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O MNPOI'HO3UPOBAHHNU TPEHAOB H3MEHEHUA YAEJBHBIX
CMEIIAHHBIX HATPY30K 3JJEKTPOIIOTPEBUTEJEN
MHKPOPAMOHOB H TOPOJOB B YCJIOBHAX
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KaHJ. TexH. Hayk, jo1l. I'amo E.T.
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Annomauua. B pabome Oaemcs kpamrxuil aHanusz co6peMEHHbIX MEmoo0oe
ananuza, NOOMEEPHCOeHUA U NPOCHOZUPOBAHUA YOCTbHEIX CMEUWAHHBIX HAZPY-
30K nekmponompebumeneii MUKpOPAioHO8 1 20pO00E i POPMYITUPYIOMCA OC-
HOGHbBIE npoblembl, cmoAwHe neped peopLanuzayueti ompacau ¢ y4émom
mpebosanuii yugposusayuu sxonomuru. C yenvio eviaeneHUs nPeuMywecme u
HEOOCMAamKo8 pasnuiHelX peweniti RO ONMUMU3AYUY COCMANenUs IHep2oba-
JIQHCO6 CIMPOUMC MAMEMAMUYECKAsA MOOeTb, NO36ONAIOWAA AHATUZUPOBAN
nompe6HoCMb MUKPOPAiON08 U 20p000E8 6 ANMEKMPUHECKON IHEP2UU U OCY-
WECMENAMs NPOSHO3 PA3CUMUSA 20POOCKUX IHEPSOCUCIEM 8 PATUHHBIX COYU-
ANbHO-IKOHOMUHECKUX U NPUP OOHO-KTUMAMUHECKUX YCTOBUA.

Hccneoosanue evinonneno npu noodepoicke epanma PHO Ne 16-19-10568.

1. Cocrosinue 3aJaydl NPOTHO3MPOBAHHS HAIPY30K CMeNIAHHBIX
nmoTpeduTeIeii drekTpodHeprun B Poccnn

IlnanupoBaHue PEKUMHBIX NAPAMETPOB U TEXHHMKO-3KOHOMMYESCKHX
moKasarelieil SBIsSeTcs] OJHMM U3 Ba)KHEHIUMX 3aJay MPOMBIIIICHHOTO H
KOMMYHaJIBHOTO KoMIUIekcoB Poccuiickoit ®eaepauuu. HeobxoaumocTs
TOYHOTO IPOTHO3HMPOBAaHMA OOYCIOBICHA KAaK TEXHOJOTHYCSCKHMH, TaK H
SKOHOMHYSCKMMH MpHYMHAMU. TOUHBIH pacuéT obecneurnBacT ONTUMAIb-
HbIe C TEXHHYCSCKOM TOUKH 3pSHUS HAAEKHOCTb U PEe3ePB MOIHOCTH CHUCTe-
Mbl. B 5KOHOMUYECKOM aclieKTe KOPPEKTHBIN MPOTHO3 MO3BOJLIET MOTPeOu-
TelsIM LejecooOpasHee IUIAHUPOBATh 3aKYNKYy SHEPropecypcoB ¢ yUETOM
M3MeHeHHH Tapu(yHOH MOIMTHKH, KIMMATHUSCKUX U METCOPOIOTHUCCKUX
(baKTOPOB, TeXHOTOTHICSCKIX, COIMATBHBIX M HHBIX OCOOCHHOCTEI.

CHIDKeHHE HeNPOU3BOAUTEIILHBIX H3ICPKEK U YASTIbHON SHEProéMKO-
cti Ha 40% K 2020 rofy, a TakKe MOBBIMICHUS SHEPTeTHISCKOH 3(D(peKTHB-
HOCTH MPOMBILIUICHHBIMH U KOMMYHAJIbHBIMH CHUCTEMAaMH SIBISIFOTCSI OJHU-
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MH U3 OCHOBHBIX 3a7ad4, IIOCTABJICHHBIX Nepe] SHepreTHUSCKOIl oTpacibio U
3aukcupoBaHHBIX B YKase [Ipesuaenta PO ot 4 mons 2008 r. N 889 «O
HEKOTOPBIX Mepax IO IOBBIICHHUIO SHEPTETHUESCKOM U SKOIOTHISCKOH 3(h-
(peKTHBHOCTH POCCHIICKOM 5KOHOMHUKH» M TPeOOBAHMAX K OTPacieBbIM,
peruoHaIbHBIM ITPOrpaMMaM SHEPro- U pecypcocOeperKeHH.

