OBIIAA XAPAKTEPUCTUKA PABOTBI

AKTyaJabHOCTH TeMbl. HaHOMOImM(UIMpOBaHHBIE MaTepHaibl, OIarogaps
CBOMM YHHKAaJbHBIM CBOHCTBaM, HaxXOIiT Bce Oojee IMMPOKOE NPHMEHEHHE B
Pa3TUYHBIX 007aCTsIX HAYKH W TEXHHUKH, TAKHX KaK METaJUTyprusi, HAHOJICKTPO-
HHUKa, MEAWIIHA, CTPOUTENIBCTBO U Ap. VX MPOM3BOACTBO HEOTPHIBHO CBA3aHO C
Pa3BUTHEM H COBEPIICHCTBOBAHMEM CHEIU(PHIECKUX TEXHOJIOTHIESCKUX MPOIIec-
COB W CO3JJaHWEM HOBBIX METOJIOB HICHTHU()HKAIUH U KOHTPOJISI HAHOCTPYKTYp-
HbIXx 00bekToB (HO). B wacTHOCTH, B mpoliecce IMIa3MOXMMHUUYECKOTO CHHTE3a
TpeOyeTcss KOHTPOIMPOBaTh moirydaemblil Tirm HO, Tak Kak 4acTo MpH OJAWHAKO-
BBIX UCXOIHBIX MaTepualiaX W YCIOBHUSIX TEXIPOIECCa MOTYT IOJTydaThCsl JHC-
nepcHbIe MaTepuaiel, cogepxariue HO pasnuynsix Tumos (amopdHbIil yrirepos,
HaHOBOJIOKHA, HAHOTPYOKH, (PyJIEPEHBI U T.11.) M KOHIICHTPAITHIA.

OCHOBHBIMH METOJIAMH BH3YaJM3allii M aHAJM3a BEIIECTB M CTPYKTYp SB-
JSTIOTCS KJIACCHYECKas CKaHWPYIOIIas W MPOCBEYHMBAIONIAS 3JIEKTPOHHBIE MHUKPO-
CKOIIMH, CKaHUPYIOIIasl TYHHEJIbHAS W aTOMHO-CHJIOBAas MHKPOCKOIIMH, a TaKXKe
pasIMYHBIC BUABI CIIEKTPOCKONHWH, TaKhHe Kak abCOpOIMOHHAS, SMHCCHOHHAS,
Macc-ciektpockonusi, MK-criektpockonusi. Ho He Bcerjia npuMeHEeHHe 3TUX METO-
JIOB ce0s1 ompaBabiBacT. YacTo Ui TEXHOJIOTUYECKOTO KOHTPOIIS TpeOyroTCs Ootee
MPOCTHIC U JICIIIEBBIC METO/IBI UCCIICIOBAHHS, KOTOPBIC BO3MOXHO BCTPOHTH B TEX-
HOJIOTHYECKHE IIUKIIBI U TIO3BOJISIOIIHC aBTOMATH3UPOBATh IIPOU3BOJICTBO.

HccenenoBanue CBOWCTB, KOTOPHIC HETIOCPEICTBEHHO CBS3aHEI CO CTPYKTYPOIt
HAHOOOBEKTOB, MO3BOJIIJIO BBIACIUTH B OOMIyr0 Tpymry yrieponusie HO, momuu-
HSFOIIMECS 3aKOHAM KBAHTOBOM (DM3WKH, T.¢. OONIaarolIue AUCKPETHBIM DHEpre-
THYECKUM CIIEKTPOM M 3(PEKTOM pasMEpPHOrO KBAaHTOBAHMS B T€TEPOCTPYKTYpPax.
OTO MO3BOJAET WCHOJB30BATh IS UX MACHTH(HUKALNN YHEPTETHICCKIHA CIEKTP,
(hopMHUpYIOIIMIACS TIPU TyHHEIEHO-PE30OHAHCHOM IPOXOKICHUM HOCHTENEH depes
TYHHEJILHO-PE30HAHCHYIO TeTepocTpyKTypy (TPI), B KOTOPHIX HCCiIexyeMast IpyIi-
ma HO mpucyTcTByeT B BUIE OTHOTO U3 CIIEIHAIEHO CO3IAaHHBIX CIIOEB C pa3Mepa-
MH B niorepedHoM Hampasnenud 1...10um. Ha 3Toii ocHOBe MOXKHO cO31aTh TYH-
HEJIFHO-PE30HAHCHBII MPeoOpa30oBaTeNb C BHICOKOH CEIICKTUBHOCTBIO U TyBCTBHU-
TEIBHOCTEIO 110 OTHOIICHUIO K TAHHBIM HAHOCTPYKTYPHBIM 00BEKTaM.

Hcnonp30BaHUE 3TOTO TYHHEIBHO-PE30HAHCHOTO Mpeodpa3oBateis Io-
3BOJIMT CO3JaTh METOJ HICHTHU(UKAIUA U KOJIMYCCTBCHHON OIICHKH OJM3KOM
MO CTPYKTYpE TPYIIBI HAHOCTPYKTYPHBIX OOBEKTOB B MPOAYKTaX ILIA3MOXU-
MHYECKOTO CHHTE3a, B Pa3IMYHBIX MaTepHaliax M SKOJIOTHIECKOH cpene.

Co3zganne Takoro METOJA SBJSETCS OJAHOM M3 aKTyaJbHBIX 3a/1a4 KOHTPO-
JIs1 Ka4eCcTBa TEXIPOIECCa W BBIXOJA CHHTE3WPYEMBIX YIJIIEPOIHBIX HaHOMATe-
puanoB. MeTox MOKET HCIIONIB30BAaThCs B OPYTUX 00JacTaX 000poTa pa3iud-
HBIX HAHOCTPYKTYPHBIX MaTEPHAJIOB.

Heab padoTsl. PazpaboTka MeTona WAeHTU(PUKAIUNA U KOJUIECTBEHHOM
OIICHKHU COJICpKaHMs OJHM3KUX 10 CTPYKTYPE M pa3MepaM TPYIIEI YIIIePOIHBIX
HAHOCTPYKTYPHBIX OOBEKTOB B MPOAYKTAX MX ILIA3MOXHMHYCCKOTO CHHTE3a.



Jnist ToCTHKEHUs! TOCTABICHHOHN LEJIN HE00XOJMMO:

— TPOAHAIM3HPOBATH CYMIECTBYIOMINE METOIBI WACHTU(DHUKAIINN U KOJIH-
YeCTBEHHOH OIeHKH copepkanust HO ¢ menpio BBISBICHMS UX HEIOCTATKOB H
BEIOOpA HOBOTO MOJX0/1a K MICCIIEIOBAHUIO,

— pa3paboTaTh METOANKY (OPMHPOBAHUS MOIYIIPOBOIHUKOBOH TYH-
HEJIbHO-PE30HAHCHOW TeTepOCTPYKTYPHI, OAWH M3 CIOEB KOTOpOoH chopmupo-
BaH HO 13 npoIyKTOB I1a3MOXUMHIYECKOTO CHHTE3A,

— wu3yuuts BausHEe ciaod HO Ha cBoiicTBa momynpoBogHukoBoil TPI™ u
3aKOHOMEPHOCTb U3MEHEHUS €€ MEKTPUIECKIX XapaKTEPUCTHK;

— pa3paboTaTh MaTeMaTHYECKyl0 MOJAENb PE30HAHCHOI'O TYHHEIUPOBA-
Hus HocuTeneit 3apsina B TPT, oqun u3 cioeB koTopoii chopmuposan HO, ko-
TOpasi ONMUChIBaeT MexaHu3M BozzaeiicTBust HO Ha u3MeHeHHe BOJIbTaMIIEPHOM
xapaktepuctuku (BAX) TPT;

— Ha OCHOBE CO3/IaHHOM MaTeMaTHIeCKOW MOJEIH W METOIUKU (OPMHUPO-
Bauust TPI" pa3paboraTh MeTOJ MICHTU(PHUKAINN ¥ KOJTMIESCTBEHHON OIIEHKH CO-
JeprkaHus rpynmbl omHOTHIHEIX HO B mpoayKTax mIa3MOXHMHYIECKOTO CHHTE3a C
HCTIONB30BaHIEM TYHHEIIBHO-PE30HaHCHOTO 3(h(hEKTa B TeTePOCTPYKTYPaX;

— pa3paboTaTh MHUKPOIIPOIECCOPHYIO CHCTEMY HACHTH()HUKAIINN U KOJH-
YeCTBEHHOH oleHkH cozaepxanus HO, B KOTOpo#l B KadecTBEe MEPBUIHOTO W3-
MeputeapHoro mpeobpaszopaterns ([IUII) ucmonezyercs TPIT, omuH U3 cioeB
kotopoii copmupoBan HO n3 npoayKTOB MIa3MOXUMHUYECKOTO CHHTE3a.

