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1. HEJIb OCBOEHUA JTUCIITUITJIMHDBI

[lensto kypca «MopenupoBaHue OECIPOBOJHBIX CETEi» SBISETCS OCBOCHHUE
yUalIUMUCS HAaBBIKOB MOIenpoBanus OecipoBoanbix cereil SG New Radio (5G NR).
JL1st TOCTHIKEHMS LIEIN PeLatoTCsl CIEeIyIOMe 3a0a4H:
e OleHMBAHME XaPAKTEPUCTUK MPOU3BOAUTENBLHOCTH cerel jnoctynma 5G New
Radio;
e @opMHUpOBaHME YCTONYMBBIX HAaBBIKOB pELUCHHs 3a4ad MaTEMaTHUYECKOro
MOJICIMPOBAHUS U IIOCTAHOBKU MOJE/IBHOTO KOMIIBIOTEPHOTO 3KCIEPUMEHTA.

2. TPEBOBAHUA K PE3YJIbTATAM OCBOEHUSA JUCHUITJINHbBI
Ocpoenue aucuunianHel «MoaenpoBanue OeCcpoOBOAHBIX CETEH» HAIPABICHO HA
dbopMupoBaHue y 00ydaromuxcs CIeaymnuX KOMIeTeHIul (qactu kommnereHmuit): YK-

1; YK-7; OIIK-1; OIIK-2; OIIK-3; OIIK-4; I1K-1

Tabauya 2.1. Ilepeuenv kommnemenyutl, opmupyemvlx y oOyuarowuxcs npu

OCBOEHUU ()MCZ{MI?J?LJH{JI @ezmamamm OCEB0OEHUA ()MCL{,MHJ’ZIH—IM)

UCKaTh HY’KHbIE HCTOYHUKH
nHGOPMALIUK U JaHHBIE,

BOCIPUHHUMATh, AHAJIM3UPO-
BaThb, 3aIIOMHUHATL H [Eepea-

Hlugp Komnerenuusi NnaukaTopsbl 10CTHAKEHUSE KOMIIETEHIIUH
(B paMKax JaHHOM JUCHUILIHHBI)
YK-1 Crnioco0eH ocylecTBIATh YK-1.1 3naer npunuunsl cOopa, orbopa u
MOUCK, KPUTHUYECKUH 00001menus nudopmaruu
aHaJn3 nNpoOIeMHbIX YK-1.2 YmeeT COOTHOCUTb Pa3sHOPOIHbLIE SBICHUS
CUTYyalMif HA OCHOBE M CHUCTEMATU3MPOBAaTh MX B paMKax U30paHHBIX
CHUCTEMHOI0 MOAX0/a, BUJIOB IIPO(eCCHOHATBHOMN AEATEIbHOCTH
BbIPA0ATBIBATL CTPATETHIO YK-1.3 HMmeer npaxkrudeckuil onbIT paboThl ¢
NEHCTBUH HH(DOpPMAITMOHHBIMU MCTOYHHKAMH, OIIBIT
HAY4YHOI'0 MOMCKA, CO3aHMsI HAYYHbIX TEKCTOB
YK-7 Crniocoben: YK-7.1. 3naer npuHUUNbl IPUMEHEHU IU(PPOBLIX

TexHosorui st cbopa, orbopa u oboOLIEHHS
uHpopmManun

YK-7.2. Ymeer npuMensTs Hu(ppoBbie TEXHOIOTUH
Uit 1oucka, oOpa0oTku, aHaiau3a, XpaHEHUs U

BaTh UH(OPMAIHIO C UC- peaCTaBICHUS uH(popMaLun B obnactu

N0Jb30BaHUEM LIMPPOBBIX NPUKJIATHON MaTeMaTUKU U HH(POPMATUKH.

