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3AKOHOMEPHOCTY PASBUTHS B3PHIBA AZHA0B TAXKEJIBIX METALIOB

TIpuBeielio ONHCAHHE BKCIEPHMEHTABHOIO KOMILIEKCR, paspaboTaHHoTo Ui HOC/ICAOBAHMS [IPOLECCA B3PRIBHOTO Pas-
JIOYKEHES a3HA0B TKebIX MeTawios (ATM) B peXHMe PeaIbHOTO BPEMCHH, TonpobHo onHcanbl XApAKTePHCTHKE 06HapysKeH-
HBIX HOBBIX ABJIGHHI — IIpeJB3PHIBHbIX IIPOBOJMMOCTH H soMpHecnentpn ATM. Hosytennan s inna [pe/IB3PbIBHOH HpORO-
JEMOCTH a3pfia cepebpa PACCMATPHBACTCS KaK NPsMOS KCIEPHMEHTANbHOS JOKABATETLETRO uernol EpHpodp! npouecca. Ha oc-
HOBE BCEX HOJYISHHBIX PE3y/IbTATOB pazpaoTana MOAR/L PA3BHTHA BIpLIBA ATM, BrnoUaIomast Pa3sMHOKEHUE AKIMBHBIX aC-
THIL (IIPOK) IO PeaXIlHE NEPBOTO HOPA/iKa B 0OPHIB UETH NO PEAKIMH BTOPOTO NOPIIKA.

1. Brengenue

B3puBHOE PABNOKCHHE a3MI0B TOKENIBIX METAJLIOB (ATM) npuBrEKAET BHHMAHHE MCCIEIOBATCICH
yKe OKOJIO TodyBeka 1],

TIpHKIaAHOR ACTIEKT 3TOTO HEOCHAOCBArOMEro HHTEPECa ONPEC/ACTCA TEM, HTO ATM sBI00TCS 1IPO-
CTCIIMIMH 1, CISAOBATENBHO, HAKOOICe H3YMCHHBIME NPEICTABHTE/MY HHAIHHPYIOMMX B3PBIBYATEIX BO-
mects (MBB) 1 BHIOMMSIOT POIb MOJETLHOTO 00BCKTA 1A ITOTO KI1ACCa CHCTeM 21

Topasno rayGxe (yHIAMEHTAJBHBLA aCHEKT npobnemst. Jlo mochaeqHerc BpEMEHM HE YAABanoCh Ha-
JEKHO 3aPETHCTPUPOBATh HM OHOTO CIIyHas PA3BETBJICHHOM HEIHOH PEAKUMH C y4acTHEM KBa3W{ACTHU B
TBEepaOM Tesie. B3pbBHOC ke pasnokerne ATM, B 3T0M HNAHE, NPEACTABIACT sHAYHTEIBRHbI HHTepec [3,4].

K nauany 80-X TOAOB OBUI HAKOIUICH OrPOMHBIH SKCIIEPHMCHTANBHBIH MAaTCPHAN H chopMyJIHPOBAHSI
OCHOBHbIC IPSACTABIICHHA O MCXAHH3ME B3PBIBHOIO pasnokeHmss ATM {cm. 0630p [2]), mermme B OCHOBY
GOBIMHCTEA NOCHSAYIOMMX HCC/E0BAHMH, NOCBAMICHHBIX ITOH mpotneme {5,6]. Onmaxko amamu3 3TOro
IKCIIEPHMEHTATHHOTO MaTepHANa K Pa3paGOTAHHBIX Ha €ro OCHOBC MOZENCH B3PHIBHOTO PasjoyKeHHsA BEI3HI-
BACT, KAK HAM HPEACTABIACTCA, OBOCHOBAHHOE HYBCTBO HEYAOBICTBOPCHHOCTH.

Ecii OCT2BHTH B CTOPOHE paloTH! Y3KO NPHIIAIHON HANPABICHHOCTH, TO MOYKHO BBLUICTUTH ABA SKC-
TIEPUMEHTABHBIX MOIXOAA K UCCIICJOBAHIIO B3PHIBHOTO PA3JIOMCHUA ATM. ’

1. ViccnenoBanne MEARCHHBIX Ipoueccos pasinoxeHns ATM npu BO3AEHCTBHYM TENJA, CBETA, HOHH3H-
PYIOIIEX M3NYHeHHH, 3ICKTPHUCCKHX B MATHHTHBIX Toniel [6,7]. OueBHIHO, UTO BOSMOMKHOCTE HCIOIB305a-
MBS JAHHBIX 3THX paboT U1 MOCTPOCHHSA aJEKBATHOH MOJETH B3PBIBHOTO PA3NOKCHMA BCCHMA vpobnema-
THuHA [3,4).

2. DKCHEPHMCHTHI Y10 HENOCPEICTBEHHOMY H3YHCHHIO B3DBIBHONO PA3JIOKCHHs. JTH IKCHICPUMEHTHI
craBsTCA 1O clenyromeit cxeme [2,8]. BaphiB HEHMIMEPYETCS HMITYJIbCHBIM BO3JCHCTBHEM (yzap, cBETOBOil
HMITyJIbC, MMITYIbC YCKOPHTENA ¥ T.11.). Peructpupyercs mibo cam (akr B3phisa [2], mu6o B Ay4mem ciay4ae,
IPOMEKYTOK BPEMEHH (MHAYKUMOHHbIH NEPHOA) MEXKAY HHUIMHPYIOMHM HMITYJ-COM H MOMCHTOM B3PBIBA,
onpeenseMsIM [0 CBETOBOH Bembimke [8] wmi paspymennio o0pasia (CKopocTHAs kuHOCHEMKA) [2]. ScHo,
4TO MPH TAKOH MOCTAHOBKE DKCTIEPHMEHTA PETHCTPHPYIOT TONBKO HEKHME MHTETPANBHBIE NapaMeTPs IPOLeC-
ca ¥ M3 TOJUI 3PCHMS HMCCeaoBaTeNel BBIIANACT IIABHOC, H3MEHEHHE XapAKTEPHCTHK 00pasua (Wi fBje-
HEs, CONPOBOKIAIONINE 3TH M3MEHEHHA) B IPOLECCE PASBUTHA B3PBIBHOTO PASIOMKCHIAL.

CuTyanusa HATIOMHMHACT NOJOXKCHHE B PATHANMOHHOH (H3HMKE TBEPAOro TCIA O MOSBICHHS MCTOAO0B
CIEKTPOCKOIMH BBICOKOTO BPEMEHHOTO PA3peIICHHs, NO3BOTHBIIMX B PEANbHOM MAacIUTabe BPEMEHH PErHCT-
PHPOBATH KOPOTKOKUBYIIHE COCTOSHMS, OMPE/IE/UIONIME, B KOHEUHOM HTOTE, QH3UKY PAIMAUMOHHO - CTUMY-
JIMPOBAHHBIX TPOIECCOB B TBEPABIX Tenax [9].

OTCyTCTBHE a/EKBATHOTO IKCHEPHMCHTANLHOTO Matepuana o0yClaBIuBacT CICKYTHBHBIH XapaxTep
CYIIECTBYIONIMX TIPECTABICHHN O MCXaHH3ME B3DHIBHOTO pasnoxenmt ATM [2,5]. CornacuHo 3THM npen-
CTaBICHHEM DHEPTETHKA B3PHIBA 00CCHCUMBACTCA SKIOTCPMIHECKON peaKuuert

2N; — N5 - 3N, + Q (l)

KBaHTOBOXUMHYECKHE PACUETH (/i1 M30JMPOBAHHBIX pasukanos Ns!) nator Q ~ 9-12 3B [2]. B tBep-
JIOM Tene 9TA PEaKIHA BO3MO)KHA NPH JIOKAIH3ALHY ABYX [BIPOK HA COCEHMX Y37IaX PeLieTKH. B xauccrse
HAWBOIICe BEPOATHOTO MECTA TAKOH JIOKA/MM3AIHY PACCMATPHBACTCA KATHOHHAS Bakarcus [5]. Jlng passutia
B3PHIBA HEOOXOAHMO, 4TOOHI XOTA OBl HACTH IHEPTHH () PACXOAOBAIACH HA BOCHPOM3BOACTBO H PASMHOMKCHHC
JRIpoK. PaccMaTpHBAIOTCA PA3IMYHBIC BAPHAHTEI Da3MHOXKCHMA. bBobmias 4acTh aBTOPOB CUHTACT, 4TO
sueprus Q BoUIETACTCS B BHAC (JOHOHOB H JIOKANBHBIH HATPEB PEIIETKA 0DECTICHHBACT TCPMUYECKYHO TEHE-
PALMIO HECKONBKHX SMEKTPOHHO - ABPOuHBIX map [2,8]. B aToM ciyyae peanm3yercs Tak HA3BIBACMBIH
“peruioBoi B3phB” [10]. Menpmas 4acts aBTOpOB [5] npHACPKHBACTCA KORUSHIMM “LemHOro B3pssa” [10].
B 3T0M Cly4ae B KAYECTBE BO3MOIKHBIX MEXAHH3MOB PA3MHOKCHHSA JBIPOK PACCMATPHBACTCH (OTOPAsMHO-
KeHHe [5], W posKaeHHE ropsell ABIPKH HENOCPEJCTBEHHO B PE3yisTare peakimu (1) ¢ nocneayrommM
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PAMHOMCHMEM MYTEM yAapHOH Hommzammu [11]. Cneayer DOMHEPKHYTE, YTO JAKC CAMA OCHOBOIO/IATAIO-
mas uaes o pemaromel ponn peakumy (1) BO B3PBIBHOM PasIoKeHyH ATM, He TOBOPA yike O HEHHOM HiH
TCTICBOM XaPAKTCPE B3PEIBA, HE HMECT SKCTIEPHUMEHTAILHOTO TIOATBEDIKICHHA,

Bce BBIIEH3NI0KEHHOE, KAK HAM NPEACTABISICTCA, CBHACTCABCTBYCT O TOM, HTO UPCIPECC B HOHHMARNM
MCXAHM3MA BIPBIBHOTO pasnoxenns ATM momer ObITh JOCTHTHYT TONEKO IPH paspabOoTKe HOBBIX JKCHEPH-
MCHTANLHBIX HOAXO/J0B, [03BOSIOIIMX PEIECTPHPOBATE HIMEHCHHE XapaKTepuCTHK ((BHAMYECKUX CBOHCTE)
00pasia B mPOIECCe B3PhiBa B PEATLHOM MacmTabe BPEMEHH. 32 OCHOBY TAKOTO 3KCHEPHMEHTATBHOIG o~
X072 HAMH OBUIH B3STBI METO/BI HMITY/I6CHBIX UCCTICIOBAHMI, HCHOTBE3YCMBIE B PAIHAUMORHON (usmke [9] ¢
HEOOX0AMMOH MOH(UKALHEH IPHMCHITCIBHO K Cretu(HKe HCCHSAOBAHMA BIPHIBAIOLTHXCA obpasnos. Pe-
3YILTATEL PEATHBALMI 3TOTO MOAXOAA U MOJETb BIPBIBHOTO Pa3/IOKCHHA, OPEIAraeMas Ha OCHOBE HX AHA-
733, ¥ COCTABIAFOT COACPIKAHUE IAHHON CTATEH,

2. O0bexTnl W MeTOANKS

Obnexramu mccne0BaHus OBUTH BHIGPAHB! A3HIHI cepedpa — AgNs, tamms — TIN; u CBHHIZ —
Pb(N3),. TlopomxoobpasHele a3nisl CHHTE3HPOBATUCE METOZOM ABYXCTPYHHON KpHCTAILIM3AMHH {12]. Kon-
LeHTparui 0CHOBHBIX npumeceif (Fe, Si, Ca, Mg, Ai, Na) onpenessiiacs NOIPOrpadIUecKs B KOMIIEKCO-
METPHYECKHM aHATH30M U He mpessimaia 10°¢ - 107 ea™.

