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BoinonHuna: Bapukcoo EneHa KOKyBHa,
ydyeHuya MOY «M3bopckuimm nuuen»
[leyopckoro panoHa, 9 knacc.
Hayu4HbIn pykoBOgUTENb:

yuntesnb pusmkn KyaomMuHbix Orner
NHHOKEHTbEBWY,

: KOHCYNbTaHT Ky3bMmuHa Man BaHOBHA, .
Me ~ PO n 1O

[Moasusa! 3aBuaymn kpuctannorpaduu!

Kycaun Hortu B rHeBe 1 beccunuu!
0O.39.MaHnpgenbLuTam




[ MnoTesa:

~ 3aTpaBKu 1 B TabopaTopHbIX YCHOBUSAX U3YUNTE
__HeKkoTopble O dun3nyeckme CBOMCTBA.

Llenb paboThl:

= BbIpacTuTb KpucTanmbl MeQHOro Kyrnopoca u
nepMaHraHaTta Kkanus, a Takke CMecu pacTBOPOB JaHHbIX
BELLIECTB.

= 3y4nTb M paccuYnTaTb 3MEKTPONPOBOAHOCTb >
IPALLLEHHbBIX KPUCTaNoB MeHOR 0] 01007 M —

POMPOBOAMMOCTM
HOCUTCSA AaHHOe BELLIECTBO.

= /3y4nTb MUKPOTBEPAOCTb U MNOTHOCTb KPUCTAaroB
MeaHOro Kyrnopoca.
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MWUKPOTBEPLOOCTUN N IIIEKTPOMNPOBOAHOCTHU
KpUCTanmoB MeOHOro Kynopoca HET HU B
NnUTEpPaTYpPHbIX UICTOYHMKAX, HU B
NHTepHeTe. CBeaeHnss 06 aneKkTpn4eCcKom

POTUBMNEHNN KPUCTAINOB KOPOTKUE:
_ﬁecmo B HET TOYHb

YHbBIX AaHHbIX.




YCINOBUSIX.

= ABMNYAeTCH npouecc Bblan.I,I/IBaHI/IFI n
MN3YyYeHUs PU3N4YECKNX CBONCTB
KpMcTannoB MegHoro Kynopoca u
nepmMaHraHarta Kanus.

[lpeameT nccnenoBaHus -
Eacqu 9NEKTPONPOBOANMOCTU U

KPOTBE T KPUCTA MegHoro
, , BbIPaLLIEHHbIX B JOMaLLHNX
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—ﬁ'p'U'B‘E'CTM aHanus Haquom W HAy4HO — NONYNSIPHON NUTEPATYPHI Mo
-..._TEMe MCCef0BaHVs 1 Ha 9TOM OCHOBaHWUMU:

— BblpaCTI/ITb KPpUctarjibl MEOQHOIO KYINopocCa, NepmMaHraHata Karnma m
N3 CMeCIn pacTtBOpPOB AaHHbIX BELWECTB B JOMaAlLUHNX YCITOBUAX;

— BbigsBUTb OOBbEKTUBHbIE yCcJioBnAa n USMEHEHUA, nponcxogduime C
KpuctasuyiaMmu npm oanHakoBbIX YCITOBUNAX BblpalluBaHUA B
3aBUCUMOCTHU OT Pa3fin4yHOro XmMmMm4eCcKoro CoCTtaea,

— OnpenennuTb MUKPOTBEPAOCTb BblpalleHHbIX KpUCTarnos.

— OnpenennTb areKkTponpoBOAHOCTb BblpalleHHbIX KpucTtannos. Ons
INOSTHEHUSI HEKOTOPbIX YacTen AaHHOW 3agavn Heobxoanmo of
ObINO co3aaTb «TAbNETKY» U3 MESTKUX AN IO B —

C TabnnyHbIMKN, ecnu




1. TeopeTunyecknn aHanms npodnemsl;
2. [lpaktnyeckue:
BbIMOSIHEHME NTabopaTopHLIX PaboT:

— MO BblpalllnBaHNIO KPUCTAliJioB MEAHOIO Kyropoca,
nepmMaHraHata Kalind n X CMecCH.

