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AaGoparopHasa padora 1
Amn3aiiH 1 IPOEKTUPOBAHUE CAMOCOOPKH
1 CAMOOPTaHU3AUN HEPABHOBECHBIX HAHOCHUCTEM

|. lleas paGoThl. B X0/1€ BBINOJHEHUS] KOMIIBIOTEPHBIX KCIIE-
PUMEHTOB IJIAHUPYETCH:

- HAUTH XapakTepHble (OPMBI CTAIIMOHAPHBIX HEPABHOBECHBIX
HaHOKJIacTepoB ¢ ['TIK-TumoM aToMHOM YIMaKOBKH B Pa3IMYHBIX TEM-
IePaTypHBIX pekUMax caMoopraHu3anuu (Ha mpuMepe HaHOKIacTepa
Ni17,);

- BBIIIOJIHUTh 110 aHAJOTUU pacyeT M aHalIu3 pe3yIbTaToOB
s cuctem ¢ OLIK ymakoBkoii (Ha mpuMepe HaHoKiIacTepa Feigg);

- OCYILIECTBUTh MOJIEIIMPOBAHUE MIPOLIECCOB CTPYKTYPHOU PEOPraHu-
3alMM HAHOKJIACTEPOB C MOJIHOM IMEPECTPOMKON THUIIA AaTOMHOW KyKJIaJ-
ku» B cucreme (Ha mpumepe ['TIK — T'TIY npeBparieHuii HUKes).

I1. Ilopsinok BeINOJIHEHUS PA0OTHI

1. 3anycrute mporpammy NanoEvolver. Tlpu HeoOXoauMOCTH
PacCIoJIOKUTE OKHO MPOTPaMMbI Ha JKpaHE TakK, YTOObI OOECIICUUTH
cebe ya00CTBO BHIMOTHEHUS HHCTPYKIUI B okHe NanoEvolver.

2. OOpatuTe BHHU-
MaHHE Ha KOMaHIy
Index wmenro  Help
(cm. puc. 1.1). Dra ko-
MaHma (a Takke Ha3Ha-
YEHHAs €U «ropsyas»
kiaaBuina F1) oTrkpeiBa-
eT oOIee CTaHJIapTHOE
PYKOBOJICTBO MO padboTe
C IIpOrpaMMaMu CEMEM-
crea NanoEvolver.

[Tpu HEoOxoaUMO-
CTH TIOTIBITANTECh 00pa-
TUTBCSI K CTAHJQPTHOMY
PYKOBOJICTBY TI0 pabote
C IpOorpaMMOW U HaWTH
WHTEPECYIOIIYIO BaC WH-
dopmaruro.

Puc. 1.1. HavaneHbIM BUJ TJIaBHOT'O OKHA
nporpammbl NanoEvolver. Beinenena
xomanja Index u3 mynkra Help
TJIABHOTO MEHIO



3. 3arpy3uTe W3 BHEIIHEro (Qaijga MOJEIb CTPYKTYpbl KyOuue-
CKOT'0 KJIACTEpa HUKENS. 3arpy3ka OCYIIECTBISETCA MOCPEACTBOM KO-
manel Load structure... u3 menro File. B nuamoroBoM OkHE OTKpPBI-
Tast  (Qaima  HaiauTe  AupekTtopuro Structures u B HeW —
darin Nil72_cube.hin (cm. puc. 1.2). Haxmure B auanore KHOIKY
«OTKpBITH.

Puc. 1.2. Bei6op cTpyKTypBI TSl 3aTpy3KU
B IMAJIOTOBOM OKHE OTKPBITUS (paiiia

Buumanmue! ITo ymonganuto NanoEvolver ucrionb3yer rpagosoe
NPEJICTABICHUE CTPYKTYp, OTPHUCOBBIBAs TOJILKO pedpa rpada (Mex-
aTOMHBIC CBSI3HM), Ha MEPECCUCHHHM MU KOHIIAX KOTOPBIX HAXOIATCS
BepuIuHbl rpada — sapa aTomMoB. [ KOMITAKTHOCTH XpaHEHUS
Ha aucke HIN-¢aiiasl MeTamuyeckux CTpyKTyp (THIa KjaacTepoB HH-
KeJisl) ¥ HEKOTOPBIX JIPYTUX COACP)KAT MH(POPMALIMIO MOIbKO O KOOP-
ounamax si0ep amomos 9acTUllbl. B CBSI3M ¢ 3TUM OOCTOSTEIBCTBOM
nocJie 3arpy3K CTPYKTYPbI KJIacTepa HUKeJS BHEIIHUI BHJ OK-
Ha MporpamMMbl He U3MeHsieTcs. J[1 Bcex MHBIX ciaydaeB rpad cBs-
3eM OTPHUCOBBIBACTCSA JIMHUSMU B TPEXMEPHOM BUPTyaJIbHOM pabodem
POCTPAHCTBE.

4. BezoBute komanmy Graph... 3 mento View. 3anaiite paauyc
OOpe3KH, 3aBEJOMO TMPEBBIMAIIINN PACCTOSHUE MEXAYy HauOosee
yAaJICHHBIMU aTOMaMu B CTpykType, Hanpumep, 1000000 ay. s ato-
ro B osie Maximum sseaure 1000000, 3atem BBeaure 1000000 B mo-
ne Exact value u odsi3aTenbHO HaxkmMuTe ENter mist npuMeHeHus u3-
meHenuii (cMm. puc. 1.3). IIpu 3ToM B IJITaBHOM OKHE JOJIKEH OTPHCO-
BaTbCS NOJHBLI 2pagh HAHOCTPYKTYpPHI. 3akpoiite okHo Graph maxartu-
eMm kHomku OK.



Puc. 1.3. Oxno «Graph» u 3amanue pagnycoB 00pe3Ku

5. Jlna ¢uxcupoBanus rpada BbBoBUTE Komanmy LOCK graph
n3 MeHIo Edit 1 B oTBeT Ha 3ampoc 0 MOATBEPKIACHUN HAXKMHTE Y €S,

6. CmeHute crnocod MNpPeNCTaBICHUS CTPYKTYpbl € TpadoBOTO
Ha mrapoBoe. Jlms 3toro wm3  MeHIO VIEW  BBI30OBUTE KOMaHIY
Performance... u B MOSBUBIIEMCS OJHOUMEHHOM OKHE BBICTABBTC
HACTPOWKHW, Kak TokazaHo Ha pwuc. 1.4. Tlomynkom Sphere
radius 3ama¥iTe sxemaeMbIil pagnyc aTOMOB-cdep.

Puc. 1.4. Oxno «Performance»
nu YCTaHOBKa I_HapOBOPO l'[pCI[CTaBJ'ICHI/IH MOJICIIN

/. Pactionoxxute MOJEIb Ha SKpaHE TakK, 4YTOObl OOECIICUUTH
ya00cTBO ee 0030pa. Mcnosnb3yiiTe KIaBUIIIN:
«—1|— 1 BpaleHuss MOJIeU B IPOCTPAHCTBE
Insert/Delete — mi1s npubimmkeHus/oTaaNeHHS;
Page Up/Page Down — 1t mepeMenieHust 0 BEpTUKAIIH,
Home/End — ny1s mepemernieHus o ropu30HTaIH.
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Puc. 1.5. Bux Mmoaenu Hanokmactepa Hukens Nij7, B okae NanoEvolver

8. YkazaHnue mapamMeTpoB IOTCHIIMAIOB, a TaK)Ke HEKOTOPBIX BaK-
HBIX OIIUHM KM IapaMEeTPOB, BIHUSIOIIMX Ha XOJ paCUeTHOM IPOIEIYPHI,
IPOM3BOJIUTCS B JUaoroBoM okHe Settings (cm. puc. 1.6), BBI3BaTh KO-
TOPOE MOYKHO C TIOMOIIILI0 KOMaH bl Set parameters... merro Edit.

Puc. 1.6. /IlmanoroBoe OKHO BBICTABJICHUS OIIIIHM
Y MMapaMeTpOB NOTEHIIMATIOB

YcraHoBuTe mapamMeTphsl, Kak Moka3zaHo Ha puc. 1.6. ITapamerpsr
MEKAaTOMHBIX TOTEHIIMAJIOB BBEAUTE JIMOO BpPYy4YHYIO, JUOO HakaB



Ha kHomTKy Load parameters..., 3arpy3uTe 3TH JaHHBIC U3 BHEUTHETO
datina mapameTpoB Potential _params.txt, KoTopslii pacHoI0KeH B TOM
K€ TalKe, YTO M 3arpykeHHas CTpykTypa. Haxxartuem KkHor-
ku OK 3akpoiite okHO Settings ¢ mpuMeHeHneM BCeX U3MEHEHUH.

9. CoxpanuTte oTdeT BO BHemHeM (aiine. (1 3TOro BBI3OBHTE
KoMaHIy Save report as... u3z mento File. Ykaxkure myTs U pasymHOe
umst  (aitma (manpumep, Nil72Init.htm), nHaxmuTe «CoXpaHUTHY.
NanoEvolver coxpanseT oT4eThl B yJ00HOM (popMaTe THIEPTEKCTa,
MOKETE ceiuac MPOCMOTPETh COXPAHEHHBIN Ha TUCKE OTYET, UCIOIb-
3ys JII00OW yCTaHOBJIEHHBI Ha KOMIIbIOTEepe Opaysep. AHanu3upys
oT4yeT, 00paTUTE BHUMAHKUE HA €IUHULIBI U3MEPEHUS U TIOPAIOK BEJIH-
ynH. He 3akpbiBaiiTe MOKa OTKPBITHIA OTYET.

10. Bepautech k okny NanoEvolver. BreimonauTe oneHKy OJimxk-
HEro MopsKka B HAuyaJbHOM HIEaNbHOW CTPYKType HAHOKJIACTEPA.
HadvanpHble XapakTepUCTUKH (HAIpUMEp, Pajnyc MEpPBOW KOOPIUHA-
ITMOHHOM Cdepbl) KIacTepa COOTBETCTBYIOT TaKOBBIM TSI MAaKPOCKO-
nugeckoro oobemHoro kpucramia Ni. OueHuTh OMVKHUN MOPSIOK
MO3BOJIICT TMAapHasl KOPpeNAlHOHHas (YHKIUS, WIM paavalibHas
¢ynkmus  pacnpenencans §(R). CpemcrBa pacueta W IMOCTPOCHHSI
¢ynkun g(R) nocrymubl npu BbI3oBe komanabl Radial distribution
function... u3 mento Analysis (cm. puc. 1.7).

Puc. 1.7. Panuansnas QyHKIus
pacrpeiencHus «uaeaabHOro» HaHokmacrepa Hukems Nijz,



W3navaneabie HacTpoiiku okHa Radial distribution function tpe-
OYIOT KOPPEKTUPOBKM B KOHKPETHOM paccMaTpuBaeMoM ciydae. Bee
OIIIMU AOCTYIIHBI JJIsI K3MEHEHUS Ha TIaHEIU CIipaBa OT rpaduka.

A. YcraHoBuTe mepekiodarens System dimension B mosoxe-
Hue 3D, eciu oH HaxoauTCs B Apyrom mojoxkeHuu. Pacder QyHK-
uu §(R) oTimuen 111 00BEMHBIX M, CKaXKEM, IIOBEPXHOCTHBIX CTPYK-
Typ B CHIy BXOXJeHHUs B BeIpaxkeHue it §(R) mMakpockommueckoi
IUIOTHOCTH. H3MEPSACTCS COOTBETCTBEHHO ILIOTHOCTH B 00BeMe (p)
uiu B cioe (o).

b. YcranoBute B nosie Max R »xenaemoe paccrosinue, T. €. nuana-
30H, B KOTOpOM OyJEeT MOCTPOEH rpaduk paauaibHON (QYyHKIIUU pac-
npeaeneHusi. OT 3Toro OyAeT 3aBUCETh, CKOJIBKO KOOPIWHAIIMOHHBIX
chep OyaeT 3aXxBayeHO MPHU MOCTPOCHUH.

B. 3amaiite B moisie BBoga AR mrar Mexay TOYKaMH IIPH pacueTe
GyHKIMM. YUuThIBas paBHOBecHYO JuuHY cBs3u Ni—Ni B HaHOKIIA-
crepe (5.23 ag), unatepBan B 0.2 ag ABISETCS BIIOJHE JOCTATOYHBIM,
KakK MokaszaHo Ha puc. 1.7.

I'. Haxxmure kHonmky Apply 1 mpuMeHEHHs HM3MEHEHHBIX
HacTpoek u mepecuera rpaduka. [Ipu HEOOXOAMMOCTH MOXKETE TO-
AKCIIEPUMEHTHUPOBATh C HACTPOUKAMHM [JISl TIOJYYEHHUST MaKCUMAaJIbHO
OTUETIMBOrO TMpeacTaBieHus rpaduka. OUEHUTE OCTPOTY ITHUKOB,
cAenaiTe BBIBOJl O CTEIEHU pa3dpoca JUIMH CBSA3EH U CTENEHU PETy-
JSPHOCTH UJICAUTBHOW HAYaIbHOW CTPYKTYPHL.

HakatneM Ha KHONKYy Save image... coxpaHuTe rpapuaeckoe
M300paKeHUE MJI MOCIEAYIONIETO CPABHUTEIHLHOTO aHalli3a. 3aKpoii-
te okHo Radial distribution function.

11. Packporite Mento Edit rmaBHoro okna nmporpamMmMel NanoEvolver
u BeIOepuTe MyHKT EVOlve. JlaHHas KoMaH/a 3aImyCKaeT BBIYUCIUTEIIh-
HYI0 MOpPOUEAYPY MOACIUPOBAHUSA CAaMOOPIaHHU3AlMU HCCIIETyEMOM
HaHOCHUCTEMBI. Pe3ynpTaToM Mpoleaypbl CaMOOpraHU3alluu SIBISETCS
HE 00f3aTENIbHO HAWHUBIIEE IO JHEPTrUU COCTOSHHE HAHOKIIACTEpa,
a HAIIPOTUB — HEPABHOBECHOE, HO CTAIIMOHAPHOE COCTOSIHHE, CaMo-
HO/ICPKUBAFOIIEECS Ha MPOTHKEHUH OOJIBIICH YaCTH SBOJIIOIHH.

[To 3aBepmieHMM MEPBOM MPOLEAYPHl PACUETOB OICHUTE BU3Y-
aJTbHO M3MEHEHHUs], MPOU3OIICANINE B T€OMETPUN HaHOKJIacTtepa. Ot-
MeThTe (3aIIOMHUTE WJIU 3aIIUIIUTE) TCKYIIHE 3HAYCHUS TTOJTHON DHEP-
TUU CBSI3U U rpajiueHTa 3Hepruu. Mudopmanuo o0 3TUX mapaMmeTpax
MOJKHO BHJIeTh B okomike Report (puc. 1.8).



