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0v) @wommbol 3m@gbosw®mo gbgdyos F(ri,...rm) Fo0dm-
5Q9bL 5GMIMs 930 MOPN0gMNJI)I050S SEOEGH0E K 5AL,
95dob  LobBHgdol F(r) gbgeaools sdLbMEIEHMGo dobodwmdo
doomfig3s 9G™dgdol 93300350 Boenoggdol MmU. sdy356M,
L0 2oblb3zs39dME Md0YIE9ddo — Mgo® Lombgdo s
9ogdLodo Mo 89030000390 NOMOT UG IWNOTYIGL
LEAHOMIEGHMOSdo dmEMEmdol dobodmdo doowfigzs Lbgzosslibgs
90BgBms Ao9m: Bofiogrszgdols MMmm0gmHmddggdols 39gyo© —
Lombggddo ©@s  3mBGH9bzosdo  gbgMaool  dobodxdoom
95633 M356 56099d30.

GH0aMO3  M339 30G0M, Wommbgdo  JmEvEMmds3gb@®o-
6900 3Mdob (bee), FobboggbG®moMmgd o 39990b (fec) o
3d30M™ 394Lsambsero golmbol Lsboom (hep) g3b30gd05b.
Lomobom, Tom  sbolosMgd  Bogwsggdol  Lod3z3M030L
3o6Lb35390o  3mgn03096GH0: K=0,68 dmEMEmds3bE&mo-
690MEo  39dobsmgol s K=0,74  (fcc) s  (hep)
LEAHOMIGHINJOOLIMZOL. NIl M56sbAs, bMBOL OML
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obobo  @oo@0sb  MBoyoroMmPdME  sGIMYYMIOHYE
dpamdstgmdsdo  (K=0,64) o, Tdgbodsdolo, goboosb
bbgosbbgs bomolbol asb6fgltoaqdsl. mw) gl dotroness sbigo,
95806 5956 sbob3s MBS 33m3mL bMdOL 9bGHMMI05BY.

3gb6®. 3.1-o dmEgdwmwos yardzmgzol Mgsjgoom 16 foabs
©3BGHOFIM 35303OW M 659G™ITo, Tepmuyeckre KOHCTaHTHI

BemecTB [14] 693m39bgdmwo  ©bmdol  Lomdml  (AH)
100@YJd0.7 B FobgxE30m FIAMMIOWOs Y3ges Jegdg-
BGoLb  ©@bmdoL gbEG®M30s. 53 BMbs3gdgdol  LygmAdzgwbY
53909905 ©bMdOL 9bBHOM300L  sTMI0YdIMGds e gdg-
BBHol Mogoo bmdgMmsb (bwye. 3.1).

3gbcmoo 3.1

7 B396 893399 sGLYdM Loobgm®dsgom Logigdo  Bga396Bos
B396030L LoliyMzggero dmbsggdo s sdom d0b0dwdsdy ap39y396s
F9mLsd50MBs  2o0mmM3wow s  9JudgmodgbG o  ogbow
LOEOEYOL MO, op®sd gb o6 0dbgdms 39000Wboboologho
doamds.
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9g396@ 900l ©bmdOL 9bEHMmM305

AS, 35¢0/8meno K

c 4
B c\% c 2 : \g 3 ;g*[ S
PE| 228|534 < 5
Te| €| ¢ G B L | A oas | B3
do L) Teleg = 53
2 BT F 5
% ED) -
3 | Li | 454 | A2 | 0717 | 1,58
4 | Be | 1560 [ A3 | 3,00 1,92
5 | B [ 2348 | A7 | 540
11 | Na| 371 | A2 | 0,621 | 1,67
12 [ Mg | 923 [ A3 | 2,03 2.2
13 | AL [ 933 | A1 | 2,58 2,76
14 | Si [ 1688 ] A4 | 11,9 7,05
19 K 337 | A2 | 0,558 | 1,66
20 | Ca | 1115 [ A2 | 2,04 [ 1,83
21 | sc [ 1814 [ A2 | 3,37 [ 1,86
22 | Ti [ 1941 [ A2 | 3,60 | 1,85
23 | v [ 2190 [ A2 | 550 | 2,51
24 | Cr | 2163 [ Al | 5,00 2,30
25 | Mn | 1517 | A2 | 2,88 | 1,90
26 | Fe | 1811 | A2 | 329 [ 1,82
27 | Co | 1767 [ A1 | 3,90 2,21
28 | Ni [ 1728 [ A1 | 4,18 2,42
29 | Cu | 1358 [ Al | 3,10 2,28
30 | Zn | 693 | A3 | 1,73 2,50
31 | Ga| 303 | 0 | 1,335 4,41
32 | Ge | 1210 | A4 | 885 7,31
33 | As | 1090 | A7 | 520 4,77
34 Se | 494 | A8 1,60 3,24
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37 Rb | 313 | A2 | 0,524 | 1,68

38 Sr | 1041 | A2 | 2,00 | 1,92

39 Y | 1081 | A2 | 2,72 | 1,51

40 Zr | 2128 | A2 | 3,50 | 1,64

41 Nb | 2740 | A2 | 6,60 | 2,41

42 | Mo | 2893 | Al | 8,70 3,01

43 Tc | 2473 | A3 | 5,70 2,30

44 Ru | 2523 | A3 | 5,80 2,30

45 Rh | 2236 | A1 | 5,15 2,30

46 Pd | 1827 | Al | 4,00 2,19

47 | Ag | 1235 | A1 | 2,70 2,19

48 Cd | 594 | A3 1,49 2,51

49 In | 429 | A6 | 0,78 1,81
50 Sn | 505 | A5 | 1,72 3,41
51 Sb | 904 | A7 | 4,80 5,30
52 Te | 723 | A8 | 4,18 5,78
55 Cs | 302 | A2 | 0,501 | 1,66

56 Ba | 1000 | A2 | 1,70 | 1,70

57 La | 1193 | A2 | 1,48 | 1,24

58 Ce | 1077 | A2 | 1,25 | 1,16

59 Pr | 1205 | A2 1,65 1,37

60 | Nd | 1289 | A2 | 1,71 | 1,33

62 | Sm | 1345 | A2 | 2,06 | 1,53

63 Eu | 1099 | A2 | 2,20 | 2,00

64 Gd | 1585 | A2 | 2,40 | 1,51

65 Tb | 1630 | A2 | 2,58 | 1,58

66 | Dy | 1682 | A2 | 2,60 | 1,55

67 | Ho | 1743 | A2 | 291 | 1,67

68 Er | 1795 | A3 | 4,76 2,65

69 Tu | 1818 | A3 | 4,03 2,22

70 | Yb | 1097 | A2 | 1,83 | 1,67
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71 Lu | 1936 | A3 | 4,50 2,32
72 Hf | 2500 | A2 | 5,00 | 2,00
73 Ta | 3287 | A2 | 830 | 2,53
74 W | 3695 | A2 | 14,7 | 3,98

75 Re | 3460 | A3 | 8,00 2,31

76 Os | 3300 | A3 | 7,60 2,30

77 Ir | 2700 | A1 | 6,30 2,32

78 Pt | 2045 | A1 | 4,70 2,30

79 | Au | 1338 | A1 | 3,00 2,24

80 | Hg | 234 O 0,55 2,34
81 T | 577 | A2 | 1,02 | 1,77

82 Pb | 600 | Al 1,14 1,90

83 Bi | 544 | A7 | 2,64 4,85
88 Ra | 1042 | A2 | 1,90 | 1,82

89 Ac | 1323 | A1 | 3,00 2,27

90 Th | 2023 | A2 | 3,30 | 1,63
91 Pa | 1845 | A2 | 2,95 | 1,60
92 U | 1407 | A2 | 2,20 | 1,56

Al —(fcc); A2 —(bec), A3 —(hcp); A4 — 5¢0dsliols Hodol
3109960; A5 — ImEemds©o3b@EHMgdmwo
A9IAOMbsEME0; Ab — [obbogs396GHM9dmEo
A9IH53MbsMH0; A7 — HMIdM9OMo; P8 —
&®0yMmboem&o; O — GMIdmwo.

LoDy 3.1 FgdGowgdo asbdbgmmos 1 <AS <3 doge
56900, 05659 ©YGHIWMMHO 5Bbo30l 9o Fgodengds
50dm35B0bmm, Mmd gwgdgb@gdo AS-ob dobgzom o0gmags
M6 X3MR©: (bec) Wommbgdo, GMIGdois bobosmgdosb
39056090000 050 ©bMdOL 9BGHMM300L  Lodwysgem  dbo-
d36gemmdom (AS = 1,7 3oew/8meo. K) s 8FoMmoboms-
3900 (fec) s (hep) 9argdgbdgdo, GMIgEmsmgobsg AS =
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2,3 35¢/3meo. K. 0099 50fgmhowo byyemsmo dolowgdos, dsdob
Bggbo gl 533063905 Tdgodergds  doz0Bbomo dmgwrol
AMGHIWYO  ILEH™MOYIS.

59096 g98m80bsg,  ©bMdOL  9bGH®mM30ool  Fguoligdol
5MLYdIM,  MOBRIOELOL  Lobgwom  (36mdow  ©HdIMWgdsTo,
Mmdgmog  9439gws  9egdgh@BHol  @bmdol  gbGHMm™M300l  olo-
3990wgdme 3603369 mdsl  30035BMdL, Fgodengds  F930-
ABmm 56OLYdOMO 3MMHgJBH030 s J930035¢0bfiobmm, Mmd
©bMdol  OHML  FMEMMdS3IEGHM0MIdMO  wommbgdo
Bo3wgd 296(guM03gd5L 49bogosh (AS = 1.7 30c0/dmwo K),
300009 930MOME B3O ommbgdo (AS = 2,3 3o/
9o K). 58 356mb6%Bm8096M900@sb sdmzs@bowos W, Mo, Ta.
530L dobgBo Jgodewgds 0gml bMmdOL LoMdML obLsbBL3MOL
gomdowgds, b  Bggbmgol  mibmdo  bee - fce BHodol
9505 Ggd39M5GH OO SWMEGHOM3MO J5Mogddbs.

5939 MBS  500b0dbML, ®m3  gwgdgh@gdo  9MOEGH030vGO
wommbMMo LEGOWJGHMMgdom (Si, Ge, Sb, Te s bbg.) dgo®
9 M3oMgMdsd0  bollosmYd0sh  MBOM  boergsmo  Bos-
39900, WO Bs3MmMmOmPObszom Mosbzom, bmdol MM
396030056 YBOM GO NO 33O YOIBL W, FTJVIHOQ
om0 ©bMdOL 9bGHOM305 39360 LFsMOMIL OMMBYOOLLL
@5 3960 053695 bLYE. 3.1-0L  56M9do. oIS, FJMdo-
bomdo, GHo30MMmo 3m35¢9abEGHMOMO 3MOLEHIWO sedsliols GHodol
A4 39999960 LAHOYIGHMIOOD, bobosMPIOS OVMGLI VIO
Boansggdols  3m95303096@G0  K=0,34. ogo ©bmdol O™l
3ob03oL "99BHoobozosl” = 9w9dBHOMYsdGIMMDS
933900605 9HMOYDS, WoNMbgd0LLYL AsBLb3s3gd0m TImEey-
Wwmd5do 830MEYds s 5ol godm dobo gbG®mm3os (AS=7,3)
LogMdbmds© dg@0s WomMMbgdolsby.
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by®. 3.1, ©BMdOL gbEMM30s gargdgb@ol sGmdnmo 6mdmol

dobgzom
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30639000 OOl FoHBMMO 49MdIBOL — EBMB-3M0BE IO~
DoEool Igmeg 936083690 m3569L0 Jobolioomgdgeos bmdOL

9 E3MWM30m0 989G 95699 IMEMMIOL RIOPMIOMO 33e0-
0wgds ©bmMdOL OHMU:

3obbommwo  dmEgeol  msbsbds, 3MobGHswo s dobo
WEMOOWo  ©bMdol  Ggd3gmo@msby  boboomgdosb
39bLb353900  Boesggdol 3m95303096GJO00: MGG~
Gwo, 8900b3930m0  BEGHOWJGHMOOLIMZ0L, 96  WOMdO-
wobsmzgol K=0,64, fcc s hep Bognogqdolisomgol k=0,74, begom
bce  dgdmbggzsdo K=0,68. 9900939© »39mIg)BHOHI0” ©bmdol
9539930, 9699 IMEM@MdOL BSMEMOIOMO (33W0wgds Imfiql-
603900 dEAMIMJMO0Ib MN[0 qdgwdo  Qoo-
3ol E®ML fec s hep LEGOWJEHMOIOOLIMZOL

AV V=W K=K o

4 Vs Ky

bogoem bee-omgob AVV = 0,06, Losg Vo Vilomobsme, dgsto
©5 39006560  @omMbol  dmEMEemdss  ©bmdol  Ggd3g-

oG MEMsDg. Imgo 356030 LoBYLEm S0HgOL 0bgMEHwWwo
506900L fecc BLEGHOWJGHMOOL  3OOLEHIWGIOL EBMdOL ImEy-

@®doo 9BIIAL (EbOowo 2)

653 999bgds  @ommbgdl, o 9Ju39M0dgbGHMEo dmbs3gdgdo
Bogargdo Lo®ambms. gl 4sdmfizgmeros 0dom, GMd Vi o
396Lo3MmOgdom Vs 20boLoBO3Mds MmO  ©ITIM30JOJL
3530 IMEMwmdol  3mwomgmdol bmdol  FamEowsdwy
9o 9duG®ms3m@o3ool 3060Mmd7030. Jobgozs Sdobs,
3OLYdMo  Imbs3gdgdo Lsdwoegdsl odwgzs dm3zsbobmom
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gbc®owo 2

0bgmE o gergdgh@dgdol @bmdol dmEmwmdomo gxgd@o [15]

AV/V, %
92g995%0 K 99b3960dgbBHo ?D(Zgb%%:;l))
Ne 24,57 15,8
Ar 83,78 14,4
Kr 115.95 15.1 14
Xe 161,36 15,1

©wom™bgdol oxgmabzo®mgds AV /V -l dobggom. 396Mdm,

MdgmE9l  dmbozgdgdol  dobgzom

32

[15] bcc @ommby-
dobomgol (Li, Na, K, Rb, Cs Tl Fe) AV/V = 2,6% , bogom
wd33dogquo fcc (AL Co, Ni, Cu, Pd, Ag, Pt Au) ©s hcp
LEAHOMIGHMOJdOLsNZ0L (Mg, Zn, Cd, Ho, Er) — 5,7%.




4. @oMmbM0o LAMYIAMOIOOL IEYMIOMBIOL

B03500 5 bMdOL d97s603mEM0 BmgEro

565890060M39 oMb IMBLEHMYJ30900L, FobJobs-sbsys-
6900L, Bo3mMB-goB-35059(3990 FoZoLBHMIWGIOL S, BogH-
0OMO, @omMboLLRsd  IFBIIOMWO  Yzgws  bs3gmmdol
L50d9EMMdS Jobo  HTDOEIOOL  3MM3gbdo  AsTMYgbgd o
@omMbol  dyMIMBILMBsS 9353806090 M0. wom™bol
B0D03Mm-099d560379M0  ™30Lgd9d0  3Hgd3gMeGEOL  DgYs3-
wobom 090350  MPMILBEYdS S  BdMEML, 9339w
A993905GH M5By 030 ©bgds, Fgbodsdobs  dobo  3MBLE)-
J30M0 MM Bmwo bgds. sd0@™3 wommbgdol
9aM5@MdOL  3MMIWYds 9PN  (396GHMIWMO  Ls3zombo
9005DM9dd DM Y50 BHoboby o, 39HIM® WoMMbmos
130030l byg®mdo.

©6Md5-300LEO0Ds30s B350 BH9dbmemaom®o 3Om3g-
Lol Ho®ddommzgeo  dm3zwgbss; 9GO IMR0Mo 3MM(39-
bgdo, FgM®ads, FoBMBoEZs, BsBMLLAS ©@s 5.3. FoLoewols
©6MdSL 4eolbdmdl. sdoG™md 53 Im3wgbsl oo YmEro-

@905 993939 53 FbLIBPIMOZL 3IMdEGAOL  SgErYServy-
B s dmombmgl dmzmgbol ymgzgwdb®og dglfogesl.

4.1. 0g6H3m©0bsdozmMo 3obboggs

090065303z MM0  MzswlsbOHolom  EbmdoL  dmgzegbs
3060390 Mool FoBME  Q3MsJdbgdl  d093mm3b9ds. 53
36i3gbol  sboblbgwo g8 msz5HgdMmos 5G9 gMHMO
0960 [15], GMmIgdoi Igso Lbgryarol gdsn-906d@gobols
6bg3000 dMmEIWwl 95399d690056. 58 0gMO0JOOIL  Yz9wsBy
0960053900 obgdsbolbs s aM0mbsobgbols mgmeMogdo
50dmBbs.  wobgdsboll  Mbsbds, ©bMdOL  (3Hgd3geo-
A5y (Tm) 5G™IGO0L  Gbgzol  933woG s 50)93L
9w9896@ 9o gobmbol 356589@®oL () obgm 3M0G03ME
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LoEOIL  (Xm), MMIOL  EOMLSE  JOOLEIO 3563l
9aMo@Mdsl o @bHgds. bMdOL  3H9gd3gMoG My Lbgo
5GHM™INMO 399000390006 F989abs0M5ss ©35306M9dO:

Xin
~ 9n?
©5 0bgdsbol BmGIMs sl Boofgegds:

T MkO?r?

2
T = CO2V3M, (4.1)

boo3 1 — 3eobzol ddogss, k— dme3dsbol dmdogs, M
—3GMINGmOo Lo, V — sGHmINGo Imguermds, 0 — ©gdsol
H993965@¢Hcs, C — 3baogLo bAH®IGHMYOOL EsTsbIBOSMY-
090 99900035, xm — 84560 Lbgmegdolomgzols dgeygmdl 0,2-
0,25-0b BoMqddo.

3M0LEHEOL  EAMIEMOOL  3M0GH)MHodo 8godwgds 935935~
Lo 26099650H960L  356Mmbosbas:

3aT,, = const, (4.2)

Gmdgmog 330839690, OH™I  3G0OLEHIWOL  FMEMEMdOMO
3985OMMgdOL  398303096G0Ls  (3X) ©5 ©BMdOL  ($3339-
odmeol  (Tm) BsdGS3emo  dwdogo  Loogs  [15]
@om™bgd0Lsm30L  9Jb3gM0dgbEIms®  WsEYIboEos, MM
090 6-8% gsMwgddo IgMHYygmdl. gl 0dsl bodbogl, ™I
dgbgeol  LogOEMEO  J9BEIBRGBs  LEHIBOEIMOMBSL  356Ro3L
3M0LAHIEOL  SOLMEBHMGO  bMwosd  306Mg  ©bmdoL
399396569y  0bBHYM3scmdo  6-8%-00  QOBIODMYOOL
990,

3M0LAHIOL  dEMOEMIOL  0gMIMEOobsdozmMmo  Brzsco
d90dmgds  JgBobgl  ©gdsol  Bosbermgzqdsdo  JowgdYIEo
339H009MH3Mm©0b5303M0 Q5dmbobrmgdoo [16]:

E_110 4.3
VO_, > ()
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Loosg Vs o Vo d9Lsdsdolo  3M0LEOL  JmEwemdss
©bmdol FogdGowdo (Tm) ©s SOLMEWEHNG byanbg. (4.3)
309mbobmqdol  mobsbdo,  3MOLESWwo  ©bgds dobo
BLMEMEHMOHo  Bmeosb  10%-000  Q9x3sMMMZ900L  Jgdom-
b3935d0. 5933505, 3M0LEGHIOL  gOHIMEPObsT0IMMO  IY-
5@Mdd LELOMW M LOPOEYS s FgbsdsTOLI oMMbydOL
390bM9gds 89degdg0s.

©wom™bgdol  LogmEom-LEHMMIGMOMEo  Jobolosmgdargdol
950 3aM5Md5BY BYYo3wgbol Fglobgd Bmyswsw B396 339
30L5¥MYM. IR IO F939(30JO0M 35LYIBO 25339 JOMBZSL:
OOAMO  M9oa0M0L oMb Mmo  dglgho  AOBIMMYdIDY,
HOEOL @ OHMymm bEgds wommbgdolsmzol  sdsbslio-
SMYOILO  HYFNWIONWO 3F0EOME Poraggd o LMY
AMOIO0L  5MMYYMEOMTo oL, 9By gobmds
LAHONIODOTwo  3obboegs) ©s O 3mIgHHYXO s
AM3MEMA0O0 BodBHMOMJO0 256L5BOZM396 Sbgom goolizErsls
(80360mb 330 456boengy).

00obomM30L MM 3sLbo 20339 93 J0MH39dL, 30Mm39Wgl
g4mgeols Mbs  godm3033womm  LEAHMMIGHMOOL, OMAMO
396996990, sdLEGHMIIEGHIO Md0gdEHol dgdsbozmGmo dyMo-
©MOOL DBOZMO O I350A06M M5IEIBs FgLodsdolMdST0s
030 ©95¢OO0  ommbol  19MIME0bsdozme dyMom-
dsLSb.

4.2. LGOI BHMOHMEO gobboengs

0933003900 {jobboga3gbO®gorwo 3o LAHONIGYOL
(fcc) 89dob03m®o  IAMo™dOL  globfagas B39l  dogH
53909905 mEOogoboserMo  bgwlsfiym  (bm@.4.1)  [17,18],
Gdgenbog B39b0 Imbs399930L 0565635, 5b5EM0 56 gosBbos.

bobsfyml  3me3mldo (1) 9939m90wos 120%-0m wEoo-
JO0MM096EGH0MdMwo bsdo MO, (2), MMIWgddog MoEO-
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55 ImdMomdL  Lsdo  dsMm3mmbs  gds  (3) bob@o
53590900 d0ddommzgeo  bemewgdoo  (4).  ddOMBLg
LoggM3o  (OsREMLRTs)  (5) o35 obfobgdmwos bsdo
06000 3OO (6). CO05RMATOL (5) To39bGHOOMYdI MIMS30
Mol (7) 063303 §OHOMMO® 29950900l MMl
0000 6o JM™o3LYOE0 Lmo (4) gdsl bsBMmdM0Z50
39O5YP0MGOL  MOPOSWMHO  F0TsOMMEGOOm. 533505
d90degds 8933350 mm  gdgdol  gdggdoom  dgygbocro
AMa39MH©s 1¥I3MPOHBIOL (8) BMIGOO. Ydol MHOSMOHO
39O5OYP0MGOS S0M3eYds oMol GH030L (9) 0b035@GMM0m
0,01 393 LoBYLGom. OsRMToL  dmMg  dGMB3s
bmOE0geEgds  dozmmbemsbbom (10), GmIgwog IoMsbol
A030L LablMoo (11) 993538060905 OBMRTsDY ©oToRMY-

¥ gl (12).

99b396M0d96@0  B0Bbs  oLvbogl  LEBIHMO  BMOMEGOO!
5896900 306580©0L  JEAMIOMIOL  BEOZIMOL oYL
3065300l Bdol  (33¢0gdol OML. BLEAHMWMJGHMOS 503905
00935605, MHMI g439ws dMMOs dgbgdsdos 6 I9bmdgEwmsb
306OH0DMbGHM 396500 5 Lo3-Bod LBIOMLMLD TmsbL3zMY
139690d0. 5933505 Joowgds (111) LodGMEYgdo 4333600395 Bo-
@900 Fobbogasgbd®gdrero (fec) LEGOYIGY®s (K=0,74)
(Ly6. 4.2).
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L. 4.1.
M. 4.1. bgeobisfiger LGHwyddmGol 8y Msmdol 4sblisbrgmolismgols
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N =364

4

N=1771

by, 4.2. dMGHoMEgdol GsmEgbmds (N) bsdfabbsgs 3oMsdosdo

939 5935600 LEAOWMJGHMOMEO 3WMBOoS (3EobBHYM0) bodfo-
bbsgo 3065dool boboo (bme. 4.2) 9go3s3L BoduloGmgdo
om©gbmdol  Bofowszl  (AN), GmIgwos  2obolobzmgds
35b35¢00ol Lsd3MMbgOL BgBMsgEMo MHozbgzgdom: N=4, 10,
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nn+1)(n+2)
6

5m@gbMdsy, Y39 39gbs 990393V

20, 35, 56, 84, . .. , bss3 1 3065d00L 33969001

(n+1)

% 0M)OHMYEL.
306500 8EYMOEMOL 0303530 39¢do  gobsdo-
(090l 3065dool  39M0dgBMmbg dgddbowo  GHmwmy39MH©s
153 3Mbs BM0JMO (3mDoEos 8, bme. 4.1).