Hecnenyempie o6pasitsl a3u10B Ta/LTHs. M CBHHIA NPCACTABIANH COOOH MPECCOBAHHBIE TAOICTKY AHa-
MeTpom 10 MM u Tosmmmso#i 300-400 MrM Ang A3u7AA TATHE U 2,5 MM B 30-40 MKM 111 asuaa ceuana. O6-
pasme! asuaa cepebpa mpeacrapisum cobol HUTEBHIHbIE KPHCTAILTBI C XapakTePHBIMU pasMepamu 0,1x0,05x
10 Mn® u1, Tax HA3bIBACMBIC, MAKPOKPHCTANIE! C XAPAKTEPHBIMH pasMepam 0,5x3x3 M. Kpncramms: Bsi-
PAMBATACE M3 pacTBOpa no Meroiuke [12]. KoHIEHTpauua KAaTHOHHBIX BAKAHCHI B KpHCTanax HE npe-
Bemmana 10'° cm™ {12].

B ocuoBy anmaparypsoro xoMriekca (puc. 1), uenomesyemoro B pabore, G 32M0KEHbI TP HHITHIIR
SKCHCPUMEHTATBHON TEXHUKH HMITYIbCHOTO PATHOIH3A 1 (oronmsa [9].

B xavectse MCTOUHUKOB BO3OYXICHMA (MHUIHMPOBANIA) HCTIOTB30BAIHCE CHIbHOTOUHBIH 31IeKTPOH-
HBIH YCKOPHTEAb 3eKTpoHoB 'HH-600 (>pdexTusras sueprua snexrporoE - 300 1B, mrorHocts Toxa -
1000 A/ew’, pmresrocTs mvmmynsea - 3 He) # YAG:NG mazep (L = 1064 HM, JTHTEILHOCTS HMITYTHCA -
30 ne, smeprus B mMmybee - 0,5-30 M/ bx).

Peructprpyromas annaparypa npeacrasisuia co6oi HECKOIBKO CHHXPOHH30BAHHEIX KAHAJIOR.

Orrrdeckuit TpaxT: cnekrporpad UCII-51 wmu Moroxpomarop MC-1, @IV (ODV-97, DP3V-165-1,
14 371Y-OM) i doroxpornorpad GIP-7. Brixomsoii curkan D3V nonaercs Ha BXOX ocouyiorpada (C7-
8, C7-19), Beixoano#t curuan GIP-7 HEPE3 TCICBU3HOHHOE CYHTHIBAIOILCS YCTPOKCTBO HA Hase CyneprpemM-

a 0

Prc. 1. Bilok-cxema SKCIEPUMERTATLHONO KOMILISKCA JUIA HCCAGOBAHMS BAPBIBHOTO PAZIONKEHHS,

4 — oB1mas Gr0K-cXeMa KOMILICKea

1 - ofpazeit, 2 ~ HCTOUHMK BOIOYKIICHUS (Jrazep, »1eKTPOHHbIH YCKOPHTE/b), 3 — HCTOTHHK 30H/THPYIOMEro cpeTa, 4,56 —

TPaKThi PEruCTpAllHE CHIHANOR!: OITHYECKOr o, AKYCTUYECKOTO B JIEKTPHYECCKOTO COOTBETCTBEHHO.

6 — 6,10K-CXeMa TPAKTOB PETHCTPAIMH CHIHATOR

1 ~ axyctuaeckui pataux, 2 — ocuutorpath, 3 — TeNCBHIHORHOS CONTHIBAIOTHES YCTpo#ictno, 4 - purepdefic, S — KoMITBIO-

Tep, 6 — sYeiKa H3IMEPeHHs IPOBOJUMOCTH, 7 — CleKTpaIbHBLE puGop (MoHoXpoMaTop, cnextporpad), 8 - GV, 9 — doro-

SAEKTPOHHBIH pericIpaTop.
muxona JIM-702 u warepeiic nocrymaer HCMOCPCACTBEHHO B KOMMBIOTED i 06paboTiu. CrekTpassHuiit
AHANA30H, NEPEKPBIBACMBIH ONTHYECKHUM TPAKTOM, 250 - 1000 M, BPEMCHHOE paspeurcnne He Xyxe 10 He
Hcnonw3oBanue B ONTHYECKOM TPAKTE CHCTEMBI caekrporpad) - GOTeXpoHOrpad (BMECTO OGBIUHON CHCTEMM
MOHOXpOMATop - ®3JY) mo3BONAET NOAYHHTE KapTHHy PElaKCaln y4acTka crextpa (~ 400 #M) 3a oqum
MMIYJIEC (“CIEKTP 33 MMITY.ThC”, BMECTO OGBIMHOM METOAHKY [9] “cnexTp mo ToukaM™), ¥T0 HEOBXOTHMO IpH
HMCCCAOBAHMH B3PBIBAIOILMXCA (“OJHOKPATHOTO NPHMEHEHHS ) 06Pa3LOB.
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Tpaxr nposommMocty. Tox vepes obpasel PeruCTPEPYETCA 10 NMAACHMIO HAUPOKCHHA HA BXOJHOM CO-
NPOTHBICHIM OCUIILIOrpada, BIIFOYEHHOM TIOCHCAOBATENBHO C 00pasnom. B cryH#ac uCuoab30BaNKA OCIHII-
norpapa C 8-12 BpeMeHHOS PA3PEIICHME COCTABIACT 7 HC M ONPECTAETCA ocupuuorpaoM, B CIYHae Huc-
nonb30BaHms cxopoctHoro ocummiorpada C 7-19 spemennoe paspemicHue TPakrTa OrpAHWYMBACICH mapa-
METPaMH HAMEPHTENBHOMN srelixu u cocrasaet ~ 0,3 Be.

TpakT aKyeTuueckore curaaia. O6pasei Kpenurcsd Ha BXOJHOS OKHO AXyCTHYECKOrO AAT4HKa, NpCa-
CTABILIOIEETO COGOH MbE30AETEKTOP C COOCTBERHBIM BPEMCHHBIM paspemenuem ~ 1 He. Curnan axycraie-
CKOTO JATHHKA NOJASTCH Ha OCHIILIOTpad.

CHEXPOHH3ALHSA TPAKTOB OCYIIECTBILIETCA 0 PENICPHBIM HMIIYJIbCAM, BOSHUKAIOIM TIPH BO3ACHCTBHY
HHMUEHMPYIOMETo UMITYILCA HA IPHEMHHK (BO3NCHCTBAC PACCCAHHOIO CBETA JIA3CPHOTO MMITY/IBCA HA ¢oro-
NPHSMHHK, HETIOCPEACTBEHHOE BO3IEHCTBHE NA3ePHOTO MMIY/IbCA HA AKyCTHHMSCKHH NATMHK t.a.). Tou-
HOCTH BPEMCHHOH NPUBA3KH CHIHAJNOB PA3NMMHBIX TPakToB L 3 HC. IloApoGHOE OMMCAHHE HCTIONBL3YEMOTO
ANnApaTyPHOTO KOMILIEKCA NpHBeaeHo B [3,4,13,14].

3. BapuiBHAA GPOBOAMMOCTE

Tlepsas cepyisi SKCICPUMEHTOB IO HOKHCKY M HCCNeJ0Banmo nposomamoctd ATM B nponecce B3PIBHO-
IO PA3IOMKEHHA (B3PBIBHON NPOBOAMMOCTH) CTABMIIACH CCAYIOmMM 00pasom. HUTCBHAHBIL KPUCTALT a3uaa
cepebpa ¢ XapaxTEepHBIMH Onepe4HsME pasmepamu 100x150 MKM® KPEIHICH B BO3AYIIHOM (WJIH BAKyyM-
HOM) 3a30p€ MEKIY 37CKTPOJAMH MHMPHHOK B 2 MM. VIHMIIMHPOBAHAME B3PBIBA OCYHIECTBILAIOCH HMITYJIHCOM
nasepa. OEHOPOAHOCT, MHMIHMMPOBAHKA 00€CHEHMBANACH NEPCKPHIBAHAEM IYUKOM BCCH [UTMHBI MEXK3IJICK-
TPOIHOTO MPOMEXYTKA H TeM, HTO 3HEPrHs Bo3Oyxmaromux (oronos (A = 1064 HM) nonasana B obnacTs
[PO3PAYHOCTH KPHCTAIUIA (ONTHYECKAs IMMPHHA 3aNPEMEHHOM 30Hb1 a3una cepebpa ~ 3,5 9B, Tepmudeckas -
~1,53B [15]).

3.1. IlpeaB3prBHAA OPOBOAHMOCTH

Tunwdaas GOPMA UMITYJIHCA B3PHIBHON NPOBOAMMOCTH NpECTaBIeHa Ha puc. 2a. TIpocreiimee 06bsc-
Hepye HabmoAaeMOH KUHETHKH, HAPACTAHME HPOBOAMMOCTH B NEPBOM ITHKE OTHOCHTCA K CINE HEPa3pyIUCH-
HOMY KPHCTaJny (IpeaB3phiBHAS MPOBOIMMOCTS), CHaJ NEPBOTO IHMKA - HAPYIISHHE CIUIOLIHOCTH 00pasna B
pesy/IsTaTe POCTa MEXAHHYECKHX HANPOKCHHH, BOSHMKAIOUMX B PE3YNBTATE PAsIOKCHWA, HOCHCAyIOMmEee
HAPACTAHWE - MPOBOJUMOCTS NPOAYKTOB B3PHIBA (11a3MBI).

