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BaeJJ;enue 

B rrocne.nuee BpeM.!l rro.!IBIIJIC.!l u;eni>rii PM HOBbiX MaTepiiaJIOB c IIHTepecHhlMII 

<lJI13IIKO-XIIMIIqecKIIMII cBoliCTBaMII. · Ee.nuopu;eM II MloJIJiepoM OTKPhlTO .!lBJICHIIe 

Bb!COKOTCMIICpaT)'pHOll CBepxrrpOBO,lliiMOCTII B OKCH,llHbiX IcyiipaTaX ' (1]. 

Ilocne.nyromiie rrorri>ITKH yBeJIIIqiiTh TeMrrepazypy cBepxrrpoBo.ll.!lmero rrepexo.na 

yBeHqaJIIICb ycrreXOM - OTKphlTIICM rpyrriiOll IICCJlC,llOBaTCJICll Il3 YHIIBCpCIITeTa 

IIIT.Ana6aMbl (XauTCBIIJIJI) II XbiOCTOHCKoro YHIIBepCIITeTa [2] coe,llliHeHH.!l 

YBa2Cu307.o, .!lBJI.!liOIIIeroc.!l cBepxrrpoBO.llHIIKOM rrpii T.,:::: 95 K. YKa3aHHoe 

.nocTII:>KCHIIe CTIIMYJIIIpoBano IIIIIpoKHli <iJpoHT pa6oT. no rroiiCKY. .npyrnx 

Bb!COKOTeMrrepaTypHI>IX csepxrrpoBo.nimKOB. Enma oTKpnrra o,lllla Il3 <iJopM yrnepo.na

<tJynnepeu C6o [3], rrpii ,llOIIIIpoBaHIIII KOTOporo .. IIOHaMII menoquoro MeTaJIJia 

IIOJiyqaiOT MaTepiian C T.,:::: 19.;-33 K .. l.J:eHHOCTh <iJyJIJiepeua COCTOIIT TaK:>KC II B 

He06bJKHOBCHHOM CBOC06pa3IIII <lJII3IIKO-XHMlfqCCKIIX, orrruqeCKIIX II MCXaHIIqeCKIIX 

CBOHCTB. 

Eme o.nHIIM 

·cuChL2·2H20, 

r.ne L 

IIHTepeCHb!M IIpiiMCpOM 

tl 
CH1=CH-c? '.N-CH) 

I I 
""="' 

.!lBJI.!leTC.!l HOBOC COC,llliHCHIIC 

ITo rrpe.nBapiiTCJII>HbiM .naHHbiM rro.no6HI>Ie coe.niiHCHH.!l ¢eppoMarHIITHbl npii 

TeMnepaTypax <20 K. 
l.J:eJiblO ,llaHHOll pa60Thl .!lBJI.!lJIOCb peHITCHOCTpyKTYpHOC IICCJIC,llOBaHHC 

rrepeqiicJieHHbiX Bb!IIIe MaTepHanoB (CuChL2·2H20, YBa2Cu307.o, C6o). 

Onucauue yCTanoBKH u MeTOJJ;HKa H3Mepeuuii 

,[(JI.!l CbCMKII peHTTCHOrpaMM 6hill IICIIOJib30BaH MO,llepHH3iipOBaHHblll HaMil 

peurreHOBCKllll ,llll<lJpaKTOMCTP o6mero Ha3Haqenll.!l ,[(POH-2M (4]. ,[(u<lJpaKTOMCTP 

,[(P0H-2M II03BOJI.!leT npOBO,llHTb o6muli peHTreHOCTpyKTYPHbrii aHaml3 IIOJIH- H 

MOHOKpHCTaJIJIOB IIpii pa3Hb!X BHCIIIHHX · YCJIOBH.!!X. 0H HMCeT B CBOCM COCTaBC 

HCCKOJibKO OCHOBHbiX qaCTCll {piiC.1): 
- uCToquuK peHTreHOBCKoro u3nyqeHH.!l (peurreuoBCKaR TPY6Ka ECB23-Cu 

ll Bb!COKOBOJibTHbllliiCTOqHHK IIHTaHil.!l BHI12-50-60M); 
rounoMCTP rYP-5, KOTOpnrii o6ecrrequBaeT rrpoBe.neuue 

peHITCHOrpa<lJuqecKHX HCCJIC,llOBaHHll pa3JIHqHblX MaTepiiaJIOB C IIOMO!l(blO 

crreu;nani>HbiX rrpiiCTaBOK u TeMnepaTYPHhiX K'aMep; 
- CHCTeMa yrrpaBJieHH.!l, KOTOpa.!! .3a,llaeT pe:>Km1 pa60Tbl rOHHOMCTPa H 

opraui13YeT H3MepenHe HHTeHCHBHOCTH .llli¢PaKIIIIOHHb!X OTPa:>Kenuli OT 

uccne.nyeMI>IX o6pa3IJ;OB. 

