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ABSTRACT

Master’s degree in 271101.65 Construction of unique buildings and structures.

Master’s Program « Construction of hydraulic structures of increased responsibility »

Course title: « Hydropower and ship-lifting facilities » (51.B.O/1.4).

Basic part of Block 1, section Variable part (b1.B), Mandatory Disciplines (b1.B.O) 5
credits

Instructor: Doctor of Technical Sciences -Tatiana Uvarova

At the beginning of the course a student should be able to have the following preliminary
competences, which are obtained as a result of studies:

- the use of basic laws of natural science disciplines in professional activities, the application of
mathematical analysis and mathematical (computer) modeling, theoretical and experimental research
(OIIK-6);

- knowledge of the regulatory framework in the field of engineering surveys, the principles of
designing buildings, structures, engineering systems and equipment, planning and development of
populated areas (ITK-1);

- knowledge of the basic properties and indicators of building materials used in the
construction of unique buildings and structures (ITK-9).

Learning outcomes:

- knowledge of scientific and technical information, domestic and foreign experience in the
field of activity (ITK-10);

- the ability to develop projects for the feasibility study of hydrotechnical structures of various
types and their complexes, as well as to supervise the development of technical and working designs
for these structures using automated design tools (ITCK-3.1);

- the ability to organize the work of the team of performers, to plan the execution of works on
the design, construction, monitoring and technical operation of hydrotechnical structures and their
complexes, to take independent technical solutions (ITCK-3.2).

Course description.

The content of the discipline covers a range of issues related to:

* design and operation of the main structures of HPPs and PSPs;

* flow regulation for hydropower purposes;

* calculations of hydraulic turbines;

» design and operation of ship-lifting facilities;

» modern methods of calculation and design of slips, slipways, etc.

The purpose of the discipline is: the formation of professional and professionally-specialized
competencies that determine the willingness and ability of a specialist to use knowledge in the field of
hydroenergetics, the designs of ship-lifting structures in scientific research and in solving practical
problems in the framework of exploration, design and design, technological and production-
management, experimental and research activities.

The main objectives of the discipline:

« calculate and design the water intake facilities of the HPP.

* calculate and design facilities that supply and divert water to turbine equipment.

* build a hydroelectric power unit.

» calculate and design shipbuilding facilities.

* planning of works on monitoring and technical operation of ship-lifting facilities.
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AHHOTAIUA K padoyeii mporpaMmMe THCIUNIHHBI
«'uaposHepreTuyecKue M CyJ10NMOAbeMHbIE COOPYKEHUS»

JucuuruinHa paspaboTaHa sl CTYIEHTOB, oOydatomuxcst mo cnernuaibHocTH 08.05.01
CTpouTenbCTBO  YHHUKAJIBHBIX 3JaHUM M coopykeHudl  cneuuanuzauus  «CTpOUTENBCTBO
THJIPOTEXHUYECKUX COOPYKCHHH TIOBBIIICHHOH OTBETCTBEHHOCTH», BXOAMT B 00s3aTeNbHBIC
JTUCHUIUIMHBI BapuatuBHOM uactu broka 1 JIucuumiusael (MoOIynu) ydeOHOTO IIaHa (MHAEKC
b1.B.OJ1.3).

OO0wast TpyI0EMKOCTh OCBOEHUS TUCIHUIUIMHBI cOocTaBisieT 5 3adeTHbIX eauHul (180 dacos).
Y4eOHBIM IIAHOM MPEIYCMOTPEHBI JICKIIMOHHBIC 3aHsaTHs (18 wacom), mpaktudeckue 3aastus (108
4acoB), caMmocTosiTenbHass pabora (54 daca). B coctaBe AUCHUIIIUHBI MPETYCMOTPEHO BBITTOTHEHUE
CTyAeHTaMH KypcoBoro mpoekra B 10(A) cemectpe u pacueTrHo-Tpaduyeckoir padotel B 11(B)
cemectpe. Jucnuminna peanusyercs B 10(A) u 11(B) cemectpax. @opma KOHTPOJIS 10 AUCHUIIIIMHE —
3a4eT C OLIEHKOM.

Jucuunnuna «['uaposHepreTnyeckue M CyAONOABEMHBIE COOpPYXEHHUs» Oa3zupyercs Ha
3HAHUSIX, YMEHHMSIX M HaBbIKaX, NMPUOOPETEHHbIX B XOJA€ HU3YYEHHUs AMCUUIUIMH «['uaposiorus u
OKeaHOJIoTus», «[ MAPOTEXHUUYECKHE COOPYKEHHS BOJHOTO TpaHCHOpTa», «COOPYKEHHS PEUHBIX
rUApOY3J70B», «KoMIbIoTEpHOE MOAETUPOBAHNE U aBTOMATU3UPOBAHHbBIE PACYETHl KOHCTPYKIIHID).

CopepxaHue TUCIHUIUTMHBI OXBATHIBAET KPYT BOIIPOCOB, CBSI3AHHBIX C:

- MPOEKTUPOBAHUEM U SKCILTyaTalei ocHoBHbIX coopyxenuit I'9C u T'ADC;

- peryJaMpoBaHUEM CTOKa JAJIs LieJei IIpO3HEPreTHKH;

- pacueTaMy THJPaBIMUYECKUX TYpOUH;

- IPOEKTUPOBAHUEM U KCIUTyaTallMel CyI0MOAbEMHBIX COOPYKEHHIA;

- COBPEMEHHBIMHM METOJJaMH PACYETOB M KOHCTPYUPOBAHUS CIMIIOB, SJUIMHIOB U TIP.

Heas AuMCHUNIMHBI - dbopmupoBanre TPoPecCHOHATBHBIX W MpodhecCHOHATBHO-
CIELUAIU3UPOBAHHBIX KOMIIETEHLUH, OMPEAEISIOIUX TOTOBHOCTh M CIIOCOOHOCTh CIELMaIncTa K
HCIOJIb30BAHUIO 3HAHUM B 00J1aCTH TUAPOIHEPETETUKU, KOHCTPYKIUHN CYIOIOABEMHBIX COOPYXEHUH B
Hay4HBIX MCCIIEI0BAHMUAX U NIPU PEILICHUH IPAKTUYECKUX 3a/1a4 B PAMKAX U3bICKATEIbCKOM, IPOEKTHO -
KOHCTPYKTOPCKasi M MPOEKTHO-PACYETHOM, MPOU3BOICTBEHHO-TEXHOJIOTHYECKOH U MPOU3BOACTBEHHO-
yIpaBJIEHYECKOH, KCIIEPUMEHTAIIbHO-UCCIIEI0BATENbCKON AEATEIBHOCTH.

3agauM JUCHMIJIMHBI:

- IPOU3BOAUTH PacyeT U MPOSKTUPOBAHHUE BOJONIPUEMHBIX coopyxeHuit I'9C.

- paccuMThiBaTb U NPOEKTHPOBATh COOPYXKEHMs, MOJBOJAIIME U OTBOJAIIME BOILY K
TYpOMHHOMY 000pYI0BAHUIO.

- KOMIIOHOBATbh I'MJIPO3HEPreTHUECKHUH y3ell.

- IPOU3BOJUTB PACUET U MPOEKTUPOBAHUE CYIOTIOJBEMHBIX COOPYXEHUI.

-IJIaHUPOBaHUE PabOT MO MOHUTOPUHTY M TEXHHUYECKOM SKCIUTyaTallud CYAOINOJIbEMHBIX
COOPYKEHHUM.

JUid  yCIeIIHOTO M3Y4eHMs] JUCUUIUIMHBI «[ MApO’HEpPreTHYECKne U  CyAONOJBEMHBIE
COOPYXEHMsD» y OOydYaloUIMXCsl JOJDKHBI ObITh COPMUPOBAHBI CIEAYIOIIME IpeIBapUTENIbHbIC
KOMITIETEHIINH:

- HCNOJb30BAaHMEM  OCHOBHBIX  3aKOHOB  €CTECTBEHHOHAy4YHBIX  JUCHUIUIMH B
npo(ecCUOHANBHOW  JIeATENbHOCTH, MPUMEHEHHEM METOJOB MaTeMaTH4YeCKOro aHaluu3a M
MaTEeMaTHYECKOro (KOMIBIOTEPHOTO) MOJEIUPOBAHUS, TEOPETUUECKOTO M 3KCIIEPUMEHTAIBHOTO
uccnenoanus (OITK-6);



- 3HAaHMEM HOPMATHBHOW 0a3bl B OOJIACTH WHXCHEPHBIX W3BICKAHWH, MPUHIUIIOB
MPOEKTUPOBAHUA 3/IaHHUH, COOPYKEHUH, HHXCHEPHBIX CHUCTeM U OOOpYyJOBaHHUS, IUIAHUPOBKU H
3acTpoiiku HaceneHHbix MecT (I1K-1);

- 3HaHUEM OCHOBHBIX CBOWCTB U I10KA3aTEJIEH CTPOUTEIbHBIX MAaTEPUAIIOB, IPUMEHIEMBIX IIPU
CTPOUTEIHCTBE YHUKAIBHBIX 31aHui 1 coopyxenuii (I1K-9).

[Inanupyemble pe3yabTaThl OOy4EHHS 1O JAHHOM AMCLMIIIMHE (3HAHUS, YMEHHUS, BIIAJICHUS),
COOTHECEHHBIE C IUIAHUPYEMBIMH pPE3YyJIbTaTaMH OCBOCHHUS 00pa3oBaTeNbHOW IPOTPAMMBI,
XapaKTepU3yIOT JTanbl (OPMHUPOBAHUS CIEAYIOMMX NPOPECCHOHATBHON H TPOPecCHOHATBHO-

CIICHUAJIM3NPOBAHHBIX KOMHGTGHHHﬁI

Koa u popmynupoBka KoMneTeHIIUN Itanbl (OPMUPOBAHUS KOMNETEHIUHU
MK-10 3HaeT OCHOBHBIE 3aKOHBI (PM3UKH, COMTPOTUBIICHUS] MaTEPHAIIOB,
3HAaHUEM HAyYHO-TEXHUYECKOU CTPOUTENILHOU MEXaHUKH,

WH(POPMAITUH, OTEYECTBEHHOTO U

yMeer IIpuMeHsTh 3aKOHOMEPHOCTH IIPU IIPOEKTUPOBAHUUI
3apyOEKHOTO OIBITA MO TPOQHITIO

TUAPOTEXHUYECKUX COOPYKEHUHN

EATENLHOCTH
Biazeer | CoBpeMEHHBIMH METOAMHU IIPOSKTUPOBAHMS
THAPOIHEPTETUYCCKUX U CYAONOIBEMHBIX COOPY)KEHUN
IICK-3.1 3HaET OCHOBHBIE METOBI TEXHUKO-DKOHOMUYECKUX
CHOCOOHOCTHIO pa3padaThiBaTh 000CHOBAHMIA,

MPOEKTHl TEXHUKO-3KOHOMHUUYECKOTO
000CHOBAHUS THAPOTEXHUIECKIX
COOPY>KEHUN pa3IMYHbIX BUJIOB U UX
KOMIUIEKCOB, a TAKXXE PyKOBOIUTH

YMECT BreImomHaTs OCHOBHEIE PpacyeThl 110 IPOYHOCTHU U Hecymeﬁ
CIIOCOOHOCTH BCETO COOpPYKEHUA U €TI0 2JIEMEHTOB, B T.4. C
HCITOJIBb30BAHUEM PACYCTHO-BBIYUCIIUTEIIbHBIX
KOMIIJICKCOB.

pa3paboTKON TEXHHIECKOTO U
paboyero MpoeKTOB 3TUX COOPYKEHUH
C MCIIOJIB30BAaHUEM CPEJICTB

BiazeeT | Meromamu moA0Opa THIIOB CYO0NOIbEMHBIX COOPYKCHHIA,
MeronamMu ONTHMAJIBLHOIO Pa3MEIICHUS OCHOBHBIX
koMmItoHeHToB I OC

ABTOMATH3WPOBAHHOTO
MPOCKTUPOBAHHS

IICK-3.2 3HaeT TexHOMOTHIO ¥ OpTraHU3aINI0 Pa0OT B THAPOTEXHUYECKOM
CHOCOOHOCTHIO OPTaHU30BATH PA0OTy CTPOUTEIIBCTBE

KOJUICKTHUBAa PICHOJ'IHPITGHCIZ,

ymeer | IlmanmpoBaTh paOOTHI 11O MPOESKTUPOBAHUIO U
[JJAHUPOBATH BBIIOIHEHUE PaboT 110

MOHHATOPHUHTY THAPOTEXHIUYECKUX COOPYKEHHIA.

MIPOCKTUPOBAHUIO, CTPOUTEIBCTBY,
MOHUTOPUHTY U TEXHHUYECKOH
9KCIUTyaTalluy TUAPOTEXHUYECKUX
COOPYXEHUI U UX KOMILJIEKCOB,
MPUHUMATH CAMOCTOSTENIbHBIE
TEXHUYECKHE PEIICHUS

BiazeeT | CoCOOHOCTRIO CAMOCTOSATENIBHO BIIIOIHATH BOTHO-
JHEPreTHYECKUE PACUEThI;

[IpuHumaTh 060CHOBaHHbBIE TEXHHUECKHE PELICHUS 110
IMPOEKTUPOBAHMIO CYJONOABEMHBIX COOPYKEHUH.

Hns  (GopMmHupoBaHUs — BBIIICYKa3aHHbBIX  KOMIETEHUMH B paMKax  JUCLUIUIMHBI
«'upposHepreTnyeckue M CyIONOIABEMHBIE COOPYKEHHUS» TNPUMEHSIOTCA CIEAYIOUIUE METOJBI
aKTHUBHOTO / MHTEPAKTUBHOTO O00y4eHus: MpoOIeMHOe 00yueHue, KOHCYIbTHPOBAaHUE U PEHTHHIOBBIN
METO/L.




| CTPYKTYPA U COJAEP)KAHUE TEOPETHYECKOM YACTHU KYPCA

Tema 1. Boguble 1 BoqHO3Heprernyeckmne pecypcenl (2 yaca)

1.1.  Beeoenue.  Komnnexcnoe  ucnonvzoganue  600HbIX  pecypcos. Bopnble u
BOJHOSHEPIeTUUECKUE PECYPChl. 3amachl BOAHON ASHEPruM. TEeXHMUYECKUE 3aracbl. JKOHOMHYECKU
BBITOJIHBIE K MCIIOJIb30BAHUIO 3a11achl. AJIbTEpHATUBHBIE HCTOYHUKU YHEPTUH U UX 3aIlachl.

1.2. Tuner ecudposnepeemuueckux ycmanosok. I'maposnexkrpuyeckue craHiuuu. HacocHbie
CTaHUMM. ['mapoakkymynaupyroue aiekrpoctaHuuu. IlponuBHble 3nekTpocTtaHimu. Cxembl
WCI0JIb30BAHUS BBOJHON AHEPIUM: IJIOTUHHAS, I€pUBALIMOHHAS, INIOTUHHO-AepUBalMoHHas. Ocobbie
CXEMbI HCII0JIb30BaHMUS BOJHBIX pecypcoB. CXxeMa HaCOCHOTO aKKyMYJIMPOBAaHUS SHEPTUHU.

1.3. Cxema ucnonvzosanus suepeuu npuiusos. Boooxpanunuwa ['IC. OnnobacceitHOBas
cxema. MHoro0OacceitHoBast cxema. [lepuonpl pabotel [I19C. MomHocTh U 3Heprust BelpabaThiBaeMast
I'DC. Tunel Bojoxpanwnmil. EcTtecTBeHHble BOJOXpaHWUIHMIIA. VCKycCTBEHHbIE BOAOXPAaHUIIMIIA.
BepxoBble 1 cOOCTBEHHBIE BOJOXpaHMIUIIA. XapaKTePUCTUKH BoJoxpaHuiuiia. [lorepu Bomsl u3
BoJoxpanminia. Mcnapenue. @unbrpanus. Ocenanue yipja Ha Oeperax.

Tema 2. PeryimpoBaHue eCTeCTBEHHOI'0 CTOKA pek (4 4aca)

2.1. OcHnosHble 6uodbl peeyruposanuss cmoxka. MHOTOJETHee peryimpoBaHue. | omudHoe
perynupoBanue. CyrouHoe perynupoBanue. HenenbHoe perynupoBanue. CrnenuanbHble BUIbI
perynupoBanusi. TpaHcdopmanus MaBOJKOB W MOJIOBOJAMNA.  ABapHilHOE€  HCIIOJIb30BaHUE
BojoxpaHmwiuil. Hamonnenune u cpaboTka BogoxpaHwiuil. OOECHeueHHOCTh TapaHTHPOBAHHOMN
OTJIa4¥ BOJOXPaHHUJIHILL.

2.2. Uumeepanvhas kpusas cmoka u ee npumererue. AHaIu3 MHTETpaIbHON KpuBOH. JlydeBoit
Macmtab. MHTerpanpHas KpuBas B KOCOYrOJIbHOW crucTeMe KoopauHat. [locTpoeHne mMHTETrpaabHOM
KpHUBOH C MOMOIIBIO JTy4eBOro Macutada. 3ajada o MOJHOM PEryIMpOBaHUU CTOKA.

2.3. Peeynuposanue cmoxa ¢ nomowwbio unmezpanvbHol kpueoti. CE30HHOE DPETyJUpOBaHUE
CTOKa C MOMOIIBI0 HHTErpajbHOM KpuBOi. OmpeneneHue peryaupoBOUYHBIX pacxonoB. ['padux
KoJiebanust oobeMoB. ['paduk konebanus ypoBHeil B BepxHeM Obede. ['paduk konebanus ypoBHel B
HwkHeM Obede. ['paduk konedanus HanopoB. I'paduk KoeOaHUsT MOLTHO CTEH.

2.4. MHozonemnee u Opyeue 6uovl pe2yiupo8anus cmoka. 1'oaudHOe peryinpoBaHHe CTOKa
KOMILJIEKCHBIM BOJIOXpaHWUJINIIEM. MHOrojieTHee peryivpoBaHHe CTOKAa C MOMOIIbI0 MHTETPalbHOM
KpuBoil. PerynupoBanue cToka mo aucnerdepckomy rpaduky. OrpaHiYeHHOE W HEOTPaHUYEHHOE
cyrouHoe perymupoBaHue. OCHOBbI pEryaupoBaHHs CTOKa C  HCIOJB30BAaHHEM  METOJIOB
MaTeMaTH4ecKol cTaTucTuku. Perynuposanue croka Ha kackaae ['OC.

Tema 3. OcHoBHbIe napameTpsbl o0opynoBanus I'IC (4 yaca)

3.1. Cucmemvl mypbun u ux ocHogHvle napamempwl. Knaccudukauus TypOUH. AKTHBHBIC
TypOunsl. PeaktuBnbie TypOuHbl. Arperatsl 'ADC. OcHoBHBIE mapaMeTpbl TypOuH. HoMuHaNbHBIN
nuametp. Yactora Bpamenus. Pacxon, nanop, momuocts u KI1J] TypOuH.

3.2. OcHosHoe ypasneHue mypounsl u ux mooenupoganue. MojaeaupoBaHue TypOHH.
I'eomerpuueckoe, KHHEMaTUYeCKOe, AMHaAMHUYeckoe nojaobue. OmpeneneHue mapameTpoB HaTypHOMH
TypOuHBL. OMnupuyeckue (GopMyibl omnpeneieHus Kod3((duIUeHTa IMoJIe3HOro JeWCTBUS TypOUH.
KaBuranust ¥ npuuuHBl ee BO3HUKHOBeHHMsA. OmnpezneneHue KodpduIMeHTa KaBUTalMU. BeicoTa
OTCaChIBaHUS.

3.3. Xapaxmepucmuku mypoun. I'TaBHasi yHUBEpCaJIbHasE XapaKTEPUCTHKA. DKCIUTyaTallMOHHAs
xapakrepuctuka. Pabouast xapakrepuctuka. Boeibop rugpomexannueckoro odopynoBanus 3aanus ['OC.



Beibop pacuerHoro Hamopa. YcranoBineHHoi wmomHoctd [DC. Bpibop tuma TypOun. Pacuer
XapaKTEePUCTHK TypOUH.

3.4 Cnupanvnvie kamepvi u omcacvigarowue mpyoel. beronneie kamepbl. CralbHbBIE H
cTaJie)kene300eTOHHbIE KaMephl. J[Byx3axoaHbIe criupaibHble KaMephl. ['padoananuruyeckre MeTo bl
pacuera cnupanbHbIX Kamep. [lomyckaemble CkOpocTH B Kamepax. Pacder xkeine300€TOHHBIX Kamep.
Pacuer cnmpanbHbBIX Kamep Kpyrioro ceueHusi. OrcaceiBaroiye TpyObl. DJIE€MEHThl OTCACHIBAIOLINX
Tpy0O. IIpoexTrpoBanue 0TCachIBAIOMINUX TPYO.

3.5. Dnexmposnepeemuueckoe u mexanuueckoe obopyooganue I'IC. Tumsl ¥ mapameTpsl
ruzaporeHeparopoB. KoHCTpykiuu ruaporeHepatopoB. 30HTUYHBIE ruaporeHeparopsl. IlonBecHbie
rugporeHeparopsl.  OmpeneneHue  rabapuToB  TUIPOTEHEPATOPOB.  DIJIEKTPUUECKHE  YaCTH
ruapoarperatoB. Tumbl W mapameTpbl  TpaHcpopmatopoB. Pasmemienne U ycTaHOBKa
TpanchopmaTopoB. [logbeMHO-TpaHCTIOPTHOE OOOpYIOBaHHME TUAPOITEKTpocTaHimii. Ko3noBeie u
MOCTOBBIE KpaHbl. [ HAPONObEMHUKH.

Tema 4. OcHOBHBIe NPUHUIMIIBI TPpoekTHPOBaHus 31aHui I'IC (4 yaca)

4.1, Tunvr 30anutl cmavyuii U UX OCHOBHble 3dJleMeHmbl. PycrnoBble, TPUILIOTUHHBIE,
nepuBanmonHeie ['DC. Boponmpuemuuku ['DC. [IpoTounslil Tpakt ruapomamuH. [IpoextnpoBanue
TYpOMHHBIX Kamep U oTcackiBatomux Tpy0. HikHsas MaccuBHas vactp 3naHus ['9C. OyHnameHTHbIE
wnThl. TypOuHHBIHM 3Tax. Bepxuee ctpoenue 3nanuit ['9C. MammnHbIM 3a1. MoHTa)XHAas MIIOMIAKA.
[IpoextupoBanue ruapoarperatHoro Oinoka. OrmnpeneneHHe BBICOTHOIO W IUIAHOBOTO TOJIOXKEHHS
3panusa ['9C.

4.2 Ilpoexmuposanue 30anuti [I9C u mypbunnvlx mpyoonposodos. Paspeska 3maHus
TeMIIEpaTypHBIMU IIBAMH W TEMIIEpATypHO-O0CaAOYHbIMU BamMu. [lom3eMublii koHTYp 3aanus ['OC.
Tunel TypOMHHBIX TPYOOTIPOBOI0B. BEIOOp THIa TpyOOTIpOoBOIOB. Tpaccel TpyOOIIPOBOIOB U CXEMBI
moBoJia BoJibl kK TypouHaMm. Koncrpykuuu tpyoornposoioB. KoMmeHncaTopsi.

Tema 5. CynonoabeMHblIe cOOpYkeHUs (4 yaca)

5.1.  OcnosHnvie 6udbl cyoonoovemuvix coopydicenuti. BBenenue. OCHOBHBIC BHJIBI
CyAONOABEMHBIX coopyxeHuid. Jloku. Ommuuru. Chunbel. BepTukanbHble CYIONOJBEMHHUKH.
[IpoionbHBIE U OTIEPEYHbIE CTATIEIIH.

5.2. Cyxue u naagyyue ooku. Hanuenvle oOox-kamepwvl. Kiaccudukanus CyxXux ITOKOB.
OcHoOBHBIE 3JIEMEHTHI CyXoro Aoka. OmpeneneHue rabapuUTHBIX pa3MEpPOB CYXOTO JOKa. 3aTBOPHI
CyxHuXx MOoKOB. TexHoornyeckoe 000pyaoBaHue CyXux A0KOB. CrcTeMa HAIOJHEHUS U OMOPOKHEHUS.
Cucrema BBOJA-BbIBOJIA CYNIOB. JIOKOBBIE OMOpPHBIE YCTPOWCTBA. [ MApaBIUYECKHI pacueT CUCTEMBbI
OTIOPOXKHEHUSI W HamoyHeHus. Harpysku, nedcTByrommue Ha cyxoil Aok. [locTosiHHBIE Harpys3KkH.
JnurenbHble Harpy3ku. KpaTkoBpemennble Harpy3ku. Harpysku ot cynos. [Quarpamma baiinca.
Coueranue Harpys3ok MmpH pacuere cyxoro noka. KoHcTpykinuu cyxux I0okoB. Pacuer cyxoro noka
rPaBUTALMOHHOTO THUIA Ha BCIUIBITHE. PacueTHbIE CXeMbI KAMEpP CYXUX JIOKOB I'PAaBUTALIMOHHOTO THUIIA.
KoHneuHo-a11eMeHTHas pacueTHas cxema. CxeMa COBMECTHOTO pacdera cTeH U Auuma. Kamepsl cyxux
JIOKOB CO CHATBHIM NPOTUBOJIABICHUEM M 0COOEHHOCTH UX pacyera. Kamepsl cyXxux JI0KOB Ha CBaifHOM
OCHOBAHMHU M OCOOCHHOCTH MX pacueTa. Kamepsl CyxXuX JIOKOB C aHKEPOBKOM JHMIIA U OCOOEHHOCTH
ux pacueta. Koncrpykuus ankepoB. OUIbTPAIIMOHHBIN pacyeT KaMmep Cyxux AokoB. Knmaccudukarus
IUTaBYYUX JOKOB. MecTo W crmoco0 yCTaHOBKHM IUIaBY4YMX JIOKOB. PacmpeseneHue IuiaBydyux JIOKOB.
bykcupoBka miaByunx AokoB. KOHCTpyKuMM sIKOpeW IJid PAacKperuleHHs IUIaBYy4YMX JOKOB M HUX
pacuer. HanmuBHble nOoK-kamepbl. KOHCTPYKIIMM HAaNUBHBIX AOK-Kamep. OmpeneneHue rabapuUTHBIX
pa3MepOB HAIMBHBIX IOK-Kamep.



5.3. Dnnuneu u cnunel. Beibop THIA CyIOMOABEMHOTO COOPYXKEHUS C HAKIIOHHON INIOCKOCTBIO.
Knaccupukanuss CyqomnogbeMHBIX  COOPYXKEHMH €  HAaKIOHHOM  TIOCKOCThIO.  CynoBo3HOe
o0OopynoBanue »UIMHTOB W ciumoB. CrocoObl mepeBo3a CyIOB Ha TOPH30HTAIbHBIC CTalelbHbIC
Mecta. KoHcTpykumm cynoBo3HbiX nyred. IlpoextupoBanue »iiauHroB u ciumnoB. OmnpexneneHue
KOJIMYECTBA JIOPO’KEK M CceKUMi Tenexek. OmnpeneneHue IIaHOBBIX Pa3MEPOB COOPYKEHUS.
OmnpeneneHne >JIEMEHTOB MPOJOIBHOTO MPO(WiIs HAKIOHHOKW dYacTu coopyxkeHus. OrmpenerneHue
TAroBbIX ycwinid. IIpoBepka Ha camocmyck. Harpysku, neldcTByOmMe HAKIOHHBIN CTAleNb CIUIIOB U
JJUIMHIOB. BepTukanbHble Harpy3kKM Ha CIWNAax. BepTukaibHble HArpy3kM Ha 3JUIMHIAX.
l'opu3oHTanbHBIE HArpY3KM Ha CIMIAaxX M AUIMHrax. Pacuer CymoBO3HBIX IIYT€H MO IEpBOW IpyImme
IpesieNbHbIX COCTOSIHUM. Pacder mmanbHO-OamiacTHOro ocHoBaHMs. PacueT cyno0BO3HBIX IyTed Ha
CBAallHOM OCHOBAaHMHM. PacdeT Cyl0BO3HBIX IIyTeW Ha IUIMTax. Pacyer CylmOBO3HBIX IYTEH IO BTOPOU
IpyIIe IpeaeabHbIX COCTOSHUN.

5.4. Bepmukanvusie cyoonoovemHuku. Ilpodonvnvle u nonepeuynvie cmanenu. lIpomonbHbIe
cranenu. CTaguu cliycka Cy/l0B Ha IMpPOJOJBHBIX cranensax. [lonepeunsie cramenu. Buasl 00koBOro
CIIyCKa Cy/I0B Ha MONepeyHbIX craneisx. Onpenenenre 0OCHOBHBIX pa3MepoB cramneneil. [logrotoska u
MIPOBEJCHUE  CIIyCKa.  BepTukanpHble  CyAONOabeMHUKHM.  KaHaTHble  CyJONOJIBEMHHUKH.
I'mppomMexannveckue Cy10n0AbEMHUKH.

Il CTPYKTYPA Y COJIEP)KAHUE MMPAKTUYECKOM YACTH KYPCA

IpakTuuyeckue 3ausaTus (108 yac.)

3ansitue 1 UHTerpanbHasi KpuBasi CTOKa M ee npuMeHeHue (4 yac)

HuTterpanbHas KpuBasi B KOCOYTroJIbHOM cucteme KoopanHat. Ce30HHOE peryjanpoBaHue CTOKA.
Konebanue 065eMOB BOJIbI B BOIOXPAHUIIHUIIIE.

3ausiTue 2. PeryjimpoBanue CTOKAa ¢ MIOMOIIbI0 HHTErPaJIbHOI KPUBOii (5 yac).

Konebanue ypoBHel BoJbl B BepxHeM U HUkHeM Obedax. Konebanue HamopoB v MOLTHOCTEH.
KpuBas obecriedeHHOCTH MOLTHOCTHU IO BOJOTOKY.

3ansiTue 3. MHOroJIeTHee M Ipyrue BU/bI peryJupoBaHus cToka (5 yac).

Onpenenenue pabouel rapaHTUpPOBaHHOM MoIIHOCTH. OrmnpeneneHre e€MKOcTH Obeda s
MIPOBEACHUS CYyTOYHOTO PETYIUPOBAHU.

3ansaTue 4. l'uapaBanyeckue TypOMHbI, CHUPAJIbHbIE KaMepbl H 0TCACHIBAIOIME TPYObI
(8 uac).

I'maBHas yHuBepcaibHas Xapaktepuctuka Typounsl. [logbop TypOuH MO HOMEHKIATYPHBIM
rpaduxam. Iloctpoenue paboueii xapakTepucTHKU TypOuHbl. Pacuer cnupanbHOl kamepbl. Pacuer
OTcCachIBaIOLIEH TPYODI.

3ansiTue 5. DiekTpolHepreTnyeckoe n Mexanndeckoe ooopynoBanue I'IC (8 uac)

Omnpenenenue pa3mMepoB rujaporeHeparopa. OnpeneneHue pa3MepoB TpaHcdopmaTopa.
I'mapaBnnueckuil pacuer BojonpueMHbIX coopyxkeHuil I'9C. Omnpenenenue pa3mMepoB TYpOMHHOIO
Omoxa.

3ansitue 6. TUnbI 31aHUI CTAHIMI H HX OCHOBHBIE 3J1eMeHTHI (8 yac).

Omnpenenenre OTMETKH paboyero KoJsieca TypOMHBI. MallMHHBINA 3271 U MOHTa)KHAS TUIOIIA KA.
[Tomzemusiit koHTYp 3aaHusA ' DC 1 utotunsl. Paspeska 3panus ['9C negopMalmOHHBIMU IIBaMHU.

3ausaTue 7. [IpoexkTupoBanue 3nanuii 'IC u TypouHHBIX TPYOONpoBoaoB (8 uac).

Kpennenue pycna B HIkHEM Obede. KoMIoHOBKa MHIpOIHEPTETUUECKOTO Y3I1a

3ansitue 8. Cyxue u miaByune 1oxku. HasuBHble 1ok-kamepsl (32 gac).
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Pacuer Harpy3ok, neWcTByromuX Ha Cyxoil nokK. IlocTtosiHHble Harpy3ku. JlnuTenbHble
Harpy3ku. KpatkoBpeMeHHble Harpy3ku. Harpysku ot cynoB. Pacuer cyxoro Joka rpaBUTallHOHHOTO
THUIIa HA BCIUIBITHE. Pacder cyxoro 0ka co CHATBHIM IIPOTUBOJABICHUEM Ha BCIUIbITHE. Pacuer cyxoro
JIOKa 3aaHKEPOBAHHOI'O CBasMM Ha BCIUIbITHE. PacdyeT 3aaHKEpOBAHHOIO CyXOro JOKa Ha BCIUIBITHE.
Pacuer guuima cyxoro 1oka 1o epBou rpyIiie npeaeibHbIX COCTOSTHUM.

3ansTue 9. daaunru u caunbl (30 yac).

Pacuer miaHOBBIX M BBICOTHBIX pa3MepoB ciuna. OmnpeneneHue KoJIMYECTBA JOPOXKEK U
cekuui Tenexek. OnpeaeneHue TAroselx ycuinil. IIpoBepka Ha camocnyck. Harpysku, aeiicTBytoniue
Ha HAKJIOHHBIM CTalelb CIMIIOB M JJIJIMHIOB. BepTUKalbHBIE Harpy3Ku Ha ciunax. BeprukanbHbie
Harpy3ku Ha 3JiuHrax. ['opu3oHTanbHbIE HATPY3KH HA CIIUIAX U DJUIMHIAX.

111 YYEBHO-METOJJAYECKOE OBECIIEYEHUE CAMOCTOSATEJBbHOM
PABOTBI

Y4eOHO-MeToAMUYEeCKOe  O0OeCredyeHne CaMOCTOSTENbHOM  paboThl  oOyuarouuxcs 10
JUCHUIIINHE «J[MHAMUKAa THAPOTEXHUYECKHX COOPYKEHUI» mpexacraBieHo B Ilpumoxennn 1 u
BKJIIOUYAET B ceOs:

- IUIaH-TpaQUK BBHIMOJHEHUS CaMOCTOSTENIbHONM paboThl MO [IUCUUIUIMHE, B TOM YHCIE
MIpUMEPHbIE HOPMbI BPEMEHHU Ha BBINOJIHEHUE TI0 KaXI0MY 3a/I1aHUIO;

- XapaKkTepUCTUKa 3aJaHUi JJI caMOCTOSITENbHOM padoThl 00ydaromUXcs U METOAUYECKUE
PEKOMEHIALINY 110 UX BBIIIOJHEHHUIO;

- TpeOOBaHUS K MPECTABICHUIO U 0()OPMIICHHUIO PE3yIHTATOB CAMOCTOSTEIILHON PabOTHI;

- KpUTEPUU OLICHKH BBIMIOJIHEHUS CAMOCTOSITEIbHON pabOTHI.

IV KOHTPO.JIb JOCTUKEHUSA IEJIEN KYPCA

TunoBble KOHTPOJBHBIE 3aJaHUSl, METOJAMYECKUE MAaTEepUAIbl, OMpPEIENSIONINE MPOLEAYpHI
OLICHUBAHMSI 3HAHWN, YMEHMM U HaBBIKOB M (WJIM) ONBITa AEATEIBHOCTH, a TaKKe KPUTEpUHU U
MoKa3zareiau, HeoOXOAMMbIE Ui OLEHKU 3HAHUM, YMEHHUIl, HABBIKOB W XapaKTEPHU3YIOIIHE ATarlbl
(dhopMHpOBaHMS KOMIIETEHIIMI B MpOIecCe OCBOCHUS 00pa30BaTENIbHOM MPOrpaMMBIl, MIPEICTaBICHbI B
[Tpunoxenun 2.
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(I)OPMLI TEKYLIETo M MPOMEKYTOYHOT'0 KOHTPOJIAA IO TUCHUIIIMHE

KouTtponupyemsie pasnens

O1neHOYHbIE CpeNicTBa

Ne / TeMbI THCLMILTHHbI Kopnpl u atans! popMupoBaHHs KOMIETECHITHHA TeKYIIHUit MPOMEXKYTOHU.
KOHTPOJIb aTTecTalus
1 | Tema 1. Bomusbie n [IK-10 | 3HaeT OCHOBHBIEC BOAHO-IHEPTETHUECKHE PECYPCHI, TUTIBI SHEPT€THUECKIX YO-1 3auer. Bonpocsr 1-11
BOJTHODHEPTETHYECKHE YCTaHOBOK.
pecypchl YMeeT onpeaenaTh CXeMbl HCI0Ib30BAHNS BOJHON SHEPTUH I1P-7 3auer. Bonpocsr 1-11
Brnazgeer criocobamu omnpe/esieH|s: pa3MepoB BOJAOXPAHMIIUII, METOAAMH I1p-7 3auger. Borpocsr 1-11
oIpeJieNIeHNs] BOJIONIOTEPh U3 BOJOXPAHUIIHII]
2 | Tema 2. PerynupoBanue [ICK- | 3HaeTr ocHOBHBIE BUJIbI PETYIMPOBAHMS CTOKA YO-1 3auer. Bonpockr 12-25
€CTECTBEHHOI'0 CTOKA PEK 3.1 YMeEET CTPOUTh U aHAIU3UPOBATHh HHTErPAJIbHYIO KPUBYIO CTOKA I1P-7 3auer. Bonpockr 12-25
BrameeT meTogaMu peryaupoBaHUs CTOKA I1P-7 3auer. Bonpocsr 12-25
3 | Tema 3. OcHOBHBIE [ICK- | 3HaeT oCHOBHBIE CHCTEMbI TYpOUH M UX TIApaMETPhI, OCHOBHOE MEXaHMYECKOE U YO-1 3auer. Bonpockr 26-52
napamerpel obopynoBanust | 3.2 anekTpuaeckoe odbopynosanue [[DC
IaC YMeeT BHIIONHUTH MOJI00p TYPOHMHEI, ONPEJIENNTh €€ OCHOBHBIE XapaKTEPHCTHKH, I1P-7 3auer. Bonpockr 26-52
BrameeT MmeromaMu aHanu3a TJIaBHON YHUBEPCAIBHON XapaKTEPUCTUKHA TYPOHUHEI; I1p-7 3auer. Bonpocs 26-52
MIPOEKTHPOBAHMS CIIUPATHHBIX KAMEP M OTCACBHIBAIOIIHX TPYO
4 | Tema 4. OcHOBHBIE IIK-10 | 3HaeT OCHOBHBIC MIPHHIIUIILI TPOSKTUPOBaHUs 31aHus ' DC, OCHOBHBIC TUIIBI vVO-1 3auer. Bonpocsl 53-66
HPUHIUIIBI IPOEKTUPOBAHUS 3aHUH U UX JIEMEHTHI
s3manamii [[OC YMeeT pa3MecTUTh OCHOBHBIE KOMITOHCHTHI B 3JJaHUH, BEIOPATh THIT I1pP-7 3auer. Bonpockr 53-66
KOHCTPYKIIMIO BOAONPHUEMHBIX YCTPOICTB U TPyOOIPOBOIOB
Bnazgeer MmerogaMu pacuera u IpOSKTHPOBAaHMsI OCHOBHOIO 31aHus I DC u I1pP-7 3auer. Borpocsr 53-66
TypOWHHBIX TPYOOIPOBOAOB
5 | Tema 5. CynononbeMHbIC IMK-10 | 3HaeT OCHOBHBIE THITHI CYJOMOABEMHBIX COOPYKEHHH YO-1 3auer. Bonpockr 67-103
COOpYXKEHUs YMeer onpenensiTh OCHOBHBIE HATPY3KH, AEHCTBYIOIINE HA COOPYKEHUE I1P-7 3ader. Bonpocsr 67-103
Brageer merogamu pacuera W IpOSKTHPOBAHISI CYIOTIOABEMHBIX COOPYKEHUI I1P-7 3ader. Bonpocsr 67-103
6 | 3amstue 1 UnTerpansHas [ICK- | 3Haer mpuHIMIIBI TOCTPOCHUS MHTETPAJILHON KPUBOH, €6 OCHOBHEIE CBOIICTBA I1P-15 3ader. Bonpocsr 14-19
KpHUBas CTOKa U ee 3.1 YMeer BRIOTHUTH MOCTPOSHHE WHTErPAIbHON KPUBOH C TENBI0 JaIbHEHIIEro I1P-15 3auer. Bonpocsr 14-19
MpUMEHEHUE PEryJIMpOBaHUs €CTECTBEHHOT'O CTOKA
Brnaneer meronamu anayimza MHTErpajbHONW KPUBOH, TOCTPOCHUEM TPaQHUKOB I1P-15 3auer. Bonpocsr 14-19
Kosie0aHUM YpOBHEH BOJBI.
7 | 3anstue 2. PerynmupoBanue | [ICK- | 3Haer meronsl aHaiM3a MHTErpalbHOW KPUBOH [UIsl Oceayonero perynuposanus | [1P-15 3auer. Bonpocsr 14-19
CTOKAa C TIOMOILBIO 3.2 CTOKa
WHTErpaIbHOW KpUBOH Ymeer onpeaenuts KoneOaHus BOJbI B BEPXHEM U HIDKHEM Obedax, I1P-15 3auer. Bonpocsr 14-19
Bnageer MmerogaMu CTaTHCTUYECKOTO aHaIN3a I IOCTPOEHNS KPUBOU I1P-15 3auer. Bonpocsr 14-19

00€eCIeueHHOCTH MOIIIHOCTH




3anstue 3. Muoronernee u | IICK- | 3HaeT BUABI peryanpoBaHus CTOKa 10 BPEMEHHOMY NEpUOLy I1P-15 3auer. Bonpocsr 20-26
Apyrue BUAbl 3.1 YMeer onpeaensTh eMKOCTh BOJOXPaHUIIUINA JJIsl PErYIMPOBAHUS CTOKA I1P-15 3auer. Bonpocsr 20-26
pErynupoBaHHs CTOKa Brnazneer merogamu onpeneneHus paboueii rapaHTUPOBaHHON MOITHOCTH, eMkoctn | [1P-15 3auer. Bonpocsr 20-26
BOJIOXPaHIIHIIA
3ansarue 4. [mapasnmuueckue | [ICK- | 3HaeT Ha3HAUYeHME TTIABHOM YHUBEPCAIBHOW XapaKTEPUCTUKU TYPOHHEI, I1P-5 3auer. Bonpockr 27-45
TypOMHEI, CTIUPANIbHBIE 3.1 VMeer BBIOIHUTD MOA00P TYPOUHBI, IOCTPOUTH PAbOUYIO XapaKTEPUCTUKY [1P-5 3auer. Borpocst 27-45
KaMephbl U OTCAChIBAOIINE TypOUHBI
TpyOBI Brnazeer MmerogaMu pacuera CUpaIbHBIX KAMEP M OTCACHIBAIOIIUX TPYO I1P-5 3auer. Bonpocsr 27-45
3ausrue 5. [ICK- | 3Haer cocraB MEXaHUYECKOTIO U SHEPreTHUECKOro ooopyaosanus 3aanus [ OC I1P-5 3auer. Bonpocs 46-53
OnekTposHepreruyeckoe v | 3.2 YMeeT NpUMEHSITh OCHOBHBIE 3aKOHBI (PU3UKM U MEXAHWUKHU JJIS IPOSKTUPOBAHUS I1P-5 3auer. Bonpockr 46-53
MeXaHHYecKoe AJIEKTPOIHEPreTUIECKOr0 000PYIOBAHHS U BOJAOIPHEMHBIX COOPYKECHHH
obopynoanue '9C BiajieeT METOIaMH ONPE/EEeHNs OCHOBHBIX Pa3MEPOB THIPOr€HEPATOpa U I1P-5 3auer. Borpockr 46-53
Tparc(opmaropa, pa3MepoB TypOHHHOTO O6JI0Ka
3ausarue 6. Tumnel 3MaHUi IICK- | 3Haer ocHOBHBIE 351eMeHTHI 31anus [ DC, OCHOBHBIE TPUHITUITBI CO3TAHUS [1P-5 3auer. Bonpocsl 56-63
CTaHLMH U UX OCHOBHBIE 3.1 MACCHBHBIX COOPYKEHUI
DJIEMEHTHI YMeeT onpenenuTh OTMETKY YCTaHOBKH pabodero Kojieca TypOuHBI, OCHOBHBIC I1P-5 3auer. Bonpockr 56-63
mmapameTpsl 3aanus ['9C
Bnazgeer merogamu nipoekTupoBanus 3aanus ['OC u IOTHHBI, CIIOCO0aMH I1P-5 3auer. Bonpocsl 56-63
KOMITOHOBKH OCHOBHOTO 000opynoBanus 3nanus [ OC
3ansrue 7. IICK- | 3HaeT OCHOBHBIC MPUHITAITEI KOMIIOHOBKH THIPOY3JIa, OCHOBHBIEC CXEMBI TIOJIBOAA I1P-5 3auer. Borpocsl 55-66
[IpoexTupoBaHue 3aaHUH 3.2 BOJIbI K TypOMHAM
I'DC u TypOuHHBIX YwMmeer pa3zpaboTaTs Y376l KpEIIEHUS pyciia B HIDKHEM Obede I1P-5 3auer. Bonpockt 55-66
TpyOOnpoOBOIOB BrameeT MmeTomaMu MPOSKTUPOBAHUS OCHOBHBIX KOMITOHEHTOB I1P-5 3auer. Bonpockr 55-66
THPOIHEPT€THYECKOT0 y3J1a
3ansTue 8. Cyxue u [ICK- | 3Haer Harpy3ku, ASHCTBYIOIINE HA CyXUE U IIJIaBYy4He JOKH, MPUHIAILI pacuera o | 11P-15 3ader. Bonpocsr 86-102
ruiaByune noku. Hamisasre | 3.1 TIpeIeTbHBIM COCTOSIHUSIM
JOK-KaMephbl YMeer BBRINOJTHUTH pacueT KOHCTPYKITUH CYXOTro JTIOKa ¥ €ro OTAeNbHBIX d5eMenToB | [1P-15 3auer. Bonpocer 86-102
Brageer merogamu pacuera Cyxoro JoKa Ha BCIUIBITHE, MeTOiaMu pacdera gamma | [1P-15 3ader. Bonpocsr 86-102
10 IIEPBOM I'PYyNIIE NPEACIbHBIX COCTOSHHI.
3ansatre 9. DIMHTY U [ICK- | 3Haer oCHOBHBIE IPUHLIMIIBI Pa0OTHI 3JUIMHIOB U CIIMIIOB, HArPY3KH, nercTBytomue | [1P-15 3ader. Bonpocsr 73-84
CJIATIBI 3.2 Ha HUX
YMeeT onpeaenuTs IIaHOBBIE U BHICOTHBIE pa3Mephl, ONPENeIUTh TsArosbie yeunus, | [1P-15 3auer. Bonpocsr 73-84
BBINTOJTHUTH POBEPKY Ha CAMOCITYCK
Bnageer merogamu pacuera v IpOEKTUPOBAHMS JUIMHIOB U CIUIIOB, METOJIOM I1P-15 3auer. Bonpocsr 73-84

ONpeACIICHUS KOJINICCTBA JOPOKCK U CCKL[I/Ifl TCIICKCK
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V CIIUCOK YUYEBHOM JIUTEPATYPHI 1 HH®OPMAIIMOHHO-
METOANMYECKOE OBECIIEYEHME JUCHUIIJINHBI

OcHoBHas1 JIMTEpaTypa

7. TlopTel W TIOPTOBBIE COOpYXEHUs [DnekTpoHHBIH pecypc] : YueOHoe uznmanme / C.H.
JleBaues, E.A. Kopuarun, C.W. ITunses, U.I'. Kanrapxu, JI.A. llypyxun - M. : U3narensctBo ACB,
2015. - http://www.studentlibrary.ru/book/ISBN9785432300935.html

8. FCOHC?:I/ILICCKI/IG pa6OTI)I npu HU3BICKAHUAX H CTPOUTCIIBCTBC THUAPOTCXHUYCCKUX
CoopyXeHHi [DnekTpoHHBIN pecypc]: yued. mocodue / U.C. [Tannyin. - CII6. : Ilomurexnuka, 2012. -
http://www.studentlibrary.ru/book/ISBN9785732509069.html

9. BBenenue B THAPOTEXHUKY [ DIeKTpOHHBIN pecype] : Yuebnoe nmocobue / [Ipasausern O.I1.
- 3-e H31., UCTIp. 51 JIOTI. - M. : W3naTenncTBo ACB, 2009. -
http://www.studentlibrary.ru/book/ISBN9785930936896.html

10. Oxpana BOAHBIX pecypcoB [DnekTpoHHBIH pecypc] : YueOnuk / Makcumenko FO.JL,
Kynpsimosa I'.H. - M. : W3narenscTBo ACB, 2015. -
http://www.studentlibrary.ru/book/ISBN9785432300614.html

11. I'uaposHepreTuka [DnekTpoHHBI pecypc]: yueOd. mnocobue / DwmunmoBa T.A. -
Hosocubupck : Uzn-so HI'TY, 2013. - http://www.studentlibrary.ru/book/ISBN9785778222090.html

12. MuxaiinoB W.E. PerymupoBanme cTOKa, 0OO0OpyHOBaHHE U MPOSKTUPOBAHHWE 3TaHUMN

TUAPOIJIEKTPOCTAHINI [DIeKTpOHHBIN pecypc] : yuyebHoe nocobue / M.E. MuxaitnoB. — DIeKTpoH.
TEKCTOBBIE JaHHbIE. — M. : MOCKOBCKMI rOCYTapCTBEHHBIN CTPOUTENBbHBIA YHUBEpcUuTeT, Al ITu Op
Memmna, DOBC ACB, 2017. — 342 c¢. — 978-5-7264-1564-2. — Pexum jgocryma:

http://www.iprbookshop.ru/65701.html
JlonosiHUTe/ILHAS JTUTEPATYypa

1. CrpouTenbCTBO THAPOITEKTPOCTaHIMA B Poccuu [ DneKTpoHHBIN pecypc| : YueOHO-CrpaBOYHOE
rocoOue 1 By30B M MHyKeHepoB ruapoctpouteneli / Epaxtun b.M., Epaxtun B.M. - M. : U3narensctBo ACB,
2007. - http:/Amww.studentlibrary.ru/book/ISBN9785930934940.html

2. Tpuropses B.H., Mapuenko /1.B., Cumaxos I'.B., Cmenos B.A. CynonoasemMublie coopykenust. J1.:
Cynoctpoenue, 1978-271 ctp.

