHHS HHIKOCTH, T. €. TI0 XUBOMY CeHcHMID.
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2. Cedenun HyMepylomcs Ho NaANPARIERI0 OSHICEHNR HCUOKOCHL. ITo
ofycnopineRo TeM, ITO NOTepH Halopa B THAPABIMIECKMX CONPOTHBIEHAAX
¥BENMHHBAOTCH M0 HATIPARTEHHIO ABIDKeHHS XKHIAKOCTH, H ACMIOMHITeIBHENH INeH
YPaBHEHHS A, YIHTHBAIOMI ITH MOTEPH, NODKEH SHITh CO RHAKOM IULOC,

3. B ypamseHmu BepRyNnH peKOMEHIYeTICA YTHTLIBATE abCONNOMNOE
daerenue 8 embpaunsix ceyennrx. D10 TO3BOTHT M3bexars olmabox Inpd
OTIpCAeNeEMH AQBIEHHA B CEMEHHAX.

4. Butbupaemca miockocms cposuerun 0-0. Kax npasmno, oHa
COBMCILACTCA C OHHM H3 CeYeHHH MM NPOBOAMICA 4YEpes eIo och, Toraa
reoMCTPHYECKad BEICOTA STOTO CedeHHA pasHg Hymo (2 = 0). Cnemyer nomMHHTE,
970 NIOCKOCTE CPAaRHCHMA Beerfia ropusoRTanbHas. OTCHETR TeoMeTprueckoi
BRICOTHL CCYEHHAS Z OT IIOCKOCTH CPUBASHHUA BBEPX CUATANIOTCH MOJOKHTSNEHEIMHE,
BHAH3 — QTPHIATENLHRIMH.

5. ¥paenenue hepnyanu sanucsiaaemcn 8 obugesm eude. 1ol ypapHeHHeHM
UpeICTABNAIOTCA 3HAYEHUX NaPAMETPOB. [IPOMIBOAMTCH NOLCTAHOBKA BCEX
BEeNMMYH B ypaBHeHHe B OYKBEHHOM BbIpAXeHMH. VYpaBHeHRe pemiaeTcs
OTHOCHTEILHO HeH3BECTHOrO MapaMaTpa.

Hixe paccMoTpuM nUpssMeHeHHe YDaPHCHHS DepHynnu Ins npabopos,
CHyXaiWX I WIMEPeHHA CKOPOCTH M pacxofa MOTOKa »upkoctn. B srmx
nperbopax MOKHO NpeRebpetis NOTEPAMH HENOPA.

4.5.8, TiprGopkt A" HIMEPEEHA CKOPOCTH M PACXO]H,
oCHOBAMELIE Ha YpanHeHHR Beprynim

Pacxodomep Benmypu - 510 1TpyGa ¢ MIaBHRM TepexonoM or Gonemero
OAAMETPA X MEHBmeMy, HeDONBIOH INUIHHADHYECKON BCTARKH MGHEIIETrO
AHAMETPA M ITABHOIO NEPEXo)a OT MeHBAIETo AHaMeTpa K bonrimemy. B muapoxoi
7 y3kofl 9aCTH pPAcXOmoMepa MONKMOYEHE! NMPAGOPH U1 MIMEpEHHS NABNEHHS,
HATIPAMEP MbE3OMETDH, N0 MOKAZAHHAM KOTODhIX PacCYMTBIBAETCH CKOPOCTE M
pacxon HepaspRBHOrO noToxa.  Kak [pasuno, coOOTHOLIEHUE ANAMETPOB
NPRHEMASTCK DABHEM: dy @ d) = 1/2; 1/3 ¥ ToMy noaoGHRM.

Cxema pacxofZoMepa npencTaBieHg Ha pue. 4.9. Jna onpeneneHus
CKOPOCTH ¥ PUCXORE XHNKOCTY BOCIDIBIYEMCS ypaBHenHeMm Bepuymm. ITycrs
opexncTaeiesasd npubop sengercs BogomepoM. CornacHO npuEATOl Memoduxe
(om. paznexn 4.5.7), BEINONEHM BoS MYHKTH! COCTARISHUA YPARHEHAN.

1. Bufepem Ana KHBEIX CEYEHAA B MECTAX YCTAHOBKM NLe3lOMETpOB.
CeneHus NpoBeasM HOPMATBHO K HAUPARNCHUIO JBVOKEHHS NOTOKA BOMBL.

2. Ceuexna 1-1 g 2-2 opodyMepyeM [0 HANDABICHHIO JBMKCHUN BOKL

106



3. B BRIGpaHHEBIX CeueHUAX NOKAKEM NLE30METPHYECKHE HANOPRL:

& u P2 , 0603IHATIM pasHOCTL NOKR3aHHN HLEIOMETPOB depes A.
PE PE

4. TlpoBeaM IPOHIBOILHO TOPHIOHTANBHYIO IUIOCKOCTh CpasHeHHs (-0 n
HOX4KEM NeoMEeTPHUECKHE BRICOTR! BRIOPAHHEX CEUCHUH z; M 23 (pac. 4.9},

0 ILTOCKDCT b CPEBHERRN 0

Puc. 4.9

3. 3anuueM ypasHenwe Bepuyimi B ofigem BHAE:

2 2
oy [+ 2A1]
z, +-&+—11—=22 + Bz..+#+h

pg 28 pg 2 "7

TIpencbperacy norepsMm wanopa B wopomepe (h, = 0), cumras, =ro
TIEPEXOl  OT OOHOID [guamerpa K APYTOMY CAENaHK I[LT2BHO M XOpolno
Mexapriecky oOpaGoTanml, Kkak aToro TpebyioT npubophL.

Ilpnuavaem a; = o; = 1,0 nas aBwXeHns Bogsl B Kpyraoil TpyGe mpm
TYpOYNEATHOM JBHAEHHUM. :

I'pynnupys COOTBETCTBEHHO 'UIEHW YPABHEHMS CO CTATHYECKHM M
CKOpOCTHEIM BANODAME, [TOMYTHM;

2 2
(s 2){ne )22
pg pg) 28 2g
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H3 puc. 4.9 cnepyet:

IHAYAT, h=—"—

B 3ToM ypaBieHuM [IBA HEHIBECTHAIX V) H V;, HO H3 YCIOBHA
HEPAIpEIBHOCTH NoToRA (oM. dopMynty (4.5)) cnenyer, 910 1,6, =V,0,.
2
OnpenenseM orciona v, = O —, ganee . d—; JAEA mydilero BOHAMAHAA
0)2 mz d2
RaNsHeHIlNero peleHHA, NpuHiMacM &, & d) = 1/2, Torga v, =4v,.
Pa3nocTs nokasanmil nee3oMeTpos A

h_16”1 _'Dl “15__01_
2g 2g '
287
OTCIO, vy =,
i : ""Ys
P —0, 2" _k Jh,
acXOA BOAR Q=vm =@, 15 —tN
. 2g
rae K ==,
A w% - Ys

3paueHne monpasouHOre KosdipHumenTa mpHbopa (Kip.s) 38BUGHT oOT
COOTHOLICHHA IHAMETPOB pacXoaoMmepa Beurypi B Mypokod B ysioli ZacTax
npubopa. Kaek npasamo, B pacuérayio ¢opmyay pacxoza (Q) BRoauTCs Tamke
TApRPpOBOUHEH  Ko3pMUMERT ¢, KOTopeili YIMTEIBACT MNOTEPH HANOpA B
pacxogoMepe M ONPeReISETCA OMMTHEIM ITYTEM,

Dopuyna pacxona nparnmaet Bug: O = @ Kupus, o A 4.17)

Anamizupya dopmyny (4.17), BHIAM, TTO PACKOA KHAKOCTH SBIACTCA
dynxkouelt pasHOCTR IOKa3aHAR  nbesoMetpes (/) MAW NOKasaHWg ApPYroro
mpubopa Ana M3MepeHusa paiHOCTH HamopoB. Jinx ynofcTea nmpakrwyeckix
pacMETOR MOXCHO NOCTPORTE IpadHdecKylo 3aeMcHAMOCTE: @ = f () nm
o, =f(k); vr=j(h). Dro Gyaer xBanpaTHIHAS 3aBACHMOCTS, TPadAIeCcKH B B
napaGoNEL.
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Pacxonomep BedTypn HCNOABIYETCA HE TONBKO I8 KaMeARHEIX wuaKocteh,
HO M A4 razco0pasuex. B aToM cnygae 8 ImHpokoif M yakoii wacTax pacxomoMepa
BLIBOAATCA ITYLEepa, K XOTOPHM HOACOSHHHACTCH MMAKOCTALIH Opubop ana
HIMEPCHHAR pasHocTH JaseHwli, nanpumep U-oDpasHBI MaHOMETD BuY
MAKpOMAaHOMETP © HawioHHOH TpyOxof. KoHcIpyxuMa B npusmmn HeHCTRHA
TAKHX nMpUGOpoRr NOAPoGHO HaNGXkeHs! B yacOHHKax ¥ yyeburIX nocobRax. -

Bxodneit Konnexmop. Bxognofi XOINeKTOp  HCNOABIYETCA  HNX
ONpEAcACHHS CKOPOCTH B PECXOAZ BO BCACHIBAIOINX BOJIYNINBX, Ta3oBHX,
BEHTUAAHOHYHX, ITHCBMOTPAHCHOPTHEIX H APYTHX CHCTEMAX.

BromAoli XOANEKTOP YCTZHABIMBAETCE HA BXOAE B CHCTEMY M IPEACTARIAST
Tpy0y C DNaBHLIM BXOAOM, BRIIONHEHHHIM O KakoMy-nRGC KpHBOIMHEHOMY
3aKOHY, HampeMep no napabone (puc. 4.10), rax, wrobn MCKECYHTL TOTEPH
Haropa B2 BXOJC B KO/LIEKTOP.

Ha paccroaHum 3-5 amameTpob TpyOnl OT BXoZIa BRIBOAMTCA MITYUEp, ¥
KOTOPOMY MOAKMOYAETCA KMAKOCTHRA npubop nnd uaMepenna pammenms (U-
obpaHmii ManoMeTp, MukpomanoMetp). Pabomel xmakocTsio B Ipnbope Moxer
OBITE BOAS, CIAPT oW APYras xanelashad xuakocTs. ITo noxasagmo npaBopa (k)
PACCUHTRIBAETCS CPEAHAL CKOPOCTh NOTOKA razoabpastoll xuakocTH B TpyDe H e8
pacxon. :

{r.

1

N

- - :
P=Py ‘.B'pﬂi". 17
0 LN - |nnocxocTs cpashenA
| - . sosayx SR
e d
Puc. 4.10

Tloxaxem pacu€r ckopocTd M pacxofa Ta3oofpasHoll MHIKOCTH BO
BCECEIBAOMIil CHCTeMe, NONEIYACH YpasHenuem bepaynnu.

1. Bmbepem Oaa cenenns N0 KPOMKE BXOTHOTO CEMEHHN KOMNEKTOpa, rie
CKOPOCTE eIé MPAKTHIeCKH OTCYTCTBYET, H B MECTE YCTAHOBKH A3MCPHTSILHOIO
npubopa. Cenennn npoeeasM HOPMANEHO K HATIDABNEGHMIO KBHOKEHUS WUIKOCTH,
HanpumMep so3ayxa (cM. puc. 4.10). '

2. Ilponymepyem cenenun 1-1 1 2-2 no HANPEACHUI0 DeuNceun 8030yxa.
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3. Yurém abcomomnoe daarenue ¢ énbpannnx cevenunc. AGecomoTHoe
BABICHHE B NEPBOM CEYCHMM p) = p,. ADCcomoTHOEe AaRIeHHEe BO BTOPOM CEI9eHHH
Gyner Mewsine aTmocdepHOro, Tak Kak BoachiBande HAET 3a cu&T co3AaHMA
Bakyyma. [Mome3ysce ypasHeHHAME rujpocrardkd (e paszemu 1.3; 1.5),
COCTABHM YCAOBHC DaBEHCTBA JABNEHAS OTHOCHTETEHO WIOCKOCTH yposHa O — O
8 U-00pasHoM MaHOMeTpe, NoNyYuM a0COTIOTHOE AARIEHHE BO BTODOM CeUeHMH
P2= P~ Pxunc8h.

4, Hnocrocms cpasnenin 0 — 0 coamecmum ¢ oco0 KOUIEKMOpa, TOTHR
I'ecMeTpUYCCKHe BRICOTH cedennii z1=0; z3 =0 (cm. puc. 4.10).

5. Janmmem ypaBseune LepHy:nn B ofimem  BMAe, IO YpaBHCHHEM
NpeNcTapdM 311a4eHHA BCEX MAPAMETPOB W CAeacM HOACTAHOBKY AaHHbIX. 1lpu
NOJICTAHOBKE CclaraeMblX YPAaBHCHHS NpHAWMaeM o = 1,0 (xpyrmas tpyGa),
MOTEPAMH Hanopa Ha BXOAC B KOJNEKTOP K HE YIACTKe B TPYOE MEXY CCHEHHAMH
i-1 ¥ 2-2 npenebperaem:

2 2
z] pl ———=22 '|"PA'|"E}—'2“.‘)_2‘}'hw._-2 .
Pg 2z Pg  2g
21=0; =0
P1=Dps P2= P2 Pan 87
v =0; a;=1,0; vy=v, h__=0

Wi-2

TippHHMaeM IBHXYIIYIOCH HKHIKOCTE — BOIYX NIOTHOCTLIO Paoyy
TNocae noacraHoBKM claraeMhix B ypasHeHue hepiynin:

P _ Py pmgh 1’2
Poosif Pewnf Purf 28

Ilocae coOTBETCTBYIOIMX CoKpalleARH # Tpeobpasopamuil nomyunm
PacuETHYI0 hopMyTTy UM CKOPOCTH SBUKCHMA BO3IYXa B TpyGe:

—_—
v IZSPM”‘ =Km,'\!§9

Y Pam

Pgp
rae K. V ——®= . kos(duuuest npuSopa (konIeKxI0pa), 3aBRCALMI OT
P aocan.

BHJ2 TpaHCTIOPTHpYeMolt MuakocTH {BO3AYX, raz) H ONOTHOCTH MKHAKOCTH B
HE3MCPHTENLHOM NprGope NaBReHHA.
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Kax mpassno, npabops! iR A3MEPENTAE CKOPOCTE H PACXOJA TApHPYIOTCS,
T. €. IPOBEPAIOTCK PACIETES IO TIOBEPEHHKM, CTAHAAPTHEIM IprbopaM | BBOMTCA
nonpagoYHRii 'rapnpomnuii koadrmenT @, TOrOa

9= 0 Keomn. /it » c00TBETCTBEENO O = @ Koan 01, (4.18)

xd? .
e o= i WUIOMANKE JEUBOTO CeYeHHA TPYOH.

QopMyna pacxofia aaa xoanextopa (4.18) anaponmua dopmye pacxona
A pacxojuomepa Beatypn (4.17).

ITo aHanornwm ¢ pacxoaoMcpoM BenTypn AnA BXOAHOIS KOANEKTOPA MOXHO
nocrponTs rpadmueckylo zasucumocts ©» = f (B) w Q@ = f (h), xoropok
NMPAKTHYSCKA YAOOHO TIONBI0BATHCH (M ONPENENEHHS CKOPOCTH M pacxoma Oea
MpoBefeHHa pacuETos.

4.6. PelAMBE ABEXKCHHA RRAKOLTH

Anrnuficknt dusux Ocbopn Pefivonbpac Ha ocHOBE MHONOUHCIEHHBIX
omniroB H o0pabotkn Ramunx Apyrux yudawx B 1883 romy mpepcrasma
TEOPCTHIECIIE MONOKEHHA O ABYX PeRNMAX. IBHKCHHN XKHIKOCTH ~ IAMUHAPHOM
¥ TypGyneHTHOM.

Jlamupaprstii pescun — 310 CNokodiHoe, NPAMONAHEHIIOE, TapannensHo
cTpyiinoe, Nocaciinot JIBRREHHE AHUIKOCTH.

Typbysrenmsstii pexcum - [0 HEYNOPANOYEHHO® ABRINEHHE CTPYEX, C
TIONEPeyHEIMY NYJLCAOUAMH CKOPOCTA, KoNeGaHuaMH, 3aBRXPCHHAME CTIpYek, &
TIpH GONBIIMX CKOPOCTAX C UOJIHLIM HEPEMENTABARMCM HHATKOCTH.

Knaccyueckue onwre! PeliHombica W TecpeTHdeckhe NOAOKEHWA Tio
H3Y9CHHIO PEXHMOB JBHKCHUA XUAKOCTH NoapoGHO MROMEHH BO  BCeX
y2eOHHKaX W yd9eGHEIX HocoGMAX, NO3TOMY PacCMOTPHM OCHOBHEIS pPacuETHEIC
thopMy 1, HEOGX0MMEIE AT MPAKTHHECKHX PacasTon,

Ha omurrroii yetaHopke PeiHoibAca 3xcriepAMeHTANEHO H3Y9eHO, HTO 11pA
MAJEX CKOPOCTIX NBAMEHHS MUIKOCTH MOKHD HabI0JaTh TaMAAAPHRH PeXAM.

Npy pansHeifeM VBETHHEHHH CKOpPOCTH HaGimoJaeTcd paipyienue
napaizensaoii crpyliHocTH, KoneGaHHs, pajpuiB CTPYeK, a OpH emd Oonsiiem
YBENIHIEHAH CKOPOCTH - 32BEXPEHHS CTPYEK H TICPeMENMBAHAC TOTOKA, T. €.
yCTaHARIHBaerca TYPOYNCHTHESS pesicHM.

CRopocTs, COOTBEICTRYHMIIAN JICPEXONy OHHOTO peXuma B Apyrof
RA3LIBACTCH KpMMIUMecKo#d, 0003HAYaeTCH 0y, Kak npasuno, yywTHBaroT IBa
3HAYCHHA KPATHYECKOH CKODOCTH @€PXNIOI0 Dy (ITEPEXON OT AaMMHAPHOID
pexuMa X TYPOYNEHTHOMY) B RUNCHION 0. { Iepexon oT TypbyleHTHOTO
pexAMa X JaMuHapHoMy). OOIacTh ABMMEHMA, COOTBETCTBYIOIIAN MEpeXoay OT
ONHOTOD PEAMMA K JEPyTOMY, CHUHTASICK Nepemioiiuuesm  JBUECHUCM WIR
nepexodnoi ebracowio.
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Cornacho Teopaw PelfHONBACE, KPHTHIECKAS CKOPOCTE (Dyp) SABHCUT OT
Auamerpa Tpyou (d) xumemaTHdeckoro Ko3dpHIMEHTA BA3KOCTH HUAKOCTH (V) ¥
napamerpa Re,, Ha3HBAEMOI0 KpUTHWGecKNM dHHcaoMm Pellmonnaca, mou
xpumepuen Peiinonvoca:

v, =Re

p =Rey 4.19)

<

Kpumepuii Peiinonvoca (Re) — sernununa bepaimepran.

OKCNECPAMEHTANEHEIE MCCHSOOBAHHA {I0oKalanMm, uTo jym Tpyl Kpyrnoro
ceuenua Reg Momer MeHsTec® or 1000 mo 2300. O6menpuusteim ruin
TpaKTHYECKAX PAcuEToB cuATaeTca Reg, =2300,

Ecmu cxopocTs neMmeHHs XKMAKOCTH OyAeT MEHRIIE KPHTHYCCKOH (0<0,q ),
TO PeXHM nBKxeHwa Oyner namunapHeiM W Re<Re,,, 1, HaobopoT, Npa v>Dyy,
uncno Peftnonsaca aomino 651Te Goanie KpUTHIECKOro - Re-Re,,

Taxum obpuzom, xpumepuii Pefinonsdca Rearemen zudpodunamueckoii
XAPAKMEPUCINUKOR NomMOKR, RO KOMOPOMY yCMORAGTUSGEMCR Pedcim
OguNCE U,

B coortrercTERE ¢ popmynei (4.19), pacutTHas dopMyIa Re xuq xpyrno#
Tpydm:

Re="9, (4.20)
v

IU1A [IOTOKOB ApyToro npotduna Ke= L s (4.21)
v

rne I — xapakTeprsli reoMeTprueckMi paiMep, KOTOPHMH MOXET OLITh HuIpRKeH
uepea ruaparnudeckui panuye (R) (cMm. dopmyny 4.1), nanpamep, gna kpyrnof
TpyOr I = 4R (em. dopmyay 4.2).

CrnenyeT 3aNOMHATE TPEEATIO:

Ecnu dna nomoxa scuokecmu Re<Re,, = 2300 —~ pexcum dsuncenun
NCHOKOCMU AAMURAPHLLE,

Ecnu dan nomoxa scudxkocmu Re > Rey, = 2300 — pexcum deudsicenun
Ncudxocmu mypbynenminsi.

JlaMHHZPHELH peikuM OBIDKEHAE XaPaKTePeH 1A BAIKHX KHAKOCTeH TaKux,
KAk Macna, HedTh, 4 TAKKE IpH ABIIKEHAH BOJR B TpyOxax Maioro nuaMeTpa
(KamHINAPax) 1 gepes MOPhE TPYHTA.

B -TypOyneHTHOM peXMMC HBHXKCICS HOJA B BOJOUPOBOAHBIX Tpybax,
wenobax, kaHanax, peKax.
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Taapa 5
THAPABRTHYECKHE COITPOTHBIEHNS]
5.1. Ilorepw Banopa B ru/ipaB/iH4ecKHX CONPOTHRICHESX

Jonomiprensybiil inen ypasienus bepaynau K, (cM. dopmyny (4.15))
COOTBETCTRYET NOTEPAM HANODA B THIPABIMYECKHX CONPOTHRIEHHAK, KOTOPHS
CKAAILIBAYOTCH W3 CYMMAPHBIX DOTEPE HAIOPA B MECTHEIX CONpOTHBIeHAX (Lh,)
M NOTephb Hamopa no jJumse ()

h, =Ih, +h;. G.1)

B rupponuRaMuike NPHHATO CUHTarh, YTO HOTepd Hamopa B Jnobom
2

THAPABNAYECKOM CONPOTHRANEHHR HPONOPLHHOHAIBHEl CKOPOCTHOMY RANOPY ;— -
4

Mecmuumu  conpomusienussy  HASEIBAIOTCS  PAdIMYHOO  poja
YCTpoHCTRA, TIPH NPOXOXASHUH Jepe3 KOTOPLIE IPOHCXOANT AeOpMAIEA NOTOKa,
H3MEHCHHWE HANDABNCHHA JBIDKCHHA MHIKOCTA HNH BEeNHYHHEI CKOPOCTH, MIH
TOrO M ApYTOro,

K MecTHEIM CONpPOTHRICHWIM OTHOCATCH KPBHE, 3JafRIKKH, OTBOKR
(xonena), BHe3aNHOE CYXeHAE, BHE3AHOE PaCIINpeHRe, BXOZ B TpyOy ¥ npoume.

3Hak cyMMBl (I} B MECTHHIX COOpPOTHRIEHHIX IIOKASbIBAET, ITO HA ONHOM
Tpybonposoae Moker GHTb YCTAHOBICHO HECKOIBKO MECTHMX CONPOTHRIEHHH,
NOTEPH HANOPA B KOTOPBIX CYMMHPYIOTCH.

TeoperHieckd noTepu Haropa B MECTHOM CONPOTHRNEHUH PAcCTHTEIBAIOTCS

0o hopmy:e
2
A (.2
2g

rite § — xosdupunuenm Mecmiuozo conpomusienun, sHaNeHAs KOTOPOIO, KaK
TIpaBHJIO, YCTAHABITMBACTCA DKCHEPHMENTANEHO, A1 HEKOTOPEX BHIOB MECTHHIX
conperaaneHnadl kodpdbuuwent { paccamTan ‘Teopermuecxu. Ha senmmmEy
xospuunenTa { BIMARoT reoMeTpUYecKHe pa3Mepsl, KOHQHIYpalKs MeCTHOIO
COMPOTUBIASHHA H PEXHM TEICHAA KBKOCTH.

3nauenna ko3(HLIMEHTOR MECTHHX CONpOTHBmenwii §{ npusonsrcs B
CNpaBOYHMEKAX M Tafjmuax, B JaAHoM YyeDHoM mocobuw B Tabm 4 (cM.
NPUNOKSHHE).

Homepu nanopa mo OauMe - 370 TIOTEPH HAUOPE, BOZHUKAIOMHE NPU
ABMKEHHM KHIJKOCTH BAONL CTEHOK TPYOOIPOBOAs, 38BACALME OT XHameTpa (d),
AnuBR TPYOE! (f), CKOpOCTHOMO HANOPa ¥ COCTOAHMA BHYTPeHHEH MOBEPXHOCTH
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TpyGr1. TloTepy mamopa fo ATHHE HA3LIBAIOTCA TAKKE AMHEHMIMU NOMEPRMY ¥
pACCUMTRIB&IOTCH MO dopMyne

Bo=h——, (5.3)

rae i — xKOMQOULMEHT IMAPABTHYECKOrO COHNPOTHBICHMA, WIH Koidgunuenm
Aapcu

3gavenne koothdunmeHTa A und BHGop pacy€THON 3ABHCHMOCTH JTOIO
KO3 OHUAEHTs  3Iesucum om  pexcMa  OsuMCeniuR  NcudKocmyr u
wepoxosamocmi mpybn (WIE Ipyroro pycia).

B ruaponvHavuke BBeIEHO MOHAMUE eORRUNAMX, KIIH yOeibHRAIX, [I0TEPD
HANOpa N0 [JHMHE, HAIKIRACMAEIX ZHOPAGTHUECKHM yKaonosm. I'vnpaBnHTcckmii
yxnou f=h;/1 v paccurThInaeTcs no GopMmyire

| £ Ry (5.4)

PacyéTHile 3aBHCHMOCTH CHAPABIAYECKOrO YKmoHa (I) an1d pasnusnx
PEHMMOD ABHKEHHS BHBONATCS TCOPCTHYECKH MM IMIMPHYECKH, 3aTeM MOXKHO
nepeHTH K NOTepAaM Hamopa mo AnkHe (fy). MBoruMu y4EHBIMM OpOREAEHE!
HOCTIENOBAAMN ABIKCHHSE KHIKOCTH IIpH TypOy:leHTHOM pesame, kax Hambonee
CIONHOM, W AeHB ODMIMPHYECKMC 38BHCHMOCTH A KoddduumerTa
TUAPARIKIECKOIO CONPOTHEAEHUS {A), KOTOPHLl BXOAHT B PACIETHEE (GopMynhl
(5.3)u (5.4).

Wrorna mpm pacuérax NOTepH HAMOpPa B MECTHRX CONPOTHRIEHRHX
IAMEHAIOT MOTEPAMH LATIOpa B NPAMONMHEHHOM YIaCTKe TPYOL sKeuswienmuoi
QAN

Ixsusanenmuan daudna () — 3T0 Takes ZIWHA NPAMOAWHEHHOIO ydacTKa
TpyOE!l, MOTEPH HAnopa B KOTOPOM DAaBHE! {PKBUBANEHTHH) HOTEpPSM HANOPA R
MECTHOM CONPOTHBICHHMHE UPH TOM XKe pacxone WHIKOCTH:

! »?

Lo v 55

d 22 C (5.5)
aHawT, I, = _Clﬁ. (5.6)

PacemoTpes, 0T Kakux (pakTopPOB M IapaMETPOB 3ABACAT NOTEPH HANOPA IO
BENMHE OPR TaMWHAPROM H TYPOYISHTHOM PestiMax IBUNKEHHAX KBOKOCTH.
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5.2. HoTepn Banopa o AJAEHE DPH JAMHHAPAOM DEXHME
ABHAEHHSN XWAKOCTH

Hccnenosanna PefiHoneace ¥ ApYTHX Y4NEHBIX [OKA3aNd, Wro NOpH
JIAMHHAPHOM PeXMMe NOTEPH HANOPA MPONCPUHORATEHEL CKOPOCTH B neppoit
CTENEHHE H 3aBHCAT TONBKO oT Yncha Pefionsaca (Re).

AHanuTHYEeCKH Boineaena (OpMyNa IS PHAPABNTAYECKOro YKIOHa (BHSOR
aroll 3aPHCHMOCTH NIPHBENiEH BO Boex yueOuuxax B yyeORBIX wocobusx) npn
JI&MHH&[JHOM peEHME:

64 1 0*
I=———: 5.
Red 2g 67

Cpasnme dopmyny (5.7) ¢ {opmynoii  (5.4), 3awmovaeMm, Y10 IpH
NAMEHAPHOM pexunde Ko>pPUIHeHT FHApamiTIeckolo conporusieyms (A):

x:%, 6. A=f(Re). (5.8)

ITorepr Hamopa mO AJUHE OPH JIBMAHAPHOM DEXHME COOTBETCTBEHHO
PRCCUMTEIBAIOTCA TI0 hopMy e

By=—a 2 (59

@opmyna (5.9) HOCAT UMK ABTOPAa AOKTOPa MeZUMUMAL HHyaseiine, koTophiii
HCCNERCBAN NBYKEHNE XUAKOCTH, B JACTHOCTH KDOSH, B KAIMUIIAPHEIX TpyDKax,
BMBRI 3Ty (OPMYNY OMIMPHYCCKH, B THApogdHamHke dopMyna RokalaHz
AHATHTHYECKH.

5.3. lloTepw panopa ne JUIAHe NpH TYP6yNenTROM peacme

TypbyneHTHOe TedeHHe RHUIKOCTH sIsercd Banboliee pacHpoCTpaHEHHLIM
B TEXHAKE, HO HPEACTARIAET B TO XK€ BpeMA OOHO H3 CHONHLIX IRAPABITHIECKHX
nmporeccos. MHOTOUMCACHEEIE HCCHEAOBAHAA YYEHEIX TIOKA3aNH, 9T0 CO3JATh
CIPOIYIC TeOpHIC TypOYNCHTHOTO pPeXHMa He NOpe/CTABIACTCH BOIMONMHEIM,
NO3TOMY ONE  TeopeTUdeckAX M HMHKCHEDHERIX PACcYEroB  NONL3IYIOTCS
IKCIEPHMEHTANBHBIMH BAHHEIMA, rpadraceKHMH 3aBHCHMOCTAMK n
IMOMPUMECKHMY (hopMyNaMu,

Kak ormedeHo Buime, mpH mcaax Pelinompaca Re<Re,, MMeeT MecTo
RaMungpyiii peyicum Feixenvia. C BOIpaCTaHACM CKOPOCTH 11I0TOKA B qHcen
Pefisonbica CHIKaeTcd YCTORIMBOCTh NAMMHAPDHOTO DPEXHM2, HAYHHAIOTCA
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xo1e6aTefEHRE NBIKEeHU CTPYEK, [TOSBII0TCA MyIbCANMY CKOPOCTH, T. &, KpoMe
IPOAOIBHBIX COCTABINIOMKX CKOPOCTH BOSHHKANOT HONEPSYHKE COCTABILIOIEE,
npR  jajdeHeflleM  YBeNMMEHBH — CKOPOCTH  ofpasyloTcs  38BHXPEHUS,
HeyNops/I09eHHOE ABMXEHHe, TlepeMellHRaiAe MOTOKE, T. €. PeXHAM JBXKEeNWUd
CTAHOBATCA TYPOYACHTHEIM,

Pazpymense TaMUHAPHOTD TEYCHHS HAYHHACTCA C OCH TIOTOKA, MTOCTEIIEHHO
obpazyercs  TypOyNeHTHOe XRIOpe IIOTOKR, B ¥ cTenxy Tpybm ocragrces
nozpanwunutii  (mpucmenounwi) caol, XOTODHHE COCTOMT K3 JAMUNADHOZO
(BRIK020) NOOCIOR M NEPEXOOHOZ0 CTIOA.

