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Igor, Petrov & Vasyukov, Alexey & Beklemysheva, Katerina & Onuchin, E. & Tovarnova, N.. (2022). On
Numerical Modeling of Fiber Deformation and Destruction under Impact Load. Doklady Mathematics. 105. 207-
211. 10.1134/S1064562422030061.




ABneHne akycTnyeckon neesutaumnm




AkycTu4yeckue nonsi B bmodpabpukauunm
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Tissue spheroid fabrication Spheroids inside Agarose cuvette Acoustic cuvette
agarose cuvette inside acoustic apparatus Inside Bitter Magnet

~1min
Magnetic off Magneticon  Magnetic on
Acoustic off Acoustic off  Acoustic on Control Contraction
Assembly process Tissue construct fusion Functional test

V. A. Parfenov et al, Biofabrication of a Functional Tubular Construct from Tissue Spheroids Using
Magnetoacoustic Levitational Directed Assembly. Adv. Healthcare Mater. 2020, 9,2000721.
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W] MmaBHas uenb paboTbl — HAYYUTbLCS
A

nony4artb U aHanM3npoBaTb
NoaobHbIE KAPTUHBI

V. A. Parfenov et al, Biofabrication of a Functional Tubular Construct from Tissue Spheroids Using
Magnetoacoustic Levitational Directed Assembly. Adv. Healthcare Mater. 2020, 9,2000721.



MaTtemaTunyeckast Mogernb — YPaBHEHUNA aKyCTUKHA

o PacnpeneneHus p -- NIOTHOCTU -- U
K — Moaynsi BCECTOPOHHErO CXaTusl

p‘U VP —+ f — 3a7al0TCca B Havane pacyéTa u

OCTalTCs NOCTOSAHHBIMM
p — K(v . 'U) _I_ F o BHellHMe cunbl paBHbI HYNMO
e [paHn4YHbIE YCNOBMSA 3a4al0TCS
COOTBETCTBYIOLLMMUN 3HAYEHUSMU
[aBneHusl UM BEKTOpa CKOPOCTU



[ToTeHunan akyCTU4eCcKoro nany4vyeHumsa (noteHumnarn
[[opbKOBa)

1 3
Urad = V;Q fl?ﬁln(ﬁ% - f2ZPD<‘V1‘2>

« [loBcemecTHO UCNosb3yeTcHa B 3adadax nesmntaumm cpepuyecknx Ten

e [pagueHT noTeHumana — cuna, gencTeyoLasl Co CTOPOHbI N3Ny4YeHUs
Ha cpepsl

e QOrpaHu4yeHune — pasmep cdepbl MHOIO MeHbLLE AfMHbI BOSTHbI



CeTo4YHO-XapaKTepUCTUYECKUN MeToA

[NonHasg cuctema ypaBHeHUn niuHenHon akyctuku/MOTT B 3D
PacLuenneHve no HanpasneHuam
[lepexopn K HBapuaHTam PumaHa 1 xapakrepuctmkam

CTpYKTYyppOBaHHbIE N HECTPYKTYPUPOBaAHHbIE CETKN, MHTEPNONALNA B
TeTpasape ansd nepeHoca 3Ha4YeHU Ha HOBbIN BPEMEHHOW Crnomn

I'Ionyqume KOMMNOHEHT BEKTOPaA CKOPOCTUN N TEH3OPA HaI'IpFDKeHMﬁ n3
MHBaAapMaHTOB PumaHa

Mopsiaok annpokcUMaLunn <> TOYHOCTb MHTEPNONSALNN
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ba3oBbI 3KCNEPUMEHT

Tanbi:
1. MooenupoBaHue
2. Bepudomkauus




[locTaHOBKa 3aga4u

[ | PaCCManI/IBaeTCFI cncremMma ypaBHeHMﬁ W3nyyatens
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XapakKTepuCcTUYECKMUN MeTo ~—
m PacuyéTtHas obnacTtb — TpéxmepHas A“ﬁﬂ;ﬁﬁi““ —
perynsipHasi ceTka —
m [eomeTpua obnactn 3agaéTrcs v
aBTOMOAENbHBLIMWN MO OTHOLLEHWUIO K
BOSTHOBOMY YMCIy napameTpamu
m M3nyyatenb mogenupyetcs
cooTBeTCcTBYOWMM ['Y Ha BepxHeun rpaHuLe
m Ha ocTanbHbIX CTEHKax pac4éTHOW obnacTu
— nornowatowue Ny / Otpaarens
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NOBbILLEHHOW NAOTHOCTBLIO MaTepmnana o6nactb
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Cxema TpI/IBI/IaJ'IbHOIZ YCTaHOBKM aKyCTI/I‘-{eCKOIZ nesuTaunm