3. Kyuepssenko [1.0., MBanos KO.I1. Cyxue noku. JI.: Cynoctpoenue, 1976-382 crp.

4. Kucenes ILI". u qp. CipaBoYHHMK 110 THIPABIMYECKHM pacueram. M.: DHeprus, 1974 - 310c.

HopMmaTuBHO-nIpaBoOBbIe MaTePHAJIbI

1. "CII 18.13330.2011 I'eHepanpHble ILIAHBI MPOMBIIUIEHHBIX MNPEANPHUITUHN. AKTYAIM3HPOBAHHAS
penakumsg CHulT 11-89-80* (¢ M3menennem N 1)" (Mcrounuk: UCC "TEXOKCIIEPT")

2. "CII 22.13330.2016 OcHOBaHHMS 3[aHUM M COOpY:KEeHUH. AKTyanusupoBaHHas pepakuys CHull
2.02.01-83*" (Mcrounuk: UCC "TEXOKCIIEPT")

3. "CII 23.13330.2011 OcHOBaHMs TMAPOTEXHUYECKUX COOPYKEHHM. AKTYAIM3UPOBAHHAS PEAAKIIHS
CHulI 2.02.02-85" (Ucrounnk: UCC "TEXDOKCITEPT")

4, "CII 24.13330.2011 Caaiinple dhyHmameHTsl. AxkryanusupoBadHad pegaxipsg CHull 2.02.03-85 (¢
Wsmenenunem N 1)" (Mcrounuk: ICC "TEXOKCITEPT™)

5. "CII 58.13330.2012 I'mapotexHudeckue coopykenrs. OCHOBHbBIE MOIOKEHNS. AKTYaIM3UPOBAHHAS
pemakimst CHull 33-01-2003 (¢ MsmenenneM N 1)" (Mcrounuk: MCC "TEXOKCITEPT™)

6. "CI141.13330.2012 BeToHHBIE 1 5KETI€300€TOHHBIE KOHCTPYKIIMN THAPOTEXHUYECKUX COOPYKEHHUH,
AxryamsuposanHas pegakipyss CHull 2.06.08-87" (Mcrounuk: MUCC "TEXOKCITEPT™)

7. "CII 38.13330.2012 Harpy3ky M BO3IEHCTBHA HAa THAPOTEXHUYECKHE COOPYKEHHMS (BOJIHOBBIE,
JIENOBbIE M OT cyaoB). AxrtyammsupoBaHHas pemakimst  CHull  2.06.04-82*"  (Mcrounuk: MCC
"TEXOKCITEPT")

8. "CI1  14.13330.2014 CrpoutensctBO B cedicvuuecknx  padiomax  CHwull  II-7-81*
(axryamusuposandoro CHull II-7-81* "CrpourensctBo B ceficmudeckux parioHax" (CIT 14.13330.2011)) (c
Msmenennem N 1)" (Ucrounuk: UCC "TEXOKCIIEPT")

IIepeuenb pecypcoB HHGOPMALUOHHO-TEJIEKOMMYHUKALUMOHHOM ceTH «AHTEepHEeT»

1. http://www.dvfu.ru/web/library/nbl Hayanas 6ubnmnorexa JBOY

2. http:/lib.dvfu.ru:8080/search/query?theme=FEFU Hayunas 6utnnoreka JBOY
MyOJIMYHBIN OHJIAHH KaTajo

3. http://elibrary.ru/querybox.asp?scope=newquery Hayunas snexrponnas oudnuoreka HOb



http://www.studentlibrary.ru/book/ISBN9785432300935.html
http://www.studentlibrary.ru/book/ISBN9785732509069.html
http://www.studentlibrary.ru/book/ISBN9785930936896.html
http://www.studentlibrary.ru/book/ISBN9785432300614.html
http://www.studentlibrary.ru/book/ISBN9785778222090.html
http://www.iprbookshop.ru/65701.html
http://www.studentlibrary.ru/book/ISBN9785930934940.html
kodeks://link/d?nd=1200084088&point=mark=3VVVQ4T0000NM63D1TRRM2863LCV3EBQA942PNINE7259356B14R0RJP
kodeks://link/d?nd=1200084088&point=mark=3VVVQ4T0000NM63D1TRRM2863LCV3EBQA942PNINE7259356B14R0RJP
kodeks://link/d?nd=456054206&point=mark=3VVVQ4T0000NVQ3D1TRRM2863LD43EBQA942PNINE71CENG573KUC84H
kodeks://link/d?nd=456054206&point=mark=3VVVQ4T0000NVQ3D1TRRM2863LD43EBQA942PNINE71CENG573KUC84H
kodeks://link/d?nd=1200084539&point=mark=3EBQA942PNINE71CENG572LVGNR90J7NT7P0160EGC0001AO03OPNURP
kodeks://link/d?nd=1200084539&point=mark=3EBQA942PNINE71CENG572LVGNR90J7NT7P0160EGC0001AO03OPNURP
kodeks://link/d?nd=1200084538&point=mark=3EBQA942PNINE707MVQ131688GIF3417LV50GVNCQ706PA4UV3GI2BJR
kodeks://link/d?nd=1200084538&point=mark=3EBQA942PNINE707MVQ131688GIF3417LV50GVNCQ706PA4UV3GI2BJR
kodeks://link/d?nd=1200094156&prevdoc=1200035247
kodeks://link/d?nd=1200094156&prevdoc=1200035247
kodeks://link/d?nd=1200095549&point=mark=3EBQA942PNINE734RTDP33VVVVV428UD6P315IKAVK2LVGNR90J7NT7P
kodeks://link/d?nd=1200095549&point=mark=3EBQA942PNINE734RTDP33VVVVV428UD6P315IKAVK2LVGNR90J7NT7P
kodeks://link/d?nd=1200095522&point=mark=3VVVQ4T0000O9Q3D1TRRM2863LD03EBQA942PNINE724BOH743VVVVV4
kodeks://link/d?nd=1200095522&point=mark=3VVVQ4T0000O9Q3D1TRRM2863LD03EBQA942PNINE724BOH743VVVVV4
kodeks://link/d?nd=1200095522&point=mark=3VVVQ4T0000O9Q3D1TRRM2863LD03EBQA942PNINE724BOH743VVVVV4
kodeks://link/d?nd=1200111003&point=mark=3EBQA942PNINE71A86S6M3VVVVUU1A1GF790PHP2FD173Q17D3PATDQR
kodeks://link/d?nd=1200111003&point=mark=3EBQA942PNINE71A86S6M3VVVVUU1A1GF790PHP2FD173Q17D3PATDQR
kodeks://link/d?nd=1200111003&point=mark=3EBQA942PNINE71A86S6M3VVVVUU1A1GF790PHP2FD173Q17D3PATDQR
http://www.dvfu.ru/web/library/nb1
http://lib.dvfu.ru:8080/search/query?theme=FEFUН
http://elibrary.ru/querybox.asp?scope=newquery

4. http://www.vniiki.ru/catalog/gost.aspx  ITosnorekcroBas ©0a3za  ganHelix 1 OCTos,
JNEUCTBYIOLIUX Ha Tepputopun PO

5. http://www.studentlibrary.ru/ 5bC «KoHcyabTaHT CTyIeHTa»

6. http://znanium.com/ 3BC znanium.com HUI[ « MTHDOPA-M»

7. www.library.mephi.ru Dnexrponnas oudanoreka HUSY MUDU

8. http://e.lanbook.com/DnekTpoHHO-O0MOIHOTEUHAS CUCTEMA U3IaTeIbCTBA «JIaHb»

9. http://www.iprbookshop.ru DnexrTpoHHo-0uOIMOTEUHAs ccTeMa MexTyHapoHOM
accolMalMy CTPOUTENBHBIX BhICIINX y4eOHbIX 3aBenenuii (OBC ACB) na noprane 95C IPRBooOKS:

10. http://www.iprbookshop.ru DnekrporHo-6ubaroTeyHas cuctemMa MexIyHapoTHO M
accolMalMy CTPOUTENBHBIX BhICIINX y4eOHbIX 3aBeeHuii (ObC ACB) na noprane 9bC IPRBoOKS:

11. http://docs.cntd.ru DaekTpoHHBIH (HOHI TPABOBOI U HOPMATUBHO-TEXHUYECKOM
JTOKYMEHTAIIH

Iepeyens HHPOPMALMOHHBIX TEXHOJIOTHI U MPOrPAMMHOI0 o0ecneyeHust

[IporpammuOe oOecriedeHne, JJOCTYTHOE CTYJCHTaM Ui BBIMOJHEHUS 3aJaHds 10

JMCIUIUIAHE, & TAKKe ISl OpraHU3ally CaMOCTOSTETbHON pabOTHI:

MecTo pacnoJio:keHus
KOMINIBIOTEPHOW TEXHUKH,
HA KOTOPOM YCTAHOBJIEHO
110, ko1-BO paGounx MecT

IlepeueHb MPOrpaMMHOIO o0ecreYeHus

KommbrorepHsIii Kiacc Microsoft Office Professional — oducHsrit maker, Bxmrouatoruii I1O s
Kadeapel ruAPOTEXHHUKH, paboTHI C pa3INIHBIMHA TUTIAMH JJOKYMEHTOB;

TEOPHUH 3JaHHUN U 7Zip 9.20 - (aiinoBeIii apxuBaToOp;

COOPYKCHHH, ABBYY FineReader 11 - mporpaMma Jijisi ONITHYECKOT'O PaCIIO3HABAHHUS
ayn. E709, 25 CHMBOJIOB;

Elcut 6.3 Student - mporpaMma [Ist IPOBEAECHNS HEXKEHEPHOTO aHaIN3a 1
JIBYMEPHOT'0 MOJICTUPOBAHUS METOJOM KOHEUHBIX dieMeHToB (MKD);

Adobe Acrobat XI Pro — maker mporpamMm ajist myonukaruii B popmate PDF;

AutoCAD Electrical 2015 - TpéxmepHas cucTeMa aBTOMaTH3HPOBAHHOTO
MPOCKTUPOBAHHUS U YEPUCHUS;

Abaqus FEA - maker MKD;

Anchored structures — maker pacuera MIaBy4ux COOPYKECHHU H
MOJICTUPOBAHHS TKOPHBIX CHCTEMBI YICPIKAHHUS TPU BO3JICHCTBUH BOITHOBBIX U
JIEJIOBBIX HATPY30K.

ANSYS — maker MKD mis peltieHus CTallMOHAPHBIX M HECTallMOHAPHBIX
MPOCTPAHCTBEHHBIX 3aJ1a4 MEXaHUKH JehOpMHUPYEMOro TBEPAOro Tena,
MEXaHUKH JKHJIKOCTH H Ta3a, TeIonepeaayy U Terioo0MeHa,
JJIEKTPOTUHAMHUKH, aKYCTHKH,

JINPA-CAIIP — maker MKD nnst pacuera KOHCTPYKLMI pa3IndHOro
Ha3HAYCHUS;

LS DYNA — maker MKD st perieHust TpEXMEPHBIX THHAMIYECKUX
HENTMHEHHBIX 3a/1a4 MEXaHUKH JehOPMHUPYEMOro TBEPIOTO Tea, MEXaHUKH
JKUJIKOCTH H T'a3a, TEIIoNepeHoca;

PLAXIS — maker MKD amnst perieHns reoTeXHUIeCcKuX 3a7ad;

SCAD — maker MKD s pacuera CTallbHBIX | XKelle300€TOHHBIX
KOHCTPYKLIHIA;

STATISTICA - maker 1j1si CTATUCTHYECKOTO aHAJIH3a, PEaTH3yIOIINI
(YHKIMY aHAIN3a TaHHBIX, YIIPABICHHS JAHHBIX, JOOBIYH JTAHHBIX,
BU3YalTU3aIUU TAaHHBIX;

MS project — maker st CHCTEM YIpaBIICHUS IPOSKTaMH, pa3pabOTKH
KaJICHJAPHBIX M PECYPCHBIX IIAHOB, aHAJIM3a PUCKOB, PACIIPE/ICICHIHH PECYPCOB
110 3a/1a4aM, OTCIIKUBAHHMS IIPOrpecca 1 aHaimu3a 00bEMOB padoT;

CoreIDRAW Graphics Suite - rpaduueckuii peaakrop;

MATLAB R2016a - makeT NpyKJIaAHBIX IPOrpaMM IJisl IPOrpaMMUPOBAHHUS
pelIeHusi MHKCHEPHBIX 3a1au.

14



http://www.vniiki.ru/catalog/gost.aspxП
http://www.studentlibrary.ru/Э
http://znanium.com/Э
http://www.library.mephi.ru/
http://e.lanbook.com/
http://www.iprbookshop.ru/
http://www.iprbookshop.ru/
http://docs.cntd.ru/

VI METOAUYECKHUE YKA3AHUS 110 OCBOEHUIO JNCHUTIJIMHBI

Pexomenoayuu no ucnonb3oeanuo y4eoHo0-memooudecKko20 KOMnaeKca OUCyunaIuHbl.

[Ipu M3yd4eHun AUCHUILIMHBI CTYJCHTaM PEKOMEHYETCS MOJIb30BATHCS CIEAYIOMMMH Y9eOHO-
METOJMYECKUMH MaTepHajlaMH: KOHCIIEKTOM JIEKIMH M TPAKTHUYECKUX 3aHATUN 10 TUCHUIUIMHE;
yu4eOHMKaMH M Y4eOHBIMH TIOCOOMSIMH; TOCYAApCTBEHHBIMH CTaHAAPTAMHU; MEPHOANYECCKUMHU
W3IaHUSAMH 110 TEMAaTUKEe W3y4aeMOW JWCIMIUIMHBL, METOJUYCCKUMH PEKOMCHIAIUSAMHU  TI0
BBITIOJTHEHUIO MPAKTUYECKUX M KypCOBBIX paboT. PekoMeHayeMblii iepedeHs JIuTepaTypsl MpUBEICH
paboueii mporpaMmme yaeOHOMN AUCIMILIMHBI (CM. pa3zaen b).

Metoanyeckne yKa3aHHs K BBITIOJTHEHUIO MPAKTUYECKUX PabOT cColepKaT MCXO/IHBIE JaHHBIE,
COJIepKaHNe M MOPSIOK BBITIOITHEHUS pabOT, IPUMEPHI BHITIOITHEHUSI.

[Tonmb3ysicb METOAMYECKHMHU YKa3aHUSIMH K BBIOJHEHHIO NPAKTUYECKUX padoT, Cleayer
n3beratb (POPMATM30BAaHHOTO TOJXOJAa K BBIIOJHEHUIO pabOThl, OCHOBAaHHOIO JIMIIb Ha
MEXaHUYECKOH MOICTAaHOBKE 3HAUEHUIN CBOEr0 BapHaHTAa 3aJaHMs B PUMEpPHI BBIIIOJIHEHUS paboT Oe3
MMOHUMAaHMsI CYLITHOCTH pacCMaTPUBAEMBIX IPOIECCOB U AITOPUTMa peIIaeMoi 3a/1aui.

JIJ1s TOATOTOBKH OTYETa K 3alllUTe CIIEeyeT MPOaHaIu3UupOBaTh PE3ybTaThl, COMIOCTABUTH UX C
W3BECTHBIMU TEOPETUUYCCKUMHU TIOJIOKEHUSMHU WM CIPABOYHBIMHU JAHHBIMH, OOOOIINTH PE3yabTaThl
WCCIIE/IOBaHUI B BHJE BBIBOJOB IO pPabOTEe, TOATOTOBUTH OTBETHI HAa BOIPOCHI, NPHBOIMMEIC B
METOJIMYECKUX YKa3aHUSIX K BBHITIOJTHEHHUIO MPAKTHUECKHX padoT. OTuer 3aBepmiaeTcsi BHIBOJAMH TI0
pe3ynbTaTam paboThI.

[TomHOCTBIO MOATOTOBJCHHBIM M HaJuIekame O(GOPMIICHHBIM OTUYET MPAKTHYECKON pPadOThI
nepenaeTcs Usl MPOBEPKH U 3alIUTHI MPENoIaBaTelo, BEAYIIeMY MPaKTUYECKUE 3aHATUS 110 TaHHOU
JTUCLUILTHHE.

Pexomenoayuu no pabome c 1umepamypoii

PabGoty ¢ mumTeparypoil ciemyeT HayMHATH CO 3HAKOMCTBAa CO CIMCKOM PEKOMEHIyeMOi
y4eOHOM uTepaTyphl 10 IUCHUIUIMHE (CM. paslien S pabouell mporpamMmbl), B KOTOPOU MepeUUcIeHbI
OCHOBHasl, JONOJHUTENbHAs] W HOPMAaTHBHAs JUTepaTypa, HWHbIE W3/aHUs, HHTEPHET-PECYPCHI,
HeoOxoIuMBbIe /Ui paboThl HA 3aHATHUSX.

BriOpaB HY)KHBIM HCTOYHUK, CIEIyeT HAWTU B HEM HHTEPECYIOUIUI pa3lesl MO OrJaBICHUIO
win andaBUTHOMY YKa3aTelto, COMIOCTABUB C COOTBETCTBYIOLIUM Pa3/ieJIOM COOCTBEHHOIO KOHCIIEKTA.

B cnyyae BO3HUKIIMX 3aTpyAHEHUH cieayer oOpaTuTbcs K JPYrMM HCTOYHHMKAM, T
U3NIOKEHHE MOXKET OKazaTbCcsl Oojee AOCTynmHbIM. [l momHOTH MH(OpManuu HEOOX0AUMO
CTPEMUTHCS O3HAKOMHUTBHCSI CO BCEeMH PEKOMEHJIOBAHHBIMU TI€YaTHBIMH U  DJIEKTPOHHBIMH
WCTOYHUKAMU HH(GOPMaLMU B HEOOXOAUMOM JJIsi TOHUMAHHUS TEMBI ITOJIHOM 00beMe.

HeobxomumMo oTMeTUTh, 4TO paboTa ¢ TUTEpaTypoil HE TOJIBKO MOJE3HA Kak CpeAcTBO Ooliee
rIIyOOKOTO U3ydeHUs JTI000H AUCHIUIIIINHBI, HO U SBJISETCS HEOTHEMIIEMOM YacThio MPOeCCHOHATBHON
JeATeNbHOCTH OYAYILEro crenuaiucTa.

Pexomenoayuu no nodzomoeke K skzameny (3auemy)

[ToaroToBka k sK3aMeHy (3a4eTy) SBJISETCS 3aBEPIIAIONIMM STAllOM B W3YUYEHUU JAUCHUTIIMHBI
(cemectpa). [ToAroTOBKY ClielyeT HAUMHATH C MEPBOM JIEKIIUU U C TIEPBOTO MPAKTHUECKOTO 3aHSATHUSA,
MTOCKOJIbKY 3HAHHSI, YMEHUS U HaBBIKH (DOPMHUPYIOTCSI B TEUSHUU BCETO MEPUO/A, TPEIIEeCTBYIOMIETO
9K3aMEHALIMOHHOW CECCHUMU.

Ilepen cnaueil sk3ameHa (3aueTa) CTYACHT JAOJDKEH chaTh (3alIMTUTbh) OTYETHI 1O BCEM
MPEeTyCMOTPEHHBIM YU4E€OHBIM TJIAHOM MPAKTHYECKUM pabdoTaM, caTh TECTHI (IIPH HEOOXOAMMOCTH),
KYPCOBYIO pabOTy (MM IPOEKT), €CIU TaKasi MPeayCMOTpEHa YI€OHBIM ILIAHOM.
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YTOUHUTE BpeMsI U MECTO IIPOBEJICHUS dK3aMeHa (3aueTa).

[Ipy moxaroTtoBke K 3K3aMeHy (3aueTy) CTYAEHTY HE IO3]IHEE YeM 3a HEJENI0 /10 AK3aMEHa
(3auera) pEKOMEHAYETCS MOJArOTOBUTH NEpeYeHb HK3aMEHALMOHHBIX BOIMPOCOB M  KOMIUIEKT
WUCTOYHHUKOB ISl TIOATOTOBKM OTBETOB Ha SK3aMEHAIIMOHHBIE BOIMPOCHI: KOHCIEKT JICKIIHH,
pEeKOMEHIOBaHHbIE yyeOHbIE MOCOOHS U y4eOHO-MeTOIMUecKue MaTepraisl. [Ipy HaTMYUU UHTEpHET-
MCTOYHHUKOB OOECTICYUTh JOCTYI B HHTEPHET U IOATOTOBUTH CIUCOK HEOOXOIUMBIX CAlTOB.

[ToaroroBky Kk sk3aMeHy (3a4eTy) HEOOXOIUMO MPOBOAWTH HE MEHEE TPEX-UeThIPEX MOJIHBIX
IHEN 0e3 CYIIECTBEHHBIX IEPEPHIBOB U OTBJICUCHHS HA TIOCTOPOHHHUE TEMBI.

IIpu cnmade sk3ameHa (3adeTa) HEOOXOMMMO YYHMTHIBATh, YTO TIPH OIICHUBAaHUHM 3HAHHIA
CTY/ICHTOB IIPETIOaBATENb PYKOBOJICTBYETCS, MPEXKIE BCETO, CICAYIOIIUMHU KPUTEPUSIMU:

- MPaBHJILHOCTH OTBETOB Ha BOTIPOCHI;

- TOJTHOTA ¥ JAKOHUYHOCTH OTBETA;

- YMEHHE TOJKOBATh U IPUMCHSTh HOPMATUBHBIC AKTHI;

- CIIOCOOHOCTH MPaBWIIBHO KBATU(PUIUPOBATH PaKThl U OOCTOSITEILCTBA, PA3JCNIATh IPH-

YHHY U CJIEJCTBHS MPOIIecca;

- CITIOCOOHOCTH J1a4M aJICKBAaTHBIX BBIBOJIOB M 3aKITIOYCHHIA;

- OPHEHTHPOBAaHNE B HOPMATHBHO-TEXHHYECKON JINTEPATYpE;

- JIOTHKA W apTYMEHTHPOBAHHOCTh M3JI0KEHUS;

- KyJIbTypa OTBETA.

Tpebosanusn Kk 0onycKy na 3auem/IK3amen

Jlnia nomycka K 3a4eTy/3K3aMeHy CTYJIEHT JIOJKEH:

- 00s13aTeNIBHO TOCEIaTh 3aHATHA (11 0YHOU (POpMBI 00yUeHNS);

- UIMETb KOHCIEKT JICKIIHIA;

- UIMETh MaTepuasbl O MPAKTUYECKUM 3aHATHIM,

- UMETh MaTepHaJIbl BHITIOJHEHHUS JTA0OPAaTOPHBIX padoT (MTPU HAIMYNUU B YI€OHOM ITIJIAHE);

- BBIIIOJHUTH B MOJHOM 00beMe 33JlaHus K MPAKTUYECKUM 3aHATHAM (Hampumep, perieHHbIe
3aj1a4, pedepar, AOKIa[ U3y4YEHHOTO0 MarepHalia, MpPEeACTaBICHHBIM B BHUJIE MPE3CHTALUU U MpOUne
3a/laHusl, MPeAyCMOTpEHHbIe pabouell yueOHOI MporpaMMoi NUCHUIUIMHBI B paMKaxX HMPaKTHUECKUX
3aHATHUI);

- 3alUTUTh KOHTPOJbHBIE pa0OTHI U TECTHI (ITPH HATMYUHU B yUeOHOM IUTAHE),

- 3aIIUTUTH pacyeTHO-Tpaduyeckue padoThl (IPU HATUYUHU B y4eOHOM ILIIaHe);

- 3aIIUTUTH KypCOBYIO pabOTy WM KypCOBOM MPOEKT (MpU HAIUYUH B y4eOHOM IUIaHE);

CryneHT 00s3aH HE TOJBKO MPEICTABUTh KOMIUJICKT BBITIOJHEHHBIX 3aJaHUIl W TMPOUYUX
MaTepHuaIoB, HEOOXOAUMBIX JUISI AOIyCKa K 3a4eTy/2K3aMEHy M0 M3ydaeMOW TUCIHUILIUHE, HO U YMETh
OTBETUTh Ha BOMNPOCHI MPENOJaBaTessl, Kacalolluecs pelIeHUs KOHKPETHOW 3aJauu WU
BBITIOJTHEHHOTO CTYJICHTOM 3aJIaHusl.

B cnydae HEBBINMOTHEHUS BBIIICU3IOKEHHBIX TPEOOBaHMI CTYACHT He 0Onyckaemcs K clade
3aueTa WM DK3aMeHa.

VIl MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCIHUIIJINHBI
Jlnst poBeNeHMsT UCCIIENOBAHUM, CBS3aHHBIX C BBINIOJHEHUEM 3aJaHMs 110 AUCLMILIMHE, a

TAKXXC JIs1 OpraHu3alnuu CaMOCTOSTEIbHOM pa6OTLI CTYACHTaAM HOCTYITHO CJICAYIOLICC ﬂa6opaT0pHoe
O60py,Z[OBaHI/IC " CIICHHUAIN3UPOBAHHBIC Ka6I/IHCTBI, COOTBCTCTBYIOIIUC ﬂeﬁCTBYIOHlHM CaHUTAPHBIM U
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IMPOTUBOIIOXKAPHBIM HOpMaM, a TaK¥XKe Tpe60BaHI/ISIM TEXHUKHA 0€30IaCHOCTH Ipu HIpOBCACHUHN

y4eOHBIX ¥ HAyYHO-TIPOU3BOJICTBEHHBIX pabOT

HaumenoBanue
000py10BAHHBIX OMeENIeHU 1
noMenieHu s
CaMOCTOATEJbHOU padoThI

IlepevyeHb 0CHOBHOTO 00OPYAOBAHUS

MynsTHMeUHAS Ay IUTOPHS],
E706

ITpoexrop 3-chip DLP, 10 600 ANSI-mm, WUXGA 1 920x1 200 (16:10)
PT-DZ110XE Panasonic; sxpan 316x500 cm, 16:10 ¢ 311, mpuBoOaOM;
KperieHue HacTeHHo-oTos1ouHoe Elpro Large Electrol Projecta;
npodeccronansuas KK-manens 47", 500 Kn/m2, Full HD M4716CCBA
LG; moncucreMa BHICOUCTOYHUKOB JOKyMeHT-kKamepa CP355AF
Avervision; oJcucTeMa BUJICOKOMMYTAIIMH; TOJICUCTEMA
AYAMOKOMMYTAallMU U 3BYKOYCUJICHUS, IMTOJACUCTEMA NHTCPAKTUBHOT' O
yrpasienus; becripoBoanbie JIBC obecrnieueHsl cuctemoi Ha 6a3e Touek
nocryna 802.11a/b/g/n 2x2 MIMO(2SS)

KommbrorepHsiii Kiacc Kadeaps
I'maporexHuKH, TEOpUU 31aHUN U
coopyxenuit, aya. E708 u E709,
Ha 50 yesnoBek

Momno6mok Lenovo C360G-i34164G500UDK, TIpoektop DLP, 3000 ANSI
Lm, WXGA 1280x800, 2000:1 EW330U Mitsubishi, 6ectiporomubie JIBC

JUT oOyJaronxcsi o0ecreyeHsl CUCTEMON Ha 6a3e ToYeK AOCTyma
802.11a/b/g/n 2x2 MIMO(2SS).

YuransHsle 3a16l HaydHoit
oubmmoreku JIBOY ¢ oTkpbITHIM
JOCTYTOM K pony (kopryc A —
ypoBeHs 10)

Momno6mox HP ProOme 400 All-in-One 19,5 (1600x900), Core i3-4150T,
4GB DDR3-1600 (1x4GB), 1TB HDD 7200 SATA, DVD+/-
RW,GigEth,Wi-Fi,BT,usb kbd/mse,Win7Pro (64-bit)+Win8.1Pro(64-bit),
1-1-1 Wty Ckopoctsb nocrymna B Mateprer 500 Mowut/cek.

Padouue MecTa 1151 JTI07€i ¢ OrpaHUYEHHBIMH BO3MOKHOCTSIMH
3/10POBbSI OCHAILICHBI TUCIUICSIMH ¥ IPUHTEepaMu bpaiins; 000py10BaHbI:
IMOPTaTUBHBIMU yCTpOﬁCTBaMH JJIA YTCHUA IIJIOCKOIICYAaTHBIX TCKCTOB,
CKaHHUPYIOIMUMHU U YUTAIOIIUMU MalllMHaAMU BUACOYBEIICUYHUTEIIEM C
BO3MOXHOCTBIO PETYIAIUN BETOBBIX CIIEKTPOB; YBEINYHNBAIOIINMU
3JIEKTPOHHBIMHU JIyNIAMU U YJIBTPa3BYKOBBIMU MapKUPOBUIMKAMUA
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IIpuioxenue 1

MMHUCTEPCTBO OBPA30BAHUS 1 HAYKHU POCCUMCKOM ®EJEPAIINN
denepanbHOE rocyJ1apCTBEHHOE aBTOHOMHOE 00pa30BaTEeNIbHOE YUPEkKACHUE
BBICILIETO 00pa30BaHUs

«/lanbHeBOCTOUYHBIN (hefepabHbIH YHUBEPCUTET)
(ABDY)

NHXEHEPHAS IIKOJIA

YYEBHO-METOJJAYECKOE OBECIIEYEHUE CAMOCTOSTEJIBHOM PABOTHI
no qucuuniuHe «'uaposHepreTuyeckue u cya0noaAbLeMHbIe COOPYKEHHS»
CnenuanbHocTh 08.05.01 «CTpoUTENbCTBO YHUKAIBHBIX 3IAHUN U COOPYKEHUI)
Cnenuanuzanus «CTpOUTENBCTBO THAPOTEXHUUYECKUX COOPYKEHUM TMOBBIIIIEHHON OTBETCTBEHHOCTHY

®dopma MOATrOTOBKH - OUHAs

BaaauBocToK
2016
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Hnaﬂ-rpaq)mc BBLIIIOJIHEHHS CAMOCTOSATEIbHOMH paﬁ()TLI o TMCHMIIJIMHE

No Hata/cpoku BBIMOIHEHHUS Bun camocroarensHON Hopmst ®opma
n/m paboTsI BPEMEHU Ha | KOHTPOJA
BBINIOJIHEHHE

1. Tema 1. BomHbIe U BOITHOIHEPTETHYECKUE TToaroroska K 3aHATHIO 0,5 VO-1
pecypchl KoncnekrupoBanue 0,5 I1pP-7

2. | Tema 2. PerynupoBaHue ecTecTBeHHOI0 cToka | [loAroToBKa K 3aHSATHIO 0,5 YO-1
pex KoncnekrupoBanue 0,5 I1pP-7

3. | Tema 3. OcHoBHBIC TapamMeTpbl 000pyAoBanus | [10ArOTOBKA K 3aHATHIO 0,5 YO-1
I'oC KoncnekrupoBanue 0,5 I1P-7

4, Tema 4. OcHOBHBIE IPUHIIUTIBI IToaroroBka K 3aHSTHIO 0,5 VO-1
npoekTupoBanus 3nanuit ' 9C KoncnexkrupoBanue 0,5 I1P-7

5. Tema 5. CynonoaseMHBIE COOPYKEHUS IToaroToBka K 3aHSITHIO 0,5 YO-1

KoncnekrupoBanue 0,5 I1P-7

6. | 3anmstue 1 MHTerpanbHas KpuBasi CTOKa U €€ Pacuerno-rpaduueckas ) I1P-15
IIpUMEHEHNe pabota

1. 3anstre 2. PerynupoBaHue cToka ¢ momotipio | PacuerHo-rpaduueckas ) I1P-15
WHTErpaIbHON KPHUBOM pabota

8. 3ansarue 3. MHOroMeTHEE U APYTHUE BHIBI Pacuerno-rpaduueckas 5 [1P-15
perynInpoBaHus CTOKa pabota

9. | 3ansrtue 4. ['uapaBnuyeckue TypOUHBI, BerlinosnHeHne KypcoBoro 6 I1P-5
CIHpaIbHBIE KAMEPHI U OTCACHIBAIONIHE TPYObI | MPOEKTa

10. | 3aHsATHE 5. DIEKTPOIHEPTETUUECKOE U Brimmonaenne KypcoBoro 6 I1P-5
MexaHnueckoe obopynopanue I'0C MIPOEKTa

11. | 3amsarue 6. Tunel 3MaHUNA CTAHIIAN U X Brimmonaenmne KypcoBoro 6 I1P-5
OCHOBHBIE 3JIEMEHTHI poeKTa

12. | 3ausarue 7. [IpoexrupoBanue 3aanuii [ 9C u BeinoHeHHE KYpPCOBOTO 6 I1P-5
TYpOUHHBIX TPYyOOIIPOBOIOB pOeKTa

13. | 3ausarue 8. Cyxue U IIaBydue TOKH. Pacuerno-rpaduueckas 5 I1P-15
HanvBHbIe TOK-KaMepbl pabora

14. | 3ansaTue 9. DMIMHTH U CITHAIIBI Pacuerno-rpadudeckas 5 I1P-15

pabora
UTOI'O 54

PEKOMEHJIAIIUU IIO CAMOCTOSTEJBHOM PABOTE CTYJEHTOB
MeTtoanyeckue peKOMeHIANNH M0 HAMUCAHUIO U 0()OPMJIEHHIO KYPCOBOI'0 MPOEKTA

[TosichuTenbHas 3amucka oObeMoM 25-30 CTpaHWIl BBIMOJHACTCS I€YaTHO HAa KOMIBIOTEPE C
HCIIOJIL30BAaHUEM TEKCTOBOTO pefakTopa. B cooTBeTcTBUM € TosoxkeHrneM «O cocTaBe pas/esioB MPOEKTHOM
JOKyMEHTAIlMd M TpeOOBaHUSIX K HUX COJEPYKAHUIO» YTBEPXKICHHOM TPaBUTEILCTBOM Poccuiickoit
Oeneparnn 16 despans 2008 r. No 87 mpoekTHas AOKyMEHTaluUsl JIOJDKHA coiepxars 12 paznenos. B
KYpPCOBOM IMPOEKT€ HEKOTOPblE M3 pa3/elioB BXOSAIIMX B COCTAB IMPOEKTHOM JIOKYMEHTAllUM HE
pazpabartsiBatoTcs. TekcToBast 4acTh KypcOBOTO MPOEKTA JOJKHA COCTOSITH U3 CIEIYIOLINX Pa3/IeNioB.

TUTYIBHBIN IMCT

OrnasjeHue

Paznen 1 «IlosicHuTensHas 3anuckay

Paznen 2 «Cxema m1aHupoBOYHOM OpraHU3alUuK 3€MEJTbHOTO YJaCTKay

2.1. XapakTepucTrka 3eMeIbHOIO y4acTKa

2.2. [1naHupoBOYHast OpraHu3alMs 3eMEIbHOTO yJacTKa

2.3.
Ipy30I€PEBO3KU

Cxema TPAHCIIOPTHBIX KOMMYHHKaHHﬁ, O6CCHC‘{I/IBaIOH_II/IX BHCIIHUC U BHYTPCHHUC

Paznmen 3 «KOHCTPYKTI/IBHBIC )51 O6’bCMHO-HHaHI/IpOBOLIHBIC pecHu»
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3.1. Beiop rugpomexannueckoro ooopynoBanus 3nanust [ 9C

3.2. Pacder u mpoeKTHPOBAHKME TIOIBO/IA BOJIBI K TYpOMHAM

3.3. Pacder u mpoeKTHPOBaHKE OTBOJIA BOJBI OT TypOHH

3.4. Bri6op orMerku pabodero koieca

3.5. Ormpenenenue napameTpoB IUIPOreHepaTopa, Kparepa reHeparopa u HoAreHepaTOpHON 111aXThI

3.6. Ompenenenne napameTpoB TpaHcopmaropa

3.7. Bp16op noabeMHO-TpaHCIIOPTHOTO 00opynoBanus 3aanus [[9C

3.8. Pacuer u npoexkTpoBaHue BOJOIPHUEMHBIX coopyxeHuit ' 9C

3.9. IIpoexrupoBanue 3nanus [ IC

3.9.1. Onpenenenue pasmMepoB TypOMHHOTO OI0Ka

3.9.2. MammHHbIN 31 1 MOHTKHAS IUIOLIAIKA

3.9.3. TlomzemubIit koHTyp 3aaHus [ DC 1 IOTHHBI

3.9.4. Pazpeska 3nanus '2C nedopmaliioHHBIMU IIIBAMH

3.10. Pacuer 1 npoekTHpoBaHUE KPEIJICHUS pycia B HUKHEM Obede

3akiroueHue

CrnMcoK MCTIOIb30BaHHBIX HICTOYHUKOB

1.2. CocraB rpaduieckoii 4acTu KypcoBOTo MpoeKTa

I'padryeckas yacTh KypcOBOrO MPOEKTa BBIMNOJIHAETCS € MOMOIIBIO MpadMUeCKUX PEeJaKTOpPOB Ha
JICTe BAaTMaHCKOM OyMaru, Ha KOTOPOM pa3MeIaroTcs:

1) monepeunsIil pa3pe3 3AaHKs THIPOIIEKTPOCTAHIMY 110 OcH arperara B Maciiradax 1:100, 1:200
mwm 1:250;

2) MJIaHbl: MOHT@KHOM IUIONMIAJKK Ha OTMETKE TOAKPAHOBBIX MyTEH; THApOAarperarHoro Oioka Ha
OTMETKE TMOJIa MAIMHHOIO 3a/la; TUApoarperaTHoro OJoKa Ha OTMETKE HWKHErO OIOPHOro Iosica
HaIpaBJISIOLIETo anmnapara TypOuHbI;

3) mpo0bHBIE Pa3pe3bl: MOHTAXKHOM IUIOIIA/IKH; TUIpOArperarHoro 0J0Ka Mo OCH arperara

4) BUJI TUIPOArperaTHOro OJIOKa CO CTOPOHBI HIDKHETO Obeda;

5) pa3pe3 U IIaH KOHCTPYKIMK BoJjoniprueMHrKa B MacmTade 1:200 i 1:250 (BemiosHsAETCS It
nprrioTHHHBIX ['9C);

6) ToTIepeyHbIi pa3pe3 MO CTAHIIMOHHOW 4acTs IUIoTHHBI B MacmTade 1:1000 (BbITONHSETCS st
npuruioTHHHBIX ['9C);

7) mnan ruapoysia B Mactrrade 1:1000, 1:2000 wm 1:2500;

8) BUJ Ha THIPOY3€ETI CO CTOPOHBI HIDKHETO Obeda (rOpU30HTAIbHBIN MacIITal IOJDKEH COBIAJIATh C
MacIuTaboM IJ1aHa, BEPTUKAIBHBIA MacIiTad MOXKET ObITh YBETMUEH B COOTBETCTBUU C PEKOMEHAAIMAMH).

2. PexoMeH1a1yu 1o BBITIOJIHEHUIO TEKCTOBOM YacTH KypCOBOTO MPOEKTa

TekcToBast 4acTb KypcOBOTO IMPOEKTa BBIMOJHACTCS Ha CTAaHIApPTHBIX jucTax (opmara A4. Ilpu
HE0OXOJMMOCTH OTJAENIbHbIE MaTepuaibl MOTYT BBIMONHATCA Ha Jmctax ¢opmara A3. Odopmienue
TEKCTOBOM YacTH MPOU3BOJUTCS B COOTBETCTBHU C TPEeOOBAaHMSAMH, MPETbABISEMBIMUA K O(QOPMIECHHUIO
KOHCTPYKTOPCKOM JIOKYMEHTALH

MeTtoanyeckue peKOMeHAANMH 0 MOAT0TOBKe MYJIbTHMeANA NMpe3eHTAluH

1. TlepBblit cnaiin momkeH coxaepkaTh Ha3zBanue noknaaa, MO u koopauHaTel (HOMEp
TpYIIBI, HalpaBlIeHUE MOJTOTOBKH, aJpec >JIEKTPOHHOI MouThl) BbIcTymaromiero. Kaxaplii craiin
TOJKEH UMETh 3aroJIOBOK U ObITh MPOHYMEpOBaHHBIM B (hopmate 1/11.

2. TlpesenTanus BeogHseTcs B mporpamme MS PowerPoint.
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3. [Ipe3eHTanmsi HayWHAETCSA C AaHHOTAIMM, TJ€ Ha OJHOM-IBYX CJlaijax JaeTcs
MIPEJICTaBJICHHUE, O YeM TOHAET peuyb. bombias 4acTh mpe3eHTaruii TpeOyeT OralieHusl CTPYKTYPhI
WIN €€ COACPIKaHUsL.

4. Ilpe3eHTanus He 3aMeEHsIET, a JOMNOJHAET Aokiaa. He Hamo mucaTh Ha criaiiiax To, 4yTO
MOJKHO CKa3aTh CIIOBaMHU.

5. OntumanbHasi CKOPOCTh MEPEKIIOYEHUsT — OJWH ciaiia 3a 1-2 muHyThl. [l KpaTkux
BBICTYIUICHHW JIOTYCTUMO JBa Cllalij]a B MHHYTY, HO He ObicTpee. Ciymiatenw IOJKHBI YCIIETh
BOCITPHHSITh MH()OPMAIIMIO U CO CIIAiIa, M Ha CIIyX. «YHUBEpCaIbHas» OIICHKA — YKCIIO CIAI0B PaBHO
MIPOJIOJKUTEIILHOCTH BBICTYIUICHUSI B MUHYTaX.

6. Pasmep mpudra ocHOBHOrO Tekcta — He MeHee 186pt, 3arosoBku > 32pt. Hambonee
YUTa0CIbHBIM M TPATUIIMOHHO HCIIOJIb3YEMbIM B HAy4YHBIX HCCIEAOBaHUAX sBisiercs Times New
Roman . Heo6xoaumo ohopMIIsITh BCe CIaiIbl B €IMHOM CTHJIE.

7. Ilpu MOArOTOBKE MPE3CHTAIMH PEKOMEHIYETCS B MAKCUMAJIBHON CTETICHW HCIOIh30BATh
rpaduKu, CXeMBI, TUarpaMMbl U MOJEITH ¢ UX KpaTKuM omnucaHueM. @otorpaduul U pUCYHKH JENIAfOT
mpeicTaBIsieMyo nHGopMamuio 00Jiee HHTEPECHOW W TIOMOTAIOT YACPKHUBAaTh BHUMAHUE ayJUTOPHH,
JaBasi BO3MOKHOCTb SICHO TIOHSTh CYTh IIPeIMETa.

Kpurepun oueHku (yCTHOrO A0KJ1aaa, pedepara, coo0IeHs, B TOM YHCJIe
BBINIOJIHEHHBIX B opMe npe3eHTanmii):

v' 100-86 0amioB BBICTABIAETCS CTYIEHTY, €CIM CTYAEHT BLIPa3sHj CBOE MHEHHUE IO
copMyIMpOBaHHOW TIpoOieMe, apryMEeHTHpPOBAall €ro, TOYHO OIpPEeIUB €€ COJAepKaHhe |
cocrapisitonue. [IpuBeneHsl AaHHbIE OTEYECTBEHHON W 3apy0eKHOW JUTEpaTyphl, CTAaTUCTUYECKHE
cBeZeHMs, UH(OpMaIsl HOPMATHUBHO-NIPABOBOro xapakrepa. CTYIEHT 3HAeT M BIAJCeT HaBBIKOM
CaMOCTOSITENIbHOM HCCIIeI0BaTeNbCKOM paboThl MO TeMe HCCIEAOBaHMS; METOJaMU U TNpUEeMaMu
aHaJlM3a TEOPETUUECKUX U/MIIM MPAKTUYECKUX aCIeKTOB M3ydaeMol oOnactu. PakTUYEeCKUX OUIMOOK,
CBSI3aHHBIX C IOHUMaHHUEM MPOOJIeMbI, HET; Tpadudecku padoTa ohopmIIeHa MPAaBUIBHO

v’ 85-76 - OawioB - paboTa XapaKTEPU3YETCA CMBICIOBOM LEIbHOCTBIO, CBA3HOCTBIO M
MIOCJIEIOBATEILHOCTBIO M3JI0KEHHUS; JOMyIleHo He Oosiee 1 ommOKu mpu OOBSACHEHUH CMbICIA WM
coJepkanus mpobnembl. J[ns aprymMeHTanuu MPHUBOJSATCS JTaHHBIE OTEUECTBEHHBIX U 3apYyOEKHBIX
aBTOpoB. [IpoIeMOHCTPUPOBAHBI HCCIIENOBATENILCKAE YMEHHUS M HaBbIKH. DaKkTHYECKUX OHIMOOK,
CBSI3aHHBIX C TOHUMAaHUEM MPoOsieMsbl, HeT. Jlomyiiens! ogHa-ABe omKHOKH B 0(opMIIeHUH pabOThI

v' 75-61 Gamn — CTyIEHT MPOBOAUT JIOCTATOYHO CAMOCTOSTEIbHBIM aHAM3 OCHOBHBIX OTAIllOB
Y CMBICIIOBBIX COCTABJISIONINX MTPOOIEMbI; TOHUMAET 0a30BbIe OCHOBBI U TEOPETUUECKOE 0O0CHOBAHHE
BbIOpaHHOU Tembl. [IpuBIEYeHBI OCHOBHBIE MCTOYHUKH MO paccMarpuBaeMoil Teme. [lomyieHo He
0oJiee 2 oIMOOK B CMBICIIC WJIH COJIEP KaHUH TIPOOIIeMbl, 0POpMIICHUN PAOOTHI

v' 60-50 OGamnoB - ecnu paboTa NPEACTABISET COOOM IEPECKa3aHHbIM WM IIOJHOCTHIO
MepenrCcaHHbIil UCXOAHBIN TeKCT 0e3 KakuxX Obl, TO HU OBIJIO KOMMEHTapHeB, aHanu3a. He packpsita
CTPYKTypa U TEOpeTHuUecKas cOcCTaBisiomias Tembl. JlomylieHo Tpu uinu Oojiee Tpex OMmHOOK B
CMBICTIOBOM COJIEp>KaHUU PACcKpbIBaeMO TPoOIeMbl, B 0(hOpMIECHHH PaObOTHI.
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KpnTepml OICHKHU IIPE3CHTAIIUH TOKJIAda:

50-60 6ansioB 61-75 6annoB 76-85 6ass10B 86-100 6an10B
Onenka
(HeyoBJ) (ynoBa) (xopo1o) (oTIM4YHO)
Kpurtepuu Cogaep:xanne KpuTepueB
PackpbiTHe [IpoGnema e [Ipobnema [Tpobnema [Tpobnema packpsita
NpoodIeMbl packpsita. packpsbiTa He packpsITa. noiHocThIO0. [IpoBeneH
OTtcyTcTBYIOT MIOJTHOCTBIO. [TpoBenen ananms aHaJn3 MPOOJIEMEI ¢
BBIBOJbI BriBonn! He pobJIeMbl 0€3 IIPUBJICYEHUEM
CACIIaHbI I/I/I/IJII/I ITPUBJICYCHUA HOHOHHHTCHBHOﬁ
BBIBOJIBI HE JIOTIOJIHUTEIIHLHOM nuTepaTypbl. BeiBOIbI
000CHOBaHBI nutepatypsl. He 000CHOBaHBI
BC€ BBIBObI
cleIaHbl U/Un
000CHOBAHBI
IpencraBiaenue | Ilpencrasnsemas | Ilpencrasisemas [IpencraBnsemas IIpencrasnsemas
UHpOpMAIHS uHpOpMAIHs He uHpOpMaIHs He uHpOpMAIUs
JIOTUYECKU He CHCTEMAaTU3UPOBAH | CUCTEMATH3MPOBaH | CHCTEMaTH3WPOBAaHa,
cBsizaHa. He a W/WiH He au nocieaoBaTeNbHA U
UCIIOJIb30BAHbI nocyieZioBaTeNbHA. | MOCTEOBATEIbHA. | JIOTUYECKH CBSI3aHa.
npodeccuoHaNbH | Hcnoib3oBano 1-2 | HMcmons3oBano Ucnons3oBano 6omnee 5
bI€ TEPMUHBI npodeccuoHaNbHBI | Oosiee 2 poeCCHOHATBHBIX
X TEpMHUHA npodecCHOHANBHBI | TEPMHUHOB
X TEPMUHOB
Odopmienue He Hcnonb3oBaHbl Hcnonb3oBanbl [IInpoko ucrosb30BaHbI
HCTOJIb30BaHbI texHojioruu Power | texuomorun Power | texmomoruu (Power Point
TEXHOJIOTUH Point wactiuno. 3- | Point. He 6onee 2 u 1p.). OTCyTCTBYIOT
Power Point. 4 ommOky B ommnoboK B OmMOKH B
bonpmre 4 npeAcTaBIsieMon NpeAcTaBIsIeMOn MpeACTaBIsIeMOn
OIMOOK B uHpopMaIiH uH(OpMaIUH uHdOpMaIUK
MPEJCTABIIEMOMN
rHpopMaIuu
OTBeTbI HA Her orBeroB Ha Tonbko orBersl Ha | OTBETH Ha OTBeTHI Ha BOITPOCHI
BOIPOCHI BOMPOCHI 3JeMEeHTapHbIe BOIIPOCHI TTOJTHEIE TIOJTHBIE, C IPUBUACHUEM
BOIIPOCHI W/WJTA 9aCTUIHO MIPUMEPOB W/HITH

ITIOJIHBIC

MOsICHEHHUH

BBIIAHO CTYNICHTY

3ananus K pacueTHo-rpadpuyeckum padoram

3AJJAHHME Ne 1
Ha BBINMOJIHCHUEC HpaKTI/I‘leCKI/IX 3AHATHH MO JAUCHUIIINHE
«'maposHepreTuyeckue U Cy10N0IbeMHbIe COOPYKEHU»

p.