Jins mpoBEpKH ITOTO MpeAnoJoKeHus ObUIa MPOBEAEHA CEAyIomas cepus sxcnepumentos. O6pasen
6OKOBOH TPaHEI0 (HKCHPOBAJICS HA BXOJHOM OKHE AKyCTHYECKOT0 JATYMKA, YTO NO3BOJHJIO HPOBECTH CHH-
XPOHHOE H3MEPEHHE CHIHAJIA TPOBOAMMOCTH H aKyCTHHeCKoro curdana. Havano mepopmaumu obpasua, me-
PEXOIIIECH B JATbHEHIIEM B €10 MEXaHHYECKOS PA3PyIIEHUE (B3PbIB), ONMPEAEIAIOCH N0 NepeAHeMy PpoHTy
CHTHANA AKYCTHYECKOTO JATHHKA.

TTposoanmocTs 06pasiia, NpeMECTBYIOmAs nepeaHeMy GPORTY akyCTHHECKOro curaana (puc. 26), co-
OTBETCTBYST MEPa3PYIICHHOMY 00pasuy, T. €. MOXET ObiTh MASHTH(HIMPOBAHA KAK HPEXB3PLIBHAA HPOBO-
IAMOCTE. JleTanbHoe HCCIeAOBanue OOHAPY)KCHHOH MpeJB3PHIBHOM UPOBOAMMOCTH MO3BOMHMIO BBUIBHTH
CIEIYIONHE 3AKOHOMEPHOCTH,

1. TTpu u3MeHeHHH SHEPTHN HHUIMHAPYIOWET0 HMIyabca B npeaenax 3 + 10 M Dx anayknuonssii ne-
pUOA {TIPOMEIKYTOK BPEMEHH MEXTY HHHUMHDYIOMMM MMIYIECOM ¥ NOABJCHHEM HPEAB3PLIBHOH MPOBOAH-
MOCTH) MOHOTOHHO YMEHbIUAETCA ¥ nocruraeT 20 He.

2. AMmmryaa B opMa HMITYJILCA TPEAB3PHBHOM NMPOBOAMMOCTH HE 3aBUCAT OT JHEPIHH HHALEM-
PYIONIETO HMHYIBCA.

3. MaxkCHMALHBLIC 3HAYCHHS SAPSTUCTPHPOBAHHBIX TOKOBBIX HMIIYJIBCOB COOTBETCTBYIOT 3HAHMCHMAM
npeB3pHIBHOI TPOBOmEMOCTH ~ 1000 Om™ em™,

4. BoapT-aMUSPHBIC XAPAKTCPHCTHKH, H3MEPSHHBIC 0 MAKCHMYMAaM TOKOBBIX HMITYJIbCOB, JIMHEHHDI,

3.2. llenHO#H XxapakTep B3PHIBHOIO PA3NOKEHUA

TlostyueHAbIC AaHHBIC TO3BOLTIOT 0OCYIHTh IPHHLMNMANLERIA BOIPOC O XAPAKTEPE B3PHIBHOTO Pasyio-
wxenus ATM (uersol, wim Ternoeoil B3peis [16]).

OueHnM KOHUSHTPALNIO 30HHBIX HOCHTEICH 2apafa, COOTBETCTBYIOIIYH) MaKCHMANBHBIM (~ 10° On
cM) 3aperHCTPHPOBAHHBIM 3HAYCHWAM [PEAB3PHIBHOH MPOBOAMMOCTH. BOCHOMB3YEMCA H3BECTHBIM COOT-
BOINCHHEM. 0 = ¢'W'ji | [A€ 0 - IPOBOMMOCTb, € - 33psi] JISKTPOHA, # ~ KOHUCHTPAUHMA 30HHBIX HOCHTENEH
sapana (yuntsisag HpuOmDKeHHSH XapakTep OUCHKY, Mbi HE OYEM JACNATh PA3/IINI MEXKAY JICKTPOHAMH H
[IBIPKAME}, 1 - ApeihoBad mOMBIKHOCTS.

Ipu p ~ 10 cv® B' ¢ [7] smauernmo o= 10° Om™’ e cootsercrryer 7~ 5-10° e,
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Homyuersas oueHKa 7, NPUOTIKAIOWANCS K SHAYCHASIM, XAPAKTEPHBIM [UIA METAIUIOR, CBUACTCILCTBY-
€T O COBEDINCHHO HEOOBIMHOM COCTONHHH BCIIECTBA B MPEAB3PHIBHOM COCTOSHUH, KOTOPOE, TiO-BHAMMOMY,
MOXKHO TPAKTOBaTk KaK CBocoOpasHslil (ha3oBri mepexos. 3TO 3HAYCHHC /7 MOYKET HOCIYIKHTH OTHPABRON
TOKOH JIs1 SKCIIEPHMEHTANBHO O00CHOBAHHOTO BHIOOPA MENKTY KOHICTIIAMHE TEIUIOBOTO | IETTHOTO B3pPHIBA
ATM.
Tpoasa u3HpyeM PeanbHOCTh 3HaueHus 17 ~ 5-10°° cu™ ¢ touxu 3PCHHS TCIUIOBOT0 MEXAHHIMA B3DBI-
sa. Tepmpveckas MAPHHA 3ANPEIICHHON 30HbI a3una cepebpa £, ~ 1,5 aB [15]. Tpunss npubmnkenso n ~
nyexp(-EJkT) u no ~ 10% cv™, nonyumm, uro sHavenmo n ~ 5-10% cu coorsercreyer I~ 7000 K. I'py-
60CTH OUCHKH HE JOJDKHA CMYIIATh, T.K. MOTBITKH YYETA TAKHX (JAKTOPOB, KAK YMCHBIICHHE MOXBIDKHOCTH C
POCTOM TEMNDCPATYPBL, BIAMAHHUE JJICKTPOH-INCKTPOHHOTO PACCEAHMS, PEANbHAS IVIOTHOCTD COCTONHHIN | T.1.,
MOTYT TONBKO yBesmuHIs Tpebyembie sHavenns 7. Ilomyuenroe 3Havenme 7 COBEPIICHHO HEPEANBHO, T.K.
TEMIOEPATYPa MNABNSHUS azuna cepebpa ~ 523 K [2]. Caenoparensso, SKCHEPUMECHTANBHBIC 3HAYMEHHUS U B
TPCABIPEIBHOM COCTOSHMA OJHO3HAYHO HCKOMAKT TEMUIOBOH XaPAKTEP B3DHIBHOTO PA3NOMNEHHS H MOIYT
PaccMaTpHBATHCA, KAK MPAMOE SKCHCPHMCHTANBHOC JOKA3ATENLCTBO HEIHOTO XapakTepa Bpsma ATM.

3.3. KnHEeTHKA NpeaB3PHIBHON ONPOBOAHMOCTH

Ycranoprenre nenmHOro xapaxrepa sipsnisa ATM nenaer Becema AKTYAIILHBIM AHA/IM3 KHHCTHKM HA-
pacTasMs IPEIB3PEIBHOA NPOBOAMMOCTH, OTPAXAIOMEH KHHETHKY PasBHTHS UCHHOM PECaKUHH B3PHIBHOTO
pasnoxeHt (paspymenne ofpaszua B cayuae

0.6 a BBIXOJA CKOPOCTH PCAKIHMH HA IUIATO (puc. 26,
0,5 28) 00yCIOBNEHO TEM, YTO CKOPOCTh TEILIOBEI-
=04 OCNeHHUs TNPEBBILAET CKOPOCTH TEIIO0TBOAA
: [10], B oTaembHBIX ciyyasx HaGmonaeTCs pas-
‘%03 pymicHne ofpasua O BBIXOAA CKOPOCTH Ha
0,2 miaro [16}]).
01 Ipocreitumiit BapHAaHT KONHYECTBEHHOTO
0 Ly ONHCAHAA KMHETHKH THIA DHC. 2B ~ CIEAyIO-
0 100 200 300 400 500 LICC YPABHCHHC!
1 6 47 en—pon?; @
g dr
; FAC 1 - KOHUEHTPAIUS ABIPOK (3JICKTPOHOB).
2:0)5 Pemenne ypaBrenna (2) npe HasamsHOM
S yenosey n{ly) = n,
_ exploc- (£ ~1,)) .
n(t) = — 55 3)
9 M, -(exp(oc-(t—to))~l)+nﬂ
0 20 40 60 80 100 120 GLEC

FAC Ny - KOHLICHTPAWHSA HA IUIATO, Iy, My - MO-
MCHT BPEMCHH ¥ KOHLUCHTPALUA, HPH KOTOPBIX
B IPOBONMMOCTE JOCTUTAET HANE/KHO H3MEpse-
MOH BemmmEbL Benmuuea n Ha puc. 28 BbI-
HHCIICTCA U3 COOTHOLICHMA O = ey, OpH
sHaveHmn 1~ 10 oM’s'c! [7). Ioguepkuem,
HTO IAPAMETPBE fy, My, M., BXOmAmmE B (3) Oe-
PYTCA HEDOCPEICTBEHHO M3 3KCICPHMEHTAIb-
HOH KpuBOH H €MHCTBCHHBIM HOTOHOMHBIM
HapaMeTPOM ABIMETCH Bexmymua o, Jlas Bcex
HCCIIEOBAHHBIX 0OPA3IOB ¢ JEXKHT B HHIEPBA-
ne 10%+ 10° ¢7, B - 107! + 1072 v,
Xopomas anmpoKCHMAlMA IKCIEPHMEH-
TANBHBIX . KDHBBIX (PHC. 2B) BBIpKCHHEM (3)
CTaBHT NIOJ COMHEHHS OOIEHpHHATYIO [2.5]
(HO HEOOKA3aHHYIO!) TOUKY 3penms 0 GuMoie-

40 60 120t He

80

4] 20 100

Puc. 2. Kunetuxa B3pbisHol NpOBOIMMOCTH HHTEBHINMLIX KpH-
craior AgN;.
2 — [I0/IHAs OCHH/LIONPAMMA TOKOBOTO HMITY/IhCa }
6 ~ HaYATBHBIE Y4ACTOK HMITY/IbCA B3pHiB8HOM MPOBOAMMO-
CTH {MIPeAB3PLIBHAA IPOBOUMOCTS), 1 ~ IPOBOAHMOCTS, 2 — Hepel-
HHi QPOHT AKYCTHIECKOTO CHTHAA,
B ~ aNMIPOKCHMAIIMS KMHETHKY Bhipakernem (3).

