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PYKOMHUCY.

Huceprarmiss Ha 3700yTTS HAyKOBOTO CTymeHs jJokrtopa ¢imocodii 3a
cneniaibHicTIO 163 — bioMenuuHa iHxkeHepis. HalnioHanbHUN TEXHIYHUN YHIBEPCUTET

VYkpainn «KuiBcbkuil nosirexHiuHuil iHCTUTYT 1MeH1 [ropst Cikopebkoro», Kuis, 2025.

AKTYaJIbHICTh TeMH J0CJTiKeHHs1. 32 JaHuMU BcecBITHROT OpraHi3aliii 0OXOpoHU
3I0POB’Sl, Y CBITI IIOPOKY BHSABISAEThCS OMu3bko 20 MIIBHOHIB HOBHUX BHIIAJIKIB
3JI0SIKICHUX HOBOYTBOPEHb, 3 SAKUX 9,7 MIUJIbHOHIB BUIAJIKIB € JIETAJTLHUMH. 32 JaHUMHU
HamionaipHOTO KaHIep-peecTpy YKpaiHu, 3arajibHa KUIbKICTh BUTIQJKIB OHKOJIOTTYHOTO
3aXBOpIOBaHHsI carHyja noHaa 106 tucsd 3a 2022 pik, a 4acTKa XBOPHUX, 110 HE MPOKUITU
OJTHOTO POKY, 3 uHMcla BIepuie BUsBIeHHX nepeBumiuia 23%. HaiiOunpima yacTka y
HO30JIOT1YHIN CTPYKTYpl 3apeecTpOBAHUX BHUMAIKIB Yy JKIHOK IPHUIIAJAa€ Ha 3JI0SKICHI
HOBOYTBOPEHHSI T'PYJHOI 3aJI03U, 3 SIKMMH TOB’si3aHO Maibke 15% ycix cmepTeit BiX
3JI0SIKICHUX HOBOYTBOpEHb. Pe3ynbratu momepeHix JOCHiIKEHb BKa3yIOTh Ha BHIII
MOKA3HUKH BIMOBI/II MMyXJIMHU Ha JIIKYBaHHS Ta BIOKMBAHOCTI y TIAIIIEHTIB 31 3JI0SKICHOIO
NyXJUHOK TPYAHOI 3allo3U TMicias Ximiorepamii y KOMOIHAIli 3 perioHaJbHOIO
IHIYKIIHHOI TIoMipHOIO Timeprepmieto (<42 °C), HIXK y THX, XTO OTPUMYBAaB JIHIIE
xiMioTepanito. [HayKUIHA TinepTepMis BUKOPUCTOBYETHCS ISl JIIKYBaHHS B1JHOCHO
HEBEJUKHUX LIUJIBOBUX 00’€MIB, TaKMX $K NEpPBMHHA MyXJIMHA, T'pyla pErioHapHUX
aiM(paTUYHUX BY3iB a00 coiiTapHUil BianageHud meracta3. OqHak 0OMEKEHHS LIbOTrO
MIIXOAY BCE 1€ 3AJIMIIAKOTHCS TOB’S3aHUMH 3 JIOKAJbHUM BIUIMBOM Ha IMyXJIHUHY,
TeTePOreHHICTIO, MPUTAMAHHOIO 3JI0SKICHUM MyXJWHaM, 1 NOOIYHUMHU edexTamu
i IBUIIIEHHS TEMITEpaTypy Y HABKOJIMIITHIX TKAHUHAX.

BukopucTaHHs MarHiTHUX HAHOYACTHMHOK Yy KOMO1HAIIIi 3 1HIYKI[IHHOIO TOMIPHOIO
rinepTepMI€l0 OXOIUTIOE IMUPOKUI CIIEKTP 3aCTOCYBaHb ISl MOEAHAHHS J1arHOCTUKH Ta

JIiKYBaHHH — TCPAHOCTHUKHU 3IOSIKICHUX HOBOYTBOPCHbD. MaruitHi HaHOYaCTHHKMH,
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JIOCTaBJICHI JIO0 TYXJIMHU TIiJ] BIUIMBOM TOCTIMHMX MArHITHUX TOJIB, ITiJBHINYIOTh
KOHTPACTHICTh METUYHOTO 300pa>KeHHS 3aBJISKU PI3HMIN B IHTEHCUBHOCTI CUTHAIY TpU
MarHiTHO-PE30HAaHCHINA ToMorpadii, €XOreHHOCTI W KOPCTKOCTI IIPH yJIBTPa3BYKOBOMY
JOCITIJKEHH], peHTTeH-IIUILHOCTI TIPH PEHTICHIBCHKIH Bi3yasizalii MiXk 30HOIO IHTEpeCy
MyXJIMHU Ta HABKOJIUIITHIMU TKAHHHAMH, a TAKOK TAPTETHO 1HIIIFOIOTh MPOTUITYXJTMHHUHT
BIUIMB Ha 3JIOSIKICHI KJIITHHH 32 PaXyHOK MarHiTO-MEXaHOXIMIYHHUX 1 TETJIOBUX e€(PEeKTiB
1]l AI€I0 MOCTIMHOTO MAarHiTHOTO Ta €JIEKTPOMAarHiTHoro mnofis. [lpu 1mpomy, 1iJIbOBa
TeMIlepaTypa, HEOOX1IHA JJIsl MPOTUIYXJIMHHOTIO BIUIMBY NPU 1HAYKIIHHIA MOMIpHIN
rineprepmii 3 MarHITHUMH HAHOYAaCTUHKAMH, € OJM3bKOIO 10 3HAYEHHS OO0JIbOBOIO
NOpPOTY, CIPUYMHEHOTO HArpiBaHHSAM M’ SIKUX TKaHWUH y TPYAHIA KTl JIIOJIUHU.
JocmimkeHHs 30cepepkeH1 Ha KOMO1HAIllT MarHiTO-MeXaHOXIMIYHUX 1 TEMJIOBUX e(PEeKTIB
JEMOHCTPYIOTh TEPCIIEKTHBY I TOJAIBINOT TPAHCIAIII Y KIIiHIYHE 3aCTOCYBaHHS.
Cuiy, sIKi CTBOPIOIOTh MarHiTHI HAHOYACTUHKHU 1] II€F0 MOCTIMHOTO MAarHiTHOTO MOJI,
€ 3HAYHO MEHIIHUMH 3a KOMIPECIHHY CWIy MiJ 4yac mMamorpadii, 1o BUKIMKAE OUIb Y
KIHOK, MPOTE LUX CUJI JOCTATHHO JJIsl BIUTMBY Ha 3J104KICHI KIITUHU. [lepconanizoBane
MJIaHyBaHHS 1HIYKIIIHHOI MOMIPHOI TinmepTepMii 3 MarHITHUMH HaHOYaCTHHKAMHU JIJIs
KOXKHOTO TallleHTa BHUMAara€ BHU3HAYEHHS PO3MOJIIY MAarHiTHUX HAHOYACTHMHOK Ta
OloMeXaHIYHUX TapaMeTpiB MNyxJauHU. BojHouac Bimomi OlOiHKEHEPHI 3aco0u
JIOCTaTHHO OOMEXEHI II0JI0 MOXJIMBOCTI TMepCOHaNi3allii MarHiTO-MeXaHOXIMIYHUX
edeKTIB y 3I0SKICHUX MyXJIMHAX, 1110 MIPU3BOJIUTH /10 3BYKEHHs 00J1aCTI BUKOPUCTAHHS
MarHiTHOI HAHOTEPAHOCTHKH 3JIOSKICHIX HOBOYTBOPCHbD.

Metoio poboTu Oyso OOTpyHTYyBaTH Ta po3poOUTH O10IH)KEHEpHI 3aco0u 3
Mar”HiTHUMWA HAHOYACTUHKAMH IS peajizamii MPOTHIYXJUHHOTO BIUIMBY 1
paaioNIoTiuHO1 Bidyalizalii eKCIIepUMEHTATBHOT 3710SIKICHOT Ty XJTUHH.

JIJ1st TOCATHEHHS TOCTAaBJIEHOI METH 0yJIO BUPILIEHO HACTYITHI 3aBAAHHS.

1. [IpoananizyBaTu HayKOBY Ta TMAaTEHTHY JITepaTypy IIOJ0 MAarHiTo-
MEXaHOXIMIYHUX €(EeKTiB, 1HINIMOBAaHUX BIUIMBOM MAarHiTHUX HAHOYACTUHOK 3

€JIEKTPOMAarHiTHUM OITPOMIHEHHSIM, 1 paJil0JIOT14HOI Bi3yai3alii 3JI0KICHUX ITyXJIUH.



2. Po3pobutu  gu3aifH  TPUCTpOIO  JUIsl  peecTparmii Ta  JOCHIIUTH
MEXAHOJIOMIHECIIEHITII0  3JI0SKICHUX KJITHH, 1HIIIHOBAaHY BIUIMBOM MAarHITHHX
HAHOYACTHHOK 1 POTAI[IHHOTO MarHiTHOTO TOJSI.

3. Po3pobutn nu3aifH TKAaHMHHOEKBIBAJICHTHOTO (haHTOMa TPYAHOI 3aJI03H,
MPOBECTH WOTO PAMioJOTiYHy Bi3yali3allilo Ta TEKCTYpHUU aHami3 OTPUMAaHUX
300paxeHb I MEePCOHANI30BaHOTO IIAHYBAaHHS 1HAYKIIHHOI MOMIpHOI TimepTepmii 3
MOCTIMHUM MAarHiTHUM MOJIEM 1 MarHITHUMH HAHOYACTUHKAMM.

4. Jocniautn KOMOIHOBAaHHWM BIUIMB 1HAYKIIHHOI MOMIpPHOi Tineprepmii,
MOCTIMHOTO Mar”iTHOTO TOJISI 3 3aCTOCYBaHHSM MAarHITHO-IMIOJIBHOTO arulikaropa Ta
Mar”HiTHUX HAHOYAaCTHHOK Ha paAioJIOTIuHy Bi3yasi3allilo, TEKCTypHI NapameTpu
OTpUMaHUX 300pakeHb, PEIOKC-CTAH 1 KIHETHKY POCTY EKCIEPHMEHTAIBHOI MOJIeNi
3NI0SIKICHOI My XJIMHHU.

HaykoBa HOBH3HA OTPUMAHHUX pe3yJbTaTiB. Yiepiie po3poOieHo IpUCTPIid Ta
MIPOBEJICHO PEECTPAIIIIO 1HIIIHOBAHOI BIUTMBOM MarHiTHUX HAHOYACTHUHOK 1 pOTAIlIfHOTO
Mar”iTHOTO IMOJSI MEXaHOIIOMIHECHEHIT 3JI0SKICHUX KIITHH KaplIMHOCAPKOMU TPYIHOT
3a5103u YOKep-256 y piaKoMy cepeloBHIlll. Yrepuie po3poOieHo ¢GaHTOM TpyaHOI
3aJI03U 31 3JIOSKICHUMHU KJIITHHAMU aJieHOKapuuHoMu TpyaHoi 3ano3n MCF-7 nns
NepCOHaNI3aIlil TIaHyBaHHS 1HIYKIIMHOI TOMIPHOI TiepTepMii 3 MOCTIHHUM MarHiTHUM
MOJIEM Ta MarHITHUMHU HAHOYACTUHKAMHU, MIPOBEJIEHO MOTO PaIioIOTIvuHY Bi3yasi3allio 13
3aCTOCYBaHHSIM TEKCTYPHOTO aHaJli3y PO3MOLTY KJIaCTepiB MarHITHUX HAHOYACTUHOK Ha
OTPUMaHUX 300paKCHHSAX. YIIepie AOCIIHPKCHO BIUIMB MAarHiTHUX HAaHOYACTHMHOK Ha
OCHOBI OKCHAY 3aii3a 1 30JI0TA, HABAHTAKCHUX MPOTHUIYXJIMHHUM TIPEIapaToM
JIOKCOPYOIITMHOM, Y KOMOIHAIlIi 3 MarHiTHO-AUIOILHUAM aIlIIKaTOPOM JTSl 1HTYKIIHHOT
NOMIPHOI TimeprepMii Ha paaioNIOTIUHYy Bi3yami3aiiio, TEKCTYpHI TapameTpH, piBHI
yOICEMIXIHOHY, CYNEPOKCHIHOTO paJuKaia, OKCHUIAY a30Ty Ta KIHETHUKY pOCTY
KapuuHocapkoMu  Yokep-256. OtpumaHi pe3yibTaTh  JOMNOBHIOIOTh  CYyYacHi
O101H)KEHEpH1 PIMIEHHS [I0J0 NEepCOHANI3alli MAarHiTO-MEXaHOXIMIYHOTO €(eKTy
Mar”HiTHUX HAHOYACTUHOK TiJ BIUIMBOM €JIEKTPOMArHiTHOTO OINPOMIHEHHS MpHU

TEPAHOCTHUIII 3TO0SIKICHUX MYyXJIHH.



IIpakTuyne 3HAYCHHA OTPUMAHHUX pe3yJbTaTiB. Orminka
MEXaHOJIOMIHECIIEHITIT 3 BUKOPUCTAHHSIM 3aIIPOIIOHOBAHOTO MTPUCTPOIO MOKE CIYTyBaTH
JIOTATKOBUM KUTBKICHUM MapaMeTPOM MarHiTO-MEeXaHOXIMIYHOTO €(DEeKTy B 3JIOSKICHUX
KIITHHAX TPH MAarHITHIH HAHOTEPAHOCTHIN IS IOKPAIICHHS TOYHOCTI MEIMYHOI
JIarHOCTHUKY ¥ Teparii. 3arpornoHoBaHa KOHCTPYKIIis (paHTOMA MOKe OyTH BUKOPHCTaHA
JUTSL TUTAaHYBaHHS 1HIYKIIHHOT TOMIPHOI TiepTepMii 310sSKICHIX HOBOYTBOPEHb TPYIHOT
3a]1034, J€ MarHiTHI HAaHOYaCTHMHKU CIYTYIOTh MapKepOM Ha pEHTIeHIBCBKUX Ta
yIBTPa3BYKOBUX  300paK€HHSX 1  BOJHOYAC  JIOKANi3aTOPOM Ui BIUIMBY
CJICKTPOMArHiTHOTO OINpOMiHEHHS. Pe3ynbTaTh mNpoBENeHUX EKCIePUMEHTATBLHUX
JTOCHIKEHb CBIYaTh, 10 BIUIMB MAarHITHUX HAHOYACTMHOK HAa OCHOBI OKCHJY 3aJ1i3a Ta
MOCTIMHOTO MArHiTHOTO TIOJISI 3 3aCTOCOBAHUM MATHITHO-AMIOJBHUM aIlliKaTOPOM
NPU3BOAUB JIO 3HWKEHHS BeIMYMHM Moayias lOHra nyxmmam y 2,7 paza mpu
yIBTPa3BYKOBIM Bizyasizallii, OlIbIl BUPAXEHUX HEKPOTUYHUX 3MiH Ta 1HT1OyBaHHS
KIHETUKHA POCTY KapuuHOocapkomMu Yokep-256 Ha 17% y excrnoHeHUianbHIA Qa3si,
MOPIBHSHO 3 BIUIMBOM MarHiTHUX HaHo4yacTMHOK (p <0,05). BrumB MarHiTHUX
HAHOYACTMHOK HA OCHOBI OKCHJly 3alli3a 1 30J10Ta, HABaHTAXXEHUX MPOTUIYXIUHHUM
npenapaToM JOKCOPYyOIIMHOM, Y KOMOIHAIT 3 MarHiTHO-IUIOJbHUM aruIiKaTOpOM JIJIsI
IHIYKIIMHOI TOMIPHOI TinmepTrepMii iHII[IfOBaB 30uibleHHs B 1,6 pa3za MejiaHu
IHTEHCUBHOCTI Ta MeHIIIe a0COIIOTHE 3HAUYCHHS KoedillieHTa acUMEeTpii 30HU 1HTEpeCy
MyXJIMHU TIPU MarHiTHO-PE30HAHCHIN Bi3yasi3ailii, MiABUIICHHS PiBHIB CYyNEPOKCHIHOTO
panukana B 1,4 paza, yoicemixiHoHy — y 2,1 pa3a, 3HIKEHHS PIBHsI BUIBHOTO pajJuKaia
okcuay a3otry B 1,2 paza ta Ha 14% OubIn BupakeHe 1HTIOYBaHHS KIHETHKU POCTY
KapIMHOCApKOMH Y O0Kep-256 y TepMiHaNbHIN (Da3i, Hi’K caMOoCTiiHa MTis 0QIIHHAIBHOTO
nokcopyoinuny (p < 0,05).

Po3po6eni 6ioiHxkeHepH1 3ac00U 3 MATHITHUMU HAHOKOMIIO3UTaMH BUKOPUCTAHO
JUISL  TEXHOJIOT1  HAaHOTEPAHOCTUKH B  J1aboparopli  eJeKTPOHHO-IPOMEHEBOI
HAHOTEXHOJIOT1i HEOpPraHIYHUX MaTepianiB TUTS MEIULIMHU IncturyTy
enekTpo3BaptoBadHd iM. €.0. [larona HamionansHoi akagemii Hayk VYKpaiHu Ta y
BUKJIaAaHHI AucuuiUiiH “biodizuka” Ta ‘“PamiamiiiHa Oe3meka 1 JO3UMETpis” s

3n100yBauiB  mepmioro (0akaJlaBpChbKOro) piBHA BHUIOT OCBITH  CIEIiadbHOCTEH



163 — biomenuuna imkenepis Ta 122 — KoM totepHi Hayky Ha (aKyIbTeTi 6ioMeTnIHOT
imkenepii HarionaneHoro TtexHiuHoro yHiBepcutery Ykpaiam «KIII im. Irops
CiKOpCBKOTOY.

OcCHOBHI MOJIOKEHHS pOOOTH BUKIIAeHO Y 20 HAYKOBHX IpaIlsiX, y TOMY YUCHI Y 5
CTaTTSIX, BKIIFOUCHHUX JI0 MIXKHAPOJHUX HAYKOMETPUYHHMX 0a3 manux Scopus Ta Web of
Science, B 1 cTtarti y HaykoBOMY (paxOBOMY BHJAAaHHI YKpaiHM y ramy3i OloMeITudHOl
1HXeHepii, B 1 cTaTTl y HayKoBOMY (paxoBOMY BUJaHH1 YKpaiHH y raiay3l MEAUYHUX HAYK,
y 2 nateHTax Ykpainu Ta B 11 Te3ax KoHIpeciB, 3’13/11B, HAyKOBUX KOH(EPEHLIH.

[lepmmii po3ain AucepTauiifHOi poOOTH «AHANITUYHMA OIJISA JITepaTypu»
HAaBOAUTH AaHAJI3 HAyKOBOI Ta NATEHTHOI JITepaTypu WIOJ0 OOrpyHTYBaHHS
BUKOPUCTAHHS MAarHiTHUX HAHOYACTUHOK JUISI TPOTHUITYXJMHHOTO BIUIMBY Ha OCHOBI
Mar”iTo-MeXaHOXIMIYHOIO Ta TEMJIOBOr0 €()EKTIB MPU eEKTPOMArHiTHOMY OITPOMiIHEHHI
1 METOIIB PaJI10JI0TIYHOI Bi3yasi3allii 3JI0IKICHUX MyXJIUH.

Hpyruii po3ain aucepraniitHoi podotu «Martepiaau Ta METOAW» BKIIIOYAE OIHUC
JIW3aliHy  JOCIHIJDKEHHS, XapaKTePUCTUK BUKOPHUCTAHMX  MaTepiaiiB, 00’ €KTIB
JTOCITIJIPKEHHS1, 3alIPOTIOHOBAHOI KOHCTPYKIIT Ta 3aCTOCYBAHHS MPUCTPOIO JJIs1 peecTpaltii
MEXaHOIFOMIHECIICHIII1, 1HIIIHOBAaHOI MAarHiTHUMH HaHOYaCTHHKAaMU 1 poOTaIliiHUM
Mar”iTHUM I0JIeM y 010JI0TTYHHUX 00’ €KTaX, po3po0JIeHOTO paHTOMA TPYAHOI 3aJI03U Ta
BUKOPHCTAHOTO MAarHITHO-IUIIOJBHOTO aIulikaTopa s IepcoHami3amii 1HIyKIiHHOT
MOMIPHOI TinepTepMii 3 MarHiTHUMUA HAaHOYACTUHKAMU 1 TTOCTIMHUM MAarHITHUM TIOJIEM.
Onucano BUKOPUCTaHI METOAM MEAMYHOI PAAI0NIOTIYHOI Bidyaui3allli (PEHTTeHIBChKHMA
1 poBUIl TOMOCHHTE3, YIABTPa3ByKoOBa enactorpadis, peHTIeHIBCbKa KOMIT FOTEpHA Ta
Mar”iTHO-pe30HaHCHA ToMorpadis) i TEKCTYPHOTO aHaJi3y OTPUMaHUX 300paKeHb.

Tpetiti po3min aucepramiiiHoi podotm  «Peectpariss MeXaHOIIOMIHECIISHIIIT
3MI0SIKICHUX ~KJITUH» MICTUTh TOPIBHSHHS CIIOHTAaHHOI XEMUJTIOMIHECHCHINT Ta
MEXaHOJIOMIHECUEHIIi, 1HINIMOBAHOI POTAlIMHUM MAarHiTHUM MOJEeM  KJIITUH
KaplMHOCApKOMHU Y 0Kep-256 3 MarHiTHUMHU HAHOYACTUHKAMHU.

YerBepruii po3ain gucepraiiitHoi podoTu «IIpoTUnyXaMmHHUHN BIUIUB 1HAYKIIHHOI
MOMIPHOI TinepTepMii 3 TOCTINHUM MarHiTHUM IOJIEM 1 MAarHITHUMU HAHOYAaCTUHKAMHU Ta

pajiosoriyHa Bizyauisailisi (haHToMa rpyHO1 3aJ103U» MPEJCTABISIE PE3YIbTaTU aHATIZY
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PEHTIeHIBChbKMX HU(PPOBUX TOMOCHHTETHUYHMX 300pakKeHb Ta  YJIbTPa3BYKOBHUX
enmacrorpaMm (aHToMa TPyAHOI 3al03d, a TaKOX BIUIMBY I1HAYKIIHAHOT MOMIpHOT
rineprepmii 3 TOCTIMHUM MAarHiTHUM TIOJIEeM 1 MarHiTHUMHU HaHOYaCTMHKAMHU Ha
KUTTE3NATHICTh 3JOSKICHUX KIITHH aJeHOKAPIIMHOMH TPYIHOI 3ajI03U JIIOIWHU JIiHIi
MCF-7.

[Tstuit po3nin auceptainiitHoi poOoTH «lIpOTUMYXJIMHHUN BIUIMB 1HIYKLIAHOI
NOMIPHOI TinepTepMii 3 HOCTINHUM MarHiTHUM IOJIEM 1 MAarHITHUMU HAHOYACTUHKAMHU Ta
pajaioyioriyHa Bi3yani3alisd KapLUHOCAPKOMHU Y OKep-256» BiaoOpaxae pe3ysbTaTH
aHajizy yJIbTPa3BYKOBUX €JlacTOrpaM, MAarHITHO-PE30HAHCHUX  ToMorpadiuHuX
300paKe€Hb 1 BIUIMBY 1HAYKUIMHOI NOMIPHOI rineprepMii 3 BUKOPUCTAHHAM MAarHiTHO-
JUTIONBHOTO aIljIikaTopa Ta MAarHITHUMH HAaHOYACTUHKAMH Ha PEIOKC-CTaH, KIHETHUKY
pocty 1 MOp(OJOTiuHI 3MIHHM EKCIEePUMEHTAIbHOI MOJEl 3JIOSAKICHOI MyXJIUHU
KapLuuHOcapkomMu Y okep-256.

KirouoBi cji0Ba: enexkTpOMarHiTHE BHUIIPOMIHIOBAHHSA, 3JIOSIKICHA IyXJIMHA;
3JI0AKICHI KIITUHU; 1HAYKI[IHHA TIOMipHA TiNEpPTEpMisi; MarHiTHE I0Je; MarHiTHO-
pe3oHaHcHa Tomorpadis; MeauyHl 300pakeHHs; HAHOYACTUHKU, 00poOKa 300pakeHb;

MPOTUITYXJIMHHUM €eKT; TeKCTYpHUHN aHali3; yJIbTPa3ByKOBE JIOCIIIKEHHS.
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ABSTRACT

Orel V.B. Design of bioengineering devices for cancer magnetic nanotheranostics
in experimental models of a malignant tumour. — Qualification scientific work in
manuscript form.

Thesis submitted for the scientific degree of Doctor of Philosophy in
speciality 163 — Biomedical Engineering. National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2025.

Relevance of research. According to the World Health Organization, an estimated
20 million new cancer cases are diagnosed globally each year, alongside 9.7 million
related deaths. Data from the National Cancer Registry of Ukraine indicates that the total
number of cancer cases exceeded 106,000 in 2022, with over 23% of newly diagnosed
patients not reaching one-year survival. Amongst women, the largest proportion of cases
was attributed to breast cancer, accounting for nearly 15% of all cancer-related deaths.
Results from previous clinical trials have shown higher response and survival rates in
patients with breast cancer after receiving chemotherapy combined with regional
inductive moderate hyperthermia (<42 °C) than in those given chemotherapy alone.
Inductive hyperthermia is used for relatively small target volumes, such as a primary
tumour, group of regional lymph nodes, or solitary metastasis. However, limitations to
this approach are associated with the targeted drug delivery, inherent heterogeneity of
malignant tumours, and appreciable rises in the temperature of the surrounding tissues.

The application of inductive moderate hyperthermia with magnetic nanoparticles
offers a theranostic approach that combines cancer diagnostics and therapeutics into a
single platform. When magnetic nanoparticles are delivered to the tumour under the
influence of stationary magnetic fields, they enhance the contrast in medical images due
to differences in signal intensity on magnetic resonance imaging, differences in
echogenicity and stiffness on ultrasound imaging, or differences in radiodensity on
medical X-ray imaging between the tumour and the surrounding tissues. At the same time,
magnetic nanoparticles initiate magneto-mechanochemical and thermal effects on cancer
cells in response to stationary magnetic and electromagnetic fields. Nevertheless, the

target temperature required to cause cancer cell damage and death is close to the heat pain
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threshold in soft tissues of the human chest. Combining the magneto-mechanochemical
and thermal effects is promising for clinical translation, as the compression force during
mammographic examinations, which causes pain in women, greatly exceeds the forces
needed to affect tumour cells. Personalised treatment planning involves determining the
magnetic nanoparticle clustering patterns and biomechanical properties of the tumour for
each patient. Yet previously designed bioengineering devices lacked the ability to
personalise the magneto-mechanochemical effects initiated in malignant tumours,
thereby limiting progress in translating cancer magnetic nanotheranostics into clinical
practice.

This thesis aims to justify and develop designs for biomedical devices with
magnetic nanoparticles to initiate antitumor effects and enable radiological visualisation
of an experimental malignant tumour.

To achieve the aim, this work addressed the following tasks.

1. Survey the research and patent literature on magneto-mechanochemical
effects initiated by magnetic nanoparticles under the influence of electromagnetic
irradiation, as well as radiological visualisation of malignant tumours.

2. Develop a device design for detecting and studying mechanoluminescence
in cancer cells initiated by magnetic nanoparticles and a rotating magnetic field.

3. Develop a breast-mimicking phantom design and analyse texture parameters
in acquired radiology images for personalised planning of inductive moderate
hyperthermia with a stationary magnetic field and magnetic nanoparticles.

4. Investigate the combined effect of inductive moderate hyperthermia,
stationary magnetic field using a magnetic-dipole applicator and magnetic nanoparticles
on radiological visualisation, texture parameters of acquired tumour images, redox state
and growth kinetics.

Research originality. This research proposes a new experimental design for a
mechanoluminescence detection device that analyses liquid samples containing Walker-
256 breast carcinosarcoma cells with the medium by using magnetic nanoparticles in
response to a rotating magnetic field. The developed breast-mimicking phantom design

with MCF-7 human breast adenocarcinoma cells for personalised planning of inductive
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moderate hyperthermia combined with a stationary magnetic field and magnetic
nanoparticles has enabled radiological visualisation and texture analysis of nanoparticle
clustering patterns in acquired images. This work investigates the effects of inductive
moderate hyperthermia using a magnetic-dipole applicator in combination with Fe3Os-
Au magnetic nanoparticles loaded with antitumour drug doxorubicin on radiological
visualisation, texture parameters, as well as superoxide radical, ubisemiquinone, nitric
oxide levels, and Walker-256 carcinosarcoma growth kinetics. These results contribute
to personalising magneto-mechanochemical effects initiated by magnetic nanoparticles
under the influence of electromagnetic irradiation for cancer theranostics.

Practical implications. Mechanoluminescence signals measured using the
developed device can provide additional quantitative information about the magneto-
mechanochemical effect on tumour cells, improving the accuracy of medical diagnosis
and treatment. The proposed phantom design can be utilised in inductive moderate
hyperthermia planning for breast tumours with magnetic nanoparticles serving both as a
marker on X-ray and ultrasound imaging as well as a localiser for electromagnetic
irradiation. The results obtained indicate that a combination of iron oxide magnetic
nanoparticles, a stationary magnetic field and a magnetic-dipole applicator led to a 17%
inhibition of Walker-256 carcinosarcoma growth kinetics in the exponential phase and a
2.7-fold decrease in Young’s modulus, as measured by ultrasound elastography, as well
as more pronounced necrotic changes, compared to magnetic nanoparticles alone
(p < 0.05). Furthermore, the combined action of inductive moderate hyperthermia with a
magnetic-dipole applicator and doxorubicin-loaded Fe3Os4-Au magnetic nanoparticles
caused a 1.4-fold increase in superoxide radical level, a 2.1-fold increase in
ubisemiquinone level, a 1.2-fold decrease in nitric oxide level and a 14% more
pronounced inhibitory effect on Walker-256 carcinosarcoma growth kinetics in the
terminal phase than conventional doxorubicin (p < 0.05).

The developed bioengineering devices with magnetic nanocomposites have been
used for nanotheranostic technology in the Laboratory of electron-beam nanotechnology
of inorganic materials for medicine at E.O. Paton Electric Welding Institute of the

National Academy of Sciences of Ukraine, as well as in the teaching of the courses
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“Biophysics” and “Radiation Protection and Dosimetry” for students obtaining the first
(bachelor) level of higher education in speciality 163 — Biomedical Engineering and
122 — Computer Science at the Faculty of Biomedical Engineering, Igor Sikorsky Kyiv
Polytechnic Institute.

The main findings of this thesis are reflected in 20 research publications, including
5 research articles indexed in Scopus and Web of Science, 1 research article in a
specialised scientific journal in the field of biomedical engineering, 1 research article in
a specialised scientific journal in the field of medical sciences, 2 Ukrainian patents, and
11 abstracts from congresses, symposia, and scientific conferences.

Chapter 1 “Literature review” surveys the scientific and patent literature on
applications of magnetic nanoparticles for cancer treatment based on the magneto-
mechanochemical and thermal effects caused by electromagnetic irradiation as well as
techniques in radiological visualisation of malignant tumours.

Chapter 2 “Materials and methods” outlines the design of the studies conducted, as
well as the characteristics of the materials used and study objects. It details the proposed
designs and utilisation of a device for initiating mechanoluminescence by magnetic
nanoparticles and a rotating magnetic field in biological objects, a breast phantom and an
employed magnetic-dipole applicator for personalised inductive moderate hyperthermia
with magnetic nanoparticles and a stationary magnetic field. This chapter also describes
radiological visualisation techniques, including digital breast tomosynthesis, ultrasound
elastography, computed tomography and magnetic resonance imaging, and texture
analysis methods applied to the acquired images in this work.

Chapter 3 “Detection of mechanoluminescence in cancer cells” compares
spontaneous chemiluminescence signals and mechanoluminescence signals initiated by a
rotating magnetic field in Walker-256 carcinosarcoma cells with magnetic
nanocomposite using the proposed device.

Chapter 4 “Antitumour effect of inductive moderate hyperthermia using stationary
magnetic field with magnetic nanoparticles and radiological visualisation of breast
phantom” presents image analysis results from digital breast tomosynthesis and

ultrasound elastography of the designed phantom. It also includes cell viability tests of
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MCF-7 human breast adenocarcinoma cells in response to inductive moderate
hyperthermia combined with a stationary magnetic field and magnetic nanoparticles.
Chapter 5 “Antitumour effect of inductive moderate hyperthermia using stationary
magnetic field with magnetic nanoparticles and radiological visualisation of Walker-256
carcinosarcoma” provides the results from ultrasound elastography and magnetic
resonance imaging analyses. It also compares changes in Walker-256 carcinosarcoma
redox state, growth kinetics and morphological features under the influence of inductive
moderate hyperthermia using a magnetic-dipole applicator and magnetic nanoparticles.
Key-words: anticancer effect; cancer cells; electromagnetic irradiation; image
analysis; inductive moderate hyperthermia; magnetic field; magnetic resonance imaging;

malignant tumour; medical image; nanoparticles; texture analysis; ultrasound imaging.
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MNEPEJIK YMOBHUX CKOPOYEHbD I IO3HAYEHb
A®K — aktuBHI HOpMHU KUCHIO;
A®H — akTuBHI popmu a3oTy;
JIHK — ne3okcupruOoHyKII€IHOBA KUCIIOTA;
JNOKC — noxcopyOinuH;
EMII — enekrpomarHiTHe MoJe;
EIIP — enekTpoHHUI apaMarHiTHUI pEe30HAHC;
IIII" — inAyKOifiHa moMipHa rinepTepmis;
KT — pentreHiBcbka KOMIT IOTEpHA TOMOTpadis;
MJI — MexaHOMIOMIHCCIICHITIS,
MHK — MaraiTHHII HAHOKOMIIO3HT;
MHK-/IOKC — maruiTH1I1 HAHOKOMITIO3UT HaBaHTAXEHUN JOKCOPYOIIIMHOM;
MHUY — marHiTHa HaHOYaCTUHKA;
MPT — MaruiTHO-pe30HaHCHA ToMOTpadis;
IIMII — mocTiifiHe MarHiTHE II0JIE;
PMII — porariiiHe MaruiTHe mosJe;
PUT — pentreniBchkuii iupoBuii TOMOCUHTES;
CMHU - cynepniapaMarHiTHa HaHOYaCTHHKA,;
V3 ]I — yapTpa3ByKOBE JOCTIHKEHHS;
V3E — ynbTpa3zBykoBa enactorpadis;
®MHUY - pepomartiTHa HAaHOYACTUHKA;
XJI — XeMUTFOMIHECIIEHIIIS,
SAR — muTommii KOE(]IIi€EHT MOTIWHAHHS €HEPrii eIeKTpOMarHiTHoro mois (specific

absorption rate).
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BCTYII

AKTyaJIbHICTb TeMH JOCHiIkeHHA. 3a JaHUMU BcecBiTHBOI opraHizaiii
OXOPOHH 37I0POB’sl, Y CBITI HIOPOKY BUSBISAETHCS 0JM3bKO 20 MUIbIOHIB HOBUX BUIIAJIKIB
3JI0SIKICHUX HOBOYTBOPEHb, 3 SIKUX 9,7 MUTbMOHIB BUITA/IKIB € JIeTaabHUMH [ 1]. 3a nanumMu
HamionanpHOTO KaHIep-peecTpy YKpainu, 3arajibHa KUIbKICTh BUTIQJIKIB OHKOJIOTTYHOTO
3aXBOPIOBaHHs cArHyJa noHaa 106 tucsay 3a 2022 pik, a yacTKa XBOPUX, 1O HE MPOKUIH
OJIHOTO POKY, 3 uMcia Brepuie BusBieHHX nepesumuia 23%. HaiiOuipima yacTtka y
HO30JIOT1YHIN CTPYKTYpl 3apeeCcTPOBAHUX BHUMIAJKIB Yy JKIHOK MPHUIAJAE HA 3JIOSAKICHI
HOBOYTBOPEHHSI T'PYJHOI 3aJl03U, 3 SIKMMH TOB’si3aHO Maixke 15% ycix cmepTelt BiX
3JI05IKICHUX HOBOYTBOpPEHb [2]. Pe3ynpTaTu nmonepenHix A0CHiKEHb BKa3yIOTh Ha BUIII
MOKA3HUKH BIJMIOBIJII MyXJIMHU Ha JIIKYBaHHS Ta BIOKMBAHOCTI y TIAIIIEHTIB 31 3JI0SKICHOIO
NyXJUHOK TPYIHOI 3all03U Micias Ximioreparii y KOMOIHaIli 3 perioHaJbHOIO
1HayKIiiHO0 noMipHOIo rineprepmieto (IT1N) (£ 42 °C), Hix y TUX, XTO OTPUMYBaB JIUIIE
ximiotepanito [3], [4]. InaykuiiiHa rinepTrepMis BUKOPUCTOBYETHCS JUISl JIIKYBaHHS
BIJIHOCHO HEBEIUKHUX I[IILOBUX O0’€MIB, TakuX SK TNEpPBMHHA NyXJIMHA, Tpyna
perioHapHux JdiM(paTUYHUX By3JiB a00 comiTapHUil BiaganeHuil Mmeractas. OnHak
OOMEKEHHS IIbOTO TiIXOIY BCE IIE 3aIHIIAIOTHCS MMOB’I3aHUMU 3 JIOKAJIbHUM BITHBOM
Ha MYyXJUHY, TE€TEPOTCHHICTIO, MPUTAMAHHOI 3JIOSKICHUM MyXJMHAM, 1 MOOIYHUMU
edeKTaMu MMiABUIIEHHS TeMIIEpaTypH Y HaBKOJIMIIIHIX TKaHUHax [5], [6], [7].

Buxopucranns martitHux HanoyactuHok (MHY) y xomOinamii 3 1IN oxortoe
IIMPOKHIA CIICKTP 3aCTOCYBaHb JIJIS ITOETHAHHS TIarHOCTUKH Ta JIIKyBaHHS — TEPAHOCTUKH
3N0SIKICHUX HOBOYTBOpeHb. MHY, nmocraBieHi 70 MyXJMHU M1 BIUIMBOM IOCTIMHHUX
MardiTHUX 1o (IIMII), miaABUIIYIOTh KOHTPACTHICTH MEAUYHOTO 300payKCHHS 3aBISIKU
pI3HUIII B 1HTEHCHBHOCTI CHUTHAJy NpPH MarHiTHO-pe3oHaHCHiH Tomorpadii (MPT),
€XOTeHHOCTI M JKOPCTKOCTI TpH YibTpa3BykoBomy pociimxenHi (Y3]l), peHTreH-
HIUTBHOCTI TMPU PEHTTEHIBCHKIA Bi3yamizallii MDK 30HOI0 1HTEpecy MyXJIUHH Ta
HABKOJIUIITHIMU TKaHMHAMH, 2 TAKOX TApreTHO 1HIIIIOITh MPOTUIYXJIMHHUN BIUIMB Ha
3II0SIKICHI KJIITUHU 32 PaXyHOK MarHiTO-MEXaHOXIMIYHUX 1 TEIJIOBUX €(EKTIB Mif JT1€I0

[IMII Ta enexrpomaruitaoro nosist (EMIN) [8], [9], [10], [11], [12]. TIpu pomy, 11i0Ba
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temriepatypa (~ 42 °C), neobximHa Ay nmpotunyxjanaaoro BiuBy mnpu TN 3 MHY, €
OJIN3BKOIO 0 3HAYEHHS OOJBLOBOr0 MOPOTY, CHPUYUHEHOTI'O HAIPIBAaHHAM M’ SIKUX TKAaHUH
y TpyaHii kmitoi Jroauau [13]. JlocmigkeHHs 30cepeqkeHl Ha KOMOIHAIil MarHiTo-
MEXaHOXIMIYHUX 1 TEIJIOBUX €(PEKTIB JAEMOHCTPYIOTh MEPCHEKTUBY IS MOAAIBIIOL
TPaHCIALIT y KJIiHIYHE 3acTocyBaHHs. CHIH, SIK1 CTBOPIOIOTh MarHiTHI HAHOYACTHUHKY M1
JII€F0 TOCTIHOTO MAarHiTHOTO MOJIs, € 3HAYHO MEHIIMMHM 32 KOMIIPECIIHY CHITY TiJ] 4ac
mamorpadii ( > 150 H), uro Bukinukae 0uib y xiHoK [14], mpote uux cun (0,2—5000 nH)
JIOCTaTHBO JJIs1 BIUTUBY Ha 3510sKicHI KiiTuHU [ 15]. [lepconanizoBane miuanyBanss 111N 3
MHU nns kokHOTO MalieHTa BUMarae BusHaueHHs po3noauty MHY ta 6iomexaHiyHUX
napaMeTpiB myxJauHU. BogHoudac Bijomi Oi01HXKEHEPHI 3aCO0M JTOCTaTHHO OOMEKEH1
III0JI0 MOKJIMBOCT1 TepCOHai3aIlli MarHiTO-MeXaHOXIMIYHUX e(EeKTIB Yy 3JI0SKICHUX
NyXJWHAX, [0 MPU3BOAUTH [0 3BYXEHHS 00J1acTi BUKOPUCTAHHS MAarHITHO1
HAHOTEPAHOCTUKHU 3JIOSKICHUX HOBOYTBOPEHb.

3B’A30K po00TH 3 HAYKOBHMH NporpamMaMu, IulaHamMu, Temamu. PoOota
BHKOHaHA Ha Kadepi TpaHCIAIIHHOT MeTUYHOI O101HKeHepil pakynbpTeTy 610MenuIHOT
imkenepii  HamionanpHOro  TexHiyHOoro yHiBepcutery  Ykpainu  «KuiBchkuii
noJIiTeXHIYHUHM 1HCTUTYT iMeH1 [rops Cikopcbkoroy» Ta y JlepkaBHOMY HEKOMEPIIHHOMY
nianpueMcTBl  «HarioHanpbHHMI 1HCTUTYT paky» B paMKaxXx HACTYITHUX HayKOBO-
TocTHiaHuX poOiT: «OnTuMizallisi KOHCEpBATUBHOTO JIIKYBaHHS XBOPUX Ha pak I'pyIHOI
3amo3n  HER2/neu - (HeratuBHMII) Tpynud BHCOKOTO PU3HKY TPOTPECyBaHHS
3aXBOpIOBaHHs» (Aep:kaBHUM peecTpaniitnuit Homep: 0120U0002186), «Po3podutu
METOJIMKY MPOTUIYXJIMHHOI Teparnii NEPBUHHUX 3J0SIKICHUX MyXJIMH KICTOK, 3aCHOBAHY
Ha MAarHITOXIMIYHIA TEXHOJOrli 3 BHKOPHUCTAHHSIM HAHOKOMILUIEKCIB» (Iep KaBHUMN
peectpauiitnuii Homep: 0123U100711) Ta «IlokpamieHHs pe3ynbTaTiB KOHCEPBATUBHOTO
JIKyBaHHS XBOPUX Ha pak TPYyAHOI 3aJ03M 3 HU3bKUM a00 HETaTUBHUM CTaTyCOM
HER2/neu Ha ocHOBI omTuMi3alii Ta 1HAUBIIyaIi3allii METOAIB Teparii» (Aep:kaBHUN
peectpaniitauit Homep: 0123U100713) 1 «<Holo-TEM of magnetic nanocomplexes Au-
Fes;04-DOXO for a more effective fight against cancer» (20232024
[{eHTpabHOEBPOIIEUCHKOTO KOHCOPIIIyMYy JocaigHulbkux iHpacTpyktyp CERIC-

ERIC). Komiterom 3 [lepxaBHuX mipeMiii YKpainu B rany3i Hayku 1 TexHiku (IToctanoBa
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Ne 6 Bim 04.11.2022) nucepranty Oyno npuszHadeHo ctunenzaito Kabinery MinicTpis
Vkpainu 11 Moaoaux BueHux npotsarom 2022—-2024 pp.

Meta i 3aBaaHHsi jJociailkeHHs. Meta nmaHoi aucepramiiiHoi poOOTH —
OOTPYHTYBATH Ta PO3poOHUTH Oi0IHKEHEPH] 3aCO0U 3 MArHITHUMU HAHOYACTHHKAMU JIJIS
peasizaliii TPOTUITYXJIMHHOTO BIUTMBY 1 PaJll0JIOTIYHOI Bi3yali3allii eKCliepuMEeHTIbHOT
3TOSIKICHOT Iy XJIUHHU.

JI71st TOCATHEHHS TOCTAaBJIEHOI METH OyJIO BUPIIIEHO HACTYITHI 3aBAAHHS.

1. [IpoananizyBaT HayKoBYy Ta NAaT€HTHY JIITEpaTypy IIOJAO MAarHiTo-
MEXaHOXIMIYHUX eQeKTiB, iHiniioBaHux BmiuBoM MHY 3 enekTpoMarHiTHUM
ONPOMIHEHHSIM, 1 PaA10JIOTI4HOT Bi3yasi3allii 3710IKICHUX ITyXJIUH.

2. Po3pobutu  au3aiiH  TpUCTpOrO  JUISL  peecTparlii  Ta  JAOCIHIIUTH
MexaHotoMiHecteHiito (MJI) 3mosikicHUX KJIITUH, 1HIIiAOBaHy BimuuBoM MHY Tta
poTartiitHoro martitHoro mnojs (PMII).

3. Po3poOutu nu3ailH TKAaHMHHOEKBIBAJIEHTHOrO (haHTOMa TpYJIHOI 3alio3H,
MPOBECTU HOTO PaioioriuyHy Bi3yali3allll0 Ta TEKCTYpHUU aHaji3 OTPUMAaHHUX
300pakeHb JiJis nepcoHaaizopanoro mianysanns 11N 3 TIMIT 1 MHUY.

4. Hocmiautn KOMOIHOBaHMM BIUIMB IHAYKIIIHHOI TIOMIPHOI Timeprepmii,
MOCTIHHOTO MArHiTHOTO TOJIA 3 3aCTOCYBAaHHSM MAarHITHO-JAUIOJIBHOTO aIulikaTopa Ta
Mar”HiTHUX HAHOYACTMHOK Ha pAaJioJOTIuHy Bi3yali3ailiio, TEKCTypHI MapaMeTpu
OTPUMAaHUX 300paKEHb, PEIOKC-CTaH 1 KIHETUKY POCTY E€KCIIEPUMEHTAIbHOI MOJeml
3II0SIKICHOT Iy XJIMHH.

OO0’ €KT n0CTiIKEeHHs] — MAaTHITHA HAHOTEPAHOCTHKA 3JTOSKICHUX MTyXJIMH.

IIpeamer pocaimxenHss — OioimkeHEepHI 3acobu 3 Bukopuctanuasm MHY ms
MPOTUITYXJIMHHOTO BILTUBY Ta MEUYHOI PaTi0JI0TIvHOT Bi3yai3allii eKClIepUMEeHTATbHOT
3JI0SIKICHOI Ty XJIMHH.

Metoam aocaixkeHHsT — O101HXEHEpH1, PaaioioriuyHi, MOPQOJIOTiuHl, (i3UKO-
TEXHI4YH1, PI3UKO-XIMIYH1, CTATUCTUYHI.

HaykoBa HOBH3HA OTPUMAHHUX pe3yJbTAaTiB. Y1epine po3po0iIeHo IpUCTpii Ta
MPOBEJIEHO peecTpalito iHimiHoBanoi BmmBoM MHY 1 PMII mexaHomtoMiHeCIEHITIT

3MOSIKICHUX ~KJIITUH KapUMHOCAPKOMM TpPYyJAHOI 3aio3u  Yokep-256 'y piakomy
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cepenoBHIIIi. Yrepiie po3pobiaeHo GaHTOM IpyaHOI 3a103H 31 3J0SKICHUMH KIIITHHAMU
aZIcHOKapIMHOMHM TpyaHO1 3a5103u MCF-7 miist nepconanizarii minanysarss II1TN 3 TIMIT
1 MHY, mpoBeneHo HOTO paaiofioriyHy Bi3yami3allilo i3 3aCTOCYBaHHSIM TEKCTYpPHOTO
aHami3y po3noaiuny kiactepie MHY Ha oTpumaHux 300pakeHHAX. YTepIie J0CTiHKeHO
BruiiB MHY Ha ocHOBI OKcuAy 3aii3a 1 30JI0Ta, HABAHTAXKEHUX MPOTUITYXJIMHHUM
npenapatroM gokcopyOimmaoM (JIOKC), y komOiHamii 3 MarHiTHO-IHUIIOJILHUM
arutikatopoM Uit IIIIT Ha pazgionoriuHy Bi3yanmi3amito, TEKCTYpHI MapaMeTpH, piBHI
yOICEMIXIHOHY, CYNEPOKCHIHOTO paJuKajla, OKCHUAY a30Ty Ta KIHETUKY pOCTY
KapuuHocapkoMu  Yokep-256  OrpuMmaHi  pe3ysibTaTd  JOTMOBHIOIOTH  CYyYacHi
O101H)KEHEpH1 PIIIEHHS 1I0A0 MEepPCOHAI3alll MarHiTo-MexaHoximiuHoro epexry MHY
M1]] BIULTMBOM €JIEKTPOMArHiTHOTO OMPOMIHEHHS MPY TEPAHOCTHUIII 3TOAKICHUX MYXJIHH.
IIpakTryHe 3Ha4YeHHS OTPUMAHMX pe3yabTaTiB. Oninka MJI 3 BUKOpUCTaHHAM
3alpPONOHOBAHOIO MPUCTPOI0 MOXKE CIYTYBATH JOAATKOBUM KUIBKICHUM MapaMeTpoM
MarHiTO-MEXaHOXIMIYHOTO  €(eKTy B 3JI0SKICHUX KJIITHHAX TpPU  MAarHiTHIHA
HAaHOTEPAHOCTULl JUIs TOKpALIeHHS TOYHOCTI MEAMYHOI J1arHOCTMKM W Tepamii.
3anponoHoBaHa KOHCTPYKLIs (paHTOMa Moke OyTH BUKOpHCTaHa A 1uianyBaHHs [T
3JI0SIKICHUX HOBOYTBOPEHb TIpyAHOi 3ano3u, jne MHY cinyryioTe MapkepoM Ha
peHTreHiBcbkux Ta Y3]I-300paxeHHSX 1 BOJHOYAC JIOKAJII3aTOPOM I BIUIUBY
€JIGKTPOMArHiTHOTO ONPOMIHEHHs. Pe3ynbTatu mNpoBeNeHUX eKCIEePUMEHTaTbHUX
JOCIIJKeHb cBimuath, mo BMB MHY Ha ocHoBi okcumy 3amiza Ta [IMIT 3
3aCTOCOBAHMM MAarHiTHO-JUIIOJILHUM arulikaTOpoM MPU3BOJIUB /10 3HM)KCHHS BEJIMYMHU
Monynsi Owra myxmuam y 2,7 paza mpu Y3JI-Bizyamizarii, OUIbII BUPaKEHHX
HEKPOTUYHHX 3MiH Ta 1Hr10yBaHHS KIHETHKHU POCTY KaplLMHOcCapkoMu Y okep-256 a 17%
y eKCIOHEeHIanbHii ¢a3i, mopiBasHO 3 BrumBoM MHY (p < 0,05). Bmue MHY nHa
OCHOBI OKCHJTy 3aJ1132 1 30J10Ta, HABAHTAKEHUX NpOoTUNyXauHHUM npenaparoM JJOKC, y
KOMO1HalIi 3 MarHiTHO-AUIONbHUM arutikaropom aiid [T iHiniroBaB 301ap11eHHs B 1,6
pa3a MeJlaHu IHTEHCUBHOCTI Ta MEHIIE aOCONIOTHE 3HAYeHHs Koe(illeHTa acuMeTpii
30HU 1HTepecy MyxJauHu npu MPT-Bi3zyanizanii, NJBULIEHHS PIBHIB CYNEPOKCHIHOTO
paaukana B 1,4 pa3za, yoicemixiHOHY — y 2,1 pa3a, 3HWKEHHS PIBHIB BUIBHOIO paJiuKaa

okcuay a3otry B 1,2 pa3a ta Ha 14% Oinpin BupakeHe 1HTIOyBaHHSI KIHETUKH POCTY
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KapIMHOCapKOMH Y OoKep-256 y TepMiHanbHIN (a3i, Hi’K caMOCTiiHA i 0hIIUHATEHOTO
JIOKC (p <0,05).

Po3po0bneni 6ioiHkeHepHI 3acO0M 3 MArHITHUMHA HAHOKOMITO3UTAMHU BUKOPUCTAHO
JUISL  TEXHOJIOTHi  HAHOTEPaHOCTHMKHM B  Jaboparopii  eJeKTPOHHO-IIPOMEHEBOT
HAaHOTEXHOJIOTII ~ HEOpraHiuHUX  MarepiamiB i MEOUIUHH  [HCTUTYTYy
enekrpo3BaproBanus iM. €.0. [larona HamionaneHoi akagemii Hayk YKpaiHH Ta y
BUKJIaAaHHI AucuuiuiiH “biodgizuka” Ta ‘“PamiamiiiHa Oe3meka 1 JO3UMETpis s
3100yBauiB  mepmioro (0akaJiaBpChbKOr0) piBHA BHUIIOT OCBITH  CIEIiadbHOCTEH
163 — biomenuuHa iHxeHepis Ta 122 — KoM toTepHi Hayku Ha (paKyJIbTeTi 610MeTUYHOT
imxeHepii HamionaneHoro texHiyHoro yHiBepcutery VYkpainn «KIII im. Irops
CiKOpChKOTOY.

Oco0uctuii BHecok 3100yBaua. PesynbTaTi qucepraiiiiHoi poOOTH, onepxaHi
aBTOpoM abo 3a ioro Oe3nmocepeaHboi ydacti. OCHOBHHUM 0OCAT e€KCIEepPUMEHTATbHUX
JOCITIKeHb, 00po0Ka Ta IHTEepIIpeTallis oOJAep>KaHUX Pe3yIbTaTiB BUKOHaH1 3100yBaueM
ocoducro. JlucepraHT CcaMOCTIfHO BHKOHAB 1H(QOpPMAIIMHUM TIONIYK, aHaTI3
JITEpaTypHUX JIaHUX, BUBHAUMB Cy4acHUU CTaH MpoOJIeMH, IJIaHyBaHHS Ta METOAMYHI
NIIXOAW JO0 PaaioNoOTiyHOl  Bi3yami3amii 1 MarHiTO-MeXaHOXIMIYHUX  e(]eKTiB,
MpoaHali3yBaB OTPUMaHI MEIWYHI 300pa)K€HHsS, MPOBIB CTATUCTUYHUN Ta HAYKOBUU
aHai3 OTPUMaHUX pe3yJbTaTiB. BuOip HampsiMKy MOCIHIIKEHb, MOCTAHOBKA METH Ta
3a/a4, IUIAaHYBaHHSA EKCIIEPUMEHTaJIbHOI pPOOOTH, OOTOBOpEHHS W y3arajabHEHHS
OTPUMAHUX PE3YyJbTaTIB MPOBOAUIIOCS CIIJIBHO 3 HAYKOBUM KEpIBHUKOM [1.0.H.,
npod. lNankinum O.FO. B okpeMux 0OTOBOpPEHHSX pe3yibTaTiB TaKOX Opalyd y4dacTh
n.6.1., mpod. Open B.E. (AHII «Hamionanpauit iHcTHTYT paxky»), Ph.D.,
npod. Tceneni M. (Tselepi M.) (Snincekuii yaiBepcutet, ['peris) Ta Ph.D. Mitpemiac T.
(Mitrelias T.) (Cambridge BioMagnetics, Ltd., KemOpumx, Cnonyuene KopomiBcTBO
Benukoi bpuranii ta [liBHiuHOi [pnanaii). Yei po3aum qucepTaniiiHoi poOOTH HaucaH1
Ta OQOpMJIEHI aBTOPOM OCOOUCTO, CAMOCTIMHO C(OPMYJIHLOBAaHO BHCHOBKH,
OOIPYHTOBAHO TEOPETUYHI Ta MPAKTUYHI MOJIO)KEHHSI pOOOTH. Y CTATTAX, SIKI HAIUCAH1 y
CIIBaBTOPCTBI, BArOMHUM BHECOK HAJICKHUThH JUCEPTAHTY, HeMae KOHQIIKTY 1HTEPECIB.