MO CO3AaHMI0 «TabneTok» U3 MenKMx KpucTanios ons
:naane“ 3y4eHus ux npoBogHoCTN.

MITOTHOCTU N MUKPOTBEPOOCTMN.

3. [lpnmeHeHne metoga KoMneHcauun angd nsyyvyeHums
9IIEKTPONPOBOAHOCTU KPYMHbIX KPUCTAsNoB U
«TabrneTtok» MegHoro Kyrnopoca.
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= nabopaTopust dm3anKy TBEPLOTO Tera
doUsnKo—maTemMaTmn4eckoro pakynesreTta
[ICKOBCKOro negarorm4eckoro yHMBepcurteta

nveHn C.M.KupoBa

= YacTHbIN oM B O. PakoBo HoBomn3bopckon
ctu.[ledopckoro panoHa.
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~ = KpucTtannsl 1 nx Buapl

‘_"—

= CBOWCTBA KpUCTannoB

= [ledbeKkTbl B KpUcTanmnax.

= [lpumMeHeHne KpucTansos.

= ObpasoBaHMe U POCT KPUCTAaIoB.
oAbl BblpallBaHUA KPUCTalOoB.

-

pycTanmbl B npupoje.
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~_Kpuctannamu HasbiBaloT TBEpAbIE Tena, B

~ KOTOpPbIX pacrnornoXeHne atoMOB UM MOTEKYI
OPYr OTHOCUTENbLHO ApYyra Nepuoan4eckut
NOBTOPSETCH B NPOCTPAHCTBE MNpw
napannensHoM nepemeLLeHnN.
Kpuctannuyeckvue tena gendarca Ha asa suga:.

ﬁkpmm e e a——

nctarmnnyeckmne.
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-« TenmonpoBogHocT™.
- = TlnaBneHue

= [INnacTUYHOCTL

= Ynpyroctb

= XpynkKocTb

= ONEeKTPonpoOBOAHOCTb (NPOBOANMOCTD),

COGHOCTb BELLECTB NPOBOAUTb SMEKTPUMECKUA
HUX NOAOBUMXHbIX
AXKEeHHbIX YacTul, (HocuTenewn 3apsna) —
SNEKTPONOHOB, MOHOB U Ap.




= D,ecbeKTbl npucrannax 37O HapymeHme

"~ CTpOroWi NEPUOANYHOCTY YacTuL, B
KPUCTarnmM4eCcKomn PELLETKM.
= bbiBaloT: -
1. To4YeuyHble gedeKTbl
NIUHEeUHbIe aedeKTbl

2. |
. -
‘BBGPXH e Unu OB ble aedeKkTbl

NN TpexMepHbIle.
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o IVI‘ TO,EI, l—onpanbc:Koro pa3pa60TaH B 1918 rony,
——Z"‘MGTOT_I,BepTl/IKaJ'IbHOI/I HanpaBieHHOW

kpuctannudauun (BHK) cosgaH B 1924 . B.
Ob6bpenmosbiM U J1. B. LLlyOHUKOBBIM;

3. MeTtoa ropmnsoHTanbHON HanpaBneHHOMU
kpuctannmdauuu (I'HK) paspaboraH B UHCTUTYTE
Kpuctannorpadoun AH,

HTE€3 AParoLeHHbIX FOBEMMPHbIX 1
XHU4ecC MHEeW No cn M. A. “"‘!ﬂ—

puctannusaumsa n3 pacTBopoOB.
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: ﬂpOCTemmMM—éépmaHTOM BblpaLLl,I/IBaHI/IFI aBnsetca

BbICOKUI COCYA, B HMKHEN YAaCTU KOTOPOro
NOMeLLLIaeTCA NCXOOHOE BELLECTBO, a B BEPXHEN
nogBelLMBaeTCca 3aTpaBka. B pesynerare
BO3HWKAET KOHBEKLUNA pacTBopa,

