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MIHICTEPCTBO OCBITH I HAVKU YKPATHU
CYMCBKU JEPXKABHUM YHIBEPCUTET

MATEPIAJIN
Ta Mporpama

HAYKOBO-TEXHIYHOI KOH®EPEHIIII

BUKJIaJIa4iB, CIIBPOOITHUKIB, aCMiPaHTIB 1 CTYACHTIB

OAKVYIIBTETY 5
EJIEKTPOHIKHN TA IHOOPMANIMHNX
TEXHOJIOI'TA

(Cymu, 19-23 xBitasa 2010 poky)

Cymu «BunaBuunrso Cym/[V» 2010






Hlanoeni konezu!

Dakynbmem  eleKMPOHIKU mMa  HOOPMAYIUHUX — MEXHON02il
Cymcbko20 Oeporcasnoz2o  yuieepcumemy sanpoutye Bac e3amu
yuacmes Yy pobomi HAYKOBO-MEXHIUHOI KOHghepenyii eukiaoauis,
CniBpPOOIMHUKIB, acnipanmis i cmyoeHmis.

Kounghepenuyis 6iobyoemocs 3 19 no 23 keimusi 2010 poxy.

Yac ma micye pobomu cexyiu, axi Bac yixaenams, HagedeHi y
npozpami.

Aodpeca ynieepcumemy:
40007, m.Cymu, 8yn. Pumcorkoeo-Kopcakosa,?2.
Teneghon onst dogioox 33-71-44.

Cexkuii koHpepeHnnii

ABTOMAaTHKA, IEKTPOMEXaHIKa 1 CHCTEMH YIPaBJIiHHS.
EnextponHi cuctemu i 3acobu KoayBaHHs iHPOpMAITii.
Eneproz0epesxeHHs B €IeKTPOCHEPTeTHIII.

Enextponne npunanoOyyBaHHs.

®i3MyHI OCHOBH MIKPO- 1 HAHOETIEKTPOHIKH.
HanoenektpoHika.

Teopernuna ¢izuka.

ExcniepumenTanbHa ¢izuka.

[Insixu BIOCKOHAJIEHHS T1033aayJUTOPHOT pOOOTH CTY/ICHTIB

A i A A e

I'onoBa oprrkomirery noteHt C.I. IIporienko



MMPOI'PAMA KOH®EPEHIIII

CEKIIA 1 cABTOMATHUKA, EJIEKTPOMEXAHIKA I
CUCTEMM YIIPABJIIHHA »

l'onosa cekmii —  K.T.H., 1ot Yeps’sikoB B. /1.
Cexperap cexitii —ct. Buki. [Taamua A.O.

MouaTtok: 20 ksitHs 2010 p., ayx. ET 302, 15%
1. AHaIMTHYECKOE MCCIIeZIOBaHUE MTPOOIEM YIIpaBICHUS
TPAHCIIOPTHBIMU TIOTOKaMH.

Joxnamuuk — cryn. bypuk N.E.
PykoBoautens — noueHt [laBnos A.B.

2. Croco0bl perynupoBaHHs BAHTOBBIX KOMIPECCOPHBIX YCTAHOBOK.

Jloxnaauuk — cryn. Aépamurtos JI.1O.
PykoBoautens — noueHt [laBnos A.B.

3. JlaGopaTopHWUii cTEeH I UTs TOCHIIKEHHS JTiHIHA 3B’ SI3KY CHCTEM
300py, repenadi i 00poOku iHPpOpMaIrii.

JlonoBinaui: ctya. Bansasebkuii P.O.,
ctya. Cenuenko O.B.,
ctya. Teepe3oBcbkuii C.1O,
cryn. Tpury6o O.A.

KepiBauK — noueHt Boituenko I'.1.

4. ABTOMAaTH30BaHa CUCTEMA YIPABIIHHS 0XOJIOKYBATbHUM
3€pHOIIEPEBAHTAKYBAIBHUM KOMILJIEKCOM.

JlomoBigayg — ctyn. Kpyruenko FO.A.
KepiBauK — noueHt Boituenko I'.1.



10.

1.

IIPOI'PAMA KOH®EPEHI]IT

ABTOMaTH30BaHa CHCTEMa TEXHIYHOTO OOJIIKY €JIeKTPOCHEePTi.

JlonoBinaui: ctya. Kommuk F0O.M.,
cryn. I[lepenepiit B.O.
KepiBauK — noueHt Tonbaros B.A.

MoepHizallisi CHCTEMH YIIPaBIIIHHS MPOIIECY OCYIIKH
MIPUPOTHOTO Ta3y.

JlomoBigay — ctyn. bepect O.b.
KepiBauK — noueHt Camenos 10.O.

CuHTe3 aJanTHBHOTO EJICKTPONPHUBOIA TSI MAHIITYJIATOPA
npomMuciosoro podora TYP-10.

Jloxitauuk — crya. Mockanenko B.B.
PykoBoautens — cr. npern. [Tannu A.A.

Tomosornueckas MOAEIb HACOCHOTO OJIOKA B TEXHOJIOTHUYECKON
CXeM€E HaCOCHOW CTaHIIMH.

Jloxiiaiuuk — cryn. bepexunoit A.U.
PykoBonurens — wunxk. llloxorosa M.B.

Moienu TEXHOIOTHYECKOM CXEMBI HACOCHOM CTAHIIUHU.

Joxnamuuk — cryn. llokoroB A.M.
PykoBonurens — poueHt Yepssikos B./I.

KepyBaHHS ceMUCETMEHTHUM iHIUKATOPOM.

JlomoBinaui: cryn. Kosanenko O.C.,
ctyn. Kpasuos 3.0.

KepiBauK — acuct. TosnbatoB A.B.

[lepeaymMoBH CTBOpEHHSI IHTETPOBAHOTO iHPOPMALIIHHOTO
CepeIoBUIIA ISl IPOMUCIOBUX MiAMIPUEMCTB.

JlomoBigayu — cryn. Tonbatos C.B.
KepiBHuku: noueHt Tonbaros B.A.,
acuct. TosnbatoB A.B.



IIPOI'PAMA KOH®EPEHI]IT

12. The Use of Biogas Energy From Municipal Solid Waste Landfills
as a Step to Remove the Greenhouse Effect in the Third

Millennium.
Reporter — stud. Tolbatov S.V.
Supervisor — associate prof. Tolbatov V.A.

13. EneprorocnojapcTBo miMpUeEMCTBA Ta OCHOBHI HANIPSIMU
eHeproz0epeKeHHSI.

JlomnoBimay — norieHT TonbaToB B.A.

14. ®opmyBaHHS CUTHATY YIPaBIiHHS PETYIATOPOM IMOJ1adi ra3y 3a
JaHUMU BUMIPIOBAHHS MTOTYKHOCT1 BUPOOJIEHHS €IeKTPOCHEPrii.

JlomnoBimau — acuct. TombaTtoB A.B.

CEKIIA Ne 2 «kEJIEKTPOHHI CUCTEMMH 1 3ACOBH
KOJYBAHHSA THOOPMAIIII»

l'onosa cekmii — 1. T. H., mpod. Bopucenko O.A.
Cexkperap cexiii — qoent HoBropomes A.lL

Mouarox: 20 kaitast 2010 p., ayn. ET 226, 132
1. HMccnenoBanue CUCTEM NPUHYAUTEIBHOTO BO3IYIITHOTO
OXJIAKJEHUS 0OBEKTOB.

Jloxnaauuk — cryn. Komomuer A.B.
PykoBogurens — ponent 3ydans FO.A.

2. buok cOopa u nepBUYHON 00pabOTKH HH(POPMAITUH OXPAHHOM
CUTHAJIM3ALINH.

Jloxiiaiuuk — cryn. Koxymko A.B.
PykoBoautens — noneHt Onanuyenko E.JI.



IIPOI'PAMA KOH®EPEHI]IT

MaxopurtapHas nepeaada JaHHbIX ¢ UCIOJIb30BAHUEM KOJIA
beprepa.

Jloxmnaguuk — cryn. Kubenko E.A.
PykoBoautens — nonent Kymuk N.A.

MeTtoj reHepupoBaHus KBa3UPaBHOBECHBIX KOJIOBBIX
KOMOWHAIIHHA.

Joxnaguuku: cryn. Yepnooyk C.B.,
acn. Ckopauna E.M.
PykoBoautens — nouent Kymuk NL.A.

Metoau noOy0BH NEPETBOPIOBAYIB YACTOTH IS )KUBIICHHS
ACMHXPOHHUX JIBUTYHIB MaJIO1 MOTYKHOCTI.

JlomoBigayg — cryn. [amko A.M.
KepiBauK — noueHt OxnaHueHko €.J1.

OOHapyxeHue ONMMOOK B MEPECTAHOBKAX HA OCHOBE KOHTPOJIS
CYMMBEI DJIEMEHTOB.

Jloknaguuku: cryn. 'omosckuii B4,
acn. [opsiueB A.E.
PykoBogurens — mpod. bopucenko A.A.

OneHka NIOMEXOyCTOWYMBOCTH KOHEYHBIX aBTOMAaTOB
nocTpoeHHbIx 1o meroay OHE.

Joxiauuku: cryn. Pyabko A.M.,
acm. Ilerpos B.B.
PykoBogurens — mpod. bopucenko A.A.

OneHka NIOMEeXO0yCTOMYMBOCTH OMHOMHUAIBHBIX YCTPOMCTB C
TyOIMpOBaHUEM.

Jloknaguuku: nHx. ['punenko B.B.,
3aB. 1a0. ['anmu B.H.,
3aB. 1a0. JIroObuBbIi A.A.
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14.

IIPOI'PAMA KOH®EPEHI]IT

[TpeoOpazoBaHme TBOMYHBIX YHCET B MHOTO3HAYHBIC
OMHOMHAJIBHBIE KOBI.

Jlokmaauuk — ctyn. [Iporacosa E.A.
PykoBonutens — ct. mpen. [Ipotacosa T.A.

[Tpunan st TOCHHKEHHS. MarHITOPE3UCTUBHUX BIACTUBOCTEH
TOHKOILTIBKOBHX MaTepialiB.

JlomoBigayu — cryn. Haymenko I1.0.
KepiBauK — noueHnt Jlonatuenko b.K.

Pa3paboTka paBHOBECHOTO JeIudpaTopa.

JIOKIaTIMKH: npo¢. bopucenko A.A.
acm. 'yrenko /I.B.

Cucrembl nuTanust 00HEKTOB SHEPTUEH BETPSHBIX T€HEPATOPOB.

Jloxnaguuku: cryn. Edumos .M.,
cryn. dymunkos .M.
PykoBoautens — nouent Hosropoaues A.1.

CpaBHuTeNbHBIN aHanu3 anroputMoB bemnmana-dopna u
anroputma JleiKCTpBbl.

Jloxitaiuuk — cryn. CnuBuenko A.B.
PykoBoaurens — noueHt bepexnas O.B.

CTpyKTYpHBII CHHTE3 YIPABIISIONUX CUCTEM 00BEKTOB C
HETIOJHOW HH(pOpMaILIUEH.

Jloxnaguuku: cryn. Jlannas 10.A.,
ctyn. Bepourkuii B. /1.
PykoBoaurtens — nouent Hosropoaues A.1.
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16.

17.

IIPOI'PAMA KOH®EPEHI]IT

YcrpoiicTBo cxxaTus HHPOPMAILIUK Ha OCHOBE OMHOMHAIBHBIX
qHCell.

JloKJ1aquuKHu: ctya. [IporacoBa E.A.,
aci. Kocrens C.B.
PykoBoautens — nouent Kymuk NL.A.

YCTpOUCTBO CHHXPOHU3ALUN YaCOB CYETUUKOB JIEKTPOIHEPTUU
B ACKVYD.

Jloknaauuku: cryn. EcekoB HLE.
cryn. bepexunoit A.U.
PykoBonurens — ct. mpen. Ap6y3os B.B.

AHaiz METOJIiB CTUCKY ay/lio JaHUX Ta 3aco0u 1X peanizarii.

JlomoBigayg — unmxk. Kprouko E.B.
KepiBauK — noueHt 3yoans 10.0.

CEKIIA Ne 3 <kEHEPI'O3BEPEKEHHS B
EJEKTPOEHEPI'ETHUII»

T'omoBa cexiii — K.T.H., noneut Jlebemuucokuii LJ1.
Cexkperap cexii —k.¢-M.H., acuct. Kocsik B.B.

MouaTtok: 22 kaitHs 2010 p., ayn. ET 228, 15%

I.

MeTot1 KOpeKIIii pe3ybTaTiB BUMIPIOBAHb B aBTOMATH30BaHUX
crcreMax OOIKY eeKTPOeHEepTii.

JlomoBigayu — cryn. bepexuuit O.1.
KepiBauK — k. Yeps'skosa JLII.

[TpucTpiit A7t BUMIpIOBaHHS MOMEHTY IIBUAKOCTI 1
MIPUCKOPEHHS ACHHXPOHHUX JABHUTYHIB.

JlomoBinaui: cryn. Kauan M.B.,
cryn. [Tomazan M.O.
KepiBHuku: noueHt Mypikos /[.B.,

noueHt Bacunera I1.0.

9



IIPOI'PAMA KOH®EPEHI]IT

Hogi MaTepianu TOHKOTUTIBKOBUX COHSIUHUX ITEPETBOPIOBAYIB.

JlomnoBimay — acucteHT Kocsk B.B.

Hcnonb30BaHne BUPTYaJIbHOTO J1a0OPAaTOPHOTO MPAKTUKyMa.

Jlokmauuk — acr. Macnos B.A
PykoBogurens — ponent Jlebemunckmit M.JL.

MemOpaHHBIE METOBI TIPOU3BO/ICTBA YHEPTUH.

Jloxiiaguuk — crya. Muxanko B.T'.
PykoBonutens — ct. npen. Hoznpenkos B.C.

[IporHo3upoBaHKE IIEKTPUIECKUX HATPY30K MIPOMBIIITIEHHBIX
MPEANPUATHIA.

Jlokmaaank — uHX. Momienckuii 1.B.
PykoBonutens — ct. npen. Hozapenkos B.C.

[IporHo3upoBaHKE IIEKTPUIECKUX HATPY30K MIPOMBIIITICHHBIX
MPEATNPUATHIA.

JIOKJIa JuHK — cryn. AdanaceeB B.B.
PykoBomutens —  cT. mpen. [lerpoBckuii M.B.

OntuMizartisi pexxuMy 3a3eMJICHHS] HEUTpati B pO3MNOIUTEYNX
Mepexax 6-35 kB 3 MeToro migBUIEHHS eKCIUTyaTaIiifHOT
HAIHOCTI MEPEeX.

JlomoBigayu — ctyn. OBuapenko .M.
KepiBHuku: noueHT Pomanoseskuii B.1.,
acucrt. Jlebenka C.M.

Po3paxyHOK COHSIYHOT BOJIOHATPIBHOT YCTAHOBKH.

JlomoBigayu — cryn. [lamosain B.O.
KepiBauK — acucteHt Jlebenka C.M.

10



IIPOI'PAMA KOH®EPEHI]IT

CEKIIA Ne 4 «kEJIEKTPOHHE ITPUJIATOBY 1YBAHHS»

I'onoBa cekuii — K. ¢.-M. H., gouenT lnerawuii I.O.
Cexperap cekii —acmn. Cunamenko O.B.

MouaTtok: 21 kBitHs 2010 p., aym. [1325 6, 13%

I.