Puc. 1.8. OkHO ¢ KpaTKUM OTYETOM IPHU 3aBEPILICHUU
pacyeTHOM MpOoLEAYPHI

HekoTopbie [OMONHUTENbHBIE JTaHHBIE JOCTYMHBI MPHU BHI30BE
«opicTporo» oruera Edit— Total energy and total bonds
u Edit — Calculate contributions. B okne Settings ycraHoBuTe MEHB-
miee ynciao urepanuid (Hampumep, 1000) v mporoHuTe MOMOIHUTEIIH-
HBIM pacdeT. CpaBHUTE HOBOE IMOJYUYCHHOE 3HAUCHHUE DHEPTUU CBS3HU
¢ mpeapiaymuM. [Ipomomkaiite 10 Tex mop, mMoka JUHAMUYECKUE Ta-
paMeTphl KjlacTepa He HayHyT COBEpIIaTh MEJIKOMacIITaOHbIe (DIyK-
Tyalliy OKOJIO CTaI[MOHAPHOTO 3HA4YeHHs (OOBIYHO TpEX — IISATH ThI-
CsIY MTepallfii OKa3bIBaeTCs JIOCTATOYHO). Eciiu B pe3ynbrare moBTOp-
HBIX Pacu€TOB 3HAYEHUS YHEPTUU U TPATUCHTA MEHSAIOTCS MaJio, MOXK-
HO TIEPEXOUTH K CIEIYIONMEMY IIary.

12. Utak, BaMH TOJIy4eH MPOAYKT HU3KOTEMIIEpATypPHOU caMoop-
raHu3alyy MeTanyeckoro Hanokiaactepa Niq7,. Mccnenyiite hopmy
Kiactepa. UTO BBl MOXETE€ CKazaTh II0 TOBOJIY HETUITUYHOCTHU
WM, HAIPOTUB, TPUBUAIILHOCTU TakoW (hOpMBI OpraHM3aIuu KjacTe-
poB? Kak u3MeHUJICS XapaKTep YMaKOBKHM aTOMOB Ha MOBEPXHOCTHU
HAHOYACTHUIIBI 0 CPAaBHEHUIO C TEPBOHAYAIHHBIM HEPABHOBECHBIM
HecTanmoHapHbIM  coctostHueMm? Coxpanute otuer (File — Save
report as...), HazBaB (¢aiin, Hapumep, Nil72_100K.htm. Hccnenyiite
OTYEeT W MPOBEIUTE CPAaBHCHHE C JAHHBIMU MEPBOHAYAIIBHOTO OTYETA.
Mornu Obl BBl ONpPEACIUTHh IO pe3ysbTaTaM CBOUX HaOJIOJACHUMH,



CPaBHUTEJILHOIO aHaliu3a M KaKUM-TO WHBIM (OPMAJIbHBIM IpPU3HA-
KaM, 4TO IPOUCXOIUIIO 8 YeloM C KIACTEPOM IO MEPE IBOTIOLINH?

13. ITocTpoiiTe MapHYIO KOPPEIAIUOHHYO (GYHKITHIO
(Analysis — Radial distribution function...) m1a «duHAITBHON»
CTPYKTYpPhl HAHOKJIACTEPA, UCIOJB3Ys T€ K€ HACTPOWKH, UTO U MPEXK-
ne. Uto BbI MOXET€ CKa3aTh O PETYJIAPHOCTH YMHaKOBKH aTOMOB
B CTPYKTYpE€ CTallMOHAPHO-HEPABHOBECHOTO aTTpakTopa? Jlns cpas-
HEHUSI MOXKETE OTKPBITh paHee COXpaHEHHOe H300pakeHue rpaduka
GYHKIIMK U1 HA4aJIbHOTO COCTOSIHUS. Eciu OTBIEYbCs OT HAHOCKO-
MAYECKUX pa3MEpoB 00pasiia, MOKHO JIM TOBOPUTHb O MPUCYTCTBUU
B Ipefieax JOCTYMHBIX KOOPAMHAIMOHHBIX cep mopsiaka, mogo0Ho-
ro TAKOBOMY B Kpuctayuie? M 3To CTpyKTypa «KBa3UKpUCTAIITIa»?

14. CoxpaHurte Ha JUCK pE3yJIbTAaT CBOMX PACUETOB — CaMy MO-
nenb HaHokmacrepa. s sroro u3 mento File BeI3oBHUTE WHCTpPYK-
1y Save structure.... B mosiBuBIIIEeMCsl 1UajJOrOBOM OKHE COXpaHe-
HUs (dailia yKaKUTe TMOHATHOE WMS, HampuMep, Kak WU IS oTde-
ta, Ni172_100K.hin, a u3 BhImajgaroiero crucka Tuma ¢aiiia BbIOe-
pute HC files (*.hin) [empty graph] (cm. puc. 1.9).

Puc. 1.9. Coxpanenne Mozenu HaHoknactepa HUKes Nijz,
C yCTBIM rpadoM CBsA3EH

15. Cnenyrolieit 3aj1aueii BO3bMUTE TOBTOPUTH PacyeT IO aHaJIO-
MU C OPEAbIIYIIMM, HO B BRICOKOTEMIIEPATYPHBIX YCIOBUSIX 3BOJIIO-
1uu. [ToBTOpUTE B TOYHOCTH miard 3—/ BBIIIE, MOCJIE YEro BBHI3OBU-
Te OKHO ycTaHOBKH TapameTpoB Edit — Set parameters.... Jlns sxo-
HOMHUH JIA0OPATOPHOTO BPEMEHU BHaYaje ObICTPO PacIljIaBUM IOJHO-
CThI0 HAHOKJIACTEP B YKECTKUX YCIOBHSX, T. K. MOCIEIOBATEIbHbBIN
pacyeT Mpu KyMEPEHHO BBICOKHX» TeMIIepaTypax norpedyeT OoJblie-
ro BPEMEHU JJIsl MOJyYEHHUsI MPAKTUUECKU TOTO K€ pe3ysibTaTta. MTak,
B OKHe Settings 3anaiitTe Bc€ Te e mapaMeTphl, YTO M MPEKIE, 3a HC-
KJIIOYUEHHEM TemIiieparypbl. KOHKpETHO — 3aJalTe YCTAaHOBKH, KakK
nokaszano Ha puc. 1.10.
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Puc. 1.10. /ImanoroBoe OKHO BBICTABJICHUS OIIIHM
U TIapaMeTPOB MOTEHITMAIOB. BrIcTaBI€HBI TapaMeTphl
JUTsL OBICTPOTO TUTABJICHUS] HAHOKJIAcTepa

16. BeizoBute xomanay Evolve. ITo 3aBepiiieHun 0HOTO IIPOroHa
pacyeTHOM MPOIEAYPHI C YKa3aHHBIMH ITapaMeTpaMu BHOBb OTKPOMTE
okHo Settings n ybOepure umakox HampoTuB omiuu Stochastization
(U1 3TOTO AOCTATOYHO MISIKHYTH [0 HEMY yKa3aTelleM MBIIIHN), TIe-
PEKJIIOYUB TEM CaMbIM 3HadYeHHUE 3Toi onmuu Ha Off,

[TocnemoBaTebHO BBI3BIBAM-
Te kKomaHay Evolve u3 mento
Edit 7o Tex mop, moka Kia-
cTep He motepsaer Gopmy
Y TIOJTHOCTBIO HE OILIABUTCS.
JloBenure cucTtemMy 110 COCTO-
SHUS, TTOXO0XKEr0 Ha MOKa3aH-
Hoe Ha puc. 1.11.

Puc. 1.11. OrmiaBiieHHBIN
B )KECTKUX ycnoBHusX HaHoKmactep Nijz,
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17. Tlocnme TOro Kak Bam
yJIaCTCA PACCTPOUTH ATOMHBIN
nopsimok kinactepa Nijzp, Bep-
HUTECh K OKHY Set parameters
U 3a7aiiTe paboure mapaMeTphl,

KaK Moka3zaHo Ha puc. 1.12,
Puc. 1.12. BoccranoBnenue
HapaMeTpoOB U PEKUMA IBOJTIOIIUU

18. BeImoIHUTE ¢ YCTAHOBJICHHBIMU IapaMeTpaMH HECKOJIBKO
ukiIoB pacuera (Edit — Evolve). [loGeiiTech crarimonapHocTH mHapa-
METPOB HAaHOKJIACTepa B JAHHOM TEMIIEPATYPHOM PEKHUME.

19. Ilpomokure pacueThl, MOHHW3WB pPabOYyI0 TeMIepaTypy
10 100 K, T. e. mpuBeasi yCIOBUS BOJIOIUU K SKBUBAJICHTHBIM TEM,
YTO HCIOJB30BAINCH TPH MOJICTUPOBAHUN HU3KOTEMIIEPATyPHOTO
npoiiecca camoopranuzanuu. C MOHMKEHUEM TEMITEPaTyphl, OYCBU/I-
HO, TIOHU3UTCS TOJTHAsI SHEPTHUs CBSI3M HaHOkKiacTepa. Jlobelitecs cra-
IIMOHAPHOCTH PEKHUMa SBOJIIOIUH TIPH ITOU TeMIeparype.

20. Takum 00Opa3om, BaMH TOJTyY€H BTOPOW THUI CTAIlMOHAPHOTO
aTTpakTopa (a30BbIX TPACKTOPUM B MIPOCTPAHCTBE KOHPUTYpALIHil UC-
ciemyeMoir cuctembl. Kak BBl cuuTaere, JOCTaTOYHO JIM OCHOBAaHHM
Ha3BaTh €ro ajJbTePHATUBHOM TOIOJOTHYECKH HEIKBHBAJICHTHOMN
dbopMoii cymectBoBanus HaHOKIacTepa Nig7,?

CpaBHHTE TMOJHBIC YHEPTHH CBSA3H B KJIAcTepe MJIs CiIydyas HU3KO-
TEMIIEPAaTypPHON CaMOOPTaHU3alMK M HMMEIOIIErocs Temneph ciydas
OXJIQXKJCHUSL TIOCJIE DBOJIIOIMUM B BBICOKOTEMIIEPATYPHOM PEKUME.
Kak mo-BameMy, B KaKOl CTENIEHU pa3IMUMMBl 3TH J[Ba TOIOJIOTHYE-
CKHM HEAKBUBAJICHTHBIX COCTOSHUS, €CJIM UCXOJUTh TOJIBKO M3 JAHHBIX
00 UX AMHAMUYECKHUX MapaMeTpax, TAKMX Kak SHEPTHUs CBSI3U?

21. Coxpanute mo odepeau otder (File — Save report as...)
u camy crpykrypy (File — Save structure...). Mmena ¢aiiiaoB MoxeTe
npuayMaTb CaMHU WM IO aHAJOTHH C TPEAbIAYIIMMHU Ha3BaTh HX,
k npumepy, Nil72_1000K.htm u Nil72_1000K.hin.

22. TlocTtpoiite rpaduk pamuanbHON (DYHKIMU pacnpeneacHus
(Analysis — Radial distribution function...). Hackoipko B BamieM
ciydae B (YHKIIMA COOTBETCTBYET CTPYKType MeTriaca (aMopdHO-
ro MeTania)?

23. 3akpenure NoJy4eHHbIe HaBBIKK pabOThI C MPOTrpaMMOM, ca-
MOCTOSITEIPHO TIO aHAJIOTHU TIPOBEAS pacyeT g CHCTEMBI
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¢ OIIK-tuniom  ynakoBku. [ 3TOro w3 TOM K€  MAllKU
structures 3arpysute ¢aiin Fel89.hin. Mcnons3yiite cieayroomue ma-
paMeTphl aNMmpOKCUMHUPYIOIIHAX MOTEHIMAJIOB Fe—Fe:
Do = 0.5276 9B; Ry = 5.4161 a,; » = 160.2397 cm .

B nanHOoM ciiyyae B meNsIX SKOHOMHUU BPEMEHH JOCTaTOYHO HC-
CJIEIOBATh JIMIIIL MPOILIECC CaMOOPraHM3alMd B YCIOBHUSIX HHU3KHUX
TEMITepaTyp.

24. Tlocne TOro Kak 3aKOHUYMUTE PabOTy C HAHOKIIACTEPOM Kelie3a,
MOJKETE MPUCTYIUThH K MOCIEAHEMY IO TUIaHY MyHKTY J1a00paTOPHOTO
skcnepumenta — MoaenupoBanuo ['IIK — I'TIY npeBpamenuii Huke-
JICBBIX ~ KBAHTOBO-Pa3MEPHBIX  YacTUIl.  3arpy3utre u3  (aiina
Ni363_angle.hin Mmonens HanOKITacTEpa, OQOPMIICHHOTO B BHJIE YTOJIKa
L. Kak BbI 3amMeTuTE cpasy Iocie 3arpy3kH, JaHHas CTPYKTypa, B OT-
JUYre OT MPEeAbIAYIIUX CIydaeB, COXpaHEHa BMeCTe ¢ TpadoM CBs3EH,
KOTOPBIN SIBIIICTCS TepBUUHBIM (Prime) rpadom. 3amanus extra-rpada
JUIS 3TOW MoJIenu He TpedyeTcs, ModToMy cpasy 3adukcupyiite rpad,
BbI3BaB, Kak 00bIYHO, KoMaHAy Lock graph u3 menro Edit.

25. IlepexmtounTe Croco0 OTOOpaKEHHS Ha ITAPOBYIO MOJCIHb
(View — Performance... — Spheres) u moa0epurte >elaeMblid Jua-
METpP «aTOMOBY.

Puc. 1.13. HaganbHas reometpust «yrojka» Nigss.
YnakoBka aromoB — tuna ['TIK.
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26. BeicTaBpTe TapamMeTpbl B OKHe Settings mo  mpumepy
Ha puc. 1.14.

Puc. 1.14. /IlnaiioroBoe OKHO OIIMH 1 MapaMeTPOB MOTEHIINATIOB
st «yronka» Niggs

27. CoxpaHute OTYET Ha AUCK U OTKPOWTE ero B Opaysepe. Bol
CMOXXeTe paboTaTh C HUM, TOKa BBIMOJHSAIOTCS MPOAOTKUTEIbHBIC
KOMITbIOTEepHBIE pacueThl. [Toka ke ocTaBbTe OTYET OTKPBHITHIM U BO3-
BpalllaiiTech K TJIaBHOMY OKHY mporpambl NanoEvolver.

28. 3amyctute pacuetHyro nporenypy (Edit — Evolve) u 3amacu-
TECh TEPIECHUEM:. HYKJICAPHOCTh CUCTEMBI SBJISCTCS KPUTHUYCCKUM T1a-
paMeTpoM MO OTHOLIEHUIO K CKOPOCTH pacyeToB. Vcnosb3yire Bpems
OKHJIaHMS JI aHAJIU3a OTKPBITOro paHee Qaiia ¢ OTYETOM.

