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BIIJIUB PAJIAIIIITHOTO
OIIPOMIHEHHY HA JIOKAJIBHY

VIIK 539.2, 541.132

CTPYKTVYPY BOJHOTI'O PO3YMHY NaCl

3 suKOPUCTNAHHAM MEMOOY MOAEKYAAPHOT OUHAMIKY O0CAIONCEHO 6NAUS Padiayitino2o ONpo-
MIHEHHA HA AOKAALHY CMpykmypy 6odnozo podwuny NaCl i3 xonuenmpauicro 0,14 m.0. npu
T =300 K s inmepsani enepeit onpominernna F, = 0-12 MeB. Becmanosaeno, uo npu eeau-
yunax E,, menwux abo bisvwux 3a 9 MeB, ne 8idbysaemuvea KapouHasbHOi 3MIHU A0KANLHOT
cmpyxmypu docaidocenot cucmemu. Ipu B, = 9 MeB 6idbysaemvbes cymmesa 3MiHa AOKAAD-
HOT CPYKMYPU Po3uuny i 0is padiauitino20 ONPOMIHEHHA MOHCE BEANCAMUCH MAKCUMAALHOTO,
ULO NOACHIOEMDBCA 30IADULEHHAM TMOBIPHOCTE 83AEMOOTE KAMIOHIE MaA AHIOHIE PO3UUHEHOT pe-
YOBUHU MIHC C00010 M 1T 83GEMODIEI 3 MONEKYAAMUYU B00U.

Karwwoei caoea: MeTon MOJEKYASIPHOI JWHAMIKU, paJjiialliifHe OIMpOMiHEHHS, paJlia/IbHa

dyHKIa po3noaity.

1. Beryn

BceranosiieHHsT KIJIbKICHUX 3B’s13KiB Mi?K MaKPOCKOITi-
YHUMU BJIACTUBOCTSIMU BOJHUX PO3YUHIB i BILIH-
BOM 3O0BHINIHIX YWHHUKIB 1 XapaKTepoM MiKMOJe-
KYJASPHAX B3AEMOJIN CHPHUIE€ BUPIMIEHHIO 0OaraTbox
dyHIaMEHTAIBHUX 1 TPAKTUIHUX, 30KPEMa MeJUKO-
6iostoriuaux, pobdsiem. [ljist BuBUeHHST 3MiH (Di3UIHAX
BJIACTUBOCTEH PO3YMHY, IO BUKJIUKAHI 30BHINTHIMU
dakTopaMu, HAWOIIBIT 9aCTO BUKOPUCTOBYIOTH HEl-
TPOHHIi, ONTHYHI, JieJeKTPUYHI Ta IHII METOIU JI0-
CJTIPKeHHSI, SKi 0e3mocepeiHh0 HAIaoTh iH(OpMa-
I[iI0 TIPO MOJIEKYJISIPHO-KiHeTHYHI pyxu Mosekys. Lle
€ OCHOBOIO JIjIsl CTBOPEHHSI MOJIeJIell CTPYKTYPH BOJIH
Ta BOXHMX po3uuHiB [1].

OpauM 13 HAWMEHI JTOCIKEHNX 30BHINIHIX 9WH-
HUKIB, SKi CyTTE€BO BIIMBAIOTh HA BJIACTUBOCTI BO-
JHAX PO3YMHIB COJIENl €JIeKTPOJITIB, € pasialliiine
OIPOMiHEHHsI. 3a3HAYMMO, IO JIOCJIJ2KEHHSI BILJIUBY
BiJIHOCHO MaJiuxX J103 PaJIaIliifHOrO OIMPOMIHEHHS, a
came [3-, 7- Ta PEHTTEHIBCHKOI'O OIMPOMIHEHHH y iH-
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TepBaJii enepriit 5-12 MeB wna Bomui pozuunu esre-
KTpOJIiTiB HaOyBa€ B OCTaHHi!t vac 0coOJIUBOI aKTy-
aJIbHOCT1 BHAC/IJIOK IX IHTEHCHMBHOI'O BUKOPUCTAHHS
y pajianiiiniii orkostorit [2,3]. HeobxinHo 3a3naunTH,
IO MTPOBEICHHS BIIITOBITHUX €KCIIEPUMEHTATLHIX JI0-
CJTII?KeHb HAIITOBXYETHCS Ha 3HAYIHI TpyaHorm. Ha-
caMIlepe/I, 1ie IIOB’si3aHe 3 THM, IO B Pe3yJbTaTi Ta-
KUX JOCJIT2KeHb, K MPaBUIO0, OTPUMYIOTH yCepeTHe-
Hi MaKpPOXapaKTEPUCTUKU TEPMOIUHAMIYHOI CUCTEMU
(rycruna, B’43KiCTh, Ji€JeKTPUYIHA IPOHUKHICTL TO-
o). o Toro :xk, iHTeprperaris OJepKaHUX PE3YJib-
TaTiB yCKJIQHIOETHCS 1HTETPAJIbHUM BIIJIMBOM aHiO-
HiB pi3HOI IPUPOJIH, IO BUKJINKAE 3MiHY B OpraHi3a-
il MOJIEKYJT BOJIM BHACJIIOK Jiii pifialliitHOro ompo-
MiHeHHd. [HIMIMUT ciioBaMu, pe3yJIbTATU €KCIIEPUMEH-
TaJBHUX JIOCTIIZKEHD He JO3BOJIAIOTH BUKOHYBATH HA
MIKPOpIiBHI JIeTAJIbHUI aHAJI3 BILUIUBY PaJialliiiHOTrO
OIPOMIHEHHS HA CTPYKTYPHIi, EHEPTe€TUYHI Ta JIMTHAMI-
9HI BJIACTUBOCTI JOCJIPKYyBaHUX CHUCTEeM. Tomy Juis
BUBYEHHS MIKPOCTPYKTYPH iOHHUX PO3YWHIB y Ta-
KAX 33/1a9aX 3BUYAITHO BHKOPUCTOBYIOTH METOJ MO-
Jekyssipaoro mogenoBanus (M), mo # 6yso pe-
aji30BaHO B JaHifi pobOTiI [y aHAMI3y MIKPOCTpPY-
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KTYypHU B YMOBaX PaJialliffHOro OIPOMiHEHHS MOJIEb-
uol cucremu pozunny “Boga—NaCl” i3 KOHIIEHTpAIIEIo
x = 0,14 M.J11., KA TITPOKO BUKOPUCTOBYETHCS B Me-
qunuHi [4].

