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1. Hesm 1 3aaa4n AHCHUIIMHBL: L[ensMu 0CBOEGHUS TUCHUIIIIUHBI SBISIIOTCS
— U3y4YEHHE MOJXOAO0B K YIIPABIECHUIO KAYECTBOM OOCIIYKMBaHUSL B COTOBBIX CETAX CBS3H
tekyuiero (LTE) cnenytomero nokonenus (mmWave/5G+/6G);
— PpaccMOTpPEHHE BOIPOCOB KAYe€CTBA B TAKHUX CETSX HA Pa3jIM4YHBIX YPOBHX; 3HAKOMCTBO C
METOJlaMH aHaju3a M pacyera rokasaresieil KauecTBa OTAEIbHBIX JJIEMEHTOB CETeH, a
TAKIKE CETH B LIEJIOM;
— OCBOGHME M HCCIIEJOBAaHME TOYHBIX M MNPUOIMIKEHHBIX METOIOB AaHajlu3a KauecTma
00CyKUBaHUS B COTOBBIX CETSX CBSI3H CIEAYIOUIET0 MOKOJICHMUS.
3agayamMu JUCHMIUIMHBL SBSIOTCS OOY4YEHHE CTY/ICHTOB AKTUBHOMY BJA[ICHUIO METOAaMU
aHaJIn3a COBPEMEHHBIX COTOBBIX CETeH CBSI3M, MOCTPOCHUI0 MAaTeMaTHYECKUX MOjeNeil Takux
ceteil 1 UX (parMeHTOB, (hOPMUPOBAHNE HABLIKA MPUMEHEHUS BBIYUCIUTENBHLIX aJITOPUTMOB K
aHAJIN3Y NPOU3BOAUTENLHOCTH CETEH Ui pacueTa MX XapaKTepUCTHUK, BAXKHBIX C TOYKH 3pEHUA
YIpaBICHUS KAYECTBOM OOCIYKHBAHUS B CETSX CBSI3U CIICAYIONIETO MOKOJIEHHS

2. Mecto aucuuminnsl B crpykrype OII BO:

JuciuniuHa OTHOCHTCA K 4acTd, (opmupyemMoil ydacTHHKaMu 00Opa30BaTeIbHbIX
OTHOIIEHHH, OnoKka | yuebHOro miana, AMCLUITUIMHA 110 BLIOOPY.

B Ttabmuue Ne 1 mnpuBeseHbl NOpPEAIIECTBYIOIIME U MOCHEOYIOMIME JIMCLUILIMHBI,
HarpasjieHHble Ha (OPMHUPOBAHME KOMIETEHUMH JUCLMIUIMHBI B COOTBETCTBUM C MaTpuLeH
xomnerenuui OI1 BO.

Tabnuma Ne 1
[MpenmecrByomne U nNocjaeayouue JHCHHILINHBI, HANIPpaB/leHHble HA (OPMHPOBAHHE
KOMIIeTeHIUH

Iudp n
.l':rg R [IpenmecTByromniue [Tocnenyronue TUCIUILITAHBI
n/m P AUCLIMILITUHBI (Tpymms! AUCIUILINH)
OOuIEKyIbTYPHBIE KOMIIETEHIIUU
| VK-1, VK-7 MopaenupoBanue DKOHOMHKO-MAaTEMaTHYECKHE
OecnpoBOAHBIX CETEH; MOJIENTH B UH(OKOMMYHHKAIIHSIX

MeTto/abl cTOXaCTUYECKOTO
aHanau3a TeJICKOMMYHHUKAIIUI

ObuenpodeccuoHanbHble KOMIETEHIIMH

2 OIIK-1; OIIK-2, | MoaenupoBanue DKOHOMUKO-MATEMATHYECKUE
OIIK-3; OIlK-4; | GecripoBOAHBIX CETEH; MOJENIH B HHPOKOMMYHUKAITHSIX
Merozb! cToXacTUdecKoro
aHaJIn3a TeJIeKOMMYHHUKALUI

IIpodeccnonanbubie KOMIETEHLUH (BU TPO(ECCUOHAILHOM AEATEIbHOCTH - HAY4HO-
UCCIEI0BATENbCKAS JESTEIbHOCTD)

3 IK-1 MoaenupoBanue DKOHOMHKO-MATEMATHYECKHE
OecnpoBOAHBIX CETEH; MOJENH B HHPOKOMMYHHKALHX
MeTtoapl cTOXacTHYECKOrO
aHajM3a TEICKOMMYHHKALIUH

3. Tpeﬁonalmn K pe3y./ibTaTaM OCBOCHUH JUCHUIL/IHHLI:

[lpouecc wu3yueHuss AMCUMIUIMHBI —HANpaBieH Ha (opMHpPOBaHHME  CIEAYIOMIMX
KOMIIETEHLINH: YK-1: VK-7: OIIK-1: OITK-2: OIIK-3: OITK-4: [TK-1

(vrazwieaiomes & coomsememeuu ¢ OC BO PVIIH)




YK-1 CnocobeH ocyliecTBIATh NOUCK, KPUTHUECKUH aHaIU3 NpOoOJIEMHBIX CUTYAaLlUH HAa OCHOBE
CHUCTEMHOTO T0/1X0/1a, BbIPa0aThIBaTh CTPATETHIO JICHCTBUI.

¢ YK-1.1 3naer npunuumnsi cbopa, orbopa u 06061eHus nHbopMauu.

¢« VYK-1.2 YMeeT COOTHOCHTH Pa3HOPOAHBIC SIBICHUS W CUCTEMATH3UPOBATh UX B paMKax
130paHHbBIX BUJOB NPO(ECCHOHAIBHON AESITENLHOCTH.

¢ YK-1.3 Umeer npakruueckuil onpiT padoThl ¢ UHYOPMALMOHHBIMH HCTOYHUKAMHU, OIBIT
HAYYHOT'O IMOUCKA, CO3/IaHUsl HAYUHBIX TEKCTOB.

VYK-7 CnocobeH: uckarb HyXHblE MCTOYHMKM HWH()OpPMALUM U JaHHBIE, BOCIPUHUMATD,
aHA/IM3HPOBaTh, 3alOMUHATL M MepelaBaTb HMHGAOPMALUMIO € HCHOJIB30BAHUEM LUDPOBBIX
CPEICTB, a TAKXKE C IOMOLIBI AITOPUTMOB IpU padoTe € MNOJYYEHHBIMH U3 PA3IHMYHBIX
HCTOYHUKOB JIaHHBIMHU € 1eNbI0 H(P(HEKTHBHOTO MCHOIb30BAHUA HOTyuYeHHOW HH(pOpManun s
pelieHus 3ajad; MPOBOIMTH OLEHKY HH(POpPMALMU, €€ JAOCTOBEPHOCTb, CTPOUTH JIOTHUECKUE
YMO3aK/IIOUEHHUS HA OCHOBAaHUH MOCTYNAIOIMX HH(OPMALIUK U TAHHBIX.

e VYK-7.1 3naer npHHUHMIBLI DpUMeHeHUs UUQPOBBIX TexHoIOrui ans cbopa, orbopa u
00001eHs HHPOPMALIUH.

e VYK-7.2 Vmeer npuMeHATb UM(POBbIE TEXHONOIUM s NOUCKA, 00pabOTKH, aHaNM3a,
XpaHeHus: U npencraBieHus vHGoOpMmanuu B 00JacTH NPUKIAAHOM MaTeMaTHKU H
UH(POPMATUKH.

e VK-7.3 Buaneer HaBblkaMu npuMeHeHHUs] HU(POBLIX TEXHOIOIHMH M METOJOB IOUCKA,
00pabOTKH, aHaNM3a, XpPaHEHUs! U npeAcTaBaeHus uHGopManuu B 001aCTH NPHKIAIHON
MaTeMaTUKu U UH)OPMATUKH.

OIIK-1 CnocobeH pematsh akTyajabHble 3aa4i QyHIaMEHTAILHONH U NPUKIAAHON MaTEMAaTUKH
+  OIIK-1.1 O6namaer ¢QyHIaMEHTAlIbHBIMU 3HAHUAMH, MOIYUYEHHBIMH B 001acTH
MAaTeMaTUYECKUX M (MJIM) €CTEeCTBEHHbBIX HAYK.
+  OIIK-1.2 YMmeer ucnons3oBats (yHIaMEHTANbHBIC 3HAHUSA, MOTY4YEHHbIE B 00J1aCTH
MATEeMAaTHYECKHX U (MJIM) €CTECTBEHHBIX HAYK, B MPO(ECCUOHANBHOM AEITEIbHOCTH.
+ OIIK-1.3 Bnaseer HaBbIKAMM OCYIIECTBIATL BBLIOOP METOJNOB pELICHUS 3ahay
npodecCHOHATLHON AEITENBHOCTH HA OCHOBE TCOPETUYECKUX 3HAHUH.
OIIK-2 CnocobeH COBEpHICHCTBOBAaTbL M pPEANU30BBLIBATL HOBLIE MATEMATHYECKHUE METO]IbI
pEeLIeHUs IPUKIIA/IHBIX 3a/1a4.

e OIIK-2.1 Cnoco0OeH coBepLIEHCTBOBATH U (M/M) pa3pabarbiBaTh HOBbIE MATEMATHYECKHE
MeTOAbl s pa3paboTKu M peaau3alliy aIrOpUTMOB peLIeHus 3anad (B TOM HUCIE C
UCIOJIb30BaHUEM IPOrPaMMHBIX CPEACTB) B 001acT NpodheccHOHaNbHOM 1eATeNbHOCTH

OIIK-3 CnocobeH paspabarbiBaTh MAaTeMaTHYECKHE MOJIEIM W NPOBOAUTL MX AHAJIU3 IIPH
peleHun 3aaa4d B 06nactu npodeccHoHaNbHOM AeATENbHOCTH.

¢« OIIK-3.1 Cnocoben moaudunupoBaTh M (win) paspadarbiBaTh, aHAIM3HPOBATL M
peanu30BLIBATE MAaTEMAaTHYECKHUE MOJEIH B COBPEMEHHOM ECTECTBO3HAHWUHU, TEXHUKE,
IKOHOMHKE H YIIPABICHHH.

