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1. CBOMCTBA U TAPAMETPBI COCTOSIHUSA KUJIKOCTHU

1.1. KpaTkue TeopeTnyecKkue cBeIeHU s

OCHOBHOW (PU3UYECKON XapaKTEPUCTUKON MKUIKOCTU SIBISETCS
nromuocms p (Kr/mM°), onpenensemas A1 OJHOPOIHON KUJKOCTH OT-
HOLIIEHHEM €€ maccbl M (Kr) K 06wémy V (M):

_m
p= E (1.1)

YacTo nonb3yroTes NoHATueM yoensusitl éec y (H/m3), T.e. 6ecom

G (H) equHaumnr 00bEMa JKUIKOCTH:

G

Y=y (1.2)

[InoTHOCTP ¥ OOBEMHBIN BEC BOJBI CBS3aHBI MEKIY COOOM CO-

OTHOIIICHUEM
y=pg, (1.3)

rzie g - yckopeHrue CBOOOIHOTO TaCHHUSI.

Jlns npecHoit Boaws! mpu Temmeparype T=4°C ps0=1000 kr/m® n
Y600=9810 H/M3(momyckaercs IpuHUMATE Y400=10% H/Mm3).

Corcumaemocms KUAJKOCTEH XapaKTEPUYETCS MOOyiem 00bém-
noti ynpyeocmu E,. (H/M):

Ap
E,=P Ap (1.4)
WK K02 uyuenmom 06vémnozo cocamus P (M%/H):
p = 1AV (1.5)
©c  V Ap

rae AV - npupaienre o0beéMa xKuakoctyd V , 00yclIoBIEHHOE Tpupa-
nieHueM JasiieHust Ap. Mexny Ey. v fe CyliecTBYeT CBSI3b :
E,=1/p. . (1.6)
TemnepaTypHOe pacHIMPEHHE KUIKOCTU OINPEICIAETCS KOIGh-
duyuenmom memnepamyprozo pacuwuperus fr (1/K), paBHbIM OTHO-
CUTEIILHOMY M3MeHeHHI0 00béMa AV/V |, Ipu U3MEHEHUH TEMIICpaTy-
pbl AT Ha 1K:
AV
Pr= Var
N3menenre o0beMa mpyu HEM3MEHHOM Macce HEeM30eKHO MPUBO-
IUT K UBMEHEeHUI0 NAOMHOCHU HCUOKOCMU

Ap= - BipAT. (1.8)

(1.7)



Bs3KOCTB - 3TO CIIOCOOHOCTh KUIAKOCTH COMPOTUBISATHCS CIBH-
ry. Paznuuaror ounamuueckyro eazkocms u (Ilac) u xunemamuue-
ckyio easkocmv v (M?/c). Kacamenvnvie nanpsxcenus t (Ila) onpene-
JISTFOTCS TI0 3aKOHY KUJIKOCTHOTO TpeHusi HproToHa:

—FT AU
T=—=p—, (1.9)

S Ay
rae Fr - cuiia BHYTpEHHEro TpeHUsI MEXKy CIOSIMHU, CTOSIIIUMHU JIPYT
OT Jpyra Ha pacCTOsTHUU Ay,
S - TIoImAaIb CONMPUKOCHOBEHHS,;
Au/Ay - TpagueHT CKOPOCTH.
Kunemamuueckas 6sa3kocmub CBsi3aHA C OUHAMUYECKOU COOTHO-

INICHUEM

u
v="
1.10
0 (1.10)

1.2. Yka3aHusl M NpuMepbl pelleHus 3a1a4

IIpumep 1.1. Onpenenuth CKOPOCTh CKOJIbXKEHUS V MpsMO-
yroJIbHOM TUIacTUHEI (@
X b X C); mo HakJIOHHOM
IIJIOCKOCTH, Haxoxs-
miercst moa yriaom S K

- TOPU30HTY, €CIU MEXKAY
IUJACTUHOW U IIJIOCKO-
CTBIO HAXOHUTCS CIIOU
Maciaa A. TonmuHa
CJIog Macia o, TeMmIiepa-
Typa 7, TJIOTHOCTH Ma-

Puc.1.1. Ucxonnas cxema Kk npumepy 1.1. Tepuaga IUIACTUHBL p.

Ha teno, Haxogdmieecss Ha HAKJIOHHOW IUIOCKOCTH, JCUCTBYET CHJIA

TSPKECTH, KOTOPYKO MOKHO Pa3jIOKHTh Ha CKaThIBarollyro cuiay Te ,

napajuleibHYI0 TJIOCKOCTH, U HOPMalbHYIO cuily Tn , TEepreHIuKy-

JSIPHYIO TiockocTu (puc. 1.2,a).

CkaTpIBaloIIas CUja 3acTaBiiIeT OPYCOK JABUTAThCS MO HAKJIOH-

HOM TIUIOCKOCTH BHHM3. ODTOMY JBH)KEHUIO MPOTUBOAECHCTBYET CHIIA

TpeHust Ttp, BOZHUKAIOMIAS B cioe kuUAKOoCTH A. [lpu moctuxenun

OpyCKOM OmpeneieHHON CKOPOCTH V CKaThIBarolas Cujia U cuia Tpe-

HUSI YPaBHOBEIIUBAIOTCHL.




0

Puc.1.2. Cxembl k pemiennio npumepa 1.1.: a - cuabl, AelicTBYyIO-
e Ha OPyCcoOK; 0 - BeJIMYMHBI CKOPOCTENH B CJI0€ JKUAKOCTH

CkarsIBaroIas cujaa paBHa
T =G-Sinf =(axbxc)-p-g-Sinf. (1.11)
Cuny tpenus onpeaenum no popmyne Herotona (1.9), yuuTsi-
Basi, YTO BEPXHUMN CJIOW >KUAKOCTH, MPUIUMIINN K OPYCKY, IBUKETCS
CO CKOPOCTBIO V, a HI>KHUHM CIIOM, CMaYMBAIONINI HAKJIOHHYIO TJIOC-
KOCTh, - HEMOABUXKEH (puc. 1.2,0)

AV -0
T o=BST_anl (1.12)
? 0 0
ITpupaBuusas 7. u Ttp, HAXOAUM
V:8-c-o-q-SlnBl (1.13)
1)

[IpaBUJIBHOCTD PaCCYXXICHHI M MpeoOpa3oBaHU MpoBEpseM
METOJIOM Pa3MEpPHOCTEN, MOACTABIAL BMECTO BEJIUYHUH UX PA3MEPHO-

CTH

Ke
meme M

M3 C2. ﬂ_
C

C Ke

M
c

c-M

YacTo MpuXOIUTCS CTAIKUBATHCS CO CIIydasiMH, KOrja B yCJO-
BUM 3a7]a4i OTCYTCTBYET HeoOXoauMas BeJIMYMHA B sIBHOM Buje. Ha-
npuMep, B paccMaTpuBaeMoM 3amade Kod(PPUIMEHT AUHAMUYECKOU
BSI3KOCTH ( HE 3a]aH, HO YKa3bIBAETCs, UTO 3TO MACJIO U €r0 TeMIiepa-
Typa T. B Takux ciydasx HegocTarolyde BeIWYMHbBI HEOOXOAMMO OIl-
peneNsTh caMoMy IO crhpaBOoYHHKAM. OTKpPhIBAEM MPWIOKEHUS ATOU
METOAWYKHU (MJIM KaKOW-TMOO JPYroi CIpaBOYHUK) M HAXOIUM HYXK-
HYIO BeTUYUHY. JlOMyCTUM, 4TO B yCJIOBHH 3aJa4u TOBOPUTCS 00 WH-
nyctpuanbHoM macie 20 u temmeparype 35 °C. U3 npunoxenus 1
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MOXXHO HaWTH 3HaueHUs KOd(PPuIMeHTa KMHEMAaTHYECKOW BS3KOCTHU
11 atoro macia rnpu temnepatrype 20 °C (vzo = 0,85 Ct) 1 40 °C (vao
= 0,33 Cr). lnsa onpeneneHuss JMHAMHAYECKOM BSI3KOCTH Macja «HUH-
nyctpuasibHoe 20» npu temreparype 35° UCIOIb3yeEM METOJI MHTEP-

HOJISILIUU U ®OP¥YHX\§1'1): 0.85-0.33
v oy —% ©15-085__ 15-046Cm:
35 20 20 20

L=v-p=046-10%891=0,041TTa c.

Ipumep 1.2. Kanucrtpa, 3aronHeHHas )KUJKOCTBIO U HE COJIEP-
Kalas BO3JyXa, Harpeigach Ha COJHIE A0 Temmeparypbl 7>2. Ha
CKOJIbKO MOBBICUJIOCH Obl IABJICHUE KUJIKOCTH BHYTPU KAHUCTPHI, €C-
a1 Obl oHa Obla abcomoTHO >kecTkoW? HavanbHas Temrmeparypa
KUJIKOCTU paBHA 11. Moayiab 00ObEMHOM yIPYrocTu *KUAKOCTU PaBEH
E,c v KO3 hUIIMEeHT TeMIepaTypHOTO pacluupeHus — fi.

[Ipu pemieHun 3TOM 3amadyd HEOOXOJIMMO paccMaTpuBaTh JBa
ABJICHUSI — TEMIIEpATypHOE paclIMpeHue U o0beMHoe cxkarue. Harpes
KUJKOCTU Ha Temrepatrypy AT=T7> — T1 Hen30€XHO JOJKEH IPUBECTH
K yBenudeHuto ee oobema Ha AV=FVAT (cMm. dopmyny (1.7)). Pac-
cMaTtpuBas OOBEMHOE C)KaTUE Ha 3Ty K€ BEIMYMHY, HalaeM —
AV= f:VAp (em.bopmyay (1.5)). [IpupaBHuBas 3ti 00bEMbI, HAXOIHM
PVAT = pVAp, Ap = (BAT)/Pc = PrAT-E,e .