JocnigxeHHss  QI3UMKO-XIMIYHUX —XapaKTEepPUCTUK MArHITHUX HAHOYACTUHOK OyIio
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3nificHeHo crmiibHO 3 K.T.H. Kypamosum O0.A. Ta k.¢.-m.H. JlutBunom C.€. (Inctutyt
enektpo3BaproBanHs iM. €.0. Ilatona HAH VYkpaian), Ph.D., npod. Kankarnine JI.
(Calcagnile L.), Ph.D., nmpod. Manno JI. (Manno D.) ta Ph.D., npod. Pinanai P. (Rinaldi
R.) (Center of Applied Physics, Dating and Diagnostics, CaneHTiCbKHII YHIBEPCUTET,
ITamist). AmnHami3 OJKWUTTE3MATHOCTI  KIITAH MPOBOAWIMA  CHUTBHO 3 1.0.H.,
npod. lapmanuyk JI.B. (HaBuambHO-HaykoBuit 1ieHTp «lHCTHMTYT Olomorii Ta
MenuuuHny, KuiBChbKOro HallloHanbHOTO YHiBepcuTeTy imeHi Tapaca IlleBuenka).
[lepemeruieHHs TyXJIWHHUX KIITHH, HAJAIITyBaHHS IapaMeTPiB ONPOMIHEHHS Ta
CIIOCTEpEXKEHHSI 3a JabOpaTOpHUMH TBapuHaMHd Oyno 3AIHCHEHO CHOUIBHO 3
k.6.H. Jactokesuu O.M. Ta Puxamscekum O.JO. (JIHIT «HanioHansHuil iHCTHTYT paKy»).
[icronoriunuii aHami3 OTPUMAHUX TKAHMHHHUX 3pa3KiB OyJI0 BUKOHAHO CHUIBHO 3
1.0.H. Ky3nenoporo I'M. Tta k.0.H. /I3t00enko H.B (HaBuanbHO-HayKOBHI LIEHTp
«IHcTUTYT OloMorii Ta MenuuuHW», KHUIBCHKOro HaIlOHAJIBHOTO YHIBEPCUTETY IMEHI
Tapaca IlleBuenka). AHaii3 CHEKTPIB EJIEKTPOHHOIO TMapaMarHiTHOIO PE30HAHCY
OTPUMaHUX TKaHMHHUX 3pa3kiB OyJo MpoBelleHO chuibHO 3 1.0.H. bypnakoro A.Il. Ta
K.p.-M.H. Bipko C.B.  (IHCTUTYT eKCHepuMEHTalbHOI  MMaToJIoTii, OHKOJIOTIi 1
panio6ionorii im. P.€. KaBenbkoro HAH Ykpainm).

Anpobanisi pe3yabratiB aucepramii. OCHOBHI TOJIOXKEHHS JUCEpTaIli
MPEICTaBJICHI HA HAYKOBHX KOHTpecax, KoHdepeHiisax ta 3’ iznax: XIV 3’131 oHKOIOTIB
Ta paxgionoriB Ykpainu (30 Bepecus—2 xoBtHs 2021 p., KuiB, Ykpaina); [V HaykoBo-
MpaKTUYHA KOH(PEPEHIIisl CTYACHTIB Ta MOJIOANX BYCHUX 3 MIKHAPOHOIO ydacTio «Bif
CKCIICPUMEHTAIIbHOI Ta KIIHIYHOI maTtodizionorii 70 JOCSITHEHb CYYacHOI MEAUIIMHHU 1
dapmartii» (19 tpaBus 2022 p., Xapkis, Ykpaina); International Union for Physical and
Engineering Sciences in Medicine (IUPESM) World Congress on Medical Physics and
Biomedical Engineering (12—17 uepBus 2022 p., Cinaranyp, Cinramyp); European
Congress of Radiology (13—17 naunusa 2022 p., Bigens, ABctpis); XXII International
Conference on Mechanics in Medicine and Biology (19-21 Bepecus 2022 p., bonoHcbkuit
yHiBepcuteT, bononss, Itanis); IEEE 41st International Conference on Electronics and
Nanotechnology (10-14 xoBtHs 2022 p., KuiB, Ykpaina); MixHaponHa HayKOBO-

npakTuyHa KoHdpepeHiiss «CydyacHU CTaH Ta MEPCHEeKTUBU OIOMEIUYHOI 1HXKEHEPII»,
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(15-16 rpynnsa 2022 p., Kuis, Ykpaina); International Conference on Biotechnology and
Bioengineering (28 Bepecusi—1 xoBTHs 2023 p.); MikHapoaHa HayKOBO-IIpaKTUYHA
koH(pepenitis «CydacHUi CTaH Ta MEPCIEKTUBH O10MeTMYHO1 1HKeHepii», (13—14 rpynns
2023 p., KuiB, Ykpaina); MikHapogHa HaykoBO-TexHiuHa KoH(pepeHiis «CyuacHi
TexHoJIoTii Olomeamunoi iHxkeHepii» (8—10 TpaBus 2024 p., Oneca, Ykpaina); XI
Mixunaponna xoH(pepeHuis «Meanuna (izuka — Cy4yaCHHM CTaH, IpoOJieMH, HUIAXU
PO3BUTKY, HOBITHI TexHOJOT1i» (25—27 BepecHs 2024 p., Kuis, Ykpaina).

ITyoaikanist maTepianiB. OCHOBHI OJIOKEHHSI AUCEPTALIIMHOI pOOOTH BUKIIAAEHO
B 20 HayKOBHUX MpallsiX, y TOMY YUCJIl Yy 5 CTaTTAX, IO BKJIKOYEHHI 0 MIKHAPOIHOI
HayKoMeTpuuHoi 0a3u nanux Scopus Ta Web of Science, B 1 crarri y HaykoBOMy
(daxoBoMy BUAaHHI YKpaiHu y rany3i O10MeaIuyHOi 1HXKeHepli, B 1 cTarTi y HAyKOBOMY
(daxoBoMy BUJaHHI YKpaiHM y Tally3l MEJUYHHUX HaAyK, Y 2 maTeHTax YkKpainu 1a B 11
Te3aX KOHI'PECIB, 3°13/11B, HAYKOBUX KOH(MEpPEHIIIH.

CrpykTtypa Ta o6csr aucepramii. 3MicT poO0TH BukIaaeHO Ha 189 cTopiHKax.
Hucepraliisi CKIaAa€eThes 31 BCTYMY, aHAJTITUYHOTO OTJISAY JIITEpaTypH, MaTepiaiiB Ta
METOIIB JIOCIIKEHb, TPHOX PO3JAUIB BIACHUX EKCIEPUMEHTAIBHUX JOCTIKEHb 1 1X
O0OrOBOpEHHS, BUCHOBKIB, CIIMCKY BUKOPUCTAHUX JixKepen 3 337 mocuiianb Ta 8 JJ0JIaTKiB.

Po6ota mictuts 20 Tabauik 1 28 pUCYHKIB.
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PO3JILI 1
AHAJITHYHUM OTJISIJT TITEPATYPH

PO3BUTOK 3JI0SKICHUX HOBOYTBOPEHb IIOB’S3aHUN 3 MOPYIICHHSIM peryJisiii
CUTHAJIbHUX IUISAXIB, sIKI O€pyTh y4acTh y Mpolecax POCTy Ta MOAUTY KITUH [16].
MiKpoOTOUYeHHsI MyXJIUHU CKJIAaJa€Thcad 3 CYKymHOCTI (piOpoOnacTiB, 1HOUIBTPYHOUHX
IMyHHUX KJIITUH, €HIOTEAJIbHUX KIITHUH 1 MO3aKJIITHHHOIO MAaTPUKCY, IO BIIirpae
BXJIMBY POJIb y B3AEMOJII1 3JI0SIKICHUX KJIITUH 3 OPTaHI3MOM IyXJIMHOHOCISI, CIIPUSIOYH
IPOrPECYBAHHIO MPOLIECY Yepe3 3MIHY MEXAHO- 1 PEIOKC-UYTIMBUX CUTHAIBHUX HUISX1B
[17]. MarniTHI HaHOTEXHOJIOT1I MarOTh HH3KYy IlepeBar y peajizaiii JUCTaHIIHHO
KEpOBAaHOI MPOTUITYXJIMHHOI i 3a paxyHOK KOMOIHAIl HETEerIoBOro (MarHiTo-
MEXaHOXIMIYHHUM e(eKT) Ta TEIJIOBOTo (IIoMipHa TiepTepMis) BIUIMBY Ha MyXJIMHY Ta il
MmikpoorodeHHs i aiero [IMIT ta EMII [18], [19]. CToxacTu4H1 KOJIMBaHHS CUTHAIBHUX
NUISAXIB Y KJIITHHAX YaCTO BUSBISAIOTHCS HACTUIHKU K BarOMUMHU, HACKUIHKY W T€HETUYHI
daktopu abo QakTopy HABKOJWIIHHOTO CEpPEIOBHUINA B OararoeTariHOMy MpOIleci
KapIMHOTeHe3y. MareMaTudHi IiJIX0aM, 3aCHOBaHI Ha HEMHIWHIA JuHaMIm (Teopii
Xaocy), (ppakTallbHOMY ¥ aBTOKOPENSIIHHOMY aHalli3l, IMUPOKO BUKOPHUCTOBYIOTHCS B
CUCTEMHIH 010JI0T1i /I OMKCY MOBEIIHKH ITyXJIMH, /1€ 3JOSIKICHY MMyXJIMHY PO3TIISAAI0Th
AK CKJIQHY afanTuBHy cuctemy [20]. ATUIIOBI KJIITHHU Ta XaOTUYHA CyJUHHA MEpeka
3JI0SIKICHUX MYXJIMH BIJIOOpaKarOTh 3MIHU JeTepMiHOBaHOro xaocy [21], [22]. [Toudarts
JIETEPMIHOBAHOTO XaoCy OyJi0 BBEJACHO JAOCHIIHUKAMM JJIsI aHali3y MOCTIMHOI il
(GyKTyaliil Ha MyXJIMHHI KIITUHY Ha PI3HUX PIBHAX OpraHi3allii opraHi3my JOIUHU.

Po3poOka OioiHKeHepHUX 3aco01B JUIsi MEIMYHUX LUIeH MOoTpedye pO3yMIHHS
pI3HMX PIBHIB OpraHi3alii, OCKUIBKM CTPYKTYpPH BHUIIOIO MOPSAKY MarOTh OLIbIIY
CKJIQJAHICTh, aHIXK CTPYKTYPHU HIXKUOTO MOPSAKY. EleMEHTH 3 HU3BKOTO PIBHS OpraHi3anii
CIPUYHHSIIOTH XaOTUYHY MOBEAIHKY, SIKIIIO PO3TIISAATH 1X 3 TIO3UIIH BUIIOTO piBHSA. OTXKeE,
HaWOUIBII TOMIMPEHI aTOMHM B 010J70T1YHUX 00’ €KTaxX, Taki sIK BYIJIElb, BOJICHb, a30T,
KHCEHb, ocdop 1 cipKa, pO3MISIAI0TH K JHKEPEIO XaOTHYHOI JUHAMIKM MOPIBHSIHO 3
MaKpOMOJIEKYJISIpHUMU CTpyKTypami. L{ikaBo, 1110 CTOXaCTUYHI SIBUIIA HA BUIIIUX PIBHAX

MOXXYTh 3MIHIOBAaTH TOBEAIHKY €JEMEHTIB HUX4oro mopsanky [23]. JocmimkeHHs
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HETIHIMHUX JUHAMIYHUX CHCTEM € 3HA4YylIIUMHU JJi1 PO3YMIHHS TeTePOTeHHOCTI
3MIOSIKICHUX TYXJIUH. 3NI0SKICHI MyXJIMHU JIEMOHCTPYIOTh CTPYKTYpHY Ta MeTaOOIivHy
TeTEPOreHHICTh Ha BCIX PIBHSAX Opradizaiii >KUBOro opranizmy [24]. ['eTeporeHHicTbh
OyXJIUH € OJHIEI0 3 KIIYOBUX OCOOJMBOCTEH, IO YCKIAJHIOIOTH 1arHOCTUKY Ta
JIKyBaHHsI 3JIOAKICHUX HOBOYTBOpeHb [25]. Hampuxmanm, mpocTtopoBa 1 dacosa
TeTepOreHHICTh PO3IMOALTY KUCHIO, TIMOKCIT Ta afeHo3uHTpudochaTy BUHUKAIOTH Yepes
OUIbII XaOTUYHY CTPYKTYpPY CYAMHHOI MEpel B MyXJIMHI Ta ii MIKPOOTOYEHHI, HIXK y
HOpMalibHUX TKaHUHax [26]. A. Cent-piiopai (A. Szent-Gyorgyi) 3anponoHyBaB OJHH
3 MepIIMX MIAXOIB, IO OB’ SI3YI0Th 3MIHU Y MEPEHOC] €JIEKTPOHIB 3 POCTOM MYXJIUHU
[27].

Jlnst peanizaiiii MarHiTHOI HAHOTEPAHOCTUKH 3JOAKICHUX MyXJIMH — MIIXO0Y, 110
MOEHY€E M1arHOCTHKY Ta JIKYBaHHS 3 JOMOMOTOI €auHO1 HaHoruiatrdopmu, — MHY
3a0e3MeuyoTh JI0JaTKOBY KUIBKICHY 1H(OpMaIlil0o NpHU paaioiorivyHiil Bizyaisaili,
OinpIn TapreTHy (LUIbOBY) JOCTABKY Ta TOCHJICHHS TMPOTUIIYXJIHMHHOTO €(eKTy
XIMIOTEpaneBTUYHUX areHTiB y BiAmoBiap Ha BB [IMII Tta EMII. Jlo mpukiany,
MarHiTHI HaHokommo3uTu (MHK), HaBaHTaXeHI NPOTUIYXJIMHHUMH IperapaTami,
takuMu sk JJOKC 1 makimiTakces, YMOXJIUBIIOIOTH Kpally Bi3yali3alilo MyXJIUHU U
BOJIHOYAC TMOTEHINIOITH ixHIO Ait0 [28], [29], [30]. Posymians poxi MHY ta MHK y
B3a€MOJIIT OpPraHi3My 3 MyXJIUHOIO Ma€ 3HAYSHHS JJIsl 3HM)KCHHS iXHbOI TOKCUYIHOT i1 Ha
HOpMalibHI TKaHWHU. OJHAK J0CI ICHY€ psJi HEBHUPINICHUX NUTaHb Y MEIUYHIN
TpaHCISIIT  MarHiTo-mexaHoxiMmiuaux  edexktiB MHY  ana  mepconanizoBaHOl
TEPaHOCTHUKH 3JIOAKICHUX MyXJIMH. MeToro 11b0T0 po3ainy € ananiz poai MHY 1 MHK min
BruiBoM [IMIT Ta EMII y Moaymsmii peqokc-cTaHy MyXJIMHH Ha OCHOBI MarHiTo-

MEXaHOXIMIYHUX 1 TETUIOBUX €(EKTiB.

30



1.1. Maruito-mexaHOXiMiYHHM TA TeNJIOBUI eeKT y MOAYJISALIL peJOKC-CTAHY

3J0AKICHUX MyXJIUH

1.1.1. Pegokc-cTaH 3JI09KiCHOI Iy XJTHHH

3MiHU B JUXAJIBHOMY JIAHITI031 MITOXOHAPINA 3JOSIKICHUX KJIITHH CTalK IIAPOKO
Bimomumu Ticas pocmimxens O. BapOypra (O. Warburg), skuif BCTaHOBUB, IO
O10€HEepreTUYHI NPOLECH y MyXJIMHAX 3HAYHOK MIpOK 0a3yloThCs Ha aHAEPOOHOMY
[KOMI31. ['eTeporeHHICTh JUISHOK TIMOKCIT Yy MyXJMHI BBAXKAETHCS CEPHO3HOIO
NEPEIIKOIO0 sl €(PEeKTUBHOI JOCTAaBKM Ta MPOTUIYXJMHHOI [1i JikiB. daktopu
inykoBadi rinokciero (HIF-1, HIF-2) peryntoroTs nporecu pocTy 370SKICHUX MyXJIUH
Ta AHTIOTeHE3y B YMOBAaX HHU3BKOTO BMICTY KHCHIO. 3 OTJISAYy Ha Iie, IMiJIBHIIEHHS
MeTa0oJli3My KHUCHIO B IyXJIMHI BHU3HAYE€HO $K OJHY 31 CTpaTeridi NpUrHIYEHHS
nposidepartii 3moskicHUX KIiThH [31], [32].

YacTkoBe BIIHOBJICHHS KHUCHIO B MITOXOHJPIAX MPUUHATO BBaXaTH OCHOBHUM
JKEPEJIOM CIIOJIYK, ITUPOKO BIIOMHUX K akTUBHI ¢opmu kucHio (ADK), mo MamTh
BHUCOKY pEaKIliiHy 3/IaTHICTh 3aBASKH HASBHOCTI HECIIAPEHUX CJICKTPOHIB y 30BHIIIHIM
CJICKTPOHHIM OOOJIOHII Ta, K HACIIIOK, MapaMarHiTHI BJIACTHUBOCTI. 3a (P1310J0TTUHUX
YMOB, KIITHHHMM METa0oJli3M MPU3BOAUTH A0 iHIimiamii cynepokcuaHoro (0O:27) Ta
rigpokcunibHoro ("OH) pagukaniB, KOTpi yTBOPIOIOThCA O1ikoBUMEU KoMiuiekcami [ ta I11
y nauxanpHoMy JaHmio3i [33]. Iammm mkxepenom A®K ciyryroTe mnopyiieHHs
MeTabosizmMy 3aiiza. HakomuueHHs 1a0uUTRHOTO 3aimi3a 1HIIIIOE MEPEKUCHE OKUCHEHHS
JIMIIIB 1 BUKJIMKAE 3amporpaMmoBany ¢opMy KIITHUHHOI cMepTi — depontos [34]. AOK
BIJIIrpalOTh CKJIAJIHY POJb y (YHKIIOHYBAaHHI KJIITHH: 3 OJIHOTO OOKY, PETyJIOIO0Th
KUTTE3MATHICTh KIITHH 3 IOMOMOTOI0 peaoKc-uyTnuBux curHaiiB nursixiB (ERK 1/2 1
NF-«kB), a 3 1HmoOro — npu3BoAATh A0 MOIIKOJKEHHS JIMiAIB, OUIKIB 1 HYKJIETHOBHX
KHUCJIOT Ta OKHCHOTro ctpecy [35], [36]. Heniniiina aunamika xonuBaHHs piBHIB ADK
BUCTYIIA€ €JIEMEHTOM BapiaOebHOCTI B O10€HEPTreTUUHUX Ipoliecax MITOXOHApiH [37].
JUiss  TATPUMKU — OKMCHO-BIJHOBHOTO TOMEOCTa3y KIITUHA MarOTh PO3BUHEHI
dbepMeHTaTUBHI (CYNEepOKCUAINCMYTa3a, Kartajia3a) Ta HedepMEHTATUBHI (TJIyTaTioH,

ackopOiHOBa KHUCJIOTa, TOKO(PEPOIH, KApOTUHOIAM) AHTHOKCUAAHTHI CHUCTEMH, IO
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3a0e3nedyroTh 3aXucT BiJ momkoKeHHST ADK. OcKiabKH 310SKICHI Iy XJIMHA POCTYTh Y
OUTBIII TIMOKCHYHOMY CEPEOBHUII, HIK HOPMaJIbHI TKAaHWHU, TO MYXJIHHHI KIITUHU
TaKOXX MarOTh OUIBII BUPAXKEHY MNOTpeOdy B aHTHOKcHAaHTax. [linBuineHuii piBEeHb
TIIyTaTIOHy TOMNEPeIHLO OyJI0 acoIiOBaHO 3 PE3UCTEHTHICTIO Ta MPOTPECYBaHHSIM
nyxJinau [38].

3actocyBanns 3o0BHimHIX EMII 3cyBae piBHOBary mixk yTBopeHHsSM ADK Ta
aHTUOKCUJAAHTHOIO 3/1aTHICTIO. Y po0oTi [39] Oymo BUsiBIIEHO, 1110 HU3bKouacToTHI EMII
BIUIMBAJIM Ha Mepenady curHainiB 1 Tpadckpunuito reHiB. MHK, HaBaHTaxkeH1
XIMIOTEpaNeBTUYHUMH areHTamu, miJ BmivBoM EMII iHimioBaIM MOpOTUITYXJIMHHI
edeKkTH, 3aCHOBaHI Ha MexaHI3ml panukaibHux mnap (radical-pair mechanism).
[TapameTpu EMII 3MiHtoBanu kiHeTHKy yTBopeHHs: ADK: myXJIuMHHI KJIITUHU 3a3HaBaIA
anonTo3y 3a momipHoi koHieHTpalii ADK, Toai Sk BUIla KOHIIEHTpAIlisl BUKJIMKAaJIa
Hekpo3. Xowa wmoayismis piBHIB ADK 1 anTHokcumanTiB 3 jgomomororo EMII
3aJIMIIAETHCS CKJIAHUM 3aBJAHHSIM, 3aCTOCYBAaHHSI HENIHIMHOT JUHAMIKHM 3JIOSIKICHHX
NyXJIMH 1 PO3yMIHHS MEXaHI3MIB BUIbHOPAIUKAIBHUX peaKIiidi MpeACTaBiisi€ OiIbIIT

NepcoHaII30BaHUM MMIJIX1]] O HAHOTEpaIii paKy.

1.1.2. MarnitoximMmiunuii egexr

3riIHO 3 MarHiTOXIMIYHOIO Teopi€ro, 3amnpornoHoBaHolo I. JIstoicom (G. Lewis),
OOMIH €JIEKTpOHAMHU MDK aTOMaMH 1 MOJIEKyJIaMH TOB’S3aHUN 3 IXHIMH MarHiTHUMHU
BiacTuBOCTsIMHU [40]. MarHiTHI BIaCTUBOCTI IBOX pearyr04nX PeUOBUH BU3HAYAIOTH THUII
XIMIYHUX 3B’S3KiB, 110 yTBOPIOIOThCA MK Humu [41]. BmactuBocti MHY, Takux sik
Fe30s, Fex03, Co304, Cr203, BUKOPUCTOBYIOThH ISl BUBYCHHS O10JIOTIYHUX MPOIIECIB,
MOB’sI3aHUX 31 370AKicHUMH TyxiauHamu. Hampuknang, MHY wmarneruty (FesOs)
ckiamaroThes 3 ioniB Fe?™ i Fe’" 3 worupma i m’sarebMa HecmapeHHMH €lEKTPOHAMU
B1IMOB1AHO. KpiM TOTO, Mik 10HaMH 3aj1i3a 3 pI3HUM CTYIIEHEM OKMUCHEHHS B ojiHiit MHUY,
a Takox y kuibkox MHUY, BinOyBaroThCs mpouecu nepeHocy enekTpoHiB [42]. MHY
katanizytoth yrBopeHHs1 ADK y peakiisix @entona ta ['abepa — Baiica y Gionoriunomy
cepenoBuili (peaxuii 1.1 — 1.4) [43], [44], [45], [46]. 3rigHo 3 poboToro [47], peaxiii

OKHMCHEHHS BYTJIEBOJIHIB, TAKUX SIK MOJIIHEHACUYEH1 KUCIOTH Ta JIMiAH, MOJIEKYISIPHUM
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KHCHEM BiJIOYBaJUCh SIK TOCIIIOBHICTh BUIbHOPAIUKAIBHUX PEAKId y Tpu cTamdil
(iHimarisg, mpomaraifis 1 TepMiHallisg) 3 MarHITOYyTJIMBUMHU PEAKI[isIMA PEKOMOIHAIT

panukansHux nap [R*'R] i [R* 'RO:] (peaknii 1.5 Ta 1.6).

Fe*" + H0, — Fe** + HO" + HO', (1.1)
Fe’" + H,02 — Fe?" + HOO® + H, (1.2)
0;" + H202,— O, + HO" + HO™, (1.3)
Fe3* + 0™ — Fe?t + Oy, (1.4)

ne H>O» — nepokcup Boauto; HO® — rigpokcunbuuii pagukan;, HO™ — riipokcua-ioH;

HOO® — rigponepokcuanuii pagukai; O™ — CynepoKCUIHUNA pauKal.

R*+R* - RR, (1.5)
R* + RO," — ROOR, (1.6)

ne R* — panukan, yrBopenuit Bij ByryieBoaHO; RO>" — nepokcuIHUIN paauKal.

3oHintHi [IMIT Ta EMII no3Bosiin [UCTaHIIIHO 3MIHIOBAaTH KIHETUKY OKHCHO-
BIIHOBHUX peakiliii 3a yudactio MHY nuisixom perymsiii CriH-3aJIeKHOTO TEPEeHOCY
esnekTpoHiB [48], [49]. KpiM Toro, 3acTocyBaHHS Tpali€HTHUX MAarHiTHUX OB CIIPUSLIIO
MEePEMIIMICHHI0 Yepe3 MEeMOpaHy pPEYOBHH, IO MICTHIM HECHapeHl CJICKTPOHU Ha
30BHIIIHIA OOOJOHIN, TaKMX SK BUIbHI paaukanu Ta ioHU [50]. I[lim xomOiHOBaHUM
BrtuBoM [IMII ta EMII iHiniroBamucs mpoiecu TpaHCIOpTy enekTpoHiB Bix MHY mo
MOJIEKYJl TEpaleBTUYHHUX areHTiB, pPO3TAIIOBAaHMX Ha 1i MOBEpPXHI, a TaKOX MO
HABKOJUMIHIX MeTabomiTiB y kimituHax. Toxi sk [IMII npu3Boamio 10 po3mierieHHs
€HEPreTUYHUX PIBHIB €JIEKTPOHIB IMPOIOPLIIHO HANPYKEHOCTI MOJIS 3T1JIHO 3 €(PEeKTOM
3eemana (Zeeman effect), EMII 3a0e3nedyBajio eHeprito, HEOOXIAHY ISl MEPEXOTY
€JIEKTPOHIB 3 OJHOT0 €HePreTUYHOro piBHA Ha iHmMM. 3a BigcyrHocti EMII nepexin 3
TPUIUIETHOTO CIIIHOBOTO CTAHY PaJMKAJIbHOI IAPY B CUHIJIETHUH CTaH OyB 3a00pOHEHMI,
10 BU3HAYAJIO XIMIYHY peaKI1iHY 3AaTHICTh MPOMIKHUX OpoAyKTiB [S1]. [IMII Ta EMII

3MiHIOBaNM eneKkTpoHHUI TpaHcnopT Mixk MHY Fe3O4 1 mpoTUny X IMHHUM MpenapaTom,
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HAaHECEHUM Ha 11 MOBEPXHIO, HUIAXOM CIIHOBOTO TEPEXOay, IO MPU3BOAWIO JIO
yTBOopenHss ADK. ADK y cBoro yepry iHIiMilOBaJId NEPEKUCHE OKMCHEHHS JIMiJIB Ha
MeMOpaHax, aronTo3, HEKpo3 1 PeponTo3 MyXJIUHHUX KIITUH Yepe3 CUTHAIbHI IUITXU
ERK1/2 ta NF-«B (puc. 1.1). [lapameTpu enekTpoMarHiTHOTO OMPOMIHEHHS, TaKi SIK
HAIMPY>KEHICTh MarHITHOTO TIOJIS, OJHOPITHICTh, HAMPSMOK, YaCTOTA 1 TPUBAJIICTh BIUIHMBY,
Oynu HanmamrToBaHi s MoAyismii pexomOinamii ADK, mo npoxgykyBamucs MHK y

3JIOSIKICHUX KIIITHUHAX [52].

EMII &
» &
EnekTpoHHuii 1IM - @\‘0
TPAHCHOPT
m,=+1/2
HOO +H Fe HO, \ Cnin-sanexuuii | = //$j
Fe.O A®K curnanminr /Qz\: [ R
&,Y, - el (=
- Ta MOUIKOIKCHHS /& ) & &
& :.f Q’ / \b
Fe" i & ¥ e
H.0, HO"+ HO q&g

Ilepexucue
.’{ = M [
/ Peakuia @enrtona " e

/ y Ta [Nabepa-Baiica s nimizie
[TpoTHnyXnuHHUI
npemnapar
3arubens MyXJIHHHOT KIIITHHH
(armonTo3, Hekpo3, deponTos)

Puc. 1.1. Marnitoximiunuii epekt MHK, HaBaHTa:KeHOT0 NPOTUIYXJIMHHUM
npenaparom, niag BmimBoM IIMII ta EMII na nmpoaykuiro APK y 3i0KkicHHX

KJIITHHAX.

OTixe, OJIUH 13 MEXaHI3MIB PeryJisilii OKUCHO-BIJHOBHUX MPOIIECIB Yy MyXJIUHHUX
KJIITUHAX IPYHTYETHCS HA mpoliecax nepeHocy enekrpoHiB Mixk MHK, HaBaHTaxxeHUMU
NPOTUIYXJIMHHUMU TMIpernapaTamH, 3JI05KICHUIMH MyXJIMHAMHU Ta IXHIM MiKPOOTOYCHHSM,

Ha 110 MO’K€ BIUIMBATH 1 MAarHITOXIMIYHUHN e(eKT.
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1.1.3. MarniTtoMexaHiyHuii epeKT

VY comaHuX MyXJIMHAX ICHYIOTh P13HI TUITU KOHTAKTIB MK CYCITHIMU KIIITHHAMH,
AK1 TIepealoTh MEXaHIYHl CWJIW BIJ] OJHIET MUISHKH MyXJWHH 70 iHmoi. Cwin, 1o
TEHEPYIOThCS B IIMTOCKENIETI Ta TMO3aKIITHHHOMY MAaTPHUKCI, MOETHYIOThCS dYepe3
aJre3MBHI KOMIUIEKCH (KaJATepUHU Ta IHTErPUHU) HA KIITUHHUX MeMOpanax. [TocrtiitHi
3MIHM MEXaHIYHOI HANpyTH, Ky MyXJWHA Ta MIKPOOTOUEHHS YWHATH OJHA HAa OJIHE,
BUCTYNAIOTh PYIIIHHUM (PaKTOPOM PO3BUTKY, POCTY Ta METacTa3yBaHHA IMyXJIUHU [53].
Curnaninr 3a yyacti AQK — TakoX 4yacTHHa BIANOBIAI KIITUH Ha MEXaHIYHUW CTpEC.
3okpema, MmyTalisd npotooHkoreHy KRas 3MiHIOBajga MEXaHOXIMIYHY TPAHCAYKIIIO y
KJIITUHAX 3JI0SKICHOI MyXJIMHM TPYJHOI 3ajl03U, M0 BKJIOYano mnpoaykiiro ADK
HIKOTHHaMIJIaIeHIHAuHYKIeoTuadocdar okcumazoro 2 [54].

Ha nonmarok go aucranmiitnoi goctaBku, [IMII ta EMII cTBOptoBanin MarHiTHY
cuny, mo pgisma Ha MHK y nyxaunai. XimigHi 3B’SI3KM MK O10JIOTIYHUMU
MaKpOMOJIEKYJIaMU, HAITPUKJIAJl, Y IOMEHaX PelenTopiB, pepMeHTIB a00 10HHUX KaHaJIiB,
3MIHIOBAJIUCH, 3a0€3Meuyloyd MpU 1OMY TPAHCIOPT EJEKTPOHIB TiJ] BIJTUBOM
MeXaHIYHOro po3TsaryBaHHs. OcTraHHe nosicHioBayo mifBuiieHe yrBopeHHs ADK, ske
3a3BUYAl CIIOCTEPIrajgoch y MyXJMHHUX KIITHHAX TICII MEXaHOXIMIYHOT akTuBalli [55]
(puc. 1.2, A). MHK Fe-Au nig simmBom EMIT ininitoBanu curnansauit nuisix ERK1/2 y
kiituaax MCF7 gepes akruartito perentopa HER3 npu cuni Benuuunoro 4-12 mH [18]
(puc. 1.2, B). Ananoriuno, MHK nig BrummBom [IMII ta EMII cTBOproBanu MarHiTHY
cuiy Ta iHimiroBanu yrBopeHHs ADK s akTwBaliii HECEIEKTHUBHUX 10HHUX KaHaJliB
rpynu TRP [56] (puc. 1.2, B).

Hanpuknazn, sBruine MHY 1 mocTiiiHOro MarHiTy, 110 CTBOPIOBAB MarHiTHY CHILY
BennunHO0 3 mH Ha Me3eHxiManbHI CTOBOYpPOBI KIITHUHH BHUKOPHCTOBYBAJIU MJIs
cTUMyJALI] 1HTerpuHiB Ta aktuBauli BK-kanamis [57]. IlpukinaganHs cnaOmux cui
(~10° nH) O6ymu mocrarHimm, mo6 iximiroBatu knacrepusaniro FceRI penenTopis 1o
iMyHOr10OymiHY E Ha Ty4yHUX KIIITMHax 1 aKTUBYBaTH MEXAaHOUYTJIMBUW CHTHAN IS
MIJIBUIIICHHS BHYTPIIIHBOKJIITUHHOI ~KOHIEHTpAlli KaJbIlilo, TpPU YOMY 3MIiHU
KOHLEHTpalli BHYTPIIIHBOKIITUHHOIO KaJIbLII0 KOPEIIOBAJIU 3 CUJIOK, TPUBAIICTIO Ta

4acTOTOIO BIUIMBY [S58].
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Puc. 1.2. MarunitomexaHiyHMI edexr MHK, HABAHTAXKEHOI'0

NPOTUILYXJIMHHUM npenaparoM, mig Biuiusom IIMII ta EMII na npoaykuiro APK
y 3J0sIKicHUX KJiTMHAX. MexaHoximiyHa B3aemojis Mk MHK 1 kmiTuHHUMM
MeMOpaHamMu Tpu3Bonamia g0 yrBopeHHS A®DK, ski BUKIMKaIM amonTo3, HEKpO3 i
dbeponTo3 (A). MarniTHa cuiia, onocepeakopana MHK, iHitiroBana 3MiHM B MEMOpaHHUX
perenTopax i MPOTHIYXJIWHHUX Mperaparax, Mo MPU3BOAWIO 10 KOHTPOIHLOBAHOTO

BuBLIbHEHHS ocTaHHiX 3 MHK (b) Ta 3Minu ctany ionHux kaHaiis (B).

V T1a6.1. 1.1 HaBegeHO TUIIOBI 3HAYEHHS BeJIMYMH cyII 1HimiHoBanux IIMIT 1 MHY,
K1 Oynu HEOOXITHUMHU JJIs 3MIHM CTaHy 10HHUX KaHAJiB, B3a€MOJIi MiX OLTKamMu Ta
JTiaMu, JIITAHOM 1 PEIIeNTOPOM, aHTUTEHOM Ta aHTUTIJIOM, 3MIHHM CTaHy KOH(popmMaIii
O1Ka, MEMOPaHHOTO PEIENTOPYy, PO3PUBY 3B’SI3KYy MIK TPAaHCMEMOpPAHHHM OUIKOM 1
memOpanoro [15]. MarniTtomexaniudi edekTn 3amexand Big (HI3UKO-XIMIYHHUX
BiactuBocteii MHK (po3mip, ¢opma, moBepxHEeBUil 3apsii, MarHiTHUA MOMEHT
HAaCUYEHHS, IJIOIA NETJ TICTepe3UCy Ta KOEPLMUTUBHICTB), MapaMEeTPIB MPUKIAJEHUX
[IMII Ta EMII [8]. Bapro 3ayBaXuTh, IO BHUXOASYM 3 BHILECHABEIECHOIO, L€
CTHUMYJIIOBAJIO HAIly MOJAJIBITy PO3POOKY Ta BHKOPUCTAHHS TKAHMHHOEKBIBAJICHTHUX

(baHTOMIB 31 3JIOSKICHUMHU KJIITUHAMH JJIs TI€PCOHANI30BAHOrO IJIAHYBAaHHS BIUTUBY

MHUY 1 enekTpoMarHiTHOro ONpoMiHEHHS.
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Tabauys 1.1

TunoBi 3HaYeHHS MPUKJIAJAEHUX CHJI, HEOOXiTHUX /1A iHimianii mpoueciB y

KJIITHHAX

IIpouec Beaununna cuiau, nH
3MiHa CTaHy 10HHOTO KaHally 0,2-10
Bzaemonis Mk OUIKaMu 1-10
P.OBpI/IB 3B’SI3Ky MIX TpaHCMeMOpaHHUM 30-50
O17KOM Ta MEMOPaHOIO
B3aemoist Mk OLIIKOM Ta JIITIOM 50-100
3mina koHdopmarrii Oiyika 20-100
3MiHa cTaHy MEMOPaHHOTO pelenTopa 10-50
B3aeMois Mixk JTiraHaoM Ta perenTopoM ~ 1000
B3aemois Mk aHTUT€HOM Ta aHTUTIIIOM 10-100
Po3puB KOBaJIEHTHOTO 3B’ 13Ky 1000-5000

Jlns Bukopuctanas maraitomexaniyaux epexktiB MHK y moaynsiii pegokc-ctany
MyXJIMHY, HEOOX1IHO BpaxoByBaTH pi3HuUIio Mix Jiero [IMIT tTa EMIT na MHK. MHK sk
OCHOBHI aKILENTOPH Mepe/laloTh MarHiTHy cuiy, ctBopeny [IMII, Ta xonuBaioTbes y
Bi/IMOBIIb Ha 30y/mkeHHs EMII 1 y Ttakuii croci0 iHIMIIOIOTh MEXaHIYHMM BIUIMB Ha
KIiTuHHI cTpykTypu. Ha Bimminy Big EMII 3 wactotamu > 100 kI'11, B3aemomist mixk EMII
3 HWK4olo yactororo 1 MHK y xmituHax ©He Oyna moB’si3aHa 3 TEPMIYHUM
NOMKO/KEeHHAM [59]. MarniTHa cuia, mo BuHuKaia mig aiero PMII Ta imMmynbcHUX
HU3bKOYACTOTHUX MArHITHUX TIOJIB, TaKOXX NPHU3BOAMIA JO TMOPYIICHHS ITUTICHOCTI
memOpan [60], [61]. ¥ parniit podoTti [62] Oyn0 MOCTIIKEHO MOMXKIUBICTH MOJYJISIIT
napamerpamu EMII yTBOpeHHs cymepokcuaHoro paaukana mija BrumBoMm MHK,
(YHKIL10HATI30BAaHOIO apriHUI-MIINUI-acnaparinoBum tpunentuaoM. Tpancnopt ADK
3 JI30COM y ITUTO30JIb 3aITyCKaB TIPOIECH aloNTo3y B EKCIEPUMEHTAIBbHIN Momeni

3n0sikicHOI myxJintHu MDA-MB-3 y Bianosias Ha [IMIT Ta EMII.

37



1.1.4. MarHiTo-MexaHoXiMiYHUI eeKT

Xoya Mar”iToXiMiuyHi Ta MarHiToMexaHiuyHi e(eKTH y BHUIIEHABEICHUX
migpo3aiiax Oyliy TMPEeACTaBICHI OKPEMO, HACMpaBlli BOHM IOB’S3aHI MK COOOMO 1
npu3BoAsaTh 10 yTBopeHHs A®K omHOwacHO. MarHiTo-MexaHOXIMIYHHM e(eKT
PO3TIIAIAI0TH SIK Tpoliec TpancdopMallii BIUTMBY Mar"iTHOi cuid, 1mo maie a’a MHY, y
O10XIMiYHI CHTHaJbHI NUISIXM Yy MyXJUHI Ta 1i MikpooToueHHi. Lle mpu3BOAUTH [0
dbopMyBaHHS B MyXJWHI MJUISHOK 3 PI3HUMH OIlOMEXaHIYHUMHU Ta O10XIMIYHUMHU
BJIACTUBOCTSIMU Ta 3MIHM MEXaHOXIMIYHOI rereporeHHocti [63]. ¥V mijgomy, MarHito-
MEXaHOXIMIYHUKA  e(peKT  sABIs€  CcOO0OK  IHTErpamil0o  MarHiTOXiMIYHUX 1
Mar"HiTOMEXaHIYHMX MeXaH13MiB, ski iHimioTecd MHK mig smmsom IIMII Ta EMII,
10 JI03BOJISIE JOCSTTH TJIUOMIOro po3yMiHHS Aii Ha kiitunu [8], [19], [64], [65], [66],
[67], [68], [69]. Pazom 3 1uM, AOLUIBHO PO3TJISAATH 3MIHM KiacTepusallli, cuMeTpii
dbocdominmiaHuXx MeMOpaH Ta iXHBOI €JIEKTPUUYHOI MOJISIPU3allii, MarHITOMEXaHIYHHUX 1
terioBux edekTis, iHimioanux MHY mix BrmmuBoM [IMIT ta EMII, y 3mosikicHux
kmituHax [70], [71], [72], [73]. i edextn Oa3yroThCs Ha HEMIHIMHIA JAUHAMIIII
3JI0SIKICHUX MYXJIMH Ta TMpollecax TPaHCIOPTY eneKTpoHiB 1isi moxyusmii ADK.
BnactuBocti MHK 1 mapamerpu 3actrocoBanux I[IMII ta EMII mnepconamizoBaHo
oOuparoTh [JIs TaIlleHTa B TPOLIECl CHHTE3y Ta JiKyBaHHs, nepemukatoun ADK-

3aJIe)KHUN CUTHATIHT BiJI 1HIIIAIIT MyXJIMHHOTO POCTY 10 1Hri0yBaHHs (puc. 1.3).
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€JIEKTPOHHUI TPAHCIIOPT MIXK
MHUY (Fe*, Fe'') Ta
HpOTHHYXHHHHHM
npenaparom (JIOKC);

MEXaHI3M paJiuKaJIbHUX Tap:

3MIHa CIIIHOBOTO CTaHy
CIIEKTPOHA;

KIHETUKA BUIbHOPAIUKAIbHUX
peakifiii yreopeHHsi AOK

[Hri0yBaHHs pocTy
Iy XJITHHH

1.1.5. TenusioBuii egpexr

KOH(OpMalliitH1 3M1HH
MPOTHITYXJIMHHOTO Mpernapary
(AOKC);

3MIHHM CTaHy MeMOpaHH
(peuentopiB HER3) Ta
ionHnx kaHamiB (TRP);

MeEXaHOXIMIYHA 1HiLalis
yTBOpeHHs1 ADK

[Himiamis pocty
My XJIMHH

Puc. 1.3. Marnito-mexaHoxXiMiyHMH e(eKT y MOIYJAlil PeIoKC-CTaAHY
NYXJIHMHM Ha OCHOBIi MArHITOXIMIYHHX Ta MArHiTOMeXaHiYHUX edeKTiB, 110

imimiroBa;uca MHK mnig snimsom IIMII Ta EMII.

ITII" — ouH 13 METOIB JIIKYBaHHS 3JIOSKICHUX IyXJIMH, 3aCHOBAaHWM HA TPOIYKIIIi
teruia mig BruiuBoM EMII y pagiogacToTrHOMY /iana3oHi, 10 3aCTOCOBYIOTh Y KOMO1HAITi1
3 XIMIOTEpami€lo Ta MPOMEHEBOIO TEpami€ld y HEoaJl IOBAaHTHOMY Ta aJi’ FOBAHTHOMY
pexuMi ISl TIEPBUHHUX TYXJWH, TPYNH pErioHapHUX JiMGaTHUYHUX BY3IIB abo
COJIITAPHOTO MeTacTazy. BapTo 3a3HaunTH, 0 camMe PEXUM MOMipHOTO HarpiBy (< 42 °C)

IOpH IHAYKLIIHIA rineprepmii A03BOJIAB MONEPEAUTH BUHUKHEHHS MOOIYHUX €(EKTIB,
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MOB’SI3aHUX 3 HETMEPEHOCHUMICTIO TEIJIa Y MAaIlI€HTIB 1 TEPMO- Ta XIMIOPE3UCTEHTHICTIO
NyXJIUH TIpU BUIIiK Temneparypi [74]. Baromuii Bknag y tpancisiito 1IN y kmiHigHY
npaktuky mnpotrsrom 1988-2003 pp. BHecna ykpaiHCbKa WIKOJda, 3all04aTKOBaHa
BurmyckHUKOM HTVYY «KIII imeni Irops Cikopcekoro» FO.P. Memuanem Ha 06asi
JIHIT «HartioHabHUI THCTUTYT paky». Y OUTBIIOCTI BUMAAKIB JiKyBaHHS MeToaoM [T
0a3yBaniocsi Ha 301bIIEHH] BUX1AHOT MOTYKHOCT1 BUnpomiHeHHs 10 1500 Bt (wacrora
EMII 27,12 MI'u), noku Temmeparypa BCEpEeIvHI MyXJUHU HE J0ocAralia JOCTaTHbOI
(~42 °C) nnst MOWIKOJDKEHHS MyXJMHHUX KIITHH. OgHak OOMEXEHHS 1bOTO MiJIXOMY
MOJIATAW 'y TPUTAMaHHIA 3JI0SKICHUM TyXJIMHAM TETePOTCHHOCTI Ta 3HAYHOMY
M1JIBUIIICHHI TEMIIEpAaTypy HaBKOJIUIITHIX TKaHUH [75].

Jlesiki 3 BUIE3a3HAYEHUX TTPOOIEM MOXKIMBO MOI0JaTH, BUKoprucToBytoun MHY
s reHepartii teria mija BrotmBoM EMIT [76]. 1T 3 MHY mana mepeBary y OibIin
JOKaJbHOMY Harpisi, kot MHY nucTadIiiiHo cupsIMOBYBJIUCS JI0 MY XJIMHU 30BHIITHIM
[IMII, o mpoHMKaa0 B OpraHi3M JIIOJWHHU 3 MiHIMAIBHUM ocliabiaeHHsM [77]. Biabin
NPaKTUYHUM OyJI0 KEpyBaHHS MPOCTOPOBUM postamryBaHHasM MHY mig BrmmBom
HeonHopigHoro [IMII 3aBasku HWOTO 3MaTHOCTI OPraHi3OBYBaTH iX Yy KIACTEpHI
CTpyKTypH [ 78], AKi Kparie BiANOBI M apXiTEeKTOHIII MyXJIMHHU, HIXK OHOPITHI TTOJIA.

[Tpu mpuxmananni EMIT marnitHi Mmomentd MHY opierTyBanmcs 3a moieM, y
TakoMmy pasi obepramas MHY y cepemoBumii (OpoyHiBChbKa pemnakcariisi, Brownian
relaxation) Ta o6epTanHs MarHiTHUX MOMeHTIB ycepeanni MHY (HeeniBcbka penakcartis,
Ne¢el relaxation) mpu3Boauiin A0 po3citoBaHHs eHeprii. Po3citoBanus eneprii (Ps) MHY

niz BrtuBoM [IMII ta EMII dhopmanizoBano y popmyuti 1.7 BianosiaHo a0 podotu [79].

Hyc 2nfT
Ps = mpoxo | —=—=—"Hac | [ 7777 (1.7)
S H}lc_}_le)C 1+(27Tf1')2

J€ [Mp— MarHiTHa TPOHUKHICTb BUIBHOTO HPOCTOPY; Yo — PIBHOBaXXHA MarHiTHA
CHpUUHATINBICTE, Hyc — ammutityna EMIT; f—gactrora EMII; Hpc — Mar"iTHa 1HAYKITIS
[IMIT; T — edexTUBHUMN yac penakcalii, IKuii BU3BHAYA€ThCA 3a BUpa3oM 1/7= 1/tv + 1/t

(7v — yac HEeTIBCHKOI pernakcallii, 7z — 4ac OpOyHIBChKOI penakcariii).
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EMII impykyBamo BuxpoBi crpymu B MHU Ha OCHOBI OKCHIIB METaliB
JIOCTABJICHHX JIO TUITHKH ITyXJIMHH, 1110 TaKOX crpusiiio HarpiBy [80]. [Ipumyckarouu, mo
MHY wmarote chepuuny (opmy, 3actocyemo piBHsSHHS CwmaiiTa 11 1HIYKTHBHOTO
HarpiBy chepu. Bupasusmm uncno chep (uncno MHY) sk n = 3n/49pR’, ne ¢ — 06’ emua
gactka MHY y cepenoBwuiii, oTpuMy€eMO BUpa3 JJIsl pO3CIIOBaHHS eHeprii (P) yHaCHTiI0K

IHIYKIIMHOTO HArpiBy Ha OAUHUITIO 00’ eMy (popmyaa 1.8) [81], [82].

_ 90(”“T“0fRB)2 1 8
- ] 2,2 2,.2 2,3 ( : )
4@ (2ur uogX+4prpuox = +4p5x")

ne o—enekrpuuHa npoigHicte MHY; R —paniyc MHY; x4 — BigHOCHAa MarsiTHa
npounukHicth MHY y cunycoinnomy EMII H = B/uy; io— MarHiTHa TPOHUKHICTH

BUIBHOI'O IIPOCTOPY; X = 0/R; ¢ — 00’ emHa yvactka MHY y cepenoBui.

[Tornunanus MHY eneprii EMII B kinorepuoBomy (k') nmiama3zoHi yacto
BUKOPHUCTOBYBAJIOCS JJI1 HETAHHOTO TEPMIYHOIO 1 MEXAHIYHOTO pyHHYBaHHS LLIICHOCTI
3nmosikicHux KJituH [12], [15], Toai sk komOiHoBanuit BB EMII y mMerarepiiopomy
(MTI'n) nianasoni Ta [IIMII 3 Mar"iTHOO 1IHAYKIIE€I0 BEIMUYUHOIO B Mexkax Mutitecia (MTh)
n03BoJiuB Moy mroBatTH renepaiiiro AOK. IT1IN 3 MHY 361iab11yBana mBuAKICTh Hepediry
OKHCHO-BIJIHOBHUX PEaKIIii, 3a11001ratoun po3KJIalaHHIO MMEPOKCUAY BOJIHIO HA KHCEHb 1
BOAY IpHU BUIIMX TeMmriiepatypax [83]. ¥V pobori [84] Ha excriepuMeHTaIbHIA MOEIl
3n0sikicHOT myxsmHM rpyaHoi 3ano3u 4T1, IIIN 3 Bukopucrtanuam MHUY 3a Temmniepatypu
42 °C mpu3Boamia 10 OUIBIIT BUPAKEHOTO TEPANIEBTUYHOTO €(EeKTy 32 paXyHOK IHImiarii
A®K Ta 3MeHmeHHs ekchpecii Ouika TemnoBoro moky Hsp-70, BogHouac
NONEePEe/KY0UYN MOO1UHI €PEKTH, OB’ A3aHl 3 TEPMIYHUMU YIIKOJPKEHHAMH OTOYYHOUHX

TKaHHWH.
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1.2. BuUKOpHUCTAHHSA MeXaHOJIOMiHeCHEeHIil /s JOCJTiIKeHHST MAarHiTo-

MEXaHOXIMIYHOIO e(eKTy

MJI — 1ie siBuIIIE, SIKE XapaKTEPU3YETHCS BUTIPOMIHIOBAHHSM CBIiTIa O10JI0TITYHUMUA
0o0’€KTaMH y BIJINOBIIF HAa MEXaHIYHE TMOAPA3HEHHS, TaKe SK PyWHYBaHHS, TEpTS,
CTUCHEHHS, nutipyBaHHS ~ Ta  PO3TATyBaHHS. Jlo  30ipHOrO  MOHSATTA
«MEXAHOJIFOMIHECIIEHIIIS» BIIHOCATh TPUOOJIIOMIHECIEHIIIIO, 1’ €30JI0MIHECIICHITIIO,
nedopMalliiiny JIIOMIHECHEHIII0 Ta JIIOMIHECHEHIII0 AaKTUBOBAaHY MEXaHIYHOIO
Hanpyrow. OCKIIBKY MEPUIMH KOPIHb «MEXaH» y IJIOMY BKa3ye€ Ha pPi3HI MEXaHI4H1
BIUIMBM, Hampukiaajg naedopmaiiito, I’e€30, TpuOOo, Hamnpyry, G(pakTo, IJIACTUKY,
€JIACTUYHICTb, P13aHHs, PO3KOJIIOBAHHS, NUTIPYBaHHS, TEPTSA, CTUCHEHHS Ta APOOIeHHS,
TO TEPMIH «MEXaHOIIOMIHECLICHIIIS» OCTAHHIMU POKaMU MPUNHATO BBAXKATH OIbII
3arajibHO BXKMBAHUM Y HAyKOBIH JIITEpaTypi, 110 6e31mocepeIHbO BKa3y€e Ha HEOOX1THICTh
MDKJIUCIUIUTIHAPHOTO TIAXOAY JO0 BHUBYEHHS IIHOTO SBHINA Ha TIEPETHHI MIXK
JIOMIHECIICHITIEI0 Ta OloMexaHIKO, 3a0e3Medyrodyd TOTEHIIHHE 3acCTOCYBaHHS B
HAHOTEXHOJIOTIIX I OioyoriyHuX cucteM [85], [86].

MUJI iHi1iF0€THCS BHACTIIOK (PI3MUHMX TIPOIIECiB i yac Aedopmariii 6iomomimMepin
1 yepe3 sBHINA KOHTAKTy, Takl SK TpUOOENEKTpUKa, TPUOOXIMIUHI peakIli Ta
TpuOOTEpMiYHA TEHepallid, 1110 BUHUKAIOTH IMiJ 4Yac 3ITKHEHHsS ab0 PO3UICHHS JBOX
PIBHOPITHUX PEUOBUH. ICHYe TpW OCHOBHUX THMH HANpPy>Xe€Hb, MO0 MPU3BOIATH 0
redepamnii MJI: mpyxna nedopmarisa, miactuana aedopmariis ta pyiiHyBaHHs. s
3’sacyBaHHs MexaHi3MmiB iHimamii MJI 3 Bukopucranasm MHY y OGiomoriunux
CEpEeIOBHUIIAX, OKPEMO MPOaHaTi3yeMO KOXKEH 13 mux TumiB MJI Huxae [87].

[Ipyxxna renepamiss MJI — 11¢ BUIPOMIHIOBAHHS CBITJIa, 1[0 BHHHKAE, KOJH
Olomarepianu nepedyBaroTh y IpyHOMY cTaHl. [1icis 3HATTA HanpyKeHHs Olomarepiai
NOBEPTAETHCS /10 TOYATKOBOTO HEHampyxeHoro ctany. Ilpyxna renepauis MJI
NpPUBEPTAE YBAry JAOCIIAHUKIB, OCKUIbKU OloMaTepiaii MOXKYTh BUIIPOMIHIOBATH CBITJIO
JeKUIbKa pa3iB, MOBEPTAIOUUCH JO HE30YKEHOTO CTaHy MICIAS KOXXHOTO IHUKITY

JTOCITIIKEHHS.
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Enexrpuune none (E), sike BAHUKAE i1 9ac aii IpykHO1 Aedopmallii BU3HAYAETHCS

dopmy.Jioro 1.9 [88].

