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BBEJIEHUE

Metonuueckue yka3aHHs IO BBINOJHEHUIO MPAKTUYECKUX paboT Mo AUCLHUILIMHE
«lmxeHepHble cHCTEMBl 3IaHMi H coopyxeHuil (BomocHaOxeHue M BOIOOTBEICHHE C
OCHOBaMH THJIPABJIMKH )» MpeAHa3HAYCHBI Ji OaKanaBpoB O4YHOU (HOPMbI 0OyUEHUS.

Henp gucuumumabl «H)XeHEepHbIE CMCTEMBI 3aHui U coopyxenuii (BogocHabkenue
U BOJIOOTBEJICHUE C OCHOBAMHU TUAPABINKH)»:

- (QopmupoBanue Habopa MNPOPECCHOHANBHBIX W OOMICHAYYHBIX  KOMIETCHIIHIA
Maructpanta mno HampasieHno 08.03.01 «CrpoutenbcTBo», mpodmib «CTPOUTEIHCTBO
31aHUM U COOPYKEHUI.

- O3HAKOMJICHHE CTYIEHTOB C METOJaMH OpraHMU3allMi CTPOUTEIHCTBA OTIEIbHBIX
O0OBEKTOB M HX KOMIUIEKCOB, OpPraHU3alMOHHBIX CTPYKTYp U  IPOU3BOACTBEHHOMN
NESTENIbHOCTH CTPOUTENBHBIX OpraHu3alfii; OpraHu3alnueldl MaTepualbHO-TEXHUYECKOTO
oOecrieueHnsl CTPOUTENbCTBA; MJIAHUPOBAHUS U IOATOTOBKU CTPOMTEIBHOTO IPOU3BOJCTBA;
OIIEpaTUBHOIO YIIpaBJIeHUs U 00ecreueHusl KauecTBa.

-IpUBMBAaHUE  CTYAEHTaM  HAaBBIKOB  TEXHOJIOIMYECKOTO  IPOEKTHUPOBaHUS U
MOJICIUPOBAHUST  CTPOUTEIBHBIX IMPOU3BOJACTB, pa3paboOTKa CTpoiireHruiana oOBEKTa,
OIpe/ieJIEHUE U pacyeT OCHOBHBIX MarepHallbHO-TEXHUUYECKUX PECYPCOB.

K ocHOBHBIM 3a71a4aM NMpU U3yUYEHUU AUCUUTIIMHBI OTHOCSTCS:

- MpHOOpeTeHne HEOOXOMUMBIX 3HAHWN IO BONPOCAM OPTaHHU3AIMUA CTPOUTEIHHOTO
MPOU3BOJCTBA, KAJICHIAPHOTO IJIAHUPOBAHUS, KOMILJICKTAIUM CTPOUTEIbHBIX OpraHU3aluil
OCHOBHBIMH MaTepHajlaMu U KOHCTPYKLUSAMU;

- TOATrOTOBKAa IMPOEKTHOM M pabouell TEXHUYECKOW JOKyMEHTaluu, opopMIIeHHE
3aKOHYEHHBIX POEKTHO-KOHCTPYKTOPCKUX PadoT;

- obecriedeHHEe COOTBETCTBUSI pPa3padaTbIBaEMbIX MPOEKTOB M TEXHUYECKOU
JOKYMEHTAIlMM 3a/laHuI0, CTaHJapTaM, HOpMaM M IpaBHJIaM, TEXHUYECKHUM YCJIOBUSIM U
JIPYTUM HUCIIOTHUTENBHBIM IOKYyMEHTaM;

- opraHM3ainus paboumx MeCT, HX TEXHMYECKOE OCHAIllEHUE, pa3MeIleHne
TEXHOJIOTMYECKOro 000pyI0BaHMUS;

- COCTaBJICHHE TEXHUYECKOW TOKyMEHTaluu (rpa@ukoB paboT, MHCTPYKIIMM, MJIaHOB,

CMET, 3aBOK Ha Marepuasbl, 000pyJOBaHHUE), a TAK)KE YCTAaHOBJICHHON OTYETHOCTH IO

YTBEPAKACHHBIM (popMam.
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IIpakTnueckoe 3ansaTue Ne 1.
Boxonorpeotsenne. CucreMbl BOTOCHADKEHU ST

L{enb 3aHATHS: HAYYUTHCS BBIOUPATH THIIOBBIC CXEMHBIE PEIICHUS CUCTEM
BOJIOCHA0KEHHUSI TOCEICHUI; YMETh IPUMEHSITh HOPMAaTUBHBIE JJOKYMEHTHI.

3ananue Ha 3aHATHE: pa3padoTaTh CXEMY CHCTEMBbI BOJOCHAOKEHHUS TIOCEIICHHUS.

[Topsimok neicTBuiA:
—03HaKOMHUTHCS C IJIAHOM MOCEJICHHUS, BBIJAHHOTO MPEToAaBaTeieM;
—I[POAHATN3UPOBATh UCXO/IHbIEC TaHHBIE;
—TMpounTarh cooTBeTcTBYIOmUE pasaensl CHulla «Bogocnabxxenue. HapyxHbie cetn u
COOPY>KEHUS» ;
—pa3paboTarh CXeMy CHUCTEMBI BOOCHAOKEHUS MOocesieHus (yKa3arh Ha IJIaHe MecTa
PacmoNIoKEeHHUSI OCHOBHBIX 3JIEMEHTOB CHCTEMBI BOJOCHA0XKEHU );
—cJIeNiaTh KpaTkoe OMUCaHUE CXEMBbI.
TpeboBanus K OTUETHBIM MaTepHaliaM: IPEIOCTABUTh CXEMY IIOCEJICHUS, ONUCAHUE CXEMBI.

IIpakTHyeckoe 3ansaTHe Ne 2.
Cucrembl 3a00pa, noga4M 1 pacnpeejeHus1 BoAbl

Llenp 3ansaTHs: 3HATh TPAJAULUOHHBIE U MEPCIIEKTUBHBIC HAMIPABICHUS OYMCTKU BOIbBI
JUISL TIATHEBOTO BOJIOCHA0KEHHS, YMETh UCIOIH30BaTh HOPMATUBHBIC NMPABOBHIC JTOKYMEHTHI B
CBOEH JEATENbHOCTH

3amanne Ha 3aHATHE: pa3paboTaTh CXEMy OYHMCTKHA BOIBI JUIA IHTHEBOTO
BOJOCHA0KEHUS.

ITopsinok nencTBui:
—03HAaKOMMTBHCSI C UCXOAHBIMU JAaHHBIMM 10 KaueCTBY BOJbl B MCTOYHMKE, CPAaBHUTh HX C
tpebyembimu 1o CaHIIuny «IlutbeBas Bona. ['uruennyeckue TpeOOBaHUS K KaueCTBY BOJbI
[IEHTPAJIM30BaHHBIX CHCTEM IMUTHEBOTO BOgOCHAOKeHUsI. KOHTpOIb KauecTBay;
—IIpOaHAIM3UPOBATh UCXO/IHbIE JAHHBIE; -
—IpounTark cooTBercTByroue paszzaensl CHulla «BonocnaGxkenune. HapyxHble cetn u
COOPY>KEHUS» ;
—pa3paboTarh CXeMy OYMCTKM BOJbl (yKa3aTb OCHOBHBIE€ CHOCOOBI OUYMCTKH BOJBI,
IpeAroiaraéMble COOPYXEeHHUs IO OYMCTKE BOJIbI, METO/IbI 00e33apakuBanusi). TpeOoBaHus
K OTYETHBIM MaTepHajiaM: MPe0CTaBUTh CXEMY OYHCTKH BOJBI, OTIMCAHUE METO/IOB OYMCTKH,
OCHOBHBIX COOPYKE€HHH I O4MCTKU BOJIbl TUTHEBOTO HA3HAYECHUS.

IIpakTnyeckoe 3ansaTue Ne 3.
CucreMbl MOJA4YU U pacnpeaejieHus: Boabl

Lenp 3aHATHS: HAYYUTHCS UCIIOJIB30BaTh HOPMATUBHBIE PABOBBIE TOKYMEHTHI B CBOEH
JIeATEIIbHOCTH

3ajaHre Ha 3aHATHE: OIpPEAENUTh pPACUETHBIE pPAacXoAbl BOAbL, HAUTH JAHAMETP
BOJIOBO/A.

ITopsimok nencTBui:
—BBIOpATh CHCTEMEI BOJIO CHAOXKEHU IMOCEIICHUS (X035 CTBEHHO- IMUTHEBA,
MIPOTHUBOIIOXKAPHAs, TTOJIMBOYHAS, IIPOU3BOJACTBEHHAS);
—pazobparbcst ¢ ¢GopMylTamMH pPACUETHBIX PACXOJOB BOABI (CyTOYHBIE MAaKCHMAaIbHBIEC,
MUHUMAaJbHBIE U CpefHue; yacoBble, cekyHauble) mo CHully «Bogocnatxkenue. HapyxHbie
CETH U COOPYKEHUS ;
—HalTH Bce Tpedyemble 3HAYCHUS MapaMeTpPOB; PACCUUTaTh MAKCHUMAIbHBIA CEKYHIHBIN
pacxol BOABI, MO KOTOPOMY OMPEAEIUTh IUaMeTp BOIOBOAa. Mcmonb30BaTh TaOIUITBI
ruapasindeckoro pacuera lllesenesa.

TpeboBanuss kK OTUeTHBIM Marepuanam: KpaTkoe omucaHue cucrteM. PacueTHble
dbopMyITbl CO BceMH 0003HAaYCHUSIMU 1 3HaYeHUsIMU. Pe3ynbTarsl pacuera.
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IIpakTnueckoe 3ansaTHe Ne 4.
BHyTpeHHee BonOCHaOKeHHe 31aHUI
Llenp 3anatusa: HayunTbcs OCHOBaM COBPEMEHHBIX METONOB INPOEKTUPOBAHUS U
pacyera CHCTEM HWH)XEHEpHOro OOOpYyIOBaHUS 3[aHUM, HAYYUTHCS  HUCIIOJIB30BaTh
HOpPMAaTHBHBIE IPABOBBIE JOKYMEHTHI B CBOEH €ATEIBHOCTH.
3ajaHue Ha 3aHATHE: BbIOpAaTh CHCTEMBI, CXEMbl BOJONPOBOJIHBIX CETEH 3IaHUA
pa3IMYHOTO Ha3HAYEeHMs (IUIaHbI 3TAXKEH BBIIAIOTCS MPENOJABATEIEM).
ITopsimok neicTBuiA:
—BHMMaTelbHO npountarh pasnen CHulla «BHyTpeHHuil BOIONpOBOA M KaHAIM3ALMS
37JaHUIH» TI0 BOJAOIPOBOIAHBIM CETSAM, pa3ziell yueOHOro ocoous, MeTOANYECKUE YKa3aHUs ;
—OIHUCaTh CUCTEMBI, CXEMbI, IPUHLIUIIBI TPACCUPOBKU, OCHOBHBIE 3JIEMEHTHI HA CETH;
—I10 BBHIOPAHHBIM CHUCTEMaM U CXEME CHCTEMBbI BOJOCHAOKEHUSI HAHECTH JIEMEHTHI CeTeil Ha
IIJIaH 3Ta)Ka 31aHKs U IUIAH I10J(BAJIA;
—BBINOJIHUTh KOHCTPYHMPOBAHNE CUCTEMBbl BHYTPEHHET0 BOI0CHAOKeH . TpeOoBaHus K
OTUETHBIM MaTepuanaM: IPEJOCTaBUTh IUIAH JTaXa, IJIaH IOABaJa, IUIAH YydacTKa C
HAHECEHHBIMHU AJIEMEHTAMU CHUCTEMBI, BOJIOIIPOBOIHBIM BBOIOM.
Kparkoe onucanue cucTeMsl.

IIpakTHyeckoe 3ansaTue Ne S.
O0padoTka BoAbI

Llenp 3aHATHSA: HAy4YUThCS OCHOBAM COBPEMEHHBIX METOJOB IPOECKTHUPOBAHUS H
pacdera CUCTEM MH)XEHEPHOTO 000PYI0BaHUS 3/1aHUM.

3ajaHue Ha 3aHATHE: CHENATh TMAPABIMYECKUN pacueT BHYTPEHHErO BOIONPOBOJA;
OTIPE/ICIUTh, KaKasi CXeMa CHCTEMBI BOJIOCHAOKEHUS OyJeT B TaHHOM 31aHHUH (TIPOCTAs WIH C
JOTIOTHUTEIBHBIM 000PYIOBAHUEM).

ITopsinok nencTBui:
—BHUMATEJIBHO IPOYMUTaTh cooTBEeTCTBYIOMMKE pa3aeibl CHulla «BHyTpenHuil BoqonpoBox 1
KaHaJIu3aus 30aHui» , pa3aen ydeOHOTo mocodus, METOANYECKHUE YKa3aHus ;
— MOCTPOUTH AKCOHOMETPUUYECKYIO CXEMY CHCTEMBI BOJIOCHA0KEHUS 3/1aHUs HAa OCHOBE IJIaHa
ATa)ka v MojBaja;
—pa30uTh HAa pacUETHBIC YUACTKH, OMPENICTUTh PACUETHOE HAPaBJICHHE,
—HAWTH PACUETHBIN PacXo/l BOBI;
—cllenaTh THUIPABIMYECKUN pacueT BHYTPEHHETO BOAONPOBOJA (HANTH IUAMETPHI, MOTEPH
HaIopa); - pe3y/bTaThl CBECTH B TAOJIHILY;
—ONpeeNnuTh TpeOyeMblil Harop, CPaBHUTh €T0 C TapaHTUPOBAHHBIM HAIOPOM B TOPOICKOM
BOJZIONIPOBOJIE;
—cllenlaTh BBIBOJ, O CXEME CHUCTEMBbl BOJOCHAOXKEHUSI — TpeOyeTcs JU TOBBICHUTEIBHOE
obopynoBaHue.

TpeboBanusi K OTYETHBIM MarepHallaM: MPeJOCTaBUTh IUIaH JTa)ka, IJIAH TOJBAJA,
AKCOHOMETPHUUYECKYI0 CXEMYy XOJIOIHOTO BOJOMPOBO/A; pACUETHBIE JaHHBIE, TaOJHUIlY
TUIPABIMYECKOTO pacyeTa; pacueTHbIe JaHHBIC IO TpeOyeMOMY HAropy C BBIBOJAMHU.

IIpakTnyeckoe 3ansaTue Ne 6.
OtcranBaHue BOIbI.
Llenp 3aHATHS: HAYYUTHCS NPUMEHSATH 3HAHUS 3aKOHOB 00 OXpaHE OKpyKarolen
CpelIbl, PHEPrOpeCYpPCcOCOEPEKEHHUIO IPU TPOESKTUPOBAHUN CUCTEM BOJIOCHAOKEHHUS.
3ananue Ha
3aHATHE: pa3padoTaTh MEPONPHUATHS IO CHUKEHUIO NTOTEPh BOJIBI B 3[aHUU, KBApTUPE.
ITopsinok nencTBui:
—03HAKOMUTBCS C HEKOTOPBHIMHU IMOJIOKEHUSIMH 3aKOHOB 00 OXpaHE OKpYKalollel Cpemsl,
sHEpropecypcocoepexeHuto (nexknunonHbeii marepuan), CHulla «BryTpenHuii BomonpoBoj u
KaHaJIn3anus 3JaHui» ;
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—pa3paboTarh MEPOIPHITHS 10 CHIXKEHUIO TIOTEPh BOJIBI (B KBAPTUPE, B 3[aHNH);
—paccuuTarh U MoJo0paTh CUETYUKH BOABI (METOAUYECKUE YKAa3aHUS ;

—I0Ka3aTh UX HA aKCOHOMETPUUECKOI cXeMe U IIJIaHe Mo/Bala;

—HaWTH NOTEPU HAINlOpa B CYETUMKAX.

TpeboBanuss K OTYETHBIM MaTepuajaMm: MPEJOCTaBUTh CIHUCOK JOKYMEHTOB,
UCIIONB3YeMBIX B paboTe; MEePEYUCIUTh MEPONPUATUS MJII CHUXKCHHUS TIOTEPh BOJIBI,
pacueTHbIE JIaHHBIE 10 MOAOOPY CUETYUKOB (B MOBAJIC U B KBAPTUPE); AKCOHOMETPUUYECKYIO
CXEMY M IUIaH MoJABaja C YKa3aHUEM Ha HUX CUYETYMKOB BObI; IOTEPH HAIOpA.

IIpakTHyeckoe 3ansaTHEe Ne 7.
I'uapaBianyekuii pacyer BOJOOTBOAAIIMX CeTeEN.

[lenbp 3aHATHUS: HAaydUTbCSI OCHOBAM COBPEMEHHBIX METOAOB IPOECKTHUPOBAHUS H
pacdera CCTEM MHKEHEPHOI'0 000PYI0BaHMs 31aHHUMH.

3ajaHue Ha 3aHATHE: 3allpOEKTUPOBATh CHUCTEMY BHYTPEHHEH KaHajlu3aluu

[Topsimok neicTBuiA:

—BBIOpATh CHCTEMBI KaHAJTU3AINH KHUIJIOTO 3aHUS;

—Ha IUTaHax 3Ta)Keil HAHECTU CTOSKU, OJBOJKHU K ITprOopam;

—Ha IUIaHE MOABaJla M pa3pe3e 3/aHus HAHECTH CTOSKM, BBIIIYCKH, BCE HE OOXOAHMMBIE
2JIEMEHTBI BHYTPEHHEN KaHAIU3aluHy;

MOJIB3YACh JICKIIMOHHBIM ~MaTepuasiioM, yueOHbIM mocobuem, CHullom «BuyTpeHHnit
BOJIONIPOBOJ] U KaHAJIM3ALMs 3JaHUI» , METOAUYECKUMH yKa3aHUSMU , HA3HAYUTh TUaMETPBI,
YKJIOHBI Ha TOPU30HTAJILHBIX U BEPTUKAIbHBIX YUaCTKaX CETHU;

—3aKOHYMTH CXEMBI KOJIOALEM ABOPOBOM KaHAJIU3ALUHU.

TpeOoBaHusl K OTYETHBIM MaTepuanaM: MPeIOoCTaBUTh IUIAH 3Ta)ka, MOjBaja, pa3pes
31aHusl  (AaKCOHOMETPUYECKYIO CXEMY) BHYTPEHHEM KaHalu3allud C HAHECEHHEM BCEX
OCHOBHBIX DJJIEMEHTOB CHCTEMBI, YKa3aHHMEM JAMAMETPOB, YKIOHOB. Cremarb KpaTkoe
OIIMCAHUE CUCTEMBI.

IIpakTHyeckoe 3ansaTHe Ne 8.
O4ncTHbIC COOPYXKEHUSA

Llenp 3anatusa: HayunTbcs OCHOBaM COBPEMEHHBIX METO/OB NPOEKTUPOBAHUS U
pacyera CHCTEM HWH)XEHEpHOro OOOpYyIOBaHMS 37aHUN, HAydUTbCSd HCIOJIb30BaTh
HOpPMAaTHBHBIE MPABOBBIE JOKYMEHTHI B CBOEH €A TEIbHOCTH.

3ajaHue Ha 3aHATHE: 3anpOeKTUPOBAaTh JABOPOBYK) KAaHAJIM3ALMOHHYIO CETh;
MOCTPOUTH MPOQPHIIb JBOPOBON BOJOOTBOSAIIEH CETH.

ITopsnok nencTBui:
—npountath cooTBeTcTByromme pazaensl CHulla «Kanammzanms. Hapyxssle cetu u
COOPYKEHUSD» , METOAMYECKNX YKa3aHUH ;
—CJIeJIaTh TUIaH y4acTKa C HAHECEHNUEM BCEX CETEH U KOJIOALEB;
—pa30uUTh CXeMy Ha pacyeTHble Y4YacTKH; - HAWTH pacyeTHbIE pPacXoibl CTOKOB Ha BCEX
y4acTKax;
—Ha OCHOBE PAacCUETHBIX PAaCXOJOB BBIIOJHUTH THAPABIMYECKUNA pacyeT CHCTEMBI ABOPOBOM
KaHaJIM3aluH (IuaMeTpbl, CKOPOCTH, YKJIOHBI, HAlIOJTHEHUE);
— OCTPOUTH NPO(UIH TBOPOBOM KaHAIN3ALINY;
— HATH IyOMHY 3aJI0’KEHHS KaXK10TO KOJIOALA, OTMETKU JIOTKOB,;
—pe3ybTaThl pacyeTa 3aHECTH B TAOJIHILY.

TpeboBaHus K OTYETHBIM MarepHajlaM: IMpPEeJIO0CTaBUTh IUIaH ydyacTKa B MaciuTtade
1:500 ¢ cersaMu, KOJOALAMH, PACUETHBIMHM JAaHHBIMHU; MPOQWIb TBOPOBOH KaHATU3aIMH B
macmrabe 1:100, 1:500; Tabmuiy ¢ pacueTHBIMU JaHHBIMU O 00pa3ily, MPeACTaBIEHHOMY B
METOAMYECKHX yKa3aHUsAX . Coenars Kparkoe OMCAaHUE CUCTEMBI.
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IIpakTnyeckoe 3ansaTHe Ne 9.

Buosiornyeckasi 04MCTKA CTOYHBIX BOJ MeTOA0M OHOPUILTPALUM

Ilenp 3anstus: HayuuTbes BbIOMpaTb THUIIOBBIE CXEMHBIE pELIEHHS CHCTEM
BOJIOOTBE/ICHUSI HACEJICHHBIX MECT U IOPOAOB, O3HAKOMHUTBCS C OCHOBAMM pacdeTa CUCTEM
BOJIOOTBE/ICHHUSI.

3amanue Ha 3aHsaTHe: COCTaBUTH CXEMbl CHCTEMbl KAHAJIW3ALHUHA IOCEIICHUS,
OIPEAEIUTD PACUETHBIE PACXObl CTOUYHBIX BOJI.

ITopsimok neicTBuiA:
—npouutars coorBercTBytomue pasaensl CHulla «Kananuzaumsa. Hapyxsbele cetn u
COOPY>KEHUS» ;
—IIPOAHAIU3UPOBATH IUIaH IIOCENIECHUS;
—paccMOTpPETh pa3IMuHbIe BAPUAHTBI CXEM CETEN BOJIOOTBEACHHUS;
—IpOaHAU3UPOBATh UCXOIHBIC JaHHBIC, BBIIAHHBIC TIPENOAAaBaTENeM, pacyeTHbIE (POPMYJIBI;
—OIPEIEIIUTh PACUETHBIN PACX0/] CTOUHBIX BOJ OT IOCEIEHHUS.

TpeOoBanuss K OTYETHBIM  MarepuajaMm: HOPEAOCTAaBUTh  CXEMBl  CHCTEMBI
BOJIOOTBE/ICHHUS ITOCEJICHHUS], OIIMCAHUE CXEMBI; PACUETHBIM PACX0/ CTOYHBIX BOZ OT ITOCEICHHUS

IlepeyeHb OCHOBHOW M /JONOJHUTENbHOW JIMTEPATypbl, HeOOXOAUMOM /s
OCBOCHHS TUCHHUITTHHBI

IlepeyeHb OCHOBHO¥ JIMTEPATYPHI

1. Camycp, O.P. PykoBOACTBO MO H3Y4YEHHUIO ITUCHUILUIMHBI «BomocHabxeHue u
BogootBeaeHue» / O.P. Camycp, B.M. OBcsnnmkoB, A.C. KonmpareeB. - M. ; bepnun
Hupekr-Menua, 2014. - Y. 1. BomocHabxeHHne 1 BOTOOTBEICHHE BBICOTHBIX 3/IaHUM. - 53 C.

IlepeyeHb 10MOHUTEIHLHOM JIUTEPATYPHI

1. Camycs, O.P. BogocHaOkeHHE W BOJOOTBENCHHE C OCHOBAMH THIPABIHUKH : ydeOHOe mocobwe /
O.P. Camych, B.M. OBcsannukos, A.C. Kongpartees. - M. ; bepnun : {upexr-Meaua, 2014. - 128 c.
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MMHUCTEPCTBO HAYKU 1 BBICIIETO OBPA3OBAHU ST POCCUICKOU ®EEPAIIAN
OEJZIEPAJIBHOE TOCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEXJIEHUE BBICIIIET'O OBPA3OBAHIMA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBIN YHUBEPCUTET»

[Tsturopckuit uacturyt (punuan) CKOY

MeToauyeckue yKasaHusi
0 BBIMIOJTHEHUIO JIA0OPATOPHBIX paboT
Mo IUCHMIUINHE « MIH)XKeHepHbIe cucTeMbl 31aHuil u coopyxenuit (Bomocnabxxenue un
BOJIOOTBE/ICHUE C OCHOBAMU TUIPABIIMKH )
JU1st cTyfleHToB HanpasieHus noarotoBku 08.03.01 CtpourenscTBo
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BBEJIEHUE

Lenpto mucruruinbbl «BogocHaOkeHne W BOAOOTBEICHUE C OCHOBAMH THJIPABIIUKI
SBJSIETCS  TIepeiadya CTYICHTaM OCHOBHBIX TEOPETHYECKUX CBEACHHW W3  001acTh
MPOCKTUPOBAHUS U PAcYeTa COBPEMEHHBIX THIPABIMYECKUX CHCTEM KU3HE00SCIICUCHUSI.

Brimonaenue 1aboparopHbIX paboT CrIOCOOCTBYeT Oojiee TIITyOOKOMY IOHUMAaHHUIO
JUCIUIUIMHBI M TIOMOTAeT CTYICHTY MPUOOPECTH MPAKTUYCCKUE HABBIKM IMpPU paboTe C
WH)KCHEPHBIMU CHCTEMaMU 3aHUH.

[Tepen HauamoM MPOBEACHHMSI OMBITOB CTYJACHT JOJDKEH HApUCOBATh B pabodeil TeTpaan
CXeMY YCTaHOBKH, TIOATOTOBUTH HEOOXOAMMBIE TAOIHIII JUIs 3aIIKCH TIOKa3aHUH PHOOPOB.

[IponenaB HeoOXOMUMBbIC HM3MEpPEHHUS W BBHINIOJHHB TpPeOyeMble pacueThl, CTYICHT
JIOJDKEH COCTaBUTh OTYET O pabore, IJe IMOMEIIAeTCsl Kparkoe OINKMCaHUE YCTaHOBKH W
MIPOBEJICHMSI OIBITOB, OCHOBHBIC (DOPMYIBI, PE3YIbTAaThl OMBITOB, AHAIHU3 MOTYYCHHBIX
pE3yJIbTaTOB U COOTBETCTBYIOIINE BHIBOIBI.
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JIABOPATOPHA S PABOTA Nel
Boanonorpedaenue. CucreMbl BOXOCHAOKEHUS

1.1 Heap pa6orbl. [10HATE OCHOBHBIE CBOMCTBA KUIKOCTH.

1.2 OcHOBHBIE CBOIMCTBA JKHAKOCTEIA.

KunakocT Mo CBOMM MEXaHMYECKHM CBOWMCTBaM pa3JeNSIFOTCS Ha J[Ba KJIacca: Mallo
CKUMaeMble (KarelbHbIE) U CkuMaeMmblie (TazooOpasHbie). C mo3unmii (GU3MKHM KarelbHas
KUJKOCTh 3HAYUTEIHLHO OTIUYAETCS OT Ta3a, C IMO3UIUNA MEXaHUKH JKUJIKOCTH pa3indue
MEXJy HUMU HE TaK BEJHMKO, U 3aKOHBI CIIPABEIJIUBBIC JUISI KAleIbHBIX XKHIKOCTEH, MOTYT
OBITH IPUIIOKECHBI TAKXKE U K Ta3aM, KOTJa UX CKUMAEMOCThIO MOXKHO TIPEHEOpEb.

KanensHbIC KHNIKOCTHU O6J'IaI[aIOT OIIpCaACIICHHBIM O6’B€MOM, KOTOprﬁ IIPaKTUYCCKHU HE

U3MEHsIeTcs ToJ| JieiicTBueM cuil. ['a3pl, 3aHMMas BCE MPENOCTABICHHOE MM OOBEM, MOTYT
3HAQUUTENIPHO H3MEHATh O00BEM, CKHUMAACh W pPACHIMPSACH MOA JeiictBueM cuil. Takum
00pa3oM, KanelbHbIC )KUIKOCTH JIETKO M3MEHSIOT GopMy (B OTIIMYHE OT TBEPABIX Tell), HO C
TPYAOM U3MEHSIOT 00bEM, a ra3bl JETKO U3MEHSIOT Kak 00beM, Tak U (hopMmy.

OCHOBHOH MEXaHMYECKOM XapaKTEpUCTUKOW IKUAKOCTEH SBISETCS IIJIOTHOCTb.
[I1OTHOCTBIO HA3BIBAlOT MAacCy KHMJIKOCTH, 3aKJIIOYEHHYIHO B eauHune oObema. Jlius
OJIHOPOJIHOM JKUJIKOCTH

0 :m/V,KF/MS,

M - mMacca XUAKOCTU B o0beme V.

PaccMmoTpuM ocHOBHBIE (pr3HUYECKUE CBOMCTBA KUIKOCTH.

1.21. Cxcumaemocmsp, VIN CBOWCTBO JKUJIKOCTU H3MEHATH CBOM 00BEM MO JEHCTBUEM

JaBICHUS U XapakTepusyercs KodpduuueHtoM L[], 00bEeMHOro cxarus, KOTOPBIH

NpEACTaBIsieT COOOW OTHOCHTENBHOE H3MEHEHHE O00beMa, NPUXOISIIEeCs] Ha EAUHUILY

JIaBJICHUS, T.C.

g1 2

I M

3HaK «MHUHYC» OOYCIIOBJIIEH TE€M, YTO TOJOKUTEIBHOMY TPUPALICHUIO JaBieHus P

COOTBETCTBYET OTPHUIIATEILHOE MPUpPAIICHHE (T.€. YMEHbBIIICHHE) 00beMa KUIKOCTH V.

Toraa MIOTHOCTH B 3aBUCUMOCTH OT J1aBjieHus P Oyaer paBHa

.S S

G

rrae o [ 3Ha4eHHs TUIOTHOCTH IIPH AaBieHusx Po u P.

Bennunna oOparnas koadduunenty [, npencrasiser coOoi 00beMHBI MOAY/Ib YIPYTOCTH

K, xoTopsblii paBeH

K=1/0,=04a", H v,

IJI€ a — CKOPOCTh PACIPOCTPAaHEHUs BOJH JaBJIEHUS B yrpyroi cpeae. OHa paBHa CKOPOCTH

3Byka B 9Toil cpene. IIpu temmeparype 20°C CKOpPOCTh PacnpOCTPAHEHHS 3BYKA B BO3LYXE

paBHa 330 m/c, B Boge — 1480 m/c. Iy KaneabHBIX KUAKOCTEH Monyiab K yMEHbIIAeTcs ¢

YBEJIMYEHUEM TEMIIepaTypbl M BO3pacTaeT ¢ MOBBIIMIEHHEM AaBieHHs. s BOIBl OH HpHU

arMoc(epHOM JIaBJIeHUW NPHOIM3UTEILHO paBeH 2 [] 10° Ma. CuenoBarensHo, npu

yBEJIUYEHUH JlaBieHus Ha 1 arMocdepy 00beM Bosibl yMeHbIIUThHCS Beero Ha 1/ 20000 yacTs.
Kak cnenyer u3 ¢gopmynsl (1.2) npu NoBbIIIIEHUH JaBieHUs BOJbI, Hampumep 10 400

aT™, ee IUIOTHOCTh MOBbIaeTcs Juillb Ha 2%. [ToaToMy B OONIBIIMHCTBE ClTyyaeB KanelbHbIe

KHJIKOCTH MOYKHO CYMTaTh HEC)KUMAEMBIMH, T.€. IPUHUMATh WX TUIOTHOCTH HE 3aBUCHMOM OT

JTaBIICHHUSL.

1.2.2. Temnepamypnoe pacwupenue xapakrepusyercs kodddummenrom [1; 00bEeMHOTO

pacuiMpeHusi, KOTOpbIi IpeacTaBiseT coboil cpeaHee (B JAaHHOM MHTEpBaje TeMIIEpaTyp)

OTHOCHUTEIIbHOE

Dp:-

0= (1.2)
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U3MEHEeHHe o0beMa MpH U3MEHEHUU TeMIIepaTypbl Ha | °C, re.

I ‘ O _ 1 0
Hr= T Tz 1/°C.
Torga njI0THOCTH
o
T nBay 3

rine [Jo u [J 3HaueHUs IIOTHOCTU TMPU Temneparypax 1o U T. 3aBUCUMOCTb IJIOTHOCTH BOJIBI
OT TeMmmeparypbl moka3zaHa B Tabmume 1.3. Jlns cpaBHEHHS IUIOTHOCTH MPOCTEHIIEro
. 0
npeacraBuTens kiacca mukosiei — stuieH mmkoist (FOCT 19710 — 83) npu 20°C paBua 1112
3
KI/ M.

Tabmuma 1.21.

Temneparypa, | 4 10 [20 [30 [40 |50 [60 [70 [80 [90 [10 [15 [20 [25 [300
o°c 0 |0 (0 |oO
[10THOCTD 1000 |99 [99 |99 [99 [98 |98 [97 |97 |96 [96 [91 [86 |79 | 710
BOJIBL, KT/M° 9 |8 |6 |2 |8 |2 |8 |2 |5 |0 |7 |9 |0

CnocobHocms  dicuokocmeti MeHAMb NJIOMHOCMb NPU  UBMEHEHUU MmemMnepamypol
WUPOKO UCNONIb3Yemcsl Olsl CO30AHUsL eCIeCMBEHHOU YUPKYIAYUU 8 KOMJLAX, OMONUMETbHBIX
cucmemax u m.o.

Onpedenum HACKONLKO yeenuuyumcs o00veM JHCUOKOCMU Npu ee Hazpese Om
memnepamypvl 1y 0o memnepamypol 1. Ilpu Hacpese macca odcuokocmu ocmaemcs
HOCMOAHHOMU, Mm.e. My = My unu

Ot Vi = DpVe. (1.4)

Ho ob6wvem owcuokocmu yeenuuunca u cman paswvim Vi = Vy + V. Iloocmaeénss smo
svipadicenue 6 ypasnenue (1.4) nonyuaem, umo oovem HCUOKOCMU YEETUHULCS HA BENUYUHY

P
Dv:vuLb4) (1.5)

Pacmmpenue KUIOKOCTH JOJDKHO YYHTHIBATBCS NIPU  MNPOCKTUPOBAHUM  OTOMUTEIBHOM
cuctembl. Bo Bcex cuctemax, B KOTOPBIX BO3MOXKEH HAarpeB JKUAKOCTH, HEOOXOAMMO
MPENYCMOTPETh YCTAHOBKY €MKOCTH, B KOTOPYIO IIPU HarpeBe MOCTYNAeT PaCIIUPSIOIIAsACs
YacTh JKUJIKOCTH. ITO MOXKET OBbITh WM PAaCHIMPUTENbHBINA 0aK, COEIMHEHHBIN ¢ aTMoc(epoit
Y YCTaHaBIIMBAa€MbI B HAWBBICHIEH TOYKE OTOMUTEIHHOM CHUCTEMBI, WJIM 3aKPBITHIN OaJlIoOH,
M30JMPOBAHHBIA OT aTMocdephl, MOJOCTh KOTOPOTO pas3zesieHa MeMOpaHOW Ha BO3IYIIHYIO
MOJIOCTh U MOJIOCTh JJISl PaCIIUPSAIOIIEHCs XUAKOCTU. OH yCTaHaBIMBAETCS, KaK MPABUIIO, B
BO3BPAaTHOM TPYOOINPOBO/E B JIOOOM JOCTYITHOM JUIsl MOHTa)Xa W DKCIUTyaTallid MeECTe.
3aMKHYTOMY OQJNIOHY MOCTIEIHEe BpeMsl OTAAECTCS MPEANOYTeHHE, T.K. OH UMEET CIEAYIOLNe
MIPEUMYIIECTBA 0 CPABHEHUIO C OTKPBITHIM PACIIMPUTEITHLHBIM OaKOM:
—B cucremax c 3akpbIThIM OalJIOHOM OTCYTCTBYET HCIApeHHE U TOXTOMY OHHU HE
TpeOyIOT MOANUTKU BOJBL,
—OTtcyTCTBHE KOPPO3UH U 3aCOJICHUS TPYOOIIPOBOIOB M3-3a OTIIOKEHUS COJIEH B BOJIE,
—-B Takme cucremMbl MOXET 00aBIATHCS JKUIKOCTh TMPOTUB 3aMep3aHus U
AHTUKOPPO3UHBIE [100aBKH. B cHCTEMBI ¢ pacHIUPUTENBbHBIM OakoM H3-3a
WCTIapEHUs HENb3s JO00ABIATh TaKue JOOABKH HM3-32 BOZMOXHOTO BPEIHOTO BIUSHUS
npu ux wucnapeHuu. [lodToOMy CHCTEMBI C pacCHIMPUTEIHHBIM OakoM TpeOyIoT
M30JIALIMY B CITydae BO3MOXHBIX HU3KHUX TEMIIEPATYP.

—PaCHIHpHTeHBHLIﬁ Oak HCO6XO,Z[I/IMO yCTaHaBJIMBATh B HaAWBEICIIEH TOYKE CUCTCMBI, UTO
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TpeOyeT JOMOTHUTEIbHBIX 3aTPaT Ha €0 YCTAHOBKY.

1.3. PaccMoTpuM pa3inuuHble BApUAHTHI OAKIIOUEHHUS PACIIMPUTENIBHBIX JIEMEHTOB.
Bapuanm 1

B cucremy orormnenus 3anunu 350 IUTpOB BOXBI IIPU 10°C. Ha ckombko YBEITUYUTCS
00bem?
JKUJIKOCTH TIocie ee Harpesa 10 90 °C u paCIIMPUTENBHBIN 0a90K, KAaKOro o0beMa ClieayeT
BBIOpATH,
4T00BI KOMIIEHCUPOBATh TEMIIEPATYPHOE PACIIMPEHNE TAKOTO 00beMa KUAKOCTU?
[Tonp3ysack Tabmuneit 1.3 u ypaBHeHueM (1.5) monmyyaem, 4To 00beM BOABI, HAXOMSIICHCS B
cucreme yBenumuutest Ha [JV = Vq (1 / [, — 1)= 350 (999/965 — 1) = 12.3 nutpa.
T.e. B OTONUTENHHON cUCTEME CIIeIyeT MPEAYCMOTPETh PaCIIMPUTENbHBIN 0a40K 00beMOM He
MEHEE YKa3aHHOIO.

