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®930L  sgdmsemmds:  gangdhtmdndbognmo  ©s6oBmmdol  Bslisemsms
808560790530, 8530 AM35¢lisbMBsms SMLYIMBOL g968L>BOIGIO Bsddmco -

86dgomboery®o @sbodbrangdss, Geg §odyzsb mzolgdsms gHOMIMOZgMBO

8000935, 9gdBOHMB9I603MG0 BsLsEHdOL 358mygbadol LR MM asBLsBORMZL:
999 AOMP8BHMMds,  ffobosmmdol  $d3gmedy Mo  3mgn03ogbdo, 3MmEd)-
583gHao  Bsbslosmgdagdo @s Lbgs. Bsbsgmsms gangddHmaBsbslinsegdangdl
ol §o89g3960 gergddemmfiobsnmdols  #gd3gMe@GmGvmo 3mgnosogbdos (a; ).
36mdoos, H®m8 mommBydlo a; 5 0, Lyyeos Bsbgastasdts®mgddo a, <0, bmmm
36535¢MH03bM356 gbsbmdgddn, gaoMmgdvem BabggzstasdBemgddo, 3gMsdozsdo
@5 S0mO@Me 0650 a; -l 8608369@Mdy Byodangds ogml HMyMGE IEHBOMO,
3939 PMYNR000 boEoEY. FsLsErsms dmygsbomo RsBMBsmzEolsmzgol a; -b
60860l s LoEool 3MHmabmbomgds Bgrdwgdgwwos @s s3oGHmd 9dudgModgb-
Ao 3007 EIBL dnocmbmaL.

Ls3odm a, -b 9gmby gamgddemGgdbozm®o ©sboBbmmadols  Bslisgradols
BoLsgdsE BBoM3® 8085MM8396 BMYNIMHEO dmEogzsegBtym®o gargdnbihol (Cu,
Mn, Ni @b Ubgs) mgbom®mo 6sghomgdol smae®gddg®odyg@umen 893bmdsl, Mol
B900a5® oopgds 9.f. mduoEu®o 39Msdogs, GMmAmosbsg GomBoLEmG9do,
3900smmzgmgdo s bbgs @sbodbmamgdol Bszgommds 3Bsgds. BgEbmdol
bg®bom domgde sligo  Fsbsengdl ol 0s30LgdMEMGds SHsLOSMIBL, HMD 880
99¢)-653emgdo MomEgbmdom Fmegdol sMmLbgdMBs ©s BsmMsb ©s353806Mm9d Mo
6530035690930 godloMEgds.
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Bom, GOl gsbbmAE0gmgdol Bgogas® Bglsdmgdgmmo asbs Lisdogmmeo



999 BHOMAsboLosmdEgdol Igmby Fsbsgngdol domgds dobol s 8obszMolds-
@B obogngdol (Bgdbmenmansdo sGLYdIMEO JoamBgdoo - 8obol bs®8g0m ©s
bsFomdmgdol Jg8mbgggsdo  8omgdwmo aobo@jaols B39E0sEHHO  MHGHIMIO
Q©53193539000.

Ls3mBomb Bo%sbo: Bgabl dogm RsLsts®dgmo 33930l 8oBsbl FoGHdm-
50965 9du3gModgbE o abom, 3meogz5emabE Mo mdbowgdol 899;339¢0
Bsobmdgd0©sB, 8obol  (HgdbmEmansdo Bompdmmo  bydbgdom, Boyzgme
53mOHBME- IOHOLEIWMMO, BIMOM Hga3gMsd MM 0bBHgMzseado LisdoMo
9@ HOMBEbILOSMIdITMPROM JsIMBRYHENO HEodHOMHIIB0INGOo BsLsgngdo.

33930l doMoma@o 53mEsbgdo:

- ©5©30bgls  dobol  [oMBmygabsliorsb 803sMmgdsdo  LBPdOEYOHMBO
a50mMBgmmo Bgagboemmdgde Cu,0 -~ MnO = B,0, @5 CuO~MnO= B,0,
Loligdgddo s gBsLigl 8s0 35B3gdo 808obsty BoBOIMM-JodoHo
36m 3969005
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- Bg@sbionl Bcpag60mmdol 3s3emaBs LHbmnBoMHgdMEo Bstsemydol s 85670
80BbmdMogo  0gMdmwo  Esddsggdom (450 - 700°C) Bowgdmero
3OHmEIBH9d0L  gadHHMoZoLodnddy, M9GHINMm  25BROMMYBLDY  ©
LAHODIGNON Bmfymdsdy;

- 5306l LhsdomMmo JEHIHHMBsbILOsMYBIYdOL 8dmby 8o6sBsLs-
@g%0b omgdol 30MHMdIBO.

33@g30L mdogdBo. Jgufisgerolb Mmdogddew BgmBgmeo odbs mGo d-gagdy-
BHob mgbogdol s seg0mebnbs@o 8060l §sm8mdJa6amol - dmmol s63owto-
©ob  d93339e>  Ls33mA3mby6Hos6 Cu,0-MnO-B,0, ©> CuO-MnO-B,0,
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LobmgBoORMmo  WBmEFMWo  (B060LRdGO) @ s8MGEFME- 3HOLE NGO
(80Bs3M0lGsem™mO) dsbiagrgdo.

330930L 3gomEgdo: RsAsMIdMEO JudgMmodgbtsem®o bslosool Lsdw-
BomBo 258mynbgdmmo 0dbs yggas ol doMmomsEo Bowymdgdo, Gmdwmados dowg-
dmye0s dobol s 30bs3MoliGswMo dsbisergdol domgdol @s 3geg3oL Laddgdo.
8505 Hg839Gs o bobmYBom Bondmem 806585LsEYBL  3869LsBNIGHSM
89800930 0030L3dGB0: gEngIBEHMFOBIRMBS BGmM HB3HsETGW® 0bEHgBo,
L6833M03Y, LOMBMGO AsBRIOMMYBS, baE™m 33BRBo s J0bsAsLsEdB0, Bsc0
9MINEo ©s3vds3900LsL 308obstyg 3Hm3gligdols 8gx3sligdsdo, 3sdmygbgdwyemo
0g6s mgMmmo @s HY6GIEMLEGWIHMOHMEOo 565¢roBol dgmmEydo.

