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AaGoparopHasa padora 1
Amn3aiiH U IPOEKTUPOBAHUE CAMOCOOPKH
1 CAMOOPTaHU3AIUN HEPABHOBECHBIX HAHOCHCTEM

I. Heab padoTsl. B X0/1€ BBINMOMHEHUSI KOMIIBIOTEPHBIX KCIIE-
PHUMEHTOB TIJIAHUPYETCA:

- HAUTU XapakTepHble (OPMBI CTAIMOHAPHBIX HEPABHOBECHBIX
Ha”oKJIacTepoB ¢ ['IIK-TMnmoM aTOMHOM yITAKOBKH B PA3JIMYHBIX TEM-
nepaTypHbIX peKUMax CaMOOpraHu3alnM (Ha MpUMepe HaHOKJIacTepa
Ni;7);

- BBIIOJIHUTh 10 AHAJIOTUHM pACYeT M AaHallu3 PE3yJbTaTOB
st cucteM ¢ OLIK yrakoBkoit (Ha mpuMepe HaHOKJIacTepa Feigg);

- OCYIIECTBUTh MOJCIIMPOBAHKE MPOLECCOB CTPYKTYPHON PEOPraHu-
3alMY HAHOKJIACTEPOB C MOJHOM IMEPECTPOMKON THUIIA AaTOMHOU «yKJIaJ-
k» B cucteMe (Ha mpumepe [ TIK — I'TIY npeBpaiiiennii HUKes).

I1. ITopsa10K BBINOJIHEHUS PA0OTHI

1. 3anyctute nporpammy NanoEvolver. Ilpu HeoO6xomumocTtu
PaCIOJI0KUTE OKHO MPOTPaMMbl Ha 3KpaHE TakK, 4TOObI OOECIICUUTH
cebe ya00CTBO BBITIOTHEHUS MHCTPYKIUi B okHe NanoEvolver.

2. O0patute BHU- E@NENHAI:
MaHHC Ha KOMAHIY | File Edit iew Enalysiséﬂelp}
Index wmenro  Help 2 Index [ Fl

w

(cm. puc. 1.1). Dra xo- ersion

Frequency evaluator

MaHJia (a Takke Ha3Ha-
YEHHass €U «ropsyasp
knaBuma F1) oTkpeiBa-
eT oOlee CTaHIapTHOE
PYKOBOJICTBO IO padoTe
C IIpOrpaMMaMu CEMEN-
ctBa NanoEvolver.

[Ipu HeoOXxoaMMO-
CTH TIOTIBITAlTECh 00pa-
TUTBCSI K CTAHJIAPTHOMY
PYKOBOJICTBY TI0 paboTe
C IPOrpaMMOW U HAWTH
WHTEPECYIOIIYIO BaC UH-
dbopmaruro.

Puc. 1.1. HauanbHbIi1 BUA TI1aBHOTO OKHA
nporpamMmbel NanoEvolver. Beinenena
koMaHia Index u3 mynkra Help
TJIABHOTO MEHIO



3. 3arpy3utre u3 BHEHIHEro ¢aiiaa MOJelb CTPYKTYpbl KyOude-
CKOT'0 KJIacTepa HUKEJA. 3arpy3Ka OCYIECTBISETCS MOCPEACTBOM KO-
mauabl Load structure... u3 mento File. B nuanoroBoMm oxkHe OTKpHI-
Tiga  (dailla  HaWguTe  AMpEeKTopHIo Structures W B HEM —
daitn N1172_cube.hin (cMm. puc. 1.2). Haxmure B Auajgore KHOIKY
«OTKpBITHY.

OTKpBITE

Manka: | 1) structures

" =] Fe 189, hin

| i& Ek] Ni1 7Z_cube, hin
Hegaetie | |[BPMi363_angle.hin
AokEYrEHTERI

(0

Puc. 1.2. BeIOop CTpyKTYypbI JIsl 3arpy3Ku
B IMAJIOTOBOM OKHE OTKPBITUS (paiiia

Buumanmne! ITo ymomuanuro NanoEvolver ncnonb3yet rpadgoBoe
MpeJICTaBICHNE CTPYKTYp, OTPHCOBBIBAsI TOJBKO pedpa rpada (Mex-
aTOMHBIC CBSI3M), Ha MEPECEUCHUU WJIM KOHIAX KOTOPBIX HAXOJSITCS
BepIuHbl rpada — sapa aTomMoB. [ KOMITAKTHOCTH XpaHECHUS
Ha nucke HIN-daitnpl MmeTanindeckux CTpyKTyp (TUMa KJIacTepoB HU-
KEJIs1) 1 HEKOTOPBIX JPYTHX COAEPk AT UHPOPMAIIUIO MOIbKO O KOOp-
ouHamax s0ep amomo 4acTulibl. B CBsI3U ¢ ATUM 0OCTOSATEIHCTBOM
1ocJie 3arpy3kM CTPYKTYPbI KjlacTepa HUKeJsl BHEIIHUN BH OK-
HA MPOrpaMMbl He U3MeHsieTcs. J[Jisi BceX MHBIX cilydaeB rpad cBs-
3e OTPUCOBBIBACTCA JIUHUSMH B TPEXMEPHOM BUPTYaIbHOM pabodyem
MIPOCTPAHCTRE.

4. BeizoBute komanay Graph... uz MeHto View. 3aaaiite paauyc
OOpe3KH, 3aBEJOMO MPEBBIMAIOIINN pPACCTOSHUE MEXIAy Haubosee
yIaJCHHBIMUA aTOMaMu B CTpyKType, Hanpumep, 1000000 a,. dns sTo-
ro B moie Maximum BBeautre 1000000, 3atem BBemuTe 1000000 B mo-
ne Exact value u o0si3aTesibHOo HazxkmuTe Enter 171 npuMeHeHus us-
MeHeHul (cM. puc. 1.3). IIpu 3ToM B TJIaBHOM OKHE JOJDKEH OTPHCO-
BaThCSl NOIHBIU 2pagh HAHOCTPYKTYpPHI. 3akpoiite okHO Graph HakaTu-
eM kHonku OK.



Graph

I (%)

| WM 1000000

|0

I 1000000

Minirnurn, a0 Exact value, al Maxirmuri, ad

Define a walue and press
'Enker’ ko accept

Puc. 1.3. Okno «Graph» u 3aianue paanycoB oOpe3ku

5. Hns ¢uxkcupoBanus rpada BbezoBuTe Komanay Lock graph
u3 MeHio Edit 1 B 0TBET Ha 3ampoc 0 MOATBEPKACHUU HAXMUTE Y €s.

6. CmeHuTe crnocod MNpenCTaBICHUS CTPYKTYpbl € TpadoBOTO
Ha mapoBoe. st 3TOro u3 MeEHIO View BBI30OBUTE KOMAaHIY
Performance... © B MOSBUBIIEMCS OJHOMMEHHOM OKHE BBICTABHTE
HACTpOMKM, Kak mnokazaHo Ha puc. 1.4. Tlomynkom Sphere
radius 3ajaiiTe )xenaeMbli paguyc aTOMOB-cep.

Performance E|
Wiga Preferences
O S i v ’ Calar [ l ’Mass ]
Graph
Cliarae Sphere radius
) Combined [ %

Puc. 1.4. Oxuo «Performance»
Y YCTAHOBKA IIAPOBOTO MPEJICTABICHUS MOJICIN

7. Pacrionokxute MOJelb Ha BJKpaHe Tak, 4TOObl OOECICUUTH
ya00cTBO ee 0030pa. Mcnosnb3yiiTe KIIaBUIIIN:
<1 |— 1 BpameHus: MOJEJIM B IPOCTPAHCTBE
Insert/Delete — ny1s1 ipuOIMIKEHUS/OTIATICHUS;
Page Up/Page Down — 1151 iepeMeIieHust o BepTUKAIIH;
Home/End — niist nepemenienus o ropu3oHTau.
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IZ:__TJ Ni172_cube. hin - NanoEvolver

B

File Edit Miew #&nalysis Help

Done

Puc. 1.5. Bua moaenu HaHokiactepa Hukens Nij;, B okHe NanoEvolver

8. YkazaHue mapaMeTpoB MOTEHIIMAIOB, a TaKKe HEKOTOPBIX BaK-
HBIX OIMIIMKA W TIApaMeTPOB, BIUSIONUIMX Ha XOJ paCYCTHON MPOIEAYPHI,
MIPOM3BOJUTCS B IMAJIOrOBOM OKHE Settings (cMm. puc. 1.6), BbI3BaTh KO-
TOPOE MOYKHO C TIOMOIIBI0 KOMaH kI Set parameters. .. MeHio Edit.

Features

Update geometry
Reporting
File sawving. ..

Fatential parameters

Do, e
Mifsli

E-PiMi 0.4793 5.2263

Load parameters,. [:

Settings
Parameter Walue
Step count 3000
Temperature, k oo
Stochastizakion on fH

RO, a0

wid, 1fcm

X

156.8302

[ Save paramekers, .. ]

[

x| [ coneal |

Puc. 1.6. luanoroBoe OKHO BBICTaBJICHUS OILIUI
U TIapaMeTPOB MOTEHIINAJIOB

YcranoBuTe mapaMmeTpsbl, Kak Moka3zaHo Ha puc. 1.6. [TapameTpsr
MEKAaTOMHBIX TOTEHIIMAJIOB BBEAUTE JIMOO BpYy4YHYIO, JUOO HakaB



Ha KHOmNKy Load parameters..., 3arpy3ure 3T AaHHbIE U3 BHEILHETO
¢aiina napameTpoB Potential params.txt, KOTOPBIN PacroaoXeH B TOU
K€ TalKe, YTO U 3arpykeHHas CcTpykTypa. Haxaruem kHOII-
ku OK 3akpoiite okHO Settings ¢ MPUMEHEHHEM BCEX U3MEHEHUM.

9. Coxpanute oT4eT BO BHelIHeM daitne. [[Jis 3TOro BBI3OBUTE
KOMaHay Save report as... u3 MeHio File. Ykaxure myTb u pazymHoe
uMsa (aitna (Hanpumep, Nil172Init.htm), Haxmute «COXpaHUTHY.
NanoEvolver coxpanser otdetrsl B ya100HOM ¢dopmaTe THIEPTEKCTA,
MOKETE ceiuac MPOCMOTPETh COXPAHEHHBIA Ha TUCKE OTYET, UCIOIb-
3ys 1000 yCTAaHOBJIEHHBIM Ha KOMIbIOTEpe Opaysep. AHanu3upys
OTuYeT, 00paTUTE BHUMAHUE HA €TUHUIIBI U3MEPEHUS U TOPSIOK BEIH-
yrH. He 3akpbIBaiTe MOKAa OTKPBITHIMA OTUET.

10. Bepuutech k okHy NanoEvolver. BeinosiHuTE OIIEHKY OJIMX-
HErO IOpSAJIKa B HAYAJIbHOW HJACAJIBHOM CTPYKTYpPE HAHOKIIACTEpA.
HavanbpHble XapakTepUCTUKU (HAMpUMEp, paiuyC MEPBOMl KOOpAMHA-
MOHHOM c(epbl) KilacTepa COOTBETCTBYIOT TAKOBBIM JIJII MaKpOCKO-
nuyeckoro oobemMHoro kpucramia Ni. OueHuTh OJMKHUN TOPSIIOK
MO3BOJISIET TMAapHasl KOPpPENAlHOHHAas (YHKIUS, WIM paaualibHas
dbyukius pacnpenenenus g(R). CpeactBa pacyeTa W TOCTPOCHUS
dbynkuuu g(R) noctynHsl npu BbI3oBe Komauzabl Radial distribution
function... u3 menro Analysis (cm. puc. 1.7).

(" Radial distribution function

i [ e e ]| Srystern dimension

L Ox @
: : : Settings
S e e e Max R, al |20

S el | R R S dR, a0 |0.2

= 4
=354
34 .
Gl bl e | f e e Operations
Copy image
RDF /, Hiskogram

Puc. 1.7. Panuansnas QyHKIus
pactpeeneHus «MIeaIbHOTO» HaHOKIacTepa HUKes Nij7,



N3navanbubie HacTpoiiku okHa Radial distribution function Tpe-
OYIOT KOPPEKTUPOBKM B KOHKPETHOM paccMaTpuBaeMoM ciydae. Bee
OIIIMU JAOCTYITHBI JJII U3MEHEHUS Ha TIaHEJU CIipaBa OT rpaduka.

A. YcraHoBute mnepekitoudaresb System dimension B IOJIOXke-
Hue 3D, eciii OH HaXOAWTCA B JPYroMm mnojoxkeHuu. Pacyer ¢yHK-
uuu g(R) otnvyeH s OObEMHBIX U, CKaXKEM, ITOBEPXHOCTHBIX CTPYK-
Typ B CWJIY BXOXJCHUS B BhIpakeHUe g g(R) MakKpOCKOMUYECKOM
IJIOTHOCTH: H3MEPSETCS] COOTBETCTBEHHO IIOTHOCTH B 0OBEeMeE (p)
Wiy B cioe (o).

b. Ycranosure B osie Max R xkenaemoe paccrosiue, T. €. Auana-
30H, B KOTOpOM OyJET MOCTPOEH rpaduk paguaibHON (QYyHKIIMU pac-
npeaenenusi. OT 3Toro OyAeT 3aBUCETb, CKOJIBKO KOOPIWHAIIMOHHBIX
chep OyaeT 3aXxBayeHO MPHU MOCTPOCHUH.

B. 3amaiite B mone BBoja dR mar mexxay Toukamu Ipu pacdeTe
GbyHKIMU. YUUThIBas paBHOBECHYIO IJIMHY CBs3W Ni—Ni B HaHOKIa-
crepe (5.23 ay), unatepBas B 0.2 gy ABJISIETCS BIOJIHE JIOCTAaTOYHBIM,
KakK ITOKa3aHo Ha puc. 1.7.

I'. Haxxmutre kHOmKy Apply myisi TpuUMEHEHHS W3MEHEHHBIX
HacTpoek u mepecuera rpaduka. [Ipu HEOOXOAMMOCTH MOXKETE TO-
SKCIIEPUMEHTUPOBATH C HACTPOMKAMM ISl MOJYYEHUS] MAKCUMAIIBHO
OTUETIMBOrO TmpeacTaBieHus rpaduka. OUEHUTE OCTPOTY ITHKOB,
clenaiTe BBIBOJI O CTEIEHU pa3dpoca JJIMH CBA3EU U CTEICHHU pery-
JSIPHOCTH UJICATbHOW HAYaJIbHOU CTPYKTYPBL.

Haxatuem Ha KHOIKY Save 1mage... COXpaHuTe rpaduyeckoe
M300paKeHUE NI MOCIEAYIONIET0 CPABHUTEIILHOTO aHalu3a. 3aKpou-
Te okHO Radial distribution function.

11. Packpoiite mento Edit rmaBHoro okna nporpammel NanoEvolver
u BbiOepute MyHKT Evolve. /lanHas koMaHaa 3amyCKaeT BIYUCIUTEb-
HYI0 MOpPOUEAYPY MOACIUPOBAHUS CAMOOPTaHMU3ALMU HCCIIETyEMOM
HaHOCHUCTEMBI. Pe3ynpTaToM Mpoleaypbl CaMOOpraHU3alluu SIBIISIETCS
HE 00f3aTEJIbHO HAWHUBIIEE [0 JHEPruu COCTOSHHUE HAHOKJIACTEepa,
a HAIPOTUB — HEPaBHOBECHOE, HO CTALIMOHAPHOE COCTOSIHHE, CaMo-
MOJIJICP>KUBAIOIIIECECS HA MTPOTSHKEHUM OOJIbIIIECH YaCTH SBOJIOLIUH.

[To 3aBepmieHMM MEPBOM MPOULEAYPHl PACUETOB OIICHUTE BU3Y-
aJlbHO M3MEHEHHUsI, MPOU3OIICAININE B T€OMETPUN HaHOKJacTtepa. Ot-
METhTE (3aIIOMHUTE WJIU 3aMUIINTE) TEKYIIME 3HAUCHUS TTOJIHON SHEP-
TUU CBSI3U U rpajiueHTa 3Hepruu. Mudopmanuo o0 3TUX MapaMmeTpax
MO>KHO BHJIETh B oKoIlIke Report (puc. 1.8).



