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MOJIEJMPOBAHUE MOJEKYJISIPHBIX B3AUMOJEACTBUI
B BOJE ITIOCJIE OBJIYYHEHUA TJEIOIIUM PA3PAIOM

Ha ocHoBe MeToma MONEKYyISpHOW AMHAMUKU
BBINOJIHEHO KOMIIBIOTEPHOE MOJEIHPOBAHUE U HCCIIE-
JIOBaHAa 3aBHCHMOCTh CMEIICHUS KaXAOro aToma (Mo-
JIeKyJbl) IEMOYKH OT BPEMEHH, MPOIIEIIIEro Mocie
MPEKpaIleHuss BHEIIHETO MOHHOTO BO3JCHCTBUS Tiie-
IOIIETO pa3psiia. Y CTaHOBJIECHO, YTO B MOJIEKYJISIPHBIX
ATOMHBIX LIETIOYKaX BOJBI HAOMIOJaeTcs SBICHHE KO-

Jarca Iernouek ¢ oOpa3oBaHUEM BBICOKOIHEpreTHde-
CKOI'O HAHOKJIACTEPAa U Pa3MeEpPbl CKOJUIAIICUPOBAHHON
LETMOYKH 3aBUCST OT BbIOOpa MOTEHIMAIa MEKaTOMHO-
ro B3aUMOJCHCTBUS IIPU OAMHAKOBOW 3HEPIMM BHELI-
HEro BO3JEHCTBUA.

KiroueBbie cjioBa: MOAEIMPOBAHUE, TIEIOLIUH
paspsl, MOJIEKYIISIPHOE B3aHMOJICHCTBHE.

l.V. Tereshko, V.A. Logvin, V.V. Redko-Bodmer, S.A. Sheptunov

SIMULATION OF MOLEDCULAR INTERACTIONSIN WATER
AFTER IRRADIATION WITH GLOW DISCHARGE

On the basis of the method of molecular dynam-
ics there is carried out a computer simulation and the
dependence of each atom displacement (molecule) of a
chain upon time passed after cessation of the external
ionic effect of a glow discharge is investigated. It is
defined that in molecular and atomic chains there is
observed a phenomenon of chain collapse with the

BBenenue

Hanometposbiii nuamnazon (1-100 wuwm)
NPUBJIEKACT BHUMAHHUC CICIUATUCTOB pPa3-
JUYHBIX oOmactedl - (QU3MKU, XUMHH, MEIU-
I[HBI, TEXHUKH - U BBIICIACTCSA B MEKIUCITHU-
IUIMHAPHYIO 00JIACTh HAYKU - HAHOTEXHOJIO-
ruo [1]. DTo pacmmpsier BO3MOKHOCTH I10-
JY4YCHUST M WCCJICIOBAHUS HAHOKIIACTEPOB,
HAHOCTPYKTYp, HAHOYCTPOMCTB M CHOCOO-
CTBYET Pa3BUTHIO MUKPOCKOITUYECKOTO METO-
Jla, OCHOBAHHOT'O Ha HMCIOJIb30BAaHUH aTOMHO-
MOJICKYJISIPHBIX CBOMCTB MaTepHaJiOB U y4eTe
WX KOJUJIEKTUBHBIX 3((EKTOB MPU Pa3BUTHHU
nporeccoB camoopranuzanuu [2]. Llenecooo-
pa3sHoO pas3IuyuaTh HM30JMPOBAHHBIC MOJICKY-
JISIPHBIC WM aTOMHBIC HAHOKJIACTEPBI U HAHO-
CTPYKTYpPbI, OOBCIUHSIONINE HAHOKIACTEPHI
co ciabbIM JINOO CHUIBLHBIM MEXKIACTEPHBIM
B3aumMojierictBueM. [lepBriil THM, Kak MpaBu-
JI0, OTHOCHTCS K XHJIKUM cpenam (Boja, KO-
JIOUIHBIC pacTBOpbI, smyibcun) [3]. Bropoii
TUN (popMUpYETCS OOBIYHO B TBEPIOTEIbHBIX
matepuanax [4]. M3BecTHBI KayeCTBEHHBIE
MPEJCTABICHHUS O KJIACTEPHOW CTPYKType BO-
Jbl U TIPUMEHEHUHU PA3JIMYHBIX CIIOCOOOB €e
moenupoBanus [5-7]. Cpean HEX Bce 00JIb-
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formation of high-power nano-cluster and dimensions
of a collapsed chain depend upon the choice of the po-
tential of inter-atomic interaction at equal power of an
external effect.

