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OILIIHKA SIKOCTI BOAM 3 TOYKH 30PY ii BIOJIOITYHOI AKTUBHOCTI

Y pobomi suxopucmanuii excnepumenmanbHuil Menoo OO0CIONCEHHS 6IACIUBOCMEN 800U, 3ACHOBANHUT
Ha peecmpayii 300pasicenb 2az0po3psOH020 GUNPOMIHIOBAHHS PIOUHHOPDA3HUX 00 '€KMi6 6 eNeKmpoMacHin-
Homy noui. Ilapamempuzayis 306padiceHb peanizyemucsi HA OCHO8I ROBYO08U 2iCMO2paM SCKPABOCHI, OYIHKU
niaowi 3aceimku ma pakmanvHoi poamipHocmi. Busgneno 3akonomipHocmi ea30po3pa0H020 CEIMIHHA NpU
00CHIOJCEH I 3PA3KI6 600U YOMUPLOX MUNIE, AKI Y3200JCYIOMbCA 3 CYYACHUMU TMEOPEMUYHUMU MOOENAMU

U000 OIONO2IUHUX MA KEAHMOBUX GACMUBOCITIEL BOOU.

Kniwouoei cnoea: sxicmov 600u, 2azopo3psaoHe GUNPOMIHIOBAHHA, Yudposa oOpodKa 300padiceHb, pak-

manbHa po3MIpHICMb.

Beryn. OctaHHI HayKOBiI JOCATHEHHS B raitysi
BUBYEHHSI BJACTMBOCTEHM BOJM HAsIBHO JIEMOHCTpY-
10T TOW (akT, WO CcTaHAapTHI MeToau (i3uKo-
XIMIYHOTO aHajlizy 1 CKJIaay XapaKTepu3ylTbcs
HU3KOI oOMexeHb. [lo-nepiie, BUKOpUcTaHHS Kia-
CUYHMX Mojejieli Boau He 3abesrneyvye MOSICHEHHs
NEKUIBKOX HECATKIB 11 aHOMaJbHUX BJIACTUBOCTEIL.
[lo-npyre, excrnepuMeHTaILHO MIATBEPKEHO, IO
aHali3 TUIbKM XIMIYHOIrO CK/Iaay BOAM Y BUIJIAII
KiJIBKICHOT OIIIHKM HU3KHW TIapaMeTPiB € HeIOCTaTHIM
JIUISl BUCHOBKIB I1I0JI0 KOPUCHOCTI BOJM i Oiosori-
YHHUX CHUCTEM.

HopMmanbHi mpoliecu >KUTTENIIIBHOCTI JKUBUX
ICTOT BUMararoTh MOCTIHHOTO MPOTiKaHHS OKHCITIO-
BaJIbHO-BIHOBJIIOBAJIbHUX peakiiii Ta iHIIKX Mpo-
1ieciB OOMiHY PEeUOBHMH Ta eHeprii, y IKUX BOJa rpae
KITFOUOBY POJib. TakvM YWHOM, BUSIBIIIETHCS aKTya-
JIbHUM TIMTAHHA OLIHKUA SKOCTI BOAM HA OCHOBI J10C-
JIi/pPKeHb He TUTBKHU (i3MKO-XiMIYHUX, ajie it Oioyori-
YHUX i1 XapaKTepUCTHK.

AHaJti3 oCTaHHIX JOCTIIKeHb TAa MyOJTiKAIii.
JlocaimkeHHS. BIACTUBOCTEM BOAM € MPIOPUTETHUM
HampssMoM YKpaiHCBKOTO IHCTUTYTY €KOJIOTIl Jito-
nunau [ 1, 2]. PesynbpraTom npoBeneHUX TEOPETUUHUX
Ta eKCIePUMEHTATbHUX HAyKOBO-IOCHIIHUX POOIT €
BUJIIJICHHS OKPEMUX HampsAMKiB CTOCOBHO BUBYEHHS
BIIACTHBOCTeH BoAM: (Mi3MKO-XiMIUYHUWI aHai3, OIliH-
Ka 010JI0riYHOl aKTHBHOCTI BOJH, JOCTIIHKEHH KBa-
HTOBHUX BJIACTUBOCTEM.

bionorivuni BIacTMBOCTI BOIU OOYMOBJICHI CH-
JIaMH B3aEMOJIIT ycepeluHi MOJIEKYJIM Ta MiXMoJie-
KyJspHUMH 3B’ s3kamu. CaMe Taki (akTopu Bpaxo-
BYIOThCS 3acO0aMH KBaHTOBOT MexaHiku. ['pyma go-
ciigHukiB y naboparopii Rutherford Appleton Lab y
BenukoOpuraHii 3HauHy yBary NpWAUISUIA BHBUCH-
HIO KBaHTOBUX BJIACTUBOCTEW BOJW Y HaHOTPyOKax
[3, 4].

Criendika ekcriepuMeHTy moJisrajia y BUMi-
pIOBaHHI MapaMeTpiB BOJHOrO cepeoBHIla, OOMe-

JKEHOTO y TpocTopi Manux po3mipis. [lin vac excre-
PUMEHTAJIbHUX JIOCHI/PKEHb BJIACTUBOCTEH BOJM,
pO3TalllOBaHOT Y BYyIJIeLleBUX HAHOTPYOKax MpH KiM-
HaTHil TemnepaTypi, OyJlo BUSBIEHO CYTTEBY pi3-
HULIO 3 KJIACHYHOIO €JIeKTPOCTATUYHOIO MOJICIUIIO
BOJM. BcTaHoBIIEHO, 110 MPOTOHU Y BOJHOMY cepe-
JIOBMILI HAHO PO3MIpiB MarOTh 30BCIM iHIIII BJIACTH-
BOCTI, HiXK Y OUThII BeJTUKUX 00’ €eMax BOJIH.