CpEJ/ICTB, a TAKKE ¢ IIOMO-

LLBIO AJTOPUTMOB IIpH Pato- VYK-7.3. Bnageer  HaBbIKAMM  MPUMEHEHUS
uu(pOBLIX TEXHOJOrMH W  METOJ0B  [OMCKAa,

TE C MOJYYECHHBIMU U3 pa3-
JUYHBIX UCTOYHUKOB JIaH-
HBIMU € 11€J1610 Y (PEeKTUB-
HOT'O UCIOJIL30BAHUS MOJY-
YeHHOUM uH(popMaruu s
pelieHus 3a1a4;

POBOAUTE OLIEHKY UH(DOP-
Malliy, €€ JIOCTOBEPHOCTS,
CTPOUTH JIOTUYECKUE YMO3a-
KITIOUEHHS] HA OCHOBAHUU
HOCTyHawmux nHhopMmaLuu
1 TaHHBIX

00paboTku, aHanM3a, XpAHEHUS M MPEJICTABICHUS
uH(popManun B 001aCTH NPUKIAJAHOH MAaTeMaTHKH
U HH(POPMATHKH




Uludgp

Komnerennus

HNuaukaropbl 10CTHAKEHUS KOMIIETEHIIUH
(B paMKax JaHHOUN AMCIHUTLIHHbI)

OIIK-1 Crnocoben pemtats aktyans- | OIIK-1.1 OOnanaer (byH1aMeHTaNbHBIMU
Hble 3a/1a41 (yHIaMEHTalb- | 3HAHUSAMM, HOJTY4E€HHBIMU B obnactu
HOI ¥ TPUKJIAIHONW MaTeMa- | MAaTEMaTH4YE€CKUX U (MJIH) €CTECTBEHHBIX HAYK
TUKH OIIK-1.2 ¥YMmeer ucnonb3oBath (hyHIaMEHTaNbHbIE
3HAHUS, NTOJIyYEHHbIE B 00J1aCTH MaTEMaTUYECKHUX U
(W1IM) ecTeCTBEHHBIX HAyK, B MpO(ecCHOHAIbHON
JIeSTEIBbHOCTH
OIIK-1.3 Buazeer HaBbIKaMM OCYIIECTBIISATh
BLIOOP METO/I0B pereHus 3ana4
npoecCHOHANBHON — JEATENbHOCTH Ha  OCHOBE
TEOPETUYECKUX 3HAHUN
OIIK-2 | CnocobeH COBEPIIEHCTBO- OIIK-2.1 Cnocoben coBepiieHCTBOBaTH M (MIIH)
BaTh U PEAIM30BLIBATH HO- pa3pabaTeiBaTh HOBBIE MAaTEMAaTHYECKME METO/Ibl
BBIE MATEMATHYECKUE METO- | JUls  pa3pabdOTKH M peaju3alii  aJlrOpuTMOB
IIbl PELICHUS TIPUKITAIHBIX peuieHus 3aja4 (B TOM YUCIE C HUCMOJIb30BAHUEM
3aja4 HPOTrPaMMHBIX CpeAacTB) B obmnactu
npogeccuoHaIbHON e TeILHOCTH
OIIK-3 | Cnocoben paspabarbiBaTh OIIK-3.1 Crnocoben wmonudunuposats u (uin)
MaTeMaTUYECKHEe MOJEIN U | pa3palarbiBaTh, aHAIM3MPOBATE U PEaln30BBLIBATH
HPOBOJAUTL UX AHAIIU3 IIPU MATEMaTHYECKHE  MOJEIM B COBPEMEHHOM
pelieHuy 3a1a4 B obnactu €CTECTBO3HAHMHM,  TEXHHKE,  JKOHOMHMKE  H
npodeccruoHanbHOM aes- yIpaBlIeHHH
TEIILHOCTH
OIIK-4 | Cnocoben kombunuposats u | OIIK-4.1 3naer npunuunsr cbopa M aHanusa
alanTUPOBATh CYLIECTBYIO- | MH(OPMALMK 110 TPOBOAUMBIM HCCIIEI0BAHUAM
mue uHpOpMaLHOHHO-
KoMmyHuKkanuonuele TexHo- | OIIK-4.2 Ymeer koMOMHHpPOBATL U aJalTHPOBATH
JOTUHM JJ1s PELICHUs 3a/1a4 B | CYHIECTBYIOIINE HMH(POPMALIUOHHO-
obnactu npodecCHOHAIBHOM | KOMMYHHKAIIMOHHBIE TEXHOJOTHH ISl PEIICHHS
JIEATEIIBHOCTH C YUYEeTOM 3aja4 B obnactu rpodecCHOHANTBHOM
TpeboBaHuil HHPOPMALIMOH- | AEATEIBHOCTH c YUETOM TpeboBanuit
HOI Oe3omacHoCTH MH(POPMALMOHHOMH Oe3011acCHOCTH
IK-1 [Tposenenue pador no odpa- | [MK-1.3 YMeeT npuMeHsTh OJyYEHHbIE 3HAHUSA B

