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1. He.]]l/l " 3aJa49YM1 0CBOCHUS JUCIHUIIJIMHBI

Ileab: ycBOGHHE 3aKOHOB JBMXKCHMS JKUIKOCTM M ra3a B IIOPUCTBIX CpPElax, a TaKkKe
IIPUMEHEHHNE ITHX 3aKOHOB K 337a4aM MH)KCHEPHOU IIPAKTHUKHU.

3agauM JUCUMIUIMHBI: M3YyYUThb OCHOBHBIE 3aKOHBI JABW)KECHHS IKHJAKOCTH, Ta3a H
ra30’KUJKOCTHBIX CMeCe B IOPHUCTBIX CpelaXx M BBIABUTh OTJIMYUTENIbHBIE OCOOEHHOCTU
(GUIBTpau B CPABHEHUH C ABMKEHHEM KHJIKOCTU U ra3a 1o Tpyoam.

2. Mecto mucuuniuHbl B cTpykrype OIIOII BO

JluciumimHa OTHOCUTCS K TUCHUIUTHHAM 00s3aTebHON YacTh, POPMUPYEMON yIYaCTHHKAMU
obpazoBarenbHbIx oTHOIEeHUH. Koa nucuummmael b1.B.09.

Heo6xoauMbIMu yCTIOBUSMH 1711 OCBOCHHS TUCLIUIUIUHBI SIBIISTFOTCS:

3HaHUE:

- OCHOBHBIX TIOJIO)KCHHMH W HampaBlICHUH pa3BUTUS OTEYECTBEHHOW M 3apyOexHOMH
HCCJICIOBATEIBCKOM JIeITCIILHOCTH,

yMEHHUE:!

- BOCIPUHHMMATh, 0000IIaTh W aHAJIM3UPOBATh HWHOOPMAIMIO 110 HAIMPaBICHUIO
HCCIICIOBAHNIA;

BJaJICHUE:

- METOJIaMU W CpeJIcTBaMU cOOpa, aHAJM3a W MPUMEHEHUs WH(POPMAIMH 10 HAIMPABJICHUIO
HUCCIIENOBAHUMN.

Conepxkanne nucuuiuiiabl [lom3emHass TuapomMexaHuka HEQPTSIHOTO IUIacTa  SIBJSIETCS
JIOTUYECKUM TIPOJIOJDKEHUEM CoJepKaHusl AUCHHUITHH OCHOBBI HE(PTEra3onpoMBICIIOBOTO Jiena,
I'uppaBnuka u HedTera3opas rupomMexannka, @u3nkKa rmiacra.

3. Pe3yabTaThl 00y4yeHHUs 110 AUCHUILIMHE
[Ipouecc n3yueHus: AUCHUILTUHBI HANIPaBlieH Ha (OPMHUPOBAHUE CIEAYIOLIUX KOMITETECHITHI:

Tabauna 3.1
Kon u HaumeHnoBanue
Kon n naumenoBanue MHIMKATOpa Koz u HanmeHoBaHMe pe3yabTaTa 00ydeHUs
KOMITETCHITHT JIOCTHOKCHHUS 0 TUCHUIUIUHE (MOIYITIO)
xomnetreHmu (MIAK)
[TKC-4 CniocoGHOCTH 3uath (31): comepkaHre TEXHOTOTHUECKUX
OCYILIECTBIIATH ONIEPAaTUBHOE MPOIIECCOB B 0OJIACTH TUAPOMEXAHUKH
[TIKC-4.1 Bsi6op
COIIPOBOXICHHE HeTSHOTO I1acTa
TE€XHOJIOTMYECKHUX
TEXHOJIOTHYECKUX Ymets (Y1):0cyiecTBisiTh BHIOOP

MPOIIECCOB B 00JIaCTH
MIPOIIECCOB B COOTBETCTBHH TEXHOJIOTHYECKHUX TPOIIECCOB
HedTerazoBoro nena

Cc BBIOpaHHOM cepoil TUIPOMEXaHUKU HEPTSHOTO IJIacTa

AJId OpraHu3alinuun

npodeccnoHanbHOMN Bnanets (B1): HaBbIkamMu opranu3zaniuu
paboThI KOJIEKTUBA

ACATCIIBHOCTHU pa6OTBI KOJIJICKTHBA 110 BBI6paHHBIM

HCIIOJIHUTENEN

TEXHOJIOTHYECKHUM IpoIieccam

THAPOMEXaHUKU HEPTSHOTO IIacTa
I[TKC-6 CriocobHOCTB [NIKC-6.2 Aramusupyet | 3HaTh (31): mpaBuiia TEXHUYECKOM
TIPUMEHSITH ITPOIIECCHBIN MpaBWJIa TEXHHYECKOW | OKCIUTyaTallul TEXHOJIOTMYECKUX 00BEKTOB
MTOJIXOJT B IPAKTHUIECKOM IKCITTyaTaIruu He(]Tera3oBoro KOMIUIEKCA U METOJIOB
NeSITeIbHOCTH, COUeTaTh TEXHOJIOTHYECKHIX YIPABJICHHUS PEKUMAMH X PaOOTHI
TEOPHIO U TIPAKTHUKY B 00BEKTOB Ymets (Y1): BepHO BBIOHpATH
COOTBETCTBHUU C BHIOPAHHOW | HEPTETra30BOTO TEXHOJIOTHYECKHUE PEKUMBI paOOThI CKBAKUH

cdepoii mpodeccuoHaTbHON | KOMIUIEKCA M METOJIOB | U 000pYJI0BaHUS
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ACATCILHOCTH YUpAaBJICHUA POXUMAMH | Braners (B1): HaBbIKaMu paGOTHI CO

HX paboThI cpencTBaMu 06paboTKK HHPOPMALUH

4. O0beM TUCHHUILIHHBI
OO0uuii 00beM JUCLHMIIINHBI COCTABIAET 4 3aUeTHRIX enUHHUIEI, 144 Jacos.

Tabmuna 4.1.
AynuTopHbIe 3aHATHS / KOHTAKTHAS
paborta, yac.
Dobra Kypc/ Jlabop Camocrositens ®opma
p ceMect [TpakTi4 | atopH Hasi pabora, IPOMEKYTOUHO
o0y4YeHHS KOHTPO o
p Jlexuuu | eckue bIC . yac. i arTecTanuu
3aHATUS | 3aHSITH
s
oYHas 3/6 34 34 - 27 49 HK3aMEH
OYHO-
a7 18 18 - 36 72 9K3aMeH
3a09HAs

5. CTpyKTypa U coaep:kaHue TUCHUTLTUHBI
5.1. CtpykTypa AUCIUTIINHBL.
ouHasi popma o0yueHus (OPQO) / ouno-3a04Has popma o0yuenust (03PO)
Tabmuma 5.1.1

CTtpyKTypa JUCIUIUINHBI AyHHTOijIZICe SAITHA,
Ne H . Bcero OrneHOUHBIE
o/ 0 CPC, uac. i Koxg MJIK H
Mep Jla yac. cpencrea
I pasn HaumenoBanue pa3nena JL IIp. 6
ena
YcraHoBuBieecs
u _ TectupoBanu
1 1 ,I[BI/I)KBHI/ICUOZ[HOPO,I[HOI/I 412 412 ) 6/8 14/12 TIKC-4.1 e. pemere
CKUMAEMOM KHUIKOCTH 1 TIKC-6.2 saxau
rasa
Y craHoBUBIIASICSE 4/2 4/2 6/8 [IKC-4.1 | Tecruposamm
2 2 ¢bunbTpanus 14/12 e, pelerue
9 IIKC-6.2 sazau
ra3upOBAHHOMN JKHJIKOCTH
Y cTaHOBUBIIUHCS 4/2 4/2 6/8
(bUIBTPaMOHHBIN MOTOK, MKC-4.1 TecTnpoBann
3 3 B KOTOPOM OJ[Ha 14/12 e, pelienue
TIKC-6.2
JKUJIKOCTh BBITECHSIET 3anaq
JIPYTyIo
HeyCTaHOBI/IBHIa)ICSIV 4/2 4/2 6/8 [IKC-4.1 | Tecrupoparmn
4 4 GuIbTpanus ynpyroi 14/12 e, pelrenye
TIKC-6.2
JKUJIKOCTH 3ajad
5 5 Heycranosusiuasics 412 412 6/10 14/14 TKC-4.1 T:CT:II]’J(;‘:;”
¢mIpTparys rasa ITKC-6.2 ’ iaﬂaq
JIBrXeHHE TPAHUITBI 4/2 4/2 6/10
6 g | pasnena asyx KUIKOCTEH 14/14 TKC-4.1 T:“?]E’JZ‘:;I;“
C Y4€TOM HEMOIHOTHI [IKC-6.2 ’ I;a;[aq
BBITECHEHHS
JIBMKEeHHUE KUIKOCTH U 4/2 4/2 6/10
7 7 | rasaBTpemMHOBATHIX K 14/14 IKC-4.1 T:CTZIE’;‘;I;“
TPELUHOBATO-TIOPUCTBIX [IKC-6.2 ’ pwlaq
cpeax
6/4 6/4 7/10 - Tectuposanu
8 8 QuibTpanus 19/18 IIKC-4.1 ¢, pellicHHe
HEHBIOTOHOBCKHUX TIKC-6.2 sanaq




JKHIKOCTEH

TlosicuurensH

KprOBaﬂ pa60Ta 14/18 asl 3amucka u
3amuTa
5 DK3aMeH - - - 13/18 TECT
HWroro: 34/18 34/18 49/72 144/144

5.2. Coneprkanue AUCUUTUIUHBI.

5.2.1. Coneprxkanue pa3ienaoB AUCIHUIUIMHBI (TUIAKTUYECKUE €TUHULIBI).

Paznen 1. YcranoBuBIIeeCs IBHKEHHe OTHOPOXHOM C;KMMAaeMoi JKMAKOCTH U rasa.

YcraHoBUBIIEECS JIBUKEHHE OJHOPOAHOM CKMMAEMOM MKUJIKOCTH W rasa Imo 3akony Jlapcwu.
Huddepennnansuple ypaBHEHNUs YCTAHOBUBIIEHCS (UIBTPALIUU CKUMAEMOM >KUIKOCTH U ras3a Io
3akony [lapcu. ®ynkmus JI.C. JleiiGen3ona. Y craHOBUBIIAsICS (HIBTPALIUS CKUMAeMOH (YIpyroil)
JKUJKOCTH U HjeanpHOro rasa. CpelHeB3BELIEHHOE JaBieHue. DPuiabTpalus peaJbHOro rasa.
DopMHUpOBaHHE NHTemekTyalbHO-1TI03HaBATEIb-HbIX YMEHUI 1o CTUMYJINPOBAHUIO
MIO3HABATEJIbHOW aKTUBHOCTH M PACHIMPEHUIO KPyro3opa.

Pazgen 2. YcranoBuBIIAsics: pUIbTPaLMA ra3UPOBAHHOMN KMIKOCTH.

YcranoBuBmIasics (QUIbTpalys Ta3upPOBAHHOM KHUIKOCTU. PacTBOpUMOCTH Tra3a B HE(TH.
HacpleHHOCTh TTOPOBOTO MPOCTpAaHCTBA KHUIKOH (hazoil. das3oBas NMPOHUIIAEMOCTH TOPUCTOU
cpensl. ['a30BbIii daktop. OnpeneneHue pacrnpeaeneHus JaBjIeHHs B IIIACTE U JeOUTa KUIKOCTH U
ra3a B yCJIOBMSIX NPUTOKA K Tajepen K coBepiieHHOU ckBaxuHe. Oynknus C.A. XpuctuaHoBuya u
ee onpenenenus no merogam b.b. Jlanyka, 1. A. Yapnoro u I'.b. [IsixaueBa.

Pazgen 3. YcranoBuBmmiics (GUIbTPALMOHHBIA NOTOK, B KOTOPOM OJHA KUAKOCTb BbITECHSIET

Apyryio.
VY cTaHOBUBIINIICSA q)HHBTpaHHOHHBIﬁ IMOTOK, B KOTOPOM OJHA KUAKOCTH BBITCCHACT APYI'YHO

(mopirHeBOE BBITECHEHHE). YCJIOBHS Ha TpaHHUIlE paszaena AByX xkuakocted. CKOpocTb
IepeMeIIeHUsT TpaHullbl pasnena. [lmocko—mapainenbHOe U IUIOCKO—PAaJHAIbHOE BBITECHEHHUE
HepTu BOJNOW. Bpems mnosnHOro BbITeCHEHHs He(TH BOMON. AHANM3 SBICHUS MOJIHATHUS
MOJIOLIBEHHOM BOIbI (KOHYCO0Opa3oBaHue).

Paznen 4. HeycranoBuBiasicst puiibTpauus ynpyroi sKMIKOCTH.

HeycranoBuBmiascs QuiabTpanus ynpyrod >KHUAKOCTH. YTNPYrMid pexuM IUlacTa M ero
xapaktepHble ocobeHHocTu. [loacuer ympyroro 3anaca >kuakKocTH B Iuiacte. duddepenunanbHoe
ypaBHEHHE YIPYroro pexxuma puiabTpanuu. TouHble pelIeHns: YpaBHEHUS MbEe30IPOBOJHOCTH JUIS
IIPUTOKA K rajlepee U TOUEYHOMY CTOKY B HEOIPAHMYEHHOM IuIacTe. [IOHATHS O TOUYHBIX PEIICHUSIX
JUIs OTPaHMYEHHOTO IUIacTa KpPyroBodM M mojocooOpasHoi (opmel. [IpubnuxeHHble METObI
pelieHus: HeCTallMOHAPHON (PHIIbTpalluK YIPYrol >KUAKOCTH. MeToj MociieoBaTeIbHON CMEHBI
cranoHapHbIx cocrtossHuil. Meton A.M. Ilupsepnasna. Meron O.b. Yekamoka. Cynepno3unus B
3a/1a4ax yrnpyroro pexxuma.

Paznen S. HeycranoBuBIIasicst (puiIbTpanms rasa.

HeycranoBuBmasics ¢uibTpanus rasa. uddepennunansroe ypaBHenue JI.C. JleitbeH3oHa
HecTanoHapHo QuubTpanuu rta3a. JluHeapuzamus auddepennmansaoro ypasuenus JI.C.
JleiibeH30Ha W €ro OCHOBHOE pelleHue. MeToJ] MOoCIeI0BaTeNbHOM CMEHBI CTallMOHAPHBIX
COCTOSIHM JJIs ra3a.

Paznen 6. [IBu:keHne rpaHuIibI pa3aena IBYyX KHMIKOCTell ¢ y4eToOM HeMOJIHOTHI BHITECHEHMS.

JIBrKeHHE TpaHMIIbI pa3fena ABYyX KUIKOCTEH C YyY4ETOM HEMOJHOTHI BBITECHEHUA. OCHOBHBIE
XapaKTepUCTUKN MHOrodazHoi ¢punbTpanuu. OTHOCHTENbHASA (a30Basg MPOHULIAEMOCTb. CKOPOCTh
bunbTpanuu  oTAeNbHBIX ¢a3. JuddepeHunanbHble ypaBHEHHs MHOrodasHol (uiIbTpanuu:
YPaBHEHHUs HEPA3PbIBHOCTH, YPABHEHMs JBUKECHMSI, YPABHEHUS COCTOSIHUS JKUIAKOCTEH. (OCHOBBI
TEOpUH BbITeCHEHUsI HePTH Bonoi. [lomHas cuctema nuddepeHnnanbHbIX ypaBHEHUH 1)1 MIIOCKO-
NapajuleJIbHOTO TEUYEHWs] B TOpU3OHTalNbHOM Iutacte. Teopuss baxnes-JleBeperra. Ckauok
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HaceimeHHOCTH. KoopmuHata (poHTa HachmeHHOCTH. OnpeneieHre BOJIOHACHIIICHHOCTH Ha
(GpOHTE BHITECHEHHS U CPEHEH BOJOHACHIIIIEHHOCTH B 00JaCTH ABYX(a3HOTO TeUEHUS MO TpaPuKy
¢byaknuu  JleBeperra. OmpeneneHue BpeMeHH O€3BOJHOTO TEpPUOJA TMPH  HEMOPIIHEBOM
BbITecHeHUU HedTH Bomoil. OnpenencHue kodhduimenTa HeTeoTIauu B CiIydasx 0e3 CBA3aHHOM
BO/JIbI ¥ CO CBA3aHHOW BOJIOM.

Paznesn 7. /IBH:KeHHE )KUTKOCTH M ra3a B TPEIMHOBATHIX M TPELUIMHOBATO-MOPUCTBIX CPeIaXx.

JIBIDKEHHE KUIKOCTH W Ta3a B TPCHIMHOBATHIX M TPCIIMHOBATO-TIOPUCTBIX cpefax. OcoOeHHOCTH
(GuIBTpalMKM B TPEIIMHOBATHIX M TPELIMHOBATO-TIOPUCTBIX cpeiax. BuiBoa muddepeHIranbHbIX ypaBHEHHI
JIBIDKCHUST JKUIKOCTH M Ta3a B TPCIIMHOBATBIX W TPEIMHOBATO-MOPUCTBIX Cpeaax. YCTaHOBHUBILASCS
OfIHOMEpHast (PHITBTPALHS )KUIKOCTH M ra3a B TPEIIMHOBATOM M TPEIIHHOBATO-IOPHCTOM ILIACTE.

Paznen 8. ®uibTpanus HEHbIOTOHOBCKHX SKHIKOCTEIA.

OunpTpayisi HEHBIOTOHOBCKUX KHAKOCTEH. Peornormdeckwe Monenyn (QUIbTPYIONMXCA IKHIKOCTEH U
HeNMHEelHbIe 3aKOHbI  (uabTpanuu. OgHOMEpHbIC 3amaund  (HIBTPAIMH  BS3KO-TUTACTHYHON  KHIKOCTH.
30HATBHOCTH PACIPOCTPAHEHHSI MHOTOJIETHE-MEp3ITbIX Topo B 3anma ol Cubupr. OCOOEHHOCTH POTANBAHUS
1 npomep3anusg MMIL.

5.2.2. CopeprkaHue TUCIUIUIMHBY/MOYIIA IO BUJaM y4eOHBIX 3aHSITHH.

JleKIMOHHEBIE 3aHATHA
Tabmuma 5.2.1

Homep OO0neMm,
Ne Jac. Tema nekuun
03®0
VYcraHoBHBIIEECS — JIBHKEHHME ~ OJHOPOJHOM  CIKMMAeMOU
KUAKOCTU M ra3a mo 3akoHy J[apcu. Juddepenunanbabie
YpaBHCHUS  YCTAHOBUBIICHCS  (UIBTpAlMd  COKMMAEMOM
JKUAKOCTHU U ra3a no 3akoHy apcu. @ynkuus JI.C. Jleitben3oHa.
1 1 4/ VYcraHoBuBmIasgca — QuiapTpauus — cxumaemMod  (ympyroi)
KUAKOCTH M HAeaIbHOro rasa. CpeqHEB3BEIIEHHOE NaBJICHHUE.
OunbTpanus pearbHOro rasa. dopMHUpOBaHHE
NHTemiekTyanbHO-1103HaBaTEIb-HbIX YMEHUHI o
CTUMYJINPOBAaHHIO NIO3HABATEIBbHON aKTMBHOCTH M PACHIMPEHUIO
Kpyrosopa.

VYcraHoBuBIIasgca — GUIbTpalusi Ta3UpPOBAHHOM  JKUIKOCTH.
PactBopuMocts raza B HedTu. HacbleHHOCT, TOPOBOTO
mpocTpaHcTBa KUAKOW  (daszoit. DazoBas MPOHUIIAEMOCTh
2 5 4/2 MIOPUCTON cpensl. I"a30BbIi1 dbaxTop. Onpenenenne
pacnpeziesieHus: JaBJlIeHUs B IUIacTe U 1eOUTa )KUJIKOCTH U Ta3a B
YCIIOBHUSX IIPUTOKA K Tajeped K COBEPLICHHON CKBa)XKUHE.
Oynkuusa C.A. XpUcTHaHOBHAYA U €€ ONMPENEIICHUS 10 METOIaM
b.b. Jlanyka, I.A. Yapnoro u I'.b. [Ipixauesa.

VYcraHoBuBIIMiicS (GUIBTPAIIMOHHBIN MOTOK, B KOTOPOM OJIHA
KHUJIKOCTb BBITECHSIET Jpyryio (TOpPLIHEBOE BBITECHEHHE).
VYcinoBusi Ha TpaHMIle pasnena IByX sKujakocted. CKopocTh
3 3 4/2 nepeMenieHusl rpaHulbl pasgena. [lnocko-napamiensHoe U
IUIOCKO—paJialibHOE BBITECHEHHE He(pTH BOAOH. Bpems
MIOJTHOTO BBITECHEHUS HE(TH BOAOH. AHANU3 SIBICHUS MOHATHS
MOIONITBEHHON BOJIBI (KOHYCOOOpa3oBaHue).

HeycranoBuBmasicss GpuiabTpaiust yupyrou >kuKoctu. YHIpyrui

4 4 4/2
pEeKUM IJacTa M ero xapakrepHele ocoOeHHocTH. Iloncuer
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yOpyroro 3amaca XHUAKOCTH B 1wuiacte. JuddepenmumanpHoe
ypaBHEHHE YIpPYroro pexuma (unbTpanuu. TOUHBIE peHmIeHUsS
YpaBHEHHUS MbE3ONPOBOJHOCTU [UIsl TPUTOKA K rauepee U
TOYEUHOMY CTOKY B HeOorpaHuueHHOM tuiacte. lloHsTuss o
TOYHBIX PEHICHUAX IS OrPAaHMYEHHOIO IIlacTa KpyroBol u
nosiocoodpasznoit  hopmel. [TpuOIMKEHHBIE METOIBI PEIICHUS
HECTallMOHAPHOW (QUIBTPAIMK YIPYrod KUAKOCTH. MeTon
MOCJIEA0BATEIbHOM CMEHBI CTAllMOHAPHBIX COCTOSHUN. Merton
AM. IMupsepngana. Meron O.b. Uekamoka. Cyneprno3unus B
3a/layax ynpyroro pexxuma.

4/2

HeycranoBuBmasics ¢unptpauus raza. Juddepennuanbuoe
ypaBuenune JI.C. JleiibeH30oHa HeCTallMOHAPHON (QHUIBTPALIUH
raza. Jluneapmzamus muddepennuanbaoro ypaBaenus JI.C.
JleitlbeH3oHa U €ro  OCHOBHOE  pEILEHHUE. Meron
MOCJIC0BATEIbHON CMEHBI CTAIIMOHAPHBIX COCTOSIHUMN 15 rasa.

4/2

JIBikeHWe TpaHMIBl pasfena JABYX JKHAKOCTEH C Yy4eToM
HEMOJHOTHl  BBITECHEHMUS. OCHOBHBIE ~ XapaKTEPUCTHKH
MHOTroga3Hoi ¢bunbTpanuu. OTtHocuTenbHas ¢dazoBas
npoHunaeMoctb. CKOpocTh  (QUIbTpalMM  OTAEIbHBIX  (as.
Huddepennmansapie ypaBHeHUsT MHOro(da3HOH GuIbTpanuu:
YPaBHEHMsI HEpPa3pbIBHOCTH, YPABHEHUS JBMKEHUS, YpaBHEHUS
COCTOSIHUSL KHUAKOCTeH. OCHOBBI TEOPUH BBITECHEHUs HEPTH
Bostoi. Ilonnasg cucrema nuddepeHIManbHbIX YpaBHEHUH JUIs
IUIOCKO-TIAPAJJICIFHOTO TEYEHUS B TOPHU30HTAJIHHOM IUIACTE.
Teopus baknes-JleBeperra. Cxkavok HACBIEHHOCTH.
Koopaunara ¢dpoHTa HACBIIIIEHHOCTH. Ornpenenenue
BOJIOHACBIIIEHHOCTH Ha (POHTE BBITECHEHUs M CpeaHel
BOJIOHACBHIIIEHHOCTH B 00JacTh JBYX()a3HOTO TEYEHUsS II0
rpapuky Qynkuumum JleBeperra. OmnpeznencHue  BpeMEHH
0€3BOJIHOTO IEpHo/a TNPH HETMOPITHEBOM BBITECHEHHH He(TH
BosloM. Ompenenenue kodpduureHta HepTeoTnaun B CiIydasx
0e3 CBA3aHHOM BOALI ¥ CO CBSI3aHHOM BOJIOH.

4/2

JIBrKEeHME KUAKOCTU U ra3a B TPEIIMHOBATBIX U TPELIMHOBATO-
NOpUCTHIX cpenax. OcoOOEHHOCTH (PUIBTPALMK B TPEIIMHOBATHIX
U TPEIIMHOBATO-NIOPUCTHIX cpenax. BeiBoa quddepeHraabHbIX
YpaBHEHUU [IBW)KEHUS XUAKOCTH M Ta3a B TPEIIMHOBATBHIX U
TPEINHOBATO-IIOPUCTBIX Cpelax. Y CTAHOBUBILASCSA OJHOMEpHas
¢unbTpanus  KUAKOCTM W Traza B TPEIIMHOBAaTOM H
TPEIMHOBATO-IOPUCTOM ILIACTE.

6/4

@unbTpanysi HEHBIOTOHOBCKHUX JKMJIKOCTEH. Peonormdeckue
MoJeNnu (UIBTPYIOIIMXCS JKUIKOCTEH U HEeTMHEWHbIE 3aKOHbI
¢unpTpauu.  OpHOMepHble 3anadu  (QUIBTPALMU  BSI3KO-
IUIACTUYHOW  JKUAKOCTU.  30HAJIBHOCTh  PAacIpOCTPaHEHMS
MHOTOJIETHE-MEp3NbIX  mopox B 3amagHoit — Cubupm.
OcobenHoctu npotanBanus u npomep3anust MMII.

Hroro:

34/18




IIpakTHyeckue 3aHATUSA

Tabmuma 5.2.2

No Howmep Otmen,

1/ pasznena (;I;)i) ; Tema nmpakTU4YeCKOro 3aHSITHS

M | JMCLMIVIHHBL | oo

1 1 42 I'pannns! npumenuMocTH 3akoHa [lapcu. HenmHelHbIE 3aKOHBI
buapTpan

5 5 42 YcTaHOBUBIIAACSH PUIBTPAIIUS HEC)KMMAEMOM JKUKOCTH 110
3akony Jlapcu

412 Y CTaHOBUBIIUIICS TPUTOK JKUAKOCTU K TPYIIIE

3 3 THJIPOJIMHAMUYECKH COBEPIICHHBIX CKBaXXUH. MIHTEepdepeHius
ckBakWH. CBS3b MIOCKOM 3a/1a4¥ TeOpUU (DUITHTPAIUH C
Teopuel QYHKIMH KOMIICKCHOTO IMEPEMEHHOTO

4 4 42 Brnusinue ruapoqiHaMHYECKOTO HECOBEPIIICHCTBA CKBAKUHBI Ha
ee nedur

5 5 42 YcranoBuBIIAsACSA QUIBTPALIUS HEC)KMMAEMOM JKUKOCTH B
HEOJTHOPOIHBIX TIACTAX

42 AHaJIOTHSI MEXKIY YCTAaHOBUBIICHCS (PHIIbTpAIIUCH

6 6 C)KMMAEeMOU JKHUIKOCTH (Ta3a) U HeC)KMMAEMOH JKHUIKOCTH.

Oynkuus Jleitbenzona
Hroro: 34/14 4/2
6/4

JlabopaTtopHblie padoThI

JlaboparopHbie pabOThl YI€OHBIM IJIAHOM HE TPETYCMOTPEHBI

CamocrosTeabHas paﬁoTa CTyACHTA

Tabmuua 5.2.4

Home | OOnem,
p yac.
o T Bux CPC
JJa cMa Hu
w | | PO/ 8
wma | ©3PO
bl
YcraHoBUBIIEECS IBUKEHHE OAHOPOIHON CHOKUMAEMOU
KUAKOCTH " rasa 1o 3akoHy  [lapcw.
Juddepenumanpiple  ypaBHEHHS YCTaHOBMBILEHCS Msvaerie
GUIBTpau CKMMaeMON JKUAKOCTH U ra3a Mo 3aKOHY i
o TEOPETUYECKOTO
Hapcu. @ynkmus JI.C. Jleitben3ona. Y cTaHOBUBIIASCS
9 . MaTepuana,
1 1 6/8 ¢mibTpanus ckuMaeMon  (YNmpyroi) OSKHIKOCTH U HOATOTOBKA K
uaeanpHoro rasa. CpeaHEeB3BELIEHHOE JIaBlICHUE.
MPAKTUYECKUM
@wibTpanys  peanbHoro  raza.  dopmupoBaHue I
WHTennexkTyanbHO-I03HaBaTeNb-HbIX ~ YMEHUH IO
CTUMYJIMPOBAHUIO I103HABAaTEIIbHOM AKTUBHOCTH U
paclIMpeHHIo Kpyrozopa.
2 2 6/8 YcraHoBuBIIAsACS dubTpanus rasupoBaHHON | M3yuenue
KUAKocTH.  PacTBopumocTh Ta3a B He(TH. | TEOPETHYECKOTO
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HacplllleHHOCT,  TTOPOBOTO  MPOCTPAHCTBA KUIKOW | Marepuana,
¢azoii. Da3oBasg MPOHUIIAEMOCTh MOPHUCTON Cpelbl. | MOATOTOBKA K
['azoBelii  Qakrop. Ormnpenenenue pacnpeAeaeHus | IPaKTHUYECKUM
JIaBJICHUS] B TUIACTe M AEOMTa >KUIKOCTH M Ta3za B | 3aHATHSM,
YCIOBHUAX MPUTOKA K Tajlleped K COBEPLICHHOH | MOATOTOBKA K
ckBakuHe. Dynkums C.A. XpucrtuaHoBuya U €€ | TECTUPOBAHUIO
onpexaenenus no merogam b.b. Jlanyka, N.A. YapHoro

u I'.b. IIsixaueBa.

6/8 YcraHoBuBIIMKCS — (UIBTPAIMOHHBIA  TMMOTOK, B
KOTOPOM  OJHa JKUJKOCTb  BBITECHSET Jpyryrwo | M3ydenue
(mopiIHEBOE BBITECHEHHE). YCJIOBUS Ha TIPaHUIE | TEOPETUYECKOTIO
pa3nena nByx xuakocrted. CKOpOCTh IE€peMELIEHUs | MaTepuaa,
rpaHuibl paszaena. [Inocko—napamienbHoe M INIOCKO— | MOATOTOBKA K
panuanbHOE BBITECHEHHE He(PTH BOIOH. Bpewms | mpakTrueckum
IIOJIHOTO BBITECHEHUs HE(TH BOAOH. AHANU3 SBJICHUS | 3aHATUAM
MOAHATHS TIOIONIBEHHOM BOJIBI (KOHYCOOOpa3oBaHue).

6/8 HeycranoBuBmascs GuiabTparust yupyro >kuaKocTH.

