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1 OCHOBHbIE XAPAKTEPUCTUKN

YcTaHOBKa npefHa3HayeHa [Ans HaHEeCeHUSt MOHO- U MYNbTUMONEKYNSPHLIX OpraHUYecKux
NAeHOK MeToAoM JleHrMiopa—bnomkeTT Ha TBepaAble MOBEPXHOCTU.

Puc. 1.1. O6wWwnii BUA YCTAHOBKM A1 HAHECEHUSI MOHO- U MYNIbTUMOJIEKYISIDHBIX MIIEHOK METOAOM JleHrMmiopa—bnoaxeTT: J1-b
BaHHa (cnesa) n 610K 31eKTPoHMKKM (cripaBa).

B KOMNnekT YCTaHOBKWM AN HAHECEHUS] MOHO- M My/IbTUMOSIEKYNSIPHBIX M/IEHOK METOAO0M
Nenrmiopa-bnogxetT (J1-b BaHHa) (puc. 1.1) Bxoaat cneayrowme 610Ku:
1. J1-b BaHHa;
2. MexaHnsM norpyxeHus/nogbema;
3. [aTymk NnoBEpPXHOCTHOrO AaBfIeHNS;
4. bBnoK 3NeKTPOHWNKN C COeANHUTENbHBIMU Kabensmu.

[ononHUTeNsLHO MOryT NpunaraTbes:
1. pepxartenb ansa dumkcaunm NoANOKKN;
2. YCTPOWCTBO [ANS HAaHECEHWS MOHOMOMEKYNSIPHbIX MOKPbITUA  CNMOCOBOM  FOPU3OHTAsIbHOMO

ocaXkzaeHust (CrMBa XXMAOKOW cpeabl);

ANns “CNoMHEHMsI NPOrpaMMHOro obecneyeHns ynpaBneHust YCTPOMCTBOM 610K 3MEKTPOHWKM
HeobX0AMMO MOAK/YUTL K NMEPCOHANIbHOMY KOMMbIOTEPY C OnepaumMoHHON cucteMol knacca Win32 u
umetoLeMy cBoboaHbIn USB-nopT.



PyKOBOACTBO MO 3KcnyaTaumuy O6LLUmMe XxapakTepucTuku

1.1 /1-b BaHHa

Cxema J1-b BaHHbI npuBegeHa Ha puc. 1.2. COBCTBEHHO BaHHa WM3roTtoBneHa M3 6A04YHOro
dToponnacra. Mnowaab cBOGOAHON MOBEPXHOCTM XUAKOCTWM B BaHHe — 463+1 cM? (290x160 Mm),
rnyéuHa 14 mMM. [epMeTU3VPYEMbIA NPSIMOYrOMbHbIN KONMOAEL, [AOMOSHUTENBHO YCTAHOBNIEHHLIN B
JIEBOW YacTy, MO3BOMSIET MOrPy>XaTb B BaHHY MOMMIOXKW LUMPUHON A0 125 MM, MUMEET COBCTBEHHbIE
wunpuHy 130 MM, gnuHy 28 MM 1 rnybuHy 110 MM. BaHHa BMeLLaeT OKoo 1 N1 XXMAKOCTH.

Bapbep Ans orpaHuYeHUst CBOGOAHOM MOBEPXHOCTU XUAKOCTM M3roTOBNEH M3 ¢hToponiacta B
BuAe 6pycka M CKOMb3UT MO BbICTYMAM Ha [A/MHHbLIX 60pTax BaHHbl. C YUYETOM «MEpPTBOM» 30Hbl,
MaKcMMarnbHas nowaab CBOBOAHOW MOBEPXHOCTU MKWUIKOCTU COCTaBNsSEeT oOkKono 440+1 cMm.
M3meHsieMasi (pabouvasi) nnowaab CBO60AHON MOBEPXHOCTU XMAKOCTU (pasHuuUa Mexay nolaasaMu
NPV KpaliHeM NpaBoM W KpalHeM /IeBOM MONOXeHUsIX 6apbepa) cocTaBnseT nopsaka 312+2 cv?,

[atunk MpuBoAHOI MopsuxHan KapeTKa KpoHLUTetH LUTYLepbl Tennoo6MeHHNKa
NOBEPXHOCTHOTO 3y6uaTblit ANs nepemelleHns ANS Nepemell.eHns ANA NOAKNIOYEHNS
AaBneHus 6apbepa 6apbepa XXWAKOCTHOrO TepmocTaTa
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Yrny6nenue (konogew) KpaitHee neBoe NonoxeHue ®dToponnacToBas BaHHa MoABKXHbIY 6apbep KpaitHee npaBoe nonoxeHue
AR NOrPyXeHNs 06pasLioB noABWXHOro 6apbepa noABWXHOro 6apbepa

(noanoxek)

Puc. 1.2. Cxema (B nnaHe) yCTaHOBKY A7l HAHECEHWUS] MOHO- U MY/IbTUMOJIEKYNISIPHBIX MIEHOK MeTofoM JleHrMiopa—bnomxerT.

dToponnacToBast BaHHa CMOHTMPOBaHa Ha pamMe M3 aJIlOMMHUEBOTO CMJ1aBa, Ha KOTOPON CHU3Y C
TbIJIbHOM CTOPOHbI YCTAQHOBJIEH MEXaHM3M TOpPU30HTAsNbHOro nepeMelleHns 6apbepa. [MMpusoa
3y6anoro peMHA ocyLlecTBnAeTcA LaroBbiMm aBuraternem, o6ecneq|/|Barou.|,v|M TO4YHOE
ropu3oHTanbHoe Mo3uLMoHMpoBaHe Gapbepa. Ha neBoi CTeHKe paMbl PacriofioXeHbl BEPTUKASIbHbIE
CTOMKM [ONS KPEMNEHNS MEXaHM3Ma MOrpy>XeHus/nogbeMa M AaTuyvKa MOBEPXHOCTHOrO AaB/eHUS.
ObpallaeM BHMMaHWE, YTO Ha JIEBOM CTEHKE paMbl BbIMOSHEH PAA AOMOSHUTENbHBIX OTBEPCTUN OIS
MOHTa)Xa BEPTUKAJIbHbIX CTOEK, YTO MO3BONSET MoaobpaTb Havbosiee OonMTUMAanbHOE PacrosioXKeHUE
JaHHbIX CbEMHbIX MOAYNEN — MEXaHU3MA MOrPY>KEHNS/NOAbEMA U aTYMKa NOBEPXHOCTHOIO AABJIEHUS!
— OTHOCUTE/IbHO KONoAua Ans MOrpy)KeHnst 06pasLoB C YUETOM KOHKPETHOM KOHdMrypaumum obpasua
(noanoxkn).

B pacluMpeHHOlV KOMMAeKTauuM HeCylwasi MJIOCKOCTb paMbl BaHHbl BbIMOSHSAETCA B BUAE
TENMOOOMEHHUKA [ANS XWAKOCTHOrO TEPMOCTAaTUPOBAHUSI BHELWHUM YCTPOWCTBOM (TEPMOCTAT B
KOMMMEKT He BKJOYEH). [ OTCNeXuBaHWS TemnepaTypbl B BaHHE B €€ TbIIbHYD CTEHKY

BMOHTMPOBAH TepMoaaT4uK.
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C HMXHEN CTOPOHbl K LWTyUepy B [AHWLE KONMOoAUA MPUCOEAMHSIETCS TUOKWIA  LunaHr,
obecneunBatoLLmMii CIMB XMUAKOCTU M3 BaHHbI. TEMI00OMEHHWUK C NMpaBoii CTOPOHbI Takxke 060pyaoBaH
ABYMSI WUTyLepaMu AJ1st Mofaym v otbopa XMAKOro TENIOHOCUTENS OT BHELIHEro TepMocTaTa.

1.2 laTuMK NOBEpPXHOCTHOIro AaBJ/1eHUA

[aTuvK MOBEPXHOCTHOrO [AABJIEHUS CIYXWT [NS1 CNEXEHUS 3@ BEJIMUMHOM MOBEPXHOCTHOIO
JaBNeHNs XWaKoCcTM wn panee — ansa ¢GopMMpoBaHMs curHana owwnbku, onpegensiowero paboty
CUCTEMbl OBpaTHOM CBSI3M YCTaHOBKW. OH YCTQHABNMBAETCS Ha CTOMKY CfieBa OT paMbl BaHHbI
COrnacHoO cxeme Ha puc. 1.2.

CxeMa [paTuMka MOBEPXHOCTHOrO [AaBNIEHWS MpeAcTaBfieHa Ha puc. 1.3. YyBCTBUTENbHBbI
3/IEMEHT [aTuMKa MpeacTaBnsieT coboi rmbkyto KOHCOMb (Mnockas npyxuHa). Ee usrmb saBucnt ot
cunbl S, C KOTOPOM MOBEPXHOCTb >KUAKOCTU BO3AEUCTBYET Ha TMOrPYXXEHHYIO B HEE NNacTuHy
Bunbrenbmm (kycodek 6ymaru), NpPUKPENNEeHHYd K CBOGOAHOMY KOHLY KOHCOMU. W3MeHeHue
MOBEPXHOCTHOrO [aBfIEHUS U3MEHSIET Cuiy S U, COOTBETCTBEHHO, OTKIOHEHWe CBOBOAHOro KOHUA
KOHCO/IM OT €ro npeaycTaHOBIEHHOO HEUTPANIbHOMO MOJSIOKEHWUS B BEPTUKANbHOM HarMpaB/iEHNM.
PasMep nnacTuHbl JOMKEH 6biTb 14x14 MM, yTO6bl ObecrneunTb nnowaas okono 200 Mm? (ata
BENMYMHA NPUHATA 3@ CTaHAAPT AN U3MEPUTENBHON CUCTEMBI IAHHOTO YCTPOMCTBA)

Perynupyemas [pepycunutenb Pyuka ans noacTpomnku
Kopnyc JlazepHbIvi MoayIb nnatdopma BbIXOAHOIO CUrHana  MOJIOXeHUs poTodeTekTopa
| MexaHn3m NoACTPOMKM

dboTopeTekTOpa

o/
BUHT dukcauum \.

AaTynka

doTopeTekTOp

LWaTtue - [~

(BepTUKaNbHbIN
CTEPXKEHb)

MoABWXXHbIE NNaHKKU ANA NiaBHON
PeryIMpoBKM XECTKOCTU KOHCOJMU

MnacTtuHa
* S Bunbrensmu

'm6Kasi KOHCOSb

Puc. 1.3. Cxema gaTumka NOBEPXHOCTHOMO AABJIEHUS.

[ns [eTeKTMpOBaHUS OTK/IOHEHUSI MPUMEHSIeTCs nasepHo-nyyeBas cxema (puc. 1.3.). Ona
BK/IIOYAET nasep M ABYXCEKUMOHHbIN (poToaeTeKTop. J1a3epHblii Iy4 OT UCTOYHMKA, HALENEHHOro Ha
3epKkano, YCTaHOB/IEHHOE Ha CBOOOAHOM KOHLE KOHCOMM, OTPaXaeTcs Ha ABYXCEKUMOHHbIN
(oToAeTEKTOp M TaM U3MEHSIET CBOE MOJSIOXKEHWE B 3aBUCMMOCTU OT M3rnba KOHCONW. DNeKTpPOHHas
CXeMa CpaBHMBAET CUrHanbl OT BEPXHEro U HXKHEro cerMeHToB doToamoda v onpefensieT BeUYnHy
OTKIOHEeHns (M3rnba), n, COOTBETCTBEHHO, M3MEHEHME NOBEPXHOCTHOrO AaBfIEHMS.

KoHCTpyKUMsa AaTumka NOBEPXHOCTHOMO AaBfieHUs MpeaycMaTpuBaeT MNaBHOE perynvpoBaHue
JKECTKOCTU TMOKOM KOHCONMM MYTEM K3MEHEHUs ee pabouyeil ASIMHbI MEPEMELLEHMEM CrELUasbHOM
ukenpytowein nnaHkn (puc. 1.3.). XecTkocTb FMBKOWM KOHCOMM MOXET TakkKe ObiTb M3MEHEHa
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YCTaQHOBKOW ApYroi Npy>XWHbl C OT/IMYAIOWENCS TONWMHOMN, WMPUHON UM U3rOTOBMIEHHOW M3 APYroro
mMaTepuana. KoMBMHMpOBaHWME 3TMX [AByX CrocoboB MOACTPOMKM AaeT BO3MOXHOCTb MoaobpaTtb
KOHCOJ/b C HEO6X0AUMBIMM NapaMeTpaMy.

WNCTOYHMK nasepHOro M3ny4yeHus pJaTumka nNpeacTtaBnsieT cobov  NasepHbii  MOAySb,
YCT@HOBJIEHHbIA Ha NOANPY>XWHEHHOW nnaTtdopMe. JlazepHbit MOAY/b BKIOYAET CTabUIN3UPYIOLLYIO
uenb MUTaHWsl, NasepHbii AMOA M Habop CTEKNSHHbIX NWH3, CobpaHHble B Tpyb4yaToM Kopnyce.
XapaKTepuCTMKM Na3epHOro Moayssi cieaytolme:

=] < 0 1Y/ 0= 1R 1 MM,
(POKYCHOE PACCTOSIHME ..vuivrusernnssesnssernnssnsassssnsssrnnssrsnnsennssennnsnes 40 MM,
OJIMHA BOJHbI FEHEPUPYEMOTO USNMYUEHUS ..evvvvnininnianianenns 635 HM +5%,
MOLLHOCTb /TQ3E€PHOI0 U3NMYUEHUS ANOMA ceuvvnenrrnenrenienransnnsnnsansss 5 MBT,
HAMPDKEHNE MUTAHMSA enenieninieiiniennsesrn e rn e sasanseass 5 B nocT. ToKa.

MonoxeHve NoanpY>XMHEHHOM NNaThOPMbl C NIA3EPHBIM MOAY/EM MOXET PEryMpoBaThCs Ans
TOYHOIO HaLE/IMBaHMS NTA3€PHOro Jiyya Ha 3epKasio Ha KOHCOMN. C MOMOLLbIO TPEX PEry/IMPOBOYHbIX
BMHTOB, @ TakXXe NMOBOPOTOM MaThopMbl BOKPYr CBOEMO LIEHTPA OCYLLUECTBNSAETCS rmbkas NoACTponka
NpY HaLENMBaHUM Ha 3epKaro ¥ BbiBEAEHWE B MIOCKOCTb (hoToAeTeKTopa.

dOTOAETEKTOP YCTAHABMMBAETCA B CMEUManbHOM MexXaHWu3Me, KOTopbii  obecrnevnBaet
MO3MLMOHMPOBAHNE LEHTpa (oToanoaa HaMpOTMB JIA3EPHOrO Jlyda, OTPaXXEHHOro OT 3epKana Ha
KOHLE KOHCOMW. [N MOACTPOMKM MOJSIOXKEHUS hoToAeTeKTopa HEO6XOAMMO C MOMOLLBIO OTBEPTKM
BpallaTb PEryJIMPOBOYHbIA BUHT B OTBEPCTMM C BEPXHEW CTOPOHbI JaTuvMka. BHyTpyM [atuvka
NOBEPXHOCTHOTO  JaBfieHnss BO6nM3M  (DOTOAETEKTOpa TakKXKe  YCTaHOB/IEH  MpeayCUSIUTENb,
npeAHasHa4YeHHbIN A1 NEPBUYHOMO YCUEHNS U 06paboTKM CUrHaNoB OT CErMeHTOB ¢oToaMoaa, YTo
NO3BONSIET CHU3WUTb LLYMbl M HABOZKM.