JlamMurapHE noxpcilol pacnoNnoXel HENOCPEACTBEHHO Y CTEHKM TpyOI,
CKOPOCTE B HEM MeHseTcd 0T 0  y CTeRKH (QacTHIEI XHIKOCTH IpPOCTO
pWHNAIOT K CTEHKe M He ABMIRAIOTCH) AC HEKOTOpoH Benwuuhbl Wamenenme
CKOPOCTH B ITPeleIax BY3KOro cllos 6-THAKO K THHEHHOMY 3aKOHY.

Tomuuua maMuHapHOIO Ioicnox (8} HMeeT Madyio BEIWIHMHY (or nonel
MITLIBMeTpa 10 1-2 MM) B pacCUUTRIBaeTCA No GopMyne

§=-204 (5.10)

Res/-l '

Ha popmynn (5.10) caenyeT, 4To ¢ yBCHHYeHuem uxcna Pefinonnnaca (Re)
TOJITHHA BLIKON0 NOAC;ION yMEHAIIASTCA,

5.3.1. HonaTue 0 ragpaBIHYecKn (EAKNX H IIEPOX0BATHIX TPYGax

PaceMoTprM, Rax wiuser mepoxesamocmk TPYG Ha NOTEpR Hamopa IO
MIHHe [IpH TYPOYIeRTHOM peXHMe,
_ Ha BHyTpenne#f nosepxHocTH TpyOBRl MMEIOTCH HepDRHOCTH, BEICTYIIH,
KOTOPEIE HAINBAIOTCH MEPOXOEIINOCHISN.
Pasnmsasor:
a) afcomomyw weppxosamocms, KOTODRS COOTBETCTRYET BLICOTE
BBICTYIOB, HepoBHoCTeH, oJo3RauaeTcs A, H3MEPASTCH B MM,

A A
6) omuocumetsHyH? wepoX08GMOCTY: 2 HIA —;
r

B) OMHOCUMERbHYI ZRGOKOCHMS — BETHYMHA, OOpaTHeA OTHOCHTENBHOFH
HIEpOXOBATOCTH: 4 w =
A A
@opMa H BHICOT2 BHICTYIIOB W HEPOBHOCTeHM BAONE CTEHKH TpyOm
HEOAMHAKOBBI, TMOITOMY MIMEPUTE B Yy=ecTs &0COMOTHYIO IIEpPOXOBATOCTH
npaxTHgeckl HesosMoxuo. C menhio yIpollieHHS TEIPABIMNECKHX pacuéToB
BBEACHO MOHATHE IKelsaenmiol mepoxonatocTd (A;), MPH XOTOPO noTepH
RHamopa B TpyGe paBHE (JKBMBANEHTHL) NOTepsM Hanopa ¢ GaxTHzeckol
HEOAHOPOIHOA INEPOXOBRTOCTRIO.
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B aavnoM yaeGHOM nocobum, Kak B BO MHOTHMX Y4eQHUKAX, B PACIETHEIX
thopMynax KBMBANCUTHAR HIEPOXOBATOCTL A, YIPOMEHHO MOXET IAMACHBATHCA,
Kak aGCcomoTHAaY MepoXOBaTOCTE A.

3HaveHHe SKBMBATEHTHOH MIEPOXOBATOCTH A, AN HEKOTOPRIX BHAOB 'rpyﬁ
NIPHBEACHO B 6. 6 (cM. IpHIoNenne).

CormacHo pasHeM DORBIIMHCTBA YY8HEIX W ABRTOPOB yIeGHMKOB, UpH
TypOynenTHOM peXHMe  MOKHO BEISTIHTE  mpHt  30HM  (obnacmu)
CONPOMUERERNR.

1. Hewsscenue 8dons 2100Kux cMeNOK. 310 cNyuail, KOTAa TOMUHHZ
mEaKoro cron Gonsiwe abcormoTHoll mepoxoearocTi (§>A,). TypSyaenrnoe sapo
CKONEINT 0 HAMBHAPAOMY ROACNO. BHICTYIEL, HEPORHOCTR NEPEKPHITE! BASKHM
CIoeM, NMICPOXCBATOCTE fA¢ BIHAET HA TOTEpH Hamopa. Takde TPyOul AasHBANOTCT
“2udpasnunecku nodxumu”. Tlorepd Hanopa To XiHWe NPOITOPHUOHANLHE
cxopocTH 9", KoahdHUHEHT MAPaRTHIECKONe COMPOTHRISHAT (L) ue zapacHT
OT WICPOXOBATOCTR K 8BNAeTeE dynKipeil Tonbko wacna Pelinonsaca (Re).

Hns aTofi 20HE COUPOTHBACHMS NONILIYIOTCH 3IMMUpUueckol @opmynol
Baazuyca.

03164
R eo.zs ’

A= .1

T.e. A=f(Re)

2. 3ona dorsadpamimnozo conpomisieniR. 310 001ACTH CONPOTABACHNA,
B XOTOpO#i NOTCPH HATIOpa 3aBHMCAT KaKk oT uHcna Peiinonsaca (Re), Tak U or
IrepoxoBaTOCTH. IloTepH Hanopa no ANKMEE APOTIOPUHOHANBHEL CKOPOCTH o'
T, e. cTeneHHON koadpuuneHT ckopoctd xe 2,0, orciofa m HalBamHe — “3oMa
BOXBAAPATARHOIC COTPOTHRIEHMA ™.

B oroli o6necTR NPOHCXOAHT TEPEXOI OT ZMIPACIUNECKU ZRAOKO0 K
BIIOJTHE REEPOXOSAINOMY IMPEHLIO.

A A Ansmuyas  o606IHR 3KCNEPUMCHTANBHEE AaHHES, rpaduuccxue
3ABHCUMOCTH M TEOPEeTHHeCKHS NOACKEHMA pPIga YUSHHIX M ZIS  30HH
JIOKBAIPATHIHONG COTNIPOTHRIEHAS MPEAIONHT IMIAPHICCKYIO GOpMYIY

T o (.12)
Re d

r.e. A=f(Re; %’- ).

3. 3ona KEAOPANNMROZO CONPOMUCRERIR, DTC IPWKSHHE, TPH KOTOPOM
TOIAHA BA3KCTO CNOf MeHBIe abconfoTHol mepoxoparocty {8<A,). Bsaxwit
cioffi npH Gomenmx wumcnax Pelinonsaca (Re) DpakTEveckw paspymes,
TYPOYICHTHOC RIPO KacaeTch HEPOBHOCTEH, BOIHEKAIOT JOTIOIHHTENBHLIE
3ABRAXPEHAA H CBAAMHKIE ¢ HMMH TMOTCpH Hanopa. IloTepu manopa mo anuue
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MPOTOPUAOHATEHLE CKOPOCTH o, oTCloNA M Ba3BAHME — “30HE KBANPATHIHOIO
COMpOTHAICRHA",

Kosddunnent rugpasnrueckoro conpordslenus (1) ssmserca dyuxidel
inepoxoBarocTH. llpyroe HazBaHMe 3Toit ofnacTi CONpOTHRICHHA — “demudcenie
adons  miepoxosamstx cmenok”, a TpyOGH HEIMBAOTCH  “ZHOpaRIUNECKM
HEPOXOSAMBINL,

Jias 370fl 06JACTH B COOTBETCTBHM € THAPARJMYECKHMH OCOGCHHOCTAMN
ARNEHR# TYpOYAH3aUMH OpUMEHVMB] IMAUPHYECKHE POPMYIBl MHOTHX Y4EHBIX,
Jlna npakTHYECKEX pACUETOB PpeKOMERIYETCH NONBIOBATECA HOpMYNaMH:

$opmyna Huxypapze: A =—- LI (5.13)

2’
r
1,74 + 21g -
[ ga]
¥
e A=f|—
T. € f[A}

0.2
dopmy:1a INudpancona: X =0, I(A ) s {5.14)

]
T. e, 1=f[%?~].

Jas Typbyrenroro pexrma dpopmyna A. 1. Anetmynma  (5.12) mpuinauna
HauGonee o0oOWEuHOH u yroOHOM s NpaKkTHYECKWX pacyéToB, TAK KAK
BEMHACHCHHA MO Hell CBOMNTCH K 3AeMeHTAPHHM anrebpawdeckuM AeHCTBHAM H
DAOT HAREMHKIE PeIYARTATEL

Cozaacko meopun Ansmuiyian, npa 2300< Re< 20 Ai BIOpOE claraeMoe
B8 dopMysie (5.12) 3EATUTENEHO MEHBUIC TIEPBOTC, BAa NOTEPH HANOpAa BAMAET
Tonbko wHeho Peiiwoanaca (Re), u dopMyTa IpakrHHecku cOBOazaeT <
dopmynoit Bnazuyca (5.11):
025
_ 681" _ 0316 a
71.—-0,11('}&;] —'E‘eo—r‘”-—, l-f( Re}. (515)

Kak npasuno, 312 30Ha COOPOTHRIEHUA COOTRETCTRYET YHcnaM Pefinonnaca
70 Re = 210",

Hpu wucaax Peiinonrsdca 20 Ai< Re < Sﬂﬂai Ha NOTEPH Hatiopa

b ] k|

A
OKA3EBAKOT BJIHAHHEe KAaK 9HCIHO RE, TAK A OTHOCHTETBHAT ILEPONOBATOCTH — '

d
HMeeT MECTO 30Ha AOKBAAPATHYHONG COIIPOTHR/IEHH.
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KoaddmiuenT ruIpaBIHIecKorc COnpoOTHBAEHEA A ciaeQyeT PACCYHTHBATh
no dopuyne (5.12)
68 A, ]"‘”

A=011 —+
Re

T paruis! msMenenyms uucen Petinonsaca Re = 2-10* - 5-10%.

. d
Hpu wucnax Pefinonsoca Re > 500 — uMeer MecTo 30Ha KBAAPATHIHOTD

- 3
COTIpOTHRJIEHUS, FIH [BH¥eHHS BIOJE IIepOXOBATEX cTeHOK. B dopmyne (5.12)
NEePEOE CAraeMOC 3IHAYMTENBHO MCEHBMIE BTOPOTO, MM MOXHO npeHebpets,
Tlotepy Hamopa N0 JUTHHE 33BACAT TONBKC OT OTHOCHTENBHOH MIEPOXOBETOCTH

A, » | gropmyna (5.12) nepexompr B hopmyny lludpusHcona (5.14):

d
0,25
A=0]1 1[—A—’—] .
d

Cornacro rpatdmyeckoii zarucuvoctt A, JI. AMbTHIyzA, ans aToit o6nactr
COODOTHBICHMY 3JHAadYcHWS uywWoea Pelinonnica HaxofsTod B Mpejenax
Re=510"- 10°.

M3 BHIIe BITOXKEHHOTD CIERYET, TTO TOHATHE “ZuHipaenuuecxu snadxue™
“zudpaensvecku utepoxosamsre” TPYSGH otHOCHTENBHOE. TeK, OfHA B TR Xe
TpyGa ¢ OonpemenHHON IDEPOXOBATOCTHID MOXKET CYHTATHCA THAPABIHIECKH
raaKoHd MM [UepOXNOBaTON B 3aBHCHMOCTH OT CKODOCTH IBMACHUA (HIH SACHA
Re), Torpa jna xeadiprIMeHTa rHAPABIKYECKOrO CONMPOTHRIEHNA b BRGHpaeTcs
COOTRETCTBYIOMaN pacudransg dopMyna,

B npencrapiieHHoif MeToAuMKe BeGopa pacuéTHOM  3EBHCHMOCTH
xo3gduneHTa A cliexyer YUUTRBATh, UTo B TPYGax ¢ GOTEIMOH MEpOXORETOCTHO
OpH JAEDKEHAR BOAA JA¥e OPH MazkiX yMchaax PediHoiinaca (Re<2300)
IAMUHAPHEIN DEXUM ARHKEHAS HOBOIMOMKEH.

5.3.2. Ilovepn manopa no NaEEe
B Tpybax ¢ onucaTennnodl MepoXoBATOCTEIO

B ruapaemAdeckdx pacuéraX TPyGOTpOBOJOE M IPYIMX pycel uacTo
OPHXOAHTCA BCTPEYRTHCA ¢ Taxoil BHYTpeHHeil MOBepXHOCTEIO TPyOH (BeTomukie,
acOecToBhie, 3ATPAHEHHLE, BOJOCTOIHbIC TPYOR M MM 1MoXoGHLE) MIB BHOTO
pycna (kanama, JoTKa, X&noGa), INA KOTODHIX HCBOZMOKHO OMPSHE/NTH
alcomoTdyo wepoxosaTocTs. B 3TOM cOyuae LpemnoXeHo Xo3{punmeHT
THPABRIMHEECKOI'C COTIPOTHRICHMS A PAcCYUTHIBATH N0 (popMyIe

8g
A==

= (5.16)
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rae C - xosdrpmniuer Hlesu.

Koaddymrent Illean (C) 3apncut or Muorux $hakTopoB, B TOM 4YHCHE OT
FEOMETPIMECKUX Pa3MepOB M COCTOSHHUA BHYTPEHHeH nosepxHOCTH TpYGH Mian
Bpyroro pycia. B mpaktuke pacuéros kosdduipenT € MOMHO PHHBMATh 110
TabnBnaM MM paccOMTHIBATE NO chelHamsHbiM topmynam. Haubonee npocroii
Qopmyaolit ana onpeperenma  xoddpunuenta llesn  anasercs gopmyra
Mannunze.

C=-1-R”‘, (5.17)
H

rae # win /o — xoapduunenTH HIepOXOBATOCTH CTEHOK TPYOM KTH pycia no
ouMcanuio, NpHBoasTca B Tabauuax. B pawrom ywyebnom nocobun smnavenuns
koathdunneHToB 1 1 Lt npusejieHs B Tabn. 7 (oM. npuioxerne);

R — ragpanmsudecknii pagayc, m. Cornacuo Qopmyite (4.2), mas kpyraoii Tpybu
THAPaBIKIecKHi panuyc R —d/4.

5.3.3. Ilorepn uanopa no ANEHE,
BLIpaXKeHHLIe Yepe’ oGobmERnLIe napHMeTpL

B npakruke pacuéToB IMEPANIMYMECKHX CHCTEM, B YaCTHOCTH
TPYGONPOBOJHLT CHCTEM, YMACTO NPHXOZNTCA PACCYHTHIBATE NOTEPH HAmopa mo
IUTHHE He 4epe3 cKopocTh (p), & HYepes pacxoa (), KOTOpLOi W3IBCCTEH HIHA ero
HYXKHO OTIPe ST,

TIpecbpasycy dopmyy (5.3) noteps o mMHE:

2
2} BRIPAIUM CKOPOCTE JEPE3 PACXOM: v’ = Q 3
(i

6) peenty rHppasmaeckmii pagmyc: d = 4R,
B) koo(MpHOHENT TruApaBAMYecKoro coNpoTHRICHMA (A) zanuumeM no
dopmyne (5.16): A= ggz .

2 2
Nonywaen: h =81 € _ Q0 (5.18)
B dopuyze (5.18) obosraunM Ce’R =K,
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Cxema nribopa TeopeTHueckoli GopMynnl xan pacuiéTa
koMppHIHENTS IRAPABINMECKOTO CONPOTHBIEHHA A

0OTEpE HAIGpA
m_“dz R’ “Om“ez 10 ONHCAHKIO 2 38
4 u—; h ___li_‘_’_ cocTOANMA TPYG c?
" d g
i
81"
A= f] Re, =2 3ANAHHAN
d BEAFTHHG
Re= P'E v no Tabn.l
v
TYPOynesTHI penim DNANWHAPHIH Pemmy 3= 64/Re
RBHACHUSR P— g0 . lyaselins
upr Re > 2300 npn Re <2300 )
“IRApaRmHYCCKN rankee’’] | S08a JOXBAAPATHIHOG | | 30Ha KNANDRTMINOIG
TpyGr COMPOTUBACHNN compoTHEneHYs
2300 <Re <20 d/A, | {20 /A, <Re < S00A| | Re> 500 /A,
! 1
]
0,15
03164 68 A" [a,)
= 01l —+22 A=011 22
= R A=0 Re+d] d
no §.Bnaswyca ne ¢ Amnigysm o d.indpurcona

Puc. 5.3
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rhe K =CwJR nasmsacrcs MONTyNEM  pPacxos, KTH  PacxojHoH
XapaKTepHCTHKOH, ¢ IMRALLA A3MEPEHES M/C.
Gopuyna (5.18) npuuHMaeT BAA:

2
R, =%2 I (5.19)

Jas ynoGeTea TPaKTHYCCKWX PacHéroB  BeTwuMHa 1K* obosnaaerca
ucpes A:

A= ;(12 (5.20)

rae A — yIeJbHOS CONMPOTHRICHRE (CONPOTURICHHE eNMHHHIE! AMHEL), CARRKIA
HIMepeHus cin’,
Taxum obpazom, NOTEpH HANIOPA 110 ITHHE PACCHRTLHIBAIOTCH O opMyne

h = A0%. .21

B npusenéuunix Gopmynax napaMerpn K v A HazbiBAIOTCA ofoGu@nrm
napasmempaMiu, 3HANCLHUA XOTOPBIX TPMBOANTCA B TabnHuax (CM. NpHACKeHNE,
Tab:1. B) dam wopmamensix eodompogodmsix TpyS, Jpyroe HasBanme —
€000nPOsoOsEe MPYOH & HOPMOTLHILX YCROBHRX.

B r1abn 9 (cm. npwiromcHHe) NPUBENeHEl 3HAYEHWS YIACALHOIO
COMPOTHRICHHE A nas pacudra TpyGonpoBoloB NPM KBAAPATHHHOM 3aKOHE
CONPOTHRIICHUA B COOTBETCTBHU C afcomtomnoil wiepoxoeamocmsio (A) Tpy6.

OGo0ups Bece TEOPETHYSCKHE MONOKEHAN N[O pacdéTy noTeph Hanopa mo
Jaune (&), npennaracy cxemy aas Bubopa TeopeTndcckodl pacaérroli dopMymn
xkoMpHLAEHT2 MMAPABTHYECKOID CONPOTUBNCHKS A (pHC. 5.1).
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Panea Tpernit

TTPHEKJIATHAA THAPOMEXAHHKA

3apaus NPUETATAON TMAPOMEXANHKH — NPHMEHEHH¢ OCHOBHEIX 3UKOHOB
IRAPOCTATHKH H FHAPOAHHAMWKR 18 (IPAaKTAYECKHX H HHKEHEPHBIX paci&ros,

T'nasa 6
THAPABIMYECKHH PACYET TPYEOIIPOBOAHBIX CHCTEM

Ilo Meromuke pacuéra TpyOOIPOBOJHEE CHCTEMB! ACSINTCA HA HABE TPYNNLE
NPOCTHIE ¥ CIOKHHE.

Hpocmme CHCTCMEL COCTOAT, KK NPaBHIo, B2 ofHoil TPyOE, BOAMORHO
COEIMHEHHE HECKOABKHUX TPY6 cpasHMTEnRHo HeGonmbuIoH AWM (UpHMEpPHD IO
100 M), B XOTOPHX YIHTHBAIOTCA BCE BU/IEI TIPaRIHYSCKHX CONPOTURIEHMI, HO,
FIaBHOE, C MOCINOANNBIN PACXOOOM.

Croxcme CHCTEMBL COCTOAT U3 TPYO pAsHOI IJIMAK B PasHLIX HAMETpOB,
COCIMHEHHEN TIO ompeaciIéHHol THApasmHdeckoll cxeme, nNpmaéM pocyod
NCHOKOCMIH  HA KaKIOOM YYECTKS PaERAuynsiii B COOTBCICTRMA ¢ PacXOZaMH
notpeCurencit. ITH CHCTEME, KaKk Npasanio, Goabmiol AmiHsl. [napHMMH
THAPARTHYECKHIME CONPOTHBICHHAMA SBIAIOTCA Notepd mo mnxue, IoTepu
HAMopa B MECTHBIX CONPOTMENICHETX NpHHHMaroTca pabHeiMH (5 + 10) % or
NOTeph HALIOPa NO TiHHE, T. . T, = (0,05 + 0,1} Ay .

6.1. Pacuér apocThiX TPYGonpoBoaRLIX CHETEM

Ilpn pacuére nmpocthix Tpy0ONPOBOAOE B 3aBHCHMOCTH OT NOCTARIEHHOH
3afa4n, MIBECTAHX W OHpejeIseMbiX NApAMETpOE BHIACHAIOT mMps muna
pacsémos.

1, Onpenenenne sanopa (H) unu daenenun (p) Iph HIBECTHLIX: pacxofe
wApxocTH ({J), reoMeTpuyecknx pasMepax Tpybonporoza (aamne I, uaverpe d),
MECTHEIX CONPOTHBIEHASX Ha Tpybonposoae.

2. Onpezenende pacxeda ((), ®m ¥pormyckHol  crocoSHocTH
TpyOonposona, npH H3BecTHRX: AelicTBylomem Hanope (H) wan aamaenud (p) B
CHCTEME;  TEOMCIPHYCCKHAX  PAIMEpaX M YOTRHOBICHHRIX — MECTHRIX
COTPOTUBNEHUSX.

3. OnpeneiciHe zeomempuueckux paimepos TpySonposomos (5 d),

XAPAKMEPUCMIHK MECIHGIX conpomueienulé npu u3pecTHOM pacxome ((J),
aciicreyomem nanope (H) wam nantensm (p). HanGonee tpynodmxoll cunitaercs
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3aja4a [0 ONpeAeNeHuo AuaMetpa (d4) TpyOonpoBoma, Tak kak Taxoif pacuér
APOBOAKTCA METOAOM Noafopa # nepecyETa HeCKONBKHX BAPHAHTOB,
PaccMoTpum pacu¥t mpocTore TpyGompoBoma. 3meck BOIMOKHEL dea
CAYHART HCMENeHUe NCROKOCHIN 8 QIMMOCHEDY B HCIMETENUE RO YPOseNs.
PacaéThl npocTh TPyCOONPOBOAHLIX CHCTEM OCHOBAHE! HA MCIIONB30RAHAY
OCHOBHOTO YPaBHEHHR FHAPOIRHAMAKA - ypablicHua Bepruymy.

6.1.1. Pacaér npoctoil TpyGonpoBoanoii cHeTEME
¢ NCTeHeRHeN KANKOCTA B aTMocdepy

Ha puc. 6.1 npeacraniena cXeMa NpocToro BONONPOROJA C BOOHAMNOPHOH
Gamuel, cosuaoweii mocTogHHn Hamep H. M3secTHH andHa TpyGonpopoga f,
muamerp d, MecTHhie CONPOTHBNEHMY B BHIE BXoja B TpyDy, BEHTHIN M JBYX
KoseH (OTBONOB).

Hasnenue na noBepxaoeTa Bojn B Gaxe arMmocdepHoe (p,), BEIX0I BOULI B
KoHue TpyOsl Takxe n armMochepy (p,).

Pae. 6.1

B OpencraBneHHO# CxeMe IOelCTBYIOINME Hanop H cuyTaercs
HOCTOSHHBIM, YPOBCHP XHWIKOCTH B HAMOpHOM bake ooamepxwBacTca Ha
MOCTOAAHOM TOPAIDATE 3a CUET NojJauy BOAK {MnW Apyroi xkuaxocT) B Gax,
HATIpAMEp, H3I CKXBAKHHE WIH OT HacOCHOH YCTaHOBKM, TaK, YrTodsl
BBTOMATHMECKH PEry/MpoBancs NPHTOK B (2K, PABHBIM DACXORY XKUIKOCTH B
cucteme. IlocTogHHAs [ojaus KHMAKOCTH TIOKAIa#wa Mo  TpySonposoxy,
obosHaueHHOMY MyMKTHPHOH JHHERACIH.
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B danvueiiunine cxemax mpybonpogodnsx cucimem TPUTOK EHIKOCTH B
CHCTEMY He 0003HauaeTcs, HO BCCTAR NOADAIYMEBRETCA FCIMaNOSuSHIceCR
dsudicenie, T. €. CKOPOCTE ABHXKCEES XWIKOCTE B Tpyfe He MIMeHRETCH BO
BpeMenH.

Pacadr npocroif CHCTEMEI IIpoBeadM ITYTEM DpPUMCHEHHN YPaBHEHMA
Beprynm.

B paspene  4.5.7 npeacTaBiens METOAMKA COCTARNEHUA YPaBHEHWA
Beprynmi, xotopan 0biNa HCIOALI0BARA IPH U3y4YeHWH TPAGOPOR ANA HIMCPCHAR
CKOPOCTH H pacxofa xuakocty (cm. pazneT 4.5.8). Ilpu cocrarnennd ypasHeHHs
Bepuymm nmne smx npufopoB He YINTHBAIHCE NOTEpPH Hanopa B
MIPABIHYECKEX CONPOTHRIEHWAX. B nprrenédmmx pacuérax TpybonpoBoaHnIx
crcTeM OYAYT YYTEHBL BCE BUJIK TMADABNMYECKHX CONPOTHBIICHRHN.

Hrax, mpu pacuéte mnpocTodl cMCTEMK! ¢ MCTedeHHeM B atmocdepy
BOCIIONE3yeMcs ypasHenneM Bepaynmn (4.15). CoriacHo MeToguKke COCTEBNCHHAR
YpaBHeHHA, BRINOJIHAM CIEAYHOUHE ITYHKTEL

1. Brifiupaem ppa cedcums: odne ceveHHE NPOHOAHM Mo ceobodnoli
nosepxnocmu ¢ nanopnuom baxe (Gamme), rje CKOPOCTs HOIYCTAMO CHHTATH
paeEOH Hym0 (YPOBEHL RUAKOCTH HOCTOANHEN, INBAKEHRA HeT), dpyzoe — Ha
swxode udKoCcmu w3 mpybs, TAE CYUECTBYET ONPENCNEHHAA CKOPOCTh
JABMKEHUA,

2. Ceuenma 1-1 u 2-2 gymepyem no HANPACREHINO OSUNCENIUR CUIKOCINLL.

3. B sufipaHHeIX cedeHHAX YIMTHIBaeM abicolwmnoe Oagaenue, T. ¢.
IaBneHAe, PACCIATARHOE ¢ YIETOM aTMOCHEPHOTO: Py = Py P2 = ph.

4. Hnockocms cpoenenus 0 — 0 coemecmn ¢ cevenuem 2 — 2, ToTEa
zy =H, z; = 0. EciH OH INICCKOCTs CPABHCHHA COBMECTMIH ¢ ceyenmem 1 - 1,
roria z; = 0; z; = -H. TlomAnm, 9To oTcRETHl OT IUIOCKOCTH CPABHEHHA ABEPX
CUHTAOTCA TIONOKUTEIEHRMY, BHUS — OTPHOATETHHBIME,

5. 3amuceipaeM ypassenue Bepryiny (4.15) 8 o6meM Bhae H paCIHCHBACM

3HAYEHHE BCEeX MapaMeTpoB.

2 z
oL [+ %)}
P 11=2+P2+zz+h

Pgy 28 g 22 "7
5 =H; =0
1= Pa =

=0 =0 02=10;

ans goxpdunuenTa o npeanonaraen TypGyneHTHEN pexnm B kpyriodi TpyGe.

2
Tomyuns: HaPe_Pa [V
pg pg 28
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B 3TOM ypaBHEHHMH Yy MOTEPb HATIOPa B THAPARMUYECKHX COMPOTHANIEHHAX
(h,) REAEXC 1-2 omyckaem, MOCKONBKY BCA PACYETHAA CXeMa CHCTEMS! BXOIAT
MEEIY BLIOPaHIEIMA CeICHHAMH.

Tlocne cokpamenki NoOmyuRM:

1)2
H=— +h,. (6.1)
28

Buweod: npu ucmenenuu scudxocntii ¢ ammocepy deiicmeyrouquii nanop
IGMPAYHERAEMCR  Ha  COIVARNE CKOPOCMHOZO NQNOpa u NpPeodoRenie
20H0PASAUNECKIUX CONPONUGTIEN .

Hpescrasum B ypapHeruw (6.1) raapapIyqecKue COPOTURIEHAA COTIACHO

dopmyne (5.1)
h, =Zh + hy.
C yugrou dopmy: (5.2) u (5.3):
2 2
sh=2tY u m=2l2
2g d2g
2 2 2
Hoayaum H=u—+}.'.gu—+l—[-“—-
2g 2g d2g
v? i
L] H=~—+[I+EC+?L—). {6.2)
2g d

Taxam ofpasom, no dopmyne (6.2) paccumTLIRaeTCH Odeilcmeyouiudi
HAROP RPOCMO CHCINEMM HPU HCHICHEHIE HCUOKOCIHT & amMocepy.

Uz dopmynit (6.2) Moxio moxyIuTs pacuéTnyio hopMyTy VIR pacxoaa.

CKOpoCTs HBUWIKCHHA XAIKOCTH B TPYOC

o ———

v= f—ﬂJ—T,{z_ﬁ. 6.3)
¥1+ZC+A§

Pacxon QO=vuw;
nd?
TOe  — [I0MWANB KHBOTO CEUEHHS: § = —4—;
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O=-o0 ——l—l 28 . 64)
\I+E§+7\.d

[ 1
B ¢opuyne (6.4) penmmumna | —— DOCTOAHHAA IS 3a0aHHOMN

VI-I-EQ-I-?L&

CHCEICMB!, BIHAST HA BEAHYHHY Ppacxofia ¥ HA3HBacTCA  “kordupruucnm
pacxoda *, 0003HITAETCH Peyer.

0= Hepen028H . 6.5)

dopmyna {6.5) senserca obobwERHOI bopMynoll dite pacxode mcudrocmu
& ADOCHINX CHCIIEMAX, a 3HAYcHHe Ko3dhdulHeHTa |\ pacCIATHIBACTCH  AIA
KaXOH CACTEMEL.

6.1.2. Pacwér npocroil TpyGonpoBoaROH CACTEMES
HPH BCTeEHAR WUAKOCTH ROJ YPOBEAL

Hcmestenuen nod yposens cuuracres ciryyail, KOras XHAKOCTE NOCTYNaeT
B pE3EPBYSP, 3&IOIHEHHHI KHAKOCTHIO, T. €. NON ypoeeHs xuikoctd. Cxema
TpyCompoBolia ¢ MCTeHYeHHeM I0OE YPOBEHb MOWeT OHTh NOMydeHa H3
npenbinymed cxemsl (cm, puc. 6.1), HO BRIXOX ¥XHMOKOCTH ROKaxkeM B Apyrol
OTKPHITHIA pesepayap (prAc. 6.2).

