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ABSTRACT

Master’s degree in 08.04.01 Construction.

Study Master’s Program «Water supply and water disposel».

Course title: «Hydrological and hydro-geological designing bases of
systems and constructions of water supply and water drainx».

Variable part of Block 1 «Discipline of choice», 4 credits.

Instructor: V.V. Zemlyanoy.

At the beginning of the course a student should be able to:

the ability to perceive and use creatively the achievements of science and
technology in the professional sphere, in accordance with the needs of the regional
and global labour market (GC-4);

the ability to use modern methods and technology (including information) in
a professional activity (GC-5);

the ability to use the basic laws of natural science disciplines in their
professional activities, the use of methods of mathematical analysis and
mathematical modeling (computed), theoretical and experimental research (GPC-
1);

the ability to identify the entity pursuing stem-related problems arising in the
course of professional activity, bring their solution appropriate physico-
mathematical apparatus (GPC-2);

ownership of the methods of conducting engineering surveys, design
technology, parts and designs according to specifications using standard and
specialized software and computing systems and automated design systems (SPC-
2).

Learning outcomes:

knowledge of regulatory frameworks in the field of engineering surveys,
design principles of buildings, structures, engineering systems and equipment,
planning and development of inhabited places (SPC-1);

the ability to develop conceptual, technical and working projects of complex
objects, including using computer-aided design (SPC-4);

ability to analyze workflow as an object management, to conduct marketing
and preparation of business plans of production activities (SPC-13).

Course description:

The content of the discipline covers the study of conditions of formation and
patterns of movement of underground waters in the river valleys. Discusses the
peculiarities of formation operating stocks groundwater, principles schematization
hydrogeological conditions, the mathematical foundations of learning processes of
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filtering groundwater, numerical methods for solving differential equations of
unsteady groundwater filtering, analog modeling methods of filtration.
Main course literature:

1. Shestakov V.M. Gidrogeodinamika : uchebnik dlya vuzov
[Hydrogeodynamics: a textbook for universities]. — Moscow : lzd-vo «KDU»,
2009. - 335 p. (rus)

2. Shestakov V.M. Metodika ocenki resursov podzemnyh vod na uchastkah
beregovyh vodozaborov [Method for assessing groundwater resources at shore
water intake sites]. — Moscow : 1zd-vo «KDU», 2009. — 194 p. (rus)

3. Mironenko V. A. Dinamika podzemnyh vod [The dynamics of
groundwater]. — Moscow : 1zd-vo «Gornaya kniga», 2009. — 519 p. (rus)

Form of final control: exam.



AHHOTALMSA JUCHUNIUHBI
«FI/IHPOJIOFI/I‘-IGCKI/IC U T'HAPOre0JI0OrH4€CKUE N3bICKaAaHUsI, KaK OCHOBa

MPOCKTUPOBAHUIA CUCTEM AU coopymeﬂnifl BOI[OCHaﬁ)KeHI/ISI H BOJAOOTBCIACHHUNT»

HNucuumivaa «['Maponoruyeckue M TUIPOTeOoJIOTHYECKUE H3bICKaHUS, Kak
OCHOBa  TPOCKTUPOBAHMS CHUCTEM M  COOPYKEHUU  BOJOCHAOXKEHUS U
BOJOOTBEICHUS» MIPEHA3HAUCHA JIJI1 MAaTUCTPOB O0YYAIOUIUXCS 110 HAMIPABICHUIO
noarotoBkn  08.04.01  CrpourenbctBO, 1O  mOporpaMMmMe  MOATOTOBKH
«BomocHabxxeHre U BOJOOTBEJACHUE», BXOJUT B BapHMATHUBHYIO 4acTh OJioka 1, u
sBisieTcss qucuuruimHon mo Beioopy (b1.B.J1B.03.01).

OO6mast TpPyI0eMKOCTh JUCHUIUIUHBI COCTaBJsieT 4 3a4eTHbIC eAuHUIbI, 144
yaca, B ToM yucie: 18 gacoB nekiuii, 18 wacoB maGopatopHbix pador, 18 yacos
MPaKTUYECKUX 3aHATUN, 54 yaca caMOCTOSATEIbHON paboThl, 36 4aCOB MOJATOTOBKA
K 9k3aMmeHy. Dopma KOHTpOJIS — 3K3aMeH. Jlucuuiuinaa peanusyercs Ha 2 Kypce B
3 cemecTpe.

OO6yuatomuecs qucuuruinHe «[ uaponoruyeckue u TuIporeoIornueckue
M3bICKaHUS, KaK OCHOBA MPOEKTUPOBAHUS CUCTEM U COOPYKEHUN BOJAOCHAOKEHUS
U BOJOOTBEACHUS» [JISl W3YYEHHUS M TIOHUMAHHS €€ OCHOBHBIX TOJIOKEHUMN
JIOJKHBI YCBOUTH CIEAYIONIME TUCUUAIUIMHBE: Martemaruka, @usnka, MHxkxeHepHas
reojyiorus, ['uapaBnuka coopyXxeHuil BOJJOCHA0KEHHS 1 BOJIOOTBEICHUS,
I'maponorus, ruIpoMeTpus U THAPOTEXHUYECKUE coopykeHus, [ uaporeonorus u
BO103200pHbBIC COOpYKEHHUS, MaremaTtnueckoe MOJEIUPOBAHUE,
NudbopmarimonHpie TEXHOJIOTHU B CTPOUTETHCTBE.

ConepxaHue AUCUUILIMHBI OXBATHIBAET BOMPOCHl KOJIMYECTBEHHOW OIEHKHU
3amacoB MOA3EMHbBIX BOJ PEUHBIX JOJUH U BIMSHUE HA 3TH 3aachl
KIIUMaTU4eCKUX U TUJAPOJIOTMYECKUX  MapaMeTpoB  BOJOUCTOYHHUKOB,
M3MEHAIONIMXCSI BO BHYTPUTOJOBOM M MHOroJIeTHEM pa3pe3e. PaccmarpuBaroTcs
HOpPMaTUBHbIC TPEOOBaHMS K THAPOJOTMYECKUM MapaMeTpaM M Aa€Tcsl OIEHKa

ATUX TpeOOBaHMI C TOUKH 3peHUsI O€30MACHOCTU PadOThl BOJ03a00PHBIX



COOPYKEHHUH, CTAHUMN BOJAONIOAIOTOBKH, HACOCHBIX CTAHIIUM, BOJOBOJOB U
BBIITYCKOB CTOYHBIX BOJI.

eabro n3ydyeHus AUCHUILIAHBI « UAPOIOTrUYECKUE U TUAPOTEOJIOTUUECKUE
M3BICKaHUS, KAK OCHOBA MPOEKTUPOBAHUS CUCTEM U COOPYKEHHUH BOJOCHAOKEHUS
U BOJOOTBEACHUS» SBIsieTCS (OpMUpOBaHHME Yy oOOywaromuxcsi 0a30BBIX
npo¢eCCUOHANIbHBIX 3HAHUM, CIOCOOCTBYIOIIUX CHUCTEMHOMY PEIICHHUIO 3a/1au
CHWIKEHUS pPUCKA BOSHUKHOBEHUS YPE3BBIYAHHBIX CUTYaIUi B pab0Te COOPYKEHUN
CHUCTEM BOJIOCHAOXKEHMSI U BOJOOTBEJCHUS Ha OCHOBE y4€Ta BHYTPUTOJIOBOTO M
MHOTOJIETHETO M3MEHEHUS THAPOJIOTUYECKUX U THAPOTEOJIOTHUYECKUX NTapaMeTpOB
BOJIOMCTOYHMKOB.

3apaum u3ydeHus JUCIUIIIMHBI CBA3aHbI C TIOJATOTOBKOW 00YUYarOIIUXCS K
MPAKTUYECKON AEITETbHOCTH, B TOM YHCJIE, MO CIEIYIOIIUM BOIIPOCAM:

L4 C60p, CUCTcMaTu3danuuvsa U aHaJlnu3 HH(bOpMaIlPIOHHBIX HNCXOJHBIX JAaHHBIX IJIA

IMPOCKTUPOBAHUS COOpy}KGHI/Iﬁ BOI[OCH36}KCHI/IH N BOJOOTBCIACHMUA,

® pacueTHOe o0ecrieueHue MPOEeKTHON U paboyeil TOKyMeHTaIluu IpH
IPOEKTUPOBAHUU COOPYKEHHUM BOJJOCHAOKEHUS U BOJJOOTBEICHUS;

® [IOATrOTOBKA MCXOJIHBIX JTAHHBIX, TEXHUYECKOE 00OOCHOBAHHE M BHIOOP HAYYHO-
TEXHHYECKUX M OPTaHM3alMOHHBIX PEIICHWH Tmpu pa3paboTKe MpoeKTa

COOpY)KCHUH BOJJOCHAOKEHHUS W BOJIOOTBEICHHUS;

® U3Y4YEHUE METOJIOB KOJIMYECTBEHHOM OILEHKH YCJIOBHH GUIbTpAllUd TPHU
pELIEHNH MPAKTUYECKUX 3a7a4 OCBOEHHUS HOBBIX U PACIIMPEHUS IEUCTBYIOIIUX
MECTOPOKIACHHUMN TOA3EMHBIX BOJ.

Jns  ycnmemHOro  u3y4eHus — OUCHMIUIMHBL  «['‘mapojoruueckue u
TUAPOrEOIOTUYECKUE U3BICKAHUS, KaK OCHOBAa IIPOCKTUPOBAHUS CHUCTEM U
COOPY)KEHUN BOJOCHAOKEHUS W BOJOOTBEICHUS» y OO0YUYAIONMUXCS JOKHBI OBIThH
c(hOpMHUPOBAHBI CIEAYIONINE MPEABAPUTEIIbHBIE KOMIETEHIINN, TIOJYYCHHbBIE TIPH

oOyd4eHHH 0 TporpaMme OaKataBpHuara:

e CcnocoOHOCTh TBOPYCCKHU BOCIIPHMHHMMATh M HMCIIOJIB30BAaTh AOCTHIKCHHA HAYKH,

TEXHUKH B IPOPECCUOHATIBHOU cpepe B COOTBETCTBUU C NOTPEOHOCTAMHU

PETHOHAILHOTO ¥ MUPOBOTO phiHKa Tpyaa (OK-4);
6



CIIOCOOHOCTH MCHOJIB30BaTh COBPEMCHHBIC METOAbI U TCXHOJIOTHH (B TOM 4HUCJIC

uHpOpMaNMOHHKIE) B podeccuonanbroi nestensHocT (OK-5);

CIIOCOOHOCTD HCIIOJIB30BaTh OCHOBHBIC 3aKOHBI CCTCCTBCHHOHAYYHBIX

JUCHUIIIINH B HpO(l)eCCI/IOHaJIBHOfl ACATCIIbHOCTHU, IPUMCHATH MCTO/IbI
MAaTCMaTHUICCKOI0 aHaJIn3a 1 MaTEMATHICCKOI0 MOACINPOBAHUS,

TCOPETHYECKOTO M IKCIIepUMEeHTaIbHOTO recaeaoBanus (OITK-1);

CIIOCOOHOCTD BBIABUTH CCTCCTBCHHOHAYYHYO CYITHOCTDb HpO6HeM,
BO3HHUKAOIIIUX B XOJC HpO(i)eCCI/IOHaJIBHOI\/'I ACATCIIbHOCTHU, TIPUBJICYDL IOJIA HUX

peIIeHUsT COOTBETCTBYIOMINH (u3nko-mMaTemMaTruueckuii armapat (OITK-2);

BJIQJICHUE METOAAMM TPOBEJICHUS HWHKCHEPHBIX M3bICKAHUH, TEXHOJOTUEH
MPOEKTUPOBAHUS JIE€TAICH U KOHCTPYKIUM B COOTBETCTBUM C TEXHUUYECKUM
3aJJaHUEM C UCIOJb30BAHUEM YHUBEPCAIBHBIX W CHEUUATIM3UPOBAHHBIX
MPOTPAMMHO-BBIUUCIUTEIBHBIX KOMIUIEKCOB M aBTOMATHU3UPOBAHHBIX CUCTEM
npoektupoBanus (ITK-2).

B pesynbrare wW3yyeHUs ~JaHHOMU

JTUCHMIUIMHBL Y  OOy4Yaroniuxcs

dopmupyroTcs cieayroiue oodmenpodeccuoHanbHble U MPOPECCUOHATBHBIE

KOMITETCHITUH (JIEMEHThI KOMITETCHITUH):

Kox u popmymuposica Jdranbl ((GOPMUPOBAHUS KOMIIETEHIIUN
KOMIIETeHIHH
OIIK-3 Cnioco6HOCTh TUJIPOAMHAMUYECKUE MapaMETPhl IOTOKOB
CTABMTb W PELIATh HAYYHO- |5 . TO/I3€MHBIX BOJI; 3aKOHBI (DHIIbTPALIUH;
TEXHUYECKHE 3a]1auM B KJIMMATHYECKUE U THAPOJIOTUYECKHIE TTapaMETPhI
00J1aCTH CTPOUTENBCTBA, BOJIOTOKOB ¥ BOJIOEMOB;
CTPOMTENILHON MHIYCTPUHU U pelIaTh NPaKTUYECKHE 3a0a9M OLEHKU
KUJTHIHO-KOMMYHAIILHOTO OKCILTyaTalMOHHKIX 3a11acoB (IIPOM3BOAUTEILHOCTU
XO35MCTBA HA OCHOBC BOJI03a00PHBIX COOPYKEHUIT) TPYHTOBBIX U
3HAHMs IPOOIIEM OTpaciu i | YMeeT HOJIPYCIOBBIX BOJ; IIPOM3BOANTE OLIEHKY CTEIIEHH
OIIbITA HX PCINCHUS BIIMSIHUS KIMMATHYECKHUX, THAPOJIOrHYECKUX U
THAPOre0JOTHUECKUX MTAPAMETPOB;
METOUKAMH ONPEIETEHNS PACUETHBIX
Bnageer | GUIbTPAlMOHHBIX ¥ THAPOJIOTHYECKHX
apaMeTPOB;
OIIK-5 CriocoOGHOCTh BECTH TpeGOBaHUsl, IPEABIBIAEMBIE K COCTaBY U
Y OpPraHU30BHIBATh 3maeT COJIEPIKAHUIO IPOEKTHO-U3BICKATEILCKUX padoT
HPOEKTHO-U3BICKATENLCKHE ISl CTPOMTENHLCTBA CUMTEM BOJIOCHA0KEHHS,
paboThl B 06IaCTH BOJIOOTBEJICHNS Y JIMBHEBOM KaHAIIM3ALIMY;
CTPOUTECJIECTBA Vmeer 000CHOBBIBATH THIT H CXEMbI COOPYXEHHIA C yIETOM
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KUJIMITHO-KOMMYHAJIbHOT'O TUAPOJIOTUUCCKUX, KIIMMATHYCCKUX U

XO0351ICTBa, OCYIIECTBIIATh TUAPOTe0JIOTUYECKUX YCIOBUH TUIOIIAI0K
TEXHUYECKYIO 3KCIIEPTU3Y CTPOUTEINIbCTBA;

IIPOEKTOB U aBTOPCKUM 0(OPMIISITH OTUETHI O PE3YJILTATaX BBHIIIOJTHEHHBIX
HAJ[30p 3a UX COOII0ICHHEM pa0or;

OCHOBAMHU OIIPEACICHUS PACYETHBIX
BH&I{GGT TUAPOJIOTHYCCKUX U TUAPOTCOJIOTHUICCKUX

1apaMeTPOB.
IIK-2 CiocobHOCTE 3Haer OCHOBBI TEXHUKO-PKOHOMHUYECKOT'O aHaAIN3a;
HPOBOIHUTE TEXHUKO- OLIEHMBATH BO3JIEHCTBHE THAPOJIOTHYECKUX H
9KOHOMHYCCKUH aHAITH3 Vmeer THIPOre0JI0THYECKHX YCIOBHI Ha paboTy
TCXHHYCCKIX PCIICHAM COOPYKEHUI BOJOCHAOKECHHS 1 BOJOOTBEICHHS;
CHCTEM BOJIOCHAOXKCHHS U

BOJOOTBEACHUS U

TEXHUYECKUX PEIICHUHN 110

obecrieuennio METOJaMH OLICHKH BJIMSIHUS IPUPOIHBIX YCIOBHI
OHEPrOXQOEKTHBHOCTH HA | Byyaneer | Ha (pyHKIMOHUPOBAHUE CHCTEM BOAOCHAOMKEHHS 1
00BbEKTAX KAIIUTAILHOTO BOJIOOTBEICHHUS

CTPOMTENBCTBA

I[J'ISI (1)OpMI/IpOBaHI/I$I BBIINICYKA3aHHBIX KOMHGTGHIII/Iﬁ B paMKax JUCHHUIIIMHBI
«FI/I,ZIpOJ'IOFI/I"IeCKI/Ie )41 IruaporcoJIOTNICCKUC HN3bICKaHUA, KakK OCHOBa
IMPOCKTUPOBAHUA CHCTEM U COOpy}KCHI/Iﬁ BOIIOCHa6>K€HI/IiI n BOAOOTBCACHUI
IMPUMCHAIOTCA CIICAYIOIIHUC METOABI aKTUBHOT'O 06y‘IeHI/I5[: HpO6HCMHOC O6y‘-I€HI/IC,

[IPOEKTUPOBAHUE, KOHCYJIbTUPOBAHUE U PEUTUHTOBBIA METOI.

AHHOTAIUA K padoyell mporpamMmMe IuCHUILIMHBI «['uaposornyeckue u
THAPOre0JI0OrH4ecKue N3bICKAHUS KAaK OCHOBA NMPOEKTUPOBAHUSA CUCTEM H
COOpY:KeHHM i BOJOCHAOKEHUS U BOAOOTBEICHUSD)

JNucuumvHa <« WapoJIorM4ecKrue U TUAPOTreOJIOTMYECKHE H3BbICKAHUS Kak
OCHOBa MPOEKTHUPOBAHUS CHUCTEM U  COOPYXEHHUM  BOJOCHAOKEHHS U
BOJOOTBEACHUS» IPEAHA3HAUCHA 1711 MAarUCTPOB 00YUYAIOIINXCS IO HAIIPABJICHUIO
noarorosku  08.04.01 CrpourensCTBO, MO  OporpaMme  MOATOTOBKH
«BonocHabxeHne 1 BOAOOTBEICHUE.

HNucuumnuaa «['uapomorndyeckue W TUIPOTE€OJOTHMYECKUE M3BICKAHUS Kak
OCHOBA IIPOECKTUPOBAHUS CUCTEM U COOPYKEHUI BOJIOCHAOKEHUS U
BOJOOTBEJCHUSI » BXOAUT B BapuUaTUBHYIO 4YacTb Onoka 1, u sBisercs
mucuuminaod no  BeIOOpy (B1.B.[IB). OOmas TpyaoeMKOCTh JUCHMILIUHBI
cocTaBisieT 4 3aueTHble equHUIBI, 144 yaca, B ToMm yucie: 18 yacoB jekmuii, 18
4acoB J1a00paTOpHBIX PadoT, 18 YacoB MpakTUYECKUX 3aHATUM, 54 yaca
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CaMOCTOSITEILHOM PaboThI, 36 YacOB MOATOTOBKA K dk3aMeHy. Dopma KOHTPOIIS —
sK3aMeH. [[uciunmmaa peanusyercs Ha 2 Kypce B 3 CEMECTpE.

O6yuaronuecs nucUIUIMHE «I UIPOIOrHYECKUE U THIPOTEOTOTUUECKUE
M3BICKAHUS KaK OCHOBA MPOEKTUPOBAHUS CUCTEM U COOPYKEHUN BOJOCHAOKEHUS
Y BOJOOTBEACHUSA » JJIl W3Y4YEHUS W TIOHUMAaHMS €€ OCHOBHBIX IOJIOKCHUU
JIOJDKHBI YCBOUTH CJICIYIOIINE TUCHMIUIMHBI: MatemaTtuka, ®usuka, MHxenepHas
reoyiorusi, ['WUapaBivMKa COOPYKEHHH BOJOCHAOXXEHHMSI U  BOJOOTBEICHUS,
IM'uaposorust, ruIpoMeTpus U THAPOTEXHUYECKUE coopykeHus1, [ uaporeosnorus u
BO/103a00pHBIEC COOPYXKEHHUS, MaTeMaTHYeCKoe MOJICIUPOBAHUE,
NudopmaiimoHHbie TEXHOIOTUH B CTPOUTEIHCTBE.

ConepxaHue  JUCHUIUIMHBI ~ OXBAaThIBAET  BOMPOCHI  KOJWYECTBEHHOTO
U3YUYEHUs 3aKOHOMEPHOCTEH NBUKEHUS MOJ3EMHBIX BOJ MPHU MPOSKTUPOBAHUU U
JKCIUTyaTallu BOJI03a0OpPOB MOJ3EMHBIX BOJ. PaccMmarpuBaroTcst  yCIOBUS
dbopMupOBaHUs 3aMacoB TPYHTOBBIX BOJ PEYHBIX JIOJIUH, MATEMATUYECKUE OCHOBBI
peleHns TpaKTUUeCKUX 3adad  (UIbTpallud TOA3E€MHBIX BoJ. M3ydarorcs
YUCJICHHBIE METOJBI perieHus auddepeHnanbHbIX YpaBHEHUH HeCTallMOHApHOU
(buIBTpaIy rPYHTOBBIX BOJ, METO/bI AHAJIOTOBOTO MOJICIIMPOBAHUS (DUIIBTPALIHH.

Heabto n3yyeHus AUCUUIUIMHBI «[ MApOIOTHYECKUE U THAPOre0IOTMUYECKUE
M3bICKaHUS KaK OCHOBA MPOEKTUPOBAHUS CUCTEM U COOPY>KEHUU BOJAOCHAOKEHUS
U BOJIOOTBEACHUS » sABIAETCS (OpPMHpOBaHHME Yy oOOydaromuxcsi 0a30BBIX
npodeccuOHaIbHBIX 3HAHHWM, CIOCOOCTBYIOIIMX CHUCTEMHOMY pPEIICHUIO 3ajad,
COCTaBJISIIOIINX OCHOBY HM3YUYEHHSI 3aKOHOMEPHOCTEHN ABMIKEHUSI MOA3EMHBIX BOJI
IIPU MMPOSKTUPOBAHUH M IKCIUTyaTallMX BOJA03a00POB MO3EMHBIX BO/I.

3aga4yu U3y4eHUs TUCUUIIINHBI CBSI3aHbI C MIOJTOTOBKON 00YJarOnInXxcs K
IPaKTUYECKOU eI TEIbHOCTH, B TOM YHCIIE, MO CIEIYIOUIMM BOIIPOCAM:

cOop, cucTemMaTH3alus U aHaIu3 HHOOPMAITMOHHBIX UCXOIHBIX TAHHBIX TS
MIPOCKTUPOBAHUS COOPYKEHH JJ1s1 3a00pa MOJ3EMHBIX BOJT;

pacdeTHoe o0OecreueHne MPOSKTHON U pabodeil TOKyMEeHTAIluU TIPH
MPOCKTHUPOBAHUH COOPY>KCHUH /1J1s1 3a00pa MOA3eMHBIX BOJI;

MOJIFOTOBKA HCXOJHBIX JaHHBIX, TEXHUYECKOE OOOCHOBaHHE U BBIOOD
HAyYHO-TEXHUYECKHX W OPTraHU3AIlMOHHBIX PEIICHUN MpU pa3paboTKe MpOeKTa
COOPYKEeHHH 151 3a00pa MOA3EMHBIX BOJI;

W3Y4YCHHE METOJOB KOJIMYECTBEHHOW OIICHKH YCJIOBHHM (HIbTpamuu mpu
pelIeHNH TPaKTUYECKUX 3a7a4 OCBOEHHUS HOBBIX U PACUIMPEHUs JACHCTBYIOIIMX
MECTOPOKJICHUI MOJI3€MHBIX BOI;

M3YUYEHHUE METOJIOB aHAJIOTOBOTO MOJICIUPOBAHUS PUIbTPAIIUU K
BOJ103a00PHBIM COOPYKEHHSIM B CIIOKHBIX TUJIPOT€OJIOTUUECKUX YCIOBUSX.

