MUHUCTEPCTBO OBPA30BAHUSA 1 HAYK/ POCCUNCKOW ®EQEPALIN

®ENEPA/IbHOE FOCYAAPCTBEHHOE BIOIXXETHOE
OBPA30OBATE/IbHOE YUPEXEHVE
BbICLLEIO OGPA30BAHIA
«JOHCKOW rOCYAJAPCTBEHHbIN TEXHUYECKIN YHUBEPCUTET»

AarTy)

MeToanyeckme ykasaHus
K nabopaTtopHOMY MPakTUKyMy

no Kypcy

«PUSNKO-XUMNA HAHOMATEPUAJIOB»

PocToB-Ha-[JoHYy
2022



NNabopaTopHasa pa6oTta Ne 1
N3YUYEHUE NHTEP®ENCA N OCHOBHbIX ®YHKLIN
NMPOrPAMMBbI NANOENGINEER-1

LIENTb PABOTbI: O3HakoMeHne ¢ npuHumMnamu paboTsl B nporpamme Nanoengineer,

1. OCHOBHbIE TEOPETUYECKUME NMPEACTABEHNA

Mporpamma Nanoengineer npegHa3HavyeHa TPEXMEPHOro MOAENMMPOBAHNS LUMPOKOro
cnekTpa HaHOOOBHLEKTOB, B TOM YMC/IE€ COXHbLIX KOMMO3UTHbIX CTPYKTYP M OpraHnyecKknx
mMosiekyn. Ana mogenvpoBaHusa n aHannsa Nanoengineer nogaepxvBaeT MHOXECTBO MO-
NEeKYNAPHO ANHAMUYECKMX N KBAHTOBO MeXaHUYeCKNX CUCTEM, NPeaoCcTaBNsAs LWNPOKUIA
CMEKTP BO3MOXXHOCTEN MOAENNPOBaHMS B HAHO-MacLuTabe.

[na Havyana paboTbl B NporpaMmmMme CTyAeHTY c/iefyeT 03HaKOMUTLCA C €€ OCHOBHbIMU
BO3MOXHOCTAMUW, NpuHLMNaM/M BBOAA 3afad M crnocobamu rpadmyeckoro npeactaBneHuns
NHopMauuun.

MNaHens MeHo CTaHpapTHble MHCTPYMEHTbI

= NanoEngineer-1 - [Untitled]*

File Edit View Insert Tools Simulation Rendering | Help
HHCprMBHTH?@“%Xﬁx %@§°§+§91||
ocbsopa DEBEQAQQP L | @ -Hamm| DL
VhcrpymenTul |l 70 | &8 @ ® & X | w
npasneHyAa - b » v by
ynp Build i Insert Tools Mave Simulation Exit DMA, Insert
YnpaeneHwe -'53, |"|5>_ | 1]
ceovcTBamu | nse —

Puc.1. O6bwumii Bug nporpammbl Nanoengineer (nieBasi BEPXHASA 4acTb)
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[DnaMarker: DnaMarker -#3]

Entering Mode: Select Chunks
Isometric View: Current view is Isometric Vigw

Entering

<DnaAxisChunk 'DnakxisChunk229'

NuHeiku Komnac OKHO COBLITUIA

Puc.2. Bug 0CHOBHOro okHa nporpamMmMbl Nanoengineer (/1ieBasi HUXHSISt 4acTb)
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padnyeckasn o6nactb

padpnyeckan o6nacTb (HasbiBaemas Takke "O630p mogenn™) aTo MecTo, rge npowc-
XOOSAT OCHOBHblE [eNCTBUSA, N 0TOBpakaeTca TpexmepHas moesb. Bbl MOXeTe Ucnosib3o-
BaTb Mbllb, YTO Obl UI3MEHUTL 0630p (MacwTab, NaHopamMa, BpalleHne) U pefakTnpoBaTb
MogenNb.

Bpoonb kpaes 'padpuueckoit obnacTum oTobpaxkeHbl JIMHEKN, KOTOPbIE YKa3blBatoT Ha
Tekywwmii MacluTab nsmepeHus. CeefeHus o Mogenu, kKomaHgax u pacyétax BO3HUKaKOT B
OkHe cobblTui nnn CTpokKe COCTOSAHUMN.

YnpasneHue coiictBamu (Property Manager) oTo6paxaeT onuun n yctaHoBK/ ANns
TEeKyLUUX KOMaHA.

= E[&’ Untitled OpeBo mogenu (puc.3) npeacraBnsaeT coboi
' L R DraGroup! CTaHOapTHbIN nepapxunyeckuin obospesarens gpe-
BOBUWAHOIO TUNa 4J/19 opraHnsaumm 1 Bbibopa 06b-
/ Dmadegmentl eKTOB B TeKyLLein mogenu.
s  DnaStrand] MaHenb MeHo N MHCTPYMEHTOB
% Dnastrand? Bce KkomaHabl HaHOVHXeHepa AOCTYMNHbI U3
MaHenu meHo n MHcTpymeHTOB. OAHaKo, NaHe b
-r‘/ﬂ IO WHCTPYMEHTOB COAEPXNT MKOHKN Habopa TO/bKO
/% DnaStrancd Hanbosee Ncnonb3yemMbiXx KOMaH/, TO NaHes b MEHI0
% DnastrandS COAEPXNUT MOJIHBIA KOMMNIEKT KOMaHA,
Wy, View!
lNpumeyaHue: Bce NHCTPYMEHTbI N3 MEHIO MO-
%:b hanctube ryT O6bITb BHEAPEHDbI B NaHe b M0 XeNnaHuo nosb30-
ﬂ Peptidel BaTesnida. AnAa ygasieHnsa MellaroLwmnx n peako uc-
e B Chpboard NosIb3yeMbIX KOMaH/, LefiKHeTe npaBoi KHOMKOWA
MbILIW HA MHCTPYMEHT 1 yaanuTe ero, Ho Torga uc-
QQQ:) Manotubel-copy |
Nnosib30BaTb 3Ty KOMaHAY MOXHO OyAeT TO/IbKO 13

Puc.3. lpeso mogenu MaHenn MeHio.

dairinoBoe MeHto (File menu) obecneunBaeT Nerknii 4OCTYN K KOMaHAaM TUMUYHbLIM
ONS BCex nporpamMmm.

@ Open... (Ctrl+O) OTKpbITb

Insert... BctaButb

Close and begin new model 3akpbITb 1 Ha4YaTb HOBYIO MOAE/b
Set Working Directory... YcTaHOBUTb pabouyto AUPEKTOPUIO

Save (Ctrl+S) CoxpaHuTb
Save As... CoxpaHuUTb Kak
Recent Files MNocnegHue chaiinbl
Export 3kcnopt



Import mnopT
Exit Bbixog
MeHto pepaktupoBaHus (Edit menu) cogepXxuT ctaHgapTHble PYHKLMN penakTupo-
BaHWA.

"4 Undo (Ctrl+Z) OTmeHa

Ry Redo (Ctrl+Y) MosTop
Automatic Checkpointing ABTO KOHTPO/IbHas ToYKa
Clear Undo Stack... OTYnCcTUTb NaMATb OTMEHbI

& Cut (Ctrl+X) BblpesaTb

" Copy (Ctrl+C) Konupoatb

B Paste (Ctrl+V) BctaButb

B Paste_From_Clipboard BctaButb 13 6ydpepa
)( Delete (Del) Ypanutb

Chunk Color... LiBeT yactn
MeHto 0630pa (View Menu) npeacrtaBnsieT coboii C60pHMK Hanbosiee 4acTo UCNosib-
3yeMbIX UHCTPYMEHTOB U KOMaHZ, NO3BOJIAIOLLMX NONb30BaTE/I0 YNpaBisaTh 'paduyecko
06nacTbHo.
MeHto gucnnes (Display Menu) cogepXuT KHOMKM KOMaHg, KOTOpble U3MEHAIOT
CTW/1b OTOGPaXKeHNA MOAEN Ha Aucnsee.

o Default (Mo ymonyaHuio). Beibop pexnma Default Bo3Bpaliaet Tekywmii CTub
OTOOpaXeHUs aToOMHOM MoAenn K TOMY CTW/IK0, KOTOPbIA YCTAHOBMIEH MO YMOJIYaHMIO.
CTWb YyCTAHOB/IEHHbIV NO YMOTYAHMIO 0TOOPaXaeTCcs B HUXKHEM NMPaBOM Yy aKpaHa.

N3meHeHne cTuna No ymonyaHuto. YToobl UIBMEHUTL CTU/b YCTAHOBIEHHbIN MO
YMOJIHaHMIO HY)XXHO LLeSIKHYTb Ha MNaHenu meHto Edit => Preferences => Modes Tab. B nos-
BMBLLUEMCSA (B MpaBOM BepxHeM yrny) okHe Default Display Mode, Bbl MOXeTe BblopaTh Xe-
naemblii CTU/b MO YMOJTHaHMIO W LWeNKHYTb KHomKy OK.

-
P

Y Invisible (HeBugunmbiii). Boibpas Invisible n3 Display Menu BblaeneHHbIe aToOMbl
NN 4acTun CTaHyT HEBUAUMBI (pycC.4). ECn aTtOMbl He BblAesieHbl, TO LLEeMYOK Mo 3TON KHOM-
Ke M3MeHUT cTaTyc oTobpaxeHnsa mogenu (Model Display Status), paboyee npocTpaHCTBO
ancnnes ctTaHeT HEBUAVMMbIM, BCE aTOMbl 1 YacTyh aBTOMaTUYeCcKn nepenayT B HEBUAMMbIi
PeXrM O0TOOGpaKeHNs.



Model Tree

= (7 Untitled

3] Chunk-C53

) Cipboard Puc. 4. Apeso mogenu (Model Tree) c

Bble/IeHHOM HeBMAMMON 4YacTbio, Model
Display Status ycTaHOB/ieH B pexume
Invisible

Korga Bbl flenaete yacTb WK aTOM HEBUANMbBIM U OTMEHSIeTe BblAesieHne, TO aToM
NN YacCTb CTAHOBATCS NOSIHOCTbIO HEBUAVMbI U Bbl HE CMOXETE MO HUM LEeSTKHYTb. YTO6bI
caenatb HEBUAUMbIA 06BEKT BUAMMBIM, HY)XHO B [peBe mogenu (Model Tree) BbibpaTb He-
BUANMbIA OOBEKT, a 3aTeM NPaBOi KHOMKOW MbIWN KNMKHYTbL HA BETBb (MYHKT B pese mMo-
Aeneii) n BblibpaTtb NYHKT Properties n3 NosiBUBLUErOCH CMMCKA, 3aTeM LLENKHYTb KHOMKY
"Make Invisible Atoms Visible" n Haxatb "OK"; nnu n3 Naxnenn meHto (Menu Bar) BbibpaTb
Display => Show Invisible Atoms.

ez Lines (JlnHun)

Mpwu BbIGOPE Lines 13
Display Menu BblGpaHHbIe
aToMbl UK YacTtu 6yayT oTo-
b6paxaTbCs UBETHbIMU INHUSMU
yKasblBaloLLMMN rPaHnLLbl MEeX-
Puc.5. Pexum Lines. ly aTomMamu (puc.5).

Ecnu atombl He BblgeNeHbl, TO LLETYOK N0 3TOM KHOMKe U3MEHUT CTaTyc 0TOOpaXKeHus
mogenu (Model Display Status) Ha pexum Lines.

Tubes (Tpy6kn). BoibpaB Tubes n3
Display Menu atombl UX CBA3WN 6yayT OTO-
bpaxaTbCs B BUAe aTOMOB U LBETHbIX TPY-
60K (pnc.6). Ecnu He BblAeNEeHbl aTOMbI UN
4acTu, TO LLEJsTHOK MO 3TOW KHOMKE N3MEHUT
ctaryc otobpaxeHus mogenn (Model Display
Status) Ha pexum Tubes. Bce aTombl nnu
4yacTu nepenayT B peXxnm 0ToGpaxeHus
Tubes.

Current Display: Tubes | Maode: Build

Puc.6. Pexxum npeacrasneHus Tubes.



7 Ball and Stick (Lapbi n
Opyckun). MNpu BbIGope Ball and Stick n3
Display Menu aTombl 1 YacTu 6yayT OTO-
bpaxaTbCs B BUAe LBETHbIX cdiep 1 nx
CBSi3eil B BUAE TOHKUX UUIMHAPOB (pyc.7).
Ecnv He BblgeneHbl atoMbl UM YacTu, TO
LLLe/TYOK MO 3TOM KHOMKE M3MEHUT CcTaTtyc
4 oTobpaxeHua mogenv (Model Display

4 Status) Ha pexxum Ball and Stick. Bce ato-
Current Display: Ball and Stick | Mode: Mave Chunks Mbl WM YaCTU aBTOMAaTNUYeCKU nepeVl,qu B
 qszEm OaHHbI peXuM 0TOOpaxXeHus.

Puc.7. AToMHOe npeacTasB/ieHe MOJIEKY bl B
pexume Ball and Stick.
[ns Toro, 4TO6bLI M3MEHNTL MacLTab cdep 1 LMANHAPOB, HY)XXHO 3ainTn B Preferences
c nomoubto MaHenu meHto (Menu Bar) Edit => Preferences, BbiopaTb Atoms Tab 4ToO6bl
n3mMeHnTb MacwTtab cep n Bonds Tab 4Tob6bl UI3MEHUTH MacwTabd LMANHOPOB.

835 CPK. lNpwu Bbl6Ope CPK n3 Display Menu
aToMbl 1 YacTn byayT oTobpaxarbecs B BUAE LBET-
HbIX cpep (puc.8) ¢ pasmepom, pasHbiM 0,78 nx
VdW paguyca, COOTBETCTBYHOLLETO KOHTAKTHOMY
ycunmo npnénmnsntenibHo 0,1 nN (HaHO HbIOTOH) C
coceiHUMU HecBA3aHHbIMM aToMamn. B CPK pe-
XVMe CBA3N He oTobpaxaloTca. Ec/iv He BblAeNeHbl
aToOMbl WX YaCTK, TO LLLETHOK MO 3TOIN KHOMKe n3-
MEHUT cTaTyc oTob6paxeHnsa moaenu (Model Display
Status) Ha pexum CPK. Bce atombl v yacTtu ne-
penayTt B pexum otobpaxeHns CPK.

Current Display: CPK | Mode: Move Chunks

10:13 AM

Puc.8. ATomHOoe npeactassieHne Mo-
nekynel B CPK pexume.
[ns Toro, 4To 6bl UIBMEHUTL MacLLTab 0TOGpaXeHUs cdiep, HYXKHO 3aTn B
Preferences ¢ nomouubto MaHenun meHio (Menu Bar) Edit => Preferences, Bbibpate Atoms
Tab uT06bI N3MEHUTHL MacwTab cdep.

o Cylinder (Unnunap). Beibop pexuma Cylinder nameHseT oTobpaxeHune BblbpaH-
HbIX YacTel, KOTopble 0TOOpaXatTCA KakK UMNNHAPLI (prC.9), Yeil BUA 3aBUCUT OT 3HAYEHWI
yKasaHHbIX B N0/Ib30BaTe/IbCKMX HacTpolikax (User Preferences).



DraStar "
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Puc.9. Pexum npegcrasneHunsa Cylinder

Perspective Projection (lMepcnekTnBHaa NpoeKkyms) - HauepTaHne 00 beKTOB TEM
wmpe, Yyem 6nmxe Habnwgarens.

Orthographic Projection (OpToroHasibHasi NPoeKLUna) yctaHaBnneaeT NPoeKuuto
6e3 nepcnekTmBbl (U NapasfienibHoOCTH), T.e. 6e3 pakypca.

® QuteMol - 370 BbICOKOKAYECTBEHHASA CCTEMa MOJIEKY/IAPHO BU3yasim3aumm, no-
3BO/IAET Y/IYULLINTb AOXOAYMBOCTb M 06/1€TYNTL NOHMMaHNE TPEXMEPHbIX hOPM U CTPYKTYpP
60/1bLLNX MOIEKY/T UMIN CNOXHbIX 6E/KOB.

?)POV-Ray (Persistence of Vision Raytracer) - nporpamma TpacCUpOBKM Ny4el
(yepTexHuk) - obecneumBaeT yao0OHbI CNocob npeasapuTesibHOro NPOCMOTPa KaapoB BOC-
npoussoanmMbix B POV-Ray. Ansa atoro POV-Ray go/mkHa 6bITb NpegsaputenibHO YCTaHOB-
neHa. BocnponsseaeHHble n3obpaxeHus B oopmarte .png, Hapsgy ¢ POV-Ray aiinom,
COXpaHSTCA B AOMALLHEN gnpekTopun nonb3oBaTens (user's home directory) (~
\Nanorex\POV-Ray\raytracescene.png). TekcToBblii thaiin HacTpoek POV-Ray MoXeT 6bITb
OTpefakTpoBaH, ec/i Heo6Xxo4UMO U3MEHUTb OCBELLLEHNE NN APYTMe 3N1EMEHTbI CLEHbI.

Modify Menu (MeHt0 MmoaupukaLnn) CoOAepPXXUT KOMaHAbl, KOTOpble NO3BOJIAKOT U3-
MEHATb OPUEHTUPOBKY paboyero NpocTpaHcTBa.

;b OpueHTUPOBKa 3aaeTCsl U3 BCMN/IbIBAKOLLETO MEHIO, KOTOPOE COAEPXKMUT CNeayto-
LMe cTaHgapTHble onumm ob3opa:

2 Set View Normal To OpueHTupyeT 0630p NO BEKTOPY HOpMasn (NnepneHauKysapHo)
K M/I0CKOCTN, 3ajaHHOM C MOMOLLbIO TPEX NN 6osiee BblAeNeHHbIX aTOMOB UM OTMETOK
oceli (jig's axis).

# Set View Parallel To OpueHTupyeT 0630p napasinesisHo BeKTopy, 3aJaHHOMY C Mo-
MOLLbIO ABYX BblAEe/IEHHbIX aTOMOB.

(7 Front View (Bug cnepegu)

(= Back View (Bupg c3agn)

& Left View (Bug cnesa)

& Right View (Bug cnpasa)

& Top View (Bupg ceepxy)



& Bottom View (Bnpg, cHM3y)
S

Rotate View 180 (MoBepHyTb 0630p Ha 180°)

Y

Rotate View 90 (MoBepHyTb 0630p Ha 90°)

=

Rotate View -90 (MosepHyTb 0630p Ha 90° NPOTMUB YacoBOI CTPESIKM)

@ Isometric (3omeTpuyeckuin Bua, T.e. B NepcrnekTnse)

Zoom to Fit (Ctrl+F) (MogorHaTb nof akpaH). MIameHseT Tekywmii Bug, Takum oopa-
30M, YTO MOAENb LEenMKoM noaroHsieTcs nog Mpaduueckyto ob6nactb (Graphics Area).

@ Zoom to Selection (YBeNnnuuTb BblaeIeHHOE)
Zoom About Screen Center (YBennuntb No LEHTPY 3KpaHa)

@ Zoom Tool (scrl up, scrl down OR "," / ".") (MHCTpyMeHT yBenuyeHus). NMossonser

NosIb30BaTesNto YBENMUNTb KOHKPETHYO 06/1aCTb MOAENM C MOMOLLbIO TOYHO 3aaHHOM
NPsSIMOYro/ibHOV 06/1acTh. YTo6bl 334aTb 06/1aCTb HYXXHO, YAEPXMBAsSH /IEBYIO KHOMKY MbILLIN,
OTMETUTb HEOBXOANMYIO 061aCTb U OTNYCTUTb KHOMKY. KpoMe TOoro, CyLLlecTByeT BO3MOX-
HOCTb YBe/IMYeHNs/yMeHbLUEHNS, INNOMb3ys KOMIECO MBbILLI.

Recenter (Ctrl+R) (MepeuyeHTpoBka). NMo3BoNsSeT peryivpoBartb LeHTp 063opa n
yBenuyeHus padmyeckoii obnactu (Grapics Area), KOTOPbIA B UCXOAHOM COCTOSIHUM Ha-
XOAMTCA B LIEHTPe 3KpaHa.

EQ’ Rotate Tool (+cpegHasa kHonka Mblwmn) (MIHCTpYMEHT BpaLleHus)
‘{"Pan Tool (Shift+cpegHaa kHonka mMbiwn) (MHCTPYMEHT NaHopamMmMpoBaHus)

B Home (kHonka "Home"). I3meHsieT TekyLunin Bug, gucnnes, Ha ToT BUA KOTOPbINA yC-
TaHOBJ/IEH MO YMO/IYaHUIO kKak Home.
% Save Named View (CoxpaHutb O603HauyeHHbIn BuAa). CoxpaHsieT TeKywuii Bug, Kak
CTaHAapTHbIN 0603HaYeHHbIN BUg Named View n pacnonaraeT ero B [ipese mogenu
(Model Tree).

Insert Menu (MeHto BcTtaBku)
Reference Geometry (TeomeTpuyeckmne pyHKUUN)

& Plane (I's10cKoCTb)

iﬂ;if Grid Plane (PeweTka nsiockocTtu) MNMo3BoMSET BCTaBUTb 2-X MEPHYIO peLleTky B 3-X
MepHyto mogesnb (puc.10).



Pnc.10. Bug cnepean 1 M3oMeTpUUECKNA BUA Masioro NoALmnnHmuKa
c peweTkoli nnockoctu (Grid Plane).

YT06bI BCTAaBUTb PELLETKY MI0CKOCTU BKIOUUTL pexum Build, 3aTem Bblagenuts 3 unm
6on1ee aToMOB U1 Bbl6paTh Jigs > Grid Plane. MosBUTCS AnasioroBoe MeHI0 peLleTKkun nioc-
KOCTU, rae MOXHO 3a4aTb TUN 1 pasmep peweTtkn (puc.11). MNMocne HaxaTtusa kHonkn OK pe-
LIeTKa N0CKOCTM co34acTcsa napasiiesibHO NI0CKOCTM 3af@aHHON C NOMOLLbIO BbIOpaHHbIX
aToMOB.

