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ABSTRACT

Master's dissertein on the educationacientific level training program
cMastee on the themegMagnetic microrobot control syst@&mn The dissertation
containsl19pages, 27 figures, 22 tables, 3 appendicespdices.

RelevanceModern scientific progress allows the development of systems that a
few decades ago were technically unattainable. New approaches allow to solve ol
problems more flexibly and effectively and improve people's quality of life. Minimally
invasive medical ppcedures are currently being developed in the healthcare sector.
This approach provides less harm to human health and therefore less time fo
rehabilitation and recovery. One of the branches of the approach development is the u:
of microrobots in such arations. Their use allows you to perform operations on the
movement of various drugs and tissues in the human body without surgery to minimize
harm to human healtiNowadayshere isno acompletetechnology that would ensure
the implementation of the futycle of the above operations. Taking into account all
these factors, the development of a system for manipulating microrobots in the huma
body is a very promising technology and necessary in modern medicine.

The purpose of the master's dissertatiortoisncrease the effectiveness of
treatment of diseases by delivering drugs directly to the site of application using &
magnetic microrobot.

The object of study is a magnetic microrobot.

The subject of research is a control system for a magnetic microrobot.

The scientific novelty of the results obtained during the work on the master's
thesis is the creation of a robot control system that allows you to solve a wide range
medical problems and ensure that the robot performs its functions.

Approbation of dissertation results. The results were published in the materials

of two scientific scientific conferences
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[3) File Solid : Solid - O X
2ot Ald@edIIET "

D

Represents. lid whose geometry, material and visual properties are
read from could be of CATIA, NX, SolidEdge and other
formats. See refel page for the full list of formats supported. The
File Solid block o s the inertia from the geometry and density, from
the geometry and mass, or from an inertia tensor that you specify.

In the expandable nodes under Properties, select the types of inertia,
graphic features, and frames that you want and their parameterizations.

Port R is a frame port that represents a reference frame associated with
the geometry. Each additional created frame generates another frame <<
port.

Properties

Part1_Default_sldprt.STEP
From File

t dMEzeES § O dzOh Is BezG@AedzH 5B t6 O j dzdz¥ B OL d M dzts |

sOCtY bk ' HimdMmlsjd & Mswis! v o8 tsH(
5O fjttjHOyUlk ' dWsekOy' = Oy s dad® s
) Hid M B0 MittjHdy &  yYBHEEEES it sl 0

a*;_/,<F (1)
¥

Transform2

B*:_/,<r (2)

/

¥

Transform1

ReferenceFrame

B"-:Z{F (3)
)

Transform

t dmzeEs T " Hind mis j B3O  d3ts Hnjj desj oHQ@iztzds”  tallRTis df «
[ Odzgd?2 B dzsEC s H j dzv ° tclzr MJ tojThadsform’ 1
LOBJ LY Jjykzs s fjtcj d3 h j dzdReferdnceFmames  CRB ja df ¢g'u
L& LS HOds' f " HipdMisjdi3d L "  HipdMilsj 3Od3
YyomlsddzOizk dz dzj sBr ' Hdzs Hdzv ftcOoddz dzsE s
Jdzj Bidzls' 9 CotwcfzWDotcEEBEEOY O dZBEH j dz fmd
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[@ File Solid : Solid - O X
Description 2hoedQld ddIIEOI | L

Represents a solid whose geometry, material and visual properties are
read from a file which could be of CATIA, NX, SolidEdge and other
formats. See reference page for the full list of formats supported. The
File Scolid block obtains the inertia from the geometry and density, from
the geometry and mass, or from an inertia tensor that you specify.

In the expandable nodes under Properties, select the types of inertia,
graphic features, and frames that you want and their parameterizations.

Port R is a frame port that represents a reference frame associated with
the geometry. Each additional created frame generates another frame
port.

Properties

B Geometry

File Name Part2_Default_sldprt STEP
Unit Type From File

E Inertia

& Graphic

& Frames

0K [cancel| Help| pply
t dMEzeEE § OdzOh Is bBod@=gdzY o * H 5B tc O Odgdey ddd J s s

v OC BBy ESoledglsydzdots dzOdzOh Iskzeo Olsd W' L d ydz
Ctsdzl toj Is dzts dzlz ) tslifpdizd adzsested Misso 2¥ Is! Mw  H dzw
IsOL B J t6  J dzdaW CdeW sted3Oy ' i tctsH 5] dafg 'd3y gats
o d¢ sted ypls AdzdiintE’' Mo ~ sHd IO @diaAHsf, "W ¢ 'L {Adn
BSHj dzt 9 Odzgdzg? tesBBISO IsO LOBj LY jykzels! ° da
hodHC' MBY HipNs.j d3§, W C° " Hfso "  HO® Is! L O
&ZO Mridd L d&ZORBHJI! MW LtcdOsEdEd YO bk

[ MIsOdzedz' d3 Jj dzj A3 dzlstsdz M~ § d&3d , wed?2 IsO¢
fjtej 3" hjdedgv tetsBESISO f * wtEHciilg Jd3kO L '8 de
tcd Mmzaids Iz



74

o ()

Solid Transform

kR oo B‘/_"<F. @

F

ReferenceFrame Transform
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SO dOd&OMIstsoz* % Lwdiydz' ofE®MBIfded C d L &GB.tc Oy
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[ File Solid : Solid — O X

Description glheoe+QQ A I@IIAT S| -

Represents a solid whose geometry, material and
visual properties are read from a file which could be of
CATIA, NX, SolidEdge and other formats. See reference
page for the full list of formats supported. The File
Solid block obtains the inertia from the geometry and
density, from the geometry and mass, or from an
inertia tensor that you specify.

In the expandable nodes under Properties, select the
types of inertia, graphic features, and frames that you
want and their parameterizations.

Port R is a frame port that represents a reference frame
associated with the geometry. Each additional created
frame generates another frame port.

Properties

~

File Name Part5_Default_sldprt.STEP
Unit Type From File

Apply
I I MEzEREE OdzOh Is Bod@xigdizy o * HiSB Oy j dzdz” € ' day

rdzv oL O d3sH' ' bBdiz seHOA&JEOUON o ¢ St
we' dgf oemtHWI! Hts " HMdMIsj i3 O EBEIoOMmls
[ Odzd 2 IsdifOBBjdESCjylz tokr o dWL Odtséts L dz
| HJ S dz dinORelotitfloitL OB jJ LB QPEZO Az dzad 2 tolzr dzO:
PrismaticJointL OB j L §f j yk‘ § tow i3tsdz' dz' Plapdrdbinttc s = H fiziz
£ Mmte’ Ho O ftow di3sdz' dzg' 2 dg' Is© BwushitgkJoins B j t
odSstedmstsalz’ Is! Mw , Ctsdzd dgj sBR ' Hdzs i d
ftowRBsdz dz2' 2dz2 SO Isted tsBjtelstsea . vOCE&E® Y
BsHjdj?2 CtejBdn yYyofmisdd dzOH O &y dds '
BsHj dzt 9 OdzdzY B RBictspddE®O. L Odzj y dls+ o H
Gjdgj oz sy Mw IsO tsByYydmdze ¢ s Mw L O s dMmOdad

1" mdzw o MisOdatse dzj dzdz? L Odzj y detsiyls g 2 3" 3 |
BsH j dz! tctsB SISO, l 5dz0 dzOB dzdy 4 dzO HEs W ste
1 O6 Odz! e pats totsB SISO ftoj HBHIDOO dzj dats dzO fo
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t dMzeAeC) O Odz! dzO0 dsH j dz¥ totsB SIS (

[ CtodglH j dz¥ 0 Odzdzy tckzrkz BjLYtMjtejHd B fi)
BsHjds ' 5! MY oL O BsH' v GBSO L & § Otfy!
HOERO YOTEEHdEO BeMstOClsds LBty j O &
dzOG2 B " dz! h OB dzd ) j d&2O Hts o) Odz' dats 'Y OMmls dzedzC
o Ctsted MisOdzs ) BpbetienSdtidizd  "OsthEis@ dzdz? B dZ5S 2 L
© d i) Z6ikE.S

I Solid : Spherical Solid - [m] X
2hleowvtAll@IINT”

tensor that you specify.

