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FOREWORD

Achievements in modemn medicine are substantially linked to
mmhbmbs.wmmwmucs.amm
emwmbiobglcalmsmmdsamamism
developing new techniques in diagnostics and treatment. These methods
are b.lng widely Introduced into the practice of research laboratories
pecause, In many cases, an understanding of the origin of diseases is
based on identifying their biophysical mechanisms, This explains the
necessity for students of medical universities to study the basic concepts
ol medical and biological physics.

To date In Ukraine no medical and biological physics text-books
have been published for foreign students studying in English In higher
medical education establishments. There is a feeling that it s necessary
to publish such textbooks in English. In these textbooks, the basic
maheﬂalolﬂmsubiect'MedicalandBidogichwouldbe
presented In a sufficlently straightforward and concise form. So this was
the cause of preparing this edition.

in preparing the texibook for printing, the authors followed the
typical syllabus for the subject «Medical and Biological Physics~ for
students of higher medical education establishments approved by the
Ukrainian Ministry of Public Health and CMC for Higher Medical
Education,

mwdbookoomistsoﬂwomPanlmﬂseszachaplors
and presents theoretical material for the course «Medical and Blological
Physics»,



Chapters 1 - 6 contain information on the fundamentals of higher
mathematics, the theory of probability and mathematical statistics, The
first to be presented are concepts in higher mathematics since
understanding the key sections of medical and biological physics at an
up-to-date level is impossible without a priori mastering of the
mathematical apparatus. Modermn medical science is Inconcefvable
without an extensive and qualfied appication of the methods of
mathematical statistics, which, in tum, is based on the basic concepts
and formulas of the theory of probability.

Medical cybemnetics and informatics concepts are presented in
Chapter 7 in concise form since the syllabus provides for their study in
greater detail in the special course of «Medical Informaticss.

Chapters 8 - 11 present material on biomechanics, blorheology
and haemodynamics, mechanical vibrations and waves, and
bioacoustics and describe the relevant investigation methods used in
medicine.

Chapters 12 through 14 contain fundamentals of biological
thermogynamics, biophysics of macromolecules, and membrane
transport.

Chapters 15 through 17 deal with electrical and magnetic
phenomena in blological systems. The mechanisms and methods of
action ol electric currents and electromagnetic fields on biological
systems for diagnostics and lreatmemt are considered here. Key
concepts in medical electronics are also presented In concise form.

12



Chapters 18 through 24 present material on physical and
physiological optics, radiation blophysics, and the application of quantum
physics techniques for solving madical and biological problems.

Part Il of the textbook is a laboratory practical work guide in the
subject of «Medical and Biclogical Physics», which corrasponds to the
theoretical matenal presented in Part |, Students' practical work i known
to be of critical imporiance becausa, in making experiments individually,
they not only assimilate the theoretical material better, but acquire
relevant practical skifls,

The authors offer a package of eleven laboratory works focused 1o
studying the physical mathods of investigating the properties of biological
objects with a view to use the skills obtained in future medical practice.
Each section contains instructions on preparing for the work, the
procedure of its performing, and relevant theoretical information and test
quastions.

Whean compiling this textbook, the authors used matedal from
methodical manuals developed by the instructors of the Chair of Medical
and Biological Physics, and Medical Informatics of the Kharkiv National
Medical University. These manuals were tested and approved during
practical work and lectures. Additional special literature was also used.

The authors express their sincare gratitude to the Chair staff that
focused their efforts on developing and Iimplementing the laboratory
practical work guide in the academic process.

We are sincerely grateful to Professor E.O. Gordiyenko and
Professor S.1. Lapta for their qualified and thorough review.

13




The textbook is intended for students studying in English, and
instructors of higher medical education establishments, We hope that it
will benefit future doctors by instilling in them the knowledge of the
fundamentals of biophysical science; the basic principles of biophysical
investigation methods, and diagnostics and treatment, and the prancipies
of proper use of medical equipment, and that it will increase their
awareness of the biophysical aspect in their future medical and biological
research activities,

Authors
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NEPEAMOBA .

