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NHOOPMAIIMOHHOE OBECIIEYEHHUWE ITOBEAEHYECKOI'O
MOJEJMPOBAHUS BOJAUTEJIENI ABTOTPAHCIIOPTHBIX CPEJICTB

Hoxm. mexn. nayx, npogp. T”AHD B. A., acn. THAE ABJATIAX CAHT

Benopyccxuii HayuonanvbHbili mexHudeckuil yHugepcumen

[TpobneMer Ge30MACHOCTH AOPOIKHOTO ABHNKE-
HUS aKTYaIbHB B PCIICHUH TPAHCIOPTHHIX 3a1ad,
VIIPaBICHUH TPAHCIIOPTHOH JIOTUCTUKOW, mpodu-
JAKTHKE JOPOKHO-TPAHCIIOPTHBIX MPOUCIIECTBUH.
[lepBocTenCHHBIMU CNEAYET CUMTATH 3aJA4H, ME-
TOIBI M CHOCOOBI BBUIBICHUS (PAKTOPOB, MPHOPH-
TCTHO onpeAcasomux 3hHESKTHBHOCTh YIIPABIIC-
HUSl ABTOTPAHCIOPTHBIMH CpeacTsamMu. B 3Tom
OTHOLICHUH HH()OPMATHBHBIMH W Mall03aTPaTHbI-
MU SBJISIIOTCS CUTYALIMOHHBIM MOAXOJ W MOJCIH-
pOBaHME YIIpaBICHUA ABMKEHUEM [1].

B 3agauax moCTpoeHHS CHCTEMHBIX MOZIENECH
OCHOBHBIX KOHTYPOB YIIPABJICHHUS ABTOTPAHCIOPT-
HBIM CPEICTBOM IO KaHAJaM HAIPaBICHUS [BU-
JKEHHS U CKOPOCTH BKHCHIONM (PYHKIIHOHATIBHO
HEOOXOAUMBIM B3JEMCHTOM BBICTYNIACT OJOK, OT-
PKAOIINH WHINBHIAYAIBHEIC OCOOCHHOCTH BOIU-
Tens Kak omeparopa ynpasicHus. Chopmynupyem
TpeOGoBaHus K (opManu3anuyd MOJECTHHOrO OIIoKa
«OmepaTop — BOAUTENbY» B CTPYKTYpE HHPOPMALTH-
OHHOW TEXHOMOTWU OLCHKH 3(PQEKTHUBHOCTH YII-
PaBICHHS ABTOTPAHCIIOPTHBIM CPCACTBOM:
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1) oTpaxkeHHEe HHANBHAYAIBHBIX CTEIICHEH BOC-
MPUATHUSA JOPOKHOU OOCTAHOBKH;

2) y4eT AMCKPETHOI'O XapakTepa U KOHCUHOTO
BPEMCHH MPHUHATHS YIIPABICHUECKOTO PEIICHHS,

3) HarIIgHOE MPEACTABICHHE B (DOPME CTPYK-
TYPHOH CXEMBI Ha OCHOBC OICPATOPHOIO Mpea-
CTaBJICHHUS 3JICMEHTOB MOJCIH, OPTaHH3AlMU JO-
KaJdbHBIX HH(OPMALIMOHHBIX OOpPATHBIX CBI3CH H
[JIABHOU OTPHULATCIBHON OOpPATHOW CBSI3H, OTpa-
JKAKOIIEH KUOCPHETHUCCKUH NPUHLIHI YIPABICHHS
MPHUHATHS BOTUTEICM DPCIICHUS MO H3MEPCHHOMY
LECBOMY PACCOTIACOBAHUIO — OTKIOHCHHIO.