JIns  yCHemHoro W3y4YeHUsIAUCUUIUIMHbL  «['uaponoruueckue u

IruaporcoJIOrn4cCKuc HN3bICKaHHUA KaK  OCHOBAa IMPOCKTUPOBAHUA CHUCTCM
u
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COOPYKE€HUH BOAOCHAOXKEHUS U BOJOOTBEICHUS» Yy 00yYaIOMXCS AOHKHBI OBITH
c(OpMHPOBaHbI CIEAYIOIIHNE MPEABAPUTENIbHbIE KOMIETEHIUHU, TOJYYEHHbIE TPU
0oOy4eHHH 0 IpOorpaMme OaKataBpHuara:

CIIOCOOHOCTh TBOPYECKM BOCHPUHMMATh M HCIONB30BaTh JAOCTHKEHUS
HayKd, TEXHUKUA B NMPOPECcCUOHANBbHON chepe B COOTBETCTBUM C MOTPEOHOCTIMU
PETHOHAIBHOTO W MUPOBOTO phiHKa Tpyaa (OK-4);

CIIOCOOHOCTh HMCHOJIb30BaTh COBPEMEHHBIE METOJbI U TEXHOJOTHUHU (B TOM
yrciie HHPOpMaIMOHHbIC) B ipodeccruonanbHol AestenbHoctu (OK-5);

CIIOCOOHOCTh ~ MCIOJB30BaTh OCHOBHBIE 3aKOHBl €CTECTBEHHOHAYUHbBIX
JUCIUIUIMH B MPO(ECCHOHANbHON  JESITENIbHOCTH, TPUMEHATb  METOJbI
MaTEMaTUYECKOr0 aHalin3a U MaTeMaTH4YeCKOro MOJECIUPOBAHUS, TEOPETUUECKOTO
¥ KcriepuMeHTanbHoro uccnenoBanus (OTTK-1);

CIIOCOOHOCTh  BBISIBUTH ~ €CTECTBEHHOHAYYHYIO  CYIIHOCTh  TpoOJieM,
BO3HUKAIOUIMX B XO0/€ Npo(decCHOHAIbHON NeATeIbHOCTH, MNPUBIEYL IS UX
pellieHHs COOTBETCTBYIOINHN (u3nuko-MaTeMarndeckuii anmapat (OITK-2);

BJIa/ICHHE METOJIaMH TPOBEJCHUS WH)KCHEPHBIX W3BICKAaHUM, TEXHOJIOTHEeH
NPOEKTUPOBAHUSA JeTalled M KOHCTPYKIHMH B COOTBETCTBUHU C TEXHUYECKUM
3aJlaHHEM C MWCIOJb30BAHHEM  YHMBEPCAIBHBIX U  CHELUAIM3UPOBAHHBIX
[IPOrPaMMHO-BBIYMCIUTEIBHBIX KOMIUIEKCOB W aBTOMAaTU3MPOBAaHHBIX CHUCTEM
npoektupoBanus (ITK-2).

B pesynpraTe wM3ydeHMs JaHHOW  JUCHMIUIMHBL Yy  OOydaromuxcs
GopmupyroTcss crnenymoomue oOuenpopeccuoHaibHble U Npo¢ecCHOHATIbHBIE
KOMIETEHIIMH (3JIEMEHThl KOMIETEHIINH):

Koa u hopmynnpoBka
A 1 GopMyHp Oranbl GopMUPOBAHUS KOMIIETEHIIUN

KOMIIETEHIHH

(TIK-1) cnioco6HOCTH TUPOAMHAMUYECKUE TAPAMETPBI IOTOKOB
IPOBOJIUTH MU3bICKAHUS T10 T0JI3€MHBIX BOJI;
OLIEHKE COCTOSHUSI 3aKOHBI (PUIIBTPALIUH;
IPUPOJIHBIX U IPHPOIHO- nudepeHranbHbIE YPAaBHEHUS
TEXHOTE€HHBIX 0OBEKTOB, HECTAIIMOHAPHOM (UIBTPALINK MOJ3EMHBIX BOJI;
OTIPEJIETIEHUIO HCXOHBIX 3iaer BHJIBI TIO3EMHBIX BOJI, MX 3aI1acChl U PECYPCHI;
JAHHBIX IS IIPUHIIKIIB CXEMATU3ALUH THAPOT€0JIOTHIECKUX
MPOEKTUPOBAHUS U YCIIOBHIA;
pacyeTHOro 0GO0CHOBAHHUS U BOIIPOCHI 0GOCHOBAHMS PACYETHBIX YCIOBHIA
MOHHMTOPHHIa 0OLEKTOB, (unpTpanmum;
MIAaTEHTHBIE UCCIIEN0BAHM, OTIBIT DKCILTYaTAIlMK HHOUIBTPAMOHHBIX
TOTOBUTH 3aJ[aHUs HA BOJ103a00POB;
HPOCKTHPOBAHHE, 000CHOBBIBATH PACUETHBIE CXEMBI (DHIIbTPAIIHH;

000cHOBEIBaTh Mozelnb DI JIA mis
Vmeer uccie0Banus (GUIBTPALMK K BO03a00pam

MMOA3CMHBIX BO/;
peliaTh NPAKTUYCCKHUEC 3aJa9U (I)I/IJ'IBTpaI_[I/II/I,
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CBSI3aHHBIE C BKCIUTyaTalMeld COOPYKECHUM s
3a00pa MOA3eMHBIX BOJ] PEUHBIX JIOJINH;
IPOM3BOJIUTH OIICHKY CTEIICHH BIUSHHUS
OTJIENIBHBIX (PAKTOPOB HA MPOU3BOIUTEIHLHOCTh
BO/103200pOB TOI3EMHBIX BO/I;
Braxeer METOJAMH OTIpeNIeNICHUS (PHIIbTPALUOHHBIX
apaMeTpoB;

(ITK-4) cniocobHOCTB TpeOOBaHus, NPEIbSIBISIEMbIE K BEIOOPY TUIIA U
BECTH Pa3pabOTKy CXEMBI PACIIOJIOKEHHSI BOJOTIPUEMHBIX HJIEMEHTOB
ACKHU3HBIX, TEXHUUECKUX U B0/103200POB MOA3EMHBIX BOJI;
pabounx MPOEKTOB 3naer METO/IbI OLIEHKH SKCIUTYaTAalMOHHBIX 3a1acoB
CIIOXHBIX 0OBEKTOB, B TOM MO/I3€MHBIX BOJ], 0COOEHHOCTHU MX (POPMUPOBAHMUS B
YHCJIE€ ¢ UCTIOIB30BaHUEM PEUYHBIX JTOJINHAX;

CHCTEM METO/Ibl aHAJIOTOBOTO MO/ICITMPOBAHUS
aBTOMATH3UPOBAHHOTO ¢unpTpanuy;
HPOCKTHPOBAHUA, 000CHOBBIBATH THII BOJI03a00PHBIX COOPYKEHUH
Veer U CXeMY HX pa3MeIICHHUS;
0QOPMIISTH OTUETHI O PE3yJIbTaTax
BBITIOJTHEHHBIX paboT;

l. CTPYKTYPA U COJAEP)KAHUE TEOPETUYECKOM YACTH
KYPCA

Tema 1. XapakTepucTuka IMCHUIVIMHBI. BUAbI 3a1ac0B MOA3eMHBIX B0/
U YCJI0BHS UX ()OPMHUPOBAHNS B PEYHBIX J0JUHAX (4 4ac.).

XapakTepuCTUKAa pa3feioB AUCUUIUIMHBIL, IEPEYEHb pEIIAEMbIX €0
NPaKTUYECKUX 3a/ad. YCIOBHS 3aJIeTaHHsl MOA3EMHBIX BOJ, MHPHUTOAHOCTh HX
UCIIOJIb30BAHUS ISl XO3AMCTBEHHO-TIMTHEBOrO BOJOCHAOeHusa. Mcmonb3oBanue
noa3eMHbIX BoJ B [IpuMopckoM kpae.

Knaccuduxkanus 3amacoB moazeMasix Boj. [loHsATHE 00 3KCIUTyaTallMOHHBIX
3amacax  TMOA3EMHBIX  BOJI, OIIEHKa OOECMEYEeHHOCTH HCTOYHHKOB  HX
dbopmMupoBaHus.

Tema 2. Ycii0Busl ruIpaBINUYeCKOi CBSI3U MOA3EMHbBIX U MOBEPXHOCTHBIX
BOJI, X Ce30HHbIEe U3MeHeHus (4 yac.).

OnbIT 3KCITyaTallid MOA3E€MHBIX BOJ peUYHbIX MoauH B [IprimMopckom kpae.
XapaKTepuCTUKAa TUIIOB BOJ03a00pPHBIX COOPYKEHUN XapaKTepHCTUKA YCIOBUM
TUAPABIMYECKOW CBSI3M IOA3EMHBIX W TOBEPXHOCTHBIX BOJ M HMX CE30HHaA
W3MEHYHUBOCTb.

N3MeHneHne ycnoBuid TUAPABINYECKON CBA3HM MOA3EMHBIX U MOBEPXHOCTHBIX
BOJI ITpH paboTe COOpYXKEHUM 17151 3a00pa MOA3EMHBIX BOJI.
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Tema 3. IIpuHUMOBI cXeMAaTH3alMHM THAPOre0JOrHYeCKMX YCJIOBHIA.
MareMaTHyecKHe OCHOBbI HM3yYeHHS MNpPOHeccOB (UIbLTPALMM IOA3€MHBIX
BoJ (4 4yac.).

[ToHsITHE O MECTOPOKIACHUU MTOA3EMHBIX BO/I.

[IpuHIMIIBI ~ cXeMaTHU3alMu  TUAPOTEOJOTMYECKUX  YCIOBHM.  3ajauu
CXEMaTH3alM1 U UX TOCIEA0BATENBHOCTD. [IoOHATHE O pacyeTHOU CXEME.

CxeMbl MHOGUIBTPALIUU TOBEPXHOCTHBIX BOA. ['paHWuYHBIE  YCIOBHUS
buabTpaIuy MoA3eMHBIX BOJI.

OcHOBHBIE TPEANOCHUIKM TMPU BbIBOJAAX AUGPEepeHITuaTIbHbIX YpaBHEHUM
JBH>KEHUS MOA3EMHBIX BOJ. BBIBO/I ypaBHEHMS HEPA3PHIBHOCTH MOTOKA.

BriBon auddepeHmanbHbIX ypaBHEHUNM CTallMOHAPHON (PuiabTpanuu. BeiBo
nuddepeHIManbHbIX YPaBHEHUN HeCTallMOHApHOU ymnpyroi dunbTpanuu. BeiBon
nuddepeHIManbHbIX YPaBHEHUN HECTallMOHAPHOU (PUIIBTpAIIUU TPYHTOBBIX BOJI.

Kparkas xapakTepucTHKa OCHOBHBIX METOJIOB pemieHus nu(depeHIInaTbHBIX
YPaBHEHUM.

Tema 4. UncjieHHbIe MeTOAbI pellieHUs U PepeHuInATbHbIX YPABHEHHH
HeCTAMOHAPHON (uUIbTPAMU NOA3eMHBIX BOA. MeToabl AaHAJIOrOBOIO
MoaeaupoBanus puabTpanuu (6 gac.).

[TonsaTne 0 MeToze ceTok. BrIBOJ ypaBHEHUs B KOHEYHBIX PA3HOCTSIX.
Pemenne ypaBHEeHUI B KOHEUHBIX Pa3HOCTAX MO IBHOM cxeme. Pemienue
YPAaBHEHUN B KOHEYHBIX PAa3HOCTAX METOJOM IIPOrOHKM II0 HESIBHOU CXEME.
[IpyuMmeHeHne ypaBHEHHM B KOHEUHBIX PA3HOCTIAX I PELICHUS IPAKTUYECKUX

3a/1a49 PUIBTpaLIHH.

Il.  CTPYKTYPA Y COJAEP)XAHUE IMPAKTUYECKOH
YACTHU KYPCA

Ipakruyeckue 3ansatus (18 yac.)

3ansaTue 1. OueHka o0ecne4YeHHOCTH HCTOYHIUKOB (DOPMHUPOBAHUS
3aMacoB MOJA3€MHBIX BOJ PeYHBIX JOJHUH (2 4ac.).

[L1an 3ausTHS:

1. 3yueHnne npuMepOB UCIIOJIb30BAHMSI TTOI3EMHBIX BOJ PEUHBIX JIOJIUH
[Ipumopckoro kpas.

2. Knaccudukarnus 3amacoB moJ3eMHBIX BOJI, TOHATHE 00
JKCIUTyaTallMOHHBIX 3aIacax.

3. Otenka 00eCIeYeHHOCTH UCTOYHIKOB (DOPMHUPOBAHUS ITOA3EMHBIX BOJT
PEYHBIX JOJIUH.
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3ansatue 2. OuneHka BJIMSAHUS CE30HHBIX HW3MEHEHHMH YCJIOBHUI
B3aHUMOCBSI3M TOA3€MHBIX M INOBEPXHOCTHBIX BoJA. MWM3ydyeHme omnbiTa
IKCILIyaTAllUd HHPWIbTPAUMOHHBIX Boao3adopos Ilpumopckoro kpas (4
yac.).

IInax 3aHTHA:

1. 3y4yenue omnbiTa 3KCIUTyaTalliy MOA3EMHBIX BOJ] PEYHBIX JOJUH B
ITpumopckoM kpae.

2. OG0CHOBAaHME TUIIOBBIX CXeM (PUIBTPALMH K UHOUIBTPALIMOHHBIM
BO103a00paM.

3. 3yueHune MeTo/10B yueTa Ce30HHONW M3MEHYMBOCTH YCIOBUM
TUIPABINYECKON CBSI3H MOJ3EMHBIX U ITOBEPXHOCTHBIX BOJI.

3ansatue 3. Pemenume 3agay  ¢puiabTpanMM K OAMHOYHBIM H
B3aHMO/JEiCTBYIOIIMM CKBa:KHHAM, PACHOJ0KEHHBIM HAa NPHUOPEKHBIX
yuyacTtkax (4 gac.).

[Lnan 3ausgTys:

1. VI3ydeHue TUTIOBBIX cXeM (UIIbTpaluu K OeperoBbIM Bog03abopam.

2. [IpakTyeckoe HCIONb30BAaHUE METOJOB CYINEPHO3ULUNA U 3EpKATbHBIX
0TOOpakeHUH NJIs OlpesieNIeHUs IPUTOKa K OeperoBbIM BOA03a00paM MOJ3EMHBIX
BOJI.

3. [lonatue HanopHOM (PyHKILIMH, €€ UCII0JIb30BaHUE IIPU PELLIEHUH 3a1a4
dbunpTpanuu.

3ansaTue 4. [IpuMeHenne ypaBHeHH B KOHEYHBIX PA3HOCTAX IS
peumienusi GUIAbLTPALMOHHBIX 3a1a4 (4 4ac.).

[Inan 3ansTHA:

1. IToaaTue o MeTOIE CETOK.

2. O60cHOBaHME YpaBHEHUN B KOHEUHBIX PA3HOCTAX JJIsl HEYCTAaHOBUBILETOCS
IIOTOKA IMOJ3EMHBIX BOI.

3. Pemenne ypaBHeHU HEYCTaHOBUBILETOCS JIBUKEHHSI INIOCKOTO
npo(UIBLHOIO OTHOMEPHOTO U JIBYXMEPHOIO B IJIaHE MIOTOKOB IPYHTOBBIX BOJ.

3ansaTue S. OneHka NpPoOU3BOAUTEIBLHOCTH JIy4YeBbIX NMOAPYCIAOBBIX APEH
(2 gac.).

IInan 3ansaTud:

1. 3yuyeHue THIOBBIX cXeM (UIBTPAIMH K JIyYE€BBIM BOJ103a00paMm.

2. VI3yueHune METO/I0B pacueTa MPOU3BOIUTEIHLHOCTH JIyYE€BBIX BOZ03a00POB.

3. 3yuenune MeTo/I0B y4eTa Ce30HHONW M3MEHYMBOCTH YCIIOBHM
TUIPABINYECKON CBS3H MOJ3EMHBIX U IOBEPXHOCTHBIX BO/I.

3ansaTne 6. OueHka NpPOM3BOAUTENIbHOCTH NAPAJIJIEbHBIX MOAPYCIOBBIX
apeH (2 gac.).

IInan 3ansaTu:
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1. U3yuenue TUMOBBIX cXeM (PUIBTPAIUU K MapaJieIbHBIM MOAPYCIOBLIM
IpEeHaM.

2. 3ydyeHune METOA0B pacueTa NpoU3BOAUTEILHOCTHU MapaslieIbHbIX
IIOJPYCIIOBBIX JIPEH.

3. M3ydyeHue MeToI0B yueTa Ce30HHON U3MEHYUBOCTU YCIOBUMN
TUJIPABINYECKOU CBS3M MOJ3EMHBIX U IIOBEPXHOCTHBIX BOJ.

JlaGoparopubie padorsl (18 uac.)

JlabopaTtopnas paGora 1. HccienoBanue ¢uiabrpanuu K Oeperopoi
JApeHe ¢ Y4YeTOM MpoOMep3aHusi PycJia PeKd M CEe30HHOT0 TPOMepP3aHUus
Oeperosoii 30HbI puiabTpanuu (4 yac.).

[Lnan 3ausaTHs:

1. OGocHoBanue THMAa Mojenu (IIENeBOM  THUJPABIWYECKUH  JIOTOK).
XapakTepuCcTUKa  HM3y4aeMbIX  TapaMeTPOB  MOJEIH,  COOTBETCTBYIOIIHMX
MOCTAaBJICHHOM 1M U 3a/1a4yaM MCCJIeI0BaHUM.

2. O60CcHOBaHME MAcCIITA00B MOACITHUPOBAHUS, TEOMETPUUECCKUX PAa3MEPOB
MOJENH U THUIPABINYECKOU CXEMBI MOJEIH.

3. O0ocHOBaHMe Oe3pa3MEPHBIX IMapaMETPOB OTPAKAIOIIUX H3MEHEHUE
T€OMETPUUYECKUX PpPa3MEPOB BOJOHOCHOTO Iacta B oOjacTu OeperoBoi
¢unbTpanud,  3HAYEHWH ~ BapMAaHTOB  COOTBETCTBYIONIMX  Oe3pa3MepHBIX
napaMeTpoB HAOPHOTO (hparMeHTa 1iacra.

4. I3MepeHne TuIpaBInueCKuX NapaMeTpoB MOJEIH JJI pacuera yAeIbHOTO
NPUTOKA K OEperoBoii IpeHe.

5. O0paboTka pe3ynbTaToB MojenupoBaHus. I[IpencraBieHue pe3ynbTaToB
MOJICTTUPOBAHMsI, BBIpAKEHHBIX B Oe3pa3MepHbIX mapameTpax. OOocHOBaHUE
METOJIMKM pacyeTa YACIbHOIO TMPUTOKAa K OEperoBoil [peHe C Yy4eToM
MPOMEp3aHMsl pycla PEeKH ¢ CE30HHOTO TMpOMEp3aHus OeperoBoil 30HBI
(GuIbTpalUK B YCIOBHX, aHAJIOTUYHBIX KCIIEPUMEHTATHHBIM.

JlabopaTopHas paGora 2. UccienoBaHue BJIHMSHUSI NPOMEP3aHUs pycJia
PeKH Ha NpPHUOPEeKHbIX MEJKOBOAHBIX Y4YAaCTKAX MPH ONpeaeeHUuu
NPOU3BOAMTEIBbHOCTH NMAPAJJIeJbHbIX OAPYCIA0BbIX ApeH (4 yac.).

[Inan 3aHsTHA:

1. O6ocHoBanne THna Moaeau (Moaens OIJIA, THIa SICKTPUYECKOTO
MIPOBOJIHUKA — DJIEKTPOJIUT). XapaKTEPUCTHUKA M3y4aeMbIX MapaMeTPOB MOJEIH,
COOTBETCTBYIOIIHUX MTOCTABJICHHOM 1I€JIM U 3a]]a4aM HUCCIICTOBaHMIA.

2. O60CHOBaHHE MACIITA0OB MOJICTUPOBAHMSI, TEOMETPUUECKUX PAa3MEPOB
3JIEKTPUYECKOTO MTPOBOIHUKA MOJIEJIH U AEKTpUUEeCKOr cxembl Mmogenu DI JIA.
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3. ObocHoBaHue Oe3pa3MEpHBIX MapaMETPOB OTPAKAIOIIUX 3ariiyOieHue
MOJIPYCIIOBBIX IPEH M PACCTOSHUN MEXy HUMH, 3HAUCHUN BapUAHTOB YKa3aHHBIX
0e3pa3MepHBIX TaPaMETPOB U THAPOIMHAMHYCCKUX MTapaMeTPOB IUIACTA.

4. VI3amepenHue 3JeKTpUYecKUX NapaMeTpoB MOJIEIIN JUIsl pacyeTa
MPOU3BOUTENHLHOCTH MOAPYCIOBBIX JPEH.

5. OueHKa MPOU3BOAUTENBHOCTH BAPUAHTOB pa3MEIICHHs MapaylieIbHbIX
MOJIPYCIIOBBIX JIPEH C y4YETOM BIHUSHUSA IPOMEP3aHUs PyCila PEKU U CE30HHOTrO
npoMep3anusi 0eperoBoi 30Hbl PUIbTPALIUU.

6. IlpencraBneHuepe3ynbTaTOBMOIEIUPOBAHUS, BBIPAKEHHBIXB
0e3pa3MepHBIX napameTpax. Ob6ocHoBaHUE METOJIUKHU pacuera
POU3BOJIUTEILHOCTH MapaIEIbHbIX MOAPYCIOBBIX JIPEH C YYETOM MPOMEP3aHUS
pycia peKd U CE30HHOTO MPOMEp3aHus OeperoBoil 30Hbl (PUIBTPALIMH B YCIOBHSIX,
aHAJIOTMYHBIX SKCIIEPUMEHTAIbHBIM.

JlaGoparopuas padora Ne 3. HcciaenoBanwe BJIMSIHUSI TPOMEpP3aHMs
pycja peKkH Ha NPUOPEKHBIX MEJKOBOAHBLIX YYacTKaxX MpPH OnpeaeeHUu
NMPOU3BOAMTEILHOCTH JIY4YeBbIX MOAPYCJIOBBIX ApeH (4 vac.).

[Lnan 3ansTUs:

1. O6ocHoBanue THna w™ojaenu (Moaens OIJIA, Tuma >3IEKTPUYECKOTO
IPOBOJIHUKA — DJIEKTPOJUT). XapaKTEPUCTUKA MU3YYAE€MbIX MAPaMETPOB MOEIH,
COOTBETCTBYIOIIMUX ITOCTABJICHHOW LIEJIM U 3aJ]a4aM HUCCIIETOBaHUIA.