OIIK-4 Cnocoben xoMOMHUPOBAaTH M aalTUPOBATh CYILLIECTBYHOIIME HH(POPMALMOHHO-
KOMMYHMKAIIHOHHbBIE TEXHOJIOTMM Ui peuleHus 3anady B obnactu npodeccuoHanbHOM
JEeATENBHOCTH ¢ y4eToM TpeboBaHuil MHPOPMALIMOHHON 0€30MaCHOCTH.

e OIIK-4.1 3npaer npuHuunsl cbopa U aHanusza HHGOPMALMM [0 HOPOBOAUMBIM
MCCJIEI0BAHUSM.

e OIIK-4.2 Ymeer koMOMHUPOBATH M AJalTUPOBATH CYLIECTBYIOIME HH(OPMALHOHHO-
KOMMYHMKALIMOHHBIE TEXHOIOTUH JUIS pelIeHust 3amad B oOnactu npodeccuoHanbHOM
JESTENbHOCTH ¢ yueToM TpeboBanuil HH(pOpMALIMOHHON O€30MaCHOCTH

IIK-1 ITposenenue pabor no obOpaboTke M aHanIuM3y HaydHO-TEXHUYECKOW HHpOpManuu u
pE3yAbTATOB UCCIIE10BAHUIL.

e [IK-1.2 3HaeT npUHLMIBLI MMOCTPOEHHsI HAy4HOH paboTbl, METOAbl cOOpa M aHanu3a
NOJTYYEHHOrO MaTepuana, Crnoco0bl apryMeHTAllH{; BIaJeeT HaBbIKAMU IMOJArOTOBKH
HayuyHbIX 0030poB, mnybOnukauuii, pedeparoB u Oubimorpadguii mo TemaTHKe



MPOBOJIUMBIX HUCCIIEIOBAHUM HA PYCCKOM WM MHOCTPAHHOM $3bIKE; CIOCOOEH TOTOBUTH
nyOJIMKALIMYU B HAYYHO-TEXHHUECKUX TEMAaTHYECKUX U3IaHUSAX

ITK-1.3 YMeeT npuMeHsATh NOAYYEHHbIE 3HAHUS B 00JACTU MPUKIAJHON MATEMaTHKU H
uHbOpMaTUKH, a TaKKe pellaTh CTaHJapTHbIE 3ajJa4d  COOCTBEHHONH Hay4dHO-
MCCIIEI0BATEILCKON JAEATENBHOCTH; YMEET pellaTh Hay4dHbIC 3aJadd C [OHMMaHHEM
CYHIECTBYIOIIUX MMOAXOA0B K BepUPHUKAIMU MOJAE/IEH 10 TEeMaTUKE HCCIEI0BAHUN B
COOTBETCTBUU C BbIOPAHHOM METOIUKOM.

B PE3YNbTATE U3YUCHUA JUCHUIIINMHBI CTYJEHT OOJIKCH!

namo:

— 3HaTh: OCHOBHBIC MOHATHUS W OIPEACICHUS, OTHOCAMIMECS K KOHLECMIMUH CEeTCH
coTOBBIN cBsi3u Tekywero (4G) u cneayrouero nokonexus (5G);

— OCHOBHBIE METO/IbI IOCTYIIA K CPEJIE B CETSIX CBSA3U CJIEAYIOIIEro MOKOICHUS;

— TpeOoBaHMs MEXIYHAPOIHBIX CTAHAAPTOB K [0KA3ATE/SIM KaueCcTBa TAKUX CETEH;

—  MEeTOJbI pa3padOTKH U aHaIu3a MOJEIEH TEeIeKOMMYHHUKAIMOHHBIX CUCTEM CIIOXKHON
CTPYKTYPBI;

— YHCJIEHHBIE METO/1bl pacueTa (MpUOIMIKEHHBIE H TOYHBIE) XapaKTEePUCTUK CETH.

Yuems:

— CTPOMUTh MOJIENN OT/EJbHBIX (DYHKIHOHAIBHBIX 3JIeMeHTOB cetell cBa3u LTE u
mmWave/5G, a Takke MOJEIH CETH B LIEIIOM;

— TIPOBOJAMTH HCCIEJOBAHME IMOCTPOEHHBIX MOJENEH, MOJIy4aTh HX BEPOATHOCTHLIE
XapaKTepPHCTHKH, TPeOYIOIIHeCcs /Ul aHaIM3a oKa3aTelleld KauecTna;

—  HCIOJb30BaTh H3YYEHHBIC METO/IbI M MPUHIIMIIBI TIPH Pa3pabOTKe MOIEICH U aHaIn3e
KayecTBa 00CITyKUBAHUS [UIs PEaJIbHO CYILECTBYIOLHX CETeH.

Braoems:

—  TOYHBIMH U NPHOIHKEHHBIMH METOAaMHU UCCIICTOBAHMS U aHAIA3a MOJIC/ICH CeTel |
CHUCTEM TEJIEKOMMYHHUKAIIH.

4. O0beM JTUCHUILIHHLI U BU/IbI Y4eOHO#H padoThl

OO6mas TpyA0eMKOCTh AUCLUIUIMHBI COCTABIAET _4  3aueTHBIX CIUHUILL

Ne Buj yuedHoii padorsl Bcero wacos | CemecTpbl
1 (Moayns 2)

i AyIMTOpHBIE 3aHATHS (BCEro) 36 36

1.1 Jleknuu 18 18

1.2 [Tpouwne 3ausTus - -

1.2.1 [TpaxTnueckue 3anstusa (113) 18 18

[ Cemunapsi (C) - -

1.2.3 JlabopaTtopubie padotsl (JIP) - -

2, CamocrositesqibHast  padora cryleHroB (ak.|108 108
4aCoB)
Oo01mas TpyA0eMKOCTh (aK.4acoB) 144 144

4. O01asi TpyA0€MKOCTh (3a4eTHBIX eIHHHIL) 4 4




5. Conepkanue JHCHUILIHHBI

5.1. Coaepxanue paseioB AUCLUITIUHBI

Ne
/1

HaumenoBanue paszaena
JUCLMILIUHBI

Conepaanue paszena (TeMbl)

DBOIIIOLIUA
0ecnpoBOAHBIX COTOBBIX
ceren

Oco0GeHHOCTH pa3BHUTUSL CETEH CBSI3M, HUCTOPUS pPa3BUTHUA
CCC, npouecc cramgapruzanun CCC, HazHaueHue
JIEKTPOMArHUTHOT'O CIIEKTPA;

Passutne cereit CCC, ocobennoctu
TEXHOJOIMYECKHE CBOMCTBA U OT/IHYMSA;

MOKOJICHHE,

MeTtoabl aHaMu3a
COTOBEIX CETEH CBSI3H

Cern 4G+: cereBble MeXaHW3Mbl HapallUBaHUS E€MKOCTH;
Cetn 5G “Hosoe Paguo” ocHOBHBIE OCOOEHHOCTH;

Ceru 5G “Hosoe Paauo” ¢yHKUHOHANBHBIE OCOOEHHOCTH
paguoaocTyIa;

Cetu 5G “HoBoe Paguo™ ciigHapuu UCIIOJIb30BAHUS;

Cetn TeparepuuoBoro jgocryna 6G: npHIoKeHuUs;

Ceru TeparepuuoBoro gocryna 6G: OTKpbITBIE 3a7jaun
CoBmMmenieHue METO/I0B cTOXacTHueckoit reometpuu 1 CMO
Juis ananusa cereit 5SG NR

Maremartuyeckue
MOAEIM i

LTE/5G/6G

cerei

MopgenupoBanue mmWave: nmorepu pacrnpocTpaHEeHUs;
MojenupoBanue mmWave: IPOCTPAHCTBEHHBIE
XapaKTepUCTHKU OJIOKMPOBKH;

MopenupoBanue mmWave: BpeMeHHBIE XapaKTEPUCTHKH
0J10KUPOBKH;

MopgenupoBanue mmWave: aHTEHHBIE PEUICTKH;
MojenupoBanue mmWave: JIMHEeNHas
0COOEHHOCTH TEPATEPLIOBOTO PaCcpPOCTPAHEHHS;
MopenupoBanue mmWave: (dyHKIIMOHAIBHBIE
npeoOpa3oBaHus CIy4alHbIX BEIMYUH I MOJEIHUPOBAHUSA
OECIPOBOHBIX CETEH CBSI3H;

Mojenuposanre mmWave: METO/bI OLIEHKH [TOMEXH;
MopenupoBanue mmWave: olieHKa [TOMEXH;
MopenupoBanne mmWave: 3D mMoenu OLIEHKH TOMEXH;
[Tapamerpusanus pecypcusix CMO;

bops0a ¢ 6510KkupOBKaMU: MYJIBTHCBSA3HOCTD IS MO IICPIKKH
COE/IMHEHMUS;

bopsba ¢ OnokupoBKaMu: MyJIbTUCBA3HOCTE [UTS HOAECPIKKH
QoS;

Ounenka SINR u emkocTH;

Pecypcubie CMO;

bopsba ¢ 010KMpoBKaMHU: pe3epBalits pecypcoB

HiKasa H

5.2. Pazjeiipl AHCHUILIMH U BUALI 3aHATHH

Ne | Haumenosauwue pasgena qucuurinasl | Jleku. | Ipaxr. | Jla6. | Cemun | CPC | Bcee-
n/m 3aH. 3aH. ro
yac.
l. | DBoIOLMS COTOBBIX CETEH CBA3M 2 1 10 13
2. | Meropbl aHa/IM3a COTOBBIX CETEH CBI3H 4 30 40
3. | Maremaruueckue MOJEIHN Ui CETEH 10 13 68 91
LTE/5G/6G
Hroro: | 18 18 108 | 144




6. JIabopaTopHbIii NPAKTHKYM — HE IIPEIYCMOTPEH IPOrpPaMMoOii Kypca

7. llpakTuyecKkue 3aHATHS (cemnuapu[

Ne n/m | Ne paznena HaumenoBanue npakTH4ecKux pador TpynoemkocTs
IUCLUILTUHBL (vac.)
1. | Mopaenu pacnpocTpaHeHUs CUTHAJIA 1
2. 2 SNR u emkocTh Kanana 1
3 2 PacnpocTpanenue TepareplioBblX BOJIH 1
4. 3 MojenupoBanue 0J10KMPOBOK U pacpOCTPAaHEHHS 3
5. 3 MopenupoBaHue aHTEHHBIX PEHIETOK 3
6. 3 [Ipeobpazosanus CB miasa noreps, SNR u ckopoctu 3
[1IhuH0HA
7. 3 Dopmyna Kombnenna s onenku unrepdepeHuuu 3
8. 3 Hcnons3oBanue pasinoxkenus Teitnopa ais OLEHKH 3
ckopoctd 1 SINR
Hroro: 18
8. MarepuainbHo-TexHu4ecKoe odecrnevyeHue JUCHHILIMHBI:

MynpTimenuiinas yueOHas ayAuTOpUs [T IPOBEICHUS JIEKLHOHHBIX 3aHATHH, ay JUTOpHS
C MEJIOBOH MIIM MapKEpHOH NOCKOH /1 MPOMEXKYTOUHOH aTTeCTaluy, KOHCYIbTAlUH.

