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A.Jl. PorurrefiHo, O.[. lloxrea[ub, C.[. llJros5ob
oXonoHcrri qeHrp rexHonorhqecKoTo o6yveHrn npn Tenu-AsHBcKoM yHHBepcHTete,b}nuuutlrnil,

rocy.qopcrBeH H st i TexH hqecKhi ytiraepcnrer

AuHoraqug - B pa6o1e ilpeAroxerrbr rlpr{H{r4rrbl, Koroprrle Moryr 6u'rn no"ryo}I(eHb{ B ocrloBy MareMaruqec-

KHX MoAejrefi, a"nioplr.fMoB u nporpaMMHoro o6ecncqerrktfr Atrfl Arrarl{ocrprKll crpor{TeJIbHbIX rcottcrpynrlraii.

flpe4,roxerrlrbre npnHr1yrlbr rro3BoJrrror Hcrro,'rb3onarb B KaqecrBe xcxo4uoft unQopvrauvM ltJtfl. nocrpoeHl'iff

uoAe"ueii Al,ratHocruKl.f , Kar( 3KcrIepHMeHTaJIbHbIe AaIIr{ble, TaK r{ JIHIIfBIlcTHqecKlIe tsbIcKa3bIDaHHt-flpaBI{JIa,

OTpa)KanUU e IIOH I{ MaHI4e al(Cfl epTOivI n pHqHHIJO-c,IIeACTBSHHbIX CS gseh.

BBEtrEH14E

OaHbit 113 rleHrpaJrbHbrx Ba4ar{ A}rarHocrprKH flBJrflercs ycraFroBJreHLI{ [pIaqI4H Bo3HI4KHoBeHlI.fl 4eSexror t'r

noBpexAeHufi crpoureJrbHbrx KoncrpyKqufi, unxeHepuoro o6opynora:nwfl. u s!.auvfi. B ueJIoM [1]. Fo"rrnruoe

KorrqecrBo pa3Hoo6pasHrrrx Qaxropon, BJrr{flHrre Koropblx Heo6xoAuNlo yqLITbIBarb rlpn ycraHoBJreHlrn [p[tII4H

rroBpexAeuuit, cvrrrtHo ycJrolxnflrcT 3aAaqy Ar{arHocrprxlt. Koneqno, KBa.[nSuqrapoBaHI{bie I'IH)KeHepbI-crpol4Te-

JIlr MOr-yT ycnerrrHo peuraTb 3aAaqu AHaTHOCTLIKH, OAHaKO qIIC,IIO TaKLIX KOMIeTeHTHbIX 9KCrIeprOB OTHOCIITe"IIb*

Ho Ma,ro, 14 lrN{ TpyAHo fiepeAarh orrb]'r 14 t{HTyI4Uurc }ionoAblM H}IXeHepaM. B csgal4 c STHM Bo3HHKaer Heo6xo-

AtrMocrb n paapa6orKe Korvr[brorepHbrx cr.rcreM, o6ecne.rr,rBarou{ux HHTe"[neKTyaJIbHyIo rIoAAep)KKy [pI'IHsrLIs

ArrarHocrr,rqecKr.rx peuennlt r.rHXeHepaMI{-crpoHTeJT.tI}Iu cpe4uefi xnaln$r'rHar\nw.

3aAa.ra Ar4ar.HocrlrKlI crpor.rre,rbHbrx KoHcrpynulrfi ruoxer 6otro cBeneHa K 3aAar{e pacno3Ha9a]F'fifl o6pason.

llpu1leHeHr4e rpaAfluxoHgbrx A./rr pac[o3HaBanr4r o6pa3oB 6afiecoscnoro noAXoAa, perpeccuoHHoro aHa"ril43a,

rorr4qec6oro ilporpaMMr.lpoBanus [,Jrfl 3aAaq Ar,raruocrl4xlr crpoI4TeJIbHbIX KoHcrpyKUuft npo6JIeMarI'IrJHo, ll3-3a

orcyrcrBt{fl TOTIHbIX Ko,I[qeCTBeHHbIX AaHHbIX, OTpaxarclulrx cBr{3b MexAy BHeUHI{MI',I npO.fiBJIeHUfiMI4 rIO-

