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OT3blB 

Be,r:i:yru:ell: opraHl13aI.J.Hl1 Ha ,r:i:11ccepTaI.J.HOHHYIO pa6oTy 

<l>aM BaH JJ:aH: «Pa3pa6oTKa Mo,r:i:enell: H MeTo,r:i:oB MaprnpynBaI.J.11H 

B 3Hepro3cpcpeKTHBHbIX 51"lJel1CTbIX ceT5IX .D:aJibHero pa,r:i:11yca ,r:i:ell:CTBH51», 

rrpe,r:i:cTaBJieHHYIO Ha COHCKaHHe yqeHOll CTerreHl1 KaH,r:i:11,r:i:aTa TeXHHqecKl1X HayK 

no crreu.11anbHOCTH 2 .2 .15 - C11cTeMbI, ceTH 11 ycTpoll:cTBa TeJieKOMMYHHKau.HH: 

AKryaJihHOCTh TeMhI )l,HccepTa1..viouuou pa6oThI 

AKTl1BHO pa3BJfBaIOru;a51C51 ccpepa TeJieKOMMYHl1Kau.11H: c Ka:>KJJ:bIM ro,r:i:oM 

BOBJieKaeT B ce651 see HOBbie o6JiaCTl1 11 B11LI:bl 11HcpopMaI.J.HOHHOro B3al1Mo.r:i:ell:CTBl151. 

0.r:i:ttoll: 113 TaKl1X o6nacTell:, rrp11KOBaBrneH: rrp11CTaJibHOe BHl1MaH11e KaK Hay"l!HOro 

coo6ru:ecTBa, TaK 11 rrpOMbIIIIJieHHOro ceKTOpa, 51BJI51eTC51 KOHI.J.eIII.J.1151 I1HTepHeTa seru:ell: 

(HB). B HaCT051ru;ee BpeM51 I1B 51BJI5IeTC51 OCHOBHOll LI:JI51 pa3Bl1Tl151 ceTell: CB51311 B 

cpe,z:i:HecpO"l!HOll 11 )J;OJirocpo"l!HOll rrepcrreKTl1Be. 0.r:i:Ha 113 KJIIO"l!eBblX cpyHKU.11ll B 

paMKax 3Toll: KoHu.erru.1111 B03JIO)l(eHa Ha caMoopraHl13yIOID:l1eC51 ceT11, KJiaccHqecKoll: 

pean113au.11ell: KOTOpbIX 51BJI5IIOTC51 6ecrrpOBO)J;Hbie ceHCOpHbie ceTl1 (ECC). 



EecrrpoBo,n:Hhie cettcopHbie cenr o6rra,n:aIOT p5I,n:OM oco6eHHOCTeli rro cpaBHeHJ.:IIO c 

cyliieCTBYIOliIJ.:IMJ.:I ceT5IMJ.:I, OCHOBHbIMJ.:I J.:I3 KOTOpbIX 5IBJI5IIOTC5I ynoM5IHyTa5I 

caMoopraHtt3a!IH5I H HH3Koe :rnepronoTpe6rreHJ.:Ie. EoJibIIIOH J.:IHTepec K tt3y11eHJ.:IIO 

TaKJ.:IX ceTeH o6ycJIOBJieH, B rrepByIO 011epe,n:b, IIIHpOKJ.:IMJ.:I B03MO)KHOCT5IMJ.:I RX 

npHMeHeHJ.:I5I: MOHJ.:ITOpHHr OKpy:>I<aIOliieH cpe,n:bI, MOHJ.:ITOpHHr COCT05IHJ.:I5I 

rrpoMbIIIIJieHHbIX o6oeKTOB, MOHJ.:ITopirnr TPaHcrropTa, cttcTeMbI o6ttapy)KeHJ.:I5I 

BTOp)KeHJ.:IH J.:I CJie)KeHJ.:I5I 3a I!eJibIO, IlO)KapHM 6e30IIaCHOCTb, aBTOM06J.:IJieCTpoeHJ.:Ie, 

Me.n:HI!HHa J.:I T .,n:. 

