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knowledge, skills and skills in innovative project activities. As the labors market is constantly changing,
employers are interested in graduates who have project skills and practical experience.

The article considers soft skills that will be in demand in the coming years for successful professional
growth and ability to work in a team. The advantages and disadvantages of teamwork, as well as
recommendations for improving the effectiveness of teamwork, are presented. The main obstacles preventing
control of the process to develop the startup are mentioned. Methods of planning and control of time,
determination of priorities of tasks are considered. To formulate the project name and to form the goals, the main
instruments that allow to determine the influence of strong and weak sides (SWOT-analysis) are given. Also the
tools of the composition structure of works and the hierarchical structure of works which allow to divide the
project into components of tasks and subgoals are considered.

Thus, the study of engineering and technical specialities of the methods and tools of making start-ups,
presented in the article, will help students to form skills to survive failures, to treat their own mistakes with
tolerance, to learn to work in a team in a multidisciplinary environment. As a result, students can take a risk-free
trial during their studies at the university, and once they have completed their studies they will be ready to
engage in professional activities at once.
soft skills, teamwork, the Franklin Pyramid, the Eisenhower Matrix, Pareto Principle, Gantt chart

Oodepaicano (Received) 19.05.2022 Ilpopeyenzosano (Reviewed) 25.05.2022
Ipuiinamo 0o opyky (Approved) 30.05.2022

YK 531.7:62-2:629.7 (043.3) DOI: https://doi.org/10.32515/2664-262X.2022.5(36).2.121-129

B.I1. KBacuikoB, ipod., 1-p TexH. Hayk, M.O. KaTaeBa, kaHz. TeXH. HAyK
Hayionanvnuii asiayiiinuii ynieepcumem, Kuis, Yxpaina
e-mail: mariia.kataieva@npp.nau.edu.ua

MeTtoa KOpekIlli BUX1AHOIO CUTHATy CKaHYI04Oro
30HJ0BOT'0 MiKPOCKOIY JJIs JOCHTIPKEHHSI HAHOOO €KTIB

B crarTi po3risHYTO METOAW MiABHINEHHS TOYHOCTI BHXIJHOTO CHTHANY CKAaHYIOUOTO 30HIOBOTO
Mikpockomny (C3M) i3 ypaxyBaHHAM BIDIMBY AeCTaOiTi3yrounx (akTopiB. 3aporoHOBAaHO METO TU(epeHITiamii
MOEIHAHNX CHUTHANIB, SKAH Tiependadae IEpeTBOPEHHs IMMiKiB 0araTOKOMIOHEHTHOTO CHTHAlTy 3 METOIO
3HW)KEHHS PIBHS LIyMy 1 MiHiMi3amii iHIIMX Jpkepen MoxuOoK Bin necrabumizyrounx ¢akropiB. Ha ocHoBi
3aMpoOIIOHOBAHOTO MeToAy Oysio po3po0IEHO aNrOpUTM PO3ALICHHS NOEAHAHMX CUTHANIB Ta 3alPOIIOHOBAHO
METOJ pO3paxyHKy po3IuTbHOI 3gaTHOCTI curHairy C3M. IlepeBaroro po3po0aeHOT0 METOTy € MOXKIHUBICTh HOTO
aBTOoMaru3auii Ta edekTHBHA peawizalis Uil OyAb-SIKMX BUMIPIOBAJbHUX MPWIAAIB 3 MIKPO30HIIOM.
3anpornoHoBaHO cHoci0 Kopekiii moxuOok, sSKuil € MmpuaaTHUM A UuppoBOi aBTOMAaTH30BaHOI OOpPOOKH
CHTHAJIIB Ta CHPUSIE MiIBUIIEHHIO TOYHOCTI Ta NPeNn3iHHOCTI BUMIPIOBaHb 3a gornomorow C3M.
HAHOTEXHOJIOrii, HAHOBHUMIPIOBAHHS, MeTPOJIOTis, MeTOAM Ta 3aco0M BHMIpPIOBaHHS, CKAHYIOYMii
30HA0BMIi MiKpocKoM, 00po0Ka CUTHAJTY

IloctanoBka mnpodiemu. IIpoTaroM ocTaHHIX JECATUIITH MNPAKTHUYHO Yy BCIX
PO3BHUHEHUX KpaiHax CBITYy B PI3HUX Tally3sX HAPOIHOTO TOCIOJApCTBA CIOCTEPIraeThCs
CTPIMKHI HAyKOBHH Ta TEXHIYHUHU mporpec B cepi HaHOTexHOJOrH. OcTaHHI JOCATHEHHS B
HAHOTEXHOJIOTIAX Tepea0avyaroTh BUKOPHCTAHHS BHUMIPIOBAIILHUX MPHUCTPOIB, SKI MOXYTh
JOCITIJKYBaTH (Pi3UUHI BIACTUBOCTI HAa AaTOMHHUX 1 MOJIEKYJIIDHMX PIBHSAX Ta 0OpOOIATH
BUMIPIOBaJIbHY 1HGOpMAIlI0O BHCOKOI MIIIBHOCTI. Ha#Oumbm mepcneKTMBHUMH — Ta
NOoayJIIPHUMHU BHMIPIOBAJILHUMHU 3ac00aMU Yy HAaHOMETPOBOMY Jialla30Hi € BHMIipIOBAJIbHI
MPUCTPOi, TOOYJ0BaHI HA OCHOB1 CKaHYIOUYOTO 30HA0BOr0 Mikpockomny (C3M).