2. O60CHOBaHME MACIITA0OB MOJIETUPOBAHMUSI, TEOMETPUUECKUX PA3MEPOB
ANEKTPUUYECKOTO MPOBOJTHUKA MOJEIH U JJIEKTpHUUecKoi cxeMbl Mmoaenu D' JIA.

3. ObocHOBaHMEe Oe3pa3MEpHBIX IMAPaMETPOB, OTPAXKAIOIIUX 3ariTyOJeHue
JYy4YEBBIX OPEH U UX B3aUMHOTO PACIOJIOKEHHUS], 3HAYCHU BapHaHTOB yKa3aHHBIX
0e3pa3MepHBIX TapaMEeTPOB U THAPOIMHAMHYECKHUX MapaMeTPOB IJIACTa.

4. I3mepenue 3JIeKTPUUYECKUX MapaMeTPOB MOJIENH ISl pacyeTa
IPOU3BOAUTEIBLHOCTHU JTyUYEBBIX JPEH.

5. O1ieHKa MPOU3BOJUTEIIBHOCTH BAPHAHTOB PAa3MEIIEHUS JTyYEBBIX JPEH C
y4eTOM BIHUSHUSA TPOMEP3aHUs pycla PEeKH Ha NPUOPEKHBIX MEIKOBOIHBIX
y4acTKax.

6. [IpencraBneHnepe3ynbTaTOBMOICTNPOBAHUS, BHIPAKCHHBIXB
0e3pa3MepHBIX napamMmeTpax. O6ocHOBaHUE METOAUKH pacuera
MIPOU3BOJUTENLHOCTA JYyYEBBIX JAPEH C Y4YE€TOM I[IPOMEP3aHHsl pyclia PEKH B
YCJIOBUSIX, aHAJIOTUYHBIX SKCIIEPUMEHTAIbHBIM.

JlaGopaTropHasi padora Ne 4. UcciienoBanue npon3BOAUTEILHOCTH
B3aMMOACHCTBYHOIIMX JIy4eBbIX OAPYCJIOBBIX ApeH (6 yac.).

[Inan 3aHsTHA:

1. O6ocHoBanme THna Mojenu (Moaenb OIJIA, THIMa 3IEKTPUYIECKOTO
MPOBOJIHUKA — JJIEKTPOJIUT). XapaKTEPUCTUKA M3y4aE€MbIX MMapaMETPOB MOJEIIH,
COOTBETCTBYIOIIUX MTOCTABJICHHOM 1I€JIU U 3aJ]a4yaM HUCCIICIOBaHMIA.

2. O60CHOBaHME MACIIITA0OB MOJICTUPOBAHMSI, TEOMETPUUECKUX PAa3MEPOB
3JIEKTPUYECKOTO MTPOBOIHUKA MOJIENIH U AJeKTpuueckon cxembl monenu DI A.
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3. ObocHOBaHue Oe3pa3MEpHBIX MMapaMETPOB OTpaKalolUX 3ariayOJieHHe
Jy4EBBIX TMOJPYCIOBBIX JPEH W PACCTOSHUS MEXKIy HUMH, 3HAYCHUN BApUAHTOB
YKa3aHHBIX O€3pa3MEepHBIX TMapaMeTPOB M THUAPOJUHAMUYECKUX TapaMeTpOB
miacra.

4. VI3amepeHue 3JeKTPUISCKUX MTapaMeTPOB MOJISIH JIJIs pacueTra
MIPOU3BOIUTEILHOCTH JIYYEBBIX TIOJIPYCIOBBIX JPCH.

5. O1eHKa IpOU3BOIUTEILHOCTH BAPUAHTOB PA3MEIIICHUS JTyUEBBIX
MOJIPYCIIOBBIX IPEH C YYETOM BIUSHHUS 3arTyOJICHUS IPCH U yTIIa MEXTy HUMHU.

6. [IpencraBienne  pe3yJbTaTOB  MOJCIMPOBAHUS,  BBIPAKCHHBIX B
Oe3pa3MepHBIX mMapamerpax B rpaduueckoit dopme. OOOCHOBaHHWE METOAUKH
NIPOTHO3a B3aMMOBIIHMSIHUS JIYYEBBIX TOJPYCIOBBIX JPEH IMPHU ONPEICICHUU HX
IIPOU3BOIUTEILHOCTH B YCIOBHUSIX, aHAJIOTUYHBIX AKCIIEPUMEHTATBHBIM.

7. PacueT COBMECTHOM MPOU3BOAUTEIBHOCTH JIYUEBBIX MOJAPYCIOBBIX JIPEH T10
CYIIECTBYIONUM (DOpMyJIaM U UX CPAaBHECHHE C PE3yIbTaTaMH SKCIIEPHUMEHTA.

I1l. YYUEBHO-METOAUWYECKOE OBECIIEYEHHE
CAMOCTOSTEJIBHON PABOTHI OBYUYAIOIINXCH

Y4e0HO-METOIUIECKOe obecriedyeHne CaMOCTOSITEITLHOM paboThI
oOydaromuxcss 1o aucuuiuimHe «[HIpojoruvyeckre W THUAPOTEOIOTHUYECKUE
M3BICKaHMsI KaK OCHOBA MIPOSKTUPOBAHUS CUCTEM M COOPYKEHUI BOJJOCHAOKCHHSI
M BOJIOOTBEJICHUS» MPEICTABICHO B MIPIJIOKEHNHU | 1 BKITIOUAeT B ceOsl: TUIaH-

rpaduK BBITIOTHEHUS CAMOCTOSTEIFHOW PabOTHI IO TUCITUILINHE, B
TOM YHCJIC TIPUMEPHBIC HOPMBI BPEMEHHU Ha BBHITIOJIHEHHE 10 KKIOMY 3aJIaHUIO;

XapaKTEePUCTHKA 3aIaHUH TSI CAMOCTOSTEIILHOU PabOThl 00yUarOIUXCS U
METONYECKHE PEKOMEHIAIIUH 110 UX BHITIOJHEHUIO;

TpeOOBaHUS K  TPEJACTABICHUIO W O(POPMIICHHIO  PE3yIbTaTOB
CaMOCTOSTEILHOUN paboTHI;

KPUTEPUH OIEHKH BBIIOTHEHUSI CAMOCTOATEILHON pabOTHI.

IV. KOHTPOJb JOCTHXEHUH IEJIEN KYPCA

KonTposib gocTmxeHuss 1nened Kypca BKIHOYAET TEKYIIMA KOHTPOJIb
(KOHTPOJIb TOCEUICHUS 3aHSATUH, KOHTPOJIb BBHIMOJTHEHUS HWHIWBUAYAJIbHbBIX
MPAaKTUYECKUX 3aJaHUM, KOHTPOJIb BBIMOJHEHHS JIa0OpaTOPHBIX paboT) U
MIPOMEKYTOUHYIO ATTECTALUIO — K3aMEH.

Ne KOHTpOJ'II/IpyeMLIC KO)IBI 1 5Tallbl (bOpMHpOBaHH}I KOMIIC- OI.ICHO‘{HBIC cpeacTBa
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/o pas3zaensl / TeMBbI TEHIUH TEKYyIHUN npome-
JTHUCIUTUIAHBI KOHTPOJb | KyTO4Has
aTTecranus
1 |[Tewma 1. Xapakrepu- |IIK-1 3HAET METO/Ibl OLICHKHU UHAMBU- |DK3aMeH,
ctuka qucuurinael. | T1K-4 AKCIUTYyaTallHOHHBIX 3al1aCOB  |AyaJIbHOE |BOTIPOCHI
Bunrnl 3ammacos noj- MMOJI3EMHBIX BOJT; 3amanue |1-3,7;
3€MHBIX BOJl U YCJIO- BUJIbI 1I0/3eMHBIX B, ux  |([TP-11)  |3amanume 1
BHSI KX (OPMHUPOBA- 3aracel U pecypehl, 0COOCH-
HUS B PCYHBIX JOJIH- HOCTH UX (OPMHUPOBAHUS B
Hax Pa3TUYHBIX TPUPOJIHBIX yC-
JIOBHSIX;
TUAPOIMHAMUYCCKHE T1a-
paMeTpbl TOTOKOB TIOJ3EMHBIX
BOJ;
3aKOHBI (PUIbTPALIUY;
BOITPOCHI 000CHOBAHUS
pacYeTHBIX YCIOBUH (QHITBT-
pauuu;
METO/Ibl aHAJIOTOBOTO MO-
JeNIMPOBaHUs PUIIbTPAIINH;
OTIBIT IKCIUTyaTallluy UH-
(GUIBTPAIIMOHHBIX BO103200-
POB;
TpeOOBaHUs, IPEIbSIB-
JsieMbI€ K BBIOOPY THIA U
CXEMbI PacIoJIOKEeHHUS BOJIO-
MPUEMHBIX JIEMEHTOB BOJIO-
3a00pOB MOJ3€MHBIX BOJ;
yMeeT 00OCHOBBIBATh TUIl |MHAUBH- |[DK3aMeH,
B0JI03a00pHBIX COOPYKEHUN U |yaJIbHOE [BOIMPOCHI
CXEeMY HX pa3MEIICHHUS; 3amanue |4, 29;
obocHoBsiBaTh pacueTHbie |(ITP-11)  |3amanwme 1
CXeMbI (pUIIbTpaIi;
000CHOBBIBATH aHAJIOTOBBIE
MOJETH (PUIbTPAIHH K
B0J103a00paM MO3€MHBIX BOJ;
BJIaJieeT OCHOBaMU Oa- WHAWBU- |DJK3aMeH,
JIAHCOBOTO METO/Ia /ISl OLIEHKH |AyallbHOE |BOTMpOC
00eCreyeHHOCTH 3aI1acoB 3ajaHue  |2;
MOJ3E€MHBIX BOJI (TTP-11)  [3amanme 1
2 |Tema 2. YcnoBus I1K-13 3HaeT XapakTep BO3JeH- UHIWBHU- |DK3aMeH,
TUIPaBINYECKON CTBHS BOZI03a00POB MOJ3€M-  |AyaJlbHOE |BOIPOCHI
CBSI3H MOJ3EMHBIX H HBIX BOJI HA TIPUPOJIHBIC BOA- [3a1aHue |5, 6;
MMOBEPXHOCTHBIX BO/I, HBIE 00BEKTHI; (TTP-11)  [3amaHme 2;
UX CE30HHbIE U3Me- nabopatopH
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HCHUA

ble pabOThI
1-3

yMeeT OIICHUTb COCTaB- UHIUBU- |DK3aMeEH,

JISFOIIME BOJHOIO OajaHca JyaTbHOE |BOIPOC

MECTOPOKICHHS MO3EMHBIX  (3ajaHue  |32;

BOJI PEYHBIX JIOJIVH; (TTP-11)  |[3amanue 2;
nabopaTtopH
ble paboThI
1-3

BJIaJleeT METO/IaMH OTIpe- |MHIUBH- [DK3ameH,

JeNieHus yiepoa peaHoOMY JyaTbHOE |BOIPOC

CTOKY OT JICHCTBUS BOJI03a- 3amanue |23;

00pOB MOA3EMHBIX BO/JI; (TTP-11)  |3amanwme 2;
nabopaTtopH
ble paboThI
1-3

Tema 3. IIpuHIUATBI TIK-1, 3HAaeT NPHUHIAILI CXeMa- WHIUBH- |DK3aMeH,
cxematm3anuu tua- | I1K-4 TU3AIHHA THAPOTCOJIOTHICCKHUX |IyalbHOE [BOMPOCHI
POTEOJIOTHYECKUX YCIIOBUI; 3amanue |8, 10:
ycnoBwid. Marema- (TTP-11)  |3amanHus 3-
THYECKHAE OCHOBBI 6;
W3Yy4YEeHUs TTPOIIECCOB 1abopaTopH
(dbunpTparuu no- bIe pabOTHI
3€MHBIX BOJI 1-4

yMeeT peliaTh IpakThuie- |MHIuBH- [DK3ameH,

CKHe€ 3a7auu (puIbTpanuu, JyaJIbHO€ |BOIIPOCHI

CBsI3aHHBIE C OKCIUTyaTanueld  |3amanme |9, 16, 19,

COOpYKEHHUI Ji1s1 3a00pa (TTP-11) (21, 24, 33;

MOJ3E€MHBIX BOJI; 3aJaHus 3-

MIPOU3BOIUTH OIICHKY CTe- 6;

IIEHU BIMSHHUSA OTAEIbHBIX 1a00paTopH

(hakTOpOB HA IPOU3BO/IH- bI€ pabOTHI

TEIBLHOCTh BO03a00POB MO /I- 1-4

3eMHBIX BOJI;

BJIaJieeT OCHOBHBIMH M€- |MHIOUBH- |DK3aMeH,

TOJAaMU aHAIUTUYECKUX pac- [AyallbHOE [BOMPOCHI

4yeToB (punpTpanuu K Bogo3a- |[3amanue (17, 18, 20,

0opam MO3eMHBIX BOJI; (TTP-11) |25, 26, 34;

METO/IaMU OTIpeACTICHUS 3aaHus 3-

(GUIBTPALMOHHBIX TApaMeT- 6;

pOB; nabopaTopH

METO/IaMU OTIpeACTICHUS bIe pabOTHI

B3aMMOBIHUSHUS BO103a00p- 1-4

HBIX COOPYKEHU;

Tema 4. Yucnennsie |I1K-1 3HaeT quddepeHmanbupie [1adopato [DK3ameH,

18




METO/IbI PELICHUS [1IK-4 YpaBHEHUS HECTALIMOHAPHOM  |pHas BOIIPOCHI
mddepeHnnanbHbIX (GuIBTpauy MoI3eMHBIX BOJ; [paboTa 11 - 15;
ypaBHCHUI HecTa- (ITP-6) 3amanue 4;
LMOHAPHOH (PUIIBT- WH/IWBU- |1ab0paTopH
panuu no3eMHBIX nyanbHOE |bIe pabOoTHI
BOJ. MeTob! aHao- 3aganue |1-4

TOBOTO MOJIEITHPO- (TTP-11)

BaHUs QWIBTPALUN ymeeT ohopMIIsATh OTUYETHI |1abopaTo |3afaHue 4;
0 pe3ysbTaTaxX BBIMOJHEHHBIX |pHas nabopaTopH
pabor; pabota ble paboThI

(TTP-6) 1-4
WH/IBU-
yaTbHOE
3aJlaHne
(TTP-11)

BJIajieeT YNCIICHHBIMU nabopaTto |DK3aMeH,
METOJaMH aHATUTHYECKIX pHas BOTIPOCHI
pacueToB (uIbTpALMU K BO-  |paboTa 22,27 - 31;
J103a00paM MO I3EMHBIX BOT; (TTP-6) 3ajaHue 4;

METOJaMH aHAJIOTOBOTO WH/WBH- |1ab0paTopH
MOJICIUPOBaHUS (PHIIBTPAIIMN |TyalIbHOE |bI€ pabOTHI
K BOJ103a00paM O[3 MHBIX 3amanue |1-4
BOJI; (TTP-11)

TunoBble KOHTPOJIBHBIE 3a1AHUS, METOJUYECKHE MAaTEPUAJIbl, ONPEICIISIOIINE
OpoLenypbl OLEHUBAHUS 3HAHWUM, YMEHUHA M HABBIKOB U (WJU) OIbITa
NESTENbHOCTH, a TaKXKE KPUTEPUU W TIOKA3aTeNd, HEOOXOIUMBIC [JISi OILICHKHU
3HaHWM, YMEHUH, HABBIKOB M XapaKTEpHU3YyIOIIHMEe dTanbl (OPMUPOBAHUS
KOMIIETEHIIMA B MPOIECCEe  OCBOGHHUS  0Opa3oBaTENBbHON  MPOTPaMMBI,
MPEACTABIEHBI B IPUJIOKEHUH 2.

PediTHHI-IIJIAH AUCIUIIIUHBI

PeituHr mo pgucuMiuiMHE oOmnpenenseTrcs B npoueHTtax. s cTyneHTta,
CHABIIETO OCHOBHBIC KOHTPOJIbHBIC MEPOIPHUATHS Ha MaKCHUMAaJbHbIE Oalibl C
Y4ETOM UX BECOBBIX K03 duinmeHToB, peituHr pasex 100 %.

MakcuManbHblii ~ 0amyl  KOHTPOJBHOIO  MEPONPUSITHS,  paBHBIA 3,
COOTBETCTBYeT  cucTeMe  omeHok  "ortauuno"  (3), "xopomo"  (2),
"ynosnerBopurenbHo" (1), "HeynoBneTBopuTensHO" (0).

MakcuManbHblii  0ajsl  KOHTPOJIBHOTO  MEPONpPUSITHS,  paBHbIM 1,
COOTBETCTBYET cucTeMe o1eHOK "3auteHo" (1), "He 3auteno" (0).

CooTBeTcTBUE PEUTUHTA CTYI€HTA OLICHKE MPOMEKYTOUHON (CEMECTPOBOIA)
aTTECTallMM YCTAHABJIMBAETCS MO CIEAYIOLIEH 1IKae:
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Peittunr B % Ouenka
Memnee 61 HeynosnerBopurensHo
Ot 61 o 75 Y 10BAETBOPUTEIIBHO
Ot 76 no 85 Xoporiio
Ot 86 no 100 OTan4nHo
Hpmmep- HaumenoBanue BBeoCI?(I) | Maxen- | Muty-
No| HadAata KOHTPOJIbHOT'O Dopwa K030- Maibs Maitb:
poBeze- MepOpHATHA KOHTPOJIS u- HBIH HBIH
HUS CHT Oann Oamn
OCHOBHBIE KOHTPOJIbHBIE MEPONIPUSITHS
1| 2 uenens [IpakTuueckas pabota 1 3amura oTueTa 1 1 1
2 | 4 "enmens [IpakTuueckas padota 2 3amura oTueTa 1 1 1
3 | 4 nemens JlaGopatopnast pabora 1 | 3amura oTdera 1 1 1
4 | 6 Henmens [IpakTuueckas padota 3 3ammuTa oT4eTa 1 1 1
5 | 8 Henmens [Ipaktuueckas pabota 4 | 3amura oTdeTa 1 1 1
6 | 8 memens JlaGopatopnast pabotra 2 | 3amura oTdeTa 1 1 1
7 | 10 Henens [IpakTrueckas padota 5 3amura oTuyeTa 1 1 1
8 | 12 Henens [IpakTuueckas padota 6 3amura oTueTa 1 1 1
9 | 12 menens | JlabopatopHas pabora 3 | 3ammTa oTueTa 1 1 1
10| 14 venens [IpakTuueckas padota 7 3amura oTuyeTa 1 1 1
11} 16 venens [IpakTuueckas padota 8 3amura oTueTa 1 1 1
12 | 16 venens | JlaGoparopnas padora 4 | 3amura oTdera 1 1 1
13| 18 Henens [IpakTuueckas padota 9 3amura oTueTa 1 1 1
14 Ceccus DK3aMeH SK3AMCH 0 3 )
10 JUCUUIIINHE
V. CIACOK YYEBHOMU JINUTEPATYPHI U NHO®POPMAINMOHHOE

OBECIHHEYEHHME JUCHUITJIMHbI
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10.

11.

OcHoBHas quTEpaTypa
[llecrakoB, B.M. I'unporeoaunamuka : yaeOHuk aiis sy3oB / B.M. Illectakos.
— M. : U3parensctBOo «KAY», 2009. — 335 c.
[ITectakoB, B.M. Metoanka OLEHKH pECYpCOB NOA3EMHBIX BOJ Ha y4dacTKax
6eperosbix Bono3zabopos / B.M. lllecrakos, 1.K. Heseueps, U.B. Apununa. -
HznatensctBo «KJIVY», 2009. — 194 c.
Muponenko B. A. /Ilunamuka noazemusix Bos / B. A. MupoHeHko ; 5-€ u3Jl. —
M. : U3narensctBO «l'opHas kuura», 2009. — 519 c.

JJonmosiHuTENBHAS JJUTEPATYypa
3emuisnoit, B.B. Bogo3abopsl noazemMusix Boj : yueOHoe nocobue / B.B.
3emisgHoii, b.B. Jleonos. - BnaguBoctok, 1997. — 89 c.
3emnsHoit, B.B. MonenupoBanue (QuibTpanuu moa3eMHBIX BOJA : Yy4eOHOE
nocobue / B.B. 3emnsanoii, b.B. Jleonos ; JIBI'TY. — Bnagusocrtok: JIBI'TY,
1994. — 104 c.
3emuisinoit, B.B. IloxpycioBeie BomonpueMHUKH : ydyeOHoe mocobue /
B.B. 3emnsnoit, C.®. Conomennuk ; JIBITN. — Bnagusocrtok: JABIIN, 1991. —
104 c.
3emsiHoi, B.B. Mcnionb3oBanue moi3eMHBIX BO O€3HAOPHBIX BOJIOHOCHBIX
ropu3oHToB peunbix jgonuH /  B.B. 3emusnoit [u ap.]. ITlom pen.
B.B. 3emnsanoro. - BnagusocTtok, 1984. — 60 c.
[lecrakoB, B.M. IlpakTukyM IO JUHAMHKE IOJ3EMHBIX BOJ :y4COHHK IS
By30B / B.M. Illecrakos, W.I1. KpaBuenko, P.C. IlItenrenos — M. : Hexapa,
1987. — 224 c.
I'aBuu, N.K. I'mgporeoqunamuka / UK. I'aBuu. - M. : Henpa, 1988. - 349 c.
[TnotaukoB, H.W. Tloucku u pa3Beaka MpecHbIX MOA3EMHBIX BOJI : yaeOHOE
nocobwue ais By3oB / H.W. [TnoTHukoB. - M.: Henpa, 1985. - 370 c.
[IpoexTupoBanue Bogo3abopos mom3eMubix Box / A.W. Apues, @.M. bouesep,
H.H. Jlanmmwun [1 ap.]. [lox pea. ®.M. bouesepa. M. : Crpoituzaar, 1976. —
292 c.

B03MOKHOCTB 10CTYyNA K 3JIEKTPOHHBIM (poHAaM
yueOHO-MeTOANYEeCKOH JOKYMEeHTAIIUN

1. http://ihtik.lib.ru/2011.08 ihtik homelab-mexmat/2011.08 ihtik homelab-

mexmat_3890.rar IllectakoB, B.M. I'maporeogunamuka . y4eOHHMK Jyisi BY30B /

B.M. IllectakoB. — M. : MU3natensctBOo «KJY», 2009. — 335 c.

2. http://www.studmed.ru/shestakov-vm-metodika-ocenki-resursov-

podzemnyh-vod-na-uchastkah-bereqovyh-vodozaborov b35149b3481.html

[IlectakoB, B.M. Mertonnka OLEHKH PECYpPCOB MOJA3EMHBIX BOJ Ha Yy4acTKax
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Oeperosbix Bogo3abopos / B.M. lllectakos, U.K. Heseueps, 1.B. ABununa. - M. :
HznatensctBo «KJIY», 2009. — 194 c.

3. http://e.lanbook.com/books/element.php?pll cid=25&pl1_id=3213
Muponenko, B.A. JluHamuka moa3eMHbIX BOI. 5-€¢ u3n. — M. : M3gaTenbcTBO

«I"opnas xaura», 2009. — 519 c.

4. http://www.krelib.com/gidrogeologija/88661 asuu, N.K.
I'unporeogunamuka / UK. I'aBuu. - M. : Hegpa, 1988. - 349 c.

