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Xaporoscxuii HAUUOHAALHYLT IKOHOMUYECKUT] yHusepcumem (Yxpauta)

DOOEKTMBHOCTD CTAAXKHMBAHMS IMOBEPXHOCTE
CBOBOAHBIM AEPA3HMBOM

I1posedeno uccaedosarue srusmus sepHucmocmu abpasuea Ha
UHMEHCUGHOCMY CZAAXUSAHUA HeposHOCTeN npu obpabome no-
sepxHocmei. |

IIpou3BOAUTENBHOCTE ¥ KauecTBO abpasuBHoit 06paboTky 3aBH-
CAT OT aOpasuBHOM COCTABIAIOMIEH TEXHOTOrHYECKOH cpeast [1]. Hau-
Gonee nonukIi aHanM3 CYIECTBYIOMHUX MOAXOA0B K npobieme ¢opmo-
o0pa3oBaHHs MOBEPXHOCTEH npH abpa3sHBHOM H3HAIIMBaHKH poBe
JL.C. llecnex [2], xoTopsiii TMPEIUIOKAN YCIIOBHO pa3feNHTh IPOLECC
(opmooGpasoBaHus moBepxHOCTEH Ha «MEXaHHYECKU#A» (Makpodu3u-
YECKHH) M MUKpodH3INUecKuii. Muxkpodusuvecxuit moaxon Tpebyer
JATbHEHILHX TEOPETHYEeCKHX M SKCIICPHMEHTAIbHEIX HCCHEAOBaHUH
ABJICHAH, KOTOpbIE MPOUCXOAAT B 30HE KOHTAKTA abpa3uBHOTrO 3epHa ¢
MaTCpHanoM JAeTalnd ¥ NONHPOBaNbIIHKA. COriacHo MEXaHHYECKON
TeopHH, npepnroxeHHol A.B. Illy6HukossiM [3], npu abpasusHol 06-
paboTKe TBEPABIX TEN OCHOBHEIM SBISIETCS BIMAHHE 3JIEMEHTapHBIX
MCXaHHYICCKHX MPOLECCOB, B Pe3yJbTaTe KOTOPBIX paspyinaercs Mare-
PHal ¥ $OpMHpYeTCS TOBEPXHOCTHBIH CJiol obpaboTaHHEIX neranei.
IIpu monuposanuu TeepabIx Ten IIPOHCXOINT CKaJIbIBAHHE H OTpPBIBa-
HHC HacTHI, OTACNEHHE CTPYXKKH H HAKIIEN — yIPOYHEHHE oOpaboran-
HOH MOBEPXHOCTH MaTepHalia BCIENCTEHE ITacTH4YeCKHX JedopManmii.
B TBepnoM tene npu Mexaauyeckoii 00paboTke B 3aBUCHMOCTH OT yc-
TIOBHH BO3/eHcTBUS abpa3uBa BO3HHKAET YOpyroe H miaacTuyeckoe je-
(QOpPMHpPOBaHHE HIIH IPOMCXONHUT TaCTHYECKOE ¥ XPYNKOE pa3pylie-
HUA. XapakTep paspylIeHUS 3aBHCHT OT CKOpOCTH AedopManuu Teep-
Aoro Tena. XpynKoe paspylieHHe TBEPIOro Tena Habmomaercs npu
CKOPOCTH BO3NEHCTBH:A GOJIbIIE HEKOTOPOH BENTMYHHEL CxkpeiToe xpymn-
KOE pa3pylIeHHe NPHBOANT K 06pa30BaHMIO MHUKpOTpeluH. B cBsi3m ¢
STHM BaXHO pa3paboTaTh PeKOMEHIAIMH IO TEXHONOrMYECKOMY 0bec-
NEYEHHIO 06pabOTKH MOBepxXHOCTeH HeTanell ¢ MATBIMH 3HaYECHUSIMMU
1apaMeTPOB IIEPOXOBATOCTH MOBEPXHOCTEH.
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CrnaxuBaHue MOBEPXHOCTH OLIEHUBAJIH IO MMapaMeTpaM IIepoXo-
BaTOCTH MOBEPXHOCTH R,, R, no u nocne nonuposauus. Ilapamerpsl
LIEPOXOBATOCTH MOBEPXHOCTH OLEHUBAIM, UCIONB3ys mNpodunorpad-
npoduaoMeTp MoA. 252 ¢ TouHOCTEIO £5%. O6paboTKy OCYIIEeCTBISIN
Ha CHELHANbHOR YCTaHOBKE AU MONHPOBaHHs. J/lHaMeTp NOJHPOBAIIb-
Horo kpyra 400 mMm; ckopoctb mepemeileHus aetand 0,5...5 M/MMUE;
CKOPOCTh BpAILCHHS MOJHUPOBAILHOIO KpPyra OTpaHHYMBAIIA yBEJIH4YE-
HHEM cOpachiBaHMS W3 Kpyra NonupoBanbHol nactl (Vg,=25...35 M/c).
Bennunua pasnedus Ha nonupoBaibHbiil kpyr 200 x[la (ueM TBepike
Kpyr u 0oibllie 4acTOTa €ro BpalleHusdA, TeM AaBieHue Oonbiue). [is
JKCIEPUMEHTA HCIOJL30BANIM IEKTPOKOPYH Oenslif Mapku 24A 3ep-
HucToCcTEIO M3, M14 n M28. Pacxon nmactet 4 r/muH. KOMIIOHEHTHI
nacTel: OJeHHOBas Kuciora TexHuueckas Mapku A ['OCT 7580-55;
TpudTaHolaMuH MPTY 02-407-68; cMHTETHYECKHE XHPHBIC KHUCIOTHI
dpakunn Ciq...Cy B coorBeTctBHH ¢ OCT 7-25-73; Boma. B kauecTse
o0pa3lioB MCIONB30Balld HEepXkaBeloilyro cranb Mapku 12X18HI10T
pasmepoM 50x50x%5 mM. BeicoTa HepoBHOCTEH R, HCXOOHOH LIEpOXOBa-
TOCTH NoBepxHOCTH oOpa3sunoB cocrasisia 0,34 um 0,065 MxM nocne
npeaBapuTensHore uuiMdopaHus 4 nonupoBaHus. [IpeaBapurensHOE
IOJIMPOBAHUE OCYLICCTBIISAIN CO CHATHEM METALIA B MPEAEIaX BEIUYH-
HbI Rppax MIEPOXOBATOCTH HCXOAHON MOBEPXHOCTH.