1.3 MexaHu3M norpy»xeHus/nogbema

MexaHu3M norpyxeHusi/nogbema npegHasHayveH Afas KOHTPOIMpyeMoro noabeMa obpasua v3
BaHHbl. OH YCTaHaB/IMBAETCA HA BEPTUKAIbHONM CTOMKE Ha JIEBOM CTEHKE paMbl BaHHbI COMMIACHO CXEME
Ha puc. 1.2.

CxemMa MexaHu3Ma MorpyxeHus/nogbeMa npeacrasneHa Ha puc. 1.4. OH obecneuvBaeT
BEPTMKASIbHOE MEPEMELLEHNE KPOHLWITEMHA C MPUCOEAVHEHHbIM K HeMy 06pasuoM (MOANOXKONM) B
npegenax 85+2 mm.

Ons dukcauMm NOANIOXKKM Ha KPOHWTENMHE wcnonb3yeTcs Aaepxatens (Puc. 1.5). Mpu
HeobX0ANMOCTM COPUEHTMPOBATL MIIOCKOCTb, B KOTOPOKN duKkcupyeTtcs obpasel (noanoxka), Koprnyc
Jep)XaTens MOXET 6bITb NMOBEPHYT Ha CBOEN ocu B TpebyeMoe nonoXeHue. Takke, COpUEHTUPOBATL U
pasMecTUTb B OMTUMAsIbHOM MOSIOXKEHUN (DUKCUMPYEMbIN AepXaTeneM o06pasel MOXHO WCMosb3ys
MHOTOUYNC/IEHHbIE MOHTAXKHblE OTBEPCTUS Ha KPOHWTEMHE MeXaHuM3Ma MOrpyXeHus/mogbeMa Wu
BCMOMOraTesibHOM M/1aHKe, Ha KOHLIE KOTOPOW 3aKperISETCs OCb AepXKaTersi.

MexaHn3M norpyxeHus/mogbemMa npuMBOAMTCS B [ABMXKEHME  LIArOBbIM  ABUraTesieM,
yrpaBnsieMblM 6JI0KOM 3MEKTPOHMKN. DNIEKTPUYECKMA Kabenb OT MeXaHu3Ma Morpy)eHus/nogbema
MOACOEANHSIETCA K pasbeMy Ha /IeBOM HOKOBOWM NaHeNn BaHHbI Noa cTolikamu. Mpu HeobxoanMocT ¢
MOMOLUBI0O PYYKM Ha BEPLUMHE MEXaHM3Ma MOrpy>XeHMs/nogbeMa MOXHO OCYLUECTBASTb PY4YHOE
nepeMeLleHne KpOHLUTEMHa.

MexaHn3M MOrpyXkeHusi/nogbeMa 3aKpersisieTcsl Ha  LWTaTMBE C  MOMOLWbBIO  KJIEMMBbI,
PacrnosyioXXEHHOW Ha ero nepeaHein creHke. Mpyu Heo6X0AMMOCTM, HarnpuMep, 06ecneunTb YAOBHbIN
JOCTYN K BUMHTY (MKCaUMM Ha KIeMMe [OMNyCcKaeTcs MepecTaHoBKa AaHHOW KNeMMbl C JIeBOM Ha
rMpaBylO CTOPOHY NepeaHel CTEHKU MOAYIsi.
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(BepTuKanbHbIN CTepXeHb)

Puc. 1.4 — Cxema mexaHu3Ma norpyxxeHus/nogbema.

Fig. 1.5 — [epxaTenb ans dvkcauuv nNoasokKu.

Ha puc. 1.6. nokasaHa BaHHa C YCTaHOBJIEHHbIMW Ha HEE CbEMHbLIMW MOAYNAMU — AATYUKOM
NOBEPXHOCTHOIo AaBsieHNd U MEXaHU3MOM I'IOFDY)KeHVIﬂ/I'IOﬂ,'beMa.
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Puc. 1.6 — BaHHa € ycTaHOBNIEHHbIMU AAaTYMKOM MOBEPXHOCTHOIO AABfIEHUS N MEXaHNU3MOM I'IOpr)KeHVIﬂ/I'IO,Cl'beMa.

1.4 bnok ynpaBneHus

Bnok ynpaBneHus Heo6xoauM ANl CBS3W YCTPOMCTBA C MEPCOHaNIbHbIM KOMMbIOTEPOM. Ha ero
nepeaHen NaHenm WMElTCs CETEBOM BbIK/OYATENb M BCMOMOraTeNlbHblE KHOMKM, MO3BOMISAOLIAs
HanpsMyo BbIMOSHATL MOArOTOBUTENbHbIE WM 3KCTPEHHbIE npoueaypbl 6e3 yyactns nepcoHanbHOro
KoMmnbtoTepa (puc. 1.7). Bnok ynpaBneHWUsl COEAMHSIETCS C BaHHOM MpW MOMOLUM CrelmanbHbIX
kabenen, u c komnbloTepoM -— USB-kabenem (tun Am-Bm). [MutaHue 6noka ynpaBneHus
OCYLLECTBNSIETCS OT CETU MEPEMEHHOIO TOKa C HanpsbkeHneM 220 B u yactotoi 50 My npy nomoLm
kabens nuTaHus. Bce kabenn BXoasaT B KOMMAEKT MNOCTaBKM.

BHUMAHUE! PoseTka po/mkHa MMETb HajeXHoe 3a3emneHve. Ecnn poseTtka He
3aseMnieHa, 4Tobbl NpeaoTBpPaTUTL MOpaXKeHWe 3MeKTPUYEeCKUM TOKOM, Heobxoanmo
obecneunTb HagexHoe 3a3emrieHne 6a0Ka ynpasneHns U BaHHbI

BcnomoraTenbHble KHOMKM Ha MepeaHei MaHenu mnpyu 3TOM CIyXaT ANS Py4YHOro yrnpaBiieHus
nepemelleHneM 6apbepoB M BEPTUKANBLHOrO NepeMelleHns 06pasLia, 3aKpemneHHOro Ha KPOHLLTENHE
MexaHu3Ma norpyxeHusi/nogbema (puc. 1.7).
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KHonka nepemelleHuns

obpasua BBepx (Nnogbéma)

KHonka nepensuxeHus
nesoro 6apbepa BNeEBO

KHonka nepemelleHus
obpasua BHU3 (NOrpyxxeHns)

CeTeBoii BbIkNOYaTeNnb

KHonka nepenBuxeHuns
6apbepa BnpaBo

Puc 1.7 — MNepepaHsas naHens 61oka ynpaenexHus.

PasMelleH1e 3/1EMEHTOB Ha 3a[Hel CTeHKe 6/10Ka ynpaB/eHust NpeacTaBneHo Ha puc. 1.8.

USB-pasbem

"He3no ceTeBOro

LHypa

NOBEPXHOCTHOrO
AaBneHnda

Pasbem kabens
'~ MOTOpOB

Puc 1.8 — dnemeHTbl 3aAHeN NaHeny 610Kka yrpaBneHusi.
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PykoBoacTBO Mo 3Kkcnnyataumm o MNporpaMMHoe obecrneverune LT-111

2 NPOrPAMMHOE OBECNEYEHMUE
YNMPABJIEHUA LT-111

KCnepuMeHTaNbHOE YCTPOMCTBO ANsi HaHeceHus nneHok LT-111 paboTtaer noa ynpaBneHvem
cneumannsMpoBaHHoOro nporpammHoro obecnevennss LBTrough control, kotopoe nocrasnsietcs B
KOMM/MEKTE M UCMOJSIHAETCA Ha IBM-COBMECTMMOM MEpCOHANIbHOM KOMMbIOTEPE B OMNEpPALIMOHHON
nporpamMMHoro obecrnieyeHust 3anyckaetcs aiin
lbt2inst.exe C npoueaypo yctaHoBku. [locne ycraHoBku, nporpamma LBTrough control
3anyckaetcs ¢aitnoM 1bt.exe B MNanke, rae HaxoAMTCs MPOrpaMMHOe obecrneyeHne Ha HXECTKOM
AVCKE WNW ApYrMMM criocobamu, UCMosib3yeMbiMUM B onepaumoHHoin cucteme Windows (Hanpumep,

cucteMe  kinacca Win32. [ns ycTaHOBKU

JIBOMHbBIM LLIETYKOM MO MKOHKE Ha paboyeM cTorne).

2.1 T'naBHOEe OKHO

Mocne 3anycka LBTrough control Ha 3kpaHe MoOHWTOpa OTOBpaXXaeTcsl rNaBHOE OKHO
nporpamMmbl (Puc. 2.1). BBepxy rfiaBHOE OKHO COAEPXXWT NIMHEMKY MEHIO, NMOA JIMHENKOW MEHI0 -
MaHeNb WHCTPYMEHTOB, B CPeAHEN 4YacTu - pabodasi 061acTb M JIMHEWKA COCTOSIHUSI B OCHOBaHWMU.
Pabouasi obnactb — 3TO MECTO, rAe MaHenu yrpaBfeHusi U Apyrve 3neMeHTbl MHTepdelica (okHa

BU3yanu3auun, AVanorv) BbiBeAeHbl 418 ornepaumii C YCTPOMCTBOM M U3MEPEHHBIMU AaHHbIMMU.

& LBTrough control

File Wiew Device Window Help

(WP m (DS

8§ Experimental Setup B

Desciiption  Data Sheets |
Square

?‘ B
—]
o [

=18l x|

FGeneral————————————————————————
MNumber of cycles I" 0 Z

Plate Area [mm”"2) |200

Sensstivity, mMAT “
DA

Limit velocity UP, mm#
Limit welocity DOV, mmi

S

Surface pressure (5P, mMfm

T — t
0,33 0.39 0.45
Area Per Molecule (MA), nmZ

i Depositio
Zemn | Up | Down |
1588 | 1888

Experiment:
Name |Dale |User ICompound |Substance |Subphasa IT |Loadad|Fi\ ’7 IV Keep Pressure Control
|| cholesteral mps 15.05.2005 %57 Mo |D: [ DPos | Deposition Typs |
|| DimethylE ster.mps 15.06.2005 357 Na D " X-lpe " HP-tbpe E
| M| DimethwlE ster.mps 21.06.2005 10:13 Yes D!~ Process & Y-tpe " Manual
;I_I i O Z-lype =
Experiment Table: Operation: Create graph U Limil
(UpperLimt——————
’7 = ’7 I T I MI ‘ Bottom fus Upper Lirit () [0.0
Experimant Data Area Per Molecule [MA] 3 SpesdUp /) [0.900
BPos mm |TA. mm2  [dTA mm2 [M& rm2  |SP. mhdm [ts [FS. mismer] ﬂ Left Aris
FEEE D000 0620 0.000 2300 0.000 Surtace prassure (SF) wialtwhen Up (5] |30
;/E2811.354 018 0,000 4500 0.000 e e
353937 1.354 0615 0.000 6.600 0.000
None \ _ol x| Lower Lirit (mm) |-100.0
= x ]
_|Q|_| Feedback SpeedDiown (mm/s] |0.400
B sP-DimethylEster mps 0.1 0.62

‘it When Down [g] |10

Deposition Methad——————————
Constant deposition =

Deposition Parameters——
Eartier Speed (rm/s) |0.800

Pressure [mN/m] |15.00
Step (mm) |70

Delay (s |10

¥ lsoterm cantral

P Go M Stop

| awn jeauo> Eruel [ joaues Buiddia| jogquod uogsadag  9AURD WERST

Disconnected ‘SP: 72.8 mhfm ‘BPDS: 1000 ram |Square: 400 mmz |DPns: 1000 rrn |Pmcess: Mone

Puc. 2.1 — FnasHoe okHo nporpammel LBTrough control .
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MaHenun ynpasnenns Deposition Control, Isotherm Control, Dipping Control 1 Manual
Control Unit mMoryT 6biTb MpPUCTLIKOBaHbI K MpaBoM rpaHuue pabodyen obnactu (Puc. 2.1) nipw
Heo6x0AMMOCTN OYMCTKM MPOCTPAHCTBA ANs APYruX 3aaad. [Ans COCTbIKOBKW rpymnmnbl TAHUTE NaHenb K
npaBoMy Kpato paboyein o6nacty, a Ans PacCTbiKOBKM — OT COCTbIKOBAHHOM rpynmbl, B HY)KHOE MECTO.
Kaxxaas naHenb MoXxeT 6biTb CBEpHYTa M, Npn He06X0AMMOCTM, pa3BepHyTa.

MeHio obecneunBaeT AOCTYn KO BCeM yHKUMSAM nporpammbl. TyHKT MeHto 'File' cogepxuT
KOMaHAbl, HeobxoauMble AN AENCTBUIA C chainamy, oblume napaMeTpbl HAaCTPOWKM MpPOrpamMmMbl U
KomaHay Bbixoga (puc. 2.2 a). MyHkT MeH 'View' coaepXMT KOMaHAbl BbiBOA@ Ha 3KpaH
CMeuUManm3nMpoBaHHbIX MaHEeNeN yrnpaBneHus Afis ornepaunin C yCTpPOWCTBOM. [MyHKT MeHto ‘Device”
obecrneunBaeT KoMaHabl Afis orepauuii C annapaTHbIMU CpeACTBaMU: COEAMHEHME C YCTPOWCTBOM,
OTCOEAMHEHME YCTPONCTBA, WHWUMANM3aumsl YCTPOMCTBA, WM NapaMeTpbl HACTpoOMKM Ans ropTa

KOMMYHUKaLUN.
Filz | iew Device
= Open  Chrl+0 Experimental setup Canrect
& save  coi+s ‘f‘.&.} Manual Control Disconnect
= () Depasition Feedhack Init device
Settings —_ 9
0% Calibrate

Device setkings

Exit

J-\_. Isotherm Conkrol
ﬂf Deposition Contraol
it Dipping Contral
'S Script Control

a b C

Puc. 2.2 — Copepxunmoe nyHkToB MeHto ‘File’ (a), *View’ (b) n ‘Device’ (c).

MyHKT MeHto ‘Window’ cogep)XWT CTaHAapTHbIE KOMaHAb! ANs AENCTBUIM C OTKPbITBIMA OKHaMu B
paboyeit obnactu nporpamMmbl. B nyHkTe MeHio ‘Help’ coaepxutcs uHdopMaums 0 NPUCXOXAEHUN U
noaaep KKe NPorpaMMbl, a TakxKe HEMOCPEACTBEHHO O CaMoii NPorpamMMe.

