HALIIOHAJIbHUM TEXHIYHWIN YHIBEPCUTET YKPAIHU
«KNIBChKUM OJITEXHIYHUU IHCTUTVT imeni ITOPSI CIKOPCHKOT' O
®AKYJIbTET BIOMEJUYHOI IHXXEHEPII
Kadenpa BIOMEJIMYHOI IHXKEHEPII

3BIT
PO MPOXO/I)KEHHA NEJATIOI'TYHOI MIPAKTUKH

AcnipanTa (Ku) Menpauk ['anau BitaniiBau
(npi3BuIe, iM’s1, O OATHKOBI)

OcBiTHS ITporpaMa TPEThOoro (OCBITHbO-HAYKOBOI'0) PIBHS BUIIIOI OCBITH CTYIICHS

«00Kmop hinocoiiy

CroemianpHICcTh 163 «biloMennyHa 1HKXKEHEDISD)

3a creniamsanicio «bloMeanuna 1HKeHep1s»
(Ha3Ba)

_2 pik HaB4aHHsA, Tpyna bM-91¢

baza npaktuku  Kageodpa biomeduunoi indicenepii paxyibmemy 0iomeoudHoi

inowcenepii « Kl imeni leops Cikopcoko2oy 6 m. Kueesi

(Ha3Ba MiANPUEMCTBA, YCTAHOBH)

TepMinn npakTuKH

3 «14» rpynns 2020 p. ITo «27» rpyauns 2020 p.

HaykoBuii KepiBHMK acmipaHTra

I.M.H., 3aB. Kad. BB3JI Xynenpkuii 1. 1O.

(Buene 3BanHs, [11b, nocana) (i rmmc)

KepiBHuKkH npakTuku Bia kadenpu:

1.T.H., 3aB. kad. BMI [1lnukor B. B.

(Buene 3Banus, [11b, mocana) (miarmc)

Kuis — 2020 p.



3MICT

2] G 1.7 1 PP 3
AHOTATLLIS ..ot ettt be e be e sne e e snaee s 4
1 OTJIAL JUTEPATYPHUX JIJKEPEJL ... 7
IO G TN 1) 1 ¢ 1 LR 7
0 B0 1 {0 4 0 7 0 O RSP PP 15

2 OCHOBHA YACTUHA IEJATOT'TUYHOI ITPAKTUKMU ........cocvevevererrrrenen. 21
2.1 MeToauyHi peKOMEHAAIIIT 10 TTPOBEACHHS JICKITITHUX 3AHATD ..ecvvveervveerneenns 21
2.1.1 JISKIIIHE 3AHATTI NOL .ottt e e e e e e e e e e e e e eann e e 21
2.1.2 JISKIITHE 3AHATT NOZ ....oiieeeeiieeeee ettt e et e e e e e et ee e s e e e e e eeeeeesenn s 24

2.2 MeToanyHi peKOMEHAAIIIT 10 TPOBEICHHS MPAKTHIHUX 3AHATD.....ccrvveeneesns 26
2.2.1 TIpaKTHIHE 3aHATT NOL...iiiiiiiiiiiii it 26
2.2.2 TIpakTHUHE 3AHATT NO2....c.iiiiiiiiiieiie ittt 28
BUICHOBK ...ttt ettt 30
CITMCOK BUKOPUCTAHUX IKEPEJIL......ccciiiiiiiiieieecee e 31
JIOHATOK A JIEKITIT NOT 1ooviiiiiiiiiiiie sttt sttt 35
JTOJTATOK B JICKITISE NO2 ...ttt e e st e e e 60
JOJATOK B IIpakTruHe 3aHATT Nol ..oooiiiiiiiiiiiiii e 75
JOJATOK I' TTpakTHUHE 3AHATT NO2 ..eiiiiiiiiiiieiiiiiiie st siiene e 85

TIOTTATOK JT TECT vevvereveeeeeeeoeeeeeeeeeseeeseeeeseeesseseeseeeseeseeseseesseeeseeeeeeeseesseeseeessens 100



BCTYII

B kmiHimi BHYTpIIIHIX XBOpOO Y KOMIUIEKCHOMY JIIKyBaHHI, peadimTari 1
npo(iTaKkTUIll 3aXBOPIOBaHb OCOOJIWBA POJb HAIEKHUTH (PI3UYHUM MeTodam. B
JAHUM dYac BHUKOPUCTOBYIOTHCS SIK NPUPOAHI (DI3UYHI UYWHHHUKKA - KIIMarT,
MiHEpalbHl BOAM, Tpsi3i, Tak 1 npedopMoBaHI - PI3HOMAHITHI BHAMU EHEPTii,
OJIepKyBaHi 3a JOTIOMOTOIO CIIeIliaIbHUX arapaTiB.

KiiniuHi ¥ ekcrnepuMeHTallbHI JOCHIKEHHS, MPOBEJEHI B OCTaHHI POKU
nokaszanu, mo (i3UuyHI YMHHUKU MOXKYTh JOMOBHIOBAaTH ab0 3aMiHATU Oarato
METO/IB MEIUWKAMEHTO3HOi Teparii Ha BCIX eTamax JIKyBaHHS 1 pealimiTarii
xBopux. OcTaHHIMHU pokamu 3'siBUiucs HOBI Metoau ¢iziorepanii (KBU-tepamis,
JazepoTeparisi, MarHiToTrepamiss Ta 1H.), PO3LIMPEHI IMOKa3aHHS W yTOYHEHI
MPOTUIIOKA3aHHS JI0 TPOBENEHHSA (Pi310TepaneBTUYHUX METO/IB JIIKYBaHHS,
CTBOpPEHI HOB1 METOAMKHU 1 anapari.

3a Jac nMpoXOKEHHsI TIeIaroTiyHo1 MPakTUKKU Ha 6a31 kadeapu 010MeTUIHOT
1mxkeHepii ¢pakynprety 6iomennunoi imkenepii «KIII imeni Iropst Cikopcekoro» B
M. KueBi 3 14 mo 26 rpynHs Oyyno TpoBeAEHO 2 JEKUIMHUX 3aBIaHHS, 2
MPAKTUYHUX 3aBJaHHS Ta NPUUHITO y4acTh Yy TMPOBEICHHI 3Ky 3 MPEIMETY
Biothermodynamics and mass transfer-2. Methods and means of physiotherapy y
rpyni BM-731. IligroroBneno nekiiinuii marepian mo teMam General theoretical
foundations (principles, methods and techniques) of the therapeutic use of physical
factors (lomatrox A) Ta Constant and pulsed magnetic field in physiotherapy
(Jomatox b). Ilo manomy wartepiany miarotosneni Ttectu (Jomator [I).
[Tigrorornenuit mpakTuuHMii MaTepian o temax Biological effects and medical
applications of infrared radiation ([domatox B) Tta Ultraviolet Radiation in
Medicine ([Tomxatok I').

[linroToBieHU JICKIIMHUHN, MPaKTUYHUN MaTepiaja Ta TECTU OJI00peH1 s
MOAJIBIIIOTO BUKOPHUCTAHHS B HABYAIBHOMY MpoIleci Kadenpu B MeEXax Kypcy

Biothermodynamics and mass transfer-2. Methods and means of physiotherapy.



AHOTAIIA

OO6cHr 3BiTYy 34 CTOPIHKH, KUIBKICTh LTFOCTpaIliid — 1, KUTbKICTh TOAATKIB — 5,

JiTepaTypHUX HaWMEHYBaHb 3a MEePETIKOM BUKOPUCTAHUX JKepen — 31.

Merta negaroriqHoi mpakTUKH:

IpakTUYHA MOKJIMBICTh ONTaHYBaHHS HaBUYaJIbHO-BUXOBHUM
IIPOIICCOM Y BHIIIIH IITKOJTI;

MpaKTUYHA MOKIIUBICTh ONTaHyBaHHS HAyKOBO-METOIUYHOIO POOOTOIO
3a0€3IeUeHHs] HaBYaJIbLHOTO MPOIIECY;

IIpakTHYHA MOKJIMBICTh ONTAHYBaHHS OpraHi3alli€l0 HaBYaJbHOI
JUSITBHOCT1 CTY/ICHTIB,;

3100yTTSI KOMIIETEHIIIM MPAaKTHYHOT BUKIQAAIbKOT IISUTBHOCTI.

3a Jac mpoxoKeHHS MPAKTUKH BUKOHAHO:

po3pobiieHo nekmiiine 3aHaTTsa 3 TemMu General theoretical foundations
(principles, methods and techniques) of the therapeutic use of physical
factors;

po3po0ieHo nekmiiHe 3auaTTsa 3 Temu Constant and pulsed magnetic
field in physiotherapy;

po3po0bJieHO npakTU4He 3aHsTTs 3 TeMu Biological effects and
medical applications of infrared radiation;

po3pobiieHo npakTUdHe 3aHTTs 3 Temu Ultraviolet Radiation in
Medicine;

PO3pO0IICHO TECTH ISl IEPEBIPKU OCBOEHOTO MaTepialy 3 JEKIIHHUX

3aHATH.

[1ix yac mpoXoKEHHs MPAKTUKHA PO3BUHEHO NIPpOodeciitHl yMiHHS

NeAaroriyHoi JisSUTbHOCTI, CPOPMOBAHO YMIHHS IJIAHYBATH Ta OpraHi30BYBaTH

HaBYAJIbHO-METOAMYHY POOOTY BUKJIaa4a Ta HA0YTO TOCBIAY MPAlLIOBaTH Y

KOMaH/II.



AHHOTALUA
O0bem otyeTa 34 CTpaHHUIIBI, KOJIMYECTBO WILTIOCTPAIIUN — 1, KOJTHMYECTBO
NPUIOKEHUH — 5, TUTepaTypHBIX HANMEHOBAHUH TI0 TIEPEYHIO UCTIOIB30BAaHHBIX
HUCTOYHUKOB — 31.
I{esb megaroru4ecKkon MpaKkTUKHU:

— TMpaKTUYecKas BO3MOKHOCTh OCBOCHHS y4€OHO-BOCITUTATEIbHBIM
IPOIIECCOM B BBICIIICH IIIKOJIC;

— TPaKTHUYECKas BO3MOXXHOCTh OCBOCHHUS HAyIHO-METOAMICCKOM
paboToii obecrieueHus yueOHOTo Mmpoliecca;

— TMpaKTUYecKasi BO3MOXHOCTh OCBOCHHUS OpraHu3aieil yaeoHon
NeSATETLHOCTH CTY/ICHTOB;

— TOJy4Y€HHUE KOMIIETCHIINM MPAKTUUECKOU MPEIo1aBaTeIbCKOM
JeSITETLHOCTH.

— 3a BpeMs MPOXOKICHUSI MPAKTHKH BBITIOJIHEHO:

— paspaboTaHo JeKImoHHoe 3ansaTue mo Teme General theoretical
foundations (principles, methods and techniques) of the therapeutic
use of physical factors;

— paspaboTaHo JeKIMOHHOE 3aHsaTHe 1o Teme Constant and pulsed
magnetic field in physiotherapy;

— paszpaboTtaHo npakTHueckoe 3aHsTre o Teme Biological effects and
medical applications of infrared radiation;

— paszpaboTaHo npakTuyeckoe 3ansaTue no reme Ultraviolet Radiation in
Medicine;

— pa3paboTaHO TECTHI JIJIsi MPOBEPKH OCBOSHHOTO MaTepHalia u3
JICKITMOHHBIX 3aHATUU.

Bo BpeMs npoxokaeHus MPaKTHUKX Pa3BUTO PO(EeCCHOHATEHBIC YMEHUS
MeJarOrMIeCKON IeATeTbHOCTH, CPOPMUPOBAHO YMEHHUE TIIIAHUPOBATH U
OpPraHMU30BBIBATh Y4EOHO-METOANUECKYI0 paboTy IpernoaaBaTess U mpuoOpeTeHO

OTBIT paboOTaTh B KOMaH/IE.



SUMMARY

The volume of the report is 34 pages, the number of illustrations is 1, the

number of appendices is 5, the literary titles according to the list of used sources

are 31.

The purpose of pedagogical practice:

practical possibility of mastering the educational process in higher
education;

practical possibility of mastering the scientific and methodological
work of ensuring the educational process;

practical possibility of mastering the organization of students'
educational activities;

acquisition of practical teaching competencies.

During the pedagogical practice:

developed a lecture on General theoretical foundations (principles,
methods and techniques) of the therapeutic use of physical factors;
developed a lecture on the topic Constant and pulsed magnetic field in
physiotherapy;

developed a practical lesson on Biological effects and medical
applications of infrared radiation;

developed a practical lesson on Ultraviolet Radiation in Medicine;

developed the tests to check the mastered material from lectures.

During the pedagogical practice the professional skills of pedagogical

activity were developed, the ability to plan and organize the educational and

methodical work of the teacher was formed and the experience of working in a

team was gained.



1 OI'VIAA JITEPATYPHUX JKEPEJI

1.1 3 Jlekuii

3aI‘aJILHOTeopeTI/I‘lHi OCHOBH (leI/IH]_lI/Il'II/I, MeETOAH Ta HpHﬁOMI/I)

TepaneBTUYHOIr0 BUKOPUCTAHHS Qi3MUYHUX (PaKTOPIB

1106 3p0o3yMiTH MEXaH13M MPOXOHKEHHS €JIEKTPUYHOIO CTPYMY B TKaHMHI,
HEOOX1THO 3HATH ii CTpYyKTYypy. KIiTHHHI MeMOpaHu CKIIaaloThCd B OCHOBHOMY 3
JMIIB 1 € MieIeKTpUKaMu. MDKKJTITUHHA pIJIMHA 1 TUTOIIa3Ma - 1€ €JIEKTPOIIT,
SKUW TIPOBOJIUTH EINEKTPUYHUN CTpyM. TakuM 4YHHOM, TKaHMHA Ma€ sK
BJIACTUBOCTI [II€JIEKTPHUKA, TaK 1 BJIACTUBOCTI MPOBIAHUKA €JIEKTPUYHOIO CTPYMY.
OCKUJIBKM B OpraHi3Mi HEMAa€ TaKUX OPraHiB YM AUISHOK, SIK 1HAYKTOD, IMIIEIAHC
HOPMAJIbHO (DYHKITIOHYIOUOT TKAaHMHHM CKJIAJA€ThCS 3 aKTUBHOTO Ta €MHICHOTO
OIOPY: MPHU MATONOTIT JI€AEKTPUYHI BIACTUBOCTI MEMOPAHH MOTIPIIYIOTHCS, OTXKE,
€EMHICHI BJIACTMBOCTI TKaHMHM BTpadaroThcsi . Komm kimiTuHa ruHe, MeMmOpaHa
MOBHICTIO PYHHYETHCS, TOMY MEpPTBa TKaHWHA HE MAa€ €MHICHUX BIIACTUBOCTEH.
Omip MepTBOi TKaHUHH JOPIBHIOE ii akTHBHOMY omnopy [1].

Exeisanenmna cxema - 1e €NeKTpUYHA CXeMa, B AKIH peajbHI MpeaMETH
(6iosoriuHi) 3aMIHIOIOTHCS  IXHIMH  €JICKTPUYHUMU  aHajoramu. OCKUIbKU
MDKKJIITUHHA PiJTMHA 1 [IUTOIIa3Ma € TMPOBITHUKAMU €JICKTPUIHOTO CTPYMY, OTXKE,
BOHM MAalOTh BJIACTHBOCTI aKTHBHOTO OMOpY. IX enexrpuuni aHamoru: R1 Ta R2
MeMOpaHa € IielIeKTPUKOM, TOMY BOHA Ma€ eMHicHHil omip. Moro enexrpuunuii
aHajgor — C. SIKmo MM 3aMiHUMO peajbHI IUISHKA TKAaHUH Ha X EJIICKTPUYHI

aHAJIOTH, EKBIBAJICHTHA cXeMa OyJie Takoro [2]:
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a b
Puc.1 - Enextpuunuii ekBiBajeHT O10JI0TYHOI TKAHUHU: a - )KMBA TKAaHUHA;

0 - MepTBa TKaHUHA

Konu nelipoH He Hajcuiae curHai, BiH "mepedyBae B craHi crnokow". Ko
HEHWPOH 3HAXOJUTHCS B CTaH1 CIIOKOIO, BHYTPIIIIHS YaCTHHA HEHPOHA € HEraTUBHOIO
I0JI0  30BHIMIHBKOI. Xoua  KOHIEHTpAIlii pI3HUX 10OHIB  HAaMararThCs
30anaHcyBaTHCs 10 00uBa OOKM MeMOpaHu, BOHU HE MOXKYTbh, OCKUTbKH KIIITUHHA
MeMOpaHa JI03BOJISIE JIMINE JESKHUM 10HaM TPOXOIAUTH uepe3 KaHamu (10HHI
kaHaau). Y crani cnokoro ioHm kanmiro (K 7) MOXyTh JIerko NPOHHKATH yepes
MeMOpany. Takox y crani crokoto ionu xmopuais (Cl) ta ionu Hatpiro (Na ”)
Ba)kKue MPOXOAATh Kpi3b MeMOpaHy. HeratuBHO 3apsipkeHi O11KoBI Mostekyu (A’)
BCEpeNrHI HEHpoHa HE MOXYTh MepeTHyTH MmemOpany. Ha momarok mo mmx
CCJICKTUBHUX 10HHUX KaHAIIB ICHY€ HAcOC, SIKUA BUKOPUCTOBYE CHEPTII0 JUIS
nepeMilleHHs] TPhOX 10HIB HATPIIO0 3 HEHPOHA HA KOXKHI JIBa BBEJICHI 10HHU KaJilo.
Hapemiri, koau BCl 11l CHJIM BPIBHOBAKYIOTHCS, 1 PI3HUILISL Y HANpPy31 BCEPEInHI Ta
30BHI HEWpOHA BUMIPIOEThCS, Yy Bac € TOTeHIan crnokow. [loTenmian
MeMOpPaHHOTO CIOKOIO HEMPOHA CTaHOBUTH 0113bKo -70 MB (MB = MiiBONIBT) - LIE
o3HaYae, 1O BcepenuHi Heiipona Ha 70 MB Menmie, HDK 30BHI. Y CHOKOi €
BITHOCHO OUIbIIE 10HIB HATPIIO M03a HEMPOHOM 1 OLjbIlIE 10HIB Kallil0 BCEPEIUHI
1[bOro HelipoHa [3].

