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OT3ILIB BEOYILEN OPTA

Ha JMccepTalHoHHY0 paboty
Jhykawenko Cranncnasa Hphesada

«OcobernocTd Henoab3osadns C3M-30n008 B HAHOAMATHOCTHRE,
NpeNCTARNEHHYIO HA COMCKAHHE yYeHOl cTeneHH KaHaHaTa hHIMKD-MATEMATHYECKHX
HAYK
1o crenHaTsEocT 1.3.2 — «[lpuBops! # METOML! IKCTIEPUMEHTAILHOMN QHIHKNI»

PaGora Jlykamesxko C.K). nocesmeHa OCODEHHOCTAM HCMONBIOBAHHA C3M-
J0HA0B B HAHOOHarHocTHxe. B nepeoii rase cpenan ofaop C3M-MeTOAHE © aKIEHTOM
Ha cend-CeHCHHT 30HIh CHIOBOH CKaHHpyOUleH MHKDOCKONHH, a Takke 30HI0R
CKaHMpylOmel KanuUISpHOH MHKPOCKOMHH W NOCTaBleHa 3ala4a HCCIea0BAHHA
BIHAHHA MeXaHW4YeckuX KonebaHuil BepmuvHbel 30HI3, BOSHHKAKONIMX BO BpCMA
CKAHHPOBAHWS M BIMAIOUMX HA «MATHO KOHTAKTAa» 30HIOB MpH CKAHHPOBAHHH H
MOMYKOHTAKTHOH W METOAHKE «XOMNHHT», COOTBETCTREHHO. Bo sTopol riaee
MPeACTABNEHO HCCIENOBAHHE, MNOCBAUIEHHOE MoIH(UKAIHH  NbE30PEIOHAHCHOTO
JOHOOBOrD NaTinka ¢ W Ao YINepoIHEIM HAHOBHCKEPOM, KOTOPRIH HCOOMBIYETCA B
Ka4eCTBE AeTEKTOPA MACCH 7UTA B3BEIIHBAHMA HAHOYACTHIL B AHATIA30HE (1010 rn
MoweT paGorath ¢ O/IHHAKDBOH MOOPOTHOCTHK) KAK B BAKYYME, Tak M Ha BOJIYXE. B
paMKax JaHHOTO MCCHENOBAHHS TAKKE MPEeIoKeH cnocof 3aKpenneHHs HaHOYacTHIL
30M0Ta  «MHCTBIM» cnocoGOM HA BEPLIHHY [CTEKTOpa MacChl, 4T0 HMeel
NMPUHLUAIHATLHOE 3HAYEHHA IR GHOMETHIIMHCKHY MPHMEHCHHH. B rTperbei rnase
NpeAcTARNCHO HCCNENOBaHHE HOHHOH NPOBOIHMOCTH B CKM-3onnax Buand ¥ BEmTHIM
oT obpa3ia.



l. AKTYANLHOCTE TEMBI AHCCEPTALHOHHOHA paboTr

OcHoBHbIM  mapameTpomM, OTBeumIOIIMM 33 Kayectso C3M,  sBImeTca
MpOCTPAHCTBEHHOE palpeuledde, KOTOPOE onpemenserc fopMoii W pammycom
CKPYIVICHHE HIH paiMepoM AanepTyphl 30HA4, OpuuéM, o0bMHO CYHTASTCA, 4TO
OCHOBHBIM  (DAKTOPAMH,  YXYIIIAIOIMMH — paspellieHde, HEAFIOTCH  BHEOIHHe
MEXAHHYECKHE BHOPALIMK, AKYCTHYECKHE [MYMEL ¥ Tennonke gpefidur. Onnoil 13 uened
AanHoH paboThl DBIIO HCCHENOBATE «[IAPAIUTHEIE» KoNeGaHuaM MeTALIHYECKHY ATl A
CTCKIIRHHKIX HAHOKALIWIIADOR, KOTOPKIE MOTYT BOAGVHCIATLCH, HANPHMED, B MOMEHT
PEIRMX OCTAHOBOK NPH 3aXBaTe BIAHMOJEHCTBHA 30HIZA ¢ 0DpA3OM, 4TO HBISETCH
aKTyankHoR npobnemoli. Taxme wonmeGauWs MOryT paIMBIBATE NATHO KOHTAKTA B
NATEPaTeHON NIOCKOCTH, YXYIad NpOCTPAHCTBEHHOE paspelleHie, MO3TOMY 3a1a4a
YCTPaHRHHN 3THX woneOaHHH ABNReTCA aKTYansHOH OpPH WCNOABIOBAHHHE 30HIOB ©
BBICOKHM ACIMEKTHRIM OTHOLEHHEM., TAKHX Kak METAIUTHYECKHE HITIBl H CTEKJIAHHLIE
HAHOKANHIAPLL.