KommnbrorepHsie (AHCIUIEHHbIE) KIAcChl ¢ AOCTYIIOM K ceTd MHTepHeTr u 2/1eKTpoHHO-
00pa3oBaTesIbHON cpejie YHUBEPCUTETA /Ul BINOIHEHHs 00ydaommuMucsa 1adbopaTopHelx pabot
110 JIUCLUILIHHE, 71 IPOBEACHUS 00YUalOMMHUCA CaMOCTOATEILHON PabOThl U KOMITBIOTEPHOTO
TECTHPOBaHMs 00yuaronuxcs (Ipu HEOOXOAUMOCTH).

9. Uudopmanuonnoe odecrneyeHue JUCIHUILIHHBI
a) nporpaMMHoe obecreveHue:

OC Windows, MS Office (mporpamma koprnopaTtuBHOro JjuueHsuposanus (Microsoft
Subscription) Enrollment for Education Solutions), 6paysep Firefox (simnensus MPL-2.0)
wiu Opaysep Chrome (nunensus Google Chrome Terms of Service); Adobe Reader
(Adobe Software License Agreement).

OC Linux, oduchsiii naker LibreOffice (auuenszus MPL-2.0), [1O ans npocmotpa pdf
(wanpumep, evince (nunensus GPL-2+ CC-BY-SA-3.0)).

0) 6a3bl JaHHBIX, HHOOPMALIMOHHO-CIIPABOYHBIE U ITOUCKOBBIE CHCTEMBL:

Caiit oubnmorexu PY/IH http://lib.rudn.ru/

TYHUC http://esystem.pfur.ru/

[ETF https://www.ietf.org/rfc.html

IEL IEEE, Institute of Electrical and Electronics Engineers, Inc. (Jocryn no [P-agpecam PYIH (I'pant
MOH)) Pesxxum noctyna: http://ieeexplore.icee.org/Xplore/home.jsp

Science Direct http://www.sciencedirect.com Onucanue: Pecypc coaepKuT KOJUIEKIHIO
HAy4yHOM, TEXHMYECKON MOJHOTEKCTOBON M Oubnuorpaduueckoin undopmanuu. basa
JAHHBIX MYJIbTHAMLMIUIMHAPHOTO XapaKTepa BKIKOYAET HAy4HbIE KYPHAJIbL 110 TOYHBIM U
TEXHHYECKUM HayKaM.

Springer/Kluwer http://www.springerlink.com. JypHanel ¥ KHHIH U3JaTENbCTBA
Springer/Kluwer oxBaTeIBalOT pasinuHble 001acTU 3HAHMS W pa3OUTHl HA NpPEIMETHLIE
KaTeropuu.

American Mathematical Society http://www.ams.org/ Pecypc amepukaHckoro maremaru-
4ecKoro obiiecTsa.

European Mathematical Society http://www.euro-math-soc.eu/ Pecypc esponeiickoro ma-
TEMATHYECKOr0 001IecTsa.




» Portal to Mathematics Publications http://www.emis.de/projects/EULER/
o Karanor maTemaTHUECKUX UHTEPHET pecypcos http://www.mathtree.ru/

o Zentralblatt MATH (zbMATH) https://zbmath.org

e OOwmepoccuiickuil MaremMaTuueckuil nopran mathnet.ru

e Web of Science http://www.isiknowledge.com

e Pecypcsl Uncrutyra HayuHol mHpopMauuu 1o oOuecTBeHHbIM Haykam Poccuiickoit
akagemun Hayk (MHWUOH PAH) http://elibrary.ru.

10. YueOHo-MeTOoAHYeCKOE oDecnieyeHue JUCHHILIHHBI:
a) OCHOBHasI IUTEparypa

L.

MonuanoB JI.A, berumes B.O., Conun 2.C., CamyiinoB A.K., l'aiinamaka 1O.B.//
[Toctpoenne Moxeneid W aHaaW3 MPOU3BOAUTEILHOCTH OECHPOBOJHBIX CETEH
paguogocryna 5SG «Hosoe Paguo»: yuedbnoe nocobue / — Mocksa : PY/IH, 2021. — 95
C.: ML

MomnuanoB JI.A, berumes B.O., CamyiinoB A.K., CamyiinoB K.E. Monenu u MeTojib
OLIEHKH XapaKTepHCTHK ceTeit ¢Bs3u 5G: yuebHo-meroauueckoe nocodue. — Mockaa:
PYJIH, 2020. -95 c.

Mounganos, [I.A. OueHka OTHOILIEHMs CUTHAJ-IIyM B OECHIPOBOAHBIX CETSIX 10CTyIa
nsatoro nokojenus. / JILA. Monuanos, P.H. KoBanbuykos, A.5l. OmeroB, u ap. //
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11. Metoauueckne PeKOMeH/JallHH 110 OPraHu3alHH H3YHYEeHHH NHCUHILJINHBLL

YueOHBIM IJIAHOM Ha U3y4YEeHHE JUCLHUILUINHBI OTBOAUTCS 1 cemectp (Moayns). B Tedenue
ceMecTpa MPOBOASTCS JICKIMOHHBIE U NPAKTHUYECKHUE (B TOM YUCJIE CEMHUHAPCKUE) 3aHATHI,
JIOMALIIHHE 33/laHUs U KOHTPOIIbHBIE MeponpusaTHsi. B KoHLle cemecTpa Npou3BOIUTCS UTOTOBBIH
KOHTPOJIb 3HAHUM.



12. ®oHx OLIEHOYHBIX CPEICTB /LISt HPOBEIEHUS ITPOMEKYTOYHOMH ATTeCTALMH
00Yy4AIOIMXCH 110 JHCHHILIHHE (MOLYJ110)

®OC no AuCHUIUTMHE NPEJICTABIECH B NPUIOKEHUHN K JAHHOMU ITPOrpaMme.
[Tporpamma cocrapnena B cootBetctBuu ¢ tpedopanusmu OC BO PV /IH.
Paspadorunxu:

noueHT kadeapst npukiaaHod HHGOPMATHKY
U TEOPHH BEPOSITHOCTEH, [.T.H. JI.A. MonyaHnos
3aBenyommuii kadeapoii

NIPUKIIAAHON MH(DOPMATUKH

U TEOPUH BEPOATHOCTEH, MPO. K.E. Camyiinos

PykoBoauTe b NporpaMMbl

npogeccop
Kadeapsl NPUKIaAHON HHPOPMATHKH L—7 [
U TEOPHH BEPOATHOCTEH, PO. (— JLLA. CeBacTbsiHOB
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®OH/1l OIEHOYHbLIX CPEJICTB

MO YYEBHOU JUCHUITJIMHE

[TocTpoenue v anaims MoJesen odecnpoBoaHbIX ceten SG/6G
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Kpannukanus (cTenens) BuITYCKHHKA



[HacnopT poHaa OLEHOYHBIX CPEACTB M0 AUCHMILINHE
[TocTpoenue u ananus moaeneit 6ecnpoBoanbix cereit SG/6G

Hanpasnenune: 01.04.02 — TlpuknajaHas MaTeMaTuka U nHGOpMaTHKa

Koa D®OChI (hopMbI KOHTPOJISI YPOBHSI OCBOEHHSI
KOHTPOJIHPYEeMOH 00I11)
KOMIIeTeHHH . "
N KoHTpo/mpyeMmblii _ AynuropHas - ) HUrorosbiii
WM ee YacTH Konrpoaupyemas Camocrt. paGora baJbl
pasnen . padora KOHTPOJIb
O A TeMa JAMCUHILIHHDI (3auer) pasjena
3 Tecr Boinoinenue
HPAKTHYECKHX
3a/laHHii
DBoMOLMS OcobeHHOCTH pa3BUTHS CETEl CBS3U, UCTOPHUS
OecrpoBOIHBIX pazsutust CCC, npouece crangapruszanuun CCC,
COTOBBIX CeTeH HA3HAYEHHUE IEKTPOMArHUTHOIO CHEKTPa; 1 2 2 5 10
Passurue cereit CCC, 0coOeHHOCTH MOKOJIEHHE,
TEXHOJIOrHYECKHE CBOMCTBA W OTIIHYHS;
Meroabt ananuza | Cetu 4G+: ceteBble MEXaHH3Mbl HAPAIIIUBAHUS
VK-1; YK-7; COTOBbIX cereit eMKOCTH,
OIIK-1; OIIK-2: |cBsasu Cetu 5G “HoBoe Paguo” ocHOBHBIE OCOOEHHOCTH;
OI1IK-3; OIIK-4: Certu 5G “HoBoe Panguno” hyHKUMOHATBHBIE
MK-1 OCODEHHOCTH PA/IU0/I0CTYIIA;
Certu 5G “Hosoe Paano” cueHapuu 3 4 10 7 24
HCII0JIb30BAHU;
Cetu TeparepuoBoro gocryna 6G: npuitoKeHus;
Certu Teparepuiosoro gocryna 6G: OTKpbIThie
3aa4u
CoBMellieHHe METO/10B CTOXACTHUECKOM
reometpun 1 CMO anst ananusa cereit 5G NR




MareMaTHueckue
MOJIEJIH 1UIs ceTeit
LTE/5G/6G

Moaenuposanue mmWave: norepu
pacrpocTpaHeHus;

Mogenuposanue mmWave: NpoCTpPaHCTBEHHbIE
XapaKTepHCTUKH OJIOKUPOBKH;

Mogenupoanue mmWave: BpeMeHHbIe
XapaKTepHCTUKH OJIOKUPOBKH;

Mojenuposanue mmWave: aHTEHHbIE PELIETKH;
Moaenuposanue mmWave: nuHelHas wkana u
0CcOOEHHOCTH TEPArepLOBOro PACHPOCTPAHCHHNS;
Mogenuposanne mmWave: GyHKUHOHAIEHBIE
npeoOpa3oBaHus cydaiiHbIX BEIIUUUH JUis
MOJielIpoBaHus 0eClpOBOAHLIX ceTei CBA3H;
Moaenuposanue mmWave: METO/1bI OLIEHKH
NIOMEXH;

Moaenuposanue mmWave: OLleHKa IOMEXH;
Monenupoanue mmWave: 3D Mozenu OLeHKH
HOMEXH;

[Mapamerpuzauus pecypcusix CMO;

Bopsba ¢ 6110kMpOBKaMU: MYJIBTUCBSI3HOCTD JJIs1
HOJIEPIKKH COSIHHEHMS

Bopbba ¢ H10KHPOBKAMU: MYJIBTUCBA3HOCTD JUIst
nozuepxku QoS;

Ouenka SINR 1 eMKoCTH!

