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Summary — the development of effective medication-free treatment and means
of animal injuries treatment is urgent task. The optimal parameters of electromagnetic
field of ultra-high frequency range interacting with the bone tissues of animals have
been determined. The aim of the work is to identify the high-frequency range of the
electromagnetic field parameters in interaction with animal tissues using the developed
mathematical model. The dependence of electric component amplitude of magnetic
frequency field was investigated. It has been proved that the dimensions of the limbs
and internal tissues significantly affect the internal distribution of the electromagnetic
fields. The results of experimental studies have made it possible to determine the
optimal frequency, power and radiation source arrangement for the injury treatment of
different animal species. The application of electromagnetic radiation with optimal
parameters intensifies metabolism on the diseased cells membrane level and assists
more rapid recovery of the injured bone tissue.

Keywords: injuries, ultra-high frequency, parameters, mathematical model,
metabolism, cells membrane.

Nowadays, one of the important tasks facing Ukraine’s agrarian
complex is increase of livestock farming productivity while keeping heard
expansion of domestic animals, which depends on efficient animal disease
treatment, in particular traumatism.

Animal traumatism is the common group of diseases among all non-
contagious diseases amounting to 50% of total disease rate [1].

Now medicaments are mainly used for treatment of animal injuries,
In most cases application of antibiotics and other medicated things is not
efficient enough and unsafe, it blocks the disease symptoms. Getting into
the human organism via livestock products, antibiotics have negative
influence on it, suppress the immunity, contribute to mutated virus
replication causing various diseases [1, 2].

Therefore, the development of efficient medicament-free treatment
and development of technical means for animal injury treatment is actual
one.

The data analysis of numerous researches and publications [2] has
allowed to state that one of the prospective ways of medicament-free
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treatment of animal injury is the impact of electromagnetic field (EMF) of
LHF-range.

The research aim was on the basis of the developed mathematical
model [3, 4] to define the biotropic parameters of electromagnetic field of
LHF-range during its interaction with animal tissues.

Applying the obtained [3, 4] mathematical expressions, the numeric
computations of the biotropic parameter values of the electromagnetic field
in animal limbs of different geometric dimensions have been made; the
optimal frequency of impact which allows to give the appropriate
recommendations on technical features of the developed therapeutic
apparatus has been defined.

The fundamentals of the computations were the mathematical values
[3, 4], which describe the distribution of electromagnetic wave of LHF-
range on a biological object of cylindrical shape with layered structure by
radius

E} s + Enorp = Z[ A(kir)+ClHE )(kir)]cos(mgo)

According to the obtained expressions the amplitudes of inner fields
are complex values which change their phasing depending on animal limb
dimensions, incident frequency, electro-physical characteristics of
biological tissues and their location inside a limb.

The zeroth harmonic of incident electromagnetic field (the amplitude
of harmonics with numbers m >1 is significantly lower than the zeroth one)
makes the major influence on an animal limb, which is connected with low
resonance characteristics of biological objects being exposed to radiation.

Electromagnetic characteristics of all five layers taken into account
[4] were chosen according to reference data. The intensity of the incident
field electrical component equals one, which allows going to any concrete
value Eo in calculations, at the same time the case of E-polarization is
considered.

The mentioned review of literature data [2] indicates that the main
curative effect of electromagnetic radiations in case of bony pathologies is
connected with their effect on cell membranes and the activization of ion
movement of different microelements through them. At the same time
characteristic resonance frequencies of these processes are within the range
of 10°-10MHertz.

Taking into account that during passing of electromagnetic radiations
of decameter and centimeter range through an animal limb, on the one
hand, there is the radiation absorption, on the other hand, there is their
resonance re-scattering on different biological inhomogeneity; first of all, it
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IS necessary to determine at what frequencies the electromagnetic field
component strength will be maximum in bone marrow of bony tissue.

According to the aim we have studied the dependence of EMF
electric component amplitude on frequency in the area of bone marrow and
bony tissue of a limb. To obtain the more universal animal treatment
methods the limbs of large animals (a horse, a cow) as well as small ones (a
pig, a sheep) were examined. It was done due to the fact that both cross-
sectional geometric shapes of limbs and sizes of their internal tissues differ
significantly, so this could affect the distribution of inside electromagnetic
fields in them.