B cocTaB ECC no5IBHJIC5I HOBbIH BH,n: ceTJ.:I CB5I3H llB - 3Hepro3cpcpeKTHBHbie ceTJ.:I 

,n:arrbttero pa,n:ttyca .n:elicTBH5I, no3BOJI5IIOliIHe nepe,n:aBaTb cettcopHbie ,n:aHHbie Ha 

6oJibIIIJ.:Ie paccT05IHJ.:I5I. EoJihIIIoe BHJ.:IMaHtte y.n:err5IeTc5I ,n:aHHOMY Tttny ceTJ.:I nptt 

pa3BepTbIBaHJ.:IJ.:I npttJIO)KeHJ.:IH llB B yMHbIX ropo.n:ax. IIpttJIO)KeHH5I KOHI!eTII!HH llB, 

TaKJ.:Ie KaK ceHCOpHbie ceTJ.:I, KaK npaBJ.:IJIO, Tpe6yIOT opraHJ.:I3a!IJ.:IH 6ecnpoBO.ll:HbIX ceTJ.:I. 

KpoMe Toro, IIIttpoKoMaCIIITa6ttoe BHe,n:peHJ.:Ie npttJIO)KeHJ.:IH llB npttBo,n:ttT K co3,n:aHJ.:IIO 

reTeporeHHbIX ceTeH CB5I3J.:I BbICOKOH J.:I CBepXBbICOKOH TIJIOTHOCTJ.:I. HecMOTP5I Ha Bee 

rrpeHMYliieCTBa 3Hepro3cpcpeKTJ.:IBHbIX ceTeH .Zl:aJibHero pa.n:ttyca ,n:eHCTBH5I, B 

HaCT05Iliiee BpeM5I ,n:rr5I HHX cyliieCTByeT p5I,n: 3a,n:a11 ,n:JI5I 06ecne11eHJ.:I5I 

cpyHKI!HOHHpOBaHJ.:I5I KaK OT,n:eJibHbIX 3JieMeHTOB ceTJ.:I, TaK J.:I I!eJibIX cpparMeHTOB ceTH, 

1ITO npe.n:ocTaBJI5IIOTC5I crroco6hI rrepe.n:a11H irn<)JopMaUJ.:IH Me)K.n:y ycTpolicTBaMJ.:I. 

Oco6eHHOCTH IIOCTPOeHJ.:I5I 3Hepro3cpcpeKTHBHbIX ceTeli ,n:arrhHero pa.n:ttyca .n:elicTBJ.:I5I 

Tpe6yIOT J.:I npHMeHeHJ.:I5I HOBbIX MO,n:erreH: J.:I MeTO.ll:OB MapIIIpynr3a!IHH .Zl:Jl5I 

pacumpeHJ.:I5I 30Hbl TIOKpbITJ.:I5I ceTJ.:I J.:I B03M0)KH0CTH o6MeHa ,n:aHHbIMJ.:I Me)K.n:y 

YCTPOHCTBaMJ.:I B ycrroBJ.:I5IX yMHbIX ropo,n:oB. 

KoMnrreKcHoe peIIIeHHe rrepe11HcrreHHbIX 3a,n:a11 npe,n:cTaBJI5IeT CJIO)KttyIO 

HaYlJ:HYIO npo6JieMY J.:I onpe,n:eJI5IeT Heo6xo,n:HMOCTb npoBe,n:eHH5I HCCJie,n:oBaHHH, 

npe,n:cTaBJieHHbIX B ,n:ttccepTa!IHOHHoli pa6oTe <I>aM Batt ,[(aH: «Pa3pa6oTKa Mo,n:erreH: H 

MeTO,n:OB MapIIIpyTH3a!IHH B 3Hepro3cp<)JeKTJ.:IBHbIX 5I1IeJ.:ICTbIX CeT5IX .Zl:aJibHero pa,n:ttyca 



.neiicTBJUI», qTo II03BOJUieT cqHTaTb TeMy ,r:i:aHHOii .l(HCCepTaIJ;HOHHO:ii pa60TbI 

aKTYaJibHO:ii. 