— JUIsL KOHTPOJSI KOHEYHBIX MPOAYKTOB IJIA3MOXHMHUYECKOTO CHHTE3a,
UCTIONb30BaTh MPEAT0KEHHBIA METOA U PEATU3YIOIIYI0 €T0 CUCTEMY.

O0beKT uccae0BAHUSA — HAHOCTPYKTYPHBbIE KOMIIOHEHTHI B MPOAYKTax
IUTa3MOXHMHYECKOTO CHHTE3A.

IIpenMer wucc/ieoBaHMA — BIUSHHE HAHOCTPYKTYPHBIX OOBEKTOB Ha
MIpoIiecC Pe30HAHCHOTO TYHHEIMPOBAaHUS HOCHUTENEH 3apsia B MOITyTIPOBOIHH-
KOBOM TYHHEJIbHO-PE30HAHCHOM TeTepOCTPYKTYpE.

MeTtoapl 1 METOTUKH Mccel0BaHuA. Pe3ynpTaTsl mccaenoBanuii 6a3u-
pYIOTCS Ha TEOPHHM TYHHEJIbHO-PE30HaHC-HOTO 3(dekTa, (PU3nKe KBAHTOBBIX
HU3KOPa3MEPHBIX CTPYKTYp, MaTeMaTHYCCKOH (PU3UKE, MATEMATHICCKOM MO-
JIeTMPOBAaHUH, OCHOBAaX HMHTETPAJBHBIX MOJYMPOBOJHUKOBBIX TEXHOJIOTHH, a
TaKXKe Ha SKCICPUMCHTAJBHBIX HCCICIOBAHMAX, MPOBEJCHHBIX Ha Kadeape
«Marepuansl u TexHodorus» ®I'bOY BIIO «ITTY» u B rocyaapcTBEHHOM
Hay4HOM yupexnennn BUNTuH, r. Tam6oB.

Hayunasi HOBH3HA!

— TpeIIoKeHa TYHHENbHO-PE30HAHCHAS TeTEePOCTPYKTypa, B KOTOPOH B
Ka4yecTBE PE30HAHCHOTO CJIOS KBaHTOBOH sAMBI mcmoib3ytorcs HO mpomykToB
IJIa3MOXUMUYECKOTO CHHTE3a; pa3paborana meroauka Gopmuposanus TP ¢
KBaHTOBOH SIMOW W3 JIBYX CJIOEB AMAJIEKTpHKa u ciosg HO, BKIoYaronas o4n-
ctky HO 13 IpoIyKTOB mIa3MOXMMHUYECKOTO CHHTE3a, CMEIINBAHNE UX C 3TH-
JIOBBIM CIIMPTOM, AWCIEPTHPOBAHNE MOTYICHHOW CMECH B 3aKPHITOM 00BEME B
BaKyyMe M OCaXJICHHE Ha MOBEPXHOCTh OKCHIA KPEMHHUS 10 (OpMUpOBaHHS
HaHopa3MmepHoro cios HO;
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— pa3paboTaHa MaTeMaTH4ecKas MOJENIb KBAHTOBO-(DM3MYCCKHUX TPO-
neccoB B TPI', amantupoBaHHass K CHEKTPY YCTOMYMBBIX SHEPrEeTHYECKUX
YpPOBHEH, KOTOpas B OTJIMYHE OT HCXOJHOM MOJEIM C OJHUM YCTOWYMBHIM
SHEPreTUIEeCKUM YPOBHEM TaKOKe BKIIIOYAET CBS3b DHEPTHUHM YPOBHS B KBAaHTO-
BOM sIME C MaJICHUEM HANPSDHKCHHS HAa TeTePOCTPYKTYpEe, UTO MO3BOJHT IO
BAX, cozmannoii TPT', uneHTHOUITMPOBATEH U OIIEHUTH KOHIICHTPAIIUIO TPYIIIIBI
onHotunHEIX HO B mpoayKTax mi1a3MOXMMHYECKOTO CHHTE3A,

— pa3paboTaH HOBHIN TYHHEIBHO-PE30OHAHCHBIA METOJ MICHTH()UKAIUU
Y KOJIMYECTBEHHOW OLICHKH CoJepKaHus rpynnbl oaHoTUNHBIX HO B mpoayk-
Tax IUIa3MOXUMHUYECKOTO CHHTE3a, OTIMYAIOMINICS TeM, YTO MpeaBapUTEIbHO
nsrotaBnuBatoT TPI', Bkmtodarolryro HepBbI WHXKEKIUOHHBIA CJIOM B BUAE
TUTACTHHBI KPEMHUS, Ha OJHON W3 MOBEPXHOCTEH KOTOPOH (OPMHUPYIOT IBa
OaphepHBIX CJIOS B BUJAE OKCHIAa U MOHOOKCHIA KPEMHHUS, MEXKIY KOTOPBIMH
pacrionaraior cjioi HaHOOOBEKTOB, MOJYYCHHBIX W3 MPOTYKTOB IIa3MOXHMH-
YECKOT0 CHHTE3a, U BTOPOM WHIXKEKIIMOHHBIA CJIOW MEIH; 3aTeM MOJIYYEHHYIO
TPI' monkmro4darOT K CXEME, COCTOSIIEH U3 IOCIEeN0BATEIbHO COEIMHEHHBIX
0JIoKa TIUTaHMS, perucTpaTopa TOKa M MapaieIbHO ToAkimodeHHoro Kk TPT
perucrparopa HamnpsukeHus; MeHstoT Hanpspkenue Ha TPT or O mo 10 B; mpu
STOM H3MEPSIOT 3HAYCHUS TOKA W HANPSDKEHHS, TI0 KOTOPBIM CTPOST BOJNBTaM-
MEPHYIO XapaKTEPUCTHKY; Jajee MO BOJIbTAMIIEPHOM XapaKTepUCTHKE OIpee-
JISIFOT JIOKaJbHBIC MAKCUMYMBI TOKa U (DUKCHPYIOT COOTBETCTBYIOIIHME MM 3HA-
YCHHSI PE30HAHCHBIX MOTCHIIMATOB, [0 KOTOPEIM OOHAPYKUBAIOT U HICHTU(U-
UUPYIOT HAXOJSLIUECS B CIIO€ U3 HCCIEAYEMbIX MPOAYKTOB, HAHOCTPYKTYPHbBIE
0O0BEKTHI, UCIIONB3Ys 0a3y JaHHBIX PE30HAHCHBIX MOTCHIMAJIOB; IO aMILTUTYAC
TOKa JJIS1 COOTBETCTBYIOUIMX PE30HAHCHBIX MOTEHIMAIOB ENAIOT KOJIHUYECT-
BEHHYIO OILIEHKY coepxkanusg onHoTHIHBIX HO B mpoxykTax cHHTE3a.

IoJs10:keHNs1, BLIHOCUMbIE HA 3aIIUTY:

— wMeronuka co3nanus TPI, Bkmouaromnias GpopmupoBaHre HaHOpa3Mep-
Horo ciiost HO U3 mpoayKTOB MIa3MOXHMMHUYECKOTO CHHTE3a;

— MareMaTH4YecKOoe ONHCaHhe KBaHTOBO-()M3WYECKHUX IMPOIIECCOB B CO3-
JIAHHOW TeTepOCTPYKTYpe, KOTOPOE MOJEIUPYET MEXaHU3M BO3JIECHCTBUSI HAHO-
pasmepnoro cios HO Ha msmenenne BAX TPT' n nosBoxiser naentudunmpo-
BaTh U KOJUYECTBEHHO OLIEHUTH coaepxanue HO B mpoaykrax miazMOXUMH-
YECKOTrO CHHTE3a,;

— TYHHEIBHO-PE30HAHCHBIA METOJ UICHTH()HUKAIUU U KOJIUICCTBCHHOMN
OLICHKH CcoJep>KaHus Tpymibl ogHOTUNHBIX HO B mpoaykrax Iuia3Moxumuue-
CKOTO CHHTE3a, KOTOPBIH IMO3BOJISET MO aHAIN3y PE30HAHCHBIX MUKOB Ha BAX
co3gannoit TPT" maenTnduIMpoBats rpymry ogHOTAMHEIX HO, BKITFOYAONIYIO
(dynnepeHonoo0HbIe CTPYKTYPHI M OJHOCIOWHBIE HAHOTPYOKH, a TI0 aMILTUTY-
Jie TMKOB KOJIMYECTBEHHO OIICHUTH WX COJIEpKaHUE B KOHEYHOM IIPOIYKTE;

— MHKPOIIPOILIECCOPHAsI CHCTEMa, pean3yomas TYHHEIbHO-PEe30HAHC-
HBIA METOJ WACHTH(PHUKAINN ¥ KOJTHMYECTBEHHON OLEHKH COACPKAHHS T'PYIIIBI
onHotunHbeIXx HO B mpoayKTax CHHTE3a M MO3BOJIAIONIAS MPOBOAUTH U3MeEpe-
HUS B aBTOMaTHYECKOM PEXHUME.