E =y/&, (1.9)
€ y — IIUIBHICTh II’€30€JEKTPUYHOrO 3apsiay, WLI0 YTBOPIOETHCS TiJ THCKOM;

€0 — N1EJIEKTPUYHA IPOHUKHICTb.

[Tnactuuna renepauis MJI — 11e BANPOMIHIOBaHHS CBITJA, [0 BUHUKAE BHACTIIOK
macTuyHoOi jAedopmailii, Kojiu JBa OioMaTepiaid KOHTAKTYIOTh OJWH 3 OJHUM, ajie
KOHTaKT HE BHUKIMKAE IXHbOTO pyHHyBaHHA. biomarepiaiin y MJIaCTUMHOMY CTaH1
BUIIPOMIHIOIOTh CBITJI0, KOJIM BOHU HANpYyXCHI 1032 MEXKaMH CBOIX €JaCTUYHHX
oOnacteil 1 macTu4Ho AedopmyroThes. [Ipu oMy BigOyBaeTbest TpuboOeeKTpU3anis, 1
nBa OlomarepiaiM, IO 3HAXOAATHCS y TICHOMY KOHTAaKTi OJMH 3 OJHHUM, CTalOTh
CJIEKTPUYHO 3apsikeHuMU. MJI BUHUKAE 1 SIK pe3yJIbTaT TPUOOENEeKTpU3allii, KO JABa
MaTepiajii pO3/lJIeHI, TO PE3yJbTYHOUEe PO3AUICHHS 3apsly 1HIIIIOE BUIIPOMIHIOBAHHS
ceitia. ®opmyaa 1.10 nor’s3ye iHTeHCHBHICTE MJI  ([mz) 3  €hEKTHUBHICTIO
BUIPOMIHIOBAHOI €JIEKTPOH-IIPKOBOI KOMOIHAMii (77) 1 KUIBKICTIO €JICKTPOHIB (14) ¥

JTUCITOKAIIHINA 30H1 B Oy1b-sIKH MOMEHT Jacy (7) [88].

nPméprren
Iuy = nfng = == lexp(—¢t) — exp(=¢t)]. (1.10)

ne 1 — edextuBHicTh MJI, TOB’s13aHa 3 pyXoM HOCIiB; ff = 1/74, T4 — 9ac KUTTS €IEKTPOHIB
y AUCJIOKAIIHIN 30H1; 71y — KUIBKICTh €JIEKTPOHIB y JUCIOKALIiHIN 30H1; Py™ — KIHUIEBE
3HaUYEHHA THUCKY; m = 1/n, n — mNOKa3HUK mpouecy aedopMariiHOro 3MIIHEHHS
MEXaHIYHUM HampyXeHHsM Oiomarepiany; ¢ = 1/t, 7, — yacoBa KOHCTAHTA IMiABUIICHHS
TUCKY; K" — Koe(ILIEHT MITHOCTI; py— UMOBIPHICTb 3aXOIJIEHHs F-lIeHTpaMu eJeKTpOHIB,
rr—paalyc B3aEMOJIIT MK PYXOMUMHM JIMCJIOKarisMu 1 F-nentpamu; ny—rycruHa F-
uentpie y MHY; ¢ = 1/7,, 7, —4ac icHyBaHHs aucnokaiiii; b — Bektop broprepca;

A — cepeaHii BUIBHUN NUISX PyXOMOi JUCIIOKAIIii.
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['enepaniss MJI ynacnigok pydHyBaHHS O10MOIIMEPIB BUHUKAE MPHU TOPYIICHHI
iXHBOI CTPYKTYypU. Y TaKOMY BHUIIAJIKY, 3apS/PKCHUMH CTalOTh MOBEPXHI caMe€ B MICII
pyiiHyBaHHs. J[BI TOBEpXHI pO3MANaOThCS HA MPOTHICKHO 3apSHKEHI YaCTHHH.
Pesynbrytounii pyx €NeKTpOHIB IS MEPEKPUTTS IMITUHUA B TOYI[l PO3JIOMY IHIIIOE
BUTIPOMiHIOBaHHS CBiTia. I[aTeHcuBHICTE MJI ([yz), MO TeHEpPYeThCS BHACIIIOK

pyliHyBaHHs OiomnoniMepa onucyeTses popmy.ioro 1.11 [88].

Iyy = 2(may + naa)ywit, (1.11)
Jie y — IIUIbHICTh 3apsiy HOBOCTBOPEHUX MOBEPXOHb BHACIIOK PYWHYBaHHS; o Ta
02 — KOHCTAHTHM IIBUJKOCTI peJlakcalii 3aps/iiB Ha HOBOCTBOPEHUX MOBEPXHSX;
n1 — epexrusHicTh MJI, MoB’s13aHa 3 pyXOM HOCI1iB, CTBOPEHUX JIEJIEKTPUYHUM MPOOOEM
OiomomimMepiB; 772 — edektuBHicT MJI, moB’s13aHa 3 pyXOM €JIEKTPOHIB Ta 10HIB, IO
YTBOPWJIMCH JICJICKTPUYHUM MPOOOEM MPOMIKHUX OI10JOTIYHHUX PIAMH; W — IIUPUHA

OlomoJiiMepy, V — MBUAKICTh MOIIUPEHHS PO3JIOMY; ¢ — Yac.

®orodizuuni napamerpu MJI GilonosiMepiB MPOSBISAIN CUIBHUNA KOPEISAIIHHUAN
3B’SI30K 3 TXHBOIO MOJIEKYJISIPHOIO KOH(ITYpaIli€l0 Ta MIXKMOJEKYJISIPHUM cTaHoM [89].
Kpim Toro, MJI Oionorivamx oO0’€KTiB TakoX Oyja iHiIiiioBaHa XIMIYHUMHA
BUTPHOPQIMKATHPHUMHU  PEAKI[iIMH y  pe3yibTaTl MEXaHIYHOTO  CTpecy, 1o
OTIOCEPEAKOBAHO TEHEPyBaJIM BHUIPOMIHIOBaHHA (oTOHIB. 30y/KEeHI CTaHHW, SKi
BUHUKAJIN MPU MEXaHIYHOMY CTpPECi, MAMOPSIKOBYBAJIUCS 3aKOHAM TPHOOIHAYKOBaHO1
€JIEKTPO- Ta XEMUJTIOMIHECLIEHIII1. 3 03U/ BUIbHOPAANKAIbHUX JIAHIIOTOBUX PEaKIIii,
CBITJIOBE BUITPOMIHIOBAHHSI (/1) y PO3TIISIHYTHX MpoIiecax 00yMOBIEHO PEKOMOIHAIIEI0

NEePOKCUIHUX BUIBHUX panukaiis (¢popmyaa 1.12) [90], [91], [92].

Iy, = WNeNy, (1.12)
Je ® — MIBUJKICTh PeaKIlii JUCIPONOPIIIOHYBAHHS MEPOKCUIHUX BUIBHUX PaUKaIIiB;

He — BUX1J1 30yIPKCHHS; 7], — BUX1J] BAITPOMIHIOBaHHS.

44



HapiTh 3a BiJICYTHOCTI MeXaHIYHOTO 30y/KeHHS O10JI0TiYHI O00’€KTH Ta
HEOpraHivyHi Marepiaiu € JKEpEsIoM CIIOHTAHHOI HaJIcIa0Ko1
xemimtoMinecteHii (XJI) — mporiecy BUIIPOMIHIOBAHHS CBITJa B PE3yJIbTAaTi XIMIYHHUX
peaxitiii [93]. [IpoTe OCHOBHI TPy IHOIIII MOJSITAIOTH Y MIAPOKiH BapiabeTLHOCTI CUTHATIIB
XJI, mo peecTpyBaiM 3 TKAaHWH OpraHi3My, Ta OOJaJHAHHS ISl BUMIPIOBAHHS
JIOMIHECICHITI1 in vivo [94].

Jns anamizy MJI y TBepAux TijaX BUKOPHUCTOBYBAJM CHELIATIBHO PO3POOIEHE
ekcrepuMeHTanbHe o0nanHanus [95]. ns peectpariii MJI y 6ionoriuaux 06’ extax 0yiio
3alpONOHOBAHO MPWJIAJAM Ta BUMYIIEHO CIHEUIAJIbHY MapTilo amapaTypu Ha 0as3l
excriepumeHTanbHoro Bupoonunrsa JIHIT «Hamionaneauii iHcTUTYT paky» [96], [97],
[98]. 3acTocyBaHHs po3po0IeHOro 00IaHaHHS 03BOIMIO BUuBUYaTH MJI 1JIbHOT KpOBi
Ta 1i KOMIIOHEHTIB, a TaKOX MYXJIMHHUX KIITHH, OTPUMAHUX BiJ €KCIEPUMEHTAIbHOI
MyXJIMHHOT MOJIEJIl Ta OHKOJIOTIYHMX TMAalll€EHTIB. 3a OTPUMAaHUMHU pe3yjbTaTamMu OyJio
BHU3HAYEHO KOPEJALII0 MK CBITJIOBUM BUIPOMIHIOBAHHSIM 1 BEIMYMHOIO MTOBEPXHEBOTO
3apsiay  JiMmdoruTiB  KpoBi. Kpim Toro, MJI KpoBi OHKOJIOTIYHHUX TIAIlI€EHTIB
XapakTepu3yBanacs 30UIbIIEHHSM XaOTHYHOCTI 3apeeCcTpPOBaHMX CHUTHaliB. OcTaHHE
CIIOCTEPEKEHHSI BHUKJIMKAE OKPEMHI 1HTEpec sIK METOJ JIarHOCTHKU IPOIIECiB
METacTa3yBaHHS B OHKOJIOTIYHUX MAIl€HTIB. 3arajioM Il paHHI Pe3yJIbTaTyh 3aCBIIUMIIN
pi3HHIIO y curHaimax MJI MK HOpMajabHUMHU 1 3J0SKICHUMH KIITUHAMH BHACIIOK
MEXaHOXIMIYHOT TE€TePOreHHOCTI, fKa TOB’S3aHa 3 TEHETHYHOI HECTAOUIBHICTIO Y
nporieci oHkoreHnesy [69], [99].

Hocmimxennss MJI  BUKOPUCTOBYBaIHM, 30KpeMa, [l BUBYCHHS BIUIMBY
HaHomatepiamB 1 HaHouacTuHOK [100], [101], [102], mo 6yi0 00yMOBIEHO, PO3BUTKOM,
0CO0JIMBO, BIPOJOBX OCTAHHBOTO JAECATUIITTS, MAarHiTO-MEXaHOXIMIYHUX €(EeKTIB y
HAaHOTEPAHOCTULI 3 BUKOpucTaHHAM MHY, ski miJg BIUVIMBOM MAar”iTHOrO IO
1HILIIOBAJIM HAHOPO3MIPHY Ae(POpMalLil0 MOJEKYJISIPHUX O10J0TIYHUX CTPYKTYp. lanuit
METOJ 3aCHOBAaHO HAa MEXaHOYYTJIMBOCTI TKAaHWUH, KJITUH, OpraHel, Ol10mojiMepiB /10
NPUKJIAJACHUX MEXaHIYHUX CHJI Ta 1HAYKOBaHOi Jedopmallii MpOCTOPOBOi CTPYKTYpH
[103]. IIpomecu koHBEpPCii MEXaHIYHUX MOAPA3HUKIB Y O10XIMIUHI CUTHAJIA y KIIITHHAX

Ha3UBalOTh MexaHoTpaHcaykiieto [104]. BukopuctanHs MeXaHOTPAHCIYKIIIT BiAKpUBAE
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MEePCIIEKTUBH y PO3poOIli HOBHX METOMAIB JIarHOCTUKH Ta JIKYBaHHS 3JI0SKICHUX
HOBOyTBOpeHb [8], [105].

[Mpuctpoi st JOOCHIKEHHS 3a3BUYail CKJIagajgucs 3 TPhOX OCHOBHHUX
KOMITOHEHTIB: 1) MEXaHOENEKTPUIHOTO BUKOHABYOTO MEXAHI3MY; 2) JIFOMIHECIIEHTHOTO
nerekropa; 3) cuctemu 300py manux [106]. Bimomi amapatu 1oCTaTHRO OOMEXKEHI Y
MO>KJIMBOCTI TMpoBeaeHHs peectpaiii MJI 6i070ri4yHUX 00’€KTIB y piAKOMY CTaHi Mix
KOMOIHOBaHMM MarHiTOMEXaHIYHUM BIUIMBOM II0JI0 KOHTPOJIbHUX BUMIPIB CIIOHTAHHOI
XJI mocmikyBaHux 3pas3kiB. lle mpu3BOAUTH 10 3BYXKEHHSI 00JIaCTi 3aCTOCYBaHHS
ICHYIOUMX MPUCTPOIiB 1Js 3axad (¢apmanii, O0loXiMmii I MEAUIMHU Ta 3yMOBIIOE
HEOOX1THICTh IXHbOI MOJIEpHI3aIli.

3 ornsay Ha BUIE3a3HAUY€HE, BUHUKAE MOTpeda y po3poOlil TEXHIYHOTO PIILIEHHS
J1s1 tocixents MJI, 1o 103BoJIsi€ BUKOPUCTOBYBATH OB IIIMPOKHI CIIEKTpP aHaJli31B
1 OL7IbII TOBHE PO3YMIHHS B3a€MO3B’A3KY NMPUKIAJEHUX MATHITHUX 1 MEXAHIYHUX CHJI

MHUY Ha 3105KICHI KJIITUHH.

1.3. ExcnepumeHTAJIbHI JOCJTII’KEHHSI MATHITO-MEXaHOXIMIYHOIO edeKkTy

MATHITHHX HAHOYACTHHOK

1.3.1. MarHiTHi BJ1aCTHBOCTi HAHOYACTHHOK

MarnitoximMiuHi €(pEeKTH Ta OKHCHO-BIIHOBHI peakiii MiX 10HAMH HEPeXiTHHUX
METaJlB 3 pI3HUMHU CTYNEHAMH OKHCHEHHS 3YMOBJIOBAIM IXHIO BaXJIMBICTh SIK
ko(akropiB pepmenTiB y kiaituHax [107]. 3 ogHOro 60Ky, pO3BUTOK 1 PICT 3JIOSAKICHUX
NyXJIMH TOTpeOyBaB 3ajli3a 1 YacTo JIGMOHCTPYBaB IIJIBUIIEHY EKCIIPECIIO
3a130pEeryJATOPHUX OUIKIB, Takux sK peuentopu 10 TtpaHchepuny (TfR1) 1
3aii3o3aiexxHuit 38’ a3ytounii 6170k 2 (IRP2) [108]. 3 inmoro 60Ky, HaKOMMMYEHHS 3aj1i3a
cnpuuuHssI0 3arubens KITHH uepe3 ADK omocepeaxkoBaHUN amonrTo3, HEKPO3 1
dbeponTo3 [109]. ITomupenicts 3actocyBanuss MHY ta MHK Ha ocHOBI okcuiB 3aiiza y
Mar”iTHI# HaHOTEPAHOCTHIIl 3JIOSKICHUX MyXJWH Oyia MoB’s3aHa 3 POJUIIO 3aii3a B

MeTabo113M1 Iy XJIMH.
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®i3uKo-xiMiyHI BIacTHBOCTI 3ymoBitoBain moBeAinky MHY ta MHK npu
B3aemoii 3 kmtuHaMu. MHY manm BUCOKE CIIBBIAHOIICHHSM ILIOINI ITOBEPXHI 0O
00’eMy, IO CHOPHUSUIO IXHIM peakIiiHIM 31aTHOCTI Ta IUIBOBIMA JIOCTaBIl JIiKiB.
HaBaHTa)keHHSI pemoKc-, MeXaHo-, TepMO- 1 pH-4yTnuBUMH MaTepiaiaMu 3MIHIOBAJIO
noBepxHeBi BiaactuBocti MHY. Jlo mpukiamy, MarHiTo-MeXxaHOXIMIYHUN CHHTE3 MaB
nepeBary B MOxJIMBOCTI oTpumaHHs MHK i3 3amanuMu XapakTepUCTHKaMH NUISIXOM
BuOopy (¢ikcoBanux mapamerpis I[IMII, EMII 1 wmexaniuHoi BiOpamii mig yac
HaBaHTaxxeHHss MHY npotunyximaaumu npenaparamu [110].

CynepnapamartitHi HaHoyacTuHkd (CMHY) okcuay 3amiza  nepeBakHO
XapakTepU3yBaaucs Po3MIpoM < 15 HM 1 BEJIIMKOK MarHiTHOK CHPUUHSITIIMBICTIO A0
30BHIIIHIX MAarHiTHUX MOJIB. BOHM He MalM 3alMIIKOBY HAMarHiueHiCTh, KOJH MOJIs HE
Ooymu npuxnaaedi. CMHY mupoko BUKOPUCTOBYIOTHCS Y MarHiTHIA TrineprepMii JJist
HarpiBaHHs nmyxyivH Buie 43 °C. [Ipumipom, BrmuB EMII wactororo 118 xI'u Ta MHK
Ha ocHoBi CMHY, nounnatroum 3 2-roi n00u Micis NEpelleryieHHs, TPU3BOAUB 0
3MmeHIeHHs Ha 80% 00’ eMy ekcniepuMeHTanbHOI Mojieni riiomu U251-SP 1 TpupaszoBoro
301bIIeHH eKkcrpecii pakTopa Hekposy myxiuH (TNF-o) mopiBHSHO 3 BUKOPUCTaHHSIM
mume MHK. EMIT wactoramu 242,5 ta 293 kI'm 3 MHK iHimiroBaim 3MeHIIIEHHS 00’ eMy
eKCIIEpUMEHTAILHOT MOJIeNi KapimHoMU 00010B0i kutiku CT-26 ta muitku matku Hela
BinmoBinHO Ha 70% 1 75% anix camocriitauit BrmuB MHK. Tlpotunyxnuauuii edexr
MOSICHIOBABCSl TEPMOIHYKOBAaHUM HEKPO30M Ta aronTo30M Ipu TemiepaTtypi > 43 °C
[111],[112], [113].

OpHuM 13 00OMEKEeHb BUKOPUCTAaHHS (pepoMarHiTHUX HaHoyacTuHok (PMHY) y
MAarHiTHI{ rineprepMii 0yJI0 BUBHAUEHO P13HY OPIEHTAIIIO CITIHIB Y MAarHITHUX TOMEHAX.
®OMHY marHetuty 3 po3mipom > 17 HM Oynu OaraToAOMEHHMMH 1 Majiu 3AaTHICTh
3amam’sitoByBatu BenuuuHy I[IMII, 3a skxoi BoHM OyiuM MexaHiuHO JedopMoBaHi
(3amumikoBa HamarHiueHicte) [114], [115]. Tomy 3actocyBanns OMHY Oymo
ONTUMAJIBHIIINM JJIsI TPOTUIYXJIMHHOTO BIUIMBY Ha OCHOBI MarHiTO-ME€XaHOXIMIYHOTO
Ta TeraoBoro edekrty (rmpu nomipHoMmy Harpisi nyxiaunu < 42 °C) [116]. 3agatouu pi3Hi
napamerpu [IMII Tta EMII mig wac wmarHiTo-mexaHoximigynoro cuHresy MHK,

HaBaHTaxeHoro JIOKC (MHK-JIOKC) 3 ®MHY, 3niiicHIOBaIM MOIYJISIII0 PIBHIB
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BiTbHOTO 3amiza, NO-FeS-npoteiny, yOicemixinony ta A®K y myxmuni. Kpim Toro,
3actocyBanHs [IMII 3 Benmmumuoro MmarHiTHOT iHAYKHiT 8 MTn ta EMII 3 wacrororo
42 MI'm mig gac cunresy MHK-JIOKC Ta IIII" urypiB-myXJMHOHOCIIB MPU3BEIO 0
HAHOIIBII BUPAKEHOTO MPOTUMYXIUHHOTO edekTy. Pi3Huig y KiHETHIll pOCTy Ta
BIDKMBAHOCTI TBAapWH 31 3JIOSKICHOIO MYyXJIMHOK TPYIHOI 3a703M KapIHHOCAPKOMOIO
Yoxkep-256 mixk BrumBom IIIIN 3 TIMIT ta MHK BigHocHO odinmmHamsHOoro JJOKC
ctaHoBuia npudauszHo 15% [117].

MarniTHi  BiactuBocti MHY  BmimBanmu  Ha  KOHQOpMaUidHI — 3MIHH
NPOTUNYXJIMHHUX TIpernapariB, HaBAaHTAKEHMX Ha IiXHIO TOBEpPXHIO. Pi3HMI Mix
BimuBoM CMHY 1 ®MHY nHa npocropoBy opienTanito monekyn JOKC y MHK 6yna
nonepeaHbO MOB’s13aHa 3 cuiiaMu, siki BrtuBainu Ha JIOKC Ha moBepxHi MHY, 110 cBo€to
4Yeproro 3yMOBJIIOBAJIO MIPOLIECH MepeHocy enekTpoHiB Mixk MHY Ta npoTunyXimHHUMHA
arentamu. Kondopmaiiitai 3minu no3Bosisuin MojiekyiaaM JIOKC iHTepkaroBaTH Mix
napamMu a30TUCTUX OCHOB Je30kcupuOonykieiHoBoi kucinotu (AHK) y myxmuHHuX
KiiTuHaX. Pict kapruHocapkomu Yokep-256 y TBapuH, sSkux miggaBainu BriuBy MHK-
JOKC na ocnoBi ®MHUY, 6yB yTpuui OUIbIIUM, HI)K Y TBapHH, Kl oTpuMmyBasiu MHK-
JOKC na ocaoBi CMHUY mix niero Tux camux napametpis II1T7 3 TIMIT [42].

1.3.2. IlapaMeTpu MOCTIIHHOT0 MATHITHOT0 TA €JIEKTPOMATHITHOIO IOJIiB

OCKUTbKM MAarHiTHE TIOJIe 3a3HaBajgo MoAuQIKaiii MpU MPOXOKEHHI uepes
OpraHi3M JIOUHU 3Ha4HO MeHme, Hik enexktpuune [118], TIMII 3aGe3neuyBaiio
TOYHIMUKA KOHTpodb Haja posnoaiioMm MHK. 3BicHO, BpaxOBYHOYHM TIe€TepOre¢HHICThH
OpUTaMaHHy 3J0AKICHUM NyXJIMHAM, Mpelu3iiHe IJIaHyBaHHA MArHITHUX CHJ Yy
010JI0T1YHUX TKAHUHAX 3aJIUIIAE€THCS CKIAIHUM 3aBJIaHHSIM.

[TopiBHIOIOUM BIUIMB MPOCTOPOBO OAHOPIAHUX Ta HeogHopinHux [IMII, Bapto
3a3HauuTH, 110 PMHY niamerpom 350 HM 1HILIIOBaIM HA ~ 15% MEHIIY KUTTE3IATHICTh
KJIITUH KapurHOMU KUKU MaTku Hela y BignoBige Ha mpoctopoBo HeoaHopiaHe [IMIT
(VB = 0-23,3 Ta/m), nix Ha ogHopiane [IMIT (B = 0,005-0,025 Tun). [IpoTunyxauHHUN
BIUIUB OyJIO AacOLIMOBaHO 3 AaKTUBALI€I0 MEXAaHOUYTIMBUX 10HHUX KaHAJIB, IO

301BIIYBaIM BHYTPIIIHBOKIIITHHHEY KOHIeHTpaniro Ca®’, iHilioBaayM CUTHAIBHUN HMIIAX
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anonTo3y 3a ydacTi kacmazu 3 Ta 7. bigpmi 3a posmipom @MHY yuHwim Oinbin
BUpaXCHUI MarHiTO-MeXaHOXIMIYHHM eekT Ha kiaiTuau. Hampuknag, MHY giamerpom
150 M, 250 M 1 350 HM cTBOproBasm cruti 0,04 mH, 0,11 nH 1 0,20 nH Bignmosigno. Ha
i TIiACTaBl MOIITBLHO PO3IIIANATA B3a€EMO3B’SI30K MK TETEPOTEHHICTIO IMyXJIMHHHUX
KJ1iTuH Ta po3noainom MHY B ymoBax Heomropigaoro [IMII. Takox O6ysio BCTaHOBIEHO,
M0 KJIITHHU TEPEBaXHO 3a3HABAIM 3arubOesii 4depe3 HEeKPOTWYHI 3MIHU BHACIIOK
MOIIKOJKEHHS SIIEPHOI Ta LUTOIIa3MaTuyHO1 MeMOpad micis BimuBy ®MHUY ta EMII
yactoToro 3,33 'y [119]. ¥V poboti [120] Gyno mokazano, mo EMII gactororo 2 't
3HI)KYBAJIO aKTUBHICTh IJIyTaTIOHNEPOKCHUIa3U-4 Ta 1HILIIOBAIO (PEPONTO3 3TOSKICHUX
KJIITUH y TBapUH-MYXJIUHOHOCIIB, 5Kl oTpuMmyBasiu TepaHoctuyHuid MHK Ha ocHOBI
®MHUY. B octannbomy Bunanky, MHK Bucrtynas sik nokanizarop EMII ta koHTpacTHU
areHT JJI paJlloJoTiuHOI Bizyamizalii merogom MPT.

B iHmomy gocmipkeHH1 KIITHHH Tenatobsactomu jroauau  Huh-7 1
renarouentoyisipHoi kapunHnomu HepG2 mignaBanu BIUIMBY IMITYJIbCHUX MarHiTHUX MOJIB
(10 mynbciB TpuBaicTiO ~ 15 MKc 3 iHTepBasioM 10 ¢, BeTWYMHA MAarHiTHOI 1HIYKIII —
5Tn ta 8 Tn) 3 MHK nHa ocnoBi CMHUY, mo npu3BoAWIO 10 BABIYI BUIIOTO PIBHS
MPOYKIIIi CYyNEePOKCUTHOTO paJrKaja Ta 3HWKYBAJIO KUTTE3ATHICTh KIITHH MPUOJIU3HO
yABIYl MOPiBHSAHO 3 camocTiitHoto aiero0 MHK. Marnito-mexanoximiuni epextu MHK
MOIIKO/DKYBAIM MITOXOHJIpiaibHI Ta JII30COMalibHI MEMOpaHH, IO MPU3BOAMIO JI0
yTBOopenHss ADK Ta 3amyckano anonto3 nyxiauHHUX KIiTuH. Cepen mpo0emM T0CTaBKH
MHK, HaBaHTa)keHMX NPOTHIYXJIMHHUMH Mpernapatamu, Oyna arperaris MHY mpu
B3a€MOIIi 3 KIITHHAMH KpPOBi, CHPOBATKOK 1 CTIHKaMHU CYAWH JO TOTO, SIK BOHU
noTpasuiv y nyxiauay. Bpaxosytoun 3natHicts MHY 1o arperauii, kiactepu po3mipom
600 am misun cumnoro o 1300 mH mpu rpagienti maraitHoro mois 3400 Ta/m [121].
OpHuM 13 pilieHs s nonepenkeHHs ooMmexenoi noctaBku MHY yHacminok arperanii
Oyna Moaudikalisg iXHbO1 MOBEPXHI LIJISIXOM HaHECEHHs 010MoaiMepiB YU 0JIaropoIHOTO
MeTaidy. 30J0TO — NMPUBAOIMBUK Marepiasl Ui MiBHILEHHS OlocymicHocTi MHY 31
30epeKEHHSAM 3/IaTHOCTI 1HILIIOBAaTH BUIbHI pajuKaiu, BKiItoyaroun APK Ta akTUBHI

dbopmu azoty (ADH) [122], [123].
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Brums TIMII 3 marnitHow iHaykmiero Menme 1,4 Tn ta MHK, naBanTakeHHX
XIMIOTEpANeBTUYHIUMH 200 IMyHOTEpAaneBTUYHUMU areHTaMH, TMPOJAEMOHCTPYBAJIO
3HAYHO BUIY NPOTUNYXJWHHY akTHBHICTH [124], [125], [126], [127], [128], anixk
camocriitauit Brum MHK [129], [130], [131]. MHK, nHaBaHTaxeH1 MPOTHUITYXTHHHUMHU
arearamu, 1 BrumBoM [IMII 3 maraiTHOfO iHAYKIi€Eto Bix 0,4 T mo 1 Tn iHimiroBamu
npoxaykiito ADK 1 moTeHIitoBamu ait0 0PIIMHATEHUX XIMIOTEpaneBTHUHUX IIPETaparis,
takux sk JIOKC Tta maxmitakcen. OxpiM okucHoro crpecy, iHaykoBanoro JJOKC i
NaKJIITaKCeJIOM y MyXJAuHHUX KmituHax [132], [133], oTpumani pe3yJbTaTtu
MOSICHIOIOTHCSL MarHiTo-mexaHoxiMiunuMm edexkrom MHY na intepkamsuito JIOKC y
JIHK a6o nmonimepusanito MiKpoTpyOOHYOK MaKIITAKCEIOM Y 3JI0IKICHUX KiIiTHHaX [128],
[129]. ITinBumenuii pienb ADK miciist Maraito-mexanoximiunoro epexry MHK-JJOKC
ta [IMII 3 MmarHiTHOwO iHAYKIIE a0 1 Thn mpu3BOAMB 110 HAKOMUYEHHs OUIKIB 3i
3MIHEHOIO KOH(OPMAIII€l0 B €HI0IIIa3MaTUYHOMY PETHKYJIYMI KIIITUH aJIeHOKapLIMHOMU
rpyaHoi 3ao3u roaunu JaiHii MCF-7 [125].

BaxxiMBuM acrekToM MarHiTHOI HaHOTepamii € KUIbKICTh 1 TPUBAJIICTh CEaHCIB
JikyBaHHA. Y po0oTi [126] Oyio BcTaHOBIIEHO, 1110 OaraTopas3one (Ha 1-mry, 5-ty, 9-Ty Ta
13-ty o0y micia mnepeleryieHHss myxJiuHu) 3actocyBanHa [IMII 3 BenuumHOIO
MardiTHoi 1HayKIii 80 MT mpoTarom 2-x roAuH Ha JIEHb MOKpamtyBayio joctaBky MHK-
JOKC, Buknukano y 2,7 pasza O11bI11 BUpa)KeHE IPUTHIYEHHS POCTY €KCIIEPUMEHTAIBHOT
Mozeni 3noskicHoi myxauHM KapumHomMu SKBR3, anix 12-roguHHa omHOpa3zoBa
excriosuirist [IMII. Cniocrepiramacs 3nayna pizauiis B arperaiiii, po3nosiai MHK-JIOKC
1 pIBHSAX 3aji3a B MyXJHUHI MiX TBapWHAMH, SIKI 3a3HaBald OJHOPA30BOTO 1
Oararopa3oBoro ompomineHHs [IMII mpotsrom 33-x mi6. OkpeMHM TEXHIYHUM
pIIIICHHSIM CTaj0 BpaxyBaHHSA KiJbKOCTI TOCTIMHUX MAaTrHITIB TiJ 4Yac MAarHiTHOI
HaHOTepamii. BB JOBOX MNPOTWIEKHO MOJSIPU30BAHUX MArHITIB 3 BEJIMYHUHOIO
MarHiTHoi iHaykuii 0,66 Ti npogeMoHCTpyBaB OLIbITY TTTUOMHY IPOHUKHEHHS BBEICHUX
BHYTpiliHbOBeHHO MHY y mnapenximy nyxiauHu (30u1blieHHs HakonuueHHs MHK
yTpuul Ta 30UIblIeHHs BiacTaHl npoHukHeHHs MHK yderBepo) mopiBHSHO 3 OJHUM
marHiToM [130]. ITII" ayist OHKOJIOTIYHUX TMAlIEHTIB 3a3BUYall CKJIaaanach 13 JEKIIbKOX

CEaHCIB JIIKYBaHHS TPUBAIICTIO KOkHOI O1m3bko 30 xBunuH [3], [134]. [lokazano, 110
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PMII npu o6epranni 3 yactotoro 15 ['1 HEOAUMOBOTO MarHiTy 3 MarHiTHOIO 1HIYKIIIEIO
40 MTn mocumoBasio MHK-3anexxne yrBopenns A®K 1 momkomkeHHS MemMOpaHU
3JI0SIKICHUX KIITHH Tiio6iaacTomu U87, 10 cripusiio IXHbOMY HEKpo3y i anonro3y [135].
Bynu BusiBiIeH1 3HaYHI BIIMIHHOCTI B PIBHSAX BUTRHOTO 3aI1i3a, JIakToQepuny, 611kiB NO-
FeS, ybicemixiHOHY Ta KIHETHII POCTY 3JOSKICHUX MYXJIMH MK TBAPUHAMH TI1]] BILTHBOM
MHK-/IOKC 3 TIMII y gianazoni 40-600 mTx it EMII 3 wactoTtoro 42 MI'11 [42].
3aranom, HaBeJIeH1 €KCIIEPUMEHTAJIbHI TOCHII)KEHHS HAa TBAPUHAX 13 BUBHAYEHHAM
BBy 117 3 TIMIT Ta MHK, noxka3anu 3011bII€HHS] NPOTUITYXJIMHHOI aKTUBHOCTI Ha
10-35% mnopiBasiHO 3 nier0 odiuuHansHOoro JOKC. IMporunyxnuunauii epexr I 3
[IMII Ta MHK 3ymoBieHO ABOMa MEXaHI3MaMHU: MarHiTOXIMIYHUM €(EKTOM — CITiH-
3QJICKHOI0 PETYJISIIEI0 KIHETUKH PEKOMOIHAIll BIUIBHUX PAJHUKATIIB y 3JIOSKICHUX
KJIITUHAX 1 MarHiTOMeXaHIYHUM e(peKToM — iHirianiero koHpopmaritnux 3min y JJOKC,

HaBaHTaxxeHoMy Ha MHUY, ta npoaykiiero ADK.

1.4. MarHiTHa HAHOTEPAHOCTUKA 3JTOSIKICHUX MYXJIHH

MaruniTHa HaHOTEPaHOCTUKA — 1€ IMiAX1, 1[0 TTOEJHYE JIIarHOCTUKY Ta JIKYBaHHS
3NI0SIKICHUX MYXJIMH 3aBAsku OaraToyHkiioHanbHOCcTI MHY, siki 3a0e3meuytoTh O1IbII
TapretHy (UUTbOBY) JOCTaBKy Ta  MOCWICHHS  MPOTHUIYXJMHHOTO  €(eKTy
XIMIOTEepaneBTUYHUX areHTiB y BiamoBiap Ha BrumB IIMII ta EMII, a Takox HamaroTh
JIOJIaTKOBY KUTbKICHY 1H(oOpMariiio npu pamionoriuniii Bizyamzamii (MPT, Y3/, KT,
pentrenorpadis). MHY miaBHIyrOTh KOHTPACTHICTH MEAUIHOTO 300paKCHHS 3aBIISIKH
pi3HHI B iHTEeHCHMBHOCTI curHaimy npu MPT, exorenHocti # xopcrtkocti mpu Y3/,
PEHTTeH-IIIFHOCTI IPU PEHTTeHIBChKIN Bi3yani3allli MiXK 30HOI0 1HTEpECY MyXJIMHU Ta
HaBKOJUIIHIMU TKaHuHamu [136], [137].

[TapameTpu IIMII 1 pagiouactotHux EMII € BaxnuBumu B MPT-Bi3yamnizarii 11s
JOCIIIJKEHHS 3710sKICHUX IyxJiuH 1 BBy MHK. Yac cnin-penriTyacToi penakcaii (T1)
XapaKTEepPU3y€e B3aEMOJIII0 MDK CIIHAMHU JIOCHII)KYBAaHOI CHCTEMH (aTOMHOIO SApa) 3
CYyCIIHIMU MOJIEKyJaMU YU aToOMaMM (pelliTKa), 10 MPU3BOAUTH 10 BITHOBJICHHS

NO3JJ0BXHbOT KOMIIOHEHTH HAMAarHiueHOCT1 O PIBHOBAXKHOT'O cTaHy. Yac CIiH-CIiHOBOI
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penakcanii (T2) Bu3Hawae mporec BTpatu (Pa3oBOI KOTEPEHTHOCTI CIIHIB Yy MeXKax
JIOCITIJIKYBAHOT CHUCTEMH, IO CIPUYUHSE 3MEHIICHHS HAMarHI4€HOCTI B TOMEpPEYHiN
wionmHl [138]. MHY Oynu BUKOpHCTaHI SK TMEPEHOCHUKU JIKAPCHKUX 3ac00iB Ta
OKHCHO-BIJJHOBHI 30HU Ui MOHITOPUHTY 3MIH PEIOKC-CTaHy MyXJWHHU. 3MIHU PIBHIB
BUTBHHUX PaJHUKaNIB AociipkyBanmu Ha MPT, ockibku BOHU 3MIHIOBAIM KOH(OPMAIIIFO
MHK, kibKICTh MOJIEKYJ BOAM B KOOpAUHALINHHIN chepi abo yac poTamiifHOT KOpemsiii
[139].

Halinommpeninn KoHTpacTHI areHTH ayisi MPT-Bi3yanizanii 3705KICHUX ITyXJIMH
Ha NPaKTHIl BHUKOPUCTOBYIOTH ioHM ragominiro (Gd*"), saxi marors mnapamarsitai
XapaKTEPUCTUKHU 1 B MepUly yepry ckopouyroTh yac penakcauii Ti [140]. IIpote Oymno
BCTAHOBJICHO, 10 J€sK1 ra{0TIHI€EBMICHI KOHTPACTHI ar€HTH CIIPUYHHSIIN MOUTKO>KESHHS
BHACJIIJJOK OKHMCHOI'O CTpeCy Ta 3arubenb KIITHH 4epe3 TpaHcMeramizamiro 3 Fe’' Ta
xoHKypeHwito 3 Ca?"y 6ioximiunux npouecax [141]. 3 mo3uuii MaraiTo-MexaHoxiMigHIX
edpextiB, [IMII tTa EMII nisiin Ha XemaTu rajoiHil0, HAKOMUYEHI B MyXJWHI Ta i
MIKPOOTOYEeHHI. 3acTocyBaHHA HeomHopimHoro [IMII 3 MarHiTHOW 1HAYKIIIEO
B<1,2Tn Ta ranomniHieBMicHOro koHTpacTHoro areHta (Gd-DOTA) iHimitoBano
Mar”iTHy cwiy BenuunHOr 4—16 mH Ha meputoHeanbHi Makpodaru, 130J0BaHi Bij
muteit ainii C57BL/6 (H-2b). MarnitHa cuna, onocepeakoBana Gd-DOTA, He Tinbku
CIOPUYMHSAJIA PI3HUH TPOCTOPOBHM PO3MOALT KIITUHHUX KyJIbTYp, a W 3MIHIOBajia
oprasizaiito opranen ycepeauHi makpodaris. [lepepo3mnoain MITOXOHAPINA 1 UCTEPH
anapary ['onbiK1, K1 0epyTh yuacTh y reHepairii ta nerokcukariii ADK, 6ys nos’ s3anuit
13 BrtmBoM [IMIT 1 Gd-DOTA nHa monimepuzaitito akTUHY 4epe3 CurHaIbHUHN uisix RhoA
[142]. MPT-ominka BiAMOBiAI HA JIKyBaHHS MPOJEMOHCTPYBaJa 3MEHIIEHHS PO3MIpy
KaprmHoMu JiereHb JIproic Ha ~ 12% y wmumeir C57BL/6 micnst BIIMBY MarxiTo-
MexaHoxiMiuHO  cuHTe3oBaHoro MHK-JIOKC Ha oOCHOBI  TrajoiiHIEBMICHOIO
koHTpactHoro arenta (Gd-DTPA) 3 [IMII B = 0,4 Ta ta EMII 3 wactororo 42 MI 1,
BiiHOCHO camocTtiiHoi nii MHK a6o odinunansnoro JJOKC. [lis MHK-JOKC
MPU3BOJIMIIA 0 MIABUILECHHS PIBHS BUIBHOTO 3aj1i3a B MITOXOHAPISIX MyXJIMHHUX KJIITUH
npuban3HO B 5 1 24 pas3u BianoBigHo, nopiBHsAHO 3 Aier0 MHK-ZIOKC + IIMII + EMII

ta JIOKC oxpemo. KineTuka pocTy MyXJMHUA HETaTUBHO KOpeoBaia 3 (PpakTaJbHOIO
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PO3MIPHICTIO TEPUTYMOpPaTbHOI TKaHUHU Ha MPT-300pakeHHAX TBAPUH-ITYXJIMHOHOCITB
micis camoctiHoro BmumBy JIOKC, Tomi SK CHIBHHMI IO3UTUBHHHN KOpEJSIIHHUN
3B’S130K OyJsio BiamideHo miciss komOiHoBaHoro BBy MHK-JIOKC + IIMII + EMII
[143], [144].

Marnitae Hacuyenuss CMHY ta ®MHUY y BianoBiab Ha MPUKIaAEH] MOJS, 110
MIMPOKO 3acTocoByIOThCs B MPT 3 Benmumnoro marHiTHOi iHaykmii 1,5-3 Tn Ta
yacToToro 40—130 MI'n npurHivyBano MardiTHi QUIykTyanli 1 TAKHM YHHOM CTBOPIOBAJIO
JIOKaJibHEe 30ypEeHHSI MAarHiTHOTO MOJIS JUIOJBbHUM JIKEPEIOM, K€ CKOPOUYyBajo 4ac
penakcarii T [112], [113], [116], [120], [127], [128], [130]. AnbTepHaTuBHA CTpaTeris
nependavyania  3actocyBanHsa [IMII 3 wmarnitTHoro iHAykuiero ~ 0,13 mTn ans
Bukopuctanid MHY sk Ti-xkoHtpacTHux arenrtiB, xoua CMHY po3mipom g0 5 HM
BI3yalli3yBaJIUCh SIK Ti-KOHTpacTHUM areHT 1 3a yMoB [IMII 3 Oi1bI10I0 Mar"HiTHOIO
iHaykuiero [145]. Hocmimxenns BrumBy TepaHoctuuHoro MHK Tta EMII Ha
eKcriepuMeHTanbHIi Mozeni menanomu K1735 3acBiunio 3MeHIleHHs 00’ eMy yXJIMHU
Ha ~ 35% BigHOCHO camocTiiHoi 111 MHK Ta ckopoueHHs yacy criiH-CIIHOBOI pelakcallii
(T2) mpu MPT-Bi3yamizarii [116]. lo Toro x 3actocyBanus MHK na ochosi ®MHUY Tta
[IMII 3 marnitHOO 1HAYKIiE0 B = 630 MTn TpuBamicTio 3 TOJAUHM IOIHS TpOoTIroM 14
710, TOYMHAIOYH 3 3-TO JTHA MICs MEePENIeTICHHS €KCIIEPUMEHTAIBLHOT MOJIEI MEJIAHOMU
M-3, BUKJIMKAJIO 3MEHIIIEHHs 00’ eMy MyXJuHU Ha ~ 35% BigHOCHO camocTiiHoi Aii MHK
1 ckopoueHHs yacy penakcamii T> na MPT [146].

Bapro BigmiTuTH, 1O BUKOpUcCTaHHs TepaHoctuuHoro MHK mixg BrumBom
yibTpa3ByKy npu dactoTi 1 MI'r 1 [IMII 3 marnitHOO 1HayKItiero 0,1 T iHimiroBazo
reHeparito HaHoOymbOammok auriapocynbdiny (H2S) B myxnmuaHuX kiaituHax. MPT Tta
VY3]1 no3Bonmmnu BizyanizyBatu MHK: MHY ckopouyBanu gac penakcarii Tz, Tomi sk ra3
H>S nisiB sik koHTpacTHUM arent npu Y 3/1. JKutreznatHicts Ta MOAyJ b IpyskHOCTI KOHTa
KIITUH renarouentosipHoi kapiuanomu HepG2 Oynu, BiamosinHo, HA ~ 35% 1 ~25%
HWKYMMH Yy TOPIBHSIHHI 3 camocTiitHuM BruiiBoM MHK. OdeBuaHO, y IbOMY BUIIAJKY
Ha MarHiTo-mexaHoximiuni edektn MHK, mo inigiroBanu npoaykuito ADK 1
NOPYIIEHHS LUTOCKeNeTy Mpu MarHiTHIA cuwm (> 320 nH), BmumBaB 1 po3puB

HaHOOynbOamok, i pisens Ca’', ki MOTEHLIIOBANM iHIYKIHIO amonTo3y Ta HEKPO3y
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3nosKicHuX KmiTuH [147]. YV po6oTi [148] 6yno nposeaeno MPT- ta V3]I-Bizyaiizaitiro,
a Takox oriHeHo BB MHY Ha ocHOBI okcuay 3ami3a, HaBaHTaxeHux JJOKC, mig miero
EMII Ha KiHETUKY pOCTY €KCIIEPUMEHTAIBHOI 37I0SIKICHOT MyXJIMHU KapinHomu [ epeHa.
[Ipu mpoMy wmarniTo-mexaHoximiuHi edexrtu iHimiioBani MHUY ta EMII, 30kpema
BU3HAYEHHS pIBHIB BUIPHUX pAJUKANIB Yy MyXJIHHI, 3aJIUIIWIACA 1032 MEXaMH
JIOCITKEHHS.

PozrnsHyBim marnitHi BaactuBocti MHK 1 mapameTpu npukiageHnX 30BHIIIHIX
[IMIT ta EMII, cnix 3a3HauuTH, 1[I0 MarHiTO-MEXaHOXIMIYHI €(EeKTH, sIKI BOHHU
HilIIOBaJIM, HE Oynu diHIdHUMH. OJHUM 13 MIAXOAIB JI0 XapakTepu3allli Lboro
B3a€EMO3B’SI3Ky € 3aCTOCYBaHHS METOJIIB, 3aCHOBAHUX Ha HEJIHIMHIA JUHAMIIIL.
Monynsuis yrBopenns ADK 1 penokc-curHaninry Oysa peaiizoBaHa HUIIXOM BIUIMBY Ha
B3aemo/1t0 Mixk MHK, TIMII ta EMII y 310siKicHI# yXJIMHI, @ TAKOX i MIKPOOTOYEHHI.
Omgnak Ha  gomatok a0  (akTopiB  TMOB’SI3aHMX 3  MDKIYXJIMHHOKO — Ta
BHYTPIIIHBbOIYXJIMHHOIO TETEPOTCHHICTIO OYyJI0 BHUSBJICHO 3HA4YHY BapiaOelbHICTh Yy
J3aiiHI TPOBEICHUX €KCIIEPUMEHTAbHUX JTOCTIKEHb (MOl MyXJIUH, PO3MIp, CKIIa
1 koHneHTpanist MHK, napamerpu I[IMII Ta EMII). Hactynauit migpo3ain MiCTUTh OIS
OoOMEXEeHb 1 BUKIIMKIB, SKI TMOB’S3aHI 3 TPAHCIAIIEI MarHiTHOI HAHOTEPAHOCTHKHU
3NI0SIKICHUX IMyXJIMH, 3aCHOBAHOI Ha MOJYJIALII PEJOKC-CTaHy MyXJWHU 3 JOMOMOTOIO

Mar”iTO-MeXaHOXIMIYHOTO e(DeKTy, B KJIIHIUHY OHKOJIOTIYHY Ta Pali0JOTI4HY PAKTHUKY.

1.5. O0MeskeHHSI Ta BUKJIUMKH JJI TPAHCJIALIT y KJIiHIYHEe 3aCTOCYBAHHA

VYHiBepCcanbHICTh MarHiTHUX HAHOTEXHOJIOTIM OOyMOBWJIA IIMPOKUN CIIEKTP
3aCTOCYBaHb JIJIsl 11arHOCTUKH Ta JIIKYBaHHS 3JI0SIKICHUX HOBOYTBOPEHb, 1110 MOTJIMOUIO
PO3YyMIHHS CTOXaCTUYHHUX MPOLIECIB, IOB’ A3aHUX 13 PEIOKC-CTAHOM ITyXJIMHU Y BIIMOB1/Ib
Ha MarsiTo-mMexaHoxiMiunuii epekr MHY Ha piBHI OKpEeMHUX E€JIEKTPOHIB, aTOMIB,
MOJIEKYJI, KJIITUH 1 TKAaHUH. X0ua pe3yabTaTh JOCHIIKEHb in Vitro Ta in vivo, pO3risHEH1
y HONEpeHIX MIAPO3AUIax, BKa3yBall Ha OUIbII BUPAKEHUNA €(PEKT MPOTUITYXJIMHHHUX
areHTiB Ta JOMOBHEHHS JI1arHOCTUYHOT IHPopMmaii npu Bizyanizauii 3 MHY nijx BrummBom

IIMII Ta EMII, KIJIBKICTh KJITHIYHUX JTOCIIJDKEHD 3aJIUIIAECTHCS JOCTaTHHO 0OMEKEHOIO
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[149], [150], [151]. 3nauny yBary HayKOBOi CITUIBHOTH 30CEPEKCHO Ha JOKIIHIYHHUX
JOCITIJKEHHAX, Kl HEOOXIJIHI JJIg BUPIIICHHS MHUTaHb, MOB’S3aHUX 3 (DOpMyBaHHSIM
0171KOBOI KOpOHH, TOCTaBKOIO Ta TokcnuHicTio MHY y kom6inamii 3 IIMII ta EMIT ns
MIPUCKOPEHHS BIPOBAP)KCHHSI MAarHITHOI HAHOTEPAHOCTUKH B KITIHIYHY MPAKTHKY.

Cepen muTaHb, 10 CTOCYIOTHCSI MAarHITHOTO HAIlUTIOBAaHHS (TapreTHOI TOCTaBKH)
MHK y 3no0sikicHI myXJuHH, € afcopOuis OinkiB Ha moBepxHi MHY 3 Giomorigynmx
CEepeloBUI] OpraHizMy — npouec ¢GopMyBaHHs OUIKOBOI KopoHHU. Jleski Oiaku
YTBOPIOBAJIM MilHI 3B’ 513k 3 noBepxHetro MHK 1 Manu noBuUIbHY IIBUAKICTE OOMIHY 3
OTOUYIOUUM CepeIOBUILIEM (KOPCTKA KOPOHA), TO1 SIK 1HII OYJIM MEHII CTa0lTbHUMU Ta
CXWJIBHUMH J10 B3a€MOJIi 3 cepeoBuIleM (M’ sika kopoHa) [152]. B3aemonis mizxk MHK 1
010JIOTIYHUMH OO0’ €KTaMHM TaKOX 3alieyKajia BiJi CKJIaAy Ta BJIACTUBOCTEN O1IIKOBOL
KopoHH, ockuibkiu MHK mpoxonunu yepe3 KpOBOHOCHI CyJMHH, a TaKOXK O10JI0T14HI
pinunu, go nyxaunu [ 153]. IBuake BuBenennss MHK 3 kpoBOTOKY 1 HEI[1JIbOBa JOCTaBKa
BUHHMKaIM 4yepe3 ¢hopMyBaHHs OinkoBoi koponu [154]. 3 ormsay Ha ne MHY wgacto
MOKPUBAJIM TOJIIMEPAMU, TAKUMHU SIK MOJIETHICHTIIIKOJb 1 JEKCTpaH, JIid Moaudikailii
(b13UKO-XIMIYHHUX B3a€MO/I1 Ha TOBEPXHI HAHOYACTUHKH Ta (hOpMyBaHHS KOpoHH [155].
Panimme Oyso mpoBeaeHO JOCTIKEHHS MarHITO-MEXaHOXIMIYHOTO €(peKTy Ha B3a€EMO/III0
MHY 3 6inkamu B 610JI0TIYHUX cepefoBHINax. Hampukian, mMar"iTHe HaIlIFOBaHHS
mMoaudikoBanux riayraminom MHY 3MmenIyBano 3araapHy KUTbKICTh TOTJIMHYTHX OLTKIB
1 4acTKy 3aj1303B’s3yr0unx OMKiB y KopoHi miciast 10-xBumuHHOTO BrutuBy [IMII 3
MarHiTHor iHaykitieo 204 mTi na mumax aiHii BALB/c [156]. Bius EMII 3 wactororo
345 xI'm nmpoTtsarom 15 XBuUIMH TpU3BOAWB 10 301IBIICHHS TEPiOy HAIiBBUBEICHHS
MHY npubnuszao B 1,9 paza y mumeir BALB/c. 3minn y cknaai OiKoBOi KOpOHH,
30KpeMa, CITBBIJIHOIICHHS MK OIICOHIHAMHM Ta JucomncoHiHamu, micias mii EMII 3
yactoToto 345 k' Ta Hanpy»keHicTio MarHiTHOro noJst 200, 250 1 300 E npuszBoauiu 10
3MmiH y HakonunyeHHi MHUY y nieuiniii ta cenesinii. OTpuMani pe3yabTaT 0yJio MOSCHEHO
3MIHOKO KOH(pOpPMALIIHOI NHHAMIKM OTOYYHYMX OLIKIB yHacmijaok pyxy MHY Ta
nomipHoro HarpiBy (< 43 °C) nig yac nocrasku [157], [158], [159].

[HmmM nutanHsMm € HakonumyeHHs MHK y myxmmei Ta i MIKpOOTOYEHHI.