1.3. KoHTpoJ/ibHbIE 321241

3amauya 1.1. 3a30p A Mexay BajOM MU BTYJIKOW 3aIllOJHEH Mac-
oM. [{nuua BTynku paBHa L. K Bamy, nuamerp xoroporo D, mpuio-
’K€H BpaIlaroni MOMEHT M.

LV s Ilpu BpamieHMH Baja Macio
i-ﬁ\ —— s IIOCTEIIEHHO HArpeBacICa u
CKOpPOCTh BpAIllCHUS yBEJIH-

3 —— —= p paig yB
{ M - - E guBaeTcs. OnpenenuTs dac-

A e TOTYy BpAICHHS Bajla IMPH
7 %

temneparype macna 7. JlaH-
HBIE I pEIICHUs 33/Jauyd B
COOTBETCTBUM C BAPUAHTOM 3aJaHus MPUHSATH 1Mo Taos. 1.1.



HUcxoanbie 1aHHbIe 14 3aaa4uun 1.1

Tabmuna 1.1

Homep Macio M, J, D,

BapHaHTa I, Hwm | MM | cm L, mm
1 AMI-10 46 51 2,0 30 | 900
2 NunyctpuansHOe 25 35 27,0 | 3,0 | 40 | 1200
3 Beperennoe AY 32 1,6 15 20 600
4 NunycTpuansHoe 12 37 2,1 1,0 25 750
5 Typ6unnoe 30 42 15 1,3 15 500
6 NunyctpuansHoe 30 27 180 | 24 35 | 1000
7 KacTtopoBoe 76 0,14 | 0,8 10 400
8 NunyctpuansHOe 50 20 640 | 3,3 50 | 1500
9 TpanchopmaTopHoe 56 18 | 1,2 | 25 | 650
0 AMI - 10 38 425 | 1.8 35 | 850

3agaua 1.2. Ha pucyHke NpecTaBI€HO HAaYaIbHOE MOJIOKEHUE
TUIPABIMYECKON CUCTEMbl AWCTAHIMOHHOTO yrpaBieHus (padbouas

KUIKOCTh MEXIY
NOPIIHSIMU HE CXKarta).
[Ipu mnepemenieHuu Be-
Aylero mopuHg (ero
mmamerp D)  BmpaBo
KUJKOCTh TOCTEIIEHHO
CKUMAETCSI U JaBJICHUE
ITOBBILLIACTCS. Kornma

—

ettt

L

Y

MaHOMETPUYECKOE JIaBJICHUE JOCTUTAET BEIUYUHBI [, CHUJIA JaBICHUS
Ha BEJOMBIi TTOpIICHB (ero quamMeTp d) cTaHOBHTCS OOJIBINE CHIIBI CO-
npotusieHusi F. C 3Toro MomMeHTa NpUXOAUT B JBUKEHUE BIIPABO U
BEJIOMBII MOpIIeHb. JluaMeTp COeMHUTEILHON YacTu IIUIMHAPOB - O,
mmHa - |. Onpenenute quaMeTp Beayiero mopmHs D, HeoOXoauMBbIii
TUIs1 TOro, 9ToOBI X0 L 00omx mopirHeit Obl1 OAuH U TOT XKe. JlaHHbIe
JUTS pEILICHMS 33/1a4, B COOTBETCTBUM C BAPUAHTOM 3a/IaHUS, IPUHSATH
o 1abn. 1.2. Koaddunment o0beMHOro cxxaTtusi pabodueid KUIKOCTH
npuHATL paBHbIM 3.=0,59 10-° m%/H.




Tabmuia 1.2

HUcxoaHble 1aHHBIC 14 321244 1.2

Homep

d, MM L, MM 0, MM I, m Py, MIla
BapHaHTa
1 20,0 30,0 10,0 2,40 21,0
2 18,0 34,0 8,0 2,20 15,0
3 24,0 32,0 12,0 2,00 12,5
4 28,0 36,0 14,0 2,35 17,5
5 20,0 38,5 11,5 1,90 14,0
6 24.5 41,0 12,0 1,75 16,3
7 28,0 38,5 14,0 1,52 19,1
8 26,0 36,0 8,5 1,61 14,8
9 22,5 34,0 10,5 1,77 17,0
0 27,0 35,0 12,5 2,25 20,0

2. THAPOCTATHUKA
2.1. Kparkue TeopeTnueckme cBeeHUs

JlaBjieHue, MPEACTABIAIONICE IOTHOE HAMNPSKEHHE CXKATUS OT
JEUCTBHUS BCEX BHEIIHUX CHUJI (TOBEPXHOCTHBIX U MAaCCOBBIX), MPUIIO-
KEHHBIX K )KHIKOCTH, Ha3bIBACTCS aOCOTIOTHBIM JaBJICHUEM.

B TexHuke ymoOHO OTCUMTHIBATH JABJICHUE OT YCJIOBHOTO HYJIA,
3a KOTOPBIM MPUHUMAETCS JaBJIEHUE aTMOC(EepHOro Bo3dyxa Ha Io-
BEpXHOCTH 3eMiH, paBHoe 101325 [la. B aToM ciyyae BenMunHa 1aB-
JICHUsI TIOKa3bIBa€T M30BITOK aOCONIOTHOTO AABJICHHS p HaJ aTMO-
C(EpHBIM par U HA3BIBACTCS N30BITOYHBIM JIABJICHUEM Dy .

Pu=p - Par. (2.1)

N30bITOYHOE N1aBJCHHWE OTPUIATEIBHO, €CIIM aOCONIOTHOE J1aB-
JeHue MeHblne atmoceprnoro. Hegocrarok gaBieHus no armocdep-
HOTO HAa3bIBACTCS BAKYyYMOM Dy

Ps=Par—p. (2.2)

VYpaBHeHue, BoIpaxaroiee cuopocmamuyeckoe oasnerue p (I1a)
B TF000H TOYKE HEMOABMIKHOM KUJIKOCTH B TOM CJIydae, Korja Ha Heé
JIEHCTBYET M3 MAacCCOBBIX CHJI JIMIIb CHJIA TSHKECTH, HA3BIBACTCS OC-
HOBHBIM YPaBHEHHEM THIAPOCTATUKHU

p=po+hpg=p,+hy, (2.3)
IJIe po - AaBJIEHNE Ha cBOOOIHOM noBepxHocTH (11a);




h - ryOuHa morpykeHuss paccMaTpUBaeMON TOYKH OT CBOOO/I-

HOM IMOBEPXHOCTH (M).

Ecimu cocyn oTKphIT, TO (2.3) MOXKHO Iepenucath B CICIYIOIEeM
BUJIC:

P = par t pgh. (2.4)

N36pITOYHOE MaBJICHUE, CO3/1aBa€MOE B JITAHHOM CiIydae TOJIbKO
BECOM YKHUJKOCTH, PABHO:

®opmyna (2.5) gaeT BO3MOXXHOCTh BhIpaXXaTh W30BITOUYHOE JIaB-
JIeHUE B JIIOOOW TOUYKE KUIKOCTH BBHICOTOM CTOJIOA JKMIKOCTH OIpee-
JICHHOU TJIOTHOCTH.

Cuna oasnenus I )XUIKOCTH Ha TIJIOCKYIO CTEHKY paBHA MPOM3-
BEJICHUIO 2UOpOCMAamu4ecko20 0aGleHusl p. B LIEHTPE TSHKECTU ILIO-
I[aJ¥ CTCHKU Ha Na0ouaob CIMeHKU S:.

F=p.S=pgh.S. (2.6)

Llenmp Oaesnenusi (Touka TPHIIOKCHHUS CHIBI F) pacmosoxeH
HIDKE TIEHTpa TSHKECTH TUIOIIAAU WM COBITAJIACT C MOCJICIHUM B CITy-
yae rOpU30HTAILHON CTCHKH.

Paccrosinne Mexmy IEHTPOM TSDKECTH IUIOMATd W IICHTPOM
JaBJICHUS B HANIPABJICHUH HOPMAJM K JIMHUU MEPECEUCHUsI TIIIOCKOCTH
CTEHKH CO CBOOOIHOMN MOBEPXHOCTHIO KHUIKOCTH PABHO:

J
Ay :—0 2.7
S (2.7)
rac Jo — MOMCHT HHCpLHHHN IUIOIaAX CTCHKH OTHOCHUTCIIbBHO OCH,

MPOXOMSAIIEN Yepe3 UEHTP TKECTHU IUIOLIAAN U NTapaJUIEIbHON
JMHUW TIEPECEUCHUS IUIOCKOCTU CTEHKH CO CBOOOJHOM IO-
BEPXHOCTHIO;
Y — KOOpJWHATA [IEHTPA TKECTHU TUIOLIAIH.
Cuita 1aBieHUs KHUJIKOCTU HA KPUBOJIMHEWHYIO CTEHKY CKJIaJIbI-
BAETCS U3 TOPU3OHTAIbHOU F. 1 BepTuKaibHOU F, cocTaBsIOMNKX:

F=\F2+F2. (2.8)

['opu3oHTanbHas cocraBisionias F. paBHa cujie JaBJICHUS
AKUJKOCTU HAa BEPTUKAIBHYIO MTPOEKIIMIO JAHHON CTEHKH:
F.=pgh:Ss , (2.9)
r7e S¢ — MPOEKIUs KPUBOJIMHEHHON CTEHKH Ha BEPTHUKAJIBHYIO TLIOC-
KOCTb;
he — rIryOMHa TOTPYKEHUS IIEHTPa TSHKECTH MPOCKITUU S
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BepTtukanbsHas coctapistomas F, paBHa BeCcy *KUJIKOCTH B 00b-
eme V, 3aKJIFOYEHHOM MEXJy JaHHOW CTEHKOM, CBOOOJHOW MOBEpX-
HOCTBIO JKMJKOCTU M BEPTUKAIBHON MPOCHUPYIONIEH MOBEPXHOCTHIO,
MPOBEJICHHOMN MO0 KOHTYPY CTEHKH.