IpakTHYeckasi 3HAYMMOCTH PabOTHI 3aKITI0YAETCS B TOM, YTO HA OCHOBE
TIPEATI0KEHHOH METOAMKH U MPOBEJICHHBIX HCCIICJ0BAHUM CO3aHa MHUKPOIIPO-
LIECCOpHAasi CHCTeMa, MO3BOJSIIONAs HACHTH(GUIMPOBATh M KOJIWYECTBEHHO
OIICHUBATh COJICPIKAHKUE TPYIIBI OJHOTHIHEIX HO B MpoayKTax Mmia3MOXUMU-
YEeCKOro CHHTE3a, ¢ HEOOXOIUMOIl Ul TeXHOJIOTMYECKOTO KOHTPOJISI TOYHO-
CTBIO, BO3MOXKHOCTBIO aBTOMATH3aIMU Npoliecca UACHTU(HUKAINN U KOINIECT-
BEHHO# oleHKH conepxanust HO B MpoAyKTax IIa3MOXHMHYECKOTO CHHTE3a.
TexHWYeCKHE pelIeHUs], WCIIOJIb30BaHHbIE INPU Pa3pabOTKe INpPEIOKEHHOTO
METO/Ia U PeaNT3YIOIEil ero CUCTEMBbI, TPU3HAHBI H300PETCHHUEM.

OO0nacTp MCIIOIB30BaHUS MPEUIOKEHHOTO METOJla PACIIUPSETCS TpHUMe-
HEHHEM CO3/IaHHBIX Ha €ro OCHOBE 0a3 JaHHBIX B METOJIC MIa3MOXHUMHUYECKOTO
CHHTE3a, YTO TaKXXe NpH3HAHO H3o0peTeHueM. [IpH 3TOM 3yeKTpOMarHUTHOE
Bo3neiicTBue oT cozmanHo TPIT ¢ HanopasmepHbiM cioem HO mo3Bosunio
YIpaBIATh MpoLeccaMy B 00NACTH IIa3MOXUMHYECKOTO CHHTE3a M MOBBICHTH
npoteHT Boixona HO B mponykrax CHHTE3a.

Anpo6anusi padorbl. OCHOBHBIE Hay4yHbIE U NPAKTUUECKHE PE3yIbTaThl
HCCJIeIOBAaHUM 110 TeMe JUCCepTalMK JOKIaIbIBAICh Ha Beepoccuiickoit Hayy-
HO-TIPAaKTHYECKOil KoH(epeHmn «CoBpeMEHHBIE TBepAo(]a3HbIe TEXHOJIOTHH:
TeopHsl, IPAKTUKa W MHHOBALMOHHBIN MeHemkMenT» (TamOos, 2009);V Mex-
JIyHAPOJHOM Hay4dHOW KOH(epeHIHn «MHUKPOMEXaHU3MBI TUIACTUYHOCTH, pa3-
PYIIEHUS W COMyTCTBYIOmMX sBieHui» (TamGos, 2010); 1V MexmxyHapomHoit
HayYHO-TIPAKTUYECKOH KOH(pEPEHIINN «IHEPreTUKa U SHEProd((PeKTUBHBIC TEX-
noyorun» (JTunenk, 2010);Beepoccuiickoii HaydHOMU IIKOJIEe KAKTyaJIbHBIE IIPO-
OeMbI HAaHO- U MUKpOdJIeKTpoHuKm» (Tambos, 2011).

Myoaukanun. ITo Teme auccepraimu Omy0IMKOBaHO 12 MEYaTHBIX pa-
00T, BKJIIOYAIOIINX JBa MaTeHTa Ha n3ooperenue Ne 24115131 Ne 2371381.

O0beM U CTPYKTYpa padoTel. Juccepranus m3noxerna Ha 130cTpanumax
TEKCTa; COJIEP)KUT BBEJCHHE, 4 IJ1aBbl, 3aKII0YEHHE, CIIUCOK MCIIOIb3yeMOil Jn-
TepaTypsl; BKIOYaeT 58 pucyHKOB, 9 TaOIHI, IPUITOKCHUS.

ABTOp BBEIpaXkaeT TTyOOKYIO OJaroJapHOCTh KaHJ. TEXH. HayK, JOICHTY
B.II. IllemoxBocTOBY, KaHI. TexH. Hayk, aoteHty C.H. bapmyruHy 3a koH-
CYJIbTATHBHYIO TIOMOIIb TIPH TOATOTOBKE TUCCEPTALIUH.

COJIEP’KAHUE IUCCEPTALININ

Bo BBegeHHHM 000CHOBaHa aKTyaJbHOCTh TEMBI JAHWCCEPTAIMH, CHOPMY-
JUPOBaHA IIeJb, W3JIOKEHBI OCHOBHBIC IOJOXEHHUS, BEIHOCHMBIE Ha 3aIluTy,
Hay9YHas HOBH3HA U MPAKTHYECKasi 3HAYNMOCTH PaOOTHI.

B nmepBoii rinaBe npoBeneH TUTEpaTypHBIA 0030p MO METOAaM KOHTPOJIS
mapaMeTpOB HAHOOOBEKTOB.

Paccmotrpena obmiast kimaccuuKaims METOJIOB UCCICIOBaHUS, PUBEIC-
Hbl U3BECTHBIE METOJ BM3yajH3allMd M aHAIM3a BELIECTB. Y CTAHOBIIEHO, YTO
M3BECTHBIC METOJIbI TIO3BOJISIOT MPH OMPECICHHBIX YCIOBHIX UACHTH(PHUIIUPO-
BaTh M KOJMYCCTBEHHO OIICHUTH COJCPKAHHE HAHOCTPYKTYPHBIX OOBEKTOB,
OJIHAKO HEYMOOHBI I UCIOJB30BAaHUS TPH TEXHOJIOTHYCCKOM KOHTPOJIE UX
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CHHTE3a, TaK KaKk WHGOpManus, NOJIyYCHHAs W3BECTHHIMH METOAAMH, H4acTO
OBIBaCT HETOCTATOYHOMN MM U30BITOYHOM.

PaccmoTpensl 0o0murie CBOWCTBA TETEPOCTPYKTYP M TETEPOIEPEXOJIOB,
MIPUBEICHBl WX YHEPTreTHUYECKUE IHarpaMMBI, MIOKa3aHO BIMSHHEC MaTEPHAJIOB
Ha CBOMCTBA reTepOCTPYKTYP.

Amnanmu3 mokaszan, yto HO mpu ompeneneHHBIX yCIOBHAX MOTYT (OpMH-
POBAaThCS B CTPYKTYPHI, KOTOPHIE TOAYMNHAIOTCA 3aKOHAM KBAaHTOBOH (DHU3HUKH H
00magaroT 3QPEKTOM pasMEepHOro KBAaHTOBAHHMS, Oarofaps KOTOPOMY dHepre-
tuaeckuil criektp HO sBisieTcst TUCKPETHBIM, 3aBHUCHUT OT COCTaBa U CTPYKTYPHI
U MOXXET pacCMaTpUBaThCcs B KauecTBEe Hapamerpa uaeHTH(ukamuu. Taxke
OBUTIO YCTaHOBJICHO, YTO JUISl OINPEICIICHUS 3TOTO IHEPTETHUYCCKOT'O CIICKTpPa
BO3MOXHO HCIIOJb30BaHME MHOTOCIONHBIX TPI', B KOTOpBIX HaHOpa3MepHBIN
cioit HO yvacTtByeT B (pOpMHUPOBaHUH KBAaHTOBOH SIMBI C HAOOPOM YCTOHYHMBEIX
SHEPreTUIECKUX YPOBHEH, COOTBETCTBYIOMMX crieKTpy 3tux HO.