BapuaHm 2

OnpenenuM 00beM MeMOpaHHOTO OailsloHa, KOTOPBIM CJENyeT YCTAaHOBUTH B
oronuTenpHylo cucremy. [lyctb B Oamione o0bemoMm V; mepen yCTaHOBKOM B CHCTEMY
JaBliCHUE pPaBHO Pp, MPU 3TOM TPAKTHYECKU BECh
o0bem OaruioHa 3aHsAT Bo3ayxoM (puc. 1.1 a). B
pe3ynbrare
TEMIEPaTypPHOTO PACUIMPEHHUs BOJIa TIOCTYMAET B

OammoH M 3aHmMmaer oobeM [V , coxumast
BO3AyX 1o obdbema V. c maBinenueMm P,. Ilpouecc
CKaTusg BO3AyXa B OasIOHE COIPOBOXKIACTCS
BBICTICHMEM  TeIla,  KOTOpoe  Iepenaercs
okpyxartomiei cpezae. [Ipu aTom Habnronaercs Juib

Ve Fa

HE3HAUUTEIbHOE YBEIIMYCHUE TEMIIepaTypbl BO3JyXa B
a) ) Ganrnowe. [TosToMy mporiecc cxkaTusi BO3ayxa B OajuioHe
MOKHO CYHTATh U30TEPMUUECKUM.

Puc. 1.1. K omnpenenenuro oObema
MeMOpaHHOTro OajyioHa

SanumeM

1.3.1 OnpenenuM 00BEM I CUCTEMbl OTOIIEHUS . AHAJIU3UPYIOT MOIYYEHHbIE
pe3ynbTaThl U JAENAIOT BBIBOA IS YETO YCTaHABIUBAECTCS PACHIMPUTENBHBIN 0aK B CHCTEMax
OTOILIEHMUS.

1.3.2 OnpeaeauM 00beM MEMOPAHHOIO 0AIJI0HA B OTONUTENHHON YCTAHOBKE.

Tabnuia 1.2 — Pe3ynprarhl pacyeToB 3aHOCHUM B TaOJIUIIBI

Homep

Vi ov
U3MEpEeHUs

1
2

Cpennue
3HAYCHU A

3anumeM YpaBHCHHC boiimsa — MapI/IOTTa AJId 3TOro mponecca Cxkarus:
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Vs Ps=V,.P,umu Vs =V

K P_5'
Ho rak kak V, =V, - OV Torna
AV

Vo= 1_ Ps (1.6)
P

x
W13 stoii popmymsl ciexyet, uro ecnu 1- Py /P, [J 0 wmu Ps /P, [1 0, uto paBHoueHuo Ps [1 0
wim P, [ [1 , To 06beM MemOpanHoro 6ajmuioHa OyeT MUHUMAaJIbHBIM U paBHbBIM [1)] T.e.
00BEMy pacIIMPEHHOMN KUJIKOCTH.

[lepBoHauanbHOE JaBieHue B OaisioHe Py Beerna 0obllie eMHULIBL.
B pesynbrare pacmmpeHus KUAKOCTU JaBIeHUE P, YBEINYMBACTCS, HO OHO HE JIOJDKHO OBITH
00JIbIlIe MAaKCUMAJIbHOTO JOIYCTUMOIO JAaBJICHUS, KOTOPOE MOXKET BblAEp)KaTh OajuioH u3
YCIIOBHS €ro IMPOYHOCTH. YBEIMUYEHHE JIOMYCTUMOIO JaBlIeHHWE B OaJIOHE JIOCTHraeTcs
YBEJIMYEHUEM TOJIIMUHBI €r0 CTEHOK, M 3HAYUT yBEJIHUYEHHUEM ero Beca. s TOro, 4ToObI
rapaHTUPOBAHO HE MPEBBICUTH JIaBIICHUE Py, yCTAHABIUBAIOT MIPEIOXPAHNUTEIIBHBIN KJIallaH Ha
Oamnon. Takum oOpa3oM, naBieHue P, — OTO JaBlI€HHE Ha KOTOPOE HACTPOEH
MPEIOXPAHNUTEBHBINA KJIalmaH, 4To0bl o0ecreunTh Oe3aBapuiiHyr0 paboTy OayuioHa W OHO
uMeeT KOHeUHyIo Benuuuny. [loaTomy 00bemM MeMOpaHHOro OaiijioHa Bceraa Oolblie oobeMa
PpaCIIUPEHHOM )KUAKOCTH.

B kadecTBe cpaBHEHHUs pacCCMOTPHUM TY>K€ CHUCTEMY OTOIUICHHUS, YTO U B BapuaHte 1,
T.e. CUCTEMY, B KOTOpYIO 3ayiiii 350 JTUTPOB BOIBI TIPHU 10°C. Crnenyer omnpenenutb o0bem
MeMOpaHHOro 0aloHa, YTOOBl KOMIEHCHPOBAaTh TeMIIEpaTypHOE pacliupeHue oObema
KHIKOCTH mociie ee Harpesa 10 90 °C. HauanpHoe naenenne B Gamione P; paBHO 2.5 ar
(abcomoTHOE = arMoc(hepMHOe + U3OBITOUHOE), TaBJICHHE HACTPOUKH MPEAOXPaHUTEIHLHOTO
kiamnana P, = 3.5 arM (abcomoTHoe = arMochepMHOE + U30BITOYHOE).

W3 paHee pacCMOTPEHHOrO BapHaHTa 00BbEM pPACHIMPEHHOW >XKUAKOCTU paBeH [} =
12.3 1. U3 ypaBuenus (1.6) nonydaeM, 4to 06beM MeMOpaHHOTO OallJIOHa paBeH

AV

Vo= 1 Ps =12.3/[1-(2.5/3/5)]=43.1 .
P

K

T.e. B OTONMUTENBHON CHCTEME CeyeT MPEeIyCMOTPETh MEMOPaHHBINA OasIOH 0OBEMOM MOUTH
B 3.5 paza 6oipIIMM 00beMa paclIMpUTENbHOTO O0aka. B MpoTHMBHOM ciydae OTONMMUTENbHAS
CUCTEMa MOXKET ObITh pa3opBaHa CHIIAMH TEMIEPATYPHOTO PACITUPEHUS KUIKOCTH.

I[e.]'[aIOT BbBIBOJ O COOTBECTCTBUU HanCBaeMOﬁ TEMIICPATyphbl U o0bema KUIKOCTH.

BbigoObi

A. O0beM pacuIMpUTENBHOrO 0aka MM 3aMKHYTOT'O MEMOpPaHHOro OajioHa JOJIKEH
ObITH OOJIbIIIE OObEMa paCIIMPEHHONW BOJBI MPU MaKCHUMAJIbHON TeMnepaType OTONMUTEbHON
CHCTEMBI.

b. BenuunHa oObeMa pacHIMPHUTEBHOTO Oaka 3aBUCHT OT JHMAra30Ha W3MEHCHHS
TeMIIepaTypbl HarpeBa >KUIKOCTH.

B. Bennunna oObemMa 3aMKHYTOro MeMOpaHHOro OajuloHa 3aBHCHUT OT JMamna3oHa
U3MEHEHHUs TEMIIEPaTyphl HarpeBa KUAKOCTH U COOTHOILICHUS AaBlIeHUN Py /Py.

JIABOPATOPHASA PABOTA Ne2

Cucremsbl 3200pa, 0Aa4M U pacnpeneJeHUus1 BOAbI
1.1 Henp pabotel. OnpeaenuTs 3KCIEPUMEHTAIBHBIM ITyTEM OCHOBHBIE CBONCTBA
JKHAJIKOCTH.
1.2 OCHOBHBIE TCOPETHYECKHE CBEACHHS.
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ConpoTUBIIEHUE PACTIKCHUIO GHYMPU KANEIbHBIX IHCUOKOCMEU NO MOLEKYIAPHOU
meopuu moxcem Ovimv 3Hauumenvhvim 00 10000 amm. Oouaxo nr0dvle daxce mexHUUecKu
yucmole HCUOKOCMU COOepHCam B38euleHHble meepoble YaACmuybl U NYy3blPbKU 2A308 U He
8bIOEPIAHCUBAIOM OAdICe HEZHAUUMENbHBIX HANPSJCeHUll pacmsaxcenus. Hanpumep, mpebyemcs
HOOHAMb HCUOKOCHb U3 CKBAMCUHBL C O0NbULOU 21yOUnbl. B smom ciyuae noo delicmsuem éeca
AHCUOKOCMU, HAXOOAWEUCS 8 NOOHUMAOwWeMcss mpybonposooe, HCUOKOCHb pa3puléaemcsi ¢
obpaszosanuem 2azo8vix norocmei. Ilosmomy cuumaemcs, 4mo HANpANCeHUe PaACMANCEHUSL 6
KAnenbHuLX HCUOKOCHISAX HEBO3MOINCHDI.

Bsasxkocmbio Ha3bIBAaETCS CBOMCTBO >KHJAKOCTEW OKa3bIBaTh COMPOTUBIICHUE CIIBUTY.
OHa nposBIAETCS B BUJIE BHYTPEHHETO TPEHUS MPU OTHOCUTEIIHHOM IEPEMEIIIEHUN CMEKHBIX
YACTHUIL

arcuokocmu. Takum 0Opaszom, 6513K0CMb Xapakmepuszyenm CmeneHb MeKy4eCmu HCUOKoCmu
UIU NOOBUICHOCIDb ee yacmuy. Bsazkocms ecmv c80uicmeo, npomu8oOnoI0NCHOe MeKyUeCmu.
bonee ea3KuUe

HCUOKOCMU (2IUYEPUH, CMA30UHbBLE MACIA U OP.) ABIAIOMCA MeHee MeKYYUMU U Ha0OO0pom.

KacarenpHoe HampspkeHue [] - 3TO KacarenbHas COCTABIIAIOINAs HaNpsHKEHUS,
JICHCTBYIOLIETO HAa JKUJIKOCTh. B TO Bpems Kak, JaBjI€HUE — 3TO HOPMAJIBHOE K ILIOIIAIN
Hanpsbkenue. KacarenbHoe HalpspKeHUE B )KUJKOCTH, KaK pPe3yabTaT €€ BI3KOCTH, 3aBUCUT OT
poZla 1 XapakTepa TEeYEHUs] U U3MEHAETCA NPSAMO ITPONOPLUUOHAIBHO ITOIIEPEUHOMY IPaJUECHTY

dv
CKOpOCTH d_y U paBHO

dv 5
O=0 -, H'm
dy
rae [J - xoaddunment nquHamMuveckoil wim aOCOMIOTHON Bsi3KOCTH. [lomepedHblii rpaaneHT

dv
CKOpPOCTH d_y omnpenenseT co00il N3MEHEHNE CKOPOCTH, IPUXOASIIEECcs Ha €IMHULLY JJINHBI B

HapaBJICHUY Y, T.C. HCPICHIAUKYIIAPHO HAIIPABJICHUIO TCUCHUS XKUJKOCTH U, CICIOBATCIBHO,
XapaKTCPpU3yCT HHTCHCUBHOCTD CABUI'A CJIOCB JKXUIAKOCTU B ﬂaHHOﬁ TOYKCE.

Koapounuent nquanamudeckoii Bs3koctd B cucreMe CU umeer pazmepnocts [lallc nmm
HO o/™?, wm kr/(mc). [llupoko ucnomnp3yercs pasMepHOCTh nyas, ipu 3ToM 1 mya3 = 1 quH c/

em>=0.1Tlallc .
Hapsiny ¢ auHamuyeckuMm Kod(G(GUIMEHTOM BA3KOCTH [ TPUMEHSIOT elle Tak
HA3bIBACMbIi KHHEMATHUECKHIA KOI(PPUITUCHT BI3KOCTH
0=010,x lcex. (1.7)
B xauecTBe eTUHUITBI H3MEPEHUST KHHEMATHIECKOTO K03 PHIMEHTa BI3KOCTH YIOTPEOIseTCS
Taxke Cmoxe = 1 em? / cex = 100 cCmoxca = 100 cCr.
BsI3k0CTh KalenbHBIX JKUIKOCTEH TIPH YBEIIMYCHUH TEMITepaTyphl YMEHBIIIACTCS, &
BSI3KOCTh T'a30B Bo3pacTaeT. Boma mpuHaANeKUT K HAUMEHEE BSI3KHM KUAKOCTSAM. JIumib
HEMHOTHE M3 TPAKTUYSCKH UCIIOIB3YEeMbIX KHUIAKOCTEH (3(Up, CIUPT) UMEIOT MEHBIITYIO
BSI3KOCTh, U€M BOJIA.

B Tabnune 1.4 nokazaHbl 3Ha4Y€HUS BSI3KOCTH BOJIbI OT TEMIIEPATYPHI.

Tabmuna 1.4.

OTeMnepaTypa, 5 10 [20 [30 [40 [50 [60 [70 [80 [90 [100 [120 [150
C

0, 10°[151 [ 130 [ 100 | 803 | 655 | 551 | 470 | 407 | 357 | 317 | 284 | 232 | 184
Kkr/(mL]c) 8 7 4

[1,10°m* /cex | 1.52[1.31[1.01]0.81|066|0.56]0.48|0.42|037[033[03 [0.25]0.2
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IIpuHsATO cuUTaTh, 4YTO

HOPMAJIbHBIE CIMAHOApmMHble YC08uUs ITO: IaBlieHne = 1 aTM U TeMrieparypa = 20°C

HOpPMAaJTbHBIE (huszuuecKue ycio8us 3To: JaBiieHrue = 1 aTM U Temmneparypa = 0°C.
Torma myisi CTaHIAPTHBIX YCIOBUM JMHAMHYECKas BS3KOCTh BOAbI paBHa 1[] 10°3Mal) c,
srunerrmkonst — 0.0198 [ 107 [all ¢, a KHHeMaThdecKkas BI3KocTh Boapl 1.01[0] 10°mic=1
mm?/c = 1 cCr. [Ipu 3TUX yCIOBUSAX 3THICH IJIMKOJIb UMEET KHHEMAaTU4eCKyI0 BA3KOCTh (0.018
1 10° M*/c = 0.018 cCr.

Bs3kocTh KMIKOCTEM TakKe 3aBUCUT OT JIaBJICHMs, OIHAKO STa 3aBHUCHUMOCTH
CYILIECTBEHHO MPOSBIAETCS JHIIb HPU OTHOCUTEIHHO OOJBIIUX HW3MEHEHHSX JaBJICHHUS,
MOPsIKa HECKOJIBKUX COTEH aTMocdep.

Mouiekynbl KMJIKOCTH, PACIOJIOKEHHbIE y TOBEPXHOCTH KOHTAKTa C JIPyroi
KUJKOCTBIO, Ta30M WMJIM TBEPABIM TEJIOM, HAXOASTCS B YCIOBHUSX, OTIIMYHBIX OT YCIOBUH
MOJIEKYJI, HAXOSIIUXCS BHYTPH 00beMa. BHYTpr 00beMa KUAKOCTH MOJICKYIIbI OKPYKESHBI CO
BCEX CTOPOH TaKUMHU K€ MOJEKyJIaMH, BOJIM3M MOBEPXHOCTU — JIHIIb C OJHON CTOPOHBI,
MOATOMY SHEPI'Hsl MOBEPXHOCTHBIX MOJIEKYJI OTINYACTCS OT YHEPTUU MOJICKYJ, HAXOSAIIUXCS
B 00beMe JKUIKOCTH, HAa HEKOTOPYIO BEJIHUYUHY, CHUIIBl HOBEPXHOCMHO20 HAMAICEHUS,
CTpEMSIIEHCS TPUAATh 00BEMY KHIKOCTH CepH-4eCKyio (pOpMY U BBI3BIBAIOIIEH HEKOTOPOE
JOTIOIHUTEBHOE JaBlIeHUE B JKUAKOCTH. OHAKO TO JABJIEHHWE 3aMETHO CKa3bIBaeTCA JIMIIb
Ha MaJIbIX pa3Mepax u Ui chepudecKux 00beMOB (Kames).

BnusiHue Ccui  MOBEPXHOCTHOTO HATSHXKEHHS TMPUXOAUTCS YUUTHIBATH IMpH  pabore ¢
JKUJKOCTHBIMH TIpHOOpaMu JUIsi U3MEPEHUS JIaBJICHUS], TIPU UCTCUCHUHU >KUJKOCTH W3 MaJIbIX
OTBepCTHil/ mpu (unbTpary/ 06pa3oBaHUU Kaleidb U B IPYTHX CIydasiX, KOrJa Ipoure CUIbI,
JNEHCTBYIONIME Ha KHUAKOCTh (Bec, NamiieHHWe) Maibl. JIeHCTBUTENLHO B TPyOKax Mayoro
JUaMeTpa BO3HHUKAET JIOTIOJHHUTEIbHOE JIaBJeHHE, OOYCIIOBICHHOE MOBEPXHOCTHBIM
HaTsHKEHUEM, KOTOPOE€ BBI3BIBACT MOJBEM HWJIM OMYCKaHUE KUIAKOCTH B HEHl OTHOCHUTEIHHO
HOpMaJIbHOTO ypoBHS. Bricora moabema (puc. 1.2) cmauuBaromeid KUAKOCTBIO WU
OITyCKaHHE HECMaYMBAIOIIeH )KUIKOCTH B TPYOKe auameTpom 0 onpeaensioT mo Gpopmysie

h=k/d,
rae ko3 duineHT K uMeeT ciaeayromee 3HaYeHue: st BOAsI + 30 MM, Juts prytu — 10.1 MM,

DTO 3HAYMUT, UTO TPH 3aMepPe JIaBJICHUS C MOMOIIBIO TPYOOUKH IuaMeTpoMm 1 MM, Mbl Oyrem
MEPUTh
nasienue Ha 30 mm H,O Gosbiite ueM OHO €CTh Ha
camoM pene, s pTytd Ha 10 mm HQ MeHbie
JIaBJICHHE, YeM OHO €CTh Ha caMoM Jeie Hu3-3a
T TOro, XHIKOCTh B TpyOOUKax TOJHSIACH WU
iy OMyCTUJIACh n3-3a CHII MMOBEPXHOCTHOTO
- = HaTspkeHus. [loaTomy mpu u3MepeHusx cieayer
s IPUMEHSTh TPyOKH OOJIBILIOTO JAMaMeTpa, Koraa
CHUJIbI IOBEPXHOCTHOTO HATSKEHUS] MUHUMAJIbHBI.
Tennoemkocmv — TMapaMeTp, XapakTEPUIYIOIIHI CIIOCOOHOCTh Cpebl WM Teja
aKKyMyldpoBarb  Temyio. KoiaudecTBO  SHepruu, InepegaBaeMoe NpH  TEIJIOBOM
B3aMMOJICHCTBHH TeJI, Ha3bIBaeTCs KOMM4YecTBOM Teria. B cucreme CU Temmora u3mepsieTcs B
oocoynax. OIHAKO OHA MOXKET HU3MEPAThCS U B Karopusx. OHU CBS3aHBI CIEAYIOIINM
cootHoreHueM 1 xar = 4.1868 Jlorc.

Voenvnas mennoemkocmy UHMCICHHO paBHA KOJIMYECTBY TeIUIa, KOTOpPOE
HEO0OXOMMO COOOIIUTD TNy SAMHUYHON MACChI JJIsI TIOBBIIIEHUS €T0 TEMIIEPaTypPhl OT t°C o
t + 1)0C. KonuuectBo Temna, MmojgydyeHHOE TEIOM MacCchl M MpH YBEIMYEHUH €ro
Temreparypsl Ha [J t paBHO

O0Q =clmO Ot Hoc (1.8)

A€ ¢ —yACibHaA TCIIJIOEMKOCTb.
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TemmoeMKkoCTh  3aBUCUT OT YCJIOBUM HarpeBaHus. TeIIOeMKOCTb IIpU
n300apuveCcKOM Mpolecce (HarpeBaHue MPOUCXOAUT MPU MOCTOSHHOM JIaBJI€HUH) HAa3bIBACTCS
TEIIOEMKOCTBIO IIPU IIOCTOSHHOM [JaBJIEHUH — C,. TEIUIOEMKOCTh IPU H30XOPHYECKOM
mpouecce  (HarpeBaHHW€ OCYIIECTBISIETCS MPU  TOCTOSIHHOM  00BbeME)  Ha3bIBaeTCs
TEIIOEMKOCTBIO IIPU IIOCTOSHHOM 00beMe — ¢y. Beerna ¢, > c¢y. s BelecTB B TBEPAOM UIIU
KHMJIKOM COCTOSIHMH Cp, M Cy OTIMYAIOTCS HE3HAYUTEIbHO. [105TOMY B JasbHEHIIEM yAEIbHYIO
TEIIOEMKOCTh Oy/ieM 0003HauaTh Kak C.

EnuHuiel u3mMepenus yaenbHou TeroeMKocTh: /[oc/(ke [ epao K) wnm kxan/(ke [ epao K).
B unrepsane ot 0°C g0 100°C yrenpHas TEMIOEMKOCTb BOBI MAJO H3MEHSIOTCS H €€ MOYKHO
npuHATh paBHOH 1 kkai/(kr [ rpan K). CymecTBeHHOE yBeIMUeHUE YASTHbHOM TeTIOEMKOCTH
BOJIbI IPOMCXOMT MPHU TeMIeparype 0oliee 200°C.

ITepexox >KUAKOCTH B Tra3000pa3HOE COCTOSHHE, IPOUCXOJAIIEe C €€
MOBEPXHOCTH, Ha3bIBaeTcs ucnaperuem. OOpaTHBIA TMEpPEXoj] HA3BIBACTCS KOHOEHCAYUEl.
Hcnapsiemocms  CBOMCTBEHHA BCEM KalleIbHBIM  KHJIKOCTSM, OJHAKO WHTCHCHBHOCTH
I/ICHapeHI/IFI HCOAMHAKOBaA y pa3J'II/I‘~IHbIX )KI/IIIKOCTCfI U 3aBHCUT OT YCJ'IOBI/II\/JI, B KOTOpI)IX OHN
HaXOIATCS.

I/IcnapeHHe, HpOI/ICXOI[ﬂHICC HC TOJIBKO Ha HOBerHOCTI/I, HO U BHyTpI/I KHUIOKOCTHU,
Ha3bIBaeTCs Kunenuem. KuUIlEHWE NPOUCXOAWT BCErna IPH TMOCTOSHHOM (I JaHHOIO
BHCIIITHCTO
JABIICHUS) TEMIIEpaType, KOTOpas Ha3bIBaeTCs TEMIlEpaTypoil kureHus. lcmapenue
KHUIOIKOCTHU B
OTKPBITOM COCYIIE MOXKET IPOOIDKATHCS JIO IMTOJIHOTO HCYS3HOBEHUS JKUAKOCTH. B 3aKphITOM
COCYJIe MCIAPCHHE JKUIKOCTH TPOIOJIKACTCS JO YCTAHOBICHUS PABHOBECHUS MEXIY MacCOM
BEIIIECTBA, HAXO/SIIETOCs B )KUIKOM COCTOSIHMM U Maccoi napa. [Ipu 3ToM paBHOBeCHH OyIyT
HAOJIONATHCS MPOIIECCHl UCTIAPEHUS M KOHACHCAIIMH, KOMIICHCHPYIOIIUE APYT Ipyra. ITO TaK
Ha3bIBaCMOE JTUHAMHUYECKOe paBHOBecHe. [lap, HaxOmSMUICS B THHAMHYECKOM PaBHOBECHH
CO CBOCH JKHMJIKOCTBIO, Ha3bIBACTCS HACHIU{CHHBIM.

C NOBBIIIEHUEM TeMIIEpaTyphbl YBETUYUBAOTCS JaBICHUE U MNIOTHOCTH HACBHIIIEHHOTO
napa, a IINIOTHOCTh JXHUAKOCTH YMGHBHIaeTCSI. TaK 6YJ1€T HpOI[OJ'DKaTI)CSI o TaKOfI
TEMIEPATyPhl, IPU KOTOPOH MIIOTHOCTU UX CTaHYT paBHBIMU ApyT Apyry. [Ipu aTom mpomaner
FpaHI/IIIa Me)KI[y HHUMMHA.

OpauM U3 TOKa3aTeneld, XapaKTepH3yIOIIUM HCHapsIeMOCTh JKUAKOCTU SBISIETCS
TeMnepaTypa €€ KUIICHUA HpI/I HOpMaHI)HOM aTMocq)epHOM JAaBJICHUMU. 4YCEM BBIIIC
TeMIepaTypa KUIEHHUs, TEM MEHbBIIIE UCIAPSIEMOCTh KHUIKOCTH.

B rumpaBmmyeckux cuctemMax paboTa Hacoca IPH HOPMAJIBHOM arMochepHOM
JMABICHUU SBISETCS JMIIb YacTHBIM ciiydaeM. OOBIYHO MPHUXOAWTCS HMETh [eJl0 C
chapeHHeM, a UHOTIa U KUIICHUEM )KI/II[KOCTCI\/'I HpI/I pa3HI/I‘IHI>IX TeMnepaTypax 1 OABJICHUAX.
[ToaTomy Oonee MOMHON XapaKTEPUCTHKON HCHApSEMOCTH SIBISETCS JaBieHUEe (YIPYTroCTh)
HACBIIICHHBIX MapoB P,, BEIpaKeHHOE B (PYHKIIMU OT Temrieparypsl. JlaBieHue, mpu KOTOPOM
3aKUMAeT KUAKOCTh TPHU JAHHOW Temreparype >KUIKOCTH, Ha3bIBae€TCA OdasleHuem
Hacvlyenno2o napa. Yem OoIbIe JaBJICHWE HACHIIICHHBIX MTApOB MPH JAHHON TeMIleparype,
TeM Oonbllle HuCHapIeMOCTh kuakoctu. C yBeNIWYEHHEM TeMIleparypsl [aBieHue P,
yBenuunBaeTcs. B Tabmuie 1.5 mpuBeneHBI 3HaYEHWs IABICHUS HACBHIIICHHOTO Tapa s
BOJIBI OT TEMIIEPATYPHI.

Tabmuma 1.5 (Boga)

;FeMnepaTypa, 0 10 |20 |30 |40 |50 |60 |70 (80 |90 |100 |120 |150
C
P, 10%arm |62 [125[238 (432|752 (126 | 203 | 318 |483 | 715 | 103 | 202 | 4850
0 0
P,, 10°TIa 6.08 |12.3 | 23.4|42.4 | 73.8 | 123. | 199 | 312 | 474 | 701 | 101 | 198 | 4758
6 0 2
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I[aBJIeHI/Ie HAaCBIIIICHHBIX HﬁpOB 3aBUCHUT HC TOJIBKO OT (I)I/ISI/IKO-XI/IMI/I‘-ICCKI/IX CBOﬁCTB
KHUIKOCTH, HO WU OT COOTHOIICHHS OOBEMOB XKHUAKOW W ra3zo-mapoBoil (a3. JlaBmeHue
HACBIIICHHBIX TAPOB BO3PACTACT C YBEIMYCHUEM YaCTH 00beMa, 3aHATOTO Ta30BOH (a3oid.

1.4. TloHsThe HACHIIMIEHHOTO IMapa WIM YINPYroCTH IapOB OYEHb BAXHO JJISI OIIEHKH
KaBUTAIIMOHHBIX CBOMCTB HACOCOB.

Pacmeopumocmov 2azoe 6 scudkocmsax TPOUCXOOUT TPU BCEX YCIOBUSAX, HO
KOJTMYECTBO PACTBOPEHHOTO Tra3a B EIUHUIIE O0beMa >KHIKOCTH PA3IUYHO I Pa3HBIX
JKUJKOCTEH M HU3MEHSETCs C YBEIMYEHUEM JaBieHHs. Bo Bcex JKHUIKOCTAX HMMEETCs
pacTBOpeHHBIH ra3. Ero oTHOCHTENbHBIH 00beM, paCTBOPEHHBIN B JKUIAKOCTH JI0 MOJHOTO €€
HACBIIIEHHS], MOXKHO CUUTATh
MPSIMO MPOMOPLIMOHATBEHBIM JIABJICHHUIO, T.€.

VZ/V,,C = k (Pz/Pl),

riae V. — o0beM pacTBOPEHHOTO ra3za B 00beMe KUAKOCTU V,, IPU HOPMAIBHBIX CTAHAAPTHBIX
ycloBuUsX (naBieHue = 1 atM, TeMmeparypa = 200C) , K — ko3¢ dunmeHT pacTBOPUMOCTH.

Jsis cTaHgapTHRIX yCiaoBUi Kod(pduimeHT K uMeeT clieayroine 3HaYeHUs: I BOIbI
- 0.016, nna kepocuna — 0.127, nna macna — 0.08. T.e. mpu Mpouux paBHBIX YCIOBUSIX B
KEpOCHHE BCEIJla PacTBOPEHO OOJIblliee KOJUYECTBO Ta3oB (Bo3myxa). [Ipm armocdepHOM
nasiaeaud B 1 M~ Boabl Haxomutes 0.016 M Bo3ayxa. [Ipu yBenuueHuu AaBieHHs B JIBa pa3a
BO CTOJIBKO K€ YBEJIMUMBACTCS KOJIMYECTBO PACTBOPEHHOTO BO3yXa B HEM B TOM XK€ 00beMe
JKUJKOCTH.

[Ipy nOHW)XEHMM [aBIEHWHM B >KUJIKOCTH WJIM Ha BXOJAE B HACOC MPOUCXOAUT
BBIJICJICHHE PACTBOPEHHOIO B Hel rasa. [Ipuyem ras Bblaensercs U3 KUIKOCTH MHTEHCHUBHEE,
4YeM pacTBOPSETCS B HEH.

JT0 sBJIEHHE MOXKeT OTPHLATEJbHO CKa3bIBaeTcsi Ha padore HACOCOB H
THAPABJIUYECKUX CHCTEM.

lMpumepsor 1.2

Kunemarnueckas Bs3KoCTh kunkoctu paBHa 20 cCt. Paccuntarh THHAMHYECKYIO BSI3KOCTH
*)uakoctu B enuHunax CU u myasax, mpuHSB IJIOTHOCTH paBHOM 0.8 1/ oM.

2

Kunemarnueckas Bsa3kocts B equaunax CHY [1 =20 cCt =20 [J 102 LI 2010° 2w .
C C

107

Jmaamuyeckas BI3kocTh B equaniax CU [0 = 00 = 0.810_7}(232 1107 ¥ - 1.6 0 102 ITa
M c

Clc.

Mtk 1 myas=0.1Tlalcto 0 =1.6 0 10%Ila Oc=0.16 Ilyas.

3a0ayu 1. 4

—OmnpenenuTs MMIOTHOCTh CMECH KHAKOCTEH, MMEIOMIEH CIEAYIOIINI COCTaB: ITUIICH
mukoib — 40% o0bema, Boma — 60% o6nema. IlmorHocts mmukomu [, = 1.1 1/ CM3,
Bozel 1 1/ oM.

—Ha ckonpko yMeHbIIUTCS 00BEM BOIBI TIPH TOBBIMIEHUU naBieHus ¢l atm go 100 atm,
ecJIM MepBOHAYaNbHBIN 00beM paBeH 50 1? Monyns o0beMHOI ynpyroct Boasl K =
20000 atm.

—IIpu ruapoomnpeccoBke cocyna odbemom 1.2 M naBieHre B HeM MO ¢ 1 10 500
arM. Ompenenuth 00beM BOIBI, KOTOPHIM HEOOXOAMMO JOTIOJHUTEIHHO 3aKadaTh B
cocyl, ecau ko3 duIueHT 00beMHOro cxKaTtust Boabl [, = 4.2 [ 10" M% H.

Bonpocwt 1. 4

1. KakoBa cBsI3b MEX]ly KHHEMATHYECKON M TMHAMUYECKOH BSI3KOCTHIO?
2. OT 4ero 3aBUCHUT PaCTBOPUMOCTB I'a30B B JKUIKOCTU?
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3. YTto Ha3bIBAaeTCs NaBIECHUEM HACBIILIEHHOTO Napa KuAKocTu? OT 4yero oHO 3aBUCUT?

1. 5. OcHOBHBIE YpaBHEHHUS CTATUKU U KUHEMATUKHU

JlaBnieHue, OTCYUTHIBAEMOE OT HYJICBOTO 3HAUYCHUS, Ha3bIBAIOT aOCOIOTHBIM JiaBjieHueM (P,),

wm  (P,)s (puc.1.3). HMaBnenne P,
P4 OTCUHTBIBAEMOE H  0ojbIIe  arMochepHOro

£y naBjieHust P, Ha36IBA€TCsI U30BITOYHBIM U

I amu - (Pa)u= Pyt Papy - (1.9)
P Ecin  abcomoTHOe — 1TaBjeHHE  MEHBIIE
e q}u’f 2 P arMOC(epPHOTO, TO PpAa3sHOCTh MEXAY HHMH
o Ha3bIBAaCTCS BAKYyMOM U
(Fale
P 6aK = P amm - (P a)e
. (1.10)

Puc. 1.3. K onpenenenuto naBieHus

MaHOMeTp BCerjia nmoKka3biBalT H30bLITOYHOE AaBJICHUE, A BAKYYMMETP — BaKyyM.

Ypasnenue cuopocmamuxu: naBnenune P, B TPOU3BOJIBHOM TOUKe A,
pacrooXeHHo! Ha ri1youHe h paBHO:

Py = Py + g h,
P, (1.11)
rie Pp — pJaBieHWe HaJg CBOOOJHON MMOBEPXHOCTHIO
Eon KUJAKOCTU. ECITN JKUIKOCTh 3aMOIHSIET COCY, OTKPBITHIN B
2, I armocepy, To abconOTHOE AaBlieHUE B JIOOOH TOuke
———— Oyiet paBHO
- H
h o
- - . P A~ P amm + Dg H;
"JPJ— (1.12)
A e H — miyOuHa pacmnonoxeHus TOYKH A OT CBOOOIJHOMU

TMOBEPXHOCTH COeMHEHHOM ¢ armocdepoii. T.e.
Py=Py+ 0gh=P,,, + [gH.

Puc. 14 K OIpECACIICHUTIO le/l 3TOM MAHOMETP NMOKa3bIBAET 1/1361)ITO‘-IHO€ AaBJICHUEC Pu
TARTTAHUG r TINANTE TOUKe, = PO - PamM

IIpumepsr 1.5.1

1. Onpenenuts naBnenwe Py B 0ake, HAOJTHEHHOM Tra3oM U KUAKOCTHIO,

eclii pa3HOCTh ypoBHS prytd B mManomerpe h = 0.3 m. IlmotHOCTH pTyTH
— 3

Ong=13.6 r/em™.

Pemrenue. 3amumieM ypaBHEHHE paBHOBECHS JIJIsl cEYCHUS 3-3:
-3

10
P33 = Pg = Py + Uug g h = 9.81010% +13.6

1o 9810 03 =

13.80110% TTa = 1.4 atm
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2. OnpenenuTh Ha KaKyl BBICOTY MOJHUMETCS BO/AA B Koji0Oe, €ciu abCONMIOTHOE /TaBIICHUE B
neii P, = 9.3 [J 10* IMa.

Pemrenue.

YcnoBre paBHOBECHS KHIKOCTH JJIsi CBOOOIHOM MOBEPXHOCTU Py = P + [1Q D,
Ortcroma

h = (Pap - Po)/ 09 = (9.81-9.3) [110%9.81 1 10°=0.51 m

3adayu 1.3.1
r. PI:IWM
G G 1. B 3akpbITOM cocyie HAXOAUTCS ra3 U )KUJKOCTh C INIOTHOCTBIO
e A3
i Py & " h [hg = 13.6 r/eM. C COCYJIOM COEIMHEHa Mbe3oMeTprUecKas Tpyoka. OnpeneanuThb

— — — — JaBJICHHE Ta3a B cocyae Po , €Clin )KUIKOCTh B TPyOKe

e noaHsuiachk Ha BeicoTy h = 30 cm. OTBeT aath B ata (aOCOIIOTHOE JaBJICHHUE).

R —

2. [1onblil TOHKOCTEHHBIM LUIMHAP OMYCTUIIM B BOLY BBepX AHOM. LlunuHap miaBaeT Tak, 4ro
YPOBEHB BOJIbl BHYTPH LIMJIMH/PA HAXOAUTCS HA TIIyOuHe
h =20 cm oT moBepxHOCTH OKpYyKatoriei Bojbl. [InoTHOCTE Boabl 1000 Kr/M>, Bec LUAJIMHIpA
2 xI' (20 H). OnpenenuTs mI0MIa1b JOHBIIIKA IWIHHIPA.

3. I'uapoycunuTenb COCTOUT U3 JIBYX IMIMHAPOB |
U 2, coeMHeHHBIX TpyOKkoii. [Tnomanp mopurus S; =
- J_ - 2 cm’. Ha Hero neicteyer cuna F; = 50 «I.
- [Tnomanp nopmas S; = 20 cM>, Onpenenutb cuiLy
— F, Ha BTOPOM THUIPOIMIMHIPE U TEPEMEIICHUE

MOPILHS, €CJIM NEPBBIA MOPIIEHb NEPEMECTUIICS HA
hi1 =5 cm. [lepemMernieHre MOPIIHEH CYUTATh OCCKOHEYHO MEIICHHBIM.

Fj ] = 1_ 1 F2
> — —

—I'mppaBnuyeckuii mogbeMHUK pa3zBuBaer cuiny F = 2000 «I.

7 T [Tnomane mopmus — 1 ruapommnuHapa S = 40 cm?. Kakoe

 mm— JIABJICHUE JIOJDKEH 00eCHeYuTh HACOC — 2, YTOOBI Pa3BUTh 3Ty

3 41;;3 cuiy? KakoBa nomkHa OBITh BMECTHUMOCTh Oaka — 3, 4TOOBI
o0ecrneunThb

,  ToxbeM rpysa Ha Beicoty h =1 m?
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5. OnpokuHYTHIN TaHK ¢ HEPTHIO TUIaBaeT B Boje. luamerp Tanka D = 5 M, Beicota H = 4 M,
Bec 4000 kI, ITnotHoCcTs HedTH [, = 850 Kr/M°. OnpenenuTs MyGHHY ero morpyKeHus h u
cunny F naBnenus HedTH HA JTHO TAaHKA.

Bonipocer 1.5.1

1. B yem 3akitouaeTcsi pa3HOCTb MEX/1y HaropoM U JiaBjieHuem?

2. Yto Ha3bIBaeTCs aOCOIIOTHBIM JIaBJICHUEM, H30BITOYHBIM JTABIICHUEM U BaKyyMOM?

3. Kak 3anuceIBaeTcst OCHOBHOE ypaBHEHHE THIPOCTATUKN?

4. KakoBa abcoIrr0oTHAs BO3MOYKHAS BEJIMYMHA BaKyyma?

5. Uemy paBHa nbe3oMeTpudeckas BeicoTa (B MeTpax HyO nnst atmocerHoro naBnenus)?
6. UeMy 1aBHO J1aBJI€HHE KUIKOCTU Ha TBEPAYIO IOBEPXHOCTH?