0v) 30605000 LAHOMIGHMOOL BMdgL  OIROSYTOL  (5)
PHomo  9mdmsmdol 999y  393BMHOom, bobmbols 4sdm
0O gd0 BEMIoLE03MMS© 490bMYI0D Mgy mEo
30LMboL 33560900006, LEHOMIGHMOS FobEIds FgMIgEHOOWMWO
0350bsHMOLom  IMfgldoggdgro, mmdzs  dgobs@Pmbgdl
LBO00EYOHMBIL S b3 306M5F0EOL Laby 9969ds (bwe. 4.3. b).
0y 95m3E3m3sbo  9M9gd0l  d9gdobozol  BHgMBobmamyosl
©539L9Lbgdom, 98 OMML 0fygds  woE3060806-dMwgcmOl
dmbgBHoswyg  b5fowszol oxmbBow®mo  go@ssyowgds [19].
30653008 gdol 496033990 3OOGHOINWO  FoBIMNMZJOOL
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1 2 3 4 5 6 7 8 9 10
1,142 16,4 0,21 18 | 003 016 0,55 0,26 5,04
1216 | 181 0,29 %3 | 003 0,15 0,51 0,29 0,02 5,12
1272 | 189 0,24 B | 002 0,16 0,47 0,32 0,03 5,18
1386 | 21,0 0,37 20 | 0,02 0,14 0,45 0,35 0,04 525
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1.688 | 27.1 0,48 6 | 0,03 0,11 0,39 0,41 0,06 5,36
2,032 | 33,6 0,30 6 | 0,02 0,10 0,32 0,52 0,04 5,46
2122 | 362 0,25 15 | 002 0,09 0,26 0,54 0,09 5,59
2,702 | 49,0 0,50 7 0,10 0,16 0,68 0,06 5,70
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3b®oo 6.2

—0

9Jb3g60096GH Mo s Fsdmmzgmogro (6.16) 8gMgzol BO3EMEo 35MHEFOSXMGO LoMd™M AN,

AH A_H?, AH 2, 3x/80¢0 o
No bobgds | T, 'K , E Bo =4AH N=0,5 3%/9meo 7 IXEOQ ngo?\}saobo
1-2 3x/8e |V} 3X/0mo 1
o 259m0m. | 99u396. | 258m. | 9Ju3g. 6&? (;g)) " | 9du396.

1 2 3 4 5 6 7 8 9 10 11 12
1 | Au-Ag | 1350 | 4,43 | 0,980 -17,7 -17,58 | -19,5 | -17,82 | -16,1 0,502 0,48
2 | Al-Sn |[1000| 6,27 | 0,671 25,1 21,78 | 14,6 | 28,42 | 355 | 0,534 | 0,59
3| Zn-Al | 750 | 0,81 | 0,877 13,5 129 | 13,5 14,1 13,6 | 0,510 | 0,50
4 | Cu-Au | 720 | -5,10 | 0,699 -20,4 -18,0 | -11,9 | -22,8 | -18,1 | 0,530 | 0.60
5| Ni-Au [ 1150 7,29 [0,654. 29,3 252 | 257 | 334 | 27,5 | 0,535 | 0,58
6 | Au-Sn | 873 | -10,87 | 0,667 -43.,5 -37,6 | -31,7 | -49,4 | -66,9 0,533 0,55
7| In-Bi | 623 | -1,84 | 0,787 -7,36 -6,77 | -5,85 | -7,94 | -6,35 0,52 0,55

87




1 2 3 4 5 6 7 8 9 10 11 12

8 | Pb-Bi | 700 | -1,11 | 0,934 -4,44 -4,34 | -3,59 | -4,54 | -3,51 0,505 0,50
91 Sn-Bi | 608 | 0,104 | 0,813 0,42 0,39 | 0,44 0,45 0,38 0,518 0,50
10| Zn-Bi | 873 | 4,58 | 0,478 18,4 14,0 15,4 22,8 35,2 0,556 0,58
11| Cd-In | 723 1,44 | 0,855 5,77 5,5 4,72 6,07 7,63 0,513 0,54
12| Cd-Pb | 773 | 2,80 | 0,725 11,2 10,0 9,70 12,4 15,6 0,527 0,56
13| Cd-Sn | 773 1,82 | 0,826 7,28 6,8 6,35 7,7 9,74 0,515 0,53
14| Cd-Tl | 673 | 2,28 | 0,781 9,12 8,4 7,36 9,9 13,6 0,520 0,55
15| Zn-Cd | 800 | 2,01 | 0,709 8,04 7,1 9,40 | 8,96 8,94 0,529 0,53
16 | Cu-Mg [ 1150 | -9,86 | 0,521 -39,5 -31,0 | -48,7 | 48,0 | -46,6 | 0,551 0,57
17 | Cu-Pd |1000]| -10,70 | 0,787 -42,7 -39,3 | -40,1 | 46,1 | -50,2 | 0,520 0,57
18 | Cu-Zn |1300| -7,52 0,8 -30,0 27,8 | 29,7 | -32,2 | -29,7 | 0,519 0,50
19| Zn-Ga | 723 1,59 10,870 -6,36 6,06 5,06 6,66 9,20 0,510 0,57
20| Hg-In | 433 | -2,26 | 0,901 -9,05 -8,74 | -7,19 | 9,36 9,03 0,508 0,51
21| Hg-K | 600 | -21,32 | 0,312 -85,4 -53,8 | -594 | -117,0 | -104 0,585 0,60
22 | Hg-Na | 648 | -25,41 | 0,592 -101,5 -83,9 | -334 | -119,1 | -82,8 0,541 0,62
23| In-Pb | 673 | 0,96 | 0,847 3,85 3,63 3,47 4,07 4,01 0,514 0,51
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1 2 3 4 5 6 7 8 9 10 11 12
24| In-Sb | 973 | -3,22 | 0,870 -12,9 -123 | -9,03 | -13,5 | -12,2 | 0,512 0,56
25| Zn-In | 700 | 3,22 | 0,610 13,0 11,9 11,0 14,1 18,0 0,54 0,55
26| TI-Na | 648 | -14,0 | 0,725 -56,0 -50,0 | 46,4 | -62,0 | -81,5 0,527 0,55
27| Zn-Pb | 926 | 7,52 0,5 30,1 233 24,0 36,9 50,5 0,554 0,58
28| Zn-Sn | 700 | 3,26 | 0,588 13,0 10,7 9,27 15,3 22,9 0,542 0,59
29 | Zn-TI [1099| 5,89 | 0,556 23,6 19,0 17,2 28,2 29,8 0,547 0,56
30 [ Na-Cs 0,91 | 0,345 3,68 2,43 1,67 4,93 1,77 0,578 0,63
31| Na-Rb | 384 1,23 {0,431 4,92 3,58 3,41 6,26 7,24 0,564 0,60
32| Na-K | 384 | 0,740 | 0,524 2,54 2,33 2,25 3,58 3,65 0,55 0,56
33 K-Cs | 384 | 0,110 | 0,658 0,444 0,382 | 0,26 | 0,506 | 0,627 | 0,534 0,59
34| K-Rb | 384 | 0,128 | 0,820 0,513 0,479 | 0,514 | 0,548 | 0,514 | 0,517 0,50
35| Rb-Cs | 384 | -0,124 | 0,8 -0,497 -0,460 | -0,497 | -0,534 | -0,497 | 0,519 0,50

89




aH 3XAIT0 o
deagmo o
1,0 3 .
. .
08 2
o)
o
0,6 1
0,4
0,2
20 40 60 80
K, Rb, Cs abinton % Na

bm®. 6.5, H1E9 @oo@bgdol blbstmgdol 9gMgzol Lomdm: 1 — K-Na;
2 —Cs-Na; 3 —Rb-Na. fig6Eomgdo — gdudg®odngh@o; bsbgdo —
b0 (6.15) medmmon

AH 3 X?I0
dmemo o
o
1
0,1F
- ]
o
2
[}
0,05 F
2-0 -IIU ﬁlﬂ 8.0
Rb Cs s¢midnto % =

bm®. 6.6. GG oombgdol bibstgdol dgMgzol bomdm: 1 — K-Rb; 2
- K-Cs; gh@oamgoo — 9dudgmodgb@o; bsbgdo — sbystodo (6.15)
xmOHIMWo

90



7. @00Mbm®0o 656Mmbsffogrs3zgdol 3emsliGgtvyero

dmegero

39bboE o dmEgEgdol BsGywgddo 33gOEL 396 3L
39Go© Ls0bEHIOLM MdOYIBHIOOL, WomMbMEmo 656MAsbowrg-

ool LEAHMYIBHMOSL [67]. ToLoerols EOL3YMROMIOOL 6w f3-
(H0wdoM(330m3bgdol  3Mm3gbdo  9©B035© oYMl
©oL3gMHR0MdME Bofos3do Bgs30MHIo 5EHMIgdol fowo
3o Loghmm M5MmYbMdsdo. MmTs ©65)93¢Mgd0L 30MHMdYdTO
370060 05306BI0 Y3000 0dgbs 0bBMEIds, MMI
D9306Mwo  5EGHMIJOOL 203wgbs MIoboMgdl M-
000 5GMIOBY s oLy 656MAYMTMGMBST0  JoIOL
[68]. gb Omgwgbs bBofobolfomdgBHyzgwo ogm  bgs3oMol
3030 09M3ME065d030L Bo®BMgdTo. 5obmob ©s393-
doMgdom T9goblighgdm, MmI Bgs3oMol 3wsbogmcmo myc-
9m0bs3dozs 939s6gds RsDBMMO  99dgmBo  HBgs30mOL  ME
396Ub35390m  [omBMm©Ygbsl. 30MH39wo 3lmbod 0mgdl
Lo0o39L, 396gM-35lols  IOMIGddo  s>0fg3l  LEMEYMmGO-
g0l O BIHBMO HBYIF0OL  2obobowsgl, MMM Lob-
Gmeem bobdol  Jmbg  LodYIEBMI0EGO06  LXBLEBEO
300999006 MPY39GH0  33Wowgdom. gmMg  InbOBEOYdS
099620l Lobgwmsb  sLmE0MgdL s godLoL dogkss  yobgo-
056M9dMo. @odlds JgImoGsbs  4gmagGHMmoEo  A5TYMa0
B930600L 36905, 20dLOL  FgoMm©OL  Mbobdo,  dm3Y)-
WMOOMO  BoHJO0  2obobogds  MMaMmOE  9OMY35MM3560
19909d3H9god0, MMIgEms M30L90900 bobEHMAolgdMMs© 033~
Wgds  2o9Yymxy  HBg30MBY. 50539 @OML  Yzgws  FoMdo
9JbGHBLOMMO (330w gds 093236905 299Ymay BY30M.
LobGgdol 3m@Hgbgoswol 399d03mdol s 2599mao bgws-
30605 300G MOHO 330w gdol  30MMdJdT0,  A0xLOL
9900m©ob 89090 3963056900l  Fggo doowgl  dg0-
Q920 353mbobmmgds [69]:

91



2 . "
—0+a—0:P — P = const. (7.1)
r or

(9L 803MMMd07dEHOLIMNZ0L BsfgMowo wsdwslol 3bmdowo
390@MWgdss, MMIGEToi  2om3z5eolobgdmos  Bsbslisbol

bodmoem  bLodMg s LodOwmom gsdmfzgmwo (Bg3z0L
393060 dygbgro).

599096 Bomo Bsbl, M3 d03MM3gEgMMmygbmmo Lolidg-
doLom30l, MMIgEog Ho®dmoqbl gs blbs®oly s sbowo
935D0L  BoBLObOL GOHOMDEOMBIL, sbsEo BsBOL (odmddbols
Lofgol 9B93Bg o MMIgEbsE, MOlO330039w0s, 1bs 035~
399003600 65bmBgEOIo md0gdBHgoos, 3vdymzo BgsdoMo
5 B9gs30MHmwo 9bgMa0s IM30YdIMo bgdosh ™mdog-
JAHOL bmdgdby (7). gb BsBOYds 5M9gOMYHBOLOS OLEYY)-
6900 9Jdb39M039bEHMWIE MBROM 5©MY, 3000Mg 6BMIsLS-
@)dob 3303 ©0fYgomEd.

Wom™bM® FoLoesdo bsbmyooligems ofjygds 03 dmdgbEH0b,
MmEd> dobo gobozemo 3090900 (LOMDdMYPSTEHIMMDS, EbM-
0L 9339M5@1IMs, JgdBHOMMYSTBHIMMBS, M3EH03M0 Jobolio-
539000 s bbg.) mdogd@olb Bmdgdby ©sdm3zogdmwbo
bgd0sb [68]. o3 o6 mbs dzodg ogmb  Bsfowszo,
Bobmgooligersdg dolo 30190930 39d0305, FoILZEOL
399009 0fygds ™md0gdBHol Bmdgdol 99d306MH9dsLmsb ghrmo©
30090930l 09bsmMsbmdomo (33es. BsbmIgEGHe damds-
M9Md530 2533l M sbEsgl LEHMYIEHMGOL by 5E™AY-
d0L LOgM®E0™O Pobsfowgdols 33Ws.

O0amOi3 Bgdmm 503603690, dsborMo wommbmemo  3Gob-
Aol dmEgwo sOfigdl 5GH™Igdol LOZOEOMO Fobarsygdol
Pbl, 249BLsBW3MO3L oo TGOl Bsbdogrgdl s oMMy
5GH™MABY Il ImEEmdsl  302B9MHBgoiEol X Mgoob
Loboom. 3MobGHsol Boesggdol Lod3zz3Moz0L 3mgnoi309bEG0 K
3oLobO@  2oBLEBOZMIZL  LEAHMNIBHMOOL  GHodls s dobo

92



53900l 39m3gB®ome  Fabl. ogowroms, K=0,68-l Tgglo-
059905  9MHMoYMMo, LogM3gdo  SG™IGOOL  IMEFIMDS-
©5395@®90Mo faloo 2obwogqds. K=0,74 sbslosmgdl §ob-
Bo25396GH®90ME 379396 dglgel, K=0,52 — mdGowm 3298096
3oLMLL o 53. G5 0awolbdgds  BsbmzMoLEswols
LAHOYIEHMOSTo, OMAMO  s35bsLosMM®m oo  Fobogsbo
3633049653057

93069 Md09dEHoLEMZoL, HBMIgeog 102 Hogol 5GH™AL JgoEogl
- 3MobGswEmo  sby Gy sdemo  dqlgeo, 396
MBOHMD39wYmBlL  dYMOMdL. 65BMIAMIsMgMdOL  dotMo-
050  LAH®MIGHMYOMwo InGH030 TJodEgds 35 A0bM™
B5bmfo®IMbogdbol 5GH™MIgdolL sberm Mool 9bgMygE03meo
0350bsHOOLOm  AoBboZoLLL. Y  sGHMINGO  3Mbgo-
30530900l 96gMR9EBH03MWwo  BEYMmIE™dOL  3M0EHJH0YTo©
9030869300  AmbsdE3cg  (99BMdgwo)  5GHM™IGOoL  dTomo
Gogbgb (M) ©o 35b5L0smgdm 98 3MbROYMEISE0gdOL
3aMo@MdsL 9P sGHMIbY Ml ddsms Mosbgom (m),
90300900 99993 LYOIOL: MO0 SEGMIoLOMZOL  JOHMO-
9O 3m6330496M5300  39bBHgos.  Bofogrszgdols  Hogbzol
bM©s  3mbB0YMEMS30900L  MOMEIbMdLOE dE0ge  BEOOU,
305005, dgbsdg s@mIo Tgodegds obgsogma df360-
380 §Ox3M@L© 96 IM35m3bmm 2obBHgEol dmermdo b6gdol-
dogmo  Jmoboom. o Mbs 9b30sMGHM™m, MMI FoMdm®ag-

Bowo ULEHOWIGHMOMWo IO LITSODE060s OoMbY-
dobmgob.

wommbdo  sGHMIMS  dmOOL  MOHMogHMJIggds  bmeiso-
9EYds 35 gbGHMMO  9gEgd@GH®mbgdol  g99Mm0s69d0L
boxBg. 5008 oM,  WOMOYHMJIggds  LEgOHYIo
LodYBHOO0LSS.  WOMMBGIL o6 sbobosmMgdm 1393053034960,
90856MHmwo  3mIGM3MEsMMEo b [gomdool  Fog356M0
009%0. 59996 259m30bsMY, Loo sHBOO 4335MbsbMBL, H™I
bsdo  sGHMIoL Fgdmbgzg3zsdo Fomo  2obesaqds  FHMEA39M©

93



L593MMbgEOL (3960Mgddo Yzgwsby MogombscmMo 0dbgds.
b5 MY0mEs©, Mmmbo  sEHMIobsm3zol  gbgMaool  sdlMenvy-
&m0  9dobodmdo  doomfgzs  BH9BG®egOol  dgdmbgzglzsdo
(M=12; m=3). 99-5 5G™I0 5bsdMS>WdsNMIOM  FMogL-
©905 B9BHM9M0oL [obboggdbg sOLYdME ©OIMgddo ©o
0o0gdadbol  2om®mBogdm  GgBHMog®dl  (M=18; m=3,6) -
Y39sbg 30835d@HE Boawoggdsl 5 bsfowrsgobomazol. 89-6 o
99-7 Bofios3zgdo 895319096 G9B®ogMol 300093 MmO [obboals
@5 §96000mddbosh  396Geamboc®  dodoMsdosl  (M=32;
m=4,55). 30093 bmomo bBsffowszol bsdzmobs ©MIMgddo
39605319000 F00gds Fgmeg 395FsEMbIW MO0 Mmoo ©s
gm0 ©OIMwo  99-13  5GHMIobsm3oL.  5T350M09©,  M3EO
G990l 3mddobsgoom  FoMdmoddbgds  03mbog®O
(M=84; m=6,46) — dgMbsOL MMM GO bEHOWIGHMOHOL
doMOMOEO 9w9d96@o0. 50539 OML 030Uo-
9M0L  ,,009690wMdol"  ygzgms  9Ba3bHy, 0dol  LodBH3039
g4m3gwom3zol  FoMdmdL 00539  om@gbmdol  sEH™Igdom
d9Jdboen  3M0LEIME  MxGgdo  ddsms  LoIBHIoEqL.
9529W0mMO@, 3MOLEAHIWMOO 13 - SEHMIosbo  [obbsywoig-
b@O9dmwo  MxMgobsmgol  m=5,54, 03mbsgdolmzol —
m=6,64. 21 5&mdob 3m3dobsgool Tgdmbgzgzsdo m s M
6039 LEAHOWIEHMOOLMZ0L  MbdMPYds (M=132; m=6,28).
36509 MEsMmo  3eslGgMol d9dgao YOy ofg393L ol
3obogsmgdsl s  m-ob  99d30609dsL,  F5dob  Gmao
93O Ywo  BEGHOMIGMOOL  ,,009690wmdsl"  ddogo©
Sbogl 3ol LodBH3oEoL (m) BEOS.

94



bry®. 7.1, 03mbsg®do bofiogszgdol 35900056980l ggzmemmos

3bBHIOOL  SOHIMHOoo FMmEIWOol FoMMYIMMdS  IMSZOn-
3 bobvd  EOILEAMGOMEo  LsliGrmem Gogbzol  sG™Igdom
§om0mddbowo 3065302 M530900B5mM30L. om0 FMOZOWRI-
Mm3bgdol  dombgozso,  JWsLBYMol  domm3zol  Lobom
4m390m30L  3000gds 5G™IO0L 030mbOJOOIO  AoBEsY9ds.
0Y) 5GHMIgOL gobgzobowsgm Mo MmameE bolE LygMmgdl,
50539 OMMOE  wgmbosmE-xmblol 6-12  3m@GHgbzoswom
MOD0gMnIngdg  boffows3gdl, 8sdob dugoglo  3mbgoyy-
530900, OmymOE  oB396s  [71]  bsdO™Ido  Imygz960¢0ds
399003090335, bgds 356Ls3MNMGOMEIs© BESdOEMEO.

95



3b®owo 7.1

(M) ©> (m) 3580003 HIFIWIOYO Q5 HOIMIRILSO0
LEHOHMIEHMOOLsm30L [70] Bobgzom

c 36569 MEOMEO

;)C sg@g bEGTIHIGS 3MoLGHIWwo

2, 2

%Q c (IMON 20080

D %0 b3gBo® dmbmeo ddsmo Y m
& Gonbao. M Lodwoem
© G630, ®oibgo, m
I 2 3 4 5
2 2 1,00 2 1,00
3 6 2,00 6 2,00
4 12 3,00 12 3,00
5 18 3,60 16 3,20
6 24 4,00 22 3,67
7 32 4,55 28 4,00
8 38 4,75 34 4,25
9 46 5,11 40 4,44
10 54 5,40 48 4,50
11 62 5,66 54 491
12 72 6,00 62 5,17
13 84 6,46 72 5,54
15 96 6,40 88 5,73
17 108 6,35 102 6,00
19 120 6,31 116 6,10
21 132 6,28 132 6,28
25 156 6,24 170 6,80
27 168 6,72 184 6,81
29 180 6,20 198 6,83

96



5GH™IYBOL  MmMHQo60BE0s 03mLIYOOI  dOM™MZ39dTd0  0deg3s
dmEMEmdobs s 9bgMaool  360d369wm356 Imgqdsls, dop®od
000l 59m, ®Md gl LEAHOMJGHIOS LOWWYMBOWSE 396 S3LJOL
LogmEL, g39ges AMYGds BOOMZ0L  FoMAWGddo  3M339bLlo-
6905  6535Mgd0m  Fomo  TJM0Egdol  boergsm  s0-
qddo. 593500 3MbBOYMEMSE0S BOLOSMOYdS FOMSWO Mo~
w90  10d3z3M030m, oYL Tgogegh Tbmwmo  GHgEHMsg-
O BoEsM0gEgqdL. sdoGH™md I9HBOMEo MHoMmEgbmdol
5G™Ag00Lodb  FoMdmddbowo  sMHMYAMOHO  3MbBOY)-
6530900, 1LogM30L dg3LYdOL M3oeLIBOOLOM MROM dmdYg-
005605, 300069 39HOMPIE0, MGYIIOo BEHOWIEHMOIOO,
O0IYRms 57)30wdIL Jgdghhee HIHMIROMB JOMI©
®JGHogO03 3393 0bD.

53580 990dgds  ©o3M(dMbgm, v MIYMWIOHMWO S
5M5M9MEMmI0  BAMYIGHIOJOOL sberm Gogol dolidEeddo
3°3mm3wo 109330030l 3M9IBR0E0I6EHIOL F935MJd™.

OISO LAOYIGIOOL Y39@d YXOIQO 0QIPHYO0S s
5303 ™38 960 MR MHJEOLIMNZ0L sgbowo K 3603369 mds
LoFoONE0560s g0  3MBEH060MToLom30L.  FoQdEP0MO,
Hobbogo39bBH®gde 3M0® LEOYIEBHGsdo (fcc), GOl
AgLg®OL 356599BHc0 a = 2v2 1, gwgdgbBHseve MxmbY
90l mmbo Bsfoerszo s K= /2 /6 =0,74.

Bofoas3gdol  sM0Mga e sd o sBLsddErolsmzol  bafoms-
3900L 396¢Oms IGO0l dsbdowo s6ooLIMYGHwo BLoWOY,
LEMJoLEH03M-5¢050)M boliosmb 5BoMgOL s 5doGHMA sberm
(0ol Fotygddo KL 3eslogm®o o6dsmEgds Lod3oMgl
9m3gdmos.  8oa6sd  Bggb  dgagz0dwos  9sdm30ygbmm
S0PIOOWO  5M5MYRMWIOMEo  BEGOWJGHMOOL MOS0
2obsfoergdol  gmbdgos (PPP), Gmdgwos  Lsdmowgdsl
33993l 2obgLobEzd™mm  LobGgdol  bgdoldoghH O
Bofos30sb F ©sdm®mgdom sg9de AR Lobdob Lbygewmen

97



196580 Inms3L9dM bsforszms MoiEbzo [72]. K 0sbas@r0dgds
3990092650650: LobiEgdob s®BgMwo 21 ©0sdgBHMmoL bofowms-
306 O 396¢®0s6 s359mm r>1n Lygdm. (1.1) BmOINoL
960393690 gobgLsbO3zOMm, HMymOE r — LEgO™l IMEMMds
(V=4/3r%), bown 86ogbggwo, Gmam®3 08 bafforszgdol
dmEMEmds, MH™Iwgdog b3gdosh 53 Lygdmdo (sd@Go-
boyeo bsffoero).

bmG. 7.2, bggds 9636Mgymemstrmmo BEMvddm®mol Bsamsggdols
b0d 330030l 3m9B0EEIEAGHOL IbasMOdolsmzgols

5 @om3zsobfjobgdmmos  898ga0  306MHMdYd0:  dmE9gdmeEo
Bofowszo dmwosbs bggds r — LEg®mdo, vy r=Fitro ©o
3900503390905 Fsbmsb, Hmss r>Fi-ro, bysg Fi sGob dsbdogro
O 396¢6Ls s O; bsfowrs3900l 396@gOL FmMob. 5335605
3odmmgwomo K 3609369crmds  Boffoerszol osdgd®ol (21)
dobd@oddo oMmdmagbowos L@, 7.3-Bg. 53 godmmzergdol
Loyvdz9w by oYgboos, MM r<2,5 306MHmd9dd0 K=f(r)
3M9803096¢0  356dorols Hmwmwo gmbdzoss, bmwm r>2,5
©OML  dMdog 3603369 mdSL  ©gOMEmdL  (K=0,64), o
3boLosMYOL  MLOLEOIEM MM gbMdOL  bofowszgdol Lolidg-
dob. 99996  409MmIEOBIMYMdL, MHMI sberm  Gogo  Asbols-

98



D36M905 b5{os30l 2,5-3 ©05d9GHO0m s 5MH5MYMEIMHVIC0
3bBHIOHOL MERRB0BoE0sT0 TMbsfogmdsl gdwmdl 100-
200 bsfoemszo.

