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BBenenue

CamocTosTenbHas paboTa CTYAEHTOB — OZHA M3 BaXKHeNLMX GopM opraHusaumnm y4ebHoro npouecca npu
n3yyeHnn Kypca «fmapaBamvyeckme u nHeBMaTMYeckne cuctembl». OHa urpaet ocobyto posb B
npodeccnoHanbHOM NOAFOTOBKE CNELMANNCTOB, ABNAACH GOPMON, C O4HOM CTOPOHbI, OpraHMn3aLmum
CaMoCTOATE/IbHOM PaboTbl CTYAEHTOB, C APYro — Pa3BMUTMA MX NO3HABATE/IbHOM aKTUBHOCTM.

CywiecTBytoLLan cuctema npodpeccMoHanbHOro 06pasoBaHNA OPUEHTUPOBAHA HA OBNALEHME CTYAEHTOM BCel
CUCTEMOM SMNUPUYECKOTO U PYHLAAMEHTANIbHOTO TEOPETUYECKOTO 3HAHMA. CTYAEHT, OKa3aBLIMCb HE B COCTOAHUM
HanTN N nepepaboTtatb Heobxoanmyto emy MHPopMaLMio, HensbeKHO nonagaeTt B CUTyaLuMio
MHPOpPMaLMOHHOrO Bbibopa. Heobxoanmo pa3BmBaTb NO3HABATE/IbHYHO CAMOCTOATENbHOCTb CTYAEHTOB, YTOObI
OHM «HAYYMIUCh YUUTLCAY, B TOM YMCae BbIOBUPaTb M ycBaMBaTb Ty MHPOpPMaLMIO, KOTOpas Heobxognuma Um B
nepsyto oyepesap.

Ocoboe 3HayeHue B NnpodeccuoHanbHOM 06pa3oBaHUM OTBOAUTHLCA €ro rymaHuTapmsaumm, Kotopas
aKTyanmMsmnpyeT npobaemy Kak TpaHchopmauumm ero CoAeprkaHus, Tak U npouecca ero oby4eHus, B KOTOPom
rNaBHbIM CTAHOBUTbLCA «COTBOPYECTBO» CTYAEHTa U NpenodasaTtend. lymaHuTapusaumna obpasoBaHusa
Hanpas/ieHa Ha aKTUBM3aLMI0 NO3HaBaTe/IbHON CAMOCTOATEIbHOCTM CTYAEHTa, Ha BOCNUTaHWE TBOPYECKOM
JIMYHOCTM CrneLmanncTa ¢ BbICOKOM NpopeccMoHaNbHOM KOMMNETEHTHOCTbIO, HA Pa3BUTUE Ero 3CTETUYECKOTO
MMPOBOCMPUATUA U 3TUYECKOTO OTHOLIEHUSA K AEACTBUTENbHOCTHU.

dopmunpoBaHME NO3HABATENbHON CAMOCTOATENIbHOCTU M aKTUBHOCTU CErogHA npuobpetaet ocobyio
aKTya/IbHOCTb B CBA3U C HEMPEPbIBHbIM yBeMYeHnemM o6bema Hay4uHol MHGopMaLmMm U NPoLEeCccCOM BbICTPOro
«CTapeHus» 3HaHUI. OCTpo BCTaeT HEObX0AUMOCTb GOPMUPOBAHMA YMEHUA U HAaBbIKOB CaMo0bpa3oBaHus
yYawmxcs, pasBuTUA X CNOCOBHOCTEN CaMOCTOATENIbHOTO NPUOBPEeTEHUA 3HAaHWIA, BbICTPOro pearnpoBaHna Ha
BCE HOBbIE «BbI30BbI» XU3HMU.

CamocTosTenbHanA paboTa npeactasaseT coboi ocobbli BUA y4ebHOW AeATeNbHOCTU — OHa OCYLLLeCTBSAETCS
nofA, pykoBoACTBOM, HO 6e3 HenocpeACTBEHHOro BMeLlaTeIbcTBa; NOTOMY YTO MMeHHO TaKaa paboTta Hanbonee
oTBeYaeT NOTPEeBbHOCTAM CeroAHALLIHMX yYalmxca caenaTb YTo-To cammum. CamocTtoaTesibHaa paboTa — 3710,
npexae Bcero, ymeHue, Heobxoaumas MOTUBALMA U CUAbHAA BOAA.DTO Ha/IMUuME TBOPYECKMX Hayasl, MPUCYLLUX
KaXKA0MY CTyAEeHTY, 3TO PaAoCTb OTKPbITUN.

HpMTepMM KonpeaeneHno ABNeHNA CaMOCTOATE/IbHOCTU pa3H006pa3HbIZ
1. BHeCeHMe CTy4eHTOM B BbINOJ/IHEHWNE 3aaHMNA HOBOIO NO OTHOLWIEHUIO K o6pasu,y;
2. cobcTBEHHOE I'IOﬁV)KAGHME K BbIMO/IHEHWUIO pa60TbI N OCO3HaHUE ee uenn n cmbicna (B Ka4yectBe MmOoTuBauunun

MOTYT UrpaTb pPOJib OTHOCUTE/IbHAA CBO6OAa AeﬁCTBMVI npuv BbINO/IHEHUN paﬁOTbI, XeslaHne NpoBepuTb cebs,
CBOU ChUnbl K CI'IOCO6HOCTM, OCO3HaHune OTBETCTBeHHOCTM),'

3. FTOTOBHOCTb K CaMOCTOATE/IbHOCTUN N NpeoJ0/N1eEHUNIO pr,Cl,HOCTEVI,‘

4. coefiInHeHMe COBCTBEHHbIX MbIC/IEN C AeNCTBUEM;

5.npoasneHne nHMUMATMBbI N TBOPYECTBa.



Moa caMoCTOATEIbHOCTHIO MOMKHO PacCMaTPMBaTh Kak OpraHM3aLMOHHOTEXHUYECKYIO CTOPOHY NpoLLecca, Tak 1
Mo3HaBaTe/IbHYIO M MPaKTUYECKYIo AeATesbHOCTb. Ho 6onee Bcero gns pasBUTUA CaMOCTOATEIbHOCTM YYaLLUXCS
MMeeT 3HaYeHne No3HaBaTe/IbHas CTOPOHA, a He OpraHM3aLMoHHasA. A UME@HHO — CaMOCTOATENbHbIE
HabnoAeHUsA, BbIBOAbI, TBOPYECKOE NPUMEHEHNE 3HAHWIA.

CTpyKTYypa caMoCTOATe/IbHOM paboTbl BKAOYAET TPU 3Tana: NoArOTOBUTENbHbIW, MCMOJHUTE/IbHBIN U
NPOBEPOYHbIN, B KOTOPbIE BXOAAT aHa/IN3 3a4aHUSA, MOUCK CNOCOBOB ero OCyLLecTB/eHUsA, COCTaBAEHMUSA NAaHa
paboTbl, BbINOAHEHME, MPOBEPKA M OLEHKA Pe3y/bTaToB. Ty CTPYKTYPY yHalMeca A0KHbI 3HaTb U YMeTb
NPUMEHATb Ha NPaKTUKe. No3ToMy OT 3Tana 06bACHEHMWA, NMOKa3a Ha NPaKTUKe, 3aKPenIeHns U NPUMEHEHUS
3HaHWUM yyawmmmca 4o GopMmUPOBAHUA YMEHWUI U HAaBbIKOB CAMOCTOATEIbHOM PaboTbl — AONTUIA U HEMPOCTOM
nyTb.