Pecypcusie CMO

Bopb6a ¢ Gs10KHpOBKaAMU: pe3epBaLius pecypcoB

10

10

38

66

Hroro:

14

16

50

20

100




[Mpouece n3yyeHns AMCUUILUINHBL HANIPABIeH HA GOPMUPOBAHUE CIICAYIOMNX KOMIESTECHLIMIA:
VK-1: VK-7: OI1K-1: OIIK-2: OITK-3: OI1IK-4; T1K-1

(yraswisaomes 6 coomeememsuu ¢ OC BO PY/H)

YK-1 Cnocoben ocylIecTBIATh MOUCK, KPUTHUECKUI aHAIM3 MpoOJIEeMHBIX CUTyalldil Ha OCHOBE CHCTEMHOIO IOJX0Ja, BhIpabaTbiBaTh CTPATETHIO
AeHcTBUH.
«  VK-1.1 3naer npuHuunsl cbopa, orbopa u 00001eHus uHpopMaruu.
«  YK-1.2 YMmeer cOOTHOCHTb Pa3HOPO/IHLIC SIBIICHUS U CUCTEMAaTU3HPOBATh UX B paMKax M30paHHbIX BUO0B NMPodecCHOHAIBHOM 1eATEeNbHOCTH.
+  YK-1.3 meer npakTHyecKuii onbIT paboTsl ¢ UHPOPMALMOHHBIMU HCTOYHUKAMU, OIBIT HAYYHOI'O OUCKA, CO3/[aHUsl HAYYHbIX TEKCTOB.
YK-7 CnocoGen: uckatb Hy)KHbIE HCTOUHHKH MH(OpPMALUU U JaHHbIE, BOCIPHHUMATh, aHAJIM3UPOBATh, 3alIOMMHATL W MepeiaBaTh HHOOPMALIHIO C
UCIIOIB30BaHUEM HU(POBBIX CPEACTB, @ TAKKE € MOMOLIBIO AITOPUTMOB IPU PabOTE € MOIYYEHHBIMH U3 PA3/IMYHBIX HCTOYHUKOB JAHHBIMH C LEIbIO
5(pdEeKTHBHOrO HCHOAL30BAHUS NONYYEHHOH HMH(OpPMALMM U pElIeHHs 3a/]a4; NOPOBOAMTL OLEHKY HMH(OpPMALUH, €€ JOCTOBEPHOCTb, CTPOUThH
JIOTHYECKUE YMO3AKIIOYEHHs HA OCHOBAHUH MMOCTYNAOLHX HHPOPMALIMHK U JAHHBIX.
* VK-7.1 3naer npuHUHUIBI IpUMEHEHHS LU(POBLIX TEXHOJIOTUM 11 cbopa, otbopa u 00001eHHs uHGOpMALIUH.
*  VK-7.2 Vmeer npumeHsTs HU(PPOBLIE TEXHOJIOTUHU IS MOUCKA, 00paboTku, aHainu3a, XpaHeHus: U mpejicraBneHus uHdopmanuu B 00gacTu
HPUKIIAAHON MaTeMaTHKH U NH(OPMATUKN.
* VYK-7.3 Bnageer HaBblKaMM NPUMEHEHHs LUQPOBBIX TEXHOJOMMH M METOAOB MOUCKA, 00pabOTKM, aHalW3a, XpaHEHHs M OPEACTABICHUsA
uHpopmanuu B 061aCTH NPUKIAAHON MATEMATHKH U HHOOPMATHKH.
OIIK-1 CnocobeH pewiath akTyanbHble 3a1a4y (yHIaMEHTaIbHOH U NPHKIAHOH MaTeMaTHKH
« OIIK-1.1 Obnagaer ¢pyHIaMEeHTAIBHBEIMU 3HAHUSIMU, MOJIYYEHHBIMU B 00J1aCTH MaTEMATUYECKUX U (WIIM) €CTECTBEHHBIX HAYK.
«  OIIK-1.2 YmMmeer ucnonb3oBaTh (yHIaMEHTAIbHbIE 3HAHUS, TOJYYEHHbIE B 00JIACTM MAaTEMAaTUYECKHX M (MJIM) €CTECTBEHHBLIX HAYK, B
npodeccuoHaNbLHON AeSTENBHOCTH.
« OIIK-1.3 Biageer HaBbIKaMH OCYILECTBISTh BBIOOP METOIO0B pellieHHs 3aa4 NpogeCCHOHANIBHON AeSTeIbHOCTH HAa OCHOBE TEOPETHHECKHUX
3HAHUH.
OIIK-2 CnocobeH coBepllIeHCTBOBATE U PEalIM30BLIBATHE HOBLIE MATEMATHUYECKHUE METO bl PELICHUS MPUKIIA/IHBIX 3a/1a4.
* OIIK-2.1 Cnocoben coBepiieHCTBOBAThL U (MIH) pazpabaThiBaTh HOBbIE MATEMATHUECKHUE METO/IbI /Ul pa3pabOTKU U peainu3aliy alropuTMOB
pelieHHs 3a1a4 (B TOM YMCIIE C HCTIOJIB30BAHUEM NPOrPAMMHBIX CPEJACTB) B 001acTH NPOQeCcCHOHATIBHOM AeATEIbHOCTH
OIIK-3 Cnocoben paspabarbiBaTh MaTeMaTHYECKUE MOJAEIN U NPOBOAMTH MX aHAJIM3 MpH pElIeHMU 3aga4 B o0nacTH npodeccHoHaIbHOR
JESATENIbHOCTH.
« OIIK-3.1 Cnocoben moauduuupoBath U (Man) pa3padaTbiBaTh, aHATU3UPOBATL U PEAIM30BLIBATH MATEMATHYECKHE MOJIEIH B COBPEMEHHOM
€CTECTBO3HAHUH, TEXHHUKE, DKOHOMHKE U YIIPABICHUHU.
OIIK-4 Cnocoben xoMOMHHPOBATH M aJaNTHPOBATh CYLIECTBYIOLIME HH(OPMALMOHHO-KOMMYHHMKAILIMOHHBIE TEXHOJIIOTMH I PElleHHs 3ajay B
obnactu npodecCHoHaNbHON NEATENLHOCTH ¢ yueToM TpeboBanuil HHGOpMaLMOHHOM 6e3011acHOCTH.
*  OIIK-4.1 3naer npuHuunst cOopa 1 aHanusa HHOOPMALUU 110 MPOBOAUMBIM UCCIICOBAHUSAM.



* OIIK-4.2 Ymeer koMOMHUPOBATh U alaliTUPOBATh CYILIECTBYIOLIME HHPOPMALMOHHO-KOMMYHUKALIMOHHBIE TEXHOIOIUH Ul pelieHUs 3a/1a4 B

obnact npoecCHOHaNbHON AEATEIbHOCTH € y4eToM TpeOoBaHHi HH(MOPMALIMOHHOHN 0€3011aCHOCTH
ITK-1 IIposenenue pabot o od6paboTke 1 aHANKU3y HAYHYHO-TEXHUYECKOM HHMOPMALHK U Pe3y1bTaTOB HCCIEJOBAHMUIL.

* JIK-1.2 3naeT npuHIUNbI IOCTPOESHUS HAy4YHOH paboThl, METO/ bl cOOpa U aHanHu3a NOIYYEHHOT0 MaTepuana, crnocoObl apryMeHTaluy; BlIajieer
HaBBIKAMHM MOJINOTOBKM HAay4YHBIX 0030poB, nyonukanui, pedeparoB n dudamrorpaduil mo TeMaTuke MPOBOIMMbBIX UCCIECI0BAHUI HA PYCCKOM U
MHOCTPAHHOM S3BIKE; CIOCOOEH FOTOBUTH IyOIMKALUU B HAYYHO-TEXHUYECKUX TEMATHYECKUX H3AaHUSIX

* IIK-1.3 Ymeer npuMeHsATh MOJy4EHHbIE 3HAHHS B 00JaCTH MPHUKIAAHON MAaTEeMAaTHKH W MH(OPMATHKH, a TaKiKe pPellaTh CTaHAAPTHbIEC 3aJa4H
COOCTBEHHOH Hay4HO-UCCIECI0BATEILCKON AEATEAbHOCTH, YMEET peIlaTh HAy4yHbIE 3aJauyd C MOHUMAHHEM CYLIECTBYIOUIMX MOIXOJ0B K
BepUHKALUK MOJEIEH 110 TEMATHKE UCCIEI0BAHUI B COOTBETCTBHH ¢ BbIOPaHHON METOAUKOM.



baibHO-peUTHHIOBasi CHCTEMA OLEHKH YPOBHS 3HAHUU

Cpo/iHasi oneHOYHAas TA0AMIA JUCHHILIHHBI

®@opmbl KOHTpOJs YpoBHs ocBoernust QOII
3 - : - Teer
Bii Bui- | Boi- | Boi- | Ber Bii- Bii- Bii o, Uroro- |Bawibl
Ne Paznen nosme-| MO | 0| MOA" | MO e | mosme- | mosme- BbIii | pa3ie-
HEHHE HEeHHEe HeEHHEe| HeHHe Kamx-
nue Ip uue Ip|nue Mp | uue Ip . |wkonTpo| .12
Nt | Op | Tp | Tp | Tp \ "o o5 s ™ | g | M08 |
Ne2 | Ne3d | Ned | Ne§ JIeKII.
DBOJIIOLIUA
0ecrpoBOIHBIX
1 COTOBBIX ceTei 3 2 5 10
Metoabl aHaiin3a
2 |coTOBBIX ceTei 5 8 4 7 24
CBA3H
Maremaruueckue
MOJENH [1iIs ceTelt
3 | TE/SGIEG § | 10| 10 | 10 | 10 | 10 8 66
HUroro 3 5 8 8 10 10 10 10 16 20 100
Tabiauua coorseTcTBH 0ALJIOB H OLIEHOK
Banner BPC Tpaauuuonusie oueHku PO Ouenxu ECTS
95 - 100 5 A
86-94 B
69 - 85 4 C
61 - 68 D
51-60 E
31-50 2 FX
0-30 F
51-100 3auer Passed
IIpasuna npumenenus bPC

1. Paspgen (tema) y4eOHOM AUCLMILIMHBI CYMTAETCS OCBOEHHOMH, eCliM CTYAEHT HaOpan Oosiee
50% ot uymcna 6annoB, NPeyCMOTPEHHBIX 3a JaHHbIH pa3aen (Temy).

2. CryaeHT He MOKET ObITh ATTECTOBAH I10 JUCLMIUIMHE, €CJIM UM HE OCBOEHBbI BCE TEMbI BCEX
pa3/ienoB QUCIHUILINHBL.

3. Ilo peweHuio npenojaBaTessi U ¢ COrJacUst CTYJEHTOB, HE OCBOHBIIMX OT/AEIbHBIE
paszens! (TeMbl) U3ydaeMOW IHUCLUIUIMHBI, B T€YeHHE Y4eOHOro cemectpa MOryT ObITh
MOBTOPHO MPOBEAEHBI MEPONPUATUSA TEKYLIEr0 KOHTPOJS YCIEBAEMOCTH WJIH BbIJaHbI
JIONOJTHUTE IbHBIE Y4eOHbIE 3alaHus 10 ITUM TeMaM uiu pasnaenam. [lpu stom cTyneHTam
3a JaHHY10 paboTy 3aCYMTHIBACTCS MUHUMAIBHO BO3MOMKHBIN [TOJIOKHUTEIbHBIN OasLl.

