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Anomauia — po3rJsiHYTO B3a€MOJIK0 HU3bKOEHEPTreTHYHOTO eJieK-
TPOMATHITHOTO ONPOMIHIOBAHHA 3 0i0JIONYHHMH 00’€KTAMH TA HA OC-
HOBi TeopeTHUYHHX AOCHiAKeHb OTPHMAaHI 3aJIeSKHOCTI BiporiaHocTi
YTBOPEHHS BiJIbHHX paJuKaJbHHX Map B HaciHHI ropoxy Big 4yacy mi
30BHIINIHLOT0 ¢JICKTPOMATHITHOI0 BUNIPOMiHIOBAHHS,

Knwuosi cnosa — niejIeKTpHYHA NPOHHKHICTH, HH3bK0CHEPreTHY-
He eJIeKTPOMATHITHe BHNPOMIHIOBAHH#, 0ioJIOTIYHI TKaHMHH, ioHi3a-
ifl, BUILHI PAAHKAJILHI TAPH.

Hocmanosxka npotGaemu. ExoHoMiuHa cTaOUTBHICTE YKpaiHH 3ane-
KHTh BLI KUTBKOCTI 1 AKOCTI MPOAYKINI B MPOMHCIOBOMY 1 CUTBCBKOMY TOC-
nozapcTel. Kpu3oBuil ¢TaH B CUIBCBKOTOCIOAAPCHKOMY BHPOOHHLTBI BH-
Mara€ HEBLIKJIQJHHUX 3aXO0JIB, MOB I3aHUX 13 CTBOPECHHIM HOBHX €ICKTPO-
TEXHOJOTH Ha OCHOBI 00poOKH 61000°€KTIB 1 1HQOPMALIITHUMHU €NeKTpOo-
MarHiTHUMHU ojisiMu (EMIT), 3 MeTO10 CTUMYNIOBAHHA iX MPOAYKTUBHOCTI.
OnHMM 13 TUTAXIB BHPIIICHHA €T TPOOIEMH € 3aCTOCYBAaHHS CHEIIAIBHUX
ABTOMATHU30BAHUX CHCTEM PaAlOXBHJIBOBOTO KOHTPONIO AMA OLIHKH CTaHY
61000’ exTIB, mo 3HaxoaaThCA my BrmuBoM EMII. TlonermeHHs OmMIHKHA
MexaHi3MiB Glomoriynoi Aii indopMauiitnux EMIT MmosxHBe Ha OCHOBI Me-
TOMY AICNICKTPUIHOI pamiocnekTpockonii. OCKUTBKH B JaHWI MOMEHT BiJI-
CYTHI TEOPETHYHI OCHOBH 1J11 pO3pOOKH METOAIB 1 3ac001B paAlOXBHILOBO-
ro HePYHHIBHOTO KOHTPOO 01000°€KTIB NpH iX B3a€MOAIl 3 HU3BKOCHEP-
retTiyHUMH EMII, HeoOXigHO MpoBECTH TEOPeTHUYHHH aHami3 BINTHBY HMH-
3pkocHepreTHaHoro EMIT Ha 61006’ €KkTH Ha OCHOBI KBAHTOBOi TEOPIi 1 BH-
3HAYMTH Alama3oH 3MIHH AdlenekTpuuHoi mpoHukHocti (AI1) [1].

Ananiz ocmannix oocnioxcens. Haiibinpmoro mommpeHHa Halyu
HagaeucokouacToTHi (HBY) Metoamn 3 aianazoHOM AOBKHHH XBWIE Big 1 10
100 MmMm. BukopucTaHHsa paaloXBWIb Ia€ MOXJIHBICTB 3aCTOCYBAHHA 0CO0-
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JTUBOCTElN HU3bKoeHepreTHYHHUX (iH(opMalIiHUX) pagioxBuib. IlepmmMm i
OCHOBHHM 3aBJaHHAM Yy 00JacTi PaalOoXBHIBOBOrO KOHTPOJIKD CKJIAAY 1
BJIACTHBOCTCH PEUOBHH € BUMIPIOBAHHA MICIEKTPUYIHOI MPOHUKHOCTI. bi-
JTBOICT AOCHIINKEHb TOB A3aHA 3 BHMIPIOBAHHAM a0CONIOTHHX 3HAYEHb
JMICTEKTPUYHOI TPOHUKHOCTI MATEPIAIIB Ta MOJAPHHX PIAMH 1 MaiiKe HE
PO3TIIAHYTI MeToAHU 1 cucTeMH BUMIpioBanb HI1 61000’ €KTIB CiIBCHKOTO TO-
croaapceTra. Bumipropanna 3min JIIT 610 06’ ekTiB ma yac ix B3aeMomii 13
Pi3HUMH PI3UUHAMH PakTOpaMHU OB’ A3aHi 13 IEBHUMH TPY AHOLLIAMM.