[lepBoe TpeOoBaHHE VIOBICTBOPSETCS CTPYK-
TypU3auuei BOAUTENEH KaK MHIUBUAOB MO CTEIE-
HSIM MOTHBAaLIMOHHOTO BOCHPHATHS JOPOXKHOH 00-
CTaHOBKH, XapaKTCPU3YEeMOH BHIOPAHHOHU IICTCBOH
(YHKIHCH HA BXOAC MOJCITH U ODOOIICHHBIM BO3-
MYIICHUEM, HCKKAIOIIUM OLICHKY LICJIEBOrO pac-
cornacoBaHus — UHGOPMALIHH, HCOOXOTUMON ISt
MIPUHATHAA VIIpaBJIeHUIECKOTo pemeHus [2]. Bropoe
TpeOOBaHUE 0OCCIICUUBACTCS MMOCTPOCHHEM MOJC-
JU B KJacce AMCKPETHBIX CICHIIUX CHCTEM IO
OTHOIICHUIO «BXOJ — BBIXOJ (PE3yJIbTaT VIpasIie-
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HUS, COBMAJAIOIIUI C 1Ie/IeBOM (yHKIHMelH B Kak-
JIbIi MOMEHT BPEMEHH C TOYHOCTBIO 10 paccoriia-
coBaHUS — OWIMOKM, BBHICTYMAIOLIEH KpUTepueM
st dexruBHOCTH yripasienus)» [3]. Tperbe Tpedo-
BaHWE OTpa)kaeTcsl COrjacoBaHMEM KOJIMYECTBa
JIOKalbHbIX MH(OpMaLMOHHBIX OOpaTHBIX CBs3eit
C WHOUBUAYAJbHOHW CTENeHbI0 MOTHUBALMOHHOTO
BOCMPUATHUS AOPOKHBIX YCIOBUH.

Jns dheHOMEeHOMOornuecKoro LeneBoro onuca-
HUSl JOPO’KHOW OOCTAHOBKM PACCMOTPUM TPH CH-
TyaluH JBUKEHUS:

e 1-s cutyauus — o0beM M cemaHTHKa (comep-
’kaHue) WH(OpMaLIMK, onpeaenstomeii uenu u xa-
PAKTEepUCTHKHN ABWIKEHUS, HOCAT CTaTHUECKUI Xa-
pakTep (TUIOBBIE MPUMEPbl U3 MPAKTHKH BOXKIe-
HUS: BbE3] — BbIE3]l U3 rapaxa, 3ae3]] Ha dKCIlTya-
TaLMOHHYIO «IMY», IBUKEHHE B KOJOHHE, YNpaB-
JIieMoe Mo 3HaKaM M JOPOXKHOH pa3MeTKe JBHKe-
Hue 0e3 «moMex» u JIp.);

e 2-5 cuTyauusi — oObeM U CeMaHTHKa LieJIeBOM
WH(pOPMALMK HApacTaloT ¢ MOCTOSHHOM CKOpO-
CThIO (COBEplIEHHE MaHeBpa CpedHeH WHTEHCHUB-
HOCTH IO OTHOLUEHHIO K HEOOXOAMMOCTH M3MEHe-
HUS HampaBJIeHHUs U CKOPOCTH JBUIKEHHS );

« 3-51 cutyauusi — oObeM U CeMaHTHKa LeNeBOi
HH(pOPMALIMK HapacTaloT C MOCTOSHHBIM YCKOpe-
HUeM (COBeplleHue MaHeBpa BBICOKOH HWHTEHCHB-
HOCTH).

OTUM OOBEKTUBHO CYILLECTBYIOLIMM CHUTYyallM-
SIM BOJKJI€HMS MTOCTaBUM B COOTBETCTBHE TPW aml-
MPOKCUMALIMM LIeNIeBbIX QYHKLMH MO BXOAY MOBe-
JIEHYECKUX BOAUTEIBCKUX MOJIEEH:

o 1-1 cutyauus — ueneBasi (PyHKUMS MOCTOSH-
Hasl, He U3MEHSIoIIasCca BO BPEMEHH BEJTMUHMHA;

e 2-5 cUTyalusl — LeneBas QyHKUMSI HapacTaeT
C MOCTOSIHHOM CKOPOCTBIO BO BpeMeHU (JIMHeWHast
armpokcumarnus);

o 3-s cuTyauus — ueneBas GyHKUMSI HapacTaeT
C TIOCTOSHHBIM YCKOpEHWeM (KBajapaTHuHas ar-
MpOKCUMaLHs).