Jisia pacHETa upoctofi cHCTEMB © HCTEYEITHEM TI0A YpOBEHD nocnonmyeucx
rasoxe ypasuenuveM Bepaynay (4.15):

1. BriGepem dsa ceuenim no CBOOGOIHEIM NOBEPXHOCTSM HIKOCTH B
pelepByapax, Ihe CKOPCCTH MIWKOCTH PaBHB! HYIRO.

2. Cewerna 1-1 u 2-2 BponyMeprem RO HANPAGNERUID DSUNCEHUR
Hcndxocmi.

3. VuréM abconomnuse dasnenun 8 BRIGPANABIX CEMEHMAY: P) = Dy D2 Pes

4, Mnockocms cpaswenun 0-0 coBmecTaM ¢ cedenneM 2-2, Toraa z; = H;
= 0.

5. 3anumen ypaguennue Bepuyanu s obaieM BUAie ¥ SOKANKEM NOACTAHOBKY
IIapaMeTPOB:

B OO P O,
pg  2g P 2g
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z =I5 . B 0;
P1 = Pa; D= Pa
by =10 vy =10,

TToc:te MOACTAHOBKH NEPEMETPOB M COKPAINEHMH 11Oy 11m:
H=h,. (6.6)
Boteod: & npocmoii mpybonposodnoll cHCmeMe MDU  NCMZNEHUU

Heudxocmu  ned  yposehs  Oelicmaywiyuii  HANOP  IAMPANUREMCR  Ha
HPEOOOnENHe ZROPGETUIECKUX COnpomuenen il

Prc. 6.2

C yuétom dopmyn (5.1); (5.2) 1 (5.3) dopmyna (6.6) MPHHAMEET BUI;
v? i
H= ;é[zc; + }.E) (6.7)

Tunpasnuueckuii pacdér A8yx paccMOTPDEHHHX CHCTEM AHAIOTHHEH, a
popmyns (6.2) 1 (6.7) ToxmecTeHHE. Paanadne B HOPMYNAX COCTOAT B TOM, 4TO
npH HeTedeHME B atMochepy enFHuna B CKODKAX YHHTHIBACT CAMHWSTHYIO
KHHETHRECKYIO 3HEPTHIO Ha BrIXoe (HIH CKOPOCTHOH Hanop nz.-‘Zg).
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IIpn wmcrewenwr Dox ypoBeHe egHHMNIA B ckoOKaX BXOIRT B CynMy
k0> dHIHEHTOR MECTHHX COUPOTHBICHYH, & HMenso L., = 1,0,
[No asanorym ¢ OpeaLIAYLIHM BEIBOZOM HOTYTIM (GopMyNTy A58 pacxofa:

o E—I—I@H ©8)
\,‘zm At
d
O6oana ,I—l— = Hewcr. rmoa yp. »
vzc +X
TOrzA O= Newer. nanyp. 0/ 28H . (6.9)

Dopmyna (6.9) noaTeepx et 0bobMEHHOCTE NpHMEREHHA hopmy (6.5).

Ha pue. 6.1 1 6.2 mpefcTaniedkl cXeMba DPOCTHX CACTEM B cAMOM O0IeM
BHAe. B TexXHMKe MMENOT MECTO PamIMHHBIE CXEMEl TPYOODPOBOZHEIX CHCTEM B
BHie BOAOMPOBOAOS, HEPTENPOBOIOE, M30KPOBOJIOB H WM NONOOHEE, JIBMKenue
AMAKOCTH NPOHCXOAHT He TONBXO 3a ¢uéT HamopHoro Oaxa (Bammu), passocra
HANOPOR B PE3EPBYApax, HO H 33 CYET ASRACHIN, COZUSBAEMOr0 HACOTOM.

6.13. MeTonaka pacaéTa npocThX TpYGORPOBOAHKIX CHCTEM

PacaéTt npocThiX CHCTEM REPEOZe Iniing N0 oupeaelieHiy nanopa (H) mnr
daenenun (p) BKTIOMEET CleAyIOINe STATEL

1. CocTasnseres ypanueAne Bepryiim JUIg XapakTepPHEIX cedeHus,

2. TlpomapomuTci [ICACTAHOBKA BCEX NApAMCIPOB & HYKEEHHONM
SHPANCERRM ONR ORPEOLICHUR HENISLCMROZ0 HANOPA WA DYENCHUR.

3. OnpeneacTcs CKOpocmb OSUNCEHNR EANKOCTH B TPyOe NpH H3BeCTHOM
pacxone. .
4. PaccyuTBIBAIOTCH NIOTEPH HANIOPA B MECHIHMX CORpomugneNurx (Lh,).

5. Onpenenaiorca noTepy Hanoepa re daune (hy) no cxeme, MpeACTABNEHHOR
Hapuc. 5.1,

6. IIpor3BonMTCE YuCAeHbiiE pacifin HATIOPA WIH J8BEEHA.

TlpocTeie cHCTEME emopoze mung 10 oupefelenmo pacxeds ()
PacCIMTRBAKTCE B cieqyomeli NocenosaTensHOCTH!

1. Cocrasasercs ypasneHre BepHynna ang BuOpaHHEIX ceueHWH,

2. TlpoussoiuTcd NONCTAHOBKA BXOUAIUMX NAPAMEIPOB ¥  YpPaBHEHHE
PCIIACTCR & UYKGEHHOM SMPANCEHUM OMHOCHNMERLHO CKODOCHIU OCUMNCEHUA
cudxocmis,

129



3. B pacuémaye Qopmyay cxopocmu  BXOSHT  KOIOQHUREHT
MAparIHYgeckero couporupieHas (3), dopmyaa aAnm xoToporo BuGupaerca B
COOTBETCTBHUM Co 3HAwCHAEM aucna Peiinonbaca (Re). Ho 8 gopmyny (4.20) ona
(Re) TAKKE BXONMT HEHIBECTHAN CKOPOCTh, NIOITOMY NpPH  3anaHHOH
EPOXOBATOCTA TPYOR (A,) MpH ABKXERWH BOAB NpeanonaraeTca TypOyneHTHEIHN
PeXiM, 30HA KBAZPaTHUHOIO COIPOTHBIEHHA, AJIA KOoTopoH A He 3asmcHI OT
guciaa  Pefinoaenca Re. Koadpdmpent A paccunrtnimaercs 110 dopmyne
ikdpuncona (5.14), a 3aTeM onpeaengercs CKOPOCTb MBRKEHUA WHIKOCTH,

4. Hposepuemcn pesicum OSIENCERIR ICROKOCIIN M J0HA CONPOMUSTEHUN
(cv. cxemy Ha puc. 5.1). Ecmu noarBepmaacTcs KBaApaTHYHAas 30HA
COMPOTHRICHHS, PACCINTEIBASTCA Pacxo/ KHakoCcTH (0).

EciH peXAM [OBHXEHMS K 30HA COIPOTHBISHHWA He HOXIBEPAHTCA,
NPOBOAMTCA NoBTOPHEIT pacuéT koddupunrenta A B COOTRETCTBHA ¢ 9rcAoM Re
no cxeme (pwc. 5.1).

5. Tlocne OKORYATENABROTC YTCHHEHMA PEXMMA IBHKEHMA M obmacTd
COIPOTURICHRAA OTIPCACAAETCA K0a(pHLNEHT A i paccunmesisaemca pacxed Q.

Kax npapano, nps ABHKCHAM BOOB B IMEPOXOBATHIX TPy(ax HMeeT MecTo
TypOYNEHTHEIN pexXuM, 30HA KBANPATHYHOTO COTPOTHRICHHA,

Pacyér NpOCTEIX CHCTCM MmIpemsezo muna 1O OUPEIENeHMI0 JiHN A
IHAYCHAN Kopunuenmoe Mecmmnuix conpomusiaennii patbMBLIX ycTpoHers
{kpaHoB, 3aaBRMKeK, AuadparM U UM NCAOGHLIX) NIC TIPEJCTARARCT TPYAHOCTH,

Cocrapnstercs ypasHeAHe BepHynnu s XapakTepHbIX cedeHul, 3aTeM OHO
npeolpasyercad B GykBeHHOE BRIpAXKEHME JJim pacydTa NpefeAbHOR ILTMHE
TpyGomposona WK A onpeeitenns koo PHLIMEHTa MCCTHOTO CONPOTUBNEHHA
xakoro-mbo ycrpoficta. B OykBeRuoe BhipakKeHWe TOACTABIAETCA 3navenue
3A0aHHBIX ATH PACCHKTAHHEIX NIapAMETPOoR.

Tpyauolf TpeacTaBAAeTCA 3afjada TI0  ONPEOCAEHWIO  duamMempa
mpybonposoda (d) npu 3aauHIX pacxone, Hanope ¥ aune (O Hu f).

HauGonee upocto Takyio 3afauy pemnth rpadmsueckd. Pacuér nposonum
MyTEM BECKONLKNX TPAONMKEHHEIX pemcHNi.

Kax n panee, npemionaraeM keaapaTtnunylo obnacTk conpoTHBAeHMA,
paccuHTRIBaA Kodbduuuent b 1o dopmyae (5.14) npn 3a1aHAOH WEPOXOBATOCTH
— A, 3anaém pap ssadendil anamerpa (dy; dy; .. ... d.).

IMonwayace opmynolh ana pacxona B GYKBCHHOM BHPAXEHHH, HANpHMep
dopuynoi (6.4):
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YHTHBAEM HECKOIBKO BAPHAHTOR
dl anaqenkit pacxona (@ Os;......-Ox)
ANK MPARATHIX AUAMETPOB B CTPONM
rpadugeckyio sasucamocts O = £ (d).
31 38BMCHMOCTE KBAAPATHYIHAR i B
ofmeM BUAE¢ NpencranlieHa Ha
puc. 6.3,

Tlo rpabAKY ANA 3ANaHHOTO

3HAueHHs pacxofa @ onpexensercd
Awanerp Tpybomposona d.

Prc. 63

J15  OpReHTHpOBOYMOTO ONpefesicHNS HauBHITONHelhmero Iuamerpa
TpyGonporoma {d) 0p¥ saganBoM pacxoze ({J) MOKHO NOIL30BATECA TaKKE
¢opmynoii B. I'. JTobayésa;

d=(08-1.2) 0%

Ha npoxmuxe pia pacabra pHamerpa TpyGOmpoBORa MNOALZYHOTCK
ONMUMGARHMME JHATEHUSME CKOpOCTel: IIPH JBIECHHH B BOJONPOBOJHLIX
cucremax ckopocts v = (0,8 — 1,2) M/, pexe no 1,5 wl; mm MAXTHBIX
BOTICOTIHBEEX TpySonposoaos v= (2,0 — 2,5) m/c.

Chnenyer OTMETHTh, 9YT0 IS TEXHHKO-3KOHOMHYECKMX Ppaci€ToR IIO
ONpPeACIICHMI0 ONTAMANLHLEX 3HATEHHA IAAMETpoB TPyOONpPOBOICBR CNERYeT
TIOTL30BATECH CIEUMRTRECH MUTepaTypoll ¥ TabmHuaMa.

Huxe npeacTABneHEl TPHMEPH PacuSTOB padiMYHOrO BEAA IPOCTHX
chcreM. PacuéTm BETIONAIOT ONpeledeH e CCHOBHRIX NAPEMETPOR NBHKCHMSA,
OOCTPOEHNA TIHS3OMETPEIeckoll NHHHM H IPA(DHYECKOS ONpEfeNeHAS MHOTEpsL
HaIopa B CHCIEME,
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6.2, [Ipumepn pemennd 33084 N0 Teme:
“Pac4éTr npocThix TpYSONPOBORBRX CHCTEM™

3apaua 6.2.1 C moMoumo Hacoca no TpyGe AuaMeTpom d = 50 MM u
mmrolt 1= 70 M HediTh NOAASTCH B 2aKPLITBIA pesepRyap Ha BricoTy H = 15 M.
Cavrars H = const.

Onpenensts NOKa3aHWe MAHOBAKYYMMETPA (Phe), YCTAHOBIEHHOTO Ha
DOBEPXHOCTH Hed'TM B 3aKPHITOM pesepByape, ecld NMOKAZAHHME MaHOMETPa ocle
HACOCA P = 1,3 a1. Pacxan sedrn Q = 1,2 2/c, mtoraoets gedra p, = 900 xriv’,
OTHOCHTEILHEY BI3KkecTh no Jurnepy £ = 4,00 B cutteme ycraHoOBIeH
1IpoOKOBLIE KpaH ¢ YTIOM 3akphITHE o = 40" ® B2 KoneHz © KO3(HHLIHEHTOM
conporrenedns L., = 0,8 (puc. 6.4).

ﬂ=ﬁ+hm
2 [N ka2

_He;m,-_

LT LT

Puc. 6.4

Pemenne. Hpeacrasnenras TtpyGonpohojnas CHCTEMa OTHOCHTCH K
nepaeMy MUy NPOCTBIX CACTEM.

Caexyer pcnoMHEMTh W3 riasu 1 (3gaaua 1.5.3), om0 Manocsaxyymmemp —
3T0 mpnbop, KOTOPEH MOMKET HIMepSThH, KAK MAHOMETpHUECKoe (MIbHTOYHOE)
Aanresne, Tak 1 BakyyM. [Ip peiuenun 3aiany JaBieHie Ha IOBepXHOCTH HedTH
6yaem obozmauams p,,. Ecion npe peiuenms 3aaaYl 3HaYCHME JIARICHHA
TIONYHATCA TIOOKAUTCIBHEIM, THAUMT, MBHOBAKYYMMETP pafoTaeT, KaKk MaHOMETD;
OTPHLATENEHOE PHAYEHHe KARNCHMN OIHAYACT, 9TO MAHOBAKYYMMeTp pabotaet,
KAK BAKYYMMETD,

Jas  onpeneleHMA  TOKA3EHWA — MAHOBAKYYMMETPA  BOCHOIB3YEMCH
ypasHeHBeM Bepaynim, CorlacHo METOIHKe COCTABISHNA YPABIEHMS (CM. pasien
4.5.7):
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1. Bunpacm deq ceveHun: 0dno - B MCCTE YCTAHOBKH MAHOMETpa, 5TO
CeYeHHe MAPOBONMM HOPMANBHO K HANPABJIECHWIO JBIKEHHA XHAKOCTH, TAE
CKOPOCTE PABHA CEOPOCTH ABRkeHMA Heda B TpYDe — v; dpyzoe — no ceobonmoi
NOREPXHOCTH B pelepayape, rlie FABICHHE ONPEACITCTCS N0 MAHOBAKYYMMETDY, a
CKOPOCTE PagHa HYRIo,

2. Ceuenniz 1-1 n 2-2 HyMepyeM 110 HANPABASHMIO ABIDKCHUA MHIKOCTH,
uTofH B ypaBHEHMM NOTEPH HAIOpA B YHAPABITHYECKHX COTIPOTHRNEHMAX
YYHTHIBANHCE CO 3HAKOM “+7,

3. B sR0paHBRIX ceueHMRX DpreUMacM A0COMOTHoe AaBACHME, T. €. &
yuéroM amocq,epuom:f'l =Pt Pruny P2 =Pt Pun-

4. TInocxocTs cpasrerns -0 NpoBOAMM TePes OCH HEPBONC CETSHAR:
1=0; n=H

5. 3anrceBaeM ypaenenHe Bepayana (4.15) p obliieM BiAe A IPOHIBOAMM
MOACTAHOBKY BCEX MAPAMETPOS:

2

B, o Pz o590, 2

z + A = + ;

g 28 2pg" P23
n=1%; zz=H,
Pi=Pat Puw’ 2Pyt Pus
Do =0 @1 =2,0; D200, =0.

JABMAKYMAscA MHAKOCTE — He(Th OTHOCHTCE K BASKUM KWKOCTAM,
mosTOMY NpepnoaaracM naMHHapupili pexum (kosdpmamment o; = 2,0). B
Opoliecce PelICHAA 32184y pekuM Ankensd nedmd Gyner npopepen.

Tlopcrapnsem Bee apameTpsl B ypasaeHHue Beprym:

2
&~+P_N“_+ZPM=H+.‘PL_+£!5.+
P P8 28 Puf  Pu8

ITocare coxpaniennit u ipeobpasosaims ypaBHerAs BepRY MM MomywirM:

2
Puw _Puam 2" g g 6.10)
P8 PeZ 28

Paccanraem nee cnaraembie B ypasnerin (6.10):

P _13-98- 13-98-10°
PuE 200-9.8

=14,44m
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CxopocTh npuxeHus HedTu B TpyGe (v) paccunTHBacM 4yepes pacxon (Q):
Q_42.

Va=—"m=

;)
© =wd’

pacxon O # npametp d nepesosum: @=1,2 nfe=1,2 - 10° M’/c; d= 0,05 M,

4-1,2-10"
un:——~—2-=0,6lu!c;
3,14-0,05
v 0617
cKopocTHOl Hanop EE = 3 -.9—’; =0,019M {pocrarouso Mairas BETNYH2).

PaccunTaeu IOTCPH  HanOpPE B THOPDARIMMECKHX CONPOTHMRICHHAX (10
topuyne (5.1)
hw thr"' h.f;

NOTEpH HANOPa B MECTHBIX CONPOTHRICHIAX T dopMyne (5.2)
2
Th, =L,

2g
rac Lf — cymma x03pONIHEHTOBR MECTHRX CONPOTHRICHUA. YyMTHBacM noTepH
HATOpa B ABYX KOJeHax B B Ipo0KkoBOM KkpaHe:

=250 C\tp + e 3
no Tabn. 4 (cum. npunoxenre): L = 17,3 npu yrae 3akpwtHa o = 40°, Ly =10,
TOTHA:
IL=2-08+173-1,0=199
MOMYUdM Lh=199-0,019=038 m.
Ilorepw nanopa no ANuMHe onpeaesaeM coracHo dopmyne (5.3):

2

I

hizl .
d2g
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Jnz aswGopa pacudraolt Qopmyma xosddunmeHTa TrUIpaBIHIEcKOro
CONMpoTHBIeHHA X (oM. cXeMmy, PHC. 5.1) onpejieniM Pexim JRmKEHUS FKHIKOCTH
no xputepno Pefinonsaca (oM. dopmyny 4.20):

Re=22.
v

B dopmyay (4.20) sxomnt KoxppHuzeRT KRHEMaTHYecKo# BRIKCCTH V. [nn
pacaiéta 310r0 KoadoHIMenTAa BOCTIONL3YEMCH 3HAYCHHEM OTHOCHTeRBHOH
Ba3KocTA B rpanycax Jurmepa (CE) (oM. dur3pveckre cBoiictsa wuAKoctn), Tlo
dopmyne Yobenone:

(0 o731°E - % 0631) 1074
v= [0,0731 40— 90—?% 1074, m?% /¢; v=0,277-10" m'fc.
0,61 0,05
TTomysum: Re= ————_ =1101 <Re,, = 2300.
ik 0277107 ¥

Tax xak =wucno Re MeHbIIe KPHTAYECRONO 3HAYCHAH, SAKMIOYAEM, JTO
HMEET MECTO JAMUNGDHMIL PENCHM OCUNCEHUR n@mu IIpunATOE 3WANEHHE
koadduuuenra o, = 2,0 BepHo.

Jas  nampuapHoro  pexsma  kodbdmnweMT — razpasn@deckoro
COUPOTHBASHAA A paccumTsiBaeTcA no dopmyne (5.8)

a=34
Re

PaccuuTaeM TIOTENH HATIOpa O JUIREE:

_S4In 64 0

) = -0,019=154m.
Red 2g 1no1’ 0, 05

=

HOTBPH Hanopa B rRpamriFICCEAx CONPOTURIEHIAX:

=038+ 1,54=192m.
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Honcrasmm 3gayerue BeCX cnaragMeix B OpecOpa’oBaHRoe ypaBHEHME
Beprynmu (6.10);

P _14.4440,019-2-150-192=-2,44m.
Pug

Floayamnu oTpunmaremyoe 3HaveHne, 3UAYNT, MAHOBAKYYMMETD paﬁorrae'r

KaK BakyymMmeTp. Benausna sakyyma
Pz = Paae = 2,44 p, 2= 2,44-900°9,8 = 21521 [Ta s p,,, = 0,22 ar.

Omsem. Tokazanwe MAaHOBAKYYMMETPA COOTBETCTBYET
BAKYYMMETPAICCKOMY HABACHHIO: Pyp™ Phac. = 0,22 aT,

3axewa 6.2.2. Bopa n3 3akpuTOro pesepsyapa A HOCTYIIAET B OTKPHITHIL
pesepeyap B npm nponyckuoit crocobnocty cucremsl O = 15 n/c no tpyGam:
d=1vw 1 =8nvulh=12md =100 Muma 5 = 15 M. Hanope BOIM B
pe3epayapax NoCTOSHHLI OTHOCHTEABLHO OCH TpYOom: M, = 15 M; Hy; =35 M
(puc. 6.5).

Onpcaennis TOKA3AHME MAHOMETP2 (Pyy) HE TOBEPXHOCTH BOOLI B
3AKPHITOM pesepByape, a4 TAKIKC COOTBETCTBYIOMMA ManOMeTpuyeckuii Hanop
(Huan)-

Tipunsars aGeoomoTHY10 MIepoxoBaTOCTE TPpYH: Ay = 0,5 Mv; Ay = 0,2 M.
YuecTh MecTHRIE CONPOTHRICHUS B CHCTEMe: Ha BXOlle B uepayo TpyGy; B
npobKxOBOM KpaHe Npu yrie 3akpuTas o = 30°; TIPK BHESATIHOM DACLIMPCHAH M Ha
BLDtONe U3 Bropoli TpyORL

JlpirkenHe BOAK B CUCTEME CUMTATh YCTANOBHBIIEMCA, T.€. () =const.
TlocTpoMTh MMHHIO MONHOMG HANOpPA (HALUOPHYKY JMHHMIO), NHEIOMCTPHMECKYIO
JIAKHIO, IOKA3aTh 3MOPY HOTEpPh HAITOFA.

Pemenne. IIpencrapiennan cxema (cM. pHC. 6.5) OTHOCHTCE K MPOCTRIM
TPYGOTDOBOAHKWM CHCTEMAM REPEOZ0 MUNG C UCIIENEHEEM OO0 YPoseHb,

Jna onpenencxus w3ORITOIHOrO (MAHOMETPHYECKOTO) AARTCHHA {Puan) HA
NOBEPXHOCTH BOAK B pe3epayape 4 BOCHOALIyeMCs ypaBHeHMeM Bepmyun (oM.
MeToauxy b pasgene 4.5.7):

1. Bufepem den cevenus no ¢hoSOAHKM MOBEPXHOCTAM B Pe3epRyapax,
TAE CKOPOCTE AOMYCTUMO CYATATE PABHOH HYMO.

2. Ceuennn 1-1 n 2-2 mpouyMepyeM MO NAUPABTIESHHIO JBHKEHAR Bk,

3. B pubpansbpix cedeHuax yaTéM abcomoTHoe JaBlIelne: Py = Py + Pusns
P2=P

4. TIAoCcKOCTE CPABHEHHA COBMECTHM C OCHIO TRYOR!, TorAa 1, = Hy; 2, = Hy,

5. 3anvenm ypasaerye Bepuynam (4.15) B obimeM Buje A pelnuM ero:
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2 2
ay; Py | 00y

By
Zi+ L=z, 45242 2y
pg  2g pg 2 M
=H; z2=Hq;
P1=pPat Py 17D
o = 0; V3 oem. = 0;

NOCIIE OIS TAHOBKA NApAMETPOB | COKPANICHAHA HOTYTHM:

H, 4»—‘5’1""‘—:15{2 +h,,, orciona £"5"’—‘-=H2 -H, +h,. 6.1
PE )4

B dopmyne (6.11) cnenyer onpemefHTh REJMYHHY OOTephk HAamopa B
THApaBIHYecKnX conpormenenusy (f,). BBREy toro, amo o yciIoBHio 3ajadn
HeoOxonUMO mpedcmasums zpauuecxks pacnpenelienne Ranopa Ho AIHAE
CHCTEME], 3AMMINEM HOTEpY HANOP2 OO OOPSAKY N0 HENPARICHHIO ABIMXEHME

BOJBL: )
By =hy +hy +hy +h, +h, +h +h, (6.12)

Bee noTecp Hanopa B THIPABIFYECKMX CONPOTHBICHHAX TPOROPIHOHATRHEL

CKOPOCTHOMY Hanopy, fosToMy NOOTEpR Hanopa 8 TpyGe pgmamerpoM 4
2 2

ONpelemHM ¢ YIETOM CKOPOCTHOIO HATIOPa ;—I , 8 B TpyDe nuamerpom d; - ;—2
g £

CxopocTH 14 H v, paccarTaeN 2epes pacxol { no dopuynas:
Q _40 _e_40,

L i

E]
© 1 Ttd'lz ] 2 Edg

TIPH TIOJCTARORKE MAHHEIX yauTRBacn: O = 15 /e = 15-10% m'/c;
di=75mm=0,075m; d: =100 MM =0,1 M.

Ilccne BEMMCNEHRH OMYIUM CKOPOCTH: vy = 3,4 M!c, = 1,9 m/c;

2
COOTBETCTBEHRO CKOPOCTHAIE HATIOPEL: b= 0,6M; -2 = 0,2n,
2g Zg
Paccumraem NoTepd HANOPa 8 MECIHHMX CONPOTMUEACHIAX,
Horepn narropa Ha exode & mpyby nuaAMSTpOM d,:

e = b , niprHuMad Ly = 0,5 po Tabin. 4 (oM. nproxenne),

IONY9AM h,x = 0,5‘0,6 =03 m.
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IloTepH Hanopa & npobxoeom Kpane:
hrp- =L %, npunesMas L, = 5,47 npa a = 30° o tabn. 4 (cM. npunoxenne),
noxyaum k., =5370,6=33 m.
ToTepy Raniopa #pu &HE3ANHOM PACIHDEHUY:

2
By =Cp 15% ,ree Gy, = (:}—T - 1] =0,6 cornacuo Tadn. 4 (cM. npuOKEHAE),
Tor8a by p. = 0,602 =0,12 M,
Tlorepr Hanopa nae esexode u3 mpybs B pesepiyap B:
h =C.. %, npuHHMan Lo = 1,0 mo 1aba. 4 {cM. TPRIOKCHHC),
TONYMHM Ay, = 0,2 M.

[Nepexoanm K onpencAcHHIO AoMEPs Hanopa no daune o Gopuyae (5.3):

o 1py0 ¢ anametpaMn d; U d; cnemyerT paccqMATaTh KooxphULMeHTH
FHIPARIHISCKOTO COMPOTUBNERHA Ay M Ay

Brifop pacu8rvoll 3asMcHMOCTH KOI(DQWIIMEHTa ). 3aBUCHT om pedcuma
OBUNCEHUR ICUOKOCINE | WEpoxosamocmu mpyl (CM. cXxeMy Ha pHc. 5.1).

Paccanraem uncna Pelinonsaca ana xaxaoli Tpy6H no dopmyne (4.20):

Y d, v, d,

Re, ; Rey=—2-+
v

IHA4CHHe KozdduupenTa xuHeMaTHuecKOH RAIKOCTH BoAB (V) OpHEFMMaeM 0O
1a6n.1 (eM. upanoxenue), 2 somw v = 1,008:10° m/c.

Flomyaum Re; = 255000; Re; = 190000, caeaoBaTensHO, PeXHM ABHXCHUA
BoZE! TYpOyacHTHEI, Tak Kak Re, u Res Gomine Rep = 2300.

Paccywracm TpaHMMHBE 3HAYeHHN MIA uAcen Re, 9yToOBl YCTaHOBUTEH
ofiacTh colpoTHRIeHAA A4 oOcHx TpyG upH TypOyneHTHOM pexnMe:

205 22075 23000, 2092~ 201% - 10000,
A T05 A, 02
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d, 75 d, 100
50052 =500-==75000; 5002 =500-— = 250000.
A, 0,5 A, 0,2

Nna nepsoii mpybur Re, = 255000>500:’—1, 3RAYAT MMeEeT MECTO 30Ha
1

Keadpamuunozo conpomueien i, kosiphurgent A paccHHTHBACTCA DO GOPMYNe
udpunrcona (5.14):

0,25 025
A, =0, 1[-3‘-] 0,11(0 5] =0,032.
1

Ilotepu Ranopa mo JUlMHe HAa TICPBOM H BTOPCM YSaCTKAX COMacHo

tbopmyne (5.3):

20 12,0
By =002 0,6=20m; h, 00322 0,6=30
0,075 M6 =20M; f, 0,075 M-

Jina emopoii npybn 20—:— <Re= 190000<500: HMEET MECTO 30HA
2 2
Ooxsadpamunozo  conpomiienenin, koohduuMeHT J  PacCYRTHIBAEM OO

dopMyne AspTiryns (5.12) (cM. cxemy pre. 5.1):

68 A,

A, _on(——+ J ; A2=0,024.
d;

Tlotrepn Hanopa N0 NNEHE B3 TPCTEEM YUHCTKE:

5 ug_ 150
d, 2" % 0l

HopcTapnm 3namenvie BCeX MOTeph HaMNopa B bopMyny (6.12):
he=03+20+33+30+0,124+07+02=962m.

[ocsie moacTanoBky ciaraemuix B hopmyny (6.11) nonyuum:
Puw = 35-1549,62=11,62m,

THAYMT COOTBETCTRYIOWIMH ManoMeTpHuecknil Banop Mg, = 11,62 M.
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A o ' JWHAR HAYATLHOTO NANOPA 3THOPa NOTEPH HANopa
il A 1 } {
i L &
X '--._,,_H1--.._,_~ : .
! Ufﬁhw 1g TIHHHA:
}i . = NORROTO HANOPA
| 2 /
| - """-..,_d L1
3l TSN |l 1
b R 3
<% o S b
h 2 T30, R 4 o
l n’e’p / H""-"P-&:_ - m=p,
[J ""ec“a' ug - p— L#"_i“
! Ty 5% 2 it I
M —_ . 2
2 ]
l — —
LH] i n t — —
ka4, = 0
134 ]; —— . — —
2 0= const dr 13 -
TII/III{I/’!'//’)'f/f'///4‘/o'ff////f//r//‘r,-//;////;//—/,/,/7/,4

Puc. 6.5
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Ypeacrasuym MaHOMETPERECKOS ZABACHME (Pyy, ) B K Ta:
P = 11,62 pg =11,6210*9,8 = 113,9-10° ITa = 113,9 xI1a.
MaHoMETPUIECKOE ABNCHUE B BTMOCGEPEX Prwn, = 1,16 aT.

Hepexodum Kk ROCmpoeRIo AURUN RORKOZ0 RUAODA.

Ot ypoBHA WHIKOCTH B pesepsyape A ITYRKTHPOM NOKZKEM [ES30MeTD,
NOK438RAC KOTOPOIe COOTBETCTBYET BENHIHMHE Pun/(pg) (oM. raamy 2, 3aaaun
2.1.6; 2.3.8). Ilo ypoBHIO XUIKOCTH B IBEIOMETPE IPOBENEM ZOPUIOHMILALIYIO
AUHII0 HaQUATsHO20 Hanopa. Jlo IVMHEM HA9ANSHOTO HAITOPA NPOBOIUM
WEPMUKQRLAME JUAHN TI0 XADAKTEPHEIM CeMeHASM TpySonposoga: BXona B
Tpyfy; Kpana; BHE3ANTHOID paclMpeHus; Bxoaa #3 TpyOs (pHe. 6.5).