658Gm3ol 3gabogMmemo Losbey: sEyobos dobol Fsmdmadddbgmo ©s 0d
03000300} Yd5E0 B5bmdgdol Fgwagbowmdgdo, GmAEgdog LGedogyy-
Mo 35689megds gl 0demy3esh. 39mdme, CuO=MnO- B,0, Lbob8sdo
dobols Fomdmdabgen 8ga9gboemmdsms 56y 8g8molabrgmgds 40, 50 s 60 dmen. %
B,0, -0 8383390 99a60Enmdndom, HmBumdBog MnO « CuO Rsbsageryds 10
— 40 3m.% Bn3Mxddo bgds. Cu,0-MnO-B,0, LobEgdsdo dobol §s6dma-

4869¢ Bgagboammdsoms sGg Mamm B3oMns s Bn8mognstamnds 40 s 50 8mer. %
B,0;-b @5 20 3men. %-0pg CuO-b 359(3390mdom. d90960¢mdgd30 20 dme.%-
%y 8o Cu,0-b BgdpggEabobsl smdmodabgbs BoboLgdmo bBswbmbgdo,
OMIMBoE  39©5303900LL  39300698MBs®  3HOLESWEIB0B,  SAMEo3E-
300G MMHo  Tsboangdol Fomdmgabom. @sEuobs boM3zol  (3gddgMmsd Mol
253gBs  Bogdmmo 806gd0l @ B0BsBsLsmABOL  M3oLYBYdBY  (9eradtBm-
fobommds, L0d33M039). MgMdNwo @s OIEGHYPMBIBMGO  BsEoBom  gsdm-
3@obs Cu,0(Cu0) - MnO = B,0, bobhnByddo 8omgdmeo Bsbsamgdol s8mGawen
- 3M0obGomMmo dMBgds s Bsm8o  oBIMHIBEOMIBdmo LGB MGMEOo
9mffymdol  BgLodamgdenmds.  IEROBES, OHMO BoBEMBdMOgsE  BsysBHdHEmo
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Mo 37353900 33390M© (330l byEIo 608TdOL BmEmEMdom ©s
BIPIBOON 99 BHOMYsFBHSOMBL, bmerm yggams J98mbgggzsdo Ldoggbdols

mgbogdol (I, II)  3mbEgbBMogool Bhs MnO-l bsOxbg s6s306HmdIdL
99dAOMGobonmdol Bgdomgdsl. @IPFOBES, HM gergddH@mBsbLoscYBIPGdOL
L&sdormmdom bsbosmgdost Cu,0-MnO- B,0, LobBhgdol ol Jgoygbo-
@mdYd0, MHmdErgddog doowfggs: %Cu,0/ %MnO=1,5.

6536m3ol 3MogdBozgmmo momgdmamgds: Cu,O(CuO) - MnO - B,0, Lobdg-
8580 8omgdvIEos 806gd0 @s G0bsBslivgrgdo, GMIYdoE bolnsmEYBOE IdIEO
5JHogsaool gbgdaool (AE = 0,193), 8306y wMstymaomo gmadddafobsmmdols
3983965 OmMmo  3mano3ogbdol  (Aa, #0,5-102K™") s gmgdd®mfobspm-
35075 LHIBOEVIHMBN BsHM HIBIMIHNBWE 0BHHE5B0. MYHINEHO V-
8539900 8000Yds IM(3YEMd530 0DBMSGMOHMEO (3500 FmMOL IdEMB0s60) s
BY30OHME© Bobggamasdtsmo BsLaeydo, Hmmgdog bsosmEdsE Bsmsemo
H9839MsBvMsdggamdom (8gtos 750°C). s0bodbmmo Fglisdamgdgml gsbol
Boggd Mo dsbsangdol gsdmygbgdst §Egddmm@Egdbozol obgm LggmmgdBo, bsss
Ommbmgboos  Bgbsdsdol  Bsbsbosmgdgml ;golgdsms  Bsstigdgeo
®9BoLEMGWEo Fobogrgdo.
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80Bols H996memy0s80 358mygbadol MsmMdibY, sbg3g dmbssn8gdo dsco BmbBsGo-
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@m@m m®03q d-9¢9896¢H0L 6:@6660680 35a96hHo Babgggqpongu, 85070
839©2960Md0©s6 s LobmgBOL FoMgdmesb 339mBEOBIGY. god8moym Lszombgdo,
HmBgmndBog 656%@5060@05 066585bsgnpdol én@g&n\: A9939Gsm®ol asaerabs
b3ogngbdol s BsbasBmAol  JshomBIBoL Bglsdmm  LsbyEgEoEgdsBy. s1H39
3sBobomgds  dmanogsgbh®mo  gEnoBgbBROL  MEmogBoRs3wabs, Bseo
©595639@mmdol  Hogbzowst  gs0mBEobsty.  swmzg  ULsgoobs  as8moym
856996780l @s L3ogbdol dmbsfiogrgmdom ggMmso 30896 gdoL, B3swEgdol
©5 3Bs030L Bomgdol Bglsdgdbammds @s sbn3Y 8.5050 259mygbgdol bszombydo
396030 ©sBoBEMEIdOl  Bsbaargdol  Bolsmgds@.  3gMdm,  s®oBodbs
956p56m00b mgboEodol @s@om gsdmynbods saoMsEEBMds ©s Jodowmmsw
9aMd@ 80656gdMm9dd0, gangdBHOMBgEMNIdOLsmzol 3sdmygbgdwe gwwligddo,
H5@Od300L 808G  BMABMBONMY (0.f ©MBOdYHGomm) 8069880 @s Uba.
65B3969005, HmB 86630l @s bdognghdol mglowgdol Bgd3g9wo LowogsdmGo
B30l 80680 Fgolfagergdmaeps 350180 BmbisgrmEbyuro BgEs3oGmvemo gugd@®m-
399HsGMBoL @s gangdHOmBIdoe @HBAdWIHBOL BdsboBAOL  GHsEnoBsEOOlL
9L gdMBOESE 353mIEObsey.
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Ub3oslbgs ©s6036memgdo obgemo 00@0350060 21dol 906535L5en9d0L Bomgdols
15J8980, HMRMGOESS VMO FBGMMYBOL 3MgRoEoBAHOL 8dmby 8obsBHgdo,
30ogd0egdo @s 806gdo (9.. ,,303M60%) @s bbgs. olgomo 80b6gdos6, HMAgddog
360l 5630M0o doMHoms dobol fs68m]abgemos, Bmyzsbomos Bgo®mmbgdols
d0bongdgero s Mm9bEagbol Lboggdol dodsto asdFomgswmg (BeO-l 8993339¢0)
866900 m3hogm®o 8obgdo (RO @s La, 0, mjLomndomsb gHhos®), s30e@bndsoo
FgLsmBoo 306980 s 06s3MolBs@MGO slsangdo s Lbgs.