Key words: ssimulation; glow discharge, molec-
ular interaction.

IIyI0 4YacTh 3aHUMAIOT MPEJICTABICHUS O
CJIIO’)KHOM HaAMOJICKYJISIPHOM CTPYKType BO-
IIbl, a Takke 0 (POPMHUPOBAHWM B HEHl TMTAHT-
ckux (MO0 CpaBHEHHIO C HAHOMETPOBBIM JHa-
na3oHoM) retepodasHbix cTpykryp [8]. BeI-
JIETIEHBbl TaKXE CTPYKTYpPbl KJIACTEPOB BOJIBI,
COOTBETCTBYIOIIME JIOKAJIbHBIM MHUHUMYMaM
suepruu [3]. [Ipu 3TOM OYeHb Ba)KHO MMOHSATH,
yro aroMmbl H-O-H, a Taxxe MOJIeKyIbl BHYT-
pU KJIACTEpOB CBSA3aHbI MEXAy co00il Henu-
HEWHO, YTO CTAHOBUTCS OJHOW U3 ABMKYLIUX
MPUYMH ISl CAMOOPTaHU3aLUN CPEeIbl U, KaKk
CIeNCTBHE, ee TiIyOokod Mmoaupukanmu (na-
XK€ TPU HU3KOIHEPIeTHUYECKOM BHEIIHEM
BO3/ICHCTBUU), 4aCTO HEOOBSICHUMON B pam-
KaX KJIaCCUYeCKOU (PU3UKH.

CriocoOHOCTE MOIIEKYJT BOJIBI 00pa3o-
BBIBATH ONPENEICHHBIE CTPYKTYpbl OCHOBAaHA
Ha HQJIMYMU TaK Ha3bIBAEMbIX BOJOPOJHBIX
CBsI3€il. DTU CBA3M HE XUMHUYECKOW MPUPOIBI.
OHM JerKko paspymaroTcss U OBICTPO BOCCTa-
HAaBJIMBAIOTCS, YTO JENAeT CTPYKTYpPY BOJBI
UCKITIOYUTENFHO W3MEHUYnBOW. MiMeHHO Ona-
rofapsi 3THUM CBSI3IM B OTHAEIbHBIX MHKPO-
o0bemMax BOJBl HEMPEPHIBHO BO3HUKAIOT
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CBOEOOpa3HbIE aCCOIMAThl BOJBI, €€ CTPYK-
TypHbIe 37eMeHThl. CBs3b B TaKHX accollna-
Tax Ha3bIBA€TCS BOAOPOJHON. OHa sABISIETCS
O4YCHb Ca0O0H, JIETKO pa3pylIaeMoi, B OTJIH-
Yre OT KOBAJICHTHBIX CBs3ei (Hampumep,
CTPYKTYp€ MHUHEPAJIOB WM JIIOOBIX XHUMHYe-
CKUX COCTUHCHUN ).

CBoOoiHBIE, HE CBA3aHHBIE B accollua-
Thl MOJIEKYJIbI BOJBI NMPUCYTCTBYIOT B BOJE
JUIIb B OYEeHb HEOOJBIIOM KojudecTBe. B
OCHOBHOM JK€ BOJ[a — 3TO COBOKYITHOCTh Oec-
MOPSAIOYHBIX ACCOLMATOB U «BOJSHBIX KpHU-

Metoauka uccjaen0BaHus
B kauectBe 00BEKTAa HCCIEIOBAHUS
MIPUHATHI aTOMHBIE IIEMTOYKHA Bogopoja (pwc.

CTaJJIOB», T'A€ KOJIMYECCTBO CBSA3AHHBLIX B BO-
JIOPOAHBIC CBSI3U MOJIEKYJT MOYKET JIOCTHTaTh
COTCH U OaX>X€ ThICSAY CAUHUII.

enpto manHON pabOTHI ABISETCS KOM-
MBIOTEPHOE MOJEIMPOBAHUE TPOIECCOB Ca-
MOOpTraHU3aIM B HEJTWHEWHBIX aTOMHBIX H
MOHGKYHHPHBIX OCIro4Ykax M aHaju3 Hpouec-
COB HAHOCTPYKTYPUPOBAHHUS aTOMHBIX U MO-
JIeKyJISIpHBIX LICIIOYECK 11O I[efICTBPIeM HHU3KO-
SHEPTeTUYECKOr0 HOHHOTO OOJydeHUs TJe-
IOILIETO pa3psia.