0,18 ,0,04
E,.|",6.01 1\ E,.|",6.0. -
0,16 ] / ¢ 1 0,037 |~ 1
0,14 \ 0,02 // \\
0,12 1
. \ 0,01
0,1 Py, p—
[ \\ 0,06 -
0,08 ] Ve 2
0ot F————F—— 0,04 — <
7 2 -
0 0
3,0 3,4 38 frry 42 3,0 3,4 38 frry 42
Fig. 1. The square of amplitude Fig. 2. The square of amplitude
2 2
of EMF electric component [Ece| of EMF electric component [Eoe|
versus frequency response f for versus frequency response f for
a pig leg: a cow leg:
1 —in bone marrow area; 1 —in bone marrow area;
2 —in bone tissue area 2 —in bone tissue area

In fig. 1 there are the results of calculations performed within the
range of 3.0-4.2 GHz for a pig leg. Picture 1 (curve 1) shows that in the
area of bone marrow the maximum value of the electric component is at a
frequency of 3.8 GHz. At frequency shift to the left and right from the
identified frequency there is the amplitude loss. The same has to be said
about the curve 2, where the same response is presented but for the area of
bony tissue. In this case the maximum amplitude is at a frequency of 3.7
GHz. However, the shift into more longwave range affects the field value
less than the shift into more shortwave range.

In fig. 2 there are curves corresponding to frequency dependence of
square for inside field electric component amplitude for a cow leg. It
should be mentioned that in this case in the area of bone marrow as well as
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in the area of bone tissue of a leg the maximum is weaker than for a pig.
This is explained by large sizes of a leg and correspondingly the length of
incident electromagnetic wave. Therefore, resonance phenomena are
weaker. However, in this case the electric component reaches its maximum
at the range of frequencies of 3.6 — 3.7. GHz.

According to the obtained results we can conclude that the most
acceptable value for radiation of injured legs of farm animals is the
frequency within 3.7 GHz from the view of electrodynamics. In addition,
the proper location of maximum of effecting field allows to choose the
radiation sources with less power flows that is very important for treatment.

It should be emphasized that in the present graphs along the axis of
ordinates there is a dimensionless value indicating which part of incident
electromagnetic radiation strength reaches the particular area of an injured
leg.

Having identified the most acceptable radiation frequency of
electromagnetic field, the examination of its distribution in cross-section
cut of an injured limb was carried out; it was necessary to determine how
efficient was the field affecting the proper injured areas of legs.

In order to get the result, the radius of cross-section cut of leg versus
Eo. was examined on the basis of its anatomic organization.
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Fig. 3. Distribution of amplitude square of electric component of
electromagnetic radiation inside animal limbs at a frequency of 3.7 GHz:
1 for a pig; 2— for a cow

In fig. 3 (curve 1) there is the dependence of amplitude square of
longitudinal component of electric field on a leg cross-section cut radius
inside a pig limb. The chosen radiation frequency was equal to 3.7 GHz.
According to the picture in the both areas of bone marrow and bony tissue
the electric field is more powerful than in other areas. Thus, we have to
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conclude that radiation at this frequency will have maximum effect on the
injured bony tissue and assist its fast recovery.
According to fig. 3 (curve 2) illustrating the distribution of electric

component = In cross-section cut of a cow leg at a frequency of 3.7 GHz
there is the similar result. In this case density of the field is located in the
areas of bone marrow and the injured bony tissue.

Thus, despite an animal size (a pig, a cow) the radiation at identified
frequency in particular has the maximum stimulating effect on
cambiogenetic hardness, cortical layer of bone and soft tissues around the
fracture.

The similar results obtained after calculations for limbs of other
farming animals (a horse, a sheep) indicate that the most acceptable value
of electromagnetic field applied for therapeutic reason during the treatment
of limb injuries of different animals is the range from 3.7 to 3.8 GHz. This
range is acceptable from the view of obtaining the optimal amplitudes of
EMF inside the objects exposed to radiation as well as from the view of
optimal distribution of inner field.

Taking into account the above calculations it may be concluded
concerning the flow density strength of radiation for an injured limb.
According to literature sources, radiation strength at 0.1 mW/cm? causes
the appearance of membrane cells of the identified potentials, which has
positive influence on the transmembrane ion movement. In other words,
there is an intensive recovery process for diseased and injured cells. Thus,
the radiation source has to create the exact flow density strength in the
places of injury.