Mopdonoriuni Ta GyHKIIOHAIBHI 0COOJIMBOCTI CYIMHHOT MEPEXKI MyXJIMHU (HAPUKIaI,
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denecTparliss eHI0TENII0, XAOTUYHUA KPOBOTIK) MOTIPITyBAIN KPOBO- Ta JIMQOTIK, 110
npu3BOAMWIO 0 edeKTy MiIBUIIEHOT MPOHUKHOCTI Ta pereHiii (enhanced permeability
and retention) [160]. IIpocTopoBa Ta 4acoBa TeTEpPOTECHHICTH 3JOAKICHUX MYXJIUH Ha
PI3HHX PIBHSIX OpraHizailii 3aJuIIacTbCs MOTYKHUM O0ap’€poM IS MIITbOBOI JJOCTaBKU
mikiB. Hapasi 3anmpomoHOBaHO  MOJENI  XAaOTHYHOTO  pO3TallyBaHHS  CY/AWH,
MO3aKJIITHHHOTO MAaTPUKCY 1 MEXaHIYHUX CHJI, 1[0 TEHEePYIOTHCS ITi]T 4ac MPOIECiB POCTY
Ha pI3HUX pIBHAX NOyXJuHHOI iepapxii [161]. Lli ¢akTopu BruMBarOTH Ha paHHE
BUBUIBHEHHS NPOTUNYXJMHHUX npenapariB 3 MHK Ta 00MeXyroTh iXHIO TOCTaBKY A0
HEHTpY 1 nepudepii nyxiauHu. biabm paHHl AOCHIKEHHS mokazanu, mwo jume 0,7%
(meniana) BBenenux MHY 1 MHK Oynu gocraBieHi B COJIJHI MyXJIWMHU LUISIXOM
peanizalli akTUBHUX 1 MACUBHUX CTpaTeriil miboBoi JocTaBku. Ciif BIAMITUTH, IO Y
pobGoti [162] aHami3 BKJIIOYaB HEBEIUKY KUIBKICTh JOCHIIKEHb MIPHUCBIYECHUX
Mar”HiTHOMY HalllJIIOBaHHIO, a HalBHIlAa €()EKTUBHICTb JIOCTaBKHU CIIOCTEpirajacs Mnpu
3M0SIKICHUX MyxJiHax mKipH (1,3%), ronoBaoro mo3ky (0,8%) 1 neuinku (0,7%).
3HauHUIA JOCHIAHUIIBKUM 1HTEpEC CHPSMOBAHO Ha PO3POOKY YYTIUBUX O
30BHINIHIX CTUMYJIIB TOKPHUTTIB 1 JITaHAiB, OJHAK BOHU MAalOTh IEBHI OOMEKCHHS,
BHACJIJIOK KOJMBaHb peAoKc-cTany, pH, Temmneparypu il aprepiaibHOI HAPYTH 3CYBY.
CrpsimyBannsgs MHK B 30HHM 3 HaOUIBIIOI HAMPYKEHICTIO TOJsE OyJI0 peai3oBaHo 3
nonomororo HeogHopinuux [IMII, npu oMy npoctoposa opranizamiss MHK y myxnuHi
3a/1aBayiacsi Ha OCHOBI BIATIOBIIHMM YHMHOM PO3POOJICHUX MOJeNel rpaaienTta mois [78],
[163]. baxkanmii Tpagi€eHT MarHiTHOTO TOJA JJig HaHOTEpamii 4YacTo JOCATaBCs 3
JIOTIOMOT'OX0 Ha0Opy 3 JEKUIbKOX MOCTIMHUX MarHiTiB [164]. BaxxnmuBuM nuTaHHSM NpU
nocrtasui MHK 10 rinnGoko po3TamoBaHuX MyXJIHH € CTBOPEHHS JOCTaTHHOT MAarHiTHO1
CWJIH JUIsl 1HIIAIi MarHiTo-MexaHOXiMIYHOTO edekTy Ha 3mosikicHi kmitman. MHY €
npuBaOIMBUMHU I TEPAHOCTHUKM 3JOSKICHUX MyXJIUH 3aBIASKH  MOXIJIUBOCTI
JUCTAaHUIMHOTO BIUIMBY Ha KMTHUHHI (yHkumii. MHY Takok BUKOPUCTOBYIOTH IS
BHUMIPIOBaHHSI MEXAHIYHOI KOPCTKOCTI O10MOJIEKYJI 1 BHYTPIIIHbOKIITUHHUX OpraHedl.
Mar"iTHUi MIHUET — MOTEHUIMHUA I1HCTPYMEHT ISl JOCHIXKEHHSI €JacCTHYHOCTI1
010MOJIEKYJT IIUISIXOM MpUKIagaHHs MexaHiuHux cuil [165]. Kpim Toro, Oyso BUsIBIEHO,

mio 1IN nokpamrye nocrasky MHK, 30151b11yt0un MIBUAKICTH KPOBOTOKY, @ OTKE, BKJIA]L
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e(eKTy MiABUIIECHOI MPOHUKHOCTI Ta pereHuii [8], [166]. [Ipuuomy HEpiBHOMIpHHIA
PO3IOILT TUTOMOTO KOoedilli€EHTa MOTJIMHAHHS €HEPTii eIEKTPOMarHiTHOro noiis (specific
absorption rate, SAR) mir TouHime BiATBOPIOBATH XAOTUYHI MATEPHU IMYyXJIUHHOTO
kpoBoTOKY i1 9ac aii EMII mpwu ITIT [167].

Y pobotax [168], [169], [170] mokazano, mo MHK Ha ocHOBI okcuy 3aiti3a 31aTHi
3aJUIIATUCh Y TKAaHWHAX TBapuH 10 580 OHIB MiC/Isi BHYTPINIHEOBEHHOTO BBEICHHS.
Busenennss MHY 13 cucTeMHOI HUPKYJIAILIT 3a7€Xajio BiJ] YTBOPEHHs OUTKOBOI KOPOHU
Ta MOJAIBIIOT B3a€EMO/IIT 3 PETUKYJIOCHI0TEIaIbHOI cUcTeMOI0. BioMo, 1110 daromnutu
nornuHatoTb MHK 1 HakonmuuyioTh ix mnepeBakHO B mediHmi Ta cenesinni. MHK
po3MipoM MeHIe 10 HM vacTiie BUBOAWIKNCH yepe3 HUupku [171]. [ledinka — ocCHOBHUI
OpraH JICTOKCHKAIlli KpOBI Ta KIIOUOBUM PETYIISATOP CUCTEMHOTO METa00J113MYy 3aJ1i3a, 10
O0epe ydacTh y HIATPUMII OKHCHO-BIJIHOBHOrO romeoctasy [172], [173]. denectpu
po3Mmipamu ~ 107 HM y TIEYIHKOBHX CHHYCOiaX MOJICTITYBAIH MEPEHECEHHS TBEPIUX
YaCTUHOK 3 KPOBOTOKY Jn0 remarouutiB [174]. KyndepiBcbki KIITHHH (TI€YiHKOBI
Makpodaru) parouuryBamm MHY 13 CHHYCOITHUX KaIiJspiB IMICJIs PO3Mi3HABAHHS
OTICOHIHIB y TXHil OLIKOBIM KOPOHIi. 37aTHICTh 3ai1i3a CTUMYItoBaTH BupoOeHHss ADK
IPU B3a€MOJII1 3 CUCTEMOIO TUTOXPOMiB P450 1 mpU3BOIUTH 10 OKUCHOTO CTPECY — OJIMH
13 MexaHi3MIB BUHHMKHEHHS TOKcu4HOCT [175]. EMII 3actocoByBamu i MOIyJIsIIii
pEeIOKC-CTaHy TEYIHKA Ta 3MEHIIeHHs TokcuyHocTi, cnpuunHeHoi JIOKC, y urypis-
nyxauHoHOC1iB [176]. Xoua BrumB [IMII camocTiitHO 3yMOBITIOBaB IIJIBOBY JTIOCTaBKY
MHK y kniTHHH TrenaToIeMIONIIPHOI KapUMHOMHU Yy TEYiHIN, Ha IIi MPOIECH TaKOXK
BIUTMBAJIO IIBUJKE TOMIMHAHHS B  PETUKYJIOCHIOTemalbHii cucremi [177].
Hocnimxenns BBy MHK 3 TIMIT a6o EMII in vivo, sik paBmiio, 1eMOHCTPYBaJIA
3HIDKCHHSI T00IYHMX e(EeKTiB, TMOB’S3aHUX 3 TEMaTOTOKCUYHICTIO, TOPIBHSIHO 3
camoctiiinuM BruiBoM MHK a6o ogiuuHambHUMH XIMIOTEPANEBTUYHUMH areHTaMu
[127], [178], [179], [180]. Pe3ynbTaTu, oTpuMaHi B XOJ1 €KCHEPUMEHTAJILHOI OI[IHKU
tokcuuHocti MHY 1 MHK in vivo nipoTsirom TpuBajioro nepioay 4acy, npeacTaBisiv
3HAYHUUN KPOK I MEIMYHOI TPAHCIIALIII.

HesBaxxarouu Ha Te, 110 O1IBIIICTh JOKIIHIYHUX €KCTIEPUMEHTATBLHUX JTOCIIKEHb

niaTBepaKyoTh TepaneBTuyHi edpekrn MHK, monynsoanux I[IMII ta EMII, icHytoTh
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JIOKa3| TOTO, 10 MapaMeTPH €JIEKTPOMArHITHOTO ONMPOMIHEHHS MOXYTh OyTH MifiOpaHi
3 METOI AaKTHBAIlll pPENOKC-CUTHAJIbHUX IIISAXIB, $AKI CTUMYJIOIOTH pICT Ta
PO3MOBCIOKEHHS 3JIOSKICHUX MYXJIWH. 3 OISy Ha MPUIYIICHHS, 0 MarHeTUTOBI
MHUY nakonuaytoThCsi B oprani3mi groauau 1 reaepytots ADK y Bianosias Ha [IMII Ta
EMII i3 HaBKOJWITHBOTO CEpPEIOBHUINA, OKHCHHA CTpPeC, OMOCEePEIKOBAHUN
3ai303aJICKHUMHA  MEXaHi3MaMHu, MOXE BIJIrpaBaTd pPOJb Yy MAarHiTOKapIHOTeHe31
[181], [182], [183]. BrumuB IIMII 3 mardiTHONO 1HAYyKIi€r0 BenunuuHoro 0,5 mTn abo
30 MTn Ta MHY npusBoauB 110 30inbiieHHs xKuTTe3aaTHOCTI KiiTuH HaCaT na ~ 10% 1
npoJiiepaTUBHOI aKTUBHOCTI Ha ~ 20% 3a paxyHOK 3HM>KeHHs npoaykiii ADK [184].
BuiieHaBesieHe CBIIYMTH MPO T€, IO IMPOBEICHI JOKIIHIYHI JOCIIJKEHHS 3
BUKOPUCTAHHSAM BIJOMHUX O101HXKEHEpHHUX 3acO0IB JJII Mar”HiTHOI HaHOTEPAHOCTHKHU
3JIOSIKICHUX MTyXJIMH MatOTh OOMEKEHHsI I10J10 MePCOHaTi3allii MarHiTO-MEXaHOX1MIYHUX
edexriB, iHiiHoBannx MHUY. Ile crioBuUIbHIOE TIPOBEACHHS MOAANBIINX JOCHTIIKECHb 1

TPaHCIIALIIO IXHIX PE3yIbTaTIB B OHKOJIOTIYHY Ta PaJi0JIOTYHY MPAKTHUKY.
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BucHoBku 10 po3aiay 1

['eTeporeHHiCTh, MPUTAMaHHA 3JI0SIKICHUM ITyXJIMHAMH, 3yMOBIIIOE HEOOX1THICTh
3aCTOCYBaHHS IIIJIXO[[IB, 3aCHOBAaHMX Ha HENIHIWHIA AuHaMill, (pakTaabHOMY Ta
ABTOKOPEIAMIMHOMY aHami3l, I JOCHIDKEHHS KIHETHMKH POCTYy Ta TEKCTYPHHX
napaMmeTpiB mpu Bizyaumizailii. B3aemosis MK JIarHOCTUYHUMH Ta TEPaNeBTUIHUMU
KOMIIOHEeHTaMu B oH1# iatgopmi MHY Hanae nogaTkoBy KijbKicHY iH(GOpMaIlito pu
pazioNoriyHiid Bi3yamizailii, a TaKoXX MOJIYJIO€ OKHCHO-BIJHOBHI Ta OloMeXaHI4YHi
napaMeTpu 3JI0sKiCHUX MyxJinH. MarHitHi BiactuBocti MHK n103Bosisit0Th IHCTaHIIHO
JIOCTaBIIATH 1X JO MyXJIMHHOTO BOTHUINA 1 KOHTPOJIOBATH BIUIMB IiJ JI€I0 30BHIIIHIX
[IMII ta EMII. Jlani aHani3y HayKOBOi Ta HATEHTHOI JITEpaTypH BKa3ylOTh, 1110 HAsIBHI
TEOPETHYHl MIJACTaBM W EKCIEPUMEHTaNIbHI pPe3yJbTaTh 3 BUKOPUCTAHHSIM BIJOMMX
O101H)KEHEepHUX 3aco01B JUIs 1HIIIAIl MarHiTo-mMexaHoxiMmiuHoro edekry npu I 3
[IMIT 3 momomororo MHK. Opnak, yce 1mie icHye 3arajibHa MpoOJsieMa po3poOKH
O101HXKEHEePHHUX 3ac001B ISl MepcoHai3alii Marairo-mexanoximiunoro epexry MHK Ha

3JI0SKICHI TyXJIMHH.
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PO3JILI 2
MATEPIAJIM TA METOJIN

2.1. O0rpyHTYBaHHSI BAUKOPUCTAHUX MaTepiaJiiB Ta MeTOAIB

3BaXkarouM Ha MpeaMeT JUCEPTALIHOTO JOCIIIKEHHST — O101HXEHEpH1 3ac00u 3
BukopuctanHaM MHY 1y mpoTHUNYXJIMHHOrO BIUIMBY Ta MEIWYHOI PaaloiorivyHOl
Bi3yastizallii eKCIepUuMEHTAIbHOT 3J10sIKICHOT MYXJIUHU, METOIM JTOCIIIKEHHS BKIFOYAIH
OloiHKeHEepH1, pajioioriyHi, MopdoJoriydi, (i3uKo-TeXHIuHI, (I3UKO-XIMIYHI U
cratucTuuHi. Ha puc 2.1 HaBeieHO 1HU3aiiH MPOBEACHOTO JOCIIKEHHS Y BUTIIAI CXEMH,
po3po0IIeHuH BIAMOBIIHO 10 pekoMeHaaiii 3 [185], [186], [187].

[Tepmuit kpok monsraB y BuObopi MHY Ta ekcrnepuMeHTaIbHUX MOJeei
3nosikicHoi myxyimHu. MHY Ha ocHOBI1 OKCHTy 3ai1i3a (MarHeTUTY) MaJjlu PsiJ] epeBar Jist
3aCTOCYBaHHS Y MarHiTHI HAaHOTEPAHOCTHIII 3MOSKICHUX MTyXJIUH, aJ[)K€ BOHU BUCTYTAIIN
K KOHTPACTHI areHTW MpW PaJIOJIOTIYHIM MEAWYHIN Bi3yamizalii ¥ OJHOYacHO SK
wiatdopMa JUIsl TIOCTaBKH Ta TOTEHINIOBAHHS [1i MPOTUIYXJIMHHUX TIPErapaTiB I
BIJIUBOM €JICKTPOMArHiTHOI'O ONPOMIHEHHS IIJISIXOM IHIIIAIii TeIJIOBUX 1 MarHiTo-
MexaHoXIMiuHUX e(dexTiB Ha 3moskicHi kmituau [188], [189]. Hanecenns 3omora Ha
nosepxHio MHY okcunmy 3amiza 3MEHIIyBalO iXHIO arperamiro Ta MiJBUIILYBaJO
oiocymicHictb. Bubip JIOKC y sxocti XimioTepaneBTHHYHOro areHta y ckiaaal MHK
TPYHTYBaBCS Ha TOMY, IO Ii¢ OQINWHAIGHUNA Mpenapar 3 J00pe TOCHIHKEHUM
BUIbHOPAJIUKAIBHUM MEXaH13MOM MpoTunyxiuHaoro edexry [122], [190], [191], [192].
JIist MarHiTHOrO HaILTIOBaHHA (TapreTHOI JOCTABKH) Ta MPUKJIAJaHHS MArHITHOI CHIIH
Ha MHY i MHK ckopucranucss HOCTYMHUM KOMIIAKTHUM HEOJMMOBUM JIUCKOBUM
Mar”iToMm, SKUHH XapaKTepU3yBaBCS BUCOKOI KOCPIUTHUBHICTIO, 3aJIUIITKOBOIO
HAMarHi4eHICTI0O Ta HU3bKOIO EJICKTPUYHOIO IPOBITHICTIO, IO TMOIEpeHKao Horo
icrotauid HarpiB nipu IIII" Ha wacrori EMII 42 MI'y [193]. BukopuctanHs KIITHHHOI
JHIT 1HBA3UBHOI MPOTOKOBOI aJ€HOKAPIIMHOMHM TpyaHOi 3ano3u oauHu MCF-7
3YMOBJICHO PE3UCTEHTHICTIO 10 HArPiBY MOPIBHSAHO 3 IHITUMU IIUPOKO 3aCTOCOBYBAaHUMU

KJIITUHHAMH JITHISIMH TYyXJIMH rpyaHoi 3a103u [194]. Bubip ekcriepuMeHTanbHOT MOAETI
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KapIMHOCAPKOMH Y OKep-256 Oylio MoB’s3aHO 31 MIBUIKUM POCTOM Ili€l MyXJIHHH WU
O3HaKaMH{ KapIMHOMH Ta CApKOMH, BOHA IIIMPOKO BHMBYEHA 1 BayijOoBaHa JJIs 1HTYKINT
MyXJIMHHOTO TIPOIIeCy y MiAaochiHuX TBapuH [195], [196].

Jpyruit kpok nonsiraB y gociimxeHHi MJI 3M0sSKiCHUX KIIITHH KapIIMHOCAPKOMU
Yoxkep-256 3 MHK 3 monomoror po3po6seHOT0 IpHUCTPOI0, IPUHIIUIIOBIUM TEXHIYHUM
pilleHHAM y sKoMy Oyio 3actocyBaHHS PMII s MexaHOXiMIYHOTO BIUIMBY Ta
peectpartii poroniB MJI 6ionoriuaux o6’extiB 3 MHY [197], [198].

Tpetiii kpok moJyisiraB y pajiojoriudiii Bizyamizamii MHY y po3poGieHomy
danTomi rpyanoi 3ano3u st 1T [199]. 3 metoro peanizaiii TepaneBTUYHOTO BIIUBY
nomipauii HarpiB (< 42 °C) npu IHAYKUIHHIT TinepTepMii iHiioBanu Ha yacToTti 42 MI'1,
abwu rorepe T BUHUKHEHHS TOO1YHUX e(PEeKTiB, OB’ I3aHUX 3 HEIIEPEHOCUMICTIO TETlIa
y MAaIli€HTIB 1 TEPMO- Ta XIMIOPE3UCTEHTHICTIO MyXJIMH MpPH BHININ Temneparypi [74].
Bisyamizaitiss MeTogoM peHTreHiBcbkoro mudpooro tomocuutesy (PLIT) Oyna
OOTpyHTOBaHA BHCOKOIO PO3AUIBHOIO 3JIaTHICTIO Ta 3HAYHOIO PI3HMIICIO MK PEHTTCH-
nrieHicTEO MHUY 1 cepenoBuiia KIIITHH Ta MOXIIMBICTIO TTOIIAPOBOrO aHAi3y iIXHBOTO
po3mo Ty y 30H1 iHTEpecy danToma. ¥YiabpTpa3BykoBa enactorpadis (Y3E) — e 3aransHo
NPUIHATHHN 1 JOCTYIHUI METO/ Bizyanizailii 010MeXaHIYHUX MapaMeTpPiB M’ IKUX TKAaHUH
[200]. TexcTypHUit aHaTi3 32 po3paxyHKamu (paKkTaTbHOI pO3MIPHOCTI, JIJAKYHAPHOCTI Ta
BU3HAYCHHS MOAyhsi mnpyxHocTi FOura no3somwnm ominutd BmiuB [IMII Ha
rereporeHHicTy QopmyBanHsa kiactepiB MHY 1 3MiHE JKOpCTKOCTI 30HH IHTEpeECy
nyxJinau 3 kiritTuHaMu MCF-7. JKuTTe3natHicTh 3J10KICHUX KIITHH y BiAnosiab Ha [T
3 [IMII 1 MHY Bu3Hauanu 3a BUKJIIOYEHHSIM OapBHUKA TPUIIAHOBOIO CUHBOT'O IIPH 3MiHI1
NPOHUKHOCT1 KIITUHHOI MeMOpaHu. KOHTposb Temnepatypu y 30H1 1HTEpECY MyXJIUHU
3IIMCHIOBAJIU 3 JJOTIOMOTO0 IU(PPOBOTO TEPMOMETPA 3 BOJIOKOHHO-ONITHYHUM JTATUUKOM,
10 MOTEPEeKAIIO MOSIBY €JIeKTpOMarHiTHUX 3aBaj i yac IT1T.

YeTrBepTuid KpPOK TOJISITAaB Yy JIOCHIPKEHHI BIUIMBY W OIMIHIN  BiAMOBIII
KapuuHocapkoMu Yokep-256 Ha xkomOiHamito MHK Tta IIII' 13 3acTtocoBaHum
arurikatopoM [201] Ha ekcnepuMEHTaIbHMX TBapuHax. [[ms Bi3yamizaimii Ta aHamizy
OloMexaHIYHUX MMapaMeTpiB MyxXJIMHU BUKopucToByBaiu ¥Y3E. YpaxoBytouu te, mo MPT

— 116 OCHOBHMH METOJ Bi3yamizalii NMyXJMH M SKMX TKaHUH 4Yepe3 IXHIO BHUCOKY
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KOHTPACTHICTh Ta MOXJIMBICTh AudepeHIiaIii, 4yTauBiCTh 10 SBUII HAOpSKY, aHATI3
TeTePOreHHOCTI MyXJIMH MpoBOAWIM Ha ocHOBI MPT-300paxkens 3a po3paxyHKOM
koedimieHTiB acumeTpii Ta excrecy [202], [203]. KineTuky pocTy MyXJIMH MOPiBHIOBAIIN
MK €KCTIEPHUMEHTATHPHIMHE TPyTIIaMU 32 PO3PaxXyHKOM (hakTopa pocTy ¢ Ta KoedilieHTa
rabMyBaHHS pocTy x [204], m0 BpaxoByBajiu pOJIb BUTLHUX PAAUKAIIB Y MyXJTHHHOMY
nporeci. [Iyig Bu3Ha4eHHsI PiBHIB BUIBHUX paauKaliB (yOiCeMiXiHOHY, CYyNEPOKCHUIHOTO
panukana Ta OKCHAY a30Ty) BUKOPHUCTOBYBAIM METOJ €IEKTPOHHOTO MapamMarHiTHOTO
pesonancy (EIIP), mo € BHCOKOUYTIMBUM JO JAETEKI[ll MMapaMarHiTHUX IEHTPIB
(HecmapeHHX €JNEKTPOHIB) y pe4YOoBHMHAX ©0€3 MOLIKOJKEHHS JOCIIKYBaHOTO
O1osoriuHoro 3paska [205]. i ouiHKM MOPQOJIOTTYHHUX 3MIH Y IyXJIMHI IT1]] BILTMBOM
Mar”iTo-MeXaHOXIMIYHOr0 eeKTy NPOBOAMIIN TICTOJIOTTYHAN aHalll3, BAKOPUCTOBYIOUU
nomupeHuid Meroa ¢apOyBaHHS TreMaTOKCUIIHOM-eo3uHOM [206]. Ilpouenypu 3
TBapUHAMHU TMPOBOJAWIUCS BIAMOBIIHO 10 3akoHy Ykpainu Ne 3447-1V «llpo 3axuct
TBapHWH B1JI )KOPCTOKOTO IMOBOJKEHHS» Ta €Bpomneiicbkoi nupektuBu 2010/63/€C mpo

3aXUCT TBAPUH, SIKI BAKOPUCTOBYIOTHCS Y HAYKOBUX IILIISIX.
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Jlu3aiin qucepTaniiiHOTO A0CIiKEHHS

Marepiamn: MHY ta MHK na ocHOB1 okcuay 3a/1i3a; HEOAMMOBHH MOCTIHHHUH MarHir.
ExcrniepumenTalbHi Moaei 3aosikicHol myxamau: kiituaHa ninis MCF-7; kapunHocapkoma

Yokep-256 (Heinbpenni mypn).

Bu3zHaueHHs MeXaHOJIIOMiHECHEeHTHUX BJIACTHBOCTEH KJIITHH KapUNHOCAPKOMH Yokep-256 3
MHK 3 BHKOpHCTaHHSAM Po3pod/ieHoro MPHCTPOIO VISl peecTpailii MexaHoIloMiHecHeHil

v v v v v v
: MHK +
MHK MHK + PMII KITTHEH i MK+ ——
PMII KJIITHHHA PMIT

v

JocaizkeHHs NPOTHNYXJAHHHOTO BIUIMBY iHAYKUiiiHOT nomipHol rineprepmii 3 noctiiinum
MATHITHUM 110J1€M | MAarHITHUMH HAHOYACTHHKAMM Ta pajiojoriuHa BisyaJizauis gpantoma
IPYAHOI 32J103H
P Ny
B TIMIT na ¢popmysanns knacrepis MHY Bruius inaykuiiiHoi nomMipHoi rineprepmii 3
Ta OioMexaHiuHi napaMeTpy KIiTHH TIMIT ta MHY Ha KHUTTE€3AaTHICTD KIITHHH

) v v )

30Ha IHTEpeCy MyXJIHHH

30Ha IHTEpeCy MyXJIHHH

KIITHHH + IHAYKLiHHA
MOMipHa rineprepmis 3

KJITHHH + IHIyKUifiHa
MOMipHa rineprepMmis 3

+ MHY + MHY + [IMII [IMIT TIMIT + MHY
v v
KonTposk Temnepatypy y 30H1 iHTepecy
Iy XJIMHU
v v #

Amnaniz rereporennocti opmyeanns knactepie MHY Ha 306pakeHHIX peHTIeHIBCHKOTO
LH(POBOro TOMOCHHTE3Y, JKOPCTKOCTI 30HH IHTEpeCy MyXJIHHH (haHTOMA HA YJILTPa3BYKOBHX
enacTorpamax, JKHTTE3IATHOCTI KIITHH

v

JlocaizkeHHsl NPOTHIYXJIMHHOTO BILIMBY iHAYKIiHHOT mOMipHOI rineprepmii 3 mocTiiHum
MATHITHHM [0J1eM i MATHITHHMH HAHOYACTHHKAMH Ta pagiojoriuna Bizyanizamis
KapuuHocapkoMu Yokep-256

Pl .
BITHB MOCTIHOrO MarHiTHOTO Mo 3 BruiMB enekTpoMarHiTHOro OMpPOMIiHEHHS 3
MarHiTHO-AUITOIBHUM arutikatopom i MHY Ha MarHiTHO-AUNOIbHUM arutikatopom 1 MHK-
GioMexaHiuHi TTapaMeTpH Ta KiIHETHKY POCTY JIOKC Ha KiHETHKY pPOCTY, FeTepOreHHICTh Ta

MyXJIHHHA PEAOKC-CTAaH NMYXJIHHHA
+ v ! v v + v
MHK-
KOHTPOIb A Pk MHK- i}ﬂ?}ﬁl(ijﬁ:a
-
(6e3 BrHBY) S L Bn(f‘f; ) AQKL JIOKC nomipHa
Y rineprepmis
+ [IMIT
v v ) v v ) v

[TopiBHAHHS KIHETHKH POCTY NYXJIUHH [TopiBHSIHHSA KIHETHKH POCTY MyXJIUHU

v +
AHaJli3 KOPCTKOCTI IYXJIMHHU Ha AHaJli3 rereporeHHOCT] My XJIMHH Ha MArHITHO-
VIIBTPa3ByKOBHX €/1acTorpaMax PE30HAHCHHX 300paKEHHAX
v v
BuzHaueHHs piBHIB yOiCEMIXIHOHY,
CYIMEPOKCH/THOTO paHKaa Ta OKCH/Y a30Ty ¥
Iy XJIHHI

[Micronoriunmii ananiz MO(ppPOIOTiYHHX 3MiH Y
HYXJIHHI

Puc. 2.1. [Au3aiin gocjixkeHHs OioiHKeHepHUX 3ac00iB JJ MATrHiTHOL

HAHOTEPAHOCTUKH 3JIOSIKICHUX IyXJIMH.
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2.2. MargiTHi HAHOYACTUHKH TA MATHITHUHA HAHOKOMIIO3UT

Y nocmimxkenni BukopuctoByBasin MHUY wmarnmetuty (FesOs4, Sigma-Aldrich,
CIIIA) [42] Ta MHK na ocnoBi komOinamii MHY wmarnmeruty 3 30motom (Au),
CMHTE30BaHI METOJOM EJIEKTPOHHO-IPOMEHEBOTO BUITAPOBYBaHHSA Ta (hi3uyHOL
KoHjeHcallli y Bakyymi (IHctutyT enexrpo3BaproBanus im. €.0. [latona HamionansHoi
akaznemii Hayk Ykpainu) [207]. Ockinbku MHY Fe3O4 cxunibHI g0 arperarii mij 4dac
B3a€MO/I1i 3 OlOJIOTIYHUM CEpPENOBHILEM, IO MOIJ0 OOMEKUTH IXHIM pPO3MOALT 1
MPU3BECTH 10 TOKCUYHUX MOOTYHHUX €(PEKTIB, OJHUM 13 PIIIEHb CTAJI0 HOKPUTTS OBEPXHI
MHY GnaropoguuM MeTanioM. 30J0TO — MpUBAOJMBUN MaTepian JJjsi MiABUIICHHS
o6iocymicHocti MHY 3a 30epexkeHHs 374aTHOCTI 1HILIIOBATH BUIbHI pajyKalH,
Britouaroun AOK ta A®H [122] [123]. 3a piBHOMIpHOI IIBUAKOCTI BUIAPOBYBAHHS Ta
PO3MO/ILLy IOTOKIB ApH METO]I €JIEKTPOHHO-IPOMEHEBOI0 BUIAPOBYBAHHS 1 (D13UUHOI
KOHJIEHCAllli HEe MPU3BOJMB 0 YTBOPEHHS 3B’S3KIB MK METajlaMU Ta JiraHjaMu, Ha
BIIMIHY BiJl MeTo1B XiMigHOTO cuHTe3y MHUY [208]. 31 3mimanoro napoBoro notoky Fe
ta NaCl Ha MiiHI# TiaKIa1111, 0 0X0JIOKYyBagacs BOJI0OK0, OTPUMYBaJid KOHIeHcaT Fe-
NaCl. Ilicns BUTpUMYBaHHS OTPUMAHHMX 3pa3KiB y BaKyyMi, HaIyCKy TOBITpS Ta
posrepMeTu3allii BAKyyMHOI TE€XHOJIOTIYHOI KaMepH KOHJCHCAT BIJOKPEMIIIOBAIU Bl
noBepxHi miakIagku. OKHUCHEHHS 10 MAarHeTUTy BiIOyBajocs MpU B3aEMOAIl 3
atmocdeporo MHUY 3amiza, Bkparuienux y nopax matpuii NaCl. Otpumanuii 3pa3zok
noapiOoHoBayM, BiamuBanu Big NaCl y Benmkid KiUTBKOCTI JUCTUIBLOBAHOI BOJIU 3
BIJICTOIOBaHHSM Ta BimOopoMm ocany. Ilicis Toro, sik 3amuiiok MarueTuty OyB 310paHuii 1
BUCYIICHHH, HOT0 MOAPIOHIOBAIH 3 IOMTOMOTOI0 araTOBO1 CTYIKH 1 TOBTOPHO MPOMHBAIIH
Binm NaCl. [lani mopomox MHY marneruty o0poOisiiim B €IE€KTPOHHO-TIPOMEHEBIN
YCTaHOBL{I TAPOBUM MOTOKOM 30JI0Ta [IPU PETEIILHOMY IEPEMILITYBaHH1 Y MIJHIHA €MHOCTI,
010 OXOJOJKyBajacsi BOJAOK, JUIi OTpUMaHHS HaHOKOMIO3UTY FesOs-Au. [ns
BU3HAUYCHHS KOHIEHTpamii 3o0im0ta B MHK BHKOpUCTOBYBaiM aTOMHO-EMICIHHY
CIEKTPOCKOMIIO 3 IHIYKTHUBHO 3B’ 3aHOI0 1a3Mot0 Ha npuiiaji Optima 2100 DV (Perkin
Elmer, CIIIA). HaBantaxxenns MHK  npoTunyxJiMHHMM  aHTHO1OTHMKOM

antpanukiainoBoro psany JOKC (Pfizer, Itamist) 3aiiicHIOBaIuM HUISXOM MAarHiTo-
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MEXaHOXIMIYHOTO CHHTE3Y 3 BHUKOPHCTAaHHSIM MAarHiTO-MEXaHOXIMIYHOTO peakTopa
(JHIT «HarionansHu# 1HCTUTYT paky», YKpaina) 3rigno 3 [110].

st nocnimxkenns crpykrypu, MHK Oyio BisyanizoBaHO METOA0OM TPaHCMICIHHOT
CJIEKTPOHHOI MIKPOCKOMII 3 JOMOMOTOI TOJOTPadiuHOTO €IEKTPOHHOTO MIKPOCKOTA
JEM-ARM200F NEOARM (JEOL, SInoHist), OCHaIIEHOr0 KaMepow 3 IPHUCTPOEM 13
3apsaoBUM 3B’s3koM (Gatan 3 posnuieHOIO 3aatHicTIO 4K Ha 06a3l yHIBEpCUTETY
Canentuna (Jleuue, ITamis) y pamkax npoekty LleHTpanbHOEBpONEHCHKOT0 KOHCOPLIIYMY
nocmigauubkux 1HPpactpykTyp (CERIC-ERIC), 20232024 «Holo-TEM of magnetic
nanocomplexes Au-Fe;04-DOXO for a more effective fight against cancer».
[Tonepenubo BuMipsine 10-kpaTHE 3MEHIIEHHS PO3MIPY HAHOYACTHUHOK IMICIS CUHTE3Y
npu npuckoproroyiii Hampysi 15 kB [209] He Oyiio Bi3yali30BaHO Y LIbOMY AOCIIHKEHH1
npu 200 kB. TpaHcwmiciiiHi enexkTpoHHI MikpodoTorpadii 00podIeHO 3 BUKOPUCTAaHHSIM
nporpamtoro nakera DigitalMicrograph v. 3.53.4137.0 software (Gatan, CIIA), anani3
ricrorpaMu Ta rereporeHHocTi (G) 300paxeHb MPOBOAWIM Y IMPOTPaMHOMY MPOIYKTI
Imagel 1.53a (Hamionansuuii incTuTyT 310p0B’°st (NIH), CIIIA) Ta Autocorrelation v.1.0
(JIHIT «HamioHanpHUN 1HCTUTYT paKy», YKpaiHa) HUISXOM PO3paxyHKy KoedillieHTa
IPOCTOPOBOI aBTOKOpeAIii Mopana (popmyam 2.1 Ta 2.2) [210] [211] [212].

NI STy wij (=) (%)
r =t . (2D

it (=02 X, Ty wij
i#j

JIe 1 — KUTbKICTh MIKCEIIIB y 30H1 IHTEPECY 300paKEeHHSI; X; — IHTCHCUBHICTb i-TO TIKCEJIS;
X — cepeqHs IHTCHCUBHICTh 30HH 1HTEPECY 300paKECHHS; W; — 3BAXYIOUHHA (HaKTOp, SIKAN

€ 00epHEHUM 10 BIJCTaHI MIXK MIKCEJISIMHU I Ta

G=1-r, (2.2)

ne ¥ — KoelLIeHT MPOCTOPOBOI aBTOKOPEILii MopaHa 30HU iHTepecy 300paKeHHS.

Ha pwmc. 2.2 nokazano ¢opmyBanHss MoHOKpuctamiunoro MHK 3 Bugumumu
MDKIUTOITUHHUMHM BijcTaHsMu Ha okpemux MHY (puc. 2.2, A, A’, b, B’) 1 BianoBiaHi

mBuaKl nepetBopeHHs Dyp’e (puc. 2.2, B ta I'). KinbkicHuii aHami3z OTpUMaHHUX
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300pakeHb BCTAaHOBUB, M0 HaBaHTaXeHHS JJOKC mumsixoM MarsiTo-MeXaHOXIMi4HOTO
CHUHTE3Y 30UIBLIYBaJIO CepeIHIO sAcKpaBicTh 3 89 + 0,2 y.0. 10 120 + 0,2 y.0., 3HIKYBAJIO
3HauYeHHsS KoedimieHTa mpocTopoBoi aBTokopensiii Mopana 3 0,58 0,01 y.o. g0
0,45 +0,01 y.o. (p <0,05) 1 HE3HAYHO BIUIMBAJIO Ha po3mojin HaHoyacTMHOK y MHK
(puc. 2.2, I ta E). Hanouactunku Au manu cepensiii po3mip 11 HM, HaHOYACTUHKU

Fe304 manu cepenniit po3mip 17 HM.
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Puc. 2.2. TpaHncwMmiciiiHi ejekTpoHHI MikpodoTorpadii, BiAnoBigHi MBHIAKI
neperBopenHs ®yp’e ta poznoaia po3mipy Fe;O4-Au MHK 10 (A, A’, B, ) i micas
HaBanta:xkenns JOKC (b, B’, I', E). Tpancwmiciiini enextponHi mikpodotorpadii (A, b)
Ta 31 30uIbmenuM macmradbom (A’, b’); mBunki neperBopenns Dyp’e (B, I'): xoBTi
MO3HAYKH BiJMOBIAI0Th BHECKY B1JI 30JI0Ta, YEPBOHI MO3HAYKH BiIMOBIIAIOTH BHECKY BiJT

Fe304; posnoain nanouactunok y MHK 3a posmipom ([, E).

301IbIICHHS cepeaHboi SCKPaBOCTI TPaHCMICIHHUX CJIEKTPOHHUX
MikpodoTorpadiii B 1,4 pasza micis HaBaaTaxkerds JJOKC BinoO6pakano 3MiHy MUTBHOCTI
pPO3MOJLTY TaJalouuX EJIEKTPOHIB 1, 3BaXKalOUM Ha 3B’SI30K MIXK EJICKTPUYHUMHU 1
Mar”HiTHUMHU BJIaCTUBOCTSIMH, 3MiHY peakTuBHOCTI oTpumanoro MHK [213]. Ha 22%

HUKYe 3HayeHHs Koedimienta Mopana micig HaBaHTaxeHHs [JOKC cBimumno mpo
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Oinpmuii crymiae rereporerHocti MHK [214]. JIo OCHOBHHMX JKepesl TeTepOreHHOCTI
MHK naBantaxkenoro JJOKC (MHK-JIOKC), sixi BmnuBanu Ha HOTO PEaKTHBHICTb,
BKJIIOYANK HemiHiiHMA xapaktep po3noaury JJOKC na mosepxni MHK, HeogHOpiIHICTE
IPOCTOPOBOI opranizamii HaHo4acTHHOK Au 1 Fe3Os Ta Bapiarii po3mipy 1 XiMi9HOTO
cknaay nmoBepxai MHK [215].

BapTo 3a3nauntu, no HanouactuHku FesO4 Hecnu Ha CBOiN MOBEPXHI OCTPIBKOBI
CTPYKTYpH Au, a HE CYIIIbHY 000JIOHKY, 1110 TOBHICTIO 3HIKYBaI0 0 peakTuBHICTE MHK
1 mnepewkopxano © yrBopeHHro JOKC-imaykoBanux A®K y nyxauni Ta ii
MikpooTodeHH1 [216] mix BmuBoMm IIIN 3 IIMII. Kpim toro, 1o dgaktopis, siki Cipusiiu
iimanii A®K, takox BimHocuiu mepeHoc 3apsany Big Au no FesOs 3MmiHu B
ynopsaakysansi Fe?" i Fe*" mpussoannu 10 BUAIIEHHS KUCHIO B PE3yJIbTaTi BiTHOBICHHS
MarHeTUTy Ha MEX1 po3aity 3 30s10ToM [217]. YV pocnimkenHi [218] 6yio BUsBIEHO, 10
CYLIJIbHI Ta OUIBIIOI TOBIIMHU OOOJIOHKH 3 30J0Ta 3HWXKYIOTh KOHTpacTHicTb MHK
Fe304-Au npu MPT-Bizyanizariii. Arperairisi HaHo4acTHHOK Fe3O4, MOKpUTHX AU, TAKOXK
3aJIekalia BiJ KOHIIGHTpallli 30JI0Ta, JOAAHOro mij 4dac cuHTedy [219]. MexaHizm
arperaiii HaHOYaCTMHOK 30JI0Ta CYTTEBO BIAPI3HIETHCA B MEXaHI3MYy arperaiii
HAHOYACTHUHOK MArHeTUTy, Jie MPUTATaHHS MK YaCTUHKaMU B1JI0YBA€ETHCS HE TUIBKHU 3a
PaxyHOK B3a€MOJI1i Mi 10HaMH y PO3UYHMHI, a i 332 paxXyHOK iXHIX MarHiTHUX MOMEHTIB.
3rinHo 3 pobororo [220], MHK-JIOKC 0yB crabinbaum y po3unti nmpotsarom 30 qHiB 3a
CTaHJAPTHUX YMOB 30€piraHHs.

MarsiTHi XapaKTepUCTUKH JOCHIKYBaJIM Ha BIOpaIliiHOMY MarHiTOMETpl
Vibrating Magnetometer 7404 VSM (Lake Shore Cryotronics Inc., CIITA) 3 uyTnuBicTio
107 eMO y MarHiTHUX MOJSAX HampyxeHicTio 10 5 KE. Macy mocnijkyBaHux 3paskis
BUMiproBanM 3 dymuBicTio 10 r Ha enextponnmx Barax AB135-S/FACT (Metller
Toledo, HIBeitnapisi). OcHoBHi Pi3uko-ximiuHi BaactuBocti MHY Fe3O4 [221] Ta MHK

Fe304-Au [214] HaBeneHo y TaduI. 2.1.
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Tabauys 2.1

OcHoBHI }i3UKO0-XiMiUHi BJACTHBOCTI BUKOPHCTAHUX MATHITHMX HAHOMAaTePiaJiB

IMapamerp MHMY Fe304 MHK Fe304-Au
d, am 50 13
BMICT Au, M1 - 944
ms , EMO/T 56,3 50,9
He, E 6,5 63

d - z:iaMeTp HAHOYAaCTHHOK, Ms — Mar"HiTHUA MOMEHT HaCHYCHH:, Hc: — KOCpUOUTHUBHA

CcHuJia.

2.3. BuMipioBaHHSI MeXaHOJIIOMiHeCHeH il

2.3.1. Onmc KOHCTPYKHii PoO3po0JeHOr0 MNPHUCTPOK I peecTpamii
MEeXaHOJIOMIiHeCHeH il

B ocHOBy po3poOku Oyi0 MOCTaBICHO 3aady BIOCKOHAJICHHS MPUCTPOIO IS
peectpamii MJI Gionpo6 y pigkomy crani 3a mokazHukamu MJI mig KOMIUIEKCHUM
Mar"iToMexaHiuHuM BIUTMBOM. [locTaBieHa 3ajada BUpilIyBajiach THM, IO Y TPUCTPOI
st peectpamii MJI, mo MICTHB CBITIIO3aXHCHY KaMepy, B sIKiii OyJi0 PO3MIIIEHO
CBITJIONPO30PY KIOBETY 3 JAOCIHIIKYBAHUM 3Pa3KOM, By30J1 MEXaHIYHOT'O HaBaHTAXECHHS,
dboTomeTp, MO sSKOro Bxomwiau ¢oTonpuiimMad, 3’€THAHWA 3 OJOKOM >KUBJICHHS Ta
JIYWIBHUKOM  (OTOHIB, JUIi MarHITOMEXaHIYHOIO BIUIMBY Ha BIKOHHOMY JHI1
CBITJIONPO30POi KIOBETH OYJI0 PO3MILIEHO JOCiKyBaHUM 3pa3ok 3 MHY y pigkomy
PO34MHI, 3 30BHIIIHBOT YACTUHU BIKHA JTHA KIOBETU OyJI0 BCTAHOBJIEHO MOCTIMHUNA MArHIT,
3’€JHAaHUMN 3 E€NEeKTPOABUTYHOM, & HABIOPOTH, 3B€pXy O 30BHINIHBOI YaCTUHU BIKHA
KIOBETH, OYyJIO po3MmilieHo ¢oTonmpuitMad. 3aCTOCYBaHHS JTOCTIIKYBAHOTO 3pa3Ka, SKUN
3HaXoJuBCA Yy piakomy po3uuHi 3 MHUY, y 30n1 BrtuBy PMII no3Bossino iHimiroBaTu
Mar”iTHy cwiy W oOepTaHHs 3pa3ka, AK-OT CYCHEeH3li HAaHOYaCTHUHOK, KJIITHH abo
XIMIYHHUX CHOJIyK. HasiBHICTH MOCTIMHOTO MarHiTy, sikuii OyB MEXaHIYHO 3’ €JTHaHWUM 3
€JIEKTPOJBUTYHOM, 3yMOBITIOBasIa (DIKCOBAaHUU MArHITOMEXaHIYHUHN BIUIMB 332 PaxyHOK

Mar"iTHOi cuiid F Ta 00epTaHHsI MarHITHUX HAHOYACTUHOK, 1110 CYNPOBOIKYBanocs MJI
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JOCTI)KYBAaHOTO 3pa3Ka, Ky JETEeKTyBald 3 MPOTHIIEKHOTO OOKYy KIOBETH 4epes
ONTOBOJIOKOHHMK  Kabenb  QorompuiimMadueMm.  3ampomoHOBaHAa  KOHCTPYKIIiS
3a0e3nedyBaja AUCTaHIiHe 30ypKeHHs Ta peectpartito MJI qocmimkyBaHUX 3pa3KiB y
pigkomy posunHi 3 MHY 3 momomororo mpenu3iitHoro MarHiTOMEXaHI9HOTO BIUIMBY
bikcoBaHMX MarHiTHUX cwi Ta BenuwuunHun PMIL. YV pesynbrari, 30unbmIyBamgocs
BITHOILICHHSI CUTHAJI/IIYM TNpPHU JCTEKTYBAaHHI CBITJIIOBUX (POTOHIB Ta ONTHMI3yBayacs
peectpartist MJI, mo po3mmuproe chepy BUKOPUCTAHHS TPUCTPOI0. CXeMy MPUCTPOTO TSt
peectpaitii MJI 3105KiCHUX KIIITUH 300pakeHo Ha puc. 2.3, a ioro 30BHILIHIN BUTJIS —
Ha pHuc. 2.4. [[pUHIMNIOBUM TEXHIYHHUM PILIEHHSAM Yy IPUCTPOi OyJio 3actocyBanHs PMII
JUIsl MEXaHOXIMIYHOTO BIUIMBY Ta peectpatii poroHiB MJI 6ionoriynux 06’extis 3 MHY
[197], [198]. Otxe, npucTpiii ckiamaBcs 31 cBiTi03axucHOl Kamepu (1), B sAKkiid OyIo
PO3MIIIIEHO CBITJIONPO30pYy KioBeTy (2). Ha BHYTpilIHIO YacTHHY BIKHA JIHA KIOBETH
NOMIIIAJIA JOCHIJKYBaH1 KITUHU (3) 3 pIAKUM MOKUBHUM cepenoBuiiem (4) ta MHY
(5). I3 30BHINIHLOT YaCTUHM BiKHA JIHA KIOBETH OYJI0 BCTAHOBJIEHO MOCTIMHMI MarHit (6),
AKUN OyJI0 MEXaHIYHO 3’ €JTHAHO 3 eJICKTPOABUTYHOM (7), 1110 3a0e3medyBano o0epTaHHs
MarHity. Ha mporunexxnoMmy 0o011i, 3BepXy 30BHIIIHBOI YACTMHHM BiKHA KIOBETH OYJI0
MPUKPITUICHO CBITIONPOBLA (8) 3 (GOTOENEKTPOHHUM TOMHOXYyBadeM (9), skuii OyB

3'€THAHUM 3 OJJIOKOM BUCOKOBOJILTHOTO X)UBJIEHHS (10) Ta miumnbHUKOM GoToHiB (11).
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Puc.2.3. Cxema npucTpol JJd PpeecTpamii MeXaHOJIOMiHeCHeHIil
3JI0SIKiCHUX KJITHH 3 MATHITHUMH HAHOYACTHMHKAMHU: | — CBITJIO3aXMCHA KaMepa;
2 — CBITJIONPO30pa KIOBETA; 3 — JAOCHIIKYBaHI KIITHHU; 4 — [MOXXWBHE CEPEIOBHUIIIC;
5 - MHUY; 6 — MOCTIHHUH MAarHir; 7 — eNeKTPOJIBUTYH; 8 — CBITJIONPOBI;
9 — poroenexkTpoHHUl  MOMHOXYBa4y; 10— OJOK  BHCOKOBOJBTHOTIO  >KHUBIICHHS,
11 — munnpHUK QoTOHIB; 12 — TpybonpoBia TepmocTaty; 13 — Trepmoctat; F — MaruiTHa

cuia, hv — MEXaHOJIIOMIHECIIEHIIIS.
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Puc. 2.4. 3oBHILIHIH BUIJISA MPUCTPOIO IS peectpamii
MeXaHoJIoMiHecHeHii 3osakicHnx kit 3 MHY: 1 — mxepeno BUCOKOBOJIBTHOIO
xuBneHHss XJIMI-01 (b5-24A); 2 — niunnpauK hoToHIB XJIMII-01; 3 — cBiT/IO3aXKCHA
Kamepa; 4 — IeTeKTOpHUI 010K; 5 — TpyOOmpoBiA TepMocTary; 6 — MOCTIMHHUI MarHiT;
7] — eNEeKTPOJABUIYH; 8 — oToenekTpoHHUI ITIOMHOXYBa4 «®OTOH» y
CBITJIO3aXMCHOMY LMJIHAPL; 9 — cBiTionpo3opa kroBeTa; 10 — iHAMKATOp CBITIOBOTO

unipoMintoBaHHs (ESI-1E); 11 — HOyTOyK Ams aHai3y OTpUMaHUX pPe3yJbTaTiB.

[Ipu momavi KUBJICHHS HA E€ICKTPOJABUTYH BiH MOYMHAB OOEPTATHUCS Pa3oM i3
3aKPITUICHAM Ha WOTO Bally MOCTIMHUM MarHiToMm, 1mo Oyio mxeperom PMIIL. 3rigHo 3
3akoHoM Jlopenua [222], PMII nie Ha pyxomuii 3apsan (MHY) 13 marnitHOIO cunoro F,

110 BU3HA4Ya€ThCA (popmy.Jioro (2.3):

F = qv X B, (2.3)

ne g — 3apsag MHY; v — mBuakicts pyxy MHY; B — MaruiTHe mosie;

PMII Buknukano pyx MHY pa3zom 3 gociiKyBaHUMU 3JI0SKICHUMU KIITHHAMH 1
PIIKUM TIOXWUBHUM CEPEJOBHUIINEM, MK HHUMHU Ta TOBEPXHEIO JHA CBITJIONPO30pOi
KIOBETH, BUKOHAHOTO 3 KBapIIOBOTO CKJIA, MiJ] BIUIMBOM (DIKCOBAHOT BEIMUMHUA MAarHiTHOT

CUJIM BUHUKAJO TepTs. [Ipu 11boMy B 0111 €TaCTUYHUX 3TTOSKICHUX KIIITHHAX BUHUKAJA
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MexXaH1yHa nedopmarris BHACJIIJOK MarHiTOMEXaHIYHOTO BILIUBY, 10
cynpoBoKyBasiocss MJIL.

Y Xxomi AOCHIIKEHb BUKOPUCTOBYBAIM OOJAJHAHHS HAyKOBO-IOCIITHOL
nabopatopii meauuHoi (izuku Ta O6ioimkeHepii JHII «HamionanpHUi 1IHCTUTYT paKy».
Curnamu MJI peectpyBanu 3 qomoMororo poroenexkTpornHoro nomHoxxyBada «DOTOH»
3 gyTiuBicTiO 200-650 HM Ta MakcUMyMOM B o6isacTi AoBkuHU XBUIb 400—420 HM 13
JKUBIICHHSIM BIJ] BHCOKOBOJIbTHOTO JiKepena b5-24A, saxuii Oyno 3’€IHaHO 3
muyunbHUkOM (otoHiB XJIMII-01 (Mepunian, Ykpaina). 3a iHAMKATOp CBITIOBOTO
BUIIPOMIHIOBaHHS BUKOPHCTOBYBallM eTalioHHe kepeno ES-1E 31 chnekTpom
BuripomiHioBaHHs JtoMiHO(opy Big 400 Hm 1o 650 M. MJI 3nosikicHux kiaitud 3 MHK
iHimiroBayi BIuiiBoM PMIT aBox mwminapuunux HeonumoBux (NdoFeisB) marniTiB 3
MaKCHUMaJIbHOKO Mar”iTHOIO 1HAYKII€ KOxXHOTO 10 0,04 Ti Ta mBUIKICTIO 00epTaHHS
10 06/xB  mpoTsarom 1 XB JuIsi  TOMEPEKEHHS  MEXaHIYHOTO  IMOIIKOIKCHHS
JTOCTKyBaHUX KITUH [223]. Po3nonin maraiTHoi iHAYKIIT (puc. 2.5, A) OynyBanu Ha
OCHOBI BUMIPIOBaHb JIaTYMKA XO0JUJIa, @ PO3MOIJI MarHiTHOI cuiH, 1o aisuta Ha MHK 3
niametpoMm 13 Hm (pumc. 2.5, B) OynyBayiin 3riiHO 3 poOoTor [224] y mporpaMHOMY
npoaykri COMSOL Multiphysics (Burlington, CIIIA) v. 5.6.
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Puc. 2.5. Po3noaia maruiTHoi inaykuii (A) Ta marnitHoi cuim (B), mo gisia
Ha MHK piamerpom 13 HM y KJIiTHHaX KapuuHOCapkoMM Yokep-256 mig yac

BBy PMII.
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PospaxoBana marniTHa cunia, 1o aisuia Ha MHK FesOs-Au, BapiroBana Bijg 0,12 10
0,03 nH na Biacrani < 50 mm Bix nentpa MarHity [68]. HominsHo posrmsmara MIJT sk
HACJI1JIOK IIPY>KHOI Ta ITACTHYHOI IeopMariii 310SKICHUX KIITHH, BUKIMKanoi MHUY i
BimuBoM PMII, a He pyliHyBaHHAM. BaXTWMBO BIAMITHUTH, IO PO3PUB KOBAJIEHTHUX
3B’S3KIB BUMAara€ Ha Kubka mopsakiB Oimpmoi cmimm  (1000-5000 mH) [15].
HeonHopiHICTh MPUKIAIEHOTO MArHITHOTO TOJS BHUMIPIOBAIM METOJAOM KoedillieHTa
Bapiauii [225], po3paxoByHOYHM IHMCIEPCIF0 MArHiTHOI 1HIYKLII Y MPOCTOpl MIOAO ii
cepeaHboro 3HaueHHs. HeoHOpIHICTh MArHiTHOTO MOJs KoiuBaiacs Mix 32,57% i
99,87% na Biactansax > 30 mm 1 < 30 MM BiJ IEHTpa MarHiTy BIAMOBIAHO. i BiacTaHel

> 20 MM 1 < 20 MM HEOJTHOPIAHICTH BapitoBajia y niana3oHi Big 42,94% no 82,96% [68].

2.3.2. MeToauka peecTpamii MeXaHOJOMIHECHEHIII 3JI0SKICHUX KJITHH 3
MArHiTHUMHA HAHOYACTHHKAMH

Hocnimxenuss MJI 3104KICHUX KIITHUH 3 AOMOMOTOIO 3alpONOHOBAHOTO JAU3aWHY
IPUCTPOIO CKIIAAI0cs 3 JEKUIbKOX KpOKiB. EKCIEpMMEHTH MpPOBOAMIIM BiJIMOBIIHO J10
pekoMmenpaaiii 3 podoru [186]. Crnouarky OpHUCTpid Mia €IHYBAIU 10 MEPEKEBOTO
’KUBJICHHS Ta BUMIPIOBAJIM MTOKA3HUKHU 1HAMKATOpa CBITI0BOro BunpomintoBanHs ES-1E.
[Tpu dikcoBanux pexxumax podotu, pizuuig y 10 BUMipax JIFOMIHECIIEHIII] 1HIUKATOpa
He nepesuinyBana 5%. [ami peectpyBanu cnontanny XJI 1 MJI Bix 0,2 mr/min MHK
Fe3Os-Au B 1 mn cepenopuma 199 (Sigma-Aldrich, Merck KGaA, Himeuunna), mo y
TEMpSIBI JIOJaBAJIM y CBITJIONPO30pY KioBeTy. Jlani, KIOBETYy BCTAaHOBIIOBAIH Y
CBITJIO3aXHCHY TepMocTaryeMmy kamepy npu 37 °C y NeTeKTOpHUM 00K Ta PEECTPYBAIH
npotarom 1 xB kuabkicTh (poToHiB XJI. Jlns iHimiamii MJI, BMukanu enekTpoABUTYH 3
Mar”iTaMud Ta MapajiebHO PEECTPyBaIM MNpoTsAroM 1 XB KuibKicTh (oTtoHiB MJI
3nosikicHux kiiTuH 3 MHK. HactynHum kpokoMm peectpyBanu cioHTanHy XJI Bijg 1 mi
3MOSIKICHUX KJIITUH KaplIUHOCApKOMHU YOKep-256 3 KIITHHHOTO OaHKy JIiHIM TKaHWH
JIIOJIUHY 1 TBApUH [HCTUTYTY €KCIIepUMEHTAIBHOT MATOJIOT1i, OHKOJIOTII 1 paj1106100rii
im. P.€. Kaseuskoro HAH Vkpaiau (50x10° xinitun) y noxusHomy cepenosumii 199 i
MJI mpu Bmumsi PMII. [lana xmiTHHHA MOJENh IIUPOKO BUKOPUCTOBYETHCS VY

JOCITIJKEHHSX 3JIOSKICHOI MyXJIMHU TPYIHOI 3aJI03U, OCKIJIBKHA MAa€ XapaKTECPUCTHKHU
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KapimHoMu Ta capkomu [195], [226]. Hapemti, Oyno mocmimkero BmmB MHK Ha
3nosikicH1 kiituau 3 PMII 1 6e3 Hboro. 3a yMOB MPOBEACHUX €KCIIEPUMEHTIB HE OYyIJI0
BHU3HAYEHO JIOCTOBIPHOI PIZHUIN y KUTTE3AATHOCTI KIITUH 3 JIOMOMOTOI TECTy
BUKJIIOYEHHS TPUIIAHOBOTO CUHLOTO [68].

