YK 547.1:621.7

11 1l CAPCEMBHHOB, H. E. KOPOBOBA

B3AMMO/IEIICTBUE HAHOYACTHII
B I'EJISIX AJIKOKCHJ/IOB METAJLJIOB

[peacTasramocs UeIeCo00pa3HBIM PACCMOTPETD OHY U3 BAXKHBIX XaPAKTCPHCTHK CTPYKTYPHPOBAHHBIX CHCTEM —
MPOYHOCTH. YeM OTPCACIIACTCS MPOTHOCTH TCICOOPA3HBIX 0CAAKOB HA IICKTPOIAX, KAKHC 3aKIFOUCHUI MOYKHO JICTIATh
HA OCHOBAHHH H3MCPCHHUS HX MPOYHOCTH H KAKUC YCIOBHA HCOOXOTUMO COOMOAATH, YTOOBI 00CCIICUHTH BOBMOKHOCTh

OJIHO3HAYHO! TPAKTOBKH PE3yIbTATOB H3MCPCHHIA.

I. ®pakranbHOCTL renei

CoBpeMeHHBIE IPEICTABICHUS O CTPYKTYPE Te-
JIeH OCHOBaHBI Ha KOHLeNUHHU (pakranbHocTH [ 1] 1
coaepkat HHPOPMAITHEO O TOM, KaK POCTPAHCTBCH-
Has ceTKa (reap) 00pa3yeTcst KOLIOU JHBIMH YacTH-
[aMH TP MAJTBIX KOHICHTpanusax dactur [2, 3]. B
JaHHOH paboTe B MIMPOKOM AHMAMA30HE CKOPOCTEH
CABHUra M3MEpPEeHa BA3KOCTH Ielsl, 00pa30BaHHOTO
AJKOKCHJOM METAIA TPU OObEMHOH KOHLICHTPALIHH
yactul B 305X 2,5 %. TeopeTuueckas HHTEpIIpE-
Tanus 3KCTIEPUMEHTATBHBIX PE3YIIBTATOB IOIYICHA
€ MIOMOIIBIO (PpaKTalbHEIX NPEACTABICHUN.

HucnepcHoii ha3oii KOIIOUIHONH CHCTEMBI CITy-
KUK c(hepUIeCKUEe HAHOYACTHIIBI H30TPOIOKCH IR

amromunus AI(OR), mpakTH4€CKH paBHOTO AMAMET-
pa 2a=1,4-10% m ¢ sxuakoii $ha3oil — H30IPOIHIO-
BBIM CIIUPTOM C J0OaBKaMH YKCYCHOU KHCIOTHI J0
BaszkocTu M, = 3,2-10° Ia-c. Koncranty 'amakepa
A ¥ BETHUHUHY 3330pa MEXKIY KOHTAKTHUPYIOIIUMHI
gacturamu h onenunum kak A ~ (1,5-2)-10" JIx u
h~ 6-10° M, uto orBeuaeT sHepruu cesizu E/kT ~
~ 35-50. B mokoe crcTemMa HE TCUCT ¥ BHCITHE PCI-
CTaBIsCT COOOMU mpo3paunbiii reip. Beanunna Ha-
MPSHKCHUS CABUTA G 307151, HAXOSIIETOCS B SUCHKE
THIA KOHYC — IUIOCKOCTh POTALIMOHHOTO BUCKO3H-
Metpa “Peomerpukc — 7057, onpeaensnacek npH 3a-
JIAHHOM MOCTOSHHOM B MpeAeiax KakKA0ro u3Mepe-
HU 10 BO3PACTAIOMIEH OT U3MEPCHHS K U3MEPEHHIO
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Puc. 1. Jlorapudmuteckast 3aBHCHMOCTE BA3KOCTH CHCTEMBI «M30TPONUIIAT aTIOMUHISI— (M30MPONAHON + YKCYCHAs! KUCIIOTA))!
a — OT HallpsDKEHHMS C/IBUTa, och abclfce — orapudM HalpspKeHUs caBura log o, och opAnHaT — norapudm Bsskocetr log n;
6 — OT CKOPOCTH C/IBHUTA, och abcIfice — JorapudmM ckopocTd caBura log €, ock opauHAT — jJorapudM Bsi3KocTH log

CKOpOCTH caBuUTra €. Boctpon3BoanMocCTs pe3yibTa-
TOB IPOBEPSLUIH ITyTEM ITOBTOPEHUA IKCIIEPUMEHTOB
IIPH U3MEHEHUH YIJIOB MEKIY KOHYCOM M IIJIOCKO-
CTBIO U3MEPUTENBHON SUEHKHU U UX AUAMETPOB.
I'paduk 3aBUCHMOCTH BA3KOCTH CHCTEMBI 1| OT
G MOKa3bIBAET CYINECTBOBAHUE NPH G > G_ HBIOTO-
HOBCKHUX PEXHMOB C BI3KOCTAMH, OTIHIAIOIIAMUCS
Ha 9 nopsiaxos (puc. 1, a). [lepexon or oxHoro pexu-
Ma B APYTrOH MPOUCXOIUT MPAKTHICCKU TIPH TTOCTO-
AHHOM HanpsokeHuH 6, ~ 10 Ila. 3nauenus ckopoc-
TH CABUTA, OTBEYAIOIINE HAYATIY U KOHITY IIEPEX0a,
pasubl npudn3uTeasao 107 u 102 ¢! (puc. 1, 6).
PaccmaTpuBas M3BECTHBIE MOJENH CTPYKTYPHI
Pa30aBICHHBIX KOIJIOUHBIX arperaros u renei [ 1—
4], MOKHO 3aKITIOYUTh, 4TO (PPAKTATBHAS CTPYKTY-
pa BO3HHKAET B IpOLECCE CIy4allHOH arperanuu
YaCTHULI [IPH YCIOBHH 00PA30BAHUS KECTKHX CBA3CH
MEXKIy JacTHIIAMM, HE JOIYCKAIOINX IEPECTPOEK
CITy9aifHO BO3HHUKAIOIIMX PBIXJIBIX CTPYKTYP B IUIOT-
uei¢ 2, 4] (puc. 2, a). XapakrepucTUKOU hpakTaib-