IIpeanaraercst IpoBecTH cJIe1yIOLIHe PacyeThl:
® pacyeTsl [10 Ce30HHOMY PEryJIMPOBaHHUIO CTOKA AJIS LieJIeH MMIPOHEPreTHKH;
® pacyeThl CyTOYHOTO PEryIMPOBAHUS CTOKA U YCTAHOBJICHHON MOIIHOCTH THAPO3JICKTPOCTaHIINY;

® pacyeThl BOAHOAHEPreTuYecKux xapakrepuctuk ['0C;
HcxoaHble JaHHDBIE

1. 'mnporpad manoBogHOTO TOAA

Mecsig 1 2 3 4 5 6 7 8 10 11 12
Qei/ Qmax 0,127 | 0,085 | 0,255 1,0 | 0,383 | 0,181 | 0,223 | 0,234 | 0,212 | 0,436 | 0,34 | 0,223
2. MakcuManbHbINA pacxon Qmax= /e
3. TypOunnsiii ko3 dunuent k,=
4. KpuBast 00beMOB BOJIOXPaHUITUIIIA
dBb, m 105 110 120 130 140 150
W/10°, m° 0 1,0 4,0 10,0 22,0 36,0
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5. Or™merka HITY=

M

6. I'my6una cpabotku Bopoxpanunuma hy,=

M.

7. KpuBasi cBsI3M pacXoioB M ypOBHEW B HIKHEM Obede

dHb, m 22 23 24 25 26 27
Q, M/c 0 15 50 130 300 620
8. CyTouHblii rpadMK HATPY3KH SHEPTOCHUCTEMBI
Yacel 1 2 3 4 5 6 7 8 9 10 11 12
Ni/Nmax 0,45 0,4 0,36 | 0,32 | 0,33 | 0,37 | 0,49 0,7 085 | 0,94 | 0,75 | 0,74
Yacsl 13 14 15 16 17 18 19 20 21 22 23 24
Ni/Nmax 0,74 | 0,75 0,8 0,86 | 0,94 | 0,99 1,0 09 | 0,85 | 0,85 | 0,65 | 0,45
9. MakcumanbHasi CyTOYHast MOIITHOCTh Nmax= MBT
Hcxoanblie JaHHbIE /1J151 BLINOJHEHUS] PacCYeTHO-TPauuecKux padbor
No ®.1.0. ?4?72’ ngly’ Hl\;p’ Kk, ﬁ”éa;’ Ne Bap.
1 900 150 59 1,6 660 10
2 940 148 6,9 1,46 595 1
3 480 147 5,2 1,42 310 3
4 530 95 7,0 1,52 1750 7
) 630 110 10 1,46 220 6
6 550 142 54 1,37 360 9
7 540 139 4,7 1,36 350 2
8 890 133 6,4 1,55 630 10
9 950 148 6,9 1,46 580 1
10 560 136 4,1 1,36 310 8
11 610 100 10,0 1,46 220 6'
12 540 95 7,2 1,46 1700 T
13 495 138 4,6 1,43 320 4
14 590 132 5,2 1,52 370 2
15 510 153 6,0 1,52 330 3
16 500 130 57 1,49 350 4
17 600 130 5,0 1,47 300 8'
18 590 146 6,2 1,45 330 9
19 810 139 7,2 1,48 610 5
20 550 146 8 1,46 720 5

MeTtoanyeckue yKa3aHus K BbINOJHEHUI0 PacueTHO-TpadpuuecKux padoT.

Metoauueckue YKa3aHUs K BBITIOJIHCHUIO paC‘leTHO'Fpaq)I/I‘IGCKI/IX pa60T NIpUBCACHLI B

[Tpunoxenun 3

Kpurtepun BbICTaB/IeHHS OLEHKH CTYACHTY 32 BBINOJHEHHE PacuyeTHO-TPaguiecKux pador
no JucuumninHe «'maposnepreTudeckue U Cy10n0AbeMHbIE COOPY/KEHHUS»

Banabl

o . Onenka
(peTHHTOBOI TpedoBanust kK chOpMHPOBAHHBIM KOMITETEHIMAM
(cranmaprHas)
OLICHKH)
100-86 «3aumenoy/ O1eHKa «OTIMYHOY BBICTABISIETCS CTYICHTY, €CIIH OH MITYOOKO U MPOYHO
0aymioB COMAUYHOY YCBOMJI IPOrPaMMHBIM MaTepHall, HCUEpPIBIBAIOLIE, TOCIEI0BATENBHO,

YCTKO U JIOrH4YCCKNU CTpOﬁHO €ro u3jaracr, yMeCeT TECHO YBA3bIBATh
TCOPUIO C HpaKTHKOﬁ, CBO60,Z[HO CIIpaBJIACTCA C 3aJa4aMU, BOIIPOCAMU U
APYTUMHU BUJaMU NPUMCHCHUS 3HaHPIfI, MNPUYICM HC 3aTPYAHACTCA C
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OTBCETOM IIPpHU BUAOU3MCHCHHUN 321I[aHHI>i, HCIIOJIB3YCT B OTBCTC MaTCpUaJl
MOHOl"pa(bI/HICCKOI‘/'I JIMTCPATYpPhI, IPaBUJIBHO 000CHOBBIBAET IIPUHATOC
peuieHue, BJI1aACCT Pa3HOCTOPOHHUMHA HABBIKAMU U IpUEMaMU
BBITTOJIHCHU A IMPAKTUYCCKUX 3aJay.

85-76
0aJUIOB

«3aumenoy/
«XOpOULOY

OI_ICHKa «XOpPOoLIO» BBICTABJIACTCA CTYACHTY, €CJIM OH TBEPAO 3HACT
MaTcpuall, rpaMOTHO U IO CYIICCTBY MU3JIAract €ro, He J0IyCKasd
CYIICCTBCHHBIX HETOYHOCTEH B OTBETE Ha BOIIPOC, NIPaBUJIBHO ITPUMCHSCT
TCOPCTUYCCKUC ITOJTOKCHUA ITPU PCIICHUHN NPAKTUYCCKHUX BOIIPOCOB U
3aJa4, BJIagcCT H€O6XOILI/IMI>IMI/I HaBbIKaMM M IMPUEMaMH UX BBITIOJIHCHUA.

75-61
Oai

«3aumenoy/
«y0061»

OlieHKa «yIOBJIETBOPUTEIBHOY» BBICTABIISICTCS CTYIICHTY, €CIIU OH UMEET
3HAaHMs TOJIBKO OCHOBHOT'O MaTepHasa, HO He YCBOWII €ro JieTalei,
JIOMYCKaeT HETOYHOCTH, HEJJOCTATOYHO MPaBUIIbHBIC (HOPMYIHPOBKH,
HapYIICHHUS JIOTHYECKOM MOCIIECA0BATEIbHOCTH B U3JI0KCHUH
POrpaMMHOr0 MaTepuaa, UCIbITHIBACT 3aTPYJHEHHS IPH BbITOJIHCHUH
NPaKTUYECKUX padoT.

60-50
0aJIIoB

«He 3aumenoy/
«Heyoos81»

Ol1ieHKa «HEY/IOBJIECTBOPUTEILHOY» BBICTABJISICTCS CTYACHTY, KOTOPBIH HE
3HAET 3HAYMTEIBHOM YaCTH MPOrpaMMHOr0 MaTepuara, J0nycKaer
CYIIECTBEHHBIC OINOKH, HEYBEPEHHO, C OOJIBIIMMHU 3aTPYAHCHUSIMU
BBITIOJTHSIET IIpaKkTHUYeCcKue paboThl. Kak npaBuiio, oleHka
«HEYIOBJICTBOPUTEIILHO» CTABUTCS CTYICHTaM, KOTOPbhIC HE MOT'YT
MPOAOIDKUTE 00y4eHHEe 0€3 OMOIHUTENbHBIX 3aHIATUH 110
COOTBETCTBYIONIEN AUCIUTLIINHE.

CTYIEHTY

3agaHus K KypcoBOMY POEKTY

3AJJAHUE
Ha BBIITOJIHEHHUE KYPCOBOT'O IIPOCKTa

o AuciUIuinHe «[ HIpodHepreTHUecKHe U CyI0NOIbEMHBIC COOPYKEHUS
rpynmbl HammpaBieHus 271101.65 «CTpouTensCTBO YHUKAIBHBIX 3MaHIH U COOPYKECHUI
Crenmanm3anust « CTpOUTENHCTBO THAPOTEXHUYECKUX COOPYKCHUH MOBBIIIICHHON OTBETCTBEHHOCTH

Jlata BBIIaun 3a1aHUS

—

20 T JlaTa 3amuTel IpoeKTa 20 T

B KYPCOBOM ITPOEKTE IIPEJJIAI'AETCS PABPABOTATD:

. 31aHne THAPOIIEKTPOCTAHIINY C ITONOOPOM THIPOMEXAHUIECKOTO 000Dy TOBAHHSL.

2. Bonompuemublie COOpY>KEHUS THIPO3TIEKTPOCTAHIIH.
3. [Inan rumpoysna.
HNCXOJHBIE JAHHBIE:
1. YcranoBnennas morHOCTh ['OC Ny = kBT.
2. OtMerka HOopMankHOTO TIoAopHoro yposas (HITY) M.
3. OrMmerka ypoBHs MepTBOro 0o0bhema (YMO) M.
4. Pacxon BepositHocTr mipeBbieHust 0,01% Qg 10— mlc.
5. Homep BapmanTa Tomorpauaeckux ycioBuit
6. ['eonornueckue ycaoBusi:

Ilonoxenune reoorunaecKoro pas3pese HanmenoBanue I'pPyHTa MOH_IHOCTL CJIOsL

[Ipassiit 6eper

JleBwrit Geper

B tanbBere

12. JlonmonHUTENBHBIE YCIOBUS
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HcxoaHble JaHHBbIE /15 BbINOJHEHUS KYPCOBOI'O ITPOCKTA

Ne | ®.1.0. 0,01% HITY, YMO Nyer, No Bap.
QooseM’/C M M MBT
1 681 109 8 1547 10
2 759 129 9 865 2
3 846 113 10 682 5
4 513 137 9 992 4
5 558 111 7 891 8
6 669 150 10 1037 3
7 744 116 9 1694 10
8 505 108 7 703 8
9 825 145 5 1306 9
10 867 130 5 937 9
11 781 126 9 512 4
12 811 105 5 1107 3
13 584 102 8 588 7
14 843 133 8 1615 1
15 521 109 10 954 4
16 727 130 9 635 7
17 862 103 10 717 7
18 725 110 6 1269 10
19 717 142 8 798 4
20 625 140 10 595 4
Kpurtepuu BbicTaB/ICHHS OLEHKHU CTYACHTY 32 BBINIOJITHEHHE KYPCOBOI'O IIPOEKTA 10
aucuunnHe «'uapo3HepreTuyeckue M Cy0N0IbeMHbIE COOPYKEHUS»
Bajbl
(peiiTuHroBOI Ouenka TpebdoBaHus Kk copMUPOBAHHBIM KOMIIETEHIMAM
(crammapTHas)
OIICHKH )
100-86 «3aumenon/ Ol1ieHKa «OTJIMYHOY» BBICTABJISCTCS CTYACHTY, €CIIM OH MIYOOKO U MPOYHO
0asoB «OMAUYHOY YCBOMJI IPOIPaMMHBIM MaTepHal, HCUSPIBIBAIOIIE, 10CIIEI0BATENbHO,
YETKO U JIOTUYECKH CTPOMHO €ro M3JIaraeT, yMeeT TECHO yBSI3bIBATh
TEOPHUIO C MPAKTUKOH, CBOOOAHO CHPABIISIETCS € 3a7jadyaMy, BOIIPOCAMH U
JPYTrMMH BUIAMU IPUMEHEHUS! 3HAHUH, IPUYEM HE 3aTPYIHSAETCS C
OTBETOM IIPH BUJOM3MEHEHHUH 3aJJaHUH, UCIIOJIB3YET B OTBETE MaTepua
MOHOI'pa(h)UIEeCKON JUTEPaTyphl, IPABUIBHO OOOCHOBBIBAET IPHHATOE
peleHune, BiaaieeT pa3HOCTOPOHHUMU HABBIKAMU U IIPHEMAMU
BBINOJTHEHUS IPAKTHYECKUX 3a/a4.
85-76 «3aumenoy/ OLeHKa «XOpOLI0» BBICTABISETCS CTYACHTY, €CIIH OH TBEPJO 3HAET
6aJUIOB «XOPOULON MaTepHall, FPaMOTHO U IO CYIIECTBY M3JIaraeT ero, He JoImycKas
CYLIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIPOC, IPABUIIBHO IPUMEHSIET
TEOPETUYECKHE MOJ0KEHUS P PELLICHUH MPAKTUYECKUX BOIPOCOB U
3aJa4, BJIafieeT He0OXOJMMbIMH HaBBIKAMH U PHEMAaMH UX BBIITOJHEHUSI.
75-61 «3aumenoy! OneHka «yOBJIETBOPUTEILHOY BBICTABISETCS CTYAEHTY, €CIIM OH HUMEET
Gann «Y00871» 3HaHUS TOJIbKO OCHOBHOI'O MaTepuaa, HO He YCBOMII €ro Jeraiei,
JOIYCKAeT HETOUYHOCTH, HEIOCTATOUHO MPaBUIIbHBIE ()OPMYIUPOBKH,
HapyILIEeHHUs JIOTMYECKOH 1OCIeI0BATEIbHOCTH B U3JI0KEHUH
IPOrpaMMHOI0 MaTepHalia, UCIBITHIBACT 3aTPyJHEHHUS [IPH BHITOTHEHUH
PAaKTUYECKUX padoT.
60-50 «He 3aumenoy/ OneHka «HEYJOBIETBOPUTENBHO» BBICTABIISIETCS CTYAECHTY, KOTOPBIN HE
GaJUIOB «HEy0081» 3HAET 3HAYUTENBLHON YaCTH MPOrpaMMHOr0 MaTepHara, A0IMycKaeT
CYLIECTBEHHBIE OIIMOKH, HEYBEPEHHO, C OOJIBIINMU 3aTPyJHEHUSIMH
BBIMOJTHSET IpakTHUecKue padoTel. Kak mpasuio, oneHka
«HEYJOBJIETBOPUTENBHO) CTABUTCS CTYAEHTaM, KOTOPbHIE HE MOT'YT
MIPOOIDKUTE OOydeHHe 0e3 JONOTHUTENbHBIX 3aHATHIA 1O
COOTBETCTBYIOIIEH JUCLIUILIMHE.

Vo]




IIpuioxenne 2

MMHUCTEPCTBO OBPA30BAHUS 1 HAYKH POCCUNICKOM ®EJIEPALIU
denepanbHOE rocyJapCTBEHHOE aBTOHOMHOE 00pa30BaTEeNIbHOE YUPEkKACHUE
BBICILIETO 00pa30BaHUs

«/lanbHeBOCTOUYHBIN (eaepaibHbIil YHUBEPCUTED)
(AB®DY)

NHXEHEPHAS IIKOJIA

®OH/I OUEHOYHbBIX CPEJACTB
no qucuuniuHe «'maposHepreTuyeckue U cy10noAbeMHbIe COOPY:KEHHUI»
CnenuanbHocTh 08.05.01 «CTpOUTENbCTBO YHUKAIBHBIX 3IAHUN U COOPYKEHUI)
Cnenuanuzanust «CTpOUTENBCTBO THAPOTEXHUYECKUX COOPYKEHHUI MOBBIIEHHONW OTBETCTBEHHOCTHY

®dopma MOJATrOTOBKH - OUHAA

BaaauBocTok
2016
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IMacnopt ®OC

Koa u ¢popmysimpoBka KoMneTeHMu

Tanbl (l)OpMHpOBa]—[HH KOMICTCHIIUH

MK-10 3HaeT OCHOBHBIE 3aKOHBI (PU3UKH, COMPOTUBIICHUSI MaTEPHAJIOB, CTPOMTEIBHON MEXaHUKH,
3HAHMEM HayYHO-TEXHUHECKOH HHOPMAILIH, OTEIECTBEHHOrO 1 ymeer | [IpEMEHATL 3aKOHOMEPHOCTH MPH IPOEKTUPOBAHMH THAPOTEXHUYECKUX COOPYKEHUM
3apy0eKHOr0 OMBITA 110 MPOMHIIIO JEATENLHOCTH
Brazieer | COBpeMEHHBIMH METOIAMH NIPOEKTUPOBAHMS THAPOIHEPTETUYECKUX U CYIOTIONBEMHBIX
COOpYKEHUU
ICK-3.1 3HaeT OCHOBHBIE METO/IbI TEXHUKO-DKOHOMHUYECKHUX 000CHOBaHHM,
CTIOCOOHOCTBIO PA3padaTHIBATH POSKTHI TECXHUKO-SKOHOMHMECKOTO | yyeer | BBINONHATH OCHOBHBIE PACYETHI MO IPOYHOCTH U HECYIEH CIIOCOOHOCTH BCETO COOPYKEHHS
060CHOBAHHUS TM/IPOTEXHHYECKHX COOPYKEHH i PasIYHBIX BUIOB 1 ¥ €10 DJIEMEHTOB, B T.4. C MCIOJIb30BAHMEM PACYETHO-BBIYHCIUTENLHBIX KOMILIEKCOB.
MX KOMILIEKCOB, @ TAKKe PyKOBOJUTH Pa3paboTKOI TEXHMYECKOTO U v 5 -
B B T TONAMH T THIOB I10/IbEMHBIX KEHMIA;
pabodero MpOeKTOB STUX COOPYKEHHH C UCIONB30BAHUEM CPEJICTB Tanee Me OAaMH TIONO0paA THIIOB CYIOMOARE COOPYHCHHH, e
TOIAMH ONTUMAJILHOT MEILEHUS OCHOBHBIX KOMIIOHEHTOB
aBTOMATH3HMPOBAHHOIO TPOEKTHPOBAHMUS CTONIAMH O ANIPHOTO pa3MCIICHII OCHO OMITOHCHTO
MCK-3.2 3HaeT TexHOMOTHIO ¥ OPTaHU3aAIHI0 PA0OT B TUAPOTEXHHYECKOM CTPOUTEIHCTBE
CIOCOOHOCTBIO OPraHU30BATh PAOOTY KOJUIEKTHBA HCTIONHHATENEH, ymeer | IlnmanupoBath paGoTHI 1O MPOEKTUPOBAHUIO ¥ MOHUTOPHHTY I'HAPOTEXHHYECKHX
TUTAHMPOBATS BHINONHEHHE PAGOT 1O MPOCKTHPOBAHMUIO, COOpYoKHMi.
CTPOMTENBCTBY, MOHUTOPUHTY U TEXHMYECKOM SKCILTyaTaliH
Brazeer | CoCOGHOCTBIO CAMOCTOSITENIBHO BBIMOJIHSATH BOJAHO-DHEPTETHYECKUE PACUETHI;

THAPOTEXHUYECKUX COOPYKEHUH B X KOMIUIEKCOB, TPUHUMATh
CaMOCTOSATENNbHbBIE TEXHIYECKUE PEIICHUS

[IpuHIMaTE 000CHOBaHHBIE TEXHUYECKHUE PEIIEHUS 10 IPOSKTHPOBAHHIO CYIOMOIbEMHBIX
COOPYKEHUH.

®opMbI TeKYILEro U MPOMEKYTOYHOT0 KOHTPOJIS MO JMCHMIJINHE

OrneHoYHbIe CPEACTBA
KouTtponupyemsie pas3nens . v
Ne / Konp! 1 sTansl popMupoBaHUs KOMIETSHITNH TEKyIIHH MPOMEXYTOH.
TEMBI IUCIUTUTIHBI
KOHTPOJIb aTTeCTaIus
1 | Tema 1. Bognsle n I1K-10 | 3HaeT ocCHOBHBIE BOIHO-IHEPTETHYECKUE PECYPCHI, THUIIBI YJHEPT€THIECKUX YO-1 3ager. Bonpocsr 1-11
BOJJHOIHEPT €TUIECKHE YCTaHOBOK.
pecypcel YMeer onpenensTh CXeMbl UCTIOIH30BAHUS BOIHOW SHEPTHU I1P-7 3auer. Bonpocsr 1-11
Brnageer cnocobamu ompeneneHus pa3MepoB BOAOXPAHILIUII, METOAAMH I1pP-7 3ader. Bonpocsr 1-11
ONpEIeNICHNUS BOIOIOTEPH M3 BOJOXPAHIIHII]
2 | Tema 2. PerynupoBanue [ICK- | 3HaeTr oCHOBHBIE BUJbI PETYIHPOBAHMS CTOKA YO-1 3auer. Bonpocsr 12-25
€CTECTBEHHOI'O CTOKa PeK 3.1 YMeeT cTpouTh 1 aHAIM3HPOBATh MHTETPAJIbHYIO KPUBYIO CTOKA I1P-7 3auer. Bonpocsr 12-25
Brageer MmerogaMu peryianpoBaHus CTOKa I1P-7 3auer. Bonpocsr 12-25
3 | Tema 3. OcHOBHEBIE [ICK- | 3Haer OCHOBHBIE CHCTEMbI TypOUH M UX apaMeTPbl, OCHOBHOE MEXaHHYECKOE U YO-1 3auer. Bonpocsr 26-52
napamerpsl obopynosanus | 3.2 anekTpuueckoe obopyaosanue ['DC
IaC YMeeT BBIIOIHUATE NOI00p TYPOHHBI, ONPEETUTh €€ OCHOBHBIE XapaKTEepUCTUKH, I1P-7 3auer. Bonpocsr 26-52
Brnaneer meronamu aHainza riaBHONW yHUBEPCAbHON XapaKTEPUCTUKU TYpOUHBI, I1P-7 3auer. Bonpocsr 26-52
MIPOEKTHPOBAHMsI CHMPAILHBIX KaMEp M OTCachIBAIOIIUX TPYO




Tema 4. OcHOBHEIE [1K-10 | 3HaeT ocHOBHBIEC MPUHLIUIBI TpoeKTHpoBaHus 3aaHust [ DC, 0CHOBHBIE THITBI YO-1 3auer. Bonpocsr 53-66
MPUHIUITEI TPOEKTUPOBAHHUSI 3AHUN M UX DJIEMEHTHI
snannii [2C YMeeT pazMecTUTh OCHOBHBIE KOMITOHEHTHI B 3/JaHIH, BBIOpATh THIT U I1pP-7 3auer. Bonpocsr 53-66
KOHCTPYKIIHIO BOJIOTIPHEMHBIX YCTPOWCTB M TPYOOIIPOBOIOB
Bnaneer meronamu pacyera u mpoekTupoBaHust ocHoBHOTO 31anust [ DC n I1pP-7 3auer. Bonpockr 53-66
TypOUHHBIX TPyOOIIPOBOZOB
Tema 5. CynonoabeMHbIC IIK-10 | 3HaeT OCHOBHBIC THIIBI CYJIONOIBEMHBIX COOPYKEHUN VO-1 3auer. Bonpocsr 67-103
COOPYKEHUS YMeer onpeaensiTh OCHOBHBIC HATPY3KH, JISHCTBYIONINE HA COOPYKEHUE I1P-7 3auer. Bonpockr 67-103
Brnageer merogamu pacuera v IpOEKTHUPOBAHUS CYAONOABEMHBIX COOPYKEHUHN I1P-7 3auer. Bonpockr 67-103
3anstue 1 UnTterpanpHas [ICK- | 3Haer NpUHIMIIBI TOCTPOEHUSI HHTErPAJIBHON KPUBOM, €€ OCHOBHBIE CBOMCTBA I1P-15 3auer. Bonpocsr 14-19
KpuBas CTOKa H €¢ 3.1 YMeeT BbIIOJHUTE NOCTPOECHUE MHTErPAJIbHOM KPUBOM € LENbIO AAJIBHENIIErO I1P-15 3auer. Bonpocsr 14-19
MpUMEHEHUE pEryJIMpOBaHUs €CTECTBEHHOTO CTOKA
Bnaneer meronamu aHain3a HHTETpaibHON KPUBOH, TOCTPOCHHEM TpadUKOB I1P-15 3auer. Bonpocsr 14-19
Koj1e0aHuit ypoBHEN BOJBI.
3anstue 2. PerynmupoBanne | [ICK- | 3HaeT MeToap! aHaIM3a MHTErPaIbHOM KPUBOW IS MTOCTIEAyIOIIero peryiuposanus | 11P-15 3auer. Bonpockr 14-19
CTOKa C TTIOMOIIBIO 3.2 CTOKa
WHTETPATLHON KPHBOM YMeer onpeaeanTh KojebaHus BOJIbI B BEPXHEM U HIDKHEM Obedax, I1P-15 3auer. Bonpockr 14-19
BrameeT MeTomaMu CTaTUCTHYECKOT'O aHAIIN3a JJIS ITOCTPOSHUS KPUBOMH I1P-15 3auer. Bonpocs 14-19
00€ecIIe4eHHOCTH MOIIHOCTH
3ansarue 3. MuoronerHee 1 | [ICK- | 3HaeT BUIBI peryavpOBaHUs CTOKA IO BPEMEHHOMY TIEPHOIY I1P-15 3auer. Bonpocsr 20-26
JpyTHe BUIBI 3.1 YMeeT onpeaensTh eMKOCTh BOJOXPAHWIINIIA JJIsl PETYJIMPOBAHHS CTOKA I1P-15 3auer. Bonpockr 20-26
peryJmpoBaHus CTOKa Bnazgeer Mmerogamu onpeneneHus padodeii rapaHTUPOBaHHOM MOIIHOCTH, eMKkocTd | I1P-15 3auer. Borpocsr 20-26
BOJIOXPaHMIMINA
3anstue 4. ['uapanuueckue | [ICK- | 3HaeT Ha3HadeHME TIIABHON YHUBEPCAIBHON XapaKTePUCTUKU TypOWHEI, I1P-5 3ader. Bonpocsr 27-45
TypOWHBI, CITUPaIbHBIC 3.1 YMeer BRINOTHUTH MOI00P TYpOUHBI, TOCTPOUTH Pabodyto XapaKTepPUCTUKY I1P-5 3auer. Bonpocsr 27-45
KaMephl U OTCACHIBAIOIIE TypOUHBI
TpyOBI Brageer merogamu pacuera CnupaIbHBIX KaMep U OTCACHIBAIOIINX TPYO I1P-5 3ader. Bonpocsr 27-45
3ansTue 5. [ICK- | 3Haer coctaB MEXaHWYECKOT0 ¥ JHEPreTHIecKoro ooopynoBanus 3aanus [ OC I1P-5 3ader. Bonpocsr 46-53
OnekTposHeprerudeckoe v | 3.2 YMeeT NpUMEHSITh OCHOBHBIE 3aKOHBI (PU3UKH U MEXAHUKH JJIsl TPOCKTUPOBAHUS I1P-5 3auer. Bonpocsr 46-53
MeXaHHYecKoe 9JIEKTPOIHEPreTHYECKOro 000py0BaHHS U BOZONIPHEMHBIX COOPY>KEHHUN
obopynosanue I'9C Bnageer merogaMu onpeneneHns OCHOBHBIX pa3MepPOB IMAPOreHepaTopa U I1P-5 3auer. Bonpocsr 46-53
Tparcdopmaropa, pa3MepoB TypOMHHOTO OJI0Ka
3ansTtue 6. Tunsl 3gaHni [ICK- | 3Haer ocHOBHBIE 25eMeHTHI 30aHus ['DC, OCHOBHBIE IPUHIUIIBI CO3aHUS I1P-5 3auer. Bonpocsr 56-63
CTaHUMH U UX OCHOBHBIE 3.1 MACCHBHBIX COOPY>KEHHH
QJIEMEHTBI YMeeT onpeaenuTs OTMETKY YCTAaHOBKH pabodero Kojeca TypOHHbBI, OCHOBHBIE I1P-5 3auer. Bonpocst 56-63
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napameTpsl 3aadusg ['9C
Bnaneer meronamu npoektupoBanust 31anust [ DC 1 MIOTHHBI, cIoco0aMu I1P-5 3auer. Bonpocsr 56-63
KOMITOHOBKH OCHOBHOr0 00opynoBanus 31anust [ 9C
9 | 3amsTHe 7. [ICK- | 3HaeT oCHOBHBIEC IPUHIMITBI KOMIIOHOBKH T'HIPOY3J1a, OCHOBHBIEC CXEMBI ITOBOIA I1P-5 3auer. Bonpockr 55-66
[IpoexTupoBanue 31aHMI 3.2 BOJIbI K TypOMHAM
I'OC u TypOMHHBIX Ymeer pazpaboTath y3Ibl KpeIUICHUS pyciia B HIKHEM Obede I1P-5 3auer. Bonpock 55-66
Tpy6OIpoBo10B Brnageer merogamMu poeKTHPOBaHUS OCHOBHBIX KOMIIOHEHTOB I1P-5 3auer. Bonpockr 55-66
THJIPOIHEPTeTHUECKOTO y3JIa
9 | 3ansTue 8. Cyxue u [ICK- | 3Haer Harpy3ku, AEHCTBYIONIME Ha CyXUE U IIJIaBy4He JOKH, MPUHIUIIEI pacuera o | [1P-15 3auer. Bonpockr 86-102
riaByuue 1oku. Hamueaeie | 3.1 IPEICNBHBIM COCTOSHUSIM
JOK-KaMephl YMeeT BBITIONHUATE pacueT KOHCTPYKIIMK CYXOro JIOKa U €ro OTJICNbHBIX 3JeMenToB | [1P-15 3auer. Bonpockr 86-102
Bnazeer MerogaMu pacuera Cyxoro J0Ka Ha BCIUIBITHE, METoAaMu pacuera qauma | [1P-15 3auer. Bonpocsr 86-102
10 TIEPBOM TI'PYIIIE NPeIeTbHbIX COCTOSHUM.
9 | 3ansTHe 9. DIIHMHTH U [ICK- | 3Haer ocCHOBHBIEC MPUHIIUITEI PaOOTHI JUTMHTOB U CIIUIIOB, HATPY3KH, feiicTByromue | 11P-15 3auer. Bonpocer 73-84
CITHTIBI 3.2 Ha HUX
YMeeT ompeeNuTh IIaHOBBIE W BRICOTHBIC pa3Mephl, ONPENEIUTh TATOBEIC yemmus, | [1P-15 3auer. Bonpocsr 73-84
BBIITOJTHUTH NPOBEPKY HA CAMOCITYCK
BrameeT MmeromaMu pacuera M MPOSKTUPOBAHUS JITMHTOB M CIIMIIOB, METOIOM I1P-15 3auer. Bonpocrr 73-84
OIpPENIeNIeHNs] KOJIMYECTBA TOPOXKEK M CEKIIU TeIekeK

* Pexomenmyembie (GopMbI OIleHOUHBIX cpencts: 1) yerwbiii onpoc (YO): cobecenoBanune (YO-1), komtoksuyMm (YO-2), nokman, coobmierne (YO-3), Kpyriislii CTON, AACKYCCHS, MOJIEMUKA,
mucnyT, nebatet (YO-4); 2) texuudeckue cpenctsa koHTpodst (TC): tpenaxep (TC-1); 3) nucemennsie pabotsl (I1P): Tectsr (ITP-1), konTponbHbie pabotsl (I1P-2), acce (I1P-3), pedepats
(TTP-4), kypcoBbie pabotsl (ITP-5), Hay4HO-y4eOHbIe OTUETHI [0 MpaKTHKaM win 1abopatopHsie pabotsl (ITP-6), koncnekr (ITP-7), moptdonuo (ITP-8), npoekr (I1P-9), nenosas mnu ponesas
urpa (ITP-10), keiic-3amaua (ITP-11), paGouast Terpazap (ITP-12), pacuerHo-rpaduueckas padora (ITP-15), TBRopueckoe 3amanue (I1P-16)

Il kana oueHnBaHusi ypoBHsSI CGOPMHPOBAHHOCTH KOMIIETEeH U

JTanpl
Ko u popmynuposka
(hopmupoBanus KpUTepuH nokasare/u
KOMIIeTeHIMH
KOMIIeTeHIMH

MK-10 3HAET OcHOBHBIE 3aKOHBI (PU3HKH, - 3HaeT OCHOBHBIEC BOJTHO-YHEPIeTUYECKUE PECYPChI, THIIbI SHEPTETUIECKUX
3HaHHEM Hay4YHO-TEXHHUYECKOH | (IIOpPOroBbIii) COIPOTHBIICHUS MaTEPUAIIOB, YCTaHOBOK;
UH(pOPMAIUH, OTEYECTBEHHOT O CTPOHUTENBHON MEXaHUKH, - 3Ha€T OCHOBHBIE PUHIUIBI IPOEKTHPOBaHMs 31aHus [ DC, OCHOBHBIE THUITBI
1 3apyOeKHOI0 OIBITA 110 3/IaHUNA U UX JJIEMEHTHI;
IPOQUITIO AESITENbHOCTH - 3Ha€T OCHOBHBIE THIIBI CYJIONIOIbEMHBIX COOPYKEHUI

yMeeT [IprMeHATh 3aKOHOMEPHOCTH ITPH | - Y MEET ONPEAEATh CXEMBI HCIIOIb30BAHMSI BOJHOW SHEPTHH;

(mpoABHMHYTHIN) | IPOEKTUPOBAHUH - YMeeT pa3MecTUTh OCHOBHbIE KOMIIOHEHTHI B 3[JaHUH, BEIOpATh THUI U

THIPOTEXHUYECKUX COOPYKEHHH | KOHCTPYKLHIO BOAOIMPHEMHBIX YCTPOHCTB U TPYOOIIPOBOIOB;
- YMeeT onpeaensaTh OCHOBHBIE HArPY3KH, JEHCTBYIOINE HA COOPYKEHNE
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BJIaJIeeT CoBpeMeHHBIMU METOAaMHU - Bnageer cnocobamu omnpeziesieHus: pa3MepOB BOAOXPaHUIIUIL, METOAAMU
(BBICOKMIA) MIPOEKTUPOBAHUS OIPEJENIEHNs BOJONOTEPh U3 BOAOXPAHUIIMIL,
THAPOIHEPTETUUECKUX U - Bianeer meronamu pacuera u mpoekTHpoBaHus ocHOBHOro 31anHus ['0C u
CYJIOTIOTbEMHBIX COOPYXKEHUIM TypOMHHBIX TPYOOIPOBOIOB;
- Biianeer Merogamu pacuera v mpOeKTHUPOBAHUS CYIONIOABEMHBIX COOPYXEHU I
MCK-3.1 3HaeT OcHOBHbIE METO/IbI TEXHUKO- -3HA€T OCHOBHBIE BUJIbI PETYJINPOBAHUS CTOKA;
CIOCOOHOCTBIO pazpabaTheiBaTh | (IIOPOTOBBIIA) 9KOHOMHUYECKUX 000CHOBaHUIA, - 3HA€T IPUHLMIIBI IIOCTPOEHUS HHTErPAJIILHON KPUBOI, €€ OCHOBHBIE CBOWCTBA;
MIPOEKTHI TEXHUKO- - 3HAaeT BUJBI PETYIUPOBAHMS CTOKA [0 BPEMEHHOMY TEPHUOAY;
9KOHOMHYECKOr0o 000CHOBaHUS - 3HAaeT HA3HaYCHHE TJIABHOH YHHBEPCAIBHOW XapaKTEPUCTHKH TypOUHBI;
THUAPOTEXHUYECKUX - 3HaeT OCHOBHBIE 371eMeHThI 31aHusd ' DC, OCHOBHBIE IPUHIUIIBI CO3/IAHUS
COOPYXEHUI PA3IUYHbIX BUJIOB MAaCCHUBHBIX COOPY>KEHUII;
Y UX KOMIUIEKCOB, a TAaKXKe - 3HAeT Harpy3KH, JAEHCTBYIOMINE HA CyXHE U TUIAByYHe JOKH, IPUHIIHITHI pacdeTa
PYKOBOJHMTH pa3paboTKOM 10 MIPEIEIbHBIM COCTOSHUSIM.
TEXHUYECKOro u pabodero yMeeT BEIIOTHATS OCHOBHBIE PacyeThl - YMeeT CTpOuTh M aHATM3UPOBATh HHTETPAIBHYIO KPUBYIO CTOKA;
IIPOEKTOB 3TUX COOPYKEHUH C (TpOIBUHYTHIN) | TIO IPOYHOCTH U HECYIIEeH - YMeeT BBIIOJIHUTG IIOCTPOEHUE UHTETPAIBHON KPHUBOH C LIEBIO aJbHEUIIEro
HCIOIB30BAHUEM CPEJICTB CIIOCOOHOCTH BCEr'O COOPYXKEHUS | peryIMpOBaHUs €CTECTBEHHOIO CTOKA;
aBTOMAaTHU3UPOBAHHOIO U €ro DJIEMEHTOB, B T.4. C - YMeeT onpenensaTs EMKOCTb BOIXOXPAHWINIIA U PErYJINPOBAHUS CTOKA;
MIPOEKTUPOBAHUS HCIIOIB30BAaHUEM PACUETHO- - YMeer BBINOIHUTD TO00p TypOMHBI, TOCTPOUTH Pab0dyI0 XapaKTEPHCTHKY
BBIYHMCIUTEIBHBIX KOMIUIEKCOB. TypOUHBI;
- YMeeT onpeneauTb OTMETKY YCTaHOBKH pabodero Kosieca TypOUHBI, OCHOBHBIE
napamerpsl 3gaaus ' 9C;
- YMeeT BBIIOIHUTB pacdeT KOHCTPYKIUHU CYXOro T0Ka U €ro OTAEIbHBIX
3JIEMEHTOB.
BIIAZICET Meronamu ogdopa THIIOB - Biiageetr MeTrogamu perynmmpoBaHuUs CTOKA;
(BBICOKHIA) CyZIONOIBEMHBIX COOPYKEHUM; - Brageer MeTomaMu aHaM3a HHTETpaIbHOM KPUBOH, TOCTPOCHUEM TPpaUKOB
MeronamMu oNTUMaIBHOIO Kole0aHM ypOBHEH BOIIBL,
pa3MeIIeHUsT OCHOBHBIX - Bnapeer meropamu onpenenenus padodel rapaHTUPOBAHHON MOIIHOCTH,
KoMIoHeHToB ['DC €MKOCTH BOJOXPaHUWIIUIIA;
- Bnapeer meropamu pacuera cCiupaibHBIX KaMep U OTCachIBAOIIUX TPYO;
- Bmageer meronamu nipoextupoBanus 3qaawst ['OC U MIOTHHEBL, CIOCOOAMH
KOMITOHOBKH OCHOBHOTO 00opynoBanus 3nanus ['3C;
- Biageetr Merogamu pacdera cyxoro Joka Ha BCILIBITHE, METOAAMH pacyera
JTHUINA 110 TIEPBOM rpynne NpeenbHbIX COCTOSHUI.
IICK-3.2 3HAET TexHOIOruI0 ¥ OpraHu3aIuo - 3HaeT OCHOBHBIEC CCTEMBbI TYPOMH U MX NapaMeTPbl, OCHOBHOE MEXaHUYECKOE U
CIIOCOOHOCTBIO OPraHU30BaTh (moporoBblif) paboT B THAPOTEXHUUECKOM anexTpuueckoe odopynosanue ['9C;

pa60Ty KOJIJICKTHBA
HCHOHHHT@HGﬁ, IJIAHUPOBATH

CTPOUTCIILCTBE

- 3HAC€T MCTObI aHAJIN3a HHTeraJ'ILHOfI KpHBOﬁ JJI1 MOCJICAYIOLICT O
PEryjnpoBaHus CTOKA,
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BBITIOJTHEHUE pa0oT 110
MIPOEKTUPOBAHUIO,
CTPOUTENHCTBY, MOHUTOPUHTY U
TEXHUYECKOU 3KCILTyaTaluu
TUIPOTEXHUYECKUX
COOPY>KEHUH U UX KOMILIEKCOB,
MPUHUMATh CAMOCTOSITENIbHBIE
TEXHUYECKHE PEeIIeHUS]

- 3HACT COCTaB MEXaHWYECKOT0 M dHEpreTuyeckoro odopynoBanus 3aanus ['9C;

- 3HaeT OCHOBHBIC MPUHITUITBI KOMIIOHOBKH THAPOY3J1a, OCHOBHBIC CXEMBI ITOABOIA
BOJIBI K TYpOHHAM;

- 3HAeT OCHOBHBIC MPUHITUIIBI PA0OTHI AJUTMHIOB M CITMIIOB, HATPY3KH,
JIEUCTBYIOIIME HA HUX.

yMeer [TmanupoBathk paboTHI 1O - YMeeT BBIMOJIHUTE MTOA00p TYPOHHEI, OTPENIETUTh €€ OCHOBHBIE XapaKTEePUCTUKU;
(TIpOoABUHYTHIN) | MPOEKTUPOBAHUIO U - YMeeT onpeenuTh KojiedaHus BOJIbI B BEPXHEM M HUXKHEM Obedax;
MOHUTOPUHTY THAPOTECXHUYCCKUX - YMmeer IMPUMCHATH OCHOBHBIC 3aKOHBI (1)I/ISI/IKI/I 1 MCXaHUKU JJIA IIPOCKTUPOBAHUSA
COOpYKEHUH. 3JICKTPOIHEPreTHUECKOr0 000PYI0BAaHUS M BOJOIPUEMHBIX COOPYKEHHIA;
- YMeeT pa3paboTath y3Jibl KPEIUICHUS Pyclia B HUXKHEM Obede;
- YMmeer ONpEACIUTD IJIAHOBBIC Y BEICOTHBIC Pa3MEPLI, OIIPEACINUTD TATOBLIC
YCHJINS, BBIIIOJIHUTD IIPOBEPKY HA CAMOCITYCK.
BIIAJICET CriocoOHOCTBIO CaMOCTOSITENBHO | - Biiajgeer MeTojamu aHanm3a rliaBHON YHHUBEPCAJIbHON XapaKTePHCTHKH TYPOHHBI,
(BBICOKMI) BBIITOJIHATE BOJHO- MIPOEKTHUPOBAHUS CIMPAIBHBIX KAMEP U OTCACHIBAIOUINX TPYO;

JHEPreTUYECKUE PacCUeThl;
IIpuHrMaTh 000CHOBAHHBIC
TEXHUYECKHE PELICHHSI 110
MIPOEKTUPOBAHUIO
CYJIOTIOZbEMHBIX COOPYXKEHUH.

- Biiagieer meTogamMu cTaTUCTHYECKOIO aHANIM3a IS TIOCTPOCHUS KPUBOM
00€eCIIeueHHOCTH MOII[HOCTH;

- Brnaygeer MeroiaMu onpeneneHsi OCHOBHBIX Pa3MEpOB THAPOTreHepaTopa U
TpaHcdopmaropa, pa3MepoB TYPOHHHOIO OJIOKa;

- Brnayjeer MeroiaMu MpOEKTUPOBAHUS OCHOBHBIX KOMIIOHEHTOB
THJIPOIHEPTETUIECKOT0 y3I1a;

- Brnajeer Meroiamu pacuera ¥ MPOSKTUPOBAHUS JUTMHTOB M CIIUIIOB, METOJIOM
OIpe/IeNICHNs] KOJTMYECTBA JIOPOXKEK M CEKITUI TEIEKEK.
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MeToauyeckne peKOMEH ALY, ONpeessaole Npoue1ypbl OLCeHUBAHUSA Pe3yJIbTATOB
OCBOCHUSA THCUHMIINHBI

Texkymas arrecranus CTyAeHTOB. Tekymias arrecraluus CTYJEHTOB II0 IUCLUILIAHE
«'maposHepreTuyeckue W CyAONOABEMHBIE COOPYKECHHUS» IPOBOJUTCA B  COOTBETCTBUU C
JIOKaJIbHBIMU HOPMaTUBHBIMU akTaMu J[BDY u siBisercs 00s3aTenbHON.

Texkymas arrecraumss 1o aucuMiuiMHe «['maposHeprernyeckue W CyJOIOJABEMHBIE
COOPY)KEHHsI» MPOBOAUTCS B (JOPME KOHTPOJIBHBIX MEPOTIPUITUI (3awumel npakmuueckoll pabomul,
3auuma Kypcogoz2o npoekma) 1O OLEHUBAHHIO (DAKTHYCCKUX PE3YJIbTATOB OOYYEHHS CTYICHTOB W
OCYUIIECTBJISICTCS BEAYILMM IIPETIOIaBATEIIEM.

OObeKTaMu OLIEHUBAHUS BBICTYAIOT:

- yueOHasi AUCUUITINHA (AKTUBHOCTh Ha 3aHSTUSAX, CBOEBPEMEHHOCTh BBIMOJIHEHH S PA3IMUHbIX
BUJIOB 3aJJaHMi, IOCEHIaeMOCTh BCEX BUJIOB 3aHATHUH MO aTTECTyeMOW AUCIIUIUIMHE);

- CTEIIEHb YCBOCHMS TEOPETUYECKUX 3HAHUN;

- YpOBEHb OBJIAJICHUS NPAKTUYECKUMU YMEHMSIMH U HaBbIKAMHM IO BCEM BHUAAM Y4eOHOM
paboThl;

- Ppe3ylbTaThl CaMOCTOSITEIbHOW paboThl (3aJaHUS W KPUTEPUU OLIEHKH pa3MelIeHbl B
[Tpunoxenuu 1)

IIpome:xxyToyHasi arrecTaumMsi CTyAeHTOB. I[IpoMexyrodyHas arrecranusi CTYIEHTOB IIO
TUCHUITIMHE «[ MApOIHEPreTHUECKUE U CYIONIOABEMHBIE COOPYKEHHS» IPOBOJINUTCA B COOTBETCTBHUM C
JIOKaNbHBIMU HOpMaTHBHBIMU akTamu JIBDY u sBnsercs o6s3aTenbHOM.

Buapl mpoMeXyTOUYHOM aTrTecTaluu — 3a4eT C OLIEHKOW — MUChbMEHHBIN OTBET. B pesynbrare
MIOCCILEHUS JICKIUM, MPAKTHYECKUX 3aHATUH M CEMUHApOB CTYIEHT IOCIENOBATEIbHO OCBAaWBAET
MaTepHaibl TUCUUIUIMHEL. B X01€ IpOMEXyTOYHOM aTTecTalui CTYACHT NPEACTABIIAET BBIIIOJHEHHBIC
CaMOCTOSTEJIBHO pacyeTHO-Trpauyeckue 3ajaHns U OTBEYAET Ha MPEAJIOKECHHbIE BOIIPOCHI.

