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BBenenue

Kpucranmnsl, oTnuuaromnuecss HeOObIYaHBIM pa3HooOpa3ueM 1BeTa U GOPMBI, C He3amaMsITHBIX
BpeMEH TpHBIIEKATIH K cebe BHUMaHKE, 3aBOPAKUBAIN U OyIOpaXUIH BOOOpaKEHHE YeT0BeKa.
Hamm npeaxu Buaeny B HUX TBOPEHUE aHTEIIOB WIIH TOJ3EMHBIX JTyXOB.

YauBnenue u OnaroroBeHue, ¢ KOTOPHIM HAIM NPEIKU paccMaTpuBalId HalJIeHHbIE HMU

KPHUCTAILJIbI, BOBMOYKHO, HHOT[a COMPOBOXAAIUCH PA3MBIIUICHUSIMH O TOM, KaK TOTYYHIHCh 3TU
3aMevarenbHble oOpa3oBaHus. OuapoBaHHE U YIOBJIETBOPEHHE, BBI3BAHHBIC CO3EpLAHHEM
KPHUCTAUIOB, YacTO BO30YXJAIOT JIIOOOMBITCTBO- JKEJAaHWE Y3HATh HMX NPOHCXOXKACHUE H
OOBSICHUTH €T0 «ECTECTBEHHBIMU MPUUHMHAMM.

[lepBoii mTOMBITKON Hay4yHOTO OOBSACHEHUS (OPMBI KPHUCTAIUIOB CYUTAETCA MPOU3BEACHUE
HNoranna Kemepa «O  mectuyronbHbix — cHexkax»  (1611r.). Kemnep  BbIckazan
MPEANONONIOKEHHE, YTO (PopMa CHEXHMHOK (KPUCTAJUTMKOB JIbJIa) €CTh CIEICTBHUE OCOOBIX
pacnosokeHuil cocTaBAoNMX UX YacTull. CIycTsi Tpu BeKa ObIO OKOHYATENIbHO YCTaHOBIIEHO,
4yTO crieruduieckiue 0COOEHHOCTH KPUCTAIIOB CBSI3aHBI C OCOOBIM PacHoNiOKEHHEM aTOMOB B
IPOCTPAHCTBE, KOTOPBIE aHAIOTUYHBI y30paM B Kaielockonax. Bee pazianyuHble 3aKOHBI TaKUX
pacronoxxeHuii ObuH BhIBeZCHBI B 1891 romy HammM 3amMedaTeNbHBIM COOTEYECTBEHHHUKOM,
ponoHavanbHUKOM coBpeMeHHou kpuctaiorpaduu E.C.denopossiM (1853-1919).I1paBunsubie
(bopMBbI KPUCTAJUIMYECKUX MHOTOTPAHHHMKOB JIETKO OOBSCHSIOTCA B paMKax 3THUX 3aKoHOB. U
CaMU OTH 3aKOHbI HACTOJBKO KpacHBBI, YTO HE pa3 CIYXHIA OCHOBOH [UIsl CO3JaHus
IIPOU3BECHUIN UCKYCCTBA.

CoBpeMeHHast TPOMBIIICHHOCTh HE MOXET 000WTHCH 0€3 caMbIX pa3sHOOOPa3HBIX KPHCTAJLIOB.
OHU UCHOJB3YIOTCS B 4YacaX, TPAH3UCTOPHBIX NPUEMHHUKAX, BBIYMCIUTENIBHBIX MalIdHAaX,
Ja3epax ¥ MHOTOM JpyroMm. Benukasi maboparopus — Ipupojia He MOXKET YAOBIETBOPUTH CIIPOC
COBPEMEHHOM pPa3BHBAIOLICIHCS TEXHHUKH, JJIs1 ATOr0 Ha CHEIHMAJIbHBIX (paOpHKax BBIPAIMBAIOT
HCKYCCTBEHHBIE KPUCTAJUIBL: MaJICHbKUE, TIOYTH HE 3aMETHBIC, U OOJIBIIHNE - BECOM B HECKOJIBKO
KUJIOTPAMM.