HOU arperaiyu sBsieTcs (ppaxTanpHas pa3MepPHOCTh
D, cBaseiBaromas 4mcao 9acTHIl B arperatax N, ux
JUHEHHBIE pa3Mepsl R 1 pasMep oxHOM dacTHIEI
D
R
, D<3.
a

N =~ §))

ITpu ckomp yromHo Maaok 0OBCMHON KOHIICHT-
paLFK YACTHII € ArPEraThl B MPOLECce HEOOPaTHMOM
(hpaxTajIbHOM arPeraliy MPUXOIIT B KOHTAKT (prc. 2, 6)
U 00pa3yroT renb (puc. 2, B). XapaKTCPUCTHKON
CTPYKTYPHI TCIIS ABISIOTCS CPEIHUN pasMep “sucH-
KH CCTKU , COBIMAJAONIMI CO CPSIHHUM PasMEpPOM
KOHTAKTHPOBABIIHX arperaros. KoHueHTpannoHHas
3aBHCHMOCTb pasMmepa & MOKET ObITh YCTaHOBJICHA
U3 TEX COOOPAXKCHUH, YTO CPEAHSS KOHLICHTPALHS
YyacTHL BO (paKkTaIbHOM arperare pasvepa & Tomk-
Ha COBINAJaTh C KOHLUCHTPALHECH KOIIOHIHBIX

c
gactw B cucteme N (€) / &3 ~ ? [5, 6]. Otcroma,

ucnonb3ya gopmyay (1), mmeem

*
% ‘ ..ﬂ ﬂ?{‘ f“’ ;.. ...........f:f.:...
2 ¢
@ £ P 'y’ . :{ -
" P00 . :. i{ g’ﬂ =* ""I"Iiioo.;o."‘.
a G B

g

g

Puc. 2. Cxema obGpasoBaHus reis MpHu ($pakTaabHON arperanuu:
a — paHHSI cTaAus mpoliecca; 6 — COCTOSHIE KOHTaKTHPYIOIUX arperaToB; ¢ — COCTOSHHUE Tellsl
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1
f/azcﬁ. )

CyIecTBOBaHHUE XapaKTePHOro pa3mepa & B pas-
0aBJICHHBIX KOJUTOMIHBIX AJTKOKCUIHBIX IE/ISIX U €10
3aBHCUMOCTh OT KOHLCHTpAIUu BUAA (2) moaATBEp-
JUTACh HAMH B SKCIICPUMEHTAX IO PACCCIHUIO HOH-
TPOHOB. JHAUCHUS pa3Mepa suchku rens &, Bhi-
YUCICHHBIC 110 (opmysie (2) A HAINCH CHCTEMBI
(c=0,025,2a= 0,014 mxm), npuBEACHBI B TAOIHLIC.
Hcmonp30BaH0 HECKOIBKO BOZMOKHBIX ITPH CJIyUaii-
HOWM arperaiuu 3HauCHUH PpakTaTbHOU pa3MepHO-
ctu D [7]. Ilepexons k aHAMM3Y 3HAYCHUH BI3KOCTH
M, = 10 " Ma-c u n, = 10" Ia-c, uamepeHHBIX IpH
HanpsUKEHUAX G < G_H G > G_, 3aMETHM, 4TO 1, Ha
MOPSAOK OOJIBIIC 3HAUCHU S BI3KOCTH KU IKOH (ha3bl
N, IIpeANoa0KUM, UTO CTPYKTYpa MPH G > G_ B M3y~
YCHHOM MHTCPBAJIC G OTBCUYAIA COCTOSHUIO KOHTAK-
TUPYIOLINX, HO HE CBSI3aHHBIX B CETKY (PpaKTambHBIX
arperatoB (COCTOSIHHE, CXEMATHUUCCKH TTOKA3aAHHOS
Ha puc. 2, 6). Ilpu 6 < G_cTpykTypy OyAeM CUMTaTh
B OPSIMOM CMBICIC TCJICM, T.€. COCTOSIHUEM CBSI3aH-
HBIX B CETKY arperartos (puc. 2, B).