B pesynpTaTe nMpoBeAEHHOTO aHANN3a ONPEAEIICHBI IIeNTH U 3aaqy Hccie-
JIOBaHUS.

Bo BTOpoii riaBe onmcaHa BBIOpaHHAsS MHOTOCTIOWHAs T€TEPOCTPYKTYPA,
BKJIFOYAIOMIAsl CJIOM MeTaJUT—AMdJIeKTpUK—HO—IH3IeKTpUK—I0ITyTIPOBOAHUK—
MeTauT U npeacraBisomas coooir TPIT ¢ kBanToBO# siMoit mudnexTpuk—HO—
JWIUICKTpUK. [IpuBeicHa MaTeMaTHYeCcKast MOJICTb, YCTAHABIIUBAKOIIAS YCIOBUS
PE30HAHCHOTO MPOXOXAECHUS HOCHUTENIEH 3apsiia B 3aBUCUMOCTH OT TOIOJIOTHH
TPT', ee anexrpoduzuyecknx napamMeTpos u crerupuky BcrpoeHHsIx HO.

[IpuBencHHAs TETEPOCTPYKTYypa (GOPMHUPYETCS HA IONYIPOBOIHUKOBOM
MTOJUTOKKE B BHJIC JABYX CJIOCB JHAJICKTPHKA, MEXKIy KOTOPBIMU PACIOIATAIOTCS
HAaHOOOBEKTHl M3 MPOAYKTOB IUIA3MOXHMHYECKOro cuHTe3a. C BHEIIHUX CTO-
POH CTPYKTYPBI HAHOCATCS CIIOM METaJUIa. DHEpreTHIecKasi AuarpaMma B COOT-
BETCTBUY C TOTIOJIOTHEH MpHuBeneHa Ha puc. 1, a. JIudnekTpudecKkuii MaTepuan
(dopmupyeT aBa 3HepreTrHyeckux Gaprepa (o0mactu 1 u 2). HanocTpyKTypHBIE
00BEKTHI, PACHIOTIOKCHHBIE MEKAY CIOSMHU AMAJIEKTPHKA, (OPMHUPYIOT KBAHTO-
ByIO siMy 3 ¢ HAOOPOM YCTOIUYUBBIX YHEPIETUUECKUX YPOBHEH C dHeprusimu Ey,
E,, ..., En 3aBucsamux ot coctaBa u ctpykrypsl HO. MHxkekTopHbIe cion dhop-
MUPYIOTCS METAJUIOM 4 M TIOJTYIPOBOTHHKOM 5.

[Ipoananu3upoBaHbl (PU3HYECKUEC MPOIECCH], MPOTEKAIOIIUE B TETEPO-
CTPYKType, OKa3aHHOH Ha puc. 1, 6. [Ipu npuiokeHNH BHEITHETO HATPSDKCHHUS
Kk TPT" oHa HaxoauTcs moJ JEMCTBUEM DJIEKTPUUECKOTO MOJIsI, KOTOPOE U3MEHSIET
(dbopmy Oapbepa, MCHSCT TOJIOKCHUE KBa3uypoBHeH DepMH M SHEPreTHICCKUX
YpOBHEW B KBaHTOBOH siMe. Ecii Gaphep JOCTaTOYHO BBICOKHIA, TO TIPU pacdeTax
MOJKHO TIpeHeOpeuyh m3MeHeHHEeM (HOpMBI Oaphepa, CIUTAs €ro MPSMOYTOJLHBIM
IpU BCEeX MPWIOKEHHBIX HANpPsDKeHUSAX. ECIN MPHIOKEHHOE HANpsDKeHHEe He
TIO3BOJISIET TIOBBICHTH SHEPTHUIO 3JEKTPOHOB B Clloe 4 10 3HAYCHHH YCTOYMBBIX
JHEepreTHIecKux ypoBHe# Ej, B, ..., E,, TO mpoTekaromuit uepe3 CTpyKTypy TOK
Oynet paseH ¢poroBoMy TOKy (puc. 1, a). B ciydae coBmameHust SHEPTHH 3JIEK-
TPOHOB C JHEPTHEN yCTOMYMBOIO IHEPTETHYECKOTO YPOBHS MPOUCXOIUT PE30-
HAHCHOE TYHHEJIMPOBAaHHUE AJIEKTPOHOB Y€pe3 STOT YPOBEHb.



1 — lelV,
3 ! el V=)
4 ) ) . ,
~ PSS ERN :
Q\[”\ s Lo | [ L
T TR RN
@ //;/ ! ; _ fZ.‘ // 7/// :
\y4 L / / \\EVE
4 — ] 5
0 1 3 2/ 0
a z
a) 6)

Puc. 1. Duepreruyeckuii npopuas TPT Ge3 BHenIHero HanpsikeHus (a)
U 10 HanpsizKenueM (0):
1, 2 — Gapbepsbl; 3 — MOTCHIUATBHAS SMa ¢ HECKOJIBKHMH JIOKAJTH30BaHHBIMU
COCTOSHUSIMH; 4, 5 — HHKEKTOPHBIE CIIOH.

[Ipu yBenMYCHUN BHEIIHETO HANPSHKEHUS YHEPTHUSA AJICKTPOHOB OyIET MO-
CJIEJIOBATEIILHO COBMANATh C SHEPTUCH YCTOWYMBHIX YHEPTCTUUYCCKUAX YPOBHEH
Ej, B, ..., E, u Oynet HaOmronaThes psili pe30HAHCHBIX 3HAYCHUI TOKA B COOT-
BETCTBHH C YCTONYHUBBIMH YHEPTCTHUCCKUMH YPOBHSIMHU.

Moeib, OMUCHIBAIOLIAs JIEKTPODUINIESCKHE IPOLIECCH B IMPEIIOKCHHON
CTPYKTYpE, 3aIHChIBACTCS BBIPAKCHUSIMU:

IsU)=3RU)+3,); (1)
u—E
3. 0)= 3| ek ey _Lre =Tt gE|; @)
-l Tt 2722
_emkT -% eV
JO(U)— 2n2h3e ex Bﬁ -1], 3)

rae Js(U) — oOmas mnotHocts ToKa; Jr(U) — IUIOTHOCTH TYHHEIBHO- peso-
HancHoro Toka; Jo(U) — mIoTHOCTE (POHOBOTO TOKA; € — 3apsil AMEKTPOHa; M —
s dexTrBHAsS Macca ANIEKTPOHA; | — pa3HOCTh MEKIY SHEPTUsIMHU ypoBHsI Depmu
B niepBoM Egy 1 Bropom Ep, nmkextopHoM cioe; E — sueprust anextpona; |DfF —
ko3 durment npo3paunocta TPI'; W — BricoTa moTeHImansHeIx 6apeepos TPT
T —temneparypa; f = 0,3 —mis 1ByxO0apbepHOii reTepocTpyKTyphl; Ej —sHeprus
6



i-0ro JIOKaIM30BAHHOTO COCTOSIHUSL OT- s Alew?
HocuTeNbHO Ery mpu W = 0; N — koswye- 1ot
CTBO  JIOKA/H30BAHHBIX COCTOSIHMI B ll::
KBAHTOBOH sIMe; | — HOMep JIOKaIN30BaH- 0
HOT'O COCTOSIHHSI B KBAHTOBOH sIMe. .
B mpemioskeHHONW MOJENM ycTaHaB- 10
JIMBAETCSl CBsA3b MEXKIYy MapaMeTpamu 102
BAX (morenimanom U u TokoMm IR)
U SHCPTeTUYCCKUMHU COCTOSHHUSMH B Pac- 0 2 4 6 UB
CMaTpUBaeMOH  CTpyKType  (3Heprum Puc. 2. Paccuntannas BAX
yCTOMUMBBIX ypoBHeW Ej, koaddummeHt JJIS1 ISITH YCTOWYMBBIX YPOBHeEit

npospaunocts  |Df, Temmeparypoii T
 T.1.). OJJHAKO aHAJUTHIECKUE PacyeThl (pUC. 2) IO STOH MOAEIN MOTYT CYIIECT-
BCHHO OTJIMYATBCS OT AKCIIEPUMEHTAIIBHBIX JAHHBIX M3-32 OOJIBILIOTO KOJIUYECTBA
(haKTOPOB TEXHOJIOTHYECKOTO XapaKTepa.