CyI1ecTBYIOT pa3iMyHbIe CIIOCOOBI BBIPAIIMBAaHUS KpUCTAIIOB. YacTo 3TOT mpolecc Tpedyer
BBICOKHX TEMIIEPATyp M OTPOMHBIX JABJICHUN, HO HEKOTOPHIE KPUCTAILIIBI MOXHO BBIPAIINBATH

Joma.

Leanb moeii padoTbI:
Ecnu MBI MOCMOTpUM Ha KpUCTAJUIbI, TO OHM, OE3YyCIOBHO, BBI3OBYT y Hac BocxumieHue. Ho

BOCXHUIICHHUC- 3TO HC CAUWHCTBCHHOC YYBCTBO, BO3HUKAIOUICC IMPU PACCMOTPCHHUU KPUCTAJLJIOB.



BuewmHuii B KpHUCTaUIOB HACTOJBKO IPUTATATENIEH, YTO MOSBIAETCS JKEJIaHUWE y3HaTh HX
CTPOEHUE, BBISICHUTD, KaK K€ BCE-TaKU 00pa3yOTCsl KpUCTAIIIBI.

S craBmio mepex coOoil 1eb BBIPACTUTh KPHUCTAIbI B JIOMAUIHUX YCJIOBUSAX C IOMOIIBIO
NOJPYYHBIX CPEACTB. Y MEHS €CThb NPEIUyBCTBHE, YTO €CIM ITH KPHUCTaUIbl pa3pe3arb Ha
TOHKHE IUJIACTUHKM M COEIUHATh HMX BMECTE, U IOJBEpPraTrb KaKoMy-TMOO BO3AEHUCTBHIO,
HalpuMep 3JIEKTPOMArHUTHBIM I0JIEM, TO MOXKHO OOHAapyKUTh KaKOH-HUOYIb (pU3NYECKUH
s¢¢ext. [lonydyeHHbIe KPUCTAIIBI B YCIOBHUSX «LIOKOBOTO» COCTOSIHUS (T.€. B HEPAaBHOBECHBIX
YCIIOBUSIX) MOKHO INPUMEHATh TAaK K€ B JEKOPATUBHO-IIPUKIAJHOM HCKYCCTBE (CO3/1aBaTh
AKCKJIIO3UBHBIE YKpAILICHU).

OCHOBHBIE 3a1a4M:

v’ WCCIieIOBaTh TEXHUKY BBIPAIMBAHUS KPUCTAIUIOB B JOMAIIHUX YCIOBHAX
v\ [IpOaHaIN3MPOBATH MEXAHU3M POCTA KPUCTAILIOB

v/ y3HATh Kakue ke (PaKkTopbl CPEIbl BIMAIOT Ha POCT KPUCTAIIOB

3KCHepI/IMeHTaJIbeIﬁ METOA BbIPpAIMUBAHUA KPUCTAJJIOB B TOMAaIlIHUX yCJTOBUSAX.

Heas padoThI:

OTpaéoTaTh TEXHUKY BHIPAIHMBAHNS KPUCTAJIOB B JOMAIITHUX YCJIOBHAX.
Ob6opynoBaHue:

briroBeie Beck ( 1 kr. iena nenenust 10 rp.)

Mepnsrii crakas (100 mit.)

CrekisiHHAs TalovKa

Boponka

CrexstHabie 0aHOUKH ¢ Kpbimkamu ( 0,500 xr.)

dunbTpoBaNbHAS Oymara

[Iuaner

Tapa s B3BELIMBaHUs MaTepuasia

Marepuainbi:
Ksacup! amomokanuseie (20 rp.) K[Al(SO4);3]+12H,0

Bona quctunnupoBannas texuudeckas (100 mot.)
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X0/l SKCIEpUMEHTa
IlepBbIii 3TaN POKACHUA KPUCTALIOB

Bo3bpméM n1Be cTEKIISTHHBIE OAHKH, TIIATEFHO BHIMBITHIC, U IPOMIAPHM UX U3HYTPHU HAJl
HOCHKOM KHITSIIETO YaiiHUKA. 3aTeM HAaKPOEM HX CTCKJITHHBIMH KPBITIIKAMH JIJISl TOTO, 9TOOBI B
HUX HE MOTAaJIN YaCTUUKH MbUTH.