KakoBa >x¢ npudurHa nepexoaa CUCTEMbI U3 OJJHO-
ro coctosiaus B apyroe? Jlas Toro uroGsl TeopeTH-
YECKM OLICHUTh 3HAYCHH S BSA3KOCTH T, H 1, B KaX-
JIOM U3 YKA3aHHBIX COCTOSIHHI, HCIIOIb3YEM U3BEC-
THOS COOTHOIICHUC

3)
rae G — ynpyruii MOy /b CABUTA CHCTEMBI;, T — BPS-
MsI PCIAKCALIMK HAIPSHOKCHHUS, BRI3BAHHOTO MAJIoH
MT'HOBCHHOU AedopManueii capura.

Vrpyrue MOAY/IH IeJisl U CUCTEMBI KOHTAKTHPY-
FOLIUX ArperaToB MPUMEPHO OJAMHAKOBBI U OMPE/Ic-
JSIOTCS MOyJIeM arperata pasmepa &. CoorHotme-
HUEC, MTO3BOJIIIOIICE OLICHUBATh MOAYJIH (hpaKTaIb-
HBIX KOJUTOMTHBIX arperaTos, ObLIO HOTYUSHO B | 8]:

GE) ~aG,/(E/ay N, (). (4)

3aech G, — MOAYNb CIBMIa MaTEPHANA, U3 KOTOPOTO
COCTOAT KOJJIOUAHBIC YaCTHILIBI;, A< 1 — ko3 PuLum-
CHT, VIMTHIBAIOIINH YMCHBIICHUE MOYJIS CZIBUTA B
npocioikax mexay yactunamu; N (§) — uucnio
HEXYONUPOBAHHBIX, UK “‘KPacHbBIX , CBA3CH B CKe-
aere arperata pamepa & [9]. Ckener — gacTs arpe-
rara, nepearoias HanpspKEHUE OT OJHOTO KOHLA
arperara K Apyromy. JHAUUTEIBHYIO YacTh CKEe-
TOB THUITUYHBIX arperaToB MPEACTABISAIOT LEHOYKU
MOCJICAOBATEIBHO CBA3AHHBIX KOMIOWIHBIX Yac-
THL — “KpacHble” CBI3H; MPH Pa3PbIBE TAKOH CBA3M

n~G-1,

arperar paszgensercs Ha asa ¢pparmenra. Bpems pe-
NaKCallMy HaNPsKEHHA B Tenie, T, (§), onpeaensercs
BPEMEHEM pa3pbiBa CKenera arperata pasmepa &. Uz
puc. 1, a, 6 MOXHO YCTAHOBHTD, UYTO B COCTOSHUH
reist TUCCHITUPYEMAs B CHCTEME SHCPTHS HACTOb-
KO MaJia, uTO CHCTEMA TOJIKHA HAXOAUTHCS MPAKTH-
YECKH B COCTOSTHHUHM TCIIOBOTO paBHOBecHs. [1oaTo-
MY MCXaHH3MOM, TIPUBOSINUM K Pa3phiBy CKENeTa,
MOTYT OBITH TONBKO TCIIOBBIC (haykTyaruu. [Ipu
3TOM € MMOAABIISIOICH BEPOSTHOCTBIO PA3PBIBAIOTCS
“kpacHbie”, a HC “AYOJUPOBAHHBIC CBS3U , U IS
OneHKH T, (§) MOKHO 3amucaTh

T, () & 1, ¢¥IN, (€). ®)
TJ€ T, — MEPUOJ TEMIOBBIX KOIeOaHUH maphbl CBA3aH-
HbIX YacTHL;, E — sHeprus ceasu. Bemmuunbt N (§)
u & cBa3piBacT (ppakTanpHas pasMEpPHOCTh “‘Kpac-
Hpix” cBaszed D B [9]:

N ,~@E/a)D_,. 6)

C moOMOIIBIO 3TOr0 COOTHOLICHUS, HCIOIB3YS
dopmyist (2)—(5), MOKHO TMPOBECTH OLCHKY BSI3-
KOCTH €/l CBOMCTBAMH CILIOLIHOrO o0bsekTa [ 10].
3+2D,, ™

3-D

YuuteiBas 310T GakT, MOKHO 3aMHUCATh IS
koo pUICHTa BpaIATSIBHOTO TPSHHS arperara
f~Bn -, &, rae uncnennsii ko>3ddunuent B > 1
MpHU3BaH yuecTh HechepuaHocTs 0ObvekTa. CTporo
TOBOPsI, HEMb3S JaTh TOYHOM OLEHKH T, TIO (hopMy-
1¢ (7) B CBA3M € TEM, YTO CTOSINAS B ITOKA3ATEIIC DK~
cnonenThl BennunHa E/KT He u3BecTHA HAM TOYHO.
Tem ne menee, Beibupas E/KT ~ 53, o G, ~ 10" I1a
(Moxynb casura okcuaa amomunmsa ~ 3 - 101 [Ta),
OLICHUBAsA T, ~ 10'° ¢ u mojaras x = 6, momy4yaem
M, ~ 107Ila - ¢, 94TO cormacyercs ¢ SKCIEPHMEHTATh-
HeIM 3HaueHHEM. TOT akT, 4TO BA3KOCTH M, CyINE-
CTBEHHO 0OJIbIIE BA3KOCTH T1),, MOKHO OOBACHHTDH
TEM, YTO BPEMSI PEIAKCALINH HATIPSKCHIUSI P CABH-
I¢ Tefis T, CYIECTBEHHO OOMbILIE BPEMEHH peaKca-
WU OPU CABUTE CUCTEMbI KOHTAKTUPYIOIIUX arpe-
ratos T,. Bpems T, olleHUBaETCA Kak BpEMs pefak-
calyu yrjia moBopoTa arperara pasmepa & ¢ Moay-
aem G(E), OKpYKEHHOTO KHUAKOCTBIO C BSI3KOCTBIO
N,- T'HapoaMHaMHYECKHE CBOMCTBA arperara mpu
TAKOM JBUKCHHH CXOJHBI C JAHHBIMH U3 PabOTHI