TeH30pe3uCcTUBHI BIACTHBOCTI METAJIEBUX TUTIBOK: MTPOTHO3 1
eKCTIEpUMEHT.

JlomoBinaui: 3100. bypuk LII.,
acm. Tumenko K.B.,
mar. [llabensauk FO.M.,
Mmar. [upzandap X.
KepiBauku: npo¢. [Ipouenko L.1O.,
noteHT OanoBopens JI.B.

JlocmipKeHHST MarHiTOpe3UCTUBHUX BIIACTUBOCTEH TUTIBKOBUX
craBiB FeCu, oTpUMaHuX 0THOYACHUM BUTIAPOBYBAHHSM
KOMIIOHEHT.

JlomoBinaui: cryn. Kocrsn O.A.,
acn. Cunamenko O.B.,
k. Kongpaxosa /1.B.
KepiBuuk — npodecop [Ipomenko L.1O.

Po3po0nenHs nporpaMHOro 3a0e3nedeHHs UIsl pO3paxyHKy
KoedimieHTiB 1udy3ii 3a eKCrIepUMEHTATEbHUMH TAHUMU OXKe-
CIIEKTPOCKOITIl.

JlomnoBimay — acr. ®emuenko O.B.
KepiBauK — nouent IIponenko C.I.

Optical investigation on zinc selenide films.

Reporters: stud. Berestok T.O.,
ph. d. stud. Ivashchenko M.M.,
associate prof. Opanasyuk N.M.

11
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IIPOI'PAMA KOH®EPEHI]IT

JocnimkeHHs (i3MYHUX XapaKTEPUCTUK CBITIIO JI0TIB.

JlomoBinayu — cryn. Bepourpkuii J1.0.
KepiBauK — noueHt Oanoasopens JI.B.

Po3pobnenns mabopaTopHOTO CTEHTY TSI TOCITIIHKEHHS poO0Unx
XapaKTePUCTUK TUPUCTOPIB.

JlomoBinayu — cryn. Xonon C.1O.
KepiBHUK — noueHt Oxanoasopens JI.B.

3acTocyBaHHSI aBTOMAaTUYHOTO KOMIUIEKCY ISl CEPIiHOTO
BI/IpO6HI/IIITBa TOHKOILTIBKOBHX METAJIEBUX TCH3OIIaT'-II/IKiB.

JlomnoBinaui: Mmar. Kosjomienp B.B.,
cryn. Hakoneunnii /I.M.
KepiBauK — acuct. Benukonuwuii /1.B.

3acTocyBaHHS YHIBEPCAIBHOTO JJA0OPATOPHOTO CTEHY JJIs
BUKOHAHHA (DI3WYHUX €KCIIEPUMEHTIB.

JlonoBinaui: crya. O6itoupkwuii O.B.,
cryn. IIpokonenko P.B.,
KepiBauK — acuct. Benukonuuii /1.B.

OO6nagHaHHA 1I1 BUBYECHHS IAJIbBAHOMATHITHUX BIIACTUBOCTENU
IUTIBKOBUX CUCTEM.

JlomoBigay — ctyn. Bopo6iios C.1.
KepiBuuk — npodecop [Iponenko L.1O.
TepmopesucTuBHi Bi1acTHBOCTI MTiBKOBUX V Ox.
JlomoBinay — ctya. 3asroponiit O.B.
KepiBauK — nouent lymakosa H.I.

MarsiroonTUYHi BJIACTUBOCTI IUTIBKOBUX CUCTEM 13 CIIH-
3aJIe)KHUM PO3CIIOBAHHSM E€IIEKTPOHIB.

JlomnoBimau — Mmar. [Tmmmnenko O.B.,
KepiBauK — acuct. Yemko [.B.

12



IIPOI'PAMA KOH®EPEHI]IT

CEKIIA Ne 5 «@I3UYHI MIPOLECHU B MATEPIAJIAX
MIKPO- I HAHOEJIEKTPOHIKHN»

l'onosa cekmii — 1. ¢.-M. H., podecop [Iponenko [.1O.
Cexkperap cexiii — k.¢.-M.H., gouent OxgnoaBopens JI.B.

Mouaroxk: 21 kaitast 2010 p., ayn. 11 326, 13%

1. JochiukeHHs: TeMIepaTypHoi 3a1eKHOCTI MMPOBITHOCTI TUTIBOK
cynbdiny HUHKY.

JlomoBinaui: cryn. Creuenko O.0.,
H. c. KypOatos JI.I.,
noteHT Onanactok A.C.

2. JocnimxkeHHs CTPyKTypHO-(a30Boro ckiaay HanodyactuHok Co
Ta FG304.

JlomoBinaui: acn. Jlemuaenko M.T.,
cryn. Kynsianos O.,
ctya. Kocrenko O.

KepiBauK — nouent IIponenko C.I.

3. Orpumanns HaHOCTPYKTYp NiTa Cu Ha MOBEPXHI MOTIMITHOT

TLTIBKH.
JlomoBimayg — acn. 3nenko B.O.
KepiBauK — nouent IIponenko C.I.

4. Acomiaris BIaCHUX TOYKOBUX JIe(EKTIB y TETyPUIl KaJIMIfO.

JlomoBinaui: ctyn. Konesa O.0.,
acuct. Kocsk B.B.
KepiBauK — noueHt Onanacirok A.C.

13



IIPOI'PAMA KOH®EPEHI]IT

da30BuUil cTaH 1 MATHITHI BJIACTUBOCTI [UIIBKOBUX CUCTEM Ha
ocHoBi Ni, Fe ta Ag.

Homosigaui: wmar. Pekyn M.IO.,
mar. Yaon C.B.,
notteut HImernnii 1.O.

Merto el noBeieHus d3ppextuBHocTr OIII.

Joxiauuku: mar. Jinuman /[.B.,
acn. Myxammen A K.,
cryn. Kysuenos A.B.,
noteHT Kynementnena O.I1.

BinsiHue napamMeTpoB HallbUICHMS Ha TOHKYIO CTPYKTYPY
BAKYYMHO-IIJIA3MEHHBIX [IOKPBITUH.

Jloknaauuku: noueHt Kynementeea O.11.,
acn. Maxmyn A.M.,
ctyn. Kopouss C.

CTpyKTYpHI Ta ONTHYHI BIACTHBOCTI IUTIBOK CEJIEHITY KaJMIi0.

JlonoBiaui: crya. Aposnenko /J1.0.,
acm. Isamenko M.M.,
acuct. Kocsk B.B.,
monent Onanaciok H.M.

da30BUl CKJIA] 1 TEPMOPE3UCTUBHI BJIACTUBOCTI TUTIBKOBUX
MaTtepiaiiB Ha ocHoBi Fe i Pd.

JlomoBinaui: Mmar. Brnacenko O.B.,
mar. ITumnnenko O.B.,
acn. Tkau O.I1.

KepiBauK — noueHt Oanoasopens JI.B.

14



IIPOI'PAMA KOH®EPEHI]IT

10. CtpykTypHO-(ha30BUii CTaH EICKTPOXIMIYHUX KOOATBTOBUX
MTOKPHUTTIB.

JlonoBinaui: noueHt IIponenko 3.M.,
Mar. [nmakos O.B.

11. BB nogarkoBux mapis Ni Ha edexkt MO B mutiBkax Co/Cu/Co.

JlomoBinaui: nomeHt Jlobona B.b.,
mar. Komomiens B.M.,
c. H. ¢. llIkypaona 1O.O.,
cryn. Xoxiuosa T.B.

12. JlocmimKkeHHS €IEMEHTHOTO CKJIaay IUTiBKOBHX cruiaBiB CoNi.

JlonoBinaui: noreHT CantukoBa A.l.,
nonent Jlo6ona B.b.,
Buki1. KpaBuenko B.O.

CEKIIA Ne 6 <HAHOEJIEKTPOHIKA»

l'onosa cekmii —  1.¢.-M.H., ipod. Onemckoit O.1.
Cexkperap cexirii —acn. Mokpenko O.A.

Mouaroxk: 19 kaitas 2010 p., ayn. ET 216, 122
1. OG6o0menue Teopur MyabTH(PPAKTAIOB B paMKaX KBaHTOBOTO
HCUUCIICHUSI.

Jloxiiauuk — cryn. Benutuenko A.T.
PykoBogurens — mpod. Onemckoit A.U.

2. MynbTudpakTaibHbIN aHAIN3 BPEMEHHBIX PSI0B
SKOHOMHUYECKUX CHUCTEM.

Jloxiiauuk — ctyn. barmacapsa ALA.
PykoBomuremn:  mpod. Onemckoit A.1.,
nouent [lyna N.A.,

accuct. bopucrok B.H.

15



IIPOI'PAMA KOH®EPEHI]IT

HccnenoBanue craTuCTUYECKUX CBOMCTB HTepHET-Tpaduka.

Jloxmaauuk — cryn. boromasz A.C.
PyxoBomuremn:  mpod. Onemckoit A.1.,
accuct. bopucrok B.H.

HccnenoBanne MyabTH(PPaKTATBHBIX TOBEPXHOCTEH
KOH/ICHCATOB.

Hoxmamuuk — cryn. Kosans [1.B.
PykoBogurens — npod. Onemckoii A. 1.

IIpepsIBUCTBIN ITEpexo/] B KBa3UPABHOBECHOW CUCTEME IIIa3Ma-
KOHJICHCAT.

Joxnamqamk— acr. XXunenko T.1.
PykoBomuremn:  mpod. Onemckoit A.U.
noteHt FOmenko O.B.

Amnanu3 npuMeHeHHs! ¢(QOKYCHPOBAHHBIX ITYYKOB 3apsKEHHBIX
4aCTHUL B IIPOU3BOJCTBE HAHOKOMIIOHEHT.

Jloxnaauuk — cryn. [Tonomapéna A.A.
PykoBomurens — mpod. Bopoorés I'.C.

Ananmn3 0CHOBHBIX THIIOB MPOCTPAHCTBCHHBIX BOJIH B IJIAHAPHBIX
NEPUOANYCCKUX MCTAJIOJUIJICKTPUICCKUX CTPYKTYpax.

Hoknamuuku —  1po¢. Bopoosés I'.C.,
ctya. Pebanko H0.A.,
cr.mpern. XKyp6a B.O.,
cr.npen. [IerpoBckuit M.B.,
act. Perbanko A.A.,
acn. [lynera FO.B.
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10.

1.

12.

13.

IIPOI'PAMA KOH®EPEHI]IT

AHaJII/IS pa3BI/ITI/I$I MHKpOBOJIHOBOfI IUArHOCTUKHN MaTepI/IaJIOB nu
OHUOJIOTUYECKUX OOBEKTOB.

JloKmaT4uK — crya. 3andarapu Hlanam
PykoBoaurenu: mpod. Bopobrés I'.C.,
acn. [lynera FO.B.

MonynsaunonHsle notepu B reHeparopax CBY manoil MomHoCcTH
JMarHOCTUYECKON OMOMEINIIMHCKON anmapaTypsl.

Jloxmaaunk— cTyn. Acaau AapHiay DapMupa
PykoBoaurenn: mpod. Bopobwés I'.C.,
acn. [lynera FO.B.

DKCIepUMEHTAIBHOE MOJIEJIMPOBAHNE BOJIHOBBIX MOLIECCOB B
HEPETyJIIPHOM OTKPBITOM BOJIHOBOJE C METAJIIO-
JUIIEKTPHUECKUM CIOEM.

Jloxiiaiuuk — ctyn. bornanoBckuii A.A.
PykoBoautens — nouent Kpusen A.C.

Bausuaue MCTAJUIOJUDJICKTPHUYCCKOTO CJI0A HAa 3JICKTPOHHO-
BOJIHOBBIC TTOLIECCHI B HEPCTYIIAPHOM OTKPBLITOM BOJIHOBO/IC.

Jloknaauuk — crya. ymunknii C.H.
PykoBoautens — nouent Kpusen A.C.

YucaeHHoe MOJIETMpOBaHNe TUPPAKITHOHHO-YEPEHKOBCKOTO
M3JIYYCHHS B METAJUIOIUAICKTPUUECKOM KaHaJe.

Jloxnaauuk — ctyn. Kazaukos C.B.
PykoBogurens — ponent Pyban A.U.

[TpuOmnKkeHue CBETOBOM ONTHKH MPH BO30OYKICHUHN METAIITO IHIIEK-
TPUUYECKUX CTPYKTYP TUTAHAPHBIM JUJICKTPUICCKIM BOJHOBOIOM.

Jloxnaauuk — cryn. Acanuase E.A.
PykoBogurens — ponent Pyban A.U.
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14.

15.

16.

17.

18.

19.

IIPOI'PAMA KOH®EPEHI]IT

Brrurcnenrne MarHuTHBIX MOJIEN METOJIOM 3apsiI0BOM INIOTHOCTH.

JloKJ1aquuKHu: ctyn. [lonomapesa A.A.,
acm. bapcyk 1.B.

PykoBonutenu — cr.mpen. Jpo3aenko A.A.,
npo¢. Bopoosés I'.C.,

Camoopranizailisi B KOJICKTHBHIN MTOBEIHIII aKTHBHUX YaCTUHOK.

JlomoBigay — acn. bapanosa A.IlI.
KepiBauK — noueHt FOmenko O.B.

[Ipumenenue pyHkuu JlamyHoBa Juist ©cCiae10BaHUS CIIOKHBIX
CUCTEM.

Jlokmauuk — cryn. Hopomenko JI.1O.
PykoBoautens — gouent FOmenko O.B.

HI/IHaMI/IKa CBCPXU3IIYYCHHA KBAHTOBBIX TOYCK.

Jloxitaiuuk — crya. bposkuna /1.B.
PykoBoaurens — gouent FOmenko O.B.

[TpuMeHeHne TaMUIBFTOHOBA (hOpMa3Ma MPH UCCIIECTOBAHUH
CJIOKHBIX CHCTEM.

Jloxiiaiuuk — crya. bonnapenko M.H.
PykoBoautens — nonent FOmenko O.B.

YucenpHe MOACIIOBAHHA CTOXaCTUYHUX OCIII/IJISIIIiﬁ CHUCTEM, IIIO
CaMOOPraHI3yIOThCS, Ml Ai€l0 O1TOTO HIyMYy.

JlomnoBimau — cryn. Hasugenko T.O.
KepiBauK — noueHt FOmenko O.B.
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20.

21.

22.

23.

IIPOI'PAMA KOH®EPEHI]IT

DOopMHUPOBAHHUE BBICOKOITOPUCTHIX CUCTEM HUKENS B YCIOBHAX
CTallMOHAPHOW KBa3WPaBHOBECHOW KOHIAECHCALIUH.

Jloxmaqauk — cryn. Py6en [1.1.

PyxoBomuremn:  mpod. Ilepexpecros B.U.,
acn. Mokpenko A.A.,
acr. JI¢mun B.B.

®opmyBaHHS MOPUCTUX CTPYKTYp Al y HaKOMMYyBaTbHUX 10HHO-
IIJIA3MOBUX MIPUCTPOSIX.

JlomoBigay — ctya. benomanka 1.B.

KepiBauku: npo¢. ITepexpectos B.1.,
noktopant Kocminceka 10.0.,
ct.Buki. Kopntromenko I'.C.

CamMocO0opKa HaHOCUCTEM MEJU IIPU KBa3UPABHOBECHOM
KOHJIeHcanuu B ycnoBusix @obmepa-Bebepa.

Jloxnaauuk — ctyn. Onanactok C.A.