ByeHi nmpuiliuid 10 BUCHOBKY, LIO JJIsi OIHUCY
BJIACTUBOCTEH BOAM B MPOCTOPi 3 HAHO po3MipamH,
HeoOXimHMi sSKicHO iHIMi miaxin. JlonatkoBo Oyi0
BHUCYHYTO MPHUIYIIEHHS OO0 iCHYBaHHS KBaHTOBOL
KOTE€PEeHTHOCTI, SIKa PO3MOBCIOKYETHCS Yepe3 eleK-
TPOHHY Mepexy. BaxknuBo 3a3HauuTH, WO Pi3UKH Yy
BenukoOpuTanii oOpanu s peasizaliii JoCTiIKeHb
came BYIJICLIEBI HAHOTPYOKH, OCKIJIbKA BOHH € aHa-
JIOTOM YMOB iCHYBaHHS BOJIM Y KJIITUHAX JKUBUX ic-
TOT, HAINPHKJIIAJ, IOHHUX KaHAIiB y MeMOpaHax Kili-
THH.

ITig GioMOTIYHOKO aKTHUBHICTIO BOAM PO3YMIIOTh
11 BJIACTHRICTD 3HMXKEHOTO a0O0 MiJABMILEHOTO BILIMBY
Ha MPOLIECH JKUTTEMIATBHOCTI 01010rUHUX 00’ €KTIB,
30KpeMa OpraHi3My JIOAMHH. 3alie)kKHO Bil CBOro
CTaHy, BOJ]a MOXE NPHUCKOPIOBATH a0 CMOBLILHIO-
BaTH OOMiHHI MPOIIECH Y KUBHUX opraHizmax. Takum
YUHOM, iH(opMallis PO JUHAMIKY Ta XapakTep 3Mi-
HU OCHOBHHUX BJIaCTMBOCTEH BoAM ab0 BOOHMX pO3-
YHMHIB € 000B’A3KOBUM MIATPYHTSIM JJIs1 €(heKTHBHO-
TO peryJtoBaHHS TPOIECiB KUTTEMISITLHOCTI GioJo-
TiYHUX 00’ €KTIB.

Bigomo, 1o MOHOMOJIEKYJIIpHY BOJY MPH HOP-
MaJIbHMUX YMOBaX HEOOXiJHO PO3MJISJaTH K acoLli-
HOBaHy CTPYKTYPY, OCKIJIbKM MOJIEKYJIM BOAM HE
iCHyIOTb IK OKpeMi eJIEeMeHTH, a CIIOHTaHHO
MOB’I3YIOTBCS OJIHA 3 OJIHOIO 32 PaXyHOK CHIJIBHUX
BOJIHEBHX 3B’S3KiB. Y TaKOMY KOHTEKCTi yHIaMeH-
TaJbHOTO 3Ha4YeHHs1 HaOyBae MOHATTA MPO BaXJIW-
BiCTh ()a30BUX MEpexo/liB Ta iX pojii y >KUTTEMisUTb-
HOCTi OiOJIOTTYHUX CUCTEM.

36ipnux nayxosux npaye OIJATPA Ne 2(5) 2014



Onecbka Aep)kaBHA aKaJeMist TEXHIYHOTO PeryJIIOBaHHS Ta SIKOCTi

3 mo3uiii Oi0JIOTiYHUX CUCTEM MPUHIMITIOBOIO
BUSIBISETbCS POJIb BOAM Y JKUTTEBUX Npolecax y
SKOCTi TMPOJYKTY Ta CyOCTpaTry €HepreTHUHOro Me-
TaboJi3My Y ’KMBIM KJIITHHI, TOOTO BJIACTUBOCTI BO-
M K PO3YMHHMKA, HEOOXiHOro Iyisi MPOTiKaHHS
€JIeMEHTapHUX aKTIB JKUTTEIISUIBHOCTI Ha MOJIEKY-
JISIPHOMY PiBHI.

[lig cTpykTypoto BOoAM PO3yMilOTh MPOCTOPOBY
oprasizalliro CKJIaJIoBUX KOMIIOHeHTiB. KoMroHeHTH
— OKpeMi eJIEeMEHTH CTPYKTYPHU — OINHUCYIOTh €KCIe-
PUMEHTATIbHO ~ BU3HAYEHUMHM  (Pi3MKO-XIMIYHUMMU
BJIAaCTUBOCTAMMU. SIK ¢i3uuHe cepenoBulle, BOAa Ma€
XapaKTepHy CTPYKTYpY, sKka BU3Ha4ae il (a3oBy Aia-
rpamy ctaHiB. Ha cboronHiluHiii JeHb iCHye Belluke
pi3HOMaHITTS Mopened BOAM, ajle iX OCHOBOIO €
CTBEpIDKeHHS TPO HAsBHICT Yy 11 CTPYKTYpi sIK
OKpPEeMHUX He3aJIe)KHUX MOJIEKYJ, TaK I MOEIHAHUX
PI3HUMU 3B’s3KaMHU KiHETUYHUX YTBOPEHb, IO Mif-
MOPSKOBYIOThCS TMHAMIYHUM 3MiHaM, siKi 00yMOB-
JIIOIOTh HASBHICTh MHOKMHM BapiabelbHUX CTaHiB
Boau. Came Wi BJIACTUBOCTI NO3BOJIAIOTH 1H MmigaaBa-
TUCS 30BHILUHIM BIUIMBaM 3 MOAAJIBLIOIO CYTTEBOIO
3MIHOIO BJIaCTHBOCTEH [5].