Hosu3ua npe~cTaBJieHHhIX B ~uccepTau;uouuou pa6oTe pe3yn1>TaTOB 

HoBH3Ha rrorryqeHHbIX aBTopoM pe3yJibTaTOB orrpe.nem1eTc5l, B rrepByio oqepe,r:i:h, 

HOBH3HO:ii caMoro rrpe.n:MeTa HCCJie.l(OBaHH51 - MO.l(eJIH H MeTO.l(bl MaprnpyTH3aU:HH .l(JI51 

51qeHcToii ceTH. HoBbIMH HayqHbIMH pe3yJihTaTaMH 51BJI51IOTC51: 

- cpparMeHT :mepro3cpcpeKTHBHO:ii 51qeHCTO:ii ceTH .l(aJibHero pa,r:i:Hyca .neiicTBH51 

rrpe.ncTaBJieH B BH.l(e CHCTeMbI MaCCOBOro 06crry:>1rnBaHH5l, Ha 6a3e KOTOpo:ii 6bIJia 

pa3pa6oTaHa HMHTaU:HOHHa51 MO.l(eJib, OTJIHqaroru;a51C51 OT H3BeCTHbIX TeM, qTo 

HCIIOJib3yeTC51 51qeHCTa5l TOIIOJIOrH51 c pa3JIHqHoii CB513HOCTbIO. Ha 6a3e cepHH 

KOMIIbIOTepHbIX 3KCIIepHMeHTOB orrpe.nerreHbI rroporOBbie ypoBHH rrapaMeTpOB 

KaqecTBa 06crry:>1rnBaHH5l rrpH pa3JIHqHbIX xapaKTepHCTHKax paccMaTpHBaeMO:ii ceTH 

CB513H; 

pa3pa6oTaHbI MeTO.l(hI MaprnpyTH3aU:HH B 3Hepro3cpcpeKTHBHbIX 51qeHCTbIX 

CeT51X .l(aJibHero pa.n11:yca .ne:ii:CTBH51 Ha OCHOBe KOMIIJieKCHOro IIOKa3aTeJI51 KaHaJia 

CB513li H MaillHHHOro o6yqeHH51 c IIO.l(KperrrreHHeM, OTJIHqaroru;HeC51 OT H3BeCTHbIX TeM, 

qTo II03BOJI51IOT o6ecrreqHTb 3cpcpeKTHBHYIO rrepe.naqy ,r:i:aHHbIX Me:>I<,r:i:y y3rraMH 

51qeHCTO:ii CeTH H IIOBbICHTb OXBaT 30Hbl IIOKpbITH51 ITO cpaBHeHHIO c 

3Hepro3cpcpeKTHBHbIMH 51qeHCTbIMH ceT51MH .l(aJibHero pa,r:i:Hyca .ne:ii:CTBH51 c TOIIOJIOrHeii 

«3Be3.l(a», a TaK:>I<e yMeHblliHTb 3a,r:i:ep:>I<KY .l(OCTaBKH rraKeTOB rrpH BbICOKOii Harpy3Ke 3a 

cqeT caMoo6yqeHH51 Ha OCHOBe co6HpaeMbIX .naHHbIX. 

pa3pa6oTaH MeTo.n rrepe,r:i:aq11: MYJibTHMe,r:i:H:ii:Horo TpacpHKa B 

3Hepro3cpcpeKTHBHO:ii 51qeHCTO:ii ceTH .l(aJibHero pa.neyca .ne:ii:CTBH51, OTJIHqaroru;H:iiC51 OT 

H3BeCTHbIX TeM, qTo rro3BOJI51eT rrepe,r:i:aBaTb H3o6pa:>I<eHH51 qepe3 ceTb LoRa c 

rro.n.nep:>I<KOH 51qeHCTOH TOIIOJIOrHH H rro.n.nep:>I<KO:ii 3a,r:i:aHHbIX rrapaMeTpOB 

rrepe,r:i:aBaeMbIX H3o6pa:>I<eHHii. 



CTeneub o6ocuoBauuocTH u ,11,ocToBepuocTu uay11ub1X noJioJKeuuii, 

BbIB0,11,0B H pe3yJihTaTOB, noJiy11eHHhIX B ,11,uccepTaQHOHHOU pa6oTe 

06oCHOBaHHOCTb H ,n:OCTOBepHOCTb Hay'1HbIX IIOJIO)l(eHHH, BbIBO,IJ:OB H 

pe3yJibTaTOB, ccpopM)'JIHpOBaHHbIX B ,n:ttccepTaU:HH, IIO,IJ:TBep)l(,n:aIOTC5I KOppeKTHblM 

HCIIOJib30BaHtteM MaTeMaTWieCKOro arrrrapaTa, HMHTaU:HOHHbIM MO,n:errttpoBaHHeM, 

,n:ocTaT0'1HblM '1HCJIOM orry6rrHKOBaHHblX pa6oTa, B TOM '1HCJie B peu:eH3HpyeMbIX 

H3,IJ:aHH5IX 3a py6e)l(OM, a TaK)l(e BbicryrrrreHHH Ha Me)l(,n:yHapo,n:HblX H poCCHHCKHX 

KoH¢epeHU:H5IX. 