[na nepemelLeHns peLlleTky NJI0CKOCTU BblAeiMTe 1 nepetawmrte eé ¢ NoMoLLbo
MbIWK (puc.12). byabTe BHMMATE bHbI MPY NepeMeLLEHNN PeLLIeTKN B MI0OCKOCTU 3KpaHa,
KOTOopas MOXeT He coBnagatb C UCXOAHOM NAIOCKOCTbIO 3alaHHO NyTeM BblAe/IeHns aTo-
MOB. [1N51 yBEPEHHOCTU, YTO NepeMeLleHHasn peLleTka ocTaHeTCsl B UICXO4HOW M1I0CKOCTH,
BblaenuTe peweTtky 1 Boloepete View > Normal To. 9T0 U3MEHUT TeKyLLWIA BUA, Ha BUA, KO-
TOPbIN NeprneHAKYNSPEH K OCY NJIOCKOCTU pewleTkn. Tenepb, Npu NnepemeLLeHnn pelleTkm
OHa 6yfeT ocTaBaTbCs B MCXOAHOM M/IOCKOCTU. 15 NOBOpOTA pelleTkn B 6o1ee ya06HYyo
OpueHTaunio OTHOCUTENIbLHO MOAEN HYXXHO nepeinTn B pexum Move Chunks v BbligenmTb
peLleTKy, 3aTeM Ha knasmnatype HaxaTb Shift n nepetalwnTb MblLLbIO.



2% Grid Plane Properties @

MName : ElGrid Plane—‘][_
Grid Type - | Square_v|
Line Type: Solid v

Grid Color: ‘ ‘ [ Ch_r:.:ose... ]

Border Colar: -
Width : 2I} 3 Angstroms

Height: ZD 3 Angstroms

X Spacing: ‘| “ Angstroms
Y Spacing : L *| Angstroms

| ok || cancel |

Puc.11. NMapameTpbl peLueTkn naoc- Puc.12. lNepemelleHne 1 nepeopuneHTaumnsa peLle-

KOCTW B JMa/10fOBOM MEHHO TOYHOM N/IOCKOCTM

NHorpa 6biBaeT yao6HO CBOOOAHO BpallaTh pelleTky BOKpYr eé ueHtpa. [4nsa atoro
Hago neperity B pexxum Move Chunks, Bblaenntb peweTtky u, yagepxusas Ctrl Ha knaBnary-
pe, cBOO0OAHO BpaLaTb MbILLbHO.

[ns n3ameHeHns Tuna, pasmepa, Lseta n Apyrux napaMmeTpoB CyLLEeCTBYHOLLEN peLleT-
KW, HYXXHO OTKPbITb AMasioroBoe OKHO Properties... N3 KOHTEKCTHOrO MeHto [lpeBa mojenu,
60 HaxkaTnem Heé NpaBoil KHOMKOW MbILLN.

o

% Atom Set NCNonb3yeTcsa OJ/19 3aKpensieHns BblIbpaHHOM rpynnbl aToMoB (cocTas
3TOW rpynrbl MOXHO B NOC/eAyowemM N3MeHUTb). 15 rpynnupoBKM aTOMOB HY)>XHO BOWTU B
pexum Build , BbigennTb Hy)XXHble aToMbl 1 Bbi6paTh Jigs => Atom Set n3 Menu Bar (naHenu
MeHI0). Atom Set rpynnmpoBka 0TobpaxaeTcs kak NPsIMOYTroJibHbIN Kapkac, oropaxusato-
LM KaXXabli aTOM B OTAE/TbHOCTM.

[na Bbibopa aToMoB 13 Atom Set-rpynnupoBky BbIGepUTE BETBb IPYNMNUPOBKY U3
OpeBa mogenn (Model Tree). 310 BbI30BET BHOBb NOAB/IEHME MPSAMOYIr0O/IbHOrO Kapkaca Bo-
Kpyr aTOMOB CBS3aHHbIX B rpynny. KNMkHWTe NpaBoii KHOMKOWN MbILWN Ha BETBb IPynnbl 1
BblbepeTe "select this jig's X atoms" U3 KOHTEKCTHOIO MEHI0, rae X-3TO YMC/0 aTOMOB, CO-
Aepxatumxcs B rpynne. ATOMbl, CBSiI3aHHble B rpynny Tenepb 6yayT BblAeeHbI.

Tools Menu (MeH NHCTPYMEHTOB)

Cag Adjust Selection no3BonseT perympoBaTb NO0XeHNe BblOpaHHbIX aToMa U CBS-
31, AN TOro YTOo 6bl cAenatb UX reomeTputo 6o1ee peaIMcTUYHON. ITa onepauns UCrnonb-
3yeTcsa oNs nepenskeHns atoMoB 1 CBA3E NPUBIMKEHHO K MeTOAaM MOJIEKYISIPHON Me-
XaHUKMW.

10
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.2 Adjust All no3Bonsdet aHanormyHo MHCTPyMeHTy Adjust Selection perynvpoBartb
NOJIOXKEHME aToMa 1 CBA3WU, HO YXe /18 4acTu B LiesIoM.

€l Minimize Energy (MnHumMmn3aumsi aHeprum). B obuiem cnyyae, ans pmsmyeckoi
CUCTEMbI rpaneHT NOTEeHUMasIbHOW 3HepPrun npeacTasnseT cobol Cubl, 4ENCTBYOWME HA
pa3nuyHble YacTuupbl. ATOMbI CTPEMATCA ABUTATbCA B HaNpas/ieHUW, YMeHbLUIAKLWeM X no-
TEeHUMa/TbHYH 3HEpPrmo. MHMMM3auUms aHeprum aTo NPoLecc perynpoBaHms NoioXeHUn
aToma C Lefiblo HalTu rnobasibHbIi MUHUMYM NOTEHUMaIbHOM aHeprun. Kaxapli atom
NMeeT TPU NepemMeHHbIX (KoopauHatbl X, Y, z), TakuMm 06pa3om, MICKOMOe MOJI0KEeHNe AB/SA-
€TCA MHOrOMepHbIM. ['106a/1bHbI MUMHUMYM 3HEPrMM 3TO Takas KoHJUrypawms, npu KoTo-
POV KaXKapbli aTOM pacrnosioXXeH TakMM 06pa3om, kak ecnn 6bl Temnepartypa yMeHbLUn1ach
[0 HynAa KenbBUHOB. VIHCTpymMeHT Minimize Energy ABuraet atomMbl B Hanpas/ieHWUW, KOTO-
poe yMeHbLUaeT UX CUMY/IMPOBAHHYIO 3HEPTUIO CTPYKTYPbl. QHEpPrua gocTuraetT MUHUMYMa,
Kora atoMbl HaXo4ATCA B NO3ULUAX, T4e BCe CU/bl COanaHCUPOBaHbI.

2. METOAUKA BbINOJIHEHVA PABOTbI

- YAcHuTe uenb paboTbl.

- MpocmoTpuTe metToguyeckoe pykoBoACTBO No nporpamme NanoEngineer-1. O3Ha-
KOMbTECb C MHTEP(ENCOM 1 OCHOBHbIMW BO3MOXHOCTSIMMW NPOrpamMmbl.

- 3anyctute nporpammy NanoEngineer-1.

- Haingute B Hell anemeHTbl MHTEpdielica onucaHHbIe B METOAMYECKOM PYKOBOACTBE.

- 3arpysure rotoByto MoAe/lb HAHOOObEKTA, YKa3aHHYI0 npenojaBartesiem.

- OTpaboTaiTe Ha Hell NoTyYeHHble 3HaHUS.

3. KOHTPO/IbHbIE BOTMPOCHI

- Ons yero HyXHa nporpamma NanoEngineer-1?

- Kakumun Bo3MOXHOCTAMM 1 hyHKUMAMM ob6nagaeTt nporpamma NanoEngineer-17?

- Kakne chyHKLMM nporpamMmMbl Bbl UCNOb30Ba/IN B JaHHOW nabopaTtopHoi paboTte?

- Kakve B nporpamme MMerTcs CTUIM 0TOBpaKeHNA HAHOOOBEKTOB U KakK X 3afaTb?

4. PEKOMEHAYEMBIV BUBNNOTPA®UNYECKUIA CIIMCOK

1. Cysganes W.IN. HaHOTEXHONOIMNA: (PUNKO-XMNS HAHOKIACTEPOB, HAHOCTPYKTYP U
HaHomMmaTepuanoB. — M.: KomKHura, 2006. — 592 c.

2. T'yceB A./. HaHOMaTepuasbl, HQHOCTPYKTYpbl, HAHOTEXHONOTUN. — M.: PU3MaTNIuT,
2005. - 416 c.

3. BbapblouH A.A. DNEKTPOHMKA U MUKPO3/IEKTPOHNKA. PU3NKO-TEXHOSIOTMYECKNE OCHO-
Bbl. — M.: ®usmatnut, 2006. — 424 c.
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NNabopaTopHasn pa6oTta Ne 2
MOCTPOEHWE NPOCTEMLLUNX MOAENEN HAHOCTPYKTYP
C NMOMOLLBKO MOLLUArOBOW NHCTPYKUMNI

LIE/Tb PABOTbI: oTpaboTka HaBbIKOB 3/1eMEHTapHbIX AENCTBUI A/ NOCTPOEHUSA MO-
aenei HaHOOOBEKTOB.

1. OCHOBHbIE TEOPETUYECKWE MNMPEACTABIEHUA

Build Structures Menu (MeHIO NOCTPOEHUA CTPYKTYP)

“ Atoms (ATOMbI)
Build Atoms (Takxe moxeT Ha3biBaTbcs "Build Mode") aTo ocHOBHasi komaHga Aa/1s
NMOCTPOEHUS MOJIEKYN U/Mnn pefakTMpoBaHUA MO4e/I Ha aTOMHOM YPOBHe.
Co3gaTb NPOCTY MOJIEKYNY AOBOJILHO Nerko. Cneaysa AaHHON MHCTPYKLMN MOXHO
nocTpouTtb Monekyny ataHa (C,Hsg):
1. [BOWHOW KAVK MbIlWN B rpadouyeckyto o6s1actb fobaBnseT oguHouHbI atom C (yr-
nepoj).
2. Tloka Kypcop HaxoguTca Hag atoMoM C, wesikHUTe Ha oTMeTKy cBa3mn (bondpoints,
KpacHoro ugeTa). 910 f06aBuT BTOpPOi atom C, KOTOPbIA COEANHUTCS C NEPBbLIM.
3. KnukHute kHonky H B MMKit (Habop AN MONEKYNApPHOro MoAeIMpoBaHnsA, CM. HU-
Xe) UM HaXXMnUTe Knaesuwy H Ha knaesuaType 415 Toro, YToobl NepekNoUnTLCS Ha
BogopoA (Hydrogen).
4. UlenkHuTe Ha Kaxayro U3 LWecTn ocTaBLumxcsa Todek ceAasn (bondpoints).

The Molecular Modeling Kit (MMKit) (Habop 4519 MOJieKynsspHOro moaesnimpoBa-
HNA)

Co3paHve atomoB npegnonaraeT ucnonb3osaHve Molecular Modeling Kit (MMKit),
KOTOPbIA UMEET UHTYUTUBHO MOHATHbLIA MHTEPJIENC, YTO NO3BOSIET TOYHO ONPenesiTb, Ka-
KOro Tmna o6bekT BcTaBnsetcs B mogesb. MMKIt BkitovaeT B ceb6sa Elemental atoms
(anemeHTapHble aTombl), PAM3 Pseudo atoms n PAM5 Pseudo atoms. 3Tu Tunbl aTo-
MOB MOTYT ObITb BblOpaHbl 13 BbiNagaroLlero cnicka B okHe Atom Chooser.

Heb6onblias rpacuyeckas o61actb B BepxHei yactn MMKit HasbiBaeTCcA TPEXMEPHbIM
MUHUaTIOPHbIM 0630pom (3D thumbnail view) n obecneunBaeTt TpEXMepPHbI NpeaBapu-
Te/IbHbIA NPOCMOTP BblOpaHHOro atoma. O6beKT MOXHO BpallaTth, YAepXnBas CpeaHoH
KHOMKY MbILIN 1 NepemMeLLasl Mbilwb B npegesiax MMHN-OKHa. MOXHO U3MEHATb YBe/InYeHne
B MUHM-OKHE C MOMOLLbI0 BpaLLleHNsA Kosieca MbIWn (eC/iv OHO eCTb).

Periodic Table Elements (MNepunoguyeckaa Tabnuua anemeHToB) (CM. puc.13)

Mo3BonseT Bbi6patb 13 19 TMnoB atomos (15 HemeTan/10B 1 4 NHEPTHbIX ra3os). O/
BblOOpAa HY)XXHOro Tuna atoma, NPOCTO K/IMKHUTE Ha COOTBETCTBYIOLLYHO KHOMKY. Takke MOX-
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HO BOCMO/1b30BaTbCs K/iaBuwaMin 6bICTPOro Bbi30Ba, HanpuMep, HaxkaB Ha Knasuatype "S"
015 BbIOOpa atoma cepbl.

e —_—
| -~ Build Atoms |
(" i
< 3 | Preview @
Atom Chooser (&) '
Periodic Table Elements |
H || He | —
— Atom Chooser (Al
E'| CjN |G| N [l | [P Atoms v
A|| Si P|s|-::| Ar
Gvh Ss5 P15
Ge || As | 5&| Br || Kr [
Atomic Hybrids for Carbon:

Puc.13. Pexxum Periodic Table Elements

PAMS5 Pseudo atoms (cm. puc.14)

lNpepnocTtaBngeT JOCTyN K TPEM TUNam nNcesBao-aToMoB, KoTopble cogepxatr PAMS.
PAMS - 370 ymeHbLUeHHasa mogesnb B-DNA cnvpanein n conpshXeHuii, KoTopble MOryT ObiTb
OTpEerynnmpoBaHbl Noj 3KCNepuMeHTasIbHO NoJTly4YeHHbIe 3HA4YEHNS TeOMETPUYECKUX N yNpy-
rmx napameTpos. PAM5 npeactaBnseT coboi NsaTb 6a30Bbix Nap 5 ncesgo-atomMoB B CTUE
MOJIEKYIAPHO-MEXaHNYeCcKoro CM10BOro noss.

PAM3 Pseudo atoms. lNpepgoctasnseTt AOCTyn K ABYM Tunam nceBgo-aTOMOB, KOTO-
pble cogepxat PAM3 (aHanornyHo PAMD).
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Selection Options (&)
[ | Enable seléchion Hiter Atom Selection Filter (PunbTp BbIGOpPaA
aTomoB) (puc.16)

Ecnn noctaBneHa rasioyka Ha BK/IHYeHne
AaHHoro ounbTpa, To ANns Bbibopa 6yayT Aoc-
TYMNHbI TO/IbKO 3/1EMEHTbI, MPUCYTCTBYHOLINE B
cnvcke dunbTpa (Atom Selection Filter List). Ana
Selected Atom: | C&5 (Carbon) [06aBNeHNs1 9NEMEHTOB B CNNCOK, yAepXnBas Ha

Show Selected Atom Info
[ ] Dragging reshapes selection
[ ] Z depth filter {water surface)

m, [ 0.393A - Knasuatype knasuwly Shift BbibepeTe TuMnbl ane-
: MeHTOB 13 MMKIit. na yaaneHns afieMeHToB 13
w | 1.055 A &
cnucka, yaepxnsas knasuwy Ctrl, BbibepeTe Tu-
| .
z |0.000 A v Nbl anemeHToB 13 MMKit.

Puc.15. OkHO BbliGOpa onuuin ans Bbl-
OeNeHHbIX aToMOoB

Show Selected Atom’s Info (MNMoka3biBaTb MHOPMaLMIO O BbIGPaHHOM aToMe)

Moka3biBaeT KooOpAUHATBI NOSI0XEHUSA atoMa (pyc.16) B TpexmepHol rpacmyeckol
o6nactn. KoopgnHatbl aToMa MOryT 6bITb U3MEHEHbI C MOMOLLbIO COOTBETCTBYHOLMNX KHO-
MOK NPOKPYTKM KOOPAMHAT.

Transmute Button (KHonka npeBpaLleHuns)

PacnonoxeHa cpegun MHCTpPyMeHTOB ynpasrieHuss (Command Toolbar). Transmute
button no3BonseT NnpeBpaTUTb TEKYLUIA BbIOpaHHbIA aToM (UM aTOMbI) B TOT TUM aTOMOB,
KOTOpbI ceitvac BbibpaH B MMKit.

'Force to Keep Bonds’ Checkbox (Cunbl cBsi3ei coxpaHATCS)

Korga aToT NyHKT OTMEeYEeH raslovukoid, TO CUJ/Ibl BCEX CYLLLECTBYIOLNX CBA3EM OCTaHyT-
CA NPEeXHUMM Nocse npespaLleHnss aToMOB B APYron Tun, Aaxe ecnv 3To 6yaeT NpoTUBO-
peynTb NpaBusiaM Ba/IEHTHOCTY AN1S NpeBpaLleHHbIX aTOMOB.

Autobond Checkbox (ABTOCBSI3b)

Mo3BoNAET BKIOUNTL (€C/IM CTOUT rasioyka) Wav OTK/IIOUYUTL aBTOCBA3bIBaAHNE
(Autobonding). Korga ata (hyHKUMs BKIOYEHA, TO 4ONOJSIHUTE bHbIE CBA3M OyayT 06paso-
BblBaTbCA C AEMNOHNPOBAHHBLIM aTOMOM aBTOMAaTUYeCKU B TOM C/lyyae, ec/v kakasa-Hmbyab
TOuYKa CBA3M 6/1M3n1exatlero atoma Haxogutca B npegenax VdwW paguyca n atom nveet
[AOCTYMNHYHO JIMLLHIO CBA3b. Koraa xe (pyHKUMS OTK/I0YeHa, TO CBA3b C f006aB/IEHHbIM aTo-
MOM ByaeT 06pa3oBbIiBaTbCA TOSIbKO C NOMOLLbIO K/IMKA Ha TOUKY CBA3M 3TOro artoma.

Highlighting Checkbox (MoacseunBaHue) Korga ata pyHKUUA BK/IKOYEHA, TO aTOMbI
N CBA3W Mof Kypcopom 6yayT noAcBeunmBaTthbCs, ykasblBasi HA TO, YTO OHU MOTYT ObITb Bbl-
6paHbl, ecsim Nosb3oBaTe b WEeNKHET SIeBOM KHOMKOW MbILLN.

Water Checkbox

BkntoyaeT unm otknovaet punbtp BogHol nosepxHocTu (Water Surface). Korga
3TOT NapamMeTp BK/IIOYEH, TO 0TOOGpaXaeTca Noaynpo3payHas NnoBepxXHOCTb BOAbl. BoaHas
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MOBEPXHOCTb CNYXUT CBOE0OpasHbIM ouibTPOM. MoacBeumBaroTcAa U MOTyT ObITb BblOpaHbI
TOJIbKO T€ aTOMbl U CBA3WN, KOTOPble HAXOAATCA Haf, NOBEPXHOCTLIO BOAPI.

"ny6uHa BOAHOW NOBEPXHOCTU MOXET ObITb U3MEHEHa, AJ/15 3TOro HaZ0 YAepXnBaTb
Shift+Control Ha knaBmnatype 1, HaxkaB CpeHI KHOMKY, MbILUM TAHYTb Mblllb Briepes v

Ha3agj.
7 DNA (OHK)
| . Insert DNA
X
| Message &
||5pedfy two paints in the 30 Graphics Area to
ldefine the endpoints of the DNA duplex.
| Parameters (&)
Conformation: B-DT‘*JP. _v |
Model: [PAM3 «|
Bases per turn: 10,00 -3
Rise: |3.180 =
Base pairs: |3
Duplex length: :E-. 36 Angstroms |
| Advanced Options A
: Rubber band line:
Display as: ;F_l!!:ul:u:uns L |
Enable line snap

Puc.16. o6asneHne AHK

KnaBuwm 6bICTPOro Bbi30oBa, AOCTYMNHbIe B pexnme Build Atoms:

A - AntomuHnin, B - Bop, C - Yrnepog, F - ®Top, H - Bogopoa, L - Xnop, N - Asot, O -
Kucnopog, P - ®occop, Q - KpemHuia, S - Cepa, 1 - sp rmbpug TeKyLLLEro aTOMHOro Tuna
(TonbKO O/1A yrnepoga v asora), 2 - Sp2 rmépug TeKyLLLero aToMHOro Tuna (Tosibko ans yr-
nepopja, a3ora, Kucaopoaa v cepebl), 3 - sp3 rmopug, TekyLero atToMHoro tuna (Tonbko A1
yrnepoga, a3ora, kucnopoga v cepsl), 4 - rpacutoBbIi TMb6pUA TEKYLLLETO aTOMHOIO Tuna
(Tonbko ansa asora).

Build DNA no3BonisieT 3agaTb pas/inyHble

napameTpbl POPMbI U MOAENN, KOTOPbIMU BY-
net obnapatb co3gaBsaemas AHK.

Conformation (CTpyKkTypa MOJIEKY-
Nbl): Ha paHHbIi MOMEHT [ocCTynHa
To/IbkO B-DNA.

Model: 3gecb Bbl MOXeTe BblGMpaTtb U3
PAM3, PAM3+5 1 PAM5 yMeHbLLUEHHbIX
OHK mopeneli.

Bases per turn: 3agaetca KO/M4ecTBO
6a30BbIX Map Ha O4WH MOBOPOT cnupa-
nn.

Rise: YcTtaHaBnMBaeT pacCcToOsiHNE MeX-
Ay cocegHumm 6a3oBbiMM  napamu (B
aHrcTpemax).
Bbl MOXeTe Takxe BblbpaTb CTW/b OTO-

6paxeHna cnupann B Buae neHtbl (Ribbons)
nnu necexkun (Ladder).
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18b (1.500t), 54573

Puc.17. BctaBka ABOWHOM CKpy4yeHHon AHK
Ha puc.17 nokasaHo, kak NpouCcXo4uT BCTaBka [ABOIMHON ckpyyeHHo OHK B Tpéxmep-
Hyt0 06/1aCTb 3KpaHa. MpumeyartesibHo, YTO YMC/10 6a30BbIX Nap, BUTKOB U YABOEHHasA OJ/1v-
Ha oToGpa-xarTcs cnegom 3a Kypcopom. Ctunib oTobpaxkeHus neHta (Ribbons) n Tun mo-

nenn PAMS.
ZNanotube (HaHoTpy6Ka)

~ Nanotube

nanorex

V] (X (2 [eo) (2]

l-Nanotube Farameters Eay
Type: ;:EE‘I.IbDn ; V'

Length (4] : [20.0
Chirality [r): 5 3|
Chirality ) 5 2|

Bond Length (4] [1.421

Endings : :'_'N.;:ne ; v'

l f-‘lanutube Distortions i
Z-distartion (A): |00

sr-distartion [4]: 0.0

Toist: [ degis 5|

Bend : [0 deg. H|
[ Multiswalled Manotubes A

L)

Mumber of Manotubes : |1

Spacing [A] |2 46

Puc.18. Bug gnanorosoro okHa cosgaHus

HaHOTPY6kM (Insert Nanotube)

Mo3BonisieT co3faTtb 0ObIYHYH HAHOTPYO-
Ky (Nanotube) ¢ 3agaHHbIMK NapameTpamm
XnpasibHoCTM (M, N) U ANNHbI. HaHOTpYyOKa
npeacrasnseT coboi 04MHOUHBIN CNOW rpa-
heHa (aAByxXmMepHbIii aHanor rpagura), KoTo-
pbli CBEPHYT B TPYOKY.
YnpasnsawoLwme KHONKK:

MoaTBepXaaeT co3gaHme HaHoTpy6-
Ku

X OTMeHSIeT co3AaHne HaHOTPYOKU

&
C6pacbIBaeT BCe YCTaHOBKM, BO3-
Bpalllasi MX K 3HaYeHNsIM No YMO/TYaHUIO

MpeaBapuTe/ibHbIA NPOCMOTP HAHOTPYOKKU, COrNMACHO 3a/laHHbIM 3HAUYEHUAM

@ VI3MeHSeT Kypcop MbILLX B COCTOAHME "UTO 3T0?"