[ToTeHItian CMOKOW PO3MOBITAE MPO TE, IO BiMOYBAETHCS, KOJIH HEUPOH

nepedyBae B craHi crokor. [loreHmian aii BUHHMKAe, KOJM HEUPOH HaJCHIIAE



iHQopMallito BHM3 II0 aKCOHY, JaJEKO BIJA KIITUHHOrO Tina. HeBposoru
BUKOPHCTOBYIOTH 1HIII CJIOBA, Takl sK "craik" abo "iMmynbe" /Ui MOTEHIany Jii.
[Torenmian na1i - 1e BUOYX €JIEKTPUYHOI AaKTHUBHOCTI, SIKUM CTBOPIOETHCS
JEnoJIIpr3younM cTpyMoM. Lle o3Havae, mo sxack momis (MOApPa3HUK) 3MYIIYE
noTeHIian crnokoro pyxatucs 10 0 MB. Konu genonsipuzarist gocsirae OJIM3bK0 -55
MB, HeitpoH cripanboBye 3 noteHmianom fii. e mopir. fAkiio HelHpoH HE TocsATHE
FOTO KPUTHYHOTO TOPOTOBOTO PIBHSI, TOAl >KOJCH MOTEHINAN Jii HE CHpAIIOE.
KpiM TOro, Kojm JocsraeTbCcs MOPOTOBUN PIBEHb, MOTEHIAN Ail (HIKCOBAHOTO
PO3MIpy 3aBXK/IU CIPAILOBYE JJisi OyIb-SIKOTO JJAHOTO HEWPOHA PO3MIp MOTEHITIATY
J1i 3aBXJIW OAHAKOBUI. B oxHINi HEpBOBIM KIITUHI HEMA€ BEIUKUX UM MaJUX
MOTEHIIIAIIB i1 - yC1 MOTEHIIaIN Jii 0OJJHAKOBOTO po3mipy. OTxke, HelpoH abo He
J0csiTa€e mopory, abo crnpaiboBy€e MOBHUM noTeHIian Aii - e npuHiun "BCE ABO
HIYOI'O" [4].

[ToTenmianu il BUHUKAIOTh, KOJM PI3HI 10HM TEPETHUHAIOTH HEUPOHHY
MeMmOpany. Criouyatky CTUMYJ BiJIKpUBa€ HatpieBl kKaHaiau. OCKIJIBKH 330BHI €
Habararo OiibIlle 10HIB HATPIIO, @ BHYTPIIIHS YacTHHA HEWPOHA € HEraTHUBHOIO
1010 30BHIIIHBO1, 10HM HATPiI0 BPUBAIOTHCS B HelpoH. [lam’sraiite, HaTpiit Mae
MO3UTUBHUM 3apsil, TOMY HEMpPOH CTa€ OUIbII MO3UTUBHUM 1 AEHOJISAPUIYETHCS.
Bigkputts xamieBux KaHaliB 3aiiMae Ouiblne yacy. Konw BOHU BiJIKpUBAIOTHCA,
KaJIld BUTIKA€E 3 KIITUHU, 3BOPOTHO JEMOJIAPU3YIOUU. TaKoK MPUOJIM3HO B LIEH Yac
HATpiEBl KaHAIM TIOYMHAIOTH 3akpuBatucs. lle 3mymye mnoreHmian mdil
noBepHyTHCA 70 -70 MB (penonsipuzartist). [loTenitian nii HacmpaB/i MEPEBUIIYE -
70 MB (rineprionsipuzailisi), OCKIIbKM Kaji€Bl KaHAIW 3aJUIIAIOTHCS BIIKPUTUMU
3aHaTo JOBTO. [I0CTYMOBO KOHIIEHTpAIlisl 10HIB MMOBEPTAETHCS 10 PIBHS CIIOKOIO, 1
KJIITHHA moBepTaeThes A0 -70 mB [5].

JlokanbHi peakiii TMPOSBIAIOTHCS HAa OOMEXKEHIM JUISHIN Tijga 1
BiOyBalOTbCSI B TKAHWHAX, IO TMOTJIMHYJIM eHepriio (QizuuHoro Qaxropa.
MexaHi3M yTBOpPEHHS JIOKAJIBHUX pEAaKIIi 3aj1ekuTh Big ¢GOpMHU eHeprii:
MEXaHIYHO1, eJIEKTPUIHOI, MAarHITHOI, CBITJIOBOI, TEIUIOBOI. Peakiis opra”izmy Ha

MeXaH14H1 ()aKTOpH 3aJIEKUTh BiJl iX MapamMeTpiB.
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JlokanbHi peakilii BUpaKaroThCA B 3MIHaX OOMiHY PEYOBHH, PET1OHAIBHOMY
KpOBOOOIry Ta MIKPOIMPKYJIAIIi, MICHEBUX IMYyHOOIONOTIYHUX TpoOIlecax,
YTBOpPEHHI O0I0JOTIYHO AaKTHMBHUX PEYOBUMH. MiclieBl 3MiHH, CHpPUYUHEHI
¢i3uuHuMHu  dakTopaMu, BHU3HAYAIOTh IX MPOTHU3AMNAIBHY, MPOTUHAOPSKOBY,
pe30pOIIiiHy, TPOhIKOCTUMYITIOI0YY, 3HEOO0IIOITY Ta OaKTepHIHIHY ito [6].

B pesynbTari comMmaTHYHUX, BiCIIEpaIbHUX Ta BEreTaTUBHHUX PeQIICKCIB, K1
bopMyIOThCSI B pe3yibTaTi TepameBTUYHUX (i3MIHUX (HAKTOPIB, BUHUKAIOTH
pedaekTopHO-cerMeHTapH1 peakiiii. 3arajibHa peakilisi opraHizMy (QopMyeThCs B
pe3yibTaTi MOMMPEHHS BUCXIAHUX IMIYJIBLCHUX CTPYMIB BiJl CIIMHHOTO MO3KY JI0
BUIIIEPO3TAIIOBAHMX YacTHH MO3Ky. lle CympoBoOmKyeThCS AUHAMIYHUMU
rOMEOCTAaTUYHUMHU 3PYIICHHSIMH B JISUIBHOCTI PI3HUX BHYTPIIIHIX OpraHis,
MeTa0OIIYHUMU Ta TPOoDIUYHUMHU 3MiHAMHU, 3MIHAMH IMYHHOTO CTarycy Ta
PEaKTUBHOCTI OpraHi3My, PO3BUTKOM aJanTalliiHUX peakilii, MiABUILIECHHIM PIBHS
MoO1TI3aIi (DYHKIIIOHATBHUX PE3EpBIB OpraHi3My, Ta BIAHOBJICHHS aJanTalliliiHUX
CHUCTEM, TIOpYyIIeHHUX XBOpoOoro [7]. Bci opramm Ta CcHCTEMH OpraHizmy
BKJIFOYAIOTHCS B aJlalTalllifHy pPeakxililo, sIK MPaBUJIO, MICIs €KCTEHCHUBHUX abo
IHTEHCUBHHMX (PI310TEpPaNeBTUYHUX TMPOIEAYpP, a TaKOoX TICIsS BIUIUBY Ha

creniaibHl 30HU (aKyMYHKTYPHI TOYKH, KOMIp Ta 1HII1 30HH).

IocTriiiHe Ta iMIyJIbCHE MAarHiTHe moJje y (iziorepamii

Maenimomepanis - METOJl, TIPU SIKOMY Ha XBOPOT'O BIUTUBAIOTH MOCTIHHUM
ab0 3MIHHMM HHU3bKOYaCTOTHUM MAarHiTHUM mnojieM. Haifuacrinie 3acTOCOBYIOTH
3MIHHI 1 MyJBCYI0Yl MardiTHI nojs 3 yactotoro 50 I'ii mpu iHAYKTUBHOCTI 01715
notociB 35 MT (MutiTecs).

MexaHizM (}i310JI0T14HOT 1 TepaneBTUYHOI /i1 MAarHiTHOTO MOJI CKIAIHUH 1
JOTETep OCTaTOYHO He 3’sicoBaHWiA. [1i7 BIUTMBOM MarHiTHOTO TOJIS BiIOYBA€ThHCS
3MiHa 00'eMHOro 3apsay OilomMeMOpaH KIIITHH, IO TPUBOJAUTH JIO 3MIHHU
OPOHUKHOCTI, TPHUCKOPEHHS EJIEKTPOHHMX TMEePEeXO[iB, XIMIYHUX peakiii.

Haii6inpm cienndiyHuM € pe3yapTaT B3a€MO/IIi MAarHiTHOTO MO 3 TOKOM KpOBI,
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10 BeJe JI0 MTOMIPHUX 3MIH Y CUCTEMI reMOoKoarysiii. BBaxaeThcs, 110 MexaHi3M
11 MardiTHOTO II0JISI BU3HAYAETHCA KBAHTOBOO10JIOTIYHOO JI€IO.

MaruiTHe 10je, 3MIHIOIYM MAaKpOMOJIEKYJIH OlIKy, Beae A0 3MiHU
BJIACTMBOCTEH KIITUHU, AaKTHBI3YETbCS OKHUCIIOBAaHHS JIMIiAIB, MOJIIMIIY€ETHCS
OPOHUKHICTh KIITUHHUX MeMOpaH, WIABUINYETbCS AaKTHBHICTh (PEPMEHTIB.
Bin3zHaueHO BUCOKY UYTJIMBICTh LIEHTPAIbHOI HEPBOBOI CUCTEMH 0 i MarHiTHOTO
nosisi. [IposiBisieTbess COPUSTIMBHIA BIUIMB 3MIHHOTO MArHITHOTO TIONS Ha
MO3KOBHI KpOBOOOIr 1 mepedir BiJHOBIIOBAIBLHUX MPOIECIB MPU MOYATKOBUX
nposiBax 1epeOpo-BacKyJIApHOI HEIOCTATHOCTI, MPU MHUHYIIUX MOPYLICHHSIX
MO3KOBOT'O KPOBOOOITY 1 MOCTIHCYJIbTHUX CTaHaX 1MIEMIYHOI MpUpoau. MarHiTHe
M0JIE aKTUBYE TiMoTallaMyc, Tinodi3, a MOTIM aKTUBI3YIOThCS BCl €HJIOKPUHHI
OpraHu, HiABUINYEThCS (paronuTapHa aKTHBHICTH JICHKOIHTIB [8,9].

MarhiTHe 1OJ€ TMOKpallye BHYTPIIIHBOCEPLEBY AWHAMIKY, M1 HOro
BIUTMBOM 3HIDKYETHCS PIBEHb XOJIECTEPUHY B KpOBI, 3HIKYeThcs AT,
3MEHIIYETBCS YacTOTa 1 TSKKICTb MPUCTYMIB CTEHOKAp[li, MiJABUIIYETHCA
TOJICPAHTHICTh 110 (PI3MYHOTO HABAHTAXKEHHA. MarHiTHE ToJie i€ Ha CYJUHHY
CUCTEMY: HOJIIIIYETbCSI KPOBOTOK, HOPMAJI3ye€TbCSd TOHYC CYJUH, 3HUKYETHCS
B’SI3KICTh KPOBI, PO3KPHUBAIOTHCS KoJjlaTepasl. Mar"iTHe mosjie Mo3UTUBHO BILTMBAE
Ha CEKPETOPHY 1 MOTOPHO-EBaKyaTOpHY (YHKIIII IITyHKA, MOJINIIYETHCS OOMIH Y
neviHi, (QYHKIS MANUTYHKOBOI 3aio3u. [lij BMJIMBOM MAarHiTHOrO TOJS TPHU
JIETKOMY 1 CepeHbOMY TIepebiry OpoHXiaabHOT aCTMH BiJI3HAYAETHCS TTOPIAIMIAHHS
OPUCTYMIB SAYXH, MOJIMIIEHHS (QYHKIIT 30BHIIMIHBOTO JTUXAHHA 1 3arajibHOTO
CTaHy XBOporo. MarHiTHe moJjie BIUIMBaE Ha MiKpodopy (CHMHbOTHIMHA MaJIMyKa,
npoTel Ta 1H.), BOHO MPUTHIYYE PO3BUTOK IMHX 30YTHUKIB, MIIBUINYE IXHIO
YyTIUBICTh A0 Jii aHTUOl0THKIB. OCTaHHIMH pOKaMH B JIIKYBaHHI XBOPHX
BUKOPHCTOBYETbCS OMarHiueHa Boja. BBakaeThCsi, 10 OMarHiueHa BOJa,
NpUIHATAa YCEpEeAHWHYy, OYHMINY€ CYIUHH Bl UYYXOPIAHUX CIIONYK, CIpHUSE
HOpMaJTi3alii Xo0JIECTEpUHOBOrO OOMIHY Tipu aTrepockieposi. [Ipu mosockaHH1
OMAarHi4eHOI0 BOJIOI0 MOPOKHUHU POTAa YCYBAETHCS MApaJOHTO3, MPUMUHIETHCS

KPOBOTOUYMBICTh siCeH. [Ipy 30BHINIHBOMY 3aCTOCYyBaHHI OMAarHi4eHOi BOAM Y
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BUTJISA/II BaHH 3HWXKYEThCS MiaBuilieHuH AT, 3HIMAe€ThCS TOJOBHMM Oib, 00J1 B
TUJISTHIT CEPIIsl, BIAHOBIIIOETHCS COH, 3HUKAE TT1ABUIIICHA CTOMITIOBAHICTb.

Jlo HOBHUX METO/IIB Marsitorepanii BITHOCSTB: 3arajibHy
TEPMOMArHITOTEpaIlif0, (POTOMArHITOTEpAITiio Ta TiapoMarHiToreparnito [8-11].

3aeanvna mepmomazHimomepanis - TIOEAHAHUN BITUB Ha BECh OpPraHi3m abo
OUIbIly WOTr0 YaCTUHY MAarHiTHUM TIOJIEM 1 TerjioM. BUKOpHUCTOBYEThCS arapat
ATMTOIM. Anapar 103BoJisie peryaoBaTd GopMy IMITyJIbCIB MAarHiTHOTO MOJI,
MarHiTHy HAyKIio (5-25 mTi), temnepatypy (20-45 1p.), gacroty (10-500 I'm), a
TaKOK BapiaHTH BIUTUBY Ha Pi3HI AUISHKY TLJIA Malli€HTa

Domomacnimomepanisi (Mar”itTosnazepHa Ttepamis). lle merox BmHMBY
(pO3AUIBHOTO, MOCHIIJOBHOIO ab0 MOEAHAHOIO) HU3bKOYACTOTHUM IMIYJIBCHUM
MarHiTHUM MojieM (IMIyJbCHAa MAar”iToTrepamnisi) 1 ONTUYHHM MOJSIPU30BAHUM
BUIPOMIHIOBaHHSIM PI3HOTO [lama3oHy - BiJ CHHBOIO J0 1H(payepBOHOIO.
3actocoByetrhesi amapar DotoCIIOK, skuii 3a0e3nedye BIUIUB  IMITYJIBCHUM
MarHiTHUM MOJIEM creliaabHoi popMu 3 1HaYKIIEw Big 15 10 25 MTi 1 onTuyHUM
BUTIPOMIHIOBaHHSIM PI13HOI JOBKUHU XBWIb (B1a 460 10 960 HM) mOTYXHICTIO Bix 1
10 5 MBT.

l'iopomaenimomepanisa - 11e¢ METOJ MOE€JHAHOTO BIUIMBY BOJOJIIKYBaHHSIM
(OGanmpHeosikyBaHHs) 1 Marnitotepanii BuxopucroByerbest amapat AxaCIIOK.
["ippomaruiTorepanito 103yl0Th MO TPUBAJIOCTI, TEMIEPATYP1 BOIU 1 KOHUEHTpAIl1
KOMIIOHEHTIB y BaHHI, SIK IPU 3BUYaiHOMY BOJOJIKYBaHHI, a TAKOX 32 BEJIMUYHNHOIO
MarHiTHOT 1HAYKIII1 1 4aCTOT1 IMITYJIbCIB MarHiTHOTO TOJIsA. TpUBAIICTh TPOLIETYP Y
nopocnux 10-20 xBwiuH, y giTei 8-12 xs.

[HyKTOTEpMIst - METOJT JIKYBAJIBHOIO 3aCTOCYBAHHSI MAarHiTHOTO TOJIS, IO
BUHHUKA€E HABKOJIO BUTKIB IHAYKTOpa IPH MNPOXOJKEHHI MO HHOMY 3MIHHOTO
cTpyMy BucoKkoi yactotu (13,56 Mru). IaaykroTepmiss B Mepekiial O3HA4yae
HaBEJCHHS TeIIa.

[1ix BIUIMBOM 1HIYKTOTEPMii B TKAHMHAX BUHUKAIOTh BUXPOBI CTPYMH, CUJIa
AKX OOEpPHEHOIPOIOopLiiHA EJIeKTPUYHOMY OIOpYy TKaHUH. ToMy BHXpPOBI

CTPyMH 1 0OYMOBJIEHE HUMHU TEIUIO HAHOUIBII IHTEHCUBHO YTBOPIOIOTHCS B PIIKUX
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cepenoBumax (Kpos, jiMda) 1 B TKaHMHAX 3 HAHOUIBIIMM BMICTOM BOJU (M's3H,
napeHxiMaTo3Hi opranu). [ mmOnHa TETIOBOTO BILIUBY MPH 1HIYKTOTEPMIi 6-8 cM.
[Ipy npoMy IMIKipa 1 MAMIKIpHA KIITKOBUHA HArpiBalOThCA MEHIIE, HIXK
rIIMOOKOJIekKaul M'I30B1 TKAHWHU. Y TBOPEHHS TEIUIA 3aJICKUTh BiJl CHIIM CTPyMY 1
yacy BIUIMBY. TeruioBa peakilisi HOCHTh NHomupeHuil xapakrtep. [lix BrommBoM
THAYKTOTEPMIi MOCUITIOETHCS KPOBOOOIT, MPOSIBISETHCS CYAMHHOPO3UIMPIOBAIIBHA,
npoTU3anaibHa i, TOJIMIIYEThCS Tpodika, TMOCUIIOEThCS (aronuTapHa
aKTUBHICTh JIEHKOIIUTIB, PO3CMOKTyroua misi, 3HMWKyeTbca AT. 3 6oky [HHC
BUHUKAE CEAATUBHUN e(EeKT, 3HIMAEThCS MiABUIIECHA 30YyIXKYBaHICTb, 3'SIBISETHCA
COHJIUBICTb, CIOBUIBHIOETBCS ~ MPOBEACHHS  OOJBOBUX  IMITYJIbCIB, TOOTO
NOpOsIBISEThCS OoseTamyBanbHa nis. [lpu Ali HA HAJAHUPHUKU CTUMYJIOETHCS
TJIIOKOKOPTUKOiTHA  (DYHKIIS,  MIABUILYEThCS  CEKpElis  KaTEeXOJIAMIHIB,
IPOSBIIAETHCS TeceHcuOTizyroua mist [10-14].

Mikpoxsunvosa mepania (nadsucokouacmomna - HBY) - wmeton
BUKOPUCTAHHA MJIs JIIKYBaHHS MIKPOXBMJIb PI3SHOMAHITHOTO Jdiana3oHy YacToT.
BuxopucroByethest uactora 2375 Ml (nosxxuna xBumi 12,6 cM) - CAHTUMETPOBI
xBuii (CMX) 1 gacrota 460 Mri (10BkrHA XBWII 65 CM) - EIUMETPOBI XBHIII
(AMX).

