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B nocnepnee BpeMs BO3pOC HHTEPEC K XapaKTepu-
CTHKaM CyOMHUKPOHHOI'O OKCHIHOTO JbIMa, O0pa3yio-
Hierocs pu rOPEeHNN AIFOMUHUEBBIX YACTHL, YTO CBS-
3aHO C 3KOJIOTHYECKHMH BOINPOCAMH NMpHUMEHEHUsI U
YTHIHM3alMH PaKEeTHBIX ABHraTelell Ha aJIOMMHHU3H-
POBAHHOM TOIUIMBE M C Pa3BUTHEM TEXHOMOTHH NOITY-
YEHHs HAaHOOKCHHOB METAUIOB B a3pOIHUCIEPCHBIX
¢akenax [1, 2]. B 30He miiaMeHn, OKpyXKaroeil rops-
HIYIO YacTHIy, IPOACXOINUT 3apOXKICHUE U POCT OKCH-
Aa OT HAHOMETPOBOTO [0 CYOMHKPOHHOTO pa3Mepa,
YTO SIBNSETCS OTNPABHOW TOYKOH JIIA €ro JanbHel-
mel spomoiyn. IloHnMaHue (PHU3NKO-XUMUYECKUX
IPOLECCOB, MPOTEKAIOUUX NPU FOPEeHUH YacTHIbI, 1
3HAHHWE 3aBHCAMOCTEH X XapaKTEPHUCTHK OT YCIIOBHIA
TOPEHHsI JalOT OCHOBY [ 3(p¢heKTHBHOH OpraHu3a-
UM TpoHecca TOPEHHs YacTHL B TEXHUYECKHX
ycrpoiicTBax. OfiHa U3 BaXKHBIX 3a/]a4 B U3yYEHUH Me-
XaHU3Ma TOpeHHs] YacTUIIbl allIOMUHHS — MCCIIENOBA-
HHME 00pa3oBaHUs U CBOHMCTB OKCHIHBIX HAHOYACTHII.
B panHO# paboTe paccMOTpeHa 3aBHCHMOCTH JHUC-
IIEPCHOCTH ¥ MOP(OJIOTMH OKCHIHOTO a3p0o30.4, 06-
Pa3yIoLIErocs pA TOPEHAH alIIOMUHHEBBIX YacTHUIL B
BO3[lyX€ IpH aTMOC(EPHOM [aBICHUH, OT pa3Mepa
ropsAIUX YacTHI. B ganpHedeM IIaHupyeTcs: pac-
IIMPHTH JUATIA30H HCCIENYEMBIX JaBICHHI.

MICTOYHIKOM rOpsIIIX YaCTHIL CIYKHI MEHAATIOP-
HbI o6pa3sen (pasmep or 2 X 2 X 20 mM> 10 2 X 4 X
% 40 MM?) aTFOMHHA3HPOBAHHOTO TOIIMBA, KOTOPbIH
cxurany B 20-IUTPOBOM COCYAie B BO3AyX€, OUHMILUEH-
HOM OT aTMoct¢epHoro aspo3zouns. Ilpu ropernu o6-
pa3sel BeIOpachIBacT ropsinue YacThNbI alFOMHHUS
(arnomepatel), KOTOPBIE CBOGOTHO NAflalOT MTOJ AeH-
CTBHEM CHIIBI TsKecTU. ['openne oOpa3ua giurcs He-
CKOJILKO CEKYHJI, 32 2TO BpPEMS COCY/l HANOJHSAETCS
“OKCHHBLIM ABIMOM”~ — BbICOKOJMCIIEPCHBIM a3p030-
jeM. ITo okoH4YaHUU ropeHHs a3pO30JILHBIC YacTH-
I[bI KOAr'yJINPYIOT, CEIUMEHTUPYIOT U YaCTHYHO Oce-
JaloT Ha CTEHKH cocyfa. s nonydeHns JaHHBIX 00
3BOJIIOLUH YacTHL OcTe cropaHus o6pasna nepuo-

Hucmumym xumuveckoli Kunemuku u 20peHuUn
Cubupcxozo omoeaenua Pocculickoti Axademuu Hayk,
Hosocubupck