Nanotube Parameters (MapameTpbl HQHOTPYOKW):
+ Type (Tun) - No3BoNSET BblOpaTh TN aTOMOB HAHOTPYOKK. 3HayeHus: Carbon (yr-

nepog), Boron Nitride (HuTpug, 6opa).
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+ Length (4smHa) - OnpegensieT AnunHy (B aHrcTpe-max) HaHOTPYOKN.

+ Chirality (n) (m) (XvpanbHOCTb) - 3agaeT 3HavyeHns "n" 1 "m" XmpasibHOCTW.

+ Bond Length (dnuvHa cBA3n) - 3agaeT AnvHy (B aHrCTpemMax) CBA3ein mexay atoma-
MU B HAHOTPYOKe.

+ Endings (OkoHuYaHwue) - Ec/iv Heob6xo4AMMOo, TO NO3BO/IAET BblOpaTb TWUM aTOMOB Npu-
coeMHSAEeMbIX K HAHOTPY6Ke CO CBOOOAHLIMY TOUKamK CBA3N. 3HadyeHus: None (Hu4yero),
Hydrogen (Bogopopg), Nitrogen (a3or).

Nanotube Distortions (MIcka>keHns HaHOTPYOKM), BCe 3HAYEHUSA B aHTCTpemax

+ Z-distortion - KonnyecTBeHHO onpeaenser NckaxeHne B0sb OCU Z.

+ XY-distortion - KoninuecTBeHHO onpegenseT nckaxeHne saosib XY-0CWu.

+ Twist (KpyuyeHue) - 3agaeT cTeneHb CKpyyMBaHUst HAHOTPYOKMN.

+ Bend (M3rn6) - 3agaeT cteneHb n3rnba HaHOTPYOKN.

Multi-Walled Nanotubes (MHOrocsioiiHass HaHOTPYyOKa).

+ Number of Nanotubes - 3agaeT KonM4ecTBO COEB HAHOTPYOKMN.

+ Spacing - 3agaet paccTosiHMe (B aHrcTpemMax) Mexay KOHUEHTPUYECKUMM CITIOAMM.

@ Graphene

[ob6aBnsaeTt 06blYHbIV rpaddeHOBbI C/I0M COrnacHo 3aZlaHHbIM napameTpam LMPUHBbI,
BbICOTbI U A/INHBI CBA3W. 'pacheH npeacTasniseT co60i apoMaTUyecknini O4MHOYUHBIA COW
Sp2-cBA3aHHbIX aTOMOB Yyriepoga. 'padeH aTo ABYXMEpPHbI aHaNor TpexMepHoro rpadu-
Ta.

L}
)

% Crystal
Build Crystal Mode (Pexum KpucTtasisia) - 3T0 MHCTPYMEHT A/ CO3[4aHuUst MHOTo-
C/OliHbIX (hOpM 13 C/I0EB asiMasa Unun noHcgennuta (MuHepan).
Mcnonb3oBaHue nprubopHoii naHenu B pexwume Build Crystal Mode:
- Lattice Type (Tun peLueTkn)
Lattice Type BbiGepeTe TUM KPUCTAI/INYECKO peLleTkn M6o anmas, M6o
EST— NIOHCAENNUT.

O630p peLleTKn
Pagom c "Lattice Type" HaxogaTcA Tpy KHOMKK, C MOMOLLbIO KOTOPbIX MOXHO BblGpaTb

TUN NJIOCKOCTU PELUETKN!

E Surface 110 Ha 3akpaHe nosBUTCA BUA pelleTkn B nockoctn (110). MNpu-
Mep npusefeH Ha puc.19.
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Puc.19. Bng peweTtkn B nnockocTtu (110)

Surface 100 Bupg peweTkun B nnockoctu (100).

Surface 111 Bug KpuctaniMyeckoi peéTtku B naockoctu (111).

@ Rotation (BpaleHue)
Mo3BonsieT NnoBopaunBaTtb TEKYLWMIA BUG NPOTUB YacOBOW CTPEsIKM Ha onpefesieHHoe
3HauYeHue yrna, KoTopoe MOXHO 3aZlaTb B COOTBETCTBYHLLEM OKHE.

| Bl Layers (Cnow)

Mo3BonseTr p[06aBNATb MHOXECTBO CNoeB ([OCTYNHa,
———————————  TOJIbKO KOrga BblfesieH Tekywuin cnoi). MNMopg KHOMNKoM 3agaetca
—_vl HOMep C/1051, KOTOPbI ByAeT BblOpaH TEKYLLUM.
MNpumep npmneeaeH Ha puc.20.

Pnc.20. Tpn gobaBneHHbIX CNosA pasHoro pasmepa (Bug cooky).

18



Thickness (ToswmHa)

Thickness: 3. 5657
[ Mo3BoNsieT OTPeryMpoBaTh TOLLMHY U KONTMYECTBO

#ofcells: |1 | Adeexk.
- B none "Thickness" nokasaHO Tekyliee 3HayeHue

TO/ILMHBI.
- None "# of cells" no3BonsaeT yBennuntb Uin ymeHb-
LWNTb TOJILLMHY NN KOJTMYECTBO SYEEK.
MNpumep npeacTaBneH Ha puc.21.

s
'7

Puc. 21. [1Ba cnos peweTky aiMasa, B KOTOPbIX BTOPOWA C/oii uMeeT Aga 6/10ka C pas/inmy-
HOW TOJLLMHON

2. METOAUKA BbINOJIHEHVA PABOTbI

- YAcHuTe uenb paboTbl.

- MNpocmoTpuTe meToauyeckoe pykoBoAcTBO No nporpamme NanoEngineer-1. O3Ha-
KOMbTECb C MHTEP(ENCOM 1 OCHOBHbIMW BO3MOXHOCTAMM NPOrpamMmmbl.

- 3anycTuTe aHMMaLUMOHHbIN YPOK, XenaTesibHo B nporpamme “Flash movie player”,
Tak Kak B Hell UMeeTCs BO3MOXHOCTb PYUYHOI NPOKPYTKN huibMa B pexxnme naysbl.

- MpocmoTpuTe POSIMK HECKONBLKO pas, BHUMAaTE/IbHO OTC/eAnTe nocsefoBaTesibHOCTb
OeNCTBuiA B npumepe.

- B nabopaTopHoi TeTpaam cocTaBbTe NOLIAroBYH UHCTPYKLMIO AeACTBUMN.

- 3anyctute nporpammy NanoEngineer-1. BbinonHsiTe AeACTBUS cneays UHCTPYKLUN.

- CBepsnitechb ¢ onMbMOM, crieanTe, YTo Obl CO3a4aBaeMble HAHOOOBHLEKTbI BHELLIHE
coBnagasiv ¢ NpMMepomMm (MprumMeyaHue: /18 3Toro CTUb 0TOBpaKeHNs 06BEKTOB HAAO YC-
TaHOBUTb TaKOW Xe Kak B npumepe).

- Ecnn, uto-TO HEe NonyyaeTcs, TO HAYHWUTE BCe 3aHOBO C NyHKTa 2. Ecnn cHoBa He
nosly4mTCs, TO CnpocuTe y npenogasarens.

- Mocne 3aBeplleHns co3gaHnsa HaHOOObeKTa NoKaxXnTe pesybTaT npenogasaTesnto.
Ecnu Bce npaBunbHO, TO BO3BpaLLaniTech K NMyHKTY 2 1 NpUCTynanTe K creayroLemMy Ypoky.

- B KOHUE nabopaTopHOro 3aHATUS COXpaHUTe Bally MOAENb, Ha3BaB halin cBoel
hamunueli 1 Homepom 3aaHus.
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3. KOHTPO/IbHbIE BOTMNPOCHI

- Kakvumn BO3MOXHOCTAMU U pyHKUMSAMKN 06n1agaeT nporpamma NanoEngineer-17?

- Kakne doyHKumMmM nporpammbl Bbl UCNOJb30Ba/IN B JaHHOW nabopaTtopHoi paboTte?

- Kakne HaHOOObEKTLI Bbl MOAENNPOBa/IV B AAaHHOWN nabopaTopHoii pabote?

- Kakne B nporpamme MMeTCs CTUAN 0TOBpaXKeHNss HAHOOOHLEKTOB U Kak UX 3a4aTb?
- Kak co3gaTb aTtom, NpoCTenLwyo Monekyny?

- Kak co3gatb yrnepogHyto HaHOTpyOKy?

- Kak co3gaTtb kpuctann?

4. PEKOMEHAYEMbIV BUBNNOTPA®UYECKUIA CIIUCOK

4. CyspaneB .. HaHOTexHoNorms: om3nko-XmMmnsa HaHOKNacTepoB, HAHOCTPYKTYP M
HaHomMmaTepunanos. — M.: KomKHura, 2006. — 592 c.

5. T'yceB A./. HaHoOMaTepunasbl, HAQHOCTPYKTYPbl, HAHOTEXHONOTUWN. — M.: dPNU3MaTNuT,
2005. — 416 c.

6. BbapblonH A.A. DNEKTPOHMKA N MUKPO3SIEKTPOHMKA. PU3NKO-TEXHOTOTMYECKNE OCHO-
Bbl. — M.: ®usmatnut, 2006. — 424 c.

NNabopaTopHas pa6oTta Ne 3
CAMOCTOATE/IbHO NOCTPOEHVE 3AJAHHbLIX MOAENEN HAHOCTPYKTYP

LIETb PABEOTHI: Co3gaHne cOGCTBEHHOrO Npoekta MoAesniv HaHoo6bekTa ¢ gobaBneHue
3/1IEMEHTOB aHUMauun OJ/19 MakCUMaslbHO PeasIMCTUYHOM CUMYNALMN NPOUCXOAALLMX NPO-
LLleccoB, OCBOEHME BO3MOXHOCTN KOMIMbIOTEPHOW CUMY/IALMM NMPOLLECCOB MPOUCXOAALNX Ha
HaHOYpOBHe.

1. OCHOBHbIE TEOPETUYECKWE MNMPEACTABIEHUA

Oonuwnn
MprbopHan naHesb coaepXnT 06/1acTb ONLmi
[] Free View [] Esisting Model - "Free View" (cBO60AHbI 0630p) No3BossieT 0603peBaTb

TEKYLLYH KPUCTa/I/IMYECKYHO CTPYKTYPY NoA, NH06bIM YI/IOM, C Mo-

Grid Line [ ] Snap Grid .
MOLLIbIO CPeAHel KHOMKM MbILLI.

- "Exisiting Model" no3BonsieT 0603peBaTth TEKYLLY MOAENb U3 06/1aCTX CBEPXY Haf,
PELLETKOWA.

- "Grid Line" no3BondAeT BKOYaTL/OTKNHOYAaTL OpaHXeBble IMHUN CETKU
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- "Snap Grid" npMBoAMT B COOTBETCTBME BblIOPAHHYIO PELLETKY C JIMHUAMMN CETKM
Display Format Display Format (®opmat gucnnes)
- "Tubes" oTob6paxeHue B Buae TPyO6OK
- "Spheres" oTobpaxeHune B Buge cep
OCHOBHbIe (PyHKUMK. B KOHUE NPUOOPHON NaHes i HaxoAsATCA KHOMKA

4 41 B 9§  obuwero ynpasnexus:

Tubes

4

di - KHonka "Start Over" oTMeHsIeT Bce npeAbiaylime AeiicTBus, BO3BpaLwas B nep-
BOHa4YasIbHOE COCTOAHNE

- KHonka "Back Up" oTmeHsieT nocneaHee aeicTeme

= - KHonkoii "Done" Bbl noATBEPXAAETE NPOM3BEAEHHbIE UBMEHEHNS U NepexoanTe
B OCHOBHOI1 3KkpaH (Graphics Area)

ﬁ - KHonka "Cancel" oTMeHsieT Bce AelicTBMS 1 Bo3BpallaeT B pexum Build Mode

Mcnonb3oBaHWe NHCTPYMEHTOB Bblae/ieHUs
B npaBoii BEpXHEl YacTu aKpaHa HaxoAATCA cneayolume NHCTPYMEHTbI:

O6bIYHOE BblaeneHne % 1 BblgeneHune nacco o

MpUHUMN paboTbl C ATUMI ABYMS MHCTPYMEHTaMV CNeayroLWwmii: HOKMUTE NIEBYHO
KHOMKY MbILLUW W BblAENAATE 06LEKT; OTNYCTUTE NIEBYIO KHOMKY ANS1 NOATBEPXAEHUS Bblae-
NeHust; HaxmuTe knasuwy (Esc) Anst OTMeHbl BblAe/eHus.

MpPSAMOYTo/ibHbIN LLEHTP
Mo3BonsieT co3gaTh NPSIMOYrO/IbHOE BblAENEeHe BOKPYr TOUKM Ha KOTOPYHO Bbl K/VK-
HeTe Ha KpUCTan/Imueckoit peluetke. OcTasibHble UHCTPYMEHTbI UMEOT aHa/IornyHoe
npeAHasHayeHne, HO C BblAe/IeHNeM pas3Holi reomeTpuyeckoli hopmbl (kBagpar,
TPeyrosibH1K, POM6, OKPY)XXHOCTb 1 T.1.).
MpVHUMN AEACTBUS C BbILLEYNOMSIHYTbIMU MHCTPYMEHTAMU: NEBLIM K/TMKOM MbILLIW Bbl-
6epeTe LEeHTp, ewé pas NeBbIM KIMKOM NoATBepanTe BblaeneHne, Haxmute (Esc) ans oT-
MEHbI BblAENEHNS.

NHCcTpyMmeHTbI nocTpoeHus (Build Tools)

‘H rmapataums (Hydrogenate)(Ctrl+Shift+H)

KHonka gob6asnsietT atoMm BOAOPOAA K KaX40My BblAEIEHHOMY aTOMY, COEANHAS aToM
BOJOPOAA C KaXKA0i CBOOOAHON TOUKOW CBA3N.

H JDervgpatayusa (Dehydrogenate)

Mo3BonsieT yganuTb BCe aTOMbl BOAOPOAA U3 BblAENEHHON 06/1aCTH, OCTaB/ASA OT-
KPbITOM TOUKY CBSI3M Yy TEX aTOMOB KOTOpPbIE Obl/I COeAMHEHbI C BOAOPOAOM.
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P MaccuBauusa (Passivate) (Ctrl+P)
N3meHseT Tun HenpaBubHO COeAMHEHHbLIX aTOMOB Ha aTOMbl C NPaBUIbHLIM YAC/IOM
CBSA3eil UICNO/b3ys aTOMbl C HAU/TYULLUM aTOMHbIM PanyCOoM.

3 Pa3pbiB cBA3el (Cut Bonds)

Ypansiet Bce CBA3M, KOTOPble HAXOAATCA Ha BHELUHel 060/104Ke Bbl4eNeHHOo obiac-
T, T.0. OTAENANA BblAENIEHHYIO YaCTb OT BCEN CTPYKTYPbl. DTO HE 3HAUYUT, YTO CO34aeTcH
HOBbI 06BEKT BHE BblgeneHus. [nsa co3gaHns HOBOro 06beKTa, T.e. YTO Obl OTAENNTb Ka-
KYI-TO YacTb OT 60/1bLIOr0 06beKTa B OTAE/IbHbIN 06BHEKT, HY)XXHO BOCMO/1b30BaTLCA (OYHK-
unen OtoeneHne (Separate).

v OTtpaeneHune (Separate)
Co3aaeT HOBbI 0OBEKT U3 BblAeNIEHHbIX aTOMOB.

B O6beanHeHne (Combine)
O6beauHseT aAsa Unn 6osee 06BHEKTOB B OANH.

& BbipaBHMBaHuMe rno obueii ocu (Align To Common Axis)

OT1a koMaHAa BblpaBHMBAET OCK OAHOro UM 60/1ee 06bEKTOB MO OCKM CaMOro rNepBoro
Bbl4eNeHHOro oobekTa. [1ns Mcnonb3oBaHns 3TON KOMaHAbl HEO6X0AMMO BblAENTb Kak
MUHUMYM [iBa 06bEKTA.

Center On Common Axis (LleHTpupoBaHue no obuieli ocn)

MepeHocuT 1 BbICTpamMBaeT BblAeleHHble 00bEKTbI COBMeLLasi X ¢ nosuument "onop-
HOro" o6bekTa. MepBbiii BblAENEHHbIN 06LEKT aBTOMATUUYECKM CTAHOBUTCSA "OMOPHbLIM".

&5 B TArMBaHme (Extrude)

& CnusHune o6bekToB (Fuse Chunks)

B0 3epkano (Mirror)

‘:‘:a MepeBopoT (Invert)

[laHHasa komaHga nepeBopayMBaeT BblAe/IeHHble aTOMbl O6beKTa.

@ YpnunHeHwue (Stretch)
Mo3BoNsSeT yBENNYNTL AJIMHY aTOMHbIX CBA3€EM COAEPXALUNXCS B BblAENEHHbIX 00b-
eKTax.

Dimensions Menu (MeHI0 namepeHuin)

! Measure Distance (N3mepeHue paccToAHUSA)

[aHHbI MHCTPYMEHT OTOOpaXKaeT paccTosHNE Mexay ABYMS aToMaMu (B aHrcTpe-
Max). [/ n3aMmepeHns Heob6XxoAMMO BbIAeINTh ABa aToMa, a 3aTeM K/IMKHYTb KHOMKY
Measure Distance (cm. puc.22). ocie yero BOKpyr BblAesIeHHbIX aTOMOB NMOABATCA KBa -
paTHble KOHTYpbl, KOTOpble Byay CoeAnHEHbI pa3MepHO NNHWEN, Haa, NMHKeN ByaeT Hanw-
caH pasmep.
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/k 19,882, 56

Puc. 22. NlamepeHne pacCcToAHUA

MepBoe uncno otTpaxaeT paccTosHue mexay VdW (aToMHbIMK 060104Kammn) paguny-
camu aTOMOB (3Ha4yeHme MOXET ObITb OTpMUAaTENIbHbIM A/19 aTOMOB KOTOPbIE HaxoAAaTCA
CNULIKOM 6M3KO K ApYyr Apyry). BTopoe uncno otpaxaeT paccTosiHie Mexay LeHTpamm
aTOMHbIX a4ep.

3mepeHHoe paccTosiHMe ByAeT 3anMcaHo B ABYX 3HAYEHUSAX B (halin TpaccMpoBKu
019 KaXXA0ro Kagpa Cumynsauum u MoxeT ObITb NpeAcTaBieHo rpaduyeckn ¢ nomolbto Plot
Tool.

& Measure Angle (M3mepeHue yrna)
Vcnonb3ayeTtcsa onsa nsmepeHus yrna mMexay AByMsi aTOMHbIMU CBA3SMMN.

“< Measure Dihedral (M3mepeHve ABYrpaHHOro yrna)
MpuMeHsieTcs AN N3MepeHns yrna mexay 4ByMsi NI0CKOCTSIMU aTOMOB.

Selection Menu (MeHI0 BblaeneHNs)
MeHI0 BblAeNIeHNSA COAEPXNT cneaytolme KomaHabl:
et |

L..i Select All (BbigenuTs Bee) (Ctrl+A)
% Select None (OTmeHa BbligeneHust) (Ctrl+N)

e Select Invert (MHBepTupoBath BbigeneHune) (Ctrl+Shift+l)

=% Select Connected (BblgeneHve coeanHerHbIx) (Ctrl+Shift+C)

BblfensieT Bce aTOMbl KOTOPbIE B NpeAesiax 4oCAraeMoCTU TEKYLLMX BblAeNeHHbIX
atomoB. Select Connected BblAeNsieT TONbKO Te aTOMbl, KOTOPbIe COeAVHEHbI C NOMOLLb0
CBsI3eii C UCXOAHbIMM aToMamu.

.....

=% Select Doubly (BblgeneHvie ABOIHbIX)
BblAenseT Bce aToMbl, KOTOPbIE HAXOAATCA B Npeaenax [A0CAraeMoCTy BblAeIEHHOMo
atoma yepes ABe OTAe/bHble HEMNPEpPbIBHbIE LIEMNOYKN CBA3EN.
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«# Expand Selection (Pacwuputb Bbigenenune) (Ctrl+D)

BblaensieT Bce aToMbl, KOTOPblE HEMOCPEACTBEHHO OKPY)XaKT TEKYIOLNIA BblAENEH-
HbIli aTOM (MK aTOMbI). TakMM 06Pa3oM, BblAE/IEHNE PACLLUMPSETCA 3a CUET AONOMHUTE b-
HOro BblAENEHNA aTOMOB, KOTOPbIE KacarTCs TeKyLero atoma (MM aToMoB).

pm—a
Tl
i

2= Contract Selection (Cy3uTb BblgeneHue) (Ctrl+Shift+D)
OTMeHSEeT BblgeneHve Ntoboro atoma (MM aTOMOB), KOTOPbI CBSI3aH C HEBbIAENEH-

HbIM aToMoM (MM aTtomamu). Takum 06pa3oM, Ha NOPSA0K YMeHbLIAEeTCS KONMMYECTBO Bbl-
[leNeHHbIX aTOMOB.