1,01 ]
K| |
0.8} l]
|
\

" enganesor.,

0,6F

04}

0.2}

1 3 3 T

bry®. 7.3, 560698290OmMEo BEHOHWIGHUIGmoL Bogroggdol
bod3z3mo30L 398030963

5) 3093 9Omo  860836gm3sbo  yHewo  odggzb
g460@Eodsl. =1 80sdmgddo Yswodwgds bod3zmogzolb
3M9830309630L dogbodmdo, Mo sbwm Mogol 3oMH39wo
bogmmdobsgom  bgghmdo  dmbggoMow  Bofogszms
Bognogqdols  doboboomgdgeos.  B3z9b 9339 30300, G™JI
dmbmyModiome  ImMfgbedogadge  bLEHO®IEGHOsdo  bgdol-
90960 bsfos3zolb Mobermgbio BsdgBMmdwm 03mbsg®ol Abgyogls
3Mbx0aMGs305d0 9gOHmM0sbgds (=12, m=30, £20), bmwm
05350 bsfowozbg dmbmaro LogmEg ©MY399EMOLTSYIIMO
M35 fobbogoo  (2=12, m=30, £20) s0f969ds. sbgmo

99



0o60bsgdbols  899F0M™M3900L M3 Mo 3mgB030Y6EGHO
0946995  ©™Y3°90MTdo  BsfigMowo  Lygemeo  Bsfoszol
dgmemdols (5,77 a®) @5 ©M©H359©0m0L  dmiEmeemdol
(7,66 a®) @osmds: K =577/7,66 =0,75, Lowsg a -
©MY359M0L Hodml  Loa®mdgs. Gmymea 3bgsgm gl 3960
LobmlGom gdmbggzs =1 3060Hmd7080 by©.7.3 dmyzsbog
KL 8600369c0mdsl,  6o3  9m©geool  59d393vemmdsby
dommomgdl. o3  dgqbgds  K=/(1) Bvbjsgool dsgjlodwmdol
Pobo3amgdsl  r=1,2-009, 3boos, gl godmf3zgMEos  dgmey
bo3mmMEobsgom  Lxggdmdo  dmbzgo®owo  bsffows3zgdols
fowmd®mogo dmbsfowgmdom. 59335650, 39D gobalsbwzmgom
bsfosgol  mobarmgglbo  Lsdgbmdwml  sbyy  3oMzgga
L53MMME0bsgoMm bggMmdo dmbgzg®owo bsfowszgdolomgols
3mOHMbMOoL 3mE09MH00 d90mbsHr3zm o bogMsol d93L9d0L
309830309630 00 dgdmbzgzoLomzol,  OHMEs 3090
QMEJ3IIQO0.

9bs B396 993930090000 8935035m00 BbMPBsbsLbOL LG sdo-
MOH@OOL  BM35M0. 5dobomzoL  45dm30949bgdm  Bobmersls-
AG9YMoL  53900L  3OMEgbdo  3meMmols s 3sgrol [71] dog
©5y)b0 53MMJLOBs305L:

N=Q2n+1)+10> k%,

k=1

Mmdgwog 230P39690L v OHMMO 0BOYds 3wl gedo
39053500 5@MAMS X9IMO0O M0Eb30 (N) SGMIMEMO go®dlgdoL
(7) Oobggz0m. 98 ©OML bofoszms Mosbzo ymgzgw &
3900 A5FMOMZWYds BMMTNCO0):

N, =106>+2

100



0v) Bs30m03wom  3esbiGghol k 45mLL Bgsdome R9bsc,
95906 dgodergds  9935835bMm»  HBYI30OW  sGMImS oo

(Ns)  3sbdgdol  beol  3Mmi3gbdo  99dgao  BwbJzool

Lsboo:
N, N,
—_—=—= n
N N /)

50 gmbd3ool  3Mm5x30306  450mIObsmgmdl, ™I &L
bMOoL, 96 JasbiBgmdo 99dogoco 5E™IJOoL Momgbmdols
BOOOL 3060Md37dd0 BYI30MHIWo 5GHMIJBoL fowo Msbs-

056 3090WMmdL s SLI3GHMGHIMS© BoobfiMoxg30l bmwo-
15396, OmEs k—o0 (N— ).

9bowmyom®o  9M3090Mgds  §obboyoggb@®mgdmwo
39999960 (fcc) bLEHOMIGHWYOOLsMZ0L M3FMEIboTgE #oblbgszg-
00d. b5d6O™Ado [73]  BHodeo®gdgeos 53 bEOIEHmol
bo3mmMHEobsgom  Mogbgzgdol  360336gwmds  3oGmzgwo 50
bo3MMmMHEObsgom  LRgOHMLsM3zoL. vy gsdm3z09gbgdod 50
9mbs39990L, Bgs30MHMe SEMIgds© do30Rbg300 08 bofoms-
390L, MmIgms (396G ®900 B3wgd0sb k  Lozmm®obsizom
139gOMI0 s Bom MoEb3L J9MBMEYd0 bofowszgdol xsdmE

Moibal (H=Zk), 90300900 38999y LYESOL  (bE.7.4).
k=1
350 MEsMmM0  3eolEBIMOLASE  Aoblbgsggdom, [obbog-
©5395GH®9OMEo  obmbolsmzgol (N %] j 9093505©
fee
MbEoomadl s  LogmmMobsgom  bygdml  BedGob
DOELMD gOHmo 51939 6Molvzgb doobfiMexkgol, dsy™msd
k<10 96003690 mdobom30L  ym3z9wm30L  LsFoMo0sbos

s (7))

fee klus

101



Ng /N

[ 10 20 30 40 50

bme. 7.4. gmbdizos ]X; = f(n) s3OIYMEsOEo 3esbBGgmols

(1) s Ggammstrymo fec Igbg®obomzgol (2)

9L 89090 30©I3 JOMBI SILEMIPOL SOIMGRMISOTICO

30sbGHYMoL  96gMRIBH03M  MB0MSEGHILMOL  3M0LEICME
30LMLMSD  FgoMmgdom  5@GHM™IGooL  LobOym  Hoigbgzol

d90mbggzsdo.

3°bbomwo dmEgeol 3093 gMm 9dudgM0dabEMI LS~
0905 990deqds Bo3m35¢mm 0bgm®mdsi0s [74], HmAwol
0565533 9ggdBHO™mbmer  dozmOmbzm3do  0dbocmgdMmE

mdOHml 300Gl DOHEOL  g3mE30s  GYIGMIMH0D
03mbogMedy (bw©.7,5).

102



bm®. 7.5. ool 03mbsgo®@mmo 3eslidghol ol dgdsbobdo
[74]

@5 dmmb, B3gbl doge dmygzsboo godmmgergdo  wmbgd
d0sbemgds Mbs d030Rbomm @y 9GO Bo-
BPBsbsLobol  LEBodoEM®MdOL  bBE3sMOL  oqbol d3Y-
WMOSE Bo3mM35w M.

103



8. 03000953M390905©0 50 3g339MSEH YOO
Lbobogbo

a3bgboms 993o00l  GHMIOE0Wo FJOMPIDOMS O
03003930390 90500 350w 3H9339MoGMOIo  Lobmgboom
(00l) ©9dMEMdIDb I35 RINOMZ9b  39M0T03W, WOoNMb-

3960003 ©s Bbgs  L3g30syo  sbodbmemgdols dgbo-
©bmdg3L.  3MMm3gbol  Lofigol  Foboo, Gmammis  Hqbo,

399m0yggbgds  ©ol3gMLo  AboErgdo  WommbMMo o
35omMmbMmo  Bb3bowgdol Lsboom. 0890 935d3L  Hobo-
9gds6g Hoabom  ©o0bGHYMHgLgde  F3ombzgml  bmyswo
Dom0mygbs  goskbos gbgbowms  dgBHowMaosty, ToaMsd
390090 2536Md0gMH9d9w0 508MmBbIL dgBo® 13Y30T0vE
0db 3Gm3gbdo. s80GHMA 3000609 doM0MOE Lomddgwl 30@)-
430m, 13605605 530blgbmo MIL-0l sGLO.

8.1. {30l olBHM™0s: 339L5090E MZ0mYS3M(39EYdI©
Fo0o39839M5Gwe e Lobomgbsdy

03> 30639 glo  BH9gdbmmmaom®o  3OmEqlos, GMIgEo3
5005305635 50dMsBobs @5 2odmoygbs,  3530930M39MO®
1533900l IMBOIDBOIIWOIE s FOBOMDdMISE, TJMY FIOFeol
(0900969mds), LsTgMEOBIM Logbgdols s Lsmdstmo S®Fwye3z0-
@Md0L (39w IMHQ05) ©IHBIIOOL 3MM39Ld0. dmy30569000
339U909@0  2odmoambs  (393bol  golisBomgdws ° s gu
d39glo 302bs-259mME0Egds AL-LoE ImsMYM.

? 339U5®900 FgmEg AmBom ®mIol EO®L 303 0bIIOIBMOS
Lodom39eMm8o.  Bo0oebobIoMdIEOBO  FMEsEOoLORsDb  3MLEHMv-
@WO© 393900 5-7 1T LogMIoL “g* sbmb gm@dol 339LL 833900Mo©
Bo0m3Mo30b9b  3980f0l (Si02) Bo@gbByg. 0 MM™L Fomdmddbow
6539030l 0005653000696 3560 A98MITOHW, A98vgdMYE bob
bmgml (50900), HMIGEEoE s5gdsl 0fygds. 99 ,8MfYmdOEIMBIL,

104



3969BMIws© ©oos {308 Bmeo MsbsdgEM™mgg Lobmys-
©M900L  (3bmzMgds8do. ol 2oboggdl  g439wexkzgdl  Josfzol
6530006  LoM539G™  Lofi39350g, 0l 39MbsbmdL  gbgMym-
3535098900 Fo®mdmgdsl, sHglbgdl dsmo GEMmbL3MEMEH0MGdOLS
@5 dmbdse9dob bl o 5.0.

3003930399050 300w E9339Mme¢ Mmoo Lobmgbol
(03b)  Lobgawoom  gbmdowo  Jodondo  3OmEgbog  §3oL
Boo®bobgmdss. ol Logmdzwrs 3L IgoMo  M939EHwEO
L5)3930L 33¢930L ML 5dMBYBoEo Fmzegbs — AysMoerosbo
035, O®mIgwoi 1984 § LsdFmms 353006MH0L 4odMAMBIdJdOLS S
50dmPBg6900L 3mToBHYBHTS> MFBOGOIWNIMIQ 9ILBEHWGS [75].
50dmbhgbols BMOIMs 24359985YqdL, MH™A ,,9JL39M0T96E IS
oy 000  s©My  MEbmdo  93BHM-5353bOHMF9dgw0
99560350560 M95d30990L  BHowMMO M3 0BIEO0L
dmggbs,  GMIwol  0sbsbdssi Yo  obIgmlvyer
3™33mb96&90L dmMob Jodowmeo PO0YOHNJI)YOS
908@0b5M9gmdL M93963Hgd0Ls @S 3MM©OMJBHJO0OL bMdOLS s
om0 39H0xB0Id300L oMgdy MYMIMEO s0BbYdOL Tggyo®
WM3o0HYdM  LogmEgdo  MZOMYIWPISPROGOSO 30l
Aol bybom.

50 50dmBgbols  Tglobgd  3MEye®gddo  4936M(39wdYEds
068mGMB53050 89360 MY  Foodymm Bgdo 3MMBILMEOOL,
5350099030 B9MEO0bb  0535d0L  gMMOE®IdS.  Bolm3zoL
00mo30m39 bsogaro  aobs, GMmI ®db dgomEoo  Jgled-
90905 oL smI3MmEbIMBdOL M350, SO A9 F-
690 30MmOWYIol IMy356M90s. d3@GHMbIs> BIMHObIBETs Mo
©559Ys6o 893b0gOH o 3530060 3OHMBILMO 5.096M556M30056,

®mIgeroy y39ws 3Faz9eol s230wgdIo SAHOOdYAHO 0gm, b3YEo-
5@ Jobsdo 0bobogbgb 9ob dmyzs60¢ M bmsb gBos.

105



G0dgmoz  0dbsbo  obMGme  Jowsd  BgMbmamenrmg3sdo,
JodomMo  gobozol  0bLEGoGHNMEGHTo 53  F0ToMEYdIL
bgddm3s69mds s  oofilym 33193900 53 0ot~
Mgd0m 39BHoMaool 0bbGHOoEMGHT0, MMIYMLsE 93555950
B9ME0656  0535d0L  FgBHoMAo0ols o Foboesmd-
30©b9gmdol 0bLEOGMGHO 9hMm©ads. dsBHMbo RIMObsbols
3990099 29 d93bogAmEr 0oMmMEgdsl Homds@Ggdom mdw3y-
dMms JoLO 3540, 535009F03MLO FOMMPO 153509.

0o@™mbo  139MObsbol o  ©HYgdIMwds °3 MobsddGIM-
9359 Msm© 3603369wmzs60 gogwgbs 0dmbos mz0mys3-
MEIWYOS©O B0 3H9d396Mo@GMOHMwo LobmgBoL  sTszEm-
05B9. 0 L 53 F0FsOHNMEGOL BoOOM BgdbmermyorMo
3990mygabads  ooBbos s dobo 89d39mdom  FMOZoWO  sboEo
Bogmomos  LobomgboMgdmwo, gl B3zgbo  0BLEHOGWEOL s
396530 BIOODBE 353530l ITVLEBLIMGdSS, 53
565900 BoL 500b0dbs 30093 Logm@bowm 3Md035:3090d0,
9mbMmAG13090Ls S 3MbxBIMIB309d0L Jobogngddo.

00 3900m©do  MIL-msb 5353006900 369gdsMOMgEZs
50fgmoos Bgdl godm3zzwgzsdo [76]. 4390mm gobgdgmMgdo
s dm3zmg 99obligbhgdo 3mewgdozol sGUBL. 0dgwo dog3l, Hma
9my3s60m0 BsgEBHJO0 ©gHTsMGds  F30mbzgwl 3OHMdEgIoL

39633935d0.

0db 3OMm3Eglo  bMME0IWwgds MO0 b Msdpgbody x3bzbo-
©wm3z960 M9og96EGHOL Jodow®mo MO0 OHmMJI)Idol F9gRs©
3990mgmxz0o Lomdmb bsGxbg.

16.8.1. FomImygbowo gybmmg@Mdmwo bsGgzo FgoEogh
965350M03EbM3zsb  Mgodzome  3960L,  bbgosolibgolobgwms
3M6@9gdBHgdolL Lsbom. Bsmo MoMEYbMds Boger dm3YIEPMdSTO
39¢90my96M0  3m63)5d3Hgool MoEbzol Mogolss. Mgodiool
060306905  dgodergds  dmzsbobmo  dmimemdomo (3oL
69510880 56 0dMMO sx39mJgdom, 56 {30l FHowrMH Mgi0ddo.

106



30639 999mb3935d0 9o JmEEmds BMHEIos 49096
90900 LoMdML bstx by 0bgdEGHMwo bbgmewol dbys-
3bo. 39M3ZIN 3O0HOIN HIFSIOGHODY (55€gdOL (Hd-
39653 M6s) ofiygds M95J30s @o Lofgobo bBotrgzo  3MHMyM9-
s 3BIOEO M300095b9M9d0L boxbg "ofigol”  mdMMo
53390J9d0l Mgz 50dd0.

L. 8.1. dogModzommo botggo. D>d

M0 5839004900Lssb 45BLb353900m, MAL GHow o Mgg0dol
©OML 3OMEILO WM3Z50HYIMos 03OMIMEMWMOSTO, ©S
LyMbOMO, M95J300L 39053 WMIs)M0s. 5d F9dmbggzsdo
dn6952069 3m33mb96EH 900l B3b3bowgdol botggl doghmgds
093760 0937)bo, MMM Fabo gobwm®madmeo 3mea®msdol
doxz3ols  LSTPGdOm.  MISMMO  QobYMHIOOL SO DY
06030MH©gds  Mgodi30s,  MMIgos  3OEJIEIds  doge
06039330 Y50 seol Lobgwhimmgdom 3Ebmdowo @swools
Lobom. GoeEol 2536M39cgdol 5649 H30lL LoBdstg foddo smo
Bs6GH0FIBH®OL  GogolLss, bmwm  $§qd3gdedmcs  4000°C-L

50f3L.  BHmMgo gl 290me6mBa3L  Gowowme  (Hzol  Lbgos

107



A996mmy09gd30Lsasb,  OMIGWMRED  goblbgeggdom ™AL
95d300L 50 BbYds© F30MY 9bgMo0l Jofmgdss boFoMm.

OO0 5539mdgdol dmzwgbs gommss dglfogerowo 3bm-
doo 39:36096M900L, 535009903mbgdOL Bozmewm® Lydombmgzol
(Bdgol 369800L WsMYSGO0), 0530 HBYwEM30B0L, 300
53M563-3599693330L6 @o domo 800Y3MgdoL doge. gl godM-
33193900 Jgx 599005 350008 d56HD030bol dMbMYMmgz305d0
«TemtoBsle peXUMBI IK30TEPMUUECKUX Ppeakuui» [77], Lowsog
390 ddMos ImLsDMgds, MM sbmngds ofjygds 8s5dob, Hmas
3969 8obMH9d0I6 F09dME0 LOMBdM YYEHME YIS Mgsd300L
LoMdMU.

50 90900l om35eoliobgdom Bgz9b dgy3z0dwos Mbgds
3935935bm0» L 9696930310 9839JG0. 90000 dmero TiB, - ol
0390 5x8gmMJgdol M9700d0 doLowgdsE LyFoMms 325 3x/dmen
bomdm Ti+2B=TiB,+3253x% 695d30ool 9b@Gom30o0l bsbom. o3
LoMOML 0MJdol bsbgz9M0 25696 Foghimgds LolEGgdal
0wgdol  3H9d39Mmed6odg  golobmEmgdwsE. 55 gdol
A993965@ Dy LobGgds  M30mYobYMdoL  bobx by
3965363 LobMYHBOL 3BI39LL.

oAl 99dmbggzsdo B39b 3obmcmgdm D3-ol Hogol dmEr)emdsb.
0¥ 3530035¢0L{0bgdm, ®MA 9H 0 dcmeno TiB2—-ol dmEomds
V=M]y=70/4,5=16 ULO® G0yoLss, 5E30WIE ©3M(dMbgdom,
60 F-ob dmEwermdol (1008 930°%) golobwemgdes, 6 mdl
060306930L5mM30L, MOMMO 58390Jgo0L Mg70dolsm30L byFoMH™m
LomMdml dgdorombg bsHowls 309gbgdm. ommsg, Mgo®
306039030 AL 06030MHgdOLIMZOL LsFoMm MdMEmO bs3so
dgeyggmodl  40-100  3o/L3®  (odol  Bobwgddo,  bmerm
060306930l boby®mdwogmds 0,05-5 (sdos.

0L 3GM 390 gOHMOo gbg300 WOMMbMIM0MWOo SOl
695d3ool  9my3zoambadl.  ™mMogzg  dgdombggzedo  3MmgLo
93BMgOIME0s, b Ggod30o  8080bsMYMAL  LomMdMU

108



399Mmymzom. 5933500 9ABMIOTMEo 3OMm39L900L AbyogLgdsd
0530005639  gosBobs  3ombgs, vy 306 Mbs Bsomzowmls
3505w G99396M5GHOwo Lobmgbols s0dmBgbol s3GHMMs. qu
Logombo  FmOL LEowgds I MYl s MBOM LTI~
Wwgdm03 LRIOML 2569379036905, Foacsd 85063 F03534MHrd
9300b39wol ymsEgdsl 08 oMgdmqdsls, Mmd 0900
F90050039d0L  ©oPbol 53 obGHMOoM 3MMmaEgldo dgdo-
600l 0bLEOGHWMAL s BIOOBIBE o35d9L ™ol fowro
5930 dg@sboro.

36OMmx. 905560305 s JoLds J0dY3¢Mgdds, TgEHowmmgMOIool
Lobgwom 3bmdowo 36HmEglgdol  33w0935 Folwyero Lsrmzmbol

70-056 §ie0gd80 ©o0fyqgl, o3 3Mm3gbgdl Lobgwos 00350
3979609l s AL F9o6d39L.

50580560 dMbgdom 3MBLYMZoBHMO0s s BoMo  Losbengls
1393303MMS© “9YOOL. sbg dmbs MAL 99dmbggzsdos: Jobds
50dmBgbsd 53  LYIOMTIo  IME35Hg  TgBHOWMEIRJIOLS
&996mmygdol  3OHMELGHO 39dmof30s, Mds3 I60d3bgem-
3650 99583960bs JoLO FoMHOM® J93M(39EYOS.

3oLEo bym37bol MPbLAM3096 (fergddo, WGseols IgEowe-
300 B3Ol 1533530, 939009303MmLO SBsG Mo gs¢Merobo,
5390093030mb0 Mgy d56bobo, MHMIgwoi 0075050 LodFmgmdo
3boEro  39BHoMa0o  3gdbmemaogdol sbgMazol gMom—
9O 0335390  IM0sBMPPMEs, @ AL 3BMEgLoL
396G MM0 Boamgd0 — 8590b XM 30093 SboASBEOS
360033980 5egJbsbMY IgMEbm30 s Bolio gy, oMoby
030635005, — B39BL 0BLEHOGHMAL LEGIOMOdWHI. dmbydMHO-
300, 59 L5300bMD 353800900 35350  Fo0ToMIMS. 5T
bgdobs®do  AMbsfogmdbab: MM  az9wglosbo, amGo
39396900300, bMBs6 Dmody, b (39490908300, SHBROE
Bo06Msdg s By B3960 0bLEOEGHMEOL IO GEods.

109



d929bL9bgdm, ®MI 4MMd  339wgbosbo  WomMmbmg®Imwo
360m39Lgd0L  3bmdoo 13gE0solEBH0 gobwsm: 00 M-
obm30lL 339 399md39Y690o 3Jmbs 3 Lszombgdolsdo
90403600 ImbMma®sx305 s M350 BESE0s. T9M56m30L
dodmboegomo dmblgbgdol 99dgy LHmMg 956 Fodmofym
oL3ML0s, A963MBS 0mMbsmagbomo Mgodi09dol  s®Lo,
o3 3Molbdmdl wommboll s©0gbsl domo bsgMHNgd0IHb
(5962999930, 3sermy9gbogdo, LYIBOEIO0) MBOM ToMIEO
59BHogmdol  ddmbg  wommboom  (sewmdobo,  dsybowmdo).
9629999306  sedobom Womm™mbol  s®EYgbol Mgodizos
X960 300093 6.99393™305 s0dmsbobs o Fgolfjogers XIX
Lom3mbol 8995 (awgddo. dgmisg  Lomzmbol  olsfyolboab
RIOOMO  29303ICEs  5edobog®doo,  oabowmd-mge-
doMwo @y, BMYPSPIE, WoMmbmgMHdomwo  3OHMEgLYdOL
Lobgeoom 36mdowo 3@ oMo 39dbmemaogdo Lyygos,
MboboMds©Mm  ommbgdol -  BoGsbol,  bomdowdol,
30630mb0dol, JOHmdol s Lbgsms dolswgds. sliggbol Laboom
053Mb3s> 4M53ds 50b0dbs, MMI 0y0 396 gLzl 3GObE03 M
396Lbgs3905L  MAL-Ls s 39393™30L  MgoJ30sL FmEOL. 0
3985080 41)M53L IboG0 59905 535009903mbAS 3¢ Me0bds, 30093
MRO® 3doxz6M 0LHMOMS 535009303MmLTs d66obTS S, BMAI 565
d53mbo  89MHE0bsbol  dMIBMWO  3MEwo@03s, ©OL3MLOS
MM SMOLsLYMZge Lobgls Joowgds.

053Mbds  7gME0bsbds  3odsmol  obBgbo  BHgMBobm-
©WMR0M0 9053190 Mds LObYEs, 0090 Fodmmd3s, GMI
©OM Y39wsx3gml Bomobsm 50wl d0Bgbl s boByslidom
50b0dbs, HMI IgM56mz0L doge doMgdwo d9wgaq00 39EO©
LsobBHIMGLM s SMEOEGdJ0s  FoLOEsmMI3MbyMdOL
3693900l 2500L5FMIWS. b ym3z9wdbGH030 IbocmsF e
3°00mmEbos  dgMgobmgl,  gobsgbos,  GMI  »dls  Bgzqbl
0bLGHOEMG0 1339 BsbgMyowos, s LsdMms sbysbmdol
LodMgH3gem  6560Bg6gd0Es6 AL IMMgboom  BoMgdywo

110



9569560930L 3mb6396@®5GHO0 s 3.00535d0l Foge oo dol
A9IOHO0MOM5BH0sb  (KBFs) @ dmOob 996006  (B203)
sergdoboms s 3sabowmdoom  spgbowo  gargdgb@emyero
™Mo, dMEOOL 35MO0EOLS s dMMOL bo@®mool bodwmdgdo
Do 065, ®MmIgdoi AL Fobslfsmo seEygbol Mgg00d0
0ym  300gdIo.  spbsbodbsgz0s, MMI 53  3H9gdbmEmaoom
90090 dMEOO 439w 396M53gBHM0m Lxmdl 9.f. dmobobols0
d900m©om oo dMOL. dmy3z05690000 b GH9dbmeomaos
0963539000 B50bgMs obsam®li30l dm®mol Jo@bobsdo.

obEHME05d Fgdmy30bsbs gl LGsmo, MHMIgwoi 93 3bsMY
358500b 967 ©EIL X3O0L YRILAHILOWDIS FIPIQIIYO.
53500930303 5.996556m385  5M9B39wgdM030 9JL3MgLoOm
©H9Mow 530l 93GMBOMYMOBOM0  bsbosmols  ffogbdo:
«Jlydime GBITH HY>XHBIM, YeM CBOGOZHBIM...» [78], 53 3960393090l
dogwo dmbs3zgmo ormdm, MHMIgwoE sbg ILIMIE:
Wucruryr wmetaurypruun u  Open Hecroposuu Tasazze. of
AMHORIIO ©S OO 1BOY35MMEOMsS IMMbOHMdOWO 5J
3960 bY.