MaHenb WMHCTPYMEHTOB COAEPXWUT KHOMKWM AN 6bICTporo AoCTyna K rfaBHbIM - onepaumsM:
COXpaHeHuto chaina, OTKPbLITUIO AMANIOroB, aKTUBaLMKU CNELMANIM3MPOBaHHbIX MaHENeN ynpaBreHus,
HeobxoauMbIX ans paboTbl ¢ ycTpoicTBoM (puc. 2.3). MaHenb UHCTPYMEHTOB MOXET ObiTb OTAENEHA
OoT 06NacTM naHenelt MoA SIMHUEW MEHIO WM TMOMELLEHA Kak BCM/blBalollas MaHenb B npedenax
pabouero crona.

|

¥
=

AKTI/IBI/I3I/IPOBaTb naHenb 3KCneprMeHTarbHbIX YCTAHOBOK E

= =
= =
® ®
8| 8
0 0
1 S
a

I
S| =
51 &
o o

o

AKTMBM3NPOBATL NaHemnb obpaTHoil casiam |Trs
AKTMBMaMPOBATH naHenh kanubpoek ||

AKTMBM3NPOBaTb MaHemnb PYYHOro yrpasneHus .@
AKTVUBMU3MPOBaTL MaHers KOHTpons msoTepM| r-_-"

AKTUBU3NPOBATL MaHenb KOHTPOSS MOrpyeHus (!_,'

AKTMBM3MPOBATL MaHerb KOHTPOIsi OCaXAEHMS
-
AKTVBM3VNPOBATbL NaHerNb YNpaBneHsi CLieHapuem | ([

Puc. 2.3 — OyHKUMM KHOMOK NaHenM UHCTPYMEHTOB.

Y HWDKHEN rpaHuLbl FaBHOMO OKHa MPOrpaMMbl PACcroiOXXEHa JIMHeNKa cocTosHMA (puc. 2.4).
OHa npeacTaBnsieT cneaytoLyto nHbopMaumio:
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TEKYLLEE COCTOSIHUE COEAMHEHUS C YCTPOMCTBOM ([Connected MM Disconnected));

TeKyLllee nokasaHue AaTymka NOBEPXHOCTHOrO AaBneHns ([SPa##);

TeKyllee nonoxeHne 6apbepa (BPos: ##);

Tekyllee 3HayeHve niowaam cBO60AHON NOBEPXHOCTU XNAKOCTU ([Square: ###);

TekyLlee NosoXeHne MexaHn3ma norpyxxeHus/nogbema (DPos: #4);

npouecec, BbINOMTHAEMbIN B HacTtoduee BpemMA, Unn HWHOAWMKATOP e€ero 3aBepLueHus (

<Description>).

e e
|C0nnected |SP: 3,747 mbfm |BP05: 3020.3 mim |Square: -5640.7 mir |DPos: -6.0 mm |Pr0cess: Deposition; Completed!;

Puc. 2.4 — MpuMep NUHENKN COCTOSIHUS.

[MaBHas WHAMKATOpHasi MaHenb Bceraa BuaHa B pabouelt obnactu nporpamMmbl (Puc. 2.5
cnesa). OHa noBTOpSiEeT MHpOpMaLMIO, OTOBpaXkaemyto B NMMHENKE COCTOSAHUS:
e TeKyllee NnokasaHue AaTynka NOBEepXHOCTHOro AaeneHus (SP);
TekyLlee nonoxeHune 6apbepa (BPos);
TEKyllee 3HaYeH1e nIowaan cBo60aHON NOBEPXHOCTM XUAKOCTYU (Square);
TeKyLLee NosioXXeHne MexaHn3Ma norpyxeHunsi/nogbema (DPos);
npouecec, BbINOMHAEMbIN B HacTodALlee BpemMd, Unm MHOMKaTop ero 3aBepLueHuns (Process).
NHamkaTopHas naHenb He MMeeT CpeacTB YnpaBieHus Ans CKPbITUSS U BOCCTaHOBJIEHMS.
OgaHako, OHa He Bceraa Ha nepegHeM naaHe U MOXKET NepekpbiBaTbC APYrMMU NaHeNsMu.

Completed!

Puc. 2.5 — MnaBHas nHAMKaTopHas naHesnb (CNeBa) U MHAMKATOP COCTOSHWSA ocaxaeHus (crnpasa).

Koraa BbIMOSHAETCS OCaXKAEHWE, AOMONHUTENbHbIA MHAMKATOP rpaduueckuM M B TEKCTOBbIM

cnocobamm MnokasbIBaeT NpoABMKeEHME npouecca (puc. 2.5, cnpaga):

e JIeBasi KOJIOHKA - OTHOCUTENbHAs MO3MLIMS MEXaHU3Ma norpyxxeHusi/noabemMa (100 % - BepxHUM
npeaen, 0 - HWKHWUIA Npeaen);

e  CpefHsisl KOJIOHKa — MPOLIEHT BbIMOSIHEHWS MpOLEcca OCaXAeHWs (TEKYLUMIA HAaHOCKMMOW Clon U3
obLero KonMyecTsea);

e MpaBas KOJIOHKA — TEKYLUMIA MPOLEHT Myowaan cBO6OAHOM MOBEPXHOCTU XMAKOCTU OT 06Luen
nnowaan. Tak Kak MAET MPOLECC OCaXAEHWUS, YMEHbLUeHWE CBO6OAHOM 061acTy yKa3blBaeT Ha
YMEHbILLEHNE KOJIMYECTBA OCAX/AAEMOro BELLECTBA B BaHHE.

2.2 T[laHenb NnapaMeTpoB dKCNepuMeHTa

MaHenb MapaMeTpoB 3KCMepUMeHTa (puc. 2.6) CAyXWT AN opraHvM3aumn mamepeHuid. OHa
BCeraa HaxoauTcs B paboueit 061acTv, 0iHaKO MOXET 6bITb MUHMMU3MPOBaHA. [Be 3aKnaakvu NaHenm
coAepxaT CpeacTBa NS OMNWCaHUsl M3MepsieMbIX 3HadeHuit (Description) v cpeactBa KOHTPONS
Habopa gaHHbIX (Data).

3aknagka Description obecneunBaer:

e [JIABHOE OnMcaHune aKcnepumeHTa (rpynna —Data List-);

e 33gaHve pabodelt Manky Ha XKECTKOM AMCKE AJI XpaHeHWsl AaHHbIX (rpyrna -Working Folder—).
Pabouyio nmanky pexkomeHayeTcs 3afaTb (BBECTU BpYYHYK, UAM BblbpaTb U3 yXe CO3AaHHbIX)
cpa3y, Npy NEPBOM 3anycke nporpammbl;
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& Experimental Setup e
é"Desc'rip'EiEn"l Data |
DataList working Folder
Username [or Carter =1 “D s LETroughZ\Data =
Compound name [Cholesterol =]
Substrate |sihnnr\ E‘
Subphase IDIwater EI
Temparaturs 20 =]
~Soltion Compositiar
- ars: M, g m, o Y, ml v, ol
2 = J )
MNumber of constituents 1 2541 0.00085 3 o1
“alume of Solvent, m| |0.150 2|l (et = - .05
Aliquat. ml 0.7
Surface Area so.nm p.119
& Experimental Setup i E =10i x|

Description  Data |
[ Experiment Registy

Dals [User [Compound [Substance [Subphase [T [Loaded[File nd =
15,006 2005 357 Yes  DsL
21.06.200510:13 No DL

ot o

Dalaset Riegisty enlry cantrol

|2. j (L T S SR B Unload % Asis

[ Data sheet Area Per Malecule [Ma] =
T, mm2_ [dTA, mm2_[M&, rm2_ [SF. mb/m |5 [Ps. mbi/mer] il Left ¥ Ais

120001 | 0.000 0184 54200 500000 9946 [Suiface pressure (5F1 x|
121,355 |-1.354 0185 46000 504500 B704 Right ¥ &s

122710 .354 0188 42000 50800 7882 Darier Postion [BPas) =

124.064 -1.354 0190 38.900 512.900 7.380

125418 1354 0192 7000 16400 7097 El P |

DimethylE ster.mps

Graph

Puc. 2.6 — MaHenb NnapaMeTpoB 3KCNepUMeHTa C aKTUBU3MPOBaHHOM 3aknaakom Description (BBepxy) u Data Sheet (BHU3Y).

OonucaHue ocaxaaemoro BellecTtBa (rpynna -Solution Composition—). 3aKniajika cnpaBa -Solution
Composition— MO3BONSIET BXOAUTb B MHMOPMaUMIO O KOMMOHEHTaX OCaXAAeMOM CMecu Wnu
€/IMHCTBEHHOM BeLLEeCTBe, eC/iv KOJIMYECTBO KOMMOHEHTOB (Number of constituents) paBHO 1.

3aknagka Data obecneunBaert:
CMUCOK 3KCMEepUMEHTAsIbHbIX YCTaHOBOK, 3aperMcTpypoBaHHbIX B MporpaMMe U KX OnucaHue
(rpynna -Experiment Registry—). KOMOHKa 3aKnajKku Loaded MOKa3blBAET COCTOSIHWE 3KCMEpUMEHTa B
TekyweMm ceaHce. [ns 06paboTKM AaHHbIX 3KCMEpUMEHTa MPOrpamMMoON OHW  AO/KHbI ObiTb
3arpy>xeHbl (CM. OnucaHue CpeacTB ynpaBneHus Huxe). B cnydyae HeobxoaMMoCTH, 3HavyeHus B
s4yeiikax MOryT 6biTb U3MEHEHBI BPYYHYIO;
nepeksloyeHne Mexay Cnuckamy 3KCrMepuMeEHTasbHbIX YCTAHOBOK (MepekiovaTtent -Data set-).
Kaxablii CMMCOK  3KCMEpUMEHTAsbHbIX YCTAHOBOK (AaHHble, MOMyYEHHble 3a OAMH  LMKN)
paccMaTpUBaeTCs Kak OTAeNbHbIM Habop. OauH caln MOXEeT coaepXxaTb CepuM  CrMCKOB
3KCMEepUMEHTanNbHbIX YCTaHOBOK.
naHesnb 0TObpaXxkeHWs BbIBpaHHOIo CNMcka 3KCNepuMeHTasnbHbIX YCTaHOBOK (Tabnnua —Data sheet-).
B cnyyae Heo6X0AMMOCTM, 3HAUYEHUS B MENKAX MOTYT 6bITb M3MEHEHbBI BPYUHYIO;
KOHTPOSb 3arpy3kM W BbIFPY3KU CMUCKOB 3KCNEPUMEHTasbHbIX YCTaHOBOK (rpyrnna —Registry entry
control-). CTpenka MnO3BONSET MEPEKIIOYATLCS MexXay CTpOoKaMu Tabnuubl —Experiment Registry—.
KHonka [+] n06aBNseT HOBbIA CMMCOK 3KCNEPUMEHTAsTbHBIX YCTAHOBOK, BbibpaHHbIX B BUAE dhalna
Ha XecTkoM ancke. ®ain nMeeT paclumpenve *.mps (MultiPurpose Set), 1 No3BONSIET XpaHWUTb
HEOrpaHWMYEHHOE KOMMYECTBO 3KCMEPUMEHTASIbHBIX CEPUI C  MPOU3BOJILHOW  OpraHu3auuen
AaHHbIX. KHomka [—]| ydanseT Tekywui Cnvcok. locne HaxaTusi KHOMKM [—| 3anpalumBaetcs
NOATBEPXKAEHME Ha yAaneHVe COOTBETCTBYIOLEro daina ¢ XeCTKOro aucka:

confirm x|

‘p Do you want delete fils from hard disk?

tes |[FHe ] cancel |

Ecnu Bbl XoTuTe 0CTaBUTL (DAl Ha XXECTKOM AMCKE, HaXXMUTE KHOMKY [Nd, Moc/e Yero nocneayet
3aMpoCc Ha MOATBEPXAEHWE YAANEHWsl COOTBETCTBYIOLWEN 3amucK, 3aperucTpupoBaHHOW B
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nporpaMme.

T
o

x|

Delete recard?

Cancel

Mocne HaXxaTusi KHOMKW [OK 3anuck 6yaeT yaaneHa.
e KHonka / NO3BONSIET 3arpy)aTb TEKYLUMN CMUCOK IKCMEPUMEHTAsIbHBIX YCTAHOBOK,
€CNM OH 6blNT HEAaKTVUBEH UMM BLIFPYXXEH, U BblN paHee 3arpyeH;
e BbIBO4 MW3MEPEHHbIX [aHHbIX B rpaduyeckoM Buae B OTAENbHOM OkKHe (rpymnna Graph).
MepekntoyaTenn B rpynne HasHayatoT N1lo60ol TUM AaHHbIX, AOCTYMHbIA B JIUCTE AQHHbIX, HDKHEN
(X Axis), NEeBOW BepPTUKabHOW (Left Y Axis) U MPaBOW BepTMKanbHOW (Right Y Axis) 0CsiM. [Insi Bbl30Ba
rpachnyeckoro okHa v Co3faHus AvarpaMMbl HaXKMKUTE KHOMKY Plot datal.

2.3 MaHenu ynpasneHus

YCTPOMCTBO ANSt OCKAEHWS MJIEHOK YNPaBNsSETCs NpU MOMOLWIM neHenen ynpasBneHus (Puc.

2.7). OHn npucnocobneHbl AN BbIMOMHEHUS CNeayoLWMX 3ajay:
e naHenb Deposition Control — ocaxaeHne nieHKM Ha NOAJSIONKKY C KOHTPOSIEM 06paTHON CBA3bIO
N BbIBEAEHNEM 3KCMEPUMEHTANbHbIX AaHHbIX Ha 3kpaH (Puc. 2.7 a);

e naHenb Dipping Control — nporpaMmupyeMoe oKyHaHWe MOANOXKKM B XUAKOCTb 6e3 obpaTHOM
csasu (Puc. 2.7 b);

e naHenb Isotherm Control — BbiBegeHne n3oTepMbl 3MepeHnst Ha akpaH 6e3 ocaxaeHus (T.e.
OKYHaHWS MOAMOXKN B XKNAKOCTb) (Puc. 2.7 ¢).