[omumo wenonesosamua B CIM, sonam KaHTHIIEBEPHOID THNA NPHMEHAIOTCH B
REHECTRE MEXaHHUECKHX OCUMIUINTODOB B METOAE PEICHAHCHOID NeTEKTHPOBAHMA
macesl (PIM). YyscTBHTenEROCTLE DAHHONO METONA 3ABHCHT OT MEACCH] MEXAHWYECKOTD
OCUMINATOpE M D0DPOTHOCTH ero KomeBanuid, npH ToM Macca OCIM/IIATOPA JOIKHA
ORITh cpaBAMMA ¢ Maccoll wiMepReMoll YacTHIRL. Hanpumep, ¢ noMoLLsio cTanaapTHBIX
KPCMHHEBEIX 30HI0B KAHTHAEBEPHOTO THNE MONHO ONpPEIETHTh MACCY YACTHU B
mmanasore (107 — 10°'%) r [7). Jas CPABHCHHA C MOMOIIBIO OIHHOYHON YinepogHod
HaHOTPYGKA BOIMOKHO NETEKTHPOBATE MACCY OHOTO aToma 3omota ~ (107) r [8]. B
AaHHOH paboTe NpeAnoWeHsl M MccnemoBadHsl & kadecTe PJIM manomexanmuecke
ocuunnsropsl (HMO) 8 suge yrneposusix nanossckepos (VHB), seipamennsix na
Bepuiae W Mrn Bxomsmmx B cocras «self-sensings CCM-308008B. Taxkne POM
MEPEKPLIBAIIT HEAOCTATOUHO OCBOCHHBIH MPOMeRYTOSHLI AHamason mace (1077 — 107
')} I, AKTYATILHBI IR BIBEITHBARKA OTASTBHLIX BHpYCoB, GakTepuii, Genwos 1 JIHK,

HecMmoTps Ha yike WMelomMecs Wocnennradms Macc-IETEKTOPOE Ha OCHOBE
YTNEPOOHBIX HAHOTPYDOK M HAHOBHCKEpOB, paHee He GLiND YIEMEHO JOCTATOYHODO
BHHMAHHA METOOMKE 3AKDEMNeHHA FawooOnexTos Ha ero sepwmue. Tpennarsesbri
Molxon € HCNOAB3OBAHMEM HAHONOBYWIEK [MO3IBOJAET  3AKPENISTH  3000Thie
HAHOHACTHIIL HA BEPIIHHE CeHcopa Macchl Des JONONHHTENBHBIX CBAIYIOUMK, 9TO
BAKHO I8 OMOMENMUMHCKHX npumenennii. XoTs npuMeHenue HAHOPAIMEPHEIX
MEXAHHYECKHX PE30HATOPOB B Ka4ecTRe HYBCTEHTEIbHLIX 3IeMEHTOR JAETEKTOPOB Macoe
ARIAETCA MEPCHCKTHRHLIM, BOMPOC HCNONLIOBAHHA TPH ATMOCHEPHBIX YCAOBHSX
OCTAETCA MANOMCCNENOBAHHBIM, JT0 CBA3AHO C TEM. HTO HobpoOTHOCTE KonebaHwii
HAHOOCUHINATOPOB B BOIAYINHOH Cpele HHIKAA, N0 CPABHEHHIO ¢ TOGPOTHOCTRIO
konebanmii B Bakyyme. B gammoii pabore mconesosam nmomxon K YEETHIEHHIO
AoOpOTHOCTH KoneGaHHA 3a CYET HCMOMBIOBAHME CHCTEM CHN3AHHLIX OCLUMILIATOPOB
(CCO) ans pemenss axTyaneHo#l 380898 NOBRIIEHNS YyscTBHTENLHOCTH PIAM. B