@oGIBGIOME 808mbogndsdo sbYay asbbommmos LsdgsBogmhm BHmogdo
@5 Ls3bmMdstm dmboizgdgdo sbyasbrydol, Ldoggbdol @s dm®ol mdbowadols dm-
Bsfommgmdoo 8gagboe Loltgdgbesh Bodsmmgdsdo. 65Bggbgd0s, HMA Bgsty-
300y 35M5ss Bglfogeromo 8amBsMHIMmBsms osp®sds MnO - B,0, Loltgdsdo,
bmgm 6s3mgds CuO - B,0, @s 8o vygohm CuO — MnO  LobEgdobsmgol.
5369039 39Bbommos dobol Fsm8mddbol Bglfsgamols Bgwgagdo L3owgbdol s
8563561930l MmJLoEYd0s6 M- s LB3MI3MBEYEH056 dmGsty e Lol®dgddo s
50060865, MmO 3d-gemgdnbthos MILO@HBOL Bythsbs dmGstme 806dB6 s6s36-
Hmd9OL 8500 MZ30LYdIMS Mo30LGdYMYBL, MoE Fom0 MEIbMdOL BHom go8mEizy-
man baGoLbMBdGOZ0 85B3969dENIBOL MIPOINMMO (33O B7BT0 358MO3IZHMS.

@OoBM5GHMEOOL dmbs3gdgdby @eyMEbmdoom gebbogrmos @ommbo-gsb-
3050 (Mn-0, ©s5Cu-0,) 3@yMBsHYMdsms EOsRMTIB0, (Hd3gMod ol
33wowgdgdom asdmfzgmmo B3ommybdols s 85635680l Mmdbowgdol ystes-
J86505 894560Bd0, 5Lg3g dmGOL, BsbysbmBol s L3owgbdol mJbow® BsgMooms
BOBOING-Jodormmo mzolydgde.

@OoBIMGHMESTo 5OLYdMEo Bolsengdol 3MHo@03mmo 8gisligdols s gobL-
X0 LsgzmdzgEdy 3s60LsBHRIMS JFLHFOL 39HL3YJBH oMo BoBsGHMvEgds: sEbm-
H309wEgl ™Mo d-gemgdgb@ol — bdoggbdol s 8s6396m8ol mdbowgdols B99;339-
@O dmGs¢ o 3o6gdol LobeITHO @8 3EWP3s, Moms oAbl Fsomo e~



B39dBHoEMds, JErgdBBMGIIB0INMHO @IEOBTEMMABOL @S BsbslosMgd IO 356d-
39¢M950L LHsd0EOHMB0m 35dmMBIMEo Bslidsengdol omgdol MmgsmLsBGHOLO.

0530 II.  3du30m08IEBOL BIRIBIBN VS 85010
0O6LXS

33930l 8gomEogs. safig®omos 3Bl BgBsagbams 3sdmynbadwmmo
AsLogdol  Momds, Fsmo  sfjmbzol s  39BAoL  sMgzol  MegoLgdMMBEO,

89003960mmdsms bs®33z5-50m8MBsgadol ©s 608mBgdol dmfigs ~ 8m3BsEIBOLLL
399my969819cm0 Imfymdoemds s 990m@gdo. s@figmowos 8obol Lod3gMHogzol ws-
@B60L, @omsBMBgBHommo dsGEBNtHHBOL Bomgdol,  uaddemobsgmdol
356L5BOIMOL s FsbslosmgdgEo 35M59gHMIdOL 2503wl bg@Mbgdo ©s dgomm-

©Qd0.
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6sb. 2. Cu,0 - MnO - B,0, 8g03360mmdol 3580l (5) s 8olo 8500C-by
09M3ME533539000m domgdeo 3GmEd®doL (3) HrbGagbma®msdol aMmsadn®gdo
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Cu,0 - MnO - B,0, @5 CuO - MnO - B,0, bob®g330380 80653sb5¢mgdols

Lobmgbo s Bs33EI30 Va6 MdYdOL BgMBYgs

Bs33@g3 mdogdHe dg@Bgmer Cu,0 - MnO - B,0, s CuO- MnO- B,0,

B,0, Lob®hgdgddo Bstsmydvmmo bs®Aggdoo ©s@a0bos ol J9agbommmbdydo,

®m3wgdog LGHMVoMMs© MBOWMB3gEYmBgs dobsdslagrgdol domgdst 1000 s

1100°C 498396s¢megdbg 3s6bmMEngendrmmo LobmgBoo.

@bGowo 1. bszgengzo 806s8sbsemgdol JoBowmo Bganbommds s

Lobogbob 3ggagdo
BgGos 1000 cos
N | (Bm@gznm. gm®dnms) | obogduo | mdbogdol 899339emds, dmem. 1100°C
s .9 Lbobogbol
Cu,0 |CuO [ MnO | B,0, | Bp®oso
A | xCuO-(4-x)Mn0O-6B,0, | OMB=136 | - 10 30 60 8065
OMB- 226 - 20 20 60 0065
OMB=316 | - 30 10 60 Bo6s
B xCuO-(5~-x)MnO-5B,0, | OMB=145 | - 10 40 50 80bs
OMB- 235 - 20 30 50 dobs
OMB- 325 - 30 20 50 dobs
OMB=415 | - 40 10 50 Bobs
xCuO-(6-x)MnO-4B,0, | OMB-154 | - 10 50 40 80bs
OMB- 244 - 20 40 40 90bs
C OMB=334 | - 30 30 | 40 8065
OMB= 424 - 40 20 40 80665
OMB- 415 - 50 10 40 dobs
xCu,0-(5- x)MnO-5B,0, | PMB- 145 | 10 - 40 |50 80Bs
PMB= 235 20 - 30 50 8o6s
B PMB-325 | 30 - 20 |50 | 30 6.
PMB=415 | 40 - 10 |50 36. 65, |
xCu,0-(6— x)MnO -4B,0, | PMB- 154 | 10 -~ 50 | 40 8065
: PMB= 244 20 - 40 40 8065
¢ PMB-334 | 30 . 30 | 40 | 36650
PMB- 424 40 - 20 40 36. baco.
PMB=415 | 50 - | 10 |40 | 36.650.

