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CBepXIIPOBOIHUKOBbIE KyOUTBI — OfHa U3 HauboJiee MEePCIEeKTUBHBIX I1aTdOPM I pean3alil OTKa-
30yCTOWYMBOrO KBAHTOBOrO Imporeccopa. CyiiecTBeHHON NpobeMoil 9TUX KyOUTOB sABIAIOTCA JeDEKThl Ha
[IOBEPXHOCTSX CBEPXIIPOBOJHUKOB U HA MOJIJIOXKKE, TPUBOJISAIINE K JIEKOTEPEHIIMHA U BPEMEHHBIM (DJIYKTYAIUsIM
XapakTepucTuk Kyouta. KosmdaecTBo u xapakTep AedeKToB 3aBUCAT OT MaTepPUaJIa MOAJI0KKN U KyOUTOB U Ka-
qecTBa nx obpaborku. B manHO# paboTe ObLIN SKCIIEPUMEHTAJIBLHO UCCIEI0BAHBI TPAHCMOHbBI, H3TOTOBJIEHHBIE
10 OJIHOMY TEXHOJIOTMYECKOMY YePTEXKY C MCIIOIHL30BAHUEM JIBYX METOJUK TPABJICHUS aJTIOMUHUS: YKUIKOCTHO-
ro B pacTBOpe CJIabbIX KUCJIOT U CYyXOro IJIA3MOXUMUYECKOT0O B XJIOpcojiepkaieil cmecu. Bpemena pesrakcanyu
U KOPEPEHTHOCTU KyOWUTOB, M3TOTOBJIEHHBIX METOJOM CyXOI'O TpaBJieHusi, 60jiee 4eM B 2 pa3a IPEBOCXOJST
aHAJIOTMYHBIE XapPAKTEPUCTUKU KyOUTOB, M3TOTOBJIEHHBIX C HCIIOJIB30BAHMEM YKUJIKOCTHOIO TpaBieHwus. Mc-
CJIeTOBaHNE BPEMEHHBIX (DJIYKTyalldii BpEMEH peJIaKCAIllid U JacTOT KyOUTOB MOKA3aJl 3HAYUTEIFHO MEHbIIIee
BJIMsSIHUE JIBYXYPOBHEBBIX Je(EKTOB Ha KyOUTHI CyXOrO TPaBJIEHUs], YeM HA KyOUTBI KUTKOCTHOI'O TPABJICHMUSI.
AHanu3 BpeMEHHBIX U3MEHEHU XapaKTePUCTUK KYOUTOB MO3BOJISIET OMPEIETUTD JOMUHUPYIOIINE MEXaHU3MbI
X JUSJIEKTPUIECKUX MTOTEPD.
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Bsegenne. CBepXIpOBOJHUKOBLIE KyOUTHI SIBJISI-
I0TCA OJIHOI 13 HauboJiee yCHenHbIX 1aT(hOPM /I pe-
aJM3ad KBAHTOBLIX Bbruucienuit. Ha cerommanrmmit
JleHb IMIPOJIeMOHCTPUPOBAHbLI KyOUTBI ¢ BpeMeHaMHU KO-
reperTHOCTH Gostee 1 Mc [1], BBICOKOTOUHBIE OHOKYOUT-
wble [2] u aByxky6urneie onepamnuu [3, 4]. Ha cepx-
IIPOBOIHUKOBBIX KBAHTOBBIX IIPOIECCOPaX yrKe I0Ka3a-
HO KBAHTOBOE IIPEUMYTIeCTBO [5, 6], peannsoBaHbl aaro-
pUTMbI Koppekiuu omubok |7, 8], periensl HEKOTOPbIE
3asa9n KBaHTOBOM xuMmun [9, 10]. Oanako HammdwRe Je-
EeKTOB, CHMKAIOIUX KOT€PEHTHBLIE CBOICTBA KyOUTOB,
OCTAeTCs OJHUM M3 OCHOBHBIX OIDAHUYCHHI ITpHMEHe-
HHUS CBEPXIIPOBOJHUKOBBIX CHCTEM I KBAHTOBBIX BbI-
aucsennii [11-15].

CBepXIIpOBOHUKOBBIE KyOHTBHI H3rOTABIHBAIOTCS
Ha JIM3JIEKTPUYCCKON moioxkke. JledeKkTbl B3auMmo-
JIefCTBYIOT ¢ KyOMTaMH HOCPEJICTBOM 3JIEKTPUYECKOTIO
10JIsl, BbI3bIBag pesiakcanuio nocseanux [16]. Kownmen-
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Tpalus U IpUPoJa J1edeKTOB 3aBUCIT KaK OT CAMUX
MaTepUAJIOB CBEDPXIIPOBOJIHUKA U IOJJIOXKKHU, TaK U
or obpaborkn mx mosepxuocreil [17-20]. Moaenbuo
JiepeKT MOXKHO OIKMCATh KaK JBYXYPOBHEBYIO CHCTEMY,
COCTOSIHUSI KOTOPOIi pa3/e/ieHbl SHEpPrueil IopsiKa
107?sB. Ilpu mepexofe U3 OTHOTO COCTOSHAS B IPyTOe
CBsI3aHHAsI C KyOUTOM CHCTEMa MOXKET IOIJIOIIATH €ro
SHEPI'MIO, BBI3BIBAS PEJIAKCAIMIO, WJIM WM3MEHSITh €ro
XapAKTEPUCTUKU, MPUBOMsSI K TOTEPH KOTEPEHTHOCTH
[21, 22]|. B npenese 6oJIbIOro ducia crabo CBA3aHHBIX
¢ KyOMTOM HEpPE30OHAHCHBIX U HE B3aUMOJIEHCTBYIO-
[UX JIpYT € JPYroM JeEeKTOB PeJIAKCAIUs XOPOIIO
OIMCBHIBAETCSI TAHINEHCOM JUIJIEKTPUIECKUX ITOTEPh
23, 24].

JIByXypOBHEBbBIE CHCTEMBI, Ubs YaCTOTa OJIM3Ka K
JacToTe KyouTra, HeoOX0UMO PACCMATPUBATH OTJIEJIBHO
[25]. CutbHOCBsI3aHHBIE JeDEKTHI MOTYT yUACTBOBATH B
KOTEPEHTHOM OOMeHe dHeprueil ¢ KyOmTom, HalpuMmep,
IPpUBOSA K OMEHUSIM TIpH HAOJIIONEHIH OCILIAnmii Pa-
6u nim Pamzest [26], B To Bpemst Kak B3anMoJieiicTBIe CO
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CJ1aD0CBS3aHHBIMU JeEKTAMU IIPUBOINAT K PEIAKCAIIAN
kybura. Kpome Toro, Takue jiepeKThl MOI'YT BBICTYIIATH
B Ka4yeCTBe IIOCPEIHIKA [IPU UX B3AUMOIAEHCTBAN C HU3-
KOYaCTOTHBIMHU JIBYXyPOBHEBBIMU CHCTEMAaMU, TAK Ha-
3BIBAEMBIMU JIBYXYPOBHEBBIMU (DJIyKTyaTopamu. Takue
daykryaropsl sBisgoTcs ool u3 npuyun 1/f myma,
MOTYT BBI3BIBATH J1ea3upoBKy Kybura, dDIyKTyarun u
CKAYIKHU €r0 KOT€PEHTHBIX XaPAKTEPUCTUK U IACTOTHI BO
Bpemenn [16,27-31].