[Tin BrmuBoM mostst HBY migBuiyeTses Temneparypa TKaHUH, TTOCHITIOEThCS
KpOBOOOIT, PO3LINPIOETHCS POCBIT KaInuJispis, 30LTBITYIOTHCS
OKHUCITIOBAJIbHOBITHOBJTIOBANIbHI  TIPOIIECH, 3OLIBIITYETHCS CIOXUBAHHS KHCHIO,
3MEHIIYIOThCSI 00J11. MIKpOXBHIII CTUMYIIIOIOTH PEreHEPATHBHI MPOIIECH, MAlOTh
NpoTHU3aNalbHy PO3CMOKTYIOUY [110 (HaBITh NpPU THIMHUX 3aXBOPIOBAHHSX),
3HIKYIOTh MIJBUIIEHUH TOHYC TJIAJKOT MYCKyJaTypu OpOHXiB, IMONEPEYHO-
CMYracTUX M'si3iB KIHIIBOK, MOXYTb 3HIKyBath AT, MOpiAUIyBaTh 4YacToTy
CEepLIEBUX CKOPOUYCHb.

MikpoxBuii CaHTUMETPOBOTO Jialna3oHy BHUKIUKAIOTh Yy TKaHUHAX
KOJIMBAJIbHI PYXH €JICKTPUYHO 3aPSAKEHUX YacTOK (10HIB 1 MIMOJBbHUX MOJEKYJ
BOJIM), IO € OCHOBHOIO IIPUYUHOIO MEPETBOPEHHS €Heprii XBuil B TEIuoBy. [Ipu

IbOMY HaNOUIbIIIE TOTJIMHAHHS XBWIb BIJIOYBAaETHCS B TKAHWHAX 3 BEIMKUAM
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BMICTOM BOJU (KpoB, JiMba, M'sI31), 110 HArPIBAIOTHCS CHIIBHIIIE IHIIUX TKAHUH.
Bunnkae Takox 1 ocruisTopHa Ais. MIKpOXBHJII CAaHTUMETPOBOTO [iala3oHy
MaroTh BUCOKUHU KoedimieHT BiaOutta (Bixm 20 no 75%), ToMy 103y HOTIMHYTOT
eHeprii BU3HAYUTH BaXKKO, MPOHHUKAIOTh BOHM HAa IMHOMHY 3-6 CM, BHACIHIJIOK
MOSIBA CTOSYMX XBUJIb BOHU MOXKYTh MPHU3BECTH 10 TEPETPIBY ¥ OIMIKYy TKaHWH.
Enepris HBY B opranizmi nepeTBOPIOETHCS HE TUIBKU B TEIUIOBY, ajie M Y XIMIYHY.
[TornuHaHHA TKaHWHAMU €HEPrii MIKPOXBHIIb 3MIHIOE O10XIMIYHUM CTaH KJIITHH,
CTYIIHb JUCTIEPCHOCTI KOJOIHUX CTPYKTYP, IPOHUKHICTH MeMOpaH, BiJI0OYyBa€ThCS
pPE30HaHCHE TMOTJIMHAHHS MIKPOXBWJIb OIJIKOBUMU MOJIEKYJIaMH, aMIHOKUCIOTAMHU.
Heunmetponi xBuai (JAMX), Ha Biaminy Big CMX, MaloTh MEHIIUNA KOE(illi€HT
B1IOUTTS (Bix 35 10 65%) 1 Oinbiie mornuHaHHA. [ TMOMHA TIXHEOTO MPOHUKHEHHS -
9- 13cm. Ilpu TakoMy TaMOOKOMY MPOHHKHEHHI MPAKTUYHO HE YTBOPIOIOTHCS
CTOSYl XBWJIl 1 HE BHUHHKAIOTH OMiKA. JIMX mnorimmHaroThCs TKaHWHAMU, IO
MICTATh BEIUKY KUIBKICTh BOJH, JI€ 3HAYHO 3POCTA€ TEIUIOYTBOPEHHS, TOMY IMpHU
HaOpsikax BUKOPUCTOBYBaTHM iXx He MoxkHa. JIMX BUKIMKAaIOTh MOCHUJICHHS
KpOBOOOITY B 30HI BIUIUBY, MPHU il HA TPYAHY KIITKY HTPHUBOMASTH 0 3HIKCHHS
THUCKY B MQJIOMY KOJII KPOBOOOITY, TPUCKOPEHHSI KPOBOTOKY B HHOMY, TOJIIIIIICHHS
(GyHKLIi 30BHIIIHBOTO JIMXaHHS, 3MEHIIEHHA OpoHxocnazMmy. JIMX-tepanis
MPUBOJUTH JO TMiABUIICHHS (PEPMEHTATHBHOI AaKTUBHOCTI KIITHH, IOJIMIICHHS
MIKpOUUPKYJISIII, TPUCKOPEHHS TpolieciB 00MiHy peuoBuH. [is JIMX Ha o0nacth
HAJHUPHHKIB aKTUBHO BIUIMBAE HA 1X TIIOKOKOPTUKOINHY (DYHKIIIIO, TOCUITIOIOYN
ab0 HOpPMaJI3ylOYM YTBOPEHHS TJIOKOKOPTHUKOIJIB, TNPUTHIUYE ayTOIMYyHHI
NpOLIECH, CHPaBJISAIOYM TUM caMuM IMyHojenpecuBHy aito. JMX waroTh
OoneraMyBallbHY, MpPOTU3aNajibHy, OaKTEPIOCTAaTUUHY, CYIWHHOPO3UIMPIOIOUY,
rINOTEH3UBHY, JECEHCHOUTI3YI0UY, PO3CMOKTYIOUY 110, MOKPALLYIOTh TPOQiKy

TKaHUH, CTUMYJIIOIOTh pereHepaTiBHi mporecu [9-16].
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1.2 3 IlpakTuka

Biosioriuni edpexkTH TA MEeAMYHE 32CTOCYBAHHS IHPpPadePBOHOTO

BI/IHpOMiHIOBaHHSI

Ingpauepsoni npomeni - 1€ 00J1aCTh €IEKTPOMATHITHOTO BUIIPOMIHIOBAHHSI,
PO3TAIIOBAHOIO BiJl YEPBOHOTO KiHIIS BUAMMOIO CIIEKTpa TOBKHUHOIO 760 HM yOiK
Outbm goBrux XBwib - 10 400 Mkm. KBantu iH(ppauepBOHUX NMPOMEHIB MaIOTh
MOPIBHSHO HEBEJIUKY €HEepriio. BoHU MPUCKOPIOIOTH PYX €JIEKTPOHIB MO OpOiTax 1
BUKJIMKAIOTh TUIBKM TEIJIOBUM €(eKT: 1H(payepBOHI NPOMEHI Ha3UBAIOTh
TeIJIOBUMU. BOHM TpoHMKalOTh y TKaHWHM Ha 2-3 cMm. Amapartypa. Jlamma
Contokc, namna MiHiHa, Jlamna 1H(QpavyepBOHUX MPOMEHIB Ha IITAaTHBI, MiCleBa
CBITJIOTEIUIOBA BaHHA /I TyiayOa Ha 12 jmaMm 1 A KiHIIBOK Ha & yamm. 61
Metonuka mnpoBeneHHs mpouenayp. Po3pi3HSAIOTH [1BI METOAUKU IPOBEICHHS
nporeAyp: MICUEeBUH 1 3arajJibHUil  BIUMB. [[Is  MiCUEBUX  ONpPOMiHEHb
3aCTOCOBYIOTH JIAMIH COJIOKC, MiHiHa, JamMIy iH(PpPauepBOHUX BHUIPOMIHIOBAHb.
BiacTanp AiasHKM, sIKa OIPOMIHIOETHCS, BiJI BUNPOMIiHIOBaYa ckiagae Bimg 15-20
cM (ansa namnu Midida) 1o 70-80 cM - [uisl IHIIKMX JIaMIl 1 3a71€XKUTh BIJ BITYYTTIB
namiedaTa. [1ookeHHs XBOpOro MoB's3aHe 3 JIISHKOK ONPOMIHCHHS: BiH MOXKe
Jexatd, cuaiTv 1 T.1. OnpomineHHs npoBoAsaTh Bif 20 g0 30 xB. moaHs ado yepes
nenb. Ha xypc nikyBanns 20 nporeayp i Ouibiie. 3araabHUI BIUTUB IPOBOISTH 32
JIOTIOMOTOI0  CBITJIOTEIJIOBOI BaHHHW. XBOPOTO BKJIAJAIOTH IiJ] KapKac BaHHH, a
3BEpPXY 3aKpUBaIOTh OaillKOBOIO KOBAPOI, 1100 HABKOJMIIHE TIOBITPSI HE
MIPOHUKAJIO MM Kapkac. TpuBaiicts npouenypu - 20-30xB., TpOBOAATH MOAHS a00
yepe3 JeHb, Kypce JiKyBaHHs - 15 mpouemyp. Mexanizm nii. TerioBuil BILIUB
1H(paYepBOHUX BUIIPOMIHIOBaHb NPHUBOJAUTH [0 PO3IIMPEHHS CYAMH MIKIPH 1
MOCUJICHHSI KPOBOTOKY B HHUX. 3'SBIISE€THCSA aKTHBHA TiepeMis LIKIpH, epuTeMa 3
HEYITKUMH KOHTYpaMH, 10 MOCTYIIOBO 3HHMKAE MICIs MPUITMHEHHS ONPOMIHEHHS.
[Tin BoouBoM  iHGpPauepBOHUX MPOMEHIB  MOCHIIIOETHCS  MOTOBUALICHHS,

HiABUILYETbCSI TKAHUHHUKA OOMIH, TPUCKOPIOIOTHCA (DEPMEHTATHBHI peakiiii,



16

MPOIIECH pereHepartii 1 penapaiiii, 3HXKYETbCsSI M's30BUN TOHYC. Bce 1e cripusie
3MEHIIEHHIO OOJBOBOTO CHHAPOMY 1 BeAe A0 PO3CMOKTYBAaHHS 3alalibHOTO
mpoliecy. 3arajbHa peakilisi OpraHi3My IMOJsra€e B MPUCKOPEHHI JAUXaHHA 1
cepueBux ckopoueHb, 3MmiHax 3 0Ooky I[[HC. Iloka3anusa. HerwniitHi 3ananpHi
nporecu 0e3 BUPAKEHUX EKCYNaTUBHUX MPOSBIB, TPaBMH KiCTKOBO-CYTJIOOHOT
CUCTEMHU 1 M'S30BOT0 amapara, paHd 1 BUPa3KH, 110 MOTAHO TOSIThCS, KOHTPAKTYPH,
CHaiiKu, JIKyBaHHS OMNIKIB 1 BIIMOPOXXEHb BIAKPUTUM METOJAOM Ta 1H.
[Iportunokazanusa. HenocratHicte kpoBoobiry II-III crt., roctpi rHiiiHi 3amanbHi

34aXBOPIOBAHHA, HOBOYTBOPCHH, TY6CpKYJIBOS, CHCTEMHI 3aXBOPIOBAHHA KpOBi

[17-26].

YasTpadiosieroBe BUNPOMIHIOBAHHSA B MeAMLMHI

Vaempagionemosi npomeni (YDII) BIZHOCATBCA 10 EICKTPOMATrHITHOTO
BUIIPOMIHIOBaHHS, PO3TAILIOBAHOTO 32 (P10JIETOBUM BiAPI3KOM BHJIUMOTIO CIIEKTPA Y
01k KopoTmHX XBWib. JloBxkuHa ynbrpadioneToBux xBuib Bijg 400 mo 2 HM, ane
KBaHTH 1X MaroTh HanOUIbIny eHepriio. YDII y mopiBHSHHI 3 IHIIUMH IUJITHKAMHU
CBITJIOBOTO CTICKTPa MalOTh HAMEHIITy TJTMOMHY TPOHUKHEHHS B TKAHUHH - YChOTO
10 1 MM, arne 3a CBO€IO XIMIYHOIO aKTUBHICTIO TIEpeBepIIyIoTh iX. [Ipu mormuHanH1
TioM natiedTa Y @II npuckoproeTbess pyx €JEeKTPOHIB MO opOiTax, M0 BUKIUKAE
YTBOPEHHSI TEIJIa, BOHU MPHUBOASITH aTOMHU B 30yPKCHUI CTaH, MiJBUILYIOTH 64
XIMIYHY aKTHUBHICTb, MOCHUJIIOIOTH OKHCIIOBaJIbHO-B1IOYJOBHI MIPOLECH, aIOTh
MOYaTOK HOBUM (POTOXIMIYHMM peakiisM. Y @iziorepanii BUKOPUCTOBYIOTh He
BECh Jl1alma30H KOJIMBaHb, MO BiamoBigae Y®II, a Tiibku 9acTUHYy HOTO B MeEXax
Binx 400 mo 180 ©wm. B 3amexnocti Big OiojoriyHoi [aii BeCh CHEKTP
ybTpadi0IeTOBUX MPOMEHIB YMOBHO PO3AUISIIOTH Ha 3 IIISHKHU: BIIPI3OK A -
OXOIUTIOE JTOBroxXBwJIbOBI kosmBaHHS Bim 400 o 320 HM; Bigpizok B -
cepenHboXxBUIHOBI Y®DII 13 gomxkuHoro xBwm Bijg 320 mo 280 HM; Biapizok C -

KOPOTKOXBHJIbOBI TIpOMeEHi 3 JOBKUHOKO XBrJIi Big 280 1o 180 M [27].
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Memoouka nposedenus npoyedyp. llpu mpoBeneHHI yiabTpadioIeTOBUX
ONPOMIHEHb HEOOXIMHUN 1HAMBIAYATbHUM MIAXiJT A0 XBOPOTO, CIiJi BU3HAYUTH
YyTJIUBICTh #MOTO 10 aii mpoMeHiB. [l 1BOTrO MPOBOJATH JO3UMETPIIO
(Bu3HaueHHsa OiosoriuHoi n03u). OmHa 6iomo3a - 1e Yac yiabTpadioieTOBOTO
BUIIPOMIHIOBaHHSI, 10 BUKJIMKAE MIHIMaJIbHY BUAUMY IOSIBY €pPUTEMH IIPU TEBHIN
BIJICTaHI  BiJ JoKepena  BUIpoMiHIOBaHHA. Jlis  Bu3HaueHHs 01071034
BUKOPHUCTOBYIOTh Ologozumerp bJI-2, 3ampomonoBanuii 1.d.I'opbayoBum. Bin
CKJIQ/Ia€ThCSl 3 METAJEBOI IJIATIBKU, y SKIA € 6 MpAMOKYTHHUX OTBOpPiB. OTBOpH
3aKpUBAIOTHCSI PYXJIMBOIO 3aCIiHKO. Taky IJIaTiBKy BIIMBAIOTh y KIEHOHKY 1
(GIKCYIOTh Ha TUIl TauieHTa (KUBIT, BHYTPIIIHSA MOBEPXHS MEpPeIunyys).
OnpoMiHIOBaY BCTAHOBIIIOIOTH MEPHIEHAUKYIISIPHO A0 MOBEPXHI ONMPOMIHEHHS Ha
010103UMETPOM, 3BUYANHO Ha BiacTaHl 50 cM, 1 MPUCTYNAOTH 10 ONPOMIHEHHS.
BinkpuBaroTh nepuivii OTBip J03UMETPa il ONPOMIHIOIOTH | XBUJIMHY, MICIS YOTO
BIJIKpUBAIOTH 2-Mil OTBIP 1 3HOBY OMpPOMIHIOIOTH | XB. [I{OXBWJIMHM BIIKPUBAIOThH
HOBUHM OTBIp. Tak oAEep>KyIOTh IIICTh HEBEIWYKUX IIJISHOK IIKIPH, OIPOMIHEHUX
npotaroM 1-6 xB. Pe3ynbraT Bu3HayaeTbcs yepe3 20-24 roauHu. BuzHadyeHHSA
pe3yabTaTy ONPOMIHCHHS 3BOJMTHCSA JIO BCTAHOBJICHHS 3aJIGKHOCTI MIXK
TPUBAJICTIO ONPOMIHEHHS 1 MIHIMAQJIBHOIK I1HTEHCUBHICTIO €pUTeMH. SIKiio,
HAMPUKJIAd, € 5 epUTEeMHUX CMYKOK 3pOCTaro4oi SICKpaBOCTI, TO 0iomo3a st
JIAHOTO TMAIll€HTa CKJIaJa€ 2 XB. MPU JTAHOMY JDKEpei OMpoOMiHEHHS 1 BiacTaHl 50
CcM. SIKIIO Mali€HT BiJ3HAYa€ MIABUIICHY YYTJIUBICTH [0 YJIbTPadioJeTOBUX
MIPOMEHIB, TO OMPOMIHEHHSI KOXKHOTO HACTYIMTHOTO OTBOPY MPOBOAATH MmO 30 cek.
Skmo 3'sBunocs 4 epUTEMHUX CMYXKKH, TO 0ioj103a BiamoBigae 1,5 XBUIMHAM.
Po3pi3HSI0TE 3arajibHe 1 MICIIEBE ONPOMIHEHHS YIbTPadioleTOBUMU MPOMEHSIMHU.
3aranpHe OmNpoMmiHeHHsT OyBae TpymoBUM 1 IHAUBIAyaJIbHUM. ['pymnoBi
3aCTOCOBYIOThCA i1 NPOGUIAKTUKY, IHAMBIAyalIbHE - Mg JiikyBaHHsA. Oui
Nali€eHTa 3aXUIaloTh CHeIlalbHUMU OKymsgpamu. Ilpu iHOUBigyampHOMY
OMPOMIHEHHI MOCIIJOBHO BIJIMBAIOTh Ha MEPEHIO 1 3aJHI0 MOBEPXHI OrOJIEHOTO
TiJIa TOCTYIOBO 3pOCTaloYrMu A03aMu. [Ipu3HavaroTs Kypc onpominenHs 3 1/4-1/2

IHIUBITyalbHO BU3HAYeHOi Oiomo3u. Yepe3 koxkHi 2-3 mpoueaypu A03y
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30UIBIIYIOTH BJIBIYi 1 JIOBOJSATH 0 KIHIISI KypCy JIIKyBaHHs 110 2-3 610/103. ICHYIOTH
pPI3HOMAHITHI CXEMH 3arajbHOro0 OMPOMIHEHHS: OCHOBHA, VIOBUIbHEHA 1
NPUCKOPEHA. YTOBUIBHEHY CXEMY 3aCTOCOBYIOTH OCJIa0JIE€HUM XBOPUM 31
3HIDKCHHM Xap4dyBaHHSAM 1 ocjabiieHol0 peakTuBHICTIO. OCHOBHY CXeMy
ONPOMIHEHHSA TPU3HAYAIOTh XBOPUM 3 TapHOI0 PEaKTUBHICTIO OpraHi3Mmy.
[IpuckopeHy cxeMy 3acCTOCOBYIOTh IMPAKTUYHO 3JIOPOBUM JIOASM a00 MOJIOJUM
0c00aM 3 rapHOIO PEaKTUBHICTIO MIPU MepesioMax KiCTOK. Y meaiaTpii ompoMiHEHHS
nouynHatoTh 13 1/10-1/4 6iomo3m, moctynmoBo 30uablIyroud ii g0 1,5 61om03u,
3aJIMIIAIOYUCH HA IIbOMY PIBHI JI0 KIHIISI KypcCy JIIKYBaHHS. 3arajbHe OMPOMIHEHHS
OpOBOAATH Yepe3 JeHb. [IOBTOpHHMI Kypc 3araibHOTO YyIbTPadioIeTOBOTO
ONPOMIHEHHS MOX€E MPOBOAUTHCS HE paHillle, IK yepe3 3 MicsIl.