Vopyruii  pexxuM IulacTa M €r0  XapaKTepHbIE

ocobenHoctH. [loxcuer ynpyroro 3anaca *HJIKOCTU B

wiacte. Juddepenunansaoe ypaBHeHHe ympyroro | M3ydenue
pexxuma QunabTpanuu. TouHble pelIeHHs] ypaBHEHHs | TEOPETHUECKOTO
NbE30NPOBOAHOCTH JUIsl MPUTOKA K Trajepee U | MaTepuana,
TOYEYHOMY CTOKY B HEOTPAaHMYEHHOM IUIACTE. | MOATOTOBKA K
[ToHsATHSL O TOYHBIX PEIIEHUSAX IS OrPAaHUYEHHOTO | IPAKTHYECKUM
acTa KpyroBod M 1oJ0cooOpa3HOM  (OpMBI. | 3aHATHUSAM,
[TpuOn>keHHbIE METOJbl PELIEHMs] HECTallMOHApHOM | MOATOTOBKA K
buibTpanum ynpyrou KHUJIKOCTH. Mertoa | TECTUPOBAHUIO
[IOCJIEZI0BATEIbHON CMEHBI CTAllMOHAPHBIX COCTOSHUU.

Meton A.M. Ilupsepasna. Meron 3.b. UYekamoxa.

Cyneprio3unus B 3aJ1a4ax yIpyroro pexxuma.

6/10 | HeycraHoBUBIIAsICS buibTpanus rasa. | 3yuenne
Huddepenunansioe ypaBHenue JI.C. JleiibeH30Ha | TEOpETHUECKOTO
HEeCTallMOHAapHOM ¢uibTpauuu rasa. JluHeapuszauus | MaTepuana,
mudpdepenumansHoro ypasHenus JI.C. JlelibeH30Ha U | MOATOTOBKa K
€ro OCHOBHOE pemeHue. MeTol MOCIeI0BaTENIbHON | MPAKTUYECKUM
CMEHBI CTAIIMOHAPHBIX COCTOSHUMN JId rasa. 3aHATUSIM

6/10 | JIBmkeHne TpaHHUIBI pa3fena ABYX JKHIKOCTEH C
y4€TOM  HENOJHOThl  BBITeCHEHUs.  OCHOBHBIE
XapaKTepUCTUKN MHOTro(a3zHoH ¢bubTpaum.

OtHocuTenbHas (azoBasi mpoHHUIIaeMOCTh. CKOPOCTH
¢mibTpanun otAenbHbIX ¢(a3. AuddepenuunansHele Visyuenne
ypaBHEHUS MHOro(asHOW (UIbTpalMK: ypaBHEHUS TCOpETHYECKOTO
HEpa3PLIBHOCTH, YPABHEHNUs JBWKEHWA, ypaBHEHHS MaTepHaa
COCTOSIHMS KMAKOCTeN. OCHOBBI TEOPUH BBITECHEHUS ’

. MOArOTOBKA K
HedTn Bomoi. [lonnas cucrema nuddepeHanTbHbIX
YpaBHEHUU MJI IUIOCKO-TIApajyIeIbHOIO TEUeHUs B [PAKTIHCECKIM

3aHATUAM

TOPU30OHTAJIBHOM IIJIACTC. Teopm{ EaKHeH-HCBepCTTa.

Ckauoxk  HaceiueHHoctd. Koopaumnata — ¢poHTa
HachlleHHOCTH. OInpeneneHre BOJOHACBIIIEHHOCTH
Ha ¢bpoHTe BBITECHEHUS u cpenHen

BOJOHACBIIIICHHOCTH B obactu IIBYX(pa3HOFO TCUCHUA

9




no rtpaduky yaknouu Jleeperra. OmnpeneneHue
BpeMeHH O€3BOJHOTO Tepuo/ia MPH HEMOPIIHEBOM
BBEITECHEHUU He(TH BOJIOH. Onpenenenue
koopduuuenta HedreoTmaum B caydasx — 0e3
CBSI3aHHOM BOJBI U CO CBSI3AHHOU BOOM.

6/10 JIBuKCHHE JKUAKOCTH W Ta3a B TPEIIUHOBATBHIX H
TPELIMHOBATO-TIOPUCTBIX  Cpejax. OcobGeHHocTH

N3yuenue
¢GuabTpanid B TPEIIMHOBATBIX M  TPEIIMHOBATO-
TEOPETUYECKOTO
HOPUCTHIX  cpenax. BeiBox  auddepeHuanibHbIX VaTeDHATA
7 7 YpaBHEHUM  JIBUKEHHUS KUJAKOCTM W rasa B P ’
TPELIMHOBATEIX M TPELIMHOBATO-IIOPUCTBIX Cperax TOATOTOBKA K
P P p p " | mpakTUYECKUM
VY CcTaHOBUBIIASACS OJHOMEPHAs (DUITBTPALHS KU IKOCTH AT
W Tasa B TPEHIMHOBATOM M TPEIIHHOBATO-IIOPUCTOM
I1J1aCTE.
710 OunbTparys HEHBIOTOHOBCKUX Kuakocrei. | M3yuenue

Peonornueckne Moaenu QUIBTPYIOMIMUXCS KUAKOCTEH | TEOPETHUECKOTO
U HeIUHeWHble 3aKoHbl ¢uibTpaunu. OnHOMEpHbIE | MaTepuana,

8 8 3ama9i  QUIBTPAIIUKM  BS3KO-TJIACTHYHOM JKUIKOCTH. | MOATOTOBKA K
30HANIBHOCTh PACHPOCTPAHEHUSI MHOTOJIETHE-MEP3JIbIX | TPAKTUYECKUM
mopox B  3amagHoi  Cubupu.  OCOOCHHOCTH | 3aHSTHSIM u
npoTanBaHus U mpomep3anuss MMII. TECTUPOBAHUIO
[ToscauTenpHas
9 1-8 Kypcopas pabota 3alMcKa 1
3aIuTa
10 1-8 DK3aMeH TECT
Uroro: 49/72

5.2.3. IlpenonaBaHue AMCUMIUIMHBI/MOIYIS BENETCS C TPUMEHEHHEM  CJEIyIOIIUX
TPaJUILIMOHHBIX U MHTEPAKTUBHBIX BHJIOB 00pa30BaTEIbHbBIX TEXHOJIOTHIA:
- JIEKUMHU: JIEKIUS — BHU3YyalM3alUsl C HCIOJb30BaHUEM MYJIbTUMEIUWHOTO MaTepuala;
JEeKIHsI TPOOJIEMHOT0 XapakTepa; JeKIus — Oecena;
- IpakTH4eckue paboThl: paboTa B mapax; MHAMBUIYyalbHas pabora; paboTa B Tpymmax;
pa3dop MPaKTUYECKUX CUTYaLUH.
- KypCOBOM MPOEKT: paboTa Mo UHAUBUIYATbHBIM 3aJaHUSM

6. TemaTuka KypcoBbIX padoT/IIPOEKTOB
1. OcHOBHBIE TOHATUS, 3aKOHBI QUIBTPALUU HEPTH ra3a BoJbl. CHCTEMBI €IMHUL] U3MEPEHHIH,
IPUMEHSIEMbIE B MIOJ3EMHOM T'HAPOMEXaHUKE.
2. ['paHu1ibl IPUMEHUMOCTH 3aKoHa [lapcu M HeJIMHEHHBbIE 3aKOHBI B 3ajayaxX (UiIbTpanuu
TJIACTOBBIX (hITIOUJIOB.
3. HccnenoBanue OqHOMEPHBIX (PUIBTPALIMOHHBIX MOTOKOB HEC)KUMAEMOM KUJIKOCTH U ra3a B
HEOJIHOPO/HBIX IIIacTax 1o 3akony lapcu.
4. HccnenoBanue ABMKEHUS )KUAKOCTH CO CBOOOIHOM MOBEPXHOCTBIO B IOPUCTOM Cpefie.
S. N3ydenne nnTepdepeHIInu COBEPIIEHHBIX CKBAKUH NpU (QUIbTpalluu HEPTH U ra3a.
6. N3yueHne ocoOEHHOCTEN MPHUTOKA KUIKOCTU U ra3a K HECOBEPIIEHHBIM CKBaXMHaM (TIpU
JMHEHHBIX U HEJTMHEWHBIX 3aKOHAX (HIbTPAIUH).
7. HccnenoBanne OAHOMEPHBIX (MIBTPALMOHHBIE IOTOKOB YIPYroM >KHJAKOCTH M Tasa
(mpsiMONTMHENHHO-TIapaJlIeNIbHBIN U MJI0CKOpaAnaIbHbIA TOTOKH).
8. N3yuenne npuOIMKEHHBIX METO/IOB pEIIEHU 3a/1a4 IPUTOKA rasa.
9. JIBukeHue KUAKOCTEN U ra30B B TPEUIMHOBATHIX U TPEUIMHOBATO-MIOPUCTHIX Cpelax.
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10. W3yueHre 0OCHOB TEOPUHU HEN30TEPMHUUECKON (DUIIbTpALINH.

11. be3namopHoe Te4eHue JKUIKOCTH.
12.  BnusiHHe paguyca CKBaXHUHBI HA €€ IPOU3BOIUTEILHOCTb.
13. BrustHue ckopocTtu Bobl Ha He()TEOTAauy TUIacTa.
14, JIBr>keHuMe ra3oB B IOPUCTOM Cpeae.
15.  JIBwkeHUE pealbHBIX ra30B B IOPUCTOM Cpelie 10 JINHEHHOMY 3aKOHY (HIIbTPAITUH.
16. 3aBUCHUMOCTH TPOHUIIAEMOCTU OT MOPUCTOCTH U pa3zmepa Iop.
17.  U3ydeHue TrUAPOIUHAMHUYECCKHX MOJENICHi METONOB TOBBIIICHUS HedTeoTnaum |
ra30KOHACHCATOOTJauH IJIACTOB.
18.  HccrenoBaHusi CKBaKMH Ha HECTAIIMOHAPHBIX PEKUMaxX. AHAIN3 KPUBBIX BOCCTAHOBIICHHS
nasnenus (KBJ).
19. HcTOYHMKY TIJIaCTOBOM SHEPTHH.
20.  Meroapsl ompeneneHHUs IAapaMeTPOB IUIACTOB M CKBAXHH TPH YIPYIOM pPEKUME
buIpTparum.
21.  MunensipHble pacTBOPHI U UX PUMEHEHUE B HE(PTEe100bIYE.
22.  HeycranoBuBIIeeCS JBM)KEHHE W METOJ IIOCJIEAOBATEIILHOW CMEHBI CTallHOHAPHBIX
cocrosiauii (IICCC).
23.  HeycranoBuBIIeeCs paualibHOE IBMKEHHE TA3UPOBAHHON XKHUIKOCTH B TIOPUCTOM Cpe/Ie.
24.  HeycraHoBuBIIEECS paualIbHOE ABMKEHHE Ta30B MO JMHEHHOMY 3aKOHY (DHUIIbTpaIHH.
25.  HeycranoBuBmIytOCS (PHIBTPAIMIO XHIKOCTH M ra3a B TPCIIMHOBATHIX M TPEHIMHOBATO-
MOPHUCTHIX CPe/Iax.
26. OnxHoMepHas 3a7a4a O BEITECHEHUU HE()TH BOJIOM.
27.  OpgHOMEpHOE ¥  pagUalbHOE JIBUKCHHE HEC)KUMAeMOH KHIKOCTH B  YCJIOBHAX
BOJIOHAIIOPHOTO PEKUMA.
28. OpnHOMEpHBIE TIOTOKH (DUITBTPALINN.
29. OcobeHHOCTH (PHITBTPAIIMK HEHBIOTOHOBCKUX JKUIKOCTEH.
30.  Ilmocko-paanaibHOE IBUKECHUE )KUIKOCTH B HEOTHOPOIHBIX IJIacTax.
31.  TlopurHeBoe BhITeCHEHUE HE(DTH BOJOW TIPU HECTAIIMOHAPHOW (HIIbTPAITUH.
32.  Pacuer nmpenenbHbIX 1eOUTOB TOPU30HTAIBHBIX CKBRKHH B IUIACTAX C TIOJOIIBEHHOMN BOOH.
33.  IIpocreiimue GpuabTpaMoOHHbIE TOTOKA U METOBI UX UCCIIEIOBAHUSI.
34.  PanmanbHOE yCTaHOBHBIIIEECS JBIKEHHE T'a30B MO JIMHEHHOMY 3aKOHY (DMIIBTPAIINH.
35. Teopus koHycooOpa3oBanus Mackera-HapHoro.
36.  YcraHoBuBIIeecs ABIKEHHE ra3a, HE MOAYNHSIONIEECS THHEHHOMY 3aKOHY (PHITBTPAIIH.
37.  OunpTpanus HeQTH W raza B TPEIIMHOBATHIX M TPEUIMHOBATO-TIOPUCTHI MOPOAAX. 3aKOH
byccunecka.
38.  OunpTpaius HEHPIOTOHOBCKUX JKUIKOCTEH.
39. [TpoHUIIaEMOCTh TOPHBIX MTOPOI.
7. KonTpoJsbHbie padoThl

KonTponbHble paboThl y4eOHBIM IIJIAHOM HE MPETyCMOTPEHBI
8. Ounenka pe3yJIbTaTOB OCBOCHMS JMCIHILIMHbBI/MOLYJISI
8.1. Kpurepun oneHuBaHUS CTENEHHM IIOJIHOTHI M KAauyecTBAa OCBOEHUs KOMIIETEHIMI B
COOTBETCTBUHU C IJIAHUPYEMBIMHU pe3yjibTaTaMHu 00ydeHus npuBeaeHsl B [Ipunoxenun 1.
8.2. PeliTuHroBas cucremMa OLIEHUBAHUS CTENIEHH IOJHOTHI U Ka4e€CTBAa OCBOCHUSI KOMIIETEHLIUI

oOyudaronuxcst o4HoM popMbl 00yUeHHUs MTpeicTaBieHa B Tabnuie 8.1.

Taomuma 8.1
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Nerm/m | Bumsl MeponpusiTHii B pAMKaX TEKYIIEro KOHTPOIs | KonnaecTBo 6amioB

| Texymas arrectanus

1 TectNel 0-15

Pemienye 3amad mo temam: HenmHelHBIE 3aKOHBI 0-15
2 ¢wibTpanuu.  YcraHOBHBIIAsCS — (MIIBTPALIUS
HEC)KMMAeMOM JKUIKOCTH IO 3aK0HY Jlapcu.»

NTOI'O 3a nepByro TEKYIIYIO aTTECTAIHIO 0-30

2 TCKyHIas aTTCCTAalUA

1 Tect N2 0-15

Pemenne 3amau mo temMaM: «YCTaHOBUBIIHICS 0-15
MPUTOK XUAKOCTA K TPYNIE TUIPOAMHAMHYECKU
COBEPIIICHHBIX CKBa)KHH. HuTtepdepennus
2 ckBakuH. CBs3p IUIOCKOW  3amaud  TEOPHH
bunbpTpanuu ¢ TeopueH (QYHKIUH KOMIUIEKCHOTO
MEPEeMEHHOTO. BnusHUE THAPOIUHAMUYECKOTO
HECOBEPIIICHCTBA CKBAKUHBI Ha €€ JICOUT.»

NTOI'O 3a BTOPYIO TEKYIIYIO aTTECTALUIO 0-30

3 TekyIas aTTecTanus
1 TectNe3 0-15
Pemenne 3amad mo Temam:  «YCTaHOBHBIIASCS 0-15

(1)I/IJ'II>Tp alysd HEeC)KHMMaeMoi KHUIKOCTH B
HCOOAHOPOIHBIX miacrax. Amnanorus MCKIAY

2 yCTaHOBUBIICHCS  (uiabTpauued  CKUMaeMou
KUJIKOCTH (Ta3a) M HEC)KUMAEMOW KHUIKOCTH.
Oyukis Jleitbensona.»
3 TecTNe4 0-10
HNTOI'O 3a TpeTbio TEKYIIYIO aTTECTAIIHIO 0-40
BCEI'O 100

9. VYuebOHo-MeTOoaHYECKOEe H HHPOPMALMOHHOE 0O0ecTeYeHHe U CHUTLIMHBI

9.1. Ilepeuenpb pekoMeHIyeMOH JIuTeparypsl npezacTasiieH B [Ipunoxenun 2.

9.2. CoBpemeHHbIe NpodeccuoHalbHble 0a3bl JaHHBIX M MH(POPMALMOHHBIE CIIPABOYHBIC
CHCTEMBI:

— OnexktpoHHass Oubnmoreunas cucrema Elib, momHoTtekcToBas 6a3a manabix TUY,
http://elib.tsogu.ru/(naTa obpamenus 30.08.19)

— Hayunas snextponnas 6udnnoreka eLIBRARY.RU, http://elibrary.ru/(nata obpamenus
30.08.19)

— IIpodeccuonanbHble CrpaBOYHbIE CHUCTeMbl. HallMOHANbHBIM LEHTP pacHpOCTpaHEHUs
undopmarmu EDK OOH. — Pexxum noctyna: http://www.cntd.ru (mara oopamenus: 29.08.2019).

— CmopaBouHo-nipaBoBass ~ cucrema  Koncymprantllmoc. —  Pexum  mgocryma:
http://www.consultant.ru (gara obparenus: 29.08.2019).

— Cucrema MOAACPIKKHN yqeGHoro mnmponecca «EdllCOIl»;
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http://elib.tsogu.ru/(дата
http://elibrary.ru/
http://www.cntd.ru/
http://www.consultant.ru/

— OBbC «M3narensctBa Jlanby, I'paxknancko-npaBoBoil qorosop Ne885-18 ot 07.08.2018 r.
Ha OKazaHue yciayr mno mpenoctaBieHuto goctyna k ObC mexny ®I'BOY BO «TromeHckuii
uHAycTpuanbHblid yHuBepcuTeT» U OO0 «M3aarensctBo Jlans» (1o 31.08.2020 r.);

— DBC «QnekrponHoro usgarenbcrsa FOPAUTY, I'pakaancko-npaBoBoit gorosop Ne 884-
18 ot 08.08.2018 r. Ha oka3zaHue yciuyr mo npeaocrasieHuto aoctyna k 9bC mexny ®I'BOY BO
«TroMeHcKuit MHAyCTpHaNbHbIi yHUBepcuTeT» 1 000 «dnekTponHOoe m3aarensctBo FOPAUTY
(10 31.08.2020 r.);

— OBC «lIpocnekr», I'paxnancko-npaBoBoii norosop Ne 882-18 or 09.08.2018 r. nHa
MPEAOCTaBICHHE JOCTYNMa K JJIGKTPOHHO-OMOmmoTeunor cucreme Mexay DOIBOY  BO
«Tromenckuit unnyctpuanbubii yaupepcute™» 1 OO0 «ITPOCITEKT»;

— Hayuno-texunueckas 6udanorexka ®I'bOY BO PI'Y nedrtu u raza um. 1.M. I'yOkuHna;

— Hayuno-texuuueckas oubnuorexka ®I'bOY BO YI'TY (r. VxTa).

9.3. JluneH3noHHOE M CBOOOJHO paclpocTpaHsIeMOe MPOrpaMMHOE OOecreueHue, B T.4.
oredyectBeHHoro mpoussojactea: Windows 8 (Jlunensuonnoe cornamrenue Ne8§686341), Microsoft
Office Professional Plus (lorosop Nel1120-18 ot 03 aBrycra 2018 r.).

9.4 JIuneH3uOHHOE U CBOOOJHO PACHPOCTPaHSIEMOE MPOrpaMMHOE oOecreueHue, B T.U.
oredyectBeHHOro nmpoussozacTa: MS Office

9.5 JIuueH3noHHOE U CBOOOIHO pacHIpOCTpaHsIeMoe MPOrpaMMHOE O0ecrieueHune, B T.4.

OTCYCCTBCHHOTI' O HpOI/I3BOI[CTBaI
- MS Office

10. MartepuajibHO-TeXHHYeCKOe obecredeHue JUCHUTLIUHBI

[TomereHus Asnst IpOBEJCHHS BCEX BUIOB pabOThI, TPEIyCMOTPEHHBIX YUeOHBIM IIIAHOM,
YKOMILUIEKTOBAaHbI HEOOXOIMMBIM 000PYIOBAaHUEM U TEXHHYECKUMU CPEICTBAMHU O0yUCHUS.
Tabmuua 10.1

HepequL TEXHUYCCKHUX CPCACTB

[Tepeuens o6opyaoBaHus,
00y4yeHHsl, HEOOXOIUMBIX I OCBOCHUS

Ne /it HEO0OXOAMMOTO /I OCBOCHUS
T CITATLITAHBI/MOTYJISI
JTUCITUTLIAHBI/ MOTY IS
(meMoHCTpaImoHHOE 000PYTIOBAHUE)
Kommiekt MYJIbTUMEAUINHOTO
1 KommnbrorepHslii kinacc 000py10BaHUS: IIPOEKTOP, JKpaH,

(mepcoHabHbIE KOMIIBIOTEPHI) | KOMIIBIOTEP, aKyCTUYECKasi CUCTEMA.
JlokasibHas M KOPIIOPAaTUBHAS CETh

11. MeTtoanyeckue yKazaHHus

11.1. MeToanuyeckne yKka3aHusi 110 NOATOTOBKE K NPAKTHYECKUM, 3AHATHSM.

Ha MPAKTUYCCKUX 3aHATHUAX o6y11a10m1/1ecsf U3y4ar0OT MCTOAWKY H BBIIIOJHAKOT THIIOBBIC
pacuetsl. [{ng adexkTuBHONM paboTh 00yUaromUecs TOMKHBI IMETh WHXEHEPHBIE KaJbKYIATOPHI U
COOTBETCTBYIOIIME KaHUEISIPCKUE MPHUHAJIEKHOCTU. B mporecce MOAroTOBKM K MPAKTHUYECKUM
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3aHATUSAM O00yJaroIuecss MOTYT pUOeraTh K KOHCYIbTallUsAM IpernoaaBaTens. Hamnune KoHCekTa
JEKIMHA Ha MPAKTHYECKOM 3aHATUH 0053aTEIbHO.

3anaHus Ha BHIIOJHEHHE TUIIOBBIX PACYETOB HA MPAKTUYECKHUX 3aHATHAX 00ydaroIrecs
IOJIy4arO0T UHAUBUAYAIBHO. II0psAA0K BBIIIOJHEHNUS TUIIOBBIX PACUETOB U3JI0KEHBI B CIEAYIOIIUX

METOANYECKUX YKA3aHUAX:
1. OBIIME CBEJEHHUA O KYPCE

B pesynbrare m3ydeHHs] NTUCHUTUIMHBI OYAYIIMA WHXXKEHEP — HE(PTSHHUK JODKEH W3YYHTh
OCHOBHBIC 3aKOHBI JIBU)KCHUS KHJIKOCTH, ra3a ¥ T'a30)KHIKOCTHBIX CMECEH B MOPHUCTHIX Cpelax W
BBISIBUTH OTJIMYUTENIbHBIC OCOOCHHOCTH (DUIBTPALMY B CPABHEHUH C JIBIXKEHUEM KUJAKOCTU U Tras3a
o Tpyoam.

1.2. TpeOGoBaHusl K YPOBHIO OCBOEHMSI Kypca

CTyz#eHT JOJKeH 3HATh:

-3aKOHBI (puIbTpary HeTH, Ta3a U BOIBI;

-OCHOBHBIE ()OPMYJIBI IPUTOKA JKUIAKOCTH M T'a3a K Talepee U CKBAKUHE;

-OCHOBHBIC 3aKOHBI YCTAHOBUBIICTOCSI M HEYCTaHOBHUBIIIETOCS IBM)KCHHS KHIKOCTH U T'a3a B
HOPUCTOH cperie;

- 3aKOHOMEPHOCTH (HMJIBTPALMK JKUJKOCTEH M Ta30B B TPEIIMHOBATHIX U TPEIIMHOBATO-
HOPHUCTBIX CpeNax;

- 0COOCHHOCTH (PUIIBTPAIIUN HEHBIOTOHOBCKUX KHUIKOCTEH.

CTyZ#eHT JOIKEH yMETh:

- peliaTh 3a/auu ¢ JIMHEWHBIM U HEJTMHEHHBIM 3aKOHAMU (DUITBTPAIIH;

- pemiaTh 3a/1a4u OJHOMEPHOTO JIBHKEHUS HEC)KUMAEMOH JKHJIKOCTH B IOPHCTOMN CPELIE;

- pemiarth 3aJa4l YCTaHOBUBIICHCS (PUIBTPALUK CKMMACMOM JKUJIKOCTH M ra3a B TIOPUCTOM,
TPEIINHOBATO-TIOPUCTOM ILIACTE;

- BBINOJIHATH PACUeThl YCTAHOBUBIICHCS (UIBTPALUHU KUIKOCTH M Ta3a B HEOJHOPOIHOM
TIacTe;

- IPUMECHSTh 3HaHUsI O HCHBIOTOHOBCKHX KHIKOCTSIX K PEIICHHIO 33/1a4 (DUIIbTPAIHH.

1.3. Buabl yueOHO# padoThI NPH U3YyYEeHNH KypPca M PpeKOMEHIALMH 110 UX BbINOJHEHHUIO
YyeOubim manoM HampasieHus 21.03.01 «HedterazoBoe nenoy», (ouHOM U 3a04HOM Popm
00y4eHus) IpelyCMOTPEHBI CIIEYIOINEe BUIbI Y4eOHOM paboThl pu n3ydeHuu kypca «lloazemuas
THJIpOMEXaHUKa HE(PTSIHOTO U ra30BOI0 IIACTA:

- JICKIIHH;

- IPAaKTUYECKHE 3aHATHS;

- KypcoBasi paboTa.

Hacrosimue  ydyeOHO-MeToAMYeCcKHE yKa3aHHMA  pa3paboTaHbl B COOTBETCTBHM  C
INocynapctBenHbiM yueOHbIM TTaHOM st Hanpasienus 21.03.01 «HedrerazoBoe neno» (ouHoit u
3204HOM (hopM 0OyueHus). OHM BKJIIOYAIOTT B CE€0s CIEIYIOLIUE Pa3/ieibl, B KOTOPHIX MPUBOIATCS
npuMepHas (TUIIOBasl) TEMaTUKA U COJIep’KaHue OTIENIbHBIX BUJIOB Y4eOHOM pabOThI:

- IporpamMma Kypca;

- TUTIOBBIE PacyeTHI.

Tak, Hampumep, B COOTBETCTBMM C NPEACTABICHHOM MNpPOrpaMMOi Kypca MOXET ObITbh
COCTaBJICH KaJICHJIAPHBIN IIaH YTeHHs JeKIwid. [Ipu 5ToM B ciydae HEXBAaTKHU JIEKITMOHHBIX YacOB
OTJIeNIbHBIE Pa3JIeNbl MPOrpaMMbl U3YUYAIOTCs CTyIEHTaMU camocTosTesbHO. [locnennee kacaercs, B
MIEPBYIO OUepelb, CTYJACHTOB 3a09HOM (POPMBI OOyUeHHS.

B pasnen «TunoBble pacdyeTsl» BKIIOYEH ps TUIIOBBIX 33734 C MPUMEpaMHU UX peIICHUs.
OTH 3ama4d MOTYT OBITh WCIOJB30BAHBI MPHU TPOBEICHUH MPAKTUYCCKUX yYEOHBIX 3aHATHH, a
TaKXe B KaYeCTBE PAaCUETHBIX 3a/laHUM.
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2. IPOT'PAMMA KYPCA

2.1. 3akoHbl GUIABTPANUM IIACTOBBIX QJIIOMI0B

3Ha4yeHue U pojb MOJ3EMHON TMIPOMEXAaHUKH HE(PTSIHOTO M Ta30BOrO IUIACTa B Pa3BUTUHU
HAyYHBIX OCHOB pa3pabOTKHU HE(PTSIHBIX U ra30BbIX MecTopoxaeHuil. Colepikanue U 3a1a4u Kypcea.
KpaTkass XxapakTepucTUKa 3TaloB pPa3BUTHS IOA3EMHOM TMJIPOMEXaHUKH MU €€ COBPEMEHHOE
cocrosinue. Teopus punbTpauuu. OnpeneneHue U oco0eHHOCTH npouecca Guibrpanuu. CKOpOCTh
(GMIbTpauu U ee CBA3b CO CPEAHEH JeHCTBUTENLHOW CKOPOCTHIO ABWKEHHS (DIIOMIA B MOPUCTON
cpene.

JIuneitnsiii 3akoH ¢uibTpanuu Hapcu. Koadduuuentsl GuiabTpanud U MpoOHUIIAEMOCTH.
I'panunpl mpuMeHUMOCTH 3akoHa Jlapcu. O0001eHHbIH 3akoH GuibTpauu Jdapcu s KUAKOCTEH,
ra3oB ¥ ra3UpOBaHHbBIX KUAKOCTEH.

Henuneiinbie 3akoHbl ¢GuiabTpanuu. OcOOCHHOCTH (QUIBTpPAlMHU KUAKOCTEH M Tra3oB B
TPELMHOBATBIX U TPEIIMHOBATO-IIOPUCTBIX TOPHBIX IOPOJIAX.

OcHoBbl aHanu3a pa3MepHocTedd U Teopuu mnonoOus. llpuMeHneHue MeTOIOB Teopuu
pa3MepHOCTel MpH pelIeHnH 3a/1a4 QUIBTPANUS KUAKOCTH U Taza. Puzndeckoe, MaTeMaTHIECKOEe
¥ aHAJIOrOBOE MOJICIMPOBAHUE MPOIECCOB (UIbTpalUU MIAcTOBbIX (mrougoB. YucieHHas u
MAaIIMHHAs MOJIEIH IJIACTOBBIX CUCTEM.

2.2. 1uddepeHunanbHble ypaBHeHUs (PUIbTPALMHU KUIKOCTEH 1 ra3oB
YpaBHeHHe HEpa3pbIBHOCTH (cruomHOCTH) (GUIBTPALIMOHHOTO IIOTOKA.
Juddepennmanbapie ypaBHEHUS JBIKEHUS (DIIOMIOB B MOPUCTOM cpezie. YPaBHEHUS! COCTOSIHUS
KUAKOCTEH, ra3oB U MOPUCTON cpenbl. KpaeBble 3agaun noa3eMHoONW rugpomexanuku. llpsaveie u
oOparHble 3afaud. JlOmyIleHWs] U YIPOIIEHUs, MNPUHATHIE MPU MOAEIUPOBAHUU IIPOLECCOB,
IIPOUCXOAIINX B IUIACTE.