Ha mpaktrke criekTp 3HEPrHil yCTOHWYMBBIX COCTOsSHUE E; mccmemyemprx
HO onpegesnsiercst mo BeIpakeHHUIO (4) C HCHOIB30BaHUEM CIELHUAIBHO CO3/IaH-
HOIl TECTOBOM CTPYKTYPBHI U OTH NAHHBIC HCMOJB3YIOTCS KaK Mapamerp UACH-
TA(UKATAH:

Ui-U)e

E =ev= ; (4)

1+

rae U; — 3HaUeHHe HampspKeHMS TIPU PE30HAHCHOM MPOXO’KACHHH TOKa Yepes
i-e ycroitunBoe cocrosinue; U, —maneHne HanpsDKCHUs Ha KOHTAKTax (B HaIleM
cinyuyae Uy = 0,1...0,2B); V; — nazeHue HaNpsDKCHHS HA IEPBOM Gapbepe My, Mo —
TIO/IBIKHOCTH 3JIEKTPOHOB B 30HE TIPOBOANMOCTH 6apbepoB (CIIpaBOYHEBIC JaH-
HbBIC); €1, € — OTHOCHTEIbHAs IMAICKTPUUCCKAs MPOHUIIAEMOCTh MaTepHaia
Gapbepa (cpaBouHble naHHbIe); Ly, L, — mmpuHa 6apbepos.

Pacuer n ananmu3 s 6nmskux mo tury HO moxasan, 4to 3Ha4eHUS HHEp-
TUH YCTOWYHMBBIX COCTOSIHUN UPE3BBIYAHO OJIM3KH, TO3TOMY MOYKHO TOBOPHTH
0 CYIIECTBOBAHUH B KBAaHTOBOMW sIME€ HaOOpa MUHH30H, OTHOCSIINXCSI K Pa3HO-
My Ty 00bekToB. Ha BAX Takoe cocTosiHHEe MOXET OTpasHTCs B BUAE pa3-
MBITOTO TTHKA TOKa.

Takum ob6paszom, Habop sHepruit E;, E,, ..., E, Oyner xapakrepusoBaTh
BCE TPYNIBI HaHOOOBEKTOB, PACIHOJIATAIOMINXCS MEXAY AMAICKTPUUECKHMHU
cnosimu TPI'. Beinenenue ycTOMYMBBIX SHEPIETUUECKUX YPOBHEH, OTHOCSIIINX-
csl K UICKOMOH TpyTIe HaHOCTPYKTYPHBIX OOBEKTOB, MPOU3BOANUTCS C HCIIOJb-
30BaHUEM JAHHBIX 110 TECT-00BbEKTaM JaHHOW TPYIIIIBL.

Jnst konruecTBeHHOM oLeHkH conepkanusi HO B mpoykTax cuHTe3a uc-
nmose3ytoT Meton cpaBHeHmsi BAX TPIT ¢ uccienyemoit cpemoil m ¢ Tect-
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oowsexToM. Ha BAX TPI" BemmunHa pe30HAHCHOTO TOKA 3aBHUCHT OT ILIOIIA[TH,
koTopyio 3annMaroT HO B cioe KBaHTOBOH siMbI. Mcronb3ys B KadecTBE 3Ta-
JIOHA TECT-00BEKT B BUJIC CPEIbI, COACpKaIleH ouniieHHbIe 0T mpuMeceir HO u
yuutbiBas, 4T0 HO MOJHOCTHIO MOKPHIBAIOT IUIOIIAb B CJI0€ KBAaHTOBOM SIMBI
MIPUHUMAEM, YTO 3Ha4eHMs pe3oHaHcHOro Toka Ha BAX TPI' ¢ TecT-00bekTOM
Oynet stasioHHOW. OTHOIIEHWE 3HAYCHWH PE30HAHCHOTO TOKa HCCIICTyeMOM
CpEeIBI U CPEebl C TeCT-00BEKTOM MO3BOJHT OLIEHUTH cojepkanue HO B koHeu-
HOM MPOAYKTE INIa3MOXUMHUIECKOTO CHHTE3A.

B Tperbeii rinaBe mpoBeneHB! AKCIEPUMEHTAIBHBIE HCCICAOBAHHA IO
coznanuio npenioxenHo TPI', B paMkax KOTOpOil CHHTE3UPOBaHBI U UCCIIE-
nmoaHel HO W3 MpOJyKTOB TIIa3MOXUMHYECKOTO CHHTE3a, pa3paboTaHa METO-
IuKa (OPMHUPOBAHUS TETEPOCTPYKTYPHI, HA OCHOBE KOTOPOH IPEIOKEH Iep-
BUYHBIN M3MEPHUTENbHBIN peobpasoBatens ([TUII), KoTopslid HOAKIIOYAICS K
JKCIIEPUMEHTAILHOM CXeMe U UCCIIeI0BANICS.

Ha mepBom »Tame MeToOM IUIa3MOXHMHYECKOTO CHHTE3a Ha YCTAHOBKE
VITY-8M nonydanu AUCIEPCHBIN MaTepHal Il UCCIIeAoBanus. [ 9Toro Tex-
HUYeckuid yraepoa Mapku K354 mucneprupoBaiii B ClIUpTE, BHICYITHBAIH U TIPO-
CeHMBaJIH Yepe3 CUTO 63 MKM. DTOT MOPOIIOK C TOMOIIBIO TPAHCIIOPTHPYIOIIETO
rasza aproHa nojaBaiy B mia3My. OT MOTy4EHHOTO Ha BBIXOJE MPOIYKTa OTOMpa-
mu npoOy 100 T, KOTOPYIO B3BEIIUBAH, PACTBOPSIIM B CIUPTE U MPOIYCKAITU
yepe3 MemOpany Tuna MOAC-T1-1 —otaensimi 00beKThI pazMepoM MeHee 50 HM
(puc. 3, @). OTOIIBTPOBAHHYIO CPEy B3BCUIMBAIN JUTS OMPEICICHHS KOHIICH-
Tpaiuu o0beKTOB pazmMepoM MeHee 5O HM U HCCIICAOBANIN 3TY Cpey Ha HalIUuUe
HO. Inst momy4eHus TecT-00BEKTa TONyYCHHYI0 HAHOPA3MEPHYIO CPEIy OTXKH-
ramu npu temmeparype 690°C B Teyenne 30 MuH, 3aTEM 0CTaTOK PACTBOPSIIA B
CMECH TeKCaHa U TOIyoJda B cooTHomeHnu 95:5, pupTparueii oTaensum oT oc-
TATKOB Ca)XH W dKcTparupoBaid. [lomyucHHbIe 00BeKTHI (prc. 3, 6) TPUHAMAITH
KaK TeCT-00BEKT M TaKXKe UCCICAYIOT Ha Hanmaue HO.

P % 100 KV x70000
. o

-

=%
$o W . 4
o % 1Onmﬂf e
7 % e . 10 nm
e 2 . 100 kV x150000
a) 0)

Puc. 3. Hccaenyemble MPOIyKThI IVIA3MOXHMHYECKOT0 CHHTE3A:
a —HccieyeMble HAaHOCTPYKTYPHI; 6 — HAaHOCTPYKTYPHI, IPUHSATHIE 33 TECT-00BEKT



Ha BTopom srame u3roraBmuBanu onbiTHbie 00pasiel TPI (puc. 4) myrem
CO3/1aHMs Ha TIOBEPXHOCTH IOJYIPOBOIHUKOBOH KPEMHHEBO 3aroToBku 1 ruro-
mansro 50 MM? ISt Jrokenia kpemuus 2 tomuuaoi 10 £ 2HM (TepMuueckoe
OKHCIICHHE B peaktope arMocdepHoro nasienus npu temneparype 800 °C B
teyenue 30 MUH, KOHTPOJIb TOJIIUHEI C HCIIOJIb30BAHHEM YCOBEPILIEHCTBOBAHHO-
ro uarepdpepomerpa MUN-4); Ha NOBEPXHOCTHh JAMOKCHIA KPEMHHUS HAHOCH/IM
CIIO¥ MpeIBapUTENIHHO MOATOTOBICHHBIX HUCCIICAYEMBIX MaTepHaoB (0TOHpan
npoOy mMaccoii M, = 2r; npo0y CMEIIUBAIN C STHIOBBIM CIUPTOM; MOJTYYSHHYIO
CMECh IWUCIEPTUPOBAIH B 3aKPHITOM 00beMe B BaKyyMe W OCaXKJalli Ha ITOBEPX-
HOCTh OKcHga npu temneparype [I70 °C; mpu 5ToM BpeMst OcakIeHus ITo10upa-
JIM 3KCIEPUMEHTAIFHO U BEIOMpAITK TAKUM, YTOOBI B pe3yJbTare c(hopMUpOBaIICS
KBaHTOBO-Pa3MEpHBIN CIION U3 MCCleIyeMOr cpenbl 3; TONINHY KOHTPOJIHPOBa-
JM HECKOJbKMMHM METO/IaMH. Ha 3JEKTPOHHOM MHKPOCKOIE METOJIOM CHSTHS
HAaHECEHHOH Ha KPUCTAJUI COJU PEIUTHKH CJIOS MCCIEeIyeMON Cpesibl, a TAKXKe Ha
ycoBepIeHCTBOBaHHOM HHTEp(hepomerpe MUM-4). B pesynsrate mis hopmu-
poBaHMs CJ10s ToImKHO#M okoo 10 M Bpemst ocaskaenust coctaBmito 20 c¢. [Tocie
3TOro0 npoBoawy cymKky npu temreparype 100°C B reuenue 10 MuH.