MicueBe ONpOMIHEHHS - BIUIMB HA MOPIBHSHO HEBEJIMKY IUIONLY IHIKIPHOI
noBepxHi. ONpOMIHEHHS MPOBOJIUTHCA 3BUYANHO 3 BiAcTaHl 50 cM. 3aCTOCOBYIOTh
CPUTEMHI JI03M YIbTPadioaeTOBOTO ONMPOMiHEHHs. PoO3pi3HAIOTH Maji epuTeMHI
no3u (1-2 0107103u), €pUTEMHI 03U CEPElIHbOI 1HTEHCUBHOCTI (3-4 6107103M),
BeNUKI epuTeMHi 103U (5-6 6107103) 1 rinepeputemui (6utbiie 8 0i0703). B oqun
JIeHb €PUTEMHUMH JI03aMH MO>XHa OMPOMIHIOBATH JUISHKY He Outbiie 600 cm?2 .
[loBTOpHE OMpPOMIHEHHS II1€1 OUISHKA MOXHA MPOBOJAUTH MICIS 3MEHIICHHS
epuTeMu, 4yepe3 2-3 mHs 1 mi3Hime, 1 He Ouibine 3-4 pasiB. [ MOpoKHUHHUX
OMpOMiHEHb (HOCA, MUTJIAJIMH, ByXa, MIXBH) 3aCTOCOBYIOThCS CIeIliajbHI TYyOyCH.
TpuBanicts ompoMineHHs Bim 1 mo 3 xBuiawH mogHs abo uepe3 neHb. Kypce
jmikyBaHHs 5-10 ceanciB. Mexanism mii.  [lpum  gii  ynerpadioneToBoro
BUIIPOMIHIOBaHHS Ha OPraHi3M JIIOJMHH 32 PaXyHOK (DOTOENEKTPUYHOTO €PEKTy B
mKipi BimOyBaroThcs ckiaagHi (oroximiuai 1 (orobionoriuni mporecu. Bonu
MPOSIBIISIIOTHCS po3naaoM Oiika ((hoTosti3), yTBOPEHHSIM OUIbII CKIATHUX PEUYOBUH
(boTocunTe3) abo pedoBMH 13 HOBUMH (DI3UKO-XIMIYHUMHU BJIACTUBOCTSIMU
(poroizomepuzamisi). Y Micul MOTIMHAHHS YTBOPIOIOTHCS BUIBHI paJuKaly,
NOCWIIOEThCS  (DEpMEHTATMBHA  aKTUBHICTh,  3BUIBHSIIOTBCA  a00  3HOBY
YTBOPIOIOTHCS O10JIOTIYHO aKTHBHI PEYOBUHU (TICTaMiH, CEPOTOHIH, alleTHIXOJIH

Ta iH.). KBauTu ynpTpadioneToBux mpoMeHiB NiI0Th Ha JAE30KCUPUOOHYKIIECTHOBY
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kucinoty (JJHK). B pe3ynaprari 3MiH BUHUKAIOTh KIITHHHI MyTaIlli - JeSKl KJIITUHHA
P 1IbOMY THHYTH. L[eli MexaHi3M JIeKUTh, 30KpeMa, B OCHOB1 OaKTEPUITUIHOT [ii
ynbTpadionaeToBoro omnpomiHeHHs. HaiOinpin BupakeHy OaKTEpUIUIHY 1O
MalOTh  KOPOTKOXBUJIBOBI  ynbTpadionetoBi  mpomeni. [lix  BmumBoM
yIbTpadioseTOBUX MPOMEHIB HA IIKIp1 3'ABISAETHCS epuTeMa. 3'IBISE€THCS BOHA HE
BiJIpa3dy, a yepe3 KiJIbKa rOAWH IIcIs ONMPOMIHEHHS (B 2 10 8 TOJAWH 1 OUIbIIe).
[Tpu A1l KOPOTKOXBUIIHLOBUX MPOMEHIB epUTeMa 3'sIBISIEThCA MIBUIIE, BOHA MEHII
SCKpaBa 1 MBUJIKO IPOXOAUTh. [Ipyu OnpoMiHEHHI TOBrOXBUJIBOBUMHU MPOMEHSIMU
eputeMa 3'IBIISA€THCS MI3HiIIE, BOHA HACUUEHO YEPBOHOTO KOJIbOPY U YTPUMYETHCS
TpuBaIMid 4Yac. EpuTema CynmpoBOKYETHCS HEBEIMKOI HAOPSKIIICTIO TKaHHH,
JETKOI0 CBEpPOJISIUKOI0, IOCTYNOBO 3racae 1 uepe3 3-5 [AHIB 3aMIHIOETHCA
NITMEHTHUMHU TUIIMAMH  KOPUYHEBOTO KOJIbOPY, BHACHIIOK HAKOMUYCHHS B
KJIITUHAX IIKIpU MOIrMeHty Menadidy. Ilirmenrtamis mkipu ("3acmara") moxke
HACTYMATH 1 MICJIS YaCTUX HEEPUTEMHUX OMPOMiHEHbB. JlyXe BaKJITMBUM MOMEHTOM
BIUIMBY yJIbTPa(ioJeTOBUX MPOMEHIB € iX BITaMiHOYTBOpIOtoYa Jisi. BcTaHoBeHoO,
10 B pe3yJIbTaTI MPOIleciB PoToi30Mepu3allii 3 eprocTepruHy YTBOPIOETHCS BITaMiH
D 2 , mo Mae aHTHUpaxiTU4YHYy Aito. Sk Bigomo, mpu Tinoi aBitamino3l [, 110
PO3BUBAETHCS BHACIIJOK HEMOBHOLIHHOTO XapuyBaHHA ¢ ynbTpad101eToBOi
HEJIOCTATHOCTI, MOPYIIYEThCS 3aCBOEHHS KambIlio 1 (ochopy, 3MEHITyeEThCs X
HAJXO/DKEHHSI B KICTKOBY TKaHMHY 1 (ikcamiss B Hiil. B pe3synbTaTi 11H0T0
3HIDKYETBCSI MEXaHIYHa MIIHICTh KICTOK, CIIOBUIBHIOETHCS iX 3POIIEHHS TpHU
nepesoMax. 3MEHIIEHHS BMICTY Kalbllil0o B 3yOHIM TKaHWHI CIpPHSE PO3BUTKY
Kaplecy, a B CTIHKAaX CyAMH - MIJABUIICHHIO iX MPOHUKHOCTI 1 CXWJIBHOCTI J10
eKCYIaTHBHHUX peakiiiit [28-31].

VYabTpadioneroBe OMNPOMIHEHHS, CHPUSIOYM BUPOOITKY BiTaminy D,
akTuBI3ye (QyHKIito pepmenty docdaraszu, 3ade3nedyroun Kpaiie 3aCBOEHHS 1
dikcarito TKaHWHAMH, OCOOJMBO KicTKamH, (ochopy 1 Kambllifo, M0 IITAPOKO
BUKOPHUCTOBYIOTh ISl MPO(DUIAKTUKU 1 JIKYBaHHS paxiTy y JiTel, a TakKoxX
npo(diTaKTUKUA Kaplecy, IpH nepenomax KicTok. [1ig BruimBoM ynbTpadioneToBUX

IPOMEHIB TMOJIMIIY€ETHCS CKOPOYYBaJlbHA 3[ATHICTh MIOKapaa, 3HUKYETHCS
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TIOKCIs, BIAHOBIIOETHCS (PYHKIIIS 30BHIIIHHOTO JIUXAHHS 3a PaXyHOK 3MEHIICHHS
YacTOTH 1 30UIbIIEHHSI TTUOMHU JUXAHHS, HOPMATI3yIOThCS MPOLIECH 3rOPTaHHS,
30UIBIIYETHCS ~ BMICT ~ €PUTPOLIMTIB,  MIJABUIIYETbCS  TI'eMOIVIOOIH  KpOBI,
cnoButbHIOETCsE  IIIOE, mominmyroTeCss  MOKA3HUKH — JIIIJHOTO — OOMiHY,
301IBIIYEThCS AKTUBHICTh KOPU HATHUPHUKIB. J|0OBroXBWIbOBI ynbTpadioseToBi
OTPOMIHEHHS B MaJIuX J03aX aKTHBI3YyIOTh MO3KOBHI KPOBOOOIT 1 TOHYC MO3KOBUX
cyauH. BinOyBatoTecsi BupaskeH1 3MiHU 3 OOKY nepudepuaHoi HEpBOBOI CHUCTEMHU.
JIOBroxBUJILOBI MPOMEHI MIJBUINYIOTh CEKPEIil0, & KOPOTKOXBUJIBOBI - TPaBHY
3IaTHICTh IUIYHKOBOT'O COKY. YJbTpadiosieTOBE BUIIPOMIHIOBaHHS (0COOIMBO
JIOBrOXBUJIbOBE) aKTHUBI3Y€E IMyHHY CUCTEMY, MIJBHUILY€E 3aXHUCHO-TIPUCTOCYBAJIbHI
MEXaHI3MH OpraHizmy. Y MHiJIoMy, yiabTpadi0JeTOBE ONMPOMIHEHHS J1a€ BUCOKHUU
TepaneBTUYHUN ePeKT mpu O0araTh0X 3aXBOpPIOBaHHIX. BoHO Mae 3HeOOmIOI0UY,
MpPOTU3ANAIbHY, 3arajlbHO3MIIHIOIYY, IMYHHO-CTUMYJIIOIOYY, JIECEHCUOLTI3YI0UY
niro Ha opraHi3M. [loka3anHs. 3arajibHI OIPOMIHEHHS TIPOBOJSTE JUIS IT1IBUITICHHS
OMIPHOCTI OpraHi3My, i1 3arapToByBaHHS 1 KOMIIEHcCalli YyiIbTpadiosieToBOT
HEJIOCTaTHOCTI (y MICISIX, JIe MaJo COHSYHUX MPOMEHIB). BoHu mpoBOASTHCS
TaKOX MITSAM, BariTHUM, MarepsM, IO TOAYIOThb, IS MPOMIUIAKTHKH paxiTy.
3aranpHe ONPOMIHEHHS 3aCTOCOBYIOTh Y KIIHIII TyOepKyiabO3y MHpHU Ypa)kKeHH1
KICTOK, Cyrjio0iB, JiMQoBy3miB Ta 1H. MicleBl ONMpPOMIHEHHS MPOBOJATH IPHU
0aratb0X 3aXBOPIOBaHHSIX BHYTPIIIHIX OpraHiB (OpoHXITH, OpoHXliajbHa acTMma,
MTHEBMOHIi, BHpa3KoBa XBOpobOa), TpH XBOPOOaxX OIMOPHO-PYXOBOTO armapara
(apTpuTH, apTPO3H, CIIOHIUIIB03, OCTCOXOHAPO3, HACTIAKH MEPEIIOMIB KiCTOK), IIPH
3aXBOPIOBAHHSIX HEPBOBOI CHUCTEMHU (paauKyIITH, HEBPUTH, HEBpairii), MpHU
YpaKEHHSIX MIKIpHU (Tcopias, ek3ema, TOBro3aXHuBaroUl paHu, BUPA3KH, TOAepMisl,
OemmxoBe 3ananeHHs). lIporunokasaHHs. 370SKICHI HOBOYTBOPEHHS, aKTHBHI
dbopmMu TyOEpKyJbO3y JIET€Hb, CXWJBHICTH JO KpPOBOTEYi, XBOPOOM KpOBI,
CHUCTEeMHUI YepBOHUI BOBUYaK, HeAOCTaTHICTh KpoBooOiry II-III cT., rineproniuna

xBopoOa II-IIT cT., TupeoTOKCHKO3, MiABUIIIEHA YYTIUBICTh MIKIpH, (POTOAEPMATO3U

[22,26,30].
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2 OCHOBHA YACTHUHA NEJATOI'TYHOI MPAKTUKH

2.1 MetoanuHi pekoMeHAllii 10 MPOBeeHHA JeKIiHHUX 3aHATH

2.1.1 Jlekuivine 3ausarrtsa Nel

Ha3pa qucuumutinm: Biothermodynamics and mass transfer-2. Methods and
means of physiotherapy
Tema gekmii: «General theoretical foundations (principles, methods and
techniques) of the therapeutic use of physical factors»
KinpkicTh HaBUaabHuX roaun: JI. —2; C. — 2
Tun BukIagaHHS: BijJajeHE BUKIAJaHHS 3 BUKOPUCTAHHSIM CHCTEMH
BiZICO3B 513Ky Z00OM.
Meta Jekmii: GopMmyBaHHS y CTYACHTIB 3HaHb 100 BUKOPHUCTAHHS
¢13uuHMX (hakTopiB y ¢i3ioTeparnii
OcHOBHI 3aBJaHHA: BU3HAYUTH OCHOBHI MPUHIIMIH, METOJIU Ta TEXHIKH
BUKOpHUCTaHHA (PiznyHuX PakTopiB y dizioTeparrii.
Po3ropuyTuii njiaH JeKuiiHOro 3aHATT:
1. EnexTpuuHi BIaCTUBOCTI O10JIOTTYHUX TKAaHUH
1.1.Immeganc
1.2. €MHICHI BTaCTUBOCTI 010JI0TTYHUX TKAHUH
2. EnextpuyHuii €KBiBAJICHT 010710T1YHOI TKAHUHU
2.1.Mopens 'eapMrosnbna
2.2.Mopens Koyna
2.3.Cxema ®dpike-Mop3se
3. Knacudikaris TepaneBTHuHUX (13MYHUX (DAKTOPIB 3aJI€KHO BiJl BUJIIB €HEPTil
4. MexaHni3m aii Qpi3ndHux (HaKTopiB HA OPraHizM
4.1.®di3uuna cragis
4.2 . Di3uK0o-XIMIYHHA CTAIs

4.3.bionoriuna cramist
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5. BruiuB eNeKTpUYHUX CTPYMIB Ha 010JI0T14HI 00’ €KTH
5.1.TepamneBTUYHI METOAMKH, 3aCHOBAHI HA 3aCTOCYBaHHI MOCTIHHOTO CTPYyMY
5.1.1. I'anpBaxi13aiig
5.1.2. Enextpodope3
5.2.TepamneBTUYHI METOANKH, 3aCHOBAaHI Ha BUKOPHUCTAHHI IMITYJIbCHUX CTPYMIB
5.2.1. Kapaioctumynsitis
5.2.2. edibpunsiis
5.2.3. EnexTpocTuMyIisiisi M’s131B
5.2.4. EnextpocoH
5.3.TepamneBTU4HI METOANKH, 3aCHOBaHI HA BUKOPUCTAHHI 3MIHHUX CTPYMIB
5.3.1. Peorpadis
5.3.2. HiaTepmis
5.3.3. JlapconBamizairis
6. BrumB enekTpoMarHiTHUX MOJIiB HA O10JIOT1YHI TKAHHUHU
6.1.IagykToTepmis
6.2.YBU-Tepamis
6.3.HBY-Tepamnis
Ilepenik TepMmiHiB: eJeKTpUYHA EKBIBAJICHTHA CXeMa, KOEPIIIEHT
JUCIIepCii, TOTEHIlaJl CIOKOW, MEMOpaHHMM IIOTEHINian, TaJlbBaHi3allisl,
enexTpodopes, KapAloCTUMYJIALis, AediOpuiIaiis, €ICKTPOCTUMYJISLIS M S31B,
CJIEKTPOCOH, peorpadis, maiaTepmis, TapcoHBami3aIlis, iHAyKToTepMmis, YBUY-
tepamnis, HBU-teparis
IIuTaHHs 118 CAMOCTIHHOTO ONPAIOBAHHS
1. Mexanizmu GpopMyBaHHS peakiiiid opraHizmy Ha (izuyHi hakTopH.
2. OnTuYH1 BJIACTUBOCTI TKAHUH OpPraHi3My.
3. Bzaemopisi oONTUYHOTO BUMPOMIHIOBaHHS 3 010JIOTTYHUMHU TKAaHUHAMH.
PexomenoBana Jjiteparypa:
1. Wang X, Becker FF, Gascoyne PR. Membrane dielectric changes
indicate induced apoptosis in HL-60 cells more sensitively than surface
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phosphatidylserine expression or DNA fragmentation. Biochim Biophys Acta.
2002;1564(2):412-420. doi:10.1016/s0005-2736(02)00495-9

2. Huang Y, Wang XB, Becker FF, Gascoyne PR. Introducing
dielectrophoresis as a new force field for field-flow fractionation. Biophys J.
1997;73(2):1118-1129. doi:10.1016/S0006-3495(97)78144-X

3. Purves, D., Augustine, G.J., Fitzpatrick, D., Katz, L.C., LaMantia, A.-
S., McNamara, J.O., and Williams, S. M. (1997). Figure 2.3. Electrochemical
equilibrium. In Neuroscience (2nd ed.). Sunderland, MA: Sinauer Associates.
Retrieved from
http://www.ncbi.nlm.nih.gov/books/NBK11054/figure/A134/?report=objectonly.

4, Kandel, E.R., Schwartz, J.H., and Jessell, T.M. (1995). Membrane
potential. In Essentials of neuroscience and behavior (pp. 133-147). Norwalk, CT:
Appleton & Lange.

5. Reece, J. B., Urry, L. A., Cain, M. L., Wasserman, S. A., Minorsky, P.
V., and Jackson, R. B. (2011). lon pumps and ion channels establish the resting
potential of a neuron. In Campbell biology (10th ed., pp. 1064-1066). San
Francisco, CA: Pearson.

6. Kimura A, Sato A. Somatic regulation of autonomic functions in
anesthetized animals--neural mechanisms of physical therapy including
acupuncture. Jpn J Vet Res. 1997 Nov;45(3):137-45. PMID: 9433014.

7. Sato A. The reflex effects of spinal somatic nerve stimulation on
visceral function. J Manipulative Physiol Ther. 1992 Jan;15(1):57-61. PMID:
1740653.