Simulation Menu (MeHo cumynauum)
CoaepXuT pasNnyHble UHCTPYMEHTbI U PEXMMbI CUMY/IALMM MOLESN:

‘ Run Dynamics (3anyck AnHamMuKm)

[aHHaa KomaHAa BbI3blBaeT Ananorosoe okHo Run Dynamics, rae MoXHO 3a4aThb na-
pameTpbl AUHAMUYECKOW MONEKY/IAPHON CUMYNALNN.

e, T " play Movie (Mpourpare ko)
E— Mo3BonseT yBuaeTb pe3ynbTaTbl AMHAMUYECKOl MO-
|7| lE@ l‘IeKyJ'IFlpHOVI CMMyﬂﬂLllVWl. 3,D|ECb Bbl MO)XEeTe NCNoJ/ib30BaTb
Message @)

MPWBbLIYHbLINA UHTEpPAEC 415 NnpocmoTpa BuaeodnIbMa.
Takxe nNpucyTCTBYET AO0MNOHUTE/IbHbIE KOMaHAbl 415 ne-
RSO @ PeMelleHus K onpeaenieHHoMy Kaapy unm ans nponycka
g HEKOTOPOro Y1c/a KaapoBs Npu NpourpbiBaHnmK. MNpumep
Wl Bow nHTepdeiica nokasaH Ha puc.23.

D

Uss "Open movie file’ to load any existing movie for the current part.

— = Takxe CyLecTByeT BO3MOXHOCTb 3arpy3nTb YXe Cy-
GoToFrane: LLLeCTBYOLNIA KUHOUIbM, COXPAHUTb HOBbI KMHOMUIbM
Skipe: | 1 Frame(s) = o
— 5| v coxpaHuTb chaiin B Buae POV-ray nocnefoBaresibHo-
& Open Movie Fie...

CTN KagpoB NCNoJsib30BaHHbIX B aHMaL .

Puc.23. MNapameTpbl npour-
pbiBaHNA BUAeopuibMa

@ Rotary Motor (BpalatoLwmii MoTop)

MpuMeHsieTcs K OTAe/IbHbIM aToMaM A/151 BpaleHns 4acT Moenv Bo BpeMs 3arnycka
cumynaumun. s cosgaHns Bpaljarollero Motopa, BoanTe B PeXuM BblAe/IeHs aTOMOB.
BblgenmTte atoMbl K KOTOPbIM Bbl XOTUTE NPUCOEAMHUTL MOTOP M 3aTeEM Haxmute Rotary
Motor . Bbl yBuanTe anasnoroBoe OKHO C HECKOJIbKMMU napameTpamMu, KOTopble Bbl MOXeTe
3agiatb. EC/iv HY)XXHO, TO MOXHO M3MEHUTb 3TV NapamMeTpbl No3gHee, NPOCTO K/MKHYB npa-
BOI KHOMKOW MbILUM Ha BpaLjatoLmii MoTop 1 Bbibpas Properties.

Name (MmgA) - Kaxxgomy npegmeTy B Mogenn 3ajaeTcs YHUKa/lbHOe MMS, Ha KOTopoe
MOXHO 6yaeT ccblnaTbCs.

Torque (Bpawalowmin MOMEHT) - 3TO BE/IMYMHA ONpeaensieT MOLWHOCTb MOTopa.
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EAVHMLA N3MEPEHNs HAHOHBIOTOH Ha HaHomeTp (Mnn 1078 HbloTOHOB Ha MeTp). Bbi-
60p pa3yMHOro 3Ha4YeHMs MOLLHOCTM MOXET ObITb 4OBOJIbHO C/IOXEH.

Initial speed (HauyanbHasa ckopocTb) - CKOPOCTb MOTOPa, u3MepsemMasi B rurarepuax,
NN KONIMYECTBO BpaLleHuii B HaHocekyHAy. Ecnv HayanbHasi CKOpoCcTb He paBHa
HY/110, TO BpalleHve byaeT HepaBHOMEPHbIM, BEpHee NoCTEeNeHHO HapacTatoLwmm
(pekomeHayeTcsa HyfieBoe 3HaYeHue).

Final speed (KoHeYHas CKOPOCTb) - TO CKOPOCTb KOTOPYH MOTOP CTPEMUTLCS A0C-
TWYb. DTO CKOPOCTb B OTCYTCTBUM Harpy3ku. MexaHuyeckasi Harpyska oyae coob6-
LWaTb onpegeneHHbIn TOPMO3ALLMIA MOMEHT, KOTOPbIV ByaAeT 3aMe1a9Tb MOTOP.
Enable in minimize - Pexnm npu KoTopoMm MOTOp 6yAEeT BK/IOYEH B peXnmMe MUHUMU-
3aunn aHeprun (He pekoMmeHayeTcs).

Motor length, Motor radius (AnvHa n pagnyc moTopa) - MoTop npeactaBnseT coboi
UunMHApuyeckoe Teno. Bel MoxeTe 3agaTb pasMepsb! LuIvHLpa B aHrcTtpemax.
Spoke radius (Pagnyc cnuy) - ATOMbI NPUCOEANHAKTCA K MOTOPY C MOMOLLbIO CrnL,
paguyc KOTOpbIX MOXHO 3aJaTb B aHrCcTpemax.

Color (LleT) - Bbl MOXeTe U3MEHUTb LIBET Tea MOTOpa M cnuu. 3TO MOXET ObITb
YO06HO, ec/ii UMeeTCs HECKO/IbKO MOTOPOB W XenaTtesibHO, YTO Obl OHN BU3YaslbHO
OT/INYAJINCD.

é] Linear Motor (J/InHeiHbIi moTOp) MNpuknagpiBaeT AVHEHYO CUy K aToMaM BO
BPeEMS CUMYNALNN.

[na co3gaHua Linear Motor BbiAeNnnTe atoMbl, K KOTOPbIM Bbl XOTUTE NPUCOEANHUTL
MOTOP U HaXXMUTEe Ha KomaHay Linear Motor. Bbl yBUANTE ANANOrOBOE MEHIO C HECKOJIbKU-
MM napameTpamMmu. ECNn Hy>XXHO, TO MOXHO U3MEHUTb 3TK NapamMeTpbl No3a4Hee, NPOCTo
KNIMKHYB NpaBoi KHOMKOW MbILWM HA MOTOP U BbI6pas Properties.

Name (ms) - Kaxxgomy npegmeTy B MOAeN 3a[aeTCA YHUKa/IbHOE MMS, Ha KOTopoe
MOXHO OyAeT ccbliatbCs.

Force (Cwna) - 310 3Ha4YeHne MOLWHOCTM MoTopa. EanHnLa nsmepeHnsa HaHOHbLIOTOH
(w107 HbIOTOHOB).

Stiffness (KoadhcpmumneHT X)ecTKocTHN) - EC/I He paBeH Hy/o, TO cuia motopa by-
OeT N3MEHATLCS B 3aBMCUMOCTM OT NOJIOXEHNA MOTOpPa, He CMOTPS Ha TO, YTO MOTOP
oygeT ynpyrum (NPY>XMHUCTBIM).

Motor length, Motor width (dnvHa 1 wrprHa moTopa) - MoTop n306paxeH B Buae
NPSIMOYro/1IbHOTro TBEPAOro Tena ¢ HamboNbLUMM pa3mMepoM B HanpasieHun AeicT-
BMS MOTOpa. Pasmepbl Tesia U3SMepPSIOTCH B aHrCTpeMax.

Spoke radius (Pagnyc cnuy) - ATOMbl NPUCOEANHSAOTCA K MOTOPY C MOMOLLbIO CMKLL,
pagunyc KOTOpbIX MOXHO 3afaTb B @aHrcTpemax.

Color (LiBeT) - Bbl MOXeTe N3MeHUThb LBET Tena moTtopa v cnuuy,. 310 MOXeT ObITb
YO06HO, ec/ii UMEeeTCS HECKOJIbKO MOTOPOB M XenaTesibHO, YTO Obl OHW BU3YyaslbHO
OT/IMYAJINCD.
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3HauveHunsa KoadppmumeHTa xecTkKocTH (Stiffness) u cunel (Force):

Korga Stiffness = 0, To cusia MoTOpa NOCTOAHHA, UMeeT O4HO Hanpas/IEHNE U HE Me-
HSAET 3Ha4YeHVe B 3aBUCUMOCTU OT PacrnosioXeHNss aTOMOB.

Korga Stiffness He paBHO Hy/1l0, TO MOTOpP BeeT cebs kak npyxuHa. Ha kaxablii war
CUMY/IALUKN pacCUMTbIBAETCA MOJI0XKEHNE aTOMOB, K KOTOPbIM NPUCOeANHEH JIMHEWHbIN MO-
TOP, COracHO NPUIOXKEHHOW cusbl. MonoxeHne n3MeHsieTcs no 3akoHy Nyka: MNepemelye-
Hune (X) = - Cnna (F) / KoadodouumeHT xectkocTn (K). 3HaK MUHyca yKa3blBaeT Ha To, YTO CU-

[V

na npuaaraetca MOTOPOM "MPY>XUHON" B HaNpasfeHUN NMPOTMBOMOIOXHOM Hanpas/ieHUIO
cMelleHns. OHa Ha3blBaeTcs "BO3BpaLlatoLLein CMIoi", Tak Kak OHa CTPEMUTBLCSA BEPHYTb
CUCTEMY B paBHOBECHE.

3ameTuM, UyTo "NpyXmnHa" B n3HayasibHOM MOJIOXEHUM HATAHYTA, XOTH BU3yaslbHOe
npeacTaB/ieHne nokasbiBaeT, YTO MOTOP 3aKpernsieH B LEHTpe atoma.

Mpumep:

Force = 1, Stiffness = 0: MoTop 6yaeT HeorpaHNYeHHO YCKOPSATL CBOGOAHbIE aTOMbI;

Force = 1, Stiffness = 0.01: MoTop 6yaeT konebaTtb cBO60AHbIE aTOMbI Ha3a, BNepés,
Ha paccTosHUK oKos1o 2 aHrcTpemoB. (MNpwu Stiffness = Force gnivHa konebaHusa 6yaeT oko-
no 0,02 aHrcTpemoB);

Force = 0, Stiffness = 1: MoTop 6yaeTt BeCTu cebs Kak SIkopb C HEGONbLLMM pacTshxe-

HMeM BAOJ1Ib OCK.

L Anchor (Akopb)

Ncnonb3yeTcs ansa mkcaumm atoMoB B NpocTpaHcTBe. MNpuKpensieHHbI aToM He ne-
pemellaeTcsa BO BpeMs MUHUMMU3ALNN 3HEPTUN NN CUMYNIAUUK. NS cO34aHNS SKopsa Hado
BbI4ENNTbL aTOM (MM aTOMbI) 1 HaxaTb KHOMKy Anchor. Akopsa nsobpaxatoTcs B BUAE Yep-
HbIX KapKacHbIX Ky60OB BOKPYI KaXx40oro atoma.

s Thermostat (TepmocTar)

MpucoeanHeHne TepmocTarta JlaHxeBeHa K 0ANHOYHOMY aTOMY O3Ha4aeT CBSA3b Tep-
MocTaTa C LLe/10il MOIeKy /10l B KOTOPOI HaxoamuTcs atoMm. Monb3oBaTesib ycTaHaBNMBaeT
Temnepatypy B KenbBuHax. TepmocTart JlaHxeBeHa NCnonb3yeTcs A8 yCTaHOBKN 1 No4-
[epXaHns TeMmnepaTtypbl MOIEKY bl BO BPEMS CUMMYNSAUUK. [1s co3aaHus TepMmocTaTa
HY>XHO BblAENNTb aTOM M HaXxaTb KHONKy Thermostat. TepmocTaTt n3obpaxaeTcsi B BUAE ro-
ny60oro Kybnyeckoro KOHTypa BOKpyr aToma.

E Thermometer (TepmomeTp)

JT1a (hyHKLMA 3anncbiBaeT TemnepaTypy ykazaHHOro atoma B KesibBMHax. 3anvncaH-
Hble TemnepaTypHble JaHHble MOryT ObITb U3B/IeYEHbI CneunanbHON oyHKUmel. Jonycka-
eTCA MHOXeCTBO TePMOMETPOB A/1 MO4EeNMN.

What's This Help Button (KHonka UTo 310?)

Ecnun Bbl kMkHeTe Ha kHonky What's This, To kypcop npuobpeTeT BOMPOCUTESbHbIN
3HaK U1, Korga Bbl K/IMKHETE Ha 06/1aCTb UKW KHOMKY, TO NOSABUTCA Nofckaska 06 3Ton hyHK-
Lun.
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2. METOOVKA BbINMONHEHWA PABOThI

- YAcHuTe uenb paboTbl.

- NpocmoTpuTe meToauyeckoe pykoBoAcTBO no nporpamme NanoEngineer-1. O3Ha-
KOMbTECb C MHTEPIENCOM N OCHOBHLIMW BO3MOXHOCTSIMW MPOrpamMms.

- MonyuuTe y npenogasatensa nHAnBMAyasbHOe 3afaHue, npeacrasnsowee cobom
CXeMy 1 CNIOBECHOE onucaHne hopMbl, pasMepoB 1 XapakTepUCTUK HAHOOObEKTA.

- 3anyctute nporpammy NanoEngineer-1.

- Ncnonb3ys onbIT NpeablAyLmnX 3aHATUR, CaMOCTOATE/IbHO co3aaliTe MoAe b HaHO-
06bekTa B CTPOroM COOTBETCTBUM C BblAAHHLIM 3a4aHNEM.

- Mpn BO3HNKHOBEHUN TPY[HOCTEN 0bpawanTecb K METOANYECKOMY PYKOBOACTBY U
TOJILKO NOC/Ie 3TOro K npenogasaTesto.

- Mocne 3aBeplleHns co3gaHnsa HaHOOObeKTa NoKaxMTe pesysbTar npenogasaTesto.

- CoxpaHuTe Bally MoZesib, Ha3BaB haiia cBoei hamunmeli 1 HOMepoMm 3aaHus.

- MpumeHnTe K CO34aHHON MOLENN PEXMMbI CUMYALMN NPOLLECCOB MPOUCXOAALLNX
Ha HaHOYpPOBHeE.

3. KOHTPO/JIbHbIE BOTMPOCHI
- Kaknmn BO3MOXHOCTAMU U yHKUMAMKU 061agaeT nporpamma NanoEngineer-17?
- Kakne chyHKLMM NnporpamMMbl Bbl UCNOJIb30Ba/IN B faHHO nabopaTopHO paboTe?
- Kakne HaHOOGbEKTLI Bbl MOAENMPOBa/IN B JaHHOW nabopaTopHoii paboTe?
- Kak co3gaTb aTom, NpoCTeiLyo Monekyny?
- Kak co3pgaTtb yrnepogHyto HaHOTpYOKy?
- Kak co3gatb Kpuctann?
- Kak po6aBuTb ABOIHYIO cnupasb HK 1 kakme onepauumn MOXHO C Heli NPOBOANTL?
- Kakne doyHKUMM aoctynHbl U3 MeHto Simulation?
- Kak po6aBnsatb Bpallalowmin MOTop U 3a4emM 3TO HYXXHO?
- Kak co3pgaTb aHMMauMOoHHbI OnnbM CUMYIMPYIOLLMIA NPOLECChl B HAHOOO6bEKTaxX?

4. PEKOMEHAYEMBbIV BUBNNOTPASUNUYECKUIA CMINCOK

1. Cyspganes W.MN. HaHOTEXHOMOIMMSA: (OU3NKO-XNNA HAHOKACTEePOB, HAHOCTPYKTYP U
HaHomMmaTepuanoB. — M.: KomKHura, 2006. — 592 c.

2. 'yceB A.N. HaHoMaTtepuanbl, HAHOCTPYKTYpPbl, HAHOTEXHONOTMU. — M.: dU3MaTNuT,
2005. - 416 c.

3. bapblonH A.A. DNEKTPOHUKA 1 MUKPO3IEKTPOHMKA. PU3NKO-TEXHOOTNYECKME OC-
HOBbLI. — M.: ®unsmartnut, 2006. — 424 c.
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NNabopaTtopHas pa6oTta Ne 4
3HAKOMCTBO C OBOPYJOBAHVEM JIABOPATOPUIN MEXKA®DEAPA/IBHOIO
PECYPCHOI'O LUEHTPA KONNEKTUBHOI O NMO/1Ib3OBAHUNA

LIE/Tb PABOTbI: 03HaKkoMUTbLCA C Ha3Ha4YeHeM 1 BO3MOXXHOCTAMMU pasIMYHOro Bnga
HaHOTEXHO/I0TMYEeCKOro U aHaIM3npyroLwero o6opyaoBaHus.

1. OCHOBHbIE TEOPETUYECKUWE NMPEACTABMNEHUA

OCHOBHOI Lefiblo paboTbl MexkadeapaslbHOro PecypCcHOro LeHTpa KOUIEKTUBHOIO
nosb3oBaHuna (MPLLKI) aBnseTca ocywecTtsrieHne un conposoxaeHne HAP, HAPC, OKP u
NPOEKTOB B 06/1aCTN €CTECTBEHHbIX U TEXHUYECKNX HayK nyTeM 3(eKTUBHOIO UCMOJIb30-
BaHMs COBPEMEHHOro 060pyAOBaHMA W MNPUBIEYEHMS acnMpaHToB, MPOgeccopcKo-
npenogasaTesibCKOro coctasa u ctygeHTos A TY.

MPLLKI siBnsieTca aTTecToBaHHbIM LEHTPOM MO NPOBEAEHUI0 UCCMeA0BaHNn B HAHO-
meTpoBom AmanasoHe. MPLIKIM nepsbii B PoccuM HaAHOLEHTP, aTTECTOBABLUMIA METOAUKM
BbINO/IHEHNSA U3MEpeHnin Ha HaHoTBepgomepe NanoTest - 600 n AMCKOBOI LeHTpudiyre
CPS DC24000.

NANOTEST 600

YHukanbHaa yctaHoBka Nanotest Platform 3 dupmbl Micromaterials (puc. 1). meet
ABa (pyHKUMOHasIbHbIX 6/10Ka: HAHOTECT M MUKpoTecT. OCHOBHOE HasHayeHue: No3BosseT
onpenenaTb TBEPAOCTb CTPYKTYPHbIX €AMHUL, MaTtepuasia Ha HaHOoypoBHe (419 3Toro uc-
NoNb3yeTCA NHOEHTMPOBaHME MO "MasasTHUKOBOMY" METOAY).

OnpepensieMble MeXaHUYeCKNe CBOMCTBA MaTtepuana:

- TBepAoCTb UccnenyemMoro marepuana,

- TBEPAOCTb HAHECEHBIX MOKPLITUIA (& TaKkKe NX TONLNHY);

- Moaynb ynpyrocTu;

- BbicoKoTeMnepaTypHble XxapakTepucTuku matepuana(go 750°C).

Bbi6paHHasn npouenypa sKkcneprMMeHTa nNo3BosseT n3yvyaTb CBOWNCTBA MaTepuana c
TeyeHMeM BpeMeH!, T.e. ONpenensTb U cTaTnyeckne n AMHammyeckme xapakTepucTuku.

YcTaHoBKa OCHalleHa cnefyowmumMmm onuuamMm:

- lHpeHTnpoBaHue,

- Tonorpadunsa NoBepPXHOCTY;

- LlapanaHue nokpbITUiA;

- Mpoueaypa yaapHbIX LMKINYECKNX HAarpy3okK.

AHa/IM3 NHAEHTUPOBaHNSA NPoOn3BoAAT No MeToay Onueepa n ®apa (Oliver and
Pharr).
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Puc. 1. Ycranoska NANOTEST 600

OCHOBHble TEXHMYECKME XapaKTepPUCTUKN:

MakcumanbHasa U MUHUMasIbHaA Harpysku ansa "HaHomadaTHuka" coctaBnsaT 0.1 v
500 MH cooTBeTCcTBEHHO, A4 "MUKpomadATHMKa" 0.1 H n 20 H.

MpumeHsemble NHAEHTOPbI:
1. MHpeHTop BepkoBunya (Berkovich) - nupammngasnbHbii MIHAEHTOP C pagnycoM Npu BepLUn-
He 100-500 HmM.
2. NnpeHTtop Bukkepca (Vickers) - nHAeHTOp B BMAE KOHyca, B HAIMYNN UMEKTCA UHAEHTO-
pbl ¢ pagnycomM BepLunHbl 10 1 25 MKM.
3. IHpeHTOop Cdhepudecknii (Spherical) - cdhepuyecknin nHaeHTop ¢ paguycom 0.5 mm.
4. NnpeHTop "BeplumnHa ky6a" (Corner cube) - nHAeHTOp npeAcTasiseT co60i BepLUNHY
Ky6a c yrnamu B 90 rpaaycos.

YcTtaHoBka Nanotest No3BonsseT NPoOBOAUTL UCC/IeA0BaHUA Mo hr3rKe TBEPAOro Te-
na, Tpnbonornn, maTepnanoBeseH1o 1 APYruM NpUKNagHbIM HayKam.

MAGELLAN Q8

Qantron Magellan (Magellan Q8) - OoNTUKO-3MUCCUOHHBIA aHann3aTop C BaKyyMHOM
onTukon doupmbl Bruker (puc. 2). No3BonseT onpenenaTe XMMUYECKUIA COCTaB CnaBoB Ha
OCHOBe Xesie3a (CTasib M YyryH), megun (6poH3bl, natyHn 1 Ap.) altoMmHus (AypasitoMuH 1
[Ap.). YCTaHOBKa OCHallleHa AaTyvkamu, onpenesifaiolwnumMm NpoLeHTHOe KOIMYECTBO TakuXx
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3/1IEMEHTOB, Kak yrnepog, asoT, goocdop, cepa, BaHaaui, BO/b(pamM, KpeMHUI, mapraHed,
XPOM, MOIMBAEH, HUKE/b, aJIIOMUHWIA, KOGaNbT, Meab, HNOOWIA, TUTaH, 0/10BO, BOp, Xeneso,
LMHK, 0/10BO, 6epuIniA, MarHnin, CBUHELL,.

KannbpoBka ycTaHOBKM OCYLLECTBASETLCA C MOMOLLbI0 KasIMOpPOBOYHbLIX 06pasLoB
pasNINYHbIX CTaslei, YyryHa, 6poH3bl, a/lOMUHUEBOrO crislaBa. TOYHOCTb OnpenesieHns Xu-
MWYECKOro cocTtasa CrnjaBoB COCTaB/SAET [0 COTbIX A0/el NpoLeHTa.