BUYECKH NMPpOBOAUIH OT60p npob asposons. IIpoby
HaNpaBISANH MO0 B TEPMONIPELMITUTATOD IS yIaB-
JIMBaHMS YACTHUI € LENbIO X MOCIENYIONIEro AUcIep-
CHOHHOTO M MOP(OIOTHYECKOr0 aHanu3a MO 3JeK-
TPOHHO-MHUKPOCKONMYECKHUM H306paskeHusIM, 00 B
ONTHYECKYIO KIOBeTY MUITuKeHa [/1st HaOMIONeHUus 1
PETHCTpalMHA a3pO30JbHBIX YacTHI] IOCPENCTBOM BH-
[IEOCHCTEMb] C ONTHYECKMM MHKPOCKOIIOM M lasep-
HbIM OCBeTHTeneM. KOHCTpykumsi KiOBeThl Ipeny-
CMaTpHBaeT MPUJIOXKEHHE ONHOPONHOTO 3JIEKTpUYe-
CKOro IO, YTO B COYETAHMHM C perucTpauuei
ABIDKEHHS YaCTHUIL JaeT BO3MOXKHOCTh IOJy4EeHHUS HH-
¢opmaryu 06 371eKTpIIECKOM 3apsiiie JacTun. Mero-
AUKH 0TOOpa, BUAEOpErucTpauuu 1 o6paboTKK AaH-
HBIX omucaHsl B [1, 3].

IIpoBeneHb! YeThIpe Cepu SKCIEPUMEHTOB C 00-
pa3lamM TOIUIMB, pa3iMYaloOlUXCs pa3MepPOM reHe-
PHPYEMBIX FOPSIIAX YaCTHIL.

B cepun 1 ucnons3oBaHO MOTEITBHOE CMECEBOE
TBEepAOE TOIIHBO CIERYIOMIETO cocTaBa (B Mac. %):
25 nmepxnopata ammonus (ITXA), 35 okroreHa, 20
cesizyroniero u 20 amomuans. ITockonbKy npu rope-
HUH TOIUIMBA MPOUCXOJUT arjioMepalys alnrOMUHHS,
¢yHKUHIO pacupenesieHus rOpAIIAX YacTHIl, TeHEPH-
PYEMBIX TOILTHBOM, OLIEHUNIH CIENYIOMNM 00pa3oM.
Ilo Meromuke oT6opoB [4] ompefennnu GyHKIHIO
pacnpeneieHAs arlIoMeEPaTOB IO pa3MepaM, a TaKXke
mono Macchl Metamna (=0.6), ydacTByromero B 06-
pa3oBaHHH arioMepaToB. B mpennonoxeHnH, 4To
METalN, He YYaCTBYIOIIHIA B arIOMEpaniH, BLIXOUT
B ra3oByio ¢a3y B TOM BHJIE, B KAKOM OH OBbLI 3aJ10-
XeH B TOINIMBO, oOpa3yeMasi [IpM FOpeHHH TOINIKBa
COBOKYIHOCTB YaCTHI] COCTOUT U3 arJOMEepaToB H Ya-
CTHI| HICXOTHOTO amoMiHys. DyHKIHIO pacnpeneneHus
HCXOHOT'O QTFOMHUHUS TPEABAPUTENILHO ONpPENETsIn
Ha rpanynomerpe ‘“Mansepn-3600E”. B Tabn. 1 mpen-
CTaBleHbl XapaKTEPUCTHKH MONUJUCIEPCHON COBO-
KYIHOCTH, PACCYMTAHHBIE C YYETOM MACCOBBIX BKIIa-
moB. 3peck 1 ganee D,,, — cpefHue fuaMeTpsl [4], 6 =

2 2
= /D5 — D], — CpeiHEeKBaJpaTHYHOE OTKJIOHECHHE,
K o = 0/D ¢ — KO2(p(pHUIIHEHT BapuaLiH.
Kak BupHO M3 maHHbIX Tabn. 1, cpegHuit pa3sMep

D,, monuaycniepcHO! COBOKYITHOCTH COBIAIaeT C CO-
OTBETCTBYIOUIAM CPETHUM /ISl YacTHI, HCXOTHOTO
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Ta6mmma 1. I'parynoMeTpuyeckre XapaKTEPUCTUKH MOTHIYCIEPCHO COBOKYITHOCTH TOPSIIUX YACTHI[ M €€ COCTABIIS-

IOIIKX B cepun 1

YacTunp!

Huamnaszon, MeMm|  Dyg, MKM

4-1470
4-55
80-1470

CoBOKYIIHOCTB
Hcxonupmi Al
Arnomepatsl

D5, MKM D3, MkM O, MKM K.
18.7 474 5.9 0.61
12.6 223 52 0.54

347 662 173 0.77

AMIOMAHAS. DTO OO0BICHIETCS TEM, YTO UX YHUCJIO Ha
HECKOJIBKO TIOPANKOB MPEBOCXOAUT YHUCIIO TOPSIIIAX
ariaoMepaTosB.