OptHuM 13 crrocobOB peooeHust IpodeMbl gedek-
TOB sIBJISIETCsI U3MEHEHUE TOIIOJIOTUU KyOuTa U yMeHb-
HIeHKe CB#A3M ¢ ucrouHukamu mywma [32]. pyroii cro-
€00 — WCHOJIb30BAHUE CUTHAJIOB, YMEHBIIAIONNX B3au-
MojieficTBre KyOuTa ¢ KOHKpeTHbIME jgedexramu. Ha-
[IpUMEDP, MOXKHO HU3MEHSTHb IaCTOTHI KyOHUTOB, OTCTpa-
UBasi UX OT MAPA3UTHBIX JIBYXYPOBHEBBIX CHCTEM, WJIA
VIIPABJISITh YACTOTAMHU CAMUX JBYXYPOBHEBBIX CUCTEM C
HOMOIIIBIO 3JIeKTpHrdecKoro mojist [33]. Omucanuble Me-
TOJAUKHU ITO3BOJISIOT YMEHBIIUTh HEraTUBHOE BJIMSHUE
sedeKTOB Ha KBAHTOBBIe ycTpoiicrBa. lleHoit sTOMY
CJIy2KUT JIOMIOJIHUTEJbHOE 000PYI0BAHNE U YCIOKHEHNE
VIIPABJIEHUS YCTPONCTBOM, UTO 3aTPYIHSET MacHITabu-
poOBaHUe JTAHHOTO 10/X0/1a. Bosee Toro, yacTo npu mpo-
BEJIEHUY 3ally ThIBAIOIIKNX JBYXKYOUTHBIX Olepaluii uc-
HOJIB3YIOTCA OO BCIHOMOraTe/IbHbIe yPOBHU [34], siu-
60 1epecTpoiika 4acTOT 3JIEMEHTOB TIporeccopa [35], u3-
3a 4ero 3 PEeKTUBHOCTD JAHHBIX METOJUK B PEaIbHBIX
YCTPOHMCTBAX 3HAUUTEHLHO CHUYKAETCH.

Ornucanibie CIOCOOBI MTO3BOJISIOT YMEHBIIUTD JTH-
JIEKTPUYIECKUE TOTEePU [Jisi (PUKCUPOBAHHOTO KOJIUYe-
crBa jedekToB. TeM He MeHee HAMJIYUIIUM IIOIXOI0M
ABJISIETCHA yMEHBINEHIE KOJINIeCTBA Je(PEKTOB B IUIJIEK-
TPHUKE, HCIOJIb3ysd 00Jiee COBEPIIEHHBIE TEXHOJIOTUIE-
CKHe METOJIUKH JJIsl U3roToBjIeHus Kyburos (36, 37]. B
JIAaHHO# paboTre ObLIa IKCIEPUMEHTAJIBHO UCCJE0BAHA
JIEKOTEPEHITNS KyOUTOB-TPAHCMOHOB, B IIPOIECCE H3TO0-
TOBJIEHHUS] KOTOPBIX HCIIOJIb30BAJIUCh Pa3JIMIHbIE METO-
JIbl TPaBJIEHUsI TOHKUX ILJIEHOK AJIIOMUHMUS: CYXOM ILjia3-
MOXUMMWYECKUNA U 2KUJIKOCTHBIN.

1. Tomosiorusi 1 N3roToBJeHUe 00pas3uoB. s
UCCJIeIOBAHUS BIUSHUS METOJUKN TPABJIECHUS HA BEJIHU-
YUHY U XapaKTep JU3JIEKTPUYECKUX IOTephb ObLIN H3-
TOTOBJICHBI JIBa 00pasia, cojaeprkaiiue o H KyOuTos-
TPAHCMOHOB KpecToobpasuoil dhopmbr (ukemonos). To-
[IOJIOTUsI OJIMHOYHOTO KyOuTa mpecraBieHa Ha puc. la.
Kyb6ur mnpemcrasisier coboii JIBYXKOHTAKTHBI acHM-
Merpuanblii mxo3zedconosekuit CKBU, uzobpaken-
HBII CHHUM IIBETOM, IIIYHTUPOBAHHBIHN OOJIBIION KPEeCcTo-
00pa3HOil eMKOCThIO, N300pasKeHHON 3€JIEHBIM IIBETOM.
W3mepenunst TpOBOAMIINCEH TIPU HYJIEBOM MAarHUTHOM I10-
toke yepe3 CKBU/I, T.e. B yc/ioBUsiX HANMEHBIIIEH TyB-
CTBUTEJIbHOCTH KyOHTa K IIOTOKOBBIM IrymMam. Kyour
IMucbma B 2K9TD
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(2)

500 nm

500 nm
—

Puc.1. (Usernoit ommaiin) (a) — Tomomorms kybura-
ukcmona. xxozedconoeknit CKBU/I nzobpaken cuHuM
[BETOM, HIyHTUPYIOLIAs €MKOCTb — 3€JIeHBIM, (PparMeHT
UH/IMBH/yaIbHOIO DE30HATOPA CUUTHIBAHUSI — JKEJITBHIM.
ITpoduim TpaBiieHnsT ATIOMIHUEBO [IJIEHKH, 10JLy YeHHOM:
(b) — cyxuM mIa3MOXUMUAYECKUM U (C) — KUAKOCTHBIM Me-
ToAMHA

€MKOCTHBIM 00pa30M COEIUHEH C WHINBUIYAJIHHBIM pe-
30HATOPOM CUYUTBIBAHUsI, N300PaKEHHBIM KEJITHIM I[Be-
TOM. Pe30HATODPBI MHIYKTUBHO COEIMHUHBI CO CUUTHI-
Baroreil snuaueit. Bo30yxkaenne KyONTOB TaKKe IIPOU3-
BOJUTCSI Yepe3 CUUTHIBAIOINILYIO JIMHUIO. BHIOOp MMEHHO
TAKO TOMOJIOrUH KyOUTOB 00YCJIOBJIEH IIPOCTOTOMN N30~
TOBJIEHUSI, BBICOKO BOCIIPOU3BOIUMOCTHIO PE3YJILTATOB,
1, 9TO CaMOe BarKHOe JJIsl JAHHOTO MCCJIEIOBAHNUS, BPe-
MEHA PEJIAKCAIMK M KOT€PEHTHOCTH TAKUX CUCTEM OOBIY-
HO OTPAHUYEHBI UMEHHO JUIICKTPUIECKIUMU IOTEPSIMU,
a He B3AaWMHBIM BJIMSHAEM JPYT HA JAPYyTa Pa3IMIHBIX
9JIEMEHTOB CXEMBbI.

