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OBLIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTH TeMbI HCCJICIOBAHUS

Komnougnas (mpuieBasi) miazMa IIMPOKO pacpOCTpaHeHa B npupoje. OHa MOKET
ObITh OOHAPY’KEHA, HAIPUMED, B TUIAHETAPHBIX KOJIbIAX WU BOJIM3U KOMET, B MEXK3BE3THBIX
NbLUIETa30BbIX O0JIaKax, B MPUILIAHETHON MOoHOc(epe 3eMiu U BOKPYT €€ MCKYCCTBEHHBIX
CIIyTHHKOB, MOKET Takas Iula3Ma ¢ KOHJICHCUPOBAaHHOMW (pa30if BO3HHMKATH U B PA3IMUHBIX
TEXHOJIOTUYECKUX IMPOIECccax, a HMEHHO, B YCTAaHOBKAX TEPMOSAEPHOrO CHHTE3a C
MarHUTHBIM YJIEpKaHUEM, MUKPO3JIEKTPOHHKE, B MpoIeccax IUIa3MEHHOW cenapanuu. B
KOJUIOMJHBIX OTKPBITBIX CHCTEMaX BO3MOXHO (OPMHUPOBAHUE CTPYKTYp aKTHBHBIX
OpOYHOBCKMX 4YacTHIl. Takue 4YacTHI[bl MOTYT HaWlTH CBOE INPUMEHEHHE KaK OCHOBa
KOMIO3UTHBIX ~MaTepHajoB C 3aJaHHBIMU CBOWCTBAMHM HOBOTO TIOKOJICHUS, JJIs
TPAHCIIOPTUPOBKHM  JICKAPCTBEHHBIX CPEJCTB, B NPWIOKECHUSIX MHUKPOOHOJIOTUU U
KOJUTOMHOUM XuMuU. Takum 00pa3oM, U3ydeHUe CBOMCTB M METOIOB TMATHOCTUKHU MBUICBON
Ta3Mbl U pa3paboTKa CrocoO0B YMpaBlieHUs €€ MbUICBOM KOMIIOHEHTOW — aKTyallbHOE U
MEPCIIEKTUBHOE HAMPABJICHUE UCCIETOBAHUM.

esn auccepraiMOHHON PpadOThI 3aKIIOYAIUCh B KCIIEPUMEHTAIBHOM H3YYEHUN
JTMHAMUKA aKTUBHBIX OpOYHOBCKMX YacTHI[ U OOpa30BaHHBIX MMHU CTPYKTYyp B ILIa3Me
TJEIOUIEr0 BHICOKOYACTOTHOTO pa3psiia EMKOCTHOIO THIIA.

JJis jocTHKeHUs MOCTABJIEHHOM e 1M ObLJIM BHINMOJHEHBI CJIeYIoIIue 3a1a4m:
MOAU(UIIUPOBAH AKCIIEPUMEHTANBHBIN CTEHJ Uil (OPMUPOBAHHMS W JIUATHOCTHKHU
KBa3UJIBYMEPHBIX aHCaMOJIe MaKpOYaCTHII B TUIa3Me BRICOKOYACTOTHOTO Ta30BOTO Pa3psiia;
MPOBEJEHBI YKCIEPUMEHTAIBHBIE MCCIEIOBAHNUS AUHAMUYECKUX U CTPYKTYPHBIX CBOWMCTB
KJIACTEPOB M TMPOTSIKEHHBIX TMBUIEBBIX CTPYKTYp B LIMPOKOM JHANa3OHE MapameTpoB
ra3oBOrO paspsjia; NpPOBEIECH aHAJIW3 SKCIEPUMEHTAIbHO HaOII0JaeMbIX SBJICHUU U
XapaKTePUCTUK KBAa3UJIBYMEPHBIX CTPYKTYpP AaKTHUBHBIX OpOYHOBCKMX MAaKpO4yacTuIl B
ra3opaspsIHOM IJIa3Me; M3y4eHbl MEXaHH3Mbl, OIKCHIBAIOIINE HKCIEPUMEHTAIBLHO
HaOJIFOJaeMbIE SIBIICHUSL.

Hay4ynasi HoBU3Ha padoThI

B nannoit pabore mnpencTaBieHO HCCIEAOBAaHUE KBa3HIBYMEPHBIX CHCTEM B
ra3opaspsiiHOM IJ1a3Me€ BBICOKOYACTOTHOIO €MKOCTHOTO pa3psila HU3KOTO JaBJICHUS.
DKCMEPUMEHTAIBHO IMOKAa3aHO, YTO B MPHUAJNEKTpoAHON oOnactu BU-paspsiga BO3MOXKHO
dbopMUpOBaHUE KaK OJTHOPOJHBIX KBA3UJBYMEPHBIX CTPYKTYP 3apsKEHHBIX YACTHI] TaK U C
HEU30TPOIHBIM paCIpe/eICHUEeM YacTHI] B paguaibHOM HAIMPaBICHUH: Pa3peKEHHBIX Ha
nepudepunn U OoJee IUIOTHBIX B IIEHTpE, W HA0OO0poT OoJsiee IUIOTHBIX IO KpasM u
pa3pexEeHHBIX B IEHTpabHON YacTu. [lokazaHo, 4TO M3MEHsIsI MOIIHOCTH paspsia W/uiu
JABJICHUE IUJIa3MOOOpa3yroIIero raza, MOXKHO BIMATh Ha paJHalIbHOE paclpesiesieHue
MEKYaCTUYHOT'O PACCTOSIHUS B TBUIEBOM MOHOCJIOE U Ha OJJHOPOJIHOCTb CTPYKTYPBHI.

B pabote uccnenoBano (popmupoBaHHe TEUYEHHS] B KBa3UABYMEPHOH IJIa3MEHHO-
MBUIEBOM CUCTEME aKTUBHBIX OPOYHOBCKHX YACTHUIL ITPU BO3JICUCTBUH JIA3€PHOTO U3ITyUCHUS.
[Ipu 3TOM, CBOMCTBA MOBEPXHOCTU YACTHI] U UX CIIOCOOHOCTh K IMOIJIOIICHUIO JIA3€PHOTO
U3JIyYEHUs BIUSAET KaK Ha JIMHAMUYECKHE CBOWCTBA CAMHUX YAaCTHI, TaK U HA KUHETUKY



mpolecca  pa3BUTHA — IBUIEBOTO  «TEUEHHUS».  OKCIEPUMEHTAIBHO  HCCIEAOBAHO
dbopMHpOBaHUE «TEUYEHUS» JJII MOHOCJIOWHBIX CTPYKTYp C Pa3UYHONW CTETCHBIO
YHOPSI0YEHHOCTH (TapaMeTpoM HerieadbHOCTH). YeM Oosbliie mapaMeTp Heu1ealbHOCTH B
CHUCTEME, TEM BBIIIE ITIOPOrOBOE 3HAYEHUE MOIIHOCTH JIA3€PHOT0 U3JIYyYEHHUS], IPU KOTOPOM
BO3HUKAET TEUEHHE B CTPYKType. /i yacTuil ¢ NOTJIOMIAOLIEH Ja3epHOE HU3ITy4YEHHUE
MOBEPXHOCTHIO (C METaUTMYECKOM 000JIOYKOM) IMpU BO3JEHCTBUM HA YacTh CTPYKTYPHI
Ha00/1a710Ch (OPMUPOBAHKE HE TOJIBKO HANPABJICHHOTO JBWKEHHS B 3TOW 00JIaCTH, HO U
KUHETHYECKUI Pa30TrPEB BCEU CTPYKTYPHI.

Br110 3KCTIEpUMEHTABPHO HCCIIEI0OBAHO (POPMHUPOBAHUE KITACTEPOB U MPOTIKEHHBIX
KBa3UJBYMEPHBIX CTPYKTYP aKTHBHBIX OPOYHOBCKHMX YaCTHI] C aHU30TPOIHUEH CBOUCTB (T.H.
SHyc-yacTull)) U WX JAWHAMUKUA B IUJIa3ME HHU3KOrO JABIEHUS. ODKCIEPUMEHTAIBHO
0OHApy>XEHO, YTO MPH MajbIX MOLIHOCTSX Jia3epa XapakTep JBMXKCHHsS TaKHX YaCTHUIl
ABJISIETCA TPEUMYIIECTBEHHO HAIIPABIEHHO-Xa0TUYECKUM. C pOCTOM MOIIHOCTH JIa3€PHOTO
U3Jy4eHHs] crepBa HAOMIOJAaeTCs YMEHBIICHUE WX KUHETUYECKOM DJHEepruu, a 3aTeM
3aMeTHBIA pocT. Jlyis mamoro kiacrepa, cocrosmero u3 19 wactury (2 00071049KH),
00Hapy»XeHO, YTO C POCTOM MOIIHOCTH JIa3€PHOTO U3IyUYeHUs Ha 2 mopsaka, HabmogaeTcs
YMEHBIIICHUE Ha 2 TMOpsAKa HMX JAuHaMuyecko sHTporuu. I[Ipu 3TOM, € pocTtom
KMHETHYECKOW SHEPrHHM dYacTull (pakTaJbHas pa3sMEpPHOCTh JUISI CHCTEMBl HMU
0o0pa3oBaHHOW yMeHbIIajgach. OTO (AKTUUYECKH O3HAYaeT, YTO MOBTOPSIEMOCTb
JTMHAMHUYECKHUX TTATTEPHOB MOBEICHUS (TPACKTOPUI) OTIEIBHBIX YaCTHUI] YMCHBIIIACTCS.

OKCHepUMEHTAIbHO  OBLIO  HccleoBaHO  (OPMUPOBAHHE  MPOTSHKEHHBIX
KBa3UIBYMEPHBIX CTPYKTyp (~10°® w9acTMi) M NpOBENEH aHAIM3 HX JUHAMHYECKHX
XapaKkTepUCTHUK: TPACKTOPUI, CPEAHEKBAAPATUUHOTO CMEIICHUS, KUHETUYECKOW SHEPTUH.
Ha ocHoBe anamm3a mapHBIX KOPPENIAIMOHHBIX (YHKIWN, MapaMerpa HEuJeadbHOCTU
CHUCTEMBI, TOIOJOTHYECKUX JEPEKTOB OBbUIO HU3YYECHO W3MEHECHUE YIIOPSI0YCHHOCTU
CTPYKTYpbl TPH PA3JIWYHBIX 3HAYECHUSAX MOIIHOCTU JIA3€PHOrO H3IydeHus. Tak, ¢
YBEJIMUYEHUEM MOIIHOCTHU JiazepHoro uznydeHus ot 0.05 Bt go 1.5 Bt naGmromancs poct
napameTpa HenjaeanbHoCcTH [ B cucteme oT 180 10 240 1 yMEHBIIIEHHE YUCIIa TUCTOKAINI
U JUCKJIMHAIIUM B CUCTEME.

JlanbHelilee yBEeIWYEHUE MOIIHOCTH Jla3epHOro u3iydeHus ¢ 1.5 mo 4 Br
MPUBOJUIIO K KHHETUYECKOMY pa30TrpeBy MbUIEBOM CTPYKTYphl. IIpu 3HAaUu€HMU MOUTHOCTH
Ja3epHOro m3nydeHus 2.5 BT mpomagano «paciierieHHe» BTOPOro MakCUMyma MapHOU
KOPPEJSIMOHHON (YHKIIMH, YTO CBHUACTEIBCTBYET OO0 HCYE3HOBEHUU TE€KCaroHajabHOMN
KPUCTALTAYECKON peleTKu U GOPMUPOBAHUM JKUIKOTIOO00OHON CTPYKTYPHI.