3acTtocyBaHHs PO3pOOJIEHOrO MPUCTPOIO TAKOXK MOXKIUBE JJ1s1 peectparii MJI 3
OTPUMAHOTro MaTepiany micis Oiomcii miag koHTposnem Mamorpadii, Y3, MPT abo
peHTreHiBcbkoi komm torepHoi Tomorpadii (KT) oprany 31 370SKICHOIO MyXJIMHOIO

marfeUra.

2.4. InaykuiiiHa moMipHa rimeprepmis 3 NOCTIMHUM MArHITHHM I10JIeM,
MATrHiTHUMH HAHOYACTHHKAMH Ta pajiosioriyHa Bidyauizaniss ¢anTomMa rpyaHoi

3aJ103H1

2.4.1. Onuc KOHCTPYKUIil po3podseHoro ¢panroma rpyaHoi 3a103u

daHTOM TIpyJHOI 3a103u Oyjo0 po3pobieHo aist Bizyamizaiii BmmBy [IMII Ha
po3noaut MHY Ta OioMexaHi4H1 BIACTUBOCTI 3JI0SIKICHUX KJIITHH. B OCHOBY BHHaXo1y
OyJ10 MOCTaBICHO 3a/1a4y CTBOPUTH CUCTEMY JIJISl TOCIIKEHb Y mapax GpaHToma rpyaHoi
3aJ1034, 10 CKJIAJa€eThes 13 (paHTOMa IPY/IHOI 3a71031, BAKOHAHOTO y BUTJISI MiBchepH,
HAaKpUTOI TOJIIETHJICHOBOIO KPHUIIKOK; YycepeauHi (aHTOMa PO3MIIICHO Kamuisap 13
TKaHWHHOEKBIBAJICHTHOTO MaTepially, B IKOMY OYJI0 PO3MIIIEHO BOJIOKOHHO-ONTHYHUN
JIaTYMK TEMIIEpaTypH, CYCIIeH3110 3710siKicHUX KITUH 13 MHK 1 moXMBHUM cepe1I0BUIIEM;
3HU3Y 1111 MBCHEpPOoro, PO3TAIIOBAHOK Y METJI OCHOBHOIO arutikaropa, 0yJsio po3MileHO
MOCTIMHMM  Mar”iT, IO HaJaBajl0 MOXJIMBICTH  IEPCOHATI3YBAaTH  IPOTHO3
nporunyxsuaHoro edexty nii MHY nig gac IIII. 3acTocyBaHHs OCHOBHOIO ariikaTopa
y ¢opmi meTii, MO0 BUIPOMIHIOBAB HE JIMINE 3MIHHY €JIEKTPUYHY, a 1 MAarHiTHY
KOMITOHEHTY, pa30oM 3 TMOJEM IMOCTIMHOTO MAarHiTy M03BOJsIO0 KOHIeHTpyBatu EMII
nepeBaxHo B 00’ eMi mapiB (haHTOMa, TeHEPYIOYH BUXPOBI ¥ criH-cTpymu y MHY, Ta
IHIIIOBAaTH MAarHITO-MEXaHOXIMIYHUN e(EeKT y 3J0SKICHUX KIITUHAX 3 YTBOPEHHSIM
BUCOKOPEAKTUBHUX OKHUCHUX TMpoAykTiB. KomOiHOBaHMiI TEroBud 1 MarHiTo-

MEXaHOXIMIYHUN e(eKTH BHACIIJOK OKHUCHOTO CTPECY BHUKJIMKAIA TOPYIICHHS
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IITICHOCTI O1070TIYHUX MeMOpaH Ta OpraHed 3JOAKICHUX KIITHH, IO 3HUXKYBAJIO
KUTTE3ATHICT OCTAHHIX y CepeIOBUIII Kamuisipa. Temmneparypa 37109KICHUX KIITHH Y
CEpENIOBHUIIll KOHTPOIIOBANAC IM(POBUM TEPMOMETPOM 13 BOJOKOHHO-ONTHIYHUM
nataukom TM-4 (Pammip, VYkpaina). 3ampormoHoBaHa KOHCTPYKIlis 3a0e3medye
wianyBaHHs [II[° 3704KICHMX MyXJWH TPyAHOI 3aJI03U Ta CIPHSE IABHILEHHIO
e(peKTUBHOCTI KOMOIHOBAaHOI MPOTHUITYXJIMHHOI Tepamii 3aBJsK1 TEIUIOBUM Ta MarHiTo-
MEXaHOXIMIYHUM edeKkTaMm, miadopy po3mipy Ta (opmMu (aHTOMa BIANOBIAHO 10
AHTPOTIOMETPUYHUX TMapaMETPIB Malli€eHTKH. BUKOpHCTaHHS po3poOsieHoro ¢GaHTOoMa
TPYAHOI 3271031 PEKOMEHI0BAHO Ha 0a3i MONepeHbO OTPUMAHUX MEIUYHUX 300paKeHb
PIUT, Y31, MPT a6o KT rpyaHoi 3am03u Hami€eHTKUA 3 MyXJIUHOIO, Jajl OyAyroTh ii
TPUBUMIpHE 300pakeHHS 3  (QIKcalllel0 BIPTyaldbHOTO MICLS  PO3TAIlyBaHHS
naToJIOriYHOro mpotecy. IloTiM BiATBOPIOIOTH 13 moJiieTusieHy Ha 3D-npunrtepi popmy
niBcepu paHTOMa BIAMOBIAHO 10 MOOYIOBAaHOI paHille TPUBUMIPHOI MOJEII IPYyIHOI
3a5103U MmarieHTku [199].

24 r mopo1ky xenatuny («Mpis», YkpaiHa) mOBUIBHO J0/1aBaIM B MIpDHUM CTaKaH
3 96 M1 0,9% NaCl («Hixodpapm», Ykpaina). CyMill nmoMimaid y BOJAsHY OaHIO Mpu
50 °C 3 nojaapIIMM MepeMITyBaHHIM 7151 BUJ1alieHHs Oyib0aiok nositpsa. OctaTrouHuit
00’em 120 Mn mepenuBaidu B KOHTEWHEp, 110 3a (OPMOIO IMITYBaB TPYAHY 3aJI03y
(momieruneHoBa miBcdepa pagiycom 40 MM), 1 0XOJOKYBAIH TIPOTATOM 12 roauH 3a
KIMHATHO1 TeMIIepaTypH.

Ha puc. 2.6 nokazano ¢ororpadito, cxemy, KT-ckan Ta coHorpamy po3po0aeHoro
daHTOMa TpyaHOI 3aj03M, MO cKiaagaBcs 3 miBcdepu (1), 006’em sKoi oOHMpAIOTH
BIJIMOBITHO 70 AHTPOTIOMETPUYHUX TMapaMeTPiB TPYIHOI 3aJl03U TAIIEHTKHU; 3BEPXY
(dhaHTOM HAKPHUTO TOJIIETUIIEHOBOIO KpHUIIKOIO (7), uepe3 Ky BcepenuHi (pantoma Oyio
po3MinieHo Kanuisip (8) 3 TKAHMHHOEKBIBAJIEHTHOI'O MaTepiaiy Uil IMiTalll TKaHWHU
TPYAHOI 3aJi03d, B SKOMYy OyJI0 pO3TAallOBaHO BOJIOKOHHO-ONITUYHUN JTaTYHK
temneparypu (9), noxkusHe cepenonuiiie (3) 1 cycnensito 3nosikichux kiitud (10) 3 MHY
(11). Hatuuk (9) nmigkiodeHo 70 BUMiproBada temrneparypu (6). @aHToM pO3MIIIECHO Y
BUKOHAaHOMY Yy (oOpMI METJi OCHOBHOMY armutikaropi (4), sAkuil 1NoB’s3aHUN 13

BHCOKOYACTOTHUM reHepaTopoM (5). 3uu3y hanToma po3MillieHO NoCTiiHuM MarHiT (12).
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5600 HU

2300 HU

0 HU

-1000 HU

Puc. 2.6. 3araabumii Burasg (A), cxema (b), xoponapumii KT-3pi3 (B) Ta
coHorpama y B-pexumi (I') d¢danTroma rpyanoi 3ano3um: 1 — monieTUICHOBHMA
KOHTEWHep; 2 — TKaHWHa-IMITamiss TpyaHoi 3ano3u; 3 —cepenoBume DMEM;
4 — arTikatop; S — BUCOKOYACTOTHUN TeHepaTop; 6 — MPUCTpil NIl BUMIPIOBaHHS
TeMIiepaTypu; 7 — KpHIIKa; 8§ — Kanusip; 9 — BOJIOKOHHO-ONTUYHUH JaTYHK TEMIIEpaTypu;

10 — xkaituan MCF-7; 11 — MHY; 12 — nocTiiiHuii Maryir.

30HY iHTEepecy MyXJWHU TMPEJACTABICHO KaIluIIpOM, 3allOBHCHUM KJIITHHAMU
1HBa3WBHOI TMPOTOKOBOI aJCHOKAPIIMHOMU TpynHoi 3amo3u jroauaun MCF-7 y
cepenosuili Dulbecco’s Modified Eagle Medium (DMEM, Sigma, CIIIA), nas imitamii
3JI0SIKICHOT'O KICTO3HOTO yTBOpeHHs. CKJIaJiHI KICTO3HI YTBOPEHHS TPYAHOI 3a7103H, 110
MarOTh TOBCTI CTIHKHM, TOBCTI NEPEropoJIKM ab0 MICTATh AK KICTO3HI, TaK 1 CONIJHI
KOMITOHEHTH, BUSIBJISIIOTHCS 370gKICHUMU Tipu Oioncii y 20-30% mnaiieHToK 3 pakom
rpyaHoi 3ano3u [227]. Knitunna ninis MCF-7 6yna oOpana ToMy 10 BOHA € IIUPOKO

BUKOPUCTOBYBAHOIO i1 Vitro MOJEJUII0, SIKA XapaKTepU3Y€TbCS PE3UCTEHTHICTIO 10
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HarpiBy MOPIBHSHO 3 IHIIMMH KIITUHHUMU JTIHISIMU 3JI0SKICHUX ITyXJIMH TPYIHOL 3271031
moaunu [194] [228].

KT-300paxxennst (n=350) orpuMmyBanu Tmpu CKaHyBaHHI (¢aHTOMa Ha
koMt torepaomy Tomorpadpi SOMATOM go.Top (Siemens Healthineers, Himeuunna) 3a
CTaHJAAPTHUM IMPOTOKOJIOM JOCHIKEHHS TPYAHOI KITKU gopocioi mroauHu: 70 kBm;
216 mAc; toBmHa 3pizy 0,8 mm; mosie 3opy (FOV) 50 cm; maTpuis peKOHCTPYKITi
512x512; noOyTOK MOINIMHEHOI A03M Ha JOBXHHY ckaHyBaHHs (DLP) 2,09 mI'p-cm.
BumiproBanHs 3HaueHHs oauHullb XayHcohinaa (HU) na KT-ckanax y 30H1 iHTEpecy
TKaHWHU TPYAHOI 3aJI03U Ta MyXJWHU BHUKOHYBAJIM 3 JIOTIOMOTOI MPOTPaMHOTO

3abesneuenns Horos 4.0 (Horos Project, IlIBeitniapis) 3rigHo 3 popmyJioro 2.4 [229].

HU = 1000 x (Z—fuoany (2.4)

Upoan
ne HUr — Koe(DIIeEHT OcnabJIeHHS PEHTIeHIBCHKOrO BUIIPOMIHIOBAHHS Y TKAaHMHI;

Usoou — KOS(PIIIEHT OCNa0ICHHS PEHTIE€HIBCHKOT'O BUITPOMIHIOBAHHSI Y BO/II.

Busznauenns moxayins npyxkHocti FOunra (E) 3a ¢popmydioro 2.5 [230] npoBoguiu
METOJIOM 3CYBHOXBWJILOBOI Y3E 3 BHUKOpUCTaHHSIM JiHIMHOrO natymka X4-12L 3
gacToToro 6—12 MI'm npu mexaniunomy iHzaekci (M) 1,6 Ta TeniaoBoMy 1HIEKCI IS
M’sikux TkaHuH (71S) 0,3 (popmyau 2.6 Ta 2.7 [231]) Ha ckaHepi €KCIEPTHOTO Kiacy

Vinno G86 (Vinno Technology, KHP).

E = 3pc?, (2.5)

1€ p — I'yCTHHA TKAHWHU; ¢ — IBUJIKICTh NOIMPEHHS 3CYBHOI XBUIII;

Pra
\/f)

ne Pr— po3paxyHKOBHI MIKOBHM PO3PIIKYBaJbHUNA TUCK; OL — KOE(ILIEHT OciaabieHHs

MI =

(2.6)

yIbTPa3BYKy cepeloBulleM; f — eHTpabHa YacToTa IiJl YaC CKaHyBaHHS;
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TIS = =2 2.7)

Pdeg

ne Pp— MOTYyXHICTh yIbTPa3BYKy NPU CKaHYBaHHI; Pieg — MOTYXKHICTh YJIBTPA3BYKY

HEeoOX1/IHa /I MIABUIICHHS TeMIIepaTypu OAHOpiHOT TkaHuHH Ha 1 °C.

[Tapametrpu po3pobieHoro ¢anrtoma (Tadu. 2.2) BIAMNOBIAATM 3a PEHTICH-
HIUTBHICTIO Ta MoAyJieM mpyxHOCTI FKOHra TkaHuHi TpyAaHOI 3ajl03U 1 KICTO3HOI
3JI0SIKICHOT IMMyXJIMHU TPYJIHOI 3aJ103H 3T1JIHO 3 pobotamu [232], [233]. HonaBanus MHY

B 30HY 1HTEpecy MyXJuHuU 30ub1yBano 3HadeHHss HU 1 moayns FOnra (p < 0,05).

Tabnuys 2.2

ITapameTpu po3podsaenoro ¢ganroma rpyaHoi 3aino3su, M + m

3oHa iHTepecy Pentren-minibHicts, HU Moayas FOunra, klla
TkaHnuHa-iMITaIlig TPYIHOIL 3271031 78,84 + 0,46 18,44 + 2,20
[Tyxnuna 45,33 + 4,63" 40,16 +1,71°
[Tyxnuna + MHY 3345,57 £ 290,41 181,05 £ 16,05™

" CTaTHCTUYHO 3HAYYINA Pi3HULA NPH IOPIBHAHHI 3 30HOI0 IHTEPECY TKAHMHH-IMiTaIii
rpyaHoi 3ano3u, p < 0,05;
# cTaTucTHYHO 3HAUYINA Pi3HUIA IPU MOPIBHAHHI 3 30HOIO iHTepecy myxauHu, p < 0,05.

2.4.2. MargiTHe HAOLJTIOBAHHS MATHITHUX HAHOYACTHHOK

Jns dopmyBanHa kimactepiB MHY 1 BImBY Ha KOPCTKICTH 30HHM 1HTEPECY
nyxiaunau 3 kimituHamu MCF-7, 3acrocoByBanmu neogumoBuit (Nd2Fe4B) moctiiinuii
MarHit, o0paHuii 3 momnepeaHpoi podotu [221], axui (ikcyBald ITiJl 30HOK 1HTEPECY
NyXJUHU TaKUM YUHOM, 100 30irajucs MEHTPU MK MAarHiTOM 1 OCHOBOKO (haHTOMa
rpyaHoi 3ano3u (puc. 2.6, A i b). Maruit npukiagany miBHIYHUM MOJTIOCOM JI0 KITITHH
3rijiHO 3 poOoTor0 [234]. OCHOBHI MapaMeTpH MOCTIHHOTO MarHiTy HaBEJACHO y TabJI. 2.3
[235]. Po3momin marHiTHOT iHmyKmii (puc. 2.7, A) OyayBaiu Ha OCHOBI BHMIPIOBaHb
natyrka XoJuia, a po3MOAlT MarHiTHOI CWIH, o Aisyia Ha onny MHUY, (puc. 2.7, B),
OymyBanu 3rigHO 3 poboToro [224] y mporpamHomy mpoaykti COMSOL Multiphysics
(Burlington, CIIIA) v.5.6. HeoaHopigHICT, MPUKIAAEHOTO MArHITHOTO MOJIS
BHMIPIOBAJIM METOJIOM KoeilieHTa Bapiaii [225], po3paxoByO4H AUCIEPCIFO0 MATHITHOT
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IHIYKIIi y MpOCTOpl BIAHOCHO i1 cepeaHhoro 3Ha4eHHs. MarHiTHe moJjie, 1HiIiiioBaHe
MOCTIHHUM MarHiTOM, MaJjlo BUIIMH CTYMiHb HEOTHOPIAHOCTI B Mexkax <10 MM BiJl IeHTpa

MAarHiTy, HDK Ha OLIbIIIN BiACTaHi, Ae moJie OyIo ciaadmmum [235].

Tabnuys 2.3
OcHOBHI mapaMeTpH NOCTiIHHOI0 MarHity
Hiamerp, ToBmmHua, . . . .. o MarniTHa
M MM Maruitna inaykuis, Tn  HeognopinHictsb, % e, il 1
Biacrasb Bij IeHTpa MarHiTy
45 15 <30 MM >30mMMm <30 MM > 30 MM 0,001-255,28
0,017-0,506 <0,017 78,83 70,57
MaruiTHa inaykuis, Ta MaruiTHa cuaa, nH

200

1150

®anTom 02 100

Bincranb Bia uenTpa mMarmiry, Bich y, Mm
Bincranb Bia nentpa marmity, Bich y, Mm

Bincrans Bin nentpa marmiry, Bick X, MM b Bincrans Bia neHTpa Marmiry, Bich X, MM

>

Puc. 2.7. Po3noaia maruiTHoi inaykuii (A) Ta marnitHoi cuim (Bb), mo gisgaa
Ha ogny MHY niamerpom 50 um y kiaitunax MCF-7 nig yac smuiuBy IHIMII (Olri

CTPIJIKH BKA3yIOTh BEKTOPHE I10JIe IPAJi€HTA CHJIH).

2.4.3. ElekTpOMarHiTHe ONNPOMIiHEHHS 3 MATHITHUMH HAHOYAaCTUHKAMM

Jxepenom EMII nia 1IN TpuBanictio 30 XBUIMH CIIyTyBaB €KCTIEPUMEHTATbHUAN
nporotun anapary «Marnitepm» (Panmip, Ykpaina) 3 amiikaropom, MiJIKIIOYEHUM JI0
BHCOKOYAaCTOTHOTO reHeparopa (dactora 42 MI'n, BuxigHa notyxHicts 10 Bt). Bubip
4acTOTU OyJI0 3yMOBJIICHO HEOOXITHICTIO OOMEXKEHHS HarpiBy MHOCTIMHOTO MAarHITy
BHACIIIIOK 3MEHIICHHS TIuOuHM mnpoHukHeHHs EMII y wmarepian wmarHity 31
301MbIIeHHSAIM YacToTh (ckiH-epext) [193] Ta npu npomy iHImIANil HarpiBy y
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O10JIOTIYHOMY CEpPEOBUIIl Yy pe3yibTaTi 10HHOI MPOBITHOCTI Ta MiEIEKTPUYHOL
penakcarnii mojasipaux Mosiekys [236]. TemnepaTypa, BUMipsiHa Ha MOBEPXHI MOCTIMHOTO
MarHity, He nepesuntyBaia 30 °C. Terutoi3osiist arurikaropa 3amnobirajia BAHUKHEHHIO
MOBEPXHEBUX Tapsuux TOUYOK 3 MIHIMAJIbHUMHU paJAI0OYaCTOTHUMHU MEPEIIKOIaMHU.
[TnanyBanus BrmuBy IIII" y danTOoMi rpyaHOi 3a103u 3A1HCHIOBANOCS 3 JOMOMOTOIO
nporpamuoro mnpoayktry COMSOL Multiphysics (Burlington, CIIA) v.5.6. 3
BukopuctanHaMm moayiiiB AC/DC Module ta Heat Transfer Module Ha ocHoB1 po0iT [4],
[237]. Ha pwue. 2.8 nokazaHo po3noAial MNUTOMOTro KoedilieHTa MOTJIMHAHHS
esiekTpoMarHiTHOI eHeprii (SAR) y ganTomi rpyaHoi 3ay103u Ha 30-11 XBUJIMHI BIUIUBY

ITIT" 6e3 (puc. 2.8, A) Ta 3 MHY (puc. 2.8, B) y 30H1 iHTepeCy MyXJIMHHU.

M M
-0,05 0 0,05 SAR, Br/kr -0,05 0 0,05 SAR, Br/kr
25 N 25
0,05 .|0,05
20 20
15 15
1o m 0m

n

110,05 1{-0.08

Puc. 2.8. Po3noainn nmuroMmoro koegdinieHTa MOrJMHAHHA €JIEKTPOMATHITHOI
eneprii (SAR) y ¢panTomi rpyanoi 3a;03u Ha 30-i xswiuHi BiuiuBy IIIT 6e3 (A) Ta 3
MHY (B): 1 —mniBcdhepa danTtomMa TpyaHOI 3ano3u; 2, 4 —MeTisd amikKaropa;

3 — mocTiiiHui Mardit; 5 — MHUY.

VY T1a6.. 2.4 HaBeneHo MakcuMaibHI 3HaueHHS SAR (B1/kr) 1 Temneparypu (°C).
OcuoBaum mapametrpoMm IIII" € mMakcumanbHe 3HaueHHs Temmeparypu (< 42 °C), mio
JOCSITaNIOC M1/ 9ac onmpoMiHeHHs. 3a BUIIKX Temmeparyp (> 42 °C) odikyroThcs To01uH1
edeKTH, HampuKIaj, eKCIpecis OUIKIB TEIIOBOr0 IIOKY, IO MPU3BOAHUTH [0

XIMIOPE3UCTEHTHOCTI Ta HEMEPEHOCMMOCTI Teruia y mamieHtiB. Jlms ganHoi momeni
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kiactepu MHY O6ynu chopmoBani y BUMIISIAI KOMOIHAIT MPSAMOKYTHUX TPUKYTHHUKIB,

MOBEPHEHUX ITiJT KyTOM 45 TpagyciB 1 00’ €IHAHUX B €AUHY reomeTpiro [235].

Tabnuys 2.4
MaxkcumaJibHi 3HaYeHHS IapaMeTPiB eJ1IeKTPOMATrHITHOIO ONIPOMiHEHHS Ta

TeMIIepaTyp y 30Hi iHTepecy nyxJiuHU GaHTOMA IPYIHOI 327103H

331010703 SAR, B1/kr T, °C
[IMII + I 8,03 40,56
MHHUY + [IMIT + I 8,48 40,77

2.4.4. Knitunu MCF-7

Knituau anenokapuuHomMu rpyaHoi 3ano3u moauaun MCF-7  orpumani 3
HaBYaJIbHO-HAayKoBoro IieHTpy "lHcTUTYyT Olosorii Ta wmeaunuuu" KwuiBcbkoro
HalllOHAJIbHOTO YyHiBepcuteTy iMeHl Tapaca IlleBueHka KyJIbTHBYBAJIM Y CEPEIOBHIII
DMEM (Sigma, CIIA) 3 10% Ouuayoi cupoBatku (Sigma, CIIIA), 2 MM L-rnyraminy
(Sigma, CIIIA) 1 40 wmkr/mn redraminuny cyibdary (biodapma, VYkpaina) 3a
cranaaptaux ymoB (37 °C, 5% COz 1 100% Bomorocti, MM Medcenter Einrichtungen
GmbH, Himeyunna). KiniTuHU TPUTICHHI3YyBaJIA Ta CYCIICHIyBAJIH B 3araiIbHOMY 00’ €Mi
0,5 v1 DMEM 1 9 mr/mn NaCl npu koudmtoerntHocti 80-90%. Kinnesa koHeHTparis
KiniTiH cranoBuia 50x10° B 0,5 mir. ITorim kinituau MCF-7 y ¢panToMi 3a3HaBaIy BILIUBY
[IMIT + III', abo MHY + I[IMII + ITII" mpotsirom 30 xB. B ycix excrnepuMeHTax 0
xiituH nogaBan MHY y kornentpairii 0,2 mr/min 3rigao 3 [238]. 3miau pH yHacmigox
BIUIMBY BU3HAYaJIM JOJATKOBO 3 Jomomoror nopraruBHoro pH-metpy OHAUS ST20
(ITaitn bpyxk, CIIA). XKurreznaruicts kmitun MCF-7 omintoBanu 3 ponomoroio 0,4%
PO34YMHY TPUIIAHOBOTI'O CHUHKLOTO, po3BeneHoro B 0,1 M docdaTHo-0ypepHOoMy po3uunHi
npu pH 7,2 BukopuctoByrouu crnekrpodoromerp Labsystem Multiscan MS (Thermo
Fisher Scientific, Kopes) Ta iuBeproBanuii mikpockon AxioVert (Carl Zeiss,
Himeuyunna). TpunaHoBuil CUHINA MaB 3/aTHICTh J0 HAKOMHWYEHHS TIJIbKUA B KIITHHAX 3
N1JBUIIEHOK TPOHUKHICTIO 1 MOPYIIEHOI UuIicHIcTI0O MeMOpanu [239]. KinbkicTh

KUTTE3AATHUX 1 HEXKUTTE3NATHUX KIITUH T1apaxoByBayn y kamepi ['opsiea.
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2.4.5. TexkcTypHMii aHATI3 MeIMYHUX 300pakeHb (PAHTOMA IPYAHOI 3271031

Kowmm’torepuuii anani3 kinacrepiB MHY y 30H1 iHTEepecy MyXJIMHU MPOBOIMIIN Ha
OCHOBI 300paxxeHsb (n = 40 300paxkeHb i KoskHOTO excriepumenTy) PIT, orpumanux 3
nomoMoror Mamorpadiuaoi cuctemu ekcreptHoro kimacy Giotto Class 30000 (IMS
Giotto, ITams). Bizyam3aiis meronom PL[T Oyna o6rpyHTOBaHA BUCOKOIO PO3ALILHOIO
snatHicTIO (100280 Mxm), mopiBasHO 3 Y3]I (0,3—1 MmM) 1 MPT (~ 1 mMm), 3Ha4HOO
pI3HMIICI0 MK peHTreH-ubHicTIo MHY Ta cepemoBuia KIITUH 1 MOKIJIHUBICTIO
MOIIAPOBOr0 aHaJi3y IXHBOIO PO3MOJUIY Y 30HI 1HTEpecy MyXJIUHU (aHTOMA.
Mawmorpadist 3 PIIT — ocHOBHUIA pafioOriyHUN METO AOCIIKEHHS TPYIHOI 3271034 Y
XIHOK BiKOM BiJ1 40 poKiB 3 TUIIOM LIIJIBHOCTI @, b, ¢ 3rigHo 3 Breast Imaging Reporting
& Data System (BI-RADS, American College of Radiology), mo y noxamsmiomy
NPUILBULIYE TPAHCIALIIO MEPCOHANI30BAHOI Bizyanizalii po3noAiny kinacrepis MHY y
Olosioriynux TKaHuHax [240], [241], [242].

3MIHH KOPCTKOCTI 30HM 1HTepecy myxiauHu mig BmumBoM MHY 1 [IMII
JTOCTKYBaIH NUIIX0M BuMiptoBaHHs MoayJis FOura merogom Y3E (n = 300 300pakeHs)
3 noroMoror ckanepa Vinno G86 3 miHiitHuM gatuukoM X4-12L (Vinno Technology,
KHP). Cniouatky (anToM BizyalizyBajau y B-pexuMi, a IOTIM 0OMpaJId 30HU 1HTEPECY
Ha enactorpamax. BrmummB MHY na temmeparypy npu I[N BumiproBanu 1mudpoBum
TEPMOMETPOM 3 BOJIOKOHHO-ONTUYHHUM AaTyrkoM TM-4 (Paamip, Ykpaina) po3MiiieHuM
y 30HI 1HTepecy myxymHH ¢anToma. OCHOBHI MapaMeTpu Bi3yalli3allii HaBEACHO Y

Ta0J1. 2.5.
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Tabnuys 2.5

OcHoBHi mapameTtpu BizyaJizauii ganrtoma

IMapametp 3HaYeHHs

PentreniBcbkuil uppoBUA TOMOCHUHTE3

Uanon, KB 23

Tanon X 9ac excro3uiii, MAC 30
Marepian anoay W
Tosuuna Al gpinsTpy, MM 0,7
Kommpecisa, H 40
ToBiMHA 3pi3y, MM 1
Cepennst nornuHeHa 103a, MI'p (M £+ m) 0,24 + 0,004

VYapTpa3BykoBa enactorpadis

YacrtoTta, MI'11 6-12
Mexaniunuii inaexc (M) 1,6
Tennosuii inaexc (71S) 0,3

JInst  KUIBKICHOI  XapaKTepUCTUKH 3MiH Yy (¢opmyBaHHl kiactepiB MHY
pPO3paxoByBaIM TEKCTYpHI MapaMeTpu: (pakTalibHy PO3MIPHICTh, JIAKYHAPHICTb,
HIITBHICTh MIKCENIB Ta OKPYIJICTh 3 jgomnoMoror IariHa FracLac y mporpamHomy
npoaykti Imagel 1.53k (NIH, CIIIA) [243]. AnroputMm TekctypHoro aHam3y PIIT-
300pakeHb HaBeJeHO Ha pwuc. 2.9. DpakraibHa PO3MIPHICTh BU3HAuYajga CTYMHiHb
CaMOMNOAIOHOCTI Ha 300paXeHHI, TOAl SK JIAKYHAPHICTh CIyryBaja Miporo
reTeporeHHocti posnoainy MHY [244], [245]. 30oHu iHTEpeCy OIHAKOBOTO PO3MIPY
BKJTFOYAJIM MPOCBIT Kamniyisipa Ha PIIT-300paxkennsx (puc. 2.9, A). Bupizani 300pakeHHs
KOHBEPTYBAJIH y 8-01THY IIKaJTy CIpOro, CeTMEHTYBaJIM METOJJOM MaKCUMAJIbHOI €HTPOMiT
(puc. 2.9, B), micis 4oro po3paxoByBaiu (ppakTaibHy po3MipHICTH (Dp) 1 TaKyHapHICTh
(A) Meromom po3paxyHky OmokiB (box counting) (puc.2.9,B Ta I') 3 ocHOBHUMH
napametpamu citku (grid), BkazanumMu y Taba. 2.6, 3a dopmynamu 2.8 Ta 2.9.
[imeHicTh TiKceniB (PD) ta okpyrmicts (C) BuszHavwanu metogom Convex hull nuisixom
noOyJJOBH OIyKJIOr0 MHOTOKYTHHKA — 3’€IHAHOI cepli MpsIMUX BIJIPI3KIB, IO OMYKIIO

oxoruTor0Th yci mikceni MHY knactepiB Ha 300pakeHHi (popmyau 2.10 Ta 2.11) [246].
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Puc. 2.9. Aaroputm TtekcrypHoro anajizy PIT-300paxens ¢anroma.
Konsepraiist peHTTeHIBChKOTO 300paskeHHs (paHTOMa y KOHBEHIIHHUH popmar: 1 —30Ha
1HTepecy TKaHUHU-IMITAIll] TPYyIHOI 3271031, 2 — 30Ha iHTepecy myxiauHu; 3 — MHY (A);
cermeHTanis MHY (4yepBOHMM KOJIBOPOM) Yy 30HI 1HTEpECY MyXJIMHHU Ha 300pa)Ke€HH1
danToma MeTogoM MakcuMmasibHOI eHTporii (b); po3paxyHok ¢pakTaabHOI PO3MIPHOCTI
Ta JIJAKyHapHOCTI METOJIOM box counting 3 po3Mipom O0J0Ky BiJl 1 mikcesns (JiBUM BEepxXHil
KyT) 110 45% (npaBuii HkHIN KyT) (B); po3paxyHOK cepeiHbOr0 3HaYeHHS TEKCTYPHOTO

napametpa kinactepis MHY (I).
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Tabnuys 2.6
OcHOBHI mapameTpHu CiTKM 1Jisl BU3HAYEHHS (PPaKTaJIBLHOI PO3MIPHOCTI Ta

JakyHapHocTti PIIT-300pa:xkens ¢pantoma

ITapameTtp 3HaYeHHs
Yucino 6:10kiB (G) 60
KinbkicTs po3mipiB 100
MinimMansHHM po3Mip OJIOKY 1 mikcenb
MaxkcumanbHuN po3Mip OJOKY 45% 300paxeHHs
MakcumalnibHa KiJTbKICTb 3pi3iB 12
Dp = X¢Z{° Dp,, X Grids™, (2.8)

ne Dy — cepejiHe 3HaYeHHs (PpaKTaNbHOI po3MipHOCTI; Grids — uncio GJIOKIB Yy CiTI;
Aeg = (igr (2.9)

Jie¢ C — CTaHJapTHE BIAXWICHHS KIIBKOCTI TIKCENIB Yy OJIOI; i — CepelHs KiIbKICTh

MIKCENIB y OJIOL MPU Opi€HTALlIl g Ta pO3MiIpaxX &

PD ==, (2.10)

ne N — KUIbKICTh mikceniB y kiactepax MHY; S — moima onykioro MHOTOKYTHUKA, 1110

oomexye krnactepu MHY;

_ 41cS

c==, 2.11)

ne S — mionia Ta P — nepuMeTp OMmyKJIOro MHOTOKYTHHKA, 1110 oOMexye kinactepu MHY.

2.5. InaykuiiiHa moMipHa rimeprepMmia 3 NMOCTIHHMM MATHITHHM HOJIEeM i
MATrHiTHUMH HAHOYACTHHKAMHU Ta PaAioJIoriyHa Bidyasi3auisi eKClepUMeHTAJIbHOL

MoOJeJIi 3JI0IKICHOI Iy XJIMHU

2.5.1. EkcniepuMeHTaJIbHI TBAPUHU Ta NepelierieHHs My XJIMHHNX KJIITHH

3a eKCIepUMEHTAJIbHY MOJENb 3JI0SKICHOT TYXJWHU BUKOPHUCTOBYBAIH
KapIuHOCapKOMY Y OKep-256, 10 XapaKTepU3y€eThCS IMBUIKUM POCTOM Ta O3HAKAMH SIK
KapIIMHOMH, TaK 1 CApKOMHM, IMMPOKO BUBYCHA 1 BaJIiIOBAaHA TSl 1HAYKINT MyXJIMHHOTO
pOCTY y MiAOCTiHNX TBAapHH. Ii BUKOPHCTOBYIOTh Y MOCIHIIKEHHAX MyXJIUH TPYIHOI
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3aJI03M, KICTOK Ta JESKUX IHIIMX 3JIOSKICHUX HOBOYTBOpeHb. KiHeTwka pocTy 1€l
NyXJUHU Tependavaia TpU CTafdll: 1HIIAII0, MPOMOIII 1 MPOTPECII0 MPOTATOM
KopoTkoro niepiony 12—16 ni6. 3pocTaHHs MyXJIMHH BiI0YBaNIOCS 32 KIHETUKOIO MIEPIIIOTO
MOPSIKY MK 7-MOI0 1 13-Tor0 10000 MiCTs TMEepemeryIeHHS 3 CEPETHbOI0 KOHCTAHTOIO
mBUAKOCTI 34,3% Ha 100y U1 MyXJIMH BETUKOTo po3mipy 1 27,7% Ha 1oy 11t Maiux
OyXJUH. PiCT MyXJIWHU MiANOPSIKOBYBaBCS EKCIOHEHIANbHIM KpuBild pocTy [195],
[196], [226], [247]. 3 ornsiay HA BUILIEBKa3aH1 0COOJIUBOCTI KIHETUKU POCTY, BUSHAYCHHS
O0l0MeXaHIYHUX MapaMeTpiB MyXJIHUHU MeToIoM Y 3E Ta MOP(OJIOTTUHHUX XapaKTEPUCTHK
MIPOBOAMIIM TT1]T yac a3 eKCIOHEHIIaIbHOTO POCTY /10 9-T01 J0OU MiCIs MepelIeTICHHS,
OCKUIBKM MPOTSTOM LBOr0 MPOMIKKY 4Yacy PEECTPyBajocsi BHpPAXKEHE 301JIbLICHHS
00’eMy KapimHOcapkoMu Y opkep-256. BapTo 3ayBakuTH, 110 HAUOIBII MOITUPEHUMHU
CTaJisIMU IIPU BCTAHOBJICHHI JIIarHO3y paKy IPYyAHOI 3aJI031 Y KIHOK BUSBIA0ThCS 111 3
PO3MIpOM 3TI0SIKICHUX MMy XJIMH 70 5 cM 3a kiacudikariero TNM 8 [248], [249]. Buxoasuu
3 TOTO, [0 KapImHocapkoMa Y okep-256 nocsirayia OJU3bKOT0 A0 TPAHUYHOIO 3HAYSHHS
po3mipy Ha 20-Ty n00y micis TepemnieryieHHs, il 00 €KTUBHOI KiJIbKICHOI OIIIHKH
NPOTUNYXJIMHHOTO  edekTy Tepamii mnpoBoguiau MPT-Bizyamizamito Tta  EIIP-
CIEKTPOCKOMI0 MyXJuHU Ha 18-Ty moOy mia yac TepMiHaiIbHOI (a3 pocTy, KOJU
CIIOCTEpIraBcs HAWBUIUK pIBEHb BUIbHOTO 3aiiza y myxiuHi [250]. Ilepemennenus
MyXJIMHU POBOJIUIIN KIIITHHAMH KapIIUHOCAPKOMH Y OKep-256 3 KIIITUHHOTO OaHKY JiHIN
TKaHUH JIOJUHU 1 TBapUH [HCTUTYTYy eKCIEepUMEHTaJbHOI MATOJOTii, OHKOJOTI 1
paznio6ionorii im. P.€. Kasenpkoro HAH Vkpainu (2 x 10° knitun y cepenosui 199) y
MpaBy 3aJHIO KiHI[IBKY J1a00OpaTOPHUX TBApUH.

Crnepmry, BuBwanu BrumB [IMIT 13 3acTocyBaHHSM MarHiTHO-TUIIOJIBHOTO
arutikaropa [201], sskuii ckiiagaBcs 3 TUIIOILHOTO By3J1a Ta mocTtiiHoro Maraity Nd,Fe4B
(Tada. 2.3) [251], 3 MHY nHa camkax HeiHOpeaHux IrypiB macoro Tina 160,5 £2,1r 3
KapuuHocapkomor Yokep-256 (Biapii JHII «HarmonanbHMil 1HCTUTYT paxy»,
VYkpaina). TBapuH paHm0MI30BaHO PO3NOALIMIMA HA Tpu Ipynu (n = 6): (1) KoHTpoJbHA
rpyna nyXJMHOHOCIIB 0e3 BILUBY; (2) rpymna, sky nigaasanu BimuBy MHY; (3) rpyna,
aky migaaBanu BBy MHY + IIMII. MHY Fe;Os (0,5 mr) BBOAMIIM pazoM 3

NyXJIMHHUMU KJIITUHaAMU T 4dac nepememieHds. [llypam 3-i rpynu mpoBoawiu
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excriosuiito [IMII wepe3 aenn (3aramom 5 paziB). TBapuH momimanud B TOJOKCHHS
nexxaun Ha 80 xB 3 iHTaNsAIIE0 1-2% 130dmypany min yac BruBy [IMIL. ['onoBy TBapun
OpIEHTYBaJIM Ha MIBHIYHWNA MarHiTHUN MOIOC 3eMIli, MOCTIHHUNA MArHIT MPUKIIAIAIN JI0
MyXJIMHU TBHIYHUM ITOJTFOCOM, CTIIUPAOYNCh Ha podoTu [234], [252], [253].

Jpyruii kpok nossiras y pociuipkeHHi BruBy II1IN 13 3acTocyBaHHSM MarHiTHO-
JTUTIONIBHOTO arutikaTopa. CaMOK HEIHOpPEeTHHWX NIypIB-yXJIMHOHOCIIB 3 Maco Tiia
123,4 + 7,9 r (BiBapiii JJHII «HamionaneHuii iHCTUTYT paKy», YKpaiHa) paHAOMI30BaHO
po3noauuaM Ha 4otupu rpynu (n=35): (1) KOHTpoJibHa rpyna MyXJMHOHOCIIB 0e3
BIUTUBY; (2) rpymna, sika orpumyBaiia odinuHansauii JIOKC; (3) rpyna, sika oTpuMyBaia
MHK-/10KC; (4) rpyna, sika orpumyBaia MHK-JIOKC 1 3a3naBana BruBy 1111 3 TIMIL.
VY rpynax 2—4, TBapuHaM BBOAWIN BHYTpiliHbOBEHHO 1,5 mr/kr JJOKC a6o 3 mr/kr MHK
Fe304-Au, HaBanTaxkenoro 1,5 mr/kr JIOKC, uepe3 100y, mourHarouu 3 2-roi 100U micis
nepeniernieHHs (Bcboro S pasiB) [117], [254], [255], [256]. ITepen mouaTkom BrutuBy 1T
3 IIMII mypam 4-i rpynu npoBOAWIM IHTaNsALIMHY aHectesito 1-2% i13odaypany Ta
iMmoO1mi3yBanu ix. Ilicms BHyTpimHbOoBeHHOTO BBeAeHHs MHK-JIOKC TBapus-
NyXJIMHOHOCITB mianaBanu BiuBy I[N TpuBamictio 15 xBunmH npu yactori EMII
42 MI', reHepoBaHOi EKCIIEPUMEHTAIBHUM MPOTOTUIIOM amapaTty «Maraitepm»
(Pagmip, Ykpaina), 3 BAKOPUCTaHHSIM MarHiTHO-IUIIONBHOTO arulikaTopa JUIsl JIbOBOI
noctaBku MHK-/IOKC y myxnuny. MarnitHa cuna, mo aissia Ha MHK 3 giamerpom
13 uMm, BapiroBana Bix 0,75 nH mo 293 nH na Biacrtani 1o 30 MM Bija IEHTpa MardiTy
[257]. Temmepatypa y myxiuHi He nepeBuiryBaia 39 °C mpotsiroMm 15-XBHIMHHOTO
CJICKTPOMAarHiTHE OMPOMIHEHHS 3a BUMipaMu ITM(POBOTO TEPMOMETpPaA 3 BOJOKOHHO-
ontuaHUM AaTankoM TM-4 (Paamip, Ykpaina), mo miarpumyBano Oiiabin ¢izionoridHi
yMOBH moMipHOi Tineptepwmii [110].

JuzailH 1bOro JOCHIDKEHHS PO3pOO0JEHO BIAMOBIAHO JO0 PEKOMEHJAIliH,
BUKJIaJCHUX y poOoTi [187], 1 cxBajgeHO OI0ETUYHHM KOMITETOM 3 MUTaHb 3aXHUCTY
TBapuH Ta eTuku Menuunux npochimkenb JHII «HarioHanpHUl 1HCTUTYT paxKy».
JlabopaTopHi TBapuHM MepeOyBaii B CTaHJAPTHUX YMOBAaX BIBapIl0 3 MPUPOAHUM

PEXKHUMOM OCBITJICHHS Ha TOBHOI[IHHOMY palliOHI Xap4yyBaHHS. YcCi1 TpoOIeAypHU 3
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TBapWHAMU MTPOBOJIMIIUCS BIAMOBIIHO A0 3akoHy Ykpainu Ne 3447-IV ta €Bpomneicbkoi

nupektuBu 2010/63/€C.

2.5.2. Onuc KOHCTPYKUil 3aCTOCOBAHOT0 MATHITHO-IMIIOJIbHOIO aIJiKAaTOpa
AJIs1 IHAYKIiHHOT MOMIPHOI rineprepmii 3 MATHITHUMY HAHOYACTUHKAMHU

B ocHOBY 3acTOoCyBaHHS MarHiTHO-AHUMOJBHOTO arulikaTopa Oysio MOCTaBIEHO
3a/lady BJIOCKOHAQJICHHS KOHCTpYKIi mpuctporo [258], [259], [260], [261] nus
IHAYKUIAHOT MOMIPHOI TlIEpTepMii 3 METOI0 MepcoHaNi3alli MarHiToO-MeXaHOXIMIYHHUX
edexriB MHY, HaBaHTaX)€HUX XIMIOTeparieBTUYHUMU areHTaMH, Y Iy XJIMHI 1] BILIABOM
[IMII ta EMII 10 kaiHIYHOT TpaHCIALII y NAIE€HTIB 31 3J0SKICHOO IMyXJIMHOK T'PYAHOI
3am03u Ta M’SKUX TKaHuH. [nsxom Moaudikaiii KOHCTPYKIIHHUX Marepiajis,
3aCTOCYBaHHs  JIMIIONIB, BHUKOHAHMX 3  MAarHiTOYYTJIMBOrO  MaTepialy, IO
PO3TAIIOBYBAIUCH Y HEOJHOPITHOMY MarHiTHOMY TOJIi TOCTIHHOIO MAarHiTy 3 3aXHUCHUM
KOXYXOM, PO3MILIEHHSI 3 30BHINIHBOI CTOPOHM TpUMada y HaNpsSMHIN CKpPUBIEHOI
emncoigHoi GopMH METIHOBOTO aIljlikaTopa Ta BUKOPUCTAHHS MO3UIIIMHOTO (ikcaTopa
MIPU3BOAMIIN 10 TiaBUIeHHS Jokaizalii MHY y nyxmnuni, 301bmenHs rpaaienTis [IMIIT
ta EMII 1 BiANMOBIZIHO acuMeETpii poO3MOJUTY BUXpOBHX CTpyMiB. lle 3abe3smneunso
e(EeKTUBHICTh JIOKOPETIOHATLHOTO NPOTUITyXJTuHHOTO edekty ITII7 13 BUKOpUCTaHHIM
IPUCTPOIO Ha ocHOBI [201].

AnanrtoBanuii mpuctpid (puc. 2.10, 2.11) mictuB 610k xuBneHHs (1), Oj0k
kepyBaHHs (2), Tpumau (4) 3 AlaMarHiTHOrO MaTepiaixy, y CepeluHy SKOro OyIio
BCTaBJICHO MAarHITHO-JUIOJBHUMN aIlIiKaToOp, IO CKJIaJaBCsi 3 3aXHCHOTO TyMOBOTO
Koxyxa (5), moctiiHOorOo MarHity (6), merapoBoro armutikatopa (7), 3B’S3aHOTO 3
BucokouactoTHuM (BY) renepatopom (3), aunonbHOro By3na (8), BUKOHAHOTO 3
Mar”iTO4yTJIMBOrO Mareplaly Ta TMO3MIIAHOro (ikcaTopa Ha OCHOBI BaKyyMHOI
npucocku (9), KUl po3MiUlyBaJid Ha IMOBEpXHi (ikcauiitHoro koHteiHepa (12) y
npoekuii myxiuau (10) maGoparopnoi TBapuHu. IIpoctopoBa ¢dopma 1 po3Mmipu
arutikaropa (7) 3amaBajivuca 3 JOMOMOIOIO po3Mipy Ta (OpMH HAIpsSIMHOI CKPUBJIIEHOI
eJINCOiHO1 (hOPMH, BUPAXOBAHOI 3 BUKOPUCTAHHSM KOMII FOTEPHOIO IJIaHYBaHHS Ha

OCHOBI MEJMYHOIO 300pakeHHs NpocTopoBoi ¢Gopmu Ta po3mipy nyxiauHu (10)
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1abopaToOpHOI TBapUHU, PO3MIIIECHOT y KOHTeHHepl /g (ikcamii (12) Ha mo3uiiitHoMy
croi (13).

[TocraBnena 3amava BHpINIyBajJach THUM, IO B MPHUCTPOi AJII MAarHiTHOI
HaHOTEepamnii 3J0SKICHUX MyXJIHMH BUKOPHCTOBYBABCS MarHiTHO-AUIOJIBHUHN aIlIiKaTop,
0 CKJIaJaBcs 3 TpUMada Ta TMO3UIIHHOTO (hiKcaTopa, BUKOHAHHWX 3 J[1aMarHITHOTO
MmaTepialy, ycepeauHy TpuMada Oyjio BCTaBIE€HO JIOKai3arop y (opmi AUMOMIB,
BUKOHAHMX 3 MAarHiTOYyTJIMBOIO MaTepiaidy, 10 3HAXOAWIHCh y MarHiTHOMY IOJI
MOCTIMHOTO MArHiTy 3 3aXMCHUM KOXKYXOM, a 3 30BHIIIHbOI CTOPOHU OYJIO PO3MIILIEHO
NEeTIbOBUI arulKaTop 3MIHHOI (POpMH, IO JTO3BOJISIIO MEPCOHANII30BAHO PErYJIIOBATU
po3Mip 1 ¢opmy IJsi onmpomiHEHHs Bci€i myxiauHU. Kpim Toro, Oiibll BHUpaKeHE
HarpiBaHHs croctepiraiocs nopyd 3 armiikaropoM npu IIII°, a He B LeHTp1 Horo netdii
[262], 110 KOPUCHO 7151 BIUIMBY Ha )KUTTE3AATHI Ta MPoJiiPepyroul KIITHHHU, PO3TAIIOBaHI
nepeBakHo Ha nepudepii nyxiaunu [263]. Komm’rotepHe mianyBanus Iy
nporpamHoMy mipoaykti COMSOL Multiphysics (Burlington, CIIIA) v. 5.6. mokasaio,
10 3aCTOCYBaHHS MAarHiTHO-IMIIOJBHOTO aIulikaTopa 103BOJsuI0 miaBumuTH SAR B
OyXJIMHI y 2,5 pa3a NOPIBHAHO 3 BIJIOMUM IE€TJIbOBUM aIlJIIKaATOPOM, IPU LbOMY

MaKCHMallbHa TeMmIiiepaTypa Ha 15-ii1 xBunuHi He mepeBunryBana 39 °C, a nHa 30-ii
xBuwinHI — 40 °C, 3a0e3neuyroyd NOMIPHUN HarpiB 3a OUIbII (D1310JIOTIYHUX YMOB
(Tada. 2.7) [264], [265], [266], [267]. V nonepenHiit podoTi [221] 6yso mokazaHo, 110
CaMOCTIHUHM BIUIMB HEOJMMOBOTO MarHity 0€3 MarHiTHO-AUIOJBHOIO arulikaropa Ha
MHY Fe;04 cTBOproBaB MarHiTHy cuiy < 120 nH, mo iHimiroBana miJBUILEHHS PIBHS
BIJILHOTO 3ajli3a Ta CYNEPOKCUIHOTO paauKaja, 3HWKEHHs piBHs JakTopepuny ta NO-
FeS-6inkiB, picT Ta MOPQOJOTiuHy TE€TEPOreHHICTh KaplLMHOCApKOMHU Y OoKep-256

MOPIBHSHO 3 TBAPMHAMU-ITYXJIMHOHOCISIMH, SIKI OTpUMYyBayik Tutbku MHUY.
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Puc. 2.10. Cxema npucTporo Ajisi MATHITHOI HAHOTEpAaIIii 3JIOSKiCHUX Iy XJIMH:
1 — Onox xuBNEHHA; 2 —ONOK KepyBaHHs; 3 —reHepatop BY; MarHiTHO-IUNONBHUMN
arurikatop (4 —TpuMay; 5 —3aXUCHUM KOXYX; 6 — MOCTIMHMM MarHiT; 7 — NeTJIbOBUM
arulkKaTop; 8 — IUNOJAbHUMN By30i1; 9 — no3uuiiinuii gikcarop); 10 — 3505KicCHA Ty XJIMHA;
11 — MHUY; 12 — koHTeitHep 1 ikcaliii 1a00paTOpHUX TBAPHUH; 13 — MO3ULIIAHUE CTLIL
F — maruniTHa cuna, mo aistia Ha MHY; R® — ButbHUE paaukai, iHIIIHOBaHUN MarHiTo-

MexaHoxiMiuHuM epektom MHY mix BrutmoMm I[IMIT Ta EMIL.

oy

” /
A 7 6 b 5
Puc. 2.11. 3oBHilIHI/A BUIVISA  MArHiTHO-AUIIOJBHOIO  AILIIKATOPY.
ExcniepumenTanbHa ycTaHoBKa, BUA 3Bepxy (A) ta 300ky (b): 1 — 3axucHuii Koxyx 3
MOCTIHHUM MarHiTOM yCepeuH1; 2 — MarHITOYyTIMBI AUTOJI; 3 — MEeTIHLOBUH arlliKaTop;
4 — milaMarHiTHUHA TpuMmad; 5 — TO3UIAHUN (Qikcatop, 6 — HeiHOpeaHu# uryp 3i

370SIKICHOIO MYXJIMHOIO; 7 — KOHTeWHep 1 (ikcarii 1a0opaToOpHUX TBApHUH.
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Tabauys 2.7
MaxkcumMaJsbHi 3Ha4eHHS IAPAMeTPiB eJIeKTPOMArHiTHOIO ONMPOMIHEHHS Y My XJIMHI

nix yac BimBy 1IN 3 MATHITHO-IUIIOJIBHUM AIVIIKATOPOM

Mapamerp HeTJ-IbOBmVI MaFHiTHO-)j[I/IHOJII)HI/Iﬁ
aIkaTop aIKarop
15-Ta xBuIMHA
SAR, Bt/kr 1,60 3,93
T, °C 37,59 38,66
30-ta XxBHJIMHA
SAR, Bt/kr 2,63 6,74
T, °C 38,06 39,96

[TpuHIIMTT pobOTH arTikaropa 3aCHOBAHO HAa MAarHiTO-MEXaHOXIMIYHOMY eQeKTi
BHACTIJIOK TIJABUIIEHHS TpaJi€HTa TIOCTIMHOTO MArHiTHOTO TMOJsS B MyXJHHI, IO
30UTBIITYBAJIO JIiF0 MarHiTHOI cvutk Ta cuin Jloperta (gpopmyaa 2.3), sika gisuta Ha MHY.
3rijiHOo 3 po0O0TOIO [268], IHTEHCHUBHICTH / 1 THCK p MEXaHIYHUX XBUJIb, III0 CTBOPIOBATUCH
onuiecro MHY 06’emom V, pamiycom R, HamarHideHicTio M, CTalliOHapHOKO MIBUIKICTIO
Viqr T BruBoM [IMIT pHpe ta EMII 3 wactotoro f i rpamientom monst VB(t) y
010JIOTIYHOMY CEpPEJOBHUIIl 3 B’S3KICTIO 1, OMNHUCYIOThCS (popmyaamm 2.13-2.15.
MexaH14H1 XBUIJI1, TEHEPOBaHI BIUIMBOM €JIEKTPOMArHITHOrO onpomiHeHHs Ha MHY, 1
TpaHcopmallisi NPyKHOI €HEpTrii y 3J0SKICHUX KIITHHAX 1HIIIIOBAIM 30y/KCHHS B
MEXaHIYHO 1HyKOBaHUX OKMCHO-BIJIHOBHUX peakiisax [269]. Y noganbiuioMmy po3BUTKY 1
BJIOCKOHAJICHHI KOHCTPYKIlISI 3alpoloOHOBaHOro rmnpuctporo [201] s MarHiTHOI
HaHoTeparii Oyia 3acTocoBaHa B PO3poOIl arulikaTopa JJisi MarHiTHO-PE30HAHCHOI

HaHOTepaIllii 3J10sIKICHUX HOBOYTBOPEHb y mariieHTiB [270].
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_ VMVBpax

Ustat = pr—— (2.13)
I = v?tat " Pmedium * S> (2-14)
P = Vstat * Pmedium ™ S» (2.15)

ne V — o6’em MHY; R - pamiyc MHY; M — wnamaraivenicte MHY;
VBhax — MakCUMaJIbHWIM Tpagl€HT MAarHiTHOTO TIOJISI; # — B’S3KICTh O10JIOTTYHOTO
CEPENIOBUIIA; Pmedium — TYCTAHA 010JIOTIYHOTO CEPEIOBUIIA; § — ITBUAKICTD OMAPEHHS

MEXaHIYHOI XBUJI1 Y CEPEIOBUIIII.

