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PucyHok 1.
KapTta mapuwpyTta

Komnanna DMTEL nybnukyer pe3ynbraTbl
OUYEPENHOro WUCCNefoBaHUd, KOTOpoe BrepBble
NnpoBeOeHO Ha Tepputopun YnbaHOBCKOWM obna-
CcTn. MacwwTabHoe unccnegoBaHMe MO3BONSET oLle-
HUTb pagnonokpbiThe B ceTax LTE (4G) B ropogax
YnbsaHOBCK, VweeBka, Yeppaknbl, HOBOYNbAHOBCK,
OumutpoBrpan, VIH3a n bapsbilw, a Takke Ha aBTo-
MOOUJIbHBIX [Oporax, COeOUHALWNMX 3TU ropona.
KoMnnekcHas oueHKka U CpaBHEHWE XapaKTepPUCTUK
PagMonNoKpPbITUA BbIMONIHEHBLI B nepuog ¢ 13 no 20
Masa 2025 r. Ha MapLpyTe o6LLEN NPOTAXKEHHOCTbIO
oKoJ10 1986 KM (CM. PucyHok 1).

[na oueHKV pagnonoKpbITUSA MCNOb3YOTCHA NO-
KaszaTenu, XapakTepusytowme npenesbHble YPOBHU
pagnocurHana, LOoCTaTouHble A9 MNOOKIKYEHUSA K
cetn LTE 1 nonb3oBaHMsa yciyraMmm MOOUIbHOW CBA-
31. Ha ocHOBe TakMx NokasaTesien pacCcunTbiBatOTCH
eduHble NHTerpasbHble OLEHKW, KOTOPbIe OTpaXkatoT
OTHOCUTESbHbIE MO3ULIMMN OMNEepPaTOPOB (PENTUHI ).

Ona HarnagHOCTW NPUBOAATCA MO OTAE/bHOCTU
PEeNTUHIYM Ha OCHOBE MHTerpasbHbIX OLEHOK A5 Ka-
XOOW KaTeropmm ob6bekToB: 06/1aCTHOM LEHTP, ro-
pofa 06n1aCcTHOroO 3HaYeHUs M aBTOOOPOI .

MToroBble OLEHKN PagnonoKpbITUA NpeacTaene-
Hbl HA gMarpamMmme Ha PucyHke 2. EouHble NTOroBble
OLLEHKM XapaKTEPU3YHOT PALNOMNOKPbLITUE B TEXHOO-
rmn LTE. Bce eguHblie UTOrOBbIE OLLEHKW HMXKE MaKCU-
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ManbHoro 3HadeHusa (1000 6annoB), UTO yKasbiBaeT
Ha HasMuMe B CeTU KaXXKAoro ornepaTtopa hakTopos,
HeraTMBHO BNUSIOLLMX HA PagnMonoKpbITHE.

B MpunoxeHun 2 B Tabnuuax 1-3 ong cnpaBku
MPUBOOATCA 3HAYEHUSA OCHOBHbIX MOKasaTesien, Ko-
TOpble UCMOMb3YITCA MPU pacyeTe UHTerpasnbHbIX
OLEHOK. KpaTkoe onucaHue TexXHOSorMm pacyeTta
€OVNHOWN NHTEerpanbHOM OUEeHKU npmBoguTca B Mpu-
NOXeHnn 3.

