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TIEPEHOC ATOMOB
B KOHIAEHCHUPOBAHHOI ®A3E
TP OBJIYYEHUN
MOIIHBIMU UMITYJILCHBIMU ITYYKAMA
3APSIKEHHBIX YACTHLL

B TexHonorusx MOﬂMd)HKCILUAH CBOMHCTB MaTEepPHAICE ¢ MO-
MOILLbIO MNYUKOB 3APSLKCHHBIX YACTHL GosbLIoH WHTEpEC NpEACTaB-
nsteT 3apava GOPMMDOBAHMA MOBEPXHOCTHBIX CJOEB 3aJaHHOTO
JNEMEHTHOTO M d)asosoro cocrasa. Bﬂ)KHy)O poiib 30€CHh MTPAIOT
WHHULUHMUPOBAHHBIC OGJIY‘ICHMCM 1IpOUECChl MMIPALMU aTOMOB of-
pasua. OJHaKO, €CN sl HENPEPLIBHBIX U3NYHECHUH PAAHALIMOHHO-
CTMMy}IHpOBaHHblﬁ MacconepeHoc UCCAEdOBAH A0BOJBHO XOpOWIO,
npoleccaM ITepeHOca aToOMOB T0A AeHCTBHEM MOLLHBIX HUMITyJBC-
HbIX TY4YKOB A0 CHX MOP HE YAEMLIOCH AOCTATOMHOIO BHUMAHM.
CyuiecTByeT HeBOABIIOE KOAMUECTBO PaBOT, 3aTpardBaloliyx oT-
AeNbHBble ACnEKThl JaHHON npOSﬂEMbL OAHAKO ACHOH KOAMUeCT-
BEHHOM KapTMHBI MEXZHU3MOB TEePEHOCA, WX WHTCHCUMBHOCTEH H
BIAMMOAEHCTBMS HeT. B CBA3M ¢ 3TUM Hamu NPCINPUHATBI HCCIE-
AOBAHMA, MO3BOJMBIIHE CAENATH HECKO/IbKO IIATOB K INOHUMAHUIO
NpoGaeMbl.

Tepsbie pe3yAbTaThl, CBMAETENALCTBYIOUIME O TOM, 4TO NPOLECT
MEepPEHOca aTOMOB B KOHICHCHPOBAHHOW (a3c, MOABEPrHYTON EO3-
AclicTBUIO HAHOCEKYHAHOIO HOHHOIO NYYKa, CYIICCTBEHHO OT/INYA-
€T¢Sl OT MOHHOIO TIEPEMEIIMBAHILL B HEAPEPBIBHOM PEXHME, ObinK
IIONYYEeHbl 3KCnepHUMeHTansHo [1].

Ha ronupogaHHbie NOANOKKH M3 HHOGHS BBICOKON UMCTOTBE M
TEXHUMECKHM YMCTOH Mean MeTonom BAKYYMHOTO HAllpUICHWA Ha-
HOCW/IH TOHKHE IUICHKM anioMHHus u cepebGpa. ToNtuMHa NaeHOK
(o1 0,1 10 0,8 MKM) KOMTPONUPOBAaNaCh € TOYHOCTHIO HE XYKC
5 %. WMaroroBaeHHble ofpa3us! ofIyuannuch MOHAMHM yraepoaa Ha
yekoputene “Tonyc" (2], DHeprus woHOB coctammsna 0,5 MaB,
ANUTEABHOCTE UMOYNBCA MO OCHOBAHMIO — 200 Hc, NAOTHOCTH
ToKa BApBHPOBAJAck B AManasone or 40 ao 200 A/em?. 3arem
METOAOM MACC-CNEKTPOMETPHHA BTOPHYHBIX HOHOB OB CHATHI
KCHUEHTPAUNCHHbIE l'lPDq)VUlM MaTepraja IUIEHKM B NOAN0OXKE.
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TpaBﬂCHHe NOBEPXHOCTH OCYUIECTBAANOCH MOHAMU AproHa ¢ 3HEp-
ruelt 2,5 k3B M NNOTHOCTHIO TOKA, He npebiuasieit 30 MKA/cM?,
4TO TI03BOJMAO CBECTM K MHHHUMYMY BIHAHHE PACcnsUAsSIOIIERD
Ny4Ka Ha KOHLEHTPAUMOHHBIA npodunb Auddysanta.

AHanus Heobayderuoit komnoszuunu Al—Nb (puc. 3.1, kpu-
gag /) 10Kasal, YTO BAKYYMHOe HAaNbUIEHHE HE TNPUBOLHT K
NPOHUKHOBEHMIO BOMBIIOTO KONUYECTBA aTOMOB IUIEHKM Ha Iy-
6ury Gonee 0,1 MKM. DT0 Xe OGCTOATENBCTBO CBUIACTENBCTBYET O
TOM, u4TO 2¢PeKT KpaTepa Ha NPHMMEHABLICMCA CIEeKTPOMeETpe
BTOPUYHBIX MOHOB HeBelWK. TakuM oOpa3oM, NpHeyTeTBUE anddy-
3aHTA B TIOANOXKE NOC/E OGJIYHCHHR BBI3BAHO TOJNBKQ BO3IEHCT-
BHEM HOHHOTO TyuKa.

XapakTepHble KOHUCHTPALIMOHHBIE NPO(MAH MaTepuana ruieH-
KH, cpopMUpoBaBuIMECsT B pesyabTare OONYYeHMs, NPUBEIEHBI HA
puc. 3.1—3.2. Ob6pamaer Ha ceba BHMMAHME 3HAYUTENbHAA TIY-
Buna NPOHUKHOBEHUA aTOMOB MNEHKH B [OMIOXKY — OKOJIC
1 MKkM, 4yTo Gonblle, YeM NPOCKTMBHBI MpoGer MOHOB Yriepoaa.
Paj KOHUEHTPAUMOHHBIX Mpoduiel C(X) MMeeT MakeUMyM, yaa-
JIEHKBINH OT TIOBEPXHOCTH.
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Puc. 3.1. Cuatme metogom BUMC  Puc. J.2. Chateie metoaom BHMC
KOHUEHTPALIMOHKEIE Mpodmny Al B KOHUSHTPAUHOHHEIE Npodumy Ag B
Nb: / — meobaysennpii ofpasen Cu nocie obayqeHHsn NAeHKH Ton-
0,8 MxM Al/Nb; 2 — nocie ofny- wmmHOM 0,1 MKM (WuTpuxoBast -
HEHHSl TYdKOM HOHOB YINEpOia ¢  HM) NYYKOM  HOHOB YIMIEPOAd ¢

MAOCTHOCTBIO TOKA |50 A/CMQ; 3 — mnotHocTIO Tokar [ — 80 AfomZ:
mocne 5 mMmynbcos obmydenms ¢ 2 — 80 Ajem’, § mmmynbcos: 3 —
anotHoeTsio  Toxka 120 Afem’. 170 Ajer®.

IIrpixoast TVHKES — HCXOAHAS TOM-
UIHHA [EHKHM.
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LA 9D, VL, 1), (3.1
rag C — OTHOCHMTENBMAR ATOMHAS KOHILEHTPALMA AudysanTta.
i — Bpemst, D — koaddmument andy3nn, a1s ciyuas 1oayor-
panuuerHore obpasua 0 € X € @ W MIHOBEHHOTO HCTOMHIKD
Auddyianra e Touke ¥ = 0 {TOIKAA AACHKA) MMICT CACAyIoWee
pemwenne [3]:

w
i

. . X

Cix, 1) = C(O,f)exp(~4bf) {
Cix, 1
(0, 1
Andby3HoHHOTO NPOLEcca PABHON BPEMCHM CYIUSCTBOBAlIMS X~
KOH (ha3bl, pACCUHTAHHOMY B COOTBETCTEMM C MOLEIBIO TEMLIOBbIX
apoleccor (CM. DA 2), Mbl HOAYMHAK 3HAMeHMs1 KoadhiuueHTOB
angdyam D o= 1077—107% em?/c, uTo Ha HeCKONBEKO NOpAIKeB
MPEBBIIALT IKCNEPHMEHTANBHLIE 3HAMEHNA KOIDPHUHEHTOB and-
tysun B xpuaAKMx meTaanax [4].

Ddiekr cuAbHOTO MacconepeHoca MpH HMOYJbCHOM HMOHHOM
of/1yueHUH Obl1 3ahHKCHPOBAH 11 APYIHUMU ABTOPaMM, HANPHMCD B
[5—7]. OH wHabmwoaancst TaKKE NPH HMNYALCHOM 31EKTPOHHOM
[8—9] u snazeprom [10— 15} BozneicTBusx.

OOBACHEHNE 2TOTO PEIVILTATA ABAACTCS NPUHUMMIHALLHO BAX-
HuIM MOMEHTOM B M3VUCHHM MEXAHM3MOB MUIDALMM ATOMOE B
KOHAEHCHpoBanuoit dase.

TlonniTaemMes PacCMOTPETh BO3MOXHDBIE PAAMALNOHHO-CTHMY~
AMPOBAHHBIE NPOUECCH, OPHBOSLUME K MHPALMH 2TOMOB KOH-
ACHCHPOBAKHOrO MATCPHANA, H OlCHNTL MX POJb B ciyuae obiny-
YEHMSl MOLLMBIMH HAHOCCKYHAHBILMH NYYKAMH 3aPsREHHBIX UACTHLL
HauHem ¢ nauBoiee MCCREAOBAMMBIX JUIS CAVuas oBAVICHIA ie-
HPEPEIBHBIME QVIKAME [POUECCOB BaanMCTHYCCKOTO HOHHOMO ne-
PeMCILIBAHHS M PAAMAIIMOHHO- CTHAYIHPOBABHOR andupy3um,

2

MocTpoke 3aBucHMOCTH n OT X ¥ [IPUHAB AJHTENBHOCTD

3.1. IIpeuneccw vacconepetoca
NPy HENPEPHIBHOM HOHHOM 0G.1yueHHH

Ecan npu ynpyroM CroiKHOBCHMM HOHQ € (TOMAMHE MOUICHE
NePeAnHHA SHEPTHA OKKETCH Goabule, weM [IOPOrOBag HEPrs
CMELRSHUSL OTOMA (COCTARAAKWAA B Thepaom Teae 10—30 1B {16,
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¢. 89]), To AaTOM MOKMHET CBOM y2en KPUCTANAMUECKOH DELUCTKM N
HAUHET JBMFATRCA KAK CAMOCTOSTCABHLIA woH. Kak npasuno,
SHEPTUSl, NEpelanitis NEPBUYHO BLIOUTOMY atoMy, AOCTATOMHO
BeAMKA, YTOGBI OH HA CBOEM IYTH MOT BBIOMTb HECKONBKO APYIMX

ATOMORB, Te, B CBOK) OUEPCAb, — aTOMbl TPETbEro nokoichus. Tax
oBpasyercst Kacka cMELIeHMH, BrIlOMalOMUi B cebs oT He-
CKOMBKAX ICCATKOB {0 HECKUIBKHX ThICHY aTOMOB — B 3a-

BHCHMOCTH OT 3HEpril Moua. OHM MEPEMCILAOTCA HA PACCTOHMS,
CPABHHMBIE ¢ [IPOCKTUBHBIM NPOBEroM NEPRIMHO BRIGHTOIO aTOMA,
W, TakHM  00pa3OM, NPOHCXOANT GA1IUCHUNECKOE UOHHOC RCpe-
sewueanie.

ATOMBI, TIOAYHHBUIME B X0A€ PA3BHTHA KACKAAHOIO UPOLIECC
A0CTaTONHO BONBUICH MMNYALC B HANPABAEHHH K NOBEPXHOCTY,
MOTYT NOKHHYTH MUIICHL, T (IPHBOAUT X €C PACHbLICHUIO.

Tocae TepMANHIALMY ATOMOB B KACKAIHOM o6sIacTi ocTaeTest
GONBIIOE  KOMMUECTBO TOUCUHBIX ACHCKTOB  KPUCTANTMYECKOH
CTPYKTYPbE — BAKAHCHI M MEXA0Y3€RbHBIX aTOMOB, KOHLUESHTPALUA
KOTOPKIX Ha HECKQIBKO NOPAIKOB NPCBLILAET paBHOBeCHYIO. [Mo-
CKONBKY KOMGBBUUMCHT auddy3ud B TREPAOM Tele NPONOpUHOHA-
NEH KOHUEHTpauuu Aedexrtos [3], BOIHMKAET YCUAeHHas pa-
duauuono-crumyupoeannan  dugdyus. Ypennmuenuio anddysn-
OHHBIX MOTOKOB CNOCODCTBYET TaKXE MOBBILEHUE TEMIEPATYPbL
0bAyHaeMOro obpasua (MPaKTHYECKH BCSl IHEPrust NYYKa WOHOB, 32
BLIMYCTOM 3HEPCUH, YHECEHHON DPACMBLIEHHBIMU ATOMAMH, M IHep-
CHM, DOUISIMICH HA COBIAHHE TOUEUHBIX AedeKTOR, NpeBpallaeTCs
B TEIUIO)

B AMIIEKTPMKAX BO3ZMOXKHO TAKKE M3IMEHEHME JHEPIMM aK-
TUBALMK AHGBGYIHU 3a CHeT BOIOYKISHHSA WK HOHH3AUMK ATOMOB
1PW HEYIIPYIOM DNECKTPOHHOM TOPMOXEHHK. OIHAKO B METMLIAX,
TAC BPEMsi CYLMECTBOBIHWS HOHW3INPOBAHHbLIX COCTOSHUH CcocTaBas-
et 10°10—107Y ¢ [17]. 310T adubekT HE MOXKET OKA3aTh 3aMETHOTO
BAUSHHA HA AUB@YIHOHHBIE npoLiccc.

Taxum 06pazoM, Npi 061yCHIHE HENPEPRIBHLIM (IYIKOM HOHOB
B TBEPAOM TCAE MPOTEKAKT TPH OCHOBHBIX [POLECCA MEPEHOCH
MACThI PACNbLICHHE MOBEPXHOLTH, \’)ﬂJ'IJ'IHCTM‘IECKOE TIEPEMCLIIH-
BAHME W PAIMAIMOBIO-CTHMYANPOBAHHaA Auddyaus. dna ux me-
CAE0BAHMA HAM HCODXOAIMO 3HATE MPODUAM JHEPrOBLIICACHUS W
reHepaliny 1cEKTOB, COZAABAEMEIX MOHAMU B MMUIEHH, 4 TaKxXe
paciipeacneHne HOHOB MO NPOCKTHBHBIM ﬂpDﬁSl”{lM,
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PﬂCnbU]CHHe SABASIETCS PE3YABTATOM KACKAAHBIX npoueccos,
MMPOTEKAOWMHX B IIPHOOBEPXHOCTHOM CJIOE TBEPIOro Tena. ECIIH
ATOM, Haxoaawnitca Ha xebonbuofi r1y6MHE, B PE3yNLTaTe CTOMK-
HOBEHUA ¢ BBICOKO3HEPIeTHYHbLIM HOHOM HIH APYrUMM aTOMaMHK,
YHACTBYIOUIMMM B KACKAAE, NONYUNT FOCTATOMHO CHAbHBIN UMMAYALC
B HaNpaBIeHKH K MOBEPXHOCTH, OH MOXET MOKHHYTH TBEPIOE TeNO.
Maremaryueckoe MoZeAHpoBaHWe Ha DBM nokasano, uro ray-
Gl/lHa, Ha KOTOpOl:l HAXOOATCS BblGHBC{CMHE aTOMBbI, COCTaBAACT
€AUHULE HaHoMeTpoB. TakuM o6pa3zoM, Ha HpoueccH NepeHoca B
rnybuHe o6pasiia PACNBUICHME MOXET NOBIMATE TOABKO HEpes
M3MCHCHME KOHUEHTPALMM MNPYUMECH Ha NOBEPXHOCTH (B caydae
H3BHMPATETIBHOTO PacblIeHHS ).

CKOpOCThL pACTELICHMS 32BHCHT OT COPT? MOHOB H ATOMOE
ofpasiia, 3Hepruu MOHOB, yIIa UX MAZCHMUS, mopdonorun roeepx-
HOCTH, TEMIIEPATYPEI, B Cliyqae MOHOKPUCTALTHYECKOIO o6pa3ua i
€70 OpPUEHTALIMH. HpH HeBonbMX TUIOTHOCTAIX TOKAa MOHOB, KOTia
PAAUALMOHALIA PA3OTPEs Mal, TO/ILHHA PACTIBINEHHOIO CIOS TIpo-
MopuHoHaNpHa 03¢ OONYYECHUA. DTO OaeT BO3MOXHOCTb OMWCHI~
BaTk MpPOLECC C NOMOLIbI0 KO3GMHUIMEHTA PacTIbNeH s, PaBHOro
YHCY aTOMOB 06pa3ua, BEGUTHIX 0AHKM HoHoM. CKOpOCTs paciibl-
NIeHUA NOBEpXHOCTH U ¢Bsizana ¢ XoadDHUMEHTOM DACTIBICHUR ¥
COCTHOIUEHHEM

Yo
v="12
N 3.3)
tae P -~ MIOTHOCTH MOTOKA MOHOR, N — nOepHas IUIOTHOCTD
MaTepHaa MUIICHH.
Ecin BewlecTBO cOCTOMT n3 Golee veM OAHOTO 3nEMEHTa,
CKOPOCTB €r0 pacnbUICHHS PABHA CYNEproO3MLMM CKOPOCTel pac-

NbIICHHA COOTBETCTBYIOLIMX OAHOINCMEHTHBIX BELIECTE:

n
. \
v=ygyoer, (3.4)

i=l
3iaeck ¥, — xoadULMEHT PAcIbITEHMS yMCTOrO 3feMeHTa i,
C, — ero xoHuentpaums. Cripasennnsocts (3.4) onpeenaeTcs

MaJOCTLIO 3HEPIUHM XMMMUECKOH CBS3M [0 CPABHEHWIO ¢ HEp-
TMAMHM, XaPaKTEPHBIMH ISl KACKAIHbIX NPOLECCOS.
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Xopowne 0630psl NyGIMKALMiA, TOCBALIEHHBIX HOHHOMY Dac-
[BUIEHMIO, cojtepxatcsi B cOopHmke {18] ¥ Moorpaduu [19].
Kpome Toro, B [18] mpuBoAMTCS Goabluas 4acTh Pe3yAsTaTOB MO
IKCNEPUMEHTAILHOMY H3MEPEHMIO KO3(bUIMEHTOR pACTIBLIEHHS,
TonydeHHbIX A0 1981 r. Bru McclenoBaHWs nai0T AOCTATOMHO
MOMHYK KapTWHY KOa(hUUACHTOB PacTBLIEHHs MHOTMX MaTe-
puanoB B 0ONaCTH HEBBLICOKMX TEMIEPaTyp.