0O0TKE ¥ aHAIU3Y HAYYHO-
TEXHUUYECKOH HH(OpMaLHU
U pe3yJIbTaTOB HCCIEA0BaA-
HUI

obnactu HPHUKIAHOM MaTeMAaTHKH Hu
HHDOPMATHUKHM, a TAKKE pellaTh CTaHIapTHHIE
3a7a4d COOCTBEHHOHM Hay4YHO-MCCIIEI0BATEIbLCKOM
JeSITEIbHOCTH; YMEET pellaTh HAay4YHBIE 3a/a4d C

MOHUMAHUEM  CYHIECTBYIOLIMX  MOAXOM0B K
BepuduKaIuu MOJIeen o TEMATHKE
HCCIICIOBAHUIT B COOTBETCTBUM C BBIOpaHHOM
METOIUKOM

3. MECTO JUCHMIIJIMHBI B CTPYKTYPE OII BO

Jucuunnuna «MopgenupoBanue OeCrpOBOAHBIX CETEi» OTHOCHUTCS K 00s3aTeNbHOM
vactu 0ioka b1 OIT BO.




B pamkax OIl BO oOyuarommecs Takke OCBaMBAIOT ApPyTrHe AUCLUIUIMHBL W/HIU

MPaKTHKH,

CIocoOCTBYIOIIHME

JOCTHIKCHHIO

aucuunauHel «MoaenupoBanue 6eCpOBOIHBIX CETEHY.

3aNIaHUPOBAHHBIX

pPE3YIbTATOB  OCBOCHHA

Tabauya 3.1. Ilepeuenv komnonenmos OII BO, cnocobcmeyrowux 0oCmudiceHuio
3ANAAHUPOBANHBIX PE3YIbMANOE 0CE0EHUA OUCYUNIUHBL

TyajibHbIe 32124 QyH-
JIAMEHTAJILHON U NPU-
KJIaJHOH MaTeMaTHKH

IMpegmecTBylommue I[Mocaeaywmue
udp Hamwenonanme nncll)ml:l.ﬂnublfmol;ly.[m, nucumumilﬁ.lf:llouyﬂn,
KOMIIETEeHIIHH 3
NPaKTHKH NPAKTHKH

YK-1 Marematuueckas Teopust
CnocoOeH ocyiie- tenerpaduka,

CTBJISTD [TIOUCK, [Ipuknagueie croxacTHueCKUe

KPUTHYECKUI aHaIN3 MOJIEIH,

npoOJeMHBIX CUTYaL Uil CeTH MaccoBOro

HA OCHOBE CHCTEMHOTO 00CITyKUBaAHUS,

10/1X0/a, BbIpabaThIBaTh [Toctpoenue u ananus

CTpaTeruio aeicTBuit MoJiesiel 6ecrpoBOHBIX
cereit 5G/6G

Cnocoben:

HUCKaTh HYKHbBIEC HCTOY-

HUKHU UHOpMALIIHK U

JJaHHBIE, BOCIIPHHUMATb,

aHAJIM3UPOBATb,

3aroOMMHATh U Nepe/a-

BaTh HHPOPMALIHIO C

UCITIOJIb30BaHUEM LU(-

POBBIX CPEJICTB, a TAKKE MaremaTuueckas TeopHs

C IOMOMIBIO AJIr0- tenerpaduka,

PUTMOB IIpH padoTe ¢ [TpuxnaaHbie cTOXaCTHUECKHE

HOJIY4EHHBIMHU U3 pa3- MOJIEIH,

YK-7 JIMYHBIX UCTOUHUKOB CeTH MaccoBOro
JAQHHBIMH C LENBIO - 00CTy)KUBaHUS,
(PEKTUBHOrO HCNOIB30- [TocTpoenue n ananus
BAHHS MTOJYUYEHHON MH- Mojienel 6ecrpoBOAHbBIX
dopmaruu s penie- cereit 5G/6G
HHUA 3a/1a4;

