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OBIIAA XAPAKTEPUCTHUKA PABOTDBI

AKTYaJIbHOCTH Pa0OTHI:

Cozmanne Ha TMOBEPXHOCTH  M3AENUN  TpeOyeMoro  CHerralbHOTO
pacnpeneneHuss (U3MUYECKUX, XUMHUYECKHX, a B TIOCIEOHEE BpeMs — H
OMOJIOTHYECKUX, CBOMCTB SIBISETCS OAHOM W3 Hambosee pa3BUTHIX oOjacTen
AJIEKTPOHHO-IY4eBOW  00paboTkm MarepuaioB. Takas oOpaboTka MOXKET
MIPUMEHSTHCA Ha PA3JIUYHBIX TEXHOJOTHUECKUX ATANax U3TOTOBJIEHUS U3JEIUN, HO
yaie BCero — Ha (PMHANBHBIX CTAJIMAX, KOT/Ia BAXKHO KOHTPOJIMPYEMBIM 00pa3oM
MOAU(PUIIMPOBATH CBOWCTBA MaTepuasa B MOBEPXHOCTHOM CJIO€, HE U3MEHsA UX B
00BbeMe U3AETHUSL.

Ycnexu B TEXHUKE NMPOBOAKH 3JEKTPOHHBIX IMYYKOB M3 BaKyyMa B IUIOTHBIE
ra3oo0pasHble CpeAbl M a’p030JM TO3BOJWIM CO3/laTh OCOOBIM  Kiacc
IJIa3MOTEXHUYECKUX CHCTEM HAa OCHOBE IUIa3Mbl, T€HEPUPYEMOU 3JIEKTPOHHBIMU
My4KaMu — 3JIEKTPOHHO-ITy4koBoi Tuia3mbl (Electron-Beam-Generated Plasma).
Takue cuUCTEMbl 3aHSJIM ONPENENCHHYI0 HHILY Cpeaud JApPYTHX IUIa3MEHHBIX
YCTPOMCTB, B KOTOPBIX 00OpabOTKa IOBEPXHOCTHM MaTepuajga Wi W3AeIus
OCYUIIECTBJISIETCS 32 CYET BO3ACHCTBUS HAa HEE XOJOJHOW CHIbHOHEPABHOBECHOM
mia3Mbl. B My4YkoBO-TUIa3MEHHBIX PEAKTOpax YJOaeTcs B IOJHOM Mepe
UCIIOJI30BaTh MPEUMYLIECTBA IUIa3Mbl, BO30YKIA€MOW AIIEKTPOHHBIM ITYyYKOM,
JUTSL HU3KOTEMIIEpATyPHOM 00pabOTKH C ENbIO MOTYyYEHUs MaTepUaioB ¢ HOBBIMU
VI YIYUYIIEHHBIMHU QYHKIIMOHAIBHBIMUA CBOMCTBAMH.

OmauM w3  HamboJiee AaKTUBHO Pa3BUBAIONIMXCS  HaAMpaBJiCHU B
MPUMEHEHUSAX TIa3MEHHO-MOU(DUIIMPOBAHHBIX MAaTEPUAJIOB SIBJISIIOTCS HW3JETUs
MEJUKO-OMOJIOTUYECKOTO Ha3HAYCHUS, UCTIOJIb3yEeMbI€ B KIIMHUYECKOU MPAKTUKE U
JUTsL JTabOpaTOpHBIX paboT. B pamkax sToro HampaBieHHs CHOPMHUPOBAICS PSil
HAy4YHbIX M TEXHOJOTMYECKHUX 3a/lay, CBSI3aHHBIX C CO3/JaHHEM Ha MOBEPXHOCTHU
U3JIETUsl CTPYKTYpP CO CIIOKHBIM paclpeiesieHueM (PU3UKO-XUMUYECKHX U
OMOJIOTMYECKUX CBOMCTB, B YACTHOCTU — ()YHKIIMOHAIBHO-TPAIUEHTHBIX CTPYKTYP.

B obOmactu TexHOJMOTHHA TONy4YeHUS  (YHKUHUOHATBHO-TPAAUEHTHBIX
MaTepuanoB C(HOPMHUPOBAIOCH CAMOCTOSITENIBHOE HANpaBJIICHHE — TPaJUEHTHbIC
nojauMepHsie matepuaiisl [1]. Eciu a1 mojiydyeHus: TpalM€HTHBIX MAaTepUaIoB Ha
OCHOBE METAJJIOB OCHOBHBIM MEXAHM3MOM BO3JIEMCTBHS Ha BEIECTBO SBIISETCS
HarpeB (B TOM 4HCIIC — 3JCKTPOHHO-TyueBOW Harpes) [2, 3], TO IS MOJMMEPHBIX
MAaTEPUAJIOB TEPMUUYECKOE BO3JICUCTBUE OTPAHUUYECHO TEMIIEPATYPHOU CTOMKOCTHIO
MaTepuana, U TpebyeMoe pacHpelesieHne CBONCTB IO TOBEPXHOCTH M3IENUs
OTIpeJIeNsIeTCsl CTENEHbI0 MOoJIU(UKAIMKM MaTepuaia 3a CUeT WHBIX MEXaHHU3MOB.
[Ipy 5TOM TpagUIMOHHO CTaBUTCS CIEAYIOlas HMHXKEHEpHas 3ajada: Cco3/1aTh
MaTtepuall C PEryjJupyeMbIM B IIMPOKOM HHTEpPBAJE€ MOJYJIEM YIOPYroCTH B
npenenax ogHoro oOpasua. [lpuMepoMm  ycmemrHoro NOPUMEHEHUSI TaKHX
MaTepHalioB B MEAMIIMHE SBJIAECTCS MPOU3BOACTBO MMIUIAHTATOB, KOT/a KECTKUMN
MaTepual UMUTUPYET KOCTHYIO TKaHb, @ PE3UHONOAO0HBIN — XPSILIEBUAHYIO.

Jns MoauduKanuy TOJIMMEPOB YCIHENTHO MPUMEHSIOTCS BHEBAaKyyMHbIC
AIIEKTPOHHO-JIy4YeBbIe TEXHOJOTUU. OOBIYHO HUCTIOIB3YIOTCSI YCTAHOBKHM HA OCHOBE



YCKOPUTEINIEH 3JIEKTPOHOB, B KOTOPBIX CPOPMHUPOBAHHBIN B YCIOBUAX TITyOOKOTO
BaKyyMa 3JIEKTPOHHBIN IMy4OK OOJBIIOrO CeUeHUs: BRIBOJUTCS B aTMoc(hepy uepes
BBIBOJIHOE OKHO (ponmbroBoro tuma [4]. [l Takux yCTaHOBOK XapaKTEepHBI
BbicOkHE (~1 M»3B) »sHeprum yYCKOpPEHHBIX DIEKTPOHOB, M MOIUUKALUA
Marepuaia  NPOUCXOJUT HMMEHHO 3a CYeT  BO3JCUCTBUS HAa  HETO
BBICOKOOHEPIeTUYHBIX  3JIEKTpOHOB. CTeneHb MOAU(PUKAIMK  [MOBEPXHOCTU
OTIPEIEISIETCS 10301 AJEKTPOHHOTO OOJIyUeHHs], a JIJIsl CO3JaHusl TIOBEPXHOCTEH C
HEKOTOPBIM paclpe/ieIeHHeM CBOWCTB OOBIYHO TPUMEHSIOTCA CHelHalbHbIE
NOTJIOIIAIOIINE MACKUM WM MEXaHHYECKOE IEepEMENICHUE MaTepHaioB B 30HE
AIIEKTPOHHO-IIYYEBOTO BO3JECHCTBHS.

[Tepenoc mporecca 006pabOTKM B 00macTh (OPBAKyyMHBIX JTaBICHUN U
IPUMEHEHUE CHCTEM BBIBOJA KOHLEHTPUPOBAHHBIX 3JIEKTPOHHBIX ITyYKOB
YCTPAHSIOT 3T HEAOCTATKHU: NEPEMEIICHUEM 3JIEKTPOHHOIO Iy4YKa, BHIBEIEHHOIO
B IJIOTHYIO ra3000pa3Hyro cpeny ¢ naBienueM 0,1-100 Topp, Jerko ympaBisTh ¢
MOMOILBIO TPOCTBIX AJIEKTPOMATHUTHBIX OTKJIOHSIOIIUX CHCTEM, a 3HEPIHI0
JIEKTPOHOB MOXKHO CHHU3HMTHh J0 JecATKOB K3B. IIpm npoxXoXIeHWH Takoro
3JIEKTPOHHOTO Iy4yKa d4epe3 ras, map WM a’3po30jb oOpa3yercs XOJoJHas, HO
oOnajaromasi BBICOKOW XHUMHUYECKOW AaKTHUBHOCTBIO IUIa3Ma, YTO IO3BOJIET
3aJIefiCTBOBAaTh IJJA3MOXMMUYECKUE MEXAHU3MbI YIpaBisieMOd MoauuKanuu
CBOMCTB MOJMMEPHBIX MaTepuaoB. PazpaboTke MiIa3sMOXUMHUUYECKUX TEXHOJIOTHM
HU3KOTEMIEPATYPHON MoaudUKalMKU MOJUMEPOB U OMOMOJIMMEPOB B HACTOSALICE
BpeMsl yJensieTcsi OOJbIIOe BHUMAHUE, W W3BECTHO 3HAYUTEIBHOE KOJUYECTBO
paboT, MOCBSALIEHHBIX HAyYHBIM U TEXHOJIOTMYECKMM acCHeKTaM 3TOH MpoOIeMbl
(cm., Hampumep, [5, 6]).