Pemenne akTyambHON I 3ICKTPOHEPreTHKH 3aJadil COCTABJICHUA
MPOTHO3HBIX GanaHcoB TOP ocHOBBIBaeTCA Ha HCIOJIb30BAHHMH IOJHON W
JIOCTOBepHOH MH(pOPMAIMK O THpoLeccaX B 000PYJOBAaHHH H SHEPTOCHCTE-
Me B [eJloM. BBUIy W3BeCcTHOH crieln()MKK SHEPTOCHCTEM, OCHOBHBIM CIIO-
co00OM TOTyUeHHS Takoil HHPOPMALNH SBIICTCA MaTeMaTHIeCKOe MOJCIH-
posanue [1]. JloMHHHpYFOIlee CEeTOaHA CYTy00 YUCICHHOE MOJICTHPOBaHHC
H pa3an4Hble IMPOTPaMMHO-BBIMUCIUTEIBHBIC KOMIUICKCHI €TI0 peaai3alii
JaneKo He Bcerja o0ecnevnBaroT HeoOX0AMMYIO MOTHOTY M JOCTOBEPHOCTD
ykazaHHOH mH(popMmarmu [2]. B cBsI3u ¢ 5THM HeH30€)KHO BO3HHKAeT HE0O-
XOJMMOCTh MMPUMCHATh BeChbMa CYIICCTBCHHBIC VIIPOIICHNA W OTPAaHIYCHHS,
YTO MPUBOJUT K CHIZKSHHUIO TOYHOCTH IPOrHO3a [3].

Ilensro paboTsl ABIAeTCA paspaboTKa MeTOJOB, AITOPHTMOB H TIPO-
TpaMMHBIX CPSACTB aHAINM3a W IUIAHHPOBAHHUA OalaHCOB SHEPrOpecypcoB,
NMOTPeOIACMBIX MPOMBIIIJICHHBIMA U KOMMYHAJIBHBIMHA CHCTEMaMH B YCIIO-
BIUIX HEJOCTATOYHOCTH JaHHBIX.

IIpakTryeckas LeHHOCTh MPH NMPOBSACHAU MPOMBIIIICHHBIX SKCICpH-
MEHTOB W 0OCJIeoBaHUIl pAAa MpeANpHATHI 3HeproéMKHUX oTpaciell mpo-
MBIIIJICHHOCTH COCTOHT B peajM3alliid rocyJapcTBeHHoil 3amaum 40%-ro
cHkeHHs >HeproéMrocT BBIT k 2020 r. o cpaBHeHmro ¢ 2007 r. u ompe-
JIeleHHH TIPHOPUTSTOB MCTIOIb30BAHMS MOIX0J0B K IM()POBH3ALIH SHEPTe-
THYCeCKOH OTpaciM >KOHOMWKH M CHIDKCHHMH 3aTPaT Ha COCTABICHHE 3HEP-
robanaHcoB TOCPSACTBOM aBTOMATH3ALMU IMPOLEIyphl IMPOTHO3MPOBAHUA
00BEMOB MOTPEOICHUS TOILTUBHO-3HSPIETHUSCKIAX PECYPCOB NMPOMBIIIICH-
HBIX H KOMMYHaJbHBIX NOTpeOUTeNeH B YCIOBHAX HEJOCTATOYHOCTH JaH-
HBIX.