HPOBO/IUTE OLIEHKY MH-
(hopmanuu, ee 10CTo-

BEPHOCTh, CTPOUTH J10-
THYECKHE YMO3AKIIIO-

YeHMs Ha OCHOBAHUHU

nocTynarommux HHdop-
MAaLliH U JaHHBIX

OIIK-1 | CnocobeH peruath ak- Matemartuueckas Teopus

teserpaduxa,

[Ipuknaanbie cToXacTuuecKue
MOJIEIH,

CeTu MaccoBOro
00CTy)KUBaHUS,

[locTpoenue u ananus

- 3a0JIHSAETCS B COOTBETCTBUM ¢ MaTpuueil komnerenuuii u CYII OIT BO




MMpeamecrByionue MMocaeayonne
Hind Hymmenonamme nncﬂui: .rmublfuo JIH JIHCLIHIT niﬁ.l/;lou "
1 MO] Tl | J
P KOMIIeTCHUHH ALy, YiH,
NPAKTHKH NPAKTHKH
MOjIelel 0eCpOBOIHBIX
cereit 5G/6G
MatemaTtuueckas Teopus
tenerpadhuka
CrniocoOeH coBepileH- TpAGUK,
[Tpuknanseie cToxacTuueckue
CTBOBATH U pealin3o-
BBIBATH HOBBLIC MaTe- MoACTH,
OIIK-2 CeTH MaccoBOro
MAaTUYECKUE METO/IbI
00CTyKUBaHHUS,
peLIeHust NPUKIAAHbIX :
. [TocTpoenue n ananus
337124 .
i MoJtenelt 0ecpoBOHBIX
cerent 5G/6G
Maremaruueckas Teopust
Crnocoben paszpabarsbi- Tesnerpaduxa,
BaTh MaTeMaTH4YECKHE [Tpuknagtbie CTOXaCTHUYECKUE
MOJIENIH U IPOBOAUTE UX MOJIEIH,
OIIK-3 | aHanu3 npu peleHun CeTtu mMaccoBoro
3aaa4 B obnactu 00CTyKUBaHUS,
npodeccHoHanbHON [TocTpoenue u ananus
IEATENLHOCTH MOjIelel 0eCpOBOIHBIX
cereit 5G/6G
CrnocobeH KoMOuHU-
pOBaTh U aJJalITUPOBATh MatemaTuieckas TeOpHst
CYIIECTBYIOIIHE TeneTpaduka,
nHGOPMALIUOHHO-KOM- [Tpuknaszbie cToxacTuyeckue
MYHHKAIHOHHBIC TEX- MOJIEIH,
OIIK-4 | Honoruu 11 perieHus CeTH MaccoBOro
3aj1a4 B 0bsacTu npo- 00CITy)KUBAHUS,
(eccuoHanbHOMH Aesi- [Toctpoenue n ananus
TEIBLHOCTH C YHETOM MOjIelel 0eCpOBOIHBIX
TpeboBanuii uudopma- cereit 5G/6G
LUOHHOH 0e30macHOCTH
Maremaruueckast Teopus
tenerpadhuka
[Iposenenue pabor no pagHEa,
[Tpuknaszbie cToxacTuyeckue
oOpaboTke U aHanu3ly
HAY4YHO-TEXHUYECKOU MONGIE,
nnK-1 CeTH MaccoBOro
nHdopmanuu u pe-
00CITy)KUBAHUS,

3yIbLTATOB UCCIEI0BA-
HUH

[Toctpoenue u ananus

Mojeiel 6ecrpoBOaHBIX
ceren 5G/6G

4. OFBEM JIMCHUILJIMHBI U BUJIbl YYHEBHOM PABOTBI

OOmas TpyaoeMKOCTh AUCHMIUIMHBL «MojaenupoBaHue OECIPOBOJHBIX CETEH»

COCTaBIISIET 3 3a4YETHHIC COHUHUIIBI.