11 0BECTIe MBAIOLLAS NOCTOSHHBIN Me e T ———
X, B pocTa. :



[IpakTuyeckas YacTb.

|y et

HEBHUK HabNwoaO
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EFMI/I—MGJ‘IKI/IG KpI/ICTaJ'IJ'IbI co p,Ha

EMKOCTU TaKXe B3ATbl 4514 UCCriedO0BaHUA.
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Temnepartype pacteopa 12°C onyctuna 3aTpaBOYHbIN KpUCTanm
HenpaBuUibHOW dOPMbl Ha HUTKE.

8.11.2008r | \amMeHeHWi Her.

9.11.2008r dopma Kpuctanna ctana MeaneHHo MEHSATLCS, TaK Kak Ha HEM
obpasoBanucb Mensyanune KpucTansbl.

10.11.2008r dopma Kpuctanna nameHunacb. KonmdecTtso pacTteopa
YMEHbLLMNSIOCH.

11.11.2008r dopma KpucTasnna crasna npMHuMaTtb oopMy NpaBUITbHOTO.

12.11.2008r [MpogoormkeHns nameHeHna gopmebl. «JocTponka» opmbl

Kpuctanna 4o npaBuUnbHOMN. =

HUA U3MeHeHNs po

TpoKrKa» @ow

CDopma Kpuctarsnna npaktn4ecku npaBuribHa.

15.11.2008r

I'Ipepb|BaH|/|e JKCrnepmMeHTa an4d OarnbHeuLero uccrnegoBaHus
KPpUCTtasriyioB.
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- = PacyéT uncna TBEPAOCTM.
~...n__Llenb paboTbl: paccuynTaTth YCNo TBEPAOCTU UCCIEAYEMOTO KpucTanna

— MeOHOro Kyrnopoca.
= [lpubopbl n matepmnanbl: MukpoTBepagomeTp NMT-3, nccnegyemoin
KpucTtani.

= Xop paboTbl:

= [1.1. npousBeneHne 5 yKoros B Uccnegyembln Kpuctansi.

= [1.2. 3amep gnaroHanemn otnevyaTkoB anMasHon nMpamMmmasbl.
= [1.3. nepeBog yncna geneHna okynspa B MUNSIMMETPbI.

= [1.4. pacyéeTt yncna TBEPLOCTU NO popmyne: , rae H —yuncno
= TBEPAOCTU, P — Harpyska Ha nupamuay, BblpakeHHas B HbtoToHax, d —
Hanb oTrnevyaTka B MM. .
macqéT npuno A1 CTaTUCTMYECKOU MO Teu Msmepm

3ynbraThl:
, 000315Mm

= d1=87,5pen.=0,0275625 mm, d2 = 84 pen. = 0,02646 mm, d3 = 85,5 pen. =
0,0269325 mm,d4 = 76 gen. = 0,02394 mm,d5 = 77,5 pen. = 0,0244125 mm
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0npe.qeneHMe NJIOTHOCTU KPpUCTAarnJsioe mMmeaHoro

_ pa3HOBeCOM, LUTaHreHUUPKYIb.
....Xod pabomni:

~ T1.1. onpeneneHune macchl KpucTtanna: B xoae npoBeg€éHHOro B3BeLLIMBaHUSA
BbINo onpeneneHo, YTo Macca uccnegyemoro kpuctanna m = 0,065r

[1.2. onpeaeneHne o6bLEMa KpucTtanna:

Tak Kak KpucTtann npegcrasndeTr cobon NpsiMoyrosibHbIWM Napannenenunesn, To ero
0b0bEM onpegensietcsa no gopmyne: V = a-b-c, rae a ato gnuHa Kkpuctanna, b —
LUMPUHA KpUcTanna, ¢ — TonwmnHa kpuctanna. iamepeHns 6einu npoBeaeHb!
NpY NOMOLLM WTaHreHUMpKyna c ueHon geneHus 0,05 mm. B xoge namepeHum
ObINy NonyYeHbl criegyroLlne pesynsrarbl:

a=059cm; b=0,38cm; c=0,13 cm
=0,59 cm : 0,38 cm - 0,13 cm = 0,029146 cm3 — 06BLEM nccriegyemoro s
ST B —

peneneHue




§(p) = §(m) + &(V)