3ua11HMOCTh noJiy11eHHhIX <l>aM Bau ,l(aii peJyJihTaToB ,11,JISI pa3BHTHSI uayKu 

no cneuuaJihHOCTH 2.2.15 - CucTeMhl, ceTH u ycTpoiicTBa TeJieKOMMYHHKau;uii 

3Ha'1HMOCTb rrorryqeHHbIX aBTOpOM pe3yJibTaTOB ,IJ:JI5I pa3BHTH5I HayK B o6rraCTH 

CHCTeM, ceTeii H ycTpOHCTB TeJieKOMMYHHKaU:ttH 3aKJII0'1aeTC5I B pa3pa60TKe MO,n:erreii 

ll MeTO,IJ:OB MaprnpyTtt3aU:ttll ,IJ:JI5I opraHtt3aU:Hll 3Hepro3¢cpeKTHBHbIX 5I'1ettCTbIX ceTeii 

,IJ:aJibHero pa,n:ttyca ,n:eiiCTBH5I, B KOTOpbIX rrepe,n:aeTC5I KaK TeJieMeTptt'1eCKa5I 

HH¢opMaU:tt5I, TaK ll ll306pa)l(eHtt5I. IIpe,n:JIO)l(eHa HOBa5I MO,n:errb 3Hepro3¢¢eKTHBHbIX 

ceTeii ,IJ:aJibHero pa,n:ttyca ,n:eif CTBH5I c rro,n:,n:ep)l(KOH 5I'1eHCTOH TOIIOJIOrHH, 

II03BOJI5IIOIIJ:a5I paCIIIHpHTb MO,n:eJibHO-MeTo,n:nqecKoro arrrrapaT ceTeH 5I'1eHCTOH 

CTPYKTYPbI, YllHTbIBaIOIIJ:HH KaqecTBO o6cJiy)l(HBaHH5I H Ha,n:e)l(HOCTb. 

Pa3pa6oTaHHbie <l>aM B.)::(. MeTo,n:bI MaprnpyTH3au:nn Ha ocHoBe on:eHKH 

KOMIIJieKCHOro IIOKa3aTeJI5I KalJeCTBa coe,n:HHeHH5I ll MaIIIHHHOro o6yqeHH5I c 

rro,n:KperrrreHHeM II03BOJI.5IIOT BbI6paTb Ha,n:e)l(Hble MaprnpyTbI rrepe,n:aqn ,n:aHHbIX B 

y3KorronocHbIX 6ecrrpoBo,n:HbIX ceTeii CB5I3H MttTepHeTa Beiu:eii c rro,n:,n:ep)l(KOH 

5!'1eHCTOH mm MHOrOCKalJKOBOH TOIIOJIOrHH, '1TO IIOBbICHT 30HY o6cJiy)l(HBaHH5I 6e3 

Heo6xo,n:HMOCTH ycTaHOBKll .D:OIIOJIHHTeJibHbIX 6a30BbIX CTaHU:HH, a TaK)l(e 

crroco6cTBYeT pa3BHTHIO rrpnrro)l(ettnii YMHbIX ycToH'lHBbIX ropo,n:oB 3a c'leT 

rrpettM)'iu:ecTBa Y3KorronocHbIX 6ecrrpoBo,n:HbIX ceTeii. )::(aHHbie pe3yJibTaTbI MoryT 

6hITh TaK)l(e rrpttMeHeHbl rrpn rrpoeKTttpOBaHttll ceTeii CB5I3ll I1HTepHeTa Beiu:eii B 



YMHbIX ropo,n;ax, a TaK>Ke ,ZJ;JI51 c6opa ,n;aHHbIX c ycTpOMCTB I1HTepHeTa Bemeif B 

ycrromrnx IIJIOTHOM ropo,n;CKOM 3aCTpOMKH. 