['maBHOW wuaeel AMCCEPTALMOHHOIO WCCIECIOBAHUS SIBJISIETCS IIOIBITKA
COBMECTUTh B OJJHOM YCTPOMCTBE Cpa3zy HECKOJbKO MPEUMYIIECTB 3JIEKTPOHHO-
MIyYKOBBIX YCTAHOBOK, paboTarouux B (OpPBAaKyyMHOM [HMala3oHE NaBJICHUH, a
UMEHHO BO3MOXHOCTb:

e OcymiecTBUTh Tpoliecc 00pabOTKM B cpelax CIHenUuadbHO MOJ00paHHOTO
XUMHYECKOT0 U (pa30BOr0 COCTaBa;

e 3aJeliCTBOBAaTh MEXAHU3MBI HHU3KOTEMIIEPATYPHOW IIa3MOXMMHYECKON
MOAM(PUKALMH TOJTUMEPOB B HEPABHOBECHBIX YCIOBUSX;

e lcronbs3oBaTb COBMECTUMOCTh  3JEKTPOHHBIX IIYYKOB C  JPYTUMH
WOHU3aTOpaMH (HaIpuMep, € ra30BbIM pa3psioM €MKOCTHOIO THIIA) IS
MOJIy4eHUs] KOMOMHUPOBAHHOM (MJIM KaK €€ 4acTO Ha3bIBAIOT, TMOPUIHON)
IUIa3Mbl  C LEJIBI0 IOJYYEHUS JONOJHUTEIBHBIX NPEUMYLIECTB OT HX
COBMECTHOTO  BO3JEHCTBUS ~ Ha  IJIa3MOOOpa3ymoIlyl0  cpeay U
oOpabaTbIBaeMblii MaTepHUa,

e be3uHepIMOHHO ympaBisTh HAMpaBICHUEM OCH KOHUEHTPHUPOBAHHOIO
AJIEKTPOHHOTO MyYKa MMOCJE €ro MHXKEKIMHU B IIa3MO00pa3yIollyto Cpeay H,
COOTBETCTBEHHO, MMPOCTPAHCTBEHHBIM PACIIPEACICHUEM YHEPTOBBIICICHUS B
pEaKIMOHHOM 00beMe U Ha TTOBEPXHOCTH 00pabaThIBAEMOT0 U3IEIHS;

e [IpuMeHUTHh UMIYJIBCHO-TIEPUOJUYECKHE PEKUMBI T'€HEpalUU TIa3Mbl IS
TOT'0, YTOOBI:



— TOBBICUTH SHEProd(P(PEeKTUBHOCTH TMpoIlecca 3a CYET OCYIIECTBICHHS
TIa3MOXHUMHUYECKUX IPOIIECCOB B PACIIAIAIOIICHCS TIa3Me,

— CHM3UTH TEIUIOBbIE HArPY3KH HA MaTepuall B 30HE MyYKOBO-TNIA3MEHHOTO
BO3JICHCTBHS,

— TMOBBICUTH YTPABISAEMOCTh JIOKAJBLHOM 1030 00JydeHHs Marepuaia
(TSDKENIBIMU  YaCTUIIAMU  TUIa3Mbl W DJIEKTPOHAMHU  JIETPaJIalliOHHOTO
CIIEKTpa) B mpoIiecce oOpaboTKH.

B wumMmynscHO-IeproaMYecKX peXuMax pPabOThI MyYKOBO-TIA3MEHHOTO
peakTopa, a TakKe MPU CKAHUPOBAHWM DJICKTPOHHOTO IMyYKa MO PEAKIMOHHOMY
o0beMy wW/uiaum 1O 00pabaThIBAEMON TOBEPXHOCTH HEM30CKHO BO3ZHUKAIOT
cnenupuyecKre HECTAIMOHAPHBIE MPOIECCH], KaK B IUIa3Me, TaK M B MaTepHae.
[Tnazmennsie 3¢ ¢eKThl TIaBHBIM 00pa3oM CBs3aHBI C TMPOIECCAMU pacmaaa
a3Mbl  TIOCJIe  TIpEKpamieHus  ACHCTBUA  HWOHU3artopa. [Iporecchl B
oOpabaTbiBaeMOM Marepuaie 00yCJIOBIICHbI NEPUOTUIECKUM
HArpeBOM/OXJIAKIEHUEM 30HBI MyYKOBO-IJIA3MEHHOTO BO3JICUCTBHUS U 3aIyCKOM
MIa3MOXMUMHUYECKUX  TMPOIIECCOB, KOTOpPbIE MOTYT TPOJOJIKAThCA U 0e3
BO3JICUCTBHUS DJIEKTPOHHOTO ITyUKa.

Becbma BakHBIM SIBIISIETCA U TO, YTO MEPEUYHCICHHBIE BBIIIE OCOOCHHOCTU
MyYKOBO-TIJIA3MEHHBIX PEAKTOPOB MO3BOJISIOT MPOBOJIUTH 00PAOOTKY OOJBIIUX IO
IJIOMAAN W CIOXHBIX TI0 (opMe H3ACIUNA C IETbI0 CO3JaHus JIOKAIBHO-
MOAM(UITMPOBAHHBIX 30H, KOTOpPBIE MOTYT OOpa30BBIBAaTh TPATUCHTHBIC
CTPYKTYpBl. Matepuansl ¢ TOBEPXHOCTHO-PACIIPEICIICHHBIMU CBOMCTBAMH, B TOM
YUCJI€ TPaIUCHTHO-(YHKIMOHAIBHBIC TOJIMMEPHI, TPHUBIEKAIOT BCE OOJbBIIE
BHUMAHHS Ui W3YYCHHUS KIETOYHBIX OTBETOB, QJATe3WH, paclpeneiieHus |
MUTPAIAH KJIETOK 110 TTOBEPXHOCTH UCKYCCTBEHHBIX MATPUKCOB.

[TogoOHBIE CBOWCTBA TOJMMEpPHBIE MaTepuajbl MOTYT MPUOOpETaTh MpH
CO37IaHUM Ha WX MOBEPXHOCTAX IICJICHANPABIECHHOTO pacIpeesieHUs 3aps>KeHHbIX
TpyNI, TPUAAIONIMX €M YMOpSAOYEHHO W3MEHSIOMUEecs TUapO(HIbHbIE WU
ruapodoOHbie cBoiicTBa. [ momydenus Takux 3QGEeKTOB dIEKTPOHHO-ITYIKOBAs
U KOMOMHUpPOBAHHAas TIUIa3Ma MOTYT OKa3aTbCid BIOJHE  MOJIXOJSAIIUM
WHCTPYMEHTOM IPpU (HOPMUPOBAHUH TTOJTUMEPHBIX MATPHUII, 00JIaAAIONTIX BHICOKON
OMOCOBMECTUMOCTBHIO C JKMBBIMHU KJIETKAMH, KOTOPBhIE OOECIEYMBAIOT MX POCT B
3aJaHHOM HamNpaBJICHUM ¥ OPTaHHW3AIUI0 YIOPSIOYCHHBIX MEKKICTOUHBIX
KOHTaKTOB. MaTpuilel, 00J1a1at0IIne MepeYrCIICHHBIMIA CBOHCTBAMH, HAXOIAT CBOE
MpUMEHEHUE B 00JIaCTH PereHepaTUBHON MEIHITMHBEI.

C 5TOi TOYKM 3pEHUSI BBINOJHEHHOE AUCCEPTALMOHHOE HWCCIIEIOBAaHUE, B
KOTOpPOM  HW3yd4aeTcs Moaudukanus MaTepuajoB ©  H3ACIUNA, pPEabHO
NPUMEHSEMBIX B MCAMIIMHCKONH TMpakTHKe ©  JabopaToOpusx  MEIUKO-
Oononornyeckoro mpoduis, ¢ TMOMOMIBI0 IMYyYKOBO-TUIA3MEHHBIX PEAKTOPOB,
paboTaImMUX B HMMIYJICHO-TIEPUOANYECKUX PEKUMAX WM B PEXKUMAX CO
CKaHMPOBAaHUEM DJICKTPOHHOTO TIydKa, SBISICTCS aKTyaJbHBIM W JIaeT
JOTIOTHUTENHHYI0 HHPOPMAIIHIO TI0 JAHHOW HAYYHO-TEXHUYECKON TIpodieme.



Hay4nasi HOBU3HA HCCJIeIOBAHUS:

B xone BbeimonHeHus paboOThl OblIa CO3/laHa YCTAHOBKA, MO3BOJIAIOIAS
TE€HEPUPOBATh B HMITYJIbCHO-TIEPHUOJNYECKOM PEXKUME JJIEKTPOHHO-ITYYKOBYIO U
THOPUAHYIO TUIa3My Kak B CBOOOJHOM 00beMe, TaK U BHYTPH JUAIICKTPUUECCKHUX
KOHTCHHEpOB, TONMy4yass TMPH OSTOM JIOCTATOYHO OOJIBIINE  yCTONYMBBIC
peakionnbie obnactu. [lomydeHsl HOBbIE TaHHBIE 00 JIEKTPOHHOM MIOTHOCTH B
pacragaromencss AIEKTPOHHO-IIYYKOBOM IUIa3M€ aproHa, a TAaKKe €€ BPEMEHHU
JKW3HU B 3aBUCUMOCTH OT YCJIOBHI T'€HEpPALMH IJIa3Mbl, B TOM YHCJIE OT YaCTOTBI
MoOAyJsIUK ydka. [t hopBakyyMHOTO Avana3oHa AaBICHUIN SKCIIEPUMEHTAIBHO
OOHapy’>K€HO CYLIECTBOBAHUE JOJTOXKUBYIIMX BO30Y)KICHHBIX COCTOSIHU B
IJIa3M€e aproHa.

C  uCnonb30BaHMEM  HMMIYJIbCHO-NEPUOJUYECKUX U CKAHHUPYIOLIUX
AIEKTPOHHBIX IMYYKOB HA MOBEPXHOCTHU MOJIUMEPHBIX MAaTEPUAIOB, IPUMEHSIEMBIX
JUISL KyJIbTYpaldbHBIX Pa0OT M HM3TOTOBJIEHUS MEIWUMHCKUX HMIUIAHTATOB, OBUIH
IIOJIyYEHbl CTPYKTYpbl C IPOCTPAHCTBEHHO-PACIPENECICHHBIMU CBOMCTBAMU
(omHOMEpHBIE, ABYMEpHBIE W TPEXMEpPHBIC NATTEpHbI). HakoruieHsl JaHHBIE O
XUMHUYECKOM COCTaBe U OMOJIOTMYECKHX CBOMCTBAX MOBEPXHOCTH IMOJMMEPOB,
MOAU(PUIMPOBAHHBIX B AIEKTPOHHO-ITYYKOBOM U THOPUIHOM IJ1a3Me.

IIpakTHYeckasi 3HAYUMOCTh:

B pesynbrare paboThl ObUTa MPOJAEMOHCTPUPOBAHA MPUHIMITHAIBHAS
BO3MOYKHOCTbH TMOJYUYEHUS B pacnaJaronieiicsi 3JIeKTPOHHO-TTYYKOBON U THOPUIAHOMN
ia3Me, yIpaBisieMOW CKAaHUPYIOIIMM 3JIEKTPOHHBIM ITYYKOM, OMOCOBMECTHUMBIX
I'PaJMEHTHBIX TTOJMMEPHBIX MaTEPHAIIOB /Il pabOThI C KIETOYHBIMU KYJIbTYpPaMHU.
[Tokazana  »ddexkTuBHOCT,  MeTOJa Il  MOBEPXHOCTHOM  00pabOTKH
TEPMOJIAOMIIBHBIX U3/EINUNA, UMEIOMINX CI0XHYI0 OOBEMHYI0O T€OMETPHIO, TaKHX
KaK MYJbTHJIYHOUYHBIC KYyJIbTypalbHbIE TUTAHIIETHI. Jlms Takux wu3Aenui
NPEJIOKEH OPUTHHAIIBHBIN CIIOCO0 yIpaBlIEHUS MPOIECCOM TIa3MOXHUMHUYECKON
00pabOTKHU MOCPEICTBOM PETYIMPOBOK M ONTHMM3ALMEH YaCTOTHI, JIIUTEIHLHOCTH
¥ KOJIMYECTBA UMITYJIbCOB DJIEKTPOHHOTO MTyUKa.

B uenom, pa3paboTanHasi B AUCCEPTALNHA METOANKA MOXKET ObITh MPUMEHEHA
JUIS CO3ZIaHMsl COBPEMEHHBIX WHTEJUIEKTyaIbHBIX MaTepuajoB, B TOM UHCIE
MyJIbTHQYHKIIMOHANBHBIX W AJaNTHPYIOMIUXCS  MOKPBITHH,  KJICTOYHBIX
ckadoiIoB W MATPUKCOB, CHCTEM QJPECHOM JOCTaBKU JIEKAPCTBEHHBIX
mpenaparoB M Jeno-GpopM MPOJOTUPOBAHHOTO JACHCTBHUS, a Takke s
MoaupUKAIMKA U PUGOPMHUHTA TPUPOTHBIX BEHICOKOMOJIEKYIISIPHBIX COSTMHEHUM.