Ha puc. 1 npuBeneHa 3aBUCHMOCTB apamMeTpa R, epoXOBaTOCTH
TIOBEPXHOCTH 00pa3noB u3 cniaBa Mapkd 12x18H10T ot BpemeHHu no-
JTHPOBaHMA MacTaMH 3epHHCTOCThIO M3, M14 n M28. bonbiuas 3epHH-
CTOCTb Ha NepBOH cTaauu MoaupoBanus 6onee 3¢pdekTHBHO obecneyn-
BaeT CrIIaXKHBaHHE MOBEPXHOCTH (R, yMeHbIaeTca 60jiee HHTEHCHBHO).
DTO CBsi3aHO, B NIEPBYIO Ouepesb, ¢ OONBIINM KOHTAKTHBIM JaBICHHEM
Ha o6pabaTelBaeMyl0 NOBEPXHOCTh, OoNiee HHTEHCHBHBIM pe3aHHEM,
T.K. KOJINYECTBO KPOMOK abpa3uBHBIX 3¢peH, KOTOPBIE MPHHUMAIOT y4a-
CTHE B MHKDPODE3aHHH, 3HAUYATENbHO OOJbIIIe, HeM NMpH 00paboTke Men-
KO3€pHHCTOM NAacTOW, IrIe¢ Ha OTHOCHTENIBHO OONBIIEH IEpOXOBATOCTH
IOBEPXHOCTH IIPEeBAIMPYET NEPEKAThIBAHUE 3EpPeH. UeM MeHbLUE BEJH-
YHHA IIEPOXOBATOCTH UCXOAHOH MOBEPXHOCTH MPH OJHUHAKOBOH 3epHH-
CTOCTM alpa3uBa [0 OOpabOTKM, TeM MEHbille HHTEHCHBHOCTh €€
YMEHBIICHHSA B Mpolecce noauposadud. OnHako AN OJIMHAKOBOH Iue-
POXOBaTOCTH HCXONHON HMOBEPXHOCTH IPH YMEHBLIEHUH Pa3HOCTH pas-
MEPOB 3€PEH MEKTPOKOPYHJA M BBICOTHl HEPOBHOCTEH HCXOAHOH MmO~
BEPXHOCTH HMHTEHCHBHOCTh YMEHBIUEHHS BBICOTHBIX pa3MeEpOB Iapa-
METPOB LIEPOXOBATOCTH UCXOAHOH MOBEPXHOCTH B HPOLECCE MONHUPO-
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BaHHs 3HAYATENLHO MEHbLIE, YeM MPH YBETHYEHHH Pa3HOCTH Pa3MepoB
3€PEH U BBICOTHI HEPOBHOCTEH.
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Pyc. 1. 3aBUCHMOCTS epOXOBaTOCTH MTOBEPXHOCTEN obpa3atios
3 craau Mapku 12x18H10T ot BpemMeHu noAMpoBaHmMs TP MCXOAHOI
mepoxosarocty 0,34 n 0,065 mxm: 1 - M3; 2 - M14; 3 - M28