2.2. Yka3aHusl U IPUMepbl pellieHus 3a1a4

3amaun Ha OIpe/eNICHUE JIaBJICHUS] B HEC)KUMAEMOM >KUIKOCTH
MOTYT OBITh PEIICHBI C TOMOIIBIO YPaBHEHHM, BHIPAKAOIIIHX
1) ycrioBue paBHOBECHS )KHIKOCTH;
2) yCIIOBUE PaBHOBECHS TBEPIOTO Telia, HA KOTOPOE JCHCTBYET
CUJIa JIaBJICHUSI CO CTOPOHBI KHUJIKOCTH;
3) yciioBHE TIOCTOSTHCTBA OOBEMOB JKUIKOCTH B paccMaTpHUBac-
MOM CHUCTEME TIPH ee Mepexoe U3 OJHOTO PABHOBECHOTO COCTOSIHHS B
apyroe.
JIJIst UIUTFOCTPAIIMK PACCMOTPUM HEKOTOPBIE TIPUMEPHI.
Ipumep 2.1. OnpenenuTs qaBjaeHUE Ta3a B OAIJIOHE MO MOKa3a-
HUIO N IBYX)KMJIKOCTHOIO YallleYHOT'O MHUKPOMaHOMETpA, 3aIlOJTHCH-
| HOTO KHUJIKOCTIMH,
2 a UMEIOIMMHU TUIOTHOCTH
= <« p1 M P2, €CIIM 3aJaHO
e OTHOIIICHUE JTUAMETPOB
Py ) ESiaCpe ] TpyOKM W YalllKy MpH-
L 1 _pr H Gopa d/D.
Hawasnbubie d | Jlns ompeneneHus
T ypoby e = JaBIICHUS, NIPEXKIIE BCe-
y i ro, IPUMEHUM 3aKOH
/] paBHOBeECHS HECKU-
\Q—% MaeMOM JKUIAKOCTH, W3
KOTOpPOT'O CJEAYET, YTO
B JKHUJKOCTH TIJIOTHO-
CTbIO P Ha ypoBHE 1—1 maBicHHE B TpyOKax MaHOMETpa OJMHAKOBO.
B npaBoit TpyOke oHO co3gaHO aTMOCGHEpPHBIM JaBJICHUEM P, U BECO-
BBIM JIaBJICHHEM CTOJIOA >KHUJIKOCTH TUIOTHOCTBIO P, Tak Kak BBICOTA
ATOTO CTOJ0a HEU3BECTHA, BBeIEeM pa3Mep x. Toraa no dopmyne (2.1)
MOJTY9IUM

p,= P, +p,g(h+Xx). (2.10)

10



B neBoil TpyOke naBieHue Ha ypoBHe 1—1 cozmaercst qaBiieHuU-
€M p ra3a B OaJyIoOHE U BECOBBIM JABJICHUEM >KUAKOCTEH, UMEIOIINX
MJIOTHOCTH p1 U p2.

JI71s1 BBIpa)KEHUS JaBJICHUSI YEPe3 YKa3aHHBIC BEJIUYMHBI BBEIEM
eme oauH pasmep AN, mpencTaBiISIOMMN Pa3HOCTh YPOBHEH KHIKO-
CTH IUIOTHOCTBIO P1 B Haikax npudopa. Torga

P, = p+plg(X+Ah)+ngh- (2-11)
N3 nocnegnux aByx (Gopmyis HAXOAUM
p=p —(p —p Jgh—p gAh (2.12)

Kak BUIHO M3 OIYYEHHOTr 0 pe3yJibTaTa, HCIOJIb30BAHUE 3aKOHA
PAaBHOBECHUSI HEC)KMMAEMOM KUJIKOCTH HEIOCTATOYHO JUIsl PELICHUS
3a]1a4M, TaK Kak BenmnauHa Ah Hen3BecTHa.

Jlis onpenenenus Ah mpuMeHUM ypaBHEHHE MOCTOSHCTBA 00B-
€Ma KUJIKOCTU B CUCTEME:

d
gAh: ﬁh, oTkyga Ah= .
4 4 D?
[ToxcraBuB HalifeHHOE BhIpaskeHue it Ah B (2.12), moayuum
p=p ~(p_—p)gh- pggh (2.13)

[Tockonbky p1 < p2 UMeeM p < p, T.e. JaBJicHUE B OajuiOHE
MeHbllIe atMocepHoro. YuurtsiBas ¢popmyiy (2.2), Bakyym B 0asuio-
HE MO>XHO BBIPA3UTh 3aBUCUMOCTBIO d,

p =(p —p)gh- PY_ h. (2.14)
1 DZ

IIpumep 2.2. Onpenenuts MUHUMAIIBHYEO Maccy rpy3a M, cro-
COOHOTO yaepKaTh MPSIMOYTOJIBHBIM MUT pasmepamu h=3 u, b =2 u
B 3aKPBITOM TOJOKEHUU, TPU YPOBHE
BOJIbI B KaHasie =5 m. JlnuHa peryara,
Ha KOTOPOM YKperuieH rpys3, 1=3 .
[IIuT MOXXeT MmoBOpayMBaTHCS B MOJ-
IIUITHUKAaX BOKpYr ocu O. Beime ocu
PACIIOJNIOKEHbI HETOJIBI)KHBIE OalIku, X
KOHIIBI KOTOPBIX 3ajielaHbl B OOKOBBIC
CTEHKH KaHaJa.

Cuna tsoxkectt G MUHMMAaIbHOTO
rpy3a MOXET ObITh HalJieHa U3 ypaB-
HEHUSI MOMEHTOB,

j

REXD O | DO} Sl | 22D
O IO E | D § O | A

SARGRRRSRRAORRAANAN ¢
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COCTaBJICHHOT'O OTHOCUTEIbHO ocu O

YMo=0 wm G-1-F-DO =0, (2.15)
rne F— cwma naBiaeHus Boawl Ha muT, paBHas 1o (2.5) u (2.6)
F =pghsS;

DO — mutevo cunst F, DO=h, —-KO=h, —(H —h).
Torma u3 (2.15) MoxHO HalTH

G=F $ (2.16)
[Inowmwane mura paBHa
S=bh=2-3=6 m°.
PaccTrosiHue 11eHTpa TSHXKECTH IIUTa OT CBOOOIHOM MOBEPXHOCTH
h=H - rl=5—\?i=3,5M.
’ 2 2

MOMEHT UHEpLIMM IUTA OTHOCUTEIBHO TOPU3OHTAIBHOM OCH,
POXOAAIICH Yepe3 IEHTP TSHKECTH (CM. MTPIIIOKEeHNE 2)

3 3
3= 23 45y
12 12
Paccrosgaue HCHTPA AAaBJICHHUSA OT CBO6OI[HOI>1 ITOBCPXHOCTH
1 45

h=h+ % =35+ 2 _371u.
=" " hS 35.6 M

[loacTaBnsig MoayyeHHbIE 3HAUYCHUS B BBIICIPUBEICHHBIE (POp-
MYJIbI, IOJTYYHM:

DO =3,71-(5-3)=1,71m,
F =1000-9,81-3,5-6 = 206 -10°H.

Torna
G =206-10° 1_71 =128-10°H,
3
m= E = 128000 =12000 kr.
g 9,81
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2.3. KoHTpoJibHbIE 3a1a4K

3amauya 2.1. Onpenenuth aOCOMIOTHOE JABJICHUE BO3/yXa B CO-
CyJie, €CJId NTOKa3aHUuEe PTYTHO-
ro nmpudopa pasHo h, BeicoTa - = —
H. IInotHOCTh pTYTHM NpUHATE H I - _
paBHOM p,~13600 kr/m3, (= |
ATtMocdepHoe TaBieHue Pg. h — Boga—

Hcxonnbie gaHHBIE IS

3amaun 2.1 TIpuBEeNEHBI B
Tabn.2.1.

3apaua 2.2. OnpenenuTh HAarpy3ku Ha OONTHI Kpbiliek A u b
TUAPABINYECKOTO IUITUH/I-

[Bo3ayx

Pryie

pa auamerpom D, ecnu

miymkepy juamerpom  d B | B

npuioxkeHa cuna F . Haitu _}ﬂ - Je——F - ¢

FiuFo. —

Ucxo Fl_:IfA
JTHEIE JTAHHbBIE AF -
IS 3a7a4u 2.2 TPUBEIECHBI
B Ta01.2.1.
Tabmnuiia 2.1
HMcxonanple 1annble 1Js 3aaa4 2.1 u 2.2

Howmep Bapuan- 3agauya 2.1 3agaya 2.2

Ta H, h, Pa, D, d, F,
M MM MM MM MM kH

1 1,0 368 736 160 120 20
2 1,1 370 740 150 100 25
3 1,2 373 745 140 110 30
4 1,3 375 750 130 90 15
5 1,4 377 755 120 80 10
6 1,5 380 760 145 95 30
7 1,6 383 765 125 75 20
8 1,7 385 770 155 105 35
9 1,8 387 775 160 100 40
0 1,9 390 780 150 110 30
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3. YPABHEHHUE PACXOJJA U YPABHEHUE BEPHYJUIN
3.1. Kparkue TeopeTnyecKkue cBeaeHHs

OCHOBHBIMH ypaBHEHUSMH, IO3BOJISIONIUMHU PEIIATh IPOCTEH-
IIMe 3aJla4yd O JBWKCHUW HJEaTbHOM >KUIKOCTH, SBIISAIOTCS ypaBHE-
HHUE pacxoJia M ypaBHeHHEe bepHyu.