2. Moaean

Mixkmoseky/IsipHa B3a€MOJIisl B JIOCTIKYBaHifl pi-
JIUHHIA MOJIEJIbHIN CHCTeMI ONMHMCYBaJIacCh 3 JOTIOMO-
rOI0 ATOM-aTOMHOT'O TIOTEHITIATY, TKUH € CyMOIO BaH-
JIep-BaaIbCiBCHKOT 1 KYJIOHIBCBKOI CKIa0Bux [5]:
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Jie 0j, € — HapaMeTPH JeHHap/I-1KOHCIBCBKOI'O 110~
TeHIialLy, 7, BiJICTAHb MiXK B3a€EMOJIIOUUMH Ya-
CTUHKAMHU, ¢; — 3aps] i-1 YACTUHKA. SHAYEHHS [1apa-
METPIB JIjI aTOMIB MOJIEKYJIN BOJU Ta 10HIB HaBeIeH]
B Tabsa. 1.

[Ipu BukoHaHHI pO3paxXyHKIB MOJIEKYJIH BOIA Ta i0-
HU OyJIU TIPEJICTAB/ICH] SIK JIEHHAP/I—/T>KOHCOBI YaCcTHH-
KM, B3a€MOJIisl MK IKHMU ONHUCYBaJacs 3a JIOIIOMO-
roto OPLS-norennianis [6]. B3aemoniss Momekysr Bo-
Jm Mizk coboro 3amasanace SPC/E monenmo [7]. ITa-
paMeTpu B3aEMOJIil MiK HETOTOXKHUMHU YaCTUHKAMU
BU3HAYAJNCSI 3a JOTIOMOIOI0 KOMOIHAIITHOTO MTpaBu-
aa [5]:
oij = (0 +05)/2, €5 = \/[ei€j, (2)
Je iHJeKCH ¢ Ta j BiJIIOBIIAI0OTH YACTHHKAM {-TO Ta
J-TO COPTIB, a IHJEKC %j BiJIHOCHUTHCS JO HETOTOXKHUX
YaCTUHOK.

Boue ompowmimennss Ha JIOKaJbHY CTPYKTYpY 1
€HEepreTUvHI BJACTUBOCTI PiAMHHOI CUCTEMU ‘BOIa—
NaCl” 6ys mociimkennii meromom M/I i3 Bukopucra-
HHsIM nporpamsoro nakera DL POLY 4.05 [8] 3 ua-
coBuM KpokoMm 2 dc. MogenmroBaHHsT BUKOHYBAJIOCS
B NVT-ancambii KyOiuHol KOMIpKH 3 I€PIOINIHU-
MU I'DAaHIYIHUME YMOBaMH Ta 256 B3a€MOIIOUNMU Ya-
cruakamu 1pu T = 300 K. O6’em esementapHoi Ko-
MipKH PO3paxOBYBaBCs BIJIITOBITHO IO €KCIIEPUMEH-
TaJbHUX 3HAYEHb T'YCTHHU PO3YMHY TPHU Till caMiii
temmeparypi. Jlamekomioua egekTpocTaTHIHA B3aE-
MOJIisl BPaXOBYBaJIaCh IIJISXOM IIiJICYMOBYBaHHS 3a
merozioM Epaspia [9]. Crabinizanis qocsimKyBaHO!
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cucremu B NV'T 3piiicHIOBaIach 3a JIOIMIOMOTOIO Tep-
mocrara Bepensena [10]. Ilpu uposenenni pospaxyH-
KiB 10HH 1 MOJIEKYJIA BOJIY MOJIEJIIOBAJIUCS SK TBEP/,
3apsiJizKeH1 MOJIeJIbHI YaCTUHKHU 3 (DIKCOBAHOK reoMe-
Tpiero. MixKMOJIEKyISIpHI TTapaMeTpH OJePKYBaJIUCh
Ha OCHOBI aTOM-aTOMHOTO YSIBJIEHHS IIPO B3AE€MOJIIIO
MiXK aTOMaMMu PI3HUX COPTIB.