Bpe)r(AeHr4rt (ge$eKroe) r.r npprqr,rnaMtr trx BosHr.rKHoBeHEa. llopromy Bo3HI{Kaer I{HTepec K rIpI'IBJierreH[Io Mero-

AoB I{ cpeAcrB r{c6yccrBegHoro [HTe/rr'rexTa, fio3BoJr.fiIorq]rx Sopuann3oBarb H I4crlo/Ih3oBarb AocryrlHylo JII'{H-

rBr4crflriecxyn uHoopMaur4ro, orpa]Kaiouyrc [oH[MaHr{e oKctreproM [pHqI{HHo-cJIeAcrBeHHbIX cBs3efi. OAHrau

r43 nepc[eKTr.rBHbIX uyrefi $opuanu3aun]I /rnHrBr{cr[.recxofi uu$oprvrauwtr flB[tr.ercfl Teopur HerIerKI'IX MHo-

xecrn [2].
He clrorpf Ha [oKa3agHyro u [3] Bo3MoxHocrb r4crro"rrb3oBaHn.fl Her{erKl{x MHox{ecrB B crpoKTeJIbHoI4 HayKe,

B .r[IT€peType Ao cr.{x l]op He onpeAeJreHbr MeToAonofr4qecKHe flpnHul{Ilbl rlocrpoeHl{t c}IcTeM AI4aTHOCTI{KI'I

crporrrenbgbrx KoHcrpyrcqurt Ha 6aae reopnlr HeqerKrlx MHoxecrB. Ife"rrnn Hacro.{ueii pa6ornt sBr.fiercrr Boc-

noJrHeHKe y6a3aHgoro-npo6e,ra. llpn Qopur,rpoBaHr{u [pI4HUlIiloB AI4arHocrutrt crpol{TenbHblx KoHcrpyxuufi

Ha 6aee rieqer:xoii Jrorr,rKe aBTopbr r{cro,'Ib3oBaJrr.r ilAev JII{HrBI{crI4qecKoro MoAeJI}IpoBaHVA, IlpeAnoxeHHoro B

1,41.

1 . II PI4 H UI4|I TIVTHIBI4,CTI,{TI HO CTIA BXO AH bI X I,{ BbI XOA HbIX N EPE M EH HbIX

B coorsercrBr4t4 c arHM lrpt{gUgfior\,r, BXoAbr o6lexra LI ero BbIXoA paccMarp]lBalorct KaK JIHHTBI{crI4qecK}Ie

fiepepreggbre, Koropbre oqeHr{Barorcs KaqecrBeflHblMl4 TepMaNII'{ (reprtl .-' or asrn. term - uasltsarn)'

Cor,tacno,tI.3aAe [2], runrBr4crr{qecKoft uepeueHHoft Ha3brBaercr raKafl rlepeMeHHas,3HaqeHI{.tIMI4 Koro-

pofi xnnalorcfl c,,IoBa r{Jrr{ [pe4JloxeHr4fl ecrecrBeHHofo .rIBbIKa, T.e. Kar{ecrBeHHble repNllr. Cosorcy[Hocrb Bcex

Bo3Moxnbrx 3HaqeHnit -[uHrsr{crr4qecKorl neper*rensofi Ha3blBaercfl Tep}I-MHo)KecrBoM. B xa'recrBe npl4Mepa

11p11BeAe]f HecKOJIbKO BXOAHbIx .r'II{HfBl,IC'rl{r{eCKI{X [epeMeHHbIX I{ COOTBeTCTByIOIII4C T€pM-MHO}KeCTBa' KOT0-

pbre Mofyr r4c[oJrb3oBarbcr B 3aAaqe AHarHocrI{KI4 xcereao6erortHllx KoHcrpyrqlrft:

HAnPABJTEHI4E TPEIIILIH (neprnxarrbHafl BBepx, HaKJroHHaq BBepx' fopn3oHrarlbHa.tl' HaKrIOHHa.fl B

HI43, BepTI4XaJIbHafl B HI43),

KOJII4IIECTBO TPEIIII4H (eAnHuqHas, Heloirbllroe, nsoro),
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llpNnqranrr EuauocruKl crpolrenbHbtx KoHcrpyxqrfi no 6ose Fleqerxofr norn<u