Mpwn wnccnegoBaHUKM WCMNOJSb30OBaNMCh MOKasa-
Tenn, oTpaxkatoLme KayecTBO YCAyr B CeTaAx Beny-
LLMX OonepaTopoB MOABUNXHOM pagunoTenedOoHHON
ceasn PO: MAO «BbiMnenKom» (6unamH), MAO
«MTC» (MTC), NMAO «Mera®oH» (Mera®on), OO0
«T2 Mo6ann» (T2). B kayecTBe BeayLLUMX KPYMHEN-
WMX ornepaTopoOB pacCcMaTPMBAOTCA oOrnepaTopsbl,
OKa3blBatoLLMe YyCNyrn noaBMXXHOM pagmnoTenedoH-
HOW CBSA3U, MMetoLme NMHDPACTPYKTYPY OS19 Okasa-
HUA ycnyr B 6onbluen yactmn permoHoB PO (6onee
50% pernoHoB) Mo AaHHbIM [ly6an4YHOro peecrtpa
MHMDPACTPYKTYPbI CBA3MN U TenepagumoBellanmsa PO,
oKasblBalowne ycnyrm 6e3 MUCrosb3oBaHUsa 6uU3-
Hec-MoOenn BUPTyasibHbIX ceTel MNoABMXKHOM pa-
amotenedOHHOW CBA3M He MeHee YeM B TPpex CTaH-
naptax (2G, 3G, 4G) cornacHo PeecTpa NULIEH3UN B
061aCTM CBA3K, @ TaKXKe 3aHMMatoLme LOMUHNPYIHO-
LLiee NoJsIoXKeHMe Ha pbiHKe YCNyr NOABMXKHOWM paau-
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oTeniepOHHOM CBA3U Ha Tepputopmnm PO B cooTBET-
CTBUM C YacTbto 3 cTaTbM 5 PepepanbHOro 3akKoHa
oT 26.07.2006 N2 135-®3 «O 3alimTe KOHKYPEHLNU»
COrfacHo aHanutudyeckmx otyetoB PAC Poccum
(https://fas.gov.ru/documents/687597, https://fas.
gov.ru/documents/688631 n nocnepytoLine).

PucyHok 2.
PacnpepeneHne NTOrosbiX MHTErpasbHbIX OLLEHOK

6unaiH Tul 923 923

® MTC Tul 822 822

® Meradon [l =¥l 921

® T2 Tul 977 977

Tul MokpbiTne

gk v

T2 onepexaeT KOHKYPEHTOB U 3aHKUMaeT NepByto
MO3ULINIO PENTUHIA OLIEHOK PaaVONOKPbLITUS.

@ 2 6unaiiH

BunanH cnenyet 3a T2 1 3aHMMAET BTOPYO NO3ULIMIO
PENTUHra.

€ Mera®oH

Mera®oH He3HaUnTEeNbHO yCTynaeT BunanHy
N HAXOOUTCA Ha TPeTben No3nuunmn.

C
MTC oTCcTaeT OT KOHKYPEHTOB M HAaXoOMUTCA
Ha YEeTBEPTOM MecCTe.
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Pe3synbTaTbl

PaguonokpbiTve BbiBogbl

Ona pacyeTa WHTErpasbHOM OUEHKM paguono-
KPbITUS UCMOJMb3YIOTCA MOKa3aTeNn, XapakTepusyro-
LLMe YyC/IOBHble MpeaesibHble YPOBHU pagnoCcurHana,
LOoCTaToYHble Anda nogkntoyveHna K cetn LTE, a Takxke
OXBaT MapLupyTa ApanB-TecTa PagnonokKpbiTUeM (CM.
MpunnoxxeHue 2, Tabnunubl 1, 2 1 3).

PacnpepnenerHne mHTerpasnbHbIX OLEHOK pPagmno-
MOKPbITUSA ANA KaXXO0W KaTeropnm o6bEKTOB, @ TaKXe
ob6LLasa NTOroBas oueHKa NPUBOAATCS Ha Anarpamme
(cM. PucyHok 3).

B VYnbaHoBcke T2 obecneymBaeT Hawunydlwlee
M HenpepbIBHOE pagnonokpbiTMe B ceTn LTE: 3Haue-
HUA Haunydlero ypoBHA curHana RSRP Best Huxe
-114 dBm He 3apernctpurpoBaHbl. B ceTax Merad®oHa
1 6unamHa gonu 3HadyeHnm RSRP Best Hxke -114 dBm
cocTaBnsatotT 0.01% u 0.07% cootBeTcTBeHHO. MTC
3aMETHO YCTYMNaeT KOHKYPEeHTaM MO pafMnornoKpbl-
TUIO B YNibAHOBCKeE: fonsa 3HaueHum RSRP Best Huxke
-114 dBm coctaBngaet 0.43%. Kpome Toro, B cetn T2
[oNsa 3HayeHnn ypoBHA curHana RSRP Best Huxe
-104 dBm cocTtaBnsaeTt 0.07%, UTO CyLLEeCTBEHHO Ny4-
e, YeM B CeTAX KOHKYPEHTOB. B ceTax Mera®oHa n
6unanHa gonu 3HadeHnn RSRP Best HMxke -104 dBm
paBHbl 0.36% 1 0.95% cooTBeTCcTBEeHHO. B cetnn MTC
nonsa 3HadyeHun RSRP Best Huxke -104 dBm paBHa

PucyHok 3.
PacnpepeneHue UTOroBbIX MHTErPasibHbIX OLLEHOK PaANONOKPbLITUA
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® MTC

2.39%, 4TO 3HAYUTENbHO OObLUE, YEM B CETAX KOH-
KYPEHTOB.

