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TunoBble 3agaHna ONa pacdeTHo-rpadmnyeckmx pabor:

PacueTHo-rpadumyeckas pabota no pasgeny «mapocratmkar

Cwvna rmapoctaTtny4eckoro gaBrieHnA Ha nioCKyko NOBEepPXHOCTb

Ll,enb paGOTbI — NONy4YnTb HaBbIKK pacyeTa rmgpoCcTaTn4eCcKoro aaBsneHnsd, NoCTpoeHna anp gaBneHus,
pacyeTa Cunbl ruapoCcTaTn4eCcKoro aaBneHna Ha niocCKyo NOBEPXHOCTb.

PacyeTHble cxembl 3ajaHUM MokasaHbl Ha pucyHkax 1 M 2. Ha Hux mnsobpaxeHbl NNOCKMe MpsMOYrofbHble
nosepxHoctn ABMN, Haxogsimnecs nog gasneHnemM Bogbl crnesa. LLnprHa cTeHok 1 3aTBOpoB paBHa b.

Monb3yacb pac4eTHOM CXEMOWN N UCXOAHBIMU AaHHBIMU BapMaHTOB HEOOX0ANMO:

4.

OnpegenuTb abconioTHOE N U3BBLITOYHOE AABMEHNE B TOYKE, YKa3aHHON B MCXOAHbIX OAHHbIX.

MocTpounTb aMopbl U3OBLITOYHOIO AaBNEHUS, AENCTBYIOLLEro Ha Kaxaylo MrOCKy NOBEPXHOCTbL (HA O4HOM
yepTexe U B OAHOM mMacLuTabe).

OnpegenuTb cuny M3BbITOYHOrO OABMEHUS HA YacTb CMOYEHHOMN MOBEPXHOCTU, YKa3aHHYI0 B MCXOAHbIX
AaHHbIX. TpebyeTca HanTVM 3Ha4YeHwWe Cuibl, CHayana aHanMTuyeckum crnocobom, a 3aTeM NpoBepuUTb
3HayeHue cunbl rpacpoaHanUTUYECKMM CnocoGomMm.

HawTu ueHTp gaBneHns Ha CMOYEHHYH NMOBEPXHOCTb, YKa3aHHYI0 B UICXOAHbIX AAHHbIX.

MeToaun4yeckme ykasaHusi Mo BbIMOJIHEHUIO pacyeTHo-rpadnyeckoin paboThbl.

AHanuTnyeckuin cnocob

1) OnpepeneHue cunbl M30bITOYHOMO AABMEHUS
Cwvina paBneHus, AeNCTBYOLLASA Ha NIOCKY0 NMOBEPXHOCTb, paBHa
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pc — OaBMeHne B LiEHTPe TSXKECTN paccMaTpmBaemMon NOBEPXHOCTY;
S — nnowagb 3TOM NOBEPXHOCTN.
Ecnu TpebyeTca onpegenuTb cuny n3bbITOYHOIO AaBrieHns, TO B pacyeTe creayeT Ucnonb3oBaTtb

3Ha4YeHne M30bITOYHOro JaBMeHUs B LEeHTpe TAXEeCTU NOBEPXHOCTU.

2) OnpepeneHuve LeHTpa AaBneHus.
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KoopauHaTta ueHTpa aaBneHus Zp paccymTbiBaeTcsl No hopmyre
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Zc — KOOpAMHATa LieHTpa TSKECTU NOBEPXHOCTU, Ha KOTOPYIO ULLETCS Cuna AaBleHus:;
S — nnouiaab 3ToN NOBEPXHOCTY;

Ic — MOMEHT MHEPLMN NOBEPXHOCTN OTHOCUTENBHO OCH, HpOXOﬂ,ﬂIJJ,eVI vyepes UEeHTP TAXeCTU nepneHgukynapHo
NITOCKOCTU YepTeXa.

MpadoaHanuTn4eckuin cnocoo.

3T10T cnocob Tpe6yeT NOCTPOEHNA B MacLiTabe AMNKpbI M30bITOMHOrO rmapocTaTu4ecKkoro aaBneHu4.