1a), MoneKysIpHBIE LIEMOYKH BOABI (puc. 10)
M aTOMHBIC IEMOoYKH Bojb!I (puc. 1B, T).
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Puc. 1. CxeMsl IIENOYEK, UCTIONB3yEMbIE TIPH MOJIEIMPOBAHNH: a - IIET0YKa,
COCTOSIIAs U3 AaTOMOB BOJIOPO/Ia; 6 - IIET0YKa, COCTOSAIIAs U3 MOJIEKYJT BOJIBI;
B - LIENIOYKA, COCTOSAIIAs U3 aTOMOB BOAOPOa M KMCIOPOA; T - LIETIOYKA,
COCTOSIIAS U3 aTOMOB BOJOPO/IA M KUCIOPOoaa (MOJIEKYIT BOIbI)

BrraucnutenbHbpId  AKCIIEPUMEHT  OBLIT
MPOBEACH C IMOMONIBIO METOJIa MOJEKYJSp-
Hou nuHamuku. [lorennumansr Mopse u bop-
Ha-Maiiepa ObUTM TPHUHATHI B Ka4yeCTBE IIO-
TEHIIMaJla aTOMHOT'O0 ¥ MOJIEKYJISIPHOTO B3au-
mopeicTBus [9)].

[Torenuunan Mop3se npeacTaBieH B BUjE
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U(r) =3 (exp[-2a(r -1,)]-2exp[ -a(r -1,)]),
rae J u o - mapaMeTp SHEPrUuu JAUCCOLUALUU
apbl aTOMOB U CTEICHb aHIapMOHH3MA IO-
TCHIHAJIbHOU OHCPIrun COOTBETCTBCHHO,
Ar= (r - ro) - CMEILEHHUE U3 COCTOSIHUS paB-

HOBECCHHA.
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ITorennman bopHa-Maliepa mnpexacras- rae T - sBHepreTHyeckuil napamerp; a - AjJuHa
JIEH B BUJIE DKpPaHUPOBAHUSA, I - PaCCTOSHHUE MEXIYy SI-
- pamu aTOMOB.
u(r)=Tre?*, Pasnoxus norenumansl B psaa Teinopa
U BOCIOJIB30BABIIUCh W3BECTHBIMU COOTHO-
LICHUSIMH, ITOJTYYHIIH !

du (r
F=- d( ) =—KAr + AAr? = BAr® + CAr* — DAr® .
r
Jns morenuumana Mopse K = T A= T B= T
K=2a?J, A=3a°J, B=23a"'], 22 T om2 @t
C=1250°), D=1.1a°J ’ T T
rae K, A, B, C, D - ko3¢ dunmentsr ynpyro- C= A 120
CTH, KBaJ[paTUYHOW W KyOMYECKOW HEIMHEMH-
HOCTEM, a TAaK)KE€ HEJIMHEUHOCTEN YETBEPTOIO 3HaueHHsT K0OQYHUIUEHTOB HEIHHEHHO-
1 IATOTO MOPAAKOB COOTBETCTBCHHO. CTH, PacCYMTaHHbIC JUIS MOTeHIMaI0B bopHa-
A motenmana bopua-Matiepa Maiiepa u Mop3e, npeacTaBieHbl B Ta0HMIIE.
Tabnuia
3HavyeHus: K03(pPUIMEHTOB HETMHEHHOCTH
[Morenuman, K, H/m A, H/m* B, H/m® C, H/m" D, H/m®
Jx
Bopna- 9,341010* 1,951010% 2,716 [10% 2,836 10* | 2,3700%
Maiiepa
Mopse 1,140 o00* 8,244 10" 3,046 107 7,980 10% 3,385010%