[OCArHEeHHR CyvacHo! megmumkm B8 3sadqwi mipl s00o08'ssam
ycnixam Gionorll, @i3vkn, xomnoTepHol TexHikk R iMcbopmaTem,
megussoro  npunagobyayeasHs.  Merogu  Biodiamin  wwooxo
BNPOBAMKYIOTLECA B NPAKTHKY A0CHAMNUBKMX NabopaTopin | € oCHOB0K
ANA po3pobxin HOBMX METOLIB AIAMMOCTIKN | NIKYBAHHA B KINHILI, OCKINEKW
NPVPONa 3aXBOPIOBaHL | MexaHiam ofyxanHs & CarareOx Bwnagkax
maors Ologhianyne noscHesHs, Came TOMy CTYASHTaM MESNYHAX
yHigsepcuteris weolxignl 3aranedi | cneamesi asamHR 8 obnacn
meanuHol | Bionorisol v,

Ha xanb, we He suaasi Hasyansi nOCIBHW 3 meawvHol |
Bionoriumol  iaMKM AN HOEMHMX  CTYQEHTIS, WO HaByMoThCH
SHIMTACHKDN0 MOBOIO Y BMUMX MESWMHWX 33KNaQaX, y RAKMX y A0CHTL
npocTiik | crrcnia dopmi Oys Gn npeacTasnesnd marepian nporpamn
mcuannine  «MeguvHa | Gionoriusa diamka- 3 sinobpaxensam Tl
ocobnusocTen. ABTopwn craewnk nepep cobow yine niksigysarH Ued
HeSoNIK.

CcHOBOIO HasManuHOrO NociBHvka € TWNoBa nporpama 3
ancusnniqn «Meguusa | Gionoriusa diavkas ANR CTYAEMTIE  BULMX
MEAMYHUX HABMANLHMX 3aknage, sarsepaxensa MO3 Yipaimw | LIMK 3
BMLOT MEAWYHOT OCBITH.

HasuansHmi nOCIDMMK CXNANAETLCA 3 ABOX 4YacTvH. Y nepuwy
HACTHHY, SIKa BMILYYE 24 poaginM, BXMIOYEHO TEOPETVHYHMA MaTeplan 3a
Kypcom «Meanusia | Sianorssa disvkar,
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Poagimm 1 — 6 MICTATL BIGOMOCTI 3 OCHOB BMLLOT MATEMATIKM,
Teopll AMORBIDHOCTER, MSTEMaTWUYHO! CTATUCTMIM | KOpensuiltsoro
aHanisy. Buknan umx nuTase y Kypei megussdol | Gionoriukol dhisusm
OBYMOBNEHIEA ZOCHTE WMPOKUM BIKOPMCTIHHAM METEMATHUHUX METOAIB
Y Cy“acHi?h meguul. KpiMm Toro, NOBHOLJHHE BUBYEHHA GROISMUMMX
MMTaHe BUMarac slanosigMol iauxo-MaTeMaTwuHoi nigroToekK, Ay
CTYREHTU MEAW4NKX BY3IB HE OAEPXYIOTS y ChewansHomy xypci. Lled
HEAOMK ¥ TXHIX 3MaMHAX NPUXOGUTHCA MNIKBIAOEYBETM Ha NOVETKOBOMY
eTani swBueHHs AaaHol Aucuwnnimm. Beck poarnsHyTWA  Marepian
MATEMSTWHHOMD XapaKTepy UinkoM sianosigae Twnoaiin nporpami,

fAenki ocHoaMl nuTaMMR  KWGepHeTVKM @ InchopmaTvi
POIMASSKTECH B 7 POafini, Wo oSyMOBNEHO WHPOKHM NOWMPEHHAM
HOPMALIAHMX TEXHONOMIR y MeaMKo-BIoNoriuimx A0CNIKeHHRAX.

Y 8 - 11 poaginax npepscrasneHo marepian 3 Giomexasike,
mexaHiusmx  konueaws Ta xeane, Gioakycrwkw, Giopeonoril |
rEMOUMaMin, 3 Taxox BIANOMIAMI METOSM, AKI BUKOPUCTOBYIOTLCA B
MEMKO-GioNOoTIvEUX AOCIIIMENMAX.

Pozaink 12 ~ 14 micTRTs OCHOBM GIONOMYHOT TepMOaMHaMIKY,
Giopianin MakpoManexyn Ta MemBpanHoro TpascnopTy.

Posainu 15 — 17 npucasueri eneKTpuMuHMM T3  MEMHITHUM
fBnwaM y Glonorfuiux cuctemax. PosrnsmyTo MexaHiaMu | MeToam
BNNUBY Ha MUX ENEXTPUUHMM CTPYMOM | @NeKTPOMAErHITHUMK NONAMK 3
HarMOCTHVHOIO | TEPANEBsTHMUMOIC MEeTOK. KOopoTXO NpeacTannexo
MaTepian 3 MeauWuHol eNexTPONHOl anapaTypw,

Y poapinax 18 —~ 24 suknagaoTecA BIAOMOCT 3 reomeTputsol i
XBUNLORO! onTvkm, GiodizwvHux ocHos 30posol peuenyil, 3 pagiauidsoi
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Giopiswn. Ocolnuea yeara npuWAINEHa nWTaHHAM  gosumerpii |
BUKOPUCTAHMA (ONIIYIOHKMX BUNPOMIMOBaMS Y MeauwsHin npaktuy. Tyt
TEKOX POIrNAHYTI OCHOBA KBAMTOBO-MEXAHIYNMAX ABWLY | TXHE MeguKo-
GionorivHe 23CTOCYBaHER.