1) OnpeaeneHve cunbl N3GbLITOYHOTO AaBEHUs

Cvina n3bbIToOYHOro faBneHus, AeicTByowas Ha 1 M LWMPUHBI CMOYEHHOI NMOBEPXHOCTH, YNCIEHHO

paBHa NroLLaam anpsbl, onpeaeneHHon B BolbpaHHoM MacliTabe. Cuna gaBneHnsi Ha BCO NMOBEPXHOCTb
OGyaeT paBHa nnoLlaam anopbl, YMHOXEHHOW Ha LUMPUHY CMOYEHHOI NOBEPXHOCTMU.
2) OnpepeneHune UeHTpa gaBreHus.

LieHTp JaBneHnst eCTb TOYKa NPUIOXKEHUS CYMMapHOTo BEKTopa CUJbl AaBMeHUs, pacrnpeaesieHHo no

CMOYEHHOW NMOBEPXHOCTU. BEKTOp CuIbl AaBMNeHUs MPOXOAUT Yepes LEHTP TSXKECTU 3Mopbl AaBMeHUs
nepneHanKynsapHO CMOYEHHON NOBEPXHOCTU.



McxoaHble gaHHble K pacdeTHo-rpadudeckon paborte

Bap::gaHTa a1l a2 a3 TOo4Ka noB-CTb b o1 02 03
1 1 2 6 N AB 8 90 45 90
2 1,4 4 4 B BM 2 60 60 30
3 1,8 1,6 24 M MN 7 90 60 45
4 2 3 5,2 N BM 1 30 90 45
5 2,4 3,2 2 M MN 6 45 60 90
6 3 3 6 B AB 4 60 90 45
7 3,8 5 4,8 N MN 10 60 30 45
8 4 4,6 5,6 M BM 5 45 30 90
9 4,6 3,4 10 B AB 9 45 90 60
10 5 6 8 N BM 3 90 60 90
11 1,5 2 3 B MN 1 60 90 60
12 2,1 4 2 M AB 6 60 45 60
13 2,7 1,6 1,2 N MN 4 45 60 45
14 3 3 2,6 M BM 10 45 90 30
15 3,6 3,2 1 B AB 5 90 45 45
16 4,5 3 3 N BM 9 90 45 60
17 5,7 5 2,4 M AB 3 60 30 90
18 6 4,6 2,8 B BM 8 45 45 60
19 6,9 3,4 5 N MN 2 30 60 90
20 7,5 6 4 B BM 7 45 60 45
21 1 3 3 M MN 10 60 90 60
22 1,4 6 2 N AB 5 90 60 60
23 1,8 24 1,2 M MN 9 60 90 45
24 2 4,5 2,6 B BM 3 90 30 90
25 24 4,8 1 N AB 4 45 90 30
26 3 4,5 3 M BM 6 60 45 90
27 3,8 7,5 24 B MN 1 90 30 60
28 4 6,9 2,8 N AB 7 90 45 60
29 4,6 5,1 5 B MN 2 30 45 90
30 5 9 4 M BM 8 30 60 45




PacueTHo-rpadunyeckasn pabota no pasgeny «Pac4yeTt TpybonpoBogoB»

PacueT npoctoro Tpy6onpoeoaa

Llenb paboTbl — NOoNy4nTb HaBbIKK pacdeTa TpybonpoBoAa NepeMeHHOro AnameTpa, onpeaeneHust noTepb
Harnopa 1 NOCTPOEHUSI MbE30METPUYECKON 1 HAMOPHOW NIMHWIA NOTOKA.