Ha cdhopMupoBaHHBIN clol HCCiIeTyeMoR cpefibl HAaHOCUIHM TUJICKTPH-
YecKHi coi MOHOOKcuaa kpemuus 4 (tomumua 10 + 2 HM) U KOHTAaKTHbIC
ciou 5, 6 (ycranoska YBH-71I1, Monu6GaeHOBBIH PE3UCTUBHBIN HCHIAPHUTEI,
ucnapsiembie MaTepuansl CuUu SiO); kK MEIHBIM KOHTAKTaM MasuTH MPOBOIHUKH
7 1 8; MOBEPXHOCTH STYEHKHU MOKPBIBAIN FepMETHKOM 9.

Ha tpetbeMm sTane uccnenoBanu coznannyio TPI ¢ ucnonbzoBaHuem yc-
TAHOBKH, CXe€Ma KOTOPOH Mpe/ICTaBlIeHa Ha pucC. 5.

W3MepeHne Toka B IIEH OCYIISCTBILUTH NMPU ITOCTOSHHOM TEeMIlepaType,
(ukcanuel maaeHus HanpspkeHus Ha pesuctope R2. INepectpanBaembiii 010K
MMUTaHUsI OCYIIECTBIISIN MTepecTpoiiky Hanpspkernus oT 0 mo 24 B ¢ marom 0,1B.
JUis yMeHBIIIEHUS mara AUCKPETHBIX MEPEKIIOYCHUN B IICTh BKIOYATH JCITHU-
TeNb HalpsDKeHMs, oOpazoBaHHbIN pesucTopamu R1u R3, obecrieunsas nepe-
CTpOWKY HampsbkeHus cMereHus ¢ marom <0,03B.

8 — 5 L1 TIMII
-
il R2
6 3 R1
\¥
i Py 2 ety | AT
o s T oty SN2
R3 ﬂ
J Nz 9 1 TK
Puc. 4. CtpykTypa TyHHeJIbHO- Puc. 5. Cxema 3kcnepuMeHTAILHOMI
Pe30HAHCHOTO Npeodpa3oBaTeIs YCTAaHOBKH

9



3HaueHUs! HAMPsHKEHUs] CMELICHUs U TaJIeHUs] HalpsHKEHUsT Ha PE3UCTOpe
R2, seogmince B ALl u mocrymanu B nepconansHbiii komneiorep (I1K), Ha
KOTOPOM YCTAQHOBJICHA YIIPaBIAIOMIAsl MporpamMma. JKCIepUMEHTAIbBHbIC JTaH-
HbIE COXPaHSUIN JIs TIOCTenyIomieil 0opaboTku B cpee 6a3bl maHHbIX. CTpou-
11 BAX ¢ HabopoMm pe30HaHCHBIX MUKOB ToKa. BemuunHaa (OHOBOTO TOKa CO-
OTBETCTBYET KacaTeJIbHOM K JIOKAJIbHbIM MUHUMyMaM BAX xapakTtepuctuke
TYHHEJIBHO-PE30HAHCHOH reTepOCTPYKTYPHI.

Takum 00pa3zoMm, ISt JIFOOOTO MUKA BO3MOXKHO M3 OOIIETO TOKA BBIICIHUTH
(hOHOBBIN U PacCUUTATh PE3OHAHCHEIH TOK.

[IpuHsAB momams, KOTOPYH 3aHUMAOT HaAHOOOBeKTHI B TPI' kak mmio-
maab BCell MOBEPXHOCTU CTPYKTYPHI, BHIYUCIISUIN 3HaUeHHE TUIOTHOCTU TOKa, a
[0 Hell Jenaliv KOJIMYECTBEeHHYIO OLIeHKY conepskanuss HO B mpoaykTax miasz-
MOXHMHUYECKOTO CUHTE3A.

biok cxema, mpejcraBieHHas Ha puc. 6, U IpUBEIEHHAs OCIIEI0BATEb-
HOCTH JEUCTBUI B paMKax pa3pabOTaHHOW METOAWKH OTPaKkaeT OCHOBHEIEC 3Ta-
IIBI AOCTIDKEHHS TOCTaBICHHON TICITH.

Hayano
Ot6op HaHOPa3MEPHEIX 00BEKTOB
U3 IPOJYKTOB IITA3MOXHMHYECKOTO CHHTE33,

dopmuposanue [TUI1 ¢ uccnexyemoit
cpenoil ¥ TecT-00beKTOM

KonTpons mapamerpos ITNIIT
d, S

| Brurouenue ITUIT B cxeMyl

L2

KoHTpoib mapaMeTpoB CXeMbl
V, T
Custue BAX
I,U

Oo6pabortka BAX ni1s uneHtudukanmu u
oueHku coaepxanusg HO

v
/ BsiBoz pe3ynLTaTOB/

Puc. 6. Biiok-cxema MmeToaa
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B yerBepTOii r1aBe NpUBEICHBI PE3YIbTATH SKCIEPHUMEHTAILHO-aHAIN-
THYECKOTO HCCIEOBAaHMSA METOAA M CO3AaHbl 0a3bl JAHHBIX AJSI HECKOJIBKUX
rpymn yrieponasix HO. IlpemnoskeHa MHUKPONPOIIECCOPHAs CUCTEMa JUIS aB-
TOMaTH3aINH UAECHTU(HUKALUN U KOJIMYECTBEHHON oneHKH conepxkanust HO Ha
OCHOBE MaTeMaTHIECKOW MOJENH.

JInst TIpoBEepKH METOoZa MO MPEUIOKEHHON ONOK-CXeMe MPOBOJIMIN JKCIIE-
pPUMEHTAIIBHBIE HCCIICIOBAHUA. METOIOM IIa3MOXHMHUYECKOTO CHHTE3a M3 TeX-
HMYECKOTO yriepo/a Molydalli JUCTIEPCHYIO Cpely MUl uccienoBanus. 13 momy-
YEHHOTO INPOJYKTa OTOMpaiy mpody My = 1001, 13 KOTOpoil ¢ MOMOIIBI0 MeM-
OpaHHOrO (HIBTpa BBIACIIN O0BEKTHI pazmepoM He Gonee 50 uMm (puc. 3, a).
BspemBanu nosyveHHyo cpeay (Mys = 12,7T) ¥ BBIUKHCISIA MAcCOBYIO JOJIHO
HaHOpa3MepHbIX 00bekToB (C = (Mys/Mp)[L00% = 12,7%)3aTem Mo HpeaoxKeH-
HOM METONMKE MOoTy4ain TecT-00beKThl, popmupoBain TPI™ ¢ BbleneHHOH cpe-
JI0# 11 TecT-00beKTOM M cHUMa X BAX. JIns yMeHbIICHHS! BIUSHUS IIIyMOBOM
cocraBJstronieil Ha omHoM 1 Toi ke TPIT mpoBomuaM ceprio OmbITOB (HE MeHee
10 — 15pas3) ¥ BHIAEISUIN HAIPSDKEHUS, NP KOTOPBIX KaXKIbIA pa3 BO3HHKAIIA
JIOKaJIbHbIE MaKCHMYMBI TOKa. B pesymbrate momyumnn kpuyio 1 (puc. 7) 6e3
ydeTa CiTyqaifHbIX COCTaBIIAIONIMNX U IIIyMOB B KOOPANHATAX HAIPSKCHHE—TOK.

