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Anomauia — PO3IJSIHYTO B3a€EMOAII0 HM3bKOECHEPIreTHYHOI0 eJIeK-
TPOMATHITHOI'0O ONIPOMiIHIOBAHHSA 3 0IOJIOTIYHUMH 00’€KTaMH Ta Ha OC-
HOBI TEOPEeTHYHMX JOCJIIIKEHb OTPUMAHI 3aJIesKHOCTI BipOTriAHOCTI
YTBOPEHHSI BUIBHUX PAJAUKAJIBHHMX AP B HACIHHI ropoxy Bia yacy il
30BHIIIHBOI0 €JIEKTPOMATHITHOT0 BUIIPOMiHIOBAHHH.

Knrouogi cnoea — nieJieKTpUYHA NMPOHUKHICTh, HU3LKOEHEPreTHY -
HEe eJEeKTPOMATrHITHe BUIIPOMIHIOBAHHS, 0i0JIOTiYHI TKAHMHHU, iOHI3a-
Wisl, BiJIbHI PaIUKAJIbHI apH.

Ilocmanosxka npobremu. ExoHOMIUYHA CTaOUIBHICTH YKpaiHu 3ale-
UTh BIJ] KUTBKOCTI 1 SIKOCTI OPOJYKIIii B MPOMHUCIOBOMY 1 CLIBCHKOMY T'OC-
noaapctBl. Kpu3oBuii cTaH B CUIbCHKOTOCIOAAPCHKOMY BHUPOOHUIITBI BU-
Mara€ HEBIAKJIAIHMX 3aXO1B, TTOB’SI3aHUX 13 CTBOPEHHSIM HOBUX €JIEKTPO-
TEXHOJIOT1M Ha OCHOBI O0OpOOKHM 01000'€KTIB 1 1HOOPMAIIHHUMHU EIEKTPO-
MaraitHumu nosisiMu (EMII), 3 MeTor0 cTUMYITIOBaHHS iX MPOYKTHBHOCTI.
OnHuM 13 HUISAXIB BUPIIMICHHS 11€T TPOOJIEMHU € 3aCTOCYBAaHHS CIEIIAIbHUX
aBTOMAaTHU30BAaHUX CHCTEM PaJIIOXBUIBLOBOTO KOHTPOJIO JUISl OLIHKU CTaHy
01000'ekTiB, moO 3HaxomsaThcsa mix BIuiMBoM EMII. IlonermeHHsT OIIHKHU
MexaH13MiB OilosioriuHoi aii iHdopmauiinnx EMII MoxnnBe Ha OCHOBI Me-
TOAY AIENEKTPUYHOI pajaiocnekTpockonii. OCKUIbKA B JIaHUM MOMEHT BifI-
CYTHI TEOPETHUYHI OCHOBH JIJIsl pO3pOOKH METOIB 1 3aC001B pail0XBUIBOBO-
ro HEpYHHIBHOIO KOHTPOJIIO 01000'€KTIB IIPH iX B3a€MO/IIi 3 HU3bKOEHEpre-
tuyHuMu EMII, HeoOXiHO MpOBECTH TEOPETUYHHUI aHaNI3 BIUIUBY HU3b-
koeHepretuyHoro EMII nHa 01000'ekTH Ha OCHOBI KBAaHTOBOiI TEOpii 1 BU-
3HAYHUTH Jiara30H 3MiHH JieeKTpuaHo1 npoHukHocTi (IT) [1].

Ananiz ocmannix Oocniodcens. HallOUIbIoro mnomupeHHsT HaOyiu
HajBrcokovyacToTHi (HBY) meroam 3 miama3oHOM JTOBXHHH XBWIIb Bix 1 110
100 mm. BukopucTanHs pagioXBUJIb A€ MOXJIHMBICTh 3aCTOCYBaHHS 0CO0-
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JUBOCTEH HH3bKOCHEPreTHYHMX (iH(GOpMAaIiiHUX) pamaioxBwib. [lepmmM i
OCHOBHMM 3aBJIaHHSIM y Taily31 paJl0XBHJIBOBOIO KOHTPOJIIO CKJIaTy 1 Biac-
TUBOCTEW PEUOBHMH € BUMIPIOBAHHS JICJICKTPUIHOI MPOHUKHOCTI [2, 1]. bi-
JBIIICTh JOCTIIKEHb IOB’S3aHa 3 BUMIPIOBAHHSIM aOCONIOTHHX 3HA4Y€Hb
JEJIEKTPUYHOT MPOHUKHOCTI MaTepiajiB Ta MOJISIPHUX PIAUH 1 Malxke He
PO3MIISIHYTI METOAM 1 cucTeMu BuMiptoBaHb JII1 61000'€KTIB CIILCHKOTO TO-
criogapctBa. BumiproBanas 3miH JIII 61000'ekTiB mig yac ix B3aemojii 13
pizHuMU (H13UYHUMU (PaKTOpaMu OB’ sA3aH1 13 IEBHUMHU TPYAHOIAMH.