paboTe MPOBEAEHEl IKCNEPHMEHTH 110 BIBCUTHBAHHIO & BOITYIIHOH Ccpene, W MokalaH
3PPeKT coxpaHeHns NOCTATOMHO BLICOKOT nobpoTHOCTH konebanuil ocorAasTOpa, YTO
ABNACTCA [EPCHNCKTHEHRIM JIIN MPAKTHYECKOND HCNONAB3OBAHHE JAHHOIO BHOA MACC-
CEHCOPOB.

B Hactosmee spems paspabaTwIBAIOTCH METONBI MCCHENOBAHMSN DHOMOIHYECKHX
0OBEKTOB ¢ HELICOKHM MPOCTPAHCTBEHHBIM paspelieHHeM B HATHBHOM cocTomEMM. B
ITOH CBA3M MpeacTaRIfeTcd BechMa aKTyanbHhiM npuMercHne CKM, wenonssyromero
B Ka9eCTBe 30HIA CTeRIAHHbI HaHoKanunap [11], n npHMeHseMBli I8 HocaeToBaHHS
EAeTOMHEIX MeMOpan, GanTepuil, EHBkIX Traned, U T o I1pH 3TOM, A8 METEpPIpPETALIH
JAHHEIX, NONYYeHHBX ¢ noMomelo CKM, sakno HMeTs HagesHsi MeTon onpeneneHus
AHAMETPA ANepTYPLl HAHOKAITHIIAPA H3 H3MEpeHHs BO/ILT-AMIEPHBIX XAPAKTEPHCTHE, &
TAKHE AICKBATHYHD MOJIEMb, DI‘IHEI:[IIE.H}I.T.[}"H:I NpoTeKaHe HOHHOID TOKa HEpe3
HAHOANEPTYPY BOAM3IM noBepXHOCTH ofpasua. B ganwoi pabote npoBeIeHk
HCCAEMOBAHHA, HAMNpPARTeHHEIE HA PEIICHHT 3THX 33489,

2. Hanbonee anaunMele HayuHsie pesyasTarsl, NOAY4EHHBIE B THCCEPTALIMH, WX HOBH3IHA
H IOCTOBEPHOCTE

. Boepsmie mnokasaro, wro npw pabore MLEIOPEIOHAHCHOTO  «Cen(-CeHCHHI»
30HIO0BOrO JaTYHKA B BHJE ObE30TPYOKH ¢ BONLGPAMOBEIM HAHOIOHIOM BOIHHKAIOT
KOMeDAHHA C© aMOmHTYAoH, npessnuARmed PaIAyC HAHOIOHIE, HTO YXyAUaeT
NpOCTPAHCTREHHOE pajpellleHe OpH paboTe B [OMVKOHTEKTHOM pexamve C3M. Dri
konebanus MoryT GBITE MHHMMHIHPOBAHE! TYTEM ONTHMH3ALHA FeOMETPHH 30H4.

2. Bnepesie sxcnepuMenTansio APOIEMOHCTPHPOBAHA BOIMOKHOCTE 3aKpPEnTeHHS
30M0TLIX HAHOYACTHI HA KOHYHKE YITIEPOJHOIO HAHOBHCKEPA ¢ MCHOMLIOBAHHEM V —
00paInbIX HAHOIOBYIIEK,

3 Brepesle npennowes W peammiopad PE30HAHCHEA JETEKTOp Macckl B BHIOe
JTIEPOAHOTO  HAHOBHCKEPA, BRIPAUIEHHOTD HA KOHYWKe BﬂﬂLdI}FH.MGBBI‘H I0HIA,
obecneynBaiOLIMi RIBEIIHBARNE HaHoYaCTHI B qHanazone (107107) -

4.  Bnepemle sKcHEpHMEHTATEHO oOHApY#eHo, 410 N0BPOTHOCTE PEICHANCHEIX
KoneDAHHA Ha BOWIYXE YINepoIZHOro HAHOBHCKEPA, BLIPALIEHHOIU Ha KOHYMKE
BOIB(PAMOBOTO HAHO3OHIA, HE yMeHBIIAeTcs [0 CPABHEHHID C© I0OpPOTHOCTEID

BaKyyMe.