Mo npocTtomy TpybonpoBoAy NepeMeHHOro AguamMeTpa NpoucxXoauT UCTEYEHNe B aTMOcdepy (CM. puc).
InvHa 1 gnameTp nepBoi U BTOpoit Tpy6 paBHbl, COOTBETCTBEHHO |1, d1 U Iz, d2. TpyGonpoBoa npucoeamHeH K

pesepByapy nog npsimbiM yrrioM. Ha ogHoOM 13 y4acTkoB nMmeeTcs 3aaBukka. OTKpbITME 3aABUXKKM paBHO d.
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Cxema ucteveHuns

KnHematunyecknin KoaghuLMEHT BA3KOCTM NPUHATL
paBHbiM 1.006-10-2 CT1. B cnyyae Typ6yneHTHOro pexuma
ans onpegenenns koadpduunenTa Jdapcm ncnons3osaTb
yHuBepcanbHyto dopmyny AnbTwyns. Beicota abcontoTHoM
WwepoxoBaTocTh A NpvBedeHa B Tabnuue MCXOAHbIX AaHHbIX

TpebyeTcs:

1) HaWiTV Hanop H, HeoGXoaAMMbI A7 Nponycka 3a4aHHOro
pacxofa Q. MNpu pacyeTe y4ecTb PEXUMbI OBKEHUS KUOKOCTY

2) NOCTPOUTL B MaclUTabe Nbe30METPUYECKYHO U HAMOPHYHO
NUHNN.

YacTo BCTpe4vyawwmecsa 3Ha4eHnsA KOSd)(*)MLIMeHTOB MeCTHOro conpotTuBrieHnsA

HavmeHoBaHVie MECTHOTO CONpOTUBIEHUS &
Bxop B TpyGY Npu HECKPYFMEHHBIX KPOMKAX 0.50
Bxopn B TpyGy CO CKpYrneHHbIMU KPOMKaMU ~0.20

Peskoe paclumpeHue Tpyobl (D2 > D1)

Peskoe cyxeHune Tpybbl (D2 < D1)

MepexogHbIvi pacLlUMpsAOLWMNCS KOHYC (Mpy D2~2D1) ~5.0
MepexoaHblin cyxatomincst KoHyc (npy D2~0.5D1) ~0.20
Pe3skuii noBopoT Tpyobl Ha 90° ~1.20
MnaeHbI noBopoT TPyObl Ha 90° (npy D/2Ro=0.2 - 0.6) ~0.15
3aaBikKa Npuw NONHOM OTKPbITUM 0.15

3HauyeHus & ANA NpoCcToON 3aABUMXKKU, NepeKpbiBaloLWen KpyrnouunmHapu4eckyto Tpyoy
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Tabnuua UcxoaHbIX JaHHbIX.

Nemp | mpyoomponon* |ty | 2l | MG Al |l | PR
1 CK 75 150 50 100 40 0.45 3.8
2 HCK 100 100 75 70 50 0.7 8,5
3 CK 50 80 75 100 25 0.35 7,8
4 HCK 120 110 150 150 30 0.4 18,3
5 CK 100 50 75 100 20 0.65 9,3
6 HCK 150 100 120 75 100 0.5 16,3
7 CK 75 60 50 40 15 0.55 53
8 HCK 50 50 75 100 50 0.3 6,3
9 CK 100 75 120 50 50 0.6 15,0
10 HCK 50 125 75 100 35 0.5 5,2
11 CK 32 150 40 100 30 0.55 2.2
12 HCK 40 100 50 70 40 0.3 4.6
13 CK 75 80 40 100 35 0.6 5.6
14 HCK 50 110 75 150 35 0.5 5.6

15 CK 75 50 100 100 30 0.55 5.6
16 HCK 120 100 50 75 10 0.3 12.2
17 CK 75 60 50 40 15 0.6 8.0
18 HCK 40 50 25 100 5 0.5 1.6
19 CK 40 75 32 50 10 0.45 15
20 HCK 50 125 75 100 30 0.7 3.4
21 CK 100 100 75 150 45 0.55 10.5
22 HCK 50 70 75 100 60 0.6 8.4
23 CK 75 100 50 80 25 0.35 3.8
24 HCK 50 150 75 110 30 0.4 2.5
25 CK 75 100 100 50 55 0.3 4.8
26 HCK 120 75 100 100 75 0.55 8.2
27 CK 100 40 120 60 90 0.3 15.0
28 HCK 100 100 75 50 60 0.6 6.3
29 CK 50 50 75 75 25 0.5 9.4
30 HCK 50 100 40 125 25 0.3 8.5

