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BBEJIEHUE

Metoaudeckne yKa3aHWsl 110 BBIMIOJHEHUIO TMPAKTUYECKUX pabOT 1Mo
nucuuruinHe «HXKeHepHble CUCTEMbI 3IaHU M COOpPYKEHUM (BOJOCHAOXKEHUE U
BOJIOOTBEJICHUE C OCHOBAMHM TUIPABIIMKH )» MpPEAHA3HAYCHBI ISl 0aKkalaBpOB OYHO-
3a09HOM (hOPMBI OOYUCHUS.

[enps mucumnuabl  «HXEHEPHBIE CUCTEMBL  3MaHUH W COOPYKEHUM
(BomoCHAOKEHNE U BOJOOTBEICHUE ¢ OCHOBAMH TUJIPABIIUKH ) :

- ¢dopmupoBanue Habopa oOmenpodecCHoOHaIbHBIX  KOMIIETECHIINM
OakanaBpa 1o HampaieHuto 08.03.01 «CrpoutenscTBO», HaNpPaBIEHHOCTh
(mpodmits) «[OpoACKOE CTPOUTEIBLCTBO U XO3SHUCTBOY.

- O3HAaKOMJICHHE CTYJEHTOB C METOJaMH OpPTraHU3allMi CTPOUTEIHCTBA
OTJEIbHBIX OOBEKTOB M HMX KOMIUIEKCOB, OpraHU3AlMOHHBIX CTPYKTyp U
MPOU3BOJICTBEHHON JEATEIbHOCTH CTPOUTENIBHBIX OpraHu3alliid; OpraHu3aluen
MaTepUaJbHO-TEXHUYECKOTO O00ECHeUYeHUs CTPOUTEILCTBA; IUIAHUPOBAHUS U
MOJATOTOBKM  CTPOUTEIHLHOIO MPOM3BOJICTBA;, OINEPATUBHOTO YINPABICHUS U
oOecreyeHus: KauecTBa.

-IIPUBMBAHUE CTYACHTAM HABBIKOB TEXHOJIOTMYECKOIO IMPOEKTHUPOBAHUS U
MOJIETTUPOBAHUSI  CTPOMTENIBHBIX  MPOU3BOACTB, pa3paboTKa CTpPOMTeHIIaHa
00BEKTa, OTPEACIICHUE U PACUET OCHOBHBIX MaTEPHAIbHO-TEXHUUECKUX PECYPCOB.

K 0CHOBHBIM 33/1a4aM MIpU U3YYEHUU JUCHUILUIMHBI OTHOCSATCS:

- TOpuUOOpeTeHHe HEOOXOMUMBIX 3HAHWW IO BOIMpPOCaM OpraHU3aIUH
CTPOUTENLHOTO TMPOU3BOJCTBA, KaJCHAAPHOTO IUJIAHUPOBAHUS, KOMIUJIEKTAIIMN
CTPOUTENHHBIX OPraHU3alMil OCHOBHBIMU MaTepuajaMyu U KOHCTPYKIMSIMU;

- MOAITOTOBKA TMPOEKTHOM U paldodeil TEeXHUYECKOW JIOKYMEHTAalluu,
oopMIIeHHE 3aKOHYEHHBIX MPOEKTHO-KOHCTPYKTOPCKUX PadoT;

- o0ecrieyeHrne COOTBETCTBUS pa3pabaThIBAEMbIX MPOECKTOB M TEXHUYECKOU
JOKYMEHTAIlMM 3a/JlaHul0, CTaHjapTaMmM, HOpMaM M MpaBujaM, TEXHUYECKUM
YCJIOBUSIM U IPYTUM UCIOJIHUTEIbHBIM TIOKYMEHTaM;

- opraHuzanus padouyux MECT, UX TEXHHYECKOE OCHAIIEHUE, pa3MeIeHUe
TEXHOJIOTUYECKOTO 00OPYIOBaHMUS;

- COCTaBJICHUE TEXHUUYECKON OKyMeHTaIuu (rpagukoB paboT, HHCTPYKIIHA,

IJIAaHOB, CMET, 3agBOK Ha MaTrephasibl, OOOpyJIOBaHHUE), a TaKkKe

YCTaHOBJICHHOW OTYETHOCTH TI0 YTBEPXKJICHHBIM (hOpMaM.




IIpakTH4yeckoe 3ansitue Ne 1.
Tema 2. Cucremsl 3200pa, oaa4Yu M pacnpeneaeHust BOAbI

[lenp 3aHsATHSA: 3HATh TPAJULMOHHBIE WM TNEPCIEKTUBHBIE HANPABICHUS
OYUCTKA BOABl JJIi NUTHEBOIO  BOJOCHAOXKEHHWS, YMETh HCIOJNb30BaTh
HOPMAaTUBHBIE IIPABOBBIE JJOKYMEHTHI B CBOEH ACSITEIBHOCTH

3ajaHue Ha 3aHATHE: pa3paboTaTh CXEMYy OYMCTKH BOJABI JJISi IMUTHEBOIO
BOJIOCHAOKEHU.

[Topsimok nevcTBHA:
—03HAKOMUTBCS C UCXOAHBIMU JJTAHHBIMU 110 KaY€CTBY BOJIbI B UCTOYHUKE, CPABHUTH
ux ¢ tpeOyembimu o CaHIluny «IlutbeBas Boma. I'uruennyeckue TpeOoBaHUS K
KaueCTBY BOJIbl LIEHTPAJIM30BAHHBIX CUCTEM MUTHEBOTO BoocHabxkeHus. KoHTposb
Ka4eCTBA»;
—POAHAIN3UPOBATH UCXOIHBIEC TAHHBIE; -
—npountark coorBercTBytomue pasaensl CHulla «BogocHaGxkenue. HapyxHbie
CETU U COOPYKECHUS ;
—pa3paboTarh CXeMy OYHMCTKHM BOABI (YKa3aTh OCHOBHBIE CHOCOOBI OYMCTKU BOJBI,
IPENIONIAraéMble COOPYKEHHUSI IO OYMCTKE BOJABI, METOAbl 00€33apa’KUBaHUA).

TpeboBaHus K OTYETHBIM MaTepuaiaM: NPEAOCTaBUTh CXEMY OUYHMCTKU BOBDI,
ONMCAHUE METONOB OYUCTKH, OCHOBHBIX COOPYKCHMH [UIl OYHMCTKH BOJBI
IIUTHEBOTIO HA3HAYCHMUS.



IIpakTnueckoe 3ansaTHe Ne 2.
Tema 3. Cucrembl oga4u M pacnpenejieHust BOAbl

[leap 3aHATHS: HAYYUTHCS HCIOJNB30BaTh HOPMATHBHBIE IPABOBBIE
JIOKYMEHTBI B CBOEH JESATEIBHOCTH

3agaHue Ha 3aHATHE: OIPEACIHNTh PACUYETHBIE PACXOIbl BONBI, HAWTHU
JIWaMETP BOJOBOJA.

[Topsimok nevcTBHA:
—BBIOpaThb CHUCTEMBbI BOJIOCHAOXKEHHS TMOCEJICHHs (XO3iWCTBEHHO- MUTHEBAs,
MIPOTUBOIIOXKAPHAsI, TOJTMBOYHAS, IPOU3BOICTBEHHAS );
—pazobparbcst ¢ QopMylnamMu  pacyETHBIX  PacXoJOB  BOJbI  (CyTOYHBIE
MaKCHUMAaJIbHbIE, MUHHMAJIbHbIE W CpEeIHHE; YacoBble, cekyHaHble) mo CHully
«BonocHabxxeHnne. HapyXKHbIE CETH U COOPYKEHUSD ;
—HaWTH Bce TpeOyeMble 3HAYCHHS MapamMeTpOB; PaCCUUTaTh MaKCHUMaJbHBIN
CEeKyHJHBIA pacxol BOIbI, MO KOTOPOMY OIpPEAEIUTh JUaMETp BOJOBOJA.
Ncnonws3oBarh Tabaulel ruapasianueckoro pacyeta lllesenena.

TpeboBaHnusi K OTYETHBIM MaTepuasaM: KpaTkoe OnucaHue CHCTEM.
Pacuetnbie ¢dopmynbl cO BceMH OOO3HAUCHHSIMU W 3HAYEHUAMH. Pe3ynbrarsl
pacuera.

Cumcok ureparypsl

IlepeyeHb OCHOBHOII JIMTEPATYPHI:

1. Camych, O.P. PykoBOACTBO MO H3Y4YeHHMIO JUCHMILTUHBI «BomocHabxkeHue u
BogooteeaeHue» / O.P. Camycs, B.M. OBcsanankoB, A.C. Konaparses. - M. ; bepnun : [lupexr-
Menua, 2014. - Y. 1. BogocHa0xxeHue 1 BOTOOTBEAECHNE BEICOTHRIX 3aHMIA. - 53 C.

IlepeuyeHb 10NMOTHUTEILHOM JUTEPATYPHI:

1. Camycs, O.P. BogocHabxeHue U BOJOOTBEIEHNE C OCHOBaMU T'MJIPABIMKH : yuyeOHOe
nocobue / O.P. Camych, B.M. OBcsinnukoB, A.C. Konaparees. - M. ; bepnun : [lupekr-Menua,
2014. - 128 c.
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BBEJIEHUE

Henbto nuctumianHbl «HXeHepHbIe CUCTEMBbI 31aHUI U COOpYyXeHul (BomocHaOKeHHE U
BOJIOOTBE/ICHUE C OCHOBAMHU THJPABIMKM)» SBISIETCA Iepelada CTyAEHTaM OCHOBHBIX
TEOPETUYECKMX CBEIEHUH M3 00JacTh TPOCKTHPOBAHUS M pacdeTa COBPEMEHHBIX
THJIPABIMYECKUX CUCTEM XKHU3HEOOeCIeueHMs..

Brimonnenne naboparopHbIX paboT crmocoOCTByeT Oosee TIIyOOKOMY TOHUMAHHUIO
JUCLMIUIMHBL M TIOMOTaeT CTYAEHTYy MpPHOOpEeCTH NpPaKTUYEeCKHE HaBbIKM Ipu pabore ¢
MHXCHEPHBIMU CUCTEMAMH 3J1aHUM.

Ilepen HayamoM MPOBEAEHUS ONBITOB CTYIEHT AOJDKEH HApUCOBaTh B pabodell TeTpaiu
CXeMY YCTaHOBKH, TIOATOTOBUTH HEOOXOAMMBIE TAaOIHIIbI IS 3aITUCH MTOKa3aHUN PUOOPOB.

[TponenaB HEOOXOIUMBIE U3MEPEHUSI U BBIIIOJIHUB TPeOyeMble pacyeThl, CTYCHT JOKEH

COCTaBUTh OTYET O paboTe, I/Ie TOMEIIACTCS KPAaTKOe OMMCAHUE YCTAHOBKU M MPOBEACHUS
OIBITOB, OCHOBHBIE (DOPMYJIbI, PE3YIbTAThI OIIBITOB, aHAJIU3 IOIYYEHHBIX PE3yIbTaToOB U
COOTBETCTBYIOLIME BHIBO/IBI.



JIABOPATOPHAS PABOTA Nel
Tema2. Pacuer Hapy:KHBIX ceTeil cUcTeMbl BOAOCHaO:KeHust. OnpenesieHne JuamMmerpa
BOJIONIPOBO/IHOM CETH.
1.1 Henp paGotbl. OnpeneianuTh SKCIEPUMEHTAIBHBIM TIyTEM OCHOBHBIE CBOWCTBA
KUJKOCTH.
1.2 OCHOBHBIEC TEOPETHYCCKUE CBEJICHUSI.

ConpoTuBIIEHUE PACTSDKCHUIO GHYMPU KANEIbHbIX HCUOKOCMeEl N0  MOLEKYVIAPHOU
meopuu modicem Ovimv 3Hauumenvhvim 00 10000 amm. OOnaxo n00Oble Oadce MexXHU4ecKu
yucmole AHCUOKOCMU COOEPIHCAm  B36euleHHble meepoble YaCuybl U MNY3bIPbKU 2A3068 U He
BbIOEPICUBAIOM  OAJICe HEZHAUUMENbHLIX HanpsidceHull pacmsicenus. Hanpumep, mpebyemcs
HOOHSAMb HCUOKOCHIb U3 CKBANCUHBL ¢ 00NbUON 21YyOUunsl. B smom ciyuae nod oetlicmsuem eeca
AHCUOKOCMU, HAXOOAWEUCS 8 NOOHUMArWemMcs mpyoonposooe, HCUOKOCHb pPa3pblédemcs ¢
obpaszosanuem 2azo6vix noarocmeil. Ilosmomy cuumaemcs, umo HANPANCEHUEe DACMANCEHUS 6
KAnenbHuLX HCUOKOCHISX HEBO3MOINCHDI.

Bsaszkocmuio Ha3pIBaeTCsl CBOMCTBO KUIKOCTEN OKa3bIBaTh CONPOTUBIIEHUE cBUTY. OHa
HPOSIBIIICTCS B BUJIE BHYTPEHHETO TPEHUS IPH OTHOCUTEIBHOM IIEPEMEIIEHUN CMEXHBIX YaCTHII

arcuoxocmu. Taxum 06pa30M, GA3KOCNIb Xapakmepusyem CmeneHb mexKkydecmu AHCUOKOCIIU UTU
NOOBUIICHOCb ee uacmuy. Bsazkocms ecmob 6601/76‘77160, npomueonojiOdNCHoe mexKydecmu. bonee
BGA3KUe

AHCUOKOCMU (2TUYEPUH, CMA3OUHBLE MACIA U OP.) AGIAIOMCS MeHee MeKYUUMU U HA0OOPOm.