4. llpu BBLINOAHEHMM CTYJAECHTOM [ONOJTHHUTENLHBIX Y4YEOHBIX 3a/laHui, WIX HOBTOPHOIO

NPOXOKACHUA MEpOHpHHTHﬁ TCKYLIETO KOHTPOIIA, MOJTYUYCHHBIC UM OaJlIbl 3aCYMTHLIBAIOTCS



oo

10.

14 1

125

13

14.

B KOHKpeTHble Tembl. [Ipu 3TOM wuTOroBass cymma OamioB He MOJKET IPEBBIIIATH
MaKCHMAaJIbHOTO KOJMuecTBa 6a/U10B, YCTAHOBICHHOTO 110 JAHHBIM TEMaM.

Ilpy noaseaeHUM WTOrOB CEMECTPOBOM NPOMEKYTOUHOM aTTECTALlMU HAKOIUIEHHBIE
CTyIGHTOM Oasuibl (10 UTOraM CeMeCTpa M 3a aTTECTALMOHHBIC UCTIBITAHUS) MEPEBOISTCS B
TPAIULMOHHYI  OLIEHKY 10 4YeThlpexOaulbHOH  1ikane  (HEeyOBIETBOPHUTENILHO,
YAOBJIETBOPUTENLHO, Xopoio, otanyHo) U B oueHky ECTS (A, B, C, D, E, FX, F). Ouenxu
«HEeyNoBIeTBOpUTENbHO», «FX» 1 «F» B 3aueTHy10 KHUKKY HE NIPOCTABIISIOTCS.
Ilonp3oBaTbcst MOOMIBHBIMU TenedOHAMH M JAPYTUMHU DJICKTPOHHBIMU TEXHHUECKUMH
CpEICTBAMU BO BpPEMS 3aHATHH W NPH TMPOBEICHUM TEKYILEro KOHTPOJIS YCHEBAaEMOCTH
MOKHO TOJIBKO C Pa3perieHus IpenoaaBaress.

I'padpuk npoBeneHus MEPONPUATHH TEKYILEr0 KOHTPOJIA ycHeBaeMocTH (hOpMHpYETCs B
COOTBETCTBHHU C KAJIEHAPHBIM ILUIAHOM Kypca.

CrynenTst 0043aHbI C1aBaTh BCE 3a/1aHUS B CPOKH, YCTAHOBIICHHbBIE [IPENO1aBaTE/IEM.
Bpems, koTopoe OTBOAUTCS CTYACHTY Ha BBITOJHEHUE MEPONPUATHUS TEKYILETO KOHTPOIIS
yCIIEBAEMOCTH, YyCTaHaBIMBaeTCs mnpenojgasatenem. [lo 3aBepuieHMM  OTBEIEHHOTO
BPEMEHH CTYIEHT JO/UKEH caaTh pabdoTy IpenojaBareiio, BHE 3aBHCHUMOCTH OT TOTO,
3aBeplleHa OHa UM HeT.

Hcnonb3oBanue UCTOYHUKOB (B TOM YUCIIE KOHCIEKTOB JICKUUH U MPAKTHYECKUX 3aaHUiT)
BO BpEMs BBIIIOJHEHUS MEPONPUATHH TEKYLIEro KOHTPOJIS YCIEBAEMOCTH BO3MOXKHO
TOJILKO C pa3pelleHus MPero1aBaTes.

OtcyTcTBHE CTYyJIeHTa HA MEPOIPUATHH TEKYLIEro KOHTPOJS YCIEBAEMOCTH CUUTAETCS
YBOKUTENbHBIM TOJILKO B Ciiyyae OOJE€3HHM CTYJEHTA, UTO INOJTBEPIKIACTCA HAIUYHUEM Y
Hero MeauuMHCKoH crpasku, 3asepeHnoi B KJIL PY/IH. He nosanee nByx Henenb nocie
BBI3/IOPOBIICHHS CTYJEHT NPEIbABISET CIPAaBKy Hpernojasatento. B nmporuBHOM ciyuae,
OTCYTCTBHUE CTYJAEHTA Ha MEPOIPUATUN TEKYILIEro KOHTPOJIA YCIEBAEMOCTHU MPHU3HACTCS HE
YBaKUTEIIbHBIM.

Cnavya MeponpHaTHil TEKYILEro KOHTPOJIS YCIEBAEMOCTH MO NpHYMHE OONIE3HU CTYICHTA
IOPOBOJAHTCS OJMH pa3 B KOHLUE ceMecTpa (MOAyss) B [€Hb, YCTaHOBICHHBIH
TpenoaaBaTesieM.

Wtorosslil KOHTPOIb 3HaHUH npoBoauTcs B (Gopme Tecta M oueHuBaerca u3 20 daios
HE3aBHUCHMO OT OLICHKH, MOJIYYCHHOM B CEMECTPE.

Ecnu B utore 3a cemectp (MOAy/Ib) CTYACHT MOJIYyUYHII HEYIOBIETBOPUTENBLHYIO OLIEHKY, TO
CTyJIeHTY paspenaercs 100op Heodxoaumoro (10 51) xoaudectsa 0amIoB NOCPEICTBOM
MIOBTOPHOT'O OJIHOPA30BOI0 BBIMOIHEHUS [PETYCMOTPEHHBIX KOHTPOIBHBIX MEPONPHITHI
(moBropHast  nepearrectauus). JIukBupanus  3aJ0/DKEHHOCTEH  NPOBOAUTCS 1O
COTJIACOBAHUID C JIEKAHATOM B COOTBETCTBUU C JICHCTBYIOLUIMMH JIOKAJIbHBIMH
HOPMATUBHBIMHU aKTaMHU.



IIpuMepHBIN IepeYeHb OLEHOYHBIX CPEACTB

IIpeacraBienue
HaumenoBanne _
KpaTkas xapakTepucTHKa OLIEHOYHOTO OLEHOYHOI0
n/n OLIEHOYHOTI0
cpeacTsa cpejacTBa B
cpeacTBa
poupe
Ayoumopnasn paboma
l [TpakTnueckue Cucrema NMpakTUYECKUX 3aJaHUH, Donx
3aaHus Harpae/ieHHBIX Ha opMHUpOBaHUE HPaKTUYECKUX
NPaKTHUYECKHUX HABBIKOB y 00Yy4aroIMXCsl 3a/laHu i
2 Tect TecroBbie BOMPOCHI NMOCIIE KAXKA0H JICKIIUN Baza tecToBeix
3aJaHui
3 HUrtorossri Cucrema cTaHIapTU3UPOBAHHBIX 3a1aHUN Baza rectoBbIx
KOHTPOJIb B popMe | (BONPOCOB), HO3BOJIAOLLIAS 3aJaHuH
TeCcTa ABTOMATU3UPOBATH IPOLEIYPY U3MEPEHHS
YPOBHS 3HaHUHN U YMeHuU# o0yuaromerocs
Camocmoamensnaa paboma
4 [Toaroroska ®opma mpoBepkd KadecTBa BblIOJMHEHUs | Doup
O0T4ETOB 110 CTYJACHTAMHM [PAKTMYECKUX 3aJaHUH B | NPAKTHYECKUX
pesyibTaram COOTBETCTBUHU c YTBEPKAEHHON | 3a7aHUH
BLINOJIHEHHS nporpaMMmoii
NPaKTUYECKUX
saaHus

O]J,CHKH paﬁorbl CTyACHTA B TCHCHHUE CEMECCTPa BBICTABIAETCA IO CyMME HaﬁpaHHbIX

OaioB 3a MPaKTHYCCKHUEC 3a0aHUs H UTOTIOBOTO TECTA.

[Tpennaratores K BINOAHEHMIO 8 mpakTHueckux 3ananuil (3, 5, 8, 8, 10, 10, 10, 10 B
cymme 80 0anoB). OTUETHI 110 NPAKTUYECKUM 3a/JaHUSIM BBITIOJIHIIOTCS U TOTOBATCS CTYAEHTOM
CaMOCTOATENBbHO (MHAMBUAYAIBHO), HA MPAKTHYECKOM 3aHATHH CTYJIEHT MOXKET MOIY4MUTh

KOHCYIIbTAHK U MECTOOHYCCKHUC YKa3aHHA OT MPCnogaBaTCiid.

MeTtoauueckue YKazaHud H HIKaJIa OLIEHOK.

ﬂOp}lJ_lDK BbINOJIHEHHUH NIPpAKTHYEeCKHX 3aHATHI 3aKJII04YaeTcs B cleaywinem:

*  O3HaKOMUTLCS C pa3fiellaMid METOMYECKHX yKa3aHUH K JaHHOH pabore.
*  BpInosHuTh 3a1a4u NPAKTUYECKUX 33 IaHHI.

*  CocTaBuTh OTYET.

* 3anucath BUAe0OBbACHEHHE (CKPUHKACT) BBITIOJHEHHOIO 33/1aHHUA.

OT1uéT J0/1KeH coaep:raTh CJieAyuiue pasjielibl:

—

. TuTynbHBIN JTUCT;
2. @opMyJIHPOBKY LieaH paboThl;
3. Onucanue pe3yabTaTOB BBIMOJHEHUS 3a/1aHUS:
— JIMCTUHIH NIPOTPAMM;
— pe3yJIbTaThl BLINOJIHEHHS IPOrpaMM (CHUMOK JKpaHa);
4. BbiBo/1b1, COrIIACOBAHHBIE C 11EIIBIO PabOTHL.




Kpurepuu oueHKH no JMCUUILIHHE

OuneHuBaeTcss MOJHOTA BBIMOJIHEHUS padoThl, odopMiIeHUE pPE3yJbTaTOB pacyeToOB H
OLIEHKU IPOU3BOAMUTENBHOCTH. Takike OLEHHBAIOTCA OTBEThI HA BONPOCHI MPENoAaBarelis Mo
HCXOJIHOMY TEKCTY [POTrPaMMBbI.