AHanu3 32BUCUMOCTeH (CM. pHC. 1) NoKasBIBaeT, YTo [ KaXIoH
3C€PHACTOCTH abpasuBa eCTh TOJBKO eif IPHCYILas BBICOTA HepOBHOCTEH
MONMPOBAaHHOH IOBEPXHOCTH (IIPH PaBHOW ILEPOXOBATOCTH MCXOJHBIX
nosepxHocreit). C yBennyeHHeM pasMmepa 3epPHHCTOCTH OT BEJIHYHHBI,
COOTBETCTBYIOWIEH Rpmay, K BENHUHHAM, [IPEBBLILAIOLIMM B JECSITKH pa3
Ringx, ”HTEHCHBHOCTH CIIIKHBAHHUS yBeJIHYHBAETCA,

TeomeTpuyeckue mapaMeTpbl abpa3sHBHOIO 3epHa MOXKHO OLEHH-
BaTb MO KOJIMHYECTBY PEXYUIMX KPOMOK M BENHYMHE YIJIOB MOBEPXHO-
CTCH, KOTOPBIE HX 00Pa30BLIBAIOT, a TAKXKE 110 panuycaM 3akpyrieHHS
3THX YIJIOB. JINA BBIACHEHHMS MEXaHU3Ma pe3aHHs-UapalaHds HMEeT
0C000C 3HAYEHHE XAPAKTEPHCTHKA aGpasHBHEIX 3ePeH Mo IOCNIEAHEMY
[IPH3HAKY.

AOpasuBHbIE 3epHA, TPUMeHsEMBIe NPH NOJHPOBAHHH METaJlIOB,
HMEIOT (OpMy HENpPaBHJIBHBIX MHOTOrPaHHUKOB. Dotorpaduu OTAENb-
HBIX a0pa3sMBHBIX 3epeH 3/EKTPOKOPYHIA HATIISIHO HIUTFOCTPUPYIOT He-
NPaBUNLHOCTh W Pa3HOODpasHe reoMETPHUECKO (OpMBI aGpa3sHBHEIX
3epeH. [l.b. Bakcepom [4] chenana 3apucoBka pa3HbIX abpa3HBHBIX Ma-
TEpHANIOB GONBIION 3ePHUCTOCTH C ONpeaeNeHHEM YIIOB MEXIy MPOTH-
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BOTIOJIOXKHBIMH TPAHSAMH 3€PEH H PajlycOB BEPIUMH. Y CTAHOBIEHO, YTO
YIIBl MEXAY TPaHsMH 3epeH NMPEeMMYUIECTBEHHO U3MEHAIOTCA B npefe-
nax 100...130°. 3HauuTensHO pexe BCTpedarotcs yrisl 60...90°. Ha puc. 2
u300pakeHbI 3apHCOBKH npodunelt 3epes 10 06paboTku [ pasHbIX abpa-
3UBHBIX MaTepHaIoB [4].

