MuHucTepeTBO HayKH 1 BhICIIET0 oOpasoBanus Poccuiickoil desepanuu
HAIIMOHAJIbHBIN NCCJIENOBATEJIbCKHN
TOMCKUU I'OCYAAPCTBEHHbBIY YHUBEPCUTET (HU TT'Y)

I/IHCTI/ITYT HpHKHaﬂHOﬁ MaT€MaTUuKN U KOMIIBIOTCPHBIX HAYK

VTBEPXIEHO:

Hupexrop / (/,
A. B. 3aMﬂ/u/ E
/

OneHouHble MaTepUaiIbl MO TUCIUIUINHE
Certu 5G/5G+
10 HAIPABJICHUIO TIOJITOTOBKH
02.04.02 dyngamenTaJIbHasA HHPOpMATHKA U MH(POPMALMOHHBIE TEXHOJIOTHH
HamnpaBneHHoCTh (Mpo¢hUiIb) MOATOTOBKHU:
MartemaTuka 0eClIPOBOIHBIX CeTeil CBSI3H U MHTEPHeTA Bellei
dopma 00ydeHus

Ounas

KBanudukarms
Maructp

I'on npuema
2024

COTJIACOBAHO: | 4
Pyxosomurems Ol 7
C. I1. Moucees i

l
ITpencenarens YMK !
C.IL. Cymenko I V)

Tomck — 2024



1. KOMHeTeHHHI/l U HMHAUKATOPbBI HMX [JOCTHKCHHUSA, IMPOoBEpPsA€MbI€¢ JaHHBIMHA
OIICHOYHBIMM MaTepHaJIaMH

Iesbr0 0CBOCHMSI JUCUUILUIMHEI ABIsIETCA (POPMUPOBAHUE CIIEAYIOIMX KOMIIETSHIUI:

OIIK-2 CrmocobeH TOpUMEHSTh  KOMIBIOTEPHBIE/CYTIEPKOMITBIOTEPHBIE  METOJIBI,
COBPEMEHHOE IpPOrpaMMHOE oOecrieyeHue (B TOM YHCIe OTEYECTBEHHOI'O MPOM3BOJCTBA) AJIS
peeHus 3a1a4 NpopecCuOHATBHOMN 1A TeIHOCTH.

I1K-1 Crioco0OeH oCcylIecTBISATh HAyYHO-UCCIIE0BATEIbCKUE U ONIBITHO-KOHCTPYKTOPCKHE
pa3paboTKM Kak MPH HCCIECTOBAHUU CAMOCTOSTENIBHBIX TEM, TaK M Pa3pabOTKH MO TEeMaTUKE
OpraHu3aluHm.

[1K-2 CniocoGeH peann30BbIBaTh M OCYIIECTBIATH PYKOBOJCTBO MPOLIECCAMHU, IPOSKTAMU
pa3paboTku M MOAM(DUKALUU NPOrPaMMHOIO oOecledyeHus, MHMOPMALMOHHBIX CHCTEM H
IPOEKTOB B 00JIaCTH WH()OKOMMYHUKALMOHHBIX TEXHOJIOTHH.

I[IK-3 CnocobGeH  MpoOW3BOAWTH  aHAIM3  OCOOCHHOCTEW  (PYHKIIMOHHPOBAHHS
UH(POKOMMYHUKAIIMOHHBIX CHCTEM M MPEJOCTaBIIEMBIX HAa HMX OCHOBE YCIYT, OIICHHWBATh
KayecTBO MPEJOCTaBIAEMBIX ycayr M (GopMHpoBaTh TpeOOBaHMA K  I10Ka3aTessiM
¢ysaxuonuposanus cepBucoB IC B COOTBETCTBUH € 3alIpOCaMU U OTPACIE€BbIMH HOPMAMHU.

PesynbraTamu OCBOCHHUS TUCLMILIMHBI SBISIOTCS CIEAYIOLINE MHIMKATOPb! TOCTHKEHUS
KOMITETCHIINMN:

NOIIK-2.2 Hcnonb3yeT METOJbl  BBICOKONPOU3BOJUTEIbHBIX  BBIYHMCIUTEIBHBIX
TE€XHOJIOTHil, COBPEMEHHOI'O IPOrpaMMHOI0 oOecnedyeHus (B TOM YHCIE OTEYECTBEHHOI'O
IPOM3BOJICTBA) ISl PELICHUs 3a1a4 NPo(hecCHOHAIBHON AeITeIbHOCTH

NIIK-1.1 OcymecTBisier mNpoBeneHUe padoT 1Mo o00padoTKe W aHAIM3Y HAydHO-
TEXHUYECKON MH(OPMAIMK U Pe3yJIbTaTOB UCCIIeI0BaHUN

NIIK-1.3 OcyuiectBisger pa3paboTKy IUIAHOB U METOAMYECKUX MPOrpamMM IPOBEICHUS
UCCIIEIOBaHUM U pa3pabOTOK IO OIpeIeIEHHON TeMaTHKe