Dopmymosanna yireii cmammi. METOO NaHO1 CTATI € MPOBSACHHS Te-
OPETHYHUX JOCIIKEHb B3acMoii HU3bKoeHepretnunoro EMII 3 Giomori-
YHHMH 00 €KTaMH CUIBCHKOTO TOCIOAAPCTBA 3 TPUMAHHAM TpadiuHuX 3a-
JIEHKHOCTEMN.

OcHosna yacmuna. B nponeci HU3bKOCHEPTCTHYHOTO SJICKTPOMArHiT-
HOrO OMPOMIHIOBAHHA OlONIOTIYHMX TKAHWH BiAOYBA€THCA 10HI3ALsA MoJie-
KyJl PCUOBHHH 1 YTBOPSHHA PAAMKATBHHX Tap. TakHM YHHOM, 30BHIIIHI
HU3BKOCHEPTETHYH1 CJICKTPOMArHITHI ITOJIA POOIATH BIUIMB HA MOJICKYJISIP-
HY CTPYKTYpyY O10JOTYHHX PEUYOBHH, a, OTe, 1 Ha eleKTpodi3HyHI iX xa-
PAKTEPUCTHKH - TAKI, AK AIHCHA 1 YABHA YACTHHA MCICKTPHYUHO! MPOHHK-
HocTi. IlpupoaHo, 1o AaHi 3MIHH CIIPHYHHATHMYTE 3MIHH XapaKTePHCTHK
JOCTILKYBAaHOTO 00'€KTY. Y pa3l 101aBaHHS 30BHINIHBOIO CJIEKTPOMArHIT-
HOTO MOJA BLAOYBAEThCA AUMOIBHO-pENaKcaliiiHa MoJApU3aLis.

V I30TpONMHHX MEICKTPUKIB OVAB-IKOTO THIY AIMCHA YACTHHA BIJHO-
CHOI JieNleKTPHUHOI MPOHHKHOCTI CepeIOBHIIA £ Ma€ BHTIIAA

g=1+y=1+NgG, (1)

ne N — 4ncIo MOJNEKYJ B OMHHIN 00'eMy;
S — NoNApU3yEMICTh MOJICKYJIH.
YsBHa YacTHHA OieIEKTPHYHOI MPOHUKHOCTI CepeIOBHUILIA MAae BUTIIAA

2
eratel &)
2mvoe,

I¢ @ — KpyroBa 4acToTa MaJaloydoro Ha CepeloBHIIE €NeKTPOMAarHiTHOTO
NoJIA, € — CJICKTPUYHMIL 3apsaj 10HI30BAHHX MOJICKYJ, / — JOBXKWHA
BIJIbHOTO MpOOITY 10HIB A0 31TKHEHHA, /7 — Maca 10Ha, v — [MBHAKICTE
TEIUIOBOTO PYXY 10HA.