Ha nepsom aTane npegnonaraeTcA COBMeCTHasA pa60Ta npenogasatena n CTyaeHTa no airoputmy
nocnenoBaTtesibHbIX yKa3aHm7| Ha H806XO,£I,VIMOCTb cosepuweHuna onpegeneHHoro ,CI,EVICTBVIF!Z

* BbinonHeHue BOCMPOM3BOAALLMX CAMOCTOATE/IbHbIX PaboT No obpasuy;

* BbinonHeHue KOHCTPYKTMBHbIX CAMOCTOATE/IbHbIX PaboT (BoCcnponsBeseHMe He NPOCTO 3HAHWUM, @ CTPYKTYPbI
3HaHWI B LENOM, pacwupeHue cdepbl UX MPUMEHEHUs, COOCTBEHHbIE BbIBOAbI, AOCTUMKEHWE YPOBHSA
NPOAYKTUBHOMN AeATeNbHOCTH);

* BbinonHeHue 3BPUCTUYECKUX PaboT (paspelleHne npobAeMHbIX CUTyaLuii, CO343BaeMbIX YuUTENEeM,
npuvobpeTeHne onbiTa NOMCKOBOWN AEeATENbHOCTM, OBAALEHNE SN1EMEHTAMUN TBOPYECTBA);

%k

BbINO/IHEHNE WUCCNENOBATE/NIbCKUX pa60T, I'IpMO6peTEHME onbiTa BbICKa3blBaHUA COBCTBEHHbIX Cy)Kp,GHMVI,
YMeHUA oueHnBaHMA Ha OCHOBE aHa/113a.

Ha BTOpOM 3Tane BO3MOXHa No/IHaA CaMoCTOATENbHOCTb (BUAeHME n popmupoBaHme npobaembl B 3a4aHHOM
CUTyaL MK, BbIABUKEHME TMNOTE3 UX PELLEHUS, pa3paboTKa NporpaMmmbl peannsaunm, peaansaums, pesyabrar,
pednekcus).

MocTeneHHoe pa3BUTME U HapacTaHWEe CAMOCTOATE/IbHOCTM YHALLMXCA U YPOBHA MX aKTUBHOCTU NPUBEAET K
BO3MOXHOCTU BbIbOpa MHAMBMAYANLHOTO cnocoba U3yyeHMsa maTeprana Ha yPOoKe U B Moc/ieaytolem
BbINOHEHUWN AOMALLHErO 3a4aHuA.

B cBA3M C 3TUM, LIeNbIO U 3a4a4eit BbIMNO/IHEHMA CAMOCTOATE/IbHbIX 3aZlaHMiA NO AMCUUNANHE «uapaBandYeckue
M MHEBMATUYECKUE CUCTEMbBI» ABNSETCA NPUOBPETEHNE YMEHUA NPUMEHUTb TEOPETUYECKME 3HAHMA Ha NPAKTUKE
npw peweHnn NpakTUYecKMX 3aJau.



1. 3aganus Ayt CaMOCTOATENBHONU paOOTHI CTYICHTOB
(ycnoBus 3a7a4)
Tema 1.1 Paboumne XKunaKoCTM ANa ruaponpmsoaos

3agaua 1. OnpeaennTb YCAOBHYIO (OTHOCUTENBLHYIO) BA3KOCTb Macaa B ° BY 1M K0addMLMEHT KUHEMATUYECKON
BA3KOCTU. YCTaHOBUTb TUM Mac/a M paccunTaTb AMHAMMNYECKMIN KOIDOUUMEHT BAZKOCTU. MCXoaHble AaHHble
NnomelLLeHbl B Tabumue.

Tabnmua 1
BennuunHa EavHnupl locnepHsa umdpa BapuaHTa

VISMEPEHRMA 77 1 2 | 3 | 4 | 5 6 7 8 | 9
Bpems Teuenust c 175 | 250 | 110 | 90 | 335 | 350 | 235 | 105 95 | 355
macaa, T1
Boanoe unciio c 52 51 52 51 52 51 52 51 52 52
Bucko3umeTpa T2
Yckopenue Mm/c? 9,81 | 9,81 | 9,81 9,81 |9,81|981 |9,81 |981 |981 |981
CBOOOIHOIO
najeHus g
[HorpemHocTs 0,96 | 0,98 | 0,96 | 0,98 | 0,96 | 0,98 | 0,98 | 0,96 | 0,96 | 0,96
npudopa al

Tema 1.2 TmppocTtaTuyeckoe aasneHue

3apayva 2. MA0CKUA NPAMOYTOJIbHBIN WUT WMPUHOM B, pacnosoXKeHHbIM Nog, yr/1IoM K rTOpU3oHTY, NoAaepsKnBaeT
YpOBEHb BOAbI B NPAMOYro/IbHOM KaHane rny6uHoi H. Onpeaennts cuay rmapoctaTMyeckoro AaBAeHUA Ha WNUT
B OpAMHATy LLeHTpa AaBaeHus (Touku ).

Cpenatb BblBOA, OTHOCUTE/IbHO B3aMMHOTO PACMOOKEHUA LEHTPA AaBAEHNA U LEHTPa TAKECTU CMOYEHHOM
cTeHKuW. MicxogHble aaHHble npusBeaeHbl B Tabanue.

Tabanya 2
BennuunHa EanHunupl locneaHsan umdpa BapuaHTa
vsMeperuA 1 2 3 4[5 6 7 8 9 [ o
B M 1,7 2,3 1,5 1,2 | 1,3 | 0.8 1,8 1,6 25 | 14
o rpan 32 48 68 88 75 45 50 20 35 80
H M 34 | 4,6 3,0 2.4 26 | 1,6 3,6 3,2 5,0 2,85




PucyHok 1 K 3agave 2

Tema 1.3 TeopeTuyeckme OCHOBbI TMAPOANHAMUKN

3apgaua 3. Onpeaenutb pacxog Q BoAbl B ropn30OHTaNbHOM TPYHONPOBOAE NEPEMEHHONO CEYEHMs, CKOPOCTb V

Ha Ka*kKAOoM 13 y4aCTKOB M MOCTPOUTb Mbe30OMETPUUECKYIO IMHUIO, ec/iv 3agaHbl H, d1,d2,d3. McxoaHble gaHHble

npueegeHbl B Tabnunue. MaoTHocTb BoAabl p=1000 Kr/m3.

[—l_.] ‘a
b '
PucyHOK 2 K 3agave 3
Tabnumua 3
BennuunHa EanHuyb MNocnegHsa undpa BapmnaHTa
n3mepeHua
3mepe 1 2 3 | 4 5 6 7 8 9 0
H M 5 6 7 8 9 3 4 5 5 7
di 0,016 | 0,015 | 0,013 | 0,015 | 0,018 | 0,017 | 0,015 | 0,016 | 0,014 | 0,016
d2 0,021 | 0,018 | 0,020 | 0,023 | 0,025 | 0,028 | 0,026 | 0,027 | 0,020 | 0,022
d3 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01 | 0,01

Tema 1.4 TnapasamMyeckne conpoTMBAEHUA B TpybonpoBoaax

3agaya 4. Mo ropusoHTanbHomy Tpy6onposoay avametpom d1 u anmHoi | nogaetca macio co ckopocTbio V.

PaccuMTaTb NOJIHYIO MOTEPIO HAaNopa, eCM Ha HEM YCTaHOB/IeHbl 0bpaTHbIM KnanaH (£1=0,8), 3agBuKKa (§2=0,15)




N nmeetca KosieHo nog yrnom 90° (£3=1,2). KoapPpuumeHT KUHEMATUUYECKOM BA3KOCTM Macna U. NMnotHocTsb

macna p. NcxoaHble faHHble AnA pelleHna 3a4a4m npuseeHsbl B Ta6nmu,e.