FoODES3, OHMymOE 05@™MbBTs  BIME06s6ETs  offobslifody-
AY39w5, MM Y39WsxgOL LyMsbsM SO Johobs, LWL
F9005003 90>  ©o©P9bowos. 09350 »,CBC - 8603900l
39033193900  S@ILGHMMIOL 3Mmg. 6.3939G™30L Mol
0350wl Wommbmg®dmwo  3MHmEgLgdol  50dMBYbs-Tglog-
580 O 50sMYOL 3gMdsbgero dM9H3gols 356l geend-
900l ©ALEbEMmIdIL 0gMHToGEE batgz90do Mgodzool 3ol
950900  296bmM309egdol Tgbobgd. LHimGmg dmeddo@ds
5535396 1895 gl 3Gm3EgLo, HMAgELsg 89@sMmmgmdos

10 5660 3495b560 (1852-1907 §f) - 3Gobyo Jodozmbo, bradgeols
369000 9530 (1906). Job bobgErMb sbMmEoMmEYds dmGOL
96200006 35360300gMH M0 509600 STMOHRWWO draMol
L5893 ™ FoldEd0m Jo®dol dgmmo.

111



Mo, 98 3OmEgbdo 30603900 0Ym  dddMmYgbgdeo
09MHdode 6509380  WMIsEMEO  2obwEgdol  3G0bxodo,
M0dgmog B39E0sMMO  Bserools d9dzgmdom bmGmEogw Y-
0o s 306 BHow ol Loboo dm3IEMd5d0 3MEFILEYOMS.
0530530039W9Q©  BOW0sE  d3M0dol  3gmmgbools @
5endobols Bogzo 459m0ygbgdmes. 58 Hgdbmemynsd gsHm™
3990yg9bgds Imodmzs dgm3g Bo3mbol sLisfyolido ggMdsbosdo,
dmag056900m, 1915  fewosb  Gmlgmdos,  La@zobogbm
M9bgdol  Jgomgdolsmzol.  smbsbodbsgos, MmA  d580b
36MHm3gboLYMZOL  LoFoMOm  mgMdo@mwo bsdgzo  033mMHEHOL
Loboo H®Mlgmdo 390356006 99dm3Jmbosm, 1925 farosb 3o
3ol Imb3Mm3z0lL MYMHoGHIOo Jo®bobs 58BoYds. bobslidom
Mbs 503608bMm, GMI AmEddoEEHOL IMM3sfgmds dgibog-
0905H9 593136900 d0BOEYLOL Lor3gmglim Fogowr0m0s —
30035605 ,,Goldschmidt AG* Eqbsg Fo03s@gd0m Logdosbmd,
bowm dobo dg0crmdoeo 30md3s60s ,Degussa®  dbmgaromdo
09030 900b 439esBHg dbgowo 3Fsdmgdgwos.

1 B9 58 6099sbLAs godmofizos 339LedYIOL sbmEosEOs
112



f ‘ | di i i-:

5

—- e |

L. 8.2, 535¢093030bgd0 — 5boEMEo 35¢MeEr0bo, BIMEObsbe 03539
5 3GMBYLEIOYO0 — 5engdLabeotg FgMesbmzg0, 0MH6s dmMMzobligsns,
09630D Log s, %9396 bobmsdg s 3Mo (35856903300 X3GOL
ORILGILOB)

obEMOOMwo  F933sM0EJOol oI 0S¥y TgodoMs
9961556m30L L3meEol Gmeo ™AL 3OHMEqLOL  gobgomsmgdsdo,
56599 29HoM©s ToLo  93BHMO0GIGH0. MAL-T5 255900565
99BHOWMmgMIMmo  M95d30900: Lobmgbo wasBm  Mgz0ddo,
3900380353008 306HMdYdT0, BOWEGHMIF0WOo 30l OOHML
Hobobfoo  50agbol  Msbbergdom. Moz  MBmogMglios, 9u
360m39L900 gobobows 565 FsMmEGHM GBI MEMZO0L Mo~
b930m, 505990 30l MgMOHool BsMBMgddo, Molog Logwy-
d3@9© 9™ 39M756Mm30L (36MdOEO 50dMbgbs {30l Bowr®ols
533)MMHY300 M9:10dd0 o3 39egdols Jgbobgd.

Bgdol dbG0Z 5399953900, HMA gobliv3Mm©mYOMWO M30L9dSS
SEOM, 0b6G030s. 9MMOPObIMMHO 2505(Y39¢0wgdol do-

113



0905l BHmEMgo  serem  2sbLsbEgcegl. 393609M9gd0L oL M-
0580 36053500 BogdBH0s 50HgM0w0, Losi 393bogMOl serMma
39bLOBEOZMS FogdMEo 89 0. 958 MZ5BEBOOLO’ doEMbo
196006560 259mMByMwo 3530 0gm, 0bGHWOE00L LomEsMo
3Mdbmds sl gmgzgurmzol oM GHoz9l s LHmO  go0sf-
939GHogosl  3oMbsbmds. gl 35HoMS  BEMRIBGHOE 530l
LGOS, bbggdologob  oblbgsgzgdom  dsb  0bGmogoom
06(jdmbs Al Loggomy, BsbgMs 0bLEBHOGMGHT0 gl Looberg s
Dargdoo QomLftMm 056599MHM39MdL.

©39Mmm bsogardo sdymag yzgars, 3063 o dmgzogmbgom!!!

8.2. 353963900 oldgMlivyemdol Gro 0L 3GHm3glido
(009®3mgo80vMo ©EsLsdYDS)

OM63 B9Imo 503603690, AL 3OMEgLOL gobbowrgols Mml
B30bl  Alxgarmdsdo  o9mygbgdcmos  Lofyobo  35BIol
MBomGH039L0 IMEYE0o, GMmIWol Msbsbdssi IbgL39gEMdsdo
560 80009ds  gbgbool  FoM33egdol  IMOmRMEMYO0IOHO
0530L90Mqd60 — obobo {o®mdmoygboos bLBgOwmwo dH-
0)gdol Loboo. 5358 9dsGHgds 3093 9o FgBOMIS:
050WZIOILYNBowos  Bb3borgdol  BGsjzorwo  pdblbg-
53995,  Mmdgwoi  Im3gdMo  dsM3ol  gbgbogrolsmgzol,
O0amms fobo 10-20 % Bobawgddo dgemygmdl. sdy3565,
Loflgobo  39Bdo  gobobogrgds, OHmymOE  MmM3MI3MbIBEH0560
wonmbn®o (TL,Cr,V,Ni...) ©s sMswommbydo (B,CN...)
13b360wgd0L bLEgOHIo bsfowszgdol bEGs@EoLE03MMo bstgzo.
39630bomm slgm botgzdo AL 3OHMEqLOL  2s630maMgdOL
394560%do (bme. 8.1). M9g5g30s ofygds D s d bsfowszgdol
3M63odBHol 50w gddo. gl gobEbowgds GHM0305¢MmOs ©
3963563l 96 LoFoMmgdl, 30606 vy 3mbGHsdBHo o6
3°6bmOE09Ww©o, 439356 3OHME9LBY 3560530 BYIYE0s.
0505b553dg, bs 3035MMEM®M, MMI Lb3sILBILObYEs
3635JHgool  Mrom©gbmds goblob®3zMogl 3OMEglol {o®mds-

114



G909 sLBFYOLL. 59 9D QobToMIEBHYOL 493539079000 ¥ GO
13bgbool 99ds0y9bgero bsfowszol Bmdgdo GHmeos, dsdob
domo  9gMg30lL  Tggad  000gds  dmbmg®madiomeo
M 3033mbgbGH0sbo  LEHIEGOLE03MMO bsMgzo. Sbgm boGmgzdo
390090 50dM35606mm bsdo Lobols 3mbEod@gdo: bsfowszgdo
9690056 530560 L3l bafos3zgdl s Hoedmddbosb 1-1 o
2-2  Bodob  3mb@odBHgdl, 0s3®ed  o®mdmddbosd  sy®mgm3zg
bbgoolibgolobgws  (39390magbmer) 1-2 Godolb  3mb@od-
A90L53. LASGHOLEBH03MOO BODBOIOL IO GdsMS MobsbIo,
b9 Jom@Homeo bs69g30L 9bEGHMM30s GHmeros:
AS = —R(N;InN; + N,InN,), (8.1)

JONLIbYWs  3mbGJBHJOOL  [omBmddbol  sEdsMds 3GIM3M-
MHE0wos 3033mbybEoL fowols

B by

1-1 :NZ.
ZN, '’ ZN,

=Nj;, (8.2)

b Bbgoolbgolobgams 306G od@gdol Hobgo s0fgmgds

103YGHOOMWO 35MHOMOM
b,
ZN,

=N\N,, (8.3)

Loo3 Mo Bofioes3gdol XsdMMo  Gom©gbmdss, bmeom Z —
Boffoes3gdols  Logmm®mobsgom Mopbgos, GMmIgwos LoLE-
990l dmbmxz®mod3omwmdols asdm dmdozo Loogs. (8.3)
AMmds B3z9bl doge  bgdmom  domgdwo  (5.13)  godmbs-
bagdol LoboDBZmM 30MMdss. FosONWsE, vy D=d, 35806
a=pF=4 5 (5.13) gmOINws 53 Lsboom Rsofgcgds:

AN)

= N(1-N).
ZN, (1-N)

115



9oM5d Lbbgosbbgs Bmdol LggMwo bsflowszgdols gemgzol
d9000b3935d0 gl 396MmbBBMI0gMGOGd0 56 LOIEPYdS. B3
bgdmo 36sbgm, doxModzow 6569300 4oeodgds dmbmg-
Gogd30wo  BLEAHOMJGHMOOLOYED 9339060  Foblibzszqdmeo
LAHOYIAHMOS s, LsMsbsm, bbgssbbgoliobgas  3mb@sd-
G900l MHosbzog  M5035WMO  (33€0Egdsl  2oboiol. gl
530d©  d9odegds  FoMdmzoaobmm, vy  ghHmbsoco
Bofoaszgdol  dmmhgldoygdger  LoliEgdsdo dom  Qo6M339w9ew
(om©gbmdsls  Jgga3wrom, 9o  dgdombggzsdo 0039
om@©gbmdol s BMmIol, opa®oed Lbgs gl boffoszgdom,
bogem  dgmeg  dgdombggzsdo  MBGMm oo  Bmdol
Bofoamszgdom. 30639 dgdombggzsdo Lbbgoolbgs 9GOl
Bofoemogms 3mbGHogdBHgdol Gom@gbmds, 96 393 9gMmygbmeo
3Mb6@9dBH9d0 990degds o8m3m3oeMo  0JOM0 bstrgzol
LEoGHOLEGH030b  (83), Tgmeg dgdombggzsdo T9-5 o3do
fomdmoygboco  dmgwol  msbsbds  (5.13) gmGIMwoom.
5939 MBS gogomzsoljobmo 9Judgm0dgbG s  396Mo®
oy 000 BodBHog 0dol Tgbobgd, MHmI AL 3Gem3glbdo
399myg9bgdmmo  wommbmmo  Bbgzbogdol  bafowszgdol
bmdgdo (D), OGmymoda fgbo 3930o© FgBHos MOwommbmmo
d-bsfoenszgdol Bmdgdbg: D >>d.

36Mm3gbo  ofjygds  898gabooMs:  Mgodsowo  Bmbol
9w9896@ 9O ImEEmdsdo, Lsfigolo mdMEmo 0d3mElols
dofimgdol 9999y, O®MmIgEo3 bmME0gwgds Fglolsdgd®
3m3Msdol  igoo  dogol 49350350900l FJOIROO,
bbgoolibgoliobgws  3mb@sg@Hgdol  80sdmgddo  30moMdS
695J30>  99s60o {30l 3MMEIEBHgOoL  (dMmO0EIYd0,  35MdO-
©9%0, LOE0E0Yd0.....) FoMdmgdboom. 8 OML QsdMYMBO-
o  bomdml  bsfowo  @wommby®o  bsfowszol  ©bmdsl
bdoMgds, bemem  bsfoo  F03OMAsMgImL  gomdMdsbY
0bosMx9gds.  250bsMI0  omMbo 5139l sbemo  Fodm-

Joboew  fizol  3MMEMIBHIOL ©o  3930WsBIMEo  2obrg®mol

116



994960Bdom Fgomfgal gobwEmgdmem, Joa@ed M9od3osdo xge
56 dgbmen  Bofioerszgdl Imeol s sbas Bomomsb ol
MO0009MHNJI9gd580. 5933505, 30l GHowms  m30mbg-
O J9OPPOIS  Bofiyobo  60dMTJol  ImEwErmdsdo.
0bogho BsBs 9xMmdLIOL M9o296GHIOL TGOl 3:bGOJBU,
5dm0gMgol  mdm— 5 FdLORd(3gIoL  3BIM(3gLJAL o
000@05b6mdsdo  0bEgbloxzoEoMmgdMwl bool 3ol 36mi3gLbL.
5d90096 259Mm30bsg Mbs 3035M9MM®M, MMI Go3 MBOM
d9BHos 8m390m ImEEemdsdo  bbgoabbgolobgms  3mb@s-
J&9d0L ®oEbgzo, dom MBOM (omTsGHgdom gobbmMmEogargds
P30L  3MmEglo. BsdsLosdy, Bsbogol  AMmIBIEMIgEHOHIEO
doboboomgdagdo 56w LAHO®YIHWOS  AoBs3oMmMdYdL  0d
L3965, H@Iomsz ML Mbs FoMoTsMOMU.

LEOWWOsE  BMYsEs© ML MYMIMPObsdozs  Bsofgegds
99990 Loboo:

Tp

f c(T)dT = Q — Z L. (8.4)

To

b 0. BgwM3060L BFMEOHIMWOMmYDss s SLobogl ™AL 3Mm-
39LOL ¥ME BoESBLL.

03039 @90 gdsL  06BHIYMo MmO  BmOTom  sby  Foedm-
509b9b:
Q+L
Tb = TO +T ) (85)
ooz O — 695J3ooL Lomdms, L — ©bmdol mdm®o gi39d-
&o, Ty — §30L Fodbodscr®o $H9d396ms@6s, To — Bodmdol
LSPgobo FH9gd39MsG YOS, ¢ —379PMHO LoMBMFYZOOMDS.

59 Lbobom Bofigmowo mdMMHO B5esblo 5693056 0bRmO-
dogosl 96 goiegl  Lofyobo  Bodwmdol  LEGGOWJGHMEIMEO
0530L9099M90900L, o0 TGMOL OB MEMIgGHOMEo Tobslio-

117



5090¢qd0l dglobgd. B3zgbo doBsbos gl 3oHMdYdo BozfgHmom
Bofoas3gdol  Bmdgdol  05658IMMBIIMS  gom3ool-
fobgdoom.

6954305 0fygds wommbmMo bsfowszol bgsdom by mBd™
9oty DBmIol  9M50mMbMMO  Boffoes390mb  3mbESIEOL
5Q030q0d0. 300g35m, 030 3MEIWEIYds 1 B9bsdo, HMIwol
boldg 353oMs bsfowszol ©osdgBeol (d) Gogolss.  dsdob
095J300L MdMM0 9x89JG0 04bgds:

Q, = nD? ndy,AH; (8.6)

9B LoMBdM ObIMIXNJOS WOMMBMEO Bsfoszol AoEbmMdSLS @
doll 06303 49MGIML 2omdMBdSDY.

wommbMMo  bsfomszol  golobmds  LsFoOm  Lomdm
AHMEoo:
Qi == D3yy[Cy (T, — 298)L7], (8.7)

Bo@IG Vr OO ¥m LOMOBsM®, MgoJ300L 3MHMPIEJOoLs o
bLygos  ommboll bggo®omo  {fmbgdos; AHy — 6godioob:
nM+mN=M;Nin 379060 Lomdms; C; — @oommbol bsdrowrm
39900600 0BMOMMWOo LoMdMGHJ3oMdss 298 — T, (3$9d39-
OGHMOME  0b6GH9M35¢d0; L] — @wommbol 3moMo ©bmdol
LOMOMY.

5939 Mbs  903603bmm, MHMI  M9o296@gd0LsRD  BogMomols
0o00mgdbol Jodom®o sg@o 103 — 101 {880 bmOEogwgds,
dogar 609/ ddo (j30L 3OmEqlo 1-10 Fodl gMdgargds, bmanm
B0dxdol 353039056 100-1000 §sdo LFoGmegds [79]. s3y3565,
THgsggoob << thgob << Tasgogdol @ G90d9ds 30356059 M™, HMJ
@OMOL 53 FoLIFHH0F0  Mg5J30Mo 39605 0DMWOMHYGONIO
LobGHYTsd, M5PS6 A3MGIMLSD POdMI0TME3EsL 396 SLHEYOL.

5J9096  290m3obstyg, Bgdmom  sefgHowo  §zol  gargdgb-
AOMwo  vsdBHo  Fgodwgds  3eologmo  0gmIMOobsdozols

118



RO 90T0 gobzobowmm s Bsgmzswmm, MHmAd (8.6) s (8.7)
0565835M©Mds 00096@MM0s (8.4) s (8.5) Bsbofgmols, dopa®od
omob  2oblbgsggdom Tgoi3o3L Bofogrszol bmdgdLyg, 96
0683mMdo30oL  Loffyobo  x3bgbowol  4®msbMeEmdgGHG Mo
390500996 md0ol dglisbgd.

5939 005Ldy3 303Y30m, GMI gbzbowol EOL3YMLMEIMBdOL
doboboomgdo® MmymeE oo  99moygabads  3MMOO Rom-
ool 3690s. o3 MBOM  (300wdsMi3emgzsbos  gbgbowo,
doo  NBOM JgAHo JMNMOO BoOMO QoBb0s Fols. gl b3dom
DMGo  obsloomgdgeos  Jmbmgmsdzomwo  gbgzbowols
d90mbgggodo, 0og®msd 396  sbobogl  59J39@H M  dORO-
5J3omo  Bbgzbowgdol  dyMIsMgMdL. 5d9ob godmdo-
Borg, MOxMOgLOS  BOGMOJ30Eo  gbgbowol  dsbobioo-
093 gd0 oM 330l BMIGO0m FodMolobmU.

3930blgbmm, OHmd gmbdgos  (5.13)  s0fgdOl  sbodgGHOMEo
35650MmEMHo  FoMgdol  mxsbl, Gmdgwbog doo  MBO™
39bMomos J30609 Dmdol 3mI3mbgbEBHoL3ND, o3 MBO™
d9Bos (D/d) g3sm@Mds. 656930l 3md3mbgb@gdols 9609369-
wm3sb60  4msbMwmIgBHOHmo  bgomdol  ©@OML  (D>>d)

30380309500
J O\
B =(1+5j doob{iMoxgol gmmollzgh s dgodwrgds Bogom-
3omm, M3 Bbgosolibgobobgws  3mb3odBgdol  Gogbgo
2
0bMHY0s (%j -0l 3MHMIMOF0ME5Q. 5333505, Boffoemszols

bmdgddo goblibgogqds gomol dbMog byl MFymdl 3GmaEglol
39630056905L, o658 5853OMMSE 30O 35bmboom

3
(gj DOOL  @ommb©mo  bsfowszol bmdslsg g.0. dob

119



3oLOEbMdSE  LyFoOm  LomMdml  MoMmEYbMdsL.  5d9s6
399000656, 3boos, MMI  Mgodgool LomdMULs (g ©d
@omMbol bMdOL LOMdML (g) MobsGsMPMBs A5BLEBOZMIZL
LobmgBOL 3MM3gLA0 A5630M5MYdVE dmgergbgdls [80].

Boglgdmo (8.6) s (8.7) 99990 Loboon:

DY _ DY
q. :m%Q(gj d3, q, :%}/m [Cp(Tf —298)+ ﬂ{;j d3
8.8)

90goRdo (¢:) @ (9) BI5Is0mbo@ O N30
Bo6g30L  aMsbMermdgBHOme 89950y 9bemdLMb,  Losg
3098030gbAHvo:

imrg s B=27l0 (1, 29944

3oLsbo  49boLoBOZMGds 0MbOLy S  SMOWOHMBMMO
f930ol 0gHImgdodorMo 3s65d9GHMIO00.

bmgos (8.8) xgmbJgool Lobgl @oblobegtog A ©s B
dm©doggdo. oy A < B, 95006 (q,), G™Igmog 339060~
GO ©IM3Z0YdMwo  D/d-Bg, ymzgwmgzol bozwmgdos
(@), Omdgwog  3B03NOO  EIIMIOEIONLWYO00  0F3LIVS
D/ds  dobggom. gl 0dsb  60dbogl, ™I  wommbmdo
Bofoaszol  aobmdobsmgol  LbsoOm Loomdm D/d 9439w
96003690 mdolomzgols  5F56M¥90L  ©godgool  LomMdML s
5003Mmd Al 96O obbmMEogwgds.  Gmgs A > B, Did

3903390, Lsfigol 0bGHgM3owdo g >¢r > §3d> ofjygds. Did
9L 06¢gM350 Jom MROHM BoOMYs, M3 dgBos (4A/B).

3bs©0s, M g, > gr306HMmds Bb3s BogdBHmEmgdol dvydogzmdol
306039000  (b569g30L  JodowEmo 9o 9bwrmds, {6930,
BOOMO0M0 10I33M03g s LbZ) ABLEBZMIZL 3ol 3GMm;s-
9ol Bzme 36033690 mdsL. (8.6) s (8.7) 39b6GHMegdom

120



3960LsBE3MGds  Lofyolo  30BTol  333MmbgbE ool  olidge-
bEmds

(Dj _ 6ny,Q _
d), 7.1C,(T, —298)+ 2]

A
5 (8.9)

G0Iol Bgdmmsg Lobmgbol Mgodaos §30L GHowmol Loboo
56 293M3IWEYVS.  BOOEMOS  A/B 35bLbsBe3magl  (D/d)o
b3 36083690mdslL.  Boqowomobmzol, LmGemby 8.2
dmygzsbowos gl gmbdsogdo  Ti-B  LobGgdoLomgol, od
306Mmd0m, OMI ©95J305 9080bsMYMAL ™mG Bqbsdo (n=2).
50539 ©@OML  BMYPSEOMOIOL  IMOPZIZWO©  FJodEgds
dogommo (d=13309), 306506  gMmMoLsRsD  2sblbgeggde

g4zgws  890mbggzsdo  239969ds  sbscrmyomMo  ©sdm3oy-
dmqds6o Lbgs BsLBHddo — (d°) BsLBEdYoO.

"b@s 50060dbML, GMd 1<D/d >(D/d)e 3m3s 0bEHgM3s¢00 Jom
39305, M3 NBROM ©O0EOos A/B. A ©@5 B sdLmemm@m©o
9600369cmds  goblaHezMogl gr— gr LbzoMmdOL  sdBMEE©
36009369 mdsl. 9306y D/d-Lsm3zol s sbg3g bBEWOdOL
900@s3mgddo Lb3omds gr — gr 9306MHEYdS s  Fgbsdsdolo,
LobgHBol  9BIJAHMOMDSE 3O MdL.  sdom  S0bLbgds
9930609 IYHIB0o GBodBHo 0dol Tgbobgd, HmA Al
©OML wommbm@o  B3bgbowgdol  oL3YOLYE™MdS (D),
09305 F9BHos  9M3omMbmo  Bbgzbowol  oL3gMLvIem-
05Bg (d). 5d9ob BsbL spgmzg olog, ™I 8936mvbgdmwo
©OoL3gOLYEMdOL  F9dmbggzsdo  LobmgBo 96  ©s0fygds,
0935 bbgoalibgolisbges 3mb@edGHgdol 3mbi3gnEos dosgrsdo
&Bdo.

gb®odo 8.1 dmEgdmeos Bmyoghmo LolEGgdol 0gMdmdo-
domEo doboslosmgdgdo s (8.9) mEOIMEom bssbaseodgdo
(Dld)o b0z36mwo 9608369 mdgdo.