Il kajia oueHok

69-85:

51-68:

95-100:

MOJTHOE BBINOJHEHUE NPAKTHUECKUX 33/ JaHHH;

BBICOKHI YPOBEHb KY/ILTYPbl UCIIOJTHEHUS NPAKTUYECKUX 33 JaHUI;

AKTUBHOE YYaCTHE B MEPONPUATUAX, IPETYCMOTPEHHBIX MPOIPAMMON JTUCHUTLUIUHbL;
CHCTEMATU3UPOBAHHOE, INTyOOKOE U MOJIHOE OCBOCHUE HABBIKOB U KOMIIETEHIIUH MO BCEM
paszenam nporpaMmbl AUCHUTUINHBL;

UCHOJNb30BAHUE HAyYHOW TEPMHUHOJIOIMH, CTWIMCTUYECKH TIPAMOTHOE, JIOTHYECKH
NPAaBHJIBHOE U3JI0KEHHE OTBETA HA BOIPOCH], YMEHUE Jlej1aTh 000CHOBAHHbIE BBIBOIbI;
OesynpeuHoe BiajieHHe nporpaMMHbIM  obecrieueHueM, ymenue b dexTuBHO
MCIIONIB30BATh €r0 B [IOCTAHOBKE M PELICHUN HAYYHBIX U NPO(ECCHOHANIBHBIX 3a/1a4;
BbIpa’kK€HHas COCOOHOCTL CAMOCTOSTENBHO M TBOPYECKHU pElLIaTh MOCTaBICHHBIE 3a/1a4H;
NOJHAS CAMOCTOSTEJILHOCTL M TBOPYECKMI MOJXOJ IMPU HW3IOKEHWH Marepuana Io
NporpaMMe JAUCHUILTUHBL;

noiaHoe M riybokoe yCBOGHME OCHOBHOM W JIOMOJHUTENBHOH  JIMTEpaTyphl,
PEKOMEH/IOBAHHOM MPOrpaMMON JIUCHUILIMHBI U [IPENOIaBaTeNIeM.

[OJIHOE BBINOJHEHNE NPAKTHUECKUX 3aJaHUH;

BBICOKMH YPOBEHb KYJIbTYPbl UCIIOIHEHHS NPAKTUYECKHX 3a1aHuUI;
CHCTEMATU3UPOBAHHOE, ITyOOKOE U NOIHOE OCBOCHUE HABBIKOB U KOMIIETEHLIUIH 110 BCEM
pasjenamM porpaMMbl AUCLUATLIUHBL,

WCIOJb30BAHUE HAYYHOM TEPMHUHOJIOIMH, CTUIMCTHYECKH TPAMOTHOE, JIOIHYECKH
HPaBUIIBHOE U3II0KEHHE OTBETA HA BOIIPOCHI, YMEHHUE [1€/1aTh 000CHOBAHHbBIE BbIBOJIbI;
Xopollee BIaJeHHEe NMPOorpaMMHbIM obecrieueHueM, yMeHue 3G (PeKTHBHO HMCIONIb30BaTh
€ro B IOCTAHOBKE M PELICHUU HAYYHBIX M PO(ECCUOHANIBHBIX 3a/1a4;

CIOCOOHOCTh  CaMOCTOSATENNBHO pPELIATh I[OCTABICHHBIE 334a4d B HECTAHAAPTHBIX
NPOU3BO/ACTBEHHBIX CUTYAIHAX;

YCBOGHME  OCHOBHOM M JONOJHMUTEIBbHOM  JIMTEPATypbl, HOPMATHUBHBIX U
3aKOHOJATENbHbIX ~ AKTOB, PEKOMEHJIOBAHHBIX  MHPOrPAMMON  JUCLHMIUIMHBL U
NPENoAaBaTeNEM.

4aCTUYHOE BBIMOIHEHUE IPAKTHYECKNX 33 JaHHIH;

XOpOILUI YPOBEHb KYJbTYPbl HCIIOJHEHUS IPAKTHYECKHX 3a/1aHHIi;
CHCTEMATH3MPOBAHHOE M MOJIHOE OCBOCHHE HABBIKOB M KOMIIETEHLIMH 110 BCEM pasjesam
IPOrPaMMBbl IHCUUILIAHBI;

BJIAQJICHHE TIPOrpaMMHBIM 00ECIEUYEHHEM, YMEHHE HCIOIb30BaTh €ro B MOCTAHOBKE M
pELIEHNH HAayYHBIX U IPOQECCHOHANbHBIX 3a/1a4;

CHOCOOHOCTh CAMOCTOSTEILHO PELIATh MPOOIEMb] B PAMKAX IIPOrpaMMbl AUCLUILTHHbL;
YCBOEHHE OCHOBHOM JINTEPATYPBI;

HaCTUYHOC BBIITOJIHCHHUC NPAKTHUYCCKHX 3H,I[aHHﬁ;



CHCTEMATH3MPOBAHHOE M MOJIHOE OCBOEHHE HABBIKOB M KOMIIETEHLHUH 110 BCEM pasjesiam
NpOrpamMmbl AMCLMILIUHBL;

yJIOBJIETBOPHTENBHOE BIIAJEHHE MPOrPAMMHBIM OOECIEHEHHEM, YMEHHE MCIOIb30BATh
€ro B IOCTAHOBKE M PELIEHHU HAYYHBIX M NPO(ECCHOHAIIbHBIX 3a/1a4;

CrocOOHOCTB pellaTh MPOOIEMb] B PAMKaX MPOrpaMMbl AHCLHUILTHHD;
YJIOBJIETBOPHTENLHOE YCBOCHHE OCHOBHOM JIMTEPATYPbI;

31-50—- HE 3A4YTEHO:

YaCTUYHOE BBIMOJIHEHUE MPAKTUYECKHUX 3aJaHUIH;

HEIOCTATOYHO TOJIHBIH O00bEM HABBLIKOB M KOMIIETEHLHMH B paMKax I[pPOrpaMmbl
JUCLHMILINHBL,

HEYMEHHME HCIOJB30BATh B MPAKTUYECKOH JEATEJLHOCTH HAyYHOH TEPMUHOJIOTHH,
U3JI0KEHHE OTBETA HA BOIMPOCHI ¢ CYHIECTBEHHBIMU CTHJIMCTUYECKUMM M JIOTHHECKUMH
OIIHOKaMH;

cnaboe BiaJeHUE NpPOrpaMMHBIM 00OECTIEUEHUEM [0 pa3feiaM HporpaMmbl JUCIUILINHEL,
HEKOMIIETEHTHOCTD B PEIIEHUH CTAHAAPTHBIX (TUIIOBBIX) NPOU3BOACTBEHHBIX 3a/a4;
CrOCOOHOCTE peliaTh NpodIeMbl B PAMKaX NPOrpaMMbl JAHCLUILTUHEL;
YJIOBJIETBOPUTEIBHOE YCBOGHUE OCHOBHOM JIUTEPATYPHI;

0-30 — HE 3AYTEHO:

OTCYTCTBHE YMEHMH, HAaBBLIKOB, 3HAHHUII M KOMIIETEHLIMH B pPaMKax I[POrpaMMbl
JAUCLIUILIUHBL;

HEBBINOJIHEHNE 1a00PaTOPHBIX 3aJaHHIT; OTKA3 OT OTBETA HO IIPOrpaMMe JUCLUIIIHHD;
MIHOPUPOBAHUE 3aHATHH 110 JUCLMIUIMHE 110 HEYBAXKUTEILHOH IPUUYMHE.

nporpamMma coctasjeHa B coorBeTcTBuM ¢ TpedoBanusmMu OC BO PY/IH.



DoH/ NPAKTHYECKHUX 3aJaHUN

IIpakTuuyeckoe 3axanue Nel. Mojesn pacnpocrpaHeHus

1. IlepeBenure mopens pacnpocrpaHenus FSPL u3 nuneliHoH 1ukanbsl B jgorapudmuue-
ckyro. ObocHyiiTe nepexo.

2. Iloctpoiite monens pacnpocrtpaHenust FSPL s xak QyHKUMIO OT paccTOsSHUS s
Heckonabkux yactor £=900 MI', 1.9 I'Tu 1 28 I'T'1 kak B mikane genudesn, Tak U B JIM-
HeiHoi mkane., O0bsicHUTE yn0OCTBO MCIONbL30BaHUA wiKainbl neuuben. [Ipoananusu-
pyliTe U czenaliTe BbIBOJ O BIUSHUHM PACCTOAHMA M 4ACTOThl HA MOTEPH pacHpocTpaHe-
HUSL.

3. Ilpeanonoxus uznyuaemyio moutHocts anteHHsl BC 23 nbm, ycunenus Ha nepenaue u
npueme 10 ab, a Takke 4yBCTBUTENBLHOCTH NpueMHuKa -70ab paccuuraiite paauyc no-
kpeitusg bC nHa wacrorax f= 900 MI'n, 1.9 I'Ty u 28 I'Tu. [Hupuna xanana — 20 MI'n,
TerioBoi mym -174 ab/I'u. OnumunTe NONy4YeHHbIE PE3y/bTaThl. Y KaKUTE METOIbI 110-
BBIIICHUS TOKPBITUS OECIIPOBO/IHBIX CETEH CBSA3HU.

4. Cpasnure mozens FSPL u monenu UMa LoS, UMA nLOS, InH-Office LoS, InH-Office
nLoS. Ouennre paznuuus u o0OCHYITE UX.

IIpakTuyeckoe 3aganue Ne2, SNR u eMkocTh KaHaja

1. Iloctpoiite orHomenue SNR kak QyHKUMIO OT AMCTAHLUHU I8 HECKOJIBKUX 4yacToT f =
900 MI'u, 1.9 I'T'u u 28 I'T'u, npennonokus u3nydaeMmyo MoiHocTh aHteHHsl bC 23
abM, ycunenus Ha nepejade u npueme 10 1b, mumpuna kanana — 20 MI'n, TenoBoi nym
-174 nb/T'u, monens pacnpocrpanenus — FSPL.. [Ipoananusupyiite noBeeHue KPUBBIX.
Uto npou3oiier ¢ MaKCUMallbHOW JUCTAHIMEH CBA3HM €CIH U3MEHATh YYBCTBUTEILHOCTD
NPUEMHUKA, YCHJICHUS aHTEHH, U3/1ydaeMylo MolHOCTs? YUTO Mpou30HAeT eciiu NosBUT-
cst uuTepdepeHIIus OT CMEKHBIX COT?