PaccMoTpeHHbIe cHUTyalluM JOPOXKHOM 00CTa-
HOBKM AuddepeHuupytoT (pazaenstor) uHdopma-
LIMOHHYIO «HArpy3Ky», ¢ KOTOPOW TOMIKEH «crpa-
BUTBCSI» BOAUTENb 7151 9 (HEKTUBHOrO ynpaBiieHUs
JIBUJKEHHUEM (C TOYHOCTBIO, HMCKJIoHaroleil Jo-
POXKHO — TpaHCMOpPTHOe mpowuciuecTsue). B mo-
JeIbHON WHTeprpeTauuu BoAuTenb npu d¢dek-
TUBHOM YMNPAaBJIEHUH JOJKEH «OTCIEAUTH» CUTya-
LIMOHHO-YCJIOBHBIE LiefieBble (PYHKLIMH.
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Bo3zHukaroipe noMexu, UCKakarollue ABHKe-
HUe MoJ LesneBble GYHKLHHU, HOCST, KaK MPaBuIlo,
ciyyaiiHblii XapakTep, MOBBILIAIOT BEJIUUHUHbBI OLIU-
00K, coBepLIaeMbIX BOAUTENSIMH MPH YNpaBiIeHUH
W, KaK CJEICTBUE, BEPOSITHOCTb JOPOKHO-TpaHC-
MOPTHBIX MpoHciecTBUA. Takoro poaa ciyvaiiHble
(puckoBbie) BO3MYIIIEHUS OOOOIIEHHO arMpOKCH-
MUPYEM IO ULIKAJ€ HU3KOW, CpelHEHd U BBICOKOU
HWHTEHCUBHOCTH.

[locTaBuM B COOTBETCTBUE TpPEM CHUTyaLMIM
JOBMOKEHHUS] U UX MHPOPMALMOHHBIM «HArpy3Kam»
TPU CTENeHU MOTHUBALMOHHOTO BOCHPUSATHS J0-
POKHOW OOCTAHOBKM W TPHU OTpaKarolllMe WX TO-
BEJCHUYECKHE MOJIENH.

1-1 cuTyauusi — HU3Kas cTereHb MOTHBALIMOH-
Horo BocnpusaTus. [loBeneHueckass moaens BOIU-
TeNnsd C HU3KOH CTENeHbO MOTHMBALIMOHHOIO BOC-
MpUATHS B TUHAMUKE pe3yJbTaTa MOACIUPOBAHUS
(o BBIXOY MOJIENN) «OTCAEKHUBAET» MOCTOSHHYIO
MO BEJIMYMHE 1LieNeBYI0 (PYHKLMIO, «BBITATUBAS)
ero Mo amnepuoAWvYecKOMy WM KojebaTelbHOMY
3aKOHY M3MEHEHHS] BO BPEMEHM K YCTaHOBHBILE-
Mycsl 3HauUeHHt0. Pa3HOCTb Mexay LieneBOi QyHK-
LMeld U yCTAaHOBUBLIMMCS 3HaYEHUEM BbIXOAAa MO-
nenu (opMHpYeT YCTaHOBMBILEECS 3HayeHUe Lie-
JIEBOrO paccorylacoBaHUsl — MOCTOSIHHOW MO BeNH-
yrHe WHUOKK yrpasieHus. [locTosiHHYI0 BeTuUrHy
OLIMOKKM MO OKOHYAaHWM YNpaBieHusl (B yCTaHO-
BUBLLIEMCS pekuMe padoThl MOJENIN) UHTEPIPETH-
pyeM B jAajbHelllleM Kak MPU3HAK JUHAMHYECKH
COITACOBAHHOIO 3aKoHa ympasieHud. Paccmor-
PEHHOE TUHAMUYECKOe — WHEPLIMOHHOE CBOWMCTBO
W NpU3HAK YMpPaBJieHUS MOAETUPYIOTCS OUCKpeT-
HbIM anepuoOJMYEeCKUM 3BEHOM B CTPYKType Ie-
penatouHod (QYHKUMM TPSIMOM Lend MOAeNU
(puc. 1). MadopmanmonHoe obecriedueHre yrpas-
JIeHHsI B 3TOW CUTyallMH CTPYKTYpUpPYETCs Clleny-
IOIUMHU TIEpEMEHHBIMU: 1eJIEBOe paccoriacoBa-
HUe, pe3yibTaT YNpaBJIeHUS — MOJOXKEeHHe aBTo-
TPAHCHOPTHOrO CPEACTBA U CKOPOCTh €ro U3MeHe-
HUS (JoKanbHasi oOpaTHas CBSI3b IO CKOPOCTHY,
BKJTFOYAIOLIAs pa3HOCTHOE 3BEHO).
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Puc. 1. CrpykrypHasi cxema HWH(POPMAIMOHHOW MOBEICHYE-
CKOM MOJIEJIH ONepaTopa-BOAUTEIS C HU3KOM CTENEHbIO MOTH-
BaI[MOHHOTO BOCIIPUSITHS