2.5.3. HeqiHiiiHA KiHETHKA POCTY KaPUMHOCAPKOMH Y oKep-256
[licns mnanpnamii MyXJAWHWA, 3 JOMOMOrOK HHUGPOBOTO IITAHTCHIUPKYJIS
BUMIPIOBAIH 1i TOBXUHY (L), NIUPUH Ta BUCOT . O0’eM NYyXJIMHU OI[IHIOBAIN
p Yy (L), puny y y )

MPUITYCKAO4H, 10 BOHA Mae ¢opMy edirncoina 3a popmysioro 2.16 [271].

V=LXW X H X n/6, (2.16)

ne L — noexuHa; W — mupuna; H — BUCOTA MyXJIMHU.

BinmiHHOCTI B HENiHINWHIA KIHETHUINl POCTY MyXJIMH MiX €KCIIEPUMEHTAILHUMU
rpyliaMyd BHUMIPIOBAM, 3BAXKAIOYM HAa POJb BUIBHUX PAJAUKaIiB 3 BHUKOPUCTAHHSIM

bakTopy pOCTy ¢ 3TiTHO 3 ABTOKATATITUIHUM piBHAHHAM 2.17 [204].

dx/dt = @(x + x)(1 — x), (2.17)
ne x=(@—- &y/(D,— @y —BIIHOCHUN 00’€éM TMyXJMHU Yy MOMEHT 4Yacy £
x0=Dy/ (Do — Dy) —BiTHOCHUN 00’€M MyXJIUHU Yy MOMEHT uacy ¢ = 0; @Dy i
@.,— MOYATKOBHUM Ta JIMITYIOUUNA 00’€M MyXJIMHU BIANOBIIHO; @— 00’€M MyXJIHHH Y

MOMCHT 4acy f.

[IpoTunyXJIMHHUI BIUIMB MAarHiTHOI HAHOTEparii Ha HEJiHIMHY KIHETHKY POCTY

MyXJIMH TBApUH OLIIHIOBAJIM 3 IOMTOMOTOI0 KoedilieHTa raibMyBaHHs k (popmyJia 2.18).
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Pc
= == 2.1
=" (2.13)

ne @ — (hakTop POCTY MYXJIUH Y KOHTPOJIbHIHN TPYyIIl TBAPUH; @ — (PaKTOP POCTY MyXJIUH

B €KCIIEPUMEHTAIIbHIN TPyl TBAPHUH.

2.5.4. YabTpa3BykoBa ejactorpadisi TBApMH-yXJIHHOHOCIIB

3 ornsgy Ha Te, M0 y OUIBIIOCTI CONITHUX MyXJIMH OlOMEXaHi4HI MapameTpu
BIIPI3HAIOTBCS ~ BiJI OTOYYIOUHMX TKaHuWH [272], OyJI0 BHKOPHUCTAHO METOJ
3cyBHOXBWIKOBOI Y3E [273] ang OIIHKH KOPCTKOCTI MYyXJIMHHOI TKAHWHH HUISIXOM
BU3HaUYeHHs Moayss FOHra (mpy>KHOCTI) KaplMHOCApKOMH YOKep-256 3 JT0moMOroro
yHiBepcanbHOI IUGPOBOi MOPTATUBHOI CUCTEMHU EKCIEepTHOro kiacy Soneus P7 3
miHiHUM natunkom L2341 (Ultrasign, Ykpaina). OcHoBHI napametpu Y 3/]-Bizyamizarii
HaBeJeHO y TadJ. 2.8. I1in yac orpumanns ¥Y3/[-300pakeHb TBapUH aHECTE3YBAIH, K

OIIMCaHO BHUIIIC.

Tabnuys 2.8

OcHoBHi mapamerpu Y3 /I-Bidyasizauii TBApMH-IIyXJIHHOHOCIIB

IMapametp 3HavYeHHH
[enTpansHa yactora, MI'11 10
Mexaniunuii inaexc (M) 0,9
Tennosuii inaexc (77) 0,4

CrioyaTKy IpOBOJMIIM Bi3yalli3alilo KapIUHOCAPKOMHU Y OKep-256 y B-pexumi Ta
KOJILOPOBOMY JOMIUIEPIBCBKOMY KapTyBaHH1 JJIsl PaioJIOTiYHOI OLIHKU KOHTYPIB,
dbopmu, CTPYKTYpH, BACKyJSpHU3allili MyXJIMHU 3rigHO 3 [274], a MOTIM OTPUMYBAIH
eJacTorpaM 1 BUMIPIOBAIM MOAYJb NpyxkHOCTI KOHra y 30HI iHTEpecy NyXJWHU

(puc. 2.12) [275].
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Puc. 2.12. TunoBi nmpukKJIagH SIKiICHUX XAPaAKTEePUCTHK KAPUHHHOCAPKOMM
Yokep-256 na Y3/[-300paeHHAX TBAPUH-IIyXJIMHOHOCIIB. Bu3HaueHHA MyXJIMHU Ha
300pakeHH1 y B-pexxumi (A, B), konmpbopoBomy nomrmuiepiBcbkomy kaptyBanHi (b), Bubip
30HU iHTepecy Ha enactorpami (I'): OyrpucTi MICISIMU HEUITKI KOHTYPH — JJOBra YOpHA
CTPUJIKA; O3HAKM KOMIpECli OTOUYIOUMX TKAaHUH — KOPOTKAa YOpHA CTPLIKa; CYJUHHI
CUTHanu 1o mepudepii Ta ycepeAuHl MyXJIMHU — JIOBr1 OuIl CTPINIKH; HEKPOTHUYHI

3MIHH — KOPOTKa OiJia CTpijKa.

2.5.5. MaruiTHO-pe3oHaHCHA TOMOrpadisi TBAPHUH-NYXJIMHOHOCIIB

MPT-gocnigxeHHss OpoOBOAWIA MpPU HAOpykeHocTi MarHiTHoro monst 1,5 T 1
yacToTi 63,9 MI't (Intera, Philips, Hinepnanau), mo Bianosigano JlapmopoBiit yacToTi
(wp) mpoToHa BoJHIO 3 (popmyJu 2.19 [276], BUKOPUCTOBYIOUM 8-KaHAJIbHY KOJIHHY

koTyuiky (Sense Knee Coil, Philips).
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Wo = VB, (2.19)
Jie y — TIpOMarHiTHE BiJHOIICHHS MPOTOHY BOAHIO; By — HAMpPY>KEHICTh MOCTIMHOTO

MArHITHOI'O TTOJIS.

TBapuH migmaBanv IHTAIALIAHIA aHecTe3ll 130¢uIypaHoM mepes MPOBEACHHIM
Bi3yamzanii (n =550 300paxkenp). OCHOBHI mapaMeTpu OTpUMaHHA T1-3BaKE€HUX 3a
4acoM CITIH-peInTYacToi penakcailii Ta T2-3BaKHHUX 3a 4acOM CIiH-CIIIHOBOI penakcarii

npoToH1B BOJHI0O MPT-300pakeHb TBapHH-ITyXJIMHOHOCIIB HaBEIEHO y Ta0JI. 2.9.

Tabnuys 2.9

OcHoBHi mapamerpu MPT-Bi3yanizauii TBApMH-NyXJIHHOHOCIIB

e Ti1-3BakeHe T:-3Ba:xkeHe
300paKeHHsA 300pakeHHs

Yac nosropy (TR), mc 500 3230
Yac exo (TE), mc 18 100
Kyt nepeBopoty (flip angle), ° 90 90
KinbkicTh ycepenHeHb CUTHATY 1 2
Marpuiis, mikcesb 412x279 240x191
ToBmmHa 3pi3y, MM 2,5 2,5
[Tutomuii KoedilieHT MOTJIMHAHHS 2.9 2.9

eleKkTpoMarHiTHoi eneprii (SAR), Bt/kr

bazyrounck Ha podotax [203], [277], OyJsio mpoBeneHo paaionoridyay orinky MPT-
Bi3yamizamii (KOHTYpiB, (HOpMH, CTPYKTYpH, HEKPOTHYHHUX 3MIH — 30H IHTEpecy 3
TINEPIHTEHCUBHUM  TE€TEPOT€HHUM  CHUTHaJOM Ha  T2-3BaKEHOMY  300pa)kKeHH1
(puc. 2.13, A) Ta TINOIHTCHCUBHUM CHTHaJOM Ha T1-3BaXXEHOMY 300pa)KeHHI
(puc. 2.13, b); meputymMopanbHOTO HAOPSKYy — 30H IHTEpeCy 3 TINEePIHTCHCUBHUM
CUTHAJIOM Ha T>-3BaK€HHMX 300paKEHHSX, MPUTAMAHHUM JUIsI BOAHW, 3 HEUITKUMU
HEPIBHUMHU KOHTypamu (puc. 2.13, B), gxi pi3HATHCS BiJ BUANMHUX KOHTYPIB MyXJIUHU;

remMopariii — 30H iHTepeCy 3 TINEePIHTEHCUBHUM CUTHAJIOM Ha T1-3Ba)KEHUX 300pakeHHSX,
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HE 3ICTaBHUM 3 CHUTHAJOM BiJ XHPOBOI TKaHWHHM Ha 1HIUX MPT-nocmimoBHOCTIX
(pmc. 2.13, IN).

Puc. 2.13. TunoBi npukJagu SKiCHUX XAPAKTEPHUCTHK KAPIHUHOCAPKOMH
Yokep-256 na MPT-300pa:xeHHAX TBAPUH-IIYXJIMHOHOCIIB. T>-3BaskeHe 300pakeHHs
(xoponaibHi 3pi3u (A, B), Ti-3Baxkene 300paxkenns (kopoHainbHuid (b) Ta caritanbHuit
(I') 3p13): HEKPOTHYHI 3MIHH — JIOBI1 YOPHI CTPLIKH; NEPUTYMOPAILHUN HAOPSK — IOBra

O11a CTpiJiKa; reMoparii — KOpoTKa 4YOpHa CTPILIKA.
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Bizyamizamirto MHY B excriepuMeHTanIbHIA MOJIEN 3JIOSKICHOI MyXJIMHU OYJI0
orpumano y pooori [278]. Ockimbku MHK Ha ocHoBi Fe3Os-Au, sk mpaBuio,
3aCTOCOBYIOTh K T2-KOHTpacTHi pedoBunu [279], Ha oTpumaHux T2-3BasKeHHX
300paKeHHSIX OyJ0 CErMeHTOBaHO KPYrOBI 30HM IHTEPECY OJHAKOBOTO pO3MIpY
(myxnwmHa, M’s13 1 (oH) 3 momoMororw mporpamHoro 3abesmedenHss Horos 4.0 (Horos
Project, lIBeiinapis). LlenTp 30HM iHTEpecy MyXJWHU BU3HAYABCS SK MEPETUH JIBOX
HAWJOBIIMX MEPIEHIUKYJSPHUX AlaMETPIB KapLHUHOCAPKOMHU Y OKep-256; LEHTp 30HU
IHTepeCcy HOpPMajJbHMX TKAaHWH BIAMNOBIAAB TOYI[l MEPETUHY JBOX HANJIOBIIUX
NEPHEHANKYJISIPHUX J1aMEeTPIB OAHOTO 3 M’S31B 3aJHBbOI IOBEPXHI CTErHa Ha
npotuiexHid KiHuiBLi. [Ipu BuOopi 30HU iHTEpecy POHY YHHMKAIM JUISTHOK, SIKI MOTJIU
mictutu apredaktu pyxy [280]. Mam xapakrepusyBainu reteporeHHictb MPT-
300pakeHb MYyXJWHU 3a I[apaMeTpaMHu TicTorpaMu — KOE(IIIEHTOM acHUMEeTpii
(kacuvempii, popmyJia 2.20) Ta xoedimieHTOM ekcuecy (Keccyecy, Popmyaa 2.21) [202].
[licns BUMIpIOBaHHS SICKPABOCTI 30H IHTEpeCcy MyXJHMHU Ta (OHY pO3paxoByBau

KoHTpacTHICTh (K) 300paxkenHs (popmyJia 2.22) [281].

o Sayerlaxy)-al’®
kaCHMeTpi'l' - (n—1)(n—2) z [SD(a)]3 ’ (220)
_ n@m+)  Taperlay-al’ . @-1)?
Kexcuecy = (n—1)(n-2)(n—3) [SD(a)]* (n—2)(n-3)’ (2.21)

Jie d — CepeJIHs SICKPaBICTh 30HU IHTEpECY IMyXJIMHHU Ha 300paKeHH] a(X,)); n — 3arajibHa
KUIBKICTh TIIKCEIIB y 30H1 iHTEepecy; SD — cTaHIapTHE BIAXUIIEHHS CEPEIHBOI ICKPaBOCTI

30HU 1HTEPECY;

ROInyXJmHa _ROIde
ROIgou ’

K= (2.22)

ne ROI@yxuna — cepelHsl sSCKpaBICThb 30HM 1HTepecy myxiauHu; ROlpo, — cepeaHs

SICKpaBIiCTh 30HU 1HTEPECY (POHY.

2.5.6. CrieKTpoCKoOIis eJICKTPOHHOI'0 MAPAMATHITHOIO0 PE30HAHCY Iy XJIMHU
EITP-cnexTpu kapuumHocapkoMu Yokep-256 peecTpyBadu Ha CHEKTPOMETpi

RE1307 3 BUKOpHCTaHHSM LWJIHAPUYHOIO pe3oHaropa y pexumi Hoir Ha 4dactoTi
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9,09 I'Tu 3a Temneparypu 77 K mpu moTyXKHOCTI MIKpOXBHJIBOBOT'O BUIIPOMIHIOBAHHS
40 MBT, vactotu monymsii 100 kI'1. 3pa3ku myXJMHU 1 M S30BOi TKAHWHU, OTPUMAaHI
BIJI IIIyPiB MiCJIsI €BTaHAa31i y CTEPHIILHUX YMOBAX, MOMIIIAIH y KBApIOBY Yaiky Jlproapa
3 BHyTpimHIM miameTpoM 4,5 mm. EIIP-curnan po3pi3Hsim Ha OCHOBI g-GakTopiB, K
omucaHo B pPoOoTi [282]. PiBHI BUIBHMX paaWKaiiB, BKIIOYAIOYU YOICEMIXiHOH,
cynepokcunuauii pagukain (O27) ta okcup azory (‘NO), BuzHaganu BianoBigHO 110 [205],

[283], [284].

2.5.7. T'icrooriyHui aHAJI3 MyXJIHHH

JUist  TICTONOrIYHMX — JOCHIJKEHb  BUKOPUCTOBYBAJIM  3pa3Kh  TKAaHUHH
KaplMHOCApKOMHU Y OKep-256, ski OTpUMYyBajdu OJpa3y IMicis aHecTe3li ¥ eBTaHasii
IUISIXOM BUJIAJICHHS PparMeHTiB MyXJIUHU. 310paHuii MaTepiai nyxjuau pikcyBaiu y 10%
HeUTpasbHOMY (popMaltiHi mpoTarom 7 Ai0, MOTIM 3aJMBajId B nmapadiH Ta BUTOTOBIISIIN
3pi3d  TOBIIMHOK 5-6 MKM, sKI 3a0apBIIOBAIM TI'e€MaTOKCHJIIHOM-CO3WHOM  3a
CTaHJAPTHOIO METOAMKOI [206] 1 IOCHKYBAIM 3 BUKOPHUCTAHHSIM MIKPOCKOITY
Olympus BX-41(Olympus Europe GmbH, Anownis). [lopiBHSHHS cTyneHs BUPaKEHOCTI
3MiH (HEKpo3, amomnTto3, (iObpo3He 3amillieHHs, Tremoparii, kommpecis, aBrodaris) y

TKaHUHI MyXJIMHU MK TpyIaMy MPOBOJIWIIN HA OCHOBI poboTu [254].

2.6. CtatucTyHa 00po0Ka eKCepUMEHTAJIbHUX JTaHUX

OnucoBa CcTaTUCTUKA, BUKOPUCTAHA I aHATI3y PO3MOiITY Ta BapiaTUBHOCTI
JaHWX, BKIOYala OOYHMCICHHS CepeaHporo 3HaueHHs (M), wemianu (Me),
MaKCHUMaJIBHOTO (max) Ta MIHIMAIbHOTO (min) 3HAYEHHS, CTAaHJAPTHOI TMMOMUJIKA
CepeHbOro (m), CTAHAAPTHOIO BIAXWUJEHHS (0), MIKKBApTUIBHOIO 1HTEpBAILY,
Koe(ilieHTIB Bapialii Ta acUMeTPii (Kacuvempii). J1751 OLIHKY BIMOBITHOCTI HOPMAJIbHOMY
po3moauly  310paHMX  JAaHMX Y  JOCHIIPKEHHI  BHKOPHUCTOBYBAJU  KpHUTEpii
Konmoroposa — CmipHoBa (a1t BuGipok > 50) Ta Illamipo — Binka (s BuGipok < 50).
HynboBa rinore3a B 000X Tectax mojsirajia y NPUIYIIEHH], 110 PO3MOALI BUOIPKU HE
BIJIpi3HAETHCS B HopMalibHOro (I"aycoBoro). Jlis mOpiBHSHHS MDK JBOMa TpylaMu

JAHUX Y BUMAJIKy HOPMaJILHOTO PO3MOAiTy OyJI0 BAKOPUCTAHO ABOCTOPOHHIH f-KpUTEpIid
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Crerogenta (Student’s t-test), HynapOBa TimoTe3a SKOTO CTBEPKyBajia, IO CEpeIHl
3HAYEHHS IBOX TPy PiBHI. SIKIIO pO3IMOALT JaHUX HE MIAMOPIIKOBYBABCS HOPMAIBHOMY
3aKOHY, 3aCTOCOBYBasiu KpuTepiit Manna — Yithi U (Mann — Whitney U-test), Hynb0Ba
rinoresa sSKOro CTBEp/pKyBaja, II0 PO3MOAUIM 000X Tpyll OJHAKOBI 3a paHramu. J{ms
MOPIBHSHHSA TPhOX 1 OUIbIIe TPym JaHuX OyJ0 BUKOPHUCTAaHO OJHO(DAKTOPHUI
nucnepciiinuit ananiz (ANOVA) a6o kputepiii Kpackena — Yoummica (Kruskal — Wallis).
OnHodakTopHM AUCTIEPCITHUI aHaJIi3 BUKOPUCTOBYBAIIH, KOJIU AaH1 Maju HOPMaJIbHUI
pPO310/11J1, 1 BUKOHYBaJach yMOBa OJIHOPLAHOCTI IUCTIEPCIA MK IpyliaMu, 10 NepeBIpsIIn
3 nonomoroto Tecty JleBina (Levene’s test). Y 1boMy BHMNaAKy 3aCTOCOBYBAJIM TECT
Teroki (Tukey HSD), a 3a BIiACYTHOCTI OJHOPIAHOCTI JUCHEPCIH — TECT
['eitmca — Xayema (Games — Howell). Hynrora rinote3a (Ho) a1yt ANOVA
nepeadavyaia piBHICTh CEPEAHIX 3HAYEHB YCIX TPYI. Y paszi HCHOPMAJILHOTO PO3MOILITY
JAHUX 3aCTOCOBYBaJIM HemapameTpuuHuid kpurtepid Kpackena — Yomutica, skuid
MOPIBHIOBAB PaHTU 3HAYEHb Y PI3HUX IPyIax, MpHU IIbOMY HYJIbOBA riloTe3a rnepeadaydana
OJIHAKOBUM PO3MOJLN 3Ha4Y€Hb y BCiX Trpymnax. KoedimieHT Bapiallii po3paxoByBaiu siK
BIJICOTKOBE  BIIHONICHHS  CTaHJAPTHOTO  BiAXWICHHS (O0) 0  CEPeIHBOrO
apupmerranoro (M) [285], [286]. Koediuient merepminanii (R?) pospaxoByBamu s
EKCIIOHEHITIATbHUX PEeTrPEeCIitHIX MOJIENICH MiBUIIIEHHS TEMITepaTypH 3TiTHO 3 MOJEIIIO
Appeniyca [287]. [ns BHU3HAUEHHA CTAaTUCTHUYHO JIOCTOBIPHOi pI3HHUII pPIiBEHb
3HA4YyIoCTi Oyno BcTaHOBJIeHO Ha piBHI p < 0,05. CTaTUCTHUHUN aHAi3 OTPUMAHUX
JAHUX TPOBOJMJIM 3 BUKOPUCTaHHSAM mporpamHoro nakera IBM SPSS Statistics 25.0

(IBM, Inc., CIIIA).
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PO3JILT 3
PECCTPAIISI MEXAHOJIIOMIHECIEHIII 3JIOSAKICHUX KJITHH

Y  Taba. 3.1 wnaBeneHo mnopiBHsSHHsA curHaniB  XJI Bim MHK, xmitun
KapuuHOCapkoMH Yokep-256 camocTiiiHo Ta nipu aojgaBanHi MHK 13 curnamamu MJI,
iHimioBanoi BiiuBoM PMII nHa MHK 1 310sikicH1 kimituHu. MJI peectpyBaiu yHACIi 0K
nii npukiaaenoi MarHitTHoi cuiau Ha MHK, nmapamarHiTHi 10HM Ta BUJIbHI paJuKaid B
CEepeNOBUII 1 KIITUHAX, a 3a BijcyTHOCTI PMII curnanm iroMiHeCIeHIIIl peecTpyBaiu
BHACJI1A0K crtoHTaHHOo1 XJI.

Tabnuys 3.1

Curnagam jsominecueHuii 3apeecrpoBani Bix MHK Ta xiaitun, (M £+ m)

Tun IntencuBnicts  KoedinieHt
Excnepumenr . . . 1 . e o
JIOMiHecHeHIil JMiHecHeHuii, ¢ Bapianii,%
MHK XJI 34+0,5 48,5
MHK + PMII MJI 5,7+ 0,3% 15,8
Knmitunu kaprmHocapkomMu Y okep- X1 21,7+ 1, 17.5
256
Knituau kapuuHocapkoMu Y okep- a6
256 + PMII MJI 21,9+0,9 13,5
i
MHK + ximiTHHE KapuruHOCAPKOMH X 8.7 4 0,750 26.6
Yokep-256
MHK + KIiTHHH KapLIMHOCAPKOMU MUT 30,1 + 1,82 18,6

Yokep-256 + PMII

¢ CrarucTruHO 3Havyma pizauis npu nopisasHHI 3 MHK, p < 0,05;
® craTucTMYHO 3HAYYyINA pisHUIA npH nopiBHsHHI 3 MHK + PMIL, p < 0,05;
® CTaTUCTUYHO 3HAUylIa PI3HUL PU MOPIBHAHHI 3 KJIITUHAMHU KapIUHOCAPKOMH Y OKep-

256, p <0,05;
" CTAaTUCTUYHO 3HAUYIIA PI3HUIIS MPY TOPIBHIHHI 3 KJIITUHAMU KapIIMHOCAPKOMH Y OKep-
256 + PMII, p < 0,05;
A CTAaTUCTUYHO 3HAYYIlla PI3HULA IPU MOPIBHSAHHI 3 KIIITHHAMU KapLIMHOCAPKOMU Y OKEp-
256 + MHK, p < 0,05.

[HTEeHCUBHICTH CUTHAJIIB JIFOMIHECIEHIIIT y BiamoBiab Ha BB PMII na MHK y
cepenoBuil Oyna B 1,7 pa3a Buioro, Hixx Yy MHK camocTiitHo. [HTEeHCUBHICTD CUTHATY

BIJI 3JI0AKICHUX KIIITHH Y CEPEAOBUIIIL IOCTOBIPHO HE 3MIHIOBAJIACS 32 YMOB MPUKJIAaHHS

PMII 6e3 MHK. JlomaBanns xe MHK no xmituH kapruHocapkoMu Y okep-256
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MPU3BOIWIO JI0 3HMKEHHS 1HTeHCUBHOCTI XJI y 2,5 pa3za mopiBHSHO 3 KIITHHaMHU 0e3
MHK. Taka pi3auis B iHTeHcHMBHOCTI XJI mosicHIoBajacs, HacamIiepesl, 3AaTHICTIO
noBepxHi MHY Fe3Os y ckmangi MHK mornunaTti mumpoxuil nmiama3oH CBITJIOBOTO
BUIIPOMIHIOBaHHS. MakcuMaiabHa I1HTEHCUBHICTH JIIOMIHECIICHINI CIOCTepiraiach y
3TOSIKICHUX KJIITUHAX Y BIMOBIIH HA MarHITO-MEXaHOXIMIUHUHN e€(eKT — 301IbIICHHS BiJl
kaitud 3 MHK min miero PMIT y 3,5 1 1,4 pa3a nopiBasiHO 3 knituHamu 3 MHK 1 numme
KJIITHHAMU BiAnoBigHO (p < 0,05).

MJI-curHanu XxapakTepu3yBaJdUCSd MEHIIMM CTYNEHEM BapiaTUBHOCTI, HIX
curHanu XJI. KoedimienT Bapiamii curnany Bigx MHK 3menmmBces B 3,1 pa3a y BiAIOBIAb
Ha PMII. AHnanorigyHo, pi3HUIISI MDK CUTHaJIaMH BiJl 3i0sikicHuX kiitud 3 MHK mia
BIUTMBOM 1 6€3 BBy PMII cranoBmiia 30%. Takox KIITUHN KapIIMHOCAPKOMH Y OKep-
256, naBiTh 3a BigcytHocti MHK, y Binnosias Ha PMII npoaemMoHcTpyBanu 3MEHIIEHHS
kKoe(ilieHTa Bapiallii CUTHaJy TOPIBHSHO 3 KJIITUHaMu Oe3 BIUIMBY moJis. JlomaBaHHS
MHK no 37m0sKiCHUX KJIITHH Tpu3BeNo A0 1,5-kpatHoro 301iblIeHHsS KoedilieHTa
Bapiailii XJI mopiBHSHO 3 KJIITUHAMH CaMOCTIHHO.

Ha pwuc.3.1 1 B Ta6a.3.2 HaBeJAcHO TNOPIBHSHHS YacCTOTHUX PO3MOILTIB
IHTEeHCUBHOCTI 3apeecTpoBanux curHajiiB XJI tTa MJI. Po3noain curaams MJI Bigx MHK
(puc. 3.1, I'), 3J0sSKICHUX KIITUH KapuuHocapkomu Yokep-256 (puec.3.1, ) 1
MHK + 37n0sxicHi kinitunu (puc. 3.1, E) nig Bimusom PMII OyB 6inbin cuMeTpUYHUM Ta
MaB MEHIIE BIIXWJICHHS BiJI HOPMAJIBHOTO PO3MOALTY, HI)K BIAMOBIIHUX cUTHaAIIB XJI
(puc. 3.1, A-B). Poznonin curnanis Bix MHK + PMII OyB HaifOu1b1 CHMETPUIHUM,
OCKIJTbKM MaB HaWHWX4Ye abcomoTHe 3HadeHHS Koedirienta acumerpii (Kacumempii)-
Curnamu Big MHK + 37105KicHI KIIITHHA XapaKTEPU3yBAIUCS MEHITUM BIIXWICHHIM BiT
HOPMAJILHOTO PO3TOILTY 3TiTHO 3 PO3PaXOBaHUM p-3HAYEHHSM, 1110 Oyio y 3,6 14,5 paza
BuiliuM, aHik s MHK abo 35104kicCHUX KIITHH OKpemo BianmoBigHO. Po3moain MIJI-
CUTHAJIIB BIJ] 3JI0KICHUX KJITUH i BrutiBoM PMII 3a BincytHocTi MHK MmaB HaiimeHie
BIIXUJICHHSI CepeJl YCIX €KCIePUMEHTIB BiJi HOpMaibHOro po3mnoainy (p = 0,76). MJI-
CUTHAJIW, 3apEECTPOBaHI B1J1 310siKicHUX KIiTHH 3 MHK mig niero PMII, Takox nokazanu

MEHIIIE BIAXWJICHHS BlJ HOPMaJIbHOTO po3mnoaiy, Hixk XJI-curnanu 6e3 smiuy PMIL.
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Puc 3.1. Po3noain intencuBHOCTI JoMinecuenunii. Xemimominecueniisi: MHK
(A); xmituau KapruHocapkomu Yokep-256 (b); MHK + kniTuHu KapuuHOCapKOMU
Yoxkep-256 (B). Mexanomominecnenitis: MHK + PMIT (I'); xniTuHN KapiumHOCAPKOMU
Yoxkep-256 + PMII ([1); MHK + PMII + knituau kapimHocapkomu Y okep-256 (E)

Po3BUTOK 1 TOMUPEHHS 3J0AKICHUX MyXJWH CYHpPOBOJIKYIOTHCS 3MiHAMHU
HEJIHINHOI JUHAMIKH MeXaHoeMicii, 110 BUHUKA€E BHACII 0K MEXaHOXIMIYHUX B3a€MOI1H
MIX 3JIOSKICHUMHU KITITHHAMH W MIKPOOTOYEHHSM Ta moaaibinoi reHepamii ADK [69].
Kpim Toro, Hu3Ka moiil y 37104KiCHOMY MpOIIeci 3yMOBJIEHa OPYIIEHHSIM CUMETPii (10
NpUKJIaay, aCUHMETPUYHUN TOJUT KIITHUH, (opma, MeTaboaiyHa BIANOBIAL 1 PO3MOILIT
curHaniB) [23]. OTpuMaHi eKCIEPUMEHTAJIbHI JaHI MOXJIMBO I1HTEpPIpPETYBaTH B
KOHTEKCT1 CTOXaCTHYHMX (PI3UKO-XIMIYHMX TMPOLIECIB BUIIPOMIHIOBAHHS CBITJIA Yy
BIAMOBIAL Ha MarHiTo-mexaHoxiMiuHuii edekt MHK Fe3Os-Au mig nmiero PMII nHa
3JIOSAKICHI KJIITUHU KapIIMHOCAPKOMH Y OKep-256.

Tabnuys 3.2
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IHopiBHSIHHS PO3MOJLTY 3ape€CTPOBAHUX CUTHAJIIB JIIOMiHeCHEHIIil 3 HOPMAJILHUM

(I'aycoBuM) po3moaijiom

Excnepumenr Tun -3HAYEeHHSHA Tun po3noain
P JIOMiHeCHeHIil p P ALY
MHK XJI 0,045 Henopmansuuit
MHK + PMII MJI 0,287 HopmanbsHnii
KnitTunu kapuupHocapkoMu .
Voxep-256 XJI 0,041 Henopmanbsuuit
Knituan kapupHOCapkoMu .
Voxep-256 + PMIT MIJI 0,755 Hopmanbnuii
I

MHR+ ronrirm XJI 0,178 HopMmanbauii
KapLUHHOCAapKOMU Y oKep-256
MHK + kiiTunm
KapILMHOCAPKOMHU Y OKEp- MJI 0,447 Hopmanbuuii

256 + PMII

[To-nepme, PMII BmiuMBasio Ha KIHETUKY BUIBHOPAJMKAIbHUX peakUii
pekomOiHamii y 3noskicHux kmituHax 3 MHK [62]. Bzaemoniss MK HEMOKPHUTOIO
noBepxHeto MHY Fe3O4 y MHK 1 kIITUHHUM TTEPOKCUIOM BOJHIO — OJMH 3 OCHOBHHX
MexaHi3MiB npoaykuii APK, mo yrBoproBaiuch y pe3ysibrari peakiii deHToOHa Ta
["abepa — Baiica [288)]. Ilo-gpyre, iHiuiauis MJI 3a3Buyail BUHUKA€E NpU HEPIBHOMIPHUX
MEeXaHIYHMX JedopMallisax OpraHiyHUuX KPUCTAIIB, 110 TPU3BOIUTH J0 JUCIOKAIlIM HOCIiB
3apsiy 1oOnu3y JedekTiB, BUKIMKAHMX HampyxeHHsM [289]. Otmxe, mnporecu
acUMeTpu4YHOro nepeHocy 3apsany mixk MHK 1 knituHHEME GiomoniMepaMu B yMOBax
PMII ciipusinu emicii MJL.

PMII Gyno obpano misa BmiuBy Ha MHK y 3704KICHUX KIITHHAX Ta iXHBOMY
cepenoBuili 3 MeToro iHimiaii MJI, BpaxoBytouu pe3ynbratu podotu [290], y axiit PMII
IPOJIEMOHCTPYBAJIO OB 3HAUHUIM JTIKyBanbHUM edekT, anixk EMIIL. 3 ornsany Ha Te, 1110
MarHiTHa cuia, ska missia Ha MHK, cranoBmima Big 0,12 go 0,02 nmH (pwme. 2.5) na
BijicTanl < 50 MM BiJI IIEHTpa MAarHiTy, IOIIbHIIIE po3riasgaTd MJI sk HaciiJgok
NPy XHHUX 1 TuiacTuyHuX nedopmaniii, cnpuunneanx MHK, a ve po3puBy. Binrak, ans

pPO3pHBY KOBAJICHTHOTO 3B’SI3Ky MOTpiOHA Oysia OM cuia Ha KibKa MOPSIKIB OLIbIIA
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(1000-5000 mH), nix Ta, siky Oyno mpukinaaeHo Ha MHK y 3noskicHuX KimiTHHaX
KapIuHocapkomMu Y okep-256 Ta ixabomy cepemonuili [15].

Curnanmu MJI, 3apeecTpoBaHi BiJl KJIITUH KapiuHocapkoMu Yokep-256 3 MHK y
BianoBias Ha PMII, manu menIe 3HadeHds koedimienTa Bapialtii, anHixk curaamm XJI Big
wiitue 3 MHK. e ciocTepeskeHHs TakoK J00pe y3roKyBajaocs 3 MEHIIINM 3HAYCHHIM
koedilieHTa Bapialii curaanis, 3apeectpoBanux Big MHK + PMII y nopiBasaai 3 MHK
okpemo. CyTT€BOiI PI3HMII y KIJIBKOCTI paxyHKIB CBITIOBUX (oToHIB Mk XJI 1 MIJI
KJIITUH KapImHocapkoMu Y okep-256 3a BiicytHocTi MHK He Oyiio BusiBneno (tadJr. 3.1).
3 J0mMOMOTOI0 TpajJliEHTa MArHITHOTO TIOJS MOKHA MOJIYJIIOBAaTH IPOCTOPOBY
camoopranizauiro MHK, po3noain MarHiTHux cui 1 curHaniB MJI, siki BOHM T€HEpYIOTh
y 61oJioTiYHUX cepenoBuinax [78]. BiAMIHHOCTI y 4aCTOTHHX PO3MOAijIaX IHTEHCUBHOCTI
curHaniB XJI 1 MJI (koediuienTn Bapiallii Ta acMMeETpli) BiIOOpakanu pi3HI IUIAXU
nepeTBOpeHHsl eHeprii. Buxonsuu 31 3HaueHb KkoedimieHTa acumerpii (puc. 3.1) Ta
OILIIHKY BIIXWJICHHS CUTHAIIB BiJl HOPMAJIBHOTO po3noaAity (TadJ. 3.2), HepiBHOMIPHUMA
PO3MOILT MarHiTHOI cuiy, o aisB npu PMIT na MHK, BiiuBaB Ha cumeTtpito 1 hopmy
posnoauniB curHaidiB MJI. JIo toro sk emicis MJI Moria BUHUKATH BHACIHIJIOK BIUIUBY
PO3IOJILTY MarHiTHOI CUJIM Ha PyX IMapaMarHiTHUX 10HIB 1 TEPTS B 3JIOSKICHUX KITITHHAX,
OJIHAK BEJIMYMHA IUX €(PEKTIB IMIBUJKO KOJHMBAIACA MPU OYIb-SIKUX JIOKAJIBHUX 3MIHAX
cepenoBuia [291]. OTpumaHi eKCHEpUMEHTalbHI Pe3yJbTaTH PEECTpallii CBITIOBOTO
BUIPOMIHIOBaHHS BKa3yIOTh Ha Te, 110 MJI 103BoJIs)Ia BUSSBUTH MarHiTO-MeXaHOXIMIYHI
ebextt MHK Ha mMakpockomiyHHMX 3pa3kax O10JIOTTYHHX 00’ €KTIB MO BiJHOIICHHIO JO
MPOIIeCiB HAa KBAaHTOBOMY piBHI [292].

HesBaxkaroum Ha Te, 1110 B qaHiit po6oti ssutia MJI 1 XJI 6ynu o6roBopeHi okpemo,
BOHU HACTIPaBli TOB’ 13aH1 Mi>K CO0010 Ta € iHanKaTopamu yrBopeHHs ADK [293], [294].
B3aemo3B’si30k Mixk XJI 1 MJI 3anexaB Bi B3aeMOJI1i pi3HUX BHYTPIIIHIX (HAMpUKIa,
MOJIEKYJISIpHA CTPYKTYpa) 1 30BHIIIHIX (HAMPUKIIAJ, MpUKIageHi cuiin) paktopis. 3 miel
IPUYUHH IHTEHCUBHICTh CUTHAILY Bl KJIITHUH KapuuHocapkoMu Yokep-256 3 MHK min
BiiuBoM PMII Morna 3anmexatu Big cnoHtanHoi XJI. HenpykHe po3citoBaHHS B
KpuctaniyHii crpykrypi MHK npu3BoguTh A0 yTBOpEHHsS MapaMarHiTHUX 10HIB Ta

MOBEPXHEBUX IJIA3MOHIB, SIK1 BIUTUBAIOTh Ha pe3yibTytodi curHaiu XJI 1 MJI [295]. Tomy
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nopeuno npunyctut, 1mo ais MHK Fe3Os-Au 3 PMII Ha 370sKicHI KJIITUHA HE TIJIBKA
TpaHcpopMyBasiach y 010XiMIUHI CUTHAIM Y€pe3 MarHiTo-MeXaHOXIMIvH1 epeKTH, aje i
yepe3 1HIYKOBaHI CBITJIOM OKHCHO-BIIHOBHI peakii [296], [297]. OcTaHHE 3HAXOIHTH
MiATBEPKEHAST y POOOTI 3 BUKOPUCTAHHSM 0arato(yHKIIIOHAILHUX HAHOCTPYKTYP
Fe304-Au, mpusHadueHHX [JIs1 MarHITOONTHYHOTO 30HIYBAaHHS Ta TPOTHUITYXJIUHHOTO
BILTUBY [298].

Bapro BinMiTHTH, 110 OaraTo AIarHOCTUYHHUX PIIEHb B OHKOJIOT1YHIM MPAKTHUII
IPYHTYIOTHCSI Ha BUPILIEHH] MPOOJEM pO3yMIHHS B3a€EMO3B 3Ky MK PI3HUMHU PIBHSAMU
opraHizaiii B opraHizmi JoauHd. Otxe, omiHka ewmicii MJI y komOiHamii 3
yJIBTPa3BYKOBOIO Ta MarHiTHO-PE30HAHCHOIO eyiacTorpadiclo MOXEe HAaTH J0JIaTKOBY
1H(popMaIlilo Mpo 3MIHK Ha TKAHUHHOMY, KJIITUHHOMY, MOJIEKYJISIPHOMY 1 KBAHTOBOMY
PIBHSIX IS MiABUIIEHHS TOYHOCTI MEIWYHOI M1arHOCTHKU. HacTynmHMM BaJIMBUM
KpOKOM y OloMeauuHiit Tpancisiii MJI 10 KI1iHIYHOTO 3aCTOCYBaHHS Y JIIarHOCTHUII Ta
JIKyBaHHI OHKOJIOTTYHHX TAIEHTIB Oy/i€ 30CepEIPKEHHS Ha €JIaCTUYHOIIOMIHECIICHTHUX
Marepiaax [86] 1 JOCiKEHHI KOPEJSIIIHHOTO 3B’ a3Ky Mik eMmiciero MJI Ta maruito-

MexaHoxiMiuHuMH epektamu MHK.
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BucHoBku 10 po3ainy 3

Y mpomy po3aini mokazaHo MOXIHBICTE peectpariii MJI, inimifioBanoi MHK y
CEpellOBUIIll 3 KIITUHAMU KapIMHOCAPKOMH Yokep-256 mixg BmmBom PMIT i3
BUKOPUCTAHHSAM PO3pPOOJIEHOTO MPHUCTPOI0. Y XOJi JOCHIKEHHS OYyJI0 TPOBEICHO
MOPIBHSHHS cUTHATIB crioHTanHoi XJI, 3apeectpoBanoi Bim MHK okxpemo Ta 31mosikicHIX
xmtiH 0e3 1 3 gomaBanHsM MHK, 13 curamamamum MJI, inimilioBaHoi MarHiTo-
MexaHOXIMIYHUM edekToM npu 3actocyBaHHl PMII. InrencuBnicts MJI y kmiTHHaX
KkapuuHocapkomu Yokep-256 3 MHK mnig BmiBom PMII Oyna B 3,5 1 1,4 pa3a Buiioro,
HDK 1HTeHCUBHICTh XJI y 3nmosikicHux kimituHax 3 MHK 1 6e3 Hux BianosigHo (p < 0,05).
Briue PMII npu3BoiuB 10 3MEHILIEHHS a0COIIOTHOTO 3HAYEHHS KOe(1L1€HTa aCUMETPIi
po3noauty JoMmiHeclieHTHUX curHamB Big MHK Ta 3mosikicHux kimiTuH 6e3 1 3
noaaBanHsaM MHK. Curnanu MJI takox Manu MeHIe 3HaueHHs KoedilieHTa Bapiarii 1

MEHIIE BIIXWJICHHS BiJ HOPMaJIbHOTO PO3MOALTY, HXK curHaiu XJI.
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PO3LI 4
MPOTUNTYXJIMHHUH BIIJIUB THAYKIITMHOI MIOMIPHOI T'IMEPTEPMII 3
MNOCTIMHUM MATHITHUM ITOJIEM I MATHITHUMHU
HAHOYACTHHKAMM TA PAJIOJIOTTYHA BI3YAJIBAIISI PAHTOMA
I'PYJIHOI 3AJI03H

4.1. AHaji3 peHTreHIBCbKMX UH(PPOBHUX TOMOCHHTETHYHHMX 3pi3iB Ta

yJAbTPa3ByKOBHX 300pa:keHb 30HU iHTepecy MyXJuHH ¢paHTOMA

Ha puc. 4.1 nokazano tunoBi PI[T-300paxenns (puc.4.1, A-B) ta VY3]]
(puc. 4.1, '-E) po3po6ieHoro ¢daHToMa TpyJaHOI 3aj103U. 30HA 1HTEpeCy MyXJIUHU 3
kiitunamu MCF-7 y cepenoBuiii DMEM xapakrepusyBanacs cepeaHbOIO PEHTICH-
IIIIBHICTIO 110 BIJHOIIEHHIO JIO 30HW I1HTEpPECYy TKaHMHHU-IMITAIlli TPYJHOI 3aJ03H,
HAsBHICTIO apTedakTiB 3agHbOro IiaHy (out-of-plane) Ha KOHTypax dyepe3 BHIIY
PEHTIeH-IIIJIBHICTh KamIsIpy Ta KPUBOJIHIWHUX JUISHOK YHACHITOK KOMIpecii
(puc. 4.1, A). Ha B-pexumi Y3]| 30Ha iHTepecy MyXJIMHM TakOoX Oyya Bizyali3oBaHa
130€XOT€HHOIO0 BITHOCHO 30HW TKaHMHH-IMITAIlli TPYIHOI 3aJ03M 3 TIMEePEeXOTreHHUMU
kouTypamu (puc. 4.1, I'). JlonaBanus MHY 1o 30HM iHTEpECY MyXJIWHUA MPU3BOIUAIIO 10
MOSIBU MHOKUHHUX AU(PY3HO PO3CITHUX AUISTHOK BUCOKOI pEHTI€H-LIIIHLHOCTI Kpamyaroi,
miHiAHOT Ta KpuBomiHiMHOT Qopmu Ha PLT-300paxennsx (puc. 4.1, ). Cepenus
scKkpaBicTh npu AogaBanHi MHY Oyia B 1,4 pa3za BuIIOr0, aH1X 30Ha IHTEPECY MyXJIUHU
6e3 MHY (183,6 £ 0,4 y.0., p <0,05). Ananoriudo, Ha Y3J[ MHY (puc. 4.1, /) Oynu
MPEICTaBICHI MHOKUHHUMU TIMEPEXOT€HHUMHU 30HAMU 3 aKyCTUYHHUM 3aTIHEHHSM MIXK
HUMH B pe3yJIbTaTi peBepoeparlii (BiIOUTTA yIbTpa3ByKYy BiJ kiactepiB MHY, mix HUMU
1 1atarkoM), nudpaxiii (po3citoBaHHs yiIbTPa3BYKY BiJ KpaiB 1 KyTiB kiactepiB MHUY)
Ta morauHaHHs yneTpa3Byky B MHY. V Bianosine Ha npuxnaaenns [IMII knacrepu
MHUY 3minuam cBor mpocTopoBy opranizamito (puc. 4.1, B), mo xapakrepusyBanocs
OUIBIIIOD ~ 3TPYMOBAHICTIO Ta OUIBII  BUPWKEHUMH  SBUNIAMU  TOTJIWHAHHS
HU3BKOCHEPTreTUYHOI  CKJIAJ0BOi CHEKTpa PEHTTeHIBCBKOIO BUIPOMIHEHHS Ta

po3ciroBanHsaM Big MHY (yepryBaHHS TEMHHUX 1 CBITJIMX 30H MIXK Ta HaBKOJIO KJIaCTEPiB
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MHUY). Tlpu Bizyamizamii merogom Y3JI, 3ona iHTepecy mnyxiaumau 3 MHY Oyna
MPE/ICTABJICHA CEPIEI0 BEPTUKAIBHUX peBepOepalliil mo TUIYy «XBOCTa KOMeTW» (comet
tail) (puc. 4.1, E), mo BuHHMKaIM Ha MOBEepXHI Oe3mepepBHO CHOPMOBAHMUX KIIACTEPIB
MHUY uepe3 BIZOUTTS yIbTPa3BYKy Mixk HUMH 1 iepeTBoproBadem [299], [300]. KinbkicHe
MOPIBHSHHS 3MIHU IIUTBHOCTI TikceniB Ta Gopmu kractepie MHY mig srumsom [TMIT
HaBeaeHo y Tada. 4.1. [Tig srumBoMm TIMII npoctopoBuii po3nozin kiactepis MHY mas

B 1,9 pasa Buly miibHICTh mikceniB Ta Ha 14% O1ab11 okpyriny Gopmy (p < 0,05).

Puc. 4.1. PI{T-3pi3u (A—B, 4epBOHi BCTaBKH B K0JIaX MOKA3ylOTh 30ijIbIlIeHE

300paskeHHs 30HM iHTepecy myxyiuHM) Ta Y 3E-300pa:xenns (I'-E, BcTaBKu B JiBOMY
BEPXHbOMY KYTi NOKa3ywTh Y3Jl-300paxkeHnsi y B-pe:xkumi) po3podieHOro
¢anToma rpyaHoi 3ajo3u: 30Ha iHTepecy mnyxiauHu (A, I'); 30Ha iHTEpecy

nyxiauan + MHY (b, [1); 30na inTepecy nmyxauau + MHY + TIMII (B, E).
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Tabnuys 4.1

TexcTtypHni napamerpu ¢popmu Ta mijabHOCTI kiaactepiB MHY y ganrTomi, (M £+ m)

IliabHicTh MiKkceJiB,

3oHa iHTepecy Oxpyriicts, y.o.

nikceJib!
ITyxnuaa + MHY 0,28 +£ 0,03 0,70 £ 0,02
[Tyxauna + MHY + [IMIT 0,53 £0,04" 0,81 +0,02"

* CTaTMCTUYHO 3HAYYyIIA Pi3HULA IPH MOPiBHAHHI 3 myxymHOo0 + MHY, p < 0,05.

TexcTypHUIl aHaMI3 TETEPOTEHHOCTI OTPUMAHUX 300pa)kKeHb 30HH 1HTEPECY
nyxauHu (Tadj. 4.2) nokasas, mo kiaituan MCF-7 y cepenopumi DMEM wmaroTh
HaliBuIlEe 3HaYeHHS (PaKTAIbHOI PO3MIPHOCTI W HANHMKY1 3HAUYEHHS JTAKYHApHOCTI Ta
moxayns FOura. JlomaBannss MHY npuszBoguno no 30iabmieHHs moayns FOHra 3oHu
iHTepecy Ha 61%. BaxuuBo BigmiTutH, 1110 3actocyBanHs [IMII Bukiinkano 3011bIIeHHS
dbpakTtanbHOT po3MipHOCTI Ha 22% 1 3MEHIIEHHS JiakyHapHoOCTi Ha 18% mOpiBHSAHO 3
30HO10 1HTepecy 3 MHY 6e3 BinuBy [IMII. Octanne cBiguuTh npo Te, mo GopMyBaHHS
knactepiB MHY y kmitunax MCF-7 Ta cepenosuiii DMEM y Bianosias Ha [IMII Gyno
MEHII TeTeporeHHuM. BoaHouac, 3MiHa rereporeHHocTi (popmyBanHs kiactepis MHY
yHacaigok aii [IMII cynpoBokyBanacs 301UIbIeHHsIM 3Ha4eHHsT MoayJsi FOnra B 4,5 1

1,8 pa3a mopiBHSAHO 3 30HOMO iHTepecy myxjuHu 0e3 Ta 3 MHY BianosigHo (p < 0,05).

Tabnuys 4.2
TexkcTypHi mapaMeTpu reTreporeHHOCTI Ta MeXaHiuyHI BJacTUBOCTI kiactepis MHY
y dbanromi, (M + m)
Sommimepery  enatrn | Jusyapnics, Moy 10ur
[Tyxnmunaa 1,77 £ 0,001 0,23 + 0,001 40,16 £ 1,71
[Myxauna + MHY 1,14 £ 0,006 0,50 £ 0,005" 102,53 = 13,98"

[yxnauaa + MHY + TIMIT 1,46 + 0,005 0,41 + 0,004 181,05 + 35,89

" CTaTHCTUYHO 3HAYYyIA Pi3HULE IPH MOPiBHAHHI 3 MyXJIUHOIO, p < 0,05;
# craTHCTHYHO 3HAYYINA PI3HULA IPH TOPiBHAHHI 3 myxauHoo + MHY, p < 0,05.
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dopmyBaHHS KJIacTepiB — 11€ nporiec, y skomy MHUY B3aemopisiiau oiHa 3 OJTHOIO,
132 YMOBH, 1110 CUJIM IIPUTSATAHHS CTaBaJId CWJIbHIIIUMHU 32 CHJIW BIJIITOBXYBAaHHS, BOHU
3aTMIIIAIKCS TIOB’ sI3aHUMHU Mi>K c00010. HaBiTh 3a BiJICYyTHOCTI 30BHIIIHHOTO MAaTrHITHOTO
nosist ®MHY manu TeHAEHIII0 0 YTBOPEHHS JAHLIOTOBUX Ta KIJIbIEBUX KIIACTEPIB y
pe3ynbTaTi MarHiTHUX AUNOJAbHUX B3aemofiil. [IMII cTBopioBano MarHiTHy cuily, ska
cupssmoByBasia MHY o o0nacti 3 HaitO1/Ib1I0I0 HAMPY>KeHICTIO moutst. [IpuTsaranns mix
MHUY y HaBKOJUIIHBOMY CEPEIOBHUIII 3POCTAIO0 MPOMOPLIAHO KBaJApaTy HANpPYy>KEHOCTI
nosist [301]. Bigomo, mo dopma knactepiB MHY 3anexuth BiJ IXHBOI 3aJIUIIKOBOI
HaMarHi4eHocTl 1 HampsMy BeKTopa npukianeHoro nons. koo Bextop [IMII Oys
napajienbHuid BekTopy HamaraiueHocti MHY, Bonu Oynu cXuiibHi 10 30M>KEHHS, KOJIA
K KoH(Iryparilis Oyjia aHTunapaienbHow, To kiactepu MHY nemoHcTpyBanu naTepHu,
B SKMX BOHU PO3XOAWIUCH OJHA BiA OAHOI. B ocTaHHROMY BHIIagKy OUiKyBaJoCs
(dbopMyBaHHS CKIAIHIIINX HEMIHIMHUX CTPYKTYp 1 po3ranyxkeHHsa kiactepis MHY [78].
Y  paniii  pobori IIMII imimitoBamo MarHiTHY cwiy B gianazoni  0,001-—
255,28 nH (Ta6a. 2.3). Cning 3azHaudtH, mo cuiau nopsaky 0,2—150 mH inimiroBanu
MarHiTo-MeXaHOXIMIYHUM e(eKT uepe3 KoHdopMmalliifHl 3MiHM B O1IKax 1 BIUIUB Ha

MIPOHUKHICTh KIITUHHUX MeMOpaH [15].

4.2. AHaJjii3 TeMIiepaTypH y 30Hi iHTepecy NyXJIMHH (paHTOMA NPH iIHAYKIiHHIH
NOMipHiili rimeprepmii 3 mNOCTIHHMM MArHITHHM 10JIEeM Ta MAarHITHUMH

HAaHOYAaCTHHKaAMH

Ha puc. 4.2 HaBegeHO KpUBI HArpiBy 30HU 1HTEpeCy MyxJuHu mif BrmuBom 11T 3
[IMIT 6e3 Ta 3 mpucytHicTio MHY mpotsirom 30 xBwinH. MakcumaibHa TeMreparypa
npu nonasanHi MHY Oyna Ha 1,3 °C Bunioro nopisusaso 3 [I1T" + [IMII 6e3 MHUY. 3rinno
31 crmocTtepexkeHHs MU B poborax [262], [302], enepris EMII Oiunbmioro Miporo
norjauHanacs O KpaiB MNEeTJIbOBOTO arllIKaTopa, HIXK y WOro IEHTPI, 3BaKAI0UH Ha Te€,
10 IHTEHCUBHICTh €JIEKTPUYHOI CKIa70B01 1 SAR 3HaYHO 3pocTana B OMxKH1MA 30H1 MOJIA.