V xoAi ekcrnepuMeHTalbHUX JOC/IIKEeHb BCTa-
HOBJIEHO, 11O Taki (aKTopu, sIK TeMIepaTypa, BOJO-
TiCTh, YJIBTPa3BYK, MarHiTHi MoJis, eIeKTPOMArHiTHI
Ta aKyCTHYHI XBWJTi, BUKITUKAIOTh PEAaKIIil0 Y BOJH Ta
BOJHUX PO3YHHIB y BHUIJISAJII 3MiHU iX CTPYKTYpHHUX,
ONTHYHUX, KIHETUYHMX, MArHITHUX Ta IHIIMX (i3H-
KO-XIMiYHUX BlIacTHBOCTe#. Y pobori [S] getaabHO
BUBUEHO 3MiHY eJIEKTponpoBigHocTi Ta pH nuctu-
JIbOBAHOI BOJM TMPH BIUIMBI €JIEKTPOMArHiTHOIO Io-
ns ¢ikcoBaHoi yacToTd. Ha OCHOBI BUKOHAHHUX 1OC-
JlipkeHb pOOUTHCS BUCHOBOK, IO 3MiHA BJIaCTUBOC-
Tell BOAM TIPU 3OBHIIIHIX BIUTMBAX TOSCHIOETHCS
CTPYKTYPHOIO MepeOy10BOI0 BOIM.

ExcniepuMeHTaqbHO BCTAHOBJIEHO, IO TPH
BIUIMBI Ha 3pa3Kd JMCTHIbOBAHOI BOJOM eJeKTpoMa-
THITHOTO TIOJIS BiOYBA€ThCS 3HMXKEHHS €JIeKTpPHU-
HOTO OTOpYy Ta MifgBUIIeHHs piBHA pH. 3anexHicTh
enekTpuuHoro omopy ta pH Mae momiekctpemalnb-
HUll xapakTtep. EHepris, 1mo nmoriMHaeThCcs BOJOIO,
BUTpAYa€eThcs HAa 3MIHY €Hepril BOJAHEBUX 3B’S3KiB
Ta 3MilIHEHHS CTPYKTYpHu Boau. CTPYKTYpHi 3MiHU
BOJIM TIPOSIBIISIFOTBCS Y CHEKTPAIIbHUX XapaKTepHuc-
THKaX norauHaHHs [Y-BUNpoMiHIOBaHHS, BHOPS/I-
KOBaHICTh CTPYKTYpPU BOJW OILIIHIOETHCS 3a HAITiB-
mupuHOO cmyr [Y-cnekTpiB mornvHanHsA. lpu
BILJIMBI Ha BOJY €JIEKTPOMArHiTHUX MOJIiB 3MIlIEHHS
cMyru nornuHaHHa y [Y-crnekTpax y Oik 3HM)KEHHS
BUKJIMKAHO 3MiLIHEHHSM Mi>KMOJIEKYISPHUX BOJAHE-
BHUX 3B’A3KiB. ABTOPH JOCIIKEHb IMiJIKPECIIIOIOTh,
110 3BY>KEHHS CMYT TOTJIMHAHHS CJTiJ| PO3TJISIATH K
MpoLec 3pOCTaHHs CTYMEHs! CTPYKTYPOBaHOCTI BOAM
B acouiarax. TakuM YMHOM BUSBJISIOTHCS 3aKOHO-
MIpPHOCTI CTPYKTYPHOT nepeOyI0BH KapKaciB BO/IHE-

BUX 3B’SI3KIB BUTBHOT BOJM 3 MapasiesIbHOIO JIeNloKa-
J3allier0 eNeKTPOHHUX 30y/KeHb Ta TepeHOocaMu
3apsiiiB y KOOPIUHATHIH CITIII.

IMocTranoBka 3aBaaHHs. 3 OIJISIAY OCTaHHIX
JOCSITHEHb B raly3i BUBYSHHsI BJIACTUBOCTEH BOAM
BUSIBIISIETCS, 1O TEOPETUYHI Ta KCIIEPUMEHTAJbHI
il mociikeHHs BiI0YBAIOThCS 32 Pi3HUMM HamnpsiM-
KaMH y TICBHHX Taly3sX Hayku ((i3zuka, Ximis, Gio-
JIOTisI, €KoJIoTis, MeaunuHa). Ha cboromHimHii qeHb
He 3(hopMOBaHO UTICHUM Miaxia, kUi oTpuMap Ou
3arajibHe BU3HAHHS 3 TOYKH 30pYy Pi3HUX HayKOBUX
HarpsMiB.

EkcriepuMeHTaIbHI  IOCTIIPKEHHST 3a OCTaHHI
2-3 pOKM BKa3ylOThb Ha HEBIAMOBIAHICTb ICHYFOUYMX
KJIAaCUYHUX €JIEKTPOCTaTUYHUX MOJEJIe Boau 11
BJIACTUBOCTSIM, SIKi MPOSIBIISIOTHCS y HAHO po3Mipax
JUISI MDKKJTITUHHOT BOJIM B OpraHi3Max »KMBHUX ICTOT.

MeToro aocaiaKenb, siKi BUKIANAIOTECS Y pa-
MKaX CTaTTi, € po3poOKa METOIUKH, ajrOpPUTMIB Ta
NporpaMHoOro 3a0e3neyeHHs Ajis peatizauii MeToay
€KCIMpPec-OL[IHKK CTaHy BOAM 3 TOYKH 30pYy il Giojo-
TYHMUX BIACTHBOCTEH.