Tabnuya 4.1. Buowsl yuebnoii pabomol no nepuooam oceoenus OI1 BO

Buj1 yueonoii padorni BCET'Q; Cemperp(-ul)
aK.u. 1
Koumaxmmuas paboma, ax.u. 36 36
Jlexuuu (JIK) 18 18
Jlaboparopusbie padotsi (JIP) - -
[Tpaxtnueckue padotsl (IIP)/cemunapckue 3anarus (C3) 18 18
Camocmosamenvras paboma 00y4aOwuxcs, ax.u. 72 72
Koumponw (9x3amen/zauem ¢ OUeHKoll), ax.u. - -
O01mas TpyA0eMKOCTb JHCHHILIHHbI i 108 108
3a4.eq. 3 3

S. COAEPKAHUE JUCHUAITJIMHBI

Tabauya 5.1. Codepacanue ducyuniunsl (MoOyis) no eudam yuebHol pabomol

HaumenoBanue pasjejia

Copaep:xanue pasjena (Tembi)

Buja yueonoii

AHCHHUILTHHBI padornr’
Paznen 1. Apxurekrypa
cereli noctyna 5G NR Tema 1.1. I'ereporeHHocTb, TpeOOBaHUA K
Mojenu KOMIIOHEHTOB
S S S G NR 00CyIKUBAHUIO, OCHOBHBIE  yCIIYTH, IK. TIP
crapaaprusanus 0eCpoBOAHbIX CETEH ’
METOIO0JOTUS OLIEHKH
0a30BBIX XapPAKTEPUCTUK
cucrtem 5G NR
Paznen 2. Monenu Tema 2.1. JIByxMepHbie M TpexMepHbIE K. TIP
KOMIIOHEHTOB ceTei CLIEHAPUU NIPUMEHEHHUS aHTEHH j
cBs3u SG NR n Tema 2.2. Mojien KOMIIOHEHTOB: pa3MeLleHUs
METO/10J10THsl OLIEHKH [OJIb30BaTENeH, pacnpocTpaHeHusl CHUTHaja, TIK. TIP
0a30BbIX XapaKTEPUCTUK | AHTCHH, OJOKHUPOBKM B JBYX M TPEXMEpPHBIX ’
cucrtem 5G NR CLIEHapHAIX
Tema 2.3. Unrepdepenuus, GpyHKIHOHAIBLHBIE
1peodpa3oBaHus CIyHalHbIX BEJIUYUH, MPIMOE JIK, TP
B3aUMO/ICHCTBUS YCTPOUCTB
Paznen 3. Apxurextypa | Tema 3.1. OOmas wmojaelb Ha OCHOBE
cereii noctyna 5G NR CAy4YalHBIX  MOJICH, CTaTH4YecKas MOJE/b JIK, ITP
0JIOKHPOBKH
Tema 3.2. BeposTtHoCTb IKCIO3HUIIHH,
BEPOSITHOCTb ~ JKCIO3UIUU  COBMECTHO € JIK, TTP
BEPOSITHOCTHIO OJIOKUPOBKH
Tema 3.3. ®opmyna KomnOenna st OHeHKH TIK. TIP
HHTEpEepEeHLIHY '
Tema 3.4. Awnanu3 wunrepdepeHuuun s
pasublx THNOB auTeHH, Qopmyna Illennona, JIK, ITP

cnekTpaibHas 3 PPEeKTHBHOCTD

- sanonusieres Tonbko 1o OUHOU popme oGyuenus: JIK — nexuuu; ITP — npaktuueckue paborsy; C3

CEMHHAPCKHE 3aHATHA.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIHHEYHEHHUE TUCHUIIJIMHBI

Tabnuya 6.1. Mamepuansno-mexnuiueckoe obecneuenue OUCYUnIuHbl

Tun ayaiuropuu

OcHalnenue AYIHTOPpHH

Cneunajin3upoBaHHoe
yuyeOHoe/1abopaTopHoe
obopynoBanue, [10O u
MaTepHaJibl /I/Is 0CBOEHUSI
JAUCHHUILTHHBI
(mpu HEOOXOAUMOCTH)

Jlekunonuas

Aynuropusi s NPOBEJECHHUS 3aHSATHH

JIEKLIHOHHOTO THIIA, ocHalIgHHas
KOMILIEKTOM CMeLHAIN3UPOBAHHON
mebenu; 0CKOH (axpaHoMm) H
TEXHHYECKUMU CpeacTBaMHM

MYJIBTUMEINA PE3CHTALMH.