Pe3oHaHCHbLIN cny4Yau: gaBrneHue







Pe3oHaHCHbLIN cnydan: noteHuuan ['opbkoBa







Bepudunkauus

« B pesynbTaTe eaAMHUYHOro pacyéTa
nonyyaeTcs pacrnpegeneHue
6e3pasmepHoro noteHumana FopbkoBa no
MPOCTPaHCTBY

U=U(x,y,2)

* PacnpepgeneHue noteHunana
ncnonb3yeTcsa Ang sepndmkaumnm

e 3HayeHuda noTeHumnana B To4Kax
MUHNUMYMaA — T.H. NMOTEHUMNAlIbHbIX AMax —
MOTYT NCIMOJ1Ib30BaTbCA allrfopuTMamMm
MaTeMaTU4eCckon onTumMmnsaunm




Bepudunkauus
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FIG. 3. Contour of U in z-p plane with R,=3.858, R,=5.092,
and R=12.244. The symbol + denotes potential minimum.
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W. J. Xie and B. Wei, Physical Review E 66, 026605, 2002



OnTumMmnsaumd

e PacyéT OMHaMUKN N3nyvyeHus gaet
Ha BbIxo4e npodunb noTeHunana
aKyCTUYECKOro U3Ny4YeHUs

e [lpodunnb COCTOUT N3 HECKOSTbKNX
NOTEHUManbHbIX M

e BapbupoBaHMeM reomeTpun
CUCTEMbI MOXHO U3MEHSATb
NofIoXKeHne n rMyobuHy aTnx am

B pamkax gaHHOW nNocTaHOBKM
B KayecTBe onTUMU3NPyemMoro
napamMmeTpa MUCnosib3yeTcs 3Ha4YeHne
noTeHumnana B ame, onmxkamnwen K
NOBEPXHOCTU OTpaXKaTens

W. J. Xie and B. Wei, Physical Review E 66, 026605, 2002




OnTumMmnsaumd

a -- learning rate

Pannyc KpuBM3Hbl Chepryeckol NOBepXHOCTH oTpa)kaTena R

1 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0 2
Papuyc ocHoBaHWA oTpakaTtens R,

Puc. 6 Mpodunb onTUMU3Mpyemoro yHKLMOHarna, a Takke X0 rpaaneHTHbIX CMYCKOB C pa3nMyHon
CKOPOCTbH CXOAMMOCTHU



Linnnngpuyecknun noesonsnydvarenb

Mcnonb3yeTcs B 3agadax
brnodabpukaunm ans nonyvYeHua
cocyda uMIIMHAPUYeCKOMU

¢dopmbl



Cxema YCTAaHOBKU C UNJTMHOPUYHECKUM MbEe30UN3rtyvartesiem

assembled construct

Bitter
electromagnet

acoustic
cuvette

thermostat
camera view

optical
mirror

V. A. Parfenov et al, Biofabrication of a Functional Tubular Construct from Tissue Spheroids Using
Magnetoacoustic Levitational Directed Assembly. Adv. Healthcare Mater. 2020, 9,2000721.



Bua pewienuns ans uMnmuHapu4eckoro nbe3ounsnyyartens
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V. A. Parfenov et al, Biofabrication of a Functional Tubular Construct from Tissue Spheroids Using
Magnetoacoustic Levitational Directed Assembly. Adv. Healthcare Mater. 2020, 9,2000721.