IToJ10:keHUs, BBIHOCUMbIE HA 3aLUTY:
1) Moaudukaius SKCIEPUMEHTAILHOTO CTEHAA I HM3YYCHHS aKTHBHBIX
OpOYHOBCKHUX YaCTHII B TJIa3M€ BHICOKOYACTOTHOTO pa3psija eMKOCTHOTO THIIA.
2) Pesymprathl ucchaenoBaHHS (OPMHUPOBAHUS KBa3HIBYMEPHBIX KJIACTEPOB
AKTUBHBIX OPOYHOBCKHX MaKpPOUYACTHI] U UX TUHAMHUKH B IJIa3M€ BRICOKOYACTOTHOTO pa3psijia
€MKOCTHOTO THIIa Ha OCHOBE aHajM3a MX TPACKTOPUU, CPEIHEKBAAPATUUYHOTO CMEIICHUS,



U3MEHEHUSI WX KUHETHYECKOM HHEepruM, (PpakTaabHOW pa3MEpPHOCTH U JAMHAMUYECKOM
SHTPONMU IIPHU PA3TUYHBIX 3HAYEHUAX IIJIOTHOCTH MOIIHOCTH JIA3EPHOTO U3JIyUYEHUS.

3) DOkcrepuMeHTalbHOEe OOHApPYKEHUE YIOPSJAOYCHHUS CTPYKTYPHI KiIacTepa C
YBEJIMYECHUEM IUIOTHOCTH MOLIHOCTH JIA3€pHOrO u3iaydeHus. [Ipu yBenmdeHMH MOIIHOCTH
Ja3€pHOTr0 M3JIy4E€HHs Ha MOTJIOUIAIOIIYIO IMOBEPXHOCTh 4YacTullbl B 10 pa3, HaOmogaeTcs
CTPYKTYPHBIH (ha30BbIi IEPEXO/] C YBEIMUEHUEM 3(PPEKTUBHOTO ITapaMeTpa HEUIEAIbHOCTH
¢ I'*~120 no 330.

4) VYcmoBuss  GOPMHUPOBAHHS  KBa3HUIABYMEPHBIX  CTPYKTYp  3apsKCHHBIX
MaKpoyacTHI] B MapaOOJIMYECKON 53JIEKTPOCTATUUYECKONW JIOBYHIKE C H30TPOIHBIM U
HEHU30TPOITHBIM PaCIpEAEICHUEM YaCTULl B pAIHAIIBHOM HAIIPaBJICHUH.

5) Pesynbratel wuccnenoBaHus —(HOPMHPOBAHUSI HANPABICHHOTO  JIBHXKCHUS
AKTUBHBIX OpPOYHOBCKHUX MAaKpOYacTHI] B MOHOCIIOMHOM MJIa3MEHHO-TIBIJIEBO CTPYKTYype B
BY pa3psne. DxcniepuMeHTanbHOEe 00HAPYKEHHE MOPOTOBOT0 XapaKTepa pa3BUTHSI TEUEHUS
U €ro 33aBUCHMOCTh OT CTENEHH KOPPEIUPOBAHHOCTH TIBUIEBOM CHCTEMBI U CBOWCTB
IIOBEPXHOCTH IIBUIEBBIX YACTHII.

6) Pesynbrartel uccrnenoBaHus (GOPMUPOBAHUS MPOTSHKEHHBIX KBA3UIBYMEPHBIX
CTPYKTYP U3 SIHyC-4aCTHUILl U UX JUHAMUKHU B IJIa3M€ BBICOKOYACTOTHOTO pas3psiia EMKOCTHOTO
TUIIA HA OCHOBE AHAJIN3a UX TPACKTOPUM, CPEIHEKBAAPATUYHOIO CMEILECHUS], KHHETUYECKOU
SHEPTUU U TOTIOJOTUYECKHUX JE(EKTOB.

HayuHasi M npakTH4YecKasi 3HAYMMOCTb PadoThI

Bonpoc 0 BO3HUKHOBEHUH YHOPATOYEHHOCTH B OTKPBITBIX CUCTEMAX, NAIECKUX OT
pPaBHOBECHS - OJIMH M3 BAXXHEUIIMX BOIIPOCOB COBPEMEHHOI'O €CTECTBO3HAHUS. 3HAYMMOCTD
IOpEACTABICHHBIX B pabOTe MCCIENOBAHMM  OMNpENEeseTcss SKCHEPUMEHTAIbHBIMU
pe3yapTaTaMu M TMOJIyYEHHBIMU CBEICHUSIMHU 00 3BOJIIOLIMH IJIA3MEHHO-TIBUIEBBIX CUCTEM U
ux cpoiicrBax. [lomydyeHHble B paboTe AaHHbIE MOTYT HCHOJB30BaThCSA ISl HU3YUYCHHUS
SBJICHUN caMOOpraHU3aluu U ()a30BbIX MEPEXO/I0B B OTKPBITHIX IUCCUMIATUBHBIX CUCTEMAX.

[TosydyeHnHble B paboTe pe3yibTaThl MO UCCIEIOBAHUIO TUHAMUYECKUX IIa3MEHHO-
OBUIEBBIX CTPYKTYp TO3BOJISIIOT TINyOXKEe TMOHATh BO3HUKHOBEHHE M CYILECTBOBaHHE
pPa3IMYHOrO pPOJa HEYCTOMYMBOCTEW: aBTOKOJIEOAHWU, BUXPEBOTO JIBMXKEHHMS B TaKHUX
CTPYKTypax.

[lonydeHHBIE SKCIIEPUMEHTAIbHBIE CBEICHUS O KHHETUKE CaMOOpPTaHHU3allid B
IBLJIEBOM MJIa3M€ MOTYT OBITh IOJIE3HBI s pa3paOOTKHU MPAKTUYECKUX METOJIOB YIIPaBICHHUS
IIBUIEBOM KOMIIOHEHTOH B IIJIa3Me, YTO MOXKET JIEYb B OCHOBY HOBBIX METOJIOB IIPOU3BOJICTBA
MaTepUaAJIOB C 3aJaHHBIMM CBOMCTBAMU M  IIOBBILICHUIO KayecTBa Pa3IMYHBIX
TEXHOJIOTUYECKUX IUIA3MEHHBIX IIPOLIECCOB.

Pe3ynbTaThl, mpeactaBieHHbIE B JaHHOW padoTe, MOTYT HaWTH MPUMEHEHUE B
HCCIIEIOBAHUAX IIMPOKOTO CIEKTpa CHEUUAIMCTOB, B T.Y. 3aHMMAIOIIUXCS HM3y4YCHUEM
IBUIEBOM IJIa3MBbl, €€ CBOWCTB U MPAKTUYECKUX MPHUIIOKECHHMN.



JIoCTOBEPHOCTH U anpodanus pe3yabTaToB padoThl

[IpencraBneHHsle B JAaHHOM  JUCCEpTAllMOHHOM  paboTe  pe3yJbTaTbhl
SKCIICPUMCHTAJIbHBIX I/ICCJ'ICI[OBaHI/Iﬁ C BBICOKOM TOYHOCTBIO BOCIIPOU3BOOATCA B
MHOT'OYHCJICHHBIX OJOKCIICPUMCHTAX. Pabota o6o6n1aeT pPE3yabTaThl, MPCACTABIICHHBLIC B
HayYHBIX MTyOJIMKAIUIX aBTOPA.

ABTOp AMCCepTaLMU BBICTYNAJ C AOKIagaMu Ha S57-i1, 58-i, 59-i1, 60-i1, 61-i, 62-i1 u
63-i1 koHpepennusx MOTU. Tlpunumana ydactue B 32-i, 33-if, 34-ii KoHpEpEHIUIX:
International Conference on Equations of State for Matter and International Conference on
Interaction of Intense Energy Fluxes, Elbrus, Kabardino-Balkaria, Russia; 9 International
Conference On The Physics Of Dusty Plasmas; 17th International Conference on the Physics
of Non-Ideal Plasmas 2016, 2021; The 1st COMPACT Science Definition Workshop
(Mexnynapoanas ceccust 2021); Scientific-Coordination Workshop on Non-ldeal Plasma
Physics 2022, 9th International Workshop Complex Systems of Charged Particles and Their
Interactions with Electromagnetic Radiation (CSCPIER-2023). ITo teme wucciemoBaHHii
OIyOJIMKOBAHbI 5 HAYYHBIX pa0OT B 3apyOEKHBIX U POCCUHUCKHUX PEIEH3UPYEMbIX HAYUHBIX
KypHanax u3 nepeunss BAK [1-5].

JIMYHBIN BKJIA aBTOPA

Bce npencraBieHHble B AUCCEPTAIMOHHON paboTe pe3ysabTaThl MOJyYeHbl aBTOPOM
JIMYHO WJIU MPU €r0 HEMOCPEJACTBEHHOM y4acTHH. ABTOp MPUHUMAJ y4acTHE B IMOJTOTOBKE
Y MPOBEJICHUH SKCIIEPUMEHTAIIbHBIX pa0d0oT, 00paboTKe 1 aHATIU3€E Pe3yIbTaTOB. Takxke aBToOp
OpUHUMAT yYacTHE BO BCEX COBMECTHBIX OOCYXICHHUSX pPE3yJIbTaTOB M MOATOTOBKE
pYKOTHUCEN K IyOIUKAIIIH.

CtpykTypa u 00beM AUCCEPTALIUN

HucceprainonHas paboTa COCTOUT W3 BBEACHUS, YETHIPEX TJIaB, 3aKIIOYCHUS U
CIUCKa HMCHoJib3yeMor nuteparypbl. OOmmuit o0beM paboThl coctaBimser 109 crpanwil,
BKJItouasi 61 puCyHOK, 5 TabmuIl U CIHUCOK IUTHPYEMOW JHUTEpaTyphl, coiepkammii 141
HAUMEHOBAHUM.

COAEPXAHUE PABOTbBI
Bo BBeaenuu pgaetcsi 00OCHOBaHHME AaKTyalIbHOCTH JAaHHOW pPaOOThI, HAy4YHOU
HOBU3HBl M HAyYHOM M NPAKTUYECKONM 3HAYMMOCTH IIOJYUYEHHBIX 3KCIIEPUMEHTAIbHBIX
pe3ysbTaToB. A TaKKe B JIaHHOM I1aBe c(OpMYJIMPOBAHBI LIETH PabOThl U MEPEUNCICHbI
OCHOBHBIE MOJIOKEHHUSI, BBIHOCHUMbIE Ha 3amuTy. lIpuBeaeHsl cBeaeHuss 00 ampoOanuu
pE3yJIbTAaTOB, OCHOBHBIX MyOJIMKAIUAX, CTPYKTYpe U 00beMe paboThI.

B mepsoii riase npencrabieHa ooOmas vHGoOpManusa O KOJUIOMAHOW IIa3Me, ee
CBOMCTBaX M PacHpoOCTPAaHEHUU B MPUPOJE, O GyHIAMEHTAIbHBIX MCCIIEOBAHUIX, O TUIIAX
ra30BOro paspsja. A Taike npe/cTaBieHa nHpopmaisi 00 aKTUBHOM OPOYHOBCKOM JIBUKEHUU
YacTHIl B MBUIEBOM IU1a3Me, He0OXoaumMasi JijIsl TOHUMaHUs COAEp KaHus JUCCEPTAMOHHON
paboTHI.