PaccMoTpuM pe3ynbTaThl ONpPENENIEHUsT pa3Me-
PpOB ¥ MOp¢OJIOTHH OKCHIHOTO aspo30Jsl B cepuH 1,
T. €. B ClIy4ae TOPEHNs NOJIUUCIIEPCHON COBOKYITHO-
CTH 4YacTull. AHaIN3 JaHHBIX 3JIEKTPOHHON MHKPO-
CKOIMM II0Ka3all, YTO a3pO30JbHbIE YaCTHUIBI MPef-
CTaBJISIIOT COOOM arperaThl ENOYHO-Pa3BETBICHHOM
(opMmsl, cocTosIIME U3 IEPBUYHBIX C(HEPUIESCKUX Ya-
cruy, (cepyi) ¢ pazmepamu B imana3one 5-150 uM
(pmc. 1 [1]). Kpucrannuyeckast cTpykrypa cdepyi
npeumymecTseHHo Y-Al,O;. OtmeTnm, uto B [1, 3]
UMEIOTCA TaKXe pPe3yldbTaThbl ONpENeNICHUs] 3JeK-
TPUYECKHUX 3aPsJOB Ha a3PO30JIbHBIX YaCTHIAX.

MoxHo 3ameTuTh (puc. 1), 9To B arperaTtax ume-
FOTCSI KJIacTephl, COCTOsIIITE U3 cPepyT CyIeCTBEH-
HO Pa3IU4HOIO pa3sMepa, Ipx 3TOM BHYTPH KilacTepa
pa3Mepbl cgepyll pasIMYaOTCd HE3HAYUTETHHO.
B0 cuenaHo npeanonoXeHne, 9To KiIacTepbl 06-
pa30BaHbI pa3HbBIMU TOPSIIAMHA YaCTUAI[AMHU U CO-
€[MHAIOTCSI B arperar B Ipoliecce KOarysiiuu. AK-
ThI KOAryJslid arperaToB SKCIEpUMEHTANLHO Ha-
omoonany B [3]. [JanHOE TpPENNnoIoXKeHne OCHOBAHO
Ha TUIIOTE3€E O TOM, 4TO pa3Mep cepyi 3aBUCUT OT
pa3Mepa ropsieit yactunpl. [IpefcraBieHHbIe HIKE
pe3ynbTaThl 3KCHEPHMMEHTOB C MOHONUCIEPCHBIMA
ropslMMK 4YacTunaMmu (cepud 2-—4) HOKa3bIBAIOT
CIIPaBENIINBOCTD 3TOM TMIIOTE3HI.

ArperaTbl IMEIOT (PpakTAILHYIO CTPYKTYpPY, KO-
TOPYIO MOXKHO XapaKTepu30BaTh (PpakTaIbHON pas-
MEPHOCTBIO Dy, OTIPENIENUB €€ U3 CTENEHHOIO COOTHO-

D
mennst M ~ R Mexpy Maccoii arperata M u 5KBUBa-

JIEHTHBIM reoMeTpudecknM paguycoM R = 0.5./LW ,
rge L — “mnmuHa” arperaTa B HalpaBJIeHUN HAMOONb-
el nmpotsokeHHocTd, W — “mmpuna” arperata, Hau-
Oonbllee M3MEPEHUE B HANPABICHUH, NEPHEHINKY-
JIApHOM L. Y CTaHOBIIEHO, YTO B IPOMEKYTKE BpEMEHA
1-17 MuH nocne cropanust o6pasia cpeHil S5KBUBA-
JIEHTHBI T€OMETPUYECKHI pafiiyc R COBOKYNMHOCTH
arperaToB BCIEACTBUE Koarynsuun yBemmamics ¢ 0.4
no 1.5 Mxm. ITpu aToM dpakTanabHas pa3MEpHOCTh He
U3MeHsitack u cocrasisiia Dy = 1.60 £ 0.04.