29. Ilo 3aBepuieHUH NEPBOTO MPOJIOHKUTENBHOTO IUKIIA pacye-
TOB OIICHUTE WM3MEHEHHMs, 3aTPOHYBIIHE TE€OMETPUIO HaHOKJACTepa.
Habmronaere au BbI 3d(PeKT peopraHuzaiuu CTPyKTypbl C U3MEHECHH-
€M TuIla aToMHOM ykimamku? OTkpoiTe OKHO Settings, yMeHbIIHTE
temreparypy 10 200 K, a konmuaectBo urepanuii — mo 1000. [Ipose-
JUTE C 3TUMHU MapaMeTpaMu JOTOJHUTEIbHBIN pacueT, UMEIOINM 11e-
JBbI0 JOCTHIKEHUE JIYYIeH JIOKAIU3AIlMd B OKPECTHOCTH CTallMOHAp-
HOU Touku aTTpaktopa. [locime 3Toro emie yMEeHbIIUTE TeMIEpaTypy
10 100 K u ¢ momoIpio 3aBepIiaroIiero KOHTPOJbHOTO ITMKIA YI0-
CTOBEPHTECH, UTO KJIACTEP IBOJIONHOHHUPYET B CTAIMOHAPHOM PEXKH-
Me (oreHuTe MacmTad (QIyKTyaluil SHEPTUX OT IUKJIA K ITUKITY).
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30. Coxpanute otuetr U CTpyKTypy. [IpoBeprTe, Kak OoTpazuics
ctpykTypHbIi nepexon I'IIK — I'TIY Ha pacnonoxeHnn MakCUMyMOB
pamuanbHON (QyHKUMU pacnpeneneHus. [lo cymMMe Bcex BBIMOJHEH-
HBIX B J1a0OpaTOpHOM paboTe SKCIEPUMEHTOB cienaiTe o0001aro-
IUA BBIBOJ O CHOCO0AaX MPOCTPAHCTBEHHON OpraHu3alluu CTaluo-
HAapHBIX HEPABHOBECHBIX METANIMYECKUX HAHOCHUCTEM M UX BO3MOXK-
HBIX B3aUMHBIX ITPEBPALICHUSX.

I11. KonTpoJbHbIe BONPOCHI K J1abopaTopHoii padoTte 1

1. HazoBuTe OCHOBHBIC, Ha Balll B3I, NMPU3HAKKA MYJbTHYa-
CTHUII-TPaHCHOPMEPOB U UX OTIUYUS OT «OOBIYHBIX» HAHOYACTHIL.

2. Kakue ¢dyHmaMeHTallbHBIE TPOILIECCHI HAHOMHUpA «BEPIAT»
HBOJIIOLIUIO MYJIbTUYACTHI], UX TUHAMUKY U KUHEMATUKY?

3. Kakwue, nmo-Bamemy, mpearnochbuIKy CYIIECTBYIOT s (heHOMEHa
caMOOpraHu3aIMyi Ha HAHOYPOBHE?

4. B pocTpaHCTBE KaKUX MEPEMEHHBIX JaeTcs Haubojee mocie-
JOBATEJIbHOE OMHCAHUE MPOIIECCOB CAaMOCOOPKH M CaMOOpraHU3alluU
HEPaBHOBECHBIX HAHOYACTHIL?

5. Kakue BBl mpenbsBisuin Obl TpeOOBaHHUS K MPOTPAMMHOMY
o0OecIeueHno, NMPU3BAaHHOMY MOJIEIMPOBATh CBOWCTBA W IOBEJICHHE
MYJIbTHYACTHIL?

AaGoparopHasa padora 2
Amn3aiiH 1 IPOEKTUPOBAHUE CAMOCOOPKH
1 CAMOOPTraHU3AIUN HAHOKAACTEPOB C UCIIOAb30BAHHEM
nporpaMmMmuoro moayaa Nano Monte-Catrlo

|. Heabp padoThl. 3HAKOMCTBO C METOJAaMHM pEIIeHUs 3aaad
10 MIPOCKTUPOBAHUIO CaMOCOOPKM M CaMOOpPraHU3alluM HaHOKJIacTe-
poB. IlpmobOperenne HaABBHIKOB PabOThI C MPOrPAMMHBIM MOIYJIEM
Nano Monte-Carlo.

I1. Ilopsinok BoINOJIHEHUS PA0OTHI

1. 3anycture mporpammy Nano Monte-Carlo. Ilepen navamom
MOJICTTUPOBAaHUSI HEOOXOAMMO BHECTH B MPOrpamMMy CTapTOBbIC Mapa-
meTpsl. [l aToro oTkpeiBaeM MeHro Preferences, cm. puc. 2.1.

15



Puc. 2.1. MeHI0 HaCTpOEK CTapTOBBIX MAPAMETPOB MOACIUPOBAHUS

2. Ha Bkmanke «Calculate» B pasmene «Cube Parameters» 3ana-
IOTCS MapaMeTphl, OrPaHUYMBAIOIINE O0BEM IPOCTPAHCTBA MOJCIIH-
pPOBaHMUSL:

Length — 3amaer mIMHY <HIPOCTPAHCTBA MOJCIUPOBAHUI»
o KoopauHare X;

Width — 3agmaeT IMHY «IIPOCTPAHCTBA MOJICITUPOBAHMS» TI0 KO-
opauHare Y;

Height — 3amaeT BBICOTY «IIPOCTPAaHCTBA MOACIUPOBAHHUS
1o koopauHare Z.

3aHocuM B 3TH suekiku 3HadeHus «100». Huwxke BHOCHM mapamer-
pst CainLength = 30000, Dimension = 1E — 11 u Temperature = 298.

Jlis  mpuMEHEHHs HEOOXOAMMBIX H3MEHEHHMH HEO0OXOAUMO
HaXkaTh KHONKY Set. BBeieHHbIe MapaMeTpbl MOXKHO COXPaHHUTh
B (haii HakaTheM KHOIKHM Save M B JaJbHEUIIEM 3arpyKaTh Ha)KaTu-
eM kHomnku Load.

3. B pa3aene Potential Parameters 3agaeTcs cucremMa Moaeaupye-
MBIX aTOMOB M ITOTCHIIMAJIbI TAPHBIX B3aUMOICHCTBUI.
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B mone Sort Of Atoms u3 cniucka Bcex anemeHToB [lepuomuye-
ckoit Tabnunel JI. 1. MenaeneeBa mo ouepeau BHIOUPAIOTCS DJIEMEH-
el Fe, Co, Ni, B mone Quantity 3agaeTcs MX KOJIMYECTBO B CHCTEME
1 HaxkuMaeTcs knonka Add Atoms.

[Ipu 5TOM BBIOpaHHBIE aTOMBI MOSBISIOTCS B ABYX HI)KHHMX TOJISX
Sort Of Atoms (cm. puc. 2.2). B 3Tux mojsx mo o4epean BhIOUPArOTCs
KOMOHMHAIMH CYIIECTBYIOIIMX B CHCTEME IMOTCHIIMAJIOB MAapHOTO B3au-
MmojeiicTBug u Haxkumaercs kHomka Add Potential. TIpu stom BeIOOp
sHayeHui FENi u NiFe cOOTBETCTBYIOT OTHOMY M TOMY K€ ITOTCHITHAITY.

Puc. 2.2. Bb16op Tna aToMOB U I00aBJICHHE TapaMeTPOB MOTEHIINAJIOB

B monte Potential Type BeiOupaercst MOTEHITHA TTAPHOTO B3aUMO-
JCHCTBUS 1 33JIal0TCSI €T0 MapaMeTPhl.

« Frequency — wacrora konebanuii cBssu (cM ) (I0CIIe H3MEHe-
HUS 3HAYCHUS JJIS €r0 aKTHUBAIMK B MAaMSTH MPOTPaMMBI TpeOyeTcs
Ha)kaTHe KIaBUIIH Set);

* Eq. Energy — nsHeprus cBsi3u 1Jisi PaBHOBECHOI'O PACCTOSHHS
mexay aromamu (Jx) (mocie M3MEHEHHS 3HAYCHUS JUISI €r0 aKTHBa-
MU B TIAaMSTH ITPOTPaMMBbI TpeOyeTCs HaXkaTUe KiIaBUIH Set);

* Eqg. Distance — paBHOBeCHOE pacCTOSHHUE MEXIy aToMaMHu (T0-
CJIc M3MCHCHUS 3HAYCHUSJUIS €r0 aKTUBAIIMHM B IAMSTH IPOTIPaMMBbI
TpeOyeTcsl HaXkKaTHe KITaBUIK Set).

[TapameTpsl noTeHunana Mop3e, paccuntanubie MmetogoM OOIID
JUTISI HEKOTOPBIX BUIOB CBSI3CH, MPEACTABICHBI B Ta0JI. 1.

Tabnuia 1

Hapamempot nomenyuana Mopsze

Ces3pb | &o,JIk x10% o, HM w,eMm | CBsi3b £0,JK x10% g, 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—Ni 1,186 0,264 | 1477 Fe-Ni 1,138 0263 | 1391
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4. Ha Bkimagke Visualization moxHO 3amaTh mapaMmeTrpbl 0TOOpa-
KEHUS JIEMEHTOB (ITOAPOOHOE OMKMCAHWEe HACTPOEK OMUCAHO B (aiiie
CIIPaBKH).

5. [Tociie okOHYaHUS KOH(PHUTYPUPOBAHMS IPOTPAMMBI CO3/IaCTCs
npoOHas, ciydaliHas KoHurypauus Haxatuem Run/Randomize, cwm.
puc. 2.3.

Puc. 2.3. Cnyyaitnas koHQUTypaius HaHOKJIacTepa U3 TPEX TUIIOB aTOMOB

Ecnmu co3pganHas KoH(UTYpaIusi HE COOTBETCTBYET TpeOyeMbIM
napamMeTpaM, TO CO3JaeTCs Cleayromas KOH(PUTYpalus MOBTOPHBIM
HaxxatueM Run/Randomize nmmbo nepeumenoBanmem aiina log.txt
B ¢arin Load.txt u mocieayrommuM pelakTHPOBAaHHEM KOOPAMHAT aTo-
MOB IIPH ITOMOINHA TEKCTOBOrO peaakTopa (OTKPBITH KaTajor IPo-
IrpaMMbl MOXKHO BBEIOpaB u3 MeHi0 koMmanmy Analysis/Open; mis 3a-
MyCKa TEKCTOBOTO pEeIaKToOpa BOCHOJb3yHTECh IMYHKTOM MEHIO
Analysis/Editor wim nepeitnure B katanor Notepad++ karamora mpo-
rpammbl Nano Monte-Carlo u 3anycrute notepad++.exe).

Kondurypanuio, yaoBIETBOPSIONIYIO BCEM TpPeOOBaHUSIM, HEOO-
XOJMMO COXpaHuTh B ¢aiine ¢ umeHem Load.txt (ecmu kouburyparms
co3nada HaxkatueM Run/Randomize, To ayis coxpaHneHus KoHpurypa-
Uy eperMeHoBbIBaeTcs ¢aiin 10g.txt B Load.txt).

6. Jlaiee 3amyckaeTcss TPOLIECC MOJICIUPOBAHUS HAXKATUEM
Run/Start (my1s BeIxoma M3 pacdera HeoOX0aAMMO HaxaTh Run/Stop).
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Xon pacueta coxpansercs B ¢aiiie log.txt. [Tociae okoHuaHus pacyera
aor-paiin  (log.txt) TpeOyercs meperMMeHOBaTh WM CKOIUPOBATH
B IPYroil Katajior, T. K. MPU MOBTOPHOM 3alyCKe pacdeTa OH OyAeT
nepe3arnucaH.

/. ITocne okoHYaHUsT pacyeTa U3 Jior-¢aiijia MOKHO U3BJICUb XOJ
WU3MEHEHHUS PHEPTryuu B MpOIecce 3BOJONMH. J[Jig 3TOro He0OX0AUMO
BRIMTOTHUTE KomaHTy File/EnExtract m ykasats chopMHUpOBaHHBIH
nmporpaMMor B XoJie MojenupoBanus Jyor-gain. Ilpu stom chopmu-
pyercs TekcToBbld (aiin (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. 3naueHue sHEPrUu CUCTEMbI Ha KaXKJIOM I1are MOJEIUPOBAHUS

[Toy4yeHHBINH pe3ysIbTaT PabOThI MPOrpaMMbl HYKHO CKOITHPO-
Batb B OpenOffice Calc (wam nmpyryro mporpamMmy, ImO3BOJISIOIIYIO
CTpOUTH TpadUKH) I HOCTPOCHUS TpadUUSCKON 3aBUCHMOCTH.

I11. IlpoBenenne TeCTOBOro pacuera

3arpy3utre KoHpurypanuonubeiii  Qaiin  calc.txt HaxaTuem
Run/LoadMultiple. JloxxauTech OKOHUAHHUS MpoOIiecca MOICIUPOBAHHMS
(uMeliTe B BHAY, YTO OTKJIIOYCHHUE TpaUUECKOro OTOOpaKCHHS IPO-
1ecca MOJICIMPOBaHUs IIPU TOMOIIM nepekiouareas Enable on Timer
Visualization B pasnmene Preferences/Visualization cymiecTBeHHO yBe-
JUYHMBACT CKOPOCTH TIPOIIecca).

[lepeBenuTe nporpaMMmy B APYTrod pexKuM pabOThl YCTAaHOBKOM Iie-
pexmovarens Correlation Mode B pasmene Preferences/Calculation
BO BKJIFOUCHHOE COCTOsIHKE. [I0BTOPHO MpOBEAUTE MOJIECIMPOBAHUE 3a-
Ipy3KOi KOH(PUTYyparoHHoro Qaiina calc.txt.

[Io OKkOHYaHWM MOJEIUPOBAHUS 3AMYCTUTE TEKCTOBBIM pEIaAK-
TOp, MCTIONB3Yys MyHKT MeHro Analysis/Editor, B okHe TEeKCTOBOTO pe-
JaKTopa HaKMHUTEe KoMOuHaruio kiasuil Ctrl+O (oTkpeiTh) 1 BeIOEpE-
te Qaitn Log_FelOCol0.txt, naxomsmuiics B karamore LOQS mamku

¢ nporpammoii Nano Monte-Carlo. IToBTopute omeparuio ¢ daitiom
Log FelOColO_l.txt.
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Ortkpoiite myHKT MeHto File/EnExtract. B oTpeiBiemMcs okHe BBIOE-
pure daitmer Log_FelOColO.txt u Log_FelOColO_l.txt. Otkpoiite
B TEKCTOBOM peaaKTope cchopMHUpPOBaHHbIE (aiib
En_Log FelOCol0.txt u En_Log_FelOColO_l.txt.