121



044
4

0,3 q,

qx10°, qx10% 7]

0,24

0,14

(D/d),

0 10 20 30 40 50 D/d

bm®. 8.3. ¢r ©5 qr ©33M300090Mgds Ti-B  35Bdols
3MbvyemIgE@een 893509906 mdoL0 [80]

3obbomwo  dmEgom Jomgdmer 9gAgdL 96  gosBbom
3693H96%0os o LoBNLEBHIVY. 296309MmOEId0 ©s 0Ly
30¢Y30m, G™mI ImEIwo dgBHo 935MEGH0390L  Bbgbogols
LAHOMIGHMOL, 030 9O 0m35¢0olHobgdL FBbgbowol bofogms-
3900l IMOHBMEMYOMH s B30I M350 739N M369d5L
Bofoszgdl aobobowogl Gmymez LBgMmer 3MOHOME9DU.
095006 Bofowsgl  awmzo  LEIOMwo  BYI30MOLOYD
3obLb3039000  205BB0s  Q9B30MMGOMO  3ws3bowo  Bgs-
3060, 300qd0L fgbobs s Jodo®mo 869306 AsdmMIEObsty
Bofoamogl  dgodemgds  3Jmbgl  §390m0olgd e,  OXRdOL-
303500, 0mF3MbgdMYOHO S 9.0. FMOTs (oMTJIMFOOHWMBY).
9909390, ©950MH0  boforszol Bgsdo®mol gsGmo dgGo
096905 08539 ImEMEXMdoL LBIOML BIPIS0MHOL BIOMDY, Mo

3°900(393L  3939OHMygb Mo  3mbEsgEgool HoEbzol sds-

122



A900m BOHOL 5, TgUodsToLOE Q- FoBOHLL. sMIBGBYOHIEM-

gbMogo 8.1

B09600 LolB Aol EsTbBOsMYdIo (D d bEazGEo
3608369emdols 5696080 [80] dobgzom

X 103336039,
< = o /L33
2 © * [y
c * 0 ~Z (&) l—“
25| Bl4n ¢
° *3 0 ) o) b
g | £ 37|88 |2 21 8|
3 5| 5 | &c | € = ®| 3
5 S 8 = a
£ S 2 ‘g € © = c - - e
2 % Q ¢ 2 g ) < [aa]
8 ) IS} = 0 :8 8 ')
kS Q s] e © 5 g %
> ‘% & £ 1s] 4 W
=S ,, & c -
S? =
el

TiB2 4,65 0,305 0,611 1941 | 451 450 | 126 | 2,95 43

ZrB2 2,87 0,211 0,309 | 2130 | 6,49 6,10 | 105 | 2,52 42

CrB2 1,25 0,402 0,643 2148 | 7,14 5,60 42 5,65 7

NiB 1,44 0,292 0,541 1726 | 8,90 7,39 64 4,73 14

TiCoeu1 | 3,06 0,305 0,611 1941 | 4,51 4,25 78 2,95 26

ZrCoss | 1,96 0,211 0,309 | 2130 | 6,49 6,40 75 2,52 30

VC 1,59 0,328 0,656 | 2173 | 6,10 5,36 51 4,75 11

TisSis 1,78 0,305 0,611 1941 | 4,51 4,32 46 2,95 16

123



o0l Ibg39w™dsd0  FoLOMYISE, ToROM0MO, JJ3035¢gb-
GO0 LBIOML bgdboom [82], Mgscrm®o (D/d)y wBGM g@o
096995 300069 (8.9) gm®IMom FgxzslgdEo. FogMsd of o0
6015BLgdDY gMEBIEOPYBSL 96 253585H30 O™, MOYSD 35~
65300 05350 BO3OWwOo 9539JG0L sOLYOMISBY.

650905 M9oeEm0s 53 9539dGOL 9OLYdIMBS? ML 3Mm39Ldo
Bofos3gdol BmBoms mobogs®momdol 490s3(y39® 9609369-
WwmdsHg F0M»0mgdL 9090 Boddo: vy HoMmdmzowygbom
wom™bol doerosh dubgowo D bsfowszgdols s  §3Mowo
3M5wommbmMo  d  bsfowszgdol  BoMggl, Mold3z0Mm39w00,
B30 990mbg93580, MM3S D/d—0 ¢bs dmzgem@gm, Gmd
36MOMm39L0 96 s0fYgds. FoRd0MO©, YY) GHOoGBoL TolvE
bbb dmgsme3Lgdm dmGOlL Bb3bowdo sMs30msMm0 {35 56
dmbgds. 9l M30OHgbo Jgdmbzg3ss s 9d9b Fodmdo-
Bo6g Mbs sMLYdMIPIL OL3YMHROMIOOL o bEMEdMO,
3ol J399mmsg 303900 o0fiygds.

50 g5gBoL  gdu3gM0TIbGH M EILIdMYOSE  FJOdEYDdS
9030B60mm @.0535d0l dogM qLlogerowo mal JodEobsdgmds
A0BGob-dmMol  LobEgdsdo [81]. 53 bsdOMITo  EHo@sbol
©ob3gOLeEmds Lofiyol 39Hddo o3grgdmes  6=40-300 930
BMAWg0do, 3oL 3bgbowols IMwdoz0 oL3gMLLITMdOL
3060md9ddo (6=1933). 65dOMIdo Bmyzsbowo dmbs398900s6
BobL, ®M3 999330900 ommbol — Go@sbol  §=40-100 930
©oL39OLY™MIOL  EOML 3ol  3OHMEIBHO MORIDLS
P08y gbomos GHoEsbol 3mMoobs s OdMMmOEOL Laboom.
Lofigol 30Bddo BHo@obol 3mb3gbGHMogool BMs of3g3l TiBa
(omE9bmdol  dgd306M90sL s TiB  BeAEsL.  woommbol
©oL3gOLEMdOl 999y BOEsL (6=100-140 930) 056 sbemagls
0530699850 G0oGsbol godmymas. 6=200-300 938 OML {30l
36MHm©JG0 9903905 3HoGIBoL OdMOOOLS s MO30LYIRSEO
G0Gobobogsb. BHoGBol oL3gMLmdol g0 BOHEs (6

124



>300 930) 0f)393L LodME MM 3OMEJEHOL boGolbol 333900605
39995698905 — oGO0 603MFgd0 bolosMYO0D Fowsero
RMOO0bMOOm, B0 Lod@zogom,  bdod Tdgdombgzgzsdo
030mb90MMo© 06:)(9393056.

b 533063905 MO 35bsBOOLoMss  IB0I3zbgermzsbo,
306390  — 00  330B39690L,  ®m3  35BToL  Lsfgobo
30033mbgbEgd0l  BMoggomwmo  89950y9bemdol  Bomsbsm
3300 d90dgds 35M9omMmo ML 3OHm3gdo Jowgdmwo
36OMOMIGHOL  BoBMMo  F9oa9bwmds, s  FgmMg, 0o
330P39690L,  Omd  Ti-B LobGgdobomzol  53Modiomeo
399500996 md0L Br3®eo Loowy (D d)o ssbarmgdoom 300.
b 93000%IO  5FoMBdJOL B0  Bo5bRIM0T9d  LooIL
(D/d)o=43, 053053 3oebobs  F0MMOmMGdL  DBOYOHICOL
3OL9dMdsBY.

8.3. 0goeMo M95d30vero 3965 s AL 3Mm3glido
LGOI EHIOOL JsGMZo

OmamOE  Bgdmo  ImbsmbOMd0Ib  RsbL,  3g@gdmaqbmeo
3MbGodBHgdo 9603369cmz96 MMl 15353mdgb Fot33em36
5699080 3090bsty 36Mm(3990d0. LsdfMbsMME, 3MogdE03Me
154d05bMd5To 5T Lomobosm  YMMoMgds 5O 9d393> ©o,
990990, M3 ol 306MHMdYd0s  IYIBOED,  OMIWYdO3
MBOHMD3gymRab  dmEgdmewo 9935 9bwmdol  BaMggzols-
30U 39¢)90M296m@0 30mb630dE9gdol doduodal.

Lofgolo 39Bdo MmO3MI3MbYbEH 060 Bbgbowol Losboo dgoEsgl
095J30M 396090L, 5699 obgm WmIsmE MdBYBL, MMIgEEms
RmOHI0Mgd5do Imbsfogmdgb bgsalbgsliobgms bafowmszgdo
(0bgero  sM9ggd0 Ly®. 8.4) s BbgAL  FoMdo gHDLsbges
Bofoeszgdom (bsmgeo saowgdo byd. 8.4). m39b6sL369wbo
56 4dbosb 39@9mmaqbmen  3mbESIBHIOL, 96 dmbsfowgmdgb
3639880 5 dBLEHOL ML 1535dMmdgb ML 3Gr39LT0.

125



50m3sbs  9pamds@gmol  Lofyolbo  39BAoL  30d3mbgbEgdols
Bmdgd0L 0bgMO MIBOFIMHPMIOL oygbsdo (D/d), H@Iol
@OMLs3  8m3gdmwo  JodowGmo  89050a9bemdol  batgzdo

0o00m0gabgds 39@9M™a9bo 306¢3)5dEgdol dodbodwydo. o939
mbs 9936086mm, M bgdoldogmo mMogb@szool LodMEHYol

33905 LAOGHOLEGH03WMMs©  FMmMHglemoygdgw  LoLEGHYISLmb
0dg3s §M9HoMgool gOHMMBE0MdLL, MHMIgwms ©05IgEHMO
3903330905 0-D g3s6angddo oo bsfowrszgdolomgol s 0-d
BOR9ddo  35¢HoMmgdol  Fgdmbzgzsdo. sdo@md Lme. 8.4
Pomdmoygboro bggds Mbgdo dosbarmgdss.

d
bm®. 8.4. doolidgMlvymo bstgzol bjgds

0000L3gOLwo LEgOEo bsfowszgdol (D-d) dgdmbggzsdo
3000l 3003mb9gbBHJO0L  FobMHo  965RsMEMdS  (1m/nm),
MM3gog obloBzMogl dowgdmwo 3Mmomd@ol 89dswyg-
Bemdsl (BEgJomIgBH®osl), dgodargds FoMdmpqboer odbsl
3900090 Loboon:

m,  ndy,

—_— = 8.10
m, ND37/2 ( )

Lo@OE 17 5 N— 353905 ©5 OO bofoszgdols Hosbgos, yi
@5 Y2 — 3500 MgMMHoeo bod336M039900.

126



(8.10) ®3M®IMwoEsd BsbL, ™I dmEgdmwo Jodome@o Fgds-
©9bM30LIMZ0L, b4  Mgog9gbBHOoL  FolmO  Mobogs-
MdOLM30L (1m/m), Lsfyolo 35HBIoL boffoszgdol Bmdsms
0565800©Mds  (D/d)  9godwgds  8933390Mm®  BoOHM™
Lob030M90d0, n s N 33wgdom (nd)*/(ND)3=const 3290803mdOL
3060m09000. 53  ©@OML  JoEgdmwo  IM35BIMHM3560
LEAOMIGHMOMO  30680YMOS309000 BMIomo Bog@MMOL
(Drd) dbmwmo 9Omsghm  (D/dm 960936900mdol MMl
53mOIOMOYOS 0QJOWNOHO  MJ5d30Eo 396006 BEAHOWYIEHMOS
(063), 9699 Bsfoemszms olbgmo Loz Mo dsbsfowrgds, Hmas
9439ws oo bsfowszo 3mbEedddo odbgds dodlodsry®o
5m@gbMdOL 353965 boffos3zmsb s FoMdo ghHmLobges
Bofoaszgdols  Lobom  sMOLYdIMwo  dowsbBo 0gdbgds  dobo-
doc™o (bme. 8.5).

L. 8.5. 063-L LEOYIGHMGS. BYod30vEeo 39MoL FoEsdmYdTo OO
65fjoeo3gd0obs (2) s 3o@sMs Bofioes3gdol (1) Momgbmdscms
05658356MMds N/n = const

50235600 9MToMgmds dg0dergds 9gx3sLal 9.§. 0YsEMEO
69543090 396000 (003) 3MbEIBEO0L Bobawgddo [79,83]. »0

127



9ol msbobdo, Yzgws oo  boffoszol  dobenm-
dEMd530 OO S 35BoMs 65{0s3900L MbsBIOMdS (N n)
9O»bs0M0s (L. 8.5). gl LodwoEgdsls 335deg3L gMHo 06 3-Bg
©533003900L 890J3°@ 80@gdwo 89©gagdo dolssymo
doger LobiBgdsl. 39MIM, 3065006 06 3-b LogMEmeE-LE G-
JAMOMo 30099900 AbyogLos, Fgodwgds m/mn  ysdm3-
035m0 90 063-m3z0L N=1 306HMdJOTo S MJBMEESEO
M3 0¥ OO 3EMIOWYIOM 453530 3EMm g LobiE)dsby
[84-86]:

— == (mtny), (8.11)
¥

LooE 17 — O b5Hos3msb 3mbGod@BHdo dgmazo s6v9 063-8o
dmbsfowg 353965 b5fowszgdol Mom©gbmdss, m — 063-b
dmmoL  LoEsM0gwggdol Jgdsgzlgdguo 35Gs6s Boffows3zgdols
5m@gbmdo.

003 mMb0Bs30sdo  dmboffoerg  35@oMs  Bofoszgdols m
(om©gbmds  Fgodegds dgxnolbogl d9-5 msgzdo  dormgdmero
39093900L  gom35¢olfobgdom. JmmHgbmoygdgwo LEHMMIE-
Mol GH9Mdobgddo Lbe. 8.4 FoMdmwygbowo Mgodsomwo
396900 990dgds gobgobowmm, MHmam®3 oo bsfowszol
03303 5390990 3mOMBMOL  3mwogEeo,  MHMIgWos
LOgmOEOL sYmBol bgdmo sEfigMoo FgoMmEoo FooWIds.
39603m, 003 BMOHI0MYdsdo Imbsfowyg 3s@BoMs Bsffows3zgdols
506MBdS 25TMO0M30S BMOHTMWO0):

2
n = 3,5(1+ 2) (8.12)
d

063-b ImOHOL LOE3M09EggdoL (BMMYdOL) gloglgds LsFoMHm
353005 bofloszqgdol  Momgbmdol m  dgxslgdobmgzols

128



Bogmgommm, ™A bsfowszo dog3momgbgds 063-l, 0¥y dolo
3960 35b6ma3Lgdos Di2d ©0539BHMol ddmby Lygmml
dogbom s 56 93360l 06M3-b, ;v Jobo 39bGHEO 53 LEgOMl
BMAWGO0D 25dmEOlL. bomgwos, M3 +2d ©0s39@HOL
M95d30mwo 396900 o®dmgdbosd FHgB®sgee Logsto-
9e99dl.  LHmMo  Gg@®ego®ol  §3960mqddo  4obmogligdyeo
mmbo dgbgdsdo dymao D+2d ©o0sdgB®olb bygeem Fo@dmddbol
390G GgBHM99Om BoEgsMmogEgl, OMIEOl ©0sdg-
A®0E 3o0MomM3egds BMEOIMOm:

. D+2d
d = (8.13)
4,46

Mbs  3039M9MEM®m, MmI 0M3-L JmOOL  sOLYdMwo d”
©0599@®ol  dJmbg  LoEs®ogarggdol  Jgbogligdo  LoFoMHm
353965 bofoszgdool MomEgbmds 3GMMm3mOEomwos (4 d).
95906 990dgds agfhgtmon:

" :;(Azf 614
* 887\ d '

bmdomo Bod@BmOol (D/d) DOEILmB goms© 0BOMEgds n2
Bofoaszgdol  fowos, Goy®msd D/d  33wowgdol  gmbog®
D036M90d0, dogowoms@, 1-20 0bEgmzswdo, m 360d36gemds
396 5356Md90L 0M3-b BMOIoMYdsdo IMbsfoerg bsfows3zqgdol
X900 (n=m+1m) H5mEYbmdol 7%-b. s80G™Ad 9godwgds 0go

00 I0IZYMD ©5 BeOINEs (8.11) Bogho®mom 898gabo-
065Q0:

3
n(ij S (8.15)

129



59 BHM@@dol domEbgbs bofomo 06M3- LEGHMWMJGHMGOL dobslio-
5390905 ©d (8.12) BmOIMEol gomgzscolfjobgdom dgod-
90 Fomdmz0a0bmm 999wga0 BMbJzombsc®o sdmzo-

901930l Loboo:
2 3
3,5(1+ 2] [iJ } (8.16)
d D

81969305 (8.16) 3HodME0Mmgdve0s [84-86] smdnb@ ol n(d/D)?
dmdogo doxom (A=2; 0,5; 0,2; 0,05; 0,025), Mog LodwyoEgdsls
00935 2odmzm39emm d/D s n §HH8030 06@IMH3Ms3000
(Ed®owo 8.2). 306mmds (8.15)  25656@05L 0dggzs d0300Mm
obgmo  3mbRogMEsEo0L  MYodaoo 3965,  MHMIgEos
MBOHMB39wYmRL  393H9OMma96mwo  3mbEodBgool  dsgdlodwals
569 0o MM0 095d30ME0 3960l BMOI0MYdSL. Tooo-
05, Ti-B LobGgdol 9d305¢HmdN®o dqdsgbermdolsmazol,

d _
S=

m
MME 3000306963 gd0ol AobymHo MsbsgsMOMdS —2-18,4/81,6=

1

=0,225 , gmGdmws (8.15) doomgdl 9999y Lobgl:

3
My _ 0,563{&} 20,225
my; Dy,

B3, B = 0,563 — 3330mb69639d0L 108336039900l BSG©-
Vi

3
355, 5J9sb  AsTMmMZgw o n[ dBJ =0,4 0960383690351
D

Ti
3b®owdo 8.2 G9glisdsdgds de/Dri= 0,095 (Dri/dg=10,5) ©d n =
465.  5bsErMao0mGo@, dsowoms, TiB 99050099benm-

130



3
dobsmM30L (dm®ob 10,1 dsbwy®o %), "B _ 0112 n( dy ] =0,2,
mr; Ti

dp/D1=0,052, (D1i/ds=19,2) o5 n =1432; beaewe TiB2 998sc0g96-

m
@mdobsmgol  Bmeol 31,1 dbmeo %) —==0,451,

My,

3
n[ dy J =0,802 , ds/D1i=0,17 (Dr/dg=5,9) 05 n=166.

Ti
59 36MHm39LoL 989dGMM© Bodomgdolimzgol Ti2B d9dsgber-
M00sb, 30mdzom, TiB2 25oL3WOL OML, 5930MYOJMOs
393333500 5M5 FoOGHM 3oBIob BEBgJomIgBHMos, Mrmames qu
36543035805 800gdwo, M99 LsFoMmms 063 dmEgerols
05b6obdoo Ti 9633900l d90306M9ds3 [87].

003 9mOYwol 36Mod3Ho3sdo LMo godmygbgds, xbgbo-
@900l d5BOOL  bMIYb3sGH MOl I9BVMOMWMBOL  QoTM
g4m3zgom3zol 3960 bgebgds. dombgsgs sdoby, Lofgobo
39Dl F9a960L  @OML  ymzgwomzol  Mbs  og30m-
35¢objobmm 0M3-l Immbm3zbgdo, 39Mmdm, »bs dJogz00mm
Bofoaszgdol obgmo LogMEMEo gobsfowgds, GmEs Yzgams
©oo bsfowszo 3mb@Eog@dos dogbodsermEo  MHomEgbmdol
3535605  bofoszmsb, bmwm FoMdo 3sGoMs bofows3gdom
394360¢00 d5¢sli¢o 8obodogrm®os.

131



3bMoo 8.2

Lsfigolio 3sBdol olidgmlirero dobsliosmgdergdo 0M3 LEBMwIEmGol
doLsegds

2
n(@/oy | d/b | n= 3,{1+ 2)
d

14 1 14
12 0,924 15
10 0,841 17
8,0 0,749 19
7,0 0,695 21
6,5 0,667 22
6,0 0,638 23
5,5 0,607 25
5,0 0,575 26
4,8 0,562 27
4,6 0,550 28
4,4 0,534 29
4,2 0,520 30
4,0 0,505 31
3,8 0,490 32
3,6 0,473 34
3,4 0,458 35
3,2 0,440 38
3,0 0,423 40
2,8 0,405 42
2,6 0,386 45
2,4 0,366 49
2,2 0,347 53
2,0 0,325 58
1,8 0,304 64
1,6 0,280 73
1,4 0,255 84

2
n(d/D)? d/D n= 3,5(1+ 2)
d
1,2 0,227 103
1,0 0,199 127
0,95 0,192 134
0,90 0,184 144
0,85 0,176 156
0,80 0,168 169
0,75 0,159 186
0,70 0,151 203
0,65 0,142 227
0,625 0,138 238
0,600 0,133 255
0,575 0,129 267
0,550 0,125 282
0,525 0,120 303
0,500 0,115 329
0,475 0,110 357
0,450 0,105 388
0,425 0,100 425
0,400 0,095 469
0,375 0,090 514
0,350 0,085 570
0,325 0,080 635
0,300 0,075 711
0,275 0,069 836
0,250 0,063 1000
0,225 0,058 1154
0,200 0,052 1418

132




13360 dog09M

900900 99900l dgRsLgdsl d30mbzgul dogsbmd. o
dbMWwmE 0958 30¢Y30, MM DMPOIOH  J0Mb3L 3sbIbo 396
393930. 93900 8mdYgogl 3oL Jogswomo 0d 0dgom, Grnd
930mbzgms dmGol 9godegds sdmPbgl obgmos, 306G 0
50m (356000 ©2063)9MgEgds s Fgodwgds  3sbIboi RoLEIL
©oLIME  3oobgol.  mvy  sbg  Bmbs, dsdob  doz0090m
360LGHIWOL JAMOMBOLS s EBMBdOL 3MMmEgLoL sdbsbzge

JO»056 ImEgwl s Bgdl ImM35HgMdsLsE HotmBodgdmes
Bogongwo.

300bgo 5033505 F90degds  BodMm3o4swrodmm: oM 33900
3003H03Mwo  905mmgdol, b Iqlgeol 33560900006
5GM™IYI0L  3M0EGH03MW0 2obMYOOL ML TGy 35653
9aM5@MdsL s LoLEYIS  @obogOL  GHMIMEMPOM©
39AOLGHMMAL. 535 3060390 GHogol BsHBMGO  Q5MoJdbs
90™9ds. HMAMO3 39563969, 396©oddbol 3GM3gLdo 3BOLES-
olbsmM30L  sdsbol0sMYOJE0 30abgMH-BgoB 30l WYX MIIOO
dgbmog Gogol LodgE®ool dJmby 3mOHMBMOL 3mwogEMYdS©
390050g4d690s.  3MHOLEBHIWOL FEYMIMBOL D3m0 oby-
3sbols  396mboll  Msbobdoe  AgugEOL  35M5dgBHEOL  2/3-0m
2560L5BOzMgds.

3MoLEGIOl 9aM5MdOL 360G gm0mdo d90dngds
©5350306m0  §MH0MBs0BgboL 396mbosbss: 3Aa T = const,
Mmdgemog 330639690, GMI  3GOLEIEOL  FMEMEMdOMO
39BIOMMYd0L  3M9gB0E0g6GHOLS @ bMdOL  FHgd3gems@ el
B59M3w0 3dogo LoOYs. WomMbydoLsmz0olL 9Ju3geo-
996G Mo @oYgbowos, Mmd ogo 6-8% GoMywgddo
dgygmdlL. gl 0dol  60dbogl, ©md  dgbgeol  LogdEmeo

396053905 1EOBOWMMHMBL 356136 SOBMEMEOHO b0 sb
3000609 ©bmdoL  (}9g339Mo@Msdy IMEMEmdsdo 6-8%-om

3985MHMMIO0L  OOML.  Yz9ws  EsLEbYWGIMo  BoGMEOL

133



9OMO0350 2bboE30l Gggas dg0degds 3035M5OMm™,
69 360LEIOL EBMBS 56 SMOL LYBIDS BODBOIMMO 3OM39LO,
ol MRO™ LodysbBmdowgdosbo LogMisol, B3gbmzol vibmdo,
030L980m55 653560b5H930. 58 1309008 MsbsbAs faMEGHowgdo
LogM39d0 d90dgds 396053LL 39039300
0350bsBMOLom IGO0 ds©,  To®med  GHM3mem-
306  Amfgbemogqadmeo  Lobom 96 HMIMmEmaomMo
dmMPglbM0agdws©, M3  3gMIYBHOoME  MHgLEOHORMBOBSS

3)obbdMdL. 5 0ligg 39Mbowrols JdYEgdsls sdcIMBgdO,
GH0dgeog 3390690y, OHMI MmO Fobs — MmbogMo s 3gs®o

§o60Mo9bL gm0 s 04039 5EHMIJO0m Loz EOL Tg3Lgdol ME
5B IMBIGH0ME 3500563)b.

36MHMd9dol 3oBoIMM0 0bFGIO3MGE300 0fygds 35006, Hm3s
B396 b 3o35M330Mmm 0 GoBHMA ©bYds MmMo 9HNbsoMo
LEAHOMIGHMOOL IJmbg ommbo, Fsgowoms bosGmomdo s
3Mmx6530, 300390 100°C s dgmeg 3000°C-Bgy. ™E039
d90mbggzsdo LogmEol 39MGodBHo 3bMdoEos, FYs@o FBsBol
9aM5@Mds J9HBOMOME0s 3M0v6s0Bgbol 35bmbom, olobo
39560  0g690056 30Mg  Lsfyobo  ImEMEmds YOO
39939600003990L J9 99 6-8%-009 56 250DMYds.