2.3. YcranoBuBmasics puiibTpanusi HeC;KUMAEMOii KMIKOCTH

JuddepeHnnanbHoe ypaBHEHHE YCTaHOBUBILEHCS (DUIBTPALMK HECKHUMAEMOM KHUIAKOCTU
no 3akoHy J[lapcu. Ilpocrelimme ¢GuiabTpalmoOHHbIE MOTOKW. YCTAaHOBUBIIASCS MPSMOIUHEIHO-
napajuiesbHas GUIbTpals HEC)KUMAEMOU KUAKOCTH B OTHOPOJHOM IUIACTE MO JTUHEHHOMY 3aKOHY
Hapcu (mpUTOK KUIKOCTH K Tanepee). Dopmynsl neduta, CKOpOCTH (GUIBTpAllUU, TpaleHTa
JTaBJICHUSI, PacIIpe/IeTICHUs 1aBJIeHUs B IJIACTE, 3aKOHA JBM)KEHUS YacTULl )KUJIKOCTH. Puznueckas
UHTEpIpeTanus yka3zaHHbIX (opMyn. ['maponnHaMuyeckoe moje MpSMOIMHEHHO-TapaieIbHOTO
(GUIBTPAIMOHHOTO TIOTOKA.

[TnockopanuanbHas yCTaHOBUBINAsCA (UIBTPALlMs OJHOPOJHON HEC)KUMAEMOW KHUAKOCTU
1o 3akoHy Jlapcu B ogHOpOIHOM TIacTe (MPUTOK K COBEPIICHHOW CKBakuHe). Dopmynsl neduta
(popmyna [romion), cKOpocTH (pUIBTpalMM, TpaJdeHTa JaBICHHUS B TIACTE, 3aKOHA JIBHKEHUS
YyacTull XuAKocTH. Pu3nueckas HHTEpIpeTalus yKa3aHHbIX popMyl.

PamuanbHo-ceprueckas ycTaHOBUBIIAsCS (GUIbTpAIUS HEC)KUMAEMOM JKUIKOCTH TIO
3akoHy Jlapcu B omHOpomHoM Tutacte. @opMynbl aeduta, CKOpOCTH (UIbTpAIluU, TpagueHTa
JIaBJICHUs, paclpeesIeHHs JaBJIeHUs B IUIACTe, 3aKOHA JIBM)KEHUS YacTHUI )KUIAKOCTU. [[puMenenue
3aKOHOB CTAIIMOHAPHOUN (PUIBTPAIIMH HEC)KUMAEMOU KUIKOCTH

MIPU TUJIPOIMHAMHYECKUX UCCIIEOBAHUAX CKBAKUH.

2.4. YcranoBuBIIasics GUIbBTPANMSA HECXKHIMAEMOM KMIKOCTH B HEOJHOPOIHBIX IJIACTaX
[IpyurHBl U BHUJBI HEOJHOPOJAHOCTH TPOIYKTHUBHBIX HEPTIHBIX M Ta30BBIX ILIACTOB.
YcTaHOBUBIIASCS MPSIMOJIMHEHHO-TIapajiesbHast ¥ IUIOCKOpa uaibHas GuibTpanus HeCKUMaeMOon
KHUJIKOCTH B HEOJHOPOJHBIX IUIacTax (CIOMCTO- M 30HAJbHO-HEOJHOPOJAHBIX). BrmsHue
IPOHHIIAEMOCTH NMPU3a00IHOM 30HBI IUIACTa U €€ pa3MEePOB Ha AEOUT CKBAXKUHBI.
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2.5. ®uabTpanusi HeHbIOTOHOBCKOM KUIKOCTH
OcobenHoctu  (UIABTpPAIIMM HEHBIOTOHOBCKOM JKHUAKOCTH. Peojornueckwe Moaenun u
HEJIMHEHHbIe 3aKOHBI (QUIbTpauuu. BiusHe HEHBIOTOHOBCKOTO MOBEACHUS HE(PTH Ha IMpolece ee
W3BJICUCHUS W3 IIACTa.

2.6. YCTaHOBUBIIMIACS MPUTOK KUIAKOCTH K ITpyIIe ruipoAUHAMUYECKHA COBEPIIEHHbIX
CKBAKUH

Wnrtepdepennus ckBakud. [IpencraBienne 006 MCTOYHMKAX U CTOKaX Ha IJIOCKOCTH U B
npoctpanctse. [lpuHimn cynepno3unuuu GUIbTPAMOHHBIX ToJei. CBSI3b MEXAY IUIOCKON 3a1a4eit
Teopun (QuUIbTpalMU U Teopuell (GYHKIUN KOMIUIEKCHOro mepeMeHHoro. ®OyHKUUA TOKa,
KOMIUIEKCHBIN TIOTEHIUAI (XapaKTepUCTHIECKasi (PyHKIIUSA).

JlBa Tuma 3ajady, pellaeMblX Ha IUIOCKOCTH (YHKUIUU KOMILJIEKCHOTO TEPEMEHHOrO.
XapaktepucTuueckue (PyHKIHMH HEKOTOPHIX OCHOBHBIX THIIOB IUIOCKOTO IOTOKa (IIPOCTEUIIHe
npsiMble 3a/1aydl TUIOCKOTO (PHIIBTPAIIMOHHOTO MOTOKA). JIBMKEHHE KUAKOCTH B IJIACTE K JIBYM
PaBHOACOUTHBIM CTOKaM (MCTOUHHKAM). J[BMKEHHE KUJIKOCTH B IJIACTE OT UCTOYHUKA K CTOKY.

Meton KOH(POPMHOTO OTOOpa)KeHHs HCTOYHUKOB U CTOKOB. OrmpeneneHue neduTa
CKBAQ)KUHBI B IJIACTE C MPSAMOJIMHEHHBIM U KPYTOBBIM KOHTYpOM nuTaHus. OLeHKa B3auMOJeHCTBUS
CKBaKUH. BiusiHre popmbl KOHTYpa MUTAHUS M HETIPOHULIAEMBIX TPAHUI] HA JIEOUT CKBaXKUHBI.

Pacuer neOMTOB JKMAKOCTH U3 3ajekell MOJ0CO00pasHOW U KpyroBoil (opmbl METOAOM
OI'IA (meton FO.I1.bopucoga).

2.7. IIpUTOK KUAKOCTH K HECOBEPIIEHHbIM CKBAKNHAM
BI/I[[I)I HCECOBCPUICHCTBA CKBAXHH. MGTOI[I)I y4u€Ta HCECOBCPHICHCTBA CKBAXWH IIPU PaCdHCTC HUX
neburta. BnusHue paadyca W HECOBEPIICHCTBA CKBAKMHBI Ha ee JneOut. Pesynbrarel pemieHuit
HCKOTOPLIX 3aaa4 MPHUTOKA XKUJIKOCTH K HCCOBepHIeHHOfI CKBaXHHC.

2.8. YcranoBuBmasics GpUIbTPALMs OJHOPOAHOM C;kMMaeMoii (YIPyroi) :KHJAKOCTH M raza

Juddepenunanbiable ypaBHEHUS JBHKEHUS YINPYTUX (CKUMAEMbIX) KUIAKOCTEH U rasza B
MOPUCTON, TPEIIMHOBATO-IOPUCTON U TPEIIMHOBATO-YIPYroi mnopucroil cpene. CeneHue 3agauu
00 YCTaHOBUBIIEMCS IBUKEHUH C)KMMAEMOH JKUIKOCTH U ra3a K 3a/1aue O JBM)KEHUH HEC)KUMaeMOi
)KuakocTu ¢ momoineto Gynkiuu JI.C.JIeitbenszona.

VYcraHoBuBILIEECS — IBUKCHHME YIPYroM JKMAKOCTM M Tra3a B IIOPUCTOM  cpene,
YCTAaHOBUBIIASCS OJHOMEpHAass M IUIOCKOpaauanbHas (QUIbTpalus CHKUMAEMOW JKHUIKOCTH.
VYcraHoBUBILIEECS NMApaJIEIBHO-CTPYWHOE U IIJIOCKOPAJHMAIbHOE JIBUJKEHUE HICAIBHOTO Tra3a B
MOPUCTOMN cpejie o 3aKoHy Jlapcu u qpyrum 3aKkoHaM (QUIIBTPALIUH.

CpenHeB3BelIeHHOE MO 00beMy IIaCTOBOE JIaBJICHHE B Ta30BOMl 3aJeKH U €ro CBs3b C
KOHTYpHBIM. OCOOEHHOCTH HUCCIIEIOBAaHMM Ta30BbIX CKBaxuH. MHaukaropHas nunus. O6paboTka
pE3yJIbTaTOB UCCIIEN0BAHUMN Ta30BbIX CKBaKHH. J[BI)KEHNE UACATIBHBIX Ta30B B IOPUCTOU cpelie.

YCTaHOBUBIIMICA OJHOMEPHBIA TMOTOK B TPEIIMHOBATO-IMIOPUCTBIX IIJIACTaX IMOTOK
(omHOMEpHBIN) HEC)KUMAeMOH JKUAKOCTH U UICAIBHOrO rasa B (JOPMUPYEMOM TPELIMHOBATOM U
TPELIMHOBATO-IIOPUCTOM IIJIACTaxX.

2.9. YcranoBuBmasicss puibTpauusi HEOAHOPOAHBIX KUAKOCTEl (MHOro(a3HbIX CHCTEM)
Ycra”HoBuBIIEECS — JIBUKEHHE  HEOJHOPOJHBIX  JKMIKOCTEHW B  TIOPUCTOM  cpene,
AKCTIEPUMEHTAJIbHBIE HCCIIeIOBAaHUS (DUIBTPAIIUN Ta3UPOBAHHOMN JKUJIKOCTU B Ta3ax, MECYAHUKAX U
KapOOHATHBIX KOJUJIEKTOpax. J[BrkeHne cmecu He()THU U BOJIbI, Ta30Basi MPOHHUIIAEMOCTh MOPUCTOMN
Cpelbl U €€ 3aBUCMMOCTh OT HACBIIIEHHOCTH Ta30BOro npoctpanctsa. OnbiTel BukoBa u borcera.
YcranoBuBmasics (GUIBTpallds Ta3WPOBAHHON >KUIKOCTH B TMOPHCTON cpede, (GyHKIus
XpuctuanoBuua. OmpeneneHue AeOuTa KUIAKOCTH U CPEIHEB3BEIIEHHOTO O0BEMY IIJIACTOBOTO
napiieHus. Popma MHIUKATOPHOM AUArPAMMBI.
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[lonatne o JBWKEHUH Tpex(asHbIX CHUCTEM «BOAa-He(Th-Ta3» B TOPHCTOM TIe.
Ocob6ennoctu GrnbTpanuu 1ByX(pa3HOH KUIKOCTH B TPEIIMHOBATOMN Cpelie.

3. TUIIOBBIE PACYETBI
3.1. I'panunbl npuMmeHuMocTH 3akoHa Jlapcu. Hesiuneilinble 3aKk0HbI GUIbTPAIUMA

[TogoOHO TOMY, KaKk B TpPyOHOM TUAPABIMKE KPUTEPUEM PEKUMA JIBHXKCHHSI CITY)KHT YHCIIO
Pennonnaca

Re=uvdp/ u (3.1)

B TEOpUU (QUIBTPAIIUN BBOJIUTCS O€3pa3MEepHBIN mapameTp

Re=uap/u (3.2)

I7Ie U - HEKOTOpasl XapakTepHas CKOpPOCTb; @ - JIMHEWHBIM NapameTp, XapakTepU3yHOLIUn
CpelHee CeueHUE TTOPOBBIX KAHAJIOB; p - TUIOTHOCTh KUAKOCTH; U - TUHAMUYECKHA Kod(uimeHt
BSI3KOCTHU.

CkopocTh GUIBTpaIiy, IpU KOTOPOH HapymaeTcs 3akoH J[apcu, Ha3bIBAaeTCsl KPUTHICCKOM
CKOPOCTBhIO (hrtbTparuu (Uxp).

OnHako HapylIeHHWE JMHEHHOrO 3aKoHa (UIbTpAllMM €IIe HE O3HAa4YaeT Mepexoia OT
JAMUHAPHOTO JBMKEHUA K TypOylneHTHOMY. 3akoH [lapcu HapymiaeTcst BCIEACTBUE TOTO, UTO CHIIBI
VMHEPLIMH, BO3HUKAIOIIKNE B KUIKOCTH 332 CYET M3BWJIMCTOCTH KaHAJIOB M U3MEHEHHMS IUIOIAIU HUX
MONEPEYHbIX CEYEHUN, CTAHOBATCS MTPU U> Uy, COU3MEPUMBIMU C CUJIAMU TPEHUS.

B TpyOHOII ruapaBivke 3HaueHue Re, mpu KOTOPOM MPOHUCXOIUT CMEHA PEKHUMOB, PAaBHO
Rer = 2320, B Teopuu (punpTpanuu 3akoH J[apcu nMeeT MecTo Mpu 3HAYeHHH Oe3pa3MepHOro

napameTrpa Re, MeHbi1ero Kputuueckoro (Reyp), KOTopoe yCcTaHaBIMBAETCS U3 OMbITA.
Bnepssie uncno Pelinonbaca mis ¢punbTpanuu xxuakocty O0si10 BBeAeHo H.H.ITaBnoBckum
B BUJIE

ad,p
e =
(0.75m+0.23) it (33)

T. €. 3a XapaKTCPpHYIO CKOPOCThH ObLiIa B3Ta CKOpPOCTb (I)I/IJ'IBTpaL[I/II/I U, a TMHEHHBIHI napameTp
MMPEaACTaBJICH BBIPAXKCHUCM

g-_ 0
0.75m+0.23 64

KpI/ITI/I‘-ICCKI/Ie 3HayeHus Re mo HaBHOBCKOMy 3aKJIFOYCHBI B UHTCPBAJIC

Re, =7,5-9,

B.H.IIlenkayeB npeaiokKui B3sATh 3a JMHEHHBINA [IapaMeTp BbIpaXKEHUE, IIPOIIOPLIUOHAIBHOE
KOPHIO KBaJ[paTHOMY U3 KO3 (uIlMeHTa IPOHUIIAEMOCTH,
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a= le/E m=3 (3.5)

Hucno Pelinonbaca no B.H.IlenkaueBy umeet BUI

B 10(0\/?,0

Re mz.s’u

(3.6)

a KPUTUYCCKHEC 3HAUCHUA JIC)KAT B UHTCPBAJIC
1(Re,, {12

ITo M.I. MWUIMOHIIIMKOBY 32 XapaKTEpHYI0 CKOPOCTb B3ATa CPEIHSAS CKOPOCTb JABUKCHUS
KHUJIKOCTH

0
V=—
m
k
a 3a JIMHEHHBIN apaMeTp — BbIpAXKEHUE E ,T.€
Re — vvkKimp  wVvkp
o o 25 3.7

0,022 < Rexp< 0,29.

Ecnu Beruncnennoe mo omuoi w3z dopmyn (3.3), (3.6), (3.7) 3nauenue uymcina Re
OKa3bIBAETCSI MEHbIIIE HIXKHETO KPUTHYECKOro 3HaueHus: Rexp, To 3akoH Jlapcu crpaBeanus, eciu
Re 6onbiie BepxHero 3nadenust Rey,, To 3akoH Jlapcu 3aBeJOMO HapyIIIEH.

[upoxuii auamna3oH u3MeHeHUs Rexp oObscHseTcs TeMm, yTo QopMmynsl ans yucia Re
BXOJIAT TIapaMeTpsl K U m. KOTOPBIE HE MOJHOCTHIO XapaKTEPU3YIOT MUKPOCTPYKTYpY moposl. Kak
CJIeyeT U3 OIBITOB, JIJIsl K&YK0W TOPHOU MOPOIbI MOXKHO yKa3aTh 00Jiee Y3KUi Juara3oH 3HAYCHUI
Rexp.

Ompenenenue pexxuma (QUIbTpAlUUA KUAKOCTEH M Ta30B UMEET OONbIIOE MPAKTUYECKOE
3HaueHue, 100 0e3 3HaHWs 3aKOHA (PUIIBTPAIMH B TUIACTE HENb3S MPABHIBHO PACCUUTATh NEOUTHI
CKBA)KUH, paclipe/iesieHHe JaBJeHUsl B IJIACTe, a TaKK€ HEBO3MOXHO OIpe/leIeHHe MapaMeTpoB
wiacta (K, h, m u np.) Mo maHHBIM HCCIeIOBaHUs HEPTAHBIX M Fa30BbIX CKBAXKHH.

[Ipn wapymenun 3akoHa Jlapcu 3aBUCUMOCTH MEXKAY CKOPOCThIO (HUIbBTpAluu U
rpaaueHToM aasieHus dp/ds mydrire BCero onmuchIBacTCs ABYWICHHON (OpPMYIIOit

dp

. 2
E =aw + bC() (3.8)
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KOTOpast BBIPAXKACT IUIABHBIM Mepexo1 OT JMHEHHOro 3aKOHA (MIIBTPALUN K HETMHEHHOMY.
[Ipy ManbIx 3HAYCHHUSX CKOPOCTH aw>>Dw?2 mpeHeOperaeM BTOPHIM WICHOM M IOJIYyYaeM 3aKOH

2
Jlapcu; mpu 3HAYEHHSAX , W>Wy ClaraeMele aw W Do HMMEIT OJMH M TOT XK€ MOPSIOK; MpU
OO0JIBIINX CKOPOCTSIX GuiabTpanun aw<<bw?2 1 MOXKHO MPHHATH

dp _,
_E—ba) (3.9)

YTO COOTBETCTBYET KBaJpaTUYHOMY 3aKOHY CONPOTHUBIIEHHUS U HMEET MECTO Ipu
GuIbTpau B KPYMHO3EPHUCTBIX W TpeUIMHOBAThIX mnoponax. Popmyna (3.9) nHas3bBaeTcs
dbopmyoit A.A. KpacHOMOIbCKOTO.

Koaddunuents: a u b onpenenstores au00 3KCIepUMEHTAIBHO, 1100 1o dpopmyine a=w/k, a
b- npubmmwKeHHo M0 Popmyite, npemnoxernoit A.W. IupkoBckum

 63.10°
=P (k / m)3/2 (3.10)

2 m - ko> PUIHEHT

/i€ p - IJIOTHOCTD B kr/mS; K - KO3 PHUITMEHT TPOHUIIAEMOCTH B MKM
MOPUCTOCTH B JIOJISAX €AUHUIIBI.
Mo3kHO 3anMCBhIBaTh 3aKOH (PHIIBTpALIMU, OTJIMYHBIN OT 3aK0Ha Jlapcu, B BU/IEe OTHOWICHHON

CTCIICHHO# 3aBUCHUMOCTHU MECKOY CKOPOCTBIO @Hnbrpaunn U IrpaJUCHTOM JaBJICHUS:

dp . dp)n
lw|=C @ sign @
ds ds
rae sign - 3mak mpomsBogHoW dp/ds; C u N- HEKOTOpBIE MOCTOSHHBIC, OMpPEICIAECMbIC
OMBITHBIM ITyTEM, IIpUueM [ <n<2, n=2 COOTBETCTBYET 3aKOHY KpacHomonbckoro.
Hcnone3ys npuHOUMO OJHOPOAHOCTH pPa3MEPHOCTEH, MOYKHO HAWTH BBIPAXXECHUE IS
ko3 duuuenta C:

(3.11)

C= K=t p? (3.12)

rre f(m)=10m>"

3.2. YceraHoBUBIIAsICH (PUJIBTPALMS HECXKUMAEMOM KMAKOCTH 110 3aKoHy lapcu

Y cTaHOBUBIIUICS (PUIBTPAIIMOHHBIHN MOTOK *KHMIKOCTH HJIM Ta3a Ha3bIBAETCSI OTHOMEPHBIM B
TOM cllydae, KOrJa JaBj€HHE M CKOPOCTh (QUIbTpAlUU SBISIOTCA (DYHKUHUSIMU TOJBKO OJHOU
KOOPJMHATHI, B3SITOU I10 JINHUU TOKA.

K nmpocreiiim ogHOMEpHBIM (GUIBTPALIMOHHBIM TOTOKAM OTHOCSATCS:

1) npssMONTUHENHO - MapaIeIbHbIN;

2) IIIOCKOpaIUaIbHBIN;

3) paauanbHO - chepUIECKHA.

3.2.1. llpsimonHeiiHO-MapasIenbHas GUIBTPANMS M KUIKOCTH (IIPUTOK K rajiepee)
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[IpsimonnHeitHO-TapauienbHas (PUIABTPALMS UMEET MECTO B TOM Ciydae, KOTrJa BEKTOPHI
CKOpOCTEH (PHIbTpalUy MapajuieIbHbl MEXKTY COOOM.

Ecnu rtact ropu3oHTalIbHBIN, KPOBJIS ¥ [TOIONIBA HEPOHHUIIAEMBbI, TOJIIMHA I1acTa N u
HIMpUHA TU1acTa B BCIoy 0IMHAKOBBI, TO B IJIaHE IUIACT MPEACTABUTCS MPSMOYTOJIBHUKOM (PHC.
5.1). Ecnu B IepBOM CEUEHUH I1JIaCTa, COOTBETCTBYIOIIEM TPAHMIIE TIIACTA C 0OJACThIO MUTaHUSA,
MOJIJICP>KUBACTCS IaBIICHUE Px. a B JPYTOM CEUEHUH, COBIAAIOIIEM, HAIPUMED, C APEHANKHON
rajepeel 1 OTCTOSILEM OT NIEPBOTO CEYCHUS Ha PAacCTOSIHUM |, moiep kuBaeTcs TaBJieHHE Pr. TO
OyIeT ycTaHOBUBILIEECS IPSIMOJIMHEHHO-TIapaieIbHOE ABM)KEHHUE.

Hanpasum ocs OX B1osib TMHUY TOKA.

Cumtas, yto O¢uUIbTpalUs MPOUCXOAUT MO 3akoHy Jlapcu, MIacT OAHOPOJHBIA IO
MOPHUCTOCTHU ¥ MIPOHUIIAEMOCTH, MOYKEM OIPENEIUTh OObEMHBIN AEOUT

o k(=P

/«ll— (3.13)
rac C():Bh - IIom@aab CCUYCHH: 1IaCTa, HOPMAJIbHOI'O K HAITPABJICHHUIO ABHUXKCHHA.
0 Frrrrrrrrrrrrrrsrs 5
l

Puc.3.1

JlaBiieHHE B JIF0OOM CEYEHHH I1IaCTa
D=Dp, — P —Pr X
K I (3.14)

U BpeMsl, B TEYEHUE KOTOPOTO YaCTUILbI POMAYT NYTh X,
md X

o 3.15

K(px — Pr) (3.15)

3.2.2. [InockopaguanbHOe HANOPHOE IBMKEHHe HeCKUMaeMOoi
KUAKOCTH. IIpUTOK K cOBepLIEHHOI CKBasKMHeE.
®opmy.a lomon

IIpu mnnockopaauaabHOM JABMXKEHHHM BEKTOPHI CKOPOCTH (MIBTpPAllMM HampaBiIeHBl 110
paanycam K OCH CKBa)XHHBI, TO3TOMY JaBJIEHHUE U CKOPOCTh (PUIIBTPALIMU 3aBUCAT TOJIBKO OT OJJHON
KoopauHathl . IIpy 3TOM BO BCEX TOPU3OHTAIBHBIX IIJIOCKOCTSX IIOJIE CKOPOCTEH U JIaBJICHUU
OyzIeT OIMHAKOBBIM.

[IpumepoM  IUIOCKOpPAAMATBHOTO  (MIBTPALIMOHHOTO IOTOKA  SBJISETCS TMPHUTOK K
TUAPOIMHAMUYECKH COBEPIIEHHOM CKBa)KMHE, BCKPBIBILEH TOPU30HTAJIbHBIA IUIACT OECKOHEUHOU
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NPOTSDKEHHOCTH Ha BCIO TOJIIMHY N ¥ cOOOMIAroNIecs ¢ MIacToM 4Yepe3 MOJHOCThIO OTKPBITYIO
OOKOBYIO TOBEPXHOCTD IIMIIMH/IPA, OTJEIISIONIYIO CTBOJ CKBKUHBI OT MPOTYKTUBHOTO IJIacTa.

[ToTok OyneT Takke ITOCKOPAANATBLHBIM P MPUTOKE K COBEPIICHHON CKBaXKMHE paauyca
Ie (WM OTTOKE OT CKBAXWHBI), PACIIOIIOKEHHOW B ILEHTPE OTPAHMYCHHOTO T'OPH30HTAIHLHOTO
WIMHAPHYECKOTO TTacTa TOJMIIMHOM h u paguycom Rk (puc.3. 2).

g

(llgicidsd R, Pe
OPLIOAEETS =

=13

TITIITTIII I

Puc.3.2

Ecnu Ha BHEWIHEW I'paHMIIE IIJ1ACTa, COBIIAAIOIIEH ¢ KOHTYPOM IUTaHUs, IOAIEPKUBACTCS
IIOCTOSIHHOE JIaBJICHUE Pk, @ Ha 3a00€ CKBaXMHbI MOCTOSHHOE JaBJIEHUE Pc, IJIACT OJAHOPOJEH IO
MOPUCTOCTH U MPOHUIIAEMOCTH, (QHIBTPAIU MPOUCXOAUT 1O 3aKoHy [lapcu, To 0ObeMHBIN 1eduT
CKBaXXMHBI onpeaenuTcs no ¢popmysie [romnrou:

27Kh(Py — Pc)

Q=

R 3.16
uin R (3.16)
rC
7€ (- TMHAMUYECKUN KO3(PPUIIUEHT BSI3KOCTH.
3aKoH pacnpeaeneHns AaBleHHs ONpeaeseTcs o 0JHON U3 GopMyIL:
- n _ Pk = Pc In RK
p - pK R
nox (3.17)
rC
1100
D=p, — Qu In R
© 2zkh v (@18
1100
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0T
N T TN
Ntk (3.19)
rC

Jluaust p = p(r) Ha3pIBaeTCs JCIPECCUOHHOW KPUBOW MaBJICHHs. XapaKTEpHO, YTO IPHU
OpUOJIMKEHNH K CKBAXXMHE TI'PAJMEHThl JaBJIEHUS M CKOPOCTH (QUIbTpauu puc.3.2 pe3Ko
Bo3pacTaroT. llpm mocTpoeHUM KapThl H300ap ClEAyeT YYMUTBIBaTh, YTO PAJAUYCHl H300ap
U3MEHSIOTCSI B TEOMETPUUYECKON IIPOrpeccuy, B TO BpeMsl Kak JjaBJieHUe Ha U300apax U3MeEHseTcs B
apru(METHUECKON POTPECCHH.

WNupukaTtopHas JMHUS - 3aBUCUMOCTbh AEOMTAa CKBaXMHBI OT JAenpeccuu AP=pk —Pc Hpu
NPUTOKE K CKBA)XHWHE B YCJIOBUSAX CHPaBEAJIUBOCTH 3aKoHa Jlapcu mpencraBisieT co0oil MpsSMYIO
JIMHUIO, ollpesiesiieMyto ypaBHeHneM Q=KA4p.

KoadduuneHT npoaykTuBHOCTH

K= Zﬂklg (3.20)
ulin —% '
rC

YHUCJICHHO paBCH ,I[C6I/ITy IIpu ACIIPECCHUH, paBHOﬁ CAUHUIIC.
3akoH ABVIKCHUSA 4aCTUI] BAOJIb JIMHHUU TOKA, €CJIN IIpU t=0 qJacTulla HaXoAuJaaCb B TOYKE C
KOOpﬂHHaTOﬁ r:ro, OIIMCBIBACTCA YPABHCHUCM

_7hm
Q

2 2
t (ry —r°) (3.21)

nimn

mgIn I:‘)K(roz —r?)
r‘C

2k(pPx — Pc) G2l

CpC,I[HCB?»BeHICHHOG Io 06’]':>eMy MMOPOBOT'0 MPOCTPAHCTBA Q IJIaCTOBOC JAaBJICHUC

1
P= 5,[ pdQ (3.22)

t =

rac

Q=7(R2 —r2)hm

dQ = 2-zhmrdr

[ToncraBnss Belpakenue ais p (3.17), BBINONHSS MHTErPUPOBAHUE U IpeHeOperas BCeMU
YTIeHAMH, COIEPKAIIUMHE FcZ:, HOTYdHM
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5 _ P« P
p pK &

I (3.23)

Ic

3aKkoH pacrpeneneHus MaBicHus U GopMyna neduTa mpu HapylleHuu 3akoHa [lapcu mpu
MIPUTOKE K COBEPLICHHON CKBAYKMHE MOJTYYarOTCs U3 ABYWICHHON (OpMYyIIbI

dp _dp _p 2
"o g kP tbe (3.22)

[ToxcraBiss BeIpaKeHHE U CKOPOCTH (QUIIBTPAIITN
w=Q/2xarh

B (3.24) u paznensis nepeMeHHbIE, TOTYYHUM

oo Qudr, Q dr
27kh r  (27h)? r? (3.25)

WuTerpupys 1o p B npeaenax ot pe. 10 px U 10 I' B IIpeAenax ot Ig,. 10 Rk Oynem umers

Qu Re, Qu (1 1

2akh  r. @)\ R (3.26)

P —Pc =

Pemrasi momyueHHOEe KBaJpaTHOE ypaBHEHHE, HaXoIuM AEeOMT ckBakuHBI Q. MHTErpmpys
(3.25) mo p B mpenenax ot pe. 10 px U MO I B npenenax ot I 10 Rk, HalizeM 3akoH pacnpeneneHus

JaBJICHUA
2
_Qu R Quil 1

=P an @Ay \r R, (327

Kak BugHO 13 (3.26), MHAMKATOPHAS JIMHUS NPU HapyIIeHUH 3aKkoHa Jlapcu
SIBJISIETCST TTapaOOoIIoH.
Ecnu ¢unbTpanus npoucxoIuT no 3akoHy KpacHOIMonbCckoro, To AeOUT ompeaesnsercs Io

dbopmyre

"
Q =27h FCAIO (3.28)

3.2.3. PagnanbHo-cepuyeckas GUIbTPALMS HECKUMAECMOM KHAKOCTH 110 3aKOHY
Hapcu
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OUIbTPallMOHHBIA MOTOK HA3BIBAETCS paHalibHO-CEpUUYECKUM, €CIU BEKTOPhI CKOPOCTH
(GuUIbTpAIIUM HAMPABJICHBI B MPOCTPAHCTBE IO MPSIMBIM, PAJAHATBHO CXOISIIUMCS K OJHOW TOYKE
(Wi pacxoasAIuMcs OT Hee).

brnarogapst ieHTpanbHONW CUMMETPUU JaBICHUE U CKOPOCTh (PHIBTPAIMU 3aBUCAT U B OTOM
CiIy4ae TOJBKO OT OJTHOM KOOPJUHATHI I, OTCUMTHIBaeMOM OT 1eHTpa (puc.3.3).

Puc.3.3 — Hanpasienue GuiabTpaliMOHHBIX TTOTOKOB

[TpumepoM TOTOKa, BecbMa OJIM3KOrO K paJUaIbHO-CHEPUICCKOMY, SIBISIETCS HPUTOK
KHUAKOCTU K TMAPOAMHAMUYCCKU HeCOBepHIeHHOfI CKBAXHMHC MAJIOIro AuaMeTpa, €aBa BCKpI:IBHIefI
HEIIPOHHUIIAEMYI0 TOPH30HTAIBHYIO KPOBIKO OJHOPOAHOrO IUIACTa  OOJBIIOW  MOIIHOCTH
(TeopeTHuecKN OECKOHEYHOM ).