Parameters

Total binding energy, eV
-4, 7798E4+02

Morm of gradient, elfa0
Z.6346E+00

Step, a0
4,1776E-01

Puc. 1.8. OkHO C KpaTKUM OTYETOM MPH 3aBEPIICHUN
pacyeTHOM MpOoLEeAYypHI

HekoTopbie [1OMONHUTENbHBIE JTaHHBIE JOCTYMHBI MPHU BBI30BE
«ObicTporo» otuera Edit — Total energy and total bonds
u Edit — Calculate contributions. B okHe Settings ycTaHOBHUTE MEHbB-
mee yncio urepanuit (Hanpumep, 1000) 1 mporoHuTe MOMOJTHUTEIb-
HbIN pacuer. CpaBHUTE HOBOE MOJYYEHHOE 3HAUYCHHUE DHEPTUM CBSI3U
¢ npeapiaymum. [Ipogomxaite 10 TeX mop, MOKa JUHAMUYECKUE Ta-
paMeTphl KJlacTepa HE HAYyHyT COBEpIIaTh MeJKOMaclTaOHble (IyK-
Tyallul OKOJIO CTAallMOHAPHOTO 3HaueHHs (OOBIYHO TPEX — TMSTH ThI-
CsIY UTEpAlMid OKa3bIBAETCS JOCTATO4YHO). Ecnu B pe3ynbTaTe noBTOp-
HBIX Pacu€TOB 3HAYEHUS YHEPTUU U TPATUCHTA MEHSAIOTCS MaJio, MOXK-
HO TIEPEXOUTH K CICAYIONIEMY 1Iary.

12. Utak, BaMu NOJy4YEH MPOIYKT HAU3KOTEMIIEPATYPHOU CaMOOP-
raHu3alyi MEeTAUIMYEeCKOro HaHokiIacTtepa Nij,,. Uccnenyitte popmy
Kiactepa. UTo BBl MOXETE€ CKa3aTh MO TMOBOAY HETUIHUYHOCTH
WJIM, HAIPOTUB, TPUBUAIBHOCTU TakoW ()OpMBI OpraHU3aIuu KjlacTe-
poB? Kak u3MeHUJICS XapaKTep yMaKOBKHM aTOMOB Ha MOBEPXHOCTH
HAHOYACTUI[BI MO CPAaBHEHUIO C IE€PBOHAYAIbHBIM HEPABHOBECHBIM
HecTanmoHapHbIM  cocTtosiHueM? Coxpanute otdeT (File — Save
report as...), Ha3BaB (¢ai, Hanmpumep, Nil72 100K.htm. Uccnenyiite
OTYET U MPOBEJIUTE CPABHECHUE C JJAHHBIMU MEPBOHAYAIILHOTO OTYETA.
Mornu Ol BBl ONpPEACIUTH IO pe3yJibTaTaM CBOUX HaAOJIOACHUMH,



CPaBHUTEILHOIO aHal3a M KaKUM-TO HUHBIM (DOpMaJIbHBIM MpHU3HA-
KaM, 4TO MPOUCXOJIUIIO 8 YeloM C KIIACTEPOM MO MEPE IBOIIOLINU ?

13. TTocTpoiite MapHYIO KOPPEJISIIIMOHHYIO (bYHKITHIO
(Analysis — Radial distribution function...) m1s «puHaIbHOW»
CTPYKTYpPhl HAHOKJIACTEPA, UCIIOJIB3Ys T€ K€ HACTPOMKH, UTO U MPEK-
ne. UTto BBl MOXETE CKazaThb O PETYJSIPHOCTH YIAKOBKH aTOMOB
B CTPYKTYpE CTallMOHAPHO-HEPABHOBECHOTO aTTpakTopa? Jlns cpas-
HEHUS MOXKETE OTKPBITh paHee COXpaHEHHOe Hh300pakeHue rpaduka
GYHKIMM 71 HAYalIbHOTO COCTOSsIHUS. Eciii OTBji€UbCs OT HAHOCKO-
MAYECKUX Ppa3MepoB 00pasiia, MOXKHO JIM TOBOPUTH O MPUCYTCTBUU
B IIpejieax JOCTYMHBIX KOOPAMHAIMOHHBIX cep mopsiaka, mogo0HO-
ro TaKOBOMY B KpucTasuie? Mnu 3To CTpyKTypa «KBa3UKpUCTaIIay?

14. CoxpaHuTe Ha JUCK pE3yJbTaT CBOMX PAaCUYETOB — CaMy MO-
nenb HaHokiactepa. s storo u3 Menro File BbI3oBUTE HHCTPYK-
nuro Save structure.... B mosiBUBIIEMCSI JTUAJIOTOBOM OKHE COXpaHe-
HUs (aiia yKaKUTe TMOHSITHOE WUMS, HampuMep, Kak W JJid OT4e-
ta, N1172 100K.hin, a u3 BhImagaromiero crnucka tumna Qaiiaa BeiOe-
pute HC files (*.hin) [empty graph] (cm. puc. 1.9).

Wiia daiina: ni172_ 100K, htm v [:

Tun daina: HC file= [* hir) [empty graph)] b E

HC filez [*.kin] [original graph anly]
HC filez [*.kin] [original and extra graphs
HC files [ hin] [empty
ME files [F.niev]

Tripoz MOLZ files [* ml2)
Hre files [Foung]

Puc. 1.9. CoxpaneHnue Moiesin HaHOKJIacTepa HUKes Nij7;
C yCTBIM rpadoM CBsA3EH

15. Cnenyromielt 3agayeli BO3bMUTE ITOBTOPUTH PacyeT MO aHajo-
TUHU C TPEIbIAYIIUM, HO B BBICOKOTEMIIEPATYPHBIX YCIOBHUIX 3BOJIIO-
uuu. [ToBTOpUTE B TOYHOCTH maru 3—7/ BhIIIE, MOCJE YETO BBI3OBU-
T€ OKHO ycTaHOBKM mapameTpoB Edit — Set parameters.... g 3Ko-
HOMUHM JIaDOPATOPHOTO BPEMEHU BHaYajie ObICTPO pacIjIaBUM IOJIHO-
CThIO HAHOKJIACTEP B JKECTKHX YCJIOBHUSX, T.K. MOCIECIOBATEIbHBIN
pacueT Ipu «yMEPEHHO BBICOKHUX» TeMIIepaTypax MoTpeOyeT OobIIe-
0 BPEMEHHU IS TIOJIyUYE€HUsI MPAKTUYECKU TOTO XK€ pe3ysbTrara. Mrak,
B OKHE Settings 3agaiiTe BCE Te K€ mapamMeTphl, 9TO U MPEeXkKIe, 3a UC-
KJIIOUEHHEM TemIiieparypbl. KOHKpETHO — 3aJalTe YCTAaHOBKH, KAk
nokaszano Ha puc. 1.10.
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Features Setkings
Update geometry Parameter Walue
Reporting
File saving. .. Step count 3000
Temperature, kK
Stochastization  On FH
Paotential parameters
Da, et RO, ad wi, 1fcm
Tildi x
br-Firi 0.4793 5.2288 156.5302
Load parameters., .. ] ’ Save parameters, .. ]
[ (04 ] [ Zancel ]

Puc. 1.10. [IlnanoroBoe OKHO BBICTaBIICHUS OILINI
U TIapaMeTPOB IMOTEHIINAIOB. BBICTaBIIEHBI TapaMeTPhI
JUTs1 OBICTPOTO TUIABJICHHS] HAHOKJIacTepa

16. BeizoBute komanay Evolve. 1o 3aBepiiieHnn o1HOTO MPOTroHa
pacueTHOU MPOLEAYPhl C YKa3aHHBIMHU MapaMeTpaMu BHOBb OTKPOUTE
OKHO Settings u ybOepure ¢axok HanmpoTuB omiuu Stochastization
(A7 3TOrO0 AOCTATOYHO HIEJIKHYThH 1O HEMY yKa3aTeJeM MBIIIN), Te-
PEKIIIOYUB TEM CaMbIM 3HaueHue 3Toi omniuu Ha Off.

[TocrienoBaTENbHO BbI3bIBAM- [SL RN 2 FEX
Te komanay Evolve u3 MeHIo
Edit n1o Tex mop, moka kia- :
cTep He mnotepsaer Gdopmy
Y TIOJTHOCTBIO HE OIUIaBUTCS.
JloBenure cucremy 110 COCTO-
SIHUSI, TIOXO0KEr0 Ha MOKa3aH-
Hoe Ha puc. 1.11.

Done

Puc. 1.11. OmtaBineHHBIN
B JKECTKUX yCJIOBUSX HaHOKiacTep Nijzp
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Settings 17. Ilocime TOro kak BaM

Parameter Value YIAACTCSl PacCTPOUTH aTOMHBIN
Step count 3000 IMOPAOOK KiaCTepa Ni172, BCP-
Temperature, K 1000 HHUTECh K OKHYy Set parameters
Stochastization | On L\\s F U 3a7aiiTe paboure mapaMeTphl,

KakK Moka3aHo Ha puc. 1.12.
Puc. 1.12. BoccranoBienue

IapaMeTPOB U PEKUMA IBOIOINHN

18. BpImoJIHUTE C YCTAHOBJICHHBIMU MapaMeTPaMHU HECKOJIbKO
nukioB pacyera (Edit — Evolve). JloGeliTech cTaliMOHapHOCTH Tapa-
METPOB HAaHOKJIACTEpa B JAHHOM TEMIIEPATYPHOM PEKUME.

19. [Iponomxkute pacyeTbl, MOHWU3UB paboOuyl0 TeMIeparypy
1m0 100 K, T. e. mpuBensi yCJIOBHS 3BOJIIOLMHA K SKBHUBAJICHTHBIM TEM,
YTO MCIOJIb30BAJIMCh MPU MOJICIUPOBAHUN HU3KOTEMIIEPATYPHOIO
npoiecca camoopranuzanuu. C NOHUKEHUEM TeMIEepaTypbl, OYEBUI-
HO, TIOHU3UTCS TIOJTHAsI SHEPTHUs CBSI3U HaHOKIacTepa. JlobelTtech cra-
IIMOHAPHOCTH PEKUMa BOJIIOIIMU MPU ITOU TeMIIepaType.

20. Takum 006pa3oM, BaMH IMOJYYEH BTOPOU THUIl CTALIMOHAPHOTO
aTTpakTopa (a30BbIX TPACKTOPUM B MIPOCTPAHCTBE KOHPUTYpALIH UC-
cieayemoit cuctembl. Kak Bbl cunTaeTe, JOCTATOYHO JIU OCHOBaHUU
Ha3BaTh €ro aJbTCPHATUBHOM TOMOJIOTUYECKH HEIKBUBAJICHTHOU
dbopMoii cyriecTBOBaHMS HaHOKIacTepa Nijq,?

CpaBHUTE TOJHBIC YHEPTUM CBSI3M B KjlacTepe I Ciydasi HU3KO-
TEMIEpPaTypHON CaMOOpPraHu3allMd W HMEIOLIETOCA TeNeph Ciydas
OXJIQXKJCHUSI TIOCJIE SBOJIIOIMU B BBICOKOTEMIIEPATYPHOM PEKUME.
Kak mo-BameMy, B KakOi CTENIEHU Pa3IUYUMBbl 3TU JIBA TOIOJIOTHYE-
CKM HE3KBUBAJICHTHBIX COCTOSIHUSI, €CIIM UCXOJAUTh TOJBKO W3 JJAHHBIX
00 UX AMHAMUYECKUX MapaMeTpax, TAKUX Kak SHEPIus CBI3U?

21. Coxpanute no ouepenu otuer (File — Save report as...)
u camy ctpykrypy (File — Save structure...). IMena ¢aitioB MmoxeTe
npuAyMaTh CaMU WM IO aHAJOTHM C TPEAbIAYIIMMH Ha3BaTh HX,
k npumepy, Ni172 1000K.htm u Ni172_1000K.hin.

22. Iloctpoiite Tpaduk panuanbHOW (QYHKIUH paclpeneseHUs
(Analysis — Radial distribution function...). Hackonbko B Bariem
ciyyae BUJ (PYHKLIMH COOTBETCTBYET CTPYKType MeTriaca (aMopdHO-
ro Metasia)?

23. 3akpenuTe MOJyYEHHBIE HABBIKM PabOTHI ¢ MPOrpaMMoOi, ca-
MOCTOSITEJIbHO TI0 aAHAJIOTUM TMPOBEAS pacueT i CHUCTEMBI
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c OIIK-tuniom  ynakoBku. Jiis 3TOro W3 TOM K€  MAlKU
structures 3arpy3ute ¢aiin Fel89.hin. Mcnonw3yiiTe ciemayromnue mna-
paMeTphI arMpPOKCUMUPYIOLINX MTOTEHIIMAJIOB Fe—Fe:
Dy=0.5276 3B; Ry = 5.4161 ay; ® = 160.2397 cm .

B nmaHHOM clilyyae B 1LENAX YKOHOMHHM BPEMEHM JIOCTAaTOYHO MC-
CJIEIOBATh JIMIIL TPOILIECC CaMOOPraHM3alMd B YCIOBHUSIX HHU3KHUX
TeMImeparyp.

24, Tlocne TOro Kak 3aKOHYUTE pabdOTy C HAHOKJIACTEPOM >Keje3a,
MOJKETE MPUCTYIUThH K MOCIEAHEMY M0 TUIaHY MYyHKTY J1a0OpaTOPHOTO
skcriepuMenTa — moaenupoBanuto 'K — I'TIY npespamienuit Huke-
JIEBBIX ~ KBAaHTOBO-Pa3MEpPHBIX  YacTull. 3arpy3utre u3  (aiina
Ni363 angle.hin monens HaHOKIacTEpa, OPOPMIICHHOTO B BUJIC yTOJIKa
L. Kak BBI 3ameTuTe cpa3y mociie 3arpy3ku, JaHHas CTPYKTypa, B OT-
JU4Yre OT MPEeAbIAYIIUX CIydaeB, COXpaHEHa BMeCTe ¢ TpadoM CBs3EH,
KOTOPBINA SIBIsiETCSl NEepBUYHBIM (prime) rpadom. 3aganus extra-rpada
JUISL 9TOM MOJIENHM He TpeOyeTcs, MoAToMy cpazy 3adukcupyite rpad,
BBI3BaB, Kak 00bI4HO, KoMaHay Lock graph u3z menro Edit.

25. Tlepexmounute cmocoO OTOOpakKe€HUs Ha IIAPOBYIO MOJEIh
(View — Performance... — Spheres) u mondepure sxenaeMblii ua-
METP «aTOMOB.

) Ni363_angle.hin - NanoEvolver g@@

P N N TR ET
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oo
:“' -‘1
ﬂ,!’;‘
b I By
-y
i gy Wy
"
oy Ay
F R
A e Wy
"B AW
'Y BT
S A
i Wy
RS S
L' A A"
Y@y

o By o o

Done

Puc. 1.13. HayanbHas reoMeTpust «yroyika» Nises.
YnakoBka aromoB — tuna ['TIK.
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26. BeicTaBpTe TapaMeTpbl B OKHE Settings 1o mnpuMmepy

Ha puc. 1.14.

Features Setkings
Update geometry Parameter Yalue
Reporting
File saving. .. Step counk 3000
Temperature, K 300|

Stochastization on fH

Potential parameters

Do, ey RO, a0 wi, Lfcm

THiki 0.4795 5.2258 156.5302

b-Mili x

Load parameters, ., ] ’ Save parameters, .. ]

o | [ coen |

Puc. 1.14. InanoroBoe OKHO OIIUHN U MAPAMETPOB NOTEHIIUATIOB
TUIsT «yroaka» Nises

27. CoxpaHUTe OTYET Ha JUCK M OTKpOWTE ero B Opaysepe. Bbl
CMOXXeTe paboTaTh C HUM, MOKa BBIMOJHSAIOTCS MPOAOTKUTEIbHBIC
KOMIIBIOTEpHBIE pacueThl. [Ioka ke 0CTaBbTE OTUET OTKPHITHIM U BO3-
BpallaiiTech K TJIaBHOMY OKHY nporpambl NanoEvolver.