Cutoninas MHES — packer no (3),

Touxs - 2uateHns n, paCCYHTAHNbIE 10 DKCTIEPHMSHTANLHbIM
sHAgeHHIM 0 (0 = ey, j = 10 oM™B ¢ ).

fo, g — MOMEHT BPEMEHH H KOHUSHTPALHS, COOTBETCTBYIO-
IHE TOABJICHAIO HA/IEMHO PEIHCTPRPYEMOTO TOKOROTO CHIHANA.

KYNAPHOM XapakTepe OCHOBHOH 3K30TEPMEMC-
CKOH peakumm pasznoxenus ATM. Jeiicrsu-
TCILHO, HPOCTCHIAR TPAKTOBKA ypaBHEHHS (2),
PCIICHACM KOTOPOTO ABJACTCA BRIpaXKeHue (3),
TAKOBA: PA3BHTHC (BETBICHHUC) LCHH OIPEALIII-
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eTCA MOHOMOEKYILPHBIM HPOLECCOM (01'77), @ 0OPBIB — OMMOICKYIAPHBIM (Br).

JUt BIIBYOKEHHS PA3yMHOH THTIOTE3bI O MPHPOZIE COOTBCTCTBYIOLIMX NPOLCCCOB rerecoodpasHo opo-
AHAJIM3UPOBATE 3KCTIEPHMEHTAIBHBIC 3EAUCHAS O ~ 108 +10° ¢’ p~ 10" + 107 em®-¢”. TIpome Hauats ¢
B = vS,. 1O U - TEIUIOBAS CKOPOCTH BJICKTPOHA (mbIpKH), S, - CCUSHHME NpoUecca, 00yCIaBIMBAKOIIETO o0psiB
e, Tlpu o ~ 107 e ¢!, S, = 107% - 1077 om”. Taxste 3HAUCHI XaPaKTCPHBL [1% NPOLCCCOB HENPAMOH
MesK30HHOH pexomGunammy [17]. To ecTe mpocTeiinas TPaKTOBKA BUMOAEKYISPHOTO 00PhIBA LLIH By -
MEK30HHAS PEKOMOHBALEA 3ACKTPOHOE ¥ IBIPOK.

TTpocTeiiuas HHTCPIPETALMS JIMHCHHOTO PA3BUTHA LCTH (o) - 3aXBAT ABIPKA HA TOUEUHOM JedexTe.
B srom cayuae o = 0°Sp N, TAE U - TENN0Bas CKOPOCTS, S; - ceuenne 3axsara, N - KOHICHTpauus ae(ex-
top. llpu
v~ 107 emc!, N~ 10" oM™ (00brHAS KOHLUCHTPALHA KATHOHHBIX BAKAHCHI B HUTCBHAHBIX KpHCTAJIAX
asmma cepebpa) HoydaeM Sy ~ 10" cM®, T.e. XApaKTCPHOE 3HAYESHHE CCUCHHA 3aXBATA HA NPHTAIMBAXOMIMI
menTp [18]. Taxum o6paszoM, PA3BHTHE LEIHA MOKET OBITH CBS3AHO C 3aXBATOM HBIPKH HA KATHOHHYH) BAKAH-
CHIO (HPHTATUBAICINKH LEHTD).

CrienoBaTeIbHO, NOTYMEHHBIC PE3yJabTaThl NO3BOJLIOT BHLIBHHYTH, KaX HAM NPEACTABIACTCA, QOCTA-
To4HO OBOCHOBAHHYIO THIIOTE3Y. Pa3BHTHE LCIHOH PCAKIHH B3PBIBHOTO PAa3lOKCHMS ATM ompenensercs
MOHOMOJICKYJIPHBIM IPOLECCOM 3aXBATA ABIPOK HA KATHOHHBIE BAKAHCHM, 4 o0psiB - OMMONEKYILIPHON
MEKIOHHOH pexoMOMHALHEH 3JICKTPOHOB H JBIPOK.

1 : 4. BipolBHOE CBEUYCHHE
. oe Il dopMa CBETOBOTO HMITYJILCA, CONPOBO-
208 | WAAKMEro  B3peBHOC  pasnoxenue ATM
g 04 | (puc. 3), HanomuBaeT (POPMy TOKOBOIO HM-
a nyisca (puc. 2a) ¥ HABOJMT HA MBICIB, MTO
T o2 i 3TO CBEYEHHME COCTOMT M3 ABYX KOMIIOHCHTOB!
j‘ 1, HO cecueHue 00pasiua A0 B3psBA (MEPBBIH Max-
0 100 200 300 400 500 600 700 800 900 CHMYM) H CBEMCHWC MPOJYKIOB B3phiBa (TIO-

cnenyromee Hapacrague). Bo BCAKOM CIyuae,
Y4CTh CBCUCHHAA, OIEPECKAXOIUAA MOABJICHUS
AKYCTHYECKOTO CHrHana (pHC. 3), HECOMHEH-
HO OTHOCHTCH K HEPa3pyIIECHHOMY oOpasuy u
MMKET ObITh HACHTH(UUMPOBAHA KAK Tpen-
B3PBIBHOE CBSHUCHHE.

Puc. 3. I(sueTHKA B3PHIBHOIO CBE4CHHA HHTSBHIHBIX
kpucTamios AgNs
(.= 550 HM, HHHIHAPOBAHAS HMIIYJILCOM J1a3epa, KPHCTAIL] 3aKpelIeH
Ha BXOJ{HOM OKHS aKyCTHYeCKOro [aTUHKa), CIUIOUIHAS JTMHUA — CBETO-
BOJ CHI'HAJ, TIYHKTHP ~ TepeJHMH (POHT AKYCTHIECKOTO CHTHATIA).

4.1. Mpens3psiBHas JIOMHHCCHCHIMSA H CBEYEeHUHE NPOAYKTOB B3PHEIBA

Ha puc. 4 npuBeseHo nzobpaxerue Ha skpane (oroxponorpada PIP (30l MorpaMMa) pasBEPHYTHIX

BO BPEMEHH CIEKTPOB B3PHIBHOTO CBEucHMA Makpoxpucraana AgNs. Ha sroit 0IMorpamme OTHCTIHBO Bbi-
JEIOTCA B PA3IMHMHBIX IO CBOEH
: || DpupOJC THMNA CBEMEHMS BHAYANC M-
.~ ' §l& || poxomomocHoe ceeucHue ofpasua H
' . { | 3areM JHHEHYATOS CBCUCHHE IUIA3MEL,
. BOBHHKAIOIICH B PE3yABLTATE B3PHIBA.

B crnexrpax miasMsl, obpasyro-
melica B pesynsrare B3psiBa ATM,
WACHTRQOUUUPYIOTCS [HMHHH METalIoB
{cepebpo, Tajmui, CBHHEL) M HCKOTO-
peie muHuH asora [19] (rabn 1). Bo
peex ATM wabmopmaercs Tarke He-
HACHTHOUIUPOBAHHAS JIMHIA B PAHOHE
770 M.

Haubonplumi HHTEPEC A4 Hac
7 . S | mpencTaB/AeT IIHPOKOIONOCHOS CBC-
Puc. 4. zobpaxenne cnextpa (D0Torpamma) B3peIBHOIO CBEUCHHA 1ICHHE (pI/IC. 5). Cpexrp 310TO CBEYE-

MakpokpucTaiia AgN; Ba skpase doroxpororpada. pos (Mam XoTs OBl 4acTh €ro) He yha-

a) — 06J1acTh NPeBAPLIBHOIO CBEYSHIS, o
6) - ofnacTs CBeYCHHS PORYKTOB B3DbIBA. €1C4 omucaTe (I)OpMyHOH Hnanka, 4ro
OcH A § t H0KA36{BAIOT HATIPARJCHAS POCTA AJIMH BOJH M BpEMeHH N0 oK~  CBHICTENBCTBYET O Cro  HCICIUIOBOM
xapaxrTepe.

pary
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Haenrnduranus JTHERE B CHEKTPAX CBEYeHHSI HPOXYKTOB pasiomenns ATM.

Matepran Ne noJiochbl Jlamus B cuekTpe, HM Unenrudukamus
AgN; 1 523 Ag (521 um)
2 548 Ag (546,5 um)
3 595 N* (594 um)
4 769 Jluams ve npeHTROUIMpOBanA
5 834 N (822 um)
PbNs 1 505 N (505 um)
2 523 Jlunns ne upenTadHOEpoBana
3 592 N (593 am)
4 679 N (672 vm)
5 724 Pb (722 um)
6 773 Jluaus pe upenTHGUNHpOBaa
7 828 N (822 um)
TIN; 1 532 T1(535,046 um)
2 588 N" (593,179+594,167)
3 651 TI (654,977 um)
4 747 Jlauus ne uaenTndunuporana
5 815 N (818,816 um)
6 870 JIMHHS He HASHTH(PHIHpPOBANA

3TOT BBHIBOA MNOATBEPIKIACTCA TAKOKE KAYCCTBEHHBIM XAPAKTEPOM CIIEKTpa (0COBCHHO Ui a3mma
tawms!) (puc. 5) U XapakTepoM KHMHETHKM (CIaJ, MHTCHCHBHOCTH CHTHANA TIEPE] MOSBICHHEM CIexTpa
miasMel (puc. 4)). Bee 370 no3somser yBEpPeHHO MICHTH(MUMPOBATE NPEIB3PHIBHOC CBEUCHME, KAK npen-

B3PHIBHYIO THOMHHECHEHINO [19-21]).

OctaHOBUMCS HA HEKOTOPBIX CBOUCTBAX 3TOH JIOMHUHCCHCHIHH, CYIOCCTBCHHBIX AL NMOHUMAHYA ee

1,25 [

a)
Lt
So75 |
> 05
=z
0,25
0 E,»B
1.2 1.4 1.6 1,8 2 2,2 2.4
1r 6)
.0.75
g
Eos
£
Zoas b
E,»B
0 ;
1.2 14 1.6 1.8 2 2,2
i
B)
0,75
5
: 0,5
Z 0,25 \
E, sB
0
L2 1,4 1,6 1,8 2 2,2 2,4

Puc. S, Criex1ps! DpeasspbisHoi romManecnednua ATM,
a—AgNs, 6~—Pb(N;),, B~ TIN;.

OPUPOIB! H MEXAHH3MA B3PEIBHOTO PA3N0-
JKCHHA B LCIOM.