2. Ilpumep cocTaB/ieHHE NPOTrHO3HON (GYHKIHH J1eKTPoNoT pedJie-
HUSI T. AHAJBIPD

Jli aHanm3a BBIOpaHA CHCTeMa 3JIeKTPOCHAOKeHHSA I'. AHAIBIPh, IO-
Iy4aromas >IeKTPHISCKYIO SHEPrHIO OT ABYX HUCTOYHHKOB. OTIMYUTEIb-
HOI 0COOCHHOCTBIO YHEPIOCHCTEMBI SABIACTCS e¢ H30JUPOBAHHOCTD OT SH-
HOI »HeprocucTeMsbl cTpaHbl. He BIoIHE TouHOEe COOTBETCTBHE OOBEMOB
TIOCTABJICHHOM B CeThb M MOTPEOJICHHON 3ICKTPHYCSCKOM >Hepruell cBuie-
TebCcTBYeT O (pakre oTcyTcTBHA cHcTeMbl ACTYD. CornacHo maHHBIM 3a
2017 roa, mMOrpelIHOCTh OT Py4yHOTro cOopa JaHHBIX 00 3JIeKTpomoTpediie-
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HUN cocTaBiieT 4,1%. Jml mocaeayrolero aHauIn3a NpUMEHIM MaTeMaTH-
YeCKHUH anmapaT aHaJIW3a CTaTUCTHYCCKHX JAaHHBIX B YCIOBISIX HX HEJOCTa-
TOYHOCTH M YaCTUYHOH HEJOCTOBEPHOCTH.

Ha ocHoBanumu movacoBbIX JaHHBIX 3a 2017 roJ NpoBeJEH aHAIN3
CYMMAapHOI0 3NIeKTponoTpetieHns I. AHaapIpb, Bumodas JKKX, ymiruHoe
OCBelIcHNe, JOPOXKHYI0 HH(PacTPYKTYpy, mpeanpusatus [4] u np. Perpec-
CHOHHBIN aHAIW3 MPOBOAMJCA HA OCHOBAHHH OIpeNeiCHHA KOppeIalHd
OTHOCHUTETBHO 7 (PaKTOPOB:

1. T — TeMmepaTypa Bo3AyXa Ha BBICOTe 2 MeTpa HaJ MOBEPXHOCTBIO
3emuH, °C;

2. Py — atMocdepHoe AaBlIeHHe Ha YPOBHE CTAHIMHU, MM.PT.CT.;

3. U — oTHOCHTeIbHAs BIA’KHOCTh HA BBICOTE 2 MeTpa HaJ NMOBEPXHO-
CTBIO 3eMuH, %0,

4. DD — yroa HamnpasjcHHs BeTpa Ha BbicoTe 10-12 MeTpoB Hala 3eM-
HOHl IOBEPXHOCTBIO, OCpedHEHHOE 3a 10-MHHYTHBIH IEpHOJ, HENOCpe.-
CTBCHHO IPeANIeCTBOBABINUIL CPOKY HAOIFOACHMS, M/C;

5. FF — cxopocTb BeTpa Ha BbicoTe 10-12 MeTpoB Haz 3eMHOI MOBEpX-
HOCTBIO, OCpeJHCHHasd 3a 10-MHHYTHBIN IeproJ, HeMOCPEACTBEHHO Ipea-
IIeCTBOBABIIUIL CPOKY HAOIIOACHIA, M/C;

6. N — obmmas odmaqHoCTh, %;

7. I1 - IpoAoJDKUTE IBHOCTh CBETOBOTO JHS, MHH.

Hcnonb3oBaHHe perpecCHOHHOTO aHAIH3a C R*= 0,8448 m03B0IIIO
ommcaTh CICAYIOIIYIO 3aBUCHUMOCTD 37ICKTPONOTPeOICHAA Topoaa:

W=2923,2-53,1T+3,4Py+2,6U—-0,4DD + 21,8FF +267,9N+1,4I1. (3)

Ucnonp3oBaHre MOIMHOMHUAILHOTO ompedenaeHus ¢ R? = 0,8669 mos-
BOJIIJIO BBIIBHTH AHAJOTHYHYEO 3aBUCHMOCTB (pHC. 1):

W=-5-10"%"+ 0,004 1x° — 0,9798x> + 62,434x + 5321,7. 4)

HecmoTpst Ha J0CTaTOYHO BBICOKHH KOS((HINEHT KOPPEISIHH COOT-
BETCTBHS MOJIMHOMA (PaKTHISCKUM 3HAUCHHSIM, HCIIOTb30BaHUE T0T0OHOTO
TOAX0Ja A1 MPOTHOZUPOBAHMS SIICKTPOTIOTPEOICHHSI HEBO3MOKHO, B CHILY
OTCYTCTBHS VUETA pAAa BIMSFOINX (akTopos [5].