TeopeTnyeckie pabOTBI HE AAKOT AHANUTHYCCKMX BBIPRKCHWH
Ans pacyera KoahOUUMEHTOB PACTIBICHUS B LIMPOKOM AMAINA30HE
3HEprUM WOHOB U COPTOB MOHOB M Mueedl. HamBonee wacro
Mcrnomp3yeTca AAA  OLEHOK rnoaysMmupuueckas ¢opmyna [18,
c. 2350

_ 0042 (A,/4))8,(E, 2, 2) s

N,U,
rae MHAEKC | OTHOCUTCS X MOHaM, 2 — X MaTepHany MHMIICHH,
o — GYHKWM, 3ABHCALIAS OT OTHOWEHMST Macc DPacnbUIsEMBIX

aTOMOB ¥ MOHOB, Uy — CpeiHss TNOBEPXHOCTHAA SHEPrUA CBAIM.

3LICCI> INpeAfoiaraetcsi HOpMAbHOC K NOBEPXHOCTH MHUIIEHU Na-
AeHWe MoHHoro nyyka. Qopmyna (3.5) 3aBpiuaet 3HaveHus Y jrs
TUI0XO pacisuisieMeblx Matepuanos (Ti, Nb, W, Ta).

BOnbluve YCNeXH AOCTUIHYTHI B MOLENMPOBAHMH PacIBUICHHA
Ha DBM wmeronamu MoHTe-Kapno M MOJNEKyNApHOH AHHaMMKH,
OIHAaKO TAKHE pacyeTel TpeGyloT OGOJBUIMX 3aTpaT MAlUMHHOIC
BPEMEHMU.

Tpu BBICOKON TUIOTHOCTH TOKA MOHOB {COTHHM MMKpPOaMmIiep Ha
KBaApATHEI CAHTMUMETP ¥ BBINIE), A TakKe INpu OONyYeHUH B
MOUIHCM HMMITYIECHOM DEXHME 06pa3€u CUNBHO DPa30rpeBacTesl.
310 0GYCNHOBAMBACT MHTEpEC K TEMIICPATYPHON 3aBMCHMOCTH KO-
2 duLMenTa pacnbiieHus. Pabor, B KOTOPBIX MCCIEAYETCsl HOHHOE
PacfibLi€HNUE TBEPABIX TeA NP MOBBLINICHHBIX TeMNepaTypax, H¢ Tax
mHoro. O630op ux aan 8 [19, 20]. Ha oCHOBaHHK 9KCNEPUMEHTANb-
HEBEIX Pe3yJBTATOB MOXHO CefaTk BBIBOK, YTO IPM TeMAepaTypax
HuXe ~0,7 TeMnepaTyphbl riasnenus KoadGUUMERT pacTibieHus
cnabo 3ABHUCHT OT TEMIIEPATYPSI, pacxoxachue mexay Y (300 K) u
¥{(T) cocraBndeT mecsiTKU TIPOLEHTOB, NPUMEM 3HAK PACXOXICHMA
MoxeT ObIth 106bIM. TTpy Gosee BHICOKMX TEMIEPATYpax HAuMHa-
€TCH pe3KHit IKCOOHCHUMANBLHBIA poOcT KoadhdguineHTa pachbl-
JeHusT, TIPH NPUGMIDKEHMM K TeMIepaType IuiaBncHus Y(T) Ha
HECKOMLKO Mopaakop npegsimact Y(300 K). Sror addekr obbac-
HACTCA B TCOPMM TEIMIOBOIC NMKa, TAE TeMeparypa oépasua
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Wnoraa Bbisact yaobuec pabotaTe B CHCTEME  KOOPIMHAT,
CBA3aHHON € paCHblﬂﬂCMOﬁ NMOBEPXHOCTBIO. B wacrHocTH, B kel
HENOABHXHAI NPOGUAN NOIMOWEHHOR IHEPTMH H MOIIHOCTH [CHE-
PAHM 1eICKTOB, NMPOMIBOAMMBIC HONHLIM OGAVUCHUCM. [Ipous-

BOAIMBIE MO BPEMEHM ‘1 B HEMOAMMMKHON CHCTEMC KOOPRAHHAT ' i
oty

p B CHCTEME KOODAMHAT X, IABIKYDICHcS co ckopocreio U,
af | x

CBA3AHbI COOTHOIIEHHEM

(3.6)

ax’

3.1.2. BanapCTHYECKOE nepememmBatue

PaccmoTpum atom npumecH copTa 1, Haxoaawmiics na riay-
GuHe X OT noBepxHOCTH B Matpuue 2. Martpuua obayuaeres
noHamit 0, umetoutimy auepruo £,. B oteyreTsie anddyanoniisix

MpOLEccoB aToM | MoxeT GhITh CMEUICH M3 CBOCTO NOIOKEINs B
peaynpTaTe ORHOCO U3 CAEAVIOIIMX B3auMOAeHCTBUIL Aubo Heroc-
peAcTBERHO € MoHamu 0, 1HGO B Kackade ¢ atomami 2.

s KOMMNCCTBEHHOIO ONHCUMMSL MACCOMEPEHOCA B PE3VALTATE
DananeTiueckux ApoueccoB B [22) BroAMTCT BeAMMMHA Audde-
PEHLMANBHOIO CEUEHUA NEPCHOCE

dot

Co creaylomM QU3MuECKHUM cmbiciiom: dDdo(x, 2} — Bepost-
HOCTh TOO, HTO B Pe3y/bTATE CAMHMYHOLG (AUIOCHCa MOHOB oD
aTOM JIPHMECH HEPCMECTHYCA M3 TOUKM Ha ayGHHE X Ha LivBumy
B AnanasoHe [¥ + z, x + z + dz

Aucbihepeniiaibhoe  coueHME NEPEHOCA  ARANSTCH  CYMMOE
AMPPEPEHUNATBILIN CCHCHNI [ICPEHOCA BCACACTBHE HEHOCPEICT-
8EHHOIC BhOIHBAHNA HOHOM du, 1 MEPLHOCE B KACKAAC ATOMOR
upuyecu do,

do(x, 2y = do (x. z) + do (x, 2) 3.7)

PACCMOTPHM CHAMANG (POLECC HEHOCPEICTBEHHOIV BhiGHE!-
HHA. 1% DT0TG BBEACM HECKOABKO YOPOLLAIOUUIX AOMVINE ML

BO-NepBbIX, MPEANONOKHM, HTO WOHbl B GPOUSCCE TOPMOXCHMs
JeTAT MCpNEHAMKYNAPHO K [IOBEPXHOCTH. 3TO CMIPaBLAIMBO iR
BosblicH YAcTH BpoGEra, €CAM MOH HE cAKiikoM nerox. Bo-sto-
phix, Oyiem npenebperats pasépocoM NPOEKTHBHBIX npoberos
BLIGHTBIX atomos. [py s3anmonelicTBin HoHa ¢ aucpriert E(x) ¢
QTOMOM [IPUMECH JIOCACIHNI ¢ BCPOATHOCTRIC o®do(E, Ty, tae
do(F, Ty — ceueHMe AAEPHOTC TOPMOKCHMA, ONPCAEALeMOro
dopumyacit (1.17), noayant aueprmo Tu p:ICCEE‘lCSl Ha yron ©:

(3.8)

rie
(3.9)

TiyGUBA 3aMCMHUS ATOMOB NPHUMECH M3MCHHUTCA HA BEIMWHY
) 2 330
Ry (T)cos®, ( )

rae Ry, ~- MPOEKTHBHEIR npofer aToMa npuseck | ¢ aHepruei T
B Marepuale \1thMub! 2. Takum 06p130M CEYEHUE ¢ro nepeHoc
< [‘Jl\’ﬁMHbY X Ha Nl\’OMHV X + Z PaBHO CEHEHHIO Nepeiavy HOHOM
[ B}KCpFMCM E(X’) CO()TBCTCTB\/]OLL!EM 3HEPTHH T aTtoMy NPpUMECH:

do,(x, dog (E(x), T(2)) (311

Jas ynpoliledus AaAbHCHIUIMX PActeToB NMPUMEM Al CEUCHI
fepeaats SHEPTHM CTENEHNYIO annpokckmalitio (1.17)

day (£, T) = CyE nToirdT. G3.12)

3HAYEHMS NPOEKTURHBIX HDOGCTOB aTOMOB 1IPHMCCH B Mar-

pyile MOXHO paccyHiaTh 10 IMITHPHHECKUM ('bOPM}’J]CIM. MUMCIOUIHM
BU,1

Ty = AT 3.13

R,(T) = AgT", (3.13)

rae e = 2m, Ap — xouctmita. s IHEPIUil ABMKYLMXCA HACTHLL
= 2n, A u
CAMHNLLI — ACCATKH KWI03NCKTPOHBONGT Hauboiee §10AX0inuicH

apascTen annpokcaManda m = 172, « = 1. Bocnoanavemea 2a-
BUCHMOCTHIO, [IPHBEIEHHOI B [23, c. 271

Ry (1) = Ag; T
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Ay, = C, [ZL)g 5 T2 7
R12 r2 g% 7,7, > (3.14)
rae Cp, — QYHKUMA OTHOIUEHHS MacC aTOMOB ABHXVILUIEHCS

YACTHLL! M MATPHLBI, rpaduk e MpuseneH B [23].
3amenns B (3.12) £ ua z, moayyaeMm

Ly
do,(x, 7) = #Cmy(;}’zf(xy?m( J T d )

2a¢ + 1

Wik nmpu m = 1/2

4

do(x, 7) = %Cmyaf/zE(x)"( z J "d( z J (3.16)

mux s man b

3nech
Zaaxns = Agia?orf (X) (3.17)

— MaKCUMaJIbHOE U3MEHEHME TMYOMHDBI aToma MPUMECH TIPH NoGo-
:SM CTONIKHOBEHHH ¢ HOHOM. Bennuuna Z MOXET NpPHHHUMAaTkE
£}
YeHHA OT Zmu)a Ao Z"m B rae ZmlnB OIIPEACAAETCS MUKEAMANBHOMK

3HepTHeit, geoﬁxoqumoﬁ st BBIOMBAHMA aToMa M3 yaga KpHC-
TANANMECKON PEETKH (ITOpOroM CMelleHua £,):
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(3.18)

d
B2 (B

Ho sToit xe npuavne do

PMYAEL (3.15, 3.16) cnpaBemanuBbl numip
PR BBUMONHEHMM yonous T, o = v, E(x) > E,, B npoTHBHOM
cnyuae do(x, z) = 0.

Henocpeactsensoe
BEIOHBaHME OGNARAET SIPKO BBI

a:
ACMMMETPHER. i preion

HepeH?c OpHMECH B KacKaldHoil ofgacTit MOXHO OnMcaTh
CACOYIOWEH MHTEIpaIbHOM hopmynoit [22]:

do (x, 2) = dzf dEzf d%q, | cos 0,1" G, x, £, 52) x
x [doy (E), &), T\, &y F (T, 8,). (3.19)
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3pecy Gy(x, £, 51) — NOTOK QTOMOB MATPHMLBEI C 3IHEPFUEH
[Ey, E, + dE,] u HanpasienweM ABIXEHM [52, 51 + dﬁz] ye-
pe3 MOBepXHOCTE X; ©, —~ Yrol MeXi1y 52 M HOpManeio K
nosepxHocTH; da, (£, 52, T, §l) — CeHeHME YNpyroro pacce-
SHMA ATOMOB MATDHLIBI Ha aTOMax MPMMECH, B De3yibTaTe KOTOPG-
ro nocnennwe npuobperator snepruto [T, Ty + d7T,] n Hanpas-
nenune [ﬁl, 5‘ + dﬁl]; F (T, ﬁt, 2) — pacnpeienenye BBIOMTLIX
ATOMOB NPMMECH 110 NPOEKUMAM MPODEroB HA HOPMATh K TNOBEPX-
HOcTH. MrHODUpYS CTDartiHHI, KaK M B NDEIBIAYUIEM cryHae,
npuMeM ans F] d-pacnpeAeneHne

FuTy, 8, 2) = 3(z = Rypy(T,)c0s8,). (3.20)

5 do,, MCNONBE3YeM aHanorMynyio (3.12) CTCNEHHYIO annpok-
21

CUMALIMIO

doy (B, G, Ty, @) = Cy E3"T, 2% - k) 27
(3.21)

3HCpl‘CTH‘{€CKOC " YIJIOBOC pacnpeieneH1e aATOMOB B KacKaie
H3BECTHO M3 pﬂGOT TI0 pacrbuleHHIO. BOCHOJU)S)’EMC?I BbIPAXKEHHEM
us [18, ¢. 48], B KOTOPOM [MPUHSTA M3OTPONHOCTL JBYDKCHMS
ATOMOB B KaCKaIC!

= L ©
Gy(x. Epy By = Ly .00, | (3.22)

35 EyNS, o (Ey)
3mecs @, (¥) — YACIbHEE (OTEPH SHEPIMM Ha SICPHOE TOPMO-
xenue (1.35), §, — azepHasg TOpMO3Has cnocoGuocTb. B coot-
EETCTBHM ¢ TIPHHATOM CTEMCHHOM aNnpoKcyMaumeid samuiiem

¢ pom
_ L L-2m
(£) = g (3.23)

s

nij
T,, — GeapasMephas KOHCTAHTa, 3aBHCAWAA OT /i

m
o m 3
Lo = i — v =y @24

lal(x
rae y(x) = ﬁ‘%ﬁ — norapudmiecKas raMMa-yHKUWs.
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[image: image6.png]MMoacrasus F\, do, u G, 8 (3.19) u nposeas HHTErpu-
POBaHME, Noayyaen

do (x, z) = et

WIH, npuBuMag m = 172, « = 1,

do,(x, z) = 0,09

TMockonbky B ycnonbI0BAHHOM BRIpAXeHHH (3.22) OPEANOKITAI0CH
W30TPONHOE JIBMKEHME ATOMOB B KACKAAE, CCUCHIE KACKAIHOMO

NEPEHOCA CUMMETPUYHO OTHOCHTENBHO z = ( I SIS
< lel.l\ K rae
Zaaxx = Apivorva £ (x). (3.27)

Kak u B caywac npsmoro BRIGMBAHIA, NpolLecC liepeHoca B
KACKaAe SBASETCA 110POroBbIM M BO3MOXEH AHIIL NPH

= v EXx) > £,

maxx

Teneps, Koraa Mbr ompelesuny ceverue nepenoca do(x, £y,
MOXHO 3amucaTh ypasHenue Gananca sewectsa, OBosHauuM depes
C) OTHOCHTE/bHYK) KOHUEHTPALMIO Npumech. B cucTome KO-

OPAMBEAT, CBA3AHHON C PACHBINACMOIl TOBEPXHOCTBIO [24], wmoxno
3anucats

[ oy . .
W - Ufj(,1 = ch{CJ(.\w 2ydoy(x ~ z, 1) = Cj(x)da,tx, 1))

ax

{3.28)

3aech 1 — Bpema: craraesmoe ( B J1€BOH HacTH orBeyncT

4

J0 ABUMCHUE CHCTEMBI KOOPAMHAT NPH PACNBIAEHHH NOBEPXHOCTH,
U — ckopocTb pacnbutens; @ — miIOTHOETH NOTOKA HOHOB.

Aanwoe unterpoanddepenunabiioe ypasue Hise Heyaobhuo b
MaTeMarHyeckol obpaborke. Packaaabizas Upasylo Yacte No cre-
MIEUAM 2 1t OTPAHHNUBAACK NICPBBIMI ABYMA ‘LICHAMM, NOAyuaen
creaviowee  mapaGonmieckoe  anddeperumansioe  ypasheiine s
ACTHBIX NPOU3BOAHBIX [23]:

12%

Mpumenue k (3.29) reopemy Ocrporpaackoro—laycea, woxHo
HUHTH 110TOK BeluecTBa, OOYCIOBACHHBIUT BanIHCTHISCKHMHI [1po-

tECCaMN:

Ja(xy = N {“ “\ (05,00 € x5y + V(,.:‘~"'C1(-")] (3.300

3acch
Vo (x) = ®f zdo(x, z)
Hu
Doty = B[ Pdein (3.30)

— BuaaMcTUdecKue cKopocts apeiida 1 koapduument amddyivn
AToMOB npiMecu B MaTpiue 2. ClelyeT 3aMETHTb, UTO ITH Be-
AMMHHBL BBEACHB! DOPMANbHO, i VIOOCTBA  MATEMATHHCCKOW
00paBbOTKH. DaIMCTHHECKOE NEPEMEIUBAIIUC HE ABASETCH AMb-
GY3HOHHBIM 110 CROCH NPUPOAE.