Bua peweHnsa ons UMnmHOpUYeckoro nbe3onanyyaTtens
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Bua pelwienus ansa umMnuHapu4eckoro nbe3ounsnyyatensd
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PesynbTaThl pacyeTa

— 44201

MoTeHuwman rOpbKOBa Ona umnnmHaprn4ecKkoro nbe3ounsnyyarena: I'IpOﬂ,OJ'IbHI:II;I n nonepequM cpea3bl



PesynbTaThl pacyeTa

MoTeHuwman rOpbKOBa Ona umnnmHaprn4ecKkoro nbe3ounsnyyarena: I'IpOﬂ,OJ'IbeIIZ n nonepequnZ cpea3bl




Y-00pa3sHbI cocyd: Npeanochblsika

HepB Baryc

, NOADAIBIYHBbIA
Hepe

BHYTpEHHAA
COHHag apTepya
(BCA)
HapyMHan
COHHaa apTepus
(HCA)

obuian coHHag
aprepua (OCA)



Y-00pasHbIn cocyd: NoCTaHOBKa

(

<<h______ NaeHTn4Hble

LUUNUHOpUYeckne
nanyyaTtenu

Puc. 9 Cxema 4icneHHoro akcneprMMeHTa koHuenTa neyvatu Y-o6pasHoro cocyaa, Bua aHdgac v B npodunb



Y-00pasHbIn cocyn: pe3ynbTaThl

Puc. 10 MNMoTteHuman NopbkoBa, cpes3 NoCcKOCTM CUMMETPUN Pwuc. 11 MNMoTteHuman NopbkoBa, 06nacTb HU3KOro NoTeHumana




Y-00pasHbIn cocyn: pe3ynbTaThl

Puc. 12, 13 O6nacTb HM3KOro noTeHumana fopbkoBa B ApYrMx pakypcax



LinnnHapunyeckmun cocyn ¢ NNOCKUM mnanyyartenem

['unomeasa:

MOoXXHO MonyyYnTb NoTEeHUMan
umMnnuHapuyeckon dopmbl, He
Ncnonb3ys nanyvaTtenb-unnmHap

Ham Hy>XXHbl NNOCKUN U3nyyartenb U
oTpaxaTenu HenpPocTou PopMbI




Linnnngpuyecknun cocyq ¢ NOCKUM mnanydvarternem

V4

PeweHue:
Bbipe3 B oTpaxkaTternie gomKeH bbITb

napabdonuyeckum
Bk

) |*‘t:3




Linnnngpuyecknun cocyq ¢ NOCKUM mnanydvarternem

CvHuM uBeT — BOAA, KpaCHbIVI — OTpaxaTtesib, n3ny4vyartesib Haxogutcqa cBepxy



LinnnHapunyeckmun cocyn ¢ NNOCKUM mnanyyartenem

B nepcnekTnee Takyto
NOCTAaHOBKY MO>XHO
SQKCTparnonnpoBaTtTb Ha cocy
C O4AHUM NN HECKOJIbKUMU
pa3BeTBI1IEHUAMUN

Mpodunb noTeHumana MopbkoBa (APKO KpacCHbIN oTpaXkaTenb BHU3Y A11s1 HAarnsagHoOCTN)



PesynbTaThl

CornBep cnuctemMbl ypaBHEHMN akyCcTUKM Ha ocHoBe CXM gopaboTtaH ans
NPUMEHEHNS B 3aa4ax aKkyCTU4eCKon fnesmtaymm

[TapameTpbl akyCTUYECKOro 3KCNePUMEHTa ONTUMN3NPOBAHLI NPU
NOMOLLM rpaguEeHTHOro Crycka

BocnpounsBegeHbl B YACNEHHbLIX paCYETax akyCTUYECKME IKCNEPUMEHTHI
C UCMOJIb30BaHNEM OOHOIO N TPEX LMITMHOPUYECKUX U3NydaTenen
[MpeanoxeHo macluTabnpyemoe ¢ MHXEHEPHOW TOYKN 3PEHUS pELLEHNE,
B NEPCNeKTMBE NO3BONSOLWEE NOSMYYNUTb LUNUHOPUNYECKNN COCYyA C
pa3BeTBIIEHHOWN CTPYKTYPOU



[lanbHenwne nnaxbl

» [lpoBeneHne YNCNEHHbIX SKCMEPUMEHTOB C NPUMEHEHNEM COrfiacyroLmX
CI10€B

e JKCTpanonsuusa pelleHunst ¢ napabonnyeckum oTpaxaTtenem Ha Y-cocya

 MopgenupoBaHue nporpamMmmpyemMon aHTEHHON PELLETKMU:
aBTOMaTU4YeCKoe BapbnpoBaHne dpas afieMeHTOB