Bo BrTopoii riaBe moapoOHO ONMHMCAaH SKCHIEPUMEHTAIBHBIA CTEHJ M CpEICTBa
JUArHOCTUKHU JUIsl W3YYEHHS] KOJUIOMAHOMW IMa3mbl. JIJisl pemieHus 3ajad Mo HU3y4YEeHUIO



CBOICTB IUIa3MEHHO-TIBIJIEBBIX CUCTEM ObLIa cOOpaHa KOH(UTypaIus SIKCIIEPUMEHTAILHOTO
creHna (pucyHok 1), mo3Bossromas BappUpOBaTh B IHIMPOKOM JHANa30HE MapamMeTphl
IIBUIEBOM IUIA3MbI BBICOKOYACTOTHOI'O pa3psiia eMKOCTHOIO THIIA, & TAKKE OCYILECTBIISThH
BO3JICHICTBHE HA UCCIIEAYEMBIE IIBUIEBBIEC CTPYKTYPBI JJa3€PHBIM U31yUYECHUEM.
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Pucynoxk 1. Cxema skcniepuMeHTaIbHON YCTAaHOBKHU.

OCHOBHBIMHU 3JIEMEHTAMH SKCIIEPUMEHTAIBHOTO CTEHJa SBJSIOTCS €ro BaKyyMHas
CUCTEMa, JIEKTpUYECKasi 4acTh, 00ECIIeUNBAIONIasi TEHEPALMIO TJIa3Mbl, U KOMIUIEKC IS
JMArHOCTHKY IBIJIEBOM KOMIIOHEHTHI B Ta30BOM pa3psiie. BakyyMHas yacTb, B CBOIO OUEpE/Ib,
COCTOUT U3 ra3opaspsHON BaKyyMHOW KaMepbl U CUCTEMBI, KOTOpasi KOHTPOJIUPYET HAITYCK
rasa u JaBJICHHE B KaMepe.

["a3zopaspsinHast BakyyMHasi KaMmepa npecTaBisieT cOO0M METAINTMYECKUNA UITUHAP C
ONTUYECKUMHU OKHaMM (MJUTFOMHUHATOPAaMH): OJMH B BEpPXHEW YacCTU Kamepbl U TPU B €€
O0KOBOI1 MOBepXHOCTH. [lnameTp Kaxaoro OOKOBOro MIUTIOMHHATOpa coctaBisieT 10 cwm,
KOTOpPBIE HCTIONB3YIOTCS JJIs OJICBETKU U BO3ACHCTBUS JIa3epPHBIM U3TyUYECHUEM, a TAKKE TS
OCYIIECTBJICHUSI BHJIEOCHEMKH CTPYKTYpbl B TOPHU30HTAJIbHOM IJIOCKOCTU (BUJ COOKY).
CMOTpOBOE OKHO B BEepxHEH yacTu kKamepbl umeeT auamerp 30 ¢cM U HCHOIB3yeTCs IS
NOJIyYeHHS] BUAECON300paKEHUsSI CTPYKTYPhI B BEPTUKAIBHOU MJIOCKOCTH (BH] CBEPXY).

BakyymHas cuctema COCTOUT U3 MOCJIEI0BATEIbHO COEAMHEHHBIX (POPBAKYYMHOIO U
TypOOMOEKYJISIPHOTO HACOCOB. [/ peryIMpOBKH CKOPOCTH TOIaYM U OTKAUYKH aTMOCQEpHI
B ra30pa3psIHON KaMepe UCTOIb3yeTCsl BAKYYMHBIH 3aTBOP C AJIEKTPOIPUBOAOM U OOPATHOM
CBS3BI0 C ITU(POBBIM JTATYMKOM JABJICHUS, PACIIOJIOKEHHOTO B BEPXHEW YaCTH BaKyyMHOU
kamepbl. Crepsa rasopaspsiHas Kamepa oTkaumBaercs 10 aasineHus 1072 [Ma ¢ moMoso
(b opBaKyyMHOI0 Hacoca, IOCJe Yero HaUMHAETCS OTKaUYKa TypOOMOJIEKYJIIIPHBIM HACOCOM JI0
0CTaTo4HOro aapjeHus He xyxke 107 Ila. [lanee B cucteMy Mmojaercs IiasMoo0pasyrouiuii
(OydepHbiii) ra3000pa3Hbiii aproH. Jlas SKCHepUMEHTANbHBIX HAOJIOJCHUN 3HAYCHHE
naBieHust 00bIuHO ycraHaBiauBaeTcs 1-10 [1a. B kauecTBe qaTunka JaBaeHUs KCIOIb30BAJICA
E€MKOCTHOUM BakyyMMeTp «bapaTpon», TOUHOCTh M3MepeHusi kotoporo cocrasisiia 0.05%.
biiok »MeKTpOHHOTO ympaBlieHUsS TMOJy4YaeT CHUTHAJ C JaT4hKa JIaBJIICHUS U PETYIUPYyeT
M0JIO’KEHUE KJIallaHa, aBTOMaTHUECKH MOACTPanuBasi CKOPOCTh yIaJeHHsI ra3a U3 BaKyyMHOM
cuctembl. Bece 3TO MO3BOIISIET MOAAEPKUBATh HEOOXOIUMOE JIJIsl SKCIIEPUMEHTA JIaBJICHUE.
Jlns  HamojgHeHWsT KaMmepbl BO3AyXOM (IIpM  HEOOXOIMMOCTH €€  JajbHenIen
pasrepMeTH3aliyl U OTKPBITHS) K HEM MpUCOeANHEH KianaH Hamycka aTMoCc(ephl.



Onektpuyeckas 4actb coctouT U3 BY reneparopa, miIOCKMX MEAHBIX 3JIEKTPOJIOB,
pPacnoJIOKEHHBIX BHYTPU KaMephl U corjacyrouiero ycrpoicrsa. [Ipu nonaye HanpskeHus
300 B (c mecyme#t wacroroit 13,56 MI'm) Ha snekrpomst ot BU renepatopa Mexmy
anekTpomamu 3axuraincs BY emkoctHOM paspsa. JduaMeTrp 2JIEKTpOIOB BO  BCEX
AKCIIEpUMEHTAX cocTaBisil 19 cM. OHM pacnojiarajiuch B Ta30pa3psgHON Kamepe
TOPU3OHTAIBHO HA AUABJICKTPUYECKUX CTOMKAX HA PACCTOSIHUM S5 CM Jpyr OT apyra. [l
JAHHOW YCTaHOBKH BO3MO>KHA PETyJIMPOBKA MOIIHOCTH JJIsI TEHEPALMH TUIa3Mbl B THANA30HE
or 0.1 go 30 Br. Ilpu sTOM, MHUHMMH3AIIUSA OTPAKEHHOW MOIIHOCTH OOECIeUnBaIach
COTJIACYIOIIMM YCTPOHCTBOM.

Haxg BepxHUM »3€KTpoAOM OBUT 3aKperyieH CHEHUAIbHBIN IMIMHIPUYECKUN
KOHTEMHEp € CeT4YaThiM JHOM (BHYTPHM KOTOPOIrO pacloJiarajucb MHUKPOUYACTHUIIBI).
WNuxeknus yactul B 00JacTh paspsjga odecrneuynBaiach MEXaHMUYECKUM BO3JCHCTBUEM Ha
KOHTEMHEpP C MOMOIIBI0 MOCTOSHHOTO MarHurta. llocie WHKEKUMM 4YacTUL KOHTEUHEp
nepememiayicas B nepudepuilHyro o01acTb KaMephbl, A NPEeAoTBpPALICHUS MNEPEeKPbITUS
U300PaKEHUS MTBUIEBOM CTPYKTYPhI, CHUIMaeMOTO BHJICOKAMEPOH, PACIIOIOKEHHOU CBEPXY.
B »skcnepuMeHTax HMCMOJB30BAJIUCh PAa3IMYHBIE THUIBI YaCTUIl: MOHOJUCIIEPCHbBIC
chepudeckre TIACTUKOBBIC YACTHIIBI, INTACTUKOBBIC YaCTUIIBI C METAUTUYECKUM (METHBIM)
MOKPBITUEM, JTUOO YACTUYHO MOKPBHITHIE METANIOM IUJIACTHKOBBIC YacTUIbI. MHXeKiusa u
HaOmoeHe 3a (GOpMUPYEMBIMU CTPYKTYpaMU B MPUDIEKTPOJHOM 00JIaCTU Tra30BOI0
pa3psiia OCyHIECTBIBUIOCH YEPE3 OTBEPCTUE B BEPXHEM AJIEKTPOJAE TUAMETPOM 8 CM.

JIns mpenn3noHHOrO PETYAMPOBAHNS B TOPU3OHTAIIBHON TIIOCKOCTH JIEKTPOJOB, H,
TakuM o0pa3oM, obecrieueHrs PopMUPOBaAHUS MOHOCIIOWHBIX CTPYKTYp, Obliia pazpaboTaHna
JNBYXCTyII€HYaTas CUCTeMa MOo3ulMoHupoBanus. Ha mepBoM »3Tamne Tropu30HTaIbHOCTH
oOecrieunBaach NpPU YCTAaHOBKE 3JIEKTPOJOB B KaMepy, MOCPEICTBOM KIJIACCUYECKOTO
TUAPOCTATHYECKOr0 HuBenupa. Ha BTopom atame, mocie (GOpMHUPOBaHUS CTPYKTYPHI B
ra3opaspsIHOH IJIa3Me, MOCPEICTBOM BapbUPOBAHHUS IABJICHUS T'a3a U MOITHOCTH pas3psaa B
Hel, hopMupoBanach 001acTh pazpexenus (Boia). Eciau BakyyMHast kamepa v 3JIeKTPO/IbI B
HEW OKa3bIBAIMCh OTKJIOHEHBI OT TOPU30HTAJIBHOIO MOJIOKEHHUS, TO BOMJ HAXOAUTCSA HE B
LEHTPE MbLJIEBOM CTPYKTYpbl, a ObUI cMelleH B ee mnepudepuiinyro yactb. [loaTomy
MOCPEACTBOM MHUKPOMETPHUUYECKUX BHUHTOB KaMepa IOMOJIHMTEIIbHO BBIPABHUBAJIACH TaK,
9100 BOMJ HaxOIWJCis B IIEHTPE CTPYKTyphl. Takum o00pa3oM oOecreunBanioch
NPEUM3UOHHOE BBIPABHUBAHUE 3JIEKTPOJIOB B FOPU30HTAIBHON IIOCKOCTH, HE JIOCTYITHOE
JIPYTUMH METOIaMHU.

JIns mpenoTBpaleHus pa3aera 4aCTULl B TOPU30HTAIbHOM HAIIPABJICHUH Ha HUKHEM
ANEKTPOJI€ TOMEIAJIOCh METAIIMYECKOE KOJIbLIO, KOTOpoe obecrneunBao (GOpMHpPOBAHUE
apaboIMYeCKON JIEKTPOCTATUUECKOM JIOBYIIKH. JluaMeTp JaHHOTO KOJbIa Mo0upacs B
COOTBETCTBUHM C Pa3MEPOM UCCIIELYyEMON TUIA3MEHHO-TIBIJIEBOU CUCTEMBI.

Jnst  BU3yanbHOrO HAOMIOACHUS IUJIA3MEHHO-TIBUICBOM OHA  IOJCBEYMBAJIACh
Ja3epHbIM M3Jy4eHUEeM. B HallMX SKCIEpUMEHTAaX MCIOJIb30BaJICS ApTrOHOBBIN Ja3zep ¢
JUIMHOM BOJIHBI 514 HM. KoppennpoBaHHOCTh CTPYKTYpbl U €€ «(a3oBble» COCTOSHUSA
MEHSUIMCH MOCPEIACTBOM BO3JIEUCTBUSL HA CTPYKTYPY PACHIMPEHHBIM OJHOPOIHBIM ITYYKOM
aproHOBOr0 Jia3epa, a JUisl JIOKAJIbHOIO BO3JEWCTBUS, Hampumep, s (OpMUpPOBAHUS



«TEUYEHUS»  HCIOJB30BAICA  JONOJIHUTEIBHBIA  JIA3E€PHBIM  IIy4YOK, TI'€HEPUPYEMBIN
TBEPIOTEIBHBIM JIA3€POM.

