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AHHOTANMA

Kypc «Jlaboparopusi 1udpoBoii 0OpaObOTKH CHTHAJIOB)» HAIpaBlieH Ha TPAKTUYECKOE W3YUYCHHE OCHOB
mdpoBoii 00pabOTKH CcUrHamoB. B Kypce mIaBHBIM 00pa3oM pacCMaTpPHBAIOTCS BOMPOCHI IU(PPOBOI
¢unsTpanuy U nU(GPOBOTO CHEKTPAIBLHOIO aHauu3a. AYIUTOpHBIC 33aJaHUS 1O KypCy MPOBOISATCA B BHIE
naboparopHbeix pabor. B xome maGoparopHbeIX paboT oOyyaromuecs Ha MPAKTUKE HU3y4YaroT BO3SMOXXHOCTH
anmapaTHoW peayn3anuy HUGPOBBIX (QUIBTPOB HA MPOrPAMMHUPYEMBIX JOTHYECKUX HMHTErPabHBIX CXeMax
(IUTMC) u mpoBOAST KOMITBIOTEPHOE MOJCIMPOBAHHE MPOLECCOB, M3ydaeMbIX B LHUQPOBOH 00paboTKe
CUTHAJIOB, ¢ ToMoIkio cpeabl MATLAB u 6ubnuorek si3bika nporpammupoBanus Python.

Kypc Bkimowaer B ce0st mpoBeieHHE JIAOOPAaTOPHBIX OSKCIIEPHUMEHTOB C TOCICAYIOIIUM OOCYKICHUEM,
0030pHBIX KOHCYJBTAIIMH 10 TeMaM J1a00opaTOpHBIX paboT, almapaTHyio peaau3aiuio nu(PoBbIX GUIETPOB Ha
[TJINC, kxoMIbIOTEpHOE MOACITHPOBAHKE, PEIICHNUE TUTIOBBIX U MPAKTUYCCKHUX 33/1a4.

1. leau u 3apauu

Meap AUCUMNIMHBI

Henpto kypca «Jlaboparopusi 1udpoBoli 00pabOTKM CHUTHANOB» SIBISIETCS O3HAKOMIIGHHE C
pa3IMYHBIMU HAayYHO-TEXHUYCCKHMH HANpaBICHUAMH B 0ONacTH HU(POBOH 0OpaOOTKH CUTHAJIOB,
IJIaBHBIM 00pa3oM ¢ nudppoBoit GuisTpanmeld ¥ ¢ MUPPOBBIM CIIEKTPATHHBIM aHATH30M.

3agauu AU CHUILIHHBI

- OBJIajicHue 0a30BBIMH MPAKTUYECKUMHU HABBIKAMHU alMapaTHOH peanu3anuy nu(poBbIX (UIBTPOB Ha
[UINC;

- W3y4yeHHE OCHOB LH(POBOrO CIEKTPAIBHOTO aHalM3a C MPOBEACHHEM KOMIIBIOTEPHOTO
moznenupoBanust ¢ nomombio MATLAB u 6ubmuorek Numpy, Scipy, Matplotlib, Astropy s3bika
nporpammupoBanus Python;

- OBJIQZICHWE HAaBBIKAMHM pacdeTa W HHTEpPIpPETalud OCHOBHBIX JHCKPETHBIX NpeoO0pa3oBaHUi
CUTHAJIOB: TUCKPETHOTO Mo BpeMeHH npeodpazoBanus Dypwe (JIBIID), muckperHoro mpeobpazoBanus
Oypoe (UAI1D), kparkoBpeMeHHOTO ArckpeTHoro npeobpazoBanust Pypre (STFT), Z-npeodpazoBanusi.

- HCCJIICAOBAHNEC CUTHAJIOB C IIOMOIIIBIO I_II/I(l)pOBOFO ocannorpa(ba;

- IpUOOpETeHNE MPAKTHYESCKUX HABBIKOB 10 UCIIOJIb30BAHUIO AJITOPUTMOB OBICTPOTO MpeoOpa3oBaHuUs
®ypoe (BI1D) B 11poBOM crIEKTpaILHOM aHAU3E.

2. llepedyens popmMupyemMbIX KOMIETeHIMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CHUTyallud Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

YK-1 CriocobeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHUCTEMHOTO TIO/IX0/1a, BhIpabaThIBaTh
CTpaTeruro AecTBui

YK-1.3 Pa3pabarsiBaeT CTpaTEeruo JOCTHKEHUS
[IOCTABJICHHON IeM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBHUIA PE3YNbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH

JeSITeTbHOCTU
YK-6 Criocoben onpenensth U peanu3oBbiBath |YK-6.2 OneHuBaeT CBOIO JESTEIBLHOCTh, COOTHOCHUT IICIH,
MPHOPUTETH COOCTBEHHOM ACSITEIBHOCTH H CHOCcOObI M CpEICTBa BBIMOJHEHUS JIESTEILHOCTH C €€
CIOCOOBI €€ COBEPIICHCTBOBAHMS HA OCHOBE pe3ynbpTaraMu