5060836980: 36. 65006 — B5bMBYVBO 35@8(303980LL MZ0BIBMGsE 3GOLE s EYDS;
8065 — 8530 ggMob ghomags®mgsbo obs
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533935 F9MRgMeo CuO — MnO - B,0, (5530 byMos — 40, 50 s 60 dmen. % B,0,
8993390mdom) s Cu,0 - MnO = By0, (mto LyHos - 40 s 50 dmen. % B,0,
8993390mdom) LobiBgdgdol dgwagboemmdgdo, ©s 800  bobomgbol Bgwm9agdo
3560 1-80s GoGBmpgbowo. '

533093 9 BoEMmdsms J5BYBOL MMINEO B5EWOBO RsBSHES Brs-
8m@gb0dg g56LbZz539d Mo 960w mdol 35BIoLsmzol s 508mABES, HM3 olo-
6o aoM330me@ Bugaglgdsl 53emgbg6. DTA-86wmdy) Roduomogds ©sdsetg83y-
G GMo (75-300°C) s UsBmsenm H983gGadmemano (590-7500C) gbomgng-
JHodo, bmenem 800-930°C 66¢hgMHgsendn = 8Ams3Ho ga®maagddo, Gmdaanag 0Bty-
Bogmdoom s8mMBgME gbmgngddBo gssol. TG-dGwmmol dobgwpgoo fmbol
85gbodognyyMo 3amgds 75-200°C 0BBIMYSEIBY dmeol, Gog 36Bd3o B,0, -obs 3gd-
(3390 Bgmgmeol —dmemol 8gsgol @sBEsl vbos v35380ME9dMEL (Bsb. 1).

Lofgolio 39Bdol s dobo 850°C-By @sdMBs3gd000 Bowgdwmo Jg3bmdowo
3sL0b HY6HRIEMBIBMGO 565¢0BOL By agdol B9smgdoo ys8maeobs fsGom-
goboew 3MmolGsm® Boghomos IMz5¢xgMM3a6gds. gMIMms® sdMBsggdvem
B0 sgojuomos dmMsdmao Bigdogdo (CuB,0, ©> MnB,0,), MnO-\
OYHBIMO 33MHsgd6om Bomabmene Mn,0, (Mn;* Mn,*0,) s Lsfyol 35686 64
RLINP S098wo MnO @s Cuy0 LIdbgmuamaao Bsgemndo (Bsb. 2).

1533093 3M33MboEogddo 8935350 MmJlogdOL IMOLEIMM-Jodowmo 3s-
®s8gBHYdOLS ©s B,,_, 9O»gMEo BAOL (35¢0mbo-gsbads@o) LodBIoEgms §o0Igs-
aobfobgdom. Rs@sms 8060l §smdmgdbol Bgmgagdol Bgustinds @s gsd8mmdayy-
wos dmbsBOgds Cu,O(CuO) = MnO = B,0, Lobthgdol 80658sLs¢ngdol LdGvd-
Geobl Ggbsdanm dmfigmdols msmdsBy. 3gMmdme, Bs33eg30 Jgagboemdols dobs-
Bslss)dBo 30639a B0 FoGBmogdbyds 856356m8BMGdMMO R BIBIBIOO ©5
858p06mB0L  3shombBgdols  Bobol LHGWIAMEsBo LEmmse RsdAOL  BnBogs
dmbsemm@bByaro bgds L3owHEAVIIEZIE dMGIGHMMO sXAMBIBIBOL Fotdm-
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J3bs, 099 1930LYYBO Fobadsol MomEgbmds bsgds®olo 0dbgds Cu* Js@ombol
Cu™ 35600680 g50sligemoliscngol. bbas Bydobagasdo saomo wBos Jmbogl
Cu,0 -l 06ogo@se Mo Bsghmol Lsbom 3sdmymast. s0bodBrmmmols 3s68s-
BR3IMICO 3003 900 BsJHmMeE  Bsagngdol LobmgBOL #H983gGsEMGS, By
0dgrgds 0gmUb, M(3 3dBbLsBEZMgL Mo 3sBLblsgaRdMmo Cu* (BmEoyozs®h™MMo) ©s
Cu™ (0Bmd90sB®0) 3o¢ombol smligdmdols, st 1025-1050°C obtgHasedo
dmbsemEbgmos 898930 35Mgd6730L sGHLYdMS:

2Cu0 —25C5 Cy, 0 +1/20; @b 2€n,0 + 0, ~LBERC_ 400

Cu,0(Cu0) - MnO - B;0, bobi®hgdol Bobsdstisengdols

9m9ddHMFobsnmdsBg LEBMHBOL s LoMdMHO s8MBs35dOL
306mdgdoL 5396

9o@gdre Fsbsesms mzolgdyd%y LobogBol Hd3gMmsdmol Bmbsgm-
6o (6535650900930) 3531965 LEYEsE 3500 gamgdBHOEMFoboMdIBY s50Lsbs, Mo
6ob.3-%g 6‘06)60)@5360@6 »lg Py =1" ©8M30EYdMEWgdsms 58Lsbggo FHRgms
396@og9%00m  @sgodiomEs — Lobmybol BHgddgMsdm@ol BHos MsdmEgbody
MO0 5830MI8L 0©IBHYHO BgEIBOEMBOL Bslsenses HaraddHmBobsambsl,

Bdbsemsms  bAGMISHMOMmo dmfymdolsy ©s Jogz gO®  BoIBHMOL
fom0msagbl mgmdmaro @sdyBsgods. MmpmBmmo s6swoBoo §sdmgemabes, Hmo
Cu,0 s CuO 3993339 39agbognmdsms @oBgMgbaosem®m-0gmdmemo sbswo-
ol (DTA) 860 bgarobsmgol @sdsbsliosmgdgeros 610 — 1000°C 0b¢gHgsedo
™G0 83530m 09BGIMIBgdHoL sOLYIdMBS WsBoJLoMES: gadmngddo-8sJiodmdon
740-750°C-%g @ 9bmgxgd®0-0sdbodmdooc 880-900°C-%bg (6sb. 4).
506086l @sLEWGo dongdrmo odBs Cu,0 ©s CuO - Bydr39eo méo Bgc-
3960@mdol (PMB-145 s OMB-145) 306930l 0g@dmmo s8mB8sggdom, Gag 450-
700°C 0B%gM35@8o asBbm@EOIE®S. MHYMHBMmo ©snBs39ds 33@ol Bslisensos
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99dBOMGobonmdsl, Mg as6LsgeMmIdom BglsdRbgzos CuO -b 993390 OMPB-
145 890a960emmdobsmgols (Bsb. 5).

xCu20-(5-x)MnO5B, O3(0/p) xCu0(5-x)MnO'5B; O3(c0/p)
(bobmgdo 1100°C) (LobmyBo 1000°C)
e T L
124, ! i 12+ : { N ‘.\
|
114 11 : ! \%
1 i
101 | 10+ ‘
g .10 -S$ 5
€ 04 = 94 |

" o

i : ‘
i) \ ) A ] . ’
20 100 200 300 °C 0 100 200 300 ocC

Bsb. 3. 1100°C-%Bg LobergoMEdEEme xCu,0: (5= x)MnO-5B,0,
Lgools 8oBs8ssemgdol Ig o, =t ©s8mIoENdMmgds.
Cu,0 -1 8g8339embs (8eem.%): 1-10; 2~ 20; 3~ 30; 4~ 40.