28. 3amyctute pacuetnyto npouenypy (Edit — Evolve) u 3amacu-
TE€Ch TEPIICHUEM: HYKJICAPHOCTb CUCTEMBI SIBJIICTCSI KPUTHUYECKUM TIa-
paMETPOM MO OTHOILICHUIO K CKOPOCTH pacdyeToB. Mcnonb3yiTe Bpems
O’KMJIaHMS I aHAJIU3a OTKPBITOrO paHee Qaiia ¢ OTYETOM.

29. Ilo 3aBeplIeHUN MEPBOrO MPOJOJLKUTEIBHOTO IHUKJIA pacue-
TOB OIICHUTE HM3MEHCHUS, 3aTPOHYBIIME TE€OMETPHI0 HAHOKJIACTEpA.
Habmtonaere mu BbI 3G (PeKT peopraHuzaiuu CTPyKTYpbl C H3MEHEHH-
€M TUMa aToMHON ykiaaku? OTKpoHTe OKHO Settings, yMEHBIIUTE
temrmeparypy 1o 200 K, a konmuuectBo ureparui — g0 1000. IIpose-
IUTE C 3TUMHU MTapaMeTpaMu JONOJHUTENbHBIA PacUYeT, UMEIOIIUN 11e-
JBI0 JOCTHXKEHUE JIYUIEW JIOKaTU3alud B OKPECTHOCTH CTAIlMOHAP-
HOW TOYKM arTpakrtopa. [locime 3Toro eme ymMeHbIIUTE TEMIIEPATYPY
10 100 K u ¢ momMonipio 3aBepIIaroiero KOHTPOJIBHOIO IMKIA YA0-
CTOBEPHTECH, YTO KJIACTEP ABOJIONHOHUPYET B CTAIIMOHAPHOM PEKH-
Me (orieHuTe MaciTad (GIyKTyaluid SHEPrUH OT IHUKJIA K IUKITY).
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30. Coxpanute oT4eT M CTPYKTYpy. IIpoBepbTe, Kak oTpa3zmics
ctpykTypHbIi nepexon I'IIK — I'TIY Ha pacnonoxeHnn MakKCUMyMOB
pamuanbHON (QyHKUMU pacnpeneneHus. [lo cymMMe BceX BBIMOJHEH-
HBIX B JJA0OpaTOpPHOM paboTe SKCHEPUMEHTOB cienaiite 00001aro-
UM BBIBOJ O CHOCO0AaX MPOCTPAHCTBEHHOW OpraHU3alMu CTaIuo-
HAapHBIX HEPABHOBECHBIX METAUIMYECKUX HAHOCHUCTEM M MX BO3MOK-
HBIX B3aUMHBIX [TPEBPAIICHUAX.

II1. KoHTpoJibHBIE BONPOCHI K JJadopaTopHoid padore 1

1. HazoBuTe OCHOBHBIE, HAa Ball B3MJIS[, MPU3HAKK MYJIbTHYa-
CTULI-TPaHCHOPMEPOB U UX OTIUYHUS OT «OOBIYHBIX)» HAHOYACTHII.

2. Kakue QyHmaMeHTanbHbIE MPOIECCHl HAHOMHpA «BEpIIaT»
HBOJIIOLUIO MYJIbTUYACTHUIL, UX TUHAMUKY U KHHEMATHUKY ?

3. Kakue, no-Baiiemy, NpearnocbulKy CYHIIECTBYIOT JJi1 (PE€HOMEHA
caMOOpraHu3alMi Ha HAHOYPOBHE?

4. B mpocTpaHCTBE KaKUX MEPEMEHHBIX JaeTcs Haubojee mocie-
JIOBATEJIbHOE OMUCAHHUE MPOLIECCOB CAMOCOOPKU U caMOOpraHu3aluu
HEPABHOBECHBIX HAHOYACTHIL?

5. Kakue Bbl mpeabsBisin Obl TpeOOBaHUS K MPOTPAMMHOMY
o0ecrneueHno, MPU3BaHHOMY MOJICJIUPOBATh CBOMCTBA U TMOBEACHUE
MYJIbTAYACTHIL?

AaGoparopHasa padora 2
Amn3aiiH 1 IPOEKTUPOBAHUE CAMOCOOPKH
1 CAMOOPTraHU3AUN HAHOKAACTEPOB C UCIIOAb30BAHHEM
nporpamMmMmuoro moayada Nano Monte-Catlo

I. llear padoTbl. 3HAKOMCTBO C METOJAMHU PENICHUS 3aaad
10 IMIPOCKTUPOBAHUIO CaMOCOOPKM U CaMOOpPraHU3allMi HaHOKJacTe-
poB. IlpmoOpereHne HaABBHIKOB PabOThI C MPOTPAMMHBIM MOIYJIEM
Nano Monte-Carlo.

I1. ITopsaoK BBINOJHEHUS PA0OTHI

1. 3anmyctute mporpammy Nano Monte-Carlo. [lepen nHawaniom
MOJICTTUPOBAHUSI HEOOXOAMMO BHECTH B MPOrpamMMy CTApTOBBIC Mapa-
MeTpsl. st 3Toro otkpeiBaeM MeHto Preferences, cm. puc. 2.1.
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() Preferences IE@&

Global Potential Parameters
Cube P e
HRE FaramEtErs Sort OF Atoms Quantity
| : ;
Length ki i Add Atoms | | Clear all |
Width 100
Sort Of Atoms Sort Of Atoms
Height 100 | | | | e
- - | Add Potential |
Potential Type
ChainLength 1000 l—,'
. . 1E-11
D ’ 5 ;
FECESSIER Frequency, cm 1 Eq. Energy, ]  Eg. Distance, m
Temperature, K |20 10 10 10 [ eet
En Cipping R. 30 '

( et ]

f Load

[ Correlation Mode

[ g a5
IvE [ Enable Clipping

Puc. 2.1. MeHI0 HaCTpOEK CTapTOBBIX MAPAMETPOB MOACIUPOBAHUS

2. Ha Bxmanke «Calculate» B paznene «Cube Parameters» 3ama-
IOTCSl MapaMeTphbl, OTPaHUYMBAIONIE 00BEM MPOCTPAHCTBA MOJICIIH-
POBaHUSL:

Length — 3amaer [IMHY «IIPOCTPAHCTBA MOACIUPOBAHUSI
110 KOOpAUHATe X;

Width — 3amaeT nuHy «IIpOCTpaHCTBA MOJACIUPOBAHUS IO KO-
opauHare Y;

Height — 3agaeT BBICOTY «IPOCTPAHCTBA MOJICIUPOBAHUS
10 KOOpJANHATE Z.

3aHocuM B 3TH Aueiiku 3HaueHus «100». Huxe BHOCUM mapamert-
pol CainLength = 30000, Dimension = 1E — 11 u Temperature = 298.

JUiss  mpuMeHeHUs HEOOXOJMMBIX HW3MEHEHHM HEOOXO0JUMO
HaXaTh KHOMKY Set. BBejeHHbIE mnapamMeTpbl MOXKHO COXPAaHUTH
B (paiin HaxkaTUEeM KHOMKM Save U B JaJIbHEHIIIEM 3arpy»aTh Ha)KaTH-
em kHonku Load.

3. B paznene Potential Parameters 3amaercs cuctema Mojienupye-
MBIX aTOMOB U IMOTEHIUAJIbI TAPHBIX B3aUMOJCHCTBUMN.
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B none Sort Of Atoms u3 cnucka Bcex 3neMeHToB Ilepuoanue-
ckoit Tabauiel J[. 1. MenaeneeBa mo ouepear BHIOUPAOTCS 3JIEMEH-
Thl Fe, Co, Ni, B mose Quantity 3amaeTcss UX KOJIUYECTBO B CHUCTEME
U Haxxumaetcs kHonka Add Atoms.

[Ipu 5TOM BBIOpaHHBIE aTOMBI MOSBISIOTCS B ABYX HIDKHHUX TIOJISIX
Sort Of Atoms (cm. puc. 2.2). B 3Tux nosisx no odepean BbIOMpaAIOTCA
KOMOMHAIMK CYIIECTBYIOIINX B CHCTEME MOTCHIIMAJIOB MapHOTO B3aW-
MoaercTBusl 1 Haxkumaercs kHomka Add Potential. ITpu 3ToM BBIOOD
3HaueHuit FeNi u NiFe cooTBEeTCTBYIOT OJHOMY ¥ TOMY € MOTEHIIUATY.

o

Puc. 2.2. Bb16op Tvna aToMOB U I00aBJICHHE TapaMeTPOB MOTEHIINAJIOB

B none Potential Type BbiOMpaeTcsi mOTEHIMAI TAPHOTO B3aUMO-
JEUCTBUS U 33]IaI0TCS €0 MapaMeTPhl:

* Frequency — dacTtora KoneOaHUN CBS3U (CM_l) (mocie u3MeHe-
HUSI 3HAYEHMS IS €r0 aKTHBAIMU B MaMSITH MPOrpaMMbl TpeOyeTcs
Ha)kKaThe KJIaBuiu Set);

* Eq. Energy — sHeprus cBA3U sl PaBHOBECHOTO PACCTOSHUSA
Mexy aromamu (J[x) (Tmocie u3MEHEeHUsl 3HaUYCHMS JJIsl €r0 aKTHUBa-
MU B TAMSITH MIPOTPAMMBI TPEOYETCSl HAKATUE KIIABUIIU Set);

* Eq. Distance — paBHOBECHOE pacCTOSIHUE MEXK]Iy aTOMaMH (T10-
CJI€ U3MEHEHMS 3HAYEHUSJISI €ro aKTUBAIUM B TMAMSTU MPOrpaMMBbI
TpeOyeTCcs HaKaTue KJIaBUIlU Set).

[TapameTpsl noTeHunana Mop3e, paccuntanubie MmetogoMm OOIID
JUISl HEKOTOPBIX BUJIOB CBSI3€M, MpeICTaBICHbI B Ta0I. 1.

Tabnura 1

Hapamempot nomenyuana Mopsze

Cs3b | &y, [k x10" ro, HM| W, cm | | Cessb £, JIK x10" ro, HM| W, cM |
Fe—Fe 1,089 0,268 | 1933 | Fe-Co 1,121 0,266 1224
Co—Co 1,154 0,257| 1025 | Co-Ni 1,170 0,261 973

Ni—Ni1 1,186 0,264 | 1477 | Fe-Ni 1,138 0263 1391
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4. Ha Bxiaake Visualization MOXHO 3aiaTh mapaMeTpbl 0ToOpa-
YKEHHUS DJIEMEHTOB (ITOPOOHOE OMUCAHUE HACTPOEK OMKCAHO B (hailie
CIIPaBKH).

5. [locne okoHYaHUSA KOH(MUTYPUPOBAHUS MPOTPAMMBI CO3AETCS
npoOHas1, ciydaitHass KoHpurypamus Haxatuem Run/Randomize, cm.
puc. 2.3.

) Nano Monte-Carlo v. 1.0001 RCL [

Analysis  Preferences Bun  Help

Puc. 2.3. Cnyyaitnas koHQUTypaius HaHOKJIacTepa U3 TPEX TUIIOB aTOMOB

Ecnu co3manHas koHUrypaiusi HE COOTBETCTBYET TPeOyeMbIM
napamMerpaM, TO CO3JaeTCs Cieayromas KOH(PUTYpalus MOBTOPHBIM
HaxkatueM Run/Randomize nu6o nepenmeHoBanueM (aiina log.txt
B (paitn Load.txt u mocnenyomuM peJakTUpOBAaHUEM KOOPIUHAT aTo-
MOB TIpH TIOMOIIM TEKCTOBOTO peaakTopa (OTKPBITH KaTajor TMpo-
rpaMMbl MOXKHO BbIOpaB M3 MeHIO KomaHay Analysis/Open; nis 3a-
MyCKa TEKCTOBOT'O pEIaKTOpa BOCMHOJb3YyHTECh IMYHKTOM MEHIO
Analysis/Editor unu nepeitnure B karanor Notepad++ karanora mpo-
rpamMmbl Nano Monte-Carlo u 3amyctute notepad++.exe).

Konduryparuio, ya0oBIETBOPSIONIYI0O BCEM TpeOOBaHUSAM, HEOO-
XOJIMMO COXpaHUTh B ¢aiine ¢ umenem Load.txt (ecnu koHpurypanus
co3naHa Haxxatuem Run/Randomize, To s coxpaHeHUs] KOH(pUTypa-
MK iepeuMeHoBbIBaeTcs daitn log.txt B Load.txt).

6. Jlanee 3amyckaeTcs MpOIECC MOJCITHPOBAHUS Ha)KaTHEM
Run/Start (mys1 BeIx0oAa M3 pacuera HEOOXOAUMO HaxaTh Run/Stop).
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Xon pacuera coxpansetcs B daiisie log.txt. [Tocie okoHYaHus pacueTa
aor-gaitn  (log.txt) TpeOyeTcss neperMMEeHOBaTh WM CKOIMHUPOBATh
B IpYroil Karajior, T. K. MPU MOBTOPHOM 3alycKe pacyeTa OoH OyJeT
nepe3anycaH.

7. Ilocine okOoHYaHUS pacyeTa U3 Jor-aijia MOKHO H3BJI€Ub XO/I
U3MEHEHHUS PHEPruu B Ipoliecce 3BOIONMU. J[Jig 3Toro HeobXoaumo
BbIMONIHUTL KoMmaHAay File/EnExtract u yka3ate chopMupoBaHHBIMI
nmporpaMMor B XoJie MojenupoBanus Jor-gain. Ilpu stom chopmu-
pyeTcs TEKCTOBBIN (haitnt (cM. puc. 2.4):

B -
1 LAya7 871082616085 ¥
2 Le4ay 87182616085 ’
3 22046 ,61148972085 ‘
L 22646 ,61148972085 *
5 22612 ,1659938574
1] 22550, 9449267889

FRP TR LN

Puc. 2.4. 3HadyeHre 3HEPTUU CUCTEMBI Ha KAXKJAOM IIare MOJICIMPOBAHUS

ITonydeHHbIN pe3yabTaT pabOThl MPOTPpaMMbl HYKHO CKOIHUPO-
Bath B OpenOffice Calc (wau apyryro mporpamMmy, MO3BOJISIONIYIO
CTPOUTH TpadUKN) IS TOCTPOCHUS TpapUIECKOM 3aBUCUMOCTH.

II1. ITpoBeaeHue TeCTOBOro pacyera

3arpy3ute KOHQUTrypalmoHHbIM (aitn calc.txt HaxaTuem
Run/LoadMultiple. JlosxkauTech OKOHYaHHS TTpoliecca MOACIUPOBAHUS
(umelTe B BUAY, YTO OTKJIIOYEHUE rpadUuecKoro 0ToOpaxeHus mpo-
1ecca MoJICJIMPOBaHMS MpU oMolu nepekatouaresns Enable on Timer
Visualization B pa3aene Preferences/Visualization cyimiecTBeHHO yBe-
JUYUBAET CKOPOCTH IpoIIecca).

[lepeBenuTe nporpaMMmy B IPYrod pexxuM paOOThl YCTAHOBKOM Iie-
pexmouarensi Correlation Mode B pasmene Preferences/Calculation
BO BKJIFOUEHHOE cocTosiHue. [I0BTOpHO mpoBeauTe MOJCIMPOBAHUE 3a-
rpy3Koi KOH(pUTypallMoHHOTO (haiina calc.txt.