5.  Bnepsuie gaHo ofbAcHeHHe OHK-phexra Ha kpusod nozeoga B CKM
paipaGoTana Mojenb, OOBACHFIOWAS er0  BOIHHKHOBEHHE. MMokasano, wro npu
cootHoweHHH 1:10 koHueHTpaumm Boamoro pactsopa NaCl BHYTPH KAOHIIApa o
CHApY#W, COOTBETCTBEHHO, HAOMIOIASTCA (-KpaTHOE VBEIHYEHHWE HOHHOTO TOKa no
CPaBHEHHIO C TOKDM HACKIIIEHHS.,



3. Tlpaktuyeckas n TCOPETHHCCKAA  SHAYHMOCTR PE3YIILTATON JIHCCEpTALMOHHOIO
HCCNEN0BARNA,

|- Mogens, ofnacHAaiomas nuk-spdexr ua KpHBOH mogsona s CKM,

2. Metoauka, mossoasmoas ONpEAcHTL KOCBEHHBIM obpazoM pauyc HaHOANEPTYphI
CKM-3011a 13 BonkT-amneproit XapAKTEPHCTHKH C TOYHOCTRIO —(7-9) T,

3. Cosgamme PIM Ha ocuome BOAB(paMOBOrO  30HIA, MOIHDHIEPOBAHHOTO
yrneEo,qmzm HaHOBHCKEPOM, NepeKphIBaOLICro HEJIOCTYIMHLIA pades [ManasoH mace
(107107 HEPCHICKTHEHbIA I8 HIMEPEHHA Macchl BHPVCOB, GaxTepuii, Genkor M
HAHOUACTHL MOBOH NPHPOILL

4. Mokazano, yto A00pOTHOCTE KoneBanuli PAM ma ocuogme BOJIB(PPaMOROrO 30HIa,
MOAHPHUKpOBAHEOTD YTICPOOHBIM HAHOBHCKEDOM, HE YMEHBIISETCH NIpH Nepexoie or
HAKYYMa i BOIAYLIHOHR Cpefie, 9T0 BA#HO AIH HCCIeI0BaRNS obLeKTOR BHONOrHYecKoi
NPHPOALL.

3. llokasama moamowHocTs JAKPEILICHHA  J0MOTEIX HAHOYACTHN Ha  BepumiHe
YOIEPOIHBIX  HAHOBHCKEPOB 63  JONGAHHTENBHBIX CBAIYIOIIHX  BemlecTs,
JAPpAIHAKIIHY HX NOBEPXHOCTE, YTO HMeeT NPpEaETHYECKOE 3HaYEHHE HCOOILIOBAHHH B
3anavyax DHoceHcHHTa,

6. Viydmwenwe npoctpancTEeHHOMO paipetiendn CKM-sonna w W 3oaaa
NEEIOPEIOHAHCHONO I0HI0BOTD MATYHKE, COOTBOTCTBEHHO, B «XONMHHT» WM lapping
PEHHMAX CKAaHHPOBAHMA, NMYTEM yCTpaneHuHs MATEPATEHEIX KoneDannid (yMeHbIenHe
NATHA KOHTAKTA).

4. PekoMERaMy o HeNnone30BaHmio AHccepTauHontol pabotal

[Tomyuennsie 8 xone BemonEeHuHs paboThl pe3yILTATEI Ve HAXOMST NpakTHYecKoe
NpHMEHEHHE H B JalbHERIIEM MOrYT GhITh BOCTpeboBaHR B:

- Haysnuix u ofpazosarensinix LeHTpax.