JIJ1s IeTOYKY aTOMHBIX OCLHHIJUIATOPOB, COCTOSIIEH U3 N 3JIEMEHTOB, MOXHO 3aMKcaTh CUCTE-
MY YpaBHEHHI B BUJE

mo(ljt)f=—K'><1+A><f—B><f+fo—DXf+K(x2—x1)—

2 3 4 5 Jax,
AL =x) *+Be %) ~Cl6 %) +D (% -x) -8t
2
)g — 1 2 3 4 5
M-z = K6 =) F A =%4) = B(x =%.) +C(x —x.) ~D(x -X.)
(1)
2 3 4 5 dx. .
(X =%) = A= X) +B(% =% ) =C(x. =) +D(Xs=X) =Bt
dz)ﬂ1 _ 2 3 4 5
M=zt =K (% =%0) F A =% ) = B(X =% ) +C (% = %) ~D(X —x..) -
1 2 3 4 5 ] an
-K'x, + AX; — BX; +an—Dxn—,6’—dt :
rae Xi, I =1,...n, - cMeUIeHue i-ro OCIMILIS- LIEr0 TMOCJe MPEeKpalleHusT BHEIIHEro BO3-
Topa u3 nojoxxkenusi papHosecus; K', K - xo- nevcreus. McTOUHMKAMH, ITOCHUIAIOIIMMHA
3¢ (OULIMEHTHI YIPYTOCTH B MPUTPAHUIHON U UMITyJIBCBI K aTOMaM IIeTOYKH, OBLIM Kak
BHYTpPEHHEH 00JacTsX IIEMOYKH COOTBET- NPSMON MOHHBIM yJiap MO NEPBOMY aTOMY Ile-
crBeHHo; (3, 3 - ko3 duiueHTHI 3aTyXaHUS B nouyku (OAMHOYHOE BO3JCHCTBHE), TAK U Xa0-
MIPUTPAaHUYHON U BHYTpEHHEH 001acTsX. TUYHBIE yIapbl MO CIy4ailHO BBIOPAHHBIM
Cucrema ypaBuenwmii (1) Obuta pemiena ¢ aToMaMm Ienoyky (IIa3MEHHOE BO3ICHCTBHE).
nomoupio meroaa Pynre-Kyrra. Mccnenona- Bce Ttumbel BO3AEHCTBUS HU3KOIHEpreTHYE-
Ha 3aBUCHUMOCTH CMEHICHUS KaXKIO0Tr0 aToma CKHe, TaK KaK IJIaBHAs 3a/1a4a Mpu dTOM - HE
(MOJIeKyIIBI) IETIOYKH OT BPEMEHH, MPOIIE- pa3opBaTh AaTOMHYIO IIEMOYKY, a CO31aTh

206



OnexTpoHHas oubmuoreka beropyccko-Poccuiickoro yHuBepcuTeTa

http://e.biblio.bru.by/

BecTHuk BpﬂHCKOFO rocyiapCTB€HHOro TeXHUY€CKOIro YHUBEpPCUTETa

Ne 2 (55) 2017

yCIIOBHSI B HEH JUIsl BO3OYXKACHUS HEJNUHEH-
HBIX KOJIEOAHUH B CHCTEME M MPOCIEIUTh 3a
IIPOIIECCOM CTAOMITM3AI[MHM AaTOMOB U MOJICKYJI
1ocjae MPEKpaLIeHUs BHEIIHEro OOIy4eHHs.
[Ifar mo BpeMeHW BapbBUPYETCS OT 10™

PesyabTaTsl HccjienoBaHMi U UX 00CyKIeHHE

[Ipn MopenupoBaHWH MPOLECCOB CaMO-
OpraHu3aly OJHOPOJHOW aTOMHOW UEINOY-
KH, cocrosimeii n3 50 atoMoB Bogopoaa (puc.
la), paccMaTpuBaIKCh JBa Ciydas BO3JCH-
CTBHUS Ha LEMOYKY: OJUHOYHBIN yJaap W IJIa3-
MEHHOE€ Bo3zencTsue. [Ipu 3ToM U1 enouku
BBIOMpANNCh JKECTKUE TPAHUYHBIE YCIOBUS U
HCIOJIb30BaJIcA noTeHuuan Mop3se. B cinydae
OJIMHOYHOTO yJapa NEpBBbIM aTOM LENOYKH
nojtysan yiap co CKOpocThio 500 m/c (momy-
yenHas sHeprus - 10 3B) Brons ocu X. IIpu
MOJEIIMPOBAHNN IUIa3MEHHOI'O BO3JIEHCTBHS
ynapam noasepraimuck atombl Ne 1 (V=538
m/c), Ne 10 (V=1682 m/c) u Ne 30 (V=1237

n0 10 ¢, I'paHn4HBIE yCIIOBUS 3aJI05KEHBI B
IIPOrpaMMy B JABYX BapHaHTax — JKECTKUE U
nepuoandeckue (Iernoyka He 3aKpervicHa Ha
¢e KOHIax).