Tabnuua 4
EanHn MNocnepHsaa umdpa BapnaHTa
Bennuunna bl 1 2 3 4 5 6 7 8 9 0
nsmepe
HUA
d MM 10 12 14 16 18 20 22 24 28 30
1 M 8 9 10 11 12 8 9 10 11 12

Kr/m? 800 | 880 900 910 800 860 850 900 910 850

<=

m/c | 0,2510 | 0,2210 | 0,2310 | 0,2410 | 0,2110 | 0,2610 | 0,2010 | 0,2310 | 0,2210 | 0,2410

U cCr 20 30 46 50 22 28 32 36 46 48

Tema 1.5 PacueT npocTbix Tpy6bonposoaos

3apgayva 5. MNpounssecTn rmapaBanNYecKkmnii pacyet Tpybonposoda A1a Hacoca NPOU3BOAUTENbHOCTbIO Q,

paboTtatowero Ha Macne WMHAYCTPUAAbHOM, MMEOLWMM BA3KOCTb U. UcxoaHble gaHHble nomelueHb! B
Tabnuue.
Tabnuua 5
BennuunHa EavHnupl locnepnsan umdpa BapuaHTa
SMEPERMA ™ T 1 [ 2 [ 3 [ 4 [ 5 [ 6 | 7 | 8 | 9
Q JI/MHUH 8 18 50 35 70 12 25 10 16 60
U Cm 02 |02 0303|045 02 | 02 | 02 | 0,2 | 03

Tema 2.4 PoTOpHble 1 LeHTPobeKHble HacocChl

3apaya 6. Bblumcants noaayvy pagmnaabHO-NOPLUHEBOIo POTOPHOIro Hacoca, eC/1M SKCUEHTPUCUTET €, ANaMETP

nopuwHer d, yicno nopLuHen Z, 4acToTa BpaleHua n, obbemHbiit KM, r]0=0,9. McxoaHble AaHHble ANA pelleHns

3334 NpuBeaeHbl B Tabauue 6. PewnTsb 3a4a4y ana Asyx 3HaueHnit €1 v €2u caenats BbiBOA 0 BAMAHNUM

BE/IMYMHbI IKCLEHTPUCUTETA POTOPA Ha Nodadvy Hacoca. O6bACHUTL Apyrve GakTopbl, BAMAOWME HA Nogavy
Hacoca.

Tabnunua 6




EanHn MNocnepHsa undpa BapmnaHTta
Bennuuna bl 1 2 3 4 5 6 7 8 9 0
nsmepe
HUA
d M 0,040 | 0,030 | 0,012 | 0,018 | 0,025 | 0,030 | 0,040 | 0,050 | 0,060 | 0,030
Z T 7 5 11 9 9 7 5 7 5 7
e M 0,030 | 0,019 | 0,008 | 0,011 | 0,016 | 0,020 | 0,026 | 0,032 | 0,039 | 0,018
n c! 40 20 24,16 | 24,16 | 23,66 | 23,66 16 24,16 16 16
3agava 7. Nopgayva ueHTpoberkHoro HacocaQl, 4YacToTa BpaLleHUs N1, noTtpebnsemas mouwHoctb N1, Hanop H1.
Onpeaenutb nogavy Q2, pazsnBaemblit Hanop H2 n notpebasemyto molHocTb N2, ecnm yactoTa BpalleHus
namereHa Ao sennumnnbl 2. UcxogHble AaHHbIE ANA peleHns 3a4aum AaHbl B Tabauue 7. CAenaTb BbIBOA O
HeobXo04MMOCTU NpUMEHeHUA NOAO0OHbIX PpacyeToB 4N onpeseeHns NnapameTpoB HAcoca NPM HOBOW YacToTe
BpaLleHuA.
Tabanua 7
EanHn MocnepHsa umdpa BapuaHTa
e 1 2 3 4 5 6 7 8 9 0
nsmepe
HUA
Q1 m3/c 0,55 0,10 | 0,025 | 0,08 | 0,045 | 0,024 | 0,0125 | 0,045 | 0,005 | 0,06
H1 M 140 66 22 17,5 20 87 54 32,5 19,5 0,06
N1 KBT 135 100 75 20 14,5 55 14 30 2,2 75
c! 24 16 24 24 24 48 48 24 48 48
N1
N> c! 16 24 48 48 16 24 24 48 24 24

Tema 2.5 UcnonHuTenbHaa noacmMcrema ruaponpmMsoaos

3apava 8. Oﬂpe,ﬂ,e.ﬂMTb ycmnura R n cKopocTb V wrtoka nopLwHeBOro rmgpounnnHgpa, eCnm XMaKkoctb Nno4aeTCA B

6ECUJTOKOByIO NONOCTb NOA, pa6OLIVIM AaBleHnem Ppa6M npon3soanTE/NIbHOCTbIO Q. cxoaHble gaHHble

npueeaeHb! B Tabnuue.

Tabnunua 8
BennuunHa EavHnupl locneaHaa umdpa BapuaHTa
VSMEPERVA ™7 1 2 | 3 | 4 | 5 6 | 7 ] 8 | 9
Ppab MlIla 6,3 10 2.5 20 30 50 2.5 6,3 10 20
Q JI/MHH 50 60 35 100 | 18 | 12,5 | 25 70 25 | 300




D MM 200 | 180 | 150 | 250 | 125 | 80 60 120 | 100 | 140
nm 095 {095 {095 (095 095|095 095|095 | 0,95 | 0,95
3agava 9. Onpegenutb agnameTp D NOPLIHEBOrO r’MAPOLUMANHAPA, KOJIMYECTBO TPEOYEMOM KUAKOCTU AR
BbIABUXKEHUSA LITOKA CO CKOPOCTbO V 1 Mo KaTanory nofobpatb HeobxoaMmbIn Hacoc. MicxogHble gaHHble
npusegeHbl B Tabanue.
Tabnmua 9
Benn | EguHu MNocnepHaa umdpa BapnaHTa
Huha | HE 1 2 3 4 5 6 7 8 9
nsmepe
HUA
F H 15000 | 250000 | 750000 | 600000 | 170000 | 4000 94000 | 30000 | 200000 | 22000
v m/mMun | 0,572 3.1 0,545 | 1,57 1,1 3,84 1,5 3,6 1,2 3,6
Ppab Mlla 1,2 10 30 20 6,5 2,5 6,3 2,5 10 2.5
nm 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95

3apava 10. B rugponpusoae ¢ 04HOCTOPOHHEM LUTOKOM PaccymMTaTb ycuamne R Ha LUTOKe NpuU ero BTATMBAHUM,
ecnn guametp nopwHa D, agnameTp WToKa d, AaBneHne paboyen KMAKOCTU Ha NOPLIEHb PaBHO

Ppab.MexaHuuyecknit KM cunosoro unamHapa nu=0,95. UcxogHble AaHHble ANA pelleHus 3a4a4u NpMBeaeHbl B

Tabnuue. Tabanua 10

EanHm MocneaHas umdpa BapnaHTa
BennuunHa Lbl 1 2 3 4 5 6 7 8 9 0
nsmepe
HUA
D M 0,040 | 0,050 | 0,060 | 0,090 | 0.0100 | 0,125 | 0,045 | 0,55 | 0,070 | 0,09
d M 0,020 | 0,025 | 0,032 | 0,040 | 0,030 | 0,020 | 0,028 | 0,036 | 0,02 | 0,02
Ppab Mlla 10 10 10 8 6 6 10 10 8 6

Tema 3.2 OcHOBHbIe ra3oBble 3aKOHbI.

3agaua 11. B 6annoHe eMKOCTbio V HaxoAUTCA KUcaopoa npu 3bbiTouHOM AasneHun P1u Temnepatype tl.
ATmocdepHoe gasneHue, npuseaeHHoe K 0 C, paBHO 745 mm pT.cT. [Mocne M3pacxoaoBaHWUs 4acTu KUcaopoda

n3bbITOYHOE AaBneHue ctano P2, a Temnepatypa t2. Macca nspacxofoBaHHoro knucnopoga M. OnpegenvTb ogHy
M3 yKa3aHHbIX BEANYMH. [JaHHble K 3aga4e BbibpaThb B Tabauue 11 no nocneaHent umdppe wndpa.