Dopmynrosanns yinet cmammi. MeTOI0 1aHO1 CTaTl € MPOBEJCHHS Te-
OPETUYHUX JOCIIIKEHb B3aeMOJii HU3bkoeHepretuunoro EMII 3 6iosnori-
YHUMU 00’ €KTaMHU CUILCHKOT'O TOCMOJApPCTBA 3 TPUMaHHSIM rpadiuHux 3a-
JIE)KHOCTEMN.

OcHnoena yacmuna. B nponeci HU3bKOEHEPTETUYHOTO €JIEKTPOMArHiT-
HOTO ONMPOMIHIOBaHHSI O10JIOTIYHMX TKAHUH Bi0YBAa€ThCsS 10HI3aIllsd MOJIe-
KyJ PEYOBMHHU 1 YTBOPEHHS paJuKaIbHUX Nap. TakuM YMHOM, 30BHIIIHI
HU3bKOCHEPIeTUYHI €JEKTPOMArHiTHI MOJiS 31MCHIOIOTH BIJIMB Ha MOJe-
KYJSpHY CTPYKTYpy O10J0TTYHMX PEUYOBHH, a, OTKE, 1 HA €JIEKTPO(dI3UUHI iX
XapaKTEPUCTUKH - TaKi, sIK JIIMCHA 1 ysIBHA YACTUHU J1€JIECKTPUYHOI MPOHU-
kHocTi. [TpupoaHo, 110 1aHi 3MIHU COPUUUHITUMYTh 3MIHU XapaKTEPUCTUK
JOCIIIKYBAHOTO 00'ekTy. Y pasl A0JlaBaHHS 30BHIIIHBOTO €JIEKTPOMArHiT-
HOTO TOJIS BIIOYBAETHCS JUIOIbHO-pENaKcalliiiHa moysipu3altisi.

VY 1BOTpONHUX A1€JNIEKTPUKIB Oyb-SIKOr0 THUIY J1iCHA YacTHHA BIAHO-
CHOI JTIeJIEKTPUYHOT TPOHUKHOCTI CEPEIOBUINA & Ma€ BUTJIS:

g'=1+y=1+Ngj, (@D
ne N — 9ucimo MONEKyN B OJUHUII 00'eMy; [ — MONSIPHU3YEMICTH MO-
JIEKYJIH, a ysIBHA YaCTUHA
o N e?|
2mvaoe,

(2)

1€ @ — KpyroBa 4acToTa MaJIlal0yoro Ha CEpeOBUIIE €JIEKTPOMarHiTHO-
ro Mojisl; € — EJICKTPUYHUHN 3aps i0HI30BaHUX MOJEKyd, | —
JOBKUHA BUIBHOTO MPOOIry 10HIB 10 3ITKHEHHS; M — Maca 10Ha,;
V — IIBUIKICTh TEIUIOBOTIO PYXY 10HA.

ITig BIUIMBOM 30BHIITHBOTO €JIEKTPOMArHITHOTO MOJISI KIIBKICTh MOJIE-
KYJI B OJIMHHLI 00'eMy HE 30UIBIINTHCS, ajle AEsIKl 3 HUX 10HI3YIOThCS, TOOTO
iX 3JaTHICTb J0 MOJSPU3ALlil 3pOCTe, a, OTKE, 3pOCTe 1S 3AATHICTH 1 JUIIO-
JbHUW MOMEHT OAMHUII 00'€eMy peuyoBUHHU, 110 Oyje €KBIBaJICHTHUHN 3011b-
IIEHHIO BITHOCHOI J1€JIEKTPUYHOI MPOHUKHOCTI. Te 3K caMe CIiJl cKazaTH i
PO YSIBHY YaCTHHY J1€JIEKTPUYHOI NPOHUKHOCTI. OTKe, 3Hat0YM PIBEHb 10-
Hizallii 010JIOT1YHOTO CEepPeIOBUINA, MOKHA BU3HAYMTH TCHACHIIT B 3MiHI il
JEIEKTPUYHOT IPOHUKHOCTI, 3BIIKU CIIAYIOTh 3MIHU B ii 010(h13MYHUX Xa-
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pakTepUCTHKaX. Y 3B'I3KYy 3 UM HEOOXITHO PO3IJISHYTH IMOBIPHICHY MO-
JIeNb MPOIIECIB, 110 BiAOYBAIOTHCA B O10JOTIYHUX CEPEAOBUINAX Mija BILIU-
BoM 30BHImHIX EMII, 1110 AacTh MOXXJIMBICTh BH3HAYMTH KUIBKICHI 3MIHH
eNeKTPOPI3UUHUX XAPAKTEPUCTUK O10JIOTIYHUX TKAHUH B PE3yJIbTATI TAKUX
miit [1].