I1ia BITHBOM 30BHIIIHBOTO €MEKTPOMArHITHOTO TIOJIA YHCITIO MOJIEKYT B
oauHUIN 00'€My HE 30UTBIIMTHCA, ajie ACAKI 3 HUX IOHI3YIOTBCA, TOOTO iX
MOJAPU3YEMICTD 3POCTE, a, OTKE, 3POCTe TONAPHUIYEMICTD | JUTONBHUN MO-
MEHT OJWHHLL 00'eMy pedoBHHH, 110 Oyae eKBiBaleHTHE 30UTBLIEHHIO Bid-
HOCHOI MICJICKTPUUHOI MPOHUKHOCTI. T€ 5K CaMe CJIL CKA3aTH 1 MPO VABHY
YACTHHY OieNIEKTPHYHOI MPOHUKHOCTI. OTiKe, 3HAIOUH piBeHb 10HI3auii 610-
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JOTIYHOTO CepPeIOBHILA, MOYKHA BH3HAYMTH TEHIEHLI B 3MiHI ii JieneKTpH-
YHO1 MPOHUKHOCTI, 3BIIKA CILAYIOTH 3MIHH B il 010()I3MUHIX XapaKTCPUCTH-
Kax. ¥ 3B'3Ky 3 UM HEOOXITHO PO3IIISAHYTH IMOBIPHICHY MOJENb MPOLECIB,
mo BiAOYBAIOTHCA B OIOJNIOMYHHX CEPEAOBHILIAX ITiA BIUIHBOM 30BHILIHIX
EMII, mo nacte MOKIHBICTh BU3HAYMTH KUTBKICHI 3MIHH EICKTPOI3UIHUX
XapaKTepUCTHK O1OMOTYHMX TKAHHH B pe3YNIbTaTi TaKuX Aii [1].
CepenoBuine po3smIAAAcThCA IK CHCTEMA MIKPOYACTOK, 10 MAKTh JBa
CHEPreTHYHUX PIBHA W 1 W,, 5Kl JOPIBHIOIOTH €HEPTiAM He30yUkeHOl
MOJIEKYIH 1 MOJEKYJIH, 10 YTBOPHJIA PAAUKATBHY Mapy, BiAMoBigHO. Kox-
HOMY €HEPreTHYHOMY PIBHIO BIANOBIAA€ CBOA HaceneHicte N, 1 N,, fKa
BU3HAYAE€THCA BENWYHHOIO TOYATKOBOI KoHUeHTpauii C; . bionoriunuii
00'€KT 3HAXOANTECA MiA BIUTHBOM 30BHILIHBOTO €AeKTPOMATHITHOTO MO

E=F,e’® 3 ammnirygorn E, i KpyroBok 4acToToK @ [1]

3a HAaABHOCTI 30BHILIHBEOTO €TEKTPOMATHITHOrO Mo piBHAHHA [Lpe-
IiHTEpa, WO OMHCYE CTAH MOJIEKYJIH, KA 3HAXOAUTHCS Ha KOXKHOMY 3 CBOIX
CHEPre¢TUYHWX PIBHIB, CTA€ HECTAINOHAPHHUM 1 HAOYBae BULIISILY

jh ¥ H v (3)

ae H — raMimbTOHIaH MOJIEKYJIH;
h — mocriitna Ilnanka;
VY — xpuieBa (pyHKUIA JaHOI ABOPIBHEBOI CHCTEMH.
Pimrennam piBHsHHA (3) Oyae Bupas

W W |
¥ C(en(Flexpp-j—tt |+ Co(hya(Flexp| /== |, (4)

JI¢ BIPOTIAHICTE 3HAWTH CUCTEMY B OJHOMY 13 CTAIMOHAPHUX CTAHIB BH3HA-
YaeThCA KBAAPATOM MOAYNA Koediienta (t)

BUKOpHCTOBYIOUM OPTOTOHANBHICTD (PYHKUIHA ¥/, (F) , Oylla ogepkaHa

cucteMa AudepeHUIANBHAX PIBHAHB JUIA BH3HAUCHHS KoedimeHTis () (t) 1
Cy(1):

thz(I)=C1(I)H21'3XP(J@213)»
ne H, =H,, -& E,cosmt —-d,E,cosmt;
d |, — AMNONBHUH MOMEHT, IO CTBOPIOETBCA JAaHUMH €HEPTreTUYHHMH

PIBHAMH MOJICKYJI.
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Po3s'a3koM cucteMH (5) OyayTh HACTYIHI BUPA3H:

|C1(t)|=JA2+BZ+2ABcosat; (6)

() = y hE \/AZ(ACO+O:)2 +2AB(A(02 +a2)cosar+Bz(Aa)+a)2 ,(7)
2fo

Je:
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2
—2Jd§153 1 ppra(a "‘Aa’)z +h o (d%1 Ey py+ i pi(a "‘Aa’)z) ®
P

20 a(a +Ao))(—d221 Ey pr+Hpi(a +Aa))2)

B=r—lx
2
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a= (Aa))2+[ -

A — 3CyB BiJ pe30HAHCHOI YaCTOTH Mepexoay B 30y mkeHHH cTaH;
P11 P, — BIPOTIAHICTE HE30YMKEHOro 1 30yHKEHOTO CTaHy MOIEKYJIH, Bi-