Kacarenpaoe HaIIPs’KCHUEC [] - »TO KacarenbHas COCTaBJISIOLIAs HAITPAKCHUA,
,I[ef[CTBYIOIHeFO Ha XHUAKOCTH. B 10 BpEMA KaK, OAaBJICHHC — 3TO HOPMAJbHOC K ILIOIIaAX
HaIIPAKCHUC. Kacarenpnoe HAIpsKCHUE B JKUJIKOCTH, KaK PE3YyJIbTaTr €€ BA3KOCTHU, 3aBUCUT OT
poaa U XapakTepa TCUCHUA U U3MCHACTCA IIPAMO IMPOIMOPHUOHAIBHO IHOIICPCUYHOMY I'DAAUCHTY

dv
CKOPOCTHU d_y U paBHO

dv )
O=0 " ,Hwm
dy
rae [ - xoahdUIUMEeHT AMHAMUYECKOW WU aOCONIOTHON Bs3KocTH. [lomepeunslii rpaaveHT

dv
CKOpPOCTH EonpeﬂenﬂeT co00il M3MEHEHHE CKOPOCTH, MPUXOJsIIeecs Ha €AMHMIY JJIMHBI B

HaNpaBJICHUU Y, T.€. NMEPHEHIUKYISIPHO HAIPABICHUIO TEUEHHS KHUJIKOCTH U, CJIEI0BATENbHO,
XapaKTepHU3yeT UHTEHCUBHOCTD CJIBUTa CIOEB KUJIKOCTU B JAHHOM TOYKE.
Koadduument nunamuyeckoit Bsizkoct B cucteme CU nmeet pazmepnocts [lallc nmu HIJ
/M, kr/(mc). [llupoko ucmosb3yercst pa3MepHOCTh nyas, pu 3ToM 1 mya3 = 1 quH c/ eM? =
0.1 ITallc.
Hapsiny ¢ nuHamudeckuM KodGGUIMEHTOM BSI3KOCTH [| TPHUMEHSIOT elle Tak
Ha3bIBAEMbI KHHEMATUUECKUN KOIPPHUIIUECHT BSI3KOCTH
0=0/0, % [cex. (1.7)
B kadecTBe eaMHHIIBI U3MEPEHUS KMHEMATHYECKOro Ko3(@uiMeHTa BS3KOCTU YHOTpeOsieTcs
Takke Cmoxe = 1 em? / cex = 100 cCmoxca = 100 cCr.
Bsi3koCTh KanenbHBIX JKUIKOCTEH NPH YBETUYECHUN TEMIIEPATyphl YMEHBIIIACTCS, a BI3KOCTh
ra3oB Bo3pacrtaer. Boga npuHaanexuT K HaMMeHee BA3KUM KUIKOCTAM. JIUIb HEeMHOTHE U3
MPAKTUYECKH MCTIOIB3YEMBIX KHUAKOCTEH (3P, CIIUPT) UMEIOT MEHBIIYIO BA3KOCTh, YeM
BOJIA.

B Tabnune 1.4 nokazaHbl 3HaYEHUS BI3KOCTH BOJIBI OT TEMIIEPATYpBhI.

Tabmuna 1.4.

0TeMHepaTypa, 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
kr/(m[c) 8 7 4
1,10 M /cex | 1.52|1.31[1.01]0.81]0.66|0.56]0.48|0.42|0.37[0.33[/03 [0.25]0.2

IIpunsATO CcunTaTh, 4TO

HOPMaJIbHBIC CIMAHOaPMHbIe YCL06Us 3TO: NaBieHne = 1 arm u temmeparypa = 20°C

HOPMaJIbHBIE (husuueckue yciosus 51o: nasienue = | arM u Temmeparypa = 0°C.

Torma miist craHAapTHBIX YCJIOBHH JWMHAMHUYECKas BSI3KOCTh BOJbI paBHa 1[] 10°Mallc,
yruerrmkonst — 0.0198 (1 107 Ilal) ¢, a KHHeMarndeckas Bs3KocTh Boabl 1.010] 10° MPic =1
mm?/c =1 ¢Cr. [Ipu 3TUX yCIOBUSX 3THJIEH MIUKOJIb UMEET KMHEMaTH4YecKyro Bs3kocTh 0.018 [
10° m°/c = 0.018 cCr.

BsskocTh JKMIKOCTEH TakkKe 3aBUCUT OT JIaBJICHMs, OJHAKO 53Ta 3aBUCHUMOCTD
CYIIECTBEHHO MPOSIBIISICTCS JIUIIh TIPU OTHOCUTEIBHO OONBIINX W3MEHEHUSX JaBICHUS, TOPSIKA
HECKOJIbKUX COTEH atmocdep.

Mouiekynbl  KHUJIKOCTH, pACIOJIOKEHHBIE Yy TIOBEPXHOCTM KOHTAaKTa C JApPyroi
KUJKOCTBIO, Ta30M WM TBEPABIM TEJIOM, HAXOIATCA B YCIOBHUSX, OTJIMYHBIX OT YCJIOBUU
MOJIEKYJI, HAXOMASIIUXCS BHYTpU oObeMa. BHyTpu o0bema KUIKOCTH MOJEKYIbl OKPYXEHBI CO
BCEX CTOPOH TaKMMH ke MOJIEKYJIaMH, BOTU3U MOBEPXHOCTH — JIUIIIb C OJIHOM CTOPOHBI, TIO3TOMY
SHEPTUs MOBEPXHOCTHBIX MOJIEKYJl OTIMYAETCS OT PHEPTUU MOJIEKYN, HAaXOASIIHUXCS B oObeme
KUJKOCTH, HA HEKOTOPYIO BEIHYHHY, CHUIIBl NOBEPXHOCHMHO20 HAMAMCEeHUs, CTpeMsIencs
PHUIaTh 00BEMY KHUIKOCTH Chepr-uecKyro (hOpMy U BBI3BIBAIOIICH HEKOTOPOE JOIIOJHUTEIHHOE
JaBJIeHHE B KUAKOCTH. OJJHAKO ATO AaBJICHUE 3aMETHO CKa3bIBAETCS JIUIIb Ha MaJIbIX pa3Mepax u
Uit chepruIecKuX 00beMOB (Kameb).

BnusiHue cuil mOBEpXHOCTHOTO HATSHKEHUS MPUXOIUTCS YUYUTHIBATh IPU pabOTE C KUIKOCTHBIMU
npubopaMu JJIT U3MEPCHHS JTaBJICHHS, NMPH MCTEYCHUU YKHJIKOCTH M3 MAaJIbIX OTBEPCTHIA/ MPHU
bunbTpanyu/ 00pa3oBaHUM Kamlellb U B APYTUX CIyYasiX, KOTJa Mpodre CHUJIbI, ICUCTBYIONINE Ha
KUJKOCTh (BEC, JaBlieHWE) Maibl. JIeHCTBUTENEHO B TpyOKax Majoro JuameTrpa BO3HUKAET
JOTIOIHUTEBHOE JaBJlIeHHEe, 00yCIOBIEHHOE MOBEPXHOCTHBIM HATSHKEHHUEM, KOTOPOE BBI3BIBAET
MOJIbEM MJIM OITYCKaHME JKUJIKOCTH B HEW OTHOCUTEIIBHO HOPMaJIbHOTO ypOBHA. BricoTa moabsema
(puc. 1.2) cmauuBaromieil XHUAKOCTHIO MU OMYCKaHWE HECMavMBAIOIIEH >KUIKOCTU B TPYOKe
nuameTpoM d ompenensioT mo popmysie

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

OTO 3HAYUT, YTO MpPHU 3aMepe JaBJICHUS C MOMOIIbIO TPYOOUKH JuameTpoMm 1 MM, Mbl Oyaem

MEpUTh

. nmasienue Ha 30 mm HoO Oombiile 4eM OHO €CTh Ha
camoMm Jene, ana prytd Ha 10 MM HQ MeHsblie
JTaBJICHHUE, YEM OHO €CTh Ha CaMOM Jelie h3-3a TOTo,

T OKUAKOCTH B TpyOOuKax MOJIHAIACH WIM OMYCTHJIACh

y M3-3a CWJI IOBEPXHOCTHOIO HaTsbkeHus. [loatomy npu

- - WU3MEPEHMSIX

Puc. 1.2. Pe3ynbrar pgedcTBusi Cuil
MMOBEPXHOCTHOTO  HATSDKEHUS  JIA
TpyOOUEK MaJoro quameTpa

CICAYyECT MPUMCHATH TPY6KI/I 00JIBIIOTO AuaMeTpa, KOorjaa CHUJIbl MOBCPXHOCTHOT'O HATSXKCHUA
MHUHUMAJIBbHBI.

Tennoemxocms — TapaMeTp, XapaKTEPHU3YIOMIMKA CIIOCOOHOCTh CPeIbl WIH Teja
AKKyMYJIHpOBaTh Tero. KonmuyecTBo 3HEpruu, nepeaaBaeMoe MpH TETIOBOM B3aUMOJCHCTBUU
TeJ, Ha3bIBaeTCsl KoaudecTBOM Teria. B cucteme CU terora u3mepsiercs: B docoynsax. OaHako
OHA MOXKET U3MEPSThCS U B Kaopusx. OHU CBSI3aHBI CIAENYIONINM cooTHoIIeHueM 1 xan = 4.1868

1




Iorc.

Yoenvnas mennoemxocms 9UCICHHO paBHA KOJWYECTBY TEIUIa, KOTOPOE HEOOXOAUMO
COOOINUTH TETYy €AMHUYHOW MACCHI JIJISi TIOBBIIICHHUS €r0 TeMIIeparyphbl OT t°C mo (t + 1)0C.
KomuuecTBo Temia, MmoiaydeHHOE TEJIOM MacChl M IMPU YBEIMYCHHH €ro Temreparypbl Ha [] t
paBHO

0Q = cl] ml] O t, L
(1.8)

TI€ ¢ —yAcCibHaA TCIIJIOEMKOCTb.

TermroeMKkoCTh  3aBUCHT  OT  YCJIOBMM  HarpeBaHus.  TeIUIOEMKOCTb  IIpU
n300apUUYECKOM Ipolecce (HarpeBaHue MPOUCXOAUT IPU HMOCTOSHHOM JIaBJICHUHU) Ha3bIBACTCS
TEIIOEMKOCTBIO IIPU IIOCTOSHHOM JABJIECHUH — Cp. TEIIIOEMKOCTE ITPH U30XOPHUYECKOM IIPOLIECCE
(HarpeBaHME OCYILECTBIIAETCS MPH IMOCTOSHHOM OObEME) Ha3bIBAETCS TEIJIOEMKOCTBIO IpHU
IIOCTOSHHOM 00beMe — c¢y. Beerna ¢, > c¢y. s BEIecTB B TBEPIOM HIIM KHJKOM COCTOSHHUHU Cp, U
¢y OTJIMYAIOTCA He3HauuTenbHO. [loaToMy B nanbpHeWIeM ynelabHYH TEMJIOEMKOCTh Oyrnem
0003Ha4aTh KaK C.

Enunuiiel u3mepenus ynenbHou TemnoeMkoctu: owc/(ke [ epao K) vmm xkxan/(ke [ epao K). B
untepane or 0°C g0 100°C yxenbHas TEIIOEMKOCTh BOXBI MANO H3MCHSIOTCS M €€ MOXKHO
npuHATh paBHOU 1 kkai/(kr [ rpax K). CymecTBeHHOE yBEIMYCHHE YACIBHOW TETIOEMKOCTH
BOJIbI IPOMCXONT MPHU TeMIeparype 0oiiee 200°C.

[lepexon >KUIKOCTH B ra3000pa3HOE COCTOSIHHE, MPOUCXOSIIEE C €€ TOBEPXHOCTH,
Ha3bIBaeTCsl ucnapenuem. OOpaTHBIN TIEpEXO]l HA3BIBACTCS KoHOeHcayuel. Hcnapsemocmo
CBOMCTBEHHA BCEM KaleJIbHBIM JKUJIKOCTSAM, OJHAKO MHTEHCUBHOCTh MCIAPEHUSI HEOJAMHAKOBA Y
Pa3IMYHBIX KHUJIKOCTEH M 3aBUCUT OT YCIIOBUM, B KOTOPBIX OHM HAXOJSATCS.

Hcnapenue, mpoucxojsiiee HE TOJIbKO Ha IMOBEPXHOCTH, HO M BHYTPHU >KUIKOCTH,
Ha3bIBACTCS Kunexuem. Kumenue mpomucxXoauT BCera MPH MOCTOSHHOM (1151 JTaHHOTO BHEITHETO
JABJICHUS) TeMIIepaType, KOTopasi Ha3bIBaeTCs TeMIIepaTypoil kunenus. VicnapeHnue )XuIKoCTH B
OTKPBITOM COCYII€ MOXKET MPOJOIDKATHCS JI0 TIOJIHOTO MCYE3HOBEHUS JKUAKOCTH. B 3akppITOM
COCyl€ UCHapeHHe MHUJIKOCTU MPOJODKAETCS 10 YCTAHOBIIEHUS PAaBHOBECHUS MEXIY Maccoit
BEIIECTBA, HAXOJSIIIECTOCS B KHJIKOM COCTOSHHU M Maccoi mapa. [lpu 3Tom paBHOBecuu OymyT
HaOII0aThCs MPOLECCHl MCTApEeHUsl U KOHIECHCAIMHM, KOMIIEHCUPYIOIUE JIpyr Apyra. JTO Tak
Ha3bIBa€MOE JUHAMUYECKoe paBHoBecue. llap, Haxomsmmiics B JUHAMUYECKOM PaBHOBECHH CO
CBOEH KUKOCTBIO, HA3bIBACTCS HACHIU/CHHBIM.

C TMOBBIIIEHWEM TEMIIEPaTyphl YBEIHMYUBAIOTCS JIABICHUE M TUIOTHOCTH HACHIIIEHHOTO
napa, a IIOTHOCTh KHUAKOCTH YMEHbINaeTcs. Tak OyaeT mpoloiKaTbes 10 TaKOW TeMIepaTyphl,
IIPY KOTOPOH TIOTHOCTH WX CTaHYT PaBHBIMHU JIpyT ApyTy. Ilpu 5TOM mpomnaseTr rpaHuia MexILy
HUMU.

OmHuM ®3 TIOKaszarened, XapakTepU3yIONIMM HCHapsSEeMOCTh JKUIKOCTH SIBISIETCS
TeMIepaTypa €€ KUIEHHUs MPH HOPMalIbHOM aTMOC(hEpHOM JaBJICHUU: YeM BBIIIE TeMIleparypa
KHTICHHSI, TEM MEHBIIIE HCTIAPSIEMOCTh KHUJIKOCTH.

B rugpaBnuyeckux cuctemax paboTa Hacoca MpU HOPMaJbHOM arMOC(hepHOM JIaBJICHHUH
SIBIISIETCS JIMIIb YaCTHBIM cirydaeM. OOBIYHO PUXOAUTCS UMETH JIENIO C UCIIapeHNeM, a MHOT/IA U
KUATIEHUEM KHMJIKOCTE NMpH pa3iMyHBbIX TeMmmeparypax MU AaBleHusx. [loaTromy Oonee mosHoON
XapaKTePUCTUKOW HCIIapsieMOCTH SIBIISIETCS JIaBJeHWE (YIPYroCTh) HACHIICHHBIX TapoB P,
BBIpQXXCHHOE B (YHKIMHU OT TemImepaTypbl. /[aBieHue, mpu KOTOPOM 3aKHUMAET KHUAKOCTh MPHU
JAHHOHM TeMmIeparype >KHIKOCTH, HA3bIBACTCS OdsleHueM HacvluyeHHozo napa. Yem Oonpie
JABICHUE HACBIIIEHHBIX TMAapOB TpU JaHHOW TemIeparype, TeM OOJblle HCHapsIeMOCTh
xuakoctu. C yBelMUEHUEM TemIeparypbl naaeleHue P, yBenunuuBaercs. B rtabmume 1.5
MPUBEICHBI 3HAYCHUSI TABICHUS HACBIIIEHHOTO TIapa JJis BOJbI OT TeMIIepPaTyphI.