IUI4PI4HA PACKPbITmfl TPEIIII4H (soroc.flHbre, MeJrrr,re, paaBurbre, 6oJrblrre, Kpyngbre).
BrrxoAHofi uepeuenHofi B sroft 3aAarre Mo)Ker 6trrr:
IIPI4III4HA BO3HnKHOBEHUfl AE@EKTA (ocatxa Qyn4aueura, reperpysxa, naMeHeHlre reMrrepary-

pbl' cBgsaHHafl co cBoftcrBaMl4 MaTepHaJIa, HB-aa B3arrMocBflstr pa3ltnr{Hbrx MarepnanoB).
r4cnonneyx rloHgrl4e Syn*tl"" [pI{HaAJIexHocrI,I, xaxAlrfi r43 TepMoB, orlegrrBarcrqrrx r,rr,IHrBr,Icrr4rrec*yro

rIepeMeHHyIo' MoxHo $oprrlanH3oBaTb B BHAe Heilernoro MHoxrecrBa, 3a4annoro Ha coorBercrByroqeM yHrdBep-

Puc. 1. Oynrcqnu npr{HaAJrexHocrr4 repMoB

caJrbHoM MHo)KeCrBe. cor.rracHo 3age [2J,
Heqerrr,rM MHo)KecrBou A B ynr.rBepcaJrb-

HoM MHoxecrBe U uaansaercfi coBoryrr-
Hocrb rap (p;{u),u), rre ueU kr

ft; (u): U -+ [0,1] Qyornura" rpr{HaA-

Jre)Kuocrtr, Koropafl [peAcraBnser co6ofi
Heroropylo cy6rerrrrBnyro Mepy coorBer-
craufr. aJreMeHTa ue U cnoficrsaM HerIer-
Koro MHoxecrBa A. Ilpnuep $yxrqrrt
rrpr,rHaAJre)r(HocTr{ TepMoB BOJTOC{Hbre
(B), nre"uxre (M), paaBnrbre (P), 6o,rrr-
urue (E), KpyrrHbre (K), r4crro/rb3yeMbrx

An.rr Jrr,rHrBucr{qecKofi oueHxn [epeMeu-
Hofi <.[[npuHa pacrpbrrra.fi rperry{H),
[oKaBaH ua puc.1.

2, [IPI4 H UI4n (D OPM t4 POBAH 14fl, CTPVKTyPbI 3 ABIACVLMO CTI{ <. B XOA-BbIXOA > B
BIld-EE HETIETKOfi nagbr 3HAHr4ft

He'Ieffia.s 6asa sHatrurt upe4cTaBJlser co6oft coBo(yrrHocrb rrpaBnn ECJII4 (nxo4rr), TO <BbrxoA>, Koro-
pble orpalKalor onblT gKcrlepra I4 ero noHnMaHlre [pplqr,IHHo-cJ]reAcrBeHHbrx ce.fleefi B paccMarpnnaervrofi saAarre
AIIarHocrlIKI4 crpoI4TeJTbHbIx KoHcrpyKUnft. flpraMepoM ercneprHoro rrpaBn Jra vB ueqerxoft 6asrr eHaHHft pro-
}KCT CJIY}I(HTb CJIEAYIOqCC BbICKA3bIBAHHC:

ECJII4 KoHcrpyKrlr{r -- nnuma noKpwmun
14 svr1 rperqr{H - o)uocmopoH?{afl
?I pacno"uo)KeH?re rpeurrn - e cpe\ueil raacmu nporema
trtl xo&r.recTBo rperrdnn - ue6onawoe
14 mwpwna pacKpbrrufi. - NenKue

TO npnvr{Ha - Ilepezpysrca
Oco6ennocrn noAo6nbrx BblcraausaHrafi cocror,rr B ToM, rrro ux aAeKBarHocrb He r,raMeH.flercfl rlpl,r HeBHaqu_

TeJIbHbrx ro"ue6aun.flx ycJroBuft excnepr{MeHTa. floarorrly $opr"rupoBalne Heqerxofi 6asrr enaHnfi MoxHo rpar_
roBarb KaK aHaJIor srara crpyKrypHoft uAeHrn$nraqrall [5], Ha KoropoM crponrca rpy6arr MoAeJrn o6nenia c
rapaMerpa[r4, \aA"IIexaIIIHMu HacrpotZre. B AaHHoM cryqae uacrpottxe rroAJre)Kar Soppru SyHxrUfi npuna4-
JIe)KHocrI4 HerIerKI4x repMoB, c noMolrlblo Koropbrx olleHr{BarcTcfl BxoAbr ?r Bbrxo/Ibr o6lexra.