JIs1 perucTpainuy 4acTUIl UCIOIb30BAINChH ABE BUAcoKaMmepbl. OHa BUAEOKaMepa
pacnosiaraiack COOKy ra3opaspsiiHOil KaMepbl, BTopas HaJl yCTaHOBKOM. B pe3ynbrare Obuin
MOJIy4eHbl BUACOU300paKEHUS IJIA3MEHHO-TIBUIEBOM CTPYKTYpPbl «BUJl CBEPXY» M «BH]
cOoKy». Buaeokamepbl ObLIM CHHXPOHH3UPOBaHbI. Pasmepnr kaapa coctaBisii 1440/1440
MUKCeJIeH, a 4yacToTa CheMKH MorJa BapbupoBatbes 10 1000 kaapos/cek. [locne o6padboTku
BUJICOM300paKeHNs OBUTH TIOJYYEHBI PA3TUYHBIC XaPAKTCPUCTUKH THUIEBBIX YaCTHIl (MX
KOOPJMHATHI, CKOPOCTH W TPACKTOPHH JIBIKEHUS [6]), HCITOIb3yeMble B JalbHEHIIIEM ISt
aHaJu3a MIa3MEHHO-TIBIIEBBIX CTPYKTYP.

B TpeTneii riiaBe npencTaBieHbl SKCIIEPUMEHTATbHBIE UCCIEA0OBAHUS 110 U3YUYEHUIO
KBa3UJIBYMEPHBIX IMJIa3MEHHO-TIBIEBBIX CUCTEM B MPUAJIEKTpoiHOM obnactu BY paspsna.

B n.3.1 onucansl pe3yabTaThl HCCIE0BaHUM MalbIX KiactepoB B BU paspsje.

B nanHoit paboTte ucciaeayercss COCTOSIHUE OJJMHOYHOM KOJIJIOMIHOM YacTuilsl B BU-
paspsizie ¢ MOMOIIbI0 (PPAKTATLHOTO aHaN3a €€ TPACKTOPUHU. DKCIIEPUMEHTHI MPOBOIMINCH
¢ yacturiamu Tpex TuroB [4]. Bo Bcex 3kcneprMeHTaxX MCIOJb30BaTUCh MOHOIUCIICPCHBIC
chepuyeckue maacTukoBbie yactuilbl (M®) nuamerpom 10 MxM. YacTuilsl mepBOro TUIa He
UMEJTU TOKPBITHUS, YaCTUIIBI BTOPOTO THUIIA UMEITH MEIHYIO 000JI0UKY, a YaCTHUIIbI TPETHETO
THIIA YaCTUYHO OBUIH MOKPHITH METAJIJIOM (SIHYC-YaCTHIIBI).

OKCHEepUMEHThl  MPOBOJUIUCH ClenyomuM oOpa3oM. OpuHOuYHas yYacTula
noMemanace B BU-paspsn, rae 3apskamach IMOTOKaMU  DJIEKTPOHOB W HOHOB, U
JEBUTUPOBAJA, JIBUTAsChb B Mpeaeliax JOBYMIKU. [l KaxIol MOIIHOCTU Ja3epa
Npou3BOJIWIacCh Bujeo3anuch JauHoM 30 cekyna. Ilpu 3ToM, MOmIHOCTH Jda3epa
BapbupoBasiack oT 0.05 no 1.5 Brt. J{aHHBIM 3KCIEPUMEHT MOBTOPSUIICS JJISl KaXJA0rO THUIA
gactull. l[locie o00pabOTKM BHIECOJAHHBIX OBUTM TMOJYYEHBI KOOPAMHATHI, a TaKKe
TPAeKTOPUU YACTHII, KOTOPhIC MpeJcTaBiieHbl HAa pucyHke 2. [lo gaHHBIM 3TOro rpaduka
MOXHO CJieJlaTh BBIBOJ, 4YTO BCE€ YACTHUIBI JABUTAJIUCh IO KPYrOBOM TpPaeKTOPHHU.
OTauuuTeIbHON 0COOCHHOCTHIO KaXKI0M YACTHUIIBI SBJISUIACH CTENEHb 3alTyMJIEHHOCTH U3-3a
Cly4daHbIX KoJjieOanui dactuil. CileayeT TakKe OTMETUTh, UYTO JAUAMETPhl TPACKTOPHUI
TaKXe OTJIMYAIKNCh B 3aBUCUMOCTH OT TUIIA YACTHUIl. ITO BbI3BAHO BO3/ICHCTBUEM HA YACTHUIIbI
BHEIIHUX CHJI, UHUIIUUPYEMBIX JA3€PHBIM U3TyUYCHHEM.
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Pucynok 2. Tpaexktopuu uactuil 3a 8 cekyHn mius 1 Brt. «1» romyObsiM 11BeTOM
oTMeueHa actTukoBasgs M®-yacTuna, «2» OpaHXkEBbIM - MUIACTUKOBAs YacTULIA C MEIHOMN
000JI04KOH, «3» 3€JIEHBIM — YaCTHUIIa, YACTUYHO MOKPBITAS MEJIbIO (SIHYC-4aCTHIIA).
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Pucynoxk 3. Kunerudeckasi sHeprusi mpu pa3indHbIX MOIIHOCTSX Ja3epa Uisl Tpex
TUIIOB YaCTHII.

JIyist Bcex TpeX BUAOB YACTHUI] TOCUUTAHBI KHHETUUECKHUE SHEPTUH B 3aBUCUMOCTH OT
MOIITHOCTH JIa3epHOTro Tyuka. [1o rpaduky MOXHO OTMETHUTh, YTO PA3IUYHBIC YACTHUIIBI C
pa3Hoit 3((PEKTUBHOCTHIO MPEOOPA3YIOT IHEPTHUIO JIA3EPHOTO U3IYUYCHUSI B KHHETUYECKYIO
SHEPTUI0 JBWKEHUS YacTHll. [[Jisl MIacTUKOBOM YacTUIlbl 0€3 MOKPBITHUSI BUJIHO, HACKOJIBKO
Majio MeHsieTcs kuHetnueckas ’Heprus (ot 0.04 mo 1 »3B). A mis yacTuil ¢ MeaHOM
000JIOUKON »HEPrus YyBEJIWYMBACTCS B HECKOJBKO pa3 cuibHee. [Ipy MUHMMaNIbHOMN
MOIITHOCTH Jla3epa KWHETHYECKas PHEprusi Jisi Takux 4dacTtull coctaBiuseTr 0.7 »B, a mis
MaKCHUMaJIbHOM MolHOCTH octuraetr 130 3B.

[To rpaduky KHHETHYECKOW SHEPIHMH 3aMETHO, KaK HECTaHJapTHO MEHSETCS
3HAYECHHUE YHEPTUHU ISl YACTHUIIBI, TOBEPXHOCTh KOTOPOH TOJIHKO YaCTUYHO COJEPKaia MEIb.
Jlyst Hauana cieyeT OTMETUTh, HACKOJIBKO CUITBHO MEHSIETCS] DHEPTHS JAJI TAKOW YaCTHIIHI B
3aBUCMMOCTH OT MOIIHOCTH Jiazepa. CHavana sHeprust Bo3pacraet ot 0.6 go 350 3B. 3atem
KHHETHYECKas SHEPTUS YaCTHUIIBl YMEHBIIIAETCS ITOCIIE 3HAYCHUS MOIIHOCTH Jla3epa BhIe 1.2
Bt. DT1OoT 3]dekt, BO3MONKHO, MOXHO OOBSICHUTH HEOJHOPOJHOCTBIO TOKPBHITHS Ha
MOBEPXHOCTH YACTHUIBI, YAaCTUYHO TIOKPHITOM MeIpl0. MeTalIM4ecKkoe TOKPBITHE
HEPAaBHOMEPHO M HE 3aHuMaeT poBHO 50% moBepxHocTH yactuilbl. [1acTukoBas yactuua
MMEET Ha CBOCH MOBEPXHOCTH JIMITh METAJUIMUYECKUE OCTPOBKH. Eciu pazorpeBaTh Takyio
MOBEPXHOCTh JIA3€PHBIM HU3IYYCHHEM, 3TO MOXET MPHUBOJUTHh K CIy4YailHOMY BpAIICHUIO
YacTUIbl. A pPE3Koe HM3MCHCHHE HAIpaBJICHUS BIKCHUS SHYC-Y4aCTHUIBI TMPUBOAUT K
HEMOHOTOHHOMY M3MEHEHUIO KHHETHUUECKOM sHepruu. M3-3a 3TOro pa3orpeB U MoBejacHUE
YaCTUYHO MOKPBITHIX MEABI0 YACTHUI[ MOTYT OTJIMYATHCSA APYT OT JIpyra B 3aBUCHUMOCTH OT
BBIOpaHHBIX YaCTHII.

AHaNM3UPysl 3aBUCUMOCTH SHTPOIHHU TIEPBOTO TepecedeHus [7] u e€ nmpou3BoaHOM
OT TapamMeTpa OrpyOseHHus €, ObUIM IOJIy4eHBbI O0JIACTH JIOKAIM3allMu U (PpakTaabHbIC
Pa3MEPHOCTH TPACKTOPUNA YACTHII.
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PucyHok 4. J/luHamudeckast SHTPOIIHUS IEPBOTO MEePECCUCHUs I TPEX BUIO0B YaCTHUI]
npu MomHOCTH Jasepa 1 Br. OTMe4eHHbIC MYHKTHPOM JIMHHHM - JIOTapU(MUUYECKHUC
npousoaHbie d(1g(S(€)))/d(lg €). Toukn Ha TEepecedeHUH C OChIO AOCITUCC - BEITHMYHHBI
o0JracTei JIOKaIM3alliH.

Wtak, B ngaHHOW TJaBe NpPOAHATM3UPOBAHBI JKCIICPUMEHTAIBHBIC JTaHHBIE II0
JBUKCHHUIO OJMHOYHBIX YACTHUIl TPEX TUIIOB B JIOBYIIKE B BBICOKOYACTOTHOM €MKOCTHOM
paspsze: 1) miactukoBas yactuna 6e3 nokpeitus (M®), 2) rmracTukoBasi 4aCTUIA ¢ METHOM
000J10uKO0#, 3) TIACTUKOBAsl YaCTHUIIBI, YACTUYHO MOKpHITas MeTauioM. KuHerndeckas
DHEPrus IMIACTHKOBBIX YACTHII, TIOJHOCTHIO WJIM YaCTUYHO TOKPBHITHIX METAJJIOM, CHIIBHO
MEHSETCS C YBEIIMUEHHWEM MOIIHOCTH Jiazepa. DTO MOATBEpKAaeT TOT (haKT, YTO JAHHBIC
YACTHUIBl SIBIISTIOTCS  aKTUBHBIMHU. JIsl 9acTUIl, YaCTUYHO TOKPBITBIX METAILIOM,
KHHETHYECKasl SHEPTHUsSI MEHSIETCS HEMOHOTOHHO (M3-3a HEOJHOPOJIHOCTH TIOBEPXHOCTH). A
KUHETUYECKasi SHEPTUs ISl YacTHUI] ¢ MEIHON 000JOYKON MpH yBEIMYEHUH MOIIHOCTH
Ja3epa yBEIMYMBACTCS Ha JIBa MOPsAIKA OOJIBIIE, YeM ISl YACTHI] 0€3 TOKPHITHSI.

®dpakranbHas pa3MepHOCTh [8] TpackTOpHii MagaeT ¢ ABYX IO CIUHUIIBI C POCTOM
DHEPTUM YacTUIBL. J[JIs TIacTUKOBOM YacTUIlbl 0€3 TMOKPHITHS U JUIS YaCTUIBI C MEIHOM
000710YKOW HM3MEHEHHE TMPOUCXOIWIO IUIABHO, a [JIs YacTHUIl, YACTUYHO TOKPBITHIX
MeTauioM, ¢hpakTaabHas Pa3MEPHOCTh MEHSIETCSI CKAUKOM.