© B.II. KBacuikoB, M.O. Karaea, 2022
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AHami3 ocTa”HHiX gocaimxkenb i myOaikamii. Y poborax [1-5] mnpencraBieHo
CUCTEeMHHMH TiAXin no aHamizy auHamiku C3M, ae Ans Omucy HENiHIMHHUX OCOONMBOCTEH
podotr C3M B amHamidHOMY pekuMmi. OgHAK Ii MIXOAW HE JO3BOJSIIOTH BUOKPEMHTH
OCHOBHI XapaKTepUCTUKH Ta OOMEXKEHHS BHMMIPIOBAIbHUX 30HJOBHUX HPUCTPOIB, SKI
NOB’s13aHi 13 BIUTMBOM 30BHIIIHIX AecTabimizyrounx (hakTopiB, IO HANAIOTh HETiHIHHOCTI
KIHEMaTUYHHUM IlepejiadaMm, a came: JIIo(pTH, cyxXe TepTs, 30HU HeUyTJIUBOCTI ToIo. Benukuit
BIUIMB Ha TOYHICTh MIKpOIEPEMIIIeHbh MAalOTh TEIJIOBI Ta BiOpamiiiHi oOypeHHs, SKi Tpu
BEJIMKHX Jllalla30HaX MePEMILIEeHb, SIK IPAaBUIIO, HE BPAXOBYIOThCH.

IMocTtanoBka 3aBnanHs. Buxonsuu 3 ananizy gociimkens [1-10], oqHa 3 0OCHOBHUX
npobaeM mpu poOOTI 3 HAHOOO €KTAMM Ta HAHOCTPYKTYpaMH IOB's3aHa 3 HAJHU3BKUMHU
PIBHSIMH CHTHAITy Ta HOTO CIIOTBOPEHHS ITiJ] BIUIMBOM 30BHIIIHIX JecTa0lIi3y0unx (hakTopis.
VY 3B'I3Ky 3 UM, aKTyaJbHOIO CTa€ 3aJada YJAOCKOHAJEHHS ICHYIOUMX Ta pO3pOOKH HOBHUX
METO/TiB 00pOOKH BUMIiprOBaIIBHOTO cUTHaIY C3M 3 MiIBUIICHUMH ITOKa3HUKAMHU TOYHOCTI Ta
IBUAKOIII.

Bukian ocHoBHOTo MaTtepiaiay. MeToO MIKpOCKOIIIYHOTO JOCIIKEHHS TBEPAUX TiJl
METOJIaMU CKaHyI04Oi 30HIOBOi MIKPOCKOMIi, € OTpUMaHHs 30LUIBIIEHOTO 300pa)KCHHS
noBepxHi. Jlns orpumanns C3M 300pakeHHS TPOBOAMTHCS PACTPOBE CKaHYBAaHHS
HAHOOO €KTY, IPU SIKOMY 30H]I 3@ JOTIOMOT'OI0 CKaHEpa PyXa€eTbCs HAJl 3pa3KOM HEBEIMKUMHU
KPOKaMH T Ji€I0 THIKOMOAIOHMX Hampyr, sKi (OpMYIOTbCs IH(pPO-aHATIOTOBUMHU
[epeTBOPIOBAYaMH, a BEJIMYMHA CUI'HAJTY Ha BUKOHABUOMY €JIEMEHTI 3alHCYEThCs B HaM'sTh
KOMIT'IOTEpa. 3amMCaHuil CUTHAI 3BOPOTHOTO 3B'SI3KY OOpOOJISETHCA KOMIT'IOTEPOM, @ MOTIM
C3M 3o0pakeHHs1 penbedy moBepxHi HaHO0O €kTy Z = f(x,y) OyayeTbcst 3a JOTOMOTOIO
3ac00iB KoMI'toTepHOi rpadiku. s mATPUMKH 3a/aHo0i BiJCTaHI MK 30HIOM 1 3pa3KoM B
C3M Haifuacrilie BUKOPHCTOBYIOTH MpPOIOpIiitHO-iHTerpanbHO-qudepentiansauid  (IT11)
PErynsTop - NPUCTPIH, Akl (HopMy€e KepyIOUHid CUTHAI, 110 € CYMOIO TPbOX JOAAHKIB
g de(t)

dat '

u(t)=P+1+D =Kpe(t)+ K,fe(r)d‘r + Kp
0

ne (P) — mapameTrp, SKHH XapaKTEpH3ye B3a€EMOJII0 30HIa 3 TOBEPXHEID Ta €
NPOMOPIIHHUN CcHUTHATY Hey3romkeHocTi e(t) = FBInput(t) — SetPoint, FBInput(t) -
3HA4YCHHS BX1THOTO CUTHAIY, SetPoint — 3a7jaHe 3HAYEHHS BXiJTHOTO CHTHAIY;

[ — iHTETpasl CUTHATY HEY3TOKEHHS 332 4acOM;

D — moxiJiHa CUTHAJTY HEY3TO/DKECHHS 32 4acOM;

Kp, K;,, Kp — KoedillieHTH TIOCWICHHS MPOIMOPILIHHOI, IHTErpajgpbHOi Ta
nudepeHITianbHO1 CKIIA0BUX peryisropall].