Kpovre roro, coBoKyrlHocrb [panu"rr EC"III4-TO Moxno paccMarpuBarb 6an na6op agcrreprHbrx rorreK B
npocrpaHcrBe <<BxoAbI-BbIXoA>. IlpurnreHeHlte a[flapara Her{erKoro rorln.recrcoro BbrBoAa f2,4,6] noeno,raer
BOCCTaHaBJII4BaTT, IIO STHM TOTIKaM MHOTOMepHyIO nOBepXHOCTb, KOTOpafl rIO3BOrTfler [Ofiyqarb 3HarreHl4g BbIXO-
4A IIPU PAsTI,ITIHbX TOU6UHAUI,ISX SHAqCHHfi BXOAHbIX IICPCMCHHbIX.

3. Ilpr4Hur4il r4EpApXr4rIHOCTpl EA3 3HAHr4rA
trilcnorileoBaHl4e SToro npIIHI{HrIa rlo3BoJlser npeoAo/rerb <<[poK.rr.rrrr4e pa3Mepgocrr{>. llpn 6o.unuo]vr rrncre

BXOAHbIX [epeMeHHbIX nocTpoeul,Ie cncreMbl BblcKagblBanwft o Hel,I3Becrgofi gaBI4crIMocT]I <BXoAbr-BbrxoA)> cra-
HoBHTcg SarpyAHI{TeJIbHbIM. 3ro o6ycJToBJ'IeHo reM, qro B orrepaTtlnnofi rlaM.rrrr4 rreroBeKa oAHoBpeMeHHo Mo-
xer yAepxHBarbc.s ue 6onee 7*2 nonxrufi-npnsHaxoB [7]. B cBssrd c err4M qetecoo6paar{o npour.tr KJraccr{-
duraunn BXoAHbIX [epeMeHHbIX I4 no Hefi flocrpol4Tb AepeBo BbrBoAa, otrpeAeJr"fircuee cgcreMy BJroxeHHbrx
Apyr n Apyra BblcKa3blBannfi-gtaHuti ueHnrueli paouepHocrl{. flpuuep raKoro AepeBa Atrs, lecsrr{ Bxo4gbrx
[epeMeHHbrx noKaaaH [Ia pnc. 2.

I4e eroro nplrMepa BHAHo, rrro 3HaHrd fl BuAa

d = d(xt ,x/,...,"t0),

b, v rra

1.71.30.90.5
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A.fi. PorurreiH, O.[. lourearv, C..[. LUroe6o

fAe

cBfi3bIBaUIII4e BXOAbT Xt+XlO C BbrXOAOpt d, 3aUeHgIOTCg ITOCJTeAOBaTeJTbHOCTbIO TTOCTaHOBOK:

A = d(y 1,x4,2),

yl = yf (xr ,x2,x3), z- z(yz,yl), yz=yZ(^: ,x6,x7), y3=yS(xA,x9,x16),

Y1,!2, Y3, Z * tIpOMeXyTOr{HbIe BbIXOAII, paCCMaTpI{BaeMbIe KaK "lIHHrBnCTI4qeCKHe IIepeMeHHIile.

Pwc. 2. Ilpuuep AepeBa BbrBoAa

3a cqer [pr.rHrlr.rfia uepapxuq-
HOCTH MO)itHO yrrr4TbrBaTb lrpaK-
TI,IqeCKH HeOf paHI{qeHHOe rrncn0

BXOAHbIX IIepeMeHHbIX, BJrHgrO-

ullrx Ha orIeHKy nnrxo4Horf ne-
peMeHHofi. llpet nocrpoeHi{H
AepeBa BbrBoAa Heo6xoAlruo
crpeMuTbcfl K ToMy, qto6rr .rr4c-

Jro apryMeHToB (nxclAnrrx crpe-
norc) B KaxAoM y3re AepeBa
yAoBrerBop.Eno npanuty 7+2.