[epeiinute Ha 3aknaaky ¢aitna En_Log FelOCol0.txt B TekcToBOM
pelaKkTope, HaXXMUTEe KOMOMHAIMK KiaBuil Ctrl+A («Beimenuts Bce»)
uctrl+C («CkommupoBate»). 3amyctute OpenOffice Calc, mocraBbte
Kypcop B stuekiky Al, HaxkmuTe KoMOMHanuio kinasum Ctrl+V («Bcra-
BUTH»). B OTKpHBIBIIIEMCSI OKHE UMIIOpTa JaHHBIX HaxkMuTe «OK». BrI-
JIeNUTE TepBbie 2 cToJIONA U 3armycTuTe «Mactep auarpamm», HaKaTu-
eM KHomkH «Tun nquarpamMmmer» Beioepute «Jnarpamma XY», HaKMUTE
«Jlanee». Ha oTKpbIBILIEMCS SKpaHE UCIIPABbTE IMAIA30H IaHHBIX, €CIIN
HEO0OXOMMO, U 3aTeM HaXMUTE «I 0TOBO».

[IpaBoi KHONKOW MBIIIKYA HAXXMUTE HA MOSBUBIIEKUCS AUArpam-
M€ U BbIOEpUTE U3 MEHIO MyHKT «lIpaBka». 3aremM mpaBoil KHOMKOM
MBI HAKMHUTE Ha OCU Y JUarpaMMbl, B BBINIAAOIIEM CITUCKE BbI-
oepute «Dopmat ocu» U meperuuTe Ha 3akiIanky «Macmrabuposa-
Hue». [IpenBapuTenbHO CHSIB TajJO4YKU C IYHKTOB «ABTOMAaTHYe-
CKU», OTKOppeKTupyute nonst «MuHumym», «Makcumym» u «Oc-
HOBHOM MHTEpBaJ», JJIsl TOrO YTOOBI [UarpaMMa uMmesa MmpeacTaBu-
TeabHbIM BUJ. [IpaBOW KHONMKOW MBIIIKA HAXXMHUTE HA TOYKAxX Jaua-
rpaMmbl U BeiOepute «@opMmat psigoB JaHHbIx». Ha Bknanke «JIu-
HUSI» PACKPOWTE BBHIMAMAIONINA CIUCOK «BBIOOP» moiist «3HAa40K»
Y BBIOEPUTE TOAXOIAIINNA MapKep. AHAJOTUYHO IMOCTPOWTE aua-
rpammy jis ¢daima En_Log FelOColO_L.txt. IToctpoiiTe mapHbIe
KOppenaiuoHHble (YyHKIIUM H3ydaeMbIX cucteM. [IpoBenute 006-
CyXJCHUE MOJIYYEHHBIX PE3YJIHTATOB.

V. KoHTpoJIbHBIE BOIIPOCHI K JIa00opaTOpHOii padoTe 2

1. B yem 3akmtouaercs cytb metoaa «Monte-Kapno» no anro-
putMy Metpomnosuca?

2. Kakue mpewmyimiecTBa W HEIOCTaTKH WMEET MeToa «MOH-
Te-Kapio» 1mo cpaBHEHHIO ¢ METOJaMU MOJIEKYJISIPHON TUHAMUKH?

3. lnsa pemenust kKakux 3ajad MpeHa3HaueH MPOrpaMMHBIA MO-
nyis Nano Monte-Carlo?

4. Kakve mapameTpbl HAHOCHUCTEM IIO3BOJISIET HUCCIIENOBATh IMPO-
rpaMmMHBbIi Moaysts Nano Monte-Carlo?
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AabGoparopnasa pabora 3
KoMnprorepHOE MOA€AMPOBaHUE
IIPOIECCOB MAABACHUA HAHOYACTHII

|. Heap pabGorbl. BrinonHeHWe KOMOBIOTEPHOTO 3KCHEPUMEHTA
0 MOJICJIMPOBAHUIO TUHAMUKU TIJIABJICHUS HAHOYACTHI] MPU MOMOIIH
nporpamMmsl Fusion.

I1. Ilopsinok BhINOJTHEHUS PadOTHI

Temneparypa maBJICHUST — TeMIIeparypa, MPU KOTOPOU KpH-
CTaJUIMYECKasi CTPyKTypa TBEpJON (a3bl uCUE3aeT U 3aMEHSETCs
HEYITOPSAIOYCHHBIM COCTOSIHUEM — JKUAKOM azoit. Jlns pacuéra

TEMIIEpaTyphl UIABJICHUS HAHOYACTHUIl PA3IUYHBIX (POPM U pa3MepoB
UCIIOJIb3yeTCs MOy b Fusion.

1. 3anycTuTh mporpaMMHBIA Moaysb Fusion. YkazaTh B MOJSAX
porpaMMbl HEOOXOMMBIE JaHHBIE JI pacyeTa:

1.1. BeiOupatrs (opMy HaHOYACTHIIBI, TEMIIEPATYPYy ILIABJICHUS
KOTOPOW HEOOXOIUMO PACUUTATh.

1.2. Yka3zatb BBICOTY MOHOCIIOSI aTOMOB B CTPYKTYpP€, B HAHOMETpaXx.

1.3. Yka3zaTh TeMmieparypy IUIaBJICHHS MAaCCHBHOTO 00pasiia,
B rpaaycax KenbBuHa.

1.4. Yka3aTh napameTp o 1J1s HAaHOYACTHUILIBI 33JIaHHOTO THTIIA.

1.5. Yka3arthb JinHelHbIEe MapaMeTpbl OPMbI HAHOYACTHUIIBI.

[Ipumep ykazaHus rnmapaMeTpoB Jyisl pacu€ra TeMreparyphl MiaB-
neHus chpepruueckoil HAHOYACTUIIBI TPEJCTaBIICH Ha puc. 3.1.

Puc. 3.1. [TapameTpsl pacu€ra TemrepaTyphl IJIaBJICHUS
chepruueckoil HAHOYACTHUIIbI
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2. Haxatp kHONKy «OK» u 3anmcath pesynbrar. Ecim HeoOxo-
UM pacydeT ¢ BBIBOAOM rpaduka WIA TaOIUIbl 3HAYEHUH, HYKHO OT-
MeTuTh onuuio «Iloctpoenue rpaduka» U B MOABUBLIEMCSI OKHE yKa-
3aTh mar pacuéTa U Ha4aJIbHYI0 TOYKY (COOTBETCTBYIONTYIO UCXOHO-
MY paauycy HaHOYACTHIIBI, CM. pUC. 3.2).

Puc. 3.2. Hactpoiika mapaMeTpoB mOCTpOEHUS rpaduka

Haxatp kHonky «Iloctpouts». IIpu BeiOOpe omnmwmii «Tabnuna
3HaueHU» U «IlokazaTe rpaduk» B COOTBETCTBYIOIIUX OKHaX OTOO-
pasuTcs TabiMIa 3aBUCUMOCTH TEMIEpaTyphbl MJIaBJICHUS HAHOYACTHU-
bl OT €€ pa3mepa, a Takxke rpaduk 3Toi 3aBucumoctu. [Ipumep rpa-
duka nna chepuueckoil HAHOUACTUIIBI C 3aJaHHBIMU TapaMeTpaMU
IpeJcTaByIeH Ha puc. 3.3.

Puc. 3.3. 'paduk 3aBUCMMOCTH TeMIIepaTyphl IUIaBICHUS HAHOYACTHUIIBI
OT €€ pa3Mmepa
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3. Paccunrath TemmnepaTypy IUIaBICHUS I HAHOYACTHI], UMEIO-
X JIPYTyI0 TeoMeTpuueckyio dopmy (KyO, mapajuielenuresnm, -
AUHApP, KoHyc). [IpuMep yka3aHus mapaMeTpoB IS [HJIMHIPHUCCKON
HAHOYACTHUIILI IPEICTABIICH Ha puc. 3.4.

Puc. 3.4. [lapameTpsl pacuéra TemMnepaTyphl MIaBICHUS
UUJIMHIPUYECKON HAHOYACTHULIBI

4. [Tpoananmu3upoBaTh TMOJYYCHHBIC Pe3ysbTaThl. Kak meHsercs
TEMIIepaTypa TUIABJICHUS HAHOYACTHUI[ B 3aBUCHMOCTH OT HadaJbHOH
¢dopMbl yacTuibl U e€ pazmepoB? Caenath BBIBOBI 1O MPOCITAHHON
pabore.

I11. KonTposibHbIe BONPOCHI K J1adopaTopHoii padore 3

1. TaliTe onpeiesieHUe TEMIIEPATYPHI TIJIaBJICHUS.

2. Ot kakux (HakTOpPOB 3aBUCUT TeMIepaTypa IJIaBJICHUs HAHO-
JacTHUII?

3. B uem 3akiroudaercs CIIOXKHOCTh HMCIOJIB30BaHUS (POHOHHOMU
MOJIETN?

4. Yem OOBSICHSIETCA YBEIWYCHUE TEMIICPATyphbl IUIABJICHUS Ha-
HOYACTHI] C YMEHBIIICHUEM UX pa3Mepa?
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AabGoparopnasa pabora 4
Amn3aiiH U IPOEKTUPOBAHUE CAMOCOOPKH
1 CAMOOPTaHU3AIUN HAHOKAACTEPOB
c nomouibio MoAyAd «Hanodpakrassm

|. Heas padoTbl. BhINoJHEHHE KOMITBIOTEPHOIO 3KCIEPUMEHTA
Mo Ju3aiiHy M TPOEKTUPOBAHUIO CAMOCOOPKHM M CaMOOPraHU3alluu
HAaHOKJIACTEPOB MEPEXOJHBIX METAIIJIOB IPYIIIBI JKEJI€3a U YIJIEPOIa.

I1. Ilopsinok BeINOJIHEHUS PA0OTHI

Jlia mMojenupoBaHusi caMOCOOPKM M CaMOOPraHM3allMd HAHOKJIa-
CTEpOB CO3/IaH MporpamMMHbIA Moaysb «Hanodpakrans. s mpose-
JICHUS] KOMITBIOTEPHOTO JKCIEPUMEHTa HEOOXOAMMO OTKpPBITH (ailn
«Hanodpakrane» B TabmmaHoM pegakrope MS Excel, mpu stom Heo6-
XOJIMMO Pa3pelINTh MAKPOCHl B HACTpoMKax nporpammel. Daitn conep-
’KUT HECKOJIBKO pab0YMX JUCTOB, ONMCAHUE KOTOPHIX MPUBEIACHO HUXKE.

1. Onucanue Jucra «<DLA & Relaxation»

Jluct coctout

13 TpEX OJIOKOB.
ITepBoIit 6JI0K JHICTA
UMEET Ha3BaHHE
«CuHTE3 KJ1acTepa
10 aJITOPUTMY
OJA». NUnmrocTpa-
1[1sl HACTPOEK JIaH-
HOTo 0JIOKa Mpe-
CTaBJICHA

Ha puc. 4.1.

Puc. 4.1. baok «CuHTe3 KIacTepa
o anroputMmy O/[A»
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Knonka «Crny4ailHOe pacnpeiesieHue aToOMOB» Heo0XoauMma
JUTSL yCTAHOBJICHUSI HAYAJIBLHOTO IIEHTpa arperaiuu aTOMOB U 3aJlaHus
pasMmepa obiactu s arperanuu. CoxXpaHeHHE CIIy4yalHOTO pacripe-
JICJICHUSI aTOMOB IPOUCXOJIUT MPH BhICTaBIeHNHU (urarkka «CoXpaHUTh
B (hailJ1 ciydaitHOe pacnpeaeIeHUe YaCTUIL.

Knomnka «Havath mporiecc arperanun» He0oOXoauMa IS 3aImycKa
nporecca orpanndcHHon auddysueit arperamuu (OJJA) 10 MoMeHTa
dbopMupoBaHus KJIacTepa ¢ 3aJaHHBIM B TEKCTOBOM MoJje «Hucmo ar-
PETMPOBAHHBIX aTOMOB B KJacTepe» 4uciia aToMoB. CTOUT 3aMETHUTh,
4TO KJACTEp MOXKET CcojepKaTb U OOoJblllee YHCIO aTOMOB,
T. K. Ha OJJTHOM IlIare MOJCJIMPOBAHUS MOXKET MPOU3OWUTU arperamus
Cpa3y HECKOJbKHX aTOMOB.

[Tpu BeIcTaBICHUH (haxkka «COXpaHATh B (Qaill CUCTEMY arperu-
POBaHHBIX M OJYXKIAIOIMIMX aTOMOB Ha Ka)KIOM BPEMEHHOM IIIare»
Ha KQXXJOM BPEMEHHOM IIIare MPOUCXOJUT 3aluch B (aiia CHUCTEMBI
aToMoB. [lo oxoHUYaHHMM TIpoliecca arperanuu cOpMUPOBAHHYIO CH-
CTEMY aTOMOB MOKHO COXPaHHUTh MPHU HaXKaTUU KHONKU «COXpaHUTH
B (Qaiin». Yxke cHopMHUpOBaHHBIE CUCTEMBI AaTOMOB H3BJICKAIOTCS
U3 MaMSTH [IPU HaXKaTHH KHOMKY «VI3BIeds u3 (haiiia».

Bropoit 610k HOcUT HazBaHue «Pacu€T pamumyca oOpe3aHus».
WnmrocTpalys HaCTPOEK JaHHOTO OJIOKa MpeJcTaBieHa Ha puc. 4.2,

Puc. 4.2. bnok «Pacu€t paanyca oOpezanus»
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B TexcrToBpIX mongx «lloaronounass xkoHcraHrta», «PaBHOBecHOE
paccTosiHue», «I'JTyOrHa sIMbI» BBICTABIISIIOTCS MapaMeTphbl MOTEHIIUA-
na Mop3e a1 B3auMOJECHUCTBUSL MEXY aToOMaMu HUKensd. Temmepa-
Typa, PU KOTOPOW MOAECIUPYETCS MPOLECC, BHICTABIISIETCS B TEKCTO-
BOM I10Jie « Temmeparypa nporecca, K».

[Ipun HaxkaTuu Ha KHOTKY «Pamnyc oOpe3aHus» MPOMCXOAUT BbI-
YUCJICHUE 3HAYCHUS pajyca oOpe3aHus IMpHU 3aJlaHHON TemImeparype.
Haxatue xHonku «IlepeBos MaccuBa B MPOCTPAHCTBEHHBIE KOOPIWHA-
ThD> MPUBOAUT B JEHUCTBUE MOANPOTrPaMMY, PACCUUTHIBAOIILYKO KOOP-
JTUHATHI aTOMOB, OCHOBBIBASICh HA YK€ BBIYMCIICHHOM MAaCCHUBE JaHHBIX.