Otrmepum 100 M. Témnoit aucTusmpoBaHoi Boabl (70°) 1 conbéM €€ B OJHY U3
MPUTOTOBJICHHBIX CTEKIISTHHBIX OaHOK ¢ KpbikaMu. OtBecum 20 rp. aIFOMOKAIMEBBIX KBACIIOB U
nobasuM ux Boay. [lomemmBast pacTBop, mpocienuM 3a pactBopenrneM. Korma BemecTBo
NepecTaHeT PacTBOPATHCS, aKKypPaTHO CIIMBAEM PAcTBOP, BO BTOPYIO OaHKY UCHOJb3YS MPU ITOM
(bUIBTpOBANBHYIO OyMary Juist TOTO, YTOOBI Ty/1a HE TOMAajo HE paCTBOPUBIIEECS BEIIECTBO.
Haxkpoewm cTekisiHHyI0 6aHKY C pacTBOPOM KPBILIKOW U 1aMM PACTBOPY CIIOKOWHO OXJIAUThCS
JI0 TEMITepaTyphl OoJIee HU3KOI, YeM Temrieparypa HacbimeHus. [Ipu 3TomM ocaok MOXKeET U He
BBINIACTh. [loyyaem nepeHachIeHHbIN PacTBOP.

CHHMEM KpBIIIKY ¢ 0aHKH, B KOTOPOW HAXOIAUTCS MEPEHACHIIIEHHBIN pacTBOpP.

‘-Iepe:s HCKOTOPOC BpEM YBUIUM, YTO HA JHC OaHKu O6pa30BaHI/ICL MCJIKUC KpUCTAJIJIMKH.




OTU KPUCTAJUIUKYU OYAYT CITy>KUTb «3aTPaBKOID» JJIs MOCIEAYIOIEro POCTa KPUCTAIIIOB.

Bropoii 3Tan poskaeHHs KPUCTAJIIOB

Tenepb Mbl IPUCTYHAEM K BBIPAIIUBAHUIO KPUCTAIIIOB.

Bo3bpméM n1Be CTEKIISTHHBIE OAHKH, THIATEIFHO BHIMBITHIC, U TIPOMIAPUM UX U3HYTPH HAJl HOCUKOM
KUMSIero yaitHuka. [IoToMm HaKpoeM UX CTEKJITHHBIMU KPBIIIKaMHU.

OtMmepum 100 mi1. TEMION TUCTUIUTMPOBAHHON BOJIBI U COJTBEM €€ B OJIHY U3 CTEKIITHHBIX OaHOK
¢ kpbikamu. OtBecum 20 rp. KBacloB U 1006aBuM ux B Boay. [lomemuBas pactBop, Oyaem
cJleuTh 3a pacTBopeHueM. Korja BemiecTBo nepectaneT pacTBOPSTHCS. AKKYPaTHO CIIMBAEM €ro
B yMCTyI0 OaHKy. [Ipu 3TOM mosydaeM TEIIBIN HACHILIEHHBIN pacTBOp KBacLoB. Hakpoem O6aHKy
CTEKJITHHOW KPBIIIKOW M MOCTaBUM OXJIaauThesl. Korma TemmnepaTtypa pacTBopa mpuOIU3UTCS K
TEMIepaType HACBILEHUS, OMYCTUM B OaHKY yKe OTOOpaHHbIE paHee KpUCTauIuKy. B Hayane
MBI MOXEM HaOJII0IaTh PACTBOPEHHIE KPUCTAILTUKOB, 3TO MPOUCXOAUT TOTOMY, YTO PaCTBOP eIIé
HenockimeH. Ho kak TObKO pacTBOp OXJAAUM J0 TEMIIEpaTyphbl HACBIIIEHHUS, PACTBOPEHHE

KpHUCTaJUTMKa TPEKpaIaeTcs, a qajee HadrojaeM ero pocT.