Moactasasiem cevenns neperoca (3.16) u (3.26) s (3.31). Has
HCMOCPEACTBEHHOTO BBIGUBAHMA, HHTEIPUPYA MO Z OT Z. . /10

noayiaem

S g

[Cm‘/m/tm;rl R E(\)]‘ v £ > £y

N (3.32)
0, ‘/ml':(\') < E,IJ
’; c(,‘-,m-‘AK_,lsm]{x - [ J J rmEG) > £,
|04 Y ENY = £,
(3.33)
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[image: image7.png]Ilna yueTa nepeHoca B Kackaie HYXHO HHTETPUPOBATH BhIPa-

xeuwme (3.31) B uuTepRage OT —z a0 Z,

K o K

Yo _ (3.34

(] ' |
4TO CBMAETENBCTBYET 0O H3OTPOAHOCTH KacKaaHOro IEPEMELIn-
BaHUA,

F AR QN EM), vy EX) > E,
(3.35)

Yo £ = £,

Bumecto kecTKO 3a1aHHOI 3HEPrMW MOHa E(X) Jyylle BOCIONB3O-
BaThesl CNEKTPaNbHbiM pacnipedesieriem P(£y, £, x) 13 dopmynst

{1.34). OxoHuATEJbHO UMeeM

£
Ve = [ P(E, E, %)V (0dE,

£yl

1;
Dgjh(x) = f PUEy, E, x) Dy ()dE + (3.36)

Fal i

r
+ [ P(E E, x)Dg 5 (x)dE.

EyYorra

3.1.3. Pamuamonno-crumyamporannan auddysnn

[ocne TepManM3aUMM CMEIWEHHBIX aTOMOB B 061aCTH, OxBa-
YeHHolt KackaloM, ofpasyercss Goftblioe KOAMMECTBO ACHEKTOB
KPUCTUUIMYECKON CTPYKTYPLL — BAKAHCHI W 3¢XKAOY3EALHBIX aTO-
MOB. BeneacTeMe 3TOTO B NPUAOBEPXHOCTHOM coe 0favderHOro
o0pastia Pe3KO VCHTNBACTCA MHTEHCHBHOCTh AM(DQY3HOHHBIX Mpo-
1IECCOB, YeMy €nocoBeTBYeT M Anddy3uoHHbIi pasorpes.

Bosuukwve paamaumonHble JeeKTbl HE SBAAIOTCA HeMoa-
BuXHbuiMK. Onu AubdyHampyior (ryBuHA WX MPOHMKHOBEHUA B
obpa3elt A0CTHIAeT eAHHHII~IECITKOB MHUKPOMETPOB [16]), ofbeau-
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HSIIOTCS B YCTOHYHMBBIE KOMIUIEKCEI M UCHE3RIOT HA IIPOTSIKEHHBIX
CTOKaX, TAKMX KaK IIOBEPXHOCTb, IPaHMLB! 3EPEH, AMCNOKALMH,
unA pexombuHupyieT. ITosBRANIOTCS yCTORUMBBIE NOTOKM BAKAHCHI
M MEXIOY3SNBHBIX ATOMOB, HANPABRAEHHbIE OT MECT WX POXAeHUs
K CTOXaM WIH B [AyGb obpa3ua. OHM TeCHO CBA3AHHI ¢ NMOTOKAMH
ANGOYHIUPYIOUIErO BEIECTBA ¥ BHOCAT cNELUGBUKY B OMUcaHue
npouecca  PaIWALHOHHO-CTHMYMPOBaHHON Anddy2un u cerpe-
ralMy BEWIECTBA.

B paborax [26, 27} npeaioxena npocTas (GeHOMEHONOIHYECKasn
MOZReNb, TO3BOAAOIIAS OIMCHIBATL NPONECC BLI3BAHHON oBay-
yeHueM DMdysun u cerperaumn. OQGO3HAYMM WHASKCOM U MO-
HATHSA, OTHOCAILIMECA K BAKAHCWIM, MHAEKCOM i — K MEXI0Y3Emb-
HEIM aroMaM M k = | + n — K 2AeMEHTaM TBEPAOre PacTBopa.
Cpsisk MEKAY TIOTOKAMH BEHIECTBA W Je(EKTOB M MX KOHLEHT-
pauHaIMM A3€TCA CACAYIOLIMMH BLIDAXKEHHAMH:

5= N(-Dya VC, + DIVC,),
(3.37)
i = N(=Dj=,¥C, + DIVC).

il

3aech jﬁ, Jh TIOTOKM KOMITOHEHTa Kk 0O BaKAHCHOHHOMY H

MEXACY3CNbHOMY MEXaHM3IMAM, DZ H DL —~ COOTBETCTBYIOLIHE
napuyaIbHbe Kovbduuuents anbdynm; DX n DY — napuman,-
Hole ko3hdUuMeHTsr Mddy3nn BakaHCHt ¥ MEXIOY3ICABHbIX ATO-
MOB IO aroMaM copTa k; C — OTHOCHTENbHbIE KOHUEHTPALHK;
N — sApepHas  TUIOTHOCT,  TBEPAOro  pacTsopa;  «,(C|,
C,, ...y €,) — TECPMOTHHAMUYECKHT MHOXUTEND (IPAIMEHT XHUMH-
Yeckoro MoTeHUMana, ABAAIOIIUACT ABvxyuleil cwiolt nnddyium,
nponepuuoHaneH ¢, VC,).

ITocKOBKY BakKaHCHU B3aHMOLENCTBYIOT C aTOMaMM pacTBopa
no OGMEHHOM}’ MCXaHU3MY, a MEXIOY3€/IbHBIE ATOMBI ABAAIOTCA
HermocpeACTBEHHBIMH HOCHUTENSIMH MAaCCHl, NOTOK BaKaHCWMA Ha-
TIPABACH B MPOTMBOMONOKHYIO CTODOHY OTHOCHMTEABHO COOTBETCT-
ByIOIEro noroka audipyzanra:

F=-p (3.38)
2 HAmpaBNe€HUR TOTOKOB JAMGMdY3AHTA M MEXAOYIETBHHX aTOMOB
COBNAJAaloT:

Jp= 0k (3.39)

i
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[image: image8.png]Hurerpanbhblii anddysuoHHbI# NOTOK KOMIIOHEHTa Ak PIBSH CYM-
Me TIOTOKOB [0 SZHDMYIHOHHOMY ¥ MXKIOYIETHHOMY MEXMUIHIMAM!

G = A b (3.40)
MHTCFPHJ]I:HHC 1IOTOKK BaKaHCHN K MEXKAOYICALHBIX aTOMOB 51B/sA-

IOTCR CYINCPIO3HUMENR COOTBETCTBYIOLWIMUX HAPLHMAIEHBIX MOTOKOR!

(340

Teopua cayuaiinbix dayxkaaHIE |27, 3] AaCT CASAYIOWNE BbIPA-
KEHUMA 1S MAPUMAILHBIX KoM HLHENTOB ANdhyaImn:

i 3
D=y Fbiz bl

DX = b

v o ke

{3.42)
1l 2
il v, pt
Dy = ¢ Fibizive pls
& _ Lo i
D = g bizvyp;
3itecs bu [ b, — pacCTOAHMA MeXAy Oamxaliime  yazamu

PEUIETKH M ONMXaHIMMKN MEKUOYIIMIMHA, T.¢. AANMHBL CKAUKOB
BIKAHCHIL M MEXIOY3ENbHBIX ATOMOB; Z, 1 Z, — COOTHCICTBYIOLLHE

KOOPAMHILMOHHEBIE MMCHA; Vg, — YICTOTA OBMCHA BAKAHCHIL €
COCEAHHM ATOMOM COPTa A ¥, — UACTOTA CKAUKOB MCKIOY3Eib-
HBIX 4TOMOB k-Io Thna; pf, pf — BEPCATHOCIB TOQ, UTO PAIOM ¢
ATOMOM & B KOHKDETHOM Y3A¢ MM MEXIOY3NHM HAXOAATCA ¢OOT-
BCTCTBEHHO BAKAHCMS MMM MEXIOY3ERbHRUI aTOM, pi — BeposI-

HOCTDB TOIO, YTO COCEHMIT Y3EN PAAOM C BAKIHCHET 30HSIT AaTOMOM
copTa ki pf — JIONS aTOMOB K, HOXOJSIUMNCH B MEKAOVIEALHOM

nojtoxeHun. Ilitg  HCYHopaaoUuetHbIX  TEEPALIX PACTBOPOB cnpa-
BCANHRBO

=C.ph=Cupp=Cup= CC (3.43)

H TOKAst 2aMEHQ MOXET ObITh MPHHATA B [ICPROM NPHOAHAKCHUIL,
OTKIOHCHMSA 0T DTOrO 3aKOHA HAB/IGAAKTCH TOFAA, Koid AedeKTel
HMMEIOT PA3INYHBIC JHEPIHM CBA3M C ATOMAMM PAsHeIX copros. B
3TOM CAYHAE BEPOATHOCTH HIMEHAIOTCA 1iPONOPLIMOHMLIBHO BBIPI-
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aepexi-

KEHUIO c‘&p[ rac £, — 3HCPIMA CBA3H KOMILACKS

kT
aros: f, — HakTep KOppeaaurn Ans A1DGyIMH 10 BIKAHCHAHHO-
MY MOXaHH3MY. MHoxMIeAs f, < | VaMTBIBIET TOT hakT, 4TO
nocac obMeHa © BakaHCHER ATOM HMMCCT BO3MOXHOCTE OOMCHATHCS!
¢ Hell CHOBA W CHCTCMA NMPUIAET K 1IEPBOHAMABHOMY [ON0KEHHIO.
B 3TCM CAYUAE KOPPEAMPOBIHHAN [UIMIGL [IYTH aTOMa me =0 a

cavaaitan L, = 28, HucnenHo Gakiop Koppeisiiii paseH oTHO-

(UEHEIO
(]
I=

13.44)

M JIBHCHT OT TCOMETPRM KPUCTANIN W Mexanwma  auddy i
Koppensiumst oteytersyer (f, = 1) Aas NpsiMoro MexA0y3eabHOro
MEXAHM3Ma, HO CYILCCTBYET AN MEXAHM3Md BbITECHEHMS. 3Ha-
uyeHust f AN PA3AMYHBIX THIOB DEIIeTKM M PazIMuHBIX Me-

xaHuamon Ampdyanm npuseaenn B [3, c. 196].
YacToTsl CKAYKOB BAKAHCHH H MEXAOYICABHBIX QTOMOB OTPC-

ACASIOTCS BHIPAXKCHMSIMH

m

[{L” A as
Vi = ViEXP (— ﬁ] Vi = V,EXP (7 “_J, (3.435)

rae HlY. HY -— COOTBETCTBYIONLEE IHTANBNMM MAIPALMH, v, —

coberBenHan vacTota xoiebaHui aToMoB
MpocTpalcTREHHO-BPEMEHILOE PACNPEAEEHIC ACeKToB OnH-
CBIBACTCH CAEAYIOUIMMM YPABHCHHSIMMU!

3ieeh U — CKOPOCTH PACIBIACHHA {CHMCTEM KOOPAMHAT X CBA30HA

¢ pacoblLisiemoil nogepxHoCTLIO), @, @, — CKOPOCTL [CHOPAIDNIK
AedieKToR, KOTOpas MoXeT ObiTh puccwtiana no dopayae (1.38):
7, T, ~— CPEIHEE BPCMSl KHIWH 1E()EKTOB OT DPOXKICHILT 10

HeyesHoBeHMs Ha cTtokax. Coraacto [28],




[image: image9.png]Ly Ly
=g = - (3.47)

Tag L, — MyTe, MPOXOAMMbIL 1eDEKTOM 31 BPEMS €0 CYIUECTBO-
BaHusl. [Ip¥ nMoHHOM OBMY4EHMM CKODOCTH reHEpallUM TOUSUHBIX
2eeKTOB OYEHb BEMWKA, IIO3TOMY OCHOBHEIM MEXZHM3MOM MX
HCHYEIHOBEHUSI MOXHO CYMTATh pekoMOuHaLMI0. Toraa B KadecTse
L, MOXHO NpHMHATbL CPeAHEe PACcCTOSIHME MEXAY BAKAHCHAMM H

MEXI0Y3e/bHbIMH aTomamy Ge3 paauyca saxeata R, — paccro-

AHWA, CG}[PBHB].UHCB Ha XoTopoe, MC)I(.E{Oy3CJle]:Iﬁ aToM H“ Ba-
KaHCUsl peKoMOUHHUPYIOT:

Ly, = (NCH'' ~ R, L, = (NC)™" - R. (3.48)

O6bMHO B KayecTse R, NpUHMMAIOT paIMyc 4eTBEPTOH KOOD-

AuHAUMOHHOK cepbl [29]. B [29) npuBeseHb! TaiOke BhIpaXeHHs
IJIA MOILIHOCTH GTOKOB Ha NOBCPXHOCTHBIX W JTHHEHHBIX AedeKTax
(TPAHHLBI 3EPEH, TUCTOKALMM M T.1.), OAHAKO, YTOBHI BOCIION3O-
BATHCH MMM, HYXHO 3HATh ASHEKTHOCTh CTPYKTYPHl MCCIELYEMOTo
ofpa3sua.

YpaeHeHMn (3.72) HyXHO pelaTh €O CHEAYIOHINMM TpaHuy-
HBIMU M HaYA/IbHLIMH YCAOBHAMMU:

G5 0) = C(0, 1) = Cy(=, 1) = C,,,
(3.49)
Citr, 0) = C;(0,0) = Cy(=, 1) = C,,
rae C, u C,, — paBHOBECHbIE KOHLEHTPALMM BAKAHCMH ¥

MEXIOY3ENbHBIX aToMOB. ITOCKOABLKY Npi 06fy4eHMM MAOTHOCTD
TOUYEYHBIX ﬂCd)EKTOB BO3pacTaeT Ha MHOI0 NOPSAKOB, MOXHO
cunrate C,, = C;, = 0. I'paHuiHoe yCHOBME Ha MOBEPXHOCTM

obpasLia 0BYCNOBACHO TeM, YTO OHA SABMASIETCS CTOKOM aedexTor
GeCKOHEYHOR MOILHOCTH.

3.1.4. TuaPOIMHAMHUIECKOR TEYEHHE MATPHLLL.
OcHoBHOe ypaBherine

Ji KaXaore COOTHOMEHMS KOMIIOHEHT pacteopa (),
C,, ..., C, CyIIECTBYeT HEKOTOPAn PABHOBECHAS simepHAas TUIOTHOCTh
N, Ecnu npuHare, uto ofbeM, 3aHMMAeMbIR OHHHM aTOMOM, T1OC-
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TosHeH, N, ONPEACINTCA BBIPAKEHUEM

-1

"
N, = Seal (3.50)
k=L

rae v, — YAEAbHblt 0ObeM aToMa COPTa k. Ecnu B pesynerate

GarTMcTHIECKMX WiKM  AMbdYIMOHHEIX NPOLECccos NepeHoca o~
KaibHas fAepHas [UIOTHOCTh CTAHOBMTCS OTIMMHON OT papHOBEC-
HOM, MATPULIA CTPEMHTCA PENAKCHPOBATHCS, PacTATUBAACH WM
cxuMasIch. TIpM 3TOM BO3HMKAeT NOTOK €6 aTOMOB j, (X).

Takum ofpaiom, oBIMil NOTOK aTOMOB ¢OpTa K sBAACTCA
cynepmo3unuedt BanAMCTHUECKOTO, AM(GQY3MOHHOTO MOTOKOB W
noToKa, 0GYCAOBIEHHOTO [MAPOAMHAMUMECKHM TEUEHNEM MATpu-
158

Jo = Jsx * du t Cidn (3.51)

{IOTOK j, He SBASETCA HE3ABUCHMMBIM, a ONPEAENACTCA APYTHMM
"

NIpoLeccaMy NEPEHOCa, NPOMCXOALMMU B TBepaoM Tene. B paGo-

tax [25, 30] NpeAnpMEAT pacueT j, IS BHHAPHBIX PACTBOPOB.

O606uULM €ro 1A PACTBOPA, COAECPXKALIErO MPOU3BOIBHOE KOAUE-
CTRO 71 KOMIIOHEHTOR. VIaMeHeHHe ANepHOH MNOTHOCTH K-r0 KOM-
TIOHEHTa PAcTBOPA 33 BpeMst A7 COCTABIACT

94,
AN, = - %A (3.52)
3 X
C ApYrO¥ CTOPOHBI, U3MEHEHNE CYMMAPHOH H3ePHON NMACTHOCTH

PaBHO

= i 353
AN, = 3 R AC (3.5

»

Tpupasuwsast AN, = z AN, u wMCronb3ysl BLIPAXEHUE (3.50),
=

nonyuaem caedyiomee AnddepeHUMATbHOE YPABHEHHE, ONHCHIBAK-

wiee YHKUMIO j, (X):

" AN : N ]
ST+ N 0t o G+ du + Cid) = 0 (35D
k=1 =t

oC, | o




[image: image10.png]Pelenine YpaBHeHMs 10MKHO VACBAETBOPSTH VCAOBMIO Gananea
BEWICCTBA HA PacnbLASEMON NOBEPXHOCTH ¥ = ()

UCN, = ®Y,C + jo + Ju t Cidy k=1,

i

Pean ypasHeHME Ha KOKIOM ILAre N0 BPCMEHM NPH H3BECTHBIX
NPOHUAAX  KOHLEHTPaUnH 1 BaLIHCTHUECKHX 1 Aubdy3HOHHBIN
aC,

i
aC,

TIOTOKAX, MOXHO ONpeIennTts /(). [TpoussoiHas BXOAsiLAs

B (3.54), paBua

{3.56)

C
_l,/rk.