Ecim Ha 3aboe CKBaXWHBI, IPEACTAaBICHHOH B Buiae nomycdepsl paauyca [g.,

MOAACPIKUBACTCA ITOCTOSIHHOC IIPUBCACHHOC NaBJIICHUC P, 4 HA JOCTATOYHO 0OJIBIIOM PacCTOSAHUHU

OT CKBaXXHMHBI, HA TOJIychepruuecKoil MOBEPXHOCTH paauyca Rk. coxpaHseTcsl IOCTOSHHOE AaBJICHHUE
P 1 GWibTpanus B OJHOPOJHOM IUIACTE HMPOMCXOAUT IO 3aKoHy Jlapcu, To 0O0bEMHBIA NeOUT

CKBa)XXHMHBI OTpeieTsieTcs o hopmyIie

Q — chk(p; - p::)

/" (3.29)
HpI/IBeHeHHOC JAaBJICHUC B J'IIO6OI>’I TOYKE I11J1acTa OHpeLLeJDIeTC}I 10 Q)OpMyHe
* *
g Ppefl 1
LY
1 1ir R (3.30)
rC RK
a 3aKOH ABUKCHUS 4YaCTULl BAOJIb JIMHUHU TOKA OTTOYKHU C KOOpI[HHaTOﬁ 20 10 TOYKHU C
KOOpI[HHaTOﬁ I OMIUCHIBACTCH ypaBHeHI/IeM
= 271m r’—r%
0 (3.31)

3Q

3.3. YcTaHOBUBUIINICSA NPUTOK KUIAKOCTH K IpyIiIe riAPOAHHAMHYECKH
COBEepPIICHHBIX CKBaKMH. MHTEepdepeHund CKBaKHH.
CBs3b IUIOCKO# 321241 TeopuM GUILTPALMU ¢ Teopueill GyHKIMA
KOMIIIEKCHOT'0 IIePEMEHHOr0
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B camom o0mieM ciy4ae AaBiIeHHE M CKOPOCTh (DPUIIBTpAIMU 3aBHCAT OT TPEX KOOPAWHAT
TOYKH B Iu1acTe. Eciiu naBiaeHne U CKopocTh GHIIBTPALMH 3aBUCST TOJIBKO OT JIByX KOOPJIMHAT, TO B
KQKIOH IUIOCKOCTHU, IMEPHEHIUKYISIPHOM K TpeThell OCH, IMOJE€ CKOPOCTEM M JaBieHHUH Oyner
OJMHAKOBBIM. B 3ToM ciyyae (uiIbTpallMOHHBIM MOTOK Ha3bIBaeTCs IUIOCKUM. [lmockuit
(GWIBTPaMOHHBIA TOTOK MMEET MECTO NMPH paboTe OJHOM MM HECKOJBKUX THIPOANHAMHYECKU
COBEpILEHHBIX (IKCIUTYaTALlMOHHBIX U HarHETATENIbHbIX) CKBA)KUH B OJJHOPOJAHOM I'OPU30HTAIBHOM
IUTaCTe MOCTOSIHHOM TONMIMHBEL. IMEHHO Takue MOTOKH OYAyT pacCMOTPEHBI B HACTOSIIEM pa3jede.

3.3.1. IloTeHMAaJ TOYEYHOI0 CTOKA U MCTOYHUKA HA IUIOCKOCTH. [IprHIIun
cynepno3uuuu

Ha3oBem TO4YE€UHBIM CTOKOM Ha IJIOCKOCTH TOYKY, MOTJIOMIAIONIYIO )KUAKOCTh. CTOK MOXHO
paccMaTpuBaTh KaK THUAPOJMHAMUYECKA  COBEPIICHHYIO  JKCIUTyaTallMOHHYIO  CKBaXKUHY
OECKOHEYHO MaJloro pajauyca B IJIacTe €IWHUYHON TOJIIMHBL. TOUYEUHBIH MCTOYHMK - 3TO TOUKA,
BBIJICIIAIONIAS KUAKOCTh (QHAJIOr HArHETaTeJIbHOW CKBaXKWMHBI). 3aMEHSISl MCTOUYHUKU U CTOKU
CKBOKMHAMU KOHEYHOTO JMAaMETpa, Mbl MPAKTUUYECKU HE JOMYCKaeM HUKAKOW OIIMOKH, TOSTOMY
OyzeM B ajibHEHIIIEM OTOXACCTBIISITH CKBAXKUHBI C UICTOUHUKAMHU U CTOKAMHU.

[Ipu pabotre B OECKOHEYHOM IUIACTE OJHOW CKBaXXUHBI-CTOKa (QuiubTpauus Oyaer
MJIOCKOPAIaIbHON U JJaBJIEHWE B TOUKE HA PACCTOSHUU I OT LEHTPA CKBAKUHBI OMPEIEISETCS 110

dbopmyre

p:q—ﬂln r+C
27K

(3.32)

rae 0=Q/h -neduT CKBaKMHBI-CTOKA, MPUXOMSIIUICS Ha SIUHHUILY MOIIHOCTH Iuiacta; C -
MTOCTOSTHHAS! MHTETPUPOBAHUSI.

HazoBem mnotenmmanom ckopoctu ¢uibtpaimu @ Beipakenue @=kp/u. ITlepexoms ot
JaBJICHUS K TMOTEHIMANly, MOJY4YUM 3HAu€HUE MOTEHI[MaNa B TOYKE Ha PACCTOSHUM I OT LIEHTpa
CKBa)KHHBI

®=—1Inr+C
2 (3.33)
T
JleOuTy MCTOUHUKA (HarHEeTaTeIbHON CKBa)KUHBI) PUIHUCHIBAETCS 3HAK MUHYC.
[Ipu coBmecTHO paboTe B IUIacT€ HECKOJBKHMX CKBA)XMH PE3YyJIbTHUPYIOLIUI MOTEHLIHAT B
0601 Touke rutacta M paBeH anrebpanueckoil cymme noteHuuanoB @, @),..., 00yCIOBIEHHBIX

paboTol KaXKIOW OT/IETbHON CKBaKUHBI.

0, g, q 1
Oo==Inr+=<Inr,+—Inr,+..+4C=— E Inr +C
1 21r 2 2r 3 1 ._1q| i

27 (3.34)

Ckopoctu (punpTpallud TMPU ITOM CKIAAbIBAOTCS reomerpuuecku (puc.3.4,a, 6). D10
HA3BIBACTCSI IPUHITUTIOM CYTIEPIIO3HUIINH, WK CJIOKEHUS TCUCHUH.
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a W, g1 ')
(}
M i, N
M wy
w,
f"“ qz 7173
%3 ) T
¥

Puc.3.4 — IIpuHuun cyneprno3uiuu

Hcnonp3ys NpUHIMI CYNEPHO3UIUH, MOKHO NPHOJMKEHHO PacCUUTHIBATh ICOMTHI WU
3a00WHBIE TOTEHIMANBl (@ CJIeJOBaTENbHO, W 3a0OWHBIC MAABICHHA) IS TPYIIBl CKBAXHH,
paboTaronyx B IJIaCTe C BecbMa yJaJCHHBIM KOHTypoM mnuTaHus. lloTeHnman @, Ha KOHType
NUTAHUS CYMTACTCSI U3BECTHBIM, @ PACCTOSIHUE OT KOHTYpA MUTAHUA /10 BCEX CKBXUH - OJJHO U TO
e U MPUOJIM3UTEIBHO PaBHO Rk.

ITomenias MpICIEHHO TOUKY M MOCIEN0BaTENIbHO HA 32001 KaK0M CKBaXUHBI, Il Py=De.,
1oJIy4yuM U3 oduero ypaBHeHus (3.34) cucremy N ypaBHeHHi (N - uucio ckBaxuH). [locTosHHas
VMHTETPUPOBAHUS HAXOJUTCS U3 YCIOBUSA HAa KOHType nuTaHus. OKOHYAaTeIbHO CUCTEMA YPaBHEHUN
JUTSL OTIpENIeNICHUs IeOUTOB MITH 3200MHBIX TTOTEHIIUAIOB IIPUMET BUJ]

D — D, L qlln&+q2 |n&+...+qn In&
2 rc1 12 in
D~ D, = gIh—~+g,In—*+..+q,In—=-
2 r;I.2 C 2n

=— qlln—K+q2In&+...+qnln& (3.35)
z I

31€Ch ;- PACCTOSHUE MEXKJTy LICHTPaMH I-i 1 j-it CKBaYKHH.

HpI/IHHI/IH CYIECpNIO3NINU MOKHO HCIIOJIB30BATh, CCJIIM CKBAXXWHBI pa6OTaIOT B IIIIACTC,
OIrpaHUYC€HHOM KOHTYPOM IIHUTaHUA TOM WM WHOU q)OpMBI, WM HCHIPOHHUIAEMBIMU TI'paHULlAMHA
(J'II/IHI/II/I BBIKJIIMHUBAHNA, C6pOCLI), HO JIs1 BBIIIOJIHCHHA TCX HIIM HHBIX YCJ'IOBI/Iﬁ Ha TpaHULax
MNpuUxXoauTCA BBOIUTH (1)I/IKTI/IBHI)IG CKBAXXHMHBI 3a MNOpcacjiaMu I1J1acTa, KOTOPBIC CO3OAal0T B

COBOKYITHOCTH C peajbHbIMH CKBOKHHAMU HEOOXOAUMbIC YCIOBUS HA TPAHUIIAX.
q

7y

-9
Puc.3.5 — BapuaHnT cyneprno3unuun

[Ipu sTOM 3amavya CBOAUTCS K PACCMOTPEHHUIO OJIHOBPEMEHHON pabOThl peaabHBIX |
(UKTUBHBIX CKBRXXMH B HEOTPAHMYECHHOM IUIacTe. DTOT METO]] HAa3bIBAETCS METOJIOM OTOOpaXKEHUS
HMCTOYHHMKOB U CTO KO U (MeToAoM KOH(GOpPMHOro otoOpakenus). OH MIMPOKO MPUMEHSIETCS HE
TOJILKO B TMOJA3€MHOW THAPABIMKE W TUAPOJUHAMUKE, HO M MpPU PEUICHUU 3a]a4d TEOpPHUH
AIEKTPUIECTBA, MATHETU3MA U DJIEKTPOIIPOBOTHOCTH.
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Tak, ecnu sKCIUTyaTallMOHHAs CKBAXMHA HAXOAUTCS B IUIACTE C NMPSIMOJIMHEHHBIM KOHTYPOM
IUTAHUS HA PACCTOSHUU @ OT KOHTYpa, TO €€ HaJ0 3epKaJbHO OTOOPA3UTh OTHOCUTEIBHO KOHTYPA,
T.€. IOMECTUTh (DUKTHBHYIO CKBXXHHY C JPYTrOil CTOPOHBI OT KOHTYpa Ha pacctosiuuu a (puc.3.5) u
CUNTATh €€ AeOUT OTPULIATEIbHBIM (CKBaXXHMHA — UCTOYHHUK). [Ipu 3TOM noTteHuunan B 11000 Touke
M pasen

D, :ilnrl—iln r2+C:ilni+C
2 2 2r T,

Ha KOHType mutanus =T, n @®=C=dy, a 1eOUT CKBaKHHBI ONPEACIACTCA 110 HopMyIie

— 27Zh(CDK _@C) — 27Zkh(pK T pC)

2a 2a (3.36)
In — wlin —
r-C r-C

Q

MGTOIL 0T06pa>1<eH1/m HCTOYHHUKOB U CTOKOB UCIOJB3YCTCA TAKKC I HAXOXKIACHHUA II€6I/IT3.
CKBa’XHHBbI, pa60Ta10meI71 B IINIACTC, OI'PAaHUYCHHOM IICPCCCKAOIUMHCH HpHMOHHHeﬁHBIMH
HCIIPOHUIIACMBIMHA I'PaHULIAMMU. HpI/I ImoMomu 3Toro MeToaa MOXKHO OIIPCACINTD I[C6I/IT CKBa’>XHHHI,
OKCHOCHTPHUYHO paCHOHO)KCHHOfI B KPYI'OBOM ILJIaCTEC

27kh(p — Pc)
Re[1_ 9 (3.37)
L\ R

Qakcu =

uin

r7ie 0 - PacCTOSIHUE OT LIEHTPa CKBAXXUHBI JI0 IIEHTpa KPYroBOTO IJiacTa (3KCLEHTPUCHUTET).
3.3.2. UuTepdepeHuusi CKBaKUH

JleOuT Kakaol CKBa)KMHBI OECKOHEYHOH IIeNOYKH, pacHoIOKEHHOM Ha paccTossHUM L oT
OpSAMOJIMHEHHOT0 KOHTYpa nuTaHus (puc.3.6), Beipaxaercst popmyIioit

0~ 220(@ — D)  27akh(pe — pc)
7l o
In2sh=—+In— ) | osh™ i ©
o e o 7/
(3.38)

TAC O - MOJIOBUHA PACCTOAHUA MCKAY CKBaAXKUHAMMU.
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Puc.3.6

Ecnu L > o, To npubInKEeHHO MOKHO NPUHSATH, YTO

L T2 A
In2sh—=In|ec —e ¢ | —
(o) O

7l o
u = +in 2
O 7 I
JleOUT OmHON CKBaXKMHBI KOJBLIEBOW OaTapew, COCTOSAIMIEH M3 N CKBaXHH, B KPYrOBOM
iacTe paauyca Ry (puc.3.7) umeer BUJ

H TOTrJa

2@, -a.)  2akh(pe - pe)
Q o Rn R2n o Rn R2n (340)

In Kn—1 1_ 12n ,Ll Kn—1 1_ 12n

nr- R, Ry nr. R, Ry

r1e Rk - paauyc 6atape; I - paguyc CKBaXKUH.

Ecnu uncno ckBakuH 6atapen Beuko (6osbiue nsatu i mectn), o (R /R )™, <<1
U TUM BBIPOKEHHUEM MOKHO MpPEHeOpeuh MO CPaBHEHHIO C €IMHUIICH; €clid, KpOMe TOro,

R

o
3aMEHUTh —— = —— [OJIyYUM NPUOIMKEHHYIO GOopMYyIy
nr. 7.

27kh(pe — Pc)

3.41
Ry +1In o (34D
Rl 7er

Q=

4l nin

3.3.3. MeToa 3KBUBaJICHTHBIX GUIbLTPAaHOHHBIX conpoTusaeHuii 10.I1.bopucosa
OmHUM U3 METOJIOB pacueTa AeOUTOB MHOTOPSITHBIX OaTapei Wiv MEeMOYeK CKBAXKHH
SIBIISIETCS. METOJ] SKBUBAJICHTHBIX (pribTpaninoHHbIX conpoTtusienuii HO. I1. bopucona.
CyMMapHBIil 1eOUT 1EMTOYKH U3 N CKBAXKHH PaBEH
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o = 27Khr(pe —pe) _ P« — Pe
L 7 o (3.42)

o n % + In
Mo N | Kheon " 27khn’

HCHOJIB?;}HI SJICKTPOTUAPOAUHAMHUYCCKYIO aHAJIOTUIO U YYUTBIBAs, YTO aHAJIOIOM 00BEMHOTO
pacxonaa ABJIKICTCA CHJIAa TOKA, a aHAJIOIOM pa3HOCTHU ,I[aBJ'ICHI/Iﬁ - Pa3HOCTb OJJICKTPUUCCKHUX
MNOTCHIUAJIOB, BBIPAKCHUC, CTOAIICC B 3HAMCHATCIIC, MOKHO Ha3BaTb (I)I/IJIBTpaL[I/IOHHBIM
COIIPOTUBJICHHUCM. Omno CKJIaAbIBACTCA U3 BHCHIHETO (bI/IJ'IBTpaI_[I/IOHHOFO COIIPOTUBJICHHUA

oM
P = h2on  khB (3:43)

KOTOpO€ MpPEJCTaBIseT cO00 CONpPOTHBIIEHHE MOTOKY OT KOHTypa NMHUTaHHUS A0 rajepeu
JnaitHo B=20n, pacrnojoX€HHOM Ha pacCcTOSIHMM L OT KOHTypa NUTaHHWs, U U3 BHYTPEHHETO
(GWIBTPALMOHHOTO CONPOTUBIICHUS

Y Y
27khn " 71 (3.44)

o,

KOTOPOE BBIpaXKaeT COOOW COMPOTHBIICHHNE, BO3HUKAIOIIEE MPH MOAX0/IE KUIKOCTH K
CKBa)XMHaM B 30HE pajiyca G/, Iie GUIbTpaLus NPaKTHUYECKU III0OCKOparaabHasl.
®opmyina (5.42) npumeT BUJ

Q=tx—Pe (3.45)
p—p

DnexTpuueckas cxema, COOTBETCTBYIOIIas MocienHed Gopmyie, npeacrasiaser coOoil aBa
MOCJIEI0BATEIbHO COEIMHEHHBIX IPOBOJHUKA C CONPOTHBIEHUSMH p H p', C Pa3HOCTBIO
HOTEHIINAJIOB Py U pc, U critoi Toka Q' (puc.3.8).

Ecnu B rutacte uMeeTcs TP LEMOYKH € YHUCIIOM CKBaXKUH N1, N2, N3 B KAXIOMH, C paJiycaMu
Fer, Te2, Te3, € 3a00MHBIMH JABIEHUAMH Pci, Pe2, Pe3 M CymMMapHbiMH jaebutamu Q', Q'2, Q's

COOTBETCTBEHHO, TO CX€Ma OJKBHUBAJICHTHBIX (UIBTPAIIMOHHBIX COMPOTHBICHUN  Oyjer
pa3BeTBIeHHON (puc.3.9), Tak Kak oOIIee KOTUYECTBO >KUIKOCTH, TOCTYIMAroIiee OT KOHTypa
NUTaHus, B JanbHEHIIeM pasaensiercs: 1e6uT Q') mepexBaThIBacTCsl NEPBOH 1IEMOYKOM, 8 OCTaIbHas

KHUJIKOCTh IBUTAETCS JalbIle, 3aTeM AeOuT Q'2 mepexBaThIBaeTCsl BTOPOH EMOYKOH U T. 1.
B sTOM ciyyae BHemHue GUIBTPALMOHHBIE COTPOTHBIIEHUS OyIyT:

_py o,
khB- 2 knB-* " kng. @

rae L, - paccTosHuMe OT KOHTypa MUTaHMs 10 MEPBOM LEMOYKU CKBaXHH; L, - paccrosnue

L1

MeX1y TIepBOil U BTOPOH IlenoykaMu; L3 - Mexay BTOpOMl U TpeThel.
BHyTpeHHHE cONpOTUBIIEHHS ONPEAETSAIOTCS 110 hopMynam:
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= n
27khn, 71, (3:47)

2 Q;r4;*Q5
1% a lﬂ;
’e Pes P
Puc.3.8 Puc.3.9

Pacuer cxembl mpoBoauTes 1o 3akoHam Oma u Kupxroda; mpu 3ToM cocTaBIsSIOTCS
anredpanvecKue JIMHEHHBIC ypaBHEHUS 110 YUCITy HeM3BeCTHBIX (1100 Q't, Q'2, Q's, m1b0 P, Pe2,
Pc3).

CyMmMapHBIi 1eOUT KpyroBoii 6aTtapen CKBaKHUH OIpeessieTcs Toxe o ¢popmyie (3.45), B
KOTOPOH BHEIITHEE CONPOTHBIICHUE

H In Ry

P72kn R, 349

a BHyTpeHHee umeer Buj (3.44).

JU1s1 3TOro ciydas cxeMa 3KBUBAJICHTHBIX (DMIIBTPALIMOHHBIX COIPOTUBIIEHUN OYyAET TOH XK€,
YTO U JJIsI TPIMOJIMHEWHON LIETOYKH.

B ciyuae HeckonbKHMX KpYyroBbIX OaTapeil (Hampumep, Tpex) cxema IpeJCTaBlieHa Ha
puc.3.9. Ilpu 3Tom BHeLIHNE GUIBTPALIMOHHBIE COPOTUBIICHUS PACCUUTBIBAIOTCS 110 (popMysam:

“2%kh R, @49
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rne Ri,R2, Rs- pamuycer OGarapeii. BHyTpeHHHE CONpPOTHBICHHS ONPEACTSIOTCS 110
dbopmynam (3.47).

3.3.4. CBs3b IJIOCKO 32/1a4u Teopuu puiabTpaunu ¢ Teopueil yHkumin
KOMILIEKCHOT0 MePpeMeHHOr 0

[Tpu uccnenoBanny MIOCKOTO (GUIBTPAIMOHHOTO MTOTOKA, MOAYUHSIONIETOCs 3akony Japeu,
MOKHO HCIOJIB30BaTh TEOPUI0 (PYHKIMH KOMIUIEKCHOTO MMepeMeHHOro. COBMECTHUM IUIOCKOCTh
KOMILIEKCHOT'O TIGPEMEHHOTO Z= X +1y ¢ OCHOBHOH IJIOCKOCTBIO TCUCHUSI.

Jlig KaXJ0ro IUIOCKOTO (PUIBTPALIMOHHOTO IMOTOKAa MOKHO HAWTH XapaKTepUCTHYECKYIO
(GYHKIMIO TEYeHHUs, WIM KOMIUIGKCHBIM moTeHuuan F(z), kortopeiii sBisercs (yHKIMeH

KOMILIEKCHOTO TepeMeHHoro Z. B ¢ykium F(zZ) MOXHO OTHENHTH AEHCTBHTEIBHYIO YacTh OT
MHUMOI:

F@@)= @(x.y) + ip(xy), (3.50)

rae @(x,y) - noTeHnuan ckopoctd; w(X,y) - QyHKIHS TOKa. DTH QYHKIIMU CBS3aHBI MEXKITY
co0oii ypaBuenussmu Ko -Pumana:

ay OX (3.51)
U IOAYMHAIOTCS ypaBHeHUIo Jlannaca:
2 2 2 2
D D
° 2 +8 7 =0 al/szral/z/:O
x> oy: Xt oy

VYpasaenne @(x,y)=C onpenenser coboil ceMelicTBO IKBUMIOTEHIIUATIEH,

(3.52)

Pnc.3.10 — DxBUMoTeHIINAIIN

k
COBMAAIOIINX C n300apamu, Tak kKak, @ =—p a y(X,y) = ¢ — ceMeiCcTBO JIMHUIT TOKA.

DKBUIIOTEHIMAIM U IMHUU TOKA B3aMMHO OpTOroHaNIbHBEI (puc.3.10).
[Ipoekunu ckopocTu GUIBTPALIMN HA KOOPJAMHATHBIE OCU HAXOAATCA M0 popMysiam:
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W, == O =——— (3.53)

a MOJLYJIb CKOPOCTH (PHIIBTpAIIIH

w= Bz V Oy + O, (3.54)

Bpemst ABMKEHUS YaCTUIIBI )KUIKOCTH BJIOJIb IMHUH TOKA S MOKHO OIPEICTUTh 10 hopMyie

_m[92
. dF (3.55)
dz

t =

rie Z = X-1y - COnpspKEHHOE € Z KOMIUIEKCHOE MEPEMEHHOE.

Ecnu xakoif-mm0o Ci0XKHBIM MI0CKUH (UIBTPAMOHHBIA MOTOK MOXKHO INPEICTaBUTh Kak
pe3ysbTaT HaJOXKEHUS HECKOJIbKUX MPOCTEHUIINX IOTOKOB, TO XapaKTepUCTHUYecKas (QYHKIUS
CJIO)KHOTO ~ TOTOKAa  paBHAa IO  NPUHLUIY  CYNEpPHO3ULMM  anreObpanyeckod  cymme
XapaKTePUCTHUECKUX (QYHKIUN TMPOCTEHIINX TOTOKOB.

3.4. Bansaue THAPOAUHAMHUYECKOI0 HECOBEPHICHCTBA CKBAKUHBI HA €€ )IeﬁI/IT

CkBaxMHa Ha3bIBACTCS TMIPOAMHAMUYECKU COBEPILEHHOM, €ClIM OHa BCKPBIBAET IIACT Ha
BCIO TOJIIMHY U 3a00M CKBaKMHBI OTKPBITBHIH, T. €. BCA BCKPBITas MOBEPXHOCTb 32005 SIBISETCS
GuUIBTpyIOMEe MOBEPXHOCThIO. [IOTOK JKHUIKOCTH K COBEPIICHHOM CKBaXWHE — TUIOCKHIA
GWIbTpallMOHHBI NMOTOK. Ecny cKkBaXKMHa C OTKPBITBIM 3a00€M BCKpPBHIBAE€T IUIACT HE HA BCHO
TOJILIMHY, a TOJIBKO Ha HEKOTOPYIO BEJIMYUHY, WIHM €CIM CKBaXXMHa COOOIIaeTcs ¢ IIAaCTOM 4Yepe3
OTJENbHBIE OTBEPCTHs, TO (UIAbTpaUMs SKUIAKOCTH WIM Taza OydeT NpOCTPaHCTBEHHOMN
(TpexMepHOii), a CKBa)KMHA — T'MJIPOJJUHAMUYECKH HECOBEPLICHHOM.

Pa3nnuaroT Tpu Buaa HECOBEPIIEHCTBA CKBAXKHH:

1) ckBaXMHAa TUAPOJAMHAMUYECKU HECOBEPIIEHHAsl MO CTENEHU BCKPBITHUS IIacTa — 3TO
CKBaXXMHA C OTKPBITHIM 3a00€M, BCKPBIBIIIAs IUIACT HE HAa BCIO MOLITHOCTH;

2) CKBaXXMHA T'HJAPOJMHAMUYECKH HECOBEpIICHHAs IO XapaKTepy BCKPBITUS IUIacTa —
CKBa)XMHA, BCKPBIBAIOIAs IJIACT OT KPOBIM O MOJOMLIBBI, HO COOOIIAIOIIASACSA C IUIACTOM 4Yepe3
OTBEPCTHS B KOJIOHHE TPYO, B LIEMEHTHOM KOJIbLIE WJIH B CHIEIUAIbHOM (UIIBTPE;

3) CKBaXMHA TUAPOJIUHAMUYECKH HECOBEPIIEHHAs KaK 110 CTETIeHH BCKPBITHS IUIACTa, TaK U
IO XapaKTepy BCKPHITHUSI.

JleOUT CKBa)KUHBI, HECOBEPILIEHHOM IO CTENEHH BCKPBITUS, MOKHO ONPEAETUTD 1O

1
dopmyne M.Mackera, eciu paguyc miacrta R, 2> > h

_ 27kh(py — Pe)
B L& (3.61)

Q
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rac

1 4h — 4h
=—/|2In——¢p(h) |—In—
é: 2h rC ¢( ) RK (3.62)

1 OTHOCHUTEIILHOE BCKPBITHE IutacTa /i =b/h.
OyHKHs @(h) UIMEET CIEAYIOIIEe aHATUTUHIECKOE BBIPAKEHHUE:

M) n 1(0,875h) - I"(0,125h)
? (1-0875n)- I'(1—0125n) @63

rae /" - uaTerpain Ditiepa BTOPOro pojia Wik HHa4Ye, raMMa-(QyHKIHS, 1151 KOTOPOH HMEIOTCS
TaOJIUIIBI B MATEMATUYECKHUX CIIPAaBOYHHKAX; ¢(71) mpencTaBieHa rpadpuiecku Ha puc.3.16.

g’(h} . Lj_f‘_g_
6
4
2

SO

TN

\\
\\

A |
g 492 gy g6 48 h

Puc.3.11 Puc.3.12

Jlnsi cKBakKMHBI B Iiacte OeckoHeyHOW TommuHbl (puc.3.11) MOXHO HailTH neOuT mpu
nomottu Gopmynsl H.K.I'upunckoro:

_ 27Kb(p, — Pc)
1,6b (3.64)
rC

JleOuT CKBa)XMHBI THUIPOJMHAMHYECKM HECOBEPIIEHHOM Kak 10 CTENeHH, TaK MU IO
XapaKkTepy BCKPBITUS IJIaCTa MOXKHO MOJCUUTATh IO (hopMmyIie

27K N(Py — Pc)

y7; In?K—l—Cl—FCZ
C

Q

u1n

Q=

(3.65)

rac Cl - 6e3pa3MepHa;1 BCJIMYMHA, OIpCACIIAromas AJOMOJHUTCIIbHOC (bl/IHLTpaI_II/IOHHOC
COIIPOTUBJICHUC, 06yCJIOBJ'ICHHO€ HCECOBCPHICHCTBOM CKBAXUHBI IO CTCIICHU BCKPBITHA IJIACTA; C2 -

Oe3pa3MepHasl BeIMYMHA, ONpEAEssIoas JOMOJHUTENbHOE (UIBTPAlMOHHOE CONPOTHUBIICHHE,
BbI3BAHHOE HECOBEPILIEHCTBOM CKBa)KUHBI 110 XapaKTepy BCKPBITHS IIIacTa.
C, n C, naxonarcsa u3 rpaduxos B.M.IlypoBa, MOCTPOEHHBIX IO JaHHLIM HMCCIIEI0BAHMS

IMPUTOKA KUJAKOCTU K CKBa)KHMHaAM C JBOMHBIM BHJIOM HCECOBCPHICHCTBA Ha JJICKTPOJIMTUYCCKUX
MOOCTAX.
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Bemnunna C,; mpencrasneHa Ha puc.3.13 B 3aBucumocTH oT napamerpos a=h/D, u

h=b/h.

. —~— oo
48

& 29
5 &5 7

&7

50 ¥a
) \ a=k/0, &
L \ 55 5
3 50 .
’ a2z
“ \
3 N
s 34 28
0 “,‘Sz"” \\\\ 22320 ff30 20
25 80 \ Y\ e = \/: 25 4ls slz
; 20\ 42 \ A Q(’M 23 " /’7 el 4
NN TN
i i 2 \\\ ’ 12 -
RN N
ORI AR ==
N ™ ?
2 ;‘ \.:‘\‘\ :_ —_— as g \\K Q
7 T 22 1 e0 50 50 70 80 90 moov/» 9 .
4 s 2 4 y Y/
Puc.3.13 Puc.3.14
5 I{;
cl
1z 15
6,25
28 1t
. 7285
2v £
7
20
\ | :
s 123 HE R 7
'3 L2345 &7 i 13 A
2 / -
s 1 rd
&4 %
8
g §%\
* . g s
-7
s 7 2 = ‘L s 4 4 2 2 % 5 nle
Puc.3.15 Puc.3.16

Ha pwuc.3.14, 3.15, 3.16 nmana 3aBucumocth C2 oT Tpex mapamerpoB: NDc, |=I/Dc u
a=do/Dc, rae n - uncno nepdopannoHHbIX oTBepcTHit Ha 1 M; D¢ - muamerp, ckBakuHbI B M; [ -
rIyOMHA POHUKHOBEHHUS MyJTb B MOPOY; Co - THaMeTp OTBEPCTHH.