PaGora Obuta momnmepkana rpaHToM POOU Ha ndydimime MOPOEKTHI
byHIaMEHTAIBHBIX HAYYHBIX UCCIIEAOBAHUH, BBIMOJHAEMBIX MOJIOIBIMU YUYCHBIMH,
oOydJaronuMucs B actiupanType («AcmupanTsi»): Tpant Nel9-38-900009.

eab uccaenoBanus:

Lenpto Hacrosmed pabOThl  SBISETCS HW3YYEHUE HECTAlMOHAPHBIX
MPOLIECCOB B MYYKOBO-TIJIA3MEHHBIX MIa3MOXUMHUYECKUX PEAKTOPAX, pabOTAIOIMIMX
B UMIIYJbCHO-TIEPUOANYECKUX PEXKHUMAX H PEKUMAX CO CKAHUPOBAHUEM
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AJIIEKTPOHHOIO MyYKa, MPU KX MCIOJIb30BAHUM JUIsI (POPMUPOBAHUSL CTPYKTYp C
MOBEPXHOCTHO-PACTIPE/ICICHHBIMA CBOMCTBAMHM B TMOJUMMEPHBIX MaTepuaiax Hu
U3/ICIIUSIX.

1)

2)

3)

4)

5)

1)

2)

3)

3agaum ucciie10BaHUA:
Co3aTh 3KCHEPUMEHTAIIBHYIO YCTAaHOBKY, MO3BOJIIIOUIYI0 TE€HEPUPOBATh
AIIEKTPOHHO-IIYYKOBYIO U THOPUIHYIO IUIa3My B MUMITYJIbCHO-TIEPHOJUYECKOM
peXuMe Kak B CBOJHOM OOBeME€, TaK U BHYTPU JUIJIEKTPUUYECKUX
KOHTEHHEPOB.
Ha  npumepe  3IEKTpOHHO-ITyYKOBOM  IUIa3Mbl ~ aproHa  IOJIYYUThb
HKCIIEPUMEHTAIbHBIE JAHHBIE OO0 DBOJIOLUM D3JIEKTPOHHOM IIJIOTHOCTH B
Ipolecce pacnaaa IUla3Mbl, a TAKXKE BPEMEHM €€ KU3HH, B 3aBUCUMOCTH OT
[IapaMeTpOB T€HEpaluy IUIa3Mbl U YaCTOThl MOMYJISIUUHU ITy4Ka; YCTAaHOBUTH
XapaKkTepHble BpeMEHa pa3iuuHbIX (a3 pacmaga dIEKTPOHHO-TTYYKOBOM
IIJIa3MBl.
[TonyunTh B TMOpPUIHON IJIa3Me, YIPaBISIEMON MMITYJIbCHO-TIEPUOANYECKUMU
W/WIW  CKaHUPYIOIIMMH  DJIEKTPOHHBIMU  IMy4YKaMH, HAa IOBEPXHOCTH
MTOJIMMEPHBIX MATEPUATIOB CTPYKTYpPBI C MPOCTPAHCTBEHHO-PACIIPEAEICHHBIMU
CBOVCTBaMH.
[IpensioKuTh AIrOPUTMBI YIIPABIIEHUS TPOLIECCOM MOAU(PUKALIMK MTOTUMEPHBIX
MaTepuajoB IOCPEACTBOM JIOKAIM3allMM oOOlaka THOPUAHON IUIa3Mbl B
3aJJaHHOM 30HE PEaKIMOHHOr0 O0beMa CKAaHUPYIOLIUMH HUMIYJIbCHO-
NEPUOAMYECKUMHU AJIEKTPOHHBIMU Iyuykamu. Haiitu crnocoObl ympaBieHus
IJ1a3MOXUMHUYECKUMU IIPOLIECCAMHU B IIPUITIOBEPXHOCTHOMN 30HE
o0pabaThIBAEMOr0 M3/ENUsl IOCPEICTBOM PETYJIUPOBOK M ONTUMHU3ALKEH
4aCTOTBI, JJIMTEILHOCTH ¥ KOJIMYECTBA UMITYJILCOB JJIEKTPOHHOTO ITy4Ka.
HakonuTe »KCHEpUMEHTAJIbHBIE JaHHBIE O BO3MOXHBIX  HApYIICHUAX
OJTHOPOJHOCTH PEAKIIMOHHOIO 00beMa Mpu paboTe MyYKOBO-TLIA3MEHHBIX
PEaKTOPOB B MEPEXOHBIX PEKUMaX, KOrJga OJUH UM HECKOJIBKO NapaMeTPOB,
XapaKTEpU3YIOIIUX YCIOBHS T€HEPALMH TUIA3MbI, U3MEHSAIOTCS BO BPEMEHH 10
3aIaHHOMY 3aKOHY.

IToJ10:keHUs1, BBIHOCUMBbIE HA 3AIMUTY:

KoHCTpyKIMsl 3KCIEpUMEHTANbHONM YCTaHOBKH, IO3BOJIAIOIIECH T'€HEPUPOBATH
U HUCCJENO0BATh JJIEKTPOHHO-IYYKOBYIO M THOPHIHYIO TUIa3My B YCIOBHSIX,
XapaKTEePHBIX IS IUIA3MOXMMHUYECKUX  PEaKTOpOB, padoTaloIMxX B
VMITYJIbCHO-TIEPUOJIUUECKUX PEXKUMAX WIM PEXKAMAX CO CKAHUPOBAHHUEM
My4YKa M0 PEaKIIMOHHOMY 00bEMY.

Pe3ynprarel  30HOOBBIX ~ M3MEPEHMM  JJIEKTPOHHOM  IUIOTHOCTH B
pacragarouencs HSJIEKTPOHHO-IIYYKOBOM IUIA3M€ aproHa W pe3yJIbTaThbl
ONTUYECKUX HU3MEPECHHI BpPEMEHU €€ BBICBCUMBAHUS B 3aBUCUMOCTU OT
YCJIOBU T'€HEPALMU TJ1a3MBl.

Cnoco0 ympaBiaeHUS MPOLECCOM IMYYKOBO-TUIa3MEHHON MOBEPXHOCTHOM
MOU(DUKAIIUM TTOJTUMEPHBIX MaTEPHAIOB MOCPEACTBOM JIOKalu3aluu obJiaka



ruOpUIHON MIa3Mbl B 3aJaHHOW 30HE PEaKLMOHHOIO 00beMa CKaHUPYIOIUMU
U UMIYJIbCHO-IEPUOAMYECKUMHU  DJIEKTPOHHBIMU  myukamu.  CrocoObl
yOpaBlIeHUS] PEAKIMOHHBIM OOBEMOM C TOMOIIBIO 3aJaHHs CHEIHATBHBIX
ANTOPUTMOB CKaHUPOBAHMS JJIEKTPOHHOTO ITy4YKa.

4) Pe3ynbTaThl MCCICNOBAHUN XMMHYECKOTO COCTaBa U OMOJOTHUYECKUX CBOMCTB
MOBEPXHOCTHU MOJUMEPOB, MOAU(PHUIIMPOBAHHBIX B TUIa3Me, BO30YKAAEMON MIIH
YIIPaBIIEMOU CKaHUPYIOLIUMH 151 VMITYJIbCHO-TIEPUOANYECKUMU
JIEKTPOHHBIMU ITyYKaMHU.

Anpobanusi padoThblI:
Pesynbrarthl  guccepTallMOHHOW  paboOThl  ObUIM  MPEACTABJICHBI  Ha

CJIEIYIOIUX KOH(PEPEHIIUIX, CUMIIO3MYMaxX U HAyYHbIX CEMUHApax:

1. VI Mexnaynapoausiii  cummnosuym  “Teopernueckas W IpPUKIIAIHAS
mrasmMoxumus”’, T. UBanoBo, Poccmst, 2018.

2. 61-1 Bcepoccuiickas Hay4yHas KoH(pepeHius, MOoCKOBCKUN  (HU3HUKO-
TEXHUYECKUN MHCTUTYT, T. JJonronpynnsii, Poccus, 2018.

3. l4-as MexnayHaponHas HaydHO-TeXHUYecKas KoHepeHuus «Baxyymuas
TEXHUKA, MAaTEPUAJIBI U TEXHOJIOTUs», T. MockBa, 2019.

4, 12" International Conference on “Plasma Assisted Technologies”, Yalta,
Russian Federation, 2019.

5. XXVI mnHayuHO-TexHHMUYECKasi KOHQEpEeHIMs C y4yacTHEM 3apyOeHBIX
cnenuannctoB «BakyymHas Hayka u TexHuka», I. Cymak, TOK «Cynak»,
20109.

6. |l Exerognpiii CaMMUT MOJIOJBIX YUYEHBIX U MH)KEHEPOB «bOJIbIINE BBI3OBBI
JUTsl O0IIIeCTBa, rocyiapcTBa U Hayku», 1. Coun, Poccus, 2019 r.

7. 62-oi1 Bcepoccuiickass HayuyHas KoHpepeHuus, MOCKOBCKHI (PU3MKO-
TEXHUYECKUN MHCTUTYT, T. JJonronpynnsii, Poccus, 2019.

8. 27-1 Hay4YHO-TEXHHWYECKass KOH(QEpPEeHIMs C ydacTHeM 3apyOeKHBIX
cnenuancToB «BakyymHas Hayka u TexHuka», I. Cymak, TOK «Cynax»,
2020.

9. 63-oif Bcepoccmiickass HayuHas KoH(pepeHIHs, MOCKOBCKHIA (U3HUKO-
TEXHUYECKUN MHCTUTYT, T. JJonronpynnsii, Poccus, 2020.

Ily6oaukanuu aBTOpa 1Mo TeMe AUcCepTaAlNM:
ITo Teme muccepramuu omyonrkoBaHo 10 pabor B Tom umcie 10 crareit B
JKypHaiax U3 CIucKa u3ianuil, pekomeH1oBaHHbIx BAK PO.

CTpykTypa U 00bEM JUCCEPTALMU:

Huccepranmonnas pabora oObeMOM _ CTpPaHUIl COCTOMT W3 BBEJICHWSI,
o030pa  JUTEpaTyphl, OINHUCAHWUS MaTepuajoB W  METOJOB, _ TJIaB
OKCIIEPUMEHTAILHON YacTH, OOCYKICHHsS pe3yJbTaTOB, BBIBOJOB. Pabora
CONCPXUT  Tabmui ¥ pucyHKoB. CNHMCOK JMTEpaTypbl BKJIOYAET
OTCUECTBEHHBIX M WHOCTPAHHBIX padoT.