TunoBble BONPOCHI K IK3aMeHY (3a4eTy)
. 'maposueprerrueckoe crpontesiectBo B CCCP u PO.
Bonnas sHeprust 1 ee 3anachl.
HcrouHuku sHEprum.
Turmbl ruAPOIHEPreTHUECKUX YCTAHOBOK.
CxeMblI UCTIOJIL30BaHMSI BOAHOM 3HEpruu. [ oTuHHAS 1 IepUBaMOHHAS CXEMBI.
CxeMbl UCTIOJIL30BaHMsI BOJHOM sHepruu. [ InotuHHO-AepuBalionHas cxema v kackapl ['IC.
. Oco0ble cxeMbl UCIIOJIB30BaHMsI BOJJHOM 3HEprHu.
Cxema HaCOCHOIO aKKyMYJIMPOBAHUsI SHEPTHU.
. Cxema HCTIOJIb30BaHMS SHEPTUHU [IPHIIUBOB.
0. MotHocTh 1 SHEprust, BeipadatbiBacMas [ OC.
11. Twrel BOXOXPAHWIMII] U KX XaPaKTEPUCTHKH.
12. OcHoBHBIE BUIBI PEryTMPOBAHUS CTOKA.
13. ObecrieueHHOCTh TapaHTUPOBAHHOW OTIA4M BOIOXPAHIUIIA.
14. NnrerpanbHas KpUBast U €€ aHaIH3.
15. UnrerpanbHas KprBast B KOCOYTrOJIbHOM CHCTEME KOOP/IMHAT.
16. 3amaya o0 MOJIHOM pPEryITMpPOBaHNUH CTOKA.
17. Ce3zonHoe perynmpoBanue croka. OnpesieneHue peryaIMpoBOYHbIX PACXO/IOB.
18. Ce3zonnoe perympoBanue croka. ['paduxu konedanus o6emMoB 1 yposHeii B Bb u Hb.
19. Cesonnoe perynpoBanue croka. ["paduxu koreOaHus HaopOB ¥ MOIITHOCTEH.
20. PerynmupoBaHue CTOKA 110 TUCTIETYEPCKOMY TpaduKy.
21. Crpykrypa u rpaduk Harpy3Ku eKTPOIHEPIETUUECKHX CHCTEM.
22. HeorpaHn4yeHHOE CyTOYHOE pEryJIMpoBaHue. MayioBOHbII IepHOI.
23. HeorpanndeHHOE CyTOYHOE peryipoBaHue. [1epro; BRICOKOH 1 cpeTHeil MeKeHH.
24. OrpaHNYeHHOE CYTOYHOE PETyITPOBAHIIE.
25. Onpenenenre eMKOcTH Obeda 1 6acceiiHa CyTOYHOTO PETyTHPOBAHUS.
26. YcranosneHHast MotHocTs [ OC.

BOooo~No~wWNE



27.
28.
29.
30.
3L
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
. OtcacpbIBaroye Tpyobl M UX Ha3HAUYEHUE.
45,
46.
47.
48.
49.
50.
51
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71

72.

73.
74.
75.
76.
7.
78.

Cucremsl TypOrH. OceBble TypOUHBL.

OcHOBHOE ypaBHEHHE padOThI TYPOUHBEI.

Butpl o006t mpy MOICTTMPOBAHUH TYPOUH.

YpaBHeHHe TI0100UsT TYpOHH.

Koaddurment GpICTpOX0THOCTH TYpOUH.

Kapurarus B TypOuHax.

YcnoBuysi BO3HUKHOBEHMS KABUTALIMK B TypOHHAX.

XapakreprcTuky TypOuH. [ TaBHast yHHBepcaIbHas XapaKTepUCTHUKA.
XapakTepuCTUKU TypOrH. DKCIUTyaTalOHHAS XapaKTePUCTHKA TYypOUH.
XapakrepucTuku TypOuH. Pabouast xapakreprcTuka.

Homenkrnarypa 1 MapkupoBKa TypOUH.

Br16op ruapomexanndaeckoro obopynosanus 3nanusi [ IC u noctpoeHne padboueit Xa-pakTepUCTUKH.
Onpenenenne CpeHEB3BEIIEHHOTO KOA(dUIMEHTa MOJIE3HOTO JISUCTBUSI.
CrmpanbHble kKamepbl. XKene300eTOHHbIE CITUPAITBHbIE KaMEpBbI.

CrmpanbHble kKamepbl. CTabHbIE U CTAIEKENE300€TOHHbIE CIMPATTbHBIE KaMEpBhI.
PacueT crimpanbHBIX KaMep TaBpOBOTO CEUCHHSL.

PacueT crimpanbHBIX KaMep KPYIJIoro CEYEHUS.

Pacuyer orcaceiBarormx Tpyo.

Twurb! 1 mapamMeTpbl THAPOT€HEPATOPOB.

KoHcTpyKimm ruiporeHepaTtopos.

Cuctembl OXJIXKIECHUS THIPOT€HEPAaTOPOB.

Cuctembl BO30YKIEHHSI THAPOTEHEPATOPOB.

OneKTpuyecKas 4acTh TUIPOArperaTos.

Twuriel 1 mapameTps! TpaHCHOPMATOPOB.

Pa3mernienrie n ycraHoBKa TpaHc(hOpMaToOpOB.

[ompemuo-TpanchopmaropHoe obopynoBanue ['IC.

OcHOBHBIE U crieluaIbHbIEe THIILI 30aausI I OC.

Bogponpuemuuku pycioBbix ['9C.

Bononpuemuuku npuruiotiHHbIX ['OC.

[IpoexTupoBanme TypOMHHBIX Kamep.

[poexTupoBaHe 0TCaChIBAIOLIHX TPYO.

Hwxasa maccuBHas vacthb 3qaaust I OC.

Bepxuee ctpoenue 3aanus ' 9C. MaiHHbIHN 3a1.

Bepxunee ctpoenue 3qanust ' 2C. MoHTaXHAs TUIOMIAIKA.

[IpoexTupoBaHe ruapoarperaTHoro OJIokKa.

OrmpernienieHre BBICOTHOTO U IUIAHOBOTO pacnioniokenue 3nanus ['IC.

Tunb! TypOHMHHBIX TPYOOIIPOBO/IOB.

Tpacca TpyOOIPOBOIOB U CXEMbI IOJIBO/IA BOJIbI K TYpOHUHAM.

Konctpykimu TpyOOIpoBOIOB U HX OTIOP.

Knaccuduxarms 1 0CHOBHbIE 371EMEHTBI CYTOPEMOHTHBIX MPEAPHUSTHIA.
Knaccuduxarys 1 0CHOBHBIE 37IEMEHTBI CYIOCTPOUTENBHBIX IPEAIPHSTHIA.
Pacyer uncna JOKOBBIX MECT U IOCTPOEUYHBIX IIPHYATIOB.

KommoHoBKa CynoCTpOUTENBHBIX U CYAOPEMOHTHBIX MPEAIPHUATHIA.
Knaccuduxarms cy1onoabeMHBIX COOPYKEHHUI ¢ HAKIIOHHOM TIOCKOCTBIO MO0 MECTY PaCIONIOKEHHS
PEMOHTHPYEMBIX CYJIOB U PACHOJIOKEHHUIO CY/IHA BO BpEMS ITOTbEMA
Knaccuduxarmss cymnonoqseMHBIX COOPYKEHHH C HAKJIOHHOM TUIOCKOCTBIO M0 KOH-CTPYKIIMU
CYZIOBO3HOT'O 000PY/IOBaHHSL.

Crioco0bl TiepeBo/ia CyJIOB Ha TOPU30HTATBHBIE CTATEIbHBIE MECTA.
KoHcTpyKimu Cy0BO3HBIX ITyTeH JUTMHIOB U CIIUIIOB.

Onpezenenre KOJIMYeCTBa JOPOKEK U CEKLINI TENIEKEK HA AIUIMHTax U CIIUIAX.
OrnpernerneHre 1eMEHTOB TPOJIOIHFHOTO IPOQUIIS HAKIIOHHOM YacTy HJUTHHTA U CITUTIA.
Onpezenenre aHOBbIX Pa3MEPOB IUIUHIOB U CIIUTIOB.

Ornpenenenye TAroBbIX YCWIMI Ha AIMHrax U ciaunax. [ poBepka Ha camocITyck.
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79. Harpy3ku 1 BO3/IeHCTBUSI HA CYJIOBO3HBIE ITyTH CITUIIOB.
80. Harpy3ku 1 BO3/1eiiCTBUSI HA CYJIOBO3HBIE ITyTH JUTHHTOB.

81. Pacyer CyI0OBO3HBIX ITyTeH AUTMHIOB M CJIUTIOB Ha MIMATEHO-0AITACTHOM OCHOBAHHU.
82. Pacuer cyZ0BO3HBIX IyTEH JUIMHIOB U CIIMIIOB HAa CBAHOM OCHOBAHHHU.
83. Pacuer cy0BO3HBIX ITyTEl IUIMHIOB U CITUIIOB HA TUIATAX.
84. Pacuer cyZ0BO3HBIX ITyTEH JUIMHIOB U CIIUIIOB IT0 BTOPO# TPYIIIE NPEASTBHBIX COCTO-SIHHIA.
85. Kiaccudukarms cyxux JJOKOB.
86. OCHOBHBIE IIEMEHTHI CYXOT'0 JIOKA.
87. Ompenernenyre rabapuTHBIX Pa3MepOB KaMePhI CYXOTO JIOKA.
88. 3arBOpBI CYXHX JIOKOB.
89. TexHonoruueckoe 00OPYI0BAHHE CYXUX JIOKOB.
90. Harpy3ku, IEHCTBYFOIIHE HA JIOK.
91. Pacyer Harpy3Ku Ha JTHUIIIE CYXOTO JIOKA OT CY/IOB.
92. Coueranue Harpy3oK, JICHCTBYFOIMX Ha CYXOH JIOK.
93. Pacuer kamep rpaBUTAIMOHHOTO THITA HA BCIUIBITHE.
94. KoHeuHO-3IeMeHTHAs pacyeTHast CXeMa CYXOro JIOKa.
95. (Cxema COBMECTHOTO pacdera CTeH U JIHUIIA CYXOTO JIOKa.
96. Kamepbl CyxuX JIOKOB C JIPSHAKHOW CHCTEMOM.
97. KamepbI cyxux JIOKOB 3aaHKEPEHHBIE CBASIMU U OCOOCHHOCTH MX pacyera.
98. Kamepsl cyxux JIOKOB 3aaHKEPEHHBIE TATAMH H OCOOCHHOCTH MX pacyera.
99. ®wIETpaIMOHHBIN pacyeT Kamep CyXoro J0Ka.
100. HammiBHBIE nOK-Kamepbl. OnperierneHie pa3sMepoB KaMepsbl.
101. Knaccudukarws IiiaBydrx JJOKOB M MECTO UX YCTAaHOBKH
102. PackpernieHne TIaByIrx JOKOB
103. BeprukaibHbIE CyI0TOIBLEMHHIKH.
OueHoYHbIE CPeACTBA VISl TEKYIIeH aTTecTaluu
Kputepun BbIcTaB/IeHUS] OLIEHKHU CTY/IEHTY Ha 3a4yeTe / IK3aMeHe
no qucuuniuHe «'uaposHepreTuyeckue u cya0noaAbLeMHbIe COOPYKEHHS»
Banabt Ouenka 3auera/
(pefiTuHTOBOM IK3aMeHa TpedoBanus K c¢OpMUPOBAHHBIM KOMIIETEHIIUAM
OIICHKH) (cranmapTHas)
100-86 «3aumenoy/ Ol1leHKa «OTJIMYHO» BBICTABIISIETCS CTY/ICHTY, €CIIH OH MITYOOKO U TIPOYHO
GasioB «OMIAUYHO» yCcBOMII HpOI‘paMMHBIﬁ MaTepurall, iCUEPNbIBAIOIIE, ITOCIE€A0BATEIbHO, YETKO U
JIOTUYECKH CTPOMHO €T0 U3JIaraeT, yMeeT TECHO YBSI3bIBATh TEOPHIO C
MPaKTUKOM, CBOOOIHO CIIPaBIIAETCA C 3aadaMH, BOIIPOCAMHU U IPYTUMHU
BHUJIAaMU IPUMEHEHUS 3HAHUH, IPUYEM HE 3aTPYAHSETCS C OTBETOM IIPU
BUJIOM3MEHEHHH 33IaHHi, UCIIOB3YET B OTBETE MaTepUall MOHOTpapUIECKO
JUTEPATYPHI, TPABUIEHO 00OCHOBEIBAET MIPUHATOE PEIICHHE, BIaICET
Pa3HOCTOPOHHHUMH HABBIKAMH 1 IPHUEMAaMU BBIITIOJIHECHHUA MPAKTUICCKUX 3a0a4.
85-76 «3aumenoy/ Or1eHKa «XOPOII0» BBICTABIISIETCS CTYACHTY, €CIIM OH TBEPAO 3HAET MaTepHall,
0amioB «XOpoULoy TPaMOTHO U 110 CYHIECTBY U3JIaraeT €ro, He JOIIYCKasl CYyIIECTBEHHBIX
HETOYHOCTEH B OTBETE Ha BOIIPOC, MPAaBWIBHO NPUMEHACT TEOPETUICCKUE
TIOJIOXKEHUA IIPU PEIICHUHN MPAKTUICCKUX BOIIPOCOB U 3aJ1a4, BIIAJACET
HCO6XOIII/IMLIMI/I HaBBIKAMH U IIPUEMaMU UX BBITTIOJTHCHUS.
75-61 «3aumernoy/ O11eHKa «YIOBJIETBOPUTEIHHOY BBICTABIISIETCS CTYICHTY, €CIIH OH MUMEET
Oarn «y0061emeopumenbHOy | 3HAHHUS TOIBKO OCHOBHOTO MaTepHalla, HO He YCBOWII €ro JIeTalel, ToIycKaeT
HETOYHOCTH, HEAOCTATOYHO ITPABUIJIBHBIC CI)OpMyJII/IpOBKI/I, HapymeHuA
JIOTHYECKOM TIOCJIIEAOBATEIIBHOCTHA B U3JIOKEHUU ITPOTrpaMMHOI'0 MaTe€praia,
HCTIBITBIBACT 3aTPYAHCHUSA TPH BBIITOJIHCHUN MMPAKTUICCKUX pa60T.
60-50 «He 3aumeHnoy/ Or1eHKa «HEYIOBIIETBOPHUTEIIEHOY» BBICTABIIICTCS CTYIACHTY, KOTOPBIA HE 3HAET
0amioB «Hey008 3HAYUTENBHON YaCTH NPOrPaMMHOI0 MaTepHuaa, 10MyCKaeT CylleCTBEHHbIE
OIIII/I6KI/I, HCYBCPCHHO, C OOJIBIIIUMU 3aTPYAHCHUAMU BBIIIOJTHACT MMPAKTUICCKUC
pa6OTLI. Kak IpaBUJIO, OLICHKA «HCYAOBJICTBOPUTCIIbHO» CTaBUTCA CTYJACHTAM,
KOTOPBIC HC MOT'YT IPOAOJZKUTDH 06yqu1/Ie 0e3 JOIIOJIHUTCIBbHBIX 3aHATHH IO
COOTBCTCTBYIOIICH JUCITUIIIIMHC.
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METOIUYECKHUE YKA3ZAHUSA K PACYUETHO-TPA®UYECKUM PABOTAM
l. HuTerpanbHasi KpuBasi CTOKAa U OCHOBHbIE napameTpbl ['IC
Beenenue

[IpakTueckue 3aHATUS IOCBSILIEHBl BOIPOCAM CE30HHOTO pEryjJupOBaHMsl CTOKa JJs
SHEPTEeTUYECKUX IIeJIell U CYTOYHOTO PETyIHPOBaHUA, TOA00pY THAPOMEXaHHUECKOTO 000pyI0BaHUS
snanust ['DC, pacuety cOOpyKEeHHUM, MOABOSIINX BOTy K TYpOMHE OTBOASIINX €€ OT TypOHH.

LensiMu MpakTUYECKUX 3aHATHH SBJISIOTCS:

® 3aKpEIUICHUE NIOJYYEHHBIX TEOPETUUYECKUX 3HAHUI;

e TnpuoOpeTeHrue HEOOXOTUMBIX HABBIKOB HpH paboTe CO CHpPaBOYHOW, HOPMATHUBHOU U
TEXHUYECKOU JIUTEPATypOu;

3ajayaMy MPAKTUYECKUX 3aHATUHN BIIETCS pa3pabOTKa CIEAYIOIINX OCHOBHBIX BOIIPOCOB:

® pacyeThl 10 CE30HHOMY PEryJIMpOBaHUIO CTOKA JUIS LIeJIeH THIPOIHEPTETUKHY;

® pacyeTbl CYTOYHOIO pEryJIHMpOBaHHS CTOKa, OIpeleleHue rpaukoB  pabOThI
TUAPOSJIEKTPOCTAHIIMM B JHEPreTHYEeCKOM CcUCTeMe€ M BbIOOp YCTAHOBJIEHHOW MOIIHOCTH
TUPO3JIEKTPOCTAHIINH;

® OIpeielIeHHe Ha OCHOBAaHUM MPOBEJICHHBIX PACUE€TOB BOJHOIHEPIE€TUUECKUX XaPAKTEPUCTUK
I'2C;

® OTIpe/IeIICHNE OCHOBHBIX MMAPAMETPOB U XapaKTEPUCTUK TYypOHH;

e OorpeielieHre OCHOBHBIX Pa3MepOB U TapaMeTPOB I'HIPOTreHEPaTOPOB

e OoMpeielieHre pa3MepoB TYPOMHHBIX KaMep U OTCaChIBAIOIIUX TPYO.

1. Pacuer roamyHoro (Ce30HHOI0) peryJJMpPpOBaHMsl CTOKA JIJIsl JHEPreTHYeCKUX LeJsiei

Jli1g pacuera rOAMYHOTO PETrYJIMPOBAHUS CTOKAa HEOOXOAUMBI CIIEYIOIUE UCXOAHbIE TaHHBIE:

e ruporpad MajoBOJAHOTO TOJa;

® KpHBas CBS3U 00EMOB BOJOXPAHUIIUIIIA U YPOBHEHH;

® KpHBasi CBSI3U PAcX0JIOB M YPOBHEH B CTBOpE THIPOY3IIa;

® OTMETKa HOpMaJIbHOTO noAnopHoro ypoBHs (HITY);

® OTMETKa ypOBHS MepTBOro oobema (YMO);

® MaKCHUMaJIbHBI TYpPOMHHBIN PacXo/I.

Lenbto pacyeToB sBisieTCS oOlpenaeieHue rpaduka 3aperyJupoOBaHHBIX MOIIHOCTEH s
MajoBOJHOrO roja. [[is momydenus 3Toro rpaduka He0OX0AUMO MOCTPOUTH TpadUKU U MPOU3BECTU
pacueTsl B HIXKE CIEAYIOLIEM TOPSIKE.

1.1. 'maporpadg ObITOBOr0 CTOKA MAaJIOBOJAHOIO 0/

Ha nucte pynoHHo#t MuyuuMerpoBod Oymaru mupunoit 0,5 M BbeiuepuuBaercs ruaporpad
OBITOBOTO CTOKAa PACYETHOTO MAaJIOBOJHOTO ToJa IO 3aJaHHBIM BEJIMYMHAM CPEIHEMECSYHBIX
pacxomoB Qe = fi(t). Macitab ocu BpeMeHH ISl 3TOTO M MOCICIYIOINX IPadUKOB ClIeIyeT BbIOpaTh
2 em = 1 mecsr = 2,59-10° c. BeprukanbHbeiii MacmTad BeIMYUH BBIOMPAETCS B COOTBETCTBUM C
aurteparypoii [1].

[To BenmuymHE OBITOBBIX PACXOJOB OINpEAETSETCS 3HAUEHUE CPEeAHEroJoBoro pacxona Qo
KoTopoe HaHocuTcs Ha rumporpade (puc. 1.1). 3atem crtpoutcs KpuBas 3aBUCUMOCTH O0OBEMA

BOJIOXPAHWJIMIIA OT YPOBHS BOJIbI B HEM, a TaK)Ke KPHBasi CBSI3U PacXoJI0OB U YPOBHEH HWKHeEro oObeda
(puc. 1.1).
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1.2. UnTerpanbHasi KpUBasi CTOKA B KOCOYI'OJIbHOM cHCTeMe KOOPAUHAT U JIy4eBoi
Maciurao

ITocTpoeHre HMHTETpPaNbHOM KPUBOM €CTECTBEHHOI'O CTOKA BBINOJHAECTCS B KOCOYTOJIBHOM
cucTeMe KOOpAMHAT. DTO MOCTPOCHHE MOXKET OBITh BBINOJHEHO JHOO C MOMOLIBIO MPEeABAPUTEIHHO
MOCTPOEHHOTO JIy4eBOTO MacilTaba pacxoI0B, JTHOO Ha OCHOBaHHMH pacuera [2].

[Ipn mocTpoeHMM HMHTErpajibHOM KPUBOW IO JAHHBIM pPAcuyéra, HCIOJb3YETCs OJHO M3 €€
CBOWCTB, KOTOPOE 3aKIIOYAETCS] B TOM, YTO OPAWMHATHI TOYEK KPUBOW 0003HAYAIOT Pa3HOCTh MEXIY
CyMMapHbIM TPUTOKOM (ompezensieMbiM pacxogamu Q) M YCIOBHBIM PaBHOMEPHBIM CTOKOM
(ompenensiembiM pacxonoMm Qo) B paccMaTpuBaeMble MOMEHTHI BpeMeHH. it 3TOro HeoOXOIuMO
BBITIOJTHUTG Pacu€T, MPUMEpP KOTOpOro mpenactapieH B Tadn. 1.1. J{ns ympomenust pacuéra B HEM,
YCIIOBHO HE YYMTBIBAIOTCS TIOTEPU BOJBI Ha WCMapeHue, (QUIbTpamnuio, JbI000pa3oBaHue W T.II., a
TaKXke 100aBOYHBIN MPUTOK 3a CYET TAsTHUS JIbA, BBIMAIEHIE OCAJIKOB B MpeJesiaX BOJOXPAHIIIUINA U
T.II.

Ha ocHOBaHMM BBINIOJHEHHOTO pacyéra TMPOU3BOJAT TIOCTPOCHHWE WHTETPAIBHON KpPUBOU
MPUTOKA, YCTAHOBUB IPH O3TOM COOTBETCTBYIOIIMK MacmTad 00BEMOB, 0€3 MpenBapUTEIHHOTO
MOCTPOCHHUS JIydeBOro mMacmrabda pacxonos (puc. 1.1).

[Tpu n3BecTHON OTMETKE HOPMAJIHHOTO TIOAIIOPHOTO YPOBHS H IO 3aJaHHOM TIIyOHHE CpaOOTKU
BOJOXPAaHWJIHMIA Ha OCHOBAaHUHM TOMOTpPapUYECcCKOr €ro XapaKTepHCTUKH (KPUBOW 3aBUCHUMOCTH
00bEMOB BOJIOXpAaHUJIHMIIA OT YPOBHS BOJIbI B HEM) OTIPEACIISAETCS MOJIE3HBIN 00bEM BOIOXpAaHUIIHUIIIA.

MacmTab 00bEMOB MHTETpAIbHOW KPHBON YCTaHABIMBACTCS C YUETOM 3HAYCHUS BEITUYHUHBI
MOJIE3HOTO 00Bhema. Benmunna mosie3sHoro 00bEMa B IPUHATOM ISl HHTETPATHbHONW KPpUBOW MaciiTabe
00BEMOB JTOJDKHA UMETh BEPTUKAIBHBIA OTPE30K Ha rpaduke, pazmepom ot 4 10 10 cm.

MeHnb1iasi BeIMYMHA STOTO OTpPe3Ka BBI3OBET TPYIHOCTH B JajlbHEMIIUX MOCTPOCHMSIX U
rpaduk mOTepseT HarJISIHOCTh M TOYHOCTh. bojblnas BeauYMHA 3TOrO OTPE3Ka YBEIUYUT [0
HEHY)KHBIX pa3MepOB MO OCU OPAUHAT MHTETPATBHYIO KPUBYIO TPUTOKA.

MacmTab 066EMOB yno6HO npuHMMaTh KpatHbiM 1-10™; 5-10™; 2:10™ rme m moxasarens
CTENEHH, 3aBUCIINI 0T 00béMa Botoxpanuiuiia. Hanmpumep, 1 cm = 50- 106 M3 u T.JI.

JlydyeBoif MacmiTad CTpOUTCS HAa OCHOBAHUU YK€ U3BECTHBIX MacIITa00B 0O0bEMOB U BPEMEHH.
Benuunna u HanpaBiieHUE Jiyya IpU TOM [MOCTPOCHUH TAK)KE N3BECTHBIL.

dopma MOCTPOCHHUs Jy4eBOTO MaciiTaba, MpU KOTOPOM JIyd CpEeIHEroJloBOro pacxoja
HampaBJIeH TOPU3OHTAJBHO, sBIsEeTCS Haubosnee ynoOHOW. Ilpu W3BECTHBIX HaAMpPaBIICHUAX
nericTBuTeNbHOM ocu Bpemenu (Jyd Q = 0) u myda cpeaneromoBoro pacxoaa (mya Q = Q,) Ha rpaduk
HaHOCHTCA Jy4eBoil Maciitabd pacxoaos (puc. 1.1). [TomarocHoe paccrosinue mydeBoro macmtada 1 (Ha
rpaduke I1 momkHO OBITH He MeHee 4 W He Oojee 8§ CM) OTKIAABIBACTCS B MaciiTade BPEMEHH,
MNPUHATOM I MHTErpaibHOM KpuBoH. [lo 3HaueHHAM CpeIHEMECSYHBIX PACXOJ0B C IMOMOIIBIO
JTy4eBOTO MaciiTaba TakKe MOXKHO MPOU3BECTH MOCTPOCHHE WHTETPAIbHON KPUBOW €CTECTBEHHOTO
CTOKa 3a BECh I'0Jl U HAHECTU KOOPAMHATHYIO CETKY ¢ npuBeaeHueM quHuii W = CONst, mapasuieabHbIX
HallIeHHOMY HampaBJEeHUIO HYNIEBOTo Jiyda JiyueBoro macmraba (Q = 0). TouHocTh rpaduueckux
MOCTPOCHUI TpU OSTOM crnocoOe KOHTPOJHMPYETCS HaMpaBJCHHEM Jy4a, COOTBETCTBYIOIIETO
CPEeIHEroJJOBOMY pacxosuy;

1.3. I'pa¢duk 3aperyupoBaHHBIX PACX0A0B

Ha monmy4yeHHOW MHTerpanbHOW KPUBOM CTPOUTCS BCIOMOTaTellbHAs WHTErpalibHas KpUBas
(HYDKHSS KOHTPOJIbHAS IMHUS ), CMEIIEHHAS BHU3 HA BENMYHHY 1moJie3Horo 0obséma Wy, (puc. 1.1).

Ha onydeBoii wmacmra® pacxoJ0B HAHOCUTCS JIyd, COOTBETCTBYIOIIUH MPOMYCKHOM
criocobHocTH Beex Typoun ['DC B maBoaok Q.

Hanuuue »Tux MaHHBIX Ja€T BO3MOXKHOCTH MPUCTYIUTH K pacuéTaM peryJupoBaHHs CTOKA H
ompezeneHus BeipadoTku u MourHoct ['IC.
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Cnenyer wuMeTp B BUOY, YTO TOJUYHOE PETYJUPOBAHHE  IPOU3BOAUTCS IS
BOJIOXO3SIMICTBEHHOI'O I'0Jla, HayaJloM KOTOPOI'O CUMTAETCS BPEMsI Hayajla I0JIOBOJbs JAHHOIO roja
(T.e. MOMEHT BpeMeHH, IpHu KoTopoM Q. > Q;), a KOHIIOM — HayaJlo MOJOBOAbS ClIEAyIoImero roja. B
COOTBETCTBUHU C 3THM KEJATeNbHO MPOU3BOJAUTH IMOCTPOCHUE ruaporpada, YCIOBHO CUMTasi, 4YTO
ruzporpad cienyrouero rojia mogooeH rugporpady mpeasIynero roja.

B mpocrpaHcTBE MeXAy HHTErpajbHbIMM KPUBBIMM IPOU3BOJUTCS IOCTPOEHUE JIHMHHUU
3aperylupoBaHHBIX pacxo/0B. B mepuonpl cpabOTKM BOAOXpaHWIMINA 3HAUYEHUE PETYIMPOBOYHBIX
pacxo/10B yCTaHABIMBAETCS MO MIPaBUIIy HATIHYTON HUTH.

3HaveHNe BEIMYHH 3aperyJIMPOBaHHBIX pacxoJ0B Q, ompeaensercs 1no JydeBoMy MacmTaldy u
HAHOCUTCA Ha TUAporpad ecTrecTBeHHOro crtoka. [locne ycTaHOBICHHS BEIMYMHBI PETYIHPOBOYHOTO
pacxona ompenensercs Kod(QOUIMEHT 3aperyaupoBaHusi rojgoBoro croka o = Qp/Q,. Bemnumna
COpPOCHBIX PACXOJOB MpPH 3aJaHHOM Trujporpade OmpeleNsioTcsl pasHULIEH pacxoJOB NPUTOKA U
3aperyaupoBaHHbix  pacxogoB I'OC. O0béMbl  cOpocoB (Wespoca) TPU  ITOM  BBIPAXKAIOTCS
BEPTUKAIBHBIMA OTPE3KaMU MEXIy HUKHEW MHTErPAJIIbHOM KPUBOW M JIMHUEH 3aperyJupOBaHHOTO B
MaBoJIOK pacxona (puc. 1.1).

1.4. I'paduk nu3MeHeHHsI OCTATOYHBIX 00HEMOB

Ha wu3MmeHeHue ocTaTouHBIX 00BEMOB BOJBI B BojoxpaHwiuiie Woo = Ti(t) (puc.1.1)
OKa3bIBAIOT BJIMSHUE HCIOJb3yEMblE W TMPUTOYHBIE pacxojbl. BenuumHa ocraToyHOro oObema B
KOKIbIH MOMEHT BpeMEHHU ormpenaeisercs MacmrtaboM ocu W U OTPe3KOM JIeKalluM MEXITY
WHTETPAJIbHON KPUBOW M HATAHYTOW JINHUEH, NHTErPAIBHON KPUBOW M HUKHEN KOHTPOJIBHOM JIMHUEH,
WHTETPAIBHON KPUBOMW W HaIlpaBlieHuEeM TypOuMHHOTO pacxoaa Q. (cm. puc.1.1).

1.5. I'pa¢mkn u3MeHeHUs1 YPOBHel BOAbI B BepXHEM M HU:KHeM Obedax

I'paduk u3menenust ypoBHeii Bepxuero oneda I'DC Zgpg = fo(t) cTpourcs mo ocTaTOYHBIM
00BbEéMaM BOJIBI B TIOJIE3HOM 00BEME BOJOXPAHWIIHINA U KPUBOW 00beMOB BojoxpaHmuima (puc. 1.1).
VYpoBHU BepxHero Obeda Ha OCH OpAUHAT rpadrKa YKa3bIBAIOTCS B aOCOIOTHBIX OTMETKAaX, MacIITad
3TOHN OCH BBIOMpAETCs B 3aBUCHMOCTH OT BBICOTHI IIPU3MBI cpabOTKH Bogoxpanuania (Nep).

Jlns moctpoeHust rpaduka U3MEHEHHS YpOBHEH HibkHero Obeda Zyp = f3(t) mpumenstorcs
BEJIMYMHBI UCTIOJIb3YEMbIX PACXO0B (3aperyIMpOBaHHBIX PACX00B, TYpOMHHOTO pacxoja, cOpPOCHOTo
pacxojia) ¥ KPpUBOM CBSI3W PAcXoJOB M YpPOBHEH HMXHEro Obeda. YpoBHM HmKHero Obeda Ha ocu
opauHaT rpaduka yKa3bplBalOTCS B aOCONIOTHBIX OTMETKax. Macmra® 3Toil ocu BbIOMpaeTcss B
3aBHCHMOCTH OT BO3MOKHOTO JiMarna3zoHa kosebanuii yposHeil Hb.

1.6. I'pa¢yky U3MEeHEHUSI CTATHYECKOT0 U M0JI€3HOT0 HANIOPOB

[To rpadgukam u3MeHeHHs] YpOBHEH BEPXHEro M HUXKHEro Obeda cTpoutcs rpaduk U3MEHEHUS
cratrueckux HarmopoB Ha ' DC He, = fs(t) (puc. 1.1) ¢ ucnons3zoBanuem hopmyisi [1]

Her=Zpg — Zys. (1.1)

[ToTepss Hamopa B SHEPreTHYECKUX BOJOBOJAAX MPHU MPOIYCKE PACYETHOTO pacxoja OOBIYHO
COCTaBIIAAIOT He Oonee 5 — 15,5 % ot crarnyeckoro Hanopa. i ympoIieHus pacyeTa IOTepu Hamopa
mpu JTIO00OM pacxole B BOJONOJBOAAIIEM TYpOMHHOM TpakTe Ha MpPEIBAPUTENBLHON CTaguu
MIPOEKTUPOBAHUS MOXKHO OTIpeNesiATh o dopmyne [1, 3]

cH_Q?
hy = é—TZQ =KQ?, (1.2)
rae ¢ — koapduuuent, 3apucanmid ot tuna ['9C, ans pycnoseix ['DC ¢ = 0,01, 11 NpUIUIOTUHHBIX
I'9C ¢ = 0,02, gna pepuBammonnbix [D9C ¢ = 0,05 — 0,15; H,, — crarudeckuii Hamop B

paccmaTpuBaeMblii nepuosl Bpemenu, M; Q — cpeanmii pacxo, Mcmonb3yemblil Ha TypOUHHBIX I DC
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3a BECh IIEPHOJ PEryIHPOBAHMS CTOKA, M /cek; Q — 3aperylMpoBaHHbIH PACX0 B PACCMATPHBACMBIN
MOMEHT BPEMEHH, M°/CeK.

[Mone3nwrit wamop I'DC Hy = fg(t) (Hamop HeTTO) I KaXIOrO MOMEHTa BPEMEHH
ONpeJeNseTcss Kak pa3HOCTh CTaTMYECKOIO Hamopa M IOTEph Hamopa B  BOJONPOBOISIIMX
COOPYKEHMSIX

H =H_-h,. 1.3)

Ha rpaduke He, = f5(t) BeruepunBaercs u rpaduk Hanopo H, = fs(t) (puc. 1.1).

1.7. I'padpx M3MeHeHHs MOLIIHOCTH BOIOTOKA

BoinosiHeHHBIE pAacy€Thl MO PEryJIMpPOBAHUIO PEYHOIO CTOKA IO3BOJIAIOT ONPEAETUTh IS
KaX10ro MoMmeHTa BpemeHu MomHOocTh ['DC (kBT) mo BomoTOKy ¢ ucmosib3oBaHnEM (HOPMYIIbI
[1,3,4,5]

N=9,81Q H,nm:. (1.4)

B nanHOM citydae mosaraeM 3HaueHHs KOA()(UIMEHTOB MOJE3HOIO NEUCTBUS TYpOMH T H
Te€HEepaTOPOB 1 HEM3MEHHBIMH, B CUJTY 3TOTO BbIpaXXEHHE JUIsl MOIIIHOCTH YIpOIaeTcs

N=A_QH_, (1.5)

rie Ar = 9,81nm; (3HaueHne Ay, puBOIUTCA B [3, 4, 6, 7]).

Pacroaras i Ka)xJa0ro MOMEHTA BPEMEHH 3HAUCHUSMHU BEJIMYMH PAaCXOJ0B MOTPEOICHUS U
HAIOPOB HETTO, CTPOUTCS TpaduK U3MEHEHHUs MOITHOCTEH 3a 3aJaHHBIA PacUETHBIN Mepuo)T (OIuH
roa) N = f;t) (puc. 1.1). [lonyueHHbIE, TPH 3TOM pacuéTe MOIIHOCTH HE YYHUTBHIBAIOT €€ BO3MOKHBIX
KOJIcOaHW B TEUCHHUE CYTOK M SBJISIOTCS CpeHECYTOYHBIMU. [lnommane rpaduka BeIpakaeT BETUIHHY
BO3MOJKHOHM BBIPAOOTKH 3JeKTposHeprun Ha ['DC mo BoAOTOKY 3a pacu€THbIi nepuoa. Kak BuaHO U3
rpapuka N = f7(t) (puc. 1.1), momHOCTs I'DC M3MEHSCTCS B M3BECTHBIX Mpeeiax OT HEKOTOPOIO
MHHUMYMa 10 MakcumyMma. O4YeBUIIHO, YTO MHUHUMalbHasg MOIIHOCTE ['DC mMeeT BEpOSATHOCTH
npeBbiieHust paBHyto 100% u oOecriedeHa B TEUYEHHE BCEro pacuy€THOrO IepHOoJa BPEMEHH,
MakCUMajbHasi >K€ MOUIIHOCTh KMEET BEPOSITHOCTh MpPEBBIIICHUS Onu3Kylo K Hymo. g
xapakrepuctuk MomHoctd ['DC, ¢ Touku 3peHus ee 00eCleyeHHOCTH, CTPOSATCS Trpaduk
BEPOSTHOCTH IMPEBbIIIeHUs cpeaHecyTounbix momHocteir ['DC N = fg(P) (puc. 1.1).

IToctpoenue sroro rpaduka ciaeayer BBIIOIHATHL psagoMm ¢ rpadpukom N = f(t) (puc. 1.1),
coxpaHss Ha rpaduke BepOSITHOCTH MPEBBIIICHHS Tako jke MaciTal 1mo ocu N KOTOpbIit ObLIT NPUHAT
s rpaduka N = f7(t).

2. PacyeT CyTOYHOIO PeryJiupoBaHHs CTOKA

Jliis pacuera CyTOUHOTO PEryJIupOBaHUsS CTOKA HEOOXOTUMBI CIIEIYIOIINE UCXOAHbIC JaHHBIE:

® CYTOUHBIH rpaduK Harpy3Ku SHEPrOCUCTEMBI;

® MOIIIHOCTb BOJIOTOKA C BEPOSATHOCTHIO MpeBbiteHus 80+95%.

BrinosiHeHue 5TOM 4acTW MPAKTUYECKUX 3aHATUH CIEAyeT MPOU3BOAUTH CTPOs Tpaduku U
MIPOU3BO/IS HUKE CIIEAYIOIINE BHIYMCICHUSI.

2.1. CyTounblii rpaguK HATPY3KH JHEProCHCTEMb] H AHAJIM3UPYIOIIAsS KPUBas

Ha nmucre MmunnumeTpoBoit Oymaru cTpouTcs rpaguk MakCUMaabHOW B TEYEHHE TOJ]a CYTOYHOM
Harpy3Ku sHeprocucteMsl (puc. 2.1). Macmtab ropu3oHTaIbHONW OCH BpeMeHH Ipaduka MpUHUMAETCS
1160 B OJTHOM CM — JIBa 4yaca, JT1u00 B OJJHOM CM — OJIMH Yac.

[To rpaduHy CyTOYHOW HArpy3Kd CTPOUTCS HMHTErpalibHas KpUBas CYTOYHON BBIPAOOTKH
3 = f(N) (ananu3upyromias KpuBasi CyTOYHOTO rpaduka Harpy3ku sHeprocuctemsl). ['paduk D = f(N)
pasMeniaercst psiioM ¢ rpaduKoOM CYTOYHOW HAarpy3Kd MpH OJMHAKOBBIX MacmiTabax mo ocu N
(puc. 2.1).
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2.2. Pabouasi rapaHTHPOBaHHAs1 MOIHOCTL N, .

C ucnonp3oBaHMEM Tpa(UKOB MOCTPOSHHBIX HA MPEABIAYIIEM 3Tale OINPEesaoT padouyro
rapaHTHpoBaHHY0 MOIHOCTh I'DC Ny, IpeaBapUTEIbHO ONPEAEINB CPEIHECYTOYHYI0 MOIIHOCTh
I'SC Nos, UMEIOITYIO BEpOSATHOCTH npeBbinieHus 80 — 95% (moapobuee B [1, 3]). Mcxons u3 npuITON
BEPOSITHOCTH TPEBBILICHUS, ¢ Tpaduka BeposTHOCTH npesbiieHuss MomrHoctelr N = fg(P) cHumaercs
3HaueHue cpeaHecyroyHo mouHocTh Nog (em. puc. 1.1). IlomydeHHass BenuyMHA MOIIHOCTH B
TEYEHHUE CYTOK SIBJIICTCSI HEU3MEHHOM M 00€CIIeunBaET MOIyYeHHE CYyTOYHOM BBIPAOOTKH SHEPTHHU Dog
(xBr. vac), paBHOI

D.,s=N,24. (2.2)

O6ecneuennas cyrouynasi BeipadoTka ['9C D6 MOXKET OBITH HCIOJIb30BaHa B SHEPTOCHUCTEME B
NUKe, MOJynuke U Oasuce rpaduka cyToyHoM Harpy3ku. B mnmkoBoil wyactu rpaduka Harpysku
cyroyHasi BepaboTka [[DC Dy MOXKET OBITH UCIIOJIB30BAHA TIPU HATMYUU CYTOUHOTO PETYIHPOBAHMUSL.
C nomoup0 aHANIM3HUPYIOUIEH KPUBOH onpezaensercs MakcuManbHas MOIHOCTE I'OC N, .. 3HaueHue
3TOW MOIIHOCTH MOJIy4aeTcs MpU pa3MelleHUuU Bcell BEIPAOOTKH Dy B caMOM BepXHel yacTu rpaduka
Harpy3k# (puc. 2.1). ITo 3To¥ MOIIHOCTH M MaKCUMAaJIbHOW BEIMYUHE HATPY3KH SHEPTOCUCTEMBI Nmax
ompezensercs HeoOXoaumass CcyMMapHass pabouyas  MOIIHOCTb  JAPYIUX  AJIEKTPOCTAHIMM
sueprocuctemsl (TOC, IDC, ADC u np.) mapamiensHo padotatonux ¢ ['OC.
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2.3. Onpenesienne o0beMa BOJOXPAHUJIMINA /11 IPOBEJEeHHUS CYTOYHOI0 pPeryJIMpoBaHust
CTOKA

Hns paborel 'DC B BepxHell (MMKOBOI) yacTu rpaduka HArpy3KH IPOBOJUTCS pacueT IO
OTIPENICICHUI0 HE00X0IMMOT0 00BbEMa BOJOXPAHMIIUINA U CYTOYHOTO PErYJIMPOBAaHUS CTOKA. JTOT
pacd€r MNpPOU3BOAUTCS IIYTEM IIOCTPOCHMS HMHTErPAIIBHONM KPHUBOM pacxol0B, HCIOJIb3yEMbIX
typobunamu I'DC B teuenue cytok (puc. 2.1). Ins obecnieuenHoi cpennecyrognoit mourHocta ['OC
Nos, TTOJIOKEHHOM B OCHOBY pacuéra, onpenenstorcs pacuétusie Hy u cpeanecyrounsiii pacxon ['9C
npu 3Tol MomHOCTH Qos. PacuéTHbIil Hamop MpUHUMAETCS MO CPEJHEH ero BEeIHYMHE 3a JeKaOpb,
MIOCKOJIBKY pacdeT OCHOBBIBAETCS Ha 3aja4e MOKPHITUS 3UMHETO (J1eKaOphCKOTo) Tpaduka Harpy3Ku.
CpeHecyTodnsIi pacxox Qos (M>/CeK) uepes TYpOHHBI OLPEAEISIETCS BhIpakeHneM [ 1]

N
Q06 =

— (2.2)
AFaHH
[Ipn BeIMONHEHMM mpakTUdeckux 3aHsTui Hamop I'DC Hy B TedeHue CyTOK mpu JHOOBIX
M3MEHEHUSX MOLIHOCTH YCJIOBHO MpHHHMMaeTcs NocTtossHHbIM. MomrHocte ['DC mpu pabote e€ B
MUKOBOM YacTW rpaduka Harpy3Kd JHEProcucTeMa B TEYEHHE CYTOK BCE BpeMsl U3MEHseTcs, U
CIIeZIOBATENILHO, U3MEHSIETCSI ¥ PacXo]] yepe3 TypOuHBI. 3aperyIMpOBaHHBIA B TEUCHHE CYTOK PacXo]]
(Qos = const) mcrmoab3yeTcs: HEpaBHOMEPHO B COOTBETCTBUHU ¢ MoIlmHOCTIMU ['DC mo rpaduky eé
paboTel B CYTOYHOM rpaduke Harpy3ku dSHeprocuctembl. Ilpm 3ToM cymmapHbIi  00BEM
MCTIOJB3yEMOTO CYTOYHOTO CTOKa MPU TMOJHOM €r0 HCIIOJB30BaHUHM HE M3MeHsieTcs. [1o MomHocTsIM
I'9C, ¢ koToppIMH OHA PabOTAET U KOTOPBIE ISl KAXKJIOTO Yaca omnpeenstorcs rpagukom e€ paboTsl B
SHEPTOCUCTEME, MOTYT OBITh ONPEICICHBI PACXO0IbI (Mg/CeK) yepe3 TypOuHbI 1o popmyie
0= N
- 1
AFaHH
Ilo HalilcHHBIM BEJIMYMHAM PAcXOJIOB CTPOUTCS ruaporpad CyroyHbIX TYpOMHHBIX pPacxo0B
(puc. 2.1). Ilo momydeHHOMY TpaduKy TYpOMHHBIX PaCXOJOB CTPOUTCS HHTETPAIbHBIN Tpadux

(2.3)

CYTOYHOTO TYPOMHHOTO CTOKa. DTO HOCTPOEHHE NPOU3BOAUTCS B IPSMOYTOJIBHOM CHCTEME KOOPIMHAT
C MCIOJIb30BaHUEM JIy4EBOTO MaclTadba pacxooB.

Ha ocHOBaHMU yKa3aHHOTO IOCTpOeHMs omnpenensercd o0bEéM BopoxpaHwmuima Weyr,
HEOOXOMMBIN UIi HEPAaBHOMEPHOTO HMCHOJIB30BAaHHS CYTOYHOTO CTOKA M €ro IepepaclpencieHus B
TEUCHUE CYTOK ITyTEM IPOBEICHHS ABYX JMHHM, MapaJuleNbHbIX JHHUAM cpenHero pacxona [DC Qg =
Qo6 (puc. 2.1). OTu NTMHUM POBOAATCS KacaTelbHO K HarOoJiee ylaln€HHbIM OT CPETHEro JIyda TOUKaM
UHTErpaibHOM KPUBOIA.

PaccrosiHne Mexay 3THMHU KacaTeJbHBIMHU MO BEPTHKAIHM, B MaciiTadbe rpaduka, ompenesnser
00bEM, HEOOXOAUMBIH A1 CyrouHoro peryiaupoBaHus cToka Weyrper. OOBEM  CyTOYHOrO
perynupoBaHus Woyrper. CpaBHHBaeTCs ¢ 00bEMaMm CpaOOTaHHBIX dYacTel IIOJIE3HOTO 00BEMa
BOJIOXPAHWJIMILA B pa3pes3e roja U Ha UHTETPaJIbHOM KPUBOM CTOKA 3a pacu€THbIN nmepuo (0JIMH Tox)
0003HayaroTCs MEPUO/Ibl BPEMEHHU HEOIPAHUUYEHHOTO CYTOUYHOTO PETyIMpPOBaHMSL.

O0béM cyrouHoro peryaupoBaHusi Weyr per. HAUIEKHUT CPAaBHUTh ¢ 0OBEMOM BCEr0 CyTOYHOI'O
CTOKa ¥ ONpPEeAEIUTh KOA(POUIMEHT CYTOUYHOM EMKOCTU BOJOXPAHMWIUIA Pcyr, MPEACTABISIOMIUII
coboil oTHomIeHHE 00BbeMa CYTOYHOTO peryaupoBaHust Weyrper. K 00bEMY BCETO CYTOYHOIO CTOKa
chT.CTOKa-

Haiinennsiit panee mno ¢opmyne (2.2) cpenHecyTO4HbIH pacxon uepe3 TypOuHBl Qos
CPaBHMBAETCAd C MAKCUMAaIbHBIM CYTOYHBIM pacXoAoM Qmax cyr. M ompenensercs Kod(hGHLUEHT
3aperyaupoBaHUs CYTOUHOTO cTOKA O = Qos/Qmax cyr-
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AHanusupyrowas kpueasi
CymoYyHo20 2paghuka Ha-

CymoyHol 2paghuk Ha2py3KU 3Hep2ocucmeMbl 2py3KU 3Hep20cuUcmeMb|
N, kBt - N, kBt
N
2 306
Npaﬁmp
NUP
<\
AN

1577770 o>

2 4 6 8 20 22

3,=N,-24

CymoyHbIl epaghuk myp6uHHbIX pacxodoe '9C

N
Q, M’/cex

" 981 Ha,

2 4 6 8 10 12 14 16 18 20 22

UnmezpanbHas kpueasi Cymo4yHo20 myp6uHHo20 cmoka  Jlyyeeoli Macwma6

y
\W, M Q, M’/cex N

Q=0

2 4 6 8 10 12 14 16 18 20 22

t, uac

Puc. 2.1. CyrouHoe peryinupoBaHue CTOKA.
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2.4. Onpenesienue yctanoBJaeHHOH MomHocTu ['IC

VYcranosnenHas MmomHocTh Ha I'DC Ny, (kBT) ciaraercs us tpéx gacreii [1, 3]
N =N +N +N_, (2.4)
ycr p.I. pit p

rae Npr. — pabGouast rapanTupoBaHHas (oOecredeHHast BOJOM) MoIHOCTh, KBT; N, — nyOnupyromas
(omoHUTENBEHAS) MOLIHOCTb, HE BCETJa 00ecreYeHHas: BOAOH, BKIIOYAeTCs B padOTy B ITaBOJKOBHIC
MEpHO/Ibl IOJIa U IPU3BaHA YMEHBIIATh XOJIOCThIE COPOCHI CTOKA Yepe3 BOJIOCOPOCHBIE COOPYKEHMUS,
kBt; N, — pezepBHasg MOIIHOCTb (aBapuiiHasi, PEMOHTHAs, HATPY30UHBIN pe3epB, YaCTOTHBIN PE3EPB U
T.1.), KBT.