0% +5,9% = 7,4%;

UTtoroBbin pesynbsrart: p = (2230 £166)kr/m3, npu ¢(p) = 7,4% -
[na cpaBHeHUs: TabnuyHbin pesynbraT oT 2200 go 2300kr/mM3.9T0T
pesynberaT NoATBEPXKAAET BbIABUHYTYIO MMNOTE3Y.



T G — log o T T

= — — —

e 19,10828 1,9108E-07 -6,71878 516,2 0,001937

-E-”_'zs?ﬁ’?‘?‘_"—z,mam -6,59384 534,8 0,00187
19,10828 1,9108E-07 -6,71878 553,4 0,001807
12,73885 1,2739E-07 -6,89487 572 0,001748
12,73885 1,2739E-07 -6,89487 590,6 0,001693
19,10828 1,9108E-07 -6,71878 609,2 0,001641 —
19,10828 1,9108E-07 -6,71878 627,8 0,001593
25,4777 2,5478E-07 -6,59384 646,4 0,001547
38,21655 3,8217E-07 -6,41775 665 0,001504
89,17195 8,9172E-07 -6,04977 683,6 0,001463

~ 14013E-06 -5,85348 0,001424

2,8025E-06 -5,55245

0,001352
,89923 0,001319
—-
98,725 3,3987E-05 -4,46868 776,6 0,001288
8152,864 8,1529E-05 -4,08869 795,2 0,001258 iy
17197,45 0,00017197 -3,76454 813,8 0,001229




[ padonK N3AMEHEHUSA ANEKTPONPOBOAHOCTH

3aBUCUMOCTD 3J1IeKTPOoINpoBOAHOCTM NOJIMKPUCTAJIJ1a OT

Yy =-22710X + 16,323 TeMnepatypbl y =-3548,5x - 9,7395
R =0,9749 R? =0,8932

7
28,00
33
06
7
4
5
40
23
23

1
1
-1
1
-1
1
1




i log(o) . 1/T

e — i,

p— q_j_ =
- 28,9 0,000000289 -6,5391 0,001937 516,2
———— -
ﬁ"“ ) 1,446E-07 -6,83983 0,00187 534,8
7,2 0,000000072 -7,14267 0,001807 553,4
10,1 0,000000101 -6,99568 0,001748 572
14,45 1,445E-07 -6,84013 0,001693 590,6
21,6 0,000000216 -6,66555 0,001641 609,2
B
28,9 0,000000289 -6,5391 0,001593 - 627,8
28,9 0,000000289 -6,5391 0,001547 646,4
43,35 4,335E-07 -6,36301 0,001504 665
115,6 0,000001156 -5,93704 0,001463 683,6
245,65 2,4565E-06 -5,60968 0,001424 702,2

-5,17737 1387

0,000006647

739,4

; 3 0,001319 758
16906,5 0,000169065 -3,77195 0,001288 776,6
35258 0,00035258 -3,45274 0,001258 795,2 R

55488 0,00055488 -3,2558 0,001229 813,8



[ padonK N3AMEHEHUSA ANEKTPONPOBOAHOCTH

3aBUCHMMOCTD 3J1IEKTPONPOBOAHOCTM MOHOKPUCTAS1/1a OT
y =-25728x + 24,124 TeMnepatypbl y =-4535,7x - 7,9014
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[ padbuK 3aBUCUMOCTU