PyxoBomuremn:  mpod. Ilepexpecros B.U.,
noktopant Kocminceka FO.A.,
ct.npen. Kopuromenko A.C.

Mo envpoBaHue paBHOBECHBIX (JOPM KPUCTAILIOB.

Jloxytaiuuk — ctyn. Crnecussrit A.C.
PyxoBoaurens — mpod. [Tepexpecros B.U.

CEKLIA Ne 7 <« TEOPETUYHA ®I3UKA»

I'onosa cekuii —  a.¢.-M.H., npod. Jlomatkin FO.M.
Cekperap cekiii —K.(-M.H., cT. BUKIL. Birpenko A.M.

Mouarox: 19 kaitas 2010 p., ayn. ET 228, 11'°- 16*°

I.

CroxacTrueckas JUHaAMWKa HaMarHn4€HHOCTHU HaAaHOYaCTHUIIbI BO
BpalmaromeMcsa MarnHuTHOM II0JIC.

Jlokmaauku: act. [Tomsaxos A.IO.
nouent Jlroteiit T.B.
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IIPOI'PAMA KOH®EPEHI]IT

JluHaMuKa HEpaBHOBECHOTO MEPEX0,/1a, UHIYIIUPOBAHHOTO
B3aMMHO KOPPETUPOBAHHBIMU IIIYMaMU: YUCJICHHBIE PE3YJIbTATHI.

Joxiaquuku: cryn. bynénnsriit B.C.,
ctya. JlutBunenko /1.0.
PykoBoautens — cr. npen. Burpenko A.H.

[TigBUIICHHST YacTOTH €JNEKTPOMArHITHOT XBWJII Y Pe30HATOPi 3
PYXOMOIO CTIHKOIO.

JlomoBigay — cryn. Kosanbos O.0.
KepiBauku: npo¢. Kynim B.B.,
noueHTt Jlucenko O.B.

KyOundecku-HennHeiHas TeopHs mia3Ma-myqKoBBIX
CyIepreTepoJMHHbBIX JIa3€pOB Ha CBOOOHBIX AIEKTPOHAX C
H-ybutpoHHON HaKaukoi.

Jloxnamuuku: accuct. Kosans B.B.,
cryn. Yepnon C.B.

PykoBogurenn: mpod. Kymum B.B.,
noteHT JIbicenko A.B.

KyOudecku-HennHeiHas TeopHst SIeKTPOHHO-BOJTHOBBIX
JBYXIOTOKOBBIX JIA3€POB Ha CBOOOIHBIX 3eKTpoHax H-
YOUTPOHHOTO THUIIA.

JlokmaTauK: accuct. Pom6osckuit M.1O.,
crya. EcekoB NL.E.
PykoBogurenn: mpod. Kymum B.B.,
noteHT JIbicenko A.B.

MoaenupoBaHue pacrpeaeneHusi UMIUTAaHTUPOBAHHBIX HOHOB T10
riyOuHe.

Jloxitaiuuk — crya. Makapenko T.B.
PykxoBoautens — noueHt Cokosos C.B.
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IIPOI'PAMA KOH®EPEHI]IT

CEKUIIA Ne 8 <kEKCIIEPUMEHTAJIBHA ®I3UKA»

l'onosa cekmii —  1.¢.-M.H., ipod. Jlonmarkia FO.M.
Cekperap cexiii —K.(-M.H., cT. BUKI. Bitpenko A.M.

Mouarox: 19 kaitas 2010 p., ayn. ET 228, 11'°- 16%°

I.

Mo nentoBanHs norenmianbaoi nosepxui (HgNH;3)4Cl,-H,O B
ENIEKTPUYHOMY TTOJII.

JlomoBinaui: ctyn. Kosanenko A.C.,
cryn. Koporuu [1.C.
KepiBauku: cT. BuKiL. [lloBkomsic O.A.,

npo¢. Jlomatkia FO.M.
DOHepreruyeckas CTpykrypa Mojekyiasl Hgly.

Joxnaguuku: ctyn. O6pasut 10.A.,
cryn. I'onuapenko 1.

PykoBonurenu: wunxk. JImutpues A.B.,
npo¢. Jlomarkun FO.M.

O BO3MO>KHOCTH MCTIOJIb30BaHUS MOJIEKYJIbI TU(eHnIa B
MOJIEKYJISIPHOU 3JIEKTPOHHKE.

Jloxnamuuku:; cryn. Hommyxuauit A.U.,
cryn. ['ony6es A.IO.

PykoBonurenu: wunxk. JImutpues A.B.,
npo¢. Jlomarkun FO.M.

CoaepxcaHHe TAKCJIBIX METAJIJIOB B BO3AYXC.

Jloknaauuku: ctyn. XuwxkHsk T.A.,
c.H.c. Caxno B.IL
PykoBoautens — nonent Kunskuna C.1.

Bnusinue ynbrpadmosieroBoro o0iydyeHus: Ha NIOBEPXHOCTHOE
HaTAXKCHHUC JIMITUIHBIX ITJICHOK.

Jloknaguuk — cryn. Jlomarka P.B.
PykoBonutens — cT. mpen. 3axaposa B.H.

21



IIPOI'PAMA KOH®EPEHI]IT

CEKIIIS Ne 9:
V Mixcey3iecoka oonacna memoouuna Kongepenyis

“IIIJIAXH BJOCKOHAJIEHHA [103AAY/JHTOPHOI
POBOTH CTYJAEHTIB”

CuiBroJiosn:
HAYaJbHUK YOpaBIiHHA OCBITH 1 Haykun CyMCBKO1
obnacHoi aaMminicTpartii gou. [Tmennana JI.B.;
B.0. JiekaHa  (akynbTeTy  €NEKTPOHIKH  Ta
iHpopmaniiitnux — texHomorii  CymlY, x.¢.-m.H.,
noueHT [Ipouenko C.1.

3acTynHuMKH:
3aBigyBay kadenpu npuknaanoi gpizuku CymY,
1.¢.-M.H., mpod. [Tpomenko L.1O.
3aBigyBau Kadeapu 3araibHOI 1 TEOPETHIHOT (Pi3UKH
CymY, n.¢.-m.H., ipod. Jlomatkia FO.M.

Cexpertap — 3acT. 3aBiqyBaya Kadeapy MpuKIaaHol Gi3ukn
CymI1Y, k.¢.-m.H., morient OgnoaBopens JI.B.

Touarox: 20 keitas 2010 p., aya. ET-99, 10%

10-pivust MeToANYHOT KOH(DEpEeHIIii: MpoOIeMH 1 TOCITHEHHS.

JlomoBigayg — mpod. [Tporenko [.1O.

JlocBim TpoBeneHHs 3aXUCTy JMIJIOMHUX TPOEKTIB  3a
BOIOHCBKOIO CUCTEMOIO.

JlomoBinaui: mpod. bopucenko O.A.,
noueHt Kynuk [LLA.
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10.

IIPOI'PAMA KOH®EPEHI]IT

[lkana ouenuBanust ECTS: nHCTpyKIMS K IPUMEHEHMUIO.

Jloxnamuuku:; norieHT Yekanos A.Il.,
mouent baouit M.C.,
nornent [llamosanos C.I1.

OcobnmuBocTi  oprasizamii  caMOCTIiHHOT pOOOTH  CTYJEHTIB
crenianbHOCTI «IH(pOpMaTHKaY.

JlomoBimayg — noteHt [Iponenko O.b.

Oprasxizanis camMOCTiifHOT poOOTH B €BPHCTUYHOMY HaBUaHHI
1HO3eMHOT MOBH.

JlomnoBimay — BUKJI. Ycenko H.M.
Oco6mmBocTi mpodeciitHoi CIPSIMOBAHOCTI CTY/ICHTIB.

JlomoBigayg — ct. Buki. [lyxno C.B.

MeTtoanyHi acmeKTH OpraHizamii MepeIauIIOMHOI MPAaKTUKU
CTYZICHTIB CrIeliaIbHOCT1 «EJEKTPOHHI MPUITAZH 1 TPUCTPOI».

JlomoBinaui: noteHT Onnoasopens JI.B.,
acuct. Tkau O.IL.

Oco0nrBOCTI Opraizaiiii CaMOCTiifHOT pOOOTH CTYAEHTIB-3a04YHHKIB.

JlomoBigay — nouent lymakosa H.I.

MixrpeaMeTHi 3B SI3KU PH BUBYEHHI MATEMATUYHUX JAWCIUILTIH.

JlomoBigayu — noreHt binoyc O.A.
BuxopucranHs BipTyadbHUX JIA0OPATOPHUX MPAKTHKYMIB TIPH
BHUKJIQJIAaHHI CIICIIATbHIX MaTePialo3HABYMX JUCITUTUTIH.
JlonoBinaui: acuct. ['osopyn T.I1,,

mouent IMuemninmnes B.O.,

notueHT bynauk A.®.,

3aB. 11a0. JIoooarok O.C.
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1.

12.

13.

14.

15.

16.

17.

IIPOI'PAMA KOH®EPEHI]IT

Procedures of communicative teaching

Reporter — assist. Morozova LA.

KoM roTepHe TecTyBaHHS — IpOrpecuBHa (popma CUCTEMU
KOHTPOJIIO 3HaHb CTYJICHTIB.

OIIOBIIaYi: noueHt bynauk A.®@.,
Y.
acuct. ['amonosa O.I1

MeHTansHEBIE KapThl B [IperiogaBaH €CCTCCTBCHHBIX HAYK.

JloKaT4mK — npo¢. Jlomarkun FO.M.

Bukopucranss iHpopMaIiiHUX TEXHOJIOTIH NP BUKIIAIaHH1
Kypcy (i3uKH.

JlomoBinaui: noteHT Iruatenko B.M.,
noteHT Hedequenko B.D.,
noteHT Onanactok A.C.

BukopucraHHs IHTEpaKTUBHUX TPEHAXKEPIB Ta BIPTYaIbHUX
3ac001B HABYAHHS Y METO/IUIII BUKIIATAHHS TUCITUTUTIHA
«BakyyMmHa TexHiKa.

JlonoBiaui: noreHT biouk B.B.,
noreHt Lnernnii 1.0.

[nsixu onTuMizanii (i3nYHOTO BUXOBaHHS CTyAeHTIB BH3.

JlomoBinaui: cT. BuKki. OkcboMm [1.M.,
Buki1. [llymaxos O.B.

CamocriifHa po00Ta CTyIeHTIB TPU BUBYEHHI CIIELIKYPCIB.

JlomoBigayu — noteHT [Iponenko 3.M.

24



18.

19.

20.

21.

22.

23.

24.

25.

IIPOI'PAMA KOH®EPEHI]IT

CamocriifHa po00Ta CTyJICHTIB BUIIINX HABYAIBHUX 3aKJIaJliB Y
Cy4JaCHHX 037J0POBUUX TEXHOJIOTISAX.

Honogigaui: BukiI. llymakos O.B.,
cT. BuKJI. OkcboM I1.M.

3akpirmeHHs npodeciiiHoro caMOBU3HAYCHHS MTEPIIOKYPCHUKIB.

JlonoBimau — acuct. Yemko 1.B.

TBopua caMOCTIHHICTD y MPaKTUIlI HaBUaHHs cydyacHoro BH3.

JlomnoBimau — BHKJI. Mixuo C.B.

[TomrykoBo-0CTiTHUIIbKA 1T033aayAUTOPHA poOOTa CTY/IEHTIB
KOJIEJDKY MTPHU BUBUEHHI XiMii.

JlomoBigayu — BuKII. [lomsuyk 10.0.

Metoiuka mpoBeIeHHS J1abOpaTOPHBIX padOT MO XUMUHU Ha
MOJITOTOBUTENLHOM oTaeiaeHun [IMO.

Jloknaauuku: cT. npern. [pruenko T.B.,
npo¢. Muponosuy JI.M.

3 J0CBiMy TPOBEACHHS KypCOBUX POOIT 3 JAUCIHILTIHH
«TeXHOJIOTIUHI OCHOBH €JIEKTPOHIKI.

JlomoBinaui: noteHT Onanaciok H.M.

Ponb kyparopa akaneMiqHOI TPYIH NP BIPOBADKEHHI KPEITUTHO-
MOJTYJIbHOT CHCTEMH OpraHizallii HABYaIbHOTO TPOIIECY.

JlomoBigay — Bukisiagau [unkapenko O.I.
[Tpo6nemu opranizaiii caMOCTiiiHOT pOOOTH CTY/IEHTIB.

JlomoBinaui: B.0. 3aB. kadeapu ['puaanoscrka T.M.,
UK. bypuxk LIL
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26.

27.

28.

29.

30.

31.

32.

IIPOI'PAMA KOH®EPEHI]IT

®i3UYHI IUKTAHTH K METO]] KOHTPOJIIO 3HAHb CTY/ICHTIB B
YMOBaxX KpEIUTHO-MOIYTbHOT CHCTEMH HAaBYaHHSI.

JlonoBiaui: norieHT CantukoBa A.l.,
ct.Buki. llxyprona HO.0O.

CamocriifHa po0oTa CTyJIeHTIB B YMOBaxX KpeIUTHO-MOIyIbHOT
CHCTEMH HaBUAHHS.

JlonoBiaui: norieHT CantukoBa A.l.,
ct.Buki. llxypnona HO.0O.

BukopucraHHs iHTEpaKTUBHUX METO/IIB HABYAHHS JUIS
opranizallii HaB4aJbHO1 pOOOTH CTYJCHTIB.

JlomoBinaui: noueHnt JlirBinenko O.A.,
ct.Buki. [lloBkomsc O.A.

In what way are language teachers different?

Reporter — assist. Zolotova S.G.

[TpakTdHO OpieHTOBaHE BUKIaAaHHS (i3iomorii Ha eTarri
BIIPOBA/KEHHS KPETUTHO-MOAYJILHOT CHCTEMH HaBYaHHS.

JlomoBigay — BUKI. Boponina H.K.

Poub camocTiitHOT pOOOTH CTYIEHTIB B aKTUBI3aIlii Mi3HABAIBEHOT
JUSUTBHOCTI.

JlomoBinaui: noment ['apoy3osa B.1O.,
acucrt. Jloce JI.O.

@DyHKIIIT TECTOBOTO KOHTPOJIIO TIiJT Yac OpraHi3allii caMOCTIHHOT
poOOTH CTYICHTIB.

JlomoBigay — BukiL. [1noxyra T.M.
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33.

34.

35.

36.

37.

38.

39.

IIPOI'PAMA KOH®EPEHI]IT

Meroaudeckue MOAXOAbl K OpPraHu3aluu CaMOCTOSTEIbHOU
paboTHI Ha MPAKTHUECKUX 3aHATHUSAX MO KIMHHUKO-JIA00PATOPHON
JUArHOCTHKE.

Jloknaguuku: noueHt I'pedenuk JI.H.,
noteHt [Ipumona JILA.

Kype «KimHnko-madopatopHasi TUarHOCTHUKa» Kak dJieMeHT (yHia-
MEHTAM3AIH MTPO(PECCHOHATLHOTO METUITTHCKOTO 00Pa30BaHHUSI.

JloKJ1aquuKu: noueHt [Ipumosa JLA.,
noteHT ['pedennk JI.U.

[lepeBaru Ta HEJOJIKH TECTOBOTO KOHTPOJIIO 3HAHb HA 3aHITTAX
13 Ol0JOTIYHOT XiMii.
JlomoBigay — cT. BuKJI. YopHa [.B.