B pe3ynbtate T2 3HaUMUTENbHO Onepe)kaeT KOH-
KYPEHTOB M 3aHMMAaeT MepBy MNO3ULMIO MO paano-
noKpbITUO B YnbaHoBcke. Mera®oH cnepyeT 3a T2.
BunanH yctynaet Mera®oHy 1 3aHMMaeT TPETbo No-
3mumto. B cetm MTC oueHKa CyLLECTBEHHO HMXKE, YeM
B ceTu bunamHa, 1 COOTBETCTBYET YeTBepPTOMN Mo3u-
LUnn.

B ropopgax o6nactHoro 3HadeHus T2 1 Merad®oH
OEMOHCTPUPYIOT Haunyylwmm pesynbtat n obecne-
UMBaET HeMpepbIBHOE pagMonokpbiTne B cetn LTE:
3HayeHMa Hamnydwero ypoBHA curHana RSRP Best
Hxe -114 dBm He 3apermcTpupoBaHbl. B ceTax 6u-
namHa n MTC ponu 3HadyeHnm RSRP Best Huxe -114
dBm cocTaBnsatoT 0.03% 1 1.63% COOTBETCTBEHHO.

Kpome Toro, B cetu T2 gons 3HadYeHUm ypoB-
Ha curHana RSRP Best Hxke -104 dBm cocTtaBnseT
Bcero 0.01%, 4TO CYLLECTBEHHO ny4lle, YeM B ceTax
KOHKYpPeHTOB. B ceTax Mera®oHa 1 6unanHa [onu
3HaueHnm RSRP Best Hmke -104 dBm paBHbl 0.29% 1
0.81% cooTtBeTcTBEHHO. B ceTnn MTC pona 3HauyeHun
RSRP Best Huxe -104 dBm paBHa 4.81%, 4TO 3Hauun-
TeNbHO B6OJbLUE, YEM B CETSAX KOHKYPEHTOB.
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Pe3synbTaTbl PapguonokpbiTue BbiBOAabI

B ntore T2 peMoHCTpUpYeT HauayuLLnUn pesyib-
TaT NO PaguoOMNoOKPbLITUD B ropoaax YNbsAHOBCKOMN
obnactu. Mera®oH cnepyeT 3a T2. BunanH He3Hauun-
TenbHO ycTynaet Mera®oHy M 3aHMMAET TPeTbio MNo-
3mumto. B cetr MTC oueHKa 3HaAUUTENTbHO HUXKE, YeM B
ceTn BunamHa, U COOTBETCTBYET YeTBepPTOM NO3ULIUN.

Ha aBTOMOOWAbHbBIX OOPOrax B CeTAx BCex one-
PATOPOB OTMEUEHbl MPOTSXKEHHbIE YYACTKWU, Ha KO-
TOPbIX He ob6ecneymBaeTca PaaMONOKpPbITUE, AoCTa-
TOYHOE NS nogkntoyeHmns K cetn LTE v peannsauunm
ycnyr MOOGUNbHOW CBA3MN.

Hauny4ywmm pesynbraT Ha aBTOAOPOrax oTMeyeH
B CETM T2: 4ONA 3HAUEHUN HAWUYYLLEro YPOBHS CUr-
Hana RSRP Best Hmxe -114 dBm cocTtaenset 1.91%.
B cetax 6unanHa n Merad®oHa [onsa 3Ha4yeHWn Hau-
nydluero ypoBHS curHana RSRP Best Huke -114 dBm
6onblue, 4eM B ceTu T2, n coctasnset 7.25% n 8.22%
cooTBeTCcTBeHHO. MTC cyLLleCcTBeHHO YCTyrnaeT KOH-
KYpPEeHTaM B 4acTuU paamonokpbiTus B ceTu LTE Ha
aBTOAOpPOrax YAbsSHOBCKOW O06MacTV Ha MapLupyTe
npane-tecTta. B cetn MTC gong 3HaueHunm RSRP Best
HMxe -114 dBm cocTtasnset 14.03%.