MgHIMEo ©3MBo39d0L HHB3IMHIBNOL g53m9Bs 296Ls3MMMHIdOm dEOYHOd
700°C-%y, 3558 08 3530L93MgdoL gsm35eolfiobgdom, MM Lsfiyol (mgMdnwo
©50Bs39d0L 35(989) s MYHIMEN® ©INMBs3IdMEo 668mBgdOL emgdtyBm-
§obsmdsms Bm®ol gsblsgmomgdom oo bbgsmds @sgojbomeos OMB - 145
99009960mdoLsmMZ0L. 3gagbogrmidslicsh 80dsMmmgdsT0 BMYPSWIE IR0JLOMES
CuO s Cu,0 839339 mdol Bhwom sdmfzggmmo gmaddGmffobswmdsms
399300900l (BH9bg30s, M3 BodEwgds@ 3wwobogds Cu,0 -l 899;339e Fsbys6wa-
deGatymen BganboemdadBo. sqbeBbymemo Bs3zmmgzo 8o6dol LtGHvd-
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PMB - 145

750

OMB - 145

1 T T T
0 100 200 300 400 500 600 700 soo 900 1000

Bob.4. Cu,0 > CuO 3983390 Mﬁabsgoﬁgamﬁo 8006980l 0gMHAma™sdgdo

(DTA) 8rc00b0).
5060836900: PMB—145(]0C1420-40MnO :508,0,) OMB -145(10Cu0 -40Mn0-50B,0,)

AIHN@O g5MHEs786gd0L bsMolbom MBEs ymgomoym s8mfizgmmo, Gsysh
Lsfiyobo BamBstgmdobismgol, Cu,0 -b 8983390 8069d0LsmzoL (g563ds@ol ©Y-
BoEoBHoL 306H™MdIRT0) MLsEMEPEHPWOs VPOM OB ©OBIMIEEOMHHBLIEO
LOHMIHMOSs, 3ocg CuO-b 98339 8069880 Jg0dwads oyml. 30650086 g6-
3o 534853905 Bologrsms EOBIMIBE0s300L EMBOL 535mergdsl MbBs ofig-
3L - CuO-b 399339eo ,,0mfigGogdamme” 806930l LMwmdEmmsdy 8olo gs3-
mgbs MR®M 83390060 0g698s, 30006 50B0B6MML S0 593l Cu,0 -b 859339
Bpp96oammdsddo.
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096370 ©s8mBs3980L 353eabs bs3gmga BsbsEIMs BGsBXM
99003960Md5BYg, BgsdoGHue gemad®HmMmasdBsGHMdIBY ©s LomdNG
398HHMYdIBY

09MIMo ©sddsgz9d00 gsdmfizgrmo bszzamyg BsboEsms LEHBNYEHWGSMS
396005360l Fgliodergdermds gsdmgEobgs Mgbdagbmgsbrmo s6swoBbom, Gmag-
o BsBstrs xCu,O(Cu0) - (5 = x)MnO - 5B,0, byHool Bogerme 10 s 40 8me.
% Cu,0 (CuO) @5 9gl5d530L5 40 s 10 dmen. % MnO 93339 Mmomd Bgwagbo-
@mdsl (50 dmen. % B,0, 91©80o3mboLsL). mmbogg B9agboemmdol 80658s- |
Loggdol MgbBHabmy™msdol gMoadgbdgdo, dsmdo fomdmddboeo 3MoLEMGO
B5%980L 0096H0x035300L @I, Bmyzsbowmos olyHEsE0s8o Bylsdsdolo
3M0x803Mmo dsbsgrol Lsbom. 03037 8909gagd0l 53Lsbggeo dsbsams s3¢MMY-
B95¢%8o Famdmagbowos sbGoEH 26l Lsboo.

10Cu1C40MnO:50B20; 10CuO-40MnO-S50R0O;
j‘ f } ! ?\\ i *\\ | i
t | TN A
124 {124 ; % N ‘
114 %\ 11 : % \ \%
b o o \ ‘
10+ 104 ' !
. # 99 ‘ .
E= o] A
8 8-4 ' g& 8' t
B | 5 l !
Lp ] .
7-« 1 F ‘ 4 ‘d.
i
g ! 64 1 *
| |
5" | j y i {
: | 1!
e i 4 * i
21 | > Y |
ol ' | e ] S -
20 100 @ 200 300 20 | 100 | 200 . 8060 fg

Bsb. 5. 0gMH3Ms3M3s3900l aogemgbs PMB-145 (5) cos OMB-145(3) 8gc0ag60emmdols

Bobgdol  oEnddBmBobinmbsty
a -bsfyolo 806s; MMHBMmo ©sBMBsggbs: b = 450°C, ¢ - 600°C, d - 700°C (bsBaBAmagmds 6 bo).
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3bGowo 2. mgHBmms ©s8Bsggdyeo 10Cu, 0(Cu0) - 40MnO - 50B,0, ©s
40Cu,O(Cu0) -10MnO - 508, 0, 3goagboemdols 0653ssemgdols

3s0M0 By0aobogrmds
N 9p9600mds (0bggduo) s o/@®Y, °C 036GH0B0E. 3HOLEA. s
603930l Lsfgolio dpmTstrgmds 500653, gobgdo?
1 | 10(Cu0O) - 40MnO - 50B,0, 700 (5) Cu,0, (&) CuB,0,
(OMB - 145) 8065 (3) MnB,O,, (©)RAF
2 | 40(CuO)-40Mn0O -50B,0, 700 () Cu,0, (®)CuB,0,
(OMB - 415) 806s (3) MnB,O,
(®©) Mn,(BO;),, RAF
3 | 10Cu,0-40Mn0O-50B,0, 700 (5) Cu,0, (3)-
(PMB = 145) 8065 (8) MnB,0,, (@) RAF
4 | 40Cu,0-10Mn0O-508,0, bsfiyobo | (s) Cu,0, (8)-
(PMB — 415) B5coBmbdols oxgomsytho- | (O/@L | () -,
Uhogngdoom Bomgdumaro 8obsdslisgns 250930) (®):RAF

89608g65: (1) -0gMdmmo ©s8mBs390s; (2) 6IBEHOBOFOHIPRMWO 3HOLEASWMGHO ©s BMGHBMO
Bsbg00 ~(3) Cu,0 36. (8)Cu,B,0, 36., (3) MnB,0, 36., (©) Mn,(BO;), 36., RAF - 69b%pgbm-
80mOHBM@o Gobs.