CooTBeTCTBUE MEXIY KPUBBIMH M 3HaueHHAMH mapamerpa a=d,/D BuaHO U3 ciemyrommx

JAHHBIX:
Howme 1 2 3 4 5 6 7
P KpUBOU
a 0, 0, 0, 0, 0, 0, 0,
03 04 05 06 07 08 09

®opmyny (3.65) MOKHO 3anucaTh UHAYE, BB/ B HEE€ IPUBECHHBIN painyc CKBAKUHBI
— -(C1+Cy) _ C

T.. paAMyC TaKOW COBEPIICHHOW CKBa)KHMHBI, KOTOPOM paBeH JeOUTY HECOBEPIIEHHOM
CKBaXMHBI.

B nutepatype npuBoasTcs rpaQuKu o, KOTOPbIE MOYXHO HUCIOJIb30BaTh AJis olleHKH C.
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Q= 2Kpc — pe)

p In g (3.67)
rC
i L LY
' ()
B> M — P

-
b~ By el fy  fepr

Ry
i

Puc.3.17 — I'paduku 1j1st OLICHKH JOTIOTHUTEIBHBIX THAPOMHAMHUYECKUX CONMMPOTHUBIICHUI

WHorna TUApPOJMHAMHYECKOS HECOBEPIICHCTBO CKBAXKHH YYHUTHIBACTCS MPU [TOMOIIH
KOd((UITMEHTA COBEPIICHCTBA CKBAKUHBI

QCOB

rac Q - ,I[G6I/IT HCCOBepIHeHHOﬁ CKBa’KHHBI, QC06 - ,Z[C6I/IT COBCpH.IGHHOfI CKBa’XHMHBI B TCX KC

(3.68)

YCIIOBUSIX.
Koadduipent coBepiieHcTBa CKBaKHHBI 0 ¥ BenumunHa C=C1+C2 cBsi3aHbl MeXKIy cO00M
3aBUCUMOCTBIO
R
In —K
5=—_1c
(3.69)
In—* +C
r
NnJIin
1 R,
C

3.5. YcranoBuBmasicst (l)I/I.J'II)TpaIII/IH HeCXKUMAaeMOoil :KHAKOCTH B HECOAHOPOAHBIX
IJacrax

[IpoHnIaeMOCTs B pPa3JIMYHBIX TOYKAX IPOAYKTUBHBIX IIJJACTOB HE SBIISIETCA CTPOIO
MOCTOSIHHOM BeNIMYMHON. IHOr1a M3MEHEHHE MPOHUIIAEMOCTHU O TUIACTY HOCUT CTOJIb XaOTUYHBIN
XapakTep, YTO IJIACT MOXKHO pPacCMaTpUBaTh B CPEIHEM OJHOPOIHO IIPOHULAEMBIM.

Ecnu u3MeHeHHMe NpPOHUIIAEMOCTH HOCUT HE CIIy4allHbIM XapakTep, a Ha 3HAYUTEIbHOM
MPOTSHKEHUH IIJ1aCTa UMEKOT MECTO OIPEIEIICHHBIE 3aKOHOMEPHOCTH B U3MEHEHUHU IPOHULIAEMOCTH,
TOrJa JBM)KEHUE KUAKOCTEW M Ta30B CYIIECTBEHHO OTJIMYAETCS OT JABMIKEHHS MX B OJHOPOIHBIX
I1acTax.

OT™MeTUM CICOYIOIIUEC HpOCTGﬁIHPIC CJIydan HCOOAHOPOOHOCTH IIIaCTOB.
2r;

L A ITIILP) ,.‘/,.

Pe Ay (1) —om ,

h—-—l n,(z)—-’-’ﬁ. I 5——12) . !—(--p,

|
0 o T 5
3 Ry —-—1

Puc.3.18 — Ciiyuan HEOTHOPOTHOCTH IJIACTOB

1 i Py
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1. TImact cocroutr u3 Heckosbkux cioeB (puc.3.18, 3.19). B mpepenax kaxuporo cios
IPOHUIIAEMOCTh B CPEIHEM OAMHAKOBAa M CKA4KOOOpa3HO M3MEHSETCs IpU Iepexone OT OJHOIro
cmoss K japyromy. JlomycTum, dYTOo BCe N CIIOEB TOPU3OHTANBHBI, TONIIMHA I-To cios hj,

IPOHHUIIAEMOCTh COOTBETCTBYIOmEro cinost Kj. Ha oxHOM KOHIE KaXkoro ciosi JaBJIeHHE PaBHO Py,
Ha IPYTOM — Pr.

Ecnun aBuxkenue »KuaKOCTH NpsSMOIUHENHO-TTapasuiesibHoe (cM. puc.3.18) mo 3akony apcu,
TO pacIpe/ielieHUe JaBJICHUS P B KQXKIOM CJIOC JTJMHEHHOE U XapaKTePH3yeTCsl ypaBHEHHEM

P« — P
KL FX (3.71)

P= Pk —

NeOUT MOTOKA BBIUUCISAETCS 110 hopMyie

1 < (3.72)
a cpenHuii K03(GOUIUEHT IPOHULIAEMOCTH 110 (GopMyITe
n
> kih,
_i=1
op =2 (3.73)
3.73
> h
i=1

B cnyuae mnockopaauanbHOTO JABMXKEHHS KHJAKOCTH B MHOTOCIOMHOM IUTacTe K
TUAPOJUHAMUYECKH COBEPIIEHHON CKBaXMHE 10 3akoHy [lapcu (cm. puc.3.23) naBieHue B KaKI0M
CJI0€ MEHSIETCS M0 JIOTapu(pMUIECKOMY 3aKOHY

Pk — Pc In

P=Px—
I Ry r (3.74)
Ic

NeOUT CKBa)KMHBI OTpeieisieTcs o Gpopmyie

P In (3.75)

rc

a cpetHui K03 UIMEHT MPOHUIIAEMOCTH TUIaCTa U B 3TOM ciydae HaxoauTcs 1o (3.73).

2. IlmacT cocTOWT W3 HECKOIBKMX 30H pasznudHoi mponunaemoctu (puc.3.19, 3.20). Ha
IpaHUIle JBYX 30H MPOHHUIIAEMOCTh MEHSIETCs CKauKooOpas3HO; B MpejesaXx OJHOM U TOW e 30HBI
NIPOHHIIAEMOCTh B cpeaHeM onuHakoBa. C HEOTHOPOJHOCTHIO TAKOTO POAAa MOYKHO BCTPETHTHCH,
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HarpuMmep, MpH CONPHUKOCHOBEHUH JIBYX Pa3HBIX IUIACTOB BJAOJIb cOpoca WM B CIIydae HaJIM4Hs
[IOpora paguajbHON U3MEHYMBOCTU OJTHOTO M TOTO JK€ ILIACTa.

2r,

1/ /0

' i
s @ @] 5
R B e
1

CEL AL LS ‘.’~‘ /‘l/,:{’/_//f 4
(1! @ (2!
w)  h ()

VB

Pr T

0 b

,,,,,

s i /. 7.
Jl —_—_-‘._zz e
b

Puc.3.19 Puc.3.20

JIomyCcTUM, YTO TOPU3OHTAIBHBIA IUIACT TOJMMHOW h, mmuHOW | ¢ HempoHHIIAeMBIMU
KpOBJICH ¥ IOJOIIBOM COCTOMT W3 N 30H pa3uu4yHOW npoHHMuaemoctd. [lmwna i-ii 30HHI lj,

ko3¢ durrent nponunaemocty Kj (cm. puc.3.19).

[Tpu npsMoTUHEHHO-TIapaUIENbHON (QUIBTPAMK JKUAKOCTH B TaKOM IUIACTE IO 3aKOHY
Hapcu n1ebut GuibTpalMOHHOrO NOTOKA MOICYUTHIBAETCS 110 GpopmyIie

Q — Bh( p|: B pr)

|
/lekl (3.76)

=1 N

rae B - mupuna noroka.
Cpenuuii Ko3pGUIHMEHT NIPOHUIIAEMOCTH

n

Zli |

cp n I

i . Ii (3.77)
20 2K

i=1 ™ i=1 ™

IIpu N=2 pacnpeneneHue NaBlIEHUS B NEPBOM 30HE p], U BO BTOPOM - P2 ONMCHIBAETCS
YpaBHEHUSMU:

P, = Px _(pK _ pr)kz X

I1k2 + |2k1 0=<x<lx
(P — P)K
P, = Px — |1}'<<2 " I:kl L(I-x) Lh<x<l.  (3.78)

Ecmu IIpru IIOCKOPAAUAIBHOM ITPHUTOKE XHUJAKOCTH K THAPOJUHAMHUYCCKU COBepHIeHHOI\/'I
CKBa)KMHE TO 3aKoHYy [lapcu 30HBI pa3iIMyYHON MPOHUIIAEMOCTH IJIacTa UMEIOT KOJIbIIeOOpa3HyIo
dopmy (cm. puc.3.19), To hopmyna geduta CKBaKUHBI HUMEET BUJ]
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,UZ 1 In I; (3.79)

rae Kj - kodhGHuIMeHT MPOHUIIAeMOCTH 30HBI 32 HOMEPOM I; Fj-1 H ] -COOTBETCTBEHHO
BHYTPEHHUI U BHEIIHUHN paJinyChl 3TOU 30HBI, IPUYEM () =Tc, a ;=R .

Cpenuuii K03 GUIHMEHT NIPOHUIIAEMOCTH B 3TOM CIIy4ae HaXoIuTcs 1Mo hopmyie

R

In
r
k. = €
Cp -1 J (3.80)
S -
= K N

[Tpu n=2 pacnpenencHue NaBlICHHUS B NIEPBOH 30HE P1, © BO BTOPOH 30HE P2 ONpPEEIIeTCS
o Gopmymnam:

r
(IOK—IOC)llﬂr
P. = Pc + :
< Ini+ﬁln Ry re<r<r
rC 2 r1
Kk r
k—l(pK—pC)InR—
P, = Pc +—* < <r<R (3.81)
2 C r1=r<kk .
Ini+ﬁln&
rC 2 r1

3. IIpoHHIIaeMOCTh IJIacTa HENPEPHIBHO M3MEHSAETCS, YBEJIMUYMBAsACH WJIM YMEHBUIASCh B
KakoM-1M00 HampaBieHud. JlomycTUM, YTO HpU IUIOCKOPAIUalIbHOM TEUEHUU Kod()PUIMEHT
IIPOHULIAEMOCTH U3MEHAETCA 110 JIMHEMHOMY 3aKOHY

k —a+br= R =K , Ko —Ke
P RK_rC RK_rC

V 3a00s1 CKBOXHHBI KOAQ(UIUESHT MPOHUIIAEMOCTH paBeH Kc, a Ha KOHType nuTanus (r=Rk)
k = Ko.

OunbTpanus XUAKOCTH TPOUCXOIUT 1Mo 3akoHy Jlapcu. B atom cmydae dopmyna s
e0uTa UMEET BUL
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Q= 27Zh(p|< - C) — 27Zh(p|< - pc)(kCRK _korc)

R k (3.82)
R, —r)|In—* +In-"%
/f‘_f I’k(l’) u(Rye —r1e) r K,

3.6.1. AHajiorust Me:K1y yCTAaHOBUBLIelcs (puabTpanuei
CKHMAaeMoii KUAKOCTH (ra3a) M HeCKUMaeMoil JKUIKOCTH.
®ynkuusn Jleiibenzona
IIpu ycranoBuBLIeHCs GUIBTPALUU CKUMAEMOM KUAKOCTH U I'a3a MAaCCOBBINA Pacxoi BO
BCEX MONEPEYHBIX CEUEHUSAX IJIACTa OJAMHAKOB

Qm = const, (3.83)

a 00BEMHBIN pacXo;] BO3pAcTaeT [0 Mepe MaJICHUS JaBJICHHS 32 CYCT PaCIIUPEHUS
SKUIKOCTH WJIM rasa.
HazoBeM ¢yHkimio

P=lpdp +C (3.84)
¢dbynknueit JI.C. JleliGen3ona.

[{enecooOpa3HOCTh BBeICHUS ATON ()YHKITUHM BUIHA U3 COTIOCTABICHHUNA (DOPMYIL,
BBIpa)karolux 3akoH [lapcu B muddepeHuanbHoi Gopme 11 HECKUMASMOM KHUJIKOCTH

(3.85)

rac Q - HOCTOSIHHBIN 00BEMHBIN pacxon KUAKOCTU, 1 JJIsd C)KMMaeMON KMIKOCTH HIIN
rasa

Q= p o) =<
7,

(3.86)

rne Qm - mocrosiHHBIN MaccoBwii pacxon;  dP=pdp - nuddepennman QyHkimm
Jleitben3oHa.

Bripaxenus (3.85) u (3.86) sBnArOTCS OAHOTUIHBIMU AU(dEepEeHITNATFHBIMI YPAaBHEHUSMU,
B KOTOpBIX 00beMHOMY pacxoay Q B ypaBHeHuu (3.85) cooTBeTcTBYeT MaccoBblii pacxoa Qm B
dopmyre (3.86), a napnenwnto B (3.85) - bynkuus Jleiidbenzona B (3.86).

Otcroga cnemayeT BBIBOJ, YTO Bce (OPMYIbI, IMOJYYEHHBIE [UIsI YCTAaHOBHBIIEHCS
bunbTpaMM  HEC)KMMAaeMOM JKUAKOCTM 1O 3akoHy Jlapcu, MOXXHO HCIOJIb30BaTh IpHU
YCTaHOBUBIIEHCS (QUIBTPAIIMN CKUMAEMOMN JKUKOCTH U Ta3a MPH TeX K€ TPaHUYHBIX YCIOBHIX CO
CIEAyIoNEel 3aMEHO MEPEMEHHBIX:

Hecxnmaemast )KUIKOCTh CxuMaeMasi JKUJIKOCTb ITH a3
OO6bemMHBIH pacxoy Q MaccoBblii pacxo Qm
[aBnenue p Oynkuus Jleitbensona P
O6bemMHast CKOpOCTh (PUITBTPALIAU MaccoBasi ckopocTh (PHUIBTPALIUH
pO=Qm/®
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3.6.2. YcraHoBUBIIASICA (PUJIBTPALMS CKMMAEMOM KUIKOCTH
JUist cokMMaeMoM KallelIbHOM KUIKOCTH, CIEeNyIolel 3akoHy I'yka, ypaBHEHHE COCTOSIHUS,
BBIPAXKAIOLIEE 3aBUCUMOCTD IUIOTHOCTH KHUIKOCTH OT JABJICHUS, ONPEAEISAETCS COOTHOIIECHUEM

P—DPo
K
=P " (3.87)

e Soc - K03 HUIUEHT 00BEMHOTO CKATHS KUAKOCTH, & Koe=1/fc, Poc - MOAYIB YIIPYTrOCTH
KHUJIKOCTH.

pfx (P=po)

Tax kak Sy (p-p) <<l packmaapiBas B psl U OrPaHUYMBAsCh IBYMs IIEPBBIMU

YJICHAMU PAJa, TPUOIMKEHHO MOXKHO 3aIiCcaTh

PR P, [1+ ﬂ;x(p — P )] (3.88)

Tounoe 3nauenune Gynkuuu JleiibeH30Ha 1715 CKUMAEMOM KUAKOCTHA PaBHO

szpdp+c=jpoeﬁ“(p'p°)dp+c=ﬂi+c (3.89)

X

[TpubnmxenHoe 3HaueHne GyHKIMH Jleliben3ona

P:jpo[l-l_ﬁ}]((p_ p,)Jdp+C (3.90)

Tak xak 00bI9HO Sy (P-pQ) <<1,TO MOXHO IPHUHATH

P~pp+C (3.91)

T. €. CUUTATh XHAKOCTb HEC)KMMaeMonl H PaCCUYUTBIBATL YCTAHOBUBIICCCA TCUCHUC 110
Q)opMynaM, BBIBCACHHBIM AJISA (I)I/IJ'IBTpaI_II/II/I HEC)KUMaeMoi KUIKOCTH.

3.6.3. YcranoBuBmasicst puiabTpanusi HaeaJbHOI0 ra3a
YPaBHCHI/IC COCTOSIHUA NACAJIbHOTO rasa npyu U30TCPMUICCKOM TCUCHUH MOYKHO 3allUCaTh

TakK:
P_ Pun _
E_Fam _RT
(3.92)
L Pum
IZe pam - IVIOTHOCTH Ta3a IpU aTMOC(EpHOM J[aBIEHWU M IUIACTOBOH TeMmIeparype.
Orcrona
— pam p
PL=""""" (3.93)

pam

MO3TOMY (I)yHKI_[I/IH Jletiben3zona AJI1 UACAJTIBHOI'O ra3a UMECT BU/L

40



2
P:Ipdp+C:j—p“’”pdp+C:—p“mp +C (3.94)

Pan 2P,

rzie p - abCONIOTHOE JIaBIICHUE.

1. PaccmoTpuM napajiienbHO-CTPYHHYIO (UIBTPALMIO MJI€AJIbHOTO ras3a 1o 3akoHy [lapcu.
[lpu mapamnenbHO-CTPYHHOW (UIBTPalMM HEC)KMMAEMOW JKUIKOCTH OOBEMHBIH  pacxon
omnpenensercs no @opmyse (3.13); HCIoib3ys aHAJIOTHMI0 MEXIYy TEUYEHHEM HEeC)KUMaeMOon
KUJKOCTH W Taza, 0 KOTOPOH roBopwiock B 1.3.6.3, 3ammimem s raza (GopMmyiry MaccoBOTO
pacxona

Qm — k(pK - p]") Bh

1 (3.95)

unu ¢ yuetom (3.94)
_ kpam(pli B plz") Bh
H2p,,)

m

(3.96)

[TpuBeneHHBIM pacxoaoM Qa, Ha30BeM 00BEMHBIN PACXO/I, MPUBEICHHBINA K aTMOC(hepHOMY
JIABJICHUIO U IJIACTOBOM TeMIeparype:

Qam B (3.97)
N3 dpopmymnst (3.96) nomyuum

2 2
o _KOi=pD) g

2., | (3.98)

3amensiss B ¢dopmyne (3.14), Bblpaxkaroleil 3akOH paclpeleNeHusl JaBleHUs IpHu
NapajuIeIbHO-CTPYHHON (PUIbTpallud HECKUMAEMOM KHUJAKOCTH, p Ha P, momyuum pacnpeneneHue
¢ynkuuu JleitbeH30Ha Mo TMHEHHOMY 3aKOHY

P =P —w X (3.99)

U, ucnonb3ys hopmyimy (3.94), - pactipeneneHue JaBiIeHHs M0 MapabOINIECKOMY

T X (3.100)

CpCIlHCBSBeI.HCHHOe IO O6’BeMy IJracTa JaBJICHHUEC Ir'a3a PaBHO
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2 2
3 pK _ pr (3.101)

2. IIpu mockopaauaibHON (GUIBTPALIMK Ta3a B COOTBETCTBUM ¢ GopMmynoi romrou (3.16)
noiy4uM (HopMyiTy IJIsi MacCOBOTO AeOUTa ra3a

o, _ 27kh(p — o)

21N Ry (3.102)
rC

[Toacrasnss 3nauenue Gynkuu Jleitbensona (3.96) B npenpaymiyro bopmyiny, HalIeM

o khp,, (Pg — PS)

. In Re (3.103)
rC

a BBIp@KEHUE 1T 00BEMHOI0 JIeOUTa Ta30BOM CKBAXXUHBI, IPUBEIACHHOTO K aTMOCHEPHOMY
JIaBJICHUIO U IUIACTOBOM TEMIIEPATYPE, MOJIYYUM B BUJIE

o _ 27kh(p, —p,)
m n R (3.104)
H I

3amensisa B ¢opmyne (3.18) p va P, monyunm norapudMuydeckuii 3aKkoH pacmnpenencHus P
MIPU IJIOCKO PauaibHON (GUIBTpAINK ra3a

P —Pc . R
P =P« _;;—RKC In TK (3.105)
rC

OTKyJa, UcTonb3ys (3.94), HalifeM 3aKOH pacrpeieleHHs! TaBJICHH

2 2
— 2 Pk — Pc RK
P= |Pk— R, In= (3.106)
rC

CpenHeB3BelIEHHOE TUIACTOBOE JIABJIEHHWE ra3a MpH YCTAHOBUBUICHCS IMJIOCKOPAIUATbHON
bunbTpanuu 1o 3akony lapcu onpeaensercs npuOIMKeHHO 1Mo hopMyie
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2
[P

1 1
b= py|1-— -— (3.107)
2 2In & RK

I I’Cz -1

3. B ciywae miockopaananbHON (QUIBTpAlMM HACaIbHOTO Ta3a MPH HEJIMHEHHOM 3aKOHE
¢mibTpanuy, BelpakeHHOM (opmyion (5.8), 1eOUT CKBaKHUHBI, TPUBEACHHBIA K aTMOC(HEpHOMY
JIaBJICHUIO ¥ TUIACTOBOM TEMIIEpaType, OnpeaessieTcs mo hopmyie

lupam In& +ﬂpampam l_i Q2

Pk —PE =
K C ﬂk h rc am 27T2h2 rc RK am (3108)

3.6.4. YcranoBuBmasicsi puibTpanus peajbHOro ra3a

[Tpu GoNBIINX JTABICHUSX YPABHEHUE COCTOSIHHSI PEaTbHOIO ra3a OTIMYAeTCS OT YPaBHEHUS
Knaneiipona u umeer Buj

L (3.109)
P

rae z=z(py, Tr) - kKO3pUIHMEHT CBEPXCIKUMACMOCTH ra3a, yIUTHIBAIOLIMN OTKIOHCHHUE
peabHOTO ra3a OT UJICABHOTO U 3aBUCAIINI OT MPUBEJICHHBIX JIABJICHUS U TEMIIEPATYPHI:

p
p~ -
3 Pre.co
T, = T
TCP.I(‘P

U ompenenseMblil o rpaguky. 34ech pepxp U Tepxp - COOTBETCTBEHHO CPEAHEKPUTUUYECKOE
JIaBJICHUE W CPEAHEKPUTHYECKAsl Temrieparypa. Tak Kak NPUPOJIHBIA ra3 COCTOMT W3 PA3JIUYHBIX
KOMIIOHEHTOB (METaH, 3TaH, IpoNaH u Jp.), TO MPEIBAPUTENLHO HY>KHO BBIUUCIUTD 3HAYCHUS Pep.ip
U Tep.p IO hOpMyIIAM:

D NP

pCP.KP Z nj

rae Nj - conepxanue J-TO KOMIIOHEHTa B rase, 00. %; pipj ¥ Tipj, - KPUTUUECKOE JaBIIEHHE

TeMITepaTypa j-r0 KOMIOHEHTa COOTBETCTBEHHO.

Junamuueckuid Kod(p(GUUIUEHT BA3KOCTH MPUPOJHOrO (peajbHOro) ra3a 3aBUCHUT OT
JaBJIeHUsT U TemrepaTypsl. CunTas Mpouecc M30TEPMHUECKHUM, HYKHO YUUTBHIBaTh 3aBUCUMOCTD
U(p). Ha ocHOBaHMH SKCIEPUMEHTAIbHBIX HCCIEIOBAaHUI IMOCTPOEHBI TpaduKH, MO KOTOPBIM C
TOYHOCTBIO 710 6% MOKHO HAWTH 3HAYEHUS JTUHAMUYECKOTO KO3 PHIIMEHTa BI3KOCTH MPUPOIHOTO
ra3a py pazJIU4HbIX JABJICHUSIX U TEMIEPATypax B 3aBUCUMOCTH OT OTHOCUTEIBHOM IJIOTHOCTH IO

BO3/YXY.
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Jlyis onpeieNieHrst MacCOBOTO JIe0NTa PEaIbHOTO Ta3a WK 3aKOHA paclpeesieHus JaBICHUS
HY)KHO 3amnucarh 3akoH Jlapcu pans OECKOHEYHO Majloro JJIEMEHTa IUlacTa M, YYWThIBas
3aBUCHUMOCTE W(p) U hopmyny (3.109), mpouHTErprpoBaTh €ro rpadoaHATUTHICCKUM METOOM.
Ecnu naBnenue B miacte MeHsieTcs B HEOOJIBIIOM HMHTEpBaie, TO MOXHO amlpOKCUMHPOBATh
3aBHCUMOCTD plu(p)=(p) MpOCTOil anreOpanveckoil QpyHKIUCH, B3STh MHTETPA] aHATUTHYCCKH U
MOJIYYUTh aHAJIMTUYECKOE BhIpaXKeHHe [Tl 1e0UTa U 3aKOHa pacnpeaeneHus JapneHus.

11.2. MeToanuyeckne yKa3aHus 10 MOAT0OTOBKe K JIA00PaTOPHBIM padoTam
JlaGopaTopHble pabOThl yUeOHBIM IIIAHOM HE MPEAyCMOTPEHbI

11.3. MeToauyecKkue yKa3aHus M0 OPraHU3ANMH CAMOCTOSATEILHOM padoThI

CamocrosarenbHas paboTa O0ydaroUXCs 3aKI0YaeTcs B IOJYYCHMM 3alaHuil (TeM) y
npenoaasaress Ui UHIMBUYaIbHOro ocBoeHMs. [IpenoiaBaTens Ha 3aHATHH 1a€T PEKOMEHIAlIUU
HeoOXoIuMBbIe ISl OCBOEHHUs MarTepuasna. B xone camocrosdTenbHOR paboTel oOyuarommecs
JIOJKHBI ~ BBIIIOJHUTH TUIIOBBIE pAcyeThl, IOATOTOBUTHCA K BBINOJIHEHUIO SKCIEPUMEHTOB
(uccnenoBaHuil) M M3Y4YUTh TEOPETHUECKUH Marepuan no paszzaenaM. OOygaromuecs: JOJDKHBI
MIOHUMATh COJICPKAHUE BBHIMIOJHEHHOW paboTHI (3HATH ONPENEICHUS MOHATUH, YMETh Pa3bsICHUTh
3HA4YE€HUE U CMBICII JJF000T0 TEPMUHA, UCIIOIB3YEMOTr0 B padoTe U T.I1.).

W3yuaTh MTUCHMITIMHY HEOOXOMMO HaYaTh C U3y4eHHs JIEKIIMOHHOTO MaTepHuaina. /s Toro,
4yTOObI NPAKTUYECKHUE 3aHATUS MPUHOCUIM MAaKCHUMAaJbHYIO I0JIb3Y, HEOOXOIUMO IOMHHTb, YTO
yIpaXHEHUE U PEIICHUE 3aJad MPOBOISATCS 110 BRIYUTAHHOMY Ha JIEKLHUSAX MaTepUally U CBSI3aHBI,
Kak MpaBWIIO, C JAETaJIbHBIM pa300poOM OTIENBbHBIX BONPOCOB JEKIIMOHHOIO Kypca. Tojibpko mocie
YCBOEHHMSI JIKIIMOHHOTO MaTepuana oH OyAeT 3aKpeIuIIThCsl Ha MPAKTUIECKUX 3aHATHsX. [Ipn aTHx
YCIOBUAX CTYIEHT HE TOJBKO XOpOLIO YCBOMT MaTepuall, HO M HayudyuTCs NPHUMEHATh €ro Ha
IIPAKTHKE, a TAKXKE TOTYUYUT JTONOJHUTENbHBIN CTUMYJI /111 aKTUBHOM MPOPAaOOTKU JIEKIUH.

XopolIo yCBOUB JIEKIIMOHHBIN MaTepuaia M 3aKpenuB €ro, pemas 3afayd, NpUCTyNaTh K
BBITMIOJTHEHUIO KOHTPOJIBHBIX U KyPCOBBIX padoT.

OnbIT TNOKa3bIBaeT, YTO HENpepbIBHAs YMCTBEHHas paboTa MajonpoaykTuBHa. Jlis
YMCTBEHHON pabOTHI BaXKEH €€ PUTM, YepEeOBaHHE MEPHUOOB JEATEILHOCTH MO3Ta U €ro OTAbIXA.
[TpomomkUTELHOCTD 3aHATHH A0ikHA ObITh 40-50 MuHyT ¢ nepepbiBamu 10-15 MunyT. OTIBIXOM
MOJKET CIIY>)KUTb YepeJJOBaHHE POJIa 3aHATUHM, IOCKOJIbKY B 3TO BpeMs BKJIIOUAIOTCS APYTHUE YUaCTKU
mo3ra. Tak, oT paboTbl C KHUTOM MOXXHO NMEPEUTH K MOCTPOEHHIO IpaUKOB, K YTEHUIO U T.IIL
HaunnyqmnMm otnpixom siBisiercs pusudeckast Harpyska, 0COO€HHO Takasi, KOTopasi COBEpIIAeTCs C
YZIOBOJIbCTBHUEM.

Oco0eHHOCTb TUTEPaTyphl 10 MOJ3EMHOMN THIPOMEXaHHKa HEPTSIHOTO U ra30BOr0 IJlacTa B
HEPBYIO OYepelb 3aKI0YaeTcsl B TOM, YTO B Hell mH(popManus mojaercs B O4eHb cxkaToil Gopme,
4yacTO B BHJI€ CHUMBOJIOB M MaTeMaTU4YeCKUX (QOpMyJ, CIEUHAJbHBIX TEXHUYECKUX U
MaTeMaTHYeCKUX TEPMUHOB, KOTOpPbIE MOYTH MM BOBCe He paciudpoBbiBatoTca. Kak mpasuio,
OHM JIOJDKHBI OBITh W3BECTHBI CTYAEHTY M3 MPEIIECTBYIOIIMX MNPeAMETOB ((U3MKH, BbICIIEH
MaTeMaTHKH, MaTepuajoOBEACHUs M Jp.). UTeHue auTeparypsl MO MOA3EMHOU TUAPOMEXAHUKE
HEe(TSAHOTO M Ta30BOr0 IUIACTa HEBO3MOXKHO 0e3 0oOJyMbIBaHUS MaTepuaia (BBITOJIHEHUS
POMEXYTOUHBIX BBIYMCICHUH, BBIYEPUMBAHUS CX€M, TIpadUKOB, BOCHPOU3BEICHHUS B MHaMsITH
3aKOHOB M (OpMyJl, MPUCTIOCOONIEHUS UX K JaHHOMY YacTHOMY CIIy4al0 U T.[.). YMEHHUE YHUTaTh
JUTEpaTypy MO MOJ3EMHOW THUAPOMEXaHHWKAa HEe(TSIHOTO M Ta3oBOro IJlacTa — 3TO B IEPBYIO
ouepellb yMEHHE 100MBAaTbCS MOHMMAHUS TOTO, O YeM TOBOpHUTCS B KHure. Jlumb HeMmHorue,
0COOEHHO 3pYJIMPOBAHHBIE CIEHUANUCTHI (M TO JAJIEKO HE BCErJa) MOT'YT YHTATh TEKCT «C JIUCTay,
T.€. ImpocMmarpuBas ero riazamu. OObIYHO ke Bce MpeoOpa3oBaHMs, JOKA3aTeNbCTBA, KOTOPBIE
OINMCAHbI B KHUT'E, HY)XHO HE TOJBKO IIPOCMAaTPUBATh, @ U CAMOCTOSTENILHO UX MTPOJENIBIBATS.
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Jlume mpu cepbe3HON paboTe HaJl TEKCTOM KHMra OyJeT JaBaTh HE TOJBKO MH(POPMALHUIO
JUId 3allOMUHAaHMs, HO M DPa3BUBAaTh yM, COOOpPa3UTENbHOCTb, YMEHHME CAMOCTOSITEIBHO pELIATh
3aJaud M T.0. TBopueckas paboTa ¢ KHUTOH — YPE3BBIYAWHO MOJE3HBIA CIIOCOO MOTYYECHHUs
uHpopmanuu.