AJropuT™M MOJIEJTIOBAHHS TIOJISITAB Y TAKOMY: CTa-
Gimizaris cucTemu focsrasachk npoTaroM 8 - 10° kpo-
KiB posdpaxyskis. Ilicis woro ma ojun i3 ioHiB cu-
CTeMU JIisJI0 ONMPOMIHEHHsI 31 3HaYEHHSM €Hepril y
intepBaui 0-12 MeB, ska posmnoginsiack piBHOMIp-
HO 3a ycima Bicsasmu koopauuat. [lotiM cuctema 3mHO-
By NIPUXOJMJIA ¥ CTaH piBHoBaru Bipomosk 10° kpo-
KiB. Iliciss woro mpoBOIMIIOCH JIEKiJIbKa cepiii He3a-
JIEXKHUX PO3paxyHKiB 3 yacoBuMu Kpokamu 200 dc,
160 dc i 80 dbc mns omep:KaHHS €HEPrEeTUIHUX Xa-
PaKTEPUK JIOC/IKYBaHOI cucTeMu. Yci pasiayibHi
dyukuii posnoxiny (POP) orpumysanucs 3 Kpokom
200 dc.

Y pe3ysbTaTi MOJETIOBAHHS OJIEPKYBAJIMCH i1 aHa-
JI3YBAIUCH JaHI MO0 JIOKAJHLHOI CTPYKTYPHU PiTuH-
HOI cucTeMH Ta 11 €eHepreTHYHUX 1 JUHAMIYHUX BJila-
cruBocTeit. Bimgmaummo, mo indopmariis momao Jo-
KaJIbHOI CTPYKTYDPH JIOCTIJIZKYBaHOI CHCTEMH MOXKe
OyTH OTpUMAaHa K E€KCIIEPUMEHTAJIBHO (pPEHIeHOTpa-
diunuM Ta HEHTPOHHUM MeToJaMM), TaK i TeOpeTu-
qH0. B ocTaHHROMY BHUIAJKY PO3PAXOBYIOTHCH PaJli-
anbHi dysknil posnoniny G xy (R), fki xapakrepusy-
I0OTh HMOBIPHICTH 3HAXO/XKEHHST YaCTUHOK COPTY “y”,
HABKOJIO YaCTHHOK COpTY “2™

(Ny(R,R+dR))
pyATR?2dR ®)

Gxv(R) =

VY piBasiHHI (3) YMCETBHUK JOPIBHIOE CEPEHBOMY -
cty 9acTuHOK copty “y” B cdepuuanomy mapi (R, R+
+ dR), a 3HAMEHHUK HOPMAJII3y€ PO3LOJLI TAKAM YU~
uoM [5], mo6 Gxy(R) = 1 npu N, i 36iraerbes 3

Tabruus 1. Beanunuu 3apsifiiB, napaMeTrpis
norenniany Jlemnapaa-/I>koHca Ta mac ajisgi aroMiB
MoJteKys Boau, ionis Nat i C1— [6]

Artom q(e) o, A €, k/I:x/Monb | M, r/Moub

H 0,4238 0 0 1

o) ~0,8436 | 3,169 0,6502 15,99

Nat +1 2,35 0,1 22,9898

Cl— —1 4,4 0,1 35,453
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3HaYEHHAM TYCTHHH py. Ilepma rigparariiina cdepa
BU3HATAETHCA IK MIPOCTip, oOMexKenmit ceporo 3 pa-
JIlyCOM, YMCEJIbHO PIBHUM ITOJIO?KEHHIO TIEPIIIOro MiHi-
mymy POP. JIpyra rigparariiina o6oji0HKa BH3HAYA-
€ThCsl K TPOCTIp CEePUIHOro Imapy MixK IepimM i
apyruMm Minimymamu POP.

Heranpua indopMmariist Ipo JIOKAJIBHY CTPYKTYPY 1
BJIACTUBOCTI BOJIHUX PO3YNHIB €JIEKTPOJIITIB MOXKe OY-
TH OJIEPYKAHA IIJITXOM AHAJI3Y €HEPTeTUIHUX BJIACTHU-
BocTeit mocimkyBannx cucteM, POP ta 3nadens uu-
cJia HaMbOmmKIux cyciziB Nz, ke mponopiiiiine 1io-
i 11 meprmM mkoM (YHKIHT PO3IOJLY T'YCTUHH i
BU3HAYAETHCST BUPA3OM

Zmin
Nz= [ dmpoga(r)ridr, (4)
0

Jie po — IUCEJbHA T'yCTUHA CUCTEMU.

Ananiz ciTkn BOIHEBUX 3B’43KIB MiXK B3a€MOIIIO-
UMMM YACTMHKAMU BUKOHYBABCS 3 BUKOPHUCTAHHSIM
TaKOI'0 KPUTEPII0: BCTAHOBJIEHHS BOIHEBOI'O 3B SI3KY
MOXKJIMBE Ha BiJCTaHi MiXK HAHOIMKINME CyCiaHIMI
aTOMAMHU KHUCHIO MOJIEKYJI BOIH, sIKA HE IEPEBUIILYE
3,5 A. Bonnesnit 38’5130k MiK HaMOIMAKINMU CyCiTa-
MU BUOMpABCS TaKUM, 100 BifcTanb Mixk aromamu O
i H 6yna miniMasIbHOIO 3 yCiX MOXKJIMBUX MizKMOJIE-
KyJsIpHUX Bigcrtaneit. KyT BommeBoro 3B’s3Ky, sSIKuMit
BHU3HAYABCS K KYT MixK BekTopamu 3B’s3kiB O—H cy-
cimaix MoJtekys Boau, HabyBae 3HAYEHHS B JIialta30Hi
Biz 130° mo 180° [11].