7. Uemy paBHa cHJia AaBJIECHUS )KUJIKOCTH Ha TUIOCKYIO TTIOBEPXHOCTH?

8. Uem H3MEpSIOT AaBICHUE B KHUIKOCTH?

JJABOPATOPHASA PABOTA Ne3 CucreMbl MOa4u M pacnpe/iejeHusi BoJAbl

1.6. YpaBHEeHHE TOCTOSHCTBA pacxoa
Pacxonom Ha3pIBaeTCs KOJIMYECTBO KUIAKOCTHU, IPOTEKAIOLIEE YEPE3 CEUEHHE NTOTOKA B

1 2 3 EIMHUIYY BPEMEHU. Pa3IM4aloT MacCOBBIA j;;; M OOBEMHBIH
Yy m
I | |
- e/ pacxoabL OHU CBA3aHBI CIIEIYIOIMM COOTHOIIEHUEM
I m - D V *
| | (19
1 5 3 OfHUM U3 OCHOBHBIX YpaBHEHHWIl TI'MAPOIMHAMUKK

SBIIIETCS ypaBHEHHE IIOCTOSHCTBA pacxoja, KOTOPBIN
TOBOPUT: pacxoJ] 4epe3 CEeueHUs MEepHeHAUKYISpHbIE OCH TPYyOOINpPOBOAA €CTh BEIMYMHA

MOCTOSIHHAA, T.€. 1 =2 = Const = [11 S; = [1 2 Sp = [ §
Puc. 1.6. Ilonepeunoe ceuenune (1.14)

TpyOOIpoBOIa .
rae S1, Sp v Sj— MIIOMIAIH MOTICPEYHBIX CEUCHHI TpyOonpoBoa. S;

- 2 :
= [0 Dj 7/ 4, tne Di — nuamerp | —oro ceuenus TpyoomnpoBoaa; [ 1, [ o u [J j — cpeanue
CKOPOCTH TEUEHHS )KUKOCTH B TPYOOIIPOBOJIE B CeUeHHSX 1, 2 M | —OM COOTBETCBEHHO.
W3 3TOro ypaBHEHHs CIEIYET, 4TO CPEJAHNE CKOPOCTU B MOTOKE HECKMMAEMON KHJIKOCTH
L
1

o 2
06paTHO MMpONOpHUOHAJIbHBI IINIOMAAIM CEYCHHU, T.C. U_ = S_ .
2 1

w

ITpumepsr 1.6.2.

Tpyoonposoxa auamerpom D = 100 MM pa3BeTBIIsieTcs Ha iBa TpyOompoBoaa ¢ quamerpamu dp
u dp. JImamerp d; = 50 mm. OmnpeaenuTs JuaMeTp BTOPOrO TPYOOIPOBOAA, €CIH IOCIHE
pa3BeTBJICHHsI CKOPOCTh B TEPBOM TPYOOMpPOBOJE YBEIMYMUIACh B JBa pa3a, a BO BTOPOM
YMEHbIINIACh B JIBa pasa.

Pemenue: 3anummM ypaBHEHUE TIOCTOSTHCTBA PACXO/I0B AJIsi TPYOOIIPOBOIOB:
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, f.ghnami-ﬂ V=V1+VZH‘HH
ui ] w_}‘:"-‘ﬁ A " 5a .
g v S : ”:’” ¥ yuureBas, uyro p= [ S
5 s HEePETUIITIM
£ £ [ 22 0 (0 D3/4=0;(0d %4+
a oz (15 (7 dp 2)/4.
22 _L ITo ycnoBuro 3amaun [1q = 2],
o - [1, =0.5 [J. Torna nonyyaem
N P2 D’=2d2+05d2.
g THe— __'""""; Orxkyna da = 100 mm.
e T =
1 { 3amauu 1.6.2.
ze ™ 23 1. ITo TpyOOIIpOBOY
mmamerpom d = 200 MM
o L L 0 [IEPEKAYMBAOT  KEPOCUH  CO
ckopocthto [ = & wm/l.

Onpenenutb MacCoBbIN M OOBEMHBII pacxoj KEpOCHHA.
2. Tlo tpybe muamerpom d; = 600 MM JABHXKETCS KHIKOCTh CO CKOPOCThIO [11 = & m/c. Kak
U3MEHHUTCS CKOPOCTh JIBMYKEHUS HA ydacTKe TpyOorpoBoaa ¢ auameTpom O, = 300 Mmm?
3. Ypasnenue bepuynnu ona easzkoil ycudkocmu Ui IByX TPOU3BOJIEHO BBIOPAHHBIX
CEUYEeHHI TPyOOIIPOBOJOB BHIPAYKAET PABEHCTBO YHEPTUM B ITUX JIBYX CEUCHUSX, T.C.

P 012 P, 022
1+ —+ EZ Zp+ —+ E"‘ O Npom 12 1M (1.15)
P, 1)12 P, v
+ — 4+ —= +_+_+Dhnom-’
gt 29T B T 2g .

rne Zy , Zp U Z3 — BBICOTHl PacHojioKeHUs cedeHud 1, 2 u 3 HaJ NPOU3BOJIBHOMN
TOPU3OHTAIIBHOM IUIOCKOCTHIO; [ 11, [J 2 U [] 3 — cpeiHUE CKOpOCTH NOoToKa Ul Py , Pou P3 —
nasneHust B cedeHusx 1,2 u 3; [N,g, 7.2 w0 [Ny, ;-3 — moTepu sHeprum Ha ydyactke 1 —2
u 1 — 3, COOTBETCBEHHO.

D10 ypaBHEeHHE OajlaHCa PHEPTHH C YUETOM IMOTeph. T.e. cymMMa DHEPrHH TOJOXKEHUI — Zj
P v?

1 1
SHEPruM JABICHUA KMHETUYECKOW SHEPTrUH g PasHa TOM K€ CyMM€ JHEprui s

BTOPOTO (TPETHET0) CEYCHHUS C YYETOM BCEX MOTEPh YHEPrHU HA JaHHOM ydacTke [1h,om ;- i,
KOTOpasi XapaKTepU3yeT yYMEHbIIEHHE MEXaHWYECKOM 3HEpruM MOTOKAa Ha Y4acTKE MEXIy
ceueHnmssMu. Ha puc. 1.16 mnokasaHa rpaduueckas HMHTEpIpHUTALUs 3aKoHa bepHyIuIH.
OHeprus, Tepsemas XUIAKOCTbIO Ha PACCMOTPEHHOM YYacTKE TEUEHHUs, pazymeercs He
Tepsercst OecclielHO, a JHIIb HpeBpalaercs B Apyryio (GopMy — TEIUIOBYIO, KOTOpas
HENPEPHIBHO PACCEUBAETCs, MOITOMY IOBBIIIEHUE TEMIepaTypbl ObIBa€T MNPaKTUYECKU
MaJI03aMETHBIM.

Puc. 1.6. 2. Ipaduueckas HHTEpIpPHUTALUS 3aKOHA

Fanwrymme N3  ypaBHeHuss  bepHyimn
(1.15) u ypaBuenus pacxona (1.13) cinenyet, 4To €ciu MII0MIAIE MOMIEPEYHOTO TPYOOITpoBOIa
YMEHBILAETCS, TO CKOPOCTh TEUEHMSI KHUAKOCTU YBEIMUNBAETCS, a 1aBJIEHUE B ATOM CEUEHUU
OyzeT yMeHbIaThCs, 1 HA00OPOT.

IIpumep 1.6.3.

3 Ilo ropusoHTalbHOMY TpPYyOOIPOBOLY NEPEMEHHOIO
1 2 L. CcedyeHHWs TedeT >KuAKocTh. Pacxom pasen 15 1/C.
_— /_ IlnotHoCTs  skEakocTH 780  Kr/m’. Juamerpel
——— 1 — —— TpyOONpOBOAa B XapaKTEePHBIX cedeHusx d; = 50 mm,
__—-'"'""—-_\
1 2 —
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d, =25 mm,

d; = 75 mm. OnpenenuTh HAmopbl M JaBIEHUS B ceucHusax 1-1, 2-2, 3-3, ecnu maBicHHE B
ceuennu 1-1 paBHo P; = 4 ara. [Totepsimu nmpeHeOpeys.

Pemenue. 3anuineM ypaBHEHHE MOCTOSHCTBA PAcXola M ONPENETHM CKOPOCTH B 3THX
CCUCHUAX:
Vi=p2=p3=U1S1=025=03S;

otkyna (1 =4 yo/(0d%), Dy =4 yol(0d%), O3 =4 yal(0d%).
[Tpou3sBens BerauciaeHMs, moirydaem (11 = 7.64 m/c, [1, = 30.56 m/c, [13 = 3.4 m/c.
Jlns ompeaerieHusl Mbe30METPHUCCKUX HAIOPOB W JABJIEHUN BOCIOIB3YEMCS YpaBHECHHEM

CPHYIIA 731 g 29 =17 g 29 nom 1-2 U 71 09 Zg =13 9 2g
Nom 1-3, T.K. Z1 = Zp = Z3, @ MOTEPSIMUA MOXHO MPEHEOPEYb MOTydaeM
R vi_ P vl _ P ol
P, 20 pg 20 P, 29

i_ 4.98110
T k. g 77863.81_ 51.2 m, nonyyaem

P, P 0 -U?

LA ot g ,, 7OA3GE M,
rg g 2g 29081

P, P 0 -0V 64 —3F
o T U g0 PO g6
2 I 4 2g 2-981

ITocite 3TOro MOXKHO HAMTH JaBJICHHE B CCUCHHUAX 2 U 3:

P, =6.5801780 19.81 ITla=5 (1 10* Ta = 0.51 atM, P3 =53.6 0 780 [19.81 [la=41 [J 10* ITa
=4.2 atMm.

3agaum 1.6.4.

1. ITo TpybompoBoay TeueT Boaa ¢ pacxonoM 125 si/c. B ceuenun 1-1 quamerp TpyOomnpoBona

d; = 40 cMm, naBienue Py = 4.8 atM, a B cedeHuH 2-2, pacioioKEHHOM Ha 4 M HUXe, JHaMETP
paseH dy = 30 cm. Onpenenuth naBnenue P; B cedenun 2-2. [lotepsiMu mpeHeOpeds.

2. Tlo HedTenpoBoIy MepekaunBaercs HedTh MIOTHOCTBI0 890 Kr/M° B KonmuecTse 40 ni/c. B
OJTHOM CE€YeHHUHU He(TenpoBoja BHYTPEHHUH auameTp TpyOsl paBeH 305 mm u nasienue 10
aTM, a B JpPYyIOM CEYEHUH, PacHojioXKeHHOM Ha 10 M Bblllle, BHYyTPEHHUN AUAMETP TPYObI
paBeH 254 MM u naBnenue 8§ atM. OnpenenuTb NOTepU HAopa MEXAY CEUCHUSIMHU.

3. Boga ¢oHTaHupyeT U3 KOHUYECKOro Hacaaka Ha BeicoTy H = 5 M. IIpeneOperast norepsimu
B HacaJIke, ONPEAETUTh pacxo/l BOJbI U JIaBJICHNE Ha BXO/I€ B HAcCaJl0K, €CIu ero pasmepsl D =
45 mMm, d = 8 MM, h =350 mm.

JIABOPATOPHAS PABOTA Ne4 BuyTpenHee BoZOCHAOKeHUE 3MAHUH

I'mppasimyecknii pac4ér ABOPOBOH KAHAJM3AIMOHHON CETH H NIOCTPOCHHUE eé
NMPOA0JBLHOr0 NpoguJis
1.1. Ilenp paGOThl M3YYHTh HACOCHl M HAyYMTbCS MPABWIBHO IOAOMpAaTh JUIsL CHCTEM
BOJIOCHAOKEHHUS.
1.2 OcHOBHBIE TEOPETUUECKUE CBEJICHUS.
Hacocbl 1 HacocHble cTaHIMU, Kak U J000€e 000pyIOBaHUE, SBISIOTCS HCTOYHUKOM
MeXaHUYeCcKuX KosebaHuid. BoszneiicTBue MexaHMUYecKMX KoJieOaHUN Ha OpraHu3M
YyeJloBeKa MPOSBISETCS B pa3HbIX (opMax B 3aBUCMMOCTU OT YaCTOThl, UHTEHCUBHOCTU U
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Cpelbl, uepe3 KOTOpyIo KojeOaHus mepeatoTcs: 3BYK (€Ciu IepeiatoTcesl yepe3 BO3AyX) U
BHUOpaIus (depe3 TBep/Ible MPEIMETHI).
3ByK MpeACTaBiseT CcOOOW KoyiebaTeNbHOE JBWKCHHWE 4YacTUI[ YIPYrod Cpensl,

HampuMep BO3AyXa, pacHpOCTpaHsiollee BOIHOOOpa3HO. MexaHuueckue KojaebaHus,
repeiaBaeMbi€ B CIBIIIMMOM JUANa30He 4acTOT, BOCIPUHUMAIOTCS YEIOBEKOM, KaK 3BYKH.
[ym — 3T0 OecropsaI04HOE COYETaHHE 3BYKOB PAa3IMYHON YaCTOTHI U HHTEHCUBHOCTH.
[To yacToTe 3ByKOBbIE KOJIeOaHUs IEJIATCS HA TPU AUANIA30HA:

—uH(Pa3BYKOBBIE C YaCTOTOM Kosebanuii meHee 20 I,

- 3ByKOBbI€ (ciblmuMbIe) — oT 16 'y 7o 20 k'
- ynbTpa3BykoBbIe — Oosee 20 kI 1.

L, gl YeroBeYEeCKUM YXOM BOCIIPUHUMAETCSA
120 I )7900?0 %, | —’ MEXaHUYeCKHEe KoJieOaHusd C yYacroramMu 16 -
10 2 00 ~%. .
“opU ; % 20000 I'tr. KoneOaumsa ¢ dactoTrod Hmxke 16 u
100 Obnacms
>/ P Bbile 20000 I’y He BBI3BIBAIOT CIYXOBBIX OIIYIIE-
90 1~ \\ HUIA, HO MOTYT OKa3bIBaTh BPEJIHOE OMOJIOTHYEC-
60 P KO€ BO3JICCTBHUE HAa OpPraHU3M YEJIOBEKA.
70 %O\L Bubparnuu — 310 KonebaHust TBEPABIX TEIl,
@ \ N v
60 % / YyacTell anmnaparoB, MALLIUH, COOPYKEHUH,
5 Q"/A@% ,/ (yH1aMEHTOB BOCIIPUHUMAEMbIE OPTaHU3MOM
‘I Kak coTpsceHus. Yacto Bubpauuu
0 20 50 100 200 500 1000 2000 5000 10900 20000 COIIPOBOKAAIOTCA CJIBIIIUMBIM IITyMOM.
51y

Puc. 1. OO6Gnacte CcIyXOBOrO BOCHPHUSTHS
YeJIoBKa
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OcHoBHbBIE (pr3nUecKHe NapaMeTPbl U XapaKTePUCTHKH 3BYKa M BUOpanui

1. 1. OcHoBHBIE (pu3HYECKHE XAPAKTEPUCTUKH 3BYKa

OCHOBHBIMHU XapaKTEPUCTUKAMH SIBIISTFOTCSL:

- gacrota f (I'm),

- nHTeHCHBHOCTB J (BT/ M?) — 3HEpIHs, IEPEHOCHMAsL 3BYKOBOI BOJIHON B CAMHHIYY BPEMEHH
yepe3 EAMHWYHYIO IMOBEPXHOCTh, MEPHEHAUKYISPHYIO HAIpPaBICHUIO PaCIpOCTPaHCHHUS
BOJIHBI,

- 3ByKoBO¢€ JaBiieHue p (Ila) — 310 pa3HOCTH JaBiIeHUN B BO3MYILEHHOW M HEBO3MYILIEHHOU
cpenax. IMeHHO Ha M3MEHEHHE JIaBJICHUS B BO3[IyXE PearupyeT Halll OpraH CiryXa.

3ByKOBasi BOJIHA XapaKTepU3yeTCs YAaCTOTOM W aMIUIUTYIOH KojieOaHus. AMIUIHTYAA
KoJieOaHMid 3BYKOBOWM BOJIHBI OIPEEIISCT 3ByKOBOE JaBIICHHE, YeM OOJIbIle aMIUIUTYIA, TeM
0oJIbIIIe 3BYKOBOE JIABJICHHE U TpoMYe 3BYK. Bpemsi ogHOro KoneOaHus Ha3bIBAIOT MEPHOIOM
kosebanmit T = 1/ f.

3BYKOBOE JIaBJICHUE CBSI3aHO C MHTEHCHBHOCTHIO 3BYKa CIICIYIOIIUM YPaBHEHUEM

J=0p=p%0c) (1)
ipI(S] p — 3HAYCHHUC 3By1<0BOF0 JaBJICHUA, ] - KOJIe6aTeJH)Ha$[ CKOpOCTI) qacTul B 3ByKOBOI71
BONIHE, M/C; [] - TMJIOTHOCTH cpeabl (IUIOTHOCTH BO3JyXa IMpH TeMIeparype 20°C u

arMocepHoM naneHun 760 MM.pr.cT. paBHa 1.29 kr/m® ), kr/ M, C — CKOPOCTb 3ByKa B

cpene (B Bozayxe ¢ = 334 m/c).
WHTeHCHBHOCTS IiTyMa Ha paccTossHud | oT ncTounuka myma MomHocTbio W paBHa
J=W/4 0P (2)
OTa 3aBHCUMOCTH OIpENeIsieT OCHOBHOM 3aKOH pPAaCHpPOCTPAaHEHHsS 3BYKa B CBOOOIHOM
3BYyKOBOM Tionie (0e3 yuera 3aryXxaHusi), COIJIACHO KOTOPOMY HMHTEHCHBHOCTh 3BYyKa
YMEHBIIIAETCSI OOPATHO MPOMOPIIMOHAIBHO KBAPATy PACCTOSHHUS.

XapakTepuCTUKOW MCTOYHUKA 3BYKa siBisgeTcsa 3BykoBas mouiHocte W (BT), kotopas
orpernenser oO0Iee KOJMYECTBO 3BYKOBOW OSHEPTHH, H3Iy4aeMOH BCEH ITOBEPXHOCTBIO
UCTOYHHKA S B €IUHUILY BPEMEHH.

YpOBHH MUHUMAIBHOTO 3BYKOBOTO JIaBJICHUS W MHHHUMAJIbHOW WHTCHCHBHOCTH
3BYKOB, CJ1a00 pa3jHMYMMBIX CIYXOBBIM ammapaToM YelIOBeKa, HA3bIBAIOTCS HNOPO20GbIMU.
Haubonpiield 4yBCTBHTENBHOCTHIO K 3BYKY CIIYXOBOHM ammapar dYelloBeKa oOnamaer mnpu
gacrorax oT 2000 mo 5000 I'm (cMm. puc. 1). 3a 3TalOHHBIA NPUHAT 3BYK C YacTOTOMN
xonebanuit 1000 ['u. [Ipu 3T0i yacTOTE MOPOT CIBIIIMMOCTH 1O 3BYKOBOMY AABIICHUIO pg =
20) 10 Ila, a cooTBETCTBYIOWIAs eif HHTEHCHBHOCTB cocTaBisieT Jo = Po 2/(U ¢) = (201 10°)%/
(1.29 [0 340) = 10™ Br/m*”.

BepxHsisi 1TO UWHTEHCHMBHOCTH TpaHHUIA BOCIPUHHMAEMBIX YEJIOBEKOM 3BYKOB
XapakTepu3yeTcs MOporoM OO0JIEBOrO ONIYIEHHUs, paBHbIM [ 1 Br/M%, uro B 10M pas
MPEBBIIIAET HUKHIOIO TOPOTOBYIO.

Tak kak 4eI0BeK BOCIIPUHUMAET 3BYKH B OYCHB IITUPOKOM JIHAITa30HE MHTCHCUBHOCTEH
or 10™ 10 1 Br/™M?, To momp30Barbes s OLCHKH 3ByKa aOCONIOTHBIMH 3HAYEHUSIMU
3BYKOBOTO JIaBJICHUS WJIM WHTEHCUBHOCTH HEYTOOHO. [109TOMY HCIONB3YIOT OTHOCHUTEIIBHBIE
3HAYCHUS, BBIPAXKCHHBbIC B Jorapudmuueckoi ¢opme, B merudenax (ab = 0.1 b wiu dB).
Taxum 06pa3oM, ypoBeHb HHTEHCUBHOCTH

L; =10 Ig (3/Jp). 3)

Y 10CKOJIBKY HHTEHCHBHOCTB 3Byka J = p/([] C), T.e. HPOIOPLMOHATIBHA KBAAPATy 3ByKOBOTO
TABJICHUS, TO YPOBEHb 3BYKOBOI'0 JaBJIeHUsI OTpeernsieTcs mo Gopmyrne

Lp =20 Ig (P/Py). 4
YpOBHHM 3BYKOBOTO JIaBIICHUSI 1 MHTEHCUBHOCTH CBSI3aHBI MEX]TY COOOH COOTHOIIEHHEM
Ly=Lp+101g[o co /(L) C)],
rae [Jo, Co— MIOTHOCTh U CKOPOCTh 3BYKa MPU HOPMAIBHBIX aTMOC(hepHBIX ycrnoBusx. Eciau
M3MEPEHHs IPOBOIATCS [PH HOPMANbHBIX arMoc(epHbIX yclaousix (temmeparypa 20°C u
arMocdepHOM JIaBJIeHHH), 0O4eBUAHO, 9To Ly = Lp =L, Tk. [Jo Co = [J C. Ha puc.] moka3ana
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001acTh CIyXOBOTO BOCHPUSATHS 4YeloBeka. M3 KOTOPOTO MOXKHO BHETh, YTO €CIH yPOBCHD
3BYKOBOI'O JAaBjeHUs, HanpuMmep, miasg dactor 100 ', mensme 70 nb, To demoBek ero He
cipimT, a ecyii L> 110 nb, To yenoBek momydaeT 60J1eBOE OUTYIIICHHE.
3BYKOBOE [IaBJICHUE W MWHTEHCUBHOCTh 3BYKa XapaKTEpPU3YIOT 3BYKOBOE IIOJE€ B
ONpeIeTICHHOM TOYKE MPOCTPAHCTBA, HO HE XapaKTePU3yeT CaM MUCTOYHHK IITyMa.

XapakTepuCTUKON HEMOCPEACTBEHHO NCTOYHMKA LIyMa SIBJISIETCS 3BYKOBask MOILHOCTh
— 00l111ee KOJMYECTBO 3BYKOBOM IHEPrUH, HU3Iy4aeMOM HCTOYHUKOM IIIyMa B OKpY)Karoliee
MPOCTPAHCTBO. YPOBEHb 3BYKOBOW MOIIHOCTH OIpeaeseTcs o Gopmyie
Lpr =20 Ig (W/Wy),
rne W — 3ByKOBasi MOILIHOCTh MCTOYHMKA miyma, Bt; W ¢ — moporoBas BenuunHa 3BYKOBOM
MOIIIHOCTH, pPaBHas 10" Br, XapaKTEepU3yeT, CKOJIBKO MOIIHOCTU (PHEPruu) MeXxaHUuecKas
CUCTeMa MepenacT BHelHed cpene. Uem Ooubllie MOIIHOCTh, TEM TIpOMYE MeXaHUYecKas
cucrema.

B npoun3BoACTBEHHOM MOMEIIEHUH MOXET HAXOAUTHCS HECKOJIBKO MCTOYHUKOB IIyMa,
KaXIbI U3 KOTOPBIX OKa3bIBAaeT BIUSHUE HA OOIIMI ypoBeHb Iryma. CyMMapHBI ypOBCHb
IIymMa OT N OJAMHAKOBBIX 10 YPOBHIO IIyMa MCTOYHUKOB B TOYKE, PAaBHOYJAJIEHHON OT HHX,
oTmpeAeIsoT o Gopmymne

Lew =L +101gn, (5)
rae L — ypoBeHb 3BYKOBOTO JaBJIEHHMsI OJHOTO MCTOYHWKA. Hampumep: nBa OJMHAKOBBIX
Hacoca, paboTas COBMECTHO, CO3/1al0T YPOBEHb IiymMa Ha 3 1b Gonblie, 4eM KakJIblil U3 HUX.

CyMMapHbIii ypOBEHb IIIyMa B pAaCYETHOM TOUYKE OT MPOU3BOJIBHOTO dYHCHa N

HMCTOYHHKOB Pa3HON MHTEHCUBHOCTH OIIPEIEISIETCS 10 YPABHEHUIO

Loy = 10 Ig (10%H + ...+ 10%), (6)
rae L/, ...Ln — ypoBHHM 3BYKOBOI'O [aBJICHHS, CO3/1aBa€Mble Ka)JbIM W3 HCTOYHHUKOB B
pacuetHoit Touke. Hanpumep: HacocHast craHimsi COCTOMT U3 5 HACOCOB, Ipu 3ToM L = Ly =
3510b, Ls= L4 = 55 z[B Le = 60 nb. Torna cymmapHslii ypoBeHb nryma pases L, = 10 1g (2
12004 % 4+ 2 10 % 4
+10%" ) = 62 1B,

1. 2.9YacToTHas XapaKTepUCTHKA

3BYKOBasi MOIIIHOCTh M 3BYKOBO€ JIaBJIEHUE €CTh BEJIMUNHBI IEPEMEHHbIE, U3MEHSIIOIINECS BO
BpeMeHU. Pa3noxeHune 1myMa Ha COCTaBIISIOIINE ero TOHa (3BYKH € OHOM 4acToToil) ¢
OIPEJICJICHUEM UX WHTEHCUBHOCTEH Ha3bIBAIOT CHEKMPAIbHbIM AHANU30M, a Tpapuueckoe
n300pakeHHe IyMa — CHEeKMpOoM.

Jlnsg modydeHHsT 4YacTOTHBIX CIEKTPOB IIYMOB WM €ro YaCcTOTHOM XapaKTepUCTUKU
IIPOU3BOAST U3MEPEHUE YPOBHEW 3BYKOBOI'O JABJIEHUS OT BPEMEHHU C MOMOIIBIO IIyMOMEpPA

020502 50037061 A - RT 173 - OWERALL - Linear
020502 50037061 _A - RT 1'.3 WVERALL - Linear - Running Leq
020502 50037061 A& - RT 173 - 50.0 Hz - Linear
7O T T T T
a 1 1 1 1 08:a3r:21
d%’j_—.*'ﬂ——#‘—m—iﬁ#“ 'J||,jB”:U
50— : f ) T 52! l-'JEll.ﬂ'u
] g /\W\/\/\_’\E /N £1.5 dBi 1::
b 1 1 1
o ! ! H !
3 : : : : |
40 : : i : :
E : : : : !
304 i i i i |
a 1 1 1 1 1
3 ; ; - : :
203 | | : | |
3 1 1 1 1 1
10 | . |

Puc. 2. ,r;, -
3MHI402/ER- WMS
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(eMm. puc. 2 s craniuu CO — 3AMHI402/ER — WMS).
3areM C IOMOIIBI0 aHAJIM3aTOpa TOJYYarOT CIEKTPhl 3BYyKa B KOOPJIWHATAX: YpPOBEHBb
3BYKOBOTO JIaBJIEHUS — 4acToTa (CM. puc. 3).

Takum 00pa3oM, YacTOTHBIM CIEKTPOM WJIM YaCTOTHOM XapaKTepUCTHUKOW Ha3bIBAETCS
3aBUCHU-MOCTh YPOBHEH 3BYKOBOTO JABJICHUS OT YaCTOThI. Pa3inuyaioT CeKTphl CIVIOUIHbIE, Y
KOTOPBIX CIIEKTPAJIbHBIE COCTABIISIIOLIUE PACHpPENENICHbl 0 IIKAJIE€ YacTOT HENPEPBIBHO, U
AUCKPeTHBbIE, KOIJlAa CIEKTPAJIbHBIC COCTABIAIONINE pa3JeiCHbl Y4YaCTKaMU HYJIEBOU
WHTEHCHUBHOCTH.
B 3aBucuMocTH OT BHJA CHEKTpa LIyMbl JIEIST Ha TOHAJbHBIE, COCTOSIINE U3 HECKOJIbKHUX
SPKO BBIPAXKEHHBIX 3BYKOB, U IIMPOKOIOJIOCHBIE, KOI/1a YHEPIUs PacoiOKEHa B YACTOTHOM
JManazoHe
JIOCTaTOYHO PaBHOMEPHO.
[To BpeMEHHBIM XapaKTEPUCTUKAM IIYMbl MOJIPA3ICISIIOTCSA HA: MOCTOSIHHbIE, YPOBEHb 3BYKa
KOTOPBIX 3a pabounii 1eHb U3MEHSIETCS BO BpeMeHU He Oosiee yeM Ha 5 1B, 1 HelmocTOsIHHbIE,
YPOBEHB 3ByKa KOTOPBIX MEHSAETCS HE MEHEE YeM Ha 5 1b.
1. 3. OcHoBHBIE pU3HYECKHE XapPAKTePUCTUKH BUOPaLlUA
BuOpanuu xapakrepusyroTcsi:
—BEITUYMHON aMIUTUTYIbl CMEIIEHUS A, WIM BEIUYMHOW HAUOOIBIIETO OTKIOHEHUS
KOJICOJTIOIICHCS TOYKU OT TIOJIOXKCHHS PAaBHOBECHSI, M;
—aMILTUTYI0U KoJlebarenbHOU CKopocTH [, M/c;

: 020802 50037061 _A-RT 1/2-06 - Linsar

(L} ()

| s e e B e B e B R
h (RN oo, d

&0 ——— r T i  ————— : : i ——H =
[ i R — I (—— — IR ——
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Puc. 3. CiekTpbl ypOBHS 3ByKa OT 4aCTOTHI /i HacocHoi cranimu CO — 3MHI402/ER-WMS

—aMIUTUTYJ0U KOJIeOaTenbHOTO YCKOPEHUS a, m/c?;
—nepuonom 7, c;
—yacroroi konebanuit f =1/ T, I'.;
—ypOBHEM 3HAueHUs KoyiebarelnbHOW CKOpOCTH B 1b, ompenenseMoil OTHOCHTEIBHO
noporoBoro 3HadeHust [o =35 [ 10 m/c o dopmyne L, =20 1g /T1/Cg].
2. HopmMupoBaHue 1 u3MepeHHe YPOBHeEH HIymMa
2.1. MeToab! n3amepeHuit
Opran ciyxa 4yenoBeka ¥ MHUKPO(OHBI IIyMOMEPOB YyBCTBHTEIHHBI K HM3MEHEHHIO
YPOBHS 3BYKOBOI'O /IaBJIeHHs, TO3TOMY HOPMUPOBAHUE [ITYMOB U Tpajalis U3MEePUTEIbHBIX
prOOPOB OCYIIECTBISIETCS 110 YPOBHIO 3BYKOBOTO JABIICHHS, a HE TI0 HHTEHCUBHOCTH 3BYKa.
B akycTudeckux HM3MEpEHUSX U pacyeTax MONb3YIOTCS HE MHKOBBIMH (MaKCHMaJIbHBIMU)
3HAYCHHUSIMH TIapaMeTpoB J, P, a WX CPETHEKBAJAPATHYHBIMH 3HAYCHHUSIMH, KOTOPBIC IPU

TapMOHHUYCCKHX KOJIeOaHUAX B \/E pas MCHBIIC MaKCHMaJIbHBIX. BBe)]eHI/Ie

CPEIHEKBAPATUYHBIX BEJIUYHUH ONPEIEISAETCSA TEM, YTO OHU OTPAKAKOT KOJIMYECTBO DHEPIUH,
coJiep Kalllelics B COOTBETCTBYIOIIMX CUTHANAX, MMOJIy4aeMbIX B U3MEPUTENbHBIX pubopax, a
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TAaK)K€ TEM, 4YTO OpraH cllyXa 4YeJIOBEKAa pearupyeT Ha H3MEHEHHE CpPEJHEro KBajpara
3BYKOBOT'O JIaBJICHUS.

Cormacio T'OCT 12.1.003 — 83 «lllym. OOmue TpeOoBaHus O€30MaCHOCTH»
HOPMHPOBAaHUE OCYIIECTBISETCS ABYMSI METOAAMMU:

—Ilo  ypoBHIO 3BYKOBOrO  JaBJE€HHMS B  OKTaBHBIX  II0JlOCaX  YacToT  CO

CpeAHEreOMETPUYECKMMHU CTaHIapTHBIMU Yactotamu 63, 125, 250, 500, 1000, 2000,
4000 n 8000 T'm, KOTOpblE MPEACTABIAIOT COBOKYIHOCTb BOCBMH HOPMAaTHBHBIX
YPOBHEH 3BYKOBOT'O JIaBJICHUS.

—Ilo ypoBHio 3Byka (1BA) (nim oOUMM ypOBHEM IIyma), H3MEPEHHOTO MPH BKIIOYCHUU
KOPPEKTUPYIOIIEH YaCTOTHOM XapaKTEpUCTUKU «A» IIymMmoMepa. YpOBeHb 3ByKa —
3TO CYMMApPHBbIIi ypOBeHb 3BYKOBOIO /aBJIeHHUsl, ONpPeIeJeHHOI0 BO BCeM
YaCTOTHOM /M aNa3oHe.

Ora BenuunHa B 1BA npuHsATa B aKyCTUYECKUX CTaHAApPTaxX MHOTUX cTpaH U Poccun.
HopMmaruBHbIe faHHbIE IO OKTaBHBIM YPOBHSIM 3BYKOBOIO JaBlIeHUS B 1B, ypOBHSIM 3ByKa B
nBbA nns mpousBoacTBeHHBIX npeanpusaTuii npuBoasrcs B [OCT 12.1 003 — 83. B Tabnume 1
MOKa3aHbl 3HAYEHUS] NPENEJIbHO JOMYCTUMBIX YPOBHEH IIyMa JUisl MNPOM3BOJICTBEHHBIX
npennpustuii mo OCT 12.1.003- 83.

JUnist s)KunbIX ¥ 0OIIeCTBEHHBIX 37IaHUK HOpMUpoBaHue npoussoautcs nmo CH 3077-84
«CaHuTapHbIe HOPMBI IOIIYCTUMOTO LIIyMa B IOMELICHUAX JKUIJIOHN 3aCTPOMKHU, OOIEeCTBEHHBIX
3IaHUSIX U HA TEPPUTOPHUH JKUJIOU 3aCTPOUKH.

Ta0Omuna 1
VYpoBHH 3ByKOBOro JaBieHHs (1b) B OKTaBHBIX | YPOBHHU
I10JI0CAX CO CPeTHEreOMEeTPUYECKUMHU YacToTaMu, 'l | 3Byka U
63 [125 | 250 |500 |1000 | 2000 | 4000 | 8000 | o>xBHMBajIEHT-
Hbl€ YpPOBHHU
3ByKa, 1BA
[Tomemenus 71 |61 54 49 45 42 40 38 50
KOHCTPYKTOPCKUX  O10po,
KOMHAT WUH)XXEHEPOB,

nabopa-Topui, NpUEMHbIE
OOJIbHBIX B MOJUKIMHUKAX
U T.J.

[Tomemenust ympasnenus, | 79 | 70 68 58 55 52 50 49 60
paboyne KOMHATBI

ITocTosiHHBIE paboune | 99 | 92 86 83 80 78 76 74 85
MecTa U pabouue 30HBI B
npousB. [loMmemeHusx u
Ha TEPPUTOPUU
IPEANPUATHN

Cuctemoii cranaaptoB (TOCT 12.1.024 — 81 u n1p.) npeaycMOTpeHbI ISATh METOOB

U3MEpPEHUs] NIYMOBBIX XapaKTePUCTHUK HCTOYHUKOB IIymMa — JBa TOYHBIX, JBa
TEXHUUYECKUX U OAUH OPUEHTUPOBOYHBIN METO/.

TouHble METOIBI YCTAHOBJIEHBI JJII U3MEPEHMS ITYMOBBIX XapaKTEPUCTUK MCTOYHHUKOB
IIymMa B 3arJIylIeHHON U peBepOepalnoHHOM KaMepax.

TexHUyecKkne MEeTOAbl YCTAHOBJIEHBI [UIsl H3MEPEHHUS IIYMOBBIX XapaKTEpHUCTHUK
UCTOYHHKOB IIyMa B CBOOOJHOM 3BYKOBOM II0JI€ HaJl 3BYKOOTPa)KaIOLIeH MOBEPXHOCTHIO M
peBepOepallMOHHOM ToJie, KaK IPaBUJIO, HW3MEPEHHEM IIYMOBBIX XapakTEpPUCTUK Ha
paccTosiHuM 1 M OT Hapy»KHOrO KOHTypa MalIMH. TakuM METOJIOM OIPENEISIOTCS IIyMOBbIE
xapaktepucTuku Hacoco Wilo.
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B 1mpou3BOACTBEHHBIX YCIOBHAX HamOolee IIUPOKO NPUMEHUM (B BUAY OTCYTCTBHSA
CHEIHAIbHBIX U3MEPUTENbHBIX MIOMEIIEHNUN) OPUEHTUPOBOYHBIA METOJT U3MEPEHHS IITYMOBBIX
XapaKTePUCTUK UCTOUYHUKOB IIIyMa B MECTAX UX 3KCILTyaTaluu.
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2.2. IIpubopsl AJ1s1 H3MEPEeHHus HyMa

Jns u3MepeHHs YpOBHell 3BYKOBOIO JAaBJEHHUSI B OKTABHBIX I0JI0CAX, 00LIEro
YPOBHS
HIyMa, Ha3bIBA€MOI'0 YPOBHEM 3BYKa WJIM YPOBHEM 3BYKOBOIO JABJIEHHMS, 1 HEKOTOPBIX
JIpYruxX TapamMeTpoB IIymMa (HalpuMep, pEerucTpanus ypOBHEW 3BYKOBOIO JIaBJICHUS BO
BPEMEHH ) IPUMEHSIOT IYMOMEPHI, OCHOBHBIMHU 3JIEMEHTAMHU KOTOPBIX SIBISIOTCS: MUKPO(]OH,
npeoOpa3yronuil 3ByKOBbIE KOJICOaHUsI BO3AYIIHOM CpPeIbl B AJIEKTPUUECKUE; YCUIUTENIb U
CTPEJIOYHBIN WM [UGPOBON HHIUKATOP CO MIKAIOHN B Ab.