~ . o~ BAT,
n,~aG,t, ¢ c

Brn,

- R a
G(S)
vauTheBasg GopMyny (3), MOKHO ONPEACTUTh BSI3-
KOCTb CHCTEMbI KOHTAKTHPYIOLIUX arperaTos M,

[11]. Orcroma Bpems pemakcanuu 7, =~
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IToryueHHas oeHKa XOPOIIO COTIacyeTCs C K-
CIICPUMEHTATbHBIM 3HaucHUEeM. Kak BuaHO u3 (8),
OTMEYAEM 1), OT BA3KOCTHU 1|, ABISETCA OTCYTCTBUE
KOHLICHTPAIIMOHHOH 3aBUCHMOCTH. [[puanHOH, KO-
TOpas 3aCTABIIICT CHCTCMY HECPEXOAUTH U3 COCTOS-
HUSI /IS B COCTOSIHUE KOHTAKTHUPYFOIIUX Arperaros,
MO3KHO CUHTATh BO3PACTAHUE SHCPTUU, TUCCHITHPY-
eMol mpu TeucHun. JlomycTHM, UTO B HAIIEM CITy-
qa¢ MOKHO TIPUMCHUTE 3JICMCHTAPHYIO MOICIE [12],
paccMaTpPUBAOIIYIO TCUCHUE CTPYKTYPHUPOBAHHBIX
CHCTEM KaK MPOLIECC HCMTPCPBIBHOTO PA3PHIBA U BOC-
CTAHOBJICHUA CBA3CH. B Hammel cucreMe CBA3IMH
SIBJISFOTCS. CKEIICThI arperaToB pasvepa &, paspbiB
MMPOUCXOIUT MPH PA3PHIBE CBSI3HU MEKAY ABYMS KOJI-
JOUTHBIMH YaCTHULIAMH CKEICTA, BOCCTAHOBJICHUC —
NP BCTPEUe KAKUX-THOO Pa3opBaHHbIX (PParMEHTOB.
Ilycte P — momst cBsi3ei (MM CKEIICTOB), KOTOPBIC
HAXOIITCS TIPH JAHHOW CKOPOCTH CJBUTA B COCTOSI-
HUH “pa3opBaHO’; BpeMs t — CpelHee BpeMs OT pas-
PBIBA CBSI3H IO BOCCTAHOBACHU . J1j1s paspsiBa CBsI-
3¢ TPEOYETCSI SHCPT U, PABHAS SHCPTUU CBSI3H AP
kotougubix yactun E. Otciona B cpegHeM B eau-
HULY BPEMCHU B 00bEM & NOMKHA MOCTYIIATh YHEP-
rug PE/t. Cunraem, 9To eciii 3Ta BEIUYNHA U JHC-
CUITUPYEMas MPU TCUCHUU MOIIHOCTh MPOIIOPIIHO-
HAJBHBI, TO MOKHO 3aITUCATh

ce~KPE/&t,

n,~Brn, B> 1.

(&)

rae K — HekoTopriii ko3 dHULHEHT.

Ecnu MBI paccMaTpuBacM COCTOSIHIE KOHTAKTH-
PYIOIIHX arperaros, TO M HErO XapakTCpPHbI Ma-
JTast BA3KOCTh U OombInas ckopocts casura €. [loma-
raeM, 4To t e, Torga nonyvaem

o~K 5—3 (xoHTaKTHpYyrOIMeE arperatel). (10)

Ecnu Bocnonp30BaThCS NPEACTaBICHUSIMH TEO-
pUH mepKOIANHY [6], KOTOpas M3ydaeT CBOMCTBA
CBI3aHHOCTH B CHCTCMC PA3OPBAHHBIX U ICITBIX CBSI-
3¢H, TO BA3KOCTh CHCTEMbI HE MOKET OBITh MAJIOH,
ecnu monsd P pasopBaHHBIX CBS3€H MEHBIIE HEKO-
TOPOTO KpuTHYECKOro 3Hauenus P . Ilo Tteopum
HEPKONANUK renb oTBeuact aone P <P, a cucrema
arperatos — none P > P . U3 coornomenus (10) u
MPECACTABICHHH [6 | MOXKHO HOJIOKUTH, UTO PACCMAT-
pUBacMas HAMH CHCTCMA HC MOXKCT HAaXOTUTHCS B
COCTOSTHUY CABUTA MCHBIIC KPUTHICCKOTO 3HAUCHHUS

KP”

¢ 3

(o3

(1D

Hms tpexmeprbix 3anad P~ 0,6-0,8; Torma, mox-
crapnaa B (11) K~ 1, P ~ 0,7, E=35 KT, snauenus
& U3 IepBOH CTPOKU TabIULIBL, OYAECM UMETh OLICHKY
G, COTTIACHO TPEThEH CTPOKE TaOIUILIbI. DKCTIEPHMEH-
TanpHOe 3HaueHue 6, ~ 10 [la cormacyercs ¢ momy-
YCHHBIMU TCOPETHUCCKUMU oricHKamu. Mcxoas u3
(2) u (11) 3aBUCHMOCTD KPUTHICCKOTO HATIPSIKCHHUS
OT KOHIICHTPALMK OYJICT CTCIICHHOK !