CaMOOIICHKH

OIIK-2 Crioco0OeH peanr30BbIBaTh HOBbIC OIIK-2.2 Bnameer HaBblkaMu  peaju3allud  HOBBIX
MPUHLUIIBI ¥ METOABI HCCIIEIOBAHUS MPHUHIMIIOB M METOJOB HCCIICJOBAHUS B COBPEMEHHBIX
COBPEMEHHBIX HH)OKOMMYHUKAIMOHHBIX WH(POKOMMYHHKAIIMOHHBIX CUCTEMaX U CETSIX

CHCTEM U CETEH Pa3IMYHbIX TUIIOB IIEPEIAYH, OIIK-2.3 Bmameer mepenoBbHIM  OTEYECTBEHHBIM H
pacnpenenenys, 00pabOTKU U XpaHEHHUs] 3apyOEKHBIM  ONBITOM ~ HCCIIEJOBAHMS  COBPEMEHHBIX

uHpopMannun WH(POKOMMYHHKALIMOHHBIX CUCTEM




OIIK-3 Cnocoben npuobperarh, 00padaThiBaTh
Y MCIOJIb30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
HpeIMETHOH 001acTH, peIaraTb HOBBIE UICH
U TIOJIXO/IbI K PELICHUIO 3a1a4 CBOCH
npo(heCCHOHANTBHOM IESTENbHOCTH

OI1IK-3.2 CriocobeH crcTeMHO aHAIM3UPOBATh MOYYEHHYIO
nH(POPMALIMIO, HCIIONB30BaTh HMCCIEIOBATENECKAE METOABI
OpU pPEUIeHUH HOBBIX 3a/ay, INPUMEHAS 3HAHHUA B
pa3IMYHBIX 001aCTIX HAYKH U TEXHUKU

[1K-2 Crioco0OeH caMOoCTOSATENLHO HIN B

[IK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yibTaToB

KayecTBe wieHa (PyKOBOIUTEIS) MAJIOTO HAyYHO-UCCIIEI0BATEIBCKOM paboThl I0CPENCTBOM
KOJUIEKTHBA OPTaHU30BBIBATH M IPOBOJIUTh NyONMKalMM —HAay4dHbIX CTaredl W (WIM) ydacTus B
HayYHBIE HCCIIENOBAHMUS U UX AlPOOALHIO KOH(EPEHIHAX

[TK-3 Cnocoben npodeccuonansho padorars ¢ |[I1K-3.2 Crnocoben IPOBOJIUTH 9KCTICPUMCHT

WCCIIEIOBATEIIHLCKIUM U UCTIBITATEIbHBIM
o0opynoBaHueM (pruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON ITPEIMETHOM 00IacTH

(MonenMpoBaHKUe) ¢ MCHONBb30BAHUEM HCCIIEOBATEIbCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPaMM)

IMK-3.3 CnocobeH oOIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

- OCHOBHBIE IHCKpPETHBIE MPEoOpa3oBaHMs CUTHAJIOB (IMCKpPETHU3alusi MO BPEMEHH MU IO 4YacToTe,
JBII®, nuckpetHblii Bo BpeMeHH psia Dypwe, AI1D);
- 3¢ ¢eKThl HAJIOKEHUS W PACTEKAHUS CIEKTPAIbHBIX KOMIIOHEHT NpPHU AMCKPETH3AalMHM CUTHANIa U

OIrpaHUYCHHHU €TI0 JJIUTCIIBHOCTHU;

- OCHOBBI L[I/I(i)pOBOI\/’I (bHJ'IBTpaLII/II/I, ]_II/I(prBOFO CIICKTPAJIbHOT'O aHaJIn3a U KOPPCIIAIMOHHOI'0 aHaJIn3a

paanoCUrHajioB.

YMETB:

- BBIYHCIISITH OCHOBHBIC AUCKPETHBIE IPE0Opa3oBaHus NPy HUPPOBOH 00pabOTKEe CUTHATIOB;
- UCTIONIb30BaTh HETapaMeTPUUECKUE METObI IIM(POBOTO CIIEKTPAIILHOTO aHAJIN3A CUTHAJIOB,

- OIIPCACIIATH OCHOBHBIC XapaKTCPUCTUKU

nudpoBeIx GUILTPOB (TIEpenarounas PyHKINS, UMITYIbCHAS

U TIePEXOHAs XapaKTePUCTHKH, aMIUTUTYTHO-4acTHas U (p)a304acTOTHAsI XapaKTEPUCTUKN).

BJIAJIETh:

- 0a30BBIMH HaBBIKAMHU amlapaTHOW peanu3alii HPPOBEIX (QUIBTPOB HA NPOrPaMMUPYEMBIX
norudeckux uHTerpanbHbix cxemax ([1JINC);
- HaBBIKAMH KOMITBIOTEPHOTO MOJICIUPOBAHMS HHU(POBBIX (QUIBTPOB U MPOBEACHUS IU(HPOBOTO

CIICKTPAJIbHOI'O aHaJIn3a,

- 2(QeKTUBHBIM aNrOPUTMOM BBIYMCIICHUS AMCKPETHOro npeoOpa3oBaHus @Dypbe — OBICTPHIM

npeobpazosanueM Oypoe (BI1D).