gbGowo 3. PMB-145, PMB-415, PMB-415 8gcp360embols 80608sbsemadols s
09HINo ©s33sggdom (a/ p) Bopgdvyemo 3GrmEddgdol Lomdmmo Bsbsliosmgdemgdo

8obols 668480l Bsbsbosmbemndo s Bsoo 866836 mmmbs
N | (806s3sbsgmols) 0dHO ouwsss.(°C-1) owss.(°C-1) 1g.%C Tf.°C
0bogdlo fs@lmeo | 100-4000C | 400-800°C
0Bhataseno | obhataseo
1 PMB - 145 Lsfyobo 100 - 107 - 520 550
" o/ 120 10 - 610 660
s 600°C s
2 PMB - 235 UsByolo | 88107 . 505 545
g 0/© 60107 195107 - -
600°C
3 PMB - 415 Lafigolo 60 - 107 - 505 545
e o/ 80107 190- 107 - -
600°C

(*) -a - bomdn6o asxsmongdol bibmdMngo 3mynogogbyo
T, -35806gdob ($83g6sytrs; T 7 “&OsBLgm®sgools $983gHa¢m6s ;
(-) - 56 goomzagds
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MO0 56lbgsggdmmo Lgmool, Cu,0 6 CuO 8gd9339eo) 8069d0l BoBbm-
dM035@ 356bMME0gERdM@O MYHEMO ©I8MBs3980m, Bomydmano 0d6s 86650s-
Bsergdo, HGMIJEms 3GOLEH@OBsEO0L 3HMEMIBHDs BnMHOL sGLYBIMBL HmymG3
Abiogligds, slsggg oblbgzsggds. LsIgEPgs® S>0gdMEo mombo Jgwagboemdosb,
8500 LEBMYBOL ByYad06 338MBEHBIGY, Lsdo FsMdmsygbl dobst (PMB -
145, PMB - 415 5> PMB - 145 8903960mdgdls), bmgm ghomo (PMB-415)-
09300)636-36)5@ ©53M0LA@gdEno BsbmdoEsb Fomdmdabs. o 8935@sGHd
L53o Gobols BodsMngdsdo Fomgdaer 89wIagdL, 89330de0s 35dm3zymo ol gogdo,
Hm0 5gMHIMmo EsdmBsgds 3s6s36MHMBIBL sBmGE@MEo Bobol asEsligansl 8obs-
300G seM Fobogrs8o, MsEysh Yyzgams 3smpabol MgbEagbma®msdsBy asdmgemobos
®96¢296m58mOBMo Bsbol (RAF) @s 3Hobsgmy®o BsgHhmgdol 0sbss®lgdmds.
o) 30dLxgmgdm  GoLEEWEH @sBITS BsmEHBmdowst 3s8mBobsty -
09MMo  ©53M3o390s  3965306MHMBGBL  sBMEOBMo  Bobol  2oMsddBL
30 3oL sBMGHRME=IHOLHSTNG (BoBagéono@gﬁ) BsLdans80. 30093
9Omo  3s6lb3539dMmo  JBsLRdOm  SEIOWO 5d3l  3MB3MBoEOMGO Goto@ols
FomBmgabsl (gbe. 2).

3O0LBOG BoBoms Lsbgmds 0EgbdmEos CuO-b 839339emo mMogg (OMB-
145 > OMB-415) 8sbsgrolscrgol: JHoldsEoBagool 3GmEnddgdo Fsedm-
wa3boos L3oggbdol(I) mgioom, bdoagbdoL(II) s 8s6356vmdol (II) dmEs-
G9dom. go33979eo Abysgligds sgodboMs Cu,O -b 993390 PMB — 145 (306s),
PMB - 415 (030:m3M0obysamgds@o Bspbmdowst 8omgdwmo stsans) 89maa-
Bogrmdol dsbisengdol cgMamao ©sdMBsggdol 8gdgy Famdmddboa 3GolLEswo-
D300l 3HMEMIBHIRMs6 808sGHOBITO * MMngy 8385686 Fidyssbo 3oLt sEMMO
BsBs Cu,0-5 ob bsghomo, G@mIomsE 3sBddo/006580 Bgodsbgds L3owgbdo(I)
mglogo. 58539 EMML, 8563366l MPLBEOL LOJsMHBO (40 Bme. %) 3s0m@RYM
PMB - 145 39a960emdol dsbsemsdo §s8y356 3GobBsemme gs%s Mn,B,0, -0s
Fomdmagbomos b6, 2-3o.
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99L39MH0d96¢HOL JgIagdOEE J88MBPOBIGY, ©IEOBEs, MM MmgMImEo
©58v9853980L Bggas 800mfiggs Ls3gEas0 806585LseHdol LG dwmHmao
8mfymdol 33@0@365, 53 030L9dsms Bgagarol Lsfobsto Bgodangds ymgo-
woym. 50bodbmeo gsdmsgeobs mgMdmeo ©sdMdsggdoom 4sdmfiggmends, Gm-
AMO3 9mEE™mdOm0, 8937 BIPBOHNMmO JEgdBOMHobsomdims (33Eowmgdsd
@5 LoMBNMO FoBIMNMIdOL FgEsMgdomBs Fglfagamsd. gargddOmfiobonmdscms
868560770580 80BEMdIGOZ5 RshsMndMEBs 9u35MH0d96"HA3s 8morzs CuO s Cu,0
89933900 390p960emdgd0, 39Mdme 50 dmen. % B,0;-ob 39933g9wo LgMogdo.
xCu0 - (5 - x)MnO - 5B,0, LyHoo@sb JgomRy BaGwmmo, 10 @s 40 dme. % CuO-b
9903390,  dgagboEmdgdo.  08od)  FOowol,  Fopa®msd Cu,0 -056
xCu,0 (5 = x)MnO - 5B,0, by®os86. Cu,0 b Hsmepgbmds 10, 20, 30 s 40

ORIV N0 - SBOy

i
i
|
|
|
' L e
e - '%\‘;ﬁ
T ed I S :
e i
% ] SOS |
L "‘N.:'M ;
: -
’ ‘hm,‘:“"m‘d
e - - | 7OOPC
f ~,|
3 l 4
2 | :
| g
1+ | |
o | ’t Y L] i W
0 100 a0 s

Bsb. 6. 0HBMmo ©3Bs3900L 839Gt Mol as3emgbs 10(1) s 40(2) 8me.% CuO -b
8903390 8069d0L BB gugddOMEiobornmds®y
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dmer. % 99000965, MgM3Mo ©sdMBszgd0m gedmfiggyemo  gamgdd®mEiobs-
QMBS (330l s8Lsbzgeo ggudgMmndybisemmmo Bsbsens Famdmmagboos Bsb. 6
s Bob. 7-Bg, bmewm LomdMMmo 5535MH0MYdILMSE F035MrYdsTo  sOLYPRdMEO