[Mpn aTOM B ceTu T2 OoNsa 3HAYEHUW YPOBHSA CUT-
Hana RSRP Best Huxe -104 dBm cocTtaenset 7.56%,
UTO CYLLLECTBEHHO JTyYLLE, YUEM B CETAX KOHKYPEHTOB.
B ceTn 6munaviHa ponsa 3HayeHnn Haunyydllero ypoBHS
curHana RSRP Best Huxe -104 dBm paBHa 14.85%, a
B ceT Mera®oHa — 19.54%. B cetn MTC pons 3Ha-
yeHnm RSRP Best Huxe -104 dBm paBHa 25.37%, uTo
3HAYNTENbHO BOJIbLUE, YEM B CETAX KOHKYPEHTOB.

B uTOore no COBOKYMHOCTW XapaKTepucTuk T2
OEMOHCTPUPYET HaUNydllnn pe3ynbTaT W 3aHKMMaeT
rnepByto NO3ULMIO MO PaaNOMNOKPLITUIO Ha aBTOO0PO-
rax YnbsiHoBckow o6nacTtun. bunamH cnegyet 3a T2.
Mera®oH ycTynaeTt 6uaanHy 1 3aHMMaeT TPETb No-
3mumto. B cet MTC oTMeyeHa HauMeHbLUas OLEeHKa,
COOTBETCTBYIOLLLAA YETBEPTOW MO3ULINN.
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BbIBOObI
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T2 3aHMMaET NMANPYIOLLYIO NO3ULMIO B PENTUHIE UTOrOBbIX OLEHOK paguono-
KPbITUS HA TEPPUTOPUN YIbAHOBCKOW O0B6NacTu.

B YnbsHoOBCKe, B 06/1aCTHbIX ropofax M Ha aBTOMOOU/bHbIX foporax T2 cylle-
CTBEHHO ONepexxaeT KOHKYPEHTOB.

B pe3ynbrate No cymMMe oOuLeHOK T2 3aHMMaeT NepBY MO3MLMIO PenTUHra c
60NbLUMM OTPbIBOM OT APYIMX KOHKYPEHTOB 1 06/1afaeT caMbiM LUMPOKMM MOKPbI-
TMeM MOBUNbHOWM CBA3M B YNIbSIHOBCKe, B 06/1aCTM M Ha aBTO4O0pOrax.

< bunanH

BunanH cnenyet 3a T2 U HAaXOOUTCSA Ha BTOPOM MNO3ULUU PENTUHIA MO COBOKYM-
HOCTM OLEHOK PaauomNoOKpbITUSA.

Ha aBTOomoporax 6unamH ycTynaeT TONIbKO T2 1 3aHMMaeT BTOPYO no3uuuto. B
YNbSAHOBCKe 1 ropodax 6unamH HaXxoauTCcs Ha TpeTber no3nunm, yctynaa T2 n Me-
radoHy.

OTcTaBaHMe BunamHa B YNbsSHOBCKe M OB/1aCTHbIX ropofax He NpuBoOauT K Cy-
LLLeCTBEHHOMY CHMMXEHMIO UTOTOBOM OLLEHKM 1 MO3BOJIAET COXPaHUTb BTOPYO MNO3U-
LMo OBLLEro PpenTUHra.

€ Mera®oH

MeradoH HaxoouUTCsa Ha TPeTber NO3NLUMKN B PENTUHTE.

B YnbaHoBCKe 1 06nacTHbIX ropogax Mera®oH HaxoanTCst Ha BTOPOM NO3MLMN.
Ha aBTOpOpOrax oueHka B cet Mera®oHa COOTBETCTBYIOT TPETbeW MO3uLUN.

CHMXEHMe OLEeHKMN Ha aBTOOOPOrax okasbiBaeT 3aMeTHOE BIMAHMNE Ha UTOTOBYIO
OLIEHKY M NPMBOANT K cMeLleHnto Mera®oHa Ha TPEeTbio NO3NLMIO PEeNTUHTA.