OOyacTh JOKaM3auu €y (IUaMeTp OKPY)KHOCTH, BHYTPH KOTOPOW dYacTHIA
JIBMDKETCSI B TCUCHHUE DKCICPUMEHTA) PacTEéT ¢ POCTOM KHMHETUYECKON SHEPTHU YaCTHIIbI,

3aBUCHMOCTh £, X VK. OGNacTh JOKANM3aLMK JUIS PACCMOTPEHHBIX SKCIIEPUMEHTOB C
XOpOUIEH TOYHOCTBIO COBIAJAET C MAaKCUMAJbHBIM CPEIHUM CMEHICHUEM YaCTHUIIbL,
MOJTYYEHHBIM U3 MAKCUMAIIBHOTO CPETHEKBAPATUYHOIO CMEIICHUS.

boiio mpoBeneHo HaOMIOJEHHE KAa4eCTBEHHOM M KOJMYECTBEHHOM pa3HMIIBI B
W3MEHECHUHM XapaKTEPUCTUK JBH)KEHUS MbUICBBIX YacTHIl B IUIA3ME NPHU BAPbHUPOBAHUU
BHEIIIHETO MOTOKa 3Hepruu. [IpogeMOHCTpUpOBaHO, UTO BUKEHUE MCCIEAYEMBIX YaCTHI]
SBISIETCS (PPAKTATBHBIM, T.€. KX TPAEKTOPUH UMEIOT IPOOHYI0 (PpaKTATHHYIO PA3MEPHOCTb.
@pakTanpHas pa3sMEPHOCTb TPACKTOPHUM 3aBUCUT OT KMHETUYECKOM HEPIUU YACTULIBI U
MEHSIETCS [IPYU U3MEHEHHH MOIIHOCTH BHEUIHETO JIA3EPHOTO U3IIYYEHUS.

Jlanee Oblna HMccieqoBaHa CTPYKTypa, cocrosmas u3 19 yactuu. Mcnons3oBanack



JKCIIEPUMEHTaJbHasl yCTaHOBKa, u300pakeHHas Ha pucynke 1. Ilocme o006paboTku
BUICOIAHHBIX OBLIM MOJTYYESHBI KOOPAMHATHI YACTHII, UX CKOPOCTH, TPACKTOPHH, MTapaMeTp
HEWJICATBHOCTH, TapHbIE KOPPEISIHOHHBIE (YHKIMH, CPEAHEKBAIPATUYHBIE CMEIICHUS,
(pakTanpHast pa3MEpPHOCTb M JMHAMHYECKAst SHTPOIIHSL.

[Ipy yMEeHBIICHNU MOIIHOCTH Jia3epa CTPYKTypa CTAHOBUTCS OOJiee «pa3orpeToi.
DTO MOBEICHHE POBHO MPOTHBOMOJIOXKHO JAPYTMM THIAM 4acTUIl. B TO Bpems Kak Juis
MOJHOCTBIO TIOKPBITBIX YACTUI] POCT MOIIHOCTH JIA3€PHOTO M3IYyYCHHS NTPUBOIUI K
«TUJTaBIICHUIO» KJIACTEPA, TIE CIIepBa HAOIIOAIOCH YBEIMYCHUE TPACKTOPUU BHYTPH CBOCH
000JIOUKH, 3aTe€M MPOUCXOAUIN MEPECKOKU MEXITy 000JI0uKaMu, MJIs Kiactepa u3 SHyc-
YacTUI] HAOJIOJAeTCs MPOTUBOIOJIOKHAS KapTuHA. [IpM ManbIX 3HAYEHUSX MOIIHOCTH
Ja3epHOTO WM3IyYEHUS MBI HAOJIOaeM JBIDKEHHE YacTHII HE TOJBKO BHYTPH CBOEH
000JI0YKH, HO M UX TIEPECKOKU MEXITy IICHTPAJIbHBIM MOJ0KEHUEM U IBYMsI 000I0UKaMu. A
YBEIMUSHHE MOLITHOCTH JIA3€PHOTO M3ITyYCHHUS TPUBOIUT HE K JIOTIOTHUTEIEHOMY Pa3orpeBy,
a K YMCHBIICHUIO KUHETHYCCKOW DHEPTMM YACTHII U BO3HUKHOBEHHIO YIOPSIOUYECHHOTO
COCTOSTHHSA KJIacTepa.

Ha pucynke 5 npeacTaBieHbl KHHETHYECKUE YHEPTHH B 3aBUCUMOCTH OT MOIITHOCTH

nazepa.

®  YObIBaHWE MOWHOCTH Nazepa
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PucyHnok 5. Kunernueckast sHEprus npu pasiMdHbIX MOLIHOCTSX Ja3epa.

Ha pucynke 6 mpezacraBiieHbl CpeIHEKBAIpATUYHBIE CMEIIEHUS OT MaKCUMaJIbHON
MOIIIHOCTH JIa3epa A0 MHUHUMAJIbHOM. A Ha PUCYHKE 7/ NPENCTABICHbl JUHAMUYECKHE
SHTPOIIUH, TOCUUTAHHBIE U1 JTAHHOTO DKCIIEPUMEHTA.

MolwHocTe nasepa 0.05W
MolwwHocTe nasepa 0.1W
MolHocTb nasepa 0.3W
MowHocTe nasepa 0.5W
MowHocTe nasepa 1W
MolHocTb nasepa 1.5W
MowHocTe naszepa 2W
MolHocTe nasepa 2.5W
MowHocTb nasepa 3W
MowHocTe nasepa 3.5W
MolHocTe nazepa 4W
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Pucynok 6. CpegHekBaapaTHYHbIE CMEILICHHS PU MOIITHOCTH Jazepa oT 4 Bt 1o 0.05
Br.



~ MOWHOCTL Na3epa 4W —— MOIWHOCTL Na3epa 1W
—— MouwHocTe Nasepa 3.5W - MowHocTe nasepa 0.5W
= MOWHOCTE Nadepa 3W = MowMoCTs Nazepa 0.3W
s MowHocTe Nazepa 2.5W MowmHocTe nazepa 0.1W
— MowHocTe Nazepa 2W s MowHOCTE Nazepa 0.05W
= MOWHOCTL Nasepa 1L.5W
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Pucynok 7. [luHaMudeckue SHTPOIUHU [ MOITHOCTH ja3epa oT 4 Bt go 0.05 Br.

N3 dbyHKIMM AMHAMUYECKON SHTPOMUU MOXHO MOJYYUTHh (QYHKIHIO (PpakTaibHOU

pasmepHoct: A(€*) = d(log(t(g*)))/d(log(e*)). Dta nmpousBoaHAs MpEACTABICHA HA PUCYHKE
8.

MoWHOCTE Nazepa 4W
= MOIWHOCTL Na3epa 3.5W
3.5 MowHocTs nazepa 3W
=== MowHocTb nasepa 2 5W
= MOWHOCTL Nasepa 2W
== MOWHOCTL Nazepa 1.5W
= MOWHOCTL Nasepa 1W

MowHocTs Nazepa 0.5W
= MOIWHOCTL Nazepa 0.3W

MowHocTe nazepa 0.1W
=== MOWHOCTL Na3epa 0.05W

o — —— — =

0.0100 0.0125 0.0150 0.0175 0.0200

*

€ ,CM

1.0 —
0.0000 0.0025 0.0050 0.0075

Pucynox 8. ®ynkuus ¢ppaktaaibHON pa3sMEpPHOCTH JUIsl MOLTHOCTH Jiazepa oT 4 BT no
0.05 Br.

Ha TpaekTtopun n0KanM30BaHHON YaCTUIIBI MOKHO 3aMETHUTh, YTO €€ JBUKEHUE
COCTOUT M3 BUTKOB cniupaliv, paauycom ~ 0.002 cMm. DTo 3HaUE€HHE MPUMEPHO COOTBETCTBYET
MaKkCUMyMy Ha rpaduke (QppakTaabHOW pa3zMEpPHOCTH ISl KaXJA0Tro dKCIepuMeHTa. Takum
oOpa3om, ¢pakTalbHas pa3MEPHOCTh MOKAa3bIBAET, YTO TPACKTOPHUS YACTHIIBI CKJIOHHA K
camornoBTopeHusiM npu goctwxennn €~ 0.002. [lanee B maHHOI T71aBe OBLTO MOCTPOEHO
3HaUY€HHE MaKCUMyMa (paKkTaJbHON Pa3MEPHOCTH B 3aBUCHUMOCTU OT DHEPTUU CUCTEMBI.
[Tocne dero caenan BbIBOM, UTO C YBEJIMUEHUEM DHEPTUU CUCTEMBI TPAEKTOPUM YaCTHI] BCE
MEHee CKJIOHHBI K TOBTOPSIEMOCTH.

B n.3.2. mpencraBieHbl pe3ynbTaThl UCCIeNOBaHUS (OPMUPOBAHUS MOHOCIOSA C
pa3IMYHON aHU30TPOIUEH B paralibHOM HarpasicHud [3].

Ji SKCIEpUMEHTAJIbHOTO UCCIIEOBAHNS KBa3UABYMEPHBIX CTPYKTYP 3apsKEHHBIX
MakpouacTull, (GopmMupyembix B Tiazme BY paspsima mpuUMeEHsSICS 3KCIepUMEHTATbHBIN
CTEH]I, IPECTAaBJICHHBIN HA pUCyHKE 1. OCHOBHBIM DJIEMEHTOM CTEH/IA SBIISIACHh BaKyyMHasl
KaMepa C ONTUYECKUMU OKHAMHU B TOPU3OHTAIBHON IUIOCKOCTH, W HWUTFOMHHATOPOM B
BepXHEH dacTu Kamepbl. Bo3nymiHas atMocdepa u3 kamepbl OTKAYMBACTCS] U HATIOTHSIICTCS
1a3M0000Pa3yIOIUM Ta30M — aproHOM, 10 padouero nasienus 3-9 Ila. B meatpe kamepsl



pPacnoJIOKEHbI J1BA IJIOCKUX TOPU3OHTAIBHBIX 3JIEKTPOAA, PACCTOSTHUE MEXAY KOTOPBIMU
coctaBisieT 5 cM. B pa3psin BOpackBaIMCh MIIACTUKOBBIE YAaCTHUIIBI, TUaMeTp KOTopbix 10.6
MkM (mnotHocTs 1.51 r/em®. Jlns co3pgaHmst SEKTPOCTATHMYECKON JIOBYLIKM HA HUKHEM
AJIEKTPO/JIe YCTaHABIMBAJIOCH KOJibLO. [uamerp ucnonb3zyemoro koisia 80 MM, a BeIcOTa 2
MM. /[aHHO€ KOJIBIIO YIEPKUBAJIO OT pa3jeTa 3apsKEHHBIE B IJIa3ME NbUIEBBIE YACTHLBI B
paavanbHOM HalpaBJICHUU. J[BUKEHUE YaCTULl, OJCBEYEHHBIX INIOCKUM TOPU30HTAIBHBIM
IIy4YKOM aprOHOBOTO JIa3epa, peruCTpUpOBaAIOCh BuacokaMmepon. Kamepa pacronaranach Hajl
CTPYKTYPOW U CHUMaJIa BUJ CTPYKTYPhI CBEPXY.

bpun poBeIeHbI 1BE CEPUU SKCIIEPUMEHTOB C MOHOCJIOMHON CTPYKTYpPOW: NEpPBast
IpU U3MEHEHUH MOUTHOCTH paszpsna oT 5 10 30 BT u mocTossHHOM JaBjieHuH paboyero rasa
5 Tla; a BrOpas mpu u3meHeHuu naasieHuss oT 3 1o 9 Ila u mocrosstHHON MomHOCTH BY
renepatopa W=13.1 BT. beuin oToOpanbl 110 4eThipe Hanbosiee XapaKTEPHBIX IKCIIEPUMEHTA
Ul Kaxnaou cepuu. J[lanee mnpuBoasTcs u300paxKeHUsT MbUIEBBIX CTPYKTYp B 3THX
OTOOpPAHHBIX SKCIEPUMEHTAX W JaHHBIE O CBOMCTBAX MbBUIEBBIX CTPYKTYp, MOJyYECHHbIE B
pe3ynbraTe 00padoTKH BUACO(MUIBMOB JIMTENbHOCTBIO 30 CeKyH, CHATHIX ¢ yacToTon 400
KaJIpOB B CeKyHy. L{eabto TaHHBIX 3KCIEPUMEHTOB OBLIIO U3YUYEHHE U ONMCAHUE U3MEHEHHUS
IJIOTHOCTH M KHHETUYECKOM SHEPTMH YaCTUIl MOHOCIIOA M0 MEpE yaaleHus or uenrpa BYU
paspsiia mpu U3MEHEHUH TakuX rnapameTpoB BY pa3psiga kak gaBiaeHUE U MOUTHOCTb.