In the expandable nodes under Properties, select the types of
geometry, inertia, graphic features, and frames that you want
and their parameterizations. <<
Port R is a frame port that represents a reference frame

associated with the geometry. Each additional created frame

OK| |Cancel| |Help| Apply

I dMzesisy O dzOh Is Bod@igaRy © " HEBB O j dede” dz' €
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[ME " &z ¢d WBttdzsO ddgtsH | dz' Simpsdapdizis dzg Dlsdzp? &€
B dzts € . 0] Bdztsy' L OHO¥ Is+ mw, WW G 'd ydzte O Af OackO
mMd sz dzv y 7T 'dzwv e A O s H " YyofmsddzS d L ttsB sl
B dztS@ringandDumperForce W € d2 sfidmkz® ftekzydzr oL OF
ftso jtendad ¥ t&USBEZ®IORAdzY BHASC Z L 5681MR.OY j dzts dzO

% Spring and Damper Force : Spring an... - O X

Description

Applies a linear damped spring force between the two frames that
the block is connected to and acts along the line connecting the two
frame origins. The forces are equal and opposite on the attached
frames. The spring force is attractive between the frames if the spring
distance is greater than the spring's natural length.

In the expandable nodes under Properties, enter the force
parameters. If you choose to measure the force, the block displays
the corresponding output physical signal ports.

Ports B and F are frame ports that represent the base and follower
frames, respectively.

Properties
Natural Length 0 m e
Spring Stiffness 1e9 N/m ~
Damping Coefficient |1e3 N/(m/s) ~
Sense Force |

OK| |Cancel| [Help| Apply

t d Mz diBy GBdzO" Is BodEiEdizy o dzOE G Cts5° YOMisd

SR ORI SPY HdzZw SsSfidmMkz oL 0" BBBH " ° csB IO M
DistanceConstrain| dzO dzOh Islz o O dzdz? Iz z6&DY j dzts dzO tod fi

}'—* Distance Constraint : Distance.. — O x

Description

Maintains the origins of two frames at a specified distance.
The relative orientation of the two frames is unrestricted. In
the nodes under Properties, select the distance value.

Ports B and F are frame ports that represent the base and
follower frames, respectively.

Properties
Distance 0.1 mm |~
Direction Base on Follower
Resolution Frame Base
Force Vector L]
ar a — e

OK| |Cancel| |Help| Apply

t d MzeAB, O dzOh Is BodEEBdANceConstraint
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[ Odzd 2 B dzsS L OB j LfHjde@X o s * Hols tadfrpisC Atz
dz' COc@MBEYdzCd SO Cstoff Hf@OdE ¢ ey BISABSC d,
L §  HidMmbsj @Bts¥ B OL d Midzfsé &z dz:Ois'd dzf f O dedpdzsdz{
ftesyimMkz §jtej d3 M jdedey tetsBtslSO SO yOfpls.d dzb d
10 on" H Ef" " " " HMdifipls j dgdj dmfsupitidifOzd ) & pa
o dded € O ftcd oL O' d3sH "'’ L sodz hdzt sets dBBOG
Cotelf '  to YO, s S0 ss @ tols Odzdz" BOCE dz' I dzls & |
onrtSHd of dzd o GFSIE IsdRO Mdp@HEY Mis! ¢ jted d3' " j dac
sCtej B3dm~ YOMIsddz. | dzOyJ dzdzv ExpchatEdreeindoggles s to
' MmMdzw ysets dOHABHdI! d2O ontHd Jjdzj dzgj dzls”
YyoOmlstslsd B jtels' 8 IsOCtsy dOHABSHJIs! sSgD dg* ¢
Bsy dzd 9 * Mis! dzOXEGMH Kzl 0 Gl do if D dztsB s C d MO
L 2Oy jfdzdfH.0 O W da2@Qy @ea=8AH W Is! L Ltseodz " HinpdMmisy
rdzv sfdmiz L sodz hde sets 306 dz' Is dzBlaxts
Sourcel OtzBlzo Odzdzg" B dzsC kz L SBIEOY jJdz2 dzO tod Mz

Block Parameters: Flux Source bt

Flux Source

The ideal flux source maintains a constant flux through it, independent of the mmf across its terminals. The output flux is
defined by the Constant flux parameter, and can be any real value.

Source code
Settings

Parameters

Constant flux: 0.01 | |Wb ~

Cancel Help Apply
{ dMEkzdst BdzO" Is Bedasidr'Source

cS o dHddzats 6.1 4tc duindz@ag jzdzdzy s By® Eizlz Is dzts BtEzs Y
9 " Hfitso ' Hdzs HB BGBtORlzdzC ' o1 @dzg zts r) tlzts BOH {F C
B dzts CReldgtanceForce Actuator 1 OH O Y0 yY!' SEtL @EdsSE
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oddzd C O Is! ftod oL O BBsH'  Liods hda st d3C
Flux Sourcds © d3Oc dz' Isdedr YOMlssykEc OB 9 ©uAfldr ik d3¢
B dztshpss } Otc O d3j Is tc HeludadzsForize ActuatorL sB tc O J dzts  dz0O
6.15.

Block Parameters: Reluctance Force Actuator X

Represents a generic magnetomotive device based on the reluctance force A
F = -0.5 * PHI~2 * dR/dx
where R is the reluctance dependent on the thickness of, or length of, the air gap x, and PHI is the flux in the magnetic circuit.

The magnetic force produced acts to close the air gap, i.e. the resulting force is negative acting from the mechanical C to R ports

Source code
Settings

Parameters Variables

Initial air gap: [2 | [mm |
Minimum air gap: [1e4 | [mm |
Cross-sectional area: [0.01 | [m~2 |
Relative permeability of material: [1 |
Contact stiffness: [1e6 | [wm v|
Contact damping: [500 | [nim/s) v
v
< >

Cancel Help Apply
t d ik daS) Gbte © 3§ tizsRplnctance-orceActuator

1" mdzw y! sets B dztslEORy j wWAdAs B3SRBS dZzOH R sSHJ
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Block Parameters: Mass X
Mass -~
The block represents an ideal mechanical translational mass.

The block has one mechanical translational conserving port. The block positive direction is from its port to the reference point.
This means that the inertia force is positive if mass is accelerated in positive direction.