M T
C
( MTC ycTynaeT KOHKYPEHTaM U 3aHMMAET YeTBEepPTYIO NO3ULIMIO PENTUHTA.
‘ B YnbaHOBCKe, B ropoaax 1 Ha aBTogoporax B cett MTC oTMeueHbl HanMeHbLUmne
- OLIEHKM 1N COOTBETCTBYIOT YUETBEPTOW MO3ULINN.

OTcTaBaHMe OT KOHKYPEHTOB MO PaaMONoOKpPbITUIO B YIbAHOBCKE, B rOpoaax U Ha
aBTOAOPOrax NPMBOOUT B pe3ybTaTe K cMelleHnto MTC Ha 4YeTBepPTYHO MO3ULIMIO B
MTOrOBOM PENTUHre.



MpunoxxeHue 1

KpaTKO O TEXHOJ10I N
BbIMOJIHEHWMA TECTOBR

CpaBHUTENbHAA OLEeHKa BbIMOJIHEHA Ha OCHOBE
aHanmM3a pe3ysbTaTOB APaWB-TECTa, MPOTAMXKEHHOCTb
MapLUpyTa KOTOPOro cocCTaBndeT OKoJio 1986 KM.
MaplwpyT OpanB-TecTa OXBaTblBaeT ropopaa YnNbs-
HOBCK, VweeBka, Yeppaakibl, HOBoynbaHOBCK, AnMu-
TpoBsrpag, MIH3a n bapsblll, a Takke aBTOMOOUIbHbIe
[0OpPOrn, CoeanHsaLmMe 3T ropoaa. BaxHo npuHM-
MaTb BO BHMMAHME, YTO MNOJTyYeHHble pe3y/ibTaTbl OT-
paXkatoT TEXHNYECKME BO3MOXKHOCTU CeTel, 3aperm-
CTPMPOBaHHbIE Ha MapLUpyTe ApanB-TecTa B Nepuon
BbIMOSIHEHUSA PabOT.

Ona n3MepeHusa XxapakTepUCTUK pPagmnomnoKpbl-
TUSA NCMNOIb30BAICA CKAHVPYOLWNN MPUEMHUK B CO-
CTaBe MporpamMMHo-annapaTHoro komnnekca Nemo
(PuncyHok 4). AHannTtruka n obpaboTka pe3yibTaToB
BbIMOJSIHEHbI C MomMolLbto nnatdopmbl CEMONA.

PucyHok 4.
M3MepuTenbHbIA KOMMJIEKC, YCTaHOBJIEHHbIV B aBTOMOGUe



Mpuno>xeHune 2

[ lokazaTennm KayecTBa

Huxe B Tabnuuax NpuMBOOATCA 3HAUYEHUS MoKa-  CrneuvanibHoOM nuTepaType, BKAUYas TeXHuUYeckue
3aTtenen (KPI), Ha OCHOBe KOTOPbIX BbIMNOMHEH pac-  cneundukaumm ETSI n gokymeHTbl ITU. Ina cnpaBku
UeT WHTerpanbHbiX OUeHOK. B Tabnuuax MCnonb-  MNPUBOAATCHA TakXe COOTBETCTBYHOLLME IKBMBANEHT-
3YIOTCS OpWUrMHanbHble Ha3BaHWA MOKasaTesieM Ha  Hble Ha3BaHWS Ha PYCCKOM A3blKe.

AHITIMNCKOM £3blKe, npMeHdaeMble Ha NMpPakKTuke n B

YNbAHOBCK

Ta6nuua 1.
MNokasaTenu, xapakrepusyoLwme paguonokpbiTue B cetu LTE ana ropoga YNbaHOBCK