M/C), YTO COOTBETCTBYET HHM3KOIHEpPreTHYe-
ckoMy BozzeucrBuio. [lokazaHo, yto B 1e-
MOYKE AaKTUBHO pa3BUBAIOTCSA HEIMHEHHBIC
KOJIcOaHUsI aTOMOB, KOTOPbIC MPHBOIAT K Ca-
MOOpraHM3aluu M, KaK CJIEACTBHE, CMEIle-
HHUIO aTOMOB IICTIOYKH U CTaOWIN3aIMU UX B
HOBBIX ToJOXeHusx (puc. 2). Ha pumc. 3
NPE/ICTABICHBI CMEIICHHUS BCEX aTOMOB Iie-
MOYKH IOCJe IUIA3MEHHOTO BO3JCHCTBUS B
HOBbIC CTAOMJIM3HUPOBAHHBIC COCTOSHUS, KO-
TOpbIE MOKHO HHTEPIIPETHPOBATH KaK 00pa-
30BaHHE HOBBIX JIOJTOKUBYIIUX MeETacTa-
OwnpHBIX Tpynn (HaHOKIacTepoB) (aTombl 1-

29 1 30-50).
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Puc. 2. Cmenienne 50 aToMOB BO30YXICHHON HEJIMHEHHOMN ICTTIOYKH
B0JIb OCH X (110 OCH Y OTJI0KEHO CMEIIEHHE aTOMOB,
1o ocu X - HOMep aToMa B HEJMHEHHOM 1enoyKe)

[Tpu 5TOM OTMEUYEHBI CIEAYIOIIUE 0CO-
OeHHOCTH: BpeMs crtabunmsanuu Ha 3-4 10-
ps/iKa TIPEBBIIIACT BPEMs pEaKCcaluy CTaH-
JTapTHBIX aTOMHBIX KOJCOAHHI, CMEIICHHE
aTOMOB IICTIOYKH B CITydae IJIa3MeHHOH o0pa-
O0OTKM Ha TOPSAAOK OOJblIe, YeM IpH OJu-
HOYHOM yJape, CIIeJ0BaTeNbHO, TIa3MEHHOE
BO3JICIICTBUE CITIOCOOCTBYET O0JIee AKTUBHOMY
MpoIecCy CaMOOPTraHU3alMU U TIEPECTPOHKE
IIETI0YKH; BO3MOKHOCTh HAHOKJIACTEPH3ALUH
OJIHOPOJHOM aTOMHOM LIETIOYKH.

CrnenyromuM 00OBEKTOM HCCIICAOBAHUN
OBUTM MOJICKYJISIPHBIC TETOYKH, COCTOSIINE
u3 mouiekya Boasl (puc. 16). [Ipu 3Tom ObLIH
BBIOpPAaHBI TIEPUOIUYECKAE TPAHUYHBIE YCIIO-
Busi. BosznaeiictBuio co ckopocthio 500 m/c
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(sHeprus, momyyeHHas Mosekyoi, - 0,01 3B)
noABeprajgace neppas Mosekyna. [lokaszano,
YTO B TAKOW LIEMOYKE TAK)KE AKTUBHO pa3BU-
BalOTCS HENMUHEHHBIC KOieOaHuss aTOMOB, KO-
TOpbIE NPUBOJAT K CMEIIEHHIO aTOMOB ILie-
MOYKH U CTAOWJIM3AIMU UX B HOBBIX IOJIOXKeE-
Husx. Ha puc. 3 npencrasnena ¢a3oBas aua-
rpaMma Ui IIEpBOM MOJIEKYJbl U3 JaHHOHN
MOJIEKYJApHOU 1enouku. Ee HauvanpHOE TIO-
JI0O’)KEHHE COOTBETCTBYET HYJIEBOW KOOpJIMHA-
Te (muHES A-A) U HYJIeBOH CKOpPOCTH Ha (a-
30BOM IIJIOCKOCTH. BHUIHO, 4TO €€ aTrTpakTop
npencTaBisieT co0oil cMeleHHOe OT IEpPBO-
HAYaJIbHOTO TIOJOXKEHUSI COCTOSHUE (JTMHUS
B-B). D10 cocTOosiHHE IOCTHUTaeTCs IyTeM
MHOTOYHCIICHHBIX HETUHEWHBIX KOJIeOaHUM.
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AHaJIOTUYHBIE Pe3yNbTaThl MOTYT OBITH MPE.-
CTaBJICHBI [UIsl BCEX MOJEKyJ] nenouyku. Cra-
OMIIM3AIMIO UX B HOBBIX IOJIOKEHHUSIX MOXKHO