CoBpeMeHHbIE LIYMOMEPhl HMEIOT KOPPEKTUPYIOIIUE YaCTOTHBIE XapaKTEPUCTHUKU
«A» n «Jlun» (wm C). JIuneiHas xapakTepucThKa «JIMH» UCIONBb3yeTcs MPU U3MEPECHHIX
YpOBHEM 3BYKOBOIO JIaBJieHUs B OKTaBHbIX mojocax 63 ... 8000 I'u, xorma nrymomep uMeeT
OJIMHAKOBYIO UYBCTBUTEJILHOCTh IO BCEMY YAaCTOTHOMY JAuarnaizoHy (cMm. puc. 3). Jas Toro
9qTOOBl TMOKA3aHUs I[IyMOMepa MPHOIMKATUCh K CYOBEKTUBHBIM OIIYIICHUSM TPOMKOCTH,
UCIIOJIB3YETCA XApaKTe-pUCTUKA IIyMoMepa «A», KOTOpas IPUMEPHO COOTBETCTBYET
YYBCTBUTEJIILHOCTH OpraHa cjiyxa MpU pa3HON TPOMKOCTH. XapaKTepucTuka A, uUMerolas
3aBaJl HA HU3KHUX 4acTOTaX, UMUTHPYET KPUBYIO UyBCTBUTEIBHOCTU yXa yenoBeka. [loatomy
OHA MpUMEHSETCS HauboJee YacTo. THI YaCTOTHOW XapaKTePUCTUKH yKa3bIBaeTCS OYKBOU C
BEJIMUMHON ypoBH# 3ByKa, Harpumep 50 b (A).

YacToTHBIII aHAMM3 IIyMa MPOU3BOAUTCS IIYMOMEPOM C MPUCOCAUHEHHBIM
aHanuzaropom crektpa. Koropeiii mpencraBisger coboii HaOOp aKycTUYECKUX (PUIBTPOB,
KaKJIBI U3 KOTOPBIX MPOITYCKAET Y3KYIO MOJOCY YacTOT, ONPEACISIEeMYI0 BEpXHEU U HUKHEH
TPaHULIE OKTAaBHOM MOJIOCHI.

VYpOBHU HEMOCTOSTHHOTO IIIyMa HU3MEPSIOTCA CHEIUAIbHBIMU  HWHTETPUPYIOIIUMHU
HIyMOMEPaMH — JI03UMETPAMH U OLICHUBAIOTCS HSKBUBAJICHTHBIMH YPOBHSIMH 3ByKa B Ab 1o
mkase «A» (CpeIHeKBaApaTUIHOE 3HAUCHNUE YPOBHS 3ByKa B Mpe/iesiax HHTEPBAJIa BPEMEHH ).

W3mepeHHble YPOBHHM 3BYKa WJIM 3BYKOBOTO JABJICHHMS B Ka)XJOW OKTaBHOM IOJIOCE
YacTOT JOJDKHBI OBITh HUKE HOPMATHMBHBIX 3HaueHUU. Eciii MMEIoTCs MpeBBIICHUS, TO
HEOO0XOMMO MPETyCMOTPETh MEPOIIPHUSITHS 110 TIIYIIEHUIO HCTOYHUKOB IIyMa.

3. IllymoBbie xapakTepucTuku HacocoB Wilo

3.1. KoHCTpYKTHBHbIE U PeXHMHbIe 0coO0eHHOCTH HacocoB Wilo, Biausilomme Ha HX
LHIYMOBbI€ XapAKTePHUCTHKH

Hcrounnkamu myMa B HAacOCe SIBISIOTCS Kak caM HAacoc, Tak M ero snekrponpuBon. lym,
KOTOPBIN CO3/1a€T HACOC, MOTYT BBI3bIBATh:

—TeUeHHe XHUJIKOCTH B THAPABIMYECKOW YacTH Hacoca: B pabodeM Koliece, YIHUTKE,
muddyszope, mieneBbIX yIUIOTHEHUsX. Hawnbonpmmii ypoBeHb ITymMa CBS3aH C
HaTeKaHUEeM >KHUIKOCTH BBIXOAALIEH U3 pabouero koimeca Ha <GI3bIK» YIUTKH C
4aCTOTOM paBHOU
f=n [J z/ 60, tne N — yactora BpallleHHs1 HACOCA, Z — YUCIIO JIOMATOK pabovero Koyeca.

—3JIEKTPUYECKUMH DJIEMEHTaMH TIPUBOJIAa C YACTOTOM paBHOM "acToTe Toka, T.e. 50 mmm 60
I'n

—BEHTHJISIIUOHHBIE IIIyMbI, BEI3BAaHHBIE BPAIllEHUEM POTOpa B KOPITyCe MPUBOAA U pabOTOM
BCHTUJIATOPA, IPUMEHACMOTO JJIA OXJIAXKICHHUA SJICKTPOABUTaTCIIA,

—IIyMbl, BBI3BaHHBIE MEXaHMYECKHMH Yy3JIaMH, TAKUMH KaK TOAIIMIHHUKH, SJIEMEHTHI
CIIeTIJICHUs Baja MpHBOJA M pabouero kojeca (Hampumep, MyQThl), a TaK)Ke KacaHHue
BpalIarOLIMXCsl YaCTeH POTOpa KOPITYCa WU APYTUX HEMOJABHUKHBIX 2JIEMEHTOB.

Bce a1tu cocraBmsronue 00s3aTeNbHO MPUCYTCTBYIOT NMpH paboTe Hacoca, T.e. IIyMbI

HEn30eKHbI. YPOBEHb 3ByKa M YAaCTOTa 3TUX IIYMOB 3aBUCHUT OT

—KOHCTPYKTHBHOT'O UCIIOJHEHUS Hacoca,

—4acTOThI BpallleHHs Hacoca,

—€ro MOIIHOCTH.

Opnnako mpu paboTe Hacoca Ha MOTPEOUTENIE MOTYT BO3HHMKATh IIyMbI, BbI3BaHHBIC HE
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[IPaBUJIBHBIM €T0 MOHTaXOM WU €ro JKCIuryaranued. Tak OZHONW W3 INPUYMH IOSBIICHUS
JIONIOJTHUTENBbHBIX IIYMOB SIBJISIETCS HE MPaBHIIbHBIA MOHTaXX Hacoca K TpyOOIpoBoOaaM, Koraa
BeC TPyOOIPOBOJOB, CHIIBI © MOMEHTHI, CBSI3aHHBIE C HETOYHOCTHIO YCTAHOBKH HAaCOCa, MOT'YT
ObITH CTOJb BEJIMKH, YTO BO3MOYKHO CMEILICHHME Bajla MM JPYIMX 3JIEMEHTOB KOHCTPYKLIHMHU
Hacoca.
Kpome TOro, MCTOYHHMKOM JIONOJIHUTEIBHOIO IIymMa SBJS€TCAd Hacoc, paboraromuil Ha
KaBUTAIIMOH-HBIX DPEXHMaxX, YTO TaKXKE HEJb3s JOMYCKarb, OCOOEHHO MJisi TOCTOSIHHO
paboTaroUIMX HACOCOB.

[To ypoBHIO 3ByKa M KOHCTPYKUMH Hacoca, Hacockl Wilo MOxHO pa3nenuts Ha Tpu
TPYIIIbL:

1 - Hacochl ¢ MOKpPBIM POTOPOM C HAUMEHBIIUM YPOBHEM LIyMa

2 — OJI0YHBIE HACOCHI C CyXHUM POTOPOM, Y KOTOPBIX KOPIIYC HAacOCa JKECTKO COEJUHEH
C KOPILyCOM 3JIEKTPOIPUBOIA

3 — KOHCOJIbHBIE HACOCHI.

3.2. lllymoBBbIe XapaKTEPUCTHKH HACOCOB ¢ MOKPBIM POTOPOM

Hacocel ¢ MOKpBIM pOTOpOM pabOTArOT C HAMMEHBIIMM YpPOBHEM IIIyMa, T.K. €r0 POTOP
YCTAaHOBJICH B MOJIIUITHUKAX CKOJBbXEHHs. POTOp M MOMUIMITHUKK pPaboTaroT B pabodeid
KUJKOCTH, KOTOPAsl SIBIISIETCS €CTECTBEHHBIM TaCHTEIIEM BO3MOXKHBIX ITyMOB, BO3HUKAIOIIUX
npu paboTe Hacoca.

B karanore «Hacochl ¢ MOKpPBIM pOTOpPOM» Ha CTp. 8 TPHBOASATCS YPOBHH 3BYKOBOTO
JABJICHUS HACOCOB MOKPOIO poTopa OT MOMHOCTH. OHU MOryT OBITh 00OOIIEHBI
CJICTYFOIIUMU 3aBHCHMOCTSIMU

JUISL 2 — X TIOJTFOCHBIX CTaHJIAPTHBIX HACOCOB (Nmax = 2900 06/MuH) 1 HacocoB cepun Stratos:
L= 27 +0.008 Py;

JUIS 4 — X TIOJTFOCHBIX CTaHJAPTHBIX HACOCOB (Nmax = 1450 06/MuH) u Hacocos cepuu TOP — E:
L= 23+0.008 Py,

rae P; — MomHOCTh Hacoca, BT.

3.3. lllymoBbI¢ XapaKTEePUCTHKHU O0JIOYHBIX HACOCOB
B Tabnuue mokazaHel YpOBHHU 3ByKa JUlsl OJOYHBIX HacocoB (karanor «Hacocel ¢ cyxum
OTOPOMY).

MOIIHOCTH YpoBeHb 3BYKOBOI'O 1aBJIeHHUS
ABUraTeis, KBt LA (dBA)Y

kBT 1450 o6/Mun (2900 00/Mun
<0.55 52 55
0.75 53 58
1.1 54 58
15 54 61
2.2 57 62
3 58 64
4 58 67
55 63 70
75 64 71
11 67 74
15 68 75
18.5 67 76
22 67 77
30 69 78
37 77 81
45 77 81
55 77 81
75 79 84
90 79 84
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Y Bes 3ammrHOro LTYMOTIOIJIOIIAIOIIEr0 KOXKyXa, U3MEPEHO Ha paccTosHUM | M Hax
paboTaIIMM HACOCOM.
3.4. lllymoBbIe XapaKkTepuCTUKHU HacocoB NP-cepun
Hacocbl 37Ol cepun co31ai0T HauOOJbIIUK ypoBeHb IIyma. B Tabmuie mokasaHbl ypOBHHU
3ByKa Jiy1st Hacoca NP B3sSTBIMU M3 HHCTPYKIIMU HA TOT HACOC.

MouHoCTh YpoBeHb 3BYKOBOIO JaBJIeHHS
ABHMrarTess, KBr La (dB)Y
1450 o6/Mun  |2900 06/MuH
<0.55 63 64
0.75 63 67
11 65 67
15 66 70
2.2 68 71
3 70 74
4 71 75
55 72 83
7.5 73 83
11 74 84
15 75 85
185 76 85
22 77 85
30 80 93
37 80 93
45 80 93
55 82 95
75 83 95
90 85 95
110 86 95
132 86 95
160 86 96

U Be3 3ammrHOro MIyMONMoriomaromero Koxyxa, N3MepeHo Ha paccTosHun 1 M Haj
paboTaroIUM HAcOCOM B CBOOOJHOM MPOCTPAaHCTBE HAJl 3BYKOOTPAKAFOIICH

MMOBCPXHOCTBIO.

3.5. CpaBHHUTe/IbHBIC IIYyMOBbIC XapaKTePUCTHKH HacocoB Wilo

3anyck paKeThl
150 nb
PeakTuBHBIN camMoO/IeT NPU B3jeTe 120:
ab
BoseBble oy meHuns ]
BeicTynuienue nmon rpynmnsl 100
ab
| NP 125/315V (P, = 50 xBr, n = 1450
Cxopblii noesn 80 | 06/MuH)

nb

00/MUH)

IL 100/170 — 30/2 (P2 = 30 xBt, n = 2900

Kpuk 0osenbmmkoB Ha pyTodose

70 nb | IL 50/160 — 5.5/2 (P, = 5.5 xBTt, n = 2900

00/MUH)

Ipn 150/360 — 30/4 (P, = 30 kBT, n = 1450
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00/MUH)
Pasrosop 60 | Ipn 125/200 — 4/4 (P, = 4 xBt, n = 1450
nb 00/MuH)
IL 100/170 — 3/4 (P, =3 kBt, n = 1450
50 ab 00/MUH)
Ilenor 40 nb | TOP — SD 80/10 (P2 = 1.1 xBrt, Nmax = 2900
006/MuH)
TOP — S —50/7 (P2 =0.37 kBT, Nmax =2900
TukaHbe 4acoB HA paccTosiHue 1 M 30 ab | 06/MuH)
TOP — E 100/1-10 (P2 = 1.1 kBT, Nmax
=2900 06/MuH)
| RS 30/6 (P, = 0.037 xBt, Nmax =2900
Camplii c1a0blii 3ByK, BOCHPHHHM. YXOM 10 | 06/MuHn)
nb TOP — E 30/1-7(P2 = 0.09 kBT, Nmax =2900
00/MUH)
Iagaouumii OCEHHUH JTMCTOK 0 nb

Taxum 006pazom, HACOCHI C MOKPBIM POTOPOM IIPH CBOEH paboTe CO3MAIOT LIyM CPABHUMBIH C
TUKaHbEM YacOB WJIM Pa3roBOpa MICTIOTOM.

JJABOPATOPHAS PABOTA Ne5
Oo0paboTka BOabI.

1.1 Henp paboThl HAYYNTHCS MUHUMHU3UPOBATh BOSHUKHOBEHHE yTeueK paboueil KUIAKOCTU U
MOBBICUTH IKCIUTYTAllMOHHBIE KaueCTBa HACOCOB

1.2 OCHOBHBIE TEOPETUUECKUE CBEIICHMUSI.

Oco0eHHOCTH KOHCTPYKIMIA HACOCOB

IIpu pabGore Hacoca BO3HUKAIOT A(PPEKThl, JeHCTBUE KOTOPBIX HEOOXOJUMO
MUHUMU3HUPOBATH, YTOOBI MOBBICUTH 3PPEKTUBHOCTH U IKCILUIyaTallMOHHBIE KaueCcTBa HAcoCa.
g 3TOro HpoW3BOAMTENM HAYT HA 3HAUUTENBHBIE YCIOKHEHUS KOHCTPYKLUH, U Kak
CJIEZICTBUE, HA YIOPOXKAHHUE HACOCOB. DTO, MPEXK/E BCETO, OTHOCUTCS K TaKUM d(PPeKTaM Kak:

- yTeuka pabodeid )KUIKOCTH U3 00JacTell BBICOKOTO AaBICHHUS,

- BO3HMKHOBEHHE PaJMAIIBHOW M OCEBOM CHJI, HE Y4ET KOTOPBIX MOYKET NPHUBECTH K
paspylICHHIO HACOCa U IPUBOAA.

PaccmoTpuM, Kakue pernieHus BHOCATCS B KOHCTPYKLHUIO Hacoca, YTOObl YMEHBIIUTH
BIIHsIHHUE STUX 3((HEKTOB.
1. ¥Yrteuku padoueii ;KHIAKOCTH U3 MOJOCTH HACOCA
Ha puc. 1 nokazana cxema yTedek *HJIKOCTH, KOTOpble UMEIOT MECTO B JIF0OOM Hacoce. YacTh

JKHJIKOCTH C BBIXOJa paboduero koieca Jyi U Jyo HE

nomagasd B OTBOA, IIO paavaJbHBIM 3a30paM MCEXKAY
=) fy NepeaHM U 3aIHUM JUCKAMU pa6oqer O KOJI€Ca momagacT

Ha BXOJ Hacoca. I[pyraﬁ 4aCTb ) KMAKOCTH V y3 9CPE3 3a30p

MEXy KOPIIYCOM M BaJlOM BBITEKAaeT Hapyxky. Bce atu
YTEUKH MOTYT CHWXaThb K.II.J. Hacoca B cpeaHem Ha 10 —

IS ILIISAISLILISI S
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15% mu yXyAuarb 3KCINTyaTalHOHHBIC Ka4€CTBa HACcoCa B

Puc.
Hacoca

meiaoM. Bemmumaa YTCUCK 3aBUCUT OT 3a30pOB MCKAY
BpallaromuMucsa OUCKaMHU U KOPITYCOM HacCocCa. YeMm oHH
MCHBIIC, TEM MCHBIIC YTCUKH. HOBTOMy JJIs1 YMCHBIICHUA

I. Cxema yreyek KUIKOCTU H3
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YTEUeK J/ y1 M |/ yo HA TIEPEIHEM U 3a[[HEM JHUCKaX paboyuero Kojeca yCTaHABINBAOT IIE/IEBbIE
YIUIOTHEHHs B BHJE Majoro 3asopa [y MeXay AMCKOM U KopiycoM (cedeHue A). M3-3a
M3HOCAa CTEHOK JITHX YIUIOTHEHHH W, CJlel0oBareibHO, YBEIMYEHHs 3a30pa (0COOEHHO INpu
HaJUYUU B JKUJKOCTHM a0pa3WBHBIX YACTHUI]) YacTO B 3TOM MECTE 3aKPEIUISIOT CMEHHBIC
VIUIOTHUTEJIbHBIE KOJbIa. MeXCTyleH4aTble YINIOTHEHNUS TaK)Ke BBIMOJHSIOT B BUE LIEIEH,
00pa30BaHHBIX CMEHHBIMH YIIJIOTHUTEJIbHBIMU KOJIBIIAMH.

VrTeuka jy, UMEET MECTO, €CIH B JUCKe pabouero Koieca UMEETCs OTBEPCTHE I
YMEHBIIEHUS OCEBOM CUJIBI Ha poTope Hacoca (OOBIYHO 3TO JENAETCs Y BBICOKOHAIIOPHBIX
HacOCOB).

Jas Toro 4roObl MOJHOCTBIO HCKIIOYHUTh YTEUKH J/y3 10 Bally Hapyxy

IPEAyCMaTPUBAIOT YCTAHOBKY JIMOO CaIbHUKOBBIX YIJIOTHEHUH, TMOO CKOJIB3SALIMX TOPLEBBIX
YIUIOTHEHUH.

1.1. CaabHukoBble ymIoTHeHMsl. CalbHUKOBBIE YIUIOTHEHMsI YCTAHaBIMBAIOT B MeCTax
BBIXOJ]a BaJla W3 Kopmyca Hacoca (cM. puc. 2). OCHOBHBIM 3JI€MEHTOM, 00ECIEeYUBAIOLIUM
TepPMETHYHOCTh TOJIOCTH BbIcOKOTO jaapneHus (I1BJ]) or BHemiHe# cpeapl sBIsieTCs HaOWBKA
CaJbH
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Puc. 2. CanbHuk HOTO
XJIOM
4aro0
YMa>KHOTO WJIH, TIPU BBICOKOM TemIeparype mepeKkaunBaeMoil sKHIKOCTH, ac0eCTOBOTO MIHYpa
KBajJpaTHOro ceueHus. llepen ycTaHOBKOM ee NPONUTHIBAIOT CMaszkoil u3 rpadura u
TexHuueckoro skupa. lIIHyp ykmanpiBaloT B Kamepy caldbHHKa B KOpIyce 5 Hacoca
OTJICIBHBIMH KOJIbIIaMH. Ero Henmb3s HaMaThIBaTh HA Ball OJHUM KYCKOM, TaK KakK MPH ITOM
HENb3s TONYyYUTh PABHOMEPHOTO MO OKPYXHOCTH momkarus HaOuBku. [locie ykmaaku
HaOWBKa 3)KMMAETCs KPBIMIKOW 2 CallbHUKA PAaBHOMEPHBIM 3aTSTHBAaHWEM TaeK IIMIICK 3.
[Tpu paboTe Hacoca MeXAy BTYIKOH Bana 6 M HaOWBKON BO3HMKAIOT 3HAUUTENBbHBIE CHIIBI
TPEHHS, W BBIJACIACTCS MHOTO TeIla, KOTOPOE JOHKHO OTBOJUTCS IKUIKOCTHIO,
npocayMBarolleiics uepes caabHUK. [109momy ymeuxa HcuoKocmu uepe3 CaibHUK CO8epUIeHHO
Heobxoouma. Hamsoicenue KpblKU CAIbHUKA OOINCHO ObIMb OMpe2yiuposano makx, 4moonsl
yepe3z CANbHUK NPOCAYUBANUCL Kanau yymv menaou ocuokocmu. llpu pabore Hacoca
MaTrepual HaOWMBKH W3HAITUBACTCS, MEPECTACT IUIOTHO MPHJIeTaTh K Baly, 4TO MPHUBOIUT K
CYIIECTBEHHBIM YTeUKaM JKUAKOCTH. [lodToMy raiiku calbHHKAa HAg0 TEePUOTUIECCKU
MOJTATUBATh M JIOOABIAThL HAOWBKY cajdbHUKA. ECIM TOBTOpHOE HATATHBAHHWE, a 3aTeM
no0aBjieHre HAOMBKH HE AeT YIUIOTHEHHS WM MPUBOAUT K UpE3MEPHOMY HarpeBy CallbHUKA,
TO HAOWBKY HEOOXOIMMO CMEHUTH. Uepe3 CalbHUK HHU B KOEM CiIydae He JIOJDKEH MPOXOINThH
BO3IYX, T.K. BO3JIyX NMPAKTUYECKU HE OTBOAUT TEIUIO, U HAOMBKA MOXKET CTOPETh, T.€. CATbHUK
JIOJDKEH 00s13aTeTbHO HAXOUTCS B paboueit cpene.

I[J'ISI TOr0 4TOOBI TrapaHTUPOBAHO n30exKaTh pa6OTLI CaJiIbHUKa Ha CYXYIO HHOrJa
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MPUMEHSIOT TUAPABINYECKUI 3aTBOP, KOTOPBI COCTOUT M3 KOJbla 4 JBYTaBPOrO CEUEHMS,
MOMEUIEHHOTO MEeX 1y KojbllaMu HaOuBKH. K 3TOMy KOJIbILy 10 TpyOKe MOJBOIUTCS KHUAKOCTh
MOJT JaBJICHUEM C BbIxo/ia Hacoca. JKUJIKOCTh U3 Kojiblla 4 MEIJICHHO, 10 KAaIlisiM, BHITEKAET
HapyXXy W BHYTPb Hacoca, OTBOZAS MPU ATOM Teruio. J{is 3amuThl Bajla OT M3HOCA HA HEro
MHOT/Ia HA/ICBAIOT 3aLIUTHYIO BTYIIKY 6.

Kak Bumum canbHuK TpeOyeT OONBIIMX 3aTpar Ha MPOBEACHUE TEXHUYECKOTO
OOCITy’)KMBaHHSI U MacTepcTBa 0OCIy)XHBarolero nepconana. Iloatomy B mocnemanee Bpems
MOYTH BCE MPOU3BOIUTEIM HACOCOB IEPEXOISAT Ha CKOJIB3SIIHE TOPIIEBBIC YIJIOTHEHHUS,
KOTOpBIE HE TPEOYIOT MPOBEICHUSI TEXHUYECKOTO 00CTYKMBAHMS HA MPOTSHKECHUH BCETO CPOKA
UX CIIY>KOBI.

1.2. Ckoab3silliee TOpueBoe yImuioTHeHue. Ha puc. 3 s mpuMepa mokazaHO TOPLIEBOE

VIUIOTHEHHUE Al cMecu Bojxa + miukoib (no 40%) mist Temmeparypbl HE BbIIIE 70°C.
OCHOBHBIMU 3JIEMEHTAMHU JIHOOOTO CKOJIB3SIILEr0
topueBoro ymiotHenus (CTY) sBusrorcs:

1

1. Ckomnp3sitiasi mapa, COCTosIas U3 KoJibla 6,
3alPeCCOBAHHOTO 4Yepe3 MPOCTaBKY 5 B KPBIIIKE
VIUIOTHEHHUS, ¥ Bpalllalollero kKojela 7. JTa mapa
UCKJTFOYACT ParaibHbIe YTCUKU MEXKITY HUMHU.

2. MamxeTsl 2, UCKITIOYAIOIIEH YTEUKH B
OCEBOM HAaIpaBICHUH MEKY HEW U BAJIOM,

3. Ilpyxunbsl 3, NOMKUMAOMIEH CKOIB3SIIYIO
napy 1o HalnpaBIsIoIIei 4 1 ynuparomeics B

Puc. 3. Cxounb3siiee TOpLieBoe YIUIOTHEHUE
xopnyc 1 Hacoca.

[lonHast repMETHYHOCTH MOXKET  ObITh
oOecrieueHa UAealbHbIM KaCaHMEM BpAIlAIOIIEro 7 W 3alpeccoBaHHOro 6 koneu. Maneliniee
HapylIeHHe TPYIIUXCS MOBEpXHOCTEH (LlapaluHa, 3ajJulaHue M T.J.) MOXET MPHUBECTH K
PE3KOMY YBEJIMYEHHIO YTeUEeK KUIKOCTH Yepe3 YINIOTHEHHUE.

CKOJ'IBSS[H_[I/IG VYIUIOTHECHUA JIA OAPYTIUX )KI/II[KOCTCI\/’I n yCJ'IOBI/Iﬁ pa6OTBI HUMCIOT TC XKC
9JICMCHTBI, HO KOHCTPYKTUBHO MOT'YT OBITH U3TOTOBJICHBI MHAYE,

Heobxooumvim — ycnosuem  pabomvl  3mo20  YHNIOMHEHUS  AGNAEMCA  HAIUYUe
cmayusarowell nieHKU Mexncoy CKONb3Aujell napou, m.e. OHO OONHCHO 6ce20d HAXOOUMCS 8
paboueii cpeoe.

Bri6op xonctpykiuu CTY u marepuana Tpyieicst napsl (koiem 6 U 7) 3aBUCUT OT
arpecCUBHOCTH, TEMIEpaTypbl, JIABIEHUS IepeKaunBaeMoM kujakoctu. Jlng  mano
arpecCUBHBIX KUAKOCTEH (BO/Ia, BOJHBIE PacTBOPHI, MAIOBA3KHE HE(PTEIPOAYKThI) KOJIBIO 6
OOBIYHO M3TrOTABIMBAIOT U3 rpaduTa, MPOMUTAHHOTO CMOJIOH, WM APYIMM HalOJHUTENEM, a
KOJIBIIO 7 — U3 XPOMHUCTHIX cTajei. Tpyiinue moBepXHOCTH 3TUX Kousell 00padarkiBatoT o 10 —
My KJaccy 4MCTOTHI. ToplieBble YIUIOTHEHHUS OoJiee JOJITOBEYHBI, YEM CaJbHHKOBBIC, U HE
TpeOyIOT 00CTyKUBaHUS (TIOTSIKKH).

Cpenuuii cpok ciayObl CKOJIB3SIIETO TOPLIEBOTO YIUIOTHEHUS! COCTABIISET A0 ABYX —
TpeX JET NMPU HOPMAJIBHBIX YCIOBHSX JKCIUTyaTallMW. 3arps3HEHUs, NPHUCYTCTBYIOIIUE B
nepeKkaynBae-Moi KMJIKOCTH, MOTYT 3HAUUTENbHO YMEHBIIUTh CPOK CIYXOBbl TOPLIEBOTO
YIUIOTHEHUS.

2. OceBast cuJia Ha poTOpe Hacoca

[Tpu pabore Hacoca Ha €ro poTOpe BO3ZHUKAIOT pajualibHas W oceBas cwibl. [lo mx
BEJIMYMHE BBIOMPAIOTCS TOAIIMITHUKH, KOTOpPBIE MOTYT BOCHPUHATH Takue ycwius. B
MOIOHBIX HacoCaX MOI'yT BO3HHKATb OCCBBIC CHIIBI 0O0IBIINX BCINYHH, 4YTO Tpe6yeT
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IPUMEHSTh KOHCTPYKTHBHBIE DPELLIEHUS, HAlpaBICHHbIE HAa HX YMEHbIIEHHE. PaccmoTpum
IPUYMHBI BO3HUKHOBEHHUS OCEBOM CHIIBI Ha pOTOpE pabOTAOILEro Hacoca.

OceBas cuna. A (puc. 4) BO3HHKAET IIaBHBIM 00pa3oM M3-3a Pa3HOCTH CHJI AABJICHHUS,
JEHUCTBYIOLINX CIIpaBa M cJeBa Ha

[lag pabouee KoJeco, U HalpaBicHA B
r cropony Bxoxa. /laBnenue p, Ha

[ Py —1—— P,
l BBIXOJE M3 pabouero Kojeca

OoJIbIlle JTaBJIICHUS p1 HA BXOAC B
P,—>1<+ P, - P Hero. B o6mactu or R; mo R,
JABJICHUS CIIpaBa M CJIeBa PaBHBI
\ U ypaBHOBeIIMBarOTcs. B obmactu
or R, mo R, naBnenus cnesa,

R,

- : - -— paBHOE [AaBJICHHWIO Yy BXO/la B
HACOC, 3HAUUTEIBHO MEHbIIE, YeEM
crpasa. 210 BEJICT K
BO3HMKHOBEHHUIO OCEBOM CHIIBI A,
paBHOH 00BEMY AMIOPHI PA3HOCTH
JABICHUNA HAa TPaBYI0 U JIEBYIO
HapY>KHBIC MTOBEPXHOCTH
pabouero KoJIeca.
[IpuOau3uTENILHO OCEBOE yCUIIUE
Puc. 4. Ocesast cuma HA  pOTOpe Hacoca  MOXKHO
OTIPEICIUTH 110 YPAaBHEHUIO

A=0(R2-R2 HOg,

rine H — Hanop Hacoca.
J{1s1 MHOTOCTYIIEHUAThIX HACOCOB OCEBAsi CUJIA MOYKET JIOCTUraTh 3HAYUTENIbHBIX 3HAUEHUN U
MOJKET OBITh HpI/I‘II/IHOI\/'I BbIXOJa M3 CTPOA IMOAIIUITHUKOB.

JIns yMEeHBIIIEHUST OCEBOM CUIIBI B KOHCTPYKLMAX HAacoca NpeayCMarpuBaroT:

—YCTaHOBKY YIUIOTHEHUS Ha BEAYIEeM JUCKe pabodero koneca (cM. puc. 6),

—pa3rpy304HbIE€ OTBEPCTHSI Y CTYIHIIBI (CM. pHcC.1),

—yCTA@HOBKY THAPABINYECKON MATHI (JUII MHOTOCTYIEHYAaThIX HACOCOB OOJIBILION

MOIIIHOCTH).

braromapst ’TUM MEpOTPHITHSM YIA€TCs TOYTH MOJHOCTHIO BBIPOBHSATH JABICHHS C 00EUX
CTOpPOH paboyero Kojeca, yMEHBIIUTh OCEBYIO CHIY, JACHUCTBYIOIIYI0 Ha POTOp Hacoca.
OcrarouHoe  ycuiaWe  BOCIPHHHUMAETCS  PaHalibHO-YIIOPHBIM  WJM  paJdalbHBIM
HOIIUITHUKOM.

3. Koncrpykuum Hacocon

[To xoHcTpykimu Bce Hacockl Wil0 MOXXHO pa3nenuTh Ha J1Ba OCHOBHBIX KJIacCa: HACOCHI C
MOKPBIM POTOPOM M HACOCHI C CYXUM POTOPOM.

3.1. Hacocbl ¢ MOKpPBIM POTOPOM TIPEICTABISIIOT COOOH HAcOChl, B KOTOPHIX BCE
BpaIaronecs YacTh Hacoca M DJIEKTPOJIBUTATENS] OMBIBAIOTCS TIEPEKAUNBAEMOMN JKUIKOCTHIO
(cM. puc.5). B sToM ciydae He TpeOYIOTCS YIUIOTHUTENBHBIE SJIEMEHTHI, CAIbHUKH WU
TOpLEBble yIUIOTHEHUs. llepekaunBaemas cpena CIy>KUT C OJHOM CTOPOHBI, CMa3zKOM ISt
MOJIIMITHUKOB POTOpa (B HacOCaX ¢ MOKPBIM POTOPOM 3TO MOAIIMITHUKUA CKOJBKEHUS), a C
JIPYTroil CTOPOHBI OXJIAKIAIONIEH Cpelod i BHYTPEHHEM mnosiocth portopa. Ilomocts, B
KOTOPOH LUPKYITHPYET KUIAKOCTh, OT OOMOTKH

JIBUTATEJISI OTJIETICHA PA3eIUTEIbHBIM CTaKaHOM (TOoNImMuHA cTeHKH KoToporo 0.1 mo 0.3 mm),
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KOTOPBI  BBIIOJIHEH U3 HEMAarHUTHOM  BBICOKOJETMPOBAaHHOM  CTald. YIIOTHEHHE
pa3AeIUTENIBHOTO CTAKaHA TPOU3BOAMTCS C MTOMOIIBIO KOJIBLEBOIO YIIJIOTHEHHUS.

B I[aHHOﬁ KOHCTPYKIHUH YaCTh JXKUJAKOCTHU M3 ITOJIOCTU BBICOKOT'O HABJICHHUA (C BbIXOJa
pabodero Koseca) uepe3 CUCTEMY OTBEPCTUH M KaHAJIOB HalpaBisieTcs Ha MepeaHui
HNOJIIMITHUK (CM. pHUC. 5), cMauuBas M OXJaxJaas €ro, a 3areM 4Yepe3 3a30p MEexAy
pas3eNnuTeNbHbIM CTaKaHOM M POTOPOM IONAJAeT W OMBIBACT 3aHMI MOALIMITHUK U 4epes
OTBEPCTHUE B Bay BO3BPALIAETCS HA BXOJ HACOCA.
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[MpeumytecTBa HACOCOB MOKPOTO POTOpA:

1. TloaHOCTBIO UCKIIFOUYEHA YTE€UKa KUIAKOCTHU BO BHEIIHEE IPOCTPAHCTBO;

2. OTtcyTCcTBHE JTIOOBIX YIUIOTHEHUH, YTO HE TPEOyeT TEXHUIECKOTO OOCITYKIBAHHUS;

3. Hacocpl, BBINIOJTHEHHBIE MO TAKOW TEXHOJOTHHM MaJOUIYMHbIE, T.K. HCHOJIb3YIOTCS
MOJIIMITHUKN CKOJIbKEHUS, TEHEPUPYIOIMEe MEHBUIMHM IIyM, YeM MOAIIUITHUKH
Kau€HUs M K TOMY K€ OMBIBAIOTCS KUAKOCTBIO, KOTOpas SBISAIOLIEICS XOPOIIMM
neMrgepom JIF00bIX 3BYKOB U BUOpaIuil.

3TO BCE BIUAET Ha IJIAaBHOCTh XO0/1a, HA CPOK CITY>KObI HAcOCa U Ha HKCIUTyaTalluOHHbIE

XapaKTePUCTUKU HACOCOB.

K.H.,Z[. HACOCOB MOKPOT'O pOTOpa OTHOCHUTCIIBHO HE BBICOKHﬁ, T.K. BHAYUTCJIbHAA 4aCTh
OHEPTHUU TPATUTCA Ha MIPOKAYUMBAHHEC JKUAKOCTH 4YE€PE3 MOAUIUITHUKN KaUYCHU. HOSTOMy TaKOH
TUIT KOHCTPYKIIUHU HACOCA MPUMCHAIOT IJId MaJIOMOINHBIX HACOCOB (HC Ooiee 3 KBT)

OceBasi cmila B Hacocax MOKpPOTO POTOpa, IPH INPaBWIFHOM BBIOOpe ero paboueii
TOYKH, HEOOJbIIAs U MOXKET 0e3 HapyLIeHHUs [IEIOCTHOCTH BOCTIPHHUMATHCS MU ITHUKAMH
CKOJIBXKCHU .

B macocax Wilo IIHUPOKO MNPUMCHAIOTCA CICAYIOIIUEC MMOAIIMITHUKOBBIC TIapPhI
CKOJIBXKCHHA ! KepaMI/ILIeCKI/Iﬁ BaJI — KC€paMHYCCKas BTYJIKa ITOAIIWITHUKA, CTaJbHOM Bal —
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YIVIEpOJHAs BTYJIKA ITOALINITHHKA.

[TogmmnHuKoBas Mapa: KepaMUYECKHI BaJl — KepaMuyeckasl BTynka. Takoe coueTaHue
MaTepuayioB Onarofaps Ype3BBIYAHO TBEPAOMY, HO XPYIKOMY MarepHally — KepaMuKe Mpu
ONTUMAJIBHOW CMa3Kke, O0ecCleyrMBaeT O4YeHb MaJIeHbKUHA HM3HOC MOAUIMITHUKOBOM Mapsbl.
OpHako IpHU HEJOCTATOYHON CMa3Ke, M3-3a CKOIUIEHMs BO3JyXa WIM 00pa3oBaHUs Iapa Mpu
NeperpeBe, yxKe yepe3 KOPOTKUN MPOMEKYTOK BPEMEHH CYIECTBYET OMACHOCTb OJIOKHPOBKHU
Bana. Crooma cienyeT M00aBHTH JOBOJIBHO BBICOKYIO YYBCTBUTEIBHOCTH JIaHHOW Mapbl K
MEXaHWYEeCKUM Harpy3kaMm, BO3HUKAIOIIMM, HalpuUMep, TMpu  yaapax BO  BpeMms
TPAHCIIOPTUPOBKYU WM IPU MONBITKE AEOIOKUPOBATH BaJl OTBEPTKON U T.1.

[ToqmmnHuKoBas mapa: CTaJIbHOM Ball — yDIEpOAHAs BTYIKa B IPOTHBOIOJIOKHOCTb
BBIIIIEPACCMOTPEHHON TMOIIIUITHUKOBOW Tapbl 00Ja/1aeT BHICOKOH YCTOMYMBOCTBIO K paborte
Ha cyxoM xony. OHa UMeeT BBICOKYIO YCTOMYMBOCTD 3aKaJICHHOIO Bajla K ylapaM.

Ha ocHoBanuM MHOTOJNIETHEH paOOThl MUJIMOHOB HACOCOB C MOKPBIM POTOPOM OBLIH
HOJYYCHbI CTAaTUCTUYECKHE JaHHBIE OT TOM, YTO MPU HOPMAJIBHBIX YCIOBUSX DKCILUTyaTalluH
MIPOIOJDKUTEIIBHOCTE CITyO0bI HacocoB cocraniser ot 40000 go 70000 wacoB mimu 8§ — 12
rogaM HSKCIUTyaranuu. MMeroTcs aaHHblE, 4TO OOJBIIOE KOJIMYECTBO HACOCOB C MOKPBIM
poropom oTpaboTanu 6onee 15 et He JoMasCh U, He TPeOys TEXHUIECKOTO 00CITyKUBAHHUS.