Ha pucynke 9 mpezacraBieH BUACOKAAP MOHOCIOWHON CTPYKTYPBI 3apsiKEHHBIX
yacTull B iazme BY paspsna. DxcrnepuMeHTaabHO HaOII0AaIach 3BOIIOIUS CTPYKTYPbI U
M3MEHEHUH NapaMeTpoB pazpsiaa. [1o u3MepeHHbIM U3 BHUI€03alIUCH KOOPAMHATAM YaCTHIL
ObUIO MPOAHATM3UPOBAHO PATUAIBHOE PACHpPEEICHUE MEXYaCTUUHBIX PACCTOSIHUM B

CTPYKTYPE.

Pucynox 9. Kanp Buaco3anucu oqHOpOIHON MOHOCIIONHOM CTPYKTYpHI B Iazme BY
pazpsaa. W=6.9 Bt, P=5 Ila

OKCHEepUMEHTAIBHO ~ HAOI0Jan0Ch, 4YTO TNpU  (PUKCUPOBAHHOM  JaBJICHUHU
mwia3MooOpasyromero aprona p=5 Ila u3MeHeHHE MOIIHOCTH pa3psia TPUBOIUT K
W3MEHEHHUIO0 MEXYaCTUIHOTO paccTosiHus B cTpykType (Puc.10).
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Pucynok 10. KBazuaByMepHast CTpyKTypa HbUIEBBIX YACTHUL B aprOHOBOM mia3me (P
= 5 I1a) mpu paznuunoit momHocTy BY pazpsga: a) 4.4 Bt, 0) 6.9 BT, B) 16.7 B1. Ha
[[BETOBOM JHarpaMMe MPUBEJCHO paJuaibHOE pacipeieIeHue MEXYACTUUHOTO PACCTOSHHUS
P Pa3IMYHON MOIIHOCTH ra30Boro paspsajaa. CHU3y NMPeJCTaBICHO U3MEHEHHUE B
OJHOPOJIHOCTHU CTPYKTYPHI - A4eikru BopoHoro.

IIpu mommoctn W= 4.4 BT MeX4aCTUYHOE PACCTOSHHE B LEHTPAJIbHOW YacTH
CTPYKTYpPBI OKa3bIBaJIOCh MPUMEPHO B 1,5 pa3a MeHbIIE MEXKYaCTUYHOIO PACCTOSHUSA Ha
nepudepun cTpykTypbl. OJTHAKO C POCTOM MOIIHOCTH MBIJIEBOM MOHOCION MEHSUICSA U MPH
W=6,9 BT MeXuacTUUYHbIE PACCTOSIHUS B CTPYKType BbIpaBHUBAIMCH. JlalbHEHIINI pocT
MoIHocTH pazpsiaa 1o W=16,7 Bt npuBoaun k GOpMHUPOBAHUIO PA3PEKEHHOTO YyUaCTKa B
HEHTPAJIbHOM YaCTU CTPYKTYpPbl, A€ MEXKYACTHUUHBIE PACCTOSIHUS OBbUIM 3HAYUTEIHHO
OoJibiie yeM Ha niepudepun CTpyKTyphl (pucyHok 11). JlanpHelee yBeTudeHne MOIITHOCTH
IPUBOIMIIO K (POPMUPOBAHUIO BOW/IA B [ICHTPAIBHOM YaCTH CTPYKTYPBHI.

Ip, mm

1.6

081 1

041

Pucynok 11. I'padux 3aBUCHMOCTH pagualIbHOTO PACHPEICICHUS CPETHETO
MEXYACTHYHOTO PACCTOSHUS B KBa3UIBYMEPHON CTPYKTYpPE MBIJIEBBIX YaCTHI] B ApTOHOBOU
ia3Mme (nasnenue S [1a) mpu pazmuunoit momHocTr BY paspsima: cunmii rpadux npu W=4.4
Brt; kpacHslii rpaduk npu 6.9 BT; 3enenslii rpaguk npu 16.7 BT.

Nnentuunple HaOII0eHUS OBLIM OTMEUEHBI Ipu MoIHoCcTH paspsaa W=13.1 Bt u
W3MEHEHUH JIaBJICHUS aproHa B ra3zopa3psaaHoi kamepe (pucyHok 12). [Ipu momuoctu P= 3
[Ta MexxyacCTHYHOE PaCCTOSIHUE B IICHTPATBHON YaCcTH CTPYKTYPhI OKa3bIBaJIOCh MPUMEPHO B



2 pa3a MeHbIIIe MEXXYaCTHYHOTO PacCTOSHUS Ha nepudepun CTpyKTyphl. C poCTOM JaBIeHUS
10 P =4 Ila MexxyaCTUUHBIE pACCTOSIHUSA B CTPYKTYPE BBIPABHUBAIUCH. JlanpHEHIIMI pOCT
nasienus 10 P = 5 [1a npuBoaui k popMUpOBaHUIO Pa3peKEHHOTO y4acTKa B LIEHTPAIbHOM
YaCTH CTPYKTYphI (pUCYHOK 13).

. o R o
3s| 1 Mo st 1 . 35
30 | _-3':_ i 1 30 : bl 1 30 |
25| e N 25 S - 25

20 I 1 R 0.5 20 ; i z 2 0.5 20

075 10 15 20 25 30 35 mm i 0" s 10 15 20 25 30 35 mm i 075 10 15 20 25 30 35 mm

Pucynok 12. KBasuaByMepHasi CTpyKTypa MbIJIEBBIX YACTUI] B AprOHOBOM miazme BU
paspsiaa npu MontHocTH BY paspsina W=13.1 BT u paznuunoit naBinenuu 0ydepHoro rasa:
a) 3 I1a, 6) 4 I1a, B) 5 [1a. Ha 1iBeToBO# AriarpaMmMe PUBEACHO pagualbHOE pacipeneieHne
MEXYACTHYHOTO PACCTOSIHUSI TIPU PaA3TUIHOM MOITHOCTH Ta3oBOro paspsga. CHuzy
MIPEICTABICHO U3MEHEHHE B OJTHOPOTHOCTH CTPYKTYPHI - stueliku BopoHoro.

Ip, mm
1.6
1.2
0.8 ~

0.4

Pucynox 13. I'paduk 3aBUCHUMOCTH paauaIbHOTO PACIPEACIICHUS] CPEIHETO
MEXYaCTUYHOI'O PACCTOSIHUA B KBa3UJABYMEPHOM CTPYKTYpPE MbLIEBBIX YaCTHI] B apTOHOBOU
masme BY paszpsina npu montHoctu BY pazpsaa W=13.1 Bt u gaBnenun 6ydepHoro rasa:
cunss kpuBas npu P=311a; kpacHas npu 4 Ila; 3enenas npu SIla.

B n.3.3. npencraBneHsl pe3ylbTaThl HCCIEAOBAHUA (POPMUPOBAHUS «TEUCHUS» C
TIOMOIIIBIO BO3ICUCTBUS JIa3epa Ha MOKPBITHIE M HEMTOKPHITHIE YaCTUIIBI [2].

s popmupoBaHUS «TEUEHHS» B IJIA3MEHHO-TIBUIEBBIX CTPYKTYpax MCIOJIb30BAJICS
DKCHEPUMEHTAJIbHBIA CTEHJI, KOTOPBIM IMPEICTAaBIEH Ha pPUCYHKE |. OKCHEpPUMEHTHI
MPOBOJMIINCH B ra30pa3psAIHON BakyyMHOUM kamepe. B pa3ps BOpachlBaJIMCh MIIACTUKOBBIE



YaCTHUI[BI C MEIHOW OO0OJIOUKOM, nuaMeTp KOTopbix 9.95 mxm. Ha HmwkHeM snextpojne
YCTaHaBJIMBAJIOCh KOJbIO. J(MameTp HCHoib3yeMOro B JIaHHOM 3KCIEPUMEHTE KOJbIa
coCTaBJIsLI 85 MM, a BbICOTa 2 MM. AProH UCHOJIb30BaJICs B KauecTBe OydepHoro rasa.

TedeHrue B OJHOCIONHOM IUIA3MEHHO-TIBIJIEBOM CUCTEME CO3aBajiOCh NIPU IMOMOIIU
U3JIyYEHUs TBEPIOTENBHOTO JIa3epa, HANPABICHHOTO B LIEHTPAJIBHYIO YacTh MUCCIETYyEMOMN
CTPYKTypbl. /[l W3MEHEHUs MapaMeTpa HEUJCaJbHOCTH B CHUCTEME KHUHETUYECKUI
«pa3orpeB» IUIa3MEHHO-TIBUIEBOM CTPYKTYpPbl MPOU3BOAWICS MPH MOMOIIH JIA3EPHOTO
W3JIyYEHUS PA3TUYHON MOIIHOCTH NPEABAPUTEIBHO PACIIMPEHHOTO JIA3€PHOTO «HOMXKAY.
Pe3ynbTaThl perucTpupoBaInuch BHACOKAMEpPOM, KOTOpas pacrmoJiarajach HaJl CTPYKTYpOu
BEPTUKAJIBHO.

Ha pucynke 14 moxxHo paccMoTpeTh TpaekTtopun yactuir 3a 0.5 cekynnasl. Ilo

JAHHBIM 3KCIIEpUMEHTa ObUIM MOCYUTAaHBI TapaMeTpsl HeuaeansHoct ['~ 70, 400 u 500.
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Pucynok 14. Tpaexkropuu 4YacTUIl W pacHpeleseHUsI CKOPOCTEW MpU 3HAYCHHUSIX
morrHocTH Jazepa W = 0; 25; 50; 75; 100; 150; 200 u 250 mBt. OGnacts BO3AeHCTBUS
JIA3€PHOrO IMy4YKa OTMEYEHA 3€JICHBIM LIBETOM.

N3 ananu3a TpaeKkTOpUN IBUKEHUS U PACHPENEIICHHUS CKOPOCTH IBUIEBBIX YACTHIL
MOXHO CJI€JIaThb BBIBOJ O IIOPOrOBOM THUIE TedyeHUA. [Ipy MMHMMAaIbHBIX MOIIHOCTAX
JIA3€pHOTO BO3JCHCTBUS HE BO3HUKAJIIO HUKAKOro TeueHHs. Jlamee Mbl yBEIWYUBAIN
MOIIIHOCTb JIa3epa, YTO MPUBOJIUIO K POPMUPOBAHUIO HAMIPABIEHHOTO ABUKEHUS YACTHII.