CoxpaHeHUE paCCUYNTAHHBIX KOOPJUHAT MPOUCXOIUAT TIPH HAKATUHU
Ha KHOMKe «COXpaHUTh B (paiil MPOCTPAHCTBEHHBIC KOOPIUHATHIY.

Haxxatnem kHonku «Co31aTh U COXPAHUTh MATPHUIy CMEXKHOCTH»
AKTUBU3UPYETCS MOAIPOrpaMMa, PACCUHUTHIBAIONIAs Ha OCHOBAaHWUU
3HAYEHUS paanyca oOpe3aHus U 3HAYEHUM MPOCTPAHCTBEHHBIX KOOP-
JTAHAT MAaTPUIlYy CMEXHOCTH.

HaxxatnemM kHOmkuM «YuCIIO MEXaTOMHBIX CBSI3CH» BBIUMCIISICTCS
YUCJIO CBSI3€M, CYIIECTBYIOIMIMX MEXKIY arpErupPOBAaHHBIMA aTOMAMU TPU
3aJlaHHOM TemriepaType. [Ipu HaxkaTiy Ha KHOTIKY « BHYTpeHHsI SHEprUs
KJIACTEPA» MTPOUCXOIUT BBIYMCIIEHUE SHEPTUU CBI3€H BHYTPH KJIACTEPA.

Knomka «Pacu€r pazmMepoB u TpaHull 00JacTH KJIacTepa» CIy>KUT
JUUISL BBIMIOJIHEHUS pacu€éTa MUHUMAJIBHOTO ¥ MAaKCUMAJIbHOTO 3HAYEHUN
TpaHUI] ONITUMATIBHON 00JIaCTH U pa3Mepa ONTUMAILHONU 00JIacTH.

Tpetuit Onok — «DHepreTuyeckas penakcanus IMpu 3aJaHHOU
Temieparype». MocTpalus HaCTpOeK JaHHOTO OJioKa IpejcTaBlie-
Ha Ha puc. 4.3.

Puc. 4.3. brok «DHepreTudeckas peiaakcaus
IIPU 33JJaHHOM TeMIIepaType»
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B TekcroBoM none «lIllar TpaHcasanuu, HM» BBICTABJISECTCS 3HAYE-
HUE I1ara TPAHCJSIIUA B HM, MIPU KOTOPOM OYJIE€T MPOUCXOJUTH MPO-
1ecC MOoAenupoBaHus. B TekcToBOM 1osne «I'pagueHT 3HEPrum» Bbl-
CTaBJIsIeTCSI A0COJIFOTHOE 3HAYEHUE PA3HOCTH MEXKIY MOTEHIHAIbHbI-
MU SHEPTUSIMU KJIACTEPOB HA COCEIHUX BPEMEHHBIX IIarax B (popmu-
PYEMBIX CHCTEMAX aTOMOB B IPOLECCE PEIIAKCALMH, ITPU JOCTUKEHUN
KOTOPOTO MPOLECC PEITAKCAINN 3aBEPIIUTCS.

BrictaBnenue duaxkka «CoxpaHsATh Ha KaXJI0M BPEMEHHOM IlIare
penakcanuu» 00ecleurnBaeT COXpaHEHHE Ha KaXKJIOM IIare MOJCIIH-
pOBaHUs MPOCTPAHCTBEHHBIX KOOPAWHAT, MATPUIIBI CMEKHOCTH, YHC-
J1a CBSI3€U M BHYTPEHHEW YHEPIHUHU.

B TexkcroBoMm mosie «BpeMs Hawana mpoiiecca» oToOpa)aercs
BpEMs HadaJla MOAEIUPOBaHUs. B TeKCTOBOM moiie «BpemMs TeKyIero
mpoiiecca» oToOpa)xkaeTcs BpeMs TEKYIIEro Imara MOICIUPOBAHUS.
B texkctoBoM mnone «Homep atoma» oTOOpakaeTcsi HOMEpP aToMma,
IJ1. KOTOPOTO IIPOM3BOIUTCA pacu€r. B tekcToBoM mosie «Hucno aro-
MOB B KJIaCTEPE» 0TOOPAKAETCSA YUCIIO aTOMOB B CICTEME.

Knonka «M3Brneub NmpocTpaHCTBEHHBIE KOOPJAWHATHI W3 (haiiia»
CIIY’KHUT JUISl U3BJICUCHUSI KOOPAMHAT ATOMOB CHUCTEMBI I ITPOIECCa
penakcanuu. Knonka «l3Bieub MaTpuily CMEXHOCTU» IIPEIHAZHAYE-
Ha JJi1 W3BJIeUeHHUS W3 (ailia co3JaHHOM MaTpHIbl CMEXKHOCTH.
[Ipn Haxkatum KHONKM «HawaTe mporecc penakcauur» HAYMHACTCA
pACUET pellaKkcaluu.

2. Onucanue JUCTOB JI1 PACYETA CBOICTB
MO/IeJIMPYyeMOi CUCTEMBbI aTOMOB

Ha mucte «D & t» naxkatuem kHomku «®pakTaibHas pa3mep-
HOCTh HAa KaXJIOM BpPEMCHHOM IIIare» OCYIIECTBISCTCS pPacuér
Ha KKJIOM BPEMEHHOM Illare caMOCOOpPKH M BBIBOJUTCS rpaduk 3a-
BUCHUMOCTH.

Ha nucre «S & t» npu HaXXaTUM KHONKU «DHTPOIHUS HA KaXIOM
BPEMCHHOM IIIare» MPOMCXOIUT BBIYUCICHUE 3HAYCHUN HHTPOIHH
Ha KaKJIOM BPEMEHHOM Illare caMOCOOpPKH M OTOOpakaetcs rpaduk,
npu4EM MIPU aKTUBH3AIMK TIepeKitodarels «BBoj1 yncia sueeK B ceT-
KE» TMPOUCXOAUT PACUYET HHTPONMHH C YUCIOM SYECK, YKa3aHHBIX
B TEKCTOBOM TI0JI€, a MPU aKTUBHU3ALUM TEPEKroUaresiss « ABTOMaTH-
YECKUH BBIOOP YMCIIA SYCCK» BBIYMCICHUE SHTPONMH ITPOUCXOJIUT
TP YKCIIC TUYECK B CETKE, BEIUUCICHHOM aBTOMATHYCCKH.
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Ha mucre «E & t» HakaTMe KHONKH «BHYTpPEHHSSI YHEPTHUS
Ha Ka)XJIOM BPEMEHHOM IIIare» akTUBU3UPYET Mpoliecc pacuéra sHEp-
TUu cBsi3el B cucteme atoMoB. [locne 3aBepiienus pacu€éToB oToOpa-
*aeTcs rpadyK 3aBUCUMOCTH.

Ha mucre «F & t» 3HaueHus cBOOOIHOM SHEPTUM CUCTEMBI aTOMOB
BBIUUCIISIOTCS MPU HaKaThU KHOMKHU «CBOOOIHASI SHEPIHsl Ha KaXIIOM
BpeMeHHOM TImare». [lpu akTuBM3ammu mepekmouatens «BBox dmcia
STYEEK B CETKE» MPOUCXOIUT PACUET SHTPOIHH C YUCIIOM sTUEeK, yKa3aH-
HBIX B TEKCTOBOM I10JI€, a MPY aKTUBU3ALIUU MEepeKItouaTesis « ABToMa-
TUYECKUI BBIOOp YHCIIA SUYCCK» BBIYMCIICHHWE DHTPOIHH IPOMCXOIUT
NIPU YKCJIE SYEeK B CETKE, BBHIYHMCIECHHOM aBToMatuyecku. Ilocne 3a-
BEpIIICHUS PacuETOB 0OTOOpakaeTcs rpauk 3aBUCUMOCTH.

Ha nmucre «N & t» 3HaueHus uuciia cBsI3€d PacCUUTHIBAIOTCS
MIPU HAXKaTUW KHOTMKU «YHUCIIO CBSI3el HA KaXKJIOM BPEMEHHOM IIIare».
[Tocne 3aBepiiieHust pacu€ToB oToOpaxaercs rpaduk 3aBUCUMOCTH.

Ha mucre «D & tr» pacuér dpakranbHON pa3MEPHOCTH JIJIsi CUCTEMBI
aTOMOB Ha IIIaraXx MOJCTUPOBAHUS peaKcallii HAauYMHAETCs MPH Haka-
TUU KHOTIKH «(paKTajibHasi pa3MEPHOCTh Ha KaXKIOM IIIare peiakcalym.
[Tocne 3aBepinienus: pacu€ToB oToOpaxkaercs rpaduK 3aBUCUMOCTH.

DHTPOIUS CUCTEMBI aTOMOB Ha CTaJIUM PEJIaKCAIIMA PACCUUTHIBACT-
csi Ha JucTe «S & tr» mpu HaKaTUK KHOMKU «DHTPONUS Ha KaXKIIOM
BPEMCHHOM IIIare penakcaium». IIpy akTUBU3aLMK IEPEKIF0YaTeIs
«BBox umcla sYeeK B CETKE» MPOUCXOAUT PACUET SHTPOIUU C YUCIOM
SYEeK, YKa3aHHBIX B TEKCTOBOM MOJI€, a MPU aKTUBU3ALMH MEPEKITI0Ya-
TeNsT «ABTOMATHYECKUA BBHIOOP UYMCIIA SIYEEK» BBIUMCICHHE SHTPOIUHU
MPOUCXOIUT MPHU YKCIIE TYEEK B CETKE, BRIYUCICHHOM aBTOMATHYECKU.
[Tocne 3aBepiieHus pacu€ToB oToOpakaercs rpaduk 3aBUCUMOCTH.

DOHeprust cBsi3ed CHCTEMBbl aTOMOB B MPOIECCE pelaKcalluu pac-
CUMTBIBAeTCS Ha JucTe «E & tr» mpu Haxkatuu KHOMKU «BHYTpeHHSS
HEPTHs Ha Ka)XXJIOM BpEMEHHOM Iare penakcauun». [locie 3aBepie-
HUSI pacu€TOB 0TOOpaXkaeTcs rpaduK 3aBUCUMOCTH.

CBoOojHas sHEprus BhIYHUCISIETCS Ha JucTe «F & tr» mpu Haxa-
THU KHOMKH «CBOOOJHAS SHEPrus Ha KaKIOM IIare peliakcalium».
[Tocne 3aBepiieHus: pacy€TOB 0TOOpakaeTcsi rpaduk 3aBUCUMOCTH.,

Ha mucre «N & tr» npu Haxkarum kHoOmku «Yucio cBsizen
Ha KaXXJIOM BPEMEHHOM IIare pejakcaluu» OCYIIECTBISETCS pacuér
Yuclia CBsI3el Ha KaxKJIoM Iare mozenupoBaHus. [locne 3aBepiienus
pacy€ToB oToOpakaeTcsi rpauK 3aBUCUMOCTH.
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3. Onucanme Jgucra «2D DLA»

Jluct «2D DLA» BbITIONTHEH B BHJE OTACIBHOTO TPHUIOKCHHUS,
CITy>Kallero JJid BU3yallM3alluu Mpolecca arperaiuu atoMoB. Ero Bua
npeacTaBieH Ha puc. 4.4,

Puc. 4.4. Buzyanu3zaius arperaiuu atoMoB Ha jincte «2D DLA»

Knonka «CuctemMa aToMOB» CIYKUT JJIsI Hayaiaa OTOOpa)KEHUs
CTPYKTYp caMOCOOpKH, C(POPMHUPOBAHHBIX I10 aJITOPUTMY OTpPaHUYCH-
HOM nuddy3ueit arperamuy.

TexkcTtoBoe mojie «Pa3mMep MOpPOCTPAHCTBA» OTOOpPAXKAET YHUCIIO
KJIETOK COOTBETCTBYIOIIUX JJIMHE KBaJPaTHON 00JIaCTH.

TekcroBoe mnosie «HavanpHBIM 1IAr» CIYXUT I 3aaHUS
Ha4yaJbHOrO0 3HAYEHUS IIara MOJEIUPOBaHUS, C KOTOPOr0 HEOOXO0aU-
MO HAYWHATh BU3YaJIU3UPOBATH ITPOILIECC.

TexcroBoe mosie «KoHEUHBIN Iar» HEOOXOOUMO I BHECEHUS
3HAYCHUS, COOTBETCTBYIOIIET0O KOHEYHOMY IIIAry MOJCIUPOBAHUA.
CnpaBa B CKOOKaxX BBIBOJUTCS OOIIEE YHUCIIO IIIAar0B MOJICTUPOBAHMUSL.

TekctoBoe mone «Mwms (haiima» mpenHa3HauYEHO [JIsi BHECCHUS
B HEro Ha3zBaHUs (haiiina, KOTOPbI HEOOXOIUMO W3BJIEKATh MPU BU3yaJIU-
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3aiuu. TexcroBoe moje «I[lyTh u uMs Katajora» HeoOXOIUMO IS BBE-
JICHUS B HETO ajjpeca KaTajora, u3 KOToporo OyayT U3BJICUEHBI (DAITHI.

Crpoka «Illar MoaenupoBaHus» BBITIOJIHAET (PYHKIIMIO OTOOpaxe-
HUSI HOMepa I1ara MOACIMPOBAHUS JUTS TEKYIIETO U3BJIeKaeMoro (aiia.

®naxok «IIpo3padHoCTh» HEOOXOIUM MJIsSl IEPEKIIFOUEHUSI OTOO-
paXeHHs aTOMOB B PEXHUM MPO3PAYHOIO BOCHPHUATHUS MMOBEPXHOCTEN
cdep, a COOTBETCTBYIOIIAs I0JIOCA TMTPOKPYTKH HEoOXoauMma Il Ba-
pBUPOBaHUs MapameTpa npo3padyHoctu ot 1 jo 0.

JIBe mosiockl MPOKpyTKU «Maciradb» npeaHa3HadeHbI IS U3Me-
HEHUs MacmrTada oroOpakaemoil cucteMbl. [loockl TPOKPYTKH
«1IBet poHa» mpeaHa3HAUCHBI JIJI1 U3MEHEHUS OKpacku oHa Mo TPpEM
OCHOBHBIM I[BeTaM: KpacHbIH («R»), 3enéubiii («G»), cunuii («B»).

[Tonocel mpokpyTku «l[BeT OMyKTaroNIUX aTOMOB» IpeaHa3Ha-
YEHBI JUIsI U3MEHEHUSI OKPACKH OJTY>KJAIOIINX aTOMOB IO TPEM OCHOB-
HBIM I1BeTaM: KpacHbIi («R»), 3enéubiii («G»), cunuii («B»). ITomocsr
NpOKpYTKH «lIBeT arperupoBaHHBIX aTOMOB» TIpeJIHA3HAYCHBI
JUTSI UBMEHEHUSI OKPACKH arperupoBaHHBIX aTOMOB IO TPEM OCHOB-
HBIM IIBETaM: KpacHbIi («R»), 3enénbiii («G»), cunmii («B»).