5 ] £ K £ £
~General ~General ~General ~Tioush ~Troush ~Troush
Number of cycles |2 Z Mumber of cycles |2 Z] Humber of eycles |1 Z | Surface tension. mN/m | Surface tension, mN/m | Surface tension, mN/m
0.0 0.0 0.0
Flate Arza mm™2) [200 |34 Plate Area (mm2) [200 [34] | | I Backmward = = =
— Bistiey prssitior, v Bistiey prssitinr, v Bistiey prssitinr, v
[ Keep Pressure Contral Upperlim———————— [ fiecording Optian I 0.0 [ 0.0 | 0.0
= = Pt @ fembonTagst e - - -
rfF;S"t‘D“ -'#Pr P Fec Upper Limit (mm) |0.77 ¢ Fiom Go to Stop - Barier spesd, mm/s Barier spesd, mm/s Barier spesd, mm/s
- upe - lppe
] SppedUp [mm/s) [0.20 " From Target o Stop @ | 3.498 | 3.498 | 3.498
®r-wpe O Manal | =  From Target ta Time it =it =it
=0 ] Dipper Dipper Dipger
Z-type Wwiait When Up 5] © Manual Pasition, mm Position, mm Pasition, mm
(~Lippes Linit ~Lower Limit [ Target Options — ||l 0.0 | 0.0 | 0.0
Uppes Linit () [0.77 Lo Ui o 0.3 (" Suface Pressure Speed, mm/s Speed, mm/s Speed, /s
® Tangplives [ 1180 [ 1180 [ 1180
Speedlp (mmds) 020 Z SppedDown (mm/s) |0.ED @+ Barrier Position
- Lemperature - Lemperature - Lemperature
WaitWhen Up [s) [10 Wit When Down 5] |3 4 Colectbate———————— T lough, '€ T lough, T T lough, T
Barrier Sk 1.0
—Lower Limt————————  ~Dipping Metho et () [ 0.0 [ 0.0 [ 0.0
Lewer Limit () |-0.4 ,—_[Emlam i = Time Interval [ms) {500 T Tain T TaiC
SpeedDawn [mmés) [0.40 ——— e w— 0 | U | 0y
~Dipping Parareter = - -
el Ipping R ’7|Eunslant compression j ‘ Drives control Drives control Diives contiol
Deposition Methos Delay 5] |1 Z [ Comprssion Paramsters A A A
100
Constant deposition ~ spsinn h 4 v v
» Go M Stop Pressure (b /m) [2.00 v v v

~Deposition Parameters———————
Barier Speed (mm/s) |0.360

Pressure [mi /) [10.00
Step [mm] |50

Delay [s) |2 Z

¥ Isotem contral
P Go | M Stop

a

b

Trough Area [mm2) |200.000
Bartier Position [mm) [100.00
Process time (5] [12

Step [mm] |0.01

Delay (s] |1 Z
P Go | M Stop

C

«TH

«TH

«TH

Equipment Settings |
Balance |Bamer| Dlppell

Zern

Equipment Settings |
Balance Barrier IDlppell
0% Speed 100%

—_—

Equipment Settings |
Balance | Barier Dipper |

Zew | Up | Down
oo J[a1]

. 0% Speed 100%
T 1180
d e f

Puc. 2.7 — NaHenn koHTpoAIsA ocaxaeHuns (@), okyHaHus (b), BbiBeaeHve nsotepmMel (C), py4HOro ynpasieHns C aKTUBHbIM
3aAaHneM Hyns ceHcopa (d), py4yHOro ynpasieHns C BO3MOXHOCTBIO 3alaHNS CKOPOCTU nepemelleHns 6apbepa (€) n pyqyHoro
yrpaBneHnsi C BO3MOXHOCTbIO 3aAaHusi CKOPOCTH okyHaHus (f).

Bobikntovatenu Ha naHensx Deposition Control n Isotherm Control Bo BkItO4EHHOM

COCTOSIHWM
nporpamMmsl,

KOTOpbIE Aanee nosABNATCA

3KCMEPUMEHTA, U COXPaHATb COBpaHHble AaHHbIE B (haiil Ha XXECTKOM ANCKE.
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MNMocne ycTtaHOBKM HeobxoamMbIX paboumx napameTpoB Afs BKOYEHUS Mpoueaypbl HaxMuTe
KHOMKY Ha COOTBETCTBYIOLEN MaHenu. BbinonHeHne npoueaypbl MOXHO OCTaHOBWUTb BPYYHYHO
HaXaTUeM KHOMKM [Stopl.

Mavens Manual Control Unit B BepxHeil 4aCTW MOKasblBAeT TEKYLIME AaHHbIE AATUMKa
NMOBEPXHOCTHOrO AaBfeHusl, MOJIOXKeHWe W CKopocTb 6apbepa (rpynna -Trough-), MOSIOXKEHME U
CKOPOCTb MexaHu3Ma mnorpyxeHus/noagbeMa (rpynna -Dipper—), MOKa3aHWS AaTyMka TemnepaTypbl
(rpynna —Temperature-) (Puc. 2.7 d-f).

BHM3y MaHenun ecTb KHOMKM PYYHOro YNpaBfeHus LaroBbiMM ABUratensmm (rpynna -Drives
control-) (Puc. 2. 7 d-f). OHM no3BonsioT nepemellats 6apbep U MexaHnsM MorpyxeHus/nogbema
HEMOCPEACTBEHHO, 63 KOHTPONS 06paTHOM CBSI3M WM MPOrpaMmMbl MOTpYXeHus. 3Ta yHKUUS
npeaHasHayeHa Aansa 6bICTporo nepeMelleHns 6apbepa WM KpoHwTeliHa (C 06pasLoM, unmn 6e3 Hero)
K no3uumu, OMpedesieHHOM OnepaTopoM, HarpuMep AN OYMCTKM BaHHbl MM 3aMeHbl ob6pasua.
KHOMKuM ynpaeneHus UMetoT cneaytowme hyHKUnn:

ﬂ (cTpenka BBepx) — Ha4yaTb ABWXEHWNE KPOHLUTENHA BBEPX;
E (cTpenka BHM3) - HauaTb ABMXKEHNE KPOHLUTENHA BHU3;
« (cTpenka BneBo) — HayaTb ABWKeHMe HBapbepa BNeBO;
»’ (cTpenka BnpaBo) — HavaTb ABMXXeHne Bapbepa BNpaBso;
D (3HaK «CTON») — OCTAaHOBUTb ABMXXEHNME.

pynna -Equipment Settings— Ha naHenu Manual Control Unit copepxuTt Tpu 3aknagku: ans

Ha3HayeHNs Hynsi ceHcopa (Balance) (Puc. 2.7 d), HaCTpoOMKM CKOPOCTU nepeMeLlleHns bapbepa (Barrier)

(Puc. 2.7 e), a Takxke HaCTPOMKMU CKOPOCTU ABMXKEHUSI MEXaHW3Ma norpyxeHus/noabema (Dipper) (Puc.

2.7 f). Ha 3aknagke Dipper AOMNOMHUTENbHbIE KHOMKM obecneuvBaloT crnegyowme dyHKUMK Ans

PYYHOrO yrpaBneHus:

. — Ha3HauYMTb HOMb ANS MO3UUMKM  KPOHLWTENHa. [N yCTaHOBKM Hynsi MepemMecTuTb
KPOHLUTEMH BPYYHYIO B HYXXHYIO MO3MLIMIO U HaXaTb KHOMKY Ha 3aKnagkKe;

o — Ha3HauuTb BEpXHWN npeden nepeMeLleHns KpOHLWTeWHa. [ns yCTaHOBKM BepXHero
npegena NepeMecTUTb KPOHLUTEMH BPYYHYIO B HYXXHYIO MO3VLMIO M HaXaTb KHOMKY Ha
3aKnagke;

. — Ha3HauMTb HWKHWIA Npeen nepemelleHnst KpOHLITENHAa. [Nsi YCTaHOBKU HVDKHEro
npeena NepeMecTuTb KPOHLUTEMH BPYYHYID B HY)XKHYIO MO3WLMIO M HaXaTb KHOMKY Ha
3aknagke.

Bce nosnummu, HasHauveHHble Bpy4HytO Ha naHenu Manual Control Unit asTtomatnuecku

YyCTaHaBNMBaOTCA B COOTBETCTByHOLWME MecTa Ha naHenn Dipping Control ans nocneayowmx

onepauui.

BbinonHsa ocaxaeHve, Ha naHenn Deposition feedback (Puc. 2.8) MOXHO npov3BoaWTb
[OMOJTHUTENbHBIE HACTPOMKM 06paTHOW CBSA3W. BepTuKanbHble perynsitopbl B rpynne —Feedback—
UCTONb3YOTCA ANS:

e  Sensitivity — OrpaHMYEHNE YyBCTBUTENBHOCTU AaTumka. Bo nsbexaHve peakumm o6paTHOMN CBSI3W Ha
WYMbl €€ YyBCTBUTENIbHOCTb Jydlle YMeHblIWUTb. OfHaKo, C/MILKOM HM3Kasi 4yBCTBUTENIbHOCTb
NMpUBOAMT K CTYMEHYATOMY OCaXXAEHWIO. M03TOMYy HEOBXOAMMO HalTM GanaHC Mexay BbICOKOW M
HM3KOW YyBCTBUTESIbHOCTbIO 0BpaTHON CBSI3M;

e  Limit velocity UP — OrpaHM4eHMe CKOPOCTU ABWXeHMs 6apbepa, Koraa KpPOHWTENMH MOAHWMAETCS
BBEPX. ANIFOPUTM ABMXKEHUS! Bapbepa npeaycMaTpuBaeT U3MEHEHME €ro ANHAMUYECKON CKOPOCTH,
ONpedeneHHoOe 3afaHHbIM PACcCTOSIHUEM W BENIMYMHOM CurHana obpaTHoi cesasn. Cnavigep
MO3BOJISIET OrpaHMYMBaTb MaKCMMasbHO BO3MOXHYHO CKOPOCTb 6apbepa M TeM CaMbiM u3beratb
€ro C/ULIKOM BbICTPOro YCKOPEHUS;

e  Limit velocity DOWN — OrpaHUMYEHUE CKOPOCTU ABWMKEHUS 6apbepa, KOrAa KPOHLITEMH OMyCKaeTcs
BHU3.
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1 oeposuon eeITE

[ Feedback:
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ensetivity, mbiT

Limit velocity UP, mm.k
Limit velocity DOV, mm/ _ |

rDeposifion——————————

Zera Up Down

158.8 | 1588

Puc. 2.8 — MaHenb perynmpoBku napameTpoB 06paTHOM CBSA3M.

I'pynna -Deposition- Ha NaHenn Deposition feedback coaepxut kHonku ans:

. — HasHauuMTb HOMb AN MO3WUUMM KPOHWTENMHA. [ns yCTaHOBKM HyNs MepeMecTuTb
KPOHLLTENH BPYYHYIO B HY>XHYIO MO3MLMIO M HAXaTb KHOMKY Ha naHenu;

. — Ha3HauuTb BEpXHWN npeden nepeMeLleHns KpOHLWTeWHa. [ns yCTaHOBKM BepXHero
npefena NepeMecTUTb KPOHLUTEMH BPYYHYIO B HYXXHYHO MO3VLMIO M HaXaTb KHOMKY Ha
naHenm;

. — Ha3HauMTb HWKHUIA Npeen nepemelLeHns KpOHLITENHa. [Nsi YCTaHOBKU HUDKHEro
npeena NepeMecTuTb KPOHLUTEMH BPYYHYHD B HY)XKHYIO MO3WLMIO M HaXaTb KHOMKY Ha
naHenu.

Bce nosuumn, HasHadeHHble BpyyHyto Ha naHenn Deposition feedback asTtomatnuecku

YyCTaHaBNMBAKOTCA B COOTBETCTBYIOLIME MecTa Ha naHenn Deposition Control ons nocnepyrowmx
ornepauui.

MaHenb Script Control obecneunBaeT ynpaeneHve nocpeactsoM ckpuntoB (Puc. 2.9). OkHO
Script Control CITYXXWT AN8 HanucaHua ckpuntos (Puc. 2.9, cnesa). CKpunT Ans npouecca OKyHaHus
reHepupyeTcs aBTOMaTUYeCKM M 3anuCbiBAETCS B OKHO NpuW 3anycke dyHkuum Ha naHenn Dipping
Control. Ecnv ckpunT yxe co3aaH U coxpaHeH B Buze daina Ha XeCTKOM AWCKE, TO €ro MOXHO
3arpy3uTb C nomollbto anasnora ‘Open file...’, BbI3bIBaeMOro KHOMKOW [Load]. [INsi COXpaHEHUSI CKpUMTa
(HanMcaHHOro, WM CreHepUpOBaHHOIO MpPOrpaMMoN) M3 OKHa WCMosb3yuTe avanor ‘Save file...,
BbI3blBaeMbli KHOMKOM [Save]l. Mo yMonuaHuio cain uMeeT pacwmpeHue *.1ds. CKpunTbl
COXPaHSIOTCS B TEKCTOBOM hopMaTe 1 MOryT 6biTb OTpeAakTUpOBaHbl BPYUHYIO.

Script Control E

Seript Source I Time Graph |

Flatefrea= 200.00
info Positioning.
DipperZern
DipperHeight=1.00
Iepeat

info Move down
Newlaper

DipperS peed= 0.60

L=

Script Control E |

DippetMovelown 0.10
epeat 9

Delay 1
Dipperdavelown 0.10
endrepeat

Fause 3

infio M owve Lp
MewLayer

]

Load | Save | Clear | P Go |

Puc. 2.9 — NaHenb ynpasBneHus ckpuntamu.

3aknagKa Time Graph MOKa3blBAET BPEMEHHYIO LUKany ANs Npouecca Nnorpy>XeHns n ero NpoueHT
BbiNnosnHeHus (Puc. 2.9, cnpaga).

2.4 OkKHO BM3yanu3auum

Mpn 3anycke oCaXAeHWsl, OKyHaHWUsl WM MOMYYEHUS M30TEPMbl M3MEPEHHbIE AaHHble
oTobpaxatoTcs B rpachmyeckoM Buae B crieumanmavpoBaHHoOM okHe (Puc. 2.10).
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& Isotherm of Cholesterol E =] 3]
Isotherm of Cholesterol | B SP-Cholesterol.mps
" : T | M BPos-Cholestsrol.mps

i
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Surface pressure (SPY, mi/m
T
X
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Puc. 2.10 — MpuMep npeacTaBneHvs MHPOpPMaLmMn B OKHe BU3yanusaLuum.

lpadvK U30TEpMbI CTPOUTCA B NpoLEcCe OCaXAEHUS W nonyyeHuss msoTepmbl (puc. 2.10).
KpuBasi CTpouTCs Kak (yHKUMS MOBEPXHOCTHOrO AaBfieHnss (ocb Y) OT nnolwaan cBo6oAHOM
MOBEPXHOCTM, MpUXoAsLIENCS Ha oaHy Mosiekyny (ocb X). MoBepXHOCTHOE AaBfieHue (Surface pressure,
mN/m) OnpeaensieTcs YCTPOMCTBOM Kak pasHuua Mexay abCoMoTHOW BEMYMHOM MOBEPXHOCTHOrO
[aBNeHNs AN UYMCTOM XUAKOM cpedbl (ans Bodbl 370 72.8 MH/M.), U TeKylMM MNOBEPXHOCTHbLIM
[aB/ieHNeM CBOGOAHOM MOBEPXHOCTU XKMAKOCTM. Tekyliee NOBEPXHOCTHOE AaBneHve CBO6OAHOM
XUAKOCTU M3MEPSIETCS AATUMKOM MOBEPXHOCTHOrO AaBneHusi. Mnowaab CBO6OAHON MOBEPXHOCTH,
npuxoasLieecs Ha oaHy Monekysny (Area per molecule, nm?), BblUMCISIETCS, 6a3npyscb Ha MOOXEHMM
6apbepa 1 KONMYeCTBe BellecTBa, HAHECEHHOMO Ha >XMAKYK MOBEPXHOCTb. HeobxoauMble AaHHble O
BELLeCTBe AO0/MKHbl BbITb BBEAEHbl B rpynne —Solution composition— Ha naHenn Experimental Setup
(3aknaaka Description).