Taking into account the results (see fig. 1-3) demonstrating which
part of radiation strength reaches the injured area (0.005-0.01) and the
identified above the necessary strength level for curing effect, it may be
defined that the radiation source has to radiate approximately at 100 W/m?,

Conclusions
e On the basis of proposed theoretical model, the performed
computations have indicated that the most acceptable frequency of
electromagnetic radiation for limbs of different farming animals is 3.7-3.8.
GHz. In this case the field distribution by limb cross-section cut and its
amplitude are the most optimal ones.

e According to the results the radiation has to be of 100 W/m?2. This
intensifies the metabolism in membranes of sick cells and encourages the
fastest recovery of injured bony tissue.
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IHAPAMETPBI QJJIEKTPOMAT'HUTHOI'O U3JIYUEHUSA AJIAA
PEI'EHEPAIIMU KOCTHOI'O TPABMATU3MA
CEJBbCKOXO3AMCTBEHHBIX ’KUBOTHBIX

Open A. H., Open H. A.

AnHomayua - B HACTOsLIEE BpeMsl OJHOM M3 BaXHBIX 33Jay, CTOSALIMX HEpe]
arpapHbIM  KOMIUIEKCOM  YKpauHbl, SBJIETCA  IOBBILIEHUE IPOJYKTUBHOCTH
YKUBOTHOBOJICTBA IIPU COXPAaHEHUU 3aMETHOI'O POCTA YUCIIA JIOMAIIHUX KUBOTHBIX, UTO
3aBUCUT OT 3PPEKTUBHOTO JIeUeHUs1 00JIe3HEN KUBOTHBIX, B YACTHOCTH TPaBMaTH3Ma.
Pa3zpaboTka 3¢(eKTHBHOTO MEIMKaMEHTO3HOTO JICYCHHS U CPENCTB JICYCHUS TPaBM
JKUBOTHBIX SBJIIETCA aKTyaJlbHOM 3azauedl. B crarbe omnpenesneHbl ONTUMAallbHbIE
napaMerpbl  3JEKTPOMAarHUTHOIO  IOJIE  CBEPXBBICOKOYACTOTHOI'O  JIMAIla30Ha,
B3aMMO/JICHCTBYIOIIETO C KOCTHOW TKaHbK >KMBOTHBIX. llenmbro paboThl sBIseTCA
BBISIBJICHHE BBICOKOYACTOTHOI'O JIMana3oHa MapaMeTpOB 3JIEKTPOMArHUTHOIO MOJIS MPH
B3aUMOJICHICTBUM € TKaHSAMM OJKUBOTHBIX C HCIOJb30BaHHEM pa3paboTaHHOU
MaremMaTuyeckoil wmonenn. Ha ocCHOBE TpEeaIoKEeHHOM TEOPETHYECKOW MOIEIN
NpOBEIEHHBIE  pacueThl  IOKa3alk, 4YTO Hauboiee  mpuemiiemMas  4acToTa
AIIEKTPOMAarHUTHOTO M3JTy4eHUS JJIsi KOHEUHOCTEHW pa3jMUYHBIX CEeIbCKOXO3SIIICTBEHHBIX
JKUBOTHBIX cocTaiseT 3,7-3,8. I'Tu. B atom ciydae pacripeneneHue noss 1o Ce4eHUIo
aMMOa 1 ero aMIUIUTY/IE SBJIAIOTCS Hanbosiee onTuMaibHbIMU. [IpuHUMas BO BHUMaHue
pe3ysbTaThl, IEMOHCTPUPYIOLIME, Kakas 4YacTb pPAJWALUOHHON CHJIBI JIOCTUTaeT
noBpexaeHHoro ydactka (0,005-0,01) v BbISABICHHBIN BbIlIE HEOOXOIUMBIH YPOBEHb
npouHoctu ais 3¢dexra orBepxkaeHus. CornacHo pes3yibTaTaM, U3IydeHHE JOJIKHO
6BITH MoIHOCTHIO 100 BT/M2. DTO ycuamBaeT 0OMeH BelIeCTB B MeMOpaHaX OONbHBIX
KJIETOK ¥ CIIOCOOCTBYET CKOpEiilieMy BOCCTAHOBJIEHUIO MOBPEXKICHHON KOCTHON TKaHH.

KiroueBble cjioBa: TpaBMBbI, CBEpXBbICOKash 4acTOTa, IapaMETpHl,
MaTeMaTHuYecKasi MOJIeb, MeTaboJIn3M, KIeTOuHasi MeMOpaHa
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IHAPAMETPHU EJIEKTPOMAT'HITHOTI'O BUIIPOMIHIOBAHHSI
JJISA PETEHEPAIII KICTKOBOI'O TPABMATHU3MY
CIVIBCBKOI'OCITIOJAPCBKUX TBAPUH

Open O. M., Open M. O.