UIIK-2.1 [Inanupyer paboOThl B MpOEKTax JTIOOOTO YPOBHS CIOXXHOCTH B 00JacTu
MH(POKOMMYHUKAIIMOHHBIX TEXHOJIOTUI

NIIK-3.3 Omnpenensier [OKa3aTeu KayecTBa (GYHKIMOHUPOBAHUS
MH(POKOMMYHHUKAIIMOHHBIX CUCTEM Ha OCHOBE IIOCTPOCHHBIX MAaTEMaTHUECKUX U HUMUTALIMOHHBIX
Mozeen

2. OuleHOYHbIE MaTePHAJIbI TEKYIEro KOHTPOJISI U KPUTEPUU OLleHUBAHUS

DJeMEeHTHI TEKYIIEero KOHTPOJIS:

— TECTHI;

— 3a/IaHUS Ha B3aHMHOE OIICHHBAHNE,
— pacueTHO-Tpaduyeckue padoThl.

3aganue Ha B3aumHoe oueHuBanue (UITK-2.1, UI1K-1.3)

Tema 3anarusa: Kakoe mecro 3anumaror cetu 5SG/5G+ cpeau cOBpeMEHHBIX CKBO3HBIX
TEXHOJIOTUMA?

Pesynbrar oOyuenus: QopmyaupoBaTh MpOOIEMBbI CMEXHBIX HU(PPOBBIX TEXHOJOTHUH,
UCTIONB3YIOMIMX ceTH 5G, B BUJIe MPUKIAIHBIX MAaTEMaTHUECKHX 3a/1a4. (aHATU3UPOBATh)

Buasbl aktuBHoctu | Conep:kaHne aKkTHBHOCTH € YKa3aHHeM HU(POBBIX HHCTPYMEHTOB
U pecypcosB
Acunxpounoe Cunxponnoe Acunxponnoe
00yuenue (00) 00yuenue odyuenue (nocne)
CocraBJiienue Crygaentsl u3yyator | O6cyxkaaem u
Ta0IUIbI- TEeKCT MUHU-JICKIIUIO | IOTIOJHSIEM TYTII-
MOJCKA3KH 10 Y HaXOJAT TaOIHITY
UH(OPMALIUIO O




Bujanl akTUBHOCTH

CoaeprxaHue aKTHBHOCTH € YKa3aHueM HU(POBBIX HHCTPYMEHTOB

U pecypcoB

Acunxponnoe
00yuenue (00)

Cunxponnoe
00yuenue

Acunxponnoe
00yuenue (nocne)

MaTepuajaM MHUHHU-
JEeKINHI

IIPUMEHEHUN CeTel
5G B napyrux
CKBO3HBIX
TEXHOJIOTHSIX,
3aIOJHSIOT T'yTJI-
TaOIHUITY

Padora B rpynnax

CtyneHTsl nensTcs
HAa TPYIIIIbI,
BBIOMPAIOT OJTHY U3
CMEXHBIX HHU(PPOBBIX
TEXHOJIOTHI U
aHAJIM3UPYIOT KEHC
13 COCTaBIECHHON
tabnuubl. CTyIeHThI
BBIJICIISIFOT
po0OJIeMBbl, KOTOpBIE
HE00X0IMMO PEIINUTh
JUTSL pealii3aiiu
Kelca, COCTaBJISIOT
UIaH.

Oo6cyxknenue

CryneHTsl
NPECTaBIISIFOT
pe3yIbTATHI
MIEPBUYHOTO aHAJIK3a,
00CyX)aaroT u
JIOTIOTHSIFOT TIAHBI
pean3aIim

Padora B rpynnax

CTyneHThl yTOUHSIOT
IUTaHBI peanu3alun
Kelica 1o rpynmnam

CamMmocTosTeJbLHAS
padora

CryneHTsl
bopMyIUPYIOT OAHY
3a7a4y MPUKIATHON
MaTE€MaTHUKHU Ha
OCHOBE aHAJIN3a
Keuca u
MPEACTABIISIIOT HA
B3aMMHOE
OLICHUBAHUE TUIaH
pELIEHHUS 3a/1a4H.

IIpoBepka
CaMOCTOSITEIbHBIX
pador

CtyneHTsl
CBEPSIOTCS C
KpUTEpPUAIBbHON
MaTpHULEn U
OLICHUBAIOT JIBE
IIOCTaHOBKH 33]1a4,
BBISIBJISIFOT TUTIOCHI U
MHHYCBI padoT




WHcTpyKuus Ui CTYIEHTOB.

[ar 1. [IpounTaiite MUHH-IEKIHIO B moodle 0 CKBO3HBIX ITU(MPOBBIX TEXHOJIOTHUSX.
Haiinure mpumepsl ucnonb3oBanus cereil 5SG B Apyrux o6iacTsx HU(POBBIX TEXHOIOTHH H
3aIOJIHUTE / TOMOJIHUTE JTFO0YIO SIYeUKY TaOJIHIIbI-1I1abI0HA.