100 wBt

Vz, Mm/cex

40 MBT

20 uBr
-2,0 10 mBr

— DBt
2,5

-3,0

Pucynok 15. Tpaekropuu yactui] ¢ MegHoi odonoukoit (I'*~180) u pacnpenenenus
ckopocTtel rpu MoutHocTax yazepa W = 0; 10; 20; 30; 40; 100 mBT.



N3MeHeHne MOIIHOCTA Ja3epa, KOTOPbIA CO3[aeT TEYEHUe, MNPUBOAWIO K
KHHETHYECKOMY Pa30TPeBYy CHUCTEMBI CHauaja B IICHTPE, 3aTeM Ha mnepudepun CTPYKTYPHI.
Ha pucynke 15 moka3zaHbl TPaeKTOPUU MBUIEBBIX MAaKPOUYACTHUI] C MEIHBIM MOKPBITUEM.
Bpewms skcniepumenTa 0.5 cekyna. MotHocTs jazepa 6suta W = 0; 10; 20; 30; 40 u 100 mBr.
BusyanbHO TedyeHHe 3aMETUTh HEBO3MOXKHO. HO pacmnpenerieHue CKOpOCTEM IMOKa3bIBAET
POCT COCTaBIIAOIIEH CKOPOCTH, KOTOPAasi HApaBJIEHHA BJIOJb ITyYKa.

B nanHOI raBe mMokas3aHbl Pe3yJbTAaThbl HUCCIEAOBAaHUS MOBEICHUS IJIa3MEHHO-
MBUICBON KHUIAKOCTH, 00Pa30BAaHHOW MOKPHITBIMA W HETIOKPHITHIMA MaKpOYaCTHUIIAMU TI0]T
JEUCTBUEM JIa3epHOTO OO0mydeHus. M3ydeHbl 3aBUCUMOCTH PACTIPEIEICHUS CKOPOCTEH
MaKpOYacTHIl MeJaMuH (QopMaibleruia ¢ MEAHBIM TOKPBITHEM W 0e3 OT 3HauyeHui
MOIITHOCTH IPOJIaBJIMBAIOIIETO Ja3epa. ¥ CTAHOBJICHO, YTO B CIIy4ae HEMOKPBITHIX METaMUH-
dbopMalIbIETUAHBIX YACTHUI] UMEET MECTO BO3ECHCTBUE CBETOBOIO JIaBJICHUS, IPUBOSIICE K
BO3HUMKHOBEHUIO JIAMHUHAPHOTO «TeYEHHUs». B cilyyae TMOKPBITBIX MEAbI0 MEJTaMUH-
dbopMalibIErUAHBIX YaCTHUI] UMEETCSI JIBE€ CHIIBI — CBETOBOE JIaBiieHHe U porodopeTrueckas
cuna. CBeTOBOE JIaBJICHUE MPUBOJUT K HEKOTOPOMY JBUKEHUIO B HAITPABJIECHUU CBETOBOTO
nmydka, a ¢poTodopeTndeckas cuiia BeleT K pa3orpeBy MbUIEBONH KOMIIOHEHTHI. BhIckazaHo
NPEANOJIONKEHUE, YTO OJHOM W3 MPUYUH NPOSIBICHUS TAKOrO MOBEIAEHUS MOTYT OBbITh
ne(eKThl B MIOKPHITHUH, TPUBOISAIINE K aCHMMETPUHU PA30TPeBa YaCTHUI] U XaOTUYECKUM IS
Pa3HbIX YaCTHUIl OTKIOHEHHEM (POTO(DOPETUUECKON CUIIbI OT HANIPaBJICHUS JIA3€PHOIO Jyya.

B n.3.4. npencrasieHsl BIBOBI 10 I71aBe 3. [IpoBeieHo HaOM0IeHHe KaueCTBEHHON
Y KOJIMYECTBCHHOMN Pa3HULIbI B U3SMEHEHUHN XapPAKTEPUCTUK JIBMKECHUS KOJUIOMJHBIX YaCTHUIL
B IJIa3M€ IPU BAPbUPOBAHMM BHEIIHETO IOTOKAa 3HEpruu. [IpomemoHCTpHpoBaHO, YTO
JBIDKEHUE WCCIIEyEMbIX YaCTHUIl SBISETCA (pakTadbHBIM, T.€. MX TPACKTOPUH HMEIOT
TpOOHYIO (PpaKTATHHYIO pa3MepHOCTh. DpakTanbHas pa3MEPHOCTh TPACKTOPUN 3aBUCHUT OT
KUHETUYECKOW SHEPrUd 4YacTULbl MU MEHAECTCA IMPU HM3MEHEHUM MOUIHOCTH BHEIIHETO
JIa3€PHOTO U3JIyYCHUS.

Taxxke TpuBENCHBI PE3ybTaThl AKCIECPUMEHTAIBHBIX HAOJIOICHUHN, OJHO3HAYHO
MOKa3bIBalONIMX, 4TO B IuiasmMe BY paspsna Bo3MOXKHO (GopMHUpOBaHUE CTPYKTYpP
3apsDKEHHBIX YaCTHI] HE TOJIBKO Pa3peXeHHBIX HA Mepud)epuu u 0oJiee TUIOTHBIX B IICHTPE,
HO W C HM30TPOIHBIM MEXKYACTUYHBIM PACCTOSHUEM, a TakkKe OoJjiee pa3peKCHHBIX B
LHEeHTpabHOM 4acTu. lloka3aHo, YTO, HM3MEHSAsI MOILMHOCTh pa3psAna WIA JaBICHUE
MJ1a3M000Pa3yIONIETo ra3a, MOKHO BIMATH HAa PaJIMAJIbHOE paclpe/iesieHe MEXIaCTUIHOTO
pacCTOSIHUSL B TBUIEBOM MOHOCIJIO€ W Ha OIHOPOIAHOCTb CTPYKTYyphl. PaHee Ha oOCHOBe
TUAPOIMHAMUYECKON MOJIeNIM MBUICBOM IJ1a3Mbl B eMKOCTHOM BY paspsie 6e3 yueTra CUiibl
HWOHHOTO yBJICYEHUS OBLIO MPEANOI0KEHO, YTO MIPU MOMEIICHUN YaCTHI] B TapabOJIUIECKYIO
JIOBYIIKY OHH (POPMHUPYIOT CTPYKTYPY, B KOTOPOW TIJIOTHOCTH YACTHI] CTAHOBUTCS OoJiee
paspexeHHoi K nepudepun. OmHaKo, B HACTOAMIEH pabOTe MOKa3aHO, YTO CUJIa MOHHOTO
YBJICUCHHSI MOXKET OBITh MO BEJIWYMHE CpaBHUMOW ¢ cuiod TsoxecTu. [lomaraercs, 4to B
MOJIEJIM BAXXHO YUYMTBHIBATh CHUJIy HOHHOTO YBJICUEHUs, T.K. MMEHHO OHa SBJSACTCA
OTBETCTBEHHOM 3a U3MEHEHUE XapaKTepa paclpeiesieHus bUIEBBIX YacTULl 110 paauycy BY
paspsne. M3BecTHO, 4TO ATa cujia MPUBOIUT K (popMupoBaHuio BoiioB B BU pa3psigax u B



HAIIMX JKCIEPUMEHTaX 00pa30oBaHUE BOWIOB TAKKE WMEJIO MECTO MPHU OMPEIeTICHHBIX
napamerpax IiasMbel. [IpoBepka THIIOTE3bl O BIMSHAM CUJIbI HOHHOTO YBJICUEHUS Ha
XapaKTep HEOJHOPOAHOCTU B PACIIPEACIICHUHN MBUICBBIX YaCTHUI] TpeOyeT MpoBeaeHus 0oiee
TOYHBIX PAaCy€TOB, YTO IUIAHUPYETCS CHEIaTh IMYTEM CaMOCOTJIACOBAHHOTO YHUCJIEHHOIO
MOJICTMPOBaHUs MBUICBOM M1a3mMbl B BU paszpsiie B paMkax pa3BUTON B HAcCTOSIIEH padoTe
TUAPOJINHAMUYECKON MOJEH.

Jlanee ObUIM MOKa3aHbI PE3yJIbTAThl UCCIEAOBAHMS TOBEACHUS MIa3MEHHO-TIBLIEBON
KHUIKOCTH, 00pa30BaHHOU MOKPBHITHIMU M HEMOKPHITHIMA MaKpOYaCTUIIAMH TIO/I JCHCTBHUEM
Ja3epHOTO 00MydeHus. M3ydeHbl 3aBUCHUMOCTH pachpenesieHruss CKOPOCTEH TIaCTHKOBBIX
YaCTHUI[ C METHBIM TIOKPBITUEM U 0€3 OT 3HAYCHH MOIIHOCTH TPOJABIUBAOIIETO JIa3epa.
YCTaHOBIEHO, YTO B CiIy4ae HEMOKPHITHIX MEJIaMUH-(DOPMaTbICTUIHBIX YACTHUI[ HUMEET
MECTO BO3IECHCTBUE CBETOBOIO AABJICHHUS, NPUBOASAIIEE K BOZHHMKHOBEHHUIO JIAMUHAPHOTO
TeyeHusl. B ciydae MOKPBITBIX MEIbI0 MelaMUH-(GOPMANIbIECTHAHBIX YACTUI] UMEETCS JIBE
CUJIBI — CBETOBOE JlaBiieHue U doTodoperndeckas cuia. CBETOBOE JaBlICHUE MPUBOAUT K
HEKOTOPOMY JIBIKCHHUIO B HAIIPABJICHUHU CBETOBOTO My4Ka, a (hoToPopeTHdecKas cuia BeIeT
K Pa3orpeBy MbUIEBOM KOMIOHEHTHI. BBICKa3aHO MPEAIIOI0KEHNUE, YTO OJTHOW W3 HNPUYUH
MPOSIBJIICHHSI TAKOTO TOBEJACHUS MOTYT OBITh JAC(PEKTHl B TMOKPBHITHH, MPUBOMASIINAE K
ACHMMETPHUM Pa30rpeBa YacCTHULl U XAOTUYECKHM [UJI PA3HBIX YaCTHUL] OTKJIOHECHHEM
dboTodopeTnyeckoil CHIIbI OT HaIlPaBIEHUS J1a3€PHOTO JIyya.

B 4erBepToii riaBe IPEACTABICHBI PE3YJIBTATHI UCCIECIOBAHUS IUHAMHYECKUX U
CTPYKTYPHBIX NIEPEX0I0B B KBa3uAByMepHOU cucreme siHyc-dactull [10] 8 BU paspsze.

Bn.4.1l. nmnpuBeneHO omnuvcaHUe MNPOBEIECHHOIO AKCIIEPUMEHTA C MPOTIKEHHOU
MOHOCJIOMHOW IIA3MEHHO-TIBIIIEBOM CTPYKTYPOU.