®daxkok «I'paHUIBI MPOCTPAHCTBA» HEOOXOJWM IIPU BU3yaIn3a-
I BHEIIHUX rpaHul] oToOpakeHus. dnaxok «['paHuisl odgacTu»
npeAHa3HaueH AJi1 OTOOpaKeHUsl TpaHull 00JacTH, B KOTOPOH Mo/e-
JUPOBAJICA MPOLIECC.

[Tonocel npokpyTku «TpaHCHAIMHU IO OCSM» BBIMOJTHSAIOT (DYHK-
[IUI0 CMEIIECHUS CUCTEMBI 110 TPEM OCHOBHBIM KOOPJIMHATHBIM OCSIM.

DMaKKA «X», «Y» U «Z» CIOyXaT IJis BU3yaIM3alldd CHUCTEMBI
IIpU BpalleHun €€ BOKPYT Oceil X, Y, Z ¢ BPEMEHHBIM HHTEPBAJIOM
cMmelnieHus Ha 1 rpagyc yria, 3alaHHbIM B COOTBETCTBYIOIIEM TEKCTO-
BOM TIOJIE.

[Tonocel mpokpyTku «IlapameTpbl NpPOEKIUU» HEOOXOAUMBI
IUTsl BADbUPOBAHUS TMapaMeTPOB MEPCHNEKTUBHOM MPOEKIMU OToOpa-
YKAEMOU CUCTEMBI.

4. Onucanue gucrta «2D Relaxation»

JIuct «2D Relaxation» BBIIONHEH B BUJE OTJICILHOTO IPHIIONKE-
HUSI, CIyKallero JJis BU3yallM3alluM Ipoliecca pesiakcanuu ¢pak-
TaJbHOTO KJjlactepa. Ero Buja npeacrasiieH Ha puc. 4.5.
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Puc. 4.5. Busyanuzaius penakcaiuu kinactepa Ha jgucte «2D DLA»

Knonka «CuctemMa aToMOB» CIY>KUT JJisI Hayaiga OTOOpa)KeHUs
CTPYKTYP, COOPMUPOBAHHBIX B MIPOIECCE pETIaKCaIIHH.

TexcroBoe mojse «Yucio aTtoMoB» OTOOpa)kaeT 4YKMCIO aTOMOB
B CHCTEME U 3aIOJIHIETCs aBToMaTH4decku. TekcroBoe nosie «Havanb-
HBIN [Iar» MpeHa3HAuYeHO JIJIs BBEJICHUSI 3HAUEHHUS I1ara MOJEIupo-
BaHMsI, C KOTOPOTO HAYHETCS MPOIECC OTOOPaKEHUSI CUCTEMBI aTOMOB.,
TekcToBoe nosie «KOHEUHBIN 1Iar» CIY>KUT I BHECCHUS 3HAUYCHUS
KOHEYHOro Iara moaeiadpoBanus. CripaBa B CKOOKax yKa3aHO 00Iee
yucio maroB. TekcTtoBoe nosie «Mms daitna» 3amnonHseTcs aBTOMaTH-
YeCKM U OToOpakaeT ums (paiina, KOTOpbId ObUT 3amMucaH B MaMsTh
Py MOJICIMPOBAHUU TIpoiiecca penakcanuu. TekcroBoe none «IlyTh
Y MMs Kartajiora» MpeJIHa3Ha4eHO i1 BHECEHHUs ajpeca KaTrajora,
B KOTOPOM COXPaHEHBI CTPYKTYPHI.

Crpoka «Texkylmuil BpeMEHHOM Imar» oToOpakaeT Iar Mo/IeJu-
pOBaHuUs.

®naxok «IIpo3padHOCTh» HEOOXOIUM MJISI IEPEKIIFOYEHUSI OTOO-
pPaXXEHUs aTOMOB B PEKUM MPO3PAYHOTO BOCIPUSITUS MMOBEPXHOCTEH
chep, a COOTBETCTBYIOIIAS T0JIOCA MPOKPYTKH HEOOXoauMma Jjisl Ba-
phUpOBaHUA MapaMmeTpa npo3payHoct ot 1 g0 0.

Knomnka «Marpuiia CMEXHOCTU» HE0O0XOAWMAa JJisi BBIOJHEHUS
OoTOOpaskeHUs CBsI3eBOro rpada Ha KaKIOM M3 YKa3aHHBIX I1aroB MOjIe-
aupoBaHus. TekcrtoBoe Tonie «HauanbHBI Imar» mpeaHa3HaYeHO
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JUTSl BBEJICHUSI 3HAUCHHMSI IlIara MOJEIMPOBAHUS, C KOTOPOTrO HAYHETCA
IIPOLIECC OTOOPaKEHMSI CBA3EBOro rpacda CUCTeMbl aTOMOB. TEKCTOBOE
noJie «KOHEUHBIN 11ar» CITy>KHT ISl BHECEHUS] 3HAYEHUS] KOHEYHOT'O 11a-
ra mojenupoBanusi. CripaBa B CKOOKax yKa3aHO 4YHMCJIO OOIlee IIaros.
TexcroBoe mone «Mms aiia» 3amoaHsAETCs aBTOMATUYECKH U OTO-
OpaxkaeT umsl (paiiya, COOTBETCTBYIOIIETO MAaTPULIE CMEKHOCTH, KOTOPHIiA
OBbLT 3aMKCaH B TaMSTh MPU MOJACTUPOBAHUY TIPOIIECCa PETaKCallyH.

Onaxok «CBsizeBoil rpad» NpeaHa3sHa4yeH IS MEePEKITIOYCHUs
BHYTPEHHUX BBIYUCJICHUN HAa OTOOpaKeHHE CBSI3€BOro rpada u BbI-
CTaBJISIETCSI aBTOMATUYECKH.

[Tosmoca mpokpyTku lines mpeaHasHavueHa i1 BapbUPOBAHUS
TOJIIMHBI JIMHUHI B CBsA3¢BOM rpade. [Tomoca mpokpyTku points mpe-
Ha3HA4YCHa JJIs1 BAPbUPOBAHUS Pa3MEPOB TOUEK B CBSI3eBOM rpade, co-
OTBETCTBYIOIMX artoMaM. [loiocel mpokpyTku «MacimrTab» ciyxaT
ISl u3MeHeHus macmTada cucteMsbl. [lonocsl npokpyTku «LBeT ¢o-
Ha» HEOOXOJUMBI ISl U3MEHEHHUs 1BeTa (DOHOBOUM 007acTH MO TPEM
OCHOBHBIM I11BeTaM. [losocel mpokpyTkn «l[BET aToMOB» NpeaHa3Ha-
YEHBI JJIsI U3BMEHEHHUS! OKPACKW aTOMOB CUCTEMblI WIIM JIMHUH, TOYEK
B CBSI3€BOM rpade mo TpémM OCHOBHBIM IIBETAM.

dnaxxok «I'paHUIlbl MPOCTPAHCTBA» HEOOXOAUM IPU BU3yaIU3a-
MM BHEIIHUX TpaHull oToOpaxkeHus. Dnaxok «IpaHuIbl 00IacTh»
MpeHa3HAYEeH JJIsI OTOOpaKeHUsl TpaHUI] 00JacTH, B KOTOPOU Mojie-
JIMPOBAJICS MPOLIECC.

TekcroBoe mojie XMIN oToOpakaeT MUHUMAIBHYIO KOOPIAMHATY
10 OCH X ¥ 0TOOpakaeTcsl aBTOMaTHYeCKU. TeKcToBoe mose ymin oToo-
pakaeT MUHUMAJIBHYIO KOOPAMHATY IO OCH Y U 0TOOpakaeTcs aBTOMa-
tudecku. TekctoBoe mnosie «Pa3Mep o0iacTi» MOKa3bIBAET pasMEpP MHU-
HUMAJILHOM 00JIaCTH, B KOTOPOU MPOTEKAET N30XOPHO-U30TEPMUUYECKHI
IIPOLIECC PEJIAKCALIAHN, Y 3AOJIHIECTCS aBTOMATHYECKHU.

[Tonocel npokpyTku «TpaHCHALMHU IO OCSM» BBIMOJTHSAIOT (DYyHK-
A0 CMEIMIECHUS CUCTEMBI IO TPEM OCHOBHBIM KOOPJIMHATHBIM OCSIM.

DnaxKd «X», «Y» U «Z» CIyXaT Ui BU3yaJW3alUU CHCTEMBI
MIpU BpalllcHUU €€ BOKPYr Ocell X, Y, Z C BPEMEHHBIM HHTEPBAJIOM
cMeleHust Ha 1 rpajayc yria, 3aiaHHbBIM B COOTBETCTBYIOIIEM TEKCTO-
BOM IIOJIE.

[Tonocel mpokpyTku «IlapameTpsl TPOEKIMU» HEOOXOAUMBI
JU1sl BADBUPOBAHUSI TAPAMETPOB TMEPCHIEKTUBHOM MPOEKIIMU OTOOpa-
KAEMOU CHCTEMBI.
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I11. BoinosiHeHHe KOMIIBIOTEPHOI0 IKCIIEPUMEHTA
10 MPOEKTHPOBAHUIO CAMOCOOPKH M CAMOOPTaHU3AIlUN
HAHOKJIACTEPOB MepPeX0IHbIX METAVIOB

Ocy1iecTBUM HEOOXOAUMBIC PACUETHI Ha CIIEIYIONIEM ITPUMEpE.

1. Beimonuuts cunte3 OJIA BUpPTyalbHOTO KilacTepa U JajdbHEe-
niee KOMIBIOTEPHOE MOAEIUPOBAHUE MPOLIECCA PEITAKCALIMN CUCTEMBI
aTOMOB, 3ajlaB KOHIIEHTpalui aToMoB paBHyro 10 % mnpu pasmepe
obmactr 100x100 knerok ¢ HavaapHBIMU KoopauHatamu (50, 50).

Penakcanuto npoBecTu s Kiacrepa, cocrosiiero u3 210 atomos,
BBICTAaBUB YMCJIO arperMpOBaHHBIX aTOMOB B Kjiactepe paBHbIM 210.

BrictaButh (priaxkku «CoxpaHsaTh B ¢Gaiiyl CUCTEMY arperupoBaH-
HBIX U OJY>KIAIOIIMX YacTHUIl Ha KaXJIOM BpeMeHHOM Iare» u «Co-
XpaHUTh B Qaiiil ciiydyallHOE pacipeeeHue YacTul. 3aaath Ciydai-
HOE paclpe/IesICHHE aTOMOB U 3aIyCTUTh ITPOIIECC arperaiuu.

[Tocne moctukenusi MO0 MPEBBIINICHUST YUCIIA arperdupOBaHHBIX
aTOMOB, PAaBHOTO BBICTABJIECHHOMY YHCIY arperupoBaHHBIX aTOMOB,
MPOLECC arperaluy IPeKpaTUTCs.

[Ipons3BecT BU3YAIM3ALMIO [OJIYYEHHOM CHUCTEMBI AaTOMOB
Ha J11000M u3 maroB npouecca OJ[A nm1bo B TeueHre BHIOPAHHOTO WH-
TepBajia BPEMEHHBIX I1aroB ¢ nmoMouisto ¢aina «2D DLA».

2. PaccuntaTh mapaMeTpbl YK€ CUHTE3UPOBAHHBIX CUCTEM aTOMOB.

Ha mucre «D & t» mpousBectn pacu€r 3HaueHUl (ppakTabHON
pasmepHocTd. Ha mucre «S & t» HeoOXxo1uMo pOU3BECTU BHIYUCIICHNE
3HAYEHUS PHTPONUM Ha KaxzaoM mare. Ha mucre «E & t» npoussectu
BBIYMCIICHUE SHEprun cBsizeld. Ha nucre «F & t» ocyiecTBUTh HaX0Xk-
neHue cBoooHo sHeprun. Ha mucte «N & t» mpoBectu pacu€r yncia
cBs3eil B kiactepe. [Ipoananu3upoBath rpaguku 3aBUCHMOCTH.

3. [lepetitn Ha muct «DLA & Relaxation».

JI1s1 MOATOTOBKU CUCTEMBI arperMpOBaHHBIX aTOMOB K IOCIIEIY-
IOIIEMY TIPOIIECCY PElaKCallMi HEOOXOJUMO BBITIOJIHUTH MOCIIEI0Ba-
TEJIBHOCTH CIICAYIOIINX JCHCTBUMU.

[IpousBecTtu pacu€t paguyca oopesanus npu temmeparype 273 K,
BBICTABMB COOTBETCTBYIOIIME 3HAUYCHUS TTapaMETPOB MOTEHIIMAA.

N3Bneus Qaiii KOHEUHON CTPYKTYpPHI Mpoliecca arperaiuu ¢ mo-
MOIIbI0 KHOTKUA «M3Bieubr u3 ¢aiiya», 3aJaB B COOTBETCTBYIOIIEM
TEKCTOBOM I10Jie UM (paiiia cucTeMbl Ha KOHEYHOM IIIare mpoiiecca
OJIA, nanmpumep «DLA 251».

33



[lepeBecT MaccuB, COOTBETCTBYIOIIUN CHUCTEME OJTY>KIAIOIIUX
Y arperupoBaHHBIX aTOMOB HA KOHEYHOM IIIare MOJIeIMPOBaHu,
B KOOpAMHATHI U 3anoMHUTH B (aiin. IIpoBecTn pacuer Marpulibl
CMEKHOCTH U 3amucath B (hailll.

PaccunTaTh 4MCIIO MEXKATOMHBIX CBSI3€i, BHYTPEHHIOIO SHEPTHUIO,
BBIYMCIIUTH pa3Mepbl U TPaHUIIbI 00JaCTH KJIacTepa, HakKaB Ha COOT-
BETCTBYIOIINE KHOIIKHU.

4. [TpomoaenupoBaTh MPOLECC HHEPreTUUECKON pellaKcaiun
U 3aJJaHHON TeMIlepaType clieayromumM oopazom. Ha nepBom srame
OCYIIIECTBUTh M3BJICYCHHUE KOOPJUHAT M MAaTPUIBl CMEKHOCTHU
u3 QaitnoB. BeictaButh ¢iaxok «CoxpaHsaTh Ha KaXJIOM BPEMEHHOM
miare penakcanuu». YCTaHOBUB IIar TpaHciasuuu paBHbIM 0.1 HM
U TPAJUEHT SHEPTUU CXOIUMOCTH pesyibrara paBHbIM 0.01 HM, me-
pENTH K MOJEITMPOBAHUIO MPOLIECCa PETAKCAIUU.