Haounwuii (i1rocTpaTuBHUIE MaTepiall 10 TeMHu): npe3eHTaiis PowerPoint

(domatok A)
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2.1.2 Jlekuinae 3aHATTHA N2

Ha3pa qucommurinm: Biothermodynamics and mass transfer-2. Methods and
means of physiotherapy
Tema aexuii: «Constant and pulsed magnetic field in physiotherapy»
KinpkicTs HaBYaabHuX roaun: JI. —2; C. — 2
Tun BUKIAJAHHSI: BiajeHE BHUKJIAJAHHSI 3 BUKOPUCTAHHSIM CHCTEMH
BiJICO3B 513Ky ZOOM.
Meta Jaekmii: ¢opMyBaHHS Yy CTYJEHTIB 3HaHb IIOJO 3aCTOCYBaHHS
MOCTITHOTO Ta 3MIHHOTO MarHiTHUX MOdIB y (pi3zioTepamii
OcHOBHI 3aBJAHHAA: BHU3HAYUTH OCHOBHI HAaNpPSMKH BUKOPUCTAHHS
NOCTIMHUX 3a 3MIHHMX MAar"iTHUX MOmiB Yy (i3ioTeparii; BU3HAYUTH OCHOBHI
peakIlii oprani3My Ha BIUIMB 3MIHHOTO Ta MOCTIMHOTO MarHiTHUX TOJIB.
Po3ropuyTnii niiaH JeKuiiHOTro 3aHATTS:
1. MarsiTHe noJie Ta Horo BIUIMB Ha OpraHi3M
1.1.MarsuiTHe 1moJje CTpyMOBOi METJI1
2. MarnitoTepariisi BACOKO IHTEHCHBHOCTI
2.1.Cunapom aedinuTy MarHiTHOTO TIOJIS
2.2.BIuMB CHIIBHOTO IMITYJILCHOTO MarHiTHOTO MOJIS
3. MarnitoTepariis
3.1.YyTnuBiCcTh O MAarHITHOTO TOJIS
3.2.11okazanHs Ta IPOTUIIOKA3aHHS O MarHiToTeparii
3.3.IlpoaykTu MaruitoTeparii
Ilepesik TepMiHiB: BHCOKOIHTCHCHBHA IMIyJIbCHAa MAarHIiTOTEparis,
IHTEHCUBHICTh MAarHiTHOrO MOJs, TPaJI€EHT MAarHITHOTO TOJIsI, KBaJIpaoJisipHUMN
MacHB, MarHiTHa 4YyTJIMBICTh, KapTa JepMaToMa.
IuTanHsa 1M CAaMOCTIHHOTO ONPAIIOBAHHSA:
1. Mexanizmu (HopMyBaHHS peakilii OpraHi3My Ha IMOCTiMiHE Ta 3MiHHE

MAarHiTHI ITOJIS.
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2. OCHOBHI  BHUJIM  TEPANEeBTUYHOIO  BUKOPHUCTaHHA  (haKTOpiB
€JIEKTPOMArHiTHOT MPUPOIH.

PexoMenaoBaHna Jiteparypa:

Adams D, Masi A, Levin M. H+ pump-dependent changes in membrane
voltage are in early mechanism necessary and sufficient to induce Xenopus tail
regeneration. Development. 2007;134:1323-1335.

Adey WR. Dynamic patterns of brain cell assemblies. V. Mixed systems.
Influence of exogenous low-level currents. Are weak oscillating fields detected by
the brain? Neurosci. Res. Program Bull. 1974;12:140-143.

Ahmed T, Hincke MT. Mesenchymal stem cell-based tissue engineering
strategies for repair of articular cartilage. Histol. Histopathol. 2014;29:669-689.

Bianco P, Robey PG, Simmons PJ. Mesenchymal stem cells: revisiting
history, concepts, and assays. Cell Stem Cell. 2008;2:313-319.

Buonanno M, Toledo S, Azzam E. Increased frequency of spontaneous
neoplastic transformation in progeny of bystander cells from cultures exposed to
densely ionizing radiation. PLoS One. 2011;6:e21540.

Chen CH, L.Y., Fu YC, Wang CK, Wu SC, Wang GJ, Eswaramoorthy R,
Wang YH, Wang CZ, Wang YH, Lin SY, Chang JK, Ho ML. Electromagnetic
fields enhance chondrogenesis of human adipose-derived stem cells in a
chondrogenic microenvironment in vitro. J. Appl. Physiol. 2013;114:647—655.

Ermakov A, Pells S, Freile P, Ganeva VV, Wildenhain J, Bradley M,
Pawson A, Millar R, De Sousa PA. A role for intracellular calcium downstream of
G-protein signaling in undifferentiated human embryonic stem cell culture. Stem
Cell Res. 2012;9:171-184.

Ross CL, Siriwardane M, Almeida-Porada G, et al. The effect of low-
frequency electromagnetic field on human bone marrow stem/progenitor cell
differentiation. Stem Cell Res. 2015;15(1):96-108. doi:10.1016/j.scr.2015.04.009

Haounwnii (i1rocTpaTuBHUIT MaTepiaa 1o Temn): mpeseHTaris PowerPoint

(Iomatox b)
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2.2 MeToauuHi pexoMeHalii 10 MPoOBeAeHHsI MPAKTUYHUX 3aHATh

2.2.1 IlpakTuyHe 3aHATTH Nel

Ha3pa qucummurinm: Biothermodynamics and mass transfer-2. Methods and
means of physiotherapy
Tema mnpaktuku: «Biological effects and medical applications of
infrared radiation»
KinbkicTh HaBYaabHuX roauu: I1. — 2;
Tun BUKIAagZaHHS: BiJJIaJieHE BUKJIAJAaHHS 3 BUKOPUCTAaHHSIM CHCTEMH
BiZICO3B 513Ky Z00OM.
Meta npakTukm: (QOpMyBaHHS y CTYJIEHTIB 3HaHb IIOJI0 O10JOTIYHUX
e(eKTiB Ta MEIMYHOTO BUKOPUCTAaHHS 1HPPauyepBOHOTO BUIIPOMIHIOBAHHS.
OcHOBHI 3aBjJaHHSI: BU3HAUWTH Ta HABYUTHCS PO3PAXOBYBATH BIUINUB
OCHOBHHX 010JI0T1YHUX €(eKTiB 1HHPAYUepPBOHOTO BUIPOMIHIOBAHHSI.
Po3ropuyTnii njiaH NpakKTUYHOT0 3AHATTS:
1. Buznauenns ta tunu [Y BUnpomiHIOBaHHS
2. JlikyBanmbHi e(eKkTd, TOKa3aHHS Ta NPOTUIIOKa3aHHS 10 BHUKOpuUcTaHHS [Y
BUINPOMIHIOBaHHS
3. Tepamis [Y BunpomiHtoBaHHIM
3.1.Iudpasidpodopes
3.2.®oTobioMOoTy AL
3.3.I4 caynu
3.4.Baon Tepanis
4. MouneKyIsipHUN MEXaHi3M B3a€MO/IIi CBITJIa 3 TKAHUHOIO
5. HogitHi nocaimkenus B ooiacti [Y teparmii
5.1.HeiiponHa cTumymsiis
5.2.@orocTapiHHs TPOTH (POTOOMOIIOIKEHHS
5.3.IIpotupakona mist

5.4.HeiiponHa perenepariis



27

Ilepenik  TepMiHiB: I4  BunpowmintoBanHs,  iHbpaBiOpodopes,

doTobioMoayIISIIisl, AKTUBHI (POPMU KUCHIO.

PexoMenoBaHna Jiiteparypa:

1. Johnstone DM, et al. Turning On Lights to Stop Neurodegeneration:
The Potential of Near Infrared Light Therapy in Alzheimer's and Parkinson's
Disease. Frontiers in Neuroscience. 2016;9(500)

2. Santana-Blank L, Rodriguez-Santana E, Santana-Rodriguez KE.
Photobiomodulation of aqueous interfaces as selective rechargeable bio-batteries in
complex diseases: personal view. Photomedicine and laser
surgery. 2012;30(5):242-249.

3. Naeser MA, et al. Significant improvements on cognitive performance
post- transcranial, red/near-infrared LED treatments in chronic, mild TBI: Open-
protocol study. J Neurotrauma. 2014

4, Santana-Blank L, Rodriguez-Santana E, Santana-Rodriguez KE.
Photobiomodulation of aqueous interfaces: finding evidence to support the
exclusion zone in experimental and clinical studies. Photomedicine and laser
surgery. 2013;31(9):461-462

5. Yamashita K. Far Infrared Ray Radiation Inhibits the Proliferation of
A549, HSC3 and Sa3 Cancer Cells through Enhancing the Expression of ATF3
Gene. Journal of Electromagnetic Analysis and Applications.2010;02(06):382-394.

6. Haag SF, et al. Determination of the antioxidative capacity of the skin
in vivo using resonance Raman and electron paramagnetic resonance
spectroscopy. Experimental Dermatology. 2011;20(6):483-487.

7. Zhao K, et al. Stimulation of Neurons with Infrared Radiation. In:
Wong BJF, llgner J, editors. Biomedical Optics in Otorhinolaryngology: Head and
Neck Surgery. Springer New York; New York, NY: 2016. pp. 253-284.

8. Tsai SR, Hamblin MR. Biological effects and medical applications of
infrared radiation. J Photochem Photobiol B. 2017;170:197-207.

Haounuii (imrocTpaTuBHuUii MaTepiaji 10 Temu): npeseHtamnis PowerPoint

(Homatok B)
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2.2.2 IIpakTuyHe 3aHATTS Ne2

Ha3pa qucommurinm: Biothermodynamics and mass transfer-2. Methods and
means of physiotherapy
Tema npaxtuku: «Ultraviolet Radiation in Medicine»
KinbkicTh HaBYAJABLHUX roguH: [1. — 2;
Tun BUKIaJaHHA: BiAjajcHe BUKIAJaHHA 3 BUKOPHUCTAHHSM CHCTEMU
BiJIcO3B 513Ky ZOOM.
Meta npakTukm: QOpMyBaHHS y CTYJEHTIB 3HaHb WIOJA0 O10JOTIYHUX
e(eKTiB Ta MEIMYHOTO BUKOPUCTAHHS yIIbTPa(]i10J€TOBOrO BUIPOMIHIOBAHHS.
OcHOBHi 3aBJaHHSI: BU3HAYUTH Ta HABUUTHUCS PO3PAaXOBYBaTH BIUIMB
OCHOBHHMX 010JIOTTYHUX €(EKTIB YIAbTPa(10JIETOBOIO BUIIPOMIHIOBAHHS.
Po3ropHyTuii njiaH NpaKTUYHOTO 3aHATTS:
1. Buznavenns ta tunu Y ® BUNPOMIHIOBAHHS
2. JlikyBasibHI e(eKTH, MOKa3aHHs Ta MPOTUIIOKA3aHHA 10 BUKOpUCTaHHSI YO
BUINIPOMIHIOBaHHS
3. Tepamnis YO BUIIPOMIHIOBAHHIM
3.1.®oroxiMioTepartis ICOpaIeHOM
3.2.JlazepHa KOPEKIlisg O4eit
3.3.dorodopes
3.4.®oToTeparis CUHIM CBITJIIOM
3.5.CtumyitoBaHHs BUpOOJICHHS BiTaMiHy J|
4. BumiproBanHsis Y@ BHUNPOMIHIOBAHHS, PO3pPaxXyHOK CTaHJAPTHOI E€PUTEMHOI
703U Ta EPUTEMHOTO €(DEKTUBHOTO OMIPOMIHEHHS
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BUCHOBKH

3a yac mpoxXOoHKEHHS MeIaroriyHoi NpakTUKU Ha 0a3i kadeapu 610MeTuIHO1
imkenepii gpakynpreTy 6ioMenuunoi imkeHepii «KIII imeni Irops Cikopcbkoro» B
M. Kuei 3 14 mo 26 rpymHs Oyio TpOBEICHO 2 IEKIIWHUX 3aBAaHHS, 2
MPaKTUYHUX 3aBJaHHS Ta NPUUHATO y4acTh Yy TPOBEICHHI 3Ky 3 MpPEIMETY
Biothermodynamics and mass transfer-2. Methods and means of physiotherapy y
rpyni BM-73i. IligroroBneHo nekiiitauii Matepian nmo temam General theoretical
foundations (principles, methods and techniques) of the therapeutic use of physical
factors Ta Constant and pulsed magnetic field in physiotherapy. [lo nanomy
MaTtepianxy MmiAroToBiieHi TecTH. [liAroToBneHn MpakTHYHUN MaTepiai Mo TeMax
Biological effects and medical applications of infrared radiation ta Ultraviolet
Radiation in Medicine.

[TinroToBiaeHU JICKIIMHUHN, MPAKTUIHUN MaTepiaa Ta TECTH OJOOpEH1 s
MOTAJIBIIIOTO BUKOPHCTAHHS B HABYAIBHOMY TMpoIleci KadeIpu B Mekax Kypcy
Biothermodynamics and mass transfer-2. Methods and means of physiotherapy.

[Tix yac mpoXoHKEHHS MPAKTUKKA PO3BUHEHO TTPOodeciitHi yMiHHS
NeJaroriyHoi JisIbHOCTI, CPOPMOBAHO YMIHHS IJIAaHYBaTH Ta OPraHi30ByBaTH
HaBYaJIbHO-METOAUYHY POOOTY BUKIIa/1aya Ta HAOYTO OCBITY MPAIIOBATH Y

KOMAaH/II.
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TIOJATOK A Jlexuist Nel

(GENERAL THEORETICAL FOUNDATIONS
(PRINCIPLES, METHODS AND
TECHNIQUES) OF THE THERAPEUTIC USE

OF PHYSICAL FACTORS

ELECTRICAL PROPERTIES OF BIOLOGICAL
TISSUES

The effect of electric current or electromagnetic field on
biological tissues is determined by:

o 1) type of current or field
o 2) electrical properties of biological tissues.

Biological tissues are conductors of the second kind
(have tonic conductivity).

One of the electrical characteristics of the properties of
tissues that conduct electricity 1s:

o for direct current (DC) - active resistance (R),
o for alternating current (AC) - impedance (Z).
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IMPEDANCE

/Impedance (Z) has two \ Giological tissues have only: \

components: o Active resistance (R)

1. Active resistance (R) o Capacitive resistance (Xc)

2. Reactive resistance (X): o Inductive resistance X =0 !!!
o capacitive (Xc)
o inductive (Xr)

Z=\R+(X, -X.) Z=\R*+X

(S AN /

What if z=Vr* =r ? ©

CAPACITIVE PROPERTIES OF BIOLOGICAL
TISSUES ARE RELATED TO:

o cell membranes that have dielectric properties and
separate the two conductive media (intracellular
content and intercellular environment);

o tissues that conduct electricity poorly (skin, bones)
Surface capacity of the cell membrane 5- 1072 F/m?

Membrane breakdown occurs at voltage U = 150-200

mV, which corresponds to the electric field strength
E=10° — 107 V/m
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THE ELECTRICAL EQUIVALENT OF BIOLOGICAL
TISSUE - THE HELMHOLTZ MODEL

o The most simplified is the parallel equivalent
circuit.

o The resistive properties of biological tissue are
represented by the resistance R.

o The capacitive properties of biological tissue are
represented by the capacitor C.

—
—_

-— c

THE ELECTRICAL EQUIVALENT OF
BIOLOGICAL TISSUE - COLE'S MODEL

o When modeling the electrical impedance of
hypodermic tissues, the most optimal is the use
of a series-parallel equivalent circuit.

o RO is the resistance of the intercellular fluid;
o R - resistance of cell contents;
o C - membrane capacity

R1
RO

—3 o

_|
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THE ELECTRICAL EQUIVALENT OF BIOLOGICAL
TISSUE - FRIKE-MORSE SCHEME
o When analyzing the electrical impedance of biological fluids Fricke-Morse
scheme 1s used
o Resistor R1 - an analogue of the intercellular environment,
o Resistor R2 - an analogue of the intracellular environment,
o Capacitor C is an analogue of the cell membrane.

Z

R k
living tissue
C pathology

R desd tisue

a b N f

Fig.1- The electrical equivalent of biclogical Fig.2 - Plot of tissue impedance versus
tissue: a — living tissue: b — dead tissue frequency .

EQUIVALENT ELECTRICAL SUBSTITUTION
FRIQUE-MORSE SCHEME OF
HOMOGENEOUS BIOLOGICAL TISSUE

Living cell Cell membrane

Intercellular fluid

Electrode Electrode

N S
(A ) (Area )
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EQUIVALENT ELECTRICAL SUBSTITUTION
FRIQUE-MORSE SCHEME OF NOT
HOMOGENEOUS BIOLOGICAL TISSUE

m—- -
e | o
e =
s

TO ASSESS THE FUNCTIONAL STATE OF THE
TISSUE CALCULATE THE DISPERSION
COEFFICIENT (K)

K:é‘_
L

o Zir - modulus of impedance at low frequencies
(10%-10* Hz)

o Zni- modulus of impedance at high frequencies
(106-10%Hz)

o If K =1 - biological tissue is dead;
o if K> 1 - biological tissue is alive.
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RESTING AND ACTION MEMBRANE

POTENTIAL
A—
— K
-l
Nat +f- Na
More Sodium Channels 1 1
Sodium Channels Inside Outside
Close cell cell
Sodium Channels Potassium Channels
Open Open
Potassium Channels
- Close Omy
+30 mV =70 m\ 70
0 m¥
-0 mV Electrodes

THERAPEUTIC PHYSICAL FACTORS

T T

o Electrotherapeutic; o Climatotherapy;
o Magnetic therapy; o Balneotherapy;
o Light therapy; o Mud cure.

o Mechanotherapy;

o Thermotherapy;

o Hydrotherapy;

o Radiotherapy. °

Time [ms] Heisen b
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CLASSIFICATION OF THERAPEUTIC PHYSICAL
FACTORS DEPENDING ON THE TYPES OF

Low voltage Low voltage

ENERGY

High voltage

direct current impulse current electric current

o Galvanization
o Medicinal

electrophoresis  © Amplipulse therapy

o Electrosleep
o Diadynamic therapy © Ultratonotherapy

o Diathermy

o Local
darsonvalization

o Interference therapy

o Fluctuorization

o Electrodiagnostics
o Electrostimulation

Electric, magnetic
and

o Franklinization;
o Magnetotheralia;
o Inductothermy;

o Ultra-high frequency
therapy;

o Microwave therapy.

Electromagnetic
vibrations of the

optical (light)
range

o Infrared, visible and
ultraviolet radiation
therapy;

o Laser therapy.
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Mechanical
vibrations of the
medium

Modified or special

air environment

o Massage;

o Ultrasound therapy;

o Medicinal phonophoresis;
o Vibrotherapy.