[Io OKOHYaHUM MOJIEIUPOBAHUS 3AIMYCTUTE TEKCTOBBIA pPEHAK-
TOp, UCMOJB3Yya MyHKT MeHI0 Analysis/Editor, B okHe TekcTOBOrO pe-
JaKTOpa HAXXKMHUTE KOMOMHaIuio KiaBuil ctrl+O (OTKpbITh) U BhIOEpE-
te ¢aiin Log FelOCol0.txt, naxonsmumiics B kartanore Logs manku
c mporpammoit Nano Monte-Carlo. IToBropute onepanuio ¢ ¢aiaom
Log FelOColO l.txt.
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Ortkporite myHkT MeHto File/EnExtract. B otpeiBiIeMcs okHE BbIOe-
pute ainsl Log FelOColO.txt u Log FelOColO l.txt. Ortkpoiite
B TEKCTOBOM peaaKTope cchopMHUpPOBaHHbIE (haiis
En Log FelOCol0.txt u En_Log FelOColO l.txt.

Ilepeiinure Ha 3aknanky ¢aia En Log FelOCol0.txt B TekcTOBOM
penakTope, HaXXMUTE KoMOuHaIy kiaBuil ctrl+A («Bbeiaenuts Bcey)
uctrl+C («CkomnupoBathy). 3amyctute OpenOffice Calc, mocraBbTe
Kypcop B siueiiky Al, HaxmuTe komOMHanmio kinasuii ctrl+V («Bcra-
BUTBHY»). B OTKpbIBILIEMCS OKHE UMIIOpTa AaHHBIX HaxkMuTe «OK». Bbi-
JIEeNUTE TepBbie 2 cToJIONa U 3armycTuTe «Mactep auarpammy», HaKaTu-
eM KHomkH «Tun muarpammeny Beioepute «JInarpamma XY», HOKMUTE
«/lanee». Ha oTKkpbIBIIEMCS SKpaHE UCIIPABbTE IMAIIAa30H JIaHHBIX, €CIIN
HE00XO0MMO, U 3aTeM HaxMUTE «I 0TOBOY.

[IpaBoil KHOKOM MBIIIKKM HAXMUTE HA IMOSIBUBLICKUCA Auarpam-
Me U BbIOepuTe U3 MeHIO MyHKT «lIpaBka». 3arem mpaBoil KHOMKOM
MBI HAKMHUTE HAa OCU Y JUarpaMMbl, B BBINIAJAIOIIEM CITUCKE BbI-
oepute «Dopmat ocu» M mepernauTe Ha 3akianky «MacimrabupoBa-
Huey. [IpenBapuTenbHO CHSIB TajJO4YKU C IMYHKTOB «ABTOMAaTHYe-
CKW», OTKOppekTupyute noist «MuHumym», «Makcumym» u «Oc-
HOBHOU MHTEpBa», JJIs TOTO 4TOOBI JUarpaMMa umesia MnpeacTaBu-
TenbHbIM BUA. [IpaBoii KHONMKOW MBIIIKA Ha)XMHUTE HAa TOYKax Jva-
rpaMmbl U BblOepute «DopMat psjoB JaHHbIX». Ha Briaake «JIu-
HUS» PACKpPOWTE BBIMAMAIONIMNA CHUCOK «BbIO0Op» moiist «3HAa4doK»
U BBIOEpPUTE TOAXOIAIIUNA MapKep. AHAJOTHYHO TMOCTPOUTE Jaua-
rpammy 1is ¢daiina En Log FelOColO l.txt. IToctpoiiTe mapHbie
KOppeNaiuoHHble (YHKIUM H3ydaeMbIXx cucteM. [Ipoenute 00-
CyXJ€HUE MOJIYUYEHHBIX PE3YJIbTATOB.

IV. KonTpoJsbHbIE BONIPOCHI K JIA0OpaTOpHOIi padore 2

1. B yem 3akmrouaercs cytb Merona «Monre-Kapino» no anro-
putmy Metponosuca?

2. Kakne npeumymiectBa WU HEAOCTATKM HMeeT MeTon «MoH-
Te-Kapyo» 1o cpaBHEHHUIO ¢ METOJIaMU MOJIEKYJIIPHOW TUHAMUKU ?

3. Jlus pelieHusl Kakux 3aaad MpeaHa3HA4YeH MPOTPaMMHBIN MO-
nyiab Nano Monte-Carlo?

4. Kakue mapamMerpbl HQHOCHCTEM MO3BOJISIET MCCIIENOBATh IPO-
rpamMMHbIi Moayas Nano Monte-Carlo?
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AabGoparopnasa pabora 3
KoMniprorepHO€ MOA€AMPOBaHUE
IIPOIECCOB MAABACHUA HAHOYACTHII

I. Heab paGoTbl. BeionHEHNE KOMIIBIOTEPHOIO 3KCIEPUMEHTA
10 MOJICIMPOBAHUIO JUHAMUKHU IUIABJICHUS HAHOYACTUIL MPU MOMOIIA
nporpammel Fusion.

I1. ITopsanoK BBINOJIHEHUS PA0OTHI

TeMneparypa miaBieHHs — TeMIepaTypa, IpU KOTOPOH Kpu-
CTaJUIMYECKasi CTPYKTypa TBEPAON (pa3bl HCYE3aET U 3aAMEHSETCS
HEYTNOPSIIOYEHHBIM COCTOSTHUEM — KUAKoW ¢azon. [ns pacuéra
TEMIIEpaTyphl TUIABJICHUSI HAHOYACTHUI] PA3TUYHBIX (POPM M pazMepoB
UCIIONIb3yeTCa MOyJb Fusion.

1. 3amycTuTh mporpaMMHbii MoAyJsib Fusion. YkazaTe B moisix
IporpaMMbl HEOOXOUMBIE JaHHBIE JIJIsl pacyeTa:

1.1. BeiOupats popMy HaHOYACTHIIBI, TEMIEPATYPY IUIABICHUS
KOTOPOW HEOOXOJIMMO pacyuTaTh.

1.2. Yka3arb BBICOTY MOHOCJIOSI aTOMOB B CTPYKTYPE, B HAHOMETpax.

1.3. Yka3zate TemmnepaTypy IUIaBICHHS MACCHUBHOrO 00pasiia,
B rpaaycax KenbBuHa.

1.4. Yxa3ars mapamerp o 11 HAHOYACTHUIIBI 3aJJAHHOTO THUIIA.

1.5. Yka3aTh nuHeliHbie napaMeTpbl (GOPMbl HAHOYACTUIIHI.

[Ipumep ykazaHus mapaMeTpoB Ul pacu€ra TeMIIepaTyphl IIaB-
JeHus chepruueckoil HAHOYACTUIIBI PEICTABIICH HA puc. 3.1.

(1 Pacyer TemMnepatypel NAaEAEHNA |ﬂ|&]

BricoTa toHocnod [Hed) P oprda HAHOYACTHLE
0,204 @ Copepa

T.nn. meTanna (K] 7 Kyt

1340 (71 Mapannanenuneg
MNaparerp aneda () UpavHap
1.k

Faguyc HaHoYacTHULE! [Hrd]

(1 KoHyc
17 ["] Nocrpoerue rpaduka

T.nn. K =

o DK | x Cancel

Puc. 3.1. [TapameTpsl pacué€ra TemrepaTyphsl IJIaBJICHUS
chepruueckoil HAHOYACTHUIIbI
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2. Haxatp xHonky «OK» u 3anucars pesynbrar. Eciu HEo0Xo-
UM pacyeT ¢ BBIBOJIOM Ipaduka WM TaOJIMIbl 3HAYCHUM, HY>KHO OT-
MeTuTh onuuio «Iloctpoenue rpaduka» 1 B MOSABUBILIEMCS] OKHE YKa-
3aTh IIar pacyéTa U Ha4aJIbHYIO0 TOYKY (COOTBETCTBYIOIIYIO HCXOHO-
MY paJuycy HaHOYAaCTHUIIbI, CM. puc. 3.2).

" 3
(1 MocTpoeHwe rpaduka I.':' 2! |ﬁ|

[ Nokasate rpaduk

= }
(] Tafnuua sHaveHM
War

.

HavaneHan Touka
17

|“ MocTpoMTE | | CoxpaHuTE |

Puc. 3.2. Hactpoiika mapamMeTpoB mocTpoeHus rpaduka

Haxatp kHonky «Iloctpouth». IIpu BeiOOpe omnmwmii «Tabnuna
3HaueHui» U «llokazaTe rpaduk» B COOTBETCTBYIOIIUX OKHaX OTOO-
pa3uTcs TabiMia 3aBUCUMOCTH TEMIIEpaTypbl IJIaBJIECHNUS HAHOYACTHU-
bl OT €€ pa3mepa, a Takxke rpaduk 3Toil 3aBucumoctu. [Ipumep rpa-
duka nna chepuueckoil HAHOUACTUIIBI C 3aJ]aHHBIMU TMapaMeTPaMHU
IIPEACTAaBIIEH Ha puc. 3.3.

& oo BT
s e e e R e e e e i e oo 27 e P * S e
I e T
12004------- e BECEREY et e EEREEES: fommmne e RECEEEE oo R L e e T '
L e e e
o 1050 F------- e Lo S s e i i pei L B o e oS T it A i
2 : : ! ; ! . ! ! : ! : ; : ! :
m 1 1 ] ] Il 1 ] ] ] 1 1l 1 1 1 ] 1
= e e B e L e R EEE R EEEEEE R EEE e :
c i 1 1 1 i 1 1 1 1 1 1 i 1 1 1 Il
& : : ! ! ! : ! ! ! ; ! ; ! ; ! ;
[ e e P Lo S S i e el pe L Tl e et oS i i L i
e el s e s s ek e e S
e e e e e e e e ]
T e e e e et e e L e e

-
1 2 3 4 g 8 7 & 3 10 1 12 13 14 15 16
Pazmep, HM

Puc. 3.3. I'padpuk 3aBUCUMOCTU TeMIIEpaTypPhl IJIABJICHUS HAHOYACTHUIIBI
OT €€ pa3zMmepa
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3. PaccunraTh TemmepaTypy IUIaBISHUS 11 HAHOYACTHUIl, UMEIO-
IUX JPYTYyH0 reoMeTpuyeckyro dopMy (kKy0, mapamuieiaenunes, Iu-
muHAp, KoHyc). [IpuMep yka3aHus mapaMeTpoB IS ITUIHHIPHICCKON
HAHOYACTHUIIbI IPEJCTABIICH Ha puc. 3.4.

(I Pacyer Temnepatypel nAaeneHns

o 50

BricoTa mMoHocnoa [Hed)
0204

T.nn. reTanna K]
1340

F optda HAHOYACT WULEI
() Copepa

7 Kya

(71 Mapannenenunea

MapareTp aneda @ Lununap
15 () FoHuc
Faguyc uunuHopa [Hed]
17 [7] NocTpostue rpaduka
Sl L R T mn K =1310,31
10
W 0K X Cancel

Puc. 3.4. ITapameTtpsl pacu€Ta TeMIepaTypsbl IIaBICHHS
HUIMHAPUYECKOW HAaHOYACTHUIIBI

4. IIpoaHanu3upoBaTh MOJMYYEHHBIE pe3yabTaThl. Kak MeHseTcs
TeMIepaTypa IUIABJICHUAS HAHOYACTHUI[ B 3aBUCMMOCTH OT Ha4dallbHOM
dbopMbI yacTuilbl U €€ pazMepoB? Craenarh BBIBOABI IO MPOJISIaHHON
pabore.

II1. KoHTpOJIbHBIE BONPOCHI K J1Ia00paTOpHOM padore 3

1. JlaiiTe onpeneneHne TeMOepaTypsol IJIaBICHUS.

2. Ot kakux (pakTOpOB 3aBUCHUT TeMIIepaTypa IIaBJICHUS HAHO-
qacTuil?

3. B dyeMm 3akio4aeTcs CIOXHOCTb HCHOJIb30BaHUS (POHOHHOM
Mozaenu?

4. Yem OOBSICHSIETCA YBEIWUYCHHUE TEMIIEpaTypbl IUIABJICHUS Ha-
HOYACTHI] C YMEHBIIICHUEM UX pa3Mepa?
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AabGoparopnasa pabora 4
Amn3aiiH 1 IPOEeKTUPOBAHUE CAMOCOOPKH
1 CAMOOPTaHU3AIIUN HAHOKAACTEPOB
c nomouibio MoAyAd «Hanodpakrassm

I. eab padoTbl. BeIONHEHNE KOMITBIOTEPHOIO 3KCIEPUMEHTA
Mo Ju3aiiHy W TPOEKTUPOBAHUIO CAMOCOOPKH M CaMOOpraHu3alluu
HaHOKJIACTEPOB MEPEXOJHBIX METAJIJIOB IPYIINBI JKEJI€3a U YIJIEPO/Ia.

I1. ITopsinok BbINOJHEHHSI Pa0OTHI

JInst MoJienvpoBaHusl CaMOCOOPKM M CaMOOPTraHU3allMi HaHOKJIa-
CTEpOB CO3/IaH MporpaMMHbIA Moxynb «Hanodpakrans. s mpose-
JICHUS] KOMITBIOTEPHOTO JKCIEPUMEHTa HEOOXOAUMO OTKpPBITH (ailn
«Hanodpakransy B TabmuyaoM penakrope MS Excel, mpu sTom HEoO-
XOIMMO Pa3pelINTh MAaKpOCHl B HACTpoMKax nporpammel. Daitn conep-
UT HECKOJIbKO pabOYuX JIMCTOB, ONMKUCAHUE KOTOPBIX MPUBEJICHO HUXKE.

1. Onucanue Jucra «DLA & Relaxation»

.I:Z WHTES :hTI d II:TE! r._lE I'I.I:I dan FI;I Fr MTM ':,
_] [nepeonavanti; Jluct coctour
1$ R 13 TPEX OJIOKOB.
e e s o [1epBbiit 010K nHCTA
— | [FWiC0 aTpeTpOBARFLI STOWGE B FRACTEpe. MMEET Ha3BaHUE
«CuHTe3 Kiacrepa
10 aJITOPUTMY
HayaTb NpoUece arperaumum O A». UnmocTpa-
: LU HACTPOEK J1aH-
HOro OJIOKa mpe-
CTaBJICHA

Ha puc. 4.1.

cny4aiiHoe pacnpeneneHie aToMOB

COXpaHWTE B hain

|| u3sneus w3 hainna

E coxpannTe B hain cnyyaiHoe pacnpefeneHle 4yacThl

g COXPEHATE B ¢+al?1_r| CHUCTEMY arperTMpOBaHHBIX M
DNy AaKWKMY aTOMOB Ha KaHQ0M BREMEHHOM LUATE

Puc. 4.1. bnok «CuHnre3 knacrepa
no anroputmy OJ1A»

24



Knonka «CaydaitHoe pacrpenesneHue aToMOB» Heo0Xoauma
JUIsl YCTAHOBJICHUSI HAYAJIBHOTO IIEHTPA arperaiuv aToMOB U 3aJaHus
pasmepa obsnactu ans arperanuu. CoxpaHEHHUE CIy4allHOTO pacrpe-
JIeJICHUs] aTOMOB MPOUCXOIUT MPH BbICTaBICHUU (iiaxka « COXpaHUTh
B (haiin ciyyaitHoe pacnpeesieHue YacTUID.

Knomnka «Hauats npouecc arperauumn» HeoOXoauMa isl 3amycKa
nporiecca orpanuueHHon auddysueit arperamuu (OJIA) 10 MomeHTa
dbopMupoBaHus KiIacTepa ¢ 3aJlaHHBIM B TEKCTOBOM moJje «Hucmo ar-
PErMPOBAHHBIX ATOMOB B KjacTepe» 4yucia arToMoB. CTOUT 3aMETUTB,
YTO KJAacTep MOXKET COAEpKaTb M OOJbIIEE YHCIO aTOMOB,
T. K. HA OJTHOM IIIar€ MOJICJIMPOBAHUS MOKET MPOU30NTH arperanus
Cpa3y HECKOJIbKUX aTOMOB.