- Tlpeanpuatuax, IaHMMArOMHXCH paspaboTroli W DpoMIBGACTROM OPelHIHOHHKIX
CEHCOPOR, Konkperduimu  norpeburensmm PEIYILTATOR  IHCCEPTALHOHHOID
HCCIEN0BAHHA ARIIFIOTCH:

I, Depepanshoe ToCyYAapcTBenHoe  DioaweTHoe ofpasosatensHoe yypemrIeHue
BhiCIiero  obDpazonanus  «MockoBCckmi FOCYNAPCTBEHHEIH  YHHBEPCHTET HMeHH
M. B. Tomorocoras {Mockesa)




2. QegepalbHoe TOCYIEPCTREHHOE GHOLKETHOE obpajoBaTenbHOE  yYpexIcHHE
BRicIere  obpasopanna  «Canwr-llerepByprekuii  rocynapcTRenHui VHHBEPCHTET»
(Cankr-llerepbypr)

3. DenepaiibHoe TroCYIapcTBEHHOE OHUIKETHOE YupeswieHMe maykw «Dusmueckuti
HHCTHTYT HMeHH 1. H. Jlefenesa Poccuiickoil akanemun nayks (Mocksa)

4. DeepanbHOE [OCYIAPCTBEHHOE ABTOHOMHOE obpajoeaTensHOe  yupekIcHHE
BaicInero afpasosanins «Cankr-Tletepfyprexui nonHTexsmaeckmii vaHeepcHTeT [leTpa
Benuworos (Canrr-ITerepGypr)

5. thenepancioe rocynapersenHOe  ABTOHOMHOE obpajopatenkHOe  yupexieHHE
BEICILETD oDpazoBaHi «Caukr-Ierepbyprormii MOCYIAPCTEEHHBIH
MERTpOTEXHAYECKHE  yuueepenter JIITH® awmenn B. H. Vassnosa (Jlenusa)s
(Canxt-Tlerepfypr)

6. MuetutyT unronorun Poccnitckoit akanemusy nayk (C aukT-IletepGypr)

7. HHcTuTYT 3BOmOUMOHHON QuIMomOrMM M OHoxHMmuM umens W. M, Cesenosa
Poccuifcroli akanemun nayx (Canir-IerepBypr)

8. Caurr-lletepbyprekuit manmmonansaEl HCCHENOBATENLCKHA  aKafeMHyecKuii
yuusepcuter Poccnfickoll akanemun nayk umenn A M. Andeposa (Can kT-IletepGypr)

Y. ODmecTso ¢ orpaHryeH ol oTReTCTREHHOCTEIO «OHW» (Cankr-TIlerepGypr)
10. OBuectso ¢ orpaHuYennol 0TBETCTBEHHOCTEIO «HT-CI16» ( Cankr-llerepbypr)

I1. Orkpeiroe axunonepHoe ofmectso «Asanrapis (C aHkT-leTepbypr)

5. [ybnukanum 1 anpobaunu no Teme THCCEPTANHHE

OcHoBHEIE pe3yIbETaTh OHCCepTalHl anpoduposans Ha |0 Memoyeaponsex, # 5
BCEPOCCHACKHXY KOH(epeHUMAX, H OTpameHsl B 16 NMyOAMKAOHAX B POCCHACKHX M
3apyGeRHBIY PELEHIUPYEMEIX HAYIHEIX HypHanax (ekmouas nepedens BAK, Scopus,
Web of Science):

. Lukashenko, S. Yu., Gorbenko, 0. M., Zhukov, M. V., Pichakhchi, S. V.,
Sapozhnikov, L. D., Felshtyn, M. L., Golubok, A. O. Behavioral features of the approach
curve of a scanning ion-conductance microscope // I, Surf, Investig.: X-ray,
Synchrotron, — 2023. - V. 17, - Ne 3. — P. 585-591. DOI: 10.1 134/51027451023030112

2. Lukashenko, S. Y., Zhukov, M. V., Mukhin, 1. 5., Sapozhnikov, 1. D., Golubok,
A. 0. Measurement of the Young's modulus of amorphous carbon nanowhisker by static
and dynamic method // AIP Conf. Proc. — 2017. — V. 1874, - Ne 1. — P. 040025, DOI:
10.1063/1.4999711

3. Lukashenko, S. Yu., Lysak, V. V., Sapozhnikov, L. D,, Mukhin, [, §.. Golubok,
A. 0. Study of micro- and nanomechanical oscillators based on crystalline W and



amorphous C whiskers // AIP Conf. Proc, - 2015. — V. 643. — Ne 1, — P. 012114, DOI:
10.1063/1.4932765