5. http://www.studmed.ru/gavich-ik-gidrogeodinamika_8066dfe8a33.html
I'aBuu, UK. 'maporeonunamuka / M.K. I'aBuu. - M.: Henpa, 1988. - 349 c.

6. http://www.krelib.com/gidrogeologija/9166 ITmorumkos, H.HU. Tloucku u
pa3Belika MpPECHBIX MOJ3EMHBIX BOJ : ydyeOHoe mnocobue s By3oB / H.M.
ITnoTHukos. - M.: Henpa, 1985. - 370 c.

Ilepeyens pecypcoB HHGPOPMAUUOHHO-TEJICKOMMYHUKAIMOHHON CeTH
«HTEpHET»

http://window.edu.ru/window/library MudopmanmonHnas cuctema "EmuHoe
OKHO JocTyma K oOpaszoBaTenbHBIM pecypcam”. 27 000 yueOHO-METOAUYECKHUX

MaTepuaoB, pa3pabOTaHHBIX M HAKOIUICHHBIX B CHUCTeMe (eaepaibHbIX
o0pasoBaTenbHbIX MOpTaIoB. CBOOOIHBIN TOCTYT
http://e.lanbook.com/  BDnekTpoHHO-OMOMMOTEUHass  cuctema  "JlaHp".

DONEeKTpOHHBIE BEpPCUM KHUT HW3AaTenbcTBa «JlaHb» W JIpyrux BeaymIUX
U3JIaTEIbCTB YYEOHOW IUTEpaTyphl W DJICKTPOHHBIE BEPCUM MEPHOTUYESCKUX
U3JJaHUH TI0 €CTECTBEHHBIM, TEXHMYECKHMM M TyYMaHUTapHbIM HaykaM. JlocTym
OCYILIECTBIIIETCS CO BCEX KOMIIBIOTEPOB, MOAKIOUECHHBIX K ceTh [IBDY.
http://znanium.com/  DiekTpoHHO-OMONHMOTeUHass  cucrema  "HaydHo-
uznarenbckoro neHtpa HWH®DPA-M". VYueOGHuku wu ydeOHBIE mOCOOUS,

JIUCCepTallMd U aBTOpedeparsl, MOHOTpapUU M CTaTbh, COOPHUKH HAYIHBIX
TPY/OB, SHIUKJIONIEINH, HAyYHAs MEPUOIUKA, TPO(UIBHBIC KYPHAIIHI,
CIIPaBOYHUKH, 3aKOHO/IATEeIbHO-HOPMATUBHBIE JOKYMEHTBI Hoctyn
OCYIIECTBIIAETCS CO BCEX KOMITBIOTEPOB, MOJAKIIOUYEHHBIX K ceTH [[BOY
http://www.bibliotech.ru/ DnextponHo-6ubMOTeUHAsT cuctema bubimoTex,
1500 31eKTpOHHBIX KHHT 110 Pa3JINYHOM TEMATUKE: €CTECTBEHHBIC HAYKU; TEXHUKA

U TEXHUYECKHE HAyKH; CEJIbCKOE U JIECHOE XO3SMCTBO; 3APABOOXPAHEHHUE,
MEIUITMHCKHUE HAYKH; COIMaIbHBIC (0OIECTBEHHBIC) M TYMaHUTAPHBIC HAYKU;

KyJIbTypa, HayKa, MpOCBeleHne; Qriooruueckue Hayku. Jloctyn
OCYIIECTBIIAETCS CO BCEX KOMITBIOTEPOB, MOJKIIOYEHHBIX K ceTh [[BDY.
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MarepuajJibHO-TeXHHYeCKOe o0ecnedeHne JUCHUIIUHbI
Criennanu3upoBaHHas Jlabopatopus - 1adoparopus II'JIA (ayn. E-807),
BKJIFOYAIOIIAsl CIIEAYIOIIEe OCHOBHOE 000pYA0BaHHE:
e ycranoBka OI'J[A 115 MoienupoBaHus AByXMEPHBIX TOTOKOB;
e ycraHoBka OI'JIA st MOAENMPOBaHMS TPEXMEPHBIX TOTOKOB;

® [eJIEBOM TMAPOUHTErPATOP ISl MOJIETUPOBAHUS TITIOCKUX
IpO(UIBHBIX TOTOKOB.
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[Ipunoxenue 1

MUHUCTEPCTBO OBPA3OBAHUS U HAYKU POCCUMCKOM ®EJEPALIMNA

denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHHUE BBICIIETO 00pa30BaHUs
«/lanbHEeBOCTOUYHBIN (pefepabHbIH YHUBEPCUTET)
(AB®DY)

HNHKEHEPHAS LLIKOJIA

YYEBHO-METOJIUYECKOE OBECIIEYEHUE CAMOCTOSATEJBbHOM
PABOTBI OBYYAIOIIUXCA
10 JUCHHILINHE

«I'uaposoruyeckne M rUAPOreoI0rudeckne U3bICKAHUs KaK OCHOBA
NPOEKTHPOBAHUS CUCTEM U COOPY:KeHUIl BOTOCHADKEHHS U BOA0OOTBEIeHUSD»

Hanpasaenne nmoarorosku 08.04.01 CtpourteibCcTBO MarucTepckas nporpamMmma
«BonocHabxxenne u BoJooTBeicHne» MopMa MoAroTOBKH O4YHAas

BaaguBocTok 2019



Ilnan-rpauk BbINOJHEHHUSA CAMOCTOATEIbHON PadOoThI 110 JUCLHMILINHE

IIpumepHsbIe
Ne Jlata/cpoxu Bun camocrosarenbHOM HOPMBI BPEMEHU dopma
n/m BHHO}E;eHM’ paboThl Ha BBIIIOJIHEHHUE, KOHTPOJIS
Jac.
1 2 "Henens [IpakTnueckas padorta 1 4 3ayeT
2 4 nepens [Ipaktuueckas padota 2 4 3auer
3 4 nenens JlaGoparopnas padota 1 5 3auer
4 6 Henens [IpakTuueckas padota 3 4 3auer
5 8 Henens [Ipaktuueckas padota 4 4 3auer
6 8 Henens JlabopaTtopHnast pabota 2 4 3auer
7 10 Henenst [IpakTrueckas padota 5 4 3auer
8 12 nenens [IpakTuueckas padota 6 4 3auer
9 12 nenens JlaGopartopnast pabora 3 4 3a4uer
10 14 venens [IpakTuueckas padota 7 4 3a4er
11 16 Henens [IpakTrueckas padota 8 4 3a4er
12 16 Henens JlabopaTtopHnas pabota 4 5 3a4er
13 18 Henenst [IpakTuueckas padota 9 4 3a4er
XapakTepucTuKa 3alaHM il IS CAMOCTOSITEJIbHOU padoThI

oﬁyqamumxm U METOAUYECKHE PEKOMCHAAIIMHA IO UX BbBIIMMOJIHCHHUIO

CamocrosTenbHas pa60Ta 06y‘{aI-OHII/IXC}I COCTONT H3 IIOATIOTOBKH K

71a00paTOpPHBIM pabOTaM M BBIMOJHEHUS] MHIWBUIYAIBHBIX 3aJJaHUM 1O PEIICHUIO
TUIIOBBIX 3aJ1a4 (DHIIBTPAIIHH.

HcxoaHble JaHHDBIE

BapuadaT wHAMBHUIyaNTbHOTO 3aJaHUS TPUHUMACTCS OOYYaIOIIUMHCS I10

Tabnuie 1, B KOTOpOil B KauecTBe IHMdpa UCTOIB3YIOTCS JIBE MOCIEeIHUE ITU(PHI

W3 HOMEpPA 3a4E€THON KHIKKH.

Tabmuma 1 — BapuadaTel HHANBUYTBHBIX 3aJaHAN

ITudyp Ball{pTI/Ia LTudp B?{pTHa ITudp BaII{pTHa ITudp Ba;lf;na ITudp Be;IpTI/Ia
01| 51 1 11| 61| 11 21| 71| 21 31| 81| 31 41 91| 41
02| 52 2 12| 62| 12 22| 72| 22 32| 82| 32 421 92| 42
03| 53 3 13| 63| 13 23| 73| 23 33| 83| 33 43| 93| 43
04| 54 4 14| 64| 14 24| 74| 24 34| 84| 34 441 94| 44
05| 55 5 15| 65| 15 25| 75| 25 35| 85| 35 45| 95| 45
06| 56 6 16 | 66| 16 26| 76| 26 36| 86| 36 46| 96| 46
07| 57 7 17 67| 17 27 77| 27 37| 87| 37 471 97| 47
08| 58 8 18| 68| 18 28| 78| 28 38| 88| 38 48| 98| 48
09| 59 9 19 69| 19 29 79| 29 39| 89| 39 491 99| 49
10| 60| 10 20| 70| 20 30| 80| 30 401 90| 40 50| 00| 50

25




B kauecTBe BOJOMCTOYHHMKA PACCMATPHUBAIOTCS IMOA3EMHBIE BOJIBI PEYHOM
3armacbl  MECTOPOXKIEHUS IMOA3EMHBIX  BOJ
3a UH(UIBTPALUN PEKH.

JNOJIUHBL.  DKCIUTyaTallMOHHBIE
dbopmupyroTcs obpazom
['unporeonoruyeckue W TUAPOJIOTUYECKUE YCIOBUS YYacTKa paCIOIOXKEHUs

'’ TaBHbIM CUcT nu3

BOJ103a00pa MpUBECHBI B Tabiuax 2 u 3.
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Pucynok 1- UnTerpanbHbie KPUBBIE TPAHYJIOMETPHUUECKOTO COCTABA MOPO/T
BOJIOHOCHBIX TJIACTOB

Tabnuna 2 - ['maporeonorunyeckue XapakKTepUCTUKH MOJ3€MHOTO BOJJOMCTOYHUKA
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Bapu [Topona Koadpdumu- | Kpupas | Momuocts [ MomiHocTh
aHT, BOJIOHOCHOT'O €HT IPAHCOCTAa | BOJOHOCHO | MOKPOBHBIX
Ne mIacra bunbTpanuy, Ba, ro IJjiacTa, |OTIOKeHUuH**,
M/CYT o* M M
1 ITecku Menko3epHUCTBIE 3 1 40 3,0
2 To xe 4 2 35 2,5
3 -Il- 5 2 30 1,5
4 -Il- 6 3 25 2,0
5 -Il- 7 3 20 2,5
6 [lecku cpenHe3epHUCTBIE 8 4 18 3,0
7 To xe 9 5 14 2,5
8 -/l- 10 5 10 2,0
9 -/l- 12 6 8 0,5
10 -/l- 14 6 6 1,5




11 [Tecku kpynHO3epHUCTHIE 16 7 24 2,5
12 To xe 18 8 16 3,0
13 -/l- 20 8 9 2,5
14 -Il- 24 9 7 1,5
15 -/l- 30 9 5 2,0
16 | I'paBuii ¥ rpaBEIUCTHIA ECOK 40 10 14 3,0
17 To xe 50 11 10 2,5
18 -/l- 60 11 8 2,0
19 -/l- 80 12 6 1,5
20 -/l- 100 12 4 2,5
21 ['paBuii u ranpka ¢ meckom 120 13 12 2,0
22 To xe 140 14 10 3,0
23 -/l- 160 14 7 2,5
24 -/l- 180 15 6 1,5
25 -/l- 200 15 5 2,0
26 [Tecku MeTKO3EepPHUCTHIE 4 1 35 1,0
27 To xe 4 1 30 1,5
28 -/l- 5 2 25 2,0
29 -/l- 5 2 20 2,5
30 -/l- 6 3 30 3,0
31 [ecku cpemHe3epHUCTHIE 7 4 25 2,5
32 To xe 9 4 20 2,0
33 -/l- 11 5 10 1,5
34 -/l- 13 5 7 1,0
35 -/l- 14 6 5 3,0
36 [Tecku KpymHO3EPHUCTHIC 15 7 30 2,0
37 To xe 17 8 20 2,5
38 -/l- 19 8 10 1,5
39 -/l- 21 9 8 1,0
40 -/l- 25 9 6 2,0
41 | I'paBuii ¥ TpaBEIUCTHIN MECOK 35 10 15 3,0
42 To xe 45 11 10 2,5
43 -/l- 50 11 8 1,5
44 -/l- 70 12 6 2,0
45 -/l- 90 12 5 2,5
46 ['paBuii u rajmpka ¢ mecKom 110 13 12 3,0
47 To xe 130 13 10 2,5
48 -Il- 150 14 8 1,0
49 -Il- 170 14 6 1,5
50 -/l- 190 15 4 2,0
IIpumeuanwus:

* KpI/IBLIe rpaHCcoOCTaBa mopoJ BOAOHOCHOTO IJIaCTa TPpHUBEACHBI HA PUCYHKC.
kel HOKpOBHLIe OTJIOKCHUA NMPCACTABJICHBI CYITIMHKOM, BOAOYIIOPOM ABJISICTCSA TJIMHA.
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Tabmuuma 3 - T'maponormyeckue  XapakTEpPUCTUKH  MOBEPXHOCTHOIO

BOOAOUCTOYHHUKA
Ba- |Pacxong Cpennsis | @opm TiyGuma B peke, Yposens Bojbl | Tommu | MyTHOC
puaH | BOJBI CKOpOCTH | a pyc- " HaJl HyJIeM Ha Th, MI'/JI

T M/c TEUYCHHUS, rpaduka, M JIbJIA,

No M/C na* CpPEJIH. makc. | MuH. | Makc. M

1 12,0 0,25 A 2,2 3,5 4,57 7,07 1,2 130
2 10,1 0,28 A 2,0 3,4 2,38 4,51 1,1 120
3 8,4 0,37 A 2,1 3,3 0,41 3,12 1,0 510
4 6,2 0,35 A 1,9 3,2 0,15 2,64 0,9 630
5 4,3 0,41 A 1,8 3,1 0,56 3,57 0,9 750
6 11,0 0,54 A 1,7 3,0 7,18 9,44 0,8 220
7 9,5 0,67 A 1,6 2,9 4,11 6,80 0,8 280
8 7,2 0,63 A 1,5 2,8 3,17 5,19 0,7 340
9 5,6 0,69 b 1,6 2,3 8,12 9,98 1,1 805
10 3,3 0,61 b 1,7 2,1 0,34 2,71 1,0 750
11 4,1 0,55 A 1,8 3,3 6,10 9,61 0,9 830
12 6,8 0,43 A 1,9 3,2 5,28 8,35 0,8 410
13 8,3 0,70 A 2,0 3,1 5,41 8,17 0,7 330
14 3,4 0,76 b 1,6 2,0 0,27 2,09 1,2 270
15 2,8 0,85 b 1,5 1,9 6,12 8,62 1,1 940
16 7,3 0,44 A 2,1 3,0 0,83 2,33 1,0 860
17 51 0,52 A 2,2 2,9 2,18 5,43 0,9 720
18 41 0,59 b 1,8 2,5 4,70 7,25 1,2 430
19 3,5 0,68 b 1,7 2,4 5,43 7,70 1,1 320
20 2,7 0,53 b 1,6 2,3 6,72 8,93 1,0 270
21 14,0 0,37 A 2,0 3,7 1,65 3,77 0,9 620
22 13,0 0,35 A 2,2 3,6 2,19 5,34 0,8 590
23 3,8 0,61 b 1,5 2,2 8,03 9,91 0,9 740
24 4,2 0,58 b 1,6 2,1 7,51 9,80 0,8 420
25 53 0,49 b 1,7 2,0 6,16 8,66 0,7 350
26 12,0 0,47 A 2,3 3,5 0,44 3,04 1,2 280
27 11,0 0,33 A 2,2 3,4 0,71 4,05 1,1 930
28 10,0 0,38 A 2,1 3,3 3,15 6,50 1,1 750
29 9,8 0,42 A 2,1 3,2 4,78 7,45 1,0 810
30 8,3 0,40 A 1,9 3,1 1,51 4,45 1,0 380
31 7,5 0,46 A 1,9 3,0 0,49 3,92 0,9 230
32 6,2 0,50 A 1,8 2,9 2,02 4,71 0,9 170
33 5,8 0,53 A 1,8 2,8 3,19 6,60 0,8 140
34 49 0,34 b 1,7 2,1 5,14 7,17 1,2 580
35 3,1 0,71 b 1,6 2,2 7,56 9,12 1,1 710
36 4,5 0,62 A 2,1 2,7 0,31 3,90 1,0 950
37 3,3 0,58 A 2,0 2,6 2,18 5,62 0,9 640
38 8,4 0,43 A 1,9 2,5 1,90 5,01 0,8 530
39 57 0,56 b 1,8 2,3 6,08 8,31 1,1 480
40 4,3 0,74 b 1,7 2,4 3,17 5,33 1,2 320
41 7.4 0,81 A 1,6 3,2 0,14 3,25 0,7 880
42 9,1 0,39 A 1,5 3,3 0,76 3,54 0,6 790
43 3,5 0,56 b 1,4 2,0 4,43 6,91 0,7 230
44 2,8 0,35 b 1,3 1,9 5,01 7,53 0,8 370
45 3,2 0,47 b 1,2 1,8 7,35 8,94 0,5 450
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46 | 10,0 0,36 A 2,3 3,6 1,35 4,36 0,8 530

47 8,8 0,41 A 2,4 3,7 0,46 3,78 0,9 610

48 2,9 0,53 b 1,4 2,1 3,30 6,04 1,0 750

49 3,4 0,57 b 1,5 2,0 4,71 7,82 1,1 840

50 4,1 0,48 b 1,6 2,2 5,22 8,63 1,2 970
[Ipumeuanue :

*A - cumMmerpuyHas (opma pycia ¢ HOJOTMMH OeperaMi M MaKCHUMalbHBIMH TIIyOMHAMHU B
cpeaHeit yactu pycna; b - acumMerpuyHas ¢opma pyciaa ¢ KPyThIM BOTHYTBHIM W TIOJIOTHM
BBIITYKJIBIM OeperaMu, MaKCUMaJIbHbIE TITyOMHBI BOJIU3U KPYyTOTO Oepera.

IIpakTHyeckue caMocTosITeJIbHbIE Ppa00ThI

IpakTuyeckass padora 1. OuneHka o00eCeYeHHOCTH HCTOYHUKOB
(opmupoBaHus 3anacOB MOA3eMHBIX BOJI PEYHbIX J0JHH (2 yac.).

Pabota BeITIONHSIETCS [T MECTOPOXKACHUS MOJ3EMHBIX BOJI PEYHOM JTOJTUHBI.
IM'uaponoruueckas XxapakTepUCTHKA MMOBEPXHOCTHOTO BOJOTOKA B COOTBETCTBUH C
3aITaHUEM COCTaBJIAETCS HA OCHOBAaHMHM BapuaHTa MCXOJHBIX JIAHHBIX U
NENUCTBYIOIINX THIPOJIOTHIECKUX CITPABOYHUKOB.

I'uaporeosiornyeckue yciaoBUs NMPUHUMAIOTCS B COOTBETCTBUM C BapHaHTOM
WHIVBU1YaJIbHOTO 3aJaHus, BbIJABAEMOTO MIPENOAABATEIIEM.

Onenka 00eCcreuyeHHOCTH HCTOYHUKOB (OPMUPOBAHUS TOIA3EMHBIX BOJI
MECTOPOXKJICHUS TOJ3EMHBIX BOJ[ PEYHON OJIMHBI MPOU3BOAMUTCS OallaHCOBHIM
meroaom (H.U. ITnotHukos, 1985).

IIpakTuyeckass padora 2. OuneHka BJIMSHUA CE30HHBIX W3MEHEHUM
YCJI0BHI B3aUMOCBSI3H MOA3€MHBIX U MOBEPXHOCTHBIX BOJA. M3yyeHue onbiTa
IKCIUTyaTAllMd HMHOWIbTPAUOHHBIX Boao03abopoB IIpumopckoro kpas (4
qyac.).

N3ydeHne omblTa BKCIUTyaTallid MOA3EMHBIX BOJ PEYHBIX JOJIMH B
[IpuMopckOoM Kpae TMPOU3BOJUTCS HAa MPUMEpPE OJHOTO H3 JCHCTBYIOIIUX
WHOUIBTPAIIMOHHBIX BOJI03a00pOB B COOTBETCTBUU C YYEOHBIM MOcoOHeM
"Bono3zabopsr mogzemusix Boa" (B.B. 3emnsnoi, b.B. Jleonos, 1997).

O0ocHOBaHHE pacyeTHOM CXeMbl (UIbTpalM K HHPUWIBTPALUOHHOMY
BOJ103a00py M Y4Y€T CE30HHOM H3MEHYHMBOCTH YCIOBHM THIPABIMYECKON CBS3U
MOA3EMHBIX W TMOBEPXHOCTHBIX BOJ TMPOU3BOJATCS C YYETOM METOJUYECKUX
pekomenaanui "Mcnonb30BaHUE MOA3EMHBIX BOJ O€3HANOPHBIX BOJOHOCHBIX
ropu30HTOB peuHbIx noauH" (B.B. 3emusiHoit u ap., 1984).

IIpakTnueckas padora 3. Pemenue 3a1a4 GuiIbTpaunuyu K OAMHOYHBIM U
B3aMMOJECTBYIOIIIUM CKBAa)KMHAM, PACHOJOKEHHbIM HAa MNPUOPEKHBIX
yuyacTtkax (4 gac.).

Pacuetnas cxema ¢unbTpauuu [Js 3aJaHHBIX YCJIOBUH MECTOPOXKICHUS
MOA3EMHBIX BOJI 00OOCHOBBIBAETCS C YUETOM 3UMHHX YCIOBUH (QUIbTpALIUU
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BKJIFOYAIOIIMX MPOMEP3aHHE BOJOTOKA HA MPUOPEKHBIX METKOBOAHBIX Y4YacTKax
pycia peKu ¢ y4eTOM METOJIMYECKUX pekoMeHauui "Mcnoib30BaHue MOA3EMHBIX
BOJI O€3HANOPHBIX BOJOHOCHBIX FOPU30HTOB peuHbIX AoiauH" (B.B. 3emusiHol u
ap., 1984).

OueHka B3aUMOBIMSHUS BOA03a00POB MPOU3BOJUTCA C HUCIHOJb30BAaHUEM
METOJ/IOB CYNEPHO3UIUN U 3epKATBHBIX OTOOpaXEHUM ISl ONpEAeIICHUs] MPUTOKa
K OJMHOYHOW CKBaXMHE M B3auMOJIeHCTByIomUM ckBaxuHam (D.M. Bouesepa,
1976). llpu Oe3HANOpHBIX YCHOBUAX (GUIBTPALUUU OOOCHOBAHUE pPaCUETHOMU
3aBUCUMOCTH MPOU3BOJUTCS C UCIIOJIBb30BAaHIUEM HAIOPHOW (PYHKIUU.

IIpakTuyeckass padora 4. IIpumeHeHHe YpPaBHEHHIl B KOHEYHBIX
Pa3HOCTHAX Uil pellieHUsl THAPOre0JT0rn4ecKux 3aaay (4 yac.).

JUist 3ajaHHBIX yCIOBUM (DUIBTpAIIMK MPOU3BOJUTCS PEIICHHE YpaBHEHUN
HEYCTAaHOBUBILIETOCS JBMXEHUS IS IUIOCKOTO MPOQPUIBHOIO OJHOMEPHOTO H
JIBYXMEPHOTO B Iu1aHe MOTOKOB IrpyHTOBBIX BoA (M.K. I'aBuy, 1988).