Jns peanizauii nocrTaBjieHOT METH BHMPILICHO
HACTYMNHI 3aBnaHHs: uuppoBa oOpobOka 300parkeHb
ra3opo3psIHOr0 BUIPOMIHIOBAHHS PiAMHHO(A3HUX
00’€KTIB B €JICKTPOMArHiTHOMY MOJIIO; CTaTUCTHYHA
00poOKka BUOIpOK 300pakeHb; BUSBIICHHS TaKUX 3a-
KOHOMipHOCTEeH Ta crnenudiuHuX mapameTpiB
(natTepHiB) 300paske€Hb Ta30PO3PATHOIO BHIPOMi-
HIOBAHHA, AKi MOB’A3aHi came 3 Gi0JOriYHUMHU BJIacC-
THUBOCTSIMU BOJIH.

Marepiajgu Ta METOIH AOCTiIKeHb 0i0JIOTiU-
HHX BJacTuBocTedi Boau. TeopeTHYHO NOKa3aHo,
II0 BOJa Y HEKOTEPEHTHOMY CTaHi (€TaJIOHOM TaKo-
rO THUITy BOJM BUCTYIAaE JNUCTHIbOBaHA) 37aTHa (o-
pPMyBaTH HE3HAYHHWM BiIryK Ha 30BHILIHI BIUIMBH.
Takum YWHOM, peakilis 3pa3ka BOJAW Ha 30BHILIHIM
BIUTMB y BUTJISAI €JIEKTPOMArHiTHOTO TOJIs, € Tijc-
TaBOIO JIJISL HETIPSIMOTO €KCIIEPUMEHTAILHOTO BU3HA-
YeHHS CTYTeHS KOTePEeHTHOCTI Ta 0i0JIOTiYHOT aKTH-
BHOCTI BOJIH.

[InsixoM MOIIUpPEHHs CIeKTpa eJeKTPOMarHiT-
HOTO BIUTUBY Y PEXKUMIi 30YIPKEHHS ra3opo3psaHOro
BUTIPOMIHIOBaHHS JIOCIIAHOTO 3pa3ka OyIyeThes
KapTHHa 300pakeHHs, Ha OCHOBI KOpesllii mapamMe-
TpiB AKOTO 3i 3MiHAMHU CKJIaJy BOJHOTO PO3UHUHY,
3IIMCHIOEThCS aHalli3 CTaHy BOJHOTO CepeloBHINA
[6, 7]. Tlim yac B3aeMomil Kparuti PiIUHU 3 EIEKTPO-
MAarHITHHM T10JIeM Yepe3 Hel MPOTiKae eIeKTPUUHHIA
CTPYM, 3a paXyHOK MPOTiKaHHS SKOTO Yepe3 Ta30BHUi
MPOIIAPOK BUHUKAE 10HI3allis OTOYYIOUOTro Tazy, 1o
CYTIPOBOJKYEThCS cBiTiHHIM (edekT Kiprian).

Y poboti mpencraBieHO pe3ynbTaTH JOCIHi-
JUKEHHS Pi3HMX THIIB BOIH (AMCTHIBOBAHOI, BOAOT-
POBIZIHOI, MPHPOIHOI, 3 MOHACTHPCHKUX Keped).
Jns peectpanii 300pakeHb BUKOPUCTaHUN METOJ
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KJlacM4yHoO1 KipiiaH-pororpacdii Ha npunani PEK-1,
po3pobnenum YkpH/Il TexHomnoriit MamuHOOyxdy-
BaHHs Ta JIBH3 «HauionanbHuii ripauumii yHiBep-
CHUTET».

[Mpunan Bignoeimae Bumoram ['OCT 20790,
I'OCT 15150, ACTY 3798, TOCT 12.2.025, TexHi-
YHUM YMOBaM Ta KOMIUIEKTY TEXHIYHOI OKyMEHTa-
uii ¥33.1.14311577000-2005.

[Ipunan Mae HaCTYNHI TEXHIUHI XapaKTepUCTU-
KU. AMIUTITY/1a IMITyJIbCY €KCMO3ULIITHOrO CTpyMy B
KOJIi 3 JOCJIIJPKYBaHUM 00’€kToM 3a0e3neuyeThes B
intepBani Big 5 no 10 MA. Kpurepiem npauesnat-
HOCTI NPWJIJLy € 3HAXO/XKEHHS aMIUTITYIH IMITYJIbCY
CTpyMy B JIOCJTIIHOMY KOJi B LIHUX Mexax. Tpusa-
JICTh IMITYJIbCY €KCIO3UIIIMHOTO CTPyMy B KOJIi
ckianae He Oinbe 10 mkc. Kpurepiem BinmoBu €
3MEHIIIEHHs aMIUTITYJM iIMIYJbCYy CTYMY B KOJi Me-
Hule 5 MA.

KoHCTpYKTHBHO peecTpaTop BUKOHAaHW y BH-
sl pUiaay HAacTLBHOrO BUKOHaHHs. B mincrasi
KOPITyCy pO3TalllOBaHO IJIaTy YMpaBJiHHA 3 pajioe-
JIeMEHTaMHU, IPUCTPOSMHU KOMYTallii Ta CUTHAi3allil.
Ha kpumui peectpaTopy BCTaHOBIEHO poOoumii
eJIeKTpoA 3 (hOIBrOBAaHOrO reTHMHAKCY. 3BEpXY Haj
poOOYMM eJIEeKTPOIOM PO3TALIOBAHO HANPABIISIOUMIA
KOHAYKTOp. B ocHOBY poGotu peectparopa PEK-1
MOKJIaJIeHO yAapHe 30Y/KeHHS KOHTYpY, SKHH
CKIIQJIA€ThCS 3 IHAYKTUBHOCTI BTOPWUHHOI OOMOTKH
y3TrO/UKYBAJIBHOTO KOHTYPY Ta €MHOCTI HaBaHTa-
SKEHHS, 10 MiJIKIFOYEHO A0 HeT.