TexHuyeckne xapakTepucTuKu:

B kayecTBe 0eTEeKTOPOB B YCTAHOBKE MUCMOJb3YHOTCA (DOTOSIEKTPOHHbIE YMHOXUTENN
KaHanbHOro Tuna npounssogctea Perkin Optoelectronic (FfepmaHus) ¢ M30rHyTbIM NOJynpo-
BOZAHVKOBbIM KaHa/IoM Mexay poTokaTo4oM 1 aHOA0M MMeKoLLMe crepyowme xapakrepu-
CTUKMW:

- KoathcpmupeHT ycuneHnsa getekropa > 108.

- QnameTp getektopa He 6onee 10.5 mm.

- Anana3oH gnunH BosiH 110-850 HMm.

- JleTekTopbl 3aKpensieHbl Ha BUOPOYCTONUYMBOM A-pame 13 crneynanbHOro aitoMmm-
HWEBOrO cr/jiaBa C MUHUMaJIbHbIM KO3(O(PMLIMEHTOM TeMNepPaTypPHOro pacluMpeHms.

- KonnyecTtBo aHa/IMTMyeCcKnUX KaHa10B Ha AnanasoH AIMH BOSH > 165 HM He MeHee
36.

- JononHUTENbHLIN KaHan Ha A/IMHY BOMHbI < 165 HM A4n15 onpejeneHns a3ota B
cTansx.

Puc. 2. YctaHoBka Magellan Q8
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LEHTPU®YT A CPS Disk Centrifuge DC24000

LleHTpudpyra CPS 37O ObICTpbIA 1 YyBCTBUTE/IbHBIA aHanM3aTop pasmepa 4acTul
KONnouaHbIX pactsopos (puc. 3). Mpubop MoxeT paboTaTb C YacTULaMK, pasmepbl KOTO-
pbix OoT 10 HM A0 50 MKM.

TexHnyeckne AaHHble:

- Makc. ckopocTb BpateHms 24000 O6/MuH;

- MMHUM. cKOpOCTb BpaLleHus 600 O6/MuH;

- MakcmanbHbiii n3amepsiemMslin p-p yactuy 40 MKM;

- MYHMManbHbIN n3mepsemblin p-p yactuy, 10 HM;

- CpefHee paspelueHve meHee 5%;

- CpefHAaa norpewHocTb namepenns +/-0.5%;

- MoBTOpsiemocTb pe3ynbtartos +/-0.5%;

- MeTo, Ka/IMGPOBKU - BHYTPEHHUI NN BHELLHWIA;

- Pexkumbl oTyeTa - pacnpegeneHne Maccobl, NOBEPXHOCTU WU/ KOSIMYECTBA.

Puc. 3. LleHTpudoyra CPS Disk Centrifuge DC24000

AnckoBas ueHTpudpyra CPS pasgenset yactuupl No pasmepam, UCMosib3ya LEeHTPOo-
OGEeXHYI0 ceaMMeHTauunio B XUOKOW cpege no metogy Mu. BO3MOXHO M3MepeHue yacTul,
npakTnyeckn Ntobon NI0THOCTU, B TOM YUC/Ie N MEHbLUEN, YeM NAIOTHOCTb XWUAKOCTH, B KO-
TOpPOI OHW pasBefeHbl, UCMNOMb3ys YHUKa/IbHbIA MeTog aHanmsa CPS (nateHt CLUA
5786898). NosiHOCTLIO rpathmnyeckoe onepauMoHHOE nNporpaMmmMHoe obecrneyeHune.
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O6nactn NnpUMeHeHus:

- XMus 1 TpMOOXUMUS: NOIMMEpPHBbIE NaTekCbl U aMyNnbCeuun, HanonHutenu (CaCos3,
rNnHbI, 6apuT 1 1.4.), SIO2 ancnepcumn, abpasmebl (BCEX TUMNOB), HEPTAHbIE 3MY/IbCUK, Ka-
TanmsaTtopbl, MeTa/l/IMYECKME NOPOLLKN, Macna 1 ap.

- ®apmakonornsa: BUPYCHbIE YacTuLbl-BMPYCONOA06HbIE YacTuubl, 6eskoBble Kna-
cTepbl, KNeTkn (Ky/ibTypa) U KNeToUYHble pparMeHTbl, MMKPOUHKaNCy/IMpOBaHHble npenapa-
Tbl U Ap.

- Mpouve: NUrMeHTbl Ha BOAHOW M MacnsiHO OCHOBE, MOAM(IUKATOPbLI BA3KOCTU
Kpacku, TOHep-NOPOLUKKX, CTPYMHbIE YepHU/A, caxa, MUKpocdepbl, Kpaxman/dyacTuubl MyKu,
Kepamuka, reosiormyeckme mMartepuasibl, KOCMETUKa, CTPOUTESIbHbLIE MaTepuasbl, [MUHbI K

ap.

C3M NANOEDUCATOR

Komnnekc ckaHupyowmx 30H40BbIX Mukpockonos Nanoeducator (NT-MDT) (puc. 4)
NO3BOMISIET peasi30BaThb pas/iMyHble MeTOAbl U3IMEPEHWUI TYHHESIbHON U "NOYKOHTaKTHON"
aTOMHO-CW/TI0BOV MUKPOCKOMMWIA N MOXET, He TO/IbKO UCMO0/Ib30BaTbCs B yYeOHbIX, HO U B Ha-
YUHbIX Lles1sxX npu nccnenoBaHnsx B 061act n3nkyi 1 TEXHONOTUN MUKPO YU HAHOCTPYKTYP,
MaTepuasioBefeHus, katanmsa, (puUsrkn M XuMmmM NosMMepoB, TPUOOMOTUK, LUTOMOTUN U
T.M.

ATMOcCiepa: cbemka Ha Bo3ayxe

Temnepatypa cbemkn: 25C

MakcumanbHoe none ckaHmpoBaHus: 100 x 100 MKwm

MwuHMMasIbHbIE AOCTUXUMbIE WYMbI: MeHee 50 HM

OCHOBHble METO/bl UCCNef0BaHWIA:

- ATOMHO-C1N0Bast MMKPOCKOMUSA.

- "MoNyKOHTaKTHbIN" METOA.

- OTo6paxeHne penbeda.

- OTO6paXxeHne asbl.

- OTOGpaXxeHme cusbl.

- CunoBas CNekTpoCKonus.

- PaboTta B XXUAKOCTW.

- ACM nutorpadms.

- AnHamunyeckas cunosas nutorpadus.

- CkaHupyroLwasa TyHHebHast MUKPOCKOMNUA.

- OTo6paxeHne penbeda.

- OTOGpaxeHne Toka (MeToz NOCTOSAHHOWN BbICOThI).
- \amepeHus paboTbl Bbixoga(Z moaynaums).

- TyHHenbHaa cnektpockonua(dl/dV nsmepenus).
- PaboTa B AN3NEKTPUYECKUX XNLKOCTAX.
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Puc. 4. Komnnekc C3M NANOEDUCATOR

TYHHENbHbIA MUKPOCKOM PHYWE

MpocCTOoii B MCNO/b30BaHUM CKaHUPYHOLWWIA TYHHENbHbIN MUKpockon (puc. 5) npegHa-
3HaYeH ANS NOSyYeHUs N306pakeHnin NPoBOASALLMX MOBEPXHOCTEN C aTOMHbIM paspeLlle-
HMeM, a Takke NS nccrnefoBaHnsa pasnyHbiX aphekToB Ha MacluTabax nopsaka pasmepa
atoma. C ero nomoLLbi MOXHO MOCTaBUTb pa3HOOOpa3Hbie 3KCNEPMMEHTbI N0 MaTepuasno-
BeAeHno, M3nke N XUMUN TBEPAOro Tesia, HAHOTEXHO/IOTMAM M KBAHTOBOW MeEXaHUKe.
MOXHO nccneaoBaTb MUKPO- M HAHOCTPYKTYPY NOBEPXHOCTEN, NonyyaTb n3obpaxeHue oT-
OENbHbIX aTOMOB WU/ MOJMIEKY/T HA MOBEPXHOCTU, CO34aBaTb HAHOCTPYKTYPbI (B TOM yuMcne
METOAOM camoopraHusaumm), nccnenoBatb TyHHENbHbIM 3hdeKT, KBasnyacTulpbl 1N B3au-
MOZENCTBME MeXAY MOIEKYyNaMMU.

MpenmyuiecTea:

- MonHas komnaekTauus Anst He06XoANUMbIX 3KCNEPUMEHTOB C 06 bEKTAMM aTOMHBbIX
pasmepos.

- KOMnakTHOCTb 1 MoOpTaTUBHOCTL: NPMOOP SIErKO TPpaHCNOPTMPYEeTCA 1 yCTaHaBMBa-
eTCs Ha He6O/bLLION NoACTaBKe.

- EQuHbIA KOpnyc cnoco6CTBYET TOYHOCTU U CTABU/IbHOCTY M3MEPEHUIA.

- He TpebyeT cneunanbHO aHTUBNOPALMOHHON 3aLMThl.

- MpocToTa B UCNoIb30BaHMMK: NpU6op naeaneH Anst 06yvyeHns cTyaeHToB B 06/1aCTh
HaHOTEXHONOTWIA 1 A9 UX NOArOTOBKM K paboTe Ha 060pyA0BaHMM 601ee BbICOKOro ypoB-
HS.

- MpocTas noarotoBka obpasua 1 CkaHupylLei urnbl. bbicTpas 3ameHa 06pa3LoB 1
nrn.
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Puc. 5. TyHHenbHbIn Mukpockon PHYWE

TexHnyeckne xapakTepucTuKn:

CkaHupytoLLas rosioBka ¢ MHTErpyupoBaHHbIM KOHTPOJ/I/IEPOM Ha BMOPO3aLLMLLLEHHO
pame;

MakcumanbHoe none ckaHnpoBaHus, 500 x 500 HM;

MakcnmanbHas BbicoTa ckaHupoBaHus, 200 H;

PaspelueHuve no nosnt, He meHee 8 Nwm;

PaspeLueHure no BbICOTE, HE MeHee 4 NM;

Pa6ounii Tok 0,1-100 HA,

[AnckpeTHoCTb paboyero Toka 25 nA,

[Jnana3oH HanpsxeHua Ha urne +10 B;

OVCKpeTHOCTb HanpsXeHusa Ha urne 5 mB;

Pa3mepbl 21 x 21 x 10 cwm;

PeX1UMbl NOCTOAHHOIO TOKa 1 MOCTOSAHHOM BbICOTbI;

3anncb BosibTaMNePHON XapakTepUCTUKM

CnekTpockonus 3a30p-TokK;

Uuncno namepuTesibHbIX KaHasoB 4o 7,

MuHUManbHoe BpeMsi ckaHnpoBaHnsa 60 MC/NMHMIO.
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2. METO4VKA BbINOMHEHWA PABOTHI

- YAcHuTe uesnb paboTsbl.

- O3HaKoMbTeCb C Ha3HayeHVeM U BO3MOXHOCTSAMU 06opypoBaHus fiabopatopuil
MeXxkadoepasibHOro pecypcHOro LeHTpa KOeKTUBHOIO NoIb30BaHUS.

- MNop, pykoBOACTBOM Mnpernogasatesis npocriefynte B LEHTP MexkadeapasibHOro
PeCYpPCHOro LieHTpa KoI/IEKTUBHOIO M0J1Ib30BaHuS.

- Nepep Bxogom B naboparopnn HeobxoAnMMOo 06/1a4nTbCs B 6esible Xanartbl U 6axu-
Nbl.

- B nabopatopusix nponsseguTe BHELHWUIA OCMOTP OMUCAaHHbLIX YCTAHOBOK U NPOC/y-
LIarTe 9KCKYPCUOHHYH peyb.

- BHumartensHo HabnwganTe AeMOHCTPaLMo paboTbl YCTAHOBOK.

- 3anuwuTe kakune obpasubl 66N UCcnefoBaHbl N Kakne XxapakTepucTuKn Oblan Mo-
JIyYeHbl.

- CocTaBbTe OTYeT 0 paboTe.

3. COAEP>XAHUVE OTUETA

- Llenb paboTbl.

- HasHaueHne 1 BO3MOXHOCTM 060pyaoBaHus nabopartopuii mexkadeapasibHoro
PECYPCHOTO LIEHTPA KOJI/IEKTUBHOIO NOMb30BaHMS, UX OCHOBHbIE TEXHWYECKMMU XapakTepu-
CTUKMN.

- OnuwnTe, YTO Bbl HAGNOAANN HA SKCKYPCUM U AE@MOHCTPaLNN.

- OTpasuTte pesynbTaTtbl UCCef0oBaHui, C yka3aHeM UCMosib30BaHHOIo ob6opyaoBa-
HNA 1 06pasLoB.

4. KOHTPO/JIbHbIE BOIMNPOCHI

- Kakoe o6opyaoBaHme Haxo4nUTCA B pacrnopshkeHun MmexkadeapasibHoro pecypcHo-
ro LLeHTpa KOJIJIEKTUBHOIO NOJ1b30BaHUA?

- OnuwnTe Has3HayeHne 1 BO3MOXHOCTU ycTaHoBKM Nanotest Platform 3 doupmbl
Micromaterials?

- OnuwnTe Ha3HayYeHne 1 BO3MOXHOCTM ycTaHoBKM Qantron Magellan?

- OnuwnTe Ha3HayeHne 1 BO3MOXHOCTU UeHTpudyrnmn CPS Disk Centrifuge
DC240007?
- OnNMwKnTe Ha3HayYeHne N BO3MOXHOCTU CKaHVPYHOLLMX 30HA0BbIX MUKPOCKOMNOB

Nanoeducator?
- ONUWINTE Ha3Ha4YeHNe 1 BO3MOXXHOCTW CKaHMPYIOLLErO TYHHENbHOIO MUKpOCKona
PHYWE?
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5. PEKOMEHOYEMbIN BUBNOIrPAGUYECKIIA CMIMCOK

1. l'yceB A.V. HaHOoMaTepuasibl, HAQHOCTPYKTYpPbl, HAHOTEXHOOTUU. — M.: PU3MaT/INT,
2005. — 416 c.

2. bapblouvH A.A. DNEKTPOHUKA Y MUKPOIIEKTPOHMKA. PU3NKO-TEXHONOTMYECKME OCHO-
Bbl. — M.: ®usmatnut, 2006. — 424 c.

3. Ctpombepr A.T'., CemueHko .M. dusmnyeckan xumusa. — M.: Bbicwl. Wwk., 1988. — 496 c.

NNabopaTopHas pabota Ne 5
N3YUYEHME BO3MOXHOCTE 1 OCOBEHHOCTEN
SKCMNYATALMN YCTAHOBKUN ANA BbICOKOTEMMEPATYPHbIX
METANNIOMPA®UNYECKNX NCCNEQOBAHUI MMALLI-20-75

LIE/Ib PABOTbI: 03HaKOMUTBLCA C YCTPOMCTBOM U MOAYYUTb HaBbIKN MCCNEA0BaHMs
MaTepuasioB Ha yCTaHOBKE A1 BblICOKOTEMNepPaTypHbIX ucnoitaHnii UMALL-20-75.

1. ObWWME CBEAEHVA OB YCTAHOBKE NMALL-20-75

1.1. HasHayeHue yCTaHOBKU

YctaHoBKka VIMALL-20-75 npegHa3HayeHa 418 uccnefoBaHus MUKPOCTPYKTYpPbI C O4-
HOBPEMEHHbIM U3MepPEeHNEM 3/IEKTPUYECKOro COMPOTUBNEHUSA B NPOLECcce UCMbITaHNA Ha
YyCTa/I0CTb METAUI/I0B 1 CM/1aBOB MNPW 3HaKONepeMeHHOM M3rnbe ¢ yactoTamu HarpyxxeHms 3
1n 3000 ymknoB B MUHYTY U Harpese o 1200°C B Bakyyme OT 1207 s 540° MM pT.CTUNB
3alMTHbIX ra3oBbIX cpejax.

1.2. TexHn4yeckme gaHHble

1. HarpeB uccnegyemoro obpasua npon3sogmutcsa paguaunoHHbIM Crnocobom npu ns-
Jly4eHun OT MONMBLAEHOBOrO HarpeBsaress, a Takke, C MOMOLLbI0 HEMOCPeLCTBEHHOTO MPo-
nycKaHWs Toka yepes obpasel,.

2. YcTaHOBKa o6ecrneunBaeT BO3MOXHOCTb NPOBEAEHNS NPAMOro Hab/1loAeHUs MUK-
POCTPYKTYpPbl MOBEPXHOCTU N N3MEPEHUS 3NIEKTPUYECKOTO CONPOTUB/IEHNA 06pasLoB, Ha-
rpetbix o 1200 °C (Ho He Bbiwe 0,8 TemnepaTypbl NJ1aBNEHNSA N3y4aeMoro marepuana)
npv ysennyeHun go 200 kpat (MOXHO 1 60/1ee onuMoHasibHO).

3. IamepeHne Temnepatypbl 06pa3L0oB OCYyLLECTB/ISETCS C MOMOLLbIO NiaTMHopoaue-
BbIX TepmMonap gnametpom 0,3 MM, cnav KOTOPbIX NPUKPENIAIT TOYEUYHOW 3/1EKTPOCBAaPKOM
K NOBEPXHOCTM 06pasLa B "ropsyein” 30He. TOYHOCTb NOAAEPXaHUSA TeMnepaTypbl Harpesa
obpasua npv nposeAeHUn ncnbiTaHnin coctasnseT 0,5% (Npv rpy6oi perynnpoBke) u no-
psgka = 1°C (Npy TOYHOM aBTOMAaTUYECKOM PerynmpoBaHum).

4. NlechopmrpoBaHne 06pasLoB OCYLLECTBNAETCA N0 cxeMe, NMPUOGAKEHHOM K YACTO-
MYy M3rnoy, ¢ yactotamm HarpyxeHns 1 nnmn 3000 UnKIoB/MUH NMPU MakcMasibHOW aMmniu-
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Tyae gecopmauyumn, obecneyunBaemMon nepemMeLeHmemM NoABMmKHOro 3axsara Ha 15 Mm oT
€ro HeNTPasIbHOro NONOXEHUS NPY MaIOLMK/IOBOM Harpy>XeHu1 6 MM npyv MHOTOLMK/IOBOM.

5. MpegycmoTpeHa BO3MOXHOCTb aBTOMATUYECKOW 3annUcy U3MeHEHNs 3N1eKTpUYeCcKo-
ro COnpoTMB/IEHNSA 06Pa3L0B B NPOLIECCE OMbITa C TOYHOCTLIO A0 0,02% Npy KOMHATHO
Temnepartype; Npu NoBbILLEHHbLIX TeMNepaTypax TOYHOCTb N3MEPEHUSA MOHMKAETCS.

6. CTeneHb paspexeHnsi B paboueii kamepe A0/MkHa 6bITb B npeaenax 1307 s 5407°
MM PT. CT. NpY X0/104HOM obpasue. [lonyckaemoe HaTekaHue B pabouyto kKamepy He 6osee
540 MM pT. CT. n/cek.

7. MpegycMmoTpeHa BO3MOXHOCTb NPOBEAEHUS UCTIbITAHWIA B 3aLUTHBLIX ra30BbIX Cpe-
Aax npu n3bbIToyHOM gasneHnn go 0,2 atm.

8. lns npoBeAeHNS NCNbITAHNI NPUMEHSAIOTCA NI0CKME 06pasLbl MPSAMOYro/IbHOIO ce-
4yeHus; o4Ha M3 NOBEPXHOCTEN obpasua noarotaBaMBaeTcs Ans Metannorpacgmyeckoro
nccneposaHua (cm. puc. 1).

« 58 :
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Puc.1. dopma 1 pasmepbl obpasua a1 nposeseHns
ncnbiTaHuii Ha yctaHoeke VIMALLI-20-75

9. Ana HabnwaeHns 1 ooTorpadrpoBaHna MUKPOCTPYKTYPbl 06pasLoB NUCNOoNb3yeTcs
BepTUKasIbHbIA MeTasnorpaduyeckmii Mukpockon tuna MBT (puc. 2) cHabXeHHbI 06bek-
TBoM MMM-13-CO0, cpoTookynapamm 7, 10%, 17, a Takke mukpodoToHacagkamm MdH-8 un
M®H-12 /19 CbeMKM Ha NNACTUHKN 9X12 CM 1 KMHOMEHKY WMPUHOK 35 MM COOTBETCTBEH-
HO.
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Puc.2. MeTtannorpaduyeckuii Mukpockon tuna MBT

10. Cuctema BOAAHOI0O OX/TaXAEHUSA YCTAHOBKM COCTOUT U3 ABYX uenen: 1-9 uensb -
NapoCTPYMHbIA HACOC 1N TEPMO3NIEKTPUYECKas NOBYLLKA; 2-A Lienb - KPbILLKa, KOpnyc 1 gpy-
rme Bogooxnaxaaemble 3/1IeMeHTbl paboyeli Kamepbl. YCTaHOBKa YKOMMNEeKTOBaHa nysibToM
BOASAHOIO OX/1&XKAEHNSA, MOHTUPYEMbIM Ha CTEHE U COEANHEHHBIM PE3NHOBLIMY LUNaHramu ¢
cucTeMamuy nogayv n oTeoja BoAbl. JaBneHne noaBoAUMMON BOAbI AO/MKHO ObiTh B Npeae-
nax 1-2 atm. O6wunin pacxo BoAbl cOCTaBAsieT 40 5 N/MUH.

11. MNMnTaHne ycTaHOBKN OCYLLECTBSAETCS OT TpexdlasHon ceTn HanpshxeHnem 220
nnun 380 B n yactoToli 50 'y. MoTpebnsemasn MOLHOCTb NPY MakCMasibHOW Harpyske co-
cTaBnsAeT okoso 5 kBT, a npu xonoctom xoge - (Npu padoTtaroLein cucteme oTkavku) — oKo-
no 2 kBT.

12. F'abapuTHble pa3mepbl ycTaHoBkK: 1140 x 790 MM, BbicoTa 1220 MM; rabapuTHble
pa3mepbl NnpnbopHoro 6s10ka 1250 x 445 mm, BbicoTa 1935 MM; dhopBakyyMHbI poTaumoH-
HbI Hacoc PBH-20 ¢ rnywmtenem nmeet rabapuTHble pasmepbl 700 x 430 mm, BbicoTa 630
MM.