IIpakTnueckas padora 5. OneHka NPOM3BOAMTEJbHOCTH JYyYeBbIX
NMOJAPYCJOBBIX JApeH (2 yac.).

JIist 3alaHHBIX YCIOBHM (UIBTpAIMU MPOU3BOAUTCS OOOCHOBAHUE CXEMBbI
GunbTpaluy ¢ y4€TOM 3UMHHUX YCIIOBUMN, BKIIFOYAIOIINX [TPOMEpP3aHUE BOIOTOKA
HA  OpUOpPEXKHBIX  MEJIKOBOJIHBIX  yYacTKax  pycina  peku.  Pacuer
IPOU3BOJIUTEILHOCTH JIy4E€BOIO MOJAPYCIOBOIO BOA03a00pa OCYILECTBISETCS C
ydgetoM yueOHoro mocooust "IloapycnoBeie Bomonpuemuuku" (B.B. 3emusiHoi,
C.®. Conomennuk, 1991).

IIpakTnyeckas padora 6. OueHka NMPOU3BOAUTEILHOCTH NMapaLIeJbHBIX
MOJAPYCJOBBIX JApeH (2 yac.).

JIist 3alaHHBIX YCIOBHM (UIBTpAIMU MPOU3BOAUTCS OOOCHOBAHUE CXEMBbI
GunbTpaluy ¢ y4eTOM 3UMHHX YCIIOBUMN, BKITFOYAIOIINX ITPOMEpP3aHUE BOJTOTOKA
Ha  TpUOpEXHBIX  MEJIKOBOJHBIX  y4JacTKax  pyciaa  peku.  Pacuer
IIPOU3BOUTEIBHOCTH MApaJUIEIbHBIX MOJAPYCIOBBIX JPEH OCYIIECTBISETCA C
yaeToM ydeOHoro mocoous "IloapycnoBeie Bogompuemuuku" (B.B. 3emurstHoi,
C.®. Conomennuk, 1991).

JlaGopaTopHblie padoThbI
JlabopaTtopHbie pabOTHI BHITIONHSIOTCS Ha OCHOBE JICKIIMOHHOTO MaTepHalia C
UCIIOJIb30BaHUEM y4eOHOro mocobus "MopaennpoBanve (QuiabTpaluyd MOA3EMHBIX
Bon" (B.B. 3emnsnoii, b.B. JleonoB, 1994). B ykazanHoM yueOHOM mnocoOuu
COACPKUTCS MaTepuadl HEOOXOAUMBIM it oOocHOBaHus Mojaenen Ol JIA,
NepeyeHb M3MEPSIEMbIX MapaMeTpoB, (opMa TaOIMI[ AJig 3alUCU PE3yJIbTaTOB
W3MEPEHUMN, pPACUETHBIC 3aBUCUMOCTU ISl OMNpPENEICHUs THUAPOre0JIOTHYECKUX

XapaKTEePUCTHUK MO JaHHBIM dKCIICPUMEHTA.
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K Beimonnenuto yabopaTopHoid pabOTHI JOMYCKAIOTCS OOydYaronIuecs MOocie
MPEABAPUTEIBLHOTO PACCMOTPEHHUS OTYETA O BHITIOJIHEHUU JJaOOPATOPHOM pabOThI,
B KOTOPOM JIOJKHBI OBITh M3JI05K€HBI BOIIPOCKHI MOJICTUPOBAHUS B COOTBETCTBUU C
YCTAaHOBJICHHBIM 3aJJaHWEeM, a HUMEHHO: TIepedyeHb pEeHIaeMbIX 3a/lad, YCJIOBUS
bunpTpalii U UCXOJIHbIE JaHHBIC, CXeMa MOJIEIU U €€ 00O0CHOBaHUE, NEpPeUCHb
M3y4aeMbIX MapaMeTPOB MOJEIH, XapaKTePUCTUKA MacHITaOOB MOJEIUPOBAHUS,
pacyeTHbIE 3aBUCHUMOCTH IS TepecueTra MOJIETbHBIX MMapaMeTPOB B HATYpHBIE,
dbopMbl  TAOAMI] [Ji1 3alUCH  PE3yJbTaTOB MOJEIUPOBAHUS U PE3YJIbTATOB
BBITIOJIHSIEMBIX pacueToB. OOpaboTka pe3yabTaTOB MPOU3BOJUTCS HA 3aHATHH B
MPUCYTCTBUU MPENOIaBATEIIS.

JlabopaTtopnas paGora 1. HccienoBanue ¢PuiabTpanuu K OeperoBoi
JApeHe ¢ Y4YeTOM MNpPOMEpP3aHHusA PYycJa PeKH M Ce30HHOr0 NpoMep3aHus
Oeperosoii 30HbI puiabTpanuu (4 yac.).

1 OOocHoBaHMe THUNA Mojenu (IIENeBOM TUJPABIUYECKUH  JIOTOK).
XapakTepuCcTUKa  HM3y4aeMbIX  TapaMeTPOB  MOJEIH,  COOTBETCTBYIOIIHMX
MOCTABJICHHOM 11U U 3a/1ayaM UCCJIEIOBaHUM.

2 O6ocHOBaHME MacIITA00B MOJIEITUPOBAHUS, TEOMETPUIECKUX PAa3MEPOB
MOJENH U TUIPABINYECKOU CXEMBI MOJEIH.

3 OOocHoBaHMe Oe3pa3MEPHBIX IMapaMETPOB OTPAKAIOIIUX H3MEHEHUE
T€OMETPUYECKUX PpPa3MEPOB BOJOHOCHOTO Iacta B oOjacTtu OeperoBoi
¢unbTpanud,  3HAYEHWH ~ BApMAHTOB  COOTBETCTBYIONIMX  Oe3pa3MepHBIX
napaMeTpoB HAOPHOTO (hparMeHTa 1iacra.

4 V3MmepeHne TuIpaBIMuEeCKUX NapaMeTpoB MOJENH JJI pacuera yAeIbHOTO
PUTOKA K OEperoBoii IpeHe.

5 OOpaboTka pe3ynbTaToB MojenupoBaHus. [IpencraBieHue pe3ylnbTaToB
MOJICTUPOBAHMSI, BBIPAKEHHBIX B Oe3pa3MmepHbix mnapameTpax. OOocHOBaHUE
METOJMKH pacueTa YAEIbHOTO TMPUTOKA K OEperoBoil JpeHe ¢ y4eToM
MPOMEp3aHMsl pycia PEeKH ¢ CE30HHOTO TMpOMEp3aHus OeperoBoil 30HBI
(bunbTpauU B YCIOBHX, aHAJIOTUYHBIX KCIIEPUMEHTATHHBIM.

JlabopaTopHas paGora 2. HccienqoBanue BJIMAHHMS NMPOMEpP3aHHUs pycJia
PeKH Ha NpPHUOPEeKHbIX MEJKOBOAHBIX Y4YACTKAX TMPH ONpeaeeHUuu
NPOU3BOAMTEIBbHOCTH NMAPaJLIeJbHbIX OAPYCIA0BLIX ApeH (4 yac.).

1 Ob6ocnoBanne Tuma wmojenu (Mmozenb OI'JIA, Tuma >IEKTPUYECKOTO
MIPOBOJIHUKA — JJIEKTPOJIUT). XapaKTEPUCTHUKA M3YyYaeMbIX MapaMeTPOB MOJEIH,
COOTBETCTBYIOIIHUX MTOCTABJICHHOM 1I€JIM U 3aJ]a4aM HCCIICIOBaHMIA.

2 O0ocHOBaHME MACIITA00B MOJEIUPOBAHUS, TEOMETPUUECKUX PA3MEPOB
3JICKTPUYECKOTO MPOBOJHUKA MOJICIIM U JICKTpUUECKOM cxembl Mojenu OI ' JIA.
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3 O06ocHoBaHHEe O€3pa3MEpHBIX TApaMETPOB OTPAKAIOIIUX 3ariayOscHue
MOAPYCIOBBIX JIPEH W PACCTOSHHUM MEXIy HUMH, 3HAUCHUN BApHAHTOB yKa3aHHBIX
0e3pa3MepHBIX TapaMeTPOB U THAPOJMHAMUYCCKUX MTApaMETPOB IIaCTa.

4  HM3mepeHwe  DIEKTPUYSCKHX  MapaMeTPOB  MOACIHM IS pacuera
MIPOM3BOIUTEILHOCTH MOAPYCIOBBIX JIPCH.

5 OmueHKa TNPOU3BOIUTEIHPHOCTH BapHaHTOB pPa3MEIICHUS IapajuIeIbHBIX
MOAPYCIOBBIX JPEH C Y4ETOM BJIUSHHS IIPOMEp3aHUS pyclia PEeKH M CE30HHOTO
mpoMep3aHus 0eperoBoil 30HbI GUILTPAIUH.

6 IlpeacraBienue  pe3yJabTaTOB  MOJECIUPOBAHMS,  BBIPAXKEHHBIX B
0e3pa3MepHBIX napaMmeTpax. O6ocHoBaHUE METOAUKHU pacuera
MPOU3BOJAUTEIBHOCTH MAPAIJIETbHBIX MOJPYCIOBBIX APEH C YUYETOM MPOMEP3AHUS
pyclia peKd ¥ Ce30HHOTO MpoMep3aHusi 6eperoBoit 30HbI GUIBTPAIIUU B YCIOBUSX,
AHAJIOTUYHBIX YKCTIEPUMEHTATbHBIM.

JlaGoparopuass padora Ne 3. HcciaenoBanwe BJIMSIHUSI NPOMEpP3aHMS
pycjia peKH Ha NPUOPEKHBIX MEJKOBOAHBIX YYACTKAX MPH ONpeaeeHUU
NMPOU3BOANTEILHOCTH JIY4YeBbIX MOAPYCJIOBBIX ApeH (4 vac.).

1 OOocHoBanue Tuma wmojaenu (moxenb DOIJIA, Tunma dJICKTPUYECKOTO
NPOBOJHUKA — OJJIGKTPOJHT). XapaKTEpUCTUKA H3y4aeMbIX MapaMeTpoOB MOJICIH,
COOTBETCTBYIOIIUX IMOCTaBJICHHON LIETH M 3a][a4aM HUCCIICT0BaHUM.

2 OOocHOBaHHME MacHmITabOB MOJCIHUPOBAHUS, TEOMETPUUYECKUX Pa3MEpPOB
3JIEKTPUYECKOTO IPOBOJHUKA MOJIENN U AJIEKTpUUYecKoi cxeMbl Mojenu DI JIA.

3 OO6ocHoBaHME Oe3pa3MepHBIX TapaMeTPOB, OTPAKAIOIIMX 3aryIyOJieHHe
Jy4eBBIX JPEH M WX B3aWMHOTO PACIIOJIOKEHUS, 3HAYCHWNM BapUaHTOB YKa3aHHBIX
0e3pa3MepHBIX MapaMeTPOB M TUAPOIMHAMUYCCKUX IMTAPAMETPOB IUIACTA.

4  V3MepeHuwe  DJIGKTPUYECKHX  MapaMeTpOB  MOJEIM  JUIS  pacuera
TIPOM3BOIUTEIHFHOCTH JTyUEBBIX JIPCH.

5 OueHka MNPOU3BOIUTEILHOCTH BapHUAHTOB PA3MEIICHUSI JYYEBBIX IPEH C

y4€TOM BIMSIHUS IPOMEP3aHUs pyciia peKu Ha MPUOPEKHBIX METKOBOJAHBIX YYaCTKaX.

6 IlpexncraBieHre  pe3yJbTaTOB  MOJICJIMPOBAHUSA,  BBIPAKECHHBIX B
0e3pa3MepHBIX rapaMmeTpax. Ob6ocHOBaHUE METOJIUKH pacuera
MIPOU3BOAUTEIIBHOCTH JIYYEBBIX JIPEH C YYETOM IIPOMEp3aHusd pycila pPEKH B
YCIIOBUSX, AHAJIOTUYHBIX SKCTIEPUMEHTATBHBIM.

JlaGopatopnass paGora Ne 4. HcciaenoBaHue NPOU3BOAUTEILHOCTH
B3aUMOIEHCTBYIOIIMX JIy4eBbIX OAPYCJAOBBIX ApPeH (6 vac.).

1 O6ocHoBanue tuna wmoaenu (moxenb OIJIA, Tuma >IEKTPUUECKOTO
MIPOBOJHMKA — D3JIEKTPOJIMT). XapaKTEpPUCTHKAa H3Y4YaeMbIX I1apaMETPOB MOJEIH,
COOTBETCTBYIOIIMX MMOCTABICHHOW LEIIN U 3aJa4aM UCCIICIOBaHUM.
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2 OOocHOBaHHME MacmITabOB MOJACIUPOBAHUS, TEOMETPUUYECKUX Pa3MEpPOB
AJIEKTPUYECKOTO TPOBOJHUKA MOJICIIU U IEKTpUUecKkor cxembl moaenu DI J1A.

3 OO0ocHOoBaHHMEe Oe3pa3MEpPHBIX IMAPAMETPOB OTPAKAIOINX 3ariTyOJIeHHE
JAY4EeBBIX JPEH M PACCTOSHUS MEXKIy HHUMH, 3HAUCHUH BapUAHTOB YKa3aHHBIX
0e3pa3MepHBIX MapaMeTPOB U THAPOIUHAMUYCCKHUX MTAPaMETPOB TIACTA.

4  HM3mepeHuwe  DIIGKTPUYECKMX  TAapaMETPOB  MOJGIHM  JUIA  pacyeTa
MPOU3BOAUTEIHLHOCTH JIYYEBBIX MOIPYCIOBBIX JIPECH.

5 OrmeHKa MPOU3BOJUTECIILHOCTH  BapUAHTOB  pPa3MEIICHHS  JTyYeBBIX
MOJIPYCJIOBBIX JAPEH C YUCTOM BIIMSHUS 3arJIyOJICHUS IPCH U yTIiIa MEX 1y HUMH.

6 [Ipencrariienue pe3yynbTaToOB MOJCIUPOBAHNUS, BRIPAKECHHBIX B O€3pa3MEpHBIX
napamerpax B rpaduyeckoii ¢dopme. OOOCHOBaHHE METOAMKH TMPOTHO3A
B3aMMOBJIMSIHUSL ~ JIYYEBBIX  TOJPYCJIOBBIX  JIPGH  TIPU  ONPEICIICHUH  HX
MPOU3BOAUTEIBLHOCTH B YCIOBHSX, AaHAJOTHYHBIX YKCIIEPUMEHTAIBHBIM.

7 PacdeT coBMEeCTHOM NMPOU3BOJAUTEIIBHOCTH JIYYEBBIX MOJIPYCIOBBIX IPEH IO
CYIIECTBYIOITUM (pOopMyJIaM U UX CPaBHEHHE C PE3yJIbTaTaMU dKCIIEPUMEHTA.

TpedoBaHus K npeacTaBJIeHNI0O U 0pOPMIICHUIO Pe3yJIbTATOB
CAMOCTOSITEJIbHOM PadoThI

PesynpTaThl camocTOATENbHON pabOThl 00YYAIOUIUXCS IO BBITOJHEHHUIO
1a00paTOPHBIX PabOT W WMHIAUBUIYAIBHBIX MPAKTUYECKUX 3aJlaHUN TEMaTUYECKU
oQOopMIISIIOTCS B BHJI€ OTIEIBHBIX OTYETOB, COIEPKAIIUX KPaTKOE H3JI0KEHHE
TEOPETUYECKUX OCHOB, PACUETHBIX CXEM U YypaBHEHUW, HEOOXOIUMBIX ISt
BBIMOJHEHUsT  3amaHuil. Otuer o  jabopaTopHOW/MpakTHUECKOl  paboTe
odopMIIsieTcsl ¢ y4eToM ycTaHOBIEHHBIX B JIBDY TpeGoBanuii, npeabsBiIsieMbIX K
MUCbMEHHBIM paboTaM 00ydJaroIIuXcsl.

KpuTtepun onieHku BbINOJHEHUS CAMOCTOSATEIbHON padoThI

Pe3ynbTaThl BHIMOTHEHHBIX 00Y4aeMbIMUA WHIMBUIYAIbHBIX 3aJaHUN
(MHIUBHUIYaTbHBIC TTPAKTUYECKUE 3aJIaHUs, JabopaTopHbie PabOThI) OIICHHUBAIOTCS
o ABYXOQJITbHOM cucteme — "3aureHo" win "He 3aureHo". OleHKa MPOCTaBIsAeTCS
[0 pe3yJbTaTaM 3alluThl OTYETa, JJIs MOJIOKUTEIBHONH OLIEHKH HEO0O0XOIUMO
MPOSBUTh 3HAHUS TIO0 KaXKIOMY OJTaly BBINIOJHEHHONW paboTel. Kaxmoe
WHJVMBUAYaJIbHOE 3aJlaHUE SIBIISIETCS. KOHTPOJIBHBIM MEPONPUSITUEM PEUTHHIOBOM
CUCTEMBI OIIEHKH 00y4YaeMbIX 10 JUCHUILIAHE.
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[Ipunoxenue 2

MUHUCTEPCTBO OBPA3OBAHUS U HAYKU POCCUMCKOM ®EJEPALIMNA

dezepanbHOE rOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPESIKACHHE
BBICIIIETO MPO(EeCCHOHATBLHOTO 00pa30BaHHUS

«/lanbHeBOCTOYHBIN (heaepabHbIH YHUBEPCUTET)
(AB®DY)

HNHKEHEPHAS LHLIKOJIA

®OH/] OLIEHOYHBIX CPEJICTB
o JMCIIMIIJINHE

«I'uaposoruyeckne M rUAPOreoJI0rudeckne N3bICKAaHUs KaK OCHOBA
NPOEeKTHPOBAHUS CUCTEM U COOPY:KeHUIl BOJOCHADKEHUS U BOJ0OTBeIe HUD)

Hanpasaenne nmoarorosku 08.04.01 CtpourteibCcTBO MarucTepckas nporpamMmma
«BonocHabxenne u BoJooTBeicHne» DopMa MoAroTOBKH O4YHAs

BaaauBocToK

2019



IHacnopt

(ponxa OLEHOYHBIX CPEACTB

no aucumiuinge «l'maposioruyeckne U ruAporeoIorn4ecKie H3bICKaHus KaK
OCHOBA NPOCKTHPOBAHUA CUCTEM U COOPYKeHHMI BOAOCHAOKEHUA U

BOA0OTBEICHU

Kona u popmyauposka
KOMIIeTEHIIMHU

9Tanbl (l)Ole/IPOBaH]/Iﬂ KOMIICTCHIIUN

OIIK-3 CnocoGHOCTh
CTaBUTH U pemaTb Hay‘-IHO'

TUAPOAUHAMHUYCCKUC ITapaMETpPhbl IOTOKOB
MMOA3CMHBIX BO/; 3aKOHBI q)HHBTpaIII/II/I;

3Haer
TEeXHUYECKHUE 3a/1a41 B KJIMMATHYECKUE U THAPOJIOTUYECKHUE TTAPAMETPEI
00J1aCTH CTPOUTENLCTBA, BOJIOTOKOB U BOJIOEMOB;
CTPOUTEJIEHOM NHAYCTPUHN U pemarh IpaKTHYECKHE 3a1a9d OI[EHKH
AKHJTHIIHO-KOMMYHATHHOTO SKCIUTYaTallMOHHBIX 3aMacoB (IPOU3BOIUTEIBHOCTH
XO35MCTBA Ha OCHOBE BOJ103a00PHBIX COOPY/KEHHIT) IPYHTOBBIX U
3HaHHUS MPOGIeM oTpacn i | YMeer HOJIPYCIOBBIX BOJI; IIPOM3BOIUTD OIIEHKY CTENEHH
OTIBITA UX PCIICHHS BIIUSIHUSL KIIAMATHYECKUX, THAPOJIOTHUECKHUX U
THAPOTE0IOTHIECKUX NTAPAMETPOB;
METOIUKAMH ONPE/IETEHNS PACUETHBIX
Brnaneer | GunbTpanimoHHBIX U THAPOJIOTHUECKIX
1apaMeTpoB;
OIIK-5 Cnioco6HOCTh BECTH TpeOOBaHUs, TIPEABSIBIISIEMbIC K COCTABY H
U OPraHM30BLIBATh 3naer COZEPKAHUIO IPOEKTHO-U3BICKATENLCKUX paboT
NPOEKTHO-U3BICKATENLCKHE VISl CTPOUTEHLCTBA CUMTEM BOIOCHAOKEHMS,
paboTEI B 00IacTH BOJIOOTBEICHUS U TMBHEBON KaHATU3ALNH;
CTPOUTEJIECTBA N 000CHOBBIBATH THII U CXEMBI COOPYKEHUM C yIETOM
KUHIIHO-KOMMYHAJIBHOTO THIPOJIOTUYECKUX, KIMMATHYECKHX U
X034UCTBA, OCYHICCTB/IATD IHIPOTe0I0TUYECKHX YCIOBUH MIOMIAI0K
TEXHUUYECKYIO DKCIIEPTH3Y | YMeeT CTPOHTENBCTRA;
[v3 b
HPOCKTOB 1 aBTOPCKHUN 0(bOPMIISTE OTYETHI O PE3YIBTATAX BBIIOIHEHHBIX
HAJ30P 32 X COOJIIOJEHIEM paGor;
b
OCHOBaMU OIIPEIEIEHHS PACUETHBIX
Brnazeer | rugponoruueckux ¥ rHAPOre0JOrHuecKuX
IapaMeTPOB.
MK-2 CiocobHOCTb 3Haer OCHOBBI TEXHUKO-I)KOHOMHUYECKOTO aHAJIN3a;
NPpOBOAUTH TEXHUKO- OLIEHMBATH BO3JEUCTBHE TUAPOJIOTUYECKUX H
OKOHOMUHCCKIN aHaJIN3 Vmeer THIPOTe0JIOTHYECKHX YCIIOBHI Ha paboTy
TCXHHICCKUX PCIICHHH COOPYKEHHUI BOJIOCHAOKEHHS ¥ BOJIOOTBEIEHHS;
CHCTEM BOJIOCHAOKEHUS U
BOJOOTBEACHUS U
TEXHUYECKHMX PENIEHHUH 110
00eCIICHCHHIO METO/IaMH OLIEHKH BIMSHUS IPUPOIHBIX YCIOBHU
OHEProdQPeKTUBHOCTH HA Braneer | Ha QyHKIMOHHPOBAHHE CHCTEM BOJOCHAOKEHUS U

00BEKTaX KaIUTaJIbHOTO
CTPOUTCIILCTBA

BOJOOTBCIACHUA




I[JISI (bOpMI/IpOBaHI/ISI BBINICYKA3aHHBIX KOMHGTGHHHP'I B paMKax JUCHHUIIJIMHBI

«I'mpponornyeckue u

TUAPOrcOIOTUICCKHUC

HU3BbICKAHMA, Kak OCHOBa

MPOCKTUPOBAHUS CUCTEM U COOPY>KEHHH BOJOCHAOXKEHHS W BOJOOTBEIICHUS»

MIPUMEHSIIOTCS CJIEAYIOIINE METO/bI aKTUBHOTO 00y4YeHUs: TpoOJeMHOe O0yUeHHE,

IIPOEKTUPOBAHKE, KOHCYJIBTUPOBAHUE U PEUTUHTOBBIN METOI.