AUgogLmdols s MIEOISTIHO  BELOEIBdOL  s8LbggEo  JgEaagdo  fFoeHdm-
@3960oos 3bG. 3-8o.

xCuyO5-xIMnO5B;0;
| 450°(6 bo) | xCu0(5-xMnO5B,03
‘ = 700°C(6 boo)

&5

14

4
0

des oy i ! e S S -
¥ ¥ + &
20 100 © 200 300 °C 20 100 200 300 °C

Bsb. 7. 450°C (5) s 700°C () og@Oano @s8MBagndmeo xCu, 0 (5= x)Mn0O 58,0,
LMool 806980L Bgs30GHmo 358¢sHMBOL LOEOEIMS (3Es BgB3FsEMLoIE
80356 gdsdo.
50B603g6g80: 1- 10 8men.% C,0; 2=120 8men.% Cu,0; 3 =30 8% Cu,0;
4-408mw.% Cu,0

S — —

R
Hwho .

H

BgLsdsdobo ,, Al - t “ @ognsMBYEHHEO 86vYdoL s65EoBoc BoMHdHEO
s 3bM. 3-do FoMmAmepgbowo 8mbsggdgdo 8gdgao bmyswo @sLizgbgdol
3939097900b Lodrsengdsl odenggo: _

o B9agboemdgd8o MaO-b BsBspaganads Cu,0 -0 830690L 3sa3sHom-
900l bsBmdM0z0 3mgn03096BHOL (a) Lsdmsmm 3603369cmdGBL s 50 dmen. %
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B,0, 8909339¢0 LgMoolsmgols, a=b JEdol ¢gbogaool s8Lsbggmo Hoyo 399g-
a0s: PMB-145 > PMB-235 > PMB-415;

® »MIMWo ©s3Nds39%s (600°C, 3 bm) BMSI® BMEOL a-l 3608369-
@MdPRL, Moy gsblsgmmdgdom 20 @s 30 dmm.% Cu,0 B983ggeo Bgygbo-
@mdgdol Jgdcmbggzsdo godmgmobs. PMB-235 s PMB-325 3g0a960ammdols
NYHIMms© ©s8MBs39dmo 668MBBOLIMZOL s LoOHGdO. SMgdMEne 400-
800°C 0bgezgsemolismgols, 2,5-x% 96 s0g8s¢5ds 100-400°C 06¢gMhasedo 503@omo
owss 3603369¢mdgdL;

* BUfsgaroem 0658sLsemgdBo 3s80Bgdol (7,) ©s HGBLRMGAsE0L (T,)
LooEgms 360d369emdgdol msbbgge®s dsmo LGHEMIGWOMEo dmfymdol
(3060050 BEHGWIHMOHMEO JHOGNDIBOL Sooﬁibobombo) BLgs3LgdoL Bglsdemy-
dmdsBg dommomgdl, MHmEgLsg 99wagbowmds ©s 0gMm3Mmo s3M3sg9d0L
35M589(hMgd0 BsBo Fomdmgabomo JHOBRSEMMHO BsBYBOL Ms6sRsMEOMBOL 356+
AbsBE3MHIo BogdBHm™gdo bgds.

MM ©s8MBs39800 §38mEiganmo LEHGYIGWMOMIO AsMEsJIBBO 5=
dmgobos Cu,0 s CuC-b 83093390 Bdrm®sbysbwndosbo 8obsdslisemgdol Bgws-
3070 garasd@smmdol dgbfsgero: €uO — MnO - B,0, bobi®gdol 306980 sb 8o-
356098530 ©06s, HBMI H7d3gHoEMMHOL 353w g6s MRGM o HSE S0LSBYdS
Bgsdommmwo  jobsmmdol LooYRbY; bogegds© (33wl  Fobspmdsos
0608369mmdRL  CuO «> MnO @Sty (10 = 40 Bm.%) BOGYd80 3sbbm-=
6309 gdnwo Bsboagwrgds (Bsb. 6). Cu,0-l 8g933gewo  dsbogngdo Cu,O0 -b
3mB396hMaEosms Bhol 3oGmmdodln saemybab Bowsdommm Gobsnmbdsms 850¢30-
®9d0Lsdo 9339000  B0MY30agBsL  IBSEHJA3gMIBH MG MEO  ©FMBs39d0L
©OHMUL (450°C), begnm Bys3omwmeno fobsgmds 653eds® 6(33wgds Bsms®hyosy-
OsBOmo (700°C) s898s3980LsL (Bsb. 7).
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* 993960ammdob ys3emgbs Cu,0(Cu0) - MnO - B,0,
Lol®gdgddo domgdumamo 806585LsemgdOL gamgd@GHmFobsmmdsBy ©s
10d33Mm039%9g

806505b5amgd0L  gergdBBmfiobsnmdsby Bgwagbowmdols asgmmgbol sbs-
©a9bs dgbfsgeroeo ogdbs 40, 50 s 60 Odmen. % B,0,-ob Ygd33gero
Cu,0(Cu0) = MnO - B,0, bobthydol 866380 s 8nb65dsLsEado. 06, H™mI
dmgmemdon gegdd®Omfiobsmmdgdby 8goagbowmdol as3wgbs m®dsao bslo-
®0bss: 0L 83MI0YBdWYE0s 8obol Fsm8mMBJd6gwols ( B,0;,) H5m@gbmdsby, Bsp®sd
doM005©oE  gobolsbmatgds Cu,0 > MnO ©s CuO < MnO Bsbsggamgdol
©mBom. J9a960emdRB0, HmBmydBoy Bownbdo(Il) mduoos Fsmdmayibomo,
MnO-b  399339emdob 3993063085 ©d CuOL  3mbigbdMsgool  BMs
g9 BOmGobonmdsms 933go® @ HIOHFPIoL LFmmbsBmgsbo bsbosmol EgEo-
@05 (39830MgdsL) 0fgqgL. Cu,0 = MnO = B, 0, Lobgdol 80653sL5eqd80o, Cu,0
-b 3mb6396EMmoEool BMs s330MgdL dmgmemdomo fobsmmdol 3603369 mdgdL,
Bobo 20 Bme.  %-0560 F9330mdsB), Mol Bgdaass  H9bEIEos
99656mPMBgdME0s, 8553 b5 3engds 833900000 (65b. 8). 858sL5sdy, Bobol FotrBm-
84869mobl B98339emdol 8m@Bogmdol doGHmdolsmgol, JagddGmfobsanmbsms
999306905  ©sxodboMEs  3s656mdol  mdbooom mGogg Lsbol  b3oggbdol
mgbool  Rsbogangdol Bg8ombgggsdo, Bsgmsd MaO4 Cu,0-oo BsbsEamnds
®30LgdoL M@G™ 933906 (33EoEgdsL off3qgL. BomgdME B9nagdMs6 808s-
Ggds30 35800y dmbsBHIDs, BMB Cu,0 -l Gomgbmdol BeHEs dmbdols
2505936 Cu* 35¢0mbmsb 3mBgbdMmsEool BHosl s Jglsdsdols gmaddHm-
399H5MMdol Besl  bos ofggaegl. Cu,0-b 899339¢ LOLEAGOS6 Bods-
HOYRB0 gangdBHHMsdBHSOMBOL 33 BNANBOMmMBILESE MBmsem 353806305
@5 doMoMmOEIE Cu,0 > MnO Bsbs3gamgdol mbom wbs gs6olsBEzm™U.
Ferbslfrrmrmdols Bs3bBog a5sbMs séd Bstihm Cu® 35hombadol, 5638y sbmsb
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FBslGememdsBo Bymao Cu* 3sthombydol 3mB39BHM3050s BHLSE MBS 6ff3)-
3©9L. @G0 Lsbol L3oghdol 35¢omBL MmOl gwrgddBMbgdol BodmEgesd ©s