Ompenenenue N, TpeOyeT crelMaibHBIX YHEPrOIKOHOMHUYECKUX pacyeToB. HeoOxonmMocTs B
nyomupyrormeld MomHOCTH ['DC MOKeT OBITh OPUEHTUPOBOYHO OIPEIeieHa U3 BeIpaxkeHus [ 1, 3]

Nn = N10—30% —N

rae Niosos — cpenHecyrounas momHocTh ['DC, obecniedueHHas 3a pacueTHbiid mepuona Ha 10-30%,

P (2.5)

kBT; eciti N < 0, To moyaraem, uro B Hell HEeT HeoOxoaumocTH, T.e. N, = 0.

Ompenenenne N, mpon3BoaANTCS ¢ y4eTOM pabOThI IPYTUX EKTPOCTAHINN SHEPTOCUCTEMBI U
TaKke TpeOyeT >HEPro’KOHOMHUUYECKHMX pacdéToB. [Ipu BBINOIHEHMH NpakTUUeckux 3aHATHH N,
OPHEHTHPOBOYHO MOXKHO Ha3HA4aTh cleayromum obpasom [1, 3]:

epu N, =0, N,=0,1"Np;

empu N, >0, N, =0.

B nocnegHem cnywae npenmosiaraercs, uto (GYHKIMM pe3epBa OyneT BBINOJHATH
TyOIMpPYIOIIast MOITHOCTb.

3. Bognosneprerudeckue napamerpsl ['IC

BoaHosnepreTuueckre mapaMerpbl ONMPEAessSIOTCS Ha OCHOBAHUU BBITIOJIHEHHBIX PacuéToB U
BKJIIOUAIOT B ceOsl mapaMeTpbl OBITOBOTO CTOKAa M BOJOXPAHUIIHINA, MapaMeTphl 3aperyJInpoBaHHOIO
CTOKa, MOIIIHOCTH U 3JIEKTPO3HEPIUHU, BRIPAOATHIBAEMBIX THPOAIEKTPOCTAHIIUEH.

ITapameTpsl OBLITOBOI'O CTOKA U BOJOXPAHHJINIIIA .

e BeIMYMHA rog0Boro croxka Wy (M3);

® 110JIe3HBIN 00bEM Bojoxpanuuia Wy (M3);

® MAKCUMAaJIbHBIN CpeAHEMECSUHBIN pacXo B peKe Qe max (MS/C);

® MUHMMAJIbHBIA CPeTHEMECTIHBIN pacxo B peke Qe min (MS/C);

e CpeIHEro0Boi pacxoa Qo (M3/C);

® 00BbEM BOJIOXPAHUIINIIA, HEOOXOIUMBIH [JIs1 CyTOUHOTO peryaupoBaHus Weyr per (M3);
® UCIIOJIb3YEMBbIH CYTOUHBIH CTOK NPUHATON 00ecriedeHHOCTH W ¢yr CTOKA (M3);

e koo urrent éMkoct Bogoxpanmauma 3 = W,/ Wo;

e k09 dunneHT cyToYHON eMKOCTH Pee = Woyr per/ Weyr croxa

ITapamMeTpsl 3aperyaupoBaHHOTO CTOKA:

® MaKCUMAaJIbHBIH CyTOUHBIA paCXoa Qmax (MS/C);

® MHUHUMAJIbHBIA CYTOYHBIN pacxol Qmin (MS/C);

e MaKCHMaJIbHBIN pacxo uepe3 Typounsl [’ DC B pazpese roga Qmax e (M3/C);
® 00BEM x0J10cTOr0 copoca Wespoca ()

® 00BEM HCIIOJIB3YEeMOTO CTOKAa Wy ()

e k03¢ urreHT ucnosib3oBanus Croka K'= Wyen/ Wo;

o makcuManbHbIN Hamop Ha [ DC Hyax (M);

o MuHIMaNbHEIH Harop Ha I'DC Hpin (M);
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® OTMETKa MaKCHUMAaJIbHOTO YPOBHS BEPXHETO Obeda Zpg max (M);
® OTMETKa MUHUMAIBHOTO YPOBHSI BEpXHETO Obeda Zpp min (M);
® OTMETKa MaKCHUMAaJILHOTO YPOBHS HIKHETO Obe(a Zp max (M);

® OTMETKa MUHUMAIBHOTO YPOBHS HIDKHETO Obeda Zyg min (M).

MOIIIHOCTH U DIIEKTPODHEPT U, BEIPA0ATEIBAEMBIE THIPOIIEKTPOCTAHIINEH:

e pabouas rapantupoBaHHas mouiHocTh ['DC mpu eé pabore B mnuke rpapuka Harpysku
3HeprocucTeMsl Npas rap. (KBT);

e pabo4re MOIIHOCTU APYruX craHuuu 3HeprocucreMsl NpU Nrac = Npgsrap N1 (KBT);

e paboyas momHocTh ['OC mpu e€ pabore B Ga3uce rpaduka Harpy3ku 3HeprocucteMbl Neas
(xkB1);

e paboyme MOIITHOCTH APYrux cTaHiui sHeprocuctemMsl mpu Nroc = Ngas N2 (kBT);

o nyonupyrtorias MoutHocTh ['9C N (kBT);

e ycraHoBiIeHHast MOIIHOCTb ' OC Ny, (kBT);

e pesepsHasg MomHOCcTh ['DC N, (kBT);

e MuHUMaibHas MoiHOCTh ['3C no BogoToKy B paspese roga Nmin (kBT);

e MakcuMaibHast MOIHOCTH ['IC o BoA0TOKY B pazpese roaa Nmax (kBT);

e rojioBas (ce30HHast) BbipaboTka sHepruu ['9C Oy, (kBT yac).

4. OnpeneseHue OCHOBHBIX NAPAMETPOB M XaPAKTEPUCTHK TYPOMHBI

Jlis  ompeneneHuss OCHOBHBIX MApaMeTPOB PEAKTHUBHOM TypOMHBI HEOOXOIMMO HMETh
cleyIollre JaHHbIE:

® HOMUHAJIbHAs! MOIIIHOCTh OJHOU TypOUHBI N, KBT;

e pacueTHbIN Hanop Hp, m.

Br16op tHma TypOMHBI MPOW3BOAUTCS TTO HOMEHKIATYypHBIM rpadukam. s mogdopa Tuma u
cepuu TypOMH B HOMEHKJIAType MOCTPOEHBI CBOJAHBIE Tpaduku obnacred ux npumeHeHus. Ha stux
rpadukax B Jorapu(pMUYECKUX KOOPAMHATAX HAMOPa M MOLIHOCTU OYEpPUYEHbI 00JacTU MPUMEHEHUS
KaXKJI0M M3 BKJIIOYEHHBIX B HOMEHKIIATYpy cepun TypouH (puc. 4.1). Kaxaoit 061acTi cOOTBETCTBYET
CBOU THII U cepusi TYpOUHBI. YKa3aHHbIe rpaduKu MPUBEICHBI B JuTeparype [ 8].

Ha HomenknaTypHblii rpaduk HaHocurcs Touka c koopauHatamu (Hp, No) (puc. 4.1).
Hanecennas To4ka momnajgaetr B O4epUYCHHYIO 001acTh MPUMEHEHUSI TYpOUHBI, B KOTOPOH MpPUBEICHBI
Tan U cepusi TypOunbsl (puc. 4.1). Tun u cepus TypOMHBI TPUBEIEHBI B COKpPAIEHHOM BHJIE.
CoxkpallieHus 03HAYAIOT CIeAYyIoIIee:

PO — pagnansHo-oceBas TypOuHa;

I1JI — moBopoTHO-NIOTIacTHAs TypOUHA;

J1 — nuaroHanpHast TypOuHa;

B — TypOuHa ¢ BepTHKaJIbHBIM BaJIOM;

I' — TypOuHa c TOpU30HTANIBHBIM BaJIOM;

b — GetonHas TypOuHHas Kamepa,

M — meramnnyeckas TypOMHHAs KaMepa.

K nmapameTpam TypOUHBI OTHOCSIT:

® 4uCII0 000POTOB TYpOHUHBI Ny, PaL/CEK;

® BXOJHOU AuameTp TypOuHsl D1, M.
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[TapameTpsl TypOUH OIpeNeNstoTCs MO YacTHBIM IpadukaMm oOiacTeldl mpUMeHEeHHs TypOuH,

KOTOpbIe MpuBeseHb! B [8]. B kauecTBe mpumepa Ha puc. 4.2 mpuBeAEH YacTHbIM rpaduk obmactu

npuMeHeHus Typounsl PO638 [8].

50



Jnst Toro 4ToOBl OMPEAETHTh YUCIO 000POTOB TypOWHBI Ny, W ee nuamerp D; HyxkHO Ha
Y4acTHBINA TpaduK 00JacTH MpUMEHEHUsI TypOUHBI C paHee OINMpeaeSICHHBIM THIIOM M CepUell HaHECTH
Touky ¢ koopaunaramu (Hp, N,). Touka nonagaer B napamuienorpaMm, B KOTOPOM IIPUBEACHO YUCIIO
obopoToB. [Quamerp TypOounbl D; mpuBeneH B 30HE HAxXOJIAIICHCS C MPAaBOH CTOPOHBI YaCTHOTO
rpagpuka oOmacTH mNpuUMEeHeHus TypOuHbl. llpu ompeneneHun guUameTrpa HATYpHOU TypOHHBI
HeoO0XOMMO IepeaBUrarbcsi OT TOo4dku ¢ koopauHaramu (Hp, N,) B 30HY C mnpuBeneHHbIMU
JaMeTpaMu 10 JIMHHUU NapajliesIbHOM HUXKHEH CTOpOHE MapalijiesiorpaMmma.

Hanop H, m g
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,—/" [ /
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150 A T A 0
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-3 = ’ ] B o rL’LED
/ - Ao [Py | |
/ Z 50,0 3+ ot
2 d = N e A0
d S 40,0 E5 Bl
= Secs l \%Q
-1 CED 35’0 f 11 ! /
0 / E 30,0 — e ans
2 25,0 B i
/ CED
+1 20,0 b
1 / 17,5
15,0
/
3 p 12,5
+4 10 i
100 110 120 130 140 150 160 100 110 120 130 140 150 160
Hanop H, M Hamop H, m

Pu
Puc. 4.2. Yactablii rpaduk o61acT NpuMeHeHus KpynHo#t Typounsl PO638-BM.

Ilocne ompeneneHuss mapaMeTpoB TypOHWHBI IPOU3BOAUTCS IOCTPOEHHE ee paboueit
XapaKTEePUCTUKH.

Pabouas xapakrepuctuka TypOuHbl M, = f(N) cTpouTCs HpU NMOCTOSIHHOM YHCIe 0OOpPOTOB
HaTypHOH TypOuHBI N; U pacyeTHOM Hamope H,. JlaHHble HeoOXOaUMBIE JUI TOCTPOEHHUS paboueit
XapaKTePUCTUKU CHUMAIOTCS C TJIABHOW YHHMBEPCAIBHOW XapaKTEPUCTHKH MOJEIbHOM WM
npuBeieHHOM TypOuHbel. B kauectBe mpumepa Ha puc. 4.3 mpHBelIeHa TIJIaBHAas YHHUBEpCAIbHAas
xapakrepucTuka Typounasr PO638 [8].
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PaccmorpuM MOpSAIOK TONY4EHUS JAHHBIX C HCIOJb30BAHMEM TJIABHOW YHUBEPCAJIBHOMN
XapaKTePUCTUKU  TPHUBEICHHOW TypOuHBL. Yucio 00OpOTOB  NpPUBEACHHON  TYpOHHBEI n{
COOTBETCTBYIOIICE YHUCITy 000POTOB N, HATYPHOUH TYpOHHBI ompeiensercs o popmysie [1, 5]
JH,

C rnaBHOW yHMBEpPCaIbHOM XapaKTEpUCTHKHU MIPUBENEHHOMN TypOuHsl (puc. 4.3, 4.4) npu uncie

n; = (4.1)

000pOTOB N; CHUMAIOTCA 3HA4YCHUS KOI(POHUIMEHTOB TIIOJIC3HOTO JACHCTBHS MoJened My,
o ’
COOTBCTCTBYIOIIMEC UM 3HAUYCHUSA pacXoJa IIPUBCACHHOU Typ6I/IHBI Ql H 4ucjia KaBUTalluu O. Cusrtole

JaHHbIe 3aHOCATCS B Tabuiy 4.1 (cTonous! 1-3).
Jlanee mMpoOM3BOJMTCS MEpepacyeT XapaKTepUCTHK C MOIETHHON M MPUBEACHHOW TypOWHBI Ha
HatypHyto. Pacxoa HaTypHO# TypOunsl Q (M3/C) omnpenensercs o ¢opmyie [1, 5]

Q, =Q', D}/H, . (4.2)

Koaddumuent nosesnoro AeMcTBUSI HATYpHOUH TYpOUHBI M), otipeenseTcs no Gopmyre [8]

(1-n)=(-n)s3 [I)D“‘ 2#% : (4.3)
1 P

rae H, — Hamop Ha MoJienpHOM TypOWHE TIPU €€ UCIBITaHuAX, M; D1, — BXOTHOUW quameTp MOJAeTbHON

TYpOHUHBI, M.

Tab6muma 4.1. XapakTepucTUKHN MPUBEACHHON, MOJICTILHON U HATYpHOU TypOUH.

Pacxon Koadpdumment | Koaddunmuent | Pacxon Koadpdumuent | MomnrHocTh
MPUBEACHHON | MOJIE3HOTO KABUTALIMM G | HATYPHOW | TIOJIE3HOTO HaTypHOU
TYpOHHBI Q’l, JIEHCTBUS TYpOUHBI JIeHCTBUS TYpOUHBI
vcex MOJEIBHOMI Q§ , HaTypHOU N,
TYpOMHBI 1), M"/ceK TYpOUHEI 1) KBT
1 2 3 4 5 6

Hamop nHa mozaenbHOM TypOuHe Hy, BO BpeMs ee MCIBITAHHN M BXOJHOW AMAMETP MOJICIHHOU
Typ6unsl Dy, mpuBOAATCS Ha TTIaBHOM YHUBEpPCAIbHOU XapakTepuctuke (puc. 4.3).
Mo1HOCTh HaTypHOU TypOuHbI N; onpenensercs no Gopmyne [1, 5]

N, =9,81n,Q"; DiHy/H, - (4.9)

Pabouas xapakrepuctuka Typounsl 1, = f(N,) (puc. 4.5) cTpouTcs 10 JaHHBIM, IPUBEICHHBIM
B crosibax 5 u 6 tabmuusl 4.1. Cnexyer OTMETHTb, YTO IJIs PaJvalbHO-OCEBBIX TYpOWH pabouas
XapaKTePUCTUKA CTPOUTCS TOJIBKO A0 JTUHUM OTPAHHUEHUSI MOIITHOCTH.
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Puc. 4.5. PaGouas xapakTepucTruka TypOUHBI:
a) — paJrabHO-0CEBOI1; 0) — TOBOPOTHO-OCEBOM.
5. OnpeneseHne OCHOBHBIX Pa3MepoOB M NapaMeTPOB rHAPOreHepaToOpoB

OcHOBHBIMU pa3MepamMu TujporeHepatopa (puc. 5.1) sABHIAIOTCA: HapyXKHBIM AMaMeETp
cepleuHuKa craropa (akTuBHOM ctanu) D, (M); muamerp poropa Di (m); auamerp pacrtouku cratopa D
(M); BBICOTA aKTUBHOM cTaiu 1y (M); 9MCI0 MOMIOCOB 2p (IIT).

Omnpenenenre OCHOBHBIX pa3MepPOB BO3ZMOKHO, €CJIM U3BECTHBI CIIEIYIONINE JaHHBIE!

® MOIIHOCTH Ha Baiy TypOuHsl N, (kBT);

® pacyeTHbIe 3HaYeHUs KOA(PPUIIUEHTa MOIITHOCTH T€HEpaTopa cose;

e HOpMaJIbHAas 4acTOTa BpallleHHs reHeparopa ny (06/MHH);

® CrI0CO0 OXJIAXKIECHUS TeHepaTopa.

Kpynaeie ruaporeHeparopsl  (MomiHocThi0 Oonee 20 Thic. KBT)- 93TO  MamuHBI
WHIUBUyIbHOTO U3TOTOBJEeHUS. [lostromy mnpu mnpoektupoBannn ['DC Ha HavYaJbHOM 3Tame
ONpENeNsAoT  OCHOBHblE TrabapUTHbIE pa3Mepbl I'€HEpaTopoB, IOJb3YSACh 3aBUCHUMOCTSIMH,
MOJIy4EHHBIMH M3 000O0IIEHHOI0 OMbITa PAa3IMYHBIX 3aBOJIOB U (GUPM. 3aTeM B IIpolecce JalbHEHIINX
pa3paboTOK CHEeNMAIM3UPOBAHHBIE 3aBOJbl M OPraHU3alUM IPOMU3BOIAT TOYHBIE PACUYETHI Y3JOB U
JeTanei TuporeHepaTopoB: AEKTPOMArHUTHbIE, IPOYHOCTHBIE, BEHTUISILIUOHHBIE, TEIJIOBBIE.

Mexy cTaTopoM M pOTOPOM MMEETCS BO3AYLIHBIMA 3a30p, paBHbIM 15-25 MM U MpakTUYECKH
HE 3aBUCSIIUN OT pa3MepoB M MOUIHOCTU T'MjporeHeparopa. Takum oOpa3om, nuamerp poropa D
(bakTHUeCKH MeHbIlIe JuaMeTpa pacTouku ctaropa D Bcero mumb Ha 30-50 MM, 103TOMY IPUHUMAIOT
D = D;.

Potop reneparopa | D

O

Z)

Crarop reHepaTopa/

Puc. 5.1. OcHOBHBIE pa3Mepbl BEPTUKAILHOTO I'€HEPATOPA.
AKTHBHasI MOIITHOCTB TeHepaTopa Nyey (KBT) onpenensiercs o gopmysie [4]
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NreH = T]r No ! (51)
rae N, — MOIIIHOCTh Ha Bay TYpOUHBI, KBT; 1 — KOAQOUIIUEHT MOJIE3HOTO JSHCTBHS IreHEpaTopa.
HomuHanbHas Kaxyiascs MOIIIHOCTh TeHeparopa S, (MB-A) onpenensiercs o dpopmyiie [4]

= e (5.2)
COSQ
Pacuernas momHocTs S, (kBT) onpenensiercst mo gpopmyine [4]
rzae k — ko puuneHT, 3aBUCAIINIA OT COSY U TPUHIUMAEMBI 10 Tabmuie 5.1.
Tabnuna 5.1. 3aBucumocts K = f(coso) [4].
COS(Q 0,8 0,85 0,9 0,95 1
k 1,08 1,07 1,06 1,045 1
Yucsio moIr0coB TeHeparopa p onpeaensercs mo Gopmysie [4]
2160
2p= : (5.4)
n

T
riae f—gacrora B sHeprocucreme, I'm.
VYaenpHas Harpy3ka WIHM KaxXymiascsi MOIIHOCTb, IpuUXojsuiasicss Ha oAuH nomoc S (kBr)
omnpenensieTcs mo Gopmyie [4]

§ =S (5.5)
2p
[MomocHoe aenenue T* onpeaensaercs mo Gopmysie [4]
T =A(S)*, (5.5)

rae A W o-—->MIupudeckue KodhOUIMEHTHI 3aBUCAIIAE OT Crocoba OXJaxIACHHs TeHeparopa H
MpUHUMAaeMbIe 110 TabmuIe 5.2.

Tabnuua 5.2. 3HayeHus SMIIUPUYECKUX KO uirenToB A u o [4].

Croco0 oxXJIaKIeHus
Koaddunumentsr KOCBEHHOE HETIOCPEICTBEHHOE BOJISTHOE HeTOCPECTBEHHOE
BO3/IYITHOE 00MOTOK cTaTopa u
BOJISTHOE 0OMOTOK
HETOCPEICTBCHHOE
poTopa u craropa
BO3/YIIHOE 0OMOTOK pOTOpPa
A 0,529 0,451 0,432
o 0,246 0,239 0,239
Huamerp potopa Dj (M) onpenensiercs o popmyie [4]
T2p
Di= , (5.6)
T

OnHa U3 MPOBEPOK MPHEMIIEMOCTH IuaMerpa poropa D OTHOCHTCA K OINpeeNeHHI0 ero
MUHUMAaJIbHOTO 3HAYEHMs, TaK KaK OH He JOJDKEH ObITh MEHbIIIE uaMeTpa MOJAreHepaTOpHOM MIaxThl
D, miiroc HEKOTOPBIM 3amac 11 MPOBEACHUS MOHTaKHBIX padoT. Jmamerp moareHepaTopHON MIaXThl
Dy MOkeT ObITh MPUHAT paBHBIM 1, 5 AuameTpa pabouero kosieca TypOuHbI Dj.

[Ipu HamuuMu HIWKHEH KPECTOBHHBI MO YCIOBHUAM €€ MPOHOCAa U 3aKperyieHHs HEoOXOIUMO 4YTOOBI
YIIOBJIETBOPSJIOCH YCIOBHE [4]
Di > D,+0,6 M. (5.7)
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JInst 30HTUYHOTO TeHepaTopa C OMNOpPOM MOMMATHUKA HA KPBIILIKY TYpOUHBI JIOJKHO

BBITIOJTHATHCS yciaoBuUe [4]

Di > Dy +0,2 m. (5.8)
Ecnu npenycmarpuBaetcsi cOopka poTopa B Kparepe reHeparopa, TO IpuHUMaloT [4]
Di > Dyt2 m. (5.9

Tak Ha3piBaeMblil «yclIOBHBIA 00beM wmammHb» Ws, HMeeTcss B BHJIY T€Heparopa,
onpenensercs o Gopmyie [4]
. 30C,S,
mn
r
*
rae Co — KO3(pPUIIMEHT MaIUHBI, 3aBUCSIIMM OT yAETbHOW HArpy3Kd Ha TMOJIOC S © crocoba
OXJIaKICHUSI.

Koaddumment mamunsl C, onpeaensercs no hopmyse [4]

ca= R, (5.11)

S

rae Ry m y — smnupuueckue KOIPQPHUIMEHTHl 3aBUCAT OT CHOCO0a OXJaXKJIEHUs reHeparopa M

MpUHUMAIOTCS 1o Tabmuie 5.3.

Tab6numa 5.3. 3nadeHust smnupuueckux koddpdurmenton Ry u y [4].

Croco0 oxnakaeHust
KoadppurmenTs KOCBEHHOE HETOCPEACTBEHHOE BOJISTHOE | HEMOCPECTBEHHOE
BO3IYIITHOE 00MOTOK craTopa U | BOISIHOE 00MOTOK
HETNOCPEACTBEHHOE BO3JIYIIHOE | pOTOpa U cTaTopa
00MOTOK poTOpa

R: 18,8 8,9 8,6
y 0,18 0,105 0,105
BricoTa akTuBHOM cTanmu reneparopa ly (M) onpenensiercs o dhopmyse [4]
30C,S
o= L Tn%e (5.12)
Di ©n D

[To ycrmoBusIM >KeIe3HOIOPOXKHON TEPEBO3KM Ha OOBIUHBIX ITAaT(opMax CErMEHTaxX CTaTopa C
O0OMOTKON BBOJMTCS orpaHuueHue l; < 2,5 M, a Ha CHENMANbHBIX TPAHCIOPTEPax C MOHMWKEHHBIM
moJioM l; < 2,7 m.

[Tpu GonbIMX BBICOTaX aKTUBHOM CTanu, OOMOTKA CTaTOpa YKJIabIBACTCSl HEIIOCPEICTBEHHO B
3panuu ['OC npu monTaxke. Hanbosee yacto BbICOTAa aKTUBHOU CTany 1, MPUHUMAETCS B COOTBETCTBUU
¢ psaom 40, 80, 100, 110, 130, 140, 150, 175, 190, 210, 230, 250, 275 cm.

BbicoTa akTMBHOHM CTajM MpeBBINIAET MOJIOCHOE JelieHHe o0blyHO B 1,5-4 pasa, TO ecTb
JIOJKHO BBITIOJTHATHCS YCIIOBUE

l/t*=1,5+4. (5.13)

[Mocne onpenenenust D u l; yTouHsieTCs] KOHCTPYKTUBHOE UCTIOJIHEHHE reHepaTopa: mpu Difl, <
4 pekoMeH/IyeTCsl IPUHUMATh mojiBecHoe, a mpu Dill, > 5 — 3ontnunoe ncnonuenwue. Ipu Dill, = 4/5 n
Nr < 150 06/MUH MpUHUMAETCs 30HTUYHBIHN reHeparop, a npu ny > 150 06/MHUH — 1MOIBECHOH.

BHuemnuii fuametp Bajia BEpTHKAIBHOTO reHeparopa dy (cM) MpuOIMKEHHO MOXKET OBITh ONpeseieH
o popmye [4]

d, = (12+14)3 '\r']— (5.14)

r
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Hapyxusiii tuamerp Basia ot 60 1o 100 cM npuHHMaeTcss KpaTHbIM 5 cM, a cBbiiie 100 cm —
KpaTtHbIM 10 cM C OKpyTiieHHe B OOJIBIIYIO CTOPOHY.
6. Pacyer TypOMHHBIX Kamep

[TonBox BOABI K TypOMHAM OCYIIECTBIISIETCS MPHU MOMOLIM TYpOMHHBIX Kamep. TypOuHHBIE
kamepbl pycioBblX [DC OOBIYHO BBHIMONHAIOTCS B BHUJIE JKEJIE300CTOHHBIX CIHMPAIBHBIX Kamep,
KOTOpBIE, KaK IMPaBHJO, HMMEIOT TaBpPOBBIE ceueHHUs. TypOMHHBIE KaMmepbl NPUIUIOTHHHBIX U
nepuBallMOHHBIX ['DC OOBIUHO BBINOJIHAIOTCS B BHJI€ METAUIMYECKUX CIUPAIbHBIX KaMep, KOTOpbIE,
KaK IPaBUJIO, UMEIOT KPYIJIO€ CEUEHHUE.

Pacuer TypOMHHBIX Kamep MPOU3BOIUTCS C HCIIOJIb30BAHHEM CIICAYIOIINX UCXOAHBIX JTaHHBIX:

e MaKCHMAJIBHBIN Pacxo, HAYIHil Ha TypOuny Qo (M3/C);

e yIJly 0XBaTa TYpOMHHOM KaMephl (°yax (Ipaj);

e-pajiyca pacioJiOKeHHs BXOJIHBIX KPOMOK OTIOPHBIX KOJIOHH MJTU pedep cTtaTopa TypOHUHBI ra (M).

Pacuer TypOMHHBIX KaMep MOXKET MIPOU3BOIUTHCS 110 CIEAYIOUIUM METOIUKAM:

e rpado-aHaJIUTUYECKUN MO 3aKOHY IOCTOSHCTBA Iuiomaae rVi = const , rae Vi—oKkpyXxHas
CKOPOCTb, HalpaBJ€HHAs MEPHEHIUKYIIPHO K paauycy; I — paanyc, U3MepseMblil OTPE3KOM OT OCHU
TYpOHMHBI JI0 LIEHTPA TSHKECTU PACCMATPUBAEMOTO CEUECHHUS;

e rpadoaHAIUTUYECKHI 1O 3aKOHY V¢ = const, r1ie V¢ — CpeaHsist OKpYKHasi CKOPOCTh, OCTOSTHHAS
BO BCEX CEUECHUSIX KaMephI;

e 10 YOBIBAIOIIMM CKOPOCTSAM, MPUYEM 3HAYEHHsI CKOPOCTEH yOBIBAIOT OT BXOJHOIO CEUEHUS [0
CeUeHUs1, MPOXOSAIIETo Yepes 3y0 Crupalu.

B npanpreimem Oynem paccMaTpuBaTh METOAMKY pacdeTa TYpOMHHBIX KaMep, B KOTOpPOH
npuHuMaercs V¢ = const.

6.1. Pacuer cnupajibHBIX KaMep TABPOBOI0 CeYeHM sl

[Ipu pacuere cnupaibHBIX KamMep TaBPOBOTO CEUEHHUsS IO 3aKOHY V¢ = CONSt mpeamnosaraercs,
YTO CpeIHSsl OKPYKHAsI CKOPOCTh V¢ BO BCEX TOUKAX CIHUPATbHOM KaMephbl OCTAETCS MOCTOSHHOM.

[l10mans BXOZHOTO CEUYEHHS CHHpAmd Fuy (M°) OMPENCISIOT IO JOMYCTHMBIM BXOIHBIM
CKOPOCTAM Vi (M/C) M NIPHHATOMY YNy OXBaTa CHOUPAIH ¢ yax (TPaj), MAaKCHUMAIbHOE 3HAYEHHUS
KOTOpBIX TIpUBOIATCS B Jjuteparype [3, 5, 6]. OmnpeneneHue maom@agd BXOJHOTO CEYEHUS
pou3BoIUTCS 110 hopmyiie [ 1]

_ Q.9
360V,

[IpousBoautcsi rpaduyeckoe mocrpoenrne GopMbl BXOAHOTO mornepedHoro ceueHus. Ilocre

Fx (6.1)

3TOTO MPOU3BOJMUTCS TIOCTPOCHUE (POPM CCUCHHUI B MPOMEKYTOUYHBIX CEKIMSIX CIUPATIH C PaalnycaMu
cnupanu R; (M), (puc. 6.1) u onpenenenue miomnaaei NonepevyHoro ceueHus F; B yka3aHHBIX CEUCHUSAX
cnupasu. Ha ocHOBaHMH pe3yiabTaToOB, NPOM3BEICHHBIX TIpado - aHAINTUYECKUX BBIYUCICHHH
crpourcs rpaduk F = f(R), npuuem no ocu abeice oTkIaapiBaeTcs 3Ha4eHue R;, a mo ocu opauHar —
3HavyeHus Fi. Ha mponomkennn ocu abcryce OTKIAbIBAOT KOOPAWHATHBIE YIJIbl CEYEHUN CIHpaH,
IIPUYEM TaK, YTO MAaKCUMaJbHOW opAuHaTe Fyx COOTBETCTBYET Ha OocH abcCIMCcC MOJHBIA Yyroia oxBaTa
@ yax. [TOCKOJIBKY CpeJIHHME CKOPOCTH V¢ B JTI000M CEYEHNH CITUPAIH MOCTOSHHBI, TO 3aBUCUMOCTh (° =
fi(F) OynmeT BhIpa)kaThCsl TPSMOW JMHHUEH, UAYIICH OT TOYKH ((p° = 0; F = 0) no Touku ((pOMaX; Fex).
3anaBasch pa3IMYHBIMU 3HaueHHAMH yriia ¢° (06br4Ho uepes 15+30°) u noan3syscsk npamoii @° = fi(F)
u kpuBoir F = f5(R) (puc. 6.1), MOXHO ompenenuTh paguychl COUpPAIM U €€ O4YepTaHUs B JHOOOM
ceueHHH. Pe3ynmpTaThl pacdera cBOJATCS B Tabmuiy 6.1. XapakTepHCTUKU CEYEHHUIl CIHpalbHOM
KaMepsl IPUBEAEHBI Ha puc. 6.1.
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Tabnuua 6.1. Pe3ynbpTaTsl pacuera cupalbHON KaMephbl TaBPOBOTO CEUCHMUS.

(PO O (Pol (POZ oo (POMax

R, M

i
F,m

a, M

a1, M

Ci, M

d, M

Co, M

B, m

bo, M

m, M

n, M

B

4 1/ c1 rl

a, C)

Puc. 6.1. K rpado-ananurnyeckomy pacdeTy CiupaibHBIX KaMep TaBPOBOTO
ceueHus [8].
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6.2. Pacyer cnmpajbHBIX KaMep KPYIJIOro ce4eHHs
[Topsiiox aHATUTUYECKOTO pacdyeTa METAUIMUYECKUX CHUPAIBHBIX KaMep KPYIJIOro CEUeHUus 1o
3akoHy V. = const crenyromuii. Berouparor 3HaueHuUs (pOMaX COITaCHO PEKOMCHIAMIM JIMTCPaTyphl
[2, 3]. 3aparorca 3HaueHusMHU yriaa o ¢° = 0 10 @y (depes 15+30°). IIpousBoaaT onpenencHue
pacxona Q B COOTBETCTBYIOLIUX 3TUM YyIJlaM CEYCHHSIX CIIUPATIBLHON Kamepsl 1o ¢opmyre [1]

0

¢
Q= Qo - (6.2)
360
Paguyc kpyrioro ceueHus cnupaibHOW Kamepsl p (M) npu Ve = const B CEUEHMSX

OTIPEJICIIIETCS C UCIOIb30BAHUEM JIOIYCTUMOM BXOJHOU CKOPOCTH V 5y (M/C) TIO hopmyte

p= i (6.3)

A

Jlanee TPOM3BOIMTCS OIpENENIeHHe paanuyca CIHpaid R B CEUEHHSIX C COOTBETCTBYIOIIMMHU

KoopauHaTtamMu @° 1o Gopmyie
R =ra+2p. (6.4)
U ompeneNsieTcs ouepTaHue cnupanu B miaHe (cM. puc. 7.2). 3HaueHus I (paauyca pacroJioKeHus
BXOJHBIX KPOMOK OTIOPHBIX KOJIOHH WJIM pebep crartopa) mpuBOasATcs B ymrtepatype [S]. Pacuer
PEKOMEHIyeTCsl TPOW3BOAUTh B TaOmu4yHOW ¢opme (cM. Tabmuiy 6.2 u puc. 6.2). CedeHus
METAJUTMYECKUX CHUPATBHBIX KaMep BBITOJHSIOTCS KPYrJIBIMA Ha OOJbBIIEH 4acTW JUIMHBI CITHPAIH,
OJIHAaKO, OmKaWmuM K 3yOy CEYeHHSM CHUpPaId KOHCTPYKTUBHO MPUAAIOT (HOPMY SILIUIICOB,

IJIOLIa/1b KOTOPBHIX PABHOBEIMKA IUIOIIA/IU MOTYYAIOIIUXCS 10 PacueTy OKPYKHOCTEH.

Tabnuia 6.2. Pe3ynbTaThl pacuera CiupaibHOM KaMephbl KPYTJIOTO CEUSHUS.

Texyumit yrou ¢°, vax | 0% 0% 0% 0% 0% ©°’=
Pacxon B Tekyiiem _
ceueHun Q, My3I/I(I: Qox Q=0
Panuyc nonepevynoro

CCUCHUS CITUPAJIH P, p1 p=0
M

Pannyc cnimpanu R, m R1 I

ITpu pacyere cnHMpaibHBIX Kamep pasmep I, = D,/2 MoxeT ObITh MPHHAT MO TypOMHAM —
aHanoraMm. TypOUHBI — aHAJIOTH C UX pa3MepaMu MpUBeIeHbI Ha puc. 6.3. u 6.4. B mapkupoBke TypOuH
— aHANOroB (HAIMUCh PACHOJIOXKEHHAs MO YepTeXOM TypOUHBI) HU]pamMu yKazaH pacueTHBIA HATIOP
TypOunbsl Hy. B cBsi3u ¢ 3THM 3a aHanor npuHUMaeTcs TypOMHA IIPUMEPHO C TAKUM XK€ PacUETHBIM
HamopoM, 4YTO U paccMmarpuBaeMas TypOuHa. Pa3sMepsl TypOMH — aHajgoroB TMpPHUBEACHHI B
OTHOCHUTENbHBIX IMHUIIAX, IPHYEM 32 €AMHUILY IPUHSAT AuaMeTp pabodero koneca Dq
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Puc. 6.2. K rpado-ananurnyeckomy pacyeTy CUpaibHBIX KaMep KPYrjoro CeYeHws.
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Puc. 6.3. OTHOCHUTENBHBIE pa3Mepbl TOBOPOTHO-JIONACTHBIX TYpOuH [5].
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Puc. 6.4. OTHOCHTENIBHBIE Pa3MeEPBI PaAHaIbHO-0CEBBIX TYpOUH [5].
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[Ipu pacuyere TypOMHHBIX KaMep JOMYCTUMBIE BXOJHBIE CKOPOCTH V zx MOTYT OBITH MPHHSTHI 110
PEKOMEHalUsM, PUBEICHHBIM B Tabnuie 6.3.

Tabnuma 6.3. CpeaHre CKOPOCTH BO BXOJIHOM CEUCHHUH Vyx B 3aBUCHMOCTH OT Haropa H [1].

Kenezo0eroHHbIe KaMepbl TABPOBOTO CEUCHHSI
Hanop H, m 5 10 20 30 40 50 60 70 80
Vx, M/C 2,3 3,0 3,8 4,6 5,3 5,9 6,4 7,0 7,5
CranbHbIe U CTaJIEKeNe300€TOHHbIE KaMephl KPYTJIOTO CEUEHHS
Hanop H, m 40 50 100 150 200 250 300 350 400
Vx, M/C 5,0 6,1 9,4 11,0 12,0 12,5 12,8 12,9 13.0

7. Onpenenenne pa3MepoB OTcachbiBalouieii Tpyobl
["aGapuThl OTCACHIBAIONINX TPYO [UISA Pa3IMYHBIX TUTIOB TYpOWH PEriIaMeHTHPYIOTCS 3aBOIaMU-
MOCTABILMKAMH THIPOTYPOMHHOTO 000PY/I0BaHHUS.
7.1. PacyeT M30rHYTBIX 0TCACHIBAIOIIMX TPYO
[Ipu oTCyTCTBMU peryiaMeHTa 3aBOAA-TIOCTABIIMKA MOYXHO TMPUMEHSTH PEKOMEHIYEMbIE THITBI
oTcachiBaroux Tpyo. B P® Hanbosnee mupoko UCHOJIBb3YIOTCS OTCachIBatolue Tpyobl ¢ KojieHoM No4

C HECHUMMETPUYHBIM U C CHMMETPHUYHBIM PACOJIOKEHUEM TOpHU30HTAIbHOTO auddy3opa B miaHe (CM.

puc. 7.1) [5].

OpHEeHTHPOBOYHBIE Pa3Mephl TAKUX TPYO, OTHECCHHBIE K THaMeTpy pabodero koJjieca TypOUHBI
D1, mpuBenens! B Tabauie 7.1.

Tab6muma 7.1. OTHOCUTENBHBIC TA0APUTHBIE pa3MepPhbl OTCACHIBAIOIINX TPYO [5].

Tur TpyOBI H D, L, L Bs hy hs he
4A 1,915 1,1 1,4 3,5 2,2 1,1 1,0 0,55
4C 2,3 1,2 1,5 4,5 2,4 1,17 1,2 0,6
4H 2,5 1,35 1,75 4,5 2,7 1,35 1,3 0,67

Tpyba 4A mpenHa3Ha4yeHa JUIsi OCEBBIX MOBOPOTHO-JIOMACTHBIX TypOuH; 4C — JuIsi OCEBBIX U
paananbHO-0CeBBIX TypOuH; 4H — nms paguanbHO-0CEBBIX TYpOUH.

Pasmeprl konena Ne4 mpuBeneHbl OTHOCHUTENBHO AuameTpa Ds. DTOT auamerp A KoJeHa
coctarisieT 100 enunum, caeaoBaresbHo, pazmep L1 B 1,09 pasa 6osbmie yem Dy (cm. puc. 7.1.).
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Puc. 7.1. U3ornyras otcaceiBaromias Tpyoda ¢ kosenom Ne4,
7.2. PacueT NpsAIMOOCHBIX OTCACHIBAKIIMX TPYO

JlinHy npsiMoocHOM otcackiBatomieit TpyOsl L (M) (cM. puc. 7.2) npu OTCYTCTBUU periiaMeHTa
3aBOJA-TIOCTABIIUKA OMPEACIIAIOT 0100poM 10 opmyrie [5]

JV2/Vs -1
L=DpY¥Y2 Y5 - (7.1)
2tg(0/2)
rae D — BeIXogHOM nuaMeTp pabouero KoJieca Ui KaMephl, M; V2 — CpEIHSSI CKOPOCTh B CEUCHHH 2-2,

M/c; Vs — cpeHsisi CKOPOCTh B CEUEHUH 5-5, M/c; O — yros pacxoxaeHus, rpaj.
n

VBb ‘

~_ J )
=
A | VPK
2 2
.
o | VB
:__/f_‘ ‘ ‘ :_—___ %_:
G\

Puc. 7.2. Konnueckast mpsMOOCHasi OTcachIBaromas Tpyoa.
Cpennsis ckopocth V3 (M/c) onpeaensieTcs o ¢popmyne [5]
V,= —QMa" (7.2)
2 )
nD

r/1e Quax — PACXOJT [P MAKCHMAITBHOM MOIIHOCTH TYPOHHBI, M°/C.

[Tpu Ha3HAYEHUH yTIIa PACXOXKAECHUS CIEAyeT MOJIb30BaThCsl peKoMeHaanuei — 0 < 12+16°.
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MeToauyeckue ykazaHus
Il. Pacuer cyxoro noka
1. OnpenesieHue pa3MepoB KaMepbl 1 T0J0BBI CYX0I0 /I0KA.
1.1. Onpeaesnenne AIUHBbI U IIMPUHBI KAMEPbI I0KA.

BuyTpennue pa3Mepsl KaMephl JOKa HA3HAYaIOT B 3aBUCHMOCTH OT Pa3MEpEeHHd HanOOIBIIIErO
pacueTHOTO CY/AHA, U 00CITYKUBAaHUS KOTOPOTO MOXKET OBITh MCIOJIb30BaH JIOK.

B coBpeMeHHBIX 0OKax CTEHbI Kamepbl BBIMOJHSIOT MPAKTUYECKH BEPTHUKAIBHBIMU WM C
HEOOJBIIIMMH yCTYITAMH, TaK YTO OOIIUH HAKIOH CTEHBI IO OTHOIICHUIO K BEPTHKAINA HE MPEBBIIIACT
1:10-1:20. B paccuuThIBa€MOM CyXOM JIOKE IPHHUMAEM BEPTHKAILHBIE CTEHBI KAMEPHI.

B manHO# paboTe JOK pacCYMTHIBACTCS HA OOCITY)KHBAaHHE PACYETHOTO CY/IHA THUIIA CYXOTPY3 C
nenseritom D =80000T.

HawnGonpimas anuna 5Toro Thna cyana: L, = 242wm;

JUTMHA MEXTy MepIeHIuKysipaMu cynHa: L =225wm;

nepn.
ocajika B Ipy’KeHHOM coctostamu: T',, =134 m;
ocajika B IOPOKHEM cOCTOSIHUM: T’y = 5,5 M;
mupuHa cygHa: B, =33;

BBICOTA OOopTa: H, =18Mm.

[lone3nas nnuHa JOKa — paccTOSIHUE OT BHYTPEHHEH MOBEPXHOCTH 3aTBOpa /10 TOPLEBOU
CTeHKH KaMepbl. OHa onpenenseTcs 1no Gpopmyse:

L,=L.+> L (1)
rue: LC — JUIMHA PacUETHOro CyaHa.
Z L — cymMa 3amacoB U ONpeenseTcs Kak:

> L=l +l, (2)
rue: Il— 3amac co CTOPOHbI HOCOBOM YacTH CyJHA |1 =2+3M.;

|,— 3amac co cTOpoHBI KapMbl, IpeIHA3HAYCHHBIN JUI YCTAHOBKH Baja IpeOHOTO BHHTA U PaBEH B
npenenax 10+20M., HO Ui TEPCHEKTHBBI JKCIUTyaTallMd JOKa IMPHHHUMAaeM €ro B Tpejaenax
|, =35+40m.
CnenoBarenbHo, u3 hopmynsl (1) u (2):
D> L=3+35=38m.
L, =242+38=280 m.
JlvHa JOPOXKKU JOKOBBIX OTIOP MPUHUMAETCS paBHOM:
L., =09L, ©)
L., =09-242=2178 m.
MunumanbHas mupruHa KaMepsl Joka Ha 8 +10 M. GoJbllie MMPUHBI PACUETHOTO CY/IHA!
B, =B, +(8+10) m. 4
B, =33+10=43m.

1.2. Onpenenenue riryOMHBI B KaMepe M Ha MOPOre roJioBbI J0KA.
IIpy Ha3HaueHUM BEPTUKAIBHBIX pa3MEPOB KaMepbl PYKOBOACTBYIOTCS —CJIEAYIOLUIMMU
COOOpaKEHUSIMHU.
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MunumanbHass TayOMHA BOJBI HaJ JHHIIEM KaMepbl Yy TOJIOBBI Joka Hy ompenemsiercs
3aBHCUMOCTBIO:

H =T +> t+L-i (5)
rjae: Zt —CyMMa 3aIlacoB Ha BBICOTY KMJIBbONOKOB t, =1,2+2M. 1 Ha rIyOMHY 1OA KUJIEM CyIHA
t, =0,3+0,6 m., npuanmaem t, =2m. u t, =0,6Mm.;

L, —mnmna pacyetHoro cyaHa, L. =242wm;
| —TIPOJONBHBIA YKJIIOH IHHINA KaMephl B CTOPOHY TOJIOBBI JIJISI CTOKA BOJBI IPU OTIOPOKHEHHH
i =0,01+0,003, npuaumaem i =0,002;
T — pacdeTHas ocajika Cy/iHa IPU JOKOBAHUHU, PABHOE:
T . =T,+0,01L, (6)
rane: T, —ocanka cynHa mopoxseM, 7,=5,5M.,
Ho B xpaiinem cnyuae, pu JOKOBAaHUM aBAPUIHOTO CyJHA, KOTJa OHO MOTPY>KEHO B BOY IO 0OpT, TO
T'.=H,=18wm.
CrnenoBatenbHO, U3 GopMyisl (5):
H =18+2,6+242.0,002=211m.
I'mybuna Ha mopore cyxoro JIoka onpenessercs mo Gopmye:
H' =T, +t, @)
H' =18+0,6=18,6 m.
1.3. Ha3HayeHHe OTMETOK BepXa CTeH M JHHUIIA.
IIpu Ha3HAYEHUHN OTMETKM JHMILA KaMephl y FOJIOBBI 0Ka, IITyOUHy M, clleayeT OTCUUTHIBATh
OT HAWHM3IIETO YPOBHS BOJAbI, BO3MOXXHOTO 110 AaCTPOHOMHYECKUM TNpPUYUHAM. YUHUTHIBas
HEJOMYCTUMOCTh JUIMTEIbHBIX 3aJIepKEK CyAHA B JIOKE IMOCJIEe OKOHYaHMS PEMOHTHBIX paboT 3a
pacueTHBIH, MPUHUMAaeTCs YpOBEHb He HIbke 97% obecrnieueHHOCTU. B ycrnoBuUsAX NPUIMBHO-OTAUBHBIX
KoJjebaHuil cieayeT oOpaTuTh BHUMaHHE BO3MOKHOCTH BBOJIA B JIOK M BBIBOJIA CY/AHA INPHU MOJHOU
BOJIE BO BpeMs KBaApaTypbl. Bo3BblllleHHE BepxXa Kamepbl J0Ka Ha3HA4YaloT paBHOM OTMETKE
TEPPUTOPUHU TIOPTA U3 YCIOBHUS:
v IT'=50%+2m
vIT"=1%+1u
Y BBIOMpaeTcst HauboJIbIas OTMETKA (B OAITUHCKON CHCTEME):
vIl'=052+2m=252m
vIT"=28+1u=38m

(8)

CnenoBarenbHO, OTMETKA BEpXa CTEH CyXOro JI0Ka paBHa (B Gantuiickoil cucreme): v /[ =3,8m.
Otmerka quuina va nopore: Vv /n.,, =-188m;

OtmeTka THMINA KaMepBI y TOJOBHI JoKa: Vv [u.,, =-213m;

=-20,8Mm.

2. Onucanue M pacyeT CHCTeM /I0KAa.

OtmeTKa JHUIIA KaME€phI B KOHIIE OKaA: VvV ﬂH.

KOH.