[Tpu BeicTaBieHuu ¢axka «CoxpaHsaTh B paiia cUCTEMy arperu-
POBaHHBIX U OMYXKJAIOIMIMX aTOMOB Ha Ka)XJOM BPEMEHHOM IIIare»
Ha KKJIOM BPEMEHHOM IIare MpOUCXOAUT 3amuch B (aiiia cUCTEMbI
atomoB. [lo okoH4YaHuU Tpoliecca arperaiuu cGOpMUPOBAHHYIO CH-
CTEMY aTOMOB MOKHO COXPAaHUTh MPU HAXKATUU KHONKHU «COXpaHUTh
B (Qaiim». Yxke chopMHUpOBaHHBIE CUCTEMBI AaTOMOB H3BJICKAIOTCS
U3 MaMSTH TIPU HaXKaThK KHONKU «M3Biieub u3 (paiinay.

Bropoit 610k HOcuT Ha3BaHue «Pacu€r pamumyca oOpe3aHus.
WnmrocTpanysa HacTpoOeK TaHHOTo OJI0Ka MpejcTaBiieHa Ha puc. 4.2.

paauyc ofpe3aHua

nepesod MacCHBa B NPOCTPAaHCTEEHHEIE KODDAMHATEI

COXPAHWTE B AN NpocTPaHCTEEHHEIE KOORAWHATEI

CO30aTh M COXPaHUTE MATRKULY CMERHOCTH

YUCNO MERATOMHLIX CBAZER

BHYTREHHAR 3HEQMMA KNacTepa

pacYET pasMepoB M rpadKy, obnacTu knacTepa

Puc. 4.2. brnok «Pacuér paanyca odpe3aHus»
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B TexcroBbix monsx «lloaronodyHnass koHcTaHnTa», «PaBHOBECHOE
pacctostHue», «I ' myOrHa sSIMbD» BBICTABJISIIOTCS MTapaMeTphl MOTEHIIUA-
na Mop3e mjist B3aMMOJCHCTBUSL MEX]Yy aTOMaMy HUKeNd. Temmepa-
Typa, IPU KOTOPOU MOJIEIUPYETCS MPOLECC, BHICTABIAETCS B TEKCTO-
BOM nosie « Temmneparypa nporecca, K».

[Ipun HaxkaTtuu Ha KHOTKY «Pamuyc oOpe3aHus» MPOUCXOAUT BbI-
YUCJICHUE 3HAYCHUS pajauyca oOpe3aHusi MpU 3aJaHHOW TeMIiepaType.
Haxatue kHonku «llepeBon MaccuBa B MPOCTPAHCTBEHHBIE KOOPAWUHA-
TbD» MPUBOAUT B JEHUCTBUE MOANPOTrPaMMy, PACCUMTHIBAOIIYKO KOOP-
JIMHATBI AaTOMOB, OCHOBBIBASICh HA Y>KE€ BBIYMCIICHHOM MAaCCUBE JIAHHBIX.

CoxpaHeHue pacCUYMTaHHBIX KOOPAMHAT MPOUCXOIUT MPU HAKATUU
Ha KHOTKe «COXpaHUTh B (pailyl MPOCTPAHCTBEHHBIC KOOPIUHATHI.

Haxxatnem kHonku «Co371aTh U COXPAHUTh MATPHUIy CMEKHOCTH
AKTUBU3UPYETCS TMOANPOrpamMMa, pPacCUMUTHIBAIOIIAA HAa OCHOBAHUU
3HAYEHUS pajryca oOpe3aHus U 3HAYEHUM MPOCTPAHCTBEHHBIX KOOP-
JTWHAT MATPUILY CMEXHOCTH.

Haxxatnem kHOmku «YuciI0 MEXaTOMHBIX CBSI3€H» BBIUMCIISICTCS
YUCJIO CBSI3€M, CYIIECTBYIOIIMX MEXKY arperipOBaHHBIMU aTOMAMU MPU
3a1aHHOu TeMrieparype. [Ipu HaxkaTny Ha KHONIKY « BHYTpEeHHss SHEprus
KJIACTEPA» MTPOUCXOIUT BBIYMCIIEHUE SHEPTUU CBA3€H BHYTPH KJIACTEPA.

Knomka «Pacu€r pazmMepoB u TpaHull 00JacTH KJIaCTepay CITYKHUT
JUJIS1 BBIMIOJIHEHUA pacu€éTa MUHUMAJIBHOTO U MAKCUMAJIbHOTO 3HAYEHUN
TPaHMI] ONITUMATIBLHOM 00IaCTH U pa3Mepa ONTUMAIIBHON 00J1acTH.

Tperuii 610Kk — «DHepreTuueckas pejakcalus Ipu 3aJaHHON
TeMrieparypey. MiumocTpamnus HacTpOeK JaHHOTO OJI0OKa MpescTaBiie-
Ha Ha puc. 4.3.

3IHEPreTMYecK: 17 NP 380,aHHOI TeMn

HAYaTE MPOLECE PENAKCALIMN

W3BNEYL NPOCTPaHCTBEHHEIE KOOPAWHATE M3 haina | {prk

W3BNeYs MaTpHLYy CMERHOCTH

Puc. 4.3. bnok «QHepreTudeckas pejiaKcaius
[P 3aIaHHOM TEMIIEPATYPEN»
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B texcroBoM none «Illar TpaHcisiuu, HM» BBICTABIISIETCS 3HAYE-
HUE Il1ara TPAHCJISIUA B HM, MIPU KOTOPOM OYyJIET MPOUCXOJUTH MPO-
1ecc MoAenupoBaHus. B TekctoBoM mose «I'pagueHT 3Heprum» Bbl-
CTaBJIsIeTCS] A0COJIFOTHOE 3HAYEHUE PA3HOCTH MEXKIY MOTEHIHATbHbI-
MU SHEPTUSIMU KJIACTEPOB HA COCEIHUX BPEMEHHBIX IIarax B (GhopMu-
PYEMBIX CHCTEMAX aTOMOB B IIPOLIECCE PEIIAKCALN, ITPU JOCTUKEHUU
KOTOPOT'0 ITPOLIECC PEITAKCALIMU 3aBEPILIUTCS.

BrictaBnenue draxkka «CoxpaHsATh Ha KaXJOM BPEMEHHOM Iliare
penakcanum» 00ecleuyrnBaeT COXPaHEHHE Ha KaXKJOM Iare MoJeJu-
pOBaHUs MPOCTPAHCTBEHHBIX KOOPAMHAT, MATPUIIBI CMEKHOCTH, YHC-
J1a CBSI3€U U BHYTPEHHEU YHEPIUH.

B TekcroBom mone «Bpemsi Hauana mpoliecca» OToOpaykaercs
BpeMs Hadajia MoJiesiupoBanusi. B TekcToBoM mosie «Bpems Tekyiiero
mpoiieccay OToOpa)kaeTcs BpeMs TEKYIIEro Imara MOJICIUPOBAHUS.
B texkctoBoM mnone «Homep artomay» oTOOpakaeTcsi HOMEp aToma,
IUIS KOTOPOTO MTPOU3BOAUTCA pacyeéTr. B TekcToBoM none «Hwucno aro-
MOB B KJIaCTEpe» 0TOOpa)kaeTcs YnCiI0 aTOMOB B CUCTEME.

Knonka «M3Bieub MpoCTpaHCTBEHHBIE KOOPJAWHATHI W3 (haiisiar
CIIY>KUT JIJISI U3BJICYEHUS] KOOPJAMHAT aTOMOB CUCTEMBI JIJI Ipolecca
penakcanuu. Knonka «/3Bieub MaTpuily CMEXHOCTHY IIPEAHAZHAYE-
Ha JJIs uW3BJIeUeHUs W3 (ailia co3JaHHOM MaTpHIbl CMEXHOCTH.
[Ipu Haxkatum kHOmKM «Hauare mporecc penakcauuu» HaYMHACTCS
pacyET pellaKCcalum.

2. Onucanue JUCTOB JJIM Pac4éra CBOMCTB
MO/IeJIMPYyeMOii CUCTEeMBbI aTOMOB

Ha mucre «D & t» Haxkatmem kHonku «®PpakrtaibHas pasMmep-
HOCTh Ha KaXJIOM BPEMEHHOM IlIare» OCYIIECTBISAETCS pacyeT
Ha KaXJ0M BPEMEHHOM IIlare caMocCOOpPKH U BBIBOAUTCS rpaduk 3a-
BUCUMOCTH.

Ha nucre «S & t» nipy Ha)kaTum KHONKHA «DHTPOMUS HA KaXIOM
BPEMEHHOM II1are» TMPOUCXOJUT BBIUKMCICHUE 3HAYCHHUI SHTPONUU
Ha KKJIOM BPEMEHHOM Illare caMOCOOpPKH M OTOOpakaeTcs rpaduk,
NpuyéM IPU aKTUBU3AIMHU NepekiroyaTens «BBoa yncia s4eek B ceT-
KE» MPOUCXOJUT Pacu€T HHTPONUU C YHUCIOM SUYEEK, YKa3aHHBIX
B TEKCTOBOM II0JI€, & MIPU aKTUBU3AIMU MEPEKIoYaTenss « ABTOMATH-
YECKUH BBIOOp 4YHCIA SYEEK» BBIUUCICHUE JYHTPOMUU IPOUCXOJUT
IIPU YUCJIE IYEEK B CETKE, BRIUMCICHHOM aBTOMATUUYECKHU.
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Ha mucre «E & t» Haxkatme KHONKM «BHYTpEHHSII SHEPIHs
Ha Ka)XJOM BPEMEHHOM IIare» akKTUBU3UPYET IMPOLECC pacu€ra dHEP-
MM CBsi3eil B cuctemMe atroMoB. [locne 3aBepiieHust pacuétoB oToOpa-
XKaeTcs TpauK 3aBUCUMOCTH.

Ha mucre «F & t» 3HaueHus CBOOOIHOM SHEPTUM CUCTEMBI aTOMOB
BBIUUCIISIOTCS MPU HaKaThuu KHOMKHU «CBOOOIHAsT SHEPIHsl Ha KaXIIOM
BpEMEHHOM miarey». [Ipu akTtuBmM3anuu nepekirodarens «BBopg uucna
SYEEK B CETKE» MPOUCXOIUT PACUET SHTPOIHH C YUCIIOM SYEEK, YKa3aH-
HBIX B TEKCTOBOM II0JIE, a MPY aKTUBHU3ALMU NEPEKIoYaTes «ABTomMa-
TUYECKUM BBIOOp YHUCIA SYECK» BBIUUCICHUE SHTPOIUU MPOUCXOIUT
IIPU YHCIIC SIYEEK B CETKE, BBIYMCICHHOM aBToMaTthuecku. Ilocie 3a-
BEPIIICHUS Pacu€TOB OTOOpakaeTcs rpaduKk 3aBUCUMOCTH.

Ha mucre «N & t» 3HaueHus 4ucia CBS3€M PACCUUTHIBAIOTCS
MIPU HAXKATUU KHOMKU «YHCIIO CBSI3€M Ha Ka)KJIOM BPEMEHHOM IIAre).
[Tocne 3aBepiiieHust pacu€ToB 0ToOpaxkaeTcs rpaduk 3aBUCUMOCTH.

Ha mucre «D & try» pacuér dpakranbHON pa3MEPHOCTH JIJIsi CUCTEMBI
aTOMOB Ha IlIarax MOJICIMPOBAHUS PEJIAKCAIIMA HAUYMHAETCS MPU HaXka-
TUU KHOTIKH «(paKTajbHasi pa3MEPHOCTh Ha KaXIOM IlIare pesiakcallum.
ITocne 3aBepiiieHus pacu€ToB 0TOOpakaeTcs rpaduk 3aBUCUMOCTH.

OHTpONUS CUCTEMBI aTOMOB Ha CTaJUM PeJIaKCallii PaCCUUTHIBACT-
cs Ha JICTE «S & tr» NMPU HAKATHH KHOMNKU «JHTPOIMHMS HAa KaXIAOM
BPEMEHHOM IIare penakcanuu». [Ipy akTMBM3aMM NEPEKIHOYATEINS
«BBoj uncna siyeeK B CETKE» MPOMCXOIUT PACUET SHTPOIMHU C YUCIOM
SYEEK, YKA3aHHBIX B TEKCTOBOM IIOJIE, a MPY aKTUBU3ALUU MEPEKITIOYa-
TeNsl «ABTOMATUYECKUN BBIOOp YMCIIA SYEEK» BBIYMCIICHUE SHTPONUHU
MPOUCXOJIUT TMPU YUCIIE SIYEEK B CETKE, BBIYMCICHHOM ABTOMATHYECKH.
ITocne 3aBepiieHus pacu€ToB oToOpakaercs rpadk 3aBUCUMOCTH.

DHEprusi CBA3EHU CHUCTEMBI aTOMOB B IIPOLECCE PENaKcaluu pac-
cuuThiBaeTcs Ha aucre «E & tr» npu HaxaTtnum KHONKU «BHYTpEHHsIS
DHEPrus Ha Ka)XIOM BPEMEHHOM IIare pesiakcanumn». [locne 3aBepiie-
HUSI pacu€TOB 0TOOpaxkaeTcsi rpad)uK 3aBUCUMOCTH.

CBoOojHas sHeprus Bbraucisiercss Ha jucte «F & tr» mpu Haxa-
TUU KHONKU «CBOOOJHAs 3HEPrus Ha KaXKIOM IlIare peliakCalum.
[Tocne 3aBepiieHus: pac4ETOB 0TOOpakaeTcs rpauk 3aBUCUMOCTH.

Ha mucre «N & tr» npm Haxkatun KHONKM «YHCHO CBA3EU
Ha KaXJOM BPEMEHHOM IIIAT€ PEJIAKCALMN» OCYIIECTBIAETCS Pacuér
YUCJa CBSA3EM Ha KaXXIoM Imare monennposanus. [locie 3aBepmenus
pacuy€ToB oToOpaxkaeTcs rpadk 3aBUCUMOCTH.
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3. Onucanne gucra «2D DLA»

JIuct «2D DLA» BBINOJHEH B BHUJE OTICIBHOTO IMPHIOKECHUS,
CITy>KallEero s BU3yaIM3alyy IIpolecca arperauuu aroMoB. Ero Bua
IIPEACTaBIEH Ha puc. 4.4.
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Puc. 4.4. Busyanuzauus arperaiiuv arToMoB Ha jucte «2D DLAy

Knonka «Cucrtema aTroMOB» CIYXUT JJi1 Hayajga OTOOpaKEHHS
CTPYKTYp caMOCOOpKH, C(POPMHUPOBAHHBIX I10 aJITOPUTMY OTpPaHUYCH-
HOM nuddy3ueit arperaiuu.

TexkcTtoBoe mojsie «Pa3Mep MOpOCTPAaHCTBA» OTOOPAXKAET YHUCIIO
KJICTOK COOTBETCTBYIOIIUX JIJTMHE KBAJIPAaTHON 00IaCTH.

TekcroBoe mnose «HavanpHBIM 1IAr» CIYXKUT 0 3aJaHUS
Ha4yaJbHOrO0 3HAYEHUS IIara MOJEIUPOBAHMS, C KOTOPOrO HEOOXOIU-
MO HAYWHATh BU3YaJIM3UPOBATH IIPOIIECC.

TexctoBoe mose «KoHeuHbId mIar» HEOOXOIMMO IJISI BHECEHUS
3HAYEHUS, COOTBETCTBYIOIIEIO KOHEYHOMY IIAry MOJICJIMPOBAHUS.
CnpaBa B CKOOKaxX BBIBOJUTCS OOIIEE YHUCIIO IIIAar0OB MOJICTUPOBAHMUS.

TekctoBoe mone «Mwms (haiimay mpenHa3HaueHO JJIi BHECCHHS
B HEro HaszBaHMs (haiiia, KOTOPbI HEOOXOIUMO M3BJIEKATh MPU BU3yaJIU-
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3aiuu. TexcroBoe mojie «IlyTh 1 uMs KaTaora» HeoOXOIUMO IS BBE-
JICHUS B HETO ajjpeca KaTajora, U3 KOTOporo OyayT W3BJIeUeHbI (Daiibl.

Crpoka «Illar moaenupoBaHus» BBITOJIHAET (PYHKIMIO OTOOpaxe-
HUSI HOMepa I1ara MOAeIMPOBaHUS T TEKYIIETo U3BJIeKaeMoro (aiina.

