


CoriacoBaHo:

N.o. 3aB. Kadeapoit MUKpPOIITEKTPOHHBIX CXEM U CUCTEM

Menuksau B.I11.

(moamuck)



1. AHHOTAIUA

1.1. Kpatkoe ommcaHue COJEp)KaHHS JTaHHOW AMCIMIUIMHBI: B paMKaX JaHHOW JUCIUTIIMHBI

U3Y4alOTCsl 3Tanbl HU(GPOBOTrO MaplIpyTa MPOCKTUPOBAHUS HMHTEIPAIBHBIX CXEM M HUX

pcajmsanuAa ¢ IOMOIIBIO CUCTEM ABTOMATU3UPOBAHHOI'O ITPOCKTUPOBAHMA.

1.2. TpynoeMKkocTh B aKaJIeMUYECKUX KpeAuTax U uacaX, (OpMbI UTOTOBOIO KOHTPOJIS

(ax3amen/3auer); 3 kpen., 1084, nek. 344., np.184.,CP 56u., 3ayer.

1.3. B3anmocBs3b JAUCHUIIIMHBL C OPYIrUMHU OUCHUINIMHAMHA y‘IC6HOF0 IJ1aHa CIICUaJIbHOCTHU

Kypc «CunTe3 n ontuMu3anus UUPPOBBIX MHTETPAIBHBIX CXEM» TECHO B3aHMMOCBS3aH C

TaKUMHU JUCHUIIJIMHaAaMHK CIICHIHAJIbHOCTH «KOHCTPYI/IpOBaHI/IC H TCXHOJIOTUA J3JICKTPOHHBIX

CpeacTB», Kak

((9J'IGKTpOTeXHI/IKa U 3JICKTPOHHKA»,

«Cxemo-

n CHUCTCMOTCXHHKA

AIIEKTPOHHBIX CPEACTBY, «IIpoekTrpoBanne nU(POBBIX HHTEIPAITBHBIX CXEM.

1.4. B pe3ynbTare u3y4eHus JaHHOW JUCLMILIMHBI CTYJEHT JIOJIKEH:

® 3HATh: OCHOB CHHTE3a U ONTUMU3ALMH LHU(POBBIX CXEM;
® yMeTh: aHAJIU3UPOBATH U ONITUMU3UPOBATH LIU(PPOBBIE CXEMBI;
e BJIa/leTh: HABbIKAMHM aBTOMAaTU3MPOBAHHOIO CUHTE3a LU(PPOBBIX CXEM.

Kon
HHIUKATOPA
Kon JIOCTHIKEHHS
. | HaumeHoBaHMe MHAMKATOPA
KOMIETeHIHH (8 HaumeHoBaHue KOMIIETEHIINH (8 KOMIeTeH Ui . ol
AOCTHKEHU KOMIIeTeHIUii (8
coomeemcmauu coomeemcmauy pabouum ¢ yueoHvim (6
coomeemcmauu paboyum ¢
pabouum ¢ NJIaHOM) coomeemcmeuu
VUEOHbIM NIAHOM)
VueOHbIM NAAHOM) pabouum ¢
VUEOHbIM
NAAHOM)
YK-1. Crnoco0eH ocyIIecTBIATh OUCK, VK-1.1. 3HaeT KaK OCYILECTBIISTh
KPUTHYECKHUI aHAIIN3 U CUHTE3 TIOMCK, KPUTIHICCKHIM aHATH3 1
. CUHTE3 UH(POpMAIUH [T
UH(POpPMALNH, TPUMEHSATh CUCTEMHBIH
peIIeHHsI TOCTAaBICHHBIX
MOJXO/1 JUIsl PELICHHUs TTOCTaBIEHHBIX podeCCHOHAIBHBIX 3a/1au.
3ama4 YK 1.2. YMeer NpUMEHATh CUCTEMHBIN
MOJIXO/1 HA OCHOBE TIOMCKA,
KPUTUYECKOTO aHaJIu3a U
CUHTEe3a HHPOpMAIUH TS
peleHus 3a1a49
npodeccuoHanbHOM 00JIaCTH.
VK-1.3. Bmangeer HaBBIKaMH ITOMCKA,