Source code
Settings

Parameters Variables
Mass: 10 | | mg v
v
< >
Cancel Help Apply
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Cucmema KepysanHHa MAZHIMHUM MIKPOPOOOHOM
0131 OONPABICHHA JIIKAPCLKUX 3AC00i8 6cepedeHni
OP2AHIZMY JIHOOUHU

Jlaymkin B. O., [ucapenxo A. B.
HationansHuit rexniunuii ynisepeuret Y kpainn «Kuisch-
kil nonitexuiunmii inctutyT imMeni Irops Cikopeskoro»
KuiB, Ykpaina

Anomayia. Metoio xanoi poGoTH € ONHCAHHS NPHHIHITY po-
BOTH Ta CTPYKTYPH CHETEMH KepyBanHs Maruitanm mikpopoo-
ToM. OCHOBHOIO 32124€10 TAKOI CHCTEMH € A0NPABJIEHH JiKAPCh-
KHX 32C00iB ¥ o/uiK Ge3 insasuBHoro srpyuanns. Hpun-
IHN i 32CHOBAHMI HA MAHINYIIOBAHHI 32 10MOMOT0K 30BHilIHI-
{00 MarHiTHOr o 110/151 HEBEJTHKHMH 32 PO3MIPOM MATHITHHMH Mi-
KpO4aCTHHAMM, SIKi 0B s3aHi Mixk c00010 TAa YTBOPIOIOTL KOpyc
pobora. Taka cucrema 3aGe3neuye npoctim ta Gesmeunimi me-
TOM JIIKYBAHHA 1eSIKHX 32X BOPIOBAH.

K i cnoga:
JKIG.

, MAZHIMHA 63A€MO0in, JORPACIEHHA

POf

BcTvn

MeTo10 CTBOPEHHS CHCTEMH KePYBAHHS MArHITHHM MiKpo-
poOOTOM € 3MEHILICHHS KUIBKOCTI BHIIA/IKIB He0OX1IHOCTI 1HBa-
3UBHOIO BTPYYaHHS J0 TiUIA JIOAMHH. Bupimenow npukian-
HOIO 3a/1a4€l0 € TIPOIIEC TPAHCIIOPTYBAHHS, 4 CAME J0CTaBKa Ji-
KapchbKUX 3acobiB y HeoOxifHe micie B OpraHi3mi JIOAHHH.
TIpn JesKiX OHKOJOMiMHUX 3aXBOPIOBAHHAX 3ACTOCOBYETHCS
metoanka pagiorepanii [1], sxa siBise cobor0 BIUIHB pajiioak-
THBHUMH PevOBHHAMH Ha 310sKicHi wiituan. ITpn 3actocy-
BaHHI PO3po0IIOBAHOTO MPHCTPOIO /Ul JAHOTO BHAY Teparii
MOIIMBO ONPOMIHIOBATH TKAHHHY YK€ JIOKAJILHO HEBEJIH-
KHMH JI03aM{ BHIIPOMIHIOBAHHAM Y BaKKOJOCTYHHHM MICLSIX
Ta 03 XIpypriuHOro BTpy4aHHs.

KOHLIENTY AJILHUI OMUC CUCTEMHA

30BHIIIHBO OCHOBHA YACTHHA NPHIALY Mae GopMy TyHEmo
Ta Haraznye (opmy anapary MPT. Jlroanna posmintyeTbes Bee-
pejliHi anaparty, Hiclis 4oro y BeHy BBOJMTLCS Karerep, sKui
3abe3neuye inTep(eiic U1 BBEACHHA Ta BUBCACHHA polota y
TiJI0 MOANHH. 3a JI0NOMOroI0 KOMIT'10TepHoT ToMorpadii BHKO-
HYEThCA CKAHYBAHHA TiNla MoauHK. Ha HacTynHomy eTani po-
BOT OTPHMYE YACTKY JIIKAPCHLKOIo Mpenapary, sikuii nocrynaec
yepe3s MIKpOLINpHIL Ta npHitMaeTbes pobotoM. [Ticas nporo mixn
BIUIMBOM 30BHILIHBOTO MArHITHOIO MOJIs p060T NMOYHHAE pyX
Ta HOTPAIULE Y TLIO JIIOAMHH Yepe3 Karerep. Y Tini MOAHHH
BHKOHY€TBCS nepemilients pofora Ta 3aX0IUIeHOT HHM MIKpo-
YACTHHKH JiKiB 110 KPOBOHOCHIIH CHCTEMI 3aBJISIKH MarHITHOMY
Momo. 3a J0MOMOrol0 CHCTEM 3BOPOTHOTO 3B’3KY BiJICTEKY-
€TbCsA MOJIOKEHHA poboTa Ta ICHEPYETbCA KEPYIOUUil BIUINB,
AKHil, BIUIMBAac HAa PyX poboTa yepe3 3reHepoBaHe MarHiTHe
nosne. JlocarayBun HeoOXIAHOT ALUTAHKY Tina pobOT 3yIHHS-
€ThCS Ta JEAKMIi 4ac BIUIMBAE HA TKAHUHY JIKapCBKUM Iperna-
parom. Ilicis BUKOHAHHA ONPOMIHEHHS POOOT MOBEPTAETHCA Y
BHXIIHE [OJOKEHHS.

Omike, MOKHA 3ayBaKHTH 110, CHCTEMa CKJIAJAETHCS 3 Ta-
KHX OCHOBHUX €JIEMEHTIB: MarHiTHuii MikpopoOoT; ycranoBka
JUIS reHepatlii 30BHILIHBOIO MarHiTHOro Iojsi; 3aco0M BijcTe-
HEHHA MOJIOMEHHA GJI(}K yﬂpﬂﬂililll!ﬂ CHCTEMOIO.

HaiiBaxJINBILIHM €JIEMEHTOM € MarHiTHUi Mikpopo©oT (30-
OpaskeHHii Ha puc. 1), skuit npejcTasnae codboro MarHiTHY TKa-
HUHY CKOH(IrypoBaHy TAKMM 4YHHOM, 100 pofoT MaB 3Mory
npuiiMaT HeoOX11HI (POPMHU Ta BHKOHYBATH NEBHI Jii.

Puc. 1. oBHimniit BURIAL MarHiTHOrO MikpopoGoTa

Jlana TKaHWHA BHTOTOBJIACTLCA 3 BHKOPHCTAHHAM CHellia-
NBHOTO Tifiporemto [2] Ta ayike MalHX MarHiTHHX 4acTOHOK
(ninoneit). Ha mouaTky BUpOOHMIITBA Iefib 3HAXOAUTHCS B Pill-
KOMY CTaHi, ¥ HbOTO PO3MINTYIOTECS MarHiTHI YaCTOYKH Ta, 38
JIOTIOMOT0I0 BIUIHBY 30BHIIIIHBOIO MarHiTHOTO MOJIA Ta ja3epa,
yCi YACTKH BCEPEIHHI Tellio TpHiiMaioTh (hikcoBaHe HeoOXijiHe
[OJIOKEHHS, OCKIIbKH rellb [EPeXo/IUTh Y TBEpAHIl cTan mija
aiero Temia. TakuM YHHOM YTBOPHOEThCS TKAHHHA [CBHOI (o-
PMH Ta [IEBHOTO PO3MILICHHSA MATHITHHX MiKPOYaCTHHOK BCe-
peiuHi, sKa yTBOpIOE kopiyc poborta. s TpaHcnopryBaHHs
NiKapchbKHX Npenaparis poboT MOBHHEH MaTH 3Mory (ikcyBatu
L[F0 YACTHHKY, TOMY MYCHTb MaTH neBHY (opmy.

3 puc. | BuaHO, WO poBOT Mae YOTHPH OCHOBHI YACTHHH:
OCHOBY Ta TPH pyKH-3axorunoBava. Taka koH(iryparlis Hagae
poboTy MOMIIMBICTE e()EKTHBHO MEpPeMillyBaTHCh Ta HepeMi-
IyBAaTH BaHTAK, Y JAHOMY BHIIAJKY — MPETapar Ijs onpoMi-
HCHHSL.