3. AHajni3 oTpuMaHuUX pe3yJIbTaTiB
3.1. Enepais MidHCcMONEKYAAPHOT 83AEMODTE

B Tabn. 2 maBemeHi ojeprkaHi 3aJI€2KHOCTI 3HAYECHD
CYMAapHOI CEPEJIHBOI eHePTil aTOM-aTOMHUX B3a€MO/IIi
(Ex) Ta i1 KynoHiBCbKOI ckiagnool (Ec¢) Bin eHep-
rii pajiiariifinoro onpomMineHHs F,. st JOCTiI2KEHOTO
po34uny.

Tabaruys 2. BanexkHicts BesmunH (Ey),
(Ec) Bin enepril pasianifinoro onpominenns E.

Cepei Enepris onpominenus E,., MeB
eHepril
0 6 9 12
(Fy), kkau/Monb 7,71 —7,81 —7,82 —7,91
(Ec), kxaa/Monb —9,10 —9,03 —9,06 —8,91
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[ pyHryiounch Ha aHajisi JaHmX, IO HABEAEHI y
TabJ1. 2, MOXKHA KOHCTATYBATH, IO 301/ILITEHHST eHEeP-
rii ONpoMiHEeHHsSI TPHU3BOJUTH JIO HE3HAYHUX 3MiH
CKJIQJIOBUX CyMapHOI eHepril MiKMOJIEKYJISIPHOI B3a-
€MOJIil 3a paxyHOK 3MEHIIeHHsS 3HAYeHb JIEHHAD/I-
JI2KOHCOBOI Ta 301/IbITIEHHS KYJIOHIBCHKOI CKJIAIOBOI 710
3arajibHOI eHepril MizKMOJIEKYTISTPHOI B3aEMO/IIT ¥ pO3-
qnni. Ha#ibinpimux 3MmiH 3a3Ha€ JIeHHAPI-TZKOHCOBA,
CKJIaJIOBA, IO BKA3y€ HA 3MEHINEHHS POJIi OJTU3BKO-
JIFOYMX B3a€MOJl y cucremi i3 301IbIIIEHHSIM eHepril
paziamiitnoro onpominoBanusd. Ile moxke BKazyBaTu
Ha Te, IO UPHU 30i/IbINEHH] 3HAYEHb €HepTil ompoMi-
HEeHHSI Ma€ Micre repely/10Ba JOKAJbHOI CTPYKTYpH
piauHM Ta 3MiHa pPyxJuBocTi 1T KomoHeHT. OTpuma-
Hi 3aJIE2KHOCTI €HEPTeTUIHNX XaPAKTEPUCTUK JOCITi-
mkenoro BogHoro posunay NaCl Big enepriil ompomi-
HEHHsI TAKOXK JTAI0Th MOXKJIUBICTD IIPUITYCTUTH, IO 38
PaxXyHOK 3MEHIEHHsT pOJii OJM3bKOMII0UNX BaH-JIep-
BAAJIbCIBCHKUX B3AEMO/Ii Ta 30iIbINEHHS POJI KYJTO-
HiBCBKOI B3aeMoil y cucreMi “Boa—NaCl” BindOyBae-
ThCS 3MiHA XapPaKTEPUCTUK KJIACTEPIB, YTBOPEHUX i0-
HaMU 1 MOJIEKYJIAMY BOJIH, IO, Y CBOIO YE€PTY, BILINBAE
Ha JIMHAMIYHI BJIACTUBOCTI CUCTEMHU.

3.2. Jlokaavra cmpyxmypa 800H020 PO3HUHY

st miATBepIKEeHHS TPUITYIIEHDb PO 3MiHY JIOKAJTh-
HOI CTPYKTYPH JIOCTI/IZKYBAHOTO BOJIHOTO PO3YUHY
NaCl mix miero ompominenHst Oysin BU3HAYEH] Ta IPO-
anastizoBani POP, aki xapakTepu3yioTh I'yCTUHY PO3-
IIOJTLTY MMOBIPHOCTI JJTs1 PI3HUX KJIACIB MiXKYaCTUH-
KOBUX B3a€MOJil 1 IO3BOJIAIOTH BUBHATUTHU B3aE€MO/III,
0 € HANOLIBIN 9y TJIMBUME 0 BILUIUBY PaialliiiHOTO
ompominenHsi. [Ipu npomy ocobsimBa yBara mpuiijisi-
Jlacsl aTOM-aTOMHUM B3a€MOJIisIM, SKi CYyTTEBO BILIH-
BaIOTh Ha Iporecu GOPMYBaHHS JIOKAJIBLHOI CTPYKTY-
pu Bogu B oOsacTi aHioHiB i KaTioHiB, a came, B3ae-
mozisim Nat...OW, Nat..HW, CI-...0W, C1-...HW
Ta B3AEMOJIIsIM MiXK MOJIEKYJIAMU BOIU.