Liquids

o Inhalation;

o Aerosol therapy;

o Electroaerosol therapy;
o Barotherapy;

o Aerolonotherapy;

o Climatotherapy.

Warm and cold

o Fresh water;
o Natural mineral waters;
o Artificial analogues.

o Heat therapy;

o Cryotherapy

o Hypothermia;

o Aerolonotherapy;
o Climatotherapy.

42



THE MECHANISM OF ACTION OF A
PHYSICAL FACTOR ON THE BODY

o The therapeutic effect of physical factors is
formed due to the participation of local, reflex -
segmental and general reactions of the body.

o The universal law of life is the adaptation
(adaptation) of the body to changing
environmental conditions in order to maintain
homeostasis

o This process is provided by a complex system of
adaptive reactions, the basis of which is an
unconditioned reflex

THE CHAIN OF EVENTS IN THE BODY
AFTER THE APPLICATION OF A
PHYSICAL FACTOR

o Physical stage
o Physicochemical stage
o Biological stage
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THE CHAIN OF EVENTS IN THE BODY
AFTER THE APPLICATION OF A
PHYSICAL FACTOR

o Physical stage
o Physicochemical stage
o Biological stage

ENERGY TRANSFER

Biological
system

Tissue
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PHYSICOCHEMICAL (PRIMARY) SHIFTS

o heat generation (heating of tissues),

ochanges in pH, concentration and ratio of ions in
cells and tissues,

o the formation of free forms of substances,

ochange 1n the spatial structure (conformation) of
biopolymers,

o polarization and bioelectret effects,
ochanges in the electrical properties of cells,
orelease of biologically active substances e

BIOLOGICAL STAGE - BODY REACTION

o Local reactions are expressed in changes in metabolism,
regional blood circulation and microcirculation, local
immunobiological processes, the formation of biologically
active substances.

o As a result of somatic, visceral and autonomic reflexes, which
are formed as a result of therapeutic physical factors, reflex-
segmental reactions occur.

o The general response is accompanied by dynamic
homeostatic shifts in the activity of various internal organs,
metabolic and trophic changes, changes in the immune status
and reactivity of the body, the development of adaptive
reactions, an increase in the level of mobilization of the
body's functional reserves, and restoration of adaptationo
systems disturbed by the disease.
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THE EFFECT OF ELECTRIC CURRENTS ON
BIOLOGICAL OBJECTS
Tvpes of currents:

bt o, swprmlifionkd

> |

Constant current

Current I I

Variable current

Peak cumrent

------ - Average current

—

i —

Pulse current

Time

DIRECT CURRENT:

o Positive ions move towards the cathode (negative

electrode),

o Negative ions - towards the anode

o (positive electrode).

o The main mechanism of action of direct current is
the change of normal values of ion concentrations
in different parts of the tissue.
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THERAPEUTIC TECHNIQUES,
BASED ON THE USE OF DIRECT CURRENT:

o Galvanization
o Electrophoresis

GALVANIZATION

o Galvanization - therapeutic effect on the body
with a constant continuous electric current of low
strength (up to 50 mA) and low voltage (30-80 V)
through electrodes placed on the patient's body.

o The device for galvanization - the rectifier of
alternating current which allows to regulate
output voltage and to control (or measure) force
of the applied current.

o Lead or foil electrodes are used to supply current
to the patient's body.

o Hydrophilic pads are moistened with water or
saline.
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THE BODY'S RESPONSE TO DIRECT ELECTRIC
CURRENT:

o Stimulation of blood circulation, lymph
circulation, metabolism

o Increase the excitability of tissues under the
cathode(«-» electrode)

o Decrease in sensitivity under the anode ("+"
electrode); the effect of local analgesia
(anesthesia) 1s observed

MEDICINAL ELECTROPHORESIS

o Medicinal electrophoresis
(electrophoresis of medicinal Eloctiods
substances) is a method of
administering drugs through
the skin or mucous
membranes using direct
current.

o One of the hydrophilic pads is
wetted with water and the
other with a solution of the
drug. The drug is
administered in the form of
1ons.




ADVANTAGES OF ELECTROPHORESIS

o not traumatic,
o local action 1s provided,

o the drug is administered in ionic form, which
usually provides a therapeutic effect,

o the drug, accumulating in the subcutaneous
tissue, forms a "skin depot", from where it 1s
slowly washed away, which provides a prolonged
(long-term) effect of the drug on the pathological
focus.

PULSED CURRENTS

o Pulsed currents are currents
that change periodically but
not harmonically (non- U,
sinusoidally) over time. S

o The pulse front is the area of ;.
increase or decrease of voltage
(U) or current (I) (leading edge
- increase, trailing edge, or slice
- decrease).

o The amplitude is the modulus
of the maximum value of
voltage (Umas) or current (Imax).

0.8 Umax

o Pulse duration (r.) - this is the
period of time during which the
voltage or current exceeds 0.1 -
Unax or 0.1 - Imax in accordance.
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THERAPEUTIC TECHNIQUES BASED ON USE
PULSE CURRENTS: CARDIOSTIMULATION

o Normally, the impulses that
cause the heart to contract are
produced in the sinus
(sinatrial) node - the driver of
the rhythm, and through the
conduction system enter the
myocardial muscle.

o If the sinus node does not
perform its function or the
conduction system is disturbed
an external pacemaker -
electrocardiostimulator -
generator of electrical pulses
with a frequencyof 1 - 1.2 Hz
and a duration of 0.8 - 3 ms
becomes necessary.

THERAPEUTIC TECHNIQUES BASED ON USE
PULSE CURRENTS: DEFIBRILLATION

o Defibrillators are used for cardiac arrest or
ventricular fibrillation.

o Fibrillation - a disordered contraction of
individual muscle fibers due to their excitation to
each other.

o The defibrillator produces single electrical
impulses (discharges) of high voltage, which
cause a sharp strong contraction of the heart
muscle, which often leads to the restoration of
normal heart contractions.
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o Discharge voltage - a few kilovolts (up to 8kV). In
the case of an unsuccessful attempt to "start" the
heart in subsequent attempts to increase the
voltage.

THERAPEUTIC TECHNIQUES BASED ON USE
PULSE CURRENTS: ELECTROGYMNASTICS OF
MUSCLES

o Electrogymnastics of muscles maintains muscle tone,
improves blood circulation and metabolism in the affected
muscles or in muscles with impaired innervation,
supports their ability to contract.

o Use a pulsed current with triangular pulses lasting from 1
to 1.5 ms and a frequency of 100 Hz or pulses of
exponential shape lasting 3-60 ms and a frequency of 8 to
80 Hz.
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THERAPEUTIC TECHNIQUES BASED ON USE
PULSE CURRENTS: ELECTROSLEEP

o Electrosleep - the method of inhibiting the CNS
using a pulse current of rectangular shape with a
pulse duration of 0.1-1 ms and a pulse repetition
frequency of 5-150 Hz.

ALTERNATING CURRENT

The mechanism of action of alternating current on
fabrics depends on current frequency:

o at low frequencies causes irritating effect on
excitable tissues;

o at high frequencies - thermal effect.
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RHEOGRAPHY

Rheography - (impedance
plethysmography) -diagnostic technique
based on measuring the change in
impedance (Z) of the tissue area
depending on the blood supply to the
vessels of this tissue area. Alternating
current with a frequency of 30 kHz is
used (currents of this frequency do not
cause irritation of excitable tissues).

o At a rheography of a brain receive a
rheoencephalogram, at a rheography
of heart - the rheocardiogram.

o Rheography can also be used to study
the main vessels of the lungs, liver
and extremities, and in dentistry - the
vessels of the periodontium, oral
mucosa, salivary glands and others.

DIATHERMY

Diathermy (electrosurgery):
o diathermotomy
o diathermocoagulation

o Based on the release of heat in the tissues during
the flow of alternating current through them.

o Specific thermal power of the current (the
amount of heat released per 1 s per unit volume
of tissue during the flow of current):

_ 2
q=1J10pP
q - is the specific heat output;

] - current density;
p - 18 the specific resistance of the tissue
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o Electrosurgery uses a current of about 10 MHz.
At the point of contact of the body with a sharp
electrode creates a high current density and
develops a high specific thermal power.

o At diathermocoagulation (j = 6-10 mA / mm2)
there i1s a "brewing" of blood vessels.

o In diathermotomy (j = 40 mA / mmZ2) the sharp
electrode acts as an electric knife (electroscalpel),
which, burning the tissue, cuts it.

LLOCAL DARSONVALIZATION

o At local darsonvalization the patient is affected by
alternating current with a frequency from 100 kHz to
400 kHz, but it is brought to the patient not
continuously, and pulses with a frequency of 50 Hz.

o This uses a voltage of about 10 kV.

o The peculiarity of the technique of local
darsonvalization is that the current is supplied to the
patient by means of an electrode with a very high
resistance (usually it is either a hollow or graphite-
filled glass electrode).
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THE EFFECT OF ELECTROMAGNETIC
FIELDS ON BIOLOGICAL TISSUES

If a tissue (or part of the body) is placed in an
alternating electromagnetic field, alternating
currents occur in it.

Physiotherapeutic techniques:
o inductothermy

o UHF therapy

o LHF therapy:

INDUCTOTHERMY

o During inductothermy, the patient's tissues are
exposed to an alternating magnetic field with a
frequency of oscillations from 10 MHz to 15 MHz.

o The alternating magnetic field induces eddy
electric currents in the tissues, during which heat
1s released and the tissues are heated.
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o Inductothermy heats tissues with lower
resistivity values, ie tissues that conduct current
well.

o Effective heating of tissues occurs at a depth of 6-
8 cm.

o The increase in tissue temperature increases
blood circulation in them, causes the activation of
various enzymes. There 1s a stimulation of the
body's immune system.

UHF THERAPY(UHF - ULTRAHIGH
FREQUENCIES)

o The patient's tissues are affected by an
alternating electric field of the UHF band (30
MHz - 300 MHz).

o The UHF field creates in the patient's tissues
oscillations of charged particles of the same
frequency with which the UHF field changes.

o Emerging currents heat the patient's tissues
(organs): those tissues that have lower electrical
conductivity heat up more.
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LHF THERAPY(LHF - ABOVE-HIGH
FREQUENCIES)

The patient's tissues are affected by
electromagnetic waves with frequencies of 300
MHz - 30 GHz.

In microwave therapy better warmed muscle tissue
and blood.

At microwave therapy two ranges are allocated:

o decimeter waves (v = 460 MHz, A = 62.5 cm).
Heating depth reaches 9 cm

o microwaves, or centimeter waves (v = 2375 MHz,
A =12.6 cm). Heating depth reaches 3-5 cm.

o The effect of high-frequency electromagnetic
oscillations on the body is not limited to the
thermal effect.

o The biological effect of radiation is manifested at
different levels: subcellular (molecular), cellular,
tissue, organ, organism, population, species,
biocoenotic, global.

o The negative effect of electromagnetic radiation
of rather high intensity on the cardiovascular,
central nervous, endocrine, hematopoietic and
some other body systems is also considered to be
proven. Due to this, strict hygienic regulation of
the levels of electromagnetic fields that affect
people 1s introduced,
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CONSTANT ELECTRIC AND MAGNETIC FIELDS:
ELECTROSTATIC SHOWER (FRANKLINIZATION)

o FRANKLINIZATION - a method of therapeutic action on
the body or its individual areas with a constant high
voltage electric field (up to 50 kV).

o Distinguish between general ("electric shower") and local
frankhnization. The fganklinizatiun rocedure is carried
out in such a way that the patient's head (with general
exposure) or another part of the body (with loca
procedures) becomes, as it were, one of the capacitor plates,
while the second plate is an electrode placed at a distance
of at least 15 cm above the head or at a distance of 6-10 cm
above another area of influence. The role of the dielectric is
E})&ged by the air between them. Due to the fact that the

v resistance compared to the air resistance is small,
almost all the voltage generated by the apparatus falls on
the air gap between the patient's body ancF the electrode.

o During general exposure procedures, the electric field
voltagek {:ran reach 30 kV or more, and with local influences - o
15-20 kV,

Local electrodes are used to carry out
local franklinization. The procedure is
performed with the exposed surface of
the patient's body. Wound or ulcerative
skin surface should be cleaned of crusts,
pus, rejected masses, treated with a
disinfectant solution, dried with a sterile
napkin. The electrodes are fixed at a
distance of 5-7 cm from the skin surface.
The impact is carried out at a voltage of
10-20 kV. The procedures are usually
performed during dressings (after 2-3
days), continuing their duration is 10-15
minutes, per course treatment of 10-15
exposures.
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PARAMEDICAL MEDICAL SOURCES OF CMF

To obtain a constant magnetic field (CMF),
permanent magnets of various materials and
various designs are used, as well as electromagnets
with or without ferromagnetic cores, in the
windings of which a constant electric current flows.
The induction of constant magnetic fields is more
often 30-60 mT, although in some sources it can
reach 100 mT or more.

THANK YOU FOR ATTENTION!!!
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CONSTANT AND PULSED
MAGNETIC FIELD IN
PHYSIOTHERAPY

MAGNETIC FIELD AND ITS IMPACT ON THE
ORGANISM

o The Earth’s magnetic field shows the intensity in
the range of 30-70 uT, which 1s a natural
stimulator of physiological processes in a living
organism.

o Observations of people staying in space for a long
time indicate that lack of a natural magnetic field
causes insomnia, fatigue, and depression, and
increases the risk of osteoporosis.
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MAGNETIC FIELD AND ITS IMPACT ON THE

ORGANISM
Ca jons
Polanized Depolanized 3
membrane membrane O p—

o © EF =-Q
o)

OO S0 g ecabrmne
@)

Ca?' 1ons OO O
*jons OOO
a) Voltage-gated ion channel prior to b) Voltage-gated ion channel after
application of EMF application of EF or EMF

Figure 1. a) Voltage-gated ion channels control intra- and extra-cellular ion
ux due to positive surface charge. b) EF can attenuate the opening and
closing of these ion channels to trigger intracellular events due to negative
charge (— Q) depolarizing the plasma membrane.

[MPACT MAGNETIC FIELD ON THE
ORGANISM

o the acceleration of metabolism (stimulating the
energy processes and increasing the use of
oxygen by the cell);

o beneficial effect on the regenerative mechanisms
occurring in the tissue and stimulates humoral
and immune activity in the whole organism;

o enhances hormonal and enzymatic reactions;

o stimulates the formation of callus in the case of
obstruction in bone healing;

o an analgesic effect, affects muscle tension, and
stimulates the regeneration of tissues; o

61



MAGNETIC ENERGY CONVERSION

0 The strength of the Earth's magneticfield is 0.5G (or
0.056mT).

o An MRI scanner operates 15,000 - 30,000G - or 1.5 - 3.0T.
0 Therapy doses are typically in the range of 0.5 - 50mT.

o Physiological processes in animals generate small magnetic
fields - in the order of 10-6 to 10-12T

1 Gauss 0.0001 Tesla 0.1 milli Tesla
50 Gauss 0.005 Tesla 5 milli Tesla
100 Gauss 0.01 Tesla 10 milli Tesla

10,000G =1T. 1G =0.0001T (or 0.1mT or lﬂﬂmT)é

MAGNETIC FIELD OF CURRENT LOOP

o Examining the direction of the
magnetic field produced by a
current-carrying segment of ! L
wire shows that all parts of the . LY,
loop contribute magnetic fieldin =~ . Y ' i
the same direction inside the .
loop.

o Electric current in a circular
loop creates a magnetic field
which is more concentrated in
the center of the loop than
outside the loop. Stacking
multiple loops concentrates the
field even more into what is
called a solenoid. \

,_ ' " Magnetic field B
| Electric produced by

current loop current o

62



FIELD AT CENTER OF CURRENT LOOP

o The form of the magnetic field from a
current element in the Biot-Savart
|aw becomes

-

uJddLx7  p ldLsin@

TTarR T ank

o which in this case simplifies greatly
because the angle =90 ° for all points
along the path and the distance to the
field point is constant. The integral
becomes

B:—H"f« dL :—'u“."’ 2RR= ‘u;'!
4R 4nR 2R

dB

Po=4x x 107T-m/lA

In this special case the symmetry
is such that the field contributions

of all the current elements around
the circurnference add directly

at the center. The line integral of
the length is just the circumference
of the circle.

HIGH INTENSITY PULSE

MAGNETOTHERAPY

o High-intensity pulsed magnetotherapy (HIMT)
consists in the therapeutic effect of a pulsed
magnetic field (IMF) with a pulse repetition rate
of about 0.5 Hz, a duration of 110-180 ps, an
amplitude on the working surface of the inductor

of 1000-1500 mT.

|

V

800 %
55
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Temporal characteristics of the magnetic Temporal characteristics of the
field. Mode A magnetic field. Mode B
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Cylinder Flat surface coil

Cylinder Unit Flat surface coils




Pulse forms
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EMF voltage

V =nx ax dB/dt

Vv = Voltage

n
a
d

= number of turns of the electromagnetic coil
= area of the loop
B/dt = Signal rise-time (speed of induction)

MAGNETIC FIELD DEFICIENCY
SYNDROME (MFDS)
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MAGNETIC THERAPY

o Magnet therapy is applying magnetic fields to the
body for a therapeutic benefit. The degree of
benefit and the effect itself depends on the
magnetic device’s magnetic
field characteristics such
as intensity and field gradient, as well as
the duration of use and placement of the
magnet.

o Magnetic field gradient is the rate of change of
the strength of the field over distance — measured
in mT/mm.
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QUADRAOLAR ARRAY

o The field gradient is strongest where the
magnetic poles intersect, so more the number of
poles, more magnetically healing area.
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Old Quadraolar Array

New Quadrapolar

MAGNETIC SENSITIVITY IS DEFINED AS
FOLLOWS:

In order to determine whether a person is sensitive
to magnetic influence, it 1s necessary to attach a
magnet to the center of the palm and wait for the
reaction for a certain time:

o if a person in the area of application of the
magnet felt pulsating sensations after five
minutes, then his sensitivity is high;

o 1f a person felt a pulsation twenty minutes after
applying the magnet, then his sensitivity is
average;

o if sensations do not arise, then, therefore, there is
no sensitivity to magnetic influence at all.
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THE EFFECTIVENESS OF
MAGNETOTHERAPY

o reduces the intensity of pain and stops the
progression of inflammatory processes;

o has a calming effect on the central nervous
system, normalizes the psycho-emotional
background;

o strengthens the walls of blood vessels;

o destroys body fat;

o removes toxins and excess fluid from the body;
o stops non-extensive bleeding.

INDICATIONS FOR MAGNETOTHERAPY

This type of treatment is often used for:
o pathologies of the cardiovascular system;
o diseases of the respiratory system;

o disorders of the urinary, digestive, nervous and
musculoskeletal systems.