VYpaBHeHue pacxoia MNPEACTaBISICT COOOM YCIOBHE HEpa3phIB-
HOCTH (CIJIOITHOCTH) MOTOKA HECKUMAEMOM >KHUIKOCTH HIIM, YTO TO
KE€ caMoe, PaBEHCTBO OOBEMHBIX PAcXOJIOB B KAKHUX-TO ABYX IIOIIE-
PEYHBIX CEUCHUSAX OJIHOTO M TOTrO e MoToKa, Hampumep 1 u 2, T. €.
Q1 = Q2 wm V1 S1 =V>2S,. OTcrona crieayer, 9To

Vils, (3.1)

V, S,
T. €. CKOPOCTH OOpaTHO MPONMOPIMOHAJBHBI IIOMIASIM IOMEePEIHBIX
cedeHuil moTokoB. IIpu 3TOM TmpeanmonaraeTcs, 4To CKOPOCTh BO BCEX
TOYKaX JAHHOT'O CEYEHUS OJMHAKOBA.

VYpaBHeHue bepHymu Uil OTOKA HACAIBHOM JKUJIKOCTH BBI-
pakaeT co0Oil 3aKOH COXpaHCHHS YACIbHOM SHEPTUU KHUJIKOCTH
BJIOJIb TTOTOKA. [loj yAenpbHOM MOHMMAIOT SHEPTHI0, OTHECCHHYIO K
eAMHUIIE Beca, 00beMa MM MacChl XKUAKOCTH. OOBIYHO yao0HEe ObI-
BacT OTHOCHUThH DHEPTHUI0 K ¢AWHHUIIC Beca. B aToM ciryuae ypaBHe-
Hue bepHymim, 3anucanHoe 1 cedeHuid 1 m 2 sIeMeHTapHOU

CTPYWUKH WJIH IMOTOKA UJCATBHOM KUJIKOCTH, UMEET BUJI
2

2
2+ P Vg Py (3.2)
Py 29 Py 29

rae Z — BEpTUKAJIbHBIE KOOPJIUHATHI [IEHTPOB TSHKECTH CEUCHUI WIIN
yJelibHasi SHEPTUSI TIOJIOKEHUS; p/(pg) — TbE30METpUUYEcKasi BbICOTA,
WM yienbHas dHeprus nasienus; V 2/(2g) — ckopocTHas BBICOTa
(Hamop) WM yjAelibHasi KHHEeTU4YecKasi SHeprus; H — TOoJIHBIA Hamnop
WJIM TIOJIHAS YAEJbHAsI SHEPTUs )KUIKOCTH.
Jlns moToka peanbHOM (BSA3KOM) KHMAKOCTH ypaBHEeHHE bep-
HYJUIA CJIEAYET MUCAaTh B TAKOM BUJE
Z +P ta Vit _ 4 V' (3.3)
P9 29 C pg 29 7
rae V — cpeaHsis mo CEYeHHUI0 CKOpocTh, paBHas V= (Q/S; o — Ko-
a¢pdunment Kopwuonuca, yduThIBaIOMUNA HEPABHOMEPHOCTH
pacrpeneneHus CKOPOCTEM MO CEYCHUSAM M PaBHBIM OTHOILICHUIO
JNEUCTBUTEIILHON KUHETUYECKOW SHEPTUM IMOTOKA K KUHETUYE-
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CKOM DHEPTUM TOTO K€ IMOTOKA, HO TP PaBHOMEPHOM pacipese-
JICHUHU CKOPOCTEM;
Nnor — CyMMapHasi IOTepsi IOJHOTO HAIopa MEXIy CeYeHUsMU 1 u
2, 00yCJIOBIIEHHAS BSI3KOCTBIO JKUJIKOCTH.
ITorepu Hamopa 3aBUCAT OT peXHUMa TEUEHHUs, KOTOPBIM onpeze-
asietrcs 1o popmysie PeitHonbaca:
Re="Y, (3.4)

v
rac V. — KHHEMATHYCCKasA BA3KOCTH KUAKOCTH, BbIpaxxacMas B M2/ C

i cm?/c=1Ct (1Ct=10"*m%/c).

IIpu Re < Rey, roe Rewy=2300, pesxum OBUKEHMS - JIaMUHAp-
HBIU, T. €. CJIOUCTHIN, 0€3 MmepeMelINBaHus KUJIKOCTH U 0€3 Iyibca-
UM CKOPOCTEU U JIABJICHUN.

[Ipu Re > Reypy pexkum TeueHus: TypOyJIEHTHBIN, T. €. ¢ IepemMe-
IIUBAHUEM KUJIKOCTH U C MJIbCALUSMU CKOPOCTEN U JABJICHUM.

3.2. YKa3aHusl U IPpUMePbI pelieHus 32124

[Ipu npuMeHennn ypaBHeHUs BepHYJIM BaKHO MPaBUIIBHO BbI-
OpaTh Te ABa ceyeHus, JJIsl KOTOPBIX OHO 3amuchiBaeTcs. B kauecTse
CEYEHUN PEKOMEHIyeTC sl OpaTh:
— CBOOOJIHYIO TOBEPXHOCTD KMIKOCTH B pe3epByape (bake), rae
V=0;

— BBIX0JI B aTMOC(hepy, TAC Puss = 0 WU Pase = Pa ;

— CE€YEHHE, I'JIe MPUCOCIUHEH TOT WJIM UHOW MaHOMETp, MbE30-
METpP WJIH BaKyyMMETD;

— HEMOABMKHBIN BO3AYX BJIaJIeKe OT BXOJia B TpyOy, B KOTOPYIO
POUCXOUT BCACBIBAHUE U3 aTMOC(HEPHI.

VYpaBHenue bepHymn pekoMeHIyeTCsl CHadajla 3amucarbh B 00-
IEM BHU/IC, a 3aTEM IepenucaTh ¢ 3aMEHOM €ro 4WieHOB 3aJaHHBIMU OY-
KBEHHBIMU BEJIMYMHAMU W HMCKJIOUUTh WICHBI, paBHbIE Hymi0. [Ipu
ATOM HEOOXOJIUMO MOMHHUTH CJIETYIOIIEE:

— BEpTUKalbHas opauHaTa Z BCErJa OTCUMTHIBAETCSA OT MPOU3-

BOJIbHOM ITIJIOCKOCTH BBEPX;

— JaBJIEHWE p, BXOJAIIEE B MPABYIO U JIEBYIO YaCTH YpaBHEHHS,
TOJDKHO OBITH 3aJ]aHO B OJHOM CHCTEeME oTcueTa (a0COIFOTHOM
WU U30BITOYHON );

— CyMMapHas MoTepsi Haropa BCerja MUIIETCS B MPaBOM 4acTH
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ypaBHEHUs bepHyuM co 3HaKOM ILIIOC.
Ipumep 3.1. U3 HanopHoro 6aka Boja T€YET MO Tpyde AUAMETPOM
d: u 3aTeM BBITEKAaeT B aTMOcde-

py yepe3 Hacagok (OpaHJICIIONT)

/—\ C IMaMETPOM BBIXOIHOI'O OTBEP-

) crus d2. M30bITOUHOE HaBiIeHHUE
=== BO3/lyXa B 6aKe PaBHO p,; BHICOTA

o - H. IlpeneOperas mnorepsmu

—_— 2

SHEPTUH, OMNPENEIUTh CKOPOCTH
TEUEeHHs] BOJBI B TpyOe L1 U Ha
BBIXO/I€ U3 HACAJIKa L.

[lepBoe ceuenue BbIOHMpA-
€M Ha CBOOOJIHON MOBEPXHOCTHU
KUIKOCTH, a BTOPOE — Ha BBIXO-
ne u3 opanacnoiTa. [110CKoCTh CpaBHEHUS MYCTh COBIIAJIAET C OChIO TPY-
ob1. Torma snmementsl ypaBHeHus bepuymm (3.3) mpumyT cliemayroniue
3HAYEHUS:

Z1=H;Z>=0; p1=po; p2=0; V1=0; V2 = 02; Nuor =0,

a caMO ypaBHEHHE — CJICTYIOIIUI BU]T

p
H+ ™ L 0=0+0+1 22 +0.
P9 29

B pe3ynbTaTe npocThIx MpeoOpa3zoBaHUi MoydacM

v, = Z(Hg +%J.

CkopocTh TeueHHsI B TpyOe L1 onpeaenum u3 cootHomeHus (3.1)

oS e
Ul Uzsl Z(Hg +%J ~kd1)

3.3. KonTpoJibHbIe 3a1aun

3agmaua 3.1. Ompenenuth pacxoj BO3-
\ nyxa 1mo TpyOe C IUIaBHO 3aKPYIJICHHBIM BXO-
- ’ JIOM U HMWIAHIPUYECKOM YacCThIO JIUAMETPOM
! D, eciu moka3aHue BaKyymMMeTpa B BHJC
BEPTUKAIBHON CTEKJISTHHOM TPYOKH, OMYyIIEH-
HOW B cocyn ¢ Bomoi, pasHo h. ConpotwuBiie-
= HUEM TIpU JBIXKEHUU BO3JyXa OT BXOJHOU
‘ YacTH TPYOBI 10 MECTa MPUCOCIUHECHHS BaKy-
ymmeTrpa npeneOpeub. [oTHOCTH BO3myxa

Boadyx
D

e

Ly Ll

8oda
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Peos—1,25 Kr/M°.