Bkian aBropa:

ABTOp mNpUHUMAT  HEMOCPEICTBEHHOE ydYacTHe B  IUIAHUPOBAHUHU
OKCIIEPUMEHTOB W B BBIOOPE METOJIWK WX TpoBeAcHHs. MM Obuta moiydeHa
3HAYUTENIbHAS YacTh OSKCICPUMEHTAIBHBIX JIAHHBIX, IPOBEJICH WX aHalu3 H
o0obOmenne. ABTOpOoM c(OpPMYIHpPOBAaHBI BBIBOJABI M PEKOMEHIAIUU  TI0
PAKTHYECKOMY HCITOJIb30BAHHIO PE3YJIBTATOB IUCCEPTAIMOHHOTO UCCIICIOBAHMS.

OCHOBHOE COIEP KXAHUE PABOTbI

Bo BBegenmu 00OCHOBaHA AaKTyaJIbHOCTh MPOOJEMBI, CHOPMYIUPOBAHBI
HeIM W 3a7a4d MCCIEAOBaHUsA, OTpPa)KCHA HAayyHas HOBU3HA M MpPAaKTUYECKas
3HAYMMOCTh PE3YIbTATOB.

IlepBas riaaBa colepXUT KpaTKuii 0030p HamOoliee 3HAUYUMBIX PadoT,
MOCBSIICHHBIX TEXHUKE TE€HEpaluu, HWCCICAOBAHUSIM CBOWCTB M Pa3JIUYHBIX
xapaktepucTuk pacnagatomieics OIIIl m ruOpumHON T1Ia3Mbl, yOpaBIsIEMON
ANIEKTPOHHBIMU ITyykaMu. PaccMarpuBaercs Moaudukanys NoJMMEpPOB B IIa3Me
TUX TUINOB. B oTnenbHOM pasnene mpencraBiieH 0030p padoOT, MOCBALIEHHBIX
ONMCAaHUIO CBOMCTB, METOJOB TOJYYEHUS W NPUMEHECHHW TI'PATACHTHBIX
MaTepuaoB, MPU 3TOM O0CO00€ BHHUMAHHUE YJIEJIECHO WCIONb30BAHUIO TaKHX
MaTepuasioB B OWOJOrMM W MeAuIMHE. Pe3ynpTaThl aHamu3a JUTEpaTypHBIX
JAHHBIX OINpPENEIUIN IMOCTAHOBKY 3aJa4, a TAaKXKe MOATBEPIWIN aKTyaJbHOCTh U
HOBH3HY JUCCEPTAMOHHOMN pabOTHI.

I'maBa 2 nocBsilieHa ONMCAHUIO MAaTE€pUAIOB U METOJIOB, UCIIOJIb30BAHHBIX
JUIl aHajau3a CTPYKTYpbl U CBOWCTB IIOBEPXHOCTH MCXOIHBIX U IIJIA3MEHHO-
MOJU(ULIMPOBAHHBIX MOJUMEPOB. OKCIEPUMEHTHl BBINOJHSUIM Ha IUIEHKaX
nomuyTHiIeHTepedranara (II9T) wu  mmacTuHKax  MOJUMMETHIIMETaKpUiaTa
(IIMMA). dnst o06paOoTKu OBLTM TaKXKe HCIOIb30BAHbl KyJIbTypaibHbie 24-
JYHOYHBIE IJIAHIIETHl, M3TrOTOBJIEHHbIE W3 MOJUCTUPOJA, tissueculturetreated
(Corning, CIIA). CoctaB M CTpyKTypa MOJHMMEPHBIX IOBEPXHOCTEN OBLIN
oxapaktepu3zoBaHbl ¢  noMmomplo  HMK-cnekTtpockonmuu, — peHTTE€HOBCKOU
dotoanexktporHorr  cnektpockonuu  (POIC). T'mapoduiibHO-ruapodoOHbIE
CBOMCTBa MOBEPXHOCTH OOPA3LOB XapaKTEPU30BAIM MYTEM HU3MEPEHHS KPAeBOro
yrja CMayuBaHUS MO JUCTUIUIMPOBAHHOW Boje O W BBIYMCIECHUS CBOOOAHOU
noBepxHoctel 3Heprun (SFE). bruomornyeckue CBOMCTB MOJTMMEPHBIX MaTepUAJIOB
OLICHUBAJIY 10 UX HUTOTOKCUYHOCTH ¢ nomouso MTT-Tecra.

B riaBe 2 onucanbl ycTaHOBKHM M TexHuKa reHeparuu 11T u rubpuaHoi
miazmbl. OIIII renepupoBanin mytem umxkekiuu Ol B 1uioTHBIE ra3000pa3HbIe
cpenbl [4]. TuOpumnas miaasma oOpasyercsl MPH OJHOBPEMCHHOM JCHCTBHUU Ha
miazmooOpasytomyto cpeay 11 (ocHoBHOM noHuzatop) u BU-paspsia ¢ yactoToi
13,56 MI'ti (monoHKUTENbHBIH HOHK3aTOp) [7]. ['eomeTpHs, cOCTaB, TEMIIEPATYPhI
yactul, W 1p. xapakrepuctuku OIIIl u rubpunHod ma3Mbl ONpENENSIOTCS
sHEepruen 1eKTpoHoB Ep, Tokom myuka lp, a Tak jxe naBieHueM Pp, Temnepatrypoun
Tm, XMMHUYECKUM COCTABOM ILIa3MOOOpa3yIOMIMX Cpel, XapakTepuctukamu BY-

paspsna [8].



B raaBe 3 paccmarpuBatorcs oOmue cBoictBa U ocobeHHocTu OIIII,
TEHEPUPYEMOI C MOMOILBI UMITYJIBCHOTO MM UMITYyJIbCHO-Iepuoandeckoro JI1.
AHanu3 NpoBOAWIICA B CAEAYIOMIMX MPEANOI0KEHUSIX:

1. IlepBonauanbno OIIII renepupyercs HenmpepblBHBIM Ol nmm ummyibcom
OIl 6onpmiol amurenbHOCTH. CBOMCTBAa M COCTaB IIa3Mbl 10 OTceuku DII
U3BECTHBI, U TPAJAUIIMOHHBIC TOAXO B! [8-9] MOTYT OBITH UCTIOIB30BAHBI JJIS
XapaKTePUCTUKU UCXOJIHOTO COCTOSIHUS TJIa3Mbl B pEaKIIMOHHOM 00BeMeE;

2. Pacnaparomiascss IuUiasMa  pacCcMaTpuBaeTCsl Kak — I10CJEI0BaTENIbHOCTb

KBa3UCTALlHOHAPHBIX COCTOSHUM IIIIa3MBbl.

[Ina3ma pacnagaeTcsi CaMONPOU3BOJIBHO.

3a pacnaz mia3Mbl OTBETCTBEHHBI MHOTOUMCIIEHHBIE MPOLIECCH HAPAOOTKH U
rubenn  yvactul. [lpomecchl NOTEpH AIIEKTPOHOB OTBETCTBEHHBI 32
DBOJIFOLMIO JJIEKTPOHHOM IUIOTHOCTH Nep, @ IIPOLECCH JCaKTUBALMU
BO30Y)KJICHHBIX COCTOSIHMM YacCTHUI[ TUIa3Mbl BBI3BIBAIOT ONTHYECKOE
m3nyuenne OIIIl. [lng onmcaHuss KBa3UCTAMOHAPHBIX  COCTOSHUM
pacranaroniercsa J11I1 nenoap30Banuch Caeayomuye napaMmeTpsl:

® JJIEKTPOHHAs INIOTHOCTB Nep;

® [UIOTHOCTH HEUTPAJIbHBIX YacTUL (MOJEKYJ1 W aTOMOB) B OCHOBHBIX

COCTOSIHUSIX;

* [UIOTHOCTH MOJEKYJSIPHBIX M AaTOMapHbIX HOHOB B OCHOBHBIX

COCTOSIHUSX;

® [UIOTHOCTH TSDKEJIBIX HEUTPAIBHBIX W  3apsDKCHHBIX YacTULl B

BO30Y KJIEHHBIX COCTOSIHUSIX;

e TEMIEepaTypa 3JIEKTPOHOB Te.

Bce mapamerpsl pacnagaromieiics OIIII sBisgroTcs pyHKUMAMH BpeMeHH t.
OyHKIUS pacnpeneneHus 3JIeKTpoHoB no »Hepruam (OPPOD) B pacnanaromieiics
OIIII He aBiseTCS MaKCBEIJIOBCKON U M3MeHsIeTCs BO BpemeHu. Pemakcaruio DI
MOKHO OXapaKTepu30BaTh BPEMEHEM HeWTpanu3zauuu Iuasmbl (Neg—0), u
BPEMEHEM JI€3aKTUBALIMH T1a3Mbl (KOT1a BCce BO30YKIEHHbIEC YACTULIBI UCUYE3AI0T).
B kadecTBe XapaKTepUCTUKHU CKOPOCTH pacnaaa (BpEMEHHU KU3HU) MIa3Mbl yA00HO
IPUHATH BpeMs, HEOOXOIMMOE /JIs1 YMEHBIIEHUS BABOE 3JEKTPOHHOU IMJIOTHOCTH,
T1/2. PaccuntanHble 3Ha4€HUS T1/2 B PA3IMYHBIX T'a3aX B 3aBUCUMOCTHU OT JABJICHUS
raza npu Temneparype 300 K mpencrasiens! Ha Puc. 1 [9]; pacdeTsl BBIIOTHEHBI
o knaetnaeckum cxemam OIII, npennoxennsim H.JI. AnexcanapoBbiM.

How
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10%cm”’

Electron density,

Puc. 1. Bpems, HeoOxoaumoe aiis Puc. 2. DOsomonus BO BpEMEHH

YMEHBIIIEHUS BIBO€ HAYAJIBHOU AIIEKTPOHHOW TUIOTHOCTH Nep(t) B

KOHIIEHTPALUK JIEKTPOHOB Nepo = 10'2 | mepropnueckn  remepupyemoii  u

cm ° pu pacnage DI1I1 pasauunbIx pacmamamoniencs IUla3Me  BO3ayXa

ra3oB, B 3aBUCUMOCTH OT AaBJIEHUS Pp. npu HaJIO)KCHUU BHEIIIHETO
anekTpuueckoro nois: Py = 1 Topp,
Tm =300 K.

B vMnylbCHO-IEpUOJUYECKOM PEXUME CBOMCTBA IUIA3Mbl CHIIBHO 3aBUCAT
OT COOTHOIICHUS MEXIy JUTUTEILHOCThIO mMmyibca Ol (tg) U ANMTENbHOCTHIO
may3bl JI0 €ro CJICAYIOIETro BKIUEHUs (Tq). DBOIIOIMS BO BPDEMEHH 3JICKTPOHHOM
IUIOTHOCTH B TEPUOJIMYECKH TEHEPUPYEMOM U pachajaromiencss TuOpuIHON
BO3AYyIIHOM ma3me mpu Pp = 1 Topp u T, = 300 K noka3zana Ha Puc. 2 [9]. Ha
ATOM PUCYHKE Y€pHasi KpuBasi OTHOCUTCA K pexuMy, korna Il u anekrtpudeckoe
nojie OJHOBPEMEHHO BBIKJIIOUAIOTCA M BKJIouUaroTcsa. KpacHas  kpuBas
COOTBETCTBYET  MMITYJIbCHO-TIEpUOANYECKON uHxekiuu I, HO mnpu >TOM
AIIEKTPUUYECKOE MOJIE OCTAETCSI OCTOSIHHBIM, Tak 4To Te = 0,4 »B. Cunss kpuBas
uimoctpupyet pacnan D11l B HyJaeBOM 3IEKTPUUECKOM TOJIE M NPUBEACHA IS
cpaBHeHHs. MomuHocti Il U 3JIEeKTpHUYECKOTO TMOJISI MMEIOT 3HAYEHUs, MpHU
KOTOPBIX MaKCUMallbHasi KOHUEHTpAlLUs 3JEKTPOHOB U TEMIIEpaTypa 3JIEKTPOHOB
cocTaBiAoT, cooTBercTBeHHO, 102 cM3 u 0,4 »B. J[IMTENsHOCTH UMITYJIECA U
1ay3bl MEX1y UMITYJIbCAMH OJUHAKOBBI: Tg = Td = 2 MKC.