CHHTC3a U KPUTHUYICCKOTO




aHanu3a nHopMaIuu B CBOeH
npo¢eCCHOHAIBHON 00J1aCTH;
BJIQ/ICET CUCTEMHBIM TIOJIX0JIOM
JUTSI PEIICHUS TOCTABIICHHBIX

3ajad.
I1K-2 Cnocoben paspabotats | [1K-2.1 3HaeT pa3paboTKy 1
CUHTE3MPUTO/IHbIE  OMUCAHHUS  YPOBHS MOJIEJTMPOBAHUE TECTOBOTO
PErUCTPOBBIX Meperad BO3/ICHCTBUS U TECTOBOTO
BEKTOpa Ha (yHKIIMOHAIILHBIE
O70KH
[1K-2.2 YMeeT MoieIupoBaTh
pa3paboTaHHbBIE ITUPPOBHIC
OJIOKH B COCTaBE BCEH CHCTEMBI
B L[EJIOM
I1K-2.3 Bnaneer IPOrpamMMHO-
anmapaTHo  Bepu¢uKauuen
CuK
I1K-3 Cnocoben  cunte3oBarb  Jorumdeckue | [1K-3.1 3Haet pa3paboTKy Habopa
CXEMBI B Oaszuce BbIOpaHHOU OTpaHUYEHUI Ha TTPOILIECC
TEXHOJIOTHYECKON OMOJIIMOTEKU Ha OCHOBE CHHTE3a
3aJaHHBIX BPEMEHHBIX M (Qusndeckux | [1K-3.2 VYmeer pa3paboraTb u
OTPaHUYEHUN C UCIOIB30BAHUEM CPEICTB BCTpaWBaTh  CpeACTBa  JAJA
ABTOMATU3UPOBAHHOTO MPOCKTHPOBAHUS CaMOTECTHUPOBAHUS u
KPUCTAIBHOTO TECTUPOBAHHUS
I1K-3.3 Bnaneer monenupoBanueM
MOJIYYEHHOTO CIIHCKA IeTnei
uuposoit yactu CHK
I1K-4 Cnocoben paspaborars Tomojornyeckue | [1K-4.1 3HaeT pa3paboTKy IUTaHa
OMHCAaHUSA Ha OCHOBE IOJIYYEHHOTO KpHUCTala, pa3MelicHIe
CrucKka 1Iemei ¢ ydetoMm  Habopa OII0KOB
OTpaHUYCHUN [1K-4.2 YmMmeer pazpaborath

TOITOJIOTUYCCKUEC OITMCAaHMUs Ha

OCHOBC ITOJTYYCHHOI'O CITMUCKa




nemneu

I1K-4.3 Bnaneer ocymiecTBieHueM

netanpHOM TpaccupoBku CHK

2. YYEBHAS ITPOI'PAMMA

2.1. llenu v 3a1a9M TUCIUTIIAHBI

[{enbr0 MUCHUIUIMHBI SIBISICTCS W3YYCHHWE OCHOB CHHTE3a M ONTHMH3AIMH [U(POBBIX CXEM,
dbopMupoBaHUE HEOOXOAMMBIX TEOPETHUCCKUX 3HAHUM M MPAKTUYECKUX HABBIKOB IO aHAIHU3Y
XapaKTePUCTUK CUHTE3UPYEMBIX CXEM, MX B3aMMOCBS3CH U 10 METO/IaM CUHTE3a U ONTUMH3AIIUN
U (PPOBBIX CXEM.

2.2. TpynoeMKOCTh JTUCHUIUIMHBI M BHIBI y4eOHOUW paboThl (B aKaJeMHYECKUX Yacax H

3a4€THBIX CIMHUIIAX)

Bcero, B
Bupabl yueOHoii padboThI aKaju.
yacax
1.00mas Tpy10eMKOCTb H3yUYeHH s 108/3xpen
AUCHMILUIUHBI 10 CeMecTPaM, B T. U.:
1.1. AynuTopHbIe 3aHATHS, B T. U.: 52
1.1.1.JIekmu 34
1.1.2 IlpakTuyeckue 3aHsATHSI, B T. 4. 18
1.2. CamocrosiTenbHas pabora, B T. U.: 56
WToroBelil KOHTPOJIbL 3aueT

2.3. ConeprxaHue AU CUUILIMHBI

2.3.1. TemaTu4yecKHii IVIaH U TPYAOEMKOCTh ayIMTOPHBIX 3aHATHH (MOLY./IH, pa3aeibl
AUCHUILUIMHBI U BUAbI 3aHATHII) 0 padoyemMy yueOHOMY IJIaHY

Bcero | Jlekuuu | IIpakr.
Pa3genbl U1 TeMbl JUCHUIIIMHBI (ak. (ak. 3aH. (aK.
4acoB) | 4acoB) 4acoB)
1 2 3 4
Paspen 1.Jlornyeckuii cuHTe3 HUGPOBHIX 16 12 4
HHTErpajJbHBIX CXeM
Tema 1.1. BBenenue.
Jloruveckuii cuure3. budaunorexa
CTAaHAAPTHBIX HU(POBBIX si4yeek. IP-010ku. 4 4
MapuipyTt npoektupoBanus uupposbix UC
Digital design flow.