BkntoveHne yHKUMM ocCaxaeHns BbiIBOAMT OKHO Deposition B pgononHeHve K y4acTtky
n3otepmbl. B okHe Deposition cTpouTCs 3aBUCMMOCTb KOMYECTBA OCaXAEHHOro BellecTBa (NeBast
BEpPTMKasbHash OCb Transfer) WM OTHOWeEHMS R/Z (KOAMYECTBO OCaKAeHHOro BewectBa R k uvcny
HaHeCeHHbIX cnoeB Z, (NpaBasl BepTMKasibHas OCb R/Z)) OT YMCNa HaHECEHHbIX CoeB (ropn3oHTasIbHas
0Cb).

BkntoveHne (yHKUMM OKYyHaHMS BbIBOAWT OKHO BW3yanu3auun Dipping, rae otobpaxaercs
BpeMeHHas LuKana npouecca OKyHaHusi. BpeMeHHylo LiKany npouecca OKYHaHUs U ero 3aBeplueHue
MOXXHO TakKe YBUAETb Ha 3aknajake Time Graph naHenu Script Control (puc. 2.9, cnpasa).

OKHO BM3yanu3auuMu BbIBOAWUTCA Taloke ANs OTobpaxeHus paHee cobpaHHbIX AaHHbLIX Mpu
NOMOLUM YTUAUTBI B FPynne Graph 3aKNajku Data Ha NaHenn Experimental Setup (puc. 2.6, cHuzy).

2.5 TMaHenu koHbUrypaumm

Ans npaBUNbHOM HACTPOMKWM KOHGWUrypauun annapaTHbIX CPeacTB WM HEMoCpeACTBEHHO
NporpamMmmbl UCNONb3YIOTCS CreLUnannu3MpoBaHHbIe NaHenu.

Mepen npoBeAeHWEM 3KCMEPUMEHTOB C MOMOLLLID YCTAHOBKM [O/MKHA ObiTb BbIMNOSIHEHA
HaCTpoiika annapaTHbIX CPeACTB ANt KOPPEKTHOrO COEAMHEHWSs YCTPOMCTBA M YNpaBnsioLLEero
KOMMbOTEPA. 3TO NPOM3BOAMTCS Mpu nomoluy naHenn Setup (puc. 2.11), Bbi3bIBAEMOWN KOMaHAOM
Device > Device settings.

setur x|
Seftigs |
Port
Baudrate  |57E00
Data bits 8
Stop bits
Parity Hone

Flow contidl[None |

Puc. 2.11 — MaHenb koHbUrypauum annapaTHbIX CPeacTs.

il

4
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MapameTpbl HacTpoVikK, caoenaHHble B naHenv Setup kacawTca nocregoBaTenbHOro nopta
ynpaensiolero komnbtoTepa (COM-nopta). lMpu coeOuHeHUM YCTpoONCTBA C  YNPaBRSOLMM
KoMnbloTepoM  4Yepe3d USB-mopT aBTOMaTMYecku SMynupyeTcs  MoAcoedVHeHWe — 4Yepes
nocnegosaTtesibHbIA MOPT C MOMOLLUbIO CTaHOAPTHbIX [OpalBEpPOB CUCTEMbI, 4YTO He TpebyeT
[OMONHUTENbHBIX HACTPOEeK B MaHenu YnpaBreHus onepauuoHHON cucTemMbl. Huke npuBedeHsbi
06bIYHO UCMONb3yeMble 3HaYEHMsI NapaMeTPOB:

Port COM1/2/3/4 (3aBucnT OT KOHUrypauum MK)
Baud rate 57600

Data bits 8

Stop bits 1

Parity None

Flow control | None

MaHenb Calibrate Device obecrneuvBaeT AOCTyn K npoueaypaM KanaubpoBKU U3MEPUTESbHOM
cucteMsbl ycrpoiictea (puc. 2.12). OHa No3BONSET NPaBUbHO COMOCTaBUTb OTHOCUTESbHBIE E€AVUHWLbI,
UCMOSIb3yEMblE CUCTEMOM, C (DU3NYECKUMM 3HAYEHWSMMU PACCTOSIHUSA, TUIOWAAN UM KOJIMYECTBa
Bewecrsa. [ns Bbi3oBa MaHenuM HeobxoaMMO BbINONHWUTL KoMaHay View > Calibrate wnn HaxaTb
KHOMKY 3 g naHenm WHCTPYMEHTOB NPOrpamMbi.

x

 Current status

SensarADC | 000 Drive step | 0000

Balance

[000 SensorADC

Bottom level | 72.800 mh/m

| 000 SensorADC

~Ares
358 3”2

Auto calibrate || 0000 Diive step
101 sm2

| CSEB  Diive step

Get calbration fom Store calibration

Puc. 2.12 — NaHenb kanubpoBKW YCTPOMCTBA.

lpynna —Current status— OTOOpaXkaeT Tekylwme nokasaHus ceHcopa ADC M uucno Lwaros,
CAenaHHbIX WaroBbiM ApuraTteneM. pynna —Balance— COAEPXUT KHOMKW AN YCTAHOBKA MUHMMASILHOIO
M MaKCMMasnbHOroO NpeAenoB U3MEpeHU AaTtuvka NOBEPXHOCTHOTO AABAEHWUS: minimum v maximum .
(cm. §3.2).

AN yCTaHOBKM MWUHWMMAbLHOMO 3HaYeHus MOAHUMUTE AATUMK NOBEPXHOCTHOMO AABMEHMS Tak,
yTobbl NMACTUHKA OKas3anacb B BO3AyXe WU HaXMUTE KHOMKY («BEPXHUI YPOBEHb» O3HAYAET,
YTO NACTMHKA AaTyvka HaxXOAUTCS B BEPXHEM MOSIOKEHUW, T. €. B BO3AyXe). B okHe cnpaBa OT
KHOMKW BPY4YHYIO BBOAWTCS YMCNO, KOTOpoe ByAeT NpUHMMaTLCS 3a MUHUMMAsbHOE 3HadveHne (06bluHO
«0»).

Ansa yCTaHOBKM MakKCMMasbHOrO 3HayeHusi OnyCcTuTe AAaTyMK NMOBEPXHOCTHOrO AABMEHWUS Tak,
yTOObI NNACTUHKA AaTYMKa MOrpy3uNach B YNCTYHO XXMAKOCTb U HAXMUTE KHOMKY (KHVKHWI
YPOBEHb» 03HAYAET, YTO NNACTUHKA AATYMKa B HUDKHEN MO3MLMM, T. €. MOrpy>XeHa B XWAKOCTb). B
OKHe crpaBa OT KHOMKW BPYYHYH BBOAMUTCS YMCO, KOTOpoe ByaeT npuHMMaTbCst 3@ MakCMMmarbHOe
3HayeHue (eCsn XMAKOCTb — ANCTUIMPOBaHHAs BOAA, TO 3TO 3HadeHue «72.8»).

Ipynna -Area— obecneuynBaeT aBTOMaTUYECKYIO KanmMbpoBKY NJOWAAM MOBEPXHOCTU XMAKOCTY.
Mocne Haxatus KHonkn Auto kannbpyeTtca obnacTb: 6apbep aBTOMATUYECKM OTBOAMTCS B KpalHee
neBoe, a 3aTeM MepeMeLlaeTcs B KpalHee npaBoe MOMOXKEHWEe [0 OCTaHOBKM ANs OonpeaeneHus
KO/IMYeCTBa LIAroB 3/1eKTPOABMraTens, COOTBETCTBYIOWMX HanbONbLWEMY N HaUMEHbLUEMY 3HAYEHMWIO
naowaan noBepXHOCTM >KMAKOCTU. B OKHax cnpaBa OT KHOMOK BPY4YHYID BBOASTCA 4MCIa,
COOTBETCTBYIOLIME (PU3NYECKUM 3HAUYEHMSIM Haubonbluel (BEpXHEE OKHO) M HauMEHbLUEN (HUXKHEe
OKHO) 0611aCTM MOBEPXHOCTU JKMAKOCTU. OTW 3HaueHnsi - 440 cm® (Hambonbliee) u 128 cm?
(HammeHbLee). MNpoBepka AaHHbIX MApPaMeTpoB (M3NYECKM peanu3yeTcsl U3MepeHMeM C MOMOLLbIO
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JIMHENKM MPOMEXYTKOB, OTCEKAEMbIX Ha CBOBOAHONM MOBEPXHOCTU XMAKOCTU 6ApbeEPOM B €ro KpaHeM
MpaBOM W KpaHEM JIEBOM MOJIOXXEHUM, COOTBETCTBEHHO, M YMHOXEHWEM MOJIyYEHHBIX 3HAYEHMI Ha
WUMPWHY BaHHbI, cocTaBnsiiowyo 16 cM. (ObpallaeM BHUMaHWE, YTO TOUHblE MMIOWAAN WU KpalHue
nosvumm  Gapbepa 06blMHO  KanubpyloTCa  Ha  NPeanpuUSTUN-U3rOTOBUTENE U BHOCATCS
HeMnocpeaCcTBEeHHO B daiin KoHdUrypaumm yctpoictaa Ibt.ini.)

[ns 3anmcn AaHHbIX KannMBpOBKM HAXXMUTE KHOMKY Ha naHenu.

O6blme HacTporkvM MporpaMmMbl MOryT ObiTb NMpoM3BeAeHbl Mpu noMowm naHenn Settings,
BbI3bIBAEMOMN KOMaHaaMu File > Settings (pvc. 2.13). MaHenb No3BOJISIET perynMpoBaTb NporpamMMHble
ONuUMKM KOMMYHMKaLMKU YCTPOMCTBa M TOYHOCTb AaHHbIX (YMCNO paspsiaoB) Ha 3aK/ajKe Data M BbI6OP
A3blka rpacmyeckoro MHTepdeica Ha 3akIagKe Interface.

Data | Interface | Dsts  Interface |

Update Status Interval [ms] Language

500 Zl
500 Z] Interval of updating of the received data [ms)
= @

Data accuracy

uzsian.ng

X Carcel | X Carcel |

Puc. 2.13 — MaHenb 06Wwmx HacTpoeK NporpamMmbl.

S3bIK MHTEpdeENca NporpaMMbl MOXHO BbiGpaTh M3 crncka (ainos, NpeasioXXeHHOro B narke
Language , HaxoAsLecs B NporpaMMHoi nanke. daisbl MMEIOT pacluMpeHne * . 1ng. B nporpammy
MOryT 6biTb A06ABEHBI A3bIKOBbIE CPEACTBA MPY MOMOLLM PEAAKTUPOBAHUS YXXE UMEOWMXCS dhaltoB
(PEKOMEHZYETCA COXPaHATb KOMmuio chaina noa APYrMM WMMEHEM U pefakTMpoBaTb €e B Cllyyae
HeobxoanumocTw).
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PykoBoACTBO Mo 3kcnyaTauuu o MNoarotoBka K pa60Te

3 NOAIrOTOBKA K PABOTE

3.1 HacTtpoika gaTuMka NOBEpXHOCTHOIO AaBJIEHUA

Mepen WCMonb30BaHWMEM YCTPOWCTBA [O/DKHA ObiTb HACTPOEHa €ro CUCTEMa W3MepPEeHUs.
MepBbil War HaCTPOMKM — MeXaHMYecKasl pery/iMpoBKa MoJsioxXeHust oToAeTeKTOpA.

MexaHunueckas perynuMpoBka nonoxeHns doTtogatyumka obecneunBaeTr npaBwibHOE
HaLleNIMBaHWE YyBCTBUTENbHOM 061acTy hoToaaTUMKa Ha NIA3EPHBbIN Jlyd, OTPaXKEHHbIV OT 3epKasa Ha
TbISIbHOM CTOPOHE rMbkoin koHconm (puc. 1.3). PerynupoBka nonoxeHust oTogaTynka npousBoanTcs
MOBOPOTOM PYYKM MOACTPOVKM CBEPXY AaTyMKa MOBEPXHOCTHOro AasneHust (puc. 1.3). MpaBunbHas
perynnMpoBka CBOAWUTCA K pPaCnofIOKEHMIO NATHA OTPaXXEHHOro Jla3epHOro Jiyda crnpasa oOT
LIEHTPaIbHOW JIMHWUM YyBCTBUTENbHOMN 0bnactv (poToaaTumka.

Mp NEPBMYHON pEryNMpPOBKE CUCTEMbl Jla3epHOro [AeTeKTUpOoBaHWsA (T. €. MOJIOXKEHUS
doToaeTekTopa) peKkOMeHAYeTCs BM3yasibHO MNPOBEPUTH MOJSIOKEHME NSATHA Jla3epHOro ay4va Ha
YyBCTBUTENbHOM 06nact oToaeTekTopa — OHO AO/MMKHO MonagaTb Ha MnpaByld  rpynny
CBETOUYBCTBUTENbHBIX CEMMEHTOB W pacrofiaraTbCi Ha TOPU3OHTANbHON JIMHUM pasgena, Kak
nokasaHo B puc. 3.1. [ns MNony4YeHMs MaKCMManbHOIO BbLIXOAHOrO CUrHana MNSATHO HE AOSHKHO
nonaaatb Ha BEPTMKAJbHYIO JIMHWIO pa3aesia CEerMeHToB.

IMATHO OTpaXKeHHOro Na3epHoro nyya

Puc. 3.1 — MNpaBuIbHOE pacroioXeHUe NSTHa OTPAXXEHHOTO SIa3ePHOrO Jlyya Ha YyBCTBUTENbHOW 061acTv hoToaeTekTopa.

MpoBeaeHne 3TOW Mpoueaypbl AO/MKHO  KOHTPONMPOBAaTbCA MO X
nokasaHusMm BennumHbl Sensor ADC B naHenu KanubpoBKWM MpOrpammbl [smmm Dite tep [ 0000
ynpaBneHns B pasgene Current status. [lockonibky [daHHas BeMUMHA [ :
ABMSETCA Pa3HOCTHBLIM CUIHA/IOM MeXAy BEPXHUM U HWKHUM CerMeHTamu, ”m N
TOYHAst MOACTPOViKA MOJIOXKEHUS (POTOAETEKTOPA C OTPAXXEHHBIM Jla3€pPHbIM Bt vel | 72600 it
MATHOM B LiEHTpe 6yaeT AOCTUrHYTa, Koraa nokasaHue Sensor ADC cocTaBuT (L [

«000». ObpallaeM BHVWMaHWe, YTO MPU BbIXOAE OTPAKEHHOTO fnasepHoro |

358 | sm"2

NATHa 3a Npefenbl YyBCTBUTENBbHOM 30Hbl DOTOAETEKTOPA MOKA3aHNE SENSOr | o | 000 Divesep

ares

101 w2

ADC Takxe 6yaeT HyneBbiM, MO3TOMy HeEO6XOAMMO MPOBEPUTb, YTO AAHHbLIN [ o

napamMeTp W3MEHSIETCA MPUMEPHO OAMHAKOBO Mpu HEBONbLUMX BpaLLeHUSX ———
v v et calibration fram
PpyYKn MOACTpONKM (DOTOAETEKTOpPA MO M MPOTMB YaCOBOM CTPENKU OT ero Gevioe Store esloraten
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OTpEerynIMpoBaHHOro nosioxeHusl. MokasaHns Sensor ADC, KaK Y& OTMEYEHO, MpW NPaBWUIbHOM
HACTpPOVKe AO/MKHbI U3MEHATLCS MPU MPEBPALIEHNM BUHTA B 060MX HanpaBneHusix. Mocne npoBepku
CHoBa YycTaHoBuTe (hOTOAATUMK B OTpeEryMpoBaHHOe nosioxeHue (T.e. A0 AOCTMXKEHWS HYNIeBOro
pa3HOCTHOro anrHana, Sensor ADC = «000»).