[Tpu uboMy MakcuMalbHa BUMIipsiHA TeMIlepaTypa He nepepuiryBaia 42 °C ani B 001acTi
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NyXJHMHHM, aHl B ycboMy ¢anToMi npotsirom Bruy II1I" 3 TIMII 6e3 ta 3 nmpucyTHICTIO
MHUY.

<~INT+IIMIT - I -+IIMIT+MHY
42
© 40
i 38
-
«
S 36
E
S 34
32
1 5 10 15 20 25 30

Yac, XBUIHHH

Puc. 4.2. KpuBi nigBuienns temmneparypu ta koediuicnru aerepminanii (R?)
y 30Hi iHTepecy mnyxauHu mnpotrarom 30 xBuamH Bmumsy: [T+ [IMII
(T =32,245e%995 R?= 10,9963, Tyner = 39,0 °C) i IIIT" + IIMIIT + MHY (7 = 31,908¢%%08¢;
R?=0,9975; Timax = 40,3 °C).

4.3. BiuiuB iHAyKIiHHOI MOMIPHOI rimeprepMii 3 NOCTIHHUM MarHiTHUM I0JIeM

TA MATHITHUMH HAHOYACTHHKAMHU HA BHkUBaHicTh MCF-7 kiiTun

Ha puc. 4.3 naseneno smus II1I" 3 TIMII okpemo a6o y kom6inanii 3 MHY Ha
xutTe3natHicts KIiTuH MCF-7. BesnepepBuuii 30-xBumunnuii BruB 11T 3 TIMII Ta

nomaBaHHsM MHY mpu3BiB 10 HIKYOT YaCTKH KUTTE3AATHUX KIITHH (p < 0,05).

A ' b

Puc. 4.3. Kurrezpatnicts kiitun MCF-7 (no3nauka Ha mikpodgororpadii 25

MKM) micist 30 xpuoun BsmmBy: [T + TIMIT (A) ta ITIT" + TIMIT + MHUY (B).
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Kurresparai xmituan MCF-7 micist mii T 3 IIMIT ta nomasanusm MHY manu
Ounblie 3HaYeHHsS (PaKTATBHOI PO3MIPHOCTI Ta HIDKYE 3HAYCHHS JIAKYHAPHOCTI
(Tadu. 4.3), 0 y3ro/DKyBaliocs 3 JTaHUMH TEKCTYpHOTO aHaiizy kimacrtepiB MHY nHa

PIIT-3pizax (Ta6.u. 4.2).

Tabnuys 4.3

AKurre3narHicTs Ta TekeTypHI napamerpu Kiaitud MCF-7, (M + m)

AKurreznartui dpakrajbHa JlakyHapHicTh,
Excnepumenr . o —_
KJIITHHH, Yo PO3MipHiCTB, y.O. y.o.
ITIT" + TIMIT 92+29 1,13 £ 0,093 1,17+£0,172
T + TIMII + MHY 5+£0,7° 1,59 £ 0,054 0,16 £0,013"

" CTaTuCTHYHO 3HAYYINA Pi3HuIE npy nopiBHsuui 3 1T + IIMII, p < 0,05,

Xoya OUIBIIICTh JOCHIUKEHb B OCHOBHOMY 30CEPEKEHI Ha JIOCATHEHH1
nomipHoro HarpiBy npu 42 °C, Taka Temreparypa € O0JU3bKOI0 10 3HAUEHHs 00JIbOBOTO
NOPOTY, CIPUYMHEHOTO HArpiBaHHSIM M SKMX TKaHWUH Yy TPyAHIA KTl jroauHu [13],
[303]. BennuuHa X KOMIPECIHHOI CHIIM MpH npoBeAeHH1 mamorpadii (> 150 H), mo
IPU3BOAUTH 10 BUHUKHEHHS 00JbOBOrO BIIYYTTS Y JKIHOK, € CYTTEBO MEHILOIO [14] 3a
cun 0,2-5000 nH [15], ctBopeni MHY mia aiero TIMII, ki BruiMBarOTh Ha 3710SIKICHI
kiiTuHd. Came ToMy KOMOIHAIsl MarHiTO-MeXaHOXIMIYHUX 1 TerioBux edekxris MHY
nig BrumBoM 1IN 3 TIMII € mepcrieKTUBHUM ISl TTOAQNBIIOI TPAHCIALIT y KJIIHIYHE
3acTocyBaHHs. 3HadeHHs pH Moke ciayryBaTH HENpsIMUM 1HIMKATOPOM OKHCHO-
BiiHOBHUX 3MiH [304]. JlonaBanus MHUY 1o 30Hu iHTepecy myxymHM mija BrumBom IT1T7 3
[IMII migBumyBano pH (7,74 + 0,01) nopisusino 3 IT1IN 3 TIMIT 6e3 MHY (7,55 + 0,01;
p <0,05), m10 € iIMOBIpHUM 3a paxyHOK peakilii dentona mpu B3aemoaii MHY Ha ocHOBI
MarHeTuTy 3 O10JIOTIYHUM CepeFOBHUINEM Ta 3oAKicHUMHU KimiTuHamu [305]. Oxaum 13
I1JIXO/I1B JIO ITOI0JIAaHHS XIMIOPE3UCTEHTHOCT Ta 3MEHIIIEHHS KIIBKOCTI HeXKUTTE3TATHUX
3MOSIKICHUX KIITHH € 3MmiHa pH cepemoBuma 3 kucioro Ha Outbin sryxHHE [306].
[TpakTryHe 3HaYEHHS MOJISITA€ B TOMY, 110 3aIIPONIOHOBAHA KOHCTPYKIIisl (haHTOMA MOXKE

OyTu BUKOpHUCTaHA AJis IUJIAHYBAaHHS JIIKyBaHHS 3JI0AKICHUX HOBOYTBOPEHb TIPYAHOI
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3ano3u, ne MHY ciyryBanu 6 MapkepoMm Jijisi Bizyaiizailii Ta BOJHOYAC JIOKAII3aTOpPOM

Mar”iTo-MexaHoxiMiyHuX 1 TerioBux edextis II1T.
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BucHoBku 10 po3ainy 4

Po3pobnennii nuzaiin ¢antoma rpyaHoi 3amo3u ans [T 1aB MOXKIMBICTB
BizyamizyBatu merogamu PILT ta V3]l knacrepy MHY y 30H1 iHTEpeCcy MyXJIWHHU.
3actocyBanns [IMII npusBoauio o 3HMkKeHHS Ha 18% TeTepOoreHHOCTI MPOCTOPOBOTO
posnoainry kinactepiB MHY ta migsumenns B 1,8 paza Benwmuman momayns FOHra 3oHu
1HTEpecy MyXJIMHU 31 3JOSIKICHUMHU KIITHMHaMH, HiX 3a BiacyTHocTi [IMII (p <0,05).
MHUY nin oM IIITN 3 TIMIT npusBoawiIn A0 3HMXKEHHS! KUTTE3AATHOCTI KIIITUH
MCF-7 na 87% npotsarom 30 xBuiuH BiHOcHO IIII" 3 TIMII 6e3 MHY (p < 0,05), npu
IILOMY TIiJIBUIIIEHHS MAKCUMAJILHOT 3apeECTPOBAHOI TEMIIEPATYPH Y MTyXJIMHI (haHTOMA HE

nepesunrysaio 1,3 °C.

114



PO3/LI 5
MPOTUITYXJINHHAI BIUIMB THAYKIIIHOT HOMIPHOI I'IIEPTEPMII 3
MMOCTIMHAM MATHITHUM ITOJIEM I MATHITHUMM
HAHOYACTUHKAMH TA PAJIOJIOTTYHA BI3YATIBALIS
KAPIIMHOCAPKOMM YOKEP-256

5.1. YabTpa3BykoBa BisyaJi3anis OioMexaHIYHMX napamerpis
KAPUMHOCAPKOMHU YOKep-256 mig BIVIMBOM MATHITHUX HAHOYACTHHOK TAa

NMOCTIHHOT0 MATHITHOTO IOJIS

Ha pwue. 5.1 HaBeneno mnpukiagu TunoBux Y3J[-300paxkeHs y B-pexumi
KapIuHOCapKOMH YOKep-256 'y TBapUH-NYXJMHOHOCIIB. Y KOHTPOJIbHIM TpyIi
(puc. 5.1, A) ta micns aii MHY (pwue. 5.1, B) nyxiauHu mManu HENpaBWIbHY OBaJbHY
dbopMy, HEOJHOPIHY CTPYKTYpYy 3 IUISHKAMH HEKpO3y, 3 OYyrpuUCTHMH, MICLSIMHU
HEYITKUMH, KOHTYpaMH, 03HaKaMU KOMITPECIi OTOUYIOUMUX TKaHWH. Y BiJIMOBIb HA BIUTHB
MHY 3 IIMII nyxnuau HaOyBamu OUIBII BUTATHEHOT (QOPMHU, XapaKTEepU3yBaIUCS
3HAYHUMH HEKPOTHUYHHMH 3MIHaMH, OUIBII OJHOPITHOK TSHKHUCTOI CTPYKTYPOIO

(puc. 5.1, B). Ilpuxnaxg Bi3yamizamii HOpPMaJbHMX TKAaHWH 3aJHbOI KIHIIIBKH 3

IMPOTHJICKHOT BiJI MyXJIMHU CTOPOHH TBapUH MpecTaBieHo Ha puc. 5.1, T

Puc. 5.1. Y3 /1-300paxeHns (akciajabHe CKAHYBaHHAl,  B-pexum)
KAPUUHOCAPKOMH YOKep-256 y TBapHH-NYXJIMHOHOCIIB Ha 9-Ty n00y micis
nepeulervieHHsi: koutponbHa rpyna (A); srums MHY (b); B MHY + [IMIT (B);
npotwiexxHa 3aaHs KiHmiBka (I7). Byrpucti micusMu HediTKI KOHTYPH — JOBT1 YOPHI
CTPIJIKH; O3HAKW KOMIIpECli OTOYYHOUYUX TKaAaHWUH — KOPOTKI YOPHI CTPUIKH; HEKPOTHYHI

3MIHHU — JOBT1 O1J11 CTPUJIKH; TOCMYTOBAaHICTh M’ SI30BOi TKAHWHU — KOPOTKI1 O1J11 CTPLIIKH.
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Ha puc. 5.2 nokazano Y3E-300pakeHHs KapuuHOcapkoMu Yokep-256, a B
TabJ. 5.1 HaBeeHO 3MiIHM BeIMYUHUA MOy FOHra s myximH y Binnosins Ha MHUY 1
MHUY + I[IMII. [Ipoanani3zyBaBiiy OTpUMaHi AaHi, CJIiJ] BIAMITUTH HACTYTHI OCOOJIUBOCTI.
VY Bcix rpymnax, MOKa3HUK KOPCTKOCTI OyB JOCTOBIPHO BHUIIMM y MyXJIMHaX, aHDK B
HOpMAJIbHUX TKAaHWHAX HAa MPOTUJICKHIM KIHLIBII. Y KOHTPOJBbHIA TPyMi BETWYHHA
monyna lOnra B myxmuui Oyna B 1,7 pa3a BUmIO0, HIX Yy 310poBii KiHmiBmi. [licis
camocrtiitHoro BrumBy MHY noka3HUK ®KOPCTKOCTI MyXJIMHU MaB HalBHUINE 3HAYCHHS (B
1,9 Ta 2,7 pa3za Bumie, HiXK y KOHTpoJibHIA rpymi Ta MHY + I[IMII BianoBiaHO), 110
noB’s13aHo 3 HakonuueHHAaM MHY y nyxmiuHi Ta i mikpoorouenHsi [307]. Y BiANOBiAb Ha
MHUY nig BmnmueoMm [IMII monyns FOnra y myxnuni OyB Ha 28% HWXKYMM, aHDK Y
KOHTposbHIN Tpymi (p < 0,05). BapTto 3a3HayuTH, 110 MOKAa3HUK XKOPCTKOCTI MyXJIUHU
MaB HanOIMK4e 3HAUCHHS J0 HOPMAJIbHUX TKAHUH Y MPOTUJICKHINA KIHIIIBIl caMe IMiCIIs

MHUY + IIMIL.

1160 kMa_|5)

L s =

’m@,ﬂa

Puc. 5.2. 300pa:xxeHHsi 30HU iHTepecy MYXJMHH (aKciajibHe CKAHYBAHHS) HA B-
pexxumi Y3/ (Bepxuiii psin) Ta Y3E (HMkHii pAx) TBapuH 3 KAPIHHOCAPKOMOI)
Yoxkep-256 na 9-ty 100y micas mepemensieHHsi: KoHtpoisHa rpymna (A); MHY (b);
MHY + I[IMII (B).
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Tabnuys 5.1
Monayasb npys;xkHocti FOHra kapuunocapkomu Yokep-256 na 9-ty no0y micJis

nepewenieHdas, (M £ m)

o TR Il MpoTemol K
KoHTpoJb 13,47 + 0,47 7,73 £0,37" 1,7
MHY 26,17 +1,55" 7,22 +0,34" 3,6
MHUY + [IMIT 9,72 + 0,273 6,63 £ 0,36 1,5

*CTaTMCTUYHO 3HAYylla pPI3HMIS INPY ITOPIBHAHHI 3 30HOI0 IHTEPECY NyXIMHH Y
BIAMOBIAHIN Tpyi, p < 0,05;

" CTaTUCTUYHO 3HAYYIIA PI3HUIIS P MOPIBHIHHI 3 KOHTposieM, p < 0,05;

¥ craTMCTHYHO 3HAYYyINA Pi3HMI pu nopisusaaHi 3 MHY, p < 0,05.

BuiienaBeneHi eKCIepUMEHTaNbHI  pE3yJbTaTh OINIHKA BIAMIHHOCTEH MK
rpynamMy TBapUH-MyXJIMHOHOCIIB MOXJIMBO TOSICHUTH, CIHPAIOYMCh Ha Te, IO
3MEHIICHHs TOKa3HHWKa >XopcTkocTi myxiauH 3 MHY BigOyBanocs mnepeBakHO Mij
BimuBoM [IMII yHacnmimok JWUCTaHIIMHOTO BIUIMBY MArHITHOI CWJIM Ha OUIBII
piBHOMipHU# posnoain MHY y myxmnuni. Kpim Toro, 1opedHo B3sTH 10 yBaru i iHILy
0COOJIMBICTh TPAKTOBKM OTPUMAHUX Pe3yNbTaTiB. Pi3HUIM B Oi0MeXaHIYHUX MapaMeTpax
nyxJauH Oyja 3yMOBJIEHAa 3aMIIIEHHSAM TMyXJWHU TKaHWHAMH, SIKI Mald MEHIIY

AKOPCTKICTb.

5.2. KineTnka pocty Ta MOP(OJIOriYHi XapaKTePUCTUKHA KAPLHUHOCAPKOMH
Yokep-256 mig BNJIMBOM MATHITHHX HAHOYACTHHOK Ta MOCTIHHOr0 MarHiTHOroO

oJIA

VY 1ab6a. 5.2 HaBeneHo pesynbtaty BiuiuBy MHY 1 TIMII Ha HeniHIiHY KIHETUKY
pOCTYy KapuMHOCApKOMHU Yokep-256 3 1-moi mo 9-ty no0y micis MeperierieHHs
NyXJUHHUX KIITUH 32 TapaMeTpaMu (hakTopy pocTy ¢ Ta KoedilieHTOM TalbMyBaHHS K.
Camocriitamii BriuB MHY Ha KiHETHKY POCTY MyXJIMHU JOCTOBIPHO HE BiAPi3HABCA BiJ
KOHTpOJIbHOI Tpynu. Bukopuctanus MHY y komOinarii 3 MarHiTHO-JIHIOILHUM

arutikaTopoM iHiriroBaio Ha 15% 1 17% Buiii 3HaueHHs Koe(ilieHTa ralbMyBaHHS POCTY
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NyXJIMHM, HDK Y KOHTPOJBHINA rpymi Ta 3a camocriiiHoro BBy MHY BignosigHo

(p < 0,05).

Tabnuys 5.2
IIapameTpu He/liHIHOI KiHETHKH POCTY KAPUMHOCAPKOMH Y oKkep-256 3 1-0i mo 9-

Ty 100y micJisi mepemenJieHus, (M = m)

owma mapun ot e
KonTtpons 0,88 £ 0,01 1,00
MHY 0,91 + 0,02 0,98
MHUY + [IMI1 0,75+0,01*" 1,18

" CTaTHCTUYHO 3HAYyIa Pi3HUI IPH MOPiBHAHHI 3 KOHTpoJeMm, p < 0,05;
T CTaTUCTUYHO 3HAYYIA pi3HUI pu nopiBHsHHI 3 MHUY, p < 0,05.

Ha pwuc.5.3 naBeneno TtumnoBi 1udpoBi MikpodoTorpadii TiCTONOTTYHHUX
npernapariB MyXJHH, a B TadJ. 5.3 — MOpiBHSAHHS O3HAK iXHBOI JECTPYKLII MK rpyHamMu

JIOCITIJPKEHUX TBapHH.

Puc. 5.3. Mikpodororpadii ricronoriyHux mnpenapartiB KapuUHHOCAPKOMH
Yoxkep-256 na 9-ty 100y micjs mepeuenjieHHsi: KOHTpojisHa rpymna (A); MHY (b);
MHUY + [IMIT (B). ®ap6yBanHsi reMatokcuiaiHOM-eo3uHOM, *x400. KopoTki CTpijiku —
anoNTHYHI KJITUHHU, KApPIOPEKCUC; JOBI1 CTPIIKA — O3HAKU KOMIpPECii TKaHWHU; JIOBI1
CTPUIKM 3 JIBOMa T'OJOBKaMH — CIOJYYHOTKAaHWHHI BOJIOKHA; HAKOHEYHUKU CTPUIOK —

€03MHO(DITHHI BKJIIFOUEHHSI B IUTOIIA3Mi; 31pOYKH — 30HU HEKPO3Y.
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[TyxJIMHU TBapuH 3 KOHTPOJBHOI Ipynu (pHc. 5.3, A) ckiiaganucsa MepeBaKHO 3
CapKOiTHOTO KOMITOHEHTA, MPEJCTaBICHOr0 Majoau(epeHIiioBaHUMHI KIITHHAMH 3
TIIEPXPOMHUMH  SIPAaMHU, TOJAEKYAU 3YCTPIYaIHCS CIOJYYHOTKAHWHHI BOJIOKHA.
Crnocrepiranucss MacMBHI 30HM HEKPO3y Ta arornTo3y, MpeACTaBleH] €03UHO(IIbHUMU
KIIITUHAMH, 10 HE MICTWIH sAep (KapiOpeKCHC), TaKOX 3yCcTpidaimucs (GpparMeHTOBaHI
sipa 3a MexaMu KTiTuH. Kinituan MicTram e03uHO(1TBHI IUTOIIAa3MATHYHI BKITFOUCHHS,
10 MOIJIO OYTH HACIIJAKOM aBTO(arii i € XapakTepHUM Il MyXJIUHHUX KIiTUH [308].
[Tyxnunu, B sikux 3Haxomuwiucs MHY (pumc. 5.3, ), Manu nepeBa)xHO CapKOigHUN
KOMITOHEHT, M’5I30B1 Ta CIOJYYHOTKAaHWHHI BOJIOKHA MPAKTUYHO BIACYTHI. BigMmiueHi
O3HAKU KOMIIPECii TKAHWH y BUTJISI/IL 3JIUTTS TIMEPXPOMHHUX SIIep, OTOUCHUX MaCUBHUMU
30HaMU HEKpO3y W amomnro3y, KITHHU Oylu Jyke OaraTuMu Ha €03WHO(UIbHI
[IUTOIJIa3MaTUYHI BKJIIOYCHHsI Ta 3YCTpidajucs KPOBOBUJIMBHU. Y MyXJUHAX 3 TPYIH
koMOiHoBaHoro BimiuBy MHY 1 [IMII (puc. 5.3, B), Manu miclie MacuBHI 30HU HEKPO3Y,
MOACKY U anonTo3y (Kapiopekcuc, parMeHToBaHi1 sapa). KimTuHu Ta 3aauiiku KiiTHH

CapKOiTHOTO 1 M’SI30BOT0 MOXOHKEHHS Oyiiu 0araTuMu Ha €03MHO(1IbH1 BKIIOUCHHS.

Tabnuys 5.3

O3Haku aecTpyKIil KapUMHOCAPKOMH YoKep-256 Ha 9-Ty 100y micist

nepeienieHHs
O3naka KouTtpoJb MHY MHUY + IIMII

Hexkpo3s +++ ++ +++
Arnonto3 ++ +++ +
di6po3He 3aMilIEeHHS - - +
['emoparii - + -
Kowmmpecis - + -
EosunobhinpHI UTOIIa3MaTHYHI

BI(()J:I;IOLI(:Il{)HJ; (a;oq)(;rjijj)3 ’ o o i

Bupaxenictp siBuILIa: “-“ — HE COCTEPITa€EThCS; “+”” — MOOAMHOKE UM CIa0KO BUPAKEHE;

“++” — IOMIpHO BHpaKeHe; “+++” — 3HAYHO BUPaKEHE.

OCKUTbKM 3MIHM MEXaHIYHHMX CHJ y MyXJHHI Ta ii MIKPOOTOYEHHI € OJHUM 13

dakTopiB pocTy 1 MeTacTazyBaHHs [53], BIIMIHHOCTI y KIHETHII POCTY KapIIUHOCAPKOMHU
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Yoxkep-256 mixk xoutpoiasHoto, MHY ta MHY + [IMII rpynamu 3anexxanu Bijg 3MiH
OlomexaHiuHUX TapamerpiB nyxiuH. [lo-mepmie, HakonuyenHs MHY y myximmHHEX
KIIITUHAX TPU3BOIMIIO JIO PEOPTaHi3alliii MUTOCKENETy Ta 301IbIIIEHHS YKOPCTKOCTI, 1110
y3rOJKYBaJIOCs 3 OTPUMAHUMH pe3yJibTaTaMu — HAMBUIIKUM 3HaueHHS Monayns HOnra y
nyxauHax 3 MHY [309]. O3naku xommpecii Tkanuau myxiauHd 3 MHY BuamKamm
BHACHIIOK ixHbOi arperamii 3a BigcyTHocTi I[IMII sk mposB  depomarHiTHUX
BJIACTUBOCTEN Ta MAar”HiTHUX IUNOJb-IUNOILHKUX B3aemomii MK MHUY. 3a manumun
nocimixens [310], mexaniuni cuin (1,3—13,3 klla), siki BUHHMKaNIM y MpOIECT POCTY
3MOSIKICHUX MYXJIMHU, 3[1aTHI A0 Aedopmarlii Ta KOMIpecii XaOTUYHUX CYAUHHUX MEPEK
3MOSIKICHUX TyXJuH. ToMy, HagBHICTH remopariii y nyxiauHax 3 MHY mormna Oytu
CIIPOBOKOBAaHA MEXaHIYHOIO KoMIipeciero cyauH arperatamu MHY. Halinnxue 3HaueHHs
Moy FOHra y myxsuHi 0yJio 3yMoBiieHO 3acTocyBaHHsIM [IMII 3 MarHiTHO-UMOILHUM
aruIiKaTopoM 3 MOCTIMHMM Mar”iTom, o cnpusuio posnoninry MHY B ompomiHeHii
nisHI 3a rpagienToM [IMII [ 78] ta mogansimomy 3axoruieHHio MHY darormuramu [311]
i eBakyallii pa3oM 3 KIITUHHUM aeTputoM [312]. ITo-npyre, mij BIVIMBOM MarHiTHOI CHIIH
BUHHMKAJIM JIOKaJbHI MEXaHI4H1 3MiHH, 301abiieHHs piBHIB ADK ta ADH, mo cBoe€ro
YEepror BUKJIMKAJIO MOPYIIEHHS O1TKOBHX 1 JIMIAHUX KIITHUHHUX CTPYKTYp, arlonTo3 Ta
HeKpo3 y kiituHax myxiuHu 3 MHY. ¥V po6Gorti [313] mokaszano, mo mnapameTp
KOPCTKOCTI EKCIEPUMEHTAIbHOI 3JI0SKICHOT TyXJIuHU TpyaHoi 3amozu HBCx-3
3MEHIIIYBaBCs 31 30LIBIICHHSM BHUPAXEHOCTI HEKPO3y Ta, HABMAaKW, 3pPOCTAaB MpHU
nepeBaxkanHi piOpO3HOTo 3aMileHHs TKAaHUH My XJIMHU. KpiM TOro, ICHYI0Th BIIMIHHOCTI1
y IWHAMII 3HWKEeHHS MOy sl FOHra MiX pi3HUMU TUTIAMU 3aru0eri MyXJIMHHUX KIIITHH
(amomto3, HEKpONTO3, (heponTos) [314]. binbm BupaxeHi o3Haku aBTodarii y BiMOBI b
Ha MHY, nopiBHAHO 3 KOHTPOJBLHOIO Ipymnoro 6e3 BBy Ta aiero MHY + [IMII, 6ynu
NOB’SI3aHI 3 MEXaHIYHMMHU 3MIHAMHM IYyXJIMHHUX KIITHH, a caMe LMTOCKENIeTy U
aAre3liHUX MOJIEKyJd Yy TMO3aKIITUHHOMY MAaTpUKCl, Ta 3MIHaMH TPAHCIOPTY

aBTro(arocom 1 iizocom [315].
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5.3. MarHiTHO-pe30HaHCHa Bi3yaji3aliss KapIUHOCAPKOMH YOKep-256 min
BIUIMBOM MATHITHOI0O HAHOKOMIIO3MTY Ta iHAYKIiMHOI MOMipHOI rimeprepmii 3

MOCTIHHUM MATHITHHUM IOJIEM

Ha  puc.54  npeacraBimeHo  tumoBi  Tr-3BakenHi ~ MPT-300pakeHHs
KapIIMHOCApKOMH Y OKep-256, OTpuMaHi BiJl TBApUH-MYXJIUHOHOCIIB, HA SIKUX MyXJIUHH
XapaKTepU3yBaINCS HETMPABUIBHOIO OKPYTJIOH (OPMOIO 3 HEPIBHUMHU KOHTYpamH,
TIMEePIHTEHCUBHUM CUTHAJIOM IO BITHOIIEHHIO 0 M’$131B, HEOJHOPIIHOO CTPYKTYPOIO 3
SBUILIAMU HaOPSKY, HEKPO3y Ta reMopariid. Y KOHTpOJIbHIN rpymi (puc. 5.4, A) nyxJIiMHA
Majad HaMEHII BHPA)XXE€HI HEKPOTUYHI 3MIHM Ta HaMOUIbII BUpPaXXeH1 sBUIIA
NEPUTYMOpPaAIbHOTO HAOPsKY. HasiBHICTh MepUTyMOpaIbHOTO HAOPSAKY € A1arHOCTUYHUM
dbakTOopoM, TMOB’SI3aHUM 3  pEOpraHizaili€l0o  MO3aKJIITUHHOTO  MaTpPUKCy  Ta
MEXaHOXIMIYHUMHU B3a€EMOJIISIMU MI>K MTyXJIMHHUMHU KIITUHAMH 1 IXHIM MIKPOOTOUYEHHSIM,
[0 TOTIPIIYBAJIO MPOTHO3 JUIS TAIEHTIB 31 3J0SKICHOK IMyXJIMHOI TPYJIHOI 3aJ03U
[316], [317]. Komb6inoanuii BB MHK-JIOKC Ta IIII' 3 I[IMII (puc. 5.4, 1)
MIPU3BOJIMB JI0 O1JIBII BUPAKECHUX HEKPOTUYHUX 3MiH y myxiuH1, HIx JIOKC camocTiitHO
(puc. 54, b) a6o MHK-JIOKC (puc. 5.4, B). Kpim Toro, MPT-o3naku remopariii
CriocTepiraiucs OUIBIIIO MIPOI0 Yy  KOHTpPOJbHIM rpymi Ta rpyni MHK-
JOKC + IIII" + IIMII.  OcranHe MOXJIHMBO IOSCHUTH  IABHIICHUM  THCKOM
IHTEPCTUINIATBHOI PIIMHY Ta MEXaHIYHOIO KOMITPECIEIO i 4ac pOCTYy MyXJIMHU y TBapHH,

K1 HE OTPUMYBAJIU JIiKyBaHHs, a00 marniTHoto cuioro Ha MHK-JIOKC y myxnusi min

BruBoM II1T" 3 TIMII [318], [319].
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Puc. 54. T2-3Baxkeni MPT-300pa:keHHst (kopoHabHI 3pizun)

KAPIUHOCAPKOMH YOoKep-256 Ha 18-T1y 100y micjsi mepelnenieHHs: KOHTPOJbHA
rpyna (A); AOKC (b); MHK-AOKC (B); MHK-AOKC + I + IIMIT ().
YepBOoHMM I[O3HAYEHO 30HY I1HTepecy NyxiauHU (1); 3eleHUM —30HY 1HTEpecy

HOPMaJIbHUX TKAHUH Ha MPOTHIICKHIHN KIHI[IBLI (2); )KOBTUM — 30HY 1HTEepecy (ony (3).

Ha pwuec. 5.5 HaBeleHO pe3ynbTaTH aHaNi3y TicTorpam JUisl 30H IHTEpeCy MyXJIMHU
Ha oTpuMaHuXx T2-3BaxkeHnx MPT-300paxkeHHs1X. XapaKTepUCTUKU TiCTOrpaMHu (Kacuvempii
Ta Kexeyeey) Y 30HAX 1HTEpPECY MYXJMHM B KOHTPOJIBHIM Tpymli MPOJEMOHCTPYBAJIU
HaNO1IbII1 3HAYEHHSI, 110 TOB’S3aHO 3 MIJIBUILEHOI0 TeTEPOreHHICTIO MyXJIUH 1 TIpIIUM
IPOrHO30M B OHKOJIOTTYHUX TauieHTiB [202]. 30HM 1HTEepecy MyXJHMHH MiClisi BILUIUBY
MHK-JIOKC ta MHK-AOKC + IIII" + TIMII manu MeHII TeTEepOreHHUH pPO3IMOIiLI
MIKCENB, aHDK y KOHTPOJBHIN rpymi abo 3a camocriiinoro BBy JIOKC. Baxnupo
BIZAMITUTH, IO HAIPSAM 3MIHH 3HAYEHb Kacuvempii T Kexcyecy y TUX TPyHaX OyB OJJHAKOBUI.
His MHK-JIOKC + IIII" + [IMII npusBena a0 HaAWHWKYOTO aOCOJFOTHOTO 3HAYEHHS
kacuvempiv 3-TIOMIXK THIIUX €KCTIEPUMEHTAIBHUX TPpyIl. B ocTaHHHOMY BHUIIAAKY HE MOKHA
BUKIIFOUUTH MOXJIHUBICTh BiAMoBiAHOCTI po3noauty MHK-JIOKC xaotuuHit cTpyKTypil
NyXJUHU Ta i1 MikpooTodeHHs Tia BrurBoM [IMII, 1m0 3yMOBUIIO PI3HULIO Y Kacumempii

30HU iHTepecy myxiauau Ha MPT-300paxkeHHsX.
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Puc. 5.5. Anaui3 ricrorpam 30H inTepecy myxJguHu Ha T:-3Bakenux MPT-
300paxkeHHsax: koHtpoibHa Tpyna (A); JOKC (b); MHK-AOKC (B); MHK-
JIOKC + IIII" + TIMII (T').

KinbkicHUI aHaNi3 1HTEHCUBHOCTI 30H 1HTepecy Ha T2-3Ba’K€HHUX 300paKEHHAX
npoBoawin 3a TectoM Kpyckana — Yomtica. 3HadeHHs menianu (Me), makcuMaiabHOT
(max) Ta MIHIMQJIbHOI (min) 1HTEHCUBHOCTI MIKCEIIB Y 30HaX IHTEPECYy HABEJCHO B
Ttadia. 5.4. JIOKC 1 MHK-JIOKC npu3Boauin 10 MEHIIOT MeAiaHW 1HTEHCUBHOCTI SIK
30HU 1HTEpEeCy MyXJIMHM, TaK 1 HOPMaJbHUX TKAHUH Y MPOTHJIECKHIN KIHIIBLI. Y
BianoBiar Ha MHK-JIOKC + IIII" + [IMIT cnoctepiranocst 30UIbIICHHS MeE/I1aHU
1HTEHCHUBHOCTI 30HU 1HTEpECY MyXJIUHU B 1,4 paza mOpiBHSIHO 3 KOHTPOJIBHOIO IPYIIOIO0, B
1,6 paza mopiBusHO 3 odinuHanpbHUM JIOKC ta B 1,8 pasza BignocHo MHK-JJOKC
(p <0,05). KoHtpacTHICTh 30HU 1HTEpeCy MyXJIMHH y TPy, fKa 3a3HaBaja BIUIUBY
MHK-JIOKC + IIII" + TIMII, 6yna B 1,2 pa3a BUIIOI0, HDK Y KOHTPOJIBHIN T'pyIri, 10
y3rojpKyBaiocst 3 pobororo [320], B sikiii HaHOCTpyKTypu FesOs-Au cTBOproBamu
JIOKaJIbHY HEOJAHOPIIHICTh MPUKIACHOTO TOJSA 1 TUM CaMHM CKOpPOYYBaJM 4Yac CIIIH-

cniiHoBoi penakcarii (T2) mpoTOHIB BOAHIO y MyXJIHHI.
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Tabauys 5.4
IopiBHSIILHMI aHAJII3 IHTEHCUBHOCTI 30H iHTepecy Ha T:-3Ba:kenunx MPT-

300paxkeHHAX TBAPUH-NYXJIMHOHOCIIB, Me (max; min)

HopmanbHi Konrpacr
R TKaHHHH, Y.O0. @or, y.o. My XJIHHH
794.6 1268.4 36,1 210
KoHnTpoib (519,4; 2476,7) (130,7; 3997,1) (0; 141,0) ,
693,4" 706,0" 413" 158
JAOKC (285.6; 1358,0) (150,9:2518,5)  (0: 111,4) ’
609,1°¢ 317,0°¢ 26,7 21,8
MHKAOKC 0173, 1333.9) (37.4:23687)  (0; 119.3) ,
*8&§ *&§ *&§
MHK-JIOKC + 1110,3 805,6 42,4 250

T +TIMIT (429,0; 1769,5) (154,7;3945,8)  (0; 112,3)

* CTaTUCTHYHO 3HAYYINA Pi3HUI IPH IOPIBHAHHI 3 KOHTpoJeM, p < 0,05;
& craruecTHYHO 3HAYYyINA pisHMLs npu nopiasaHi 3 JIOKC, p < 0,05;
¥ crarucTuuHo 3HauyIna pizHuig npu nopisasani 3 MHK-JIOKC, p < 0,05.

5.4. KineTuka pocTy KapUMHOCApKOMH Y 0Kep-256 miJ BIVINBOM MATHITHOTO
HAHOKOMIIO3UTY Ta iHAYKIiHHOI MOMIpHOI rimeprepmii 3 MOCTIHHUM MATHITHUM

moJieM

Ha pwuc. 5.6 mokazaHo KpuBI poCTy KapimHocapkoMu Yokep-256, a y TadJ. 5.5
HABEJICHO MapaMeTpy HENHINHOI KiHeTUKH TpoTaroM 18 mi® micis mepemierieHHs.
MHK-JIOKC mig BmmuBom IIII" 3 TIMII mpomemoHCTpyBaB HaMOUIBIT BHpa)KEHE
1Hr10yBaHHS KIHETUKH POCTY KaplIMHOCApKOMHU Y OKep-256, mpo 110 cBiguath Ha 14% Ta
16% BuIll 3HaYeHHS Koe(dilleHTa TrajdbMyBaHHS pOCTY K TMOPIBHAHO 3 JI€IO
odpinunanpHoro JIOKC ta MHK-/IOKC BianoBijiHO. A BTIM, JOCTOBIPHOI Pi3HUII MIX
daktopamu pocty y rpynax, skux nigaasanu BmimBy MHK-JJOKC ta JJIOKC ne 6yino
BUSIBJICHO, X04Ya BOHU 1HIIIFOBaJIX BiAMOBIIHO HA 12% 1 9% Hk4l 3HaueHHsS (dakTopa

pOCTy, HIK KOHTpOJIbHA TpyIa, sika He 3a3HaBajia BIUMBY (p < 0,05). Orpumani gaHi
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MO>KHA OyJI0 MOSICHUTH 3MIHAMH B KIHETHIIl BUTbHOPAJAUKAIBHUX PEAKINi 3 YTBOPEHHIM

A®K ta A®H y Bianosias Ha airo JJOKC, MHK-JIOKC 6e3 i 3 onmpoMiHEHHSM.
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Puc. 5.6. Kineruka pocty kapuuHocapkoMu Y okep-256 nporsirom 18-tu 1i0o

micjs mepemenJieHHsi: 1 — koHTposibHa rpyna (6e3 BmumBy); 2 — IOKC; 3 — MHK-

JIOKC; 4 — MHK-JIOKC + IITT" + TTMIL.

Tabnuys 5.5
IIapamMeTpu HeMTiHIMHOI KiHETUKHM POCTY KAaPUUHOCAPKOMH Y 0Kep-256 3 1-0i mo

18-Ty 100y nicast nepemensieHus, (M £ m)

DakTop pocry KoediuienT
I'pyna tBapun 1
nmyXJuHHu (¢), 100a rajJibMyBaHHA POCTYy, K
KonTponn 0,66 = 0,009 1,00
JOKC 0,58 = 0,003" 1,13
MHK-IOKC 0,60 = 0,003" 1,11
MHK-/IOKC + IIII" + IIMII 0,50 £ 0,003748 1,32

* CTaTUCTHYHO 3HAYYINA Pi3HHUIE OPH IOPIBHAHHI 3 KOHTpoJeM, p < 0,05;
& craruecTHuHO 3HaYyINA pisHug npu nopisasaHi 3 JJOKC, p < 0,05;
¥ cratucTHYHO 3HauyIa pisHuig npu nopisasani 3 MHK-JIOKC, p < 0,05.
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Panime Oyno moKa3aHo, MO KIHETHKAa POCTY 3JOSKICHUX TMYyXJIMH Maja
MPOTHOCTUYHE 3HAYCHHSI JUISi OHKOJIOTIYHUX TAIlI€HTIB: MYXJIHHU 3 OUIBIITUMHU
3HauYeHHAMH (aKTopa POCTy, SK MPaBUiIO, Oyiu OUTBIIT PE3UCTEHTHI 0 XiMioTeparii 1

MaJTdl MiABUIICHY YacTOTy penuansis [321].

5.5. EIIP-cneKTpocKOmisds KapUMHOCAPKOMH YoOKep-256 miax BILIMBOM
MATrHiTHOI'0 HAHOKOMIIO3UTY Ta iHAYKUIMHOI NMOMIpHOI rimeprepmii 3 MOCTIHHUM

MATrHiTHAM MOJIEM

[TopiBHsiHHA EIIP-ciekTpiB 1 pPIBHIB BUIBHUX pPAJHMKaNiB, 3apEECTPOBAHUX Y
KapuuHocapkomi Yokep-256, noka3zano Ha puc. 5.7 ta 5.8. EIIP-curnanu na g = 2,007
BKa3yBaJM Ha Te€, IO CIHIHU HECIMAPEHUX EJEKTPOHIB OyJld B TPUILUIETHOMY CTaHI.
[Toganpmuii aHami3 CHEKTPIB MOKa3aB, 110 HAWBHINI PIBHI BUIBHUX pajJUKalIiB Oyiu
BUMIpPSHI B KOHTpOJIbHIN Tpymi. Y pesyasrari BBy MHK-JJOKC + IIIIN + TIMII
pPI3HULA Y PIBHI OKCHAY a30Ty MiX IMYyXJIMHOK 1 M’S30BOI0 TKAHWHOK MPOTHUIICKHOT
KiHI[IBKU He mepepuinyBaa 7%. 3aramom, JJOKC, MHK-JOKC 1 MHK-JIOKC mia
BrmuBoM IIII" 3 TIMII iHimitoBanu 3HWKEHHS B cepeaubomy Ha 47% piBHA
yOICEMIXIHOHY, CYNEPOKCHUIAHOTO pajJuKaia i OKCHUIY a30Ty B IMyXJIMHI MOPIBHSHO 3
koHTponbHOIO Trpynor. MHK-JIOKC + IIII" + TIMII iHimiroBaay IiJIBUINCHHS PIBHIB
CYTEpOKCUIHOTO pajukana B 1,4 pa3za ta yoicemixiHOHY — y 2,1 pa3a y myXJIuH1 BiTHOCHO
odinuranpHOro JJOKC (p < 0,05). 1{ikaBo, 110 BiAMIHHOCTI B PIBHSAX CYNEPOKCHIHOTO
pagukana Ta OKCHIY a30Ty MK TPyHamMH y3TOJKYBAJIHCS 3 HAMPSMKOM 3MiH CTYIEHS
nepuTymopasibHoro HaOpsiky Ha MPT. 3a manumm pocmimxens [322], [323], ue
CTIIOCTEPEIKEHHS B1I0Opa)xauo ydacTh CYNEpOKCHUIHOTO paguKaia ¥ OKCHAY a30Ty y
HEOaHr10reHes1i, BazoauiaTanli 1 popMyBaHHI NEPUTYMOPAIBHOTO HAOPSKY.

[TpuitHATO BBa)KATH, 110 BUCOKHUIA PIBEHb BUILHUX paJUKajliB HETATUBHO BILIUBAE
Ha JKUTTE3/IaTHICTh KIIITUH, TOAl K Ha TOMIPHUX Ta HU3bKUX PIBHIX BOHU OEPYTh Y4acTh
B OKMCHO-BIJTHOBHHX (PEJOKC) CUTHAJIBLHUX NUIsIXaX. Tak, OyJ0 BUSBICHO, IO HAMIPHE
YTBOPEHHS CYMEPOKCHIHOTO paauKaja Ta OKCHAY a30Ty IIBUAKO MPU3BOJWIO O

HEKpO3y KJIITHH, Ha BIAMIHY BiJ 1HILIAII]1 aloNTo3y IPU MOMIPHOMY OKMCHOMY CTpecl
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[324], [325], [326]. IIpu dizionoriyHUX PiBHAX CYNEPOKCHIHUN paIUKal Ta OKCHJI a30Ty
TakoXX Oy TMOB’s3aHI 3 CUTHAJIBHUMH IUISIXaMH, K1 PETYJIIOITh PEMOJICIIOBAHHS,
BIJIHOBJICHHS 1 pereHepariro M’ s130B0i Tkanuuu [327], [328]. Sk 1 qis 6araTboX MpoIecis
y O10JIOTIYHUX CHCTEMaX, JAOLUILHO OyJ0 BpaxOBYBaTH HEJNIHIMHICTH 1HIIHAIT BUTBHUX
paauKaIiB y MITOXOHIPIAX Ta iXHIO POJib y KIITHHHUX peakuisx [37]. BumenaBeneHi
acektd poiai APK ta ADH mnoscHiooth, domy komOiHoBaHuii BB MHK-
JJOKC + I[III" + TIMIT  1iHimiroBaB MOMITHE 3HWKEHHS PpIBHIB  YOICEMIXIHOHY,

CYHEPOKCUIHOTO pajMKayia Ta OKCUIY a30Ty B KaplUHOCcapKomi Y okep-256.

T=77K Yacrora = 9,090 I'T'1y

EINTP-curuan, y.o.

1 | |

I
6,00 4,2 2,42 2,007

5 g-(axrop

1 1 1 1 1 1
1000 1500 2000 2500 3000 3500
Maruitue nosne, ['c

Puc. 5.7. CriekTpH eJIeKTPOHHOI'0 IAPAMATrHITHOI'0 PE30HAHCY, 3aPe€ECTPOBaHi
Bil KapuumHocapkoMH Yokep-256 Ha 18-ty 00y micas mnepemienJieHHs:

1 — konTponsHa rpyna; 2 — IOKC; 3 - MHK-JIOKC; 4 — MHK-ZIOKC + IIII" + TIMIL.

OCKUIbKM BUIBHI paJUKaId MICTATh HECMApPEHl €JIEKTPOHU Yy 3OBHIIIHIN
€JICKTPOHHIM 00OJIOHII, BOHM MalOTh BHCOKY PEaKIIiHY 3JaTHICTIO, IO JO3BOJISIE iM
B3a€EMOJIISITH 3 OLTBIIICTIO KIITHHHUX O10TI0/1IMEpiB, TakuXx sk Oinku, JIHK 1 mnigu. Onun
13 MIAXO/IB J0 JIIKYBaHHS 3JIOSKICHUX HOBOYTBOPEHB Iependadac MOAYJIALIIO PiBHIB
BUIBHUX paJIUKaIIB y MyXJHHI Ta ii MikpooroueHHi. Hanpuknan, nakonmmuerHs [JOKC y

NyXJIMHHUX KITAHAaX npu3Boauio jno migsuiieHHs piBHa ADK. JIOKC wmir Oyrtu
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BIJIHOBJICHMH IO CBOI'O CEMIXIHOHOBOTO paJHKaja 3 JIOIIOMOT'OK) CHCTEMH
utoxpomy P450 Ta eneKTpOHHOro TPaHCHOPTHOTO JIAHIIOTa B  MITOXOHJPISX.
CeMiXiHOHOBI pajuKald MarTh TEPioJl HAMIBPO3Maay TPUBATICTIO MEKUIBKOX 110 3a
temriepatypu 37°C 1 30epiraloThCsi K BITHOCHO CTaOUTbHI pamukanu. [lpu mpomy
CEMIXIHOH CIyTyBaB JOHOPOM €JEKTPOHIB MJisi MOJEKyJsapHOro KucHio (0O2), 10
NPU3BOAWIO 10 YTBOpeHHS cymepokcumny (O:27), sSKui, CBOEI YEproro, 3aaisiHUN B
OKHCHO-BIJHOBHOMY LIMKJII 3 YTBOpPEHHSAM nepokcuay BoaHio (H20:2) Ta rigpokcHiibHOro
panukana ("OH) [282], [329]. Cynepokcuanuii pagukan 0epe y4acTb y peryisiiii piBHS
okcuny azoty ('NO) ta nepokcunitTputy (ONOQO™), ocTaHHIN 3 SKUX € MOTYXKHHUM 1
TokcuuHUM okucHIoBadYeM [330]. JJOKC cnpusiB nepeBaHTaKEHHIO MITOXOH P 3aJ1130M
yepe3 OKMCHO-BIJTHOBHI peakiiii MK 10HaAMHU Fe?" ta Fe’. BapTto nonatu, 110 OKMCHO-
BiTHOBHUI 1K Mixk Fe?' Ta Fe' 1HJIyKyBaB T€HEpaIlllo TIAPOKCUIBHUX PaJuKaIliB 3a
MexaHi3MoM peakiiii @enrona ta ['abepa — Baiica. OTxe, okucHuil crpec OyB OJHUM 13
MEXaHI13MiB, 3alpPONOHOBAHMUX JJIsi mosicHeHHs TokcuuHocTi MHK Ha ocHoOBI okcumy
3aumiza [216]. Ciin 3a3Ha4YMTH, 10 €JIEKTPOMATrHITHE ONPOMIHEHHS BIUTMBAJIO HA KIHETUKY

1 BUX1]] BUTbHOPAIMKAJILHUX PEaKIii, TPU3BOISIYH JI0 IEBHOTO PIBHS MIPUTHIYEHHS POCTY

nyxjaunu [39], [331].
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Puc. 5.8. PiBHi BUIbHMX paJuKaJjiB y KapuUuHOCcapkoMi Yokep-256 na 18-ty
A00y micJjisi mepenenjieHHs:

*CTaTHCTUYHO 3HAYyLIA Pi3HUL [IPU HOPIBHSAHHI 3 KOHTponeM, p < 0,05;

&craTrcTruHO 3Havymia pisaund npy nopisaaaHi 3 JJOKC, p < 0,05;

ScraTucTHYHO 3HaYyIIa pisHuLd npu nopisusauui 3 MHK-JIOKC, p < 0,05;
fcratucTuuHo 3Hauyma pisHuus npu  nopieHaaHi 3 MHK-JJOKC + ITIT + ITMII,
p <0,05.
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Ipynryrouncs Ha poborax [117], [251], MaraiTHO-aMIONLHKHA arutikatop s T
3 TIMII 6yno 3acTocoBaHO 3 METOIO MIJECHPSIMOBAHOTO BIUIMBY Ha posmoain MHK-
JIOKC i BmmBY Ha BUIBHOpPAJWKaIbHI peakilii y NyXJWHI dYepe3 3MIHU CIIiH-
PETYILOBAHOTO TPAHCIIOPTY €JIEKTPOHIB 1 MPOTOHIB y MIiTOXOHpisiX. Pesynbraru EIIP Ta
MPT Bka3yBany Ha MOXKJIMBHI B3a€MO3B’SI30K MIXK MPOIECAMU TIEPEHOCY €IEKTPOHIB 1
IPOTOHIB y O10XIMIYHUX pEaKilisix, MO0 JIKAJIX B OCHOBI BIAMOBIAI KapIHHOCAPKOMHU
Yokep-256 na BrmuB MHK-JIOKC + IIIT" + [IMII. [amumu cnoBamu, 3minu B EINP-
CIEKTpax Ta IHTEHCUBHOCTI 30HM 1HTepecy myxiuHu Ha MPT morim OyTu noB’si3aHi 3
HAJTOHKOI B3a€EMOJIIEI0 MK MarHITHUM MOMEHTOM €JIEKTPOHa y BIJIbHOMY pajuKall,
iimiioBanomy MHK-JIOKC, 1 cninamu sigep aTtomiB 'H [332]. OcTaHHE 3HAXOIWTH
niarBepokeHHss y 3aarHocti JJOKC ta A®K 3miHoBatu 4ac penakcarii T Ta
IHTEHCUBHICTh 300paxkeHHs pu MPT-Bizyamizanii [333], [334]. Orpumani pe3ysibTaTu €
MOAANBIIUM MPOJOBKEHHSIM €KCIepuMeHTIB y pobotax [335], [336], [337], sxi
3a3HayalTh, MO0 HaHOCTPYKTypu Fe3O0s4-Au, naBantaxeHi JOKC, d9uHATH

NPOTUITYXJIMHHUM BIJIMB 4Yepe3 HETEIUIOBI Ta TEIJIOBI MEXaHi3MHU MpPU 3aCTOCYBaHHI

EMIL.
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BucHoBkuM 10 po3ainy 5

MHUY mig BrumBom [IMIT 13 3acTocyBaHHSIM MarHiTHO-TUIIOJIBLHOTO aIljlikaTopa
MIPU3BOIWIIH 10 1HT10yBaHHS KIHETUKH POCTY IMyXJIMHH Ha 17% y eKkcrioHeH tianbpHii ¢asi,
3HIKEHHS BenuurHU MoayJist FOHra y myxnuHi y 2,7 pa3a 3a mpoBeaeHuM aHanizom Y 3E-
300paKEHb 1 O1IBIIT BUPAKEHUX HEKPOTUIHUX 3MiH, TOPIBHSHO 3 CAMOCTIMHIM BIUTHBOM
MHHUY (p < 0,05).

MHK-JIOKC nig sruusom IT1IN Ta IIMII 3 BUKOpUCTaHHSIM MarHiTHO-AUIOJLHOTO
arutikatopa BUkJMKaiu Ha 14% 1 16% Outeln BupakeHe 1Hr10yBaHHS KIHETUKH POCTY
KapUuHOCapKoMH Y okep-256 y TepmiHanbHii (asi, Hixk odinuHansHuil JJOKC 1 MHK-
JOKC BinnoBinno. MPT-Bi3yanizaniss BHUsiIBUJA OUIbII CYTT€BI HEKPOTHYHI 3MIHU
nyxiaunu y Bignosias Ha MHK-JIOKC nix Brmusom TN 3 [IMII, aHik y KOHTpOJIbHIN
rpyni, camocTiiHoMy BIUiuBl JJOKC uu MHK-/IOKC. Kinbkicauii anani3 T2-3BaskeHHnx
MPT-300pakeHb oka3zaB 30UIbIICHHS! ME/IIaHU 1HTEHCUBHOCTI 30HU 1HTEpeCy MyXJIMHU
nicis MHK-JIOKC + IIII" + [IMIT mopiBHSIHO 3 KOHTpOJbHOIO Tpymoro (B 1,4 paza),
odpinunanpauM JJOKC (B 1,6 paza) i MHK-JIOKC (B 1,8 paza), p <0,05. Po3snoxuin
MIKCEJIIB Y 30HI 1HTEpECY MyXJIWHW MaB HaWMEHINy aOCONIOTHY BEIUYUHY Kacumempii Y
rpyti, ska 3a3HaBajia BBy MHK-JIOKC + ITIT" + TIMII. ITix Brumusom IIITN 3 TIMII,
MHK-JIOKC iHimiroBaB miJIBUIICHHS PIBHIB CYNEPOKCUIHOTO paaukana B 1,4 pasu Ta
yoOicemixiHOHY B 2,1 pa3a BimHocHO odinuHabHOr0 JIOKC (p < 0,05). MHK-JIOKC mia
BrtuBoM II1I" 3 TIMII iHimitoBaB 3HUKEHHS PiBHS BUIBHOTO paJuKaia OKCHIY a30Ty,
KU OyB HAWOMMKYUM JI0 PIBHS y M’ SI30Bil TKAHWHI MPOTHIICKHOT KiHI[IBKH TBapHUH-
MyXJMHOHOCITB. BUsIBIIEHI BIIMIHHOCTI B PIBHSIX CYHEPOKCHIHOTO PaJUKaia Ta OKCUIY
a30Ty MK €KCIIEpUMEHTALHUMHU TPYIIAMH Y3TOKYBAIIMCS 3 HAPSIMKOM 3MiH CTYTICHS

nepuTyMopaibHOr0 HaOpsiky Ha MPT-Bizyanizartii.
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BUCHOBKH

VY nucepraniiiHiii po6oti Oyio po3poliieH0 1 OOIpyHTOBAHO 3aCTOCYBaHHS

OloimkeHepHux 3aco0iB 3 MHY nns peamizaiii mMpOTUIMYXJIWHHOTO BIUIUBY Ta

pamiosioTiuHoi Bizyanizaiii eKCIepUMEHTATBHOT 3JI0SKICHOT MyXJIMHUA. 3ampOorOHOBAHO

JU3aifH TIPUCTPOIO I TeHeparlii 1 peectpamii MJI 31M0sSKICHUX KIIITHH, PO3pOOIEHO

dbaHTOM TpPYTHOI 3aJ03W Ta 3aCTOCOBAHO MArHITHO-IUIIONBHUN arulikaTop s

nepcoHanizanii MarHito-mexanoximigynoro epekty IIIIN 3 TIMII 1 MHY. Pe3ynbsratu

MPOBEJICHUX AOCIIKEHb 1Al 3MOT'Y 3pOOMTH HACTYITHI BUCHOBKHU:

1. BcranoBneHo, 1o 1HTeHCHUBHICTH MJI, 3apeecTpoBaHOi 3  J10MOMOIOIO

3alpONOHOBAHOTO MPUCTPOIO B KIITHHAX KapiMHOCApKOMU YOKep-256 'y
cepepoBunli 3 MHK mig BmuimBom PMII OGyma B 3,5 1 1,4 pa3za Bumioro, Hix
1HTeHCUBHICTh XJI y 3/10KICHUX KJIITUHAX 1 cepenoBuili 3 Ta 6e3 MHK BianoBigHo
(» <0,05). Brtus PMII npu3BoauB 10 3MEHIIEHHS a0COMIOTHOTO 3HAYCHHS
Koe(dilieHTa acuMeTpii PO3MOJiIy JOMiIHECHEeHTHUX curHadiB Big MHK 1
310sIKICHUX K1ITHH 0e3 Ta 3 noxasaHusaM MHK. Curnanu MJI Takox Maii MeHIIE
3Ha4YeHHs KoedillieHTa Bapialii 1 MEHIIIe BIIXMIICHHS BiJl HOPMAJIbHOTO PO3IOALTY,
HK curHaau XJI.