Tabnumua 11

Benn

EanHm

MocneaHas umdpa BapmaHTa

10




YMHa bl 0 1 2 3 4 5 6 7 8 9
nsmepe
HUA

\% J 50 60 50 ? 60 100 80 ? 70 80
P1 MIla 10 ? 8 12 ? 9 12 5 ? 10
tl °C 37 27 25 20 32 35 27 30 27 27
P2 MiIla 8 7 ? 8 2 6 ? 2 3 4
M KI ? 3 2 2 3 ? 3 2 3 ?
2 °C 17 3 5 10 10 20 7 10 7 7

Tema 4.2 UcnonHnTeNnbHaA nogcncrema nHeBMONpmMBO408

3apayva 12.0npenennTb ycunme B WToke R agnadparmeHHoro nHeesmouuamMHapa (puc.6), ecan anametp

unnmHapa D, gnameTp onopHoiwanbel d; ycuamne Bo3paTHOM Npy*KMHbI R1, pacyeTHoe AaBAeHMeE CKaToro

Bo3ayxa Ps. McxogHble gaHHble NpuBeaeHbl B Tabamue.

Tabnunua 12
BennuunHa EanHuubl MNocnepHaa umdpa BapnaHTa
vISMEpEHNA 1 2 3 4 5 6 7 8 9 0
D 0,3 04 | 0,25 | 0,15 | 0,35 | 0,45 | 0,32 | 0,125 | 0,16 | 0,20
d 0,6 0,8 0,4 | 0,03 | 0,05 | 0,06 | 0,05 | 0,032 | 0,036 | 0,05
R1 50 60 55 40 80 70 60 45 65 44
Ps MlIla 0.4 04 |04 0.4 0.4 0.4 0.4 0.4 0.4 0.4

PucyHoK 3 K 3agaye 12

Tema 4.3 Hanpasastow,asn 1 peryavpyoLas nogcucTemsl
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3apaya 13. lMpounssecTn pacyeT NHEBMONPMBOAA, UMEIOLWLETO ilWT OANHAKOBbIX NOPLUHEBbIX MHEBMOLUMANHAPOB,

ycuavem R Ha WTOKe, ¢ A/IMHO Xo4a Lu yacToTol paboumnx UMKIOB N, NPUHUMAanA pacdeTHOe AaB/ieHne Bo3ayxa

Ps¥ CKOPOCTb CxKaToro Bo3gyxa B Tpybonposoge V. UcxoaHble AaHHble NOMELLEHbI B Tabanuy.

Tabnunua 13

Benn | EanHuny MNocnepHsa umdpa BapuaHTa

Hnna ! 0 1 2 3 4 5 6 7 8 9

n3mepeH
na

R H 2500 | 3000 | 2000 | 3500 | 4500 | 4000 | 1750 270 1250 5045
i T 3 2 2 2 2 1 3 2 1 1
L M 0,4 0,4 0,5 0,32 0,3 0,35 0,42 0,5 0,3 0,8
n muka/gac | 850 800 825 750 800 700 725 780 600 800
Ps MlIla 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
v Mm/c 20 20 20 20 20 20 20 20 20 20

2. MeTtoanyeckue PCKOMCHIAIHWH 110 PCHICHUIO 3a/1a4

3agauya 1. 200 cm® mrHepanbHOro macna npu Temneparype +50 BbITEKaeT U3 BUCKO3MMETPa JHIr/iepa 3a Bpemsa
T1=175 c, BogHoe uncno npmbopa T,=52 ¢, norpewHoctb npubopa a=0,96, yckopeHne cBob6oaHOr0O NaseHmA
£=9,81m\c?. OnpeaennTb YyCAOBHYIO BA3KOCTb, YCTaHOBUTb TMM MAc/ia M paccymTaTbh AMHAMUYECKMUI

KO3pDMUMEHT BA3KOCTW.

Pacuert:

3 Tun

OnpegeneHne yc/ioBHOW (OTHOCUTE/IbHOM) BA3KOCTU Npou3BoaunTca no popmyne

TB

°BY=a— =0,96

Ty

175

52

= 3,23°BY

KoadPULUMEHT KMHEMaTUYecKol BA3KOCTM onpegensetca no ¢opmyne: U=(0,0731- °BY — 0

0631).1(0—4, m2

V=(0,0731- 3,23 —

T.e. UC-20, nnotHocTs P=890

3,23 C

0,0631 — —a M2

22270, 1074=0,2- 1074 = =

3,23 c 20cCm
no Tabnuue

MWHEPA/ZIbHOTO Mmacsia YCTaHaB/IMBaem

2:

M3

nHayctpuansHoe 20,

12



u=U+P=0,2-10-+-890 = 1780 - 10~*Ta - c

3agaua 2. N10CKUIA NPAMOYTOJIbHbINM WNUT WNPUHOM B=2 M, pacnonoeHHbI nog yraom 60 ° K ropu3oHTY,
noafepKMBaeT ypoBeHb BOAbI B NPSMOYro/IbHOM KaHase rnybuHoi H=4 m. Onpegenuntb cuny
rMApPOCTaTUYECKOro AaBAEHUA Ha KT B OPAMHATY LEeHTpa AaBseHusa. MN10THOCTb BoAbl NPUHATL paBHoi 1000
kr/m3. JaHo: B=2 m, a=60°, H=4 m.

Onpeaenuto: R,Id.
Pacuert:

Cuna rmgpocTaTMyeckoro AasaeHus onpeaenserca no popmyne

F=P* 8°hum-A H
B Hawem Caiy4dae Fﬂy6l/IHa NOrpyeHnA LLEeHTPa TAXKECTU CMOYEHHOM NOBEPXHOCTU WNTA

H 4
A=B- — =— =2m

2 2
Maowaab CMOYEHHOM NOBEPXHOCTH LLMTA

H o —p._ % _ 99237
A=B____ 0,866 !
M2 sino

Torpa F=1000-9,81-2-9,237=181247H=0,18 MH
MonoxeHue ueHTpa AasneHus (T.e. opamMHaTy Touku [1) onpeaensem us BblparkeHus
ld=lym+ Ix—X,

Yum A

rae opanHaTa UeHTpPa TAXXECTU CMOYEHHOM NnoOBEPXHOCTU WNTA

1 H _1 4 _
T2 sinx 2'0,866_2’31\4

MomeHT nHepumn CMOYEHHOoM naowaan OTHOCUTENIbHO €€ LLeHTPA TAXKECTU

== ( A )3 S (i)3 =1642 |

- 12 sina 12 \0,86

CnepoBaTtenbHo lg= 2,3 +

1642 =3,07m

2,3-9,237

BbiBOA: A€MACTBUTENBHO, LEHTP AaBAeHMA [l pacnonoXKeH HUXKE LeHTpa TaxKecTH, T.K. Id>lum.
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3anmaua 3. OnpegenuTb pacxos Boabl Q BOAbI B rOPU30OHTAIbHOM TPyHoNpoBoae NeEpeMeHHOro ceveHus,
CKOPOCTb V Ha KarKAoM U3 y4aCTKOB M MOCTPOUTb Nbe30METPUYECKYIO INHMIO, ecin 3agaHbl H=5m, d1=0,015
m,d2=0,020 m,d3= 0,01 m. Onpegenuts Q, V1, V2, V3 " NocTPouUTb

Nbe30METPUYECKYIO JIMHUIO.