Teneps, KOrda MBI ONPEACIMIN BCE NOTOKM OTOMOB 8 TBEPAO
Teile, NOABCPraOIIEMCH BO3AEHCTBHIC WOHHOW G0MBApAMPOBKH
MOXHO 3aMHEATH CHCTEMY YPABHEHHI, OMUCHIBAUONIVIO IPOCTPAHCT-

BEHHO-BPEMEHHOE  PACNPEAENCHIE KOHUCHTPAUMI KOMIOHEHTOR
pacTBopa:

537

ax

[.n - Uf] NCo=-Vj+ Q. k=1i-n @

3aeck O, ~— MCTOMHMK ATOMOB cOPTA K, OTAMMHBI OF HVIS B
cnyuae UMNAAHTAUMN. JlOKHBL BHIMOIHATECS CASAVIONINC pa-
HUYHBIE YCNOBMA! (3.55) Ha MOBEPXHOCTH Jor = /:w =j,=10
npy X > o Cucrema (3.57) gomxHa pelliaThes c‘osmccr’im c
AUDPEPCHUMATBHBIM YDABHEHMEM A8 TOTOKA aToMOR MATPILLBL
(3.54) ¥ KpacBREIMM 300uaMH AR pacnpeienelins Acthekros {3.46)

3.1.5. Xumiraeckue cunbt andiyanm.
AlNAAM3 pe3yasTaToB

danuan Mojear peasmzomaHa Hamu am  panbonee acro
BCTPCUAIOWETOCA CAYHAs OMHAPHBIX TBEPABIX DACTBOPOB B BHIC
KOMTUIEKER KOMIbIoTEPHBIX nporpamm. C Leabio npoBepkn paso-
TOCNOCOOHOCTH MOACAM NPEANPUHATO CPIBHEHHE PE3YILTATOR Pac-
UETA € MMCIOUIMMMCA B JAHTCPATYPE IKCMICDHMEHTANBHbIMH npo-
BuAAMA,  FONVUCHHBIMM DM MEPEMEILIMBAHUM  TOHKHX NACHOK
HEUPEPLIBHLIM HOHHDBIM 1IYYKCM
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Mpy BLINOAHEHNH PACUETOR Mbi CTOAKHYAMCh ¢ TPYAHOCTAMU.
CBAHBBMI € OTCYTCTBUMEM B JAHTEPATYPE HAACKHBIX 3HAUEHMI
ANDPYIHOHHBIX XQPAKTEPUCTHK CIIABOR B 3aBUCHMOCTH OT B3A-
VMHOR KOHUEITPAlHM KOoMiIIoHeHToB. [losToMy 66110 MENOAL30BL-
Ho mapumaibHoe npubanxenue. Tak, A1 HEKOTopoit anddy-
IMOHKON XAPAKTEPHCTHKM A PACCUUTBIBAIOCH (PeRTHBHOC 3Ha-
"eHKe

ACL Cpo s € = 3 Gy (3.58)
=l

rie A, — JAHHAA XAPAKTEPHCTHKA B MMCTOM BEWIECTRC COPTA ke

Qcolo cieayeT OCTAHOBHTECH Ha BXOAAIICM B YPABHCHWA Aist
AnhdY3HOHHBIX MOTOKOB (3.37) TEPMOAMHAMMUECKOM MHOXHTEIC
a(Cy, €y, - C). B obutem cayuae anhdyIHOHRDI TOTOK 1po-
[OpUAOHANEH TPAZMEHTY XUMMueckore noTenumasa w. B oreyr-
cTBHe BHEUIHMX IBAXYIIMX CHI Auddyann, TaKMX KAK [PATHEHT
TeMNEepaTyphl M1l 3AEKTPHUECKOro NOTERUMNa,

ap,

dop = Vi = G (3.59)

gt
E
XMMHUYCCKOro NOTEHUNMAAA PACTBOPA B 3aRACHMMOCTH OT BRAMMIOT
KOHIEHTPAUNWK €TI0 KOMRAOHEHTOB, IPHUEM KOD(I)(‘)H[UICHT npo-
TOPUHOHAABHOCTH Ebﬂ')l’lpﬂc'l’cﬂ TAKHM DGpLBOM, 4T0OB B <aydae
OTCYTCTBMA XHMHYECKOTO B3AHMOACHCTBHA, KOraa Hy Ck u

BeaniiHa @, [OPONOPLIOHANLII2S VUUTHIBAET H3MCHCHUE

it

oCy
HUUE.

MpouaocTPUEYEM BAUSHUE XHMHUCCKMX CHJ HA  KHHETHKY
anddyaun. Ha puc. 3.3, 6, 6 CXeMaTHUHO NOKA3aHbl KOOPAMHR-
THbIC PACTPEAENEHNS XUMAMECKOIO TOTEHUMAAR 1 Anddy3HORKOTO
F0TOK2 18  KOHICHTPALHOHHOMO Npoduis, MNpMBEICHHOTO N
pue. 3.3, a. Kpusble, obosnaucHHbe 0Mdpoii [, OTBCHAIOT CIYHAO,
KOId XMMUMECKOE BIAMMOICHCIBME OTCYTCTBYET.  3aBUCHMOCTH
4(X)  nosropseT GopMy npoduis KOHUCHTPALH, MPOTEKIET
OBBIUHAS KORLUEHTPIUHOHHAA Audy3us, Beaylas K BLIDABHUBA-
Ho npodaAs U paccackiBakio” HeOOABWO! CTYICHBKI BOan3n
TOMKH Xy

const, TepMoaltHamudeckuil daktop a, Obul paBeH enu-
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[image: image11.png]Puc. 3.3, MMpodunu: a — KoHieH-

TPALMM, § — XUMHMYECKOrO IO~

TEHUHAMA H & — aughysHoHHOTO

MOTOKA Npu: / — OTCYTCTBHM XM-

MHYecKoro B3auModelcrena, 2 —

€naboM H 3 — CUNbHOM XHMHUeC-
KOM B3IMMOJEHCTBMM

Tlyets Teneph pacTBOp 06-
pasyeT cTabmabhyio dhasy npu
KOHLEHTPAUMH  OAHOIO 3
komnonentos Cy. Kpusple 2
COOTBETCTBYIOT CVYal — cna-
OBIX xMMuueckux chn. M3 Ko-
OP/AMHATHOTO ~ PACNpeseNcHHs
TIOTOKOB BHAHO, YTO KOJMMYEC-
% TBO BEHIECTBA, NPUTEKAIOWUErO

K TOUKE X4, C/ICRA, MPEBbIUALST
KOMM4ECTBO BELIECTBA, OpHTeKalomwero cnpapa. ®asa Cq Gyaer
pacTH, NEPEMEIIAICH BeBo.

Caysaik 3 — cunbHoe Xumircckoe B3auMoneicTsue. [podiuas
XMMHMYECKOTO NOTCHUMANR MMeeT MHHUMyM. Habmonacres Bocxo-
Iswas 1uddysns — NOTOK BEWIECTBA HANPABACH NO IPAJHEHTY
€ro KoHueHTpaund. ®asa Cg, pacTer KaK B JEBYIO, TAK U B NPaBylo
CTOpOHY.

K coxancHumio, npakTHYecKMil yueT XUMMUECKMX cun npw
PacyeTax 3aTpyAHEH B CBA3M ¢ OTCYTCTBMEM HANEKHbLIX AaHHBIX o
33BUCHMOCTH XHMINECKOTO NOTEHUMANG OT KOHLEHTPALMM KOMMo-
HEHTOB peaJibHBIX CILjapoB. CyilecTByeT pai paboT, NOCAIIEHHbIX
aTofi TeMe [31], OAHAKO 3HAYEHMS PAMA  TEPMOAMHAMMYECKMX
KOHCTAHT, UCIIOAb3YEMbIX B HUX, HEHIBECTHEI.

Tem He MeHee nMpeHeOpexeHWe XHMHUECKHMH CHIAMM MOXET
TIPMBECTH K CYLIECTBEHHBIM MOTPEMIHOCTAM NPH PACHETE UOHHOrO
nepemeninBanua. [Mokaxem 3TO Ha cheAylolux npuMepax. B
0GOHX cnyuasx MpH pacyeTe GELIO MCMOABL3OBAHO 3HaYeHUE a = |,

Komnozuuna Cu—W He oBpasyeT Kaknx-1nbo cTaGMbHBIX
$a3 B obaacTH KoOHUEHTpauwit Meau oT 0 a0 |, B [32] onwucan
CREAYIOWUH SKCTIEPUMEHT. MeaHble IHIEHKM TOAUMHON 12 HM,
HANBUICHHBIE HA NOLIOKKH U3 NONHKPHCTALNIMECKOIO BObdpama,
0BAy4anuch MyYKOM HOHOB aproHa ¢ sHeprueit 30 kaB. Onnospe-

Jg=-gr
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MEHHO ¢ 00Ny4eHHEM MPOBOIMAOCH BOCCTAHOBACHUE NEPBOHAYANL-
HOW TOMILMHBI [UIEHXM (YTEM HAMBUIEHMS MEAM CO CKOPOCThIO,
paBHOM cKOPOCTH pachblieHua. I[lnoTHocte noToka oo @
coctapaama 5 - 10" em~%c”!, remnepartypa ofpazua He npeesimana

100 °C. Tlocneayolmit aHain3 npogmacH pacnpeieseHus aTOMOR
Mean B BOABMPAME TPOBOAUNM METOIOM Desepdopaosckoro ob-
DAaTHOTO PACCESHHA MOHOB reaua ¢ 3Heprueit 2 MeB. Ha puc. 3.4
[IOKa3aHbl CHAThIE NPOGUAH MeAN nocae obnydeHns a0 103 108 u
10'¢ ¢m~2. ILITpHUXOBbIE AHHMM NOKA3BIBAKT MPOMHAH, PACCUUTAH~
Hple [0 MOAENH, @ CIUIOWIHBIC — Pe3YAbTaTbl 3IKCNEPUMCHTA.
MC)Kle HWMHW  HabnionaeTcs VAOBIETBOPUTENbHOE COBIIAACHHC.
AHaNOrMYHBIE PE3YILTATH NOJYIEHBI W AUIA APYTUX fap HepacT-
BOPHMbIX WIM HEOrPAHM4YSHHO DACTBOPUMBIX APYr B Ipyre Be-
IECTB.

B [33] paccMOTpeHo BO3icHCTBME HOHHOrO OBAyueHMs Ha
xomnozuumio Ti—Ni. JanHasa nmapa oGpasyeT ycToH4YMBOE WHTEp-
MeTanMuecKoe coeINHeHNe NPY KOHUeHTpauun tutaHa 50 % [34].
THTaHOBBIE IIEHKY TOAUIMHOH 90 HM, HaHECCHHBIE HA HHKE/IEBYIO
[IOANCKKY, OBnyuanuch WOHaMM aproxa ¢ 3Heprueit 150 kaB no
noser 107 cv™ 2. T1poduwab TUTAHA, CHATHIA METOIOM IEKTPOHHOM
0Xe-CAEKTPOCKONUY, nokasax Ha puc. 3.5. Buauo, uTo Ha rpanm-

1 T T 1
20 g 50 100 15C
X, HM X HM

Puc. 3.4. KouueHTpaumoHHBIH npo-  Puc. 3.5. KOHUCHTPAUMOHHEIH 1po-
¢uie Cu B W nocne obnysernn ¢ums Ti B Ni mocte ofryueHus
12 BRM  IUIEHKM HMOHaMH aproHa © 90 HM  NJICHKM HOHAMM AprOHA ¢
sueprueit 30 B a0 a0 [ — omepruelt 150 x2B a0 doswr

10 am?, 2 — 101 2w — oke-
DepHMEHT, & — pacyer.

107 cu™%; @ — skenepument, 6 —
pacuer.
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[image: image12.png]lie pazaena obpasoBascs caok dazpr Ti—Ni ToslLiHHOI oKono
50 M, KOTOphIit Ha KpuBoH C(x) BRILASANT Kak nnato. Pacternerii
NPOHAL, KAK H CICAORUIO OKIAATh GPH @ = |, TAKOIO JANTO e
HMEeT.

TaknM 0B6pa3oM, NPCACTABAEHHIL MOAEAb, BKIOWAOMAN &
ceB QMUCIHME 1IPOUCCCOB PACHIBIACHNR (OBCPXHOCTI, Baiie.
TIIECKOTO KACKAIHOIO NCPEMELIMBAHI, PAAMALHMOREO-CTHMYAH-
POBAHHON ANDYIHN U THAPOAMHAMMMCCKON PEiaKCALMN AT~
DAL, MO3BOJSACT  PACCUMTHIBATL  KOHUEHTPALMOHHEIE  (IPODRIH
MPAMECH NPH HOHHOM UMILIANTAILGH, (ICPeMEUIMBANN TOHKOMAC-
HOUHLIX  CTPYKTYD, DAAHALUMOHHO-CTHMYIHPOBARION cerperatiy
cnaBon. Auddy3nonrnas uacTb MOCHH UDHMEHMMA N K BO3-
ACHCIBIIO M3NYYCHMI APYruX BKioB. KOpPpekTHOS onucatite 1po-~
HECCOB NEPCMEUIMBAHMST B BEILECTBAX C CHABHBIMH XHMHUCCKHMU
CEIAMU BOBMOXHO JIMillL NIPY YHETE TEPMOAHHAMUYECKUX (BAKTO-
pos.

OCHOBHBIC NONOKEHMS MOAEAN onybaukosaku B [36, 37].

K coxancrmio, apeactannerian "Henpeppinnan” Mogens ne s
COCTOHUN OORACHUTE HINOKEHHBIC B MAYANE TAABBL PCIYIILTATH
(IEPEMEILIMBANUS MOWIILIM  MMIWILCHBIM HOHHBIM Nyukon. I3
SKCIEPHMEHTOB [0 MOHHOMY KACKAIHOMY DEPEMEIIMBAHMIO W3BECT-
1O, U0 OHO CTAHOBHTCA 3aMETHLIM Npit 1o3ax 2 10M wonos/em?,
B 70 BpemMsl KaK obwnii (hIIOCHE MOIINOIO UMIYABCHOIO HOHHOIO
YUK Ha 1—2 nopAnka Ixe O Belwunnbt. He mprweusMa o
TEOPMAl PAZHALMOHHO-CTHMYINPOBIHROMN jindibysHu, Tak kak npau
ODVUCHHU  (TOBEPXHOCTHBIN Cloit naXoAMTC B PACNIABAL HHOM
COCTORMMM M O PUIHALHOHHDIX AEDEKTIX KPHCTALIHYCCKON cTpyk-
TYPbl Peub BECTH HeNb3s.

Caea0BaTeabho, IOMHMO  KOHLEHTPALMORHOf anbdynm 8
KIIKOH daze npu Moniom HMOYABCHOM  OGAYMCHUH 10K HE
CYNIECTBOBAT), I HIbe MEXAHU3MbI, VCHAMBAIONIME MACCOMEPEHOC
MoxHo npeanodoxurs, uto OIPEACACHHYIO POib 31eCh HIPAKT
cleaylonue npouecco [38]:

1) andpdysin noa teicThuen rpaauenta nons TeMRepaTyp:

2) ancdyzua v BesnkTHBANMONHKL HepeHoe nol JeficrsHen rpa-

AHEHTA NOAS JARICHIMI;
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o - ax
3) u3meHeHHe Andiby3HOHHBIX XAPAKTEPUCTHK EemccTBn 8 som
cKATHY M paspexeHis, OOYCIORIEHHBIX TCPMOMEXAIHUECKHMIL
APEKTAMA: . )
cerperalys KOMIOHEHTOB PACMAaBa, MEIOLINX paxin mbfe npe
Aedbl PACTBOPHMOCTH B TBEPAOH M XnaxoH (asax, B ABMXY-
c 39TBE| aHMA

wieMest hpPOHTE 33TBEPACBA 4 N
repeMelINBaHKe TNEHKH M MOLIOKKH, HAXOISWMXCA 8 Pac
NABICHHOM COCTORHAM, 1 THAPOAHHAMHNECKOM POKUME,

Bosicé N0ApOBHO 3TH MEXGHM3MbI U KX BKILL B OO NOTOK

ATOMOB PAcCMAaTPUBIIOTCA HUXKE.

4

w

3.2. Cerperauust KOMIOHREHTOB PACIIABA
B IBMAKYLWIEMCs (DPONTE 3aTBEpACBAHUS

Hzeectho (39, 40], uTo Npn HANDABAEHHON KPMETALIMIALMA
KMIKOTO PACTROPA WMEET MECTO Mepepacnpeiencuue KO?{L[CH‘T-
paUKOHHOTO APO(UAN eT0 KOMNOHEHTOR. Coomomeﬂfiego)ﬂi?;ll;
paumni HeKoTOpOit TIpUMecH B TREPAOH (C) u xuakoit (C; 4
8GN bpPOHTA JaTBepAeBaHun Z,(1) (puc. 3.6, 3.7) onpeacnacrea

CHIEM
BHIPAX i Ef’ﬁ. o)
¢ C,(z,)

Benwanha k,, Hazvizaemas Kod(HHUUMEHTOM Cerperalui, 'e-
EHHO DABHA OTHOWEHWIO (IPEACNOB PACTBOPHMOCTH NPHMECH B
TBCPAOM M XNIKOM COCTOAHMM

Cc

kCo

KWAROCTL | TB. Teno
Z, x

m

HMAKOCTL [ TB. TEno

ra >t

Puc. 3.6. Knueruka cerperausn 80 GporTe 30TBCPICBAHILE TP 1IONHOM
MepeNEmIBHHE PICHIABa.
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Puc. 3.7. Kuuernka cerperauun so $ponTe 3aTRepAcBaKHN MPU caaGom
NEPEMELINBAHMN PACTLNABA

Boipaxenne (3.60) MOXHO wcnons3osaTh B KadecTBe [pa-
HHYHOIO yC/OBMA MDY PELIEHMM YPABHEHUS NEPEHOCA BEILECTBA
HaIIpUMEp ypaBHerust AndhVIHE, 0QHAKO UetecooBpasHo CHB‘{EIII?;
OUEHHTL BIAMAHME MEXAHUIMA CErPETauMM BO PoHTE 3aTBepae-
BaHMA HA KOHUEHTPAUMOHHBIA APOGWIL npn oGAYHEHUM Me-
TAAAMMECKUX OOPAIUOB MOLIHBIMH HMDYALCHBIMU MydKAMH 3apA-
KEHHBIX YaCTULL '

[Tyetb, Ans onpeaenensoctH, k. < 1. Tlockozbky TBepaas
daza, obpasylomanca 3a bpontom, obeanena [IPUMECHIO, pacilias
Byder oborawathes €io, ocobeHHO B obnactu, 6au3koi K rpaHuLe
pasaena $as. OKoHUATeNBHBI NPOdE pacnpeaeneHmnsl KOHUEHT-
paunn Co(X) ONPEASnNTC KHHETHKOM NepeMelumBanus pacTBopa
B PE3YALTATE AMDOYIMOHHBIX UMM TUAPOAUHAMUUECKHX IPONECCOR
TOYHEE, COOTHOWIEHHEM MEXIY MHTCHCHBHOCTBIO ncpe!\15:Lu|/m:|m‘mv
M CKOpOCTbIo (DPOHTA 3aTBEpaCEAHMS.