Po3pobnenuii nuzaitn dantoma rpyaHoi 3ano3u aus I[N 3 TIMIT 1 MHY nagas
MOXJMBICTH BizyanizyBatu metogamu PLT ta V3] xmactepy MHY y 30Hi
1HTEepeCcy MyXJIMHH. Pe3yibTaTH TEKCTYpHOro aHaii3y OTPUMAaHUX 300pakKeHb
nokazanu, mo 3actocyBaHHs [IMII mnpuszBoguno no0 3HMkeHHa Ha 18%
TeTePOreHHOCTI MPOCTOPOBOTO po3monury kinactepiB MHY Ta minBuieHHs B
1,8 paza Benmuumnu moayns KOHra 30HM 1HTEpecy MyXJIMHU 31 3JOSIKICHUMHU
KIIITHHAMH, HiX 3a BiacyTHOCTI [IMII (p < 0,05).

Bu3naueno, mo MHY mpa smomBom IIIIT 3 TIMII 1HimiroBaaw 3HMKEHHS
KUTTE3AATHOCTI 370siKicHUX KiiTHH JiHli MCF-7 Ha 87%, NOpIBHSIHO 3 BIUTMBOM
6e3 MHY (p <0,05). IIpu upomy, mMiABUIIEHHS MaKCHUMaJIbHOI 3apeeECTPOBAHOL
TEMIIEpaTypu Yy 30HI 1HTepecy MyxXJMHU (aHTOMa TPYIHOI 303U HE

nepesuiryBaiio 1,3 °C mpotsirom 30 XBUIUH OMPOMIHEHHS.
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4. TIponemoncrtporano, mo MHY i [IMII 3 BukoprucTaHHIM MarHiTHO-IUIIOJILHOTO
aruTikaTopa TMPHU3BOJWIU N0 1HTIOYBaHHS KIHETHKH POCTY KapIUHOCAPKOMHU
Yoxkep-256 Ha 17% y excroHeHIlanbHIN (a3l Ta 3HWKEHHS BEIUYMHH MOMYJIS
FOnra B myxnuHi y 2,7 pa3a 3a nmpoBeeHUM aHami3oM Y3E-300pakeHp, a Takox
OLTBIII BUpAXEHUX HEKPOTUYHUX 3MiH, TOPIBHSHO 3 caMOoCTiitHuM BitmBoM MHY
(p <0,05).

5. TekctypHuii anam3 T2-3BakeHUX 300paxkeHb, oTpuManux npu MPT-Bizyam3zanii
TBapUH-ITYXJIMHOHOCIiB, 3aCB1/IUMB 301JbIIEHHS B 1,6 pa3a MeaiaHu IHTEHCUBHOCTI
Ta MEHIIEe a0COJIOTHE 3HA4YeHHsI Koe(]illleHTa acuMeTpii 30HU 1HTEpECy
KapuuHocapkoMu Yokep-256 micist komOiHoBaHoro BrummBy [T, TIMII 3
3aCTOCYBaHHSAM MarHiTHO-gunoJjeHoro amiikaropa 1 MHK-JIOKC, nopiBHsaHO 3
camocTiitHuM BIutuBoM odinuuansHoro JOKC (p < 0,05).

6. Ilokazano, o micas komOiHOBaHoro BrumBy IIIIN, TIMII i3 3actocyBaHHAM
MarHiTHo-gumnodasHoro arunikaropa W MHK-JIOKC Oyno 3apeecTtpoBaHO
I1JIBUIIICHHS PI1BHIB CYNIEPOKCHUIHOTO pajaukaia B 1,4 pa3a Ta yoicemixiHOHY y 2,1
pasa, a TaKoXX 3HWKEHHS PIBHS BUIBHOTO pajuKana OKCHUIy a3oTy B 1,2 paza 'y
MyXJIMHI BIJIHOCHO caMOcCTiiHOTO BILMBY odinuHaisHoro JJOKC (p < 0,05).

7. Hoseneno, mo xombiHoBanuii BB IIII°, TIMII 3 3acTocyBaHHSIM MarHiTHO-
nunonbHoro arutikaropa tTa MHK-JIOKC BuknukaB Ha 14% Oinbin BupakeHe
1HT10yBaHHS KIHETUKHA POCTY KapIIMHOCAPKOMHU Y OoKep-256 y TepMiHalbHIN (a3i,

aHDK camocTiiHui BruuB odinuuaansHOoro JJOKC (p < 0,05).
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Puxanechkuii O.10.; Tankia O.10.; Henxop A.I'.; T'omoBko T.C. 3minnm
JKOPCTKOCTI Ta MOP(OJIOTiYHI 0CO0JIMBOCTI KAPUMHOCAPKOMH Y OopKep-256 3
MATHITHUMH HAHOYACTMHKAMMU MiJ BIUVINBOM NOCTIiHOI0 MATHITHOIO MOJIS.
Kniniuna onkomoris 13, 1, 40-44, 2023. DOI: 10.32471/clinicaloncology.2663-
466X.49-1.29200. (maykoBe ¢axoBe BUIaHHA YKpaiHu Kateropii «b» 3a
CHeHIIbHICTIO « MeUIIHAY ).

Ocobucmuti 8Hecoxk 3000ysaua — yyacmv 6 AHANI3L JiMepamypHux odcepell,
NJIAHYBAHHI MA NPOBEOEHHI eKCNepUMEHMANbHUX 00CII0NCeHb, 00poOYl U aHanizi
OMPUMAHUX pe3Vbmamis, nio2omoeyi cmammi 00 OpPyK).

Opea B.b. [lociixkeHHs MeXaHOJIOMiHeCHEHIIiI cepeoBHINA 3 MATHITHUMH

HAHOYACTUHKAaMU, bioMenuuHa iHxeHepis 1 TexHosoris, 13, 1, 33-41, 2024. DOLI:
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10.

11.

10.20535/2617-8974.2024.13.298380. (maykoBe ¢axoBe BHJAaHHS YKpaiHU

kareropii «by» 3a cnenianbHicTIO «bioMenuuHa 1HXEHEPis» ).

INATEHTH YKPATHU

Open B.E.; Opea B.b. I[larent Ykpainu Ha kopucHy mozenb «IlpucrTpiid ams
MarHiTHoi HaHoTepanii» Ne 79982, Homep 3asBku: u201212717, Ony06aikoBaHO
13.05.2013, 6roa. Ne 9/2013.

Ocobucmuti 8Hecox 3000ysaua — yyacmv 6 AHANI3L JIMepamypHux odxcepell,
po3pobyi popmynu 8uHaxoody, NAAHY8AHHI MA NPOBEOEHHI eKCNepUMEHMATbHUX
odociodicenb, 00poOYI Ul AHANI3T OMPUMAHUX Pe3YTIbMAmie, 0(opMIeHHT 3aAs6KU.
Open B.E.; JaciokeBu4 O.1.; Puxanscekuii O.10.; Opea B.b., [TatenTt Ykpainu
Ha BUHaxiJ «CucreMa JJisl 10CTiKeHb y mapax (paHToMa rpyaHoi 3a;103u» Ne
127977, Homep 3asBku: a202103794. OnyOnikoBano 28.02.2024, 6ron. Ne 9/2024.
Ocobucmuti 8Hecox 3000ysaua — yyacmv 6 AHANI3L JIMepamypHux odceperl,
po3pobyi popmynu 8UHAxody, NIAHYEAHHI MA NPOBEOEHHI eKCHNePpUMEHMATbHUX

docioaicerb, 00poOYI Ul AHANI3T OMPUMAHUX PE3)TIbMAMie, 0opMIeHHT 3AS6KU.

TE3HU JOIOBIJAEN

Open B.E.; JlaciokeBuu O.1.; Puxanscpkuii O.FO.; Opea B.b., bypnaka A.IL.,
JAMCTAHUIIIHO KepOBaHA  MNPOTHNYXJMHHA AaKTHUBHICTb  MAarHiTHOTO
HaHOkoMILIekcey, XIV 3’131 oHKONOTIB Ta pamionoriB Ykpainu, 30 BepecHs—2
»koBTH: 2021 p., KuiB, Ykpaina. C. 392-393.

Ocobucmuii 8Hecox 3000ysaua — yyacmv 6 AHALI3L JimepamypHux odceperl,
NJIAHYBAHHI MA NPOBEOEHHI eKCNEPUMEHMATIbHUX O0CTIONHCEHb, 00pOOYI 1l AHANI3]
OMPUMAHUX pe3VIbmamis, Ni02omoesyi me3 00 OpyK).

Opea B.b.; I'ankin O.1O.; Open B.E.; JlactokeBuu O.1.; Puxanscekuii O.1O.;
Kypamnos 10.A.; JIuteun C.C. KomOinoBanuii BB HaHOKOMILIEeKCY Fe3Os-
Au 3 10KCOPYOIIHHOM TA eJIEKTPOMATHITHOT0 BUNIPOMiHIOBAHHS HA TBAPHUH 3
KAPIUHOCAPKOMOKO  Yopkep-256. [V  HayKoBo-lpakTU4YHa KOH(DEpeHIIis

CTYJICHTIB Ta MOJIOJAMX BYEHUX 3 MIKHAPOIHOIO y4acTio «Bij ekcrepumMeHTanbHOl
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12.

13.

14.

Ta KJIIHIYHOI 1aTo(1310J0Tii 10 JOCATHEHb Cy4acHOI MEIUIIMHM 1 papmarii», 19
tpaBHsa 2022 p., XapkiB, VYkpaina. C. 261. JloctynmHO 3a TOCHJIaHHIM
https://pat.nuph.edu.ua/wp-content/uploads/2022/04/zbirnyk-materialiv-
konferentsii-2-19.05.2022.pdf

Ocobucmuili 8Hecok 3000ysaua — y4acmv 8 AHANI3L JimMepamypHux odicepel,
NJIAHYBAHHI MA NPOBEOEHHI eKCNEPUMEHMATIbHUX O0CTIONHCEHb, 00pOOYI 1l AHANI3]
OMPUMAHUX pe3VIbmamis, ni02omoeyi me3 00 OPYK).

Orel V.; Dynnyk O.; Orel V.; Galkin O.; Kurapov Yu.; Lytvyn S.; Dasyukevich
O.; Rykhalskyi O. Ultrasound elastography of Walker-256 carcinosarcoma
with Fe3O4-Au nanoparticles under magnetic force. International Union for
Physical and Engineering Sciences in Medicine (IUPESM) World Congress on
Medical Physics and Biomedical Engineering, 12—17 uepBus 2022 p., Cinramyp,
Ci"ramyp. C. 64-65. HoctynHo 3a MOCUJIAHHSM:

https://cris.vub.be/ws/portalfiles/portal/94999070/WC2022 Oral_Abstracts.pdf

Ocobucmuti 8Hecox 3000ysaua — yyacmv 6 AHANI3L JIMepamypHux odcepel,
NIAHYBAHHI MA NPOBEOCHHI eKCHePUMEHMANbHUX OOCHIONCEHb, PAOION0CIUHIl
gizyanizayii, oopooyi U aumanizi OMpUMaHux pe3yibmamis, niocomosyi mes 00
OpYKY.

Orel V.B.; Ashykhmin A.V.; Orel V.E.; Rykhalskyi O.Yu.; Golovko T.S., Texture

analysis for nonlinear characterization of '*F-FDG PET/CT images in patients
with rectal cancer: Comparison between tumor and peritumoral tissues,
European Congress of Radiology, 13—17 nunas 2022 p., Binens, ABctpis. Insights
into Imaging 13, 205, C. 236., DOI: 10.1186/s13244-022-01337-x.

Ocobucmuili 8Hecok 3000ysaua — y4acmev 8 AHANI3L JimepamypHux odicepel,
PAaodionociunii OYiHYyi, MEeKCMYpPpHOMY AHANIZ] MEeOUYHUX 300padxiceHb, oopooyi U
AHaNi3i OMPUMAHUX pe3VIbmamis, ni02omoeyi me3 00 OpPyKy.

Orel V.B.; Galkin O.Yu.; Orel V.E.; Dasyukevich O.Yo.; Rykhalskyi O.Yu.;
Syvak L.A.; Kurapov Yu. A.; Lytvyn S.Ye. Mechanoluminescence of Walker-
256 carcinosarcoma cells in vitro by magneto-mechanochemical effects. SSM:

Cell and molecular biophysics and biomechanics, XXII International Conference

174


https://pat.nuph.edu.ua/wp-content/uploads/2022/04/zbirnyk-materialiv-konferentsii-2-19.05.2022.pdf
https://pat.nuph.edu.ua/wp-content/uploads/2022/04/zbirnyk-materialiv-konferentsii-2-19.05.2022.pdf
https://cris.vub.be/ws/portalfiles/portal/94999070/WC2022_Oral_Abstracts.pdf

15.

16.

17.

on Mechanics in Medicine and Biology, 19-21 Bepecus 2022 p., bonoHchkuii
yHiBepcuteT, bomonws, Iramiga. C. 42. DOI: 10.6092/unibo/amsacta/7024.
Ocobucmuii enecoxk 3000ysaua — ydacmvb 6 auanizi JimepamypHux oOdceper,
NJIAHYBAHHI MA NPOBEOEHHI eKCNEPUMEHMATIbHUX O0CTIONHCEHb, 00pOOYI 1l AHANI3]
OMPUMAHUX pe3VIbmamis, Ni020moeyi me3 00 OPyK).

Orel V.B.; Matveichuk K.S.; Orel V.E.; Galkin O.Yu.; Rykhalskyi O.Yu.;
Dasyukevich O.Yo.; Golovko T.S. Texture Analysis of T{-weighted and STIR
magnetic resonance images for Lewis lung carcinoma nanotheranostics. 2022
IEEE 4l1st International Conference on Electronics and Nanotechnology
(ELNANO), 10-14 xoBtus 2022 p., KuiB, VYkpaina. C. 314-317. DOI:
10.1109/ELNANQO54667.2022.9927034.

Ocobucmuti 8Hecoxk 3000ysaua — yyacmv 6 AHANI3L JIMepamypHux odxceperl,
PAaodionociuHill OYiHYl, MEeKCMYPHOMY AHANIZ] MeOUUHUX 300padiceHb, 00podyi U
AHANI3i OMPUMAHUX Pe3VIbmamis, Nio2omoeyi me3 00 OPyKy.

Orel V.B.: Dynnyk O.B.; Orel V.E.; Galkin O.Yu.; Dayukevich O.L;
Rykhalskyi O.Y.; Syvak L.A.; Dedkov A.G.; Golovko T.S. Effects of magnetic
force mediated by Fe3O4 nanoparticles on breast cancer animal model.
MixnapoiHa HayKOBO-TIpakTUYHa KoH(pepeHilis «CydacHUM CTaH Ta IEPCIeKTUBU
O6iomenuuHoi iHXkeHepii», 15-16 rpynus 2022 p., Kuis, Ykpaina. C. 30. DOI:
10.20535/biomedconf.2022.15122022. HocTtynHo 3a MOCUJIAHHSIM:
https://elartu.tntu.edu.ua/bitstream/1ib/39550/1/Book _of abstracts.pdf

Ocobucmuii 6necox 3000ysaua — yuacmv 6 auanizi JimepamypHux oOdceper,
NIAHYBAHHI MA NPOBEOEeHHI eKCNePUMEHMANbHUX OO0CHI0HCeHb, PAdiON0TYHIL
gizyanizayii, oOpooyi U amanizi OMpUMAaHux pe3yabmamis, ni02omosyi me3z 00
OpPYKY.

Matveichuk K.S.; Orel V.B.; Dasyukevich O.Y.; Rykhalskyi O.Y.; Orel V.E,;
Diedkov A.G. Texture analysis of ultrasonic stiffness images of sarcoma-45
tissues irradiated by electromagnetic field. 13" International Conference on
Biotechnology and Bioengineering, 28 Bepecusi—1 xoBtHs 2023 p., C. 75-76.

JocTtymnHo 3a mocunaHHsM: https://icbb.apaset.edu.pl/program/pdf/
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18.

19.

20.

Ocobucmuii enecox 3000ysaua — yudacmb 6 auani3i JimepamypHux oOdcepel,
NIAHYBAHHI MA NPOBEOCHHI eKCNePUMEHMANbHUX OO0CHI0NCeHb, PAdiON0TUHIL
gizyanizayii, MeKcmypHoMy aHali3i MeOUYHUX 300padcenb, 0Opobyi U ananisi
OMPUMAHUX pe3VIbmamis, Ni020moeyi me3 00 OPyK).

Opea B.b.; /lacrokeBuu O.1.; Open B.E.; I'ankin O.10.; ynaeBcbkuii B.L;
Hazapuyk C.C.; Koroechkmit B.M.; Puxambcekmii O.JO.; Jlamekin C.A.;
l'apmanuyk JI.B., TkaHMHOeKBiBaJeHTHHMH (PAHTOM TPYIHOI 3aJ103U ISl
MArHIiTHOI rineprepMii mig BIVIMBOM €JICKTPOMATHITHOIO Ta HEOJAHOPIIHOIO
CTAIIOHAPHOT0  MATHITHOr0 moJsA. MiKHapoaHa  HAyKOBO-IIPaKTHYHA
koHPepeHIis «CydacHU cTaH Ta NepCHeKTUBU OloMeAUYHOI 1HxKeHepii», 13—14
rpyaaa 2023 p., KwuiB, VYkpaina. C. 171. JlocTynmHO 3a TOCHJIaHHSM:

https://drive.google.com/file/d/1_dRjzoWMM8j6wNzm4K 10b4Yn9ryt6V8T/vie

W

Ocobucmuti 8Hecox 3000ysaua — yyacmv 6 AHANI3L JIMepamypHux odceperl,
Ppo3pobyi Ousaiiny anmoma, NIAHYBAHHI MA NPOBEOCHHI eKCNepUMeHMAlbHUX
odocniodicenb, padionociunil  8i3yanizayii, MeKCMmypHOMY AHANI3I MeOUUHUX
300padcenb, 00poOYI Ul AHANI3I OMPUMAHUX Pe3VIbmamis, ni0comosyi mes 00
OpYKY.

[Ta6miit O.; Opea B.; JlactokeBuu O.; Puxanbcekuii O.; [lenkoB A., IHIyKTHBHA
rineprepmisi  3josikichux myxqaumu. [II MibkHapogqHa HaykoBO-TEXHIYHA
koH(pepenitis «CydacHi TeXHOJIOTI 6loMennuHo1 iHxkeHepii», 8—10 tpaBus 2024 p.,
Oneca, VYkpaina. C. 41-42. JlocTymHO 3a MTOCUJIAHHSIM:

https://press.vntu.edu.ua/index.php/vntu/catalog/view/830/1450/2721-1

Ocobucmuili 8Hecok 3000ysaua — y4acmev 8 AHANI3L JimepamypHux odicepel,
00poOYI 1l aHANI3I OMPUMAHUX pe3VTbmamis, Ni02omoeyi mes 00 OpPyKY.

Opea B.b., [enxoB A., Open B.E., [actokeBuu O., Puxanscbkuii O.,
JlocmiKeHHsT BIUIMBY 1HAYKIIHHOI MOMIPHOI TinepTepMii Ha Te€TepOreHHICTh
MPT-300paxxenb capkomu-45. XI Mixknapoana koHpepenuis «Meauuna ¢pizuka —

Cy4YacCHUU CTaH, IpoOIeMHU, IIUIIXU PO3BUTKY, HOBITHI TEXHOJIOT1i», 2527 BepecHs
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https://drive.google.com/file/d/1_dRjzoWMM8j6wNzm4K10b4Yn9ryt6V8T/view
https://press.vntu.edu.ua/index.php/vntu/catalog/view/830/1450/2721-1

2024 p., KuiB, VYkpaina. C. 275-280. DOI: 10.17721/3041-1491/2024.11-36.

JloctymHo 3a mocwinanHsaM: https://conference.rb.knu.ua/all_book 2024.pdf

Ocobucmuili 8Hecok 3000ysaua — y4acmev 8 aHANI3L JimMepamypHux odxicepel,
NIAHYBAHHI MA NPOBEOeHHI eKCHNePUMEHMANbHUX OO0CHI0HCEHb, PAOiON0TYHILL
gizyanizayii, MmeKCmypHOMY aHANI3I MeOUUHUX 300padiceHb, 00pobyi U aHanizi

OMPUMAHUX pe3VIbmamis, Ni02omoeyi me3 00 OpyK).
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TOJATOK 2

BATBEPIKYIO»

HQJILHOTO TEXHIYHOIO YHIBEPCUTETY
a1 « KuiBChKmMiA MOJIiTeXHIYHUH
T iMeHi [rops Cikopcbkoro»

JAOBIJAKA ITPO BUKOPHCTAHHS

pe3yabTariB auceprartiiiHoi podoru Opna Banepis binrosuya
«Po3pobka 6101HKeHEpHUX 3ac001B MAarHITHOI HAHOTEPAHOCTUKH
€KCTIEpUMEHTAJIBHOI 3/I0SIKICHOI Iy XJIMHW» B OCBITHBOMY IPOLIECI KaeapH
GiomemuHOI iHkeHepii HallioHaIbHOrO TEXHIYHOTO YHIBEPCHTETY YKpaiHu
«KuiBchbKkuil nomiTeXHiyHUi 1HCTUTYT iMeHI1 [rops Cikopcbkoro»

Mu, 1Mo HIWK4Ye MIAMHCATMCH, KOMICIS Yy CKJIaml: 3aBiayBad kadeapu
GioMeuHOi iHKeHepii npod., A.T.H. [llmikos B.B., mpod., n.1.H. Jlebener O.B.,
BI/INOBiTAJTbHUI 32 METOMYHY po6OTY 1011, K.().-M.H. Conomin A.B., cxiamy akt
PO BUKOPUCTAHHA Pe3yJIbTariB Aucepraiiinoi podotu Opia Banepis binrosuua
«Po3pobka  OioimkeHepHHX  3aco0iB MarHiTHOi  HAHOTEPAHOCTUKH
EKCTIEPUMEHTAIBHOT 3JI0SKICHOI MYyXJIWHW» Y HABYaJIbHOMY Ipoueci kadeapu
OioMeMUHOI IHKEHEpli, a caMme: pe3ynbTard poOOTH BpaxoBaHO MpH po3po0i
HaBYalbHUX Mporpam (cwiabyciB) Ta BrnpoBamkeHo 3 2022/2023 H.p. y
BUKIaNaHHI aucuuiuniH  «biodizukay (temu 3aHATh: «HanorexHosorii Ta
HaHopoOoTw», «bioMeaudHa imKeHepis Ta pak») Ta «Pamiaumifina Oesnexa i
J03UMETPisA» (TeMH 3aHATh. «TexHiuHi 3aco0M PEHTTeHIBCHKOI TEXHIKWY,
«Texniuni 3acobu 1 Oesnmexka MPT B memumuHi»y) a1 3700yBadiB MEpIIOTO
(OakayaBpChbKOro) piBHS BHUINOI OCBITH cremiaibHOCTI 163 «biomemuna
imxeHepis» ta 122 « KoM’ roTepHi HayKu.

3asiayBa4 kadeapu bMI o
I.T.H., TIpod. M jff/— Bnamucnas I1IJTMKOB

[Tpod. kadheapu bMI
i, Ak Onexciit JIEBEJIEB

Bianosixansuuii 3a METOANYHY poOOTY

Ha kadeapi bBMI
JIOIL, K..-M.H. ﬁ/ﬂ Angpiit COJIOMIH
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JIOJIATOK 3

YKPATHA
MIHICTEPCTBO OXOPOHMH 3/10POB'SI YKPATHU

JNEPJKABHE HEKOMEP}H?IHE MIANMPHEMCTBO
«HAIIIOHAJIBHUU IHCTUTYT PAKY»
(JAHIT «HIP»)

Vipaina, 03022, micto Kuis, By H0nii 3nanosebkoi, 33/43 ten. (044) 293-21-60
www.unci.org.ua e-mail:info@unci.org.ua kox €JIPTIOY 02011976

IIpopexTopy 3 HaB4aALHOT poboTH
HanioHabHOro TEXHIYHOrO
yHiBepcurery Ykpainn «KuiBcbknii
noJiTeXHiYHHH iIHCTHTYT imeni Irops
Cikopcbkoro»

Terani JKEJIACKOBII

Juceprartiliny poGoTy JIKapsi-peHTI€HOJIOra HayKOBO-KJIIHIYHOTO BiILIEHHSA
NPOMEHEBOi JIIarHOCTMKH 3 PEHTTEHIBCbKUMM KaOlHeTaMM KJIHIKM pajioiorii
JIEPYKaBHOT0 HEKOMEpLIiHOTO mianpuemcTBa «HalioHanbHMIA IHCTHTYT paky» (nai
— JIHIT «HIP»), acmipanta kadeapu TpaHC/sALiAHOT MeandyHoi OioiHxkeHepii
HaiioHaipHOro TeXHIYHOro yHiBepcuTeTy YKpainu «KHIiBCBKMH IOMTEXHIYHMIA
incturyr iMeni Irops Cikopcekoro» Opna Banepis binropuua «Po3poOka
OloimkeHepHMX  3acOo0iB  MarHiTHOI  HAHOTEPAHOCTHKHM  €KCIIEPUMEHTAIbHOL
3/105KiCHOI NyX/jauHW» Oyino BukoHaHo Ha Oazi JIHIT «HIP» y pamkax HacTyIHHX
HAYKOBO-A0CHIAHUX poOiT: «OnTHUMI3allisi KOHCEPBATUBHOIO JIIKYBAHHS XBOPHX Ha
pak rpyaHoi 3anosm HER2/neu - (HeratuBHHMIA) IpyIM BHCOKOIO PH3HKY
MPOrpecyBaHHs 3aXBOPIOBAHHs» (JepiKaBHUM peecTpaliiinuii Homep: 0120U002186),
«Po3po0uTH METOAMKY NPOTHUITYXJIMHHOI Teparii NMEepBHHHUX 3/I08KICHHUX ITyXJIHH
KICTOK, 3aCHOBAaHy Ha  MATHITOXIMI4YHIH  TexXHOJOrii 3  BUKOPHCTAHHIM
HAHOKOMILIEKCiB»  (aeprkaBHMiT  peectpawiiinuii  Homep: 0123U100711) Ta
«ITokpameHHsi pe3yJibTaTiB KOHCEPBATHBHOIO JIIKYBAaHHS XBOPHX Ha paK IpyaHoi
3a1034 3 HU3bKUM ab0 HeratuBHUM cTtatycoM HER2/neu nHa ocHoBi onrumizauii ta
iHoMBigyamizamii  MeToMiB  Tepamii»  (Jep:KaBHMM  peecTpalifiHHii  HOMeED:
0123U0100713). Orpumani pe3ynbTaTH AOCII/UKEHHA OIMyOJIKOBAHO Y HACTYITHHUX
HayKOBHX poboTax:

1. Orel V.B., Papazoglou A.S., Tsagkaris C., Moysidis D.V., Papadakos S.,
Galkin O.Y., Orel V.E., Syvak L.A. Nanotherapy based on magneto-
mechanochemical modulation of tumor redox state. Wiley Interdisciplinary
Reviews Nanomedicine and Nanobiotechnology, 15, 3, el868, 2023. DOI:

10.1002/wnan.1868. Hajonansii ey pay
2299/0/2-24 Bip, 22.10.2024

LU CAMERVANIATY T

e
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2. Orel V.B., Galkin O.Yu., Orel V.E., Dasyukevich O.Yo., Rykhalskyi O.Yu.,
Kurapov Yu.A., Litvin S.A., Yukhymchuk V.O., Isayeva O.F., Syvak L. A.,
Dedkov A.G. Mechanoluminescence of Walker-256 carcinosarcoma cells
induced by magneto-mechanochemical effects of Fe3Os—Au nanocomposite.
Journal of Mechanics in Medicine and Biology, 23, 6, 2340027, 2023. DOIL:
10.1142/50219519423400274.

3. Open B.E., Jlummmk OB, CuBak JL.A., Open B.b., Jlaciokesuu O.M.,
Puxambepkmit O.JO., Tlankin O.1O., Jeaxos AT., TomoBko T.C. 3Mmiuu
KOPCTKOCTI Ta MOPQOJIOriuHi 0cOOIUBOCTI KapLMHOCAPKOMHU YOpKep-256 3
MAarHiTHUMM HAHOYACTMHKAMM I1iJi BIUIMBOM TNOCTIHHOIO MarHiTHOTO TIOJISL.
Kniniuna OHKOJIOT'i51, 13; 1 8 4044, 2023. DOI:
10.32471/clinicaloncology.2663-466X.49-1.29200.

4. Open B.E., Jaciokepuu O.M., Puxamscekmii O.JO., Open B.B., Ilarenr
Ykpainu Ha BHHaxix «CucTreMa I JIOCHI/DKEHb y 1apax (panroma rpyaHoi
sanosuw» Ne 127977, Homep 3assku: a202103794. OnyGnikoBano 28.02.2024,
Orom. Ne 9/2024.

5. Orel V.B., Kurapov Y.A., Lytvyn S.Y., Orel V.E., Galkin O.Y., Dasyukevich
0.Y., Rykhalskyi O.Y., Diedkov A.G., Ostafiichuk V.V. Lyalkin S.A,
Burlaka A.P., Virko S.V., Skoryk M.A., Zagorodnii V.V., Stelmakh Y.A.,
Didikin G.G., Oranska O.1., Calcagnile L., Manno D.E., Rinaldi R., Nedostup
Y.V. Characterization and antitumor effect of doxorubicin-loaded Fe:Os-Au
nanocomposite synthesized by electron beam evaporation for magnetic
nanotheranostics. RSC Advances, 14, 20, 14126-14138, 2024. DOI:
10.1039/d4ra01777c.

6. Orel V.B., Dasyukevich O.Y., Orel V.E., Rykhalskyi O.Y., Kovalevska L.M.,
Galkin O.Y., Matveichuk K.S., Diedkov A.G., Ostafiichuk V.V._, Shablii O.S.
Characterization of inductive moderate hyperthermia effects on intratumor
sarcoma-45 heterogeneity using magnetic resonance, ultrasound and histology
image analysis. Applied Sciences (Switzerland), 14, 18, 8251, 2024. DOI:
10.3390/app14188251.

—

MeauaHuBil AUPEKTOP 3 —— 23> 77y ap=ozf " Opexcanap ALIMHA
CTPATEriYHOro PO3BUTKY Ta - c. ‘=
amOynaTopHo-giarHocTHUHOT 97 4

poGoTn,

jacay:kenuH Jgikap YKpainn,
JAOKTOP MeIHYHHX HAYK
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JTOJATOK 4

3ATBEPIKYIO
3act. nupeKTOpa 3 HayKkoBOi PoGOTH

BIIPOBA/I’KEHHSA HAYKOBO-METOIHYHOI PO3poOKH

OG’eKT BNPOBAIKEHHS: BIPOBAIKEHHS HOBHX GioimxeHepHHX 3acoBiB MarHiTHOI
HaHOTEPAHOCTHKH 3/IOAKICHUX MyXJIHH.

Mxepeno HaykoBo-TexHiuHOl indopmanii: MaTepiali aUCepTaniiiHOro JOCHiKeHHS
Opna B.B. «Po3pobka GioimkeHepHHX 3ac06iB  MAarHiTHOI HAHOTEPaHOCTHKH
EKCTIEPUMEHTANBHOI 3/05KICHOT IYXIHHAY, SIKi Omy6NikoBaHO y HACTYITHHX HAayKOBHX
poborax:

1. Open B.B.; Tankin O.FO.; Open B.E.; [lacioxesuy O.M.; Puxanscekuii 0.10.;
Kypanos 10.A.; Jluteun C.€. Kom6inoBanuii Brius HaHokoMmmiekcy Fe;O4-Au 3
JIOKCOPYOILIMHOM ~ Ta  €NEKTPOMArHiTHOIO BHIPOMIHIOBAHHS  Ha TBapHH 3
KapuMHOCapkoMoro Yopkep-256. IV HaykoBO-npakTHYHa KOH(epeHIis CTYIEHTIB Ta
MOINIOTHX BYEHHX 3 MDKXHApOJHOK ydacTio «Bil excrepHMeHTansHO! Ta KiHidHoi
nmaroi3ionorii 10 KOCATHEHb Cy4acHOi MeaUUMHH i papmaiiy 19 TpaBes 2022 p.,
Xapkis, Ykpaina. c. 266.

2. Orel, V. B., Galkin, O. Yu., Orel, V. E., Dasyukevich, O. Yo., Rykhalskyi, O.Yu.,
Syvak L. A., Kurapov, Yu. A., Lytvyn, S. Ye. Mechanoluminescence of Walker-256
carcinosarcoma cells in vitro by magneto-mechanochemical effects. In Abstracts
Book “XXII International Conference on Mechanics in Medicine and Biology” 19-
21 September 2022, University of Bologna, Bologna, Italy, P. 42. DOI:
10.6092/unibo/amsacta/7024

3. Orel V.B., Dynnyk O., Orel V.E., Galkin O., Kurapov Yu., Lytvyn S., Dasyukevich
O., Rykhalskyi O. Ultrasound elastography of Walker-256 carcinosarcoma with
Fe;04-Au hanoparticles under magnetic force. [UPESM World Congress on Medical
Physics and Biomedical Engineering (IUPESM WC2022), 12-17 June 2022, Sands
Expo and Convention Centre, Singapore, Book of abstracts, p.64-65.
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4. Orel V.B.; Galkin O.Yu.; Orel V.E.; Dasyukevich O.Yo.; Rykhalskyi O.Yu.; Kurapov
Yu.A.; Litvin S.A.; Yukhymchuk V.O.; Isayeva O.F.; Syvak L.A.; Dedkov A.G.
Mechanoluminescence of Walker-256 carcinosarcoma cells induced by magneto-
mechanochemical effects of Fe;0,~Au nanocomposite. Journal of Mechanics in
Medicine and Biology. 23, 6, 2340027, 2023. DOI: 10.1142/S0219519423400274.

5. Orel V.B.; Kurapov Y.A; Lytvyn S.Y.; Orel V.E.; Galkin 0.Y.; Dasyukevich O.Y;;
Rykhalskyi O.Y.; Diedkov A.G.; Ostafiichuk V.V,; Lyalkin S.A.; Burlaka A.P.; Virko
S.V.; Skoryk ML.A.; Zagorodnii V.V.; Stelmakh Y.A.; Didikin G.G.; Oranska O.I.;
Calcagnile L.; Manno D.E.; Rinaldi R.; Nedostup Y.V. Characterization and
antitumor effect of doxorubicin-loaded Fe;O4-Au nanocomposite synthesized by
electron beam evaporation for magnetic nanotheranostics. RSC Advances 14, 20,
14126-14138, 2024. DOI: 10.1039/d4ra01777c¢.

Kum  3anpononosano, agpeca, BukoHaBui: HaykoBo-kiiniune  Bimminenns
MPOMEHEBOI JIIaTHOCTHKH 3 PEHTTeHIiBCHKHM KaGiHeTaMy  KIiHiKH paziosnorii,
JlepxaBHoro HexoMepujiiHoro mignpuemcrsa «Hanionamsauii IHCTHTYT paky», ByiL.
FOnii 3nanoBeskoi, 33/43, M. Kuis, 03022, Ykpaina.

Kadenpa tpaucnsauiiinoi memxuunoi Gioimkerepii dakynsrery Giomenwunoi imenepii
HauionaneHoro Texuignoro yHiBepcuteTy Vikpainm «KuiBchkuii momiTexHiyHmii
iHCTHTYT iMeHi Iropst Cikopcbkoro», Byir. Slurens, 16/2, m. Kuig, 03056, Ykpaina.

Open B.B.

JlaGopatopist eneKTpOHHO-IIPOMEHEBOT HAHOTEXHONOT HEOpraHiYHHX Marepianis mjs
MEIULHHE [HCTHTYTy enekTpossaproBanus iM. €. O. ITatoma HAH Ykpainu, Byn.
Kasumupa Manesuua, 11, M. Kuis, 031 50, Ykpaina.

Kypanos I0.A., JTuteuu C.€,

Me i xonu BnpoBamkeno: IHcTHTyT enekrpossaproBands iM. €. O. IMTarona HAH
Ykpainu.

Tepmin BripoBamkenns: 2022-2024 pp.

Binnosiganbuuii 3a BIPOBA/)KEHHH :

3aBimyBay naboparopii €JIEKTPOHHO-

NPOMEHEBOi  HAHOTEXHONOIii  HeopraHiuHUX

marepianiB  jgns  Memmuumm  lecTuTyTY

enexrposBaproBanHg iMm. €. O. Ilarona HAH

Ykpaiuu / 1_/ 7
~
K.T.H., C.H.C. LAy FOpiit KYPATIOB
7/
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TOJATOK 5

ANNo 1988

HAIIOHAJIBHA AKAJIEMISI HAVK YKPATHHA
IHCTUTYT MATHETHU3MY IMEHI B.I'. BAP’SIXTAPA
HALIIOHAJIBHOT AKAJTEMIT HAVK VKPATHU
(IMAT HAH YKPATHH)

Gynee. Beprancekoro, 36-6, M. Kuis, 03142, ten. (daxc) (044) 424 10 20

kon 3a €JIPTIOY 23494128

10.02.2025 Ne 83-44/01-6

JIMCT MiATPHMKH 10710 Pe3yabTaTiB qucepTaniiinol podoTn
Opaa Basepis Binrosnua na 3100y TTs1 HayKOBOro cTyNeHs AoKTopa diaocodii 3a
TeMor0 «Po3pobka GioinskeHepHHX 3ac06iB MArHITHOT HAHOTEPAHOCTHKH

€KCNePHMEHTAILHOT 3JIOAKICHOT My XJIMHH»

3a  pesynbrataMu posrisay Ta OGTOBOPEHHS pe3ylbTaTiB  JMCEpTauiifHoOro
nociukeHHs 3100yBaua crynens jgokropa ¢imocodii Opna B.B., acmipanta xadenpu
TpaHCILiHHOT MeanuHOT Gioimkenepii hakynsrery 6Giomeuunof inkenepii Hationansnoro
TEXHIYHOro yHiBepeutery VYkpainnm «KuiBchkuil nonmitexuiunmii incturyt imeni Irops
Cikopcbkoro» Ha Temy «PospoGka GioimkeHepHHX 3aco0iB MarsiTHON HAHOTEPAHOCTHKH
CKCNEPUMEHTAIBLHOT 3JI0AKICHOT [y XJIMHUY, NIPE/ICTABICHUX T1i/l 4aC HAYKOBOIO ceminapy 11
rpyaus 2024 p. B IncrutyTi marneTusmy imeni B.I'. Bap’sixrapa HauionansHoi akagemii Hayk
YKpaiHu, 3a3Ha4a€Mo, 110 TUcepTalilina podoTa € 3aBepLIEHO0 HAYKOBOIO TIPALEI0, MiCTHTE
HayKOBY HOBH3HY Ta BUKOHAHA HA HAJIE)KHOMY HAYKOBO-TIPAKTHYHOMY PiBHI.

AKTyallbHIiCTh ~ poOOTH  OOYMOB/IEHA  CYYacHOI  HEOOXiaHICTIO PO3po0KH
OioikeHepHUX 3ac00iB JUIsl peaslizallii MarHiTHOT HAHOTEPAHOCTHKY 3/10SKICHHX MyXJIMH, 1110
IPYHTYETBCA Ha  MAarHiTo-MeXaHoXiMiuHoMy edexti, imimiffoBaHomy MarHiTHHMU
HAHOYACTHHKAMHK I1iJl Ai€10 30BHILIHIX NOCTIHMX MArHITHUX i 3MIHHHX €IeKTPOMArHiTHUX
nosiis. Y aucepTauiiiniii po6oTi posrisiHyTo Ak 6a30Bi MUTAHHS MO0 MEXaHI3MIB iHimiaLii
Ta MOZYJISIIT MAaTHITO-MeXaHOXiMIYHOTO eeKTy, Tak i npoGiemu peastizauii OioiHKeHepHUX
3aco0iB Ul Bisyamisaiii ¥ npoTHIYXJIMHHOrO BIUIMBY Ha CKCHEPUMEHTAJbHI MOjeli
3JI0AKICHOI IMyXJMHM, 30KpeMa TeXHiuHe pillieHHs y mpucTpoi I peectpaiii
MEXaHOIIOMIHECUEHLIT 370 KICHUX KIIITHH, iHiliHOBAHOT BILIMBOM MArHITHUX HAHOYACTHHOK

I pOTauifHOro MarHiTHOrO TOJS; AM3AifH TKAHUHHOEKBIBATEHTHOIO dantoma rpyaHol
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3a]1034, IO J03BOJISIE  Bi3yali3yBaTH TPOCTOPOBHMIN DPO3MOMALT KIACTEpiB MarHiTHHX
HAHOYACTUHOK i 3MiHM GioMEXaHIUHUX MapamMeTpiB 3 METOIO [IEPCOHAII30BAHOTO TLUIAHYBAHHS
IHAYKUIAHOT NOMIPHOI rinepTepMil 370SKICHUX IMyXJIMH; AOCTIUKEHHs BIUIMBY MartiTHHUX
HAHOYaCTHHOK Ha OCHOBI OKCHAY 3aji3a i 30510Ta, HABAHTAXKEHHUX MPOTHIYXJIMHHUM
rnpenaparoM JA0KcopyOiumHOM, y KoMmOiHaulii 3 MarHiTHO-JAMMOABHUM aruIiKaTOpoOM JIis
IHJYKIIHHOT MOMIpHOI TinmepTepMii Ha parionoriuHy Bi3yanisallito, TEKCTYpHI MapaMeTpH,
piBHi yOiceMiXiHOHY, CYNepOKCHIHOrO pajHKala, OKCHIY a30Ty Ta KIHETHKY pOCTy
KapuMHOcapkoMu Y okep-256.

Huceprant Open B.B. npoaemoncTpyBaB BHCOKHI piBeHb OOTPYHTYBaHHS BJIACHHX
HAYKOBHX PEe3Y/bTATiB, KPUTUUHE MUCICHHS, PO3YMIHHS JIOC/Ii/PKYBAaHOI MpobieMaTHKu y
nyOniuHii HaykoBilf auckycii. 3a pesynbsratamMu JlociipkeHb onyOnikoBano 20 HayKOBHX
npaib, y ToMy uucii 2 poborH y (axoBuMX HayKOBUX BHIAHHAX YKpaiHu, 5 poOir y
MiXKHApOJIHUX (axOBUX HAYKOBHX BHIAHHAX, IPOiHIeKcoBaHUX y Ga3ax Scopus Ta/abo Web
of Science Core Collection (2 poGoru BinHeceni n0 kBapTwmo Ql, 2 poborn — o Q2, 1
pobora — 10 Q4), 1 nateHT YKpaiHu Ha BUHAXIJ, 1110 NPOHIIOB KBali(ikaliliHy eKcnepTusy,
1 mateHT YKpaiHH Ha KOPUCHY MoOjenb, 11 Te3 BHCTYMiB Ha HAyKOBHX KOH(pepeHIisx i
KOHIpecax.

BucnHoBok: muceprauiiina pobora «Pospobka OGioiHkeHepHMX 3aco0iB MarHiTHOI
HAHOTEPAHOCTUKM EKCIIEPUMEHTANIBHOI 3JI0AKICHOI NMYyXJIWHW» BIANOBiZa€ BUMOTaM st
aMcepraniii Ha 3700yTTS HAYKOBOro crymneHs Jokropa oinocodii ta moxe Oytu
pekoMeH/loBaHa J10 3axucty. ABtop auceprtauii, Open Banepiii binrosuu, 3aciyroBye Ha
NpUCY/UKEHHs. HOMY HayKOBOrO CTyneHs Jokropa ¢inocodii 3a cmeuianpHicTio 163

«bioMearuHa iHKeHepis».

Hupektop
[HCTUTYTY MarHeTu3smy )
. .- \ s S
im. B.I'. Bap’sxtapa HAH Ykpainu, A i
. MATHETH3MY\
I3MKO-MaTeMaTUYHUX HaYK, 11 COBY.B.I. 5AP'SXTARS
e q) KRS y P (b gu.‘oHAprol
unen-kopecronaeHT HAH Vkpaiuu et O exgarnp TOBCTOJIMTKIH

laermugikaLinHmn
Xoa 23484128
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JIOJIATOK 6

Division of Solid State Physics,
Materials and Surfaces (V)
Department of Physics
University of loannina

P.O. Box 1186, 451 10
loannina, GREECE

Topéag Quoiknc Itepeds Kataotdoswe,
YAwwv kat Emupaveiwy (1V)

Tunpa Quowkig

Navermotnuio lwavvivay

T.0. 1186, 451 10 lwdvviva

loannina, 03/01/2025

Letter of Support

Dear Sir/Madam,

It is with pleasure that | am writing to express my support for the doctoral thesis of Valerii
B. Orel, entitled “Design of bioengineering devices for cancer magnetic nanotheranostics in
experimental models of a malignant tumour”.

Lately, a lot of research is aimed in the development of novel nano-composites with multiple
functionalities as part of the exciting new field, theranostics, combining therapeutics and
diagnostics in one platform. This thesis proposes designs for biomedical devices to personalise the
magneto-mechanochemical effects initiated by magnetic nanoparticles under the influence of
electromagnetic irradiation for cancer theranostic applications and represents a significant
contribution to this field.

The research presented in the thesis is closely related to our collaborative work as part of the
research project “Magnetic Nanotechnology for Cancer Treatment” (Innovate UK, UK Research and
Innovation). Valerii B. Orel made substantial contributions to this collaborative work, leading to
several publications, some of which are listed below. In my interactions with him, | found him to be
a diligent, highly motivated and insightful researcher and | would very much welcome the
opportunity to work with him again in the future. It is my belief that he would be a valuable member
in any scientific team that he may join after earning his Doctoral Degree.

Should you need more information, please do not hesitate to contact me, it will be my pleasure
to provide.

List of our joint publications:

1. V.E. Orel, M. Tselepi, T. Mitrelias, A.D. Shevchenko, O.Y. Rykhalskiy, T.S. Golovko, O.V. Ganich,
A.V. Romanov, V.B. Orel, A.P. Burlaka, S. N. Lukin, C.H.W. Barnes. Magnetic Resonance Cancer
Nanotheranostics. In: Lhotska, L., Sukupova, L., Lackovi¢, L., Ibbott, G. (eds) World Congress on

TnA. 265100-8732, e-mail: mtselepi@uoi.gr
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Medical Physics and Biomedical Engineering, 2018. IFMBE Proceedings, 68/3, 651-654, Springer,
Singapore. doi: 10.1007/978-981-10-9023-3 120.

2. V.E. Orel, M. Tselepi, T. Mitrelias, A. Rykhalskyi, A. Romanov, V.B. Orel, A. Shevchenko, A.
Burlaka, S. Lukin, C.H.W. Barnes. Nanomagnetic Modulation of Tumor Redox State. Nanomedicine.
2018, 14, 4, 1249-1256. doi: 10.1016/j.nano.2018.03.002.

3. V.E. Orel, M. Tselepi, T. Mitrelias, M. Zabolotny, A. Shevchenko, A. Rykhalskyi, A. Romanov, V.B.
Orel, A. Burlaka, S. Lukin, V. Kyiashko, C.H.W. Barnes. The comparison between superparamagnetic
and ferromagnetic iron oxide nanoparticles for cancer nanotherapy in the magnetic resonance system.
Nanotechnology. 2019, 30, 41, 415701. doi: 10.1088/1361-6528/ab2ea’.

4. Orel V.E., Tselepi M., Mitrelias T., Zabolotny M., Krotevich M., Shevchenko A., Rykhalskyi A.,
Romanov A., Orel V.B., Burlaka A., Lukin S., Stegnii V., Barnes C.H.W. Nonlinear Magnetochemical
Effects in Nanotherapy of Walker-256 Carcinosarcoma. ACS Applied Bio Materials. 2019, 2,9, 3954—
3963. doi: 10.1021/acsabm.9b00526.

Yours faithfully,

Marina Tselepi
Assistant Professor

TnA. 265100-8732, e-mail: mtselepi@uoi.gr
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JIOJIATOK 7

{71%, GEORGETOWN UNIVERSITY
7%  Georgetown University Medical Center

January 25, 2025
To Whom It May Concern,

| am pleased to write this letter in support of Valerii B. Orel’s doctoral thesis, titled “Design of
Bioengineering Devices for Cancer Magnetic Nanotheranostics in Experimental Models of a
Malignant Tumor.” This groundbreaking research focuses on developing innovative bioengineering
devices to personalize magneto-mechanochemical effects induced by magnetic nanoparticles and
electromagnetic fields in malignant tumors, thereby advancing cancer theranostics toward clinical
application.

This research aligns closely with our collaborative efforts between Georgetown University Medical
Center, Washington DC, USA and the National Cancer Institute of Ukraine, Kiev, Ukraine. Through
this collaboration, | had the privilege of working with Valerii on a project investigating the
combined effects of non-ionizing electromagnetic fields and the chemotherapeutic agent
doxorubicin on tumor growth and liver oxidative stress in Walker-256 carcinosarcoma-bearing rats.

Valerii made significant contributions to this work by designing and refining experimental setups,
applying biomedical engineering principles to optimize therapeutic approaches, and rigorously
analyzing treatment responses. His ability to integrate biomedical engineering methodologies with
preclinical experiments was instrumental in ensuring the reliability, precision, and impact of our
findings. This collaborative work resulted in a peer-reviewed publication: Orel V.E., Krotevych M.,
Dasyukevich O., Rykhalskyi O., Syvak L., Tsvir H., Tsvir D., Garmanchuk L., Orel V.B., Sheina |., Rybka
V., Shults N.V., Suzuki Y.J., Gychka S.G. Effects induced by a 50 Hz electromagnetic field and
doxorubicin on Walker-256 carcinosarcoma growth and hepatic redox state in rats. Electromagnetic
Biology and Medicine, 2021, 40(4), 475-487. doi: 10.1080/15368378.2021.1958342.

Valerii’s doctoral research represents a clinically significant step forward in developing effective
therapeutic strategies to combat cancer progression. His work demonstrates a deep understanding
of bioengineering principles, innovation in experimental design, and dedication to advancing
translational cancer research.

I am confident that Valerii’s thesis will make a meaningful contribution to the field of cancer
nanotheranostics and provide a foundation for the development of effective therapeutic
approaches. | strongly support his work and its potential for significant clinical impact.

Sincerely,

V%

—

Nataliia V. Shults, M.D., Ph.D.
Assistant Research Professor

3900 Reservoir Road NW, NW403 Med-Dent Building, Washington, DC 20035
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CAMBRIDGE
BIOUAGNETICS

Letter of Support

Cambridge, 30/12/2024

Dear Sir/Madam,

On behalf of Cambridge BioMagnetics Ltd, a spin off The University of Cambridge, [
am reaching out to express our strong support for the doctoral thesis of Valerii B. Orel,
entitled “Design of bioengineering devices for cancer magnetic nanotheranostics in
experimental models of a malignant tumour”. This thesis presents designs for biomedical
devices aimed at personalising the magneto-mechanochemical effects initiated by
magnetic nanoparticles under the influence of external electromagnetic irradiation for

cancer theranostics.

This research is closely aligned with our collaborative work between the University of
Cambridge and the National Cancer Institute of Ukraine undertaken as part of the research
project “Magnetic Nanotechnology for Cancer Treatment” (The Royal Society, Innovate
UK, UK Research and Innovation). Valerii B. Orel actively participated in this project,
contributing to its execution and outcomes. He has consistently been a highly valuable

partner in our project, as we have been working with him for more than 6 years now.

His scientific contributions, some of which are highlighted in the publications below,
are well above the level one would expect based on his experience. Furthermore, he has
been a pleasure to work with and we look very much forward to continuing our
collaborative project with him, once he has been awarded his Doctoral Degree. Awarding
his Degree is an important milestone for our work, as it will strengthen our team and
enable us to continue with our impactful research that has the potential to transform

cancer treatment and benefit society worldwide.

The key findings of our research are included in the following joint publications:

1. V.E. Orel, M. Tselepi, T. Mitrelias, A.D. Shevchenko, O.Y. Rykhalskiy, T.S. Golovko, O.V.
Ganich, A.V. Romanov, V.B. Orel, A.P. Burlaka, S. N. Lukin, C.H.W. Barnes. Magnetic
Resonance Cancer Nanotheranostics. In: Lhotska, L., Sukupova, L., Lackovi¢, 1., Ibbott, G. (eds)

Cambridge BioMagnetics Ltd. Registered in England and Wales No 6609337 1

Registered Address: Unit 1, Cambridge House Camboro Business Park, Oakington Road, Girton,
Cambridge, Cambridgeshire, United Kingdom, CB3 0QH
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World Congress on Medical Physics and Biomedical Engineering, 2018. IFMBE Proceedings,
68/3, 651-654, Springer, Singapore. doi: 10.1007/978-981-10-9023-3 120.

2. V.E. Orel, M. Tselepi, T. Mitrelias, A. Rykhalskyi, A. Romanov, V.B. Orel, A. Shevchenko, A.
Burlaka, S. Lukin, C.H.W. Barnes. Nanomagnetic Modulation of Tumor Redox State.
Nanomedicine. 2018, 14, 4, 1249-1256. doi: 10.1016/j.nan0.2018.03.002.

3. V.E. Orel, M. Tselepi, T. Mitrelias, M. Zabolotny, A. Shevchenko, A. Rykhalskyi, A. Romanov,
V.B. Orel, A. Burlaka, S. Lukin, V. Kyiashko, C.H.W. Barnes. The comparison between
superparamagnetic and ferromagnetic iron oxide nanoparticles for cancer nanotherapy in the
magnetic resonance system. Nanotechnology. 2019, 30, 41, 415701. doi: 10.1088/1361-
6528/ab2ea’.

4. Orel V.E., Tselepi M., Mitrelias T., Zabolotny M., Krotevich M., Shevchenko A., Rykhalskyi A.,
Romanov A., Orel V.B., Burlaka A., Lukin S., Stegnii V., Bames C.H.W. Nonlinear
Magnetochemical Effects in Nanotherapy of Walker-256 Carcinosarcoma. ACS Applied Bio
Materials. 2019, 2, 9, 3954-3963. doi: 10.1021/acsabm.9b00526.

Please do not hesitate to contact me, should you require any clarifications.

Your sincerely,

Dr Thanos Mitrelias
Founding Director

Cambridge BioMagnetics Ltd. Registered in England and Wales No 6609337 2
Registered Address: Unit 1, Cambridge House Camboro Business Park, Oakington Road, Girton,
Cambridge, Cambridgeshire, United Kingdom, CB3 0QH
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