13. Bec ycTtaHoBKuM cocTaBnseT okono 600 kr, npnéopHoro 610ka ~ 150 kr n oopeaky-
YMHOro Hacoca 30 Kr.
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1.3. KOHCTpYKLMSA YCTaHOBKMN

1.3.1. O6uwasa KOMNOHOBKa yCTaHOBKM

BHewwHwnin Bug yctaHoskn MIMALLI-20-75 npepcTtasrieH Ha puc. 3. Ha naHenu nynebta
yrnpaBfeHna HaxXo4ATCA PYKOATKN ynpasfieHns BakyymmeTpom Tuna BUT-2I1, 6510ka cTpo-
60CKOMMYEeCKOro OCBELLEHNS, CHETUUK YNC/IA CMEH NNACTUH U CneaytoLme KHOMKK:

Cetb - 3akpbITb 3aTBOP

Harpes o6pasua - OTkauka kamepbl
PoTaLMOHHbI Hacoc - OTKauka cuctemsl

CTOn KPbILWKK KaMepbl - HarpyxeHue BBepx neBbli
BBepXx KpbILKN Kamepsbl - HarpyxeHune BBepx npasblii
BHM3 KPbILWKN Kamepsbl - HarpyxeHune BHU3 NneBbll
OTKpbITb 3aTBOP - HarpyxeHue BH13 npaBbiii

1.3.2. BakyyMHO-KOMMpPeccuoHHasa cnMcrtema yCTaHOBKN

OTkauka Bo3yxa 1 ra3oB 13 Kamepbl OCYLLEeCTBASETCA NapOCTPYMHbIM MAC/IAHbIM Ha-
cocom Tuna LUBJ1 — 100, cHabXeHHbIM paanaLoHHbIM HarpeBaTeniem (3N1eKTPON/IUTKON).
Hacoc coeHeH yepes 3/1eKTPOMarHUTHbIA BakyyMHbIM kKianaH Tmna 3KMY ¢ Mac/isiHbim
poTaunoHHbIM HacocoMm Tuna PBH-20. [1na npefoTBpalleHnsa nonagaHnusa napos macnia u3

Hacoca B pabouyto kamepy npeaycMoTpeHa TepMo3niekTpuyeckas BakyyMHas /0BYyLLKA TU-
na TB/1-100.

(4)

Puc. 3. BHewHwWiA BuA nynbTa ynpasnennsa yctaHoskn MMALL-20-75 :
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1 — BakyymmeTp BUT-2-MM; 2 — mukpockon MBT; 3 — cuctema ynpasneHusi CTpobockonmye-

CKMUM OcCBeLLeHneM obpasua; 4 — nysibT yrpaBfeHUsa Harpy>XeHnem, Harpesom, 3ac/ioHKamm

1 Hacocamu; 5 — pene nynbTa ynpasseHus; 6 — npeobpasoBare/lb MAHOMETPUYECKUNA Tep-
MOMNapHbIA N MOHU3ALMOHHbI

Bnyck Bo3gyxa B kamepy (npu 3arpyske v U3BnevyeHun obpasua) nm B Hacoc (nocrne
ero OCTaHOBKW) MPOU3BOANTCA C MOMOLLBIO 3MIEKTPOMArHUTHOIO KnanaHa niyHXepHoro Ha-
coca.

[ns npefoTepalleHns HaTekaHUs BO34yxa B NapoCTPYVHbIA HAcOC, OH CHAGXEH Ba-
KYYMHbIM BEHTU/IEM C OHOIN CTOPOHbI Y BaKyyMHbIM K/lanaHoM ¢ ApYroi CTOPOHBI.

OcTtatouyHoe gaBneHve B paboyeil kKamepe n3MepseTcss MaHOMeTpUYeCKUMmM famMna-
MW: TepMonapHoi namnoit Tuna M1T-2 (ansa onpegeneHns oCTatoyHOro AaB/ieHus 4o 103
MM PT. CT.) 1 MOHM3ALMOHHOI Namnoii Tuna JIM-2 (npw paspexeHun B npegenax 107°- 10°
MM pT. cT.). Obe namnbl coeuHeHbl C BakyymmeTpoMm Tuna BT-1A-11. BakyymHasa cuc-
Tema yCTaHOBKM o0b6ecneumBaeT paspexeHne B paboyei kamepe 13407° + 540° mm pT. CT.

1.3.3. Cuctema HarpeBa uccregyemoro obpasua

B yctaHoBke VIMALL-20-75 HarpeB ob6pa3sla ocywecTBNAeTCs 3a cUeT Tenna many-
Yyaemoro HarpearesieM. HarpeBartesib BbINOSIHEH U3 JIMCTOBOro MosiMbaeHa unu taHtana
TONWMHOMW 0,3 MM M C NOMOLLBIO KOHTAKTHbIX KOMOAO0K COeAVMHEH O BOAOOXaXAaeMbIMU
anekTpogamn, NPOXoasaLMMN Yepes YN/I0THEHNUS B AHEe BaKyyMHOW Kamepsbl. [pu nponyc-
KaHUK Yyepes3 HarpeBaTe b 3/1IEKTPUYECKOro ToKa NPOMBbILLNEHHOM YacTOTbl HU3KOro Hanps-
XeHuns, obecneunBaeTcsi BO3MOXHOCTb Harpea Ao 1200 °C obpasua, NoOMeLLaeMOro BHYT-
pwu HarpesaTens.

[Ana namepeHunsa temneparypbl o6pasua Ucnonb3yTCa TPY MPOBOJIOYHbIE NSIATUHO-
poauin - nnaTMHOBbIE Tepmonapsl gvametTpom 0,3 mMm. Cnau Tepmonap € NOMOLLbI0 TOYeu-
HOW 3M1EKTPOCBAPKN NPUCOeMHEHBI K BEPXHEW rpaHn obpasLa B CpefiHen ero yacTu.

BbiBoAbl Tepmonap Yepes 6-NO3MLHOHHLIA NepeknoyaTens NnooyepesHo noaknoya-
IOTCA K 3/IEKTPOHHOMY aBTOMaTuyeckomMy noteHuymomeTpy Tuna NCP1-03, ¢ noMoLblo KO-
TOPOro NPOV3BOAUTCS BKIIOYEHNE N BbIK/IOYEHME HANPSHXEHUSA, NOABOAMMOIO K NEPBUYHOM
06MOTKe, YCTaHOBJ/IEHHOIO B LIeNy Harpesa obpasua cu/10Boro TpaHcgopmaTopa.

1.3.4. YCTPOWCTBO ANS N3yUYeHNs nccnegyemMmoro obpasua

Ana HabmogeHns n dpotorpacmpoBaHna MUKPOCTPYKTYpPbl 06pasLoB HenocpenacT-
BEHHO B NpoLecce UCMbITAHNSA Ha YCTa/IOCTb NMPUMEHEH MeTannorpaduyecknini MMKpOCKon
TMna MBT ¢ o6bektuBoM MM-13-CO, umetowmm paboyee pacctosHue 59,22 Mm 1 anep-
Typy 0,27.

B KpbllwkKe Kamepbl Haxo4uMTCA CMOTPOBOE M/I0CKONnapasiesisHoe CTekno Auvamert-
pom 50 MM ¥ TONLWLMHOK 2 MM.
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[nAa 3aWmTbl CMOTPOBOrO CTEK/Ia OT neperpesa B MOMEHTbLI, KOr4a He Nponu3BoAATCA
HabnwaeHna 3a MUKPOCTPYKTYPOi o6pasua, npefycMoTpeHa noABMXHaSA LUTOpKa, ynpas-
JNIeHVe KOTOPOW OCYLLECTBNAETCA Yepe3 pblHaKHOEe YCTPOMCTBO 3/1IEKTPOMArHUTHbIM TOJIKa-
Tenem.

3awmra CMOTPOBOrO CTEK/NA OT OCaX[EeHMUsa Ha HEeM KOoHAeHcaTa ucnapsaroLmxcs c
NOBEPXHOCTM 06pasya YacTul, B NpoLecce MUKPOCTPYKTYPHbIX UCCefoBaHnii Npou3BoauT-
CA nnockonapasiesibHbIM1 KBapueBbIMM CTEKNaMn, nepemMeLlaemMbiMn Mo /10TKY, B KOTOPOM
nMeeTca cMOTpoBoe oTBepcTMe. CTekna NocTynarT Ha JIOTOK U NepemMeLLarTcs no Hemy
(no mepe 3anblyieHns) ¢ NOMOLLbIO YCTPONCTBA, NPMBOAUMOIO B AelCTBUE BpalleHneM Ba-
la C NOMOLbI0 MaxoBUYKa, HAXOASLWErocss BHe BaKkyyMHOW Kamepbl. Bas npoxoaut yepes
BaKyyMHble YMN/IOTHEHNSA B CTEHKE pabouyell KaMepbl N UMEET YepBSAYHYIO pe3b0y, N0 KOTO-
poil nepemMellaeTcs raika umerowlas noBoAokK. MNMocnegHnin KNHeMaTMYeCcKn CBs3aH C pam-
KOW, cnyxallein ansa saxesaTta CTeKos, nogaBaemMbiX NMPY>XKUHON U3 MarasuHHOro yCTponCTBa.
ByHkep cnyxut gnsa céopa oTpaboTaHHbIX CTEKON. B MarasuHHOM YCTPOICTBE pa3MeLLeHbl
40 nnockonapasinenbHbiX cTekosn paamepomM 40 x 20 MM 1 TonwmHon 0,8 MMm.

B yctaHoBke MIMALL-20-75 npeaycMoTpeHa BO3MOXHOCTb U3MEPEeHUsa 3neKkTpuye-
CKOro COnpoTUB/EHMA obpasua B npouecce UcnbiTaHUs Ha ycTasniocTb. C 3TON UeNblo K
KOHLam obpasua C NOMOLLbI KOHTaKTHOW 3/1eKTPOCBapKN NpUCcCoeiuHEHbI ABa TOKOMPOBO-
0a; NU3BMEPEHNE 3/1EKTPUYECKOrO CONPOTUB/IEHNST NPOMU3BOANTCA B paboyen yactu obpasua
MeXay ABYMS NOTEeHUNasIbHbIMU BbIBOAAMM.

1.3.5. SneKkTpunyeckasa cxema yCTaHOBKMU

OCHOBHbIMM 3N1IEMEHTaMM 3NEKTPUYECKOI CXeMbl ycTaHOBKM VIMALLI-20-75 sBnsieTcs
uenu Harpesa o6pasua, ctabunmsaumm Temnepartypbl, CTPOOGOCKOMMYECKOro OCBELLEeHUS
o6pasua, N3MepeHnss 1 3anucu 3/1IEKTPUYECKOrO CONPOTUBNEHNSA 06pasua, NuTaHusa poTa-
LMOHHOIo 1 NapomMac/IiHOro HacoCoB.

MoTpebnsemas yYCTaHOBKOMW MOLIHOCTb OT Tpexdas3oBoil CeTU HanpshHXeHnem
220/380B un yactoTtori 50 'y, He npeBbiwaeT 5 KBA.

2. METOAVKA BbINO/IHEHVA PABOTDI

- YAcHuWTe Lesib paboTsl.

- O3HaKoMbTeCb C Ha3HayeHnem yctaHoBkM VIMALL-20-75, eé TeXHUYeCKUMU Xapak-
TepUCTUKaMU U KOHCTPYKLNOHHBIMW OCOBEHHOCTAMM.

- NpoBeanTe BHELWHWUA OCMOTP YCTaHOBKW. HailguTe KHOMKU U y3/bl ONUCaHHbIE B
MeTOANYECKOM MOCO6MMN.

- CocTaBbTe OTYET 0 paboTe.
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3. COOEP>XXAHUVE OTYETA

- Llenib paborTbl.

- HasHaueHwne yctaHoBkn IMALL-20-75

- OCHOBHbIEe TEXHNYECKME XapaKTepPUCTUKN.

- OCHOBHbI€ CUCTEMbI U YCTPOMCTBA COCTaBNAOLLME KOHCTPYKLMIO YCTAHOBKM.

4. KOHTPO/JIbHbIE BOIMPOCHI

- KakoBo Ha3HaueHue yctaHoBkn IMALL-20-757

- Kakne oCHOBHbIe XxapaKTepuUCTUKM YCTaHOBKM Bbl 3HaeTe?

- Ha3zoBWTE OCHOBHbIE CUCTEMbI 1 YCTPOWCTBa cocTasnsawwme NMMALL-20-757?

5. PEKOMEHAYEMbII BUBIMIOrPADUYECKIIA CMINCOK

1. lN'yceB A.V. HaHoOMaTepuasibl, HAHOCTPYKTYpPbI, HAHOTEXHOTOTUK. — M. PU3MaTInT,
2005. — 416 c.

2. bapbl6yH A.A. DN1EKTPOHMKA U MUKPOSNEKTPOHUKA. PU3MKO-TEXHOIOTNYECKNE OC-
HOBbI. — M.: ®u3smartnut, 2006. — 424 c.

3. Ctpombepr A.l'., CemueHko .M. dusunyeckas xumus. — M.: Bbicw. wk., 1988. —
496 c.

NNabopaTopHas pab6ota Ne 6
NCIMNoOJIb3OBAHNE YCTAHOBKN NMMALL-20-75 AJ1A
BAKYYMHOI'O HAMNbITEHWNA METAJTTMYECKUX TJTIEHOK

LIE/Tb PABOTbI: nosly4ynTb HaBbIKM paboTbl HA YCTaHOBKe A/15 BbICOKOTEMMNEepaTyp-
HbIX UcnbiTannin MMALL-20-75.

1. MOCNEJOBATE/IbHOCTb OI'IEPALI,I/II7I MNPV NMPOBEAEHNA
SKCNEPNMEHTOB HA YCTAHOBKE NMALL-20-75

1.1. MoaroTtoBka o6pa3sua Ansa ncnbiTaHni

MoarotoBka paboyeil NOBEPXHOCTN mccnepyembix obpasuoB (cM. puc. 1) nponsso-
ANTCA NyTeM LWANKOBaHUA 1 NOCNEAYOLEro MeXaHM4Yeckoro n aNeKTpoIMTUYECKOro nosn-
poBaHus. NocnegHee ABnseTcs Hanbonee paynoHasibHbIM A1 Liefieil BbicokoTeMneparyp-
HOW MeTannorpadum, Tak kak obecneumBaeT yaasieHne NoBepXHOCTHOIO C/10S, UCKaXKEHHO-
ro B pesynbTaTe npeaBapuTefibHON MexaHU4eckon obpaboTkm obpasua. nybuHa yaansie-
MOrO 3/1EKTPONO/IMPOBKON €105t 06bI4HO cocTaBnsieT 0,10-0,15 mm.

B psge cnyyaeB nonvpoBaHHble 06pasLbl NOABEPranT XMMUYECKOMY WM 3M1EKTPO-
NNTUYECKOMY TPaB/EHUIO ONS BbISABNEHNS MUKPOCTPYKTYPbI; KpOMe TOro, npeasaputesnb-
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HOe TpaBJsieHne obneryaet BbI6GOP HA NOBEPXHOCTU Obpasua 30Hbl HabMAeHNA 3a MUKPO-
CTPOEHNEM MPU MOHMKEHHbIX TEMMNEepaTypax UCMbITaHUS.

Ha "cBapo4yHOM 3nekTpoae”, pa3MeLleHHOM B paboyein kamepe ycTaHOBKM, K 0bpas-
Ly MNPUKPENIATCSA C MOMOLLbI TOYEYHOW 3/1IEKTPOCBAPKM TOKOBbIE W NOTEHUUasibHbIe
3/1EKTPONPOBOAbI U, B 3aBUCUMOCTHM OT YC/TOBWIA ONbITa, Crai O4HON unin AByx Tepmonap.

Mocne NpPoBepKM MexaHUYeCcKOW NPOYHOCTM M3rOTOBJ/IEHHLIX CnaeB obpasel, ykper-
NISIeTCA B 3aKMMax Harpyxarowero yctponcrtsa. MNpu aToM NoABVXHBIN 3axBaT CUCTEMbI Ha-
rPY)XEHUSA yCTaHaBNMBAKT B HENTPasIbHOE MOJIOXKEHUE U, NOC/e NPOBEPKM MeXaHUYeCcKon
NMPOYHOCTU N3rOTOBJIEHHbIX CNaes, 0bpaseLl, YKPenisaT B 3aKnmax HarpyxawoLiero ycTpou-
CTBa.

Mepen HavyaloM OTKaykM paboyein kamepbl HEOO6X0AMMO YO6eanTbCA B LEesIOCTU Kax-
[Oro anekTponposoja, ANA Yero BKIYalT CUCTEMY U3MEPEHUA 3NEeKTPUYECKOro Conpo-
TUBEHUSA; NOC/Ee 3TOro NPOU3BOAAT BakyyMUpoBaHue paboyeri kamepbl U Harpes obpasLa.

[na npepoTBpalleHnsa HamnblIEHNA Ha CMOTPOBOE CTEK/I0 UCNAPALLNXCA NPU BbICO-
KX TemnepaTypax C NMOBEPXHOCTU ob6pasua yacTuy, cnyxaT 3aluTHble CTekna, nepeme-
LaemMble Mo JIOTKY M3 apornpo4yHOro crnsiasa; B N10TKe NnpeaycMOTPEeHO CMOTPOBOE OTBEp-
cTme gmameTtpom 7 MM. CTeksia MOCTynawT Ha JIOTOK M3 MarasvHHOro YCTpoincTea u
nepemMeLLarTcsa Nno Hemy (Mo Mepe UX 3anbli/IEHNA) C MOMOLbLIO LUTOKA, BblBELEHHOINO 13
paboueli Kamepbl Yepes NoABMXHOE BakyyMHOe YN/IOTHEHME N cOBepLUatoLLLEero BO3BpaTHO-
nocTtynatesibHoe ABuXeHue ¢ paboymm xogom 40 Mmm.

B mMarasmHHOM YCTpPOWCTBE MOryT ObITb pasmMelyeHbl 40 nsockonapasisiesibHbIX cTe-
Kon pasmepom 40 x 20 mm 1 TonwmHon 0,8 Mm. KonnyecTtBo ocTatoLMXcs B MarasmHe cTe-
Kon (Mo Mepe nx UCMnosb30BaHNA) onpefenseTcs no nokasaHusaM MexaHuyeckoro cyeTymka
Tvna CE-65. lcnonb3oBaHHbIe CTekNna MOMELWalTCs B ChneunasbHblil COOPHUK, Haxoas-
lwmiicsa B pabouein kamepe.

[nAa 3aKpblBaHUA CMOTPOBOro OTBEPCTUA B JIOTKE (B T€ MOMEHTHI, KOrga He npou3so-
antca potorpadmpoBaHe MUKPOCTPYKTYPbI UNn namepeHue gecopmaumm obpasua) cny-
XUT MonMbaeHoBas WTOpKa. NepemMeleHne WTOPKN OCYLLECTBAAETCA NPU NMOMOLLN 3/1eK-
TpoMarHMTa, 06MOTKa KOTOPOro pacrnosioXeHa CHapyXu BakyyMHOW kamepbl. Pabounii xopg,
anekTpomarHmta coctasndaet 10-12 mm.

1.2. NpoBegeHmne oTKayvkun

Mocne ycTaHOBKM o6pasua B 3aXuMMax Harpyxarolwiero ycTpoucTBa 3akpblBatoT
KpPbILLKY paboyer kamepbl, 3aTArnBatoT KpenéxHble 601Tbl U NPUCTYNAtOT K OTKaukKe.

OTka4yka BO34yxa M ra3zoB 13 paboueil kKamepbl NPOU3BOANTCA B CriedytoLemM nopsa-
Ke:

1. MepekpbiBaOT BakyyMHble KpaHbl YCTAHOBKM, NOC/IE Yero BK/IYaT pOTaUMOHHbI
Hacoc, Npy 3TOM Ha UHAWKATOPHOM naHenu (puc. 4) [O/MKHbI FTOPEeTb CUrHaU/IbHbIE SlaMnbl:
CeTb, KpacHble namnbl Nel, 2, 3, 4;
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2. Mocne 1-2 MnH paboTbl pOTaUMOHHOIO Hacoca "Ha cebs" OTKPbIBAKT BaKyyMHbIi
KnanaH "oTkauyka CUCTEMbI", NOC/e YEero AO/MHKEH 3aropeTbCsl 3eNEHbIN LBET Ha UHAMKATOP-
HOW naHenu Ne4 yepe3 5-10 MMH OTKPbIBAOT BaKyyMHbIA BEHTWU/b (3aTBOP), Noc/e 4ero
[OJ/DKHa 3aropeTbes 3enéHas namna Ne3, yepes 20-30 MyvH paboTbl Hacoca B paboyelt Ka-
Mepe LO/DKHO ObITb OCTATOYHOE AaB/ieHVe He Bbille 5x10% MM pT. CT,;
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Puc. 4. lHaukaTopHaa naHesib ny/bTa ynpasneHus

3. OTKpbIBAOT BOAAHOW BEHTU/b B Lenu Anugdy3MoHHOro Hacoca "oxiaxaeHne Ha-
coca'"(gaBnieHne BoAbl AO/MHKHO ObITb B Npegenax 1-2 atm) (kpaH ycTaHOB/IEH Ha CTEHE);

4. Mocne 5 MyH. BKIOYakT Hacoc YBJ/1 -100 (nepekntwoyartesnb "NapoCTpPynHbIA Ha-
coc), 3aropeTtbcsa KpacHas namna Ne5; npumepHo yepe3 1 yac paboTbl Hacoca AO/MHKEH

ObITb AOCTUTHYT Bakyym 5x10° MM pT. CT., a yepe3 1,5-2 yaca paspexeHne B pabouei ka-
Mepe [J0/KHO cocTaBnATh 1x107 - 5x10° mm pT. CT.
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1.3. HarpeB o6pa3sua

Mocne co3gaHnsa HeOBXOAMMOro paspexeHusi B BakyyMHOM kaMepe OTKpbIBalT BO-
OSHOW BeHTUNb "OxnaxgeHne kamepsbl”, yCTaHaBIMBAOT AaB/fieHne BoAbl B npegenax 1-2
aTMm. 1, NCNOJb3ya PYKOATKY TpaHcdopmaropa OCyLecTBASAT Harpes obpasua 40 3afaH-
HOW Temnepartypbl. Heob6xoanmo y6eanTbes B NPaBuU/IbHOM OX/TKAEHUN Kamepbl U OTCYT-
CTBUM NOTEKOB BOAbI.