KoM’ toTepHe TeCcTyBaHHS K OJHH 13 3aCO0IB TTOKPAIICHHS
SKOCTI 3HaHb CTY/ICHTIB.

JlomnoBimau — cT. BUKJI. bacoB A.T".

BipryaneHi 1abopatopHi poOOTH 3 XIMIYHHX AUCIUILTIH.

JlonoBinaui: noueHt Mapuenxo JLI,
cT. BuKJi. Jlnuenko T.B.,
nouent Jlinman 1O.B.

Opranizaiis caMOCTiiHOT poOOTH CTYIEHTIB PU BUBUEHHI XiMii.

JlomoBinaui: nouent Jlinmman FO.B.,
noueHt Mapuenko JLI,
cT. BUKJi. Jlnuenko T.B.,

IIcuxonormyeckue OCOOCHHOCTH TO3HABATCILHOM MOTHBAIIUN
HHOCTPAHHBIX CTYJICHTOB.

Jloxmnaguuk — cT. npen. 3axaposa B.H.
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40.

41.

42.

43.

44,

45.

46.

47.

IIPOI'PAMA KOH®EPEHI]IT

Opranizamis caMOCTiifHOT pOOOTH CTYIEHTIB TNpPH BHBUYEHHI
aucuuIuTiHg «Di3uKay.

JlomoBimau — noreHt Jlucenko O.B.

SI3BIK KaK KpUTEpUI HAy4YHO-UCCIIEN0BATEIBCKON AEATEIBbHOCTH
CTYICHTOB.

Joxnamuuk — ct. nper. [saneuxo A.H.

BukopucranHs BipTyaJbHUX JIAOOPATOPHUX POOIT JJIs1 HABUAHHS
B Kypci MiKp0©0i0JIOTii.

JlonoBimaui: — acr. IBaxurok T.B.
npo¢. Kammin M.M.

Ponb HayyHO-HCCIE10BaTENBCKON Ja00IaTOpy B y4eOHOM
porecce.

Jloxmaauuk — 3aB. y1a0. Kapunuesa A. .

Mero i oprasi3aiiii Ta pOBEICHHS BUPOOHIYOT TEXHOJIOTIYHOT 1
NepeUTIUIOMHOT PAKTHKHU CTYACHTIB IH)KEHEPHHUX CIeIiaTbHOCTEH.

JlomoBinaui: BuKkJi. Kapyuekuit FO.O.,
BukJ. Jlo6os C.B.

MeTtoau KOHTPOJIIO YCIIITHOCTI CTY/ICHTIB.
JlomoBigay — Buki1. Kpamap JI.M.

Jnarnoctrueckasi IEHHOCTh MTPU3HAKOB COCTOSIHUM
NepeABIKHBIX KOMITPECCOPHBIX cTaHuuii BB-32/8Y3.

Jloknaauuk — noueHt. Kypoukun B.b.

[Icuxomnoro-nenaroriddi 3MiHU B HAaBYAJILHOMY TIPOIIECi 3a
KPEAUTHO-MOTyJTbHOT CHCTEMH.

JlomnoBimau — BukJI. [Touatko T.B.
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IIPOI'PAMA KOH®EPEHI]IT

48. Micie KIIiHIYHOTO 00X01y Y peaii3allii OCHOBHUX 3aBJlaHb
KJIiHIYHOT Kadeapu.

JlonoBinaui: 3aB. Ka@. Cwmisa O.1.,
nouent Pomaniok O.K.,
mouent Ciunenko I1.1.,
nmoneHT bunga T.I1.,
acuct. ['opbace B.A.
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CEKIIIS 1

«ABTOMATHUKA,
EJEKTPOMEXAHIKA 1
CUCTEMMU YIIPABJIIHHS»



CEKLIA 1: Asmomamuxa, enekmpomexamika i cucmemu ynpasiiius

AHAJIMTUYECKOE UCCIEJOBAHUE ITPOBJIEM
YHPABJIEHUS TPAHCITIOPTHBIMU IIOTOKAMUA

Bypuk U.E., cmyodenmxa; [1aBnos A.B., doyenm

B Hacrosiiee Bpemsi ¢ mpo0iieMoil mepeHachIIICeHHOCTH TPAHCIIOPTHBIX
MOTOKOB TPUXOJIUTCS CTAIKUBATHCSA JKUTEISIM MHOTHX TOPOJIOB HAaIIen
miaHeTbl. OOBACHSETCA 3TO HE TOJNBKO IOCTOSHHO BO3PAaCTaIONUM
KOJINYECTBOM aBTOMOOWJICH, HO M TEM, YTO NPUHUMACMBIC MEPhI BO
MHOTOM HE€ YYHMTBIBAIOT OOBEKTUBHBIX 3aKOHOMEPHOCTEH, MPHUCYIIUX
OOJIBIIIM TTOTOKAM MAIIUH.

OTH 3aKOHOMEPHOCTU MOTYT M3Y4aThCsl KaK DMIUPUUYECKUM IYTEM, C
MOMOIIFI0 3aMEPOB TPAHCIIOPTHHIX TIOTOKOB HA MATUCTPAiX, TaK U
TEOPETUYECKUM — Ha OCHOBE CO3JaHUs MaTEeMaTHYEeCKUX MOJeTeH,
OIKCBHIBAIOIINX JIBUKCHHE OOJIBIION0 KOJIMYECTBA aBTOMOOWIICH, W
MOCIIEAYIOMIETO YHUCICHHOT'O PEIICHUS COCTABJSIONINX OTH MOCIH
YpaBHEHUH.

Jlo Hacrosimero BpeMeHHU CYIIeCTBYIOT JTBE OCHOBHBIC KOHIleNIHH. B
TaK Ha3bIBAEMBIX «MHUKPOCKOITMYECKUX)» MOJAECISAX OTJEIbHbIE aBTOMOOMIIU
paccMaTpuBaKOTCA KaK OTHENbHbIE 4YacTULBl. B3auMoneicTBue MexIy
HUMU OMPEICIISET JBIKEHHE KaXJ0ro aBToMoomis. [pyrumu ciioBamu, B
MUKPOCKOMUYECKOM TEOpUM TPAHCIOPTHOE ABUKEHUE TPAKTYeTCs Kak
CHUCTEMa B3aUMOJICHCTBYIONIMX YAaCTHUIl, JBIXKYIIUXCSI B COCTOSHHH,
JIaJIEKOM OT paBHOBECHOTO.

Hpyroit T Moaenei — «MakpOCKOIMMYECKUE WU THAPOAUHAMUYECKUE.
31ech TPaHCIOPTHOE NBIDKEHHE PacCMATPUBAETCS KaK TMOTOK CXKHUMAaeMOM
KUJIKOCTH, KOTOpas XOTs W 00pa3oBaHa aBTOMOOWISMH, HO OTIICIbHBIC
TPAHCIOPTHBIC CPEICTBA SIBHBIM 00pa3oM B paMKax 3TOH TEOPUM HE
paccMaTpuBaloTCs.

Tem He MeHee, HeCMOTpPsI Ha JIOCTATOYHO OOJBIIOE KOJUYECTBO PadoT,
MOCBSIIIEHHBIX ATOMY BOINPOCY, MPoOJieMa MOCTPOCHUS MaTeMaTHUYCCKUX
MoOjieTiel, OTMCHIBAIOIINX TPAHCIOPTHBIE MOTOKH, MPEICTABIACTCS JAIEKO
He 3akpbIToil. JlaHHas paboTa MOCBSIEHAa MOCTPOSHHIO OPUTHHAJIBHON
MaTeMaTUYecKOM MOJEINM TI0TOKa, B OCHOBHOM  HCIOJB3YIOIIEH
«MHKPOCKOITUYECKOe» omucanue. [IpruopuTeTHbIM SIBISETCS UCCIEIOBAHNE
TPAHCIIOPTHOTO TIOTOKA KAaK COBOKYITHOCTH TPAHCIOPTHBIX €IWHUIl B
TPAHCIIOPTHOM TIOJIE.
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CIIOCOBBI PET'YJIMPOBAHUA BUHTOBBIX
KOMITPECCOPHBIX YCTAHOBOK

AobpamutoB [.YO., cmyoenm; I1aBnoB A.B., doyenm

[THeBMaTH4ecKast SHEPTHsS BBHUIY CBOEH JOCTYIHOCTH, 0OE30MacHOCTH,
JIeIeBU3HBI 3aHUMAeT BeAylllee MECTO B IPUMEHEHHH Ha TPOMBIIUICHHBIX
obbekrax. [lonHOW ambTepHATHBBHI MTHEBMOCHAOXKEHHUIO CHKATBIM BO3IyXOM
B HacTOsIIEE BpeMs MpPOCTO HE cymiecTByeT. Jlons NHEBMaTH4ECKOU
SHEPTUU B HEKOTOPBIX CHENU(UYECKUX OOJIACTSX MPOMBIILIEHHOCTH
3anumMaet 110 80% oT 0011ero oobemMa NCIoNb3yeMOil SHEPTHH.

Haubonee >¢(eKTUBHBIME MOXXHO CUHTATh BHHTOBBIE KOMIIPECCOPHI,
KOTOpbIe O0eCTevniIf KauyeCTBEHHBIH CKayeK B Pa3sBUTHH KOMITPECCOPHBIX
TEXHOJOrWH.  3adacTyl0  BHUHTOBBIE  KOMIpeccopa  OOOpYIYHOTCS
MHUKPOMPOLECCOPHBIMU CUCTEMaMHU, OPUEHTHPOBAHHBIMU Ha YIIPaBIIseMBbIi
00beKT, M TMpH OTOM paboTa CHCTEMbl YIpaBi€HUS JJODKHA OBITH
MaKCHUMaJIbHO ONTHMHU3UPOBAHA B IJIaHE 3aTpaT Ha ee PyHKIMOHHUPOBAHHE.

PaboTta mocBsileHa aHaNM3y pa3lMYHBIX CIIOCOOOB PEryJINPOBAHHS
MapaMeTpoB BUHTOBBIX KOMIIPECCOPHBIX YCTAHOBOK C LIENBIO BBISABIICHUS
00IIMX KpUTEpPHEB BBIOOpa Hanboee ONTHMAIBHBIX PEKUMOB YIIPaBICHUS
B 3aBHCUMOCTH OT CTPYKTYPHBIX 0COOGHHOCTEH COOTBETCTBYIOIIUX CUCTEM
yIIPaBJICHHUS W MPEABSBISEMbIX K HUIM TPEOOBaHUH 110 SPrOHOMUYHOCTH.

BaxxubM sBisiercst TOT QakT, 4yTo 3(Q(HEKTHBHOCTh pabOTHl BUHTOBBIX
KOMIIPECCOPOB B PEXKUMaX MEPEMEHHOT0 MOTPEOICHHsI BO3yXa 3aBUCHT OT
SKOHOMHUYHOCTH MPUHATOr0 crocoba perynupoBaHus. [IpuHImmmansHO
BO3MOXXKHBI HECKOJIKO CHOCOOOB PErylUpOBaHHUS MPOU3BOIUTEIBHOCTH:
OaifmmacupoBanue (Nepenyck) ¢ HAarHETaHWs Ha BCAChIBAaHUE, U3MCHCHUE
YacTOTHl BpaIlleHUs, JPOCCENMPOBAHME Ha BCACHIBAHMH, W3MEHEHHUE
o0beMa TMoONOCTe € TOMOLIBIO 30JOTHHKOBBIX YCTPOMCTB, MEpEBOJ
KOMIIpeccopa Ha PEeKHUM XOJIOCTOTO X0/a, MIEPUOINUECKUI MyCK U OCTaHOB
komrpeccopa. C y4yeroMm BBIIIECKa3aHHOTO, CIENYET TaKKe OTMETHTh, YTO
HWMEETCSl MHOYKECTBO BAPHAHTOB JJIsl YIPABJICHUS M ONTHMH3ALUU pabOThI
KOMIIPECCOPHOI0 O0OpYJOBaHUS M OCHOBHOW 3ajadeil sBISETCS BBIOOP
HAWJIYYIIEro PEMIEHUs ISl KaKI0H KOHKPETHOW CUCTEMBI.

Pesynbratel paboThl MOTYT OBITH HCIIOJIB30BAHBI B  Pa3IMYHBIX
MPOEKTHBIX pa3padoTKax KOMIIPECCOPHBIX YCTAHOBOK, a TAaKXKe MPH BBIOOpE
ONTHUMAJILHOM CTPYKTYPBI UX CHCTEM YIIPaBIICHHS.
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JJABOPATOPHMI CTEHJ JJIS1 JOCILKEHHS JITHIN
3B’SI3KY CUCTEM 3BOPY, IIEPEJIAUI I OBPOBKH
THOOPMAILII

Bansscrkuii P.O., Cenuenko O.B., Tsepezoscrkuii C.10.,
Tpury6 O.A., cmyoenmu;, Boituenko I'.1., doyenm

PiBeHb 3aCBOEHHS 3HAHb TPH MIArOTOBI CHEMiaNiCTiB IHXXEHEPHOT0
npoiIF0  3HAYHOKO ~ MIpOK0  BU3HAYAETHCS  HASBHICTIO  Cy4acHOI
EKCIIEPUMEHTAIBHOI 0a3u, (PYHKIIIOHAJIbHI MOXKJIMBOCTI SKOT HAOJIWKEHI 10
cnenudiyHUX BUMOT Ti€i, UM 1HIIOI HABYAJILHOI JUCIUILTIHU. Pa3zoM 3 Tum
CKOHOMIYHI TICPETBOPEHHS OCTAHHIX POKIB OOMEXUIN MOXJIMBOCTI
YKpaTHCBKHUX BY3iB HIOA0 3a0€3MEYeHHs] HAaBYAJIBHOTO MPOIECY CyYacCHUM
nabopaTopHUM o0JagHaHHAM. YacTKOBO MpoOIeMy BHpINIye 3aCTOCYBAaHHS
iHpOpMaIIfHUX TEXHOJIOTiH, 30KpeMa BIIPOBA/DKCHHS JIMCTAHIIIMHUX
METO/IiB HaBYaHHS Ta BIipTyalbHUX NpuiaaiB. Bce jx BOHM He MOXYTh
MOBHICTIO 3aMiHUTH pEANTbHUN TMpPHUCTpPiH, SKUA HaJae CTYACHTY
MOXIIUBICTh PEATTBHOTO 03HAWOMJICHHS 3 TIEBHUM 00’ €KTOM BHBYEHHSI.

Tomy B yMmoBax Kadeapu KOMIT IOTEPU30BAHHUX CHCTEM YIPaBIiHHS
CyMmlY cTyneHTH B3sUIMCS BUPIIINTH aKTyalbHE 3aBaHHA — B Mipy CBOIX
MOJIMBOCTEH CaMOCTIHHO B 1M03aayJUTOPHUN Yac BUTOTOBUTH CTEHJI JUIS
JocnipKkeHHs nmiHid 3B°s3Ky (JI3) cucrem 300py, mepemaui i oOpoOku
JaHUX.

3100yTi HACTyNHI pe3yJNbTaTH: BUTOTOBIEHO JBa Maketu JI3, ski
JI03BOJISIIOTh MIPOBOJMTH E€KCIEPUMEHTH 3 TOMIMPEHHSIM CHTHAJB B3/IOBXK
JI3, BumiptoBaTu Taki mnokasHuku JI3, sk koedimieHT ocnabieHHs,
aMIUTITYTHO-4aCTOTHA XapaKTEPUCTUKA, I10JI0CA MPOIYCKAHHS Ta 1HIII.
CTeH]] YyKOMITJIEKTOBAaHMH HAsSBHUM Ha Kadenpi oOnagHaHHAM (TEHepaTop
CUTHAJIIB, MYJITUMETP, OCIIIOrpad Ta iH.).