JUOBIHO.
Onepkani Bupasu i C,(7) i C,(7) A03BONAOTH 3HAXOAUTH BIPOTiA-

HICTH TIEPEXOAY MOJIIEKYNH 3 He30yHKEHOTO CTaHy B 10HI30BAHUI p , 1 Ha-
BIAKH P, 3aJICKHO BLI 3CYBY YACTOTH 30BHIMIHBOTO €IEKTPOMArHITHOIO

BUIPOMIHIOBAHHA TI0 BIIHOIIEHHIO A0 BJIACHOI YACTOTH BHIIPOMIHIOBAHHS
Mojiekyin. To6To, (6) omucye BIPOTLAHICTh MEPEXOAY MOJIEKYIIH 3 HELOHI30-
BAHOTO CTaHy B 10HI30BaHHi a00 BIpOTIAHICTE 3MIHHM AIENEKTPHYHOI TTPOHH-
KHOCTI GIOPCUOBHHH Bif| 3CYBY YACTOTH 30BHINIHBOTO E€ICKTPOMArHITHOTO
BHIIPOMIHIOBAHHA TIO BIZHOIIEHHIO JO YaCTOTH BJIACHOTO BHIPOMiHIOBAHHA
mojieky [2]. [TpoBeneHi YncenbHi pO3PaxXyHKH 13 CTBOPECHHS BUIBHHUX Paju-
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KaJBHHX Map B Pe3yabTaTi Oii 30BHIUIHBOIO HH3BKOEHEPTETHUHOTO eNeKT-
POMArHITHOTO TIOJISI HA HACIHHA ropoxy (puc. 1, 2).

106 |

10-7 . o~ f, Ty
484 47,6 4354

Puc. 1. 3anexHICTS BIPOTIAHOCTL YTBOPSHHSA BUIBHHUX PAJAUKATIBHUX AP P,

JUT HACIHHA TOPOXY BIJ 9acToTH 30BHINHROTO EMB npu t = 10 xB.:
1 — P=5ukBr/em”; 2 — P = 12 MmxBr/em’; 3 — P = 20 mxBr/cm’.
Pu
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Puc. 2. 3anexHIiCTh BIPOriAHOCT] YTBOPEHHS BIIBHUX PagUKaIbHUX Map
P> B HACIHHI rOpOXy BiA 4acy Aii 30BHILIHB0I EMB

npu P = 10 mxBr/em?, f= 47,6 TTo,

Bucnosku. HaitGinpm 1HTEHCHBHE YTBOPCHHSA BUIBHMX PaJMKAIBHHX
map B HACiHHI TOPOXY HAcTymae Ha UiNKOM KOHKPETHHX YacTOTaX HH3bKO-
CHEPre¢TUYHOTO CICKTPOMATHITHOTO OTIPOMIHIOBAHHS, 10 BU3HAYAETRCH iX
Oio(iznuHIMH XapakTepucTHkaMH. JaHuii npouec cnpuyuHHAe 3MIHY 3ara-
JBHOTO AMIIOIBHOTO MOMEHTY PCUOBHHH, 1 IS HACIHHA ropoxy aodaBka
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cknazae 2-107° vacThHY Bij 3araipHOrO AUIOABHOTO MOMEHTY. Jlimst BH-
3HAUeHHA OZEP:KaHOi 3MIHH Y & UyTIHBICTE BiAMOBIOHOTO MPHCTPOIO TIO-

BuHHA GyTH nopaaky 107° . JJo6aBka 10 yABHOI YaCTHHY BIIHOCHOI JieNeK-
TPUYHOI MOCTIHHOI peuOBHHH HAciHHA ropoxy aopieHioe Ag”=0,0009.
OCKUTBKH Ha PO3TISHYTHX BHILE YacTOTaX OTMPOMIHIOBAHHA HACIHHS TOPO-
xy £" =11, nnd BH3HaYeHHA JaHOI 3MIHH MOTPiGHA YYTIMBICTE MpHIagy He

ripme 107"
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THEORETICAL ANALYSIS OF LOW-ENERGY
ELECTROMAGNETIC RADIATION INTERACTION WITH
BIOLOGICAL OBJECTS

V. Muntian, O. Lysenko, 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.