Ha kaxxqoM BpeMEHHOM Imare otoOpakaeTcsi BPEMEHHOM IIar,
HOMEp aToMa U €ro KOOPJIMHAThI, BHYTPEHHSISI SHEPTUsI, BpeMsl Hauasia
poIecca U TEKyIllee Bpems Iara mojaenrpoBanus. Ha kaxaom Bpe-
MEHHOM WIare MpOMCXOAUT COXPAaHEHHE KOOPAMHAT, MaTPHULIBI CMEX-
HOCTH, YHCJIa MEKaTOMHBIX CBSI3€M M BHYTPEHHEH YHEPTUH.

[Iporecc penakcanuu OyAeT MPOJOJDKATHCS JO TEX IOp, TMOKa
Pa3HOCTh MEXKJYy ABYMsI 3HAUYCHUSIMH SHEPIrUM KJIacTepa HE CTAHET
MEHBIIIEH YKa3aHHOTO 3HAYEHUSI TPaJIUCHTa YHEPTUU.

[IpousBecTy BU3yaau3aluio MOJIyYeHHON CUCTEMBI aTOMOB U CBSI-
3eBOro rpada Ha JIF000M M3 I1aroB MpoIiecca pejlakcaluy Ju0o0 B aua-
Ma30He IIaroB MojeinpoBaHus. PaccuuTarh mapameTpsl y»Ke CHUHTE-
3UPOBAHHBIX CUCTEM aTOMOB.

5. Ha mucte «D & tr» paccunrtaTh 3Ha4YeHUs (PpakTabHOM pas-
MEpPHOCTH W TpoaHaIu3UpoBaTh Tpaduk 3aBucuMocTH. Ha mucre
«S & tr» paccuntaTth 3HAYEHUS SHTPOMUU M MPOAHATU3UPOBATH I'pa-
¢uk 3aBucumoctu. Ha nucre «E & tr» paccuuraTh 3HaueHUs SHEPTUH
CBSI3e W TpoaHaIu3upoBaTh rpaduk 3aBucumoctu. Ha mucre
«F & tr» paccunTtarh 3HaU€HUs] CBOOOHONM YHEPTUU U MTPOAHATUZUPO-
BaTh rpaduk 3aBucumoctu. Ha nmucre «N & tr» paccuurath 3HaUeHUS
YuCya CBSI3€i U MpoaHaIu3upoBaTh rpauk 3aBUCUMOCTH.

6. BBIMOJIHUTH MOJICIMPOBAHUE pelaKCalluy MPHU TeMIIepaType
500 K.

I[Tepetitn Ha muct «DLA & Relaxation». Ocy1iecTBUTh H3BJICUCHHE
KOOpJIMHAT W MATPHUIbI CMEKHOCTU U3 (HailyIoB U MPOU3ZBECTH MOICIIU-
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poBaHue Mnpoiiecca penakcaiuu npu Temmneparype 500 K, 3agaB nanHoe
3HAYeHUE TeMIlepaTypbl B TEKCTOBOM mosie «Temreparypa mpoliecca,
K» u mpousBens pacuér paamyca obpeszanus. [IponsBectu Bu3yanmsa-
IIUIO TTOTYYCHHONW CHCTEMBI aTOMOB W CBS3€BOro Tpada B JMara3oHe
II1ar0B MOJISITMPOBAHUS, IPOU3BECTH BHIYMCIICHHUS TTapaMETPOB.

/. BRIIOJIHUTE MOJICIMPOBAHUE pENIAKCAIIMKM TPU TEMIIEpaType
1000 K.

[Mepeiitn Ha muct «DLA & Relaxation». Ocy1ecTBUTh W3BJICUCHHE
KOOPJWHAT ¥ MATPHIIBI CMEKHOCTH U3 (DalJIOB U TIPOM3BECTH MOJICIIH-
poBaHue mnpoiiecca penakcaiuu npu temneparype 1000 K, 3agaB nan-
HOE€ 3HA4YCHHE TEMIIEpaTyphbl B TEKCTOBOM Tiojie «TemmepaTrypa mpoiiec-
ca, K» u npousBenst pacuér paanyca odpezanus. [IpousBectr Bu3yasm-
3allMIO TOJTyY€HHOW CHUCTEMBbl aTOMOB U CBSI3€BOTO Tpada B AHUana3oHe
aroB MojieupoBanus. [I[por3BecTH BRIYUCIICHUS TTAPaAMETPOB.

8. BBITIOJIHUTE MOJENMpPOBAaHUE pENlaKCcallii TpU TeMIlepaType
1500 K.

[Tepeiitn Ha muct «DLA & Relaxation». OcyiiecTBUTh M3BJICUE-
HUE KOOPJUHAT ¥ MATPHIIBl CMEKHOCTH U3 (HalJIOB U MPOU3BECTH MO-
JeaupoBaHue npoliecca penakcamnuu npu temmneparype 1500 K, 3anas
JAHHOE 3HAYCHHE TEMIIepaTyphl B TEKCTOBOM Tosie «Temmeparypa
npornecca, K» u npousBens pacuér paguyca oopesanus. [Ipoussectu
BU3yJIM3alUI0 TIOJYYEHHOM CHCTEMBI aTOMOB M CBSI3€BOTO Tpada
B JIMAIa30HE I1aroB MOJEIUPOBAHUSI.

[IpousBecTr BBHIYUCIICHHSI TTApaMETPOB, CACJIaTh BBIBOJ O BIIHSI-
HUW TEMIIEpaTyphl Ha XOJ1 MPOIecca pelaKCaIuH.

V. Anaiu3 pe3yJibTaTOB KOMIIBIOTEPHOI0 IKCIIEPUMEHTA

B xone ananmmu3a pe3ynbpTaToB pabOThI HEOOXOIWMO YOEIUTHCS
B CJICJTYIOIIIEM.

1. [Ipouecchl penakcaluuy CUCTEMbl AaTOMOB HUKENS UAYT CaMo-
MIPOM3BOJIBHO, YTO CIIeIyeT U3 3HAUCHUN CBOOOTHOM SHEPTUH.

2. TIporiecchl caMOCOOPKH U pelaKCaIlii COMPOBOXKIAIOTCS CHIKE-
HUEM SHTPOIHH, YTO YKA3bIBAECT HA MPOIECCHI YIIOPSIIOYECHHSI B CUCTEME.

3. B mporieccax caMocOOpKH U pejakcalid cucTeMa aTOMOB Tie-
pexoauT B 0ojee HEpaBHOMEPHOE M KOMIIAKTHOE COCTOSIHME B IPO-
CTpPaHCTBE, MPHU ATOM 3HaUeHUE (paKTaIbHOW Pa3MEPHOCTH CHUKAET-
Cs, YTO TIO3BOJISIET CBS3aTh OTPUIATENbHBIM TpPaJUCHT 3HAYCHUU
C IIPOIIECCAaMU CAMOOPIraHU3allul B CUCTEME.
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V. KoHTpoJIbHBIE BONIPOCHI K JIa0opaTopHOii padoTe 4

1. Ha kakuX OCHOBaHMSX MOJATBEPKIAECTCS CaMONPOU3BOIBLHOCTh
MOJIETTUPYEMBIX TPOIIECCOB?

2. Kak 3aBucAT 3HaueHus CBOOOJHOUN SHEPTUU OT TEMIIEPATypPhl?

3.UYeMm moATBEp)KIAeTCAd HaTW4he MPOLECCOB YMOPSAOUEHUS
B CUCTEME aTOMOB?

4. YeMm BBI3BAaHO M3MEHEHHUE 3HAYEHUM (pakTaIbHONW pa3MepHO-
CTH Ha MOCJIEIOBATENIbHBIX IIarax MOJACITUPOBAHUS ?

5. C kakoil BETUYMHOM MOYKHO CBSI3aTh Pa3JIMYHbIE 3aBHCHUMOCTH
qucya CBA3EH OT IIaroB MOJCIMPOBAHMS ITPU PAIMYHBIX TEMIEpaTypax?

AabGoparopuasa padora 5
CamocOopka u camoopraHu3anya HEPABHOBECHBIX IeAeH
HAHOYACTHII C IIOMOIIbI0 MOAyAsA «HaHodpakTassm

|. Heap pabGorbl. BrinonHeHWEe KOMMOBIOTEPHOTO IKCHEPUMEHTA
CaMOCOOpKHM M caMOOpraHU3allii HEPaBHOBECHBIX T'eJIel HAHOYACTHII
C TIoMoIbio Moayis «HanodpakTaib».

I1. Ilopsiiok BeINOJIHEHUS PA0OTHI

Jlnst MmozenpoBaHusi caMOCOOPKH U CAaMOOPTraHU3aIMKU HEPABHO-
BECHBIX TeJiel HAaHOYACTUI[ CO3/IaH IporpaMMHbIA Monayiab «Hano-
dbpakTane». AnroputM (GOpPMUPOBAHUSI arperatoB MPEICTaBICH pa3-
HOBHHOCTBIO MOJCIIH KjacTep-kiactepHoi arperamuu (KKA): mo-
nenb au¢@y3MOHHO-KOHTPOIUMPYEMON KJIacTep-KJIACTEpHOM arpera-
muu (DLCA).

JIns mpoBelleHHs] KOMIBIOTEPHOIO SKCIEPUMEHTa HE0OXOAMMO
OTKpHITH (aitn «Hanodpakrane» B TabnumaHoM pegakrope MS Excel,
IPU 3TOM HEOOXOJIUMO pa3pelIuTh MaKpoChl B HACTPOIMKaxX Mporpam-
MbI. D]l CONEPKUT HECKOJIBKO pab0YUX JIUCTOB, OMMMCAHUE KOTOPBIX
MPUBEICHO HUXKE.

1. Onucanue gucra «CCA 3D»

JIaHHBIN JUCT COACPKUT OCHOBHBIC MapaMeTpbl, yCTaHABIIMBAae-
MbI€ MPHU MOJETUPOBAHUHU TIpoliecca caMocOopku. Buna nucra npen-
CTaBJICH Ha puc. 5.1.
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Puc. 5.1. 3aganue napaMeTpoB caMOOpraHU3alluM KjacTepa
Ha jucte «CCA 3D»

TekcroBoe mojsie «KoHIEeHTpanus dvacTtul, %» Heo0X0oauMo
JUTsl BHECEHHSI B HETO 3HAYCHMS TEPBOHAYAIBHON OOBEMHOM KOHIICH-
Tpauuu 4dactul. Haxkatuem kHonku «CiydyallHOE pacrpelieliecHue da-
CTHUI» 3aIyCKAETCsl MPOIECC paclpe/iesiCeHUs] 4acTull B 00bEME Mpo-
CTpaHCTBa B xaoTuyeckom mnopsiake. [Ipu nHaxkatnu kHomku «Ilepe-
MEIIIEHUE KJIACTEPOB» HAYMHAETCS MPOIECC XAOTUYECKOro IMepeMe-
IIEHUSI KaK OTJIEJIbHBIX YacCTHUIl, TaK U KJIACTEpOB, (POpMUPYEMBIX
B XOJI€ MpOoIIECCa.
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B TekcToBOM noJie « BpeMeHHO# 1m1ar» mpoucxoauT 0ToOpakeHue
mara MoaenupoBaHus. TexcToBoe mojie «Huciio MOHOMEpPOB» MOKa-
3bIBAET KOJIMYECTBO MEPBOHAYAIBHO 3aJaHHBIX YACTHI[ U UX KOJIUYE-
CTBO B XOJE MNPOBEIACHHS SKCIEpUMEHTa. TekcTtoBoe mnoje «Yucimo
KJIACTEPOB» TOKA3bIBAET OOIEE YMCIIO KJIACTEPOB HA KaXKJIOM Bpe-
MEHHOM mare rmpouecca. TekcroBoe mnosie «KoHeYHOe 3HayeHHE»
oTOoOpa)kaeT MPUCBOCHHOE 3Ha4YeHHE CHOPMHUPOBAHHOTO arjioMepara
U CBS3aHO CO cChenupuKor anropuTMoB MmojenupoBanus. Craguu
mpoiiecca oToOpaxxaroTcsi B TEKCTOBOM MoJjie «CTaauu mporeccar.

CoxpaHeHue B TEKCTOBBIN (aill 1 U3BJICUEHHUE U3 TEKCTOBOTO (haii-
Ja KOOPJIWHAT YaCTWLl KOHEYHOW CTPYKTYPbl OCYIIECTBISETCS
npu HaXaTUX KHOMOK «CoxpaHuTh B ¢aii» u «M3eneusr u3 (aiina».
ITone «IlyTh 1 Ha3BaHUE MANIKK» ONPEEIISET aApec coXpaHeHus (daiina.

ABTOMaTHYECKOE COXpaHEHUE B (DAl Ha KaXKJIOM BPEMEHHOM I11are
OCYIIECTBIISIETCS MPU BbICTaBlIeHUU (rakka «CoXpaHsATh Ha KaXIIOM
BpeMeHHOM Tiare». CoxpaHeHue B (hailyl KOHEYHOM CTPYKTYpHI OCY-
IIECTBIIICTCS TpU BbICTaBJIeHUU (iakka «CoOXpaHUTh MO OKOHYAHUHU
nporecca». Pacu€r 3HaueHUs1 PpaKkTaIbHON pa3MEepHOCTH OCYIIIECTBIIS-
€TCs PU HAXKaTUW KHOTIKM «DpakTaiabHas pazMepHocTh». MHpopmariys
[llerHOHA [ KOHEYHOIO arjaoMepara YacTUIl PACCUUTHIBACTCS MU
Haxkatuu Ha kHorike «Mudopmanms [Ilennona». Ilpu sTom Ha nucte
«P1& C, D & C, | & C» orobpaxkaercst 3HadueHue nHpopmarnuu [1len-
HOHA ¥ YaCTOTHOCTH BEPIIMHBI TOT'O WJIA UHOTO THIIA.

[Ipu naxatnm kHOmkU «IlocTpouth rpaduku 3aBUCUMOCTH»
Ha jgucTe «Pi & C, D & C, | & C» oToOpaaloTcsl 3HaUCHHS 9acTOT-
HOCTeH, (pakTanbHOM pasMepHoctd U uHpopmaruu Illennona
JUTS KaXKIOM KOHIIGHTpaluu 4acTull (IpM HakaTmM KHONKH «Haiith
MaKCUMaJlbHOE 3HAaY€HHE WH(POpMAIMU» MNPOUCXOJUT BBIYUCICHUE
Y BBIJICIICHHE MAaKCUMaJIbHOTO 3HaueHus1 nHpopmaruu [lleHHoHa).