1. KoporkoBonHOBas Tpanmma 3Toi
JIEOMHHECHCRIMH BO BCEX COBCKTAX NEXKHT
B ofxacta npo3payusocTy. Iloneitkn obHa-
pyxerus 6osiec KOPOTKOBOIHOBOTO CBEYE-
HHS C HCHOJIB30BaHHCM O0JCe¢ 4yBCTBH-
TENBHOM ANMAPATYPHI HE HPHBCIN K YCUEXy
[3.4,16]. Otor pesyabrar mnossojIer B
AATbHEHIIEM HCICIFOMHTD H3 PACCMOTPCHESA
BO3MOMHBIX MEXaHH3IMOB  PA3MEOKEHUA
JBIPOK IPOTIECC (POTOPAMHOKEHHS, 00Cy-
KpaeMmsit B [5].

2. 3HavuTespHAS HACTB  CTIEKTpa
TPEABSPRIBHON JIFOMHHCCUCHIMA COOTBET-
CTBYCT OJHEPrusaM (POTOHOB, MNPEBBILAK-
LHM TEPMUYECKYH) IIMPHHY 3aIpeIieHHO
30861 ATM (~1 - 1,5 3B [15]). Cnenosa-
TCILHG, MBI HMEEM JCNO C Topsuei mroMu-
HecueHimer [22]. 3ro yrBepkneHue sBas-
CTCA CTPOTHM LIS HACTH CTIEKTpa ¢ ho>F.
Has wactu cnexrpa ¢ ho < E, 910 ssiserca
NPEATIONOKEHHEM, JOBOIBI B TOJB3Y KOTO-
poro OyAyT HpHBEICHB! NPH OBCYKACHHH
MOAECTH NPEAB3PHBHON TIOMEHECHCHIHA,

3. CHHXPOHHbBIC H3MEPEHUA OpEi-
B3PLIBHBIX TIPOBOJMMOCTH H JIOMHHCCUEH-
IHH IOKA3BIBAIOT, HTO 3TA JHOMHHECIEHIHA
Habmonaercss B 00JaCTH OYEHb BHICOKHX
KOHUEHTPALUMH 30HHBIX HOCHTCJICH 3apsaga
(~ 10% em™) [13,16). Vike npu 3HAUHTEND-
HO MCHBINMX KOHIEHTPALMSX HAOIOAAIOT-
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¢s1 OBBIMEO 3DPEKTHI HACHITEHNS JEOMIHECIICHIHH, CBASARKCH C nedexranu [22].

ak HaroMypM, 4TO KOHICH-

83280

Tpauwst TpEMecei B HCXOMHBIX ofpasnax He HpesbImacT 107 cm™). Kpome TOro, IpH TAKHX KOHICHTPAIIX
CTAHOBATCS CYMECTBSHHBIMH MPOLECCH! NOTIOMCHIA 30HHBIMH gocuTemsvu 3apana [22]. Tlpaxruaecku 6ec-
CTPYKTYPHOE TPEIB3PHIBHOC IOTTOMCHHE B azume cepedpa SKCHEPHMCHTAIbHO mabmopanoch B [23]. Becema
BEPOSTHO, YTO CIaj HHTCHCHBHOCTH [PCSAB3PHIBHON JTFOMMHECLEHLEH [EPE/ TOSBICHHEM CBCHCHIA TUIA3MBI
(puc. 4) 0ByCOBICH MPOLECCAMH peabeopOis. D10 MPEINON0KCHAC GyzeT A0Ka3aHo B pasaeine 4.2.

4. B [2] 6bUT0 MOKA3AHO, YTO NEPEH MEXAHHICCKHAM paspymenreM 00paser YaCTHHHO TIABHTCA. Crie-
[AOBATEIBHO, NPEAB3PHEIBHAAL JIOMHHCCIUCHIHA pabmogaerca mpu TeMmmeparypax OMM3KHX K TEMICPaType
IABICHUA, TIPH KOTOPBIX OOBIYHO TFOMHUBCCICHIHA NOTYIICHA [18,22].

4.7 KuHeTHKa NPEAB3PHIBHOUH NIOMHUHSCUCHLUH

KuseTvKa perHCTPUPYEMOro CHIrHaia TIpEAB3PHIBHOM JTFOMHHECUCHIMH (PHC. 3) He OTPAKACT HCTHHHON
KHHETHKH 3TOH HOMHHECHEHIMH U, TeM 00jiee, KMBCTHKH B3PHIBHOTO PA3JIOKCHUA. 3710 CBA3AHO CO Cre-

AVIOmUME 00CTOATEBCTBAMA.

1. McTunHAas KMHETHKA JFOMEHCCUEHLHM HCKDKACTCA DPOLCCCaMHu peabcopOLHH.

2. Heoguopoauoe BO30Y)KICHHE MAKPOOOPA3UOB, MCTIOIB3YCMBIX B PIAC OIBITOB, MOKET MPHBECTH K
TOMY, YTO Ha (YHIAMEHTAUIBHYIO KHHETHKY HemHoH  peaxuuu GyAeT HAKIAABIBATECA KHHCTHKA pacnpocrpa-
HEHHA PCAKIMOHHOR 06/1acTH 1o 06pasiy (ACTOHAIMOHHAA BOHA).

JInA MCKIOMCHIS BITMAHMA 3THX (Jaxropos OBLIH MPOBEACHB! YKCIIEPHMEHTE! 110 CHHXPOHHOMY H3MC~
DEHMIO TPE/(B3PHIBHOM MOMHHECUCHIMH 1 TOTIOMICHHA HUTCBHHBIX KPHCTAJUIOB a3uAa cepefpa mpH WHH-
[HHPOBAHUE JA3EPHBEIM HMITyIbCOM (, = 1064 am). Mcnons3osaHue Taxoro BO3OYKACHUS H HHTCBHIHBIX

11, oTH.e, P D_ LS
”~ 11
! 7
/
- 105
- -
i g / i 3 'y i i
0 0
0 25 50 75 100 125 150 t we
1, orr.en.
I —
1,5
1
0,5
.Io..,.._ ¢
-7 i 1. HC
0
0 25 50 75 100 125 150

Puc. 6. Kusernxa npefB3pbIBHOH JEOMUHECUEHIME HUTEBUIHOTO KpH-
crania a3ma cepebpa npa A = 550 rm. (VHHIHEPOBAHHE HMITY/ILCOM Jlasepa)
a — JIOMHWHECHSHTHBIH CHIHAJ (CIUIOMHAL JIMHHA) H OUTHIECKOES
poronmeHHe (ITyHKTHP).
6 — KUHEeTHKA JIOMHHECHEHLHE ¢ yaeTom peabcopOumn
ITyHKTHp —~ pacyeT N0 KCHCPHMEHTATBHBIM 3HAYCHIAM JHOMHHECHOHT-
HOrO CHIHAJIA M OLTHYECKOH [UIOTHOCTH 10 BhIpaeHHIo (4), CILTOIIHAS JTHHHS
— pacder no BhIPAXEHHIO (6), fp — MOMEHT BPSMEHE IIPH KOTOPOM JIOMHHEC-
HeHTHBIA CHrHAJ JOCTHTAET HA/ICKHO PErHCTPUPYEMOFO 3HAUCHHS [p.

d7

KPHCTAJUIOB TO3BO/IMJIO, KAK U NPH M3Me-
pEHMAX MPEAB3PHIBHOH  NMPOBOJUMOCTH,
0BecTe HTs OMHOPOJHOCTE BO30YKICHH
M, TEM CAMBIM, UCKTIOUMTE BIMAHHC JCTO-
HAIMOHHLIX mpoueccoB. CHHXPOHHOE Ke
H3MEpPEHHE JIFOMHUHCCICHIMH H TOIJIoLIe-
HEs (Ha OZHOYW JUTHHE BOMHSI!) HO3BONHAO
YYECTh HMCKAKCHHE KHHETHKM JFOMHHEC-
HEHTHOTO CHTHAJNA 3a cyeT peabcopOuu,
T.¢. NOAYyMHTb UCTUHHYFO KHHETHKY I0-
MHAHECUEHINH (pHC. 6).

Vuer peabcopbumm  OCYIECTBILICS
HpH FOMOINH BRIpaxeuns [24]

1)=1,0)-D6)-(1 -exp(-DE) " @

rae I{f) — perucrpupyeMas HHTCHCHB-
HOCTh JTFOMHHECUCHIHMM (JIFOMUHCCHCHT-
HBIM curaan), D(f) — onTHYECKas ILIOT-
HOCTH 00pasua.

Okasanoce, YI0 MCOPABICHHAA Ha
peabeopOInno KHHETHRA JHOMUHCCIUCHIHH
OpeAcTaBIseT Co0OH KPHBYIO, BBIXOIA-
HIyHO Ha 11ato (puc. 60) ¥ OYeHb HAOMH-
HAET KHHETUKY HPCIB3PBIBHOK IPOBOIM-
MocT# (puc. 2). DTO CXOACTBO OKA3aJ0Ch
HE TOABKO BHemrHEM. McppapsieHHas K-
HETHKA TIOMUHCCHEHIHUH, KAK M B CJIy4ac
MpeAB3PHIBHON MPOBOIHMOCTH (pHC. 2),
XOPOILO  ANIPOKCHMHUPYETCH  PEIICHHEM
YpaBHCHUA

R ®)

dt
HMEFOTIMM BHIL

exp(o- (= 1,)

1(t) =
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The fp - MOMCHT BPCMCHM, HPH KOTOPOM BETMYMHA /(I) JOCTHTACT HAACKHO M3MEPHMOIO 3HAMCHHS Iy, 1o -
3HauCHHE /(f) Ha WIATO. 3HAMEHWE KOHCTAHTHI o B (5, 6), KaK M B CIIyYaE OPEIB3PHIBHON HPOBOAUMOCTH, JIe-
KT JJI PA3IM4YHbIX 06pa3snos B uareppane o = 10° + 10° ¢

CoBnaJieRue KHHETHK HPEIB3PHBHEIX NPOBOJMMOCTH M JEOMHHCCLUCHIINH, KAK HAM MPEACTABIACTCA,
ABJACTCA BECEMA BAKHBIM (JAKTOM H CBHJCTEIBCTBYET O TOM, YTO OHH OTPAYKAKOT KMHETHKY (dyHaaMeHTA B~
HOr0 MPONECCA - MPOLECCA B3PHIBHOTO PA3NOKECHHA. ITO 0GCTOATENBCTBO HEOOXOAUMO YUECTh HPH MOCTPOC-
HHH MOZEIH NPEAB3PHIBHON JHOMHHECHEHIHHN U B3PHIBHOTO PA3IOKEHHA B LICIOM,

4.3. Mopaens NPEAB3PHBHON NIOMHHOCHCHIUMHK

CaoiicTra npeaB3pHIBHON TOMHHCCIEHLIH IO3BOISIOT JOCTATOYHO CHIIEHO OrPaHUYHTE KPYT BO3ZMOXNK-
HBIX MOJCHEH 3TOTC ABJICHUA,

Hpexae Beero, yenosne hoy > E, u OTCYTCTBHE TEMUEPATYPHOTO TYIIGHHS 3TOM JIHOMUHCCLCHIUY [10-
3BOJLIOT UCKJIFOHKTS M3 PACCMOTPEHHS BCE BHbI JEOMHHECLEHIMH, CBA3AHHBIC C NOKATHHBIMH LCHTPAME
[18,22].