HApyra uacTuHa HasuansHoro nocibHuxka — ye nabopartophud
NPaKTHKYM 3  Aucuywnnisn  «Meguusa | Gionorivyea diauxar, AKWA
BANOBAAE NENUIRHOMY MaTepiany, BUKNagesHoMy B Nepwis  vacTuMi
nociGuwka. Bigomo, wWo npaxrusma pobora crygenTis mae ocobnuee
IMEYEHHRA, TOMY WO, NPOBOSAYM EXCNEPUMENT CAMOCTIANO, BOHW He
TINBEKM KPEUE 3ECEOHINTE TEOPETWHHWA Matepian, ane @ 3no0bysaoTs
NPAKTWWHI HaBHUKK,

ABTODK NPONOKYIOTH GR0K 3 OAMHAAUSTH NaBOPaTOPHUX 3aHATS,
¥ BKMX OCMOBME yBara NPUAINACTLCH BUBYENHI0 QIIuHMX MeTogis
AOCNIPKeMHs BNAcTWBOCTeR | xapakrepucTux Gionorrsinx ob'extie 3
METOK NOSANLLIOND BUKOPUCTEHHS OTPUMEMNX HABUYOK Y MEqUYHA
npasTuyl. Kowssa pofora micTuTe Bxasieku no nigroToeyi ao pobortw,
NOCIIADEHOCTI 1T BUKOHaHHS, weolxianl TeopetwwHi  Bigomocti |
KOHTPONBHI NATARHA.

Mpuw  creopersd Aamoro  HasyansHoroe nocibhmka  Gyne
BAKODMCTaM  mareplany  meToguuMMx  nociGwmids,  pospoBnesmx
svxnagavamn adenpr meguunoi 1a Blonorenol @iswkn | MegUIHOI
iMDOopMaTHEN XapKIBCEXOro HaUWOHANLHOID MeqUYMOro yHisepcurTeTy i
anpoboBaHUX Ha NPAKTWYHKX | NeXLPAHMX IBHATTAX, 38 TaKoX A0AaTR0Ba
cnedianbHa nivepartypa,
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ASTOPH NPUMOCATE LMPY NOARAKY BCim cnispobitiikam kacpeapn
33 X0 NPaWO NO CTBOPEHHID | BNPOBALKEHHO nabopaTopMoro
NPaKTKYMy B HaBuaNsHMR NPOLEC.

Brpaxacmo Wnpy BaRYMICTE 33 xnanmpmom | peTensHe
peuensysaxHa npodecoposi Mopaledry EsreHy Onexcanaposwdy |
npodhecoposi NanTi Ceprio IaaHoamuy.

Hasuanesmit  nOGIGMMK  agpecosanwi CTYReHTam, sl
MABUSIOTLCA ANININCHXOI0 MOBOK, | BUKNAAAYEM BALUNX MELNUHAX
HaByanbHMx 3axnagis. Mw cnogisacmocs, BiH 3barature manGyTHix
nixkapis 3IHaHHAM OCHO8 GioianyHOT  MaYKM, OCHOBHMX npMHLMNIB
Siodiansmmx METOGIB ROCHIUPKEHHS, AIBIHOCTIN | Tepanil, npusLEnis
NPEBMNLHOO BMKOPHCTAHHA MEAWMHO! BNapatypW, @ TaKkoW HaswMTs
Gaunry Giodhiamunwi acnekT y IXHix noaansiuex Meauxo-Bionoriyrmx

BOCHQMEHHAX,
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Chapter 1
ELEMENTS OF HIGHER MATHEMATICS

In this chapter some questions of higher mathematics
(namely, elements of differential calculus, elements of integral
calculus, and the differential equations) are briefly stated.

The matenal is stated in the amount necessary for
mastering of the subsequent sections of a course «Medical and
Biological Physics». Partly it is devoted to recurrence of the
matenal taught in secondary schools.

1.1. DIFFERENTIAL CALCULUS

Notion of Derivative
Let a functiony =f(x) be given. An increment of this

Munction Ay = f{x + Ax)-{(x) corresponds to an increment of its
argument Ax . Then the denvative of the function y with respect to
the argument x (usually designated y’) is the limit of the ratio of

the increment of the function Ay to the corresponding increment of

the argument Ax when the increment of the argument Ax
.'I ! -

: Y= lim 2L = pi 2% 20100
e 4 A0 AX Al AX

~ Other designations of the derivative are used also:
19
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