*06pa3eu; rrpe.noCTaBneu yqeni>Thm Wl>XII rrpu·EenopyccKoM rocy,D;apcrneHHOM 
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Yrrpa.Bnenue anrraparypoil: ocyiiWCTBIDH!TCH OT KOMIIbJOTepa Tuna IBM PC!AT 
qepe3 Kpeil:T-KOH'TpOJIJiep KK009 n nnary CBH3H llK009. llporpaMMHoe o6ecrre'Ienue 
KOH'TpOJIHp)'eT pa6ory BCeX TIO.liCHCTeM .liH1ppaKTOMerpa, OC)'llleCTBJIHeT Ha6op 
3KCIIepHMeHTaJibHbiX .llaHHbiX H HX npe.liBapHTeJibHYJO o6pa60TK)'. 
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OO,ttCHCTeMa 

ynpasneHKR 
rOHHOM8'1'pOM 

HSM6pMT6JibHaH KOH'l'pOJISI TOKa 

OO,D;CHCT6Ma. H Hai1pJDC8HHR 
'1'pY6KH, 

TeMllepa'l'YPW M 
T.,Jl., 

Puc. I. PeHTrenoBCKaH ycTaHOBKa ,l{POH-2M 

IJpn H3rOTOBJieHHH ofipa3!la )"'UTbiBaJIOCb CJieJ{)'!Olllee*. 

KOHTpOn.nep 
CBRSK C 

KOMIIbD'l.'epOM 

- Pa3Mepbi 'IaCTIIIl npo6bi JtOJI)I(Hbi 6h1Tb :::::50 MKM. I1o3TOMY npoBo.nunu 
npe.nBapuTeJibHOe H3MeJib'lenne o6pa3!la B araTOBoil: cryrrKe. llocne 'Iero nopowoK 

rrpeCCOBaJIH Ha p)"'HOM npecce B JlHJIHHJlpH'IeCKUe CTOJifiHKH -6 MM B .llllaMerpe H 
TOJilllHHOH TIOpHJtKa 3 MM. 

- 11cnoJib3yeMbie BellleCTBa ne JtOJI)I(Hbi fihmu co.nep)l(aTh npnMeceil: u 
3arpH3HeHUH, IIpHBOJ{RlllllX K J{OIIOJIHUTeJibHbiM JIHHIIRM Ha peHTrenorpaMMax. 
Y'IUTbiBaH 3TO, CTOJifiHKH HaKJieiiBaJIIICb IIJiaCTIIJIHHOM Ha aMOp!f>HyJO IIO.IIJIO)I(K)'
opraHII'IeCKOe CTeKJIO. 

11HTepnpeTaJlHH peHTreHOrpll.VIM IIOpOIIIKOofipa3HbiX BellleCTB BKJIIO'IaJia 
cne.n)'!Olllne 3Taiibi: 

1) orrpe.nenenue ymoB orpa)l(eHnH 0;; 

2) IIOJ{C'IeT Me)I(IIJIOCKOCTHbiX paCCTORHHH, COOTBeTCTB)'!OlllHX 3Ha'IeHHHM 
0;; 

3) un.neKcnpoBaHue peHTrenorpaMM (naxoJK.l{enue nn.neKcoB HKL); 
4) onpe.neneHHe IIOCTOHHHbiX peiiieTKU. 

·* ABTOpbi npH3HaTeJibHbi corpy.nnnKaM JIH<l> 0115111 3a rroMOlllb B ocsoenun 
/ MeTO.llllK perncrpa!lHH nopOIIIKOrpaMM Ha .lllltPPaKTOMerpe ,ZJ,POH. 
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Me)I(IIJIOCKOCTHbie paCCTOHHHH, COOTBeTCTB)'!OlllHe 3Ha'IeHHHM 9; , HaxO.IIHTCH 

H3 ypaBHeHHH Bynh!f>a-Eperra 

r.11e 

N-).=2d, ·sine,, 

d; - pacCTOHHHe MeJK.l{y .IIB)'MH aTOMHbiMH TIJIOCKOCTHMH; 

0; - yrnhi orpa)l(eHHH; • 
A.- .IIJIHHa BOJIHhi peHTreHOBCKoro H3JiyqennH (B narueM cnyqae A.=l,5410 A); 
N - nopMOK MaKCHM)'Ma; 
3HaH .IIJIHH)' BOJIHbl npHMeHHeMOrO peHTreHOBCKOrO ll3JI)''IeHHH ll 3Ha'IeHHH 

yrJIOB Orpa)l(eHHH 0;, JierKO onpe.neJIHTh COOTBeTCTB)'!OlllHe HM 3Ha'IeHHH d;. ,[{JIH 
TIOBbiiiieHHH TO'IHOCTH onpe.neJieHHH Me)I(IIJIOCKOCTHbiX paCCTOHHHH MO)I(HO 6bill0 6bi 