3
o, xc*P. (12)

Ecnu ucxoauth U3 COCTOSIHUS TEITsl U YBEITUIH-

BaTh CKOPOCTh CJBUTA, TO JOCTUTHEM HAMPSIKCHUS

c
6 = o, u ckopoctn capura & = — . [lpu 6 = o,
1
CHHMACTCSI 3alpeT Ha CYLICCTBOBAHHE COCTOSHHUS
arperaTos ¢ BA3KOCTHIO 1|, OMHAKO, IS TOTO YTOObI
CHCTEMA BCS CYILECTBOBAJA B TOM COCTOSIHUH, HC-
00X0IMMO TUCCUITHPOBATh OOMbInyO 3HEprHro. [Ipu-
OOp U3MEPCHHSI HMECT 3aJaHHYIO CKOPOCTh CIBUTA
g, . Ae. Ecn Hamma cucTema pacCcMaTpHUBaeTCs € TOY-
KM 3PCHUA MUHAMYMA JUCCHIIHUPYEMOU B HEH DHEP-
ruyv, TO CUCTCMC BBITOAHO COXPAHATHh HANIPAKCHUC
G = G, M pacclanBaThCs Ha (asbl.

TeOpeTI/I‘IeCKaﬂ OlleHKA XapaKTePpUCTUK I'eJId

Ne XapakTepucTuka D=18D=2|D=22
1 | Pasmep siueiiku rend & , MKM 0,15 10,28 4.7
2 | IokazaTens x
3aBUCHMOCTH D,=13 4,66 | 5,60 7.0
M, ~ ¢ npu D, =16 5,16 | 6,20 7,75
3 | Kpurrueckoe HalpskeHue G,
Ila 30 4.5 03
4 | TlokazaTenb 3aBUCUMOCTH
o, ~¢c 2.5 3.0 3,75

st daser 1 — a1 gonel ¢, CUCTEMBI BHITOHO
CYIIECTBOBATh B COCTOSIHMM T€JIsl C BA3KOCTBIO 1, M
CKOPOCTBIO CABMTa €,; 2 — A7 JOJEH ¢, CHCTEMBI
BBITOJHO OBITh B COCTOSIHIH arperaToB ¢ BI3KOCTHIO

o
N, U CKOPOCTBIO CABHTA &, = 77_6 . Jlormuno mipen-
2

MOJIOXKHTB, YTO JOTKHO OBITH g, tAe=@g + @5,
TOraa

(13)
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To, uTO MBI U3MEPSIEM MPUOOPOM, OYICT KaxKy-
IICHUCS BA3KOCTBIO CUCTEMBI:

° ___ 1t (14)

g +Ae ﬂ-i-&
mon

Ecmu ¢, = 1, To nepexon U3 COCTOAHUS TeNs B
COCTOSIHHC arperaToB 3aKOHUUTCS, T.€. HEOOXOIUMO
MIPH TPOBEACHNUH YKCICPHUMEHTOB IIOMHHTD, YTO MPH
HaNpsKEHUU G = G CUCTEMA TEUET HE OJHOPO/IHO, a
KaK COCYLICCTBYIOIINE OMHOPOAHEIE (haskl, HO ¢ pas-
HBIMH 3HAYCHUSIMH BSI3KOCTH.

II. O HekoTOpBIX 0COGEHHOCTSIX HCC/IEN0BA-
HHSI CTPYKTYP000OpA30BaHus B djieKTpodopeTH-
YeCKHX IJIeHKAaX

[Ipeacrapnsanocs LeaecooOpa3HbIM PaccMOT-
PETh OIHY M3 BAXKHBIX XAPAKTCPUCTHK CTPYKTYPH-
POBaHHBIX CHCTEM — ITPOYHOCTH: YEM OMPEICTIAETCS
MPOYHOCTH reNeoOpa3HbIX 0CAJKOB HA 3JICKTPOAAX,
KaKHC 3aKTOUYCHUSA MOXKHO ACNaTh HA OCHOBAHHH
HU3MEPCHHS UX TPOYHOCTH U KakHe (QPU3UKO-XUMH-
YCCKUE YCIOBHS HEOOXOIUMO COOJIIOAATh, YTOOBI
00ecneYnTh BOZMOXKHOCTh OTHO3HAYHOH TPAKTOBKU
pe3ynbpraroB uamepeHuit. Koneuno sxe paccmotpe-
HBI TUIIb OTACITBHBIC ACTICKTHI MPOOICMBL.