Jns npuBeneHns pobota y pyXx HeoOXiJHO 3aCTOCOBYBATH
30BHINIHE MarHITHE rMoje. BoHO BHHMKAE y eneKTpoMarHitax,
AKI BCTAHOBJICHI Y TYHENI Ha YOTHPHOX KPYTIIMX HANPIMHHX.
Yci HanpaAMHI pyXoMi, 00epTaloTECs MO KOy | MICTATE 1O
IICThH €eKTPOKATYIIOK Ha KoXHii. Takosxk € inma nanpsaMHa,
[0 PYXa€ YBeCh TYHENb B3J0BHK CTONY, € 3HAXOAHTHCA JO-
nuHa, Taka KOHCTPYKIS Hajae JOCTATHIO KiBbKICTh CTYICHIB
cBOOON JUTs TeHepyBaHHsl HEOOXIAHOTO MarHiTHOTO MOJs.

112



PoBoT mae JiBa THIH PYXiB: PyXH PYKaMH-3aXOIUTIOBA4aMH
Ta obepranns [3]. Pyxu pykaMH-3aXOritoBadaMH 3acTOCOBY-
0ThCs U1 (iKCyBaHHS JIKYBajbHOrO npenapary. s gaHoi
orepauii 3aCTOCOBYEThCS IPAiEHT MarHiTHOro 110J1st. OCKiIbKH
MoN0ca MIKpPOMArHiTIB Becepe/Hi Kopriycy pofoTa Hamnpsim-
JIeHi 11 PISHAMH KyTaMH 10 11011 3T¢HEPOBAHOI0 YCTAHOBKOIO
TO YCI 4acTKH poO0Ta PyXatOThCs MO-Pi3HOMY, TOMY OCHOBA PO-
60Ta 3aIHIIAETBCS HEPYXOMOIO, a PYKH 3rHOAIOTECS TIPHIOMY
M Pi3HAM KYTOM Y pi3HHX Micisax. IIpn 3MiHeHHI TpagieHTy
pobor abo migiiiMae pyKH-3axX0IUIoBadl — BIAKPHBAETHCA abo
oryckae — 3akpuBaeThed. [l nepemiteHts poboTa 3acToco-
BYETBCA IHIIHE THIT pyXy — 00epTaHHA. Y 3aKpUTOMY CTaHI KO-
priyc podoTa cTae CX0KHMM Ha KyITiO, y pasi 3HaX0LKeHHS Y 110-
BITPSHOMY NPOCTOPI BiH MA€ 3MOT'y NepeMilllyBaTHCh 3aB/IAKH
nepekodyBaHHw. AKio podoT 3HAXOAMTHCH Y PIAHHHOMY Ce-
penoBHIIi BiH 00epTacThCS BiIMTOBXYIOUHCE Bifl piAHHH, OCKi-
NbKH Horo (opMa He € aGCoMOTHO NMPaBHIBHOI0, Y KOKHOMY 3
BUIAKIE oDepraHHs poboTa BHKOHYETHCA 3aBASKHM 30BHILI-
HBOMY 00€PTOBOMY MAarHiTHOMY HOJIH0.

J171 OTpPHMAaHHS 3BOPOTHOTO 3B’ 513Ky Y CHCTEMi BUKOPHCTO-
BYHOTbCA [Ba TUIIM CKaHyBaHH:A: KOMII'l0TepHa ToMorpadis ta
yAbTPa3ByKOBHIl MeTo]| (coHOrpad). 3acrocyBaHHsl 1eKilIbKOX
3ac00IB BiZICTEIKEHHS MOJIOKEHHS po0OTa 00YMOBIIOETHCS 00-
MEKEHHAMHE CHCTEMH sIKI HAKJIAAA€ B3a€MOJIis 3 TLIOM JIIOHHH
[4-5]. Komn’totepna Tomorpadis (KT) mae Benuky po3aiisny
3JIaTHICTH Ta HAJA€ 3MOTY OTPMMaTH 300paxeHHs y 3D dop-
Mari, Tomy i He0DXiIHO 3aCTOCOBYBATH /Il OTPHMAHHS TOUHOT
Mozeni HeoOxigHoT AsiHky Tina. s monens Gyae BUKOpUcTo-
BYBAaTHCh $IK Mara Juist Hairauii podota. ITij uac nepemimieHHs
TAKOK MOKIMBO POOHTH JI0/JaATKOBI 3HIMKH JUIA YTOYHCHHS OK-
peMHX Micllb. Anle KiIbKicTh yacy, Ha npots3i sxoro KT srun-
BaTHME Ha MOAHHY, Mae OyTH (ikcoBaHMH, OCKIILKH JlaHa Te-
XHOJIOTIs 0a3yeThest Ha MOTY)XXKHOMY PEHTTCHIBCBKOMY BHIIPO-
MiHIOBaHHI, 10 € MKi/UTHBHM Yy BEJIHKAX J03aX.

Conorpad Gyze 3aCTOCOBYBATHCH IS MHTTEBOTO BilCTe-
KCHHs poDboTa y Tini. 3aBIAKN BENMKIH 4aCTOTI OHOBIICHHS Ta
abcomoTHIi Oe3neli 1S TIOAHHN YIbTPa3sBYKOBHIi MeTo ife-
AJBHO MIAXOAUTL JUIS wiel 3ajmavi. Yei gadi, Mo HAAXOIHTH-
MyTb 3 000X jKepe 00pobIIFOBATHMYTBCS 3@ A0LIOMOIOK CHC-
TeMH po3nizHaBaHHA 00pa3is. Came BOHA Ha/IaBATHME KiHIIEBY
iH(pOpMAaLil0 PO MONOKEHHS po0OTa, AKa HAAXOIUTHME 0 CH-
cremu Kepysanns. Lla indopmauis HeoOXiiHa Ui reHepy-
BAHHS KEPYIOUHX PYXOM po0OTa BIUIMBIB Ta CIIOCTEPEIKEHHS
peaxliii Tijia Ha POOOTY CHCTEMH.

OIUC CTPYKTYPH CUCTEMH

OCKiJIbKH caM MIKpopoOOT € Maiike eIeMEHTAPHOI0 YacTH-
HOIO CHCTEMH 3 TOYKH 30Dy KUJIBKOCTI €IEMCHTIB Ta iX KOHC-
TPYKUIT, Y JaHOMY po3/1ijii Oy/ie onucaHa cTpyKTypa OJIOKIB sKi
3abe3neuyoTh nepemillieHHs] Ta Bijacre:xkeHHs poborta. 3ara-
JIbHY CTPYKTYPY HPEACTABICHO Ha pHC. 2.