2.1. CucreMa BBO/Ja-BbIBO/JA CY/10B.
[IIBapTOBHO-TSATOBOE O0OpYyIOBaHUE JOKAa MpPEJHA3HAUYECHO JUIS BBOJA-BBIBOJA CYIOB M HX
IIEHTPOBKH B Kamepe. OOBIYHO KpYIHBIE Cy/la MOJABOIAT K JIOKY ABYMsI OYKCUpaMH CO CKOPOCTBIO
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M o .
0,2+0,7 nmpu BeTpe He Oosiee 5 OalloB M BOJIHEHWW A0 3 OamoB. JlanpHeWmuit BBOJ U
MUH

JBIDKEHUE CyIHA B KaMepe OCYLIECTBISETCS C IMOMOILIBIO 3JICKTPOLINHIICH, TArOBBIX (epM WiH
CHEIMAJIbHBIX TATOBBIX TEJIEXKEK (PHC.2), NEPEMEIIAIONINXCS 0 HAIPABJISAIOLIUM BAOJIb CTEH KaMephbl

(puc.3)
11 7
2
P S AR
1/
Puc.2. BBox cyaHa B kaMepy J0Ka, BO3MOXKHBIE CXEMBI BBOJIA.
rae:  (l) — ¢ moMoIIbIO TATOBBIX IIMTUIEH U pacKpeIuIeHus 3a mBapToBHbie TyMOBI; (1) — ¢ momoribo

TsroBoit hepmbl; (111) — ¢ MOMOIIBIO TATOBBIX U IEHTPUPYIOMIUX TEICIKEK.
1 - noxyemoe cynHO; 2 - OyKCup; 3 - SICKTPOIIUIIN; 4 - HOCOBBIC IIBAPTOBHI; 5 - CACPKUBAIOIIIHEC
IIBApPTOBHI; 6 - IMIBApTOBHBIE TYMOBI; 7 - TATOBas (hepMa; 8 - EHTPUPYIOIINE TEIEKKU; 9 - TATOBBIC
tenexxku; 10 - nedenku;

11

@ @ @ 12 13

Puc.3. KoHCTpyKIUs TATOBOM TENEKKU
11 - OykcupHsblii rak; 12 - mpogonbHas kopoOuaras Oajka TelexkH; 13 - BepXHue KaTKH;
14 - axHMe KaTKy; 15 - monepeyHas 6ajika paMbl TEJIEKKH.
ManeHnbKue cyzia MOTYT BXOJIUTh CBOUM XOJ0M. BX0/10M cy/iHa pyKOBOAUT AOK-MacTep.

B nanno#t paboTe BBOJ CyqHAa B JIOK OCYILIECTBISIETCS C MOMOINBIO TITOBBIX INMUICH H

rac:

pacKperuieHueM 3a IBapTOBHbIE TyMOBI.
[IIBapToBBIE HIMUJIM pacloyiaraloTcs BAOJL CTeH Kamep uepe3 60-80m. Hlmmumm u TymObI

pa3MeniatoT Ha paccTossHuu 0,5-1,5M OT KOPAOHHON JTMHUM CTSIKKU.
Kax/ip1if oK UMeeT KOMIUIEKT OTIOPHBIX YCTPOUCTB — KMIILOJIOKH (puc.4).
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6) 1

a) ¥

14-19

= —— — — — T

Puc.4. KoncTpyKins JOKOBBIX OMOP.
rae:  a- paz0opHbIN METAIUTMUECKUN KUIIBOJIOK; O - yHHBEpcaibHasl TI0KOBas KJIeTKa; 1 - nepeBsiHHas
TOJYIIKA; 2 - KIUH; 3 - CTSHKHOM BUHT; 4 - PyHAaMEHT; 5 - cTarens; 6 - OCHOBaHUE;
7 - TeJeCKOMUYeCcKas CTOMKa; § - KIIMHOBOE YCTPOMCTBO; 9 - OMOpHas IIJIOMIAKa C PE3UHOBBIMU
aMOPTHU3aTOPAMH U IIAPOBBIM ITAPHUPOM.
2.2. Pacuer u onMcaHue CMCTEMbl HAIIOJIHEHH .

I'mapaBnuuecknii pacdeT CHCTEMBI HAMOJHEHUS KaMephl CYXOro JIOKa 3akjio4yaeTcss B
YCTaHOBJICHUU Pa3MEpOB TMOTEPEUHBIX CEUYEHUU BOJOBOJOB MO 33JaHHOMY BPEMEHHU 3alOJIHCHUS U
TUITY CUCTEMBI.

Hamonnenue kamephl J0Ka OCYIECTBIIACTCS Yepe3 KIIMHKETHI.

CymmapHas rioniaib KIMHKETOB PaBHA:

20 H

0=——"— (9)
uT2g
rae:  u —ko3dduunent cuctemsl HanoaHeHus, 1 =0,7;
T —Bpewms HanonHeHus kKamepsl, 1 = 3,5uaca =12600c .;
g — yckopeHue cBoboaHoro najaeHus, g =10 J‘/ 2
c
Q — moniak 3epKajia Kamephbl, paBHa:
H — cpennuii Harmop B kamepe, H=20,85wm.
Q=L,-B, (10)

Q =280-43=12040n.

2-12040,/20,85 )
0= =2,8m".
0,7-12600v2-10

3. KoncTpyupoBaHue 3J1eMEHTOB CyX0ro J0Ka.

N3 popmymnsr (9):

3.1. HaznaueHue pa3MepoB KOHCTPYKIUH CTEH.

Kamepsl cyxux HOKOB, Kak IPaBHWJIO, CIEAYET PACCUUTHIBATh IO MEPBOM I'PyIIE NMPEAEIbHBIX
COCTOSIHMI Ha YCTOMYMBOCTb M BCIUIBITHE. DTH pacyeThl NPOU3BOIATCSA TaKXKe, KaKk M U1 KaMep
CYJIOXOJHBIX IIJIF030B, COOTBETCTBYIOIINX KOHCTPYKIMM IPU HAaJUYUKM OCHOBHBIX Pa3MEpPOB CTEH U
JHHUILIA.

Pacuer npousBoauTcs Ha “TIONOCKY” TOKa AIUHON 1M., B3TOM Ha MOJOBUHE JUIMHBI JIOKA.

Jlnist 0OBIUHBIX KaMep JI0Ka, BBHICOTY CTEH Ha3HAYaIOT MUCXOJS U3 OTMETKH JHUIIA U OTMETKH
MIOPTOBOM TEPPUTOPUH.

CnenoBarenbHO, BICOTa CTEHBI KaMEPBI 10Ka paBHA 24,85M.
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TonmuHa cTeHbI 0 HU3Y paBHA:

b, =(0,2+03)H_, (11)
rae: H, — MuanManbsHas riryOnHa BoJIbl B kKamepe noka, H=20,6M.

Orcrona:

b, =0,3-20,6 =6,2Mm.

HlupuHa cTeHBl MO BEpXy HAa3HAYAETCS KOHCTPYKTHUBHO: 2-3 M.; C y4€TOM HaJIM4Hs KaHaia
MPOMIIPOBOJIKH, IIUPHHA PUHUMaeTcs 3,3M. ToJmuHa CTeHOK KaHaia MpoMIpoBoakH paBHa 0,3M. u
IM., uIsl ycTaHOBKM KpaHOBOUM Horu, a nepekpbituil 0,5M. Otcroga cineayet, uto lllupuna xanana
paBHa 2M., a BbicoTa 1,8M.

KoHcTpykTHBHOE pelieHre cTeHbl PEICTaBICHO Ha PUCYHKE S.:
3300

o oo 2000 |300
=
(p)
S
SIS
o 8
§ 2000
S
n
Q
N
Ny
A
v

6200

Puc. 5. KoHCTpyKTHBHOE pEllIEHUE CTEHbI CYXOTro J0Ka.
3.2. HaznayeHue pa3MepoB KOHCTPYKIIUM JHUIIA.

B nannoii paboTe qHUIIIE CyXOTo J0Ka HE 3aaHKEPEHHOE U MPUHUMAETCS B BUJIE MOHOJIUTHOM
IUIMTEI ¢ TOJIIUHOMN SM., ¢ OOKOBBIMHM KOHCOJIIMH JJIMHOM 4M.
KoHcTpyKkTHBHOE pelieHre JHUIA MTPEICTaBICHO Ha pUCYHKeE O.:

63400

2000

L
3

5000

55400

Puc. 6. KoHCTpyKTHBHOE pelieHue JHUILA CYyXOro JOKa.
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3.3. HazHayeHue pa3MepoB KOHCTPYKLMH I0J10BbI 10KA.

Ilocne BBOJA cyaHa B JOK, BXOJHOE OTBEPCTUE, YCTPAMBAEMOE B TOJIOBHOM 4acTU JO0Ka,
3aKpbIBAETCS CIIELUAIbHBIM 3aTBOPOM. 3aTBOP IUIOTHO IPHIIETAeT MO MEPUMETPY OTBEPCTUS U UMEET
10 BCEMY KOHTYpPY YIUIOTHSIOLIUE YCTPOMCTBA, MPENSATCTBYIOLIME MPOCAYMBAHUIO BOJBI B Kamepy
J0Ka. 3aTBOP SABIISETCS OTBETCTBEHHON YaCThIO JOKOBOTO KOMIUIEKCA, TAK KaK OT €ro pabOThl 3aBHCUT
OecniepeOoitHast SKCIUTyaTaIHs T0Ka.

3aTBOPBHI OOBIYHO MU3TOTABIMBAIOT U3 METAJUIA. 3aTBOP MPEACTaBIsIeT cOO0M KapKac, MMEIOLTHIA
dopmy mapasurenenunena, oOpa3OBaHHBIA M3 CHCTEMBI BEPTHUKAIBHBIX CTOEK M TOPU3OHTAIBHBIX
Oanok-purenei, CBA3aHHBIX MEXIY COOOH pacropkaMHM M PackoCcaMu M HECYHIMX OJHOCTOPOHHIOIO
WIA JABYCTOPOHHIOIO CTaJbHYIO OOMMBKY. [lJI1 yMEHBIIEHUS HArpy3KH Ha OIOPHBIC DJIEMEHTHI B
COCTaB KapKaca 0OBIYHO BKJIIOYAETCS TOPU30HTANIbHAS BO3AYIIHO-0a/IacTHAs Kamepa. 3aTBOP MOKET
MepeMeIaThCsl Ha MOJI03bAX, Ha CHEUAIbHBIX TEJIEKKaX WIHM B IUIABAIOIIEM COCTOSHUM. Yaiie Bcero
HCIOJIb3YIOT JBE OIOPHBIE TENEKKH, KOTOPBIE PACIIOIAraloTCs BHU3Y U BBEPXY, YTO JOCTATOYHO
HAJEKHO 00ecreyrBaeT MONEPEUYHYI0 YCTOMUMBOCTH 3aTBOpa. IIpu OTKpPBITHM BXOJHOTO OTBEpPCTHS,
3aTBOP NEPEMENIAECTCA B CIELUAIBHYIO KaMepy, PAaCIOJIOKEHHYIO B FOJIOBE J0KA.

B nanHoit paboTe npumeHsieTcs 3aTBOP TUIMA 0aTOMOPT.

Puc. 7. batonopr rae: 1 — nopor, 2 — 6aTonopT, 3 — Kamepa J0Ka.
[[IupuHa moka HA BXOJE WJIM IIMPHHA TOJOBHI IOKa Ha3HAa4yaeTcs Ha 4-5 M. OOJbIIe ITUPUHBI

pacyeTHOTO Cy/Ha.

CnenosarenpHo: B =33+5=38 m.

nopo.
OcTanbHble pa3Mepbl Ha3HaYaeM KOHCTPYKTHBHO:

JnuHa nopora paBHa 2 M;

JlnuHa BogocOOpHUKA (JIMBHEBKH) paBHA 2,5 M;

Paccrosinue oT BogocOOpHUKA 10 KaMephl Joka paBHa 1,5 M;
Paccrosinue ot 6aTomnopra A0 Ma30B PeMOHTHOIO 3aTBOpa paBHa 1,5 M.
KoHcTpykTHBHOE pelieHne rojoBbl I0Ka MPEICTaBICHO Ha PUCYHKE &:
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Puc. 8. KoHCTpyKTHBHOE penieHue rojaoBbl CyXoro JOKa.

4. COop Harpy3ox.
4.1. Harpy3ka ot Beca J{HMIIA.
COop Harpy30Kk mMpoOU3BOIUTCS Ha | M. IJTMHBI KaMephl J0Ka, B3ATON MO-CEpEUHE ITOTO J0Ka.
Crnenys U3 3TOro, pacCYUTaeM Harpy3Ky OT COOCTBEHHOTO Beca JHHUIIA.

POH :le-t 'yﬁem (12)
rae:  V, —o0bem GeToHA B THMIIE;
7., — yoenbHbli Bec GetoHa, . =24 kH/M®;
JlHuIIE IPEICTaBIICHO HA CXEME:
63400
= 0] €3) O]
i3
= L

™~

55400

Puc. 9. PacueTHas cxema JIHHUIIA CyXOTO JOKa.
Haiinem 00beM 31EMEHTOB JHUINA:

V, :E-4-1=14M3;
2

V, =554-5.1=277u°;

V, =2—;5-4-1=14M3.

O06bem OeToHa paBeH:
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V, =V, +V, +V, (13)
Orcrona:
V, =14+277+14=305x°
Harpyska oT coOCTBEHHOTO Beca JHHUIIA:
P, =305-24="7320cH

4.2. Harpy3ka oT Beca CT€eH.
PaccunTaem Harpy3ky oT COOCTBEHHOTO Beca CTEH 1Mo GopmyIe:

Pcm :ch v bem (14)
rae:  V, —o0beM OeTOHA B CTEHAX;
¥ som— YIACIBHBIN Bec O€TOHA, . =24 kH/M;
CreHa 10Ka IIPeICTaBIE€Ha Ha CXEME:
3300
- 10002000 300
S
n
SES
3
@
h_\f
S 2000
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6200

Puc. 10. PacueTHas cxema CTEHBI CyXOro JOKa.
HaiineM 00beM D1€MEHTOB CTEHBI:

V,/=33-28-1=9,24x°;
V,— 00beM KaHasa MpOMIPOBOJKH (ITyCTOTHI);
V, =2-18-1=36mx°;
Orcroma: V, =V, -V,,
V, =9,24-3,6=5,64x°;
_2+6,2

V, -22,05-1=90,4°

O0bem OeToHa paBeH:
vV, =V, +V, (15)
Orcrona:
V, =5,64+90,4=96,04°
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Harpy3ka oT coOCTBEHHOT0 Beca IByX CTCH:
P, =2-96,04-24=460992xH

4.3. /laB/1eHHe TPYHTA HA CTEHY.
BennunHa naBieHus onpenensercs Kak 00beM SMIOPhI AaBJICHUS IPyHTA HA CTCHY, OPIHMHATHI
KOTOPO¥! oIpenessoTes mo hopmye:
0a=(27i h)- A, —C- Ay (16)
rae:  y,— yAelbHbIA Bec rpyHTa (rpaBuit), ¥, =21 kH/M®, 7, =11 kH/M®;
h,— BeICOTa cI10sI TPYHTA,;

Z 7; ‘h,—BepTHKanpHOE NaBIeHHE OT COOCTBEHHOTO Beca IPyHTA Ha TAHHOW TITyOWHE MOTPYKCHUS;

C — cueruieHue rpyHra, ¢ =0.
Ay Aype— KODPOUIMEHTHI TOPH30HTANBHONW COCTaBIAIOIIEH aKTHMBHOTO JABJIECHUS TPyHTa, B
3apucumoctn ot ¢, A, =019 (mox Bonoit A, =0,24).

I'pyHT 00OpaTHO 3achIKK MPUHUMAEM — I'PaBHii, W3-3a BBICOKOTO yIJla BHYTPEHHETO TPEHUs
@ =45° (mon Bonoi ¢ =380), YTO IPUBOJMT K MEHBIIEH JJINHE PACIpPOCTPAHEHUS HArPy3KH HA CTEHBI

JIOKA OT COOPYXEHHI HAXOISIINXCS HA MOBEPXHOCTH.
PacueTHas cxeMa CTEHBI M MIIOPHI JaBJICHUS TPYHTA, MIPECTaBICHBI Ha puc.11.

T y=21— =454, =019 ' =

“H _
y=1120 p=38". 4, =024,

F18540
Pk ]

Puc. 11. PacueTHas cxema CTEHHI U OIIOPBI JaBJICHUA I'PYHTA HA HEE.

Haiinem 00BEM DIIEMEHTOB OIIOPLI JaBJICHUSA I'PYHTA:

V, = %-3,99-1-121,9957<H;
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~399+66,89

V, -23,85-1=8452kH .

CnenoBarenbHO, TOPU30HTAIBHAS COCTABIIAIONIAS PAaBHOJCHCTBYIOIIEH aKTUBHOIO JaBJICHUS
IPYHTa C YIJIOM BHYTPEHHETO TPEHUs ¢ , HA JIB€ CTEHBI PaBHA!

E , =1995-2=399%H ;
E ., =8452-2=16904«H .
4.4. Harpy3ka oT 3aCbINKH Na3yX.
Marepuan 3acellku Iasyx — rpaBui. JUisg ompeneneHus Harpy3Kd OT 3aChIIKM  Ia3yx
He00X0IMMO HaiiTH e€ cCOOCTBEHHBIH Bec.

Hatinem 00bEM 3aCBITIKH:
6900 3300

||

QB

1800 _10p0

4000 4200

298350
22050

5000

<

Puc.12. Cxema mist HaX0KIEHHUSA BECA 3aCHIIIKH.

YpoBeHb IPYHTOBBIX BOJ MpuHUMAaeM npu 1% obecriedeHHOCTH.
OObeM 3achIlIKU PaBeH:

V,.=V,+V, +V,; +V, @an
V, =6,9-1-1=6,9°

V, =18-6,9-1=1242°

V, =22,05-4-1=88,2x°

Vv, 2%-22,05-4,2-1: 46,3m°

V.. =69+1242+882+463=15382u"

3ac.

Harpy31<a 3aChIIKHU Ma3yX Ha ABC€ CTCHBI C YUCTOM B3BCIIMBAIOLICTO BOSHCIZCTBHH BOJBI:
636eU .
P3ac. = 2(\/1 7cyr +(\/2 +V3 +V4)'7/Mm<p.) (18)
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Pt =2-(6,9-21+(12,42+ 88,2+ 46,3) - 11) = 3522,04xH .
Harpyska 3achInky ma3yx Ha JBE CTEHBI 0€3 yueTa B3BEIIMBAOIIETO BO3ICHCTBYS BOIBI:
PR =2-(V, +V, +V, +V4).7/cyx. (19)
P =2.15382-21=6460,44xH .

4.5. 'uapocraTuyeckoe JaBjieHne BObI.

]{a,HOK,TaK)KC,HCﬁCTByCT CuJjia TUAPOCTATUYCCKOTO AAaBJICHUA BOJbI, KOTOpasa MpCACTaBJICHA
Ha CXEMC:

<
=
=
=

28850
I/ 1
v

S

E, // /
/ /

i} /
H e !
f

L —

=
—

A

Hy- ¥y

L

Puc. 13. Cxema rugpocTaTH4eCKOro JAaBji€HUs BOJIbI Ha JIOK.
Otcroga:

E, = 2-%‘28,85-10' 28,85-1=83232xH

4.6. Harpyska ot Beca cyaHa.
PaccMOTpUM KECTKOCTH CylHA M KHJIEBOM JOPOKKM CpaBHUMO paBHbIMU. ClleJOBaTebHO,
CYIHO paccMaTpuBaeTcs, Kak Oajlka Ha ynpyroM ocHoBaHMM. Harpysky oT Beca CyqHa ompenensieMm,
KaK peakifio B KWIbOJIIOKEe, KOTopas OyJeT UMEeTh MaKCHMalbHOE 3HAUE€HUE Ha CepeAMHE CY/HA, IO
¢dopmyne [llamanckoro:

S(x) = (1,25+0,25sin ”I—'X)IE, (20)

rae: | — anuHA MexIy nepneHauKynspamu cyaaa, | =225 m.;
Xx=0,5-1=0,5-225=1125m;
P — noxoBelii BeC cyHa;

JIOKOBBIH BeC CyIHAa paBeH MpU3Me MOABOTHOTO 00beMa cynaHa, P=V.
[ToaBoTHBINM 00BEM Cy/IHA paBEH:
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V :5. Lgam. : BB’

am. .TO ! (21)
rae: O — Kod(pUIUEHT OOIIeH MOJHOTHI, YYUTHIBAIONIMN OOBOJBI CyAHA M 3aBHUCSIIUNA OT THUIA
CymHa, Ul cyxorpysa paseH: 6 =0,75;

L, — JUIMHA cyaHa 1o BaTepaunuu, L =232 m.;

B,,, — IIMpHHA Cy/1HA HAa ypOBHE Bartepnuuuy, B, =20 m.

8a

T, —ocazka cy/iHa B IOPOKHEM COCTOSAHUH, T, =5,5M;

Orcrona:
V =0,75-232-20-5,5=191401°
3uaunt: P=V=19140 1.=191400 xH.
CrnenoBatenbHO, U3 popmyisl (20):
S(x) = (1,25+0,25sin 3’14'112’5) 191400 =1069,2 KH :
225 225 M

5. Pacuer 1oKa Ha BCILIBLITHE.

Pacyer cyxoro noka Ha BCIUIBITHE MPOU3BOJIUTCS MO | rpymnme npeneiabHbIX COCTOSHUM, MPH
CJ'IG)IYIOHIGM COUCTaHun Hany30KZ SaTBOp SaKpBIT, BOJa U3 JO0KA OTKA4Y€Ha, cynHa B IOKEC HET.
Pacuet cBoMTCS K MPOBEPKE HEPABEHCTBA:
<m P+P, +T
LETTTW

rae:  K,— K03(p(GHUIMEHT HaIeKHOCTH, 3aBHCAIIMI OT Kilacca COOPYKEHHs, Mg coopyxeHui |l

(22)

Kknacca k,=1,25;
P_—Bec kamepsl,
P=P, +P, (23)
P. =7320+460992 =1192992«H ,
P._. — Bec IpyHTa 3achINKH Na3yx (Hag KoHconslo), P, = 646044xH ;

T — cuna TpeHHUs MO MIOCKOCTHU C/IBUTa;
M — ko3 dunreHT ycioBus pabOThl, YYUTHIBAIOMIUNA BO3MOXKHOCTh (DAaKTUYECKOTO YBEITUUYECHUS

OOKOBOTO JaBJICHUS TPYHTA MpHU MPOrudax JHUIIA MO IeHCTBUEM MpoTuBoaaBieHus, m=_0,7;

W —B3BemmBaroliee JaBJICHUE BOIbI — POTHBO/IABICHUE, pUC. 14.;
W=gq, By, (24)
rae:  B,— mmpuna noka no Husy, B =63,4 m.;
q,,— BBITAJIKUBAOLIEE AaBIeHUE BOABI (puc. 14),
Qw = 7w Hu, (25)
rae:  y,— YIAEJIbHBIN Bec BOIBL, ¥, =10 KH/MS;
H,,— ypoBeHs rpynToBbIX Bog, H ,=28,85 m.

Orcroma:
q, =10-28,85=2885 xH/M’,

CnenoBarenbHo, 1o popmyie (24):
W =2885-63,4 =182909«H
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9= JwHw

By

Puc. 14. CxeMa BLITAJIKUBAIOIIETO JABJICHHUS BOJBI.

Cuna TpeHus 1o mIocKocTu caura T, paBHa:
T, =Eun 199, (26)
T=T,+T,
rae: E, —ropusoHTanbHas COCTaBIIAIONIAs PABHOJAECHCTBYIOIIEH aKTHBHOTO PAcYETHOTO JaBJICHHS
TpyHTa C YIJIOM BHYTPEHHETO TPEHUS @ .
Otcrona:
T, =3,99-1945 =399 H ,
T, =1690,4-tg38 =1320,68«xH .
CrnenoBaTenbHoO:
T =399+132068=1324,67xH .

[IpoBepsiem ycinoBue (22) Ha BCIUIBITHE JI0KA:

125<0.7. 1192992+ 6460,44+1324,67 |
182909
1,25<134.

Ycnosue BBIIIOJIHCHO, CJICJ0BATCIbHO, IOK YCTOP’I‘IHB X1 HC BCIIJIBIBACT.

3aKJIIOueHueE.
B nannoii pabote pazpaOoTaH U 3alpOEKTHPOBAH CyXOil JOK, peHa3HAuYEeHHBbIN U1 pEMOHTA
U CTPOUTEIHCTBA CYAOB (HA pacyeTHOe CyAHO Tuma cyxorpy3 c aenseiitom 80000t.). [ox
IpeacTaBisieT co00il keyne300eTOHHYI0 KaMmepy, OOOpYyJOBAaHHYIO CHUCTEMOI HAIOJIHEHMs, B BUJE
KIIMHKETOB, BBOJA-BBIBOJA CYIOB, OCHAIEH KOMMYHHUKAlUsAMU U J.p. 3aTBOp CyXOro JOKa THIA
O6aromopt. [lok Tak ke MMeeT Ma3bl JJIi PEMOHTHOro 3arBopa B Buje manaop. Cyxoil ok —
IPaBUTALIMOHHOIO THIIA C JHUIIEBBIMA KOHcOJsIMH. Kamepa 1noka ycroiiuMBa Ha BCIUIBITHE IIPU
HeOJIaronpusATHOM COUYETaHUU HAarpy30K: 3aTBOP 3aKpBIT, BOJIA U3 JIOKA OTKAUYEHA, CyJIHa B IOKE HET.
Crrcok ncnoap3yeMon JTUTEPaTypBl.

1. Cmupnos I'. H., Apucrapxos B.B. “Iloptsl u noprossie coopyxkenus” M: Crpoiinsnar, 1979r.

2. bekkep A.T., “Ilman mopckoro mnopra”. IlpunokeHne K METOIMYECKHM YyKa3aHUSAM I10
pa3paboTke KypcoBO# paboThI 11 cTyneHToB cniennanbHoctu 1201. ABITN, Bnangusoctok, 1980r.

3. CHull 2.06.04-82 “Harpy3ku u BO3AEHCTBHS Ha THIPOTEXHHUYECKHE COOpYKeHHUs M:
Crpoutnznart, 1983r.
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11l Meronnuyeckue yka3aHusl K BbINIOJHEHHIO KyPCOBOI'0 MPOEKTA
Beenenue

]_IGJISIMI/I KypCOBOI'O MPOCKTUPOBAHUNA ABJIAIOTCA:

3aKpEIJICHUE TOJYYEHHBIX CTYJIEHTaMHU TEOpETHYECKUX 3HaHuM no gucuuiumHe «['9C n
TUIPOMAILIHBDY;

npuoOpeTeHne CTyACHTaMH HEOOXOJMMBIX HAaBBIKOB IpU paboTe ¢ yueOHOH, CIpaBOYHOH,
HOPMAaTHBHOM M TEXHUYECKOU JIUTEPATYPONU;

3aKperieHHe pacyeTHO-TpapuIeCcKiX HaBBIKOB;

pa3BUTHE CIIOCOOHOCTEH CTYIEHTOB K CAMOCTOSITEIbHOMY PELICHHUIO TPAKTUYECKUX 3aj1au.

I[J'If[ BBIITOJTHCHHA KYPCOBOTO ITPOCKTA B KAYECTBEC NCXOJHBIX JAHHBIX ABJIAKOTCA:

ycraHoBiieHHast MOIHOCTb I'DC Ny, KBT;

OTMETKa HOpMaJibHOTO noAnopHoro yposHs (HITY), m;

OTMETKa ypoBHs MepTBoro ooreMa (YMO), Mm;

cOPOCHOI pacxos BeposTHOCTHIO pesbiurerns 0,01% (Qoo10), M/C;
KpHUBas CBSI3U pacxoJi0B U YPOBHEH B HIKHEM Obede;
TonorpaduyecKuil TIaH MecTa CTPOUTENbCTBA THAPOY3Ja;
re0JIOTHYECKHE YCIOBUS B CTBOPE THAPOY3JIa.

B xoxme KYPCOBOI'0 IPOCKTUPOBAHUSA PCIIAIOTCA CIICAYIOINEC 3aaaun:

noaoupaeTcs TUIposHepreTrndeckoe odopyaoanue 3nanus ['DC (TypOuHBI, T€HEPATOPHI,
TpaHchopmaTophl);
nmo0oupaeTcs MoAbeMHO-TpaHCTIOpTHOE obopynoBanue 3nanus ['IC;
PacCUUTHIBAIOTCS U MPOEKTUPYIOTCS YCTPOMCTBA 1MOBOIA BOABI K TypOMHAM U OTBOJIA BOJbI
OT TypOuH;
OTIPENIETISIOTCS pa3MePbl TYypOMHHOTO OJIOKA U pa3Mephl JIeMeHTOB 3aanus [ DC;
OTpeNessieTCsi OTMETKA pabovero Kojeca TypOUHBI;
MPOEKTUPYIOTCA MAIIMHHBIN 3aj, MOHTa)XHas IUIOUIaJKa M TOJ3EMHBI KOHTYp 3JaHUS
I'9C;
MIPOEKTUPYIOTCS BOJOTIPUEMHbBIE COOPYKEHHUS;
MIPOEKTUPYETCS KpPeIieHne pyciia B HUKHEM Obede THIpoy3iia;
paspabaTbIBaeTCsi reHepaIbHbIN [IJ1aH THAPOY3Ja.
1. CocTraB MaTepHaIOB 3aKOHYEHHOI'0 IPOEKTA
1.1. CocTaB TEKCTOBOI YaCTH KYPCOBOI0 NIPOEKTA

IlosicHuTenpHAs 3amucka o0bemoM 25-30 CTPAHUIL] BBIIOJHACTCA PYKOIIMCHO WJIM II€YATHO HA

KOMIIBIOTCPE € UCIIOJIB30BAHUCM TCKCTOBOI'O p€aaKTopa. B cootBercTBUM ¢ nonoxenuem «O cocraBe

pas3aciioB HpOCKTHOfI JAOKYMCHTAllUN U Tpe6OBaHH${X K HUX COACPKAHUK» YTBCPKIACHHOM

npaButenbcTBoM Poccuiickoit @enepauuu 16 ¢espans 2008 r. Ne 87 mpoekTHas JOKyMEHTALlUs

AOJIKHA COACPIKATDH 12 pa3aciioB. B KyYpCOBOM IIPOCKTC HCKOTOPBIC U3 PA3ACJIOB BXOAANIUX B COCTAB

HpOCKTHOﬁ JOKYMCHTAIIUN HC p33pa6aTLIBaIOTCH. TekcToBas 4acTh KypCOBOTO IIPOCKTA HOJI’KHA

COCTOATDh U3 CJICAYIOIINUX Ppa3acIOB.

TUTynbHBIN TUCT

OrnaBnenue

Pa3znen 1 «IlosicHuTenbHas 3anucKa»

Pa3nen 2 «CxeMa m1aHupOBOYHOM OpraHU3aluy 3€MEJIBHOTO y4acTKa

2.1. XapakrepHucTHUKa 3€MEJIBHOTO y4acTKa

2.2. IlnanupoBOYHasl OpraHU3aLUs 3€MENBHOIO yJacTKa

2.3. Cxema TpaHCHOPTHBIX KOMMYHUKaIUl, 00eCIIeUnBAIOIINX BHELTHUE U BHYTPEHHHE
IPY30IEPEBO3KU
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Pa3znen 3 «KoHcTpyKTHBHBIE U 00BEMHO-TUIAHUPOBOYHbBIE PELLIEHUS

3.1. BeiGop rugpomexanndeckoro obopynoBanus 3nanus [ OC

3.2. Pacuer u mpoeKTUPOBAHHE IOIBOJIA BOJBI K TypOMHAM

3.3. Pacuer u mpoeKTHUpPOBaHKUE OTBOJIA BOJIBI OT TYpPOUH

3.4. Bribop oTMeTKH pabodero koyeca

3.5. Omnpenenenue napameTpoB THAPOTEHEPATOPa, KpaTepa reHepaTopa U MoAreHepaTopHOi
IIaXThI

3.6. Onpenenenue nmapameTpoB Tpanchopmaropa

3.7. BrIOOp MOIBEMHO-TPAaHCIIOPTHOTO 000pyHoBanus 3nanus [ DC

3.8. Pacuer u nmpoekTupoBaHue BOJONIPUEMHBIX coopyxeHuit ['DC

3.9. IIpoexrupoBanue 3ganus [ IC

3.9.1. Onpenenenue pasmMepoB TypOMHHOTO OJ0Ka

3.9.2. MamuHHBINA 3a]1 1 MOHTAXXHAs IUIOIIA KA

3.9.3. IloxzemHsIil kKoHTYp 3aaHUS ' DC U MIOTHHBI

3.9.4. Pazpeska 3qanust [ C nedopmarimoHHBIMH IIBAMHU

3.10. Pacyer 1 nmpoeKkTUpOBaHUE KPEIUIEHUS pyclla B HUXKHEM Obede

3akiroueHue

CnuCOK HCNOIH30BAHHBIX HCTOYHHKOB

1.2. CocTaB rpaguueckoii 4acTH KypCcOBOI0 MPOEeKTa

I'paduueckasi 4acTb KypCOBOTO TIPOEKTa BBIMOJNHSETCS B KapaHJamle WM C TIOMOIIBIO
rpaduyecKkux peakTOpoB Ha JUCTE BaTMAaHCKOI OyMaru, Ha KOTOPOM pa3MeIIaloTCs:

1) monepeuHslil pa3pe3 34aHMs THAPOIIEKTPOCTAHIIMM 1O Ocu arperara B macmrabax 1:100,
1:200 mmm 1:250;

2) TIaHbl: MOHTQ)KHOM IJIONIAJIKK HA OTMETKE MOJAKPAHOBBIX IyTE; rMApoarperaTHoro 6Joka
Ha OTMETKE I0JIa MAlIMHHOTO 3aja; FUApoarperaTHoro 0JIoka Ha OTMETKE HIKHETrOo OMOPHOTO Mosca
HaIpPaBJIAIOIIEro annapara TypOuHBI,

3) mpooabHBIE Pa3pe3bl: MOHTAKHOM IIJIOLIAAKH; TUApoarperaTHoro 0Jj0kKa 1o ocu arperara

4) BUJ TUIPOArperaTHOTO OJIOKAa CO CTOPOHBI HIDKHETO Obeda;

5) pa3pes3 u 1IaH KOHCTPYKIMU BojgonpuemMHuka B Macmrtade 1:200 umu 1:250 (BeimomHseTcs
1t mpuruioTUHHBIX ['3C);

6) MmorepevHbIN pa3pes Mo CTAaHIIMOHHOM YacTs MIoTHHBI B Macmtade 1:1000 (BeimomHseTCs
1t mpurutoTUHHBIX ['3C);

7) mnan ruapoysna B macmrade 1:1000, 1:2000 wm 1:2500;

8) BHI HaA THUAPOY3ed CO CTOPOHBI HIDKHEro Obeda (TOpHM3OHTAIBHBIA MacmTad J0JDKEH
COBMAJaTh ¢ MacmTaboOM IUTaHA, BEPTUKAJIbHBIA MacuITad MOXKET ObITh YBEJIMYEH B COOTBETCTBUU C
pexkomenmanusmu [11]).

2. PexoMeH1a1IM¥ 110 BBINOJHEHHIO TEKCTOBOH YaCTH KypPCOBOI0 MPOEKTA

TekcToBas 4acTh KypCOBOTO MPOEKTA BBIMOJIHSACTCS Ha CTaHAAPTHBIX TucTax Gpopmata A4. Ilpu
HEO0OXOIMMOCTH OTJIEIbHBIE MaTepHallbl MOTYT BBIMIOJNHATCS Ha Jmctax ¢opmara A3. Odopmienue
TEKCTOBOM YacTH MPOU3BOAUTCSA B COOTBETCTBUU C TPEOOBAHUSAMHU, MPEABSIBISIEMBIMU K 0(QOPMICHUIO
KOHCTPYKTOPCKOM gokymMeHTanuu [1-6, 20, 21].

2.1. Pexomenganuu no BeinogHeHHIo Pagesna 1 «I[losscHATEILHAS 3aIIHCKA)»

B sToM pa3znene nmpuBOAMTCS 3aJjaHUEe Ha MpoeKTHpoBaHMe. ONHMCHIBAETCS XO35SHCTBEHHOE
3HAUYEHHUE MPOEKTUPYEMOro THApOYy3Ja. YKa3blBaeTCs COCTaB COOPYKEHHMH I'MIpoy3jia W Ha3HaYeHUe
3TUX COOPY)KEHHI, OTMEYaeTcsi, KaKue COOPYKEHHsI M3 3TOT0 cOCTaBa pa3padaThIBalOTCS B JAHHOM
MIPOEKTE U, C KaKOM CTemeHblo Jeranu3anuu. KpaTko oxapakTepH30BBIBAIOTCSI €CTECTBEHHBIE YCIOBUS
paiiona crpoutenbcTBa. [IpuBoautcs aprymenranus o Beioopy tuna 3aanus ['9C. [IpuBoaurcs obriee
OTKCaHWe KOHCTPYKIIUU 3JJaHUS TUPOAIEKTPOCTAHIIUHN U OCHOBHBIE MTapaMeTPhl TUAPOIIEKTPOCTAHIIHH.
[IpuBonsATCS CBeACHUS 00 MCIOJB30BAHHBIX B MPOEKTE M300PETEHUsX, pe3yJabTaTax MpPOBEICHHBIX
MATEeHTHBIX HUCCIENOBAHUMN, CBEACHUS O KOMITBIOTEPHBIX MPOTpaMMaxX, KOTOPhIE UCIOJB30BAINCh MPU
BBIIIOJIHEHUH PAaCYETOB KOHCTPYKTUBHBIX JIEMEHTOB 3[1aHUM, CTPOCHUHN U COOPYKEHUM.
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B cooTBercTBUM € pEKOMEHAALMSAMH, IPUBEACHHBIMU B [35] ycTaHaBIMBAaeTCS M yKa3bIBaeTCs
OIIaCHOCTh, TEXHUYECKAs CII0)KHOCTh M YHUKAJIIbHOCTh THPOY3JIa.

2.2. PexoMenanmu no BbinosHennio Pasznena 2 «CxeMa miiaHnpoBoO4HOI
OpPraHu3alyHy 3eMeJIbHOI0 YYaCTKa»
2.2.1. IlnaHNpOBOYHASI OPraHU3 AU 3eMeJIbHOr0 YYacTKa

KoMroHoBKka coOpyXeHHH TuApoy3jla CO 3JaHHEM pPYCIOBOIO THUIA pa3palaTbiBaeTcs, ¢
Y4eTOM TIOJIOKEHUH npuBeeHHBIX B [30] ¥ ¢ y4ETOM CIEAYIOIHUX OCHOBHBIX (DaKTOPOB:

¢ TonorpauIecKoil XapaKTepUCTHKH paiioHa CTPOUTEIIHCTBA;

® T€OJIOTMYECKUX YCIOBUH OCHOBAHUS;

e YCJIOBHM BO3BEAEHHS THAPOY3/Ia, C YYETOM CXEM IIPOIyCKa CTPOMUTEIBHBIX PacXo/0B,
OTPEEISAIOINX 0YEPEAHOCTh CTPOUTEIHCTBA;

® HaJIWYMS NPOU3BOACTBEHHBIX 0a3;

e pasmMepoB 3aanus [ DC u Apyrux cCoopyKeHUui Tupoysia.

O6ocHOBaHME THUIA KOMIIOHOBKHM CIIEyeT NPOU3BOJUTH C YYETOM aHaiu3a KOMIIOHOBKH
HECKOJIbKUX YK€ MOCTPOEHHBIX T'MIPOY3JIOB.

Kak npaBuio, ucxoAHble JaHHbIE COCTABJIEHbI TAKUM 00pa3oM, YTO B OCHOBHOM HEOOXOIMMO
paccMaTpuBaTh JBa BO3MOXKHBIX BapHaHTa KOMIOHOBKH:

e TIOIIMECHHAS,

® pycioBasl.

W3BecTHO, 4TO MOWMEHHAash KOMIIOHOBKA JIydlle IO MPOU3BOJCTBEHHBIM COOOpa)K€HUSIM Ha
peKax ¢ HeCKaJIbHbIM OCHOBAHUEM U TSKEJIbIMH JIEJOBBIMHU YCIOBHUSMH, a pycjoBasi — MPH HAJTUYUU
CKaJIbHOI'O OCHOBAHMUSI.

Bo3MOXXHOCTh pa3MelieHuss MO JIMHUM HamopHOTro (poHTa BCEX COOPYKEHHUH TUApOYy3iIa
penraercs ¢ y4eToM OCOOCHHOCTEH pabOThl YEThIPEX OCHOBHBIX COOpyKeHwmit: 3manus [DC, mumro3a,
BOJIOCJIMBHOM IJIOTHHBI, TOBBIIAIOLIEH I10CTAHLIHN.

[Ipu HamMuMyM 1UTI03a CIEAYET OLEHUTHh BO3MOKHOCTh BO3BEACHUS €ro U 3aanus ['9C Ha oqHOM
Oepery, 0O Ha TPOTUBOTIOJIOKHBIX Oeperax.

3nanue ['9C v BOJOCIMBHYIO IUIOTHHY KEJNATEIbHO Paclojiararb B OJHY JIMHUIO, YCTpauBas
IIpU TOM B HWKHEM Obede, pa3IeluTeNbHbI ObIYOK AJIs pa3fefieHus MOTOKOB COpachIBAEMBIX C
BOJIOCJIMBA U BBIITYCKAaeMbIX M3 IPOTOUHOro TpakTa ['9C.

[Toacranuuio cienyer pacnosarath B mpenenax 3aanuss ['DC, aubo co CTOpPOHBI HHKHETO
obeda, 1100 co CTOpPOHBI BepxHero Obeda, B JHOOOM cilydae Kak MOkHO Ommke K 3nanuio ['DC c
LEeIbI0 YMEHBIICHHs UIMHBI IIMH U KaOenbHBIX JUHUN. Mexnay Oeperom u 3ganuem ['9C oObruHO
pa3Meniaercs riyxas JI0THHA MPSIMOJIUHEWHOW UM KPUBOJIUHEHHON (DOPMBI 3HAYUTENHFHOTO pagnyca
JUIg 00ecrieyeH s TPAH3UTHOTO JIBIKEHUS 110 TPEOHIO MIIOTHHBI.

KomnonoBka coopyxenuil ruapoys3na co 3aaHusMu ['DC kKak OPUIUVIOTUHHOTO, Tak U
PYCIOBOTO THUIA pa3padaThiBaeTCs, C y4eTOM IMOJIOKeHMH mpuBeaeHHbIX B [30] u ¢ ydeTom
CJICAYIOIINX JOTIOTHUTENBHBIX (PAKTOPOB:

® IIMPHUHOM pycia peku u pazMmepamu 3nanus ['9C;

® pa3MepaMH APYrux COOPYKEHUHN BXOIAIIMX B COCTaB T'MIPOY3JIa.

Yame Bcero 3nanus ['OC npUINTIOTMHHOTO THIA BO3BOJATCS HAa CKaJIBHOM OCHOBaHUM. [
npurIOTHHHBIX [ DC MpUMeHSIOTCSl 0OBIYHBIE KOMITIOHOBKH M KOMIIOHOBKH B Y3KHUX CTBOpax

ITpu 06b14HOM KOMIIOHOBKE 311aHKe ['DC pa3menaercs 3a rIyxoil MIIOTHHOM, a BOJOTIPHEMHUK
BXOJIMT B COCTaB IIyXoi 0eTOHHOM miuoTuHBL Iloaya Bobl HAa TYpOMHBI OCYIIECTBISAETCS KOPOTKUMHU
TypOMHHBIMH  BOJIOBOJAMM, COEAMHSIOUIMMM  BOJONPHUEMHUKH C TYpPOMHHBIMM  KaMepaMu.
BopocnuBHas miuoTuHa MpH 3TOM KOMIIOHOBKE BXOAMT B COCTaB HAIlOPHOTO (pOHTA.

CTpouTensCTBO THIAPOY3Ja Kak IpaBHia BEAETCS CEKIHMOHHBIM CHOCOOOM C MPOITyCKOM

CTPOMTENBHBIX PAcX0JOB BO BTOPOH Odepenu yepe3 rpeOeHKY BOJOCIMBHON IUIOTMHBI MM Yepe3
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BpEMEHHBIE BOI0COPOCHI, PACIOJIOKEHHBIE B IIJIOTUHE.

[Ipu crecHeHHBIX ycnoBUAX cTBOpa 3manue I'9C pasmernaercss B HUWKHEM Obede MIOTHUHBI C
OJTHOW WJIM C IBYX CTOPOH OT pyciia peku. BogonpuemMHbie COOpyXeHHs BEIHOCSATCS B BepXHUil Obed B
BUJIE CAMOCTOSITEIIBHBIX COOPYKEHHI, OT KOTOPBIX TYHHEISIMU HJIM TPYOOIIPOBOJAMHU BOJIA TIOJAETCS K
3nanuto ['DC. IIpomyck CTpOUTENbHBIX PAacXOJ0B, KaK MPABHIIO, OCYIIECTBISETCS BOJIOCOPOCHBIMU
COOPYKEHUSIMHU B 00XO/1 TJIOTHHBI.

CynoxomHbple COOPYKEHHsI TpPH CpPEIHUX HAmopax OOBIYHO TPUHUMAIOTCS B BHIC
MHOTOKaMEpHBIX LIUTI030B, a IIPU BBICOKUX HANIOpax — B BUJE CYAOIOAbEMHUKOB.

Pekomennyercss NpoeKTUpPOBaTh KOMIIOHOBKY THApOY3jJa C YY4E€TOM KOMIIOHOBOK YK€
noctpoerHbix ['DC [36, 38, 42, 45].

2.2.2. CxeMa TPaHCHOPTHBIX KOMMYHHKALMI

TpaHcropTHble KOMMYHHMKAIIMM Ha THUAPOY3Jax MpeJHa3HadeHbl AJIs M0/BO3a 3JIEMEHTOB
THIPO3HEPTETUYECKOr0 000OpYAOBAaHMS HAa MOHTAXKHYIO IUIOIIAJKY, BbIBO3a Mycopa YIallIeMOIo C
COpPOYAEPKUBAIOUINX PEIHIETOK BOJONpPUEMHBIX coopyxkeHuil ['DC, mnoaBo3y 000pyaoBaHUS
YCTaHaBJIMBAEMOI'0 Ha BOJOIPUEMHBIX U BOJOCOPOCHBIX COOPYKEHUAX TUApoy3iIa. Bo3MOXKHO Tak ke
YCTPOMCTBO aBTOMOOMJIBHOTO WJIM >KEJIe3HOJOPOKHOTO IMpoe3/la € OJHOro Oepera Ha JApYroi.
[IpoexTrpoBaHue JOpOr cielyeT MPOU3BOIUTh C yUETOM peKOMEeHAalui TpuBeIeHHbIX B [31, 32].

Jlia mojiBo3a 31€eMEHTOB 000PYAOBaHMSI HA MOHTaXXHYIO IIOIIAJIKY BIOJb PEKH CO CTOPOHBI
PacroJIO’KEHUs MOHTA)KHOM IUIOIIAJKK yCTpauBaeTcsl Kejle3Has WM aBToMoOuibHas jaopora. Ha
pPYyCHOBBIX M NPUIUIOTUHHBIX ['DC MOXHO o00ecrneunTh (PPOHTAIbHBIN MOAbE3] Ha MOHTAXKHYIO
wiomaaky. TopreBoil moabe3 ] BO3MOKHO OCYIIECTBUTH TOJBKO NMPH HATUYHMM IOJIOTUX CKJIOHOB
peku. OTMeTKa Bepxa JOpPOTrd BEIyllell K MOHTOKHOW IUTONIaake HazHayaeTcs Ha 1,5+2,0 M Bbie
YPOBHS BOJBlI B peKe MpPH MaKCUMalbHOM COpPOCHOM pacxone. Bo u3bexaHue pa3MbiBa IOJOTHA
JOPOTM BO BpeMs MPOIyCKa MAaKCHUMAaJIbHOIO pacxoja HEOOXOIUMO MpeayCMOTPETh KperuieHHe
OTKOCOB JOPOT.

OtmeTKa Bepxa, INIAHOBBIE pa3Mephl JOPOT, NPEAHA3HAYEHHBIX U1 BBIBO3a MyCOpa U IOJIBO3a
yCTaHaBJIMBAEMOro OOOpYAOBaHUS HAa BOJONPHUEMHHUKAX U COPOCHBIX COOPYKEHHUSX, Ha3HAYaIOTCS
UCXOJ M3 TMPHUHATBIX OTMETOK TIpeOHs IJIOTHHBI, PACHOJOXKEHHUSI I0JbEMHO-TPAHCIOPTHOIO
MEXaHU3MOB, rabapuTOB 000PYJOBAHUSA U TEXHUYECKUX PELICHUH MO HECYLIUM KOHCTPYKLMSM JJOPOT.

ABTOMOOUJIbHBIE U JKEJIE3HbIE TOPOTH Ul CBS3U OEperoB NMPOEKTUPYIOTCS Ha OCHOBE IJIAHOB
pa3BUTHS aBTOMOOUIIBHOM U JKEJIE3HOJOPOKHOM CETH.

2.2.3. Kpenuienue pycia B HU:KHeM Obede

Pa3zmepsl u popma coopykeHUi HIKHEro Obeda 10KHBI 00eCceunBaTh IIABHOE CONPSHKEHUE
BBIXOJIAIIETO U3 OTCAchIBaIOIIEel TPyObl MOTOKA ¢ HKHUM Obe(OM M HUCKIIOUATh ONACHBIE PA3MbIBBI
pyciia ¥ He IPEensATCTBOBATh BHIXOAY (DMIBTPALIMOHHOTO MOTOKA.