Hcxonuble nqanHble IS pelieHus 3aaaun 3.1, B COOTBETCTBUU C Ba-
PHUAHTOM 3aJlaHus BbIOpaTh Mo Taodu. 3.1.

3amaya 3.2. beH3uH ciuMBaeTcs U3 LUCTEPHBI MO TPYyOE JUaMET-

pom d. OnpenenuTth pacxoj Kui-
KOCTH, €CIT B BEPXHEH YaCTH ITUC-
TEPHBI HMMEET MECTO BakyyM h.
ITorepsamu npenedpeusb. [1moTHOCTD
6ensuna p=750 kr/m>,

Hcxonubie paHHBIE IS pe-

meHusT 3amadd 3.2 BBIOpaTh I10
Tabu. 3.1,

Tabmuma 3.1
HUcxoanble 1anubie auasa 3aga4d 3.1, 3.2
Howmep Bapuan- 3agaua 3.1 3agaua 3.2
Ta D, h, hg, MM. H1, H2, d,
CM CM pT.CT M M MM
1 20 25 74 15 1,3 | 50
2 25 15 70 1,6 1,0 | 45
3 15 35 65 1,4 0,8 | 40
4 30 20 60 1,7 06 | 32
5 35 12 75 1,8 0,8 | 55
6 40 10 80 1,9 0,7 | 50
7 25 12 85 2,0 0,9 | 45
8 30 14 90 1,5 15 | 40
9 20 18 55 1,8 14 | 42
0 18 19 50 1,9 1,0 | 32

4. THAPABJIMYECKHUE COITPOTUBJIEHUSA
U PACYET TPYBOITPOBOJA0OB

4.1. KpaTkue TeopeTu4ecKue CBeIeHUs
4.1.1. I'uopasnuueckue conpomueienus

PaznmuuaroT nBa BUAa rHAPABIMYECKUX IMMOTEPHh HANOPA: MECTHBIE
MIOTEPU U MOTEPU HA TPEHUE MO JUIMHE. MECTHBIE MOTEpU HANopa
MPOUCXOJAT B TAK HA3bIBAEMBIX MECTHBIX THIPABINYECKHX COIPO-
TUBJICHUSX, T. €. B MeCTax M3MEHEHHUs (OpMBI U pa3MEpoOB pycia,
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r7Ie MOTOK TaK WM WHade JIePOopMUpYETCs — pacIIupseTcs, CyxKa-
€TCsl, UICKPUBJISICTCS - UJIM UMEET MeCTO OoJsiee ciaokHas aedhopMalius.
MecTHbIe TTOTEpH BhIpaxkaroT hopMynoil Beiicbaxa:

VZ
hM zgfl/lal

rae V - cpelHss CKOpPOCTh MOTOKAa B CEYEHUU 3a MECTHBIM COIpPO-
TUBJICHUEM;
& — 0e3pa3MepHbIi KO3 (HUIIMEHT MECTHOTO CONTPOTUBJICHU.
YucnoBoe 3HaueHue kodrduireHTa ¢, B OCHOBHOM OMpPeACseTCs
(opMOIi MECTHOTO COIPOTHUBIJICHHS, €T0 FEOMETPUUECKUMH TapameT-
paMu, HO MHOTJA BIUsiEeT Takxe yucio PeitHonbaca. [Ipu TypOyneHt-
HOM pexuMe Kod((OUIIMEHTH MECTHBIX COMPOTUBIIEHUHN &, OT uucia
Petinonbaca He 3aBuCAT. [Ipu 1TaMUHApHOM PEKMME CUMUTAIOT, YTO

A

En =R—e+‘im, (4.2)

rae A - yucno, onpezaensemoe (GopMoil MECTHOTO CONPOTUBIICHUS;
Cre = KOOP(OUIIMEHT MECTHOTO CONMPOTUBJICHUS TIPU PEKUME KBa/I-
PaTUYHOTO COMPOTUBJIEHUS, T. €. Ipu Re— .
[Ipu TypOyJnE€HTHOM pEKHUME B Clydae BHE3AMHOIO PACIIUPEHUS
TpyObl mOTEps Hamopa omnpexaensercs popmynon bopna:

( )2 2
h = Vl _Vz — ;; V_l
p Zg P Zg )
rie Vi u V2 — CKOpOoCTH JI0 ¥ TIOCTIE PACIIMPEHUs TPYOBI;
¢p— KO3 (UIMEHT CONMPOTUBIICHUS, PABHBIA NI JAHHOTO CIy-

(4.1)

(4.3)

qasi:
(s
g, =l1-2 1, (4.4)
Y
rae S1 u S; — IUIoIIAaM CEYEeHHM TPYObl O M TOCJIE BHE3AITHOTO
pacuIupeHus.

[Ipu BHE3amHOM Cy)XEHUHU TpyObl 0€3 3akpyrieHus Koddduiu-
CHT COMPOTHUBIICHUSI onpez[en;}}oT no_popmyine Unenpuuka:
S,

£ = o,5|k1—fy J (4-5)

KoaddunmeHTsl conpoTuBIeHU sl TOCTENEHHO PaCUIupsIo-
muxcs Tpyo — auddy30poB  IJIaBHO CYKAIOMMUXCSA TPyO — COINI, a
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TaK>Ke JPYTUX MECTHBIX THIPABIMYECKUX COMIPOTUBIIEHUH (TOBOPOTOB,
KpPaHOB, PUILTPOB U T. 1.) — MPHUBEJIECHBI B CIIPABOYHOM JIUTEPATYpE.
[Torepu Hamopa Ha TpeHue 1o jmHe | onpenensroTcs odieH dop-
myion [apcu-Beiicbaxa:
ho_g vV ’

on 65 , (46)
rae 6e3pa3MepHbIil KO3 PUIMEHT THAPABINYECKOTO TPEHUS A Onpee-
JISIETCSl B 3aBUCUMOCTH OT PEKUMa TCUCHUS.

[Tpu mamuHApHOM pEXUME A OJHO3ZHAYHO OMPEIEISIETCS YUCTIOM
Petinonbpca, T. e.

64

A= 4.7)

[Tpu mamuHapHOM pekume BMecTo dopmyn (4.6) u (4.7) mox-
HO BOCIIOJIH30BaThCS 3aBUCHMOCTHIO [Tyazeis:

. _128vIQ
T Tgd? - (4.8)

[Ipu TypOyneHTHOM pexume KOADPUIUMEHT TUAPABINIECKOTO
TpeHus A , win kodpbunument dapcu, B oOiieM ciydae 3aBUCHUT OT
yucna PeitHonbaca Re u oTtHocuTenbHOM miepoxoBatoctu A/d. Ecnu
JUTSl TaK Ha3bIBAEMBIX THAPABIMYECKU TIAJKUX TPYO HIEPOXOBATOCTH
Ha COMPOTHUBIICHUE HE BJIMSIET, TO KOAQPUIIMEHT A OTHO3HAYHO OIpe-
nensiercst ynciom Re. Hanbonee nmpruMeHUMOM Jyist ATOrO ciy4as siB-
nsierca popmyina brnasuyca:

0,316
A= Re025 - (4.9)

['panuily 30HBI THAPABIMYECKU MIAJAKUX TPyO MOXXHO OIpese-
JIUTh U3 YCIOBUS

y<10, (4.10)
Il Y - KpUTEPHU 30HbI TypOYJIEHTHOCTH, OINpEAesieMblil o popMy-
e
y=Re. (4.11)

VYHupepcanbHOU (POpMyIIoN, yUUTHIBAIOIIEH OJTHOBPEMEHHO 00a
dakTopa, siBisieTcs ¢hopmysaa ANbTIIYIIS:

A 68 0,25
A=011 _+ 2%
5 Re) . (4.12)
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®opmyna ANbTHIYIS OPUMEHSETCA Uil WIEPOXOBATHIX TPYyO B
NEPEXOJHON 00JacTU CONPOTHUBIICHHUS, TIE HA THUIPABINYECKHUE CO-
NPOTUBIICHUS] OKa3bIBAIOT BiUsiHUE U Re u A/d.

['panuily nepexoaHON 00JIACTH MOKHO ONPEACIIUTD U3 YCIOBUS

10 < y < 500. (4.13)

Koapdunuent 4 B kBagpaTUyHOW OO0JACTH COMPOTUBJICHUS
MOXHO onpeAenuTs no gpopmyne Hudpuncona:

/120,11(3)0’25, (4.14)
KoTopas npumenuma nipu yciaosuu (A / d) < 0,007.

4.1.2. Pacuem mpy6onpoeoooe

[Ipy TUAPABIMYECKUX pacueTax pPacCMaTPUBAETCS HECKOJIBKO
BUJIOB TPYOOIIPOBOJIOB.

IIpocmbie — TpyOONPOBOJABI C IOCTOSIHHBIM JTHAMETPOM I10
JUIMHE, KOTOpblE HE cojep)kaT pas3BeTBieHui. TpyOompoBon, co-
JepKaluil Kak IOCJIEeI0BATENbHbIE, TAK U MHapajuleNIbHbIE COEIANHE-
HUS TpYO, HA3BIBACTCS CIONCHBIM.

CymmapHasi moTtepsi Hamopa B MPOCTOM TpPyOOIIpOBOJIE CKJa-

BIBACTCS M3 IOTEPh HA TPCHUE b1y MECTHBIX TIOTEPp,
. R Vb AR N (AT
MoT mp M k E z gﬂ:?'
®dopmyna (4.15) copaBemyiBa I 00OMX PEKHMOB TCUCHHS,
OJTHAKO TPH JIAMHHAPDHOM PEKHME 4Yalle HCIOIB3YIOT (OpMYIy

(4.8) ¢ 3ameHol B Hel (hakTUUYECKOW JUIMHBI TPYyOOIpPOBOAA pacyer-
HOU, paBHOU lpe=| + Ly, rne l,x — jymHa, SKBHBaJIeHTHAs BCEM Me-
CTHBIM THJIPABIMYECKUM COMNPOTHUBIICHUSIM B TPYOOIIPOBO/IE.