Binsinue >51€KTpUYEeCcKOro MoJisi HAa BEIUYUHY Ti2 MPOSBISETCS, TJIaBHBIM
oOpa3oM, depe3 H3MEHEHHE TeMIIepaTypbl JJIEKTpoHOB, mpuueM s Ol
KHCJIOpOJAa U KHUCJIOPOAOCOJEPKAIIUX Ta30BbIX CMECEW 3TOT MpoLecC SBISAETCA
BEChbMa CYIICCTBCHHBIM.

BOnu3u TBepAOW CTEHKHM KOHTEHHEpa Iia3Ma MOXKET pachajgaThCs 3a CUET
amOunonsipHot auddy3un 371eKTpoHOB W HOHOB. OIGHKM MOKa3ajd, 4YTO B
YCJIOBHUSAX HAIIMX IJIA3MOXMUMHUYECKUX PEAKTOPOB BIIMSHUEM TBEPJIONW CTEHKH U
muddy3un K Hel 3apsHKEHHBIX YaCTUIl Ha pachaj Miia3Mbl MOKHO MPEeHEOpeyb.
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B riaBe 4 npuBOAATCS TEXHHMKA DSKCIEPUMEHTAIBHOTO MCCIEN0BAHUS
pacnaza (a MMEHHO JHBOJIOUUMU BO BPEMEHU JIIEKTPOHHOM IUIOTHOCTH U
uHTeHCcuBHOCTH m3iydeHus) DIl aprona m kucimopona, reHEpUpyeMOl BHYTPH
JUAJIEKTPUYECKOTO KOHTEHWHEpa LUJIMHAPUYECKOW T'€OMETPUH, CTEHKH KOTOPOTO
OrpaHUYMBAIIH PaJUaAIbHBIE PA3MEPHI INIA3MEHHOTO 00bEMA.

B pa3spene 4.1 nano omucanue reneparopa OIIII, koTopwiil sBisieTcs
aBTOMATUYECKU YINPABISIEMBIM M OCHALEH JHATHOCTUYECKUM KOMILIEKCOM,
OTOOpaXKAIOIIUM JaHHBIE O PEeXUMaxX padOThl, OCHOBHBIX CBOMCTBax IUIa3Mbl U
napameTpax o0paboTku MaTepuasioB. PeakTop uMeeT HECKOJIbKO MmoicucTeM [7]:

® TIEHEpPaTop DJIEKTPOHHO-IIYYKOBOW IUIa3Mbl, OCHOBHBIMH 3JIEMEHTaMU
KOTOPOrO SIBJIAIOTCSA 3JEKTPOHHAs IMyILIKa TPUOJHOrO THUIMA, UCTOYHHUK €€
NUTaHUS M BBIBOJHOE OKHO, NPEIHAa3HAYEHHOE [JIsl TPAHCIHOPTUPOBKHU
AIIEKTPOHHBIX ITYYKOB U3 BaKyyMa B IUNIOTHYIO I1a3M0O00Pa3yIoLyIO Cpeay.

e cucrema oAa4u rasa, oOecrieunBaronias dbopmupoBanue
m1azMooOpasyromeid  cpellbl  3aJaHHOI0  XMMHYECKOro  COCTaBa |
noJiiepKuBarolas TpedyeMoe naBiaeHue Pp;

® BCIIOMOTATEJIbHBIE CHCTEMBI, BKJIOYas BAaKyyMHbIE HACOChl C 3allOpHO-
PEryJIupyOIIed apMaTypoH, 3alUTy OT HEHUCIIOIb3YEMOTO PEHTTEHOBCKOTO
U3JIyYEHUS, CHCTEMY OXJIAXKACHUS U HEKOTOPBIE APYTHE.

JUist reHepaluy MMIYJbCHO-TIEPUOJUYECKUX IYYKOB Ha YNPAaBIISIOLIMMA
ANEKTPOJ NYMIKKM MOJAIOTCS HMMIIYJbChl 3alMPAIOLIEro HampskeHus. biok
Monynsiiuu DIl BCTpoeH B MCTOYHMK TMUTAHUST W TIO3BOJISIET HENPEPHIBHO
dbopMupOBaTh MEAHJP UMITYJILCOB 3JIEKTPOHHOTO TMydka ¢ 4yactorod 1-300 T
JImuTenpHOCTh MMITYJIBCOB MOTJIa BapbupoBaThesa B auanazone 0,5 ¢ -1 mc, a
CKB)XHOCTb UMITYJIhCOB — B quamnasone 0,2-0,8.

PaGota »nexkTpoHHOW TYMIKM ¥ HMCTOYHMKA BBICOKOTO HAMPSHKEHUS
ynpasisiercss  KoHTpoiuiepom  OII, KOTOpblii  MOAAEp>KUBAaeT TOK IYYKa,
YCKOPSIIOIIEE HAaNpsHKEHWE W MapaMeTpbl MOAYJSLMM B COOTBETCTBHM C
3amaHHbIME  ycTaHoBKamu (pasmen 4.2). CkanupoBanue DIl oCymIecTBIAIOCH
CHeIUaIbHBIM MPOTPAMMHUPYEMBIM CBUM-KOHTposuiepoM SYCONnEBS-530 (CILIA).

JIyist perieHust 3a1a4 AUCCEPTAMOHHOTO HCCIIeIOBaHUs ObLUTH pa3paboTaHbI
JIBa airoputMa oTkJIoHeHus JI1, a UMEeHHO:

1. BpamieHue ocu MHXEKIMU MydyKa MO KOHLUEHTPUUECKUM OKPYKHOCTAM (MM
AIUIMIICAM) C OCTAHOBKAMHU B OIPEACIICHHBIX TOUKAaX KaXJAOW OKpPYKHOCTU
(amnumnca). [Ipu 3TOM MOKHO BapbUpPOBATh:

e JlnameTpsl OKpy>KHOCTEN (MM JIMHBI TJIABHBIX OCEH 3JUIUIICOB);

e JIMTENbHOCTh OCTAHOBKHM ITy4YKa B KaXJ0W TOUKE TPAEKTOPUHU OT HYJIA JI0

HECKOJIBKUX CEKYH]I;

e (CKOpoOCTb NepeMenIeHus yYKa OT TOYKH K TOUKE.

2. JluneiiHoe mepeMenieHue OCHM MHXKEKIIMU My4YKa BIOJIb HEKOTOPOW MPSIMOU C
OCTaHOBKAMU Iy4YKa B ONPEAEIIEHHBIX TOYKaX 3TOM npsiMou. [Ipu 3ToM MOXKHO
OBIJIO U3MEHSTH:

e AMIUTUTYZY CKAaHUPOBAHUS;
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OpHEeHTAIHIO U PACIIONIOKEHHUE OTPe3Ka CKAHMPOBAHUS B TUIOCKOCTH (X,Y),
NEPHEHANKYJISIPHON ocH nHKeKuu Jl1 z;

JIMMTENbHOCTD OCTAHOBKY ITyYKa B KaXJOW TOYKE TPACKTOPUH;

CKOpOCTh NepeMEIIEHUS ITy4YKa OT TOUKH K TOUKE.

[Ipumepsl MaTTEpHOB CKAHMPOBAHMS IydKa B IUIOCKOCTH (X,Y) Ass o0omx
aJITOPUTMOB CKaHMPOBaHUsI MpeAcTaBieHbl Ha Puc. 3.

a

0

Puc. 3. Ilpumepsl maTTepHOB CKAHMPOBAHUA IyykKa B IUIOCKOCTU (X,y) mpu
BpamieHu ocu umkekiuu Ol 1o KoHIeHTpuyeckuMm diumrncaMm (a) U ee

JUHENHOM nepemenieHuu (0).

datamr
A3EAEHMA

Adatimnk
TEMNeparypbl

IW-pesoHaTop

4

/

LimauHap
Papagen

Lol

30HA

Mnasmoo BpasyoLWLmMA ras

v
OTkauka

KeapLeeanTpyBrka

i

‘o.on B
+o712. L

Puc.

4, (Cxema DJKCIEPUMEHTOB
JTMarHOCTUYECKUM KOMILICKC.

n

Puc. 5. Curnanbl, CHHUMaemble C
KOJUIEKTOpa  DJIGKTPOHHOTO  ITy4Ka
(HWKHSS OCUWJIZIOTpaMMa) M 30H]a
JlenrMropa (BEpXHsisl OCITUILIOrpaMMa).
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B pa3zaesie 4.3 onucaHa cxeMa U3MEPEHUN C MOMOIIBIO DJIEKTPOCTATUYECKHUX
30H10B JleHrMiopa, a B pasaeie 4.4 npuUBEACHBI PE3YNIbTATHl NPEIBAPUTEIBHBIX
TecToB npu peructpanuu uznydeHus Il m onTuyeckux wusmepenusix. s
HIMPOKOIOJIOCHBIX U3MEPEHUI MHTErpajgbHOM MHTEHCUBHOCTH u3nydenusa OIIII B
PEaKIMOHHON Kamepe HCIoyib3oBaics (oTtoymHoxkuTenbp DPIY-106, nuamazon
JUTH BOJIH MTOCTOSTHHOW YyBCTBUTEIIBHOCTH KOTOPOTO JSKHT B mpeaenax A = 300-
800 uM. Cxema npoBeAeHUs IKCIIEPUMEHTOB UILTIOCTPUPYETCSI PUCYHKOM 4.
B rnaBe 5 npencraBieHbl pe3ysbTaThl (DU3HMYECKUX DKCIEPUMEHTOB,
MOCTaHOBKa KOTOPBIX OblIa paccMoTpeHa B riaBe 4. B pasgese 5.1 nmoapo6GHO
OMMCaHa IMpOUEAypa IMPOBEICHUS DJKCIEPUMEHTA IPU PA3IUYHBIX YCIOBUAX
reneparuu DIl u yacrorax moxyssiiuu D11 B nuanazone 10-250 I'i. JlaBneHue
raza (Ppm),Tox myuka, (lp), Bpems mpeaBapUTEILHOTO HarpeBa peaKIHMOHHON
KaMephl (theating) ¥ BpeMs TpENBapUTENBHON Jerasalii U TPOMBIBKH padoueit
KaMephl YACTHIM aprOHOM BapbUPOBAIUCK.
B pasgene 5.2 npuBomsATCS  pe3ydbTarhl  30HAOBBIX  HU3MEPEHUH,
BBINIOJIHEHHBIX B IUIa3Me aproHa. M3mepsioch BpeMs, 3a KOTOpPOE IIOTHOCTH
3JIEKTPOHOB YMEHBLIAIACh HA MOPAIOK ¢ Nepo = 10 cM™3 mo ngp = 101 cem3,
COBOKYITHOCTh HAKOIUICHHBIX AKCIIEPUMEHTATbHBIX TAHHBIX MTOKA3bIBAET, UTO:
1. IIpu ymepenHom sHepretuueckom Bo3aeiicTBuu (o< 5 MA, Pn<5 Topp)
TUNWYHAS TPOAOJDKUTENBRHOCTh TonHOro cnaga OJIII 1ty Haxomurcs B
nuarazoHe 300-500 mxc. Takuwe 3HaueHUS Tq OBUIM IOJyYeHBI Kak B
cB0OOHOI 1nazMe, Tak U B JIIII, nokain30BaHHOW BHYTPU PEAKIMOHHOU
Kamepsl 1uameTpom 20 MM.
2. OyHKIUs Nep (t) COCTOUT M3 ABYX yUaCTKOB, COOTBETCTBYOIIMX JBYM (pazam
pacnazga JIIIT:
e Ha mnepBom »sranme pacmax OIIIl mnpoucxomutr ouenbp OwicTpo. K
COKAJICHUIO, HA DITOM CTaJMU TOYHAs KUHETHYecKas KpuBas Ne(t) He
MOXXET OBITh paclo3HaHa W3-3a OTPAHUYEHUN, HAKIIAJBIBAEMBIX
WHEPIUOHHOCTBIO CUCTEMbl YMPABJICHUS TOKOM IydYKa: BPEeMsl OTCEUKH
OII 1, = 30-40 MKcC.