4. Lukashenko, S. Y., Golubok, A. 0., Komissarenko, F. E., Mukhin, L. S,
Sapozhnikov, 1. D., Veniaminov, A. V., Lisak, V. Precise mass detector based on carbon
nanooscillator /' AIP Conf. Proc. — 2016, — V. 1748. — P 050002. DOI:
10.1063/1.4954374

5. Lukashenko, S. Y., Golubok, A, 0., Mukhin, I. 5., Veniaminov, A, V.,
Sapozhnikov, 1. D., Lysak, V. V. Q-factor study of nanomechanical system "metal tip -
carbon nanowhisker” at low and ambient pressure // Phys. Status Solidi (A). — 2016, —
V.213.- N 9. - P, 2375-2379, DOI: 1. 1002/ pssa, 201600199

6. Lukashenko, 8. Yu,, Mukhin, 1. §., Komissarenko, F. E., Gorbenko, 0. M.,
Sapozhnikow, 1. D., Felshtyn, M. L., Golubok, A. 0. Resonant mass detector based on
carbon nanowhiskers with traps for nanoobjects weighing // Phys. Status Solidi (A). —
2018. - V. 215. — Na 21. — P. 1800046, DOL: 10.1002/pssa.201 800046

7. Lukashenko, S., Mukhin, 1., Veniaminov, A, Sapozhnikov. L., Mozharov, A.,
Kuprivanov, D., Golubok, A. Investigation of nanomechanical oscillators based on
amorphous carbon whiskers in vacuum and at ambient pressure // J, Phys.: Conf. Ser. -
2016. - V. 769, — P. 012062. DOI: 10.1088/1742-6596/769/1,/012062

8. Lukashenko, 5., Mukhin, L., Gorbenko, O., Larionenko, G.. Sapozhnikov, L.,
Felshtyn, M., Golubok, A. Visualization of complex oscillations of carbon nanowhiskers
in SEM // AIP Conf. Proc. — 2019. — V., 2064. — P, 020002. DOI: 10.1063/1.5089875

9. Lukashenko, S, Yu., Gorbenko, O, M., Sapozhnikov, I. D., Zhukov, M. V.,
Felshtyn, M. L., Pichakhchi, 5. V., Golubok, A. ©. On the spatial resolution of a
piezoresonance probe sensor with a tungsten needle // 1. Surl. Investig.: X-ray,
Synchrotron, — 2023, - V. 17, — Ne 3. — P. 578-585. DOI: 10.1 134/51027451023030100

10, Zhukov, M. V., Lukashenko, S. Yu., Sapozhnikov, I. D., Felshtyn, M. L.,
Gorbenko, O. M.. Golubok, A. O, Scanning  ion-conductance microscope  with
modulation of the sample position along the Z-coordinate and separate Z-axial and
lateral (X, Y) scanning // J. Phys.: Conf. Ser. — 2021. -V, 2086. - No 1, — P. 012074,
DOI: 10.1088/1742-6596/2086/1/012074.

11. Zhukov, M. V., Lukashenko, 5. Yu., Sapozhnikov, 1. D., Golubok, A. O.,
Chubinskiy-Nadezhdin, V. 1., Komissarenko, F. E. Scanning ion-conductance and
atomic force microscope with specialized sphere-shaped nanopipettes // J. Phys.: Conf.
Ser.— 2017, - V. 917.- Mo 4. — P. 042022, DOL: 10.1088/1742-6596/917/4/042022

12, TopBeuwo, O. M., Jlykamenxo, C. 1., DPensmten, M. J1, Tonybok, A. O.,
Canownukos, M. JI. Hsmepenne AMIUTHTY/IHO-9aCTOTHBIX  XAPAKTEPHCTHK
HAHOMEXAHHYCCKHX  OCUHIIATOPOB NyTeM BHIVATHIAWAH MX  Kojnebandii &
CKAHMPYIOUICM 1EKTPOHHOM MHKpockone // Hayuroe npuGopoctpoenne. — 2018, — T,
25.—Ne 3. - C. 109117,

13. Zhukov, M. V., Lukashenko, S. Yu., Sapozhnikov, 1. D., Felshtyn, M, L.,
Gorbenko, 0. M., Pichakhchi, 5. V. Golubok. A O, Multimode scanning ion-
conduction microscope with piezo-inertial moving system // Nauch. Priborostr, — 2022,
-V.32. - Mo 4. - P, 68-87.