Onaxok «IIpo3padyHOCTh» HEOOXOAUM ISl IEPEKIIOUEHUS] 0TOO-
paXXeHHs aTOMOB B PEXHUM MPO3PAYHOIO BOCHPHUATHUS MMOBEPXHOCTEN
cdhep, a COOTBETCTBYIOIIAs 10JIOCA TTPOKPYTKH HEOOXOoauMa JUIsl Ba-
PBUPOBAHMS IMapamMeTpa nmpo3padHoctu ot 1 1o 0.

JIBe mosiockl MpOKpyTKU «Macirady npeaHa3HadeHbI IS U3Me-
HEeHUs MacmTada oroOpaxkaemoil cucteMbl. [losockl TPOKPYTKH
«1IBer ponay nmpeaHazHAUYCHBI 711 U3MEHEHUS OKpacku oHa 1o TPEM
OCHOBHBIM IIBE€TaM: KpacHbIi («R»), 3enéubiii («G»), cunuii («By).

[Tonocel mpokpyTku «lIBeT OMykKmaronux aTOMOBY» IpeaHA3HA-
YEHBI JJIsI U3MEHEHUSI OKPACKH OJTY>KJAIOIINX aTOMOB IO TPEM OCHOB-
HBIM I1BeTaM: KpacHbI («R»), 3enénpiii («G»), cunuit («By). ITomocs
npokpyTku «lIBeT arperupoBaHHBIX aTOMOB» TIpeJIHA3HAYCHBI
JUTSI UBMEHEHUSI OKPACKU arperupoBaHHBIX aTOMOB IO TPEM OCHOB-
HBIM IIBE€TaM: KpacHbIi («R»), 3enéubiit («G»), cunuii («By).

®daxxok «I'paHUIBI MPOCTPAHCTBA» HEOOXOJMM IPH BU3yaIU3a-
I BHEIIHUX rpaHull oToOpakeHus. dnaxok «I'paHuipr o0gacTu»
npeHa3HavYeH ISl 0TOOpaKeHUs TPaHMI] 00JacTH, B KOTOPOH Mojie-
JUPOBAJICS TPOIIECC.

[Tonocel npokpyTku «TpaHCHAMHU IO OCSIM» BBIMOTHSIOT (DYHK-
[0 CMEIICHUS CUCTEMBI 110 TPEM OCHOBHBIM KOOPJIUHATHBIM OCSIM.

DIAKKNA «X», «y» U «Z» CIyXaT JIJs BU3yaIM3allUd CHUCTEMBI
IIpU BpalleHun €€ BOKPYT OCEeW X, y, Z C BPEMEHHBIM HHTEPBAJIOM
cMmeneHus Ha 1 rpajayc yria, 3alaHHbIM B COOTBETCTBYIOIIEM TEKCTO-
BOM TI0JI€.

[Tonocel mpokpyTku «IlapameTpbl NpoOEKIUN» HEOOXOAUMBI
JUTsl BAPBUPOBAHUS TAapaMETPOB MEPCIEKTUBHONW MPOEKIMU OTOOpa-
KAEMOU CUCTEMBI.

4. Onucanue gucra «2D Relaxation»

JIuct «2D Relaxationy BBITIOTHEH B BHUJIE OTACIHHOTO MPUIIOKE-
HUs, CIYy’Kallero s BHU3yallM3alluy IIpoliecca pejakcanuu (ppak-
TaJIbHOTO KJactepa. Ero Bua npeacrasieH Ha puc. 4.5.
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Puc. 4.5. Busyanuzanus penakcanuu kiactepa Ha ucte «2D DLA»

Knonka «CucrtemMa aToMOB» CIY>KUT JJisI Hadaiga OTOOpa)KEHUs
CTPYKTYP, COOPMUPOBAHHBIX B IIPOIIECCE PETAKCAIIUH.

TexcroBoe mosie «Yucio aTtoMoB» OTOOpa)kaeT 4YKMCIO aTOMOB
B CHCTEME U 3aIlOoJIHIETCs aBToMaTudecku. TekcroBoe nosie «Havanb-
HBIN Iar» MpeHa3HAuYeHO JIJIs BBEJICHUS] 3HAUEHUSI I1ara MOJEIUpPO-
BaHUS, C KOTOPOI'O0 HAYHETCS MPOILIECC OTOOPAKEHUS CUCTEMBI AaTOMOB.
TexcToBoe nosie «KOHEUHBIN Iary» CIYyXKUT JJis BHECCHUS! 3HAUYCHUS
KOHEYHOro Iara mojaeianpoBanus. CripaBa B CKOOKax yKa3aHO 00Iee
yucio maroB. TekcTtoBoe nose «Mms daiinay 3amnonHseTcs aBTOMaTH-
4YeCcKM U OToOpakaeT ums (paiina, KOTOpbId ObUT 3aMucaH B MaMsTh
Py MOJICJIMPOBAHUU TIpoiiecca penakcanuu. TekcroBoe none «IlyTh
Y MMsl KaTajiora» MpeIHa3HA4eHO i BHECEHHUs ajpeca Karajora,
B KOTOPOM COXPaHEHbI CTPYKTYPHI.

Crpoka «Texkyuuii BpeMEHHOM IIar» oToOpa)kaeT mar MoJeu-
pOBaHMUS.

®dnaxok «IIpo3padHOCTh» HEOOXOIUM MJI MEPEKIIOYEHUS OTOO-
pPa)XEHUs aTOMOB B PEKUM MPO3PAYHOTO BOCIPUSITUS MMOBEPXHOCTEH
chep, a COOTBETCTBYIOIIAS T0JI0CAa MPOKPYTKH HEOOXodauMa JjIsl Ba-
pPBUPOBAHUS MMapaMeTpa mpo3payHoctu ot 1 go 0.

Knomka «Marpuiia CMEXHOCTH» HE0O0XOAWMAa JJisi BBIOJHEHUS
OTOOpa)keHUs CBsI3eBOro rpada Ha KaXKIOM M3 YKa3aHHBIX I1aroB MOjIe-
aupoBaHus. TekcTtoBoe mnosie «HavanpHbld 11ar» MpeaHa3HAYEHO
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JUTSI BBEICHUS 3HAUEHUs Il1ara MOJICIMPOBAHUS, C KOTOPOTO HAYHETCS
MPOLIECC OTOOPAKEHUSI CBSI3EBOr0O Ipada CHCTeMbl aTOMOB. TEKCTOBOE
nojie «KoHeuHbI# 11ar CIyKUT JJIsl BHECEHHUSI 3HAYEHHUs KOHEYHOT'O 111a-
ra moaenupoBaHus. CrpaBa B CKOOKax yKa3aHO YMCIIO OOILEe II1aroB.
TexcroBoe mone «Mms (haiina» 3armoiaHAETCS aBTOMATUYECKH M OTO-
OpaxkaeT ums (aiina, COOTBETCTBYIOLIETO MATPUIIE CMEKHOCTH, KOTOPBIT
ObLJI 3aMKCaH B IaMATh TIPU MOJICITUPOBAHUU TTPOIIECCa PETaKCaIiH.

Onaxok «CsizeBoil rpad» MNpeaHa3sHa4YeH IS MEePEKITIOYCHUs
BHYTPEHHHUX BBIYUCJICHUN HAa OTOOpaKeHHE CBSI3€BOro rpada u BbI-
CTaBJISIETCS aBTOMATUYECKHU.

[Tonoca mnpokpyTku lines mnpemHasHaueHa Jisi BapbUPOBAHUS
TOJIIIMHBI JTUHUHN B cBA3eBoM rpade. [lomoca npokpyTku points mpea-
Ha3HA4YeHa JJIsl BAPbUPOBAHUS Pa3MEPOB TOUEK B CBSI3eBOM rpade, co-
OTBETCTBYIOIMMX aTtomaM. [lomocel mpokpyTku «MacmTab» ciyxaT
IUIsl u3MeHeHus macitadba cucteMbl. [lonocsl npokpyTku «LBet dho-
Ha» HEOOXOJIUMBI Uil U3MEHEHHUs 1BeTa (JOHOBOUM 00acTH MO TPEM
OCHOBHBIM I1BeTaM. [lonocel mpokpyTku «lIBeT aTomMoB» mpeaHa3Ha-
YEeHBI JIJI1 U3MEHEHHUSI OKPACKHW aTOMOB CHUCTEMbl WJIM JIMHUM, TOUEK
B CBSI3€BOM rpade mo TpéM OCHOBHBIM IIBETAM.

dnaxok «I'paHUIlbl MPOCTPAHCTBA» HEOOXOAMM IPHU BU3yaIU3a-
MM BHEIIHUX rpaHull oToOpaxkeHus. dnaxok «I'paHuip o0gacTu»
NpeHa3HAYEH JJIsi OTOOpaKeHUsl TpaHUl] 00JacTH, B KOTOPOU Mojie-
JUPOBAJICS MPOIIECC.

TekcroBOe mMojie Xmin OTOOpa)KaeT MUHUMAJIBHYIO KOOPJWHATY
110 OCH X U OTOOpaxaeTcsi aBTOMAaTUYECKU. TeKCTOBOE 1oJie ymin 0To0-
pakaeT MUHUMAJIBHYIO KOOPAMHATY MO OCH Y U OTOOpakaeTcsi aBTOMa-
tudyecku. TekctoBoe mnosie «Pa3Mep o0iacTh» MOKa3bIBAET pa3MEpP MHU-
HUMAJILHOM 00JIaCTH, B KOTOPOUM MPOTEKAET N30XOPHO-U30TEPMUUECKUIA
MIPOLIECC PEIAKCAIIMH, U 3ATIOJIHIETCS] aBTOMATHYECKH.

[Tonocel npokpyTku «TpaHCHAMHU IO OCSIM» BBIMOIHSIOT (DYHK-
I[AI0 CMEIIIEHUSI CUCTEMBI IO TPEM OCHOBHBIM KOOPJAMHATHBIM OCSIM.

OnaxKku «X», «y» U «z» CIyXaT sl BU3yalu3alldd CHCTEMBI
IIpU BpaIlICHUU €€ BOKPYTI OCEHl X, y, Z C BPEMEHHBIM HHTEPBAIOM
cMelleHust Ha 1 rpaayc yria, 3aiaHHBIM B COOTBETCTBYIOIIEM TEKCTO-
BOM TI0JI€.

[Tonocel mpokpyTku «IlapameTpbl TPOECKIMU» HEOOXOAUMBI
JUISl BADBUPOBAHUS MAPAMETPOB TMEPCHEKTUBHOM MPOEKIIMU OTOOpa-
KAEMOU CUCTEMBI.
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II1. Beinio/iHeHHEe KOMIIBIOTEPHOI0 IKCIIEPUMEHTA
110 MPOECKTUPOBAHUIO CAMOCOOPKH U CAMOOPTraHU3 AU
HAHOKJIACTEPOB NEPEeX0AHBIX MEeTAVI0OB

Ocy1iecTBUM HEOOXOUMBIC PACUETHI HA CIICIYIONIEM ITPUMEDE.

1. Bemosaute cuate3 OJIA BUPTYyallbHOTO KJacTepa U TAJIbHEH-
iee KOMIBIOTEPHOE MOAEIUPOBAHUE MPOLIECCA PEITAKCALIMN CUCTEMBI
aTOMOB, 3aJ1aB KOHIICHTpalui atoMoB paBHyto 10 % npu pasmepe
obmactu 100x100 kieTok ¢ HavyanmbHBIMU KoopauHaTtamu (50, 50).

Penakcanuyio npoBecTH AJid Kiactepa, cocrosimiero u3 210 atomos,
BBICTABMB YMCJIO arpeTMPOBaHHBIX aTOMOB B Kiactepe paBHbIM 2 10.

BoictaButh (priaxkku «CoxpaHsaTh B aiia cUCTeMy arperupoBaH-
HBIX U OJYXKJIAIONIMX YacTHUI[ Ha KaXJIOM BpeMeHHOM Iare» u «Co-
XpaHUTh B Paiii ciydallHOe pacupeaeieHue YacTully. 3a1aTh Cilydai-
HOE pacupeaesiCHue aTOMOB U 3aIlyCTUTh IIPOLECC arpeTanyu.

[Tocne moctukeHust MO0 MPEBBIIICHUSI YUCIIA arperupOBaHHBIX
aTOMOB, PaBHOTO BBICTABJICHHOMY YHUCIy arperupoBaHHBIX aTOMOB,
IIPOLIECC arperalny MPEeKPaTUTCHL.

[IpousBecT BU3yalW3alUI0 TMOJYYEHHOM CHCTEMBI aTOMOB
Ha J11000M u3 maroB nponecca OJIA 1o B TeueHre BEIOPAaHHOTO UH-
TepBajia BPEMEHHBIX IIaroB ¢ MOMOIIbI0 ¢aiia «2D DLA.

2. Paccunratrh mapameTpbl K€ CHHTE3UPOBAHHBIX CHCTEM ATOMOB.

Ha mucre «D & t» mpousBecTu pacy€r 3HaUYeHHU (PpaKkTaIbHON
pasMmepHocTu. Ha mucte «S & t HE00X0IuMO ITPOU3BECTH BBIUMCICHUE
3HAYEHHUS SHTPONUM Ha KaxaoM mare. Ha mucre «E & t» mpoussectu
BBIUMCJIEHUE dHepruu cBsa3er. Ha mucre «F & t» ocyliecTBUTh Haxox-
neHue cBoooHo sHeprun. Ha mucre «N & t» mpoBectu pacu€T yucia
cBs3eil B kiactepe. [Ipoananu3upoBath rpaduku 3aBUCHMOCTH.

3. Ilepeiitu Ha muct «DLA & Relaxationy.

JI1s TOArOTOBKM CHUCTEMBI arperupOBAHHBIX ATOMOB K IOCIIENY-
IOILEMY TIPOLIECCY PENIaKCAllUh HEOOXOIMMO BBITIOJHUTH MOCIEI0BA-
TEJIBHOCTH CICAYIOLINX JICHCTBUN.

[IpousBecTtu pacu€t paguyca oopesanus npu temneparype 273 K,
BBICTABUB COOTBETCTBYIONIME 3HAYCHUS ApaMETPOB MOTEHIINAA.

N3Biieus (aiii KOHEUHON CTPYKTYpHI Ipoliecca arperaiuu ¢ Imo-
MoOIIbI0 KHOMKH «M3Bieub w3 (haitmay, 3a7aB B COOTBETCTBYIOIIEM
TEKCTOBOM I10Jie UM (paiiia cucTeMbl Ha KOHEYHOM IIIare mpoiiecca
OJA, nannpumep «DLA 251».
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[lepeBecT MaccHUB, COOTBETCTBYIOIIUN CHUCTEME OJTY>KIArOIIUX
Y arpeTUPOBAHHBIX AaTOMOB Ha KOHEYHOM IIIAre MOJCIUPOBAHUSA,
B KOOpAMHATHI U 3anoMHUTH B (aiin. IIpoBecTtn pacuer Marpulibl
CMEKHOCTH U 3aMcaTh B (hailll.

PaccunraTth 4nciio MEXKATOMHBIX CBA3€UM, BHYTPEHHIOIO SHEPTHIO,
BBIYMCIIUTH pa3Mepbl U TPaHUIIbI 00JaCTH KJIacTepa, HaXKaB Ha COOT-
BETCTBYIOIINE KHOIIKHU.

4. IIpomoaenupoBaTh MPOLECC HHEPTETUUYECKOM pellaKCcaluu
U 3aJlaHHON TeMIlepaType cleayromumM oopazom. Ha nepBom srame
OCYIIECTBUTh W3BJICUCHUE KOOPAWHAT W MAaTPHULBl CMEXKHOCTH
u3 QaitnoB. BeictaButh ¢iaxox «CoxpaHsaTh Ha KaXJIOM BPEMEHHOM
miare penakcauur». YCTaHOBUB Iar TpaHciasuud paBHbIM 0.1 HM
Y TPAJAUEHT SHEPTUH CXOIUMOCTH pesyiabprara paBHbIM 0.01 HM, me-
PEUTH K MOJEIIMPOBAHUIO MPOLIECCA PEIIAKCAIUH.