I[Ipu wm3rorossiennn 00pA3NOB B KadecTBE IOJI-
JIOXKKH  HUCIIOJIb30BAJICH KPEMHUH
(p > 100000m-cm). st HOArOTOBKH TOBEPXHO-
cTu OBLIM IPUMEHEHBI CTAH/IAPTHBIE METOMIBI OYNUCTKU

BBICOKOOMHBI

C HUCIOJIb30BAHUEM JIEMOHW3NPOBAHHONW BOJBI U OpTa-
HUYeCKUX pacrBopuresieii. HemocpeacrBeHHo mepes
HaIllbLJICHAEM €CTEeCTBEHHBIN OKCUIHBIN CJIOM Ha ITOBEPX-
HOCTHU KpeMHus ObuI yiajen B 0ydeprom pacrsope HF
(BOE T7:1 VLSI). Ilnenka amomusust Tosmuaoi 100 HM
[IOJIyY€HA METOJIOM 3JIEKTPOHHO-JIYIEBOTO OCAXKJIEHUSI
B OCTATOYHOM BakyyMe He xyxe 10~ 8mbGap. Ilocre
HAIIbLJIEHUsI AJIFOMUHUS II0JIJIOKKA ObLIa pa3pe3aHa Ha
obpaszerr A u obpazen; B. st popMUpOBaHUS TOMOJIO-
run 6a30BOIl CTPYKTYPBI HCIOJIB30BAJICH (DOTOPE3UCT
S1805. Ilepenoc cTpyKTyphI OCYIIECTBIIEH C IIOMOIIBIO
CUCTEMBI IIPsIMOIi Jia3epHOil poTosmTorpadun.
CremyromuM 3TamoM OBIJIO TPABJIEHUE IJIEHKHU AJIIO-
munaug. [Ipu nsrorosnennn o6pasna A ObLT UCIOIB30-
BaH CyXOli IIJIA3MOXMMUYECKUAN METOJ: TPaBJIeHIe AJIF0-
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MUHUS OCYIIECTBJISIOCh B PEAKTOPE PEAKTUBHOIO MOH-
HOTO TPABJIEHUSI C €MKOCTHO-CBSI3aHHOW ILIa3MOil U
uHyKTuBHO-cBasannoil miasmoit (ICP-RIE) B rasosoii
cMecH, comepxaeil Tpuxisopus 6opa (BCls), 6pomoso-
nopoy (HBr) u xsop (Clg) B mpomoprun 1:2: 2. D11 ra-
3bl UI'PAIOT BaXkKHYIO POJIb B 0OPA30BAHUM JIETYUUX XU-
MUYECKUX COEIWHEHUN C AJJIOMUHUEM W OKCHIIOM AJIIO-
MuHUs. XJIOP B ra3000pa3HOM COCTOSHUYN MOHU3UPYET-
ca no Cl™, 4ro mpuBOIUT K OOPA3OBAHUIO JIETYYEIrO
AlICl3 npu peaknun ¢ ajroMuHEeM. B mporecce Tpas-
Jienust GOPMUPYETCsl OKCHUJ, aJIOMUHUsI, KOTOPBII yia-
Jisiercst ¢ ucnojib3doBannem BClz, obpasys BoOg u Jjie-
ryunii AlCls. Jljist qoCcTH2KEHUsI BBICOKOUW CEeJIEKTUBHO-
CTH TI0 OTHOINEHUIO K (POTOPE3NCTYy U (POPMHUPOBAHUIO
arm3orponHoro npodwmis HBr nobasasercs kak ras-
npucaika. Bo BpeMmst mpoliecca TPaBJIEHUs TEMIIEPATY-
pa cromuka coctasisia H0°C, maBiieHne B Kamepe —
2 vTopp, mommuocTs ucrounuka ICP — 600 Bt, RF wuc-
tounnka — 15 Br. [IpogomkuTe/ibHOCTD IIPOIecca cocTa-
Buwita 1 mua. CKOPOCTh TPaBJICHUS AJTIOMUHUS COCTABJIS-
Ja 102 aM/MuH, a ceJIeKTUBHOCTD K (poTopesucty — 2.25.
Ob6pagzer; B TpaBuiicst }KUJIKOCTHBIM METOJOM B PACTBO-
pe caabwbix kucjaor HzPO4: HNO3: CH3COOH : H,O =
=73%:31%:3.3%:20.6.% (TechniEtch Al80) mpmu
remmeparype 50 C° B Teuenne 20 c. Ha pucynke 1 uzo00-
paXKeHbl NPOQWJIM TPaBJIEHUs AJIOMUHUEBOI ILJIEHKU
(b) cyxum u (¢) KUJKOCTHBIM METOZAMHU. BHUIHO, UTO
B pe3yJIbTaTe CYyXOro IJIA3MOXUMHUIECKOTO TPABJIEHUS B
npodusie obpazyercs pe3kas CTYIEHbKA C XapaKTEePHbBI-
MU IIepoxoBaTocTaME [38], B TO Bpems Kak KHUIKOCT-
HOe TpaBjeHne (GOPMHUPYET IVIAJIKYIO MOJIOIYIO IDAHU-
Iy, OKaHYUBAIOIILYIOCsI OCTPBIM YIJIOM MOpsijKa 17 rpa-
jycoB. Takzke KadecTBO IIOBEPXHOCTEl 00pasiia CyXoro
TPaBJIEHUS TPEBOCXOIUT KAIeCTBO IIOBEPXHOCTENL, chop-
MUPOBAHHBIX YKUIKOCTHBIM TPABJIEHUEM.

JasbHeilnme TeXHOJOTUIECKNE STAIbI ObLIN OJIMHA~
KOBBI J[jIst JABYX 00pasros. [locie cHsTHS pe3ncTUBHOMN
macku B N-methyl-2-pyrrolidone (NMP) npu 80 C° 651-
JIn HaHeceHbI JBa ciost pesucroB PMMA/MMA. 3a-
TeM C IOMOIIBIO 3JIEKTPOHHO-JIy4I€eBOil Jmrorpadun B
TeXHUKE GEe3MOCTOBOIO TEHEBOTO HamblLieHHs [39] Obl-
Jia chopMUpOBaHA MacKa JIZKO3e(COHOBCKUX IIEPEXO-
nos Al/AlO, /Al nng nmocsenyromieil B3pbIBHO JIUTO-
rpacdun. Cremyromuit STam — TEeHEBOE OCAXKJICHUE JIBYX
AJIIOMUHUEBBIX 3JIEKTPOJOB C IIPOMEXKYTOUHBIM OKCH-
JaupoBaHueM B armocdepe Kuciaopoja. s cosmanus
raJIbBAHIIECKOTO KOHTAKTA MEXKTY J2K03e(DCOHOBCKUMMA
repexojaMu U 0a30BBIM CJIOEM HCIOJIb30BAJIUCH AJIIO-
MUHUEBbIE IlepeMblukn (Ganmaxku). Banmaxn dbopmu-
POBAJINCH OCAXKJIEHUEM AJIOMUHUS HA IIPEIBAPUTEIb-
HO OYMILEHHYIO i1 Situ nmoHaMu Ar IOBEpPXHOCTL 0a30-
BOIl CTPYKTYpBI Yepe3 (poTopesucTuBHyio Macky. Ilocie

B3pbiBHOU JimTorpacdun B NMP mpu 80 C° mommoxka
ObLIa paspe3aHa Ha YyCTaHOBKE JMCKOBON PE3KU HA OT-
JieJIbHbIE YUIIBI.