50m356s 990degds Bs3MYswodgl 0gm®m9dol Loboom, Loss
Mbs 9m0dgdbml  golmbol  3gmdg@momo  »fglMoymdols
be35M0,  MHmIwolb  JgPoys3  0fygds  BHM3MMYOIMO
Bob@mdo. bbgs Lo@yzgdom Mv) 30@Y30m, Ybs oHObEIL
3oLMLOL  356599@®oL  Jg8mb3zg30m0  gosbGgdol  (Ar) ol
B30 3609369wmds (bm®ds), GMmIol MM dmbgds
AGM3MEMA0O0 256M5ddbs — 3790MMdBHO9OMO FIMPI0LIbYDdS
03mb59MTo s TGLYMHO 935638 TOYMIMBS.

LogMEolb gl ™30L93s  LoobGHYMGuM  sTmEsbs  39LObYdS
0509853H03mBYdOLOMZ0L.  5edsm,  dMO39L  Yzgws  gwgdy-
B9 MxOIL 09300 bMOTs QooBbos. vy g sligs, Bsdob

134



3M0MbBs0bgbols  396mboll oM gddo yzgms dgbgdo Mbos
39630bomm  ©oxkgMgbzoMgdmws©, oby MHmamOE gl oym
©bmdoL  9bBHM™M300L  Fgdmbggzsdo.  3MHMdEGTs MO0,
0935 BOME05E 56 03938 MO0TIEMOOL Qob(3L-L.

P.S.

050Md5L Im3zoblgbgd BgdL gHmye 9300mb3z9gwl o
3990089953 30350L, seg3m sbBsdsdgl, 30L0 obdomy-
00ms3 Im358BsY 3MEgwo 0bywoliemo GgBowmdy.

35Md5L 3O MMIM39e0l BMbOL 9Ju3gmEOL,

OMIgms ROV Mobsymdsl ddozs 33MdbMd-
0 {jogboll dmdBsgdol MMU.

135



@OGIOGHOS

10.

11.
12.

13.

Hapau-Cabo M. Heoprannueckas xpucramnoxumusa. Mzn-Bo
AH Benrpuwn, bygamenrr, 1969, 504 c.

Bepnan [Ix. [I. O ponu reomeTpudecKux GakTOpPOB B CTPYKTYpe
matepui. - Kpucramnorpadus. -1962, 7, N4, c. 506-519.
bepman [Ix. . O crpykrype xuzakoctu. - B xm.: Poct
kpuccraios; Jloxmazer 3- To MOCKOBCKOTO COBeIIaHHUA IIO
pocty kpucrauroB. M.: Hayxka, 1965,c. 149-162.

Bennett C. Serially amorphous Aggregates of Hard Spheres. -
J.App. Phys. - 1972, 43, N¢ 6, p.2727-2734

Openxkens . Kunetnueckas teopus xxugkocteit. - JI.: Hayxka,
1945, 592c.

Ouurep 1.3. Teopus xuaKoro cocrostHus - Ycir. ¢pus. HayK.-
1953, 51, Ne1, 71-98c.

CkpsimeBckuit A. CTpyKTypHBIH aHamm3 >XuAKOcTei.- M.:
Bricmrag mkooa, 1971. 255c¢.

lempn IL.B., Baym B.A., Ilerpymesckitit M.C. Pacmmasst
¢deppociuraBHOTrO - IMpousBoAcTBa. - M.: Merawryprus, 1973,
288 c.

Baromua H., IlactyxoB 3. [udpakiuoHHBIE HCCIeJOBAaHUS
CTpOeHMsA BBICOKOTeMIlepaTypHBIX pacmiaaBoB. - M.: Hayka,
1980,190 c.

Baym B. Mertanmnyeckue >KUIKOCTU - IPOOIEMBI ¥ THIIOTE3BL. -
M.: Hayxka, 1979,120 c.

Koxcrep I'. BBegenne B reomerpuro. - M.: Hayxka, 1966. 648 c.
Xanragze [I. CrpykTypHble MoOJeIHM M CBOMCTBA MeTas-
nudecKux paciuiaBoB. MsparensctBo «Popmar, Toumucu. 2009.
cr.160.

JlaBec @. IIpocTpaHCTBeHHBIE OrpaHHYEHUsS B TeOMETPUU
KPUCTAJUIMYeCKUX CTPYKTyp MeETAJIOB M HHTepMeTas-

136



14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

JUYeCcKUX compuHeHwui. - B xu.: YcroiuuBocTs a3 B meras-
jax u crasax. - M.: Mup, 1970, C.244-259.

Tepmuyeckue KoHcTaHTHI BemmecTB. CIPaBOYHHUK B JeCATH
BBIITyCKax 1oy pegakmueii akag. B.IL I'mymko. M.: BUHUTH,
1965-1975.

Y66emome A. PacmmasieHHOe cocTrosHuMe BemecTtBa. - M.:
Meramryprus, 1982. 374 c.

Harapettmeunmu /J.I. Merogsr pacuera TepMHYeCKUX U
YOPYTMX  CBOMCTB  KPHCTALIMYECKUX  HEOPraHMYeCKUX
BemecTB. Tonnncu, «Meruuepe6a», 1977. 262 crt.

Jumber Khantadze, Levan Chkhartishvili. Dynamic Model of
Melting - Investigation of stability for Nanopyramid of
Spherical atoms. International Journal of Engineering and
Science Invention (IJESI). e-ISSN: 2319-6734 P-ISSN;

J. khantadze, L. Chkhartishvili, G. Mikaberidze, Dynamic
Modelling of Metal Melting Process. Modern Technologies and
Methods of Inorganic Materials Science. Tbilisi, 2021;
Kanzgypos M.11. MexaHuKa 3epHHUCTBIX Cpef U ee IIpUMeHeHue
B crpoiirenbctBe. JI. Crpoitusgat, 1966, 319.

3aitman Jx. Mogenu 6eciopsazgxa. - M.: Mup, 1982, 592c.
Jlrocrepaux JI.A. Beimykiible ¢GUTypsl 1 MHOTOTPAaHHUKH. - M.:
W3n-Bo TeXHUKO-TeOpeTHYeCKO uTepaTypsl, 1956, 212 c.

Xanramze [I.B., Tomypupmze H.M. MexanusMm yIUIOTHeHUS
IBYXKOMIIOHEHTHBIX  CBIIyYHX  Cpell,  MOJeJIHpYyeMBbIX
IIAPOBBIMM YacTHIAMH. - MHXeHepHO-QU3NYeCKUH >XYpH.

1977, 33, Ne1, C. 120-125.

Xanragze [J.B., Tomypumse H.M. Teopus yniaorHeHHs
IBYXKOMIIOHEHTHBIX CBIIYyYMX CpeZ, U ee IPUMeHeHHe IIpU
pacyere GU3NKO-XMMHUYECKHX CBOMCTB OMHApHBIX MeTal-
audeckux paciuraBoB. C6.MertajtoBesieHne U KOPpO3US
MeTayIoB. - Tonmucu: Meuunepeba, 1977, Bem.5, - ¢.35-45.

137



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Tonmypumse H.M., Xawmragse [I.B. VYuer reomerpmueckoro
daxTopa, Ipu pacyere U3GBITOYHOTO 06BeMa pacTBopa. - JKypH.
dus. xumun. 1978, 52, Nel, c. 81-84.

Deiters U. Coordination numbers for rigid spheres of different
size - estimating the number, of nextneighboor interactions in
a mixture. - Fluid phase Equilibria. 1982, 8, p. 123-129.

Deiters U. Reply to “Letter to the Editor”. - Fluid Phase Equilib-
ria. 1983, 12, Ne1-2, p.193-197.

Ouchiyama N., Tanaka T. Estimation of the overage number of
contacts between randomly mixed solid particles. - Ind. Eng.
chem. Fundam. 1980, N¢19, p.338-340.

Eduljee G. Coordination numbs for rigid spheres of diffrents
sizes. - Fluid Phase Equilibria. 1983, 12, Ne1-2, p.190-192.
Sandler S. On the coordination numbers for rigid spheres. -
Fluid Phase Equilibria. 1983, 12, Ne 1-2, p. 189-190.

Tor JI. PacmonmoxeHme Ha IIIOCKOCTH, Ha chepe U B
npocrpaHcTBe.- M.: I'ocusgar  ¢us. mat. nmureparypsi, 1958,
364 c.

I'uns6epr [., Kon-®occen C. Harmsaamas reomerpus. M.
~Hayka“, 1981, 344 cr.

bapanoBckuit E.II. YmakoBku, NOKphITHA, pa3OueHUs U
HEKOTOpble JpyrWe pacIoJIOKeHHsS B  IIPOCTPAHCTBAX
IIOCTOSHHOM KPHBM3HBL. - B KH.:  Aurebpa, Tomosorus,
reometpus. - M.: BUHUTU AH CCCP, 1969, c.189-225.

Viggo B. On regular packing of equal circles tauching each
other onthe surface of a sphere. - Communs Pure and Appl.
Math. 1976, 29, Ne6, p.583-590.

Goldberg M. Packing of 18 equal circles an a sphere. - Elem.
Math. 1965, 20, Ne3, p.59-61.

Tibor Tarnai. Note on packing of 19 equal circles on a sphere. -
Elem. Math. 1985, 39, Ne2, p.25-27.

Robinson R. Arrangement of 24 points on a sphere.-Math. Ann.
1961, 144, Ne1, p.17-48.

138



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Goldberg M. Packing of 33 equal circles on a sphere.-Elem.
Math. 1963, 18, N°5 p.99-100.

[Mpuroxun U., [edeit P. Xummdeckas TepMOZMHAMUKA. -
Hosocubupck: Hayxka, 1966, 509 c.

Baruep K. Tepmozunamuka criasos. - M.: Merannyprusaar,
1957, 180c.

MenpBusa-X5103 D.A. Pusnveckas xumusa. - M.: NJI, 1962, 2,
1148 c.

Ecurn O.A., CpeBasmuun H.T., Kopmawes B.I. u gp.
TepMoguHaMuKa >KUZKWAX CILIABOB C CHJIBHBIM B3aUMOJEM-
crBueM KoMmMnoHeHTOB. - JKypH. ¢us.xumuu. 1971, 45, Ne§,
c.I918-1925.

Cadponos C.O., YxoB B.®., Baronruu H.A. IToBepxHOCTHOE
HaTsDKEeHVe U MOJIbHBIE 0O'beMbI CIIJIaBOB Ha ocHOBe Mg u  Si.
B xu.: Qusuueckas XuMHI IOBEPXHOCTH paCIIaBOB. -
Tounucu: Meruuepe6a, 1974, c.134-138.

Jlesun E.C., Anrommna I'/I. IImoTHOCTH M IOBEpXHOCTHAS
DHEeprus >KUIKUX CIUIABOB CHCTEM ATIOMUHHI-XPOM, alIiOM-
WHUM-KeIe30 U repmaHuii-xkene3o. B xH.: [loBepxHO-cTHBIE
sABjeHuUA B paciiasax. - Kues: Haykosa gymxka, 1968, ¢.191-201.
Hildebrand J.H., Scoot R.L. Solubility of Nonelectrolytes. - New
York: Reinhold publishing Corporation, 1950, 418 p.

Buncon [. CrpykTypa >KMAKAX METAJIJIOB M CIIJIABOB. - M.:
Mertannyprus, 1972, 247 c.

Ky6amresckuit 0. TepmomuHamMuyeckas CTaGMIBHOCTD MeTaI-
mudecknx (a3. - B xH.: YcroitumBocTe (a3 B MeTa/rax u
cuaBax: - Tp. MexayHapogZHOTO KOJIOKBUYMa, sKeHesa, 7-12
mapra 1966 r.-M.: Mup, 1970, c. 110-133.

CpsiBanusu U.T., Ecur O.A. u gp. K TepmomuHaMuke XUAKUX
MeTa/UIn4ecKuXx  CcIraBoB.-Co.: Ousnueckas  xuMUA
MeTaJUIMYeCKUX paciiaBoB. - Tp. MucTuTyTa Metamnypruu YO

AH CCCP. - Csepgnosck: 1969, Brin.18, c.3-44.

139



48.

49.

50.

51.

52.

53.

54.

55.

56.

Kubaschewski O., Catterall ].A, Termochemical Data of alloys.
- Perg. Press. Ltd., 1956, 200 p.

Idsawa Acyra, Adsakami Takaci, Kawasami Takaci.
Investigation of fhe thermodinamics of the Liquid Copper
Alloys. - 1. Minning and Metallyrgy Inst Japan. 1966, 82, Ne
938, p.519-524.

Baranuu I''n, Cypnasiosa B.C, Kypau B.II.
TepmoprHamMuYecKue CBOMCTBa XuAKux ciiaBos Fe- Sn. - M3s.
AH CCCP. Metamnasr. 1984, N4, ¢.50-51.

T'msenxo H.B., Kunecco C.H., Emnun B.U., 3asamos A.JL.
[TapupanpHble ¥ HWHTErpajbHble SHTAJIBINU OOPa30OBAHIL
KUZKAX CIIJIABOB MeOW C KpeMHHeM M alloMuHueM.- V3B.
By30B. lIBeTHas metauryprus. 1983, Ne3, c. 39-41.

Sauerwald F, The Densities of Melten Alloys wit segregation
tendencies. - In.: The properties of Liquid Metals: Proceeding
of the International Conference held at Brookhaven National
Laboratory upton New-York: Taylor, Francis Ltd, 1968, p.748,
Tonmypumse H.M., Xamragze [I.B. VYduer reomerpmueckoit
HEPaBHOLIEHHOCTH KOMIIOHEHTOB IIPH pacyere H3OBITOYHOTO
o6beMa U IOBEPXHOCTHOTO HATSKeHHSA paciaBoB. - Coolur.
AH TCCP. 1977, 87, N3, c.641-644.

Xanuramze [.B., Bsmaa K.II., Cenkapa ., TaBamse @.H.
[110THOCTD U TTIOBEPXHOCTHOE HATsDHKEHUE ABOMHBIX PACILIaBOB
Menu c HukesneM u cypsmoit. - Coobm. AH T'CCP. 1979, 93,
Nel, ¢.93-96.

Huxenko B.M., ®moka JIL.U. IlmoTHOCTS M IOBEPXHOCTHBIE
CBOMCTBAa pACIIIaBOB CHUCTEMBI JKejle30- MeZb.- VI3B. By30B.
Yepnas metasnyprus. 1973, 9, c¢.13-16.

Kleppa 0., Kaplan M., Thalmayer G. The volume change on
Mixing in Liquid metallic solutions some binary alloys
involving Mercury, Zine and Bismuth. - J. Phys. Chem. 196,
65, Ne 5, p.843-849.

140



57.

58.

59.

60.

61.

62.

63.

64.

65.

Huxenko B.M., ®aoxa JL.U. II10THOCTP ¥ IOBEPXHOCTHBIE
cBoiicTBa paciaBos Fe-Sn. - Mzs. AH CCCP. Metannst. 1973,
Ne4, ¢.73-76.

Kyxos A.A., Macmosa W.JI. IInO0THOCTP M TIOBEPXHOCTHOE
HaTskeHHe paciutaBoB Fe-Sn. - Mzs. AH CCCP. Merasrsl.
1981, Ne3, ¢.36-37.

Haitzua 10.B., Epemenxo B.H., Kupuuenxo JI.®. Iloepxzo-
CTHOe HaTsDKeHHe U IUIOTHOCTD JKUIKUX CIUIABOB MeZb-aJIio-
MuHUH. - KypH. Heopras. xumuu. 1962, 7, srin.2, c.333-336.
Xanragze [1.B., Tomypupze H.M. VYder reomerpmueckoit
HEPaBHOLIEHHOCTH KOMIIOHEHTOB IIPU pacueTe H3OBITOYHOTO
o6beMa U IIOBEPXHOCTHOTO HATSKEHHUA PacILIaBOB.- B KH.:
dusuka MOBepXHOCTHBIX fABJIEHWU B pacIjiaBaX. - | pO3HBIM:
4Ury, 1978, 1.2, c.11 -16.

Bypsures B.II. IL1OTHOCTE M MOJAPHBIN 00beM OMHAPHBIX U
CIOKHBIX pactBopoB. Kpacuomap: KyOamckuit rocyHuse-
pcurert, 1977, 34 c.

Octposckuit O.U., I'puropsan B.A., Cromaxun A.f., [Iro6anoB
B.I'. K pacuery sHransnuii o0pa3oBaHUs OMHAPHBIX MeTaJ-
JINYeCKUX paciiaaBoB. — I3B. By3oB. UepHasa Meramayprusd.
1975, N°9, c.52-56.

Hultgren R., Orr R.L., Anderson P.D., Kelley K.K. Selected
Values of Thermodynamic Propertied of Metals and Alloys. -
Hew York, London: John Willy Sons, Inc., 1963, 964 p.
Iokokawa K., Kleppa_0. Heats of mixing in Binary- Liquid-
Alkali metal mixtures. - J. Chemical Physics. 1964, 40, Ne I, p.
46-56.

Iokokawa K., Kleppa_0. Heats of mixing in Binary- Liquid-
Alkali metal mixtures. - J. Chemical Physics. 1964, 40, Ne I, p.
46-56.

Xanrazgze [I.B. Binanue pasmepHoro ¢gaxropa Ha M30BITOUHbIE
TepMogUHaMuYecKue GyHKIUY cMeimenus. — B xu.: IIpo6remsr
CBapK{, METAJUIypPrUU U POJCTBEHHBIX TEXHOJIOTHH (COOpPHUK

141



66.

67.

68.

69.

70.

71.

72.

73.

74.

tpyZoe VIII MexngyHapogHO# HaydHO — TeXHHYeC- KOU
KoHbepeHuuH). - Tommucu, 2003.

Humwxenxo B.M. IlroTHOCTh JKHUAKMX METAIJIOB U ee
TeMIlepaTypHasd 3aBUCUMOCTE. — B kH.: MeToas! ncciaemoBa-HUS
U CBOMCTBa pasziesia KOHTakTupyoomux ¢as. — Kues: Haykosa
IymKka, 1977, ¢.125-163.

Xanrazze [I.B. O cTpykType MeTayutm4ecKux HaHO4acTul,. 2nd
International Conference “Nanotechnologies” Nano — 2012.
Thilisi, 19-21 september,2012, p.208-212.

I'yces A.Ml. HaHnomarepumasibl, HAHOCTYKTYpBI, HaHOTe-
xuonoruu. — M.: ®USMATIIUT, 2005.— 416 c.

Olep6axos JI.M., Tepeurmz B.A. OcHOBBI cTaTHCTHYECKOMH
TEPMOLVUHAMUKNA  MHKDOTE€TEDOT€HHBIX  CHUCTEM. B
kH.:IloBepxHOCTHBIe aBneHus B paciuraBax. Kwues:Haykosa
oymka. 1968. 21-28.

Iren6epr A.A. K Bommpocy o cTpoeHnH XUIZKOCTH, - B kH.: Poct
KpucTasioB: JJokransr 3-ro MOCKOBCKOTO COBELIaHUSI IO POCTY
KpucTasoB, Mocksa, 18-25 noa6psa 1963 r. M.: Hayxka, 1965,
C.179-186.

Hoare M.R., Pal P. Adv.Phis.1971, v.20, #84, p.161-196; 1975,
v.24, #5, p. 645-678.

Tonypupze H.U., Xauragze [I.B., TaBamze ®.H. IlmorHocTs
YIAKOBKM HEPeryJsipHOM CHCTEMBI YacTHI, B 00JIacTH
6mmxHero ynopsagoueHus. - Pacrraser, 1988, 2, N5, C. 116-
119.

ITanosa H.H., IlaBnos B. B. PacyeT xoOpAuHAIMOHHBIX YHCeEI
IJIs TIepBBIX IATUIECATH chep KyOMYeCKMX PpelIeTOK U UX
mnockocreil. — B ku.: Pusuko-xumuyeckue HuCCIeZOBAHUA
MeTaJUTyprudeckux IpoimeccoB. — CBepIyIoBCK: Y PaibCK.
ITonurex. uu-T, 1981, BeIm. 9, c. 29-34.

Wolf L. Tracking Nanoparticle Growth. Chemistry and
Engineering News. 2012, 90, 35, p.11.

142



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

MepxanoB A.l'., boposunckas W.II., llkupo B.M. fABnenus
BOJTHOBOHM JIOKQJIM3aI[M{ aBTOTOPMO3SIUIMXCS TBepoGhasHbIX
peakuwmii. [Junmom Ne287. CCCP. bron. n306p., 1984, Ne32, c.3;
Bectu. AH CCCP, 1984, N°10, c.141.

bobmodg x. BM0ad963900 Lodo®mzgurml dg@owvydaools
@5 35LoWsmMI3MEbYMdOL  OLEBHMMO0IB.  Mdoobo,
290m3(399c0mds: ,,d3L 3merm®o®, 2023, 300.

bapssikun B.B. TemmoBele peXUMBI 5K30TepMHYECKHX
peakuwuii. MznarencrBo «MICMAH», Yepuoronoska, 2004. 312
CT.

MepxaroB A.C. Jly4ume ObITh HY)XHBIM, 4Ye€M CBOOOJHBIM.
Yepruoronoska, Tepputopus, 2005.

Porawes A.C., Myxkacear A.C. Topenme mna cuHTe3a
MaTepuayioB: BBeJleHHE B CTPYKTYPHYIO MaKpPOKHUHETHKY.
Mocxksa, PU3MATJINT, 2012, 398c.

TaBamze I.®., Xanramze [.B. Tepmoxumuyeckoe 060CHOBa-
HUe BIMAHUA JUCIEPCHOCTH KOMIIOHEHTOB IIMXThI Ha IIPOILECC
CBC. Georgian Enginering News. #3, 2010, 86-89.

Tavadze G., Khantadze ]. The Impact of Fractional Difference
of Components on the Properties of Hard Alloys Produced by
the SHS Method. Bull.Georg. Natl.Acad.Sci. 2010, 4, Ne 3, p.70-
73.

ITopomxkoBas Meramryprus. CriedeHHbIe ¥ KOMIIO3UIIMOHHBIE
Mmarepuainsl. [lepeBoz ¢ Hemerxoro moz pexpakiueii B.IlMarra.
Mocxksa, «<Metamryprusa» 1983,520c.

Tavadze G.F., Khantadze D.V. Considering Structural
Heterogeneity in the Synthesis of Materials. XIV International
Symposium on Self-Propagating High Temperature Synthesis.
September 25-28, 2017, Thilisi. Book of Abstracts.

Khantadze J., Tavadze G., Mukasian A. Calculation of
Fractional Composition of Granular Media Providing
Maximum heterogeneous Contacts. III  International
Conference: Inorganic Materials Science Modern Technologies

143



85.

86.

87.

and Methods. October 8 -11, 2018, Thilisi. Book of Abstracts.
49-53 pp.

Khantadze D.V., Tavadze G.F., Mukasian A.S. Structural Model
of Two-component Particulate Mixtures with Maximum
Heterogeneous Contacts. Powder Metallurgy and Metal
Ceramics, Vol. 59, Nos. 3-4, July, 2020 (Russian Original Vol.
59, Nos. 3-4, March-April, 2020)

Xanutamze /[I.B., TaBagse I'.®., Myxkacesau A.C.. PaspaGorka
CTPYKTYPHOM MOJeNH AByXKOMIIOHEHTHBIX JUCIEPCHBIX CMe-
ceif ¢ MaKCHMyMOM TeTepOTeHHBIX KOHTaKToB. [lopourkoBas
metayuryprus. Ne 3/4,2021. 3-11cr.

Mikaberidze G., Ukleba K., Khantadze J. The Ideal Reaction
Area and the Threhold of SHS. Modern Technologies and
Metods of Inorganic Materials Science, Thilisi, 2021.

144



©bsMmoo 1

X.b6msdol  6sdMMIgdol  dEb3s  LogMmsdm@olm
dodmgig35d0

1991 feodg 0bgm®dsiost Bgdo bsdM@dgdol 3o@ocmgdol
dgLobgd 3065 IM303M3900 3gHoMm©YIo dg3bogm o
@O0 IMSGHMOOL 3536mdol 3Gm3gldo. 1991 {erowsb 3bmdowo
30E037MO-bME0SMOO  (33¢0egd9gd00L 909y FIMbo-
@gdol dmfimgds dgfiys s ,933MM 0bgduol” Fgygbo
0690693 oL Lsdwogdoom gobs Tglsdergdqero. 2002 ferowsb
Y39ws%g bgardobsfizgomdo 0bgmgdsgos Google Scholar - ol
L5MOgd0m FM03M390d.

359bs®0  @ommbgdols > Ygbswbmdgdol Fs3ogs@ o
ngolgdgdol 3gmggol x.bsbmsdol dogd  ©53M3s390o
dgmmpgdol  gs0mygbgdom  Bglegdmos  99dEgp0
L539dsmgdo:

(43980356 domomgdyanos FbMEIME 30M39e00 53EM@0)

1. Baym B.A. Xypuan dpusngeckoit xumuu (KPX), 1966, 40,
N7, 1462.

2. Jlesun E.C. Xypuan dpusnueckoit xumun (QKOX), 1966, 40,
Nell, 2706

3. Jlesun E.C. Meramnorepmus, 1967, Ne3.

4. AsomwnaI' . XKypuan dpusugeckoit xumun (KPX), 1968,
42, Ne11,2799.

5. Jlesun E.C. Temmodusuka Bsicokux temmeparyp (TBT),
1968, 6, N3, 432.

6. Asomwuna I' JI. XKypnan ¢usngeckoit xumuu (KPX), 1969,
43, Nel1, 2756.

7. Ilomens C.U. Xypuan dusmueckoit xumun (KPX), 1969,
43, N°9, 2365.

145



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

[Tomens C.M. M3B. BY3-oB.uepHas merawryprus, 1969,
Neg, 5.