15, Mywos, M. B., Jlykamenko, C. 0., lopSenxo, 0. M., Canowuauxos, H. J1.,
Q@enpmrrsin, M. JI., Tuuaxun, C. B., Tony6ok, A. 0. Brusuue NOBEPXHOCTHOID 3apana
Ha HOHHYIO NPOBONHMOCTE MEKTPOIHTA B Hanokanane // OTT, — 2023. - T. 65. — Ne 12.
= C. 2208-2211. DOI: 10.21883/FTT.2023.12.56535.426

14. llmaaxyn, C. B., lopbenko, O. M., Jlykamenko, C. K., Gensmram. M. J,
Canownuros, M. J1., Ceaiikun, M. C., lonyGok, A. O. VYmenvwenue spemenn
NOMYSEHHA HIODPAKEHUS B CKAHHPYIOUEM MHKDOCKONE HOHHEIX TOKOB B "hopping*-
Moge // [lncema a WTD. — 2024, — T, 50, — Ne 20, - C, 48-51,

Pesynbtatel paboTsl nprasank NOCTOBEPHEIMH, & BEIBOALI HAYYHO 000CHOBAHHEIMH.

b, 3ameuanns no mAccepTauHoRHO# paboTte u aeTopediepaty

1. Bo sropo#t mase nposegeno MOICTHPOBAaHHE NaTepaibHbIX KoneDaHui, BIHSommny
Ha paiMep NATHA KOHTAKTA B tapping mone C3M u xonnuar mone CKM, ognaxo ge
NPHBEICHO HHKAKHX JAHHBIX 00 JKCIIEPHMEHTANEHEIX MONTREpH#IEHHAX. XoTenocs Ghi
IHATh, [IPOBOIHIIHCE TIH IKCNEPHMENTHI B 3TOl obnacTy.

2. B Tpethelt rmaBe uccreoBANMCH CHOKHER KOJNeDaHHS OJHHOYHBIX BHCKEPOB, a
Taloke KapKaCHBIX CTPYKTYD Ha OCHOBE BHCKEDOB CHOWHOH (HopMbl, HarpuMep,
HMetowux  [-ofpasyro  dopmy. Xotenock OBl BLICHHTE MOTHBALMIO 9THX
HCCIICMIOBAHAH, W MOTYT H TAKHe CIOMHLIE KoneGanus Haiitd OpHMEHEHHE B oluacTH
C3M.

3. B dopMyne 118 TennoBIX YMOB TYHHETEHOMO nmepexoga (cTp.l5, dopmyna 1)
MPONYUIEH SHCAOBOH MHMKHTENE 4.

4. B nuccepramuu chopMyTHpOBAHO YTBED#ACHHE, YTO Ha IPaKTHKE YPOBEHB LIYMOB A
TOKE TYHHEJILHONO MHKDOCKONA B OCHOBHOM 00YCNOBIEH CTy4aiiHBIMH HIMEHOHHAMH
3AI0pa MEIY 30HAOM W 00pasiioM, BLIIBAHHEIME MEXAHHYECKHMM, TenmoBRIMH W
AKYCTHUSCKHMH WyMaMH. B nomHol Mepe ¢ 9THM yTBep#IeHHEM COMTACHTECH HETL3A.
llpasuneeo  cROHCTPYHDOBAHH K TYHHensHBIH MuKpockon paGoraer Ha YpoBHE
DYHAIMEHTENBHEX WYMOB, YTTOMSHYTRIX ARTOPOM QHCCEPTALIHN.

Creayer saMeTHTh, WTO 3aMEYaHHA HHCKOABKO HE CHHMAIOT obimedl nojKHTENLHO
OUCHKH B BLICLIEH CTENICHN KEYECTREHHO BLINOIHEHHOM JAHccepTanHoaHOl paboTnl.