[Tpu BUKOpUCTaHHI TIABKU MPONOPILIHHOI CKIAI0BOI KEPYIOUNH CUTHAJT 3MEHIIYEThCS
npyd HAOJNWKEHHI 110 3a7aHol BEJIMYWHH, NPUYOMY pEryJibOBaHa BEIMYMHA HIKOJW HE
cTallmi3yeThCsl Ha 3a/JaHOMYy 3HaueHHI. BuHWKae Tak 3BaHa cratMyHa moxuOka E, mio
JIOPIBHIOE BIIXWJICHHIO PETryJbOBAaHOI BEIMYMHM BHUXIJHOTO CHUTHATYy, IO CTaOUII3ye
peryipboBaHy BEIMYMHY caMe€ Ha I1boMy 3HaudeHHi[2]. Yum Ounpmmii  koedimieHT
MPOTIOPIIIHHOCTI MK BUXIJIHUM 1 BXIJJHUM CHUTHAJIaMH, THM MEHINIA CTaTUYHA TTOMUJIKA, aje
IpY 3aHAATO BETUKOMY KOE(III€HTI TOCHIICHHS 1 32 HABHOCTI 3aTPUMOK Y CUCTEM1 MOXKYTh
MOYATHCSI ABTOKOJIMBAHHSI, a MPHU TOATIBIIIOMY 301IbIICHH] KOe]illi€eHTa MMOCUJICHHS CHUCTeMa
C3M moxe BTpaTUTH cTilKicTh. Buximauit curnan C3M y(t) B OUIBIIOCTI BUITAKIB MOXKHA
pO3MNIAIaTH SIK aJUTHBHY CYMIII KOPHCHOTO KBa3iJeTEPMIHOBAHOTO N-KOMIIOHEHTHOTO
curtany g(t) i BHCOKOYACTOTHOIO BigxuiueHHs n(t).

N

y(©) = g@©+n®, 9O =) pef = B

Jie ¢ — pOo3ropTarounii mapameTp (MMOTOYHMA Yac);
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f— BimoMa QyHKIis, BA3HAUYEHA BHIOM JOCIHIHKYBAaHIX BUMIPIOBAJIHHHUX MPOLECIB;

f px— IHTETpanbHa IHTEHCUBHICTb;

M — TIOJIOXKEHHS,

[k — MAPpUHA KOMITOHEHTY (ITKy BUMIPIOBIBHOTO CUTHATY).

IIpu o6pobui BumiptoBanbHOi iHGopManii C3M onHi€l0 3 HalWBaXYUX oOIepawii
SIBIISIETBCSL.  PO3JIUUICHHSI TOE€JHAHWX TIKiB BHMIPIOBAIBHOTO CHTHaNy. T00TO, 3aBoaHHA
MOJIATaE 'y 3HAXOMKEHHI KOe(iIleHTIB a», a;, ap AN CKJIaJaHHS PIBHSIHHS BHIY
y=a,xX’ +ax+a,. 3a3Bu¥ail 1le 3aBJaHHS BMPIIIYETHCA METOAOM MiaOOpy KoedilieHTiB
perpecii k 1 b st niHiiHOT QYHKUIT y = kx + b, TAKUM YHHOM, 1100 CyMa KBaJpaTiB MOXHOOK
Oyna sk HaliMEeHIIOI0

S=62+62+.+82 =36 =3 (v, — (kx, +b))* »
i=1 i1

1Ie X; Ta y; — 3aJaHl mapaMeTpu pelibedy HAHOOO EKTY;
k1 b — HeBinoMi koedirieHTH;
S — QyHK1isA ABOX 3MIHHUX k Ta b: S = S(k,b).

%_2;1@, — (ke + b)) (- x)——zz<y — (kx, +b)) x,,
Z%—z;@,—(kx +b)) (- 1)——zz(y — (kx, +b)).

OTpumyemo JTiHIHHY CUCTEMY JIBOX PIiBHSHB i3 IBOMA 3MiHHUMU k Ta b:

~23 (5, ~ (hkx, +b))x, =0,
=230~ (ke +) =0,

[TepeTBOPUMO PIBHSAHHS CUCTEMH Y px + kY x> +5Y x, =0, =Yy, +kd x, +bn=0-
i=1 i=l i=l i=l i=1
3BIIKH OTPUMYEMO CUCTEMY PIBHSHB:

n n n
kzlle + b; X, = Zl‘,y,x,.,
i= i= i=

kzn:x,. +bn= iy,..
i=1 i=1

®ynkuis S = S(k,b) y 3HaWmeHid Toumi (k,b) Mae€ caMe MiHIMyM, IO
BCTAHOBIIIOETLCS 34 JJOIIOMOTOKO HpI/IBaTHI/IX MOXITHUX APYTOTO HOPSAKY.
oS GERY
—=-2 xX)x, =2 (x =t =. 2 =-2 2
e ;( 2 ;( e Z( 1)=2n, e ;( x,) = Zx

azisazis_ aZS A_4 c 2 2” 2” -
a a \okaw) A= ( E’“j S2E )
Ockinbku A >0, TO 3HaiaeHid Touni (k,b) QyHKIISI Mae eKCTpeMyM, a 3BaKaloyl Ha