Puc. 2. CxeMaTudeckoe nsobpakeHue npoduaei
abpa3MBHBIX 3epeH A0 oOpaboTku

HauGonee yacTo UMeeM Yroj MeXJAy MPOTHBOMOJIOKHBIMH I'paHi-
mu 3epeH nopsanka 110°. B uccnenosanusax E.H. MacnoBa fenaercs Bbl-
BOJI, YTO YT'OJI IPH BEPILHHE SIEMEHTOB 3¢PeH, KOTOpEIE Liapanarot, 6Jiu-
30K k 90°. BrionHe BEpOSTHO, YTO YKa3aHHBIE aBTOPbl HCCIIEA0BAIH a6-
pa3sHBHBIE MaTepUasibi, [IOJYYEHHBIE B Pa3HBIX TEXHOJIOIHYECKHX YCIIO-
BUAX (HAIpHUMED, IS KOPYHIOBOIO 3€pHA ero CBoHCcTBa OyAyT 3aBHCETD
OT pa3Mepa 6710Ka, KOTOPbIH BBINIABIAETCS, CKOPOCTH €0 OXJIAXICHNUA,
criocoba u3MenbuYeHUs U 1p.). BepuluHbl BCeX YITIOB HCCIERYEMBIX 3€-
PEH UMEIOT 3aKpyTNEHHE B NpeenaX MpuGIU3HTEbHO OT 6 10 S0 MKM.
- Haubosee 4acTo BCTpevaroTcs BepliuHbl ¢ paguycom 10...25 mxMm. B
pesyibTare MpPOBeJeHHBIX HCCIEIOBaHHi aBTOpHI MPHILIM K 3aKjiioye-
HHIO, YTO C YMEHBIICHUEM pa3Mepa 3€peH CYLIECTBEHHO YMEHBIIAIOTCA
H pajuychl 3aKpyTAeHUs BEPIIHH. |

B.H. Kaitiees [S] BBIIONHUI U3MEPEHHSA padyca 3aKpyIJIeHHS YITIOB
H BBICTYIIOB KapOOpyHIOBOIO H MEKTPOKOPYHIOROro 3epeH. IlpuueM s
o6oux BHAOB abpa3uBHBIX MatepuantoB 3epHa 500...600 MxmM (cooTBETCT-
ByOLI{as 3epHUCTOCTE Ne50) uMenn cpeaHee 3HaueHHe paayyca 3aKpyrie-
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Hug (Ha 500 usMepeHusx), pasuoe 1,26...26,1 MkM, a cpenHee Haubonee
BO3MOXXHOE 3HA4YeHUE Pajuyca 3aKpyIeHHs paBHO 6,68 MKM.

IIpn usmepenuu kapbopyHAoBeIX 3epeH or 177 mo 250 MM (oTBe-
qaeT 3epHUCTOCTH Nel6) cpeliHee 3HaueHHe paguyca 3aKpyTJI€HHS BbI-
uuto paBHbiM 12,1 MxM, a Haubonee BosMoxHoe 6,1 MKM; 1 Oolee
MENIKHX 3€pEH, NMPOCESIHHBIX CKBO3b CHTO Ne 270 (monepeyHHK 3epeH
MeHee 58 MkM), Haubonee BOIMOXKHOE 3HAYCHHE pafuyca 3aKpyT/eHHS
CTajlo MEHbIIE BABOE, T.€. paBHAETCA 3,3 MKM, a CpeJHee 3Ha4YCHHE pa-
OUyCa 3aKpyrJIEHUS 0Ka3aioch paBHBIM 5,1 MKM. AHaNH3HUpYs M0JyYeH-
Hbl€ PE3YJBTATHl U3MEpPEHHs, HeoOX0OUMO OOpaTUTh BHHUMAHHE HA He-
NPONOPLHMOHANBHOE YMEHBIIEHHE PaJUYCOB 3aKPYIJIEHHS C YMEHbIle-
HHEM pa3MepoB abpa3UBHBIX 3€peEH.