Haunnas u3y4arh Kakyo-1u00 TeMy MO y4eOHUKY, 0053aTEIIbHO YTOUHUTE, KAKOW CMBICI
BKJIQ/IBIBAETCS B TOT WJIM MHOW TEPMUH, B TO UM UHOE NOHsATHE. O0sA3aTelIbHO 00paTUTe BHUMAHUE
Ha OyKBeHHble 0003HaueHUS (PU3MUECKUX W MaTEMaTHYECKUX BEJIWYHMH, HCIOJIB3YEeMbIX B
yueOHuke. CpaBHUTE UX ¢ TEMH 0003HAUEHUSIMH, K KOTOPBIM BbI IPUBBIKIIH.

[maBHOM 1ENBbI0 MPAKTHMYECKUX 3aHATUH, SBISETCS Pa3BUTHE CIIOCOOHOCTEH K
CaMOCTOSITEJIbBHOMY MBILUIEHUIO, TBOPUECKOH paboTe, CHCTEMHOMY aHAIM3Y MPOLECCOB MEXaHUKH,
nedopManuu ¥ pazpymieHUs: dJIEMEHTOB MPOCTEHIMX KOHCTPYKIMI. TeopeTudeckue 3HaHUS, HE
HNOJKPEIJICHHbIE YMEHUEM UX MPUMEHEHUs, HErITyOOKH U HenpouHbl. [10 OONBIIMHCTBY TEM Kypca
KaX/IbIM CTYJCHTOM JOJDKHBI OBITh PEIIEHBI CAMOCTOSATEIEHO HECKOJIBKO 3a/1a4 PA3IMYHOTO TUIIA.

[IpakTdeckue 3aHATUA MAYT NApAUIEIBHO C JIEKIMOHHBIM KypcoM. Teopernueckuii
MaTtepuan Uil MPEACTOSIIEro 3aHATHA JODKEH OBITh MpopaboTaH, OCBOEH CTYACHTAMHU I10
y4eOHUKY U KOHCIEeKTy. KauecTBo MoAroTOBKY B Havajie 3aHATUSL KOHTPOJIUPYET MPEroaaBaTeb.

[Tocne »3TOro pemaercs TunoBas 3ajada, C MOJPOOHBIM H3JIOKEHHEM IUIaHA H
0coOeHHOCTEH pelieHns. 3aKOHUUB pelleHue, IPenoiaBaTelb BbIaeT KaKIOMY CTYACHTY 3ajJauu,
OJTHY M3 KOTOPBIX OH 00s3aH PEIINTh B KJIacce, JPYrylo JIoma. PemieHHble AoMamrHue 3agadu
CIAIOTCSI HAa IIPOBEPKY MPENOJABATENI0 Ha CIEAYIOIIEM IIPAKTUUECKOM 3aHATUH.

[Ipu pemieHun 3agad ciexyeT MPUAEPKUBATHCS ONPEIEICHHON IOCIEeI0BaTEIbHOCTH
pEeIlIeHNs, aHaJIN3a IPOMEXYTOUHBIX U OKOHYATEJIbHBIX PE3YJIbTAaTOB PACUETOB.

Pemenne mo0oil 3agauum HauWHAETCs C aHalu3a €€ YcJIoBUs. BeisscHUTE 3HaueHUE
TE€PMUHOB, YCJIOBHbIE 0003HaUEHUs, €AMHULIBI N3MEPEHUS, YTO U3BECTHO U YTO HEOOXOAUMO HANTH,
Ecnu BaM Bce NOHSTHO U BBl 0€3 3aTpyJHEHHI BOCIIPOU3BEANUTE YCIOBHE 3a/1a4H, IPUCTYIANTE K €€
pewmeHno. YepTex K 3a7aye BBINOJHANTE YETKO, aKKypaTHO, IPaMOTHO, B KPYIHOM MacIiTabe.
Ecnu Bbl He yBepeHbl B CBOMX 3HAHHUAX, U3YUYUTE WJIM IOBTOPUTE TEOPETHUECKHM MaTepuan u
TOJIBKO IIOCJIE 3TOTO MEPEXOJUTE K CIEAYIOLIEMY ITaIly PEIIEHUS 3a0auu.

[Tpu 3anucu Kaxa0i penraeMoi 3a1auu 0053aTeNbHO JTOJKHBI (PUKCUPOBATHCS: UCXOIHBIE
JTaHHbIE, pacyeTHas CXema, 4To TpeOyeTcst HalTH, pellieHue, OTBET.

3amaua cHauana JoJKHA ObITh perieHa B oOmiem Buje. [locie Toro kak 3agada B 00X
YyepTax pelieHa, MOXKHO MEPEXOANTh K MaTeMaTHUYECKUM BbIUUCIEHUAM. [Ipu aTOM pekomenayercs
coOnroaaTh ciaeayrouie npaBuia: BECTU pellieHne MO MyHKTaM, YKa3blBas, YTO UMEHHO B JaHHOM
nyHKTe omnpenensercs. Kaxaplii MyHKT JOJDKEH coJepkKaTh pacueTHyro (Gopmyiy, 3alMcaHHYIO B
oOuiem Bujie. Pemenune 3a1auu Mo BO3MOXKHOCTH CJI€1YeT BECTH B 00IEM BHJE B anreOpanyeckoi
dopme 10 KoHIA. TOJIBKO MOCIE 3TOrO cielyeT MOJCTaBUTh YMCICHHbIE 3HAUCHMs, HE 3a0bIBast O
pPa3MepHOCTH TOJICTaBISIEMbIX BEIMYMH. Bce BEIMUMHBI B pacdyeTHON (opmyse NOJKHBI OBbITh
BeIpaxkeHsl B eanHunax CH. [IposepsiiTe pa3sMEpHOCTh MOIYYEHHOTO PE3yJIbTaTa.

[TpakTrueckue 3aHATHS TPEOYIOT OT CTYJI€HTa BHICOKON aKTHUBHOCTH M CAMOCTOSITEIIbHOCTH
B pabote. [laccuBHas 3amuCh pelIeHUs ¢ JOCKU WU MO MOJCKa3KaM TOBapHILEi He BbIpaOaThIBaeT
HEOoOXOJMMOr0 HaBbIKa B PELIEHUHU 3adad. Takoe MpHUCYTCTBHE HAa MPAKTUYECKOM 3aHATUU HE
IMPUHOCUT JTOJIKHOU IOJIB3BI.

CamocrositensHas pabora cryaentoB (CPC) mo mom3emMHON THAPOMEXaHUKA HEDTSIHOTO U
ra3oBOro IJIaCTa BKIIIOYAET B ce0sl HE TOJBKO MO3HABATEIbHYIO JEATEIbHOCTh BO BHEAYAUTOPHOE
BpeMs, HO U CaMOCTOATEIbHYIO MBICIUTENIbHYIO NEATEIbHOCTh HA JIEKIHSIX, MPAKTUYECKUX U
7a00paTOPHBIX 3aHATHAX, D3K3aMEHaX U 3ayeTax, NpU HMHIUBUAYaJIbHBIX COOECEIOBaHUSX.
CamocTosTenbHas paboTa sBJIseTcsl BHYTPEHHEH OCHOBOI CBsI3U BCEX METO/I0B U (opM 0O0yueHus
MexIy coboil. IIpu oTCyTCTBUM CaMOCTOSATENBHOM pabOThl CTYJEHTa HUKaKhe (OPMBI U METOMbI
o0y4deHus, IpUMEHsIEeMbIE NPENo/IaBaTesIeM, He 10T MOJIOKUTEILHOTO pe3ybTaTa.
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B 3aBucuMocTH OT MecTa W BpEeMEHH IMPOBEIEHHUs, Xapakrepa padOThl U CIOCOOOB
KOHTPOJISI ~ pe3ylbTaToB  pabOThl caMOCTOsITeNbHAs paboTa CTYJEHTOB 1O  IMOJA3EMHOMN
TUIPOMEXaHUKa HEQTSHOTO U Ta30BOTO IJIACTa MOAPA3ILISICTCS HA BUIBL:

- M3Yy4€HHE OCHOBHOM U CIIPaBOYHOMU JIUTEPATYpPhI

- KOHCIIEKTUPOBAHUE, PEKOMEHIOBAHHOM JINTEPATYPhI

— M3y4YECHUE KOHCIEKTA JICKIUN

- peleHne 3a1a4, B TOM YUCJIE HA NIEPCOHAIbHOM KOMITBIOTEPE
- BBITIOJIHEHHE KYPCOBBIX paboT

CamocrosrtenbHas pabora TpeOyeT ONpEeAETeHHBIX 3aTpaT BPEMEHM M JIOJDKHA ObITh
COIJIACOBAaHA C M3YYECHHEM JPYIHX AUCHUILUIMH. DTO HEBO3MOXKHO CZenaTh 0e3 IUIaHMPOBAHHUS
cBoell paboTbl. MCXOIHBIMU J@HHBIMHU [UIS 3TOrO SBISIIOTCA pabouuMid ydyeOHbIM IiaH, pabodas
IporpaMMa M3y4eHMsl U Ap. JUCLUIUIMH, & TAaKKE NPUMEPHBIE 3aTpaThl BPEMEHU Ha BBIIIOJIHEHUE
IPEIYyCMOTPEHHBIX paboyeil mporpaMMoii pabor.

WuTencuBHas yMCTBEHHAs paboTa HE yTOMIISIET, @ pPa3BUBACT U NMaMSTh, U MBILIIICHHE, €CITH
OHA BEJIETCS B OIIPENICICHHBIX YCIOBUSX.

JUis paumoHanbHOM OpraHu3aluy TpyJla HEOOXOIMMO YYUTHIBaTh OOBEKTHUBHBIE CBOMCTBA
namsaTi. Kaxneiii u3 Hac obnamgaer AByMsl BUJIAMHU MaMsTH: HEIPOU3BOIBHON M MPOU3BOJILHON. B
HepBOM cllyyae MHGopMalus 3alOMUHAeTcs cama coOoi 0e3 crenuanbHOro 3ayduBaHus. Bo
BTOpPOM cillyyae HUH(pOpMalus 3allOMUHAETCS LEJIEHAPaBIEHHO € IOMOUIbI CHEIHaIbHBIX
IIPUEMOB.

BolyunTs MexaHUKy 3yOpexKoil HeBO3MOKHO. DddekTuBHOCTH jJornyeckor namsitu B 20
pa3 BblllE, JIydlle, YeM Yy MEXAHWYECKOW namsATu. Jlornmueckuil mepeckas sBIISETCS OCHOBHBIM
OPUEMOM 3ayYdBaHHs TNPH H3YYCHUH MexaHWKH. OOpas3HbI NMpHeM 3allOMUHAHUS CBOAMTCS K
nepeBoly uHpopMalnuu B 00pasbl, rpaduKu, CXeMbl, KAPTHHKH.

Wndpopmanusa 3a0biBaeTcst ObICTPO M NOYTH HOJHOCTHIO. [lyisl yMeHbIlIEHUs 3a0bIBaHMS
HE00X0AUMO:

1) moHuManue, OCMBICIIEHUE HH(OPMAIIHH;

2) noBTOpeHHE UHPOPMALIUH.

CucremaTtnueckasi, 6e3 neperpysku, yue0a, 3ayuyMBaHuEe MaJC€HbKUMU MOPLUSIMHU B TEUEHUE
ceMecTpa ¢ MEepHOAMYECKUMH MOBTOPEHUSIMU HaMHOTO 3¢ (eKTuBHEe, YeM KOHIIEHTPUPOBAHHOE
3ay4yMBaHHe OOJIBIIOro 00beMa HHPOPMAIUHU B CKATbIE CPOKH CECCHH, BbI3bIBAIOIIEE YMCTBEHHYIO
U TICUXMYECKYIO TEeperpy3Ky M IOYTH NOJHOE 3a0blBaHME MH(POpPMALMK 4Yepe3 HENENo Mocie
ceccum.

dopmMupoBaHUE CIIOCOOHOCTEH K aKTUBHOM, CaMOyTIpaBiIsieMoil paboTe sABIseTCs OAHON U3
BaXHEHMIIINX 3a7]a4 BceX YUEOHBIX NMPEAMETOB, B TOM UHCIE MOJ3EMHOM THIpOMEXaHuKa HEPTSIHOTO
u razoBoro macta. CamocTosTeNnbHas JAEATENHOCTh CTYJIEHTa HEBO3MOXHa 0e€3 yMeHus,
OCYIIECTBIISITh CAMOKOHTPOJIb 3a XOJOM U pe3yibTaTaMu pPaOOThl. YMEHHE Npeaylnpexaarh
NOSBJICHHE OIIMOOK M CBOEBPEMEHHO MX OOHAapyXHBaTh JOCTHUTaeTcs MpH MPaBUIBLHOM
OCYIIIECTBJIEHUU CAMOKOHTPOJISl. DTO TpeOyeT OT CTyAeHTa OOJIbIION MBICIUTENbHONW paboTHI 1O
CJIIMYEHUIO MOJYYEHHOIo pe3yjbTaTa pelleHus y4eOHOW 3ajaud C 3aJaHHBIM YCIIOBHEM, €ro
OILICHKE, BHECEHHIO KOPPEKTUB B XOJ M CHOCOObI €ro BbIMOIHEHHs. CaMOKOHTPOJb CIIOCOOCTBYET
ONTUMU3AIMM YIPABICHUS IO3HABATEIbHONW JEATEIBHOCTHIO CTYIEHTOB. JTa CHOCOOHOCTh
BBIBOJIUT €0 Ha OJIHO M3 TJIaBHBIX MECT B Ipoliecce 00y4eHus B BBICIIEH MIKOJIE.

KoHTposbHBIE BOIIPOCH U1 CAMOCTOSITENIBHOM OLIEHKM KauecTBAa OCBOCHMS JUCIUILINHBI
«IToazeMHas rugpoMexaHrKa HEPTSIHOTO U Ta30BOT0 IUIACTay:

1. TlonsiTue O TpyHTOBBIX NOTOKax: HAmop, CBOOOJHAs IMOBEPXHOCTb, JKUBOE CEUEHUE

IIOTOKa.
2. HpI/ITOK JKHUIKOCTU K rajiepec Inpu JIMHEMHOM W HEJIMHEMHOM 3aKOHax q)HHBTpaLII/II/II
pacxon, pacnpenaciicCHUuEC Haropa, YpPaBHCHUC CBO6OI[H0ﬁ MMOBCPXHOCTH. HpI/ITOK KUIKOCTH K
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COBEPIIEHHOMY TpPYHTOBOMY KOJOALY TpH JIMHEHHOM 3akoHe (WIbTPAaLUU: Ppacxof,
pacripesielieHie HalopoB, YpaBHEHNE CBOOOIHOM MOBEPXHOCTH.

3. VYpaBHEHHE COCTOSHHS CXKUMAeMOl KamenpHOW kuakoctu. OOmee ypaBHEHUE
YCTAHOBMBILETOCS JIBUKECHUS CKMUMAEMOMN KHUJIKOCTU MIPHU JIMHEWHOM 3aKOHE (HIIbTpalui. MeTobl
OTMCAHUS YCTAHOBUBIIETOCS ABMKCHUS C)KMMAEMBIX KHIKOCTeH, GhyHkius Jleiitben3ona. [Tonstue
0 MAacCOBOM CKOPOCTM M MaccOBOM pacxone. OJHOMEpHBIH M IUIOCKOPAaJUaJIbHBIA IIOTOKH
CckuMaeMol xkuakoctu. OO0BeMHBIN M MaccoBbIi pacxoabl. Pacnpenenenue miIoTHOCTH KUIKOCTH
BJI0JIb JIMHUH TOKa.

4, VYcraHoBuBIIEECS JBIWKCHHE Ta3a. laeanbHbIE W peadbHBI Tra3pl. YpaBHEHUS
cocrosHus raza. Bun ¢gynkun Jleiiben3oHa /i yCTaHOBHUBILETOCS JBMKEHUS ra3za. OaHOMEpHBIT
NOTOK Ta3a: pacxoj, pacmpenenenue ¢ynkuuu JleiiGenszona m naBieHus. llmockopamuanbHbIi
MOTOK: Pacxoi, pacrpenesneHue (QyHKiuu JleiibeH30Ha M JaBJIEHUS, paclpeneleHue CKOPOCTH
¢wibTpanun. Manukatopuas nuarpamma. [lonsartue o0 aGCcoiar0oTHO CBOOOTHOM JebuTe ra3oBOM
ckBaKuHbl. MccnenoBaHue ra3oBbIX CKBaKMH. (DUIbTpallMOHHBIE MApaMETPbl M METOABI HX
onpesieNieHusl. Y CTaHOBUBILIEECS JBWKEHHME TIa3a 10 HEIMHEHHOMY (ABYWJICHHOMY) 3aKOHY
¢wibTpanuu. OnpexneneHue nedUTa ra3oBOH CKBaKHMHBI, MHIUKATOPHBIE AMAarpamMMbl Ta30BbIX
CKBaKUH.

5. TomoreHHble W TeTEPOreHHbIE CMeCH. MHOTOKOMIIOHEHTHBIE W MHOTO(a3HbIE
Kuakoctu. [IpuponHble M TEXHOTNEHHBIE HEOAHOPOAHBIE >KMIKOCTH: OKKIIO3MM U SMYJbCHH,
ra3upoBaHHBIE JKUJKOCTH; MEXaHU3M HUX 00pa3oBaHUS U OCOOEHHOCTH TEYEHMsI B IOPHUCTHIX
cpenax. IloHSATHS O HaACHIIEHHOCTH, (a30BOH NPOHUIAEMOCTH M OTHOCHUTENBHOW (ha3oBOM
IPOHHULIAEMOCTH. JIBW)KEHME Ta30HE(PTSIHOM OKKIIO3UM, (U3NYECKHEe M T'MIPOAMHAMHYECKHUE
IIPUYUHBl YCTOMUMBOCTH OKKJIIO3MH. DKCIEPUMEHTAIbHBIE UCCIIENI0BAaHUS JBUKCHUS OKKIIO3HH B
MOJENIAX TOPUCTBIX Cpell; 3aBUCUMOCTb OTHOCHTEIBbHBIX (Da30BBIX IPOHHUIAEMOCTEH OT
HACBIIEHHOCTH. MeTo/bl onucaHusl IBUKEHUS OKKII03uM. [loHsTHE 00 yCTaHOBUBIIEMCS IOTOKE
ra3oHe(TsHOM cMmecH, ra3oBblii ¢aktop. PyHknus Xpucruanosuuya. Popmyssl Uid pacxoja
JKUJIKOU U Ta30BOM ¢as3.

6. /JIBmwkeHue BOJOHE(TSHBIX OMYIBCHI: 3aBUCUMOCTh OTHOCHTENBHBIX (ha30BBIX
IPOHUIIAEMOCTEN OT HachlleHHOCTH. IlenaynspHas W (QyHUKylIE€pHas BOJOHACHIIIEHHOCTh
MOPUCTON cpesbl. YpaBHEHHUS JIBUKEHUS KHUIKOCTHU MPU MepeMeHHON HachleHHoCcTH. [lonsTre 06
00BOJIHEHHOCTH IUTaCTa U OOBOIHEHHOCTH MPOAYKIIUH CKBAYKUHBI.

7. JlBwxkeHue  Tpex¢aszHbIX  Tra30-BOAOHEQPTIHBIX  CcMeceld.  DKclepUuMEHTaJIbHbIE
uccleIoBaHusl TpEX(a3HbIX cMece Ha MOJAEIsIX MOPHUCTHIX Ccpen; TpeyroibHUK JlaBeperra.
VYpaBHeHUE IBUKEHUS Ta30-BOJAOHE(PTIHBIX CMECeH.

8. BrmBom o0mero ypaBHeHHS HEpa3pbIBHOCTH U U QepeHIHaIbHBIX YpPaBHEHUIH
JIBJKECHHSI KalleJIbHBIX JKHJIKOCTEW, MJICaJbHOTO M PEaJbHOTO ra3oB, HEOJHOPOAHBIX XKUIKOCTEN
(ypaBHenune ®ypne). OunbTpallMOHHOE NOJIe U €ro XxapakTepuctuka. [loHsTue o cranroHapHOM
nosie ckopoctu ¢uibTpauuu (ypaBHeHue Jlammaca). Meroasl pemienus auddepeHIHanTbHbIX
YPaBHEHUH ABMKEHUS KUAKOCTHU U Ia3a; CYIHOCTb METO/Ia CMEHBI CTAllMOHAPHBIX COCTOSIHUI.

9. Pemenue nuddepeHaIbHOro ypaBHEHHs JBHKEHUS KUAKOCTH B Helle(opMHUpyeMoi
IIOPUCTON CpeAe M U30TPOIHOIO IUIACTa; OCHOBHOE YpaBHEHME YIPYroro pexuma. Ousnueckue
OCHOBBI II€pelaull PHEPIUHU B TBEPIBIX M KHUJIKHX CPENAX, MEXaHW3M pacIpOCTPAHEHHUs YIPYrHX
BOJIH JaBjieHHUs B OeckoHedyHOM Iuiacte. [loHsiTue o0 ympyrom mjacte; ypaBHEHHE JBHKEHUS
yIOpyroil >KUIKOCTH B JAehopMHpyeMOd NOPUCTON cpene, KOIPPHUIHMEHT yIpyroéMKOCTH.
Hcnonp30BaHne NpUHLUNA CYHNEPINO3ULMU JIs peueHus AudQepeHnuanbHoro ypaBHEHHS
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JBUKEHHS] YIPYrol >XKUAKOCTU B IUIACTe MPU OJHOBPEMEHHON paboTe Ipynmbl WCTOYHUKOB U
CTOKOB, pabOTaloMMX ¢ MepeMeHHbIMU AeOuTamu. [loHsaTtue o0 ympyrom 3amace M yKpyImHEHHOH
CKBaXHHE. [MOpoAMHAMHYECKHE OCHOBBI O0O0paOOTKHM JaHHBIX MCCICIOBAaHMNA CKBOKWMH Ha
HEYCTAaHOBUBIIMXCS  PEKHMAax: KpHUBBIE BOCCTaHOBJICHHs 3a0oitHoro gaminenus (KBI),
TUAPOIPOCIIYIINBAHUE.

10. Buabl u xapaktep HEOIHOPOAHOCTH, MOJEIM HEOAHOPOJIHOrO IulacTa. JIBHkeHue
KUJKOCTU B CIIOMCTO-HEOIHOPOAHOM IUTacTe (OAHOMEPHBIN U MIIOCKOPAIUANIbHBII OTOKH): PacXo/
U paclpeiesieHue JaBJICHUs BIOJIb JIMHUM TOKA. J[BMKEHHUE KUJKOCTH B 30HAJIbHO-HEOIHOPOIHOM
acte (OJIHOMEPHBIN U IUIOCKOPaIUalIbHBIN MOTOKM): PacXoll U pacHpelesieHue TaBjieHUs BIOJb
nuHUM ToKa. [loHATHE O MPW3a0OWHON 30HE CKBAXKWHBI. ['paHMIIBI U SKpaHbl B HEOJIHOPOIHOM
IUIaCTe, MPUHIUITBI OMUCAHUS (PHIIBTPALMOHHBIX IPOLIECCOB B OKPAaHUPOBAHHBIX IUIACTAX.

st ctyneHToB O4HOM (popMBbI 00ydeHHUs JNEHCTBYET pEUTHHroOBas cucTeMa. PedTHHroBas
CHCTEMa - 3TO PETYJSPHOE OTCIC)KMBAHME KAauecTBa YCBOCHHUS 3HAHMHA M YMEHHHA B y4eOHOM
MPOLIECCE, BBIMOIHEHUS TIAHOBOTO 00beMa CaMOCTOSTeNbHON paboThl. Benenne mMHOrodamibHOM
CUCTEMBl OLIEHKM II03BOJISIET, C OJHOW CTOpPOHBI, OTpa3suTh B OaVIbHOM JHara3oHe
WHAUBHUAYallbHbIE OCOOCHHOCTH CTYAEHTOB, a C JAPYroil OObEKTHBHO OICHUTHh B Oajuiax yCHIIHS
CTY/ICHTOB, 3aTPayCHHbIC HA BBHIIIOJHEHNE OTACIBHBIX BUIOB PA0OT.

CrynenTsl, He HaOpaBIINe KOTUYECTBA OAIIJIOB HYKHOTO, IS MOJIy4YeHUs SK3aMEeHa TOJIKHBI
IIPOWUTH TECT.

Bpemsi 111 mOBTOpPHOTO SK3aMeHa Ha3HA4yaeTcs MpernojaBareieM TPYIbl 1Mo rpaduxy,
COTJIACOBAHHOMY C Y4€OHBIM OT/IEIIOM U Kaeapoi.

CryneHTsl 04HO-3204HOM (PopMBI 00yUEHUS CAAIOT SK3aMEH B TPATUIIMOHHON (popme.

K sK3aMeHy IOMyCKarOTCsl CTYJSHTHI, PEIIMBIINE U 3aIIUTUBIINE KOHTPOJIBHYIO paboTy 1o
MOJI36MHOM TUIPOMEXaHUKe HE(PTSHOTO U ra30BOro IJIacTa.

B mnponecce moaroroBkM K caade SK3aMEeHA Yy CTYAEHTAa BO3HMKAECT SMOLMOHAIBHO-
OIICHOYHOE OTHOIICHHE K AUCHUIUINHE. [ 1y0ke oco3HaeTcs 3HaUeHHEe N3y4aeMbIX B Kypce (DakToB,
3aKOHOMEPHOCTEM, 3aKOHOB M TEOPHUId, YSICHSIETCS JOTUKA PacCyKICHUM U JOKa3aTenbCTB. Bee 310
CHOCOOCTBYET 00LIeMy U CHelHanbHOMY pa3BuUTHIo. U elle, 4To TOKe OYEHb BA)XKHO, BBISIBIISIOTCS
IPUPOJIHbIE BO3MOXKHOCTH Oyayllero coenuaiucra padoTaTb B HaNpsDKEHHOM 00CTaHOBKE,
HAKaIlJIMBAETCSI OMBIT YMCTBEHHOH pabOThl B OTpaHHYEHHBIE CPOKM M B CTPECCOBOM CHUTYaIUH.
OK3aMeHbl T03BOJISIIOT TOKa3aTh HEOOXOAMMOCTh IIOBCEIHEBHOM pabOThl IO YCBOEHUIO U
YCOBEPILICHCTBOBAHUIO 3HAaHUI, OCBOEHMIO Oojiee palMOHANbHBIX INPHEMOB Y4eOHOro Tpyna,
NEPEeHATh ONBIT JYYIIUX CTYyAeHTOB. HakoHer 3ayeT naeT BO3MOXKHOCTh CTYAEHTY IPOBEPUTH
COOTBETCTBUE YPOBHS CBOMX 3HaHUN TpeOOBaHUSAM, MPEAbSBISIEMBIM MporpaMmoil kKypca. Ha
3aueTe TMpPOBEPSAETCSs YMEHHUE MBICIUTb, NPUMEHSTHh IIOJY4YEHHbIE 3HAHUS I OOBSICHEHUS
pa3IMYHBIX SBIECHUHN U, 0COOCHHO, /IS pelIeHHUs 3a/1a4 MPAKTUYECKOTO XapaKTepa.

DK3aMeH Mpuy4yaeT K JUCHUILNIMHUPOBAHHOCTH, OTBETCTBEHHOCTH, LIEJIEYCTPEMIIEHHOCTH.
XOopo110 OpraHr30BaHHasl MOJATOTOBKA K 3a4€TaM 3aKPEIUISIeT U pa3BUBAET HABBIKU CAMOKOHTPOJI,
CaMOBOCIIUTAaHUS U caMOOOpa30BaHMsI, BBIPAOATHIBAET yMEHHUE OTBICKaThb HYXHBIH Marepuail,
HY)KHYIO KHUTY, PacIIupssi TEM CaMbIM U KPYT 3HAHUH.

B nporecce moAroToBKH K 3K3aMeHaM y CTYIEHTOB (DOPMHUPYIOTCS palliOHaIbHbIE TPUEMBI
CHUCTEMaTH3alliil M 3allOMUHAHUSA W3y4aeMOro MaTepHalia, pa3BUBAETCS yYMEHHUE H3Jararb CBOU
MBICITU B TUCbMEHHON U YCTHOU (hopMme.

VYcnex Ha 3K3aMeHe B pellarolleld Mepe 3aBUCHUT OT MOATOTOBIEHHOCTH K HeMy. OCHOBHas
paboTa MO YCBOGHMIO 3HAHMM HPOXOJUT B TEUEHUE ceMecTpa. BbI yKe OCMBICIMIN OCHOBHOMU
MaTepuan Kypca, 3HAET€ OCHOBHBIE METOJUKHU pPacdyeToB, (pOpMysbl, MOHSATHS, 3aKOHBI U JIp.,
OBJIAJICJIM METOJIaMU pEIICHUs 3a/Jay. DTO MEPBbI U OCHOBHOW 3Tal MOATOTOBKM K OyaylieMy
sk3aMeHy. OcCTanoch TOJBKO MOATOTOBUTCS K UWTOTOBOMY HcHbITaHUIO. Ilpu oTcyrcTBUM
CHUCTEMAaTUYECKONW paboOThl B TEYCHHE CEMECTpa MOATOTOBHUTHCS 3a 3-4 NHS W YCIEUIHO CHAaTh

48



9K3aMeH IO TMOA3EMHOI T'HAPOMEXaHnKe HE(TSIHOTO M ra30BOr0 IUIACTa HEBO3MOXHO. Pa3nuyHble
METOJMKH MOATOTOBKU K 3a4€Ty MOTYT IOMOYb TOJIBKO IPU HATUYUHU 3TUX YCIOBUH.

Yacro ObIBaeT Tak, YTO CTYACHTY Ha IOJArOTOBKY HE XBaTaeT OoJHOro AHs. CBs3aHO 3TO C
HEYMEHHEM NpPaBWIBLHO pacnpenenutb Bpems. Haubosee pacrnpocTpaHeHHON OLIMOKOW SIBISETCS
TO, UTO CTYJCHT, IPEXKJIE BCETO, J0OPOCOBECTHO aHAIM3UPYET CaMbI€ CIIOKHBIE JJI1 HETO BOIPOCHI.