ConocrasieHHe CHEKTPOB INPEAB3PHIBHOM JIIOMHHECHCHUHA C JAHHBIMH IO 30HHOMN CTpYKTYpE
[15,23,25] no3BOMACT TaKKE HCKTOHHTh TAKHE BHIBI (PYHIAMEHTATBHON JFOMHHCCUCHIMM, KAK Kpaesas,
3KCHTOHHAA H KPOCC - JBoMHHEecueHIms [ 18,22 26].

Taxsm 00pasom, H3 BCEX M3BECTHBIX THIOB JHOMHHECHEHIMH TBEPIBIX TE A/ OBCYKIACHHA OCTACTCA
TOIBKO BHYTPH3OHHAS JEOMMHECHCHIMA, OOYCIOBICHHAS M3Ty4ATCABHBIME NEPEXOAAMH TOPSUHX JICKTPO-
HOB H ZBIPOK BHYTPH 30HB! IPOBOAMMOCTH MM BAJICHTHOH 30HBL, COOTBETCTBEHHO {22,27]. Ompako, HaM He
YAQJIOCh NOJY4HTE CKOIBKO-HHOYIb PA3yMHOM KODPEMAIMA MEXIy 30HHOH CTPYKTYpoOi HCCIICAYEMBIX 00BEK~
TOB H CHCKTPAMH TPEIB3PBIBHON JTIOMUHECUECHINH, YTO ABISETCA OHEM W3 OCHOBHBIX METOJOB AAeHTURH~
KAIHH BHYTPM30HHOM OMUHECHeHIMN [27].

CoBcem muas KapTHHA MOJTYYAETCA, ECIM IPETIONOKUTh HAIMYKE B BAJICHTHOMN 30HE KBA3HIOKAIbHELX
merpounsix coctosauit (KJIC). Tpu nomemernu yposrs KJIC B rmyGune BANCHTHOMH 30Hb Ha paccrosuun 3,2
3B or BepmmHEI BANCHTHOM 30HBI B A3W/C cepebpa, Ha 3,4 3B - azune Tamwma u Ha 3,6 3B B asuze cauma,
HaDIOACTCA OTYCT/IMBAS KOPPE/AIMA B IONOKEHMAX MAKCHMYMOB JIOMHHECUCHIINY H IHKOB ILIOTHOCTH
cocrosmui (puc. 7). (Koppensuma B HHTCHCHBHOCTAX MUKOB MIOMMHCCHCHIMH H IIOTHOCTH COCTOSHME MO~
JKET M HE HAOMOAATECH, T. K. HHTCHCHBHOCTS JHOMUHECHUEHIME 3aBHCHT TAIOKS OT BEPOATHOCTEH IEPEXO0B.)
TTombITKH 3K TIOTYHTE AHANOTHYHYI0 KOPPEIULHIO MPH NOMCIICHHAN yposua KJIC B 30HY npoBOAMMOCTH He
YBCHHUAJHCH YCIEXOM.

AgN; vomen TN Pb(N;);

0 os . 0 0.5 1 o 0 1
ey By o777 " " " BB 7N E,, 3B

Ny, OTH. e]f. Ni, OTH. e

",

Ne/ “""."'-u;’ .
7 7 p
/ // // /0 / ;\);5 1
/ y; / “e Ny, OTH. €1, : 0
/ / // .f Na, on. en. 0, 0.5 1
/ S ! . ! - Ny, ot en.
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Puc. 7. ConocTarnenue CliekTpoB IPEB3PLIBROM OMHEHECHIEHIHI (a) M WIOTHOCTH COCTOSHNH B BaneHTHOH 30HE (6)
Uit a3U08 cepedpa, TAJUTHS ¥ CBHHILA.
Ly v Ny ~ mixana juist IUIOTHOCTH COCTOSH,
Eyu N, — mKana Auis cniexIpa NpeiB3phisHol JTIOMUHECHSHIIEH,
Ey — nosoxenHe KBasHIOKAILHOIO YPOBHS, COOTBETCTBYION[GE HAITyHIIel KOPPeNsMH MAKCHMYMOB CreKTpa npef-
B3PLIBHOH IOMHHECHEHIMH H IUIOTHOCTH COCTOSHHI.
CrpesikaMy NOKa3aHbl ONTHYECKHS HEPEXOHI HISKTPOHOR BATCHTHOMH 20Hb! B KBASHIOKAIBHOE COCTONHHE,
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Bce BHINCA3I0KEHHOE, NOFBOIIET HAM TPEATOKATS B KAHCCTBC MOASHH HPEeABIPHIBHO
1M BHYPTA30HHBIE H3Y4ATEIIbHBIC NCPEXOIEE 37EKTPOHOB BAJCHTHOH 30HBI B KBASHIOKANBHBIC JIBIPOYHBIE
COCTOSHHEA, PACHONOXKCHHBIC B rayOuHe BACHTHOR 30Hb! (PHC. 7). T.K. BpeMs >KH3HU AbIPKM B KJIC se mpe-
pemmaeT ~ 107 ¢ [28], TO 3TH COCTOSHHS AOJDKHBI HENPCPHIBHO TEHEPMPOBATECA B TIPOLECCE B3PHIBHOTO pa3-
JIOXKCHUSL.

B HacToAmee BpeMsi MBI HC BHIMM ANbTEPHATHBHOTO 06 BACHEHHA TIPEAB3PHIBHON JFOMUHCCUCHIIUH.
TIpennokeHHas MOACITh HCIPHHYKACHHO OGBACHAST BCE HAGIIOMACMBIE CBOHCTBA JTON JIEOMHHCCICHIUMH.
Cay4a#HOCTh KOPpPEILH HONOKEHII MAKCHMYMOB JHOMHHCCUEHIMU A TPEX 00BekTOB (2 MAKCHMyMa B
asuaax cepebpa U CBHHUA ¥ 4 B a3U1C Tayumms!) IPeaCTaBIIeTCs KpaiHe manosepostrHoil. TlosToMy MBI CHH-
TacM AIEKBATHOCTh MPEIOKEHHOH MOJIEIM €CIH HE HpPIMO JIOKA3AHHOM, TO, BO BCSKOM CIIy4ae, B BBICOKOH
CTETIEHH BOPOATHOM. ’

Creayer coenarh €me OJHO OHCHbL BHKHOC AU nanpHeHIero 3aMeuanue. Jlenoxamusamus ABIPOK A3
KJIC npHBOZHT K MOSBICHHIO TOPSHIX ABIPOK, KOTOPHIC B pesyipTaTe yaapHOH HOHM3ALME MOTYT obecne-
YHTH PA3MHOKCHHE ABIPOK {18], 1, CHEAOBATEIILHO, PA3BHTHC HETHOH PeaKiHH.

S, Mojaedab B3IPLIBHOIO pPa3jjoxenus ATM

ChopMyIHpyeM OCHOBHBIC IOJIMKEHHS, KOTOPHIC JODKHBI GBITH TONOKEHBI B OCHOBY MOJEIH B3DbIB-
HOTO PA3IOKCHHA.

1. DECHEPUMEHTAIBHO JOKA3AH HCIHON XapaxTep B3PBIBHOIO Pa3IOKCHIA (pasz. 3.2). Kuueruxa pas-
OSKEHHS ONHCHIBACTCA B MPE/IIOTIOKEHHH O JIMHCHHOM PAsBHTHH LCTH A KBapaTHYHOM OOpBIBC (pasieisi
33u4.2).

2. DKCIEPMMEHTAIBHEIC OLICHKA BE/TIHH ceyeHui (pasa. 3.3) MO3BOJLIOT CUMTATH, UTO BETBICHUC 11C
1% (PA3MHOKEHUE JTHIPOK) ONPCCIUIETCA 3aXBATOM JBIPOK Ha KATHOHHYI0 BAKAHCHIO, OOPBIB - HENPSIMOH
MEK30HHOH peKOMOHHAIMEH,

3. QOTOPA3MHOKEHHE ABIPOK HE BHOCHT CYIICCTBECHHOIO priana B passurue uermn. OCHOBHOH Mexa-
HW3M DA3MHOSKEHHA JIBIPOK - YAAPHAA HOHM3ALMA FOPTIMMH JBIPKAMH, 0Bpa3yIOIMHECA [PH ASIOKaHA3a-
waw w3 KJIC (pasz. 4.1, 4.2)

4. Tlenmas peaxipgni Pa3IoKEHNA ATM He HPHBONT K 00pa30BaBMIO B KPHCTAJIIC MONCKYMPHOTO 430~
T2 [3,6,7]

TH, IKCICPUMEHTAIBHO 0OOCHOBAHHBIC, TOJOMKCHUA MO3BOIIHOT copMyIHPOBATH OCHOBHBIC BOTPO-
CBI, HA KOTOpBIC (XOT# OBl HA yPOBHE paboueH FEOOTE3bi!) JOKHA JATE OTBCT HpeAiaracMast MOACIb.

1. B pesynbraTe KaKHX MPOLECCOB 3aXBAT ABIPKH HA KATHOHHYIO BAKAHCHIO MPUBOIUT K 0OPa30BAHMIO
axryamsaore KJIC?

2. Kak ofecneumBactCs BOCIPOH3BOJACTBO KATHOHHBIX BaxaHCHH (MM UEHTPOB, HX 3aMEHSMIOINUX) B
MPOLECCE PA3NOKEHILA, MTO ABJLICTCA HEOBXOIMMBIM YCIOBHEM SKCICPHMEHTATIBHO HAOIOIACMOr0 XIOCTOAH-
CTBA BCIMMHHBI ¢ B (2) TP H3MCHCHHH KOHICHTPAIMH 30HHBIX THIPOK B WHTCPBAJIC 10" +10% em™.