TE, IO af 0. Y Touli (k,b) GyHkuis mae Minimym [3-4]. OTKe, 3aNEKHICTH MIK
Ok

CKCIICPUMCHTAJIbHO OTPUMAHHUMU BCIIMYNHAMU MOKEC 6YTI/I OIU3BKOIO a0 KBa,ILpaTI/I‘lHO.f. TO,Z[i

n n n
na,+a, Y x, +aszl.2 :Z}:yi,
p=

i=1 i=1

Po3paxyemo BIIXUIEHHS A =

n n n n
aozl:xi +alzl;xl.2 +azzl:xi3 :Zl;xiyi,

i=] i=] i=] i=]

n 2 n 3 n 4 n P
aozllx,. +alzl:xl? +a221:x,. :Zl:xl. V.

1= 1= 1= 1=
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AuJe peicTaBIeHNH anropuT™ 00poOKH BIMiproBaibHOT iH(opmanii C3M He BpaxoBye
BIUIMB JIeCTaOUTI3yI0UHMX MMapaMeTpiB, 10 HAJAIOTh HENIHIHHOCTI KIHEMAaTUYHUM Tepefadam, a
came: MO TH, CyXe TepTsl, 30HH HEUYTJIMBOCTI, TEIIOBI Ta BiOpariitHi 00ypeHHs TOIIO.

3anpornoHoBaHO MeToJ nudepeHIianii MOeIHaHWX CUTHANIB, SKHA mependadae
3arOCTPIOBAJIbHI TIEPETBOPEHHS MMIKIB 0araTOKOMIIOHEHTHOTO CUTHAIY 3 METOI0 3HUKCHHS
piBHS IIyMy 1 MiHIMI3aIlii IHIINX JKeped MOXUOOK BiJ BIUIMBY AeCTaOiIi3yIOUNX MapaMeTpiB.
[TepeBaroro po3poOJIECHOTO METOLYy € MOXKIWBICTh WOTO aBToMarm3ailii Ta epeKTHBHA
peainizaris A OyAb-SKMX BUMIPIOBAJIbHUX TPUJIAAiB 3 MIKpO30oHAOM. MeTon mependadae
nepeTBopeHH Pypbe F[f(t,.)] = f(®,.) yHKIIT y = f(x), AN K0T BU3HAYCHO, 1O f(w,0) = 1,

a IapameTpy po3NOALTY Y JIEXKHTb B Jiana3oHi (0 < y < min, gy )

flap) )

B ocHOBI MeTomy mudepeHiianii moeJHAHUX CUTHAIIIB JICXKHUTH TT00Y10Ba JOIIOMIXKHOT
dbyukuii v(t, y), ska BiAmoBigae BUXiTHOMY curHaIy y(7):

N
U(t)}, = Z PkSa (t - :uk'ﬂk - 7/) ’
k=1

ne Sq(t, f-v)= f_oow f (t —x, B, — ;/) o(x, @)dx , e(x, o) — cTabinizyr04a MHOKHHA;
0, — TIapaMeTp PeryJsApu3alii, 103BOIAKYMN OTPUMYBATH 3ITIA/DKEH] 3HAYECHHS V(t),..
306pa3zumo [3] po3noain ypee dynkuiero K(¢, v, o). OCKIIbKU

f(@A,) _ _
f(a), ]/) Q’(Cl), C() - F[Sa(t'ﬂk 7/)] )
TO OTPUMYEMO
v(@) = 222 g(w). (M)

Ha ocHOBI 11b0T0 piBHAHHSA, MOKHA CTBEP/)KYBATH, 1110

f o, @)/ f (@, P)lde> < o,

Toxi MmoxxHO onucaTtH po3noain dypee sk

K(w,y a)def plo, a)/f(o,7), 2
OTrxe, piBHsHHSA (1) Oyzne MaTu BUTIAL
v(t), = [, K(x, p ) g(t - x)dx, 3)

10 3BOJUTH METOJ| PO3IJICHHS TOEIHAHWX CHUTHATIB 10 TMEPETBOPCHHSI THITY 3TOPTaHHS
cUrHamy g(t) 3 Baroto K(t, y, o).

Po3paxyemo interpan (3) Ha ocHOBI (yHKIiT g(f — Xx), sKa mpeAcTaBIeHA
iHTepnoNAmiiHMM ~ OaratouneHom  Jlarpamxka  [4] 3 By3mamMu  IHTEPHOJIALIl
x=-mh, - (m—1)h,..... ,-h0,h,..,(m—1)h mh

1M g(t—j m -
g(t _ X') —_ym =1 gt—jh) MFz—m(x-rh) + Rm(t, X) ) (4)

JE=Mp2mmy )im-j)!  x—jh
JIe 3QITUIIKOBUA 4wieH R, (t, x) Oyae 1OpiBHIOBATH

T (e =rh)g@mt(g)
Rm(t,2) = = l_[ Cm+1)!