OT0 MOTyT OBITH T€, KOTOpbIE OCBEUIAIMCh HAa MPOIMYIIEHHOW MO OOJE3HU JIEKIUU WU
IIPAKTUYECKOM 3aHSITHM. 3aTpaTUB MHOI'O BPEMEHU MU YCWJIMHM Ha MOJArOTOBKY TAKHUX BOIIPOCOB,
CTYJEHT TOJl JaBjieHHeM Jaeduinura BpeMeHH €1a00 TOTOBUT OTHOCHUTEIBHO MPOCTHIE BOMPOCHI, a
MHOT/Ia IPOCTO HE YCIIEBAET IPUCTYIUTh K UX ITOJATOTOBKE.

[TotToMy pekoMmeHIyeM TiepeJ HayajJoM MOATOTOBKM K OJK3aMEHy 10 TOJ3€MHOI
THJIPOMEXaHUKE HE(TSIHOTO ¥ ra30BOT0 IUIACTA Pa3OUTh BOIIPOCH HA TPU YACTH.

1. [lepBast yacTh JOJDKHA BKJIIOYATh HawOoJiee JICTKHE BOMPOCHI, HE TPeOyIoIue
THIATETLHOTO, TPYJOEMKOTO H3ydeHUs. TakuxX BOIPOCOB, KaK TMOKA3bIBACT IMPAKTHUKA, MOXKET
oka3aTbes 0k0i10 50%.

2. Bropas yacte g0mKHA COCTOSITH U3 CPABHUTEILHO 3HAKOMBIX BOIIPOCOB, B KOTOPBIX,
OJIHAKO, OCTaJNCh HE COBCEM SICHBIMH CTYACHTY CTOPOHBI W acnekThl. OHm TpeOyroT Oole
yrayOneHHoN padoThl, 60see 3HAaUNTENbHBIX Tpyn0o3aTpat. [Io 06beMy 3Ta 4acTh COCTABISET OKOJIO
35%.

3. TpeTpst yacTh BKIIOUYAET B ce0sl c1abo M3y4YCHHBIE WIIM CIIOXKHBIE B TEOPETHIECKOM
OTHONIIEHMHU Bompochl. MX wu3ydenue TpeOyeT HAMOONBIIMX YCUIUH, a B pAge CilaydyaeB
KOHCYJIbTAIIMU TIPETOIaBaATEIS.

IToaroToBKy HauMHaNTE € MEPBOM IPYIIIBI BOIIPOCOB, 3aTE€M IEPEXOJUTE KO BTOPOM U JIUIIb
B KOHIIE TIOJITOTOBKH K 3a4eTy u3yuyaiTe Hauboee clioxkHbie Borpockl. [Ipu 3ToM npocmarpuBaercs
Y YWTAeTCsl COOTBETCTBYIOLIMM MaTepuan MO JIEKUMSIM Wi KHure. [[nsi mpoBepku ycBOEHUS
MaTepuana CaMOCTOSITENbHO BbIBeauTe (opmynbsl. Hu B koem ciyuyae He CleIyeT cTapaThes
3allOMHHUTH BBIBOJ (JOPMYJIBI, HE MOHMMAs €ro CyIHOCTh. HeoOXoIuMO YSICHUTh MOCTAaHOBKY
3aa4d, MPHUHATbIE B HEW TUIOTE3bl, MJICI0 M CXeMy BbIBOAAa (OpMYJbl, MECTO M CHoco0
MCIIOJIb30BaHUsl TUIIOTE3, IPAHUIBl TPUMEHUMOCTH (OPMYJIbI, aHAJIU3 IOJIYYEHHBIX PE3yJIbTaTOB.
Heo6xonumo nmapasienbHo NpocMaTpUBaTh peIIeHHbIE B CEMECTPE 3a/1a4M U U1l KOHTPOJIS PEIIUTh
HeOOIBIIIOE YHUCIIO 3aa4.

Heo6xoniMMo BCIIOMHUTH COAEp)KaHHUE BCEX BBINOJIHABIIUXCS B CEMECTpe 3aJaHMi,
OTHOCSIIIUXCS K M3ydaeMod TeMme. BO3HHUKIIME TpYAHOCTH, HESCHOCTH MOXHO pa3peliuTh Ha
KOHCYJIbTAIlM, KOTOPYIO IIEPE]] 3a4ETOM JacT NpenojaBaTesb. K KOHCy/IbTalluy HyKHO TIIATEIBHO
FOTOBUTHCS. JTa IMOATOTOBKA COCTOMT B TOM, 4YTO 3a0JaroBpeMEHHO Ha JIMCTe OyMmaru
BBINKCBIBAIOTCS BOIIPOCHI, OTHOCSIIMECS K HEIOHATHBIM MECTAM Kypca.

[locne Bo3BpalieHHs] C KOHCYJNbTALIMM HY)KHO IPOBEPUTh, YCBOEHBI JM YacTU Kypca,
OCTaBaBIIMECS J0 KOHCYJIbTALMU HEesICHBIMU. M B ciydyae HE0OXOAMMOCTH, HYXKHO MPOYECTh eIle
pa3 COOTBETCTBYIOIIME MeCTa KOHCIIEKTa WM B KHHMre. B mocnenHuil AeHb MOATOTOBKH HYXHO
IPOCMOTPETh BECh KypC, HO YK€ 3HaUMTEIbHO ObICTpEE, YEM B MIPEIBITYIINE THH.

B nenp 5x3aMeHa yTpoM Ha CBEXYIO T'OJIOBY MOJIE3HO €llle pa3, TeNnephb yke Oerio, B TeUeHue
110JIy4aca, IPOCMOTPETH OMATh BECH KYypPC M0 KOHCIIEKTY.

[TonyunB BOIPOCHI, CTYAEHT JOHKEH BHHMATEIbHO IMO3HAKOMHUTBHCS C BONPOCAMU U
YSCHUTh, TIOHATHBI JM OHU eMy. B ciydae eciau OHHM HE COBCEM SICHBI CTYJEHTY, 00s3aTeIbHO
HY)KHO 3aJlaThb COOTBETCTBYIOLIMH BONPOC MpernojaaBaTent0 B camMoMm Hauaine. [locime Toro kak
BOIIPOCHI YSICHEHBI, HEOOXOJMMO COCPEIOTOUYMUTHCS M COCTAaBUTh IUIaH OTBETa, 3aTeM YK€ B
pa3BepHyTO (GopMe HamucaTh HEOOXOauMbIe (OpPMaJbHBIE BBIKJIAIKH, HW300pa3UTh UYEPTEHKHU.
Tekct oTBeTa Jydlle HE 3alHMCHIBaTh. YCTHBIA OTBET JOJKEH OBITh YETKUM, CHCTEMaTHYHBIM.
CTyneHT JOMKEH 3HaTh, YTO 3a4E€THHIE BONIPOCHI — 3TO JIMILIb OCHOBA I Oece/ibl MPernoiaBaTessi co
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CTYJIEHTOM, YTO MPENOJaBaTeib UMEET MPABO JAKE MPU MPABUIBHOM OTBETE Ha BOMPOCHI 3a/1aTh
JIOTIOJTHATEILHBIE BOTPOCHI 711 OOJIBINECH TTOJHOTHI KAPTUHBI.

Onenka, BeICTaBIsieMasi CTYJCHTY Ha 3K3aMEHE, 3aBUCUT OT BBITIOJNHEHUS YICOHBIX 3a/IaHUH,
0o0beMa 3HAaHW, OCBOCHHBIX YMEHHI M KOMIICTCHITUH.

11.4 MeToan4yeckue yKa3aHusi K BbINIOJHEHUIO KypPCOBOii padoThl

1. Ilesin ¥ 3a1a4M BBINOJHEHUS] KYPCOBOi padoThl

LenstMu BBITIOJIHEHUSI KYPCOBOM pabOTHI ABIISIOTCS:
1) yrmyOneHue ¥ 3aKpeIuieHHe TEOPETHUYECKUX 3HAaHUH, MOJYYEHHBIX CTYJEHTAaMH BO BpeMs
JIEKIIMOHHBIX, 1a00PaTOPHBIX U MPAKTUYECKUX 3aHATHII;
2) BBIpaOOTKa Y CTY/ACHTOB HAaBBIKOB CAaMOCTOSATEIBHOTO NPUMEHEHUS TEOpPUH, IMPHBICUCHUS
JOTIOTHUTEJIbHBIX JIaHHBIX, aHAM3a MPAKTUYECKUX TaHHBIX, OLEHKH U MPOBEPKH MPaBUILHOCTU
peleHus;
3) 3akperuieHHe HaBBIKOB pacueTa ¢ MPUMEHEHHEM BBIUMCIUTEIbHOW TEXHUKH, MPHUBICUYCHUS
CHpaBOYHO-peepaTUBHON JUTEPATyphl, OQOPMICHHS ¢ BEOCHHS WHKXCHEPHO-TEXHHYECKOU
JIOKYMEHTAIUH.

BoinonHenue kypcoBoii paboThl HapaBIEHO HA PELICHHUE CAEAYIOLINX 3a1a4:
1) npuBHUTHE HABBIKOB CAMOCTOATEILHOM PaboThl ¢ yueOHOI U HAyYHOM JTUTEpaTypoOii;
2) BBIpa0OTKA aHATTMTHYECKOTO MBIIIJICHUS TPU U3YyYCHUU W PEUICHUU TOCTABJICHHBIX BOIIPOCOB U
3ajady;
3) BeIpabOTKa YMEHHUS TPAMOTHO U CXKATO MU3JIaraTh CyTh BOMPOCA, TOCTABICHHOTO B TEME KYPCOBOM
padoTHI;
4) mpuUBUTHE HABBHIKOB BBHIMOJIHEHUS pacyeToB 1O (opMynam, NPUMEHEHHS CHCTEMBI CIHHUII
u3mepenust CU u Ipyrux CUCTeM eUHUI] U3MEPEHUS;
5) mpuBHTHE YMEHHUs J€JaTh aHaIn3, KOMMEHTHUPOBATh M OIICHWBAThH IOJNyYCHHBIE PE3YyIbTAThI -
JaBaTh (PU3UYECKYI0 MX MHTEPIPETALUIO U SMYJIUPOBATh BBIBOJIBI IO IIPOBEICHHOM paboTe;
6) MpUBUTHE HABBIKOB O(OPMIICHHS] KypCOBOM pabOTHI COTJIACHO TPEOOBAHUSAM, TIPEIBIBISIEMBIM K
MH)KEHEPHO-TEXHUYECKOH TokyMeHTanuu, B cootBercTBuU ¢ ECK/I.
3akoHUEHHas KypcoBasi paboTa JOJDKHA MPEACTaBISATh COOOW CaMOCTOSITENIbHYIO TBOPYECKYIO
paboTy cTyIeHTa.

1.2. Opranusanusi pyKoBOACTBa KypcoBoii padoToii

Crynentam Bcex (opM oOydyeHMs Ipe/ularaercsi IepedyeHb TeM KypcoBbIX pabot. Ilpu
BO3BpallleHUH Ha pabodee MecTO (B MpOLEcce MPOXOKAEHUS MPAKTUKU) CTYAEHT MO BbIOpaHHOMN
TEMaTUKe COOMpaeT NPOMBICIOBBI MaTepuan, MoJb3ysIch (GOHAaMU HeTerazo 00bIBAIOLINX
MPEATNPUATHI.

Ilepen BBIE3AOM Ha MECTO NPAKTUKM  CTYACHT JOJDKEH IIOJIYYHTHh KOHCYJBTAlUIO Yy
PYKOBOJUTENST KypCOBOH pabOThl OTHOCHUTENIBHO COJAEpKaHMs, Mopsaka cOopa Marepuana,
HEoOX0MMON JuTepaTypsl U T.1. JKenaTeabHO, YTOOBI MOCie MOJYYeHHs 3aJaHus Ha KYypCOBYIO
paboTy CTYyIEHT CaMOCTOSITEIILHO COCTaBUII IJIaH, COIJIAaCOBAaB 00BEM KYpPCOBOI'O NPOEKTa, CPOKH €€
BBITTOJIHEHUS C PYKOBOAMTENEM OT Kaeaphl.

PykoBoauTenb KOHCYJIBTHUPYET CTyJI€HTa IO 3TalaM COCTaBJIEHHOIO IUIaHa, JaBas JIMIIb
oO111ee HarpaBJieHHE PEeIICHHs TOCTABICHHON 3a1auH.

3a BpeMsl IPAaKTHKU CTYAEHT JOJDKEH coOpaTh MOJHOLIEHHBIN (haKTHUYeCKUd Marepua Io
TEME KYpCOBOIrO IpoekTa. Jlomyckaercs yTOUYHEHHE Ha3BaHUS TEMbl U IIEPEYHS BOIPOCOB
KypCOBOH pabOTBI HETOCPEACTBEHHO HA MECTE C PyKOBOAUTENIEM MPAKTUKU.

Pexomenyercs cnenyromuii o0Iuii MOPSIOK BHIOIHEHUS KypCOBOM pabOTHI :

1. [Ton6op HeoOGxoaumoro (hakTHUUECKOTO MaTepualia U H3ydyeHHE PEeKOMEHAYeMOi
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JIMATCPATYpbl IO TEMC C KOHCICKTUPOBAHHUCM OTACIIbHBIX HOHOX(GHHﬁ, COCTaBJICHUCM CIIMCKa
HCII0JIb30BAHHBIX IEPBOUCTOYHHUKOB.

2. BolllosiHeHHE  pacyeTHO-NIOSCHUTENBHOM ~ 4YacTU ~ KypcoBOM ~ paboThl B
II0CJIEI0BATEIbHOCTH, YKa3aHHOW B 33JJaHUU PYKOBOJAUTENIEM OT Kadeapbl.
3. OdopmieHne pacueTHO-TIOSICHUTEIIBHOM 3aIICKH.

Han kypcoBoii paboToil oOydaronuiicss 10KeH paboTaTh CUCTEMAaTUYeCKH, PEKOMEHAYeTCs
3aBECTH OTJAEIbHYIO TETpajab (UYEPHOBUK), B KOTOPYIO 3aHOCSATCS OCHOBHBIE IIOJIOKEHUS U3
TEXHUYECKOH JINTEPaTyphl, BBITOJIHAIOTCS B JETAISAX BCE pacueTbl, (OPMYIHUPYIOTCS BOIPOCHI IO
HEBBISICHEHHBIM pa3JieaM U Ip.

[Ipu mnoxaroroBke KypcoBoW paboThl oOydarouuiics o00sd3aH HPONUTH HEOJHOKPATHYIO
KOHCYJbTAllMI0 110 BCEM BompocaM (HE MeHee 2-X pa3 B HENENI0), IPEJICTaBUB IMPOEKT H
rpa¢puyecKyr0 4YacTb B UYEpPHOBOM BapuaHTe (iyume 1o uyactaMm). Ilocie BHeceHus
COOTBETCTBYIOIIMX HMCIPABICHUN KypcoBas padoTa MO PEIICHHIO PYKOBOAMTENS BBIIOIHIETCS B
YHCTOBOM BapUaHTE U MPEACTaBISIETCS HA OKOHYATEIbHYIO IPOBEPKY.

CTyneHT - 3a0YHMK 4YE€pHOBOW BapMaHT KypCOBOH paOOThl IPENCTABISAET IO MPUE3Ty Ha
9K3aMEHAIIMOHHYI0 CECCHUI0 M 3aBepuiaeT paboTy HaJ HUM, [OJb3ysICh KOHCYJIbTallUSIMU
PYKOBOIUTENS OT Kadeaphl.

Ecnu kypcoBast paboTa ylOBJIETBOPSET NPEAbABIAEMbIM TPEOOBAHUAM, OHA JIOIYCKaeTcs K
3amuTe (3anucKa 1 rpaduka noJIucbIBalOTCsl PyKOBOJUTENIEM).

1.3 Conep:xanune KypcoBoii padoTbl

KypcoBass pabGota BblnosiHAE€TCS U OQOPMIISIETCS B COOTBETCTBUU C 3aJaHUEM, JaHHBIM
CTYJEHTY IPEToAaBaTeIeM-KOHCYIbTAHTOM, U C YY€TOM METOAMUYECKUX YKa3aHHM, U3JI0KEHHBIX B
HACTOSIIEM Y4eOHO-METOANYECKOM TTOCOOUH.

3amaHue Ha KypcOBYIO pabOTy MO BEIOPAHHOM TeMe BKIIIOUaeT B ceOsl 1B OCHOBHBIC YacTH -
TEOPETUYECKYI0 U pacueTHyr. [Ipy 3ToM B KauecTBe pacueTHOro 3ajJaHusi MOTryT ObITh
MCIIOJIb30BaHbl BAPUAHTHI TUTIOBBIX 33/1a4, IPUBECHHBIX B HACTOAIIEM Y4€OHOM MOCOOUH.

I[To «kypcoBoit pabGoTe CTyneHT OGQOpPMIISIET PACUETHO-TIOSCHUTEIBHYIO — 3aIUCKY,
PEKOMEHIYEMOE COJIEP/KaHNE KOTOPOH MOYKET UMETh CIEAYIOUIYIO CTPYKTYPY:

1. Beenenue.

2. Ilenp 1 3a/1a4u KypcoBOM pabOTHI.

3. KpaTkas Teopus o Teme KypcoBoi paboTBhI.

4. [IpuMepbl YUCIOBBIX PAacUeTOB U rpa)UUECKUX PEIICHHA.

5. IIpakTHyecKkoe UCIIOIb30BAHKE MTOTYYEHHBIX PE3YJIBTATOB.

6. 3akmtoueHue. BbIBOIbI M peKOMEHJalNH.

7. CIMCOK UCIIOJIb30BaHHBIX UICTOYHHUKOB.

CTpyKkTypa OCHOBHOM 4YacTH KypCOBOM pabOThl OOBIYHO ONpEAesseTcs COAep)KaHUuEM
3a/laHus Ha KypCOBO€ MPOEKTUPOBAHUE U MOCIIEA0BATEIbHOCTHIO IEPEUUCICHHBIX B HEM BOIPOCOB.
OpHaKo CTYJEHT MOXET OTOMTH OT 3TOHM IMOCIEeNOBATEIbHOCTH U MPUIAEPKHUBATHCA COOCTBEHHOM
JIOTUKU W3JI0KEHUs MaTepualia, eclii cuutarh e€ Oosee 1enecooOpa3HOW, HO HE B ymepo
COJIepKAHUS CYTH U3JI0KEHHUS.

OcCHOBHYIO 9acTh HEOOXOIMMO Pa30UTh HA OTAEIBHBIE pa3/Ieiibl.

1. Bo BBeieHUH TOMIKHBI OBITH OTPaXKEHBI 33/1a4 B 007aCTH pa3BUTHS HEPTSIHON U Tra30BOU
MIPOMBIIIJICHHOCTH, POJIb M 3HAYCHHE 3aKOHOB MOJ3EMHON THIPOMEXaHUKH U THAPOJTUHAMUICCKUX
pacueToB Ul MPOCKTHUPOBAHUS pa3pabOTKHU U IKCIUTyaTallud CKBAKMH HA HE(PTSHBIX U Ta30BBIX
MECTOPOXKACHUSIX. BBeneHne AOMKHO oTpaxkaThb CyTh 3ajjaud, cTodied nepen aBropoMm. O0bem
BBEJICHHUS - 10 3 CTpaHUIL.

2. Bo BTOpOM pasznene M0KHBI ObITh CHOPMYITUPOBAHBI IIEIH U 33J1a4U KypCOBOH pabOTHI.
Heo6xonuMo 0OBSCHUTH, KakoW KOHEYHBIH pe3yibTaT XoTed Obl MOJIYYUTh M BHUJIECTH aBTOP B
pe3yJibTaTe pelIeHUs MOCTABIEHHBIX 3aJ1a4 KypCOBOIM paboThI - 0 3 CTpaHMII.
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3. Kparkas Teopust mo Teme KypCOBOM pabOThl JOJDKHA COAEp)KaTh aHalU3 Hay4dHO-
TEXHUYECKON JHUTepaTyphl MO CYTH paccMaTpUBaeMblX BOMpPOcoB. [Ipu 3TOM JOMKHBI OBITH
0053aTeNbHO CCBUIKM Ha UCIOJIb3YEMYIO uTeparypy. Oobem - 1o 10 cTpanu.

4. B pacueTHOM 4YacCTH MPHUBOIATCS THAPOJMHAMUYECKHE pacyeThl IO MOJyYECHHBIM
dopMynaM WM pacUETHBIM CXeMaM M ajuropuTMaMm. PacdeTsl pPeKOMEHAYETCS BBIIOJIHATH B
cucreMe CH ¢ ykazaHweMm pa3MepHOCTEH (U3MYECKUX BEJIMYMH C HCIHoJb3oBaHHEeM OBM
(mpuaraeTcst pacredarka nporpammbl). OObeM pacyeTHO yacTu - 10 5 CTpaHUIL.

5. 3axiioueHue M BBIBOJBI JIEJIAlOTCA CTYIEHTOM MO pe3yJbTaTaM BBIOJIHEHHON paboThl B
COOTBETCTBUH € paHee chopMyTUpOBaHHBIMH LENbI0 U 3a1a4aMu. OOBbeM - 10 4 CTpaHHIL.

6. CnHCOK HCIIOJIb30BAHHOW JIMTEPATypbl INPHUBOJUTCS B KOHIE PabOTHl B an(aBUTHOM
HOPSJIKE.

O6mmit 00BeM KypcoBol paboThI - He 6oiee 25...30 cTpaHuil.

BrimonHenue KypcoBoii pabOThl COCTOUT U3 CIEAYIOIINX JTAIOB!

-[I0JIy4eHHE 3aJlaHusl Ha KypCOBYIO paboTy;

-M3Yy4YE€HHUE HACTOALIETO Y4eOHO-METOINIECKOTO MOCOOHS;
-COCTaBJICHUE TUIaHa Pa0OTHI U U3yYEHHUE TUTEPATYPHI [0 TEME;
-[IpOBE/IEHNE HEOOXOAMMBIX PACUETOB U MX aHAJIN3;
-oopmIieHrE KypcoBOr pabOTHI;

-3aIllUTa KypCOBOU paboTHl.

2 [IpumepHBbIii NepeYeHb TeM KypPCOBBIX padoT

1. OcHoOBHBICE TOHATHS, 3aKOHBI (QWIbTpauuu HepTH ra3a Boibl. CHCTEMBI €IUHUIL
W3MEpPEHUH, IPUMEHSIEMBIE B TIOJ3EMHON THPOMEXAHUKE.

2. I'paHuIpl IPUMEHSEMOCTH 3aKoHa J[apcy M HETMHEWHBIC 3aKOHBI B 3a/a4aX (HIbTPALuU
IUTACTOBBIX (IIIOMU]IOB.

3. UccnenoBanue 0JHOMEPHBIX (PUIBTPALMOHHBIX IOTOKOB HEC)KUMAEMOM KMJIKOCTH U Ta3a
B HEOJIHOPOJHBIX IIJIacTax 1o 3akoHy [lapcu.

4. ViccnenmoBanue JBUYKEHUS KUKOCTH CO CBOOOIHOM MOBEPXHOCTHIO B IOPUCTOMU CpeJie.

5. Ilnockme ycraHoBUBIIMECS (PUIBTPAIIMOHHBIE NOTOKH. Mcmonp3oBaHue (QyHKIUH
KOMIUIEKCHOTO NTEPEMEHHOTO.

6. 3yueHne uHTEephEepeHIINM COBEPIIEHHBIX CKBAXKUH MU (HUiIbTpanuu HedTu u rasa.

7. Pacuer neOUTOB psiIOB CKBaXKHMH B 3ajiekax HeTH U raza.

8. N3yueHne ocoOEHHOCTEHN MPUTOKA KUIKOCTH U ra3a K HECOBEPILICHHBIM CKBayKUHAM (IIpU
JUHEHHBIX U HETMHEWHBIX 3aKOHAX (UIbTPALUH).

9. luddepenunanbHble ypaBHEHUS] HEYCTaHOBMBILEHCS (QHIBTPALUN YIPYTOW >KUAKOCTH
M0 pa3IMYHbIM 3aKOHaM (pUIbTpalUY B YIIPYToM MEHUCTOU cpefie.

10. HccnenoBanne OJHOMEPHBIX (HIBTPALMOHHBIE MOTOKOB YHIPYTO#l »HAKOCTH U rasza
(mpsiMOJIMHENHO-TIapaJlIeNIbHbIN U MJI0CKOpaAnaIbHbIA TOTOKH).

11. UccnenoBanue 3a1a4 nHTEp(HEPEHINH CKBaKUH B YCIOBUAX YIPYTOro peKuMa.

12. Onpenenenue mapametpoB 1wiacta o KB/ (KI1/I) mpu ynpyrom pexume.

13. IIpuOan>keHHbIE METO/IBI PELICHNUS 3a7a4 TEOPUH YIPYroro pexxuma (GUiabTparyH.

14. MHccrnemoBanue  HEYCTAaHOBMBIIErOCS  JABWKEHMSI Ta3a B  IOPUCTOM  cpele
muddepennmanbHoe ypaBHeHue JleiibeH3ona).

15. VI3yuenue npuOIM>KeHHBIX METOJIOB PEIIeHUs 3a/1a4 IPUTOKA rasa.

16. Meronpl perieHust 3a1ad (QUIBTPAIMK Ta3a C MOMOIIbIO YpaBHEHMS MaTepUAIbHOTO
OanaHca.

17. UccnemoBanwe 3anady [JBM)KEHUS TpaHMIl pas3jiena IpH B3aMMHOM BBITECHEHUH
JKUKOCTEHN U ra3oB.

18. Ananu3 sBneHust 00pa30BaHUs KOHYCa MOJOUIBEHHOM BOJBI M Fa30BbIX KOHYCOB.

19. Pacuer napamMeTpoOB BBITECHEHHSI OJJHOM KUJIKOCTH JPYTOM.
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20. Ananus 3anaun baknes-JleBeperra u e€ 06001IeHUS.

21. JIBmxeHue Ta3upoBaHHOM JKUIKOCTH B TIOPUCTOM cpejie.

22. VccnenoBanue 0COOCHHOCTEN (DMIIbTPALMU HEHBIOTOHOBCKOW KHUIKOCTH.

23. JIBukeHue >KUJIKOCTEH M ra3oB B TPEUIMHOBATHIX U TPEUIMHOBATO-TIOPUCTHIX Cpeaax.
HccnenoBanue 3a7a4 yCTAaHOBUBIICHCS (DHIIBTPALIUH.

24. IlpuMeHeHre METOZI0B TEOPUH PAa3MEPHOCTEH B MOJI3EMHOM THAPOMEXaHUKE HEPTIHOTO
Y Ta30BOTr0 IUIACTA.

25. JluddepeHnuanbHpie  ypaBHEHUS HM30TEPMHUYECKOM (uibTparuu  (QIHOUI0B B
HeTEra30HOCHBIX IUIACTax (BBIBOJ, IPUMEPHI HCIIOJIb30BAHMS).

26. Ilpumepsl wuccienoBaHusl 3a4ad (QWIBTPALlMM MPH  Pa3IMYHBIX 3aBHCHUMOCTSIX
napameTpoB (hIFOMI0B M TOPUCTOM CPebl OT AABICHHS.

27. MartemaTtuueckoe MOJECIUPOBaHHUE 3a4a4y (UIbTPALUU MPU PA3TUYHBIX HAYAbHBIX U
IPaHUYHBIX YCIOBHSIX (CPaBHUTEIBHBIN aHAIIN3).

28. AHain3 OHOMEPHBIX YCTAHOBUBIIUXCS MMOTOKOB KUAKOCTH U Ta3a B IOPUCTOM cpejie.

29. CpaBHMTENBHBIM aHAJINW3 YCTAHOBUBILIUXCS IOTOKOB TIa3a IPU pa3IMYHbIX 3aKOHAX
buapTparum.

30. AHanu3 NpUTOKA KUJIKOCTU U ra3a K TOPU30HTAIBHBIM CKBRXKUHAM.

31. HUccnenoBanue OAHOMEPHBIX (DUIBTPALMOHHBIX IMOTOKOB YIPYroM MKUAKOCTU ISt
Pa3IUYHBIX MOJENEH IUIACTOBBIX (UIBTPALMOHHBIX CHCTEM (TOYHOE pEIICHWE YpaBHEHUS
MbE30IPOBOHOCTH).

32. AHanu3 3a/1a4 IpUTOKA YIPYTroM )KUJIKOCTH K YKPYITHEHHON CKBa)KHHE.

33. Onpeznenenue mapaMeTpoB IUIacTa IPU HEyCTaHOBUBIIEHCS UIbTpaluu rasa.

34. Uzydenue oCHOB TeOpUU HIIBTPALUU MHOTO(A3HBIX CHCTEM.

35. V3yuenue 3aaa4 ¢punbTpanuu TpexdazHoil cMecu.

36. H3yueHwe THAPONMHAMUYCCKUX MOJEICH METOJOB TIOBBINICHHS HedTe- W
ra30KOH/IEHCATOOT/Aa4YH IJIACTOB.

37. 3y4eHue OCHOB TEOPUU HEM30TEPMUIECKOH (PUIbTpAIIHH.

38. HM3ydeHue, HEyCTAaHOBUBIICHCS (QUIBTpPAIMHM >KUIKOCTH M Ta3a B TPEUIMHOBATHIX U
TPEIMHOBATO-IIOPUCTBIX CPEIAX.

39. AHanu3 BbITECHEHHs He(TH BOAOH U3 TPELUIMHOBATO-TIOPUCTHIX U HEOJHOPOAHBIX CPE.

40. VccnenoBanue 3aa4 MOJIEIMPOBAHUS OCHOBHBIX MPOILECCOB (PMIBTPAIMH IJIACTOBBIX
bronaoB.

41. MaremaTuyeckoe MoJETUpoBaHUEe (PUIBTPALMOHHBIX IMpoieccoB. M3yuenue oOmiei
JIMarHOCTUYECKOM MpoIielyphl MoJ00pa MaTeMaTHUECKOW MOJIENU 0 (PaKTHUECKUM JTaHHBIM.

3 OcHOBHBIC TPeOOBAHNS K BBINIOJHECHHIO U 0(DOPMJICHHIO KYPCOBOM pPadoThI

KypcoBast pabGora odopmisieTcss B COOTBETCTBUM CO CTaHAapTamMu EJIuHON cucTembl
KoHCTpyKkTOopckoi aokymeHTanuu (ECKJI), ocHOBHble TpeOOBaHHS KOTOPOH NPHUMEHUTENBHO K
0(pOpPMIICHHIO KYpPCOBBIX M JAWUIUIOMHBIX IMPOEKTOB, OTYETOB IO IMPOU3BOACTBEHHON NpPaKTHUKE
CTYJICHTOB W3JIOXKEHHI B [1].