PacuerT:

YpaBHeHue bepHynnun ansa cedenna 0-0 1 3-3 Npu COBMELLLEHUN NIOCKOCTU CPAaBHEHMSA C OCbto TPybObl ByaeT

nmeTb BNA:
Z0 + PO+aV_—_0%=73+ P3+aV__3?
p-g 2g p-g 2g

MpuHUMmaem a = |.

B gaHHOM cnyyaeZ0 = H,Z3 = 0. B cBA3U C TeM, YTO B ceyeHusax 3-3 gasneHme paBHoO aTMochepHomy, J1-HK-

LLl,H=const, a ckopocTb B cevyeHnn 0-0 VO=0, CKOpOCTb B BbIXOAHOM cevyeHnmn 3-3 onpenenatoT U3 3aBUCMMOCTU:

P, P3 Part

p-g pg P9
Pacxopg Boabl B Tpy6onposoae

nd3? 3,14-0,012

=V3-S3= V3T = 9’9T = 0,78'10_3 Q

M3

(@]

CkopocTb B ceveHun 1-1

4Q 4-0,78-1073
vl = = = 4,4 ._ 4

3,14-0,015* ¢

CKOpOCTb B ceYeHun 2-2

4Q 4-0,78-1073
V2 = = = 2,48 M__ T[dZZ

3,14:0,022 ¢

CkopocTb B cevyeHun 3-3

4Q 4-0,78-1073
v3 = = = 9,9._ nas:

3,14-0,01* ¢
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lNMbe3someTprUYeCcKyro IMHUIO CTPOAT UCXOAA U3 CeayoWwmX NMONOXEHUN.

MocKonbKy 3afada pelwaeTtcs 6e3 yyeta NoTepb SHEPTUN, TO HANOPHaA NHUA (NUHUA NONHOW 3Hepruun) byaeT
npeAcTaBAsTb COOOIM rOPU30OHTANBbHYIO MPAMYIO, ABASIOLLYIOCA NPOAONKEHWEM CBOOOAHOM NOBEPXHOCTM BOAbI B
ceyeHun 0-0. MNbe3zomeTpuyeckan IMHMA PACMONOKUTLCA HUXKE HAaMOPHOM

VZ JNHUN Ha BEINYUHY — B
Ka*XJom cevyeHnun.

2g V?
Tak1M 06Pa30M, OTNOKMB BHWU3 OT HAMOPHOI IMHUN BEIUYMHBI — B CEUEHUAX,

29
COOTBETCTBYIOLMX U3MEHEHUIO AMameTpa TpybonpoBoaa, NONYyYMB pag, TOUYEK, COeANHMB KOTOPbIE, MOCTPOUM
Nbe30MeTPUYECKYIO INHUIO (PUCYHOK )

Mpu sTom
V12 4,47
= =0987m
29 2-9,81
V22 2,482
= =0312mM
2g 2-981
V32 9,92
= =5m
2g 29,81

PucyHok 4

3amaua 4. Mo ropusoHTanbHoMy Tpybonposogy anametpom d = 0,02 m u aamHow | = 20 m nogaeTca macso co
ckopocTbio V = 1,2 m/c. PaccunTaTb NOHYIO NOTEPIO HANOPa, €C/M Ha HeM YCTaHOB/IEHbl 06PaTHbIM KAanaH

(€1=0,8), 3aaBurkKa (£2=0,15) u umeeTca koneHo nog yrnom 90° (£3=1,2). KoadpPpuumneHT KNHemaTUYecKkomn
BA3KoCcTU macna u=0,15 -cCt

HaHo:d=0,02 m, I=20 m, £€1=0,8 m\c, £2=0,15 m\c, £3=1,2 m\c, u=0,15 cCT, V=1,2 m/c OnpeaenunTb: h1-2 PacyerT:

15



Onpeaenntb uncno PenHonbaca no popmyne

Re=V-d
v
1,2-0,02
=———= 1600
Re 15-10°©

MonyyeHHoe yncno 1600<2300 ( T.e. Re<Reyy), cnenoBaTeibHO, PEXKUM — TAMUHAPHDBIN. Toraa KosdouumeHT
rMAPaBAMYECKOTO TPEHUA ONPEAENNTLCA U3 BblPaXKeHUA:

64 64
A= ==40,04R31600

MoTepu Hanopa no ANUHe

hi=Al- V2 M
d 2g

h|=0,04ﬁ L2 _ 99

0,02 2-9,81 M

ﬂOTepM Hanopa B MECTHbIX CONMPOTUBNEHUAX
V2
Shi=(€1+€2+83) - —, m
2g
1,22
Shi= (0,8 +0,15 +1,2) -2 9,81

= 0,158

MonHasa notepa Hanopa h1-2 h1l-2=hl+ Shi=2,9

+0,158=3,1m

3ajgaua 5.Mponssect rnapasaAMYecKknii pacyeT TpybonpoBoaa 4a Hacoca NPOU3BOANUTENbHOCTbIO Q
8 Nn/MuH, paboTatollero Ha macne nHaycrpmanbHomMC-20, NMeoLWmnm BA3KOCTb

CaHTUCTOKC (u=20- 10-6M?\c.) Pacuert:

Onpe/aeneHne BHYTPEHHETO AnameTpa Npou3BoANUTbCA No dopmyne d = 1,13V, m
Vcp

roe Q —nNpou3BoANTEIbHOCTb Hacoca B M3/c. Ve, — CpeiHAA CKOPOCTb ABUMKEHMA KUAKOCTM B M/C, KOTOPYIO

MOXKHO NPUHATbL U3 Tabamubl 14 Tadauna 14

20

Q /MUH no 12 11-30 31-50 cBbiwe 50

Vep m/c 0,1 0,083 0,067 0,05
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0,00013

=1,13 |—— =10,041
0,1

MpuHas V = 0,1 m/c, nonyyaem d ’ M

MpuHumaem dy = 6 mm no FOCT 16516-80 (npunokeHue 2)

OnpegeneHne AeNCTBUTENbHOM CKopoCTH XUAKOCTU B npuHAaToM Tpybonposoae dy.
8 3
=——=0,00013, m
Q 60-1000 /c
4-Q 4-0,00013
Vi - = = 0,046._
- dy 3,14 -0,06> c

MpoBepKa TpybonpoBoAa Ha PEXUM TEYEHUA KUAKOCTU

Vedy 0,046 0,06
= = — = 138
Re U 0,2-10~%

Tak nosnyyeHHoe Re= 138<2300 — TO perKMM TeYEeHUA — NaMUHAPHBbIN.

BHyTpeHHUI  auameTp Tpyb6onposoaa (ycnoBHbI npoxoa,) paccyMTaH NPaBU/bHO.

3agaya 6. BoiumcamTtb nogadyQ paamanbHO-NOPLHEBOro POTOPHOrO HAcoca, ec/n aKkcueHTpucuteT e=0,0095 m,

AvameTp nopwHel d = 0,030 m, yncno nopluHen Z = 5, yactota spaweHus n = 20 c—1, o6bemHbin KMNJA, r]o6=0,9.

Navo: e=0,0095 m, d = 0,030 M,Z = 5,n = 20 ¢, []06=0,9.

Onpegenntb: Q PacueT:

PacyeTt nogaum paauasibHO-NOPLUHEBOro POTOPHOIO HAacoCa onpeaenAaeTca U3 BbiPaXKeHuA:

Q:T[d_z.Z.e.n. n06,M3/C

2

Q=3___ 14:0030°.5.0,0095-20-0,9 = 1,2 -10-3 m3/c

2

3agauya 7.Mopaya ueHTpobeskHoro Hacoca Q1= 360 m3/u, yacToTa BpaLLEHUA N1=960 06/MUH, Hanop H1= 66 m,

KMJ, HacocHoWM yCTaHOBKM C y4EeTOM NOTEPb Nos = 0,65.