15 71 \.",’105 mis

05 T

I1a-

OXapaKTCPU30BaTh KakK
MATB.

MOJIEKYJIIPHYIO

-05 7

-20 -18 -10

Puc. 3. dazoBas tuarpamma Juis IEPBOI MOJIEKYJIBI U3 MOJICKYJIAPHOM
LIETIOYKH N10CJIe MPEKPAIIEHUS] BHELTHETO BO3ACHCTBHSL:
nuHUSA A-A - HadaJdbHOE MOJIOKEHHE MOJIEKYJIbI;
nuHUA B-B - KOoHEUHOE M010KEeHUE MOJIEKYJIB

Jlanee  MOIEIMPOBAIOCH  TOBEICHHE
ATOMHOM II€MOYKH MOJIEKYJbl BOJBI, Mpe-
cTaBjeHHOU Ha puc. 1B. KonndecTBo MOEeKy
BOJIbI BapbUpoOBaioch OT 2 10 8 (6 - 24 aro-
Mma). Takke MEHsIach CKOPOCTh, MOJyvaeMast
NPy OAMHOYHOM YyAape MEpPBBIM aTOMOM, OT

1600 T T T T T T

1400 —
1200 -

mOooo

1000 — 00 Om
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200 -

A00

400 -

00 -

o

0
%,2°10""m
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100 no 1600 m/c (3ueprust -10° - 102 3B). Ha
puc. 4 npencraBiaeHbl CMEUIEHUS] aTOMOB Lie-
IMOYKH IIPUA Pa3INYHBIX CKOPOCTAX, ITOIydYae-
MBIX HepBBIM aToOMOM B pe3yanaTe OIUHOY-
HOTO yJapa.
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Puc. 4. CMeIlIeHI/ISI aTOMOB MOJICKYJIbI BOABI IIPU Pa3IMYHbIX CKOPOCTAX, NOJYYCHHBIX IEPBbIM
aTOMOM OT BHCHIHET'O B03ﬂeﬁCTBHﬂ: a - [ICII04YKa, CoCTOoAIasA U3 2 MOJICKYJI BOJHI,
0 - Oero4kKa, CoCTrosAlas nu3 8 MOJIEKYJT BOJbI
(B IITPUXOBBIX o0acTax MPUBEACHBI YBCJIMYCHHLIC B Macirabe aTOMHBIE HCHO‘{KI/I)

N3 pucyHka BUIHO, YTO BO BCEX Cly4a-
AX  CMEIIEHME BCEX aTOMOB  LEMNOYKH
HACTOJIBKO 3HAYUTEIBHO, YTO BEHET K CiKa-
TUIO LEMNOYKH, KOTOpOE€ TAaKXKE MOXKHO
Ha3BaTh KOJUIAIICOM IIETIOYKH, WU (HOPMUPO-
BAHUIO BBICOKOIHEPreTUYECKUX HAHOKJIACTE-
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poB. BuiHO, 4TO IMHA CKOJUIAIICHPOBAHHOMN
LENOYKH 3aBHCHUT OT YHEPIMHU BHEIIHErO BO3-
JNEUCTBUS U CYILLIECTBYET CTPYKTypa C MHUHH-
MaJIbHOW JJIMHOW IIEMOYKU TPU ONpEesieH-
HOM dHepruu Bosuaeucrsus. s cioydas ne-
MIOYKHU, COCTOSAIIEH M3 2 MOJEKYJ BOJbI, MH-
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HUMaJlbHAs JJIMHA IICTIOYKH HaOJII0aeTCs
MpU CKOpOCTH BHemHero Bosnericteus 1000-
1500 m/c (puc. 4a). J{ns 1emnouku, COCTOSIICH
u3 4 MOJIeKyJI, MUHIMAaJTbHAS JUTHHA CKOJLIAIl-
CHUPOBAHHOW I[ENOYKHU HAOIIOJACTCs TP CKO-
poctu BHerHero Bosaeicteus 100 m/c, a as
[[EMOYKH U3 8 MOJIEKYI BOJIBI - IPH CKOPOCTH
1200 m/c (puc. 46). Cnemyer MOAYEPKHYTH,
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10+