Hacammepen posrassaeMo i mpoanagizyemo POP,
JIKi OIUCYIOTH TYCTUHY HMOBIPHOCTI mTepedyBaHHS MO-
JIEKYJl BOM onHa BigHOCHO oziHOI (puc. 1). Tosoxke-
HHsI mepiroro mMmakcumymy POP GOW’OW(R) BijIImo-
Bifae Bizcrani Mixk Mosiekysmamu Bomu. Ha pucynky
BUJIHO, IO IIiJ] BILIMBOM OITPOMiHEHHsI BiJICTaHb MiXK
B3aEMOIIOUYNMHI MOJIEKYJIAMHA BOJM HE 3MIHIOETHCS.
TakoxX He 3MIHIOETHLCS 1 JOBXKMHA BOJHEBUX 3B 13-
KiB Mi2K MOJIEKYJIaMH BO/IH, IIPO IO CBITYUTH HE3MiH-
HICTh IIOJIOXKEHB IIEPIIOTO Ta JAPYyroro MaKCHUMYyMiB
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w

pop GOV -H
ro Ta JAPYyroro MiHIMyMiB (QyHKIH GOW_OW(R) Ta

(R). CrablibHICTD 1I0JIOKEHD TIE€PIIO-

GOW_HW(R) BKa3ye Ha He3aJIe’KHICTh pO3MIpiB mep-
ol 1 JIpyTol rijpaTaniiaux 000J0HOK Bil eHepril pa-
miariitnoro onpominennsi. OTpuMani maHi JT03BOJIS-
OTh CTBEP/KYBATH, IO OIPOMIHEHHS He TIPU3BOIUTH
JI0 3MIHU XapaKTEPUCTUK aCOIliaTiB, gKi YTBOPEHi MO-
JIEKYJIAMHU BOJIH.

[Io6 mocmiguTy BILIMB pajiallifHOroO OMpPOMiHe-
HHA Ha B3aeMofilo iomiB NaT 3 Mosjexkymamm Bo-
M, TpoaHaisyemo mnoseiinky POP GNa O (R) i
GN3+_HW(R), nepin MakCUMyMH SIKUX 3aiKCOBAHO
na Bigcransx 3,3 A ta 3,1 A signosinuo (puc. 2).

3 puc. 2 BujHO, 1m0 3HadeHHsi POP 3menmnyroTbest
31 30ibIIEHHSIM eHepril paJiiamiifHoro OmpoMiHEHHS.
B 000x Bumagkax HE3MIHHUMHU 3aJIMIIAIOTHCS IIOJIO-
JKEeHHsI Ta 3HAYEHHs IEPINOro i Jpyroro MiHIMyMiB
POP, mo cBiunTh npo HE3AIEKHICTH PO3MIPIB mep-
mol Ta JIpyrol rigpararmiifHux 0OOJIOHOK BiJl eHepril
paJiamiinoro ompoMiHeHHsI. ¥ BUMAJIKY aHAJII3Y B3a-
emoniit C1™... OW ra Cl~... HW ocobuBy ysary mpu-
Beprac POP GCl_’HW(R), MePIINi MAKCUMyM SIKOT
3HAXOJUTHCS Ha BigcTani 2,2 A (puc. 3).

Buauenns POP G ~O"(R) i GO ~H"(R) smen-
MYTIOTHCS 31 301TbIEHHSIM eHepril paIiaIiifHoro ompo-
minenust 10 9 MeB. Emnepria onpominenus 9 MeB
MIPU3BOJIUTD JI0 ICTOTHOTO AHOMAJIBHOTO 301IbITEeHHS
3HadeHb MakcuMyMmiB POP, ske nepesuiiye moxudky
iX BU3HAYEHHSH, IO CBiAYUTH MPO 3OLIbITEHHS HMO-
BIPHOCTI TIHOT'O KJIACY B3a€MOJIiiA.

Ananiz POP GN*"~CI(R) (puc. 4) noxasye, mo
3017IbIIIeHHST eHepril OIPOMiHEeHHST € IPUIMHOIO 3MeH-
mennsa 3HadeHb POP Ta He BIIMBaE Ha TOJIOYXKEH-
Hsl [IEPIIIOTN0 MAKCUMYyMYy, siKe BU3HAYAE BiICTAHb MiXK
B3aEMOJIIIOYUMHI JaCTHHKAMH. AHOMAaJbHA OBETiH-
Ka 3Ha1ens POP GNaJLCl_(R) CIIOCTEPIra€ThCsI K
enepril onpominerss 9 MeB. 3 moeemiHKu 3aj1€2KHO-
creit GY! ~CU(R), naBesennx ma 1mpoMy camomy pu-
CYHKY, BUILINBAE, 110 301IbIIEHHS eHepril OIPOMiHEH-
g 10 9 MeB mpu3BoauTh 10 aHOMAJIBLHOTO 301IbITeH-
Hsl 1oJ102keHb MakcuMmyMy POP i 3menmrentst 3Hadenb
MIEepIIOro MiHIMyMy, IO CBIYUTH MPO OLIBINY BITO-
PSIKOBAHICTh JIOKAJBHOI CTPYKTYPH JTOCITIiIZKYBAHOL
CHCTEMU IIPU TAKOMY 3HAYEHHI eHepril OpOMiHEHHS.
V pasi B3aemonii iomis Nat wmix coboro 36imbmen-
ust Beqmaun POP GNa+*Na+(R) TaKOXK (DIKCYETBCSI
npu eneprii onpominenns 9 MeB, 3a akoi 6imbmn gi-
TKO, Hi2K 3a IHIIIUX eHepriil, BU3HAYAEThCS IIEPIIA Ti-
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R,A
Puc. 1. Pagianbai ¢dyHKIl po3nmomiry goV-oV% (R) Ta
Go"W-u%W (R) pimuunoi cucremn “Bona—NaCl” (z = 0,14 m.nx.,