HeneBbiMu mapameTpamMu KyOUTOB SABJISIIOTCS €M-
KocTb 67 HP® u mKozedcoHoBeKue 3Heprun 9.6 u
5.8'T. s W3roTOBJEHHBIX OOPA3IOB IMapaMeTPhI
ObLIM W3MEPEHBI CIEKTPOCKOIMUIECKIMHI METOIAMH.
OTkJIOHEHHE OT PACYETHBIX 3HAYEHUI COCTABUJIO HE
6osee 10 %, 1 pa3sbpoc oTHOCUTEILHO cpeJHero He 6oJiee
2% xkak gy 0OpA3NOB CyXOro ILIA3MOXUMUIECKOTO,
TaK U YKUJIKOCTHOTO TPABJICHUS.

2. N3mepenne xapakKTepuctuk Kyobwmrtosn. Ile-
JIBIO 9KCIIEPUMEHTA, SBJISIJIOCH OIIPEJIeJICHIe BPEMEH Pe-
JIAKCAIINU ¥ KOT€PEHTHOCTH, & TAKXKE aHAJM3 UCTOIHU-
koB myma. OgHuM U3 crnocobOB OIpejesieHns UCTOY-
HUKOB IIIyMOB SBJII€TCS m3Mepenne (IIyKTyaruil Kore-
PEHTHBIX XapPaKTEPUCTUK KyOUTa 1 €ro 9acTOTHI BO Bpe-
MEHU.

i1t m3MepeHnst KOT€PEeHTHBIX XapaKTePUCTUK He0D-
XOJINMO TIPEIBAPHUTEIBHO ITPOBECTU KAJTHOPOBKY yIIPAB-
JISTFOIIIUX OJTHOKYOUTHBIX WMIIYJIbCOB, a8 HUMEHHO, M- U
7/ 2-ummynbeos [40]. Iyist onpeesieHus! JyIATEabHOCTH
9THUX UMILYJIbCOB OBbLIN nu3MepeHsl Pabu ocimuisanym, T.e.
OCHMJISATINY HACEJIEHHOCTU B 3aBUCUMOCTH OT JJIUTE b=
HOCTHU BO30Y2KJIAOIIEr0 Pe30HAHCHOIO CUTI'HAJIA (DUKCH-
posanHoit ammnTyasl [41]. C nomompio Padn n Pamzest
IIPOTOKOJIOB OBLIM M3MepPeHbl BpeMeHa pesakcarun 17
U KOTepeHTHOCTH 15, TTOKa3aHHbIe B TaOJI. 1 jij1s 00pas-

nos A u B.

Tabauna 1. Bpemena penaxkcamuu 17 1 KorepeHTHOCTH 1o 06pas-
[I0B, M3TOTOBJIEHHBIX C UCIIOJIB30BAHUEM YKUJIKOCTHOTO UJIH CYXOTO
IJIA3MOXUMUYECKOTO METOJIOB TPABJIEHUS

Ky6ur | O6pazern A: cyxoe | O6pasen B: xuakocraoe
T1, Mmxc 1o, mxc | T7, MKC T5, MKC
1 56 45 20 14
2 50 37 15 11
3 54 37 21 20
4 64 17 22 6
5 75 32 20 18

Bpemena penakcanuu u KOTepeHTHOCTH KyOUTOB Ha
obpa3Iie ¢ XKHUJIKOCTHBIM TPaBJIEHUEM B cpemHem 2.5—3
pa3a MeHbIIle, 9YeM Ha 00PA3Ile ¢ CyXUM ILIA3MOXIMUIe-
CKUM TPABJIEHUEM, ITO MOXKET OBITH CBSI3aHO C BHICOKIM
3JIEKTPOJIUIIOILHBIM B3auMOJIeficTBIEM KyOuTa C j1edek-
TaMU Ha [TOBEPXHOCTU CBEPXIIPOBOJHUKA W BOJIU3HU €ro
Kpast, cOPMUPOBAHHOTO TPABJICHUEM.

st Toro, UToObl pa3o0paThCsd B IPUUUHAX CY-
HIECTBEHHO JIyuineii korepenrTHoctu obpasna B (cy-
X0e TpaBjieHre) ObLI LPOBEIeH AaJbHeHInuil aHasms.
MpbI IpOBeJIn MHOTOKPATHO ITOBTOPSIIONTUECS U3MEPEHUS
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BPEMEH peJiakcarun, 1e(a3supoBKu U 9aCTOTHI [1jisi 000-
ux 00pa3loB C PA3JUYHBIMU JJIMTEILHOCTSIMU U3MEPe-
HUI: B TeUYeHUe 5.5 MUH JIJIsT 00pa3Ia CyXoro TPaBJIeHUsT
u B Tedenne 6.5 MuH 1718 00pasia KUIKOCTHOTO TPAB-
JIGHUsI TIPU W3MEPEHUU BPEMEHU DPEJIAKCAINHU, & TaK¥XKe
1o 4 MuH JijIsi 0oOboux OOpa3IoB IIPU U3MEPEHUH BpeMe-
HU KOTE€PEHTHOCTHU. ['mcTOrpamMMbl pacipeieieHnit Bpe-
MEH peJIaKCaIlnii i IePBBIX KyOUTOB 000X 00pa3moB
[IpeJICTaBJIEHbI Ha puc. 2a. st ompeiesieHusi NCTOYHY-
KOB IIIyMOB, BBI3BIBAIOIIMX (DJIYKTYAIlMd BPEMEHU pe-
JIaKcanuu Kybura, ObLIa BbIYUC/IEHA JeBuanus AJjurana
(b) u poBeieH criekTpaJbHbIH aHamM3 Yarga (c) [42].