e Bropas cranus pacnana D111 6onee 3aTsiHyTa, U 3JEKTPOHHAS TNIOTHOCTD
yOBbIBaeT JO0CTATOYHO MEJUIEHHO, 110 KpaiiHell Mepe, B CPaBHEHHH C Tp (CM.
Puc. 5).

3. Ha ¢dopmy ocmmmiorpaMMbl  30HAOBOTO CHTHalla  BIMSET  BpeMs
MpEeABAapUTEIIbHONM MPOMBIBKM paboyeil Kamepbl YHCTBIM aproHoMm. Mpel
MPEANOJOXKUIU, YTO HEJAOCTAaTOYHAasi OYMCTKa aproHa OT BO3/AyXa,
JIecopOUpyeMoro co CTEHOK pabodeil KkamMepbl YyCTaHOBKM  IIpU
KpPaTKOBPEMEHHOM NPOMBIBKE, BIHMSIET Ha npouecc pacrnaga. Jud
MOJATBEPXKJIEHUSI 3TOrO TMPEAINOJIOKEHUsT ObUIO TMPOBEACHO CpaBHEHHUE
MOJTYYEHHBIX OCIHWJUIONPAMM pacHaJarolieics Tia3Mbl Pa3IMYHbIX Ta30BbIX
cpexn:

a) aproH IMocJje KpaTKOBPEMEHHOM MPOMBIBKH KaMephl JITUTEIbHOCThIO 1
MHUH (TIPEIoIaraeTcs, YTo aproH 3arpsi3HEH BO3yXOM);
0) BO31yX;
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B) KHCJIOPOJ;

') aproH IMOCJe MPOJOJIKATEIBHON MPOMBIBKH (5 MUHYT U JOJbILE); IPU

ATOM MPEANOJAraeTcsi, YTo 3arpsA3HEHHE Ar BO3JyXOM HE IPEBBIIIAET

0,1%, 4To cOOTBETCTBYET CepTU(UKATY 3aBOIa-TIOCTABIIMKA ra3a.

CpaBHeHHE OCUMIUIONPAMM MOKa3aJlo, YTO KpUBas 3aTyXaHUs CUTHaja 30H4a
B CIIyJasiX «a», «0» U «B» UMEIOT OJIMHAKOBBIN BHUJI, TOT/Ia KaK KpUBas 3aTyXaHUs B
CIly4ae «I» OTJIMYAETCA OT BCEX TPEX NpeaplyluX. TUIUYHbIE 3HAYEHHUS BPEMEHU
pacnaza miaa3Msl OCie MPOIOJKUTENIBHOM MPOMBIBKY Takxke cocTaBisiu 300-500
Mkc. K coxanenuio, BpeMs pacnaga BO3AYLIHOM IIa3Mbl M, OCOOEHHO ILIa3Mbl
KHUCJIOpOJla, HaM M3MEPUTh HE YJAJIOCh. OHO OKa3aJoCh CIHULIKOM KOPOTKUM
(3HauMTENHEHO MeHbIIe 50 MKC).
4. HawuOomsiiee Bpems pacnana DIIII aprona (tq¢ ~ 1,8 Mc) ObUIO TOIyYEHO,
KOI'JIa TEMIIEPATyphl T'a3a U CTEHOK peakuuoHHOW kamepbl Obutu ~ 1000 K, a
peakMoHHas Kamepa OblIa THIATEIbHO IPOMBITA YUCTHIM aPTOHOM.
Tabnuma 1 noka3eiBaet, kak Bpems pacraga JIIII yBenuuuBaercs ¢ poctom
naBieHUus rasza. OTOT 3(Q(eKT, MOo-BUAUMOMY, OOBICHIETCS HArpeBOM rasa:
TeMIlepaTypa PEaKkUMOHHOM KaMephbl IMOBBIIIAETCS C POCTOM JaBJICHHs rasza. B
HallMX SKCIIEPUMEHTax TEeMIepaTypa PEakMOHHON KaMepbl yBEIMYHUBAIACH OT
300 K no 500 K. Harpes aprona:

e BEI3BIBACT Pa3peKEHUE rasa,

® YBEIMYMBACT HCXOAHYIO 3JIEKTPOHHYIO IUIOTHOCTS,

® yMEHBIIAET BIHUSIHUE 3arPA3HEHUS BO3IYXOM.

Ta6auua 1. BnusHue naBnenus rasa Ha Bpems pacnazaa JIIIT aprona: U = 27 kB,
lb > 7,5 MA, zp = 135 mm, nnuTenbHas NPOMBIBKA pabouyell Kamepbl YHCTHIM
aprOHOM.

Pm, Topp 3,0 50 7,0 10,0 13,0 16,0
Td, MKC 242 475 715 845 1015 1100

HakoruieHHbIe SKCIIEpUMEHTAIbHBIE JAHHBIE ITOKA3BIBAIOT, YTO B YCJIOBUSIX
npoBouBIIKXCcs kcnepumenToB (U = 25-30 kB, I, = 2-10 MA, Py, = 1-20 Topp):

1. Xapaxrepusie BpemeHna pacnaga IIIII aprona t, He npesbimaror 1000-2000
MKC.

2. Kopotkoxusytiue Bo30yxaeHHbIe yacTuipl DIIIT aprora oTBETCTBEHHHI 3a
95 % cymmapHOU 3HEpPruM, BEICBEYMBAEMOH JIa3MEHHBIM O0JIAKOM: TJIa3Ma
BbIcBeUMBaeT 95% mnosHOM »Hepruu 3a nepBele ~10 MKC cBoero
ITIOCJIECBEYCHUS.

3. Bxnag monroxuBymux Bo30yxaeHHbIX yacTui] DIl aprona, kak mpasuio,
HE mNpeBbIAcT 5% IONHOW HSHEPruHM, BBICBEYMBAEMOW IIJIA3MOM IOCIE
BeikiroueHuss OlI, 1.e. 3a Bpemst 10-1000 Mxc (moxeTr ObiTh, 2000 MKC)
nja3Ma BBICBEUHMBAET TOJIBKO HECKOJIBKO IPOLEHTOB JHEPIUU CBOETO
NIOCJIECBEYEHUS.
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OObenuHss 1aHHbIE, NTOJYYEHHBIE B 30HJOBBIX U ONTUYECKUX U3MEPEHMUSX,
MO>KHO 3aKJIOYUTh, YTO JUIsl onucaHus mpouecca pacnana I MoxHO BBeCTH
Ha0Op BPEMEHHBIX HHTEPBAJIOB:

® MPOJOJKUTEILHOCTh OBICTPOTrO MAJACHUS SICKTPOHHON MIOTHOCTH, Td1;

® TIPOJOKUTENBHOCTD «XBOCTA» pEIaKCalliy MIEKTPOHHOMN IUIOTHOCTH, 142;

® POJOJIKUTEIBHOCTh OBICTPOIO CIa/1a MHTEHCUBHOCTU U3IYUYEHHUS, Tat;

® MPOAOCKUTEIBHOCTD JUIMTEIBHOTO ITOCIECBEUYCHHUS, Ta2.

CooTHOILIEHNE 3TUX BPEMEH 10 MOPSJIKY BEIMUUHBI WiuttocTpupyetcs Tabnuuei 2.

B pasgene 5.3 mnpuBeneHbl pe3yabTaThl HCCIEAOBAHMN HMHTErpPaIbHOM
WHTEHCUBHOCTU W3iIyueHus pacnagaromieiics DIl B 3aBUCMMOCTH OT BpeMEHH,
T.e. pynkimu B(t). B atux skcnepumenTax Bpems sxuzan JI1I1 xapakTepuzoBanach
JUTUTEIBHOCTBIO TIOCJIECBEYEHUS TUIA3MBI Ta.

Puc. 6. Ocumwuiorpammbsl curHainoB ¢otoymHoxurens (1) u 3oHzAa
Jlenrmiopa (2), moiayyeHHbIE B 3KCHEPUMEHTAX C pacHaJarolieics mia3Mon
aprosa npu temmneparype Im ~ 1000 K.

Ta6auna 2. XapakrepHsie BpeMeHa paznudabix a3 pacnana IIII1, momyyeHHbie B
30HJ0BBIX U ONTUYECKUX U3MEPECHUSIX.

Td1 Td2 Tal Ta2
~10-100 Mxc ~1Mc ~10mke | ~0,1-1 mc

['maBHBIN BBIBOJ 3TOM cepuu dKcnepuMeHToB: nocnecBeuenne JIIII cnagaer
CUHXPOHHO C AJIEKTPOHHOM IJIOTHOCTBIO, HO C Pa3HbIM TEMIIOM: KakK MpaBuiio, B
cragaet ObicTpee, 9eM Ney (M. Puc. 6). OnHako, B mepexoaHsIX (1Mo Benundune Pr)
pexumax paboThl MYYKOBO-IJIA3MEHHOIO peakTopa ObUl OOHApYy>KEeH AHamna3oH
JIaBJICHHUH, B IMpeaenax KOTOporo BpeMs BbicBeunBaHus yaaineHHou OIIII aprona,
nocturaetr 1-10 mc u gaxe 100. fBneHune HaOMIOMATOCH B AKCIEPUMEHTAaX IO
reHepauun Ol B uuIuHApUYECKOW pEaKIMOHHOW KaMepe C OTBEPCTHEM B
O6okoBoii crenke (cM. Puc. 7a). Uepes 310 oTBepcTHE IUTazMa, MPEeABAPUTEIILHO
BO30Y>KICHHAsI AJIEKTPOHHBIM ITYYKOM BHYTPU 3aMKHYTOro oObema, Morjia co
ckopocthio W ~ 1-10 M/c mcrtekatb Hapyxy; naBieHue Pn BapbupoBaigoch B
nuanasone 1-5 Topp, a gaBiaeHUE B OKPY’KAIOIIEM MPOCTPAHCTBE MOAIEPKUBAIOCH
nocTosiHHBIM Ha ypoBHE 0,5 Topp. IIpu 3TOM B HEKOTOPBIX MEPEXOIHBIX PEKUMAX
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HAOJIIOMaeTCsl pacrhaj CBETSIICHCS 30HBI Ha OTIAENIBHBIE CTYCTKH, OTIAJIEHHO
HaNlOMHHaroIue cTpaTsl (cM. Puc. 70).