2. Onucanue JUCTOB JIf1 PACYETA CBOICTB
MO/IeJIMPYyeMOil CUCTEeMbI aTOMOB

Ha nucre «D & t» B COOTBETCTBYIOIIUX TEKCTOBBIX MOJISIX 3aja-
I0TCSl UMeHa (paiina, KaTajgora U 3HaA4EHUE YMCJIa BPEMEHHBIX I1aroB.
[Ipu nHaxkxatun kHONKU «DpakrasbHas pa3MEPHOCTh HA KaXXJIOM Bpe-
MEHHOM IIare» MPOUCXOAUT pacu€T 3HAYeHUN (PpakTaibHON pazMep-
HOCTH CHCTEMBI YACTHUI[ Ha Ka)KJIOM BPEMEHHOM Ilare MOJAECIUpPOBa-
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Hus. [locie oToOpakeHUs pacCUMTAHHBIX 3HAYEHUM MPOUCXOIUT TIO-
CcTpoeHHe Ipadrka 3aBUCUMOCTH.

Ha muctre «| & t» B COOTBETCTBYIOIIMX TEKCTOBBIX MOJSAX 3aja-
I0TCSl UMeHa (paiina, KaTajgora M 3HaA4€HUE YKCJIa BPEMEHHBIX I1aroB.
ITpu Haxkatuu kHonku «MHpopmanus [lleHHOHA HA KaXXKAOM BpPEMEH-
HOM IIIare» MPOMCXOIUT pacuér 3HaueHnil wmHdopmaruu IllenHoHa
CHUCTEMBbI YaCTHUIl Ha KKJIOM BPEMEHHOM Iare MojeaupoBanus. [lo-
CJie OTOOpPaKEHMSI PACCUMTAHHBIX 3HAYCHUM MPOUCXOUT MTOCTPOCHHE
rpaduka 3aBUCUMOCTH.

Ha nmucre «Pi & t» B COOTBETCTBYIONIMX TEKCTOBBIX IMOJISAX 3aj1a-
I0TCsl UMEHa (paiiia, KaTtajora U 3HauY€HHUE YKCia BPEMEHHBIX Iaros.
[TIpu HaxxaTtun KHONMKKU «HacToTa MOSBICHUS BEPIIMH HA KaXJIOM Bpe-
MEHHOM IIIare» MPOUCXOJUT Pacu€T 3HAUYCHUN YacTOT IOSBJICHUS
BEPILIUH JIJI1 CUCTEMbI YACTHUI] HA KaKJIOM BPEMEHHOM IIare MoOJEJH-
poBanus. [Ipu 3TOM MakcHManbHbIE 3HAYEHUS BBIICISIOTCS PAMKOM,
a B JIECBOM CTOJIOIIE OTOOpaxKaeTcsi YMCI0 MAKCUMYMOB.

Ha nucte «Pi & C» B COOTBETCTBYIOIIEM TEKCTOBOM IIOJIE 3a1a-
eTca uMs U ajapec kartaiora. [Ipu HaxaTtnn kHonku «YHactora nosiBiie-
HUSI BEPIIUH MPU KaXJOM 3HAYEHUM KOHIICHTPAIMM YacCTHUI» MPOUC-
XOJIUT PACUET 3HAUCHUN YACTOT MOSABJICHUS BEPILIUH JJIs CUCTEMBI Ya-
CTHUII IJi1 Kaxaou koHieHTparuu dyactuil oT 1 % mo 100 % c¢ marom
B 1 %. IIpu 3TOM MakcUMalibHbIE U MUHUMAJIbHbIC 3HAUYECHUS BBIJIC-
JSI0TCS paMKaMu. B JIeBbIX KpalHUX CTO0IIaX OTOOpakaeTcss KOoJu-
YECTBO MaKCMMYMOB M MUHUMYMOB. Huke oToOpaxaroTcs: 3HaUeHUS
MacCHUBOB MaKCUMyMOB M MHHUMYMOB. 0 0003HayaeT OTCYTCTBHE
IKCTPEMYMOB, 1 — MakCUMyM, 2 — MUHUMYM.

3. Onucanne jgucra «3D CCA»

JIuct «3D CCA» BBITIOJIHEH KaK OTACILHOE MPUIIOKEHHE, CITy-
xKaree i1 TPeXMEpPHOW BU3yalu3aluu mpoiiecca camocOopku ppax-
TaJbHOTO Ki1actepa. Ero Buj npencrasieH Ha puc. 5.2.

Knonka «Buzyanmuzanusi CTpyKTyp» OpeAHA3HAYECHA ISl U3BIIC-
yeHus (PaiaoB ¢ MOCICAYIONIEH BU3yaln3allue CTPYKTYp, CHHTEC3H-
POBaHHBIX MO AIrOpuT™My AUG(PYy3UOHHO-OIPAaHUYEHHOW KJIacTep-
KJIacTepHO# arperanuu. TexkctoBoe nosie «HavanbHbIi mar» HeoOxo-
JIAMO JJI1 BHECEHHSI HOMEpA I1ara MOAECIUPOBAHUA, C KOTOPOTO HA4H-
HAETCA MPOLECC BU3YAIM3alMU CUCTEMBI. TekcTtoBoe mone «Koneu-
HbIA IIar» MPEeIHA3HAYCHO [UIA YKa3aHWs IIara MOJCIUPOBAHUS,
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Ha KOTOPOM HEO0OXOJUMO OCTAHOBHUTH IMpOIECC. TEKCTOBOE TOJe
«Mmsa (aiina» cIyXUT Jyisi BHECEHUS B HETO MMEHHM BBI3BIBAEMOTO
daiina. TexcroBoe nosie «IlyTh U UMs KaTajora» CIyKUT JJIs yKa3a-
HUSI UMEHHM JIUCKA U KaTaJiora, T/I€ pacloJIOKEHbI (Paiiibl.

Puc. 5.2. TpexmepHas Bu3yanuzaimms caMmocOOpKHU Kiiactepa
Ha jucte «3D CCA»

Crpoka «IIlar MoaenupoBaHKs» BBITIOIHAET (PYHKIIMIO OTOOpake-
HUAS HOMEpa Iara MOACIUPOBAHUS BU3YAIU3UPYEMOM CHCTEMBI.
[Tpu BoicTaBneHnn ¢raxka «IIpo3padHOCTH» crcTeMa YacTHUl] O0TOOpa-
XKaeTCsl B IOJIAX mpo3padHocT oT 1 10 O u BapbUpyeTcss COOTBETCTBY-
IoIeH 1mosiocoi mpokpyTKU. [Ipu BeicTaBieHuu raxka «Tomojgornye-
CKUii Tpad» crcTeMa BU3yalIM3UPYETCsl B BUJIE TOTIOJIOTHYECKOTO Tpada.

[Tonoca mpokpyTku liNeS mnpemHasHadueHa ISl BapbUPOBAHHUS
TOJIIUHBI JIMHUWA B TomoJjiorudeckoMm rpade. Ilomoca mpokpyTku
points npexHa3HavYeHa ISl BAPHUPOBAHUSA Pa3MEPOB TOYEK B TOIOJIO-
TUYECKOM rpade, COOTBETCTBYIOMIMX YacTulaMm. [lojiockl mpoKpyTKH
«Macmitad» ciaykaT JJIsl ©3MEHEHHS MaciiTabda CUCTEMBI.

®dnaxok «I'paHUIBI TPOCTPAHCTBA» HEOOXOAUM MPU BU3yalH3a-
I BHEIIHUX TpaHull oToOpakeHus. dnaxxok «[paHuIpl o0gacTu»
npeHa3HauYeH ISl OTOOpaKeHUs TpaHMI] 00JacTH, B KOTOPOH Moje-
JUPOBAJICS MPOIIECC.

40



[Tonocel pokpyTku «L[BeT GoHa» HEOOXOAUMBI JIJIT U3MEHEHHUS
nBeTa (OHOBOM 00JIaCTH MO TPEM OCHOBHBIM IBeTaM. [losnockl mpo-
KpyTKH «LIBeT yacTui» npeaHa3sHadyeHsbl ISl U3MEHEHUs OKPACKU 4a-
CTUIl CTPYKTYpbl WJIM JIMHUM, TOYEK B TOIOJOTHUYECKOM Trpade
10 TpEM OCHOBHBIM 1BeTaM. [lomocel mnpokpyTku «TpaHcusuuu
MO OCSIM» BBITIOJIHSIIOT (DYHKIIMIO CMEIICHUSI CUCTEMBI TI0 TPEM OCHOB-
HBIM KOOPJAWHATHBIM OCSIM.

OIaxXKu «X», «KY» U «Z» CIHyXaT I BU3yalu3alid CHCTEMBI
IIPU BpallleHUU €€ BOKPYTr OCEH X, Y, Z C BPEMEHHBIM HHTEPBAIOM
cMmenieHus: Ha 1 rpaayc yria, 3alaHHBIM B COOTBETCTBYIOIIEM TEK-
CTOBOM IIOJIE.

[Tonocel mpokpyTku «IlapamMeTpsl TPOCKIMU» HEOOXOIUMBI
JUISl BAPHUPOBAHUS MMAPAMETPOB TMEPCIEKTUBHOM MPOEKIIMU OTOOpa-
AKaeMOU CHCTEMBI.

[1]. BoinosiHeHMe KOMIIBIOTEPHOI'0 IKCIIEPUMEHTA
1o caMocOOpPKe M CAMOOPraHU3aluu
HEPABHOBECHBIX rejieil HAHOYACTHII

1. IIpoBecT KOMMOBIOTEPHBIM CUHTE3 ISl CTPYKTYpPbI MPU KOH-
nenTpanuu gactui] 2 %. s 3Toro B COOTBETCTBYIOIMIEM TEKCTOBOM
10JI€ BBECTH 3HAYEHUU KOHIICHTpalMH. BrICTaBUTH (iaxku s co-
XpaHEHUsl CUCTEMbl YaCTHUI[ HA Ka)KJIOM BPEMEHHOM IIare v mno OKOH-
JaHUU Tpoliecca.

2. Ha nmucte «D & t» mpoBectu pacd€T 3HaueHuM ¢pakTaabHOU
pPa3MEPHOCTH Ha KaXKJOM Illare MOJICIMPOBAHUS U TIPOAHAIU3UPOBATH
rpaduk.

3. Paccuntats mndopmanuio [lleHHOHA Ha KaXAOM Iare Moje-
JUPOBaHUs, UCIIOJIH30BaB BO3MOXKHOCTH JHcTa «| & t». [Tpoananusu-
poBaTh rpaduk 3aBUCUMOCTH.

4. BpIUMCIUTh 3HAYEHUS YaCTOT BEPIIMH Ha KaXKJOM IIIare Moje-
nupoBaHus Ha ymcte «Pi & t». [lpocinenute W3MEHEHHE BEITUYHHEI
MaKCUMyMa 1 €ro MPUHAIJICKHOCTh TOMY WJIM MHOMY THITY BEPIITHH.

5. Ilepeting Ha ymcr «Pi & C», paccuuTarh 3HAYCHHUS YacTOT
BEPIIUH JIJIsI CTPYKTYP Ha KOHEYHBIX IIIarax MOJEIUPOBaHUS MPH pa3-
auHBIX KoHIeHTpanusax ot 1 % mo 100 % c unatepsamom 1 %.

6. [lepetitu Ha nmuct «CCA 3D» u, HaxxaB Ha KHOTIKY «[locTpouTh
rpaduku 3aBucuMocTn», Ha aucte «Pi & C, D & C, | & C» npoana-
JU3UPOBATh BHIYUCIISIEMbIE IAHHBIC U COOTBETCTBYIOITHE rpaduKy 3a-
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BUCUMOCTU. HallTu MakcuMasibHOE 3HaueHue WH(POpPMALUM U COOT-
BETCTBYIOIIYIO € KOHIICHTPAIHUIO.
/. BuzyanusupoBats mporiecc camocoopku B daiine «3D CCAx.

V. AHanu3 pe3yibTaTOB KOMIBIOTEPHOI0 IKCIIEPUMEHTA

B xozae aHanuza pe3ysIbTaTOB pPadOThI HEOOXOIUMO YOEIUTHCS
B CJIEAYIOIIEM.

1. BeISBICHBI YETHIPE THIIA HAHOCTPYKTYP HAa OCHOBAHWM IPHH-
I[MIIa CUTHATYPhI U YACTOTHI pACTIPE/ICTICHUS BEPIIIUH.

2. CHUKeHUEe 3HA4YCHUI (pakTalbHOW pPa3MEpHOCTH B MPOIECCE
caMocOOpKHM yKa3bIBaeT Ha MEPEXOJ CUCTEMbI YaCTHUIl B Oojee IIoT-
HOE PaCMOJIOKEHUE B MPOCTPAHCTBE.

3. [loBbrmienue 3HaueHuit nHGopmaruu IlleHHoHa B mporecce ca-
MOCOOPKH YKa3bIBa€T Ha 00pa30BaHKE 00JIEe CTAOMIIBHBIX CTPYKTYD.

4. CTpyKTypbl, CHHTE3UPOBAHHBIE NP 33JJaHHBIX KOHIICHTPAIUIX
qyacTull, 00J1ajal0T MAaKCUMaJIbHBIMU JTUOO0 MUHUMAJIbHBIMUA 3HAYEHU-
svu uHopMmanuu I1IeHHOHA, YTO CBSI3aHO C BHICOTOM MHKa rpaduka
pacrpeieieHus1 4acToT.

5. YBenuuenne (QpaxkTaabHONM pasMEpPHOCTH NPH  YBEIWYEHUU
KOHIIEHTPAIIMN YaCTHII CBSA3BIBACTCS C OOJIEE TIIOTHBIM PACION0KEHH-
€M YacCTHI] B IPOCTPAHCTRBE.

V. KoHTpoJibHBIE BONIPOCHI K JIaDopaTopHoii padoTe 5

1. KakoBO KOJWYECTBO TUIIOB BEPIIMH, PA3IUYAIONIUXCS YHUCIIOM
COCEJIeH, B pacCMaTpPUBAEMbIX MOJICIIUPYEMBIX CUCTEMAX ?

2. CKOJIbKO TUIIOB CTPYKTYP BBIICJICHO HA OCHOBaHUU YHCJIA IH-
KOB Ha rpaduke pacipeaesieHus 4acTOT?

3. Onpenenute, Kak H3MEHSAETCS COCTOSHHUE CHCTEMbI YaCTHII
B TEUCHHE ITPOIecca caMOCOOPKH, UCXO M3 3HAUYCHUN WH(pOpMAIUU
[[lenHOHa U PpaKkTAIBLHON Pa3MEPHOCTH.

4. KakoBsl 3aBucumoctu uHdopmanuu lllennona u dpakranbHOM
pa3MEpHOCTH OT HAYaJIbHOW KOHIEHTPAIUU YaCTHUIL?
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