2-9 cUTyallus — HHU3Kas CTenmeHb MOTHBAIIMOH-
HOTro BocTpusiTHs. B 3Toil cutyaiiun 1uHaMUYecKH
OTCJISKUBAETCS JIMHEHHO-HapacTaolas Bo BpemMe-
HU wteneBas GyHKuuA. Jlis «BBITATHBAHUS) pe-
3yJIbTaTa — BBIXO/Ia MOZIETH KO BXOy U (hopMUpO-
BaHUS JIMHEHHOTO 3aKOHA ero U3MEHEHUsS] B ycTa-
HOBUBIIIEMCSI peXXUMe MOJeTUpoBaHUs (MO0 OKOH-
YaHUM YIIPaBJIeHUs ) TPEOYETCS «MHTErPUPOBAHUE)
MI'HOBEHHOT'O (MTOCTOSIHHOT'O) 3HAYCHUS H3MEpeH-
HOT'O paccorjiacoBaHusl. ITO IMHAMUYECKOEe CBOM-
CTBO M Tpu3HaK (YCTaHOBWBILEECS 3HAYCHUE
OIMOKKU YIpPaBJIEHUs) pean3yoTCsl MOCTAHOBKOM
OJTHOTO CYMMHPYIOIIEr0 3BeHa B TEpPeAaTOUHYHO
GYHKIMIO TOpsMOM e  CTPYKTYPHOM —CXEMbl
(puc. 2). HuepumonHoctb 00paboTku uHpOpMa-
LMY BOJIUTEIIEM O JIOPOXKHOM OOCTaHOBKE U yIpaB-
JICHUECKOM MOTOpPUKH OTpakaeTcs arepuouye-
CKHUM 3BEHOM B COCTaBe MepeJaTOYHON (PYHKIIMH.
OcylnecTBiiecHHe MaHeBpa CpeiHell MHTEHCHBHO-
CTH B 3TOM CUTyallud TpeOyeT OMOJIHUTEIBHOTO
nH(popMaIMoHHOro obecrieueHus] HeOOXOAUMOCTH
Y BO3MOXKHOCTH M3MEPEHUsSI HE TOJIBKO CKOPOCTH,
HO W YCKOPEHHWs U3MEHEHHsI MOJIOKEHUS YIPaBJisi-
€MOro CpelicTBa. JTO OTPakaeTcsl BTOPHIM KOHTY-
poM MH(]OPMAIIMOHHON O0paTHOW CBSI3U «IMO YC-
KOPEHUIO», COJIepIKaIMM JIBa Pa3HOCTHBIX 3BEHA.
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Puc. 2. CrpykrypHas cxema WH(OPMAIMOHHOM MOBEICHYC-
CKOM MOJIENIN ONEPATOPa-BOAUTENSI CO CPEAHEN CTENEHBIO MO-
TUBALIMOHHOT'O BOCIIPUSATHUS