3.2 KannmbpoBka faTuMKa NOBEpXHOCTHOIO AAaBJIEHUs

KannbpoBka faTuvMka MOBEPXHOCTHOrO AABfIEHUS — BTOPOM LUAr HACTPOMKN W3MEPUTENbHOM
cucTeMbl ycTpoiicTBa. OHa [0/mkHa 6bITh NPOBE/IeHa NepPea UCMOJIb30BaHUEM YCTPOWCTBa. Lienb aTol
npoueaypbl — kKannbpoBka Avana3oHa BbIXOAHOrO CUrHana AaTyuka Ans obecrieveHns JOCTOBEPHOCTY
NOJyYeHHbIX AaHHbIX. PekoMeHayeTcst kanubpoBaTb AaTUMK NEPES KaXAbIM KCNEPUMEHTOM, @ Takxke
Kaxablhi pa3 mnocne 3aMeHbl NNacTUHbl BunbrenbMM M 3aMeHbl XWAKOCTM B BaHHe. [poueaypa
KanMbpoBKM AaTuMka BK/oYaeT age ctaamu: (1) KanmbpoBKY MUHMMANBHOIO 3HAYEHWUS U3MEPEHUM
AaTuvKa NoBEPXHOCTHOrO AaB/eHns 1 (2) KanmbpoBKY MaKCMMarbHOMO 3HAUYEHWUs U3MEpeHUIA AaTumKa
NOBEPXHOCTHOIO AABNEHMS.

MpenBapuTenbHO PEKOMEHAYETCS HAaCTPOWUTb MONOXEHWe hOoToAeTeKTopa, ONTUManbHOe ANns
AAHHOrO AvanasoHa OTKIOHEHMSI TMOKOW KOHCOMM.

1. TpukpenuTb NNacTyHy BunbrenbmMyM Ha CBOGOAHOM KOHLE FMOKOM KOHCONU. [MONHOCTBIO
CMOYUMTb NNAcTUHY — IMB60 OKyHasi ee B OTAENbHY eMKOCTb C AUCTUIMPOBAHHON BOAOM,
nmbo  onyckas BMecTe C  AAaTYMKOM  Ha WwTatmee B JIB-BaHHy, 3anofiHEHHYIO
JMCTUNNTMPOBAHHON BOAOMN.

2. TlopHsaTb daTtuvKk Tak, 4Tobbl MnacTvHa BunbrenbMy MOMHOCTHIO OKasanacb Ha BO3AYXe.
3athukcMpoBaTh (3anMcaTb UM 3anoMHWUTL) nokasanue ALM s, (Sensor ADC B naHenu
Calibrate device).

3. Onyctutb pAatuvk B J1B-BaHHy, 3amnofIHEHHYIO AWUCTWINIMPOBAHHOM BOAOW, TaK YTOObI
nnacTMHa BunbrenbMy kacanacb BOAHOM MOBEPXHOCTWM TOMBbKO CBOMM HMXKHUM KpaeM.
3admKcmpoBaTh AaHHoe nokasanue ALM s,*** (Sensor ADC B nanesnm Calibrate device).

4. PaccunTaTb HOBble MOKasaHMs s, u s, koTopble 6bl COOTBETCTBOBAAM TaKUM
ycnosuaM: s, = [, = |5, m sign(s,™) = —sign(s,*™?). WHaue rosops,
HeobXoaMMo paccumtarb s, = (s, — s.2)/2, Npu 3TOM HOBble MOKa3aHMsi COCTaBsT
S‘paer = _|Spopt| " SpwaterZ = +|Spopt|.

5. Py4ykoli NOACTPOVKM CMECTUTb (POTOAETEKTOP B HOBOE «HY/IEBOE» MONIOXKEHWE, OTK/IOHEHUS
OT KOTOpPOro npu TMOMELEHNM MNAaCTUHKU Bunbrenbmmu B BO3ayx OyayT coctaBnsTb
s = —[s,|, @ nMpU KacaHWW NAACTUHKONM BuNbrenbMu BOAHONM MOBEPXHOCTM 6yayT
5" = +|5,%"|. (OCHOBHbIE YC/IOBUSI 34€Ch — CMEHa 3HaKa nokasanus AL B 3Tux ayx
KpalHUX TOYKaX M PaBEHCTBO OTK/IOHEHWUI UX OT LIEHTPasibHOM (HyNEBOM) TOYKM. )
MpakTuyeckn, ecnn nnactMHKa B AaHHOM C/lyyae KacaeTcsl BOAHOW MOBEPXHOCTH,
HeobXoAMMO Py4YKON MOACTPOMKM CMECTUTb (DOTOAETEKTOP B MOJIOKEHME, NMPU KOTOPOM
nokasaHue Sensor ADC B naHenw Calibrate device coctasut s, = +|s,%|.

6. [poBepuTb HOBOE Noka3zaHue AL ang nnacTUHKM B BO3AYXe — MOAHSTb AaTUMK TaK, YTOObI
nnacTMHKa BunbrenbMy okasanacb MONMHOCTLIO B BO34yXe, M MPOBEPUTL MOKa3aHue
Sensor ADC B naHenu Calibrate device: oHO mOmKHO 6bITb S, = —[s,®|. Ecnm
HabNoAATCS Cepbe3Hble OTKIOHEHWS OT OMWCAHHbLIX YC/IOBUIA, MOBTOPUTE OMUCAHHYHO
npoueaypy (nn. 2—6), A06MBasiCb MaKCMMabHOMO BbIMOTHEHWS YCIOBUIA MO M. 5.

OnucaHHyl0 NpeaBapuTENbHYID  HAcTPOWKY  OMNTMMAsibHOro MosoXeHus  oTodeTekTopa
PEKOMEHYETCA BbIMOHATL MOCME W3MEHEHUS MAPAaMETPOB JXXECTKOCTU TMOKOM KOHCONMM  MSu
3HAUMTENBHOTO M3MEHEHMSI TONIOXKEHUs (OTOAETEKTOpa B XOAe HACTpOeK B  MpeablayLimx
3KCMNeprMeHTax.

HenocpeacTBeHHO kannbpoBKa MUHMMYMA M MAKCMMyMa MOKa3aHWii AaTuvka BbIMOSHSETCS Npu
aKTUBM3MpoBaHHOW naHenu Calibrate Device (npv nomolum koMaHabl View > Calibrate nnn KHonku

2 B MHCTPYMEHTANBHOM NMHENKe NPorpaMMmbl) U BKIKOYAET Creaytowme ABe CTaaum.
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PykOBOACTBO Mo 3KcnnyaTtauuu » MofrotoBka k paboTe

NepBasa cragus — KanM6pPOBKa MUHUMYMa. [OHMMUTE JaTUMK NOBEPXHOCTHOIO JABNEHMS
TaKk, 4TOBbl MOSHOCTHIO CMOYEHHAs AMCTMIINPOBAHHONM BOAOH MNacTUHKA BunbrenbMu AaTumka
okasanace B BO3dyxe. Haxmute B navenn Calibrate Device kHonky B 30He Balance —
cncTeMa 3abUMKCUPYET 3HaUeHNe, COOTBETCTBYIOLLEE HYNIEBOMY NOBEPXHOCTHOMY AaB/EHMIO.

BTopas cragusi - Kanu6poBKa MakcuMmyMa. OnycTuTe AaTumk =
MOBEPXHOCTHOTO JaBNieHNst TaK, uTOGbI MNacTMHKa BunbrenbMu AaTuvka e
Kacafacb HWXXHUM KPaeM UMCTOM XWUAKOCTU (B BAHHE WM APYroM cocyde).

[ Balance
HaxmuTe B naHenu Calibrate Device kHonky B 30He Balance — 0 o
cMcTeMa  3aDUKCUPYET  3HaueHne, COOTBETCTBYIOWIEE  MOBEPXHOCTHOMY —
AQB/IEHMIO YNCTOM XKMAKOCTM. = o0 SomorADE
Area
ObpalllaeM BHMMaHMe. EcnM  uucno cneBa  OT  KHOMKM % -
Bottom leve] OT/Mu@ETCA OT  3HAuYeHMs, TUMMUHOMO ANS | o o s
UCMOb3YEMOMN XMAKOCTU (A7 YUCTON AUCTMITIMPOBAHHOWN BOAbI [EE Ot

NMOBEPXHOCTHOE AaB/ieHne cocTaBnseT 72.8 MH/M.), HeobxoaumMo  Beedisintem | gy, ajpraon
BBECTW B AaHHOM M0Jie aKTyasibHOe 3Ha4YeHne 3Toro napameTpa.

Mocne 3aBeplueHns 06enx cTaamii HakMuTe KHomKy [Store calibration). B HbKHel yacT naHenu
Calibrate Device, 4TO6bl BHECEHHbBIE U3MEHEHUSA COXPAHWUTb B U3MEPUTESIBHON CUCTEME YCTPOWCTBA.
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4 NMPAKTUYECKASl PABOTA C YCTPOMCTBOM
aAnsa HAHECEHUSA MOHOMOJIEKYJIAPHbIX
NNEHOK LT-111

YcraHoBka LT-111 npeaHasHaveHa AN NpoBeAeHUs SKCrepUMeEHTanbHbIX U Apyrnx paboT Ha
MOMEKYNSIPHOM ~ YpPOBHE:  MCCNeAOBaHWS  MOBEPXHOCTHO-aKTUBHLIX ~ CBOWCTB  aMUPUIbHbIX
CoeAMHEHWI, hOPMMPOBaHUSI MOHOMOJEKYSIPHBIX MIEHOK Ha BOAHOM MOBEPXHOCTM M MoAUdMKaLMK
TBEPAOW NOBEPXHOCTU MOHO- U MY/IETUMOMNEKY/ISIPHBIMU MieHKaMu JleHrmiopa—bnomxketT (J16).

B npouecce pabotbl Ha ycTaHoBke LT-111 AomkHbl 6biTb BbINOMHEHbI Cedylowuve 3Tanbl

paboTbi:

1. TwartenbHo (TouHocTb He MeHee 0.1°10™ r.) B3BecuTb uMccnedyemble BelecTBa U
npurotoeuTb 1-0.1 MM pacTBopbl B noaxoasiieM pacrsoputene (Hanpumep, xnopodopM,
6eH30n, rekcan).

2. BknounTb 670K 3MNEKTPOHWKK, 3arpy3uTb YNPaBasioWyld MporpaMMy U TwWaTenbHO
OTKaNMbpOoBaTb AaTYMK NMOBEPXHOCTHOrO AABMEHUS, paboTaloWmWii Ha NPUHLMINE M3MEPEHUS
NMOBEPXHOCTHOIO HaTsHKeHUs MeToAoM Bunbrensmu.

3. HaHectu nccnegyemoe coenHeHne Ha BOAHYHO MOBEPXHOCTD.

4. CHsTb U30TepMY “NMOBEPXHOCTHOE AaBfieHne — naowaab Ha Monekyny, n-A”.

5. BbibpaTtb MeToA BblAeneHMst U chopMUPOBaTL MJIEHKY XKETaEMON TONLLMHBI Ha NMOAJIOXKKE.

KoHdurypaums yctaHoBkm LT-111 Takke MO3BONSIET BbIAENSATb COEAMHEHUS M3 PacTBOpa 3a
CYET UMKIIMYECKOTrO MOrpy)XeHUsI U NOAHSTUS obpasua C 3afaHHOW CKOPOCTbIO MO 3aAaHHOM
nporpamMme. Huxe AeTanbHO OXapakTepM30BaH KaXabli War npouecca paboThl C YCTAHOBKON.

4.1 BknroyeHMe yCTaHOBKMU U ee KanmbpoBka

JaTtunk paBneHuMss uUMeeT 4yBCTBUTENbHOCTb nopsigka 0.02 MH/M u ero kannbposky
XesnaTesibHO NPOoBOAUTL Nepes KaXablM U3MEepPeHNEM U30TEPMBI.

BHUMAHUME! He ponyckaTb nonagaHusi MPsIMbIX COSIHEYHBIX JlyYeil Ha AaTuvMK BO
n3bexxaHue CMELLEHNSI HYJIEBOW JIMHMM NMOBEPXHOCTHOTO HATSHKEHUS.

[aTumk kanubpyeTcs B ABYX MOMIOXEHWUSX, NP 3TOM MOJSIHOCTbIO CMOYEHHAst MSIaCTMHKA BHE

KOHTAKTa C BOAOWN COOTBETCTBYET HY/IEBOMY MOBEPXHOCTHOMY HaTSXKEHMIO.

1. Tlocne 3anofHeHUs BaHHbl XWAKoW cpeaolt (06blMHO — BOAOM) MNACTUHKY, MOABELIEHHYIO Ha
KOHCOSIM AaTumKa, HeobxoaMMO ONyCTUTb B 3TY Cpeay W NOSIHOCTbIO CMOYMTb (3—5 MUH).

2. 3aTeM AaTtumk HeobXxoaMMO NOAHSATb, YTOObI N1AaCTMHKA OKa3asnach B BO3AyXe.

3. Mpu HaxaTtum kHonku “Top level” ("UP” B HeKOTOpbIX Bepcusx nporpammbl) B okHe “Calibrate
device” (Puc. 1) nporpamMma 3aroMMHaeT BEC CMOYEHHOW MNIACTUHKU U NMPUCBAMBAET el HyNeBoe
3HauyeHue.

4. 3aTeM [JaTyuK OMycKaeTcs TakuM 06pa3oM, YTobBbl MACTMHKA Kacanacb CBOEN HMXKHEW KPOMKOW
BOAHOW NMOBEPXHOCTMU.

5. Mpu Haxatum kHonku “Bottom level” ("DOWN” B HeKOTOPbIX BEpCMSIX MPOrpaMmMmbl) B OKHE
“Calibrate device” nporpaMma npuceBamBaeT nokasaHusM AL 3HayeHne 72.8, cOOTBETCTBYIOLLEE
BENIMYMHE NOBEPXHOCTHOIO HATSHKEHNS YNCTOW BOAHOMN MOBEPXHOCTH.