Ecnu pasmepsl 3epeH kapbopyHaa u3aMeHsUTHCh oT 177...250 MkM
no 58 mMxM U MeHee (T.e. npubnu3MTENbHO B 4,3 pasa), TO Haubosee
BO3MOXHO€ 3HAYCHHUE pajiuyca 3aKpyIVIEHUS YMEHBIIHUIOCh ¢ 6,1 MKM
10 3,3 MkM, T.e. B 2 pa3a, a cpelilHee 3HAUYECHHE pajuyca 3aKpyrieHHs
usmensnock ¢ 12,1 Mxm jo 5,1 mxm, T.e. B 2,3 paza. Henponopnuo-
HaJlbHOE YMEHBIICHUE PaJHyCOB 3aKPYyIJi€HHUS ¢ YMEHbLIEHHEM pa3Me-
pOB abpa3sHBHBIX 3€PEH MOXKET ObITh HCMOJB30BAHO NPH OOBLACHEHHMU:
OTHOCHTENBHON MPOYHOCTH abpa3uBHBIX 3€pEH pa3HO# BENHYUHBI, H3-
MEHEHHUS POU3BOAUTENIBHOCTH Mpoliecca MOTUPOBAHHA MTOBEPXHOCTE
METa/IOB C U3MEHEHHEM pa3Mepa 3epeH; MexaHudma Oonee 3P QeKTHB-
HOro pe3aHusi abpa3suMBHEIMHM 3epHaMH Oodbuieit 3epHHUCTOCTH. TakuM
obpa3oM, HCCAeAOBaHHSAMH GOJBIIOro KONM4YeCTBa abpasuMBHBIX Mare-
pHanoB (pa3HOH BEMHYMHBI 3€PEH) YCTaHOBNIEHO, YTO aGpa3HBHEIE 3epHA
HE HUMEIOT BBICTYIIEHH# C TOYHBIMU KpUCTAIOrpa¢HUECKUMH YIJIaMH, a
BCErla HMEIOT OKPYTJICHHbIE BepIIHHBI.

O BausHuu dopmbl abpa3uBHOro 3epHa, pafiuycOB OKPYTIIEHHS
BEPIUHH CEYCHUH ITOBEPXHOCTEH 3€pEeH CBHAETEIBCTBYIOT U pe3yJibTa-
Thl JKCIEPHUMEHTA IO [OJHPOBAHHMIO AIMa3HbIMHM JeHTamu (pHc. 3).
YBeNnUYeHHE 3€PHUCTOCTH 3aKPENIEHHBIX Ha JIeHTe alMa3HbIX 3epeH
yBEJIHYMBAET 3HAYeHHe R,, B TO BpeMs KaK YBEJIHYEHHE 3ePHHUCTOCTH
CBOOOAHBIX (HE 3aKpeMEHHBIX) 3epeH 3NeKTPOKOpYHAa oT M3 go M28
NMPHUBOAMT K YMEHBLUIEHHIO 3HAUeHUH R,
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Puc. 3. Bananie sepuncrocrir abpa3usa Ha MHTEHCUBHOCTD M3MEHeHNA
3HaYEHMM BHICOTHBIX ITapaMeTPOB IIepOXOBaTOCTH ITOBEPXHOCTH
(pe>xum obpaborku: gasaenne 40 MITa; ckopocts pesaums 35 m/mus;
IIPOAO/KUTEABHOCTE 06paboTku 20 c): 1 - Rs; 2 — Rmax
(a0 o6paboTkn Re=0,68 MKM; Rmax=3,64 MKM)

CpaBHeHHE 3epeH JIEKTPOKOPYHAA ¢ anMa3HbIMHM TOKa3bIBaeT,
4TO KPOMKH aJIMa3HbIX 3€peH Oosiee OCTpOyroyibHbIe, YeM abpasHBHBIX,
@ 3TO YKasblBaeT Ha CKJIOHHOCTbL anMa3HbIX 3epeH Oojiee aKTHBHO
IIAPKUPOBATECA B OBEPXHOCTHBIE CIOH MaTepuana AETald H MOJH-
poBanbliuKa. [ akTHBHM3AaLUUH NpoOLECCA CHATHA MaTepuana AeTalH
HeOOXOJMMO HCIONB30BATh AJIMA3HBIE 3€pHA, a AJS BHIMIAXHBAHHA
OBEPXHOCTHOTO €08 HEOOXOMMMO HCHOB30BATh OBaJTU3HPOBAHHbBIE
3€pHa, KOTOpbIE UMEIOT CKIIOHHOCTH K nepekaTsiBaHuko. [lpu o6pabor-
K€ TAKHMH 3€pHaMH CO3[al0TCAd KacaTelbHble U HOPMAJBHEBIE HAMpS-
XKEHHUHA, KOTOPBIE 3aBHCAT OT HOPMaJIbHOI Harpy3ku Ha oOpabaThiBae-.
MYIO NOBEPXHOCTh. CriaxusalomMi NONHPOBAIBHLIHA 3QdekT yBenu-
YMBAETCSH OT ACHCTBHA KacaTENbHbIX HAIPKEHHH.