3-9 cuTyauus — BbICOKas CTeleHb MOTHBALM-
OHHOro BocrpusTus. OTcrexuBaercd KBaapaTH4-
HO-HapacTaiollas BO BpeMeHHW LeneBas (QyHKUMS
(pe3ynbTaT MOIAENMPOBAHMS — BBIXOJ MOAENH —
JOMKeH o (opMe MOBTOPATh MapaboIMYecKylo
(YHKUHIO BpeMEHM B YCTaHOBMBILEMCS PEXUME
MOJIEIUPOBAHUS MO OKOHYAHWW YNpPAaBJIEHHs) MPH
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00paboTke MH(OPMALIMK O TIOPOKHON 00CTaHOBKE
B YCJIOBHAX BBICOKOWHTEHCHMBHOro MaHeBpa. He-
TOYHOCTb 00pabOTKKW MH(POPMALIUK U YNpaBJeHUs
OLIEHWBAETCsl YCTAHOBMBIUMMCS 3HAYEHHWEM JHHa-
MUYECKOlN OIMUOKH (MIOCTOSHHOM BETMYUHOMN ). DTO
JIMHAMHUYECKOE CBOMCTBO (mapaboiuveckoil peak-
LUW MOJIENTH) W MPU3HAK JTUHAMHYECKOW coriaco-
BAHHOCTH (MTOCTOSSHHOE YCTAHOBUBIIIEECS 3HAUEHUE
OLIMOKM) JOCTUraloTcs MOACTAHOBKON JABYX CyM-
MUPYIOLIMX 3BEHbEB B CTPYKTYpPY NepenaTouHon
¢byHkuMuM npsiMoi uenu Moaenu (puc. 3). Unepuu-
OHHOCTb O00pabOTKM WHGPOPMALIMK U MOTOPHKH
YIpaBJIEHUs OTpaykaercsd JUCKPETHBIM arnepuoau-
yeckuM 3BeHOM. D dekruBHas obpaboTka HHPOP-
Malliu U Kak ciencteue 3¢ eKkTUBHOE yIpasiie-
HUe TpeOYIOT JONOMHUTENLHOrO HHPOPMALMOHHO-
ro obecreueHus, YTo OTpa)aeTcst TPeTbUM — «WH-
TYUTHUBHBIMY» JIOKANbHBIM KOHTYpPOM 0OOpaTHO
CBA3M, a TaKXKe LeNbI0 KOMIMEHCAllUd COCTaBJIsIO-
uield IMHAMUYECKOH OLIMOKH — «IO YCKOPEHHIOY
W3MEHEeHUs] BXOAHOH MHQOpMaUUU O TOPOXKHOM
obcranoBke. Jlns dopmanuzauuu cBoero npeaHa-
3HAa4YeHUs] LeMb KOMIIEHCAlMM JAWHAMUYECKOU
OLIMOKM BKJIIOYAET /ABAa Pa3HOCTHBIX 3BEHA, 4TO
CEeMaHTUYECKH OTpakaeT HeoOXOAUMOCTb M BO3-
MO’KHOCTb TMpEIBHJIEHUS] BoAUTeNeM (TPOrHO3UpoO-
BaHUs) W3MEHEHHs AOpOKHOH oOcrtaHoBku. J[lo-
MOJHUTENbHBIN JIOKAJIbHBIA KOHTYp 0OpaTHOM CBSI-
34 IO TPEThEU MPOU3BOIHOW» — MO TPEThEH KO-
HEUHOW pa3HOCTU (opManu3yeT HeoOXOIUMOCTb
W BO3MOXKHOCTb MHTYWTHBHOH KOppekuuu oOpa-
060TKH HMH(poOpMauWu (M ynpaBiieHHs) Ui 1OpOXK-
HOW 00cTaHOBKM, TpeOylollel coBeplieHUs] Ma-
HeBpa BBICOKOM CTENeHW UHTEHCUBHOCTH.