3 puc. 2 BUJHO, 1110 B 3arajbHOMY BHIJIA/I CTPYKTYpPa MpH-
CTPOIO CKNATAEThCs 3 TAKMX MOJYJiB: 00K 1aBaviB 3abesne-
YeHHS HepeMillleHHs, O/OK JaBauiB pO3MI3HABAHHA I110JI0-
’KeHHsi, 0J10Kk nepeTBopenHs, 610k 06podkH indopmarii 3Bopo-
THOTO 3B’3KY, O0YHCIIIOBAILHUIA OPUCTPiH, OJI0K y3rouKCHH:,
00K BUKOHABUMX [IPUCTPOIB 3a0e3leyeHHs IlepeMIileHHs,
010K BHKOHABYMX HPHCTPOIB 3a0e3nedeH s po3Ii3HaBaHHs [0~
JIOKEHHA Ta 010K npHeTpoiB BBOLY / BuBOIY. Koken 3 Moxynis
Y CBOIO YEPTry TaKOX MICTHThL HaOOp eeMeHTiB abo OI0KiB.

bnok napauiB 3abe3neueHHs nmepemilieHHs MIiCTHTB: 010K
JIaBa4iB TMOJOKEHHA MarHITHHX HAMpPAMHHX, JaBad MO3I0BK-
HBOTO MEPEMIIlCHHs, aBay CHIH MATHITHOTO NOTOKY, AaBady

Bnox Bobauib
30BeIneyeHHn [—m
NEpEMILEHHS

Bnak
nepemBopennn

0BwcnabonsHul
npucepiis

BAok oBpodky
HpopHawT
npucmpoid
abopomiozo  |——»

283wy

Bnok dadauid
poanisuaBanin [
NOADKEHHS

Brok Bukokabuux npucmpoid B0k
30BeIneueHKE NEPEMILIZHHS yazodxenns

Bnok Bukokabuux npucmpoib
3oBe3neqennn p B
ONDXEHHA

Baok npucmpoid Bbody /
Bubody

Puc. 1. oBHimsiii Burisa marwitioro mikpopoGora

BEKTOPY MarHiTHOTO TOTOKY, /1aBai MarHiTHOI NMPOHMKHOCTI,
llaBay y/IbTPa3ByKOBOT HPOHHKHOCTI. BlIOK JaBauiB H0/0KEHH
MArHiTHUX HAalPAMHHX MICTHTb YOTHPH J1aBada obepris. Bonn
HeoOXiaHi uia orpumanHs iHdopmauii npo yactoty obepriB
KOKHOrO pyLUIiiHOro ABUI'YHA U8 MOPIBHAHHS 3 HEOOXIIHOO
YacTOTOK Julsl 3a0e3neueHHs MiATPHMKH HeOOXI/IHOrO MarHiT-
Horo noss. Jlasaui Jasoro GyoKy mijKitoueHi 10 o6umciroBa-
JBHOTO MPHCTPOIO Yepes 010K neperBopeHns. JlaBay rosuos-
JKHBOTO NepeMillieHHs HeoOXiHHiT s oTpuMaHHs iHpopMaii
PO 4acToTy OOEPTIB KOKHOTO PYIIIHHOrO JABUTYHA /IS TTOPiB-
HAHHA 3 HCODXIZHOIO YacTOTO Ul 3a0e3neeHHA NIATPHMKH
0akaHoTO MOJIOYKEHHS NallieHTa y MarHiTHoMy TyHeni. /laBau
CHJIH MaTHITHOTO MOTOKY HeoOXinHHii 114 3a0e3neuents o0un-
CIIIOBAILHOTO MPUCTPOO iH(POPMAILIEK PO CHITY MATrHITHOrO
NIOTOKY, AKHil 3CTOCOBYEThCs JI0 poboTa. [laBay BekTopa Mar-
HITHOT'O MOTOKY BHKOPHUCTOBYETHCS A OTPHMaHHA iH(popMa-
uii PO BEKTOP MAarHiTHOrO MOTOKY, AKHIl 3aCTOCOBYETBCA 10
poboTa. /laBau MarHiTHOI NPOHMKHOCTI 3aCTOCOBYETHCH IS
oTpuMaHHs iHdopMmaii o010 MUTTEBOT MArHiTHOI TPOHHKHO-
CTi TiJ1a JIH0 AHHY, KA HeoOX11Ha Ul KepyBaHHA MAarHITHUM PO-
6orom. JlaBau yiabTpa3ByKOBOI IPOHMKHOCTI 3aCTOCOBYETHCS
QUi OTpUMaHHA iHGOPMaLil WOA0 MHTTEBOT YIBTPa3BYKOBOT
[IPOHUKHOCTI Ti/1a JIIOUHH, KA HeOOXiHA 11 KepyBaHHs Ma-
TrHiTHUM poBoToM.

Brok naBa4iB posni3HaBaHHs TOJOKEHHS MICTHTH Y cobi
YYTIHBI €IEMEHTH, AKI HeOOXIaHI 15 OTpHMaHHA iH(opmanii
NP0 MOMEHTAIBHE MONOKEHHs PoOOTA Ta CKIANAETBCA 3 TA30-
BHMX Ta TBEPJOTIMMX AeTekTopis. Lli neTekTopn € yacTHHaAMH
anapaTy KOMI F0TepHOT ToMorpadii.

Bok BHKOHABYHX TIPHCTPOiB 3abe3neuenHs nepeMimeHns
CKJIAJIa€ThCs 3 HACTYMHHUX €IEeMEHTIB: OJIOK JIBUI'YHIB Martir-
HHX HANPSIMHHX, IBHI'YH T103/I0BXHBOIO NEPEMIIIEHHS, KOTY-
HIKH TeHepalii MaruiTHOro mouns, Tpancgopmarop, 610K Kepy-
BAHHS YaCTOTOIO 3MIHHOTO CTPyMY. BIOK ABHIYHIB MarHiTHHX
HaNpsMHHX MICTHTh YOTHPH JABMI'YHH. BoHM HeoOXimHi s
TIPHBE/ICHHS B PYX MarHiTHUX HATMPAMHUX JUT HAJAIITYBaHHS
HEOOXi/THOr0 MArHiTHOTO noJs. JIBUryH NMo3/0BKHBOIO nepe-
MilleHHs HCOOXIAHUI Ul NCPEMIIICHHA MATHITHOTO TYHEII0
HaJl NalieHToM, Ul HaNAlITYBaHHS HE0OXIIHOTO MarHiTHOro
nosis. Korymiky renepariii MarHitTHOro rnosis HeoOXiaHi 11 re-
HEpYBaHHS MArHITHOIO [0 BIAIOBILAHOT HOTYXKHOCTL s
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BIIIMBY Ha pobota. Tpanchopmarop HeoOXiaHMIT a8 Hanam-
TYBAHHS HEOOXi/THOT MOTYKHOCTI /Ul KOPEKTHOT poOOTH KOTY-
IIOK FeHepallii MAHITHOTO 110714 Ta Hia00py MOTYKHOCTI Mar-
HITHOTO 1oJisi. BIIOK KepyBaHHs 4acTOTOK 3MIHHOTO CTpyMy
HEOOXi/IHHH JUIS HAMAIITYBAHHA 3MiHHOTO CTPYMY JUIS KOPEK-
THOI pOBOTH KOTYLIOK FeHepaliii MarHiTHOro 1mojs ta niadopy
4acTOTH 00EPTY MAarHiTHOTO NOJIA.

brok BHKOHABYHX MPHCTPOIB 3abe3nedeH s Po3Mi3HABAHHA
MOMOKEHHA MICTHTB: CIEKTPOHHO-TIPOMEHEBY TPYOKy (eme-
ment KT), reneparop (enement KT), BHHIpoMiHIOBaY-A€TEKTOD
(enement conorpada). EnekrponHo-npomenesa TpyOka Ta re-
uepatop KT HeoOXiaHi s CTBOPCHHA Ta BHIIPOMIHCHHS CITCK-
TPOHIB [UTS J0CII/PKEHHSI Tija JTIOAHHHE Ta MoOYA0BH MoOJeni.
BHNpoMiHIOBAaY-€TEKTOP BHKOPHCTOBYETHCA JUISL TeHepy-
BAHHA Ta NOTTHHAHHS YJIbTPa3BYKOBHX XBHIIb JUIS JTOKaJi3aLiii
poboTa y Tini JoanHA.