B cepusix 2—4 6p1u HCIONB30BaHbI 0GPa3Ibl MO-
EJTLHOTO TOIUINABA, TEHEPHPYIOIHE TOPSIIe YaCTH-
bl pasMepoM 340, 110 u 4 MKM COOTBETCTBEHHO.
OG6pasnpl B ceprsix 2 U 3 IpepcTaBiIsui co6oit 6e3-
MeTanbHyIo MaTpuly (coctas 34% I1XA, 39% okro-
reHa, 27% CBSI3yIOLIET0) C BHENIPEHHLIMY B HE€ MUHKA-
TIOPHBIMHA KyCOYKaMH MeTaJlJIA3UPOBAHHOTO TOIUTABA
(cocraB 14.8% IIXA, 42.6% Al, 42.6% cBs3ytoIero)
OJMHAKOBOTr'0 pa3Mepa u ¢opMsl. B BosHe roperust 06-
pasla KaX[bli KycO4eK-BKIIIOUEHHE TPaHC(HOPMUPY-
€TCsl B arJIoMepar 1 Bociuiamensiercs [5]. B cepun 2 me-
[IOJIb30BaJIM LMIMHApIYEecKre BKItodeHus: 500 X
X 500 mrm?, 60 mITYK B 06pasie, 06pa3yrolye ario-
Mepathl ¢ Dy, = 340 mMxm, K, = 0.11. B cepun 3 uc-

Puc. 1. ArperaT u3 yacTI HAaHOPa3MEPHOTO OKCHJia, 0GPa30BaHHbII [IPY FOPEHAN ANIOMAUHA3MPOBAHHOIO TOIUINBA. B pasHbix
YacTsiX arperara chepybl CyIMECTBEHHO Pa3IAIAOTCs 10 pa3Mepam.
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Pac. 2. BiinsiHne pasMepa ropsIuux 4acTHI Ha pacrpene-
JeHue oOpa3yeMbIX OKCHAHBIX HaHodacTull. ITokasaHbl
COBOKYINHbBIE (PYHKLMH HOPMHPOBAHHOI MIIOTHOCTH pac-
npefeleHns unciaa cepyl no pasMmepam, MOJTyYEHHbIE
00'be[JMHEHHEM THCTOIPaMM IS OTAEJ/IbHBIX arperaTos.
Yucna y KpHBBIX — pa3sMep FOpSIIMX YacTHI| B CEPHAX 2—
4. Kpusas “TTomupuci.” cOOTBETCTBYET MOJHAMCIIEPC-
HOM COBOKYNHOCTH TOPSIIMX YacTHI B cepud 1.

NoNB30Bany BKIOYeHns 130 x 150 Mxm?, 250 1TyK B
obpasie, o6pa3yromme arnoMeparsl ¢ D)y = 110 MM,
K., = 0.14. B cepun 4 B MaTpuly ObUIO BBEAECHO
2 Mac. % cepnvecKoro alOMHAHNS C XapaKTEPHBIM
pa3MepoM 4 MKM, YTO TMO3BOJIANO H36eXaTh ero ar-
noMepanuu. I'panynomMeTpryeckne napaMeTpel MO-
pouika amtomuHus: Dy = 4.0, Dy = 4.1, D4y = 4.3,
Dy = 4.8 mxM; 6 = 0.9 mMMm; K, = 0.23 (nanHbIe
“Manseps-3600E”).

Pasmep cdepyn Dy, HM
100

50
80
7 [ &
60 '
50
40
30
10 1

0

AN ‘

TMonupucnepcHble

1 10 100
Pa3mep ropsmux yactun Dy, MKM

1000

l;
Puc. 3. 3aBucHMOCTE pa3Mepa HAaHOOKCHAHBIX cepyn OT
pasMepa ropsiel yactuubl. LIndpe! y Toyek — HoMep
cepHH.

Puc. 2, 3 v gannble Ta6. 2 HIMIOCTPHPYIOT 3aBUCH-
MOCTh MHCIIEPCHOCTH HAHOPa3MEPHBIX OKCHIHBIX
cepyl oT pa3Mepa ropsiuel yacTuisl. CpeHuit pas-
Mep cepy1 yBEIMUUBAETCS C pa3MEPOM ropsiei ya-
CTHIBI, IpHYeM cepyiibl, 06pa3oBaHHbIE NIPH rope-
HHH TTOJIMANCIIEPCHOM CHCTEMBI, IMEIOT 0oJiee Hpo-
KOe pacrnipejienieHne no pasmepam (K, ,, = 0.43-0.50 B
cepuwsix 24 u K, = 0.58 B cepuu 1). Mopa pacnpepe-
neHus cepyi, 0Opa3oBaHHbIX NPY FOPEHUH IOJIH-
IUCTIEPCHON COBOKYIHOCTH, PAaclOJOXEHa MEXHy

Ta6mma 2. 3aBHCHMOCTD IIapaMETPOB TUCTIEPCHOCTH OKCHIHBIX chepyll OT pasMepa ropsiie YacTHIbI