TexcroBast 4yacTb KypcoBOHl pabOThl BBHIMONHAETCS Ha Oenoil Oymare ¢opmara A4,
JIOTTYCKaeTCsl MPUMEHATh JUCTHI TeTpagHOW Oymaru (B KIETKY) cTaHaapTHoro ¢opmara. Tekct
KypCOBOH Pa0OThI BBIMOJHAETCS PYKONUCHBIM IIPU(PTOM YEpHUIIAMHM MM MAcTOM TEMHOTrO IIBETa
(uepHoTrO, cuHero wim (uoseroBoro). Bricota OykB momkHa OBITh HE MeHee 2,5 MM, MOUYEpK
JOJDKEH OBITh YEeTKUM, JOCTaTOYHO JIETKO YWTaeMbIM. Takxke gomyckaercss odopmieHue
MaIIMHOMUCHBIM CIOCOOOM C HCHOJb30BaHUEM KOMIIBIOTEPHON TEXHUKU. TEKCT JOJKEH ObITh
oopmiter mpu momoru mpudTa Times New Roman 14 pasmepa gepes 1,5-2 unteppana.

[Ipu BEIOOpE POPMYIIBI U3 TUTEPATYPHOTO UCTOUHKKA JOJIKHA OBITh JaHA CChUIKA HA HETO (C
YKa3aHHEM HOMEpa 3TOr0 MCTOYHUKA U3 CIHCKA HCIOJIb30BAHHOM JIMTEPATyphl, IPUBOJIUMOIO B
KOHIIE KypCOBOM padOTHI).
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Bce pacuetrnbie pOpMyIIbl JOJDKHBI JaBaThCS C MOSICHEHUSIMH BCEX BXOISIIUX B (OPMYITY
(bU3UYECKUX BEJIMYHMH M YKa3aHHEM UX pa3MepHocTel B cucteMe CHU B TOM mocie0BaTeIbHOCTH, B
Kakoil Hamucanbl B hopMysie OyKBbI, 0003HAYAIONIUE STH BETUYNHBI.

@®opMyIbl U YCIOBHBIE 0003HAYEHHS TE€YaTAIOTCS C UCIIOJIb30BAaHUEM PEAAaKTOPOB (Gopmy,
HE JIONYCKAaeTCsl BCTaBKa MJIM «BCTABKa» OTCKAaHUPOBAHHBIX (POPMYIL.

B Tekcte nepen HaaMUCHIO TOW MU MHOU (HOPMYIBI 00s3aTEIBHO TOJKHA OBITH CChLJIKA Ha
aBTOpa, y KOTOpPOro OHa 3aWMcTBOBaHAa. Eciu (opMyna HECKONBbKO, BCE OHHM JOJDKHBI OBITh
IIPOHYMEPOBaHbI (HOMEpa 3aKIH0YA0TCS B KPYTJIbIe CKOOKH).

ITpumep:

_ A(t)-h-ct

= 2.8
n H. -t (2.8)

Kaxnplif nHAEKC, BXOIAIIUN B TY WIK HHYIO (hOpMYITy, JOJDKEH UMETh pacin(poBKy: YTO OH
0003HauaeT, KaKoBa €ro pasMepHocTb. CleyeT noab30BaThCs MEXKAYHAPOJHOU CUCTEMOMN €IUHUIL
(CI).

[lpu wucnonmp3oBanmu  (HopMyn i pacyeTOB  ONPEACTCHHBIX  IOKa3aTeledl  Her
HEOOXOMMOCTH TPUBOJUTH IPOMEXKYTOUHBIE pacdeThl. LlenecooOpa3Ho naBaTh pe3ynbTaThl,
opopMuUB HX B BHJE TaOMUI €O ccbUulkOM mo Tekcry. Hampumep, «Pesynbrarel o0paboTKu
IPOMBICJIOBBIX JaHHBIX 1O (hopMmysie 12 npuBOAATCS B TaOIULE 4.

OdopmiieHne WLTIOCTPALMOHHOIO MaTepuaia (PUCYHKOB, YyepTexel, rpa)ukoB, CXeM U T. [1.)
OOBIYHO pacIoJIararoT IOCJIE CChIIKM Ha HEro B Tekcre. HauMeHOBaHME M HOMEp 3allUCBIBAIOTCS
0] PUCYHKOM, U pacrojaraercs 1o ueHrpy. O003Ha4aroTCs U HyMEPYIOTCS PUCYHKH U CXEMBI
apabckumu U pamMu.

Wnmoctpanuu  (CXeMbl, AMarpamMmbl, Ipaduku, 4epTexkHd, PUCYHKH) TaKKe MOIYT OBITh
0(OpMIIEHBI B BU/I€ IPUJIOKEHUN B KOHIIE 3aIIMCKH.

Bce wnmmocTpanuu BBINONHAIOTCS OAHOTUNHO. [Ipu oroOpakeHMH Ha OAHOM rpaduke
HECKOJIBKUX 3aBHCUMOCTEH TpeOyercss BBIACICHHE IBETOM (OCH KOOpAMHAT TPH OSTOM
BBITOJIHAIOTCS YEPHBIM L[BETOM).

I'paduueckue npuokeHUss HyMepyeTcs MOCIe10BaTENbHO.

Kaxnplii pUCyHOK OJKEH MMETh MOIPUCYHOUHYIO HaJIMUCh (BHHU3Y), COOTBETCTBYIOILYIO
coJiep)kaHuI0 pucyHka. Haanuch nomkHa OBITH YETKOM MO COAEpIKAHUIO, JJAKOHUYHOW U B TO K€
BpeMs HECTHU NOJHYIO CMBICIIOBYIO Harpy3ky usobpaxaemoro. Hampumep:

Pucynok 1.1 — HaumenoBanue prcyHka

Ecnu Ha pucynke comepxutcst uHGOpMAIUs O HECKOJIBKUX CKBOXKHHAX, 00BEKTaX, IIACTaX U
T.J., TO HIKE TOAPUCYHOUHOW HAINMUCH JaeTcs pacmudpoBKa K TMOPSIKOBEIM HOMEpaM
M300pakaeMbIX 3aBHCHMOCTEH.

Hanpumep:
Pucynok 2.3 — 3aBUCHMOCTD TUTEIHPHOCTHA O€3BOTHOTO JEOUTA OT BETUYMHBI OTHOCHTEIIBHOTO
BCKpbITH M1acta B BH3 o6bexkToB denopoBckoro mectopoxaeHus: I - o0bekT ACsg; 1l1-00BbexT

BCio; H1-00BexT FOCo.
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B Tekcte nomkHBI OBITH CCBUIKM Ha Tpaduyeckue mnpuioxeHus. Hampumep:... «gaHHas
3aBUCUMOCTD TPEJCTaBJIeHA B NpuioxkeHuu 1». Ccplika Ha paHee YHNOMSHYTbIE WLIIOCTPALUU B
MOCIEAYIOLUX pa3ziesiax 3aliCcKy AalTcs B BUE: (cM. pucyHok 1.3).

Ecin pucyHOK 3aMMCTBOBaH M3 KakoH-IMOO pabOThl COIJIaCHO CHMCKA MCIIOJIb3yeMOM
JUTEepaTyphl, TO B CaMOM MOJAPUCYHOUHOM HAAMHCH JOKHA OBITh CChUIKA Ha MEPBOUCTOYHUK.
Hanpuwmep:

Pucynok 3.1 «Pe3ynbTaThl ucCCIeIOBaHMS KOHTPOJBHBIX CKBaXKHMH 00bekTa BCio 3amagHo-
Cyprytckoro MectopoxxaeHus [3].

[udpoBoii Marepuan pekoMeHayercss oQpopmisTh B Buae Tadbmul. Kaxngas tabnuma 1oynkHa
UMETh Ha3BaHUE, OTpakaiollee ee cojepxaHue. Tabmuia HymepyroTcs B Ipeneiax paszena
apa0bckumu nudpamu. Homep tabnuibl pacrnosiaraeTcs Mo HEHTPY PsioM ¢ ee Ha3BaHUeM. CChUIKY

Ha TaOJIMITY CIIENYET AeNiaTh 0e3 COKpaIleHUH.

Tabmura 1.1 — Ha3zBauue TaOHmbl

Ha Bce TaGnumpl B TeKCTe JOJDKHBI OBITH CCHUIKH. EciM B 3amycke MMEETCs JIMIIb OJHA
Tabauma (He UMeeT HOMEepa), 3TO CJIIOBO MUILETCS B CCHUIKE MOJIHOCTBIO.

Tabmuubl MOTYT OGOPMIIATECS KaK BIOJb, TaK W MOIMEPEK JIUCTA, MOTYT BBITOJIHATHCS Ha
JBOMHBIX (crokeHHbIX) aucTax. Kaxaas rpada B Tabnuie JODKHA MMETh HAJIIUCh B 3arojIOBKE,
rJe KpoMme mokasarenisi (BeTWYMHBI) C WHJEKcaluel, BHOCUMOTO B rpady, J0JDKHA OBITh Yepes
3aMATyl0 yKa3zaHa ero pasMepHocTsb. JleBas rpaga Bceraa qomkHa oopMIISITECS B BUAE HOMEPOB 1O
nopsAaKy. B ropusoHTanbHBIX 3arojioBKax rpad MoryTt ObITh MOJ3aroJIOBKU C JOMOJIHUTEIbHBIMU
HaAMKUCSIMH.

Ecin Bce mapaMeTpbl, NMOMEILIEHHbIE B TaOJHUIly, UMEIOT TOJBKO OJIHY Pa3MEpPHOCTb, TO
COKpallleHHOe 0003HaYeHHEe eIMHULIBI U3MEepPEHHs (Pa3MEpPHOCTh) OMEIAIOT HaJl Ta0IuIei.

[ToBTOpstoUMiics B rpade TEKCT, €CIi OH COCTOUT U3 OJHOTO CJIOBA, I0MYCKAETCS 3aMEHUTh
KaBbluKaMu. Eciu MOBTOPSIOMUICS TEKCT COCTOUT M3 JBYX M 0Oojee CIIOB, TO NpH IEPBOM
MOBTOPEHUM €ro 3aMEHSIOT (Ppa3od “To ke”, NMpU MOCIEAYIOIIMX MOBTOPEHMSIX - KaBbIYKaMH.
CraBUTh KaBbIUKM BMECTO MOBTOPSIOMIMXCS LU(p, MApOK, HaA3BaHUM, UHIEKCOB HE JIONYCKaeTCs.
Ecnu unudpossie unm apyrue AaHHbIE B TaOIULE HE MPUBOJATCS (OTCYTCTBYIOT), TO B rpade CTaBsT
IIPOYEPK.

[Mudps! B rpadax pacrosaratoT Tak, 4ToObl KIacchl YUCeNl BO Bcel rpade ObUTM TOYHO OJUH
HOJ APYTUM, IpOOHbIE YMCIIa MIPUBOIAT B BUJE JECITUYHBIX IpOOEH, 32 HCKIIIOYEHUEM Pa3MepOB B
JIoiiMax, KOTOpPBIE 3aMuChIBatOTCs B Bue 1/27, 1/4”, 1/8”.

Jlnist cokpallieHus TeKCTa 3aroJIOBKOB U 110/13aroJIOBKOB B rpad)e OTAeIbHbIE MOHATUS MOXKHO
3aMEHUTh OYKBEHHBIMU BBIPDAKEHUSMHU, €CIM OHHU I[OSICHEHbl B TEKCT€ WM IPHUBEACHBI B
WUTIOCTpALMSIX.

B ciyuae nmepeMeHHBIX BEIMYUH B TEKCTE TpeOYeTCs yKazaTh MHTEPBAJIbI H3MEHEHUS UX OT U
no. B tabmumax 3TH MHTEpBajbl CIEAyeT 3alUCBhIBaTh 4Yepe3 YepPTOUYKY OT MHHHUMAIBHBIX 10
MaKCHMaJIbHbIX 3HAYECHUH.
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Ecnmu B TaOIMYHBIX JAHHBIX COAEP)KATHCS CBEACHUS, TPEOYIOUINE JOMOJIHUTEIIbHBIC
pa3bACHEHHS, TO CrUpaBa Haa IMUGPON (YKUCIOM) WIIM HHACKCOM CTaBUTCS 3BE370UKa, a HIDKE
Ta0JIMLbI B IPUMEYAHUU JAAETCS PA3bSICHEHUE K 3TUM JIaHHBIM.

[Ipu nmepenoce TabauIbl HA IPYroi JUCT (CTpaHMIly) Kaxaas rpada Hadama TaOnuibl (HUKE
Ha3BaHU rpad) gomKHa OBITH MPOHYMEPOBAHA MOCJIEA0BATENILHO CIIEBA HA MPABO U HA CIETYIONICH
cTpaHule rpadbl TOJKHBI MOBTOPATH 3Ty Hymepanuio. CBepxy ykaswiBaercs: “TIpomomkenue
TaOIHIIBI .

Kak mnpaBuno, Bce pacyeTbl, CBSI3aHHBIE C BBIIOJHEHHEM KYpCOBOM pPalOTHI, JTOJIKHBI
BBIMOJIHATECST Ha OBM. B TekcTe mnporpamMmbl HEOOXOAMMO pa3MeliaTh KOMMEHTapHH,
MOSICHSIIOIINE CTPYKTYPY aJITOPUTMA, MOPSAIOK U MOCIIE0BATEIbHOCTD TPOBOAUMBIX OMEPALIUU.

KypcoBast paboTta nomkHa OBITh CBOEBPEMEHHO BBIIIOJHEHA W B YCTAHOBIJICHHBIH CPOK B
O(OpPMIICHHOM BHJ€ CllaHa PYKOBOJIUTENIO (AJi1 CTYIACHTOB-3a0YHMKOB B JEKaHAT 3a04YHOIO
daxynbTeTa A5 €€ PErHCTPaLU C MOCISAYIOIIEH mepeiayell IpenojaBaTeo-KOHCYIbTaHTy).

3ammTa KypcoBOH paOOThl SBISIETCA 3aBEpUIAIONIMM ATalmoM €€ BBIIOJHEHUS W
NPEJCTaBIsIeT KPAaTKOE H3JIOKEHHE CTYJCHTOM CYTH paboThl Iepea pPyKOBOAMUTENEM KypCOBOM
paboThl (mpemnojiaBaTeNeM-KOHCYIbTaHTOM). M3noxkeHne paboThl AOMKHO OBITH PacCUUTAHO
CTYJIEHTOM Ha BpeMs He Oosee 3-5 munyt. Ilpu 3ammure KypcoBoil pabOThl CTYAEHT JTOJIKEH KPaTKo
U3JIOKUTH 1eNTM W 3a1a4d paboThl, 0OOCHOBATh MOCTAHOBKY 3aJa4d U TEOPETUYECKUE METOMIbI
pelieHus ee, I0Ka3aTb YMEHHUE BBIOJHATh TUAPOAMHAMMUYECKHUE pacyeTbl, JejlaTh aHau3
MOJIYYEHHBIX PE3YyJIbTaTOB U BHIBOJIBI.

JuddeperunpoBanHas OIleHKa KypCOBOH paOOThI MPOM3BOAUTCS 110 PE3yIbTaTaM 3aIIUTHI U
OTBETOB Ha 33/IaHHBIC B XOJIE 3aIUTHI BOMPOCHI C yYETOM KauyeCTBa BBIOJHEHUSA U O()OpMIICHUS
paboThL.
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[Tpunoxenne A

MHUHHUCTEPCTBO HAYKHW 1 BBICHIEI'O OBPA3OBAHUS POCCUIICKOM ®EJIEPAITANA
CYPI'YTCKHUI MHCTUTYT HE®TH U TA3A
(PUIIHAJT) PEJEPAJIBHOE 'OCYJAPCTBEHHOE OBPA30BATEJIBHOE YUYPEXKIEHUE
BBICHIEI'O OBPA3OBAHUSI
«TIOMEHCKHWA UHAY CTPUAJIBHBIAYHUBEPCUTET»
(®uauan TAY B r. Cypryre)

Kadenpa «Hedrerazopoe aeno»

KYPCOBOM INPOEKT
Ha TeMYy:

NCCJIEIOBAHUME IBUKEHUS )KUAKOCTH CO CBOBOJIHOM IMOBEPXHOCTHIO B
IHOPUCTOMU CPEJE

no aucuumirae: IloazemHas T'uaApoMEXaHUuKa He(i)TfIHOl"O H ra30BOro Iniacra

PykoBoaurens CryneHt (xa)
Mypasbeés K.A.. K.T.H. Usanos U.M. DJJHG3 — 18

Cypryrt, 2020
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[Ipunoxenue b
MHUHUCTEPCTBO HAYKH 1 BBICHIEI'O OBPA30OBAHUS POCCUICKOM ®EJIEPALIANA
CYPI'YTCKHUM HHCTUTYT HE®TH U I'A3A
(PUIJINAJ) ®PEJAEPAJIBHOE NI'OCYJIAPCTBEHHOE OBPA30OBATEJIBHOE YUPEXKIAEHUE
BBICIHIEI'O OBPA3OBAHUS
«TIOMEHCKHUM I/IHIlYCTPI/IAJII)HI)IFIYHMBEPCHTET))
(®unuan THY B r. Cypryre)

Kadenpa H/]
YTBepkaaio: u.o0. 3aB. kKadenpoi P.JI. TatneieB
« » 2018 .

3AJAHHUE K KYPCOBOMY IIPOEKTY
no gucuumniaune: [logzemMuas rugpomexaHuka He()TSHOTO ¥ ra30BOTO IJIACTa

Crynent:_Heanoe H.U. rpynna DJ/IH63-20 ¢dopma oOyueHus 3aounasn

1. Tema paboThI yTBEpKICHA MPUKA30M MO UHCTUTYTY No oT r.
HasBanue tembl: McciaenoBanue ABUKEHUS >KHIKOCTH CO CBOOOJHOM MOBEPXHOCTHIO B MOPUCTOM
cpene

2. CpoK c1auu CTyJI€HTOM 3aKOHYEHHOU pabOoThI
3. CopepxaHue pacueTHO-TIOSICHUTENbHOM 3aICKU (nepequb MOJUIeXKAIIUX Pa3paboTKe
BOIIPOCOB)

Bsenenne

3aI[aHI/I€ BbBLAACT PYKOBOJUTCIIb KYPCOBOI'O IMMPOCKTA, MHANBUAYAJIbHO JJIA KaXXJ10I0 06y11a}01uer0<:ﬂ

3aKIIroYeHne

Crucok HCIIOJIB3YEMbIX HCTOYHHUKOB

['paduueckas 4acTb: MpeacTaBlIeHa Mpe3eHTalueil B mporpamme Power Point, otpaxkaromias
KJIFOUEBBIE BOIIPOCHI KYPCOBOT'O IIPOEKTA

JlaTa BeIga4M 3aJaHUS « » 201 T.
PykoBoauTenn /K.A. MypaBbéB/
3aaHue IPUHSAI K UCTIOJTHEHMIO « » 201

(moanuch CTyneHTa)

[Tpumeuanue: 3ajaHue MOXET OBITh CKOPPEKTUPOBAHO B IIPOLECCE BBIMOIHEHHUS] KYypCOBOTO
IIPOEKTa
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IIpunoxxenue B

KP.21.03.01.12/32.09.2018.113.

W3m. | Jluct Ne noxym. Ilogmucs | Jara
Pa3pa0. D.U.O0. Jlut. Jluct Jlucros
ITposep. D.U.0. | I 1 2

BBEJAEHUE -
CypryTckuii FHCTUTYT He()TH U ra3a

59 (¢dumman) TUY B r. Cypryte




IIpunoxenue I'

12/32 — HOMEP PACIIOPSIKEHU S JJ151 TPYIIIIBI

09 — mopsIIKOBBIN HOMEP CTYACHTA B PACIIOPSHKEHHUH (TI0 )KYpHAITY)

Hywmepanus ckBo3Has B IpaBOM BEPXHEM YIITy (IOIIyCKAaeTCs YEPHOU reneBol pyuKoi, YepHUIaMH WU
TYIIBIO)

B pamkax Hymepaius BHyTpHU pas3zena

JIucr

*KP.21.03.01.12/32.09.2018.113. 5

Wswm. | Juct Ne nokym. Tlonxmucs | [ara




[Ipunoxenue 1

IInanupyembie pe3ybTaThbl 00y4eHHs 1Jis1 GOPMHUPOBAHHMA KOMIIETEHIMU U KPUTEPHH X OLleHUBAHUS

JuctmmuimHa «IloazeMHast ruipoMexaHnka HETSHOTO IJIacTay.
Kon, nanpasnenune nogrorosku 21.03.01 Hedrerasosoe peno

HanpasierHocTs - DKCIuTyaTarus u 00CITy>KuBaHIE 00BEKTOB TOOBITH HE(YTH

Kox xommerenmnnu Kon n
HauMEHOBAHUE
pe3yJibrarta Kputepun orieHUBaHMSI pE3yJIbTATOB O0YUCHUS
o0OyueHus 1o
IUACIIATIINHE
1-2 (0-60) 3 (61-75) 4 (76-90) 5 (91-100)
ITIKC-4 ITKC-4.1 Betbop | 3nats (31): HE 3HAET cabo 3HaeT
CrrocoOHOCTE TEXHOJIOTHYECKHX | COJICpPIKaHUE coJiepKaHue coJiepKaHue 3HAET COepKAHUE YBEPEHHO 3HACT
OCYIIECCTBIISATh IIPOIIECCOB B TEXHOIOTHYECKUX TEXHOJIOTUYECKUX TEXHOJIOTHYECKUX CoJIep)KaHue
IIPOIIECCOB B TCXHOJIOTHHECKUX | o v HOTOrHUecKIX
OTIepaTHUBHOE obOiacta MIPOIIECCOB B 00JIACTH | TIPOIIECCOB B P MPOLIECCOB B T oo
COTIPOBOKICHIE HedTerazoBoro THAPOMEXaHUKH obnactu 0BIACTH pon
TUIPOMEXaHUKU obnactu
TEXHOJIOTHYECKUX | Aena Il He(TAHOTO IIacTa THJIPOMEXaHUKU THIPOMEXaHUKH
HEPTAHOTO HedTAHOro MiacTa THJIPOMEXAHUKHU
MIPOILIECCOB B OpraHu3aIu He(TSHOTO MIacTa IUIacTa, e nrcn ' | HedysHOrO MNACTA,
COOTBETCTBUU C paborsl HUCHBITHIBACT pYy. MOJKET J1aBaTh
N N JaBaTh MOSCHEHUS
BbIOpaHHOU cepolt | KOIJIeKTHBA CYIIIECTBEHHBIE MIOSICHEHUS
npohecCHOHANBHON | MCTIOTHUTENEH 3aTPyAHCHHUSA
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JESTeIbHOCTH Ymeth HE yMeeT cimabo ymeer
(Y1):ocymiecTBisTh OCYILIECTBIISTh OCYIIECTBIISITh
BBIOOP BEIOOD BEIOOD ymeeT YBEPEHHO YMEET
TEXHOJIOTMYECKHUX TEXHOJIOTMYECKHUX TEXHOJIOTHYECKHUX | OCYLIECTBIIATH OCYIIECTBIISAThH
IIPOLIECCOB IIPOLIECCOB MPOIIECCOB BEIOOD BEIOOD
TUAPOMEXaHUKU TUIPOMEXaHUKU TUIPOMEXaHUKU TEXHOJIOTMYECKUX | TEXHOJIOTMYECKUX
HE(TSAHOTO IUIacTa He(TSHOTO IIacTa He(TIHOTO MPOIIECCOB MIPOLIECCOB
I1acTa, TUIPOMEXaHUKU TUAPOMEXaHUKU
WCIIBITHIBACT He(TSHOTO MIacTa | HEPTIHOTO IIacTa
CYILIECTBCHHbBIE
3aTpyTHCHUS
Bnanets (B1): HeE BJageeT ci1abo BiajgeeT
BJIa/ICeT HAaBBIKAMH | YBEPEHO BJIa/ieeT
HaBBIKAMU HaBBIKaMHU HaBBIKAMU
OpTraHU3aIIN HaBBIKAMU
OpraHu3any padoThl | OpraHU3alHUU OpraHu3aIu
paboThI OpraHHu3aIuu
KOJUIEKTHBA 110 paboThHI KOJUIEKTUBA | pabOThI
KOJUICKTHBA I10 paboTHI KOJIEKTHUBA
BbIOpaHHBIM 10 BBIOpAHHBIM KOJUJIEKTHBA T10
BBIOpAHHBIM 10 BBIOpaHHBIM
TEXHOJIOTHICCKUM TEXHOJIOTHICCKIM BEIOpaHHBIM
TEXHOJIOTHYECKUM | TEXHOJIOTHYECKUM
nporeccam mporeccam TEXHOJIOTHYECKUM
nporeccam nporeccam
TUIPOMEXaHUKU THIPOMEXaHUKH npoiieccam
THIPOMEXaHUKH THUIPOMEXaHUKH
He(TSAHOTO IIacTa He(TSHOTO MIacTa THUAPOMEXaHUKHU
HeTSHOTO MacTa | HEPTIHOTO IIacTa
He(TAHOTO IJIacTa
[TKC-6 [TIKC-6.2 3HaeT u ymeer
YacTtryHO 3HaeT
CnocoOHOCTb AHanusupyer He 3naet npaBuna baBIIa 3HaeT npaBuia IPUMEHSTH Ha
MPUMEHSITh npaBuIIa 3nate (31): mpaBuna | TEXHUYECKOU TEXHquCKOﬁ TEXHUUYECKOH MPaKTHKE TpaBuUia
MPOLECCHBIN TEXHUYECKON TEXHUYECKON JKCILTyaTalluu SKCILTYATALHH JKCIUTyaTalluu TEXHUYECKOU
MOJIXO] B SKCIUTyaTaIlH SKCIUTyaTaIlH TEXHOJIOTHYECKHIX TeXHoiorI/IquKHX TEXHOJOTHYECKHUX | IKCIUTyaTalllu
MPAKTUICCKON TEXHOJOTUYECKHUX | TEXHOJIOTHICCKUX 00BEKTOB OOLEKTOR 00BEKTOB TEXHOJIOTHICCKIX
NEeSITeNIbHOCTH, 00BEKTOB 00BEKTOB He(dTerazoBoro He()TerasoBoro HeTEra3oBoro 00BEKTOB
coueTaTh TEOPUIO U | HEPTETra30BOTO He(Tera3oBoro KOMIUIEeKca U COMILIEKCA 1 KOMIUIEeKca U HedTerazoBoro
MPAKTUKY B KOMILIEKCa KOMIUIEKCa U METOJIOB | METO/IOB METOMOB METOJIOB KOMIUIEKCa U
COOTBETCTBUH C METOJIOB yIIpaBICHUS YIIpaBICHUS ABITCHIS yIIPaBICHUS METOJIOB
BbIOpaHHOU cepolt | yrmpaBlieHus peKUMaMU UX pabOThl | peKUMaMH HX yg)l;)(I/IMaMI/I X peXUMaMU UX yIpaBIeHUS
po(hecCHOHANBHON | peXXUMaMH UX paboThI p AGOTLL paboThI pexXUMaMHU UX
JeATETbHOCTH paboThI P paboThI
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He ymeer BepHO

Cnabo ymeer

YMeer BepHO

VYmeer ObICTPO U B

YnMmerts (Y1): BepHO BBIOMpATh BEpPHO BHIOUpATH BBEIOMPATH ONTUMATBHBIX
BEIOUpATH TEXHOJIOTHYECKUE TEXHOJIOTHYECKUE | TEXHOJIOTUYECKHE | 0ObeMax BEpHO
TEXHOJIOTUIECKUE PEKUMBI PaOOTHI PEKUMBI PA0OTBI | PEKUMBI pabOTHI BBIOUPATH
PEKUMBI paOOTHI CKBRKUH U CKBQKUH U CKBa)XHMH U TEXHOJIOTUYECKUE
CKBa)XXHMH U 000opyI0BaHUs 000pyI0BaHUs 000opyI0BaHUs PEXKUMBI PaOOTHI
000py1I0BaHUs CKBa)XUH U
000pyI0OBaHUS
He Brnageer Obnanaer Bunaneer B cosepiencrse
Brazers (B1): HaBBIKAMHU Pa0OThI CJIa0BIMU HaBBIKAMU pabOTHI | BIIaJICET HABBIKAMHU
i CO CpelICTBaMuU HaBbIKaMH pabOThl | CO CPEICTBAMU paboTHI cO
HaBBIKAMHU PaOOTHI CO
00paboTKu CO CpeICTBAMH 00paboTKu cpencTBaMu
CpeacTBaMu
oBpaboTKu nHpopMaun 00paboTku uH(pOpMaIUU, HO 00paboTku
UHpOpMALIUU OITyCKaeT UHpOpMALIUU
uHpopmanuu (bopwa AOTLY bopwan
HEe3HAYUTEIbHbIC
OIIMOKHU
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KAPTA

[Tpunoxenue 2

00ecne4eHHOCTH I CHUILTUHBI (MOYJIs1) Y4eOHOH ¥ YUeOHO-MeTOANYeCKOil JInTepaTypoi
Hucuunnuna [oazeMHasi ruAPpoOMeXaHUKA HePTAHOIO MJIaCTa

Kopn, nanpasnenue noarorosku 21.03.01 Hedrerazosoe nesno

[Tpoduias Ikenmayaramusi 1 00CJIyKUBaHUE 00HEKTOB J00bIYM HeTH

Hannuue
KonTunresnt
O0ecIieueHHOCT | 3JIEKTPOH
Ne | Haspanme yue6HOro, yae6H0-MeTOAMIECKOTO Komaectso oOyJaromuxcs, b OBVIAIOIIIXCS Horo
I/ | M3[aHus, aBTOP, WU3/ATENIBCTBO, BUJA U3AHUS, |IK3EMIUIIPOB B | HCIOJb3YIOIINX VAo
roj U3JaHus BUK Ka3aHHYIO JTCpATYPOH, Baphanta
n Y Y % 8 OBC
JIATEPATypy (+)
Ksecko b.b., Kapnosa E.I'. Ilogzemuas
5 | THIPOMEXaHHKa: yuebHOoe moco0ue —  Dmektp. 30 100 +
ToMcKkuii ONUTEXHUUECKUA YHUBEPCUTET, pecypce
2012. - 168 c.
/

W.o.3aBenyromiero kadeapoi

W P.JI. TatubieB

«31» 08 2020 .

y{m%)




Jlono/IHeHNs1 M U3MEHeHUsl
K pabouell mporpamMMe AU CUHUILIMHBI (MOLYJI51)

Ha 20 -20 y4eOHBIii rox

B paGouyto nmporpaMmy BHOCSTCS CIEIYIONINE JOMOTHEHHS (I3MEHEHU):

HOHOJ’IHCHI/IH U U3MCHCHUA BHECC!

(Oondcnocms, yueHoe 368anue, cmenens) (noonucv) (U.0. Pamunus)

JlonostHeHUsT (M3MEHEHHs) B pab0vyro MporpaMMy pacCMOTPEHBI B 0JJ0OPSHBI Ha 3aceaHuu Kadeapsl

(Haumenosanue kaghedpwi)

[IpoToKoI OT « » 20 1. Ne
N.0. 3aBenyromero kadenpoit P./1. TatneieB
COI''TACOBAHO:

H.o. 3aBenyromiero BoITycKaroiiei kadpeapoit/

PykoBonuThk 00pa3oBaTenbHOM pOrpaMMbl P.JI. Tatnbie
« » 20 1.

65