Tema 1.2. YpoBHM JIOTHYECKO ONTUMU3ALIUH.
OyHKIIMOHANBHAS onTUMHU3anus. OnTUMH3aALUS 6 4 2
Ha ypoBHe BeHTHIIeH (Gate Level Optimization).

Tewma 1.3. Ontumu3zanms ObICTPOJACHCTBUS U
momaau. Bpemennoit ananu3. Cratuueckuit
BpeMeHHoi aHanu3 (Setuptime, Holdtime). 6 4 2
Bpemennsie orpannuenus. OrpaHudeHust mo
Ioaau (area constraints).

Paznen 2. dranbl pusnyeckoro

MPOCKTUPOBAHUSA HHTECIPAJTBbHBIX CXE€EM 36 22 14

Tewma 2.1. IlnanupoBanue kpucraiia
(Floorplanning). 6 4 2
OneHnBanue pazmepa OyayIero Kpucrauia.

Tema 2.2. Pa3merieHue OJIOKOB U CTaHIaPTHBIX
o6ubmmoreynsix siueek (Placement). ['moGansHoe u

Tema 2.3. CuHTE3 IepeBa CHHXPOCUTHAIA.
3aziep)kKa CHHXPOCUTHAJIA, IEPUO]T
CUHXpocurHaia. J[epeBo CHHXpOCUTHaja: 00Iue
MTOHSTHS.

Tema 2.4. OnTumuzaius noTpeoIsieMoi 8
MOIIHOCTH.

Tema 2.5. ®duznyeckas BepupUKaIus.
[Iporecc mpoBepkH MpaBuIl TPOCKTUPOBAHUS
(DRC). CpaBuenue pa3pabOTaHHYIO TOMOJIOTHIO C 8 4 4
npuHIUnuansHoi cxemont (LVS).

UToro 52 34 18

2.3.2. KpaTlcoe codcpiKaHME pa3acjoB ITMCHUIIJIMHBI B BU/I€ TEMATUYICCKOI'O IIJIaHA

Ocnosnvle pazoenvi:
- Jlorndeckuii cuHTe3 U(GPOBBIX UHTETPATHHBIX CXEM
- BpeMeHHbIe XapaKTepUCTUKHU IIUPPOBBIX CXEM
- TecTonpuroaHOE MPOSKTUPOBAHNE
- DTanbl GU3NYECKOro MPOCKTUPOBAHUS HHTETPATBLHBIX CXEM
- Ouznueckas BepupuKaIus

Pa3nes 1. Jlorudeckuii cuHTe3 NM(PPOBBLIX MHTETPAJBHBIX CXEM
Tema 1.1. BBenenue.



Jlornueckuii cunTe3. Bxonusle nanHble cunte3a. [loBeneHueckoe ommcaHue cxembl. bubnmoreka
CTaHAApPTHBIX IHUPPOBbIX suyeeK. [P-Omoku. OcHOBBI onTtuMu3anuu. B3auMocBs3bp MapameTpos
IUTOMIA I, BPEMEHH U MOIIHOCTH. Mapuipyt npoekrupoBanus mudpossix UC Digital design flow.
[IporpaMMHbIe CpeacTBa 3JEKTPOHHOTO aBTOMATU3UPOBAHHOTO MPOEKTUpOBaHMS. DU3NUECKH
CHHTE3.

Tema 1.2. YpoBHU JOTHYECKON ONTUMHU3ALINH.

OcoOenHocTu  moBeJieHYecKkoro — onucanus. Pasnenenune pecypcoB  (Resource  Sharing).
OyHKnuoHadbHas ontuMmu3anus. Beioop peanmsanuu (Implementation selection). Ontumuzarus
apudMeTHUeCKUX BBIpaKeHU. Bxomubie (aiiibl Jormueckoro cunrte3a. OnTuMuzanys Ha ypoBHE
BeHtwien (Gate Level Optimization). OnTumMuzamnuss KOMOMHAITMOHHONW M TTOCJIEA0BATEIbHOCTHOM
noruku. TexHomorndeckuit Qaii.