OrrnaneiBagy Mo NOPAAKY, HAYWHAN OT NMHEHA HAYANRHOTO HAUOpA, [0
BEPTEKANH IIOTEPH HAIIOPA:

- HA BXOJS B BEAE ¢Kauka M, = 0,3 M;

- [0 ZUTHHE [IEPROTO YYACTRA B BUAE HAKIOHHOK UpAMOT A =2,0 m;

- B KpaHe B BRIE CKATKa Az, = 3,3 M;

- [0 JINHHE BIOPOrC YHACTKA B BHIIE HAKIOHHOR npsamol hy, = 3,0 M;

- IPH BHE3ANEOM PACITHPEHHH B BHIe ckadxa k., = 0,12 M;

- IO JUIMHC TpeThero yaacTka Ay, =0,7 M;

- Ha BRIXOJIE B pesepayap B Takie B BHAe cKanka fpn = 0,2 M,

JIMHKS DOHOTO HANOPA AOIDKHA 3AKOHIMTHCS HE CROOOIHOH NOBEPXHOCTH
B pesepuyape B ( Ha puc. 6.5 MaciutaG Be BaASpAAH).

Hu:lmmpmcrguo AN TINOBONVNM HHE JTHMHHY ITONHOID HANOPA HA
2 2

B&IUUUHY 323-'-—= 0,6 M ana Tpybs mHaMerpoM dy W HA BEAHYUHY %"1-1 G,2 M gnx
£ 8

TpyOul pHaMeTpoM dy. [Ibesomerpiaeckan THHRA TOKA3AHA TYAKTHPOM,

Cnenyer ofpaTturs pHEMaHMe, YTO IPH BHE3aUHOM PACIIHPEHEA NOMHEIH
HaNoP NAajacT, & Nbe30MeTPHieCKA Hallop NOBEINIAETCH.

Cmpous  ansopy nomepe wnanopa. llokasHBacM  sepmiiKaashse
WMpuUX0sse ANHKN OT THRAK HAYRILHOTC HAIopa AC JIHHAY NONHONC HANOpa.
Kaxnaa BepYWKANRHAY NMITPUXOBAR JAHHAS COOTBETCTHYET NOTEpAM HANOpPa OT
Hadana TpyOornpoeoga Ko BeibpanHoro cedennd. I pafimuecxoe nmpegcraBnesue
paclpeAeeHus HallOPOB 3aKOHYCHO,

Omsem: noKa3aHRE MAHOMETPA Pyg, = 1,16 2T, ManomeTprveckuit Banop,

COOTBETCTBYIOIHE MoKasauo MaHoMeTpa Hy., = Pum _ 1Lom.
: Pg
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Ha opumepax 3agzay 6.2.1 u 6.2.2 paccMOTPtH PpacdéT MNpOCTHX
TPYGONPOBCANLIX CHCTEM NEPBOTO THOA: B 3afade 6.2.1 onpelesioct AaBAeHAe,
a b 3aaa4e 6.2.2 — aejicTRyionnii HANCP B MOCTPOCHHE NTLEIOMETPHIECKOH JHHHN.

Hwxke npeanaraercs pacudT npocroii TpyOONpoOBONHOR CHCTEMEI smapozo
nuna © olpeleneNHeM NPOMyckHoll cnocoBHOCTH (pacxoia HHUIKOCTH) CHCTEME
¢ ACTevueHHeM B aTMochepy.

3apama 6.2.3. C nomouibio HAcOCa BOJA HOAHAMAaETCA Ha BpicoTy H = 15 M
¢ HcTeueHdeM B atMocdepy. OnpelennTs TPONYCKHYIO CHOCOOHOCTE (pacxol)
CHCTEMRI, €CNIM MNOKA¥IHHE MAHOMETP3, YCTAHOBNEHHOIO TOCHE HAcOCa,
DPuan = 1,6 aT; woana tpyGut [ = 80 m; mmameTtp 1pySH d = 100 MM © abGeomioTHol
mepoxoBaTeeTeio A = 0,5 mM. Ha TpyGonporone yoranoniens: sanpuxka Jynno
€0 CTENCHRIO 3aKpHTHS o/d = 3/4 W Tpy KoJleHa.

TlpuusTs nuoTHOCTS BOAK p = 10° a/v’, KuueMaTHYecKHl KoahhrImeHT
Ba3xocTH v = 1,008:10° m%c. Jlpmkenne Boam cumrats YCTAHOBHBINHMCA, T. €.
= const {puc. 6.6).

Pr=Pa

il

H
!
gl

It isLrds

nockocTs cpapHetmy )

Puc. 6.6

Pemenne. J[l1a ompeaenenusa pacxoZz ({) Bocnoan3yemMca ypabHeHWEM
Bepuynnm (4.15) no npnastolt metomuxe {cuM. pazaen 4.5.7):

1. Bubupaem oOfa ceuenum, rjc W3IBECTHH JABJACHAA, T. €. B MeECTe
YCraHOBKM MaHOMETp2 M HAa BbIXOEE BOZEl B armoctepy. B otux ceuenmax
CKOPOCTH OIIMHAKOBhI (¥ = CONSt), TAK KAK HC HIMEHAETCA AHAMETP TpYOonpoBoia
M OpolycKHag cnocobHocTh. CeueHASs MPOBOAMM HOPMATIRHO K HANpaBIeHHIo
JBPKEHHA MURKOCTH, T. €, Tpy(y paccekacM HOPMATLHOIN MI0CKOCTEIO.

2. Ceuenun nymMepyem no uanpadienino dginenun sxcuoxocmu: 1-1 -
MECTe YCTAHOBKA MAHOMETPA, 2-2 - Ha BHIXOME BoAk B aTMoctdepy.
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3. B pufparnnix ceueHUAX yuimsieges abcomomroe Oaanenue, T. e.
JiaBReRHe, PACCTRTAHHOE ¢ YUETOM ATMOCHIEPHOTO: P = Py ¥ Pran P1=Ps- .

4. Hnocxocms cpasnenus 0-0 NpoBOIEM 9epes OChH MEPBOTO CCYERAA,
rorga 5 =0, ;=H.

5. 3anuchBaem ypaemeuwe BepHymma (4.15) B oBinem pHae B pemaem
TIOACTAHOBKY NAPaMETPOB:

2 2

zl+£l+9ﬂ-=zz+&+9';£l+hm_z;
pg 22 pg 28
zZ=0; z=H;

=Dt P P2=Ps
) =02 = p = const.

Tocne npeobpazosanuil ¥ COKpAmEHNit OMy9HM:

P _ gy 4p, (6.13)
pg

HpouaracM npecbpasosaHaoe ypaBHeRNe BepHylin: Hanop, co3aaBaeMblii
HACOCOM, MOET HA NOXLEVM BOIL! HA BhicoTy H W mpeogoneHHe rHApapiHyecKhx
CORpOTURTIEHMH  A,. .

Coraacao dopMynanm (5.1), (5.2} m (5.3), npeacTapiseM rIApaRIHYecKHe
CONPOTHRIICHNIA:

Wz dopmymst (6.13) lamimeM norepH Hanopa B rHAPARTHYSCKHX
COMPOTHRACHMAX:

= Pua _
v pg
2g d} pg

OTCIOA CKOPOCTE ABWAKECHHA BOIEL B 'rpyﬁe:
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S S Py _ (6.14)
e i)
B +A

PaccuuTan ckopocTs no $opmy.ie (6.14), ompeneimM pacxon: { = v,
Jdas pacuéra cxopocth B opMyne (6.14) HyxHO OOpeaeIHTE CyMMY
xoMpPALACHTOE MECTHRIX COMPOTABIEHKH Ha 3aUBHXKH M TpEX Koien (EL) n
K03¢upUIHEHT THAPABIHIECKOTO CORpOTHRNCHNA (L),

Cymva xoodpHUNEHTOB MECTHEIX COMPOTHRIEHHT:

ZL= Goamn, + 30

To rabn. 4, 5 (cm. npunoxenne): Lo = 17,0; L = 0,39 npu pHamerpe
d= 100 vm, nonyanm XL =18,17.

Jmm ewibopa pacuétmoii dopmymml xo2dduUlHeRTa THAPABIHYECKONO
CONPOTHRICHHS A Kpome abcomorHoli mepoxoBaTocTr TpyOw (A) Heobxonkmo
CUPCAETHTE PEXHM ABINKEHMA KHRKOCTH Mo Kpurepmo Pelinoanica (Re) (oM.
dbopmyay (4.20)).

B dopmyay (4.20) Taxke BXOAHT HeHsBeCTHAaA CKOPOCTh (0), MOITOMY TpH
sazaRnoi mepoxosatocTH (A) npeanonaraed TypOynmentHeili pexpm, 3oHY
KBApATHYHOTO COOPOTHBAEHHSA, IJIA XoTopolt A He 3aBHCHT 0T Re, ®
paccuATniaeM koddupunmenr A no dopmyne Ulndpracona (5.14), 3arem
ODPEHETAEM CKOPOCTh ABIDKEHHS BOJIEL

Iocne pacuéra CKOPOCTH HYWKHO IPOBRCPRTE DEXHMM ABMKeHRs. Ecmi
NOOTREPIMTCA KBaAPATUHHAA 30HA CONPOTHRJIEHHA, paccawraeM pacxosn, EciH
peXuM JBWEKEHHS H 30HA CONPOTHRACHHA RE TONTBEPANTCH, TPOBOAUM
nosTopHLI pacyéT koaddunneHTa A B COOTBETCTBUM C UHCAOM Re.

Hrax, npednonazaem pas T1pybm puamerpoM d = 100 mm c
IMepoXoBATOCTHO A = 0.5 MM mypOyaenmusiii pesicum, 301y KeaOpamirinozo
conpomusrenun. Ko>ppuument b paccauraem ne popsyne (5.14):

0,23 0,25
A=01 x[é-] . a=01 1(-0""-) =0,029.
d 100

TloncrammeM Bee ganHeic B Gopayiy (6.14).
Maa ynoberea pacuéTos:

Puan  1,6-98-10°

=- =1

pg 10°-93
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PaccasTaeM cKopocTs ABMKEHHS BOOLI o dopmyne (6.14):

1= ,‘___.L_ -4/2-9.8-1=0,69 M/c.

VIS,I?+0,029§0—
0,1

Paccunraem kprrepuii Re no dopmyne (4.20):

Re="2. Rec. 0990l _ceisn.
v 1,008-107°

CpareuBasn qreno Pefinonszca (Re) s (0TOKA BOJE! € KPUTHYECKHM
(Reg,), 3axmodaem, 9ro Re = 68452 > Reyy, = 2300, 3Ha4HT, peskuM OBUKEHES
Typ6yIeHTHBA.

Ilo cxeme {cM, puc. 5.1) onpegenn™M rpaHiMuLle 3HauesMs dncen Re pius
YCTEHOBNCGHMA 30HE! CONPOTHBICHHS IPK TYpOYIIEHTHOM peiHMe:

202 20190 .. 4000,
A 05

5005 = SCI{Iivl—!}—9 = 100000,
A 0,5

¥
3uanenne 9ucna Pelinousaca (Re) BXOJMT B EHTEPBaN:

ZII.'I—‘?1 < Re=068452< 500-‘—’—,
A A

SHAYMT, KEQOPIMUNHAR J0HT CONPOMUBIERRR He BOOMEEPOKRACH, KMEST MECTO
TypOYIeRTHE PEXUM, 3048 JOKCAdPAMUNHOZO CONPOMUEAENUR, 179 XOTOpOR
xoxpdmenT A paccTHTRRAeM Io (opMyne A. [, Anmeroryns (5.12):

0,25
x=o,11[§§-+9-] :
Re d

68  05)*
A=00) =4 21 =0,031.
[68452 100]

CHoBa paccanTacM ckopocTb {) Ipy sHagermy A =0,031;
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o= I'—--"— - 4f2-9.8- 1—0676Mfc,
11817 +0,031 52
\ 01
nanee Re= 0676 0l =67044;
1,008-10°
Teneps 20‘2: <Re=67044 < 500%.

Hoseadpamuunan 101a conpomueIeHuR BOOMECPOITICS.
Paccunraem pacxoa

ndz
g=vo= 2%

2
Q= 3 14,40_.1_0 676=53-10"n*/c=53xa/c.

Omaen:; pottyckHan crocobnocTs chereMul 0 = 5.3 nfe,

OcofbMu cllydasMi IPOCTOTO TPYOONpPOROAA SBARIOTICH PACYém sucoms
JCMAROAKE HACOCA B pACNEm CuPona.

B  =2amaue  6.2.4 npPHBOAUTCA  pacufm  SMCOMM  POMAHOSKH
Kenmpobexcno2o nacoca (puc. 6.7). Llesrpobexkuriii Hacoc HMeeT scachiBalonmii
TpYGONPOROA, TI0 KOTOPOMY HacOC 3ACACHIBAET MMAKOCTE H2 BOAOXPARHHIALLA,
facceiina, symnda n um nogobuax EMxocTeli, U HaTHeTaTeNLHEL TpyGompoBoX,
IO KOTOPOMY KWAKOCTE NOA meficTBREM W3OLTOYHOrO AARACHMA, CO3RABAEMOID
HACOCOM, TPAHCTIOPTHPYETCA 11 TPYOOUpPOBOAY M NOZHMMACTCH  Ha
onpenendkHyro BECOTY. ITpHMepsl pacaéTs HATHETATENLEAIX CHCTEM TPHBEICHL!
B 3an89ax 6.2.1 m6.2.3.

JlsikeHue KHOKOCTH BO BCACHIBAIONIEM TPYGONMpPOROZE MPOMCXOANT MOA
gelictbuemM Bakyyma. HapGoasiuad BeNBuUMHZ BaKyyMa HMCET MECTO
HEOOCPe/ICTBEHHO ¥ BXO/A B HACOC NMepea pabotuHM KOJIEcoM.
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3amaua 6.2.4. OnpenelsTh BHCOTY YCTAHOBKH OEHTPOOEMHOrO HACOCA
(H aac.), koTOphE OTCACKIBACT BOAY M3 3yMuba GOMBINEX paIMepon, eclM gaMeTp
BeacuBaromero TpyGonpopona d = 100 mm, gmuaa I =25 M; BARYYMMETPHEYECKOE
OaBfCHHE HA BXOHE B HAECOC Phy, = 0,6 ar. Tpyba BONONpPOBOAHAS HECKONBKO
sarpa3HENEas UMeeT B0/103260pHYIO ceTKy ¢ 0OpaTHEM KNanaHoM H 0HO KONEHO
¢ yrnom nogopora a = 90°, Hacoc nomxen ofeciiedts MOCTOSHAYIC NTONAYY BOXEI
0=9,0n/c (oM. puc. 6.7).

Perwense.  3a BLICOTY YcTaHOBKH HIeHTpobextoro Hacoca (Hys)
nmpuHMMaeTcs  VIAJCHEFMe Bana nedtpobexHoro Haecoca ot ¢ceoloaHol
NIOBEPXHOCTH BOJIR! B 3yMA(E.

215 .
P2 Pa— Pua (DY HarAeTanwe
d;l 2i

Pae. 6.7

Jna onpepenerus Hy,, BOCHONB3yeMcn ypabHeHueM Bepaynan (4.15).

1. BubepeM deg cewenun: o0ne no crobonHoH NOBEPXHOCTH B IymIde,
dpyzoe — Ha BEXOJE B HECOC, IE YCTRHOBICH BAXYYMMETD, NPHYEM HOPMAILHO X
HANMpaBIcHAD ABHKEHAN NOTOXa ACK.

2. CeucHRS RPOHYMEPYEM RO Hanpasien o dauxncenun wcudxocmir: 1-1 —
no caobomuof moBepxmocTE Bomm B aymnde, 2-2 — B MECTE YCT2HOBKE
BAKYyMMETPA.

3. B BHOpasHHX ceyucHRAX y¥mém abcorwmuoe Oasiaenue. py = p;
P25 Py~ Puac

4. Inockocmsy cpasuenur 0-0 coBmecTEM ¢ cedendem 1-1, rorpa 3; = §;
= Hepe

5. 3apwmen yparxerae bepryrau (4.15) a nporsseaéy npeobpasonanys:
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2 2
a
PR LR LIRS . P, -Zp—z+h,i_1;
g 28 pg 2
z =0 Zy = Hyw
P17= DPa; P2 P~ P
v =0 D = Uy Oy = 1,0 (TypBynexrruaii pescm
B Kpyrno# Tpybe).

ITocae noficTanosxy DApAMETPOB H COKPALICHH:

Pow g o2 g (6.15)
Pg 2
TlpounTaem npeobpasoBapHoe ypasneHBe BepHyIIN: BAKYYMMETPHRICCKHH

HATIOP H& BX0JC B HacOC ACIDKEH OHTR TAKEM, 9TO0K oDecnednTh MOIBEM POOEI
2

Ha BBICOTY H ., CO3A2TH CKOPOCTHOH Hamop t;l H NPEOfIoNETh TAAPABINHECKHE
£
CONpPOTHAAEHHR A

Ha dopmynm (6.15) npeacTaBAM BHICOTY YCTAHOBKM LeHTpobexHOIO
Hacoca:

Hm.-:&'u'__i“?-__hw' (6.16)

OupenendM noTepn Hanopa B THAPARIAYECKHX conpoTHBAcRRSX (A,),
noib3yack Gopmynamu (5.1), (5.2) r (5.3):

h, =Zh, + h;
2 2
v Iv
Eh =X — hy=h——m~.
i Egzg H T ng

PaccymraeM CKOPOCTE BCACKBAHUA H CKOPOCTHO# HAaNOp 9epes pacxon (O):

2
40
O=p 0= 2 e OTCIOBA D, = d’

49 1073

v ¢ —lJSMJ'C
TOTy MM = 314-012 ’
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2 2
cKopocTHOH Banop: LWL

=0,067M (BOCTaTOMHO Manas BeJXTHHA).
2g 2-98

TloTepu Hanopa B MECTHRX cOpoTHANeHESK Lh,:

o
-3,
The 2= Geer, + eons

no tabu. 4 i 1ab:1. 5 { oM. NpuNOKeHMe) HAXOARM:

v

Lo = 10,0; L0 = 0,39 (o d =100 my); 3navut EE = 10,37,
o188 Th,=10370,067= 0,7 M.

Yrobri paccauTars norepH mamopa no ymee (), neobxomamo suGpats
pacuérryic dopMyny XodpdHuMedTa THAPaBINISCKOTC CONPOTHENeHHA ().
INpoaranusapyem cxemy Bufopa pacuéraoit dopaynn k (cMm. pre, 5.1). Il
YCNOBHIO 3a/8MH JIAHO OMUCAHMKE COCIMORNIN SHYMIDERHEW PROSEpXHOCHN
mpyfsi:  sodonposodnan  mpylia  HecKOAKO  3AZPAIHENHAR,  IHATHT,
koathdnmeHT A onpeaensem no dopmymre (5.16):

8g
l="'c_2’

rae koyddmipent Llesn (C) paccunrrmaen no popmyne Manpnara (5.17):

C= lRus’
n

mo Tabn. 7 (cM. mpMIOKeHHE) INM HECKONBKO 3AMPU3HEHHEX Tpy0 NprsdMacs
7=0,013 umn 1/n = 769.

I'rapasnwaecknii paguyc (R) s xpyrnofi TpyOe, cormacHo dopmyae
(4.2 R=d/4=0,025m.

Tosywd C = 76,9 0,025 = 41,53,

Paccumaen 3nadqerue xoad$UOACHTS THAPARTHYCCKOTO COIPOTHRICHHA A
o gopmysnie (5.16):
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HNoTtepn Hanopa no muue no Gopyyae (3.3):

h, =0,045 %% 0,067 =0,75m.

Bce noTepy Hanopa B rugpaBiBIIeckix COIIPOTHBACHHAX Ito dopmyne (5.1):
A,=07+0,75=145m.

PaccuuTacM BAKyYMMETDHHYECKHIT Hamop, BXofsmmi B gopMyns (6.15) u
(6.16):
3
P 059800
pg  10°-98

TloacraseM ace NaHuBe B ©opMyay (6.16):
Hye =6,0-0,067-1,45=4,5n.

AHaTH3 TPOREIEHHOrC PeIleHVH NOKASHIEAET, WIO BHICOTA YCTAHOBKM
IIeATPOOEIKHOID HACOCE 3ABWCHT OT BeNWTHMHBI BaKyyMa Ha BXole B HACOC.
OGpidro BakyyM nepen palounM korecom pacoca DoikeH OnITh B npezenax
H, %4,0-+70 mBoa.cr.

Tlpumep pacura HacocHOM yceTaHOBKM ¢ DOCTPOSHMEM HanopHoi
XapaXTePHCTUKH  BONCOTIHEHOIO TpyGONIpOBOAA XOPORIO NpeAcTaRfNeH B
yueGruxe * MuapaBnuka u ruAponpuBof “. Astopsi: B, I'. T'eifep, B. C. Iynue u
ap. M.: Henpa, 1981,

Omsem: BHCOTA YeTanoBky Hacooa A, = 4,5 M.

Pacemompum  pacuém cugona, CndoHoM Ha3biBaeTCH KOPOTEMit
TpYOOTipoBOA, PACHONOXEHHEIA PBbHIE TOPHIOHTA XHAKOCTH B IHTAIONIEM
pe3cpryape, cnioco0HRIN DepeMemATs MUAKOCTE B APYTol peiepByap, YpoBeHh
JKUIKOCTH B KOTCPOM HUDKE YPOBHSA B NMTAIOMmEM peiepByape (cum. pHc. 6.8), T. e.
HOmEHA ORITE NOCTROARKAA pazHOCTTs YPOSHE 8 Pelepeyapax.

ITpunyun delicmaun cudona ochosan Ha COIVBHIN BAKYYMa & eepxield
moNKe cughona, I8 31010 CAGOHHYIO Tpyly Kakum-mubo crocoboM 3anomHRoT
HUFKOCTEIO 00 BepxHel Touku, HalpuMep, YCTAHARIHBAIOT NOANMTHBAIOMIAN
TpyGonporoa. Ha Bxoge B cridoHHYIC TpYDY, Kax PABWIO, YCTAHARNHBAIOT CETKY
¢ oDpaTHeIM KTaDaHOM, KOTOPWH 3aKpHIBAETCE IPH 3AUOJHEHHH TpyOH
HHOKOCTBiO, & npE psbore cHpona oOpaTHME KiaDAaH TIOOHHMEETCA
(OTKpLIBAETCH),
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Pacuém cuona skmoudem onpedelenue O8)X NIPAMEMPpos -
nponycxnod cnocobuocmu (pocxoda) i esicomsi CHOHE.

B 3agaqe 6.2.5 npeacrasieH pacuér cadona ¢ ECTEIEHHEM KAAKOCTH mON
YDOBEHE.

Janaqa 6.2.5. Paccunrtars MakCRManBHYIO NPOIYCKHYIO crocobHOCTh A
BHICOTY CH(POHE, OTKAMHRAIOIErD BOAY H3 BepXxwero symnda B BuwEui, opH
HEeR3MeHHON pa’lHocTR ypoBHe Bonel B 3ymndax H = 2,0 M. Tpyba
BOAONMPOBOLHAY HopManbHar jwamerpoM 4 = 150 mm  anuso#t [} = 10 & (mo
pepxuell Toukn cmdowa) m , = 20 M. Ha mxoge B Tpy0y ycTaHomnema
Bogo3abopEAX ceTka ¢ oOparHRM KianaHoM. CTHCTéMa HMGET BEHTHNE ©
Ko DHIHERTOM CONPOTHEICHHS (oeir, = 7,0, OZBO KOICHO C YrAOM NOBOPOTE
a = 90° ¥ aB3 moeopora TPYOhi ¢ yrmamu o = 30° U «; = 60°. Bemmuua
NPEAENBHOTO BaXyyma B BepxHeli Togke cudona pre = 0,55 aT ( puc. 6.8).

2,

AN
|

AN N

Puc. 6.8

Pemienne. Kak M B npeagpaymmx 3agavax, npH pacuére cAdoHa
TIONb3yeMcl YpaBHCHHMeM BepHyum, MeTozMKa COCTSBISHHMY KOTOPOID YXe
otpaborana.

1. Onpedernum nponycknyro cnocobrocms cugona (Q).

Cnemyer mposecTR paciét mnpoctofl TpyDOUpoBONHON CHCTEMH ©
yeredesuen noj yposeHs (oM. paspen 6.1.2).

CoctasuM ypasHeHue bepHynnw ang ceverul 1-1 H 2-2, npopeaEHHLIX mo
cBOOONHEIM IIOBEPXHOCTAM BONK B 3yMnidax, Ie CKOPOCTH MOXHO CYHTATR
PaBHLIMH HYIO () ces. = D2 g = 0), a4 aOCONIOTHOE JARBIEHHE - DABMEIM
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amvochepHOMY (D) = py; P2 = Pu), THK KAK PEICDBYSDH OTKDEITLI JINOCKOCTR
CpRBHEHMY COBMECTHM C ceyeHmeM 2-2, Torma z, = H; z,=10.

3annev ypapHenue DBepuywm (4.15) »  cpenseM  nonctamoBKy
napaMeTpos:

2 2
[+ BN 1 a,1
P TP LTI & LY L I 3

Zz
""og 286 ' pg 2

=IF z;=0;
P17 P P2=Pu
ulnu:o; 02m.=0-

ITocne NOACTAHOBKN JAHHEIX ¥ COKPAILEHAH MOMyIHM:
H = hy o, 6.17)
TpounraeM dopuyny (6.17): pasRocts ypoBHeH xuakocTd M (uanop) B
peseppyapax MOo/DKHa OmTb Takod, uroOR NpeofiolteTs THADARIHUECKHE
CODPOTHRICHIA B TpYGONPOBOAE — Ay, cag.

TlpencTasuM noTepn HANOPA B FHAPARIHYECKUX CONPOTHBICHUAX C YIETOM
popmyn (5.1), (5.2)  5.3):

L+l o?

2

| 4
h =Lh +h =X{ -+
W e, r ) czg d 28

- e = —(Ef; ahth lz}

Dopmyny (6.17) npeacTakiM B CASAYIOWLIEM BHAE!

[zc ahth ;’2] (6.18)

®opwyaa (6.18) ananorndsa dopmyne (6.7). Haltngm cxopocts aemkeHns
BOIL! B TPYOE (b):
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pacxon (0 =wv: (6.19)

OGoznaunm: (6.20)

TOE [cuy. — Mo3hpusuenm pacxoda cugona. Paccunraeu atot koaddpuunent.
Cyama xoadupBILHEHTOB MECTHRIX CONPOTABICHAR:

ZL=Coere. + Cxony + Cxony + Cromy + G, + G
lionpayace Tabn. 4 1 Tabn. 5 (cM. NpANCKEHAE), pACCIKTACM L1
ZL=10,0+0,2+037+0,55+7,0+1,0=19,12.
Koadspunuent rugpasiugeckoro conpotupienns (koadguunent llapcn)
JN8 HOPMANBHEDX BOAONPOBOMHAIX TPYO npHHuMaeM A = 0,0286 aug 4 = 150 M

1o tabir. 8 (cMm. npanoxeaKe).
Tlosyanyd 3navenne xoaddpnuuenra pacxona chdons:

| 1
Wony, = 30 =02.
19,12+ 0,0286 —-
0.15

»

Tloncrasnas sce napaMeTps B dopamyny (6.19), yumrmsaem, 216 IUIOMATE
2

WHBOFO CCYEHHA TPYOHM ® = » 3HAYHT:

ﬂdz
Q:--4— pw,}ng . {6.21)
Ilocae NOACT2HOBKE SHCIICHREX 3HAYCHAN:

2 —
Q,__i’%l..s_.o,g. ‘r'l2-9,8-2,0=0,022M3 fe=22n/c¢.
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2. Onpedenum swicomy cudona. 3a pricory cudona (Hee ) NpHIMaeTcs
IIpCBBINIEHHE BepxHeH TodkH cudoNa Hal YypOBHEM KHAKOCTH B IHTAIOLIEM
pesepeyape {cM. prc. 6.8).

Jns pacy&ra sHCOTH cuOHA BOCMOJRIYEMCA YpasweHnweM Deprynnw
(4.13) pna cevennlt 1-1 no croboasol NOBCPXHOCTH B MATRIOUIEM pe3lepByape H
33 - B pepxeli Touke cujona. Cedenste 3-3 npoBCAMM HOPMAABHO K
HaNpPaRICHHIO MBWKEHMS NOTOKA BOMw!, Ille CKOPOCTh paBHa », a abcomoTHoe
IaBiteHUe Py = P, — Pog. 1LN0CKOCTE cpasients O —0' coBMecTUM ¢ cedenuem
I-1, Tormaz; = 0; 33= Houy,

Paccyxnenun no cocramncHuio ypasHerus BepHyanmn s onpenesieuus
BHICOTH! CH(OHA CBHUETEABCTRYIOT © TOM, W0 pAcdEr BHICOTH CHGOHE
AHANOIHYeH PacqETy BRICOTAI YCTaHOBXuM HCHTpoOeXHOTO Hacoca (CM. 3agady
6.2.4).

HTak, ypasteuune Bepuy:m Jus ceqenntit 1-1 1 3-3:

2 2
a
z, + P 2 =z, +£3—+——3-25’—+hm_3,
pg 22 Pg 28

n = 0; 3= Hcml);

P1=ps P3= Pa— Py

0;=0; »n=0; a3 = 1,0 (mn xpyrao#

BOAONTPOBOAHON TPYOHI).

TloTepu nanopa B rmpaBNAYECKHX COTPOTUBICHANX YIHTHIBAIOTCH MCHELY
ceuennsamMu 1-1 i 3-3;

2

2
h, ., =5h, +h,”—£(;”2 +xd~28

Hocsie noacTanosxu pauHLIX B ypasHeHne Bepuyiyn nomyuny:

2
Pw. v Il
H, ,6 == _——.]1+Z +h= | 6.22

" pg 23[ b d) 6.22)

CkopocTs IBHAKEHEA BOAL B TPyOe paccuHTaeM, 3HaA BEAHUWHY Pacxosla;

_Q_40. 4002

? b=
o nd® 3,14-015?2

=1,25u/c¢.
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Cymmy xo>dhuNUEHTOB MeCTHRIX coniporsaiieMull  yupim  Moway
ceqenngmy 1-1 ¢ 3-3:

Ec]_3 = ;r.er:. + Cm} + gmz; EC.I‘I—S n lo.s?o

: t]

Baxyymmerpriecknii nanop H,, = Prw _ wﬂiim

pg 10°-98

BakyymmeTprdeckufl Hanop MOKHO TAKKe 3anAcaTs MyTéM nepesoms T,
B M BoA. cT. {cM. TaGn. 2, mpuaoxwenue): 1 ar = 10 M po;. or., JHAMUMT,
Prax. = 0,55 ar= 5,5 M BoA, CT., T.&. Hpp = 5,5 M.

3uavenve koaddumpenta dapca (3} BOILMEM H3 OpETbAYEEro pacalita)
A =0,0286.

Ilocnie NOACTAHOBKH YMCICHHEX 3HaveHn# napamerpos B dopmyny (6.22)
TIOAYINM ebicomy clipona:

2
Hog =55-25 (1410574002861 | = 4.4u.
7208 015

k-

Wz dopuyas (6.22) caemyer, 9Tc MaKCHAManbHAd BhIcoTa CHOOHA
onpeAcnAeTCH MAKCHMANBHEIM BAKYYMMETPUEecKUNM HAROPOM B Bepxmelt Toake
cudona. Cumraercd, 9T0 ACUYCTAMKH BakyyM Oe3 ofpasoBaHus paIpeBa
TypbynentrocTs cipyr M, ... =(6+7) M. 3pavmr, mpegenbmas Bucora
onpona H_ . . =(5+6)m.