3.2. Hacocsl ¢ cyxum poTopom
Ha puc. 6 mokasan Hacoc ¢ cyxum poropom (upmber Salmson. Paccmorpum Ha 3TOM
nmpuMepe, Kak perraercs npobiaema yredek, 0CeBOM CHIIBI B HACOCaX CyXOro poTopa.

I[J'ISI IrepMECTUYIHOCTH pa60qep"1 IIOJIOCTH HaCocCa, YTOOBl HCKJIIOYUTE YTCUKU Vy3,

UCIIOJIB3YIOT CKOJb3dlee TopieBoe yrnoTHeHue (4220 u 4240). B gaHHOW KOHCTPYKIIMH
KPYTALINI MOMEHT OT JIBUTATENs Imepeaaercs pabouemMy Konecy uepe3 MyQry.

VTeuku KUAKOCTH |/ yl |1 1% y2 MUHUMM3HUPYIOTCSl YCTAaHOBKOW Ha MEPEIHEM U 3aHEM

JMCKaxX JaOMPUHTHBIX YIUIOTHEHUH B BHJE UWIMHAPUYECKHX OypTOB C MHHHUMAJIbHBIMU
3a30paMu MEXJ1y HUMHU U KOpIlycoM Hacoca. IIpuuem uisi ypaBHOBEIIMBAaHUS OCEBOM CHIIBI
3TH OypThl BBINOJHEHBI Ha OJHOM paaumyce. Kpome Toro, B BenylleM TUCKE BBINOJIHEHO
OTBEPCTHE, KOTOPOE TaKKE€ YMEHBILIAET OCEBYIO CHITY, BOSHHMKAIOIIYIO IIpU paboTe Hacoca.

Hacocel cyxoro poropa NpuMEHSIOTCS AJs CO3[aHus OONBIIMX MOLIHOCTeH (Oosee 3
KBT). OHU UMEIOT BBICOKUM K.II.J., HO YCTYNAIOT HAcOCaM MOKpOTO pOTOpa MO IIYMOBBIM H
AKCIUTYaTallnOHHBIM IIOKA3aTEsAM.
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9929 6700 2110 4220 4590 4240 3180 9940 99238 9951B 9935 8010

L

Puc. 6.
Hacoc : L . ¢
CYXUM 1111 9621 2250 1222 9951A| ] J ! 9923A 9910 9920
poTopom

1111 — xopmyc Hacoca, 1222 — koxyx, 2110 — Ban Hacoca, 2250 — 3akpbIToe pabodee KoJeco,
3180 — nHacocHas omopa, 4220 — Bpamaromascst 4acTb TOPLEBOrO YIUIOTHEHUs, 4240 — He
BpALIAIOIIAsCs 4acTh TOPLEBOrO yruioTHeHHs, 4590 — ymioTHUTeNbHas mpokiaaka, 6700 —
mimoHka, 8010 — motop, 9621 — npenaxHas 3arymika, 9910 — BUHT My b1, 9920 — 3aTsKHas
raiika, 9923A u 9923B — raiika, 9929 — raiika pabouero kozneca, 9935 — ynop my¢pTsl, 9940 —
npyKuHHas maitda, 9951A u 9951B — mmuiibka.

Bausinue Temio - pu3nYeCKUX NAPaMeTPOB KUAKOCTH HA BHICOTY BCACHIBAHUS U
MHHHMMAJIbLHOE I0NYCTUMOE [1aBJIeHHe, KOTOPOe J0/:KHO ObITH HAa BXO/J€e B HACOC,
4yT00BI OH padoTaJ 0e3 KaBUTAIUN

s GeckaBUTAIIMOHHONW pabOThI Hacoca HEOOXOIMMO BBIMIOJHEHUE YCIOBUN JNeKuus 4,

cTp. 5

NPSHA 0 NPSH + (0.6 -0.9) m

H ., O H,— 0.5+ 0.6) m.
Jns  momkiroYeHW Hacoca K CeTH, TNoKa3aHHBIX Ha puc. 4, BenmumHbel NPSHA
OTIPEICIISIOTCS

A) NPSHA = (pamM + Dg Hrgc —DPn— Dg hnom 60) /Dg

B) NPSHA = (p1 + U9 Hrse — pn— 19 Npom sc) 1009

C) NPSHA = (p1— 009 Hrse — pn— 09 Nyom sc) 1000
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B 001em Buae 3TH yPABHEHHSI MOKHO MEePeNUucaTh KaK

NPSHA = (Pgx 0on —pn) 1010, (5)
TH€ Pexoon = (1 U 09 Hree — 119 Nyom 6c) — IOTIyCKaEMOE JaBICHUE, KOTOPOE JODKHO OBITH Ha
BXOJIC B HACOC, YTOOBI OH paboTas 0e3 KaBUTAIIUH.
N3 ypaBHeHus (5) nmomydaem, 4To
Pex oon = Dg 0 NPSHA +p,,. (6)

1. Bauanue memnepamypul nepekauuéaemou HeuoKkocmu

[Tpu yBenMUYEHUW TeMIIepaTyphbl KUIKOCTH YBEIMYMBACTCS JIABJICHHE HACHIIIEHHOTO
napa p, U yMEHbBIIAETCS IUIOTHOCTh NEPEeKaYMBAEMOM >KUJIKOCTHU, CM. Ipa@UKu U TaOIHIIBI
M3MEHEHUE 3TUX [1apaMETPOB AJIsl BOJBI U €€ CMECEL.

IlIpumep 1. OnpenenuTs BHICOTY BCACBIBAHUSI M MUHHUMAJbHOE JOMYyCKaeMOe J1aBJICHUE
Ha Bxoge B Hacoc Wilo-1L 50/170 mepekaumBatomero ropsdayto Bogy (temmeparypa 80°C) ¢
pacxo-1oM 50 M>/gac. CpaBHUTH IONYYCHHBIC 3HAYCHWS UL HATHETAHHS HACOCOM XOJOHOM
BOJIBI.

W3 xaranora Ha 3toT Hacoc mo kpuBoii NPSH = f(Q) mms pacxoma Q = 50 M>/4ac
HaxoguM, uto NPSH = 5 m. U3 rpadukoB s 4ucToil BOABI OMpenenseM, 4TO MPH ITOU
TeMIlepaType IIOTHOCTh BOJIbI paBHa 972 KI/M>, JaBJICHHE HACHILEHHOTO napa p, = 0.473 atm

=0.473019.81010" Ia.
Jlnst MEHEMaTBHOTO AonmycTuMoro nasieHus Ha Bxoae: NPSHA = NPSH + 0.6.
Torna o hopmyne (6) MPOBOAUM HE CIOXKHBIN pacyer
Peroon= 119 0 (NPSH + 0.6) + p, = 97201 9.8111(5 + 0.6) + 0.473[1 9.81 110" =
=1.017019.810110% [Ta = 1.017 atm.
JIJ1s1 X00THOM BO/BI
Pexoon= g O (NPSH + 0.6) + p,, = 1000 [1 9.81(5 + 0.6) + 0.01200 9.81110* = 0.57 arm.
T.e. yBenuueHue TeMIeparypbl NEPEKaYMBAEMON JKUIKOCTU IPUBOJUT K YBEJIWYEHUIO
JIOITyCKaeMoro J1aBJICHUs 110 CPABHEHUIO ¢ X0n0AHOM Bogou Ha: 1.017 — 0.57 = 0.45 arm.
OTO 3HAYMT, YTO JJI1 BapuaHTa MNoAKIoYeHHs A) u B) HeoOXogumo wiM yBEIMYMBATh
JaBJICHUE pi HA STy BENUYMHY WIHM TOJHATH MOJAIONINK pe3epByap Ha 4.5 merpa. [ns
BapuaHnTa C) HaJl0 yMEHbIIATh PACIIONI0KEHNE HACOCa OTHOCUTENILHO YPOBHSI BO/BI Ha 4.5 M.
OnpenenuM, Kak HW3MEHSETCS TEOMETPUYECKash BBICOTA PACIONOXKEHUS IIPH
HarHeTaHUU ropsyeil BoAbI AJIsl TOTO K€ Hacoca, paboTaroIIero Ha TOM K€ PEeKUME.
CornacHo ¢gopmyre (3) BeIcOTa BcachlBaHUs paBHA
H@c = (pl - DgNPSH —DPn— Dg hnomepb 66‘)/ Dg
ITycTh HacoC OTKAaUMBAET BOY M3 OTKPBITOTO pe3epByapa, TOrAa p1 = Pamy = 9.810 10* ITa u
MOTEPU BO BCACHIBAIOIIEM TpyOoTnpoBoze paBHbI 0.5 M.
Torna asst XOMOAHOM BOMIBI BBICOTA BCACHIBAHUS paBHA
Hge xon = (p1— UONPSH — p, — 100 Nuomeps o)/ 19 = (9.81 010% - 10000 9.810 5 —0.012 [
9.81010* --1000 [ 9.8101 0.5)/ 1000 9.81 =4.38 m
A MakcumanbHas JIONyCTHMas TEeOMETpPUYECKash BBICOTA  PACIONIOXKEHHS  Hacoca,
NEPEKAYNBAIOIIETO XOJIOIHYIO BOAY PaBHA
H; gexon < Hge —(0.5+0.6) =438 -0.5=3.88 m.
T.e. HacoC JOKEH HAXOIUTHCS HE BbIlIE 3.88 METPOB HAJl YDOBHEM BOJBI B PE3€PBYapeE.
Jnst ropsiueid BoJbl BBICOTA BCACHIBAHUS pPaBHA
Hge cop = (p1— 09 NPSH — p,, — 09 Nuomeps o)/ 09 = (9.81010* — 97200 9.8100 5 - 0.473 0
9.81010* -
-972019.8100 0.5)/ 97211 9.81 =-0.078 m.
A MakcuMmanbHas JIONyCTHMas TeOMETpUYEcKash BBICOTa PACIONOXKEHHsS  Hacoca,
NepeKayMBAOILEro ropsiuyto BOy Torja OyJeT paBHa
H; g oop< Hee—0.5=(-0.078) —0.5=-0.58 m.
T.e. Ipu nepekayuBaHUM TOpsAYeH BOABI C TeMIEPATypou 80°C macoc mago ONYCTUTDH
HM’Ke YPOBHS BOIbI B MoaweM pesepsyape Ha 0.58 m.
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2. Haznemanue cmecu: 600a + 2nukono
[Tpu noGaBneHUM TIIMKOJS B BOJY YBEIUYMBAETCS IJIOTHOCTH CMECH M YMEHBIIAETCS
JTaBJICHUE HACBIIICHHBIX IIapOB 10 CPAaBHEHHUIO C YUCTOW BOJOW MJII COOTBETCTBYIOIIMX
TEMIEPaTyp KUTKOCTH.
Ilpumep 2. B xauecTBe mHpHUMEpa paccMOTpuM pabOTy TOTrO K€ Hacoca, HO
nepekadnBaroniero cmech: soaa 60% + mukons 40% npu temneparype 80°C.
W3 Tabauubl u rpaduKoB UIA JAaHHON CMECH OIpeeNsieM €€ IUIOTHOCTh, KOTopasi MPH 3TOH
temneparype paBna 1033 KI/M® ¥ JaBIICHUE HACBILCHHOTO napa, kotopoe paBHo 0.36 arm.
Torna mo gopmyrne (6) MPOBOIUM HE CIIOKHBIN pacyeTr
Peroon= 19 0 (NPSH + 0.6) + p, = 10330 9.811(5 + 0.6) + 0.36[1 9.81110% =
=0.93801 9.81110" ITa = 0.938 arm.
Bricota BcachlBaHUS TpU HarHeTaHUW TOpsSiYeld CMecH [UIsi TOro JKe Hacoca,
paboTaromniero Ha TOM K€ PeKUME, MOXKHO HaiiTu 1o gopmyre (3)
Hee = (Pamn — DGNPSH — p, — 100 Nuomeps oc)/ 19 = (9.81010% — 10330 9.810 5 - 0.360
9.81010* -
- 10331 9.8101 0.5)/ 10331 9.81 = 0.7 m.
A MakcumalibHas JIONyCTHMasi TE€OMETpPUYECKash BBICOTA  PACIOIOKEHUS  Hacoca,
MePEeKaYNBAIOIIETO TOPSIUYI0 CMECh paBHA
Hy o< Hee—05=0.7-05=0.2 m.
T.e. mpum nepekayMBaHMU TOpsAYel CMeCH C TeMIeparypoi 80°C Hacoc nosKeH
HAXOAUTHCA He Bbime 0.2 M HajJ ypoBHeM BOJbI B I0/1al01lleM pe3epByape.
3. BansiHue yCTAHOBKH HACOCA HA 0TMETKe, OTJIMYHOM OT HYyJIeBOl OTMETKH
Ha/l YDPOBHEM MOPH
Kak wu3BecTHO, MpH YBEIMYEHUU BBICOTHI HAJ YPOBHEM MOps, aTMoc(epHOE AaBleHUE
yMmeHblaeTcs. Ha 310 cieayer nenarb MOnpaBKy B CTOPOHY YBEIMUYEHHUS JOIYCKaeMOIo
JABJICHUS Ha BXOJIE B HACOC Pgy gon WM YMEHBIICHUS BBICOTHI PACIONOXKEHUs Hacoca H 4 Ha
ATY K€ BEJIUYUHY, T.€
Deéx 0on HI0 = Pex don H=0 + Dg DHsc
Hfch 0= ch H=0 ~ Dch-
B Tabnuiie mokasaHbl 3HAYEHUsI TIOMPABOK BXOJHOTO JABIEHUS U BHICOTHI BcachiBaHus [|H,,
JUISl pa3HBIX BBICOT HAJl YDOBHEM MODSL.

Beicota ycranoBku Hacoca | 300 |50 | 700 |1000 | 1500 | 2000 | 2500 | 3000 | 3500
HaJI YDOBHEM MODSI, M 0

ITonpaBka [1H,., M 03 |06 |08 |12 1.7 |22 |27 |32 |36

Ilpumep 3. Onpenenutb MHUHHMAIbHOE JOMYyCKaeMOE aBICHHE HAa BXOJE B HACOC
Wilo-IL 50/170 nepekaunBaromero ropsdyo Boxy (temmeparypa 80°C) ¢ pacxozom 50 m>/uac
1 ycTaHoBJIeHHOro Ha BbicoTe 1000 M Hag ypoBHEM MOp.

W3 mpumepa | momycTuMoe AaBieHHE JUIsI Hacoca YCTAHOBICHHOTO Ha HYJIEBOH OTMETKe
paBHO

Pex oon = 1.01701 9.810] 10* IMa = 1.017 arm. Torna MPU YCTAaHOBKHK ATOTO HACOCa Ha BHICOTE
1000 M naBneHue Ha BXO/E JOHKHO OBITH paBHO

Pex oon = Pex son =0 + 19 OH,. = 1.0170 9.81010* + 9720 9.8101.2 = 1.13401 9.81010* =
1.134 atm

A reoMeTpuYecKasi BbICOTA PACNOJI0KeHHsI OTHOCUTEILHO MOJAI0IIEro pe3epByapa

H. 6c2op = Hrgen=0— UHge o =— 058-12=-1.78 M.

T.e. ypoBeHb KMIKOCTH B pe3epByape I0J:KeH HAXOAUTHCHA BbllIe, YeM Hacoc Ha 1.78 m,
4T00BI HACOC PadoTaJ 0e3 KABUTALUM.

JIABOPATOPHASA PABOTA Ne6

OT1cranBanue BOAbI.
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[{enh paGOTHI:

—[IpakTueckoe n3y4eHrne OCHOBHBIX XapaKTEPUCTUK CTPYH.

—W3yuenne u orpaboTKa METOAMKH H3MEpPEHHs] CKOPOCTEH BO3[yXa NPHU IMOMOIIU TPYOOK
[Tuto u Mukpomanomerpa MMH - 2500.

[Tpubopsl 1 060pyIOBaHKE:

—JlaboparopHasi ycTaHOBKA.

—Tpy6xa [Tuto n mukpomanomerp MMH — 2500.

—KoopaunarHoe yCcTpoucTBO.

IlocTraHoBKa 3a1a4u

B BEHTWJISILIMOHHOM TEXHUKE 4aCTO MPUXOAUTCS BCTPEUATHCS CO CTPYSMH, KaK IIPABHIIO, STH

cTpyu TypOynentusie. CTpys, HeorpaHuueHast TBEPABIMU CTEHKAMH U PACIPOCTPAHSIONIASACS

CBOOOZHO B MPOCTPAHCTBE, 3allOJIHEHOM TOW K€ Cpeloil, Ha3biBaeTcs CBOOOTHOMN

3aTOIUICHHOU cTpy€l. Eciu Temmeparypa CTpyu paBHa TeMIEparype BO31yXa B IIOMELICHUH,

OHAa Ha3bIBAETCS U30TEPMHUUYECKOM.

Mexanu3M 00pa3oBaHMsS M PACHPOCTPAHEHHS TYPOYJICHTHOM NPUTOYHOW CTpYyH
XapaKTEepU3yeTCs CIEAYIOINUMU YepTaMHu:

- cTpyd TypOyJleHTHa, TOITOMY TeUeHHE €€ CONMpPOBOXKIACTCS OOpa30BaHHEM BUXpEH,
IepeMENIA0IINX YaCTULBI CTPYH KaK B IIPOAOJIBHOM, TaK U B IIOIIEPEYHOM HAIIPABICHHUSX.

- BUXPEBBIE MAacChl NP CBOEM IIONEPEYHOM IEPEMEIIECHUH MOMNAJaoT 3a MpeAebl CTPYH,
IIEPEHOCAT B CONPHUKACAIOIIMECS CO CTPYEH CIIOM HENOIBMKHOIO BO3/1YyXa CBOM HMITYJbC
JBUKEHMSI U YBIIEKAIOT 3TU clion. Ha MecTo BBIOPOIIEHHBIX U3 CTPYH YacCTHUIL] HMPOHUKAIOT
YaCTHUIIBl OKPYKAalOIIEro BO3AyXa, HNOATOPMAXKMBAKOT TI'paHU4HbIE (TepedepuiiHble) ciou
noroka. Tak ycraHaBnuBaeTcsi oOMEH MaccaMH M MMITYJIbCOM JBMKEHHSI MEXKIY CTPYEH U
HENOJBMKHBIM BO3JyXOM, B PE3YJBTAaTe YEro Macca, IIMpPUHA CTPYH PACTYT B HAIPaBICHUHU
TEUEHUS 3a CUET BOBJICUCHHUSI B IBUKEHHE HEMOJBUKHOTO BO31YXa.

IlonTopMOXKEHHE YaCTHUILIBI AKTUBHOIO IOTOKA BMECTE C YBJICUEHHBIMU YacTULIAMU
OKPYXAIOIIEro BO3yXa 00pa3yloT MOTPaHUYHBIN TYpOyJIECHTHBIN CIIOH, TONIIMHA KOTOPOTO B
HalpaBJICHUM TEYCHMs Bo3pacTaeT. Eciy B BBIXOJHOM CEUYEHUH MPUTOYHOIO Marpyoka uMeer
MECTO PaBHOMEPHOE pacIpe/esieHne CKOPOCTeH, TO B Hadalle CTPYH TOJNIIMHA TONPAaHUYHOTO
CJIOSl paBHA HYIIIO.

B srom ciyyae rpaHuUIBl MOTPAHUYHOIO CIJIOSI MPEACTABISAIOT COOOM pacxoasiuecs
MOBEPXHOCTHU, KOTOPbIE EPECEKAIOTCS Y KPOMKH Marpyoka.

C BHemiHe#l CTOPOHBI MOTPAHUYHBIA CJION CTPYH CONPUKACAETCS C HEMOABM)KHBIM
BO3AYXOM, INPUYEM II01 BHEIUHEH TpaHUICH MOHUMAKT IIOBEPXHOCTb, BO BCEX TOUYKAX
KOTOPOM MpozaoibHast (0ceBasi) COCTABIAIONIAS CKOPOCTU paBHA HYIMIO (IPAaKTUYECKU OKOJIO 4
% OT cKOpocTH Ha ocu cTpyn). [lomepeuHast cocTaBisIoONIass CKOPOCTH HE MOXKET PABHATHCS
HYIIO, TaK KakK 3a CUET HE€ MPOUCXOIUT BO3PACTaHUE MACCHI CTPYH.

C BHewHel CTOPOHBI NOrPaHUYHBIN CIIOW TPAHUYMT C AJPOM CTPYyHU. SIapo — obnacth
CTPYH, IJleé CKOpPOCTb IOCTOSHHas W paBHa CKOpocTu ucteueHus. I[lo Mepe ynmaneHust ot
BBIXOJJHOTO CEYEHUS C YTOJIIEHUEM IIOTPAHUYHOTO CJIOSI IPOUCXOAUT CYKEHHE sIpa.

VY4acTok cTpyH, XapaKTepHU3YIOIIUIACS HEN3MEHHOCTBIO CKOPOCTH MO OCH, Ha3bIBAETCs
HauyalbHbIM. Jlanee, CKopoCTh MO OCH MOTOKA YMEHBIIAETCSI, TIOTPAHUYHBIN CIION 3alOJHSAET
YK€ BCe MOIepeyHble CEUEeHUs CTPYH BILUIOTH JI0 OCH.

VY4acTtok, Anf KOTOpPOrO 3TO XapaKTepHO, HA3bIBAeTCs OCHOBHBIM. (CoIacHO
COBPEMEHHOU Teopuu TypOYJIEHTHOCTU CTPYH, MEXKIY HadaJIbHBIM U OCHOBHBIM y4acTKaMH
pacroNoXKeH IMEPEeXOIHbId, HO TIOCKOJBKY €ro NpPOTSHKEHHOCTh HE3HAUUTEIbHA, UM
MpPEeHeOperalT U CUUTAIOT CTPYs,, COCTOUT TOJBKO M3 HAYaJIbHOTO M OCHOBHOTO YYaCTKOB.
Cratnueckoe [aBlI€HHME B CTPye HEU3MEHHO M paBHO [ABJICHUI0 B OKPYKAIOLIEM
MIPOCTPAHCTBE.

JluHamMHuueckoe jK€ JaBJI€HHME IMOTOKA MaJaeT B HalpaBleHUW JBMkeHMs. [lonHoe
KOJIMYECTBO JIBM)KEHUSI CEKYHTHOM MaccChl OCTAETCs MOCTOSIHHBIM BO BCEX CEUCHHSIX CTPYH.

ITockonpky TeMmeparypa (IUIOTHOCTh) U30TEPMHUECKON CTPYH COBIAAAET C ITUMH Ke
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napaMeTpamMu OKpPYKaIOILLEro BO3AyXa, OChb CTPYH IpsIMOJIMHENWHA. Eciyu MI0oTHOCTH B CTpye
MEHbIIIE TUIOTHOCTH BO3/lyXa B OKPYXAIOIEM IPOCTPAHCTBE, OCh CTPYU UCKPUBIISIETCS BBEPX,
€CJIM TUIOTHOCTh B CTpye OOJbIlle, TO OChb HCKPHUBISETCS BHU3 Onaromaps AEWCTBUIO
IPaBUTALIMOHHBIX CHIL.

C ynmaneHueMm OT MPHUTOYHOTO OTBEPCTHS HIMPUHA CTPYH OBICTPO BO3pacTaeT, 4YTO
IPUBOIUT K PE3KOMY YMEHBIIEHUIO CKOPOCTH U MHTEHCUBHOCTH U3MEHEHUIO TeMIIeparyp M
KOHIIEHTPAIIMKM BPETHOCTH B IMOTPAHUYHOM cjoe. B sape ske Bo3Iyx coxpaHseT Gpu3ndecKue
CBOMCTBA U XMMHMUYECKHUI COCTaB MOCTOSHHBIM U COOTBETCTBYIOILIUM 3THUM CBOWCTBAM BO3/yXa
IIPU UCTEUYEHUHU.

Pacuer nmpuTo4HOii cTpPyH.
L=200 m*/a
Friom= 31,1 M?
Hmom=3 m
0t0=7
Bribupaem Boznyxopacnpenenurenbayto pemetky PP-3 A0= 0,032 M2 m=4,5 n=3,2
V0= 1,74 m/c

S - _—

Voon=1,4*0,2= 0,28 M/c Vgomn= VX

%m
Xl—g =

Otx<Otmomn=1,5
xorp= 0,5*H=0,5*3=1,91 M  [IpoucxomuT OTpPBIB CTPYyH.
OcTagisieM MPUHATHIA BO3AYXOpaCpeeIuTeNb.

Ecnu yciioBHO IpoJo/KUTh 00pa3yroliie OCHOBHOTO y4acTKa /10 UX MepeceueHMUs,
TO TOYKA MepeCceUeHUsI UX OYyIEeT ABIATHCS MOIIOCOM CTPYH. DTU 00pa3yrolue CTpyu
COCTaBJISIIOT C OCBIO CTPYH YTOJI, Ha3bIBa€MbIH YIIIOM OOKOBOTO pacIIUpEHUsI.

CnenyeT OTMCTUTDB, YTO YTOJI OOKOBOTrO paciiup€HHd OCHOBHOI'0 y4acTKa OTJINYaCTCA
OT yIuia OOKOBOTO pacliipeHud HAYaJIbHOTO y4aCTKa. boxkopoii YroJj paCiiupeHusd OCHOBHOI'O

yaacTka cocrapisier mopska 12-13° (eciu 3a rpaHHUHYIO CKOPOCT IPUHIMAT \gpch‘!./)_
BokoBo#i yrom pacmmpeHHs HayaJbHOTO YyYacTKa 3aBUCHT OT PAaBHOMEPHOCTH PO
CKOPOCTH Ha BBIXOJIE U3 HACa/IKa.

Ha ocHOBHOM ywacTKe CTpyHM, KaKk Ha HaudajJbHOM, HMMEET MECTO HENpEpbIBHAS
negopManusi CKOpoCTHOro npodmis crpyd. UeMm panbliie OT BBIXOJHOTO CEUYEHHUS HACAJKa,
TEM HI)KE U IIUpPe CKOPOCTHOW mpoduib (cMoTpu cxemy crpyH). Ha ocHOoBHOM ywacTke
UMEET MECTO IIOJIHOE I0/100Me CKOPOCTHBIX ToOJeil (CKOPOCTHhIX mpoduieil) Bo Bcex
ceueHusx. [lomoOue 3akiroyaeTcs B TOM, YTO B CXOJIHBIX TOYKaX JIOOBIX JIBYX CEYEHUH
OCHOBHOT'O y4acTKa OTHOCUTEJIbHbIE BEJIMYUHBI CKOPOCTEH (OTHOILIEHHWE CKOPOCTU B KaKOW —
1100 TOYKE JAHHOTO CEUEHUs CTPYH K CKOPOCTH Ha OCH) U TPaIMEHThI CKOPOCTEH OIMHAKOBBI.
CXonHBIE TOYKM OCHOBHOIO y4yacTKa JIeXKaT Ha OJHOM JIyde, NMPOBEAEHHOM U3 IOJIIOCa
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CTpYH.
B 3amaay maGoparopHoii paGOThl BXOAUT OMpEeNieHHEe JIWHBI HAuadbHOTO y4acTKa

Xy: U3MEHEHHE OCEBOW CKOPOCTH IO JUIMHE CTPYH, MOCTPOEHHUE XapaKTEPHOro Mpoduiis
CKOpocTeii B  0Oe3pa3MepHBIX  KOOpJAMHATaX, ONpEACNCHHEe  KOJIMYECTBa  BO3/AyXa
PKEKTUPYIOIIEH CTPYEM UM CpaBHEHHME IIOJIYYEHHBIX PE3YJIbTaTOB BBIYMCICHHBIM 110
3aBHCUMOCTSIM, U3BECTHBIM U3 TEOPHH TYpOYJIECHTHBIX CTPYH.

Meroanka u3MepeHus CKOpocTen

Jlnist u3MepeHusi CKOPOCTEH ABIIKEHHS BO3yXa MCIONB3YIOTCS Pa3UYHbIe MPUOOPHI:
YaleyHble M KpbUIBYAThle aHEMOMETpbI, TepMoaHeMoMmeTpsl Tuna TA win Tpyoku Iluro c
Mukpoanemomerpamu Tuna MMH. Bce stu npuOopbl M3MeEpSIOT CKOPOCTb KOCBEHHBIM
nyTéM, a 3areM JuOO0 IO TapUpOBOYHBIM TIpadukaM, JuUO0 mnepecdyéTroM ompeaessercs
3HaYE€HUE CKOPOCTH. [lJis BBIMONHEHUS AaHHOW JaboparopHOW pabOThI MPUHATA METOAMKA
OIpEeJIeJIEHUs] CKOPOCTeH, ¢ momoipto Tpyook [IuTo B coueTaHMM ¢ MUKPOMaHOMETPOM
MMH. Otot cniocob npocT, 6osiee ToYeH U TpeOyeT MEHbIIIE BPEMEHHU s 3aMepa CKOPOCTH B
Ka)X10M TOYKE CTPYH.

[Ipu nomoum KoopAuHATHUKA, TPYyOKY [IMTO momeIaroT B TOUKY CEUEHHUs CTPYH s
3aMepa IOJHOTrO JaBieHHA. B naHHOM ciyyae OyneT M3MepAThCS CKOPOCTHOE JIaBJIECHHE
P =Fa, Tax kak crarmueckoe JaBleHHe PaBHO JABJIEHUIO B OKPYKAIOMIEH cpejie OMEIEeHHS.
JUi u3MepeHus MOJIHOTO JaBJIEHUs LITyLEp cO 3HakoM “+” TpyOku IIuto moxcoemunsercs
LUIAHTOM K IUII0OCOBOMY HITylepy Mukpomanomerpa MMH. Iloka3zanus MuKpoMaHOMETpa
3aIIUCHIBAIOT B TAONUILY, MPUUEM HEOOXOIUMO 3a(hUKCUPOBATh KOIDGHUIMEHT, ONPEAeISIOIINN
YT0JI HAKJIOHa MUKPOMaHOMETPaA.

Tocnedosamenvrocms 8blnoanerus 1a00pamopHou pabomal

Jl1s u3y4eHrs OCHOBHBIX ITapaMETPOB CTPYH OOJIBIIIOE 3HAYEHHUE UMEET CKOPOCTh Ha OCHU B
pa3InYHbIX ceyeHUsX. [103TOMy BBHINOIHEHUE 3aMEPOB J1a00paTOpHON pabOThI CBOIUTCS K
MU3MEPEHHIO CKOPOCTEHN B PA3JIMYHBIX TOYKAX OCH CHMMETPUYHON U30TEPMHUUYECKON CTPYH.
[Tpuctynas k 3amepam CKOpoCTell B KaXK10M CEYE€HUH, MTPEXkKE BCEro, HEOOX0IUMO
OIPEJIEIUTh KOOPAUHATHI OCH CTPYH B 3TOM CEUCHHH.

HaxoxieHre ocu CTpyH B KaXJIOM CEUEHHH MTPOU3BOJUTCS CIEAYIOIIMM 00pa3oM:

—KoopnunatHuk BMecTe ¢ 3akperyi€HHbBIMU Ha HEM TpyOKaMu MHUTO YCTaHABIIMBAIOT
npubau3uTenbHo Ha 5-10 cM JieBee (B TOPU3OHTAIBHOM TUIOCKOCTH) BH3yallbHOM OCH CTPyH
TaK, 4YTOOBI KOHIIBI TPYOOK OBLTH Ha HEOOXOAMMOM PAcCTOSHUU OT BBIXOJHOTO OTBEPCTHS, T.€.
B ONPEAEIEHHOM CEYEHUH CTPYH.

—IlocrossHHO  (uKCUpys TOKa3aHUs MHUKPOMAHOMETpa IUIABHO  IE€pPEBUTAIOT
KOOpDIMHATHUK BOpaBo. [lo moka3zaHusAM MHKPOMaHOMETpa ONPENENSAIOT TOYKY B
TOPU30HTANBHON MIIOCKOCTU. C MaKCHUMaJbHBIM MOKa3aHUEM 3aKPEIUIIIOT TOPU30HTAIBHOE
NepeMelIeHNEe KOOPAUHATHUKA B 3TOM TOUKE.

—[lonnuMmaroT npu moMomy KoopaAWHaTHHKA TpyOku [TuTo Bbllle BU3yallbHON OcH Ha
5-10 cm.

—ITocrossHHO (hUKCUPYS MOKa3aHUS MUKPOMaHOMETpA, IUIABHO MEPEMEIIA0T TPYOKH
BHU3. OmnpenensioT TOYKY B BEPTHKAIBHOM IJIOCKOCTH C MaKCHUMAaJIbHBIM IOKa3aTelieM IIo
MHUKPOMaHOMETpY. ITa TOUKa Oy/eT COOTBETCTBOBATh OCH CTPYH B JAHHOM CEUCHHH.

—KoopauHatsl ocum cTpyuM 3anuchlBalOT B JaHHOM CEUYEHMHM M BCE JajbHEWIINE
M3MEHEHUSl PAcCTOSIHUM B AITOM CEUEHHWH OTCUUTHIBAIOT OT ocHu cTpyu. [lonydeHHble
pe3yNIbTaThl 3aHOCAT B TaONHUILY.
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| TTocTpoenue npoduiist CKOpocTel B pa3IMYHBIX CEYCHUSIX OCHOBHOTO y4acTKa CTPyH
Ha ocHoBHOM y4acTke BEIOMPAIOT 4 — 5 ceueHul (Mpou3BoJIbHO). B Kaxkaom
CEUCHUH OTPENICTISIOT OCh CTPYH. Jlanee oT ocu CTpyH B KKJIOM U3 BEIOPAHHBIX CCUCHUN B
4 — 5 ompenensitoT CKOPOCTh.

OO6paboTKa MoIy4EeHHbIX JaHHBIX
[TocTpoeHne cxeMbl CTpyH MO 3aMEPEHHBIM JaHHbIM. Ha MuyummerpoBoii Oymare

B ONpeieraEHHOM MacliTabe BblUepuuBaeTcs cxema cTpyd. Ha cxemy cTpyu HaHOCHTCA
rpaHyIla HAYaJIbHOTO y4acTKa M CTPOHMTCS 3aMEpEeHHBbIC MPOQHIN CKOPOCTEH IUIsl BCeX
CEYEHUH, I11e NPOBOIMINCH 3aMephl. OIpenensieTcst yrojl pacKpbITHs CTPYH.
1. TlocrpoeHue pacnpeneneHusi OCEBbIX CKOPOCTEH:
a) Ha rpaduke, BBIIOJIHEHHOW Ha MWUIMMETPOBOM Oymare, B 0Oe3pa3MepHBIX
KoopauHarax I10 BepTHKaHLHOfI OCH HAHOCATCA TOYKH, IMOJTYYCHHBIC IPHU 3aMCPE OCCBLIX
CKOPOCTEH B Pa3JINYHbIX CEUCHUSIX;

6) Ha 3TOT XK€ T pa(bHK HAHOCATCA TOYKU U CTPOUTCA TCOPECTUICCKAA KpUBaAA

vV
rae: X - CKOpOCTh Ha OCH CTPYH Ha paccTosiHuu “X”, B M;
X - PACCTOAHUC OT BBIXOJHOI'O OTBEPCTHUS, B M,
M — kuHemaTHdeckas XapakTepuCTUKa CTPYH

NS

rae: ¢ . MONPABOYHBIM KOAPPUIUEHT, YUIUTHIBAIOUINI HEPaBHOMEPHOCTH MPOQUIIs

=4 ~1
CKOpOCTE Ha BBIXO/IE » s (B HaieM ciydae ¢ )

0 - MONPABOYHBIA KOAPPUIIMEHT, YUUTHIBAIOUINMN MIIOTHOCTh CTPYH 0, (8
HAIlleM ciyJae 0 = 1)

0 - mromaap )KUBOTO CEUEHHSI IPUTOYHOTO OTBEPCTHSL.
Il IToctpoenune 6e3pazmMepHOTo TPODUIIS pactpeneseHus CKOpoCTen

1. Ha muimmumeTpoBoii Oymare ctpoutces rpaduk 6e3pazmepHoro mpoduist ckopocTei

g

B KOOpJAWHAaTax II0 BepTHKaJ'IBHOﬁ OCHU — OTHOCHUTCJIBHOC pPACCTOAHUE OT OCH X , 11O
X -\
\,

I‘OpI/I3OHTaJ'IBHOI7I OCHU — OTHOCHUTCJIbHAA CKOPOCTHb X . Ha stor Tpa(I)I/IK HaHOCATCA BCEC
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3aMEPEHHbIE TOYKH BO BCEX M3MEPAEMbIX CEUCHUSIX OCHOBHOTO y4acTKa.
2. Ha »ator rpaduk HaHOCSATCS TOYKH U IPOBOIUTCS KpUBasg TEOPETUUYECKOTO

pacrpeziesieHus: CKOpocTel, ornpenenéHuble no hopmye: :

re: Y - PacCTOSIHUE OT OCH JI0 TOYKH 3aMePA, B M.
I Ananu3 nosydyeHust TaHHBIX
HyxHO nmpoanaiM3upoBark MOJIy4eHHbIE SKCIIEPUMEHTAJIbHBIC JaHHBIE U CPABHUTH
C TEOPETUYECKUMH U C/IeTIaTh OOIIME BBIBOKI 110 JTA00paTOPHOU padoTe.

BcnomorarenpHbIe TaOIUIIBI 11 onpeesieHus: GYHKIMH MpUBeAcHBI B “CpaBOYHUKE
no maremaruke”, aBropbl M.H. bponmreiin u K.A. Cemene, Mocksa, 1967 rox, 52 c.

[IpaBuia TexHUKH 6€30MaCHOCTH

1. K wucnonnenuto nabopaTOpHOil pPabOTBHI IOMYCKAKOTCS CTYACHTHI IPOIICIINE
CHCUMANBHBIA HMHCTPYKTaX IO TEXHUKE OE30MacCHOCTH H  3HAIOIIUE YCTPOMCTBO
nabopaTopHOil ycTaHOBKH. CTYINEHTBI MOTYT BBINOJHATH PAaOOTy TOJIBKO B MPUCYTCTBHH
npernoaaBaress /ydeOHOro MacTepa/ v ToJ[ €r0 PyKOBOJICTBOM.

2.CaMOCTOSTEIbHOE  BKJIFOUYECHUE J1A0OpAaTOPHOH yCTaHOBKH 0e3  pas3pelieHus
IPETo/IaBaTeNs 3apemaeTcs.

3. 3ampemiaercsi pEMOHTHUPOBATh YCTaHOBKY BO Bpemsi €€ pabOThl, YUCTHTb U
YCTPaHATh HEUCIIPABHOCTU 3JIEKTPOOOOPYJOBAHMS, KOIJA YCTAHOBKA HAXOIUTCSA TOJ
HAIPSHKCHUEM.