Ha ocHOBaHMH TONMyYeHHBIX JAHHBIX B TaOi. | mNpoaHaIM3HpoBaHA
3HAYAMOCTD BO3ACHCTBHA KIMMAaTHICCKUX (PaKTOPOB.

89



8000.00

y = 15E-06x* + 0.0041x> - 0.9798x? + 62.434x + 5321.7

7000.00

R? = 0.8669
6 000.00
5000.00
4.000.00
3000.00
2000.00
R?=0.8287
1000.00
0.00 T
NENRNNNRNRNRNNNENNNNNRNNENNNNERNRNNNNNNNRNNNNNDN
g i i e o e i O v e o e R i
O0OO0O0O0O0OD0O0OD0O0OO0O0OOD0OO0OO0OODO0OODO0OO0OO0OO0OOODOOODOOOO0OO
L I o I o I o B o o o I o I o I o O o I O o o I O I o I o I o o I o O o I o I o B o I o I o I S I o I o I oY)
dddaad g S S UL wL OO0 O NNNOWGOWGO®OR®H PO OO A
©00Q00Q0Q0C000Q000Q000Q0Q00Q0000QQ0O dddddddddd
AN ONMT N OO0 O dANMIETFTNON0NDNDO d—d NMIT WNWMWWON DO
O NO A NO-AdMdAANOAANOANOANOANMANO—ANOANO-MmM
r. AHaZbipb: dpaKTU4eckoe anekTponoTpebneHue, KBTY
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- - =TonvHomuanbHas (r. AHagblpb: NporHosHoe anekTponotpebnerue, KBT-4, R2=0.8448)
Puc. 1. Axamis motpeGIeHys 2IeKTPOSHEPTHH T. AHAIBIPD
Tabmma 1
3HAUNMOCTE BO3ACHCTBHS KIIMMATHUSCKUX (baKTOpOB Ha 3J'IeKTpOHOTpe6J'IeHI/I$I
r. AHaJIBIPh
P,
T, °C 0> U, % DD FF, Mm/c N, % T1, MuH.
MM.PT.CT.
15,1% 1,0% 0,8% 0,1% 6,2% 76,3% 0,4%

3. AHaJIM3 TPeH 0B H3MEHEeHNs YJAeIbHBIX CMENIAHHLIX HAIPY30K
2J1eKTpoNoT peduTesieii MiuKkpopaiiona MOCKBBI H A JMIHICT PATHBHOTO
HeHTpa AHAABLIPL

CyMMapHad [omagb oKuiabd TI. AHageIppb [6] cocTaBmdeT
335,8 Thic. M°. JKuutoit (oHA roposa HacuuTeIBaeT 157 moMoB [6] U B cymMMe
5405 xBaptup. UnciaeHocTh HaceleHNA cocTaBiieT 15604 yen. CyMMapHoe
3NeKTponoTpedieHne ropoaa cocrapmter 1 849 332,41 kBtu B roa. Jua
CPaBHCHUS B34Thl JaHHBIC >JICKTPONOTPeOICHHA |2 SKUIBIMH 3JaHHAMH
patioHa Jlroommao r. Mocksel. CyMMapHas IUIOINAAb JKANbA COCTABIIICT
111 394,00 xB.M. 1 HacuuThiBaeT 1935 xBapTHp. UHCICHOCTh HACCTICHUA —
5347 yen. CyMMapHoe 3/eKTponoTpedneHue coctaBteT 387 339,59 kBt u
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B TOJI C YIETOM TOTO, UTO B JaHHOI IH]pe He VUTCHBI HHBIC DICKTPOTIOTPe-
OouTenn palioHa KpoMe 3IeKTPONOTpeOIcHIA KITBIMH 30aHIIMA. C TOUKH
3peHHs JelcTBYIomIell HOpMAaTHBHOM JTOKYMCHTALMH [7] MO MPOSKTHPOBa-
HHIO BHOBb COOPY’KAeMBIX W PEKOHCTPYHPYEMBIX JICKTPHUCCKUX ceTel
TOpPOJOB, palioHOB M MHKPOPAlfOHOB CYMICCTBYIOT YTBEP:KASHHBIC yaSTb-
Hble 3HAa4YcHHA 3HepromorpeOicHms. HopMmaTHBHBIC M aHATOTMYHBIC WM
paccUHTaHHBIC 3HAUYCHUS MIPUBEICHBI B TAa0I. 2.