Poct kpucranios nmpoposkaercs TpU AHS.

BripamuBas kpuctan, crapaeMcsi 0aHKy He Iepe/lBUraTh U He TporaTh.

Kpucrann uepes tpu aas




Bun xpucramios B 6aHke
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Korna poct kpucTanaoB IpekpaTUTCs, 10CTaéM UX U3 PacTBOPa U OCTOPOKHO IPOMOKAEM

OymakHBIMU candeTkamu. MIHaye oHU OBICTPO MOTYCKHEIOT.
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YcTraHoBKa UIs1 €O3JaHUS YHCTOr0 MOHOKPHUCTAJLIA.
J51st Toro uToOBI CO3/1aTh KPACUBBIN M YUCTHIA MOHOKPUCTAIII HY’KHO U3TOTOBUTH YCTAHOBKY M3
COOOLIAIOIIMXCS COCYIOB. DTa YCTAaHOBKA OYAET CIIOCOOCTBOBAThH Pa3BUTHIO B OAHKE TOJILKO
OJTHOTO KpHCTallia, a HE UX MHOXKECTBA B BUIE CPOCTKOB. KpHcTamisl OyayT MOCTOSTHHO
M0JIy4aTh HACBIEHHBIA PACTBOP U3 COCYJIOB, COOIIOIasl YCIOBHS HEOOXOAUMBIE JIJISl pOCTa

KpUCTAJIJIOB ( COCTOSIHUC ITOKOs, YUCTOTA pacTBOpA, TeMnepaTypa).

N300pakeHre yCTaHOBKH.

Kak co3naTh ycTaHOBKY.

Marepuainsl

EmKkocTs ¢ kpsimikamu (3 mirt.)

TpyOouku amuHHOH § cM., TuameTpoM 5 MM. (2 mIT.)

KopoOku n3-noj AMCKOB, Ui TOTO YTOOBI CO3/1aTh MPOCTPAHCTBO MEX/Y KPBILIIKAMH
0aHOK.(21mT)

JIbHSIHOM KTYT
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Hsrorosjienne.
J1s TOro 4To0Bl U3rOTOBUTH YCTPOICTBO BO3BMEM TpU EMKOCTH € KPBIIIKAMU U B OJHOM U3 HUX,
B KOTOPOI1 OyIeT pacroaratbCsi «3aTpaBKay, POJENIaeM 110 CTOPOHAM JIBa OTBEPCTHUS TaK,
YTOOBI MBI MOTJIM BCTaBUTh B He€ TPYOOUKH nuamMeTpoM 5 MM. B nBYX Ipyrux éMKOCTSIX

CIeNIaeM TOXeE OTBEPCTHS, HO TOJILKO C OJJHOM CTOPOHBI U MOJCOETUHUM, UX JIPYT K APYTY, IPU

9TOM MbI IOJIYYUM coo6maloumec;1 COCYybI.

Mexay EMKOCTAMHU MBI YCTaHAaBIMBAaeM KOPOOKH M3-TOJ] TUCKOB I TOTO, YTOOBI 00pa30BaioCch
IIPOCTPAHCTBO, U MBI MOIJIM 3aKpbITh KpbIIKK. HO B cpeHel EMKOCTH Ha MOBEPXHOCTH
00513aTEIIEHO JIOJDKHO PACIIONaraThCsl OTBEPCTHE, U3 KOTOPOTO OYIET BHIXOIUTH BIIAKHBIH
JBHSHOM KI'yT, HAXOAALIMICS BBILIE YPOBHS pacTBOPA.

OOMaThIBaeM BCIO 9TY KOHCTPYKIHUIO CKOTYEM IJId IIPOYHOCTH.

Mexanu3m padoTbl yCTAHOBKH.
B nentpanbHOl EMKOCTH BBIPAIIUBAETCS KPUCTAIUIUK «3aTPaBKW». Y MEHbBIIIEHUE B HEH
KOHIIGHTPALIMU pacTBOpa OyJIeT KOMIIEHCUPOBAThCS MOJIUTKON 13 OOKOBBIX EMKOCTEH, uepe3
orBepcTus. [loanuTka NPOMCXOANT 3a CYET MEPEHACHIILIEHHOTO PacTBOPA.
Hcnonp30Banue BIAXKHOTO KI'yTa MO3BOJISIET BEIBOJUTH B aTMOC(EPY Mapbl paCTBOPUTEIIS

(BOZBI).
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AHaJIN3 MeXaHN3Ma POCTa KPHCTAJLIOB.