4. Tlpu paboTe Ha yCTaHOBKE HEOOXOIMMO CIIEUThH 32 T€M, YTOOBI BEHTHJIATOP HMEI
IUIaBHBIA M OCCIIYMHBIH XOJ: TNPH OOHAPYKCHHM YAApOB IOCTOPOHHErO IIyMa WU
BI/I6paIII/II/I, nomnaganrudg MmOCTOPOHHUX IMPEAMCTOB B ABMKYIIHUECA YaCTH W OpP. YCTaHOBKaA
JIOJDKHA OBITh HEMEUICHHO BBIKJIFOUCHA.

5. He pa3pemraercst ocTaBisATh pabOTAIOIIYIO0 YCTAHOBKY 0€3 MPHCMOTpa.

JIABOPATOPHAS PABOTA Ne7
I'mapaBinyexuil pacyer BOIOOTBOAAIIUX ceTel
CuéTunku XONOTHOW BOABI (BOJOMEpHI) YCTAHABIMBAIOT IO TPeOOBAHUAM
CHulI 2.04.01-85 B KMIIBIX 3AaHUSAX B CIEAYIOIIMX MECTaxX:
1) momoBO# BoIOMEDP Ha BBOJIE BOIOIIPOBO/IA;
2) xBaptupHble BogoMepsl BK-15 Ha moiBoakax y cTOSKOB B KBapTHpPaXx.
[TogOop BOOMEPOB CIEAYET BBITOIHATH C Mcmonb3oBanueM 1. 11 CHull 2.04.01-85.
[ToxaxxeM 3TO Ha IpuMepe.
[Ipex e Bcero onpenensroT CPpeAHEIacOBOM pacxo] XOJIOAHON BOABI 32 CYTKHU

qCT. ®opmyny (9) CHulla 2.04.01-85 3anumiem B Buze

[To npunoxenuto 3 CHulla ans paccmarpuBaemoro 3manus = 30000 - 120 = 180
n/cyt. Yucno xuteneit npuaumaeM paBHeIMU = 48, cornacHo npuM. 1 m. 3.4 CHulla. Torna

[Tocnennsis xononka tabn. 4 CHulla Obiia ucnpaeneHa u3meHeHueM ot 1996 r., urto
HY)XKHO Y4YHUTBIBaTh Ipu moadope Bomomepa. Ilo Tabn. 4, comocraBmusis qCT = 0,36 M3/ ¢

IKCIUTYaTallOHHBIM PACXOJIOM BOJIbI, HAXOAUM JUAMETP YCIOBHOIO Ipoxoza cuérunka 20 M,
TO €CTh INepBOHauajabHO ero mapka nomydaercs BK-20 (Bomomep kpbuibuarelii). OT™MeTHM,
yro quamerpam 15-40 mm B Tabn. 4 CHulla cooTBETCTBYIOT KpbUIbYaThle BOAOMEPHI (MapKa
BK-...), a imametpam 50 MM 1 Gostee - TypOUHHBIE Bogomepbl (Mapka BT-...).

[TpoBepum BbIOpanHbIi cuéTunk BK-15 Ha notepro Hanopa no ¢popmysne (18) CHulla:
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[To Tab6n. 4 CHulla Benmmuuna S = 14,5 m/(1/c). Pacu€THbplil ceKyHAHBIN pacxona q
BOJIBI TSl 3JAHHS YK€ paccuuTaH B Tabnuie. TO pacxoj] Ha BBOJE BOJOIIPOBO/A (IO CIICTHHMA
yuaactok) q = 0,6 n/c. Toraa motepst Haropa Ha JOMOBOM BOJIOMEpE

Nrones= 14,5 (0,6)2 =522 m
[Toreps Hanopa Ha kpbuibuaroM Bogomepe BK-15 mpesblmiaer 5 MerpoB, 4To He

paspemerno no. 11.3 CHull 2.04.01-85*. [TosToMy m1st Bcero 3maHus MOIOOpaHHBIN BOIOMED
BK-15 (momoBoii Bomomep) He moaxoauT. HeoOxomumo mepecuuTarbh MOTEPH pacxoaa Juis
JIPYTOro CUETYHKA C 6OmbImM JTUAMETPOM.

st Bomomepa BK-20 Benuunna S = 5,18 m/(11/c)

None= 518" (0,6)2 = 1,86 m; 1,86 M [ 5 m
ITpunumaem Bogomep BK-20 B kauecTBe 1OMOBOTO BOIOMEpa.
KBaptupneie Bomomepsl npuHumaeM BK-15. Iloreps Hamopa Ha KBapTUPHOM

BOJIOMEpe (MCIONB3YEeM PacXoj Ha Y4acTKe BBOJA B KBapTHUPY U3 TaOIHIIBI THAPABIUICCKOTO
pacuéra )

[To Tabn. 4 CHulla maxonum st BK-15 muanMansabiii pacxon Boast (0,03 M3/ )/3,6
= 0,0083 n/c. B xBapTHpe Ha paccMarpuBacMoM ydacTtke pacxon q = 0,24 n/c (cm. Tadi. ), 94To
Oosbie MUHUMaIBHOTO B BK-15 MoXeT ObITh IPUHAT KaK KBAPTUPHBINA BOIOMED.

[MOJ60P HACOCOB

[TpoekTHpOBaHNWE HACOCHBIX YCTAHOBOK OCYILIECTBIISIOT B COOTBETCTBUU C T 12
CHulI 2.04.01-85. IlponmuirocTpupyem 3TO Ha IPUMEDPE.

B cootrBerctBum ¢ n. 12.7 u n. 12.9 CHulla nacoc nonbupaercss 1o MaKCUMaJIbHOMY
CEeKYHJTHOMY pacxoily Bonbl  (3T0 pacxon Ha BBoae BIl, To ectp ywactok 9-10 Tabm. ) u
TpeOyemomy Haropy Hacoca Hp.

B

W

Havase nepeseném q = 0,6 1/c B M3/4, TO ecTh HailnéM nogady (MIPOU3BOIUTEIHLHOCTB)
Hacoca Mo pacxomy:

Takum O6p8.30M, nmogadya (HpOI/ISBOI[I/ITeJ'ILHOCTB) HacoCa OOJDKHa ObITh HE MCHEe

2,16
[TorpeGHBII HarOp Ha BBOJIE BOIOMPOBO/IA IOJIKEH OBITh:

O
e ngom - reoMeTpuyYecKas BbICOTAa OT OTMETKM BepXa Hapy:xHOoM TpyOsl Bl no

OTMETKH HamboJiee BBICOKOPACIIOIIOKEHHOTO BOIOPa30OPHOTO YCTPOWCTBA B 3MaHUHU, €€

MOXXHO IoaACYUTAaTh I10 aKCOHOMeTqueCKOﬁ CXEMC , HallpUMeEp,
ngom: 3,9 + 6,85 = 10,75M ;

HC ot - cyMMapHBIe IoTepn Harmopa BO BHYTPEHHEM BOJOIpPOBoje Bl; npuHNMaroT 1o

TabIuIle THAPABINIECKOTO pacuéra Hctot =4901,3=6,37;

h nom.B - HOTEPH HAIIOPa Ha IOMOBOM BogoMepe, hy gy, g = 1,86 M (cM. BbIwIe);

hgp.p - TOTEpH HaNopa Ha KBAPTHPHOM BojoMepe, hyp 5 = 0,84 M (cM. BBIIE);

Hf- cBoOOmHBINM Hamop s  BOJOPa30OPHOTO  yCTPOMCTBA INPHUHMMAIOT 110
npunoxennto 2 CHull 2.04.01-85, manpumep, s cmecutens Moikn Hf = 2 wm.

Takum o0pa3om, MOTpeOHBIN HAITOpP Ha BBOJIE BOAOIPOBOAA

HC,=10,75+6,37 + 1,86 + 0,84 + 2 = 21,82 m.

CpaBHUM €ro ¢ HaMMEHBIIUM TapaHTUPOBAHHBIM HAOPOM B HAapyKHOW CETH
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BOJZIONIPOBOAa (cM. McxoiHble AaHHble ) Hg = 15 M , KOTOpBIA TOXXE OTCUMTAH OT Bepxa
HapyxxHoro Bogonposoga Bl. Tak kak Hg mens1ie, uem ch , TO BOJIa HE CMOXET MOCTYIaTh

3a cuér Hamopa B HapyxHOHM cern Bl Ha BepxHue sTaxu 3naHus. CrenoBaTenbHO,
HE00XOJMMO YCTAaHOBUTH IIOBBICUTENILHYIO HACOCHYIO YCTAHOBKY ISl IIOAKAYKH BOJIBI.
Hamop Hp, pa3BUBaEMbI IIOBBICUTEIIBHOW HACOCHOM YCTAaHOBKOHM, CIIEIyeT

OIPENeIISATh C YYSTOM HaUMEHBLIECr0 rApaHTUPOBAHHOTO HAIOpa B HAPYKHOI BOAOIPOBOIHOI
cetu no hopmyrne 19 CHull 2.04.01-85

0

Hg

0

HC,

H Hp=H% [ - Hg=21,82-15=6,82 .

p
C yuérom HalJeHHBIX BeaW4HMH q = 2,16 M3/d Hp= 6,82 M 10

KaTaJioraM W CIIPaBOYHHKAM IOAOUPArOT Hacoc. Hanbomnee mupoko s 3MaHUA TPUMCHSIIOT
HACOCBI KOHCOJIbHBIE IIEHTPOOEKHOTO THIA. J[1s1 BBIOOpa Hacoca MOXHO HMCIIOJIb30BaTh PHC.
13, 3aumctBoBanHbIi U3 kHUrH [L.I1. [lansrynosa u B.H. Mcaesa (1991 r.).

Takum 06pa3om, BeIOpaH Hacoc 1,5K-8/18. Ero mapka pacmmdpoBbIBaeTCs TakK:

1,5 -mMoutHOCTH 3MeKkTpoaBurarens B KBT;

K - Hacoc KOHCOJBHOrO THIIA, TO €CThb OH COEAMHSCTCS C DJICKTPOJBHIraTeIeM
KOHCOJIBIO;

8 - momava (Mpou3BOAUTEILHOCTD) HAcOCa ( B M3/11;
18 - manop Hacoca Hp B M.

KonnvecTBO HacocoB B HAaCOCHOH YCTaHOBKE JOJDKHO OBITH HE MEHEE JIBYX: OIUH
pabounii U Apyroil pesepBHbIA. JTu TpeOoBanust usnoxenol B CHull 2.04.02-84, mn. 7.
HacocHyro ycTaHOBKY ISl pacCMarpuBaeMoro 3JJaHus CM. pHC. 7 .

IToxGopom BOIOMEPOB M HACOCOB 3aKaHUYMBAETCS PACUETHAS YACTh T10 BOIOTIPOBOY.

JIABOPATOPHASI PABOTA Ne8
O4ncrTHbIC COOpPYKEHUS
JUsist S5KAJTBIX M OOIECTBEHHBIX 3[aHUH, a TAaK)Ke aJIMUHUCTPATUBHO-OBITOBBIX 3JaHUN
IPOMBIIIJIEHHBIX MPEANPUATUIT HEOOXOAUMOCTb YCTPOWCTBA BHYTPEHHETO
MIPOTHBOTIOKAPHOTO BOIOTIPOBO/IA, & TAK)KE MHHUMAJIBHBIA PacXo/l BOJBI HA TIOKAapPOTYIIEHUE
CJIe/TyeT OINpeesIATh B COOTBETCTBHUHU C Ta0i. 1%, a 11 MPOU3BOJCTBEHHBIX U CKIAJICKUX
3JJaHUH - B COOTBETCTBUU C Ta0I. 2.
Pacxon Boapl Ha MOXapoOTYyLIEHHE B 3aBUCUMOCTU OT BBICOTHI KOMIAKTHOH yacTu
CTPYH M JUaMeTpa CIpbICKA ClIeAyeT YTOUHATH 1o Tabi. 3.

HCO6XOI[I/IMOCTI> YCTpOﬁCTBa CUCTCM ABTOMATHYCCKOT'O IOKAPOTYHICHUA HAIJICKUT
IMPUHHUMATb COIIaCHO Tpe60BaHI/I$IM COOTBCTCTBYIOIIUX CMETHBIX HOPM H ITPABUJI U nepequﬁ
SHaHHﬁ n HOMCIJ.IGHPIIZ, NOoJJICKaIX O60py2[OBaHI/IIO ABTOMATUYCCKUMH CPCACTBAMU
MOXapoOTyICHUA, YTBCPKACHHBIX MUHHUCTCPCTBAMMU. HpI/I 9TOM CICAYET YUYUTBIBATH
OJHOBPEMCHHOC HeﬁCTBHe MOXXAapHBIX KPAaHOB U CIIPUHKIICPHBIX WJIH APCHYCPHLBIX YCTAHOBOK.

Tabnuua 1*
JKuunble, o01ecTBEHHbIE U aIMUHUCTPATUBHO-  |YUncio cTpyil| MUHUMAaNBHBINA PacXxon
6LITOBLIG 30aHUA U TIOMCUICHUA BOJBI HA BHYTpeHHee
MOXKapoTyIlIeHHe, JI/c, Ha
OZIHY CTPYIO

1. JKunrle 31agus:
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IIPH 9ucIIe dTaked ot 12 10 16 1 25
TO K€, pu o01IeH nrHe Kopuaopa cB.10 m 2 2,5
IIPH YUCIIe dTaxke cB. 16 1o 25 2 2,5
TO Xe, IpHu o01Iel yIMHe Kopuaopa cB. 10 M 3 2,5
2. 31aHus yopaBiIeHU:

BBICOTOM OT 6 10 10 sTaxkeit u o6pemom 10 25000 1 2,5
Ky0.M

TO e, 00bemMoM cB. 25000 ky0.m 2,5
npu yucie sTaxeit cB. 10 u o6pemom 10 25000 2,5
Ky0.M

TO ke, 00bemMoM cB. 25000 ky6.m 3 2,5

3. KiryOs1 ¢ acTpanoii, Tearpsl, KHHOTEATpBhl, Cornacuo CHull 2.08.02-89*

AKTOBBIC U KOHCl)epeHI_I'3aJIBI, O60py,[[OBaHHLIe

KUHOAIAPaTypoil

4. O0meKuTHS ¥ O0IIECTBEHHBIC 3IaHus, HE

YKa3aHHBIE B 1103. 2:

npu yncie staxeit 1o 10 u o6vemom ot 5000 10 1 2,5
25000 ky0.m

TO %€, 00bemMoM cB. 25000 ky0.m 2 2,5
npu yncie sTaxei ¢B. 10 u oopemom 10 25000 2 2,5
KyO.M

TO %€, 00bemMoM cB. 25000 ky0.m 3 2,5
5. AIMUHUCTPATUBHO-OBITOBBIE 3/1aHUS

MPOMBIIIICHHBIX TPEANPUATHIA 00BEMOM, Ky0.M:

ot 5000 o 25000 1 2,5
cB. 25000 2 2,5

[Tpumeuanus: 1. MUHUMATBHBIN pacxXo/1 BOJIBI IS AKUJIBIX 3/TaHUN TOMYCKAeTCs] IPUHUMATh
paBHBIM 1,5 5I/c pM HAJIWYUHU TMOXKAPHBIX CTBOJOB, PYKABOB U JIPYroro 00OPYIOBaHUS
TUaMeTpoM 38 M.

2*. 3a 06beM 37aHHs IPUHUMAETCS CTPOUTEIBHBIA 00beM, OIpeIesieMblid B COOTBETCTBUU
co CHuIT 2.08.02-89*.

Tabnuua 2
Crenenp Kareropus Yucno cTpyit 1 MUHUMAaJIBHBIN pacxoJl BOJIBL, JI/C, HA OJIHY
OTHECTOWKOC |  3JaHMU IO CTpPYIO0, Ha BHYTPEHHEE MOKapOTYILLIEHUE B
TH 37aHUI MOKapHOU IIPOU3BOJICTBEHHBIX U CKJIAACKUX 3/1aHUAX BBICOTOM 10 50
OTIaCHOCTH M 1 00b€MOM, ThIC. Ky0.M
ot 0,5 no| ¢cB. 510 | ¢B. 50 10 | cB. 200 o | cB. 400 0o
5 50 200 400 800
Inll A,Bb,B 2:2,5 25 25 35 4-5
I B 2:2,5 25 25 - -
I r, 1 - 2-2,5 2-2,5 - -
IVuV B 2-2,5 2-5 - - -
IVuVv r,a - 2:2,5 - - -
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[Tpumeuanus: 1. [ns dabpuk-TipaueyHbIX MOXKAPOTYIICHUE CIIEAYyeT MPEeAyCMaTpUBaTh B
MTOMETIEHUSAX 00padOTKH U XPaHEHUS CYXOTro Oelbs.

2. Pacxon BOJbpl Ha BHYTPEHHEE MOXAPOTYUICHHE B 3JaHUSX WJIM MOMEUICHUSIX 00BEMOM
CBBIIIIE BEIMYWH, YKa3aHHBIX B TaOJ. 2, CIEyeT COTIACOBLIBATH B Ka)JIOM KOHKPETHOM
cllydae ¢ TepPUTOPHAIILHBIMU OpraHaMH IOKapHOTO HaJ[30pa.

3. KonnuecTBO cTpyil U pacxoj BOJbI OJTHOM CTPYW HJsi 3AaHUM CTENEHU OTHECTOMKOCTH:
I1I6 - 31aHus MPEUMYIIECTBEHHO KapKaCHOW KOHCTPYKIIMH. DJIEMEHTBI KapKaca U3 LeIbHON
WU KIJIEEHOW JPEBECHUHBI M APYrHe TOPIOYUE MaTepuaibl OrPa)KJAIONIMX KOHCTPYKLIMMA
(IpeuMyIIeCTBEHHO W3 JIPEBECHUHBI), IMOABEPTHYTHIC OTHE3alMTHOW oOpabotke; Illa -

31aHMS  NPEUMYLIECTBEHHO C  HE3AIIMINECHHBIM  METAJUIMYECKMM  KapkacoM |
OrpaXkJAIIMMU  KOHCTPYKLUSAMH M3  HECrOpaeMbIX  JIMCTOBBIX  MAaTe€puagoB C
TPYZHOIOpIOYMM yTerumreneM; [Va - 31aHusd IPEeuMyINEeCTBEHHO OJHOJTAXKHBIE C

METAJUINYECKUM HE3AlIUILEHHBIM KAapKacoM M OrPaXJAOIIMMU KOHCTPYKLHSAMHU U3
JUCTOBBIX HECrOpPaeMbIX MaTEpPUAJIOB C TOPIOYHMM YTEIUIUTEIEM NPUHUMAIOTCS 110
yKa3aHHOH Ta0Mle B 3aBUCMOCTH OT PasMEILEHHsI B HUX KaTeropuil NpoOU3BOJICTB KakK JJIs
snanwmii II u [V creneneit oraecTolKoCTH ¢ yueToM TpeOoBaHUil myHKTa 6.3* (mpupaBHUBas
crenenu oruecrorkoctu Illa x II, 1116 u IVa k 1IV).

Tabnuua 3
Bricora |IIpoumsBon| Hamop, M,y |IIpousBox| Hamop, m,y |IIpousBox| Hamop, M,y
KOMIaKTH u- MOKapHOTO u- MO>KapHOTO u- MOKapHOTO
Ol yaCTH | T€JIBHOCTH KpaHa C TENbHOCTh KpaHa C TEIbHOCTh KpaHa C
CTPYH WJIU | IOKApHOM | pyKaBamMH |MOXKApHOM | pyKaBaMH |MOXapHO#l| pyKaBaMu
MTOMEIICHH | CTPYH, JI/C | JJIMHOW, M | CTPYH, JI/C | JUIMHOW, M | CTpyH, JI/C | IJIMHOU, M
i, M 10 | 15| 20 10 | 15| 20 10 | 15 | 20
JlnameTp crpbicka HAKOHEYHHUKA MTOKapHOTO CTBOJIA, MM
13 16 19
[Toxxapnsie kpanbl d = 50 MM
6 - - - - 2,6 92196 10 3,4 8,819,6/10,4
8 - - - - 2,9 12 |12, | 13 4,1 12, | 13, 14,8
5) 9 | 8
10 - - - - 3,3 15, | 15, | 16, 4,6 16 | 17, | 18,5
1|17 | 4 3
12 2,6 20,20, | 21 3,7 19,119, 21 5,2 20,22, | 24
2 | 6 2 | 6 6 | 3
14 2,8 23, | 24, | 24, 4,2 24, | 25, | 26, - - - -
6| 1|5 8 | 5|3
16 3,2 31, | 32, | 32, 4,6 29, | 30 | 31, - - - -
6|2 |8 3 8
18 3,6 39 | 39, | 40, 5,1 36 | 38 | 40 - - - -
8 | 6
[ToxxapHble kpaHbl d = 65 MM
6 - - - - 2,6 8889 9 3,4 78| 8 |83
8 - - - - 2,9 11 |11, | 11, 4,1 11, |11, (121
2 | 4 4 | 7
10 - - - - 3,3 14 | 14, | 14, 4,6 14, | 14, |15,1
36 3|7
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12 2,6 19, | 19, | 20, 3,7 18 | 18, | 18, 5,2 18, | 19 [19,9
819 |1 3|6 2
14 2,8 23 | 23, | 23, 4,2 23 | 23, | 23, 5,7 21,122, | 23
13 315 8 | 4
16 3,2 31 |31, | 31, 4,6 27, | 28 | 28, 6,3 26, | 27, | 28
3|5 6 4 6 | 3
18 3,6 38 | 38, | 38, 51 33, | 34, | 34, 7 32,133,348
3|5 8| 2|6 9 | 8
20 4 46, | 46, | 47 5,6 41, | 41, | 42, 7,5 37, |38, 39,7
4 | 7 2 |84 2 |5

Pacxonq BOmbl M 4YMCIO CTpyW HAa BHYTPEHHEE IIOXKApOTYLIEHUE B
OO0II€CTBEHHBIX U NPOU3BOJICTBEHHBIX 3/1aHUAX (HE3aBUCHUMO OT KAaTerOpHH) BBICOTON CBBILIE
50 m u obbemom a0 50000 ky6.M cienyer mpuHUMATh 4 CTpyW MO 5 J/C Kaxpaas; Ipu
OosbiieM oObeMe 31aHuil - § cTpyi 1o 5 11/c Kaxaas.

B npoun3BOACTBEHHBIX U CKJIAJCKHUX 3[aHMSIX, 15 KOTOPBIX B COOTBETCTBUU C
TabJa. 2 YyCTaHOBJIEHAa HEOOXOOUMOCTh YCTPOICTBa BHYTPEHHEr0 IMPOTUBOIOKAPHOIO
BOJIONIPOBOIA, MUHUMAJIbHBII pacxof BOJIbl HA BHYTPEHHEE MOXKAPOTYIIEHUE, OIIPeICICHHbIN
1o Tabi. 2, ciieayeT yBeInunBaTh:

OpU TNPUMEHEHUM DJIEMEHTOB KapKaca U3 HE3aIIMIIEHHBIX CTaJbHbIX
koHCTpykuMii B 31aHusAx Illa m IVa creneneld orHecTOMKOCTH, a TakKe W3 LIEJIBHOW WIH
KJICCHOW JIPEBECHHBI (B TOM YHCJIC TIOABEPTHYTOM OrHE3AIIUTHON 00padoTke) - Ha 5 j1/c (omHa
cTpys);

IIpY NPUMEHEHUU B OIPAXAAIOLIUMX KOHCTpYKUMAX 31aHui [Va crenenun
OTHECTOMKOCTH YTEIIUTEIEeH U3 rOpIOYMX MarepualioB - Ha 5 ji/c (ofHA CTpys) A 30aHUN
oobeMoM 110 10 ThIC.Ky0.M; ipu 00beme Oosee 10 ThIC.Ky0.M IOMONHUTENRHO HA 5 J11/c (0gHA
CTpys) Ha KaXK/ple IocieIytolue nojixsle win HernoiaHsle 100 Thic.Ky0.M 00beMa.

TpeboBaHusl HACTOSILETO IYHKTAa HE pPACIPOCTPAHSIOTCA Ha 30aHUS, JUIS
KOTOPBIX B COOTBETCTBMM C TaOl. 2 BHYTPEHHMH NPOTHBONOXXAPHBIM BOJOIPOBOJ HE
TpeOyeTrcs mpeycMaTpuBarh.

B nowmemenusx 3amoB ¢ OonplmIMM NpeOBbIBAHHEM JIOAEH NpU HAJIUYUU
CropaeMou OTAENIKM YUCIIO CTPYH Ha BHYTPEHHEE IOKAPOTYIICHUE CIEAyeT INPUHUMAaTh HA
oIHy OoJIbIlIe, UeM yKa3zaHo B Tabm. 1*.

BuyTpenHMi MpOoTUBONOKAPHBINA BOIOMPOBOJ] HE TpeOyeTcs MpelycMaTpuBarh:

a) B 3/1aHUSX M MOMEIEHUSIX, 00bEMOM WM BBICOTOM MeHee yKa3aHHBIX B TaON. 1* u
2,

0) B 37aHMAX 00I1e00pa30BaTEeNbHBIX IIKOJ, KPOME MIKOJ-MHTEPHATOB, B TOM YHCIIE
IIKOJI, UMEIOIINUX aKTOBBIE 3aJ1bl, 000PYJOBAHHbBIE CTAIMOHAPHON KMHOAIIAPaTypoil, a Takke
B OaHsX;

B) B 3JJaHUSIX KNHOTEATPOB CE30HHOTO JEHCTBUS Ha JH000€ YHCIIO MECT;

I') B IPOM3BOJCTBEHHBIX 3/IaHUSIX, B KOTOPHIX NPUMEHEHHE BOABI MOXKET BBI3BATh
B3pBbIB, NOXKAP, PaCIPOCTPAHEHUE OTHS;

1) B MPOU3BOACTBeHHBIX 31aHusX | u Il cremeneii oruecroiikoctu kareropuit I' u []
HE3aBHUCHUMO OT MX 00beMa M B MPOU3BOACTBEHHBIX 3mMaHusax [II-V cremeHeit ornecTonkoCcTH
oobemoM He 6oree 5000 ky6.m kareropuii I, /;

€) B IPOU3BOACTBEHHBIX U AJMHUHHCTPATUBHO-OBITOBBIX 3[aHHSX MPOMBIIIJICHHBIX
OpEANpUATHHA, a TakkKe B TIOMEIIEHUSX IS XpaHeHHs OBoIIed U (QPYKTOB U B
XOJIOUJIbHUKAX, HE OOOPYIOBaHHBIX XO3SHCTBEHHO-NUTHEBHIM WM TMPOU3BOJICTBEHHBIM
BOJIOTIPOBOZIOM, AJIs1 KOTOPBIX MPEAYCMOTPEHO TYLIEHUE MOKAPOB U3 EMKOCTEN (pe3epByapoB,
BOJIOEMOB);

) B 37JaHUSAX CKJIQJ0B TPyObIX KOPMOB, MECTHIIMIOB U MUHEPAJIBHBIX YIOOPEHHIA.

[Tpumeuanue. [lpu Hamopax y moxapHbIX KpaHOB Ooiee 40 M Mexay MOKapHBIM
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KpAaHOM W COCIUHUTEILHOW TOJOBKOM CIIEAYyeT MpeaycMaTpuBaTh YCTaHOBKY Auadparm,
CHIKAIOIIUX M30BITOUHBIM Hamop. Jlomyckaercss ycTaHaBiuBaTh auadparMbl C OJUHAKOBBIM
JIMaMETPOM OTBEPCTUM Ha 3-4 ATa)ka 37aHUS.

Hns yacrteil 37aHUM pa3NUYHOM STAXKHOCTU WM TMOMEIICHUH Pa3IM4HOIrO
HA3HA4YCHUs HEOOXOJUMOCTh YCTPOMCTBA BHYTPEHHETO MPOTHUBOIOKAPHOTO BOIOMPOBOJA H
pacxoia BOIbl HAa TOXKAPOTYIICHWE HAUICKUT MPUHUMATh OTAEIBHO IJs KaKIOW 4YacTu
3/1aHMUSL.

[Tpu 5TOM pacxon BOJbl HA BHYTPEHHEE MOKAPOTYILIEHUE ClIeyeT IPUHUMATh:

JUTSI 3IaHUH, HE UMEIOIIUX MMPOTUBOTIOKAPHBIX CTEH, - TI0 00IIeMy 00bEeMY 3TaHHS;

JUTSL 3aHUH, pa3ieleHHbIX HA YacTH MpOTUBONOKapHbIMU cTeHamu | u Il Tunos, - nmo
00BeMy TOW 9acTH 37aHMsl, TIe TPeOyeTCss HAMOOBIIHA PACXO/I BOJIBI.

IIpu coenunenun 3paanuii [ m Il creneHeld OrHECTOMKOCTH TepexoiaMu W3
HECrOpaeMbIX MAaTEPHUATIOB U YCTAHOBKE MPOTHBOIIOKAPHBIX JBEPEl 00hEM 3[aHMs CUUTASTCS
M0 Ka)X/I0My 3JaHHUIO OTJENbHO; MPU OTCYTCTBUU MPOTUBOIMOXKAPHBIX ABEped - Mo o0IieMy
00beMy 31aHMii U 00Jiee OMACHON KaTerOpHU.

['mapocTaruyeckuili Hamop B CHUCTEME  XO3SICTBEHHO-TUTHEBOIO WM
XO3SIMCTBEHHO-TIPOTUBOIIOKAPHOTO ~ BOJONPOBOAA  HA  OTMETKE  Hamboiee  HHU3KO
PacMoNIOKEHHOTO CAHUTAPHO-TEXHUYECKOTO TPUOOpa He TOJIKEH MPEBBIIATH 45 M.

['mapocrarnueckuit Hamop B CHUCTEME Pa3IE€NbHOTO IMPOTHBOIOKAPHOTO
BOJIOTIPOBOJIA HA OTMETKE HauOoJliee HU3KO PACIOIOKEHHOTO MOKAPHOTO KpaHa HEe JOJDKEH
npesbiarh 90 M.

[Ipu pacueTHOM JaBIEHUU B CETH MPOTHUBOIMOXKAPHOTO BOIOMPOBOAA,
npesbimaroniem 0,45 Mlla, Heobxonumo mpeaycMaTpuBaTh YCTPOMCTBO pa3leibHOM CETH
MIPOTUBOIIOKAPHOTO BOJIOIPOBO/IA.

[Tpumeuanue. [lpu Hamopax y moxapHbIX KpaHOB Ooiee 40 M Mexay MOKapHBIM
KPAaHOM U COEIUHUTENLHOM TOJOBKOM CIeAyeT MpeaycMaTpuBaTh YCTaHOBKY Auadparm,
CHWKAIOIINUX M30BITOUHBIA Harmop. Jlomyckaercss ycTaHaBIMBaTh quadparMbl C OJUHAKOBBIM
auameTpoM — otBepctuii Ha  3-4  oJraxka  3maHus (CM. HOMOTpamMmy 5
PEKOMEHIyeMOT0 IPUIIOKEHS 4).

CBoOOHBIC HATIOPHI Y BHYTPEHHUX MOXKAPHBIX KPAHOB JTOJIKHBI 00eCTIeYNBaTh
MOJIYYCHHE KOMITAKTHBIX MOXKAPHBIX CTPYH BBICOTOW, HEOOXOAMMOM MJis TYIICHHS TOXKapa B
mr000€ BpeMsi CYyTOK B caMOW BBICOKOW U YJaJIC€HHOUN 4acTH 31aHusl. HauMeHbITyto BBICOTY U
paauyc NeMCTBUSI KOMIIAKTHON YacTH MOXKapHOU CTPYH CIIEIYeT MPUHUMATh PaBHBIMH BBICOTE
MOMEIICHHS], CYUTasi OT T0JIa 10 HAMBBICHICH TOUKH MEPEKPHITUS (TIOKPHITHS), HO HE MEHee,
M:

6 - B JXKWIBIX, OOLIECTBEHHBIX, MPOU3BOACTBEHHBIX M BCIIOMOTATEIbHBIX 3AAHUAX
MPOMBILUIEHHBIX MPEINPUITHIA BHICOTOM 10 50 M;

8 - B KMJIBIX 3/1aHUSX BBICOTOM cBbIme 50 M;

16 - B OOIIECTBEHHBIX, MPOWU3BOJACTBEHHBIX W BCIOMOTAaTEIbHBIX 3IaHHIX
IIPOMBILIUIEHHBIX IPEAIPUIATHNA BBICOTOU cBbIIEe 50 M.

[Tpumeuanus: 1. Hamop y moxapHbIX KpaHOB CJEIyeT ONPENENATh C YYETOM MOTEPb
Haropa B MOKapHBIX pykaBax JumHOH 10, 15 nnm 20 m.

2. Jlns momydeHus MOXKapHBIX CTPYH € PacxoioM BOABI 0 4 JI/C ClIeayeT MPUMEHSITh
NoXKapHble KpaHbl U pyKaBa JuameTrpoM 50 MM, Ul MOJY4YEeHUs MOXKApHBIX CTpYyH Ooubliei
MPOU3BOIUTEILHOCTH - AuamMeTrpoM 65 mM. [lpu TeXHHKO-IKOHOMHUYECKOM OOOCHOBAHHUH
JIOITYCKAeTCsl MPHUMEHSTh IOXKapHblE KpaHbl auameTpoM 50 MM, HNPOU3BOAUTEIBHOCTHIO
cBbiie 4 Jj1/c.

PacnonoxeHne M BMECTHMOCTb BOJIOHAMOPHBIX OAaKOB 3MaHUS JJOJDKHBI
oOecreunBaTh MOJIyYEHHE B JII000€ BpeMsi CyTOK KOMIAKTHOW CTPYH BBICOTOI HEe MeHee 4 M
Ha BEPXHEM AITa)Ke WJIM 3Ta)Ke, pacloIOKEHHOM HEMOCPEACTBEHHO Mo 6akoM, U He MeHee 6
M - Ha OCTaJbHBIX JTaXaxX; IPU OTOM YHCIO CTPpyW ClEelyeT IpPUHUMATh. JIBE
POU3BOJUTENBHOCTBIO 2,5 J/Cc Kaxkjaas B TeueHHe 10 MHH mpH OOIIEM pacueTHOM YHCIIe


http://www.stelmarket.ru/teh_inf/12_25.htm
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CTpy# Be u OoJiee, OAHY - B OCTAIbHBIX CITydasix.

IIpn ycTaHOBKE Ha MOXAPHBIX KPAHAX JATYUKOB IMOJOXKEHUS MOKAPHBIX KPAHOB IS
ABTOMATUYECKOTO IIyCKa TMOXApHBIX HACOCOB BOJOHANOPHBIE OaKu JOMYyCKaeTcs He
IIpe1yCcMaTpuUBarh.

Bpemsi paGoTbl mokapHbBIX KpaHOB cienyeT npuHuMarh 3 4. Ilpu ycraHoBke
MOXKapHBIX KPAaHOB HA CHCTEMaxX AaBTOMATUYECKOIO IOXKAPOTYHICHUS BpeMs UX pPaOOThI
ClIeyeT MPUHUMATh PABHBIM BPEMEHHU pa0OThI CUCTEM aBTOMATHYECKOTO TIOKAPOTYILICHUSI.

B 3maHmsx BbIcOTOH 6 »dTaxedl m Ooyiee TpU OOBEIMHEHHOW CHCTEME
X035TUCTBEHHO-TIPOTUBOIOKAPHOTO BOJOMPOBO/IA MOKAPHBIE CTOSKHU CJIEIYET 3aKOJIbIIOBBIBATh
noBepxy. Ilpm »sToM uia obecrieyeHUS] CMEHHOCTH BOABI B 3JaHUSX HEOOXOAUMO
MpeaycMaTpuBaTh KOJIBIICBAHUE MPOTHUBOMOXKAPHBIX CTOSKOB C OJHUM WJIM HECKOJIbKUMHU
BOJIOPa300PHBIMH CTOSIKAMH C YCTAHOBKOM 3aIllOPHOM apMaryphbl.

Crosiku pa3felibHOM CHCTEMbI MPOTHUBOIOKAPHOTO BOJIOMPOBOAA PEKOMEH]IYETCs
COEIMHATH MEPEMbIYKaMU C JPYTMMU CHCTEMAaMH BOAOIPOBOJIOB MPU YCIOBUHU BO3ZMOKHOCTH
COC/IMHEHUS CUCTEM.

Ha npoTuBomokapHbIX  cHCTeMax C  CyXOoTpyOamM,  paclONOXKEHHBIX B
HEOTAIUIMBAEMbIX 3JIaHUSAX, 3aMOPHYIO0 apMarypy CIEIyeT pacrojiaraTb B OTaIllJIMBa€MbIX
MOMEILIECHUSIX.

[Ipu omnpeneneHuM MeCT pa3MENICHUS W YWCIa TOXKAPHBIX CTOSKOB U
MOXKapHBIX KPAHOB B 3[IaHUAX HEOOXOAUMO YUUTHIBATh CIEAYIOIICE:

B TIPOM3BOJICTBEHHBIX M OOIICCTBCHHBIX 3JaHUSIX MPH PACUCTHOM 4YHCIE CTPYH HE
MEHEe TpeX, a B JKWJIBbIX 3/IaHUSX - HE MEHEEe JBYX Ha CTOSIKax JOIYCKAETCsl yCTaHaBIUBAaTh
CIIapeHHBIC NMOKAPHBIE KPAHBI;

B JKWJIBIX 3[IaHUSAX C KOPUIOpaMH AJIuHON A0 10 M mpu pacyeTHOM 4YHCIIe CTPYH JBe
KKy TOUKY IMOMEIICHUS IOMyCKAeTCsl OPOIIaTh IBYMs CTPYSMHU, MOAABAEMBIMHU U3 OJTHOTO
MO’KAPHOTO CTOSIKA;

B JKWJIBIX 3[aHUSX C KOPUIOpaMHu JUTMHOM cBbite 10 M, a Tak)Ke B IPOU3BOJICTBEHHBIX
U OONIECTBEHHBIX 3/IaHUSAX IPU PACUCTHOM 4YHUCIIE CTPYyH JBe U Oojiee KaXAYH0 TOYKY
MOMEIIEHHS CIIEAYeT OpPOIIaTh ABYMS CTPYSMH - TIO OJTHOM CTPye U3 JIByX COCETHUX CTOSKOB
(pa3HBIX MOXKAPHBIX MIKA(POB).

[Mpumeuanus: 1. YcTaHOBKY MOKApHBIX KPAHOB B TEXHUYECKHUX dTakaxX, Ha yepaaKax
U B TEXIOJIOJIBSIX CIIEAYET MpelycMaTpyuBarh IpH HAJUYUHU B HUX CTOPAEMBIX MarepuasoB U
KOHCTPYKIIMA.