4. Coaep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUaM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr

pabora

1 JuckpeTHble MpeoOpa3oBaHMs CUTHAJIOB 10 20

2 Hudpossie GpunbTpol 10 20

3 Unrepdeiic BBoma-BeiBoaB cuctem L[OC 10 20

pealbHOrO BpeMEHU




HudpoBoil CHEKTpanbHBI aHAIUX U
4 KOppENISIIMOHHA o0OpaboTka 20 35
paznoCUTHAJIOB
5 MHorockopocTHasi 00pabOoTKa CUTHAJIOB 10 25
Hroro yacos 60 120
Iloaroroska k sk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 180 gac., 4 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennutit)
1. JIuckpeTHbIe MPeoOpa30BaHKs CUTHAJIOB

1. lnuckpeTHbIe TpeoOpa3oBaHus CUTHAJIOB.

[IpeobpazoBanue dDypre. CBoiicTBa CHEKTPajbHOM MIOTHOCTU. [lenbTa-QyHKIMSA W €e CHEKTp.
CriekTpbl UMITYJIBCHBIX M IEPUOAUUYECKUX CUIHAJIOB: IPSMOYTOJIbHOIO U TPEYIOJbHOIO UMITYJbCA,
MEPUOANYECKH  MOBTOPSIOLIMXCA  HMMITYJIbCOB, TapMOHMYECKHX CHUTHAJIOB. Jluckperuzanus
aHAJIOTOBBIX ~ CUTHAJOB  B3ATHEe orcueToB. Teopema KorenpHukoBa. OleHka — crekrpa
JTMCKPETU30BaHHOTO curHana. JluckperHoe Bo Bpemenu mpeobdpazosanue Oypoe (JIBIID). CpoiicTBa
JBII®. [Tuckpernoe npeodpazoBanue Oypre (AIID). Cpoiictea AIID, csazp AP u ABIID s
MEPUOANYECKUX TOCIEAOBAaTENIBHOCTEH M MM TOCIEN0BAaTEIbHOCTEN KOHEYHOW IIUTENBHOCTH.
Wurteprionsiuus crnekrpa Ao00aBIeHHMEM HYJICBBIX OTCUETOB B CUTHANL. AnroputM beictporo
npeobpazoanusi Dypee (BIID) must sddexrnBroro Berumcnenus AIID. KparkoBpemennoe
nuckpetHoe npeoOpazoBanne Oypre (STFT), ananuz ayauodaiina ¢ npumenenvem JII1d u STFT.
WnTepnonsiysi CUTHAJIOB C OrPaHUYEHHOW CHEKTpajibHON mosiocor ¢ momomipio D, sddexr
HaJIOKEHUsI IIPU IPOPEXKUBAHNUU AUCKpeTHOro curHana. Ilpencrasinenue curagos OpTOroHaJIbHbIMU
psagamu. OOmMA METO AUCKPETU3ALMH.

2. Hudpossie GUIBTPHI

2. Hudpossie GUIBTPHI.

Jluneiinbie quckpetHbie GUIBTpBL. I[lepexon ot mpeobOpasosanus Jlammaca k z-npeoOpa3oBaHUIO.
CgoiicTBa z-mipeobpazoBanusi. Berunciaenne oOpaTHoOro z-npeodpazoBaHusA. YpaBHEHHE LH(PPOBOTo
¢unsTpa B TepMHUHAX Z-TIpeoOpa3oBaHus. VIMITynbCHas 1 IepeaTovyHas XapaKTepUCTUKH HH(POBOTO
¢unbTpa. PexkypcuBHBIE (QUIBTPHI HMKHHX YacTOT IEPBOTO M BTOporo mnopsaka. duistpsl ¢
KOHEYHOU UMITyTbcHOM xapakTepucTtrkoil (KUX—punbrper). PazHocTHBIC ypaBHEHHS, IEpEAaTOYHbIC
(YHKIMM U CTPYKTypHBIE cxeMbl IU(poBbIX (uibTpoB. Peanusanms B Bune Verilog moapyneit c
nocnenyromiei 3anucoio Ha [IJIUC.

3. Uurepdeiic BBoma-BriBoaB cricteM [OC peanbHOro BpeMeHH

3. Unrepodeiic BBoma-BriBona cuctem [{OC peaibHOTO BpeMeHH.




Hudposas 06paboTka CUrHAJIOB B CUCTEMaX peajbHOr0 BpeMeHHU. THIoBas OJI0K-cxeMa yCTpOHWCTBa
00paboTKM CUTHAJIOB B PaJINOJIOKAINY, IM(POBON PATHOCBSI3H, TEIEKOMMYHHUKAIIHOHHBIX CHCTEMaX.
Amnanoro-ungposoii npeoOpaszoBarens (ALII), uudpo-ananoroseiii npeodpazosarens (LIAID).
Amneprypras mnorpemHocth  AIIl.  VYerpoiictBo  BeiOOpku-xpaneHus. Illym  kBaHTOBaHWMS
n-paspsanHoro AIIIL. BoccranoBneHue CUTHAJIOB MO MX OTcdeTaM ImyTeM uHTepnomanud. AT kak
MHTEPIIOJSITOP HYJIEBOro mopsaka. Meroasl mpeoOpa3oBaHus Y3KOMOJIOCHBIX PaJMOCHUTHAIOB M3
aHAJIOTOBOH (OPMBI B TU(POBYIO.