AHoOTaligs — oOJHE 3 BAXIMBUX 3aBJaHb, IO CTOITh IEpe] arpapHUM
KOMIUIEKCOM ~ YKpaiHu, L€ MiJBUIIEHHS MNPOAYKTUBHOCTI TBAapUHHULTBA IIpU
30epeKEeHHI TMOMITHOTO 3pPOCTaHHS 4YHCIa JOMAIIHIX TBApWH, IO 3aJICXKUTHh BiJ
e(eKTUBHOIO JIKYyBaHHS XBOpOoO TBapuH, 30Kpema TpaBMmaTusMmy. Po3poOka
e(eKTUBHOTO MEAMKAMEHTO3HOTO JIIKYBaHHS 1 3aco0iB JIKyBaHHS TpaBM TBapHH €
aKkTyaJlbHMM  3aBJaHHAM. Y  CTaTTi  BU3HAUYE€HO  ONTUMaJbHI  MapaMeTpu
€JIGKTPOMArHITHOTO TOJISl HaBUCOKOI YaCTOTH, IO B3a€EMOJII€ 3 KICTKOBOIO TKAHHHOIO
TBapUH. MeTol0 pPOOOTH € BUSBIECHHS BHCOKOYAaCTOTHOIO J1alla30Hy IapaMeTpiB
€JIEKTPOMATHITHOTO TOJIi TPU B3a€MOJIi 3 TKaHMHAMH TBapHH 3 BHKOPHCTAHHIM
po3pobsieHoi MareMaTU4yHOI Mojieni. JlocmipKeHo 3al1eKHICTh aMILUTITYAU eIeKTPHUUHOT
CKJIaJI0OBOI Mar”iTHOro moisi. JloBeaeHo, Mo po3Mipu KiHI[IBOK i BHYTPIIIHIX TKaHWH
ICTOTHO BILTMBAIOTh HAa BHYTPIMIHINA PO3MOJILT €IEKTPOMArHiTHUX MOJiB. Takum 4nHOM,
HE3BA)KAIOYM HA PO3MIp TBApHHM, BHIIPOMIHIOBAaHHS 3 NEBHOIO YaCTOTOO, 30KpeMa,
YUHUTh MAaKCHUMAaJbHMHA CTUMYIIOIOUMH BIUIMB Ha KaMOIOI€HETIYECKYIO0 TBEpIiCTb,
KOPTUKAIBHUH IIap KiCTKU 1 M'AK1 TKAHWHU HABKOJIO TIEPEIIOMY.

Ha ocHOBI 3amponoHOBaHOI TEOPETHMYHOI MOJeNl MPOBEAEHI pPO3paxyHKH
MoKa3ajiy, 0 HAWOUIbII NMPHIHATHA YacTOTAa E€JIEKTPOMArHiTHOTO BUIPOMIHIOBAHHS
JUIS KIHLIBOK Pi3HUX CIJIbCHKOIOCHOJApChKUX TBApUH cTaHOBUTH 3,7-3,8 I'T1. V npomy
BUMIAJIKy PO3MOMAIT TOJS TO Tmepepidy JimMOa 1 HOro amIuntyai € HalOuIbIn
ontuMalbHUMH. bepydun 10 yBarum pe3ysibTaTH, K1 JEMOHCTPYIOThb, sSIKa YacTHHA
pamiamiitHOi cum jpocsrae momkopkenol aursaku (0,005-0,01) 1 BUSBICHHWIA BUIIE
HEOOXIHUN piBeHb MIIHOCTI Juis e(deKTy 3aTBepIiHHSA. 3TiHO 3 pe3ylbTaTamH,
BUIIPOMiHIOBaHHS Mae GyTu moTyxkaicTio 100 Br/m%. 1le mincumioe o6MiH pedoBHH B
MeMOpaHax XBOPUX KIITUH 1 CIPUSE IBUIKOMY BIHOBJIEHHIO MOIIKOKEHOT KICTKOBOT
TKaHWUHH.

Kiaro4oBi cioBa: TpaBMHu, HagBHCOKAa 4YacTOTa, NapaMeTpH, MaTeMaTHYHa
MO/IeJIb, METa0013M, KIIITHHHA MeMOpaHa
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