Tabmuma 1.5 (Boga)

;FeMnepaTypa, 0 10 |20 |30 |40 |50 |60 |70 (80 |9 |100 |120 |150
C




P, 10°arm | 6.2 [125(238[43.2|752 126 |[203 | 318 |483 [ 715 | 103 | 202 | 4850

0 0

P,, 10° I1a 6.08 | 12.3 | 23.4 | 42.4 | 73.8 | 123. | 199 | 312 | 474 | 701 | 101 | 198 | 4758

6 0 2

I[aBJ’IeHI/Ie HACBhIIICHHBIX IMAPOB 3aBUCUT HC TOJIBKO OT (1)I/I3I/IKO-XI/IMI/I‘-IGCKI/IX CBOIICTB KHUIKOCTHU,
HO M OT COOTHOIICHHS OOBEMOB XHJKOW M ra3o-napoBoi (a3. /laBieHre HACBIICHHBIX MapoB
BO3pacTaeT ¢ yBEIMUCHHEM 4acTH 00beMa, 3aHSATOro Ta30Boil (azoii.

1.4. TlonsTHe HACHIIEHHOTO Iapa WIM YIPYroCTH NapOB OYEHb BAXKHO ISl OLEHKHU
KaBUTAIIMOHHBIX CBOMCTB HACOCOB.

Pacmeopumocme  2azo6 6 orcuokocmsax TPOUCXOOUT IPU BCEX YCIOBUAX, HO
KOJIMYECTBO PACTBOPEHHOTO Ta3a B EIUHUIE O0BEMa JKUAKOCTH PA3IMYHO JUISI Pa3HBIX
KUAKOCTEH M M3MEHSECTCS C yBEIMYEHUEM JaBleHuss. Bo Bcex KHMIKOCTIX HMMeEeTcs
pacTtBopeHHBIN Ta3. Ero oTHocuTenbHBIH 00BEM, PACTBOPEHHBIM B >KUIKOCTH /O TOJHOTO €€
HACBILICHMSI, MOKHO CYUTATh
IPSIMO IIPONIOPLIMOHAIILHBIM JaBJICHHUIO, T.€.

Vg/V:)Ic =k (Pz/Pl),

rae V, — o0beM pacTBOPEHHOIO ra3a B 00beM€ >KUJIKOCTH V,, MPU HOPMAJIbHBIX CTaHJIAPTHBIX
yCIOBHSX (JaBiieHue = 1 aTM, TeMmieparypa = 20°C) , k — K03 DUIHEHT PACTBOPHMOCTH.

Jnst craHmapTHRIX yciioBuid kKoddduimeHT K umeer cinenyromme 3Ha4eHUs: Ui BOABL -
0.016, nns kepocuna — 0.127, ayg macna — 0.08. T.e. mpu Mpoynx paBHBIX YCIOBHIX B KEPOCUHE
BCErJia pacTBOPEHO OoJibliiee KOJUYECTBO ra3oB (Bo3ayxa). [Ipu armocdepHom naBnenuu B 1 M
Bomel Haxomures 0.016 m° Bo3ayxa. [Ipu yBenuueHuwm naBlieHUs B JBa pas3a BO CTOJIBKO XK€
YBEJIIMYUBACTCS KOJIMYECTBO PACTBOPEHHOTO BO3yXa B HEM B TOM K€ 00BEME JKUKOCTH.

[Tpy MOHM>KEHUU NaBICHUM B KUIKOCTH MJIM Ha BXOJE B HACOC MPOMCXOAMT BBIIEICHUE
pacTBOopeHHOro B Hel rasza. Ilpuuem ra3 Bwigensercd W3 JKUJIKOCTM MHTEHCUBHEE, UeM
pacTBOPSIETCS B HEU.

JT0 sIBJeHHMEe MOXKeT OTPHLATeJbHO CKa3biBaeTcs Ha padoTe HACOCOB H
THAPABJIHYECKUX CHCTEM.

Ilpumepot 1.2

Kunemarnueckast BsizkocTh skuakoctu paBHa 20 cCr. Paccumrtarh AMHAMUYECKYIO BSA3KOCTh
*)uakoctu B enuHunax CU u myasax, mpuHSB IIOTHOCTH paBHOM 0.8 1/ oM.

2

Kunemarnueckas Bs3kocts B equaunax CHY [0 =20 cCt=20 [J 102 LI 2010° 2 .
C C

107 k2 M’

Junamudeckas Bs3kocTh B equaniax CU [ = [0 = 0'810’72 0 10° —=1.6 0 102 I1a

M C
Clc.
Mtk 1 myas=0.1alcto 0 =1.6 0 10%Ia Dc=0.16 Ilyas.

3a0auu 1. 4

1. OnpenenuTh IJIOTHOCTh CMECH >KHUJKOCTEH, MMEIOLIEH CIEAYIOUIMH COCTaB: ITUJIEH
nmkonb — 40% o6beMa, Boga — 60% ob0bema. ITimorHoCcTh Tukoau [, = 1.1 1/ CM3, BOJBI
11/ e,

2. Ha CcKolbKO YMEHBIIUTCS 00BEM BOJBI MpHU MOBbIMIeHUU naBieHus cl atm go 100 artwm,
€CJIM TepBOHAYANIbHBIN 00beM paBeH 50 1? Momyns o0beMHON ympyroctu Boabl K =
20000 aTm.

3. Tlpu runpoomnpeccoBke cocyna oobemom 1.2 M® JaBIIeHre B HeM MoxHsI ¢ 1 10 500 arm.
Onpenenutb 06beM BOJBI, KOTOPBIM HEOOXOIUMO TOTIOTHUTEIHHO 3aKayaTh B COCY/, €CITU
K03QPUIUEHT 00BEMHOTO CKaTHs BoAbl [, = 4.2 [ 10" Mm% H.




Bonpocu 1. 4

1. KakoBa cBsI3b MEX]ly KHHEMATUYECKON M TUHAMUYECKOH BSI3KOCTBIO?
2. OT 4ero 3aBUCHUT PaCTBOPUMOCTH T'a30B B )KUIKOCTH?
3. UYTto Ha3bIBaeTCs aBIECHUEM HACBIILIEHHOTO Mapa KUAKocTU? OT 4ero oHO 3aBUCUT?

1. 5. OcHOBHBIE ypaBHEHHUS CTATUKU U KUHEMATUKHU

JlaBnieHre, OTCUMTHIBAEMOE OT HYJICBOIO 3HAYCHMS, HA3bIBAIOT aOCONIOTHBIM jaBiicHueM (P,),

A wn (P,)s (puc.1.3). JlaBinenue P,, OTCUUTHIBAEMOE
£ 7] U Oompiie  arMOCHEpPHOTO  JABICHUS Py,
By Ha3bIBACTCS M30BITOUHBIM U

I amau - (Pa)u = Pu+ Pam - (1.9)
P Ecmu abCoIIOTHOE JaBIICHHE MEHbIIIE
= s arMOC(PEpHOro, TO Pa3’HOCTh MEKAYy HHMH
(Falu B
| Ha3bIBACTCS] BAKYYMOM U
(Fale _
0 P@aK - PamM - (Pa)e . (110)

Puc. 1.3. K onpenenenuto naBneHus

MaHnoMmeTp Bcerja nokaspiBalOT H30bITOYHOE IaBJIeHHE, 2 BAKYYMMETP — BAKYYM.

Ypaeunenue zuopocmamuxu: nasnenvie P, B mpOU3BOJBbHON TOUKE A, PaCIOI0KEHHON
Ha riyoune h paBHO:
Py=Py+ g h, (111)
£y rae Py — naBieHue Haj CBOOOJHON MOBEPXHOCTHIO KHUIKOCTH.
Ecnm >xuakocTh 3amoiiHsAET COCyd, OTKPBITHIA B atMocdepy,
Foawm TO abCOIOTHOE AaBlieHUE B JII000 Touke OyleT paBHO

_____ - H PA: Pam,vz + Dg H,
f o . (1.12)
1 rie H — miyOuHa pacnoyio’keHUsi TOYKM A OT CBOOOJHOM

#— MOBEPXHOCTH COeIMHEHHOM ¢ armocdepoii. T.e.
Py=Py+ [1gh =Py, + [1g H.

Puc. 1.4. K onpenenenuto Ilpu 3T0M MaHOMETP MOKa3bIBaeT M30bITOYHOE JaBiieHue P, =
TARTeHUS R TEOAN Touke Py - P

IIpumepsr 1.5.1

1. Onpenenuts naBieHue Py B Oake, HAOJHEHHOM Ta30M M KHUAKOCTHIO, €CITU
pasHOCTh ypoBHS pTyTH B MaHoMerpe h = 0.3 m. [InotHOCTh pryTH [11H3=13.6

r/em”.
P ! Pemenue. 3anuiem ypaBHEHUE paBHOBECHS sl ceueHus 3-3:
3

10°°
PK P33 = Py = Py, + Opg g h = 9.81010° +13.61076 0.8101 0.3 =
13.80110% TTa= 1.4 atm




2. OnpenenuTh Ha KaKylo BBICOTY TIOJJHUMETCS BOJIa B KOJIOE, €CITM a0COJIOTHOE JTaBJIeHHWE B HEl
P.=9.3 [ 10*ITa.

Pemrenue.

YcnoBre paBHOBECHS KHIKOCTH JIJIsi CBOOOIHOM MOBEPXHOCTU Py = P + [1Q D,
Otcroma

h = (Pap - Po)/ 0g = (9.81-9.3) [110%9.81 1 10°=0.51 m

3a0ayu 1.3.1
r. PI:IWM
o W g 1. B 3akpbITOM COCY/i€ HAXOIUTCS T'a3 U )KUAKOCTh C MJIOTHOCTHIO
o 2
@4* Py z;g*-’ - h [hg = 13.6 r/em®. C COCYIIOM CO€IIMHEHA Ibhe30MEeTpHUecKass TpyOka. Omnpenenuthb

— — — — JIaBJICHHE Tra3a B cocyae Pg , eciv )KUIKOCTh B TPyOKe

- - nojHsu1ach Ha BeicoTy h = 30 cm. OTBer naTh B ata (aOCONIOTHOE JIaBIICHHE).

—_—

2. Ilosblil TOHKOCTEHHBIM LMIUMHAP OMYCTHIM B BOAY BBepX IHOM. LlunuHip miaBaeTr Tak, 4To
YPOBEHb BOJIbl BHYTPH LIMJIMHAPA HAXOIUTCS HA TITyOHHE

h =20 cm oT moBepxHOCTH OKpyx)atoieil Bojbl. [InotHoCTh BoBI 1000 Kr/M°, Bec HUIMHIpa 2
k[" (20 H). OnpenenuTs miomaas JOHBIIIKA HIAHIPA.

2
7, B — 1L~
——

_ _J—_

3. I'mapoycunurtenb COCTOMT W3 JBYX LWIMHAPOB 1 W 2, coennHeHHBIX TpyOkoil. Ilmomane

nmopiHsa Sy = 2 cm?. Ha Hero neiictByer cuina Fp = 50 kI Thromans nopmas S; = 20 cM>,
Onpenenuts cuny F; Ha BTOpOM THUIPONMIMHAPE W TEpEMEIICHHUE TMOPIIHS, €CIH TepPBBIT

nopiieHb nepemectwics Ha h; = 5 cm. Ilepemenienue mopiiHeil cunuTarh OECKOHEYHO
MEJIEHHBIM.
4. T'mapaBnuueckuil moabeMHUK pa3BuBaeT cuiy F = 2000 «I.
F T [Tnomane mopmHsS — 1 rwapommwmuHapa S = 40 cm?. Kakoe
mmm— JaBlIeHUE JIOJDKEH 00ecneuuTh Hacoc — 2, 4yToObl pa3BUTh 3Ty
_l\_’tg cuny? KakoBa gomxHa OBITh BMECTUMOCTh 0Oaka — 3, 4YTOOBI
o0ecrneynThb

|  TOIBEM rpysa Ha BBICOTY h=1wm?




5. OnpokuHYTHIN TaHK ¢ He(ThIO TIaBaeT B Boje. Juamerp tanka D = 5 M, Beicora H = 4 M, Bec
4000 kI'. [TmotHOCTH HedTH [1, = 850 KI/M. Onpenenuts mIyoMHY ero morpyxenus h u cuny F
JaBJieHUs He(pTHU HA THO TaHKA.

Bonipocel

1. B uem 3akiogaeTcsi pa3HOCTh MEXy HAllOPOM U JaBJICHUEM?

2. Yto Ha3bIBaeTCs aOCOIIOTHBIM JAaBJICHUEM, U30BITOUYHBIM JIaBIEHUEM U BAaKyyMOM?

3. Kak 3anucbIBaeTCsi 0CHOBHOE YpaBHEHUE THIPOCTATUKN?

4. KakoBa abcoutoTHas BO3MOKHAs BEJIMYMHA BaKkyyma?

5. Uemy paBHa mbe3oMeTprudeckas BeicoTa (B MeTpax HyO mst armocderHoro naBienus)?
6. UeMy 1aBHO JJaBJIEHHE XHUJIKOCTH Ha TBEP/YIO NOBEPXHOCTH?

7. Uemy paBHa cuJia AaBJIEHUS )KUJIKOCTH Ha TUIOCKYIO TIOBEPXHOCTH?

8. UeM U3MepSIOT 1aBIEHUE B KHUJIKOCTHU?



JIABOPATOPHAS PABOTA Ne2

Tema 3. OcHOBHBIC YPABHEHHUSI CTATHKH M KHHEMATHKH
Pacyér BHyTpeHHel KaHAJIUu3aluu

1.6. YpaBHEHUE NOCTOSHCTBA pacxoia
Pacxonom Ha3pIBaeTCs KOMMYECTBO KXHIKOCTH, MPOTEKAIOIIEe Yepe3 cedeHHe IOTOKa B

1 2 3 CMHMILy BPEMEHH. Pa3nMyaroT MaccCoBBIH ;; U OOBEMHBIN
I | |
_—--....________ ) pacxonbl. OHU CBsI3aHBI CIAEAYIONIIUM COOTHOIIEHUEM
—_——— e — ) )
- — m - 0y
| | (1.13)
1 5 3 OnHUM M3 OCHOBHBIX YpaBHEHUH THUAPOAMHAMHKHU SIBIISICTCS

YpaBHEHHE MOCTOSIHCTBA PacXo0jla, KOTOPHI FOBOPUT: PACXOJ
yepe3 CeUeHUs NepIIeHAUKYIISIpHbIE OCH TPYOOIIpOBOJa €CTh BEJIMYMHA IIOCTOSHHAS, T.C.