Onpegenutsb:

- KaKOM MOLLHOCTM M C KaKoM 4acTOTOM BpalLleHWss HeobXoaMMO YCTaHOBWUTb 3/1EKTPUYECKUIA ABUraTesb
N8 TOro, 4To6bl NOBbICUTL Nogady Ao Q2= 530m3/u.
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- Kak MpyM 3TOM WM3MEHMTbCA Hanop Hacoca H2 npumeHeHusa nNoaobHbIX pacyeTosB A/1A onpeaeneHun
napamMeTpoB Hacoca NPW HOBOM YacToTe BPaLLEeHuA.

[aHo: Q1= 360m3/u, H1= 66 m, N 1= 960 06/muH, Q2= 520M3/4, Nos = 0,65.

Onpegenntb: N1,n2, N2, H2.

Pacuert:

Mo 3agaHHbiMm Q1, H1n onpegenvm mMOLWHOCTb 3/1€KTPUYECKOro ABUratensa

.9 -Q1-H1 _ 1000 9,81 360 -66 _ 0,
No 706 3600 0,65

P KBT

@nl TaK Kak

Q2 n2
Ton2=Q 2nl
Q1
520960
2=—= 1387

n 360 06/MuH

N1 nl UssectHo
wo—=( )

N2 n2

Toraa MOLWHOCTb HOBOTO ABUraTens

N1n23 100-13873
= = = 302KB

2
N n13 9603

T

Hosbii Hanop onpeagenAaem, BOCNno/2ib30BaBLWNCb COOTHOLWLEHNEM

H1 nl?2
— =(—);
H2 n2

__ H1n2? 6613872

- - 138M

n1? 960°

H2

3agaua 8.0npeaenntb ycuama R n ckopocTb V WTOKA NOPLIHEBOrO r’MAPOUUANHAPA  ANAMETPOM D=0,2m,
€CNN  KUOKOCTb nopaercs B OECLUTOKOBYIO noJsiocTb nop, paboynm

AaBNeHNEM Ppa6=6,3MTIMan nponssoanTenbHocTbto Q = 50 1/ MUH.

Ol'lpe,ﬂ,eflVITb YCUNA HA WUTOKE MNMPU ero sblaBnNxxXeHnn y nopwHeEBOro unanHapa

18



2 .0 22
R:%  Ppastm= o2~ . 6,3 - 10° - 0,95 = 187929
CKOpOCTb WTOKa
_4Q 450 . 1

=0,26 Vv

M

nD2  3,14:022 6000

(@]

1

T.K. 1m3/c=6000 nuTpos/c, To B popmyne BBeaeHa BeandnHa 6000.

3agaua 9.0npegenntb gnametp D nopHEBOro rmapoLMANHAPA, KOIMYecTBO Tpebyemolt Kugkoctn Q gns
BbIABUMKEHMA LITOKA CO CKOopocTbio V = 0,572 M/MUH 1 ycununem F = 15000 H. Pabouee aaBneHue KUAKOCTU Poas
=1,2 Mna.

Mo KaTanory (npunoxeHue 5) nogobpaTb HEOHXO0AMMbIN Hacoc.
Pacuer:
OnameTp umManHgpa onpeaenserca no eopmyne:

B 4F 415000
5 mPpabnM 4] 3,14'1,2:106:0,95_

=0,129m

PaccumTaHHbIN AnaMeTp LUMANHAPA OKPYIAAIOT A0 6anKanwero 60/blwero 3Ha4eHUs Kak OCHOBHOTO, TaK U
BcnomoratenbHoro pagos no NOCT 6540-68.

Mpunoxenune 1. B gaHHOM ciydyae gnameTp rmapoumnmugpa npuHmmaetca D=130 mm.

Konnyectso *Kuakoctn, HEO6XOAMMOVI ana obecneyeHus 3aAaHHOV1 CKOpPOCTHK WITOKa

nD? 3,14-0,132
= Y ==—==—.0,01 =0,000133 M3
Q 4 4 /c
Q=798 n/muHV=0___572=0.01 m/c
60

Mo KaTanory HacocoB (MpunoxeHue 5) NpUHMMaem Hacoc WwectepeHHbir 1121, Ero Pyas = 1,2 Mna u
npoussoanTenbHOCTb Q =8 N/MUH.

3angaua 10. Paccumtatb ycunme Ha LITOKe B rmapoumanHape C
OZHOCTOPOHHMM LUTOKOM MNPW €ro BTArMBaHUK, eciv amametp nopwHa D=0,05 m, anameTp wroka d=0,03 m,

AaBneHne paboyen KMaKocTn Ha nopweHb P= 6MIMa. MexaHuyeckuit KN4 cunosoro umanHapa nu=0,95.

Onpegenuntb: F Pacuer:

Ycunume Ha LWITOKe NOPLWHSA rTMAPOUMANHAPa onpeaenseTcsa no dopmyne
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__P-t(D?-d?)
F 4 w H

_ 6°10°-3,14(0,052-0,032)-0,95
F 4 = 7159 H

3agaua 11. B 6annoHe emrocTbio V=30 n=0,3 m3 HaxoauTca Kucaopod, npu n3bbiTouHom gasneHnn P1=5 MMNau

Temnepartype t1=27 °C. ATmocdepHoe aasneHue, npmsegeHHoe K 0 C, paBHo P0=745 mm pT.cT. MNocne
M3pacxof0BaHMA YacTu KMCAopoaa M3bbITouHOe AaBneHue ctano P2=2Mrla, a Temnepatypa t2=17 °C.
OnpeaenuTtb Mmaccy M3pacxoa0BaHHOro Kucnopoaa M.

PacuerT:

Mo Tabauue IVc. 318 onpeaensaem rasoByr NOCTOSHHYHO BO34yXa
Rs=287 [s/(KrK)

MepeBoamm Temnepatypy B «K»

T1=27+273=300 K

T2=17+273=290 K

Onpegenaem abcontoTHoe gasneHue Bo3ayxa P,1=P1+P0=5+745-133-10-6= 5,1 MIla
P.2=P2+P0=2+745-133-10-6= 2,1 MIla

3anuwem ypaBHeHMe COCTOAHMA ANA ABYX COCTOAHUIA paboyero Tena v onpegensem maccy M1 u M2,

Pal-V=M1-R-T1 ->M1=Pa 1-V, kr
R-T1

Pa2:-V=M2-R-T2 ->M2=Pa__ 2V kr
R-T?2

Toraa macca M3pacxof0BaHHOIO BO34yxa paBHa pasHoctn M1 wn M2,

pPalv Paz2v

v—M1-M2=

» T k. V=const

RT1 RT?2

M=V - (Pal=Pa2) kr_
R T1 T2

0,3 (5,1-106 2,1-106)
300 290

M 287 10 kr

20



3anaua 12. Onpenenutb  ycunue Ha LITOKe AMadparmeHHOro NHeBMOLUMAMHAPA (PUCYHOK 5).
Ecau guameTp unmnnngpa D=0,2 m, anameTp onopHou Wwaibbl d=0,05 m, ycuame Bo3BpaTHOM Npy*KMHbIR1=44 H.

PacyeTtHoe gasneHue so3gyxa P:=0,4 MTlla.

Pacuert:

Ycunue Ha WToke gruadparmeHHOro NHEBMOUMIMHAPA C y4eToM ycuamus R1, BO3BPaTHOM NPYXKUHbI
onpeaenseTca Kak y tloboro uuanHapa, no popmyne

R=AA-PB-nm+R1, H

Mnowaab anadparmsl A, Ha KOTOPYIO AEUCTBYET CHKaTbIM BO34YX, B CEUEHUN NPEACTAaBAAET TPaNeLmto, N03ToOMy

AA onpepenserca no cpeaHemMy AUMameTpy Tpaneumu.