CepenoBuiiie po3TiIa€ThCs IK CUCTEMA MIKPOYACTOK, 1[0 MAlOTh JBa
enepretuunux piBHsA Wi 1 Wo, siK1 TOpIBHIOIOTH €HEPTiiM HE30YIKEHOI MO-
JIEKYJIA 1 MOJIEKYJIH, 110 YTBOpWJIA paJuKalbHy Hapy BiANOBiIHO. KoxHO-
My €HEpPreTUYHOMY PIBHIO BifmoBimae cBos HaceneHicTh Ni 1 Np, skxa Bu-
3HAYAETHCS BEIMUMHOIO 1MOYaTKOBOi KoHIEeHTpallii Cy. biomoriuyamii 00'exT
3HaXOAUThCA TiJ] BIUIMBOM 30BHIIIHBOIO E€JIEKTPOMArHITHOTO  MOJIS

E=E,e’®" 3 ammnirynow E, i kpyrosoro uactorow o [1]-

3a HasSBHOCTI 30BHIIIHBOTO €JIEKTPOMArHiTHOTO mojis piBHsaHHS [lpe-
JHTEpa, 10 OMUCYE CTaH MOJIEKYJIH, sIKa 3HAXOAUTHCSI Ha KOKHOMY 3 CBOIX
€HEPreTUYHUX PIBHIB, CTA€ HECTALIOHAPHUM 1 Ha0yBa€ BUTIISALY

i hn ¥ = H ¥ (3)
ne H — raminbronian monekynu; /i — noctiiiHa [lnanka; ¥ — xBuie-
Ba (YHKIIISI JaHOT JBOPIBHEBOI CHUCTEMU. PillIEeHHSIM piBHSHHS

(3) 6yne Bupas:

" Wy " W,
¥ =Cy(t)y(F)exp —j;t +C,(t)y,(F)exp —j7t , (4)
7€ BIPOTIIHICTh 3HANTH CUCTEMY B OJHOMY 13 CTAlllOHAPHUX CTaHIB BU3HA-

qaeThcs KBaJIpaToM Moy koediuieHnra C (t)

BHKOpHCTOBYIOUH OPTOTOHANBHICTh (DYHKIUIHN Y/ | (F) OyJia oJiepxaHa

cucreMa nudepeHiaTbHUX PIBHAHD U1 BU3HaueHHs koedimieHTis C,(t) 1
1

C,(t):

thz(t)=C1(t)H21exp(ja)21t),
ne H, =H,,=-d, E coswt=-d,, Ejcoswt; d,, — nunombuuii

()

MOMEHT, IO CTBOPIOETHCS JAHUMU E€HEPreTUYHHMH PIBHIMHU
MOJIEKYI.

Po3B’si3kom cuctemu (5) OyayTh HACTYITHI BUpa3H:
[Cy(t)|=y/A? + B+ 2ABcosat ; (6)
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C, (1) =(7/d ZlEo)\/AZ(Aa)+a)2+2AB(Aa)2 -a®)cosat+B? (Aw—a)’ (7)

Jac

Az—[z\/dgl E2n®p, pyat(a+Aw) +

+h2a(a +Aa))[d§1 Eg p2+h2p1(a2—Aa)2)ﬂx (8)

2
—2\/d%1 ES1° pypra’( +Aa))2 +h2a2(d§1 ES po+ 1 py(a +Aa))2)

n*at
21° a(a +Aa))(—d SLES po+ 1Py (o +Aa))2)

Bz—ix
2

©)

—2\/d%1 E27° p, pyat(a+An)’ +h2a2(d§1 EC p,+ R pl(a+Aa))2)
X

Wt ot

dy By )\
a=|(Ao) + % ; (10)

ne Aw — 3CYB Bill PE30HAHCHOI YaCTOTH TEPEXOY B 30y UKCHHUI CTaH,;

p1 1 P2 — BIPOTIJIHICTh HE30YKEHOTO 1 30yIKEHOr0 CTaHy MO-
JIEKYJIH, BIIOBIIHO.