B n4.2. NPEJCTaBICHbl  UCCIEeNOBaHUs  (OPMUPOBAHUS  MPOTSHKEHHBIX
KBa3UJBYMEPHBIX CTPYKTYpP M3 SIHyC-4aCTHIl U UX JUHAMUKH B IIa3ME BBICOKOYACTOTHOIO
paspsla €eMKOCTHOIO THIIAa HAa OCHOBE AHAIN3a WX TPACKTOPUN, CPEIHEKBAJPATUYHOTO
CMEIIEHNUS M KHHETUYECKOW 3Hepruu. Takke B JaHHOM IlaBe ObUI IPOBEICH aHAJIN3
nedexroB (pucyHok 16). JledexktoM Ha3piBalOT TH000€ HApYIIEHHE TPAHCISIIIMOHHON
CUMMETPUM KPUCTAUIMYECKOM CTPYKTypbl. [[nd nBymMepHOM IUIa3MEHHO-IIBUIEBON
CTPYKTYPBI B MACAIBHOU I€KCArOHAJIIBHOW PELIETKE Ka)K1as 4acTHUL@ UMEET POBHO IIECTh
onmmxaiiiux coceneil. Ho B Hammx sxcrnepuMenTax HanboJsee 4acTo BCTPEUAIOTCSl HE TOJIBKO
IMCKIMHAIMH (M30JMPOBaHHbBIE Je(EKTHl C 5-10 WK 7-10 ONMKaWIIMMHU COCENSIMH), HO U
oucnoxayuu (CBSA3aHHbIE S-7 Tapbl AUCKIWHALIMKN) U JuciokayuoHHble napol (CBSI3aHHBIED-
7-5-7 YETBEPKU JTUCKJIMHAITUAN ). CoriacHo KTHNY -Teopuu, JIACCOIIAIHS
JUCIIOKALMOHHBIX IIap Ha CBOOOIHBIE AUCIOKALUH (T.€. U30JUPOBAHHBIE 5-7 NIAphl) IBISAETCS
npuuuHOM (Pa30BOro mepexoja «KpUCTAT — TeKcaTudeckas (asza», a AucColMalus
JUCIIOKaMii Ha CBOOOJHBIE MUCKIMHAIMK (T.€. M30JUPOBaHHBIE S5- WU 7- nedeKTbl)
NPUBOJUT K (a30BOMY MEPEXOJy «TeKcaTHuecKas ¢a3a - KHIKOCTb» [9].
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Pucynok 16. Inarpamma BopoHOro st CTpyKTyp, NMpU BO3ACHCTBUHU JIA3€pPHOTO
U3ITy4eHHs pa3inyHoi MoiHocTH a) 1 BT, 0) 4 BT. benbiM 11BEeTOM OTMEYEHBI YaCTHIIBI C
MIECThI0 OMMKAWIIAMHA  COCEMsIMH, (PUOJETOBBIM IIBETOM BBIJCIICHBI TepudepHitHbIC
YaCTHUIbl, CHHUM W KpPAacCHBIM OTMEUEHBl YACTHIBI C TISITBIO M CEMbBIO ONFKalIiMu
YaCTULIAMH COOTBETCTBEHHO.

B n.4.3 npencrasiensl BbIBOABI MO TiaBe 4. B naHHOM rinaBe ObUIM MpPE/ICTABICHBI
uccienoBanus popMUPOBaHUS MPOTHKEHHBIX KBa3UABYMEPHBIX CTPYKTYP U3 SIHYC-4aCTHI U
UX JWHAMUKHU B IJIa3M€ BBICOKOYACTOTHOTO pa3psiia EMKOCTHOIO THUIA HAa OCHOBE aHAJIM3a
UX TpacKTOpUH, CPEOHEKBAAPAaTUYHOTO CMEIICHUS, KUHETUYECKOW DJHEPIUM U
TOTIOJIOTUYECKHX Je(eKTOB. BblI0 MOKa3aHo, KaKk MEHSIACh YIOPSAI0UYEHHOCTh CTPYKTYPBI
IIPU PA3JIUYHBIX MOIIMHOCTAX Jasepa. [Ipu yBennuyeHMH MOIIHOCTH Jia3epa CTPYKTypa
CHaJaJia CTaHOBHJIACh OOJIee YIIOPsIIOYEHHOM, a HaunHas ¢ MOITHOCTH 3 BT cTaHOBMIIach Bce
Oomnee «pa3orpeToi». A B 00paTHOM SKCIIEPUMEHTE TIPH YMEHBIIICHUH MOITHOCTH Jia3epa ¢
MAaKCUMaJbHOM IO MHHHUMAJIbHOM CTPYKTypa CTAHOBWJIACH CHAyajla MEHEE Pa3orpeTou, a
HaunHas ¢ 1 BT cHOBa HaumHana paszynopsigounBaThed. HarisgHo npoaeMOHCTPUPOBAHHO
YBEJIMUEHUE KOJIMUECTBA 1E€(PEKTOB MPU «PA30TPEBE» CTPYKTYPHI MBIJIEBBIX YACTHI] B IJIa3Me
BY paspsina.

B 3aku1r0ueHnu ipeicTaBIeHbl OCHOBHBIE PE3YyJIBTATHI UCCEPTAIIMOHHON padOTHI. A
MMEHHO, MPEJICTABICHO UCCIEAOBAHUE KBAa3UJIBYMEPHBIX CUCTEM B ra3zopaspsaHOM Ij1a3Me
BBICOKOYACTOTHOT'O EMKOCTHOTO pa3psiga HU3KOTO JaBJIEHUA. DKCIIEPUMEHTAIBHO MMOKa3aHo,
YTO B MPHUAJICKTPOaHON oOiactu BU-paspsima BO3MOXXHO (popMHUpOBaHUE KaK OJHOPOIHBIX
KBa3UJIBYMEPHBIX CTPYKTYP 3apsKEHHBIX YACTHUIl TaK U C HEU3OTPOIIHBIM PACIPEACIICHUEM
YaCTHUI] B PaJMAIbHOM HAIpPaBJICHUU: PA3peKCHHBIX Ha mepudepuu u 0ojee MIOTHBIX B
IIEHTPE, ¥ HA00OpOT OoJiee TJIOTHBIE MO KpasM M Pa3peKEHHBIM B IIEHTPAJIHHOM YaCTH.
[TokazaHo, yTO M3MEHsS MOIIHOCTb pa3psiia W/WIN AaBJICHUE MJIa3MO00pa3yIolero rasa,
MOKHO BJIMATH HA PAJAUAIBHOE PACHPENCICHHE MEXKYACTUYHOIO PACCTOSHUS B IBbLICBOM
MOHOCJIO€ Y Ha OJTHOPOJTHOCTb CTPYKTYPBHI.

B pabote uccnenoBano (gopmupoBaHUE TEHYEHHS B KBa3UABYMEPHOH IJIa3MEHHO-
NBLIEBOM CUCTEME aKTUBHBIX OPOYHOBCKUX YACTHI] IIPU BO3ACHCTBUY JIA3EPHOTO U3TYUYEHUS.
[Ipu 3TOM, CBOMCTBA MOBEPXHOCTH YACTHI[ U UX CIIOCOOHOCTh K MOIJIONIEHUIO JIa3€pHOTO



U3JTy4YEeHHs] BIUSET KaK HAa JUHAMUYECKHE CBOMCTBA CaMUX YAaCTHI], TAK U HA KUHETUKY
Ipolecca pa3BUTUA MBUIEBOTO TEUEHHUS. DKCIEPUMEHTAILHO UCCIEI0BaHO (pOpMHUpOBaHHE
TEYEHUSI JJII MOHOCJIOWHBIX CTPYKTYp C PAa3jIM4YHOM CTEHNEHBIO YIOPSI0YEHHOCTH
(mapametrpoMm HeujeanbHOCTH). YeM Oosbllie mapameTp HEUACAIbHOCTH B CHCTEME, TEM
BBIIIE MOPOTOBOE 3HAYEHUE MOIIHOCTH JIA3€PHOTO M3IIYYEHUS, MPU KOTOPOM BO3HUKAET
TE€YEHUE B CTPYKType. s yacTuil ¢ moriomaroniei ia3epHoe u3y4eHne MOBEPXHOCTHIO (C
METAJTMYECKOM OO0O0JIOUKOM) MpU BO3JAEHCTBUUM HA 4YacTh CTPYKTYpbl HaOJI0IaIOCh
(¢bopMUpOBaHKE HE TOJIBKO HAMPABICHHOTO JBUKEHUS B 3TOW 00JIaCTH, HO U KHHETHYECKUA
pa3orpeB BCEN CTPYKTYPBI.

Bbu10 SKCIIeprUMEeHTaIbHO HCCIEI0BaHO (POPMUPOBAHNE KIIACTEPOB U MPOTKEHHBIX
KBa3UIBYMEPHBIX CTPYKTYp aKTUBHBIX OPOYHOBCKHX YaCTHI C aHU30TPONUEH CBOMCTB (T.H.
SAnyc-yacTuil)) W WX JAUHAMUKA B IUIa3M€ HHU3KOTO JIaBJIEHUS. OKCIEPUMEHTAJIbHO
00HApYy>XEHO, YTO MPU MaJIbIX MOIIHOCTAX Jia3epa XapakTep ABMKEHHUS TaKUX YacCTHIIbI
ABJISIETCA TPEUMYIIECTBEHHO HAIIPABIEHHO-Xa0TUYECKUM. C pOCTOM MOIIHOCTH JIa3€PHOTO
U3TyYeHUs] crepBa HAOJIOJACTCSl YMEHBIICHHE WX KHHETHYECKON BSHEprud, a 3aTeM
3aMeTHBIA pocT. Jlis mamoro kiacrepa, cocrosmiero u3 19 wgactury (2 00071049KH),
00OHapy»XeHO, YTO C POCTOM MOIIHOCTH JIa3€PHOTO U3IyYeHUs Ha 2 mopsaka, HabmogaeTcs
YMEHbLIEHUE Ha 2 TMOpsAKa WX JAUHAMUYECKOW »HTpomuu. Ilpm 3TOM, € pocToM
KMHETHYECKOW SHEpPruM YacTull (pakTalibHas pa3sMEpPHOCTb JUIsl CHUCTEMbl HMHU
00pa30BaHHON YMEHbIANAch. ITO (PaKTUUYECKU O3HAYAET, YTO MOBTOPSIEMOCTh TPACKTOPUIA
OT/AEJIbHBIX YAaCTHULl YMEHBIIIAETCSI.

OKCepUMEHTAIbHO ~ OBLIO  HWCCIEOBAHO  (POPMHUPOBAHUE  MPOTHKEHHBIX
KBa3UIBYMEPHBIX CTPYKTyp (~10°® w9acTMi) M NpOBENeH aHaIM3 HMX JUHAMHYECKHX
XapaKTEPUCTHUK: TPACKTOPHM, CPEIHEKBAJAPATUYHOIO CMEUICHUS, KHHETUYECKONW SHEPIHH.
Ha ocHoBe aHanmm3a mapHbIX KOPPENALMOHHBIX (YHKIUH, MapaMeTpa HEUJealbHOCTH
CHUCTEMbI, TOIOJOTHYECKUX JAEPEKTOB ObUIO HU3YYEHO H3MEHEHUE YIOPSI0YEeHHOCTU
CTPYKTYpbl TPH PA3JIUYHBIX 3HAYEHUSAX MOIIHOCTU JIA3€PHOrO H3IydeHus. Tak, ¢
YBEJIMUYEHUEM MOIIHOCTHU JiazepHoro uznydeHus ot 0.05 Bt go 1.5 Bt naGmromancs poct
napamMmeTtpa HeujaeanbHoCcTH [ B cucteme oT 180 10 240 1 yMeHbIIIEHUE YUCIIa TUCITOKAINI
Y JUCKJIMHAIIUHN B CUCTEME.

JlanbHelilee yBEeJIWYEHUE MOIIHOCTH Jla3epHOro u3iydeHus ¢ 1.5 mo 4 Br
IPUBOJMIIO K KUHETUYECKOMY Pa30rpeBy MbLIEBOM CTPYKTYpbl. [Ipy 3HaU€HMH MOIIHOCTH
JazepHoro m3nydeHus 2.5 BT mpomagano «pacuIeIuieHHME» BTOPOTO MaKCHUMyMa MapHOU
KOPPENSALUOHHON (YHKIMHM, YTO CBUAETENIBCTBYET OO0 MCUE3HOBEHUH T'€KCAaroHaJIbHOU
KPUCTAJUIMYECKOU PEIIETKU U (POPMUPOBAHUU KUAKOTOIOOHON CTPYKTYPHI.
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