Puc. 1.6. Ilonepeunoe ceueHue i=pa=const= 0y S =025 =01;S; (1.14)
TpyOOIIpOBOIa
rae Si, Sy U Sj— miomaau nonepevyHsIx cedeHuii Tpyoonposoaa. Sj = [ D; 2/ 4, tne D — nmamerp
I —oro cedenus: TpyoomnpoBona; [1 1, [1 2 u [J j — cCpelHUE CKOPOCTH TEUCHUS >KUIKOCTH B
TpyOOIpoBO/IE B ceueHHsX 1, 2 U | —OM COOTBETCBEHHO.
W3 3TOr0 ypaBHEHUSs CIIEyeT, YTO CPEIHHUE CKOPOCTH B IMOTOKE HEC)KHMMAEMOU >KUIKOCTU
%

o 2
06paTHO MIpOoIOpHHOHAJIbHBI INIOAAAM CCYCHUU, T.C. U_ = S_ .
2 1

w

Mpumepsbl 1.6.2.

TpybompoBox aquamerpom D = 100 MM pa3BeTBiseTcs Ha JBa TpyOOIpoBoja ¢ ntuaMerpamu d; u
d2. Humamerp di = 50 mm. OmpenenuTh AWaMeTp BTOPOro TPyOOIPOBOAA, €CIH IMOCIE
pa3BeTBIIEHUS] CKOPOCTh B IEPBOM TPyOONpOBOAE YBEIMYMIACh B JiBa pa3za, a BO BTOPOM
YMEHBIINIACH B [IBA pa3a.

Pemenue: 3anuimmM ypaBHEeHUE OCTOSIHCTBA PACXO/I0B AJIsi TPYOOIIPOBOIOB:

y=yi1ty2 mwm
YUUTBIBad, 4TO J = [] S mepenummnm
0 (O D?/4=0y(0d 34+ 0, (0 dy )4

[To ycnoButo 3amaum 11 = 2[1, [1, = 0.5 [J . Toraa nonyyaem D 2=2d,2+0.5d,?.
Otkyma d, = 100 mMm.

3agaun 1.6.2.

1. ITo Tpy6onpoBoay auamerpom d = 200 MM HepeKaunBarOT KEPOCHH CO CKOPOCThIO [ = 8 m/c.
OmnpenenuTs MaccoBbIif M1 0OBEMHBIH pacxo/l KepOCHHA.
2. Tlo tpybe auamerpom di; = 600 MM JBHIKETCS JKHUIKOCTH CO CKOpOCThIO [11 = 8 m/c. Kak
U3MEHUTCS CKOPOCTh JIBW)KEHHS Ha ydacTke TpybonpoBoaa ¢ quamerpom d; = 300 mm?
3. Ypaeuenue bepuynnu ona easzkou icudkocmu i JIByX TNPOU3BOJILHO BBIOpaHHBIX
CeUeHM TPyOOIIPOBOIOB BBIPAXKAET PAaBEHCTBO SHEPTHIl B 3THX JIBYX CEUCHUSX, T.C.

+£+i— +£+U—§+Dh 1.15
Z1 g Zg =17 g zg nom1-2 WA ( . )



+ I:’1+012— + I:)3+U§+ h
7 o 29—23 o 29 L Nyom 1-3,
e Zy , Z; U Z3 — BBICOTHI pacHoyioKeHUst ceueHud 1, 2 w 3 Hax NPOU3BOJIIBHOU
TOPU30HTAJILHOU TUIOCKOCTBIO; [11, [] 2 U [ 3 — cpenHue ckopocTu motoka u Py, Pou P3 —
nasneHust B cedeHusix 1,2 u 3; [N, ;-2 1 [Ny, ;-3 — noTepu 3Hepruu Ha yuactke 1 —2 u 1
— 3, COOTBETCBEHHO.

% Bnam 12 OT0 ypaBHeHHE OajlaHca SHEPTUM

o T T Esr reaw s c yueroM moTepb. T.e. cymma

— 7 noE, "L Bnom 13 dHEprMM  MOJOKEHMS — Z
g 2 " 2 P
1

SHEPrun NaBJIeHUS g

2
U

KUHETHYCCKOM OHCPIUun 2 g

paBHA TOM K€ CyMME 3HEPrUi JUIs
BTOPOro (TPEThEro) CEUCHUs C
Y4eTOM BCEX NOTEPb DPHEPTUU Ha
naHHoM y4dactke [Nuom 7 - i
KOTOpas XapaKTepu3yeT
YMEHbIIICHHE MEXaHHYECKOI
DPHEPTUM TMOTOKAa Ha  Y4YacTKe
Mexnay cedeHussimu. Ha puc. 1.16
I MOKa3aHa rpadudeckas
UHTEpIpUTalUs ~ 3aKkoHa  bepHymmu.
DHeprus, TepseMas IKHJIKOCTBIO Ha
pPacCMOTPEHHOM  y4YacTKe  TEYeHHs,
pazymeercs HE TepsieTcsi OecclieJHO, a JUIIb IpeBpaliaeTcs B APYrylo GopMy — TEIIOBYIO,
KOTOpasi HEMPEPBIBHO PACCEHBAETCS, IO3TOMY TOBBIIICHHE TEMIIEPATYPhl ObIBAECT MPAKTUYECKU
MaJi03aMEeTHBIM.

Puc. 1.6. 2. I'paduueckas HHTEpIpUTALUS 3aKOHA

Eanrrormrmrs

N3 ypaBHenus bepuymmu (1.15) u ypaBHenus pacxona (1.13) cmemyer, uto ecinu
IUIONIa/lb TOMEPEYHOro TPYOOINpPOBOJA YMEHbBIAETCS, TO CKOPOCTb TEUYEHUs IKHUJIKOCTU
YBEJIMYMBACTCS, a JIaBJICHHUE B 3TOM CEUEHUH OYyJIeT yMEHBIIATHCS, U HA000POT.



ITIpumep 1.6.3.

3 Ilo ropusoHTambHOMY TpYyOONpPOBOAY MEPEMEHHOTO

1 2 | CeueHHWs TedeT IKUAKOCTh. Pacxom pasen 15 i/C.
——--....________/_ [noTHOCTs  kMmKOCTH 780  Kr/m'. JlnaMeTphI
———— — —-—- TpyOOIpoOBOAa B XapakTepHbIX cedeHusx d; = 50 mm, d
__,_—-—"_\ =25 MM,
1 o =
3 O3 = 75 mm. OmpenenuTh HAmopbl W JABJICHUS B

ceueHusx 1-1, 2-2, 3-3, ecnu naBnenue B ceueHuu 1-1 paBHo Py = 4 ara. [lorepsmu npeHeOpedb.

Pemenue. 3anumem YpPaBHCHHEC IMMOCTOAHCTBA pacxoda U OoIpeACInM CKOPOCTHU B 39TUX CCUCHUAX!

Ji=pe2=p3=01S1=02S=03Ss,

orkyna 1 = 4 y1/(0d%), Oy =4 yol(0d%), O3 =4 yal(0d%).
[TpousBens BeaucieHMs, moirydaem (11 = 7.64 m/c, [1, = 30.56 m/c, [13 = 3.4 m/c.
Jlns  ompencieHusl Mbe30METPUYECKUX HAMOPOB W JaBJIEHHH BOCIOJIB3YEMCS ypaBHCHHEM

CPHYIIIHN Z; g 29 =12 g zg nom 1-2 A 11 g zg =173 g zg nom
1-3, T.K. Z1 = Zp = Z3, @ IOTEPSMU MOXKHO MpeHeOpeyub MoIydyaeM
R v_P vi_ P o
P 20 pg 20 P9 29

A 49810
T k. e 78M81 51.2 m, nonyuaem

P, P 0 -V 2 -

BB U0 g, 7OAB06 (4,
Prg P8 2g 2:081

P, P 0v'-0? 434
DD U T g0, PO o
2 I 4 2g 2-981

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

P, =6.58[1780 19.81 [Ta=5 [ 10* ITa= 0.51 arm, P3 = 53.6 [J 780 [19.81 [Ta=41 [J 10* ITa =
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3agaum 1.6.4.

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

dy = 40 cMm, naBienue P; = 4.8 at™M, a B ceueHHH 2-2, PacloNIOKCHHOM Ha 4 M HWXe, THaMETp
pase dy = 30 cm. Onpenenuth naBnenue P; B cedenun 2-2. [TotepsiMu mpeHeOpeds.

2. Tlo HedyrenpoBoy mepexadnBaeTcs HeTh MWIOTHOCTBIO 890 Kr/mM° B Kommuectse 40 n/c. B
OJTHOM CeYeHMHU He(TenpoBOja BHYTpEeHHHH 1uameTp TpyOsl paBeH 305 MM u naBnenue 10 arm,
a B JIpyrOM CEYEHUH, paclojokeHHOM Ha 10 M Bblllle, BHYTPEHHUM TuaMeTp TpyOsl paBeH 254
MM U AaBiieHue 8 atM. OnpenenuTs NOTepH Haropa MeX/ly CEYeHUSIMHU.

3. Boma ¢onTaHMpyeT W3 KOHMYECKOTO Hacajka Ha BeicoTy H = 5 wm.
\_/\ (\ [IpeneOperas moTepsMU B HAcaJKe, OMPEACIUTh PACXO BOJbI U JABICHHUE Ha
BXOJI€ B HAacaI0K, eciu ero pasmepbl D =45 mm, d = 8 mm, h =350 mm.
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BBEJAEHUE

Meroauueckue yKa3zaHHs 110 OpraHU3aliy U BBITOJIHEHUIO CaMOCTOSATENIbHONW paboThI 1O
mucuuiuinHe «MHXeHepHble CUCTEMBI 3JaHUH U COOPYKEHUH (BOIOCHA0KEHHE U BOJOOTBEICHUE
C OCHOBaMU T'MJIPABJIMKH)» IIPEIHA3HAYEHbI JJIs CTY/IEHTOB HamnpasieHus noarorosku 08.03.01
«I'opoacKoe CTPOUTENBCTBO U XO3SIMCTBOY.

BueaynuropHas camocTosiTesbHas paboTa IPOBOAUTCS C LENIBIO:

—CHCTEMAaTHU3allMM M 3aKpEIUICHUS IIOJYyYEHHBIX TEOPETHYECKUX 3HAHUW W IPAKTHYECKHUX
yMEHUI 00yJaroImuxcs;

—y1yOJeHMs U pacllupeHMsl TEOPETUYECKUX 3HAHUI;

—(hopMHUpOBaHUs yMEHHUH HCIIOIB30BAaTh HOPMATUBHYIO, IIPABOBYIO, CIIPABOYHYIO JOKYMEHTAIUIO
U CIIELUAJIbHYIO JINTEPATYPY;

—pa3BUTHs TO3HABATEJIbHBIX CIIOCOOHOCTEH M AKTUBHOCTH OOy4aroIUXCs: TBOPYECKOU
MHUIMATHUBbI, CAMOCTOATEIbHOCTH, OTBETCTBEHHOCTH, OPraHU30BAHHOCTH;

—(opMHUpOBaHHE  CaMOCTOSTENBHOCTH  MBIIIJIEHHUSA, CHOCOOHOCTEH K  CaMOpPa3BHUTHIO,
COBEPLICHCTBOBAHUIO U CAMOOPraHU3aluy;

—(hopmupoBaHus 00MIKX U TPOPECCHOHATEHBIX KOMITETCHIIUI

—Pa3BUTHUIO UCCIIEAOBATEIBCKUX YMEHUM.

BueaynuropHass camocrosiTenbHas paboTa BBIMONHSETCS CTYIEHTOM 10 3aJaHHUI0
npernojasaress, Ho 0e3 ero HermoCcpPeACTBEHHOIO y4acTusl.

Ilepen  BbIIOJIHEHHWEM  CTYAEHTAMHM  BHEAYIUTOPHOM  CaMOCTOSITEJIBHOM  pabOThI
IIPENOaBaTellb MPOBOAUT HMHCTPYKTaX IO BBIINOJHEHHUIO 3aJaHMs, KOTOPBIM BKIIIOYACT LIEIb
3aJjaHusl, €T0 COJIEPYKAHHWEe, CPOKH BBIIIOJHEHHUS, OPUEHTUPOBOYHBIN 00BEM pabOTHl, OCHOBHBIC
TpeOoBaHUS K pe3yiabrataM paboTbl, KpUTEpUM OLEHKHM. B mpolecce HMHCTpyKTaxa
IIPETo/IaBaTellb MPEAYIPEKIAECT CTYACHTOB O BO3MOKHBIX TUIIMUHBIX OIINOKAaX, BCTPEUAOLIUXCS
IIPY BBIIIOJIHEHUU 3a/1aHUS.

B kadectBe (opM M METOAOB KOHTPOJS BHE ayAMTOPHOW CaMOCTOATENBHON paboThI
CTYIIEHTOB MCIOJIb3YIOTCd CEMHHAPCKHUE 3aHATHS, 3a4€Thl, TECTHUPOBAHHUE, CaMOOTYETHI,
KOHTPOJIbHBIE PaOOTHI.

Kputepusimu olleHKM pe3yabTaTOB BHE aylIUTOPHOM CaMOCTOSTEIbHON pabOThl CTYAEHTA
ABJISIOTCSA:

—YPOBEHb OCBOEHHSI CTYIEHTOM Y4eOHOI0 MaTepHana;

—YMEHHME CTYIEHTa HCIOIb30BaTb TEOPETUYECKUE 3HAHUS IIPU BBINOJIHEHUH MPAKTHYECKHX
3aza4;

—Cc(OpMUPOBAHHOCTH O0IIEyUYEeOHBIX YMEHUM;

—ypOBEHb YMEHMsI aKTUBHO HCIOJIb30BaTh 3JEKTPOHHBbIE 00pa30BaTeIbHBIE PECYpPChl, HAXOAUTH
TpeOyromyrocss HH(popMaIuio, n3yyaTb €e U IPUMEHATh Ha MPaKTHKe

—000CHOBaHHOCTb U YETKOCTh M3JI0’KEHUS OTBETA;

—o¢opMIIeHHE MaTepuaa B COOTBETCTBUU C TPEOOBAHUSMHU.