Tewma 1.3. OnTumuzarust ObICTPOICHCTBHS M TUIOIIA/IH.

Bpemennoit ananu3. Kputudeckuii nyTb. BpeMeHHbIE mapaMeTpbl CHHXPOCHTHAJNA: 3aJepiKKa
pacrlpoCTpaHEHHUs] CHUTHala, NPENeNbHO JONyCcTUMas 3aJep)KKa CHUTHala, BpeMs IEpeXOJIOB.
OrpaHuyeHus CHUHXPOCHUTHAaja, KOMOWHAIIMOHHOW JIOrTMKUA. MonenupoBanue. CratuuecKkuit
BpemenHoi ananu3 (Setup time, Hold time). CocraBienue aiila NPOEKTHBIX OrPAHHUYCHHUM.
Bpemennsbie orpanndenusi. OrpaHu4eHus 10 II0MIA M.

Pa3nes 2. dtansl pu3n4ecKOro NPOeKTHPOBAHUS HHTEIPAJIBHBIX CXeM

Tewma 2.1. Ilmarnuposka kpuctaiia (Floorplanning).

OuenuBanue pasmepa Oyaymero kpucramia. Pa3MmenieHue  OJOKOB MO KpHUCTaJly.
[MpenBapuTenbHas MIOTHOCTH 3eMeHToB. CunTe3 cetku nuranus (PNS - power network synthesis).
Tewma 2.2. Pasmernenre 0JJ0KOB U CTaHAAPTHBIX OMOnMroTeuHbIX siueek (Placement).

[Monxmrouenne mwmranust (Special Routing). Pasmemenne nepudepuifHbIX KoJIel THTAaHUS H
OCHOBHBIX OJIOKOB, MOCTPOEHHE KOJEI[ MUTaHHUS BOKpYr OnokoB. [nobampHOE U JeTalbHOE
pasmermenue. ONTUMU3ALKUS pa3MEIICHUs U Jieranu3anus siaeek. CokpalieHne JTMHBI TPOBOTHUKOB
3a CYeT ONTUMAaJbHON OpPHEHTAIMM sueeK. BblpaBHUBaHME MUHOB M TPAHUL] SUYEEK MPU JETaTbHOM
pa3MenieHuy U jeranuzanuu. OnrtuManbHoe pa3menienue [P-61o0koB.

Tema 2.2. Cuntes nepesa cunxpocurnana (Clock tree synthesis).

Tema 2.3. TpaccupoBka Mexcoenuaenuit (Routing).

I'moGanpHas u neranpHas TpaccupoBka. [locTpoeHue aepeBa CHHXpOHHU3AIMU. TpaccHpoBKa Bcex
MEKCOETUHEHNUH B COOTBETCTBHHU C HETIIMCTOM.

3anepKKa CHHXPOCUTHANIA, MEPUOJl CUHXpOCUTHana. JlepeBo CHHXpOCHrHaja: OOIIMe MOHSTHS.
Cunte3 aepeBa cuHXpocurHaia. ['eHepanusi cuHXpocurHana. OnTUMU3AIMs CTPYKTYpHI JepeBa
CHUHXPOCHTHAJIa C IEJIbIO0 YJIYUILICHHs BPEMEHHBIX MapaMeTpoB paboThl cxeMbl. OKOHYATEJIbHBIN
BU/ IepeBBl cUHXpocHurHana. Bxonueie daiinel 1 nepenaun B IC Compiler 11.

Tema 2.4. OnTumMu3zanus noTpedaseMol MOIIIHOCTH.

OcCHOBHBIE HCTOYHHKH TOTpeOieHus: sHeprud. [IpocThie METOABl ONTHMH3ALUN MOITHOCTH.
JluHamMuyeckoe W3MEHEHHe HampspkeHus. TpeOoBaHus A OMOIMOTEKM CTaHIAPTHBIX SYEEK:
CrHeHaTbHbIC TYCHKH, STICUKH C Pa3HBIM TIOPOTOBBIM HampspkeHHeM. OreHka o011ero, modI0qHoro
U KPUTHYECKOro sHepromnorpetiieHus. CTaTudeckuid M JUHAMUYECKMH aHAJIW3 CETKU IMUTaHMA.
VYuudpunuposanusiii  popmar nurtanus (UPF). Onrumuzanms auHaMHYECKOH MOIIHOCTH.
Ontumusanusi notpedieHns dHepruu ¢ momorikio Design Compiler.

Tewma 2.5. ®uznueckas BepuuKarms.