YTO Takas KJIACTepU3alMs Takke oOpazyercs
B pe3yJbTaTe pa3BUTUs HEIMHEWHBIX Kojela-
HUW B aTOMHOMW 1LIETIOYKE BOJIbI. JTO OTpaxe-
HO Ha pHUC. 5, KOTOPBI MMOKa3bIBaeT 3aBUCH-
MOCTh CMEIIECHHS MEPBOro aromMa KUCIOopoaa
(puc. 1B) oT BpeMeHH, MPOIICAIIETO IMOCTC
MpEKpaIICHUs] BHEILIHETO BO3ACHCTBUS.

X, 2*10_11m
o

-10 | |

2 |

£ 210 s

Puc. 5. 3aBucumMocts CMCIICHUA aTOMa KHUCJIOpOJa OT BpEMCHU,
MMpomeaAero nocjie NpeKpamuicHnd BHCUTHETO BO3[[eI71CTBPIH
(IHTpI/IXOBOﬁ JIMHUEH IMOKa3aHO HAa4yajJbHOE MOJIOXKEHHE aToOMa Kncnopoz[a)

W3 pucyHka BUAHO, YTO MpPOLIECC HEU-
HEWHBIX KOJEOAHW TPOTEKAeT B TEUYCHHUE
JUIMTEJIBHOIO BpeMEHH. B  orpaHnueHHOM
IITPUXOBOM JIMHUEH 00JACTH PUCYHKA Ipen-
CTaBJICHBI IaHHbIE B YBEJIMYCHHOM MacIlTaoe.
[Tpu »TOM BUAHO, YTO OOpa3yroIIHUecs HAHO-
KJIaCTepbl HAXOMAATCA B JIOJITOXKUBYILEM KO-
TeOTIOMIEMCS] COCTOSTHHH.

YCcTaHOBNIEHO, YTO Takas *e CKOJLIam-
CHUpOBaHHas HAaHOKJIAacTepHU3aIusi oOpasyercs
B pe3yJbTaTe pa3BUTUS HEIMHEWHBIX Kojela-
HUM B AaTOMHOM LENOYKE BOABI, KOTOpasd
HanOoJiee MpUOIMKEeHa K PeaTbHOW CUTYalluH
U YYUTHIBACT HAJIMYMUE BOJOPOJHBIX CBs3EH
(puc. 1r). KommpioTepHOE MOJICIHPOBAHHE
MPOBOJIUIIOCH IS IPSIMOTO (BAOJb ocu X 11e-
MMOYKH) U KOCOTO (MMEIOIIEr0 COCTABISIOIINE
Baoub oceir X u Y) nonHoro ympapa. HMcmomns-
30BaIMCh NoTeHuuasibl Mop3e u bopna-
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Maitepa. Ha puc. 6 mpexncraBieHsl Hayaib-
HBIC ¥ KOHEYHBIEC CTAOMIIN3NPOBAHHBIE COCTO-
SHUSL aTOMHBIX LenoYek (mocie mpsMoro
HU3KOPHEPTeTHUECKOT0  MOHHOTO  BO3[CH-
CTBUSI Ha MEPBBIA aTOM KHCJIOPOAA) C UCIIOJb-
30BaHMEM TNOTeHIMana bopHa-Maiiepa (puc.
6a) u morennuaga Mopse (puc. 66). Ha pu-
CYHKax cIIpaBa MpPEJCTABICHBI yBEIMUYCHHbIC
B Macmitabe HaHOKJIacTepsl. [Ipu 3ToM oT™me-
YEeHBI CIICYIOIINE OCOOCHHOCTH:

- BO BCEX CIIydyasx, HE3aBUCHMO OT BBI-
0opa MoTeHIuaNna MEeXaTOMHOTIO B3aMMO/IEH-
CTBHS B HEJIMHEHHBIX aTOMHBIX LEMOYKaX,
nocjae  HHU3KOIHEPreTUYECKOro  BHEIIHEro
BO3/ICHCTBUSl  HAOMIOAAeTCSd 3HAYMTEIbHOE
ckatue 1enodek (KoJuiarc), T.e. pOpMUpPOBa-
HHE BBICOKODHEPIeTHYECKUX HAHOKIIACTEPOB;