2. Yucno cTpyii, moaBaeMbIX U3 KaKJIOTO CTOSIKA, CIeAYeT MPUHUMATh HEe Ooiee ABYX.

3. Ilpu uucne cTpyil 4etbipe U Oojee Juid MOIydeHHs! o01ero TpedyeMoro pacxopa
BOJIBI JIONTYCKAETCsl UCIOIb30BaTh MOKAPHBIE KPAHBI HA COCETHUX ATa)ax.

[ToxxapHble KpaHBI CIEAyeT yCTaHaBIWBaTh Ha BbicoTe 1,35 M Haj monom
MOMEUICHUS] W pa3Memnarh B IIKapuuKax, UMEIOUIMX OTBEPCTUS MJs MPOBETPUBAHUS,
MPUCTIOCOOICHHBIX JUIsi WX OIJIOMOMPOBAHUS W BH3YaJbHOTO OCMOTpa 0€3 BCKPBITHSL.
CnapeHHble MOXapHbIE KpaHbl JOMYCKAETCS YCTAHABIMBATh OAWH HAJ JAPYTUM, IPH 3TOM
BTOPOM KpaH yCTaHABJIMBAETCS HA BBHICOTE HE MEeHee | M OT mouia.

B  moxapapix  mkadax — MPOU3BOACTBEHHBIX,  BCIIOMOTAT€NbHBIX U
0OIIIECTBEHHBIX 37JaHUH CIIEyeT MpeaycMaTpUBaTh BO3MOXKHOCTh Pa3MENIICHUS JBYX PYUHBIX
OTHETYILUTEIEH.

Kaxxp1it moskapHbIi KpaH JOHKEH OBITh CHA0KEH MOXKAPHBIM PYKAaBOM OJTMHAKOBOTO C
HUM quametrpa anuHoi 10, 15 wnu 20 M 1 mokapHBIM CTBOJIOM.

B 3manum wnm dacTax 3MaHus, pa3aeeHHBIX MPOTHUBOIIOKAPHBIMU CTEHAMH, CIIETYET
MPUMEHSATH CIPBICKUA, CTBOJIBI U TOXKAPHBIE KpPaHbl OJMHAKOBOTO AMAMETpa M MOKapHbIE
pyKaBa OJJHOM JIJINHBI.

BayTpeHHHe ceTH NpOTHBOMOXKAPHOTO BOJOMPOBOAA KaXIOW 30HBI 3/1aHUS
BBICOTOM 17 aTaxkeit u 6osee MOJDKHBI UMETh J1Ba BRIBEJCHHBIX HAPYXKY MOXKAPHBIX NaTpyOKa ¢
COCIMHUTENIbHOW TOJIOBKOM auameTrpoM 80 MM JUisi MPUCOEAMHEHHS PYKABOB IOXKAPHBIX
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ABTOMAIIIMH C YCTAaHOBKOW B 3[JaHUM OOpaTHOTO KJIallaHa U 3aJ{BUKKH, YIIPABISIEMON CHApYKU.

BHyTpeHHHe noxapHble KpaHbl CIEAYyeT YCTAaHABIMBATH MPEUMYIIECTBEHHO Y
BXOJ/IOB, Ha IUJIOLIAJKaX OTAIJIMBAEMBIX (32 HCKIIOYEHMEM HE3aJbIMIISIEMBIX) JIECTHUYHBIX
KJIETOK, B BECTHOIOJISIX, KOPUIOpaX, MPOXOJaxX U APYrux Hambosee JOCTYHMHBIX MECTaX, MpH
3TOM MX PACIIOJIOKEHUE HE JOJDKHO MEIIATh 3BAKYyalluH JIIOAEH.

B MIOMEILICHHSIX, 00opyayeMbIX YCTaHOBKaMH ABTOMAaTUYECKOTO
MOXKapOTYIIEHNs, BHYTPEHHUE IIOKapHbIE KpaHbl JOIYCKAETCs pa3MellaTb Ha BOJASHOMN
CIIPUHKJIEPHOM CETH IOCJIE Y3JI0B YIPABICHHS

JIABOPATOPHAS PABOTA Ne9
Buosoruveckasi 04MCTKA CTOYHBIX BOJI METOA0M OMOPUILTPALNH
JlanHast aBTOMaTu3upoBaHHAs CHCTEMa MO3BOJISIET MPOU3BECTH pacyeT MoTeph Hamopa
no anuHe online. Pacuer mpou3BonuTes s TpyOOIPOBOIa, KPYIIIOTO CEUEHUsI, OIMHAKOBOTO
MO BCEHl ANMHE AMaMeTpa, C MOCTOSHHBIM PACXOJIOM MO BCEW JUIMHE (YTEYKU WU MOJIUTKU
OTCYTCTBYIOT). PacueT nmpou3BoAUTCS AJisi yKa3aHHBIX KUJIKOCTEH rpu temmeparype 20 rpau.
C. Ecnu BBl XOTUTE paccyUTaTh MOTEPH HAMOpPa NP APYrod TeMIepaType, Uid AJs KUIAKOCTH
OTCYTCTBYIOLIEM B CIHCKE, NEpeHUTe [0 YKa3aHHOM BbIIIE cCbUIKE -4  3a0am
KUHeMamu4ecKyio 6513K0CMb U IKGUBALEHMHYIO UepPOX08amocmb camoCmOoAmenbHO.
Jns momydeHust pe3yiabrata HEOOXOAWMO MPAaBWIBHO 3allOMHHUTH (OpMYy U
Ha)kKaTh KHOIIKY paccuuTarb. B Xome pacdera 3HaueHUS BCEX BEJIMYMH IMEPEBOAATCA B
cucremy CHU. [lpum HEOOXOAMMOCTH TIONYYCHHYIO BEJIWYHHY IIOTEph HAmopa MOXKHO
MIEPEBECTH B MTOTEPH JIaBIICHHUSI.
ITopsinok pacuera nmoreps Hanopa
Brruncnsitorces 3Ha4eHUSA:
eCpeHEN CKOPOCTH MOTOKA

y="=2
A

rae Q - pacxon >KMUAKOCTH uepe3 TpyOompoBod, A - MIIOWIAAb KMBOTO CEUYCHMS,

A=nd2/4, d - BHyTpeHHHUIT AUaMETp TPYObI, M
euncia PeiiHonb/ca - Re

V-4R
Re=—--1L
v

rae V - cpeHssl CKOPOCTh TEUEHUS )KUIKOCTH, M/C, d - AuaMeTp ’KUBOTO CEYECHUs, M, V
- KMHEMaTU4eCKuil KOA(PQPUIHUEHT BSI3KOCTH, KB.M/C, Rr - rumpaBiaudeckuii paauyc,
11 Kpyriioit Tpyosl Rr=d/4, d - BHyTpeHHMii quameTp TpyObl, M

Omnpenensercs peskuM TEUeHHs] SKUJIKOCTH U BBIOMpaeTcs (opmyna sl omnpeaencHus
K03 HUIMEHTA THAPABINYECKOTO TPECHHS.

o J[n151 namunapHoro TeueHuss Re<2000 ucnonbiytorcst popmyna [lyaszens.
A=—
Re

e /1151 nepexonHoro pexxuma 2000<Re<4000 - 3aBUCUMOCTD:


http://www.hydro-pnevmo.ru/topic.php?ID=172
http://www.hydro-pnevmo.ru/topic.php?ID=157
http://www.hydro-pnevmo.ru/topic.php?ID=213
http://www.hydro-pnevmo.ru/topic.php?ID=15
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A=(1=0)-A %Ay

. 2|, Re

=sIn
6 2 (2000 )

oJliis TypOynentHoro TeueHus Re>4000 yHuBepcanpHas (opmymna AnbTIryis.rae
k=A/d, A - aGcomoTHas 5KBUBAJICHTHAS IIEPOXOBATOCTb.

A=0,11 498,025
(k R)

[ToTepu Hamopa MO AJHHE TPYOONPOBOIA BBIYHCIISIOTCS
no ¢popmyne Jlapcu — Beiic6axa.

1 V2
Ah=
D 2g

HOTepI/I Haropa U JaBJICHUSA CBA3aHbI 3aBUCUMOCTBIO.

Ap=Ahpg

20e p - NIOMHOCMb, g - YCKOpeHue c80000H020 NAOEHUSL.

[Torepu naBneHus MO JJIMHE MOYKHO BBIYUCIUTD UCIONB3Ys popmyny apcu — BeiicOaxa.

2
AP=A——p

Ilocme  momydeHHss  pE3yJNbTaTOB  PEKOMEHAYETCA  IPOBECTH  IPOBEPOUYHBIE
pacueTbl. AAMUHUCTpAIUsl caidTa 3a PE3ylIbTaThl OHJIAWH PAcdYeTOB OTBETCTBEHHOCTH HE
HECeT.

Kak npaBunbHO 3anonHuUTbL popmy

[IpaBunbHOCTH 3amoiHEHUS (OPMBI  OMpPEAENseT BEPHOCTh KOHEYHOTO pe3yibTara.
3anogHUTE BCE MOJS, YYUTHIBAs YKa3aHHbIE €IWHUIIBI U3MepeHus. [[ns BBojga uucen ¢
JIECSITUIHON YaCThIO UCITOJIb3YHUTE TOUKH.
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MMHUCTEPCTBO HAYKU 1 BBICIIETO OBPA3OBAHU ST POCCUICKOU ®EEPAIIAN
OEJZIEPAJIBHOE TOCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEXJIEHUE BBICIIIET'O OBPA3OBAHIMA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBIN YHUBEPCUTET»

[Tsturopckuit uacturyt (punuan) CKOY

MeToauyeckue yKasaHus
110 OpraHU3aIiu U MPOBEICHUIO CAMOCTOSTEIIEHON paOOThI
1o aucuuiuiiie «HKeHepHbIe CHCTeMbI 31aHUI U COOPYKEHH i
(BonocHa0:keHue ¥ BOJ0OTBeleHUE C OCHOBAMM I'MIPABJIMKH)»

JU1st cTyleHTOB HarnpasiaeHus noarotroBku 08.03.01 CtpourenscTBo
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1. BBEAEHHUE

Mertoauueckre yKa3aHus MO OPTaHMU3AlUU U MPOBEACHUIO CaMOCTOSATENLHONW PabOoThI
no jucuuiuinHe «VIH)XXeHepHble CcUCTeMbl 31aHuil U coopyxeHuil (BomocnaGxkenue u
BOJIOOTBE/ICHUE C OCHOBAMM TUJPABIMKHU)» IPEIHA3HAYEHbl Ul CTYAEHTOB HaIlpaBJICHUS
noarotoku 08.03.01 CtpoutenscTBo.

BaeaynuropHas camocTosiTenbpHas paboTa MPOBOAUTCS C LIEJIBIO:

—CHUCTEMaTHU3allMl WM 3aKPEIUICHUs IIOJIyYEHHBIX TEOPETHYECKUX 3HAHMM M IPAKTUYECKUX
YMEHHI 00y4JaroNIuXCs;

—yIIyONIeH!s ¥ PaCIIUPEHUs TEOPETUYECKUX 3HAHUM;

—(hopMupoBaHUA ~ YMEHMH  MCIIOJIB30BaTh  HOPMAarMBHYIO, IIPABOBYIO,  CIPAaBOYHYIO
JOKYMEHTALUIO U CIIELHAIBHYIO JTUTEPATYPY;

—pa3BUTHS TIO3HABATEIbHBIX CIOCOOHOCTEW M AaKTUBHOCTH OOYYaroIIMXCSA: TBOPYECKOU
MHUIMATHUBbI, CAMOCTOATEIbHOCTH, OTBETCTBEHHOCTH, OPraHU30BAHHOCTH;

—(opMUpOBaHHE CAMOCTOSITEILHOCTH  MBIIUIEHUS, CIIOCOOHOCTEM K caMOpa3BUTHIO,
COBEpILICHCTBOBAHUIO U CAaMOOpPraHU3aluy;

—(hopmupoBanus 00MIKX U TPOPECCHOHATBEHBIX KOMITETCHIIUI

—Pa3BUTHUIO UCCIIEAOBATEIbCKUX YMEHUM.

BHaeaynuropHas camocrosTenbHas pa0oTa BBIIOIHIETCA CTYIEHTOM IO 3a/IaHUI0
IperojaBarelis, Ho 0e3 ero HernoCpPEACTBEHHOIO yYacTHsL.

Ilepen BbINONHEHUEM CTYIEHTAMHU BHEAyAUTOPHONW CaMOCTOATENILHOM paloThI
[IPETo/iaBaTellb MPOBOAUT UHCTPYKTAX IO BBINOJIHEHUIO 33JaHMsI, KOTOPBIH BKJIIOYAET LENb
3aJlaHUs, €ro COJEepPIKaHUE, CPOKU BBINOJIIHEHHSI, ODUEHTUPOBOYHBII 00beM paboThl, OCHOBHBIE
TpeOOBaHUSI K pe3yibraraM paboThl, KpPUTEpHHM OIEHKH. B Tmpolecce HHCTpyKTaxka
IpernojaBaresib  MPeIyNpekIacT CTYIEHTOB O BO3MOXHBIX  THIHMYHBIX  OLIMOKax,
BCTPEYAIOLIMXCS IPU BBINIOJIHEHNUHN 3aJaHUS.

B xauectBe ()opM M METOIOB KOHTPOJIS BHE AyAHUTOPHOW CAMOCTOSTEIHHON padOTHI
CTY[IEHTOB MHCIIOJIb3YIOTCA CEMUHAPCKUE 3aHATUSA, 3a4€Thl, TECTHPOBAHHE, CAMOOTYETHI,
KOHTPOJIbHBIE PaOOTBHI.

KputepusiMu OIIEHKM pe3ylbTaTOB BHE ayJUTOPHOW CaMOCTOATENbHOM paboTh
CTYJIEHTA SIBJISIFOTCSI:

—YpPOBEHb OCBOEHHSI CTYIEHTOM Yy4eOHOI0 MaTepHana;

—yYMEHHE CTYAECHTa HCIOJb30BaThb TEOPETUUYECKUE 3HAHUS MPHU BBITOJHEHUN MPAKTUYECKUX
3a/1a4;

—c(opMHPOBAHHOCTH OOIIEYUeOHBIX YMEHU;

—yYpOBEHb yMEHHMsS aKTUBHO UCIIOJIb30BaTh SJEKTPOHHBIE 0Opa30BaTelbHbIE PECYPCHI,
HaXOAMUTh TpeOyrolytocs HH(POPMALIUIO, U3Y4aTh €€ U IPUMEHSATh Ha IPAKTUKE
—000CHOBaHHOCTb U YETKOCTh M3JI0’KEHUS OTBETA;

—o¢opMIIeHHE MaTepuaa B COOTBETCTBUU C TPEOOBAHUSMHU.

—YpOBEHb YMEHHUS YETKO C(HOPMYIUPOBATh MPOOIEMY, NPEATIOKUB €€ pelIeHHE, KPUTHUECKU
OLICHUTB PELLIEHUE U €r0 NOCIEACTBHUS;

—ypOBEHb yMEHHUSl OIpEeAeNIuTh, MPOAHATUZUPOBATh AJIbTEpPHATHUBHBIE BO3MOXKHOCTH,
BapUaHTHhI ICHCTBUII;

—ypOBEHb YMEHUs c(hOpMyIHpPOBaTh COOCTBEHHYIO MO3UIUIO, OIIEHKY M apr'yMEHTHPOBAThH €e.
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2. O0mas XapaKTepuCcTHKA CAMOCTOATEJIHLHOMH Pad0oThI CTYIeHTA NPH
U3Y4YeHUH TUCHHILTHHBI

Menpro wm3ydyeHHs IUCLUILINHBL «H)KEHEpHBIE CHCTEMBl 3JaHMM U COOPYKECHHUU
(BomocHaGxxenue u BONOOTBEIEHHE C OCHOBAaMHM TMIPABIMKH)» SBISETCd OOydeHUe
CTYICHTOB METO/IaM pacyeTa TeIJIOBOr0 M BO3AYIIHOTO pEeXHMa IIOMELICHUH, BBIOOpA
CHocOo0OB OTOIUIEHUS M BEHTWIALMH IOMELIEHUH U pacyeTa MpoLeccoB 00paboTKHU BO3ayXa
JUI TIOCTIEYIOIIET0 TI'PaMOTHOTO TPOECKTUPOBAHUS OOOpPYIOBaHHMS W CHCTEM OTOIUICHHUS,
BEHTWJSIIMM M KOHJIUIMOHMPOBAHUS BO3JyXa IIOMEIIEHUH JKWIbIX, OOLIECTBEHHBIX U
IIPOU3BOJICTBEHHBIX 3[JaHUN.

OCHOBHOM 3ajadeld U3YYEHUS JUCUMUIUIMHBI SBJIAETCS O3HAKOMIECHHE C
IPUHIMIIAMHA CO3JAaHUS PACYETHBIX IIapaMETPOB MHUKPOKIMMATa B IOMEILICHUAX
HPOMBIIIIEHHBIX U O0OLIECTBEHHBIX 34aHUM.

3. Ilnan-rpaduk BbINOJHEHUS] CAMOCTOSATEILHON PadoThI

O6nem yacoB
Konpl o
Urtoroseriit Konrakr
peanusy- Cpencrsa u
o Bun pesrensHoCTH HPOJYKT Hasl
eMoi TEXHOJIOTHH
CTY/ICHTOB CaMOCTOSITE CPC | paborac Bcero
KOMITETEH- . OLICHKHU
BHOU paboTHI npernoaa
1002078
BaTeJeM
5 cemecTp
OIIK-3 CamocrosiTennbHOE OTBeThI Ha
NO-1 onx-3; U3yueHue Bonpockl o| CobecenoBanu 45 5 50
N-2 onk-3; JUTEPaTyphl 1O TeEMaMm e
NJI-3 onk-3) Temam 10-11 JUCLUAIUINH
OIIK-4
(UH-1 onk-4;
Na-2 4, Brmmonnenue Texkct
A-2 onk 4_ N . | KouTponbHas
-4 onk-4; KOHTPOJIBHOU KOHTPOJILHOU 11,7 1,3 13
. pabora
NJ-5 onk-4; paboThI paboThI
UJ-6 orik-4)
Hroro 3a 5 cemectp | 56,7 6,3 63
Hroro | 56,7 6,3 63
4. KoHTpOJIbHbIE TOYKH U BHABI OTYETHOCTH N0 HUM
Bun nestensHOCTH CTYAEHTOB Cpoku KonmnuecTso
BBITIOJIHCHHUSI OaJioB
1 [IpakTHueckoe 3aHATHE 4 nenens 20
2 [IpakTueckoe 3aHATHE 8 Henens 20
3 KonTponbHas pabota 12 Henens 15
HToro 3a 5 cemecTp 55
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5. MeTonnueckne yKa3aHHus M0 H3yYeHHUIO TEOPETHYECKOI0 MaTepuaJia

[Ipexae Bcero, HEOOXOIUMO ONIPEACIUTh BUJT U3MaHUs (MOHOU3IaHHE, COOPHUK, YaCTh
MHOTOTOMHOT'O MJIM BBIIIYCK CEpPUHHOTO M3AaHus). YCTaHABIMBAETCS, KAKOMY BOIIPOCY, TEME
Wi o0NacTH HayKd MOCBSAIICHO mpou3BeneHue. OOpamaeTcsi BHUMaHUE HAa CTPYKTYPY
U3/IaHUs, BBIABISIETCS IIPUHLMIIBI TPYIIIMPOBKU MaTepuaa.

Ananu3 GopMbl U3NOKEHUS MaTepHalia TIOMOTaeT IpU ONPEAeICHUH YUTATEIbCKOTO
aapeca. C 3TOH LeENbI0O M3Yy4aeTcsl, HACKOJIBKO IOJIHO, JOCTYIHO W HaIAAHO HU3JI0)KEHBI
BOIIPOCHI.

IIpu anasm3e oTMeyarOTCs OCOOCHHOCTH MOJUIPAQUUECKOro HCIOJHEHHUS U
PEIaKIMOHHO-U3AaTeNIbCKOr0 O(QOPMIICHHSI, B YACTHOCTH HAJU4YME JJIEMEHTOB HAy4HO-
cnpaBoyHoro anmnapara. [lomumo Tekcra camoro npousseaeHust oubauorpad npocMarpuBaet
IPEIUCIIOBUE, BCTYNUTEIBHYIO CTaTbio, IpuMedaHus. Ecium CcBeaeHMH OKa3bIBAaeTCs
HEJI0OCTATOYHO, CIIEAYET 00PaTUTHCS K JOMOJHUTEIbHBIM HCTOYHUKAM.

H3yuenue Oononnumenvuvlx UCmMoyHukos. TaKUMH HCTOYHUKAMH MOTYT OBIThH
peLeH3UH, KPUTUYECKUE CTaTbd, KPUTHKO-OMOrpaduyeckue, HCTOPUKO-TUTEPATYpHbIE
paboThl. BBIBUTH 3TH MCTOYHUKH MOXKHO C TOMOIIBIO CHPAaBOYHBIX M OMOIHOTpaduuecKux
U30aHUH.

[Tpu pabote ¢ KHUTONH HEOOXOAMMO MOAOOPATh JIUTEPATYPY, HAYYUTHCS TPABUIBHO €€
yuTaTh, BecTu 3anucu. Ocoboe BHUMaHHE ClelyeT OOpaTUTh Ha ONpEAEICHHE OCHOBHBIX
HNOHATUH TUCHUILTHHBL. CTYIEHT AOJDKEH MOAPOOHO pa3Ouparh MPUMEpPHI, KOTOPHIE MOSICHSIIOT
TaKkue OIpEeNeNeHHUs, U YMETb CTPOMTb AHAJIOTMYHBbIE HPUMEpPHI caMOoCTOsTENbHO. HykHO
JNOOMBATHCSI TOYHOTO TPEICTABICHUS O TOM, YTO M3ydaenib. 1101€3HO COCTaBIATH ONOPHBIE
KoHCHeKThl. [Ipu n3yueHnn marepuania 1o yueOHUKY MOJIE3HO B TETPAIH JOMOJIHATh KOHCIIEKT
JEKUUH, TaKKe CJIeIyeT OTMEYaTh BOIPOCHI, BBIJEIECHHBIE CTYIEHTOM JUIsl KOHCYJAbTALUU C
IpernojaBaTeseM.

Paboma co cnpagounvimu u30aHusAMU.

CrnoBapp — CpaBOYHOE M3AAHME, COAEPIKAIIEE YHNOPSJOYCHHBIN NEPEYEHD SI3BIKOBBIX
eauHuI] (CJOB, CJIOBOCOYETaHMM, (pa3, TEPMUHOB, HMEH, 3HAKOB), CHA0OKEHHBIX
OTHOCSIIIUMUCS K HUM CIIPABOYHBIMU JIaHHBIMH.

TepMmuHONOrMUeCcKUii CioBapb — CJIOBapb, COAEPXKALIUNA TEPMHUHBI KaKOH-THOO
00JIaCTH 3HaHUS WU TEMBI U UX OIpeeneHus (pa3bsiCHEHNUs).

CripaBOYHHK — CIIPaBOYHOE M3/1aHKE, HOCSILEeE TPUKIIAIHON, MPAKTUUECKHUI XapakKTep,
UMEIOILee CUCTEMAaTHUECKYIO CTPYKTYPY MM MOCTPOEHHOE MO aii(haBUTY 3amiiaBUil cTaTew.
ITo LEJIEBOMY HA3HAYCHUIO pa3nmu4aroT: HAy4YHbIH, MaCCOBO-TIOJINTUYECKUH,
IPOM3BOJICTBEHHO-IIPAKTUYECKUN, YUeOHBIH, MOMYISPHBIN U OBITOBON CIIPAaBOYHUKH.

buorpaguueckuii cnpaBouyHUK (ClI0Bapb) — CHPAaBOYHUK, COAEpIKAIIUN CBEIEHUS O
KHU3HU U JAEATEIbHOCTH KaKUX-THOO JIHII.

bubnuorpaguyeckuii  cnpaBoYHUMK  (CIOBapp) —  CIPABOYHHUK, COAEpXkKallui
Oouorpaduueckue CBEICHMS O KaKMX-THOO JHIAX, CHUCKHM HX TPYIAOB U JIUTEpaTyphl,
OCBEIIAIOIEH X KU3Hb U J1€ATEIbHOCTb.

CropaBouHoe mocoOue — mocoOue, paccuuTaHHoe Mo (opme Ha TO, YTOOBI MO HEMY
MOXKHO OBLIO HaBOAWUTH cHpaBku. OT CHOpaBOYHHKA OTJIMYAETCS TEM, YTO MOXET ObITh
MCIIOJIb30BaHO M JUIsl ITOCJIEOBATEIBHOIO OCBOEHHS MaTepuaia, B TO BpeMsl KaK CIPaBOYHUK
HaIleJIEH IIaBHBIM 00pa30oM Ha BBIOOPOYHOE UTEHHUE, IO MEpe TOro, KaK BO3HUKAIOT T€ WUJIU
MHBIE BOIIPOCHI ¥ HY)KJIa B CIIPaBKe, U JUIs OCIIEI0BATEIbHOTO YTEHHSI HE MPUCTIOCOOIIEH.

DHUUKIIONEUsl — CIIPaBOYHOE U3JJaHKe, coepKalliee B 0000IIEHHOM BUE OCHOBHbIE
CBElICHHA IO OAHOM WM BCEM OTpacisiM 3HAHUM U MPAKTUYECKOH JEATEIBHOCTH,
U3JI0KEHHBIE B BUJIE KPATKUX CTaTel, pacHOIO0KEHHbBIX B al(aBUTHOM MM CHCTEMaTHUYE€CKOM
nopsake. B 3aBucCMMOCTH OT Kpyra BKJIIOYEHHBIX CBEIECHUN pa3indalOT YHUBEPCAJIBbHYIO
(o0mIyr0), cHenuaau3upOBaHHYIO (OTPaciieByI0), PETHOHANBHYIO (YHUBEPCATBHYIO WU
CIEUAIN3UPOBAHHYIO) SHIIMKIIONEINH.
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DHIUKIONEINISCKUHN CIIOBAph — DHIMKJIONEANSI, MaTepUaAT B KOTOPOW PACIIONIOKEH B
a1(haBUTHOM TIOPSIZIKE.

['moccapuii — cnoBapb TEPMUHOB.

Tezaypyc OoTHOCUTCS K CIEUAIBHOMY THITY CJIOBapsi HOPMAaTUBHOM JIEKCUKU C TOYHO
OMpCACIICHHBIMHA CBA3AMU MCXKIY TCPMUHAMMU.

3anaHus 1Ji1 CaMOCTOSTENIbHOM pabOThI CTY/IEHTOB

6. MeToauyecKkue YyKa3aHMsi 1O BHMJAaM PpPadoOT, NPeIyCMOTPEHHBbIX padoyei
NporpamMmmoit

Buo camocmoamenvnoi pabomor cmyoenmos:

CoobecenoBanue mo temam 10-11

Bo BpeMs mnpakTuueckoro 3aHSATHS IPENoaaBaTeNlb OIMPAIIMBACT CTYIACHTOB IIO
BOIIPOCaM, 33JIaHHBIM Ha JaHHOe 3aHATHe. CTyIEeHTHI JOJDKHBI 3apaHee JoMa, B OnOIrnoTeKe
U YUTAJIBHOM 3ajie¢ IMOATOTOBUTH OTBETHI HA BCE 3a/JaHHBIC BOIPOCHI MPAKTUYECKOTO
3ansaTuA. Creayer BECTH CIEHHMABHYIO TETpajb C 3alHUCSIMU OTBETOB HAa BOIPOCHI.
JKenarenbHO Mpu NOArOTOBKE OTBETA HE OTPAHUYUBATHCS MAaTEpUAIOM OJIHOTO y4eOHHKa, a
WCIIOJIb30BaTh HAYYHBIC CTAThH U3 KyPHAIOB, COOPHHKOB cTaTel, MOHOTpadwH.

B mpouecce opranuzammu paboThl OONbIIOE 3HAYEHUE MMEIOT KOHCYJIbTAI[MU
MPEnoiaBaresis, B X0J€ KOTOPBIX MOXKHO PEUIUTh MHOTHE MPOOJIeMbl M3y4aeMoro Kypca,
VSICHUTD CJIO’KHBIE BOIIPOCHI.

CryneHT, OTBEYAIOIIMI Ha BOMPOC MPAKTHUECKOTO 3aHSTHS, JOJDKEH JeNaTh 3TO,
KaK MpaBUjIo, He puderas K MOMOIIY KakuxX-1uoo 3anuceil mim yueOHuKoB. OTBET JOJIKEH
OBITH HACTOJIBKO TIOJTHBIM, HACKOJIBKO 3TO TPeOyeTcs, 9YTOOBI IOCTATOYHO IMOJTHO PACKPBITH
JIaHHBIM BOTIPOC.

CamocrosTe1bHOE H3y4eHHe JuTeparypbl o Tteme Ne 10. CucremMbl ropsiyero
BO/J10CHA0KEH NS

Cucmemvl ~ MecmHO20 U YEHMPATUZOBAHHO20  20psue20  B8000CHADIICEHUS.
Tpybonposeoovl copaueeco sodocHabxicenus. Cxema 2opsaueco 6000CHADIHCEHUSL.

CamocrosiTesibHOe u3yueHue Jjureparypsl mo Teme Ne 11. Cucrembl BOAOCHAOKeHUs.
Kaaccuduxauus, Hopmbl noTped/ieHus, pacueT NoOTPeOHOCTU B BojJe

Knaccugpurayua cucmem 6ooocnabocenusn. Hopmer 6ooocnabcenus u mpebosanus K
Kauecmay 800bl. Pacuem nompedbnocmu 6 ode.

Bonpocs! 11 pakTUYECKUX 3aHATUH 110 pa3enaM AMCHUILUINHBL.
Tema 1. Bononorpedienue. CucteMbl BOIOCHAOKEHUS

—Buns! notpebiieHus BOpI.

— Hopwms! BogonotpebieHus.

—Pacuer BogonorpeOaeHns HaceIeHHbBIX TYHKTOB.

—HcTounuk BogocHa0KeHUSI.

—Knaccugukanus cucrem BogocHa0 eHuUs.

Tema 2. Cucrembl 3a00pa, Nogaum 1 pacnpeejieHusi BoAbl

1 Bono3abopHbie COOpYyKEeHHUS.

2 30HUPOBAHHE CHCTEM BOJOCHAOKEHUS

Tema 3. Cucrembl moga4yu M pacnpeaeieHusi BoAbI
—3a[1aqa TUAPABINYCCKOTO pacyeTa BO):[OHpOBO,HHOfI CCTH.
— BoponpoBoanslie ceTu.

Tema 4. BHyTpeHHee BOZOCHAOKeHUE 3TaHUH
—CucreMa X0JI0JHOTO BOJIOCHA0KEHHUSI 31aHuSI.
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—CucreMa ¢ HOBBICUTEILHBIM HalmoOpHbIM 6aKOM.
— Cucrema ¢ THIPONTHEBMATHYECKUMH YCTPOHCTBAMU.

Tema 5. O0padoTka BoabI
—KauecTBO BOJIBI IPHPOIHBIX HCTOUHHUKOB.
— OYHKIUY OYUCTHBIX COOPYKEHUM.
—Koarymnuposanue.

Tema 6. OTcTanBanue Boabl

— OcBeTiICHHE BOMBI.

—®uUnbTPOBaHKUE BOABI.

—QO06e33apaxuBaHNUE BOJIBI.

—BonootrBenenue

—XapaKkTepucThKa CTOYHBIX BOJ.

—CucTeMbl BOJOOTBEACHHUS.

Tema 7. 'mapaBianyekuii pacyeT BOAOOTBOASIIUX CeTeH.

2. ®opwmymna [lle3n.

3. Bo100TBO/IsIIIIas1 CETh HACEJICHHBIX TyHKTOB.

4, Bo/100TBOASIIIINE CETU MPOMBIIUICHHBIX MTPENPHSTHIA.

5. BonootBoasmue cetn aTMOC(EPHBIX 0CAIKOB (BOJOCTOKH).
Tema 8. OuncTHBIE COOpPYKEHUS

4, CocTaB M CBOMCTBA CTOYHBIX BOJ.

5. TeXHONIOTHYECKHE CXEMBI OYMCTKH CTOYHEBIX BOJI.

6. MexaHndueckast OYMCTKA CTOYHBIX BOJI.

7. Buonornueckas 0YMCTKA CTOYHEBIX BOJI,.

Tema 9 .Buosornyeckas 0O4UCTKA CTOUYHBIX BOd ME€TOAOM 6H0(l)I/IJ'[praIII/II/I
8.1.1. ®u3HKO-XMMHYECKAs OYHCTKA CTOYHBIX BOJ,.

8.1.2.  OumcTKa CTOYHBIX BOJ (hIIOTAIHCH.

8.1.3.  OumcTKa CTOYHBIX BOJ KOAT'yJIHPOBAHHIEM.

8.1.4. CopOmoHHast OYUCTKA CTOYHBIX BOI.

8.1.5. O4nCcTKa CTOYHBIX BOJ O30HUPOBAHUEM.

Kpumepuu oyenuganua: OueHKa «OTIMYHO» CTaBUTCS CTYIEHTY, €CJIM OH IOJHO
u3jaraeT MarepHual, JaeT NpaBUIbHOE OIpeJesieHHe OCHOBHBIX IMOHATUH; OOHapyXHBaeT
NOHMMaHHUE MarepHuaia, MOXeT OOOCHOBAaTh CBOM CYXKIECHMs, NPUMEHUTb 3HAaHHUA Ha
NPaKTUKE, IPUBECTH HEOOXOIUMBbIE TPUMEPHI HE TOJBKO U3 YUeOHHKA, HO U CAMOCTOSITEIbHO
COCTAaBJICHHBIE; M3J1araeT Marepuas MOCIEA0BaTeIbHO M MPABUIBHO C TOYKU 3PEHUS HOPM
JUTEPATYPHOTO S3bIKA.

OneHka «XOpoIll0» CTaBUTCS CTYIACHTY, €CJIM OH JaeT OTBET, YIOBJIETBOPSIOUINI TeM
e TpeOOBAHUSAM, UTO U JJISI OTMETKH «OTJIMYHO», HO JOMYCKaeT OMIMOKH, KOTOPbIE caM e
UCIPABISET, U HMEIOTCA HEAOYEThl B IOCJIEI0BaT€IbHOCTH U S3BIKOBOM O(OPMIIECHUH
M3J1araeMoro.

OneHka «yIOBJIETBOPUTEIBHO» CTAaBUTCS, €CJIM CTYAEHT OOHApyKMBaeT 3HAHUE U
NOHMMAaHHUE OCHOBHBIX IIOJIOKEHUH JaHHOW TEMBI, HO MW3JIaracT Marepuajl HENOJIHO |
JIOTTYCKaeT HETOYHOCTH B OIpPEJEICHUU MOHATHH WUiIu (OPMYIHPOBKE MPaBUJI; HE YMEET
JIOCTaTOYHO TDIIyOOKO M JIOKa3aTelbHO OOOCHOBAaTh CBOM CYXKIEHHS U TPUBECTH CBOU
NpUMEpHI; H3JaraeT Marepuall HEeNOoCJIeNOBaTeIbHO M JOMYCKAeT OIIMOKU B S3BIKOBOM
o(opMIIEHNH H3]1araeMoro.

OneHka «HEYIOBJIETBOPUTEIBHO» CTABUTCA CTYIEHTY, €CIM CTYIEHT OH HE3HaHHE
Oonblleil YacTM COOTBETCTBYIOILEIO BOIPOCA, JOIMYyCKaeT OIMOKKM B (opMynupoBke
onpeseNieHul U MpaBWI, UCKAXKAIOIIUE HUX CMBICH, OECHOpsSI0YHO U HEYBEPEHHO M3J1araeT
MarepHail.

7. MeToanueckue yKa3aHus 10 MOArOTOBKE K IK3aMeHy

HauunaliTe TOTOBUTBCA K HSK3aMEHaM 3apaHee, MOHEMHOTY, M0 YacTsIM, COXpaHss
criokoiicTBue. CocTaBbTe IUIaH PabOTHI, pacmpeenn 001ee KOJTUIeCTBO Mareprana 1mo JHsIM
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MOATOTOBKH, 0053aTeIbHO OCTaBUB BpeMs Ha moBTopeHue. HeoOxoanmo omnpenenuTts BpeMs
3aHATUH C YYeTOM pUTMOB opraHuszMa. Ilepen HauajaoM MOATOTOBKM K 93K3aMeHaMm
HE00XOMMO IPOCMOTPETH BECh Mareprall U OTIOKHUTH TOT, YTO XOPOILIO 3HAKOM, a HAUMHATh
YYUTh HE3HAKOMBbIW, HOBBIM.

Hcnonb3yiiTe Bpemsi, OTBeIEHHOE Ha MOATOTOBKY, Kak MOXKHO 3 dexkrtuBHee. HoBbII 1
CIIOKHBIN MaTepuan y4yuTe B TO BpeMsl CYTOK, KOTJa XOpOILIO JyMaeTcsi, TO €CTh BBICOKA
paboTocnocoOHOCTh. OOBIYHO ATO YTPEHHUE YACKI ITOCIIE XOPOIIETO OT/IbIXA.

He cnonsiitecs 6e3 aena. 3aiimute cedst yeM-HUOYb, KOTAa TOTOBUTECH K DK3aMEHY.
OTO HE OCTAaBUT BaM BPEMEHM Ha IyCTble CTpaxu. MOKHO 3aHATHCS CIOPTOM, TaHLAMH,
pHCOBaHHEM WIH KyluHapuei. Bce 370 — oTinuHbIi criocol paccaabuTbes U MOYyBCTBOBAThH
YBEpEHHOCTh B cele.

Cy1ecTByIOT pa3Hble IPUEMBI PA0OTHI C MaTEPUATIOM.

1. Camoe TIaBHOE MOHSATH MaTepua, pazooparbcs B HeM. OYeHb MOJIE3HO COCTABIATh
IUTaHBI KOHKPETHBIX TEM M JIep)KaTh UX B yMe («IJJaH B yMe»), a He 3a3yOpuBaTh BCIO TEMY
MOJHOCTBIO «OT» M «10» MOXHO TakKe NPAKTHKOBaTh HAIKMCAaHWE BOIPOCOB B BHUJE
KpaTKOT0 M3JIOKEHUsI MaTepHalia.