—ypOBEHb YMEHHUSI YeTKO C(hOpMYIMpPOBaTh MpoOIeMy, MPEIJIOKUB €€ pElIeHHe, KPUTUYECKU
OLICHUTD PEILIEHUE U €r0 MOCIEeICTBHUS;

—YpOBEHb YMEHHS OIPEIEINTh, POaHAIN3UPOBATh AJIBTEPHATUBHBIE BO3MOXHOCTH, BApUAHTHI
JEeHCTBHI,

—ypOBeHb YMeHUs cHOPMYIUPOBATh COOCTBEHHYIO MO3UIIMIO, OLIEHKY U apT'yMEHTHPOBAThH €€.



1. O0mas xapakTepuCcTHKAa CAMOCTOSITeIbHON Pa0oThI CTYICHTA IPH H3YyYeHUH
AUCHHUTINHBI

Henpro u3ydyeHuss auCLHUIUIMHBL «VIH)KEHEpPHBIE CHUCTEMBI 30aHUH U COOPYKCHUM
(BomocHaO)xeHHE M BOIOOTBEICHUE C OCHOBAMH THAPABIHKH)» SIBISIETCS O0y4eHHE CTYICHTOB
METOJIaM pacueTa TeIJIOBOTO U BO3AYIIHOTO PeXXKUMa ITOMEIEeHH, BBIOOpa CIIOCOO0B OTOILIEHHS
U BEHTWIALMU IOMEIIEHUH M pacueTa IMpoLeccoB 0OpabOTKM BO3AyXa JUIsl MOCIEAYIOIIEro
IPaMOTHOTO TIPOEKTHPOBAHUS OOOpPYIOBaHUS W CHUCTEM OTOIUICHHS, BEHTWISAIHH U
KOHJMLIIMOHUPOBAHUS BO3[yXa IIOMEIIEHUH JKWIbIX, OOLIECTBEHHBIX U IPOU3BOACTBEHHBIX

3MaHUN.

OcHOBHOH

3ajayeil W3y4YEeHUS JUCIHIIJIUHBI

ABIACTCA O3HAKOMIICHHUC

(¢

npuHOruImaMu CO3JaHUA PaACUCTHBIX IMapaMCTPOB MHUKPOKJIMMATAa B IMMOMCHICHHAX
INPOMBIMIJICHHBIX U O6HICCTBCHHBIX SHaHHﬁ.

2. Ilnan-rpa¢uk BbINOJHEHHUS CAMOCTOATEIbHON padoThI

OObeM JacoB
UtoroBerit Konrtakrt
Konbr CpenctBa u
. | Bug gearensHocTH MPOAYKT Has
peanuzyemMoit TEXHOJIOTUHU
CTY/ICHTOB CaMOCTOSITEN CPC | pabotac Bcero
KOMIIETEHIUN N OIICHKU
bHOHW pabOTHI npemnoja
BarejeM
5 cemecTp
CaMoCTOSTEIIBHOE OTBeTHI HA
OIIK-3 U3yueHue Bompockl o| CobecenoBaHu 79 8 80
(UO-1 onk3; JINTEPATYPHI 1O TeMaM e
N-2 onk-3; teme 1-9 T CITUTLINH
NJI-3 onk-3) IToaroroBka K Nuausunyan Otuét
OIIK-4 MPAKTHYECKUM BHOE 33/1aHHE | (MMCbMEHHBIN) 6,3 0,7 7
(MI-1 onk-a; 3aHATHAM
N-2 onk-4; IToaroroBka Kk NupuBuyan OTuét
NJ1-4 onk-4; n1abopaTopHBIM bHOE 33J1aHnue | (MMMCbMEHHBIN) 6,3 0,7 7
NJI-5 onk-4; 3aHITUSAM
NJI-6 ork-4) Brimonnenue Tekcr
. . | KoHTpombHas
KOHTPOJIHHOU KOHTPOJIHHOU 9,9 11 11
pabota
paloThI paboThI
HTtoro 3a 5 cemectp | 94,5 10,5 105
Hroro | 94,5 10,5 105

3. MeToanyeckue yKa3aHus 10 H3YYeHUI0 TeOPEeTHYECKOr0 MaTepuaJia

IIpexne Bcero, HEOOXOAUMO OIPEEIUTh BUJ U3AaHUS (MOHOM3/aHHE, COOPHUK, YaCTh
MHOTOTOMHOTI'O WJIM BBIITYCK CEPUMHOTO M3AaHUS). YCTaHABIMBAETCS, KAKOMY BOIIPOCY, TEME WU
o0JIacTH HayKd IOCBSIIEHO Ipou3BeaeHue. OOpariaeTcss BHUMaHUE Ha CTPYKTYpY HU3IaHUS,
BBISIBIISICTCS IPUHIIMIIBI TPYNIIIMPOBKY Marepuara.

Ananu3 (opMbl U3TOKEHHsT Marepuaja MOMOTAET MPHU OINpPENeIEHUN YUTATEeNbCKOTO
aapeca. C 3TOM LENBI0 H3y4aeTCs, HACKOIBKO MOJIHO, JOCTYITHO U HAIIHO U3JI0KEHBI BOIIPOCHI.

IIpu anamm3e OTMEYAIOTCS OCOOEHHOCTHM  MOJUIPapUUEcKOro HCIOJHEHUS U
pEeNaKIIMOHHO-U31aTeIbCKOTO0  OQOpPMIIEHUSI, B YAaCTHOCTM HaJIWYUE JJIEMEHTOB HAay4yHO-
crpaBo4yHOro ammapara. IlomMumo TekcTa camoro mpowusBeneHHs Oubauorpad npocMarpuBaeT
MIPEINCIOBHAE, BCTYNUTEIBHYK) CTAaThlO, IpuMedaHus. Ecnm  cBeJeHuH  OKa3bIBaeTCs
HEJIOCTATOYHO, CIEAYET 00PaTUTHCS K JOMIOTHUTEIbHBIM HCTOYHUKAM.

H3zyuenue oononnumenvhvlx ucmoynukos. TaKUMU UCTOUHUKAMH MOTYT OBITh PELIEH3UH,
KPUTUYECKHE CTaThU, KPUTHKO-OMOrpaduyeckue, UCTOPUKO-TUTEpaTypHble paOoThl. BBIABUTH
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9TH UCTOYHUKH MOXHO C TIOMOIIBIO CIIPABOYHBIX U OMOIHOrpaduuecKux U3TaHui.

[Ipu paGore ¢ KHUTOW HEOOXOAUMO TOAOOpaTh JUTEPATYPY, HAYUYUTHCS MPABUIBHO €€
yuTaTh, BecTH 3anucd. Oco0oe BHUMaHME ClIeAyeT OOpaTHUTh Ha OIpPENEeIeHHUE OCHOBHBIX
HNOHATUH AUCHMIUTUHBL. CTYIEHT IOJDKEH MOAPOOHO pa3dupaTh MPUMEPHI, KOTOPHIE MOSICHSIOT
TaKde OIpENENCHUs, U YMETh CTPOUTHh AHAJOTHYHBIC IMPHUMEPHl CaMOCTOATENbHO. HyxkHO
IOOMBAThCSl TOUHOTO MPEACTaBICHUS O TOM, YTO H3y4aellb. [Ioe3HO COCTaBIsATH OMOPHBIE
KOHCHEKTHI. [Ipy m3ydeHun marepuana 1o y4eOHUKY IMOJIE3HO B TETPaaW JOIMOJIHATh KOHCIIEKT
JIEKIUH, TaKXKe CJeQyeT OTMEYaTh BOIPOCHI, BBIIEICHHBIE CTYIEHTOM JUIsl KOHCYIbTallUU C
npernojaBaTesieM.

Paboma co cnpasounvimu uzoanusamu.

CrnoBapp — CIpaBOYHOE W3JAHUE, COJEpIKAIEe YHOPSAOUYCHHBIN IMEepeYeHb S3BIKOBBIX
eauHuIl (CIoB, CIIOBOCOYETaHUM, (pa3, TEPMUHOB, UMEH, 3HAKOB), CHA0KEHHBIX OTHOCALIUMUCS
K HAM CIIPABOYHBIMH JTaHHBIMH.

TepMmuHONOrMUECKUil CIOBaph — CIOBAPh, COIEPXKALIUN TEPMHUHBI Kakoh-1nbo obnactu
3HAHUS WU TEMBI U UX ONpeaeneHus (pa3bsiCHEHNUs).

CrpaBOYHHK — CIIPaBOYHOE H3JlaHUE, HOCAIIee MPUKIAAHON, MPAKTUYECKUN XapakTep,
UMEIOIIEe CHCTEMaTHYeCKYI0 CTPYKTYPY WIH IMOCTPOCHHOE 1o andaButTy 3arnaBuii crarei. [1o
[[EJIEBOMY HAa3HAYCHHUIO PAa3JIMYaroT: Hay4YHBI, MacCOBO-TIOJIUTUYECKUH, MPOU3BOICTBEHHO-
NPAaKTUYECKHA, y4eOHBIN, TOMYISPHBIA U OBITOBON CIIPAaBOYHUKH.

buorpaduueckuii crnpaBoYyHUK (CIOBaph) — CIPABOYHHUK, CONEPIKALIUl CBEACHHS O
KHU3HU U ACATEIBHOCTH KaKUX-TTHOO JIHII.

bubnuorpaduueckuii  cnpaBOYHUK  (CIOBapb) —  CHPABOYHHUK,  COJACPIKAIIHI
Ouorpaduueckne CBEIEHUS O KAaKUX-JIMOO JHIAX, CIUCKA WX TPYIOB M JIUTEPaTypHl,
OCBEIAIONIEH UX XKU3Hb U JIeATEIbHOCTb.

CrmpaBouHoe mocobue — mocobme, paccuuTaHHoe Mo (GopMe Ha TO, YTOOBI MO HEMY
MOXKHO OBUIO HABOAUTH cHpaBku. OT CHpaBOUYHMKA OTIAUYAETCA TEM, YTO MOXKET ObITh
UCTIOJIB30BAaHO M JUIS MOCIIEIOBATEIILHOTO OCBOCHUSI MaTepuala, B TO BPEMs KaK CIIPABOYHHUK
HAIIEJICH [TIaBHBIM 00pa3oM Ha BIOOPOYHOE UTEHUE, 10 MEPE TOTO, KaK BO3HUKAIOT T€ WJIM UHbBIE
BOIIPOCHI X HYXK/Ia B CIIPABKE, U JIJISI TOCIIEAOBATEIBHOTO YTEHUS HE TPUCIIOCOOIICH.

DHIMKIONEIUs — CIPABOYHOE M3JJaHME, COfepiKallee B 0OOOLIEHHOM BHJI€ OCHOBHBIE
CBEIICHHS TI0 OJTHOW WJIM BCEM OTPACIISIM 3HAHHWHA U MPAKTUYECKOH NeATEIbHOCTH, U3JI0KEHHBIE B
BUJIE KpaTKUX CTared, pacloNOKEeHHBIX B aji(paBUTHOM WU CHUCTEMAaTUYECKOM IMopsiake. B
3aBUCHMOCTH OT Kpyra BKJIIOYEHHBIX CBEACHHUHN pa3IMyaloT YHHBEPCAIbHYIO (00IIY10),
CHeLHaTU3UPOBAHHYIO (oTpacnesyto), pPETHOHANBHYIO (yHUBEpCAIbHYIO W
CTHEeNHATH3UPOBAHHYIO) SHIIUKJIIOE/INH.

Tezaypyc OTHOCHUTCS K CIEIUAILHOMY THUITy CJIOBapsi HOPMAaTHBHOM JIEKCUKU C TOYHO
OTIpEICIIEHHBIMU CBSI3SIMH MEXK]Ly TEPMUHAMH.

3amaHus JUId CaMOCTOSATENIbHOM paboThl CTYICHTOB



4. MeTtogu4yecKkue yKa3aHusi 10 BUAaM padoT, Npe1ycCMOTPEeHHbIX padouei
nporpamMmoit

Buo camocmoamenvnoit pabomul cmyoenmos:
CooecexoBanue mo remam 1-9

Bo BpemMs mnpakTHYECKOro 3aHSATHUS MpPEnoJaBaTelb OIpPAIIUBACT CTYJICHTOB IIO
BOIIpOCaM, 3aJJaHHBIM Ha JaHHOe 3aHsTHe. CTyIEHTHI IOJDKHBI 3apaHee IoMa, B OMOIHoTeKe
M YUTAJbHOM 3aji€ MOJrOTOBUTH OTBETHl Ha BCE 3aJaHHbIE BOIPOCHI MPAKTUUYECKOTO
3ansaTus. Clieyer BECTH CIEUHAIBbHYIO TETpaab C 3aluCsiIMHU OTBETOB Ha BOIPOCHIL.
JKenaTenbHO TpH MOATOTOBKE OTBETA HE OIPAHMYMBATHCS MATEPUAIOM OJHOTO YYeOHHKA, a
MCIOJIb30BaTh HAYYHBIC CTAThH U3 KYPHAIOB, COOPHUKOB CTaTei, MOHOTpaduu.

B mpomecce opranuzanum paboThl OONBIIOE 3HAYEHHWE UWMEIOT KOHCYJIbTAaIluU
MpenoiaBaTelisi, B X0J€ KOTOPhIX MOXHO PEIIUTh MHOTHE MPOOJIEMbl M3y4aeMOro Kypca,
YSICHUTD CJI0KHBIE BOIIPOCHI.

CryneHT, OTBEYAIOIINI Ha BOIIPOC MPAKTUYECKOTO 3aHATHS, TOJDKEH JIeiaTh 3TO, KakK
MpaBWIoO, He Mpuberas K MOMOUIM KaKUX-IUOO0 3amuceil mwin ydeOHHMKOB. OTBET JOJKEH
OBITh HACTOJBKO TOJHBIM, HACKOJIBKO 3TO TPEOyeTCs, YTOOBI IOCTATOYHO TOJIHO PACKPHITH
JTAaHHBINA BOTIPOC.

No "
i Bupl caMoCTOATENBHOM pabOThI
1 CamocrosTenbHOe u3yueHue nuteparypsl mo Teme Ne 1 Bomomorpebnenue. Cuctemsl

BOJIOCHAOKEHUS.