Boibop aGpaszusa 1uist 06pabOTKH HEOGXOAUMO BEIMONHSTS C YUETOM
pa3mepa, GOpMBI B TBEPAOCTH abpa3MBHbIX YAaCTHIL, T.K. IIPH YBEIHYECHHH ,
pasMepa B TBEpIOCTH CKOPOCTH CHSATUS MarepHalla YBENHYHBAETCH, HO
ONHOBPEMEHHO YXyMUAOTCH (H3MKO-XUMHYECKHE MapaMeTpHl TIOBEpPX-
HOCTH, IHEPOXOBAaTOCTh H Iily6una aedextHoro cios. Takum obpazoM,
MOJIPYIOIIast CIOCOOHOCTE abpa3uBOB ONpefeIseTcs HadansHoi Gopmoit
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3eped H JHHAMHKOH MX M3MeHeHus B npouecce 06pabotku. B 3aBucumo-
CTH OT TpeOOBaHHH /Uil YBENHYCHUSA [TIAKOCTH U YMEHBIICHHA [IapXHu-
pOBaHHS 3€PEH HEOOXOAHMMO Ha 3AKIIOYHTENBHBIX 3Tanax oOpaboTkH
NPHUMEHSTH 3€pHA, TPaHH KOTOPBIX 00pa3OBBIBAIOT YOI, HPHOIMKEHHBIH
k 180° (opma 3epen pomkHa npubamxaTses K chepHIECKOH MOBEPXHO-
crH). [Tonuposanue aeraneil HEO6XOAUMO BBIOJHATH B HECKOJIBKO Iepe-
XOOB C HCIMOJb30BAHHEM MHKPONOPOMKOB pa3Hoi 3epHuCTOCTH. Oc-
HOBHBIE JOIYIIEHHA. CKOPOCTb CHSTHSA MaTepHala HpPONOPLHOHATEHA
pasmepy abpa3sMBHBIX 3€peH; BEPOATHOCTH OILIABJICHHS HEPOBHOCTEH Ha
IIOBEPXHOCTH HE3HAYMTENbHA, NPOUCXOIUT TMPOLECC MHKpPOpE3aHHs
IIAPXXHPOBAHHBIMH B MOJMPOBATIBIIMK 3€PHAMH M BBITTTXHBAHHE 3€PHA-
MH, KOTOpBIe NepeKaThiBaloTCA. D PeKkTUBHOCTS abpa3uBHON 00paGoTKH
MPH JAOCTIKEHHH MHHHMMAIBHBIX 3HAYEHUH MapaMeTpoB [HEPOXOBATOCTH
MOBEPXHOCTH YBEJIHYMBACTCA NPH NOCIEAYIOLIEM NpHMEHEHHUHR abpa3uBa
3€pPHHCTOCTBIO, PABHOH MOCTHFHYTHIM 3HAUEHHSIM Ry, Ha MpeamecT-
BYIOILIEM TEpEXOJie. ‘

OddexTuBHOCTE 0OpaGOTKH YBETUYHMTCS TaKKe NpPH MPHUMEHEHHH
Ha OKOHYATEJIBHBIX MEPEXONAX OBAIU3UPOBAHHBIX ANIMA3HEIX 3€PEH, YTO
YBEIIMYHUT KOJIMYECTBO NIEPEKATHIBAIOIIMXCS 3epEH H CTIIaKHBaHHE.
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