We should also consider the effect of magnetotherapy in

gynecology:
o the production of hormones is activated;

o problems of timely ovulation are solved;

o it is possible to cope with the primary and
compensated infertility that has arisen against the
background of diseases of the hormonal system.
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CONTRAINDICATIONS FOR
MAGNETOTHERAPY

o the age of the patient (after 70 years, even
magnetotherapy of the knee joint cannot be
performed, as this can destroy the already fragile
bones);

o the presence of acute and chronic pathologies
(with infectious processes, even with prolonged
remission, physiotherapy will be
contraindicated);

o general health - the level and stability of blood
pressure, heart rate, respiratory system activity,
and so on.

ABSOLUTE CONTRAINDICATIONS TO
MAGNETOTHERAPY:

o hemophilia;
o previously installed endoprosthesis;

o hepatic and renal failure, occurring in acute and
chronie form;

o hypertension of the third degree;

o any neoplasms, including benign ones, neoplasms
of unknown etiology;

o schizophrenia, manic-depressive psychosis;
o "Open" tuberculosis (active phase of the course).
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HIGH INTENSITY PULSED MAGNETIC
THERAPY

o It 1s possible to approach the values of the electric
field strength in biological tissue of the order of 100
V without the danger of damaging the cell by
acting on it with relatively rare single monopolar
pulses of a magnetic field of large amplitude with a
short pulse front. For example, with a half-
sinusoidal (bell-shaped) pulse amplitude of 0.5 T
and a pulse duration of 100 ps (rise time of 50 ps)
in a circular circuit with a radius of 2 cm, the
induced electric field will be 100 V. At a repetition
rate of such pulses of the order of 2 s, the heat
released in the biological tissue will have time to be
carried away by the bloodstream, thereby
eliminating the danger of overheating.

EFFECT OF A STRONG PULSED MAGNETIC
FIELD

o The influence of a strong pulsed magnetic field with an
intensity of 1.0-1.5 T is noticeable at a distance of 5-10 cm
from the surface of the inductor in the depth of the
biological tissue. So, at a depth of 2 cm in biological tissue,
the value of magnetic induction is 200-300 mT, 5 cm - 30-45
mT, 10 em - 4-6 mT, and 20 cm - 2-3 mT. Thus, up to 5 cm,
the effect of HIMT affects, and up to 20 cm, the effect of
low-intensity magnetic therapy, therefore, the induced
electric field has an active effect on deeply located muscle,
nervous, bone tissue, internal organs, improving
microcirculation, stimulating metabolic processes and
regeneration.

o Under the influence of a pulsed magnetic field with an
intensity of 1-1.5 T under inductors in tissues at a depth of
2 cm, induced electric currents with a density of 1-2 mA /
cm?2 are formed, which can cause contraction of skeletal
and smooth muscles.
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Medical application: TMS

Transcranial Magnetic Stimulation

Image courtesy NEU/NINDS Image courtesy Princston Unwrs:ty

Bernd Mwmenn (PTB): Magnetic Reids — CCEM - 2011-03-18 b

= B=2T at coil surface, 0.5 T in cortex
= currentrise time: 70 — 100 ps

MAGNETO
PULSE
AUTOMATED

© The automated magneto system is ideal for applying multiple
treatments concurrently and treating extended areas of the
body. The device applies Extremely Low Frequency (ELF)
electromagnetic waves and can allow up to 6 solenoids

and applicators to be used simultaneously.

The automated moving system automatically positions the
solenoid on the area to be treated and can scan automatically

and continually between two positions.

For high impact sports whole body treatment can be used
routinely to reduce bone and soft tissue recovery times betweee
events, helping to reduce degenerative tissue changes.



OTHER MAGNETIC THERAPY PRODUCTS

knee braces;

bands;

mats and magnetic bracelets

magnetic mattress toppers/mats/blankets;
therapeutic magnets

0O 0 0 0O

@) magnets

Tharagm e P Balal Moty w8 Semetd O mesaens Wageets § Made wot Ouaby Mo Mores

The reason why magnetic bracelets and magnetic jewelry have been
found to be a waste of money is plain and simple, these do not ensure a
consistent placement. A steady magnetic field would only be possible by
attaching the magnet to the body using an adhesive or tape to have a
great effect, and it needs to be strong enough or optimized to reach the
desired nerve.

DERMATOME MAP

Dermatome map
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THANK YOU FOR ATTENTION!
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BIOLOGICAL EFFECTS
AND MEDICAL

APPLICATIONS OF
INFRARED RADIATION

INFRARED

Infrared (IR) is a type of electromagnetic radiation,
including wavelengths between the 780 nm to 1000 pm.

Name Wavelength
' Gamma ray ' less than 0.01 nm
" Xeay | 001nm-10nm
' Ultraviolet ‘ 10 nm - 400 nm
| Visble | 400 nm-700 nm

| Infrared I 700 nm - 1 mm

Microwave 1 mm - 1 meter

Frequency (Hz) | Photon energy (eV)

| morethan 30 EHz | more than 124 keV

| 30EHz-30PHz | 124kev-124ev |
| 30PHz-790THz | 124eV-33eV

| 790 THz-430THz | 33eV-17eV

| 430 THz-300GHz | 17eV-124meV |
| 300 GHz - 300 MHz | 1.24 meV - 1.24 peV |

Radio | 1meter—100,000km| 3Hz-300GHz | 1.24peV-124feV |
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Division |Abbreviation | Wavelength | Frequency Photon | Temperat
name energy |ure

886 3,864
Near-  NIR, IRADIN 0.75-14pm  214-400THz 1653me 20 0 K
infrared : ST - (3,591
1,797 °C)
2,070—
Short- :
SWIR., IR- 413— 966 K
g:.a:gengé B DIN 1.4-3 pm 100214 THz 886 meV (1,797
intrare 693 °C)
MWIR, IR-
Mid- CPI
"~ MidIR.Also 155— 966-362 K
‘;"’i""eflengé called 3-8 pm 3T-100THz 15 1oy (693-89°C)
intermediate
infrared (IIR)
Long- 362-193 K
wavelengt ]é‘gﬂ, L 8-15 pm 20-37 THz ?gg mey  89-
h infrared —80 °C)
Far e 193-3K
INFRARED

Healing effects:

o anti-inflammatory (decongestant, regenerative, proliferative),
metabolic,

o local analgesic,
o vasodal.
Indications:

© chronic and subacute non-suppurative inflammatory diseases of
internal organs,

burns and frostbite,

sluggish wounds and ulcers,

peripheral diseases,

nervous system with pain syndrome (myositis, neuralgia),
consequences of injuries of the musculoskeletal system.
Contraindications:

o acute inflammatory and purulent diseases,

o failure of cerebral circulation (especially in vertebrobasilar basino
o autonomic dysfunction,

o sympathetic.

O 0O 0O O 0




METHODOLOGY

o The affected areas of the body are exposed to
radiation. Depending on the power of the infrared
radiation source, its reflector during the
procedures is installed at a distance of 30-100 cm
from the irradiated surface.

INFRAVIBROPHORESIS

o Infrared radiation in combination with vibration is
used in cosmetic physiotherapy to accelerate the
introduction of various medicinal substances into the
skin (infravibrophoresis).

o In this case, infrared radiation causes the expansion
of the blood and lymphatic vessels of the skin, the
ducts of the sebaceous and sweat glands, which leads
to an increase in the absorption of the fortified
substances.

o Vibration enhances their penetrating ability and, by
stimulating lymph drainage, increases skin turgor
and smooth muscle contractility.

o The water content in the epidermis increases by one

third, and the fat content - by two thirds of the
original values.
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o

LOW-LEVEL LIGHT THERAPY

o Low-level light therapy (LLLT) is defined as
“Treatment using irradiation with light of low
power intensity so that the effects are a response
to the light and not due to heat.

o Photobiomodulation (PBM) therapy 1s “A
form of light therapy that utilizes non-ionizing
forms of light sources, including lasers, LEDs,
and broadband light, in the visible and infrared
spectrum. It is a nonthermal process involving
endogenous chromophores eliciting photophysical
(1.e., linear and nonlinear) and photochemical
events at various biological scales. o

MOLECULAR MECHANISM OF LIGHT
INTERACTIONS WITH TISSUE

Photon absorption converts light into signals that can
stimulate biological processes.

The action of IR light on water dynamics in membranes,
mitochondria and/or cells could modulate signaling pathways,
production of reactive oxygen species (ROS), ATP (adenosine
triphosphate), Ca?*, NO, and inositol phosphates group.
Secondary effects are always preceded by primary effects,
including stress signaling, metabolic processes, cytoskeleton
organization, cell proliferation/differentiation, and
homeostasis (depending on injury or metabolic redox
potentials).

IR light could excite cells through water absorption, with a
temperature increase affecting the plasma membrane and
altering the electrical capacitance, thereby depolarizing th
target cells
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—Solar Spectral Irradiance  —Water Absorption Spectrum
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Fig.1 - Superposition of spectra of solar irradiance and water absorption
showing that the most significant areas of overlap occur in the region of 800—
1300 nm

INFRARED SAUNAS

o The use of far-infrared saunas for medical
treatment 1s based on deep skin-penetration of the
radiation to restore homeostasis of thermal
regulation.

o Indication: osteoarthritis or cardiovascular
respiratory problems, far-infrared saunas could
be applied as an alternative to moderate exercise.

o Therapeutic effects on congestive heart failure,
premature ventricular contractions, brain
natriuretic peptide levels, vascular endothelial
function, weight loss, oxidative stress, or chronic
fatigue
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WAON THERAPY

o Waon therapy means the body is warned in an
IR chamber for 15 min at 60°C, and then they are
wrapped in thermal blankets and laid down to
maintain heat for an additional 40 min, and
finally patient drinks water to replenish moisture
lost by perspiration.

o It can improve cardiac function and 1s useful in
rehabilitation.

o Waon therapy was performed once daily, 5 days
each week for 2 weeks.

EMERGING STUDIES OF INFRARED THERAPY:
NEURAL STIMULATION

o Infrared neural stimulation (INS) has higher
spatial resolution without electrochemical
connection between the source and the target
tissue. Furthermore, IR radiant emission can be
closely tailored to reflect the incoming signal;

o Potential disadvantages of INS are risks of
heat-induced tissue damage by overdosed energy,
and the limited depth of stimulation dependent
on IR absorption properties of tissue

o Many researchers have found that application of
continuous wave or pulsed light leads to different
results in studies of wound healing and tissue
regeneration
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EMERGING STUDIES OF INFRARED THERAPY:
NEURAL STIMULATION

One possible mechanism of INS is
photothermal effects caused by water absorption
of energy, rather than photochemical reactions
that can occur with radiation possessing greater
photon energy (shorter wavelength), or
photomechanical pressure waves.

Intracellular Ca?* is an important second
messenger for diverse biological process, such as
smooth muscle contraction, neurotransmitter
release, and regulation of signaling pathways.
After exposure to IR radiation (1862 nm), a rapid
rise in intracellular calcium was observed in the
neonatal rat ventricular cardiomyocytes to that
produced a pulsing frequency in the cells.

EMERGING STUDIES OF INFRARED THERAPY:
NEURAL STIMULATION

In 2016, Ken Zhao et al. reviewed the
applications of INS, concentrating on its ability to
stimulate various types of neurons by optical
radiation, including facial nerve, cochlea,
vestibular system, and the cortex.

Studies showed that IR pulsed radiation at 1860
nm or 790~850 nm stimulated action potentials
in many different types of neural cells, such as
sciatic cells, auditory nerves, and cardiomyocytes.

IR laser (A = 1450 nm and 1860 nm) can
transiently inhibit the propagation of action
potentials in endogenous unmyelinated and
myelinated axons.
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EMERGING STUDIES OF INFRARED THERAPY:
PHOTOAGING VS PHOTOREJUVENATION

Since human skin is consistently exposed to
environmental IR radiation, this energy may
indirectly or directly stimulate the production of free
radicals or ROS (reactive oxygen species). Many
researchers have found a brief burst of IR-induced
ROS may be beneficial for photorejuvenation.
However, IR-induced free radicals and ROScan be a
double-edged sword, at low doses they can
activate protective responses, but at high doses
ROS can damage organelles and cells in the
skin resulting in photoaging. Many studies have
indicated that IR radiation ranging from 760~1,000
nm is involved in photoaging and
photocarcinogenesis of human skin.

EMERGING STUDIES OF INFRARED THERAPY:
PHOTOAGING VS PHOTOREJUVENATION

IRA radiation-induced free radicals can
decrease antioxidants such as carotenoids to
different degrees in human skin. Especially the
carotenoid, lycopene decreased quickly compared
to beta-carotene.

IR-induced heat action can be pathological for the
skin. When the skin temperature exceeds 39 C
during IR irradiation, it can induce ROS
generation and pathological effects through
changes in structural integrity caused by enzyme
induction in the skin.
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EMERGING STUDIES OF INFRARED
THERAPY: ANTITUMOR ACTION

o Over the past decade, a number of studies have
found that IR radiation can give rise to some
DNA damage in cancer cells.

o The proposed mechanism is related to oxidative
stress. IR affects the electron transport chain to
generate ROS, which does not only stimulate
signal transduction at moderate levels, but can
also damage cellular organelles directly when
generated at excessive levels.

EMERGING STUDIES OF INFRARED
THERAPY: ANTITUMOR ACTION

o Previous research has demonstrated that
tonizing radiation therapy combined with
paclitaxel can increase the therapeutic effects.
Paclitaxel stabilizes microtubules and leads to
cell death by inhibiting chromosome segregation,
disturbing spindle assembly during cell division,
and causing cell cycle arrest in the Go/M phase.

o IR has the potential to reduce the dosage of
paclitaxel in clinical anticancer chemotherapy to
avoid paclitaxel-induced severe side-effects, such
as lower white blood cell counts, hair loss,
diarrhea, mouth sores, and hypersensitivity
reactions.
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EMERGING STUDIES OF INFRARED:
NEURAL REGENERATION

o Transcranial brain stimulation with IR
radiation is the use of coherent or non-coherent
light to rehabilitate neurodegenerative brain
diseases or traumatic brain injury, and modulate
a neurobiological function in a non-thermal
effect; however the molecular mechanism of IR
brain stimulation is still unclear.

o The 808 nm laser could also promote cerebral
blood flow and increase nitric oxide levels in
mice.

THANK YOU FOR ATTENTION!!!
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ULTRAVIOLET RADIATION IN
MEDICINE

INTRODUCTION

o The Danish physician Niels Finsen (1860-1904) is
regarded by many as the father of modern UV
therapy. In parallel with his scientific
investigations, Finsen was also an active clinician.
He 1s best remembered for his successful treatment
of lupus vulgaris (tuberculosis of the skin, mainly
on the face) and in 1903 was awarded the Nobel
Prize for medicine in recognition of this work.

o Treatment of disease using artificial sources of UVR
is known as actinotherapy or phototherapy.
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THE ULTRAVIOLET SPECTRUM

o Ultraviolet (UV) is a form of electromagnetic
radiation with wavelength from 10 (with a
corresponding frequency around 30 PHz) to
400 nm (750 THz), shorter than that of visible light,
but longer than X-rays.

Violet Red
Cosmic |Gamma | +_ e v Micro | Radio
Rays Rays X-Rays | Ultravialet Infrared Weves |Waves
| | |
10"m 0%m 107m 10'm )

Wacuum | Short Wave UV | Middle Wave UV | Long Wave UV

uv (LV-C) {UV-B) (UV-A)
(nm)
[ | | |

100 185 254 300 315 400
200 280

BIOLOGICAL EFFECTS OF ULTRAVIOLET
RADIATION

o A plot of the effectiveness of the UVR of different wavelengths in
causing a given biological effect is called an action spectrum.

o The shape of the action spectrum will depend both on the
absorption spectrum for the chromophores initiating the effect
and also the optical properties of the skin that influences the
radiation reaching the chromophores.

o UVA has much higher transmission than UVB or UVC, and
therefore pe%%trates deeper into the skin

250 300 350 400
Wavelength (nm)

Fig. 1 — Fractional UVR penetration through the
epidermis as a function of wavelength

86



EFFECT OF UV EXPOSURE ON THE EYES

o Both UVC and UVB radiation is predominately absorbed by
the conjunctiva and cornea.

o The lens absorbs radiation in the range 300-370 nm,
whereas radiation in the range 400—1400 [visible blue light
to near-infrared (IR) radiation] is absorbed on the retina.

o Acute effects of UVR overexposure are photokeratitis
(corneal injury) and photoconjunctivitis (Photokeratitis may
occur in mountaineers as a result of high solar UV at
altitude and high UV reflection from snow; this is referred
to as “snow-blindness”)

Fig.2 — Photokeratitis

EFFECT OF UV EXPOSURE ON THE EYES

o Corneal absorption is very high between 190 and
220 nm and radiation in this range is used
therapeutically in laser photorefractive surgery.

o Also certain artificial sources, such as germicidal

lamps, emit significant UVC, and therefore care
is required in their use.
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EFFECT OF UV EXPOSURE ON THE SKIN

o The acute effects of UVR on the skin include
erythema (sunburn), skin thickening, tanning,
and vitamin D production.

o Long-term effects include induction of skin
cancer and premature skin aging.

o Fair skinned people burn more easily in the sun,
find it difficult to obtain a tan, and have a higher
risk of skin cancer compared to darker skinned
individuals.

ERYTHEMA

o Erythema is skin redness caused by inflammation and
dilation of small blood vessels. The erythemal response of
the skin in an individual can be defined by the minimum
dose required to produce a just perceptible redness. This is
referred to as the Minimal Erythemal Dose (MED). A
standard erythemal action spectrum has been defined
taking into account many published studies.
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Fig.3 — Standard action spectra for ervthema,
non-melanoma skin cancer, and UV hazard.

88



ULTRAVIOLET SOURCES

o Ultraviolet radiation is emitted during transition of a
molecular electron from an excited, high energy, to a less
energetic state.

o As the possible energy levels are fixed for a given molecule,
radiation is emitted with distinct photon energies. When
excitation is by heating, the release of radiation is termed
incandescence.

o Alternatively, excitation can be generated by passage of an
electrical discharge through a gas. This is the basis for
most artificial UV sources used in medicine, for example,
mercury arc lamps and fluorescent UV lamps.

o The UV emitting LEDs (light emitting diodes) are
available, although these tend to have low output and be
restricted to long wavelength UV.

o A further recent development has been the production of,
UV emitting lasers.

ULTRAVIOLET SOURCES

o Solar Ultraviolet Radiation (The spectrum
of extraterrestrial solar radiation
approximates that of a black body at ~ 5800 K.
At the earth’s surface, this spectrum is
modified by atmospheric attenuation. The
stratospheric ozone layer prevents almost all
radiation with wavelengths <290 nm and a
substantial proportion of UVB (70-90%) U RADIATION
reaching the earth. When the sun is lower in
the sky, the path length through the
atmosphere 1s greater. The intensity is
therefore reduced at all wavelengths, but
more so for UVB than UVA)

o Incandescent Sources (Incandescent
sources emit a smooth broad spectrum of
radiation with the peak wavelength inversely
related to the absolute temperature.)