PacemoTpum asa npedenbiusix cryuan. s [POCTOTH CHUTAEM
T0 B MOMEHT JOCTMXCHHS MAKCMMAALHOM [1y6HHBI npon}lan:
JCHM Z,,. KOHUCHTPaUMA NPUMECH B paciulase MOCTOSHHA W
paBHa Cy. MPOHT HAYMHACT ABMTATBCH K TOBEPXHOCTH.

1. CKOpocThb ABMXEHHA (POHTA Mala fo CPABHEHUIO € HH-
TEHCHBHOCTMO NEPEMCUIMBAHYA, DACMPEICICHHE MPUMECH B pac-
[LIABE OCTACTCA PABHOMCDHHIM B TEUCHHE BCErD BPEMEHM 3aTEep-
aesarua (puc. 3.6). B Touke Zhue KOHLEHTDALMS NMPYMECH B
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tBepaoi ase coctaBut Cg(z,,)
dpouTa pacnaas 6yaeT oboramarses npuMeckio, B C;, a crenosa-
TenpHo,  Cg = k C, OYOYT HEMPEPHIBHO PACTH.

2. MpoHT ABUXKETCS OBICTPO, W OTKJIOHEHWE KOHUEHTPaLMK

= k Cgy. Tlo mepe TpoABHKEHMS

npumecH B kHakoit ¢ase or C, Habmogaeres JMLIL B TOHKOM
TIpHAETAlOLEM K TPAHMLE pasielia $a3 caoe TOALMHOM O, (puc. 3.7).
Kak u 8 npenmaymem ciaydae, cHavana Cg(z ) = k.Cy. Tlo-
CKOABKY NEPEMEIIMBAHUC OTCYTCTBYET, KCHUEHTPALHXS OPUMECH B
NOTrPAaHUYHOM C/10€ PAacmnaBa HA4YHET GHCTDO TIOBBILIATHCSE M CKOPO
(B Touke 2z, =z, — 0. NOCTUTHET BEAMTHHBI C, = Cylkaa
C(z,,) cpasusiercss ¢ ;. Tlocae atoro npouece crabuansupyeres,
W MIOYTH 20 camo# MOBEPXHOCTH CETPErdUMM MPUMECH HE Npo-
uexoawT. JIMWs NpH Z,, < &, koraa o6beM 30Hbl NEPEMELHBAHUA
cpaBHseTc ¢ 00bEMOM BCETO PACNNABA, CHOBA GyleM Habmoaate
poct C; u Cy

TaxuM 06pa3oM, Ha pesvabrrpyloweM mpogune Cg(x) Oyayr
HAOII0AATECSL OTKNOHEHUS OF CO JIHILLE B TOYKE MAKCHMAIBHOTO
ApornasneHus Wy noBepxHoctd. IlupmHa etnx daykTvanui
fIPUMEPHO PABHA 6, 1 HANPABACHUC (MHHUMYM WM MAKCHMYM)
3aBucuT O BenwuMHBl k. Ecnm &, < 1, MBl YBMANM DMK Ha
[OBEPXHOCTH M OpoBan B rybune, ecau k. > | — Haobopor
PﬂCCMOTpEHHblﬁ BbIILIE cnqu?l NOJHOro NEPEMELIMBAHMS TaKXe
MOJXOANT Nod 3Ty GOPMYAMPOBKY, ECAU TIOJOKUTh LWIMPUHY 3OHB!
nepeMeInBauua 8, paBHoH z,,.

Ecnu HavuadbHOE DACTIPEAEAEHME NMPMMECH B pacrilaBe Hepas-
HOMEPHO, To B ciydae ¢1aboro nepeMeuIMBaHMsA CCTPEralua Takxke
HE TIPMBEAET K CYWECTBEHHOMY M3MEHEHWIO KOHUCHTPAUMOHHOIO
npotuna. CmewicHUA OpodHs KOHUCHTPAUMKM 10 KOOPAMHATE HE
MPEBBICAT 8.

OuenuM 3HaYeEHHE &, MPH KPUCTANIMIAUMM TOBEPXHOCTHOTO

cnos obpa3uoB, OBNYYCHHBIX MOUIHBIMM HMIYALCHBIMH ITYMKaMK1
HOHOB MM 37€KTPOHOB. PacyeThl TEMNEPATYPHBIX MOMEH B MuiLie-
uax ([41], cM. Takxke . 2) 0OKA3AMK, 4TO ANl OOAYHCHMS
WENe3HOH MUIIEHM TIYYKOM yrepoda ¢ dHepruent 0,5 MaB cpea-
HAf CKOPOCTh 3aTBepaeBanusa Vg coctaenser 5 M/c, a anexTpo-
Hamu ¢ axepryeii | MaB — Ha nopsjiok uuxe, 0,5 m/c. Tlpumem,
MTO TIEpEeMEUIMBAHME TPUMeECH B Pacniliape OCYLIECTBAAETCS and-

o
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[image: image14.png]hyauoHHEBIM MexaHU3MOM ¢ koaddmrimenTom auddynu D, pae-
HbIM (B COOTBETCTRHME € H3MCPEHHBIM & IKclepusmenTax [11)
107% em?/c. B cucreMe KoOpauHAT ¥, €BazaHHoil ¢ Asmxymeiics
rpauied Gaz, ypasHeHyMe AM(GYIMM ANUUIETC  CICAYROUIIA
obpaszom:

(3.61)

B cTanvoHApPHOM pexuMe NpHxoanM K oObIKHOBEHHOMY AH(de-
PEHUMANBHOMY YPABHCHHIO

Dd C’)) ac, )
d,\

uMelouieMy  npu
C,(w) = C, pelicHue

FPAHUMHBIY  yenosusix  Cp(0)

[ Ve
Ciyy = Cy + T - Cy|exp ——D"y). (3.63)
O1ciola xapAKTepHas WHPHHA A dhyIHOHHOro Npoduns
8 = 2 (3.64)

(e g

Moactasnas B (3.64) 4iCACHHBlE 3HAUYCHMA, TIOAYYACM, YTC NpH
HOHHOM 0ByueHKH d’ = 0,00 MKM, 2 TP 37¢KTPOHHOM — 0,1 MKM.

TloATBepXKACHMEM TOTCQ, UTO AAHHBIA MEXAHM3M Cerperaimu
JeAICTBHTENBHO MMECT MECTO NMPU oOpaboTke TOHKOILIEHOYHBIX
METANAMYECKHX MMIIEHEH MOUIMEIM MMIYALCHBIM MOHHEIM [Ty
KOM, MOXET CAYXHMTH HAFMME HA PAAC IKCMEPHMEHTAABHO I10/Y~
HEHHBIX KOHLEHTPRUMOHHBIX npodureit (pruc. 3.1, 3.2) pesxux
MAKCHMYMOB ¥ DopepxnocTi. WvpuHa Taxkux BROpocos Smiska K
PACCHHTAHHON HAMW WVpHHE 3oiel riepemewmBanist d.. Ojnako
Ha raybube mavsiHite cerperalii Ha npoduns andbdyvianTa npu
HOHHOM OBNYMEHWH HE3HAUMTE/BHO.

B {12, 14, 15] npusedensl pe3y bTaTel 3KCAEPUMEHTAILHLIX
WCCNCAORAHMI CETPErAlAN NPHMECH BO $PONTE 3aTBEpACHEAHMA B
KOMINC3MUMAX, [OABEPTHYTHIX MMOYILCHOMY JIA3CPHOMY BO3AEiCT-
emo. OHM NOATBEPKIAIOT HAlL BRIBOA O TOM, MTO B CAYHRe Maiol
AIMTENBHOCTH OBNYHEHHA (ACCATKM-COTHIH HAHOCEKYHA) U HEGONb-
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woit rnyBuHsl 0poTpesa 06pa3LA, KOTAA CKOPOCTh MpoLecca pe-
KPHCTANAMIAUMM BEJINKA, CErperauusi He APHBOANT X 3AMETHOMY
nepepacnpeieseniio npumecd B obpasue. ymaercs, 4TO 3TO
sBaenme GyaeT Bofee CylIECTBEHHO s 3NEKTPOHHOIO 08AydeHus,
TaK Kak 3decs o6Gpasell NporpeBaeTest JOCTATOUHO [1y6OKO M
CKOPOCTE GPOHTA HA MNOPAJAOK MEHBLIE, YEM B CAYYde HCOORB3IO-
BAHUS RA3EPHOTC MMM MOHHOIO Myuka.

3.3. Jiuchdysrornbie npoueccs
EpU MOUIHOM UMNYJILCHOM BO3XEHCTBUM

TepmoauHammdeckas Teopis auddysnu [43, c. 304; 44, ¢ 323)
yIBepXkaaeT, uro AudOYIHOHHBII NOTOK j ABMsercs NMHEHHo
YHKUMEH TPAIHEHTOR XHUMUYECKOrO MOTEHUMANA 4 M TEMNEpPATy-
pot T:

j = a%u - VT, (3.65)
rae @ U f§ — koahdHUNMEeHTb! NPONOPLHOHATBHOCTH, XUMHUECKHR
MOTEHUMAN, B CBOIO OWEpPEab, 3ABUCHUT OF KOHUEHTpauuu amcddy-
santa €, TemnepaTypel M JaBiedHun P£. Takum obpasom, and-
Gy3MOHHBI} NOTOK MPOMOPLMOHANEH TPAINEHTAM KORUSHTPALKN,
AaBNeHUst u temneparypel. Mcnonpiopanne COoTHOWEHUE B3a-
umHocTH Owncarepa [44, c. 284] nossonser onpeaendTh xoad-
(DMLIMEHTEE MPOIIOPLUOHANEHOCTH B ciieayrolleit dopme:

ko,

i
T vT|, (3.66)

- ND(VC + JVP +

rie — koadduunent audhdyznu; (3.67)

— Gapoanddysuonnoe oTHotueHue; (3.68)

—— + f] — repmoangdysvonHoe orHouenre (3.69)
~No |%ar

n N — saepHasl IUIOTHOCTh Bemnectea. Ilpoussesenms kD u
k,D Ha3bIBAIOTCA COOTBETCTBEHHO Xoagupuumentamu — ©apo- M

TepMOAMDdYIMM; B WHOCTPAHHON! JNUTepaType OPUHATO BMECTO
TepMoau(hdY3NOHHOTO  OTHOINEHMA  MCMOABIOBATH  BEJIMYHHY

* .
S, —L _ koadduument Cope, a apaeHue repMoaHpbysHn

TC

143
6 amas N 69%




[image: image15.png]nasmBath adgekrom Cope. [ToCKOJIbKY B UMCTOH XHAKOCIH TEp-
MO- M Gapoandby3HOHHbIE NOTOKH OTCYTCTBYIOT, A, H K, JOMXKHbL

GBITh PABHBI HYMO B IpeaetbHbIX cavuasx ¢ = 0n C = 1.

OGbyno nocredHMe 18a charasmex B (3.60) Maapl, H #MM
npexeGperaor. B sTom cayuae {3.66) cBoaMTcA K OOBMHOMY
3AKOHY Duxka O;JHEIKG B YCNOBUAX MOIWHCIO MMMYJbCHOTO HORHO-
TO KWK 3JEKTROHHOIO BOBﬂCﬁCTBl‘m, KOTAd TPaAnEHTHl TEMNEPATYpP
aocturat 10° K/M, 2 rpagMexTsl aaBneHus — 101 fla/m, BKAaa
TepMO-~ 1 6apoaudpy3UOHHBIX TTOTOKOB MOXET OKA3aThCA CyecT-
BECHHBIM.

B Hay‘{HOﬁ JIMTEPATYPE OMWCAHBI MONbITKU M3YUCHHA 3THX
TpoLECCcoB.

nOCKOJley €031aTh 3HAYMTENbHBII CTC\UMOHapHLlﬁ CPLIHEHT
JARAEHUII HEBO3MOXHO, fABAcHME Gapodnddysuu HCCACA0BAIOCDH
agropamn [45—52] npd MMIYALCHOM B3PLIBHOM K YAapUOM
HATPYXEHHUNA 06];)2131105, T.€. 4151 CAYyYaeB, BO MHOroM CXOAHBIX C
Rawum. B psiie 3KCOEepPHMMEHTOB, TAe cO34aBaAncCh VAAPHbIC BOJHbLI
¢ aMmmautyao# 1o ~ 10 Ila, Bbi1 3aduKCMPOBAR MHTEHCHBHBI
MacconepeHoc. XaanTep}m}l rleﬁmm NPOHUKHOBEHKHA ATOMOB
TNIPUMECH B NMOANOXKY COCTABASIA EAUHHLBI MEKPOMCTPOB. QileHKH
addekrupHoro xoaddunmenTa AMbdy3IMn Janu 3KAYCHMs, A0c-
turaronine 1077 cm?/c. CyMMMpYsl BBLABMHYTbiE 8 LMTHPYEMbIX
paﬁo‘rax 0GbACHEHUR NCAVMEHHBIX Pe3yNhTAaTOB, MOXHO BbIACIHTL
CNEAyloUIMe OCHOBHBIE MPUYMHLL YeHaeHUa Auddyvand.

1. Tenepauusa npoxodsiel uepes obpaszeu yaapHoit BoNHOM
ToYeyHbIX AeeKTOB KpUcTanauueckoil peiwerku [45—47]. Kon-
LEHTPaia nedeKTOB U, CIeA0BATEIBHO, X0adhUuneHT auddysi
B TBEPAOM TeJIC NOBBIIAIOTCSA HA HECKOJILKC NOPAAKOS. Yxa3pisa-
eTcst Ha ocoBylo poab MeXiAoy3eipHoro MexanusMa. Ecnu obpaszen
HAXOAUTCHA B PaCIIaBICHHOM COCTOSIHUH, YBENMUEHME YHCAD jc-
dekTos, pasymeeTcs, He OyAeT CTOAL BIXHO, 0AHAKO. BPHHUMas
BC BHHUMaHHE COXpaHEHHE Sanxuaero nopstiaka KPHCTZ)HJIH‘KECK(VH
CTPYKTYphI B XMAKOHN (hase, ero Help3si NOJHOCTbIO cOPICHIBATS CO
CUETOR.

2. Cwibnas aedpopmaiids KPHCTanMHecKodl PELICTKY YIapHoH
BONMHO} BEAET K MIMEHEHMIO penbed)u NOTEHUMANY B3AUMOICUCTRIA
aTOMOB M, KaK CNICACTBHE, HEPrHU aKTUBALMN AMDOy3nu.

3. Mpoxoasa depes ofpaseu, vaapuas BoaHA Gonblioi amn-
AUTYZBl pa30TpesaeT €ro Ha HECKONbKO <COTEH FpadycoB, HTO
yseaunpacT xoadpdauuedT anddyauu [49, 50]
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4. TPAIMCHT TemnepaTypn Bo ¢POHTE yaapHOH BOMHBI U
BEAI3M OBCPXHOCTH HHHLMUPYET TepMoaudbdyano [50].

5. Bonewoii rpaiueHT AasieHns B0 (GPOHTe yaapHON BOAHbI
CTHMYIMPYET 5apoaudipy3nio MOPOKIEHHBIX €10 TOMEUHBIX I¢-
PCKTOB {OCOBCHHO MEXAOY3EAbHBIX OTOMOB) M ATOMOB NPHUMECH
[48—52].