Kpunouxkun 2.B. Mzs. AH CCCP Merannsr, 1971, No5, 67.
Kpunouxun O. B ku.: Pusudeckas XUMuUsA IOBEPXHOCTHBIX
ABJIEHUM TIpH BBICOKMX TeMIepaeypax. Kues, «Haykosa
Hdymxa», 1971, 69-75.

Baiic6ypn C.E. B xu.: Pusuueckas Xumus IOBEPXHOCTHBIX
ABJIEHUHM TpU BBICOKMX TeMuepaeypax. Kues,«Haykosa
Jywmka», 1971, 112-116.

C.B.fIxo6amBunu. B xu..Qusmyeckas XuMusI IOBepX-
HOCTHBIX fBJeHMH B pacmiaBax. Kues, «Hayxosa Jlymkay,
1971. 129-131.

I'I.Xuna. B xu..Qusnueckas XUMHUA IOBEPXHOCTHBIX
saBneHull B paciiasax. Kues, «<Haykosa [lymka», 1971. 149-
153.

B.IL.Emorun. B xu.:Qusnyeckas XUMUS IIOBEPXHOCTHBIX
saBneHull B pacinasax. Kues, «<Haykosa [lymka», 1971. 153-
156.

JL.M.Ileprun. B xu.: Pusuveckas XuMus TOBEPXHOCTHBIX
saBneHull B paciiasax. Kues, «<Haykosa [lymka», 1971. 161-
166.

O.B.Kpunoukun. B xu..Qusnueckas xumus IOBepX-
HOCTHBIX ABJIeHUH B paciuraBax. Kues, «Haykosa [Jymka»,
1971. 179-183.

Komonenko B.M. Xypuan dpusuveckoit xumuu (FKPX),
1972, 46, N°6, 1589.

Aunenxo C.II. Temnmodusuka Bsicokux temmneparyp (TBT),
1972, 10, Ne1, 55.

Mpamenko I0.H. IIpubopsl u TexHHKa SKCIIEPUMEHTa
(IIT3), 1972,208,

Hwxenkxo B.M. W3B.BY3-oB.uepnas wmeramnyprust,1973,
Ne9, 13.

Ca6ypos JI.H. N3s. AH CCCP Merannsi, 1973, Ne3, 49.

146



22.

23.

24.

25.
26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

MasnonoB C. Temnopusuxa Beicokux Temueparyp (TBT),
1974, 12, 574.

Hwxenxo B.WI. Uss. BY3-oB.uepras meraynyprus, 1974,
36

Humxenko B.M. Tennodusuxka seicokux remneparyp (TBT),
1975, 13, 598

Huwxenxo B.U. U3s.AH CCCP Mertannsr, 1975, Ne6, 83.
Hipkenxo B.U. XKypruan dusugeckoit xumunu (KPX), 1975,
49, N2, 431.

Jlesun E.C. Us3B. BY3-oB.uepnasa metannyprusa, 1976, 10,
5.

Jlesun E.C. XXypuan dusngeckoit xumun, OKPX), 1976, 50,
Ne 11, 2755

3ybapes Y.B. XKXypuan busnveckoit xumun, (KPX), 1976,
50, N2, 461

Hy6unun E.JI. 3. AH CCCP Merannsr, 1976, Ne2, 94.
Bopesckuit B.M. M3s. AH CCCP Mertamnst, 1976, N3,
237.

Baiic6ypz C.E. B xu.: Qusnyeckas XuMus TPaHHUL, paszesa
koHTaktupylomux ¢as. Kues, «Haykosa [ywmxa», 1976,
151-154.

B.M.Huwxenxo. B ku.: Pusnveckas XuMus rpaHul; pasgena
koHTaktupylomux ¢a3. Kues, «Haykosa Jywmka», 1976,
154-159 cr..

Hepsoun Y.A. XKypuan dusuueckoit xumuu  (KOX),
1977, 51, N°10, 2678.

Heropaes H.Y. Metannsr, 1977, 43

Koctuxos B.M1. B xH.: MeTozs! ucciefoBaHNUA X CBOMCTBA
TpaHuI, paszesna KoHTakTupyoomux das. Kues, «Haykosa
Idymxa», 1977, 79-90 cr.

Cadoro C.O. B ku.: Ousuyeckas XuMHUs IOBEPXHOCTH
pacmnaBoB. Tomnmucu, «Mennuepeba», 1977. 134-138.

147



38. Kapstmo C.K. Mz, AH CCCP Heopranuueckue
marepuansr, 1979, 15, Ne2, 209.

39. bopesck B.M. 13s. AH CCCP Merasnnsi, 1979, N2, 68.

40. Aposmosa T.A. W3s. AH CCCP Meramner, 1982, N6, 55.

41. Mutexo M.M. B xn.: [IoBepxHOCTHBIE CBOMCTBA pacIlIaBOB.
Kues, «<Hayxosa [Jlymxka», 1982, 122-127.

42. Kononenxko B.M. Phys. Stat. Sol. 1984, 423.

43. Kum Pen Cen. Ms3B. JleHWHTpafcCKOro 3JIeKTpOTEXpUdec-
Koro ue-Ta. 1986, 64-68.

44. Xuna I'.Il. Anresus paciiaBoB U Iaika MaTtepuanos. 1987,
BoIm. 18, 14-16.

X-b56modols dogd  Fgdydoggdgmo gmmpgdon YglGymg-
b0 boolgd@sEom 6sdemdgdo:
(Bebligbgdaemos S3@™MgROSGgd30)

e I0.H. Axmenues. Qusmueckue CBOHCTBA XUIKUX CILIABOB
MapraHiia ¢ KpeMHeM U YyriepozoM (aBropedepaT K.T.H.
CeepzmoBck, 1969)

e N.A. IlaBapc. CrpykTypHBIe OCOOeHHOCTH U (GH3NIeCKue
XapaKTepPUCTUKHU KUJIKUX CIUIABOB XpPOMa C JKeJIe30M U HUKelleM
(aBTOpedepar k. pus-mat.HayK. CBepaoBck, 1970)

e C.E. Baiictypz,. Pusuko-xuMudecKue CBOMCTBA U OCOOEHHOCTH
CTpOeHHUs CyJbGUIHBIX PaCILIaBOB MeAW M METAJJIOB TPYIIIBI
xese3a (aBropedepart .1.H. Jlenunrpaz, 1970)

e A.JI. Cyxman. [I10THOCTP M1 TOBEpXHOCTHBIE CBOICTBA CILIABOB
Ha ocHOBe ranug (aBropedepar k.x.H. CBemy10BCK, 1972)

e JLB. Illunanosa. Hekoropsle TepMoguHaMUYeCKHe XapaKTepH-
CTUKM TepMaHHAOB XpoMa U >Kejie3a (aBropedepaT K.T.H..
CaepzioBck, 1972)

e B.I. Yenmnos. IloBepxHOCTHBIE CBOMCTBA U INIOTHOCTH CILJIABOB
Ha OCHOBe cepe6pa (aBropedepar K.T.H. CBepAI0BCK, 1972)

148



e C.O. CadonoB. Pusuko-xuMudecKre CBOMCTBA PACIIIABOB HA
OCHOBe Maruus u KkpemHus (aBropedepar k.1.H. CBepAI0BCK, 1973)
e ['H. I'puropreB. MccremoBaHue IIOBEPXHOCTHBIX CBOMNCTB U
IUIOTHOCTH CYIb(DUAHBIX PACILIaBOB HAa OCHOBE METaJJIOB TPYILIIBI
xese3a (aBropedepar k.T.H. Mocksa, 1973)

e B.A. HosoxonoBa. MccrenoBaHue ITOBEpXHOCTHBIX CBOMCTB
MeTa//INYeCKUX PpacllJaoB Ha OCHOBe JKeje3a M HUKeId
(aBTOpedepar kx.1.H. Mocksa, 1979)

R-bsbmsdol Bogd  Vgd9Tsggdamo  Lombggdol LEHO3ISH-

G0 doEgmo 35dmygbgdnmos > Jgdrgy 356300509351
3o gmedls IG®dgdTo:

e C.N.Ilomens, JL.JI.Iepsbuna. Afresms paciiaBoB M Iaiika
matepuainos. 1981, N°7, 31-35

e AB.Illy6un. Mss. BY3-oB, llBeTHas merawryprus. 1990, Ne2,
33.

e A.A Bocrpsakos, b.M. Jlenunckux, JI.H. [llu6anosa. 3. AH
CCCP. Heopran. Marep. 1988, 24, Ne5, 770-774.

e B.®. Kucenes. Vccnemosanme (HU3UKO-XMMHUYECKUX CBOMCTB
OGUHAPHBIX ¥ HEKOTOPHIX TPOMHBIX aMaIbTaMHbIX CHCTEM Ha OCHOBE
Metasios 1I-V-B nmoarpynn nmepuonudeckoil CHUCTeMBI 5jIeMeHTOB
Menpeneesa (aBropedepar k.x.H. Aima-Ata, 1981)

e P.III. Hurmerosa. TepmoguHaMuyeckoe U GU3UKO-XUMUIECKOe
HcclefoBaHWe JKUAKUX CIIAJIBOB PTyTH ¢ Meramnamu I1I-V-B
HOATPYNII IE€PUOZUYECKONH CHCTEMBI 3JIeMeHTOB (aBropedepar
o.x.H. Anma-Ata, 1983)

X-bobmodol  3g(36ogdgmo  grgagdo Sefgdomos Vgdwge
30bma 5909530 s Jodmboezom LBEGsE0gddo:

1. C.M.Ilomens. Teopus Metamnyprudeckux npoueccos. BUHU-
THU, Utoru nayku u Texuuku. Mocksa.1971.

149



2. IO.H.IBamenxo, B.H. Epemenxo. OcHoBu mpecusiifHOro
BUMIpDIOBAaHUA IIOBEPXHEBOI €HEepril pO3IUIaBiB 3a MeTOLOM
nexavoi kpamti. Kues, Haykosa Jlymka, 1972.

3. Witold Missol. Energia Powierzchni Rozdzialu Faz w Metalach.
Wydaronictroo “Slask”, Katoroice.

OMbremo 0o6Mdsbo: B. Muccon. IloBepxHOcTHas sHeprus
paszena ¢a3 B merasuiax. (IlepeBon ¢ monsckoro I'H.Mexeza).
Mocxksa, Meratyprus. 1978.

4. C.MN.Ilomens, ®.N.Cornukou, B.H.boponeukos. Teopus
Mertannyprudeckux npomeccoB. Mocksa, Metamayprusa. 1978.
(Lo-bgenddmgobgenm)

5. dusnueckas XUMUsI HEOPTAHMYECKUX MAaT€PHUAIOB B 3 TOMAX IIOZ
o6ureit pepakuueii B.H.Epemenko. 1.2. Kues, Haykosa Jlymxa,
1988.

6. B.M.I'masoB, M.Bo6ct, B.M.Tumomenko. MeTomsr ucciezno-
BaHUA CBOHCTB XXUAKUX META/UIOB M IIOJIYIPOBOJHUKOB.
Mocxksa, Metamryprus, 1989.

7. V.I. Nizhenko. Enthalpi of Mixing and Excess Volume of Binary

Melts of Eutectic systems. Powder Metallurgy and Metal
Ceramics. Vol.42, Ne5-6, 2003.

505150500, LY 36096 M FMbsEgIMs dBsBOL dobgzom X.bosbmsdols
65963900 999009050655 FgnLgdEro:

Scopus — 3030M9d0L 0bgdlbo — 40, h 0bgduo-3

Web of Sciens — 30¢060900L 0bgduo — 42, h 0bgdbo-4
Google scholar — 30&0Mgd0lL 0bgjuo —145, h 0bgduo-6,
g 0bgdlo-10

150



©BsM00 2

933MMol Iglisbgd

3b™3Mqd530 25d0FsMms s Bgdo d93609MHeo Loddosbmds
©50{iym oligo d99mddngdoms© FoMds@gdmw obbEGHo@@do,
OMAMO03  obwogm L3 BIMHEObsB ™sg35dol  g@owrvy-
00l 5 FsLoEsmMIEMbYMdOL  0BLEGHOEGWMG0, MMIGLSS
35906, 1959 {garls Lodomnggerml dg@Eowydool oblEodvdo

90™©9gdMo.

5 0m358%sg L53956O0IGHM @ LsmIBHMO™M  ©OLYOEo-
(30900, ®MIWGO0E 303930 J. 309380, JoboErsmI3MEbyMdOL
36MH™d93900L 0bbEHOEHWET0, FgLsdsdoLa© 1966 s 1985 (gl
59 935603l Bgd 3OMBILMO™MD, 535090030mL B.00535d9m56
JOMO© 0MmOF0 bozmmosdol Lobgemdol 36Mmgdos b5dOMIm
303oLom30L:  ,WoMMbMMHo  bobmdgdol  Jo3oWscro
30L99900L 33930l IgoMmEgdol 993mdsggds“ (1976 §); of
50060B0gl  @oMbMmHo  Bobmdgdol  sdMMoGHMEMO0L
MROmbs (1984 §) s 0bbGoGMEoL LsdgsboghHm LodFml
053dxMdoMgo (2006 §), 59 3999950 LG — 396 T390
d93b6. 056530 M™Igero.

399md399690meo  dsd3l sbsdg Lsdgaboghm LEs@0s, Lsdo
3990bgds s 6 MbMYMR0S FgBSWIMHRO0L bLBgdMTo:

1. [O.B.Xauragze, O.I.Oumkamsurn, ®.H.TaBagze. Hexoropsie
IPUJIOXKEHUsS TEOPUU KAWUIAPHOCTA NPH (HU3UKO-XIMHU-
YeCKOM FKCCJIeJOBaHUM paciuiaBoB. T6wmiaucu, ,Meunnuepe6a®,
1971.

2. x.bsbmodg.  @ommbms Lodgo®mTo gg@Eobsbe mogadg-
Loob gomop. mdoaobo, ,gm@ds*, 2003. Igmeg 4os0v)-

151



35390000 20dmEgds. mdbogoolio, odmdigdenmds  “dg@o-
©osbo”, 2012.

3. . Xanuragse. CTpPyKTypHbBIe MOZEIM M CBOMCTBA MeTaJIIH-
yeckux paciuiaBoB. Mspatenscrso «Dopmar», Toumucu. 2009.

4. x.bsbmsdg. BMoad)bEGHI00 Lods®mzgarml 9@ owvdaools
5 3L sMI3MmbYMdOL OLEMMH006. Mdoobo, ,g50m-
9399 mds 3merm®mo®, 2022.

5. 2.9d90©5dg, X.bsbmsdg. Logdo@rmzggarmdo Fobgobmdols dm3m-
39%0Ls s  BgMHMIGbsbMdYOOL  [oMTmgdol  oLEGHMOOos.
00000, 3035, 2023. JoHnye-0byeolm®o.

6. (obsdgdstyg fogbo: x. bobmodg. Mfgbogm LEHMMIGHMGOL
30y gd0 s 3500 353tmYgg69ds. MdOEOLO ,BMEOTs, 2024.

30390 0bgaeoliv®mo MHgbowmdy.
FSIVECAL

4950300 Md0b  ©O3OM©PO  8M5T0, 253300 30YS30
oo™ MboWSIMGGO0m. TgMg, SbSIOL Fodm 39VIE o35~
3Mdgarg gl boddosbmds, Fo®sd LMD 3938060 OO
3°90%Y39¢05 - 1998 (gl ©s35819d6g 5616L53MI3MMdM MGYs-
Bobogos ,LodoOmzgeml dmolb dmygzs@rmwms 3sgdo®mo* (b3d3,
GUMA), 6mIwol 030x©MdsMmg3 309930 ©0o@sb dobo
©55MLYd0s6 2014 fersdog.

50 39Mmomdo Bgdl dgmdMHYdMb  gPmo  vm3500069 160
d9@®oL LoaMAol MMTsE0s60 LoEowngbm bowo mosbgmol
500630 d0bstry omObg (939033M00L 35630m569d0Ls s
0565330 3emdoL Lssggb@m SDC)12, 5359969 dozmmgargd@®Hm
Loan®o  (SDC) s  00mEsbsasdo  (Lsgdmsdm@obe
153g36090@ Ggdbogado 396@®o ISTC), s3583v9dbg 13sbgmols
GO0BIoL 39630 STC (BMHoMOb gdgMEoL Bmboo B9x) s

22 300 dmb0dbwye0s ol MmO60DE09d0 30L0 FobsbLwy@Mo
©oHFoMmYOoMO3 FGLOHYS LYY 3OIMYJEHIOO

152



dobo mxzgobolsmgol dgbGosdo 8930d0bg (SDC) s 50350069
99bmds  (Bogm0ozmdo s  Fs030b60); STC-mb  ghmo
533359 21 Logowxgbm s Logbgbmlbm  Gmmobramo
356IONEB0 (898, 93MsBooL BMBEO), OMIGMSE IRIOIL
b9dm b3sbgmo s BsfformdMog J399m Lgsbgmo s dJmosbo
65395 050335 29 356G EH0 30e0aM0dgd0Lsm30L (Bgbgmol
LsgeBm); BHOHOLEGMO bdgd0sbMdOLIMZOL dmzsdbowgo 80-
3y mxobo, 29 Lsdmm sdgmero, 8 Lodmm Jodzgero (R39R,
9305P0oolb  gmbo), MMIJW®s OO  MIMIIILMDdS
Do60o3g0mmos  Boddosbmdl 53  Lyg®MmTo.  EO3LETdGM

L09BsEM BHMOHOLEHMEO OEIOIGHWOO:

* 2.000035d9, X.bsbmsdg. MbosdMMH9d00 dmsdo. MdOEOLO,
»,009b9%,  1999. (2000 Fgol dogbos  Logsermzgwrml
Lobgedfoxm 369doy).

*  3M90mwo0: LodoMmM39wml dm0sbo BHIMOEGHMMm09d0L TS~
©O0  39630056900L  3OMBEGINO0 S  MZ0MTSOMNIILOMDS.
doobo, 2001.

* 36M90Mo: Lomxsbm GHwWOOLEMWo d0Bbgbo (MGYs6oDs-
300LS s F5MM30L M30L90IMYd560). MdoEoLO, 2005.

*  36090Mo: LM odgmeo GHGmOBIdo. mdowobo, 2007.

e Xx.bsbmodyg. B@oBdo 13sbgmdo. dgl@os, 2013.

* 2.00Mm%5dg, X.bsbmodg. Lodomm-LombogrsdmGmm 396MOEJd0
@5 05000  2ob30m56Mm900L  39ML3gdBH03900  LodoGmzgermdo.
0300oL0-05329M0560, ,53006035%,2023.

153



154



Jumber Khantadze

DISORDERED STRUCTURE MODELS
AND THEIR APPLICATIONS

@@ The work is performed at LEPL Ferdinand Tavadze
Metallurgy and Materials Science Institute

This work was supported by Shota Rustaveli National
Science Foundation of Georgia (SRNSFG) [grant # SP-
23-692]

155



Structurally disordered systems in the form of molten metals and
their alloys, slags and amorphous bodies, metallic and non-metallic
powders are the main working object of the metallurgical, ceramic
and machine-building industries, the properties of which
determine the quality of the final product. Such a structurally
disordered system is considered as a statistical ensemble of
randomly arranged spherical particles. Topological regularities of
structural disorder have been established using the experimental
study of the packing density coefficient, the systematic observation
of the statistical-geometrical properties of Voronoi manifolds, and
the use of the layout theory.

The book is intended for readers interested in the liquid state
problem, physical chemistry of metallic alloys, amorphous
materials and dispersed systems, and in general for all those
who wish to understand the essence of disorder.
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Introduction

The properties of inorganic matter depend primarily on its chemical
composition. The operational properties of the material, in addition
to the chemical composition, are determined by its structure, that
is, the spatial distribution of its constituent particles - atoms, ions,
molecules.

In nature, matter is found in the form of a crystalline or ordered
lattice (numerous minerals, metals and their alloys, etc.), or in the
form of disordered, irregular substances (liquids, solutions,
amorphous materials, granular areas).

The present book tells about the results of the author's long-term
observation of disordered structures. These studies rely on
mathematical, computer and physical modeling methods and
therefore claim high accuracy. The obtained results found practical
use in various fields of science (theory of metallic solutions,
capillary phenomena, phase transformations) in the interpretation
of the obtained results and refinement of technological processes
(powder metallurgy, self-propagating high-temperature synthesis,
nanotechnology).

1. Lattice and disordered structure

The model of the atomistic structure of matter is based on the
widely used approximation known as hard spheres, which has been
applied with equal success to the orderly, regular, crystal lattice, as
well as to disordered, irregular structures. According to the model,
atoms are treated as rigid spheres that do not interact with each
other, and the repalsive potential, increases infinitely when they
touch.

Usually, the crystal structure is an infinite system of points (nodes)
that form a spatial lattice. Brave identified 14 different types of
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elementary cells characteristic of the spatial lattice (Fig. 1.1), whose
translation fills the three-dimensional space. Thus, the magnificent
variety of structurally ordered or latticed matter of our universe is
represented by 14 types of elementary cells of Brave. Of these 14
cells, metals are found only in the form of body-centered cubic
(bce), face-centered cubic (fcc), and close-packed hexagonal lattice

(hep).

A regular, orderly arrangement of spheres is characterized by
crystal forms with axes of symmetry of order: II, III, IV and VI. The
T

densest space filling (K = Ve 0,74) is achieved if the spheres are

arranged in a face-centered cubic (fcc) or dense hexagonal (hcp)
structure. In the densest regular packing, a self-sphere touches 12
of its neighbors. If we connect the center of any sphere in the (fcc)
structure with the centers of the neighboring spheres, we get a 12-
vertex (m=12) polyhedron in the form of a cuboctahedron, which
has n=14 faces and 1=24 edges (Fig. 2.1 a).

But this is not the only combination of closely spaced spheres: 12
spheres can be arranged around the central one if they are placed
at the vertices of the icosahedron. Such a polyhedron is
characterized by the fifth-order symmetry, its translation cannot
fill the space without gaps and overlaps, just as it is impossible to
cover a plane with regular pentagons. But from a statistical point of
view, icosahedron-type forms are formed in a monodisperse
irregular, chaotic structure, which, unlike a regular arrangement, is
characterized by the V-order symmetry. This is Bernal's principle,
which can be formulated as follows: chaotic, disordered (irregular)
and crystalline (regular), ordered arrangement are two alternative
options for filling space with identical spheres [1,2].

Thus, the fundamental distinguishing feature of one-component
ordered and disordered structures is symmetry. The simplest
example of a disordered structure is a granular area, the structure
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of which is described by elements of order V symmetry that are
categorically not allowed for the lattice.

A bulk crystal model describes the spatial arrangement of atoms,
determines the interatomic distances and the crystal packing

density coefficient K = %, as the ratio of the total volume of
0

lattice atoms to the volume of the lattice. The latter uniquely
determines the type of structure and the geometric method of its
construction. For example, K=0.68 corresponds to a single, volume-
centered cubic arrangement of atoms in space. K=0.74 characterizes
a face-centered cubic arrangement, K=0.52 — a simple cubic
arrangement, etc. And for granular arrangement K changes
monotonically, its lower limit has been established experimentally
and is equal to K=0.59, while the upper limit has been known since
ancient times and is K=0.64. In the non-dense state, the granular
surface is characterized by a labile equilibrium, and therefore any
disturbance of it in the form of pressure, vibration, etc., leads to
such movement of particles that reduces the potential energy and
irreversibly increases the packing density to K=0.64. We use this
compaction effect in our daily activities when we want to fill a
given vessel with the maximum amount of granular material.

What is meant by disordered structure, how to characterize its
internal configuration? In our discussion the simplest model of
granular areas is used, according to which the morphological
features of grains are not taken into account - they are represented
as spherical balls.

2. The basic structural motif of disorder

The description of the structure is related to the problem of space
distribution and is generally known as Dirichlet's problem. Let us
say that some area G contains j number of points. The task is to
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determine the part of the space that belongs to the individual point
from the j set. If the points are properly distributed in space, that is,
they form a lattice, then the search volume is determined in the
form of a Wigner-Zeitz cell obtained by the intersection of the
rectangular planes passing through the middle of the radius vectors
connecting the given point with the nearest neighboring points
(Fig. 2.1. b).

When the periodicity of the lattice is completely broken, the
procedure described above gives us an ensemble of Voronoi
polyhedra. Figure 2.2b represents the procedure for the two-
dimensional case. Obviously, Voronoi polyhedra are irregular, non-
identical and do not have Brave symmetry. The coordination of
such a structure cannot be characterized by a constant value as it is
in the regular case. In contrast to the regular structure, where
coordination is carried out by physically contacting spheres, in the
irregular case both physical and geometric neighbors participate in
the nearest coordination. Because of this, it is expected that the
coordination number in the disordered structure will exceed 12.