89



ULTRAVIOLET SOURCES

o Mercury and Metal Halide Arc Lamps ( A low
pressure mercury arc lamp consists of a fused silica tube
filled with argon at ~1 Pa and containing a drop of
mercury. A discharge occurs between the electrodes sealed
into the ends of the tube. More than 90% of the radiant
energy produced by the discharge is at 253.7 nm.)
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Fig. 4 — Ultraviolet emission spectra  Fig.5 — Ultraviolet emission spectra from
from low and medium pressure metal halide lamp with and withé
mercury lamps filters

ULTRAVIOLET SOURCES

o Fluorescent Lamps (A fluorescent lamp is a low
pressure mercury discharge lamp that has a
phosphor coating applied to the inside of the
envelope. Fluorescence radiation is produced by
the excitation of the phosphor by the 253.7 nm
radiation)

o Xenon Arc Lamps (Unlike arc lamps containing
mercury that has to vaporize, xenon lamps
contain a permanent gas filling and the full
radiation output is available immediately after
switching on so that no run-up periodis _—~ 5%

necessary) T e

— ;{‘/"‘ =
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ULTRAVIOLET SOURCES

o Monochromatic Radiation (A radiation
monochromator consists of a xenon arc lamp
together with a double diffraction grating
monochromator. Although the radiation is
referred to as monochromatic, in fact bandwidths
of between 30 and 5 nm are typically employed.
Narrowing the bandwidth <5 nm may lead to
unacceptably low irradiance.)

o Lasers (Lasers produce truly monochromatic
radiation. There are a number of lasers that
produce UV radiation with emissions possible in
the UVA, UVB, and UVC range. Argon Fluoride
lasers produce 193-nm radiation (UVC) and are
used for corneal refractive surgery.)

THE MEASUREMENT OF ULTRAVIOLET
RADIATION: QUANTITIES AND UNITS

Table 1. Radiometric Terms

Term Unit

Wavelength Nanometer, nm

Radiant energy Joule, J

Radiant flux Watt, W

Radiant intensity Watt per steradian, W/sr
Radiance Watt per square meter per

steradian, W/m/sr

Irradiance Watt per square meter,
Wim™
a
Radiant exposure (often Joule per square meter, JJ/m”

referred to as “dose™)
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THE MEASUREMENT OF ULTRAVIOLET
RADIATION: QUANTITIES AND UNITS

The most frequent radiometric calculation is to
determine the time for which a patient who is
prescribed a certain dose (in J/cm?) should be
exposed when a radiometer indicates the
irradiance in mW/em?. The relationship between
these quantities is:

1000 x daes(ffcmz}

60 x irradiance(™W/ )

expasure time(min) =

THE MEASUREMENT OF ULTRAVIOLET
RADIATION: WEIGHTED IRRADIANCE

o The erythemally effective irradiance E.g, is defined as:
Eops = zs(:x)s(h)a:x

o Where s()) is the erythemal action spectrum, E(}) is the
measured spectral irradiance, and AA is the bandwidth
of measurement.

o The “Global UV index” can be used as a standard way of
expressing the erythemally weighted solar irradiance.

o A measure of the integrated effective irradiance
received 1s given by the Standard Erythemal Dose
(SED). One SED is equal to an effective dose of 100
J/m?.

o The number of SED required to cause just perceptible
ervthema ranges from ~1.5 to 6 for skin types I to IV.
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THE MEASUREMENT OF ULTRAVIOLET
RADIATION

Photodiodes

Physical UV Detectors T —

Photadetector ﬁ

Flaw cell

Flowes cell Diffraction
Bearn splitter
grating
| Slit Larg
@ /Mouanle St
diffragtion
Hame grating Fig.7 — Schematic diagram for a diode-
- array UV detector
Fig. 6 — Schematic diagram for a °
variable-wavelength UV detector

THE MEASUREMENT OF ULTRAVIOLET
RADIATION

UV Radiometers

o A radiometer is a complete UV
measurement device, consisting
of a detector and a meter to
amplify and display the detector
output. Narrow-band UV
radiometers are used to measure
the irradiance of a source in the
different UV bands.

Fig.8 — A hand-held UV e
radiometer suitable for
routine monitoring of
phototherapy equipment.,
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THE MEASUREMENT OF ULTRAVIOLET
RADIATION

o Spectroradiometry is concerned with the
measurement of the spectrum of a source of optical
radiation.

o The three basic requirements of a
gpectroradiometer system are (1) the input optics,
designed to conduct the radiation from the source
into (2), the monochromator, which usually
incorporates one or two diffraction gratings as the
wavelength dispersion elements, and (3) an optical
radiation detector, either a photomultiplier tube or
a solid-state photodiode.

THERAPY OF SKIN DISEASE WITH
ULTRAVIOLET RADIATION

o The principal application of UVR for therapy 1s to
treat a variety of skin diseases. The UVR may be
administered on its own (phototherapy) or in
conjunction with adjunctive agents applied
topically or photoactive drugs taken systemically
(photochemotherapy).
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ULTRAVIOLET PHOTOTHERAPY

0.1
Psoriasis is a common genetically

determined skin disease with a %

2% incidence worldwide. It is 0.01
characterized by disfiguring, g
often distressing, red scaly

plaques that may become

confluent. &

Parrish and Jaenicke studied 0.000
psoriasis response at different UV
wavelengths to derive an action
spectrum for psoriasis clearance.

'250260270280290300310320
Wavelength (nm)
Fig.9 - Psoriasis clearance action spectrum
and erythema action spectrumin an
individual subject. The triangles indicate the
reciprocal of the lowest daily dose to clear
psoriasis and the circles are the reciprocal of

the minimal erythemal dose.

PSORALEN PHOTOCHEMOTHERAPY

o This form of treatment, known as PUVA, involves the
combination of the photoactive drug psoralen and
UVA irradiation to produce a beneficial effect.
Psoralen photochemotherapy has been used to treat
many skin diseases, although its principal success has
been in the management of psoriasis. The psoralen
may be applied to the skin either topically or
systemically; the latter route 1s generally preferred.
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TREATMENT REGIMES FOR UV THERAPY

o For photochemotherapy the degree of variability in erythema in
sensitized skin may be greater due to variations in psoralen
metabolism. Therefore, before embarking upon a course of
irradiation, the minimum dose to cause just perceptible eryvthema
should be determined. For phototherapy, this is termed the MED,
whereas for photochemotherapy it is termed the minimal phototoxic
dose (MPD). Either MED or D measurement iz made b
exposing the skin to increasing doses of UV using a lamp with the
same spectral output as the treatment lamp.

= =
f HEERee08

s AWhe. SR
Fig. 10— An eryvthemal skin testing
device for use prior to phototherapy,
consisting of a TLO1 fluorescent lamp

and a number of apertures covered by
metal grid filters

Fig.11 — Normal ervthemal response at
24 h obtained using the device shown in
Fig. 10 in a subject with skin tyvpe 2. Theo
MED is seen at site 6 or possibly 7.

RISKS OF PHOTOTHERAPY

o The major acute risk in phototherapy is that of
ervthema. In phototherapy, it 1s the erythemal
response in the unaffected skin that limits the
treatment dose and frequency. Therefore, it 1s
important to have an understanding of how
ervthema increases over time and with
increasing dose for different therapy sources.
Erythema peaks at ~ 8-12 h after exposure for
solar simulated radiation, UVC and UVB.




EQUIPMENT FOR ULTRAVIOLET THERAPY OF
SKIN DISEASES

o Ultraviolet therapy is usually delivered
using large cabins housing vertical
fluorescent lamps.

o Compact units for treating just the hands
and feet or smaller areas are also available.

o All treatment devices usually incorporate
timers to terminate treatments and most
now have in-built UV meters.

Fig.12 — A common type of whole
body phototherapy therapy
supplied by Waldmann (Herbert
Waldmann GmbH & Co.,
Villingen-Schwenningen,
Germany.) This illustrates the

I”""l direct method of measuring UV
irradiance; after the door 12

closed lamps are lit and
measurements are made in
number of positions.
Fig.13 — A small PUVA therapy unit suitable
for treatment of the hands and feet

OTHER USES OF UV IN MEDICINE

o Laser Eye Correction

Energy from an ArFI (argon fluoride) excimer laser at 193 nm
is very well absorbed by proteins within the cornea. Molecular
bonds are broken as the photon energy is greater than the
bond strength within these proteins. The process of tissue
removal is not like that of a scalpel, or other lasers. Rather, a
broad beam is used that removes tissue by a process called
“ablative photodecomposition”. Since the laser energy is
absorbed very near the surface, little tissue damage beyond

this region occurs. bbby {
The degree of tissue  cmmminman "
removal is computer

controlled so that the

cornea is reshaped to /v"
give the appropriate ul
degree of refractive Retina
correction for the N o beepee
patient. e g o
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OTHER USES OF UV IN MEDICINE

o Photopheresis

The technique involves the following
process: venous blood is removed from
the patient, the white cells are S Tressed bty
separated and mixed with
8-mythoxypsoralen, these cells are
then irradiated using UVA lamps and
then returned to the patient. A
treatment session takes ~ 4 h and this
is repeated every few weeks for several
months. Currently, the technique is g
expensive and only used on a
relatively small number of patients in
a limited number of centers. It has

¥

] Butty cont
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1] Wheatle blaod is
fractiaraied via

been investigated in a wide range of cantigatin purerisvi
diseases with varying degrees o bulty cont
success. The most promising results .
have been in the treatment of ?JLE,;"H‘:::';.,

and collected

cutaneous T-cell lymphoma and graft
versus host disease.

OTHER USES OF UV IN MEDICINE

o Blue Light Phototherapy

Blue light phototherapy is used in the treatment of neonatal
jaundice. The condition is caused by the inability to clear bilirubin.
Bilirubin is formed as the body scavenges iron from heme molecules
released during the destruction of red blood cells. Irradiation of
bilirubin by blue light causes its conversion to forms that are less
toxic and more easily removed from the body. As the liver matures
it becomes more able to excrete bilirubin so that phototherapy is
only required for a short time. There is uncertainty about the
optimum spectral output for lamps used in phototherapy, although
it is thought that the most effective wavelength is ~ 450 nm.
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OTHER USES OF UV IN MEDICINE

o Stimulation of Vitamin D Production

Vitamin D is made when UV (more precisely, UVB
rays) react with a compound (7-dehydrocholesterol)
in the skin. The best rays for UV synthesis have
wavelengths between 270-300 nm. These
wavelengths are present when the UV index is

greater than 3.
The Spectrum of Light
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OTHER USES OF UV IN MEDICINE

o Stimulation of Vitamin D Production

Vitamin D is made when UV (more precisely, UVB
rays) react with a compound (7-dehydrocholesterol)
in the skin. The best rays for UV synthesis have
wavelengths between 270-300 nm. These
wavelengths are present when the UV index is
greater than 3.

The Spectrum of Light
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Range for producing Vitamin D
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1. Afpec anNekTpoHHOW NoJTkl ™

Test1

2. Entervyour firstand last name *

3. To achieve a therapeutic effect, magnetic jewelry does not ensure:

OTMeTeTe TONBKO OJWH 0BT

a paralelal placement
a consistent placement

a chaotic placement

4 Theeffect of HIMT affects at a distance:
OTMETETE TOTBKD OHH 0BAM.

upto 5 ocm
upto 10 cm

upto 15cm
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5. Therapy doses the strength of the magnetic field are typically in the range:

OTMETETE TONTEKD OJWH OBA.

1 5-50mT
| 50- 500mT

10.5-50mT

6. HIMT consists in the therapeutic effect of a pulsed magnetic field with a:
OTMeTeTe BoR NogXoOALHE BADHANHThI.

|:| an amplitude on the working surface of the inductorof 1-1,5 pT

| | duration of 110-180 ms

| | duration of 110-180 ps

|:| a pulse repetition rate of about 0.5 Hz

|:| an amplitude on the working surface of the inductorof 100-150 mT
|:| a pulse repetition rate of about 0.5 kHz

7. VW =nxaxdBdt select INCORRECT statements:

OTMETETE BCE NOgXOALME BADHAHTHI.

|:| dB/dt = Signal rise-time (speed of induction)
|:| B = strength of the magnetic field in Gauss
|:| if B goes from zero to 1 Tesla in 1 millisecond then dB/dt = 1000 Tesla/sec

|:| a static magnetic field can generate any electrical voltage since the dB/dt component of
thiz equation is zero

|:| a = number of turns of the electromagnetic coil

|:| the speed of change of the electromagnetic field induced in the body is very important
to obtain the maximum possible force

8. Whatmagnetic fields characteristics measured in mTmm?
OTMeTETE TONBKD OfMH 0BA.

intensity
| field gradie nt

| duration of use
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9. If a personinthe area of application of the magnet felt pulsating sensations after

16 minutes, then his sensitivity is:
OTMETETE TOABKO OfWH OBAJ.
| high
average

there is no sensitivity to magnetic influe nce at all

10,  Absolute contraindications to magnetotherapy:
OTMeTeTE BOoE nNogxogAu He BagHalThi.

|:| pathologies of the cardiovascular system

[ | hypertension of the third degree

|:| previously installed endoprosthesis

|:| the presence of acute and chronic pathologies
|:| diseases of the respiratory system

[ | hemaophilia

11.  Magnetic Field Deficiency Syndrome are characterized by:

OTMETETE BCE NOAXOAAL ME BAPHIHTI.
[ | insomnia

[ ] fatigue

[ | disorders of the urinary

|:| diseases of the respiratory system
[ ] dizziness/vertigo

[ | vision problems

12,  Intranscranial magnetic stimulation the strength of the magnetic field at coll

surfase:
OTMETETE TOMBKG OMH OB

Jabout 1.5 to 2 tesla
| about 2.5 to 3 tesla

about 2to 5 tesla



13.  The strength of the Earth's magnetic field is:

OTMeTETE TONMBKO OUH OB

F00mG
10056

05 mT

14, The effective energy for the cylinder:

OTMETETE BCE MOAXOAAL HE BADHAHTHI.

|:| is almost exclusive local
|:| only outside the cylinder
|:| does hardly expand outside its borders

15, Whatis the procedure shown in the figure?

OTMeTsTe TONBKO OHH OB

| electric shower
" inductothermy

| franklinization
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16. Decimeter waves (v = 460 MHz, A = 62.5 cm) heating depth reaches:

OTMeTeETE TOMEKD O4MH DBAN.

13T em
710 cm

C10-15 em

17.  Atlocal darsonvalization the patientis affected by:

OTMETETE BCE MOAXOAAUHE BADHAHThI.

|:| alternating current with a freguency from 100 kHz to 400 kHz
[ | pulses with a frequency of 60 Hz

|:| direct current with a frequency from 100 kHz to 400 kHz

[ | pulses with a frequency of 50 Hz

18. Choose INCORRECT staterments about electrosleep:

OTMETLTE BCE MOAXOAALHE BADHAHThI.

|:| using a variable current

[ | a pulse duration is 0.1-1 ms

|:| a pulse repetition frequency is 5-30 Hz
| | the methed of inhibiting the CNS

19.  Amethod of administering drugs through the skin or mucous membranes using

direct current is:
OTMETETE TONTBKO OJHH 0BAN.

| electrophoresis
| galvanization

inductothermy
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20. The picture shows:
Living cell

Cell membrane Intercellular fluid

Electrode Electrode
S S
(Area ) (Area )
~ X l eal
( Distance)
0 ~ O
AC

OTMeTbTe TO/ILKO O4UH 082l

) Equivalent electrical substitution Friqgue-Morse scheme of homogeneous biclogical tissue

( i  Equivalent electrical substitution Frigue-Morse scheme of not homogeneous biological
tissue

) The electrical equivalent of biological tissue - Cole’s model



21.  Formula of Impedance of biclogical tissue :

OrmMeTsTe TOTBKO O0WH 0BaN.

Bapwant 1

Z=R +X?

) Bapwant 3

22.  Surface capacity of the cell membrane is:

OrmMeThTe TOTBKO O0WH 0BaN.

05 [10] -2 Ffmt2
115 [10] ~(-3) Fim*2
115 [10] A(-2) Fim*2
15 [10] A(-3 ) Ffm*2

Z=RY +(X, —X,)

Bapuwant
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23. Choose the correct statements:
OrMeTeTE BCE MooxogAl He BagHalH Thi.

|:| Intercellular fluid and cytoplasm are an electrolyte that conducts an electric current
|:| Dead tissue does not possess capacitive properties

|:| Ehe intercellular fluid and cytoplasm have not active resistance properties

|:| The membrane is a dielectric, therefore it has a capacitive resistance

24, The resting membrane potential of a neuron is about:

OrmMeTeTe TOMBKO QMH OBa/I.

70 mV
70w
155 mV

| 55 miv

25, Tonatural therapeutic physical factors belong:

OTMETETE BCE MOAXGAAL HE BADHAHTHI.

[ | climatotherapy
[ ] radiotherapy

[ | Mechanatherapy
[ ] Balnectherapy

[ | Magnetic therapy
|:| Mud cure

26. Diadynamic therapy belong to:
OTMeTETE TONBKO OWMH 0BaS.
| Low voltage direct current

High voltage electric cument

| Low voltage impulse current
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27.  Physicochemical (primary) shifts in the body after the application of a physical
facton:

OrmeTsTE BCE MoaxoqAu He BagHaH Thi.

|:| reflex-segmental reactions occur

[ | heat generation

|:| the formation of free forms of substances

|:| changes in the electrical properties of cells

|:| lecal immunobiclegical processes

|:| changes in the immune status and reactivity of the body

28. Choose the correct statements:

 w e

_‘

I | (|
— e s

OTMETLTE BCE MOAXGAAL HE BEJHAHTHI.

|:| It is scheme of NOT HOMOGENEOQOUS biclogical tissue

|:| It isscheme of HOMOGENEOQUS biclogical tissue

|:| Resistors R2 R4.R6.RE - an analogue of the intercellular environment
|:| Resistor R2,R4.RE6.RE - an analogue of the intacellular envirenment
|:| Capacitor C is an analogue of the cell membrane

|:| Resistor R1,R3,R5.RT - an analogue of the intmcellular envirenment

|:| Resistor R1,R3,R3.RT - an analogue of the intercellular environment
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29, Choose the correct statements:

w0 e =m0 [

: !

OTMETLTE BCE MOAXOAALHE BADHAH ThI.

|:| This is Cole's sheme - the electrical eguivalent of biclogical tissue

|:| This is Frike-Morse scheme - the electrical eguivalent of biclogical tissue
|:| On picture a = living tissue; on picture b - pathology tissue

|:| Capacitor C is an analogue of the cell membrane