 MopagenupoBsaHue AMHaAMUKM YacTuL

e YYET BNMUAHUSA rpaBuUTauUmnm Ha ceponabl

o [lpumeHeHMe moandukaunum metoga rpagueHTHoOro crycka

o Bepudumkaumsa Ha HaTypHbIX 3KCNepuMeHTax



[Tyonukaumm

e Pyriaev, E., Beklemysheva, K. (2025). Acoustic Levitation Applied to Tissue
Engineering. In: Balandin, D., Barkalov, K., Meyerov, |. (eds) Mathematical
Modeling and Supercomputer Technologies. MMST 2024. Communications in
Computer and Information Science, vol 2363. Springer, Cham.
https://doi.org/10.1007/978-3-031-80457-1 19

e [lbipses E.B. YucneHHoe mogenmpoBaHmne akyCTUYecKon nesmntaummn B
npuMeHeHnn K buoadbpurkaumm Ha cunoBbix ckadpdoongax. 67-a Bcepoccumnckas
Hay4Hasi KoHdepeHuma MOTW. JlonronpygHein, Poccus.

e [lbipsieB E.B., beknembiwena K.A. (MOTU). AkycTnyeckasa nesutaumsi B
NPUMEHEHN K BUONPUHTUHIY Ha cunoBbiX ckadpdongax. XVI koHdpepeHuns
«MaTtemaTtndeckne Mogesnm n YucrieHHble MeTobl B OMonorum n meguumHe».
NBM PAH, MockBa, Poccus.
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[TpunoxeHune
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Puc. 6 Bug reometpun pacyéTHOM 06nacTn B pasnmyHbIX TOYKaxX NapaMeTpu4eckoro npocTpaHcTea 3agaydun




OnTumMmnsaumd

Pwuc. 7 Bug reomeTpumn pac4€THom obnactu BOonb 30HbI rnobanbHOro MMHMMyMa («oBparay)




Abeppauunn npun HanM4MmM HEOAHOPOJHOCTEN

Transducer

Humeral

Lateral

Figure 3. If the US beam passes through a low-attenuating structure, the signals reflected from the
deep structure increase in relation to the surrounding tissues (A). The areas deep to a Baker’s cyst
(B) and a complete tear of the supraspinatus tendon (C) become hyperechoic because of the posterior
acoustic enhancement (and discrepancy of the acoustic impedance between two different tissues).
White arrow: artifact due to posterior acoustic enhancement; white arrowhead: cartilage interface sign.
MG: medial gastrocnemius muscle. Blue arrows: the projected and reflected US beams. Black circle:

the low-attenuation structure.

W.T. Wu, K.V. Chang, Y. C . Hsu, P.S . Hsu, V. Ricci, L. Ozcakar,
Artifacts in Musculoskeletal Ultrasonography: From Physics to Clinics, Diagnostics (Basel), 10 (9), (2020).



Abeppauunn npun HanM4MmM HEOAHOPOJHOCTEN
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Deltoid

Humerus

Medial

Figure 6. Below the large or egg-shelled calcifications, clean acoustic shadowing can be observed
(A). Partial acoustic shadowing is observed deep to fragmented calcifications resulting from the
heterotrophic ossification in rectus femoris muscle (B). Dirty acoustic shadowing can be observed
behind the gas bubbles during an US-guided injection (C). Yellow arrow: acoustic shadowing artifact;
white arrowhead: gas bubbles; yellow arrowhead: dirty acoustic shadowing; green arrow: needle. SS:
supraspinatus tendon; EDC: extensor digitorum communis muscle.

W.T. Wu, K.V. Chang, Y. C . Hsu, P.S . Hsu, V. Ricci, L. Ozcakar,
Artifacts in Musculoskeletal Ultrasonography: From Physics to Clinics, Diagnostics (Basel), 10 (9), (2020).