[ar 2. Obcyaute n3yueHHBI MaTepuan U yOenuTech, 4TO TAaOJIHIIA MOJIHA, 3aIOJHUTE
MyCThIE STYEHKHU.

[ar 3. Pa3z6eiiTech Ha rpyNIbl U B KaXKI0W IPyIINe BHIOEPUTE OJUH U3 KEHCOB B TaOnHUIIe.
Brigenute npoOieMsl, cCBA3aHHbIE C pa3BepThiBaHHEeM ceTeil SG B KOHTEKCTE CBOEro Keica, u
IPEUIOKUTE 2 NPUKIATHBIX 337a4M, KOTOpblE HEOOXOAMMO PEUIUTh JUIsl peanu3alid JaHHOIO
Kenca.

[ar 4. IlpencraBere pe3yabTaThl TPYMIIOBON PabOTH HA 00CYXIeHUE. 3a1aliTe BOIPOCHI
WU IPEJJIOAKUTE CBOU UJIEU IPYTUM yUYaCTHHUKAM.

ar 5. Ilo pe3ympratam OOCYXISHHsS IMOpadOTaiiTe B Tpymne Haja HCIPABICHUEM
HEJ0YETOB BAILIETO IJIaHA Peain3allu Kenca.

ar 6. Jlns camocTosATeNbHOM pabOTHl BBHIOEPUTE OAWH W3 MYHKTOB B IUIAHE U
dbopmanuzyiiTe ero B NMPUKIATHYI0 MaTeMaTHYECKYI0 3a/1ady. B kauecTBe OTBeTa MpenCTaBbTE
OIMCaHMe Keica, TUIaH ero peajn3aliy, TOCTPOSHHBIN B IPYIIIe U CBOIO (OPMYITHPOBKY 3aa4H.

Hampumep:

[lynkT nnana: pa3seprbiBaHue cereil SG aiig coopa OOIBIIMX JTaHHBIX C IOMOIIbIO CETU
JATYUKOB.

Pemenue: chopmynupoBaHa 3amada ONTUMH3AINHA CETH MO CTOMMOCTH OOOPYIOBaHUS
(3amucaHa CTOUMOCTHAs (PYHKIIHS).

[ITar 8. Caepbrech ¢ KpUTEPUAIBHON MATpHUIIEW M OLIEHUTE MOCTAHOBKU 3ajad JIBYyX
ciyniaresnei Kypca. 3amolHUTE ONPOCHUK U BBIIBUTE CHIIBHBIE U ClIa0ble CTOPOHBI TOCTAaHOBKHU
3a/1auul.

Kpurepnanbnasi marpuna

Kpurepuii JlecKpunTopsl
0 GamyoB 1 Gamn 2 Gamna
[inan peanuszanuu [Iman peanusanuu [Lnan peanuzannu [LInan peanuzannu
Kelca COOTBETCTBYET | KEHCA HE CIIYKHUT Kenca Keiica He ABJISETCA
LENH JOCTUKEHUIO HE0CTaTOYHBbIH, U30BITOYHBIM U
MIOCTABJIEHHOW LIE€IM | MOXHO BBIIEIUTh CILYKUT LI€TTN
O0JIblIIe TyHKTOB
(Ipe1oKUTE CBOM)
DopmyIIHpOBKa Cwmbicn 3anaua 3anaua
3aJ1a4l KOPPEKTHA MCIIOJIb30BaHHBIX chopMyMpoBaHa ¢ chopMynupoBaHa 6e3
CyIIHOCTEH 00001IeHUsIMY, HE JIOTHYECKHX OITUO0K
(byHKUINH, YYHUTBIBAKOTCS U C YyU4ETOM
MEPEMEHHBIX, 0COOCHHOCTHU 0COOEHHOCTEMH
ypaBHEHUH) HE SICEH | KOHKPETHOTO Keiica obyactu
dopmynupoBKa CBs3p MeXy CdopmynupoBannas | Pemenue 3agaun
3a/1a4uu chopMyIHpPOBaHHON | 3a/1a4a OTHOCUTCS K HaIpsMyo
COOTBETCTBYET LEJIN | 33aJla4el U LENbIO npobaemam CIOCOOCTBYET
Keiica Kelica HesicCHa Pa3BEPTHIBAHMS CETEM | PEIICHHUIO BCETO
5G, Ho e€ pelieHne Kelca
He Coco0CTBYET
JOCTHKEHUIO 1IENN
Keiica




Teer (UIIK-2.1, UTIK-1.3)

Tema: CkBo3HbIe LIM(POBBIE TEXHOJIOIUU B KOHTEKCTE Pa3BEPTHIBAHMS M KCILTyaTalluu
cereit 5G

Pesynbrar oOyueHus: 3HaTh HalpaBlICHMs MCCIEJOBaHUI B 001AaCTH COBPEMEHHBIX
U(PPOBBIX TEXHOJIOTHH U chepy IpUMEHEHHUsI TEXHOIOTHI OecripoBOIHON CBs3U 5SG B CKBO3HBIX
IU(PPOBBIX TEXHOJOTMSIX (MHTEpHET Belled, MWCKYCCTBEHHBIH MHTEIUIEKT, TEXHOJIOTUU
BUPTYaJbHOH M JONMOJHEHHOW pealbHOCTH, cOop M 00paboTka OONBIIMX MAHHBIX H Jp.).
(3amOMHUHATBh).