L MA
7
6

Puc. 7. BAX TyHHe/IBHO-
pe3oHaHCHOM
reTepoCcTPYKTYPhI 2
€O CJI0EM U3 CMecH
HanooonexrToB (1); BAX TPT
0e3 HaHO00bEeKTOB (2)

0 uB

1. 3naveHnusi pe30HAHCHBIX HANIPSI’KEHHI H COOTBETCTBYIOIIME UM YHEPTHH
Ha NMepBOM Oapbepe /ISl HCCJIeAyeMoii cpeabl

U,B (0,39(1,14|1,95|2,56|3,11|3,71|4,72|5,29|5,81| 6,44| 7,89| 8,60| 9,09
eVy, 3B [0,04/0,42|0,82|1,13|1,40|1,70| 2,21| 2,49| 2,75| 3,07| 3,79| 4,15/ 4,39

IMo momyuenHoit BAX onpenensumi 3naueHust Hanpspkerué Uy, U, ..., Ugs
[PH PE30HAHCHOM IMPOXOXIEHUH TOKa. JJist uccnemyeMoit cpeisl o dopmyie (4)
OTIPE/ICIISUTY 3HAUCHMS TAICHUS HAMPSDKCHUS Ha MepBOM Oapbepe Vi s KaIIoro
U, BBIYKCIISUTM SHEPTUIO YCTOMYMBBIX YPOBHEM B KBAHTOBOM siMe €V (Tabur. 1).

BbIUKCIsIN 3HAYEHUS [UIOTHOCTH TOKa Jp (Tabi. 2) M KaXKIoro peso-
HAHCHOTO TWKa, MPUHUMAas, YTO IUIOIIAAb, 3aHuMaemas HO, paBHa ruromaau
TPT (puc. 8).
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J; Al?

24

21

18

15

Puc. 8. 3aBucumocth
ILIOTHOCTH TOKA
AJIS1 Mccliely eMoii
HAHOPAa3MePHOii cpeabl
OT JHEPIrHHU YCTOHYUBBIX
2 3 4 5 eV, o3 YPOBHEH Ha epBoM Gapbepe

o W o ©

J2
P | Js
1

2. 3HaYeHNs IUIOTHOCTH TOKA J; VIS KajKI0T0 MHKA HCCJIeNyeMOii cpeabl

eV; |0,04/0,42/0,82|1,13|1,40|1,70|2,21|2,49|2,75|3,07|3,79| 4,15| 4,39
Ji, AIM?| 44| 98| 40/ 6,4 17,882 84| 11,8 8,4| 10,6 16,4/13,2/10,6

AHaJOTUYHBEIM 00pa3oM HCCIIENOBAIA TECT-00BheKT. M3 TecT-00heKTOB
dbopmupoBanu cioit B TPT', MHOTOKpaTHO cHEUManu BAX, koTopyto 3areM 00-
pabartsiBanu (puc. 9).

Ha BAX TecT-00beKkTa 3HaUCHHUS TOKA OOJBIIEH YacTH MUKOB YMEHbIIH-
JIach, a 3HAYCHUS TOKA HECKOJBKUX MUKOB HA00OPOT YBEIUYHUINCH. DTO TOBO-
PHT O TOM, YTO B TECT-00BEKTE YAAJIOCh BEIAECIUTH onpeaeieHuyto rpymry HO,
KOTOpBIE PAaCTBOPSIIOTCS B CMECH T€KCaHa M TOJIyoJIa, 10 KOTOPOi OyaeM ompe-
nensTb copepxkanne HO B MccienyeMoM NpoayKTe CHHTE3A.

Onpenensinu 3Hauenus Hanpsokerus Up, U, ..., Ujg TIpH pe30HaHCHOM

MPOXOXIEHUH TOKa. st TecT-00beKTa 1m0 hopmyite (4) BHIYKCIISIN 3HAYESHUS
HaJIeHHs] HAlPsDKEHUs Ha mepBoM Oapwepe V) mist xaxmoro U', Beramcism

SHEPIUI0 YCTOWYHMBBIX YPOBHEH B KBAHTOBOM siMe eV, (Tadum. 3).

I, MA

Puc. 9. BAX TyHHeJIbHO-
Pe30HAHCHOII reTepoCTPYKTYPbI
€0 cJ10eM U3 TecT-00beKTOoB (1);
5 a 5 5 10 up BAXTPI 6e3s HanooGbeKToB (2)




3. 3HavYeHNs Pe30HAHCHBIX HANPSIZKEHNH M COOTBETCTBYIOIINE HM YHEPTHHI
Ha NMepBoOM 0aphbepe ISl TeCT-00beKTa

u',B |0,40(1,15|1,98|2,59| 3,15| 3,75|4,77|5,31| 5,85| 6,45| 7,92| 8,63| 9,11
eV, ,»B|0,04/0,43/0,80|1,15|1,44|1,72| 2,24|2,52| 2,76| 3,08| 3,80| 4,17| 4,40

Bbrumcistiiy 3HaUEHHs IUIOTHOCTH TOKa Jo (Ta0i. 4) 11 pe30HAHCHBIX ITH-
KOB C MaKCHMaJIbHOM aMILUTUTYIOU, TAKKe MPUHHUMAsI, YTO IUIOLIA (b, 3aHUMAae-
mast HO Tect-06bekta paBHa miomaau TP (puc. 10).

J A? Ju N

2 Js

21

18 Js

15

Puc. 10 3aBucuMoCTh ILIOTHOCTH 1

TOKA /ISl HCCJIEAYEMOTO 9
TeCT-00bEKTa OT JHEPrHH 6
YCTOIYMBEBIX yPOBHE 3
HAa nepBoM 0apbepe 0 1 2 3 4 5 o, o8
4. 3HaveHUsI IJIOTHOCTH TOKA J, JIs MAKCUMAJIbHBIX TUKOB
eV, 1,72 2,52 3,80 4,17 4,40
J, Alv® 15,4 23,0 28,4 26,0 20,2

3HaueHus €V, ¢ MaKCHMaJbHBIMH 3HAYCHHSMH Jp COOTBETCTBYIOT YCTOM-
4yuBbIM ypoBHsM st HO pacTBopsieMbIX B CMecH rekcana u Tojyoda. 1o cos-
majeHusAM 3HaueHHd €V, u eV] MoxHo maeHTHuImpoBats rpynmny HO, B

MOPOAYKTE IUIA3MOXHMHUYCCKOTO CHHTE3a, COOTBETCTBYIOIIUX TECT-O0BEKTY.
Hammuaue apyrux pe3oHaHCHBIX NMUKOB pUC. 7, 8 yKa3bIBaeT Ha MPUCYTCTBHEC B
uccieayeMoM nponaykre apyrux tanmoB HO. Nmes 6a3y maHHBIX TECT-00BEKTOB
It pa3nuaHbIX THIToB HO, MOXXHO MX HACHTH(UITMPOBATH B IPOAYKTE CHHTE3A.

BenmunHa TIOTHOCTH TOKA 3aBHUCHT OT IUIOMIAAH, KOTOPYIO 3aHHMAIOT
HaHOOOBeKkThl B TPI'. CpaBHMBass MakCUMallbHbIC 3HAYCHHS IJIOTHOCTH TOKa
IUI WCCIIENyeMOoro obpasla W TecT-OOBeKTa, IMONYYWIH KOJIHICCTBEHHYIO
ouenky conaepxannst HO B ucciemyemom npoaykre (tadi. 5).

5. CpaBHeHHe 3Ha4YeHHI IVIOTHOCTH TOKA
AJIA HcceaedyeMoro odpasna u TecT-o0bekTa

Jy, AP 8,2 11,8 16,4 13,2 10,6
Jo, AIM? 15,4 23,0 28,4 26,0 20,2
3,13, 0,53 0,51 0,58 0,51 0,52
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Crenany BBEIBOJ O TOM, YTO B UCCIIEyEMOM MPOIYKTE COACPIKUTCS OKOJIO
50% HO, pacTBopsicMBIX B CMECH T€KCaHa U TOJYyOJa. YUUTHIBAs, YTO MPU OT-
JICIICHUN HAaHOPa3MEPHBIX 00beKTOB MeHee 50 HM OT MPOIyKTa IIa3MOXHMHU-
YEeCKOTo CHHTe3a ObLI0 TodydeHo 12,7%maccoBoil 1oau cenaiy BBIBOJ, YTO B
MPOAYKTE IUIA3MOXUMHUYCCKOTO CHHTE3a COJCPKHUTCSA OKoJo 6% HaHOCTpPYK-
TYPHBIX 00BEKTOB, COOTBETCTBYIOIINX TECT-O0BEKTY.

CTpykTypHasi cXeMa MHUKPOMPOIICCCOPHOU CHUCTEMbI WACHTH(PUKAINU H
OTIpeIeNICHNsT COAep X aHMsl TPynmbl OAHOTUIHBIX HO B JHCIIEpPCHBIX Ccpenax
npexacrasieHa Ha puc. 11.