* BapuaHTbl BxO4a B TpybonpoBoa 13 HanopHoro 6aka:

CK — co ckpyrneHHbIMY KpoOMKamu,

HCK — ¢ HecKkpyrneHHbIM1 KpoOMKamMu




Tvnosble BOMNPOCHI K 9K3aMEHY:

OO6wme Bonpockl. Puanyeckme CBONCTBA XNOKOCTEN.

YT0 n3yyaet rmgpasnuka?

OcHoBHble (hnanyeckne CBONCTBA KanesbHbIX XXUOKOCTEN.

B yem oTnnyme kanenbHbIX XNOKOCTEN OT TBEPAbIX TEN U ra3oB?

Kakasi cBA3b CyLLleCcTBYyeT Mexay yAenbHbIM BECOM, NITIOTHOCTBIO U YCKOPEHMEM CUMbl TSXKECTU?
PasmepHocTb yaensHoro Beca B MexayHapogHou cucteme egunHuny, (CH)

YTo Takoe BA3KOCTb XUOKOCTU U YTO OHA XapakTepusyeT?

CBsa3b Mexay AMHaMUYECKUM U KNHEMATUYECKUM KO3dhprLUmMeHTaMm BA3KOCTM U UX pa3MEPHOCTb.
Kaknmn npnbopamu onpegensietcsl BA3KOCTb XUAKOCTU?

N A WNE

MmppocTtaTtuka

Yto Takoe rugpoctatudeckoe gaeneHne? Ero oCHOBHbIE CBOMCTBA.
'mapocTaTtnyeckoe aaBneHne 1 cuna rmgpocTaTuyeckoro AaBneHus.

Buapbl rugpocrtaTtMyeckoro gaBneHus.

OcHOBHOE ypaBHEHME rMOPOCTaTUKK.

YTto Takoe nbe3omeTpuyeckasi Bbicota?

3akoH lMackans.

YTO Takoe rmgpocTaTtu4eckuii napagokc?

YTO Takoe LeHTp gaBneHmsa?

Korga ueHTp gaBneHus coBnagaeT C LEHTPOM TSPKECTU CMOYEHHOM NMOBEPXHOCTU CTEHKN?
0. Kak onpegensieTca cymmapHoe JaBreHUe XUAKOCTU Ha KPUBOMMHEWNHbIE CTEHKN?
11. Yto Takoe NonoxuTensHoe 1 oTpuuaTenbHoe Terna AaBneHus?

12. Y10 Takoe BbiTankuatowasa cuna? ge HaxoguTcsa Touka ee NPUNoXeHna?

13. 3akoH Apxumega.

14. Ycnosus nnaBaHus Ten.

BOooNoOR~WNE

MmppoanHamuka

YTO TaKkoe X1BOe ceveHne noToka, CPefHAst CKOPOCTb N PACXOA, XKUOKOCTN?
Kak cBsizaHbl cpeHsis CKOPOCTb 1 NnoLwaib XXMBOro CeYeHNsi NoToka?
Yem oTnnyaeTcsa pearnbHas XnOKOCTb OT naearbHON?
Kakoe gBwkeHWe XMOKoCTV HasbiBaeTCcs ycTaHOBMBLUMMCA? [Ae ero MoxHo Habnogatb?
Y70 Takoe paBHOMEpPHOE N HepaBHOMEPHOE ABMKXEHUA?
Y70 Takoe rmapaBnMyecKkMin paguyc u Kak ero 3HayeHue CBA3aHo C AuameTpom Tpybbl?
YT0 Takoe ypaBHeHue bepHynnu?
"eomeTpuyeckas nHTepnpeTaumns ypaBHeHnsa bepHynnu.
OHepreTnyeckas nHTepnpeTtaumns ypaBHeHusa bepHynnu.
. [pun Kaknx ycnoBmsx MOXXHO MCMONb30BaTh ypaBHeHne bepHynnun?
. MpuHumn paboTbl Bogomepa BeHTypu. [1nsa yero oH ncnonb3yetca?
. Uewm BbI3BaHa HepaBHOMEPHOCTL pacnpeferieHnss CKOPOCTU TEYEHUS MO CEYEHNIO MOTOKA U Kak OHa
y4uTbiBaeTCA?
13. Yro Takoe ruapasnuyeckuin yknoH? Korga oH coBnagaeT ¢ Nbe30METPUYECKUM YKITOHOM?