r=-m

net—mh < &E<t+ mh
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h — kpok 3ou1y C3M.
[TincraBnsroun (4) B (3), 3HAXOIUMO

m [ee]
v(t), = Z a\y () g(t — jh) + f R (t, 0)K (x, %, @)dx,
j=—m —0
ne K(x, y, o) — mapHa (pyHKIIS 110 X.
(m)(% ) = O™ [ Kxpa) ——2 T . (x — rh)dx, (5)

h2™M(m+j)!(m—j)!
3Baxkalouu Ha Te, MO X=A/, piBHAHHSA (5) MOXHA TIEpENUCAaTH HACTYITHUM YHHOM
co

®© x—jh

~ (=)™ I 212 —1)...(12 = m?)
0D = G iy | KO
OcKinbKH B
O™ PE-1D . R -mD) O )
(m+ ! (m—))! 12— j2 deszf’k e
e B](Zl) — xoedinieHTH BU3HAUeHi yepes j i k, TO

oS (1 @) = Xy B may (7 @)h2 (6)

ne My (1, @) — MomenTH TIOpsAKy 2k dyukii K(x, v, o). Borrn MoxyTh OyTH 3Ha#cHI
Ha OCHOBI BIJHOIIIEHHS

dzk
mae(p ) = (~D* k(o 0|, - )
Taxum unHOM, piBHAHHA (3) Ans U(t), Moxke OyTH TIpeICTaBICHE y BUTIISAL
(6, = I m ey (5 g (t = jh). ®)

Ha ocHOBi 3ampornoHoBaHOTO MeTony AudepeHIianii MoeIHAHUX CHUTHATIB OyJo
pO3p00JIEHO AITOPUTM PO3IAUICHHS MOE€IHAHUX CUTHAIIIB!

1. Jnst cuctemu C3M 3 N-KOMIIOHEHTHHM CHTHaIOM g(t) 1 BHCOKOYAaCTOTHOTO
BiaxwuieHHs n(t) curHanu Big (n — 1) TakuxX AETEKTOPIB MOAUISAIOTHCS HA CHUTHAI 3 N-T'O
nerekropa. B pesynprati onepxxyemo (n — 1) BitHOCHH SIK GYHKIIN dacy.

2. OtpuMaHi BIATHOCUHU IU(DEPEHINIOIOTHCS 32 JOTIOMOTO0 OOYHCIEHHS MOX1THHX.

3. BepyTbcs BiTHOCHHH TIOXiJHUX BIJHOCHO OIHi€l 3 HUX. B pe3ynbraTi OTpHIMyeMO
(n — 2) xpuBHX 5K QyHKLIT yacy.

4. IMoxiOHI omeparrii TOBTOPIOIOTHCS AOTH, IOKU 3aTUIIATHCS OJTHA KPHUBA.

[Tobynyemo momomikuy dyHKitito v(t,y), sKa BiAMOBiJa€ BUXIAHOMY CUTHATYy )(f) Ta
MPOBEAEMO OIlIHKY TOYHOCTI YMCIIOBOTO BHPINIECHHS PIBHSHHS 3a JIOMOMOTOI PO3MOILTY
Oypre [3, 5]. Axmo mepemkoma n(t) 3amoBuibHsie yMoBH Mn (t) = 0,Mn (t)n(s) =
a*s (t —s),t,s € [0,T], To mpu yMOBi BiICYyTHOCTi MEPENIKOAX HA BHXiTHOMY CHMIHAJI,
BUKOHYETHCS PIBHSHHS

m
50y = Y o (ragt—jh).
j=-m
SIK1o TouH1 3HaYSHHS g(?) HeAOCTYHI O6‘H/ICJ‘II—O€MO CIIBBIIHOILIIECHHS
9(t)Y:Zj_—m ]h (%a)Y(t ]h) )

[Ipu mpakTuyHiil peamizaiii cuiBBigHOMEHHS (9) BUKOPUCTAHHS KiHIIEBOTO 3HAYEHHS
m MOXe TPHU3BOAUTH 10 siBumna [100ca [6], B BHUpIIIEHH] ocowiIALid Buay sin x/x. SKmio
pPO3pUBH B BaroBuX Koe(ilieHTax MOMEpPEeAHbO 3TIaJKEHl, TO OCHWIAIIT OyIyTh 3MEHIICHI.
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e 3rmamKkyBaHHS pO3PUBIB JAOCITAETHCS 3 JOMOMOTOI0 MHOYKEHHS BaroBux KoeQirieHTiB (6)
Ha JIesKe BIKHO w;(—m < j <m) B qaCOBiﬁ obnacTi:
] h ] h Wi
Jnis miei mili MOKHa BHKOPUCTATH BIKHA $IKI 3aCTOCOBYIOTHCS Ui OOYMCIICHHSIX
IIUTBHOCTI CIIEKTPY MOTYKHOCTI, Taki sk Xemminra (11), baekmena (12), briekmena-Xappica
(13) Taiu [7-9]:

1 _ _ 2mj
w = 054 = 046 cos (L), (11)
(2) nj

w® = 042 + 0.50cos (L) + 0.08 cos (L), (12)

w = 04233 +0.49755 cos (o 2 =L+ 0.07922 cos (5 A D). (13)

Ha ocHOBI oTpumanoro Cl'IlBBl,I[HOHIeHHH (9) 00uUnCITIOEMO noxn61<1/1 B/l BIUIUBY

30BHIIIHIX AecTadimizyounx ¢akropiB E = |v )y — v (t)y| < E, + E;,

ne

Ey =[S0 d radn(e-jh)|, B = v (®), - 50, (14, 15)