YTBOpeHi Npu LILOMY IMIYJIbCH 30yKEHHS 3a-
0e3neuyroTh TNMPOTIKaHHA CTPyMy uepe3 OydepHHid

PIGEO™] '

licTorpama ackpaeocTi nikcenis

ploto [ [

pe3ucTop, poOOUMid €1eKTPOl, JaHLIOr 3 00’ €KTOM
JOCJTIDKeHB Ta MACUBHUI €JIeKTPOI.

Peectparop ra3opo3psaHOro BHIIPOMiHIOBAHHS
MICTHTh TUIOCKUM BHCOKOBOJILTHHMI €JIeKTpoJl, Ha
SAKOMY po3MillaeTbesi GoTomarepiai, 3HIMHUNA ¢ik-
carop, 3'€HAHUI i3 TUNIOCKUM EJICKTPOAOM i JKepe-
JIOM CTPYMY, MipHY €MHICTb 3i IITOKOM JJisl PO3Mi-
LIEHHS B Hil AOCIiAKYBaHOI piiWHU, MOPOXKHIO TO-
JKY 3 eJIeKTpOMpOBiAHOro Mmarepiainy mis ¢opmy-
BaHHs HEOJHOPIJAHOrO EJIEKTPOMArHiTHOrO TMOJIO.
3HiMHUIT (ikcaTOp yCTAHOBJIGHO Haj MOBEPXHEIO
(hoTomaTepiany Ha BUCOTI, IIpH siKiii 3a0e3neuyeThest
3a30p MK MOBEpxHeEl (oromarepiany i ToOJKO,
Ky TMOMILIGHO B METaJeBy [MOPOKHIO TPYOKY
LIEHTPaIbHOTO OTBOPY (ikcaTopa.

Ha puc. 1 npencrasneHo 300paxeHHs Ta Biamo-
BiJIHI ricTOrpaMu SICKpaBOCTI MiKceNiB Ui AOCi-
JUKYyBaHHMX 3pa3KiB BOIU. MakcMMyM aMIUTITYAHd B
ricrorpami siCKpaBoCTi BiANOBinae OHY peHTreHiB-
cbkOi miaiBkd. [l uucToi Boau 0€3 JOMILIOK BiH
BUSIBJISIETbCA  €IMHUM EKCTPEMyMOM Ajisl rpadiky
ricrorpamu sickpaBocTi 300pakeHHs. [ns Boau 3
MPUCYTHICTIO AOMILLIOK ricrorpaMa € Oararomojia-
JbHOWO. [l BOAONPOBIAHOT BOAM BHYTPILIHE KOJIO
CBITIHHS Ma€ CYTTEBO BUPAXKEHY 3€PHHUCTY CTPYKTY-
pYy, L0 XapaKTepu3ye HEeNOCTaTHIM CTYMiHb ii OYMC-
Tku. Ha puc. 2-5 mokazaHo pe3ysbTaT AOCIHIiKEeH-
HSl YOTHUPBOX Pi3HMX THIIB BOAW METOAOM peecTpa-
1ii Ta30pO3pAAHOTO CBITIHHS HA PEHTTeHIBCHKIM
rutiBwi. [IpaBopyd Ha KOXKHOMY PHCYHKY HaBeIeHO
300paskeHHs Mic/isl BAKOHAHHs orepallii OiHapu3zauii
HaMiBTOHOBOTO PACTPOBOTO 300paKeHHS.

Piot0 | ' [

TicTorpama ackpasocTi nikcenis

Pucynok 1 — Anaui3 300pakeHb 3pa3KiB BOJAM: a — BOJONPOBiAHA, O — IMCTUIIbOBaHA, B — MPUPOAHA,
' — 3 MOHACTHPCHKOTO JuKepena (JiBopyd — 300paXKeHHs ra30po3psSAHOrO BUMPOMiHIOBaHHS
Ha PEHTIeHIBCHKIM TUTIBIII, IPaBOPYY — ricTOrpaMa sickpaBOCTi MiKCEiB)
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Picture Binarization Picture Binarization

Picture Binarization

PucyHok 2 — 300paxeHHs ra30po3psiAHOrO0 BUNIPOMiHIOBAHHS
IUTs1 3pa3KiB BOJIOMPOBIAHOT BOAM (J1IBOPYY — 300paskeHHs ra30po3psaAHOrO BUIIPOMiHIOBaHHS
Ha PEeHTIeHIBChKIH MBI, MpaBopy4 — OiHApU30BaHe 300paskeHHsI)

Picture Binarization Binarization

Binarization Binarization

PucyHok 3 — 300paxeHHs ra30po3psAHOTO BUTTPOMiHIOBAHHS
JUTS 3pa3KiB IMCTHIIHOBAHOT BOAM (JIIBOPYY — 300pakeHHS ra30po3psTHOTO BUMPOMiHIOBAaHHS
Ha PEeHTTeHIBCBbKiH MBI, MpaBopyY — GiHapU30BaHe 300paskeHHs!)