6. Cecam rpajveT ZasA€HMS AOCTATOMHC BEJHK, SHEPTHSL,
MepejlapnemMas BOAHON Ae(EKTY, MOXET MPCBBICHTL IHEPLIIO AK-
THBAUMN AUDdY3HK. B 3TOM ciayuae aBHXeHHE GYIET MPOMCXOAMTE
B OC3KTHBALMOHHOM pexnme. Ecim Hanpasnenue Gapounddy-
3IOHHON CUMBl COBNAJAET € HANPABICHUEM pPAcTIPOCTPAHEHHS
YAAPHON BOAHBI (TAK OGCTOMT A0 € MEXA0Y3E/bHBIMU aTOMAaMH
M aToMaMit APUMECH, UMEIOILMMM YAEABHbIT 0Gbenm Sonblunil, yem
ATOMSL MATPUHBL), BOAHA MOXET YBACUb AaHHble AedheKThl M
TPAHCMOPTHPOBATE MX HA 3HAMWTENBHBIE PAcCTOSHMA. B [S51] cae-
JaHA OUEHKQ YCROBUH TaKOTO YBACHCHHR COGCTBEHHBIX MEKIO-
Y3¢AbHBIX aToMoB B Meau. [lonyuesa o4eHb Gonmbuias BeMYUHA
TpeByeMoro rpaamenta nasnehua ~ 5 - 10" [la/m. Takum oBpa-
30M, 3TOT JdexT BpAA Au GyleT cymecTBex npH oBAVICHMM
MOIIHBIMA AMIYALCHBIMM TYIKAMH 3apAXEHHBIX YaCTHLL

7. MaccoriepcHoc, o6ycnoBACHHBIN HalUMeM 1edeKTOR KpUC-
TANAMYECKOR CTPYKTYPbI, MOBLIIEHHOR TeMNepaTypeil H ocTaTou-
HBIMU HANPSKEHMAMM, [IPOAONXKAETCA U MOCIE 3ATYXAHUsL BOAH
AHHAMMUECKHUX HanpsokeHuit 8 obpasne. i

OueHunm BeimidHy GapoaudbyIHOHHOIO OTHOWEHU. Buipa-
Kerue (3.68) 217 Kk, COACPKHT NMPOU3BOAHBIE XMMMHECKOTO [IO-
TEHIMAK [0 JABJEHMIO M KOHLEHTpannh. M3obapro-mniorep-
MUYECKHIt NOTEHUnan cucTembl pased [52, ¢ 194]

dp = —sdT + vdP + udC, (3.70)

rie s — OHTPONMA, v — YIACAbHBIA 00bEM (BeIMMMHBI OpO-
HOPMHPOBAHBI HA oauH atom). Otcioaa

5.,

r1¢ U ¥ U, — oBbEMBI ATOMOB PUMECH M MATPHLBI COOTBETCTBEHHO
B 0bracTit MakIx KOHUEHTPALMI 3aBUCHMOCTS 4 ( C) BBIISANT
caeavionm ofipazom [3, ¢ 140

u=y(T, Py + kTInC. (3.72)

= -0, (37
T
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[image: image16.png]Toraa

" kp=—77

Teopus Tepmoanbdysun [54, ¢ 23] aaer ans TepMoaud-
(y3OHHOTO OTHOLWCHUS BBIPAXEHME

_oc

(3.75)
kT

e Q=0 - 0: 0= #, ~ h — Tenaora nepeHoca AngdyaH-
2, YUCICHHO paBHas OTHOWEHMIO TOTOKA TEMNA K NOTOKY Bee-

CTBA B OTCYTCTBME [IPAAMEHTA TEMIEPATyp; /i — NapuUHaIbHas

anTanenus AuddyIaHTa; A, — DHTAAbOMS MEpeHOCA (CPEAHsS

3HTANbIMA, TIEpeHOcHMas aTomomM JuddysaHTa); @ = 2 c.Q —

i
CpedHaAs TeNn0Ta nepecHoca cmecu. OTcrona BUIHO, HMTO B HCTOM
semectee (C = 0 wan C = 1) 0" H, CACLOBATENBHO, Ky PABHBL
HY/110 M TepMoAUQbYINOHEBIA ITOTOK OTCYTCTBYET. Tennora nepe-
HOCa MOXET HMMETh KakK nOJ‘IO)KM’TCJ'leblﬁ, TAaK ¥ OTPHUUATC/BEHBIH
3Hak. B mocneaHeM caywae amdbdysisn OYAST MPOMCXOAUThL B
cTopoHy Oonee ropsiyeit 3oHbI, i

Mpupoda TeMioTH NepeHoca () OKOHYATEBHO He sAcHa. B [55]
0BOCHOBEIBIETCA TIPEANCIOXKeHue, YTo ) onpelenseTca TeMnepa-
TYPHOl 30BMCHMOCTbIO 3HEPrUU aKTHBALMYM Anddysun £

dE
0=E - T3 (3.76)

K coxanenwio, B HAYMHOW JMTEPATYPE COACPRHTCS OUCHb MANO
3KCTISPUMEHTANbHLIX 3HIYMEHUI TEMOThl HEpeHoca, a Al MHTepet-
CYIOLLETO HAC CAYYAS XMIKHX METAJUIOB JAHHBIX NPAKTHHYECKH HET.
AHagu3 onybnukcpanxoro marepuana {4, 55, 36] nokasas, uto B
Bonbwurcrge caykaes | Q' | = (0,1—0,5) £, oaHako MHOrAa no-
KET M NPEBOCXOANTb IHEPrnio akTusanun auddysun [14]

B (14] uccregosanoch nepepacnipeaeacHue Kor{ueurpnunmﬁuo-
ro MpoduiIst KMIVIAHTHPOBAHHOM B alIOMUHMH MeaM nocae odpa-
GOTKH 06Pa3LOB NA3¢PHBIM NYYKOM HAHOCEKYHIAHOR ATHTEAbHOCTH.
TlonbiTKa NPHMBECTH 3KCNEPUMEHTAABHO MONYYSHHBIE NPOdHIU B
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COOTBETCTBME € DELICHMCM YPaABHEHWs AUbBdvaun j = — DVC e
YBEHUYANACH YCTIEXOM, QOaHako BBCIACHWE B pICCMOTPEHME Tep-
MOANQBYIHOHHOTO [OTOKA MO3IBOAMAO 10OWMTBCS  YAOBNETBOPH-
FEJIBHOIO COLLIACHS ¢ DKCIICPUMEHTOM. 3HAUEHUA TETUIOTH TIEPEHO-
ca Q‘, {IOJIYHEHHDIC TAKKHM 06[)1]30\L AEKUM B LMANA30HE OT | a0
3‘5 3B (B 3ABUCUMOCTH OT MOUIHOCTH HMIAYIhCA M TEMOEPaTYpbI
ofpazia).

OllCIlHM JPI(bd})"JMD[IHbIC JIDTOKH, Oﬁ)’CﬂOH/lCHHHe rpaiuen-
TaMit 3QBJICHMS, TEMOECPATYPhl 11 KOHUEHTPALKWK, OPH 06.'1}"*!5“"]1
TOHKOTLICHOMHBEX  METARANUECKHX MHILICHEH MOWHBIM  MMIOVIBC-
HBIM HOHIIBIM NYYKOM. ﬂ)‘m OUSHKH NPHMCM CIACAVIONINE MUCREH~
HBIE 3HAYCHUS: TemnepaTypa wintenn 7T = 2000 K, rpaameHt
Temnepatypet 7 = 107 K/m, rpaauent aastenus P = (0'% Ma/m,
xonueHTpaumwst audpysanta C = 0,5, IPAiMCHT KOHUEHTPAUUM
AC = 2 [0° m!, pasHocTh ATOMHbIX OObEMOB AnddyHaupyo-
LIHX MaTepHANOR Ul - U! = ~107m M‘, TEAJIOTA nepenMeiHBaHuA

Q" = 1 3B. U3 (3.66), (3.74) u (3.75) nonyuaem, uro

Je

1510 m-!
1, |0MMND

=2-10°

o

Takum 0Bpa3oM, KOHLCHTPALHOHHBIA M TepMOANDDYIHOHHBI fio-
TOKM COHM3MEPHMMBI, a GapoaHddY3IMORHLIA NOTOK HAMHOIO MeHb-
e HMX.

B cBas ¢ 3TUM ObUio nMpeanpuHaTe Golce AeTANbHOE Mo-
ASAMPOBAHUE TIPOLECCA TCPMOAMMDMYIHU NPH MOILHOM HMIYIBC-
non obayuenun {1, 57, 58]

NMpumenns x (3.66) Tteopemy Octporpaisckoro—Iaycca, no-
AVUMM ypaBHEHHE TepMoanddy3in B cieayiowen dopme:

. {D{VC + Locvr
re

it TN

] 3.77)

DTO VPABHEHHC PEIUAJIOCh COBMECTHO ¢ 3aiadedt Credana (cm.
1. 2) AUTst YCI0BHI NPOBCICHHBIX IKCTIEPHMEHTOB. Pelllense npo-
BO/MI0Ch KOHEYHO-DUSHOCTHBIM METOAOM [10 HEABHOH CXeMe ¢
KBA3HPABHOMEPHON KOOPAWHATHOMN ceTkol, cryluawomeiics y 1o-
9epXHOcTH, TlepeHOCOM ATOMOB NICHKH GapoamdbdyInoHubM Me-
XAHHM3MOM M cerperauneit pewecTBa B BIKYLIEMCS (BPOHTE 3a-
TBEPACBIHMA Mbl NPEHEOPEramM MO MPMUMHAM, YKA3AHHKIM BBIUIC,
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[image: image17.png]B kavectse TPAHUMHOIO YCAOBUA 32AaBUTOCH PABCHCTBO HYO
andpyIMOHHBIX FAOTOKOB Ha MoBepxHocTax obpasua. Mcnoawszo-
Banuch KoadhduimenTsl anddysun B GeckoHeuHo pazbaRneHHOM
PACTBOPE ATOMOB [UICHKM B NMOANOXKe [4]:

D 0431}3),

oo = (47107 CMZ/’c)cxp(— o

- 0,97 3B
Dy = (9310 4 CMZ/C)SXP{— k/T3 )

Ham ne yZaneck HaHTH 3HAMEHMH TEILIOT nepeHoca Q°anst AaMHBIX
anddysdornbix nap. MoaToMy seanunnHa @ BeiCTYNara B Kauect-
B¢ MOATOHOMHOIO MNApPAMETPa peLUICHUA B Pa3yMHOM AHANA30HE
0,1—5 3B. MoaennpoBatue NPOBOAMAOCH 10 MOMEHTA [TOAHOTO
saTBepiesaHun ofpazua (0,5—1 Mkc).

[Mony4ensl cneayiomue pe3yibTarsl. Hamaa noirBepxieHue
HauIa OLEHKA GIM30CTH 3HaYeHuH ANPGhYIHOHHBIX OTOKOB, OhyCc-
JIOBJCHHBIX TIPaadWEHTAMHM KOHUEHTPAUHW M TeMOepaTypbl. Ha
puc. 3.8 noxasanbl mpoduiM MOTOKOB f.-(X) H j,(X) A1s cayvuas
obAyueHHA TOHKOIUIEHOUHON KoMnozuumy 0,1 MM Ag/Cu HoHamu
yraepoaa ¢ sueprueit 0,5 MaB u nuoTHocTero TOKA 80 Afem? B
MOMeHT BpeMeHU ¢ = 80 Hc (Ipy pacyeTaX MCIONb30BANOCh 3HA-
yenne @* = 5 3B). 3ameruM, YTO MeAb — MATEPHUAN C OUEHb
BBICOKHM KOBq)d)WllMEHTDM TEMAOMPOBOIHOCTH, MOITOMY 3HAUCHMA
rPajlEHTOB TEMMNEPATYPS! M BPEMsl CYLIECTBOBAHMST BRICOKMX rpa-
AHEHTOR B Hell HeBEAWKM MO CPABHEHUIO ¢ DONBIIHHCTBOM APYFMX

METaNO0B.
Ha puc. 3.9 npoBeaeHo cpaBHEHME 3KCAEPHMEHTANBHOIO NpPo-

JIN M/e GUAT KOHUSHTPAUMH Ans TOro

0,5 Ke caydas obayueHMs ¢ npotbu-

SISIMK, PACCUMTAHHBIMM C  yuc-

0,4 TOM TepMOIN(@Y3MOHHOrO MO-
03 fo/N

Puc. 3.8 JnchbysHOMHBIA j.

02 TEOMOAHDPYIHOHHBIH  j;  NOTOXM

N BelIecTsa NpH OBAYuCHMI CUCTEMM

0.1 0,1 Mrm Ag/Cu vonasi yIIepoia ¢

aueprueil 0,5 M3B w nactHocTbiO
T toka 80 A/cM’ B MOMCHT BpeMEHW

- won 1= 80 He
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Puc. 3.9 Mpodunb xonueHTpauun Ay 05
8 Cu B MOMEHT NOAHOrO 3aTBEpic-
BaHMst (f = 50 mec): ! — aKkcmepu-

9 A
o
S

L

Ment, 2 — pactter ¢ Q7 = 5 3B; 3 —
pacueT Bes yueTa  TepMOaMPHYIUOH-
HOTO MOTOKA

o
w

KoHuenTpayms
©
o

=g

TOKa M ©e3 Hero. Buano, uro
TepMOaubhy3Hs BHOCHT cyiie-
CTBEHHBHT BK1aa B obuwwmii and-
$YIMOHHBIN TNEPEHOC BEIIECTBA . MKM
M 103BOAAET CYLIECTBEHHO TIPHBAN3NTL PACUET K 3KCIEPUMEHTY.

Tem He Menee HU 4nsl OAHOM H3 KPMBLIX puc. 3.1, 3.2 me
VAQIOCH AOCTHYL XOPOUWETO COMIACMA MEXOY 3SKCNEpUMEeHTAlb-
HBIMI M pacueTHbiMM npodmaami. PacueTHsle kpuBble He comep-
XKAIH TIPHCYMWUX KCNEPHUMEHTY 0CODEHHOCTEN, KaK npasuio, my-
6uHa MPOHMKHOBEHMSI ATOMOB IMIEHKM NPU Pacuers OKasbiBanach
MeHbllte HabI0IaeMON. DTO CBUIETEABCTBYET O TOM, 4TO OAHOM
To6KO ANDY3INM HEAOCTATOMHO AN OMUCAHWA MaccomepeHoca B
TBEPIIOM Tele, OONYUAEMOM MOIIHBIMH WMNYACHBIMM HMOHHBIMH
TIYYKaMHU.

[} 01 02 03 04 05 06

3.4. Bansuue W3MeHEHHs! MIOTHOCTH TBEPAOFO Tena
Ha Judipy3HOHHYIO NOABHAHOCTD ATOMOB
NIpK 00;Ty4eHRd MOWHBIMA HAHOCEKYHAHBIMH ITy4KaMH
3APDKEHHbIX YACTHU

BoaaeitcTeire MOLIHBIX HAHOCEKYHAHRIX TYUKOB [OpPOXIACT B
TBEPAOM TeA¢ HHTEHCHBHBIC TEPMOMEXAHMYECKHE npouecchl, B
PE3YNBTATE KOTODLIX BEUWIECTBO B TEYEHME MUKPO- U Jaxke MHi-
AUCEKYHA HUMEET [UIOTHOCTL p, OTIHYAOIUYIOCH OF HOpMnﬂbHOﬁ
Py HQ EAMHRUBI-IECATKH npoueHToB [59] (cm. . 2). MsmeneHue
MIOTHOCTH ACIXHO ToBaeus 32 coboii uaMeHeHHe AUPHYIMOHHBIX
XAPAKTEPUCTUK MaTepHasa. B ¢BA3H ¢ ITHM HaMu NPEANPUHSITO
TEOPETHYECKOE M3yuyeHue rnomedeHuA kKoadduuuenta audoysun
KHAKOTO METAJUIA B YCOBUSIX HEPABHOBECHOI naoTHOCTM [60].

Jns 31010 GLUIO BBIONIHEHO MONEKYIAPHO-AMHAMHMYCCKOE MO-
AeaupoBaHne AMO@YIMOHHBIX NPOLECCOB Ha OPUMEPE CaMOaHp-
<hy31u AOMHEMI.
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[image: image18.png]HMcnonbsopaicst NMOTEHUMAN MeXaTOMHOFO  B3aMMoaeficTBus.
MOAYYEHHDBIH HA OCHOBE METOAA MCERACNOTEHUHANA ¢ MCIIOAb3O-
BaHKMem Gopm-dakTopos Xeiine— Abapeskosa—Anumany {61]. Pac-
YETHBIM KPUCTANANT HUMen dopMy Kyba 1 coctosn u3z N = 2048
NOABWXKHBIX ATOMOB. Ha Beex rpansix 221aBanuck NeprUoAMtecKHe
rPAHWMHBIC VCAOBHS., TeMmeparypuas 3aBUCHMOCTb TMOCTORHHON
TUK pemeTkn afloMUHUST B AXANa30He Temneparyp 1000—2500 K
onpeaensnacy puipaxenuem a(T) = 7]“).
tac T

w = 93 K — Ttemneparypa naagrenus;, S = 0.113 - 1074 /K —

ko3 duument ofbeMHOro paciwinperuns. BeswduHa 00CTONHHOM
PEUICTKY 11pW TEMNEPATYPe NAABAeHUSt a7, ,) Anft HCTOIRIVEMOTO

MOTEHUMANA PACCYMTAHA C KCMOABIOBIHMEM METOAD MCKYCCTBEHHO-
re aemndupopaliust 1 coctaBnna 0,42456 HM, YTO COOTBETCTBYET
nACTHOCTH  BewecTsa po(7, ) = 2.362 r/em?. dna sazamus Tem-
fepatypbl 7 KaXAOMY aTOMY DPHIBICHIBANACH CKOPOCTL B COOT-
BETCTBUM C pachpefencHUeM Makcpemta, 3aTem pelianuch ypas-
HEHWS ABMXEHUS QTOMOB 10 MOMEHTA YCTAHOBACHMUS CTATHCTHYEC-
KOro paBHOBECUA MEXAY MOTEHUMANBHOW M KHHETHUECKOM 3MHEp-
THSIMH  CHCTEMbL (~10’” cj. ToApKO NOCAE 3TOrC HAUMUHANCH
pacueT AuthhYIMOHHBIX XAPaKTEPUCTHK.
B npouecce MOZENMPOBAHMA PACCHMTHLIBANOCH CPEAHEKBAL-
PATHUHOE CMELIERUE ATOMOB:
v

(R = 5 2 (R, (1) = Ry(0))2, (3.78)

rae R;(#) — TOAOXEHHUE i-FO aTOMA B MOMEHT BpeMeHy 1

Mpubauantensro wepes 1077 ¢ sanncumocts {R%(13) ctanosutes
JIMHEAHOT, 4TO M03BOASIET BhMUCAMTD XoadihuimeHT anddyaun D
no diopmyne

D = (R)/6r. (3.79)

PesyabTarhi BHIMMCACHNA Koahduunenta anddy3nn npy  pas-
JMYHBIX TEMINCPATYPaX U DAOTHOCTAX ATIOMMHMA [PUBEAEHBI HI
puc. 3.10. Touxn — 3HAUCHHA, NONYUEHHBIE B PCIVABTATE MOIEKY-
ASPHO-AUHAMUYECKOTO MOAENTMPOBAKMS, CILTOMIHbIC IMHHH — NO-
Qyd4eHHAsl ¢ MCMONb30OBAHMEM METOAA HAMMCHBINMX KBAAPATOR
ANNPOKCHMALMA BBIPAKEHUEM APpPEenHvCL

. £,)
onr = D“cxp(A

)

(3.80)

D, emtlc
10

8107

6107 -

T T T
1000 1500 2000 2500 T.K

Puc. 3.70. 3asucuMocTd K03dduuHeHTa caModnddysHn Xuakoro ano-

MHHHSL OT TEMIIEPATYPHI ¥ MAOTHOCTH. TOUKH — pacueT METOAOM MOAEKY-

APHORt IHHAMHKM, CIUIOHIHA JIMHHSL — ANMPOKCHMAUHS  BHIDAXEHHEM
Appennyea.

rae D, — MPEAIKCNOHEHUMANEHbI MHOKuTenb, £, — sHeprus
aktuRaunu auddysum

#70q By ew?re

0.102

[ 1.36 -
09 13
Lo 103
1L 7.76 - 1077 0.213

0.125

0.150

3uauenun ) nNpu HOPMAABLEON [TOTHOCTH XOPOILO COOTBETCT-
BYIOT 3KCHCPUMEHTANBHBIM AAMHDIM, 470 CBUAETEALCTBYET O KOP-
PEKTHOCTH PadpadOTAHHON MOIAENH.