2. Iloctpoiite 3aBucuMOcTh ckopoctd lllenHoHa oT napaMeTpoB Kak (PYHKLHIO OT JUCTaH-
nuy a1 Heckonbkux vactor f= 900 MI'y, 1.9 I'Tu u 28 ['Th, npeanonoxus usinyyae-
My10 MomHOCTb aHTeHHbl BC 23 nbwM, ycunenus Ha nepenaue u npueme 10 ab, mmpuna
kanaia — 20 MI'u, ternosoil mym -174 ab/T'n. Ilpoananusupyiite noayyeHHy0 3aBUCH-
MocTh. [lodeMy CKOpOCTh HEHYJIEBas MaXke Ul AUCTAHIMHA, HA KOTOPBIX CBS3b HEBO3-
MokHa? 3adUKCHUPOBAB JUCTAHLIMIO MOCTPONTE 3aBUCUMOCTU OT HacCTOTHI, YCUJICHUS Ha
nepenave, MOLIHOCTH nepejiady, uHTeppepeHnu. YTo NpoucXOauT B peaibHbIX CHCTE-
Max CBfA3M Ha HTHX AucTaHiusax? 3a cuer yero Haudosee »((HEeKTHBHO HApAIMBATL CKO-
pocTb OECIPOBOAHBIX KAHAJIOB CBsI3U? UTO MPOUCXOAUT CO CKOPOCTBIO €CIH MOSIBUTCS
uHTEp(EPEHIIHS OT CMEKHBIX COT?

3. TIloctpoiite 3aBucHMOCTb ckopocTu llleHHoHa OT pasHbIX Mozenel pacnpoCTpaHEHHs:
FSPL, UMa Los, UMA nLOS, InH-Office LoS, InH-Office nLoS? B kakux ycnoBusix
JOCTHIKUMAsi CKOPOCTD BBILLIE.

IIpakTnueckoe 3aganne Ne3. Pacnpocrpanenue TeparepuoBbiX BOJH

1. Ilocrpoiite otHomenue SNR kak (hyHKIMIO OT AUCTAHIIMM 115 MUJUTUMETPOBOIO M Tepa-
repLOBOro 1Mana3oHOB 4YacTOT (B3sB, Harmpumep, B kadectBe Hecywiei 28 I'Tu u 0.3
TI'n), npeAnonoxuB u3nydaemyio MomHocth auteHusl bC 23 abwm, ycunenus Ha nepeja-
ye u npueme 10 b, mmpuna kanana — 20 MI'u, rennioBoii mym -174 ab/I'u. [Tpoananu -
3UpyHTE NoBe/ieHHe KpUBbIX. Kakoe OCHOBHOE U3MEHEHHE MU MEePEX0/Ie K TeparepLoBo-
My Juana3oHy 4actor? Kak 3T0 BIHAET KaueCTBEHHO W KOJIMYECTBEHHO HA JIaJbHOCTh
cBaA3u? Yto HeoOXoauMO Ui yBEIW4YeHMs JILHOCTH cBA3H? Uto mpousoiiger ¢ SNR
IpH yBEJIMYEHUH JOCTYIHOH M0J0CH 4acTOT B TeparepuoBom jauanasone? ITouemy sta



3aBUCHMOCThL HenuHelHas? Koapduuuent abcopdbuum cpeiabl Ha 3agaHHON 4acToTe
HaiinuTe B Oase ganubix HITRAN.

2. 3aAaBLIUCh HEKOTOPOH YyBCTBUTEILHOCTBIO MpueMHHKa (Hanpumep, -70 n1b) noctpoiite
3aBUCMMOCTH MAaKCHMMaJIbHON JaJIbHOCTH CBSA3M OT MOHIHOCTH IMEpEIayud, YCUICHUs aH-
TEHH, a TaKyKe HECKOJIbKUX 3HadeHud Hecyuieit, 0.3, 1, u 3 TT'u. Koappuunent abcopd-
LUK Cpefbl Ha 3a1aHHOI yacToTe HaiauTe B 6ase nanubix HITRAN.

3. Tloctpoiite 3aBucuMocTb ckopocTH lIPHHOHA OT MapaMeTpoB Kak (PYHKIUIO OT JAMCTaH-
i 28 ' u 0.3 T, npeanonokus usinyyaeMmyto MomHocTs auteHHsl bC 23 nbwm,
ycuienus Ha nepenaye u npueme 10 nb, mupuna kanana — 20 MI'u, rennosoit mym -174
ab/T'u. IIpoananusupyite NoIy4eHHYO 3aBUCUMOCTD.

IIpakTuyeckoe 3ajanue Ned4. biiokHpoBKa U pacnpocTpaHeHHe

1. TlocrpoiiTe 3aBUCUMOCTb BEPOSTHOCTH OJOKUPOBKM OT JAUCTAHLIMM U ILUIOTHOCTH O0Ke-
pOB A5 npUHSAB 3a paguyc 6nokepa — 0.3m, BeicoTy Ontokepa — 1.7m, Beicoty AY — 1.5Mm,
BeicoTy BC — 10Mm. Ilpoananusupyiite noseaeHue KpuBbiX. YTO NPOHCXOAUT MPU H3ME-
HeHuu napamerpoB BeicoT? Jlisa kakoro tuna csssu D2D wmn AY-BC BepositHOCTE 6110~
KHpOBKU Oosbie?

2. Ilpeanonoxus, 4To BeICOTA OII0KEpa — HOpMalbHO pacnpeaeneHnas CB co cpennum 1.7
1 CKO 1 onpenenure BeposSTHOCTL OJIOKMPOBKH M CPABHHUTE C BEPOATHOCTHIO, MOJIyUae-
MOl npu ¢ukcuposannoit Beicote? [locTpoiite rpadguky 3aBHCUMOCTH OT JIUCTaHIIMH.
KakoBa pa3suuiia v TeHaeHius ¢ yBeauueHnuem aucranuuu? Cpaenaiite BbIBOj 00 akky-
paTHOCTH anMPOKCHMALUH CIY4alHOMH BbICOTBI O10Kepa PUKCHPOBAHHBIM 3HAUYEHHEM.

3. Ilpennonoxue, uto OIOKUPOBKA MPUBOIAUT K IOTEPE B YPOBHE MOLIHOCTH MPUHUMAEMO-
ro curtaia B 20 nb u ucnons3oBaB mozens FSPL28 I'T'n, uznyuaemyro MOLIHOCTb aH-
terHsl bC 23 nbwM, ycunenus Ha nepenaue u npueme 10 ab, mupuna kanana — 20 MI',
TeroBoil wym -174 ab/I'n onpenenure onTuManbHyI0 BeicoTy bC, KoTOpas MakcuMU3H-
pyeT ypOBEHb NIPUHATOr0 cUrxHana. PeanucTudeH u nojayyeHHbH pesyabTaT?

4. Ilpennonoskute, 4To OIIOKMPOBKA BEJAET K MOJHOM MOTEpe CUrHaia, ONpeaeuTe Cyllle-
cTByeT Jin ontuMalibHas Beicota bC? [Touemy?

HpaK'I‘H'JECROE 3ajanue Ne5. AHTeHHbIe peleTKkH

1. Hcnonp3ys ynpouieHHbIE aHATUTHUYECKHE MOJEIM aHTEHHOH pemeTkd (KOHYC H KOHYC
mwnoc cdepa) NoCTpoiTe 3aBUCUMOCTb YCHIIEHUSI QHTEHH OT YIJla HAmpaBICHHOCTH pe-
wetku. Jlng mopenu konyc mmoc chepa nocrtpoilte rpaduku, COOTBETCTBYIOLIUE
pazubiM k03 dumentam motepu, 0.01, 0.1 u 0.2. [Ipoananusupyiite nomyueHHsIH pe-
3ynbTaT. B ueM ocHOBHas pasHHLIa MEXK/1y MOJAEISMH C TOYKU 3PEHHUS MOJETMPOBAHHUS
ceteil OecnpoBoAHOM cBsI3U?

2. Hcnonb3ys cBsi3u yIia HampaB/IEHHOCTH C KOJIMYECTBOM AHTEHHBIX ieMeHTOB ~102°/N
YIOPOLIEHHbIE AHATUTUYECKUE MOJICTH aHTEHHON peHIeTKH (KOHYC U KOHYC mnoc cdepa)
NOCTPOITE 3aBUCUMOCTb YCUJICHUS OT KOJIMYECTBA AHTEHHBIX deMeHToB. CpaBHUTE 1O-
JY4YEHHBIH Pe3yJIbTaT ¢ alnmpOKCHMALMEH, MPU KOTOPOH YCHJIEHHE PELICTKH MPHMEPHO
PABHO KOJIMYECTBY aHTEHHBIX 1eMeHTOB. C ueM CBs3aHa HETOYHOCTh?

3. Iloctpoiite TpexMmepHblil rpaduK 3aBUCUMOCTH YCHUJIEHHS aHTEHHOH PEIIETKH OT YIJOB
HAIpaBJIEHHOCTH 110 BEPTHKAIIN U B IUIOCKOCTH /Ul TPEXMEPHOH aHAJIMTUYECKON Mojie-
1. COOTHECUTE MOTYUYEHHBIE PE3YILTAThl C IBYXMEPHOM MOJIENbIO KOHYCA.

4. Cpenaiite BbIBOAB! 00 MCIIOJIB30BAHUN PA3IIMYHBIX MOJEJIEH QHTEHHBIX PEIICTOK B HpPHU-
Knaausle uccaenosanus. Kakas spisgercs 60j1ee TOUHO U pealuCTUHHON?



IMpakTuyeckoe 3aganue Ne6. Ilpeodpasoanuss CB nas morepn, SNR u ckopoern
[llennona

1. Ilpennonoxure, 4ro NepesaTyuKk U NMPUEMHUK HAXOJSATCS HA CIY4YallHOM PACCTOSHUH.
Hcnonesys mopens pacnpoctpanenus FSPL onpenenute ®P noreps pacnpoctpaHeHus
HOPEAINOIOKUB, YTO PACCTOAHUE PACIPEAEICHO 10 CIEAYIOMIMM 3aKOHaM: (1) paBHOMEPHO
ot 1 g0 100 M, (1) HOpMmanbHO ¢ cpeanum S0 u aucnepeueit 20, (111) HIKCHOHEHIHAIBHO CO
cpeanum 50.

2. B ycnoBusix npeabiayuieit 3agaun onpeaenure ®P ypoBHsa npuHHMaeMoro curHana B Jiu-
HEMHOW LIKale NMPeanoloKUB JONOIHUTEIBHO H3JTy4aeMyl0 MOUIHOCTh aHTeHHb! bC 23
nbM, ycunenus Ha nepegade u npueme 10 ab.

3. B ycnoBusx npeasiaymux 3ajnad onpeaenure P SNR u ckopoctu lllennona npeanono-
JKUB IONOJHUTEIBHO UpHHY KaHana — 20 MI'n, terutoBoit mym -174 nb/T'i.

4. Ilpennonoxure, 4TO NEepPeaTYUK U NPUEMHUK HAXOASTCS HA CIy4yalHOM PacCTOSIHMU B
noje OJOKHPOBKHU C IIOTHOCTBIO a OnoKepoB Ha KBaapartHblil Metp. [lpeanonaras uys-
CTBUTEJILHOCTL npueMHuka -70 n1b u norepu Osoxkuposku 20 ab omnpenenute Makcu-
MaJIbHO BO3MOIKHYIO JalibHOCTh CBsA3M HA uactore 28 I'T'u u 0.3 Tl'y B cocTosinuu 6110-
KHPOBKH.