CamocrosTenbHOe H3y4YeHUEe JuTeparypbl mo Teme Ne 2 Cucrembl 3a0opa, mojayu U
pacrpeieneHust BOJIbl

CamocrosiTennbHOEe m3ydeHHe JjmTeparypbl mo Teme Ne 3 CucreMbl TOgadu
pacrpe/ielIeHUs] BOJIbI

CamocrosiTennbHOEe HW3ydeHHe JmTeparypel 1o Teme Ne 4  Cucremsl Tropsdero
BONOCHA0KEHUS

CamocrosiTenbHOe U3ydeHHe Juteparypsl mo teme Ne 5 CucreMbl BOJOCHAOKECHHS.
Knaccugukanus, HopMbl IOTpedIeHUs, pacyeT MOTPEOHOCTH B BOJIE

CamMocrosTennbHOE HW3ydeHue Jmreparypel 1mo teme Ne 6 I['mapaBmudekuii pacder
BOJOOTBOJSIIUX CETEH.

CamocrosiTenbHOe H3yueHue aureparypsl o reme No 7 OTcTauBaHue BOJIBI.

CamocrosTenbHOE U3yueHue nuteparypsl mo Teme Ne 8 BHyTpeHHee BogocHaOkeHUe
3TaHUMI

CamocrodarenbHoe u3ydeHHe auteparypsl mo Teme Ne 9 buonoruueckas oumcTka
CTOYHBIX BOJI METOZ0M OHOUIBTPAIIUU

Kpumepuu ouyenusanus: OLEHKa «OTINYHO» CTAaBUTCA CTYAEHTY, €CIU OH IIOJIHO
u3JlaraeT Marepuali, JaeT IPaBWIbHOE OIpENeiIeHHEe OCHOBHBIX MOHITHI; OOHapy>KUBaeT
NOHMMaHME MaTepHalia, MOXKeT 0OOCHOBATh CBOU CYXJIEHUS, IPUMEHUTh 3HAHUS Ha MpaKTHKE,
IPUBECTH HEOOXOAMMBIE MpPHUMEpPhl HE TOJIBKO M3 YyuyeOHHKAa, HO M CaMOCTOSTEIBHO
COCTABJICHHBIE; W3JIaraeT Marepuaj IOCJIENOBATENbHO M IPABWIBHO C TOYKU 3PEHHUS HOPM
JUTEPATYPHOTO SA3BIKA.

OneHka «XOpOIIO» CTAaBUTCS CTYACHTY, €CJIM OH JA€T OTBET, YAOBIETBOPSIOLIUN TEM JKE
TpeOOBaHUSAM, YTO U JJS OTMETKH «OTIMYHO», HO JOIMYCKaeT OIMOKH, KOTOpBhIE caM 3Ke
UCTIpABIIET, M HUMEIOTCS HEJOYeThl B IMOCIENOBATEIILHOCTH M SI3BIKOBOM O(opMIIeHUH
W3J1araeMoro.

OneHka  «yIOBIETBOPHUTEIbHO» CTaBUTCS, €CIM CTYIEHT OOHApyXHBAaeT 3HAaHUE U
ITOHUMaHNE OCHOBHBIX IOJIOKEHUM JaHHOW TEMBI, HO U3JIaraeT MaTepHall HEMOJIHO U JIOIYCKAeT



HETOYHOCTU B ONPEACICHUU TMOHATHHA WM (QOPMYIMPOBKE NpPaBUI, HE YMEET JOCTaTOYHO
DIyOOKO W J0Ka3aTelbHO 00OCHOBATh CBOW CY)KJCHHUS M NPHBECTH CBOM HPUMEPHI; U3JIaraeT
MaTtepuajl HEOCJICAOBATCIIbHO U JOITYCKACT OIIINOKHU B SI3LIKOBOM Oq)OpMJIeHI/II/I nu3jgaracmoro.

OueHka  «HEYIOBJIETBOPHUTEIBHO» CTaBHTCS CTYICHTY, €CIH CTYICHT OH HE3HaHUEe
Oonpleil YacTH COOTBETCTBYIOLIETO BONPOCA, JIONMYCKaeT OIMOKH B  (OpMynHpoOBKe
OIIpEAeTCHUII M TPaBWI, MCKXKAIOMIME WX CMBICH, OCCIOPSIIOYHO M HEYBEPEHHO H3JIaraet
MaTepHai.

6. MeToanyeckue YKazaHus 1o NOAT0TOBKE K 9K3aMEHY

HaunnaiiTe TOoTOBUTBCS K SK3aMEHAM 3apaHee, IOHEMHOIY, II0 YacTsAM, COXpaHss
cnokoiictBue. CocrtaBbTe IUIaH PAabOTHI, pacHpenean oOlee KOJUYEeCTBO Marepuasia Mo JHAM
MOATOTOBKH, 00s53aTeIbHO OCTaBUB BpeMsi Ha MoBTOpeHHE. HeoOxomumo ompenenuTs Bpems
3aHATHH ¢ y4eToM pUTMOB opranusMa. [lepen HayasoM HOATOTOBKM K 3K3aME€HaM HEOOXOIMMO
IIPOCMOTPETh BECh Marepual M OTIOKHUTH TOT, YTO XOPOILIO 3HAKOM, a HA4YMHAThb Y4YUTh
HE3HAKOMBIH, HOBBIH.

Hcnonp3yiite Bpemsi, OTBEIEHHOE Ha IMOATOTOBKY, KaKk MOXHO 3pQextuBHee. HoBbIi 1
CJIIOKHBI MaTepuajl yuuTe B TO BpeMs CYTOK, KOIJla XOpOILIO JyMaeTcsi, TO €CThb BBbICOKA
paboTocrmocoOHOCTh. OOBIYHO 3TO YTPEHHUE YaCHI TIOCTIE XOPOIIETO OT/IbIXA.

He cnonsiitecy 6e3 nena. 3aiimure cebs ueM-HHOY[b, KOIZla TOTOBUTECH K JK3aMEHY.
OTO HE OCTaBUT BaM BPEMEHM Ha IYCTble CTpaxu. MOXHO 3aHATHCA CIOPTOM, TaHLAMH,
pHCOBaHMEM WM KyluHapueil. Bce 370 — oTiamMuHblil crioco® pacciaOuThCsl M OYYBCTBOBATh
YBEPEHHOCThH B cede.

CymiecTByIOT pa3Hble IPUEMbI pabOThI ¢ MaTEPUATIOM.

1. Camoe m1aBHOE MOHATH Marepual, pasoOparbcs B HeM. OUeHb IMOJIE3HO COCTABIIATH
IUTaHbl KOHKPETHBIX TEM U JIEep)KaTb UX B yMe («IUIaH B yMe»), a He 3a3yOpuBaTh BCIO TEMY
MOJIHOCTBIO «OT» U «10». MOXHO Tak)Ke IMPAaKTUKOBaTh HAIIMCAHUE BOIPOCOB B BHUJIE KPAaTKOI'O
U3JI0KEHUS MaTepuaa.

2. 3ayurBaeMblii MaTepual Jiydlle pa30UTh Ha CMBICIOBBIE KYCKH, CTapasch, YTOOBI MX
KOJIMYECTBO HE MpeBbImano ceMu. CMBICIOBBIE KYCKH Marepuana HeoOXOAMMO YKPYIHATh U
000011aTh, BBIpaKas MIABHYI MBICIb ONHOM (pa3oi. TekcT MOXHO CHIIBHO COKpPATHUTh,
NPEACTAaBUB €T0 B BUJIE CXEMBbI THIIA «3BE3/IbI», «I€PEBa», «CKOOKM» U T.II.

3. K TpynHO 3amomMmHaeMoMy Marepuanly HEOOXOIMMO BO3BpallaThCs HECKOIBKO pas,
IIPOCMAaTPUBATh €T0 B TEUEHNE HECKOJIBKNX MUHYT BEUEPOM, A 3aTEM €ILE Pa3 —yTPOM.

4. Tlepecka3 TekcTa CBOMMH CJIOBAMU MPUBOIUT K JIYYIIEMY €ro 3allOMMHAHHIO, YeM
MHOT'OKPAaTHOE YTE€HHUE, MTOCKOJIbKY 3TO aKTUBHAsl, OpraHW30BaHHas LEJIbI0 YMCTBEHHas palorta.
BooOme roBops, mrobas aHanuTHyeckas padboTa € TEKCTOM MPUBOIUT K €ro Jydliemy
3allOMUHAHMIO.

5.Mcnonp3yi pa3sHble IPUEMBI 3aIIOMUHAHUS - 3pUTENBHO, HA CIIYX, IMCbMEHHO.

Bonpocsl k 3k3aMeHy
ba3oBblii ypoBeHb

Bonpocs (3anaua, 3aganue) Ajs IpOBEPKU YPOBHS 00yUYE€HHOCTH
3HaTh:

1. Bunbl motpebieHus BOABI

2. Hopwmsl BogonoTpebdiieHus

3. Pacuer BomonoTpeOaeHUsT HACETICHHBIX TYHKTOB

4. HcrouHuk BOJOCHAOKEHHS

5. Knaccuduxkanus cucteM BoJoCHAOKEHUS

6. Pexum paboThl CHCTEM BOJIOCHAOKECHUS

7. Bomo3abopHbIe COOPYKEHUS



8. CucreMbl Iofauu U pacupeeeHNs BOIbI
9. BuyrpenHee BogOCHAOXKEHUE 3IaHUI

10. KauecTBO BOJIbI IPUPOAHBIX HCTOUHUKOB
11. ®yHKIIMHU OYUCTHBIX COOPYKEHUM

12. KoarynupoBanue

13. OTcTanBanue BOIbI

14. OcBeTtieHune BOIbI

YMmeTs, BJIa€ETh:

15. CopOroHHast OYMCTKA CTOYHBIX BOJI

16. OuncTka CTOYHBIX BOJI O30HUPOBAHUEM

17. Cxembl GU3UKO-XUMHUYECKON OYMCTKH CTOYHBIX BOJI

18. I'myOokast ouricTka u 00e33apaKuBaHNe CTOYHBIX BOJT

19. YTrnusanust ocagkoB CTOYHEIX BOJ

20. Cuctembl M cxeMbl BojocHaOxeHus. C(CxemMa BOJOCHAOXKEHHS HACEJIEHHOTO IIyHKTa.
HopmatuBHas 6a3a MHXEHEPHBIX CHCTEM U 000PYI0BaHUs, TUTAHUPOBKA M 3aCTpOHKa HACEIEHHBIX
MECT.

21. BonocHabxeHue NpOMIPEANPUATUN, HH)KEHEPHBIX CUCTEM U 000pyA0BaHUeE, TIIAHUPOBKA.

22. OCHOBHBIE JaHHBIC IS TPOSKTHUPOBAHMS BOJOIPOBOIHON CETH (HOPMBI BOJONOTPEOICHHUS,
PEKHUM BOJOIIOTPEOICHUS, PACXObI, HATIOP).

23. UcTOYHMKH BOJIOCHAOXKECHHS, OIIEHKA TEXHMUYECKOrO0 COCTOSHUSI W OCTaTOYHOTO pecypca
CTPOUTEIILHBIX 00BEKTOB M KOMMYHAJILHOTO 000PYTOBAaHUS BOJIOCHAOKCHUSI.

24. Boyo3abopHbIe COOPYXKEHHUS M3 MOJA3EMHBIX UCTOYHHKOB, SKCILTyaTalus, MpopUIaKTHUECKUe
OCMOTPBI 1 PEMOHTHI.

25. Bono3abopHbie COOPY>KEHHUS H3 MTOBEPXHOCTHBIX HCTOYHHUKOB, JKCILTyaTamus,
PO UITAKTHICCKHIE PEMOHTHI.

26. LlenTpoOexxHple HAcochl  (YCTPOWCTBO, NPUHIUN pabOThI, pPabdOYMe XapaKTEPUCTHKH,
HOpMaTUBHBIE TPEOOBAHUS).

27. BomonpoBOAHbIE HACOCHBIE CTAHIINK (KIacCH(UKaIMs, Ha3HAYeHUE, DKCIUTyaTallls, PEMOHTHI).
28. HapyxHass BOJOMPOBOJHAs CETh (CXEMBI TPACCUPOBKH, JJIEMEHTHI, TPyObl M apmarypa,
SKCIUTyaTaIus, MPOPUIAKTUYECKNE OCMOTPHI U PEMOHTHI). TpeboBaHUs K BOJIOTPOBOIHBIM CETSM.

IloBbIlIEHHBIN YPOBEHb

3HaTh:
OuIbTpOBaHUE BOBI
Ob6e33apaxuBaHue BOJIbI
XapakTepHUCTUKA CTOYHBIX BOJ
CucreMbl BOJOOTBEACHUS
I'mppaBnnyeknii pacyeT BOJOOTBOISAIINX CETEN
BonooTBoasias cetb HaceIEeHHbIX TYHKTOB
BopooTBosiiye ceTu NpOMBILIUIEHHBIX MPEANPUATHI
BopootBoasiiue cetu arMochepHbIX 0CaJAKOB (BOAOCTOKH)
OO6opynoBaHNe HACOCHBIX CTAHIIHI

. CocTaB 1 CBOMCTBA CTOYHBIX BOJ

. TexHONnOrnueckne CXeMbl OYMCTKU CTOYHBIX BOJ

. MexaHnueckasi OUMCTKa CTOYHBIX BOJ

. buonoruueckas o4ncTKa CTOUHBIX BOJL

. buonornyeckas 04MCTKa CTOYHBIX BOJI METO/10M OMO-(UIBTPALUU

. OuncTKa CTOUHBIX BOJ (prroTaruei

. O4ncTKa CTOYHBIX BOJ KOAryJIMpPOBAaHUEM
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‘YMeTh, BIaJIeTh:

17. MeTopl OUMCTKH B 00e33apaKUBaHUs BOBI.

18. PearenTHOE XO03ICTBO (Ha3HAUYCHHE, PJIEMEHTHI, TEXHUKA 0€3011aCHOCTH ).

19. Cmecutenu, OTCTOMHHUKHU, OCBETIUTENN CO B3BEIICHHBIM CJIOEM OCaJIKa, CKOpPbIE 3€PHUCTHIC
GUIbTPHI: OIIEHKA TEXHUYECKOTO COCTOSHUSA U OCTaTOYHOI'O pecypca CTPOUTEIbHBIX OOBEKTOB
KUJTUITHO-KOMMYHAJIbHOTO X035MCTBA U KWIMIIIHO-KOMMYHAJILHOTO 000pYOBaHUSI.