VMeHblWEHHE [MOTHOCTH oGayuaemoro obpasua B pesynprate
TEPMOMEXAHHUECKUX NPOLCCCOB NPIBOIMT K CYILECTBEHHOMY Y-
JeHNI0 AudKBY2HOHHOM AOABMAKHOCTH ATOMOB, [aBHBIM 06pazoM
30 CHET YMEHLIIEHMA DHEPruu akTHBAlMH Anddyimi. Tlockonbky
BEWICCTBO Ha [IOBEPXHOCTH B TEUSHUE MHKPO- W MIWLIHCEKYHA
HAXOIMICS B PaspPekXCHHOM COCTOSIHHM (CM. . 2), PaccMOTPeH-
Hblit MEXQHM3M Q€T OLLYTHMBI BKILL B yCHARHHE ANDDYIHOHHO-
ro 1 repmoanddy3IHOHHOro MOTOKOB,




[image: image19.png]3.5. lepememnpanue Bemecrsa
B FHAPONMHAMUYECKOM peXume
MPH MOUIHOM HMIYJILCHOM 06.1ydennn

3.5.1. TIpnauubl ruapoaMHAMITIECKOTO MEpeMeInEannn

BoaneiicTaMe MMIYABCHOMO NYUKA 30PAXEHHBIX YACTMU Ha
TBEPIOE TE0 APHBOAUT K BO3HMKHOBEHHIO B HEM MOL{HBIX TEMAO-
BbIX MOJEH, BEAYLMX K MIABJCHHIO M ATKE UCHAPEHMIO MATEPHAND.
B obpasue paseuealorcs 1aBneHms, oBycaoBAEHHBIE TEPMOME-
XaHWYECKUMU 3DEKTAMM, 2 TAKKe MMOYIBCOM OTAAMH UCHAPS-
OUIHXCs aToMOB. HeoaHOpoAHOCTh MOMA AABACHMH MOPOXIaeT B
pacnnapicHHoM ofpaille MMAPOAUHAMUMECKME TeueHUs. CKOpOCTh
TEUEHHH COCTABASET COTHU-THICYM METPOB B CekyHAy. EcrecTBen-
HO NPEeANOACKUTH, YTO 20 BPEMSA 3aCThIBAHMS OOpA3Ua M 3aTyxamHus
B HEM BOJH JaBAcHMsl (CAMHMUBI-IECATKH MUKPOCEKYHA) aTOMb!
TIOAMOXKH ¥ HAHECCHHOW HA Hee [UIEHKH CMOTYT CYLIECTBEHHO
NEPEMEIIAThCS.
OjiHoMEpHOE  TeuenMe HE CnocoGHO NPHBECTH K Mepehe-
wiBaHKio. s nepemeninBanys HeoBXOANMO CYUIECTBOBAHME CKO-
POCTe#, HANPaBAEHHBIX BAONh MOBEPXHOCTH. TAKHE CKOPOCTH MO-
YT GbITh BBI3BAHBI CACAVIOUIMMH NPHTHHAME
) KOHEWHOCTBIO Pa3MepoB 06pasua B HAMPABIEHWM, NEPREHANKY-
AAPHOM NAJAIOWEMY MYYKY;

6) KOHEUHOCTBIO LIMPHHB! MYUKA 3APAKEHHBIX UACTHI U [PAAUCH-
TOM IUTOTHOCTH TOKA B TYYKE 110 €70 ILHPUHE;

8) HATMMHEM B MYYKEe KPYTIHBIX YCKOPCHHLIX KIACTEPOB, BHIPBAH-
HBIX 3JIEKTPOMArHUTHBIM NOAEM W3 AKOAA YCKODUTEAn,

r) BHYTPERHEIl TOHKOM CTPYKTYpOit Ay4Ka;

2} MUKPOHEOAHOPOAHOCTAMA SHEPLOBELICNCHMA, BLIBEAHHAIMH (-
POXOBATOCTAIO NOBEPXHOCTH obpasia.

OUEHKM NOKA3BIBAIOT, YTO OCHORHYIO POAb B HOPMHPORANMU
TIOBEPXHOCTHBIX CKOpOCTelf MIPAIOT NOCACANNE TPU NPHUHHBI.

B [62] mccnenosasock BoineHiCTBME MOWIHOrO HMNYNLCHOTO
MOHHOIO MY4KAa CMEUIAHHOTO coctasa {70 %H* + 30 %C*) ¢
sueprueil 100 k3B Ha cnnas Ni,Fe. Mocne ofavuenus obpasuos ¢

TIOTHOCTEIO ToKa j = 40 A/em? Ha ROBEPXHOCTH 3apPerUCTPHPOBA-
HO [OABACHHE KPATEPOB IIUPVMHON €AMHMLLI MUKDPOMETPOB M
myGuHOR nopsaka AnuHbl MpoGera Momos., Paccrosime MEKILY
COCCIHNMM  KPATEPAMM COCTaBAAA0 AECATKH MMKPOMETPOB. [lo
MEPE YBENUMEHHUA [UIOTHOCTH TOKA UIMPMHA KPaTePOB YBETHUMBA-
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nack, ¥ npu j = 200 A/cM7 3aUKCUPOBAHO MX MEPEKPDIBAHME.
npcﬂﬂpV[H}lTblﬁ HCCACA0BIHMSL NOKA3aAM OTCYTICTBUE B NYYKE
KDYOHBIX YCKOPEHHbIX YACTHL. ABTOPbI CKACKHBI OTHOCHTL HaOM10-
AaeMoe sBAeHKe Ha cueT GUAAMEHTALMK (HMTERAHH) Nydxa. B
CWIY HEYCTOMUMBOCTW NydKa IIpH TPAHCMOPTUPOBKE B [Lia3se
3apsKEHHBIE UAaCTHUBL [IPM OINPEACHEHHBIX YCAOBHAX MMEIO1 TEH-
AEHLMIO CKANAWBATbEA B HATH HeGOABIIOrO auameTpa. [110THOCTS
TOKA BHYTPH 3THX HUTEN BechbMa BejMka. B mMectax nagenms nuteit
Ha NoBepXHOCTE 06}')(!31.[3 NPOHCXOAHT €ro HHTEHCUBHOC UCTIAPEHNE
¢ oBpaloBaHNEM KpaTepos.

B [63] ssi1eHHe QWUIAMEHTAUNHM MOLIHBIX NYYKOB MICKTPOHOB M
AErKAX MOHOB UCCACAOBANOCH TEOPETHHECKHN PEILIEHUEM ypﬂl‘iHCHHﬂ
MATHMTHOH THAPOAHHIMHKU. Paccuntan WHKPEMCHT I'lOI'leC‘IHOFl
HCYCTOSUMBOCTH

= - (330

“
rae /,, — noauult TOK nyuka; f, — Tok AnbdBeHa; v — CKOPOCTh
yactul: B = v/c; © — CKOPOCTb CBETA; /, — PAAMYC fyykKa.

XapakTepHoe BPeMs PA3BUTHAL PHAAMEHTALMK ANA ONMCAHHOLO B
[62] cayuas cocrasiser 5 Hc, T.e. MeHblI€ BPEMEHH TPAHCMOP-
THPOBKY MOHOB 10 MMHMIEHH, PaBHOro 50 HC. ITO YCNOBHE BHINOA-
HSIETCA U 1A DACKTPOHHEIX MNYYKOB C BOABLIOH MNOTHOCTHIO TOKA.
npeﬂCTﬂBﬂﬂC]’Cﬂ BO3MOXHOMN TaloKe HEOAHOPOAHOCTL JHEPTroO-
BblaeneHus, 0BYCIOBACHHAsA LWIEPOXOBATOCTHIO 06NYYaeMoro obpas-
ua. Ha muxax UleOXOBﬂ[OCTSI?l BO3HMKAET D3EKTPUUECKAn AYTa,
NpPUBOAALLAA K TOMY, YTO NJIOTHOCTD JNEKTPOHHOIO W1H HMOMHOIO
TOKA HA MMHKAX Bbllfe, e B "HU3MHAX". XapaKTepHOE paccTosiHue
MeXay NMKAMU Y [NOJHPOBAHHLIX WA MAKHGOBAHABIX 00pasloB
COCTARMSIET AECATKH MHKDPOMETPOB — BEIWMHHY, COBMAJAOLLYIO C
pPACCTOSIHUEM MeXAy HUTAMM (bHNIAMCHTMPOBIHHOIO MYYKa.

Takum o6pazoM, pacnpeieqeHue TNAOTHOCTH TOKa [ BAOAbL
NoBepxHOCTH 0Bpazua MoxeT o6naaaTh TOHKOR CTPYKTYPOH, exe-
MAaTHUHO TNpeAcTaBAeHHOM Ha puc. 3.11, ¢. Ocuuanupyollas Kpu-
pan / m3oBpaxkaeT HCTMHHOE pacnpedenenme j(y), orubarowras
2 — ee ycpeaHeHHoe 3HadcHHe. ITOCKOJBKY MEPHOA OCLIMAAALIMI
MAOTHOCTH TOKa d] ~ 10 MKM HAMHOIC MEHbIUE Paauyca [Y4Ka

r, ~ 1—10 cm, Ha HeBonbiom yuacTKe Ay DYHKUHIO J(¥) MOXHo

CUNTATH ﬁCpMOﬂ,H‘leCKOﬁA TO]‘J{! BCA IHAPOIMHAMHUYECKAA 3aJada
OyAeT MEPHUOANHECKO ¢ MEPHOAOM dj. BeibepeM TOUKY OTCHETA Ha
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Puc. 3.11. Tonkan CTPYKTYPR [UIOTHOCTH TOK3 NYYka. [/ — HCTHHHOE

pacnpeneserue f(y), orubaowas 2 — ce ycpeaucnnoe smaveHite: o —
vy
NEPHOA OCIUANSILHIL

OCH y TaKMM 0BpasoM, MTOBL Kakoit-TuG0 3 MAKCHMYMOR Jwy
HAXOAMACA B TOuKe y = 0, a GAMKIMMIMI COPABA MUMHMYM — B
TOuKe Yy, = d//2 {puc. 3.11, 6). Jlocratouno pewars ;ucreM\'
YPABHECHMI COIOUIHOHA Cpeabl HAa yuacTke y & [0, d,72] ¢ CIIML
)MC'IP;I‘IHMMM TPAHUIHBIMI YCAOBHAMI Hi n,mcxocr,sn y=0u

j

Pacnpeaenenue naotHocT Toka paoae nosepxioctu ofipasia
AMNPOKCHMUPOBANCCh FayceHanoli (puc. 3.11. )

jyy = /,,Mc,xp(—

) yE0.d,. (382

36

[AE Jjpue = J(0) — DJIOTHOCTH TOKA B MAKCUMyMe. o, — auC-
nepcust pacnpeaeieryss. MouHocTh 06bEMHOMO IHCPTOBRLICAEHNS
Wi(x, ¥} paccqMMTBIBAnach KakK NpOM3BEAEHUC TJIOTHOCTM MOTOK:

3QpSIKEHHBIX YACTHL, HA JHHEHHBIE NOTEPH 3HEPrUM  YaCTHID!

g, (x):

Wiy n = 80w, (3.83)
rae (, — BpeMCHHast DA3BEPTKA HMMAYAhCA TOKa: e — 3apad

3ACKTPOHA.

Takum 06pasoM, Yrobsl HANTHM BEAYIUME K NEPEMEILMBIHMIO
TEYCHUA B oGpaqu Oéﬂy‘IGSMOM MOINHBIM HMNYJAbCHBIM FYYKOM
JaPAKCHHBIX MacTul, HCOBXOINMMO DEIIEHUE ABYMEDHOHM CHCTEMbI
ypaBHCHMﬁ CIIIOWHOH Cpeibt ¢ WMCTOYHHMKOM JHEPTOBBIASNCHHUA,
3aJaBaeMbiM BbIpaskeHueM (3.83).

B IKCTEPHMEHTAX [10 NEpeMeIHBAHMIO TOHKOTUIEHOUHOIO NOK-
PBHITHST MOI{HBIM MYYKOM 3apPSKCHHBIX MACTHL O6LLl£l§l ToNnuKrHa
ofpa3ua CcOCTABAAECT IMPHMEPHO | MM, a ToJAUIMHA [UIEHKH —
CAVHULBI-NECATHIE A0AM MUKPOMETPA. 15l KOPPEKTHOFO OIIHCAHMS
TUAPOAMHAMIYECKHX TeUeHUIt B TAKOM TOHKOM TIPHIIOBEPXHOCTHOM
cNoe HeoOXOAMM MEKMIl mar no KoopauHate. B To xe Bpemst
PACRPOCTPaHEHUE MENKOH KOOPAWHATHON CeTKM Ha BCIO TOMIMMHY
obpaszua MpHBeAeT K GOJBIIOMY UMCIY PacueTHHIX A4ECK W Heon-
PABAQHHOMY YBEJMUEHMIO BPeMEH# BbMcAcHui. [ToaToMy OmMIo
DELIEHO MCIOAb3CBaTh KBA3MPABHOMEPHYIO CETKY, CIYIUAOUIYIOCS v
MOBEPXHOCTH M pedrylo B rybuHe ofpasua. s nyuisero onu-
CAHHA OTPaXEHUSl BOJHBI JABNEHUA OT 3&]1]115171 TIOBCPXHOCTH CETKA
AOAXKHA Cr¥UIAThCH TAKXE M TaM. Takas KOOPAWMHATHASL CETKA
MoXer ObITh XOpOLUO 33JaHA NOJIMHOMOM YECTBEPTOLC MOpsiaKa:

Hdandas ceTka yAoBAeTEOpsieT TPeOOBAHWAM, NPEIbABNSIEMbIM K
KBA3UPABHOMEPHBIM ceTKam. OHa m306pakeHa Ha puc. 3.12 ans
caydan n, = 50, Ax,;, = 2 MKM, X.o= 1 MM

B HanpapleHHH y HCNOB30BANACH ODBIUHAA CETKA € MOCTOAH-
HbIM LAroM.

CHeTeMa ypaBHeHHA CIUIOWIHOM Ccpedbt Pewanach METOA0M,

ONUCAHHBIM B NPEABIAYUICH [1ABE.

137




[image: image21.png]Nz, MkM X MKM Puc 3./2. KsaswpasnomepHaa

40 -1000  cetka (3.51—353) ¢ napamer-
pami n = 50, A, = 2 Mk,

30 _ 750 Ny = 1000 mxs

20 - 500

Dasn orcawkusannn  asu-

KCHHA YaCTHIl NepemMelnBa-

10 250 emoM nuienkn B npHnoBepX-

HOCTHBIN cnoit obpasua seo-

AUAMCH TOUEUHBIE MAPKEPBI,

0 020 30 40 ABUXYIUIMECS BMECTE CO ope-

20#. CKOPOCTh KAXAOT0 MAPKEPa ANNPOXCHMMPOBINACE B 0GOHX

HAIPaBACHMAX MO 9cThPEM GAMXARIMMM K HEMY Y3naMm MMOyIse-
HbIX fHEeK.

MameHenne rayCHHbl 320€ratus MapKepa MOXET ONpeaennThen

HE TOJBKO €O CMELIEHHEM HO KOOPAMHATE X OTHOCHTEIbHO

MOBEPXHOCTH, HO M AUHAMMYECKMM OODATHMBIM  MIMCHEHUEM

TAOTHOCTH (PacCLUMPEHHEM WINM CXATHEM) BHIICAEKAWNX CIOEE

sewectsa. [is ycTpamenus BAMAHMS 3Toro IhdeKra cMelweHHs

MapKepoB no raybyHe Ax, PacCUMTBIBAMCH B MACCOBLIX SAMHHLAX

TlycTs B MOMEHT BpeMEHM / MADKED HAXOMMTC: B TOUKE (X, 3,0

wdn
a MOBEPXHOCTL ONMCHIBACTCA YpaBHEHUEM X (). Toraa

X

t

Bxy(1) = 5 J ot pydx - x,(0), (3.85)
\J('rr:7

rae py W x,(0) — NAOTHOCTb BEllecTEAa U rAVGIHA Mapkepa Ao

nauana obayveHus

3.5.2. PesyabtaTnt

PacueTnl npopoamaMch Ana cayuan oGAVMEHHS Kee3HOTO 06-
PA3LQ TONMHON | MM HMIY/BCHBIM SNEKTPOHHBIM MYMKOM [38]
BHeprus anekrpoHoB cocrasasta 0,9 M3sB, Makcnmatbhan nnoT-
HOCTb TOX2 Jj,, 10 kA/em?. Dopma MMIYAbCA aNAPOKCHMHPOBA-
fack dynkumeit (2.94) ¢ napametpami L = 40 He, 1, = 140 He.