(a) . Wet, 7,= 20+ 4 s
B Dry, 7, =56+ 10 ps
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Puc. 2. (LlperHoii onmnaitn) Pe3ysbraTbl MHOMOKPATHO I10-

BTOPSIFOIINXCsI MI3MEPEHU BpeMeH peJjiakcaluu. Pe3ysbra-
TBI, [IOJIyY€HHbIe IIpU uU3MepeHnn obpasna A, m3obpake-
HBI 3eJIeHBIM I(BeToM, obpasua B — cunum. (a) — lucro-
rpaMMBbl pacipezesenuit Bpemen peiakcanuit. (b) — Crek-
TPAJBHBIN aHaau3 Yaada GIyKTyaruil BpeMeH peslakca-
umit. Pa3auyubiit cTU/Ib JUHUNE COOTBETCTBYET IKCIIEDPU-
MEHTAJIbHBIM JaHHBIM, BKJIaJaM OTAEJbHBIX HCTOYHUKOB
[IIyMOB, & WUMEHHO OeJIOro M JIOPEHIEBa IIYMOB, M UX CO-
BOKynHOMY BKJjamy. (¢) — Hesnanusa Asutana diykryanuii
BpeMeH pestakcanuii. CTuu JTUHAN IPUBEIEHBI B COOTBET-
creue ¢ (b)

Ilo onpenenennio nesuanust AjjiaHa — 3TO cpeiHee
OT KBaJpaTa Pa3HOCTU YCPETHEHHBIX I0C/Ie0BATE b
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HBIX BBIOOPOK JJIUTEJBHOCTHIO T, B PACCMATPUBAEMOM
ciiydae:

=g (o —mr)). o

S pKo BBIpaXKeHHbIE IUKK Ha JeBuanuu AJjiiaHa cBU-
JIETeIbCTBYIOT O HAJU4Iud B cucreMme mryma Jlopenra.
Ha ocHoBe COBOKYIHBIX TAHHBIX JI€BUAIUI U CIIEKTPAJIb-
HOT'O aHAJIN3a OBLIN OINPEIEIEHbI BKJIaIbl OEJI0ro IryMa
u myma Jloperna B dayKTyanun BpeMeH PeJIaKCAIlil.
Ha pucynke 2b u ¢ cromHoit JTuHIeH oKa3aH pe3yiib-
TaT MOJEJIMPOBAHUsI, XOPOIIO COOTBETCTBYFOIIMIA SKCIIE-
PUMEHTaJbHBIM JAHHBIM, KaK JiJIsi KyOUTa C YKUJIKOCT-
HBIM TPaBJICHHEM (CHHSS JIMHHs), TaK U CyXUM (3ese-
Has snHus ). Kpusast JlopeHna B cnekrpe dburykTyanuii
OOBIYHO COOTBETCTBYET HAJUYUIO PE3OHAHCA B CUCTEME.
IIpucyrcrBre TaKoOit KOMIIOHEHTBI B CIIEKTPE IIIyMa, CBH-
JIETEeJILCTBYET O CBSI3U C CUCTEMOI, 0018 IAI0IEei Orpeie-
JIEHHO} 9acTOTOil mepek/iroyennst. TaKuMu CucTeMaMu B
JIAHHOM CJIy9Yae MOTYT OBITh KBa3MYACTHUIHBIE BO30Y K-
JIeHUsT WU ABYyXypoBHEBbIEe nedekTol. l3BecTHO, 9TO
XapaKTepPHbIE YaCTOTHI [JIsi KBA3UYACTUIHON PEKOMOU-
HAIIMK [P HU3KUX TEMIEPATypaxX COCTABJISIIOT IIOPSII-
ka 1 kI'n [43], kBasuyacTUIHOE TYHHEIMPOBAHUE B JIZKO-
3e(pCOHOBCKOM KOHTaKT€ COOTBETCTBYET YacTOTaM OT
100 'y o mecarkos kI [44]. B skcnepumenre ¢ Ky6u-
TOM JKHJIKOCTHOT'O TPABJIEHHUS YACTOTA IEPEKJIIOUEHUsT
soperrmana cocrapmwia 40 Mxl'n, a meBmarnus KyOurta
CyXOT'O TPABJIEHUSI MMeeT JIBA Pa3/IMYMMbIX JIOPEHIIEB-
CKHUX KA ¢ gacTtoTtamu nepeksmodenns 75 u 800 Mkl ',
Buano, uro Hab/i01a€ MBI YACTOTHI IEPEKJIIOUECHUS 3HA~
YUTEJIbHO HUXKE XapaKTePHBbIX 3HAYEHUN I KBA3U4da-
crut. OHAKO TOJOOHBIE YACTOTHI XapaAKTEPHbI JIJTsT HIT3-
KO4acTOTHBIX (iryKTyaTopos [36, 37]. Bsaumozeiicrue
TaKUX CUCTEM IIPU IIOCPEIHUIECTBE BHICOKOYACTOTHOIO
CUJIBHO CBSI3aHHOI'O C KyOUTOM JjiepeKTa sSIBJISIETCS] HAM-
6oJtee BEPOSATHBIM UCTOIHUKOM Iiryma Jlopenna, HabIIro-
JIaeMOr0 B 9KCIIEPUMEHTE.

BbICOKOKOre€peHTHBIE CUJIBHO CBSI3aHHBIE C KyOUTOM
JIByXYPOBHEBBIE CHCTEMBI MOTYT BBI3BIBATH HE TOJIBKO
dIyKTyanun BpeMeH! PeJIaKCAIlUN, HO U yIaCTBOBATH B
KOPEePEHTHOI quHaMuKe cucreMbl. Ha pucynke 3 mpej-
CTaBJIEHBI PE3YJIbTATHI M3MepeHus ocnmuisiuit Pamsest
HA TEePBOM KyOmTe 00pa3Iia, M3rOTOBJIEHHOIO C IIOMO-
IIBI0 YKUJKOCTHOI'O TPAaBJIEHUsI. BUIHO, YTO 3KCIEPU-
MEHTaJIbHBIE TOYKK OTCTOSIT OT KPUBOI SKCIIOHEHIUAJIb-
HO 3aTyXalolUX CHHYCOMIAIbHBIX KoJebanuit. Obbsic-
HEHMEM TaKux “OmeHnii” siBJIsieTcsl KOTePEeHTHBI 0OMeH
HACEJIEHHOCTBHIO C BBICOKOYACTOTHON CUIbHOCBA3AHHOM
JBYXyPOBHEBOII cucremoit. [ljis mokazarebcTBa JaHHO-
ro yTBEp2KJIeHus ObLIa OIpesesieHa CUia CBI3U jiedek-
Ta U Kybura, papHasi 26 KI'Il, 1 oTCTpOiiKa 4acTOTHI Ky-
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6urta or gactorsl gedekra — 54 k['1. Pesynbrar mome-
JINPOBAHUSI CUCTEMBI KyOuT-J1eheKT, n300parKeHHbIi Ha
puc. 3 GbUOIETOBOI CILIONTHON JIMHUEH, XOPOIIO COrJia-
CyeTCsi ¢ 9KCIIePUMEHTAJbHBIMY JaHHbIMA. [losryaennas
YHUCJIEHHBIM MOJIEJINPOBAHNEM JIEKTPUIECKAs JTUIOJb-
Hasl CBSA3b MEXKJy KyOUTOM U 1eEeKTOM ITO3BOJISIET OIle-
HATH CHU3Y PACCTOSIHUE OT J12K03e(DCOHOBCKOI'O KOHTAK-
ta 10 gedekra [45] kak 10 MKM.