Box npucTpoiB BBOZY/BHBOIY MICTHTH 3amaM’ ATOBYIOUHIH
npuctpiii. Bin 3a0e3neuye 30epexenns indopmauii npo goci-
JUKCHHS, sIKa Ha/IXOUTh 3 YCIX BIANOBIIHUX jukeped. Skuo ai-
NISTHKA Tina, Ky HeoOXiZHO OCIINTH HEBENHKa, TO iHhopMa-
wist Moske 30epiraTics y HOBHOMY 00Cs31 10 ¢aMOro KiHus j10-
ciijpkenHs y 6nokax oOpobku indopmauii. Skuo ainsuka se-
JMKa — yacTHHA iHdopMarii Mosxke OyTH nepeiana y HeHTp 1oc-
ToOpoOKy Ta BuaaicHa. 3unTyBaHHA iHdopMaLil 3 JaHOIO NpH-
CTPOK MOKE BUKOHYBATHCh 33 JIONOMOIOH) LIBH/IKICHOTO 1HTE-
peiicy nepenadi faHux.

biok 06pobku indopmauii npUCTPoiB 3BOPOTHOIO 3B°SA3KY
cknanaeTsest 3 6ioky 06pobku indopmauii KT Ta 61aoky o6po-
oxu indopmarii conorpady. brnok o6pobku indopmanii KT Ta
o0k 00po0Oku iHdopmali coorpady 3abesneuyTs 110cTo0-
pobky indopmaii, Aka oTpuMana 3 uux ABoX npuctpois. Ha ii
OCHOBI MO’JKHA Bi/IHAHTH HE TUILKH MOJIENb Tina, ane W OTpH-
MarH MHTTEBY 1H(OpMaiio npo Oyap-saKi 3MiHK. 3a J0MOMO-
rOI0 TEXHOJOTI MAITHHHOTO PO3IMTi3HABAHHS 00pa3iB MOJKITHBO
noOyayBaTH MOBHY MaIy 1o AKiii Mae pyxaTHch MikpopoQoT Ta
BIJICTEKYBATH HOTO NEPEMILICHHSA Y PEKUMI PEasbHOro yacy,
1110 JI03BOJIHTH C()EKTHBHO KepyBaTd podoTom. Takox, 3 mmm-
HOM uacy, iH(pOpMallis MOXKe OHOBIIOBATHCh, OCKITBKH MOX-
JIABI HETOUHOCTI [IPH IIEPBUHHIM 1100Y10BI MOJEL Ta MiHIMa-
JIbHA 3MiHA NOJIOKeHHs moaunu. Jlani 61oku mMatote OpaTn Ha
cede YACTHHY O0YHCITIOBAILHOTO HABAHTAKEHHS 3 O0OUHCITIOBA-
JIBHOI'O HPHCTPORO, OCKI/IbKY onepauii 06pobku 300paseHb BH-
MararTh JJOCHTb BEIHKOT 004NCIIHOBAIBHOT OTYIKHOCTI.
OCHOBHHM €JIEMEHTOM CHCTEMH € OOYHCITIOBATIBHHH TIPHACTPIH
sk 30upac 1HQOPMALIKD Ta IeHepye Kepyroul CUrHAIH s

BHMKOHABYMX NPHCTPOiB. B ymoBax po3polioBaHOl cHCTEMH
BHMOTH [0 OOYMCIIOBAHOTO MPHCTPOIO JIOCHTb BHCOKI, OCKi-
IbKH 00csr Ta Gopmar BXiAHHX AaHHX 10Tpebye BEIMKOI 00-
YUCIIHOBAILHOT crpoMoxkHocTi. [Ipu 06pobui 300paskens us
po3ri3HaBaHHs 00pa3iB HeoOXIAHMH IWIBMAKHN Ta HaIiHHUI
HPHCTPIH, AKHH MaTUME 3MOTY OTPHMYBATH, KOPEryBaTH Ta Ha-
JaBatH 1H(GOPMALIO 111010 MOJ0KEHHS MATrHITIB Ta CUIIM 1X Ma-
THITHOTO monsA, abu KepyBaTH MIKpopoOOTOM B pealrbHOMY
gaci. O6umcTIOBaTEHNI NPHCTPiil MOB'A3aHMIT 3 JaBauaMu Ta
BHKOHABUHMH IIPHCTPOAMH uepe3 OJIOKH NepeTBOPEHHs Ta Y3-
rojuKeHHs abu npuiiMaTH Ta rnepeaaBaTH auie ngpoBuii cur-
Ha.

BUCHOBKH

B po6oti posrisiHyTa KOHLUELiA 100y10BH Ta (yHKLIOHY-
BAHHS CHCTEMH KEPYBAHHS MArHiTHUM MIKpOpOGOTOM JUls 10-
MpaBIIEHHS TIKAPCHKHUX 3aC00iB BCepeAMHI OPraHi3My JIIOUHH.
Po3risiHyTi OCHOBHI CKIIAZ0BI cHCTEMHU, iX 0c00MBOCTI TA IpH-
3HadeHHs. Cepell NEPCNEeKTHB MOJAIBIION0 PO3BHTKY TEMH €
noOy0Ba MaTeMaTHIHOI MOJETI CHCTEMH KePYBaHHS PyXOM
Mikpopo0oTa 3a BH3HAUEHOT TPAEKTOPI€LO.
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Magnetic micro robot control system for drug
delivery inside the human body

Laushkin V. O, Pysarenko A. V.
National Technical University of Ukraine «Igor Sikorsky
Kyiv Polytechnic Institute»
Kyiv, Ukraine

Abstract. The purpose of this article is to describe the principle of operation and structure of the control system of the magnetic
microrobot. The main task of the system is to deliver drugs inside human body without invasive intervention. The principle of operation

is based on the manipulation small magnetic microparticles by external magnetic field, this particles are interconnected and form the
body of the robot. This system provides simpler and safer treatments for some diseases.

Keywords: microbots, magnetic interaction, drug delivery.
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B.O. Jlaymxkin, A.B. [Iucapenko