[IpounocTe, HanpuMep, B BUAC MPEACTHHOTO
HanpsokeHus capura P onmpenensercs reomerpuen
CTPYKTYPHl U CBOHCTBAMH KOHTAKTOB (CBsI3CH)
MEXKAY €€ JICMECHTAMH. JJICMCHTAPHBIC KOHTAKTHI
nenecoodpasHo XapaKTepPH30BaTh OAHAM OOLINM Ma-
pameTpoM — ux cpexHer npounocteio (P). B kaue-
CTBE FCOMETPHUICCKON XapaKTCPUCTHKH CTPYKTYPHI
yI00HO HCIONB30BaTh YHCIIO KOHTAKTOB HA CAUHHIY -
HOM ceucHHH (V). [IpOYHOCTE KOHTAKTOB MEXKIY
HaHouactuamu (P) B MpUHIUIE MOKHO CMOICTH-
posats [ 13—15], HO waime Bcero oHa HE U3MEPSCTCA.
Tem He MeHee mpu MOOOM aHATH3E MEXaHU3Ma
CTPYKTYPOOOPA30BaHNS UMECHHO 3Ta MPOYHOCT KOH-
TaKTOB BBICTYNACT IMABHBIM IPESAMETOM OOCYKICHHS
U OLICHKH, TaK KaK H3MEHCHHE (PH3HKO-XUMHICCKO-
IO XapakTepa CUCTEMBI MPUPOIbl HAMIOTHHUTEIS, pa-
CTBOPUTEILS, KOHLCHTPALMH B MIEPBYIO OUEPEab OT-
paskaeTcs Ha CBOMCTBAX 3JICMCHTAPHBIX KOHTAKTOB.

Benuunna v cBA3aHa C THIOM H IUTOTHOCTBIO
VIIAKOBKHU YAaCTHUL B CTPYKTYPE U MOXKET € XOPOLIHM
MPUOTMKCHAEM PACCUUTHIBATBCA MO 0OBEMHOMY
3aMOTHEHUIO CHCTEMBI (p HIIN VICIBHOMY O0BEMY
CTPYKTYPHI V B pacuere Ha 1 r TBepaoit dassl, npu-
yeM ¢p = 1/p-v, Ta€ p — MIIOTHOCTD YACTHL HATIOTHH-

tend. [loatomy v onpenenserca B OCHOBHOM yCIIO-
BUSMH MPOBCACHUS OIBITA, T.C. VCIOBHIMH VIIAKOB-
KM 9aCTHI B CTPYKTYpE. [Ipu TeopernucckoM omu-
CAaHHU CBOUCTB CTPYKTYPUPOBAHHOM CHCTEMBI aHA-
JUTHYCCKOC BBIPAKCHUC, CBA3BIBAIONICC OCHOBHBIC
napameTphl cTpykTypsl (P, P, v), pematot [13, 16]
Y 3aMUCBIBAKOT SBHO OTHOCUTENBHO P_. Ilpu sTOM
BMECTO V B (hOPMYITY BBOIAT H3MEPSCMBIH MapaMeTp
(p WM V, WM JPYTVIO SKBUBAJICHTHYIO BCTUIHHY

P =f(P,v) mmu P_=f (P.¢).  (15)

B skcnepumeHTanbHEIX paboTax 0ObIMHO HCCIIC-
JAYCTCSl 3aBUCHMOCTh MPOYHOCTH OT KAKOTO-THOO
cneruduaeckoro dakropa, T.e. pakropa (X), uzme-
HCHHUEM KOTOPOTO IMPEAIOIAracTCsl PeryInpoBaTh
MPOLIECC CTPYKTYPOOOPA30BaHUS . ITO O3HAUALT, UTO
uccnexyemas GyHKIHS

P =0(. (16)
OxHako MpH aHAJIU3C MOJYUYCHHBIX OIMBITHBIX
JAHHBIX HCOOXOAMMO CICTIATh 3aKITIOUYCHUE O XapaK-
Tepe QyHKIIH
p=R (), (17)
TaK KaK UMCHHO Y€PE3 3TY BEIUUUHY P MOKET OBITh
PELICHA OCHOBHAS 3a,a4a PACCMATPHUBACMBIX HCCIIC-
JOBAHHU — PEryJUPOBAHUC (PU3HKO-XUMUUICCKUM
MyTEM CHJI B3AUMOJCHCTBUS MEXKIY CTPYKTYPOOD-
pasyrommumvu yactuuaMu, YToOsl Ha OCHOBAaHHH JK-
CIICPUMEHTAJILHO UCCIICAOBAHHOM 3aBUCHMOCTH (16)
COCTaBUTh MPEIACTABJICHUE O XapakTepe (hyHKIIHH
(17) unu maske yCTaHOBUTH €€ BUJ, HEOOXOTUMO
BOCIIOJTB30BATHCS COOTHOIICHUEM (15), 3anucanHbIM
SIBHO OTHOCHTEIBHO P!