-
-
—-—

a 0

Puc. 7. CBeueHue ra3oBOro IMOTOKAa, HMCTEKAIOUIETO M3 OTBEPCTUS B CTEHKE
KOHTEHHEpPa, 3aMI0JIHEHHOTO 3JIEKTPOHHO-ITYYKOBOM IJIa3MOM aproHa:

a) YCTaHOBUBIIHUHUCS pexXuM ucteueHus W = 10 m/c, 0) mepexoHbId pexuM
ucreueHus (W = 2 m/c).

Kpaiine Ba)kHO OTMETHUTB, YTO MEPEUNCICHHBIC BBIIIE XapaKTEPHBIC BpeMeHa
Nep-3BomtoLMU U B-sBomroriuu B OIIIl aproHa M MHOTUX JpYyrMX YHUCTBIX
IU1a3MO00Pa3yIOIMX Tra30B CWIBHO 3aBUCAT OT mnpumeceid. Jlaxke HeOombIIOe
sarpsizuenne  (0,01-0,1% Bo3ayxom U, 0COOEHHO, KHCIOPOJAOM) CIIOCOOHO
cokpatuth Bpems pacmana OIIIl aprona Ha 1-2 mopsaka 1o CpaBHEHHUIO C
pacnmajioM IUIa3Mbl 4YHUCTOTO Ar, TMpuUYeM BpeMs TOClieCBeUeHUsl Ooiee
qyBCTBUTEIBHO K IPUMECSIM, YeM BpeMsi THOeH 3JIeKTpoHOB [8, 9].

JJist TOATBEPKACHHS BOZMOXXHOCTH MOJTYyUYEHUS TPAAUCHTHBIX MAaTEPHAJIOB B
My4YKOBO-TJIA3MEHHBIX PEAaKTOpax HEMPEPHIBHOTO W HUMITYJIbCHO-TIEPHOIUIECKOTO
JeHCTBUS OBUTM TpOJETaHbl JEMOHCTPAIIMOHHBIE W MOJENIbHBIE (OnM3Kue K
HATYpPHBIM) TEXHOJOTHYECKHE HSKCIIEPUMEHTHI, KOTOpbhIE€ MOJPOOHO OMHCAaHBI B
pasaene 5.5. B mepBoit cepum skcrnepumentoB (paszmea 5.5.1) B DIIIl Obumn
nonydyeHsl oOpaszubl [IMMA ¢ oZHOMEpHBIM TpajMeHTOM MIEPOXOBATOCTH
noBepxHoctu (Puc. 8).00paboTka MpOBOAMIACHE B HMITYJbCHO-IIEPHOTUICCKOM
pexxume reneparuu OIIIl, npuuem ympaBieHHWE HSKCMO3UIMOHHBIMHU J103aMU
oOJyueHus, HaKarUIMBAa€MBbIMH Pa3JIMYHBIMU 30HaAMU 00pasiia, OCYIIECTBISIOCH
WHTETPUPOBAHUEM YHCIA HMITYJbCOB, KOTOPBIE BHIPAOATHIBAIUCH (POTOIUOIOM
BPX-90 kak oTkiuk Ha kax b1 umiyisc 11 (cMm. Puc. 4).
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Puc. 8. O6pazer; ¢ rpagueHTHO-U3MEHSIOMIEHCS TPO3PAYHOCTHIO, MOTYUYESHHBIN
B pe3yabTare 00padotku [IMMA B 31eKTpOHHO-TTYYKOBOM Tu1azMe aprona: U =
27 kB, lp = 1 MA; P u3mensinock B auamnaszone 0,5-5 Topp.

3aBUCUMOCTh MHTETPAIbHOW MHTEHCUBHOCTH u3nydeHus ciosi DI aprona
OT JaBJieHHUs InIa3MooOpasyromero rasa (t.e. ¢yHkmus B(Pn)) Ha pas3audHbBIX
paccTOSHUSX Zo OT BBIBOJHOTO YCTpOMCTBa moka3zaHa Ha Puc. 9. [lpu usmenenun
Pmn makcumym ¢ynknmn B(Pn) cmemaercs: ¢ poctom Pp 3TOT Makcumywm
CIBUTaeTCsl B CTOPOHY BBIBOJIHOTO ycTpoicTBa (Puc. 4). D10 cBUIETENBCTBYET O
TOM, 4YTO NPU HU3MEHEHUU [IaBJICHUS B pPEAKUMOHHOW KaMepe W3MEHSETCS
OPOJOJIbHBIA ~ MPOGUIs  IJIOTHOCTH  AKTHBHBIX  YaCTUI[  IUIA3Mbl.  IJTO
00CTOSITENLCTBO HEOOXOAMMO YUMTHIBATh IPH pPacyeTe HKCHO3UIMOHHON J03bI
00JTydeHus pa3IuYHbIX 30H MOBEPXHOCTU oOpaslia mpu BapbupoBaHuu Ppn. Ecnu
JABJICHUE B DPEAKUMOHHOW KaMmepe M3MEHSETCS JOCTaTOYHO MEIJIEHHO, TO B
UMITYyJIbCHO-TIEPUOJIMYECKOM  peXuMe  paboThl ~ peakropa  3Ta  J103a
IPOMOPIIMOHANIbEHA KOJIMYECTBY UMITYJIBCOB, PETUCTPUPYEMBIX (DOTONPHEMHHUKOM,
Ha MaJIOM UHTepBasie u3MeHeHus1 Py. 3Has 3aBUCUMOCTD JaBJIE€HUS B PEAKIIMOHHON
Kamepe oT BpeMeHH Pp(t) 1 BenmuuHy 103bI, KOTOPYIO JODKHA HAKOMUTH KaXIast
30Ha oOpasiua ajs GopMupoBaHUsi TPEOYEMOro I'paIu€HTa CBOMCTB MOBEPXHOCTH,
MO>KHO MTOCTPOUTH AITOPUTM YIIPaBICHUS YUCIOM UMITyJibcoB DI mo BpeMeHu.

Bo BTOpOIi cepun sxcnepuMeHTOB (pa3aen 5.5.2) o0paboTke B THOPUIHOM
mwiazMe nojsepramchk obpasubl [I9T u [IMMA, a Taxke u3fenusi CIOXKHOU
r€OMETPUH, MPUMEHSEMbIE B MEIUIIMHCKUX M OMOJOTHYECKUX JabopaTopusx, a
UMEHHO 24-JTyHOYHbIE TUTAHIIIETHI 1J1s1 pabOThI C KIETOYHBIMU KYJIBTYPaMH.

Mertoarka npoBeAcHUS dKcniepuMenTa winmoctpupyercs Puc. 10. Obpazer 2
YCTaHaBJIMBAJCA B 3a30p€ MEXKIy CeTyaThbiM akTuBHbIM BU-anextpoaom 4 wu
IUIOCKUM TaCCUBHBIM (3a3eMJICHHOM) 3JekTpoioM 1. B mpocTtpaHCcTBE MEXIy
anektponamu 1 m 4 3axwuraerca BUE-paspsa 3. CkBo3b ceTKy siiektpona 4
WHXEKTUPYETCSl CKaHUPYIOLIMK DJIEKTPOHHBIA My4YOK 5; ckaHupoBanue OII B
IJIOCKOCTH {X,Y } OCYHIECTBISAETCS ANEKTPOMArHUTHOM OTKIIOHSIOIIEN CUCTEMOH 6.

Ha Puc. 11 nmoka3an npouecc oOpabOTKH IJIaHIIETa B TMOPUIHON Iia3me
aproHa HEMpEepbIBHBIM, HO PAaBHOMEPHO CKAaHUPYIOIIMM, 3JIEKTPOHHBIM ITyYKOM:
PEeKUM CKaHMpPOBAHUS TMOJAOMpaJIC TaKuM 00pa3oM, 4YTOOBI IMYy4YOK HE
OCTaHaBJIMBAJICA B KaKUX-THMOO TMONOXKEHUsX. B JApyrux skcrnepumeHTax,
HanpoTuB, nojoxkeHue OII ¢ukcupoBasoch Ha ONpeAeNeHHOEe BpeMs s
dbopmupoBaHus TOYEYHBIX MarTepHOB (cMm. Puc. 12), cam DIl Obu1 MMIyNIbCHO-
nepuoandeckuM. CUETYMK MUMITYJILCOB CUUTAT KOJIUYECTBO MMITYJIBCOB B KaXKJIOM
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MOJIOKEHUH TyUYKa, YTO U OMPEIEISII0 HKCIIO3UIIMOHHYIO 103y 00yueHus oopasna

B JaHHOU 30HE.

— 58 mm
—— 98 mm
—— 148 mm

1o B/Bma, OTH. €4,

0,9

0,8

0,6
0,5
0,4

0.3

0,2 , . . . . . . . . :

p, torr

]]

HoHTpoanep
cHETE Wb
yNpaeneHua 30N

KoHTpoanep
CHETE MBI
CHaHWpOBaHWA 3N

Cornacyiowee

yerpoiicreo BY-reHeparop

Puc. 9. 3aBUCHUMOCTH HHTETPATBHOU
MHTEHCUBHOCTU m3iayuyeHus cinos OIIII,
pacloJIOKEHHOTO  Ha  Pa3IU4YHbIX
pacCTOSIHUSIX Zg OT BBIBOAHOTO OKHA
aproHa, kak (QyHkuus ngaBiaeHus P
Jannvie nonyuenvt coemecmno ¢ He
Xnaune Tynom.

Puc. 10. ITocTanoBKa 3KCIIEpUMEHTA 11O

o0OpaboTke A3EIINI CJIOKHOM
T€OMETPUH B THOPHUIHOM TUTa3Me:
1 — naccuBnbii BY-anmektpon, 2 —

oOpabatpiBaeMoe nznenue, 3 — 30Ha BU-
pa3psiaa, 4 — aktuBHblil BU-3nekTpon, 5
— 3oma OIIIl, 6 — cucrema
ckaHupoBanusi ob6makom OIIIl, 7 -
BBIBOJHOE€ OKHO, 8 — DJIJIEKTPOHHBIM
MYYOK, 9 — AIEKTPOHHO-JIy4YeBasl MyIIKa.

a

B

Puc. 11. Oo6pabotka

dororpaduss  1UIaHImIETa 10
00pabOTaHHOTO B THOPUTHOM TIIa3Me.