Kox u popmynuposka
KOMIETEHINH

Oranbl QOpMUPOBAHUS KOMIIETEHLIUU

(ITK-1) cniocob6HOCTH
MMPOBOAWUTE U3BICKAHUSA I10
OIIEHKE COCTOSTHUS
NIPUPOAHBIX U IIPUPOIHO-
TEXHOTCHHBIX O6T)CKTOB,
OTIPEJICIICHUTO UCXOHBIX

TUIPOJMTHAMUYECKHE TTapaMeTphl IOTOKOB
MIOJI3EMHBIX BOJ;

3aKOHBI (UIbTPALIUY;

muddepeHnraibHble YypaBHEHUS
HECTaIMOHAPHON (PUIBTpAIIK TIO3EMHBIX BO/I;

BUJIBI TIOJI3EMHBIX BOJI, X 3aITaChl U PECyPCHI;

TAHHBIX JUTS 3uaet MPUHIIAITBI CXEMaTH3AIUU THAPOTCOIOTHUECKUX
MIPOCKTHPOBAHUS U YCIIOBUI;
pacyeTHOTO 0OOCHOBaHUS U BOIIPOCHI 000CHOBAHHUS PACUCTHBIX YCIIOBUN
MOHHUTOPHHIa O0OBEKTOB, bunbTpanuy;
MATCHTHBIC UCCIICIOBAHMS, OTIBIT PKCILTyaTallui HHOUIBTPAIIMOHHBIX
TOTOBHTH 3aJ[aHUs HA B0/103200pOB;
HPOCKTHPOBAHHC, 000CHOBBIBATH PACYETHBIE CXEMBI (DHIILTPALHH;
000cHOBBEIBaTh Mojelb DI JIA mist
ucciaenoBanus GUIbTPAIMK K BOJ03a00pam
MI0JI3EMHBIX BOJI;
Veer peliaTh MpakTHIeCKNe 3a1a1H (bI/IJ'IbTIZaI_[I/II/I,
CBSI3aHHBIC C IKCIUTYaTallUeH COOPYKSHUH ISt
3a00pa MOI3€MHBIX BOJ] PEUHBIX JIOJIUH;
NPOM3BOJIUTH OIICHKY CTEIICHH BITUSTHHUSI
OTJICNIbHBIX (PAKTOPOB HA MPOU3BOIUTEIHLHOCTh
B0/103200POB MOA3EMHBIX BOJI;
Braneer METOJAMH OTIPEICIICHUS (PHITbTPAIMOHHBIX
apamMeTpoB;

(ITK-4) cioco6HOCTH TpeOOBaHUs, MPEIbSIBISIEMbIE K BEIOOPY TUTIA U
BECTH pa3padoOTKy CXEMBI PACIIOJIOKEHHSI BOJOIIPUEMHBIX AJIEMEHTOB
ACKH3HBIX, TCXHUUECKUX U B0/103200POB TIOJ3EMHBIX BOJI;
pabo4mnx MpOeKTOB 3nact METO/IbI OI[EHKHU IKCIUTYaTallHOHHBIX 3aI1acoB
CIIOHBIX 0OBEKTOB, B TOM MO/I3€MHBIX BOJ, 0COOEHHOCTH MX (POPMUPOBAHMS B
YHCIIe C UCTIOIh30BAaHHEM PEUYHBIX JOTUHAX;
cucTeM METO/Ibl aHAJIOTOBOTO MOJIETHPOBAHUS
aBTOMATU3UPOBAHHOTO buIbTpanuy;

HPOCKTUPOBAHMAL, 000CHOBBIBATH THIT BOJ03a00PHBIX COOPYKEHHIA
Vieer U CXEMY UX pa3MeIeHus;
0(hOPMIISITH OTYETHI O Pe3yJIbTaTax
BBHITIOJTHEHHBIX PadoT;
Bnaneer ocHoBamu Metoaa (DI J1A)
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ANEKTPOTUAPOIUHAMUYECKUX aHATOTHM JJIst
POBECHUS (PUIBTPAIIMOHHBIX UCCIICIOBAHUL;
YUCJICHHBIMHU MCTOJaMH aHAJIUTHYCCKUX
pacueToB HECTAIMOHAPHOH (PuIbTpau K
BO/103200paM MO3EMHBIX BO/I;

MCTOAaMU OIIPECACIICHUA B3aMOBJIMAHUA
B0JI03a00pHBIX COOPYKEHUI;

(ITK-13) croco6HOCTH XapakTep BO3JCHCTBHSI BOJ03a00pOB
BECTH OPIraHH3alMIO, 3naer IO3EMHBIX BOJI HA IPUPOIHEIE BOAHBIE OOBEKTHI;
COBEPIIIEHCTBOBAHUE H METO/IbI aHAJIOTOBOTO MOJIEIUPOBAHHMS
OCBOEHHE HOBBIX (GunbTpaKu K Bog03a00paM MO I3€MHBIX BOJ;
TEXHOJIOTHICCKUX OIIEHUTH COCTABJIAIOLIME BOIHOrO Oananca
IIPOLIECCOB, Ymeer MECTOPOKACHHUS MOA3EMHBIX BOJ PEYHBIX JIOJIUH;
HPOU3BOJICTBEHHOIO
npolecca Ha npeAnpUsSTUH
WM y9acTKe, KOHTPOJIb 3a
coOII0IEHUEM
TEXHOJIOTHIECKON Brazeer METO/IaMH OTIPEEIEHHUs yIepOa peIHOMY
JVCLIATUIAHBL, CTOKY OT JA€HCTBUS BOJ03a00POB MOI3EMHBIX BOJ;
00CITy>)KMBaHUEM
TEXHOJIOIMYECKOI0

000pyI0BaHUS U MAITUH

KonTpons pgoctukeHus 1ened Kypca BKIIOYAET TEKYIIHH KOHTPOJIb
(KOHTPOJIb TIOCEIICHMs] 3aHATHH, KOHTPOJb BBINOTHEHUS WHIWBHUIYaTbHBIX
NPAKTUYECKUX 3aJlaHui, KOHTPOJIb BBITIOJIHEHUS J1a0OpaTOpHBIX paboT) W

IPOMEKYTOYHYIO aTTECTAINIO — DK3aMEH.

MeToauyecKkue peKOMEHIAIUM 110 OLIEHUBAHUIO Pe3yJIbTATOB OCBOEHHUS
AUCUMILTHHBI

Texymasi arrecraumusi CTyAeHTOB. Texymas aTTecTalys CTYACHTOB IO
TUCHUIUINHE «[ MApOJIOruYeckrue U THUAPOTreOJOrHYECKIE M3bICKaHUSI KaK OCHOBA
MIPOCKTUPOBAHMS CUCTEM U COOPYKSHHUI BOJTOCHAOKECHHS U BOJAOOTBEICHUS

» TIPOBOJMUTCS B COOTBETCTBHUHM C JOKAJIbHBIMUA HOPMATUBHBIMU aKTaMH

JIBOY u aBasiercs 00s3aTEIbHOM.

Tekymas arrectanus no AUCUUIUIMHE «[ UIpOIOrHuecKre 1
THUJPOTEOJIOTHYECKUE U3BICKAHUS KaK OCHOBA ITPOCKTUPOBAHUS CUCTEM U
COOPYKEHHH BOJIOCHA0XEHHUS M BOJOOTBEICHUS » ITPOBOJUTCS 10 Pe3ybTaTaM

KOHTPOJIbHBIX MEPOIPUATHIL ¢ (OPMOIT KOHTPOJIA "3aluTa OTYETOB O
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nabopaTopHBIX paboTax" w "3amMTa OTYETOB O BHIMOJHEHWW WHAWBUAYaTbHBIX
3alaHui" 10 OICHUBAHWIO (PAKTUUECKHX PE3yJIbTATOB OOyUEHHUS CTYICHTOB, UTO
OCYIIECTBIISICTCS] BEAYIUM TPETIOIaBaTesieM JUCITUTUTHHEI.

OObeKTaMU OIICHUBAHUS BBICTYIIAIOT:

- CTETICHb YCBOCHUS TEOPETHUCCKUX 3HAHUH;

- YPOBEHb OBJIAJCHUS MPAKTUICCKUMU YMEHUSMH U HaBBIKAMH T10
MOJICITUPOBAHKIO (DUITBTPALIHH;

- pe3yJbTaThl CAMOCTOSTEIILHOW PaOOTHI TIO PEIICHUIO 3a71a4 (UIIBTPAIIUH.

CrereHb YCBOCHUS TCOPETUUYCCKUX 3HAHUN OICGHUBACTCS TIPH 3aIlUTE
OTYETOB O CaMOCTOSITEJIBHBIX MPAKTHYECKUX PaboTax W OTYETOB O JIAOOPATOPHBIX
paboTax.

YpoBeHb OBIQJACHUS TPAKTUYCCKUMU YMCHHSIMH M HaBBIKAMH  I10
MOJICTMPOBAHKMIO (DHIIBTpAIIUU  OIICHUBACTCSA 10 pe3yibrataM O00OCHOBaHHS
cocTaBa  MOJENM  3aJaHHBIM  YCJIOBUSM  (UIBTpALMH, JOCTOBEPHOCTHU
HKCIIEPUMEHTATBHBIX U3MEPEHUHN U TIOJYUYEHHBIX PE3YJIbTaTOB 00pabOTKH JaHHBIX
AKCIIEPUMEHTATBHBIX UCCIIEIOBAHUM.

Pe3ynpTaThl caMOCTOSITENIBHOW pPaOOThI 1O BBIMOJHEHUIO MPAKTUYECKHUX
3aJlaHdii, HANPABJICHHBIX Ha peIIeHHe 3aaad (UIbTPAllMU, OIICHUBAIOTCA IIO0
YMEHHIO 000CHOBATh PACUETHYIO cXeMy (PHIbTparuu, BEIOOPY COOTBETCTBYIOIINUX
€l pacueTHBIX 3aBUCUMOCTEH, YMEHHI0 00OCHOBATh MPaBUILHOCTH MOJYYECHHBIX
PE3YIIBTATOB.

IIpakTHyeckue caMoCTOsITE/IbHbIE PA0OTHI

3amanne 1. OueHka 00E€CTIEUEHHOCTH MCTOYHUKOB (hOPMHPOBAHUS 3aIMacoB
MOJI3EMHBIX BOJI PEYHBIX JOJIUH (2 yac.).

3ananue 2. OlueHKa BIMSHUS CE30HHBIX W3MEHEHHM YCIOBHII B3aMMOCBSI3U
MOM3EMHBIX W  TIOBEPXHOCTHBIX BOA. VI3yueHuwe ombITa IKCIUTyaTalluu
MHOUIBTPAIIMOHHBIX BO103a00poB [IpumMopckoro kpas (4 gac.).

3amanme 3. Pemenue 3amady QuiIbTpallud K = OJAMHOYHBIM U

B3aUMOJICHCTBYIOIIMM CKBAKMHAM, PACIOJ0KEHHBIM Ha MPUOPEKHBIX y4aCTKAX

(4 gac.).
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3ananue 4. IlpuMeHeHre ypaBHEHHI B KOHEYHBIX PAa3HOCTAX JJI PELICHUS
TUAPOre0JIOrHYecKux 3aaau (4 gac.).

3ananue 5. OueHKa MPOU3BOJUTEIBHOCTH JYYEBBIX MOJPYCIOBBIX JpeH (2
gac.).

3ananue 6. OueHka NpOU3BOANUTEIBHOCTH NapAJLIEIbHBIX MOIPYCIOBBIX IPEH
(2 gac.).

DopMOil KOHTPOJSI CaMOCTOSITENIbHOM paboThl 00ydaeMbIX OCYIIECTBIISIETCS
N0 pe3yJlbTaTaM BBIMOJHEHUS WHAMBUAYAIbHBIX NPAKTUYECKUX 3aJaHUM 1O

PCUICHUIO 3a/1a4 q)HHBTpaI_[I/II/I, d TAKXKC 3allIUTC IMMOJYUYCHHBIX PC3YJILTATOB.

JlaGopaTopHbie padboThbI

JlaGoparopnas pabota 1. MccnenoBanue QuibTpanuu Kk OEpPeroBoi ApeHE C
y4eTOM TPOMEpP3aHMsl pyciia PEKH U CE30HHOTO IPOMEp3aHus OEperoBOil 30HBI
dbunsTparuu (4 gac.).

JlaGopatopHas pabota 2. VMccienoBanue BIUSHHS TPOMEP3aHUs pyclia PEeKH
Ha TPUOPEKHBIX MEJTKOBOJAHBIX y4acTKaX MPHU OMpPeIeTICHUU TPOU3BOIUTEILHOCTH
napasieIbHbIX TOAPYCIOBBIX JIpeH (4 yac.).

JlaGopatopnast pa6ota Ne 3. MccrnemoBanue BIMSHUS ITPOMEp3aHUs pyclia
pekdu Ha  TPUOPEKHBIX  MEJIKOBOAHBIX  Yy4YyaCTKaX TMPU  OINPEJCTICHHUH
MPOU3BOAUTEIBHOCTH JIYUYEBBIX MOAPYCIOBBIX JIpeH (4 yac.).

JlaGoparopHas pabota 4. UccnenoBanue MPOU3BOAUTEIILHOCTH
B3aMMOJICHCTBYIOIINX JIYYEBBIX MOJPYCIOBBIX ApeH (6 yac.).

KoHTpoJIb BBINOJHEHUs1 Ja00PATOPHBIX PadoOT BKIIOYAET KOHTPOJb
pEe3yAbTaTOB M3MEPEHHI U PE3YJIbTAaTOB BBINOJHEHUS PYYHOro cuera. B ciyuae
YCTEIIHOTO BBITIOJIHEHHS JTA0OpAaTOPHON pabOThl M MPABWILHOTO BBITIOTHEHUS
PYYHOI'O CYeTa, CTYJEHTHI JIONMYCKAIOTCA K 3allluTe. 3HAHUS CTYJIEHTA MO0 UTOram
3alUTHI JA00PaTOPHOI pabOThI OLIECHUBAIOTCS «3aUTEHO» WM «HE 3aYTEHO.

IIpomexyTouHasi arrecTanmusi CTyAeHTOB. l[IpoMexxyTouHass aTrTecTanus

CTYACHTOB I10 JUCHHUILIINHC «OCHOBBI pacucTta 1 MOACIMPOBAHUA BOI[03360pOB
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MOA3EMHBIX BOJA» MPOBOJUTCS B COOTBETCTBUHU C JIOKAIHHBIMM HOPMATHUBHBIMU

aktamu JIBOVY wu sBuseTcs o0s3aTenbHOM.

DK3aMeH MPOBOJUTCS B YCTHOW (popMe, OLIEHHBAIOTCS OTBETHI Ha BOMPOCHI
AK3aMEHAITMOHHBIX OmsieTOB. OTBETHI OLICHUBAIOTCS IO YEThIPEX OAIBHOU CUCTEME
OIICHOK «OTiau4YHO» (3 Oama), «xopomo» (2 6amia), «yAoBIETBOPUTEIbHO» (1
0an) u «HeyaoBIeTBOpUTENIHLHOY (0 6aIoB).

OOyuaeMblif TOMyCKaeTcs K cllauye dK3aMeHa IO JUCUUIUIMHE MPU YCIOBUU
MOJIOKUTETLHON OIIGHKH BCEX WHIAUWBHUAYAJIbHBIX TMPAKTHUYECKUX 3aJaHUN U
71a60paTOPHBIX PabOT C OLIEHKOM «3a4TEHOY.

IlepeyeHb BONPOCOB K IK3AMEHY
1. YcnoBus 3ajneraHusi MOJA3EMHBIX BOJI, MPUTOAHOCTh WX HWCIOJIB30BAHUS JIJIs

X035IUCTBEHHO-TTUTHEBOTO BOI0CHAOKeHMsI. Vconp30BaHre TTO3EMHBIX BOJT B
[IpumopckoM kpae.

2. Tlonatue 00 3KCIUTyaTallMOHHBIX 3aracax MOA3E€MHBIX BOJI, OLIEHKA
00€ecreuyeHHOCTH UCTOYHUKOB UX (POPMUPOBaHUS.

3. OmBIT 3KCIUTyaTallly MOA3EMHBIX BOJI PEUHBIX JoJWH B [IpuMopckom kpae.

4. VYcnoBuss TpUMEHEHUS W KOHCTPYKTHUBHBIE OCOOEHHOCTH BOJ103a00pOB
ropuzoHTanbHOro  Tuma. (OcoOEHHOCTHM  HCMIOJB30BaHUS  JYYEBBIX U
napaiyIeIbHBIX MOJIPYCIOBBIX APEH.

5. XapaKTepuCTHUKaA YCIOBHUM TMAPABINYECKON CBSA3H MOJ3EMHBIX U
MOBEPXHOCTHBIX BOJ] U UX CE30HHAsI U3BMEHYUBOCTb.

6. Ce3oHHBIC U3MEHEHUS YCIOBUN (DUIBTpAIIUU TIPH pabOTe COOPYKEHUM IS
3a00pa MOJ3eMHBIX BOJI.

7. IloHATHE O MECTOPOXKACHUU MOA3EMHBIX BOJI.

8. IlpwHIUMOBI cxXeMmaTH3alMu TUIPOTCOJOTUYECKUX YCIOBHM. 3amadyu
CXeMaTHU3aluU U UX T0CIIeI0BATEIbHOCTb.

9. [NoHsiTHE O pacUETHOMN CXEME.

10. Cxembl HHOUITBTPAIIUU TTOBEPXHOCTHBIX BOJ. [ paHWUHBIC YCIOBHS

bunpTpanuy MoA3eMHBIX BOJI.
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11.

12.

13.
14.

15.

16.

17.
18.
19.
20.

21.

22.

23.
24,

25.

26.

27.

OcHOBHBIE NPEANOCHUIKY MPU BBIBOJAX AU(PPEepEeHIIUANIbHBIX YPaBHEHUN
JBUKEHUS TOI3EMHBIX BOJ.

BbiBOo ypaBHEHUSI HEPA3pBIBHOCTH MOTOKA.

BreiBog nuddepeHmanbHbIX ypaBHEHUN CTaAlMOHAPHON (QUIBTPALIIH.

BriBog nuddepeHnuanbHbIX YpaBHEHUH HECTalMOHAPHOU yHpyron (uib-
TpaLMH.

BriBog nuddepeHimanbHbIX ypaBHEHUH HeCTalMOHAPHON (DUIIBTpaIiK IPYyH-
TOBBIX BOJI.

Kpatkas xapakrepucTiuka OCHOBHBIX METOJIOB perieHust Aud depeHunaibHbIX
YPaBHEHUM.

IlousTHE O METOJIC CETOK.

BbiBoj1 ypaBHEHHS B KOHEUHBIX PA3HOCTSX.

Pemenue ypaBHeHH B KOHEUHBIX PA3HOCTAX IO SBHOU CXEMeE.

Pemenue ypaBHEHH B KOHEYHBIX PA3HOCTAX METOJIOM IIPOIOHKH I10 HEABHOU
CXEME.

[ToHaTHE O TUAPOIMHAMUYECKOM pacueTe Bojo3adopa.

ITocTaHOBKa 3a/1a4u UCCIIETOBAaHUN.

Onenka BIUSAHUSA BOAOOTOOpa HA PEYHOM CTOK.

Pacuer pacxoja M IbE30METPUYECKOTO HANoOpa CTALMOHAPHBIX IMOTOKOB
HNOJ3€MHBIX BOJ K OJMHOYHBIM M B3aWMOJEWUCTBYIOIIMM BO0/103a00pHBIM
COOPYKEHUSIM, PACIIOJIOKEHHBIM B HEOIPAHWYEHHBIX W IOJIYyOrPaHWYEHHBIX
IUIacTax.

Hcnonp3oBaHue MeTojga HANIOXKEHHs (UIBTPALMOHHBIX MOJEH M MeToja
3epKajJbHBIX OTOOpaKEHUH [UIsl ydeTa B3aMMOBJIHMSIHHS BOJ03a00pOB U
BJIMSIHUSL BHEIIHUX IPaHUL] IUIACTOB.

ITonsTne HanopHOM (QyHKUMH, €€ UCIIOJIb30BaHUE NPU PELICHUH 3a]a4
bunbpTpanuu.

Bunbl MmosienupoBaHus U €ro 3agaud. MeTo 3JeKTpOruapOANHAMUYECKUX

ananoruii (OI'JIA). Mero rupaBindecKux aHaJIOTUH.
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28. XapaktepucTtuka matepuana mojeneid 1’ JJA. OcoOeHHOCTU MOICTUPOBAHUS
CTallMOHAPHOU (PUIBTPAIMU HA DIIEKTPOTUTHIECKUX MOJEIISX.

29. MacmtaObl MOZEIMPOBAHUS, UX OTPEACTICHUE TSI H30TPOIHBIX U
aHU30TPOITHBIX TTACTOB.

30. MonenupoBanre Ha Moaenax OI'JIA rpaHull BOJOHOCHOIO IUIacTa C
COBEPIIEHHON W HECOBEPIIEHHOU TUAPABIMYECKOW CBA3BKD IOA3EMHBIX U
TIOBEPXHOCTHBIX BOJ M HETIPOHUIIAEMBIX TPaHUII.

31. MonenupoBanue 0e3HaOpHON QuiIbTpaluu K OE€pEeroBOMy JIMHEHHOMY
B0/103a00py Ha LIEJIEBOM MUHTErPATOPE.

32. MeToabl OLIEHKH CE30HHBIX M3MEHEHHH ycloBuil nHpmibTpammu. [Iporaos
NPOU3BOIUTEIHFHOCTH HHPMIBTPAIIMOHHBIX BO103a00POB.

33. IIpuTOK K OJUHOYHOW CKBaXKUHE, PACIIOIIOKCHHOHN Y THIIPABINYCCKU
HECOBEPIIICHHOW PEKH, TP OE3HATIOPHBIX YCIOBUAX (PUIbTPAIIHH.

34. Ilputox K B3aUMOJEHCTBYIOIIMM CKBaXXMHAM, pACIOJOXKEHHBIM Y

THJIPaBINYECKM  HECOBEPIIEHHOM peKku, TMpu  Oe3HANOPHBIX  YCJIOBHAX

bunsTpaIuu.
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KpnTeplm BBICTABJICHUA ONCHKHU CTYACHTY HAa IK3aMEHE 110 JHCHUIIJIUHE
«FI/IIIPOJIOI‘I/I‘-ICCKI/IG H TUAPOTCOJIOrHYE€CKHE H3bICKAHHUA KaK OCHOBa
NMPOECKTUPOBAHUA CUCTEM U COOpy)KEHI/Iﬁ BOHOCHaﬁ)KeHI/ISI H BOJOOTBCICHHUA

»:

baner
(peitmuneosot
OYEHKL)

Ouenka
dK3aMeHa
(cmanoapmnas)

TpeboBanus kK chopMUPOBAHHBIM KOMITETCHIIASM
(oyenxy 6 coomeemcmeuy ¢ KOMIEMeHYUAMU,
npuBsa3ams K OUCYUNIUuHe)

3

«OTIIMYHO»

OrneHka «OTJIMYHO» BBICTABIIETCS CTYACHTY, €CIH OH
I1yOOKO M MPOYHO YCBOMJI TPOrpaMMHBIN MaTepua,
HCUEPIIBIBAIOILE, TOCIIEA0BATEIIBHO, YETKO U JIOTHYECKU
CTPOIHO €ro u3jaraer, yMeeT TECHO YBS3bIBAaTh TEOPUIO C
IIPAaKTUKOH, CBOOOHO CIPABIISETCSA C 3a1a4aMU, BOIIPOCaAMHU
U IpYTUMU BUJAMH IPUMEHEHUsI 3HAHUM, TpUYEM He
3aTpyaHSETCS] C OTBETOM NP BUIOM3MEHEHUU 3aJJaHUM,
HCIIOJIb3YET B OTBETE MaTepUa MOHOTpapruecKoi
JUTEpaTyphl, IPABIILHO 00OCHOBBIBAET IPUHSTOE PEIICHHE,
BJIa/I€€T Pa3HOCTOPOHHUMH HAaBBIKaMU U MpUEMaMu
BBINIOJTHEHHS] MPAKTUYECKUX 3a/1a4.