20. Cxema KaHaIM3alUK HACEJIEHHOTO ITYHKTA U €€ OCHOBHBIE 3JIEMEHTHI.

21.CxeMbl  TpacCMpOBKM  KaHaJW3alMOHHBIX ceTedl. PacmonokeHne  KOMMYHUKAIHM
OTHOCHUTEJIbHO (DYHITAMEHTOB 3AaHUMN U JPYTUX KOMMYHHKAIIHA.

22. OnpeneneHue  pacyeTHBIX  PAacXOJ0B, CKOPOCTH, YKIOHBI, T[JIyOMHA  3aJI0)KEHUS
KaHaJM3alMOHHOM CETH.

23. VerpoiictBo kaHanum3anuoHHoi cetu. TpyObl. Komoampel. TpeGoBanus k SKcIuTyaTauw,
OCMOTpaM U PEMOHTAM.

24. JloxneBas KaHAIM3allMOHHAs CeTh (Ha3HAUYCHUE, YCTPOMCTBO).

25. Ilepekauka cTouHbIX BoJI. KaHanu3anmoHHbIE HACOCHBIC CTAHIIUH.

26. CocTaB 3arpsi3HEHUN U METOJIbl OYMCTKH CTOYHBIX BOJ.

27. TexHOJMOTUYECKAs] CXeMa TOPOJACKHX KaHAIM3AIMOHHBIX OYUCTHBIX COOPYKEHHUH: OLIEHKa
TEXHUYECKOTO COCTOSIHHSI M OCTATOYHOI'O pecypca CTPOUTEIBHBIX OOBEKTOB CTaHIUU U
000pyI0OBaHUS.

28. TpeboBaHUs K PACIONIOKCHHIO CTAHIIUM OYHCTKH CTOYHBIX BOJ OTHOCHTEIHHO TOpOJa H
BOJIHBIX OOBEKTOB.

29. [TpuHIMIBL pa3MENIeHNs U CIIOCOOBI MIPOKIAKH MO3EMHBIX KOMMYHHKAIIUH.

30. [Toa3emMHBIE KOMMYHHKAIIUU TOPOAA

31. Cucrembl  BojocHaOxeHus. Kiaccudukanus, HOpMBI MOTpeOJIeHHs, pacyeT
HOTPEOHOCTH B BOJE

32. CucreMsbl ropssuero BOA0CHa0KEHUS
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COILEP/KAHUE

BBEJIEHUE

1. HEJIb, 3SAJJAYU 1 PEAJIN3YEMBIE KOMIIETEHIIM

. DOPMVIIMPOBKA 3AJJAHMA 11 EI'O OGBEM

. OBIIIME TPEBOBAHM K HAITMCAHNIO 1 O©OPMJIEHNIO PAGOTBI
. YKA3AHUA 110 BBIIIOJIHEHUIO 3AJTAHUA

. BAPUAHTEI KOHTPOJILHOM PABOTEI

. KPUTEPMU OUEHNBAHW S PABOTDI

. [HOPAIOK 3AIIMUTEBI

. IIEPEYEHb BOIIPOCOB K 9K3AMEHY

. CIINCOK PEKOMEH]TYEMOM JINTEPATYPhI
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BBEJIEHUE

Meroauueckue yKa3aHus IO BBINOJHEHHIO KOHTPOJBHOH pabOThl MO JUCLMIUIMHE
«VHKeHepHbIe CUCTEMBI 3/1aHUI M COOPY)KEHHH (BOJOCHAOXEHNWE U BOAOOTBEICHUE Ha OCHOBE
THJIPABINKHN)» PACCUUTaHbl HA CTYIEHTOB OYHO-3a04HOM (hopMbl OOy4YEHHs IO HarpaBiICHHIO
08.03.01 «CrpoutenscTBO», HampaBieHHOCTh (mpoduiab) «lOponcKkoe CTPOUTENHCTBO U
XO3SIICTBOY.

WNnxeHepHas ruapoJorusi U3y4aeT MPOLECCHl, IIPOUCXOALIME B NPUPOIHBIX BOAAX, B
pe3ynbrare B3aMMOJAEHCTBUS UX ¢ TPAHCIIOPTHBIMHU U T'MAPOTEXHUYECKUMHU COOpyXeHusamu. [lpn
aHallM3€ CTAaTHCTUYECKUX JaHHBIX, MOJY4YaeMbIX IPH HAOIIONCHUM 3a THIPOJIOTHYECKHUMHU
ABJICHUSIMU W TIPOLIECCAMM, MH)KEHEPHAs THUIPOJIOTMs IPUMEHSET almapar MareMaTu4ecKon
CTaTUCTUKU JUISl CUCTEMAaTU3alMi U MCIOJIb30BAHMS 3TUX JIaHHBIX B HAYyYHBIX M MPAKTUYECKUX
LEJIsX.

B uacTHOCTH, METO/BI MAaTEMaTUYECKOW CTAaTUCTUKH HCIIOJB3YIOTCS B PEKOMEHJALUAX
[0 ONPENEJICHUI0 PACYETHBIX TUAPOJOTMYECKUX XApAaKTEPUCTHK IPU IPOEKTUPOBAHUU
TPAHCIOPTHBIX COOPY)KEHUM, HAIPUMEp, CPEIHUX TOAOBBIX, MAaKCHUMAJbHBIX pacxoloB U
HAUBBICIIUX YPOBHEHN BOJBI B PEKaX.

HucuunnuHa «/HXEHEpHbIE CHCTEMbl 3JaHUM M COOpY)KE€HUH (BOLOCHAOXKEHHE WU
BOJIOOTBE/ICHUE HAa OCHOBE T'MIPABIMKH)» pa3palaTbIBaeT ClELUAIbHbIE METO/bl, OCHOBAaHHbIE
Ha aHAJINU3€ MPOUCXOXKJICHUS CTOKA, IMO3BOJISIIOIINE ONPECIUTh PAacUETHBIE T'MAPOJIOTUYECKUE
XapaKTepUCTUKU IIPU OTCYTCTBUM JAHHBIX HAOIIOAEHUH UIIU IIPU UX HEJAOCTaTOYHOCTH.

Baxxnoe wmecto B gucuuiuimHe «/HXKEHEpHBIE CHUCTEMBl 30aHUH M  COOPYKECHMI
(BomocHaO)xeHHE M BOJOOTBE/IEHHME HAa OCHOBE T'MJIPABIMKH)» 3aHUMAeT TeMa, CBA3aHHAs C
M3YYEHUEM H3MEHEHUIl pPYyCIOBBIX IPOLECCOB IO/ BIUSHUEM CTPOMTEIBCTBA TPAaHCHOPTHBIX
coopykeHHH. K HMM OTHOCATCS: 3aHECEHHE NOHHBIMU W 3aWJICHHE B3BELICHHBIMU HaHOCAMH
BOJIOIIPOBOISIIIINX COOPYXCHUH, MECTHBIE W OOIIME pPa3MbIBBI PEYHOTO PYClia Y MOCTOBBIX
IIEPEXO/I0B.

B  10p0oXHO-MOCTOBOM CTPOUTEILCTBE HEOOXOAMMOCTh HCIIOJIB30BaTh PA3JIMYHbIC
napaMeTpbl IOTOKAa BO3HUKAET Ha CTAJMM M3bICKAHUNH aBTOMOOMJIBHBIX U JKEJI€3HBIX JIOpOT, pU
UX  IPOEKTUPOBAHUHM, DPa3pabOTKE MPOEKTOB  OpraHMU3alMM  CTPOUTENbCTBA  JIOPOT,
BOJIONIPONYCKHBIX ~TPYO,MOCTOB ¥ JAPYIHMX JIOPOXKHBIX BOJOMPOBOMSAILIMX COOPYKEHHH.
['maponornyeckre JaHHbIE IIMPOKO MHCIIONB3YIOTCS M BO BpEeMsl HX CTPOUTENBbCTBA U
JKCIUTyaTannu. YToObl  palMOHAJIBHO NPOEKTHPOBaTb, CTPOUTh U  IKCIUIyaTUPOBATh
aBTOMOOMJIBHBIE JIOPOTH, TPEOYIOTCA 3a JUIMTENbHBIA TIEpHOJ TMOAPOOHBIC CBEACHHUS O
THJIPOJIOTUYECKOM PEXHUME BOAHBIX OOBEKTOB, BOJM3M KOTOPBIX OHHU PACHOJIOKEHBI WIH
nepecekaroT UuX. [UIPONOrMYeCKMMHM U TUIPABIMYECKUMHU (paKTOpamMH OIpenessoTcs
TeHepaJibHbIe pPa3Mepbl COOPYKEHHMH: OTBEpCTHH MOCTOB M TpyO, IIIyOMHA 3allOKEHHUS
(GyHIaMEHTOB OMIOP MOCTOB, OTMETKH OPOBOK 3€MJISTHOTO TOJIOTHA, CIIOCOOBI KPETIEHHSI OTKOCOB
MOJIOTHA, Pa3Mepbl Pa3IUYHBIX COOPY)KEHUH Ui obecreueHus CTaOMIBHOCTH 3E€MIISIHOTO
MOJIOTHA.

3anpoeKTUPOBAaHHBI MOCTOBOW IIEPEXON 4Yepe3 BOJOTOK, BKJIIOYAIOIIUN  MOCT,
MOJXOJHBIE HACBIIM M PETYISLMOHHBIE COOPYXEHMs (CTpyeHarpaBisiioliue AamObl), JOJKEH
oOecrieunBaTh O€30MacHBIN MPOIYCK BBICOKUX BOJ U Jienoxoaa. [Ipu B3auMo/ieiicTBUU MOTOKA €
COOPY)KEHUSIMH MOCTOBOTO I€pexoJia BO3HHMKAIOT MHTEHCUBHBIE Pa3MbIBbl pyclla BCIEICTBUE
CTECHEHHUS IOTOKA, KOTOpPhIE TAKKE MOJDKHBI OBITH YYTEHBl MPU IMPOEKTUPOBAHUU MOCTOB.
Pa3MbIBBI pyces BOSHUKAIOT U B HKHUX Obe(hax BOIOMPONYCKHBIX TPYO.

Cayx0a sKCITyaTalluy JOPOT UCIOJb3YET THAPOJIOTHUECKYI0 HH(POPMALIMIO U TPOTHO3BI
0 TPOXOXKJIEHUM TaBOJKOB M CEJEBBIX IOTOKOB, 00 00pa30BaHWU, PAa3BUTUU U pPa3pyLICHUU
3aTOPOB JIbJla HA Yy4YacTKax UX BIUSHHUS Ha COOPYKEHHs aBTOMOOWJIBHBIX JOpOI, 00
MHTEHCUBHBIX pa3MbIBax pycel u Jp.

UYroObl ompenenuTs BO3MOXKHBIE TNpENeibl M3MEHEHHUS XapaKTepUCTHK IOTOKa U HX
CpeIHUE 3HAYEHHUs, HEOOXOOUMBI HENPEPHIBHBIE TUIAPOMETpUYECKHe paboThl B TEUCHHE
HECKOJIbKUX JIecATKOB JieT. C NIpOM3BOACTBOM THIAPOMETEOPOJIOIMUECKUX W3bICKAaHUM IpU
IPOEKTUPOBAHUN HHIKEHEPHBIX COOPY)KEHHH CTYIEHTbl 3a0YHOW M JAMCTAHIMOHHOW (opM
00y4YeHHsI O3HAKOMSTCS B MEpUOJ] Y4eOHOM TuApOIIOTHYECKON MTPAKTUKH.
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1. IEJIb, 3AJTAYY U PEAJIN3YEMBIE KOMIIETEHIIUA

lenpr0o oOCBOCHUSA IUCLUILIMHBL «JIH)KEHEpHBIE CHUCTEMBbI 30aHUNA M COOPYKECHUM
(BomocHaOxeHre W BOAOOTBEIACHUE C OCHOBAMH THAPABIUKH)» SIBISIETCS (OPMUPOBAHHUE Y
CTYACHTOB TPO(PECCHOHATBHBIX 3HAHWH M HABBIKOB [0 BONpPOCAaM BOAOCHAOXKEHUS U
BOJIOOTBE/ICHUS M UCIOIb30BAaHUE ATHX 3HAHUM JJIsl IPOSKTUPOBAHUS CUCTEM BOJOCHAOKEHUS U
BOJIOOTBE/ICHHUSI.

3aaun OCBOCHHMSI TUCIUIUIMHBI U3YYUTh:

- Ilpunmunsl [eicTBUS W Ha3HAYCHHE BHYTPEHHUX CHCTEM BOJOCHAOKEHHUS U
BOJIOOTBE/ICHNUS;

- MeTozp! ruIpaBInYeCKUX pacu€ToOB CUCTEM BOJOCHAOKEHUS U BOJIOOTBEACHHUS;

- Marepuansl TpyOOIIPOBOAOB U 3JIEMEHTOB CHCTEM, METOABI 3alIUThl TPYOOIPOBOIOB
CHUCTEM;

- O0GopynoBaHue, yCTAaHOBKH, COOPYXKEHHS U IPYTHe AJIEMEHThI CUCTEM BOAOCHAOKEHUS
Y BOJJOOTBE/ICHUS.

2. ®DOPMVYJIMPOBKA 3AJIAHUSA U EI'O OBFBEM
CTpyKTypa KOHTPOJIBHOU PabOTHI:

1. Teopernueckass 4acTh (BCeCTOPOHHee PaccMOTpPeHHe 3-X TeopeTUYeCKHX
BOIIPOCOB, MNPEIJ0KEHHOT0 B METOAUYECKHX YKA3aHUSX B COOTBETCTBHH € HOMEPOM
BapuaHTa). HegomycTuMo OTCYTCTBHE CCBUIOK Ha UCIHOJBb3yeMylo jutepaTrypy. O0bemM paboThl
JoJKeH ObITh He MeHee 10 MmevyaTHbIX JHCTOB.

2. CnincoK UCnoJib3yeMoi JINTepaTypbl.

1. Camycs, O.P. PykoBOACTBO 110 M3YYECHHIO TUCIUTUTHHEI «BOM0CHAOKEHHE U BOIOOTBEACHUE) /
O.P. Camycsw, B.M. Oscannukos, A.C. Konnparses. - M. ; bepnun : Jlupekr-Menua, 2014. - Y.

1. BonocHaOxeHue U BOJOOTBEIECHNE BEICOTHBIX 30aHUN. - 53 C.

3. OBIIIUE TPEBOBAHUSA K HAITMCAHUIO 1 O®OPMJUIEHUIO PABOTHBI

KoHTponbHast paOoTa BBINOJHSETCS B MEYaTHOM BHJAE Ha Jucrtax ¢(opmara A4.
JomyckaeTcsi BbINIOJHEHUE pabOThl B PYKONMMCHOM BuJe B TeTpaau. OOmmuil o6beM paboThI
JOJDKEH cocTaBisATh 8-15 nuctoB. Bapuant BbiOMpaeTcss mo nepBod OykBe ¢amMwiuu u

MoCaeaHen uI/chpe HOMCpa 3a4E€THOM KHHXKKH COITIACHO Ta6J'II/II_Ie.