Cemecrtp: 2 (Becennuit)
4. IlupoBoii crieKTpaIbHBINA aHAJIHX U KOPPEISIMOHHAS 00padOTKa PaIrioCUTHAIIOB

4. HudpoBoii cekTpaibHbII aHaIN3 U KOPPEsIIMOHHas 00padoTKa paJioCUTHAIIOB.

JuckpeTHslil ciydaiiHblii mporecc. lloHarue cnekTpanbHON TwIoTHOCTH MomHOCTH (CIIM).
CriekTpanbHBIA aHATU3 CIIYYalHBIX MochenoBarenbHOoCcTedl Metonom JII1D. Meron nmepuomorpamm
onenku CIIM. Mertons! crnaxkuBanus oneHok CIIM (baptnerra, Yamua). OcobeHHOCTH ITUPPOBOTO
cnekrpanbHoro ananuza (LICA) metomom JAIID: sddexTsl HaTOKEHUs, pacTeKaHUs CIIEKTPAIbHBIX
KOMIIOHEHT, Tapa3uTHOM aMIumMTygHoii wmoxymsaiuu. OxoHHble ¢yHKiuu. Ilpumepsl OKoH.
[IpsimoyronsHOE OKHO, OKHa XaHHa W X3MMUHTa. BpiOOp OKOHHBIX (QYHKOME Tpu HHUGPOBOM
criekTpajgbHOM aHanuse. KoHcTpympoBanume okoHHOM ¢yHkumu.  Koppemsumonnas ¢ynkmus,
KOBapHalMOHHAsA (YHKIMA ClIy4ailHOro mpouecca. Pacduer B3anMOKOPPENSIHUOHHOW (YHKIHH.
Teopema Bunepa-Xunuuna. Koppensimonnas obpaborka curHana ¢ momexoil. OneHKa BpeMeHH
KOPPEJIALHMH Y3KOIIOJIOCHOTO rayccoBa CIIy4aiiHOTO Mpoliecca.

5. MHorockopocTHast 06pab0TKa CUTHAJIOB

5. MuorockopocTHast 06paboTKa CUTHAJIOB.

Heuumanus u uatepnonsinus. CucteMa OgHOKpAaTHOW MHTEpHomsiuun. WHTepnperanus mpouerypsl
WHTEPIOJSIMA BO BPEMEHHOW M B 4acTOTHOM oOmactu. CucTemMa OJHOKPAaTHOW JeIMMaIliu.
WnTepnperanuss mnpouenypsl AeUMManUu B YaCTOTHOM M BO BpeMeHHOH obmactu. Cucrema
OJJHOKpaTHOW nepeaucKpeTu3anuy. Minmroctpanysi HHTEPHOSSLMU C PalMOHAIbHBIM LI1aroM.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

VYueOHbIe ayTUTOPUH JUIsl TIPOBEACHUS Ta00PATOPHBIX 3aHSATHIA, IPOEKTOP, KOMITBIOTEPHBIE KITACCHI C
noctynoMm B ceth «lHTepHET», M(poBhIe ocimuiorpads! Signal-PV65, maboparopHble MakeTh
Digilent Nexys-2 Board.

[Iporpammuoe obecrieueHre: makeT NpukiIaaHeix nporpaMmm MATLAB, nuctpubytus Anaconda s
si3pIka iporpammupoBanust Python 3, maker GNU Octave, cpena pazpaborku Xilinx ISE Design Suite.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. [ludposas odbpadotka curnanos [Tekct] = Discrete-Time Signal Processing : [y4e0. mocobue st
By30B] / A. OnmnenreiiM, P. Hladep ; nep. ¢ anrt. nox pexa. C. @. boesa .— 3-e uzn., ucnp. — M. :
Texnocdepa, 2012 .— 1048 c.
2. Hauana mudpoBoii 06padoTku curHanoB [TekcT] : AJi CTYIEHTOB-(PU3NKOB C YIIPAKHEHUSMHA B
MATLAB : y4e6. mocobue st By3oB / E. B. BoponoB ; M-Bo o6pa3oBanus u Hayku Poc. denepanmu,
Mock. ¢u3.-texs. un-T (roc. yu-r .— M. : MOTH, 2010 .— 160 c.