[Ipy npoeKTUpPOBAaHMM KOHCTPYKLIMM KpEIUIEHUS HEOOXOAMMO YYHUTHIBATh TI'€OJIOTMUYECKHE
XapaKTepUCTUKU T'PYHTOB pyclla B HIDKHEM Obede, CKOpPOCTH TEUEHHUS M YJeNbHbIE pacxXojbl 3a
3nraHueM cTtaHuuu. Oco0oe BHUMaHME clieyeT oOpaTuTh Ha BbIOOP pPa3MEpPOB U KOHCTPYKLIHMU
KpEIJICHHs 32 CTAaHI[USIMH COBMEIIIEHHOTO TUIA, T.K. MOTOK, BBIXOSAIINUN U3 BOJOCOOPHBIX OTBEPCTHUIA,
oOnagaer 6ONBLIIMMH CKOPOCTSMU H, CIIE0BATEIBHO, OOJIBIION pa3MbIBAIOLIEH CIIOCOOHOCTEHIO.

Kpennenne oObIYHO COCTOUT U3 TPEX OCHOBHBIX AJIEMEHTOB: BOJI000s, pucOEpMbl, KOHIIEBOTO
KperuieHusd. [Ipumepsl pemieHns: KperieHus 1 KOHCTPYKLIUU COOPYKEHUI MPUBEACHBI B JIUTEpAType
[26, 28, 36, 38, 45].

2.3. Pexomenanuu no BbinotHennio Pasznena 4 «k KoHCTpyKTHBHBIE U 00bEMHO-
IVIAHNPOBOYHbIE PeLICHUsD)
2.3.1. B16op rugpomexannveckoro ooopynosanus 3nanusa 'C
[TonbGop ruApOMEXaHUYECKOTO O0OPYHOBAaHMS IPOU3ZBOIUTCA U HECKOJbKUX BapHAHTOB
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OTJIMYAIOIINXCS KOJMYECTBOM YCTaHABIMBAaeMbIX TypOuH. s mombopa TypOMH HE0OX0IuMO
pacmojiarath ClIeIyrOIMUMA JaHHBIMU:

e ycraHoBieHHas MOIHOCTBIO ['DC — Npse yer. (KBT);

e MakcuMaibHbIN Hanop Ha TypOounax ['DC — Hpax (M);

e MHUHUMAaNbHBINA Hanop Ha Typounax ['DC — Hpin (M).

Pacuernsrii Hanop H,, (M) Ha TypOuna I'DC MoxkeT ObITh onpeseneH no oaHou Gopmyn [36]:

max + min
H, = 2Hmect Hmn (2.1)
3
max + min
= Ho Ho 2

JIig KaX/10r0 BapuaHTa [0 YUCIy TypOMH HOMHHAJIbHAs MOLIHOCTb OJTHOU TypOuHBI N, (kBT)
omnpenensieTcs mo gopmyie [36]

N
N 0= rac.ycr. Na (23)

ZT]FCH. T]Fel—l.

rae N, — HOMHHamBHasE MOIIHOCTH THApoarperara, kBt; N, — HOMUHaIbHAs MOIIHOCTH

TypOuHBI B KBT, T.e. MOHmIHOCTH pa3BuBacMas TypOMHOW mpu pacuyeTHoM Hamope H, (Mm); z —
KOJIMYECTBO TYPOUH, LIT.; Nren — KOAPPUIIMEHT MOJIE3HOTO JEHCTBHS reHepaTopa.

Jlisa monbopa Tuna U cepuu TypOWH HCIOJb3yeTcs CBOAHBIN rpaduk obiacTell MpUMEHEHUs
TypOuH. Ha »sToM rpaduke B norapuMUYECKUX KOOpAWHATAX HAMOpa W MOIIHOCTH OYEPUYCHBI
o0yacTu MpUMEHEeHHs KaXJA0W U3 BKIIOYEHHBIX B HOMEHKIIATYPY Cepuu TypOUH. YKa3zaHHbIe Tpaduku
NpUBEAECHBI B TuTeparype [37].

ITo Bennunnam N, n H,, ¢ ucnons3oBaHnem cBoaHOTO rpaduka obaacTeil NpuMeHeHus: TypOuH
OTIPENIETISICTCSL THUIT U cepusl TYpOUHBI TIO KaXJA0My BapuaHTy. BxoaHoit muamerp TypOunsl D1 (cM) u
YUCJIO0 000pOTOB N (paj/CeK) OMPeaesatoTCs 0 YaCTHOMY I'paduKy 00JacTH MPUMEHEHHS TypOUHBI.
VkazaHHble TpaQMKu IPUBEICHBI B TuTeparype [37].

[locne ompenenenust auamerpa TypOuHbBl D1 1 e€ yucina o60pPOTOB N MPOU3ZBOIUTCS pacyer
opauHat paboueil XapaKTepUCTUKU TYpOUHBI MO Ka)XJI0MYy U3 BapHAHTOB 110 METOAMKE, MPUBEICHHON
B [49].

Pe3ynbTarthl pacdyeToB MO ONPEICIICHHI0 OpAUHAT padouel XapaKTepUCTHUKU IJs OJHOU
TypOMHBI TIO KaXIOMy BapHaHTy KoJudecTBa TypOMH 2z cBouarcs B Tabn. 2.1. PaGouas
XapaKTepUCTHUKA TPYIIbI MapayieIbHO paboTaomMX TypOUH CTPOUTCS MO paboueil XapaKTepUCTHKE
OJIHOH TypOWHBI MyTE€M YMHO>KEHHUS MOIIHOCTH OJHOW TypOMHBI MPHU Pa3IMYHBIX KOd(pUIUEeHTaxX
MIOJIE3HOTO JIEHCTBHSI Ha KOJMYECTBO TYypOMH BXOJMIIMX B Ipymnmy. MakcUMallbHOE€ KOJIMYECTBO B
IpyIIe paBHO Z.

Pe3ynpTaThl pacueToB opAMHAT pabouell XapaKTepUCTHKH TypOUHBI, IPUBEICHHBIX B TAOIUIlE
2.1 a Tak xe rpynn napajuieabHO pabOTaIOMIMX TypOUH MPEeACTaBISAIOTCA B BUAE, M300paKEHHOM Ha
pucyHkax 2.1 u 2.2.

IIpu paboTe TUAPOINEKTPOCTAHIMM HA CYTOUHBIH TpauK HArpy3Ku SHEProCHUCTEMBI
KOJIMYECTBO BKJIIOYAEMBIX TYpOMH M HUX KOX(PQHUIMEHT MOJE3HOro NeHCTBUS OINpeneNnsercs Mo

orubaroliei HauepueHHOH 1Mo pabovruM XapaKTepUCTUKAM TPYII NMapajuiedbHO pabOTaIOIIUX TYpOUH.
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Tabmuua 2.1-OpauHatel paboueil XapaKTepUCTUKH TypOUHBI.

__ BapuaHT ‘ Tun TypOuH 1 Mapka Yucno TypOuH z=
HuamerpeitypOouns D= . Huametp MozaenbHOM TypOuHbl D=
— o " _
Yucno 060poToB TypOuHel N=__ . Uncno 060poToB npuBeaeHHON TypOuHbl N; =
Pacxon Typounst Q,, | Koapduument Koa¢pdunuent noneznoro | MomHoOCTh TypOUHBI
3 .

Mm°/c KaBUTALIUH O JEHCTBHSA Ny N, kBT

n

N, N 00N 0N orubaromas
TIC j!:\/| e
/// \\\
LI /// \\ -7 \\\
N, N, XN NX N
// /// /,’
n / /// /’//
A P2 g
Na NE/ Nﬁ Na
4 e
/7 7 4
// // L~
ety
/////'/
el

Nrocyer N, kBt
Puc. 2.1-TIpumep nocrpoenus paboueil XxapakKTepUCTUKH TPYIIIBI U3 4 TOBOPOTHO-JIOMACTHBIX
TypOuH, paboTaMKX MapaIeTbHO.

n
N N N N
c c c c orubaromas
rlC V T —
\//f o
n <
B 3 7 -
NB \IB B/ N/B/’
/, Pid <
/ // ///
Ul S
/ -,
Na N{ | N:{ LNa J
) ;7 /’vr‘ =1
/ 1l
y //// Jhiansa 5%-ro 3amaca
///2: -7 MOIITHOCTH
(dd

Nrocyer N, kBt
Puc. 2.2. [Ipumep noctpoenus paboue XxapakTepUCTHUKA TPYIIbI U3 4 paluanbHO-0CEBBIX TYpOUH,
paboTaIKX NapaJlIeIbHO.
OCHOBHBIM OTPEIEIAIONIAM IMapaMeTPOM Il OIEHKH 3((HEKTUBHOCTH pabOThI CTAHIMH B

SHEPrOCUCTEME SABISIETCS CPEAHEB3BEIICHHbIH KO3()(GHULNUEHT MOJIE3HOTO ACHCTBUS Mcp. sss. [36]. DTOT
koaduimeHT onpeaensercs npu padore ['DC Ha cyTouHBINH rpa@uK HArPY3KH SHEPTOCUCTEMBI MPU
pa3MelieHnH ee BEIPaOOTKH B MMHUKE CYTOYHOTO Tpaduka HArpy3KU.

Pe3ynbTaTsl pacueToB MO OMPEAEIEHUIO Mcpgss. AT KaXKIOTO U3 BAPUAHTOB CBOJATCA B TaOll
2.2 B U3JI0KEHHOH HIDKE MOCIIEI0BATEILHOCTH.

Cyrounslii TpaduK Harpy3kd C BbIJENEHHOW Ha HeM 30HOUM paboTel 'DC m3obOpaxkaercs B
CTyneH4aTol (opme ¢ MHTEpPBAIIOM BpeMEHH [UIUTEIHHOCTHIO tj HE Ooniee oHOTO yaca. J{iis KaxIoro
I-ro MHTEepBaJia BpeMeHu ¢ rpaduka pabotrel [IC cHUMaETCs 3HAYCHHE MOIIHOCTH, U OMPEICISICTCS
BbIipaboTka ['DC 3a Kaxkaplii MHTEpBaj. 3aTeM IMPOU3BOJIUTCS OMpPEICICHHE CYMMapHON CYTOYHOMN
BBIPAOOTKU DJIEKTPOIHEPTUH.

Jlis 3HaueHWs MOIIHOCTH B KaXXJIOM HWHTEpBalie MO TPYNIOBON pabodeil XapaKTepUCTHKE
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TypOuH ompeAenseTcss 4Yuciao TypOMH, pabOTalOmMX B 3TOM UHTEpBAlE Zj W 3HAYCHUS T);.
[TponsBoauTcst moacueT BBHIPAOOTKH i €€ CyYMMHPOBAHHWE M OIPENEICHUE CPEIHEB3BEIICHHOTO

Koa(duIMeHTa mojae3Horo aeicTBus o popmyne [36]
t=24 t=24

2 Nitinm, 2 9,
t=0 _ =0

n = T2 =
Cp.B3B. Z Ni ti 30
=0

, (2.4)

rae D, — cyMMapHas cyTouyHas BbIpaboTka snekTposHepruun I'DC 3a pacueTHble cyTkH, kBT-uac;
t=24
Z O, — neiicTBuTenbHas cyrouHas BbipaboTKa anexrposneprun [IC ¢ yuerom usmenennst KIT npu
t=0
MIEPEeMEHHON MOIIIHOCTH, CHUMaeMoM ¢ cyTouHoro rpaduxa padotsl 'DC 3a pacueTHble CYTKH,
kBt-yac.

Tabnuia 2.2. Pacuer cpeiHEB3BEIIEHHOTO KOA(PPHUIIUEHTA MTOJIE3HOTO ACHCTBU.

Ne MormHoCTb B | JIIUTENBHOCTH BripaboTka I Bapuant
WHTEpBaJa | MHTEpBaje | HHTEpBaja tj, SHEpruu B Yucno TypOouH Koappuuuent JeicTBuTenpHas
N;, kBt yac UHTEpBaJe pabotaronux B MOJIE3HOT O BBIPa0OTKA SHEPTHHU B
N;j-ti, kBT-uac HWHTEpBAJeE Z JIeUCTBHS TYpOUH uHTEpBaje D=
B MHTEPBAJIE 1; N;-ti-n,, kBt-4ac
1 2 3 4 5 6 7
t=24 t=24
2 N;t; > Nitim;
t=0 t=0

B nmpenBapuTenbHBIX pacueTax Uil pacueTa MAacCOBBIX XapaKTEPUCTHK TYPOMH MOXKHO
WCIO0JIb30BaTh MPUBEACHHBIE HIDKE NMPUOIMKEHHbIe amnupuyeckue dpopmynbsl. Obmias macca oceBoi

HOBOPOTHO-JIONACTHOM TypOuHbI G (T) ¢ GETOHHON TYpOUHHOM KaMepOl MOXKET OBITH ONpEAEICHA

o ¢popmyiie [38]
Grle=1,12 (Dy+0,8)"° (Hmax +6,0)"", ( 2.5)

rae D1 — quameTp pabouero kojieca TypOuHbI, M; Hyx — Makcumansabiid Harop ['9C, M.

O6mias Macca 0CeBOM MOBOPOTHO-IONACTHON TypOuHBI Gr. (T) CO CTaNbHOM CIMpPAILHON

KaMepoil MokeT ObITh onpezaeneHa no Gopmyne [38]
mwio__ 1 1
GTC_GT6+GCH.K' (26)
rae Gy« — Macca CTalbHOM CIUpaIbHOM KaMepBhl, T.

193 ~ 1
Macca cranbHOM criupanbHOi kKamepsl G, MOXKET ObITh onpezaeneHa no Gopmyne [38]

Genx ® 0,3G75 - 2.7)
Macca pabodero koJjieca 0ceBOi TypOUHBI GS_CK (T) MOXeT ObITH ompeienieHa mo gopmysne [38]
Gyx=(0,2+0,25)G5. (2.8)

Macca nuaroHanabHBIX TOBOPOTHO-JIONACTHBIX TypOUH, Kak mpaBuio, Ha 10-15% OGomnbiie yem
OCEBBIX, a Macca pabouero koJeca 6onblie Ha 25-40%.

OO0was Macca paauanbHO-0CeBbIX TypouH GY° (T) co cTanbHOl crnMpanbHOM TYpOMHHOM Kamepoin

MOeT OBITh omnpezaeneHa mo dpopmyie [38]

G"*°=2,35 (Dy+0,8)"° (Hmax + 20,0)°%, (2.9)
rae D1 — HoMUHaNBbHBIA 1HaMeETP Typ6I/IHBI, M; Hmax — MakcHManbHBIN Hamop Ha Typ6I/IHy, M.
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po

CIL.K

Macca crasibHOU cnupanbHON TypOMHHOM Kamepsl G (T) OPHEHTHPOBOYHO MOXKET OBITH

ompeneneHa no ¢popmyne [38]

po po
CILK 0’25 GT : (210)
Eciu yacth Harpys3kKu OT JaBJICHHA BOJbI MEPCAACTCA HAa HUKXHIOIO MACCUBHYIO YaCThb 3JaHUS

po
CIL.K

I'D9C, To Mmacca crajgbHOW CHHUPAJIbHON KaMepbl MoOkeT ObIThb Ha 25-40% MeHblle yem

onpeneneHHas o gopmyie (2.10).
Macca pabouero kKoJjieca paguaibHO-0CEBON TypOMHBI MPUOIMKCHHO MOKET OBITH OIpE/IeIICHa
o gopmyie [38]

P = (0,55+0,65)D;, (2.11)

Pe3ynbraTthl pacyeToB MO BapuaHTaM CBOAATCA B Tabmuiy 2.3, aHaIM3UPYOTCI U Ha
OCHOBAaHMHU ATOrO aHajiu3a BbIOMpaeTcs OCHOBHOM BapuaHT. Kak mpaBuiia OCHOBHBIM BapHaHTOM
MIPUHUMAETCS BapHaHT C HAaWOOJBIIMM CPEIHEB3BEIIEHHBIM KO3()()UIIMEHTOM MOJE3HOTO JIEHCTBUS.
Jlanee pacyeTsl IPOU3BOIATCS TOJIBKO JUIsl OCHOBHOT'O BapHaHTA.

B xypcoBoM mpoekTe pazmepsl TypOMHBI, BIHUSIONINE HA pa3Mepbl HHKHEH MAaCCUBHOM 4acTH
3nanuss ['OC moryr ObITh OpUHATHI MO TypOuHam-aHanoram. OTHOCUTENbHbIE pa3Mepbl TypOWH-
aHaJIoroB npuBoaaTcs B [46]. Cienyer OTMETUTh, YTO B MapKUPOBKE TYpOMH-aHAJIOTOB MPHUBOJINUTCS
He cepus TypOUHBI, a paCU€THBII HAIoP.

Tabnuma 2.3. CBogHas Tabinila OCHOBHBIX XapaKTEPUCTUK TYpOUH IO BapUAHTAM.

No | HammeHoBaHUME XapaKTEpUCTUK E nuane: 1 2 3
n/m M3MEpPEHUs | BApUAHT | BapHaHT | BapHaHT
1 |KonuuectBo TypOuH T
2 | Tum TypOWH M UX Mapka
3 |Macca pabouero koseca (niau macca pabouero T
KoJieca BKJIIOYas MacCy CIUPAIbHOM KaMephl)
Juamerp pabdodero koseca Dg M
MoIHOCTh TYpOUHBI NPU PACUETHOM HaIope kBT
NT
VYcranosnennast MOIHOCTE I'DC Ny rac kBt
Uucno 060poToB TypOUHBI N 00/MHH

Koaddumnuent kaputanuum

(o) el Nl ey}

Maxkcumanbnbiii KITJ] TypOuHsI

10 |Cpenuesspentennbiii KITI 1cp.pss.

2.3.2. I'mapaBau4ecKui pacyeT M NPOEKTHPOBAHME MOABOAA BOABI K TYpOUHAM

ITonBox Boabl K TypOMHAM OCYLIECTBISETCd W3 TYpOMHHBIX Kamep. Pa3smepsl TypOHMHHOI
KaMepbl OMpEeNeNsoT IIUPUHY THjpoarperatHoro Omoka. C y4yeToM 3TOTO KOMIIOHOBKY THMIpO-
arperaTHoro OJOKa PEKOMEHIyeTCs HauMHaThb C OIpeleNeHHs pa3MepoB TYpOMHHONH KaMephl.
TypOunnsie kamepbl pycioBbIX ['DC 0OBIYHO BBIMOJHAIOTCS B BHUJE KEJI€300€TOHHBIX CIUPAIbHBIX
KaMmep, KOTOpbI€, KaK IIPABUJIO, UMEIOT TaBPOBBIE ITONIEPEYHBIE CEUECHMS.

TypOuHHBIE KaMepbl MPUIUIOTUHHBIX U J1epUBalMOHHBIX [ DC OOBIYHO BBIMOJHSIOTCS B BUJE
METAJNINYECKUX CIUPATIbHBIX KaMep, KOTOPBIE, KaK NIPaBUIO, UMEIOT KPYTJIO€ MOIIEPEYHOE CEUEHUE.

B KypcoBoM mpoekTe IpH pacueTe CHUPAIbHBIX KaMep PEKOMEHAYETCS I0JIb30BaThCs
METOJIOM, B KOTOPOM CpPEe/IHSs OKpPY)KHasi CKOPOCTh MTOCTOSTHHA BO BCEX CEUCHMSIX Kamepsl V¢ = CONst,
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npuyeM cienyeT NMpUHUMAaTh V. PaBHOM CpelHEel CKOPOCTH Ha BXOJ€ B CHHPAIBHYIO KaMepy V.
OmnpeenieHue pa3MepoOB CIUPATBHON KaMephl BBIOJIHICTCS MO0 METOAMKE M3I0xeHHOH B [37]. Yroa
OXBaTa (Pg OETOHHBIX CIHUPATHLHBIX KaMep TaBpPOBOI'O C€UYEHUs BhIOMpaeTcs B auana3one @po=180+270°,
a JI7Isl CTANIbHBIX M CTAJNISKENe300€TOHHBIX KPYTJIOTo CEYCHHs — B quamna3one (o=345+360°.

CedeHusi CTaIbHBIX U CTAJEKEIE300€TOHHBIX CHUPATBHBIX Kamep CJeayeT BBIIOIHATh
KpyrJibIMU Ha Oojblied wyactu JuiMHbL crnupanu. CeueHusiv, OmpkaimuMm K 3yOy croupaiu
KOHCTPYKTHUBHO CJEAyeT Npuaarh (HOpMy SIUIMIICOB, IJIONIATh KOTOPBIX PABHOBEIHMKA IUIOIIAAN
MOJTyJAIOIIUXCS IO pacueTy OKpYKHOCTeW. [lo ycloBHSM CONPSHKEHUS CHOUpPAIH CO CTaTOpPOM
TYpOMHBI SJUTMIITUYECKHAE OYEPTAHUS ITOTIEPEUHOTO CEUSHHSI JOJDKHBI OBITh BBITIOJHEHBI HA Y4acTKe C
yraamu ot @o=0 10 @o=100+120°.

2.3.3. 'mapaBanyecKuii pacyeT ¥ NPOEKTHPOBAHHE 0TBO/AA BOABI OT TYPOUH

Ha ocHoBanumM BBIOpaHHOTO THUIIAa U MapKu TypOUHBI ompenensercs ¢Gopma, TUI U pa3Mepsl
oTcachiBarolieil TpyObl. /[l peakTUBHbIX TYpOMH C BEpPTUKAJIbHOM OCBHIO THAPABINYECKH
HaUBBITOJHENIIEH sABIIsETCS MpsiMasi KoHndeckast Tpyoa. OJHAaKo 3TU TPyObl MPUMEHSIOTCS TOJBKO Ha
Maiblx ['DC U BBICOKOHANOPHBIX JI€PUBALMOHHBIX YCTAaHOBKaxX IpU HEOOJBIIMX pacxoJax U
nuamerpax paboumx kosiec a0 2 M. [lpm Gonpmmx nuaMmerpax TypOWH Takue TPYObl MOTYYdaroTCst
JUTMHHBIMH U TPEOYIOT CIMIIKOM OoJIbIoTO 3aritybnenus momomBbl 3qaHust [ 9C B ocHoBanue. Ha
noaasysomeM OonpmnHCeTBE [DC, 000pYIOBaHHBIX PEAKTUBHBIMU TYypOMHAMH, HpPUMEHEHBI
M30THYThIE OTCAChIBAIOIIME TPYOBI ¢ KOJIEHOM. ["abapuThl OTCAChIBAIOLIMX TPYO ISl pa3IUYHbBIX TUIIOB
TYpOMH perjaMeHTHPYIOTCS 3aBOJaMH-TIOCTaBIIMKAMU THUIPOTYpOMHHOTO oOOopynoBanus. llpu
OTCYTCTBMM  pErjaMeHTa 3aBOJa-MIOCTaBIIMKA MOXXHO TIPUMEHSATh PEKOMEHAYeMble  THIIbI
OTCaChIBAIOIIUX TPYO.

Pexomenyembie THIIBI OTCAchIBAIONIUX TPyO mpuBeAcHBI B jmteparype [37, 41, 46], roe B
JONsAX JuaMmeTrpa pabouero Kkoseca TypOMHBI TPUBOAATCS OCHOBHBIE THIIOBBIE pa3Mephl
OTCaChIBAIOIIUX TPYO.

Jlis BeIOpaHHOTO TUIA W rabapUTOB OTCACBHIBAIONIICH TPYOBl MPOEKTHUPYETCS MPOJIOJIbHBIN
pa3pe3 oTcachiBaolel TpyObl; ee MIaH U TPU MOIMEPEUHbIX pa3pe3a ¢ yKazaHHEeM BCceX HEOOXOIUMBIX
pa3MepoB. DT0 HEOOXOIUMO Ui TOTO, YTOOBI MpH nocajke 3aanus [9C Ha MECTHOCTh MOKHO OBLIO
Obl BHECTH, eciu MoTpeldyercs, KOPPEeKTHUBBI B pa3Mepbl M ¢opmy oTcachiBatouieil Tpyosl. Ilo
U3BECTHOMY pacxony Qo OmpenesistoTcsi CKOpOCTH BOJBI Ha BBIXOJIE MOTOKa M3 pabodero koseca
TypOHMHBI U Ha BBIXO/JIE IOTOKA M3 OTCACHIBAIOLICH TPYOHI.

[Ipu mpoexkTupoBaHHE OTCACHIBAIOUICH TPYObI CleayeT UMETh B BHIY, UTO ee GopMa MOKET
ObITh HECKOJbKO H3MEHEHa M0 cpaBHEHUIO ¢ (GopMOil oOTcachiBammield TPyObl, MPEIOKEHHOU
3aBOJIOM-TIOCTABIIUKOM WU C (GopMOil pekoMeHIyeMoil oTcackiBaroiieil TpyOsl. Tak, Hampumep,
BBIXOJAHOU N (y30p IpU CKAIBHBIX M MPOYUX MOJTYCKATbHBIX MOPOJAaX B OCHOBAHUU MOXKET OBIThH
MIPUIOJHAT B CTOPOHY HIKHEro Obeda Ha yromn g0 13°, 4To co3maeT JOMOJHUTEIBHBINA YIOP 31aHUI0
I'S9C u pomkxHO OBITH YYTEHO NpPU pacderax ero ycronuuBocTH. OJHOBPEMEHHO IOCTHUTAETCS
yMEHbIIIeHnEe 00beMa pacuuCTOK B HHKHeM Obede. I1pu 3ToM HE0OX0MMO POBEPUTH JOCTATOUYHOCTh
3ariayONieHus] BEpXHEW KPOMKH OTCachIBAIOUIe TpyObl MOJ HAMHM3IIUNA YPOBEHb BOJbBI B HIDKHEM
obede (3TO 3ariaydneHue J0KHO ObITh He MeHee 1,0 m).

ITockonbky npu skcrutyataun ['9C HeoOX0JMMO MPOBOANUTH PEMOHT OTCACBIBAIOLIEH TPYyOBHI,
TO JUIs TOTO, YTOOBI OCYIINTh TPYyOy HEOOXOAUMO Ha KOHIIE BBIXOJHOTO Auddy3opa nmpeaycMoTpeTh
a3kl JAJist peMoHTHOro 3aTBopa [40]. YcTaHoBKa 3aTBOpa Ha OTCAChIBAIOIIEH TpyOe MPOU3BOIUTCS, KaK
MPaBUJIO, CTAIIMOHAPHBIM KO3JIOBBIM KpaHOM, pacrojiaraeMbiM Bo3zjiie 31aHus ['D9C co CTOpOHBI
HIXKHETo Obeda.
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2.3.4. OnpeneiieHne U BbIOOP OTMETKH YCTAHOBKH padoyero KoJjieca TypOUHBI

BricoTHOE monokeHne pabodero Koseca BBHIOMPAIOT MO PEaTbHO BO3MOXHOMY PacuyeTHOMY
COYETAaHUIO BBICOTHI OTCachiBaHUs Hs 1 ypoBHS HIKHET0 Obeda Zyp ¢ y4€TOM BO3MOKHOTO Pa3MbIBa
pycia M C ydyeToMm IOANOpa OT IUIOTMHBI HIkepacnosoxeHHoW ['DC, ecnu TakoBas CyILECTBYET.
PacuerHoe coueranne Hs u Zyg Oyner naBaTh MUHUMYM anreOpandeckoil cymMmbl HstZpgp, npuuem
[P TOJICYETE B3TOM CYMMbl IIOJOXKHUTEIbHYIO BBICOTY OTCACBIBAHUS CJIEAyeT JA00aBisATh, a
OTPHIIATENEHYIO BEICOTY OTCACHIBAHUS CIIEIyeT BHIYMTATh U3 OTMETKH HIKHETO Obeda.

B kypcoBoM mpoekTe s ONpelesieHHs BBICOTHOTO MOJIOKEHMsI pabouyero KoJieca Cienyer
OTPaHUUYUTHCS PACCMOTPEHUEM TPEX PEKUMOB:

e paboTa MOJIHOM MOIIHOCTHIO MUHUMAJIBHOTO YKciia TYpOUH MpU PacyeTHOM HaIope;

® TO € IPU MaKCUMaJIbHO BO3MOKHOM HArope;

e paboTa MHUHUMAJIBLHOTO YHCJIa TYpOMH C MHUHHUMAJbHOW HAarpy3Koi M MpH MaKCUMalIbHO
BO3MOYHOM Harmope.

BricoTa orcaceiBanus Hs (M) (puc. 2.3) onpenensiercst o ¢opmyiie [36]

VPK
H <10-——-(1,05+1,1)¢5,H, 2.9

rae VPK — otmerka pabouero koseca, M; o; — K03hdUIreHT kaBuTanuu TypOounsr; H — Hamop
Ha ['DC npu paccmaTpuBaeMoM peXHUME, M.

Crnenyet otMeTuth, uto VPK HaxoauTcst METOIOM MOCTIEA0BATENHHOTO MPUOIIKSHUS, IPUYEM
B TIEPBOM MPUONIKEHHH 3a OTMETKYy pabouero kojeca mpuHUMaercs otMmerka Hb mnpu
paccmarpuBaeMoM pexkume. [lomydyeHHas Ha OCHOBaHHWU PACCMOTPEHHS ATHX PEKMMOB MUHUMAJIbHAS
cymma Hgt+Zyp cuntaercs oTMeTKo#M pabouero kosieca. B mpoekTe [uisi ynpoIeHus pacueToB YCIOBHO
HE paccMaTpHUBAETCS MPOIMYCK B HOYHOE Bpemsi cyTok mpu pabdore ['DC B muke rpaduka Harpy3ku
SHEProcUCTEMbl 0OA3UCHOTO pacxojia, HEOOXOTUMOTro i MOJJEPKAHUS HaIJeKalUX CAHUTAPHBIX
YCJIOBUH B HUKHEM Obede, CyT0X0ICTBA U T.II.

0) ‘ S B)
| A} VPK —
jL < | TUTr
e\ . -
| H |

Puc. 2.3. Otcyer BBICOTHI OTCAaChIBaHUSA: a) — OT HWKHEH MJI0CKOCTH HampasJsitoiiero ammnapara PO
TypOHMH C BepTUKaJIbHBIM BaJioM; 0) — OT BepXHel TOuku pabodero Kojeca paauaibHO-0CEBBIX U
MTOBOPOTHO-JIONACTHBIX TYPOHH ¢ TOPU30HTAIILHBIM BaJIOM; B) — OT OCH MTOBOPOTA JIOMacTei paboyero
KOJIeca MOBOPOTHO-JIONACTHBIX TYPOUH C BEPTHKAILHBIM BAJIOM.

2.3.5. OnpenesieHne napaMeTpoB rMAPOreHePaToOpPa M NOAreHEPATOPHOM MIAXThI

JUis  BBIMOJIHEHMST ATOTO pas3jena CleAyeT IpeIBAapUTEIbHO ONPEAEIUTh CIEAYIOLIHe
napameTpsl:

e JmameTp poropa reneparopa — Di, (Mm);

® BBICOTA aKTHBHOM CTaM potopa — l,, (M);

® YacTOTa BpallleHUs reHepaTtopa — N,, (06/MUH);

e MaMeTp MOAreHEPaTOPHOMN IaxXThl TeHeparopa — Dy, (M);

® KOHCTPYKTHBHOE HCIIOJIHEHHE TeHepaTopa (30HTUYHOE, [T0JIBECHOE).

YacroTa BpalleHus TeHepaTopa n, IPUHUMAETCS TaKOU )K€, YTO U 4aCTOTa BPAIICHUS TYpOUHBI.
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HuameTp poropa rereparopa Di m BpIcOTa akTUBHOW cTamu poropa l, ompenensiorcss pacyeramu,
npuBe/leHHBIMU B [38] ¢ ydeToM peKOMEHJalMid MO0 KOHCTPYKTUBHOMY HCIOJIHEHHIO T€HEepaTtopa
npuBesieHHbIMU B [34, 36, 38].

[ToarenepaTtopHyIO MIAXTY Yallle BCErO BHIMOJHSAIOT B BUJIE MOJIOTO IIMIIMHAPA ¢ AUaMeTpoM Dy,
paBubiM (1,3+1,5)D; [34, 36]. BbicoTa maxTel OT KPBIIIKH TYpOWHBI JIO HWIKHEH KPECTOBUHBI
reHeparopa NpuHUMAaeTCsl paBHOUM He MeHee 3 meTpoB [34, 36]. Heobxoaumbie [Isi MPOEKTUPOBAHUS
3nanust ['9C pazMepsl TeHepaTopa v 3JIEMEHTOB 37aHus (puc. 2.4) onpenestoTcs Mo PeKOMEHIalUsIM,
IIPUBEACHHBIM B Tabnuue 2.4.

O6mass macca ruaporeneparopa Grey (T) B TpeIBapHUTEIBHBIX pacueTaX MOXKET OBITh
onpeneneHa o popmyne [38]

GreH:\If Di Ia; (210)
rne D — qmameTp potopa reneparopa, M; l, — BRICOTa aKTHUBHOM CTalM pOTOPA, M; \J — SMIUPUIECKUI
KOX(QQHUIIMEHT, 3aBUCANINA OT KOHCTPYKTHBHOTO WCIOJHEHHs TeHeparopa (UIsi 30HTHYHBIX
rerepatopoB y=44+50, st noaBecHbIX — Y=48+58).

Macca reneparopa ¢ BaoM MOKeT cocTaBisITh 50-55% o01ieli maccsl reHeparopa.

Tabnuma 2.4. Pekomenaamnuu st onpeeseHus: pa3MepoB dJIEMEHTOB reHeparopa u 3qanus [19C.

JtemenT ITapamerp HWcnonuenne reaeparopa
reHepaTopa
TIOZ[BECHOE 30HTHYHOE
Bricora xopnyca he,, M (1,7+1,9)-1, (1,7+1,9)1,
Crarop Huamerp xopryca D, pu Ng<250 00/MuH D..=(1,05+0,0017ng)-D;
M D..=(1,15+0,0007no)-D;
mpu ng>250 00/MuH
D..=(0,92+0,0016n)-D;
Huamerp AKTHBHOU D;i+(0,5+0,9) m Di+(0,5+0,9) m
cramu D,, m
Bepxwusist Bricora hy,, M (0,2+0,25)-D; (0,1+0,12)-D;
KpPECTOBHMHA
Huamerp myqeit D, ., M D, D
IognsaTHUK Beicora h,, M (0,2+0,25)-D; (0,15+0,2)-D;
Huamerp koxyxa Dy, M (0,4+0,5)-D; (0,4+0,5)-D;
Hwxnss Beicora hy, M (0,1+0,12)-D,, (0,25+0,30)-D,,
KpECTOBHMHA
Huamerp nmyuelt Dy, M D, t0,4 M D.,1t0,4 M
Hancrpoiika Bricora hg, M 0,3+0,5M 0,3+0,5M
Huamerp do, M (0,4+0,5)-D; (0,4+0,5)-D;
Kparep Huamerp kparepa Dy, M (1,5+1,85)-D; (1,4+1,5)D;
MuHuManpHasi IUPUHA 0,4+0,5™m 0,4+0,5m
mpoxoza b, M
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2.3.6. OnpenesieHne napaMmeTpoB TpaHcopMaTopa
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Ha renepatopusix HanpsikeHusax ['9C muTaroTCcsl TOJIBKO MECTHBIE MOTPEOUTENH, B pagnyce
o 5 km. llepemaua »sHeprum ynajJeHHbBIM TOTPEOUTENSIM MPOU3BOAUTCS HA TMOBBIIICHHBIX
HamnpsDKeHUAX. Jl7s TOBBIIEHHWS HANpsDKEHUS TPUMEHSIOTCS  TpexdasHble U oxHo]a3HbIe
TpaHchOpMaTOPbI, U3 KOTOPBIX KOMIUIEKTYIOTCS Tpex(aszubie Tpynnsl. Tpexdasnsie TpanchopMaTopbl
JeIeBye TPy U3 Tpex OJHO(A3HBIX TPaHCHOPMATOPOB TOM K€ MOIIHOCTU M TPEOYIOT MEHbLICH
TUTOIIAA JUI UX YCTAaHOBKH. DKCIUTyaTanusi UX mpoiie u aemesne. OxHodasHble TpaHCPOPMATOPHI
NPUMEHSIOTCS TpU  OOJBIIOW MOMIIHOCTH, JUIi KOTOpOW Tpex(aszHeie TpaHchopMaTopsl He
W3rOTABJIMBAIOTCS, WIM €CJIM YCIOBHSIMHU JIOCTaBKM Ha IUIOLIAAKY CTPOMTENIbCTBA HAKJIA/IbIBAIOTCS
orpaHuveHus 1Mo rabaputaM W Macce TpaHCPOpMaTopa WM €ro OTHENBHBIX JJIeMeHTOB. Jlis
HECKOJIBKUX TPYI 0JHO(}a3HBIX TpaHC(HOpPMAaTOPOB OOBIYHO IPEAyCMaTPUBACTCS pe3epBHas ¢asa.

MomHOCTh Tpex¢a3zHOro TpaHcpopMaTopa WM TPYyNNbl OJHO(A3HBIX TpaHCHOPMATOPOB
OTIPEJIENIAETCS 10 MOIIHOCTU NMPUCOECIUHEHHBIX T€HEPATOPOB C YYETOM TOTO, YTO TpaHCHOPMATOPHI
JOJKHBI IOMTYCKaTh BPEMEHHYIO Teperpy3ky Ha 5+10%.

Pa3smeppl u Macca TpaHCpOpMaTOpOB 3aBUCAT OT €ro MOIIHOCTH U MEepeaaBaeMoro
HanpspkeHud. [Ipu npeaBapuTenbHOM MPOEKTUPOBAHUM pa3Mepbl U Maccy TpaHC(OPMATOPOB MOKHO
OTIpEeeNUTh, UCTOb3Ys I'padrKu, MpUBEACHHbIE Ha puc. 2.5 [38].
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Puc. 2.5. OcHOBHBIE rabapuUTHBIE pa3Mepbl TPAHCHOPMATOPOB U aBTOTPaHC(HOPMATOPOB.
a) — MakCHMaJibHasl BbICOTa TpaHchopMmaTopa; 0) — MaKCMMallbHas IKMPHHA TpaHchopmaropa; B) —
MaKcUMaJlbHas [UTMHA TpaHchopMaTopa; I') — Macca TpanchopmaTopa.

IIpu Hekotopbix THmax 31aHuii [DC (MPUIIIOTHHHOM,

pYCJ'IOBOM) IOBBIIIAOIIHNEC

TpaHchOpMaTOPhI pacroJiaratloTcsi JTMO0 CO CTOPOHBI BEpXHEro Obeda, JMO0 CO CTOPOHBI HUXKHETO.

Hezapucumo ot pacCIlOJIOKCHUST OHHU BJIHUAKOT Ha O6H_II/IG pa3MEpbl  TUAPOY3Jia. Pazmernienue

ITOBBIIIAOIINX TpaHC(i)OpMaTOpOB, a TaKiXe€ TIPOCKTHUPOBAHUA MECTa HX YCTAHOBKH CJIICAYCT

MIPOU3BOIUTH B COOTBETCTBUU C [33, 34].

2.3.7. Bb100p NoAbEeMHO-TPAHCIIOPTHOT 0 00opynoBanus 31anust ['9C

MOHTE[)K, ACMOHTAK U NICPEHOCKA O60pyZ[OBaHI/I${ B 3JaHUAX I'aC MMPOU3BOAUTCA C IMOMOIIBIO

QJICKTPUYCCKHUX KPAHOB. BBI60p TUIIa KpaHa I 3JaHUA I'aC Nponu3BOAUTCA OJHOBPCMCHHO C

BLI60pOM KOHCTPYKIIMU MAIIMHHOTO 34aJ1a.
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MocToBbIe KpaHbl OOBIYHO YCTAHABIMBAIOTCA B 3aKPBITHIX 3MaHUsAX [ DC. MocCTOBBIE KpaHBI
CHAOXKAIOTCS IBYMSI KPIOKaMU (TJIaBHBIM M BCTIOMOTATeIbHBIM). KPIOK TJIaBHOTO TOIBEMa CITYKUT JJIS
MEPEHOCKH M YCTaHOBKHM HamboJiee TSDKEJBIX YacTel arperara, a KpIOK BCIIOMOTATEeNbHOTO IMOJbeMa
MPUMEHSIOT Ul pasrpy3Kd 000pyIOBaHHUs, MPHOBIBAIONIETO HA MOHTAXHYIO IUIOIIAAKY, MOHTa)XKa
BCIIOMOTATEJILHOTO 000PYI0BaHUSI.

B Hacrosimiee BpeMs BBITYCKAOTCSI CEPUUMHBIE MOCTOBBIC KpPaHBI C JABYMS KpIOKaMU
rpy3onoabsemMHocTeio 15/3; 20/5; 30/5; 50/10; 75/20; 100/20; 125/20; 150/30; 200/30; 250/30 T ¢
HOopMaibHOW (16 M) u yBenuueHHOM (32 M) BBICOTOM TIJIAaBHOTO U BCHOMOIATEIbHOI'O KPIOKOB.
Hecepuiinbie MOCTOBBIE KpaHBI HMEIOT Tpy3omoapeMHocTh 300/30; 350/40; 400/40; 450/50; 450/100;
500/50; 500/125 T ¢ HopmanbHOU (40 M) 1 yBeTHYECHHOH (55 M) BBICOTO MoabEMA.

[IponeTsl cepuiiHBIX MOCTOBBIX KPAaHOB MOTYT NPUHUMATHCS 110 26 M C rpajganueit yepes 1 M.
[IponeTsl HECEpUIHBIX MOCTOBBIX KPAaHOB IPy30M0beMHOCTRIO OoJiee 250 T — ¢ rpaganueit uepes 0,5
M. [IponeT MocTOBOrO KpaHa BEIOMpAETCs U3 YCIOBUS MEPEHOCa KPYITHOTa0apUTHBIX Y3JIOB arperara B
MalIMHHOM 3aj1€ U MOHTaKHOM IJIOLIAIKE.

Ko3zyoBele KpaHbl TPUMEHSIOTCS Ha OTKPBITBIX WM IMOJYOTKPHITHIX 3maHusXx [DC s
00CTyKMBaHUSI OCHOBHOT'O M BCIIOMOTaTeabHOro o0opynoBaHus. Ko3noBble KpaHbl U3rOTABIUBAIOTCS
[0 WHJIUBUAYAIbHBIM 3aKa3aM 0e3 OrpaHMuYeHHs I'py30MOABEMHOCTH C rpajalueidl mpoJiera uyepes
0,5 m.

I'py3omogbpeMHOCTh KpaHa, ycTaHaBiuBaeMoro B 3maHuu ['DC BbIOMpaeTcs 1O YCIOBHSIM
MOHTa)ka HauOoJiee TSKEJIOTO 3JeMEHTa ruapoarperara. B 3aBUCHMOCTM OT NPUHATOM CXEMBI
MOHTa’ka U THIa 000pyI0BaHUs HauboJIee TAKEIBIM JIEMEHTOM MOXKET OBITh:

e pabouee KOJIeCO TYpOUHBI,

e pabouee KOJIECO TYpOUHBI C BAJIOM;

e pabouee KOJecOo TYpOMHBI C BaJOM, KPBIIIKOM T'HAPOMAIINHBI U KOHYCOM;

® pPOTOp TeHepaTopa;

® POTOp reHepaTropa ¢ BaJoM.

KonunuectBo kpanoB B 3ganuu ['DC 3aBUCUT OT KOJIMYECTBA arperatoB U ux Maccel [34]. [lpu
MaJiOM YHUCJIE arperaToB U nepeHocuMsbIX rpy3ax 10 500 T 00bIYHO ycTaHaBIMBAeTCs OAUH KpaH. Eciun
quciio arperaroB 6odbiie 10, TO ¢ 1eIbI0 COKpaIlleHusl CPOKOB MOHTaXa M IEMOHTaka 000pyJ0BaHU
yCcTaHaBIUBAIOT JBa KpaHa. [Ipu TpeOyemoii rpyzonoabemMHocTu 60omee 500 T HE3aBUCUMO OT YHCIa
arperaTtoB yCTaHABIMBAIOTCS JBa KpaHa. /[Ba kpaHa COBMECTHO HCIIOJIB3YIOT Ui MOAbEMa U MEpeHoca
HauOoJee TSHKENbIX YacTel arperaToB ¢ IOMOIIbIO CIIEIIMAaTbHOM TPaBEePCHI.

2.3.8. 'mapaBanyecKuil pacyeT U NPOEKTHPOBAHNE BOJONPUEMHBIX coopy:keHuit 'IC

BoponpueMHukyd MammHHOTO 3alia ciayxar ais 3abopa BoAbl B TYpOMHHBIE BOJOBO/IBI,
pa3MenIeHus perieToK U 3aTBOPOB, MEPEKPHIBAIOIINX TYPOUHHBIE BOJIOBOIBI ITPH aBAPUAX U PEMOHTAX.

BononpuemHuku sBIStOTCS BOA03a0OpHON uacThio 3maHus ['DC WM CTaHIIMOHHON 4YacTu
IUIOTUHBI M WX TPOEKTUPOBAHHME MPOM3BOAUTCA C y4ETOM PEKOMEHJAIMi TpHUBEIeHHBIX B [34].
3nanue ['DC HeoOxoaMMo pacmonaraTh B IUTaHE TakKUM 00pa3oM, 4YTOOBI MOAXOIBI BOJBI K
BOJIOTIPUEMHHKAM ObUTH npsiMoniuHeitHbIMU. Ecnu 3qanne ['3C pacmnonokeHo moj yriaioMm K IOTOKY, TO
HE0OXOIMMO TMPUAATh IJABHBIE OYEpPTaHUS OEpPEroBBIM pPACUMCTKAM WU TOIXOAHBIM y4acTKaM
kaHana. BogonmoaBoasamuii kanan nepen 3nanuemM ['DOC moimkeH OBbITH MIIABHO PACIIUPEH U 3ariyOieH
70 TITUTBI OCHOBaHUsI ¢ OoTKocaMu, mpumepHo 1:3 wnm 1:4 .Ilpu HEZOCTATOYHO MPOYHBIX TPYHTAX
OCHOBAaHUS TIOJIXOJHON y4aCTOK Mepes] BOJONPUEMHUKOM KPEMUTCs OETOHHBIMU TUTUTAMHU.

[MuprHa CEeKIMU BOJOMPHEMHHKA MOTEpPeK MOTOKa paBHA IIMPUHE TypOMHHOTO OJIoKa, a
oOmas AnMHA BOJONPHUEMHHWKA B TOM K€ HAMpaBICHMM — JUIMHE CcuwioBoro 3aanus [OC.
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Boponpuemunku kpynabix I'9C 00bIYHO pa3zeneHbl ObluKaMu Ha Ba-TpH OTceka. OTMeTKa mopora u
BBICOTA BXOJIHOTO CEUEHUS BOJOIPUEMHMKA ONPEIECISIIOTCS M3 YCIOBUN IPOIycKa MAaKCUMAaJbHOI'O
pacxoga TypOMHBI TpH HOPMATHBHBIX CKOpOCTAX. OTMeTKa T1oJjla IIUTOBOTO MMOMEIICHUS
OTIpeNIeNAeTCsl YCIOBHSMH DPa3MELICHUsT 00OPYIOBaHMS U €ro OOCHy)XKMBaHHs MOJbEMHBIMH MeXa-
HU3MAaMH, YCIOBUSMH MOHTaXa U JEMOHTaXa.

B BepxHell uacTu B mpenenax KosieOaHMl ypOoBHEH BOJbl BOJOIPHEMHBIE OTBEPCTHUS
IIEepEKPBIBAIOTCS 3a0panbHON OANKOM, CIOCOOHON BOCHPUHUMATh JaBJICHUE JIbJIa U MPEMSITCTBYIOIIEH
[IONIa/IaHUIO B BOJIOTIPUEMHUK IIJIaBAIOLIUX TeJl. 3a0panbHast 0ajka, B 3aBUCUMOCTHU OT TOJIILMHBI JIbJA,
3arayOJiseTe: Mo/l HAWHU3IINK yPOBEHBb BOJBI BEepxHEero Obeda He MeHee, yeM Ha 0,6+1,2 m. dopma
HUKHEH KPOMKH JOJDKHA OBbITh TakoM, 4yToObl MOJBOJ BOJbl K TypOMHHOW Kamepe BO H30ekaHue
W3JIMIIHUX TOTEPh ObLI Obl CHOKOWHBIM U IIJIaBHBIM, 0€3 BOPOHOK U 3aBUXPEHUH.

B BojompuemMHHKE yCTpauBarOTCSl TpU Hapbl Na30B, NPEJHA3HAUYEHHBIX MJIS YCTaHOBKH
COpPOYAEPKUBAIOUINX PELIETOK, pabouero (aBapuitHOr0) ¥ peMOHTHOI'O 3aTBOPOB. PemeTku u 3aTBOpbI
YCTaHaBJIMBAIOTCA 3a 3a0panbHON 0anKkoil B 30He ACWCTBUS KpaHa IIMTOBOTO rnomerieHus. 11a3el BHU3
[0 TEYEHHMIO YCTPauBaIOTCA B CIEAYIOLIEH IOCIEeI0BaTENIbHOCTH: CHayajla Ia3bl PEMOHTHOIO
3arpakJIeHus, 3aTeM Ma3bl COPOYAECPKUBAIOLINX PEIIETOK, a Jjanee — a3 padoyero 3atBopa. B ciyuae
OTACHOCTH 3a0MBKH MAa30B PEMOHTHOT'O 3arpaKACHUs TOIUISIKAMM ATH Ma3bl yCTPaUBAIOTCS 3a Ma3aMu
pemierok. C 1enpio y/eneBiIeHs] BOJONPUEMHUKA YAaCTO YCTPauBalOT OOIIME Ma3bl A PEMOHTHOTO
3aTBOpA U PEILETOK, T.K. 3TO COKPAILIAET IIUPHUHY BOJOTPUEMHHUKA U IIUTOBOTO MOMEIIEHUSI.