[Toxubka £, BUHHKA€E yepe3 YnucelbHe BUPIIICHHs pIBHAHHA (3), BOHA HE 3aJIC)KUTh BiJl
¢ Ta mparue a0 0 mpu m—oo. Jlucnepcist omiHKu E; MONAETHCSA Y BUTIISII

ME? = 02 L o [ h (na) ]*.(16)
Jaini o6uuciroemo iHTerpaJIbHy IHTEHCUBHICTb MiKiB CUTHAITY

ﬁ n,m = h k m (tnk)y (17)

e ty =kh, hn =

Ockinbky 4Yepe3 BIUIMB 30BHIIIHIX JAecTaOuni3yrouux QaxtopiB curHair C3M Moxke
MaTH BHIIQJKOBY CKJIaJIOBY, OIMIIEMO iHTErpaibHy IHTEHCHBHICTb MiKIiB CUTHANY y BHUIJISII
HEBHIAIKOBOI TA BUMAJAKOBOI YacTHH: P n,m = P, (nm)+ P,(nm).

HeBunankoBa yacTrHa CHTHAITY JIOIyCKa€ MOAaqy

T

P = ) R (Wtidy = v Ctidy + ) (enidy = [ v @, de+
k=m r k=m 0
+ f v(t),dt = vOw,m) +vPm,m) + v®.
0

Ockinbku BU3HAu€HO, Wo, E; = |v (t), — ¥ (t),|, T0O MOXKHA BU3HAYMTH HACTYIHI

HepiBHOcTi (18) — (20), 3a SKMMH MOXXHA OI[IHUTH BIIXWIEHHS p;( n,m) Bi AIMCHOTO
3HAYCHHS TTapamMeTpy p .

v (n,m)| < supjeor E2 Spomh = supjeqor) E2T (1= 2m). (18)

Ouinumo v (2) (n, m)'
amdy - Zj v (@), dil<
(k=1)h

mk
< (f f( m)h) v (D), dt "Z" W )y = v (Gl <

< Geomy VOO T (];;’x VIO hT (1= 2 ™), (19)
e o €((k — D, kh))
v® = [Lv@) dt =p—[ v (@), dt— [Tv(t), dt. (20)
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Ockinbku  MPy, = p;(n, m), cuiBinHomenus (18) — (20) nmaoTh owiHKY s

()
14

3anuieMo aUCHepceiio OWHKA Py m: DPy m = Mp3(n, m). 3 uepisnocti Kouri-ByHAKOBCbKOrO
[10] crmigye

BEJMYUHHU 3MIIEHHS Py . SKIO 7—00 TakuM uuHOM, o m/n —0, T0 Mp, ., —v

n-m m
Dp B n (e ) @ 1P <
k=m  j=—m
m m
j=—m jEmm

Hexaii Tenep m ¢ikcoBane. Po3risiHeMo BeTUInHY

n-m
1
P.(n,m)=Pnm—P,(n,m)=Pnm-MPnm= TZ fr,?)(xa) Zn(tnk_jh)'
j=—m h=m

Bemnmuunau n( t,, - j h), j ¢ikcoBaHO, k=m,...,n-m, SBIAIOTHCS HE3AICIKHUMHU
OJTHAKOBO PO3MO/IICHUMH BUIAJKOBUMH BEIMYMHAMH, TOMY

1n—m

= E n(ty —jh) —0,

n n—oo
k=m

3 IMOBIpHICTIO 1,
1 n-m
— n(t,., — jh) — N (0,a?),
ﬁkzm (tw = JB) — N (0,0)

ne N (0, a?), - minpHiCTH HOpPManbHOro 3akoHy. OTxe, Ppm — Mpy, —0 3

n—-oo

iMOBIpHicTIO 1
\/ﬁ (ﬁn,m_ M ﬁnm) n—>;oo - N (0: 92);
ae

2 _p2 2 (m) 2
0° =T?a [Z @Gy )]
j=-m
ExcnepumeHTanbHa mepeBipKka METONy pO3MOALTY BiITBOPEHa HA MOJEIBHHUX 1
peansaux C3M curHanmax mpencTaBlieHa Ha pHUC. 1, Jie CHHBOIO JIIHIEK TOKa3aHa (QYHKITIS
C3M curnany, oTpuMaHa Ipy BUMIPIOBaHHI HAHOOO €KTa 31 CKJIAJTHUM peTbedoMm.

Sk BugHO 3 puc. 1, modyaoBa QyHKIi
U'(t), mac MOXJIHMBICTb WYiTKO BHSABHTH

7 / [\ NPUXOBAaHI KOMIOHEHTH, IO  UIIOCTpPYE
Ny e(EeKTHBHICTh BUKOPUCTAHHS PO3POOIIEHOTO
/.» metony. OLIHKM JOCTOBIPHICTH JAaHOTO
LN . .
N L N4 METOAY 3aJCKUTh BiJ] TOrO, HACKUIBKH

‘ . T agaimizoBanuii C3M curHam 3aq0BOJIBHSE
BCTAHOBJICHUM BUMOIramMm TO‘-IHOCTi Ta