P=F@®_,v) umu p=F (P_, ¢). (18)

Kpome Toro, HeoOX0AMMO U3YIHUTh 3aBHCUMOCTb
¢ = [ (x), Toraa, noAcTaBiss B BeipaxeHue (18)
BMECTO P 1 ¢ nX QyHKIMH OT X, MOKHO MOMYYHTh
BCJIHYHHY P, BEIPAKCHHYIO YSPE3 X

P=F [Qx), [ (x)]. (19)
K coxanenuto, Tounniii cmpicn F ., Q u / moka He
PACKPBIT, U PELICHUE 3aAa4H B OOIIEM BHIC OKa3bl-
BaCTCSd HEBO3MOXKHBIM. Jleno MOKET 00JeryuTbes
Tem, uTo BeIpakeHHE (18) mpuMeHHuTENBHO K paay
CHCTEM UMECT OTHOCHUTCIBHO TIpocTol BUA [13] u B
MEPBOM MPUONKCHUH NPEACTABICT COOOH MHOTO-
4JICH TMEPBOH CTENEHH OTHOCHTENBHO P

p=P (1/p-0)D*+0umup=P_41°B (), (20)
rae D =2 r — cpennmii pasmep wactui; C u 6 — koH-
cranThl;, B () — HExoTOpas QyHKIUA OT P.
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W3 5Tux BRIpaKEHUH BUIHO, 9TO H3MepeHns P
MPH OCTOSTHCTBE (P IUTs1 JAHHOTO ATTKOKCHIA METaT-
Ja JAr0T IPAKTHYCCKH NPSIMYIO OLICHKY H3MCHCHHH
BEJIMYHH P, TAK KaK [IPH 3TOM YCIIOBHH 3aBHCHMOC-
™ p=R(X)uP_=Q(x)oKkaspBaroTcs aHATOr HYHBI-
mu (R (x) =Q (x) - K+ 0, rae K u 6 — mocrosiHHbIC).
[IpoBectn sKcnepuUMEHT Tak, 4TOOBI COOTIOAATH
(p = const, IOYTH BCEraa BOZMOXHO. B cooTBeTcTBHM
¢ BeipaxkeHusmu (19) u (20) ouenka xapakrepa
HU3MCHCHUS P ¢ H3MECHEHHEM X MOXET OBITh MPOBE-
JCHA HA OCHOBAaHHH M3MCPCHHI BEIMYHHEBI (p MPH
nOCTOAHCTBE P OaHaKO COBEPUICHHO SICHO, YTO U
KOJIMYCCTBCHHBIH MEPEXO OT IKCICPHUMEHTAILHO
ONpPEACICHHON 3aBUCUMOCTH ¢ = / (X) K QYHKUHH
p = R(x), 1 0COOCHHO OCYINECTBICHUE U3MEPEHUI
npu P_= const Bceraa 10cTaTo4HO cnoxHe!l. Menos-
3o0BaHKEC MpUOIIKeHHBIX Gopmy (20) xng pacuera
BEIMYMH P IO PE3ybTaTam uaMepenuii P 1 ¢ Bos-
MOKHO, HO TpyAoeMko. Mtak, usmepenue P (uccne-
nosanue Gynkiuu P = Q (X)) B yc10BHAX HENOCTO-
SHCTBA (p O€3 WCHONB30BAHUS COOTHOIICHHUH THIIA
(19) He NO3BONAIOT CACIATh JOCTATOUHO OIPCACIICH-
HBIC 3aKT04YeHus 0 GyHKUuu p = R(x), T.e. 0 BIus-
HUH Ha BCIUYMHY P MPOU3BEICHHOrO B HAITMX UC-
CeIOBAHMSX (PHU3HUKO-XHMHYCCKOTO BO3ACHCTBIS HA
CHCTEMY, U CBS3aHBI C BO3MOKHOCTBIO OIIMOOTHOH
TPaKTOBKH MOTYUCHHBIX PE3YIbTATOB.

Kunetuky crpykrypoodpazoBanus uccaea0BaIu
0 HAPACTAHHUIO MPOYHOCTH CTPYKTYPBI — IPEACITh-
HOTO HAIPSDKEHHS CABUTA, PA3BUBAIOIICHCS B TElic.
s 3TOro u3MepsIi MpeaenbHOS CTATHYIECKOE Ha-
MPSDKEHUE CABUTa METOJOM TAHT CHIIMATIBHO CMEINA-
emoii mnactuHkH (o Belinepy-Pebunnepy [17]).
s xapakTepucTHKH KOH(GOPMALMOHHBIX H3MCHE-
HUMN ““MHKPO-4aCTHI[ B MPOLIECCE reIcoOpasoBaHUs
MPUMCHSITH METOJ BPAIICHHS IFIOCKOCTH MOISPH3a-
ouH ceera. Mamepenus npoBoanuin Ha MOTIPHMET-
pe dupmer “Lleiic” ¢ Tounoctsro 0,01° B MOoHOXpO-
MaTu4IeckoM cBere A = 546 mm. i paboTsl mc-
MOJI30BANH TEPMOCTATHPYEMBIC TOISIPUMETPH-
yeckue KoBeTol JruHOH 5 u 10 cm. Tepmocraru-
poBaHHE MPOBOAWIHM ¢ TOUHOCTBIO 10 + 0,05 °C.
AneKTPoHOPETHUCCKUE TNICHKH HA 3JCKTPOIC MPST-
CTaBIAOT COO0H ABYX(A3HYIO CUCTEMY, B KOTOPOH
HEPACTBOPHUMBIC B AAHHBIX TCPMOIAHHAMHUCCKUX
VCIOBHAX arperarsl CIupanci «MUKPOYACTHID all-
KOKCHJOB CO3JAIOT CETKY-Kapkac. B oOpasosanuu
TPEXMEPHOW CETKH Tels NPUHUMAIOT YYacTHE TPH
THIIA CBA3CH: DIEKTPOCTATHIECKUE, BOXOPOIHBIC U
ruapodobHeie. Hapactanue mpouHOCTH CTPYKTYPHI