1.4. OnpepneneHne cTeneHn paspsxeHnsa

[ns npaBunbHON paboTbl BakyymmeTpa BT He06x0AMMO BK/IOUNTL €ro A0 Havana
paboTbl U gaTb emMy nporpetbecs. CnpaBa HaXoAUTLCA MyNIbT MOHU3ALWMOHHOIO Npeobpaso-
BaTesis, ero HenMb3s BK/OYATb MOKa CTENeHb paspskeHnsa He 6yaeTt B npegenax 5-0,1 Ma.
CneBa nynbT ynpaBneHus TepMonapHbiM npeobpasosaTenem. ocsie BKIHOYEHUSA JIEBOTO
npeobpasoBaTesiai eMy Heob6X0AMMO NPOrpeTbCs B TeyeHun 1 yaca, nNpu 3TOM PyKoATKa
«TOKa Harpesartesns» [o/MKHA ObiTb B KpaliHeM JIEBOM MOJIOXKEHUN (HA MUHUMYM). ONnSA 13-
MepeHus JaBfieHUA Heo6X0AMMO YCTaHOBUTbL pblyar B NOJIOXKEHME «TOK Harpesartesis» Ha
nacnopTHoe 3HayeHue (112), nocne nepeknioumTb Ha n3mepeHune. Korga ctpeska salwkaimT
nnn 6yaet Ha oTMeTke 8-9 MOXHO BK/IOYaTbh MOHM3AUMOHHbLIA npeobpasosatesib. MNepes
NCNosib30BaHMeM HEOBX0ANMMO 03HAKOMUTLCH C UHCTPYKUnen k BAT.

1.5. BbIK/TlOUEHME YCTaHOBKU

[Tocne OKOHYaHUA OnbiTa BbIKYAKT CUCTEMY U3MEPEHUA 3/1EKTPUYECKOro COmnpo-
TUB/IEHUSA, 3aTEM CUCTEMY perysimpoBaHns TeMmnepartypbl U, HAaKOHeLl, Harpes obpasua.

BblkntoyeHne cuctemMbl OTKAYKM NPON3BOAUTCA B CneayolemM nopsagke:

1. Mocne oxnaxpeHua obpasua [0 AOCTaTOYHO HU3KOW Temneparypbl, obecneyu-
BaroLLel OTCyTCTBME HAGMAAEMOro B MMKPOCKON OKMCNEHNSA ero nosepxHoctn (100-200°C
B Cr/laBax Ha OCHOBE Xefie3a U HUKeNs) BbIKIYalT NapoCTPYMHbIA HAacoC N 3aKpbiBatOT
BOASAHOM BEHTUNb "OxnaxaeHne kamepsbl™;

2. MprMepHO Yepe3 1 yac nocsie OTKKYEHUS NapoCTPyrHOro Hacoca (T.e. nocsne
OCTbIBaHWS €ro HarpesaTesif) BbIK/I0YAKT TePMO3/IEKTPUYECKYHO JIOBYLLKY, NMepekpbiBatoT
BOASAHONM BEeHTUNb "OxnaxaeHne Hacoca" v BaKyyMHbIii BEHTU/b "OTKavka CMCTEMbI" 1 3a-
KpbIBAlOT BakKyyMHbIA 3aTBOp;

3. BbIK/1OYAIOT POTALMOHHbIA HACOC M OTKPbIBAKOT BaKyyMHbIi BEHTU/b "OTKauvka Ka-
Mepbl".

Hu B koem cnyyae He cnefyeT OTKpbIBaTb BEHTU/b "OTKauka" 4o pasrpy3ku paboyen
Kamepsl.

Mepepn pasrpy3koi pabouyeii kamepbl Ans COOOLEHNA BaKyyMHOW CUCTEMbI C aTMO-
chepoii OTKpbIBAtOT BaKyyMHbI1 BEHTUb "OTKauka", 0CBOOGOXAAT NPUXMMHOW BUHT U C
NOMOLLLbIO AOMKpaTa NoAHUMAKOT U OTBOAAT B CTOPOHY KPbILLKY KaMepbl C MUKPOCKOMOM.
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C uenbio YMeHbLUEeHNS aacopbunm BOAAHbIX NapoB 13 atMochepHoro Bo3ayxa CTeH-
KaMu Kamepbl (YTO 3HAYMTENbHO 3aMeISeT CKOPOCTb NocneaytoLeli oTkadkun) He cnegyet
OCTaBNATb pabouyo KaMepy OTKPbITOW B TEYEHUE ANIMTENIbHOrO BPpEMEHU. B 3Toi cBA3M
Heobxo4MMo 06paTUTb 0CO060e BHUMAaHME Ha CBOEBPEMEHHOE OTK/HYEHME BOOAHOrO OX-
NaXxaeHNs kamepsbl (40 ee pasrpysku).

Heobxoaumo nepuoguyecky npon3sBoauTb OTKauky BO3fyxa M rasoB M3 paboyen Ka-
Mepbl C MOMOLLbIO POTaLUMOHHOIO Hacoca (a MHorga Takke v NapoCcTPyMHOro Hacoca u Tep-
MO3/1IEKTPUYECKON /IOBYLLKKN) AaXe BO BpeMs NepepbIBOB B paboTe yCcTaHOBKU. B aTux cny-
yasx nocsie npekpawieHns paboTbl HACOCOB BakyyMHbI BEHTWUIb "OTkayka" fO/MKEH ObITb
NnepekpbIT.

1.6. NMpoBepka paboTbl CUCTEMbI OTKa4Ku

Be3oTka3Haa paboTa CMCTEMbl OTKAYKM SIBMSETCA O4HUM M3 OCHOBHbIX YC/1I0BUIA yC-
NEeLHOro NpoBeAeHNs 3KCNepMMeEHTOB Ha ycTaHoBke VIMALL-20-75. C aToli Uesnbko nepuo-
AMYECK/ NPOBEPSAOT paboTy BakyyMHbIX HACOCOB TEPMO3/1IEKTPUYECKONM /IOBYLLKN U BEHTU-
nen, a Takke repMeTUUYHOCTb BakyyMHbIX COeMHEeHNIA paboyeli Kamepbl.

Mpu HOpMasibHOW paboTe CUCTEMbl OTKAYKM OCTATOYHOE AaB/ieHuWe Npu XOSI04HOM
o6pasue, AoCTUraeMoe ¢ NOMOLLbI0 poTauMoHHOro Hacoca PBH-20, 4o/MKHO 6biTb HE Bbllle
5x10% MM pT. cT. uepe3 20-30 MUH., @ Npu paboTe napocTpyiiHoro Hacoca LiBJ/1-100 u Tep-
MO3/IeKTpryeckor nosywkn TB/1-100 - B npegenax 5x10° Mm pT. CT. NnpMepHO yepe3 3
yaca nocne Havyasia oTkaykn. OfHaKO HU3KOEe OCTaTO4yHOe AaBsieHve B paboyei kamepe,
nosyyaemoe BCNeACTBME NPUMEHEHUS CPaBHUTENbHO MOLLHOW CUCTEMbI OTKauku, He CBU-
JeTenbCTByeT 06 OTCYTCTBUM HaTekaHUs BO34yxa B BakyyMHy cuctemy. [onyckaemas
Be/INYMHA HaTekaHus, obecneumsaroLlas B 60/bLUINHCTBE C/yYaeB npenoTepalleHne oKuc-
NIeHNs NOBEPXHOCTN MeTaslIMyecknx 06pasLoB Npy Harpese, cocTaenseT 5x10™ MM pT. CT.
n/cex.

MpoBepKy HaTekaHusi OCYLLEeCTBAAT nocsie NpobHoro Harpesa obpasua, oxnaxaje-
HUSA NapOCTPYIMHOI0 Hacoca W BbIK/TIOYEHUS TEPMOSIEKTPUYECKON STIOBYLLKN, T.€. Npu pas-
pexeHun (1+2).102 MM pT. CT.

HartekaHne Bo3gyxa B pabouyto kamepy yctaHoBku VIMALL-20-75 (c 06beMOM Baky-
YMHOU cuctembl 10 n) onpeaenstoT no opmyne:

10AP
AQ = MM PT.CT.N1/CeK
At
roe DP = Pyoy — Phay - UBMEHEHME OCTATOYHOIO AaB/IEHMS B BaKyyMHOW Kamepe, MM

pT. CT.; Dt - HTepBas1 BpeMeHu mexay otcyetamMn Pay N Pyoy ,CEK. OTCYETbI Phay U Pyon
NPOM3BOAAT NO nokasaHusiM BakyymmeTpa BUT-1A ¢ npumeHeHnem TepMonapHOi namnbl
nT-2.

Ecnu BennumHa HatekaHusa npesbillaeT AoNnyCcTUMOe 3HayeHue, NpUcTynatT K onpe-
[eNeHno 30H HaTekaHus. B kayecTBe Hambosiee NPOCTOro U HaZAEXHOro MeToga BblsiBrie-
HUS y4acTKOB HaTekaHus Bo3fgyxa B pabouyto kamepy yctaHoBkn MMALL-20-75 moxet
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ObITb PEKOMEHA0BAHO HaHeCeHVe C MOMOLLBbI0 Map/ieBOro TaMrnoHa Unum nysbsepusaropa
Ha nccnefyemble y4acTK/ BakyyMHOW CUCTEMbI JIerKO UCNApSOLLNXCA XUAKOCTEN (Hanpu-
Mep, aueToHa). O NPOHNUKHOBEHUN Yepe3 HErepMeTUYHY 30HY NapoB 3TUX XUAKOCTEN cy-
OAT No nokasaHuam BakyymmeTtpa BUT-1A ¢ npumeHeHnem namnbl JIM-2 (npegsaputesnibHo
NpOu3BOANTCA OTKayka BO3Ayxa M ra3oB M3 paboyeil kKamepbl C NMOMOLLbK NapoCTPYMNHOro
Hacoca).

3HauuTenbHO 60s1ee COBEpPLUEHHbIM SAB/IAETCA OOHApPY)XeHWe HaTeKkaHUs B BakyyM-
Hbl€ CUCTEMbI C MOMOLLbIO reNneBbix Tevenckatenen (JITK-4A, NTN-6 n gp.).

BecbMa aphekTBHbIM COCO60OM 0OHapPYXXeHUs1 30H HaTekaHus BO3ayxa B pabouyto
KaMepy YyCTaHOBKU ABNSETCA NpUMEHeHne BakyyMHbIX 3arnyLlek, nocnegosaresibHasa ycra-
HOBKa KOTOpPbIX MO3BOMIAET HAZAEXHO /IOKa/IN30BaTh UCTOYHUK TeUUN.

PasnunyHble cnocobbl onpefesieHns 30H HatekaHns BO34yxa B BaKyyMHble CUCTEMbI
[0CTaTO4YHO NOAPOGHO ONMCaHbl B TEXHUYECKON niuTepaTtype.

2. METO4MKA BbINMONIHEHNA PABOTHI

- YAcHuTe uenb paboTsbl.

- N3yunte nocneposBartesnibHOCTb W Mpoueaypy NpoBeAeHus onepauuii npu padoTe ¢
YCTaHOBKOI: yCTaHOBKa obpasua, oTKayka BO3dyxa, HarpeB, KOHTPO/Ib Bakyyma, BbIK/OUe-
Hue.

- MpoBeanTe BHELLUHWA OCMOTP YCTAHOBKW. HailamMTe KHOMKM W Y3/bl ONUCaHHbIE B
MeTOANYECKOM MOCO6MMN.

- Mop pykoBoACTBOM npenogaBaTens (nabopaHTa) NpMcTynanTe K NpakTMYecknm 3a-
HATWUSIM C YCTaHOBKOWA.

- CTporo cneayinte U3noXXeHHbIM paHee NHCTPYKLUSAM.

- CocTaBbTe OTYET 0 paboTe.

3. COAQEP>XAHUE OTYETA

- Llenb pa6orTbl.

- MocnepoBaTeNnbHOCTL U Npoueaypa NPoBeAeHUA OCHOBHBIX onepauuii npu paéoTe
C YCTaHOBKO/A.

- Pe3ynbTartbl NpakTMYeCcKnX 3aHATUIA ¢ ycTaHoBkon VIMALL-20-75.

4. KOHTPO/IbHbIE BOIMPOCHI

- Mepeuncnute nocnenoBaTe/lbHOCTb OCHOBHbIX Onepauus npyu paboTe C yCTaHOB-
Kown?

- Kak npon3BoanTbCs NOAroToBKa obpasLa ans ycTaHoBKN?

- HazoBuTe onepauuy anst oTkauky Bo3ayxa?

- Kak ocyuiecTtBnsieTca Harpes obpasua?

- Kak onpefensaiT cTeneHb pa3pexeHns Bakyyma?
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- MepeuncnuTe onepaummn Npu BbIK/OYEHUN YCTAHOBKN?
- Kak npoBecTy NpoBepKy paboTbl CUCTEMbI OTKAYKN?

5. PEKOMEHAYEMbII BUBIMIOrPADUYECKIIA CMINCOK

1. l'yceB A.V. HaHOoMaTepwasibl, HAQHOCTPYKTYpPbl, HAHOTEXHOOTNU. — M.: ®U3MaT/INT,
2005. — 416 c.

2. bapbl6yH A.A. DN1EeKTPOHMKA U MUKPO3NEKTPOHUKA. PU3MKO-TEXHONOMMYECKME OCHO-
Bbl. — M.: ®usmatnut, 2006. — 424 c.

3. Ctpombepr A.T'., CemueHko O.M1. ®dusmyeckas xumus. — M.: Bbicwl. wk., 1988. — 496 c.

NNabopaTopHas pab6ota Ne 7 5
3HAKOMCTBO C CDI/I3I/IKO-XMI/I'-IECI§I/IMVI OCHOBAMW CKAHPYHOLWEW
TYHHE/IbHO-30HAOBOW MNKPOCKOIMNW (CTM)

Llenb paboTbl: 3HAKOMCTBO C BO3MOXHOCTSIMU U YCTPOMCTBOM /1abopaTOpHOro Ha-
HOTEXHOJ/Iorn4yeckoro komnsiekca "YMKA" .

1. OCHOBHbIE TEOPETUYECKUWE NMPEACTABIEHUNA

HaHoTexHonormnyeckuin komnnekc "YMKA" (B ganbHeliwem HTK «YMKA») - aTO cka-
HUPYIOLWNIA TYHHE TbHBIA MUKpPOCKon (puc. 1) npefHa3HayYeHHbIn A1 03HAKOMIEHUS U 06Y-
YeHUsi COBPEMEHHbIM MeTofaM UCCnefoBaHUsA MNOBEPXHOCTEN, MpPOBeAEeHUs LUMPOKOro
knacca nabopaTopHbIX U UCCefoBaTe/IbCKMX PaboT B 06/1aCTU HAHOTEXHOOTUU, PU3KKN,
XUMUK, BUNOSIOTUKN, TEHETUKA U T.1.

Puc. 1. O6wwmii Bug HTK “Ymka”

Komnnekc BkntoyaeT B cebs: 610K ynpaBneHusi, rofloBKy C BCTPOEHHOW CUCTEMON
BMOpO3alKnTbl, Aepxatenb obpasua, OCHaCTKy A1 CMeHbl obpasua, coeAuHUTENbHbIE
npoBoga, CD ¢ nporpammMHbIM 06ecnevyeHnem, Habop TecToBbix 06pa3LoB, Habop pacxoa-
HbIX MaTepuasioB U UHCTPYMEHTOB, UHCT-
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pabouas kamepa PyKUMIO MO 3Kcnsyarta-
Kpblwka paboyeii kameps uun (pyKOBO,CI,CTBO nonb-
3oBatens). MaHunyns-
Top HTK «¥MKa» npeg-
CTaB/IeH Ha puc. 2.

pepxarens oBpa3sya

Puc. 2. MaHunynatop
HTK «Ymka-02-E»

YnpowéHHasa cxema TYHHe/IbHOro MMKpOocCKona npeacrassieHa Ha puc. 3.

Kopnyc

YBB

Puc. 3. YnpolwéHHaa cxema TYHHENIbHOro M1UKpocKona:
YTT — ycunutenb TYHHENBHOTO TOKa; YBB — BbICOKOBO/IbTHbI YCUANTE b

MpuHUMN  OEACTBMA  TYHHENbHOro
Yponess MWKPOCKOMa OCHOBaH Ha npuHuune TyH-

T
HennpoBaHNA 3/1IEKTPOHOB Yepes3 AUN3Nek-
P TpUYecKnini 6apbep B cucTemMe meTanl —
3
RoAC#EHME AnanekTpuk — metann (puc. 4).
YRORHE
|_Daopum_ |
Puc. 4. DHepreTnyeckne ypoBHU B CUC-
TeMe MeTal/1 — ANINEKTPUK — MeTaslN B
COCTOSIHUM paBHOBECUS NpU OTCYTCTBUMU
METann OHINEKTREAE METan CMeLU'EHMﬂ
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Ecnu anekTpofbl HaxogATcsA Mog O4HUM MOTEHUManioMm, TO cuctema npebbiBaeT B
TepMOoANHAMNUYECKOM paBHOBECUW U YPOBHU depMu 3N1EKTPOA0B COBNaatoT.

Mpu nogadve pasHOCTN NOTEHUNANIOB TOK B TaKO CUCTEME MOXET NOSIBUTLCA /60 B
pe3ynbTare NepekpbITUS 3/IEKTPOHHbLIX 06/1aK0B (MPY MasibiX HaNPsHKEHUSAX U MasbIX pac-
CTOAHUAX, Korga dhopma bapbepa npakTU4ecku He mMeHsieTcs), Mbo B pesy/bTare aBTo-
3MUCCUN — BbIpbIBAHMEM 3/IEKTPOHOB U3 MeTasl/la CUMbHbIM NnosieM, Korga copma 6apbe-
pa NPUHUMAET CU/IbHO HECCUMETPUYHYIO (TPEeyrosibHyto dhopmMy) 1 adphekTUBHaA TO/LWMHA
ero npu aTom ymeHbLliaeTcs (puc. 5).

¥pontHo
Yposahs
Baxyysa i oy
e — e e e —_—— -
R NN EHE
L]
B ?, -
MONOKEHNR| ~, raad A nn
L |
2 M = g:pnu U'}er ::-_T

MOTANA AMSASKTPHE  METan METANN AMINBKTPME  METAN

a) 0)
Puc. 5. SHepreTunyeckne yposHu cuctemsl MM npu:
a) MasioM cmeLeHnn; 6) 60/1bLLOM CMELLEHUN.

B kayecTBe OJHOIO W3 3MEKTPOAOB BbICTynaeT uccrepyemblii obpasel, KoTopblii
[l0/KeH 6bITb NPOBOAALMM (MeTansl, NoJyNpOBOAHUK, TOHKAsi TyHHEs/IbHO Npo3payHast
M/1eHKa AM3MEKTPUKA HA NMOBEPXHOCTU NPOBOAHMKA, MaTepuasl ¢ 60/1bLLIOI NOBEPXHOCTHO
NPOBOAUMOCTbIO 1 T.M.). B kauecTBe Apyroro — urnia TyHHe/bHOro MUKpockona (30HA4), 3a-

TO4YEeHHaA B naeasie 4o 0gHOro atoMma Ha KOH4YUKe, 00bIYHO U3 BO]'Ib(*)paMa, naaTuHbl N eé
cniaBoB U T.M.

CyuiecTByeT gBa MeTofa CKaHMPOBaHUS:

ec/I1 ynpaBnATb PacCTOSAHMEM 30HA, — obpaseL, nyTeM MexaHU4YeCcKoro nepemeLLeHus
30HAa (Mo ocx Z) 1 NOCTPOUTbL CUCTEMY O0OpaTHOWN CBA3W Takum 06pa3om, YTOObI TYHHE/1b-
HbIA TOK Obl/1 MOCTOSIHHbIM U «pa3BepHYTb» (MPOCKAHMPOBATb) MO OCSIM X U Y — TO Mbl
MMeeM BO3MOXHOCTb (3Hasd nepemMeLlyeHne, KOTopoe cuctemMe MpULLIOCh NMPUMEHUTb CXe-
MO ynpassieHus gsuratenem Z onsa nogaepXxaHus nocToaHCTBa ToKa) NONyYnUTb (PYHKUMIO,
nponopumoHasibHy0 pesbedy NoBepXHOCTMN obpasua (puc. 6, a).

Apyroii metopq nosaydyeHus nHopmaumm o Tonorpadum noBepxHocTn — 3atmKCeupo-
BaTb HayaslbHYl0 BbICOTY 30HAA HaZ MOBEPXHOCTbIO U OTC/EXMBATb M3MEHEHMSA TOKa Mpu
CKaHMpOBaHWM B NMJIOCKOCTU o6pasua. IToT MeTog, (MeTos NOCTOSAHHOW BbICOTbI) MPUMEHUM
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TO/MIbKO K aTOMapHO rnagKMM NoBEpPXHOCTSAM, KOrga BbicOTa pefnbeda MeHblle, Yem Besu-
YynMHa TyHHesbHOro 3a3opa (puc. 6, 6).

Wrna Wrna

e T

Vit

o~ /--'\
Oﬁpnneu, o e

s

Puc. 6. CkaHMpoBaHue B pexmnme noctosaHHoOro Toka (I-const) (a)
N CKaHMpPOBaHMe B pexmnme NoCTOSAHHOW BbicOTbI (h-const) (6)

2. METOAMKA BbINONHEHNA PABOTbI

- YAcHuTe Lesnb paboTsl.

- O3HaKOMbTECb C Ha3HAYEHNEM N YCTPONCTBOM N1abopaTopHOro HaHOTEXHOornye-
cKoro kommnnekca "YMKA".

- N3yunte pmsnyeckunini npuHUmMn paboTbl CKAHNPYHOLLETO TYHHEIbHOr0 M1KpOCKona.

- MNpoBeanTe BHELLHWIA OCMOTP KOoMmMiekca. Haiante KHOMKX WM y3/bl ONUCaHHbIE B
MeTOoANYECKOM MOCo6UM.

- CocTaBbTe OTYET 0 paboTe.

3. COAEP>XAHUVE OTYETA
- Llenb pa6oTsl.

- HasHayeHvne n ycCTpOICTBO NabopPaTtoOpHOr0 HaHOTEXHOJIOTMYECKOro KOMIieKca
"YMKA".