o  Experiment
§ 0.751 —— Simulation
g %

5 0.501
j=¥
o
A~ 0.251

0 10 20 30 40 50 60
Delay (ps)

Puc. 3. (L[BeTHoﬁ onutaiin) Ocrusinun Pam3sest nepBoro
Kybura obpasna B. DkcrepnMeHTasbHBIE TOYKH H300pa-
2KE€HBbI CHHUM I[BETOM, PE3YJIbLTAT UHUCJICHHOIO MOIEIMPO-
BaHUsI CUCTEMBI KyOuT-1edeKkT — proseTOBbIM

Pesynbrarer mamepenuii ocumuisinuii Pamzsest st
MEPBBIX KyOUTOB KaXKJIOTO U3 00PA3IOB IIPEICTABIEHBI
na puc.4. Ha ocHOBe COBOKYIHBIX JAHHBIX JIEBUAINN
Ajutana puc.4d u crekrpa Iryma Ya,9a puc. 4c Obl-
JI oTpeJiesieHbl BKJabl 6esoro, 1/f u mopennesa 1ry-
Ma. JacToThl mepekJIioueHns KPUBbIX JIOpeHIa paBHbI
106 MxI'y 1 2 ML 17151 oOpasiia KUJIKOCTHOIO TpaBJie-
Hud, 6 MxI'y — cyxoro.

Kak ynomunasocs Bbiie, Hanbosiee BepOATHBIMUI HC-
TOYHUKAMH TAKOIO IIyMa MOTYT ObITH HU3KOYACTOTHBIE
duykryaropsl. OHAKO BIIyKTYaTOPDI MIPOSIBJISIIOTCS HE
TOJIbKO B Bujie Jlopenresa nryma. Ha obpa3ie xugkoct-
HOT'O TPaBJICHUS HAOJIIOIAJICS Jpetid 9acTOTHI CO CKOPO-
crbio 6 K[/ 9ac u BbicoKuit yposens 1/f myma, aro Mo-
JKET SIBJISTHCS CJIEJICTBUEM B3aUMOIEHCTBUS ¢ OOJIBITUM
KOJIMYECTBOM HHM3KOYACTOTHBIX (birykTyaTopos [31]. A
Ha 0Opa3Ile CyXOro TPaBJIEHUs BUJIHBI CKAYKN B BUJIE Te-
JtlerpaHOro MIyMa MeKIy IBYMsl SPKO BBIPAXKEHHBIMU
9aCTOTAMM, ITO MOYKET OBITH BBI3BAHO MEPEKJTIOUEHUEM
OJIMHOYHOTO HU3KOYACTOTHOrO (hurykTyaropa [46].

3. IamepeHusi cueKTpaJibHO# IIJIOTHOCTH IITy-
ma. VI3MepeHusi BpeMeHHBIX (QJIYKTYaIiil KOrepeHTHBIX
XapaKTEePUCTUK II0JIE3HBI JIJIsI aHAJIM3a UCTOYHUKOB IITy-
Ma, OJIHAKO OHU IMO3BOJISIIOT HCCJIEIOBATH TOJHKO HU3-
KOYACTOTHBIE IIYMBI (C XAPAKTEPHBIMHU YaCTOTAME Me-
Hee 10 MI'1[), KOTOpPBIE HE YCPEIHSIIOTCS 38 BPEMs IPO-
BeJIeHNsI OHOrO u3MepeHus. st Toro, 9robbl mcce-
JIOBaTh BJIMSHUE IIyMOB OOJIbIIIEN YaCTOTHI ObLI peasn-
30BaH IIPOTOKOJ BIOKUPOBKY crimHa (spin-locking) [47],

B Dry, T,=45+ 11 ps

- (@)
0.100 B Wet DEM, 7, = 14+ 5 ps
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Puc.4. (Ilpernoit onmaiin) Pesynbrarbl 3KCIEpUMeHTa
Pamzest. Pesyabrarer obpasiia A m306pakeHBbI 3€JIeHBIM
useToM, obpasna B — cunum. (a) — [mcrorpaMmer pacupe-
nmenennii Bpemen korepentHoctu 1o, (b) — @uykryanuun
qacToThl KybOmta. Ha obpasre KHIKOCTHOTO TpPaBJIEHHS
nabiionaercs apeiid wacTorsl co ckopocThbio 6 kIm/gac,
CyXOro — TePMUYECKHE TIEPEKIIIOUeHns B quarna3one 5 K.
(¢) — Cuekrpanbublil aHanus (IIyKTyanuil 4acTOTHL 110
Merony Yasda. PasiinaHbiil ¢cTwiib JIMHUNE COOTBETCTBYET
SKCIIEPUMEHTAJILHBIM JIAHHBIM, BKJIAJIAM OTIEIbHBIX HC-
TOYHUKOB IIYMOB, & UMeHHO Gesoro, 1/f, nopennoro mry-
MOB, U UX COBOKymnHOMy Bkiany. (d) — deenanms Aus-
smaHa Quiykryannit gactorbl. CTHIN JIMHUN IPUBEIEHBI
B coorBercrBue ¢ ()

[TO3BOJIAOIIUN U3MEPUTH CIIEKTPAJIBHY O IIJIOTHOCTH IITy-
Ma B Jualas3oHe 4acToT oT KI'1 mo mecsarkos MI'm.

Ha pucynke 5a mpemcraBiieHa mocJ/ie10BATEIbHOCTD
AMIIYJIbCOB IMPOTOKOJa O/JIOKupoBKu crnmHa. Ha xybut
nojatorcs apa R, (7/2)-uMiynbca, pasjieseHHbIe TIpsi-
MOYTOILHBIM Ry (QrT) HMIyIbCcOM. 3aTeM COCTOSHIE
KyOWTa CYNTHIBAETCS B 3aBUCHUMOCTH OT JJIUTEIbHOCTH
T ¥ aMILIATYIbI, OIIpeieisitoleii yacrory Pabu Qp, pas-

TTucema B 2KOTO

ToMm 120 BpmI.3-4 2024



Biustane meTo10B TpaBeHHS HA JAIJIEKTPHUIECKHE TOTEPU KyOHTOB-TPAHCMOHOB 309

(@)
R REQD  RED
2.5} () —
T/\ ..... 1f
w9 O === White
X
B L5}
= 10}
o 0.5
O L -1‘1---------.._--_-_.‘.-__

10° 10°
Frequency (Hz)