Pucynox 1.7 AaHam; PO3/IIIEHHS 0€AHAHNX IPeLU3iHHOCTI.
curHanis: 1-suxiguuit C3M curnai, . .
2 — nepersopermii C3M cursan Po3ninbna 3patHicTs curHany C3M
Jicepeno: po3pobaeno agmopom PO3paxOBY€ETHCA B HACTYITHOMY MOPAIKY:
1. dns 3HAYEHb napaMmeTpiB yia

PO3paxoBYIOTh MOMEHTH My, (¥, @) 7Sl TayCOBOiI (DYHKIIII.
2. Ins 3amanoro A 1 o0panux m iy no gopmyii (15) po3paxoByroTh Koe(illieHTH a; h)(y, a).
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3. Sxmo HeooxinHo, mo Gopmydi (10) po3paxoByroTs MoaudikoBaHi koediieHTH df}?) ¥, ).

4. Tlo dhopmyii (9) orpumytoTs nepetBopeny ¢ynkuito C3M curnany.

TakuM YMHOM, ONMUCAHMW aITOPUTM J103BOJISIE €(EKTUBHO KOPUTYBATH amapaTHy
¢yukuito C3M miaBUINYIOYM HAAIWHICTH pPO3MI3HABAHHS CYMILICHUX IIIKIB CHTHAIIB 3
OJIHOYACHUM BU3HAYEHHIM IX IHTEHCUBHOCTEMN.

BucHoBku. Po3pobneno meron audepeHmianii MOeIHAHMX CUTHAJIB, mNependadae
NEPEeTBOPEHHS MiKiB 0AaraTOKOMIIOHEHTHOTO CHUTHAJIy 3 METOI 3HW)KCHHS DIBHS IIyMy 1
MiHIMi3allil BIUIMBY IHIINX JKepeld MOXHOOK, CHPUYMHEHUX BIUTUBOM JAECTa0LTI3yIOUHNX
dakropi. IlepeBaroro po3poOIEHOrO0 METOAY € MOXKIMBICTb HOro apTOMaTH3alii Ta
epexTUBHA peanizauis Uid OyIb-IKMX BUMIPIOBAJIBHUX HpPUIaTiB 3 MIKPO30OHIOM. 3a
JIOTIOMOT'0I0  @ITOPUTMY PO3JUIEHHS MO€JHAHUX CHUTHAIB, pPO3pOOJIEHOr0 Ha OCHOBI
3aMpoONOHOBAHOTO METONy, MiJBUIIY€ETHCS HAAIMHICTD PO3Mi3HABAHHS CYMIIIEHUX IiKiB
CUTHAJIIB 3 OJJHOYACHUM BU3HAUEHHSM IX IHTEHCHBHOCTEH Ta 3MEHIIY€EThCS HABAHTAKEHHS Ha
poboty amapatHoi ¢yHkuii C3M. 3amponoHoBaHHMN croci0 Kopekuii MOXHOOK, KM
nependadae Metof nudepeHiianii moeIHaHuX CUTHAIIIB TaK0X 3HAUHO CIPHSE MiIBULICHHIO
TOYHOCTI Ta MpPeUu3iHHOCTI BUMIpIOBaHb 3a jgonomoror C3M, Koperywouu CHOTBOPEHHS
CUTHAJTy BiJl BIUTUBY 30BHIIIIHIX JeCTa01II3y0unX (pakTopis.

Crnucok nitepatypu

I. lankun B.f. VTepauuoHHBIM alrOpUTM BOCCTAHOBJICHHUS CHUTHAJIOB IPU HAJMYMKA OTPAaHUYCHUH /
[Ipsmeie u oOpaTHBIe 3a1aun MaTeMaTHaeckon ¢pmsuku. M.: MI'Y, 1991. C. 45-48.

2. TuxoHoB A.H., Ypumnes M.B. Craructuueckas oOpaboTKa pe3ysbTaToB 3KcrepuMeHToB. M.: MI'Y,
1998. 174 c.

3. R. E. Kaiser & Rackstraw A. J. Computer chromatography, Vol. 1 : By Hiithig, Heidelberg, Basel, New
York, 1983. 171 pp.

4. BoponoB A.A. OcHOBbI Teopunm aBTomMaTuueckoro ympasineHus. Y. 1. JluHelHble cHUCTEMBI
perynupoBaHus oxHOM BenmmurHEL. M: DHeprus, 1965. 396 c.

5. Jlanre I1.K. Koppekiust TuHaMHYECKO MOTPEIIHOCTH M3MEPHUTENBHBIX NpeoOpa3oBaTerell Ha OCHOBE
CIUTaMH-anmpoKcuManuu curHana . Mzgeecmus Camapcxoeo nayunozo yenmpa PAH. 2003. T.5. Ne2. C.
162 —168.

6. Wpeur [{x., Xapms [. [lepenaya naHHBIX B ceTsax: mmkeHepHbIH moaxoa. CI16.: BXB-Iletepoypr, 2003.
448 c.

7. P. M. Williams. Blind reconstruction of scanning probe image data / P. M. Williams, K. M. Shakesheft,
M. C. Davies, D. E. Jackson, C. J. Roberts, S. J. B. Tendler . Journal of Vacuum Science and Technology.
2012. B 14 (2).