CxeMa TpeaiaracMoil MOHOILIPOUHOM MOJE/M 3BCHA LCTH (IPHEMEHUTEIBHO K a3uay cepedpa), yaos-
JIETBOPAIOMIAS BBHIIEH3I0KEHHOMY, NPHBEACHA HA PHC. 8. Ha 3T0M PHCYHKE MPHBEACHBI TOTHKO OCHOBHBIC
poneccHt, 00yCIABIMBAIOIME PA3BUTHC LISIH, 3AKAHIMBAIOIHECH oB6pa3oBaHueM TOPA4CH JBIPKH B BOCCTA-

v.+h _07cg @.N) +N; vagt 0% o @ N Ag) _107C o @ NoAg) +p7

JOKAnUIAHUR obpasveaiue KJIC denoxan3ajus,

S S S S S S S S eoccmanosnetie KIIC
7 L/

/////-740/4 / / /
L % %

Puc. 8. OCHOBHbIE HTATIB! IEITHOM PSAKITHH B3PbIBHOTO pasiokeHmsl AgN;

HOBJICHHEM JOKATHHOIO YPOBHS B 3aNPSCHHOH 30HC. XOPOWIO H3BECTHBIC HPOLECCHI yAAPHOH HOBU3ALMH
ropsrauMu ApIpkamu [18], MPUBOAIIKE K PA3MHOKCHHIO JBIPOK, U MEK30HHOH 3MEKTPOHHO-ABIPOYHOM pe-
xoMOuHAIY [22], TpUBOAMIHE K 0OpHIBY LCHH, ONMYIUCHHL, 4068l He yenokasarh pucynka. C 910l xe ue-
B0 HA PHCYHKE HE MOKA3AHBI M3/TyaTCIBHBIC NEPEXO/B!, OTBCTCTBCHHBIC 32 THOMBHECUSHIMIO, KOTOPHIC He
BIIHSEOT HA SHCPIETHKY Mpomecca. Bech paccMaTpHBaeMpii MPOLECT yaoOHO pa3aenuTh Ha 3 JTana.

1. JloKammsaIms ABIPKH HA KATHOHHOM Bakancuu (puc. 8).

[TapameTpsl, XapaKTEPU3YIONHE MPOUECT, NOMYHCHB! B PA3ACIC 3.2: 8~ 10™ ov’, T~ 107 ¢. Pesyns-
TA4T 3TOTO HTAna - NPCBPAIICHUE JEIOKATM30BAHHOTO COCTOAHMIA (30HHOM IBIPKH) B JIOKANM30BAHHBIN y Ka-
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THOHHOH BAKAHCHMHM PAJUKAJ, T.e. 00pa30BaHHE HEPABHOBECHOIO K1ACTEPA U/c,Ng ). TIOCKOMBKY ANMTEALHOCTE
3TOTO ATAaNd 3HAYMTEIBHO NMPEBBINACT JUTHTEIBHOCT HOCIICAYFOIEX ITAIOB, HMEHHO OH OIPEACICT KHHE-
THKY TIporecca. .

2. Obpazosarme KJIC B pe3yabrare peKoHCTpyKImHM xiacrepa (1, N;) IpH B3aMMOAEHCTBHH C COCEa-

HiMH HoHaMu Nz m Ag’,
MoxHO npezmonara"rb YTO TPONECC PEKOHCTPYKIMHA HAMHHACTCA C 06pa303aHm1 MOJIEKY IAPHOH CBSI3H

MEKIY PaIHKAIOM Ng, JOKAIM30BAHHBIM HA BAKAHCHY, ¥ COCCIHETO HOHA Ns (N3 +N; —> Nﬁ) 3rot mporecc
AHANOTHYEH XOPOLIO H3YMCHHOMY IPONECCY ABTOJOKAIM3ALMHA ABIPOK B MICIOYHOTAJOMIHBIX KPHCTAJIAX

o - -
(LI'K) [18,29]. (KBaHTOBO-XHMMHYECKME pacyeTs peakimu N3 + N3 — Ng A7 H30/JMPOBAHHBIX PALHKAIOR H

JAHHBIE TI0 SKCTICPHMCHTANBHOMY OOHAPYKEHMIO KOPOTKOMKHBYIIWX PAmuKanoB Ng B PacTBOPAX METOAOM
aMIyIBCHOTe (hoTomusa npuseacHs! B [30].) Oxnaxo B otmme ot HII'K, 3asepmenne 31oro npouecca pe-
KOHCTPYKUHMH OPHBOAHT, NO-BHEMMOMY, K “pa3Ma3shiBamino” BOTHOBOH (VHKIHE ABIPKH 1O KIACTEDY
(V..Ns,Ag). (Ananormuseni npouecc npoucxoaur B AgCl, B KOTOPOM aBTOIOKAIM30BAHHAA ABIPKA IPE-
crasiser cofoi kacrep (AgCly)* [31].

B Hacrosice BpeMs, K COMKAJICHHIO, OTCYTCTBYIOT PACHETHI, NO3BOMAIOMIHE XOTS Obl NPHOIH3HTEILHO
OLEHMTH SHEPIHUIO, BHIJC/UIOMYIOCA Ha 3ToM 3tane. OXHAKO, YUMTHIBAA, YTO PE3YABTHPYIOMIES COCTOAMHE

Om3Ko K Ng, H, OTIMPASICh HA PE3yABTATHL pacyeToB peakuuH (1) B [2], MOKHO JOCTATOYHO YBEPSHHO YTBEP-
JKIATH, YTO PACCMATPHBACMBIH HPOLECC ABJIAETCA 3K30TEpMHMECKHM. B 3TOM Crydae, paccyKaas aHAIOrHY-
HO [3,4], MO;KHO CHHTATH, MTO BBUICIICMAs SHCPTHA 3aNACACTCA B BUAC MOTCHIMANLHOH SHEPIHM JBIPKH B
KJIC (puc. 8).

Tny6wna storo KJIC, 10 JaHHBIM, TOAYYEHHBIM IPH HCCNCAOBAHMH MPEB3PHIBHON HOMHHECIICHIMH
(pasnen 4.3), cocrasmaer 3 - 3,5 5B, YMHOKHMB 3Ty BEIDMHHY HA YMCHO ABOTAIPO, MBI IOIYIMM HOJHYIO
JHEPTHIO, KOTOPAA JOIDKHA BBUIEAMTLCH NPH TOJHOM PA3JOKEHMH MOIA asHaa cepebpa B clyyae Crpasei-
JUBOCTH UpeIaraeMof Mojenn. Jta BemuumHa (~ 3 Jx/Mois) 6/B3Ka K 3KCICPHMEHTAIGHOMY 3HAYEHHIO
JHEPTOBBIACHCHUA IPH B3pBIBE [32], 4TO MOMXKHO PacCMAaTpHBATh B KAYECTBE JOBOJAA B NMONB3Y AJCKBATHOCTH
MOJCIH.

Taxum 00pa3om, B pe3ybTaTe PacCMaTPHBACMOrO 3Tana BosHuKact apipounoe KJIC (puc. 8), orsercr-
BCHHOC, B YaCTHOCTH, H 32 HPEAB3PEIBHYIO moMuHecncHmmro (paszen 4.3). Komnenrpamus srux KJIC, co-
TJIACHO TPCAIaTacMoi MOAEH, IPOTIOPHHUOHAIBPHA KOHUCHTPAIMH 30HHBIX JBIPOK, YTO U 00eCeuuBaeT CoR-
HAaJCHHC KHHETHK IIPEIB3PHIBHBIX IIPOBOJMMOCTH H EOMHHECHCHIHH. ClIefyeT TOMYEPKHYTh, YTO HOCKOIbLKY
BBIXOJ{ BHYTPH3OHHOH TIOMUHECIICHUMH He mpeBbimaer 10° [27], To oHa, ABIAACH yAOOHBIM HHIHKATOPOM
MPOLIECCA PA3I0KEHUS, HE BIMACT HA €ro OOMyI0 3HEPTETHKY.

Haubonce HHEPLHOHHBIM IPONECCOM HA PACCMATPHBAEMOM 3Talle SBISETCA CMEIECHHE TOKEIBIX yac-
THI[ B IIPOLICCCE PEKOHCTPYKIMH, T. €. AMHTENBHOCTS 3Tana cocrasmer ~ 107 ¢

3. Jenoxamm3anus ek (puc. 8).

Bpems susan gepok B KJIC ofbraE0 He mpeBsmacT ~ 10 ¢ [28]. Ilpu memoxanmzanmy JBIPKE BO3-
HUKACT TOPSYAT 30HHAS AbIpKa ¢ 3Hepruedt 3 + 3,5 3B. D10T nponece MOXKHO paccMaTpUBaTh, KaK IEPExXo
NOTEHIMANLHON SHEpTHHU JbIpKH B KJIC B KHHETHUECKYIO SHEPTHIO ropsyel aeipkn. Takum o6pasoM BO3HU-
KAIOT TOP#Hue ABIPKH C SHEPrUEH, 3HAUMTENBHO MPEBRIIIAIIICH MHMPHHY 3anpemensHoi 30us1 ATM (1 - 1,5
3B [11]). PazmeH 3ToH# 3HEPr#M HACT 1O ABYM KAHAJIAM: YAAPHAS HOHH3ALIA, NPHBOAAMASL K PA3MHOKCHHIO
30HHBIX JBIPOK H JCKTPOHOB, M 3MHCCHS (JOHOHOB, MPHBOAMIIAA K Harpesy obpasna, HO He obecneumsaro-
mas PA3MHOKEHHA.

CornacHo CymMECTBYXOIEM HpeAcTasicHuaM [18], mpw sHeprmaX JBIPKH BHONEC HOPOTOBOH, KOTOpas
0OBIMHO HE3HAYMTCIBPHO MPCBHINACT E,, BEPOATHOCTh YAAPHOH HOHM3AUMH OMM3Ka Kk exunmue. TepMansa-
Iys 32 CHeT 3MHCCHH (JOHOHOB CTaHOBHICH Npeob/1afar0med NpH SHEPTHSX HIDKE moporosoi. IIpmvenn-
TEIBHO K PACCMATPHBAEMOH CXEME 3TO 03HAUAET, YTO BEPOATHOCTH YIAPHOH MOHM3AIMH UM JBIPOK, HEIOKA-
musyromuxcsa u3 KJIC, oxaseiaetcs Onu3Kkoi K MUHMIE, T.€. KAKIOC 3BCHO HCHM 00CCICHUBACT YIBOSHHE
KOJMYECTBA JBIPOK HIMH, NOAB3YSACh PEAKTOPHOH TEPMHUHOIOrHEH, KO3 HIMEHT Pa3MHOKCHNA ABIPOK PABCH
2. Harpes xe o0pa3ua OCyIIEecTBIIETCA 3a CHET IMUCCHH (DOHOHOB IIPH TEPMAH3ALMHU ABIPOK H 3JEKTPOHOB,
SHEPIHA KOTOPBIX HAKAET HIDKE MOPOTOBOK.