CUCTEMA KEPYBAHHSI MATHITHUM MIKPOPOBOTOM JIJIA
JOINPABJIEHHA JIIKAPCBKHX 3ACOBIB BCEPE/IMHI
OPI'AHI3MY JIIOJUHHU

Beryn. MarHiTHI MiKpopoOOTH € HMEPCICKTHBHHUM HAMPAMKOM Y PO3BHTKY
MEIMIMHH. X HeBeIuKuii pO3MIp 1 JO0CTATHbO BHCOKA MOOUIBHICTH JI03BOJISE
HNOTPAIUIATH 10 HaHOUIbII BaKKOJAOCTYIHHMX YacTHH JIHOJCBKOTO OpraHizMy.
InTepec 70 Takoro mMijxojy MPHU3BIB [0 3HAYHOIO Iporpecy y wi ramysi Ta
3a0e3reynB BEIMKY KUIBKICTb POOOTOTEXHIYHMX KOHCTPYKIiH, 110 MOEIHYHOTH
PI3HOMAHITHI BUAM PYXIB, MaTepiald Ta TEXHOJOrIT BUTOTOBJIEHHS, AK1 3aCHOBaHi
Ha BAMOrax /Il KOHKpPETHOT mpukiaaHoi 3ajaadqi. [IpuBenenns podora y pyx 3a
JONIOMOTOI0 MarHiTHOTO MOJsl Mae 0araTto NpeBar MOPIBHAHO 3 €NEKTPUYHHUMH,
aKyCTHYHHMH Ta TEIUVIOBUMH TIJIXOAaMH, 3aBJAKH TIPOCTOTI BHKOPHCTaHHS,
MajoMy 4acy BIATYKY Ta Oe3MeuyHOMY MPOHHUKHCHHIO y Ol0JIOTIUHE CepeqoBHIIE
[2]. Ane kepyBaHHS TaKUMH MPHUCTPOSMH BUMAarae ocoOIMBOTO MiAX0AY, OCKITBKH,
K BXKE 3a3HAYAI0Cs, TaKi poOOTH HEBEJIMKI 3a PO3MIpaMH Ta MalOTh 1HIILY NPHPOAY
HDK Oinmbln 3BHYHI MexaHiyHi mnpuctpoi. @i3uka TNOBEOIHKKM Ta JWHAMIKA
3arajJbHOBKMBAHMX MEXaHI3MIB He Moke OyTH I[UIKOM 3acTOCOBaHA  JUIs
Mmikpomacimtaby. Tomy HeoOXiZHO po3poONSATH HOBI MIAXOAM JJIS  TOYHOI
B32€MO/IIT CHCTEMH BCEPEJIHHI OpraHizMy.

Onuc MaTeMaTHYHOT MOJIENI CUCTEMH KepYBaHHS MarHiTHUM MiKpopoGoTom

Jna onucy Mojeni CHCTEMH KEepyBaHHA MAarHITHUM — MIKpOpoOoToM
HE0OXiJIHO CHOPMYJIIOBATH 3 AKUX €JIEMEHTIB CKJIAJIA€ThCA CHCTEMAa Ta SIK BOHH
B3aEMOIIOTh MDK cofor. Y Oinmbmn aOCTpakKTHOMY PpO3YMiHHI CHCTEMa
CKJIA[Ja€ThCs 3 [BOX OCHOBHMX €JIEMEHTIB: MAarHiTHOro po0OTa Ta MarHiTHOTO
TyHent. PoOOT 3HaxoauTbes BCEpPEAMHI TLlAa JIIOAUMHM Ta 3a JOIOMOIOK
30BHILIHEOTO MATHITHOTO TIOJISI, CTBOPEHOrO MATHITHHUM TYHEJEeM MepeMI[y€eThCs
ta aedopmMyeThes Ui TOrO 00 JOCTABUTH JIKAPChKI HEpenpard 10 NeBHOro
oprany JIIOAHHH. MarHiTHHH TyHeNb CKJIAJAa€ThCs 3 NMEBHOI KUIBKOCTI PYyXOMHX
€JIEKTPOMArHiTIB, sIKi MalOTh 3MOI'Y PyXaTUCh TpbOMa CTYyHeHsMH cBoboau. Taka
KOHCTPYKLISL AO3BOJSIE OTPUMATH yc¢i KOH(irypamii MarHiTHOro moJjsi, HeoOXinHi
s nepeMimenns podora [1-3]. 3araneHO, cam MiKpopoOOT sBIsiE€ CO00I0
MATepilo, 10 CKIAJAAEThCA 3 MArHiTHUX MIKpOYaCTHHOK. TTOJIIOCH 1LIMX YaCTHHOK
HampagpieHi y MpOCTOpi TaKAM YHMHOM, 100 TMpH MOTpamIsHHI poboTta mia i
30BHIIIHBOIO MAar”HiTHOro mosia po0OT aedopmyBaBcsi NEBHUM 4UHOM. (Dopmy
poboTa Ta HampaBIeHHs MarHITHUX YacTOYOK 300pakeHo Ha puc. 1.
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Puc. 1. 30BHilIHI# BUTIIS] MATHITHOTO MIKpOpoOoTa

Sk MokHa TOOAYUTH, MIKPOYACTHMHKHM B 0a3HMCHIN 4acTUHI Koprycy poboTa
[e] [e]
HaInpsMIIEH] M KyTOM Y 90 1o HOpMaJll, y Cepe/IHIi 4aCTHHI M1 KyTOM Y 60

[e]
Ta y KIHIEBHX YaCTHHAX — Y 30 . Taxox xoxna uactuna Mmae PI3HY KUIBKICTH
Mar"iTHUX 4acTo4yoK. ba3ucHa yacTHHA MICTUTH OJIM3BbKO OJ(HI€] THUCAYI, KOXKHA 3
CepeAHIX YacTHH IO TPU THCSYl 1 KOXKHA KiHIIEBA — IO JBI THCA4Yl 4acTOK. Taka
KOH(pirypamiss Marepii J03BOJIS€  HAJNEKHUM 4YUHOM jAedopmyBatu  Ta
nepemintyBaTi poOoTa.

OnucaBuiy 3arajbHy CTPYKTYPY CHUCTEMHU Ta MAarO4u KOHKPETHY MPUKIATHY
3a/1a4y, TOTPiOHO OiNbII AETAJILHO OMUCATH IO CaM€ Ta SIKUM YHUHOM Mae
BUKOHYBaTH cHcTeMa Juis B3aemonii 3 poborom. VY pamkax 3ajadi
TPAHCHIOPTYBaHHS MEIMYHUX MpenapaTiB poOOT MyCHTh BUKOHYBATH J1Bi 0a30Bi il
[4]. Tlepma nmis — mnepemimeHHs (TMepeKOYyBaHHS) CaMoOro MikpopoOora B
OionoriuHomy cepenoBuii. Jlias miei 6a30Boi aii HEOOXiIHO 3acTOCYBaTH [0
poboTa 00epTOBE MarHiTHE IOJIE, SIKEe, B3a€MOJIIIOUM 3 MArHiTHUM I0JIeM poOoTa
Oyze CTBOpPIOBATH MOMEHT, IEPEKOUYYIOYH HOT0, OCKUILKH y 3aKpUTOMY CTaHi BiH
Matume Gopmy Oau3bKy 10 chepuunoi. JIpyroro 06a30BOI0 Ji€I0 € 3aKpUBAHHS Ta
PO3KpUBaHHS KOpPITyCy poOoTa, 10 J03BOJISIE 3aXOIUIIOBATH JIKapChbKHU mpenapaT
JUIS TIOJAJIBIIOTO TiepeMitnenHs. [T 3akpuBaHHIM Ta PO3KPUBAHHSIM PO3YMIETHCS,
10 MiKpopoOoT Oyzie 3MiHIOBAaTH KyT HaXWJIy HOTO CepeHIX Ta KIHIEBUX YaCTHUH
(CyKyIHICTh IIMX YaCTUH HAa3UBAETHCSI pyKaMu poboTa) BiHOCHO OaszucHOi. J{ns
TOro 1mo0 KOPEKTHO KepyBaTH TAaKMM PYyXOM HEOOXIJHO BHSIBUTHU 3aJIC)KHICTh
XapaKTCPUCTHK 30BHIIIHBOIO MArHITHOTO TOJs Ta BIAMOBIAHOI Acdopmanii
Koprycy pobota. OTxe, sl BUBEICHHS HEOOXIIHOT 3aJIe)KHOCTI 3HAMIEMO MOTIK
Mar”iTHOrO IIOJIsA, SIKMH Ma€ BHUHUKAaTH Yy MIJACHCTEMI MAarHiTHOIO TYHEIO.
MarHiTHUH NOTIK BU3HAYAETHCS CHIBBIIHOIIEHHIM
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®=8B_S (1)

ne: B, — wmarnitHa iHayKuis KOTYIIKH 30BHILIHBOTO MariTHOro noss, S, —

TUIONIA 30BHIITHEOTO MarHiTHOTO TOJSL.