OpuruHanbHoe Ha3sBaHue nokasarens KPI HasBaHue Ha PYCCKOM fi3blKe 6unanH MTC Mera®oH T2
RSRP Best < -114 dBm, % lons anatesul mpuHyacHoro curana & 007 043 001 000
RSRP Best > -104 dBm, % fj:M”fT'*E""ie_H]gi z%"r':,"';:ae'“om curnana s 9905 9761 99.64  99.93
[opona YNbaHOBCKOM 06nacTu
popa Y 6
Tabnuua 2.
MokasaTtenu, xapakTepuayloLne paauonokpbiTue B cetu LTE ansa ropofoB YbsiHOBCKOIN o6nactu
OpuruHanbHoe HasBaHue nokasarens KPI HasBaHue Ha pycCKOM fi3blKe 6unanH MTC Mera®oH T2
RSRP Best < -114 dBm, % Flons anaesul mpuHyacHoro curana & 005 163 000 000
RSRP Best > -104 dBm, % fgfjfﬁ;‘fjgz ';%”r:,"';:ae'“oro curnana 9919 9519 99.71  99.99
ABTOMOOWUJIbHbIE OOPOM
Ta6nuua 3.
MokasaTenun, xapakTepusyrLime pagnonokpbiTue B cetu LTE ana aBToMOGUIIbHbIX gopor
OpuruHanbHoe Ha3sBaHue nokasarens KPI Has3BaHue Ha PYCCKOM fi3biKe 6unanH MTC Mera®oH T2
RSRP Best < -114 dBm, % f::;f;‘;ie_q;"j;é’:{'t;”ae'“oro curHana B 725  14.03 8.22 1.91
RSRP Best > -104 dBm, % Honsi 3raqenHmit NbuHIMAaeMoro curkana 8515  74.63 80.46 92.44

cetn LTE > -104 dBm, %




MpunoxxeHue 4

[lopdanoK pacyeTa eAnHOW
MHTErpasabHOWM OLEHKU

PacuyeT eguHom oueHKM B 6Gannax BKJtOYaeT
nocnegoBaTesibHble OENCTBMSA MO B3BeLUMBaAHUIO U
arperaumm nokasartenen (METPUK) ANS Pa3HbIX TUMOB
CEPBUCOB N KAaTeropumn ycnyr. IToroeas MHTerpasb-
Has OLEHKa PacCUYMTbIBAETCH Ha OCHOBE MHTerpalsb-
HbIX OLLEHOK ANS KaXkgoro cepsuca. PekoMeHpaunm
no npouenype pacyeTa OLEHOK Ha Pa3HbIX YPOBHSAX
arperaumm npmeoaatca B otyete ETSI TR 103 559.

B kauecTBe MCXOAHbIX AAHHbIX WCMOJb3YHTCS
coBOKYMHoCTK nokasaTtenen (KPI - Key Performance
Indicator), koTopble 06begNHATCA B rPynnbl B CO-
OTBETCTBMM C TWUNaMu TecToB. [lokasaTenn cocTas-
NA0T NEePBbIV MW HaYasbHbIM YPOBEHb arperaumu.
Kaxkgbin nokasaTtenb KPlI HopMupyeTcs 1 B3BELUMU-
BaeTCsa ONs nocneaytoLllero cyMmmpoBaHuda. Mony-
YEHHble UHTerpasbHble OLEHKU, pacCUMTaHHble OS14
Ka)kgoro Tuna TecTta (cepBuca), OO6BbLEOUHATCA B
rpynnbl B COOTBETCTBUU C KATEMOPUSIMU YCNYT MO-
OUNbHOWM CBA3M U 3aTeEM MCMOMb3YTCS A1 pacyeTa
€0MHOMN NTOrOBOW OLLEHKMN

Ona kagon ycnyru paspabaTbiBaloTCA CUeHa-
puy, peanusyrolime aBTOMaTUYeCcKoe MNOBTOPEHMe
TecToB. B cocTaB cueHapusa o6blYHO BXOOAT pa3Hble
TUMbl TECTOB, UMUTUPYHIOLLMX XapakKTepHoe noesene-
HMe aboHeHTa: roslocoBasi CBA3b, MPOCMOTP BUAEO,
OTMpPaBKa AaHHbIX B MHTEPHET, 3arpy3ka gaHHbIX 13
MHTepHeTa 1 ap. Ha PucyHke 5 gna HarnaoHoOCTM
NPVBOAUTCSA CXeMa arperaumm nokasaTtenem n oue-
HOK, MCMOJIb3YyEMbIX B JAHHOM UCCIeqOoBaHMM, C yKa-
3aHMEM BECOBbIX KO3(DUMLUMEHTOB AS1A Pa3HbIX KaTe-
ropuin o6bHEKTOB.

NPS

w

YnbAHOBCK
60%

PucyHok 5.
CxeMa arperauum nokasaTtenen u oLeHoK

Nopopa
30%

Adoporu
10%