Ha kaxmoM BpeMEHHOM Iare oTtoOpakaeTcsi BPEeMEHHOM IIar,
HOMEP aTOMa U €ro KOOPJUHATHI, BHYTPEHHSA SHEPIrUsl, BpeMs Havala
Ipolecca U TEKyliee BpeMs mara MojennpoBanus. Ha kaxmaom Bpe-
MEHHOM IIare MpOUCXOAUT COXPAaHEHHE KOOPAMHAT, MAaTPULBI CMEX-
HOCTH, YUCJIa MEKATOMHBIX CBSI3€M U BHYTPEHHEN SHEPTHMU.

[Iporecc penakcanuu OyAeT MPOJOJDKATHCS JO TEX MOp, TMOKa
Pa3HOCTh MEXKJIYy ABYMsI 3HAUYCHUSIMH SHEPIrUM KJIacTepa HE CTAHET
MEHBIIIEN YKa3aHHOTO 3HAYCHUS TPAJUEHTA YHECPTUH.

[Ipon3BecTn BU3yaN3alUIO MTOJYYEHHOU CUCTEMBI aTOMOB U CBS-
3eBOro rpada Ha JIro00M M3 IIaroB Mpoliecca pejakcaluy Moo B 1ua-
MMa30HE IIAroB MOAEIMPOBaHUs. PaccunTarh mapaMeTphl YK€ CHUHTE-
3UPOBAHHBIX CUCTEM aTOMOB.

5. Ha mucte «D & tr» paccuutarh 3HaueHUs] (paKkTaIbHOW pa3-
MEpPHOCTH W TpoaHaIu3UpoBaTh Tpaduk 3aBucuMoctd. Ha mucre
«S & tr» paccuuTaTh 3HAYEHUS SHTPOIIMM U MPOAHAIU3UPOBATH I'pa-
¢uk 3aBucumoctu. Ha nucre «E & tr» paccuuTaTh 3HaY€HUS SHEPTUU
CBsSI3e W TpoaHanu3upoBaTh rpaduk 3aBucumoctd. Ha mucre
«F & tr» paccunTarh 3HaUYC€HUSI CBOOOHOM YHEPTUU U TTPOAHATUUPO-
BaTh rpaduk 3aBucumoctu. Ha nucte «N & tr» paccunTaTh 3HaYCHUS
4uCia CBI3€H U MpoaHaIu3upoOBaTh rpapuk 3aBUCUMOCTH.

6. BBIMOMTHUTE MOJEIMPOBAHUE PENAKCALIMU IIPU TEMIIEPATYPE
500 K.

[Tepeiitu Ha muct «DLA & Relaxation». OcyiiiecTBUTh U3BJICUEHUE
KOOpJMHAT U MATPHUIbl CMEXKHOCTU U3 (hailIoB U MPOU3BECTH MOJICIIU-
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poBaHue mporiecca penakcanuu npu tremneparype 500 K, 3agaB manHoe
3HAUEHUE TEeMIEpaTypbl B TEKCTOBOM mojie «TemriepaTypa mpoiiecca,
K» u npousBens pacu€r pamuyca obpesanus. [IpousBectu Bu3yanu3a-
IIMI0 TIOJIyYeHHOW CHCTEMbI aTOMOB M CBSI3€BOTO I'pada B JMAMa30HE
1aroB MOJCJIUPOBAHUS, IPOU3ZBECTH BBIUUCIICHUS MTAPaMETPOB.

7. BBIOMHUTh MOJIETMPOBAHUE peaKkcaluy TpU TeMmIepaType
1000 K.

[epeittu Ha muct «DLA & Relaxationy». OcyiiecTBUTh U3BJICUEHHUE
KOOpPAMHAT U MATPHUIbl CMEXKHOCTU U3 (aillioB U MPOU3BECTH MOJIEIIU-
poBaHue mpoiiecca penakcaruu npu temmneparype 1000 K, 3anaB nan-
HOE 3HAUYEHHE TEMIIEpaTyphl B TEKCTOBOM noJjie «TemriepaTypa npouec-
ca, K» 1 mpousBens pacu€r paauyca oopesanus. [Iponssectu BU3yaiiu-
3alldI0 TIOJyYEHHOM CHCTEMBbI aTOMOB M CBSI3€BOTO rpada B auarna3oHe
1aroB MoAeupoBanus. [Ipon3BecTy BEIYKCIICHUS TAPAMETPOB.

8. BBIMOTHUT, MOJEIMPOBAHUE PEJIAKCALUMU TMPU TEMIEpaType
1500 K.

[lepeiitu Ha muct «DLA & Relaxation». OcyiiecTBUTh U3BjICYE-
HUE KOOPJIMHAT U MAaTPHUILIbI CMEXKHOCTH U3 (hailJIoB U TPOU3BECTH MO-
JIeIMpOBaHUE Mmpoliecca penakcanuu npu temmeparype 1500 K, 3agas
JAHHOE 3HAYE€HUE TEeMIIepaTypbl B TEKCTOBOM Imoje «TemmepaTrypa
npoiiecca, K» u npoussens pacuér paauyca odpeszanus. [Ipoussectu
BU3yaIu3allMi0 TOJYYEHHOM CHUCTEMbl aTOMOB M CBsI3eBOro rpada
B JIMANa30HE IIarOB MOJECIUPOBAHUSI.

[Ipou3BecTu BBHIYUCIICHUS MAPaMETPOB, ClIE€NaTh BBIBOJA O BIIMS-
HUU TEMIIEPATYpPhl HA XOJ1 MPOLECCa PETaKCALINH.

IV. AHaiu3 pe3yibTaToB KOMIILIOTEPHOI'0 IKCIIEPUMEHTA

B xone ananmmu3za pe3ysnbpTaToB pabOThI HEOOXOIMMO YOEIUTHCS
B CJICAYIOIIEM.

1. IIponecchl penakcanu CUCTEMbI aTOMOB HHUKEJS HUAYT CaMO-
MIPOM3BOJILHO, YTO CIEYyeT U3 3HAUCHUN CBOOOTHON SHEPTUH.

2. IIporiecchl caMOCOOPKH U PENaKCcaIlMM COMTPOBOMXKIAIOTCS CHIKE-
HUIEM SHTPOIIHAH, YTO YKA3bIBAET HA IIPOLIECCHI YIIOPSAAOUYEHHUS B CUCTEME.

3. B nporieccax caMocOOpKH U pejakcalid cCUcTeMa aTOMOB Tie-
pexoauT B 0ojiee HEPAaBHOMEPHOE M KOMIIAKTHOE COCTOSIHHE B MpPO-
CTPAHCTBE, MPHU ATOM 3HaUeHUE (paKTaTIbHONW Pa3MEPHOCTH CHUKAET-
Ci, 4YTO MO3BOJISICT CBA3aTh OTPHUIATEIBHBIM TPAgUCHT 3HAYCHUU
C MPOIIECCAMU CAMOOPTaHU3AIMH B CHCTEME.
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V. KoHTpOJIbHBIE BONPOCHI K J1adopaTopHOi padoTte 4

1. Ha xaknx OCHOBaHHUSIX NMOATBEPKIAACTCS CaMOIPOU3BOJIBHOCTD
MOJICJIUPYEMBIX TTPOIIECCOB?

2. Kak 3aBHUCAT 3HaU€HHS CBOOOIHON SHEPTHU OT TEMIIEPATYPHI?

3.UYeM mNOATBEPKIACTCS HAJIWYME INPOLECCOB YIOPAIOYCHHUS
B CICTEME aTOMOB?

4. YeMm BBI3BAaHO M3MEHEHHUE 3HAYCHMU (hpaKTaabHOW pa3MEpPHO-
CTH Ha IMOCJIE/IOBATENBHBIX IIarax MOJICIUPOBAHUSA?

5. C kakoW BEIMYHMHOM MOYKHO CBSI3aTh Pa3JIMYHbIE 3aBHCHUMOCTH
YKCIIa CBA3EU OT IIAaroB MOJICTIMPOBAHMS NIPH PA3IIMYHBIX TEMIIEPATYPAX?

AabGoparopuasa pabora 5
CamocOopka u camoopraHu3anya HEPABHOBECHBIX IeAeH
HAHOYACTHII C IIOMOIIbI0 MoAyAsA «HaHodpakTassm

I. lleab pabGoTbl. BeINmoHEHHE KOMIBIOTEPHOTO 3KCHEPUMEHTA
CaMOCOOpPKHM M caMOOpraHu3allii HEPaBHOBECHBIX T'eJIel HAHOYACTHII
¢ nomo1bio Moayis «Hanodpakraib.

I1. ITopsa0oK BBINOJHEHUS PA0OTHI

Jlist MmosienupoBaHus caMOCOOPKUA U CaMOOPTaHU3alMK HEPABHO-
BECHBIX TE€JIE HAHOYACTHI] CO3JaH MPOrpamMMHbIA MOayJb «HaHo-
dbpakTans». Anroput™M (GOPMUPOBAHUSL arperatoB MPEACTaBICH pa3-
HOBHUJIHOCTBIO MOJIeNId KiacTep-kiaactepHou arperanuu (KKA): mo-
nenb AU y3MOHHO-KOHTPOIUPYEMON KIIaCTEpP-KJIACTEPHOW arpera-
uuu (DLCA).

Jlisi mpoBeJieHHsT KOMIBIOTEPHOTO ASKCIEPUMEHTAa HEOOXOIMMO
OoTKpbITH (haitnn «Hanodpakranen B TabinuHoM penaktope MS Excel,
IpU 3TOM HEOOXOJUMO pa3pelIuTh MaKpoChl B HACTPOMKAX MpOrpam-
Mbl. D]l COIEPKUT HECKOJIBKO pab0OYUX JIUCTOB, OMTMCAHUE KOTOPBIX
IIPUBEICHO HUXKE.

1. Onucanue gucra «CCA 3D»

JIaHHBIA JIUCT COAEPKUT OCHOBHBIC TapaMeTphl, YCTaHABIIMBAC-
MbI€ TIpU MOJICTMPOBAHUU TIporiecca camocOopku. Bua nucra npen-
CTaBJICH Ha puc. J.1.

36



@ Microsoft Excel - HaHDa:!.'r:‘

% daiin  Mpaska Buwa Beraeka ©opmat  Cepewc  JdadHele  54R  COkHo  Cnpaeka -

b4
¢ Arial Cyr =10 | XK & U | = E@% 00 %8 5. Oy @

AHTE - e DACCAL

ﬁﬂqt!ﬁﬁdﬂIL!hL|HH¢H'qIjﬂWMMMMMHHHﬂﬂﬂﬂﬂﬂﬂHﬂﬂﬂﬂﬂﬂﬂHEIEHHEdfidﬂdﬁﬂdﬂfidﬂddﬂdﬂddﬂddﬂddﬂﬁﬂﬂﬂﬂﬁﬂﬂﬁﬂz‘

SR e e Y

Houx dhatina s s

CCA LR 202

|

CCA 162

crny4aiiHoe pacnpefeneHie YacTuL TEA =

| CCA A% %

CCA 5% A3

nepeMelleHre knacTepoB CCas™: 30
3 i i CCA T 26
CCA 8% 23
CCA %%
CCAID?:
CCATTY
CCA 2%
CCale
CCAla%:
CCA13%:
CCA TS

it

‘
!

m

i

CCA 1T

CLA LR

[CCATE:

CCA %

COXpaHWTE B haiin : LA

CCA L%

CCAT:

WM3BNeYys W3 hanna TeAT

CCA X%

o s | il s el ol ] e | el ] i ] | ni v B A ]

CCA 26%

= COXpPaHATE B 13N No KOHYaHWW npouecca CCA X%

CCATE.:

. ] CCA T

CCA 0%

B el La| 8 b s

ppakTansHas pasMepHotTE CCA 3%

CCAS%

CCA 3% 3] 5

WHpopmauma LedHoHa

CCA S

CCA 3%

CUA 6%

el B cox paHATE B daiin Ha KaxgoM BpeMEeHHOM Luare

CCAI S 3

CCA3R%:

EE A ‘g ) 1
MOCTROWTE rpafivkl 3aBHCUMOCTH CCA 407 i
CLAZDY: p

M 4 » MNCCA3D,//D&t/I&Et/Pi&t/PI&C/ PI&CDACIRE / i il
loToso MLIM

Puc. 5.1. 3aganue mapamMeTpoB caMOOpPraHU3aIMy KjiacTepa
Ha qucte «CCA 3Dy

TexcroBoe mnone «KoHueHTpamus dYactuil, %» HEOOXO0AUMO
JUTSl BHECEHHSI B HETO 3HAYCHHS MEPBOHAYATBHON 00BEMHOM KOHIICH-
Tpanuu 4dactull. Haxkatuem kHomku «CiydallHOE pacmpeiesiCHue 4da-
CTUI» 3aIlyCKAETCS MPOLIECC paCIpeaeeHuss 4acTull B 00bEMeE Mpo-
CTPaHCTBA B XaoThueckoMm mnopsanke. [lpm Haxkatum xHOmKu «llepe-
MEIICHUE KIIACTEPOB» HAUYMHAETCS IMPOLECC XAOTHYECKOrO IepeMe-
IMICHUSI KaK OTJEIbHBIX YaCTHIl, TaK W KJIACTEPOB, (POPMHUPYEMBIX
B XOJI€ IIpoIiecca.
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B TekcToBOM nosie « BpeMeHHO# 1m1ar» mpoucxXoauT 0ToOOpakeHue
mara mozaenupoBaHus. TexkctoBoe mosie «Hucio MoHOMEpPOB» TOKa-
3bIBAET KOJIMYECTBO MEPBOHAYAIBHO 3aJaHHBIX YACTHUI] U UX KOJIMYE-
CTBO B XOJ€E IPOBEACHUS ISKCIIEpUMEHTa. TekcroBoe mnojie «Hucio
KJIACTEPOB» IMOKAa3bIBAECT OOIIEE YUCIO KJIACTEPOB Ha KAXKIOM Bpe-
MEHHOM Iare mnpouecca. TekcroBoe moiie «KoHeuyHOe 3HaueHHe»
oTOOpakaeT MPUCBOECHHOE 3Ha4YeHUE C(HOPMUPOBAHHOIO arjomepara
U CBA3aHO CO chenuuKorl anropuTMoB mojenupoBanus. Craguu
npoiiecca oToOpaxxkaroTcsi B TEKCTOBOM MoJjie «CTaauu MpoIecca.

CoxpaHeHue B TEKCTOBBIN (aiil 1 U3BJICUEHHUE U3 TEKCTOBOTO (paii-
Ja KOOpPAMHAT YacTUI] KOHEYHOM CTPYKTYpPbl OCYIIECTBIISIETCS
npu HaxaTUM KHOMOK «CoxpaHuTh B Qaitim» u «M3Bneub u3 daiinay.
[Tone «IlyTh 1 Ha3BaHUE MANKW» ONPEACIISAET aIPEC COXpaHEeHus (aiina.

ABTOMaTHYECKOE COXpaHEeHUE B (DA Ha KaXKJIOM BPEMEHHOM I11are
OCYIIECTBIISIETCS MpU BbICTaBlIeHUU (rakka «CoXpaHsATh Ha KaXIIOM
BpeMeHHOM Tmare». CoxpaHeHue B (Dailyl KOHEYHOM CTPYKTYphI OCY-
IIECTBIIICTCS TpU BbICTaBiieHUU (iiakka «COXpaHUTh MO OKOHYAHUU
nporeccay. Pacu€r 3HaueHus1 PpaKkTaIbHON pa3MEepHOCTH OCYIIECTBIIS-
€TCs IPU HaXKaTUX KHOTIKU «DpakTainbHas pazMepHOCcTh». MHpopmariys
[IlenHOHA N1 KOHEYHOI'O arjoMepara YacTUIl PacCUUTHIBACTCS IPU
Haxatuu Ha kHomke «Mudopmarus Illennona». [lpu aTom Ha nmcte
«P1& C, D & C, I & C» orobpaxkaercst 3HaueHue uHdopManmu Ilen-
HOHA M YaCTOTHOCTH BEPIIMHBI TOI'O WJIK UHOTO TUIIA.