PucyHoOK 5
Dcp= (D+d),m Dcp=(—— 0,240,05) =0,125m
2 2
-Dcp? 3.14+0,125
A AA = ———= 0,012
o 2 4 2
4 m M

[BWKeHMe LWTOKa ocyLLecTBaAeTcA 3a cyeT aedopmaumm guadparmbl, Ha KOTOPYIO 3aTpadymBaeTca
onpeaenéHHoe ycuname. Tak BeIMUMHA X043 LUTOKA B CTaHA4ApTax AnadparmeHHbIX LUAUHAPOB OTHOCUTENBHO
mana (06blMHO MeHblLEe 0,22D), 1o n ycunue Ha anadparmeHHyo aedbopmaumio

HE3HAYNUTE/IbHO U UM B NPaKTUKe anHe6peral0T.

R=0,012-0,4-10¢- 0,95 + 44 = 4604 H

3amaua 13. MNpounssecTn pacyeT NHEBMONPUBOAA, UMEIOLLETO KO/IMYECTBO OAMHAKOBbLIX MOPLIHEBBIX LUAUHAPOB
i=3wT, ycuamem B wtoke F=2500 H, c annHom xoaa wroKa L=0,4 m 1 yactoToi paboumx unknos n=850
umknos/yac. lasneHue Bosayxa Ps=0,4 MMa, ckopocTb Bo3ayxa B Tpybonposoae V=15 m/c.

Pacuert:

OnpegeneHne BHYTPEHHEro AuameTpa MOPLWHEBOrO  MHEBMOLMAMHAPA NPOU3BOAMTLCA NO popmye

_J 4F \/ 4-2500
Al TPB-106 .0.4-106
5 m-PB-10 3,14:0,4105_ ) oo0

MpuHumaem D=90 mm no FOCT 6540-74 (npunoxkeHue 1)

Onpep,eneHme TEOPETNYECKOIo pacxXoda CXKaToro Bo3ayxa
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_mD?

a 4

Onpep,eneHme AEMCTBMTEI'IbHOI'O pacxoda CXKaToro so3ayxa

Qu=1,25-Qri=1,25-2,16-3=8,1 m*/uac

-L-n

_3,14-0,092

-0,4-850 = 2,16

m3/uac

OnpeaeneHune BHyTpeHHEro gnamertpa Tpybonposoaa (ycnoBHOro npoxoaa Tpybonposoaa)

4-8,1

4\ 73600V

J

3,14:3600-15

=0,014

M

MpuHumaem d=16mm no FOCT 16516-80 (npunoxxkeHue 2)

Pag anameTtpos umnmHapos v wtokos no NOCT 6540-74, mm

3. Ipunoxenus

Mpunoxenune 1

OcHoBHOWM pAag, 16 (20 |25 |32 (50|60 |80 | 100 | 125 | 140 | 160 | 180 | 210 | 250 | 280
BcnomoratenbHbin | 18 |22 |28 [ 36 |55 |70 |90 | 110 | 130 | 150 | 170 | 200 | 220 | 240 | 320
pAa4
MpunoxeHune 2
YcnosH 1e npoxoapl d, mm FOCT 16516-80
1,0 10 100
- 12 125
1,6 16 160
2,0 20 200
3,0 32 -
4,0 40 -
5,0 50 -
6,0 63 -
8,0 80 -
MpunoxeHune 3
Pap pabouunx gasneHuii, MMa
Pap P 25 1,0 1,2* - 1,6 2,5 4 5 6,3 8
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Pag P10

10

12,5

14

16

25 28

40

50

63

I'Ipmmeanme: 3Ha4yeHuA Ll,aBl'IEHVII\/‘I, nomeyeHHble * No BO3MOMKHOCTU He NPUMEHATb.

3HayeHMe KoapPULMEHTa MECTHbIX NoTepb

Mpunoxenue 4

Ne nn Bug (Tvn) mecTHOro conpoTMBaeHUA 3HayeHue KoadPpUuumeHTa
1 MpucoeanHUTENbHbIE WITYLIEPDI 0,15
2 30/10THUKOBbIE pacnpesennTen 4,0
3 Ob6paTHble KnanaHbl 3,0
4 MpenoxpaHUTeNbHble KnanaHbl (MecTa coeanHeHus) 0,2
5 fmapo3amok 0,3-0,4
6 ®dunbTp Ha HarHeTatowem Tpybonposoae 0,5
7 [poccenb peryanpyemblii 0,4
8 Bxoa macna B nONOCTb rMAPOUMAMHAPA 1,0-2,0
9 Bbixog macna U3 nonocTu rmapoumnamHapa 0,5
10 Pa3sBeTB/seHME NOTOKA Ha A4Ba HanpaB/ieHMA 1,0-1,5
11 CoeanHeHMa 2-X NOTOKOB B OAUH 2,0-2,5

Hacocbl

LLlecTepeHHble Hacocbl TMna M11-2. O6o3HauyeHue no FOCT 2.782-68

MpunoxkeHue 5

XapaKTepuctuka rii- | riizi | rii- ri122| rii- | riiz3 |rii- r1124 | rii- r112s
21A 22A 23A 24A 2AA
Tunopasmepbl
Mpon3BoAUTENBHOCTb, 5 8 12 18 25 35 50 70 100 140
N\MUH
Pa6oqee AassieHne, MIla 1,2 1,2 2,5 2,5 2,5 2,5 2,5 25 25 2,5
06 my n KN a 0,7 0,7 0,6 0,6 0,7 0,72 0,73 0,75 0,8 0,8
Macca, Kr 2,0 2,25 2,25 6,2 6,2 6,2 8,7 15,0 21,0 25,0
LLlectepeHHble Hacockl Tuna HLL
XapaKTepuCTuKa HW-104, | HW-16 | HW-32[ |HLW-40B | HLI-46/
Tunopasmepsl
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Mpon3BoanTeNbHOCTb, N\MUH 16 25 50 60 75
Pabouee pasneHue, MlMa 10,0 10,0 10,0 10,0 10,0
O6L|J|Ml\;| |'(|_|[l, 0,8 0,8 0,8 0,8 0,8
Macca, Kr - - - -
MnacTtMHYaTble Hacocbkl Tuna 12-2
O603HauyeHne no NOCT 2.782-68
(1
14&‘ T
OauHapHoro AencTens
[BoMNHOro aencremn
XapaKTepuctumKa I'1221| riz- 1222 | Iiz- I'1223 | I'12- 1224 | I'12- ri22s | riz-
22A 23A 24A 25A 26A
Tunopasmepbl
Mpon3BOAUTENBHOCTD, 8 12 18 25 35 50 70 100 150 200
N\MUH
Pabouee naBneHue, 6,5 6,5 6,5 6,5 6,5 6,5 6,5 6,5 6,5 6,5
MTMla
O6wui KN il 0,5 0,67 0,67 0,73 0,79 0,71 0,76 0,81 0,85 -
Macca, Kr 9,2 9,2 9,2 9,2 9,2 26,2 26,2 26,2 138 138
MopLiHeBble HacoChl
0O603HayeHne no NOCT 2.782-68
PagnanbHo-nopwHesble. Tuna HIMP, HNM, HNC, HNA
XapaKtepuctuka HMP HIMP HIMP HIMP HMP HIMP HIMP HIMP HIMP
Tunopasmepbi 717 705M | 713 715 50M 100 200 300 400
Mpon3BOAUTENBHOCTD, 800 100 200 400 50 100 200 300 400
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N\MUH
Pabouee  paBneHue, | 10,0 10,0 | 10,0 |20,0 |[200 |20, |200 20,0 20,0
MTMla
O6wwit KNA 0,77 0,77 |0,77 |0,77 |0,77 |0,67 | 0,67 0,72 0,77
Macca, Kr 2000 |350 |630 |[800 [350 |630 |1500 | 1500 | 2000
AKCMaNbHO-NOpPLUHEBbIE
Twna M-4; N-P
R
| I |
| IS
XapakTepucTuka na na na M4 Ne5 na na na
Tunopasmepbl Ne0,5 | Nel,5 Ne2,5 Nel0 Ne20 Ne30
Mpon3BOAMUTENBHOCTD, 9 26 47 102 204 360 490
N\MUH
Paboyee  pasnenune, | 10,0 | 10,0 10,0 10,0 10,0 10,0 10,0
MTlla
O6bwwmi KNA 0,72 0,72 0,77 0,77 0,8 0,8 0,8
Macca, Kr 20 45 95 160 240 400 600
Tuna HAP, HAC, HAM, HAJ,
Pabouyee | Mpoussoaute BcnomoratenbHbin
Twn Hacoca AassieHue, NIbHOCTb, Macca, kr Hacoc
MMa N/MWH n/MnH Mna
HAP-16/200 20,0 25 31 3 2,5
HAP-40/200 20,0 55 60 8 2,5
HAP-63/200 20,0 85 80 8 2,5
HAP-125/200 20,0 200 163 12 2,5
HAP-400/200 20,0 400 230 32 2,5
HAP-16/320 20,0 25 30 3 2,6
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HAP-40/320 32,0 55 54 8 2,8
HAP-63/320 32,0 85 75 8 2,5
HAP-125/320 32,0 172 111 12 2,6
HAP-400/320 32,0 400 230 32 2.5