BaxxnuBo, 110 B TpOIECi BUTOTOBJICHHS MAaKETIB CTYIECHTH HaOyiu
HaBUYOK BUKOHAHHS CIIIOCAPHUX, CICKTPOMOHTXHUX POOIT, Kparie
3acBOLIM  MpHHOMH pPOOOTH 3  EIEKTPOHHHUMH  BUMIPIOBATbHUMHU
MpHIIaJIaMH.

Takox CTYZCHTH 3aCBOLIN MTOYATKOBI €JIEMEHTH HABYAJIbHO-METOAMYHOL
TISTTBHOCTI. Bynm oTpuMaHi KOHKpETHI eKCIepUMEeHTallbHI JaHi, sIKi JISrin
B OCHOBY pO3pOOJICHMX 3a JOMOMOTOI0 BHKJIajgada 3 Y4acTIO CTYJCHTIB
METOANYHHX BKa3iBOK JI0 BUKOHAHHS J1JaOOpaTOpHOi pOOOTH, MPUCBSUYEHOT
JOCITIIPKEHHIO JTiHIH 3B S3KY.
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ABTOMATHU30BAHA CUCTEMA YIIPABJIIHHA
OXOJIOAKYBAJIBHUM 3EPHO-IIEPEBAHTAXKYBAJIbHUM
KOMIIVIEKCOM

Kpyruenxko 10.A., cmydenm; Boituenko I'.1., doyenm

ArpapHuil CeKTOp € Ba)KJIMBOIO YaCTHHOIO TOCTIOAAPCHKOr0 KOMILIEKCY
Vkpainn. Hama kpaiHa Bigoma sIK BaXJIMBHUH TpaBelb Ha CBITOBOMY
36PHOBOMY PHHKY. 3a OCTaHHI pPOKM B YKpaiHi 3pocTae BUPOOHHIITBO
3epHA, 30UIBIIYIOTHCS TMOTYXXHOCTI N0 HOro 30epiraHHIO Ta IEpeBalIIli.
ToMy pans HUHIIIHIX YMOB VYKpaiHM € aKTyaJbHOI IPOEKTYBaHHS,
po3poOka 1  ekcrutyaTalliss e(QEeKTMBHHMX 3aco0iB  30epexeHHs 1
MepeBaHTaXyBaHHsS 3€pHA, i SKUX IPYHTYETbCS SIK Ha TPaaUIiMHUX
3acanax (TpoyBKa, MEPECUIIKa), TaK 1 HA OCHOB1 HOBUX MPHHIIUIIIB,

Mera naHoi po0OOTH — iH)KEHEpHE MpPOpOOJIEHHS aBTOMAaTH30BaHOI
CHCTEMH YNPAaBIiHHS MOPIBHSHO HOBUM JJsl YKpaiHW OXOJOIKYBaJbHUM
3epPHO-TIEPEBAHTAKYBATHHUM KOMILIIEKCOM.

B poGorti npoBenenuil ananmiz Merogy 30€peKEHHS 3€pHAa HA OCHOBI
Horo KoHcepBalii xomogoMm. Takuii Merom Mae TIeBHI IepeBard Yy
MOPIBHSIHHI 3 TpaJMIifHUMHM, 30KpeMa BiH 3amobirae po3BUTKY KOMax-
HIKITHUKIB Ta TPUOKOBUX ypakeHb 3epHa. [Ipu BHKOpUCTaHHI TEXHOJIOTIi
OXOJIO/IKEHHS 3epHa BTPATH HOTr0 CyXOl Macu 3MEHIIYIOTHCS 10 MiHIMyMY,
crmocTepiraeThcsl crabiibHa AKICTh 3€pHAa Ipu Horo 30epiraHHi,
3HWXKYIOTbCS BHTPATH Ha CYIIIHHS 3€pHa. 3a JESIKMMH OI[IHKAMH CTPOK
OKYITHOCTI TaKoi TEXHOJIOTii ckiaaae 1-2 pokw.

B xoxi BUKOHAaHHS pPOOOTH MependavaeThcs pPO3poOKa CUCTEMHU
aBToMaTH3oBaHoro ympaBmiHHS (CAY) OXOJOMKyBaJbHUM  3€pHO-
MepeBaHTaXXyBATbHUM KOMILJIGKCOM, 30Kpema, BHOIp il CTpyKTypH,
amapaTHOrO Ta MPOTrPaMHOTo 3a0e3eyeHHS.

3100yTi HACTYIHI pe3y/bTaTh: 3a0e3MCUCHUI ONEpaTUBHUN KOHTPOJIb
TEMIIEpaTypH 1 BOJIOTOCTI IO BChOMY 00’€My 3epHa, 10 30epiraerbes. 3a
pPaxyHOK OITUMI3allii XOJIOJOMPOBITHUX KAHATIB JOCATAETHCS 3HWKCHHS
BUTpAT Ha 30epeKeHHs 3epHa.

3a paxyHOK yJOCKOHAJIEHHS aiaroputMiB podotu ACY 3a0e3meuyrThes
MOJIMIIEeHI YMOBH POOOTH KOMIUIEKCY B PEXXHMMI NEpEBaHTAKECHHS 3epHA 3
aBTOMOOUTIB y 3epHO030epirarodi EMHOCTI, a TAKOX IIPH BaHTa)KEHHI 3epHa Y
3aJIi3HUYHI BarOHH.
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ABTOMATHU30BAHA CUCTEMA TEXHIYHOI'O OBJIIKY
EJIEKTPOEHEPTIi

Tonbatos B.A., doyenm;
Kommuk F0.M., cmyodenm; [epenepiii B.O., cmyoenm

B mam wdwac cucTeMH KOMEpLIHHOrO OOJKYy — eleKTpoeHeprii
BHUKOPHUCTOBYIOTHCS Maiike Ha KOXKHOMY MiANIPHEMCTBI. BoHM 1aroTh 3Mory
BIJICJTITKOBYBaTH KUIBKICTh 1 SIKICTh EIEKTPOCHEPTIi, 10 BHKOPHUCTOBYE
MiJIPUEMCTBO, ajie TUIbKY B3aralii Ha MiANPUEMCTBI, a He BCEPE/MHI HOTO.
He Tak 6araTo nmianpueMcTB o0JaHaHi aBToMaTH30BaHO0 cucteMoro (AC)
TEXHIYHOTO OOJiKy eneKTpoeHeprii, sika © 3abe3meuyBania OOJIK Ha
KO)KHOMY MIiJPO3/Ti, Ta B ijealli, Ha KOXKHOMY IPOMHUCIIOBOMY TPOIIeCi
BUPOOHHUITBA. TOMY MOCTa€ aKTyaldbHICTh PO3POOKH OCHOBHHX MPHUHIIHITIB
MPOEKTYBaHHsS TaKMX CHCTEM Ha TaKkOMy piBHI, IO MOXe 3a0e3MeYuTH
CTaOlIbHY Ta 3JIaroJpKeHy i poOOTy Ta JaTH IEBHI OpraHi3ailiiiHi Ta
CKOHOMIYHI pe3yiabTaTH. METOKW JOCATHEHHS SKUX 1 € BIIPOBAJKCHHS
CHCTEM TEXHIYHOT'0 O0JIIKY €JIeKTPOEHEPTIi.

Oprasizailisi CHCTEM TEXHIYHOT'0 OOJiKy eNeKTpoeHeprii He € HOBUM
SIBHIIEM, aJie i1 METO/IM YacTo € 3acTapiiuMu Ta HeepekTuBHUMH. Ha xamb
HaBITh CHOT'OJ[HI, KOJIM PIBEHb aBTOMATH3allli BUPOOHMIITBA 3HAXOJIUTHCS
Ha JIOCTaTHHOMY pIiBHIi, JaHi JJI1 TEXHIYHOrO OOJIiKy 30UparoThCs Ta
00poOIISAIOTECS  Oe3MOCcCepeIHbO  JIIOAMHOI0, M0 POOHMTH Ii  MPOIECcH
Hee(eKTUBHUMH, HETOYHMMH Ta 3aHaJITO TOBUIBHUMH. 3aBASKA YOMY
BUKOPUCTaHHSI TAaKUX JaHWUX CTa€ MPAKTHYHO HEMOXJMBUM. Tomy Tpeba
MOJIEpHI3yBaTH crocobu 300py Ta oOpoOKku iH(opManii, miaABUIIYIOUN ii
edexruBHicTh. B3zarami, MopnepHizamis 30opy iHQopMamii monsrae B
aBTOMATH3allii I[OTO0 MPOIECY Ta IEHTpamizailii, 1o 3a0e3neuyeTbes
CTBOPCHHSIM IH(OPMAIIfHUX CHUCTEM, OCHOBAaHUX Ha JIYMJIbHUKAX
eNIEKTPOCHEPrii, JIHIAX 3B’A3Ky Ta KOMII IOTEpPHOTO OOJaAHAHHS, sKe
BHUKOPHUCTOBYETHCS U1l HAKOMTMYEHHS BEJTMKOI KUTbKOCTI Takoi iHdopmarrii,
ii cucremMartu3ailii Ta IPEACTABICHHS Y 3pYYHOMY JIJISl aHAII3Y BUTIISI.

[lpu mpoBeneHHI Cy4YacHHWX HAyKOBHX JOCHIPKeHb MOTpibeH 30ip
iHpopManii y 3pydHoMy Ta aBToMaTu3zoBaHoMmy Burisigi. CtBopenHst AC
HaJa€ MOXKJIMBICTh 3MEHILIEHHS OpPTaHi3aliifHO-TEeXHIYHOI CKJIaJ0BOI BTpAT
eNIEeKTPOeHEPrii 32 paxyHOK OUTBII TOYHOTO Ta ONEPATHBHOTO KOHTPOIIIO 32
ii croXKMBaHHSIM, IO B 3araJlLHOMY BHIIAJKy Ja€ €KOHOMIUHMH edekT Ta
MiIBHIIYE EKOHOMIUHY eeKTUBHICTh BUPOOHUIITBA.
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MOJEPHI3AIISA CUCTEMMU YIIPABJIIHHA ITPOLECY
OCYUIKHU TPUPOJHOI'O I'A3Y

Bepecr O.b., cmyodenm; Cameno 10.®., doyenm

CroXMBaHHS TEXHIYHHX Ta3iB B PI3HUX Taly3iX [POMHCIOBOCTI
30impHIyeThcs.  MonepHizalliss aBTOMATH30BaHOI CHUCTEMH KOHTPOIIIO,
YIIPaBJIiHHS Ta 3aXHCTY YCTAHOBH OCYIIKH CTHCHEHOI'O MPHPOAHOrO rasy,
dKa € BaXJIMBOI YAaCTHHOI EHEPreTHYHOrO CEKTOpy, 3apa3 JyxKe
akTyanbHa. BoHa mpu3HaveHa ais 3a0e3ledeHHs CTiMKid poOOTH IBOro
npolecy y py4YyHOMY Ta aBTOMAaTHYHOMY pEKHMAaX, peryIroBaHHS
MPOAYKTUBHOCTI, KOHTPOJIO TEXHOJOTIYHUX MapaMeTpiB, OMEpPaTUBHOI i
aBapiiiHOi curHamizamii Ta 3axucTy 1 Take iHme. Bce 1me copuse
MiIBUIICHHIO K KEPOBAHOCTI TEXHOJOTIYHOI'O MPOIECY, TaK 1 eKOHOMii
SHepreTuYHux pecypciB. Haiiyacrime cucreMa BUKOPHCTAETHCS Ha
ATHKC.

B pe3ynbTaTi KOMIUIEKCHOT'O JOCHIPKEHHS Ta aHANi3y HPOLECY OCYIIKH
BJIOCKOHAJICHO TIOPSZOK POOOTH 1 PE&KHUMHU TEXHOJIOTIYHOrO 0OJaJHaHHS
MOUIMPEHUX YCTAaHOBOK oOcCymeHHs ra3y. Lle mo3Bommino edexkTuBHO
BHKOPHCTAaTH CydYacHi 3aco0M aBTOMATHKH, Taki sIK: IH(QPOBHUI Taiimep,
JBOKAHAIbHE  MIKpPONPOLIECOPHE  pelie  4acy, MIKpPOIPOIECOPHHA
MPOrpaMoBaHNi BUMIpPIOBAY-PErysATOp, TOUYHI Ta HaJIi{HI BUMipIOBayi ycix
IHIINX apaMeTpiB, 341HCHUTH H(POoBY (PiIbTpalito 3Ha4eHb BUMIPIOBaHb.

Bce nme pmo3Bonmmio  OUIbIl  pallioHaNBHO — 3amporpamyBaTH
MIKpONPOLIECOPHI  3acO0M  KOHTPOJIO, pEecTpalii, CcurHamzamii Ta
eeKTHBHO KepyBaTH BciMa TEXHOJOTIYHMMH arperaraMmu, IO CTBOPIOE
CHPUSATIMBI yYMOBU JUIsl TiJBUINCHHS €(PEKTUBHOCTI 1 EKOHOMIYHOCTI
TEXHOJIOTTYHOTO TIPOIIECY.

[onansme ynockonanenuss ACKY3 noB’si3aHo Hacamiiepes] 3 HOBUMHU
pO3po0KaMK TIPOTPaMHOro 3a0e3MEUCHHS MIKPONPOIIECOPHUX Ta IHIIHMX
IU(POBUX 3acO0IB aBTOMATUYHOTO KOHTPOIIIO, CUTHANI3Allil, 3aXHCTY YCiX
arperatiB A’HKC, BukopucTaHHs OUIBII CKIAJHMX Ta BIOCKOHAJICHUX
QITOPUTMIB PEryJaIOBaHHS 1 KepyBaHHS 1 Take iHme. Takox 3a HeoOXiaHE €
OyayBaHHs 0araTOpiBHEBOI CHCTEMH aBTOMAaTH30BaHOI'O KepyBaHHS
TEXHOJIOTTYHUM OOJIaJIJHAHHSM Ta yCiMa arperaTaMu y OyAb-sIKUX PeXHMaXx,
y TOMY 4HCIi y HeOe3leduHux Ta aBapiiHux cutyanisx. CydacHa Kepyroda
TEXHIKa JI03BOJISIE TaKE KEPYBaHHs y Jy)Ke THYYKOMY BapiaHTax.
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CUHTE3 AJAIITUBHOI'O EJIEKTPOIIPUBOJIA J1JIsA
MAHIIIYJATOPA ITPOMUCJIIOBOI'O POBOTA TYP-10

Mockanenko B.B., cmyoenm; [lanuu A.O., cm. gukiadau

B mnporieci pobotu 0araToaaHKOBOIO MAaHIIYJIATOPA MPOMHUCIOBOTO
poboTa MOMEHT iHepIlii, MPUBEICHUN 1O BaJly EIEKTPOJBUTYHA, MOXKE
Hemepen0adyyBaHO  3MIHIOBATHCh — 4Yepe3  3MIHM  Maco-iHepIiiHUX
XapaKTepUCTUK BaHTa)XXy Ta B3a€EMHUU BIUIMB JIAHOK mpH iX pyci. Lle
MPHU3BOAUTE 10 TOPYIIEHHS YMOB ONTHUMI3allii, 3aKiIaJieHuX MpH CHHTE31
BIJINOBIIHUX PEryJIATOPIB, Ta, BIANOBITHO, JO MOTIPIIEHHS SKOCTI
peryJitoBaHHs Ta BTPaTH CTIHKOCTI cuctemu. OCOOJMBO YYTIUBUM JIO
3MIHM MOMEHTY iHepHii € crmoci®é MiAMOPsIIKOBAHOTO PpEryioBaHHS,
OCHOBAHMWI Ha TPUHIMUII KOMIICHCAIll BEMKUX CTaIMX 4Yacy. Hemouniku
KJIACHYHHUX CHCTEM KEpyBaHHS MOXKHAa YCYHYTH a00 CYTTEBO 3MEHIIWTH,
BUKOPUCTOBYIOUHM  aJlaiTUBHI ~ QITOPUTMH, CYTh SKHUX TOJISATaE B
aBTOMATHYHIA KOpEKWii MapaMeTpiB peryisropa 49m QOpMyBaHHI
JI0AaTKOBOTO BILUTUBY MapaJieibHO BIUIMBY OCHOBHOT'O PETYIISTOpPA.