[Ipu nHaxatnu kHOMKU «llocTpouth rpaduku 3aBUCUMOCTH
Ha mucte «P1 & C, D & C, I & C» oTobpaxaroTcs 3HaYE€HHUS 4acTOT-
HOCTeH, (¢pakTasbHOM pasMepHocTd W uHpopmaruu IllenHona
JUISL KQKIOM KOHIIEHTpalMu 4acTull (pyu HakaTuu KHomku «Hantu
MaKCUMaJlbHOE 3HAaY€HHE WH(POpMaNUU» MNPOUCXOJUT BBIYUCICHUE
U BBIJICJICHUE MaKCUMaJIbHOTO 3HaYeHus1 nHpopManuu [1leHHoHa).

2. Onucanue JUCTOB JJM pac4éra CBOMCTB
MO/IeJIMPYyeMOi CUCTEeMBbI aTOMOB

Ha nucre «D & t» B COOTBETCTBYHOIIMX TEKCTOBBIX IMOJAX 3a]1a-
I0TCSl UMeHa (paiina, KaTajaora U 3Ha4€HHE YMCJIa BPEMEHHBIX I1aroB.
[Ipu nHaxkatun kHONKU «DpakrainbHas pa3MEPHOCTh HA KaXXJIOM Bpe-
MEHHOM IIIare» MPOUCXOAUT pacuéT 3HAYCHUU (PpakTaibHON paszmMep-
HOCTH CHUCTEMBI YACTHUI[ Ha Ka)XJIOM BPEMEHHOM Iare MOJECIUpPOBa-
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Hus. Ilocie oToOpakeHUs: pacCUMTAaHHBIX 3HAYEHUM MPOUCXOJUT TO-
cTpoeHHe Ipadrika 3aBUCUMOCTH.

Ha nmucte «I & t» B COOTBETCTBYIOIMIMX TEKCTOBBIX MOJISX 3aj]a-
I0TCS UMeHa (paiiia, KaTajgora U 3Ha4€HUE YKCJIa BPEMEHHBIX I11aroB.
[Tpu Haxxatuu kHonku «MHpopmanus [lleHHOHA Ha Ka)XA0M BpEMEH-
HOM IIIare» MPOMCXOAUT pacuét 3HaueHuil mHopmaruu IllenHoHa
CHUCTEMBI YaCTHIl HA KaXKJIOM BPEMEHHOM Iare mojenupoBanus. [1o-
cJie OTOOpaKEHHsI pACCUUTAHHBIX 3HAYCHUM MPOUCXOIUT MOCTPOCHUE
rpadyka 3aBUCUMOCTH.

Ha nucte «P1 & t» B COOTBETCTBYIOIIUX TEKCTOBBIX MOJISIX 3a]1a-
I0TCSl UMEHa (paiiia, KaTtajora U 3HaUY€HHUE YKCJia BPEMEHHBIX I11aroB.
[Tpu Haxxatun KHONKKU «HacToTa IMOSIBJICHUS BEPIIWH HA KaXKJI0M Bpe-
MEHHOM IIIare» MPOUCXOJUAT PACUYET 3HAUYCHUN YACTOT MOSBICHUS
BEPILMH JJI1 CUCTEMBbI YaCTHI] HA KaXXJIOM BPEMEHHOM IlIare MOJIEIIN-
poBanus. [Ipu 3TOM MakcuManbHbIE 3HAYEHUS BBIICISIOTCS PAMKOM,
a B JIEBOM CTOJIOLIE 0TOOpaXKaeTcsi YUCIO MAKCUMYMOB.

Ha mucte «P1 & C» B COOTBETCTBYIOIIEM TEKCTOBOM IIOJIE 3aja-
eTca uMs 1 aapec karaiora. [Ipu HaxaTtnn kHonku «YHacrtora nosiBie-
HUSI BEPUIMH MPU KAXKJIOM 3HAYCHUW KOHIICHTPAIIMHA YaCTHUID» MPOHUC-
XOIUT PAaCyE€T 3HAYEHUM YACTOT MOSIBIICHUS BEPIIUH ISl CUCTEMBI Ya-
CTHUII JUIsl KaxKJ10i KoHIeHTpanuu yactuil oT 1 % mo 100 % c marom
B 1 %. IIpu 3TOM MakcHMalbHbIE U MUHUMAJIbHBIC 3HAYCHUS BbIJIC-
JSI0TCS paMKamMu. B J1eBbIX KpalHHUX CTOJ0IaX OTOOpakaeTcsl KOJIU-
YeCTBO MaKCMMyMOB U MUHHUMYMOB. Huke oToOpaxkaroTcsi 3HaUeHUS
MacCMBOB MaKCMMyMOB U MHHUMYMOB: () 000O3HA4aeT OTCYTCTBHUE
DKCTPEMYMOB, | — MakcCUMyM, 2 — MHUHUMYM.

3. Onucanue gucra «3D CCA»

Jiuct «3D CCA» BBINOJHEH KaK OTIEJIbHOE MPUIOKEHHUE, CITy-
xKaree i1 TPeXMEpPHOW BU3yalu3alluu mpoiiecca camocOopku ppax-
TaJIbHOTO KJactepa. Ero Bua npeacrasieH Ha puc. 5.2.

Knonka «Buzyanmuszanusi CTpyKTyp» OpedHA3HAYECHA IS W3BIIC-
yeHus (aiyioB ¢ MOCIEIYIONIeH BU3yalu3alueil CTPYKTyp, CUHTE3U-
pPOBaHHBIX MO aNropuT™My AUGP(HY3MOHHO-OIPAHUYECHHON KJlacTep-
KJIacTepHOM arperamuu. TexkcToBoe mnojie «HavaapHbIN 1mary» HE00Xo-
MO U1l BHECEHHSI HOMEpPA I1ara MOJAECIUPOBAHUA, C KOTOPOTO HAYH-
HAETCA MPOLECC BU3yAIM3alluu cUCTEMBbI. TekcTtoBoe mone «Koneu-
HBIA IIar» MPEeIHA3HAYCHO [UIA YKa3aHWs IIara MOJCIUPOBAHUS,
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Ha KOTOPOM HEO0OXOJUMO OCTAHOBHUTH MpPOIECC. TEKCTOBOE IOJe
«Mmsa daiina» cIyXUT Jyisi BHECEHUS B HETO MMEHHM BBI3BIBAEMOTO
daitna. TexcroBoe nosie «IlyTh U UMs KaTajora» CIyKUT JJIs yKa3a-
HUSI UMEHHM JIMCKA U KaTaJlora, I/I€ pacloJIOKEeHbI (Panbl.

3D Ccca E=SNEEEC
EM3UANMSALMA CTRURTYD | fl
1 HaYaneHBIA Wwar
261 KOHEMHBIA LLar
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Puc. 5.2. Tpexmepnasi Bu3yanuzaius caMmocOOpPKH KilacTepa
Ha jucte «3D CCA»

Crpoka «lllar MoaenupoBaHus BBITOIHAET (PYHKIIMIO OTOOpaKe-
HUS HOMEpa IIara MOJACIUPOBAHUS BHU3YAIU3UPYEMOM CHCTEMBI.
[Tpu BoicTaBieHnn ¢uaxka «lIpo3padHocTh» crcTeMa YacTul] 0ToOpa-
KaAETCsl B JOJSAX mpo3padyHocTH OT 1 10 0 ¥ BapbUpPyeTCsl COOTBETCTBRY-
folel 1mosiocoi mpokpyTKu. [Ipu BeicTaBieHnu axka «Tomomgoruye-
CKuii rpad» cucTeMa BUyalIM3UPYETCsl B BUJIE TOMOJIOTHYECKOTO Tpada.

[Tomoca npokpyTku lines mnpeaHasHaueHa [Ji1 BapbUPOBAHUS
TOJNIIMHBI JIMHUWA B TomojiorudeckoMm rpade. Ilomoca mpokpyTku
points npeaHa3HauYeHa JJIsl BApbUPOBAHUS PA3MEPOB TOUYEK B TOIOJIO-
TUYECKOM rpade, COOTBETCTBYIONMIMX YacTulaMm. [losiockl mpoKpyTKH
«Macmtady» ciaykaT JJIsl ”3MEHEeHHS MaciiTabda CUCTEMBI.

®dnaxok «I'paHUIlBI TPOCTPAHCTBA» HEOOXOAUM MPU BU3yaIn3a-
IIMA BHEIIHUX TpaHuI] oToOpaxkeHus. diaaxok «I'paHHIbl 00acTH
npeHa3HavYeH ISl 0TOOpaKeHUs TpaHMI] 00J1acTH, B KOTOPOH Mojie-
JUPOBAJICS MpOIIeCC.
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[Tonocel pokpyTku «LIBeT GoHa» HEOOXOAMMBI JJII U3MEHEHUS
nBeTa (OHOBOW 00JIaCTH MO TPEM OCHOBHBIM IBeTaM. [losockl mpo-
KpyTku «l[BeT wacTuiy npeaHa3HAYEHbI ISl NK3MEHEHUSI OKPACKH 4Ya-
CTUIl CTPYKTYpbl WJIM JIMHUH, TOYEK B TOIOJOTHYECKOM Trpade
10 TpEM OCHOBHBIM LBeTaM. [lonmocel mnpokpyTtku «TpaHcusuuu
IO OCSIMY» BBITIOJIHSIIOT (PYHKIIMIO CMEIICHUSI CUCTEMBI TIO TPEM OCHOB-
HBIM KOOPJIMHATHBIM OCSIM.

DHakKA «X», «y» U «Z» CHYXaT U BU3yaJIU3allUM CHUCTEMBI
IIPU BpaIllEHUH €€ BOKPYr OCEH X, Y, Z C BPEMEHHBIM HMHTEPBAJIOM
cMenleHus Ha | rpagyc yrnia, 3aJJaHHBIM B COOTBETCTBYIOIIEM TEK-
CTOBOM IIOJIE.

[Tonocel mpokpyTku «llapamMeTpbl TPOEKIMK» HEOOXOTUMBI
JUISl BADHUPOBAHUS MAPAMETPOB TMEPCHEKTUBHOM MPOEKIIMU OTOOpa-
KAEMOU CUCTEMBI.

II1. Boino/iHeHHEe KOMIIBIOTEPHOI'0 IKCIIEPUMEHTA
10 caMOCOOpPKe U CAMOOPTraHU3ALNH
HEPABHOBECHBIX I'eJie HAaHOYACTHUIL

1. ITpoBeCTH KOMIBIOTEPHBIA CHUHTE3 JJI CTPYKTYpPhI MPHU KOH-
ueHTpauuu dactun 2 %. s 3Toro B COOTBETCTBYIOIIEM TEKCTOBOM
M0JI€ BBECTH 3HAYEHUU KOHIICHTpaluu. BrICTaBUTH Giiaxku it co-
XPaHEHHs] CUCTEMBI YAaCTHUI] HA KaXJO0M BPEMEHHOM IIare M mo OKOH-
YaHWU IIPOIIECCa.

2. Ha nucre «D & t» mpoBectn pacu€T 3HaueHUi (hpakTaibHOM
Pa3MEpPHOCTH Ha KAXKJOM IIare MOAECIUPOBAHUS U MPOAHAIU3UPOBATH
rpaduk.

3. Paccuurars undopmanuio IlleHHOHa Ha KaXXJIOM IIare MoJie-
JMPOBaHMS, UCIIOJIB30BaB BO3MOKHOCTH JincTa «I & t». [Ipoananusu-
poBaTh rpaduk 3aBUCUMOCTH.

4. BbIlUMCIUTD 3HAYECHUS YAaCTOT BEPIIMH HA KaXJOM IIare MoJie-
nupoBaHusi Ha nucte «Pi & t». IIpocnenuTs W3MeHEHUE BEIMYKHbBI
MaKCUMyMa U €ro MPUHAJIEKHOCTh TOMY WJIM UHOMY THUITY BEPIIIUH.

5. [lepeting na muct «Pi & C», paccuuTaTh 3HAYEHUS YaCTOT
BEPIIMH JIJISI CTPYKTYP Ha KOHEUHBIX IIarax MOJCIUPOBAHUA IPU pa3-
ar4HbIX KOoHIEHTpausx oT 1 % no 100 % c uatepanom 1 %.

6. [Tepeittu Ha muct «CCA 3D» u, HaxaB Ha KHONIKY «[locTpouts
rpadguku 3aBucumocTtu», Ha aucte «P1 & C, D & C, I & C» npoana-
JU3UPOBATh BBIYUCIIAEMBIE JIAHHBIE U COOTBETCTBYIOIINE rpaduKku 3a-
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BUCHUMOCTH. HailiTm MakcuManbHOE 3HaueHHe WH(OPMAIMM U COOT-
BETCTBYIOIIYIO €1 KOHIIEHTPAIIHIO.
7. BuszyanusupoBats npotecc camocoopku B daiine «3D CCA».

IV. Ananu3 pe3yJibTaTOB KOMIIBIOTEPHOI0 IKCIIEPUMEHTA

B xozae aHanuza pe3ysbTaTOB pPadOThI HEOOXOIUMO YOETUTHCS
B CJICJTYIOIIEM.

1. BoIsiBJIeHBI Y€ThIpE THUIIA HAHOCTPYKTYP Ha OCHOBAaHUM MPUH-
[[MIIa CUTHATYPhI U YaCTOTHI PACIIPEICIICHUS BEPILIHH.

2. CHmKeHue 3HaYeHuM (pakTabHOM pa3MEPHOCTH B Mpollecce
caMOCOOPKH yKa3bIBa€T Ha MEPEXO0J CUCTEMbI YacTHIl B OoJjiee IIIOT-
HOE PacCIIOJI0KEHNE B IPOCTPAHCTBE.

3. IloBeimenne 3Hauenuit nHpopmanuu IlleHHOHA B mporiecce ca-
MOCOOPKH yKa3bIBa€T Ha 00pa3oBaHuE 00siee CTAOUIBLHBIX CTPYKTYP.

4. CTpyKTypbl, CHHTE3UPOBAHHbBIC NP 3aJaHHBIX KOHIEHTPALUSIX
4yacTul, 00J1aJal0T MaKCUMaIbHBIMU JTM00 MUHUMAaJIbHBIMU 3HAYCHU-
smu uHdopMmanuu IlleHHOHA, 4TO CBA3aHO C BHICOTOM MHKa rpaduka
pacrnpeesieHus: 4acToT.

5. YBenuuenue (QpakTanbHOM pasMEpPHOCTH TMPU YBEIUYCHUU
KOHIIEHTPAILIMM YaCTHUIl CBSI3bIBACTCS C 00JIee TIIOTHBIM PACIOI0KEHHU-
€M YaCTHI] B IPOCTPAHCTBE.

V. KoHTpOJIbHBIE BOPOCHI K JIa0OpPaTOPHOM padoTe 5

1. KakoBO KOJIMYECTBO THIOB BEPIIWH, PA3TAYAIOIINXCS YHCIOM
COCEJIeH, B pacCMaTPUBAEMbIX MOJICIUPYEMBIX CHCTEMAX?

2. CKOJBKO THUIIOB CTPYKTYpP BBIJICJICHO Ha OCHOBAaHUU YHUCJIA MH-
KOB Ha rpaduke pacrpeiesIieHUs: 4acTOT?

3. Ompenennure, Kak HW3MEHSETCS COCTOSHUE CHCTEMbI YaCTHIL
B TEUCHHE ITpoIlecca caMOCOOPKH, UCXOA U3 3HaUYCHUI MH(popmaIu
[IlenHOHa U PpaKkTAIHLHON Pa3MEPHOCTH.

4. KakoBsl 3aBucuMoctu undopmanuu lllennona u ¢pakranbHOM
Pa3MEPHOCTH OT HAYaIbHON KOHIEHTPALUU YaCTHUIL?
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