BOONOOR~WONE
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Fmp,paBaneCKme conpoTmnBneHnA

1. B 4em cocTouT 3aKoH BSA3KOCTU HbtoTOHA?

2. Kakue OBWXEHUS XUOKOCTU Ha3biBalOT JTAMUHAPHBIM U TYpOYNEeHTHbIM?

3. B kakumx npakTu4eckux cryyasax HabnogaeTcs naMmmHapHOe OBWKEHUE XULOKOCTU?.

4. Y710 Takoe ymcno PenHonbaca?

5. Bwuabl rugpaBnuyecknx cConpoTUBNEHUN.

6. Kak onpegensioTca notepy Hanopa Ha TPeHWe NPy TaMUHAPHOM OBWKEHUN?

7. ®opmyna bnaswnyca.

8. Yto Takoe nynbcaunsi CKOPoOCTU?

9. UYro Takoe abconoTHasi U OTHOCUTENbHAs! LIEPOXOBATOCTL?

10. OT kakmx pakTopOB 3aBUCUT KOIPDULIMEHT rMAPaBINYECKOro TPeHUs Npu TypbyneHTHOM ABUXKEHUN?
11. ®opmyna dapcu-Bericbaxa.

12. Kakve Tpybbl Ha3bIBaOTCA rmapaBnnyeckn rmagknmmn?

13. Y10 Takoe obracTb KBaApPaTU4YHOIO CONPOTUBIEHMNA?

14. dopmyna Llesun. PaamepHocTb koadduumneHTa LLlean.

15. Y10 Takoe MecTHble conpoTueneHna? Mo kakon opmyne onpeaensaTcs MECTHbIE MOTEpK Hanopa?



16. ®opmyna Bericbaxa.

NcTeueHne n3 oTBepcTUin N Hacagkos

Manoe oTBepcTue B cTeHke. Ero npusHakm.

YUto Takoe koadhPULMEHT CKaTUSI CTPYWN.

YTto Takoe koappULMEHT CKOPOCTN?

Ot yero 3aBucuT kO3a(pULMEHT pacxoga?

Css3b Mexay koaddrumMeHTamm pacxona, CKOPOCTU, CXKaTus CTPyM U CONMPOTUBIIEHNS NMPU UCTEYEHNN U3
OTBEPCTUS.

Kak nameHs1Tcs pacxof u CKOpoCTb NPY UCTEYEHUN XKMUOKOCTU Yepe3 BHELLIHUIA LNAMHOPUYECKUA
HacagoK MO CPaBHEHMIO C UCTEYEHNEM U3 MASTIOrO KPYrioro OTBEPCTUSt B TOHKOW CTEHKe?

7. Kakune cakTopbl BNUSIOT Ha AanbHOCTb MofieTa CTpyu, BbiTEKaloLWwen n3 Hacagka?

8. Kak BnuseTt Ha pacxopa 3aTonneHne oTBepcTma?

agrwONE
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M'mapasnuyeckni yaap
1. Tlo kakon hopmMyne HaxoauTCs NOBbILLEHWE AAaBNEHNs B Tpybe npy BHE3ANMHOM 3aKpbITUM 3a0BVKKA?
2. CkopocCTb pacnpocTpaHeHus BOSHbI rMapaBfn4eckoro yaapa.
3. OcHoBHble Mepbl 60pbOLI C TMAPaBNNYECKM YAAPOM.

3apaun.