[Tpu nmpoBeneHNH SKCIEPUMEHTA UCTIONIb3YEeM aTIOMOKAIMEBbIE KBACLBI - KPUCTAJIOTHAPATHI

JBOMHBIX cepHOKHCIBIX coliel (cynbdaroB) Tuma K,SO4+Aly(SO04)3+24H,0 unu, B npyroit

dopme 3ammcu, K[AI(SO4)3]«12H,0.

[epByto dopmyy Hal0 MOHUMATH KakK: KBACIIBI - TO CMEIIaHHBIC, WK IBOIHEIE, conu. B

BOJHBIX PaCTBOpaxX OHH JIMCCOLIMUPYIOT TaK, KaK OyATO COCTOST U3 OTAEIbHBIX CYyIb(paTOB:

K5S04+Al 5(S04)3+24H,0=2K " +2A1*" +4S0*,+24H,0

Bropas popmyna ¢ kBaapaTHBIMU CKOOKaMH 03HAYAET, YTO KBACIIBI MOXKHO PacCMAaTPUBATh KaK

KOMIIJICKCHBIC COCIUHCHMNA. 9T0 3HAYUT, 4YTO Y HUX B TBépZ[OM COCTOsIHMU B OJJTHUX y3JI1aX

KpI/ICTaJ'IJ'II/I‘IeCKOI\/'I peH_IéTKI/I HaxXoIATCAa KaTUOHBI KaJIvs, a B APYTUX - CIIOKHBIC aHWOHBI

[AL(SO4)a]

PaccmoTpum Tabnuiyy MexaHu3ma pocTa KpucTaiia

Ne ormeiTa

HanmenoBanue

OIIbITa

Pesynprar

N3mepenne obmieit

MacCChl «3aTpaBKW»»

15 rp.

Br16op kpucramia

1 B3BCUIMBAaHHEC

6 p.

[ToBTOpHOE
B3BEIIMBAHUE
KpucTaia uepes 3

ITHS

8 rp.

IToBTOpHOE
B3BEILIMBAaHUE YEPE3

3 musa

10,5 p.
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«3arpaBkay

OmsiT Nel

OnbIT Ne2

Kpucramn
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OmbiT Ne3

Kpucrann uepes 3 qus

OmnsiT yepes 3 nHA
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Kpucrannel «3aTpaBku» 1npo3payHbie, HEOOIBIINX PA3MEPOB.
Bripamennsiii kpuctaii 6os1ee KpYIHBINA U CONEPKUT BKIFOUCHHUSI MAaTOYHOTO PacTBOPA.

3 Ta6.]'II/II_U>I BUJHO, YTO 4Y€PE3 TPpU JHA KPUCTAJLI YBECIIMIMUBACTCS 110 BECY.

@akTopbI cpeibl, BIUSIONINE HA POCT KPUCTALIIA
B XOAC SKCIICPUMCHTA B JOMAIIIHUX YCJIOBUAX g1 YCTAHOBHJIA, UTO HA POCT KpUCTAJJIA BJIUAIOT
crenyromnme (HhakTophl:
1. Temnepatypa pactBoputens (Boja)
[pu oxJ1a)IeHUH TOPSIUEro MEPEHACHIIICHHOTO PACTBOPA U3 HETO BBIICISIETCS] PACTBOPEHHOE
BEIIIECTBO, M YeM HUXKE TEMIIEPATypa, 0 KOTOPOU OXJITKIAIOT PacTBOP, TeM OoJbIee

KOJIMYCCTBO BhIIIaAAcT B OCaaO0K.

Tabnuua pactBopuMocTy kBacoB B 100 Mi1. BO/bI TPU U3MEHEHUH TEMIIEPAaTyphl HCXOAS U3

AAaHHBIX OKCIICPUMCHTA.