Omgeem: nponycxras cmocobpocts cAdona O = 22 w/c; phicora cudoHa
Hm_ =44 wu, .

Hrax, B pasaenax 6.1 B 6.2 paccMOTpeHR TCOPHS M NpHEMCPHW pacadTa
NpocTHX TPYGORpOBOAHEX cicTeM. MeTopka pacuéra TaKEX CHCTEM OCHOBRHA
Ha ypaBHeHuH BepHynan. Baxno yMeTh NpuMesnTs ITY METOIUKY LA pacaéra
TPYOOIPOBOLALIE CHCTEM PAIAYHBIX THIOB,

B pasgene 6.3 mpeinarasorca 3azadE A4 CAMOCTOATEABHON pabOTh,
KOTOPEIE TOSBOMAT CTYACHTAM KPOBEPHTE JHAHWA H YMEHME HCIONB30BATE
BRULIEHINONEHAYIO TEOPHIO i METORRKY pacuéra ApocThIX cherem. K sapauam
D2HE! OTBETEL, OAHAK0 OHH MOTYT HECKOJIBKO OTAMYATECA OT NoydeHnLx Banm, »
3ABHCHMOCTH OT TOTO, KaKMme Tabmumame, u3 XakWX y9eOHRKOB B ydeOHRIX
noco6uit Bu moneayerecs.
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6.3, Jagavm AN caMoCTORTeNLH0H paloTsL No TeMe
"PacuiT npocThix TPYGONPOBOABLIX cHETEM™

3apana 6.3.1

Tipn saxparTom xpafe Ha TpyGompoBozie 1uaMeTpoM d = 50 aod B Anueoi

= 10 M noKazaHHC MAROMETDA TEpe] KPAHOM Pya = 0,18 ar.

Onpenenuts ToKA3aHKe MAHOMETPA HPH OTKPLITOM KPAHE, BCIH CIIKA BOIbI
TIPOMCXOOHT B MEpHYIO EMKOCTh, 3a Bpema ¢ = 30 c¢ HaronHserca obmém
#=170,5 7. Tpy6a onompoponas ¢ abcomoTrol wepoxosatoctsioc A = 1,0 mm.
Vaecrs noTepu Hanopa #a BXoAe B TpyDy € OCTpRIMM KpoMmikamu. [Tprusre
KoadhmHeHT BA3KOCTR BOAK V =1-10" m%c (pue. 6.9).

Omeem: IpK OTKPHITOM KPaHe TIDK23AHAE MaAHOMETPA Puatorp) = 0,116 aT.

X
" I =
& —— -
" —_— -
= _
" sona ]

PP 777777777777 77 A7 A7 7l 777 rr 77777

Prc. 6.9

Iagaua 6.3.2

H3 manopHoro 6axa ¢ nocTeaHHbM Ranopom /7= 3,0 m Boaa nonatres B
symid no asym 1pybam o= 100 My pommo#i [; = 5,0 M mdy= 50 MM mvvolt
L= 8,0 v. Onpenenwts pacxold Boak B TpyGoIpopome H CHOPOCTH ABHXEHHS
BOXH B Kaxkaoi Tpy6e. Ha 1tpyGe auamerpom di yeravosnen TpobKoBElit kpax ¢
YTTIOM 3AKpRTHA @ = 40°, V4ecThb 110TEpH HANOPa HA BXONE B TPYDY © OCTPhIME
KPOMKAMM, A4 TaKKe IpH Ruezanaom coyxenuu (G,.= 038). Tpybu
BOZOMPORONHEIE HOpMAaNLRELE (puc. 6.10).

Omeem: pacxog 0 =5,1 n/c.
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P

=
i I L S

- "'_ J-[ ‘dlil dﬂ.h p‘%

FOLS OIS AT PSP A7l A7)

A. — _
7/

Pac. 6.10

3agawa 6.3.3

Ha pesepeyapa 4 B pesepsyap B Boma nopaéres no TpyGonposony
auaMeTpoM d = 50 MM, coctoflleMy M3 TPEX YHacTKOB JyiHHolf 1 = 5,0 w;
L=40mMm; 4=6,0m Pacxon eoau p cucreme ) = 2,5 n/c. Ha exoge B Tpyfy
ycraHoRneHa pemErka Oe3 obpaTHoro xialraHa, Ha JIGPPOM YYACTKE CTORT
BEHTHNE ¢ KOIDPUNUEHTOM COMPOTARIEHHA Lyurr = 5,0 (pHC. 6.11),

Hanop Boas a peaepsyape A H,= 1,5m, B pesepbyape B - f,=2,5m.
Onpeaenuts Nokazanne MaHOMETPA ( P, 2) Ha (ICBEPXHOCTH BOIEL B peleppyape
B, ecnm noxasamme MaHOMETPa Ha NOBEPXHOCTH BOLEL B pelcpByape A
F— 0,45 at. Ilpunare abcomoTHylio mepoxoBaTocTh Tpyoer A = 0,5 MM;
KUHeMaTHYeCKAN Koa(UOACHT BssxoctH Boal v = 1-10° w’fe, Tlocrpouts
HaNOPHYIO H OBE30METPUYECKYIO IMHUM.

Omgens: 00K233HKWE BTOPOTO MAHOMETPA P, , = 0,15 ar.

TT R

M,
;I' . ,.,_____.
F = __;3‘:“ -
=1 i B
1. R — — =
qz-—-, han ¥ Ld I__ - :B
FITTT 7T T FPRF T 777 P77 77777777 77 7 777 7777 777
R = 0 =7\ B niabe
A h 2T
i I [-—"—_.-
: 2 - Bl
Prc. 6.11
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3axaqa 6.3.4

OmnpenenuTs pacxom BOALL W3 J038TOPHOTC pesepsyapa 4 B pescpayap B
npu nocTossHoM Hanope H = 2,5 M no 1pybam dy= S0 mm; 5, = 50 M H
d; = 100 mm; L = 8,0 m. Tpy6u moponposounsic Hopmanbesie. Ha TpyGe
d; =100 MM ycranopnen npofKOBEUT Kpall ¢ YIIIOM 3aKPEITHA & = 40°,

YxecTh MoTepd HANOPA Ha BXOHAE M BEDIOAe TPyGonpoBomHol cHcTeMb), &
TAKKE NMpPH BHEIAMIOM pacimMperdHd TpyGonpomoaa. IIOCTPOHTE HanOPHYIO H
IEE3OMETPHYECKYH) JHHWMA, MOKAIATE 3MOPY MoTeph ranopa (puc. 6,12).

Omagem: pacxof sonm O = 5,5 ide,

Y

— — e
PIJ

i S S

- dih d:ln -
A - 3 82 B

P T T 777 P 7 PPl PR PR 2P Rr PR el r?r sl e~
Puc, 6,12
3apaua 63.5

C novomslo Hacoca Bofa nonagTea B vanopHE Gax Ha BaicoTy H = 6,0 M,
Auamerp Tpyont d = 100 mm, anpna 7 = 80 m. Tloxasanwe maHOMeTpa B Havane
TPYOONpPOROAA Pups) = 1,5 BT, B KOHLE Phme = 0,75 at. Oupesemits, IpH Kakom
xoapdHupeHTe conpoTHBAeHus Ipofxosorc xpaHa Oyder obecneuen pacxof
@ = 6,0 wc. Ilpunnrs abconOTHYO 1mepoxoBaTocTs TPYGR A = 0,5 MM,
x03(bduuMenT KUHeMaTHIecKoll BIIKOCTH RogHl v = 110 M%c (puc. 6.13).

Omeem: Ro>QPUITHERT COOPOTHBISHHS IpoBKoBOTO Kpasa £, 25,6,

- HANOPHETH Gak

’,,7u////f/1ff7'

Pue, 6,13
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3apaua 6.3.6

BempH »3 GeH3oXpaHUAKNIA ¢ MOMOINBIO HACOCA NozatTed B GeH3obaK Ha
moicory H = 3,0 M. Ha mopepxBoctn GensnHa B Oenzofake moZicpXHBACTCA
BAKYYM P = 0,16 aT. Onpege;mTs, ¥akuM ROTKHO OMTh MaHOMETPHYECKOS
IgEneHNe (Pyy B 4T) Ha BHIXOAC H3 Hacoca TpH mDopade @ = 2.4 w/c, ecim
TpapcHOpTHpOBaNMe  Gensupa NPOBCXOZMT N0 HOBoM craisEoM 1Tpybe ¢
abcomornoll wepoxopatocrsio A = 0,05 MM, anamerpod d = 50 MM, ZmEOR
i = 30 M, na Tpybe ycTaHoBacHZ 3amBHXKa JIyono co cTemennio 3akpHTHH
a/d = 5/8, yuyecrr noTepy Hanopa B ZByX KONEHIX M HA BRIXOZC W3 TpYGH B
Genzobak, IIDHHATS TLIOTHOCTE GCIBANA Peae= 720 Wriv’;  xoohduomesTt
KNHeMaTHYecKolf BaaxocT GEHIAHA Voan, = 0,65-10° MY (pue. 6.14),

Omdem: MAROMETPHIECKOE IARIERAE Pyuas = 0,3 aT-

FITTIII 7777 7 HATOR
Puc. 6.14

3apawa 6.3.7

B nHeBMOTPaHCTIOPTHON CECTEME peryJupopaiie CKOpOCTH W pacxoja
BO3NYXA OCYINECTBRACTCA ¢ NOMOINBIO 3ABIDKKH H KOHTpomdpyercd no U-
ofpa’HoMy COMPTOBOMY MAHOBAKYYMMETDY, YCTAHORICHHOMY Ha BXORHOM
ydacTke ROANeKTOpa. Onpemendth, KaxpM HomxHo ORTh  TOKazanwe
ManoBaEyymmerpa (h.,) Ra TpyGe MtamerpoM d = 100 MM OpA pacxoae Bo3Ayxa
Q = 180 s/c. IIpuHATE KOXpQUGAEHT COUPOTUBICHHA HA BXOHE B KOINEKTOP
G = 0,2; TNOTHOCTD BO3AYAA Pay = 1,22 KI/M'; IDIOTHOCTS cnupTa
P = 880 KTAF (puc. 6.15).

Omeem: noxazanne U-o0pasroro ManoBaKyyMmeTpa Mg = 45 MM.

1

d.
. :
s S
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3apaqa 6.3.8

B mioTHHE coenaH BONOCWYCK B BHge KenezoOeroHnoil TpyGal ¢ BeckMa
xopoueii GeToHMpoEKolt nuamerpoM d = 00 MM W mummoi /= 5,0 m. Hanop Baa
BOAOCHYCKOM  TpH HcTedemus B arMochepy H = 40 M. Onpegernts
TMPONYCKRY0 COCOGHOCTE TpyGnl (O, M°/c), ecam oHa umeer BonozabopEyio
ceTry Ges ofpaTHOrO Knanana.

Kak maMeBuTca npomyckHas cnocobnocts TpyOhl, eciM 32 BOMOCIIHROM
FANop nomHnMercd ge k=25 M (pHc. 6.16).

Omeens. B neproM cny4ae O = 1,44 M/c; BO wropom — O, = 1,02 M*/c.

Puc. 6.16

3aasua 639
OnpepenuTs  NMOKA3sHEE U~-o0pasHoro  CIHPTOBOID  MAHOMCTPA,
YCTaHoBNIEHHOTO Ha Tpybe BeHTYpn B BenTHIALMOHEOM TpybompoBoae ripn
sHavepnn muasMeTpoB d) = 100 MM »m 4 = 50 MM, ecaw pacxoa Boagyxa
Q = 78,5 n/c. TIpHHATL MIOTHOCTD BOATYXA Paes = 1,23 XI/M, TEIOTHOCTS
CIHPTA P = 820 xr/M’.  Koaddummcnr conporusnewus tpyGu Bentypw
TIPUHEATE PABHEIM Cary, = 0,2 (pHc. 6.17),

Omaem: noxasanue U-o6pazHoro Manomerpa g, = 140 mm.




3apaua 6.3.10

Jns u3Meperns pacxofia BOA B TpyGonpoBone muamerpoM d = 100 My
ycTaHoRneR pacxonoMep BeRTypH ¢ jgHaMetpoM IHTMMApPWIeckol dactH
b= 50 MM K mispoxoii ¥ y3koll 4acTH pacxoaoMepa NOACOCAMACHH NEEIOMETPH
BaAne U-obpasroii 1pybxn, paccroanne MeRNY KOTOPHIME DAaBHO Z.

Ilpenebperas noTepsmyu Hanmopa B
pacxonoMepe, ONPERENAT: CKOPOCTH B
IMpoKoH U y3KoH 4acTH TpyOwl Bentypu, a
TAKKE PACXOX BOXH B TpyGonposode, ecmu

paspocTs TIoKasaHHi MLE3IOMETPoB
h A = 40 cu. [lpn pacyére gapncHueM cTonGa
BO3AYXAa B IOhe3oMeTpe nhpenefpeds.
Koapdunuenr  Kopuommea — npussrs
J.; paeueM eguanue (o= 1,0) (puc. 6.18),
N 'L Omeem: cxopocts vy = 0,72 m/c;
| l ol 2= 2,9 M/ &, pacxo], Boflkl B TpyGonposcae
‘f' i Q=57 nk.
llil'l ] '
Pac. 6.18
3aaaua 6.3.11

Jfa onpeaenedns koddduuMenTa KHHeMaTHAecKOH BasxocTH (v) Macna
“Typburnoe 30" upoMsBoaMTCE LPOKAYKA ere Hepes Tpybky AnaMerpom
d =125 mm. Ha paccrosuau I = 1,5 M noaxmousy U-obpasamii pryTHEiE
MAHOMETp, TIOKasaHWe KoTopore Ay, = 50 mm. Pacxox macma O = 0,1 n/c,
RIOTHOCTE MACHA Puscs, = 900 KI/M’, ILIOTHOCTE PTYTA Ppr. = 13,610° xrine',

MpeanoioxuTs pearM ABWKEHHA Macna naMAHapHbM. ITo okoHwanmm

paciéTa mpoBepuTh peskuM Apnxesn (prc. 6.19).

Omaent; xo3pduiuenT KareMaTHICCKOR BaskocTs Macia v = 0,3-10 m/c.

2

= = sk
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3anawa 6.3.12

Onpenenitrs, Ha xaxoil BbicoTe (f) ClEMYeT YCTAHOBHTh INECTEPEHUATHIE
HACOC CHCTEMBbl CMA3IKH, mojawonmil macno “TypOrnnoe 22” mpu pacxone
@ = 0,6 a/c no craneuoit 1pyde asaMerpom o = 35 MM m aHol [ = 2,0 M.
TlokazanMe BaKyymmeTpa Ha BXOJIC B HACOC [hax = 0,15 a1,

B cHcreMe ycraHoBIew TIpoOxoBbIid Kpan ¢ YRIoM laxpermas o = 40°.
YuecTs notepy Hanopa B ABYX KoneHax upH Con = 0,86 1 Ha exoge B 1pyBy 43
Gemobaka L = 0,5. TlpeEATE ODNOTHOCTE MACHA  Pyan = 200 xriad,
KOHPYALNECHT KHHEMATHYECKOH BY3KOCTH MACHA Vyaea = 227 107 fe (puc. 6.20).

Omaern:. BEICOTA YCTAHORKH Hacoca i == 1,18 m.

HACOC

Puc. 6.20

3anaqa 6.3.13

Cubounuiii ponoctpoc mmametpom J = 200 MM u smuHol [ = 10 M
cOpacuiBaer Boay I3 BOAOXPARHIHINA B BOAOEM, YPOBEHb KoTOporo Ha H = 2,5 M
HIDKE YPOBHS BOALK B BOAOXPAHWIHILE.

Onpenenvte nponycknylo cniocobnoete cudona ((, i/c), ecmu TpyGa
BOAONPOBOAHAN 3ArpHINEHAAS WMeer Bofo3a0opHYl0 cCTKY < ofipardniM
KIaZaHoM, JJBa KONeRa: O;HO ¢ YINIOM 3akpyrieHns o, = 90" A OTHoweHWeM
r/R = 0,5; Bropoe Ge3 3axpymicHHA ¢ yrjoM O3 = 60°; penrwm c©
K03RIMEHTOM COUPOTARICHUA Cany, = 5,0 m BXOX M3 TpYOLI B pesepryap
DorsmMx paimepon. PaccunTarh, KakuM LOIKCH OBITE BAKYYM {Puy, B aT.) B
KOHIE FOPHIOHTANLHOMO YuacTka cHGoda, ecnu JUHa TpyObl A0 3700 ceMeHus
! = 4,0 m, Bricora cBpoHa Ay, = 1,5 M (pHe. 6.21).

Omeem: npoilyckHas cnocofHocTs cRdoda O = 51,8 J/c, BakyyM B KoHUe
I'OPH3OHTAIBHOIO YUACTKE Phg = 0,37 at.
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3agaga 6.3.14

OnpefeanTs NpefeNbHyI0 JuHy Tpybonpopona apameTpoM & = 100 MM ¢
abcomoraof mepoxorarocTeio A = 0,1 mm, ¢ noMonklo Kotoporo Dersuy
TUEOTHOCTRIO Py, = 7120 koM K0dDGMIMEHTOM KHHEMATHYECKOH BIIKOCTH
Voan, = 0,65:10°° m%c moxer GwTh nomwar Ha Bwcory H = 15,5 m npu
nponyckHolf cnocobrocry O = 8,0 s/c, ecnM NOKA3AHHE MRHOMETPA NOCHE
HACOCA Pyey = 1,2 aT. Hcredyenue GeHsnHA NPOMCXONMT NOA YPOBCHb, Y4ecTh
NOTEPH Hanopa B NpoGKoBOM KpaHe TIPH yriie 2aKpeiTAA ¢¢=30°, TPEX Komenax u
HA BRIXGAE H3 TPyGHl B pe3epsyap Gonsmax pasmepos (puc. 6.22).

Omsem: TipeicALRAS FIRHA prﬁofrpono,na =70 m.

1 L ITTITIT I

Puc. 6.22
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3ajaua 6.3.15

M3 ponoéMa ¢ noMolgio IenTpolexsore Bacoca BoNA HORAETCH Ba rOpHOE
npeanpesTe, ONpefenkTs BHCOTY PACTONOWENNR OCH NeHTpelexHore Racoca
Hal YPOBHEM BONBI B BogoEMe (M), ecii pacxod poxsi () = 30 n/c, mmamerp
TpYOmr 4 = 200 MM, mmmua [ = 25 M, BAKYYMMETPWMECKOC NARTICHHE HA BXOAE B
Hacoe puy = 0,5 ar. Ha exone p 1py8y ycTamoBNeHA cerka c ofparHeiM
KnarauoM. Y4ecTh [10TepM Hanopa B TPEX KOJICHaX Ipu yrie o = 90° u s
sanepxke Jlynto co crenemsio 3sakpering  @/d = 5/8.  Cuurate Tpyfy
BOIONPOBROIHOH sarpasHEanoi (prc. 6.23).

Omeem: pHICOTE YCTAHOBKH HACOCA Aye =~ 3,9 M,

BO,

4
g

=)

Puc. 6.23

3apaua 6.3.16

Tlopurenr nuamerpoM D = 200 MM JABMIKETCH PaBHOMEPHO BRCDX B
IMRHR/PE, JACACHIBAY BOJY M3 OTKPLITOrO BOAOEMA C [OCTONHHBIM YPOBHEM L0
TpySonposony muamerpoM d = 50 MM 1 mamHoit [ = 12 M. Tpyba BoponposomHas
HOPMAUILHAA MMEET /B4 kONeHA, B0 B TPYDY ¢ OCTPRIMH KDOMKAMW K BEXOL
BOIL! IOA YPoBReHs. Koraa nopiuiess RaxXoMTCA BhINE YPOBHA BOAK B BOJOEME Ha
BoICOTE A = 2 M, HeOBXOMMMAN CUIA AN ero mepeMemenus & = 2,4 g,

OupenenuTs CKOPOCTR NOIBEMA TIOPIHSA (U ) M HalTH, DO KAKOH BRICOTH
Py €TO MOXHO NONHMUMETEH ¢ Taxoll ckopocThio 6e3 OacHOCTH OTPLBA OT HEMO
KUAKOCTH, €CNH AABICHHE HACHINCHHEIX TAPOB Pgn = 4,25 «lla. [annerwe
HACBUUCHHBIX [IAPOB Y9YHTHBATE KaK alcoaoTHOE JARACHHE INOK NOPUIHEM.
Maccoll nopims, TPpeHHeM ero 0 CTEHKH B II0TEPAMH HANOopa B LIUTHHIPE MOXKHO
npedebpeds (puc. 6.24),

Omgem: cKOPOCTE NBHXEHMA [TOPUIHA Uy = 0,19 M/C; MaxcHMaTEHAA BRCOTA
I bEMA IOPIIHA Py = 3,72 M.
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Prc. 6.24

3auana 6.3.17
Ha pogonpoeoasoli TpyGe nnametpoM dy = 50 MM yoTanorien npobKopaii
KpaH € YrgoM 3akphiTHA O, = 20°, pajRoCT: MOKA3aHHH IIHE3OMETPOS,
COOTBETCTRYIONIAA TOTEPAM HATIOPA B KpaHe, M, =45 oM.
OnpenendTs pajHOCT; HOKM3AHMN [REIOMETpoB {A) NpH  BRE3aOHOM
pacimupeHry TpyOH no juamerpa 4 = 100 mm. [lorepsme Ramopa mo anune
MEXTy KPaHOM B BHe3aNHEIM PaclIMpeiiacM MOXHO npeneGpeys (puc. 6.25),

Omeem: pasnocts noxasanni meeaoderpos =11 cm.

b o e 9 P e

PHc. 6.25
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6.4. Pacyét cnompnix TpyGOonpoOBOAREIX CHCTEM

Choxrble TpybonpoBo/Il MMEIOT pazBeTRISHHEIE YIACTKH, COCTOANIHE H3
HECKONLKMX TpY0, 10 KOTODhWIM DPaclipeeNseTes XMHAKOCTE B COOTRETCTBHME C
pacxonamn norpeGrTeneit,

B 3aBACMMOCTE OT 2udpagruNecKoii cXeMM coeounenin mpybonposodos
pa3nu4alor:

1. Cucremul ¢ nocredosameasnmm coeounentieM mpyé ¢ omam
KOHEUHKIM HOTpebRTeIeM WK ¢ NOTPEOUTENAMH 1O XONTY NBIECHHE KBAKOCTH H
TAKHE C ONHHM KOHEIHLIM NOTpetuTeiem.

2. CucteMnl ¢ napanAenvHmM CcOCOUNEHUeM  mpyb, MRM Koabueeme,
TAKKE C OJIHIM KW HECKOABKUMMU NOTPeGHTeNIMH,

3. Pacnpedenumensisie cemit, ANV HyHUKOGWE CUCIEMsE. 3TO CUCTEMBL C
HECKONBXUMH KOHEHHBIMA NOTPeGHTEIAMA.

4. CHCTeMH KOMOUMUPOGAHN020 mMuAG, BKUOYAIONIAE YYACTKH
TpYGOPORCANBIX CHCTEM NEPBEIX TPEX BHAOB.

5. Cucremur ¢ Henpepmenoii pasdaueii XNIKOCTH, HX TAKKE HAZHIBAIOT
CHCTEMAMH € HYMESHM PACXOOOM.

Kax ¥ npy pacaére npocTHX TPYGONPOBOAHBX cHCTeM (CM. paszen 6.1),
AN CAOKHETY CHCTEM MOXKAO BHJICHHTE TPH OCHOBHAIX THTIE PACUETOR:

- ONpecnencHue deicmsyowezo nanopa (H);, daenenun (p} B cacTEME;
PA3HOCHIN HOROPOS B NUTAIOLIEM Pe3epByape K Y noTpeGuTeNs Ipa HIBeCTHOM
pacxone (), AnAnax B quaMeTpax TpyOeNpoBOAcE OTHEITLHEX YIacTKOB;

- OllpefleNcHHe pacxpdoe KUAKOCTH HA OTAENBHMX YHAcTKAX H B 1IENOM B
CHCTEME DpH FIBCCTHHX TCOMETPHYECKHX pavepax TpyGompomoaos M Hamope
(W naBNery);

~ OTIpenelieHHe JEOMEMPUIECKIX paiMepos TPYO TIO 3auaHHLIM JUIn HUX
PACXOAE A Nepenaaax Hanopa (Japteqws).

BeTpeyaioTea Takke pacdérH, BKIOYAONING YKA3AHHLIE TPH THNA B
onpencniHoK KOMOUHAITHA N PeIICHHA HHRCHEPHBIX 3824,

Ilpu pacuére cneXHLIX TPYHONPOBOAHEIX CUCTEM 110 AHANCTHH C (POCTHIMK
CHCTEMAMU CAcAyeT NONh3oBaTLCA ypasucHuem bepnysmm. Tak, mp wcredenun
KHAKOCTH ¥ notpetutens B atmocdepy (cm. puc. 6.26) nomyyaeMd gopmyay (6.1)

Kak npasafio, B CnOMHLIX CHCTeMAX CKOPOCTHLIM HamopoM (»7/2g) kak
manoil BenHumHOH MomHO upeHeOpeds. MefcTBATENBHO, SKCILTYATAUHOHHAR
CKOPOCTE B BOJONPOBOANHEIX CHCTEMAaX On. = (1+1,5) m/c, pexe no 2,0 wfc,
3HAUMT, CKOPOCTHOH Hanop v/2g < 0,12 M (OMEHB Malas BENHMMHA NO
CPAaBHEHHMIO ¢ OCHCTBYIOHM HANIOPOM).
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Takum obpaszom, noansii ranop B MoboM pacuBTHOM CeweHMnr  cnoxmol
CHCTEMEL NPaKTHICCKA  Pasen audpocmmumauy Hanopy, xompuﬁ
BLIPAKAETCA STYTEM TIOCTPOCHWA HLEIOMEMPURECKOU NI,

B cnoxuerx TpyGONPOBOANEIX CHCTEMEX DOTEPH HANOPR B MECTHRIX
CONPOTHBIEHUAX cocTaBmoT {5+ 10) % or noreps Hanopa Mo AnHHe:

= (0,05 <0,1) iy.
Torua, coraacho dopmysne (5.1)
h,=Xh +h=(1,05+1,1) k.
Popmyna (6.1) xra neficTByIOMETo Ralopa NPRHAMAaeT BUJL

H=(05+ )k, 6.23)

rae (1,05+1,1) ~ nonpasoYyHEHA Ko3(upHIMeHT Ha MECTHEIE COTIPOTHBIICHHS;
By - TOTepH HANIOPA 1O JUTMHE B CNOXHOHA CHCTeME, OBl TPENCTARIAIOTCA B

COOTBETCTBHH ¢ THAPABIMICCKOH CXeMoil CUCTeMBI.
Horepr Hanopa no znvme (f;) Ha moGoM Y9acTxe WA CIOKHEIX CHCTEM

paccaHTEBaloTCH Yepes pacxoj, () (oM. paspes 5.3.3) o dopmynam (5.19) mm
(5.21):

h ,_Qi; miE h, = A0
!‘Kz i *

rae K, K%, 4 — 0GoGnignHEme mapaMerpel, KOTOPEIE IPAHAMAIOTCR 10 72611, 9 (cM.
HIPUNOXKEHHE) B 38BHCHMOCTH 0T AnameTpa Tpybonposoaa.

Ipr pemennr 3ajad #o pacuéTy CFOKHBIX TPYOONPOBOAUEIX CRCTEM
PEKOMEHAYETCA DIOJIE30BATECK CHERYIOMEH MemoduKoli:

1. PaccqaTpuBaerca pacnipeneneHye pacxoga B cucreme. Ha kaxaoM
yJacTie obossauaerca pacxosd ({J) ¢ HHNEKCOM, COOTBETCTBYIOIRHM HHACKCY
AuanmeTpa TpySonpoBosa.

2. Tlpencrannforcs IOTEPH Hanopa B CHCTEME, COITIACHO CXeMe
cocapHeHUn TpyD.

3. Tlo ycmoRHIO DOCTABACHHON 387184M OOpEAcHAIOTCA Aeficreylomuh
HAGOP, JABIEHHE, PAIHOCTL HANOPOS B IHTATENE M ¥ NoTpeburens u nonobnnie
YCROBiE.

4, NomonAWTeNsHC MOTYT PaCCAUTHIBATLCA ORAMETD TPYOLI IPH 3aiaHHOM
pacxofie, cpoGomHuifi (ocTaroumsii) Mamop y TorpeOuTens, reollesmdecxas
OTMCTKA BOAOHANIOPHOI GamAn unw moTpebHTens u ToMy mogobroe.
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Paccmompum  ocobennocmi  pacuéma  CAONCHMX  mpySonposodnsix
CUCHIEM C POTHNEMMIU ZHOPASAUNECKINY CXEMAMIL

Huxe NpUBeAcHE THIPABIMYECKAE CXEMAl CHOMHEIX CHCTeM oOT Gomee
TIPOCTEIX X YCTOKHEHHAIM H JAHE] IPAMEDS! PEILEHAS 3084 110 PacuéTy CHCTEM.

6.4.1. CReTeMEI © NOCNeAOBATEALRNM COSANHEHREM TPYD

Buauane paccmotpum npoctodt ciyuait enoxsoli cueTeMsl, cocrosmiedl u3
Kanoproil Ganms ¢ HamopoM M n TpEX NMOCIEA0RATENEHO COCOMHEHHBIX TPYD
PadHOTO AUAMETPa ¥ PA3HOH IMHH © MCTEYCHMEM XHAKOCTH R aTMmochepy
{KcAo yuacTKOBR MOKeT BRTE JHOBHN) (puc. 6.26).

Kak oTMmenznoch Brutie B pasziene 6.4, pacu€r raxodl CHCTEMH MOXKHO
TIPOBECTH, HONKIYNCH YPABHEHMEM BepHYILH JUIH JABYX ceseruit: no ¢pobomHoMA
NOBEPXHOCTR XHAKOCTH B BANOPHOH CAITHE H HA BEIXGAE RWIKOCTH B aTMochepy
{cm. paszaen 6.1.1). TTyrém paccyxnenulf, npuBeISHELIX B pasgene 6.4, DOMyT#M
bopMyry {6.23) mix geficTByONErC HaltOPA,

Ip,{ _ _wnopa TIOTEPh HANIOPa

AT

%\\J

if
RN LN YNl AL
¥ dl_s ll

O = const Iy

Prc. 6.26

Ocobennocmu pacuéma cucmemsi
ITyets ipybonpoBomnas cHCTeMAa HE HMEET NYTeBHX DOTpebuTeseH.
TTo:s3yemen npuHATOH MetoaMKOL pacuéTa CNOAHBIX CHCTEM (CM. payien 6.4),
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1. Pacnpedenenue pacxods. Behiny oTcyTcTBHS notpebureneit oo xoxy
JABVXKEEHA MYIKOCTE, PACXO]] OCTaSTCR PENMTMHOH TOCTOAHHOH, T. €. Kakoe
KONHYECTBO BOABI NOcTynzeT H3 Hanopuol EMKOCTH, Takoe e KONIIcCcTBO
AcTexaeT B atMoctepy y notpelurens, cnegosaTensho, { = const,

2. Ilomepu nanopa no OnuHe NPU NOCHEAOBATENEHOM COCIHHEHUH TPYD
PACCYMTHIBAIOTCS, KAK CYMMA NOTEPSh HAIIOP2 Ha OTAENBHEX YHACTKAX:

h{ . =h& +h‘rz +h13.