1. 3axmouenne

Auccepraumonnas pabora C.J0, Jlykaumienwo gpnseTcs sasepéHHON HAYTHO-
HCCNenoBaTenbCKOH paboTol, BRIMONHeHHOH HA BRICOKOM HAYHYHOM H TEXHHYECKOM
ypoere. llomydenHple pelwnbTaETH  SBROAIOTCH OOCTOBEPHBIMH M HAYYHO
0DOCHOBAHHLIMKM., ABTopedepar u nyOAMKAIHK NoMHO W IOCTOBEPHO  OTPARKAIOT
CoflepkaHHe JHCCEPTAlHH, & TARKAE e OCHOBHLBIE MMTOTOMEHAS 1 BRIBOJThI.

[lo ceoelt axTyanehocts, HEYYHOH HOBH3HE, MNpaKTHYecKol IJHAYHMOCTH,
AOCTOBEPHOCTH, 8 Takke 0OLEMY NpoBeeHHBIX HCCIENOBAHHE W AHYHOMY BKJIATY
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COHCKaTeld  auccepTauwonHas  pabota  Jlykamenko C.H).  «Ocobednocty
HCMONBAOBAHHA CEM-.’!DH.;!IEIB B HEHOIHATHOCTHES: MOTHOCTERY OTREHALT
TpeoBaHHAM, NpPEABABIAEMLIM K JHCCEPTAUMSMH B COOTBETCTBHe ¢ mi 9-14
«[lonomenns © nopsiKe TPHCYRACHHS HAVYHBIX  CTeneHeds, YTBEP#K AEHHOTO
nocraHosncHuem [lpasurenscrea  Poccuiickolt ®enepanun Me842  or 24 centabps
2013 r. B penakumu or 25.01.2024 .

Hucceprauna Jlykawenko Crawuciasa H)phesuya cOOTRETCTRYET macnmopTy
cneupansHocT 1.3.2. — «[Tpubopsl # MeTONW JKCOEpHMEHTATEHON BHIHKH», A TAKKE
TpeGosannam BAK PQ B 3achymuBaeT NpHCY#IEHHA CTENEHH KaHaMgaTa tHIHKO-
MATEMATHYECKHX HayK.

Orams  nogrotoswn  Amunckmii  Mrope BraguMuposrd, gokTop  dm3nko-
MaTeMATHHCCKHX HAyK, npodeccop kadenpsl (OHIHKM NOTHMEPOB H KPHCTAINOB
uznyeckoro Gakynsrera MY umenn M.B. Jlomorocoga.

HacTosummii 0T36i8 COCTARNEH NOCTE OIHAKOMIEHHMA € TEKCTOM OHCCEPTALIHE,
asTopedepara, nybaukanmit 1 fokaana Jykamernxo C 10., ofcyuaen B Hay4HOH rpynme
QHIMKH HUBBIX cHCTeM (uindeckoro daxyisrera MI'Y u onobpen Ha 3aceNaHdH
KadeApbl PHIUKA NONTHMEPOB M KPHCTALIOB (HIHYECKOIrD thaxymsrera MI'Y umenn
M.B. Jlomonocosa 11 mapra 2025 1., npotoxon Ne3-2025, Pe3ayabrarsl ronocoBaHHA; 3a
YTBEp:KICHHAE OTIRIBA MPOronocosano 34 corpyiHuka kadeapsl GUIMKR NoaHMepos |
KPHCTAIOB, IPOTHE — HET, BO3AEPKABIINXCH - HET.

asenyommii kadeapoil GHIHKH NONHMEpOB ¥ KpHCTaTTOR

A
npotheccop : ’-"fg';... A = A.PXoxnos
A il
) .-:"d‘.
— 1 o L
[podeccop kadenpul duinks MOIHMEPOB H EPHCTALIOR P W A i
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H.B. Amuncruit

DOuznvecknit haxynerer MI'V umenn M.B. Jlomonocosa
119991, I'CTI-1, Mockea, JTenunckne ropst zom 1, cTpoenHe 2.
Ten.: +7 (495) 939-16-82

E-mail: info.ffi@org.msu.ru

Kadenpa ¢u3nks NoTHMEpoR # KpHCTAILIOR
Ten.: +7 495 93921013
E-mail: secretary@polly.phys,msu.ru