[locTaBnena 3ajadya CHHTE3yBaTH Ta NPAKTHYHO peasli3yBaTH
aJanTUBHUN  enekTpornpuBox pobora TYP-10 3 mokpameHuMu
XapakTepucTUKaMu. [1Jis1 3MEHIIIEHHS! BUMOT JI0 O0YHCITIOBAIIBHUX PECYPCiB
KEepyI4oro KOHTpoJiepa BUKOpPHCTaHa OE3MONIyKOBa aJanTHBHA CHCTEMa 3
HAOJMIDKEHOI0 CHTHAIILHOIO aJanTalliio Ha OCHOBI (azi-crioctepiraya. Paszi-
perynsaTop GhopMye A0JaTKOBHIA KEPYHOUWH CHUTHAI UM, IO MOJA€EThCs Ha
BXiJl KOHTYpa MOMEHTY 1 BUKOHYE KOMIICHCAI[IF0 3MiHM MOMEHTY iHEepIIii.
AnroputMm moOyJIOBaHUI Ha JOTIYHIM OCHOBI K QyHKIiS uM Big IBOX
BXiIHMX 3MiHHUX Aw 1 Aw 3 w’sareMa piBHsamu (NB, NS, Z, PS, PB).
3a0BUIBHY ~ ONTHMI3alil0 JUHAMIYHOTO PEXUMY OTPHMAalH  IIPH
MOJIETIIOBaHH1 crcTeMd B makeri Simulink, mizOuparoun 3HaUYeHHS LEHTPIiB
(YHKIIM TPUHATEKHOCTI BXiMHOT 1 BUXIIHOT 3MIHHOI, Ha OCHOBI
JOCITI/DKEHHS TIepeperyioBaHHs Ta MOKa3HHUKa JeMII(pyBaHHS Mpolecy Ha
nepexinHid xapakrtepuctuii. Jledasudikailisi BUKOHYEThCS Ha OCHOBI
CiHIIIeTOH-PYHKIIT (CIPOIIEHHS METOAY TPaBiTalliitHOTO EHTPY).

TakuM 4YMHOM, CHHTE30BaHO (ha3i-peryiasTop, SIKAH MOKpaIlye
XapaKTepPHCTHKH eIeKTPONpHBOAa MaHimynsTopa pobora TYP-10. Horo
MOXHa peasli3yBaTd y BiAMOBiAHOMY ()YHKIIOHAJLHOMY MOIYJi CTaHIii
IJIK. Takox po3poOiieHuid HeBHOATNHMBHI JI0 PECypCiB alrOpUTM, SIKHA
MOJKHA peaji3yBaTy HaBITh B OJHOKPHCTAIHLHOMY MIKPOKOHTPOJIEPI.
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TOHNOJOTMYECKASI MOJAEJb HACOCHOTI'O BJIOKA
B TEXHOJIOTMYECKON CXEME HACOCHOM CTAHLIUN

Bepexunoit A.U., cmydenm

3amgaua AHEprocoOepeKeHus B cucremMax BOJIOCHAOXESHUS
MpeaycMaTprUBaeT BHIOOp ONTHUMAIbHON KOH(GUrypamud MarucTpajabHOH U
aO0OHEHTCKHX THJIPOCETEN; sHeprocOeperaroniee yIIpaBJICHHE

TEXHOJIOTUYECKUM 000PYJ0BaHHEM HACOCHOH craHiuu. OcoOblii HAayYHBIN
WHTEpeC MpeACTaBiIseT BTOpas COCTaBIsiiolIas oOIIed 3agadu, KoTopas
elle HeJoCTaTOYHO HccienoBaHa. V3BecTHBIE pelleHus 3TOM 3ajadu He
MOT'YT CUHTAThCS yIOBIETBOPUTENbHBIMH. 11151 3P PekTuBHON pa3paboTKu
W BHEPEHHS KOMIIBIOTEPHOH TEXHOIOTHH ONTHMAIBHOTO BEIOOpa paboumnx
TEXHOJIOTMYECKHX CXEeM HACOCHBIX CTAaHIMH HEOOXOAMMO MOCTPOHUTH
MOJieTlb HacocHOro Ojoka B cOCTaBE TEXHOJIOTMYECKOW CXEMBI,
YHHMBEPCAJIbHYIO JUIS pa3TUYHbIX HACOCHBIX CTAHIIUIL.

B noxnane mpencraBiieHbl MaTepHalibl HCCIEIOBaHUS, MOCBSIIEHHOTO
pa3paboTKe TOMOJOrMYECKOH MOJEeNd HAacoCHOro Onoka (arperara), Ha
OCHOBE KOTOpPOM MOTYyT pelarbcs 3aJadyd [OCTPOEHUS Mojesen
TEXHOJIOTMYECKON CXEeMbl HACOCHOM CTaHIMU. Pe3ynbTaToM McCaeqoBaHUs
SBIISIETCS] MOJIENTh HACOCHOTO OJIOKa B BHJIE OPUEHTHPOBAHHOTO Tpada U ero
MaTpUIIBl CMEKHOCTH, O00Jajaromas YHHBEPCAJbHOCTBIO B CMBICIE
NPUMEHUMOCTH K JIIOOBIM HACOCHBIM  CTAaHLHUSM KOMMYHAJIBHOTO
BOJIOCHAOXKEHUSI W TPUTOAHAS JUIs pelieHHs 3aJad  aBTOMAaTH3alMH
yIpaBJIeHHS PEeKUMaMd paboOThl TEXHOJIOTMYECKOTO 00OpyI0BaHUs
HaCOCHOW CTaHIMU MO KPUTEPHI0O MUHUMHU3ALMK SHEPro- U pecypco3aTpar.
[ony4eHHble Tomomoruueckas U MaTpuyHas MOJEIH HACOCHOTO OJIOKa B
COCTaBe€ TEXHOJOIMYECKOW CXEeMbl HAaCOCHOM CTAaHIUHM TO3BOJISIOT
3aJI0)KUTh B MPOrPaMMHOM OOECIIEUEHUH, CO3JaHHOM C OpHEHTalned Ha
MOJIEIbHYIO TEXHOJOTMYECKYI0 CXEMY, MpOLenypbl ONTHUMM3AIMH IyTei
Mepekaykl ¢ TO3MIMA MHUHUMH3AIMM 3HEpro3arpaT M pallOHAIBHOIO
WCTIOJIb30BaHMS TEXHOIOTHIECKOT0 000PYAOBAaHHS HACOCHOM CTaHIIUH.

PykoBonurens: lokorosa U.B., unorcenep
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MOJIEJIM TEXHOJIOTMYECKOM CXEMBI
HACOCHOM CTAHLIUU

[llexoToB A.M., cmyoernm

OOmyro 3amady SHEProcOCpEeKCHUS B CHCTEMaX BOJIOCHAOXKCHHUS
MOXKHO pa3feuTh Ha JIB€ CAMOCTOSTENbHbIE 3aJlauM: HaXOXJAECHUE
ONTHUMAaJILHOM KOH(PUTypanuu MarucTpaibHOW U aOOHEHTCKUX THAPOCETEIH;
sHeprocOeperatomiee  yrnpaBlieHHE TEXHOIOTHYECKUM 000pYyJOBaHUEM
HacocHoi craHiuu (HC). AHaiin3 M3BECTHBIX TEOPETUUYSCKUX TMOJIOKECHUMN
Y TEXHUYECKUX PELISHUH MOKa3bIBaeT, YTO K HACTOALIEMY BpEMEHHU nepBast
3ajada YCIEUIHO pelleHa. B cBsA3M ¢ 3TUM 0coOblii Hay4YHBIH HHTEpec
MIpeJCTaBIIAET BTOpas 3ajaya, KOTopas B HACTOsIIee BpeMsl HEJOCTaTOYHO
HCCIIEJIOBAaHA, CYIIECTBYIOIIME PElIeHUs] 3TOW 3a/jadyM, UCIOb3yeMble Ha
MpaKkTHKE, HE MOTYT CUUTAThCS yIOBIETBOPUTEIBHBIMH.

BaxxHol  4acThl0O  aBTOMATU3UPOBAHHOW  CHCTEMBI  YIIPaBIICHUSA
TexHoJorndeckuMm obopynoBannem HC sBisercss moicucTeMa MPHHATHS
pellieHrs] 10 ONTHMaJbHOMY BBIOOPY pabodell TEXHONOTHYECKOH CXEMBbI
(TC). Hns s¢ddexruBHOrO penieHus BOMPOCOB pa3pabOTKH M BHEIPCHUS
KOMIIBIOTEPHOM TEXHOJIOTMM ONTUMAaJIbHOTO BbIOOpa pabouux TC
HEOOXO0JMMO MOCTPOUTh MoJienb TC, yHuBepcanbHyto st paznuunbix HC.

B noxnane mpencraBiieHbl MaTepHalibl HCCIEIOBaHUS, MOCBSIIEHHOTO
pa3pabotke matemarndeckux mozaeneii TC HC, Ha ocHOBe KOTOPBIX MOTYT
pemarbesi 3aJadd 3HEprocOeperarmmero ynpaBieHUs] PEeKUMOM DPaOOTHI
TEXHOJIOTMYECKOro 000pyIOoBaHUA. Pe3ynbTaToM HCCIIEOBaHUS SIBIISIOTCS
MaTeMaTHYeCKHe MOJeNH, oONajarollfie YHHBEPCAaIbHOCTBIO B CMBICIIE
npuMeHHMOcTH K Jo0biM HC KOMMyHanmbHOro BOAOCHAOKEHHS H
NPUTOAHbIE S aBTOMAaTH3alUM  YIPABICHUS PEKUMOM  PabOTHI
TEXHOJIOTUYECKOro  O0OpYIOBaHUS IO  KPHUTEPUI0  MUHUMH3ALUH
JHeprozarpar.

[Ipenmaraerca yHuBepcaidbHas Mojendb B Buje perymsapHoin TC
HaCOCHOW CTaHIIMHU, KOTOPOH IOorjiouiaercs Mupokuil kimacc peaidbHbix TC,
KaK KOJBIIEBBIX TaK W PA30OMKHYTHIX. DTO OOCTOSTENHCTBO MO3BOJISET
YCIEIHO HMCIOIb30BaTh €€ sl pa3padOTKH MPOrpaMMHOro obecredeHust
KOMIIBIOTEpU30BaHHBIX CHCTEM yIpaBiieHus paznudHbix HC.

PykoBogurens: Uepsskos B./l., doyenm
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KEPYBAHHSI CEMUCEIMEHTHUM IHAUKATOPOM
TonbGaror A.B., acucmenm; Kopanenko O.C., Kpasuos 3.0. cmydenmu

3a3BUuall CEMHCErMEHTHUH IHIUKATOp Oe3mocepenHbo MiAKIIOYa0Th
10 MikpokoHTposiepa [1]. ko He BuCTauae BUBOJIB MIKPOKOHTpOJIEpA
JOBOJUTHCS BUKOPHCTOBYBATH PI3HOMAaHITHI PO3MIMPIOBAYi MOPTIB, 11O B
CBOIO Uepry YCKIAIHIOE cxeMy Ta 1i mpoekTyBaHHS. CeMHCEerMEeHTHUM
IHAMKATOp € JMHAMIYHUM, a II¢ 3HAYWTh, 1[0 HUM BECh 4ac IMOTPIOHO
KepyBaTH, 1110 B CBOIO YEPTry 3aliMa€e JIOCUTh BEIIUKY YACTHHY Yacy, KUl Ou
Mir OyTM BUKOPHCTAHWH JJIi BUKOHAHHS OCHOBHOI mporpamu. Lle 3Himxkye
MPONYKTUBHICTh, @ TaKOX CYTTEBO YCKIAJHIOE Ta 30LIbLIye po3Mip
MporpaMyd  MIKPOKOHTpOJIEpa.  Biibll  pallioHaJbHUM  BUPINICHHIM
npobieMu Oyzie BUKOPUCTAaHHS MOCIIAOBHOTO iHTepdeiicy Ui ynpaBiIiHHS
iHauKaTopoMm (puc. 1).

Nixia nepeaavi AaHnx
Fonosr cememnienmioro Cenvcereri
KoHTponnep . IHAMKaTop
iHaMKaTopa
NiHia TakTOBOrO IMNYNbCY

Pucynok 1 — CTpykTypHa cxema ynpaBiIiHHS CEMHCErMEHTHUM
IHIMKATOPOM Yepe3 MOCIiIoBHUM iHTepdeiic

31 CTPYKTYpHOI CXEMH BHJIHO, 1[0 CEMUCETMEHTHUM 1HIAMKATOPOM Kepye
OKpeMHil KOHTpousiep. Takoxk 3amadero 1bOro KOHTpoOJIEpa € MPUKOM Ta
00poOka iHpopMallii MPUUHATOI Bijl TOJOBHOI'O KOHTpOJIepa, sIKHiA mepeaae
iHpopManito g BigoOpakeHHS Ha iHAWKaTOopi. Jlis mepemayi maHMX
MOXYTh OYyTH BHKOpHCTaHI Maike Oyab-sKi TOCHiIoBHI iHTepdeiicu,
nanpukinag;. UART/USART, SPI, I°C, 1-wire. Ane BuGip 3ynunuscs Ha I°C
(Inter-Integrated Circuit). Ile 3ymoBneno Tum mo mmHa 1°C oo
PO3IIOBCIO/DKEHA 1 0araTo KOHTPOJIEPiB MalOTh amapaTtHy MiATPUMKY LOT'O
intepdeticy. Takox iHpopMalis mo Wi MHMHI TEpeAaeTbcs MO JBOM
JHisAM: JTiHiT nepenaui qanux (SDA) i ninii takroBoro immyibscy (SCL). o
uman 1°C Moxe GyTH min’eqnano 1o 112 npucTpois, Iie 3yMOBIEHO THM,
110 KokeH npuctpiit I’C Mae cBoto 7-6iTHY aapecy.