T = 300 K) npu enepriax onpominenns;, MeB: 0 — cyuinbai
KpuBi, 4 — IITPpUXOBi, 9 — IITPUXITYHKTUPHI, 12 — TOYKOBI

G, (R) ' ' ' ' ' '

XY(
6F

R,A

Puc. 2. Te came, mio i Ha puc. 1, aje s rycTUHU HIMOBIpHOCTI
3HAXO/I>KEHHsI aTOMIB MOJIEKYJI BOJY BiIHOCHO iOHIB Nat

G ®[ T

(
XY - -
8| c-oV {} CI-HY -

1l

R,A

Puc. 3. Te came, 110 it Ha puc. 1, ajie 1j1st ryCTHHA IMOBIPHOCTI

3HAXOJI?KEHHSI aTOMIB MOJIEKYJI BOjM BijgHOCHO ioHiB Cl™
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Puc. 4. Te came, 1o it Ha puc. 1, aje 111 ryCTUH AMOBIpHOCTI
suaxomxkenns ionis Nat i C1~ BigrocHo iona Cl—

Nz

o%oV | HYHY | NatoV | Natcl | cror
oYaY crtoV NatHY  NatNa'
Puc. 5. 3anexxHicTb yuciaa Haibmmkunx cyciais Nz mociii-
J?KEHOT'O PO3YHHY Bin eHepril pajiamifinoro ompomMineHHs: ci-
puii kosiip — 0, 6, 12 MeB, Temuo-cipuit — 9 MeB

Tabruys 3. Benuaunu koedinienra camoaudysit
D(-10~2 m2. ¢~ 1) gns mosekyst Boau, ionis Nat ta Cl—
Yy AOCJIiI»>KEHOMY PO34YMHI Ipu pisHUxX

3HAYEHHSIX eHeprii onpoMiHeHHs1

Enepris onpominenuss E,, MeB
O6G’exT
0 6 9 12
H20 2,11 2,22 2,20 2,07
Nat 0,66 0,52 0,35 0,42
Cl— 0,58 0,51 0,55 0,56

Jparariiitaa 000JIOHKA, IO CBIIIUTH PO OIJIBIINY BITO-
PSIKOBaHICTD JIOKAJIBHOI CTPYKTYPH JIOCJIIIKYBAHOT
cucremu. ToOTO, eHeprist paiaiitHoro ompoMiHeHHs
9 MeB € Takoro, npu Jocaraenni Kol 30iIbIIyeThCS
WMOBIpHICTb B3a€MOJIil i0HIB MiXk cODOT0, Ha IO BKa-
3y€ aHOMAJIbHA MTOBEJIIHKA 3HAUEHDb BianoBinnx POP.
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3.3. Qucao Hatlibaustcwur cycidie

AHaJii3 BIJIMBY paJialiifHoOro opoMiHEeHHsI Ha IIPOIie-
cu pOpMyBaHHS JIOKAJIBHOI CTPYKTYPHU BOJIHOTO PO3-
quny NaCl me moxke OyTu moBHEUM 06e3 aHaJ3y ce-
pemHbol KimbKOCTI Habmmkaux cycimis Nz, 3aie-
KHICTh SKOI BiJl eHepril paJiialiifHOro ompoMiHEeHHS
HaBeJleHa Ha, PUC. d.

Ananiz  POP GO -HY(R), GHV-HY(R) 1a
GOW_OW(R) y MexKax HepIrol rijparaniiinol cdepn
JIO3BOJINB BCTAHOBUTH, IIO MOJIEKYJIA BOJIM 338 €HEPTiii
pajiarifinoro ompominenus, MmeHmux HixK 9 MeB,
yTBOPIOIOTEL aconiatu 3 Nz = (4,1-0,3) mosexkyn. 3a
eHepriit pajiamiifHoro ompomiHenHs, OiIbIIUX HiXK
9 MeB, 306inburenns yuciaa HAMOIMKYINX CYCiTiB He
nepesuiiye 1oxubKy BusHadeHHss Nz. OpepkaHuii
pe3ysibTaT BKa3ye Ha Te, IO IiJ M€ paJlialliifHoro
ONPOMIHEHHS y PO3IVIAHYTOMY Jialla30Hi eHepriit He
BiZIOyBa€ThCI 3MIHM CTPYKTYPH BOJIHUX acoIaTiB.
Ananiz 3Hadenb Nz, gKi XapakKTepusylOThb IIPOLECH
B3a€MOJIil 10HIB MixK cO0OI0 Ta iOHIB 3 MOJEKyJaMu
BOJIM, TIOKA3Y€, IO 3a €Hepril paJiariiftHoro ompomi-
venHss 9 MeB 36isbiienHst KUIBKOCTI HAHOIMKINX
CyCiIiB TTEPEBUIILYE TTOXNOKY TX BU3HAYTEHHS.