Ill

24



PyKoBOACTBO MO 3KCrylyaTaumu e MpakTuyeckas paboTa C ycTaHoBKoi LT-111
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Puc. 4.1 — OCHOBHbIe yrnpaBnstoLLMe OKHa NporpamMMmbl yrpaBneHust paboToii ycTaHoBku LT-111.

B okHe “Manual Control unit” (puc. 4.2) nocne 3Toro nosiBnsieTcs 3HadeHue Surface Tension,
paBHoe 72.8 MH/M, a B OKHe OTpaXKeHuWs COCTOsiHMS cuctembl SP (Surface Pressure, puc. 4.1)
oTobpaxaeTcs 3HadeHue 0, 03HavaroLlee, YTO NOBEPXHOCTHOE HATSHKEHME

n= -(0-05) = 0,

rae c, — MOBEPXHOCTHOE HaTSHKEHWE YMCTON BOAHOM NOBEpXHOCTM 72.8 MH/M npu 25 °C; o — Tekyluee
3HayeHue NoBEPXHOCTHOMO HaTSHXKEHUS B NpoLecce OKaTUst MOHOCHOS.

Mocne HaxaTtus knaeuwm “Store Calibration” B okHe “Calibrate Device”, puc. 4.1, nporpamma
nepegaeTt Ans 3anoMMHaHWUS MPUCBOEHHbIE 3HAYEHNS 3N1EKTPOHHOMY 610Ky .

CyllectByeT BO3MOXHOCTb KanubpoOBKM YCTAHOBKM MO MoOWaaW, Mpyv  MCNOSb30BaHUU
BellecTBa-CTaHAapTa, HanpuMep, CTEapuMHOBOW KUCMOTbl, C WM3BECTHbIM 3HAYEHWEM MUHUMANbHOW
nnowaau, NpuUXoAsiencss Ha Monekysy B MOTHOYNakoOBaHHOM MOHOC/Ioe. [ns 3Toro BHavane
3anMCbIBAETCS M30TEpMa M ONpeaenseTcs MUHUManbHas niowaabs A=0.205 Hm?,

OTnnyme onpeaeneHHoro 3HayeHus OT peasnibHOM BEIMYMHBI MOXKET ObiTb 06YCNIOBNEHO ABYMSI
NPUYMHAMKN — HEMPaBU/IbHBIM B3BELUMBAHWEM W HAHECEHWEM BELLECTBa Ha BOAHYIO NOBEPXHOCTb (Kak
npaBuio), 60 HeBEpHOW Ka/fMOPOBKOM YCTAHOBKW. [Nsi  W3MEHEHUSI MWHUMANbHOTO MU
MaKCMMasibHOrO MOJSIOXKEHWI Bapbepa Nonb3oBaTeNb AO/MKEH HaxaTb knasuwy “Auto Calibrate Area”
N, cnegys MHCTPYKUMSIM NPOrpaMMbl, BHECTU 3HAYEHNS MUHUMANbHOMO M MaKCUMasbHOIO MOMOXEHUS
6apbepa TakuM 06pasom, 4Tobbl paboyas nNaowaab BaHHbI MMena UCTUHHOE 3HAYEHME.

CyllecTByeT TaKKe BO3MOXHOCTb M3MEHEHWUS KECTKOCTM KOHCOMM Ha AaTtvuke Bunbrenbsmu u
yBENNYeHNs (YMEHbLLEHUS) €ro YyBCTBUTENLHOCTU. MpU M3MEHEHUU MONOXKEHUSI MIAHKN Ha HUXKHEN
MOBEPXHOCTM  AaTuMKa [OMOSIHUTENBbHO  AOMKHbI  6blTb  MpaBWUNbHO  MOACTPOEHa  CUCTEMa
“thoTOAETEKTOP—OTPAXXEHHBbIA Nlyd nasepa”’, utobbl pabounii XoA CMeLLAloLerocs B pesynbraTte
n3MepeHuin NsiTHa 6bl1 B Npeaenax paboyelt 3oHbl hoToamoaa.

25



LT-111 « OA0 “MukpoTecTMaluMHbl”

Manual Control Unit
Trough
Surface tenzion, mM/m
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Puc. 4.2 — OkHo “Manual Control unit”

4.2 N3MepeHne N30TepM cxaTua

MNepen HaHeceHneM paboyero pacTBopa Ha BOAHYIO MOBEPXHOCTb B PYYHOM pexuMe cneayer
TWaTeNbHO 04YMCTUTb paboyyto nnoLaab NOBEPXHOCTKU. s 3TOro KiaBuLlaMm ynpasneHns ABUKEHUS
6apbepa Bnesd v Bnpaso| B okHe “Manual Control Unit” (puc. 4.2) cnepyeT nomxaTb 6apbep Ao
MWUHUMabHOM paboyei NnoLaam U OYMCTUTL NMOBEPXHOCTb C MOMOLLbIO BOAOCTPYWHOIO Hacoca, 3aTeM
OTOrHaTb Oapbep B MONIOKEHME MaKCMMasibHOM pabouelt niowaan M OTKanMbpoBaTb AaTyMK
NOBEPXHOCTHOIO HaTsHKEHWUs1 cornacHo n. 4.1.

Mocne HaHeceHMsI Ha BOAHYIO MOBEPXHOCTb 3aAaHHOro KonM4yecTBa BeLeCTBa 3anosiHseTcs
pasgen “Data” B “Experimental Setup” okHe (puc. 4.1), Kyaa 3aHOCUTCS MMS MNOSb30BaTens, UMs
(cokpaweHHoe) BewecTBa, Tvn (Npupoga) noANoXKKW, coctaB cybdasbl, Temnepatypa. Takxke
YKa3bIBAETCA UYMC/IO COEAMHEHMIA B PacTBOpe, 06bEM pacTBOPUTESISl, MOJIEKYNISIpHAs Macca BELLEeCTBa,
Macca HaBeCKu U 06bEM Npobbl, HAHOCMMbI Ha BOAHYIO MOBEPXHOCTb. [py NpPaBUIbHOM 3arosIHEHWUM
Tabnuu B okHe “Surface Area” BbICBEYMBAETCS 3HAUYEHME MaKCMMasibHOM NoWaau, npuxoasiencs Ha
MOMIeKysly B AaHHOM 3KCNepuMeHTe.

B cnyyae MHOrOKOMMOHEHTHbIX PAacTBOPOB MOJSIb30BaTE/lb He 3anosHseT okowko “Volume of
Sovent”, a BHOCMT [daHHble B TabnuLy, XapaKTepM3YIOLLYIO pacTBOPbl MHAMBUAYASIbHbIX COEANHEHWI
OO ux cMeweHnsi, a UMEHHO MonekynspHble Maccel (M, r), Maccel HaBecok (M, r) M 0b6beMbI
pactBoputenein (V, ml), ucnonb3oBaBwMecs Ans pacTBOpeHuss npob. B nocneaHol  KOMOHKY
3aHOCATCS OObEMBbI ANIMKBOT, B3SIThble AN CMELUEHUS KOMIMOHEHTOB AJ1S MPUroTOB/eHMsT paboyero
pacTBOpa C 3aAaHHbIM COOTHOLUEHMEM KOMMOHEHT. [lporpamMMa aBTOMaTU4ecKu CK/aablBaeT 3Tu
3HaYeHUs U 3aHOCUT CyMMapHBbIA 06beM paboyero pacteopa B rnose “Volume of Solvent”.
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PykoBoacTBO no akcnyataumu e MpakTuyeckas paboTta ¢ yctaHoBko LT-111

Cneayrowmin 31an paboTbl — 3aMUCb M30TEPM C MapaMeTpamu, 3aflaBaeMbiMu B OkHe “Isotherm
Control” (puc. 4.3), BbIGUPAEMOM MPU HAXKATUN COOTBETCTBYIOLLENA 3aKNaAKW. Y MoNb30BaTeNs ecTb
BO3MOXHOCTb YKa3aTb YMC/IO LMKIOB 3anucu u3otepMm (06blyHO — 1), 3anucaTb 0b6paTHblii Xof
n30TepMbl, NOCTaBMB (GnaxoKk B OkHe “Backward”, 3anucaTb M3MepeHusl aBTOMaTU4eCkn, Haxkas
knaeuwy “Bkn” (KpacHblii LBET KHOMKW). Pa3Hoo6pasHble onuuMu Ans rpouecca 3anuMcu U30TeEpM
NMo3BONSIOT CHMMATb M30TepMy [0 [AOCTMXKEHWS 334aBaeMoro Mosib30BaTeNeM  3HayeHus
MOBEPXHOCTHOrO AaBfieHns, paboyei nnowaan ambo nosvumn 6Gapbepa, a Takke 3anucbiBaTb
N30TEepMy B PYYHOM pexuMe, MCnonb3ys kKnasvwm “Bneso-Bnpaso” B okHe “Manual Control Unit”.
Monb3oBaTenb Takke 3agaeT ™n okatnsa (Constant or with Delay), ckopocTe OkaTus u war 6apbepa,
nocrne KOTOpPOro (PUMKCMPYETC 3HauyeHWe MolWaaM Ha MOMEKy/ly U COOTBETCTBYHOLLEE e
NMOBEpPXHOCTHOE AaB/ieHne. To eCTb yMeHbLUeHWe 3HayeHuns “Barrier Step” nNpuBoAWT K yBENNYEHUIO
yncra TOYEK, 3aHOCUMbIX B hailll M UCMOMb3yeMblX MpU MOCTPOEHUM rpacduka. ABTOMATUYECKOe
CHSATUE M30TEPMbI HAUMHAETCS NPU HAXaTun Ha Knasuwy “Go”.

El@gl E] ﬁ Isotherm Control
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o= = Target Options ,S,
" Surface Pressure 2
& Trough Area ?
! ! ! ! ! ! " Barrier Pasition B
ST R . . S — - :
= H H ' ] | ! ! J ! ~Collect Data g
EBU'"E""""E """" -' ; ' H ' ; : H Bartier Step (mm) |0.5 Z é‘
527“'5 """" framsaend resTeRELs ] ; ] ; — —— - Time Interval [ms] |50 Z E
Ez‘a = EL AR RE T . : . : : ’ . . Compression Methad %9
=} H H H ; | H ¢ H i | Current status lﬁ -
o ' ' ' ! ! [ ! ' ' onstant compression 2ul
S e e P : r : . s Sensor4DC 1720 Diive step | 0000 P o
A | B 3
S ! Compression Parameters 115
Balance =3
Speed [mm/s] (0,400 Z [=:
‘ . ‘ : : up 0| mh/m
___________________________ T17F Sensor ADC Pressue (i) i
3 5 3 : powN  |[728 | mN/m Trough Area (sq.0m) [120.00

T R 172C  Sensor ADC Barrier Pasition mrm) | 100.0 E

,,,,43 7777777 E’”””? 7777777 ”JE VAleaV Prucessl\me[s]]_@

R S B 8 sacn step(om) 11124

0L T T~ t —r T ] } T Auto calibrate 0000 Drive step Delay 3] |- Z

0,21 0,24 0,27 0,30 0,32 0,36 0,39 0,42 0,45 0,48 05 area
Area Per Molecule (MA), nmZ &‘ Sl =
CSEB  Drive step
Get calibration from 7
Ev Store calibration
] I Go I M Stop
»

Puc. 4.3 — OkHa nporpamMmmsbl, NCNOMb3yeMbIE NMPU UCCNea0BaHUU NOBEAEHUA BELLECTBA B NMpoLEeCCe CXaTu4.

4.3 BbigesieHue MOHO- U MY/IbTUMOJIEKYJIIPHbIX NJIEHOK

[ns BblaeneHne KauecTBEHHbIX MOHO- W MYJIbTUMOSIEKYNSPHBIX MIEHOK NOSb30BaTesb AO/DKEH
UCMOsb30BaTh MOAXOASLUME AJIS 3TON LN NOBEPXHOCTHO-aKTUBHBLIE COEAMHEHMSI U ONpeaesieHHoe
JaBfieHne BblaeNneHus.

MoarotoBuUTENbHasi paboTa neped HayaroM BbIAENEHUS 3aK/IOYAETCS B OUMCTKE BOAHOM
MOBEPXHOCTM OT 3arpsisHEHWA, KanubpoBKE AaTuMKa AABNEHUS M HAHECEHMWM BELUECTBA Ha BOAHYHO
NMOBEpPXHOCTb. 3ajaHue napaMeTpoB BblAENEHMS MNPOUCXOAUT NPU HaxaTuu 3aknagkn u Bblibope
Xenaembix napameTpoB B okHe “Deposition Control” (puc. 4.4).
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i BI 2 Manual Control Unit

General
Current status Number of cpcles |10 E
Sensor ADC 1722 Drive step | 0000
Plate &rea [sq.mm) |200 Z
Balance
S v
UF LD_| [ubda Deposition Type
117F  Sensor ADC " ¥-type (¢ HP-lype fiEo
DOwN [-?_28_I kM /m Y -type O Manual @
1720 Sensor ADC C 7 type e
Anea
‘358 | T0.CmM

0000 Drive step

Auto calibrate
area

(o | sqem
CREE  Diive step

Get calibration from
device

Staore calibration |

[0uos Buiddid | |osuos uagsodag  (AU0D LLEYIEST [ JIUM [C.GU0 T [ENUE L)

D eposition kethod

Constant deposition

BFos

el ") aska s

0.0 D eposition Parameters
Square Barrier Speed [mm/s) 0.500
358.0

Pressure (mM/m) 30,00
DP:

|D]S 0 Step () Z
Process Delay (2] EZ

v |zothem contral

Limit welocity DOV, mm /s

Sensetivity, mifm

=F

Limit velocity UP, mmjs

Deposition

Zem I Up ‘ Down|
E10.9 6109

P Go M Stop

Puc. 4.4 — OkHa nporpamMbl, UCMO/b3yeMble AJ1s YrIpaBieHNs MPOLLECCOM BbIAENEHMS MIIEHOK.

Bo3MOXHbI Tpy BapuaHTa BblAENEHUS — aBTOMATUYECKU TPaAMLMOHHBIM BepTuKanbHbIM (J1-B)

MeToaoM (OPMUPOBaAHUS CTPYKTYp X-, Y-, Z-Tvna, “rOpPW30HTanbHOE” BbIAENEHME MOHOCIO0S U
BblAENEHME TMJIEHKM B PY4YHOM pexmme. B ciydae BepTMKanbHOrO MeToAa BblAeneHns U
dopMnpoBaHMA  MYNbTUMONEKYNAPHBLIX MAEHOK 33a4aeTCs UMCNO LMKIOB, 3aHOCUTCS 3HadeHue
naowaan naacTuHKM (CymmapHas, € obeux CTOpoH), Tun BbigeneHusl, cnocob BbigeneHuns (c
MOCTOSIHHOW CKOPOCTbIO UMM CTYMEHYaTO, C 3aEPXXKOM), @ TaKKe NapaMeTpbl BblAENEHUS, TakMe Kak
ckopocTb 6apbepa, AaBneHue BblAeneHns, CKOPOCTM ABMXXEHWS MOASIOXKKN BHWU3 U BBEPX, PEXUMbI
CylKu/CMaumBaHus. [ononHUTENbHO 334aeTcs War CMEeWeHUs MOANOXKKW U BpeMsi 3afepXKu
NOANOXKN B Cllydae CTyMNeHYaToro Norpy>xeHns/nogHaTMs NaacTUHKK.