BBeCTH IIOIIpa.BK)' Ha IIOrJIOllleHUe o6pa31la /:1, KOTOpaH onpe.neJIHeTCH IIO !f>opMyJie 

2R 
1:1=-(1 + cos20), 

I 

r.ne R - pa.nnyc o6pa3!la B MM; I - nocroHHHaH npu6opa. I=57.3 MM; 0 - yrJihi 

OTpa)l(eHHH. 
IJonpaBKH Ha TIOrJIOllleHHe HaMil He BBOJ{HJIUCb. 
Me)I(IIJIOCKOCTHbie paccroHHHH d; , oTBe'IaJOlllHe oT.nenbHhiM 3Ha'IeHUHM 

yrJIOB orpa)l(eHUR ~ , KpOMe TOro CBR3aHbl C xapaKTepHbiMH pa3MepaMU 

KpHCTilJIJIU'IeCKOH R'IeHKU CJieJl)'!OlllHM o6pa30M: 

H 
a 

d,~kl 

H . 
- ·cosy·cosp, 
a 

K 
-·1-cosa 
b 
L . 
-·cosa·1 
c 

H H 
1·- ·cosP 1-cosr· 

a a 

+Eicosy· K ·cosa +!:._ cosy·l-~ 
b b c b 

L 
cosP·-·1 

c 

1·COS y ·COS P 
cosy·l·cosa 

,cos p ·cosa·1 

L 
cosP·cosa· · 

c 

r.11e a, e, c, a, f3, y- rrepno.nbl 3JieMeHTapHoii R'Ieil:Kn n oceBbie yrnhi; 

H, K, L - HHJteKCbi paccMarpnBaeMoil: IIJIOCKOCTH peiiieTKH. 
11cxoJtR H3 H3Becrnoro na6opa 3Ha'Iennii d;=dHKL n Y'IHTbiBaH npnBe.neHHhie 

Bbiiiie paBenCTBa, MO)I(HO onpe.nennTh nn.neKCbi Munnepa HKL. cooTBeTCTBYJOlllHe 

paCCTORHHRM d;, a TaiOKe napaMerpbl 3JieMeHTapHOH H'IeHKH a, b. C. a. p. y. 
Onpe.neneHHYJO IIOMOlllb B YKa3aiiHOH IIpO!le.nype MO)I(eT OKa3aTb KOMTibiOTepHaH 

nporpaMMa TREOR90 [5]. 
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PeJyJibTaTbl peuTreuocTpyKI)'puoro ncCJienosaunH CuCizLz·2HzO 

3aperucTJlnposaiiuiDI HaMn peuTreuorpaMMa CuClzL2·2H20, rne B KaqecTse 
nnrauna L BbicryrraeT MOJJeKyna CH2CH(CNNNN)CH3, rrpenCTasneua ua pnc.2. 
PeJyJJhTaThi o6pa6oTKH nu<tJpaKTorpaMMhi cseneubi B Ta6JJHI.\Y I. 1-13 auannJa 
Ta6JJHI.{hi I MO)I(HO JaKmoqnTh, qTo CuClzL2·2H20, rro-sunuMoMy, KpncTanJJnJyeTcl! 
B OpTOpOMfinqeCKOH CHCTCMe. IlapaMCTjJbl JJJCMCHTapuofi llqefiKH CJJCJlYIOII.{He: 
a=15,96 A, b=9,48 A, c=7,73 A, a=90°,j3=90°, y=90°. 06"beM JJJeMeHTapuofi l!qefiKn 
V=1169,46 A3. 
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PIIc.2. PeuTreuorpaMMa CuClzL2·2H20 (no ocn a6cnucc 1necb II HII)I(e 
OTJJO)I(CHb! yrnhi 20, rpan) 

29Ha6n. 
rpan. 
11,54 
15,95 
21,80 
23,01 
25,11 

28,64 
33,82 
35,26 
37,90 

40,66 

Ta6nnna 1 
Pe3yJJhTaTbi IIHJlCKCIIposaunJI penTreuorpaMMhi CuClzL2·2H20 

dHa6n· 29aMqHcn· H K L 
A rpan. 