Ueriecoo6pa3Hocrb no ypoB-
HeBOfO rrpeAcTaBneHr4ff 3KC[ep-
THbrx sHauflfi o6yc"tonnena He

ToJrbKo ecrecrBeHnoft uepapxu.r-
Hocrbro o6rercron Ar.rarnocrupo-
Banvfl, Ho rI Heo6xoAlrMocrbro
yqeTa HoBbIx [epeMeHHbrx no
Mepe HaxorrJreHus snauurt o6
o6rexre.

4. TtprAHUI4tI TEPMOMETPA B OUEHKE KAI{ECTBEHHbIX IIEPEMEHHbIX

Cytr aroro rrpugur4ra cocror{T B ToruI, r{To axc[eprHas oueHxa Hexoropoft sxoAHoft uepeuenHofi ocyulecrB-

rrfrercfl rryreM 3axpaurrBa*vrfl qacrr rrrKaJrbi (prc. 3), JIeBas 14 ntr)aBafl, rpaul4ubl rcoropoft coorBercrBylor
HaHMeHblreMy r.r Han6o.nr,ureMy ypoBHsM paccN{al'pllBaelroft neperrreHuoit.

fipnnqnn rep]roMel'pa yao6uo npr4MeHqrb B r€X c,T].rfl.sx, KorAa oKclepr He B cocron:nr4vr oIreHI,ITb HeKoro-
pyrc ilepeMeHHyo Ht4 .irkrcroM, Hr,r KaqecrBeHnbrNr repMoM, a Jrlurrb Lrrrryr4TvrBHo olqyHaer ee ypoBenb. VAo6crso
raKoro roAXOAa cocr'or{'f B ToM, rrro oH rro3Bonrer paccMarpi:*i paTlrqHble ro cnoeft rpl4poAe ,{HHrBr{crI4-

qecxrre [epeMeHnble Ha eAHHoM yHnBepcaJIbHoM MHo)KecrBe U = [u, u ] .

JVfitHuMAllbHbtli

ypo6eHb
cpedHuil
ypo8eHb

MAKUM/\anbHbtti
yposeHb

Yu
Puc. 3. Oqenra repeNleuHofi u no [pI'tHIII,t[y repMoMerpa

5. npI4HrII4n AByXSTAnHOtz HnCTPOftKI4 HETTETKI4X FA3 3HAHI4IiI

B coornercrBnvr c ari{pr npr,rHur{[oM, rrocrpoenrre MoAeJr]r Arlarnocrl4Ki4 ocyiqecrBJrfl.ercfl B ABa STaIIa, Koro-

pbre rro aHaJror]rr4 c Kraccur{ecxnMtl MeroAaM}r [5] irroxno crrl4Tarb ararlaMl4 crpyKTypnori u [apaMerplaqecxofi

ra4eHru$uxauueft. Hacrpar,rnaeMbrMr4 napaMerpalrlr .tlBJlsnrcfl Beca Herlerxiax rlpaBnn ECJII4-TO Ir $oprurnr

SyHrur,rrl [pI4HaAJtIe)KHocrlL

flepnnrfi 3Ta[ flBJr.aerc.rl TpaA[ur4oHHbrM AJrfl TCXHoL]orHu HerIerKI,IX gKc[eprnblx cI'IcreM. Ha neu ocyulecrB-

Jrflerc.s QopunpoBaHr,re u rpy6ax uacrpofixa HeqerKoli 6aem elanufi. rlo Aocry[Holt axcneprHoft IauQopvraurara.

{nn rp;r6oft uacrpofii*r recos ilpaBrln u $oprrr SyHxurafi rlpnnaAnexHocru Moxno I{cro/Ib3oBarb MoAu0nun-

ponauulrfi MeroA rIapHbIX cpaBHeHHfr. Caatu, or?IcanHbfi n I4l.
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l-lpraHLpanu AnoTHocl,lKh crpohrenbHux KoHcrpyrqufi Ho 6oee He,{errofi norl'Ku