Bonpoc 1: Kakue CKBO3HbIE TEXHOJOTWH LHU(POBON IKOHOMHUKH IMpPEIHAZHAYECHBI IS
c6opa AaHHBIX? (BOMPOC MPEAIoNaraeT HECKOJIbKO BApUAHTOB OTBETOB)

1. UutepHer Bemeit
. HeitporexHonoruu
. biioxyeitn
. TexHosoruu 6eCrpoOBOTHOM CBS3H
. KBanToBbIE TEXHOIOTUN
. OGnauHble TEXHOIOTUU
. IcKyCCTBEHHBIM NHTEIUIEKT
. bonpmne nanHble

0 3O\ L KW

Bompoc 2: Kakue CKBO3HBIC TEXHOJOTHUH ITU(POBOM SKOHOMHUKH IpEIHA3HAYEHBI IS
XpaHEHUS U Mepeiaun JaHHbIX? (BOIIPOC MPEANOoIaraeT HeCKOJIbKO BAPUAHTOB OTBETOB)
1. broxuein
. bonemme manHbBIC
. UaTepHeT Belei
. Texnomoruu 6ecripoBOIHOM CBS3U
. HeliporexHomoruu
. O0mayHpIe TEXHOJIOTHU
. UcKkyCCTBEHHBIN UHTEIIEKT
. KBanTOBBIE TEXHOIOTHH

0 I N n WD

Bompoc 3: Kakue ckBO3HBbIE TEXHOJIOTMM LU(POBONH 3KOHOMHUKU IpeJHA3HAYEHBI IS

aHaJu3a JJaHHBIX U IPUHATHS peleHnii? (BOIpoC MpenosaraeT HECKOJIbKO BApUaHTOB OTBETOB)
1. UuTepHer Bemiei

. bonpmme nanHbIe

. Heliporexnonorun

. Texnomoruu 6ecipoBOIHOM CBSA3U

. KBanrtoBsIe TEXHOMOTNN

. OGnauHble TEXHOIOTUU

. IcKyCcCTBEHHBIN NHTEIUIEKT

. biroxyeitn

0 3N L kW

Bomnpoc 4: ConoctaBbTe onrcaHNe TEXHOJIOTMH U €€ Ha3BaHUE.

1. UuTepHer Bemiei

2. KBaHTOBBIE TEXHOJIOTHH

3. O0mauHBIE TEXHOIOTHA

4. bnokueiin

a. TexHONOTHsA, TO3BOJISIFONIAS XPAHUTh BCIO IIETIOYKY CIEIOK M aKTyaJdbHBIM CIIHCOK
BJIAJICNIbIIEB HA KOMITBIOTEPAaX MHOKECTBA HE3aBUCUMBIX 0JIb30BaTENEH.

0. Konmenius cetn nepenadyn JaHHBIX MKy GU3UISCKUMH 00BEKTaMH, OCHAIIIEHHBIMA
BCTPOEHHBIMH CPEACTBAMU U TEXHOJIOTHSMU J1JIs1 B3aUMOJEHCTBUSI IPYT C IPYTOM WIJIHM C BHELITHEH
cpenou.



B. COBpeMEHHbIE TEXHOJIOIMH, OCHOBAaHHBIE Ha SIBIEHUAX (PU3UKH, KOTOPBIE HE MOTYT OBITh
00BSCHEHBI B paMKaX KJIaCCUYECKHX TEOPUH, TAKUX KaK 3aKOHBI IBMKEeHUsI HbloTOHA, ypaBHEHUS
TEPMOIMHAMUKH U ypaBHEeHUs MakcBela 17 3J€KTpPOMarHeTu3Ma.

. Texnonoruu pacnpezneneHHoil 00pabOTKK HMU(POBBIX NAHHBIX, C MOMOIIBIO KOTOPBIX
KOMITBIOTEPHBIE PECYPCHI IIPEAOCTABIAIOTCS HHTEPHET-T101b30BaTEII0 KaK OHJIAH-CEPBHUC.

Bompoc 5: ConocTtaBbTe onucaHue TEXHOJIOTHH U €€ Ha3BaHUE.