Puc. 5. (IIsernoit onaiin) CrnekrpasibHasi IJIOTHOCTD IILy-
Mma. (a) — IMocen0BaTEILHOCTD UMITYJILCOB JIJIS PeaIn3a-
nun Metouku Giokupoeku cruusa. (b) — Pesysbrarsr us-
MEpeHUH CIEKTPAJIbHOI [IJIOTHOCTH IIyMa JJIsl YKUIKOCT-
HOro 00pa3ua (CHHHIl) U CyXOro IIa3MOXHMHUYECKOro (3e-
JIeHBIi ). Pasin4Hblil CTHIb JIMHUN COOTBETCTBYET IKCIIE-
PUMEHTAJIBHBIM JIAHHBIM, BKJIAJIaM OTJEJbHBIX HCTOYHH-
KOB IIIyMOB, & UMEeHHO Gesioro u 1/f mymoB, u X COBOKyII-
HOMY BKJIAJLY

JIEJISTIOIIEro UMIYJIbca. Pasbl CUMHAJIOB T/ 2-UMITYJIbCOB
OJIMHAKOBBI U OTJIMYAIOTCS HA 7 /2 0T (ba3bl IPAMOYTOJIb-
HOTO UMITyJIbca. VI3MepeHHas HaCeJIeHHOCTb KyOnuTa 9KC-
[TOHEHIHAIBHO CIAJAET C yBEJIMIEHUEM JJINTETbHOCTH T
PAa3/IEIIAIONIEr0 UMITYJIbCa (DUKCUPOBAHHON aMILIUTY/IbL.
ITokazaTenb sxcoHeHTH! I corytacHO Moem 0600IIeH-
HBIX ypaBHeHuil Bioxa [47-49] Bbruncssiercs: Kak:

D= s+ Suoise(n), @)
1

rae 77 — BpeMms pesakcanuu Kyouta, Spoise(gr) =
= (2m)?/2 [ {fo1(0) for (£) + for (t) for (0))e~ 2Rt dt
CHEKTpaJbHas INIOTHOCTD IyMa Jiuist 9acToThl Padu Q g,
3a/1aBAEMOIT AMILINTY/IO0M PA3/IeIAIoNero Curuania, fo1 —
9acTOTa TPAHCMOHA. 3J1€Ch U JIaJiee Mbl M3MEPsieM SHeP-
TUIO B €IMHANAX JIaCTOTHI.

Takum 06pa3oM, JaHHBIN IIPOTOKOJI IIO3BOJISIET OIIPe-
JIEJINTH CIEKTPAJIBHYIO IJIOTHOCTD ITyMa. Bribop mmen-
HO 9TOT'O IPOTOKOJIA CBSI3aH C IMPOCTOTON €ro peajm3a-
MU ¥ BBICOKOI TOYHOCTHIO B CPABHEHUU C AHAJIOI'HY-
HBIMU MeTojjaMu, Hanpumep Pabu crekrpockormu [50]
1 060BIIEHHOTO CIHHOBOTO 9Xa [51].

Pesynbrarel m3mepenuit npegcrasieHsl Ha puc. 3b.
CuHIM 11BeTOM M300parkKeHbl Pe3yIbTATHI JJIs 06pas3a
2KHUJIKOCTHOTO TPAaBJIeHUs, 3eJIeHbIM — cyxoro. Ha ocHose
9KCIIEPUMEHTAJIbHBIX JAHHBIX OBLIO OIPEIEJIEHO BJIUS-
uue Gestoro u 1/f mywma. Ha pucyrke 5b Bugno, a0 am-
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IUIATYIBI OEJIOT0 IIyMa JJjIs IBYX 00PAa3IoB CIa00 OT/Iu-
9arTCsl, HO JIsl KyOUTOB CyXOro TpasjeHus: Briaz 1/f
IIyMa B II0TE€PI0 KONEPEHTHOCTHU IIPEHEOPEKUMO MaJl, B
TO BpeMsI KaK JJIsd KyOUTOB YKUJIKOCTHOI'O TPABJIEHUS OH
3HaqnTeseH. JJaHHbIil Pe3yabTaT XOPOIIO COTJIACYETCH C
u3MepeHusiMu  (QIIYKTYaIlul 9acTOThI, rie apeiid dac-
ror u 1/f mym rakke HabJIIONAICA UIMEHHO Ha 0Opasiie
KUJKOCTHOTO TPABJICHUS.

4. UsmeneHue 106poTHOCTU pe3oHaropa J/IByx-
YPOBHEBBIE CUCTEMBI B3aMMOJIENCTBYIOT HE TOJIBKO C KYy-
O6UTaMU, HO U CO CIMTHIBAIOIIIMY PE3OHATOPAMU, MEHSISI
Kak ux gacrory [18, 15|, Tak u mobporuocts [36]. IIpu-
Mep TaKuxX U3MeHeHWil mokasaH Ha puc.6. Ha pucyn-
ke 6a mpezcTaB/IeHa THCTOMPAMMA PACIPEIEICHIS BPe-
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Puc. 6. (IlperHoii onsaiin) Vamepenunst BHyTpeHHEH 106-
POTHOCTHU PE30HATOPA. DKCIIEPUMEHTAJbHbIE JIAHHBIE 000-
3Ha4YeHbl (DUOJIETOBBIM IIBETOM, YUCJIEHHBIE PE3YJIbTAThI —
4epHbIM. (a) — I'merorpamma pacupeesieHnst BHy TpeHHeit
nobporHocTH (Q; Ay KyOura cyxoro tpasjeHusi. (b) —
CuekrpasbHblil aHaan3 QIIyKTyaruil JO6pOTHOCTH IO Me-
Toy Yaiada. PasHble CTH/IM KPUBBIX COOTBETCBYIOT BKJIa-
JlaM Pa3JIMYHBIX TUIOB IIIyMOB: 0€JIOro, JIODEHIEBA U CO-
BokymHOro. (¢) — JeBnanusa Annana diaykryanuii 106pot-
sHocru. Crun npuseseHsl B coorsercTsre ¢ (b)

MEHHBIX (QJIYKTyaIuii BHyTPEHHEN TOOPOTHOCTH DPE30-
HaTOPAa, U3rOTOBJIEHHOI'O C IIOMOIIBIO TEXHOJIOIHH CY-
XOro IJIa3MOXUMHUYIECKOro TpabieHusi. Ha rucrorpam-
M€ BHJIHO B sIPKO BBIPDAXKEHHBIX IHKA, COOTBETCTBY-
IONIX 3HAYEHHAM JIOOPOTHOCTH pe3oHaTopa 3.9 x 10°
u 7.2 x 10°. CoOTBETCTBEHHO, B IKCIICPHMEHTE IIepH-
OIMIeCKN HADJIOMAIOTCS CKAYKM €ro BHYTPEHHEH 100-
porHocTu. [ljisi aHa/M3a MPUYUH JIAHHBIX CKAIKOB ObI-
s paccunransl: (b) — crexrp myma Yauda u (c) — zge-
Bruarus AJjutana. DKCIEPUMEHTAIBHBIE TAHHBIE XOPOIIO
OIMCHIBAIOTCHA KOMOMHAImeil Oesoro myma u nryma Jlo-
peHria ¢ gacToroi nepeksiouenus 2 Ml'n. Takoe 3HaTe-



310 T. A. Uynakosa, I". C. Mazkopusn, U. B. TpogumoB u ap.

HHE 9aCTOTHI YKa3bIBaeT Ha B3aUMOACHCTBHAE PE30HATO-
pa ¢ JIByXypoBHEBOI cuctemoii. Pe3yibraTsr nuamepenuit
PE30HATOPOB KUJIKOCTHOT'O TPaBJIEHUSI HE IIPeJICTaBJIe-
HBI, TAK KaK CyIIECTBEHHBIX CKAYKOB TOOPOTHOCTH y HUAX
He HAOJIIAIOCH. MOXKHO HPEIIOIOKATh, 9TO OCHOB-
Hasl IPUYUHA 3TOT'0 B TOM, UTO JJIs JKUJKOCTHOT'O TPaB-
JIEHUs CIIEKTpaJIbHas JIMHAS Pe3oHaropa yrupena 1/f
IIIyMOM, U MbI HE BUJIUM OTJEJIbHBIX TeslerpadHbIX mepe-
KJIIOYEHUH.