0,0012 /| 0,0014 0,0016 0,0018 0,002

-7.5
" RPACHbBIN TPAYPNK — MOHOKPNC I A IS

= CwuHuU rpacduk - nonukpucTtann




572 9900990 572 7850002

590,6 6920415 590,6 7850002
609,2 4629630 609,2 5233333
627,8 3460208 627,8 pa— _5233333
646,4 3460208 6464 3925001

665 2306805 665 2616667

683,6 865051,9 683,6 1121429

407083,2

) 191463,5
17301,04 ’gB 79292,95

776,6 5914,885 776,6 29422,8

795,2 2836,236 795,2 12265,63



3aBUCUMOCTb COMPOTUBJIEHUA KPUCTAIJIOB MEOHOIO KYNopocaoT
TeMniepaTypbl

16000000

14000000

12000000 \
\

10000000

£ 8000000 \

4000000 \—\

2000000 \x

500 550 600

KpacHbIU rpacouK — NONIMKPUCTANJ

Benbiy rpacuk - MOHOKpUCTan

750




= 3Has aHanMUTUYecKoe BbipaXKeHNE
e

~ COOTBETCTBYIOLLMX rpadounkoB y=A*x+B

= £E=0.2%tgf
= tgf = -A -
= [1aHHbIE:
#wpmmnn [Tonukpuctansn il
=51 L R—
,=907.14 eB E_=709.7 eB



[ lpakTnyeckasa 4yacTb.

- “HYNEBOWMMETO[ M3MEPEHN

(KOMMNeHCcaUMOHHbIN METOA N3MEPEHUIN), OOUH N3
BapMaHTOB MeTo4a CpaBHEHNA C Mepou, B
KOTOPOM Ha HyneBon Npndop BO3OAEUCTBYET
CUrHan, nponopunoHarsrbHbI Pa3HOCTU
n3amepsaemMon N N3BECTHOWU BEMUYNH, NpU4eM 3Ty
Pa3HOCTb A0OBOAAT A0 Hyn4a. [Npumep: nusmepeHmne

qlﬂpmqecmx BENINYMNH (3MNEKTPOABWXKYLLEA .
W@&Dﬂp&emq, EeMKOCTU U

| .) C NPYIMEHEHEeM NOTEHLIMOMETPOB U
N3MepUTENbHBIX MOCTOB.
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Kpuctann MEAHOro Kynopoca Hanéonee
CMY>XWUT MCXOOHBIM ChIPbEM O NONyYeHNs OpYrmX coe,u,leeHvu‘/’l.

. —besBogHbIn-cyAbdaT Mean MOXHO UCNOMb30BaTb Kak MHOMKATOP
BNaXXHOCTU, C ero NOMOLLLIO B TabopaTtopum NpoBOAAT OCYLUKY 3TaHoMa
N HEKOTOPLIX APYrux BewecTB. Hanbornbllee KonnmyecTBo
HenocpeacTBeHHO nNpumeHsiemoro CuS0O4 pacxogyetcsa Ha 6opbby ¢
BpeauTensiMm B CEfIbCKOM X035MCTBE, B COCTaBe ¢ OOpPAOCCKOMU CMECHU C
N3BECTKOBbLIM MOJSIOKOM — OT rpubKOBbLIX 3aboneBaHuin U BUHOrpagHom
TNW, a Takke 4ng npoTpasnuBaHna 3epHa. B nuiieson
NPOMbILLITEHHOCTU N3peaKka NCMNOoMb3YETCH B KAYECTBE KOHCEPBaHTa

ﬂmesaﬂ nobaska E519). MNMpuMeHS0T Npy nonyYeHun MW

AfieMeHTax.
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- . == MapraHuo
- CHUIBHBIH OKHCIIHTENb; TIpU CMEIICHUH €TO0 C
- “KOHIIEHTPHUPOBAHHOM H2SO4 a TAKKE€ C HEKOTOPBIMU
OpPTaHNYECKUMH BEIeCTBaMU (HaIIp., ITTUIEPUHOM ) MOXKET
IIPOXU30MTH B3PHIB. VICIIONB3YyETCH I METOIA XUMHAYECKOTO
TATPUMETPUYECKOIO aHAIN3a, OCHOBAHHBIA HA PUMEHECHUU
pactBOpoB nepManranara kanus (KMnO4) nist KoJim4eCTBEHHO
O0OBEMHBIX OIpEACICHUN. B XuMUYeCKOr NpPaKTUKE IIIUPOKO
IPUMEHSIOT KaK OKHCJIUTEIb; B MEAUIIMHE KaK
NE3UH(PULIMPYIOLIEE CPEACTBO MPHU 0XKOTaX U zlpymx