Ecau B TpyOompoBoje HEOOXOAUMO OOECIEUUTh PACXOMd KH/I-
koctu Q, To moTpeOHbIN s 3TOoro Hamop Hy, T. €. mbe3omerpuue-
CKas BBICOTa B HadajlbHOM ceueHuu Pi/(pg), ompenensercs mo Qop-
MyJIe

pi/(pg) = Hi= AZ + pa/(pg) + Nuor ,  (4.16)

rae AZ — reoMeTpudecKas BbICOTa, HA KOTOPYIO HY>KHO MOIHATH
JKUIKOCTh, AZ=71 — /7,
p2/(pg) -- mbe3oMeTpuUeCcKas BBHICOTA B KOHCYHOM CCUCHHH TPY-
oompoBoa.
Eciau TpyOonmpoBoa COCTOUT M3 N MOCJIEAOBATEIHLHO COEAU-
HEHHBIX YYaCTKOB, TO CIIPaBE/JIMBHI PAaBCHCTBRA!
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Q1=Q2=Q3=...=0n ; (4.17)

Yh=Yh1+ Yhs +...+>hn . (4.18)
[lpu mapaiuiebHOM COEAMHEHWUU N TpyOompoBoaoB (N — Ko-
JIMYECTBO PA3BETBICHUN):
Q=Q1 + Q2 +...+0n; (4.19)
Yh1=2hy = =) hn, (4.20)

rae Q — pacxoa B TOUKE Pa3BETBIICHHUS;
Qn — pacxoj N-oro y4acTka;
> hn — OTEpHU HAIopa Ha N-OM y4yacTKe.

4.2. Yka3zaHusi 4 NpUMepbl pelieHus 3a1a4

Bennuuna moteppr Haropa hyer B 00IeM ciiydae CKJaibIBacTCs
U3 MECTHBIX MOTeph h,, KOTOphIC MOXHO BBIpaXKaTh (HOPMYJIOH
Beticbaxa (4.1), u moTeps Ha TpeHHUE O JIUHE Ny, , OTpEAeIIeMbIX
dopmynoii Japcu (4.6).

[Ipu BbIUMCIEHUN OOIIMX MOTEPh HAMOpPA MOJb3YIOTCS MPUHIU-
IOM HaJIO)KEHUS (CII0KEHUS) MTOTEPh, T.€. CYMMUPYIOT MOTEPU HAopa
Ha BCEX IMOCJIEI0BATEIbHO BKIIOYEHHBIX MPSIMOJIMHEMHBIX y4acTKax U
B MECTHBIX COMPOTHUBJICHUSX. ITOT METOJI CIIPABEJIMB TOJIBKO B TOM
cily4yae, Korja MECTHbIE COMPOTHUBJIEHUS PACIIONOKEHbI Ha paccTosi-
Huu 6ozee (20...50)d opyr ot apyra.

B wacTHOM ciywae, Korja *HUIKOCTb MOJBOJUTCA K pe3epBya-
py, 0aKy W T. M., MOXXHO CYUTaTh, YTO TEPSAETCS BCSI KUHETUUECKAs
SHEPIUs KUIAKOCTU. B cilyyae naMUHApHOTO pexuMa MPU STOM He-
00X0AMMO y4ecTh KOI(P(UIIMEHT o.

[Ipu ompeaeneHuy TUAPABIMYECKUX MOTEPh MO (popmyse
Beiicbaxa ciemyer oOpamniaTh BHUMaHUE Ha YyKa3aHUS OTHOCHUTEINb-
HO TOr0, K KaKOW CKOpPOCTH (WJIM KaKOW IUIOLIAIX) OTHECEHBI 3a-
JTaHHbIe KO3 GUIIMEHTHI COMPOTHUBIICHHUS.

IIpumep 4.1. 13 pe3epByapa BoJila HACOCOM TPAHCIIOPTUPYETCS
no TpybonpoBoay. OnpenenuTs nokazanus MaHoMeTpa M mpu pacxo-
e Boxsl B Tpybonposoae Q = 50 m3/u. lnuna Tpybonposoga 1=120 m,
Bbicota h=960 mMmM, muamerp Tpyo d=100 MM, SKBHBaJICHTHAs IIIEPO-
X0BaToCcTh Ay=0,5 MM, KO3)PHUITUEHT MECTHOTO COIIPOTUBIICHUS B KO-
neHax paseH (=0,3, B 3aaBmxkke — (=1,5 (cm. puc. 4.1).

IIpoBenem B moToke ABa ceueHus 1-1 u 2-2, a TakKe MIOCKOCTh
cpaBHenus 0-0, v 3anuiem AJi 3TUX cedeHu ypaBHeHue bepHysm:
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Z +P ta [ P 4q L7
1 1 - 2 2 nom
P9 29 P9 g
1
M
N ____¢‘II> _____ 0
1
|/ ) /’I
G=15 |2
(=03 P,

Puc.4.1. Cxema Kk pemienuio npumepa 4.1.

[ToacraBuB B 3TO ypaBHEHUE 01 = 2 = a L1 =L = U P1 = Pu

D2 = O’ Zl = O, 22 = - h, hHOT = ha + hM - I_ + ZC_, , HOJIYYUM

d 2¢g Zg
2 | L2 L2
O+&+0‘U _ av’ +A_ +3¢, —, OTKyaa

PY |-/29 29 d 29 29

2

[~ +28u)——h|.
pgk\ d )29 j
CpenHsisi CKOpOCTh BOJBI B TpyOOIpoBOe Oy/IeT paBHa
4Q 450
= = =1,77wm/c.
nd® 3,14-0,1°-3600
Hucno PentHonbaca
R0 177.01
Vv 0,01-10°¢
[Tockonbky Re>Re=2300, pexxuM IBHKEHUS TTO TPYOOIPOBOY
— typOynentHbii. Tak kak Re-A,/d = 177000-0,5-10%/0,1=885>500, To
A HaXOJWUTCS B KBaJApaTUUHON 00JIACTH COMPOTHUBIICHUS, JJII KOTOPOit

cupaseminea popmyia (4.1
P (?Ap 032]5 ( ?)0,0005 \0,25
%=011(A)" =011

\d) . 01 )
MecTHBIE COMMPOTUBIICHUS MIPEACTABICHBI B 3TOM TPYOOIIPOBO/IC
IBYMsI KOJICHAMH M OJHOM 3aJABMKKOM, modToMy » (,=2-0,3+1,5=2,1.
IToacraBuB 3amaHHBIC U HAWJICHHBIC 3HAYCHHS BEIUYHH B ITOJY-
YEHHOE BBIIIIC YPaBHEHUE, HAIEM

=177000.

=0,0293.
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> —1000-981 (00203120 421) 177 096 ' - 48950 11a

" \ 0,1 2-9,81

3agayum Ha pacyer MPOCTOro TPyOONpPOBOJA MOXKHO pPa3OUTh
Ha Tpu Tna. [IpUBOIUM MOPAIOK WX PEIICHUS.

1-t m u n. Jlaasl pacxon xxuakocta Q B TpyOompoBoje; Bce
pasmepnl (I, d, AZ); mepoxoBarocTs TpPyO; JdaBlIcHHE B KOHEUYHOM
CE€YeHUM (I BCACHIBAIOIIMX TPYOONpPOBOJIOB — B HAyajbHOM) U
CBOMCTBA XUAKOCTU (p, V). MeCTHbIE CONMPOTUBIICHUS JTUOO 3aJaHbI
KO3 duIMeHTaMu { WIH SKBUBAIICHTHBIMU JIUHAMH |, , b0 orre-
HUBAIOTCS 10 CITPABOYHBIM JAHHBIM.

TpeOyeTrca HailTH moTpeOHbIN Hanop Hi .

ITo Q, d, m v HaxoasaT unciao PeiHOIBICA M ONPEACISAIOT pe-
KUM TCUCHHSI.

[Ipy naMHUHApPHOM pEKHMME MCKOMBIA HAIoOp HAXOIAT IO (op-
myinaMm (4.8) u (4.16).

[Ipr TypOyJeHTHOM peXHME 3a7ady peImarT C ITOMOIIBIO
dopmyn (4.15) u (4.16) ¢ wucnoaszoBanmem ¢opmyn (4.9), (4.12)
i (4.14) B 3aBUCUMOCTH OT IIIEPOXOBATOCTH TPYO.

2-it m u n. Jlansl Hanop Hp, KOTOpBIN Oy/eM Ha3bIBaTh pacro-
JaraeMblM, U BCE BEJIMYUHBI, MEpeuuciicHHble B 1 Tune 3amgauw,
kpoMe pacxona Q. Takue 3agaum pemarOT METOIOM HUTepauuu (I1o-
CJIEIOBATEIILHOTO MPUOIMKEHUS).

3aiaoTca peKUMOM TEUYEHHS, OCHOBBIBASCh HA POJIE KUJIKO-
CTU: JJI1 BOJbI, OCH3MHA, KEPOCHUHA — PEKUM OOBIYHO TYpOYJICHT-
HBII; JJIs1 Maciia, TIAIEPUHA — JIAMAHAPHBIM.

[Ipu namMuHapHOM pexUMe TEUYEHHUs 3ajladyy pelarT ¢ MOMO-
mpio popmyn (4.8) u (4.16). Tlocie ompenencHus Q TPOBEPSIOT
PEXKUM TCUCHUSI.