3 [MOJAJIBIIOr0 AHAI3Y OJIEPKAHUX PE3YJIbTATIB
(puc. 5) BuILIMBAE, 10 38 eHepriil pajariiHoro oupo-
MiHeHHsI, MeHIUX abo Oinbimux 3a 9 MeB, 3a paxy-
HOK B3a€MOJIil MOJIEKYJI BOJM MiXK CODOI yTBOPIOKO-
ThCS ACOIIATH 3 YOTUPHOX MOJIEKYJI, IPUIOMY B OKOJI1
iona Na™ suaxopurbes Nz = (4,2-0,3), a B okoti iona
Cl~— Nz = (4,1-0,3) mosteky Bogu. Y [[OMY BHIIAI-
Ky B JIOC/JIZKyBaHIil CHCTeMi YTBOPIOIOTHCS acolliaTh
i3 B3aeMoIifounX 10HIB Ta KaTiOHIB, IO CKJIAAI0THCS
3 Nz = (5,1-0,3) ionnux map. 3a edeprii pasiamniiino-
ro ompoMinenust 9 MeB kinbkicTs iorHUX map 36116
uryerbes 10 Nz = (5,7-0,3), a 4ucio MOJIeKyJ1 BOJIM,
AKi orodyioTh ion Na™, smenmyerbcs: Nz = (3,4
0,3). Vi inmm 3miHN uncaa HAROIMKINX CyCiiB 3HA-
XOISATHCST Y MEYKaxX IMOXUOKU PO3PaXyHKIB.

3.4. Koegiuienm camodudysii

Koedittient camomndysil ioHiB i MOIEKyT BOAM PO3-
PaXOBYBABCsI ILJISXOM IHTErpyBaHHS 4aCOBOI aBTOKO-
pessIiitHol GpyHKITIT:

1
D=1 / (V(EV(0)) dt. (5)

Y Taba. 3 HaBemeHi OIep;KAHI BEJIUIUHU KOEMIIi-
enTa camoandy3il MOJIEKysT BOJM Ta 10HIB IIpH Pi3HUX
€HEePTisiX OIPOMIHEHHS JIOCJIJIZKEHOI'O PO3YUHY.
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Bnaue padiayitinozo onpomiHenHa HG AOKAADHY CMPYKMYPY

Orpumani B pe3y/braTi IMPOBEICHUX PO3PAXYHKIB
smavenns D20 kopesmoors 3 manmvu s Bomw, sKi
O/lep2KaHl eKCIEePUMEHTAJIbHO 3 BUKOPDUCTAHHIM Me-
TOJly KBa3IIIPY2KHOI'O PO3CiSHHS IIOBLIBHUX HEUTPO-
HiB [12]. 3 ananisy naHux, HaBejieHuX y Tabi. 3,
BUILJIMBAE, IO NpU 30LIbIIEHHI BEJIUYIWMHU €HEpTril
ompowminennst 3 0 mo 6 MeB snauenns koedimientiB
camomudysii D20 nemo 36inbmytorhes, 3nadeHHa
D" — zammmraiorses Maiike HE3MIHHUMU, a 3Hade-
ana DNaT 3MEHITYIOThcsA. 1Ipu eHeprisx pajiariii-
HOTO omnpomiHeHHst, MeHmux 3a 9 MeB, mepebymoBa
JIOKAJIbHOI CTPYKTYPU PO3UUHY B OKOJIi 10HIB BimOy-
BAETHCs OLIBITT TOBITHHO, HI2K B OKOJIi KATIOHIB, IO
TIOB’sI3aHO i3 CYTTEBOIO PI3HUIEIO MAC IUX AHIOHIB Ta
X cTOKCOBUX pajiycis (s KarioHa NaT crokcosnit
paziyc popisaioe 1,88 A, s C17 - 1,33 A) 36i1bIIIe-
HHs1 eHepril onpominenns 3 6 1o 9 MeB mpussogurs
JI0 HE3HATHOTO 3MEHINEeHHS 3HAYeHb KoedirienTa ca-
mondy3il Bogau. Ilpu mpoMy 3OLIBITYETHCST PYXJIH-
BiCTH i0HIB, a PyX/IUBICTh KaTiOHIB CYTTEBO 3MEHIIY-
eThest. BMenmenns snavens DNA CBiJIYUTH TIPO Te,
Mo 3a 1€l eHepril onmpoMiHeHHs MaiizKe BCi KaTioHU
6paJin y9acTh B YyTBOPEHHI acoIiaTiB 3 iHITIMHI KOM-
nonenTaMu po3unHy. [logasbime 30imbineHHs eHepril
onpominenns 710 12 MeB npusBoguTs /10 30iab1TeHHS
DNaJr7 SIKe 3aJIUIIACTHCA 3HAUHO MeHmmM, Hixk DC .
Tobro, 3a enepriii, menmux, w2k 9 MeB, pyxiusicrs
MOJIEKYJI BOAW B CHCTeMi He 3MIHIOETHCA. llomasib-
1re 301/IBITIEHHST eHepril OMPOMiHEHHs TPU3BOIUTH 0
smenmnrenns 3nadens D20 | mo Brasye na yexmiatmen-
He BiibHOTO pyXy MoJeKyst Bogu. Orpumani nani mif-
TBEP/KYIOTH MPUIYIIEHHs PO BIJIMIHHICTD MeXaHi-
3MiB B3a€MOJIil MiK MOJIEKYJIaMU BOJY Ta I0HAMU TIPH
JOCTIJIZKEHUX €HEPTisgX OIPOMiHEHHS.