PeKoMeH,LJ,au,uH no ucnoJih30BattuIO pe1yJihTaToB, nonyqeHHhIX B 

,Ll,HCCepTaQHOHHOH pa6oTe 

Pe3yrr1>TaT&I ,n;HccepTaU:HOHHoif pa60T1>1 <DaM BaH ,[(ail u:errecoo6pa3HO 

HCIIOJib30BaTb B HaylIHO-HCCJie,n;oBaTeJihCKIIX pa6oTax <DrYrr 1(HI1I1C, <DrYII 

HI1I1P' IIpII rrrraHHpOBamrn 3Hepro3cpcpeKTHBHbIX ceTeif ,Zl,aJibHero pa,n;Hyca ,n;eif CTBH51 

IIAO «PocTeKoM», IIAO «rI1IIPOCB5I3l»>, a TaK)l(e B )"Ie6HoM rrpou:ecce rrpH 

rro,n;rOTOBKe 6aKarraBpOB, MarHCTpOB H acrrHpaHTOB B o6rraCTH CHCTeM H ceTeif 

TerreKoMMYHHKau:Hif B rrrYrrc, crr6rYT, MTYCI1, rrrYTI1, CH6rYTI1. 

Pa6oTa BbIIIOJIHeHa ,n;ocTaTOtIHO rpaMOTHO, MaTepHarr H3JIO)l(eH 

rrocrre,ZJ,OBaTeJibHO H JIOrH'lHO, O,ZJ,HaKO B XO,ZJ,y 03HaKOMJieHH51 c ,Zl,HCcepTau;Heif 6bIJI 

C,ZJ,errarr p51,Zl, 3aMetiaHHM, KOTOpbie rrpHBe,r:i:eHbl HH)l(e 

3aMeqaHHSI 

1. B TeKcTe ,ZJ,HccepTaU:HH H aBTopecpepaT OTCYTCTByeT o6ocHoBaHHe B1>16opa 

rrporpaMMHOfO 06ecrre11emrn ,ZJ;JI51 HMHTaU:HOHHoro MO,ZJ,errHpOBaHH51 

3Hepro3cpcpeKTHBHbIX 511leHCTbIX ceTeif ,Zl,aJibHero pa,ZJ,Hyca ,ZJ,ei1:CTBH51. 

2. Bo BTopoif rrraBe rrpH rrpoBe,ZJ,eHHH aHarrH3a MeTo,n;oB MaprnpyTH3aU:HH B 

6ecrrpOBO,Zl,HbIX 511leHCTbIX ceT5IX u:errecoo6pa3HO rrpe,Zl,CTaBHTb B BH,n;e CBO,Zl,HOM 

Ta6JIHU:bl cpaBHeHHe rrpoaHaJIH3HpOBaHHbIX MeTO,Zl,OB MaprnpyTH3aU:HH. 

3. B pa3,n;erre 3 .2 rrraBbI 3 rrpH pa3pa6oTKe MO,ZJ,eJIH 3Hepro3cpcpeKTHBHOi1: 

511leHCTOM ceTII ,ZJ;aJibHero pa,n;Hyca ,n;ei1:CTBH51 rrorre3HO 6bIJIO 61>1 B 5IBHOM BH,n;e y11eCTb 

3HepreTH11ecKHe xapaKTepHCTHKH cocTaBmnoru:Hx ee 6ecrrp0Bo,n;H1>1x y3rroB. 

4. B rrraBe 4 rrpH Hccrre,ZJ,oBaHHH 3HeprorroTPe6rreHH51 y3rra-rrepe,ZJ,aT11HKa 

u:errecoo6pa3HO 61>rno 61>1 paccMoTpeTb pa3rrH11H1>1e KOHcpnrypau:irn TexHorronrn LoRa. 



5. B TeKcTe aBTopecpepaTa He nposo,n:inc.sr nonHoe npe,n:cTasneH11e 

amumT11qecKoii Mo,n:en11 cpparMeHTa :mepro3cpcpeKTl1BHOH .srqe11cToii ceT11 ,n:anoHero 

pa,n:11yca .n:e:iicTBl1.SI KaK 3TO c.n:enaHo B miccepTau110HHo:ii pa6oTe. ,[(n.sr nyqruero 

nOHl1MaHl1.SI uenecoo6pa:mo 6omo 601 np1rneCTl1 aHaJil1Tl1lleCKYIO MO,l(eITb 11 lll1CITeHHbie 

pacqeThl Ha ee ocHose. 