7,664 11,44 0 0 1 
5,552 15,95 2 0 1 
4,074 21,79 2 2 0 
3,862 23,00 0 0 2 
3,544 25,09 4 0 1 

25,14 3 ·2 0 
3,115 
2,648 33,82 5 2 0 
2,544 35,26 1 0 3 
2,372 37,88 2 1 3 

37,94 0 4 0 
2,217 40,66 7 1 0 
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PeJyJibTaTbl CTPYI..'"I)'pnoro ncCJienosannH YBazCuJ07..o-Kepal\mKn 

IlpOBCJlCM HCCJJC)lOBaHIIC KpiiCTaJJJJIIqeCKOH CTJlYKTYPbl KepaMHKH 
YBa2Cu301..o- HaKOIIJJCHIIe nauubrx: no CTJl~HhiM oco6euuoCTHM 
Bb!COKOTCMIIeparypHbiX CBepxrrpOBO)lllll.{llX KepaMHK )laCT TaK)I(C II JlOllOJlliiiTCJThHY!O 
B03MO)I(HOCTb YCTaHOBIITb KOppeiDII.{HII CTJlYKTYPbi - JJJCKTjJII<iecKHe , (HJlli npyrue) 
CBOHCTBa. 

PeuTreuoscKIDI nu<lJpaKTorp~Ma BhiCOKOTeMneparypuofi csepxrrpoBOJlllmefi 
KepaMnKn YBa2Cu307-5, uaxoMmeficJI rrpii KOMuaruofi TeMrreparype T=295 K, 
rrpnseneua ua piic.3. HeKoTopbie uan6onee Ba)I(Hhre pe1yJihTaThi mrneKCIIposauHJI 
peHTrCHOrpaMMbi o6paJI.{a YBa2Cu30 7.&- Mbl CBCJJH B Ta6JJIII.{y 2. 
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PIIc.3. PeuTreuorpaMMa YBa2Cu307.o 

60 70 80 

l13 m6rriii.{hi 2 II piic.3. MO)I(HO JaKJIIOqiiTh, qro YBa2Cu30 7-5 
KpHCTaJJJJH3YCTCJI B OpTOpOMfiiiqecKOft CIICTeMe. IlapaMCTJlbl JJJCMCHTapHOH JiqefiKH 
cnenyromiie: a=3,86; s=3,86; c=11,67 A; a=j3=y=90°. Ee o6beM V=17464. N. 
IlpiiBCJlCHHbiC CTJlYKTYPHble. rrapaMerpbi . COIIOCTaBHMbl C pe3yJJhTaTaMII 
nefiTjJOHorpa<lJIIqecKoro auaJJII3a [6]: a=3,8245; s=3,888; c=11,688 A. 

Ta6rriina 2 
· Pe3yJihTaTbi IIHACKCIIposauHJI penTreuorpaMMbi YBa2Cu307-5 

29Ha6n. dHa6n· 29BIHHCJI• H K L 
rpan. A rpan. 
23,00 3,864 22,99 1 0 0 
32,64 2,741 32,63 1 0 3 
32,90 2,720 
38,62 2,329 38,63 1 0 4 
46,70 1,944 46,66 0 0 6 
55,02 1,668 55,04 0 0 7 
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PeJyJILTaTbl peuTreuocrpy~puoro ucCJien:oaanuH ljlyJIJiepeua C60 

PenrreuorpaMMa cpyJIJiepeua C6o noKaJaHa ua puc.4. B ueii mum'leCTBYIOT 
nuKH peurreuoacKoro orpiDKeHIDI npu 29 10,54°, 17,50° u 20,59°. Ilocne,l{Hee 
xapaKTepuo ,!UUI KpHCTannuqecKoii cpaJLI cpyJIJiepeua C6o, HMeiOmeii 3JieMeurapuym 
H'leiiey Ky6u'leCKOH CUMMerpHH [7]. 
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Pnc.4. PeurreuorpaMMa C6o 

3aKJIIO'ICHUC 

C HCllOJibJOBaHHeM MO,l:lepHH3HpOBaHHOro AHcppaKTOMerpa o6mero 
HaJuaqeuux ,l.{POH-2M npoae.z:~enhi peurreuorpacpuqecKne nccne.noBaHHH 
HeKOTOpbiX MarepHaJIOB. IlOKaJaHO, 'ITO: 

1. CuChL2·2H20 HMeer opropoM6uqeceyiO pemCTKy c napaMerpaMn 
a=15,96 A, b=9,48 A, c=7,73 A. 

2. YBa2Cu30 7..o KpHCTaJIJIHJyeTCH B OpTOpoM6H'IeCKOH CHCTeMe C 
napaMerpaMu a=3,86 A, b=3,86 A, c=11,670 A. 

3. 3neMeurapuax xqeiiKa cpynnepeua C6o xanxercx ey6uqecKoii. 
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