ORLT.
3. Reiicmeywomuii nanop oupeneasercs, no dopMyae (6.23)

H=005+L)k  =L05+L){A +#, + B} (6.24)
B ¢ ydéToM dopMyar (5.21): iy = AQH LIPSt TOCTOAHEOM PACXOE:

H =05+ L)@ (4] + 4,0, + 4;1,), (6.25)
rae A; Ay Az - yAcnbHOE CONPOTHBACHHE TpyGONpOBOAa, TPHHUMAETCS IO
Taln. 9 (cM. NPANTOKEHNE) B COOTBETCTBHH C JHAMETPEMH d), ds, dh;

4, &, Iy ~ pnuHE yuacTkos Tpy0ONPOBOAOE.

4, Cmpoioncn Mbe30MeMPpuYecKas AURUA  HA OCHOBHOM YepTexe
(pHc. 6.26) aHATOTATHE TOCTPOSHHI) MHEI0METPHIECKO ¥ HANOPHOM AHHKH JiA
mpoctoi creTeMmel (cM. pac. 6.5). Tlps mocTpocHHM NEE3OMETPHYECROH IIAHHM
HYXBEO YIHTHERATE He TONLKO DOTEPH HANOPa OO LIHHE, HO H HOTEPH B MECTHEIX
COTIPOTHBIICHMAX, IO3TOMY HA KAXIOM ydacTxe noxaxeM A, =(L05+L)) AQH,.

IIpoextupyem Haumnmo TtpyBompoeoja Ha cBofofHYI0 HOBEpXEOCTH B
faume, ¥3 KOHIA KAXKIOMO YIacTKa TpybonpoBoia DpPOBOAMM BEPTAKANLAEIE
auHMH. OTKN8AMBAEM IOTEPH HAUOPA HA WepBOM ydactke (F, ), H3MeHeHMe
TIoTeph HATIOpa NONYHESETCA TUHEHHOMY 38KOHY, TAK KAK MIHHA TPYObI BXOXHT B
t$opmyny noteps Hanopa (5.21) B neppoit cTenemu. K noTepam nanopa Ha meproM
yuacTke mpaGasnieM noTepd Hanopa ma EropoM (A, ) ¥ notepy Ha TpetbeM
(%, ) ysacTkax. B cymMe noTepy sanopa pasHE meficTeyionieMy Hanopy, T. €.
Bechk AeticTRyioniaé manop (F) mger ToNLko Ha NpeofoiicHHe CONPOTHANEHHE B
cUCTEME, 3BTpaTOH HANOPA HA CO3JAHHE CKODOCTA IDH MCTEYCHHM B aTMOCEpy
npeHeOperaeM {cM. paiea 6.4).

Bepmuransisimu WmpixoabMi TUNNRMIE ROKGIWEACH INIOPY NOmeps
HAROPT.

5. Hycth oonoanumeasne Ttpebyerca oNpe/e/MTEh TIOKA3RHHE MaHOMETpa
(Pugn), YCTAHOBAEHHOIO Ha PACCTOARNM Jy OT HAYana BTopol Tpyo.
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Hoxaxem zeomempudeckoe onpeaeneHyc NOTeph Hanopa Zo Touks N. M
TOUKH N IPOBOAHM BepTHEANLRYIO NHAHIO. Ha smope nomeps Hanopa RaxoauM
moreps maropa mo toukm N (A, ). B Mecre ycTaHOBKM MaHOMCTPA MOXHO
0oKa3aTh  NeesoMeTp (IyHKTHpHad  nHe#g). [lokasanne  nwelomeTpa
Puan

Pg
H [IBEIOMETPAYECKYH Hanop Gmaa paccMorpena B 3anayax 2.3.6; 2.3.8; 6.2.2,

PaccMoTpuM anamumuseckuii pacedm MAHOMETPHIECKOIO NABIEHHA B
Touke N:

COOTBETCTRY! . Takaa mMeromika NCPCROAE MAHOMETPHIECKOrO AABIIEHHA

Pus. _ b 1,05+ 11)(hy +h,, )5 (6.26)
pg

nasee P _ 11— 1,05+ 1,0 0% (4], + 0y ), (627
pe

uz dopMyne (6.27) onpenenserca noxazaHuc MaHOMETPA B Todke N,
6.4.2. CucreMbl ¢ BapaiieiLHbLIM cOcEHAeHECM TPYD

10 cHCTEMH, B KOTOPHX MACHCTPANBHA TPyOomposod B HekoTOpOil
TOUKE Pa3BETBIACTCA HA HECKONBKO TPYD palHeix IIMH H Pa3HHIX JHaMCTpPOB,
3aTeM TPYGHI BHOBL OOBEAMHAIOTCA B MAIVICTPaIbHEL TpybolipoBos, TOrO Xe WAH
JpYTore HHAMETPa. 3TH CHCTEME Ha3LIBAIOTCH TAKKE KONLMEOMMN, T. €.
38KOMBOOBAHO Heckoisko Tpyl. [pedmymecTBo TaXMX CHCTEM COCTOHT B TOM,
910 oflecneuyBaeTca HAREKHOCTE W OecnepebofiHocts pafoThl  CHcTeME
(anpumep, onHA A3 BeTRell MOXer ORITh pelephHOii), a TAKKE BIGTIOUEHHE TPYD
MEHLIIENO AHAMETPa NPH TOE Xe NPomycKHoll criocobHOCTH CHCTEMEI.

PaccMOTpMM KONBIEEYIO CHCTEMY, MPEACTABIEHHY0 B niaHe. HipecTho
ME@HOMETPUISCKOS HABJASHHE B HAYANE MArWCTPAJIBHOIO YYacTKa, JUTHHBE M
IHAMETPH BCeX y4acTkoB (pac. 6.27).

Ilapanienteno nponcKeMAWEe TPyOH pa3seTBASIOTCE B Touke A K
CogAMIEMOTCY B Touxe B, Jexar Ha ogHoM ropusoHre. Jlas HarnagnoctTH
napaineNsHoOe coeAMHenne Tpyd nokazano B m3omeTpeH. Ilyctk orcyrereylor
TyTespe NoTpebuteny, a y koneusoro notpebutens C aoaxen 6ur7h ocTaTOIHEIA
(wrs ceoBomumit) Hanop k.,

Chnenys npunarolt Merofyke pacdéra CHOXHBIX CHCTEM (cM. pazaen 6.4),
PACCMOTPHM OCOBENNOCIII PACYEME CHCIMEM ¢ NODRAACTBHMM COCOUHERUEM

mpyb.
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1. Pacnpedenenue pacxeda. Ha kaxaom ywactke BBeAEM oGozHadende
pacxofa ¢ WHIAEGKCOM, COOTBETCTBYIOIMIEM Apamerpy: O, Oy, Oy, Oy, Os. Ilpr
OTCYTCTBMH DOTpeOuTeNiel IO ANMHEe CHCTEMEl ¥ HATHIUH TONBKO ORHOIO
KOHEIHOTO HOTPeSHTENA ¢ pacxoxoM (Jc Pacxod RA MAZUCIPARDHROM YUOGCmKe
Pasen cyMMe Pacxo0os € RAPARACILHNX SCIMEAX mpybonposodos:

=+t 0

Ha rmarom MarneTpansHoM yuactke (=0, a Taxke Os=0¢.

2. Homepu nanops & cucmeme. IIpy mapaniensHOM COCHHNEHHE TPy®
HABIEHHE, A CICAOBATENLHO, ¥ MMEIOMEMPUNECKUi NQNOp B  TOUKAX
paseeTivieHUA A B B 00unaross 41 06020 43 REPLINETBHIX JUACIIKOS.

Ha puc. 6.27 HySKTHpHBIMA JIHAAAMH TTOKa3aHb! ILe30METPH B TOUKaX A i

(6.28)

B, a raroxe NEe30MeTPIIECKAE HAMOPET Pa y Py
pE  PE
B mmase 5 oTMenanoch, HTO IOTEPH HAlOpA B THIPaRIMIECKUX

CONPOTHRIEHHAX ONPCHCANIOTC, XaK PasHOCTh JOKAIAHHIE NheI0OMETPOR B HAUANE
H B KOHLOEC YYaCTKOB CONPOTRABNICHNH, CEAORATENsHO, NOMEPU RANOPA & KONSUE
PaACHM ROMEPAM BANOPE 1O MOBOMY U3 NAPATLIETDHBIX YYACTKOS:
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Pe Py _,
pg pg

P =Py =Py =By - {6.29)

I3 paBencTRa moTepr HANIOPA B NAPaNNEIBHHIX YIACTEAX TPYSOUIPOBOLOB

MOJKHO HaliTH pacupeme/eHWe DACKOJIOB TI0 BeTBAM B Xoasue. IIpmpaBrseM

poTepH no anuHe, T. €. 8 dopumyte (6.209) He yuMTHIRaeM nonpaBouMEIH
K03 DHIEEHT HA MECTHBIC CONPOTHBICITHA:

h‘h = h'i3 = h“ N (6-30)

BiA ¢ yadtoM dopsyns (5.21): Azszlz = A3Q32!3 = A‘th. (6.31)
Wveem dea ypaenenun {6.28) u (6.31) c mpeMR neuzgecmuvinn, PemnpM yx.

B dopmyne (6.31) supasnm (O gepes {3, sarem Oy depes (0, ONCTABUM

spageHA (3 »m 0y B dopmyny (6.28), mosyuuM YypaBHEHHMC C OJHHM
HeusnecTHLMM O; (pH yenosnw, gto () 3anano). Onpencnum (b, 3atem s 1 0.

Wrax, npepasasem: 4,021, = 4,031,

Brpasim Qs aepes Oy: 0, =0, \ j‘iz 6.32)
33
NpAPABHACM Aanz I = A4Qf les
BrIpa3uM (Jy uepes (s O¢=0, \'[j:—;; (6.33)
4

ToncTaBuM 3Rauenuzn (h o (s B dopmyy (6.28):

Q=01+ 2y : (6.34)
V44 V Ady
nomyaum (B, BEIpaKeHHOE wepe: O

0, = 9 (635)

(1+ ]A 2y N m,:z]
VA, Y44,
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sareM 1o dopmynam (6.32) u (6.33) onpeaenum O O,
Hpn paca€rax  dopMyna (6.35) MareMaTHYECKH CTAROBHICA O9YeHB

npocTol, TRK k4K % H V!-g%i nIpeAcTapnMoT cob0i TpoCcTHE TACTA: KN
343 4ty

YHACTKOB 3aJI2HK, FHAYEHHR KOd(DHmIeHToR 4 B COOTBEICTBHY ¢ JAHAMETPOM
TpyOrt nprEEMaloTes 0o Tabn, 9 (cM. DpHIoKeHRE),

Taxum 05pasom, paccMOTPEHE /(B3 CAMBIX BAKHEIX MOMEHT: NIPH pacudre
KORBHEBEIX CHCTEM: pacxod HA MNAZUCHIDARBHOM YHACHIKE DAdeH CyMme
Pacxodns ¢ NAPATEIMHWIX SCMSAX; NOMEDH HGNOPT 8 NAPALAERSHAIX
FUacHIKax pasv.

3. Aeficmsyromuii wanop 115 npescTarieHHol xonsleBoll cHcTemMul (cM.
puc. 6.27) ¢ yuérom dopmymst (6.23):

H=(05+ LDk, +hy =(OS+LY(hy +h_ +h)+he,. (636)

Tpovuraem dopmyny (6.36): nedicrsyionult Hanop pomnxer OBITh TaKKM,
4TO0R IpeoRoTeTh CONPOTHRISHHEE B CACTEME H 00CCIIeUNTs OCTATOUHELH Hanop
¥ notpeburenn C.

YuTéM NOTEPH HAllopa B XONbIiE, HANPHMED, IT0 BTCPOMY YHacTKy KOJbla,
BEefiéM B GopMylty (6.36) pacxoxsr:

H = 0,05+ 10 (4,07, + 4,001, + AQ )+ by . (637)
Cnexyer noMEuTE, 910 H = Pum
pg

4. Ha cxeme ycrauoBku (cM. puc. 0.27) cmpoum nee3omMempudeckynw
AURNK U INWOPY Remepr HANOPA TIO BHANOTHHE ¢ CHCTEMOR [OCNENOBATENLHO
coenHEHHRIX TpYG (cM, pHe. 6.26).

6.4.3. PacnpenetmrebHLIE CCTH, AIH TYNHKOBBIE CRCTEME

J10  CHOKHHE CHCTEMEL, COCTOSINHE W3  paspeTENEHHOHM  ceTH
TpyGolpoBOKOR, HMeIDIHe HECKONEXO KOHeuHbIX noTpeGuTenedt. Kax mpammno,
MA3BECTHO, KAKAMH pacxoaaMmu creayer obocneauTs noTpeburenel, a TaKe KaKoi
nopxed Ohers ocTaPouasdi (cBODOAHEIN) Hamop Y moTpelHTent HiM Ha KAyl
OTMETKY cHeflyel MOOHATh BORy y noTpeburend. Ilpm H3BecTHOM pacxone
CTABHTCS TAIOKE 33293 NONodpaTh AMAMETPE! TpYGoIposoAos,
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TynmEKOBEIE CHCTEMH NPHHATO OPEACTABAATE B LnaHc. PaccMOTpHM
UPAHIEI Paca@Ta TYMHKOBOH BOAOOPOBOAHOH CHCTCME! HA NDHMeEpe CHCTEME],
npeAcTaraAedHol Ha puc. 6.28. CncreMa BMeeT 4ETHPE KOHEYRHIX noTpeburens
(A,B,C,D) n oprn notpebGyrent B Touke N O OYTH ABH&eHus BOAR. OcTarcqnLie
HADOpL {BAH BLICOTA TMOJBEMA) BOZBI Y KOHEYHBEX NOTpebMICich parywH9HLIE
h

)

B hoe, B

OCT- 4 *"TOCT.p * TOCT. g ?

PHo. 6.28

Cornacao npRHATOR Memoduxe paciira CIOXHBIX CHOTEM (M. pasaen
6.4), noxaxeM ocobernocmis pucaZma mynuKossx CHCIEN.

1. Pacnpederenue pacxods. Pacxon Ba KQOKIOM YUacTKe NpeLcTaBUM Jepes
pacxoan norpebureneii. Iomuum, 9To A2 MArMCTPANBHOM YYACTKE PACKOL PaBeH
cyMMe pacxofioB norpeburenci. Ilepsril yuacTok SBIAETCA MATHCTPAILHLIM AN
BCex noTpeburencii:

Q=0+ 0n +0s+Q0c+ Opataxxe =0+ O

Ha tpetneM yuactke:

O:=0n+ s+ Qct Opiatawe Oy =0y + Qs+ Os.

Ha maTom yuacTke:

Os=0c+Qp;atake Os =0+ (.
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Ha oT/ieALHEX Y9acTKAX, BEQYIAX K NOTPECHTEMO, pacxoll paBen pacxoiy
noTpeGuTens:

=0 O=0s; Os=0c; $r=0p.
2. Ifomepu wanopa ne dnune n1obozo w3 NaNPpasieHuil PacCIUTHIRAIOTCS
U3 YCIOBHS NOCHENORATENBHONO COeIRHenas 1pyd, T. e. cymmupywrcr. Hus

paccMaTpHBaeMoii cxemnl (cM. prc. 6.28) notepn Ranopa Ao norpeduTens A:

h‘;“ = hh—l = kfl ‘+‘h‘2 »
Ao notpeburens B: hy=hy =W +h +h,

1o norpebrTenedi € u D cOOTBETCTBEHHO:

hfﬂ =h‘]—3—-5—1 zhfl +h’3 +h‘5 +h‘1 .

Horepn mnanopa © YuEFOM MECTHBIX CONPOTHEICHUN no mobomy
HAIPaBAeHHIO

by, =(L0S+1LDA, . (6.38)

Tonmpapounslit koadpdunpmedr Ha Mmectmule conpormeierus (1,05+1,1)
NIPHHEMAETCA COTNACHO MOCTABNEHHOMY YCIIOBHIO B 3371896,

3. TotpeGHuiit dedcmeyromyivi nanop (H), aim ewcoma sodonanoproii
Gauns, ONpEOCNAeTcs 10 MAKCHMARbHONE Seninune CYMMN 10Teph HADOPE K
OCTaTOMHOTO HAanopa IO oJNOMY W3 Hanpaedendii. B  wactHocTn, ans
fipencTaBicAHo cXeMkl (cM, prc. 6.28) neficTryommui Hamop:

H= [hm +h, jm , (6.39)
by, +he,
Byp + Aoy
rae CPABHIBAEM, K3 HAX BROHPacM MAKCHMAIEHYIO BETHYARY:
P + Py .
Bup * B,

T.e. l}rm +h )M .
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4. JomonHATenbHEM YCIOBHEM B 3aJa%e MoeT OHTL pacuit Juamempa
mpybonposoda No 3afasHOMy pacxomy noTpelUTeIs, IPK ITOM PEKOMEHIYETCH
IKCIUTYATALMOHKAN CKOPOCT B IIPCAETAX Uy = (1,0+1,5) Mfe.

Huamerp tpyGoliposona Ha MOGOM YHACTKE PACCHATLIBASTCH YEPE3 PACKON:

d= UE_Q' . (6.40)

Ilo oxoHganuk pacuéra, KaK MPABHND, CTPOXTCH MBE3OMETPHYECKas NUHNA.
6.4.4. CucteMbl € MyTEBLIM PECXOIOM KAZKOCTR

OTH CHCTEMH BETIOUAOT TpYSOIPOBOR, B KOTOPOM XHIKOCThL payiadrcs B
PAOC NYHKTOB No erc jumyc. [lpam GonbmioM KOAMMECTHE TAKHX TIYHKTOB C
ROCTARTOYHOH TOTHOCTEHIO MOXKHO CHHTATh, ITO PACXOH KHUAKOCTH DACIIpEREIAeTCH
pasHoMepEo o wiune I ¢ AHTeHCHBHOCTEIY ¢ = QOn/l. Taxue mpybompesons
HASEIBAIOTCA Taicke TPyOOIpoBOAaMH ¢ pasHoMepHoH pasnaueli KujxocTy.

HauGonee XapakrepHRIM gBNfeTcH cayuall, koraa » tpyGoupoBose xpoMe
pPRBHOMEpPHOTO NyTeaoro pacxofa ., = ¢/ wuMeercs TpansutHEM pacxon O,
npoxoaAwmii no TpyOe W sabupaemeli B xoune TpySonposoaa (prc. 6.28), Tlpu
aTom obumit pacxoa ERIKOCTH, TOCTYnaONEiE B TpyGonposon:

0= 0.t One=0On. +ql.

Pegc. 6.29

OcHoBHEIM BONPOCOM LA CHCTEM ¢ IIYTEREIM PACXOOOM ABIAETCH
ONpencieHAE BeNMYWHLI IIOTepsHHOro Hanopa. O6mMe norepy no gmaHe
TpyOonpoBoaa ¢ yI£TOM IIYTEBOTO H TPaHIUTHOTO PAcXOU0B MOXKHO OTpeNelHTh

o hopmyne

2
hf = ’H[pr + Q‘ranyr + 'Q%'J’ (641)
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TAe 4 — yAensHOe COTPOTHBIIEHME JUIN 3aNaHHOIO ARAMETPA TPYOLI, MpUHUMAaeTCH
no Taby. 9 (cM. NpHIOKERNE).

OcHouHble TeopeTwdecKHe TONOXKEHMM HO PacHETy CNOKHLIX CHCTEM
paccmorpenst. Hume npemnaraioics npaMepHl pelieHHs 3allad ¢ NOCTPOEHEEM
MBEICMETPHICCKAX (HATIOPHEIX) NHHHIA.

6.5. Ilpumepr pernedns 308y MO TeMe:
“PacuéT c1omarx TpPYSONPOBONAME cHCTEMY

3agaua 6.5.1. Ciaoxuaa cucveMa © BONOHAIIODHOH Oamweil BxmoMaeT
Kolbifenoe coeuienue TpyG H focTasnseT Bogy ABymM notpeburensm (puc. 6.30).

OnpenenuTs OTMETKY YpOBHA BOAH B BoAoHanopHol Samue, nuraromei
asa notpeSurein: A ¢ pacxogom (4 = 18 n/c 1 € ¢ pacxomom Oc =32 n/c.
Cuctema BxnoyacT marvctpansHeridi Tpylonposoa & = 250 wmm; I, = 600 u;
ABd HABpUUIGTLHO NPOI0KEHHLX TpyOonposcna: d; = 150 mm; L = 550
d; =100 sn; ;= 400 M ¥ TpyGonponog dy = 200 mum; [y = 720 M, moaompuii
Boxy notpebrremo ., Ocrarowiuit mawop y norpeburens € gomxken GniTh He
menee 10 v (7, . 210um).

TpyOsl BOZOTPOACIMEIE HOpMaiEHEE, MecTHEIE OTEPU HAGOpA TIPUHSTL
paveRvE 10 % ot noteps o Aaue. [locTpoHTE NEE30METPHUECKYIO AMHHIO,

Pemrenne. PyxoBoncTeyeMca Memoduxeil pacaira CNOXHBEIX CHCTeM ¢
NapaIneIbHEIM coeTurerineM TpyG (eM. pasien 6.4.2).

L. Pgcnpedencrue pacxoda (npomyckeo# crocoOroctH), Ha xaxaom
Y4acTKe BOMMM 0003HAYEHHe PAcXola ¢ HHASKCOM, COOTBETCTRYIOMMNM AHICKCY
OuameTpa TpyGnI (cM, puc. 6.30).

Pacxox na nepeoM yIacTke PaBeH CyMMe pacxo/on morpefureach:

0,=0+Qc; O1=501/c=0,05wn/c.

CyMmMa DpacXofoB B NapajLlelbHRIX TPYOOUPOBOAAaX pPHBHE PAcXoiy
norpeOurena C:
G+ Q=0c; Or+0s=32akc=0,032wc. (6.42)

"Ilpomycknas cnocoGROCTE  4eTBEPTOTO  y9acTKa paBHa  packomy
notpeburens C: = 0,032 m'/c.
2. Hpupaensem nomeps Kanopa no OIUHE €  NAPAARLALHEX
mpybonpoeodax Konbya, TTOOK HallTH pacnipese;IeHHe PACXOAY B NAPANIeIsHEX
yuactrax (cM. passiern 6.4.2):

hy, =h, , ¢ ysérom dopMynst (5.21): 4,011, = 4,0}1,.
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Az’:

Buipasum (s uepes Or: O, =0, i
353

Cornace0 aHHLIM Tab:. 9 (oM. npuAckenne), 114 db = 150 MM yaesROE
conpotueneHae 4;=731,18 cz)‘us; ans d; =100 MM 3mauende 43 =265 ¢’

TOrOa
’31,13 .550
= =0,40,.

=0 265- 400 40,

Toacrasam ¢, Buipmienroe vepes Or, B opmyny (6.42):

O, + 0,4 0, = 0,032 m*/c, oreiopa O, = 0,023 M'/c; snauur O = 0,009 m'/c.

? Y 3mopa foTeps, Hamlopa

I I

Woner,

H .27 3

o
=

a—
o

Oc >
S T 7 AT 7 Pt T P T P AT 7T =

TR
A/ oba B )
Ovh dy Qalady
O O hds
Puc. 6.30

3. Feofieapeckad BEICOTAa, MM OTMETKA YPOBHA BOJLI B BOJAOHaNopHoH
GalnHe oTHOCKTENERO HyNenoi OTMETKH (cM. pAC. 6.30):

Hegn =20+l +h
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PaccyrracM DOTEPH HANOP2 B CACTEME:
by, =Wl +B__ +h),

roe [,]1 — nonpapounsti KoaddHUEEHT Aa MECTHAIE CONPOTHRICHHA, TIK Kak 0
YCIOBHIO 33i29H NIOTCPH HANOpa B MECTHLIX COMPOTHRIEHRAX coctapualoT 10 %o
OT DOTEPS 110 UIRHE,

A o - TOTEPY HANODA DO JUIMHE B KOJBHE, HX Y4TEM IO ORHOH U3 betbeli,

Ixon
HalpuMep, no sTopoil: A, =bh,.
IMetepn Hanopa B cucTeMe ¢ yETOM dopMynn (5.21):

B = l,l(A, 20+ 4,03, + 4,001, )

PaccyntaeM TOTepH Hanopa B cHcTeme, NpuHuMas 4; = 2,11 /%
A= 6,78 ¢n® no Tabm. 9 {cM. npriIoXeHe):

.. =LU211-0,05" -600+ 3L18-0,023% - 550+ 6,78-0,032° - 720) =
=3,5+10,0+55=19,0m.

Jna noctpoenan nmouetpuqecxdﬁ JAHHHA AMEEM NOTepH HAUOpa Ha
KeMIOM YHacTKe:

h.,' =35M; h =h,, =h’s =10,0m; h,,‘ =55m.

Ha prc. 6.30 orxiamniBaeM B Macirrabe IOTEpH HAOpa HA KaKIOM
YUYACTKE H CIPOHM NEBE3OMETPHUECKYIO (HANOPHYIO) NMHAK), KAK DOKAIAHO B

paszene 6.4.2.
Haxoaym oTMeTky YPOBHA BOJIH B BOACHANIOPpHOH Oamae:

Hegoun = 2,0+ 19,0 + 10,0=31,0 .

Omsem: 0TMETKA YPOBHA BOAsI B Bonionanopnoli Ganue pasna 31,0 m,

3apewun 6.5.2. Tynukosas BOACTIPOBOAHAR CHCTEMA HMEST NATH YIACTKOR
TPY0, IUMMHE H ARAMETphl KOTOPEIX YKasaHui Ha pHc. 6.31. B cucreme yerwpe
norpeburens ¢ pacxogamu: (O = 10 a/c; Op = 18 n/c; Qo= 12 0/c; Op=8 we; Ha
TATOM Y42CTXe DABHOMEDHAA Pa3fiaua BOMH ¢ MYTEBWM pacxofoM (., = 15 we.

Oupeneavte BHcoTy BomoHanopHol Gammm (H), paccuwrars Auamerprl
TpyG RHa nepBOM W TpETEEM YUACTKAX CHCTEMSl IIPH  YCIORWH, YTO
IKCILIYATAUMOHAAA CROPOCTD Dy, < 1,4 M/C,



Tlpunare &, =500 m; L, =450 m; dy = 150 vm; L, =550 M5 dy = 125 mug
Iy =600 M; ds = 150 mm; L = 700 M. TlorepH Hanopa B MeCTHEIX
COTIPOTHRIICHHAX COCTARAMOT 5 Y OT NOTeph No JTHAE.

TlocTpours HLE30METPRYECKYIO NHHAIO.

& |=
= -~ .v.-? Q% D
B O»
Os
Prc. 6.31

Pewenne. Bocnounzyemcea memoduxoli pacuéra TYNMROBHX CHCTEM H
CHCTCM ¢ ITYTEBEIM PacXooM (cM. pasfean 6.4.3 n 6.4.4).

1. Qbo3nawien na cxeme (puc. 6.31) pacxodm Ha KamAOM YUACTKE ¢
COOTBETCTRYIOIIAMH MHACKCAMA B HakadM HX 3HaueHwe, MPH ITOM DEPEROIHM
n/c B Mfe.

Ilepemif ygacTox sBaseTCs MarACTpamLHbIM I8 BeeX NorpebyTerei:

Q=04+ 0+ Oct Op+ Q. = 0,063 Mlc.

Tperwii yuacTok MalHCTpaNsHLI¥ AN Hotpedurenet C m D u nyreporo
pacxopa:

Qs = Qc + Op + Oy, = 0,035 M'/c.
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Jins BTOpOro B YETBEPTONO YHACTKOB:
0:=0:=0018 Mc; Os=0c=0,012Mc.

2. PaccuuTaeMm Juasmemps mpyf HA NEpBOM H TPETbEM YYacTKaX,
noas3yack Gopmynoii (6.40):

Tlomyamm:
d, = E’l—g’—% =0,239 w1, npunuvaem dy = 250 mm;

dy = [10035 _ o 178x, npmmamaes ds = 200 um.
31414

3. OnpeuenuM nomepu nanopa pa ywacmiax I-4 ¢ ydEToM MecTHRIX
COMPOTHIIICHMIA 1O dopMye:

= 1,05 y=1,05 AQFL
HAan  Beex pdaderpos  1py0é  eBulfupaeM 3HaueHNS  koaddulnHeHTOB
YRGIBHOTO €O enns no TaON. 9 (cM. mphnowenrue): A, = 2,11 i’

A2 = 31,18 ¢/u® 4; = 6,78 ;44 = 81,6 I’ A5 = 31,18 M.

Tomyaum h,, = 1,05-2,11-0,063500 = 4,4
no apanoran:  h, =58w h =39m b, ='7,4 M.

TTorepy RHanoOpa Ha MATOM YJacTKe ¢ Y9YETOM WyTEeBoro packona (Qy.) H
TPAR3INTHOIO Pacxona B BUIE pacxois notpeburens D ((Op), cornacHo dopMy:e
(6.41): :

QZ
h"s = LOSASIS {le) + QDerr + ";_ﬂ.—],

nocAe NOACTAHOBKH YMCACHHEIK SHAYCHI: hws =59 M

PaccunTaeM noTepy Hanopa 0o TPEM HanpapIesuaM K notpeburenam B; C
7 D, nppssMas NocIeNOBATEALHOE CoeAHEHME TpYD:
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h,, =h,|_‘2 =h, +h,, =10,2m;
Pu =Py y =W + i, +h, =157

oy =Ry, =h, th, +h, =142 .

4. Ilo opmyne (6.39) onpene1im gsiconty eodonanopuoit bautn:
H= oy +hor) s

B JaHHOH 3aJlaue OCTATOYHLIA HAIOP Y BCEX KOHEUHBIX NMOTpebuTe el npuHHMaem
paBHEM 10 M, H09YOMYy cpaBHMBAaeM HOTSpPH Halopa NO BCEM HANPABNCHMAM H
BRIGHpasM MaKCHMAaTLHEIS, TAKAMY ABJIAIONCH IOTEPH Hanops N0 dotpeburens C

By = by =157 M.

Taxum obpasom, BEICOTA BofIOHanopHo GamHn

H=h,, +he =157+100=257Tm.

5. Ctpoum nbezomempuneckyso Hunuse. JIa 1IePBOTO B TPETRETO YYaCcTKOB
NBEIOMETPHIECKYI0 NHWAVIO NOCTPORM B BEPTHEKANBHON [IOCKOCTH, Ald APYIuX
YIACTKCB TNLEIOMETPHYECKYIC JIHHAIO TIPEfICTABMM B HIOMCTPMH NYTEM
napannenkLHoro IEpeHoca Hanmpaenerya TpyGonpososia (oM. prc. 6.31).