8. Durig, U., Pohl D.W., Rohrer F.Near-field optical-scanning microscopy . Journal of Applied Physics. 986.
Vol.59 (10). P.3318-3327.

9. Xenctpom K. Crarucriueckas Teopust ooHapyskeHusi curHanos. K. : M3a-Bo MHOCTpaHHOM JMTEpaTypel,
2003. 432 c.

10. Tamkxesmu €.M., Bapcekmii .M., fxosneBa [.B. BmimB KOMITOHEHTIB BUMIpIOBaJbHOTO KaHATy Ha
MOXHOKH BUMIPIOBaHHS BEKTOPIB Hanpyru . Texu. Enexmpoounamixa . 2011. Ne6. C. 41-47.

References

1. Galkin, V.Ya. & Sayfullin, R.T. (1991). Iteratsionnyy algoritm vosstanovleniya signalov pri nalichii
ogranicheniy [Iterative Signal Recovery Algorithm in the Presence of Constraints]. Pryamyye i obratnyye
zadachi matematicheskoy fiziki — Direct and inverse problems of mathematical physics, 45-48 [in
Russian].

2. Tikhonov, A.N. & Ufimtsev, M.V. (1998). Statisticheskaya obrabotka rezul'tatov eksperimentov —
[Statistical processing of experimental results]. Moskow: MGU[in Russian].

3. Kaiser, R.E. & Rackstraw, A J. (1983). Computer chromatography. Vol. 1 .Heidelberg e.a. Alfred Huthig
[in English].

128



[SSN 2664-262X LlenTpanbHOYKpaiHChbKHI HayKoBHi BicHUK. TexHiuHi Hayku. 2022. Bun. 5(36), u.1l

4. Voronov, A.A. (1965). Osnovy teorii avtomaticheskogo upravleniya. CH. 1. Lineynyye sistemy
regulirovaniya odnoy velichiny.[ Fundamentals of the theory of automatic control. Part 1. Linear control
systems of one value.] . Moskow: Energiya [in Russian].

5. Lange, P.K. (2003). Korrektsiya dinamicheskoy pogreshnosti izmeritel'nykh preobrazovateley na osnove
splayn-approksimatsii signala [Correction of dynamic error of measuring transducers based on signal
spline approximation]. Izvestiya Samarskogo nauchnogo tsentra RAN - Proceedings of the Samara
Scientific Center of the Russian Academy of Sciences, 2, 162— 168 [in Russian].

6. Irwin, J. & Harl, D. (2003). Peredacha dannykh v setyakh: inzhenernyy podkhod [Data transmission in
networks: an engineering approach]. St. Petersburg: BHV-Petersburg [in Russian].

7. Williams ,P.M., Shakesheff, K.M., Davies, M.C., Jackson, D.E., Roberts, C.J. & S. Tendler, J.B. (2012). Blind
reconstruction of scanning probe image data. Journal of Vacuum Science and Technology. 2-14 [in English].

8. U.Durig, D.W.Pohl & F.Rohrer (1986). Near-field optical-scanning microscopy. Journal of Applied
Physic. 3318-3327 [in English].

9. Khelstrom, K. (2003). Statisticheskaya teoriya obnaruzheniya signalov [Statistical theory of signal
detection]. 1zd-vo inostrannoy literatury [in Russian].

10.  Tankevych, Ye.M., Vars'’kyy, HM. & Yakovlyeva, I.V. (2011). Vplyv komponentiv vymiryuval'noho
kanalu na pokhybky vymiryuvannya vektoriv napruhy [Influence of measuring channel components on
voltage vectors measurement errors]. Tekhn. Elektrodynamika — Tech. Electrodynamics, Vol. 6, 41-47 [in
Ukrainian/

Volodymyr Kvasnikov, Prof., DSc., Mariia Kataeva, PhD tech. sci.
National Aviation University, Kyiv, Ukraine

A Method of Correcting the Output Signal of a Scanning Probe Microscope for the
Study of Nanoobjects

Recent advances in nanotechnology include the use of measuring devices that can study physical
properties at the atomic and molecular levels and store high-density measurement information. It is proved that
the most promising measuring instruments in the nanometer range are measuring devices based on scanning
probe microscopes (SPM). Based on the analysis of studies, one of the main problems in working with
nanoobjects and nanostructures is associated with ultra-low signal levels and the influence of external
destabilizing factors. In this regard, the problem of improving existing and developing new methods of
processing the measurement signal of SPM with increased accuracy and speed.

The article considers the methods of increasing the accuracy of the output signal of the SPM considering
the influence of destabilizing factors. A method of differentiation of combined signals has been developed,
which involves the conversion of peaks of a multicomponent signal to reduce noise and minimize the impact of
other sources of error from destabilizing factors. The advantage of the developed method is the possibility of its
automation and efficient implementation for any measuring devices with a microprobe.

Based on the proposed method, an algorithm for separating the combined signals was developed and a
method for calculating the resolution of the SPM signal was proposed. An error correction method is proposed
that is suitable for digital automated signal processing and helps to increase the accuracy and precision of
measurements using SPM. Thus, the developed method of differentiation of combined signals allows to
effectively adjust the hardware function of SPM to increase the reliability of recognition of combined peaks of
signals while determining their intensities.
nanotechnologies, nano-measurements, metrology, methods and means of measurement, scanning probe
microscope, signal processing
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