1. bonpime JaHHEIC

2. UcKyCcCTBEHHBIA UHTEIICKT

3. Heiiporexnonoruu

4. TexHonoruu 6ECIIPOBOAHON CBSI3U

a. COBOKYIHOCTh TOJIXOJOB M MHCTPYMEHTOB, BKJIIOYAIOLIUX CPEJICTBA MacCOBO-
napajuieJIbHON 00pabOTKM HEONPENEIEHHO CTPYKTYPUPOBAHHBIX JTAHHBIX.

0. TexHonoruu, 3agadeii KOTOPBIX SBISETCS BOCCO3AHKE C MOMOIIBIO BEIUACITUTEIHLHBIX
CHCTEM W UHBIX UCKYCCTBEHHBIX YCTPONCTB Pa3yMHBIX PACCYKACHUI U TCHCTBHIA.

B. TexHomoruu, KOTOpHIE OKAa3bIBAIOT (DyHIAMEHTAIbHOE BIMSHHE HA TO, KaK JIOIU
MOHUMAIOT MO3T W Pa3JIMYHBbIC ACIEKThl CO3HAHMS, MBICIUTEIBHOW JCSITCIIBHOCTH, BBICIIMX
MICUXUYCCKUX (DYHKIIUM.

r. [Tonkinacc nHGOPMALIMOHHBIX TEXHOIOTUH, KOTOPBIE CITY>KaT AJIs Mepeaadd HHPOPMALK
MEXTy IByMsI B 00oJiee TOUKaMU Ha PAaCCTOSHUU, HE TPeOyst TPOBOIHOM CBSI3H.

Bompoc 6: Kakue ckBO3HbIE TEXHOJIOTHU PEATU3YIOTCS MpH Moauepxke cerert SG?
1. UnTepHer Bemei

2. TexHonoruu BUPTYaIbHOM U IOMOJIHEHHON PEAIbHOCTH

3. OGayHbIC TEXHOJIOTUH

4. Bce BBIIIETIEPEUNCICHHOE

Bompoc 7: bnaronapsi naTunkaM KOPpEKTHpYETCs TPAaeKTOpus ABMXKEHUS aBTOMOOMIIEH
JUis n30eraHust JOPOXKHO-TPAHCIOPTHBIX MPOUCHIECTBUN. DTO MPUMEpP NPUMEHEHHS TEXHOJIOTHH:

1.5G

2. VcKyCCTBEHHBIN UHTEIIIEKT

3. KBaHTOBBIE TEXHOJIOTUU

4. NHTepHeT Benien

Bompoc 8: C mnomompbio KaMep BHUACOHAOMIONCHUS OTCIEKUBACTCS MPUMEHEHHE
BOJIUTEIISIMH PEMHEN 0€30MacHOCTH. DTO MPUMEP MTPUMEHEHHUS TEXHOJIOTUH:

1.5G

2. UckycCTBEHHBIN HUHTEIIEKT

3. KBaHTOBBIE TEXHOJOTUU

4. VlatepHer Bemen

Bompoc 9: CumynauuoHHbIE TpeHa)Kepbl i OOy4eHHs NHUIOTHPOBAHHIO CaMOJIETOB
ABJIIIOTCS IPUMEPOM PeaM3alMi TEXHOIOTHH:

1. lcKyCcCTBEHHBIN MHTEIIEKT

2. BupryanbHas peaabHOCTh

3. lononHeHHas peaabHOCTh

4. ntepHer Belen

Bonpoc 10: I'padpuyeckue un300paskeHHs] apXUTEKTypHBIX JeTaled  37aHus,
HaKJIa/IbIBa€Mbl€ IOBEPX CTPOALIETOCS 00BEKTA JUIsl BBISIBIEHUS U3bSIHOB IPOEKTa — ATO MPUMEP
UCIIOJIb30BaHUS TEXHOIOTUU:

1. IcKyCcCTBEHHBIN UHTEIIEKT



2. BuptyanbHas peaibHOCTh
3. JlonosHeHHas peajbHOCTh
4. UntepHer Benien

Kiroun: 1-1,8, 2-1,4,6,8, 3-3,7, 4-A4,b1,B2,I'3, 5-Al, b2,B3,1'4, 6-4, 7-4, 8-2, 9-2, 10-3

Kpurepuu onenku:

e 1 Oa 3a KaXabli NPaBUIbHBINA OTBET B BOIIPOCAX C HECKOJILKMMH BapHaHTaMH (BOIIPOCHI
1-3). 3a xaxxplif HeTIPaBWIIbHBIN OTBET BhIunuTaeTcs 0.5 6amia, Ho He Hibke 0 6aoB.

e 2 0aya 3a KaX/Iblii TPaBUIBHBIN OTBET B BOIIPOCAX HA COMOCTaBJICHUE (BOMPOCH 4 U 5).

e 1 6asu 3a KaX/1bIil IPaBUIIbHBIN OTBET B BOIIPOCAX ¢ BBIOOPOM OJHOI'O BapHaHTa (BOIIPOCHI
6-10).

Maxkcumym 6aios: 26
MuHumyM Ui IpoxokaeHus tecta: 15 (mpumepHo 60% mpaBUIIbHBIX OTBETOB).