Picture Binarization [picture Binarization

Binarization Binarization

PucyHnok 4 — 306paxkeHHs ra30po3psIIHOTO BUMIPOMIHIOBAHHS TS 3pa3KiB MPUPOJIHOT BOJU
(;1iBopyY — 300paskeHHs ra30pO3psIHOTO BUIPOMIHIOBAHHS Ha PEHTTeHIBCHKIM TUTIBL, MpaBopyd —
OiHapr30BaHe 300paXKeHHSI)
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Binarization

Picture

Picture Binarization

Binarization

Picture

Binarization

PucyHok 5 — 300paxeHHs ra30po3psIHOTO BUPOMiHIOBAHHS
IUTs1 3pa3KiB BOAM 3 MOHACTUPCHKUX JpKepes (J1iBOpyY — 300pakeHHs ra30po3psiAHOrO BUNPOMiHIOBaHHS
Ha PeHTIeHiBChKiN MiiBLi, MpaBopy4 — OiHapu30BaHe 300pakeHHs!)

Onepatiist 6GiHapu3ailii BiIHOCUTbCS A0 MPOCTO-
poBuX npoueayp oopoOku 306paxens. [lin npocto-
POBOIO 00J1ACTIO PO3YMIIOTh MHOXKHMHY IIKCEJIiB, sKi
YTBOPIOIOTh 300pakeHHs. [IpocTopoBi mpouenypu
rependavaroTh ornepatii 6e3nocepeHbO 31 3HaUYCH-
HSIMU SCKPABOCTI MIKCEIIiB Ta MOXYTh y 3araJlLHOMY
BUMAJKy OyTH ONHCaHi HA OCHOBI PIBHSHHS:

g, »)=TLf (x, »)],

ne f(x,y) — BxinHe 300paxenns; g(x,y) — BUXii-
He 300pa)keHHs TMicis npoueAaypu obpobku; T —
orepaTop, BWU3HAYCHWI Yy TEBHIM OKOIMLI TOYKH
(x, ).

3a3Buyail y SKOCTI OKOJUIIi BUKOPUCTOBYETHCS
KBaJ[paTHa ab0 TMPSAMOKYTHa 00JIacTh, TOOTO TiIM-
HOXKHHH 300paXKeHHS 3 IIEHTPOM Yy TOYIli 3 KOOPJIH-
Hatamu (X, )). HalinpocTiliuM BUMAJKOM € BHKO-
puctaHHs onepatopy 1 1o okoiwii po3mipom 1x1,
toni g 3anexuTh TITBKK Bil 3HaueHHs [ y TodYLi

(x,y), T06TO 06pOOLI migsirae oaMH TiKcenb. Y

TaKOMY BHMaJKy ornepatop 7 Ha3uBaloTh (YHKI-
€10 TpajalifHOro mepeTBOpeHHs, (QyHKLi€ meper-
BOpEHHS IHTEHCUBHOCTel abo (yHKIliEI Bigobpa-
JKEHHS, 1110 aHAJIITHYHO onucyeThes K [8]:

s=T(r),

Ie 7 Ta s — 3MiHHI, sIKi BiAMOBIJAIOTH 3HAYEHHAM
sickpaBocTi BxigHoro f(x,y) Ta BuxigHoro g(x,y)
300pakeHb It KOXKHOI OKpeMoi Touku (X, 7).
OyHKUii rpagauiiHOro MepeTBOpeHHs] BUKOPH-
CTOBYIOTBCSl JJisi TIJBULICHHS KOHTPACTHOCTI 30-

OpakeHb, TAKOXK JJIsl 3aTEMHEHHsI MiKCeJiB 3i 3Ha-
YeHHSMM SCKPaBOCTI MEHII, HiK OOpaHe Moporose
3HAYEHHS M Ta MiJBUILEHHI ICKPAaBOCTI /IJIsl MiKCeiB
3 sicKpaBicTIO GinbuL, HiXK m. [1py minCUIeHHI KOHT-
pacTy 3HaueHHs # MEHILe m TpPU HAaOIWKeHHI 10
piBHS YOPHOTO KOJBOPY CTHUCKAIOTHCS Y BY3bKHH
nianasoH S, JUIS 3HAY€Hb 7 OUIBIINX 7 — HABIAKH.
binapu3zaiis BinOyBaeThcs y TPAHUYHOMY BHUMAIKY,
y pe3ysibTaTi Yoro OTpUMAaEMO JIBOTpajalliiiHe OiHa-
pHe 300pakeHHS 3a TMEBHO MOPOTOBOIO (PYHKIIIEIO.
[Noporose 3HaueHHs npu 0OpoOLi 300paxkeHp ras3o-
PO3PSITHOTO CBITIHHS 3pa3KiB BOJAW oOupasiocs Ta-
KuM, 100 3a0e3MeunT YCyHeHHs BiJ aHami3zy obna-
cTi GoHa Ta 00nacTi BHYTPILIHBOTO KOJIa CBITIHHS.
Onepariist GiHapu3allii HaMiBTOHOBOTO pacTpo-
BOTO 300paKeHHSI € TIepUIMM HEOOXiJHUM KPOKOM
JUTS OL[IHKM (ppaKTajbHOI po3mipHocTi. MeTon OLiH-
KM (ppakTanbHOT pO3MIPHOCTI € omepauielo napame-
Tpu3allii 300paXkeHHs, SIKa T03BOJISIE OLIIHUTH XapakK-
Tep caMoIoIiOHOCTI PUPOHOTO 06’ eKkTa abo Xapa-
KTepucTHK 3adikcoBaHoro seuina [9]. Jns ouinku
¢dpaktanbHOi po3MipHOCTI OiHapu30BaHUX 300pa-
JKeHb Ta30pO3pSIHOrO BHITPOMIHIOBAHHS 3pa3KiB
BOJM BUKOPHUCTaHWH anroput™ box counting [10].
PesynabTaT Ta ix odrosopennsi. Exepris Bu-
MPOMIHIOBAHHS JIJISl BOAOTIPOBIIHOT Ta JIUCTUIHOBA-
HOi BOJIW 3HAYHO MEHINA, HDK IS BOAM 3 MPHPOA-
HUX a00 MOHACTHUPCHKHUX Jukepeln. Jlanuit mapamerp
MOYHA KUIBKICHO OLIHUTH LUIIXOM OOYMUCIIEHHS
KIJIBKOCTI IMIKCeJIiB, SKi BIAMOBiAAIOTH IUIOLII 3aCBiT-
KM, TOOTO KiJIbKICTh YOPHUX TIKCENIB TpU OiHapu3a-
wii. Pe3ynbrar oO0UMCcIeHHs KiIBKOCTI MIKCeiB, SKi €
XapaKTepUCTUKOIO TUIOIII 3aCBITKH, HaBEJICHO Y
TabJ1.1 BIANOBIHO 1O BOAU Pi3HUX THMIB (BOIOMpPO-
BiZIHA, OUCTHJIbOBAaHA, TMPUPOJIHA, MOHACTHPCHKA),
KipJliaHOTpaMH SIKKX MPeJCTaBIeHO Ha pHc. 2-5.
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Tabnuist 1 — XapakTeprcTHKHY TUIONII 3aCBITKY 11 3pa3KiB BOJW YOTUPHOX THITIB
Pucynok/tun Bonu | BopomnposigHa HuctunboBana IIpuponna MoHacTupcbka
a 9415 4685 11019 20342
6 6569 3646 10612 21941
B 8463 3096 15287 19044
r 9072 3016 11515 28387