Abeppauunn npun HanM4MmM HEOAHOPOJHOCTEN
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Figure 9. When the sound waves encounter a reflective interface, the reflected beam would cast a
mirror image at the opposite side of the interface (A). The mirror artifacts can be seen at many body
regions like the forearm (B), supraspinatus fossa (C), and coccyx (D). White arrow: mirror artifact.
ECRL: extensor carpi radialis longus tendon; ECRB: extensor carpi radialis brevis tendon; L: Lister’s
tubercle Blue arrows: the projected and reflected US beams. Brown pillar: the reflective interface.
Green box: the color box for detection of Doppler signals.

W.T. Wu, K.V. Chang, Y. C . Hsu, P.S . Hsu, V. Ricci, L. Ozcakar,
Artifacts in Musculoskeletal Ultrasonography: From Physics to Clinics, Diagnostics (Basel), 10 (9), (2020).



Abeppauunn npun HanM4YMmM HEOQHOPOAHOCTEN

A

low impedance g
"y
Lateral

| Low propagation speed | | High propagation speed |

Figure 12. When the US beam travels through an area with strong impedance, the delayed return of the
US signals to the transducer would lead to overestimation of the depth of the object. In contrast, if the
target is located in the area of low acoustic impedance, the object shown on the monitor would appear
shallower that its actual depth (A). During deep peroneal (fibular) nerve block; as the propagation
speed of sound waves in the muscle is faster than that in the fat, the needle shaft in the fat pad will be
seen bended toward the tibia bone (B). White arrow: refraction artifact; asterisks: injectate. AT: tibialis
anterior muscle; EHL: extensor hallucis longus muscle; EDL: extensor digitorum longus muscle; N:
deep peroneal (fibular) nerve. Blue arrows: the projected and reflected US beams.

W.T. Wu, K.V. Chang, Y. C . Hsu, P.S . Hsu, V. Ricci, L. Ozcakar,
Artifacts in Musculoskeletal Ultrasonography: From Physics to Clinics, Diagnostics (Basel), 10 (9), (2020).



Abeppauunn npun HanM4YMmM HEOQHOPOAHOCTEN

Focal zone = 8

Supinator

A
Figure 2. The US beam width is the narrowest at the focal zone with the best lateral resolution of two

objects perpendicular to the beam (A). The deep radial nerve is blurred at the far zone (B) and becomes
clearer when the focus has been set at the same depth as the nerve (C). White arrow: the blurred image

of the deep radial nerve due to the improper location of the focal zone; black arrow: the clear image
of the deep radial nerve after adjustment of the focal zone; yellow arrowheads: focal zone. ECRL:
extensor carpi radialis longus muscle; BR: brachioradialis muscle; R: radius.

W.T. Wu, K.V. Chang, Y. C . Hsu, P.S . Hsu, V. Ricci, L. Ozcakar,
Artifacts in Musculoskeletal Ultrasonography: From Physics to Clinics, Diagnostics (Basel), 10 (9), (2020).



Abeppauunn Npun HanM4ynmn Heo,u,Hopo,u,HOCTevl

A

Transducer Transducer == Achille’s

tendon

Medial

Medial Lateral

Figure 10. The US beam is totally reflected back when the transducer is perpendicular to the target
while they are reflected away from the transducer if the object is not perpendicular to the US beam (A).
The anisotropy is seen at the insertion of the Achilles tendon (B). A normal biceps long head tendon
can be misinterpreted as tendinopathy due to anisotrophy (C) and tilting the transducer to make it
perpendicular to the bicipital groove can eliminate the artifact (D). White arrow: anisotropy artifact;
black arrow: image after compensation. GT: greater tubercle; LT: lesser tubercle. Blue arrows: the
projected and reflected US beams.

W.T. Wu, K.V. Chang, Y. C . Hsu, P.S . Hsu, V. Ricci, L. Ozcakar,
Artifacts in Musculoskeletal Ultrasonography: From Physics to Clinics, Diagnostics (Basel), 10 (9), (2020).
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dasnpoBaHHas peLleTka: ooLwmnmn NPUHLMM

Each waveform merges to form a compound wave,
generating a sector beam.
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YncrneHHbIN 3KCNEPUMEHT: 3fieMeHTapHas HaKrnoHHas
MSIOCKOCTb




YncrneHHbIN 3KCNEPUMEHT: 3fieMeHTapHas HaKrnoHHas
NOCKOCTb
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