KonTtponep cemucerMeHTHOro iHAMKaTopa 0ya0 BUPINIEHO BUKOHATH Ha
0a3i MmikpokoHTpoJiepa cimeiictBa AVR — ATtiny2313. Lleit koHTpONEep Mae
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JOCTaTHBhO, ajie He OaraTo BUBOJMIB JUIS YIPABIIHHS IHJAMKATOPOM Ta
npuitomy inpopmanii o umHi I°C. Bin Mae 10cTaTHBHO MaM’sITi IIporpam i
3aI0BOJIBHSIOUY TMPOIYKTUBHICTD JUIS BHKOHAHHS IOCTABJACHHX 3a/ad.
Takok 1eli KOHTpoJep Mae amnapatHy MiATPUMKY YHIBEPCAJIIbHOTO
nociigoBHoro iHtepdeiicy — USI (Universal Serial Interface), mo siBisie
coboto HamiB(pabprkaToM Ut peamizanii muan SPI ta I°C [2]. Lle 3HauHO
CIPOIIlyE€ HANMMCAHHS NpOrpamMHoro 3abesnedeHHs. [IpuHIMIianpHa cxema
KOHTpOJIEpa CEMUCETMEHTHOTO 1HIMKaTopa 300pakeHa Ha puc. 2.

FiiX Fii}
=) =] [s) =]
RABCDEFS DF 1234
R1 R2 a1
1 1
<of mf o sl fenf S alalzi2 i
===
U1 st —®
bR s 12 8 " oo
PALTALT PELMINIPCINTD
L4 | paTal PELEINIPCINTG 202
RET 1 | paafEsET PEZOCIARCINTZ ]; i
PEIOCAAPCINTG 2
S 250 2 pooRxe peuwoctercwmy 2 M 1 -
=32 | poumep PESMOSITLSOARCINTS - | —IT=0r s
£ ? POZINTONCKCHOUT PRGN ISOVDO/MCINTG 1291 2 15
PDINTI PERALSC K LPC INTT
03 5 COMN-HZ
- POWTD
o 2| posmiocos
1) posace

ATTINVZIA
PROGRAM= iz dd_armkedtadd arm HEX

Pucynok 2 — [IpyHIMIianbsHa cxemMa KOHTpOJiepa CEMUCErMEHTHOTO
IHAMKATOpA

OTKe, BUKOPUCTaHHSA MOCTIIOBHOTO iHTEpQeicy H03BOIUTH CIIPOCTHTH
nporpaMHe 3a0e3NedeHHs! 1 pO3BaHTAXHUTH TOJNIOBHUN KOHTpOJEp, SKOMY
noTpiOHO Oyne TUTbKKM HaJicnaTH MOTpiOHE yucio. TakoXk Iie CIpOCTHTH
BHUHECEHHS iHIMKaToOpa Ha MOTPiOHE MicIle, TaK K U 3B’A3Ky MOTPiOHO
nuie 4 JiHil: AB1 Ha kuBJNeHHs, ABi Ha mwmHY 12C. | e 3HaYHO CPOCTHUTH
TOIIOJIOT{IO IPYKOBAHOI TUTaTH Ta 1l MPOEKTYBaHHL.

1. A.B. Ectudee, Muxpoxoumponnepvr cemeticmea Tiny (Mocksa:
Homaka-XXI: 2007).

2. AVR312: Using the USI module as a I’C slave (Atmel Corporation:
2005).
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HNEPEAYMOBH CTBOPEHHSI IHTETPOBAHOTI'O
IH®OPMANINHOI'O CEPEJOBUILA AJ5 TIPOMUCJIOBUX
miaAnnPUEMCTB

Tonbaros B.A., ooyenm; TonbatoB A.B., acucmenm;
TonbGaror C.B., cmyoenm

Komm’roTepusaliist iHKeHEpHHX 3aJad — OJIUH i3 TOJOBHUX HAMPAMKIB
MiABHIIEHHS! e()EeKTUBHOCTI BHUPOOHHMITBA TMPOMHCIOBUX MiINPUEMCTB
VYkpainu. Cyuwacui CAD/CAM/CAE, PDM Ta ERP cucremu
aBTOMATH3YIOTh OKpeMi cTaHu KuTTeBoro Imkiay (OKL[) BupobGiB i
3aCTOCOBYIOTBCS MPAKTUYHO B YCIX Tramy3sx mpomucioBocTi. OmHak, y
CydacHMX yMOBaX pO3BHUTKY pHUHKY I@IpH CKOPOYEHHI TEpMiHiB
MPOEKTYBaHHs, MiATOTOBKM BHPOOHMITBA Ta BHPOOHWITBA TOBapiB
HEOOX1THO BUXOJIUTH HAa HOBUI PIBEHb KOMIT IOTEPHU3aIlii Ta aBTOMAaTH3AIIII.
Leii piBenp 3a0e3neuyeTbcss CTBOPEHHAM IHTEPOBAHOTO iH(opMaliifHOro
cepenoBumia  (IIC) aBromarmszoBanux cucrem (AC) XII| BupobGis
npomucioBux mianpuemcts (I111 Ha ocHOBI mporpecuBHUX iHQOpMAIITHUX
TexHoJorii nmo BrpoBamkeHHI0 CALS Texnomnoriit Ta PLM pirieHs.

Cropenns [IC AC xutreBoro nukity Bupo6is [1I1 BuxoanTs nanexo 3a
MEKI YCTaHOBKM NPOTrpamMHOro 3a0es3rneucHHs Ta BhpoBapkeHHs AC i
nependavae BEIMKUN 00’€M MOMEPENHiX PoOiT, OB’ s3aHUX 3 JIETAILHUM
aHaJi30M, PEIHKUHIPUHTOM, YNPABIiHHSAM MpOLEcaMHu IMiANPUEMCTBA Ta
caMuMH iH(opMmaliiHuMH cucTeMaMu Ha Beix eranax JKL| BupoOis.

[MutannsM po3poOku mMozenel Ta MerodiB mooyaoBun AC BUPOOHHYOTO
MpHU3HAYCHHS y CydYacHii Teopii yHpaBiiHHS, SKa CTBOPIOBAJIACH, Y TOMY
YHCHi, 3aBISKH HAYKOBHM POOOTaM BIiTUM3HAHUX BueHWX B.M.Inmymikosa,
JL.C.I'nobu, O.I'.IBaxuenka, O.A.llaBnoBa, B.[.CkypuxiHa Ta IHIIHX,
MPHUIISETBCS BENMKa yBara. AHaji3 cydacHHUX poOiT B 00acTi ynpaBiiHHS
BUPOOHWYMMH Tipotiecamu Ha eranax JKL[ mpomucioBoro BupoOy mokasye,
IO B JJAHUH Yac 3yCHJUIS BUECHHMX 30CEPEIKEHI B OCHOBHOMY Ha PO3pPOOKY
Mmeroponorii modynou IIC AC mignpuemcTBa, MOYMHAIOYU 3 HYIHOBOT'O
OUKITY 1 He 3Bakaloud Ha CTBOpeHy 0a3y MporpamMHUX pillleHb Ha
MIANPUEMCTBAX TPU  BUPINICHHI YaCTKOBUX 3ajlad  aBTOMAaTH3allil
ympaBiiHHS okpemumu Tnpouiecamu KL BupoOiB. 3HAYHUX OCSATHEHb Y
BOMY HAINpPIMKY JOCSTHYTO 3aKOPJAOHHHMH PO3POOHHMKAMH, TaKUMH SIK
kommnanii IBM/Dassault Systemes, SAP ta Unigraphics Solution. Asne Ha
XKallb, 11 pO3pOOKM He BpaxoByIoTh crenugiky mponecie XKL BupoOy
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BiTun3HsaHux [II1, He MalOTh epeKTUBHUX MEXaHI3MIB (opMmaizaiii Ta
anroputMizanii yrnpasiiaHs nporecoM nodyaosu 1IC AC.

IcHye HaranpHa moTpeOa B IMONAIBIIOMY JOCHTIJKEHHI METOMIB Ta
3ac00iB MOJENIOBAHHSl MPEIMETHOI Taily3l 3 METOI BJOCKOHAJICHHS
nporieciB yrpasiiHHs iHpopmarliiero Ha Beix eranax JKI[ BupoOy. Tomy
po3podka mozeneit ta meroniB modymosu IIC AC IIII e akryanbHORO.
JlocmipKeHHST TPUCBSYCHA PO3B’SI3aHHIO BAXKJIMBOI HAyKOBO-TEXHIUHOT
3aJlayi — MiJABUINCHHIO €(pEKTUBHOCTI MPOMHUCIOBOTO BHPOOHUIITBA HA
OCHOBI po3po0ku Mozenei Ta MeroxaiB nooyaosu IIC AC XKII Bupo6is T1I1.

Meroro mociipkeHHs € po3po0ka Mojelnel Ta meroaiB moodymosu [IC
AC XL Bupo6is III1 Ha ocHOBi iHpoOpMaliifHUX TEXHOJOTIH B Tamysi
aBTOMaTH3alii ynpasiiHHA. [locTaBiaeHa Mera JOCATA€THCS PO3B’SI3aHHAM
HACTYIHUX B3aEMOIOB’A3aHUX 3a/a4y JOCTIDKEHHS: MPOBEICHO aHali3
cydacHHX Mopenel i meroniB modyxosu Ta iHterpamii AC XK1 Bupo6is I1I1
MalIMHOOYMIBHOI ~ rayiy3i; po3pO0JEeHO KOMIUIEKC (DYHKI[IOHATbHHUX,
opraHizaiiiiHux, iHpopmariiiaux Monenelr mporecie  JXKI[  BupoOGiB
MMPOMUCIIOBOTO ~ BHPOOHUIITBA;  PO3POOJICHI  MOIENI  aHAIITHYHOTO
JOCITIPKEHHS TEXHOJOTIYHUX TPOIECIB MPOMHUCIIOBOTO MiANIPHEMCTBA Ta
MeTo/ 1X BIOCKOHAJEHHS; MPOBEACHO aHaji3 KOHKPETHUX TEXHOJOTTUHMX
MpOIECiB 1 MEXaHi3MiB X YJIOCKOHAJIEHHS Ha OCHOBI 3alpONOHOBAHMX
MoJieTiel Ta METOJiB; pO3pOOJIEHO METOAMKY Ta TMporpamHi 3acobu
peanizauii Mmeroay nodynosu I[IC AC XII Bupo6is T1I1.

O6’ektom nmociimxkenHs: — € npouecu nodyaosu 1IC AC XKL Bupobis
[IT mammuHOOYAIBHOT rairy3i.

[Ipeamer mocmimKeHHsS — 1€ MOAETI, METOIM Ta MPOTrpaMHi 3aco0u s
po3podku AC XK1 npomucioBux BUPOOIB.

Y  nocnmigpkeHHI  BHKOPUCTOBYBAjHCS HACTYMHI METOIHM: METOJ
¢ynkuionansaoro mopaemoBanHs IDEFO — Function Modeling Method
(pu po3podiIi q)yHKuiOHanLHo'f MOJIENI TPOIIECIB MiAMPUEMCTBA); METOJ
OIUCy BI/Ip06HI/I‘II/IX npouecis IDEF3 — Process Descrlptlon Capture (mpu
MPOBEICHHI CTPYKTYPHOrO aHan13y nmaneMCTBa 1 OIMCy MOCIiTOBHOCTEH
BHUKOHAHHS Olepalliif y ckiiaji TEXHONIOTTYHUX MPOLECiB); METOA MO0y 10BH
niarpam notokiB DFD — Data Flow Diagram (mpu ¢opmanizaiiii npomecy
o0MiHYy iH(pOpMaIi€l0 MK CTPYKTYpHHMH eJIeMEHTaMH MiIIpUeEMCTBA Ta
npu cTBOpeHHI 0OazoBoi apxitekrypu IIC AC mimnpuemcrsa);, MeToau
CTaTHCTUYHOIrO aHajizy (IpuU ONMCI  XapaKTEPUCTHUK  OOJIaHAHHS
TEXHOJIOTTYHUX JiHIH Ta AUISHOK); TEOpis MacoBOro oOCIyroByBaHHS, a
TAaKO)X METOAM aHaJNITUYHOTO MOJENIOBaHHA (IIpU MaTeMaTHYHOMY
MOJIETTIOBAaHH] TEXHOJIOTTYHHUX MPOIECIB Ta JUIA 3J1HCHEHHS iX aHaJIi3y).
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THE USE OF BIOGAS ENERGY FROM MUNICIPAL SOLID
WASTE LANDFILLS AS A STEP TO REMOVE THE
GREENHOUSE EFFECT IN THE THIRD MILLENNIUM

Tolbatov V.A., Associate prof.; Tolbatov S.V., student;
Mikhno S.V., E L Advisor

In the last half century a trend to the enhancement of the greenhouse
effect, global by nature, has been observed. This has led to a need for a
solution to a problem of energy saving and environmental pollution
decrease, which causes more efficient use of traditional energy resources,
as well as the research of others, preferably renewable and inexpensive
energy resources.

The main greenhouse gas of the atmosphere is water vapor, which traps
60% of heat radiation of the Earth. Approximately 40% is trapped by other
gases, more than 20% is comprised of carbon dioxide.

This 40% includes biogas — gas derived from the methane fermentation
of biomass. It consists of methane — 55-75%, CO, 25-45%, with a slight
touch of H, and H,S. After biogas undergoes refinement from CO,, we get
biomethane. Biomethane is a complete analogue of natural gas, different
only in origin. This type of fuel, as far as efficiency concerned, is in no way
inferior to already well-known alternative solutions, such as biodiesel and
ethanol.

Biomethane is produced virtually out of nothing. Municipal solid waste
(MSW), the remains of living creatures, plants and even urban sewage can
be used to produce biomethane. Being independent as an alternative source
of world energy from the markets of fossil fuels, such as natural gas, coal,
oil, and covering many other above enumerated advantages, it is of interest
to European and American developers and politicians as regards the
engines that use biomethane today.

Currently, two main ways of energy recycling of MSW are being
intensively developed — burning and burying with biogas getting. Waste
burning requires expensive refinement systems, therefore, landfill MSW
dumping is more widespread and rational. The main advantages of the
burial are simplicity, relatively low money and labor costs, more safety.
Biogas released during the decomposition of municipal waste contains up
to 60-75% of methane. 100-200 m’ of biogas can be formed during the
decomposition of one ton of solid waste. Depending on the content of
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methane the lowest heat of the combustion of the landfill biogas is 18-24
MJ/m3 (about half of the heat capacity of natural gas).

It should be noted that if biogas is not extracted from landfills, the
methane, produced during the interaction with oxygen, becomes a mixture,
which sometimes leads to explosions and fires at landfills, which not only
causes additional harm to the environment, but also constitutes danger to
people.

In Ukraine, in urban areas the production of MSW is about 10 million
tons annually. Over 90% of solid waste is transported to 655 landfills and
dumps, 140 of them are suitable for the production and use of gas from a
landfill. The potential of gas from landfills in Ukraine makes up about 400
million m3 per year, which can almost be compared to the potential of the
United States.

The utilization of biogas at landfills requires the landfill designed with
engineering in mind (the creation of an insulating screen, gas wells, gas
collection system, etc.).

The implementation of this project is based on an embedded computer
system. It can be divided into two parts: Hardware and Software. The
software part, namely, the SCADA (from Engl. Supervisory Control And
Data Acquisition) system performs control functions of management
process and provides a convenient man-machine interface. The SCADA
System usually consists of the following subsystems: a human-machine
interface, a supervisory (computer) system, remote terminal units,
programmable logic controller and communication infrastructure.
Hardware consists of a controller which directly controls executive
mechanism and eBox-3310A-MSJK, which is optimally suitable for
embedded computer systems with high requirements for reliability and
compactness due to its properties.