Iocrpoenne MoXxHO Beckonske ynpocTHTh., Yrolw Ha yeprexe ne Guuno
HATOXKEHWS JMIOP NOTEph HANOPa, MOKHO 0T OCTATONHOTO Hanopa B Toqkax A u N
OTKIANLIBATE MOTEPH Hanopa Ha YYacTKAaX BTOPOM, YETREPTOM H MATOM, Kak
TpeAcTaBAeH Ha pie. 6.31,

H5 noctpoeHMs mee3oMeTpHYeckoff JMHMH CAGMyeT, YTO OCTATOYHEBIC
Hanoph! ¥ Bcex goTpebuteneii, kpome notpebutens C, Gomrsme 10,0 M.

BeprukanbHoll urrpuxoBKol TOKA3aHA INMPA NOmMEPS Hanopa,

B npumepax pemcHWa 3auad 6.5.1 @ 6.5.2 pacTéThl CAOKHEIX CHCTEM
mpoBefieHE fe3 cocTaBneHMA ypaBHeAms — bepwy:iiM, TK. 3TH  pacuéTH
aHaNIOTHYHH pacuéram npocTaix cucrem ( oM, pasaen 6.2). Ha npumepe pemierus
sagagal 6.5.3 npencrapuM pacyET CHOKHON CUCTEMEI IOYTEM COCTABREHHA
ypasreHuy BepHy:uy.
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3anana 6.5.3. ¥z ponmomanopiofl GameH 4, Ha NOBEPXHOCTH BOIN B
xoTopoli peficTsyer mabmroysoe fasinenne (Pua); 0O TPEM NOCNEAOBATETRHO
coearHEHHLM TpyGaM nogastcs Boja TPEM HOTPEOHTEIAM € DACXOIEMM:

Op = 15 a/e; Q=8 av/c; Op = 12 n/e.  [namMeTphl B JUIMAE YIACTKOB CHOTEMEL
npuEsTE: d) = 200 MM, /) = 760 M; dy = 150 Mm, L, = 600 m; g5 = 125 Mmwm,
I; = 500 m. Octatoynsni (ceoboguntl) vauop y norpederens D sornken 6urTh ve
mernee 10 M (h,, 210M). Jleficraylomuii Hanop BOIOHANIOPHOW Gaumy
H=15M cuxraTh mocTOSHARM (pHc. 6.32).

OnpefenuTs, KakuM AOIKHO ORTh moKenaHME MAHOMETPA (Pyay ) Ha
fgoBepxHOCTM BOAL B GamrHe nie ofecneuenus BojoH mnotpebutenedt pn
YCIOBHM, YTO MECTHHIE CONPOTHRIEHMA cocTaBasioT 10% or moreps no wHe.
Tpy6el RozenpoBOIEKE HOpMANEHEE, [1oCTPOMTE MRESOMETPHYECKYIO TIREKIO.

I70pa HaTeps KaTopa

|

7
Pren m'%lle,p <

| .
i

————( e —

ODQDO

A
O R W/ A A/ A VOV AN 7 Gy /A W S A O A
WAL gl hd Os s dy

Ng N

Puc. 6.32

Pewrenme. [Inst pacuéra cucremsl (cM. pHc. 6.32) BocTIOnbIyeMcs
ypapHeHHeN bepHy:LTi mo npussTolk MeToauke (cM. pasner 4.5.7),

1. Bubupaesm dea cevenun 110 cBoboRo# TOBEPXHOCTH BOAK B DamEe, IAc
CKOPOCTE BOALI MOMKHO CHHTATH pasiol Hy)o, M y lioTpeburens f).

2. Cenenus HyMeEpyeM No HANpAENCHING Osuxcenuns sodvi: 1-1 no
cROBOnHON IOBEPXHOCTR BOAS!, TAE YCTAHOBIEH MaHOMeTD, 2-2 no TpySomporony
¥ notpedurens D.
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3. B poibpanasix ceycHUNX pyumsisaes abcomomioe dasnenue:
Pr=Pr Y Puns P2=Pat PR A
4. Inockocme cpagnenun 0-0 coemecmum c ceyensien 2-2, rorna zy = H;
b 0.
5. 3amickazem ypasnende BepHyiuin B ofieM BRAe H DNPOHIBOIHM
TIOACTAHOBKY NapaMcTPOR;

2 2
z +-‘p~1-+5'-1-,—'-=zz+&-+wl+hwz;
PE  2g rg  2g

n=H, 2a=1{);
Pr=Pa* P P2 Pt PEH s
0, =0 »m=u, ax=1,0; h,,l_z =h,¢m.
Tloc:ie DoACTAHOBKH NAPAMETPOH IOy IaeM:
H+fe ) Dan  Po E‘gi’i”—*’~+:"-2-+hw .
pg pg  pg 28 ¢

2
Kax ykaszako B paagene 6.4, CKOpPOCTHEIM HAIIOpOM (;—), KaK Manoi
g

BEANIHHON, MOXHO TIpeHebpeds, IEITOMY mOCNE COOTBCTCTEYIOMMX COXPALLCHIAI
ypaenenue BCpRYNIE NpHUHMAET BHA:
HeBawn—y 4, . (6.43)

pg ocTn Wemer

Ipousraem ypaspenue (6.43); 3a cu@r M30HTOUHONO HAnNOpa (2—“‘1) Ha
Pg

TOBEPXHOCTH ROAW B GamMe u AclicTBylomero Hainopa (H) nponcxonur
OpeonoNeHHe BceX compoTHBaenvit B cuereme ( h,,m] n  obeclieyenue
OCTATOUHOO Nanopa y notpebrreas D (4, ).

Urofm paccauTaTh NOKA3AHEE MAHOMETPA (Pya) B dopMyne (6.43), ciaenyer
OTpEAEAUTYE {I0Tepn Banopa k cHeteme (A, ).

BocnionesyeMes MeTOIMKOI paciBTa CIOKABIX CHCTeM (cM. paznen 6.4).

1. Pacnpepenenme pacxopa. }la KamnoM yuacTEe BBOIMM 0003HaYeRme

Pacxofia ¢ HHAEKCOM, COOTEETCTEYIOMMM HBACKCY NnameTpa Tpybr: (h; O (5.
Paccamtacm pacxon Ha KAKAOM YIaCTKe Hepes pacxodm HoTpeGurenei:

O1=0s+0c+0p ©O1=35n/kc=0,035w/c;
O =0c + Op; O, = 20 n/c = 0,020 M'/fc;
Qs = On; Oy =12 w/e = 0,012 /e,



2. OnpesemaM noTepH Hanopa B cucreme - kb, . [Ipy nocnexoparensuoM
COEARHEHMH TPY( MOTepH HAMOpa HA BCEX YYACTRAX CYMMHDYIOTCH (CM. paspen
6.4.1). C yuErom noupasodHOre xox(pouliEeHTa Ha MeCcTHHE CONPOTHRICHHA
MOTY M

By = L1C By + 1y, + 1y ),

3aTeM ¢ yudtom dopmym (5.21):
h, = LI(40H, + 4,071, + A4,031). (6.44)
PaccurraeM DoTepu Hanopa B cHcreme, IpueHmas A, = 6,78 czfmé;

Az = 31,18 c*v® Ay = 81,60 cI/u® (em. npanoxenue Tabn. 8).

Jas nocipoesns Imeszomerpmueckoli (HamopHoH) NAHWM HYXHO 3HATDH
nmoTepn Hanopa Ha KaXAOM YdYacTke TpyGomposona, noartoMy dopmyny (6.44)
IpCACTARMM B BHJE TPEX CHAFaeMAIX:

h, =LIA4QM; h, =11-6,78-0,035% -700=6,4m;
h, =L14,07h: h, =11-3118-0,020° -600=82xm;

h,, =L14,0{L,; h, =11-81,60-0,012%-500=6,5m,
h, =64+82+65=211u.

Wauor,

O6paramca K dopmyne (6.43) nna onpeacncHHs ITOKA3IAHAS MAHOMETpPE
{Pwan) Ha NOBEPXHOCTH BOJK B BOROHANOPHOH Garde:

P Al — H;
pg
Paw _911410-15=16,1m,
pg
OTCIONA Py = 16,1pg = 16,1'10>9,8 = 157:10° [Ta = 157 xTa.
Ilokasanue MaHOMETPA MOXHO BPeACTaBHTE B aTMochepax, MOMHS, TT0

lat = 10 M BoA. CT., TOTYIHM: P . 16,1 COOTBETCTBYET MEHOMETPHICCKOMY

14
RABIEHHIO Py = 1,61 ar.
Omesern: Nokazande MAHOMETPA P, = 157 Kl12 RO Py = 1,61 aT.

Hmxe B pazgene 6.6 npeanaraloTca 3a/]ayi i CaMOCTOSTEIRHON paboTh,
YTOGW MPOBEPUTH IHENUA MO PACYETY CIOXHLX TPYOOUPOBOAIEX CHCTEM.
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6.6. 3anaam pire caMocToaTeabadii paboro: Ho TeMe
. “PacyéT ciioxsmx TpyfonpopoJubIX cHETeM “

3agaua 6.6.1

Bopgopanopnaa 6amkn A ¢ orMerkoli 22,0 M nHTaer ava novpeburtens -
B u C - ucpes cHeTeMy JBYX NDOCIEAOBATENBHO COEAMHEHHLIX Tpy0.
Ibesomerpryecknii Hanop B KOHUE NICPBOro y9acTka A, = 15,0 M. Onpenenwts
pacxon BoRet Ha IlepeoM yuactke () w pacxon norpedurens C (O¢), a Taoke
otMeTky norpebureas €. IlpHusts pacxon notpeGutrens B QO = 10 alc.
JuameTphl M ANMHEI Y98CTKOB BOJONPOBONHOM CHCTEMbl COOTBETCTBEHHUO,
dy =150 mm, 4 =600 m; db= 125 MM, & = 500 m. TpyGm BOECTIDOBOAHEIE
HOpMaIbHEIE. MecTHRIE mOTepH Hallopa TIPHHEATE PABHLIME 5 % OT noTeps me
anmHe. [TocTpouts meezoMeTpHYECKYio muAmo (prc. 6.33).

Omsem: O = 19 n/c; Qg =9 #c; ormeTka notpeOuTend C pasra 11,5 M.

22,0
j

B
d] i \ QB da I
Pec. 6.33

3apaqa 6.6.2‘_

H3 popouanopuolt Gaumn 4 oGecneunBaiorcd BoAOH TpH noTpeGuTeas
sToukax B, C u D. Ilponycknas cnocofHOCTE TepBoro yuactka ()= 30 n/c;
pacxofn notpebureneii: Oy = 12 a/c; O = 10 nfe. Onpepcants pacxosg
notpeburens D ((n, n/c), a Taloke orMerky cacGolmolf MOBEPXHOCTH BORE B
Bojloganoprof famme, ecam ocTarowHni manop y notpebereas D (k. )
Jdonxen OHTE He MeHee 10 . IMpunsgrTe DHaMeTpRl M ANMHRL YMAacTKOB TPyO:
d; = 200 MM, 1 = 600 M, dy= 150 MM, L=500 m; dy=125 mmM, I3=400 M.
Tpy6sl BOIONPOBOIREIE pruanmme, MECTABIE CONPOTHRISHUA COCTABIAIOT
10 % or noreps no AMEe. TIOCTPONTS HHEIOMETPHNECKYIC ‘THHHIO (puc. §.34).

Omeem: Oy =8 n/c; oTmeTxa ceofonnoiil NOBEpXHOCTA Boms B Hanime 24 w.
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T 77T T
L B

a4 c\ Qs dih ?\\ Qc dih

Pac. 6.34

3agaua 6.6.3

W3 sogonanoproro Gaka A © WIOHTOYHEIM AaBICHHEM Ha TIOBEPXHOCTH
P = 19,6 KlIa no 1pEM nocieaoBaTeNbHO COSNARERHEM TPYGaM 80aa nozaéTes
notpeburensm B, Cu D ¢ onHHakoBEIMM pacxogamu: = Qcr=0p=0. ¥
notpefutesin D - vexon eoAw B arMochepy. Ompejenuts pacxon Boys Ha
KAKAOM YYACTKE TpPyObl, ARAMETPhi H HAMHE YYACTKOB COOTBETCTBEHMO;
=200, 1, =600 m; =150 0, =500 M; a5 =125 MM, = 400 M.
Heitcteyionmi wanop H = 15 m cunrath nocrosHHemM. Tpybii BoKonpoBoaHEE
HopManeEHE. Mectruie morepu npuusTs pappwme 10 % or noteps no miuue.
TlocTpoHnTs NBE30METPANECKYIO THEAK (DHC. 6.35).

Omgem: O, =324 n/c; O, =21,6n/c; Oy=108 n/c.

M
o 4

s

A DI Op
f 7 77 C@’ Y/

Wl NOs &L NOc &b

Puc. 6.35
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3apaqa 6.6.4

Or wacocHO! YCTSHOBKHM IO TPYOONpOBOZHOH CHCTENS C HAPANICHBHBIM
coemuAeHAEM TpYD Bona mogafres aAEyM notpeOurenaM - A » B - ¢ pacxonamy
=10 nfe; Qp= 12 n/c. lnnunsl v AnaMeTph y4acTKOB cucteMEl: d) = 100 MM,
5LH=500M;, dx=125 MM, L=T00M; d5=125mm, ;=600 M. Bricota noanémMa
BOjbt ¥ notpeburens B - Hp= 8 M. OnpefeanTsh paclpeleicHd¢ PACXO/IOB B
HapaUIeNkHEIX YYACTKAX TPY6, a TAIOKE DOKA3AHVEC MAHOMETDA, YCTAHOBIEHHOIO
Tocue HacoCa (Pua). MECTHHE CONPOTHBICHAR NPHHATE PABHBMH 5 % oOT
noTeps no AnuHe. CYHTaTh, 4TO TPYOH BOXONPOBOMMEIS HOPMANEHNE YIOKEHE

Ha OAHOM ropusoHTe (puc. 6.36).

Oneem: ¢, = 0,009 M'/c; g3 = 0,013 MY/C; Do = 2,55 ar.

B
M SR
X Os
1 __1
‘Hacoc’’ 7. L A A A (T A Ty R
dl !l Al/ y

ANy

d! I ) QA

Pnc. 6.36
3anaua 6.6.5

Tynuxopas cHCTeMa, TIPEACTABICHHA! B OJ4Re, NpeAHasHaueHa N
cuabxeHes BogoH JeTwpdx notpebutenesk - 4, B, € n D. Pacxogm
notpebateneii: Oy = 16 n/c; Oz =14 wc; Q=12 n/e; Op =8 n/c.

Paccuurare mmsmeTpel Tpy0 HB KeKROM  YYACTKEe TIDH YCIIOBMM, HTO
CpPeIHAS CKOpOCcT: B Tpy0ax He AoUDKHa NPEBRINATE g, = 1,2 M/c. Onpenensrs
BRIEOTY BOAOHAnOpHOH Oamem H, ecnu octatounsd Hanop (Ag,) ¥ motpeburenel
nonxeH Os1s He Meree 10w, Jlnueu ygacikos cetm: § = 700 M; 5 = 400 m;
I; = 600m; I, = 350m. Tpybu BonoopoBonsLle HopManeHee. [lotepn wamopa B
MECTHBIX. CONPOTHEICHMAX NpuHAT: paBHEMH 10 % oT norepn me poupe,
TTocTPORTE B AXCOROMETPHH TILCIOMETPHHIECKYH) THHAO (PUC. 6.37).

Omgem: BRCOTA BOAOHANOPHON GanHe Hennn = 28,7 M.
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H d i C
Bozouanopnas Qe
Gawrmn %)
D
Uo
Pdc. 6.37
3apaus 6.6.6

Jaa nexa oborarurensuok pabpuxw B w € c pacxonamu Oz =20 nc u
Oc = 15 n/c nuTaroTca or HacocHoM yereHoBkM, OTMETEH, Ha KOTOpPEIE HAJO
NORHATE BOAY ¥ notpeGrrened: Zg= 12,0 M; hc = 10,0 M; muamerpnl W mimaum
TpyGomposonos: dy = 150 mm, L = 500 »; 5 = 125 MM, § = 400 M
Omnpenenurs pacxon BOZK HA MaricrparsHoM ydacTke (), PACCYHTATE quaMerp
TpyOu neproro y4actka {(d)) APE YCIOBRM, HTO 3KCILIYATALHOHHAN CKOPOCTL HE
A0JXEHA NPEBRILIATE Uy = 1,2 M/C, ATKAA nepporo yuacTka /i = 600 M. Paccanrats
NOKA3AHHE MAHOMETPR (D), YCTAHOBIGHHOIO @oche Hacoca. TpyOH
BOAOTIPOBOANEIE HOPM&NbHEE. [IoTepH HANOPE B MECTHEIX CONPOTHBICHHAX
TIpMEATE paBHEIME 10 % oT oTeps no mnHe (puc. 6.38).

Omeaem:. O = 35 i/c; dy = 200 MM; Pupn. = 2,44 8T,

M
@Q’ d h

Hacog

Pac. 6.38
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3agaua 6.6.7

CucreMa  sopocHabuceHns, NpeACTaBleHHas B 0ONaHe, MMeer TPU
norpebutenn - A, B u €. Onpenenuts pacojm Bogel y notpeburenedi (4,
s, Oc & n/c), ecin croboRHue (WM OCTATOMHEIE) HAOOPH ¥ NoTpebuTenel:
hy=20M; hg= 14 M; he = 15 m. TloxalaHBe MAHOMETPA, YCTAHORIEHHOTO NIOCAE
HACOCA, Py = 2,7 ar. Tlorpefutenn pacnonomcHnl Ha OZHOM TOPHIOHTE.
JiuaMeTpr! M LTHHL YHAcTKOB cetH: o = 200 MM, £, = 600 m; 4, = 150 MM,
L=500m; dy=125 my, & = 400 M. TpyOW BOAORPOBOAHKIC HOPMAILHLIE,
TloTepu Harnopa » MECTHRIX CONPOTHBACHUAX MPARATL PaBHEIMU 10 % oT noreps
no anuHe. IlocTpouTs B aKCOHOMCTPIH TTbE3OMETPHYECKYIO JHHI {puc. 6.39).

Omeem: pacxoam notpebereneii: Q4 = 9,0 we; O = 19,0 a/c; Oc= 12 n/c.

@Bé’ dyly A}h‘ d I B,l ha
Hacoc o, N

%4 On
he
C
Qc
Pue. 6.39
3anaqa 6.6.8

Onpenenurs, KakuM A0akHO GuITE JABACHME HA NOBEPXHOCTH BOZH B
33KPLITOM Pe3epBYAPE (D, ), H3 KOTOPOrO 0O cHereMe TPYG ¢ KOMLUEBRDM
COCAMHEHAEM BOJAA MOCTYNZET B APYIOH 3aKPLITHH pe3epByap ¢ AARICHHEM HA
nosepxuHoctA p,, . = 0,2 ar. O6muti pacxox soar! ® cucreme O = 45,0 we.

JUIMHEL ¥ JHaMeTpsl BOOOUpoBOHUOH ceTH: d) = 250 wmm, [} = 500 m;
dy = 150 mm, I, = 300 m; d5 = 100 My, & = 250 m; dy = 200 mym, 44 = 400 M.
Paznocs ypoeueit Boi B pesepeyapax H = 4 m. Tpybn somomposoanbie
HOpMAaNLERMe. MecTHEIE COTTPOTHRNCGHHS NPUHATE paBikiMe 10 % oT noteps no
anute.

TTocTponTts neezoMeTpHueckyo munnio {puc. 6.40).

Omeem: NokazaHMe MAHOMETPA B TIHTAIOLIEM PEIEPBYAPE Pouan = 1,76 aT.
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Il

d b
dh dy ks

ds Is

Puc. 6.40

3apatua 6.6.9

Or uacocuo#f yctapoexu no gsym TpyGam dy = 250 »m, f; = 600 M #
dy = 200 mu, I; = 400 m sozxa nomaéres geym norpeburensu 4 u B ¢ pacxogamMm
Qs = 30 wc; Oz = 10 n/c. Ha Bropom yuacTEe NPeAyCMOTPEHA PaBHOMEPRAd
pas/iaua BORH ¢ TYTeBHM pacxogoM O, = 20 n/c (prc. 6.41).

OnpeaenBT: OCTATOMHEE HAOPEE ¥ ntotpebaTencid 4 u B, ecor noxazanme
MAHOMETPA, YCTSHOBICHAOIO TIDCIE HACOCA, Dy = 2,0} aT.

Tpybn somCnNpOBOAHEIE HOPMATEHEE. MECTHEIS CONPOTHRISHHA IPHAATD
pasHevH 10 % or moTeps mo wmHe. [TocTpoHTs NHEIOMETPHICCKYIO JIMHUIO,

Omeenms: by, =150 by, =13,7M.

Py

M ) .
& d ) 4 4 b By
D 0. TITTITTTT

oy

Hacoc

Pac. 6.41
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3anana 6.6.10

Hs n8yx HanmopHeIX pesepByapoB - 4 1 C - pona nonséres notpeburemo B ¢
pacxogom (p = 10 n/c. OnpenenuTs pacxofk BOAN W3 pesepByapos O, M Oc,
HOCTPOHTE NEESOMCTPHYCCKYIO JIHIIAIO, €CNH IIUHE H THAMETPH Y9acTKos CeTH:
dy = 100 mm, [} = 400 M; dy = 125 Mm, J; = 250 M. OT™eTxa pesepsyapa A pasua
17,8 M, peaepryapa € — 12,0 m. Tpy6sl BoAONPOBORNEIE HOPMAILHEC. MecThie
HOTEPH APUHATE pabALIME 5 % oT moTepk N0 anuse (pHC. 6. 42),

Omeem: pacxonsl B3 peaepiyapos: Oy = 7,31 n/e; Qc = 2,69 i/c.

118
A= -

12,0

ﬂ:—z-’—

c— .
0.0
B ' M
dh NGy &b
Puc. 6.42
3anaus 6.6.11

Hacec, pgarommit nogagy @ = 20 n/c, nepekayspaer BoAy B pesepByap 1o
TpéM napannensHeM TpyOam nox yposenb H = 3,0 M. Onpensenuts noxasanme
MAHOMCTPE {Pugs), YCTAHOBIEHHOND HA JHHWH HATHETEHHY, 4 TAKKE DPaCXOMKl
BOUEI B KaEJOH Tpybe. TlpuuATh AHAMETPE M ANHHEL MAPANICIBHEIX YYACTKOB
ceTH (=150 MM, 1) =450 m; = 100 MM, [, =400 mM; b =125 MM, L=450Mm,
Tpybul BOROMpOBOMHEE HopManbHee, MecTHHE NoTEpH coctaBnssor 10 % or
noteps ¥o Anune (puc. 6.43).

Onenyrs, XKAK W3MEHWICA NOK43aHWe MZHOMETPA, ECNIM OAWH WM ABA H3
napanienbHAX TpySonposogok GyayT OTKMOHEHEL.

Omsem: O = 10 /c; Ghr = 3,7 a/c; O3 = 6,3 /C; Przy = 0,46 ar.
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Pac. 6.43

3anaua 6.6.12

Hz namopmoro Gaxa A sogs nofaétcs aAsym motpeOurtensm - B o C
(puc. 6.44) Ha ormerxy 3,0 M Dpn HeoOxommMpx pacxomax Oz = 10 afc;
Oc = 25 a/c no pyGam: dy = 200 mwm, [} = 500 m; &y = 200 mm, [, = 650 M. Ha
mepROM TPYGonpoOBoNe NPENYCMOTPEHA HENpepHBHAA Pasfada ROALI B BHIC
myTeBoro pacxoga (. =20 /e,

OnpenenaTs OTMETKY YPOBHX BoZbl B HanopHom Oake A. Tpybu
BOAONIPOBOAHAIE HOpPMAJLHKE, OOTEPH HANopa B MECTHBIX COMPOTHRIEHHAX
npuHATE papHsME 10 % oF noTepr Hanopa no AIHEE.

Omeem: oTMETKE YPOBHS BOI B ReopHomM Oaxe pasna 6,0 M.
7

—. —
y Q—
LSS Tl
3’0 B C 3,0
Coyr.
Os |, | iyf b} 4 0.0 Ce
//,«\\v[v'/\ N A EN D N AN 7
d[!l dzfz

Pnc, 6.44
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Taaea 7
HCTEMEHHE XHAKOCTH H3 OTBEPCTMI1 H HACAJIKOB

B nxeRepHROIt IpaKTHRE YACTO BCTPEIAIOTCR CHYHAH WCTEICHUA HHAKOCTH
Yepe3 OTREPCTHA H HACAAXH, NpefcTaEmowmue cobol kopoTkHe naTpyGku
pasnrgHol xondHrypausn. [TyTéM pacuéta HCTEYEHNA MHAKOCTH U3 OTBEPCTAH H
H4CAZKOR PENIAlOTCA TaKMe TEXHWMECKHE 3aiayl, Kak HiIMepeHHe KOoJIK4ecTBa
Opoxojgitedi ¥XHAKOCTH, CO3TAHNE CHILHO nanbHoboliHoli B KoMItaKTHO# CTPYH,
pacupocTpatiesne cBoboRHON CIPYH, KOHCTPYHPORAHHE COIIA H (OPCYHOK H 1p.

HeTedenne MOXeT OPOHCXOOMTE NPH HOCHMOANHOM T MEPEMERHOM
Hanope. B epsoM ciyuae ZBMKEHUE XAAKOCTH CHHTAETCH YCTANOBHBIUIHMCA.

HereverHe XHAKOCTH MOKET NPOMCXOAMTE B arMoctepy W HasblBaeTca
ceobodneiM MCTedCHHEM, a Takke B ApYrod  pe3epByap, 3amoIHEHHIHR
WKHAKOCTBIO. Tawoe McTegeHAe HAILIBACICH HOMEYeHNUEM Hod yposens B
HCmeneniem 4epes JBMONTEHHOE OMEEPCme.

Knaccugpurayun omeepemuri

1. Manoe oTeepcTHe B TORKOH CTEHKe {HE3aTOIDICHHOE M 3aTOIeHoe).

2. Manoe oTeepctre B TONCTOH cTCHKE. ANATOTOM ARINETCH KOPOTKMH
narpyfok mnunoi I = (3 + 5)dyy (dne — AMAMETP OTBEPCTHA), MPHCOSAHHEHHEI
K MATIOMY OTBEPCTHRO.

3. bompmoe oTBCPCTHE B TOHKOH CTEHKE.

Mansm cvmTaETCH OTBEPCTHE, €CM pa3HOCTh HAIOGPOB HAax pepxuei u
HICKHCH KpoMKaMH oTBepcTRf He Npeeblizaer 10 % BeprukaidbHOTO pasMepa
OTBEPCTHA, Jelicmayiouuti Hanop npiuRitMacnica Ro 0Ci OMEEPCMIUA.

B npoTHPHOM Cifyuae, ecTH PasHOCTE HAMOPOR Hal BepxHel M nHKueil
KpOMKaMH oTBepcTus mpesbimaer 10 %, oTeepcTHe caHTacTed Gobiuum. Tlpn
pac4éTe TakolC OTBEPCTHA YUMTHBAIOTCA Hallophl HaX BepXHel M Hubkaell
KPOMKAMH OTBEPCTHA.

Tonxoit canTaercs creHka, ecnM ToMUMHA ¥ () Re npesmimzer TPEX
JIMHEHHLIX pasMepos oTeepeTuA. Hanpumep, Bus «pyrinoro oTBepcTHA 853 dyp,;
IS KBAJPATHOI'® OTBEPCTHA 8 < 3a (@ — cTopoHa KBaApaTa).

Toncmodi cunTaeTefl CTEHKA, TONIMMHA Kotopoit 8 = (3 + S),.. Bom
TOACTYI0 CTeHKY yOpaTh, ocTaBuTh TONEKO OrpaHMYeHHe, HAUPUMED, B BMRE
naTpy0ica, To Taxoil IaTpyboK HABHIBACTCE ZROPUKIHNECKIM HACGOKOM.

Hrax, 2udpasnuseckuwii macadox — 510 Wopotkmii natpyGox piaanoi
§ = (3+5)d, npacoenpnEnniti K MANOMY OTBEPCTFIO B TOHKOH CreHxe,

Ecay zmana matpybxa [ > 54, 1o rTakoe aBHKeHMe XUIKOCTH Chelyer
PAcCMaTPUBATh KAK JBHXKCHVE B KOPOTKOil Tpyoe,

PaccMOTPHM Meopenirueckite 0cHosw PacieTa HCTEHEHHS WHIKOCTH Yepes
OTBEPCTHA W BACATKH,
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7.1. HeretueHne MARKOCTH H3 MAIOT0 HEIATOIVIEHHOrO B 3I9TORIEHHOTO
orBepeTnii B TORKOI cTERKE

Tlon pacu&ToM oOTBepcIMs NOHAMAETCH ONpPSRENCHHE NPOMyCKHOM
cnocoGHOCTH OTRepeTH, Wi pacxons ().

PaccMOTpHM Manoe 0TBEPCTHC B TOHKOW CTERRG 3aKpLITOIO pesepByapa, Ba
NOBEPXHOCTH WHAKCCTH B KoTopom IedicTByer abcomioTHoe maBnedue pg, B
obmem cmyyse He paBHoe atMocdepHomy (pre. 7.1, a). Ilaowapme skmeoro
CeSCHHA OTBEPCTHA ©, ACHCTRYIOmuit Hamop 1o ocH oteepemia H, yposens o
B pesepsyape NOCTOAHHEA.

a 6
1 g const IP- 1

A ycomst  |md1 —— == =
— | il T
p— -— - - - —ﬂ -_—
I 0,5d R ] —
_0*:"‘ ‘Q? s L.

_ .-/ I2 "--.—- -___

_ - | _

7 S o e P By W«W

Puc. 7.1

TIpH meTeveHun KHAKOCTH Yepel Maloe OTBEepeTAe Ha paccrosHuM 0,54
APOHCXOANT cHeamse (HEBEPCEA) CIPYH. 310 ApneHHe OOBACHACTCH HuepiHel
YacTHL MAAKOCTH, napabonudeckoll TpaekTopHei cIpyeX B IOTOKE, KOTODERIE
HEPECCKAIOTCA, YMEHBIUAA TIPH TOM cedepne. B ©xaToM cedeHuH (IUI0MEAL Bey,)
ABWREHHE WHIKOCTH MOXHO CYMTATb YCTAHOBHBIIMMCA ¥ HPHMCHHTE AJA RETO
ypasuenue Bepaymnn,

Ins  onpepencHAN pacXojn KHUAKOCTH Hepe3 MAJI0¢  HE3ATOINEHHDS
oTBepcTHe, T. €. cBOGOAHOe AcTedehde B aTMOCEpy, BCIOALIyeM YPaBRHEHHE
BeprymnH, cornacHo npuaAToi MeTomuke (oM. pasaen 4.5.7).

L. Bufepem Oea cewenun: no CBoGopHoOH TNOBREPKHOCTH KHAKOCTH B
pe3epeyape, NpoBenéM €ro ropH3ORTANBHO, 3HCCH CXOPOCTE ¢ = 0, B Ha BRXONE
CTPYH B aTMOCQEpY 110 CHATOMY CEYCHHN, 5TO cedcHHe NMPOBEAEM HOPMANELHO K
HAMPABNEHUIO ABHKCHHA CIPYH.