KnanaHHble (3KCUeHTPUKOoBbIE)

O603Ha4veHune no NOCT 2.782-68

Twuna H-400
XapakTepucTuka H-400 H-401 H-403 H-450 H-451 H-453
Tunopasmepsl
Mpon3BOAUTENBHOCTD, 5 18 35 3 5 8
N\MWH
Pabouyee pasneHne, MMa | 30,0 30,0 30,0 50,0 50,0 50,0
O6wwun KNa 0,75 0,77 0,80 0,72 0,77 0,77
Macca, Kr 13,5 42,6 45,6 20 54 55,7
Tuna HP
Pabouee MNpounssoguTtenb O6bemHbin | Obwwmnm KNA | Macca, Kr
Tun Hacoca | paeneHve, | HocTb, I/MUH KnA
MMa

HP-1,6 50,0 1,8 0,75 0,72 20,0
HP-2,5 50,0 3,2 0,78 0,75 23,6
HP-4 50,0 5,0 0,80 0,75 43,0
HP-6 50,0 8,0 0,80 0,75 51,0
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HP-10 50,0 12,5 0,85 0,75 79,0
HP-16 50,0 20,0 0,85 0,75 92,0
HP-25 50,0 32,0 0,86 0,77 130,0
HP-40 50,0 50,0 0,86 0,77 212,0
HP-50 50,0 76,0 0,86 0,77 300,0

3

YcnoBHble 0603HAYEHUS 3IN1EMEHTOB rmaponpueoaa

P6=PO

bak 3aKpbITbiih Ps<PO

Bak oTKpbITbIN FTOCT 2.780-68

dUNbTP ANA KUAKOCTM UK BO3AYXa

KnanaH peayKUNOHHbIN TMapaBANYecKknii

X
Ty

~4
-

Ix¢

Jenvtenb notoKka FMApaBﬂMHECKMVI Ha ABa NOTOKa

NOCT 2.781-68

MpunoxkeHue 6

KnanaH npeaoxpaHuTebHbI ABONHOMO AENCTBUA

27



E ; ‘:‘ [Lpoccenb perynampyemsiit

TMAPOLUMAMHAP NAYHKEPHBbIN

s 1
j |
MMapomMmoTop HepeBepPCUBHbIN
MOMEHTHbIN TMAPOLUANHAP
UnnmHap ABYXCTOPOHHErO AeACTBMA — NOPLUHEBOWM
iH fi
MpunoxkeHune 7 OCHOBHbIE
eanHunybl CU
Tabnnua 1.1
BennyunnHa HanmeHoBaHue O603HayeHune
OnvHa MmeTp M
Macca KWNorpamm Kr
Bpems CeKyHAa o
Cwuna anekTpuyeckoro amnep A
TOKa
TepmogmHammnyeckas KenbBWH K
TemnepaTypa
KonunyecTtso BelecTsa MONb MO/1b
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Cwna cBeTa KaHAena K4,
MpounssoaHblie eguHMLbl CU
Tabnnua 1.2
BennuunHa HanvmeHoBaHMe 0O603HayeHne
YacroTa repuy, My
Cuna, Bec HbIOTOH H
[HasneHue nackanb Ma
dHeprua, paboTa, KOANYECTBO OOy b LK
TennoTbl
MouwHocTb BaTT BT
MomeHT cunbl HbloTOH-meTp Hm
YaenbHana TensioeMKocTb (yaenbHas [Koynb Ha KNAOrpammKenbBmH I/ (KrK)
3HTpONUA)
YaenoHbl TepMOANHAMUNYECKNIA LKoynb Ha Kuaorpamm
noteHuuan (aHTanbnuA) J\Kr

CHI/ICOK HCII0JIL30BAHHOM JUTEPATYPhI
OCHOBHbIE NCTOYHUKU

1 EropywkuH B.E., Unnnosuy b.X. OCHOBbI rMapaBaAnKKN U TENAOTEXHUKN. - M.: MawunHocTpoeHune, 1981.

2 Nenewknn A.B., Muxananu A.A. TnapaBanyeckme U nNHeBMmaTUYecKMe cuctembl. — M.: MalMHOCTPOEHME,
2005.

3 PabuHoBMuY E.3. Mmapasnuka. — M.: Hegpa, 1987.

4 C60pHUK 3ada4 No MaluMHOCTpPoUTeNbHOW rnapasavKke./noa pea. Kykonesckoro U.U., Noasusa /.. — M.:
MawwuHocTpoeHune ,1981.

5 Xoaun K.M., HUKntnn O.®. OcHOBbI rMapaBanKM U obbemHble rugponpmsogbl. — M.: MawunHocTpoeHue,
1989.

JononHutenbHble NCTOYHUKU

1 bawTtaT.M.,PyagHes C.C. 7 ap. MMapaBanKa,rmMapomallnHbl 7 rmaponpueoabl. -
M.:MawwuHocTpoeHune,1982.

2 KysHeuos B.I. [prBOAbI CTAHKOB C NPOrpaMmmHbIM ynpasaeHmem. — M.: MawunHocTpoeHue, 1983.

3 Cron6os N.C., Meposa A.A., JIoxXknH O.B. — OCHOBbl TMAPABAMKM W TUAPONPUBOA CTaHKOB. — M.:
MawmnHocTpoeHune, 1988.

4 FocypapcTBeHHble CTaHAAPTbI:
FOCT 2.704-68 Npasuna BbINOAHEHUA TMAPABANYECKUX CXEM
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FOCT 2.780-68 O603Ha4eHMA yCnoBHble rpadunyeckmne. dNemMeHTbl TMAPaBANYECKUX U MHEBMATUYECKUX
ceTen.

FOCT 2.781-68 O603Ha4yeHMn ycnoBHble rpaduyeckmne. Annapatypa pacnpegennTesibHas 1
peryavpyrowas, ruapaBamyeckan u nHeBMaTU4YeCKas.

FOCT 2.782-68 O603HayeHuMA ycoBHble rpaduyeckue. Hacocbl u gsuraTeny rugpasamyeckme m
NHeBMaTUYECKME.

FOCT 17398-72 Hacocbl. TepmuHbl n onpeaeneHus.

FOCT 17411-81 N'maponpueoabl 06bemHble. ObuieTexHMYeckme TpeboBaHms
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