2. 3aydrBaeMbIii MaTepHall JIyqile pa30UTh Ha CMBICTIOBBIC KYCKH, CTapasiCh, YTOOBI X
KOJTMYECTBO HE MpEBbINIano ceMu. CMBICTIOBBIE KYCKH MarepHalia HEeOOXOAUMO YKPYIHSThH U
0000m1aTh, BBIpaXKasi TIIABHYIO MBICIb ONHOW (ppa3oil. TekcT MOXKHO CHIIBHO COKpaTUTh,
MPECTABUB €r0 B BUJIE CXEMBI TUIIA «3BE3IIbI», «I€PEBa», «CKOOKM» U T.II.

3. K TpynHO 3amoMuHaeMOMy Marepuary HeoOXOIMMO BO3BpAIIaThCS HECKOIBKO pas,
MIPOCMaTpPUBATh €T0 B TEUCHHUE HECKOJIbKUX MUHYT BEUEPOM, a 3aTEM €Ile pa3 —yTPOM.

4. Tlepecka3 TeKCTa CBOMMH CJIIOBaMHU IPHUBOAMT K JIYYIIEMY €rO 3allOMUHAHMIO, YEM
MHOTOKPAaTHOE YTEHHE, IMOCKOJIbKY A3TO AaKTHUBHAs, OpraHU30BaHHAs 1EIbI0 YMCTBEHHAs
pabora. Boob1ie rosops, j1r00ast aHaauTHUECKasi paboTa ¢ TEKCTOM IPUBOJUT K €T0 JIyUIIeMy
3alIOMHHAHUIO.

5.Mcnionb3yi pa3Hble PUEMBI 3aIIOMUHAHUS - 3PUTEIIBHO, HA CIIYX, IUCbMEHHO.

Bomnpocs! Kk 3k3aMeny

ba3oBblii ypoBeHb
Bompocs! (3amaua, 3aanue) Ais IpOBEPKU YPOBHS 00y4E€HHOCTH
3Hamb:
—Bupl notpediaeHust BoIbI
—Hopwmst BoronotpediieHus
—Pacuer BoJjonOTpEOICHNS HACEIEHHBIX TYHKTOB
—HcTouHnk BOOCHAOKEHHS
—Knaccuduxamnus cucteM Bo1ocHaAOKEHUS
—PexxuM paboThl crcTeM BOAOCHAOKEHUS
—BonozabopHbie coopykeHus
—CucreMsl noJavu u pacupeacjacHusa BOJbI
—BuyTpeHHee BogocHaOXeHUe 3MaHui
—KauecTBO BOJIbI IPUPOTHBIX HCTOYHHUKOB
—@OyHKIUU OYUCTHBIX COOPYKEHUH
—Koarymuposanue
—OTcranBaHye BOJbI
—OcBeTiieHHEe BOABI

Yumemu, enademy:
—CopOLroHHAs 0YNCTKA CTOYHBIX BOJ
—OuncTKa CTOYHBIX BOJ| 030HHPOBaHUEM
—CxeMbl (PU3UKO-XMMHUYECKON OUNCTKH CTOYHBIX BOJ
—I'myGoxast ouricTka 1 06e33apakMBaHHE CTOYHBIX BOJ
—VYTunmzanus ocaskoB CTOYHBIX BOJ
—Cucremsl U cxeMbl BogocHa0keHns. CxemMa BOJOCHAOXEHNS HaceleHHOro MyHKTa. HopMaTuBHas 6a3a HHKEHEPHBIX
cucTeM B 000pyI0BaHNS, IJIAHUPOBKA U 3aCTPOHKA HACEIEHHBIX MECT.
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—BonocnabxeHne npoMIpeanpusTHA, HHXKSHEPHBIX CHCTEM U 000pyIOBaHUE, IITAHUPOBKA.

—OcCHOBHBIC ~ JaHHBIE Uil  IIPOCGKTHPOBAHHMSA  BOAONPOBOAHOM ceTH (HOPMBI ~ BOIONOTPEOJNCHMS, PEXKUM
BOJIOTIOTPEOIICHHS, PACXOIBI, HATIOP).

—HMcTovyHUKN BOIOCHAOKEHUS, OLICHKA TEXHUYECKOTO COCTOSHHS M OCTATOYHOTO pecypca CTPOUTENIBHBIX OOBEKTOB H
KOMMYHAJIFHOTO 00OPYIOBaHUS BOJAOCHAOKEHUSI.

—BonozabopHsle coopykeHHs U3 HOA3EMHBIX HCTOYHHKOB, SKCIUTyaTalus, TPOQHIAKTHICCKHE OCMOTPHI H PEMOHTHL.
—Bono3abopHsie coopyKeHHUs U3 TOBEPXHOCTHBIX HCTOYHUKOB, SKCIUTyaTalHsl, NPOQHIAKTHIECKUE PEMOHTEHI.
—lenTpoOesxHble Hacockl (YCTPOHCTBO, IPUHIMI pabOThI, paboyre XapaKTepUCTHKH, HOpMAaTUBHbIE TPEOOBaHMS).
—BonomnpoBoaHsie HacocHbIE CTaHIMH (Kiaccu(UKalysl, Ha3HaYeHUE, IKCIUTyaTalus, PEMOHTHI).

—Hapyxnast BomompoBomHast ceTh (CXeMBI TPacCHpPOBKH, OJJIEMEHTBI, TpPYObI W apMaTrypa, OJKCIUTyaTalus,
npodunakTHyeckre OCMOTPHI U peMOHTHI). TpeOoBaHMs K BOAOIPOBOIHBIM CETSIM.

IHoBbIlIEHHBIH YPOBEHD

Suame.
4, OuUIbTPOBAHUE BOJIBI
5. 0O06e33apaxBaHUE BOJBI
6. XapakTeprcTHKa CTOYHBIX BOJ
7. CucTeMBbI BOJIOOTBEICHUS
8. I'mppaBnuuexuii pacueT BOJOOTBOAAIIUX CETEN
9. BomooTBopsias ceTh HACEICHHBIX ITYHKTOB
10. BomooTBoasmye ceTr MPOMBIIUICHHBIX IPEATPUATHN
11. BomooTBozsmIue ceTH aTMOC(EePHBIX 0CaIKOB (BOJOCTOKHM)
12. ObopynoBaHre HACOCHBIX CTAHITHN
13. CocTaB 1 CBOICTBA CTOYHBIX BOJ
14. TeXHOJIOTHYEeCKIE CXEMBI OUHCTKH CTOYHBIX BOJ
15. MexaHuuecKast O4MCTKa CTOYHBIX BOIT
16. Buomornueckas OUMCTKa CTOYHBIX BOJI
17. Buonoruueckas 04MCTKa CTOYHBIX BOJ METOJIOM OUO-(DHIbTpAIMU
18. OuncTKa CTOYHBIX BOA (hioTarmeit
19. Od4ncTKa CTOYHBIX BOJ KOAryJTHPOBAHUEM

Yuems, enademn:

eMeTo/IbI OUUCTKHU U 00€33apaskMBaHUS BOJIBI.

ePeareHTHOE XO3UCTBO (Ha3HAUCHHUE, HIIEMEHTHI, TEXHUKA 0€30TIaCHOCTH).

eCMecHTeNH, OTCTOWHUKH, OCBETIUTEIH CO B3BEIICHHBIM CIIOEM OCaJKa, CKOpBIC 3€PHHCTHIC (DMIBTPHI: OICHKA
TEXHUYCCKOTO COCTOAHUA U OCTATOYHOT'O peCypcCa CTPOUTCIIbHBIX 06'[)6KTOB KUJINITHO-KOMMYHAJIbHOT'O XO3SIUCTBA U
JKUJTHIITHO-KOMMYHAJILHOTO 000PYTOBaHMSI.

e(Cxema KaHAIM3aIMK HACEJIEHHOTO IMMyHKTa U €€ OCHOBHBIE 3JIEMEHTHI.

eCxeMbl TPacCCHPOBKHM KaHAJTW3AI[MOHHBIX ceTel. PacrmosiokeHHe KOMMYHHKAIMH OTHOCHTEIBHO (DyHIaMEHTOB
37aHUM U IPYTUX KOMMYHHUKALUN.

eOmpeeneHne pacueTHRIX PacX0/I0B, CKOPOCTH, YKIOHBI, TITyOWHA 3aJI0’KSHHS KaHAIN3allMOHHON CEeTH.
eVcTpoiicTBo KaHamM3anuoHHOH cetr. TpyOsr. Komomiper. TpeGoBaHUS K SKCIUTyaTalldd, OCMOTPAaM U PEMOHTAM.
oJloxIeBast KaHAIM3AIMOHHAS CEeTh (Ha3HAYCHHE, YCTPOWCTRO).

e[lepekauka crouHbIX BoA. KaHanu3auOHHbIE HACOCHBIE CTAHIIMU.

eCocTaB 3arpsi3HEHUN U METOJbl OUUCTKU CTOYHBIX BOJ.

eTexHomornyeckas cxema TOPOJACKHUX KaHAJIMU3AIIUOHHBIX OYUCTHBIX COOpy)KGHPIﬁZ OILICHKA TEXHUYCCKOT'O COCTOSITHUSA
¥ OCTATOYHOTO PECypca CTPOUTEIHHBIX OOBEKTOB CTAHITUH B 000PYAOBAHHUS.

.Tpe6OBaHI/IH K pactoJIOKCHUIO CTAHIIMU OYUCTKH CTOYHBIX BOJJ OTHOCUTEIIBHO IOpoaa U BOAHBIX 06T)CKTOB.
.HpI/IHLII/IHBI pasMEIICHUA U CHOCO6BI MIPOKIIAAKH MOA3EMHBIX KOMMyHHKaHHﬁ.

e[Jo13eMHbBIE KOMMYHUKALIUU TOPOJA

eCucteMsl BoiocHaOxeHus. Kinaccudukanwsi, HOpMBI MOTPEOICHUS, pacueT MOTPEOHOCTH B BOJIC

oCHUCTEMBI TOPSTYETO BOJTOCHAOKEHUS
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MHUHHUCTEPCTBO HAYKH U BBICHIEI'O OBPA3OBAHUS POCCUMCKOM
OEJEPAIINU
OENEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUYPEXJIEHUE BBICIHIEI'O OBPA3OBAHUSA
«CEBEPO-KABKA3CKHWM ®EJEPAJIBHBIA YHUBEPCUTET>
Isaruropckuii uHCTUTYT (pusman) CKOY

Meroauyeckue yKasaHus
10 BBIMIOJTHEHUIO KOHTPOIBHON paboThI
1o quciuIuinHe « MHxeHepHble CUCTEMBI 3MaHui U coopyxkeHui (BonocHabxenue u
BOJIOOTBEJICHHUE C OCHOBAMHU THAPABIIUKH )»
JU1sl CTyleHTOB HanpasieHus noaroroku 08.03.01 CtpourenscTBo
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COIEPXAHUE

BBEJIEHUE

1. OEJIb, SAJAYU 1 PEAJIN3YEMBIE KOMIIETEHIIMA

. DOPMVIIMPOBKA 3ATAHMA 1 EI'O OFBEM

. OBIIIME TPEBOBAHU A K HAIIMCAHUIO 1 O®OPMJIEHNIO PABOTHI
. YKA3AHUMA 110 BBIIIOJIHEHUIO 3AJTAHUA

. BAPUAHTBI KOHTPOJILHOM PABOTEHI

. KPUTEPMU OLUEHNBAHW S PABOTDI

. [HOPAOK 3AIIMTBI

. IIEPEYEHb BOIIPOCOB K 3K3AMEHY

. CIINCOK PEKOMEHIYEMOM JIUTEPATYPBI

O© 00 N O »n b~ W DN
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BBEJAEHUE

«VHXeHepHbIe CUCTEMBI 3JaHUI U COOPYKEHHH (BOJOCHAOXKEHNE 1 BOJOOTBEICHUE HA
OCHOBE TUAPABIMKH)» PACCUUTAHBI HA CTYJCHTOB O4YHOI (HOpMbI 00yUYEeHHS IO HAMPaBICHUIO
08.03.01 «CrpoutensctBoy» (kBasnukamnms (cTenenb) 6akanaBp) npoduiis «CTPOUTETHCTBO
3IaHUI U COOPYKEHUI».

WuxeHepHass TUOPOJIOTHS H3ydaeT IHPOLECCHl, IPOUCXOISAIIME B HIPUPOJHBIX BOAAX, B
pe3yapTare B3auMOJEHUCTBUS MX C TPAHCIOPTHBIMU M THJIPOTEXHUYECKUMH COOPYKEHUSIMU.
[lpy  anHanmM3e  CTAaTUCTUYECKMX  JAHHBIX, [OJy4YaeMbIX TIpH  HAONIOACHUH 32
TUAPOJIOTUYECKUMH  SIBIICHUSAMHM U MPOLECCAMU, HHXKEHEpHAas TUIPOJOrus MPUMEHSET
anmnapar MaTeMaTHu4ecKOW CTaTUCTUKH JUUIsl CUCTEMAaTH3al[Mi U MCII0JIb30BAaHUS ATUX JaHHbBIX B
HAy4YHBIX U IPAKTUYECKHUX LETISX.

B uacTtHOCTHM, METOIBI MAaTeMaTHMYECKOM CTAaTUCTUKU HCIIOJIB3YKOTCS B PEKOMEHJALMSAX IO
ONPEIEICHUI0 PACUETHBIX TUAPOJIOTMYECKUX XAPAKTEPUCTUK MPU  MPOCKTUPOBAHHUU
TPAHCIIOPTHBIX COOPY)KEHUMH, HAIPUMEP, CPEJAHUX TOJOBBIX, MAKCUMAJbHBIX PAacXol0B U
HauBBICUIUX YPOBHEH BOJbI B peKax.

WNnxenepHas ruaposiorus paspalaTbiBaeT CIELUAIbHbIE METOJ/bl, OCHOBAHHBIE Ha
aHaJu3€ IMPOUCXOXKACHUS CTOKA, MO3BOJISIIOLIME OIPEACNIUTh PACUETHBIE TUAPOIOTHYECKUE
XapaKTEPUCTUKH NPU OTCYTCTBUHU JaHHBIX HAOIIOACHUN WM [IPU UX HELOCTAaTOYHOCTH.

Baxxnoe MecTO B MHXKEHEPHOW TMIPOJIOTUU 3aHUMAET TE€Ma, CBA3aHHAs C MU3y4YEHUEM
U3MEHEHUN PYCIIOBBIX IPOLIECCOB IOJ  BJIMSHUEM CTPOMTEILCTBA  TPAHCIOPTHBIX
coopykeHui. K HUM OTHOCSTCS: 3aHECEHUE JOHHBIMU M 3aUJICHUE B3BEIICHHBIMU HaHOCAMHU
BOJIOIIPOBOSIIIUX COOPY)KEHHUI, MECTHBIE M OOIIME Pa3MBIBBI PEYHOTO PYCiIa Y MOCTOBBIX
MEePEXOJIOB.

B 10pOXKHO-MOCTOBOM CTPOHMTEIHCTBE HEOOXOAMMOCTH HCIIOJIB30BaTh pa3IMYHbIC
napaMeTpbl OTOKa BO3HUKAET HAa CTaJMM W3BICKAHUI aBTOMOOWIIBHBIX M KENE3HBIX JOPOT,
Opd MX TPOCKTUPOBAHHWH, pa3pabOTKe IPOEKTOB OpPraHHM3aldd CTPOUTEILCTBA JOPOT,
BOJIONIPONYCKHBIX TPYyO,MOCTOB M JIPYTUX JOPOXKHBIX BOAOMPOBOAALINX COOPYKEHHH.
I'maponornueckue JaHHBIE IIMPOKO HCHOJB3YIOTCS M BO BpeMs HX CTPOMTENbCTBA U
JKCIUTyaTanuu. YToOBbl palMOHAIBHO MPOEKTUPOBAaTh, CTPOMTh M  OSKCIUIyaTUPOBATh
aBTOMOOUWJIBHBIE JIOPOTH, TPeOYyIOTCs 3a JUIMTENbHBIA MEepUoN MOAPOOHBIE CBEACHUS O
THJIPOJIOTUYECKOM PEXHME BOJHBIX OOBEKTOB, BOJU3M KOTOPBIX OHU PACIOJIOKEHBI WIIH
nepecekaroT MuX. [WAPONOTMYECKMMH U THAPABIMYECKUMH (aKTOpaMH OIpPEessIFoTCs
reHepaJibHble pa3Mepbl COOPYXEHHMH: OTBEPCTHH MOCTOB U TpyO, IIyOuMHA 3allokKEeHUs
(GyHIaMEHTOB ONOpP MOCTOB, OTMETKH OpOBOK 3€MIISSHOTO IOJIOTHA, CHOCOOBI KpEIUICHUS
OTKOCOB TIIOJIOTHA, pa3Mepbl Pa3IUYHBIX COOPY)KEHUH g oOecrnedeHus CTaOMIbHOCTU
3eMJISIHOTO TOJIOTHA.

3anpoeKTUPOBAaHHBI MOCTOBOM IIEPEXOJ] 4YEpPEe3 BONOTOK, BKIIIOYAIOIIUN MOCT,
MOJXOHBIE HACBIIIU U PETYJIAIMOHHBIE COOPYKEHHU (CTpyeHaIpaBIsiomuye 1aMObl), JOIKEH
o0ecrieynBaTh 0€30MaCHBIN NMPOIYCK BBICOKMX BOJ M Jienoxoaa. [Ipu B3auMoseiicTBuu noToka
C COOpPYKEHUSIMU MOCTOBOTO I€PEX0ia BOZHUKAIOT HHTEHCUBHBIE Pa3MbIBbI pyciia BCIEICTBUE
CTECHEHHUS TIOTOKA, KOTOpPbIE TAKXKE JIOJKHBI OBITh YYTEHBI IPU MPOEKTUPOBAHUH MOCTOB.
Pa3MBbIBBI pycest BOBHHKAIOT U B HXKHUX Obedax BOAOMPOIYCKHBIX TPYO.

Cayxba »sKcIUTyaTalldd JOpOT HCIOJB3YeT TUAPOJOTHYECKYI0 HH(POpPMAIMIO |
MPOTHO3bl O MPOXOXJACHWU TAaBOJKOB M CEJIEBBIX IMOTOKOB, 00 00pa30BaHWU, Pa3BUTUU U
pa3pyLIEHUH 3aTOPOB JIbJIa HA YYacTKaxX X BIMSHUS HA COOPYKEHHS aBTOMOOMIIBHBIX JIOPOT,
00 MHTEHCUBHBIX pa3MbIBaxX pycen U Ap.

UYroObl OnpenenuTb BO3MOXKHBIE MpPEAETbl M3MEHEHHs XapaKTepUCTHK MOTOKAa U UX
CpeIHUE 3HAYEHUs, HEOOXOIMMbl HENpEephIBHbIE T'HMAPOMETpHUYEcCKHe paboThl B TeueHUE
HECKOJIbKUX JAECITKOB JieT. C NpOU3BOACTBOM TI'MAPOMETEOPOIIOTUUECKUX H3BICKAaHUM IIpU
MPOEKTUPOBAHUN WH)KEHEPHBIX COOPYXEHHMH CTYIEHThl 3a04HOM M JUCTAaHIIMOHHON (opm
00y4YeHHsI O3HAKOMSTCS B MEpUOJ] Y4eOHOM TuApOIIOTHYECKON MTPAKTUKH.
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1. IEJIb, 3AJJAYU U PEAJIN3YEMBIE KOMIIETEHIIUN

Llenbro ocBOCHMs NUCHUIUIMHBI «H)KEHEpHBIE CUCTEMBI 3JaHUM U COOPYKECHUU
(BomocHaGxeHue W BOIOOTBEIEHHE C OCHOBAMH THJIPABIUKH)» ABISETCS (POPMHPOBAHUE Y
CTYAEHTOB HNpPOQECCUOHAIBHBIX 3HAHUI W HABBIKOB IO BOINPOCAM BOJOCHAOKEHHUS U
BOJIOOTBEICHHUS U MCIIOIB30BAHNE 3TUX 3HAHUH JIJIsl IPOCKTUPOBAHUS CUCTEM BOAOCHAOKEHUS
Y BOJOOTBE/ICHUS.

3aaun OCBOEHMSI TUCUUIUINHBI U3YYUTh:

- IlpuHuunel nelcTBUS M Ha3HAYEHUE BHYTPEHHUX CHCTEM BOAOCHAOXKEHUS U
BOJIOOTBE/ICHNUS;

- MeTo/bl THIpaBIMYECKUX pacy€TOB CUCTEM BOJOCHAOKEHHS U BOJAOOTBEICHUS;

- Marepuaiisl TpyOOIIPOBOJOB M 3JIEMEHTOB CHCTEM, METO/IbI 3aIIUTHI TPYOOIIPOBOIOB
CHUCTEM;

- OO6opynoBaHue, YCTaHOBKHM, COOPY)XEHUS U JPYr'He€ DJIEMEHThl CHCTEM
BOJIOCHA0XEHHUS U BOIOOTBE/ICHHUS.

2. D°OPMVYJ/IMPOBKA 3AJIAHUA 1 EI'O OBBbEM

CtpyKTypa KOHTPOJIBHOU PabOTHI:

1. Teopermueckass 4acTb (BCeCTOPOHHee paccMOTpeHHe 4-X TeopeTHYeCKHX
BOIIPOCOB, MPEIJ0KEHHOr0 B METOJMYECKHX YKa3aHUSIX B COOTBETCTBHH C HOMEPOM
BapuaHTa). HemomycTuMo OTCYTCTBHE CCBUIOK Ha UCIOJB3yeMytlo mnuteparypy. O0bem
paboThI T0HKEH ObITh HEe MeHee 10 meYaTHBIX JIMCTOB.

2. Cnucok NCnoJib3yeMoi JJUTepaTyphbl.

1. Camycs, O.P. PykoBoACTBO 10 M3Y4EHHUIO TUCHUILIMHEI «BomocHabxeHue u
Bogooteeaenue» / O.P. Camycs, B.M. OBcsinnukoB, A.C. Konaparees. - M. ; bepnuH :
Hupexkr-Menua, 2014. - Y. 1. BomocHabxeHHne 1 BOTOOTBEICHHE BBICOTHBIX 3/IaHUM. - 53 C.

3. OBIIME TPEBOBAHUA K HAITMCAHUIO 1 O®OPMJUIEHUIO PABOTBI

KontponeHass paboTa BBINONHSETCS B TE€UaTHOM BUAEe Ha iucrax ¢opmara A4.
JlomyckaeTcsi BBIMOTHEHUE padOTHl B PYKONTMCHOM BHjE B TeTpanu. O0muii o0beM paboThl
JOJKEH COCTaBnATh 8-15 mucTtoB. BapuaHT BbIOMpaeTcs mo mepBoit OykBe (aMuiauu u
nocienHel nudpe Homepa 3a4eTHON KHMKKH COTTIaCHO TaOJIHIIE.



70

ITocnenusis
nugpa
HOMEpa 1 2 3 4 5 6 7 8 9 10
3a4ETHOU
KHIDKKH
AJLX 1 2 3 4 5 6 7 8 9 10
bM,I] 2 3 4 5 6 7 8 9 10 1
B,H.Y 3 4 5 6 7 8 9 10 1 2
- I,0,111 4 5) 6 7 8 9 10 1 2 3
= | LI, 5 6 7 8 9 10 1 2 3 4
S | 1l
S |EPD 6 7 8 9 10 1 2 3 4 5)
g | K,C, 7 8 9 10 1 2 3 4 5 6
>
2 O
= | 3, 1A 8 9 10 1 2 3 4 5 6 7
8|y 9 10 1 2 3 4 S) 6 7 8
= | KO 10 1 2 3 4 5 6 7 8 9

B 3aganue BapuaHTa BKIJIIOYAaeTCs TPU TEOpeTHUYecKux Bompoca. [Ipu Hammcanum
TEOPETUYECKOTO BOIIPOCA CIEAYET MOJIb30BaThCS 3aKOHOAATEIIbHBIMA HOPMAaTHBHBIMH aKTaMH,
yueOHOI TUTepaTypoi, MaTepuaiaMy MepUOTUIECKOIN NeUaTH U CTaTUCTUIECKUMHU JaHHBIMU.
B koHIIe KOHTPOJIBHOHN pabOTHI HY’KHO MPEJCTABUTH CIIMCOK MCITOIB30BAHHBIX HCTOYHUKOB.

Tekcr pedepara DOMKEH COMPOBOXKAATHCS PUCYHKaMHU, Tabnumamu, Tpadukamu,
¢parmenTamMu  TOmOrpaUYECKMX  IUIAHOB M KapT, KOTOpbIE HECyT  OOJBIIyIO
uH(GOPMAITMOHHYIO HAarpy3ky. OOs3aTeNbHBIMH SIBISIOTCS CCBHUIKM Ha HCIOJIb30BAHHBIE
JUTEPaTypPHBIC NCTOYHUKH.

KoHTponbHas paboTa mo pes3yiabraraM CaMOCTOSTENbHONW paboThl CTYAEHTa JOJDKHA
OBITh BBHIMIOJIHEH HAa OCHOBE KOMITBIOTEPHBIX TEXHOJOTMH M pacreyarblBaeTCsl Ha OTHOU
CTOpOHE CTaHAApPTHOTO JucTa popmara A4 Genoit ogHOCOpPTHOI Oymaru yepes 1,5 unTepBaia
YEpHBIM MIPUPTOM C MOJIAMU BOKPYT TekcTa. OO0beM oTueTa cocTaBisgeT 25 MeYaTHbIX JUCTOB
dopmara A4.

Pasmep seBoro, HIKHETO M BEpXHETO Tojel — He MeHee 20 MM, MPaBOrO — HE MEHEe
15 mm. Pazmep mpudra 14. Pexomenayemsiit mpudt - TimesNewRoman.

TexcT HOWKEH paBHOMEPHO pacIioyiaraThCsi Ha CTPAaHUIE, C OJJMHAKOBBIMU OTCTYIIAMHU
OT Hayaja MoJsl, T/Ie pacloyiaraeTcsi TeKCTOBbIM MaTepuall. TeKcT, HaunHaloIMIEeNcs: ¢ KpacHOH
CTPOKH, TIeUaTaroT ¢ ab3ara oTcTynom 1,25 cM OT Hayaisa CTPOKH.

Kaxnplii  cTpykTypHbIM  pasgen  (BBeJeHHME, IVIaBbl, 3aK/IIOYEHHE, CIHCOK
UCTIOJIb30BaHHBIX MCTOYHUKOB) HAYMHAETCSI CTPOTO C HOBOW cTpaHubl. [logpasnens BHyTpH
OCHOBHOTO pa3zziesia pa3MeIatoTcs Ha TOH ke CTpaHuIe.

[ToguepkuBaTh 3aroJIOBKM W TIEPEHOCHTH CJIOBA B 3aroJIOBKE HE JIOMYCKAaeTCH.
Pexomenyercst BBIIENIATH 3ar0JI0BOK KUPHBIM LIPUDTOM.

Paznensr MOKHBI IMETh TIOPSIIKOBBIE HOMEpa Ha MPOTSDKEHUHM BCETO TEKCTa OTUETa,
00o3HaueHHbIe apadckumu udpamu 6e3 TOUYKU U 3aIMCaHHbIE C a03aIHOTO OTCTYTIA.

[Moapazgensl JAOMKHBI MMETh HYMEpAlHI0 B TIpelenax Kaxaoro pasmena. Homep
nojpaszena COCTOUT W3 HOMEPOB pasziesia M Mojpaszelnia, pa3leleHHbIX TOYKoM. B koHIie
HOMepa TIofipa3ziesia TOYKa He CTaBHUTCS. Pa3menbl, Kak W TOApas3/ieibl, MOTYT COCTOSTH U3
OJTHOTO MJIM HECKOJBKHX MMYHKTOB.

Ecnu toxkymMeHT He MMeeT MoIpa3IesioB, TO HyMepalus ITyHKTOB B HEM JIOJDKHA OBITh B
npeaenax KaXJIoro pasjiena, U HOMEp NYHKTa JIOJDKEH COCTOSATh M3 HOMEpOB pasjena U
MyHKTA, pa3/IeJICHHBIX TOUYKOW. B KOHIIE HOMepa IMyHKTa TOYKa HE CTABHUTCSI.
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4. YKA3AHMUA 110 BBIIIOJTHEHUIO 3A TAHUSA

Teopernueckas yacTh mpenonaraeT H3y4eHne OHOTO U3 CIICAYIOIUX BOIPOCOB

CopOuroHHAas OYMCTKA CTOYHBIX BOIT

OumrcTKa CTOYHBIX BOJ O30HHPOBAHHEM

CxeMblI (PU3UKO-XMMHUYECKO OUUCTKH CTOYHBIX BOJ

I'mybOoxas ouricTka u 00e33apakuBaHNe CTOYHBIX BOJ

Y TUIU3a1us 0CaIkoB CTOYHBIX BOJI

Cucremsbl U cxeMbl BotocHaOKeHus1. CxeMa BOJIOCHA0KEHHU ST HACEIIEHHOTO MTyHKTA.
HopmaruBHast 6a3a HHKCHEPHBIX CUCTEM M 000pY/I0BaHHS, TUIAHUPOBKA U
3aCTPOIKA HACEJIEHHBIX MECT.

BonocuaOxeHre mpoMIpennpusTiii, ”H)KEHEPHBIX CUCTEM U 000PYIOBaHUE,
TUTAHUPOBKA.

OCHOBHBIE JIaHHBIC JIJIsl IPOCKTUPOBAHUS BOJIOIIPOBOIHOM CETH (HOPMBI
BOJIOTIOTPEOICHHUS, PEKUM BOJOTIOTPEOIICHUS, PACXO/IBI, HATIOP).

HcTounuku BogocHaOXeHUs, OI[CHKAa TEXHUYECKOTO COCTOSHUS U OCTaTOYHOTO
pecypca CTPOUTEIHHBIX 0OBEKTOB U KOMMYHAJILHOTO 000pYIOBaHUS
BOJOCHA0XKEHUSL.

Bomo3abopHbie COOpPYKESHHSI U3 MOA3EMHBIX HCTOYHUKOB, IKCILTyaTaIlus,
MPOPUIAKTUIECCKHE OCMOTPBI U PEMOHTBHI.

BonozabopHbie COOpYKESHHSI U3 TIOBEPXHOCTHBIX HCTOYHUKOB, IKCILTyaTaIlus,
NpOPUITAKTUICCKHE PEMOHTHI.

LlenTpobesxHbie HacoChl (YCTPOUCTBO, MPUHIUI paObOThI, pabOUNe XapaKTEPUCTHKH,
HOPMAaTUBHBIC TPEOOBaHMS).

5. BAPUAHTBI KOHTPOJIbHOI PABOTHI

BapuanTt 1
1.Bunpl notpeGieHus BOBI
2.CucTeMbl TOpsSYero BOJIOCHAOKEHUS
3.KoarynmupoBanue
4.CmecuTenu, OTCTOMHUKHU, OCBETIUTENN CO B3BEIICHHBIM CJIOE€M 0CaJKa, CKOpbIe 3e€pPHUCTHIE
(UIBTPHI: OIICHKA TEXHUYECKOTO COCTOSHUS U OCTAaTOYHOTO Pecypca CTPOUTEIbHBIX 00BEKTOB
KUJIHUITHO-KOMMYHAJIBHOTO XO3SIIICTBA U KHUIIUITHO-KOMMYHAIILHOTO 000PYIOBaHMS.

Bapmuanr 2
1.Hopwmsl BotonioTpebienus
2.Jlo)xeBast KaHAJIM3ALMOHHAS CEeTh (Ha3Haue€HUe, YCTPOICTBO).
3.I'mapaBnndexwii pacyeT BOAOOTBOISIINX CETEeH
4.CxeMa KaHaJTU3al[M1 HACEJIEHHOTO ITYHKTa U €€ OCHOBHBIE 3JIEMEHTHI.

Bapuanr 3
1.Pacuer BogonoTpeOiieHns: HaCEIEHHbIX TYHKTOB
2.PeareHTHOE X0341CTBO (Ha3HAYEHUE, HIEMEHTHI, TEXHUKA 0€301MaCHOCTH).
3.OUIIBTPOBaHNE BOJIBI
4.000pynoBaHue HACOCHBIX CTAHIUI

Bapmuanr 4
1.McTouHUK BOMOCHAOKEHUS
2.YerpoicTBo KaHanu3aunoHHOM cetu. TpyOwl. Komoaupsl. TpeGoBaHust K 3KCIUTyaTanuw,
OCMOTpaM U PEMOHTAM.
3.BonooTBoasmye cetu atMoc(hepHbIX 0CaIKOB (BOJTOCTOKH)
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4.buonorudeckasi O4MCTKa CTOYHBIX BOJ METOAOM OHO-(UIBTpAIHH

Bapmuanr S.
1. Knaccudukanus cucteM BoIoCHAOKEHUS
2.CocraB 3arpsi3HeHU U METOJIbI OUUCTKU CTOYHBIX BO/I.
3.Bomozabopubie COOPYKEHUS ns3 MOA3EMHBIX HCTOYHHUKOB, IKCILTyaTaIus,
POQUTAKTUIECKUE OCMOTPBI U PEMOHTHI.
4.Y1tunuzanys 0CaaKoB CTOUYHBIX BOJ

Bapuanr 6
1.Pesxxum pabOThI CUCTEM BOIOCHAOKEHUS
2.HapyxHass BOJOIPOBOAHAS CETh (CXEMBI TPACCHPOBKH, JJIEMEHTHI, TpyObl M apMarypa,
OKCIUTyaTalus, Tpo(UIaKTHIeCKHEe OCMOTPHI M PEMOHTHI). TpeOoBaHUsS K BOAOMPOBOIHBIM
CETSM.
3.01cranBanue BOObI
4.I'myOokast 04rCTKa M 00e33apaKMBaHNUE CTOYHBIX BOJ

Bapuant 7
1.Bomo3abopHbIe COOPYKESHUS
2.ITog3eMHbBIC KOMMYHUKAIIUU TOPO/Ia
3.0cBeTiieHHE BOJIBI
4. TexHOJIIOTUYECKash CXeMa TOPOJACKHX KaHAJIM3AIIMOHHBIX OYMCTHBIX COOPY)KEHUI: OIICHKa
TEXHHUYECKOTO COCTOSIHUSI M OCTAaTOYHOTO pPecypca CTPOUTEIBHBIX OOBEKTOB CTAaHIUU H
00opynOBaHUs.

BapuanTt 8
1.Cucremsl ojiaun U pacupeesieHus BOJIbI
2.CopO1MOHHAsE OYMCTKA CTOYHBIX BOJL
3.0mpeneneHne  pacdeTHBIX  PAcXolOB, CKOPOCTH, YKJOHBI, DIIyOMHA  3aJI0KECHUS
KaHaJIU3alMOHHOM CETH.
4.OCHOBHBIE JIaHHBIE I MPOEKTUPOBAHUS BOAOIPOBOIHOM ceTH (HOPMbI BOJONOTPEOIECHNUS,
PEKUM BOIOTNIOTPEOICHHS, PACXObl, HATIOP).

Bapuanr 9
1.BHyTpeHHee BoJoCHAOKEHNE 3aHHH.
2.DYHKIIUU OUYUCTHBIX COOPYXKEHUN
3.CxeMBbl  TPacCHUpOBKHM KaHAJIM3AIMOHHBIX  CeTe. PacmonokeHne  KOMMYHUKAIUH
OTHOCHUTENIBHO (PYHIAMEHTOB 3[aHUI U APYTUX KOMMYHUKAIIUH.
4.BomonpoBOIHBIE HACOCHBIE CTaHIMH (Kiaccuukanus, Ha3HAaYeHUE, OSKCIUTyaTalus,
PEMOHTHI).

Bapuant 10
1.KauecTBO BOIBI IPUPOJHBIX UCTOUHHUKOB
2.1lenTpoOexxHble Hacochl (YCTpOMCTBO, HPUHIUN paboThl, paboune XapaKTepHCTUKH,
HOpMAaTHBHbIE TPEOOBAHNA).
3. TpeboBaHUs K PACHOJOKEHHIO CTAHLUUU OYMCTKU CTOYHBIX BOJ| OTHOCHUTEIIBHO TOpoja U
BOJHBIX OOBEKTOB.
4.04ncTKa CTOYHBIX BOJ] 030HUPOBAHUEM
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6. KPUTEPUUN OLIEHUBAHUSA PABOTbI

OneHka «OTIMYHOY BBICTABIIAETCS CTYIEHTY, €CIIM CTYIEHT IIOJHOCTHIO CIIPaBUIICS C
3aJJaHUEM, [10Ka3aJl yMEHUS U HaBBIKH.

OneHka «XOpOI10» BBICTABIISIETCS CTYACHTY, €CIIU CTYACHT MOJIHOCTBIO CIPABUIICS C
3aJlaHUEM, 110Ka3aJl YMEHUS U HaBbIKH, JOIYCTUII HE3HAYUTEIIbHbIE OLIMOKH.

OneHka «ya0BIETBOPUTENILHOY BBICTABIISAETCS CTYIEHTY, €CJIA CTYIEHT HOIHOCTHIO
CHPaBUIICA C TEOPETUUYECKUM 33/1aHUEM, HO HE MOKa3aJl yMEHUS U HAaBBIKH.

OneHka «HEyIOBIETBOPUTEIBHO» BBICTABISETCS CTYAEHTY, €CIIM HE CIPABUICS C
IIOCTaBJICHHBIM 33JJaHUEM.

7. HOPAJOK 3AIINUTHI

[TonyunB mpoBepeHHYIO paboOTy, CTYAEHT AOHKEH BHUMATENbHO O3HAKOMHUTHCS C
peLeH3uel, IOMETKaMU Ha IIOJISIX U BBIIIOJIHUTB BCE YKa3aHUs Hay4HOro pykoBoautens. Ecinu
paboTa HE COOTBETCTBYET MPEABSABISEMBIM TPeOOBAHHSIM, HEOOXOJUMO O3HAKOMHTHCS C
peueH3uel, 10paboTaTh KOHTPOJIBHYIO padOTy, YCTpPAaHUB BCE HEAOCTaTKH, YKa3aHHbIE
Hay4HbIM PYKOBOJIUTEIIEM, U B HOBOM BapHaHTE CIaTh HA IPOBEPKY.

B ycranoBnennsii kadeapoil CpoOK HUCHOJHUTENh OO0s3aH SIBUTHCA Ha 3alUTy
KOHTPOJIbHON paboThl, UMesi C COOOW MOCIEAHHUI BapuaHT, PEIICH3UIO Ha MEPBbI BapUaHT C
3aMEYaHUAMU PYKOBOJUTENSA U 3a4ETHYIO KHUXKKY.

[Ipy 3amuTe CTYIEHT MOOJKEH OBITh TOTOB OTBETUTh Ha BOIMPOCHI HAYYHOTO
PYKOBOJUTENIS IO BCEW TeME KOHTPOJIbHON pabOThl.
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