[Ipu TypOyJIE€HTHOM pEXKHUME T€UEHHUS B MEPBOM MPUOIMKEHUU
cienyer 3anarbes koddgdunrenTom A (Hampumep, 4,=0,03). Hanee
no Qgopmynam (4.15), (4.16) paccuutbiBatoT Q, MPOBEPSIOT PEKUM
TEUEHUSI U, OMPEJETUBIINCH C 00JIACTbIO COMPOTUBIICHUS, O OJHOU
u3 popmyn (4.9), (4.12) wm (4.14) paccunThIBalOT HOBOE 3HAYCHUE
A1. Mcrionb3yst 3TO HOBOE 3HA4Y€HHE A1, pacCUMTHIBaIOT pacxon Q wu,
CpaBHHBAsi €ro C MPEbIAYIIUM, NPUHUMAIOT PEIICHHUE, TMEPEXOIUTh
M K HOBOMY TpuOImkeHut0. OObIYHO OBIBAET JAOCTATOYHO BTOPOTO
IPUOMKCHUS.
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3-it m u n. [Ja"el pacxon, pacrojaraembeli Hanop f, u Bce Be-

JIMYMHBI, IepeUYHCICHHBIC paHee, KpoMe Auamerpa Tpyoorposojaa d.
Tak kak uyuciio PeliHONb/ICA, KaK U B NPEABIAYLIEN 3a7aue,
NOJICUUTATh HEJb3s, TO PEKUMOM TEUEHUS JIMOO 3alaroTcs, OO0 1o
dopmynam (4.8) nu (4.16) BEIpakaroT AMAMETP YEpe3 KPUTHUECKOE
yucio PeriHonbica u onpenessitor H,, , COOTBETCTBYIOIIEE CMEHE
pexuma. CpaBuuBas H,, , 1 Hp , ONIPEAENSIOT peXKUM TCUCHHS.

[Ipy namMyuHapHOM pPEXHME 3aady pelarT MPOCTO Ha OCHO-
BaHuu popmyi (4.8) u (4.16).

[Ipu TypOyJaeHTHOM peXKHME 3ajady pemarT TrpaduuecKy.
JIJIs 9TOrO 3aJar0TCs PSJIOM 3HAYCHWU guamerpa d ¥ MO HUM IOJ-
cuntbiBatoT Hy. 3atem ctpost rpaduk H,=f(d) m mo wemy, 3nas H, ,
onpenensroT d.

Ecim momadya >KMIKOCTH 10 TPYOOIPOBOAY OCYIIECTBIISCTCS
HACOCOM C 3aJIaHHOW XapaKTEPHUCTHUKOM, TO MPHHIIMII pacuera TakKo-
ro TpyOoIrpoBoAa 3aKIH0YAETCS B COBMECTHOM ITOCTPOCHHH B KOOP-
nuHatax H — Q nuHMu moTpeOHOro Hamopa TpyOOmpoBoAa M Xa-
PaKTepUCTUKU Hacoca. Touka mepecedyeHusl dTUX JMHUUA COOTBETCT-
BYET paboueMy pexuMmy.

Ilpumep 4.2. IleHTpOOEXKHBIH HACOC, XapaKTEPUCTUKA KOTO-

poro 3agaHa (TaOJl.

4 lp a 4 4.1), mogaer BOAy Ha

r = = T€OMETPUUECKYIO
BbICOTY H..= 6 M.
TpyOsl BcachIBaHUS
Y HarHeTaHusl, U3ro-
TOBJICHHBIE M3 CTa-
JM, COOTBETCTBEHHO
umeroT auamerp d, =
50 mm u d, = 25 MM
a nmuay lg = 4 M u
l.. =9 M.
Temmneparypa
MoJaBacMoOH BOJIbI
pasma T = 55 °C.
Haiitu pabouyro
TOUKy mpu paboTe Hacoca Ha cerb. OmpenenuTh, Kak HU3MEHSETCS
HAIop M MOIIHOCTh HAacoca TMPHU YMEHBIIEHWM 3aJBIKKOW Moaadu
BoAbl Ha 25%. Ilpu mocTpoeHWH XapakTEPUCTUKU HACOCHOM ycCTa-
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HOBKH MECTHBIMHU THIPaBIMUYCCKUMHU COIPOTUBIICHUSMH TPEHEO-
peyb.
Tabmuna 4.1

Pabouasi xapakrepucTuka Hacoca (K npumepy 4.1)

Quuec| 000305070911 |13|15|17 |19

Hy,m|120(11,7|115|11,2|108|10,2| 93 | 81| 60 | 18

n,% | 00 | 34 | 50 | 60 | 65 | 69 | 70 | 68 | 62 | 51

JI71s1 nepemenieHus JKUAKOCTH B TpyOOIIPOBO/IE OT €ro HavaJia /10
KOHIIA HEOOXOJMMO HE TOJBKO MPEOAOJETh TMAPABINYECKUE COMPO-
TUBJICHUA (MIOTEPU HAIOpa), HO W MOJHSThH KUJKOCTh HA OMpPEICIICH-
HYIO BBICOTY .

[TonubIi HAMOp, HEOOXOAUMBIN (TTOTPEOHBIN) JJIs1 IEpEMEILICHUS
KHUJIKOCTH TIO TPYOOIPOBOY, CO3AAETCA HACOCOM M MOXKET OBITh BBI-
Pa)XEH Pa3HOCTHIO TMOJIHBIX HAMOPOB B cedyeHUsX 3-3 u 2-2 (IpeBbl-
IIeHUEeM cedeHust 3-3 HaJl ceueHueM 2-2 mpeHeoperaem):

HHOTp - H3 - HZ y (421)

CocraBum ypaBHeHue bepHyiu aiis ceuenuit noroka 1-1 u 2-2,
3-3 u 4-4 OTHOCHUTENIBHO MPUHSTOMN IMJIOCKOCTA CPABHEHUS, CIEHd KO-
Topoit Ha cxeme — JuHus 0-0:

H> = Hi — Nuwom1-2 (4.22)
H3 = Hy + huomz-a . (4.23)
B cBoto ouepenp,
2
M;Zﬁ_m+%gf:1ﬁ+&+yg, (4.24)
pg 20 Py 29
H':Z4—&—Hin:F|+i£+Mi. (4.25)

"t pg 29 " pg 29
[IpenmonaraeM, 4To ABMKCHHUE TYpOYJICHTHOE, IMMO3TOMY o1=1 |
o4=1.
IToncraBuMm ypaBHenue (4.24) B ypaBHenue (4.22), ypaBHECHHE
(4.25) B ypaBHenwue (4.23), a 3aTeM npeoOpa3oBaHHBIC YPaBHEHUS
(4.22) u (4.23) —B (4.2%).2B \?93yanaTe TIOJTYYHM:

Hl'IOTp:HF 4 1 L h + h y (426)

2 g noml-2 nom3—4

rne H-=H, + H, .
[ToctpouB rpaduk mo ypaBHeHuio (4.26), MoJyduM HaIOPHYIO
XapaKTePUCTHKY CUCTEMBI TPYOOIIPOBOJIOB.
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Haiitu pabouyro Touky npu paboTe Hacoca Ha CETh — 3TO 3HAYUT
HAaWTU TOYKY IepeceueHus pabdodeill XapakTepUCTHUKH Hacoca C Ha-
MOPHOM XapaKTEPUCTUKOU CUCTEMBI TPYOOIIPOBOIOB.

Pabouyto xapakrepuctuky Hacoca H,=f(Q) crpoum mo maHHBIM
taOymnpl (4.1), pacmonarasi 0 TOPU3OHTAIBHONW OCH I10Jady Hacoca
Q, a mo BepTUKaNbHOW — Hamop Hy . 3/1ech K€ CTPOUM 3aBHCUMOCTb
Kod(duIMeHTa MOJIE3HOro JEUCTBUS Hacoca 7 OT mnojgauu 7=(Q)
(cm. puc.4.2).

HanopHyro XapakTepuUCTUKY CUCTEMbI TPYOOIIPOBOJIOB CTPOUM
no ypaBHeHuto (4.26), 3a7aBasicb KaKk MUHUMYM TpPEMsI 3HAUYCHHUSIMU
pacxoda U ompezenss COOTBETCTBYIOIIME ATHUM 3HAYEHUSIM MOTPEO-
Hble Hanopbl Huorp . BBIUKCIEHUS TPOU3BOAUM B IOCIEA0BATEIBHO-
CTH, IPUBEJICHHOM B Tabmuie 4.2.

[To momydeHHBIM TpeM TOYKaM (TIPH HEOOXOIUMOCTH KOJUIECT-
BO TOYEK MOXKET OBITh YBEIIMYCHO) CTPOMTCS KpHBas, SBIISIOMIASICS
HATIOPHOW XapaKTEPUCTHUKON CHCTEMbI TPyOOTpoBOAOB Hiorp=F(Q)
(cm. puc.4.2).

PabGouass Touka «A» moiy4daeTcsa B pe3yJbTaTe IepeceueHus
KpuBOo Huorp=f(Q) u xpuBoit H,=f(Q). Takum oOpa3om, Mpu COBMeECT-
HOl paboTe Hacoca W TPyOONPOBOAOB Pacxoj] BOJbI OylIeT paBeH
Q=1,26 n/c, u Hanop OyxaeT cocTaBiATh H=9,5 M.

Ecnu nmpuKphITh 3aIBUXKKY M YMEHBIIUTH pacxoj Bojbl Ha 25%, TO B
CHUCTEME HAcOC-TPYOOIPOBOJ] YCTAaHOBUTCS pacxoj paBHbIA Q754=0,75Q =
0,75-1,26 = 0,95 n/c. HoBas pabouas Touka «A1» OyJIeT Mo IMpexKHEMY
pacroyiaratbCsi Ha paboueld XxapakTepUCTHUKE Hacoca, HO OyJeT cMelleHa
BJIEBO OT MepBOM (cM. puc. 4.2). 1ol paboueid Touke OyIyT COOTBETCTBO-
BaTh cieayromue napamerpsl Hacoca: Qu = 0,95 n/c; Hy = 10,6 m; # = 70
% .