2. Ceverrin  1-1 u 2-2  npouymepyem no Ranpasienuso OSUNCENUR
srcudKocmIL.
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3. B pubpaHHuXx cedeHUAX YUTEM aficomomioe daeacnue. 1loguepkuim,
9T0 HaRieRue B CKATOM CEYSHHM DapHO atmochepHoMy (BRIXOA XWIKOCTH B
atmocdepy): p1=po; Pr=ps-

4. IThockocTs cpaeHerna 0-0) rposeném vepes och OTEEPCTRA, Toraa z; = M,
=0

5. 3anumen ypasuenue Bepryiam (cM. dopmyny (4.15)) p obumem suze u
cenaeM MOACTAHOBKY NAPAMETPOB!

2 2
o,v

z,+-‘r—’l+--i—l-‘=z1 Py, 220 2+hw|z-;
rpg  2g pg 2g
z = H, z=0
7= Pos Fo N =P
o1=0; Uy =V 2= Com,

THE Oy — KodbGMUWEHT HEPAaBHOMEPHOCTH PACHDEHEICHHS CKOPOCTH B

OTBEPCTHH.

IloTepn Hamopa no AnNuHe MekAy cedcEMamy 1-1 1 2-2 (paccrogune 0,54)
OTCYTCTBYIOT, 3HAYUMT, 1{OTEPH HAIIOpPa B FMAPaBIMYMECKHX comporueiendsx (k)
yUTEM, Kak MOTEPH HAIOPaE B CAMOM OTBEPCTHH, KAK MECTHOM CONPOTHBIEHUN

UZ
=h_ = Zow.

rae (o, — koahbHIASHT CONPOTHRNEHHA OTHEPCTHS,
Tlocae NOACTAHORKM NAPAMETPOB TIOMYHIHM,

2 2

Py - Py + GomVax. + cm Vex.

H+
pE Pg 2g g

*

OTKY N2 CKOPOCTE B COKATOM CedERHM!

v = [_*— )—[I;E gp‘] (7.1)

+Gon.

B dopmyne (7.1) ofosnatum npupeatnunii Ranop (M. ):

H _H+Pn Pa .
e Pg
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Ecan pesepryap OyneT OTXpuWITHIM, B cedeHMA 1-1 nmamnenue py = p,, TO
npuecASHHE HATIOp Hype = H.
Goprysty (7.1) npeacTasM B BHYE;

S L
“w‘\/‘;;m#g”w-' @2
Baentm xoadpdrument ckopoctn (@)

1
e e @

Gopmyna (7.2) IpHANMAET BHA;

Ve, = 0:28H s, - 74)

Tipe pacqére pacxona @ (R1M NpOUYCKHOHR CNIOCOHHOCTH) M3 OTBEPCTHA
HYXHC CKOPOCTS B {KaTOM CE4eAHH YMHORMNTE Ha TUIOMIBAL CAATOTO CEYEHHA:

0~ Oy 0. -

VYMeHbeHHe MIOIAaMM CXAaToT0 cedeHUS YIMTHBACTCH Koogduiuermaont
CHCEMNUR — E;
i

g=le= | (7.5
®
Pacy@rhas popmyna ans pacxola ¢ yuétoM doprya (7.4} u (7.5):
Q=2002¢H 1 - (7.6)

Hponaeesenne xoopduunentos €@ 0003HATAM HEPE3 Moy, KOTOPEIH
Ha3kiBaeTed KoadupMIACHTOM PacXola OTBEPCTHA:

Homs. = EQ. -

OxoHMETENBHO pacxol HHAKOCTH Hepel MAIoe HCIRTOINICHROE OTBEPCTHE
paccYHTHIBAETCH No GopMyne

O =P 0f28H 1. - X))
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PaccMOTpHM Malioe 3QIMOMACHNOE OTBEPCTHE B TOHKOH CTeHKe, M1H
HCTE4HeHHe W3 MANOFO OTREPCTHA mod yposens (puc. 7.1, 6).

Pacnér awanorwuen pacySTy Mazoro OTBEpPCTHSs B TOHKOH cTeMke ¢
ucTedeHuem B armocdepy. Taioke cocTanaserce ypaBEewue BepHyinmm nos
cevenuii 1-1 m 2-2, CKOPOCTH B KOTOPHIX COOTBETCTBEARO: Uy = 0] b7 = Dgy;
JiaBJIeHHS B BEIOPAHIMX CEMEHHNX: Py = Py; P1 = P, + pgHy; 10CKoCTE cpaBHEHHA
COBMEIIAETCR C OCHK) OTREpCTHA: 7 = Hy; 2 = 0.

Ilocne mpeobpaszoBaiva ypasdenna DBepwyann (Ipennaraercs cAenars
CAMOCTOATENIEHO)

Vo, = 0\2g(H, - H,). (7.8)

Moxnxo oboamaants Hy — H, = AH, taxim obpazom, AH — neifctByromuit

HANOP JJ% 3aTOICICHAOrO OTBEPOTHA. Pacxoll EHAKOCTH UYCpes 3aTotuiennoe
OTBEPCTHE:

0= U, 0/2gAH . (7.9

Dopmynnt (7.7); (7.9), a paree npy pacufTe NpOCThIX TPYGOIPORDIHEX

cucteM opMyna (6.5) ametor obwmii Bu. TakAaM oDpa3oM, Ai1i BCeX BHOOB

HCTCYeHHN U3 oTBepcTHMiA W HacagkoB dopMyida pacxoga MOXeT OwITH
npeacTasnena odobuEnnoll hopmy:1oi;

O=nw2gH, (7.10)
rae H — peitcryromnii (Foni HprBeASHHEET) Hanop.

7.2. UcTeuenue uAKOCTH Hepes Goabmioe GokoBoe 0TBEpCTHE
HPH NOCTORHAOM BALIOpE

IMpencTaBuM cebe Gonkimoe GoKoROe OTBEPCTHE IIPAMOYTONBHON GopMEL,
miKpuEa xoToporo b, nanop man vepxmeit kpoMoli oteepeTia Hy, nan HuxkHel

H;. YlycTh HanopH Haf Bepxuedl H HumHedf KPOMKAMH OTBEPCTHH OTIHHAIOTCH
Gosee, yem Aa 10 %, roraa B bopuMyne pacxona yuuTabaeM 00a hanopa:

2 —
Q=3 o by2gltl® - ). (7.11)
Teoperruecknit BuBox Gopmyasl (7.11) crienyer u3ydATh Mo ydebunkam u

APYTHM y4eOHEIM NocobusD.
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7.3. Hcrenenne EHIKOCTH H3 RUCAKOR NPH NOCTORAHOM HAOPe

[To dopme natpybka pasnHIAOT CREAYIOLIAC MUNW HICAOKOS:
a) pHelmuit nuAARRpUIecKAi Hacagox (puc. 7.2, a);

6) BHyTpenymil IRLTHHAPIMecKuH Racazox (puc, 7.2, 6);

B) Kourveckuil cxonammiica Hacanok (puc. 7.2, BY;

r) koHHveckuif pacxonainuiics Hacanok (puc. 7.2, r);

1) xoHOHaanEHE Hacanox {puc, 7.2, x).

a i} B

r - T

L”‘

L
——r

il
Hl
]

if|i

==

U
!
[

I
L

Lop
f

I"1‘|H

Puc. 7.2

Bo Bcex THTIAX HACHAKOB, KPOMC KOHONJANLHOIO, SHPMIPH HECGOKO, KAK
npasHno, Aa paccrosand 0,5d ofpasyemen cowamue cmpyn. B obaacti exarus
BO3HHKACT BAKYYM, 34T€M CIPYA pPacliMpAETCH, 3aNONHAET BECh HACaOK H
BRIXOJHT ITONAEIM CeqcHUeM.

Hamavre Bakyyma BHYTPH HAcafKa JOKa3HBAETCK C TIOMOIIBIO YpaBHEHH
BepHynnu, Taxde pacuETH NPABSIEHE! B YMeOHHKAX H Kypeax Jekimis.

BakyyM BHYIPH $NEHINEZ0 NHTUROPUYECKOZ0 HACANKA CNOCOOCTBYET
ROTIOMIRTENLHOMY DOACOCY KHAKOCTH W YBESIMHEHWIO NPONYCKHOH cuocobrocTH
Hacagka. Tak, 8 OUWIMRAPHIECKOM EHelmmeM Hacagxe H,.. = 0,75 H, amauur,
cornaceo dopumyne (7.7):

Q = “mm\‘Zg(H + Hm) = “mmﬁ?iﬁg .

3xan, 9TO Jﬁ =132, oboasavmM 1,321t = luw. ChemoBaTCHRHO,
npoIycKnan cHocobGHOCTE BHENIHETO HAMHHAPHYSCKOND HACAHKa YBEIHINTCA HA
32%, neAcTBRTENLED, Po = 0,62; P, = 1,32: 0,62 = 0,82.

Takmm obpatom, NAIHGYEHNe HACGOKOS — PocANNeNue RPORYCKHOIE
cnocobnocmu,
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Buympennuii wwinndpuveckuii ngcadox UCTIONBIYETCA, KOFAA HYXHO
¥HCIHIHTL IPORYCKHYI CHOCOOHCCTh, HO NO TeXHHYECKAM YCIOBHAM HEMB3A
BLIBECTH BHCUIHME HACaaoK.

Konwneckuii  cxoonuphiics Hacadox Ja8T BOIMOXHOCTE LONYMHTh
KOMNAKTHYIO CTPYI0 ¢ GOIBIIOl CKOPOCTBIO, HCOOIBIYETCA B THAPOMOHHTOPAX,
OpaHpcnofitax B M noaobHEIX ycrpoiicTeax. Koatpunrent pacxona Hacanaxa
34BACHT OT YINa KOHYCHOCTH. QuTHMANLROE 3HaYeHHE YIila KOHycHocTH 13°247,

Konuvecknii pacxodsuguiics RQCcadox JagT YBENWqeHHE [POMYCKROM
criocobHocTE  Ha 40+45 %, Malhie CKOpOCTH HA BLXXOOE. JTH HAacagKH
NPHMERMIOTCH B 3KEKTOPHEIX YCTAIOBKAX, OPOCHTCIIEHEIX CHCTEMAX U AD.

OnmUManBALIA YTol XOHYCHOCTH 5°+ 7", Flpa YBETHACHHY YTa KOHYCHOCTH
MPOHCXOMHT CPHIB BaKyyMa BIYTPH HACAJIKA, CTPYs OTXONMT OT CTCHOK HACANKA,
BACAN0K HE BHITIONHAET CHOECD HAIHAYEHHA, HCTEYEHME NPOWCKOLUT, KaK Hcpes
MA710€ OTBEPCTHE.

Konoudanenmii nacadox BrmionHcH 1o GopMe CTpYH, BRITEKaIOWIEH W3
MEIOTO OTSCPCTHR, HMEET MANOC CONPOTHRAACHWE NPY NBUKEHHM KUIKOCTH,
olecmeunBaeT NOBLINENMe nponyckeofi cmocobHoctH Ha 40+50 %. Takue
HACAAKH NPHMEHAIOTCA B COMNEX I'MAPaETHIecKux TYpOHH, aspogHHAMHYIECKHX
YCTaHOBKAX.

1Ipu Teoperndeckux 060CHOBAHAAX HCTEICHHN KHIKOCTH K3 OTBepeTall H
Hacankop ORIy eBeacum koabdunmesrs: a, § @, £ N 3navenms smmx
K03 PULUEHTOB 3aBUCAT OT MHOIHX (axTopoB: GOPMEL OTBEPCTMA, CTEHEHU
MexaHudeckol obpaloTis KpoMOK OTBEPCTHA, TIOJHOTH K COBEPIIEHCTRA CKATHA
CTpyH, a Taioxe 0T wucaa Peiinoieaca (Re). 3TH RO3GDULHEHTH ONpEREICHES
IKCRNEPHMEHTAILHO AIA PacCINTaHH AHANMTWICCKM. 3Havenus xoajupALenTOB
TIPHBEACHK B chpasoaAmkax n yyeOuuxax. B zmanHoM yuebuom nocoGuu
apaverud K0xpduuHeaToR @, € B p TIpHBeAeHH B Tabn. 7.1,

TaGmaua 7.1
3navenna koadguuuenTos ckopocTa (@), cxarna (g) ¥ pacxona (j1)
A4 OTBEPCTHH B HACaiKoB
BuI 0TBepCTHA, HACATKA S € m
Manoe otBepcTHe i 0,97 | 064 | 0,62
BHelIHH LIWTHHApHYECKUE HACANOK 0,82 10 | 0,82
Buyrpennnii NEIMEZpHYeckuii Hacagok 0,71 10 1 0,71
Konmecknii cxonsuyiics Hacanok 056 | 098 ! 094
Kopvdecknii pacxoamumics Hacanok 045 | 1,6, 045
Kononnaasnetil Hacanok 1 097 ) 10 1097}
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7.4. lIpEMep pemeHRd 3A1A4H N0 TeMe:
“Herenenne MAIKOCTHE H3 0TBEPCTRE B BacAgKoB”

3agaua 7.4.1. Ha pogosamcpHEOl CTAHUMM YCTAHOBNEH TPEXKAMEDHEH
OTCTOHHMK. B cTenkax oTcToitHMXa C/lelaHE OTBEPCTHA ¢ IDIOMAAAME AHB5IX
ceuenwii: @) = 3 oM’} @y — 2 M7, K TPETHEMY OTBEPCTHIO NIPHCOSIMHEH BHEIHMM
NWIARUPHIECKUE HacafoK TUIOMIANKO ceveHns m3 = 1,2 yu’. YDOBHM BOTM B
KaMmepax nectosH#Esl. Obwmi nauop H=3,0 M. i

OnpenenuTs pacipefeleHHe Haropos ki, My, 1 u pacxon somm (),
Bhriexi0mel w3 oTcTolinnka. CuMETaTh CTEHKR OTCTORMHKS ToHKMMA (pHe. 7.3).

é :__:\\.
g i , i

]
i
hy

{
Ijl
K
-
const

!
E —
‘I L T T —— "} ol 4
| — —~ "9 wd - .
/ - LTHEZ T %k
! D g
| — - i - s
Pec. 7.3
Pemenne. Ha pac. 7.3 cnenyet:
H= hz + h3 . (7-12)

CormacHo YpRBEHEHMIO HEPASPRIBHOCTH IOTOXE, PAcXOMEl BOME Yepes
OTREPCTHA B HACAZIOK ONMHAKOBEI:

Oy =0y = (5 =const .

Pacxofipl ROMBI 9E€Pe3 KAMAOS OTBEPCTHE MOXKHO BEMHUCIRTE Mo dopMyle

{7.10), a umenHo:
Ql = u’m.lml Vzghl s
D2 = Pom, 07 428( 1"'“_h1) >

QJ = g, D3 'J:‘,‘Hg_g .
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IIpupanydem pacxosl H, TPOH3IBELA NMPOCTHIE Npeodpasopankd (COKpaTHM
HA BEIMUMHY J’Z_g ), nomyuMm:

Por, o, A = Ko, @2 Ay =1 = P 03Py (713

ITogcrapuM uBcieHHBle 3HATEHMA Iowafeli xmBnLIx cocvennit () B
koxduypentos pacxoaa (i) ma Tabu. 7.1;

0,62-3,0,/h =0,62-2,0./h, —h, =082-12./h; .

[IpapasHAeN nOMapEC paBEHCTBA, wrobnl HAWTH 3aBHCAMOCTR MOXIY
Hanopam¥ Ay, Ay, My, 8 3aTEM PEUNTE MX COBMECTHO ¢ YpasuenueM (7.12):

9 = 4(hy — ), orciona hy=3,25 h;;

3,46 h, = 0,97 Ay, orciona hy =3,57 k.
ToncTapuM 3HAUEHAN Ay 1 fa, BRIpaKeHHkle 3epes hy, B ypaaHenue (7.12):
3,25 Ay + 3,57h, = 3,0 M, otcrona by = 0,44 M, 3uaueT, o = 1,43 M; 1y = 1,57 M,

Pacxon Bonkl MoiHO paccudTaTs deped /Mofoe OTBEPCIME; PACcCHHTaEM
qepes nepuoe:

Q=0 =0,62-0,03-/2-9,8. 0,44 = 0,0546 M'/c = 54.6 w/c.

Omgem: HatOpH BOOEI B otrcToMmmKe: iy = 0,44 m; Ay = 1,43 M; Ay = 1,57 M,
pacxof Boam M3 orcrofimuka O = 54,6 n/c.
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SAKHOMEHHE

DNpeacramtenioe  yaebnoe nocofHe COCTABIEHO Ha  OCHOBAHHH
MHOTOJIETHET'0 TIPENIONRBANMS  Kypca IBAPOMeXaBWkH (Tuppasnmem). O
MeTOMIecKOl pafoTsl NOKasall, YTO YCNCITHOE OBABACHHE 3HAHHAMHE N0 ITOMY
KYpPeY BO3MOXHO TOABKO HA OCHOBE pemenws 3anad. Pemenue 3afey paysuBaeT
CAMOCTOATENbHOC HHAEHEPHOE MEIILUICHHE,

Ha ceropusimvuli feHp HMMeeTcd HeMalo COOPHHKOB 38Ja4 H yd9eOHuIX
nocofuifl MO IMApaRIMKE, TEM HE MeHee B OTHX H3NaHMAX HEJOCTATOMHO
OCBETICHA MCTOAMKA PELICHUA 33489 TI0 PAvIHYHLIM pa3fienaM M Temam. Jns
CTYHEHTOB O9eHh BAXHO YCBOMTE HMEHHO METOAMKY pelueHMd 3afad4, STobH
nepeiiTH oT pelleHUs NPOCTHX K Goee CAOMALIM 3a7aTaM.

Tlpu paspaGoTre yyeSHoro nocobHs cTapUNach Helh — NoOHTECA HanBonee
NOCHCHOBATENEHOND H HIMPOKOIO IPHMEHCHHA METONHKW peIlcHUA 32iad. Bo
MHOTHX 388AYAX HCHOJNLI0BAHR IpaiiieckVc MCTOOBl pPeIleHHd, JAalOnIHe
BOIMONHOCTS OPOCTO ¥ HATTANHO NPOAHANMIHPOBATE XOA, PELIEHHA 3afadl H
KOHEUHsIl peayabTaT PeIueHH.

B yueGHoM nocoOHM BAaHH TONLKO OCHOBH TEOPHH IO HECKOALKHM
pasfeNaM MHAPOMeXaHdxH, O3TOMY, caMo cololl pazyMeeTcd, CTYNEHT ICJDKEH
o0paulaThca K yIeOHUKaM 110 3TOMY KYPCY.

Kpomve tabnun, npupefEHHMX B OPRIOKEHHMY, MOXHC ITONE30BATECH
AHANOTAYHHME TaONHIAMH APYTHX YucOHHKOB B y4eOHHX noco0ult, B 95ToM
CJIyJae OTRETH B 33/134aX MOIYT HE3HATHTENLHO OTAHYATLCH.

Aprop pafeeres, yro yueGHoe nocolHe LPEACTABAT HHTEpEC M MpHHecET
OOBE3Y B M3YYEHHH Kypca rmugpomexanuxy. BoaMoxkwso, kmmra 6yner
WCIOIE30BAHA  UPENOJABATEIINMH  BYOB MM [NPOBENCHMA NPaKTHIECKMX
saEATHI.

Xoteiroch 651 IOTYYRTE OTIRBE HA KANTY, 3AMEUAHUR, MOMEIANES.

Antop C, K. Yace
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ITPHIOXKFEHAE

Tabmma 1

InorrOCTE, KOPHAOUEHT KEAEMATHYOCKOIH BA3KCCTY, YCIOBHAA RA3KOCTE

HEKOTOPEIX AHAAKOCTEH

. " Thiomsocts | Kunemarwaeckuit | Veaonman
XuprocTs P xr/n® K03hDUIAEHT | EH3KOCTD
BAIKOCTH "E (BY)
v, 108 Mm%
Boga npechuan 998 1,008 1,0
OTHIOBELE cLupT 790 1,52 1,04
PryTs 13546 0,16 -
Boagyx 1,22 14,9 -
Bemaus mpu £ = 15°C 740-780 0,83-0,93 -
Kepocun 820 2,5 1,13
Hedts 810-930 25,0270 3,7-4,0
Mac:to TypSunnoe 900 20,0-48,0 3,067 !
Macito TpalicopMaTopHOe 884 28,0-30,0 4,05-4,30 |
Tabnnnoa 2
CooTHomeHHe MY eMHAUAMH JaBIEHISA
Emuesna |, Ha XIOOM | RTehL MM M| MM Gap
) (ar) BOMLOT. | BOpm.CT. | pren
11la 5 -& -3
(Hhﬁ) 1 10,2-10 0,102 0,102 102-10 750.10°% 10
1 krefom®
(a7) 9,81-10* 1 10* 10t 10 7356 | 0981
g 3
achs g 16* i 1 1% | 73,56-10% | 110
1 MM " 2 3 5
BOLL, CT. %81 10 3 1 10 73,56:10™ [ 98,1.10
Im 3 3
SO CT. 9,81-1¢° 0,1 130 108 1 73,56 98,1-10
"1 Mm 3 3 3
- pr. cr. 1333 1,36-10 13,6 13,6 13,6-10 1 1,33:10
162p 10° 1,02 |[10210° | 102:10° | 102 750 !
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Tabmuua 3

KoopayHaTs! 1ieHTPOB THXECTH, IVIOMANH H MOMEHTR MUEPIHY ILIOCKHX duryp
OTHOCHTE:TBHO TOPU3OHTANBHON LeHTpansHe# ocH

ITtockan durypa KoopauHaTa Hnomane MOMCHT MHEPIH
LeHTpa thaaryps 4 I
TEKECTH Y,
INMpasoyronsHHuK
4l
=+ _’C_ : h " bk’
=: 2 | 12
I —
I x :
Tpeyrommamk o !
_ y
= . lh bh f”is_
e\ _ 3 2 36
: £
|
I} X |
!
Tpaneuus
pasHobe IpeHuan
Yip
h(a+2b) h{a +b) ! h_:’(q_zﬂa_bf 5%)
= c 3(a +b) 2 | ™ 36@+8)
i S
] a x
f i
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Ilporomxerwe Tabn.
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Tabnuua 4

MecrHe COPOTHBIEHHA

Tar, exema MECTHOIO

Koapdmiuent MecTHOr0 CONPOTHBNCHMUS £

CONPOTHRIEHNA B
Bxon B TpyOy flpu ocTphix kpomkax L= 0,5;
v 1Py 9BKPYTIEUHAIX KPOMKAX W INARHOM
By =Gy py sxone fu = 0,2;
& : =
. TIpH BechMa IIIABROM BXoxe (g, = 0,05
I T - :
i — v Lt —
i -

, Brixon 13 TpyGur B peaepayap
i GONBUIMX pasMepOB, BHIXOK

| IOl YPOBEHE
2

=r. 2
hm‘szg

Dy rrt— -

Gix =10

Bresanxoe cyxenne
v3
2g

hl.c. = CI.I'..

1)}
e =f[m—j]

0, . ‘
o |001] 010020040 060080,
.. | 0,50 | 045 | 0,40 | 0,30 920 | 0,10 ||
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Tlponomsenue Tabmng 4

Mecrase cOOpOTEBISRHA
HoaopoT TpyOu (koueHO)
&) koneHo Ge3 sakpyrnesus
S I!Ymaf3o 40 [50 [60 [70 [80 [90
N Q " . |uu
a\\c——_‘-!—s% | e 10,200,301 0,40]0,55[0,70]0,90]1,10
6) xomeHo ¢ 3axpyrnenneM || #/Rao| 0,1 0 02 [ 03 [ 04 | 05
npu a =90 ‘ 0,131 70,138 0,158 | 0,206 | 0,294
v? ?Remp| 06 1 07 | 08 {09 | 1,0
hm=Cm£ 0,440 | 0,661 | 0,977 | 1,408 | 1,978
Tlpu yreex o # 90" sgavesne {yup FYRHC YMEGHKRTS HA
/90"
it a/d |Tloamoe | 1/4 3/8
OTKpHITHE
o | Conpe | 0,12 0,28 0,81
= a/d 1/2 5/8 3/4 7/8
—-T | Cone, | 2,06 5,25 17,0 978
Mpo6Gxosrit kpau, Re> 107
a 5 10, 20 30
o [ 005 | 029 | 156 | 3547
IEI =% t;’:-_;ﬁ— o 40 50 60
[ 17,3 52,6 206
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MeCTHEE CONPOTHRNERUA

Oxoxzanue Tab IO 4

BeHTHIs T ITonmROCTEIO OTKPEITEH, Re = 10°
[, | 40 | 80 | 100 1150 | 200 | 250 [ 300
(Gaor. | 4,9 14014114447 : 51|54
Re> 10
Cdl ! [ .' r
1—‘12 |04 102]03]04]05]06]07
[Coap | 224 [60,2]192] 98 | 44 [ 24 {122
BeacriBaomuii K1anaH ¢ * i
cetxoii, Re > 10*
doan| 40 | 70 | 100 ; 200 [ 300 ' 500
f 2 == . i
1; 12 185 | 70 | 47 | 3,7 | 2,5
Jna OpHEHTHPOROTHEIN, PacaETOR:
IpR Hamrane ofpaTHoro Knasans Ly = 10,0;
EPH OTCYTCTBUR ofipETROTO KIAnans Len =5+ 6
—"'J |

|

TaGmpua 5

KooddunueHTs cOnpoTHBICHAI XOAEH BOJONPOBOAHBIX TPYE npu a = 50°

dmm | 50 100 T 150 200 250 300 |

[ 0,76 039 . 037 0,37 0,40 045 |
d, Mm 350 400 450 500 600 700 |
Caon, 0,45 0,42 0,42 0,46 0,47 0,48
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Tabmana 6

3Havenns >kBEBATCHTAOH abcoioTHO# MepoxoBaTocTH A, B TpyGax

- Marepuan u Bua TPYOR | ' CocTosune Tpy6ul Ay, MM
THHYTRIE M3 CTEXIL H HoEBwe, TEXHRYECKH THATKHE v 0,001
LIBETHEIX METS/IOB
Becmonnsie cranpymie Hosbie # YHCTEIS, TINATENBHO YIOKEHHEE 0,014

Ilocne HeCKOIBKIX IET IKCILTYATALIHH 0,2
CrasEEle CBAPHEIC Hosgkie ¥ 9ECTHE 0,06
C Hesgarnrremsuoli koppoauei Tocne 0,15
OYHCTKH
VMepeuHo 3apaapeRIIne 6,5
Crapsle 3apKanepLI#e 1
CumBo 3apxaReBIIHe KK ¢ DONBITEMA 3
. CTIIOMCHAAMIH
UyrysHEE Hossie achalsTHpOBANREE 0,12
Hoerte Ge3 moxpuiTas 03
BriBuine 8 ynotpefneRmn 1
OneHp crapnie 3
BeToHHEIC Hoskie K3 NpeaBapHTElBHO HANPHKESHHOTO 0,03
SeToma
Hosuie neHTpobexHRE 0,2
Bupnme B ynotpeSnenyuy 0,3
+0,8
H3 seobpaGoranuoro GeTana 1-3
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3nayedns xoadhHUNEHTOB WIEPOXOBATOCTH 71 | 1/n

Tabimna 7

(an= dhopmyn TTasroscxoro, ATpockuna, MaHHuAra)

Kareropus |

XapaKTepracTUKA IOBEPXHOCTH

1/n |

Rp—

HernwgurepHo r1aakne MOBCPXHOCTH, IOKDLITHIE
2MATLIO

11

I

BeckMa TIDATENBHO OCTPOTEHARIE JIOCKH, XOpOUIo
opurHadHHe. [Tykarypka 3 9UCTOTO L{eMEHTa

160

11

Jlyqimas semedTHas IrryKarypxa, HucThie HOBRE

TOHYAPHEE, TYTYHHEIE M AKene3Hue TPyOH, xopoino
YIOXKEHHEIE B COSlHHEHHEe

I

90,9 :

v

i HEOC'IPOI‘aHH‘BIC JOCKH, XODOIIC (TPHTHAHHEBIE.

: BogorpopogHbie TPy6R! B HOPMAJILHEIX YCHOBHEX;
BechMa YHCTEIE BOJONPOBOANEIe TPYOhl; BechMa
Xopoias feToHupoBKa

833

Teconas xjaaKa, XOPoIag KAPHHUHAR KIATKa.
BogocToqwne TpyGhl B HOPMAKLHEIX YCIOBHEX.
Heckonbko 3arpA3HeHHEE BOJONPOBOAHEIE TPYOLI

0,013

76,9

VI

3arpaanenHue TpyOH (BOAONPOBOIHELE
BOAOCTOUHLIE); CpeMHIN KHPIMIHAY KiajKa,
GETOHHPOBKA KAHANOB B CPEHUX YCHOBHIX

0,014

71,4

VII

' Cpenifn KEPNHYLAA X1a0Ka, 00HIOBRE U3 TECRHOTO
| KAMHH B CPEJHHX YCIOBMEX. 3HaUATELHO
3arpA3HEHARIC BOJOCTOKH. BpeseHT 10 JepeBAHHEM
peiixam

0,015

66,7

Xanpomu ByroBad KNAka, CTAPas XHPIIHIHAS
Knafka, CpaBHWTENEHO rpybas GeTornposka.
I'nagkasg, BechMa XOPOLIO paspaboTanyas CKaIa

10,017

58.8
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Tabnnna 8

3navermus pexnoan C, A, Ku VK = 4 1nx HOPMATLHEX BOOOPORONHLIX TPYG,

noacIuTaunse no hopamyne axan. H. H. Tlasnosckoro tpa n 0,012

d, MM C A K wic 4, o'’
50 44,79 0,0391 0,00987 10340,0
75 47,45 0,349 0,0287 12140
100 49,48 0,0321 0,0614 265,0
125 51,07 0,0301 0,111 81,60
L ___150 52,42 0,0286 0,179 31,18
‘ 200 54,62 0,0263 0,384 6,78
250 56,40 0,0247 0,692 2,1
300 57,90 0,0234 1,121 0,794
350 59,18 0,0224 1,684 0,354
400 60,31 0,0216 2,397 0,174
450 61,28 0,0209 4,259 0,0932
500 62,28 0,0202 4,324 0,0532
600 63,91 0,0192 6,999 0,0204
700 ! 6532 0,0184 10,517 0,00904
800 . 6658 0,0177 14,965 0,00494
900 67,70 00170 | 20,430 0,00239
1000 68,72 0,0166 . 26,485 0,00137
Tabmia 9

3navenne KO3OUIHCHTA yYARILHOIO conporuanenns 4 (c*/m®) mia pacudra

TPYGOIpOBOLOB (IPH KBAZPATHYHOM 33KOHE COIPOTHRIEHNSE) B 3ABACHMOCTH OT

26conOTHONH IHEPOXOBATOCTH A
Jnamerp d, MM A=0,2 mu A=0,5mu A =10 Mu

50 7570 10 000 12900 |
75 B85 1160 1 460
100 194 252 313
125 62,6 80,0 952
150 23,1 29,3 36,2
200 5,08 6,45 7,81
250 1,58 1,98 2,40
300 0,607 0,709 0,917
400 0,135 0,167 0,20
500 0.0422 0.0518 0,062
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