Ku(1-27'Y

x(i K+0-2 [0

(1-z"Y[l+r(1-z1]

Koei(1-z7'Y

Koeao(1-271Y

Puc. 3. CrpykrypHas cxema WH(OPMAIMOHHOM MOBEICHYC-
CKOM MOJIESIM ONepaTopa-BOJAUTENSI C BHICOKOM CTENEHBIO MO-
TUBALIMOHHOT'O BOCIIPUSATHUS
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VYcnoBue yeroiunBoctr (paboToCocOOHOCTH)
MOJCTICH, a TaKKe BO3MOKHOCTh OOpabOTKH HH-
dopmaruu 1 HOPMHUPOBAHUS PEAKLIUIA HA COOTBET-
CTBVIOLIME LIENEBBIC (DYHKIMH — BBIXOJOB MOJC-
JeH € YYETOM CKOPOCTH HM3MCHCHHS H3MEPCHO-
IO 3HAYCHHS PACCOTIACOBAHHS OOCCIICUUBAIOTCS
BKITIOUCHHEM PA3HOCTHOT'O 3BCHA MEPBOrO MOPSIKA
B COCTaB MEPCIATOYHON (PYHKIMM HPSIMOH LICHH
KXKIOW U3 CTPYKTYPHBIX cxeM (puc. 1-3).

VYcnoBue TUHEHHOTO PEXUMA JUCKPUMHUHHPO-
BaHUS B U3MEPEHHU LEICBOIO PAaCCOrTIACOBAHUS
OTPaXKACTCS BKIIOYCHHUEM COOTBETCTBYIOIIETO KO-
3pduumnenta upeodOpasoBanus (MOCAC MEPBOro
CYMMATOpa OT BXOJa MOJACIH).

Koneunoe Bpems peakuuu BOOUTENS HA VCIO-
BHSI TOPOXKHOH OOCTAHOBKH H COOTBETCTBYOIMUI
HH(OPMALTUOHHBIH MOTOK (BPEMCHHOE 3aIla3abIBa-
HHUE) VIUTBIBACTCS B MPSAMOH LICITH MOACTH 3BCHOM
3ama3pIBaHMs HA OJUH MEPHOJ MPHUHATHSI VIPaB-
JICHYECKOTO PELICHUS.
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OIITUMMN3ALIMA KOHCTPYKIIMU HAKJIAJTHOT'O
N3MEPUTEJIBHOI'O KOHAEHCATOPA

Kano. mexu. nayx, ooy. /[DKEZKOPA A. A.

Bumebcxuti 2ocyoapemeeHHbiil meXHON02UYecKUtl YHUgepcumen

HaknamHele u3MepHUTENbHBIC KOHICHCATOPHI
(HUK) mmpoko HCnonb3yIoT A KOHTPOs (U3H-
YeCcKHX, (PU3UKO-MEXaHUYCCKUX CBOHCTB MaTepHa-
n0oB. Ha m3mepennn nMmenanca, KaTaau3upyeMoro
depmenTom, paboraror Ouogaruuku. OHU TO3BO-
JSEOT OBICTPO M TOYHO OOHAPYKHUBATh COACPIKAHUE
[TFOKO3BI, MOUCBUHEL B CEIBOPOTKE [1]. B mumenoii
MPOMBILIICHHOCTH AAaTYUKH KOHTPOIUPYIOT MpO-
necchl  00C3BOXKHMBAHUSA, CTCPUIIHM3ALAH, 3aMopa-
JKUBAHHS THIOH, MPOU3BOAAT OLICHKY BIAarocoacp-
skaHusl B opranuueckom marepuane [2, 3]. C ux
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MIOMOINBI0  OCYIICCTBJISIIOTCS  OLICHKA KadcCTBA
KUAKUX HEPTEHPOAYKTOB, KOHTPOIb YPOBHS TOII-
nuBa [4]. IlpuMEHCHHUE 3ICKTPOECMKOCTHBIX TATIH-
KOB HACTOJBKO IIUPOKO, UTO HCBO3MOXKHO YKAa3aTh
Ty HHIY, TAS Obl OHH HE UCTIONb30BATHCH.

B cratee paccMOTpPCHBI HAKIAAHBIC H3MCPH-
TCABHBIC KOHACHCATOPHI, 3AIMUINCHHBIC OT BHCII-
HUX AarpecCUBHBIX BO3ACHCTBUI OKpyKarowen
CpEapl M3ONALUOHHBIM TOKPHITHEM, B OCHOBAHHH
MOAJIO’KCK KOTOPBIX HAXOTUTCSA IUIOCKUM 3a3eM-
JACHHBIH 37eKTpoa oxpausl (puc. 1). Ipucyrcreue
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