- OCHOBHble TEXHUYECKME XapaKTEPUCTUKN.
- ®U3MYECKMt NPUHLUMN PaBoTbl CKAHMPYHOLLLETO TYHHENBHOTO0 MUKpOCKona.
- OCHOBHblE CMCTEMbI 1 YCTPOICTBA COCTABNSIOLLME KOHCTPYKLMIO YCTAHOBKN.

4. KOHTPOJIbHbIE BOMNPOCHI

- [nsa yero ncnonb3yeTcs CKaHUPYOLWMIA TYHHE bHbIA MUKPOCKON?

- Ha uem domsnueckn ocHOBaH NPUHLUMN AENCTBUSA TYHHENIbHOITO MUKpOCcKona?
- Kakue cyLiecTByOT METOAbl CKARHUPOBAHUA?

- KakoB NpuHLUMN CKaHNPOBaHWS B peXmMMe NoCTOSAHHOIO ToKa?

- KakoB npuHUmMnN ckaHMpoBaHUs B peXxnme NoCTOAHHOM BbICOTbI?
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5. PEKOMEHAYEMbIN BUBNOrPAGUYECKIIA CMINCOK

1. Cysganes W.IN. HaHoTEXHOMOMMA: (PU3NKO-XMNA HAHOK/IACTEPOB, HAHOCTPYKTYP M Ha-
HomMmaTepuasoB. — M.: KomKHura, 2006. — 592 c.

2. ['yceB A.. HaHOoMaTtepuanbl, HAHOCTPYKTYpPbl, HAHOTEXHONOTUN. — M.: dU3MaTnuT,
2005. — 416 c.

3. bapbl6nH A.A. DN1EKTPOHMKA U MUKPO3NEKTPOHMNKA. PU3NKO-TEXHONOTMYECKMNE OCHO-
Bbl. — M.: ®usmatnut, 2006. — 424 c.

NNabopaTopHas pa6oTta Ne 7
CKAHNPOBAHNVE OBPA3LUOB HA CKAH/NPYIOLWEM
TYHHE/IbHO-3OHAOBOM MUWKPOCKOTIIE "YMKA-2E" U
KOMIMBbKOTEPHAA OBPABOTKA MNOJTYYEHHbBIX JAHHBIX

Llenb paboTbl: nosiyyeHne OCHOBHbIX HaBbIKOB paboTbl C 1abopaToOpHbIM HAHOTEX-
HOJIOTMYeCcKUM Komnsiekcom "YMKA".

1. METOAVKA PABOTblI HA CKAHNPYKOWEM TYHHE/IbHOM MUKPOCKOIME

MonyvyeHne C3M un3o6pakeHUs

1. MogrotoBka obpasua k paborTe.

MoBepxHOCTb Ob6pasua [Ao/MKHa OblTb MakCMMaslbHO 4MCTO. Pa3mepbl 06pasuoB Ao
8x8x0,5 MM (O/iMHa X LWMpUHaA X BbICOTA).

1.1. BxogHoi Tok npeobpa3oBaTens "TOK-HanpshKeHne" cocTaBnsieT BCEro HeCKO/IbKO
nukoamnep. MNepBblii kackag, yCUneHus KpaliHe 4yBCTBUTENIEH K CTaTUYECKOMY 3eKTpuye-
CTBY, 1 06bIYHOIO 3apsAfa 4OCTAaTOYHO, YTOObI BbIBECTU €ro n3 cTpos. Noatomy nepep pa-
60TOlV HE0O6X0AUMO HaAEeTh CneunasbHbl 3a3eMIAIOLWMI 31eKTpoCcTaTMyecknin bpacner.

1.2. BknounTb 610K nUTaHus. OTKPbITb KPbILKY paboyein kamepbl MaHunynsatopa.

1.3. YcTtaHoBUTb 0bpasel,. [n1s 3TOro HY)>XHO NUHLETOM B3ATb U3 Habopa 3anacHbIX
yacTtein n npuHagnexHoctenn (3MM) gepxarenb obpasua, yxsaTMB ero 3a BMHT. Obpasel,
CTaBUTCA NOA, NPYXMHKN, TakMm 06pa3om, Y4TOObl OH He BbICTyNnasl CO CTOPOH, Ha KOTOPbIX
HaxogATca nonycdepsl. a5 3T0ro Aepxarenb obpasLla yctaHaB/IvMBaeTcs B onpasy (puc.
7) N PUKCMpPyeTCcs BUHTOM.

OTkpyumBaem Ha 1-2 o6opoTa YUKCUPYOLWNA BUHT (pUc. 8) 1 nogHMaeM NMHLETOM
MPXUMHYIO MPYXUHY. YCTaHaBnMBaem obpaseLl, U ornyckaem MVHLETOM NPWXUMHYK Npy-
XVHY. YOepXusasi ee ¢ Hebo/blWMM YyCUINEM, 3aKpyunBaeM (OUKCUPYIOLMIA BUHT. YCTaHO-
BUTE Aepxatesib obpasua B pabouyto kamepy, OH LO/DKEH nexaTb nonycgepamu Ha 3ep-
KasIbHbIX MOBEPXHOCTAX paboyeil kKamepbl, Npu 3TOM TpW nostycepbl JO/MKHbI ObITb BHU3Y.
Mpun ycTaHOBKe 06pa3ua He [onycKkaeTca KacaHue NnoBepxHOCT obpasua nasbuamu.
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aepxarens
obpasua

Puc. 7. OnpaBa ansa yctaHoBK/ obpasua

MPUAKAMHERA NRYHKNHE,

=

Y, HBNpaBnRoWWe;

Puc. 8. lepxartenb obpasua

JKenatenbHo TakKxe HanpasnATb AblXxaHne B CTOPOHY. CriegyeT NMOMHUTbL, YTO Aaxe
KpaTKOBPEMEHHbIN KOHTaKT kpas obpasua C pykamu NPUBOAMT K MOSIBNIEHUIO HA €ro no-
BEPXHOCTU XMPOBOWA NMIEHKM C TOJILLMHON, NPEBbILAtoLLE TONWMHY TYHHEIbHOro 3a3opa, a
OblxaHne obpasyeT Ha ero NoBEepPXHOCTU MMIEHKY KOHAEeHcaTa, CoAepXallyo CoMvM HaTpus,
aMMuak, yrnepog, pasnyHble opraHnyeckme coeanHeHns TowmHon 6onee 100 aHrcTpem.

1.4. MpnaBUHYTb 06paseL, NMMHLETOM akkypaTHO K 30HAY Ha paccTosiHue 3-5 MMm.

1.5. 3aKkpbITb KpbILLKY paboyein kaMepbl MaHunyaTopa.

2. Pa6oTta c nporpammoii STM.

2.1.3anyctntb nporpammy STM. lNocne 3anycka Ha 3KkpaHe NoABUTCA 3acTaBKa U ye-
pe3 HeCKO/IbKO CEKYH/, NpurnalleHne K co3faHuio npoekra.

2.2. Co3paHune npoekTa. 3aZatb Ha3BaHue NPoekTa, yKkasaTb MapLupyT (MyTb), rae oH
byneTt xpaHutbes. Mepexopq Kk 3arpyske gparisepa (kHonkn Bnepén — Bnepén — MoToBO)
(pnc. 9).
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Coapauwe npoexia
B aiiTe JACTIONMONEHAE | HESBSE NPOSKTA B

'\Ddsl%ﬂpﬁnmﬁ croun| S TMisecrhspacs!, EandlipaTs I

project Tor aaskoday siems |

Civer B Morasesa s 310 0o Nph 38y e I B'muﬁ] Furoen I j
B ——

Puc. 9. OkHO co3paHunA npoekTa

2.3. Bbibupaem gpaiiBep Ha naHenu nHcTpymeHToB load work2test 118d.

2.4. Topggopg 30H4A K NOBEPXHOCTN 06pa3ua OCyLLEeCTBNAETCA aBTOMATNYeCKN (MEHI0
CkaHvnpoBaHue — Moasog nnun 3Ha4vyok Noasog Ha naHenn NHCTPYMEHTOB).

2.5. YcTtaHoBKa napaMeTpoB ckaHupoBaHus (CkaHMpoBaHMe — HacTpOWMKN CKaHu-
poBaHus), (puc. 10):

CHAaHHpODaHHe

CBONCTEA CKAHMPOEaHMA @

HamparnrHAR
CEAHHDOBAHHA

dl JKAMIMHT S PENeHM EY10
Ou g

O viend

O+ virud Pa3PELIEHE CKaHa )

Oz virud ]

D ZTie wilus
O urtuel

1 virtual HaHaneHaa Touka, & |1,06 mkrn
O cigital_r

Ocir] w | Hmdanepzatouks ¥ (1 -7 mkm
<

3

Deiaaneie ALl Jon, rac-pofikh Cnema Baepay HAIpeBo j

T ¥ pasnep 7,93 mknn

]1 ramstant | Y paswep 2,03 mmkmn [ AeHraTecaE TouRy

CBOACTES N0 YMONHEHAHD | DITHEHA | ZozpaHHTE | CEAE |

Puc. 10. OkHO ycTaHOBKM NapamMeTpoB CKaHNPOBaHUA

JonyckaeTca 3anncb No H060MY KOMMYECTBY AOCTYMHbIX KaHa0B, MO KOTOPbIM Oy-
[eT npousBefeHa 3anvucb M3MEpeHWi Npu CKaHMPOBaHWW MOBEPXHOCTU. PekomeHayeTcs
BK/IOYATb MPU CKAHMPOBAHUN B PeXUMe NOCTOAHHOIO TOKa — OAMH U3 KaHasl0B penbeda
R, Npu ckaHMpoBaHWN B peXnme NOCTOSAHHOW BbICOTbl — KaHas1 Toka |, Takke AonyCTUMbI
KaHaslbl CNeKTpOMeTpUn UM BUPTYyasibHble KaHaslbl (BbIBOJ, BbIUMCASAEMON MHopMaunn),
Hanpumep, kaHan pacnpegenenuna di/dU nnm di/dH, nnu BbluncnseMble NPou3BOAHbIE OT
3TUX BEJINYMH.

HanpaBneHne ckaHMpoBaHWS - Hanpas/ieHWss obxofa noBepxHoCcTU. CkaHMpoBaHue
NMPOUCXOAMT NO NPUHLMMNY TENEBU3MOHHON pa3BePTKU C NOCTOSAHHOW CKOPOCTbIO ABWXEHUS
30HAa Haf NOBEPXHOCTLIO 1 06LLEN «npeabICToOpun» A58 BCeEX TOYEK (CTPOroe BblaepXmnsa-
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HVEe BPEMEHHbIX UHTEPBA/IOB /19 KaXKA0N M3MepseMol TOUKW, NnepBble CTPOKM U TOYKU B
CTpOKe oTbpachiBalTCs).

Mone ckaHMpoBaHUA — HadasibHasi Touka 1 pasmep kagpa. MonoxeHne nons ckaHu-
poBaHuNs 0TObOpaxaeTcs Ha KapTe obpasLa c NpaBoii CTOPOHbI U MOXET ObITb Kak 3aaHo B
unchbpoBom BMAE, Tak U YCTAHOB/IEHO C NMOMOLLbIO MaHUMyIATopa.

JononHutensHoe MeHKo (puc. 11) no3BonseT 3afaBaTtb KOMYECTBO U3MEPEHUI B Of-
HOW Touke. Yem 6osblle 3TO 4MCiO, TEM MeasieHHee OyAeT NpoUCXOANUTb CKaHMpoBaHue
noBepxHocTn obpasua. Ho, B 3aBUCUMOCTM OT TUMa NOBEPXHOCTU, BO3MOXHO [OCTUXEHME
nyyuiero pesynbraTta.

ﬂg ﬂ'l]I'IDJ'IHHTE.J'IbeIE HaCTpDﬁI{H CHaHHpOEBdHMA

Kon-E0 MEMEREHMIA B TOUKE, pas E’

CKOPOCTE CKAHMPIOEAHMA

[~ CHMPOHMZALMA B MPOMEXYTOYHBL TOYKIX

Peneed : [y HOpManksHeA Cnaaki

[~ ABTONOACTAOAKS BREMEHM OHIAAAHIAA

BREms OKMAHAS B TOUKE ................l................................... o 100 M

[ MEprogMYeckDe CKaHMPOBaHME

MapareTpel

Kon-e0 CraHUpoEaHMA
SafEHKa MENIY CKAHAMM, CERK

omera | ok |

Puc. 11. OkHo BBOZA [OMNO/IHUTE/IbHBIX NapaMeTpoB NpoLecca CKaHMPOBaHWS

CKOpPOCTb NepeMeLLeHnss Mexay Toukamn - CKOPOCTb CKaHWpOBaHWsS. B aTOM MeHKo
BO3MOXHO MEHATb CKOPOCTb CKaHMPOBaHWS MO OTHOCUTE/IbHONW BesiMynHe. 3Ta BennvmHa
onpefensieT CKOPOCTb NnepemelleHnsa 30HA4a Haj NoBEepxHOCTbio obpasua. Heobxoammas
CKOPOCTb, TaKXe Kak 1 KOSIM4eCTBO U3MepPeHUI nogoupaeTcs B 3aBUCUMOCTU OT CKaHupye-
MO NOBEPXHOCTHN.

Mepuognyeckoe ckaHmpoBaHue. [ns akTvBu3auuy Nepuofnyeckoro CkaHupoBaHWSA
HeobXoAMMO NOCTaBUTb FasiouKy HanpoTue (hbyHkuun Mepuognyeckoe ckaHMpoBaHue, 3a-
AaTb KOMMYECTBO CKaHMPOBaHWA U O/IMTENbHOCTL Nay3bl MeXAy CKaHMpoBaHMAMU. ITa
OyHKUMA NO3BONSAET UUKINYECKM CHUMATb M306paxeHne B O4HOM 1 TOM Xe Kagpe, 4To no-
3BOJISIET, Hanpumep, HabawaaTb NpoTekarLlye NPoLecchl Ha NOBEPXHOCTH, BAIMAHME Ten-
NOBOro apeicdpa v T.n.
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KonmuectBo Touyek B kagpe (pasgenibHo no koopauHatam X,Y). Manoe KosimyecTtBO
TOYEK CHMKAET TOYHOCTb 0TOOpaKeHUs penbeda, 60/bLLIoe — YBEIMUYNBAET BPEMS CKaHU-
pOBaHNS 1 06BEM 3aHMMAEMON NHGIOPMALMK HA XECTKOM ANCKeE.

Puc. 12. Pabouee okHo PEJIBE® (a) n pabouee okHo TOK (6)

2.6. CkaHnpoBaHve nosBepxHocTn obpasya (kHonka CkaHMpoBaThb). B npouecce cka-
HMPOBaHMA Ha 3KpaH BbIBOAUTCS OKHO C NpeABapuTeNibHON MHopmMaumeli 0 NoBEePXHOCTHU.
lMocne ckaHMpoOBaHWA MOSAB/IAETCA ABa OKHA C pe3ysibTaTaMu CKaHMpoBaHus (B 3aBUCKMMO-
CTM OT BblOPaHHbIX BbIXOAHbIX kaHas10B AL nx MOXeT 6bITb 60/1bLUEe) OKHO Penbed U OKHO
Tok (puc. 12).

lMocne okoHYaHWA npouecca npu y4oB/1eTBOPUTENIBHOM KayecTBe ckaHa byaeT npo-
n3BefeHa TpaHcopmaumsa 1 nosnydyeHHble OTCKaHMpoBaHHble AaHHble (ScanData) 6yayT
TpaHcdopMmnpoBaHbl B CKaH. M0 ymMO/sl4aHUIO UCMNOMb3yeTcsa TpaHcopmaunsa "nosBopoT
TpeHAa", MOXHO MNOCTaBuUTb JIOOYI0 APYryi0 MMELWYCcs, U3 MeH: CkaHupoBaHue —
YnpasneHue TpaHcdopmaymamu.

B ckaHe 6ygeTt ncnosib3oBaHa nasmMrtpa, noctaBsieHHas Nno ymon4yaHuio B MeHto - Ha-
CTPOIKK nporpammbl - CkaHmpoBaHue - NannTpa. Ansa co3gaHusa ructorpammbl 6yayT muc-
NOSIb30BaHO KOJINYECTBO OMOPHbLIX TOYEK, yKasaHHbIX B cocefHeil 3aknagke — luUcTo-
rpamma. lNpun OKOHYaHUM CKaHMPOBaHUA HYXHO 3a4aTb IMA ckaHa, HaxaTb KHOMKY "coxpa-
HATB", UNIN HaXXaTb KHOMKY "OTMEHUTb", €C/I1 NOYYEHHbIN CKaH - MN/10XOM.

2.7. O6paboTKa OTCKaHMPOBAHHOW NOBEPXHOCTU. Mpn coxpaHeHUn ckaHa K Hemy 6y-
AeT NpMMeHeHa TpaHcdopMauusa rno yMonyaHuo nnmn 3anpocy (M3mMeHuTb 13 MeHt: CkaHu-
poBaHne — YnpasfieHne TpaHcopmMmaunsamm).
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lMocne OKOHYaHMA CKaHMPOBAHWA BbIBOAATCA pabouyvie OKHAa C OTOOpaKeHuem Mo-
BEPXHOCTU (a Takke BCEX napamMeTpoB, MO KOTOPbIM MPOBOAM/IOCH CKaHMPOBaHME — TOK,
CMeKTPOMETPUSA, HanpsHKeHue n T.M., B TOM YuC/ie BblUMCNSEMbIE U onpeaensiemble nosb-
30BaTeniem). B paboyem OkHe BbIBOAATCA AOMNOMHUTESNIbHbIE OKHA. 0 YMO/TYaHNI0 — OKHO
pacnpegesieHns BbICOT N0 NOBEPXHOCTU (MO ocn X — AuanasoH BbICOT B JaHHOM CKaHe, Mo
ocu Y — yacToTa NosiB/IEHUSA 3HAYEHUA C AaHHOW BbICOTON).
MaHenb NHcTpymeHToB (Tools, puc. 13) cnyxut ana padoTbl C OTCKaHMPO-
BaHHbIM U306paxeHneMm. HasHauyeHue:
a) YkaszaTe/b. HazHayeH Kak MHCTPYMEHT MNo ymon4daHuto. 'naBHoe Ha-
3HayeHne — copacbiBaTb Apyrme MHCTPYMEHTHI.
6) MpsmoyronbHoe BblgeneHne. C BblAeNIeHHON 061acTbl0 BO3MOXHbI
OENCTBNA: CKaHMpoBaTb BblAesfieHHoe, MacliTabupoBatb (BblaesieHHoe
OyfeT 3aHMMarThb Liesioe OkKHO), nokasatb napameTpbl BblaesieHns (LUMpuHa,
BbICOTa, n/iowab).
B) Mpodmnu. Cnyxmt pnisa noctpoeHus npogunsa. [eincreusa: nokasatb
npotusib B OTAE/IbHOM OKHE, COXPaHWUTb Mpodou/ib B MPOEKT, yAaUTb Puc. 13. Ma-
npocwnib, KanméposaTb Z-kaHasl no npodunto. o3BONSET MOCTPOUTH
npotuab BAOMb NPOU3BOJILHOM NPAMON, M3MEPUTb PacCTosiHMe U pas-
HOCTb BbICOT MeXAay /1obbIMY ABYMS TOYKaMU BAO/1b 3TOr0 Npodnns.
r) imnynec. [lenaet nmnynbC B ykasaHHY TOYKy. MapameTpbl uMnynbca AOCTYNHbI B Ha-
cTpoiika — CBolCcTBa umnysnbca.
0) BAX (BosibTamnepHas xapakrtepuctuka). CHumaeT BAX B ykaszaHHOM ToYke. HacTpoiiku
HaxogAaTca B HacTpoiika — CsolicTBa BAX. [eicTtBua: coxpaHuTb BAX, nepunoguyecku
CHMMaTb BAX B TOUKe.
e) JlnHeinka. encteus: nokasatb A/IMHY JIMHUN.
X) Kannbéposka X,Y KaHaJs10B.
3) dnaunTuyeckoe BblgeneHue. [elcTBusA: nokasatb napamMeTpbl BblgeneHus (LWnprHa,
BbICOTa, nJiowanp).
[na Toro, 4tobbl NpocMoTpeTh ckaH B 3D: Ha3BaHne nNpoekTa npaBoit KHOMNKOW Mblwmn OT-
KpbITb C nomoLbo — 3D.

HeNb WHCTPY-
MEHTOB

2. METOAVKA BbINO/IHEHVA PABOTDI

- YAcHuTe Lenb paboTsl.

- O3HaKOMbTECh C METOAMNKOM paboTbl HA CKAHNPYIOLWEM TYHHE/TbHOM MUKPOCKONeE.

- MNpoBeanTe BHELIHMIA OCMOTP KOoMMsiekca. Hanante KHOMKXU WM y3/bl ONUCaHHbIE B
MeTOANYECKOM MOCO6MUMN.

- Cnefya MeToAMyecKnM ykasaHUAM NoarotosbTe obpasey, Kk pabore.

- OTCcKaHMpyiTe NOBEPXHOCTbL 06pa3ua B nporpamme STM.

- NMpoun3BeguTe KOMMNBLIOTEPHYIO 06PaABOTKY NOJSTYHYEHHOTO pesynbrara.

57



- CoxpaHuTe 1 pacneyvaTaiite nosly4eHHOEe N306paxkeHme.
- CocTaBbTe OTHET 0 paborTe.

3. COAEP>XAHUME OTYETA

- Llenb paboTbl.

- MeToavka paboTbl Ha CKaHUPYOLEM TYHHEIbHOM MUKPOCKOMe.
- OCHOBHbIe onepauumn NoaroToBkM obpasua.

- PaboTa c nporpammoi STM.

- BkneiTe nonyyeHHoe n3obpaxeHne HaHOCTPYKTYpbI.

4. KOHTPO/JIbHbIE BOMNPOCHI

- Kakve TpeboBaHunsa npeabaBnsAwnTCcA K obpasuam?

- Kakune geictBuin Heobxoanmbl 415 NOArOTOBKM o6pasua Kk paboTte?

- Kakne oCHOBHble napamMeTpbl CKaHNPOBaHUA AOCTYMNHbI B nporpamme STM?
- KakoB nopsifoK gencTeumii npy co3gaHumn npoekra?

- Kak npoun3BecTn ckaHMpoBaHue NoBEpPXHOCTHN obpasua?

- Y10 MOXHO caenartb € nosly4eHHON Hopmaymein?

- UTo Bbl 3HaeTe 0 A0N0/THUTESIbHbLIX BO3MOXHOCTAX nporpamMmmsl STM?
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