TIOJTUMEPHBIX
(kynbTypanbHblil 24-myHounsii wianmeT Corning, CIIA) B rubpuaHoii mia3me,
yIPaBIseMON CKaHUPYIOIIUM 3JIEKTPOHHBIM IIYYKOM: a) mpoiecc 00paboTku, 0)
00paboTKH,

M3AEIUNA  CJOXHOM  T€OMETpUu

B) ¢ortorpadusa IUIaHILIETA,

Puc.

12 wimocTpupyer SKCIEPUMEHTH N0  (HOPMUPOBAHUIO CIIOKHBIX

JIBYMEPHBIX TPAJUEHTHBIX CTPYKTYP Ha MOBEPXHOCTH MOJIMMEPHBIX MaTepuanon. B
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IKCIEPUMEHTAX C Pa3IUYHBIMU IUIa3MOOOPA3yIOUMMHU Ta3aMd B JHMAIla30HE
napiennii Pp = 1-5 Topp yaanoch MOMy4YUTh BECbMa CJIOKHBIE TPAIUECHTHBIC
naTTepHBI ¢ IEpeMeHHOM ruapodmibHOCTRIO. Kak Ob110 moka3zano B padote [10],
rUAPOPUILHO-TUAPOPOOHBIE CBONCTBA MOJIMMEPHBIX MaTEpUATIOB BO MHOTOM
OTpeAeNAIOT WX OWOJIOTUYECKHUE CBOMCTBA, MPHOOPETEHHBIE B pE3yJbTaTe
My4YKOBO-TJIA3MEHHOM 00pabOoTKH.

a o | |

Puc. 12. DxcniepuMeHThl 0 (POPMUPOBAHUIO CIOKHBIX T'PAJAUEHTHBIX CTPYKTYp C
MEePEMEHHOU TUAPOPUIBLHOCTHIO HA TOBEPXHOCTH JIMCTOBBIX 00pa3iioB [IMMA:

a) obOpaborka B DOIIIl aprona; 0) o6paborka B OJIIIl kucnopona; B)
rUIpO(PUIBHOCTD Pa3IMYHbIX 30H MOBEpPXHOCTU oOpasua, oOpabotanHoro B OIII1
KHCIIOpoJa (YBeIMYeHHOE n300pakeHne parMeHTa rnarrepHa).

Taxum oOpa3om, pe3ynbTaThl SKCIIEPUMEHTOB, OMMCAHHBIX B paszjieine 5.5,
IIOKa3bIBAKOT, YTO Ha IIOBEPXHOCTU MOJUMEPHBIX H3ACINNA JBYMEPHOW WIH
CIIOXHOM TpPEXMEPHOW TEOMETPUHM MOXKHO (POPMUPOBATH CTPYKTYpbl C
pacnpeiefieHHbIMU, B TOM YHCJE TPaJUCHTHO-PACHpPEeICHHbIMH, CBOWCTBAMHU
(Hanpumep  —  OHMOJIOTMYECKOW  AKTUBHOCTHIO),  H3MEHSIOLIUMHUCA IO
onpenerIeHHOMY 3akoHy. TpeOyembiii 3ddext o0paOoTku u3aenus B IIa3Me
BBIOPAaHHOTO Tra3a MOXET OBITh JOCTUTHYT 3a CYeT mojadopa ajaropurMa
ckanupoBanuss OlIl waM  mapamMeTpoB,  XapakTEPU3YIOIIUX  UMITYJIbCHO-
NEPUOINYECKUNA PEXKUM T'€HEPALU TUIa3MBl.

B pa3pgene 5.6 mpuBeneHpl MaHHBIC aHAIM3a XHUMHUYECKOTO COCTaBa H
CBOMCTB MOBEPXHOCTH MOJIMMEPOB MOCIE UX 00paOOTKU B 3JIEKTPOHHO-ITYYKOBOM
U TUOPUIIHOM TIIa3Me. Y CTaHOBIICHO, YTO B pe3ysibTaTe oOpaOOTKH B THOPHIHON
IUIa3Me Ha TIOBEPXHOCTH IMOJHUMEPOB (OPMUPYIOTCS KHCIOPOACOAEpKaIne
KapOOHWJIbHBIE U KAPOOKCUIIbHBIE (DYHKIIMOHAJIBHBIE TPYIIbI, YTO U YBEJIUYUBACT
rUAPOPUIBHOCTD TOBEPXHOCTH.

[Ipu npoBeneHUH OMOJOTMYECKUX HCHBITAHUN MOKa3aH BBICOKUWA YPOBEHb
BBDKMBAEMOCTH KJIETOK Il BCEX OOpa3loB IUIa3MEHHO-MOJU(DUIIMPOBAHHOTO
[19T. Tako#t ypoBEeHb COMOCTABUM C KOHTPOJIBHBIM 00pa3iioM — HeoOpaboTaHHOU
[IOT-menkoi.  CTaTUCTUYECKM  3HAYMMOE  CHWJKEHHUE  BBDKMBAEMOCTHU
HaAOJII0AAJIOCH TOJIBKO Tocie 96 4 MHKyOaluu KIETOoK ¢ 00pa3ioM, 00pabOoTaHHBIM
mazmort BU-paspsina. B To xe Bpems 1I0T, 06paboTaHHbIi B THOPUIHON T1a3Me
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IOJIHOCTBIO COXPAHSUT CBOIO OMOJIOIMYECKYI0 COBMECTUMOCTh. ClelyeT OTMETHUTD,
YTO aHAJOTHUYHBIN 3P(PeKT ObUT OTMEUYEH U B MOBTOPHOU CEPUHU IKCIEPUMEHTOB:
npu cpaBHenuu I[19T, momuduumposanusix B BU-paspsne, DIl u rubpuaHon
wiazme, mocie 120 4 mHKyOanuu MaKCUMalbHBIA TMPOLEHT >KU3HECTIOCOOHBIX
KJIETOK OKa3bIBaJICsl Ha MoiuMepe, o0paboTaHHOM MMEHHO B IMOpHUIHON IUIa3Me.
OTOT pe3yJsbTar enie pa3 JAEMOHCTPUPYET NPEUMYIIECTBA TMOPUIHON IUIa3Mbl B
cpaHenuu ¢ OIIIl m mnasmoit BUE-pa3psina B NpUIOKEHHUAX, CBA3AHHBIX C
00pabOTKONM MaTepUaIoB U U3JIEINN METUKO-ONOIOrMYECKOTO HA3HAYEHUS.

B 3akiarouenmm 0000IIEHBI OCHOBHBIE pPE3YJIbTAThl, IOJIyYEHHBIE B
JUCCEPTALIMOHHOM paboTe, U c(hopMyIMPOBAHBI BEIBOJIBI.

BbIBO/IbI

1. Ha ocHOBe CyIIECTBYIOLIErO 3JIEKTPOHHO-ITYYKOBOTO IJIa3MOXUMUYECKOTO
peakTopa co3JaHa YCTAaHOBKA, IO3BOJIIONIAS TMPOBOAUTH (PU3UUECKHE U
TEXHOJIOTUYECKHE SKCIIEPUMEHTBl C 3JIEKTPOHHO-IIYYKOBOM M THOPUIHOM
IJIa3MOM B HMMITYJIbCHO-IIEPHOJIUYECKOM DPEXUME TEHEpPALMM, a TaKXKe C
1a3MoH, BO30YyXAaeMOM CKAHMPYIOIIUM 3JIEKTPOHHBIM ITyYKOM B CBOJAHOM
o0beME U BHYTPU JUAIEKTPUUECKUX KOHTEUHEPOB.

2. IlomydeHsl OJKCHEpUMEHTalbHBIE JaHHBIE 00 DSBOJIONUMU BO BPEMEHH
AJIEKTPOHHOM MIIOTHOCTU B pacnanaromerics DI aprona B 3aBUCMMOCTH OT
napameTpoB resHepanuu OIIII, a Takke NaHHBIE O BPEMEHH BBICBEUMBAHMS
pacnagaromerics OIIIl. Ha ocHOBaHMM NOJyYEHHBIX JAHHBIX YCTAHOBJICHBI
XapaKTepHbIE BpeMeHa pa3inuHbIX (a3 pacnaga JIIII.

3. DKCHEepUMEHTaJIbHO OOHApyXEHO CBEYEHHME IIOTOKAa YJNaJeHHOM IUIa3MBbl,
HCTEKAIOIIEr0 W3 KOHTeWHepa, 3amoidHeHHoro OIIIl aprona. W3mepeHue
BPEMEHHM IIOJIHOTO BBICBEUMBAHUS YIAJICHHOM IUIa3Mbl IIO3BOJISIET CHENAaTh
NPEANOJIIOKEHHE O  CYIIECTBOBAHWHM  JOJTOXKUBYLIMX  DJIEKTPOHHO-
BO30yxneHHbIX cocTossHui B OIIIl aprona B (opBakyyMHOM Juamnas3oHe
naBieHui. B mepexoaHbIx pexuMax padoThl MyYKOBO-IIJIA3MEHHOTO peakTopa
C U3MEHSIOIMMCA IABJICHHEM I1a3M000Pa3yIOIIEro ra3a B MOoTOKe yJaleHHOU
I1a3Mbl MOTYT HAOJIOAThCA IEPUOIUYECKHE CTPYKTYPbI, HOJJOOHBIE CTPATAM.

4. TlpennoxkeHbl cHocoObl YNPABJICHHS PEAKIMOHHBIM OOBEMOM C MOMOILBIO
3a1aHUS CHEHAIIbHBIX aITOPUTMOB CKaHUPOBAHUSA  HUMILYJIbCHO-
NEPUONYECKOTO AJIEKTPOHHOTO IydyKa. OTO NO3BOJSET KOHTPOJIMPOBATH
WUHTETPAJIbHYIO 103y BO3JECUCTBUSA XUMHUUYECKU AKTUBHBIX YAaCTHI] IUIa3Mbl Ha
MaTepual B KaXXIOW JOKAJIbHOW 30HE 00padaThIBa€MOI MOBEPXHOCTU M, TEM
camMblM, oOecneuuBaTh TpeOyeMblid  pe3yslbTaT  IYyYKOBO-IJIA3MEHHOM
00palbOTKH, a TaKXKE UCKIIOYUTH PATMAIMOHHOE U TEPMHUUECKOE MOBPEKACHHE
Marepuana.

5. IlokazaHa BO3MOXHOCTh TMOJYYEHHS B IUIa3MeE, YIPaBISEMON HMIYJIbCHO-
MEPUOANYECKUM WM CKAHUPYIOIIMM JJIEKTPOHHBIM ITyYKOM, MAaTe€pUalioB C
3aJIaHHBIM paclpeieICHUEM MMOBEPXHOCTHBIX CBOMCTB. TakuM crnocobom ObuiH
MOJIy4YeHbl OMOCOBMECTHUMBIE TPAIUEHTHBIE TMOJUMEPHBIE MaTepuaibl s
paboThl C KJIETOYHBIMU KYJIbTypaMH, B TOM YHUCJE H3JENUs, HUMEIOIIUE
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CIIOKHYIO IIPOCTPAHCTBEHHYIO TIE€OMETPUIO, a TaKKe€ OJHOMEpPHBIE U
JBYMEPHBIE ITATTEPHBI.
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