1. B BepTMKanbHON CTEHKe pe3epByapa HaxoamuTcsl ok anameTpoM D. BepxHuii kpait OTBEPCTMS HaxoaMTCs Ha
ypOBHe CBOGOHOI NOBEPXHOCTU XUAKOCTU, rAe AaBreHre Bo3ayxa paBHO aTMoccepHoMy. Kak u Bo CKomnbKo pas
N3MEHUTCH cuna M3BbITOYHOIO AABMIEHNS HA KPBILKY JOKa, ECINM YPOBEHb XXMOKOCTM NOAHUMETCS Ha pacCTosiHUe
D?

2. Mo ropusoHTansHon Tpybe amameTtpom 20 MM ABwmxkeTcs Boga ¢ pacxogom 1 n/c. MaHomeTp nokasbiBaeT
[aBreHune Puan = 3.3 krc/cm? . Onpeaenutb MMAPOANHAMUYECKMIA Hanop B Tpybe OTHOCMTENBHO ee OCU.

3. MNoTok BOAbI OBWXETCHA NO HamnopHoMy Tpybornposogy amametpom d = 40 mm c pacxogom Q=0.7 n/c.
OnpegenuTb CpeaHo CKOPOCTb MOTOKA NpU Nepexoie Ha AMameTp BOBOE MEHbLUWNA.

4. KnHemaTtunyecknin koadhdmumneHT BA3KOCTU xunakocT paBeH 106 m2/c. Kakoil pexum aBwkeHus Boabl OyaeT B
Kpyrnon HanopHon Tpybe anameTtpom 40 mm, ecnu pacxog paseH 0.4 n/c?

5. Mo HanopHou Tpybe guameTtpom 100 mm gBuxeTcsa Boaa. KuHemaTuieckmin kKoamULNEHT BA3KOCTU XKULKOCTU
coctaensieT 106 m?/c. Mpu kakom pacxoae (n/c) HacTynaeT CMeHa pexmma ABUKEHNA?

6. Mo npamMonuHerHOMYy y4acTky HanopHon Tpybbl gnametpom 100 mm gnvHom 1 km gBwxkeTca HedTb CO
ckopocTbto 1 M/c. KuHemaTtuueckun koachduumeHT Baskoctn coctasnset 0.2 cm?/c. OnpegenvTb NOTepto Hamnopa
Ha y4yacTke.

7. B cepeavHe NpsiMONUHEHOrO y4acTka HanopHow Tpyobl anametpom 100 Mm u gnvHon 200 M ycTaHoBReEHa
3agBmkKa C koadpduumeHToMm conpotuBnernns Csaps=4. Pacxopg xwugkoctm B Tpybe coctaensetr 10 n/c, a
koadhpmumeHT rugpaenunyeckoro TpeHns 1=0.04 . Hantu o6uyto (CymmapHyt) NOTEpo Hanopa Ha y4acTke.

8. M'vopaBnMYecKMin YKINOH rOpM3OHTANbHOIO HanopHoro Tpybonposoga anvHon 20 M paeeH 0.11 . OnpegennTb
noTepto Harnopa B TpybonpoBoae.

9. B Bogy nonHocTbio norpyxeHo Teno obvemom V 1 nnotHocTelo 800 kr/m3. Hantn paBHOAENCTBYIOLLYHO CUNyY
apXumegoBON CUIbI U CUIbI TSXKECTU.

10. Bopa rnybuHon H ygepxuBaeTcss BepTUMKaNbHOW CTEHKOW. Y [HA pPacnonoXeHO CTEeKNAHHOE OKHO
(vnniomMmHaTOp) KBaapaTHOM hOpMbl CO CTOPOHOM a . Hantn cuny gaBnenns Bogbl Ha UNNIOMUHATOP.

11. Ha noBepxHocTu BoAbl nnasaeT Teno obvemom V u nnoTHocTbo 800 kr/m3. Kakass yactb obbema Tena
HaxoamTcsa Haj NOBEPXHOCTBIO BOAbI.