JlononHuTeNbHAS TUTEPATypa
1. OcuoBsl udpoBoii 06padbotku curnanos [Tekcr] : B 3 4. : yue6. mocodue st By3oB / FO. PomaHIoK ;
M-Bo o6pa3oBanus u Hayku P®, Mock. ¢u3z.-TexH. uH-T (roc. yH-T) .— 2-€ u31., nepepad. — M. :
M®TH, 2007 .— Y. 1 : CpoiicTBa 1 peoOpa3zoBaHus AUCKPETHBIX cUTHAIOB. - 2007. - 332 c.



2. ludposas oobpadoTka curnanos [Texct] / A. b. Cepruenxo - CI16.ITutep,2006, 2007

3. MuckpetrHoe npeodpazoBanne Oypre B UG POBOM crieKTpainbHOM aHanu3e [Tekcr] : yued. mocobue
it By30B / FO. A. Pomaniok ; M-Bo oOpa3oBanus u Hayku Poc. @enepanuu, dex. areHTCTBO 110
oOpa3zoBanuto, Mock. ¢u3.-TexH. uH-T (roc. yH-T .— M. : M®TU, 2007 .— 120 c.

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHeT", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCHMIIJIMHBI (MOTYJIs)

Caiit kadenpsl Paguosnekrponnku u npukinagHoi napopmarukn MOTU: http://kprf.mipt.ru/, Google
Classroom: LMS: https://classroom.google.com/,

Google Colaboratory: Onnaiin-cepsuc: http://colab.research.google.com/,
MATLAB Online: Onnaiin-cepsuc: https://www.mathworks.com/.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPpOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

[Tporpammuoe obecnieyenue:

MakeT NpuKiIagHbeix mporpaMm MATLAB,

TUcTpuOyTHB Anaconda Juis si3pIka nmporpaMmmupoBanus Python 3,
cpena pazpadotku Xilinx ISE Design Suite,

nakeT GNU Octave.

OunaiiH-cepBHCHI AJIs1 KOMIBIOTEPHOTO MOJICIUPOBAHUS:
Google Colaboratory http://colab.research.google.com/,
MATLAB Online https://www.mathworks.com/.

Cuctembl IUCTAHIIMOHHOTO O0yYeHHS:

LMS Google Classroom (Cucrema yrnpapieHus 00ydeHIEM ),
Google Hangouts Meet (cepBuc BuICOKOHPEPEHIICBS3H).

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CamocrosiTenpHas paboTa BKIIOYAaET B ceOs UYTCHHWE PEKOMEHIOBAHHOW JIMTEPATyphbl, pELICHUE
TUIOBBIX 3a]a4, MOATOTOBKA OTBETOB Ha KOHTPOJbHBIE BOIPOCHI, O3HAKOMIJIEHHE pECypcaMH CeTH
«/HTEepHeT» O TeMaTuKe J1ad0paTOPHBIX PadoT.

JlabopatopHbie paboOTHl TIO MOJICIMPOBaHUIO Ha s3bikax Matlab u Python 3 BwmmonHstoTcst Ha
KOMIIBIOTEpaX ayJUTOPHH, B Cllydae ITUCTAHIIMOHHOTO OOYyYeHHsI PEKOMEHIYETCS MCIIOJIb30BaHHE
onnaitH-cepucoB Google Colaboratory u MATLAB Online.

Jlns opraHu3anuu yueOHOro Mpoliecca UCIONb3yeTcs cucTema yrnpasieHnus oOydennem LMS Google
Classroom, mocTyI ocymiecTBisieTcs ¢ momorisio Google akkayHra B joMene @phystech.edu.
OOyuaronmuMcsi PEKOMEHJYETCS O3HAKOMHUTBHCS C Y4YeOHBIMH MaTepualiaMd Ha caiite Kadeapsl
http://kprf.mipt.ru/ (pasnenst «Marepuansi / JlaboparopHsie paboThD», «YueOHbIE Kypchl / JIuCKpeTHbIE
npeoOpa3oBaHusi CUTHAIOBY, «Y4eOHbIe Kypchl / OCHOBBI TUPPOBOK 00paOOTKH CUTHAIIOBY)



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: NHpoKOMMYyHHUKAIMOHHBIC TEXHOJIIOTUN U CUCTEMBI CBS3H
npopuJib NOArOTOBKHU: TeneKOMMYHUKAIIMOHHBIE CETH U CUCTEMBI
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
HEeHTp oOpazoBarenbHbIX nporpamm OPKT
Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT
PaspaGorunkm:

A.B. Jleyc, xaHa. TeXH. HayK, TOLEHT
T.A. Topmaros, cTapiuii penoaBaTeb



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TIOIX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  TpOOJIEMHONW  CUTyallud Ha  OCHOBE
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

YK-1.3 Pa3pabarsiBaeT CTpaTeruo JOCTHKEHUS

[IOCTABJICHHON IeIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpeaBUAS PE3YJbTaT KaKJOro M3 HHUX U OLEHUBAas HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U
CIIOCOOBI €€ COBEPIICHCTBOBAHUS HA OCHOBE
CaMOOLICHKH