Paccmatpupanucs aBa papianta GUIAMEHTALNH 3)eKTPOHHOIO
Oyqxa: OAMH € NEepMOAOM OCLM/AATII d/ = 100 mxm, o, = 30 mxnt,
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BTOPOH — ¢ 0APAMCTPAMM, HA [IOPAAOK DONBUIHMM: d} =
= 1000 akM, o; = 300 MM

MoayueHs! CACAYIOUIME PEIYABLTATHL,

TennoBoe BO3ACHCTBHC 3ACKTPOHHOTO MNyuKa nopoXjano B
obpadie Aapfeun Ha yposte 10° IMa. Ha puc. 3.13 npuscacna
H3OMETPHYECKDS NPOCKLIHUA noas LL(\B/TCH!(ﬂ, C(})OpMMpOEnsmerocﬂ
K MOMEHTY BpeMeHM f = 80 Hc (BTOPOH BAPHMAHT hUIAMEHTALMN).
CKOpOCTh paclIMpermst NOBEpXHOCTH docturana 300 m/c, Max-
CUMAJIBHOC €€ NPOABMXEHUE OT TICPBOHAHAIBHOIO [IONOXKCHUA —
okono 50 MkM., CKOpocTH BewlecrBa B HaMpaBieHuu p, o6ycios-
ACHHBIC HEOAHOPOAHOCTBID 3HEPTOBBIACACHWA, ©biIM  HAMHOTO
MECHBIUE ~— €AMHUIBI-AECATHIC A0JH METPOB B CTKYHAY.

nEpCTCKﬂHMC BELIECTBA B HANPABACHWM, NAPALJIENbHOM NOBEP~
XHOCTH, 06yC10BWI0 M3MeHEHME FNYOHMHBI 3aieratus MapKepos. Ha
pvc. 3.14 npuBedcHbl paccYUTaHHBIE NO (3.85) cMEIUCHMA MapKe-
poB Ax,, HAXOMAUINXCA CHAaYaMa Ha raybune X, = 10 mMxM, B
30BUCUMOCTM OT MX KOOPAMHATHI y B Du3MYHBIE MOMEHTBI Bpe-
Menu. BuaHo, uto X momenty ¢ = 200 HC CMEHIEHHS COCTABUIK
ACCATHIE J0NM MMKPOMETPOB, T.€. CTajJl ACBOAbBHO 3HAYHTC]b-

Puc. 3.13. Mone qasrennii B xeaesnon ofpasue, o6Ay4aeMOM  MOUIHbBIM
HMNYALCHBIN 3NEKTPOHHBIM MYYKOM ¢ SHeprueil  osextporos 0.9 MaB,

NAGTHOCTRIO ToKa 10 KA/cu2 B MOMEHT Bpesmeit 80 ne. XapaKTepHCTHKH
duaaMeHTARHH o; = 300 MK, d/ = 1000 MKM.
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Puc. 3.14. CMellleHHsT MapKepos 11

Puc. 3.15. Dpomounst  cMewleHUit
riybuse  x; = 10 MKM B Xenes-

MAPKEPOB  ANsl TOTQ XE PEXMMA
Hom ofpasue tomuutoit 1 mM, 06-  obaydenna. IWrpuxosan aumHna —
AYYAEMOM DAEKTPOHAMM € £ =  QOPM2 MMNYABREA TOKA INEKTPOHOB.
=09 MaB, J=10xka/en’ 8
PASAMYHBIE  MOMEHTBI  BDEMCHM.
1IrpuxoBas AMHNSA — pacrpedecHne
MOWHOCTH ~ 3HEPIOBBIAeeHHT 1o B MCCACAOBAHHOM JMANascHe
noBepXHOCTI ofpasua (a/ =30 MKM, X = 0—10 MKM oKazasiach npak-

dj = 100 Mrm).

HBIMI. 32BUCHMMOCTB AX, OT Xg

THueCKH Auneiinoi. Kpome to-
1o, oBHApYXeHO, UTO CMELIeHMA
NPOTOPLHOHANbHEL TOBEPXHOCTHOMY IPAiMEHTY NIOTHOCTH TOKA.
Ha pue. 3.15 riokazasa 3BOMIOUMA CMEWICHWIT MApKepPoR C
KoopauHaramu (x, yod (10 miov, 0) 1 (10 MM, 50 mxMm). Buano,
4TO NOC/E OKOHYAHU MMIIY/beA ABCOMOTHAS BEAMIUHA CMELUEH IS
NEpBOTe Mapkepa KMeeT TEHACHUMIO K NOHUXEHHIO. 310 0OYCI0B-
NEHO MHBEPCHERM 3HAKA CKOPOCTM HA NOBEPXHOCTH BeACICTEME
pasrpyskyu Oojjee 3HEPIOHACHILICHHOrO YYACTKA Cpedbl (CieBa i
puc. 3.11, 6). Hecmotpa Ha 3T0, 0HEBMAHO, UTO ABHKEHHE MAPKC-
POB HE ABBIETCA NEPUOAUYECKHM KONEBATEIBHBIM IDOLECCOM i HE
NPUBEICT K MX BO3BPATY HA NPEXHHE MCCTA, AHAIM3Z oS
CKOPOCTEHl BCEH PpacueTHOM 30HBI NOKA3AT HAMHYME MOMEHTA
HMMIYAbCA, COOTBETCTBYIOLIETO BUXPEBOMY BPAILEHKMIO BEWIECTBA NO
“acosoll cTpeke (B reomeTpur puc. 3.13). Hapywenns 3akoua
COXPAHCHHMs. MOMEHTA KOAMYECTBA ABMXKEHMA HE NPOMCXOANT, TaK
KaK LUMDUHZ PACHETHOM 30HB! BbIGPAHA PABHOW TIOA0BMHE MEPHOIA
OCLM/LIAUMH  [IOTHOCTH TOKA GUNaMeHTUPOBIHHOIO fyuka B
30HE, COOTBETCTBYIOWESH BTOPOIl NOJOBKHE NEPHOAR, MOMEHT M-
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nyapea KMeeT ﬂpOTHBOﬂOHO)KHOC HanpaeageHne, w CYMMapHasn
BEJIHYHHA MOMEHTOB PABHA HYIO. ,Ilmmoe BMXPEBOE ABMAKCHIC 3a
BpemA CYIIECTBOBAHMUST )KHAKOK\:I (baBbl U pENAKCALMKY TEPMOME-
XZHWYECKHX BOJIH (COTHH MHKDOCCKYHL[) CHOCO6H0 NPUBECTH K
CYIWECTBCHHOMY ﬂCpEMCLUHBI]HHlO H(IHECEHHOﬁ HAa [OBEPXHOCTH
maenku. K coxalenuro, A0BECTH OPOLECC MOACIHPOBAHUSIL AO
ITOIL BPEMEHMW HE YAULOCH, TAK KakK BCACACTBUE OIPAHHUMEHHOCTH
oBbeM MOACINPYEMOTO VHACTKa TBEPAOTO TEa M MHO[TOKPaTHOIO
OTpaXeHHUa BoAx Ol €ro rpaHuL foie ,lnEJICHHﬁ B 3041C MO-
ACTUPOBAHUR NP GONBILIMX BPEMEHAX MCKAXKaeTCR. MMoatoMy pac-
ueT b1 OCTAHOBAEH nocne A0CTHKeHua ! = 200 ne

TeM He MeHee, NOJIYYCHHBIE PE3YALTATHI MO3BOMAKT YTBEPX-
[aTs, 4T0 TIPH  OGAYUEHMH MOUIHBIMM  HMIVABCHLIMA  ITYYKAMHU
3apsKEHHDBIX YacTHI B 06pasie BO3HMKAIOT HADOAMHAMMIMECKUE
TeueHHs, cnocobuble 32 BpeMA CYULECTROBAHMSA PacniaBl u petak-
CallMM BONt AABICHUA APUBECTH K 3AMETHOMY MNEPEMEUIMBAHUIO
NOBEPXHOCTHRIX CNOEB.

3.6. OcHOBHLIE BLIBOXbS

TakuMm obpa3zom, HHTeHCHDUKaLHs NEPEHOCA ATOMOB TBEPAOTO
Teja NpH 0BNyYEHAK MOMWIRHIME UMAY/IbCHBIMU IYYKAMH 30DAKEH-
HBIX YACTHL B OCHOBHOM ONpPEAENAETCH CREAYIOWIMMH (aKTOpaMM:
1) pacuNaBACHUEM MOBEPXHOCTHOIO CAOA OOpa3ua:

2) NpOTEKAHMEM B MOBEPXHOCTHOM cnoe AntdY3HOHHEIX fpoLec-
coB, 0BYCNOBAEHHBIX [PAAMEHTIMH KOHUEHTPALMM M Temnepa-

TYPbL;

yBesuucHneM Koadiduunenta AHMEPY3NM B 30HAX PAIPEREHUA

MATEPUANA, TIOPOXACHHLIX TEPMOMEXAHHUCCKUMYU NPOLIECCAME;

HepeMEIIABAHMEM PACTUIABIECHHOFO [OBEPXHOCTHOTO cnos 06-

Pa3La B [MAPOHHAMUMECKOM DEXUME;

5} cerperauueii KOMIIOHEHTOB DacniaBicHHOIO MOBEPXHOCTHOIO
cnost obpasua B ABMXYLEMCA (poHTe 3aTBepaesaHiA (aT0T
addext Gosee cymecTBel B cilyuae 08aYMCHUS DAEKTPOHAMH)

3
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[image: image23.png]3AKIIOYEHUE

OCHOBHbBIM Pe3yapTaToOM JAHHOM paﬁOTbl SIBJUICTCH  CO3JAHHE
MATEMATHYECKUX Mojenel TEMAOBbIX KaAHONOB ANCCHNALMK IHEP-
FMH MOUIHBIX MMDY/ILCHBIX NYYKOB 3aPAXEHHDBIX 4ACTHL B TBCPAOM
Tee, BKIIONAOWMX B cebs palMaUMOHHbLIA pasorpes, Gha3osble
TnpeBpanieHua, 06[.)1130!3-’"{!46 M PENAKCAUMIO TCPMOMEXIHUYECKHX
HaNpsLKEHWA ¥ 3po3uOHHBIE Tpoueccchl. B ofuleM cayuae ath
SIBIEHMA ONUCHIBAOTCA CHCTEMOM YDABHEHMH CRJOLIHOM CPeilbl,
ACTIO/NHEHHOM WHMPOKOAKANAIOHHBIMHA  YPABHEHWAMM COCTORHMS
pewiectBa. 15 noayueHuss KOPPEKTHBIX Pe3ybTaTOB HEOBXOAMMO
TIPAMEHATH CIEUMANbHBIE METOABL MX PELLUCHHSA, KCTOPbBIE NMO3BOAA-
0T KOHTPOJHUPOBATh FPaHMLLY MEXAY KOHIEHCHPOBAHHOM W ra3000-
pasHoit dazaMM M TeM cambIM M3Berarb HeU3HMIHOFO pacTexanus
BCLWIECTBA, NPUCYLIErO KAACCHYECKMM METOAAM pPECLIEHMA raszo- M
CHAPOAMHAMHYCCKHX 32124, OﬂHﬂKO NIPKH ONPEACNEHHbIX oficTost-
TEABCTBAX AN NYYKOB yMCpEHHOﬁ WHTEHCHUBHOCTUH MOTYT ObITh
UCII0L30BAKH bl ans}lM)KEHHblC OCaxoAbl K PpEIUEHHK B BHAES
3201344 CTC¢HHH € [PAOHHYHBIMH YCJIOBHAMHU, ONUCHIBAIOLLIMMHK
MOBCPXHOCTHOE MCMAPEHHE, M YPABHEHUS TEPMOYNPYLOCTH.

C nomousio pa3paboTaHHbIX MOMECH, PEANH3OBAHHBIX B BHAE
nporpaMm 112 DBM, uccneaoBaHbl OCHOBHBIC 33KOHOMEPHOCTH
TETIIOBbIX, TEPMOMEXAHMUECCKUX M 3PO3HOHHEIX MPOLECCOB B TBEpP-
AoM  TCAe, 0641y‘l.’leMOM MOLUHBIMH  WMMIIYAbCHBIMH HOHHBLIMH W
MICKTPOHHBIMY MyYKaMU.

Cosxasaemsle  00AYUCHUEM MOIIHBIC TEMNEPATYPHbIC 1045
NpHBOAAT K ha30BbIM MPEBPAICHUAM BCLWCCTE. B CUIY BBICOKMX
ckopocTeii HarpeBa M OCTRIBAHMA 08pasua (10 5 - 10 K/c) sos-
MOXHO BO3HMKHOBEHHE HEPABHOBECHBIX (a3, B HACTHOCTH GBICTPO-
3AKaNCHHBIX W A3XKE i‘lMOpq}Hle COCTOSHUI MeTaana. OI_[HOBDSMCH-
HO IIPOMCXOAMT WHTEHCHBHOE Mcnapenue obpasua, MpuyeM Ko-
3bOULHMEHT 3PO3MK (OTHOIIEHHE YMCAQ WCMAPUBLINXCS ATOMOB K

ameay wactmu nyuka) aocruraet 10 — 10% Baxuo, wro rayGun-
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Hele clou ofiyvaeMoro ofpasua mpM 3TOM NPaKTHYECKM He
HarpesatoTes. ITO AenaeT MOLIHbIE HAHOCEKYHAHBIC NYYKH YHH-
KIbUbIM MHCTPYMEHTOM 11 MUKpOpeibedHON 00paboTkM Ma-
TEpMaoB, B TOM YMCAE NPO3PAdHBIX AL NA3CPHOTO M3IYICHMS,
Hampumep, KBapua. [lpeasaracmbie MOAEAH MO3BOAKOT DACCUMTHI-
BATh AMIVIMTYABE YAMPHBIX BOAH, NPEACTABAAIOUINK ONACHOCTb sl
uenocTHocTH 0bnydaeMoro odpasua.

flonyyeHHbie PE3yALTATH ¥ MOACIH MOTYT GbiTh MCNOJL3OBAHBI
A pa3paboTKM TeXHONOTHIT MOAMGBMKALMU TBEPAOro Tela MowW-
HEIMM HMITYNLCHBIMK NyyKamMi. C X OMOLIBIO MOXHO NPOBECTH
ONTHMH3ALMIO PeXHMOB ODAyYeHUs 4 BhpaboTaTh TpeGOBAHUA K
napaMeTpaM TEXHOIOTMYECKHX YCKOPHTENCH.

MpeanpunaTa nonbiTka OObACHHUTL IKCHEPUMERTANLHO HAGM0-
AaeMYyIo OUEHb BHICOKYIO AMGD(IYIHOHHYIO DOABMXHOCTh ATOMOB B
IIPHITOBEPXHOCTHBIX CROSX TBEPAOTO Tena, 061Y4aeMOro MOLIHBIMU
HAHOCEKYHAHBIMM NY4KAMH 3aPSKEHHBIX 4acTui. s 3TOro Bbl-
IONHEH AHANWI TAKHX MEXaHM3IMOB NEPEHOCR ATOMOB, KaK JWC}')‘
$y3ng B NPUNOBEPXHOCTHOM DACIUIABACHHOM CNOE, TEPMO- M
Sapoanddy3us, HIMCHEHHE SHEPIMM akTuBauuu Aubdysud B
BOAHAX TEPMOMCXAHMUCCKHX HAMPSXEHMH, JEPEMENINBAHME pac-
[UIaBAGHHOTO €05l B TMAPOIVHAMHYECKOM DEXHME, Cerperanus
TIpMMeECH B ABHXYyluemca $POHTE 3arsepaeeanus. CAelaHbl OLEHKI
BKJQA0B STHX fIPOLECCOB, BBIICHEHO, YTO HauGOALLINE OOTOKM
BELWECTBA ONpPEeAEAsitoTcsi KOHLUEHTPALMONHON U TepMoanddysueit
flpUMecH B pacnuiase, a4 TAKXKE [HAPOIMHAMUYMECKMM MEpeMe-
LIMBAHUEM.

Tpu m3anoxenuu MarepHala OCHOBHOH aKueHT Jenancs Ha
METOLOJOTHYECKMA acreKT pewenus npobaemel. Fpeacrapienusie
Pe3YALTATHl HE JAJOT MCYEpIbIBAOLIeH KApTHHBI 3aKOHOMEpHOCTedl
B3aUMOACHCTBUA MOUIHBIX WMMNYALCHBIX NYYKOB 3apsXeHHBIX 4ac-
THU ¢ TBEpAbIM Tedom. HaM npeicrapasercs, uTo B JafibHeMlliem
0coB0oe BHHMaHMe CAelyeT YAeNMTb crnocofaM MepeHoca atoMoB B
CUIY CHOKHOCTH M HEAOCTATOMHON U3YSEHHOCTH MEXAHU3MOB MMF-
PAUMM aTOMOB MW BAXHOCTBIO ABAEHWH MACCONEPEHOCA B TEXHO-
n0rMAX MOAMGMHUKAUMA NOBEPXHOCTHBIX CBOMCTB MATepHanos.
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