Tabmaa 2
HopMaTuBHBIE yAETBHEIE 3HAYESHIE TOTPeOITeMOM AIEK TPUISCKOM SHEPTrun
r. AHaJIBIpb ¥ MUKpopationa JIro6mio r. MocKBH

MHKPOpaiioH
V AeMbHBIC IOKa3aTeIn r.AHa/ILIPh . MockBa

daxTryeckoe yaenpHOe
3HAYCHME, BKIIOYAs BCE 0,628 0.3969
HATPY3KH,

kBr/ 1y | xBr/ 1
V neapHoe 3HAYCHME TI0
PJ134.20.185-94, 0,093 0,109
KBt/ 1 M
daxTuaeckoe yAeIHHOE
3HAUCHIIC, 0,34586 0,29196

KBt/ 1 gemn. KB1/uen.

V AeIbHOE 3HAYCHHE 110 0,528 ~0,27
PJ134.20.185-94, (momycTuM Jtua- (morrycTHM SMa-
kBT1/gen. nasoH 0,396-0,528) [ mazon 0,24-0,32)
daxTuaeckoe yAeIHHOE
3HAYCHIE, 0,34215 0,80677

<Br/ 1 xa. kB1/ xBapTHpa
V neapHoe 3HAYCHME TI0
PJ134.20.185-94, 0,620125 0,620125
kB1/ xBapTHpa

[IpuBeneHHBIC TMOKa3aTeNH YUWTHIBAIOT HATPY3KH: JKHIBIX TOMOB,
OOIICCTBEHHbIX 3MaHWH  (aIMUHHCTPATHBHBIX, VYCOHBIX, HAYUHBIX,
Je4eOHBIX, TOPTOBBIX, J3PCIMINHBIX, CIOPTHBHBIX), KOMMYHAJIbHBIX
MpeANpHATHI, HApY>KHOTO  OCBEINCHWS, O JIeKTpoTpaHcmopra  (6e3
METPOIIOIMTEeHA), CHCTEM BOJOCHAOKEHWS W KaHAIM3AIWH, CHCTEM
TelulocHaOkeHmsl. K IleHTpampHBIM =~ paiioHaM ropoJa  OTHOCATCA
CTIOKUBINHMECS] paifoHbl CO 3HAYUTCIBHBIM COCPEOTOUHEM Pa3JITIHbBIX
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aJIMVHHCTPATUBHBIX VUYPEIKACHHI, VYCOHBIX, HAy4YHBIX, HPOCKTHBIX
opraHmsanuii, MNpeJNpHATHI TOPIOBIH, OOIICCTBCHHOTO IMHTAHHA,
3peIHMIHBIX NpeANpHATHI W Ap. B cHIy HecomocTaBHMBIX YCIOBHIl He
TIPOM3BOINTCS AHAIN3 YACIHHOTO MOTPSOICHHS 3ICKTPOSHEPTHH Ha | M7,
T.K. B JAHHBIX T. AHAJBIPh YUTCHBI BCE HATPY3KH ropoAa, a B HOPMAaTHBHBIX
VACTbHBIX MOKa3aTe/IX MpPHBCACHBI 3HAYCHHA, YYUTHIBAIOIIHC TOJIBKO
HATPY3KY KHIIBIX JOMOB.

IIpoBencHHBIN NMPOTHO3 TPEHAOB HM3MCHEHMA VACIBHBIX CMEIIAHHBIX
HATPY30K ICKTPONOTpeOnTeae MHUKPOPAalioHOB W TOpPOJOB B YCIOBHAX
HEJOCTATOYMHOCTH JAHHBIX IOKAa3blBaeT, 4YTO MO MapaMeTpy «yACNIbHOe
3IEKTPOTNIOTpeONeHHe Ha desoBeKay (puc. 2) xwuioii (oHA r. AHaapIpsh
obnagaeT moTeHIUAIoOM pocTa B 52,6%. Ilpu sToM MukpopalioH r. MocKBbI
JEMOHCTPHpYeT NpeBbIIIcHIE YACIBHOIO dIeKTpomnoTpebaeHns Ha 8,1%.

YaenbHoe 3HaveHune. KBT/uen.