[Tponiecc mpoBepku npaBui npoektupoBanus (DRC). CpaBHeHue pa3paOOTaHHYIO TOIOJIOTHIO C
npuHuunuaibHo cxemoit (LVS). TloexkTupoBaHue ¢ ydeToM HPHUTOJHOCTH Ji MPOU3BOJACTBA
(DFM)

[Tpasuna DFM. IlocTpoeHue mosiHoOro crycka COeqUHEHU U U3BjIeueHue Qailia 3a1epKeK C LeIbIo
OCYILIECTBIICHHS BCECTOPOHHEH MPOBEPKH pabOTOCIIOCOOHOCTH TOMOJIOTUU YCTPOMCTBA.



2.3.3. Kparkoe comep:kaHue CeMHHAPCKHX/MPAKTHYECKUX 3aHATHI/1a00PaTOPHOrO
NpaKTHKyMa

B TeueHue nmpakTU4ECKUX 3aHATHI CTYAEHTaMU M3y4alOTCs HHCTPYMEHThI KOMIIAHUU Synopsys JUis
U(pPOBOro MaplIpyTa IPOEKTUPOBAHUS MHTETPAJIbHBIX CXEM. BBINONHAETCS JOrMYeCKUil CHHTE3,
¢u3uueckoe TPOEKTUPOBAHUS W BepU(UKaIMs TOJYYCHHBIX IIOCIE KaXJOr0 U3 ITaroB

pE3yJbTaTOB.

2.3.4. MarepuaJIbHO-TeXHHYECKOE o0ecneyeHue TUCIHIIINHBI

Ay,Z[I/ITOpI/IH I IPOBECACHUA IIPAKTHYCCKUX 3aHATUH oOecrieueHa NEPCOHAIIBHBIMU KOMITBIOTCPpaAMU
C YCTAHOBJICHHBIM Ha HHX HCO6XOI[I/IMBIM MaKeTOM HNPOrpaMMHBIX HHCTPYMCHTAPUCB KOMIIAHUU
Synopsys: VCS, Design Compiler, PrimeTime, Formality, IC Compiler 1l, StarRC, IC Validator.
Heob6xonumas yueOHO-MeToAMuECKast JIMTepaTypa JOCTYIHA B OUOIMOTEKE y4eOHOTO IIEHTPA.

2.4. Moay/jibHasi CTPYKTypa JAUCHUILIMHBI

KOHTpOJIei

C pacnpenejeHHeM BecoB Mo ¢opmam

Bec ¢popmst
TEKYILLETO KOHTPOJIA
B pe3yNIbTHPYIOIICH

OLICHKE TEKYIETO
KOHTPOJIS

Bec ¢popmst
MIPOMEKYTOYHOTO
KOHTPOIIS U
pe3ynbTUpyOLIen
OLICHKH TEKYLIETO
KOHTPOJIL B UTOTOBOM
OLIEHKE
IIPOMEXKYTOUHOTO
KOHTPOJIA

Bec utorobeix
OLICHOK
MIPOMEKYTOUHBIX
KOHTpOJIEH B
pe3yabTUpYIOIIei
OLICHKE
MIPOMEKYTOUHOTO
KOHTPOJIA

Bec onenku
pe3ynbTUpYIOLEH
OLICHKHU
MIPOMEKYTOUHBIX
KOHTpOJIEH U
OLIEHKH
HUTOTOBOIO
KOHTpOJIA B
pe3yapTUpyroniei
OLIEHKE UTOrOBOT'O
KOHTPOJIS

Bupn yueOnoi
PaGoTBI/KOHTPOJIS

M1 M2 M3

M1 M2 M3

Konrtpomnsnas pabora

Jlaboparopubie paboThI

YerHbli onpoc

Bec pesynbrupyromeit
OIIEHKHU TEKYIIEro KOHTPOJIS
B UTOTOBBIX OIIEHKaX
MIPOMEKYTOUHBIX
KOHTpOJIEH

Bec urorosoii onienku 1-ro
MIPOMEXYTOUYHOTO KOHTPOJIS
B pE3YJIbTUPYIONIEH OLIEHKE
MIPOMEXYTOUHBIX
KOHTpOJIeH

Bec urorosoii orieHKH 2-T0
MIPOMEXYTOUHOTO KOHTPOJIS
B pPE3yJIbTUPYIOLIEH OLIEHKE
MIPOMEXYTOUHBIX
KOHTpOJIeH




Bec urorosoii ornienku 3-ro
MPOMEXXYTOYHOTO KOHTPOJIIS
B PE3YJIBbTUPYIOLIEH OLIEHKE
MPOMEXKYTOUHBIX
KOHTPOJICH T.JI.