Pasmep ropsimeit | Yucao o6pabo-

Cepus
YacTHLBI, MKM |TaHHBIX chepyi

TMonupncnepcHbie
340
110
4

B W N -

K

var

0.43
0.45

D, ropsmnux
YacTHI[, MKM

340
110
~10 (appexTnBHLII)
4

o= W N
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1.62 £ 0.09
1.65 £ 0.07
1.64 £ 0.09
1.80 +£0.08
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MOJIaMH pacnpefie/IEHuil, COOTBETCTBYIOIUX TOpe-
HUO 4 MKM 1 110 MKM vactun (puc. 2). B nonynora-
pudMIIECKO cHCTeMe KoopaAUMHAT (pHc. 3) 3aBUCH-
MOCTB CpefiHero pasmepa coepyn D,y OT cpeiHero
pasmepa D, ropsimux yacTun 6J13Ka K JIMHERHOMR, 1
TOYKA, COOTBETCTBYIOLIAsl HOJIUAUCIIEPCHOM CHCTE-
Me, YKIIaJIbIBa€TCs B OOILYIO 3aKOHOMEPHOCTbD.

PesynbraTel onpepeneHuss ¢pakTanbHOM pas-

MEpHOCTH arperatoB Dy NpefcTaBieHbl B Tabl. 3%*.
HM3BecTHO, 4TO D/ 3aBUCHT OT MEXaHHW3Ma 06pa3oBa-
HUsI arperatoB. B yacTHOCTH, B pe3ynbTare Kiacrep-
KJIACTEPHOM arperanyy, JUMATHpyeMol muddysuei
(JWIKKA), 06pa3yroTcst arperarsl ¢ Dy~ 1.8 [7]. B mo-
nenu IJIKKA cumTaeTcs, 4To arperatbl 06 beMHsA-
IOTC  HCKJIIOYMTENLHO Onarofgaps OpOYHOBCKOM
b dy3un, 1 MEXAY HUIMH OTCYTCTBYIOT [JaIbHOMIEH-
CTBYIOIINE B3auMONEUCTBUA. Hanuune pgannHOmei-
CTBYIOUIMX CHJI TIPUTSKEHUSI MEXKTY KOAryJIHPYIOLIH-
MM YaCTHL[AMH HIH arperaTaMy NPUBOTHUT K IIOHMXKE-
Huio Dy [8]. ITonyyennnle B cepusix 1-3 3HaueHus
Dy=1.62-1.65 pnsa ropsmux vactun pasmMepom 10—
340 MKM MOXHO OGBSCHHUTH KYJTOHOBCKHM B3aHMO-
NECTBHEM MEXJY KOaryJlHpYIOUIMMH arperaTaM.
Jas ropsimpx gacTun pa3MepoM 4 MKM 3HaueHHE
D;=1.80 coorsercrayeT Mopienn [IJIKKA, yto MoxkeT
YKa3bIBaTh Ha CHIDKEHHE POJIM KYJIOHOBCKOTO B3aHMO-
IEACTBUS 10 CPABHEHMIO C OGPOYHOBCKOI! i dy3ueit.

*B [1, 3] pyis 9TOro TOMIKMBA NONYYEHO 3HAYECHHUE Dy=1.60 £
10.04. Paznmuune 3naueHui 06YCIOBIEHO NPUMEHEHHEM pa3-
HBIX CMOCOGOB ONpefeNeHns] 3KBHBAICHTHOIO TEOMETPHYE-
ckoro pagmyca [6]. B mpepenax MOrpelIHOCTH 3HAYEHHS Dy
COBIAjaIoT.
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OGHapyxeHHas1 3aBHCHMOCTb pa3Mepa chepyn OT
pasMepa ropsitei YacTHIbl JaeT OCHOBY JJIS alIPHOP-
HOIl OLIEHKY pa3Mepa OKCHIHOTO AIbIMa B HAHOMETPO-
BOM JIHAIIa30HE, a TaKXKe AEMOHCTPUPYET IPUHLMIIK-
aJIbHYIO BO3MOXHOCTD YIIPABIIEHHS 3THM Pa3MepoM.

PaGora BBIMONHEHA NpH (DHHAHCOBOM MOIIEPXKKE
P®®U (npoexts! 04-03-33162, 04-03-33163, 05-03—
90576-NSC_a, 05-02-08290-OFI_a, NSC_Taiwan-
RFBR No. 94WFA0600016_Contract No. RPO5SE15),
HUHTAC (rpant 03-53-5203), MHTLI (poekThI 2358
u 3305).
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