Haiimenina miomia 3acBiTKHM, SIKa € OCHOBHOIO
IHTErpajibHOK XapaKTEPUCTUKOIO KOPOHHU CBITiHHS,
MposiBJieHa AJis 3pa3KiB IMCTUIbOBaHO! Bonu. Muc-
TUJIBOBaHA BOJA B ACMEKTI KIACUYHOrO (hi3zmko-
XIMIYHOTO aHamizy BHUSBISETbCS  MaKCHUMAIbHO
OUMILEHOIO Bi AOMILIOK. 3 TOYKHU 30pY KBAHTOBOL
€JIeKTPOAMHAMIKM, OUCTWIBOBAHA BOJA MICTUThb Y
CBOEMY CK/aJli KOTEpeHTHi JIOMEHH, aje BOHU He
YTBOPIOIOTh MK COOOI0 CHUIBHOI KOTePEeHTHOCTI.
Came TOMy BOZA 3 TaKOIO CTPYKTYPOIO HE MOKE BHU-
CTYMaTH Yy poJii NMpUiiMaya 30BHILLHIX CUTHAJIIB Ta HE
31aTHa TeHepyBaTH CYTTEBUM BIAryK. Y BUMNAIKy
AKTMBHOT'O BUMIpIOBAJILHOIO €KCIIEPUMEHTY, B XOAi
SKOro BOJa MiAAa€ThCs BIJIMBY 30BHILUHBOIO €JIEKT-
POMArHiTHOro MoJis, 3pa3Kd IUCTUIILOBAHOI BOIW
(hopMyIOTh C1abKy KOPOHY CBITiHHS, IO € €KCIIepH-
MEHTaJIbHUM TMiATBEPAKEHHSM HAaBEACHHUX BHILLE
TEOPETUYHUX MPUITYLICHb.

Jl1s BOOONpOBiAHOT Ta BOAM 3 NPUPOJHUX JKE-
peJl mIolla 3acBITKK B LIJIOMY OJIM3bKI 3a KiJIbKic-
HUM 3HAYEHHsM, alie JJis 3pa3KiB MPUPOJHOI BOHA
Ginpma. OnHaK Mpu aHalli3i BOJMOMPOBIAHOT BOIU
CJ1i/1 3BEpHYTH YBary Ha Oijiblil TEMHE, 3 36pHUCTUMU
BKJIFOUEHHSIMH, BHYTPIIIHE KOJIO CBiTiHHA. TemHuii
HEOJIHOPIAHHIA KOJIip BHYTPILIHHOIO KOJIa CBiTYUThH
PO HasIBHICTb 3a0pyJHEHHS 3pa3KiB BOJAW PI3HUMMU
JIOMILIKaMU Y IOPiBHSIHHI 3 IPUPOAHOIO.

CyTTeBo Ounblii 3a KUTbKICHUMHU 3Ha4Y€HHSIMU
BUSIBJIIFOTHCS OLIHKM [UIOLLI 3acBITKA IS BOAM 3
MOHACTUPCHKUX JDKEPE.

s 300pakeHb ra3opo3psaHOrO BUITPOMIHIO-
BaHHS JOJJaTKOBO KIJILKICHO OLIIHEHO (paKTajibHy
PO3MIipHicTb. Pe3ynbratu po3paxyHKiB Jyis KipiiaH
300paxkeHb CeMH 3pa3KiB KOXKHOTO TUITy BOJIM HaBe-
JleHo y TabuI. 2.