Coxiter's theorem [3] gives us an idea of the geometric face of the
disordered structure, according to which the three-dimensional
space can be filled with incorrect polyhedra if P=5.1; n=13.3;
m=22.7, where P, n, and m, respectively, are the number of sides,
faces, and vertices of the polyhedron. This assessment indicates that
Voronoi polyhedra in the irregular structure are mostly represented
by distorted, deformed bodies like dodecahedron (P=5; n=13;
m=20).

Experimentally, this task is studied under the conditions of all-way
compression of the statistical mixture [4]. If the spherical particles
are made of plastic material, for example, lead or plasticine, then as
a result of all-round compression of the mixture, the voids between
the particles will disappear and the spheres will turn into polyhedra
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similar to dodecahedrons (Fig. 2.4). Of course, they cannot be
regular dodecahedra. But by slightly distorting the dodecahedron
and creating faces different from p=5, the space can be filled. A
detailed statistical analysis of Voronoi polyhedra showed us that
configurations with 13.5 faces are predominantly formed, and the
vast majority of faces are represented by pentagons. Since the
dodecahedron is a pair of the icosahedron (Fig. 2.3), we can make
an unambiguous conclusion that the neighbors of any particle in a
disordered system unite in an icosahedron-like configuration
(n=20, m=12, p=5).

Such a model of a monofractional granular area adequately
describes the properties of simple liquids. Simple liquids are
considered as a disordered collection of atoms held together by
homogeneous attractive forces, not characterized by homeopolar or
hydrogen-type bonds acting in a certain direction. Since
interparticle bonds in metals are carried out at the expense of
combining valence electrons, and ions, like inert gases, are
spherically symmetric, it is possible to approximate them by hard
spheres. Thus, in completely different objects - a real liquid and a
granular structure, the minimum of volume is reached for different
reasons: as a result of the interaction of particles - in liquids and the
minimum of potential energy in granular areas. This is the basis for
their structural similarity and model adequacy, exemplified by the
entropy of melting.

3. Entropy of melting of metals

As we said above, metals crystallize only in the form of volume-
centered cubic (bcc), face-centered cubic (fcc) and close hexagonal
lattice (hcp) from the 14 types of Brave elementary cells. The first
is characterized by a density of K=0.68, for the last two — K=0.74.
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According to the considered model, during melting, metals move
to a wunified disordered state (K=0.64) and therefore must
experience different degrees of ordering. If this is indeed the case,
then this should be reflected in the entropy of melting.

We calculated the entropy of fusion of all elements in the solid state
of the periodic system [5], taking into account their heat of fusion
(AH) (AS=AH/T) and determined that metals are divided into two
groups according to AS: (bcc) metals that are characterized by
relatively low with an average value of melting entropy (AS=1.7
cal/mol. K) and close-packed (fcc) and (hcp) metals for which
AS=2.3 cal/mol. K (see Table 3.1 and Fig. 3.1).

Elements with atypical metallic structures (Si, Ge, Sb, Te, etc.) in
the solid state are characterized by looser packing, low coordination
number, undergo more radical changes during melting and, as a
result, their entropy of melting is much higher than that of metals
(Table 3.1).

This observation should make a significant change to the existing
estimate of the entropy of melting, a statute known as Richards,
which suggests an average value of the entropy of melting for all
elements. In particular, we should take into account that during
melting, volume-centered metals experience less disordering
(AS=1.7 cal/mol. K) than close-packed metals (AS=2.3 cal/mol. K).

4. Stability limit of metallic structure and mechanical model of
melting

From the thermodynamic point of view, the melting phenomenon
belongs to the first-order phase transformations. A number of
theories have been proposed to explain this process, the most
successful of which were the theories of Lindemann and Gruneisen
[6]. According to Lindemann, the stability of the lattice is
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determined by 2/3 of its parameter, according to the theory of
Gruneisen, the lattice loses its stability from the absolute zero of the
crystal to the melting temperature after expansion by 5-6%.

The thermodynamic theory of melting does not provide any
information about structural changes during the melting process.
At the same time, as we mentioned, the topology of the spatial
distribution of particles in the lattice and in the disordered
structure is radically different. Therefore, according to the model,
phase transformation melting-crystallization should be considered
as a structural catastrophe.

Our goal is to determine how the spatial-structural characteristics
of metals affect their stability, when and how the transition from a
densely packed metal structure to an irregular one, i.e. melting,
takes place (macroscopic approach) and what geometric and
topological factors determine such a transition (microscopic
discussion).

An original tool was built to study the mechanical stability of the
face-centered cubic structure (fcc) [7,8]. With its help, it is possible
to determine the limit of stability of a pyramid built with spherical
balls (Fig. 4.1).

In the body of the tool (1) there are mutually oriented by 120° three
grooves (2), in which three rectangular jaws (3) with rigidly fixed
guide wedges (4) move radially. In the rotary washer (diaphragm)
(5) three oblique cuts (6) are provided. During circular movement
of the diaphragm (5) centering stationary ring (7), the wedge (4)
placed in the oblique groove moves the jaw linearly in the radial
direction. In this way, we can change the dimensions of the
equilateral triangle (8) formed by the bases of the jaws. The radial
displacement of the jaw is calculated with an indicator of the watch
type (9) with an accuracy of 0.01 mm. The slow rotation of the
diaphragm is carried out by a microscrew (10), which is connected
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to a yoke (12) attached to the diaphragm through a cardan type joint

(11).

The structure is built in such a way that all balls are in contact with
6 neighbors in the horizontal layer and three spheres in the adjacent
layers. In this way, a face-centered (fcc) structure (K=0.74) densely
packed in the (111) plane is obtained (Fig. 4.2).

When we increase the base (3) of the pyramidal structure as a result
of the circular movement of the diaphragm (2), due to friction, the
balls will stochastically deviate from the nodes of the regular lattice,
the structure will become geometrically disordered, but it will
maintain stability and will again have the shape of a pyramid (Fig.
4.3 b). After a certain critical expansion of the base of the pyramid,
the structure loses its stability, collapses and goes into a disordered
state, i.e. undergoes a topological transformation (Fig. 4.3 c).

The limit of stability of such a structure and the limit value of
expansion AV/Vo =4.8% have been determined, which is in good
agreement with Gruneisen's assessment: AV/Vo=5-6% (Fig. 4.5, 4.6).

During the heating process of the crystal, due to thermal
perturbation, the atoms deviate from the lattice nodes, which leads
to complete geometric disorder (Fig. 4.7). But from the topological
point of view, the structure is ordered, since the Wigner-Zeitz cells
of all particles, although distorted and deformed, retain their
characteristic topology. At the moment of a certain critical
temperature perturbation, the lattice loses its stability and the
system undergoes a topological transformation: the cells
characteristic of the crystal are transformed into Voronoi polyhedra
with the V order of symmetry. Similar changes are observed in the
process of expanding the three-dimensional mechanical model
discussed above: the balls stochastically deviate from the nodes of
the regular lattice, the structure becomes geometrically disordered
(Fig. 4.3 b), but still retains the shape of a pyramid, and after a

165



certain critical expansion of the base of the pyramid, it loses
stability and collapses (Fig. 4.3c).

A real crystal melts at some critical thermal perturbation, after the
crystal has expanded by ~5-6% in volume. According to the model,
at this time the Wigner-Zeitz cell is transformed into a Voronoi
polyhedron. In the case of (fcc) lattice, the nearest neighborhood of
any atom in the form of a cuboctahedron is replaced by an
icosahedron. It is investigated what topological and metrical changes
can result in such a transformation (Fig. 4.8).

5. Filling the space with particles of different sizes

The theory does not allow for the estimation of the concentration
change of the packing density coefficient of a mixture of
bifractional or spherical particles of two sizes, and the experimental
data available in the literature are obtained as a result of observation
of uncalibrated granular areas, often for non-spherical particles,
and therefore they do not have a high theoretical value. We studied
the fractional-concentration dependence of K in the mixtures, the
components of which are spherical particles of different sizes used
in ball bearings [9-11]. The obtained results show that the increase
in the ratio of the diameters of the pairs leads to a constant increase
in K, which asymptotically approaches K=0.87 (Fig. 5.1).

Based on the arrangement theory [30, 12], the maximum number
of particles of diameter d, which simultaneously touch a sphere of
diameter D at a given D/d ratio, is analytically determined (Table
5.1). The geometric and topological characteristics of the obtained
extreme configurations (Fig. 5.13) are studied for the first time (Fig.
5.4-5.12).

The properties of polyhedra obtained under conditions of all -
round compression of a diluted statistical mixture of spherical balls
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of different sizes of plasticine have been investigated (Table 5.2 and
Fig. 5.14).

P

= 1
In Table 5.2 Z = ; : ZZ — is the average value of the number of
1

faces of the central 3olyhedron;
S: — mean square deviation from the average;

P — the number of studied polyhedra;

P
ni — the relative number of angular faces (Z =n, / )24 J .

1
It can be seen from Figure 5.14 that as D/d increases, the share of
triangular (n3) and quadrilateral (n4) faces of an irregular
polyhedron decreases monotonically, the number of pentagonal
(ns) faces is maximal near J/d ~1.1, and the number of hexagonal
(ne) faces is constantly increasing. It is clear that in the limit, when
Dy/d —, the Voronoi polyhedron degenerates into a planar lattice
{6,3}, which means that 3 regular hexagons meet at every vertex.
This can be clearly visualized if we construct the graph of the 1 =

f (d/D) function (Fig. 5.15), where 7 = %mi for the given ratio
ni

D/d is the averaged number of (1) faces. As we can see, the

extrapolation of these data /D=0 givesus n = 6 (Fig. 5.15).

Another important conclusion can be drawn from these data: fifth-
order symmetry is characteristic of a disordered system whose
particle sizes differ slightly (D~ d). In all other cases, the main
fragment of the Voronoi polyhedron is different from the pentagon.
For small values of D/d, quadrilateral faces predominate, the share
of which decreases as D/d increases, first at the expense of
pentagonal faces, and then at the expense of hexagonal ones.
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As a whole, the same trend is observed in the extreme
configuration, but unlike the irregular polyhedron, for which 7 is
a monotonic function of d/D ratio, for the extreme configuration it
changes steplike. In extreme cases, all spheres physically touch each
other. In the process of forming a Voronoi cell in an irregular
structure, together with the particles which are in physical contact,
participate the geometric neighbors, which are somewhat distant
from the central particle (Fig. 2.2).

Based on these studies, the following dependence of the number of
faces of the Voronoi polyhedron, i.e. the coordination number (Z)
from the ratio of the diameters has been established:

2
Z:%(l+§j , (5.4)

where Zo - is the coordination number of the monofractional
structure.

From this it is clearly seen that the number of heterogeneous
contacts at the initial and final sections of the concentration
interval of the double mixture is different, and even more
noticeably, the larger the size factor D/d is. We will skip routine
calculations and conclude that the concentration dependence of the
number of contacts of different names in a two-component grain
structure is described by an asymmetric parabola (formula - 5.12),
which deviates more from the equiatomic composition (N =0.5) the
larger the size factor D/d is [4].

6. Metallic alloys

According to the bifractional model, the mixing of spherical
particles of different sizes always leads to an increase in the packing
density coefficient, i.e. a decrease in the volume of the system (V)
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compared to the additively calculated one (Vo). Therefore, the
excess volume (AV=V-Vo) ) is determined not only by the chemical
interaction, as it is accepted in the theory of solutions, but also by
the atomic sizes of the components of the solution - the size factor.
Therefore, the excess volume should be presented in the form of
two constituents:

AV = AV, + AV, (6.1)

where (AV5) is the increase in volume caused by the chemical
factor, and (A V%) is the volume increase caused by the dimensional
factor.

The geometrical non-equivalence of the atoms enhances the
compression caused by different interatomic interactions. As a
result, the signs of excessive volume and excessive heat of mixing
in alloys that deviate negatively from Raoult's law coincide. On the
contrary, in the case of positive deviations from the ideal, the share
of energy and size factors is of the opposite sign, and therefore, in
the case of positive deviations from the ideal and in the case of a
significant difference in atomic volumes, the excess volume can be
negative, and there is nothing anomalous in this. This conclusion is
very important, because it shows that the presence of excess volume
in real melts is not only a result of chemical interaction, but also
depends on the geometrical non-equivalence of solution
components (Table 6.1).

A review of extensive experimental material showed us that, similar
to the bifractional granular model (Fig. 6.2), in real metal alloys
(Fig. 6.1) the greater the difference between the atomic volumes of
the components, the greater the deviation of the volume
compression maximum from the equiatomic composition (N=0.5)
[13].

All properties of real solutions related to the number of
heterogeneous bonds should change symbatically, and in case of
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difference in molar volumes of components (V; # V,) should be
characterized by asymmetry.

The heat of mixing is a quantity related to heterogeneous bonds.
Taking into account the two-component granular area model, the
number of heterogeneous bonds is determined and the formulas
reflecting the concentration dependence of the heat of mixing and
the first heat of dissolution are obtained:

1-B
AH=4AHN:05N1N2[1+(NI —Nz)—} (6.15)
’ 1+B
AH? :Bo(l—ﬂj, AHS :BO(HI_—B) (6.16)
1+B 1+B

Table 6.2 compares the experimental characteristics of the heat of
mixing of 35 bimetallic alloys collected in [14, 15] with the values
calculated by the model. Molecular volumes are obtained taking
[16] into account. All systems numbered in Table 6.2 are marked
with the same number in Figures 6.3 and 6.4.

As it can be seen from the data presented here, the formula (6.15)
describes the experimental results well, a satisfactory correlation is

observed between the experimental value of (AH i ) and the values

calculated by the formula (6.16) (Fig. 6.3 6.4). As you can see from
the pictures, the points are located along the line

(o’ =)

e cal

Alkali metal solutions are particularly interesting [15]. The latter
are characterized by the same electronegativity and the same
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valence, so it should be assumed that the size factor completely
determines their behavior (Fig. 6.5 and 6.6).

7. A cluster model of metallic nanoparticles

The massive crystal model describes the spatial arrangement of
atoms, determines the distances between them and the volume per
individual atom in the form of a Wigner-Seitz cell. What is meant
by the structure of a nanocrystal, how to characterize its internal
configuration?

For a small object containing 10? atoms, the crystal lattice cannot
provide stability. When considering the close order of the atoms of
the nanoformation from the energetic point of view, we find that
at all stages of combining a limited number of atoms in a
nanocluster, the "construction" of an icosahedron is always more
profitable than the combination of the same number of atoms in a
crystal cell (Fig. 7.1. Table 7.1), in the "construction" of which, in
addition to the tetrahedron, the octahedron used in [17].

The change of its density coefficient (K) according to the size of the
cluster (in the scale of particle diameter 2r) showed us that in
conditions r < 2.5, K=f{r)is a complex function, while r > 2.5 takes
a constant value (K=0.64) , which characterizes an infinite set of
particles (Fig. 7.3). Therefore, close order is defined by 2.5 - 3
particle diameters, and 100-200 particles should participate in the
irregular cluster organization [19].

In the process of cluster growth, i.e. under conditions of increase in
the number of atoms (N) included in the cluster [18], the share of
surface atoms (Ns) gradually decreases and asymptotically tends to
zero when N — oo (Fig. 7.4).

A similar estimate for a face-centered cubic (fcc) structure [20] is

171



N,
somewhat different and shows that ( y Nj oscillates slightly
AOE

and approaches zero with increasing coordination sphere number
(k). But for the value k<10, the inequality is always valid:

() <(A)

This result once again confirms the energy advantage of the

eé

irregular cluster compared to the crystal lattice in the case of a finite
number of atoms.

Another experimental justification of the considered model can be
considered the evolution of gold cluster growth from tetrahedron
to icosahedron described in [21], which was observed in an electron
microscope (Fig. 7.5).

8. Self-propagating high-temperature synthesis

Various ceramic, metal-ceramic and other special purpose alloys are
obtained by traditional methods of powder metallurgy and self-
propagating high-temperature synthesis (SHS). We hope that the
reader interested in this book has a general idea of powder
metallurgy, but may be unaware of a very specific SHS process.
Therefore, before we say the main thing, we should recall the
essence of SHS and also tell the reader what role the Institute of
Metallurgy and its legendary director, Academician Ferdinand
Tavadze, whose name the Institute of Metallurgy and Materials
Science bears, played in the development of SHS. In the
introductory part written with this pathos, about the phenomenon
- solid flame combustion - discovered by Alexander Merzhanov and
his colleagues during the research of solid rocket fuel, which was
officially confirmed by the Committee of Inventions and
Discoveries of the Soviet Union in 1984 [75].
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A chemical process known as self-propagating high-temperature
synthesis (SHS) is also a variation of combustion based on this
phenomenon. The discovery formula informs us that "a previously
unknown phenomenon of wave localization of self-braking solid-
phase reactions has been experimentally determined, according to
which the chemical interaction between solid dispersed
components takes place without melting of reagents and products
and their gasification as a result of thermal excitation in the
localized space in the form of a self-propagating combustion wave."

As starting materials for the process dispersed materials in the form
of metallic and non-metallic powders are usually used. The process
is carried out due to the interaction of two or more powder
reagents. In such a mixture, the reaction starts at the points of
contact of different particles, which form a reaction center. This
point is trivial and does not require explanation, because if contact
is not made, it is unnecessary to talk about any process. Therefore,
it should be assumed that the number of contacts with different
names determines the successful start of the process and its
progress. When the particle sizes of two powders are equal, then as
aresult of their mixing, a monofractional two-component statistical
mixture is obtained. In such a mixture, three types of contacts can
be found: particles touch their similar particles and form 1-1 and 2-
2 type contacts, as well as form different names (heterogeneous) 1-
2 type contacts. According to the laws of statistical physics, the
entropy of such a chaotic mixture is equal to:

AS = _R(Nllan + NzlnNz), (8.].)

And the number of contacts with different names is described by a
symmetrical parabola:
Zi2/ZNo = Ni Nz (8.3)
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where No is the total number of particles, and Z is the coordination
number of particles, which is a constant value due to the
monofraction of the system.

But in the case of mixing spherical particles of different sizes, these
regularities are not fulfilled. As we have seen above, in the
bifraction mixture, a structure is formed that is drastically different
from the monofraction structure, and accordingly, the number of
different name contacts undergoes a radical change.

Taking into account the structural features of the disordered
bifraction mixture, the thermal balance of the SHS process is drawn
up, the size ratio of the reactants participating in the process (D/d)
is taken into account, and the limiting value of the size factor (Table
8.1), above which the synthesis reaction will not spread in the form
of a combustion wave, is estimated [22,23].

As can be seen from the above description, heterogeneous contacts
play an important role in the processes taking place in granular
areas. Unfortunately, in practical activities, this is not given due
attention and, as a result, the conditions that ensure the maximum
of heterogeneous contacts for the mixture of the given composition
are not established.

The initial burden material in the form of a two-component powder
contains reaction centers, that is, such local areas, in the formation
of which particles of different names participate (dark areas, Fig.
8.4) and areas with the excess of single-name particles (bright areas,
Fig. 8.4). The latter do not create heterogeneous contacts, do not
participate in the process and play the role of ballast in the SHS
process.

The task is to determine such a ratio of the sizes of the components
of the initial burden material (D/d) at which the maximum of
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heterogeneous contacts is formed in the mixture of the given
chemical composition.

In the case of bidisperse spherical particles (D#d), the mass ratio
(mi/m2) of the components of the burden material, which
determines the composition (stoichiometry) of the obtained
product, can be represented as follows:

my _ nd’y (8.10)

my  ND 3Y2

where 1 and /Vare the numbers of small and large particles, y1and
y2 are their theoretical densities. It can be seen from the formula
(8.10) that for a given chemical composition, that is, for the mass
ratio of reactants (mi/mz2), the size ratio (0/d) of the particles of the
initial burden can be changed within wide limits by changing zand
N (nd)}/(ND)*>= const under conditions of constancy. From the
various structural configurations obtained at this time, only at the
only (D/d)m value of the size factor (D/d) is the ideal reaction center
structure (IRC) formed, i.e. such a spatial distribution of particles
when all large particles are in contact with the maximum number
of small particles and excess ballast in the form of uniform particles
will be minimal (Fig. 8.5).

For the first time, using IRC, such a ratio of particle sizes D/d of a
two-component mixture was determined, which determines the
maximum number of contacts of different names at a given mass
(m1/m2) composition of reagents. A tabular method is described,
according to which it is easy to calculate those dispersion
characteristics of the initial case (Table 8.2), which ensure the
maximum of heterogeneous contacts [24-26].
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Figures of the book

14 elementary cells of Brave.

a - encirclement of the nearest atoms in a face-centered
lattice (fcc) (cubooctahedron); - a proper Wigner-Zeitz cell
in the form of a dodecahedral rhombododecahedron
(4,4,4,4).

Wigner-Zeitz cell for an ideal lattice (¢) and Voronoi
polyhedra for a two-dimensional disordered structure (6)

Icosahedron (a)and its double dodecahedron (b)
Voronoi polyhedra

Entropy of melting by atomic number

A tool for determining the stability of a structure
The number of balls (V) in the pyramid

The process of the collapse of a pyramid made of V=165 balls:
a-initial state, b-geometric disorder, c-beginning of collapse

Limit of mechanical stability of the structure a = f(N)

Dependence of the relative change of the cluster

volume on the number of particles L; = f(N)
0

Function a=f(1/N)
Two-dimensional "hot crystal" according to J. Zaiman

Cuboctahedral (a) and icosahedron (b) in the form of a
Schlegel diagram

Concentration-fractional change of packing coefficient of
two-component mixture

Change of coordination number according to [/d ratio.
Bright rings - literary data; black rings — experiment; cross —
irregular case; 1,2 — estimate (5.2) according to inequality
Archimedes antiprism {3,3,3,4} and its corresponding graph
in the form of a Schlegel diagram
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Fig. 5.4. Graph Z=7 (a), corresponding polyhedron <(10,0) (6) and
its dual Voronoi cell (1,3,3)

Fig. 5.5. Z=9. Graph (a), corresponding polygon <(14,0) (6) and
Voronoi cell ¢0,3,6) (B)

Fig.5.6.  Z=10. Graph (a) and corresponding Voronoi cell (0,6,4)
(0)

Fig.5.7.  Z=13. Graph (a), corresponding Voronoi cell €0,5,4,4) ()
and its distribution (20,1) (6)

Fig.5.8.  Z=14. Graph (a), corresponding true polyhedron (24,0)
(6), distribution (r) and Voronoi cell (0,0,12,2)

Fig.5.9. Z=15. Graph (a), extreme polyhedron (26,0) (6),
corresponding true polyhedron (24,0) (6), distribution ()
and Voronoi cell (0,0,12,3) ()

Fig. 5.10. Z=16. Graph (a), extremal manifold (6) and Voronoi cell
0,0,16) (B)

Fig. 5.11. Twenty-four  vertices  semirectified = Archimedean
polyhedron {3,3,3,3,4} (a) and its binary equivalent
semirectangular polyhedron (0,0,24) (6)

Fig. 5.12. Z=32. Graph (a), its corresponding polynomial distribution (6)
and Voronoi cell (0,0,12,20) ()

Fig.5.13. Voronoi cell for different values of Z

Fig.5.14. Dependence of the number of faces of an irregular
polyhedron (D/d): 1-m; 2—m4; 3—135; 416
Fig. 5.15. Voronoi polyhedron averaged face in case of extreme (light

circles) and irregular (black dots) layouts

Fig. 6.1.  Deviation of compression maximum in mechanical mixture
(1) and metallic solutions. 2 — according to formula (5.7).

Fig.6.2.  Dependence of the fractional composition on the packing
density coefficient when plotting the concentration in
volume percentages (a) and atomic percentages (6)
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Fig. 6.3.

Fig. 6.4.

Fig. 6.5.

Fig. 6.6.

Fig. 7.1
Fig. 7.2.

Fig. 7.3.

Fig. 7.4.

Fig.7.5.
Fig.8.1.
Fig. 8.2.

Fig. 8.3.

Fig. 8.4.
Fig. 8.5.

—0
The limiting partial heat AH1 of mixing of the small

atomic volume component

770
The limiting partial heat of mixing AHZ of the large

atomic volume component

Heat of mixing of solutions of alkali metals: 1 — K-Na; 2 - Cs-
Na; 3 - Rb-Na points — experiment; Lines — calculation by
formula (6.15).

Heat of mixing of solutions of alkali metals: 1 K-Rb; 2 - K-
Cs; dots — experiment; Lines — calculation by formula (6.15)

Evolution of particle aggregation in the icosahedron

Scheme for calculation of the packing density coefficient of
an irregular structure

The packing density coefficient of the irregular structure

Function % = f(n) for an irregular cluster (1) and a

regular fcc lattice (2)
Mechanism of gold icosahedral cluster growth [21]
bifraction mixture. Dand d are the particle diameters, D>d

Academicians - Anatoli Vatolin, Ferdinand Tavadze and
professors - Alexander Merzhanov, Irina Borovinskaya,
Tengiz Sigua, Jumber Khantadze and Guri Tsagareishvili at
the Cross Pass

Dependence of g @5 g on the granulometric composition
of Ti-B charging material

Bidisperse mixture scheme

The structure of IRC. The ratio of the number of large
particles (2) and small particles (1) in the areas of the reaction
center (3) is approximately the same: N/ = const
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