Bec pesynpTupyronieit
OIICHKH MPOMEKYTOUHBIX
KOHTpPOJIEH B
Pe3yJAbTUPYIOLIEH OLICHKE
HUTOTOBOTO KOHTPOJISI

3auer(oueHka
HTOr0OBOI'0 KOHTPOJIA)

x=1

x=1

x=1

x=1

3. Teoperuveckuii 010K (yKazviearomca mamepuansvl, He0OX00uMble 018 0CBOCHUA YUEOHOU

npozpammul OUCYUNIUHDL)
1.1. Marepuaisl o TEOPETUUYECKOI YaCTH Kypca

1.1.1. YueOHuUk(m)

1. V. Tarate “Digital Logic Design Using Verilog: Coding and RTL Synthesis”,

Springer, 2016

L. Lavagno, I. Markov, G. Martin, L. Scheffer “Electronic Design Automation
for IC System Design, Verification and Testing”, 2016

P. Bricaud “Reuse Methodology Manual: For System-on-a-Chip Designs”,
Springer, 2" edition, 2013

D. Papa, I. Markov “Multi-Objective Optimization in Physical Synthesis of
Integrated Circuits”, Springer, 2012

P. Khatri “Advanced Techniques in Logic Synthesis, Optimizations and
Applications”, Springer, 2010

Design Compiler “User Guid", Synopsys, 2010

4. ®oHABI OLUEHOYHBIX CPEICTB (YKA3bleAOMCA Mamepuaivl, HeodXooumvle 0711 NPOGEPKU

YPOGHA 3HAHUIL 6 COOMEEMCMEUU C COOEPIHCAHUEM YUEOHOU RPOZPAMMbBL OUCUUNTUHDL).

4.1. IInaHbl NPAKTUYECKUX U CEMUHAPCKUX 3aHATUN

1. HccnegoBaHue JOrH4ecKOro CHHTE3a HUHTCTPAJIbHBIX CXCM.

2. HccnegoBanue (1)I/I3I/I‘-ICCKOF0 MMPOCKTUPOBAHUA HHTCTPAJIBHBIX CXCM.

3. HccnenoBanue MeTO0B Bepu(UKAIIMH TPOSKTUPYEMBIX CXEM.

4. T'eneparust OTYETOB U UX AHAIIN3.



5. M3ydeHue MEeTOI0B ONITUMU3AIUH.

6. PaboTa ¢ orpaHnYeHUSIMHU.

Bo Bpems NpakTUYECKUX  3aHATHM  HUCHOJB3YIOTCA  CIEAYIOIIME  IIPOrpaMMHBIE
uHCcTpyMeHTaIbHbIe cpencTBa: VCS, Design Compiler, PrimeTime, Formality, IC Compiler
I, StarRC, IC Validator.

5. Meroauueckuii 0J10K
5.1. Meroauka npemnoaBaHust

5.1.1. Meroauueckue pPEKOMEHJAUUHU JUIsl CTYJIEHTOB IO IMOATOTOBKE K CEMUHAPCKUM,
NPAaKTUYECKUM WJIHM JJAOOPAaTOPHBIM 3aHSATHSM, IO OPTaHU3AIMH CAMOCTOSTEIHHON

pa6OTI>I CTYACHTOB IIpU NU3YYCHUU KOHKpGTHOfI JUCHUITIIMHBI.

. YpoBHU npoeKTUpOBaHMsL. MapmpyT JIOTHYECKOTO U (PU3UIECKOTO
CHUHTE3a, aHAJIU3 PE3YIbTATOB.

o Jlornueckuii cuaTe3. OnTUMHU3aLUsA BPEMEHHBIX IapAMETPOB U
mwiouaau. OrpaHUYEHuS.

o CuHTE3 CXeM ¢ HU3KUM 3HEprornoTpedIeHueM.

o CuHTE3 cXeM ¢ HU3KUM 3HEPrornoTpedIeHUeM C UCII0Ib30BAHUEM
UPF.

duznueckuit cuHTe3. ONTUMHU3AIUS Pa3MEIICHUS.
[TocTpoeHue nepeBa CUHXpPOCUTHANIA U CETKU TUTAHMUS.
JeranbHas TpacCUpOBKa.

[IpoekTupoBaHue ¢ y4€TOM MPUTOJHOCTH JJIsI IPOU3BOJICTBA.
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