Bosuukaer MpHHIMOMAIBHBIH BOHPOC: YTO MPOHCXOJMT C JIOKANBHBIM IHKOM IUIOTHOCTH COCTOSHUIA,
cooreercreyrontuM KJIC no menoxanmsanuy apipkd. JpyruMH ClIOBAMH, TS OKAXKCTCA YPOBEHB, COOTBEICT-
pyromuif xnacrepy (V,,Ns, Ag) (puc. 8). Ilpexxae Bcero, o6paruM BHAMAHME HA TO, 470 Kmactep (V,,Ng, Ag),
obecrreunsaronmuit Haynraue KJIC B riyOune BaneHTHON 30HBI, HEHTpANeH OTHOCHTEIRHO pemerky. Kiacrep
#e(V,,Ne,Ag)", BOZHEKINHI B PE3y/IbTaTe JENOKaIHM3anuy, 00/1a)aeT OTHOCHTEIBHO PEIIETKH CIHHHYHBIM
OTPHIATEIBHBIM 3aPSIoM, T.€. 3apAL4 3TOr0 KIACTepa CORNANACT C 3apAIoM KATHOHHOH BakaHcHH. Kak mpa-
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BHJIO, TIOTIOMKCHHUE SHEPTETHUECKOTO YPOBHI Ae(exra s 30HHON CXEME B PINAIONICH CTCTCHH ONPEACACTCA
ero 3apagoM [29]. Tlostomy © NOCTATOYHOH CTENEHBIO YBEPEHHOCTH MOXKHO CHHTATh, YTO MONOKCHHC yDOBHA
xacrepa He 6yJeT CHIBHO OTIHYATHCA OT NOJOMKCHHS YPOBHA HexoaHOH KaTHOBHOM BakaHCHE, ITOCKONBKY
IePeXo KIACcTepa B PAaBHOBECHOE COCTOSHUE COMPOBOMAACTCA CMEIHEHMEM THKEIBIX YACTHY, JAIMTCABHOCTD
310r0 3Tana Takke ~ 1077 ¢.

Takum 06pa3zoM, ACIOKATH3AMA JbIPKH U3 KJIC npuBOAUT K HCUCIHOBECHUIO [IMKA IJIOTHOCTH COCTOA-
FuTH B BAJICHTHOM 30HE ¥ [OABICHIIO JOKAIBHOIO YPOBHS B 3aIPEIICHHON 30HE, GIIM3KOTrO MO CBOEMY IOJIO0-
JKEHMIO X YPOBHIO H30JIMPOBAHHOH KaTUOHHOH BaxaHcuy. [TogBjeHHE ITOr0 YPOBHS CO34ACT YCIOBUA A
[OBTOPEHHS PACCMOTPEHHON BBIIIC HEMOHKH MPOLECCOB, T.C. ML MPOIO/DKCHIA pernHo# peakumy. JpyraMu
CIIOBAMH, C TOUKH 3PEHHS PACCMATPUBAEMBIX NPOLECCOB, CHCTEMA CAMONPOM3BOJILHO MOKET MHOTOKPATHO
BO3BPAMIATHECS B HCXOHOE COCTOSHHC, Takum 06pasoM, B PAMKAX PACCMATPHBACMON MOJCTH AN Pa3BHTHA
HEIHOK PeaKkuyy He TPeOyeTCs CHEPAlMK HOBBIX BAKAHCHH, 4TO HAXOMATCH B XOPOILIEM COIVIACHH C JKCIIE-
PUMEHTAIBHO HAOHOJACMBIM NOCTOAHCTEOM BEIHMHHBL 0 B yPaBHCHHH (2) pu W3MCHCHMH KOHUCHTPAIMHI
30HHBIX 3CKTPOHOB (ABIPOK) B MpeJesax ABYX HOP:IKOB.

Crneayer cenarh JBa 3aMEUaHMs 10 MOJICIH B LEJIOM.

1. TIpeanaraeMas MOZCIIb 3BCHA UCIH COIIACYETCA CO BCEM MMEIOIHMCS B HACTOAIICE BPEMA SXCTICPH-
MEHTATHHBIM MATEPHATOM. DJKCICPHMEHTATHHO 0DOCHOBAHE! HA CETOHA CICAYIOIHE MOTOMEHMT MOACIH.
MOHOMOJIEKY/LIPHBI XAPAKTEP PA3BHTHs LEIHOr0 MPONECCa, POJb JBIPOUHRIX KJIC B remepauam TOPSUHX
JBIPOK, YAAPHBIA MEXaHH3M PA3MHOMKEHHSA ABIPOK. Ha ypoBHe pasyMHOH, KaK HaM NPCACTABIIACTCS, pabouci
FHIOTC3b HAXOAATCA CICAYIOIIHE TIONOKEHNS: PO KATHOHHBIX BAKAHCHI M COCTAB KNACTEPOB, OTBEICTBCH-
HBIX 32 AKTYaJbHBIC JOKATBHEIE H KBA3IIOKANBHBIE COCTOAHMI.

2. KuHeruka B3PBIBHOTO PA3JIOKEHHS ONMUCHIBACTCH YPABHCHHCM (2). TosroMy MOHOMOJCKYJISPHOC
pa3BuTHE ¥ OUMOIEKYIAPHbLH OOPHIB LEMH HE €CTh NPENON0KCHI MOICIH, 4 SKCHEPUMCHTATRHBIH (aKT.
OmHAKO, 3TOT KCIEPHMEHTATBHBIN (AKT OTHOCHTCS K Y)KE “Pa3BHBIIEMYCA  MPOLECCY B3PbIBA, KOIZA KOH-
HEHTpALys 30HHBIX 3/ICKTPOHOE H JBIPOK JOCTHIACT ~ 10" e (paszen 3.2). Mmenno 60mbIIMe KOHUCHTPA~
[IMH 3OHHBIX HOCHTENCH 3apsaia MPUBOJAT K HACHILCHHMIO MPOLECCOB, 00YC/IOBICHHbBIX 3aXBATOM HA JIOKAb-
HbIC HEHTPHI, i OBECTICUMBAIOT TEM CaMBIM TIPOCTOTY HAOMIOIACMOH KMHETHKM MPOLECCa.

[Mpu 3apOsKACHIH MPONECCA (MFMUMHAPOBAHNN) CHTYAIHS MOXET OKA3aThCA 00paTHOH M TMPOLECCHI HA
Guorparueckux AeEeKTax MOTYT HIPaTh PEMIAIOLLYI0 POJIb. B pamkax (JOpMaTbHOR KHHETHKA MPOCTCHILAM
BAPHAHTOM yi{era 3TOr0 OBCTOATENBCTBA MOMKET OBITH 3amuch & B (2) B BAgE o0 = f - g(f), rae /1 g(f) - XoH-
CTAHTHI CKOPOCTH 3aXBaTd ABIPOK HA KATHOHHBIC BAKAHCHH H HA KOHKyPHDYIOIKC LCHTPEL, COOTBETCTBCHHO.
3aBHCHMOCTB g(f) MOYKET, HANPUMED, 00CCTIEMHBATECS “BBITOPAHHEM  3THX HICHTPOB B MPOLECCE HHHIMHPO-
sarma. T. K. PA3BHTHE HETMH BO3MOMKHO TOJBKO Tpu ycnosum oo > 0 (T. e g < /), TO TMOPOTOBEIK Xapaxrep
MHHIEHpPOBanHs [2] MOKET ObITh 0OYCIOBICH HMEHHO HEOOXOXMMOCTEIO ofecneueH st JOCTATOYHO “TIONHOIO
peropanss” (g <f) B pe3yapTaTe BO3ACHCTBHA HHHOHMPYIOIIETO MMITY/IBCA.

B 3aKIH0UEHAE XOTEI0CH Gbl 0OPATHTh BHUMAHUE HA HEKHM (yHIAMEHTANBHBIH ACHEKT NPOOIEMEL, BhI-
XOIAIHH AAICKO 33 PAMKH 32[24H BBIICHCHHS MEXAHH3MA B3PHIBHOTO Pa3IOKSHHA A3HA0B TSDKCIBIX METall-
noB. Marepual, H3NOKEHHBIH B CTAThe, KAK HAM MPEICTABILICTCH, YOCAUTEIBHO JIEMOHCTPUPYET HHTCPEC-
HEHIIYIO BO3MOKHOCTH OCYIIECTBICHHSA XHMIMECKHX PEaKuuit B TBCPIBIX TeNax. B razax # jKHIKOCTAX HE-
OOXOMMBIM YCIOBHCM OCYILECTBIIEHMsS XMMHYECKOH PEAKIHH ABIACTCA PEABHOEC MEPEMELICHHE Pearupyio-
X TAPTHEPOB (PaJuKajoB), 00eCHeYHBAIOMEEe MX BCTpedy. B TBepaoM ke TEe BOSMOXKHA PealH3alud
COBEPINEHHO APYroi curyamuy. IIepeMemaroTCs MEKTPOHHBIC BO3OYKICHHA, NOKATH3ALMI KOTOPBIX B BbI-
AETEHHBIX MECTAX KPHCTAJUTMMECKOH PEleTKy (CTPYKTYPHBIH MM OPHUMECHBIH Je(EKT) MPHBOIUT K NOSBJIC-
HAKO (POKICHMIO!) AKTYATbHBIX PAJMKATOB B HYKHOM Mecre. TakmM 00pasoM, AOCTAaTOHO JATTATETIBHBIH
MPONECC MUTPALEE TOKENBIX 4aCTHH (00brHO mu(Qy3UOHHRBNT) 3AMECHACTCH 3HAYTHTEIHLHO Gonee OvICTpOI
MHTpAIHEH TeKTPOHHBIX BO30Y KIeHNH. FIHTepeCHEHMIE NEPCIEKTHBb! HCIOb30BAHMA ITOH BO3MOKHOCTH,
KAK HAM MPCACTAB/AETCH, NOKA HEJIO0NCHHBAKOTCA B COBPEMEHHOM (H3HKE ¥ XHMUH TBEPAOTO TENA.

Astopsl Gnarofapssl B.M. Kpamenunuuy u B.I'. Kprrepy 3a 110J0TBOPHBIE THCKYCCHH.

PaboTa BHIIOIHEHA TpH noaaepskke rpantos POOH Ne 98-03-32001a u MO u 10 PD.
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