r{eu nurue npo$ecclloHaJlbubrfi ypoBe}Ib oKcrIepra, TeM Bbr[re aAeKnarHocrb HeqerKoft MoAeJrH Arrarnocrr{nr4
cTpor,rTeJrbHE'rx xoHcrpyxqurl, rocrpoeHHofi Ha 3Ta[e rpy6olt Hacrpofixu. 3ra uoAeJrb Ha3brBaeTes. .rflcrofi
SxcneprHofi cncreltofi, nocxo/rbrcy I.JIr ee ttocrpoeHwfl t4c[ronb3yercr roJrbKo sxcrreprHaa nHQopMaw4fl.. Ogna-
Ko HI{KTo He Moxer rapaHTlIpoBarb coBnaAeHr{e pegynbraToB Herrerxofo norfiqecKofo BbrBoAa (Teopus) u
SKCrIepllMeHTaJrbHbrx AaHHr,rx. floerony Heo6xoAnu nropofi 3Ta[, Ha KoropoM ocyuecrBr-rreTc.s roHKa.a Ha-

crpofixa ueqerxoft MoAenr,r nyreM ee o6y'ieHl4.a rro 3xcnepr{MeHTaJrbHbrrvi AaHHbrru.
Cyro grarra ronrcori Hacrporhcu cocror{r s noA6ope raKr.rx BecoB Heqerx}rx [paBr{Jr ECII4-TO rr raK}rx

rrapaMerpon $yHxuuft npunaAne)KHocrr,r, Koropbre Mr{HrlMu3r4pyror orrjTouer-rrre Me)KAy aKcnep[MeHTaJrbHbrMrl

AaHHbrMrr r{ pe3ynbraraMr4 HeqerKoro ,lorrryecxoro BbrBoAa [8].
Tonras uacrpoirxa HeqerKoft" 6ast't rnanuft cBorr4Tcq K perrrenr.rro 3aAaql,r se"nuueriuofi onruur.{3allrru, Koro-

pag Moxer 6rtrn peuelra pa3xr,rrrnbrMr4 MeroAarttr. OAHaKo, rrpr4 6o,rnuovr KoruqecrBe BxoAHbrx [epeMeHHbrx

r,r HeqerKHX TepMoB s 6aee snaxuir, tIpI4MeHeHr{e TpaAr4ur{oHHbrx rexuoJrornfi orrlrrvvlap;ar (r'reroAa Har.{cKo-

pefiruero cflycxa, KBasr,rHb]oroHoBcKr.rx MeroAon) norpe6yer 6o,rnrur{x 3arpar Malrr4HHofo BpeMeHra. lloeror'ry
HaMn npeA,Taraerctr r4crlo.rlb3oBarb reHer[qecKlIe anropr.rrMbr onrr,rMrr3agr Axfl. roHxoI? Hacrpoiixa rieqerxoft
6asnr sHaur.{lt. 3rlr a"uropr4TMbr ffBJr.firorcs aHa,ToroNr c,ryuafiHoro rror4cKa, roroprrfi BeAercfl oAHoBpeMeHHo r.rg

pa3Hbrx HaqaJrbHbrx roqex, qro coxparuaer BpeM.rI rror4cKa onrlrMaJ'Ibnbrx rlapaMerpoB Heqerxoii 6asnr euaHr.rrt.

3AKJIIOqEHVIfl
B pa6ore [peA/roxeH psA rrprrHur{[oB, Koropbre Moryr 6urn flo,Toxenbr B ocHoBy MareMarr4rrecxr4x rtroAe-nerl,

aJ-rropurMoB r4 rrporpaMMuoro o6ecreqeHr'rfl AJrfl, ArrafHocrr.{K}r cTpor4reJrbHbrx KoHcrpyxuuii. llpe4,toxeHHbre
npr{Hul{fibr rro3BoJr.rrror ]rcrroJrb3oBarb B KatrecrBe l4cxoAHoft unQopMaIII4r.{ Anf, rlocrpoeur4.ri nro4e"teft AHarHoc-
THKVI, KaK SKCUeppIMeHTaJrbHbIe AaHHbre, TaK lr JInHTBI,ICTI.{qeCKr4e BbICKa3brBaHr4t-[paBI,IJTa, OTpaxaioi{fie IIOHI4-

MaHHe aKcneproM [pI4r{[HHo-cireACTBeHHb]x cesser)i.
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