5. PesynabTraTrhl m obcyxxkjaeHue. B pabore u3-
MEepEHBbI BPEMEHa PeJIAKCAINN U KOT€PEHTHOCTU TPAHC-
MOHOB, a TaKyKe HMCCJIEJOBAHbI (DJIyKTyaluu 3TUX Bpe-
MEH U YaCTOT OCHOBHOI'O IIEPeX0jla TPAHCMOHOB, H3I0-
TOBJICHHBIX C HCIIOJIb30BAHUEM JIBYX METOIUK TPABJIE-
HUsI: XKUJIKOCTHOM U Cyxoil mazmoxumudeckoit. Obpas-
IIbI U3TOTOBJIEHBI II0 OJHOMY TE€XHOJIOIMYECKOMY dYepTe-
Ky U UCCJIEIOBAJINCH B HUIECHTUIHON SKCIEPUMEHTAJb-
HOI1 YCTAHOBKE, U UX €JIUHCTBEHHOE Pa3JIMdle — 9TO IPH-
MEHEHHas] MeTOMKa TPaBJieHusl. BpeMeHa KorepeHTHO-
CTH W PeJIAKCAINHA KyOUTOB CyXOro TPABJIEHUS KPATHO
[IPEBBIAIOT AHAJOTUYHBIE MOKA3ATEN KyOUTOB KUJI-
KOCTHOI'O TpaBjieHHsl. BO3MOXKHOI IPUYUHON TaKOIro
pasnYans SBJISIIOTCS sipY€ BBIPAXKEHHBIE HECOBEPIIEH-
CTBA MMOBEPXHOCTEN KUIKOCTHOTO TPABJICHUS, IPUBO/ISI-
Iye K KOHIIEHTPAIIUU JIEKTPUIECKOIO IOJIsl U OOJIbIIei
CB$I3U C JBYXYPOBHEBBIMH CUCTEMAaMU, B YJACTHOCTHU OCT-
pPBIIl Kpail 3JIEKTPOJOB CBEPXIPOBOIHUKA, HEPOBHOCTHA
AJTFOMUHUEBOI! TLJIEHKU.

AHaju3 creKTpajbHBIX XapaKTEPUCTHK IIIyMa U Jie-
Bruaruii AJtaHa ToKa3aJsl, YTO MEXaHU3MBbI JTHIJIEKTPU-
YeCKUX IM0TePb KyOUTOB CyXOro U XKHMJIKOCTHOTO TPaBJie-
HUsl pa3jndHbl. [Ipn usmepeHnn KyOUTOB CyXOro Tpas-
JIeHUsT HAOJIIOMAJINCh CKAYKM JaCTOThI KyOWTa W BHYT-
peHHell JTOOPOTHOCTU Pe30HATOPA, UTO CBHUJIETEIbCTBY-
€T O JIOMUHUPYIOIIEM BJIUSIHUU OJMHOYHBIX (DJIYKTyaTO-
pos. IIpu sToM "acToTa KyOUTOB KUIKOCTHOTO TPABJIE-
Hust ApeiidyeT, a B UX CIeKTPe HAOIIOIAETCs CYIIeCTBEH-
HbI BKiag 1/f myma, 9To TOBOPUT O BJIUSTHUA HA CHCTe-
My 1esioro ancambuist hirykTyaTopoB. OcTpbie Kpas, 06-
pa30BaBIIeCd MPHU KUAJKOCTHOM TPABJIEHUU, TPUBOISAT
HE TOJIBKO K JIOKAJIbHOMY YBeJIMYEHUIO HAIIPSI>KEHHOCTH
9JIEKTPUYIECKOTO TI0JIsA, HO TaKKe M K 0ojiee Pe3Koil 3a-
BUCHMOCTH HAIIPSI)KEHHOCTH T0JIsi OT paccTosiausi. Coot-
BETCTBEHHO, HaubOJIbIINI BKJIa B (DJIYKTyalluu Iapa-
MEeTPOB BHOCHT JIBYXYPOBHEBbIE CUCTEMBI, PACIIOJIOKEH-
HbIE B [IPOCTPAHCTBEHHON O0JIACTH MEHBIIIETO Pa3Mepa.
Mo2KHO TIPEAIoIOKATh, UYTO IJIOTHOCTH JAe(eKTOB JIst
KHJIKOCTHOT'O TPaBJIeHNs BBIIE, U, COOTBETCTBEHHO, I10-
BEPXHOCTH OYUINEHA XyKe, IeM CYXUM TPABJIEHUEM.

Takum oOpazoM, aHAIM3 BPEMEHHBIX (DIIyKTyaInuit
BPEMEH KOI'ePEHTHOCTH U JacTOT KyOUTOB IIO3BOJISIIOT

OTIPEJIEJIUTH JTOMUHUPYIOIINE MEXAHU3MBI INIJIEKTPUYIe-
CKHUX IIOTEPD.

Astopsl BeipaxkatoT GsarogapHocts A. B. YerunoBy
3a IeHHbIe PEKOMEHAIINN B IIpoIiecce paboThl U KPUTH-
JecKue 3aMedaHusl 110 TEKCTY CTAThHU.

PdunancupoBanue paborsl. IIpoekTupopanue 06-
PA30B U UX SKCIECPUMEHTAJIBHOE HCCJIEIOBAHUE MOI-
JepxkamHo rockoproparmeit “Pocarom” B pamrax lo-
POXKHOI KApThl 110 KBAHTOBBIM BBIYHMCJICHUSIM (JOIO-
Bop #868-1.3-15/15-2021 or 05.10.2021 u morosop
#151/21-503 ot 21.12.2021). O6pa3mbl M3rOTOBJIECHBI
npu uHaHCOBOI momepxkKke I[IporpaMmbl cTparTeru-
9eCcKOro akajaeMudeckoro Jjujepcrsa “IIpuopurer-2030”
HaruoHaabHOTO MCCIIeI0BATEBCKOTO TEXHOJIOTUIECKO-
ro yuauBepcurera MUCUC.
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