VK-6.2 OueHuBaeTr CBOI ACATECIBHOCTH, COOTHOCHUT IICJIH,
CHOCOOBI M CpPEICTBa BBIMOJHEHUS JIESTEILHOCTH C €€
pe3yabTaraMu

OIIK-2 CriocobeH peann30BbIBaTh HOBBIE
TPUHIIMITBL ¥ METOJIBI HCCIICAOBAHNUS
COBPEMEHHBIX MH(OKOMMYHHUKAIIMOHHBIX
CHCTEM U CETEeH Pa3IMYHbIX THIIOB MEpeayH,
pacrmpeneneHus, 00padOTKU U XpaHEHHS
uHpopManun

OIIK-2.2 Bnmageer HaBbIKAMH  pealu3alil  HOBBIX
MNPUHLMIIOB M METOJOB HCCIIEJOBAaHUS B COBPEMEHHBIX
MH()OKOMMYHHKAIIHOHHBIX CUCTEMaX M CeTAX

OIIK-2.3 Bmameer mepenoBbHIM  OTEYECTBEHHBIM H
3apyOeKHBIM  OIBITOM  HCCIEJOBAaHUS  COBPEMEHHBIX
MH()OKOMMYHHUKAITMOHHBIX CUCTEM

OIIK-3 Cnocoben npuobperarh, 00padaThiBaTh
Y MCIIOJIB30BaTh HOBYIO HH(OPMAIIHIO B CBOCH
HpeIMETHOH 001acTH, peIaraTb HOBbIE UIEH
U TIOJIXO/IbI K PELICHUIO 3a1a4 CBOCH
npo(heCCHOHATLHOM ESTENbHOCTH

OI1IK-3.2 CiocobeH crucTeMHO aHAIM3UPOBATh MOYYEHHYIO
nH(POPMALIMIO, HCIIONB30BaTh HMCCIEIOBATENLCKUE METOABI
OpU pEUIeHUH HOBBIX 3a/ay, INPUMEHAS 3HAHHUA B
pa3IMYHBIX 001aCTIX HAYKH U TEXHUKU

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBE uiieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH M MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MIK-2.2 CnocobeH mNpoBOAUTH ampoOanuio pe3yiIbTaToB
HayYHO-HCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
nyONMMKauy HAy4HbIX cTaTedd W (WiIM) ydacTusi B
KoH(epeHIusIx

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBaHueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHOU MIPEIMETHOM 00IacTH

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrare usyuenus aucuumuiuHsl «Jlabopatopus umdpoBoit 0O6paboTKM curHayioB» 0OyYaromuics

JOJIKCH:

3HATb:

- OCHOBHBIC JWCKPETHBIC MPe0oOpa30BaHUs CUTHAIOB (IAMCKpETH3alus 10 BPEMEHH M IO 4YacToTe,
JBII®, auckpetnslii Bo Bpemenu psig Oypre, AI1D);
- 3(deKTsl HaTOKEHUS M PACTEKAHUS CHEKTPAIbHBIX KOMIIOHEHT IPH JUCKPETHU3allMM CHIHajda U

OrpaHU4YCHUU €TO JJIMTCIBbHOCTHU,

- OCHOBBI 1M (ppoBOY GUIBTpanny, HUPPOBOTO CHEKTPATHLHOTO aHAIN3a U KOPPEISAILMOHHOTO aHaIn3a

paauoOCUTHAJIOB.

yMeThb:

- BBIYHCIISITH OCHOBHBIC JIUCKPETHBIE IPEOOPa30BaHUs IPU TUPPOBOH 00pabOTKE CUTHATIOB;

- UCTIONTL30BaTh HETIapaMETPUUECKUE METO/BI IIM(POBOTO CIIEKTPAILHOTO aHAJIN3A CUTHAJIOB,;

- ONPEJEIsATh OCHOBHBIC XapaKTepUCTHKH HU(PPOBBIX PUILTPOB (Tiepeaarodnas GpyHKIHsI, UMITYTbCHAS
Y TIEPEXOIHAs XapaKTePUCTHKH, aMIUTHTYTHO-4aCTHas U (pa304acTOTHASI XapAKTEPUCTHUKH).

BJIaJd€Th:




- 0a30BBIMU HAaBBIKAMH alMapaTHON peanu3anud IUPPOBBIX (GUABTPOB HA MPOTrPAMMHUPYEMBIX
norudeckux uHTerpanbbix cxemax ([1JINC);

- HaBBIKAMH KOMIIBIOTEPHOTO MOJCIHMPOBaHMS LUQPPOBBIX (GMIBTPOB M TpoBeAeHUs IH(POBOrO
CHEKTPATBHOTO aHAIIN3A;

- 5(QeKTUBHBIM aNrOPUTMOM BBIYMCIICHUS AMCKPETHOro npeoOpazoBaHus @Dypbe — OBICTPHIM
npeobpazoBanruemM Oypoe (BI1D).