OneprxaHi BUpa3u s Cl(t) 1C, (t) JO3BOJISIIOTh 3HAXOAUTH BIPOTi-
IHICTb NEPEXOAY MOJIEKYJIN 3 HE30y[KEHOIO CTaHy B 10HI30BaHMHU Pi, 1
HaBIIAKU [),q, 3aJI€KHO BIJ] 3CYyBY YaCTOTH 30BHIIIHBOTO €JIEKTPOMArHiTHO-

ro BUIIPOMIHIOBaHHS MO BIJHOIICHHIO 10 BJIACHOI YaCTOTH BHUIPOMIHIO-
BaHHs MoJjieKynu. To0OTo, (6) ommcye BipOTiIHICTH MEPEXOIy MOJICKYIH 3
HEIOHI30BAaHOTO CTAaHY B 10HI30BaHWI a00 BIPOTIIHICTh 3MIHU Ji€IEKTPUY-
HOI NMPOHUKHOCTI O10p€YOBMHM B1Jl 3CYBY YacTOTU 30BHIIIHBOIO €JIEKTPO-
MarHiTHOIO BUIIPOMIHIOBAHHSI MO BIIHOIIEHHIO 0 YacCTOTH BJIACHOTO BU-
npoMiHioBaHHS MoJiekyn [2]. TIpoBenmeHi 4YmcenbHI PO3paxyHKH i3 CTBO-
PEHHS BUIBHUX paJIMKaJIbHUX Map B Pe3yabTaTi i 30BHIIIHBOTO HU3BKO-
CHEPreTHYHOTO EJICKTPOMATHITHOTO TOJIsA Ha HaciHHA ropoxy (puc. 1, 2).
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Puc. 1. 3anexHicTh BIpOT1IHOCTI yTBOPEHHS BUIbHUX PaAUKaIbHUX Map
Py, [JA HAaCIHHA TOpOXy BII YacTOTH 30BHINIHBbOro EMB

npu t=10 x8.: 1 -P=5 mMxBr/cm?; 2 — P=12 mMxBr/cm?; 3 — P=20
MkBT/cM’.

Pz
[
mnrr

5100 F

L L p f MH

0 ] 10

Puc. 2. 3anexHIiCTh BIpOTITHOCTI YTBOPEHHS BUTBHUX PaJUKATBHIX
nap P, B HaciHHI ropoxy Bij 4acy Aii 30BHIIHb0I EMB npu

P=10 mxBt/cM?, f=47,6 I'T1.

Bucnoexu. HaliOinbll IHTEHCUBHE YTBOPEHHSI BUIBHUX PaJIUKATBHUX
nap B HaCiHHI TOPOXY HACTyIa€ Ha IUIKOM KOHKPETHHUX YacTOTaX HU3BKO-
E€HEPreTUYHOr0 €JIEKTPOMArHITHOTO OMPOMIHIOBAHHS, 110 BU3HAYAETHCS iX
010(13UUHUMH XapaKTepucTUKaMu. JlaHUM Mpollec COpUYUHSE 3MIHY 3ara-
JBHOTO JIUMOJIBHOTO MOMEHTY PEYOBHUHH, 1 JJIsI HACIHHSA ropoxy Jo0aBka

cknagae 2-107° gacTHHY Bi 3arambHOrO AMIIONBEHOTO MOMEHTY. Jis BH-
3HAYCHHS OJIEP)KAHOI 3MIHU y &' YyTJIHMBICTH BIIMOBITHOTO MPUCTPOIO TIO-
BUHHA OyTH MOPSIKY 10, Jlo6aBka 10 YSIBHOT YAaCTUHU BIAHOCHOI Jl1€JIEK-
TPUYHOI TIOCTIHHOI peUOBMHM HaciHHA ropoxy mopiBaioe Ag”=0,0009.
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OCKUIbKY Ha PO3IMISIHYTUX BHUILE YACTOTaX OMPOMIHIOBAHHS HACIHHS TOPO-
xy &" =11, nnsa BU3HAYECHHS JaHOI 3MiHU MOTPiOHA YYTJIMBICTh MPHUIALY HE
ripmre 107,
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Auuomauu}l - PacCMOTPEHO BSaHMOHeﬁCTBHe HMU3KOHEPIC¢TH-
YECKOIro 3JCKTPOMAIHUTHOI'O Oﬁﬂy‘leﬂl/lﬂ ¢ OMOJIOTMYeCKHMH O0O0beK-
TaMH U IIYTEM TCOPCTHICCKHUX I/ICCJ'leIIOBaHI/Iﬁ MOJIY4Y€HbI 3AaBUCUMOCTH
BCPOATHOCTH CBOﬁOIleIX PAaAHKAJIBHBIX IIAap B CEMEHax ropoxa orT
BPEMEHHN I[eﬁCTBHH BHCIIHCI'0 3JICKTPOMATrHUTHOI'O U3/1YYCHUA

THEORETICAL ANALYSIS OF LOW-ENERGY
ELECTROMAGNETIC RADIATION INTERACTION WITH
BIOLOGICAL OBJECTS

V. Muntian, Y. Fediushko, D. Koval

Summary
Low-energy electromagnetic radiation interaction with biological
objects is considered in given article and graphical dependences of the
pea seeds free radical pairs formation probability are obtained on the
basis of theoretical studies.