B 3aBMCMMOCTM OT CKOPOCTU OCaXKAEHUS, BO3MOXHO HaHeCeHWe Tpex TUMOB MJIeHOK:
X- M Z-TMna HeueHTPOCUMMETPUYHLIX JI-b nneHok u Y-Tun ueHTpoCUMMETpUYHbIX J1-B
nneHok (puc. 4.5). Mpn HaHeceHUM MNAEHOK TuNa X MOAIOXKKA MEASIEHHO [ABWXETCH BHU3
yepe3 MOHOC/IONHYIO MJIEHKY MpU ONpeaeneHHOM AaB/eHWM U 3aTeM 6bicTpo BBepX. [Mpu
HaHeCeHUM MNeHoOK Tuna Z — HaobopoT, noanoxka ObICTPO ABMXKETCS BHU3 4Yepes
MOHOCJIOVHYIO T/IEHKY MpPW OMNPEeAEesiEHHOM [aBfieHMM W 3aTeM MedsieHHO BBEpX.
BucrnoliHble  LUEHTPOCUMMETpUYHble JI-b  nneHkn MoryT 6biTb  ChOpMUPOBaHbLI  NpU
Pa3/IMUHbIX CKOPOCTSX NepeMeLleHms NOANOXKKN Yepe3 CBOBOAHYI0 NOBEPXHOCTb XXMAKOCTH
B BaHHe.
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PykoBoacTBO no akcnyataumu e MpakTuyeckas paboTta ¢ yctaHoBko LT-111

0000008000000 RARERERRNRREERERERRARaR
| Substrate | | Substrate | | Substrate
Z-type X-type Y-type

Puc. 4.5 — CxeMbl pa3fiMyHbIX TUMOB CTPYKTYP MIeHOK JleHrMiopa — bnoaxeTT.

BkntoueHHas onums “Isotherm Control” o3Hauvaer, 4TO B Mpouecce BblAeNEeHMsSI Ha 3KpaH
BbIBOAUTCS He TOJNIbKO Npouecc nepeHoca (rpadvkm, No3BoNSOLWME OLEHUTb CTeneHb NepeHoca), HO U
N3MeHeHne NoBEepPXHOCTHOro AaBneHusl B npouecce nepeHoca (puc. 4.6).

Kak BMOHO Ha puc. 4.6, B c/lyuae NNeHKN H6ereHoBON KUCNOTbl MPOUCXOAUT KOJTMYECTBEHHbIN
MEPEHOC MOHOC/OSI C BOAHOW MOBEPXHOCTM Ha MOANOXKY C KO3(dUUMEHTOM MepeHoca, paBHbIM 1.
CnpaBa Ha puc. 4.6 NpuBefeHa NaHeNb PEryMpoBKN 06paTHOMN CBA3U «MOANIOXKa—6apbep».

Boibop pexuma HP B pasgene “Deposition Type” npuBogut K TOMy, 4TO 6apbep NomKUMaeT
MOHOC/IOW A0 3aAaHHOrO NMOBEPXHOCTHOrO AaBfieHUs. [anee nonb3oBaTeb AO/MKEH CaMOCTOSTENBHO

MOHM3WTb YPOBEHb BOAHOM MOBEPXHOCTM HMXXE YPOBHS 06pasua, pacrofiOKEHHOr0 Ha CTONIMKE B
OTCeKe ANs BblAENEHUS MEHKN.

[- [c]
‘ M R-BEHEN_DEPOS.mps
| M R/2-BEHEH_DEPOS mps

Deposition of Behenic Acid

the

Transfer (R),

Feedback
03 0.30 0.43

Surface pressure (SP), mN/m
Sensativity, mNiT

Limit velocty UP, mm:

Limit welocity DOV, mm#

gL

Deposition

- t t t + Tt t ——
1 73 545 17 1083 1361 1633 1305 2177 Ha Wi Cogn

Time (t), 5 B451 B451

Puc. 4.6 — MpuMep BM3yanusaumm npouecca nepeHoca niaeHky 6ereHoBo KUCIoTbl.
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4.4 O6paboTka AaHHbIX

Monb3oBaTenb MOXET 3anucbiBaTb M M3BeKaTb AaHHble, NCNOAb3ys OKHO “Experimental Setup",
yactb “Description” (puc. 4.7), a Takxe OTKpbITb an Yepes MeHio “File/Open”.

% LBTrough control
File Yiew Device Window Help

|EE BPH= LEdE

1

% Experimental Setup  Dipping Control

o | ~Trough z
Description  Data 1 Surface tension, mi/m 2
~Experimert Registy- - - - — 723 %
Hame ]Date User ]Compound Substance Subphase ]T ILoadedi File name | # Barrier position, mm 3
| [021205 SM_Q3P=1_1.m 02122005165  Zhavnerko Sh:03P=1:1 Si/Si02 and mica  Dlwater 18.4 No CiGenadyh 0.0 %
| |021205_5M_03P=10_1.r0212.200517:28 | Zhavnerka Sh:03P=10:1 Si/Si02 and mica | Diwater No C:AGenadysN et 2
| |021205_5M_Q3P=1_10r02.12.200518:04  Zhavnerko SM:Q3P=1:10 Si/SI02 and mica  Dlwater Mo C:A\Genadyh 2 D2]l 3
|| 021205_5M.mps 0212.200518:29  Zhavnerko Q3P Sif5i02 and mica  Dlwater Nao C:hGenadysN lee—— £ gr_
021205_5M.mps 0212.200618:23  Zhavherko Q3p SISI02 and mica | Diwater No C:hGenadysN Dipper Pasit %
I~ | asition, mm
| |021205_5M_Q3P=3_1.m 021220051307 Zhavnerko Sh:A3P=31 5i/5i02 and mica  Dlwater Mo CAGenadyh Do v — T oo o
] 021205_5M_03P=2_1.m 0212.200519:43  Zhavnerko SM:R3P=2:1 Si/5i02 and mica | Diwater Nao C:hGenadysW - g‘
| |021205_5M_Q3P=1_2m 0212 2005 20:49  Zhavherka Sh:03P=1:2 i/5i02 and mica  Dlwater Mo C:AGenadysh Speed, mm/s !
| |021205 5M_Etzmps  0212200521:33  Zhaunerko SHIDEEDH  |SWe00 adiea | Diater TR e —— 1.045 g
|| 021.20501_Chl.mps 02122005 21:57  Zhavnerko Cholesterol Si/5i02 and mica  Dlwater Yes  Cih\GenadysN —Temperature %
| Cholesteral_depaositmps | 27.09.2005 20:53 Zhavnerko DPPC:chalesteral=" mica Dl water 245 Yes C:h\GenadytN T trough, 'C E]
(M|sM_Q3P=1_tdepmps |2511.200513:17 | Zhavnerka Sh-03P=11 5i/5i02 and mica | Diwater 166 [Yes  CAGenadysh = [ 19,8 g
AT . : Tai'C 1]
—_— = = | 205 =1
Data set “Registry entiy contiol Graph _—— 3
!Pressule control ;j [ I TS ST Urlnad H ¢ fis (Divesconbgl é\
~Data sheet - | |Awea Per Molecule [M&] = ‘ AA E%
S
BPos.mm [TA mm2  [dTA mm2 [M& w2 [SP.mNim b5 |Ps. Mt 12, mablsm | Al LeftY duis —
347,881 0.000 0,956 0,000 0.400 0.000 0,000 = |Suface pressure [SP] = 1 w
347450 0,000 0,955 0,000 1.000 0.000 0,000 || Right™ Asis
347,023 0,000 0,954 0,000 1.600 0.000 0,000 | = “ @ }
346,537 0,000 0353 0.000 2,200 0.000 0,000 Eramier Position [EPoz] | I
36171 0000 0,352 0,000 2,800 0.000 0,000 Trough Area TA) ] ~Edquipment Settings
= 1 it £ =t | | Trough Area Increment (4 |
&rea Per Molecule [MA) | Ba\ance} Barier D‘PDET
Surface pressure [SF] |
Time (] Zemn Up | Down
Pressurelbrea Per Molecu—
Mo [5125] [ 261 |
| 0% Speed WUU/
A (1048
Sl

Connecteﬂr 1VSF‘: U,ST’nNIFn i :BPESJ 0.0 i |Square: 35’&0 crr;Z \DPos: 0.0 mm Process: r‘]one

Puc. 4.7 — OCHOBHOE OKHO, OTOGpaXaroLLee 3HaUEHNsI CHATLIX M30TEPM, UCMO/Ib3yeMOe AJ1st MOUCKA U OTKPbITUS halinos
[aHHbIX.

B nocnegHeM cnyyae nosiBNSOTCS AaHHble BblbpaHHOro (aina B okHe “Data Sheet”.
Monb3oBaTenb MoxeT BbibpaTb pexkum (Isotherm or Deposition) B okHe “Data Set”, 3agatb ocn (X Y)
N NoCcTpouTb rpaduk, Haxas kHomky “Plot Data”. Ha akpaHe nosiBnsieTca rpadvk, peaakTMpoBaTtb
KOTOpbI BO3MOXXHO ABOMHbLIM Ha)KaTUMe KHOMKM MbIluK B S060M MecTe Ha rpadumke (puc. 4.8).

Ha skpaHe nosiBnsercs AononHutenbHas 3aknagka “Graph Properties” (puc. 4.8). Bbibop
pasgena “Graph” nO3BONSET W3MEHUTb 3arofloBOK rpaduka, W3MEeHUTb ero UBeT U  LpUPT.
[lONOSTHUTENIBHO MOXHO U3MEHATb (DOH PUCYHKA, LBET OCEMN, HaKaablBaTh U youpaTtb CeTKY (hnaxok
B okowke “Grid”), namMeHsTb UBET CeTKW, a Takxke ykasblBaTb UMS rpadmka(oB) B NpaBoOM BepxHEM
yrny, noctasus (axok B okowlke “Legend”, puc. 4.9.

CyuwecrtByeT BO3MOXHOCTb HanoxeHus rpadukos (puc. 4.10) npu Boibope pa3gena “Axis” MeHIo
“Graph Properties”. W3meHeHne oceit — X (Bottom), Y (Left), Y (Right) no3sonsieT conoctaensitb
[JaHHble, HaknafblBaTb Xenaemble rpaduku Apyr Ha apyra. HanoxeHuwe rpadukos (puc. 4.10)
NpONCXOANT MpU pedakTUpOBaHUM AONOMHUTENBHLIX “Line(s)”, nossnsiowmxca B okowke “Lines”. Ans
kaxxgoro rpagwmka (Line) nonb3oBaTesnb yKasblBaeT MMsS M30TepMbl B OKHe “Experimental” pasgena
“Source” (puc. 4.10). Pazgen “Line Properties” paeT BO3MOXHOCTb M3MeHWUTb LUBET rpadwvka,
0T06pasnTb 3KCNepuMeHTasnbHble TOYKKM, MX LBET 1 pa3Mep, a Takxke crnaxueaTb rpadukm (“Spline”).
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PyKoBOACTBO MO 3KCrylyaTaumu e MpakTuyeckas paboTa C ycTaHoBKoi LT-111

% Pressure control of SM:Q3P=1:1 [._|@|w GraphEropettics
Az | Graph
Pressure control of SM:Q3P=1:1 Tite
28
27 Text
2 IP—;ssure control of SM:Q3P=1:1
2451 _F] Change titl font
23 Calor
i l:l B ackground
20 § -Axis
13 P
=18 @ M Grid
£ = =
= 3 I Wisible
- 16
B & ||| R color
e z 3
713 oy ~Legend
L1z = A
w11 o
Ay ﬁ ﬂ Change font
= =
w9 =
3 E3 Set az default |
; E
E (]
3
4
3
2
1
L
0,34 0,40 0,96 052 058 064 0,70 0,76 0,82 0,88 0,34
Area Per Molecule (1MA), nm2

Puc. 4.8 — MNpuMep BO3MOXHOCTEl peflakTUpOBaHWUS OKHa rpaduKa.

Graph Properties
Az | Graph |

Pressure control of SMiQ3P=1:1 | M 5-5M_Q3P=1_tdep.mps
28 M P5-5M_QaP=1_tdep.mmps (| —hwis m
27 M P5-5M_Q3P=1_1dep.mps | SUroseal §‘
26
25 Wi 0.0 Z] =
24 =
23 Max |100.0 Z]
2 —_— @
21 - Source =
20 = Experiment
13 E <<Current>> Preszure control ILI
T
£® £ Data
=17 i B
£ o Area Per Molecule [MA) |LI
= o
& 15 T B arrier Position [BFos) H
o 14 = Trough Area (Ta)
Rl a
=g =
'111 2 Surface pressure [SP)
= B Time [
s i 2 Pressurelrea Per Molecule [P5)
A9 z Monolayer Compressibilities (1/C
g 3
; 3
[ F
£
4
3
2
1
0
0,34 0,40 0,45 0,52 0,58 064 0,70 0,76 0,52 0,38 0,94
Area Per Molecule (MA), nm2

Puc. 4.9 — Mpumep rpadvka co CMUCKOM TUMOB OCEVA.
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Isotherm of 5M:Q3P=1:10

M 5P-021205_5M_Gi3P=1_10.mps

H

j M SP-021205_SM_Q3P=2_1.mps

A.xis ‘ Graph ‘

s
¥ Autoscale

MmID,D Z

Lines

ys7  WoReg

Max |1 0o, Z
| Sourcy

Experiment

| 021205 SM_03P=2_1.lzotherm

Data

| Surface pressure [SP)

|

- Color of marker border
Iﬁ_@ Marker size
IT_@ Thikness
[ B4 Fier
m Spline
=

W Join paints
s

Set as default I

| LneFropeties |

Whl

t ? t
0,63 0,70 037
Area Per Molecule (MA), nm2

Puc. 4.10 — MprMep HanoXeHns HeCKONbKNX rpacmKoB B OAHWX OCSIX.
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Isotherm Control

Mumber of cycles |1 Z]

¥ Backward

[Generadb

+ From Gato Target
1~ From Goto Stop

= From Target to Stop
" From Target to Time
" Manual

~Recording Optiohs—————————————

™ Sulace Pressure
* Trough Area
" Barrier Pasition

Target Options

Barier Step (mm) |05

Time Interval fms] |00

(CollectData———————

’7 IEunstanl COMPression s

Compression Method

Speed [mm/s) |0.400
Pressure [mb/m] | .00
Trough Area [sq.cm] (120,00
Barrier Position (mm) | 1000
Process time (5] | 12

Step (mm] | 10.0

Delay (5] |7

- Compression Parameters |

M Stop
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