CkopocTH BOZBI Ha PENIETKAaX BOJOIPHEMHHKA Vpey OOBIMHO cocTaBisaoT 0,8+1,2 m/cex [34].
Hcxons n3 3Toro, onpeaensercs miomanb pemeTk Fpey (MZ) OJTHOro OJI0Ka

Fow= Q. (2.12)

VpCLL[
rae Qo — MakCUMaNTbHBIA TYpOUHHBIN Pacxo, M/,

[lo wu3BecTHOM mMmoWAAM DPELIETKM M €€ LIUpuHe ompenensercsa BoicoTa. Llupuna Omoka
BOJIOTIPUEMHHKA TOMEPEK MOTOKA paBHA MIMPUHE TypOMHHOTO Oj0Ka. Pasmepsl BogonpueMHHUKa BAOb
MOTOKAa OMNpeAeseTcsl YHCIOM Ia30B, YCIOBUSMU pa3MEIIEHUs, MOHTaXa U JIEMOHTaxa
000pyIOBaHUs U €ro 00CITY)KUBaHUSI TOAbEMHBIMH MEXaHU3MaMHU.

PexoMeHgammm no pa3MemieHuIo a3oB noao0py noJbeMHOT0 000PYAOBAHUS U €r0 YCTAHOBKE
moApoOHO U3JI0KEHBI B uTeparype [34, 36, 38].

B nosicHuTenpHOM 3amucke Takke MPUBOAATCS PacUeThl MO OMPEIEICHUIO IPY30T0ILEMHOCTH
MOJABEMHOT0 O0OpPYNOBaHUS BEPTUKAIBHBIM M TOPU3OHTAIBHBIA pa3pe3bl MO BOJIOMPUEMHUKY C
000CHOBaHMEM BBIOPaHHBIX PA3MEPOB Ma30B U UX B3aUMHOTO PACIIOIO0KECHHSL.

Pemrerkn ycrpamBaeTcsi HaKJIOHHBIMU WM BepTUKaIbHBIMU [34, 36]. OuncTka UX OT Mycopa
OCYILIECTBIISIETCSl CIEIUANBHBIM TpeiipepHbIM MPUCIIOCOOTICHUEM HIIM MEXaHHYECKUMHU TpabdisMu,
MOJHUMAEMBbIMH U OIYCKA€MBIMH C MOMOIIBIO KO3JIOBBIX MM MOCTOBBIX KPaHOB, OOCITYKMBAIOIIMX
BCE Ma3bl BOJONPHEMHHKA. B KauecTBe PEMOHTHBIX 3aTBOPOB MPHUMEHSIOTCS METAUIMYECKUE WU
XKeJe300€TOHHBIE MaHAoPhL. [ XpaHeHus MaHA0pOB yCTpauBaloT MIaHaopoxpaHmuia. Hanbonee
yIOOHBIM MECTOM JUTsl PACTIONOKEHHS MIAaHAOPOXPAHMININA SIBIIETCS OJOK MOHTKHOM TUIOMIAKH, B
npezaenax KOTOporo MpoJI0JKAETCA HMTOBOE OTACIICHHE.

[Tocnennue Mo TeYSHHIO Ma3bl IPeIHA3HAYCHBI U1 pab0YNX 3aTBOPOB, MEPEKPHIBAIOIITNX BXOJ
B TypOuMHHYIO Kamepy. Yarie Bcero AJisi 3TOTO MPUMEHSIOTCS IMJIOCKHE 3aTBOPHI, PACIOJIOKEHHBIE B
BEPTUKAIBHBIX nasax. [Togbem 3aTBOPOB OCYIIECTBIISETCS WHIUBUYaJIbHBIMU
OBICTPOJCHCTBYIOMIMMH JIeOSIKaMU WM TUAPABIUUECKUMHU MO TbEMHUKAMHU.
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Bononpuemnas yacte pycioBeix ['9C otaensercs OT MAlIMHHOTO Bajla HAIIOPHOM CTEHKOW B
BHJIC MACCHBOBOW OCTOHHOUW KOHCTPYKIWH. TONIMHA HAIOPHOW CTEHKH BBHIOMPAETCS U3 YCIOBHUS €€
MPOYHOCTU U BOJAOHEHPOHUIAEMOCTH. i 3aUThl OT (UIBTPALMM BOJbI, HAPYXHAsl YaCTh CTEHKU
IIOKPBIBAETCS THJIPOU30JISILIMEN, & C BHYTPEHHEH CTOPOHBI HAa €€ HEKOTOPOM YJAJIEHUH YCTPAauBaETCs
JerKkas CTeHKa wu3 Kuprnuuya. M3 mpocTpaHcTBa, 00pasyromierocs MeEXIy OSTHMH CTEHKaMH,
peaycMaTpuBaeTcs  OTBOA  HpouibTpoBaHHOW  Boxael.  OcylieHHe 3TOrO0  MPOCTPAHCTBA
OCYILIECTBIISIETCS IIyTEM I0JIa4M TEIJIOTO BO3AyXa OT I'€HEpaTOpOB. YKa3aHHOE MPOCTPAHCTBO TaKXKe
HCIIOJNB3YETCsl JUIsL OCMOTpPAa COCTOSIHMS HAIlOPHOM CTEHKM. B MaccuBe HAamoOpHOM CTEHKH
YCTPaMBAIOTCSl a’paAIlOHHBIE TPYOBI, KOTOpBIE TMOJAIOT BO3IYX B IPOCTPAHCTBO 32 TYpOHMHHBIMH
3aTBOpaMH C LENbI0 IPEJOTBpPALICHUS TOSBICHUS BaKyymMa B MOMEHT 3aKpbITHs 3aTBOpPOB [34].
Pa3mepbl aspallMOHHBIX OTBEPCTHUH Ha3HAUYAIOT MCXOJS U3 CKOPOCTH JIBUKEHHUS BO3[yxa B HUX. B
pacdyeTax CKOpPOCTh JIBWKEHHUS BO3JyXa NMPUHHUMAETCs B mpezaenax ot 15+25 mo 40+50 m/cex. s
HaIOJIHEHUSI TYpOMHHOTO TpakTa IOCJE OCYUIEHUS YCTPauBalOTCs ClieHUalbHbIE TPYOONPOBOJBI C
3aIBIDKKaMHi. OTH TpyOONPOBOJBI TMPOU3BOIAT 3a00p BOJABI M3 BepxHEro Obeda. YKazaHHBIE
TpyOONIpoBO/IbI HOCAT Ha3zBaHue OaiinacoB. [locne HamonHeHHs TypOMHHOTO TpakTa MpHU MOMOIIU
0aiimacoB MPOM3BOMAT TOMBEM 3aTBOPOB (MPU OTCYTCTBHUU OalmacoB TOIBEM 3aTBOPOB IPHU
OCYILIEHHOM TpPaKTe BECbMa 3aTPYIHUTEIIEH).

B BomonpuemHukax npurmmoTHHHBIX ['DC KOMMYECTBO M MOCIEAOBATEIBHOCTh Pa3MELICHUS
Ma30B Takue ’Ke, Kak M Ha pYCJIOBBIX. BojompueMmHble OTBEpPCTHs pacrojaraloTcs B TMpesenax
IIUTOBOM CTEHKH U coenuHsoTes co 3aanueM ['OC TypOuHHBIMU TpyOOTIPOBOAAMH, MTPOJIOKEHHBIMU B
OETOHHOM MAaCCHBE CTAaHIMOHHON IUIOTHHBI WJIH cBepXy Hero. Ilpu Hebompmux Hamopax
BOJIOIIPUEMHBIE OTBEPCTHS CJEAYET pAaclojarartb KAaK MOKHO BBIIIE, HEMOCPEACTBEHHO MO
HavHM3IIMM YPOBHEM BOJbl B BOJOXPAHWIHILE, YTO JAET HKOHOMHIO, B CTOMMOCTH 3aTBOpPOB,
paboTaronMxX MpU MEHBIIMX Hamopax, U MO3BOJISIET MPOU3BOJIUTH OYHUCTKY pemeTok. CKOpoCTb
TEUEHUS BOJIbI HA PEIIETKax B ATOM ciiydae mpuHumaercs 1,0+1,2 m/cek.

C yBenMueHHWEM HaNoOpa BBICOKOE pACIOJI0KEHHE BOJOINPUEMHBIX OTBEPCTHH TpedyeT
YAJUHEHHS] TYpOMHHOTO TPYOOIIPOBOIa U TEM CaMbIM YBEJIMYUBAET MOTEPU HAIlOpa HA €ro MOBOPOTAX
u no june. [loaToMy MHOTAA MepexoAsT Ha TIyOMHHBIM BOJOMIPUEM, MO3BOJIIOMIUNA BBIIPSIMUTD U
YKOPOTUTH TYpOUHHBINH BOJOBO. [Ipu 3TOM yBenuuuBaeTcs 1aBIeHUE HA 3aTBOP U IPY30I0IbEMHOCTD
MOJBEMHBIX MEXaHU3MOB, @ OUNCTKA PEIIETOK CTAHOBUTCS HEBO3MOXKHOMU.. CKOPOCTh T€UEHUs BOJIbI
Ha pelleTkax B 9ToM ciydae npuaumaercsa ot 0,3 no 0,5 m/cek, 4To CHUIIbHO yBENUYHMBAET pa3Mephbl
PELIETOK B IJIaHE U IO BbicoTe. TypOMHHBIN BOJIOBOJI, MOABO/S BOY K CIIUPabHOM KaMepe, 0ObIUYHO
uMeeT OoJIbIIMKM Juamerp, 4eMm JuaMmerp chupaiud. [loaToMy MeXIy KOHEUHBIM CEYEeHHUEM
TpyOONpoBOJa U BXOJHBIM CEUCHHEM CIHpAM YCTPaMBaeTCs MEPEeXOJHON YYacTOK B BHJE
CXOJSIIErocss KOHUYECKOro MaTpyOKa, KOTOPbI oOecreynBaeT MJIaBHOE HapacTaHHWe CKOPOCTEH Te-
YEHUS BOJIBI.

[Ipoextupys BomompueMHyro yacTh 374aHus ['9C, He0OX0AUMO 03HAKOMMUTBHCS C IMpUMEpaMHU
y’Ke MOCTPOEHHBIX TUIpo3eKkTpocTanuuii [36, 37, 38, 42, 45, 47, 48].

HopmaTuBHBIE aHHBIE O pa3MepaM PEHIeTOK U 3aTBOPOB, B3aMMHOTO HUX PACIHOJIOKEHUs, a
TaKXe 10 pa3MepaM Ma30B U HEOOXOJMMOI0 KpaHOBOTO 000PY/I0BaHUs PUBOIATCA B [34].

2.3.9. Onpenesenue pa3MepoB TYpOMHHOTO 0J10Ka

I'maBHBIM (hakTOpOM, OMpENESIONINM KOMIIOHOBKY M pa3Mepbl TYpOWHHOTO OIIOKa, SBISETCS
tun 3ganus ['DC, xkotopsiii 3aBucuT oT Hanopa Ha ['DC. KoMmoHOBKa U pa3mepsl TypOMHHOTO OJ0Ka
JIOJDKHBI OBITH YCTAHOBJICHBI B COOTBETCTBUU ¢ [34].

Pazmepsl Oiioka oOmnpenensioTcss TUaMeTpOM U BBICOTHBIM MOJIOXKEHHEM paboyero Kojeca,

94



TUIIOM arperara, pacloJIO)KEHHUEM €ro OcCH (BEpTUKaJbHAs WM TOPU30HTAIbHAs KOMIIOHOBKA),
pas3MepamMu IPOTOYHOH YacTH, creruduueckumu ocodeHHocTssMu ['OC (coBMeleHHbIe, TO3EMHbBIE H
T.J.), pa3MelIeHHEeM 3aTBOPOB, COPOYAEP)KUBAIOUINX DPELIETOK, THIIOM KPaHOBOTO OOOPYAOBaHUS H
T.II.

[Ipu npoeKTUpOBaHUH MEPBOHAYATIBHO UCXOMAT U3 MUHUMAIFHO BO3MOXKHBIX Pa3MepoB Ooka,
OTIPENEISIONINXCS OTMETKOM pabodero Kojeca, rabapuTamMu CIUPATBHOW KaMephl M OTCACBHIBAIOIICH
TpyOBL. 3aTeM pa3Mephl YTOUHSIOTCS B MPOIECCE TABHEHIIET0 Pa3MEIICHHs OCTAIbHBIX YacTel 3aHus
u ero obopymoBanus. [llupuHa TypOMHHOTO OJI0Ka NOJDKHA OBITH IO BO3MOXXHOCTH HAaWMEHBINEH, T.K.
omnpenensier pazmepsl Beero 3ganus ['OC B nenom. [lluprna 610ka HU3KOHAIOPHON M CpEeHEHAIOPHON
I'SC 00bMHO CKITAJBIBACTCS W3 IIUPHHBI CIIUPATHHON KaMepbl W TIOJOBHUHBI TOJIIHH JABYX KpaHHX
OBIYKOB, pa3JeNsIONIMX CMEXHbIe KaMepbl. Y HecoBMelleHHbIX ['OC muprHa 6510Ka COCTaBISIET OKOJIO
(2,8+3,2)-D1, y coBmemennsix — 10 (3,3+3,6)-D; (D1 — muametp pabodero koseca Typounsl). Ha ruj-
pocTaHiuax ¢ HamopoMm okojo 100 M mwupuHa TypOUHHOTO OJIOKa MOYKET OINMPEAEIAThCS IUaMEeTpPOM
TeHEepaTopoB U YCTPOHCTBOM MPOXOJIOB MEX/y HUMH, pa3Mep KOTOPBIX MpUBEAEH B [34].

B cBs3M ¢ 3TUM mHpUHY TYypOMHHOTO 0JIOKa MOIMEPEK MOTOKa CIEeNYeT ONpeAesiTh, yIUThIBAs
pa3Mepsl  CIIMpalbHOM  KaMmepbl, oOTcachlBarouieil TpyObl UM JAMaMeTrpa TeHepaTopa IO
BO3/IyXOOXJIAJIUTEIISIM.

OrtcacsiBarolie Tpyosl HMEIOT MIHPUHY 00bIuHO He Ooee (2,3+2,5)-D;, uTo, Kak mpaBuIio, He
BIUSCT Ha pa3Mepsl IHPUHBI Onoka. [lpw MeTajuIMYecKWX CHUPATBHBIX KaMepax IIHpUHA
oTcachIBaroel TPyObl OOBIYHO, OKA3bIBACTCS, 3HAYUTEIHHO MEHBINE IMUPUHBI OJI0Ka W OBIYKUA CO
CTOPOHBI HIKHEro Obeda MeXIy OJI0KaMU MOTYT OKa3aThCsl M3JIMIIHEH TOMIUHBL. B Takux cimydasx
JUTsl SKOHOMHH O€TOHA MCKYCCTBEHHO PACIIUPAIOT TPYOy B Aud(y3HOU YacCTH WIIU K€ yCTPaWBAIOT
noJsible ObIYKU. JJIi yMEHBIIEHHUS MPOJIETOB TMEPEKPHITHS HaJ OTCACHIBAIOIIMMH TpyOamMu B HHX
yCTpauBaIOT MPOMEXKYTOUHBIE ObIUKH (OJJHAKO IMOJIE3HYI0 IIMPUHY OTCAChIBAIOIIEH TPYObl HE ClIEyeT
JieNlaTh MEHBIIIE MOJIyYeHHOM 10 pacyery).

Jlis ocMOTpa M pEeMOHTa OTCAchIBAIOIIUX TpyO Ha WX BBIXOJE YCTPAUBAIOTCSA Mas3bl IS
maHA0pHbIX 3arpaxaeHuil. [IpoctpancTBo Haj quddy3opaMu MO3BOISET YCTAHOBUTH HA MEPEKPHITHS
Mexay Oblukamu TpaHc(hOpMaTOpsl, KpaHOBOE 00OpPYI0BaHUE /IS TOIbEMA U OMYCKAaHUS IAHA0D.

3a orcaceiBaroieil TpyOoil A BBIXOJa BOJBI HA €CTECTBEHHbIE OTMETKH OTBOJSAILIETO pyclia
yCTpauBaeTcsl MoJbeM JHA ¢ ykiIoHOM OT 1:3 go 1:5. Tunm kpermieHust 3aBUCUT OT T'€OJOTHYECKHX
YCIIOBUHM M CKOPOCTHU BOJIbI HAa BBIXOJIE U3 OTCACHIBAIOIINX TPYO.

Brixos moToka BoJia B peKy WM KaHall JOJDKEH OCYILECTBISATHCS TUIaBHO. B 1iane xenarenbHO
obecreunTh NPSAMOIMHEHHBIA OTBO] BOJIBI.

2.3.10. MamMHHBIA 32J1 1 MOHTAKHASA IUIOIIAAKA

MamuHHBIN 321 1 MOHT@XHas IUIOIIAKa OTHOCATCS K BepxHeMy cTpoeHuto 3manus [DC.
[IpoexTrpoBaHKe MAITUHHOTO 3aJIa U MOHTaKHOM ITOMIA KK TPOU3BOTUTCS B COOTBETCTBUM C [22-29,
34]. MamuHHBIA 3a1 SBISETCS TJIABHBIM TOMEIICHHEM BEPXHEr0 CTPOCHHUS U COOpYXKaeTcs s
ya00CTBa 3KCITyaTallud T'e€HepaTOpoB W BCIIOMOTaTelbHOro obopynoBanus. Ilpu stom Bce 0060-
pyIOBaHHUE U yCTPOWCTBA, CBsA3aHHBIE ¢ yrpaBieHueMm ['DC, HOMKHBI ObITh JETKOJOCTYIHBI U BUHBI
1151 0OCITYKMBAOILEr0 TIepCOHaA.

BonpmmmacTBo ['DC MMeeT MalMHHBINA 3all B BUJE 3aKPBITOTO MOMENICHUs, 000pyI0BAHHOTO
MOCTOBBIMH KpaHaMH. DIEKTPUYECKHE MOCTOBBIC KpaHbI, EPEMEIasch BJOJIb MAIIMHHOTO 3aja U B
mpeienax MOHTaXHOHN IMIIOMIAJAKH, TTO3BOJISIOT MPOU3BOAUTE MOHTAX M JEMOHTAX arperatoB, a TaKkxke
OCMOTP B YCIOBUAX OKCIUTyaTallMd. BONBIION BeC COBPEMEHHBIX KPYIHBIX arperaToB BbI3bIBACT
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HEOO0XOIMMOCTh YCTPOWCTBA TSKENOr0 KapKaca MAIIMHHOTO 3ajla, Ha KOJIOHHBI KOTOPOTO depe3
MOJIKPAHOBBIE OAJIKHU MEPEIAlOTCsI BCe YCHIINA MIPU IEPEHOCEe YacTel arperaTos.

KoHcTpykiust kapkaca, xene300eTOHHAs WU METaJUTMYECKasi, BBITIONHSIETCS B BHJIE paM HITU
3a/IeTaHHBIX B OCHOBAHME KOJIOHH, KOTOPBIE CBSI3BIBAIOTCS B MPOJOJIHLHOM HANPABJICHUH MOSCAMH 10
BCEH JIUTMHE, a B TIONIEPEUYHOM HaIIPaBJICHUU CBA3BIBAIOTCA MOSACAMU TOJIBKO 1O Topuam 3aanus ['OC.
XKenarenpHo mTpHM ycrpoiicTBe Kapkaca 3manus ['DC mpuMeHSTh COOpHBIA kene300eroH. [Ipu
HEeOOJBIINX arperarax M, clieJJOBaTeIbHO, HEOOJIBIION MHUpPHHE OJI0Ka, IIar KOJOHH MAIIMHHOTO 3aJia
paBeH pasmepy Onoka. [lpu Oonbpmioit ke mupuHE OJ0KAa CTaBITCS MPOMEKYTOUHBIC KOJIOHHBI,
KOTOPBIC JTOJDKHBI ONMMUPATHCS HAa MIPOMEXKYTOUHBIC ObIkH. B MecTax paznmencnust 0okoB 3manus [DC
IBAMHM KOJIOHHBI JIENAIOTCS, CABOCHHBIMHM, IIBBI Pa3pe3aeT IMOJKPAHOBBIE OATKU U CTECHBI 37aHUS.
Komonnsl kapkaca 34aHHs HE JIOJDKHBI PacrojiaraThCs HA TEPEKPHITUAX CIUPATHHOM KaMephl, UTO
BAXHO B IEJISIX Pa3rPy3Ku TMEPEKPHITHII W BO3MOXXHOCTH HE3aBUCHUMOTO MPOM3BOACTBA PabOT 1O
COOPYKEHHUIO KapKaca 3aHHs U TIEPEKPHITHS OTCACHIBAIOIIEH TPYOHI.

Tun u rpy30N0IbEMHOCTh KpPAaHOBOIO OOOpYIOBaHMS OINPENENIoTCS MO Becy Hambosiee
TSYKEJI0r0 MOHTHpPYEMOro 000opynoBanus. OOBIYHO TaKUM SIBJISIETCSI BEC pOTOpa FeHepaTopa ¢ BaJoOM U
BTYJIKOH, B 00Jiee PEIKUX CIydasx — BEC pabovero Kojeca TypOHHBI.

[Ipu ompeneneHnr TOAKPAHOBBIX Tab0APUTOB MPUHUMAIOTCS 3a30pbl MEXKIY NEPEHOCHBIMHU
JETATIIMU ¥ HETIOIBMKHBIMU YaCTSMH 3JIaHUS U 000pYyIOBAaHUS B BEPTHKAIBHOM HarmpaBiieHun — 0,4 M
[27, 34], B ropusonTansHoM — 0,5 M [27, 32]. Ilpu moaBecke Tpy30B TPOCAMU BEPTHKAIBHBIA 3a30D
npuaumaercs 0,6 M, n3-3a BO3MOXKHOM OTAA4YH TPOCOB.

[Ipu rpy3onomgbeMHOCTH TOABeMHOTO OoOOpynoBanus cBbime 400-500 TOHH TpuUMeEHsETCS
cnapeHHasi paboTa JIBYX KpaHOB, MPH 3TOM HEOOXOJUMO NPHMEHEHHE TpPaBEPCHl, YTO TpedyeT
YBEJIMYEHUS TPY30T0IbeMHOCTH KpaHOB Ha 10% M yMeHbIIaeT 30HY, KOTOPYIO MOTYT OOCIIYy:KUBATh
KpaHBbl B TOpLIE 3aHUSI.

BricoTa MalmmHHOTO 3a51a ONPEeNIeTcs, UCX0Id U3 TPeOYIOIUXCs MOAKPAHOBBIX rabapuTOB U
rabapuToB KpaHa. B 0OBIUHBIX YCIOBHUSX MEPEHOC MOHTHPYEMOT0 000pYIOBaHUS MPOU3BOIUTCS HaJ
COCEIHUMHU arperataMu, 4To MO3BOJIAET HECKOJIBKO CY3UTh IIMPUHY MAIIMHHOTO 3aJla, WK COOKY, 4TO
YMEHBIIIAeT €ro BhICOTY. B mepBoM cilyyae OCH arperaroB MOTYT HMPOXOJUTh OTHOCUTEIBHO CTEH
3/1aHUsl CUMMETPUYHO TOCEepeIMHEe MAIIMHHOTO 3ajia, JIeJsl €ro Ha paBHbIE yacTH. Bo BTOpoMm ciyudae
CIIeyeT CTPEMUTHCS K HECUMMETPUYHOMY DPACIOJIOKEHUIO OTHOCUTENbHO cTeH 3manus ['DC ocel
arperaroB, 4ToObI B Iipejiesiax 0osee MUPOKON YacTH MAIIMHHOTO 3ajla MOXKHO OBLJIO ObI OCYILIECTBUTh
MIEPEeHoC poTopa.

[Ipu ompeneneHun mpoJsieTa KpaHa HEOOXOAMMO MPHIEPKUBATHCS HMEIOIIUXCS CTaHIApTOB,
MIPUBOJUMBIX B TuTeparype [36].

Pa3mepbl MammHHOTO 3ana B IUIaHE, ONpEeNiCHHbIE W3 YCJIOBHs pa3MeEIIeHUs TeHepaTopa,
OBIBAIOT OOBIYHO JOCTATOYHBI JUIsl pa3MEIEHHUs TaM TaKKe MAacIOHAMOPHBIX YCTAHOBOK, PETYISTOPOB,
KOJIOHOK YIIPaBJICHUS U arperatoB BO30YKICHUS.

JlliHa MalIMHHOTO 3aia OMpeeNseTcs CyMMapHOW HIMPUHOM BceX TYpOMHHBIX OJIOKOB U
JUIMHOW MOHTaxHOW miomaaku. JnuHa 3manus ['DC Ha3HauaeTcs ¢ TaKUM pacueToM, YTOOBI MpH
MaKCUMAalbHOM TMPUOIMKEHUH KPaHOB K TOPIEBOWM CTEHKE, MPOTHUBOMOJOKHOW MOHTaXHOW IIJIO-
[aJIKe, MOXHO OBLITO ObI KPIOKaMU OOCITY>KUTh KpaiiHuii arperaT. J[js 3Toro 070K, pacrooKEeHHBIH B
MPOTUBOTIOJIOKHOW CTOPOHE OT MOHTA)KHOM IUIOIIAJIKH, HECKOJBKO PACHIMPSIOT. DTO pacUIMpEHHE
005140 cocrasiugeT 0,8-D;.

[Ton MamMHHOTO 37aHUSI BBITIOJIHIETCS Ha OAJIOYHBIX MEePEKPHITUSAX. KOTOHHBI ATHX MOKPBITHI
OTHMPAIOTCS HAa MACCHUBHBbIE OCTOHHBIE YacTH 37aHus. [lepeKphITHsI BBITOTHSIOTCS M3 COOPHBIX
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KeJIe300€TOHHBIX KOHCTPYKIIHH, a 1M0JI OOBIYHO IMOKPHIBACTCS METIAXCKOM TUTUTKOM.

CteHbl MAIIMHHOTO 3aJIa JEJIAI0TCS U3 KUPIUYHOU KIIAJIKU, YKPYITHEHHBIX OJIOKOB WJIM IPYrOoro
CTEHOBOro Marepuana. OKOHHbIE TPOEMBI JKEJIATENILHO JeaTh B 00€UX IIPOJOJIBHBIX CTEHAX U TOPLAX
MalIMHHOIO 3aj1a /ISl JIy4IErO OCBELEHUSI.

MoHTa)kHas IUIOIIAKa SBJIAETCA IPOJODKEHHEM MAIIMHHOIO 3aJla W IpeJHa3HadaeTcs JUis
MOHTa)ka, PEMOHTA U MEPUOJUYECKOr0 OCMOTpa arperatoB. OOCIyKMBaHWE MOHTQXHOU IJIOIIAIKU
IIPOM3BOJIUTCS KpaHAMU MAIlIMHHOTO 3aJa.

[Ipn nocrtaBke Ipy30B KEJIE3HOJOPOKHBIM TPAHCIOPTOM HAa MOHTAXHYIO IUIOLIAJIKY 3/1aHUE
I'SC pacnonaratoT HENOCPEICTBEHHO Y TOTO Oepera, Ha KOTOPOM HaXOAUTCS TOABE3THOH ImyTh. Bbhe3n
Ha MOHTXHYIO IUIOLIAJAKY YCTPAaUBAETCsl C TOPLA WK ¢ HU30BOW cTopoHb! 30anust I'IC.

[Ton MOHTaXHOM MJIOLIAAKH KEJIaTeNIbHO JIeNaTh Ha OJJHOM YPOBHE C TOJIOM MAaIllMHHOTO 3aja,
YTO MO3BOJIAET YAaCTUYHO MCIOJb30BaTh MPU MOHTaXKE IMPOCTPAHCTBO Yy OiuKaiiliero arperara,
MIPUMBIKAIOIIETO K MOHTaKHOM IJIOIIAIKE.

MuprHa MOHTaXHOM IJIOLIAAKH OIpeAessieTcs] BHIOpaHHBIM IMPOJIETOM KpPaHOB MAIIMHHOTO
3anma. ['abaputhl 1Mo BBICOTE AOJDKHBI OOECIIEUUTh BO3MOXHOCTH BBIIIOJIHEHHS BCEX OIepanuil ¢
arperataMmu u TpanchopMmaTopamu.

JlliHa MOHTaXHOW TUIOIIAJKU OTIENSETCS MO YCIOBHSM MOHTa)xka 000pYAOBAaHUS B MEPUOA
CTPOUTENIbCTBA U JIEMOHTa)Ka €ro B MEPHUOJIbl CTPOUTENBCTBA U IKCIUTyaTauuu. [Ipu yucne arperatos
He OoJibllle YeThlpeX, JUIMHY MOHT@XKHOU IUIOIIAJKU CJelyeT MpUHUMaTh paBHOW 1,25 mmpuHbl
onHoro Onoka. Ilpu Gonbiiem yucne arperatoB — 1,50 mmpunsl 65oka. [Ipu uucne arperaroB 8 u
0ojee JUIMHA MOHTaXHOM IUIOMIAJIKK YBEJIUYUBACTCS 10 2-X HIMPUH OJoKa. B oTAenbHBIX ciydasx
YCTpaWBaIOTCA JIB€ MOHTKHBIE TUTOIIAAKU 110 06ouM Topram 3aanus ['IC.

Pa3rpy3ka kene3HOJOpOKHOTO U aBTOMOOMJIBHOTO TPAHCIOPTa HAa MOHTAKHOW TIOIIAJKE
MIPOU3BOJUTCS MOCTOBBIMM KpaHaMM MAaIIMHHOTO 3aja. MHOraa ycTpauBarOT JOTOJHUTEIbHBIN
MOCTOBOM KpaH MEHBIIEH IPY30M0AbEMHOCTH, KOTOPBIM UCIOIB3YIOT JIJISl Pa3TPy3KH.

2.3.11. Ioazemupblii KOHTYP 3a0aHuA ['IC U MIIOTHHBI

KoHcTpyknuss moA3eMHOr0 KOHTYpa CHJIOBOTO 3/1aHHS 3aBUCUT OT I'€OJIOTMUECKHX YCIOBUH
MECTa PpAaCIOJIOKEHHS CUJIOBOTO 3/IaHHMS M BEJIMYMHBI HANoOpa, BOCIPUHUMAEMOIO COOPYKEHHUEM.
[IpoexTHpoBaHuEe TOJ3EMHOTO KOHTYpa MPOU3BOJIUTCS B COOTBETCTBUU C [22, 28, 44]. Iloa3zeMHsrit
KOHTYp OIIPENEINSIeTCs] B pe3ysbTaTe KOMIIOHOBKM MOJABOAHOM MacTw 31aHudA. [lpum sTom nmomxHa
obOecrieunBaThCsl YCTOMUMBOCTD 3/1aHUSI HA CIBUT, BEJIMYMHA NMPOTUBOJABICHUS HA TOJIONIBY 3JaHUS
JOJKHA TI0JIy4aTbCs MO0 BO3MOYKHOCTH MEHbIas. OUIbTPALlMOHHAS IPOYHOCTh IPYHTOB OCHOBAaHMS
JOJIKHA 00eCIIeYnBaThCs, KaK M0 BCEMY KOHTYPY B II€JIOM, TaK U B OTJCJIBbHBIX €r0 YacTsX.

Oco0oe BHMMaHUE JOJDKHO YyHeNnATbcs (GOPMUPOBAHHIO MOA3EMHOrO KOHTypa 3manus ['DC
PYCIOBOIO TUIIA, KOTOPOE OTHOCUTCS K HAIOPHBIM COOPYKEHUSAM. Takol MOA3EMHBIA KOHTYP UMEET
CJIEYIOIINE DIIEMEHTBI:

® BOJIOHENPOHULIAEMYID 4YacTh, IO JUIMHE KOTOPOW MPOUCXOJUT TallleHHe Hamopa
(GUIBTPAIMOHHOTO TTOTOKA;

® BOJOMPOHUIIAEMYIO YacTh, MPU MOMOIIUA KOTOPOH (PUIBTPALMOHHBIN MOTOK OTBOJTUTCS B
HIDKHUH Obed.

BononenpoHuiiaeMas 4acTh MpU CKAJIBHBIX TPYHTAaX OCHOBAHUS BKJIIOYAET B ceOs BEPXOBOM
3y0, IEMEHTAIIMOHHYIO 3aBeCy U TMOJOIIBY 3[aHUSA JO IPEHAXHBIX YCTpOWCTB. [lpu HeCKambHBIX
TPYHTaxX OCHOBaHHWs BOJOHEMPOHHUIIaeMas YacTh MOKET COCTOSITh W3 TMOHYpHOTO 3y0a, TOHYpa,
BEpPXOBOTO 3y0a 3/aHusl, MIMTyHTa U TOJIOMIBEI 3AaHUS JIO0 IPEHAKHBIX YCTPOUCTB.

Bononponuiiaemast yacTh, Kak MpaBUIIo, JIEIA€TCsl B BUJIE MJIOCKOTO JAPEHAXa WK JIPEHAXKHBIX
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CKBYKUH U OIPENEISIETCS TaKKe T€0JIOTMUECKUMHU YCIOBUSIMU OCHOBAHMSL.

OUIBTPAIMOHHBIA pacyeT MOA3EMHOTO KOHTYpa MPOU3BOAMUTCS TAKXKE KaK M JUIs OCTOHHOMN
IIJIOTUHBI.

[lopsiiox NpOEKTHpPOBAaHHSA IMOJ3EMHOIO KOHTYpa CHJIOBOIO 3JIaHUS PEKOMEHIyeTCs
CHEAYIOIIUI:

® OMNpEeAeNsoTCS pa3Mepbl IOJBOJHOTO MAacCUBa, MCXOJAS M3 YCJIOBUW pa3MeLICHUs
000pyI0BaHUs, BOJOTOIBOISIINX YCTPOUCTB M BOJOOTBOIAIINX YCTPOUCTB;

® B 3aBUCHUMOCTH OT T€0JOIMYECKHUX YCJIOBUN OCHOBAaHUS HPOEKTUPYIOTCS BCE AJIEMEHTHI
MOJI3EMHOTO KOHTYpa, MPH 3TOM HEOOXOJWMO H3YYUTh OCOOECHHOCTH KOHCTPYKIUH ITOA3EMHBIX
KOHTYPOB Ha IpuMepax yxxe noctpoeHHsix 3a1anuii '9C (cm. muteparypy [36, 38, 42, 44, 45]);

® TPOU3BOJATCS (PUIbTPALlMOHHBIE pacyeThl MOJ3EMHOIO KOHTYpa W3BECTHBIMU METOJaMH
TU/IPaBJIMKY, HAIPUMED, METOJOM KO3 (UIIMEHTOB COPOTUBIECHUH [44].

2.3.12. Pa3pe3ka 3panusa I'DC nepopmManimioHHBIMM IIBAMHU

Pa3pe3ka 3maHMs CcTaHUMM Ha CeKUMU  J1e(OPMALMOHHBIMH, TEMIEpPAaTypHbIMU U
TEMIIEPaTypHO-0CaJOUHBIMH IIBAMU JI0JKHA 00ECIIEUUTD:

® TOPHU3OHTAJbHBIC MEPEMEIEHUs] YacTel 3[aHHs CTAaHLUUU MPH U3MEHEHUSX TeMIIepaTypbl
(TemmepaTypHbI€E 1IBbI);

® TOPU3OHTAJIbHBIE U BEpPTUKAJIbHBbIE IEpPEMEIEeHUs] dYacTed 37aHus mpu aedopmanusx
OCHOBaHUs (0CaZ0YHbIE IIBHI).

Xapakrep pa3pe3kd Ae(pOpMALMOHHBIMU IIBaMM YCTAHABIMBAE€TCA B 3aBUCUMOCTH OT
ICOJIOTUYECKUX YCIOBUM OCHOBAHMs, THUIIA COOPY)KEHHS W TEMIIEpAaTypHOTO peXHMa paioHa
CTPOMTENBCTBA. XapaKTep pa3pe3Ku U PEKOMEHIALUU 10 MPOEKTUPOBAHUIO 1e(OpMAIIMOHHBIX IIBOB
npuBeAeHBI B [34, 36]

IIpy OJHOPOAHOM CKaJbHOM OCHOBAaHMM YCTPaMBAKOTCS OOBIYHO CKBO3HBIE TEMIIEpaTypHBIE
LIBBI IO OCHOBAHHUsA, KOTOPBIE paspe3aroT Maccus 31anus ['OC.

IIpy HecBA3HBIX I'PYHTaX OCHOBAHHUS PACCTOSIHME MEXIY TEMIEPAaTypHBIMH IIBAMH MOXET
OBbITh YBEJIIMYEHO, YTO IO3BOJISET pa3pe3aTb MAacCUB yepe3 JBa arperara. Takue IIBbl SBISIOTCA
OJIHOBPEMEHHO U OCaJI0YHBIMHU.

IIpu CBA3HBIX TPYHTax pacCTOSIHUE MEXAY IIBAMHM MOXKET IPUHUMATBCS aHAJIOTUYHO. B ciydae
BO3MOYXHOCTH HAJINYMSI HEPABHOMEPHBIX OCAI0K COOPYKEHUS, YUCIO CKBO3HBIX IIIBOB PEKOMEHIYETCS
YMEHBIIATh B HECKOJIBKO pa3. B Takux ciydasx BO3MOKHO yCTPOHCTBO MOHOJIMTHOW (yHIaMEHTHOMN
UTel 06e3 mBoB BIOJb 31aHus ['DC. TemnepaTypHble LIBBI A€IAalOTCA TOJIBKO B BEpXHEH yacTu
0JI0KOB, IIOJIBEPKEHHBIX 00JIe€ PE3KUM TEeMIIEPATYPHBIM BO3ACHCTBUAM.

JedopmalimoHHble HIBBI, KaK MPaBUIIO, YCTPAUBAIOTCSA IO OCH OBIYKOB, W JIMIIb IPU OYEHb
cl1abbIX IPYHTAaX OCHOBAHMS OHM OTAEJSIOT TYpOMHHBIE OJOKHM OT OBIUKOB, YTO YBEIMYMBAET YHMCIIO
IIBOB BJIBOE€, HO 00€CIeUrBaeT HE3aBUCUMOCTh OCa/IKU OBIYKOB OT OCAJIKH OJIOKOB.

B ruzgpocraHiusax NpUIZIOTUHHOTO TUIA IIPU PA3MEILEHUN 31aHUS CTAHLIUU HETIOCPEICTBEHHO
3a OETOHHOM IUIOTHMHOM Je(QOpPMALMOHHBIM OB OTHAENAET 3AaHUE CTAaHIMHU OT IUIOTHUHBI JUIs
oOecrieyeHNs HE3aBHCUMOCTH OCAJIKM, MAIMHHOTO 371aHUs OT IUIOTHHBI, B MecTe 1mBa B 3TOM ciydae
Ha TYpOMHHOM TPYOOIIPOBO/JIE pacroaraeTcs KOMIIEHCATOP.

KoHnctpyupoBanue ymioTHeHUH Je(OpMAIlMOHHBIX IIBOB JIOJDKHO TMPOM3BOJUTHCS B
3aBHCUMOCTH OT WX Ha3HAuYeHUs U pa3MeuieHusAMHU. [Ipm 3TOM HEoOXOOMMO THIATEIBHO H3YYHUTh
KOHCTPYKTHBHBIE PEUIEHUS YIUIOTHEHHWH LIBOB, NPUMEHSEMBIX B COBPEMEHHOM TI'MAPOTEXHHUUECKOM
CTPOMTENBCTBE, B TOM YHUCIIE U BO3MOXXHOCTb NMPUMEHEHHUS HOBBIX MaTepHayoB (Iutactmacc) (CM.
nutepatypy [36, 38, 43, 45]).
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2.3.13. 3aki0ueHue

B 3akitoueHnn npuBOIATCS OCHOBHBIE PE3YIbTAThI, MOJYYEHHBIE IPU peaTu3aluy NPUHSTHIX B
KYpCOBOM TIPOEKTE PpEUICHUH, apryMEHTHUPYETCsS CTeNneHb OOOCHOBAHHOCTH MPHHSITHIX PEIICHUH,
000CHOBBIBAETCS BO3MOKHOCTD WX ONITUMHU3AIINH.

3. PekoMeH1a1uM 1o BbINOJHEHNIO rPaguYecKOH YaCTH KyPCOBOI0 MPOEKTA

I'pacdmyeckas 4acTh MPOCKTA BHITIOIHSACTCS B COOTBETCTBHH C TPEOOBAHUSMH, MPUBEICHHBIMU
B €/IMHOM CUCTEME KOHCTPYKTOPCKO# fokymenTarmu [ 1, 7-20].

[IpoextupoBanue 3aanus ['DC pexoMeHyeTCsl HAYWHATD C PEIICHHS] BOIPOCOB KOMIIOHOBKH
ruapoys3na B menoM. st 3Toro HamewaroTcs mpefBapuTelibHble cxema pasmernieHus 3ganus ['DC,
MOHTQ)XHOM IUIOIIAJIKK, MOABE3NHBIX MYTEH, JOPOr W T.I. U APYTUX COOPYKEHUH TUAPOy3JIa Ha
OCHOBAaHMHU YK€ TOTOBBIX pEIICHUH, NPUBOAMMBIX B juteparype [34, 36, 38, 42]. Ilo mepe
BBITIOJTHEHUSI ~ JadbHEWUIIUX  PacyeToB  MPOU3BOJUTCS  KOPPEKTHPOBKA  MEPBOHAYAIHHOTO
KOMIIOHOBOYHOTO peIIeHUs THAPOYy3i1a. Bompockl KOMITOHOBKY THAPOY3JIa HE BCETa PEUIAlOTCS OJTHO-
3Ha4HO. Yaiiie BCero OHM PEeIatoTcsi METOI0OM IMOCIIEI0BATENbHBIX TPUOIHNKEHNN Ha OCHOBE TEXHUKO-
SKOHOMUYECKHUX COTMOCTaBJICEHUN, paCCMATPUBAEMbIX BApUAHTOB KOMIIOHOBKH. B HacTosImeM mpoexTe
TaKoe€ CpaBHEHHE HE TMPOU3BOJUTCA, HO ATO HE HCKIIOYAET PACCMOTPEHHUS CaMUX BapHaHTOB.
OKOHUaTeIBHBIN BAPUAHT COTJIACOBBIBACTCS C PYKOBOJIUTEIIEM KyPCOBOTO MTPOCKTUPOBAHHS.

B nensix cokparmenus 3arpar Tpyaa Ha rpadUuecKyr0 4acTh MPOEKTa PEKOMEHIYETCs TMepet
HayaJioM W300paXeHUs Ha JUCTaX OTIEIbHBIX JJEMEHTOB TpaduyuecKkod 4YacTh COTJacoBaTh
KOMIIOHOBKY JIICTa C PYKOBOJIUTEIEM KypPCOBOTO TPOCKTUPOBAHHSI.

[IpuMepHast KOMIOHOBKA TpadUUeCcKOi YaCTH MPOEKTa MpuBeIeHa Ha puc. 3.1.

[Ipn BeIMmoNHEHMH TpadUyecKol YaCTH MpPOEKTa HEOOXOAMMO YUUTHIBATh CIEAYIOLIUE
PEKOMEHAALINN:

o Ha twrane 3naHus [DC mpuBOAWTCS TIaH TYpOMHHOTO OJIokKa Ha OTMETKE ToJia
MAIlIMHHOTO 3aJjia, pa3pe3 TyYpOMHHOTO OJ0Ka Ha OTMETKE YCTAaHOBKH paboyero KoJjieca TypOWMHBI U
IJIaH MOHTQ)KHOM IIIOIIAJIKU Ha OTMETKE €€ 1oa;

o wianbl 3aaHus ['OC nomxHBl OBITH pa3MeElIeHbl O]l MOMEePEYHbIM Pa3pe3oM 3/aHus
I'9C;

o Ha MPOJOJBHOM M TonepedyHoM paspesax 3naHuss [DC nomkHO OBITH MOKa3aHO
TUAPOCUIIOBOE,  AJIEKTPUYECKOE, BCIIOMOTraTelbHOE OOOpylOBaHUE, TMOMEUIEHHS, JIECTHHIIBI,
KaOelbHbIE KOPUIOPBI, MOA3EMHBIA KOHTYp, TPYHTOBBIE YyCJIOBHS B OCHOBaHuU 3maHus [DC wu
TPaHUIIbI KOPEHHOTO U HACBIITHOTO IPYHTA;

. Ha IUTAaHE MOHTAXHOM  IUIOMIAJKM  TIOKa3bIBA€TCA  pa3MEIICHHE OSJIEMEHTOB
TUAPOCHIIOBOTO O0OPYAOBAaHUS, MOHTaXX KOTOPOTo OyIeT MPOU3BOJUTCS HA MOHTA)KHOM IJIOLIAJIKE
(cm. Hampumep, utepatypy [34, 36, 38]);

. pa3pe3 U IJIaH KOHCTPYKIHMHM BOJONpPUEMHHUKA NPUITIOTUHHOW ['DC BbINONHSETCS €
WCIIOJIb30BAHUEM BOJIONTPHUEMHUKOB-aHAJIOTOB NPUBEJEHHBIX B [36, 38, 42];

. Ha IUIaHE THPOY3Jia MOKAa3bIBAKOTCS JOPOTH, OTKOCHI BBIEMOK M HACBINEH, PaCUUCTKH
JTHA PEKH, OCHOBHBIE COOPYKEHHUS THAPOY3Ja, MOJOXKEHWE HOPMAJIBHOTO MOJAMNOPHOIO YPOBHS,
MOJIOKEHHE YPOBHS BOJBI, COOTBETCTBYIOIEE MAaKCHUMAalbHOMY COPOCHOMY pacxojy, MOJIOKEHUE
paspe3oB 3aaHus [ C 1 BOIOTPUEMHUKA;

J BU/J] Ha THPOY3eJl CO CTOPOHBI HUXKHETO Obeda pacroiaraercsi o IIaHOM THAPOY3Jia
U JIOJDKEH UMETh TOPU30HTAJIbHBIN MaciiTad paBHbIM MacimiTaly IulaHa, a BEpTHUKAJIbHBIA MaciiTad
MOJKET OBITH 0O0JIbIIIE TOPU3OHTATBHOTO KpaTHO 2, 5 uiu 10, HO He JOJKEeH HapyllaTh CTaHIapTHON
CETKHU MacIiTaboB, mpuBoaumMoii B [11];

. Ha JIUCTE MPUBOAUTCS TabyuIa ¢ OCHOBHbIMH napameTpamu ['IC (tabm. 3.1).
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Tabmumna 3.1. OcHoBHble mapameTpsl ['DC.

Ne Enun. 3HaueHue
HaumenoBanue nmapamerpa
/o U3M. napamerpa
1 | Bo3moskHas obecrieueHHasi CpeIHEr010Basi BBIpadOTKa
KkBT.u
I'2C
2 | YcranoBneHHas MOHOCTH [ DC kBT
3 | KommaecTBo ruapoarperatoB IIT.
4 Tun u Mapka ycTaHOBJIEHHBIX TypOUH —
5 | Tum 1 Mapka ycTaHOBIJIEHHBIX T€HEPATOPOB —
6 | Tum 1 MapKa yCTaHOBIIEHHBIX TPaHC(POPMATOPOB —
7 Huametp paboyero xoyieca TypOuH M
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Puc. 3.1. [IpumepHas KOMIIOHOBKA YepTexk,a KypCcOBOTO MPOEKTA.

a — nonepevHbii pa3pe3 3nanus ['DC; 6 — mnan arperatHoro 0J10ka Ha OTMETKE paboyero kKojieca; B —
IUIaH arperatHoro OJoKa Ha OTMETKE Mojia MAIIMHHOTO 3ajia; T —IUIaH MOHTAa)KHOW TMIIOIIAIKU Ha
OTMETKE I10J1a; JI — MOMEPEUHbI pa3pe3 Mo OCH MOHTAKHOM MIIOIIAKU; € — MOTIepeYHbId pa3pe3 Mo
OCH arperatHoro 0joka; € — BUJ arperaTHoro 0JI0Ka co CTOPOHBI HIXKHETO Obeda; Bl — momepeyHsbii
paspe3 BOAOMPHEMHHKA; B2 — IJIaH BOJONPUEMHHKA; M1 — IUIaH THAPOY3Ja; M2 — BUJ THAPOY3Ja CO
CTOPOHBI HIDKHETo Obeda; pl — monepeunsiii pa3pes no 3nanuto [ 9C u CTaHIIMOHHOM YacTH TUIOTHHBI;
3] — BKCruMKanus 3JI€MEHTOB pPACHOJIOKEHHBIX HAa MOHTAXHOM IUIOMIAAKE; 32 — HSKCIUIMKALIMS
COOpYKeHHUI ruapoysia; Tl — Tabnuia ¢ ocHoBHEIMU MapameTpamu ['OC.
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