5. HUcnonssys monens pacnpoctpanenust FSPL onpenenute ®P SNR u ckopoctu llennona
€ y4eToM OJIOKMPOBKY MPEANONOKUB, YTO PACCTOSHUE PACIIPEIENICHO 10 CIeYIOIUM 3a-
koHaM: (1) pasHomepHo ot 1 1o 100 m, (1) Hopmansno ¢ cpenaum 50 u aucnepcueit 20,
(1i1) PKCHOHEHIMAIBbHO cO cpeaHuM S50 OpeanooKUB AOMNOJHUTEIBHO H3IIyd4aeMylo
MotHocTh anteHHsl bC 23 nbm, yeunenus Ha nepenaye u npueme 10 nb, mupuna kana-
na — 20 MTI', reroBoi mym -174 nb/T'w.

IIpakTnueckoe 3aaanue Ne7. @opmyiia Komodiesia st oneHKH HHTepdepeH

1. IMomyuure rpadmkn 3aBUCHMOCTH CPEIHErO 3HAYEHHUS U BTOPOro MOMEHTa HHTepdepeH-
LIMYM OT MapaMeTpoB (HaNpaBIEeHHOCTU aHTeHH, IioTHOcTel BC u 61okepos) Ha ciayuaii-
Ho BeiOpanHoM AY B Ilyacconosckom nosne BC ¢ minotnoctsio b, bC Ha KM, HCHONbL3Yys
hopmyny Kombenna npu npeanonoxenusx, yro none d6nokepos — [lyaccoHoBckoe ¢ He-
KOTOPOH MIOTHOCTBIO @, UCHOMB3Ys Mojeas FSPL, npeanonoxus JOMOIHUTEILHO H3ITY-
yaeMylo MouHocTs anTeHHsl bC — 23 nbwm, ycunenust Ha nepenadye u npueme — 10 ab,
HanpasieHHOCTH aHTeHH 10° (Mcrnonb3yiTe YIPOLIECHHYIO ABYXMEPHYIO aHATUTHUECKYIO
MOJeNb), paauyc obnactu untepdepenuuu — 1 kM. [Ipoananusupyiite noayueHHble KpU-
Bbie. UTo npoucxoaut ¢ uurepdepeHiuei npu U3BMEHEHUU MapaMeTpoB U nouemy?

2. Ilpeanonoxute, uto OIOKEpb! OTCYTCTBYIOT. [lonyuute pesyabTaThl U CPAaBHUTE C MYHK-
toM 1. Uro npoucxoaut ¢ unreppepenuueii? Kakopo BausiHue 0J0KepoB Ha UHTEpde-
peHLINIO?

3. Paccmotpute cucremsl ¢ BeeHanpasieHHbIMU aHTeHHamu. [locumraiite cpeanee 3Have-
HUE UHTEPHEPEHIIUU U TOSICHUTE TOTY4YE€HHBIE PE3YIILTATHI.

IIpakTnueckoe 3ananue Ne8. HUcnonb3oBanue pasinoxkenusi Teisiopa 1as ouneHku
ckopoctu 1 SINR

1. Tlomyuure anmpokCHMaLMIO BTOPOro nopsiaka aias cpeanero sHadenus Gynkuuu SINR u
ckopoctd Illennona metogoM pasnoxkenus B paj Teisiopa npH ycinoBHHM, YTO €IHHCTBEH-
HBIM CIIy4YaiHbIM KOMIIOHEHTOM fBJISIETCH PACCTOSHUE MEXKIY NepeaaTdMKOM U IpHEeM-
HukoM. IloscHuTe kaxapiil U3 nepexoqos. [Ipeanonoxus, 4To 3TO pacCTOSHUE pacipe-
aeseHo (1) pasaomepro ot 1 go 100 M, (1) HopmanbHO ¢ cpeanum 50 u aucnepcueit 20,
(111) skcnoHeHUUaNbHO co cpenuum 50, u Takxke, ucnonb3ys monaens FSPL, npeanono-
HKUB JIOMOJHUTEIBHO H3/ydaeMylo MouHocth auteHHsl BC 23 nbm, ycunenus na nepe-



naue u npueme 10 ab, mmpuna xanana — 20 MI'n, rennosoit mym -174 a1b/I'u, natepde-
peHuus nocrosiHya u passa 10 ab.

CpaBHHTE MOTY4EHHBIH PE3yJIbTAT ¢ IPAMbIM PELIEHHEM IPU IOMOLIM W3BECTHOIO BbIpa-
E[X]= | g(x)dF(x)
KEHHS JUISL CPEIHEro: . , rae g(x) — ¢yuxknus SINR mnu ckopoctu
[Hlennona. F(x) GyHkuus pacnpenesneHus pacCTOSHUS MEXAY MepeiaTUUKOM M IIPHEM-
HUKOB. [Ipoananu3upyiite noay4eHHbIC Pe3yIbTaThI.

[Tonyuute anmpoKCUMaLUIO BTOPOro nopsaka aas cpeanero sHadeHus Gynkuuu SINR u
ckopoctu lllenHona MeTo1oM pasinoxeHus B paj Teinopa npu yCiaoBHH, YTO CIIy4alHbIX
(haKTOPOB /1Ba — PACCTOSIHUE MEXKIY NEPEJaTINKOM U IPUEMHHKOM U PacCTOSHHE 10 HH-
tepepupytouiero ycrporcrsa. [loscuure kaxaeiid u3 nepexonon. Ilocrpoiite rpaduku
MCXO/s U3 TPEANONI0KEHH s, YTO NEPBBIH KOMIIOHEHT PacIpeelieH paBHOMEPHO oT 1 110
100 m, BTopoii pasHomepHo ot 1 10 100 m nnu pasHomepnoe ot 50 go 150. B kauectse
YHCJIEHHBIX 3HAUYEHUN NapaMeTpoB HCNoIb3yHTe NYyHKT 1. OOBICHUTE MOIYYEHHBIE pe-
3y/IbTATHL.



Cnucoxk BONPOCOB /IJIs1 UTOTOBOI0 KOHTPOJISI 3HAHU I

Htoroselii KOHTPOIb 3HAHMH 10 JUCLMIUIMHE MPOBOAMUTCS B (OPME KOMIBIOTEPHOIO
TECTUPOBAHMA.

oA n ke Wil b

10.

11.

12.

13.

14.

15.

16.

i

HaszoBute OCHOBHYIO OPraHU3aLMIO OCYIIECTBIAIONYIO CTAHaPTU3aLUI0 COTOBBIX ceTei
CBSI3H.

HazoBure o1y 13 TEXHOIOTUi COTOBOH CBSI3M BTOPOr'O MOKOJIECHHS.

K kakomy noxonenuto cereit cssu otHocstes cetu LTE?

O06bsacuuTe noHsaTHe UHTEPPEPEHINH (IOMEXU) B COTOBBIX CETAX CBA3H.

Yem ornuarorcs noustust SIR u SINR?

B kakom nuanasoune wactor Oyay padorats cetu SG?

Boimuimure popmyny Lllennona a1 TeopeTHueckoi CKOPOCTH KaHala CBA3M U 00bACHU-
TE NepPEeMEHHbIE, BXO/IAIINE B BhIpaKeHHE?

[Tpeamnonoxkure OCHOBHON crnoco® HapalluBaHHsS €MKOCTH COTOBOH ceTu Ha abOHEHT-
CKOM Yy4acTKe J0CTyna.

HazoBute HEeCKONBKO NMPUHLMIIHANIBHBIX OTIMYUN CETEeH CBSA3M MATOIO MOKOJIEHUS OT ce-
teit 4G.

Ha3zoBute HECKOIBLKO METOA0B HapallMBaHMs MPOITYCKHOH CIOCOOHOCTH ceTeil CBs3H Ha
OCHOBE CETEBBIX MEXaHU3MOB

Kaxue s¢dexrtsl BIusioT Ha pacnpocTpaHeHHe PaAUOBOIH MUUTUMETPOBOTO JHana3oHa
4acToT?

Onummre METO0JOTHIO HCIOIB30BAHHSA CTOXAaCTHUECKON IreOMETpUN A1 aHaiusa Oec-
IPOBOJIHBIX CETEH CBA3N.

Kakoii 10n0JHUTENbHBIH 2JIEMEHT CIIy4ailHOCTH BHOCST OECIPOBOHBIE CETU 110 CPaBHE-
HUIO C IPOBOAHBIMH?

Kakoii a¢dext oxaspiBaeT HanpasieHHocTh anTeHH Ha SIR u SINR?

Hana cnyuaiinas BenuuuHa X ¢ IJIOTHOCTBIO BEPOATHOCTH fi(x), x>0. Haiitu mnoTHOCTH
BEPOSTHOCTH ClydaiiHOH BeiauuuHbl Y CBsi3aHHOI ¢ X (DPyHKIHOHAIBHONH 3aBHCHMOCTBIO
Y=A*X",

[Tpennonokum, 4TO NPUEMHHUK U UHTEp(EpHUpYIOLIee YCTPOHCTBO HAXOAATCS HA PACCTO-
AHUM X, 00IaJal0T AUarpaMMaMi HalpapJIEHHOCTH C YIJIOM CEKTOpa aHTEHHBI d, KOTO-
pbl€ OPUEHTHPOBAHbBI CIy4ailHO U paBHOMEPHO B jauanasoHe (0,2m) He3aBUCUMO JpYr OT
apyra. Onpenenure BeposITHOCTh TOT0, 4TO UHTEP(hEPUPYIOIIEE YCTPOMCTBO CO3/A€ET M0-
MeXy Ha MPHEMHHKE.

[Tpeanonoxum, 4TO NPUEMHUK U MEPeIaTUUK HAXOAATCS HA PACCTOSHUM X JPYT OT JIpy-
ra. Ha ninockoctu onpenenen [lyacconosckuii npoiece 0,10KaTOPOB ¢ HHTEHCUBHOCTBIO
a, 6110KaTOpOB Ha KBAaAPATHLIN MeTp. BricoTa npueMHuKa 1 nepelaTiuka paHsl, A, BbICO-
Tl 010KATOPOB, hg, hg >h, nuametp O1okaropa — r. OnpeaenuTe BEPOITHOCTh OJIOKUPOB-
KU IYTH PACHpOCTPAHEHUS] CUrHAlla MEXy [epejaTuukoM u npueMHukoM. Ilogckaska:
BEPOATHOCTb TOIO, YTO B 3aMKHYTOH 00IacTH ¢ IUIOMIABI0 S OTCYTCTBYIOT TOUYKH
[TyacconoBckoro npotecca ¢ MHTEHCHBHOCTBIO a paBHa: exp(-as).