Tumnossle 3agaHus A1 pacyeTHO-rpaguYecKux padoT AJs NPOBedeHUsl TeKyIlero
KOHTPOJIA yeneBaemocTu no aucuuniaune (MOIIK-2.2, UITK-3.3, UTIK-1.3):

PacuerHo-rpaduueckass padora Nel. «Cpexa s pacueToB U MMHTAIMOHHOIO
MOeTMPOBAHUSA U 0a30Bble ONEePALIHU €O CIYYAWHBIMM BeJHYHHAMM.

3aoanue 1. Crenepuposath Tpu BbeiOOpkH pazmepa 100, 1000 u 10000 mist cimyyaitHbIX
paccToSHUI MeXIy IByMs TOYKaMM, PAaBHOMEPHO paclpelesIeHHble B IPSIMOYTOJbHHUKE CO
ctopoHamu 10 u 30. Ilonyuuth cpeaHee 3HAUEHUE PACCTOSIHUSL MEXIY TOYKAMHU, NOCTPOMTH
(GYHKLUIO paclpelesieH!s] BepOATHOCTEH U IUIOTHOCTH BEPOSATHOCTEN CIIydailHbIX PaCCTOSHUM.
[Toka3are pa3HHUILy MEXY COOTBETCTBYIOIIMMHU (DYHKIUSMHI HA OTHOM Tpaduke.

3aoanue 2. CreneprupoBaTb BEIOOPKY TOUEK, PABHOMEPHO pacIipee/IeHHbIX BHYTPH Kpyra
JIByMsI CLIOCOOaMU:

1) PaBHOMepHO pacnpenenuTs TOYKHM BHYTPH KBajpara, BHYTPb KOTOPOIO BIIMCaHA
OKPY>KHOCTb, U OTQHIBTPOBATh TOUKH, JIEKAIIHE 3a MPe/ieIaMi OKPYKHOCTH.

2) I'enepupoBaTh TOYKM IyTEM 3aJaHUs CIy4yailHOrO yIria M PAacCTOSHHUS OT LEHTpa
OKPY>KHOCTH.

Pagunyc okpyxuoctu R = 10, pazmep Bei6opku 1000 Touek.

Jl71g co31aHHBIX BEIOOPOK C/IeNIaTh CIEAYIOIIEE:

1. Co3patb pUCYHOK, WUIIOCTPUPYIOIIMM pACHOJIOKEHHE TOYEK CreHEPUPOBAaHHOU
BbIOOPKHU BHYTPHU OKPY>KHOCTH.

2. Haiitu BIOOpOYHBIE CpeHIE KOOPAMHAT TOUYEK U UX AUCHEPCHIO.

3. [TocTtpouTts rpaduk MIOTHOCTH PACTIPEIACIICHHS PACCTOSHUS OT CITy4YailHON paBHOMEPHO
pacrpeqesieHHOH TOYKM B Kpyre 10 (PUKCUpOBAaHHOM TOYKH, JieKalleld BHE OKPYXHOCTH (K
npumepy, ¢ koopauHaramu X =20,Y =0).

4. IToctpouTh rpadMK MIIOTHOCTH PAaCpPEIETICHUS PACCTOSHUS MEKIY IBYMS CIIy4aifHBIMU
TOYKaMH, pABHOMEPHO PaclOiI0KEHHBIMH BHYTPH KpyTa.

OsxugaeMblii pe3yasraT paOdOThI: BCE 3aJaHHs BBIOJHEHBI, B IPOIECCE IUCKYCCHH C
IpernojaBaTesieM CTYJCHT JIEMOHCTPUPYET CAMOCTOSTEIbHOCTh BBIMOJHEHHUS pabOTHl U MOJIHOE
MOHMMAaHUE MPOIeTaHHON PabOTHI.

PacyerHo-rpaguueckass padora Ne2. «Mopeaun pacnpocTpaHeHHsi M CKOpPOCTh
KaHaJ1a CBA3N».

3aoanue 1.

1. IlepeBunure Mozmens  pacnpoctpaHeHus FSPL w3 smHeliHOM  mkanbl B
norapudmuueckyro. O60cHyiiTe nepexos.



2. Iloctpoiite Momens pacnpoctpanenus FSPL st kak (QyHKIIUIO OT pacCTOSHUS ISt
HeckolIbkuxX yacToT f= 900 MI', 1.9 I'Tu u 28 I'T'1y kak B mikane AenuOen, Tak U B JTUHEHHOM
mikane. O0bsAcHUTE yIOOCTBO MCHOIb30BaHMs IIKaibl aeuuben. [Ipoananusupyiite u caenaite
BBIBOJI O BJIIMSIHUU PACCTOSTHUSA U YaCTOTHI HA MOTEPU PACIIPOCTPAHECHHUSL.