ITocnennss

uugpa
HOMeEpa 1 2 3 4 5 6 7 8 9 10
3a4eTHOM
KHIDKKA

AJILX 1 2 3 4 5 6 7 8 9 10
S | B,M,II 2 3 4 5 6 7 8 9 10 1
&[BHY | 3 4 5 6 7 8 9 10 1 2
= I[,O,II 4 5 6 7 8 9 10 1 2 3
§ JLIT, 5 6 7 8 9 10 1 2 3 4
= 10




E,PO 6 7 8 9 10 1 2 3 4 5
X.,C, 7 8 9 10 1 2 3 4 5 6
10)

3, T, 8 9 10 1 2 3 4 5 6 7
ny 9 10 1 2 3 4 5 6 7 8
K,® 10 1 2 3 4 5 6 7 8 9

B 3amanume BapmaHTa BKIIOYAaeTCS TPU TEOpPeTHUYECKHUX Bompoca. [lpum HammcaHum
TEOPETUYECKOTO BOINPOCa CIIEAYeT MOJIb30BaTbCi 3aKOHOIATENbHBIMM HOPMAaTHUBHBIMU aKTaMU,
yueOHOI TUTeparypoil, MarepraiaMy MepuoJUYECKOM MMeyaTu U CTaTUCTUYECKUMHU JaHHbIMU. B
KOHIIE KOHTPOJIBHOU PaboThl HY)KHO MIPEICTAaBUTh CIIHCOK UCIIOIB30BAHHBIX HCTOUHUKOB.

TexcT pedepara HOIKEH CONMPOBOXKAATHCS PHCYHKaMHu, Tabmunamu, rpaduxamu,
dbparmeHTamMu TonorpaguUEcKux IJIaHOB M KapT, KOTOpPhIE HECYT OOJBIIYI0O HHPOPMALIMOHHYIO
Harpy3ky. O0si3aTeIbHBIMU SIBISIOTCS CCHIIKY HA MCIIOJIb30BAHHBIE TUTEPATYPHBIE HCTOUHUKH.

KonTpomnbhas pabota 1o pe3ysiabraraMm CaMOCTOSITEIbHONW paOOThl CTYAEHTA JI0JKHA OBITh
BBITIOJTHCH Ha OCHOBE KOMITBIOTEPHBIX TEXHOJOTHH M pAacCIedyaThIBaeTCs HAa OJHOW CTOpOHE
cTanaapTHoro sucrta gopmara A4 Oenoli ogHOCOPTHOI Oymaru udepe3 1,5 WHTepBasia YepHBIM
mpudToM ¢ mousiMHu BOKpYT TekcTa. OObeM OTdeTa COCTaBisieT 25 Me4yaTHbIX JTUCTOB (popmara
A4.

Pa3mep neBoro, HMXKHETO U BEpPXHETO ToJield — He MeHee 20 MM, MpaBoro — He MeHee 15
mMm. Pasmep mpudra 14. Pekomenpyembiii mipudt - TimesNewRoman.

TekcT nomkeH paBHOMEPHO pacrojiaraThCsl Ha CTPaHUIle, C OAMHAKOBBIMU OTCTYIIaMU OT
Hayaja MoJisA, TJ€ pPacIoyiaraercsi TEKCTOBBbIM Marepual. TEeKCT, HauMHAIOLICHCS C KpacHOM
CTPOKH, TIeUaTaroT ¢ ab3ara oTcTynom 1,25 cM OT Hayansa CTPOKH.

Kaxxapiit cTpykTypHBI paznen (BBeAeHHE, IaBbl, 3aKI0YeHNEe, CTUCOK MCIOIh30BAHHBIX
MCTOYHHMKOB) HAYMHAETCS CTPOTO C HOBOM cTpaHulibl. [lompa3aensl BHYTpH OCHOBHOTO paszena
pa3MelIarTCs Ha TOM e CTpaHHUIIE.

[lomuepkuBaTh 3aroJOBKM M IEPEHOCUTHh CJOBA B 3arojlOBKE HE JIOMYCKAETCs.
PexoMeHyeTcst BBIIESTH 3aT0JIOBOK KUPHBIM HMIPUDTOM.

Pa3znensl MOMKHBI UMETHh MOPSAIKOBBIE HOMEpa Ha MPOTSHKEHHHM BCEr0 TEKCTa OTYeTa,
0003HaYeHHBIC apaOCKUMU 1 pamMu 6€3 TOUKU U 3aMMCaHHBIE ¢ a03aIHOTO OTCTYTIA.

[lompasnensl MOMKHBI MMETh HyMEpalMio B Hpenenax Kaxiaoro pasnena. Homep
MoJpasziesa COCTONT U3 HOMEPOB pa3zienia U Mojpas/iena, pa3aeIeHHbIX TOUKOH. B KoHIle HOMepa
nmojpasziena Touka He CTaBUTCS. Pasiensl, Kak U MOAPa3/eNbl, MOTYT COCTOATh M3 OJHOTO WU
HECKOJIbKHUX TYHKTOB.

Ecim mokyMeHT He MMeeT ToJpa3/ieioB, TO HyMepalus IyHKTOB B HEM JOJDKHA OBITH B
npeenax KakJIoro paszieia, 1 HoMep MyHKTa JOJDKEH COCTOSATh U3 HOMEPOB pasjiena U MyHKTa,

Pa3aCiIICHHBIX Toukoi. B KoHIIE HOMCpa IMyHKTAa TOYKa HC CTaBUTCA.
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4. YKA3AHMUS 1O BBIITIOJIHEHUIO 3ATAHUSA

Teopernueckas 9acTh IpeAoaaracT M3y9YeHHEe OJJHOIO M3 CASAYIOIINX BOIPOCOB

CopO1roHHAast OUUCTKA CTOUHBIX BOJ

OumncTKa CTOYHBIX BOJ 030HHUPOBAHHEM

Cxembl GU3UKO-XUMUIECKON OYMCTKH CTOYHBIX BOJ

I'mybOoxas ouricTka u 06e33apakuBaHNe CTOYHBIX BOJ

YTunuzanust 0caKoB CTOYHBIX BOJ

Cucremsl U cxeMbl BojlocHa0keHus1. CxeMa BoJOCHA0KEHHS HACEIEHHOTO ITyHKTA.
Hopmarupnast 6a3a HHKEHEPHBIX CHCTEM U 000pYIOBaHUS, INIAHUPOBKA U 3aCTPOHKa
HACEJICHHBIX MECT.

BonochabxxeHnue npoMnpeanpusiTHil, MHKEHEPHBIX CUCTEM U 000pyI0BaHUE,
TUTAHUPOBKA.

OcCHOBHBIE JTAHHBIC [Tl IPOCKTUPOBAHUS BOJAOIIPOBOIHOM ceTH (HOPMBI
BOJIOTIOTPEOICHUS, PEKUM BOJOIIOTPEOIICHHUS, PACXO/IbI, HATIOP).

HcTounnku BoJOCHA0XKEHUS, OLIEHKAa TEXHUYECKOTO COCTOSIHHSI U OCTaTOYHOTO pecypca
CTPOUTENBbHBIX 00BEKTOB U KOMMYHAIILHOTO 000PYI0BaHUS BOIOCHAOKEHHUSI.

Bono3abopHbie COOpYKECHHSI U3 ITOA3EMHBIX HCTOYHUKOB, IKCILTyaTallus,
PO UITAKTHIECKUE OCMOTPBI K PEMOHTHI.

BonozabopHbie cOOpyXeHHsI U3 TTOBEPXHOCTHBIX NCTOYHHKOB, IKCILTyaTaIus,
MpoUTaKTUIECKUE PEMOHTHI.

[HenTpobesxHbIe HACOCHI (YCTPONUCTBO, MPUHIIUI padOTHI, padoune XapaKTePUCTHUKH,

HOpMaTHBHbIE TPEOOBAHUS).

5. BAPUAHTHI KOHTPOJIbHOM PABOTHI

Bapuanr 1 Pacyér BHyTpeHHero Bo1onpoBoaa

1.0Onpenenenuie noTpedUTENE BOABI U MX YHCIIO.

2.0mpeneneHue Yuciaa yCTaHOBIEHHBIX CAHUTAPHBIX TPUOOPOB.

3.Pacyer BeposATHOCTH HCIIOJIb30BAHUSI CAHUTAPHBIX TPUOOPOB

Bapuanr 2 Pacyer HapyKHbBIX ceTell cHCTeMbl BOAOCHaOkeHusi. 1.OnpeneneHue
JraMeTpa BOJOIIPOBOAHOMN CETH.

2.0npeneneHue pacxoJ0B BOJIbI HA KaXKIOM yYacTKeE.

3.0mpeneneHre pacyeTHBIX PacXo0B BOAbI Ha KaXKJIOM y4acTKe.

Bapuanr 3 Pacuyér BHyTpeHHel KaHAJIU3aluu
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1.0Onpenenenue MUHUMAaJIbHOU TTyOHHBI 3aJ105)KEHUS KaHAJIM3AIMOHHBIX
TpyOOTIPOBOIOB.

2.0npeneneHue pacu€THOrO pacxoAa CTOYHBIX BOJ.

Bapuant 4 YcTpolicTBO KaHAJIM3AIMOHHOM CeTH.

1.Tpy0Os1. Komoatpr.

2.TpeboBaHUs K HKCILTyaTallul, OCMOTPAM U PEMOHTaM.

Bapuanr 5. Cucrembl ropsiuero Bo10CHa0xeHHs

1.CucTeMbl MECTHOTO U LIEHTPAIM30BAHHOIO TOPSTYET0 BOJOCHAOKEHHUS.

2. Tpy6onpoBobI rOpPsIYEro BOLOCHAOKEHHS.

3. CxemMa ropsiiero BoJ0CHAOKEHUS

Bapuant 6 Cucremsl BogocHadxxkenns. Kinaccupuxanusi, HOpMbI norpedsenus,

pacyeT NoTpe0OHOCTH B Bojie

1. Knaccugukamus cucteM BoJOCHAOKEHHUS.

2.Hopmbl BogocHaOxkeHus: M TpeOOBaHUS K KaueCTBY BOJIBI.

3.Pacuer norpebHOCTH B BOJE.

Bapuant 7 'mapaBinyekuil pacyer BOAOOTBOAALIMX CeTei.

1.®opmyna [le3n.

2. BonootBozsias ceTb HaCEICHHbBIX ITYHKTOB.

3. BonooTBoasiiye ceTu NPOMBILUIEHHBIX IPEITPUSITHH.

Bapuaunr 8 OrcrauBanue Boabl.

1.OcBetnenne Boapl. PUIBTPOBAHUE BOBI.

2. Obe33apaxuBanue Bojibl. BonmooTBenenue.

3.XapakTeprucTuKa CTOYHBIX BOI.

Bapuaunt 9 O6padoTka Boabl

1.KagecTBO BOZIBI IPUPOIHBIX UCTOYHHUKOB.

2.DyHKIUN OYUCTHBIX COOPYKEHUH.

3.Koarynuposanue.

Bapuant 10 buosiornueckasi 04MCTKA CTOYHBIX BOJ MeTOAOM OMO(pUIBTPALMH
1.®u3HuKo-XUMHYECKasi OYMCTKA CTOYHBIX BOJ.

2.04KcTKa CTOYHBIX BOJ (pIIOTAIHEH.

3.04ncTKa CTOUHBIX BOJ] KoarynupoBanueMm. CopOIMOHHAs OYMCTKA CTOYHBIX BOJI

6. KPUTEPUHN OLHEHUBAHUS PABOTbI

OHGHKa «OTJIMYHO» BBICTABIIACTCA CTYACHTY, €CJIU CTYACHT IIOJTHOCTBIO CITPABUJIICA C

3agaHuEM, ITOKa3ajl YMCHHA U HABBIKH.



OHCHKa «XOpOoUIO» BBICTABJIIACTCA CTYACHTY, €CJIIN CTYACHT IMOJIHOCTBIO CIIPaBUIICA C
3aaHuEM, IT0OKa3ajl YMCHHUA U HABBIKH, JOITYCTUJI HE3HAYUTCIIbHBIC OIITOKMU.

OL[GHKa «YOOBJICTBOPUTCIILHO» BBICTABJIACTCA CTYACHTY, €CCJINU CTYACHT IMOJIHOCTBHIO
CIIpaBHJICA C TCOPCTUUCCKUM 3aJaHUCM, HO HC IMTOKa3aJl YMCHUSA U HABBIKU.

OHGHKa «HCYOOBJICTBOPHUTECIBbHO)» BBICTABIISICTCA CTYACHTY, €CJIM HE CIIpaBUIICA C

IIOCTaBJICHHBIM 3a1aHUCM.

7. HOPAAOK 3AIIIUTHI

[TonyunB mnpoBepeHHYIO paboOTy, CTYACHT [OJDKEH BHHUMATEIbHO O3HAKOMHTBCS C
pEeLEeH3Hel, TOMETKaMH Ha MOJIAX U BBINOJHUTH BCE YKAa3aHUS HAYYHOTrO pykKoBoauTens. Ecin
pabota HE COOTBETCTBYET MPEIBSABIAEMBbIM TpPEeOOBAHUSIM, HEOOXOIUMO O3HAKOMHTBCS C
pereHsueii, 10padoTaTh KOHTPOJIBHYIO pabOTy, YCTPAHUB BCE HEIOCTATKH, yKa3aHHbIC HayYHBIM
PYKOBOJMTENEM, U B HOBOM BapHaHTE C/IaTh HA IIPOBEPKY.

B ycranoBneHHBIA KadeApoll CpPOK HWCHOJHUTENb O00s3aH SBUTHCA HA 3alIUTY
KOHTPOJIBHOH Pa0OTHI, MMesI ¢ COOOW TMOCIEAHMIA BapUaHT, PEICH3UI0 HA IMEPBBIA BapUAHT C
3aMEYaHUSIMU PYKOBOJIUTENS U 3aYETHYIO KHUXKKY.

[Ipn 3ammre CTyIEeHT JMAOKEH OBITh TOTOB OTBETHTh Ha BOIMPOCHI HAay4YHOTO

PYKOBOJUTENIS IO BCEW TEME KOHTPOJIbHOU pabOThl.
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