- IJMHA CKOJUIAIICUPOBAHHOW ILIETIOYKU
3aBUCHT OT BBIOOpA MOTEHIHAIA MEKATOMHO-



OnexTpoHHas oubmuoreka beropyccko-Poccuiickoro yHuBepcuTeTa

http://e.biblio.bru.by/

BecTHuk BpﬂHCKOFO rocyiapCTB€HHOro TeXHUY€CKOIro YHUBEpPCUTETa

Ne 2 (55) 2017

ro B3aUMOJCHUCTBUS IIPU OJMHAKOBOM DJHEp-
MU BHEIIHEr0 BO3ICHCTBUS; NMPU HCIIOIb30-
BaHUU noTeHuuasna bopHa-Maiiepa npoucxo-

HamamHad v KOHeUHAT KOHGHTYH IR0 ATOMOE

IUT OoJiee KECTKUU KOJUIarc, 4eM MpH HC-
MOJTh30BaHUH TTOTEHITHaIa Mopse.

Kometmoe momoserie aTOMOE IeII0TEN
T T T T T T
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Puc. 6. HayanbHble 1 KOHEYHBIE (IOCIE MPSIMOTO HU3KOIHEPTETUYECKOTO HOHHOTO
BO3JCHCTBHS Ha MIEPBBIil ATOM KHCJIOPOa) MOJNOKEHUST AaTOMOB MOJICKYJIbI BOJBL:
a - noreHnuan bopua-Maiiepa; 6 - norenuman Mop3se

B cirydae xocoro eqMHHYHOTO HOHHOTO
ylapa, HWMEIOMIEr0 COCTAaBJISIONINE BIOJb
oceit X u Y (B HaIIeM cjiaydae yroja CKOPOCTH
BHEIITHETO MCTOYHUKA C OCBHIO MCXOJHOW Iie-
IIOYKHA COCTaBUII 450), HaOmogaemM obpasoBa-
HHE JIByXMEpPHOro HaHokiacrepa (puc. 7). Ha
PUCYHKaX CIpaBa TpPEICTaBICHBI YBEIHYCH-
HBIC B MacIITa0e HAaHOKJIACTEPHI.
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W3 puc. 7 BugHO, 4TO TUHEHHBIE pa3Mme-
pBI 00pa30BABIINXCS KIACTEPOB TAKKE 3aBU-
CAT OT BBIOOpAa TOTEHIHAIA MEXAaTOMHOTO
B3aUMOJCUCTBUS IIPU OJMHAKOBOM DHEPIUU
BHENIHEro Bo3AercTBus. [Ipu ncnosb3oBaHun
noreHuuana bopHa-Maiiepa HpOUCXOIUT,
OTIATH ke, 00JIee KECTKHUI KOJUIarc, YeM Mpu
MCIIO0JIb30BaHUHU MOTEHIIMaza Mopse.
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HauamHad i K0HeUHAT KOHDMITH AIHE AT0MOB
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Puc. 7. HauansHble 1 KOHEUHBIE (TI0CIIE KOCOTO HU3KOIHEPTETHIECKOTO HOHHOTO
BO3JICHCTBYSI Ha TIEPBBIA ATOM KHCJIOPO/Ia) TIOJIOKEHUST aTOMOB MOJIEKYJTBI BOJIBL:
a - moTeHnuan bopua-Maiiepa; 6 - moteHa Mop3e

Ha puc. 8 nokaszano, 4to aToMbl B 00pa30BaBIINXCSl HAHOKJIACTEpaxX HAXOIATCS

BYIIIEM KOJIEOTIOMIEMCSI COCTOSTHHH.

Konearme ofimyssmoro aToma
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Konebamee obmyeEHOTO aTomMa
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Puc. 8. Jlonroxusyiiee KoJIEOIIOIIEECs: COCTOSHIE MEPBOT0 aTOMa KUCIIOpoia
ITocne kOCOro HU3KOIHEPreTUUECKOTO HOHHOTO BO3JICHCTBUSL:
a - moTeHnuan bopua-Maiiepa; 6 - morenar Mop3e
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