3. IlpennonoxuB n3nydaemyro MoiHocTh aHTeHHbl BC 23 nbMm, ycuienus Ha nepenaye u
npueme 10 1b, a Takke 4yBCTBUTENBHOCTD pUeMHUKa -701b paccunraiite paguyc nokpsitus bC
Ha yactotax f =900 MI'n, 1.9 I'T'y u 28 I'T'. [llupuna xanana — 20 MI'1, TeroBoit mywm -174
nb/T'n. OnumuTe TOMy4YeHHBIE pPE3ylnbTaThl. YKAKHTE METOAbl TOBBIIMICHUS TOKPBITHS
OecrpOBOJHBIX CETEH CBA3H.

4. CpaBuure mozaens FSPL u monenmn UMa Los, UMA nLOS, InH-Office LoS, InH-Office
nLoS. Onenure pa3nuuus u 000CHYHTE UX.

3aoanue 2.

1. IToctpoiite orHOmEeHne SNR kak (yHKIUIO OT TUCTAHIIUK JJII HECKOJIbKHUX YacToT f =
900 MI'm, 1.9 ITu u 28 I'Tu, npeanonoxuB u3nydaeMmyro MOIIHOCTh aHTeHHBI BC 23 nbwm,
ycuiieHus Ha nepenade u npueme 10 nb, mupuna kanana — 20 MI'u, rermnosoit mym — 174 nb/T'n,
Mmozenb pacnpocrpaHeHus — FSPL. [Ipoananusupyiite noBeneHue KpuBbiX. YTo mpou3oiiner ¢
MaKCUMaJIbHOM JUCTAHLMEH CBS3U €CIIM M3MEHSTh YyBCTBUTEIBHOCTb NPUEMHHUKA, YCHICHUS
AQHTEHH, U3JTy4aeMyl0 MOUTHOCTh? YTO MPOU30HIET €CliU MOSABUTCA UHTEP(EPEHIINSA OT CMEKHBIX
cot?

2. [ToctpoiiTe 3aBUCHMOCTH CcKopocTH IlIHHOHa OT mapaMeTpoB Kak (QYyHKIHIO OT
qucTaHuu Juist Heckonbkux yactoT f=900 MI'w, 1.9 I'T'u u 28 I'T'1, mpeanoaokuB U31y4aeMyro
MotHocTh aHTeHHbl BC 23 nbwM, ycuiienus Ha nepeaade u npueme 10 nb, mupuna kanana — 20
MI'u, temnoBoét mym — 174 ab/T'u. Ilpoananusupyiite moaydyeHHYIO 3aBHUCHUMOCTh. [louemy
CKOPOCTh HEHYIJIeBas Jake Ui IUCTAHIWK, HA KOTOPBIX CBsI3b HEBO3MOKHA? 3aduKcupoBaB
JUCTAHILIMIO TIOCTPOUTE 3aBUCUMOCTHU OT YacTOThI, yCWJICHUS Ha Iiepefade, MOLUIHOCTHU IIepeayH,
uHTepdepeHu. UTo NpoUCXOAUT B peaibHbIX CUCTEMAaX CBSI3U Ha 3TUX JUCTAHUUAX? 3a cueT
yero HaubOonee 3(P(eKTHBHO HapalMBaTh CKOPOCTh OECHpOBOAHBIX KaHaJIOB cBsA3u? Yto
IIPOUCXOJUT CO CKOPOCTBIO €CIIU MOSBUTCSA MHTEP(EPEHIINS OT CMEKHBIX COT?

3. Iloctpoiite 3aBucuMOcCTh ckopocTu IIIPHHOHA OT pa3HBIX MOJENEN pacIpOCTPaHEHMUS:
FSPL, UMa Los, UMA nLOS, InH-Office LoS, InH-Office nLoS? B kakux ycnoBusix
JOCTHKUMAsi CKOPOCTD BBIIIIE.

O>xujaeMblil pe3yabraT pabOThl: BCE 3aJjaHMs BBIIOJIHEHBI, B IMPOLECCE IUCKYCCHU C
IIPETO/IaBaTesIeM CTYACHT JEMOHCTPUPYET CaMOCTOSITEIbHOCT BBIIIOJHEHHS! pabOThl U TOJHOE
NOHUMaHME NPOJICIAHHON paboTHI.

Texkymuil KOHTPOJIb YCIIEBAEMOCTH IO IPAKTUYECKOMY MaTepHally OCYILECTBIIACTCS B
BUJIE MTPOBEPKU BBINOJIHEHUSI YYEOHBIX M JOMAIIHUX pacueTHo-rpaduueckux padot. Texkymuit
KOHTPOJIb YCIIEBAEMOCTH II0 TEOPETHUYECKOMY MaTepHally OCYILIECTBIACTCS B BHUAE TECTOB.
OrneHka TeKyIero KOHTPOJIsi MPOBOJUTCS Ha OCHOBE OLIEHKH KOMITETEHIINH, COOTBETCTBYIOIINX
TEKyILEMY pa3Jiesly TUCHUILIMHBI, COTJIaCHO TabuIIe.