4. BucHoBku

IIposemeni moctiKeHHsT BINIUBY pPaialliffHOTO Ompo-
MiHEHHsI Ha JIOKAJbHY CTPYKTYPY BOJIHOTO PO3UUHY
NaCl i3 konumnenrpamieo 0,14 m.a. npu T = 300 K 3
BUKOPHUCTAHHSIM METOJIY MOJIEKYJISIPHOI JIMHAMIKH TT0-
Kazajm, mo OyIoBa KJIACTEPIB, YTBOPEHUX MOJIEKY-
JIaMU BOJIM, He 3aJIE’KUTh BiJ €Hepril paJiariiftHoro
onpoMinenHs. [Ipu eneprisx pazianiiinoro ompomine-
HHsI, MeHIUX abo Olibmux 3a 9 MeB, He BindOyBae-
ThCA KapJAWHAJIHHOI 3MIHHM JIOKAJBHOI CTPYKTYPH JI0-
caimkenol cucremu. [Ipu eneprii pagiamiitnoro ompo-
Minennsd, sgka craHoBuTh 9 MeB, BinOyBaeTbca 3mina
JIOKAJIBHOI CTPYKTYPH JOC/IIJIKYBAHOT'O PO3YHHY 34
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paxyHOK 30L/IbIIeHHsT HMOBIPHOCTI B3aeMOmil KaTio-
HiB Ta aHiOHIB MiXK 00010 Ta TX B3aE€MOJIil 3 MOJIEKY-
JIAMH BOJIHU, IO TIPUBOJUTH JI0 OIJBINOI BIIOPSIKOBA-
HOCTI JIOKAJIbHOI CTPYKTYpU PO34YUHY. 3MiHA eHepril
OIPOMiHEHHS BILIUBAE HA, JJUHAMIYUHI XapaKTEPUCTUKA
CUCTEMU, §Ki € HAHOLIBII CyTTEBUMU 3a €Hepril Ompo-
vinenus 9 MeB. Bracmizok mporo jist pasiartiftHoro
OIPOMIHEHHS Ha JIOCJIJPKYBaHY CHUCTEMY 3a €Hepril
9 MeB MoxKe BBaXKATUCh MaKCHMAJIBHOIO.
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H. A. Amamacy, JI. A. Byaasun,
B. . Kosaavuyk, A. M. Matixo

BJINAHUE PAIVMAIIMIOHHOI'O
OBJIVUHEHN A HA JIOKAJIBHYIO CTPYKTVYPY
BOJHOT'O PACTBOPA NaCl

Peszmowme

C ucriosp30BaHreM METOa MOJIEKYJISIPDHOM TMHAMUKY HCCIIEI0-
BAHO BJIMSHHE PAJUAIIIOHHOIO OOJLy I€HUs Ha JIOKAJIBLHYIO CTPY-
KTypy Boguoro pacrsopa NaCl ¢ konnenrparueii 0,14 M.j1. npu
T = 300 K B nnrepsaJie snepruii obimytenus F, = 0-12 MsB.
YcTaHOBJIEHO, YUTO NPU BeJUYUHAX L, MEHBIINUX MM OOJIb-
mux 9 M»sB, He mpoucxonuT KapAUHAJILHOIO H3MEHEHHS JIO-
KaJIbHOU CTPYKTypHI uccienyemoit cucremsl. [Ipu E,. =9 MsB
MMeeT MECTO CYILIECTBEHHOE U3MEHEHUE JIOKAJIBHOU CTPYKTYPBI
pacTBOpa U AeHCTBHE PAJUANMOHHOIO OOJIyI€HUsT MOXKET CIU-
TATHCA MAKCHUMAJIbHBIM, YTO OObICHSAETCS YBEJIUIECHUEM BEPO-
SITHOCTH B3aUMOZEHCTBUS KATHOHOB U AHNOHOB PACTBOPEHHOI'O
BEIEeCTBA MEXK1y cODOM U UX B3aUMOJIEHCTBUEM C MOJIEKYJIAMU

BOJIBI.
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N.A. Atamas, L.A. Bulavin,
V.I. Kovalchuk, A.M. Mayko

INFLUENCE OF RADIATION ON THE LOCAL
STRUCTURE IN A NaCl AQUEOUS SOLUTION
Peszowme

Using the method of molecular dynamics, the influence of
radiation within the energy interval E, = 012 MeV on the
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local structure in a 0.14-mol.% NaCl aqueous solution at the
temperature 7' = 300 K is studied. No substantial changes in
the local structure of the solution were found at energies E; hi-
gher or lower than 9 MeV. At E, = 9 MeV, the local structure
changes drastically. This radiation effect can be considered as
a maximum one and taking place due to the increase of the
probability for cations and anions of the solute to interact wi-
th one another and with water molecules.
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