«XOPOTIIOY»

OreHKa «XOpOIlI0) BBICTABISIETCS CTYJCHTY, €CIIU OH
TBEP/O 3HAET MaTepuall, 'PaMOTHO U IO CYIIECTBY U3Jaraer
€ro, He JIOMyCKasi CyIIeCTBEHHBIX HETOYHOCTEH B OTBETE Ha
BOIIPOC, MPaBUJILHO MIPUMEHSET TEOPETHUECKUE MOJI0KEHUS
IIPU PEIICHUU PAKTUYECKUX BOMIPOCOB U 3a/1a4, BIIAJICET
HEO0OXOMMBIMU HAaBbIKAMU M IPUEMaMH UX BBITIOJTHEHHUS.

«YyIOOBJICTBO-
PUTEIILHO»

OreHka «y0BIETBOPUTEIHHOY» BBHICTABIISETCS CTYIEHTY,
€CJIM OH UMEET 3HaHUs TOJbKO OCHOBHOTO MaTepHasa, HO He
YCBOMJI €T0 JIeTale, JOMyCKaeT HETOYHOCTH, HE0CTaTOYHO
paBWIbHbIE POPMYITUPOBKU, HAPYILIEHUS JTOTHUYECKON
MOCIIEZIOBATEIBLHOCTH B U3JI0KEHUH IPOTrPAMMHOTO
MaTepuasa, UCTIBITHIBACT 3aTPYAHEHUS IIPU BBITIOJHEHUN
MPAKTHYECKUX padoT.

«HCYIOBJICTBO-
pHUTCIBbHO»

OI_IeHKa CHCYHOBJICTBOPHUTCIILHO» BbICTABJIACTCA
CTYACHTY, KOTOpHﬁ HE 3HaeT 3HAYNTEIbHOM YacTH
IMpOrpaMMHOIo MaTcpuraja, J011yCKAaCT CYIICCTBCHHBIC
OH_II/I6KI/I, HCYBCPCHHO, C OOJIBIIINMU 3aTPYAHCHUSAMU
BBITIOJIHACT IIPAKTUYCCKUC pa6OTbI. Kak IIpaBUJIO, OLICHKA
CHCYHOBJICTBOPUTCIILHO» CTABUTCA CTYACHTAM, KOTOPLIC HC
MOTYT IIPOAOJIKUTH O6yLICHI/I€ 0e3 JOIIOJIHUTCIIbHBIX
3aHATUH 11O COOTBeTCTBYIOH_[eﬁ JUCIHUIIIINHC.
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MUHUCTEPCTBO OBPA3OBAHUS U HAYKU POCCUMCKOM ®EJEPALIMNA

denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEXKACHHUE BBICIIETO 00pa30BaHUs
«/lanbHeBOCTOUYHBIN (heaepabHbI YHUBEPCUTET
(AB®DY)

HNHKEHEPHAS LLIKOJIA

METOANYECKHUE YKA3ZAHUA
10 JUCHMIINHE
«'uaposoruyeckue M THAPOre0JI0rn4ecKue U3bICKaAaHNs KaK OCHOBA
NPOEKTUPOBAHMSA CHCTEM M COOPY KeHHI BOAOCHAOKEHHUS] M BOI0OTBeIeHHU I
Hanpasisienne noarorosku 08.04.01 CtpouresibcTBO
Maructepckas nporpamMmma «BogocHa0xkeHnre u BOIOOTBEICHUE
dopma NOATrOTOBKH OYHAS
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BBEJIEHUE

B coBpeMeHHOlN Hayke MOJAEIMPOBAHHME KaK METOJI HAyYHOT'O IO3HAHMS
CYILIECTBYIOIIETO MHUpa HAxXOJIUT MPUMEHEHHE B CaMbIX PA3JIUYHBIX 00JIACTSIX
3HaHUM - GU3UKE, XUMUM, OMOJIOTUH, TUIPABIUKE, DHEPTeTUKE, TETUIOTEXHUKE,
TUAPOTEXHUKE W MHOTHX JAPYruX. MoJenupoBaHUE MIUPOKO MPUMEHSETCS U B
TUAPOTEOJIOTHH VISl PEIICHUS MPAKTUYECKUX TTOMCKOBO-Pa3BEIOYHBIX 3a/1a4, TaK U
TeopeTndeckux. Hanbosnee mosHo oHO pa3pabOTaHO MPUMEHHUTENIHHO K Ipolieccam
buapTpaIuy MoA3eMHBIX BOJI.

C1noBo MofeNbh MPOUCXOAUT OT JJATUHCKOTO - Mepa, oopasell, 00pa3, crocood.
C  Hay4YHO-TEXHMYECKHMX  TO3WIMK  MOJCIUPOBAHUE  ONpPEACNsIeTCS  Kak
BOCITPOM3BE/ICHUE Ha CHEIUATBHBIX MOJIETSAX Pa3IMUHBIX MPOILECCOB U SBJICHUM.
[Ipyu MomenupoBaHUM HCCIEAYEMBIH TIPOILECC YacTO 3aMEHSeTCS JAPYruM
IPOIIECCOM, KOTOpPBIA B J1a0OpaTOpHOM OOCTAaHOBKE BOCIPOU3BOIUTCA OoJjiee
IPOCTO W HarIsAAHO. Takas 3aMeHa BO3MOXHA, TaK KaK MHOTHE MPOIECChI
XapaKTEePU3YIOTCS TOXKIE€CTBEHHBIMU MaTeMaTHYEeCKUMH ypaBHEHUSIMH,
OMHUCHIBAIOIIMMHU 3TH MpolieccH [3].

MopenupoBanue 0a3upyeTcs Ha TEOPUH MOI00Ms, TaK KaK OHAa OTBEYaeT Ha
BOIIPOCHI:

KaK clielyeT CTpOUTh MOJEIb, KakKhUM TpeOOBAHUSIM OHM JIOJKHBI
YVAOBJIETBOPSTh, YTOOBI MPOILECCHl, IPOTEKAIONMEe B HEW, OBUTM TOIOOHBI
npoieccam, U3y4aeMbIM B HaTYpeE,

KaKie BCJIMYMHBI CIIEAyeT H3MEpSATh B ONBITaX, Kak 00pabdaThiBaTh HX
pe3yJbTaThI;

KaK ClIeIyeT MePeXOoUTh OT HATYPhI K MOJICJIM U HA0OOPOT;

KakuM 00pa3oM JaHHBIC CAWHUYHOTO OIbITa OOOOIIUTH HA IETBbIM Kiracc
MOJIOOHBIX WJIM aHAJIOTUYHBIX MPOIIECCOB.

MoaenupoBaHue yCIOBHO MOXKHO Pa3lIeIMTh Ha TPHU TPYIIIBI: HaTypHOE,

dbuzryeckoe U MaTeMaTu4eckoe [6].



HarypHoe wmonenupoBaHue: NPOU3BOJCTBEHHBIM  JKCIEPUMEHT WU
HaOJI0JICHHs] TIPOBOJSITCA HAa JPYTUX AHAJIOTHYHBIX OOBEKTaX WIH TEPPUTOPUSX,
MOJTyYEHHBIE PE3YIbTaThl IEPEHECEHBI HA HOBbIE OOBEKThI UJIK TEPPUTOPUH.

dusnueckoe MOACIUPOBAHKE: IKCIIEPUMEHT MPOU3BOAUTCSA HA YCTAaHOBKAX,
COXPAHSIOLIMX B TOM WJIM MHOM CTENEHU (PU3NYECKYIO MPUPOAY SIBICHHUM, HO TpU
JIPYTUX TEOMETPUYECKUX pazMepax o0sacTd (QuibTpallil W 3HAYEHUM CUJI,
00yCJIOBIMBAIOIINX pa3BUTHE (PUIBTPAIIUU.

MaremaTudeckoe MojelupoBaHue: (Quznueckas CyTh HCCIEIYEMOTO
mpoiiecca HE COXpaHseTCs, W €ro M3ydeHue BeNeTCS Ha MOJIENSX, MMEIOIUX
apyryto Qusnueckyto npupoay. OHO OCHOBBIBAa€TCS Ha OJWHAKOBOW (Qopme
ypaBHEHUM, OMUCHIBAIOIIUX PA3JIUYHBIC 10 CBOCH MPUPOE SBICHUS.

[TepBbie paboTHI B 00J1aCTH MOJICTIUPOBAHUS OTHOCATCS K XV B. M CBSI3aHBI C
uMmeHamu Jleonapno aa Bunum u ['amunes. B konue XVII B. WM. Heroron
chopMyIHpoBal yCIOBUS MOA00US TPU MOJICTUPOBAHUU.

[lepBoil MOMBITKON MOJETUPOBAHUS (PUIBTPALMOHHBIX MPOLECCOB CUUTAIOT
onbITel A. Jlapcu, mpoBeaeHHble B 1886 T. HCHOJIB30BABIIETO 3alOJIHEHHYIO
neckoMm Tpyoky. @. dopxreiimep B 1689 r. nmpuMeHms QuIbTpallMOHHBIA JTIOTOK
IPU UCCIEA0BAHUU MTPUTOKA IMOJ3EMHBIX BOJI K APEHAM U CKBaKHMHAM.

B 1881 r. I'. Xene lloy 1071011 pe3yJbTaTbl CBOMX OMBITOB Ha CIUIOLIHOM
TUAPABIMYECKON MOJEIHM, Ha3BaHHOW IeJIeBBIM JIOTKOM. B 1928 r. ona Obuia
ucnonbs3oBaHa E.A. 3aMapuHbIM [IJ11 U3yUYE€HUS] JBUKECHHS MOA3EMHBIX BOJ. DTOT
METOJ| MOJIYYWJI Ha3BaHUE BSI3KOCTHOW aHAJOTUHU MEXIY TEUCHHEM KUIAKOCTU B
Y3KO#l IIeNN U B MOopax rpyHTa. Teopus U TeXHUKA MOAECIUPOBAHUS Ha IIEJIEBOM
noTke paspadoransl B.M. ApaBunbiM B 1938 T.

MaremaTnueckoe (aHAJIOrOBOE) MOJEIMPOBAHUE MPU  HUCCIETOBAHUU
(GuIBTPAIIMOHHBIX MPOIECCOB Hadajoch mocie paszpadbotrku H.H. IlaBrnoBckum B
1920r. Teopuu u Metoaa 3neKkTporuapoguHamMmudeckux ananoruit (OI'Z1A). Mexny
dunpTpanued B MOPUCTON Cpeie U JABUKEHUEM DJIEKTPUUECKOTO TOKAa B MOJEIAX,

M3TOTOBJIEHHBIX U3 3JIEKTPONPOBOIHBIX MaTepuanoB (Oymara, 3JIeKTPOIUT U T.I1.).



[TonpoOHbIN aHATUTUYECKHI 0030p OTEUECTBEHHOI'O U 3apy0E€kKHOTO ONbITa
NPUMEHEHUS MOJIEITUPOBAHUA B TEOpUU (PUIbTPAUMU U3JIO0KEH B pAle
oboOmarommmx pador [2 - 5, 10].

Hacrosast pabota 1o cyiecTBy cocTOUT U3 AByX yactei. [lepBas (rnaBsl 1
- 3) BKIIIOYAET ONMHCAHME OOIIMX BOMPOCOB THUIPOJMHAMUKH U METOIAMKHU
MojaenupoBaHusi, BrTopas (. 4 - 7) COOEPXKUT MPUMEPHl PEIICHUS
TUIPOTEOIOTMYECKUX 3a7a4 METOJaMU MOJICTMPOBAHUS, H3JI0XKEHHBIX B BHUJE
7a00paTOpPHBIX paldOT, Kaxkaas M3 KOTOPBIX COJEPKUT JABEHAAaTh BAPUAHTOB

HNCXOAHBIX JaHHBIX.



1. OBHIUE BOITPOCHI TNAPOI'EOAUHAMUKH

1.1. 'mapoauHamMuyeckue 0COOCHHOCTH MOTOKOB MOA3€MHBIX BOJ

JIns1 XapakTepUCTUKU MOTOKOB MOA3EMHBIX BOJ UCIOJIB3YETCS CIEAYIOIINE
TUAPOJNHAMUYECKHE ITAPAMETPbl: MOIIHOCTD, IIIUPUHA, IbE30METPUUECKUI HAIIOP,
HAllOpHBIM TPaguEHT WIM TUAPABIMYECKUN YKIIOH, HAIIPABICHUE JIBU)KCHUS
MOTOKA, CKOPOCTh (PUIIbTPALIUU U PACXO.

MonHOCTP TOTOKa  NOA3EMHBIX  BOJA  ONPENENAETCS  MOIIHOCTBIO
BOJOHACBIILIEHHBIX TOPHBIX MOPOJ B IPEAENAaX KaXKI0ro BOJOHOCHOIO TOPU30HTA.
B 6e3HanopHbIX MOTOKaX TPYHTOBBIX BOJ MOLTHOCTh NoToKa (h) - 3TO paccrosiue
OT YPOBHsSI CBOOOJHOW MOBEPXHOCTH BOJABI 0 MOJCTUJIAIONIETO Bojoyrnopa. B
HANOPHBIX MOTOKAaX MOA3EMHBIX BOJ| MOIIHOCTbh MOTOKa (M) - 3TO pacCTOsSHUE
MEX1y BEPXHUM M HIKHUM CIA0O0MPOHUIIAEMBIMH CIIOSIMH (BOAOYIIOPAMU).

upuna noroka (B) xapakTepusyercst pasmepamu KUBOTO CEYEHUS MTOTOKA
B IJIAaHE WJIU B pa3pese.

[Ipe30MeTprYeCcKHit Harop TUTSL MIOTOKOB MOA3EMHBIX BOJ,
XapaKTepU3yIOIMUXCsd OOBIYHO MaJbIMH 3HAYCHHUSIMU CKOPOCTH (UIBTPALINH,
ompenensiercss B COOTBETCTBUM € YypaBHeHWeM [I. bepHymnu craeayrommm

BBIpaKCHHUEM [2]:

H =h +Z (1.1)

P
H= _’Y+ZI/IJ'II/I 2 n 102

rae P - ruapocratuueckoe AaBiI€HUE B UCCIENYEMON TOYKE MOTOKA (T. Ai(), puC.
1.1) y = pg - oObEMHAsE Macca BOJBI, p - IUIOTHOCTh BOJABI;, g - YCKOpPEHHE
CBOOOJHOTO TajaeHus; Z - BBICOTHOE IOJOKEHHWE BOJOYIOpa HAaJl IJIOCKOCTHIO
CpPaBHEHHSI.

Hamopueiii rpagueHT, wiu ruapaBiuueckuii  ykioH (J), oOycioBieH
VKJIIOHOM  3epKajia  (IOBEPXHOCTH)  TPYHTOBBIX  BOJ WM  YKJIOHOM
MbE30METPUYECKON  TOBEPXHOCTH  (BOOOpaskaemasl TUIOCKOCTh)  HAMOPHBIX

IIOA3CMHBIX BOJI.

_H; —Hy

J (1.2)
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Puc. 1.1. CxeMbl puibTpalimOHHBIX TOTOKOB

a — OC3HAIMOPHBIN MOTOK; O — HATOPHBIN MOTOK; 1 — BOJIOHETIPOHUIIAEMBIC TTOPOIbI;
2 — BOJIOHEMIPOHHUIIAEMbIE TTOPOJIbl; 3 — YPOBEHb IPYHTOBBIX BOJI; 4 —
IEE30METPUYECKUI YPOBEHD; 5 — TOUKA U3MEPEHUS Mbe30METPUUYECKOTO YPOBHS; 6 —
IUIOCKOCTh CPaBHEHUS.

a) a)

Puc. 1.2. IlpocTtpancTBeHHasi CTpYKTypa MOTOKA a — IJIaH MOTOKa; 0, B — pa3pes
OE3HAMOPHOI0 U HAMIOPHOTO MOTOKOB; 1 — CKBaXUHBI; 2 — JIMHUM TOKA; 3 — ype3 PeKH.
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Hampapienue nBUXEHUS TOTOKAa BBIPAXKACTCS TPACKTOPUEH JIBUKEHUS
OTJIEJIbHBIX YACTHUIl KUJKOCTH, HANPaBJICHHBIX B CTOPOHY HAMMEHBIIETO HAIopa,
ompenenseMoro Mo TpeM ToukaM (ckBaxuHam). [lomHasi xapakTepucTuka
HaIpaBJICHUs] JBUKCHUS MOTOKA MOKET OBITh MOJyYeHa MO THAPOIUHAMHYECKOU
CETKE MOTOKa.

Ckopocts ¢unsTpanuu (V) - OTHOLIEHHE pacxoja MOTOKAa W IUIOIIAIUA €ro
KUBOT'O CCUCHUSI.

Pacxoq moToka TOA3EMHBIX BOJ ONpeAessIeTCs Kak O00BEM  BOIHI,
npolIeaed 4yepe3 paccMaTpUBAEMYyI0 IUIONIA[b >KUBOTO CEUYEHUS B EIUHUILY
BpeMeHu. Paznmuuaror oO0mmui  pacxox mnotoka (Q) W yAeNBHBIM  pacxo,
MPUXOJISAIIUNCS HA €IUHUILY IITUPUHBI TOTOKA ().

CtpykTypy MOTOKa Ha IJJaHaX W pa3pe3ax IOKa3bIBAIOT C IOMOIIBIO
TUAPOIMHAMUYECKON CETKH, MPEJICTABISAIONICH COO0M COBOKYMHOCTH B3aUMHO
NEPIEeHIUKYISPHBIX JUHUN TOKAa WU JIMHUWA paBHBIX HANOPOB, HA3bIBAEMBIX B
0e3HaMOPHBIX TOTOKAX TUAPOU3OTUIICAMH, @ B HAMTOPHBIX MTbE30M30TUTICAMU, PEXKE
n3onbsezamu (puc. 1.2). [lo snemeHTam sUeiKy TUAPOIUHAMUYECKON CETKA MOMKHO
OTIPEJICIUTh PACX0]] OTOKA HA YYaCTKE:

Q=0 -V (1.3)

El cp cp
r7e ®cp - CpeaHss IIIOMAAb )KUBOTO CEUYEHHUSI IOTOKA B STYEHKE; Vep - CPEIHSSA
CKOPOCTb MTOTOKA B STYCHKE.

JIJist HamoOpHBIX yCIOBUHM (GUIBTPAINH 0 TIIaHy MOoToKa (puc. 1.2, a) npu

MOCTOSIHHBIX MOITHOCTH U KOod(hpurueHTe GUIbTpaluy Ha YIaCTKE TOTyYUM

o =B+B .m: V.:K‘]”-J- —H -H, L4
¢ 2 o I ’ (1.4)
2 1(2)

rae K - koo dunment bunbTpanus, M/CyT.
[Tpu 6e3nanopHbIX ycnoBusx punprparuu (puc. 1.2, 6) oTimuune

3aKIII0YAaCTCA TOJIBKO B OIIPCACICHUU CpeHHeﬁ IIomaaun )XMBOro CCYCHHUA 11O0TOKaA,



TaKk Kak B ATOM ClIy4ae€ paccMaTpuBaeTrcsd NpOQUIbHBIM MOTOK €IUHUYHOU

IIUPUHBI (MOILITHOCTH)
B+B

" | 9
Wep = 2 . I (15)
I'uapoauHaMUUEcKas CETKa OTpaXkaeT Xapakrep aedopMalMy I0TOKa B

npocTtpancTBe. Camoil oO1ieil SABISIETCS MPOCTPaHCTBEHHAs (hopMa MOTOKA, KOTrja
TUAPOJAMHAMMYECKAasT CETKa M3MEHSETCS 10 BCEM TPEM MPOCTPAHCTBEHHBIM
koopauHaTam. Ha puc 1.2 TpexMepHasi CTpyKTypa MOTOKa OTHOCHUTCA K 00J1acTH,
npujieratonieii K CKBaXXMHAM TMpU  OE3HANOPHBIX YCIOBUAX (PUIbTpaIuu.
JIByXMepHbI€ MOTOKU MPUHATO HA3bIBaTh MUIOCKUMU. Pa3nuyaroT miIockue mOTOKH
B TUIaHe (IJIaHOBBIC) U pa3pes3e (MpodUuIbHbIE).

[Ipumep mIaHOBOrO MOTOKA - 3TO paHee OTMEYEHHas NPUCKBaKEHHAas
00J1aCTh, HO TOJBKO MPHU HAMOPHBIX yCIOBUIX puibTpanuu (puc. 1.2 a, B). B aTom
clly4ae JMHUHU TOKAa B pa3pe3e MapajulesibHbl JPYr JPYTy, TaKk Kak TPaeKTOpHUs
JIBUKEHUS YaCTHUIl )KUJIKOCTU TI0 BBICOTE HE M3MeHseTcs. VI3MeHeHus orMeuaroTcs
TOJIKO B TOPHU3OHTAJIILHOM IUIOCKOCTH, T.€. TOJBKO B JABYX KOOpJIMHATAaX.
[IpounbHBIMU  SIBISIIOTCS HAMOPHBIM W O€3HANOPHBIM TOTOKM K CpPEIHUM
CKBOKMHAM B MOJPYCJIOBOM 30HE MOTOKA, IJIe HA IJIaHE JTUHUU TOKa MapajuiebHbI
IpyT IPYTY, a B pa3pe3e UMEIOT ABYXMEPHBIA XapaKTep U3MEHEHUSI.

Camas mpocTtas CTpyKTypa IMOTOKa - OJJHOMEpHasi, IPU KOTOPOM JTUHUH TOKa
napajuIeNbHbI APYT APYTY B IUIaHE U paspese. JJis ycinoBuid, MpUBECHHBIX HA PUC.
1.2 (a, B) B paiioHe BO/103a00pa OHA OTMEUYAETCSI B TOM CJIydae, KOTra BMECTO
CKBOXUH  TPOKJIANbIBaeTCs  (UIBTpAIlIOHHAs  TpaHIIes,  Mpope3arorias
BOJIOHOCHBI TOPU30HT JJO BOJOYIIOpA.