Kommerorep/Hoytdyk ¢
JocrynoMm cetu Unrepuer u
IEKTPOHHO-00pa30BaTEILHOM
cpeae Yuusepcurera, opaysep,
[1O ans npocmorpa PDF, MS
Teams.

KoMmnbiotepHblii
KJ1acc

KomnsrorepHslil Kiace Ui IPOBEICHUS
3aHSTHI, TPYIIIOBLIX U
WHMBUYAIbHBIX KOHCY/IbTALIUH,
TEKYIIEro KOHTPOJIS ¥ MPOMEKYTOUHOM
aTTeCTALlU, OCHAIIIEHHASN
[EPCOHAILHBIMH KOMITBIOTEPAMH (B
KOJMYECTBE  MIT.), TOCKOM
(PKpaHOM) U TEXHHYECKUMHU
CpEICTBAMHU MYJIBTUMEIUA
MpEe3CHTALUN.

OC Windows nmu OC Linux,
oducubiii naker MS Office unn
LibreOffice, [1O mna
npocmortpa pdf (Hanpumep,
acrobat reader unu evince),
uurepnperarop Python Bepcuu
3.5 u crapiue, KOMIIUJISATOP
a3pika C/C++ gee, pegaktop
app-editors/jedit uan anaor.
Jononuurensnoe [10: OBS
Studio

Hoist
CaMOCTOATENBHO
i paboThl
oOyyaromuxcs

AyauTopus A CaMOCTOSTEIbHOM
paboThl 00yUatOUIUXCs (MOKET
UCTIONB30BATLCS Ul IPOBEICHUS
CEeMHHAPCKUX 3aHATHH U
KOHCYJIbTAIlWi1), OCHALIEHHAS
KOMILIEKTOM CHELHMATU3UPOBAHHON
MeOe/Id U KOMIIBIOTEPaMH C JIOCTYIIOM

B DUOC.

OC Windows uau OC Linux,
oducusiii naker MS Office nnn
LibreOffice, I10 nas
npocmotpa pdf (Hanpumep,
acrobat reader uam evince),
unrepnperarop Python Bepcuu
3.5 u cTapiue, KOMIUIISTOP
aspika C/C++ gece, pegaktop
app-editors/jedit.
Jononuurensnoe I10: OBS
Studio

7. VUEBHO-METOIUYECKOE U WH®OPMAIIMOHHOE OBECIIEYEHUE
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—Mocksa: PY]IH, 2020. - 95 c.

2. Momnuanos J[.A, berumies B.O., Conun 2.C., Camyiinos A.K., INaiinamaxa K0.B.//
[TocTpoeHue moaeneit U aHaau3 IPOU3BOAUTEIBLHOCTH OECIIPOBOAHBIX CETEH



pamuonoctyna 5SG «HoBoe Pagno»: yuebnoe nocobue / —Mocksa : PY/IH, 2021.

—95 c.: un.

. Jleun, b. P. TeopeTnueckue 0CHOBBI CTATUCTUYECKON paauoTexHuku / Jlesun, b.
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u 1p. // Dnexkrpocssazb. — 2019, — Ne 9, — C. 37-44. — 0.92/ 0.45 n.n.

. MomnuanoB, JI.A. Anamu3 wuntepdepeHiiud B OECIPOBOJIHBIX CETAX CBSI3U
TeparepuoBoro amamnazona uactor. / B.W. Ilerpos, JI.A. Monuanos, E.A.
KyuepsiBenii, // Hayuno-rexuuueckue Benomoctu Cankr-IlerepOyprekoro
rocy/1apCTBEHHOI O HOJIUTEXHUYECKOTO YHHBEPCUTETA. WUndopmaruka.
Tenekommynukauuu. Ynpasnenue. — 2017, — T. 10, Ne 1, — C. 27-36. —
1,27 / 0,66 m.i.

. MomuanoB [I.A. Ouenka OTHOWIECHHUS CHUTHaJI/TIOMeXa B OECHPOBOJIHBIX CETSIX
cBsI3M TeparepuoBoro auanaszoHa gactot / B.W. Ilerpos, [.A. Momnuanos, E.A.
Kyuepssbiid, // DnexrpocBsizs. — 2017. — Ne 10. — C. 24-29. — 0,43 / 0,17 n.o.
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