refed BO BPEMEHHM W Pa3iHvHas CTEIEHb BOCCTa-
HAaBIIMBAEMOCTH IPOTHOCTH CTPYKTYPHI ITPH pa3py-
HNICHUAX HAa PasHbIX dTamax ¢¢ GopMUpPOBAHUSA
CBUAECTENBCTBYET O TOM, UTO B OOPa30BAHUH relich
VUaCTBYIOT CBSI3H PA3THYIHOrO Xapakrepa. Taxum 00-
pa3oM, IMpoLECC BO3HUKHOBEHUS JIEKTPOdOpeTH-
YECKOTO OCAJKA HA SJIEKTPOAE MOXKHO IIPEACTABUTD
10 OOBIYHOH CXEME TeneoOpa3oBaHus:

KOJNTOUIHBIC TaCTULBI — > KoaryJpinuda —— rcilb

Ocanok Ha 3NIEKTPOJE CIEAYET PACCMATPHBATb
KaK KOHCYHBIA MPOAYKT 3BOIIOLHH HMPHCYTCTBYIO-
1IeH B 30J1¢ KOJUTOHAHOU ¢hasel. Ha 3ToM ocHOBaHMHK
MOYKHO PaccMaTpHBATh THIOTE3Y O CAUHOU NPHPO-
J€ HAHOYACTHI] 30N H 3IEKTPOPOPETHUECCKOTO
ocaaka. OOpa3oBaHHE HAHOYACTHL 307ICH MPOUCXO-
JUT B PE3YIBTATE MOTUMEPH3ALHN PACTBOPCHHOTO
ANKOKCHJA, 4 0CAAOK Ha 3JCKTPOAEC MPEACTABIACT
c000i1 KOHCUHBIH MPOAYKT BOTFOLIMH KOJLTOH THBIX
YACTHII B pe3yJIbTare UX koaryssmyy. Ha puc. 3 mpu-
BEJICHBI PE3YIbTATEl HCCIICAOBAHHS CTPYKTYPHI B 30-
asx 1 % ankokcuaa nupkonus B cniupte pu 25 °C.

B pabore uzyuanack 3aBUCHMOCTb MPOYHOCTH
37EKTPOPOPETHYECCKUX OCATKOB OT BPEMCHH CTape-
Hus 3071 Micnonp3oBanuck 1Ba BapHaHTa METOIU-
KM C CCAUMCHTAIIMOHHBIM YIUTOTHCHUEM (pHC. 3, a)
U 3IeKTPOPOPETHIUCCKUM YIUIOTHCHUEM CHCTEMBI
(puc. 3, 0).

[Tpu ceanMeHTATMOHHOM VILIOTHCHUH 30J1s Ha
KpHBOU POYHOCTH | 00HAPYKUBACTCS MAKCHMYM.
[Tpu 3TOM MIOTHOCTH YIIAKOBKH YACTHII B OCATKE IO
MEpPE UX CTAPCHHUS HEMPEPBIBHO YBETMIHBACTCS (KPH-
Bas 2). ITO HE MO3BOLICT JATh OJAHO3HAYHYIO TPAK-
TOBKY XapakTepa H3MCHCHHS MPOUHOCTH (KpuBast 1).

Tak, MOXKHO TIPEATIONAraTh, YTO POCT MPOUHOC-
TH CTPYKTYpHL A0 7£1 HacoB crapeHus 30ms o0yc-
JIOBJICH VBEITUUCHUEM CHIT B3AaMMOJACHCTBUS MEIKAY
3MeMEHTaMH CTPYKTYphl. OZHAKO PaBHBIM 00pa3oM
MOYKHO IPEATIONAraTh, YT YIPOUHCHUE 00y CIOBIIC-
HO YIUTOTHEHHEM CTPYKTYPHI PH YMEHBIICHUH CHT
B3aMMOJCHCTBH MEXKIY €€ CTPYKTYPHBIMH 3JICMCH -
tamu. [locnegHee npeanonokeHue Gonee BEPOsSTHO.
OnHako yTBEpKIaTh, YTO HIMEHHO OHO BEPHO Ha OC-
HOBAHUH JAHHBIX pUC. 3 TuHUU 1(a) HEMB3SL.

Heobxo0anMo u3y4auTs 3Ty CHCTEMY B VCIIOBHAX
¢ = const. J{y1s1 3T0# Henu ObLI HCTTONB30BAH BTOPOI
BapHaHT MCTOUKH, KOTOPBIH NPUBET K PE3YIBTATAM
(puc. 3, nuaus 10), korga BCE CTPYKTYPBI OCaaKa
OITATh UCTIONB30BATUCH A0 TOTHOrO NEPEeBOAa Yac-
THL BO B3BeweHHOE coctostHue. [lomyyueHHbIe 301

27