Tabnuis 2 — dpakranbHa po3MIpHICT IS KipiaHorpaM (OLiHKA peai3oBaHa Ha 0asi anroputmy box

counting)

Cepenne apud-
Tun/Homep METHYHE 3Ha-
3pa3ka BOau 1 2 3 4 5 6 7 | ueHHsa
Boponpoeinna | 1,355 1,4168 | 1,3078 | 1,4238 | 1,3155 | 1,3109 | 1.232 1,354967
JucrunwoBana | 1,1428 | 1,3259 | 1,3229 | 1,1401 | 1,1078 | 1,2299 | 1,1716 1,205857
[Tpuponna 1,3615 | 1,3244 | 1,6598 | 1,4951 | 1,5932 | 1,41 1,4697 1,473386
Monactupebka | 1,4111 | 1,5316 | 1,5943 | 1,5109 | 1,514 1,5765 | 1,579 1,531057

BucnoBkn METp, KU KITbKICHO OI[IHIOEThCS SIK CyMapHe 4Hc-

[pu peecTpatii Ha Yy TIUBOMY eJleMeHTi (peHT-
TeHIBChKil (DOTOTUTIBI) KaPTUHU PO3MOBCIOKEHHS
ra30BOro po3psay HABKOJIO JOCHIPKYBAHOTO 3pa3Ky
BOM BiAOyBa€eThes (pikcallisi BUPOMiHIOBAaHHS, Tij-
CHJICHOTO 3a pPaxXyHOK 30BHIIIHBOTO IMITYJIbCHOTO
€JIEKTPOMArHITHOTO BIUIHBY.

[ig yac akTHBHOTO BUMIpPIOBAJILHOTO €KCIepH-
MEHTY 3pa30K JIOCIIiPKYBaHOT piIMHHO(A3HOI pedo-
BUHU BHCTYIAE SIK Odcepeno GUNPOMIHIOBAHHS, TIO-
TY>KHICTb SIKOTO IMiICHITIOEThCS 3aBIASKHA HaBEICHHIO
30BHILIHBOTO TOJS. AHalli3 KapTHHH PO3MOBCIO-
JUKEHHSI Ta30BOTO PO3pPSAYy MOXKE MPOBOAMTHCS 3a
iHmezpanvHUMU Ta OKPEMUMH O0emanizylouumu To-
Ka3HUKaMHU.

[HTEerpaNbHOIO XapaKTepUCTHKOI BiATYKY J10C-
JKYBAHOTO O0’€KTY Ta 3arajJibHOi eHeprii BUIPO-
MIHIOBaHHS BHCTYMae ronia 3aceitku. lle mapa-

JIO TMIKCEiB YOPHOTO KOIbOpY YIS 300paKeHHS-
HeraTuBy. AHaji3 Jetayieil 300pakeHHs, 30Kpema,
reoMeTpil pO3MOBCIOJIKEHHSI OKPEMHUX PO3pPSIiB Ha
CEHCOpHI#l TTOBEpXHi PEHTTEHIBCHKOT TUTIBKH, peati-
30BaHUI Ha OCHOBI OLIIHKYU (DpaKmanvHoi po3mipHo-
cmi, sKa y JaHOMY BHUIAJIKy BHUCTYMNae Mipoo pis-
HOMIpPHOCTI 3alOBHEHHs MPOCTOPY HABKOJIO 3pa3ka
CTpUMEpaMH Ta IX caMOToIiOHOCTI.

OtpuMaHi y poOOTi ekcrieprMeHTaNIbHI JIaHi,
AKI CTOCYIOTBhCS JOCTIKEHHS 3pa3KiB BOJAU YOTH-
PbOX THITIB, Y3TODKYIOThCS 3 CYYaCHUMH TEOPETHY-
HUAMUA MOIEISAMHU LIONO KBAHTOBUX Ta Oi0JIOTIYHHX
BJIACTUBOCTEH BOJH, 30KpeMa 3 MpeACTaBICHHIMH
PO CTPYKTYPY BOAM SIK CYKYMHOCTI KOTEPEHTHHX
JIOMEHIB.
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OIIEHKA KAYECTBA BOJIbI C TOYKHW 3PEHUS EE BUOJOT MUECKOH AKTUBHOCTH

B pabome ucnonvszo6an sxcnepumenmanviblil Memoo Uccie008aHUs C8OCING G00bL, OCHOBANHBLI HA pe-
2uCmpayuu u300paNCeHUll 2a30PaA3pAOH020 USYHEHUsL HCUOKOPDA3HBIX 00BEKIN0E 8 IIEKMPOMASHUINHOM NO-
ae. Hlapamempusayus uzoopadicenull peanuzyemcs Ha 0CHO8e NOCMPOEHUsL 2UCMOSPAMMbL SPKOCIU, OYEHKU
nIOWAOU 3aceemKu U QPaKxmanvHoll pazmeprocmu. Bulssienst 3akonomepHocmu 2az0paspiono2o ceeueHus
00paszyoe 600kl Uembipex Munos, KOmopwvie CO2NACYIOMC ¢ COBPEMEHHbIMU MeOPeMUYeCKUMU MOOCISMU
OUONO2UYECKUX U KEAHMOBBIX CE0UCING 600bI.

Knrouessle cnosa: xauecmso 800vl, 2az0paspsioHoe usiyyeHue, yugpposas oopabomra uzoopasicenut,
(paxmanvuas pasmeprHocme.

N. V. Glukhova, PhD
WATER QUALITY EVALUATION FROM THE BIOACTIVITY POINT OF VIEW

In work used experimental methods to study the properties of water, based on the registration of images
of gas-discharge radiation of liquid phase objects in the electromagnetic field. Parametrization of images is
realized on the basis of the brightness histogram, area estimation of exposure and the fractal dimension. The
regularities of gas discharge glow of water samples of four types, which are consistent with current theoreti-
cal models of biological and quantum properties of water.

Keywords: water quality, gas discharge radiation, digital image processing, fractal dimension.
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