KIICHUSIX, @ TAK)Ke U OTOEIMBAaHMsI TKaHEH, —
‘-!"—
Torpadpumu.
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‘—_X7&TI‘BKAFITMT—— OT FpeYyecKoro XanbKkoc — Me,El,b aHToC —
-———..J.I,BeTOK CuHTEe31poBaHHbIe POPMbI: KAMEHb FranMUnACKUM
CUHUI, Kynopoc meaHbIv, umaHosut. Cu[SO4]-5H20.

Pen,Kvm LiBeT: ronybon, cuHun Oo 3erieHoBaTO-CUHETO.
brieck cteknaHHbIU. TBepaocTtb 2 — 2,5. [1NoTHOCTL 2,2 —
2,3. B Boge nerko pactBopsiercs. BctpevaeTtcs B 30He
OKUCNEHNA MedHbIX pyd Unu BbinagaeT U3 BOAHLIX
PACTBOPOB Ha MeAHbIX pyaHUKax. Pegok BBMAY Nerkou
PAaCTBOPUMOCTMW.
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- MMNPOSO3UT (63,2% Mn), MyHepan noaknacc
"MPOCTbIX okcnaoB, MnO2. NHorga coaepkuT Ao
Heckonbko % Boabl. [Npumecn K u gp. TeMHble,
NOTHbIE, 3EMIUCTbIE Macchbl. TBepAoCTb OT 2 A0
6-6,5; NNOTHOCTbL OKOJo 5,1 r/’cm3. BaxkHaqa pyaa
MapraHua. YmncTble NMpont3nTbl NCMNOMNb3YHTCA B
ﬁomsop,cme CYXWUX ranbBaHU4E€CKNX SI1EMEHTOB,

MU4eCKU daToB HHOM,
, OpPOBOM N APYIrnx rmpomn3soactBax.

J
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~Hal b BbIpaCTUTb KpUCTaNSbl MEAHOIO Kynopoca,
nepmMaHraHaTa Kanusi U U3 CMecu pacTBOPOB [JaHHbIX BELLECTB,

- aTakke onpeAennTb OnbITHbIM MYTEM YNCNO
9MNeKTPONPOBOAHOCTU, MAOTHOCTU U MUKPOTBEPAOCTY
BblpalLleHHbIX KpUCTanmnoB MeaHoro Kyrnopoca.

B xoae nccnegoBaHn Mbl BIACHUIU , YTO Kpnctassibl
MEOHOIo Kyrnopoca ABJIAKTCA NMNOoJsyrnpoBOAHNKOM.

T—

B xone HabntogeHuin 3a pocToM KpUCTanMoB Mbl BbISICHUMNNA,
__tergLKpMCTannu pa3HbIX COMNen pacTyT C Pa3HON CKOPOCThIO.
~ BbicTpee Bcero o6pasoBbiBanucb KpUCTansibl MEAHOTO
Kyrnopoca, HEMHOFO MeAeHHee KpUCTansbl U3 CMecu
m N caMbiMU MeaSIEHHbIMWU B POCTE OKa3anuchb
KpUCTanmbl nepmaHraHaTa Kanus.

[Tpouecc Kpuctannusaunum Nnponcxoans UHTEHCUBHO B
pesynbrare 4YacToro nepenaga remnepatyp, Tak Kak YacTHbIN
OOM, rae BblpalluuBanucb Kpuctansbl, 6e3 yqobcTs.
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