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_[I/IMI/IC$I yLIC6HOl"O Marcpuajia MmpoBOAUTCA YCTHBII\/’I OIIpoC B
HavaJi€ 3aHATUA 110 TCMC ITPOULJIOTO 3aHATUA.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

IIpoMexyTouHblii KOHTposib B 9 cemectpe uW B 10 cemecTpe mpoBOAWTCS B  BHIE
TG PepeHITMPOBAHHOTO 3a4€Ta HA OCHOBAHUH PE3YJILTATOB BHITIOIHEHUS TA0OPAaTOPHBIX PadOoT.

ITepeuens TeM 1aOOPaTOPHBIX PAOOT U MPHUMEPOB KOHTPOJILHBIX BOIIPOCOB.
9-ii cemectp

Tema «JluckpeTHble MpeoOpa3oBaHMs CUTHATIOBY.

1. 3ammcarp (opMysbl aHaIM3a U CHHTE3a A mpeoOpazoBanust Pypbe, TUCKPETHOTO BO BPEMEHHU
npeobpazosanus Oypoe (ABIID), nuckperHoro npeodpazoBanus Pypwe (AI1D).

2. OOwsicauth cBa3p Mexay D m JABIID mis mepuoguveckux MOCIEAOBaTENBHOCTEH W IS
MOCIICA0BATEIFHOCTEH KOHCUHOM MIIUTCIbHOCTH.

3. OmnpenenuTth rpaHuUIlbl s BEIOOpA YaCTOTHI AUCKPETH3AIMHU JUIsI IEPUOJMUECKOTO CUTHATIA UCXOJIS
U3 TeopeMbl 0TcueToB KoTenbHUKOBA.

4. llosicHuTh, B 4eM 3akitodaercs anroput™m BeraucieHus [IBII®D Ha xoHeuHOM HAOOpe TOYEK OCH
4acToT C MOMOIIBIO OBICTPOTO MpeodpazoBanus Dypbe.

Tema «{udposbie GUIBTPHI.

1. 3Bamucare B o0meM BHIE pa3HOCTHOE YypaBHEHHE QHIBTPa C KOHEYHOW HMITYJIbCHOM
xapaktepuctuxoit (KUX-dunsrpa), pekypcuBroro ¢punsrpa N-ro nopsiaka.

2. IlpuBecTu mpuMepsl CTPYKTYPHBIX cxeM [yt peanuzanuun KUX ¢gunsrpa, peKypcUBHBIX (HIBTPOB
IIEPBOI'0 U BTOPOIO HOpsiKa.

3. Ompenenuts nepenaTouHyo GyHKIHO MH(POBOro (GuibTpa 1Mo ero UMIyJIbCHON XapaKTepUCTHKE.
[IpoBecTu aHanu3 yCTOMYMBOCTH (pUiIbTpA.

Tema «UnuTepdeiic BBoga-BeiBoaa cucteM LIOC peanbHOr0 BpeMeHn».

1. TlpuBecTn THHOBYIO OJIOK-CXEMY yCTpOWCTBa 0OpaOOTKH CHUTHAJIOB B PaAHMOJIOKAlMH, UH(POBOI
paanoCBsI3U, TEJIEKOMMYHUKALIMOHHBIX CUCTEMAX

2. OOBbACHUTH, KaK OTHOCHTEJIBHBIH YPOBEHb IIyMa KBaHTOBaHUs n-paspsaHoro ALl 3aBucur or
YHCIIa pa3psioB.

3. Iosicauth, B 4eM 3akiatodaercs ucnonb3oBanue ATl kak nHTEpIONSITOpPa HYJAEBOTO MTOPSIIKA.
10-i1 cemecTp

Tema «{ndpoBoii crieKTpaabHBIN aHaJIH3 U KOppesIHOHHast 00paboTKa paguoCUTHAIOBY.

1. Jlate ompeneneHus CTalMOHAPHOIO CIYyYalHOro MPOILECCa, CIEKTPAIBHON MIOTHOCTH MOIIHOCTH
CTallMOHAPHOI'O ClIyyaiiHOro nporuecca

2. CdopmynupoBaTh alIroOpuT™M OLEHKHM CHEKTPAJbHOM IUIOTHOCTH MOIIHOCTH METOIOM
[IEPHUOAOTPAMM.

3. IlpuBecTH OCHOBHBIE METOIBI CIIAXXMBAHHS OLIEHOK CIEKTPaJbHON IUIOTHOCTH MOLIHOCTH IO
METO/Y IIEPHOA0TPaMM.



4.  OOBsACHWUTH BIMSHHE BHIOOpAa OKOHHBIX (YHKIMH Ha pe3ylbTaT CHEKTPaJbHOIO aHalIu3a
rapMOHUYECKOTO CUTHAJA.

5. [Harp ompenenenus (QpyHKIMM KOppensiuuu, (pyHKIMM KOBapHaluH, KO3 UIMEHTa KOPPEISLHH,
OOBSCHUTH PU3NUECKUN CMBICI KO(DDUITEHTA KOPPEISALINH.

6. VYKazarTh CBSI3b CIEKTPAIBHOW IUIOTHOCTH MOIIHOCTH C (YHKIUEH KOPPENSIMH CIy4aiiHOTO
mpouecca.

Tema «MHOrockopocTHasi 00pabOTKa CUTHAJIOBY.