Temmepatypa Bec BemectBa
pacTBopuUTEIIs

20° 10 rp.

40° 18 rp.

70° 20 rp.

ITpu Temneparype 20°-40° pacTBOp OyI€T HACKHIIEHHBIM B OTHOLIEHHH OJJHOTO U HE
HACBIIICHHBIM B OTHOIIEHUHU APYTOT0 BEIIECTBA.

I[Ipu HarpeBanuu 10 TeMueparypbl 70° pacTBOPUMOCTh yBenuuuBaeTcs. Ecian oOpa3oBaBmiics
MIEPEHACHIIIEHHBIA PACTBOP OXJIAJUTh, TO U30BITOK BEIIECTBA BBIMAIAET B OCAOK.
CrnenoBatenbHO, OIMH U3 CIOCOOOB BRIPAILIMBAHMSI KPUCTAUIOB 3aKII0OYACTCSA B TOM, YTO HAJ0

AaTh HACBIIICHHOMY PAaCTBOPY OXJIaAUTBHCA.

2.YucToTa pacTBopa

UeM yuIIe MbI TOTYYUM PacTBOP, TEM KPUCTAIIIBI OYIyT MpO3pavyHee.

3.CKOpOCTh OXJaXKACHUS.
Ecnu mpu 6p1cTpOM OXJIaKIeHUH (IOMEIIAIOT B XOJOIHYIO BOLY, CHET UJIH JIEM) MBI CO3IaNM
«IIIOKOBOE» COCTOSIHHE IS PACTBOPA, KPUCTAILIBI Oy Iy T 0Opa30BLIBATHCS KPYITHBIE CPOCTKH.

Ecnu xe MbI 6YI[€M OXJIAXKJAATE paCTBOP MOCTCIICHHO, TO MBI ITOJIYYUM MOHOKPUCTAJLI.
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BriBOg

Kaxk nmoka3aJo uccienoBanmue, pocT KPUCTALIOB B JOMAIIHUX YCJIOBHAX 3THM METOA0M
3¢ eKTHBEH, POCT, He TPEOYET CJIO0KHON aNNApPaTyphl, CO3AaHUH JIAa00PATOPHBIX
yca0BHH, 00JIbIINX AEHEKHBIX 3aTPAT, a [VIABHOE BBIPACTUTH KPHCTAJLI B IOMAIIHUX
YCIOBHAX CMOKET KazKIbIil YeJioBeK.

ITY METOAUKY BBIPAIIMBAHUS KPHCTAJJIOB MOTYT HMCIO0JIb30BATh Y4EHUKH CTApIINX
KJIACCOB Ha (paKyJIbTATHBHBIX 3aAHATHAX QU3NKH U XMMHH I IIKOJLHUKOB. Tem cambiM
NOBBICHTCSI HHTEpPeC K 3THM NpeJIMeTaM, H Ka4eCTBO 3HAHUI yJIy4YIINTCH.

BmecTe ¢ TeM BrIpaluiMBaHue KPUCTALIOB - 3TO He TOJIbKO HCKYCCTBO, HO U OCHOBA
MOJIy4eHHs 3HAHUIH B CMeKHBIX HaykaXx. Cnioco0cTBYeT pa3BUTHIO HACTOHYHUBOCTH,
YHOPCTBA, AKKYPATHOCTH - KA4€CTB, KOTOPbI€ HY’KHbI B HAY4YHO-HCCJIe10BATEe/IbCKOM
padore.

BKCHepl/IMeHTLI TAKOro poaa OTKpbIBalOT A0pPOry K HOBbIM pyﬁe)lcaM HayKH.
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Ipuioxenue

IKCKJII03UBHBbIE YKpameHusd ¢ BbIpAlICHHBIMUA MHOI0O KPHUCTA/LJIAMM.

Osxkepesibe ¢ KPpUCTAJIIAMM.
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KyJion ¢ kpucraniamu
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KOJ’ILHO ¢ MCJIKUMM KPpUCTAJJIaMH
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