I1epeir11cneHHbie 3aMel!aHl1.SI He CHl1:>KaIOT o6w,e:ii nonO:>Kl1TenhHOH oueHKl1 

pa60TbI. 

3aKJiroqeuue 

,[(11ccepTau110HHa.sr pa6oTa <I>aM BaH ,[(aii «Pa3pa6oTKa Mo,n:ene:ii 11 MeTo,n:os 

MapIIIpyT113au1111 B 3Hepro3cpcpeKTl1BHbIX .srqe11CTbIX ceT.SIX ,l(aJlbHero pa.n:eyca 

.n:e:iiCTBl1.SI» .SIBIT.SieTC.SI 3aKoHqeHHOH HayqHO-KBan11cp11Kau110HHOH pa6oTOH, B KOTOpo:ii 

co.n:ep:>K11Tc.sr peIIIeH11e HayqHo:ii 3a,n:air11 no 06ecneqeH11IO MapIIIpyT113au1111 B 

3Hepro3cpcpeKTl1BHhIX .Sil!el1CTbIX CeTeii ,l(aJlbHero pa.n:11yca .n:e:iiCTBl1.SI, qTo 11MeeT 

cyw,ecTBeHHOe 3HaqeH11e npH nnaH11poBaHHH H HCnOITb30Bamm 3Hepro3cpcpeKTl1BHhIX 

ceTeH: ,l(aJlhHero pa.n:eyca .n:eH:CTBH.SI Ha Ce.TH 3ITeKTpOCB.SI311, B TOM qttcne Ha ceTl1 CB.SI311 

,n:n51 npttno:>KeH11H: yMHhIX ropo.n:os, 11 oueHHBaeTc.sr nono)KJ1TenhHO. AsTopecpepaT 

a,n:eKBaTHO OTpa:>KaeT OCHOBHOe co.n:ep:>KaHHe .n:11ccepTau110HHOH pa60TbI. 

,[(11ccepTaUHOHHa.sr pa6oTa <I>aM BaH ,[(aH: «Pa3pa6oTKa Mo,n:eneH: H MeTo,n:os 

MapIIIpyTH3aU1111 B 3Hepro3cpcpeKTl1BHhIX .srqeHCTbIX ceT.SIX ,l(aJlbHero pa.n:eyca 

.n:eH:CTBH.SI» COOTBeTCTByeT Kp11TepH.SIM, npe,n:'h.SIBIT.SieMbIM B OTHOIIIeHHl1 KaH,l(H,l(aTCKl1X 

.n:11ccepTaUHH, KOTOpbie ycTaHOBITeHbl nn. 9-14 Ilono:>KeHH.SI 0 npttcy:>K,n:eHl1H yqeHbIX 

cTeneHeH: (yTB. IIocTaHosneH11eM I1pas11TenhcTBa P<I> OT 24.09.2013 }fo 842), a ee 

asTop <I>aM BaH ,[(aH: 3acny:>KHBaeT npHcy:>K,n:eH11.SI yireHo:ii CTenemi KaH,n:H,n:aTa 

TexHHirecK11x HayK no cneu11anoHOCT11 2.2.15 - C11cTeMb1, ceT11 11 ycTpo:iicTBa 

TeneKOMM)'Hl1Kau11H:. 

,[(11ccepTau11.sr 11 asTopecpepaT <I>aM BaH ,[(aii Ha TeMY «Pa3pa6oTKa Mo,n:ene:H: 11 

MeTO,l(OB MapIIIpyT113au1111 B 3Hepro3cpcpeKTl1BHhIX .Sil!el1CTbIX ceT.SIX ,l(aJibHero pa.n:eyca 



,n:eHCTBlUI» paCCMOTpeHbI fl o6cy)l(,n:eHbl Ha 3ace,n:aHflfI Kacpe,n:pbl «3JieKrpwieCKllil 

CB5I3b» 2 7 OKT5I6p5I 2021 ro.n:a, rrpOTOKOJI .N!~ 3. 
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