MomHocTh Hacoca (Ha Bally) Oy/eT paBHa:

IpU MIEPBOM pabouei TOUKe

N N p-g-Q-H 1000-9,81-1,26-10° 9,5
" n 0,7
npu BT%pOP”I paboucii Touke
N =N p-g-Q-H 1000-9,81.0,95-10°-10,6
" n 0,7
Jl:laua/nw o0Opa3oM, Mpy YMEHBIIIEHUH pacxoja Hacoca Ha 25 % ero Ha-

nop yBenuuuBaercs Ha 12 % (10,6/9,5 = 1,12), 1 MOITHOCTh YMEHBIIIAETCS
Ha 19% (168/141=1,19).

=168 BT ,

=141BT .
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0 0,2 0,4 0.6 0,8 1.0 Q=126 14 1.6 1.8

Q7s%=0,95 a/c

Puc. 4.2. Haxoxaenue padounx Touek A u A" npu padore Hacoca
Ha ceTh

4.3. KoHTpoJIbHbBIE 3a1a4H

3amaya 4.1. JKuakocTs ¢ KHHEMAaTHYECKOM BSI3KOCTHIO V BBITEKA-
eT u3 0aKa 1o CTAIbHOMY l P,
(A=0,1mMMm) TpyOOmpOBOIY
mHOM £ M nuameTpoM d By :
atMmocdepy. Ha tpyborpo- d T
BOJIC YCTAaHOBJICHA 3aJBHXK- '~ = " e
Ka, uMeromnas Kodhduiu- t \
€HT MECTHOTO COIIPOTHBIIC-
Hus ¢ Onpenenutb, Kakou
Harop H HeoOXoauMO HMMETh B 0Oake, 4TOOBI 0OECTIEYUTh PacXo] B
TpyOompoBoie paBHbIH Q.

Wcxoaubie qaHHBIC 71 pacyeToB MPUHSATH Mo Tad. 4.3.

N
A 4
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Tabmnura 4.3

HUcxoaubie 1anuble 14 3agauun 4.1.

ITokaza Howmep BapuanTa
TENb 1 2 3 4 5 6 7 8 9 0
Qu/c | 05(08 |12 |15 | 2 3 4 3) 6 7
¢ 0507101518 |20 22|24]|26 | 30
v,Cr (0,01{0,02|0,03/0,01|0,02|0,03,0,01|0,02|0,01| 0,02
dvm | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65 | 70
I, M 10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55

3agaua 4.2. [{enTpoOexHBI HACOC, XapaKTEPUCTHKA KOTOPOTO

Loy, )
Pam le,ds #
l fﬁ§z Iy
— am
.| T vl
R

3amaHa (tabn. 4.4),
pabotaer Ha TpyOO-
MPOBOJI, TEepeKaunBas
BOJY U3 pe3epByapa A
B pe3epByap b.
CranbHbie TpyObI
BCAChIBaHUSI M HarHe-
TaHUSI COOTBETCTBEH-
HO UMEIOT: JAUaMeTp

ds u dy mmny |z u 1. TemnepaTypa nepekaunBaeMoii Boabl paBHa 7
nepenaj ropu3oHToB B pe3epByapax A u b pasen H. Haiitu pabouyto
TOYKY IpH paboTe Hacoca Ha ceTh (ONpENeNUTh HAIop, Mojaady Hu
MOIIIHOCTh Hacoca). JlaHHble, HEOOXOAUMBbIC ISl PEIICHUS 3aJauu,
BbIOpaTh U3 Tadma. 4.5. Ilpu orpunarenbHoM nepenaje H ropu3oHTOB
pesepByap b Haxomurcs Beiie pesepByapa A. Ilpu nmoctpoeHnn xa-
PAaKTEPUCTUKHA HACOCHOM YCTAaHOBKM MECTHBIMHU THIPABINYECKUMHU
COMPOTUBJICHUSIMUA MOXKHO TIPEHEOPEUb.

Tabmuna 4.4
Pabouasi xapakTepucTuka Hacoca (K 3agayde 4.2)
Q. 1 2 3 4 5 6 7 8
a/c
ZIH’ 13,0 | 14,0 | 14,3 14,0 13,1 11,8 10,0 | 7,50 | 4,00
o 27 | 40 50 58 62 60 | 51 35
0]
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Tabmauna 4.5

Ucxoanblie qaHHbIC AJd 3agauu 4.2

Howep Ba- AH,m | lg,m | L,m | do,mm | dy,mm | T,°C
puanTa
1 -3,0 16 18 80 40 40
2 -2,9 15 27 70 50 35
3 2,0 14 26 60 50 30
4 1,5 13 25 70 60 25
5 1,0 12 24 80 50 22
6 0,0 14 43 70 60 20
7 -2,0 16 42 70 60 18
8 -4,0 15 41 80 50 16
9 -5,0 13 40 70 60 15
0 2,0 12 45 80 60 13
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CIIPABOYHBIE INTPUJIOKEHUA

[Tpunoxenue 1

Cpeanue 3Ha4YeHHMs INIOTHOCTH M KMHEMAaTHYeCKONl BA3KOCTH
HEKOTOPBLIX KUIAKOCTEH

ITnot- Kunemaruueckast BA3KOCTb,
HOCTb, Cr,
Xunkocts Kr/M3, TIpH npu T, °C
r,°C
20 50 20 40 60 80
Bona npecnas 998 | 98 | 0,010 | 0,006 | 0,004 | 0,003
8 5 7 6
Hedts nerkas (baky) 884 | - | 0,25 - - -
Hedrts baky, sokémas | 924 | - 1,4 - - -
beusun aBuanmonssni | 754 - 10,007 | 0,005 | 0,004 -
3 9 9
Kepocun T-1 (ouu- 808 - 10,025 | 0,018 | 0,012 | 0,010
IIICHHBIN )
Kepocun T-2 819 - 10,010 - - -
(TpakTOpHBI)
Jln3enpbHOE TOILIMBO 846 - 10,280 | 0,120 - -
['nmunepun 1245 | - 9,7 3,3 0,88 | 0,38
PryTh 1355 | - | 0,001 | 0,001 | 0,001 -
0 6 4 0
KacTOpPOBOE 960 - 15 3,5 0,88 0,35
Tpancgopmatopn | 884 | 88 | 0,28 | 0,13 | 0,096 | 0,084
o¢ 0
AMI-10 - 85| 0,17 | 0,11 | 0,085 | 0,065
0
% BEPETCHHOE - 89| 048 | 0,19 | 0,098 | 0,059
<
2
p=
WHIYCTPUATILHOE - 88 | 048 | 0,19 | 0,098 | 0,059
12 3
T0 *)e 20 - 89| 0,85 | 0,33 | 0,14 | 0,080
1
T0 )e 30 - 90 1,8 0,56 | 0,21 0,11
1
T0 )e 50 - 91 5,3 1,1 0,38 0,16
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0

TYpOMHHOE - 90 | 0,97 | 0,38 | 0,16 | 0,088
0

aBTOTPAKTOPHOE - 89 5,0 1,1 0,45 0,20
8

[IpuMedanue: MIOTHOCTh XKUAKOCTH MPHU JIPYrOod TEMIIEpAType

MOHO ONpPEAEIUTh IO (hopMysie

b —0
m14oAT

II€ pm— IUIOTHOCTD KUAKOCTH npu temneparype 1 = To+AT,
AT — WU3MEHEHUE TEMIIEPATyphl;
To — Temmepatypa (K), ipu KOTOPOH IIIOTHOCTH JKUIKOCTH p;
0 — KO3(QQULHMEHT TEeMIEpPaTypHOrO0 PaCIIUPEHUs KUIKOCTH (B

CpeJlHEM JUIl MHUHEpPAJbHBIX Macel MOKHO IPUHATH
a =0,0007 °K1, qs Bogs! - a =0,0002 °K1).
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[Ipunoxenue 2

JKBHBAJIEHTHAsI MIEPOXOBATOCTH JISI CTEHOK TPYO

Marepuan TpyO ¥ criocod M3rOTOBJICHUS As, MM
HoBble XOJIIOAHOTAHYTHIE U TOpsiYEKaTaHbIE CTaJbHBIC 0,060
TPYyObI
HoBbie cTasibHBIE CBapHBIE TPYObI 0,070
HoBBIE BBICOKOKAYECTBEHHBIE OIMHKOBAHHBIE CTaJIb- 0,080
HbIE TPYObI
HoBble 00OBbIUHBIE OLIMHKOBAHHBIE CTAJIbHBIE TPYObI 0,12
Crapeble cTanbHbIE CBapHbIE TPYObI 0,75
beiBIIME B ynOTpeOJIEHUH BOJOMPOBOHBIE CTAIbHBIC 1,4
TSHYTbIE TPYOBI
Capnbie TpyObl U3 HEpKaBEIONIEH CTaIH 0,075
HoBbie XOM0AHOTSHYTHIE JATYHHbIC U MEIHBIE TPYObI 0,006
HoBbie XOJIOJHOTAHYTHIE aATIOMUHHUEBBIE TPYObl U 0,030
TpyObl M3 ATIOMHUHUEBOTO CIUIaBa (AHOPATFOMUHMUS)

HoBbie uyryHHbie TpyObI 0,60
briBme B ynorpeOieHUH, HO OYHUIIEHHBIE YYT'YHHBIE 0,90
TpyObI
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