OCHOBHBIM OJIOKOM JTaHHOUM CHCTEMBI siByiseTcs co3fgannas TPT. Mukpo-
MIPOIIECCOP TMO3BOJIIET OCYIIECTBIIATh OAJAHCHPOBKY IMHUTAHUS, JIMHEAPU3AIUIO
U W3MEHEHHWE IHama3oHa BBIXOJHOTO CHUTHAJIA, MPOBOJUTH TUATHOCTHKY CO-
CTOSIHVSI CUCTEMBI. DHEPTOHE3aBUCUMAs TIaMSITh TpeTHAa3HAYCHA JIJIST XpaHESHUS
0aHKa JaHHBIX XapPaKTEPUCTHK HAHOOOBEKTOB M KOPPEKIUH ITapaMeTPOB CHUC-
TeMbl. Hamuuaune IByX MOCIeNOBATEIbHBIX HHTEP(EHCOB MMO3BOJISCT IepPEIaBaTh
HHPOPMAIIUIO KaK HETIOCPEJCTBEHHO Ha MEPCOHAIBHBIN KOMITBIOTED, TaK U Ha
yaaneHHbIe paccTossHUS. C IeTbI0 OBBIIICHHUS MOMEX0YCTOWYHMBOCTH CUCTEMEI
noaxiouenne kaxaoi TPIT BemonHsiercst mo 6-mpoBogHoN cxeme. Ilpu sTom
OJIHA TIapa MPOBOJIOB CIYXKUT JJS MUTAHUS MOCTA, JAPyras mapa HeoOXoauMa
JUTSL I3MEPEHUS 1T01aBaeMOT0 HAMPSKEHISI, TPEThs Tapa — JUIsl U3MEPEHUS BbI-
XOJHOTO CHI'Hasa.

CucreMa MOXKET HaXOAUThLCS B OJI-
HOM M3 CIIEAYIONUX PEKIMOB:

1 :: 3 PP 4 — HayaJdbHas JUAarHOCTHKa. TeCT
t mponeccopa, Tect Al u IIAII, xomn-
5 ] tpoib II13V;
7 —  PEXKHM <W3MEPCHHE». U3Mepe-
8 = 6 HHUE BXOJHBIX CHUTHAJIOB U Iepenavya WH-
- dbopmam TO TOCTIETOBATEIHHBIM HH-
i 10 11 TepdelicaM, IOCTOSHHBIM  KOHTPOIb
9 AIIT u ITAIT;
— POKUM «HACTPOWKa». HACTPOH-
Puc. 11. CTpyKTypHas cxema Ka Ha UCIOJB3yEMbI BXOAHON JHaNa3oH.
MHKPONPOLEeCCOPHOi [Honyuennyto TPI' wucnonb3yroT
CHCTEMBI HACHTHPUKALAT i1 noBelenns koiandectBa HO B ko-
u onpenenenns cogep:xanusa HO HCYHBIX TMPOJYKTaX MPEIJI0KESHHOTO
B TMCIEPCHBIX Cpeaax: METOJIa INIa3MOXHMMHYECKOIO CHHTE3a.
1 — MCTOYHHUK MOCTOSHHOTO Jiist 3TOr0 Ha 00MACTh PEeaKIHU BO3JCH-

HAMpPSDKEHUsT; 2 — TYHHEJIBHO-
PE30HAHCHAs TETEPOCTPYKTYPA;
3 —ycunurens; 4 — AL, 5 — AT,
6 — opT BBO/Ia-BHIBOJIA;

CTBYIOT BHENIHUM JJIEKTPOMArHUTHBIM
MoJIeM MOJIYJIUPOBAHHBIM MPHU TOMOIIH
coznannoit TPI'. Tlpoucxomut cenek-

7 — muxponpoueccop; 8 — IM3Y:; TUBHOE CTUMYJIMPOBAHUE YCTONUYHUBOCTH
9 — RS-48510- RS-232; obpazoBaBmmxcs B 1razme HO, koto-
11 — nepcoHabHBIN KOMIIBIOTED pble To cTpykType coorBeTcTBYIoT HO B
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co3nanHoi TPI'. DxcnieprMeHTHI, IPOBEJCHHBIE HAa YITIEPOAE U Ha OKCHUJE Map-
TaHIa, MO3BOJIMIM YBEIHUYUTh cojepxkaHne HO B KOHEUHBIX NMPOAYKTax Ha
40...50%rmo0 cpaBHEHHIO ¢ SKCTIepUMeHTOM Oe3 mpumenenus TPT.

B npuioxeHHH MPUBEICHO pEIICHHE ypaBHeHHUs (2), BBIMOJHEHHOE B
nporpamme Maple 136e3 monyenus 06 uaeHTHIHOCTH Gapbepos B TPT, Teo-
PETHUECKH PACCUNTAHHBIEC SJHEPIeTHUECKHE TapaMeTpbl HecKoIbKkuX THoB HO,
(dhoTorpadum uccieryeMpIx HaHOOOBEKTOB W TAPaMETPOB, NPU KOTOPBIX OHHU
UACHTH(DHUITUPOBAINCE.

OCHOBHBIE BbIBO/JbI 1 PE3YJIbTATBI PABOTbI

1. B xoje BBHITIONHEHUS TUCCEPTAMU OBLIO MPOAHATU3UPOBAHO MHOXKE-
CTBO KaK OTCUCCTBEHHOW, TaK M 3apyOeHOH nuTepaTypsl. PaccMOTpeHsI cy-
MIECTBYIOIIUEC METOMBI HACHTU(UKAIUA W ONPEACICHHUS KOHIICHTPAIUU HAaHO-
00BEKTOB C IENBIO BBISIBICHHS MX HEIOCTATKOB M BEIOOpa HOBOTO MOAXOJA K
HCCIIEIOBAHHUIO.

2. TlpemnokeHa MHONMYHIPOBOIHUKOBAS TYHHEIHHO-PE30HAHCHAS TETEPO-
CTPYKTYpa, B KOTOPOH BIIEpBBIE UIA (JOPMUPOBAHHSA €€ KBAHTOBOW SIMBI WC-
MOJIb3YeTCsl HaHopa3MepHbIi ciioit HO, pacmonoxeHHbIH MEXTy TBYMS CIOSMHU
TUDJIEKTPUKA, U pa3paboTaHa MeToauKka popmupoBanus 3Tor TPT.

3. PazpaboTraHo MaTeMaTHYEeCKOE OIMMCAHHE KBAaHTOBO-(U3UUECKHUX MPO-
reccoB B co3nanHoi TPI', koTopoe 1mo3BoJIuiI0 CMOAEIUPOBATh MEXaHU3M BO3-
netictBust HO Ha n3amenenne BAX TPI', uaeHTHGUIMPOBATH M KOJIHMIECTBEHHO
OLICHUTH coziepkanue Tpynnsl HO B mpoaykTax miazMOXUMHUYECKOTO CUHTE3A.

4. Pa3paboTaH HOBBIH TYHHEIBHO-PE30OHAHCHBIA METOA HICHTU(MUKAIINH
U ompeaeneHus: cojepxkanusi rpynnsl HO B mpoaykTax MiIa3MOXUMHYECKOTO
CHHTE3a C WCIIOJIb30BAaHHEM TYHHEIBHO-PE30HAHCHOTO 3(PQPEeKTa B TETEPOCT-
PYKTypax.

5. Pa3paboTana MUKpOIpPOIIECCOPHAsI CHCTEMAa, OCHOBHBIM OJIOKOM KOTO-
poit siBnsietcs coznanHas TPI', peanusyromias TYHHEIbHO-PE30HAHCHBIN METO/
WACHTU(QHUKAIINN U OTIpeNieNieHus conepkanus rpynnsl HO B mpoxykTax rmias-
MOXHUMHYECKOTO CHHTE3a M IMO3BOJIIIOIIAS IIPOBOIUTH KOHTPOJH B aBTOMATH-
YECKOM PEXHME.

6. IlpemtoskeH HOBBI METO[ IIa3MOXHMHU4ecKkoro cuaresa HO, B KOTO-
pom ucnons3zoBanue co3ganaoil TPT co cioem HO mo3Bommiio gepes anekTpo-
MarHUTHOC BO3JICHCTBHE YIPABIATH IPOIECCAMH B 00JACTH IUIA3MOXUMHYC-
CKOT'O CHHTE3a M MOBBICUTH MpoLEeHT Bhixoaa HO B nmpoaykTax cuHTe3a.
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