1. IlpuBecTH HHTEPIIPETALUIO IPOLEAYPBl HHTEPIIOJISLMY BO BPEMEHHON M B YACTOTHOM 001acTH.

2. OOBSICHUTH BO3HHUKAIOLIUE MIPH UHTEPIOISILIUH U AenuMann 3QQeKTsl B CrieKTpaabHON 00JacTH.

3. IlpuBecTH nmpuMep peann3aluy HHTEPIOSIUHN C PALUOHATILHBIM ILIATOM.

Kputepun onennBanus
Onenka  "OoTIMYHO 10y BBICTABIISIETCSI  CTYAEHTY, IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOW NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.
Onenka "omnaHO (9)" BhICTABISIETCS CTYIEHTY, IOKA3aBIIEeMy BCECTOPOHHHE, CUCTEMATH3UPOBAHHEIE,
IyOOKHe 3HaHUS y4eOHOM MporpaMMBbl TUCHUILIMHBI 1 YMEHUE YBEPEHHO NPUMEHSTh UX Ha MPAKTHKE
IIPU pEeIICHUN KOHKPETHBIX 3a]1a4, CBOOOIHOE U MIPAaBUIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.
Onenka  "ormmuno  (8)" BBICTABIISIETCSl  CTYIEHTY,  IIOKa3aBIIEMYy  BCECTOpPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.
Omnenka "xopomo (7)" BBICTaBISIETCS CTYIACHTY, €CJIM OH TBEPJO 3HAET Marepuai, TPaMOTHO U IO
CYLIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTH IOJy4YCHHbIE 3HAHWS HA NPAKTUKE, HO HEJOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka "xopomo (6)" BBICTaBISETCS CTYACHTY, €CIIM OH TBEPAO 3HAET Marepuaj, rPaMOTHO U TI0
CYILECTBY M3JIaraeT ero, yMeeT NMPUMEHSTh MOMyUCHHbIC 3HAaHHUS Ha MIPAKTUKE, HO JIOIyCKAET B OTBETE
WIH B PELICHUH 3a7a4 HEKOTOPbIE HETOYHOCTH.
Ornenka "xopoiuo (5)" BeICTaBIsA€TCA CTYACHTY, €CIM OH B OCHOBHOM 3HaeT MaTepuall, TpaMOTHO U IO
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh MIOJyYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJMYECTBO HETOUHOCTEH.
Onenka "ymoBIeTBOPUTENIbHO (4)" BBICTABISIETCS CTYIEHTY, IIOKa3aBIIeMy (QparMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYIHPOBKH 0a30BBIX MOHSATHIA,
HapyULIEHUs JOTHYECKON MOCIeI0BAaTeIbHOCTH B U3JIOKEHUHU IIPOrPaMMHOI0 Marepuasa, HO IPH 3TOM
OH OCBOMJI OCHOBHBIE pa3ienbl yueOHOH MporpamMmbl, HEOOXOAUMBIE s AajbHeHmero o0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.
Onenka "ymoBneTBopuTenbHO (3)" BBICTABISIETCS CTYIEHTY, IIOKa3aBIIeMy (QparMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWU, AOMycKaroulemy omuOku B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHUH IPOTPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTSI abHEUIIETO 00yYeHHS U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHUS JJa’Ke B CTAHAAPTHON CUTYallHH.
Onenka "HeymTOBIETBOPUTENHHO (2)" BBICTABISIETCS CTYJCHTY, KOTOPBIA He 3HAET OOiblliei yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOIMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX ITPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyYEHHbIC 3HAHUS NP PEIICHUN
TUTOBBIX 3a]a4.
Onenka "HeymoBnerBopuTenbHO (1)" BBICTaBISIETCA CTYACHTY, KOTOPBIH HE 3HAaE€T OCHOBHOIO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BbIX MOHATHH AMCLUUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHHS THIIOBBIX NMPAKTHUYECKUX
3ajad.



5. MeTonuyeckne MaTepuaJbl, onpeaesiiome NpoueIypbl OlleHMBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

[IpoBepka MpakTUYECKUX HABBIKOB, TEOPETUYECKUX 3HAHUU M yMEHHUH NOJDKHA OCYILECTBIATHCS IO
pe3yabTaTaM TEKYILEero U MPOMEKYTOYHOTO KOHTPOIIS 0e3 CIelMaIbHBIX OMPOCOB B KOHIIE CEMECTpa.
Eciu otnensHBIM cTyneHTaMm TpeOyeTcsl JOMOIHUTENbHAS MPOBEPKa, TO OHA MPOBOIUTCS C MOMOILBIO
MHIUBUyaJbHBIX TEOPETUUECKUX M IMPAKTUUECKUX 33JaHUH U J1a00paTOpHBIX palboT, aHAJIOTHYHBIX
TEM, KOTOPBIE UCIIOIB3YIOTCS B TEKYILEM M IPOMEKYTOUHOM KOHTPOJIE.