JLis roro mo0 3HaliTM MarHiTHUA NOTIK HEOOXiJAHO O0YMCIMTH MarHITHY
IHIYKINIO 30BHIIIHBOTO MO, [ bOT0 MpoaHaiizyeMo sKi CHIIN TIPUKJIAACHI 10
pobora mig yac ioro gedopmartii. [lepmr 3a Bce MpHUKIAJEHA cHUla B3aeMOZIl
MarHiTHUX 4YacTO4OK Yy Kopryci poOoTa Ta 30BHIIHBOTO MarHita. Takoxk
npHKiIaaeHa cuia onopy. Ockiibku pobOT 3HAXOIMTECS Y PIAMHHOMY CEpPEeOBHIL
Takui BuJ omnopy Oyae OUIbIIMM HIXK Yy MOBITPAHOMY, aj€ BiH BCE OJHO
3aIMIIAETLCS HE YK€ BETHMKHM uepe3 Te L0 IUIoNia MOBEPXHI Kopmycy pobota
BIJTHOCHO HeBeJWKa. TaKko)K MpUKIAZeHa CUila TSKIHHSA, aje BOHA TAKOXK € JOBOJI
HE3HAYHOK 3BakKalOuM Ha Te, MO Maca pobora He3HayHa. Takum 4YHHOM
B3a€EMOJIII0 YCIX CHJI MOKHA OTIMCATH HACTYITHUM BHPa30M

2
Fe B,BS pSv g )

2u

AC: Bext_ MarbdiTHa IHAYKIIA KOTYIIKH 30BHIIIHBOIO MArHITHOI'O ITOJIA, Br -

3arajibHa MArHiTHA THYKIis po6oTa, S — muona nosepxHi pobora, L — MarditTHa
NPOHUKHICTh Tifla JIOAWHH, [ — TYCTHHAa KpOBI, V — CepeaHs IIBHIKICTH
nepemiiieHHs podora, m — maca pobora, € — nocTiiiHa rpasiTaniiiHa crana.

3 d¢opmymu (2) MarHiTHa IHAYKIIS 30BHINIHBOTO MArHITHOTO TOJS

BH3HAYaA€TLCA K

2
—p—?- +mg+ma |2u
B, = : (3)
' SB

[

J1ns 3HaXOJUKEHHS! MAarHiTHOT 1HAYKIIT 30BHIIIHBOTO MOJSI HEOOXITHO 3HAMTH
MarHiTHy 1HJIYKIIIO 1o koprycy pobota. Ii MokHa OOYMCIMTH AK CyMmMapHy
Mar”iTHy 1HJYKIIIO YCiX 4aCTOYOK Y KOpIyci pobora:

B :ZZ;BJA . @)
i

Ane Takuii BUpa3 He € BIpHUM Y IOBHIH Mipi, OCKUIBKH TYT HE BPaXOBY€ThCS
nekinbka ¢akrtopis. Ilepm 3a Bce, sk Bike OysI0 3a3HAYEHO, YCI YaCTOYKH, B
3aJIeXKHOCTI BiJl MOJOXKEHHA Y KOpIyci po0OoTa, HanpsMiIeH i pi3HUMH KyTaMH
no Hopmaii. Hactynmuum ¢dakTopoM € Te, 110 KOHIEHTPAllis YaCTOUOK y Pi3HHX
JacTUHAX Koprycy pobota Biapi3HseThess. Takoxk HeEOOXiJHO BpaxyBaTH, 1O
YaCTOYKH, K 3HAXOJATHCS Y Oa3MCHIll HOro YacTHHI He BIMBAIOTH HA JaHUH BUJ
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pPYXy. 3 ypaxyBaHHSM HaBEJCHHX MIPKYBaHb 3arajJlbHa MarHiTHa IHAYKIIS ycCix
YacTOUYOK Y KopIryci pofoTa BU3HAYAETHCH CITIBBiIHOLIEHHAM

B, =0,6N,B,cos60 +0,4N,B, cos30 . (5)

Leii Bupa3 BpaxoBye yci Buienepepaxosai ¢daxkropu. Y neomy 0,6 ta 0.4
BiZOOpakaloTh BIJCOTKOBE BIJHONIEHHS YACTMHOK Y PI3HMX yacTHHax pofora,
OKpim GasucHoro moays. Lis cykynuicts nosHauena v, . 3 Bupasy (5) BHAHO, 1O
HEBIJOMOIO 3aJIMIIAETHCH 3MIHHA B, Bona mo3nawyae MarHiTHy iHAYKIIO OHi€l
YacTOUKH Y KOpryci po6oTa Ta OMUCYEThCS HACTYITHHM BHPA30M.

RM !5 6)

yri
B =——
v

Je: f — MarHiTHa TNPOHMKHICTH TUIA JIOAMHH, 7' — pajiyc OJHI€i MAarHiTHOI

yactuakd, K — BiACTaHb BiZ MAarHITHOTO MIKpopo0oTa 10 30BHIIIHLOTO

marHitHoro nonst, M — mMarsiTHUI MOMEHT OJIHI€T MarHiTHOT MiKPOYACTHHKH.

Y nmiii Qopmysi BHpak€HO pPO3MOIiN MarHiTHOI iHAYKIII MOBEPXHEIO
YAaCTHHKHM Yepe3 MAarHiTHHH MOMEHT. Mar”iTHui MOMEHT YacTHHKH BiIOMHA,
OCKIJIbKM Ha/laeThcst BUPOOHMKOM. OTiKe, Mawuu yci HeoOXiJHI BHUpasu, €
MOXJIMBICTh BHBECTH KIHIEBY (OPMYyIy A7l 3HAXO/DKEHHS MarHiTHOrO IHOTOKY
30BHIIIHBOTO MarHiTHOTO TTOJIS.

pSV: +2mg +2ma . (7
1 (3R'M

4t Pt

b=

S, N, x(0,6c0860 +0,4c0s30")x -M

[TizcrapuBmiy, yci BigoMi 3MIHHI MaeMO 3MOTY pO3paxyBaTH 3HAUEHHS
MarHiTHOrO MOTOKY Ui MijidoMy pyk poOota. MaeMO HACTYNHI 3HAYEHHS:

rycrusa kposi 0 = 1050 K%/IS : mioma mosepxui pobora S =2,5x107%;
WIBHJKICTE PYXy PyKH pobota v:10‘3% : maca pobota m=2x10"kz;
nocTiiiHa rpasiTaiiiina crara g :9,8% ; TIPUCKOPEHHs PYKH poboTa mpu

o ap s -3 . .
mimgiiomi @ =10 ﬂ% 2, IUIONA KOTYIIKM 30BHINIHBOTO  €JIEKTPOMArHITY
C

S,., =0,2m; saranbua KinbKicTh MarHiTHUX YaCTOYOK, AKi 3a/1iAHi MPH migHoMi
pyku pobora N, =15000; 7 =3,14; paniyc ommiei marmitHOi wacTuHKHM

-6 . . . . .
r=2x10"m; sigcrane Binx MarhiTHOro MikpopoGoTa 0 30BHIIHLOTO
marnitnoro mons R =0,3m; wMarniTHuii MoMeHT opHi€i  MarsiTHOI
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