0.600
0.528
0.500 T BO'B?-.IOZ-K-EH]JOCIIOpaC':Ié'TEbIX
HOPMATHEHEIX 3HAUECHHI
0.400
0.346
0.292
0.300 + J/
I:i:l 0.270
IIpepsimeHHe i
OTHOCHTENBHO
208 PEKOMEHIYEMBIX I
HOPMATHEHEIX
3HAYeHHH
0100 SEEE ¥
0.000
r. AHagpipb r. Mockea

Puc. 2. PesynbTatel aHamisa yIeIbHOTO DIEKTPOIIOTPEOISHISI Ha YEIOBEKa
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YaenbHoe 3HaueHue. KBT/keapTupa

6300 Bo3smoskeH I

; ij\ :L[-‘ PEBEIIIEHHE 0.807
0.800 1_P0o¢ G OTHOCHTENEHO

pac4€THEIX PeKOMEeHIYeMBIX
0.700 .I-EOI_'J_\IaTI‘EUBHBIX HOPMATHBHBIX

JHATEHHH 0.621 3HAYEHHH

: B Y 0621
0.600 1 \ —
0.500 i 7T TR
it 0.342 i
0300 ——— o —
0.200 -
0.100 +——— T
0.000 T
r. AHagbIpb r. Mockea

Puc. 3. PesynbTatel aHami3a yIeIbHOTO BIEKTPOIIOTPEOISHISI Ha KBapTHPY

Ilo mapameTpy «yaedbHOE »SICKTPONOTpeONeHHE HA KBapTHPY»
(puc. 3) xwunoii ¢oHT T. AHaIBIPh 00JAmaeT MoTeHIHANIOM pocTta B 81,5%.
PasHuna Meskay YpoOBHAMH 3ICKTPONOTPeOJCHHMA Ha KBapTHPY A
CXOTHBIX COTJIACHO HOpMaTBaM >KHIOMY (OHAY aIMHHHCTPATHBHOTO
LeHTpa I. AHaaplps U MEKpopaiioHy I. Mocksbl coctaBmter 136%. Ilpn
5TOM MHKpopalioH I. MockBbl AeMOHCTPHpPYeT IpPEBBIIICHHE YACIbHOTO
sneKkTponioTpedaeHus 29,9%.

BoiBoabI 10 padoTe

1. Jlag peleHus 3aJa4 MPOTHOZHPOBAHMA 0OBEMOB 3ICKTPONOTpeOTe-
HHS CMEIIaHHBIX HATPY30K MHUKPOPAHOHOB U TOPOJOB B YCIOBUAX HEAOCTa-
TOYHOCTH JAHHBIX MPHUMEHHM MOAXOJ MCIOIb30BaHMA PEIPECCHOHHBIX MO-
nenei.
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2. IlpuBenieHa OllCHKA BIMSAHHA KauecTBa JKM3HHM HACCTICHHSA Ha ypo-
BeHb 3JICKTPONMOTPeOICHUS KITUIHBIMA Xo3glicTBaMu. Pasnmine BeM4HH
(paKTHIECKOTO YICIBHOTO 3JICKTPONOTPeONeHns AI1 T. AHagslph W T.
Mocxkssl cocTaBigeT 136%.

3. Iloka3aHo HECOOTBETCTBHE 3HAUCHMII YICIBHBIX BEIHYUH 3ICKTPO-
notpedaeHns B PJ[ 34.20.185-94 «MHCTpykumA IO TNPOCKTUPOBAHHIO
TOPOJICKUX DISKTPHUYSCKHX ceTeii» W (paKTHUSCKHX VPOBHEH yAeIbHOTO
sneKTponoTpeOneHnd. [IpuBeAGHHBIN coco® MOKET HCIOJIb30BaThCA AJIA
aKTyaIu3alli YCTapeBIINX VACIbHBIX 3HAUYCHUIA.

4. IlpeanoskeHHBIN MOAX0A MOXKCT OBITh HCIONB30BaH A MPOTHO3HU-
poBaHMS TOTPeOHOCTEH B BHEpropecypcax ¢ yuéToM (hakTOpPOB CTapeHHA
3MaHHi B ceTell, yBeImIeHHI KOM(OPTHOCTH H HArpy30K, PCHOBALMH, VP-
GaHM3alMA IPHTOPOJOB H IIp.
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