Asbonsb ghoo Cu® 3mbBol a5sthsbsdo  8mbsfoamgmdsd xs3MMmOE Juas-
33omHMmdoL BOHEs MbEs MBOHMB3gEYmU.

dsbsemsos 0333030l LoEOEIMs (33Es BxEagBoEMBILIE B0BsMMNGdSTo
93M@MEoMMo bslosmol BsBsMmIdgEos, Mmooyt 8obol Fo®dmaddabgmols dveo-
dogmdols 8gdmbggzsdo, MnO-l L3oggbdol mdJlogdom Rsbszzwgds ofiggaL
bO833M0g89ms  BMBMEMBMG BOHEIL EIBEIMABOc 3325-c056 3600 33/8%-0¢01. s~
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Abstract

Functional purpose that is attained through the totality of key properties is the
determining factor of existence of diversity related to materials for electrotechnical
purposes. Application area of electrotechnical materials is determined by their electric
conductivity, temperature coefficient of resistivity, volt-ampere characteristics etc.
Temperature coefficient of electric resistivity (&, ) is a leading feature among electric
characteristics of materials. It is known that &, >0 for metals, a, <0 for pure
semiconductors, while in numerous alloys, doped semiconductors, ceramics and
amorphous glass the value of a; can be both positive and negative one. Forecasting of
sign and value of &, for enumerated list of materials is impossible that is why it needs
experimental determination.

In order to obtain the materials for electrotechnical purpose with necessary «;
they often turn to high-temperature baking of oxide compounds of some polyvalent
elements (Cu, Mn, Ni etc.), as a result of which is received so-called oxide ceramics,
from which thermistors (thermoresistors), rectifiers and wares for other purposes ate
manufactured. These materials obtained via baking method are characterized by the
feature that existence of pores in more or less quantity and related deficiencies are
registered in them.

The goal of researches to be carried out by us was the receipt by experimental way
of amorphous crystals and electromechanical materials distinguished by stable electric
characteristics within wide temperature range, from polyvalent oxide-containing alloys
through methods adopted in glass processing.

Easily melted Cu,0 = MnO = B,0, and CuO = MnO = B,0, systems, in which the
synthesis of materials was conducted with 40, 50 and 60 mol. % content of glass-
forming B,0,, was selected as a research subject. There were obtained amorphous and
amorphous-crystalline materials for two options (1000 anid 1100°C) of copper oxide and
manganese oxide substituting within 10-50% limits and synthesis conditions. The
following properties: volumetric and surface electric resistance within 20-300°C
temperature range, thermal expansion coefficient and density were determined for
obtained materials. Also the values of temperatute coefficient of electric resistance and
electric conductivity activation enetgy were established. In order to establish the
structural configuration of obtained materials there were used the methods of thermal
and X-Ray phase analysis and those approaches, which are generally accepted in silicate
materials research, and particularly in study of glass and glassy-crystalline materials.
The synthesis of materials of Cu,0=MnO - B,0, and CuO = MnO - B,0,system was
carried out for conducting the research according the technology adopted in glass
processing and there was established that there ate three sections of composition in the
systems, from which the section of glass-forming and self-crystallizing (when cooling)
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alloys is limited by 40-60 mol. % B,0, -containing compositions. Under conditions of
glass-forming constancy the glasses are consistently obtained in CuO = MnO= B,0,

system in case of any mutual substituting of CuO and MnO. Glass-forming in
Cu, 0 - MnO - B, 0, system is possiblea in case of up to 20 mol. % Cu20 content, while

20% mol.% and more content of Cu,O gives the alloys, which are arbitrarily
crystallized and form amorphous-crystalline materials. After study of processes running
in the furnace-charge using the methods of thermal and X-Ray phase analysis there is
expressed an assumption that glass materials obtained in surveyed systems are of
differentiated structure, while differentiation level is determined by the ratio of their
borate structural units caused by copper and manganese content.

Targeted processing conducted for surveyed materials within 450-700°C
temperature range manifested the deeper differentiation of their structures that is
accompanied by formation of copper (I) oxide. Transformation of glass materials caused
by thermal processing was clearly expressed in drastic reduction of their volumetric and
surface electric resistance and in rise of dilatometric characteristics transformation
temperatures. It was established that Cu,O -containing materials are characterized by
lower values of electric resistance, than CuO-containing manganese-borate matetials
with identical composition. Substitution of MnO with any type of copper oxide in
three-component surveyed systems reduces material electric resistance and increases
their density.

It was established that in Cu,0 - MnO -~ B, 0, system is possible to obtain low-
tesistivity materials, volumetric and surface electtic resistances of which are p, =10°
Q.m. and p; =10* Q.m, respectively. Receipt of glass materials with low activation
energy (AE=0,1Ev) and temperature coefficient of electric resistance (
Aa, =0,5-107 K™") is possible in the same system. In relation to characteristic electtic
and technological parameters there was established that the stability of their electric
characteristics in glass materials of the sutveyed system (in relation to trise of
temperature) is attained only for such compositions of Cu,0 - MnO - B, 0, system, for

which the following term is observed: %Cu,0/%Mn0O=1,5.

Practical application of obtained materials is possible in the form of special low-
resistivity resistors, in relation to which there is the certain requirement - high
temperature stability and low temperature coefficient of electric resistivity.
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