[To xapakTepy U3MEHEHHS pacxo/ia MOTOKA BO BPEMEHH PEXuUM (DUIbTpaIiuu
MOXET OBbITh CTAallMOHAPHBIM (YCTAaHOBUBILIKMCS) W HECTAI[MOHApHBIM. Pexum
bunbTpanuu 3aBUCUT OT TIOCTOSHCTBA YCIIOBUW MHTAaHWS W BHUJAA WCTOYHUKOB
nutanus. llutaHue BOJOHOCHBIX TOPU30HTOB MOXET MPOUCXOAUTH 3a CYET
CpabOTKM TPAaBUTAIMOHHBIX €MKOCTHBIX M YIPYIHX 3amacoB MOA3EMHBIX BOJ,

MHQWIbTPALIMU U3 OBEPXHOCTHBIX BOJOEMOB U BOJOTOKOB U MH(DUIBTpAIIUU



aTMOC(EpHBIX OCAJKOB, a TAKXKE 3a CUET pacxoja MOJA3EMHBIX BOJ, MOCTYMAIOIIUX
CO CMEXHBIX YYaCTKOB M CMEXKHBIX BOJOHOCHBIX ropu3oHTOB. Hambomnee udacto
BCTPEUAIOIIMICS PEeXUM (PUIBTPAIIUU - HECTAIIMOHAPHBIN, OJHAKO 3HAYUTEIhHAS
YacTh MPAKTUYECKUX 3a/lad MOXKET OBITh CBEICHAa K PEXUMY CTallMOHAPHOMU
bunpTpalii ¢ YCIOBHO HEU3MEHHBIMHU YCIIOBHSMU TUTAHHUS M SKCIUTyaTaluu
MOJ3EMHBIX BOJI.

[To xapakTepy HW3MEHEHHUS CKOPOCTU (QUIbTpAIMU BIOJb JIUHUN TOKa
pa3nuyaroT pPaBHOMEPHOE M HEpaBHOMEpHOE JABWKeHue. [lpu paBHOMEpHOM
JBIDKCHUH CKOPOCTh IOJ3EMHBIX BOJ B JIFOOOM TMOMEPEYHOM CEUYCHUHU IOTOKA
SIBIIAETCS] BEJIMYMHOU TTOCTOSITHHOM.

OcHOBHOM 3akoH (uUIbTpalMK OBLT  IKCIEPUMEHTAIBHO YCTAHOBJICH
dpaniysckuMm ruapasiukomM A. lapcu (1803-1858), B cOOTBETCTBUHM ¢ KOTOPHIM
oOIIMIf pacxo/1 HATIOPHOTO MOTOKA paBeH

- K.-o-H-H —K.@
Q=K o K-oJ (1.6)

1-2

yIEIbHBIA pacxon -

= . ..H_H: . . — .
g=K-m-1 Km-Jumq=T-J (1.7)

1-2

rae T=K-m - mpoBoauMocTh T1acTa, M2/CyT.

VY aenbHbIN pacxoa 0€3HANMOPHOTO MOTOKA HAa TOPU3OHTAIHLHOM BOJIOYIOPE

onpenensercs o ¢popmyse ppanmysckoro ruapasiuka JK. [romron, moaydeHHOR B

1857 r.,

2 ®

1-2

(1.8)

rae hi (2 - TmyOuHa MOTOKAa TPYHTOBBIX BOJ; (I-2) - PACCTOSHHE MEXKTY TOYKAMU, B
KOTOPBIX W3BECTHA TJIyOMHa TPYHTOBOTO MOTOKa; hep. = 0,5(h1th2) — cpemuss
rIIyOWHA MOTOKA Ha ydacTke 1-2.

[Tpu ucnonp3oBanuu (opmynsl apcu u iomton GuiIbTpallMOHHBIE CBOMCTBA
BOJIOBMEIIAOIINX TOPHBIX MTOPOJI MPEIOIATal0TCS U30TPOITHBIMHA (O TMHAKOBBIMHU

[0 BCEM HampaBJCHUsAM), JUIsl AaHU30TPONMHBIX (UIBTPALIMOHHBIX  CBOICTB



HEOOXOMMO HCMOJb30BaTh COOTBETCTBYIOIIME pacyéTHble (OPMYNbl  HIU
MO/IEJIMPOBAHHUE.

B HekoTOphIX choydasxX NOpd  pelIeHMH  (DUIBTPALlMOHHBIX  3ajJad
UCIOJIb3YIOTCS (pusibTpanimoHHble conpotuBieHud. 1o ananoruu ¢ 3akonom Oma
CUMTAETCA, YTO PACXOJ] OTOKA MOA3EMHBIX BOJI MPSMO IPOMOPLHUOHAIECH
nevctByromemy — Hamopy — (AH=Hi-H2) wu  oOpatrHo  mpomopiuoHalieH
(UIBTPAlMOHHOMY CONPOTHUBICHUIO. B cOOTBETCTBUM € 3TUM (UIBTPALIMOHHOE
CONPOTHUBIICHHUE OIPEACIIAETCA CAEAYIOIIUM BhIPAXKEHUEM

©=4H WM ® :K =2 (1.9
q -m

Ecin no JJINHC (I)HHLTpaHHOHHBIﬁ IIOTOK MOJKET OBITh pasacicH Ha
HCCKOJIBKO VY4YaCTKOB, HMCHOIIUX PA3JIMYHBIC 3HAYCHUSA K u m, TO O6IIIC€
Q)HHBTpaIII/IOHHOC COIIPOTHUBJICHUC OIIPCACIIACTCA KaK CyMMa q)HHBTpaIII/IOHHBIX
COHpOTI/IBHeHI/Iﬁ OTACJIBHBIX YYaCTKOB

O=p+D +..+D (1.10)
1 i

2

[loTokr TOA3EMHBIX BOJ HMEIOT €CTECTBEHHbIE WM HCKYCCTBEHHbBIE
rpaHuipl. B 1uiaHe pa3nuyaroT BHEIIHUE W BHYTPEHHUE TpaHUILbl, KOTOpHIE, B
CBOIO Ouepellb, JeNATCS Ha IMpoHUIlaeMble U HempoHulaemele (q=0). B xauecTtBe
HEMPOHUITAEMON T'paHUIIBI B pa3pe3e MOXKET ObITh MOACTHIIAONIANA BOJIOHOCHBIN
TOPU30HT CJOW cNab0 TPEUMHOBATHIX CKAJIBHBIX TOPOA WJIM TIUHUCTHIX
OTJIOKEHHH (BOJOYIIOP), B TJIaHE OOPT TOJMHBI UIIH MOJOOHBIN MAaCCUB TITMHUCTHIX
U CKaJbHBIX NTOPOJ (Tpanuisl 1 u 5 Ha puc. 1.3 a).

[IpoHunaeMbIMi TPAaHULIAMU SIBIISIIOTCA BOJOTOKM M BOAOEMBI, a TaKKe
IPAHUIBI CO CMEKHBIMU BOJOHOCHBIMHU TOPU30HTAMHU M TPaHULIBI PACIION0XKEHUS
BOJ103a00PHBIX COOpYKeHUM (TpaHulibl 2-4). [1o ycnoBUsIM MUTaHUS 3TU TPAHUILBI
MOTYT XapaKTepU30BaThbCsl MOCTOSIHHBIM HamopoMm H=const (B oOmem ciyuae
Harmop MOXKET 3aJaBaThCs NMEPEMEHHBIM BO BPEMEHH), MOCTOSHHBIM PacX0JI0M

g=const WM pacxoaoM nepeMeHHbIM Bo Bpemenu q=f(t) (cm. puc. 1.3 a).



G.=f(t)

e ée

4| qg.=const

| &7 &0ai &+&i i 0 &7 8afo T éafio - 8363
/ g=const
H=const (g=0)
17867 40aie+aiidé T 8370 - 77 &7 fia 1 8370 - 647 & T 8370 - 8234047 O
Ieano Hiz=const Hie=const
Hi@=const
H=const

B

g=const (g=0)
/3

g:@=const (qi»=0)
7

B

Hi=const

B

ge=const (g-=0)

%
g-=const (g-=0)

*

gu=const (qi»=0)

Hi=const

g2=const (q2=0)

Puc.1.3. CxeMbl rpaHUYHBIX YCIOBUI

a — paspes, 0 - Tuian
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Ilo ¢opMe BHEMIHUX TpaHUIL] B IUIAHE BBIJEISAIOT BOJAOHOCHBIE TOPU30HTHI
HEOIpaHUYCHHBIE, B BUAE KPYyrad, IOJYOTPAHUYECHHBIE C OJHOW MNPAMOJIMHEHHOU
IpaHULIEH, C ABYMs MapajuiebHBIMU TpaHuUaMu (TUIacT - MOJIOCa) U C JBYMS
nepeceKarolMuCs rpaHullaMu (TUIacT - yroji, miact - kBaapant) (puc. 1.3 0).
BHyTpeHHMMHU TpaHMLIaMHM IUIacTa SBIAIOTCS BOA03a00pbI MOA3EMHBIX BOJ,
€CTECTBEHHBIE U UCKYCCTBEHHbIE BOJOTOKH U BOJOEMBI.

Jist cxembl Ha puc. 1.3 (a) BHemHue O0KoBbIe rpaHullbl — | U 4, BHyTpeHHUE
— 2 u 3. CHU3Y 3TOT BOJIOHOCHBIM TOPU30HT OIPaHUYEH BOJOYNOPOM (TpaHuua 5),
CBEpXY — IMMOBEPXHOCTHIO TPYHTOBOI'O MOTOKA.

Takum o6pa3om, Ha rpaHuile 001acTH (GUIABTPALMHU AOHKHBI OBITh 3a/1aHbI
HAamop, pacxoJ WM JIMHEWHas CBA3b MexJay HuMmu. Kpome Toro, 3amarorcs
HavaJIbHbIE YCJIOBUS AJI1 HECTAllMOHAPHOW (PUIbTpalK B BUJE HAYAJIBHOTO TOJIS

HanopoB (YpOBHEHN) B IKCIUTYaTHUPYEMOM BOJJOHOCHOM TOPU30HTE.

1.2. [IpyHOMNIBI CXeMATU3AUNH THAPOre0JOrH4eCKMX yCJIA0BHH

[Ipu pemieHun pa3HOOOPA3HBIX BOIPOCOB, CBSI3AHHBIX C YCTPOWCTBOM
WHXXEHEPHBIX COOPYXKEHUM B 30HE (PUIBTPAIMOHHBIX IIOTOKOB, pEaJIbHBIC
IIPUPOIHBIE YCIOBUS (DOPMUPOBAHHUS MOI3EMHBIX BOJ OOBIYHO CXEMATH3UPYIOTCS.
JIrobas cXeMaTHu3aIus 3aKJIF0YaeTCs B YIPOICHUU pealbHBIX
THAPOTEOJIOTHICCKUX YCIOBUU M TPEJCTaBICHUEM MX B BHJE (HOPMaTU30BAHHBIX
cxeM. OCHOBHOM MPUHIIUN CXEMATHU3AIMHU - OT CJI0XKHOIO K MPOCTOMY.

[IpyHUMNIHATBEHBIM ~ BOIIPOCOM  CXEMATH3AlMH  SABJSETCA  OINPEJICIICHUE
JTOMyCTUMOM cTeneHu ynpoienus [1]. [Ipu aTom npupoiHas ruporeosiornyeckas
MOJIeIb, OCHOBaHHAasT Ha  pe3yJbTaTaX ITOMCKOBO-PAa3BEJIOYHBIX  paldoT,
nmpeobpasyeTcss B TCOPUIBTPAIIMOHHYIO, B KOTOPOM peajbHas NPHUPOIHAS
THAPOreoJIOTHYecKasl ~ oOcTaHOBKa  (opMamu3yercss ¢ BBIICIICHHEM U
KOJMYSCTBCHHON  XapaKTepUCTUKONM  OCHOBHBIX  (DaKTOpPOB  (BOJOHOCHBIX
TOPU30HTOB, CJIA0OMPOHMIIAEMBIX IIJIACTOB M MX T'PaHUIl, UCTOYHUKOB IHUTAHUS,
pacmpeneneHyss mnapaMeTpoB H  T.A.), MOJICKAIIUX YYE€Ty TNpPH PEIICHUH

KOHKPETHBIX TCXHUYCCKHUX 3a/1a4.
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I'eounbrpanimonHas Mozenbp mpeoOpasyercs 3areM B pacdyETHbIE
MaTeMaTU4YeCKUe MOJCNH, YYUTHIBABIIME PEXUM (QUIbTpPAIMU B Pa3IMYHBIX
miacTax, HeOOXOJAUMOCTh pa3/IeJICHUs] OJHOIO0 U TOTO K€ IIacTa Ha HECKOJIBKO
pacy€THBIX CJIOEB, IUIAHOBYIO Pa30MBKY Ha OAHOPOJHBIE 00JIacTU (PUIbTpALUU U
T.J.

Ecnu Her BO3MOXHOCTH COCTaBUTh TIe€O(PUIBTPALUOHHYIO MOJENb, TO
BMECTO THJIPOJMHAMUYECKUX METOJOB MCCIIEIOBAaHUS, OCHOBAHHBIX Ha pPEUICHUU
muddepeHManbHbIX  YpaBHEHUN  (QUIbTpalldd  TMOA3EMHBIX BOJ, JIOJDKHBI
UCIIOJIb30BaThCS THAPABINYECKUE UM METOJ] THIPOTe€0IOrMYeCKIX aHaaoros [1].

Jna  mepexoma OT  TOPUPOAHOM  THUAPOTEOJOTMYECKOM  MOJEIM K
reouIbTpallMOHHOW M pacu€THOM HEOOXOIMMO Ha OCHOBAaHWU HMeEIOIIeCs
uH(OpMaIMKM YCTAaHOBUTD U MPEABAPUTEIHHO OLICHUTh UCTOYHUKH (DOPMUPOBAHUS
MO/JI3E€MHBIX BOJI U 3aKOHOMEPHOCTH W3MEHEHHS (PUILTPAIMOHHBIX U €MKOCTHBIX
CBOICTB BOJIOBMEIAIOIINX U CIIA00MPOHUIIAEMBIX OTJIOkKEeHUH. be3 cobmonenus
ATUX YCJIOBUM HCIOJIB30BAHUE THUIPOAMHAMUYECKHUX METOJOB, PEAIU3YyEMBIX B
BUJIC AHAJIMTUYECKUX PACUETOB WJIM METOJIOM MAaTEMaTUYECKOTO MOJEIIUP OBaHUSA,
MOJKET MPUBECTU K OMIMOOYHBIM PE3yJIbTaTaM.

Taxkum oOpazom, mpu O0OOCHOBAaHMHM TE€O(PUIBTPAIIMOHHOW MOJEIH B HEH
YUHUTBIBAIOTCSI M CXEMaTU3UPYIOTCS AJIEMEHTHI T€0JOT0-TUAPOre0JIOrHYECKUX
yCIIOBUM, €CTECTBEHHBIX U aHTPOIOTCHHBIX (PAKTOPOB (OPMUPOBAHUS TIOI3EMHBIX
Box [1].

['eonoro-rugporeooruyecknii  pa3pe3  paccMarpuBaeMod — oOyactu
bunbTpaniuu TMPEACTABISIETCS B BUJE OJHOIUIACTOBOM, ABYXIUIACTOBOW WU
MHOTOIIJIACTOBOM CHCTEMBI BOJIOHOCHBIX TOPU30HTOB, Pa3/IeIEHHBIX MEXKIY COOO0M
c1a0O0MpOHUIIaeMbIMH TIJIaCTaMU. B KauecTBe cIa0OMpOHUIIAEMBIX TPUHUMAIOTCS
MJ1aCThl HEOOJIBIIION MOIITHOCTH ¢ OOJBIIMMH BEPTUKATBLHBIMU (DUIBTPAITMOHHBIMA
CONPOTHUBICHUAMU. PazneneHue BOJOHOCHOTO TOPU30HTA HA OT/AEIBHBIE CIIOU
CUMTAETCSl 1EeJIecO00pa3HbIM, €Clid UX KOIDPUIUMEHTH (PUIbTpaluu OTIMYAIOTCS

6osiee yem B 100 pas [2].
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[lonst ¢GuUABTPALIMOHHBIX W  E€MKOCTHBIX [apaMeTpPOB  BOJIOHOCHBIX
TOPU3OHTOB CXEMAaTU3UPYIOTCS MO IUIOMIAAM B TMpeaenax paccMaTpuBaeMoin
obnactu QuUIbTpAIMU MyTEM MPUBEACHUS KaXJAOTO PEaTbHOTrO HEOIHOPOIHOTO
MJ1aCTa, BBIJECJIEHHOTO paHEe Ha MPUPOJHON TUIPOTECOJOTHUYECKON MOJEIu, K
KYCOYHO-OJTHOPOJTHOMY WJIH YCJIOBHO-OJIHOPOJHOMY, YTO 3aBUCUT OT THIIA
HEOJHOPOJHOCTH (3aKOHOMEPHOW HWJIM XaOoTHUeCKOM). XaOoTHYECKON CUHMTAeTCs
HEOJHOPOJHOCTh, €CIIU €€ pealbHbIC AJIEMEHTh HE MPEBBIIIAIOT JIECSITOM YacTH
npeayiaraeMoi 00JacTH BIMSHUSL BOJI03a00pa, MPU 3TOM BOJOHOCHBIM TOPU3OHT
paccMaTpuBaeTCsl KaKk OJAHOPOJHBbIA. BOJOHOCHBIH TOPU3OHT B AHAIMTHYECKUX
pacueTax MOXET OBbITh MNPUHAT KaK KYCOYHO-OJHOPOJHBIM TOJIBKO B Cllydae
BO3MOXKHOCTHU TIPEJICTABIICHUS TPAaHMIIBI pasjesia IByX oOjactedd B gopme kpyra
WJIM HEOTPAHUUYEHHOM MPSAMOU JIMHUK (KPYTOBOM U MOTYOTPAHUYCHHBIHN TIIACTHI).

[Tonst GUIBTPAIMOHHBIX W EMKOCTHBIX IapaMETPOB CIA0ONPOHUIIAEMBIX
IUIACTOB CXEMAaTU3UPYIOTCS MO TEM JKE€ MPHHIMIAM, 4YTO U BOJIOHOCHBIE
ropu3oHTH. B muane cimaGomnpoHUIIaeMble CIOM MOTYT HPUHMMAThCS JIMOO Kak
OJTHOPOJHBIE, TUOO KaK KyCOYHO-OAHOPOAHbIE. DUIBTPAIIMOHHOE CONPOTUBIICHUE
IIPpU CBEJCHUHM HECKOJIbKUX PEabHBIX CIa0O0MPOHUIIAEMBIX TJIACTOB K OJHOMY Ha
reouIbTPallMOHHOW  MOJENHU  OMpeNessieTcsl Kak CymMMa  BEPTHKAIbHBIX
(GUIBTPAIIMOHHBIX COMPOTUBICHUN PEAbHBIX CTA0OTPOHUIIAEMBIX TJIACTOB.

['eomerpuueckue odepranus oOIACTH (DUIBTpAIIUU TPU MOICIUPOBAHUU
MOTYT COOTBETCTBOBaTh pEAJIbHBIM OUYEPTAHUAM, a I[PU HUCIOIb30BAHUU
AQHAJTUTHICCKUX PEIICHUI MPUBOIUTCS K OJHOM M3 THUIIOBBIX cxeM (cM. puc.1.3 0),
Ha KOTOPBIX OOKOBBIE TPAHUIIBI B TUIAHE UMEIOT JIMHEHHYIO WM KPYTOBYIO (popmy.
[Ipu 5TOM cumMTaeTcss HEOOXOJUMBIM BKIIIOUATh B PACUYECTHYIO (DHIBTPAIIMOHHYIO
CXEeMY TPaHUIBI B COOTBETCTBHMU C BO3MOKHBIM PagWyCOM BIHUSHHUSA BOJ03a00pa
[1, 11]:

R~ (3,0..45)+/a-t (1.11)
kK -m

raea="[[ - [IbC30IPOBOJHOCTH (YPOBHCIPOBOAHOCTB) IIIACTA; T - pacHeTHBII
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CpoK paboThI BOA03a00pa; L - BOAOOTaua; €CIU BIUSHUE BOA03a00pa 1Mo
BHEIIHUX TPaHMUII IJIACTa HE PACIIPOCTPAHSIETCS OH CUNTACTCS HEOTPAaHHUCHHBIM.

HavanpHble 1 TpaHUYHBIC YCIOBHS Ha BHYTPCHHUX M BHEITHUX IPAHHIIAX
o0nacTu GUIBTPAIIUH XapaKTepU3YIOT HaualbHbIC BEJIMYUHBI HAIlOPOB (YPOBHEIH)
U pacxoJIoB M MX M3MCHCHHE BO BPEMCHH. B KauecTBe HamopHOW (PYHKIMH MpH
MOJICTTUPOBAaHUHM MOJKET 3a/aBaTbCcsi aOCONIOTHOE 3HAYCHUE Hamopa WU
JNCUCTBYIOIINI Hamop (MOHWXKEHUE), TPH 3TOM YCJIOBHS TPHUHUMAIOTCS IS
OTIpE/IETICHHOTO Tiepruoia (3UMHSISL WIN JICTHAS MeXeHb U T.1.). CEe30HHBIMU H
MHOTOJIETHIMH KOJICOaHUSMH YPOBHEH B pacdyeTax 4acTo MpeHeOperaor.

CTpyKTypa MOTOKa yUYUTHIBACTCS MPH BBIOOpE GOPMBI MOETH (TIIIAHOBAS,
npoduiabHas).

CxeMbl BOJ103a00OPHBIX COOPY)KEHUI TP aHATUTUIECKUX pacueTax
HPUBOISITCS OOBIYHO K OJIMHOYHBIM BOJ103200paM MU YIOPSIOYSHHBIM CHCTEMaM
B BHJIE JIMHEHHOTO psifa (psii OAMHOYHBIX BOJA03a00pOB M3 CKBAYKUH M IAXTHBIX
KOJIO/IIIEB, TOPU30HTAIBHBIC APEHBI), K TUIOMIATHON U KOJIBIIEBON CHCTEMaM.

[lpu 0OOCHOBaHHMM pPACYETHON CXEMbI HEOOXOIMMO TMPOU3BOIUTH OIICHKY
CIICNIAaHHBIX yTpoIieHuid. Hanpumep, eciu B pacueTHO# cxeme claboNnpoHHIIAeMbIe
MOPO/Ibl Ha TPAHUIIAX ITACTA, B KOTOPBIX MPOTEKAIOT MPOIECChl QHIbTPAIINH,
NPUHUMAIOTCS KaK aOCOJIOTHBIC BOJOYIIOPHI, HE YYUTHIBACTCS HWHQIBTPALIHS
aTMOC(hEpHBIX OCaTKOB WM JAPYyrde HE3HAYUTCIbHbIC WCTOYHHKH TUTAHHS
BOJIOHOCHOTO TOPH30HTA NPHU HATWYUU APYTHMX HUCTOYHHKOB, TO TMPHU PEIICHUU
3a/lay, CBS3aHHBIX C OKCIUTyaTalued B0J03a00pOB TMOA3EMHBIX BOJA, OTH
JIOTIYIICHHUSI HE BBI3OBYT YMEHBIICHHUS HAIEKHOCTH PE3yJbTaTOB, TaK Kak B
pEaNbHBIX YCIOBUAX BOJ03a00p OyneT MmojydyaTh NMUTaHWE 3a CUYET HEYUTECHHBIX
MCTOYHUKOB. Takue yMpoIIeHUs AOMYCTHUMBI, €CIIHM 3arac HaJEKHOCTH PacueToB,
MOJIYYCHHBIA B pe3ynbTaTe 3TOoro He Oyaer upe3mepHbiM. OJHAKO TIPH PEIICHUU
BOIIPOCOB OCYIICHUS WY MOATOIJICHUSI TEPPUTOPHI TIOJOOHBIE TOMYIEHUS OyIyT
BIUSATHh HE HAa YBEIWYCHUE HANEKHOCTH PACUETOB, & Ha YMECHBIICHHE TaK Kak

BHOCHUMBbIE MOTPEIIHOCTH OYAyT YXyALIaTh pa0OTY MHAKEHEPHBIX COOPYKEHUI.
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