Pacuerno-rpaduueckue paboTs 0-10 6aynoB 3a BBIMOJIHEHUE KAX10M paOOTHI
(MakcumyM 60 6asioB)

TecTel 0-20 6amIoB 3a KaXKIBIM TECT
(maxcumym 40 6aoB)




3. OueHoYHbIe MaTePHAJIbI UTOTOBOT0 KOHTPOJIs (IPOMEKYTOYHOM ATTEeCTAIUM) H
KPUTEPHUHU OLlEHUBAHUS

HTorosas oleHKa 1o npeaMeTy (3K3aMeH) BBICTABIIAETCS CIEIYIOIUM 00pa3oM:

«OTIIMYHOY» — CTYACHT HaOpan He MeHee 80 mepBUYHBIX OAJIOB, BHIOJIHUI BCE PACUETHO-
rpaguyeckre paboThl, HET HEYAOBIETBOPUTENIBHBIX OLIEHOK 3a TECTHI;

«XOpOUIO» — CTYJEHT Hadpan oT 65 10 80 mepBUYHBIX OAJIOB, BHIIOJIHUI BCE PACUETHO-
rpaduyeckre paboThl, HET HEYAOBIETBOPUTEIBHBIX OLIEHOK 3a TECTHI;

«yIOBJIETBOPUTEIHLHO» — CTyJIeHT HaOpai oT 50 710 65 nepBUYHBIX OAJUIOB, BBITIOIHUI BCE
pacueTHO-rpaduyeckue padoThl, HET HEYOBIETBOPUTEIIBHBIX OLICHOK 3a TECTHI;

«HEYIOBJIETBOPUTEIILHO» — CTYAEHT HE CAal pacueTHo-Tpaduyeckue paboThl, Habpai
MeHee 50 nepBUUYHBIX 0aJJIOB WM CAAJ TECT HA «HEYOBICTBOPUTEILHOM.

4. OueHOYHbIEe MATEePHAJIBI IJISI IPOBEPKH OCTATOYHBIX 3HAHU (cHOPMUPOBAHHOCTH
KOMIIETEHIIHI)

Tect
1. 3a4To OTBEYaeT TEXHOJOrHs MHOKecTBeHHOTo noctymna? (MITK-2.1)
a) Ilepesamnpoc naHHBIX B ciiydae OUTOBBIX OIIMOOK B paJiiOKaHAIIC
6) OnHOBpeMEHHOE MPUMEHEHUE HECKOJIbKUX TEXHOJIOTUHN CBSI3H VIS YCKOPEHUs
JocTyna
B) Pacnpenenenue o0miero pecypca MeKay HECKOIbKUMHU YYaCTHHUKAMHU OOMEHa
JTAHHBIMHU

2. Kaxkue quana3onsl yactot coorBerctBytoT NR? (UIIK-1.3):
a) 300 GHz
0) 28 GHz
B) 2.4 GHz

3. Uro Be3bIBacT aTMOChepHy0 abcopOuuio B TeparepioBoM auamnasone yacror? (UIIK
3.3):
a) Kucnopon
6) Ilapsl Bogs!

4. Yro Takoe cetu Ha kpuctayuie? (UITK-1.3):
a) HanoceTu Ha KpHUCTaJUTMUECKON peLIETKE yriiepoa
0) BrruucnurenbHbIE SApa IpoLECCOpa CBSI3aHHBIE B CETh

5. Tloyemy B COCEHHMX COTaX MCIOJIb3YIOT pa3inyHble yacToTHbIC nuanazonsl? (MI1K-2.1):
a) YMCHbIIICHNE B3aUMHOTO BJIMSHHS OJHOBPEMEHHBIX Iepe/iad TaHHBIX
0) YmpoleHue HaCTPOMKU 000PYIOBAHUS
B) YBenMuUEHHE YMCIia OJTHOBPEMEHHBIX COCTUHEHUH

Kiroun: 1 B), 2 6), 36),46),5 a).

Nudopmanus o paspadoTunkax

MomuanoB JImutpuii AnekcaHIpOBHY, I-p TE€XH. HAyK, JOIEHT, mpodeccop Kadempsl
TEOPUHU BEPOATHOCTEW U MAaTEMATUYECKOM CTaTUCTHKH,

Jlucosckast Exartepuna FOpbeBHa, KaHi. (u3.-MaT. HaykK, AOLUEHT KadeApbl TEOpHUH
BEPOATHOCTEW U MAaTEMaTHUECKON CTATUCTUKH,

JIuztopa Ombra JIMuTpueBHa, acCUCTeHT KadeApbl TEOpPUH BEPOSTHOCTEH U
MaTEMaTUYECKON CTaTUCTUKU.



CamumzsinoBa Jlapbst JIMuTpueBHa, accUCTEHT Kadeapbl TEOPHUH BEPOSTHOCTEH U
MaTeMaTUYECKON CTaTUCTHUKH.