Since the process of waste decomposition takes many decades, landfills
can be regarded as a stable source of biogas. The emission of biogas from
landfill to landfill, depending on the amount of mass, can range from
several tens of liters / s (small landfills) to several m 3 / s (large landfills).
The scale and stability of producing, location in urban areas and low cost of
production make biogas one of the most promising sources of energy for
local needs. At the same time the major task of environmental protection in
urban areas such as providing the purity of air and prevention of
groundwater pollution is solved.
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EHEPI'OI'OCHHOJAPCTBO INIAITPUEMCTBA TA OCHOBHI
HAIIPAAMU EHEPI'O3BEPEKEHHSA

Tonbaror B.A., ooyenm

Tpamyritine €HEProrocroiapCTBO TIPOMHCIIOBOTO M IIPUEMCTBA
BIZIHOCUTBCSI JI0 JOTMIOMDKHUX JUISHOK BUpOOHMITBA. [IpoTe, Mo cBOiil cyTi
MIPOLIEC CIIOXUBAHHS SHEPTil € OJHI€I0 3 HAHBKJIMBINIMX CTOPIH MiSUTBHOCTI
MIIIPUEMCTBA, OCKUIBKM BHPOOHMYI TMPOIECH Maiike 3aBXKIM BUMAraroTh THX
a0o0 IHIIMX BHUTpAT eHeprii. ToMy eHeprorocrnomapcTBo HE MOXKE PO3IIIAAATUCS
NpOCTO sIK psOBa JUISHKA JIOMOMDKHOro BupoOHMITBA. Lle omHa 3
HAWBLKIMBINIMX — JiISHOK — BUpOOHMITBA. LIOro  CTamy, pO3BUTKY i
BJIOCKOHAJICHHIO TIOBUHHI TPUJIIATH MOBCSAKICHHY 1 CEpHO3HY yBary He TiUTbKH
MpaLiBHUKHN €HEPTeTHYHOI CITY»KOH, aJie 1 KepiIBHUITBO MiANPHEMCTBRA.

EnepreTrune rocnomapcTBO MPOMHUCIOBOrO  IMIANPUEMCTBA — BEJIBMH
crienriuHUA miapo3ai. 3 omHOro OOKY, BOHO € CKIIAIOBOKO YaCTHHOIO JJAHOTO
MiIPUEMCTBA, alle B TOH K€ Yac BXOAWTH JO CKIaIy EHEeprorocroiapcrsa
BIMIOBIIHOTO ~ PEriOHy, TEPUTOPIAIBHO 1 EHEpPreTMYHO TIOB’A3aHO 3
EIIeKTPOSHEPTETUYHOIO CUCTEMOR0. SIK BiZIOMO, /IO CKIIaJly €HeprorocroaapcTsa
MPOMHCIIOBOrO  ITMIPUEMCTBA ~ BXOAATH  YMCJICHHI 1 pPI3HOMAaHITHI
CHEPrOBUKOPUCTOBYIOUI arperatd, IIEXOBiI 1 3aBOJICBKI MEPEXi, PO3MOAUIBHI
MIPHUCTPOI, IEPETBOPIOIOYI 1 TeHEPYIOUH YTUITI3alliiHI eHeproyCTaHOBKH.

Y  TEeXHONOTIYHOMY BiJJHOIIEHHI EHEProrocrofapcTBO  MiANPUEMCTBA
MiIPO3AUISIETHCS HA!

- BUpOOHHMYY YacCTHHY, N0 SIKOi BIIHOCSTBCS TEHEpYIOYH, MEPETBOPIOIOUI,
YTWIIBAIINAHI 1 aKyMyJIIOIOUM €HEPrOYCTAHOBKHM (3aBOJICHKI EIEKTPOCTAHIII,
KOTEJIbHI, KOMIIPECOPHI, HACOCHI YCTaHOBKH Ta iH.);

- Tepemardy 1 pO3MOAUIBHY — YacTHHY, JO SKOI  BiJJHOCSTHCS
LIEXOBI 1 3arabHO3aBOACHKI MEPEXKI 1 PO3MOUIBEHI MPHCTPOT;

- CHOXHMBAIOYy 4YacTHHY, JIO SIKOi  BITHOCATBCS  Pi3HOMAHITHI
€HEepProBUKOPHCTOBYIOU1 arperaTy.

I'enepatopu i iepeTBOproBayi eHeprii, 110 eHePrOBUKOPHUCTOBYIOTh arperarH,
KOTpi 3B’s3aHi MepeXamMu 1 PO3MOAUIBHUMH MPHCTPOSMU OAMH 3 OJHUM 1 3
MEpeKaMH ~ €HEPrOCHCTEMH,  yTBODIOIOTb  CHCTEMY  EHEprormoCTauyaHHs
migmpuemctBa (il CKJIaJOBOI0 YACTHHOIO € CHCTeMa eJIeKTPOIIOCTayaHHs
migmpuemMcTBa). Bcei eneMeHTH cuUCTeMH eHepronocTavyaHHsS MiANPHEMCTBA B
nporeci eKcIuTyartalii TiCHO 3B’s3aHi MK COOOI0 €ITHICTIO EHEpPreTUYHOro
MOTOKY. 3 I1i€1 MPUYMHK TPOLIECH, IO ITPOTIKAOTh B OKPEMHX €IEMEHTaX JAHOL

46



CEKLIA 1: Asmomamuxa, enekmpomexamika i cucmemu ynpasiiius

CHCTEMH, CJTifl PO3IYISIATH SIK JIAHKW €JJMHOTO 1 O€3MepepBHOrO TEXHOIOTIYHOTO
Mpolecy  €HEeprornocTavYaHHA-CHEPrOCIOKMBAHHA, —  TOOTO  MpoILecy
BUPOOHUIITBA, Tiepeadi, PO3MOILTY 1 CIOXHUBAHHS EHEPT .

TpawiiiHO 3aBJaHHS EHEProrocrofiapCTBa, SK JIONOMDKHOI JIUISTHKA
BUPOOHMIITBA HAIPABJICHI Ha 3a0€3MEUEHHS BCIX 3AJIKHUX BiJl HBOTO YMOB JIJISI
BUKOHAHHS IUIAHIB  MJIPHEMCTBA. 3BUYAWHO, OCHOBHUM  3aBJIaHHSIM
EHeprorocrofapcTBa € 3a0e3neueHHs HaaiiiHOTO 1 SIKICHOTO eHeprornocTayaHHsl
migmpuemctsa. [Ipote, Bke BOPOJOBK 0ararbox NECSTUIITH, MEPEPaxOBYIOUN
3aBJIaHHSl EHEProrocroapcTBa IMiNPUEMCTBA, SIK JPYrHHd 1 Tperid MyHKT
Ha3WBaIOTh!

- 3a0€e3MeYeHHs] MAKCUMAJIEHOT €KOHOMIT MaJiBa 1 eHeprii;

- TIOBHE BHKOPHCTaHHS TIOTY)KHOCTI EHEProyCTaHOBOK 1 TIPOITYCKHOI
CTIPOMOKHOCTI MEPEK.

SIK HEBAXKKO BiZIMITUTH, 11€ HE IO IHIIIE, SIK 3aBJIaHHS CHEPro30epeIKCHHSI.

Bupimennst 3aBiaHb MiABUIICHHS €()EKTHBHOCTI €HEPrOBUKOPUCTAHHS Ha
MTPOMUCIIOBOMY TTIIIPUEMCTBI MOXKE 3JIIMCHIOBATUCS HAHPI3HOMAHITHIIAME
croco0amu, 3aJIeKHO Bl KOHKpETHOI cuTyauii. [lpoTe, MOoXXHAa BHU3HAYMTH
OCHOBHI ~ HampsIMK  €HEPro30CpeXeHHsI, yHiBepcalbHi IS  OyIb-SKOTO
BUPOOHMIITBA. 30KpeMa, €KOHOMIsl MajMBa 1 eHeprii Ha MiANPUEMCTBAX MOXE
OyTH JIOCSTHYTa Ha OCHOBI BHKOPHCTaHHsS BTOPUHHHX €HEPropecypcis,
3aCTOCYBaHHS  HAWOUIBII  PAI[iOHAIBHUX  EHEPrOHOCIB,  BJOCKOHAJICHHS
BUPOOHMYMX TIPOIECIB  (pallioHami3alis THX, IO ICHYIOTh, pPO3pOOKa 1
BIOPOBA/DKEHHS ~ MPOTPECHMBHUX  TEXHOJNOTIH),  TIOMIMIIGHHS  OpraHizamii
BUpOOHMIITBA 1 Take iHIe. [limBUINCHHS €PEKTHBHOCTI €HEProCIIOKUBAHHS
TICHO TIOB’S3aHE TAKOXK 3 IMJABHIICHHSIM TMPOXYKTHBHOCTI TEXHOJIOTTYHOIO
00aiHaHHs. 3HaYHa EKOHOMIsl MTAJIMBA 1 HEepTii OCATAEThCS IUTSIXOM YCYHEHHS
NpsIMUX BTpaT €Heprii B YCTaTKyBaHHI 1 Mepexax, a TakoK B pe3ynbTari
JOTPHMAaHHS €HEPrOCKOHOMIYHUX PEKUMIB POOOTH €HEPrOyCTaHOBOK.

Takum YMHOM, HEBOKKO BIIMITHTH, 1110 POOOTA IO CHEPro30ePEKEHHIO TiCHO
OB ’513aHa 3 TJIMOOKMM aHai30M SIK CAMOT'O €HEPrOBUKOPHUCTAHHS, TaK 1 IHIINX
CTOPIH MiSUTBHOCTI MiZNPHUEMCTBA. Y 3B’SI3KY 3 IIMM HEOOXITHO MiJIKPECIIHUTH, 110
M eHepro30epeKeHHsIM  CIIiJl PO3YMITH CYKYIHICTh 3aXOAiB TEXHIYHOTO,
TEXHOJIOTYHOr0, OPraHi3alliiiHOro, eKOHOMIYHOIO XapaKTepy, 10 CUCTEMATUIHO
MPOBOIATBCS 1 HAaNpaBIeHHMX HA EKOHOMHE 1 e(eKTHBHE BHKOPHUCTAHHS
SHEpreTuuHuX pecypciB. ToMy BUpINICHHS 3aB/IaHb SHEPrO30ePEIKCHHS BUMArae
TiCHOI CITiBOpali eHepreTUKIB, TEXHOJOTIB, KEPIBHUKIB BUPOOHHIITBA 1 THIIMX
(haxiBIiB MiANpHEMCTBA. AJie TIPU [ILOMY CITiJT ITaM SITaTH, 110 MPOBiHA POJb B
1 00nacTi, 0e3yMOBHO, TOBHHHA HAJIGKATH CHEPreTHKAM.
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®OPMYBAHHS CUTHAJLY YIIPABJIIHHS PET'YJISITOPOM
HOJAYI I'A3Y 3A JAHUMU BUMIPIOBAHHS ITIOTYKHOCTI
BUPOBJIEHHS EJEKTPOEHEPT 1T

Tonbaros A.B., acucmenm

B xomi mpoBeneHHS AOCHiIKeHb (YHKIIOHYBAaHHS Ta30TypOiHHOT
CIICKTPOCTAHIlIEr0  OyJIo  3ampoNOHOBAaHO  iH(OpMAIIMHUN  CHUTHAI
YIPaBJIiHHS aKTHUBHOIO TOTYXHICTIO BHUPOOJIGHHS EIEKTPOSHEpPTii, SKHid
MOJAETHCS Ha BXiJl TOIUIMBHOTO PETryNSATOpPa y BUJI MOTOYHUX MPUPOCTIB
BHUPOOJICHHS eNIEKTPOEHEPT.

CrtpykrypHa cxema (popmyBaHHS 1H()OPMAIIHHOTO CUTHATY YIPABIIHHS
MAJIWBHUM PETYIISTOPOM MPOLIIOCTPOBaHa Ha pHcC. 1.

IBC

BUpoCieHHs :[> MMoTouti gati BWM'P?BaHb :|> DopMyBaHHA HenepepBHX peanﬁpaum
enekTpoeHeprii eeKTpogHepril BUpOONEHHS enexTpoeHepril

| | Bin iHuwmx cuctem

5 Lol

DopmyBaHHS npupocTia BUpobneHHs Tonnuenuit perynsTop nogavi
enexTpoeHeprii :[\ rasy <]:

Pucynok 1 — CtpykrypHa cxema popmyBaHHs iHQOpMALiHHOTO CUTHATY
yIIPaBJIiHHS aKTUBHOIO TIOTY>KHICTIO BUPOOJICHHS eNTeKTPpOeHepril

[Ipu cTBOpeHHI MPOrpaMHOro 3a0e3MeYeHHs] PO3POOHUKOM TOTUTMBHOTO
peryisTopa MpH peamizalii YNOpaBlIiHHA Ha OCHOBI iH(oOpMaliifHOro
CHUTHaJy TPHUPOCTIB TOTYKHOCTI BHUPOOJIEHHsSI eNeKTpoeHeprii  Oynu
BpaxoBaHi TEPEeImIKOANM B EINEeKTPOHHHUX JIaHKaX CHCTEM BHMIPIOBaHb,
nepeadi Ta OOpOOKM CHUTHAJB, IMOXWOOK BHUMIPIOBaHb 1 IOXUOOK
IUPOKOr0 KOJa KOPEryrYMX JIAaHOK 1 MOXYJIB  BiANIpaItOBaHHS
iH(QOPMAIITHUX CUTHAIB.
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HNCCIEAOBAHUE CUCTEM ITPUHYJAUTEJIBHOI'O
BO3AYIIHOI'O OXJIA’KJAEHUS OB BEKTOB

Konomuen A.B., cmyodenm; 3yoans 10.A., doyenm

CreneHb WHTErpanuy, QYHKIUOHAIBHOCTD M HPOU3BOIAUTEIHLHOCTD
WHTErpallbHbIX CXEM pAacTeT, YTO, HECMOTps Ha MCIOJNb30BAHHE HOBBIX
TEXIIPOLIECCOB, MPHUBOAUT K TOBBIIIEHUIO BBIJIEAIEMOH MOIIHOCTH.
[losToMy  BbBICOKa  aKTyaJlbHOCTh  KauyeCTBEHHOIO  OXJIAXJEHUS,
MPEAOTBPAIIAIONIEr0 BEIXO pad0UnX TEMIIepaTyp U3JIENni 3a Mpeebl.

Opranuzanusi BEHTWISILIUM C MEXaHUYECKHM TOOYKIEHHUEM SIBIISIETCS
BBICOKO?((DEKTHBHBIM pElIEHHEM MPOOIeMbl BO3LyX000MeHa.

beul mpoBeneH aHanM3 a’poJMHAMMYECKMX CBOMCTB BEHTHJISTOPOB,
WCTIOJIb30BaHbl pa3iMYHbIe CIOCOObI WX BKIIIOUEHHS W PACIOIOKEHHS,
WCCIIEZIOBAHBl PAcXOJHbIE XapaKTEPUCTUKH, aKyCTHUYECKHE IMapaMeTpbl U
3¢ heKTUBHOCTH PabOTHI.

[Ipu mocnenoBaTenbHOW yCTaHOBKE JIBYX WAGHTHYHBIX BEHTUJISITOPOB,
BO3AYIIHBIA TIOTOK, CO34aBaeMblii HMH, He Oyaer oTiIMYaTbCs OT
MaKCHMAJIbHOTO MOTOKa OJHOr0, HO CTaTH4ecKoe AaBIeHHE Apsy Oyner
BhIlE B JABa pasa. lloaToMy Takoe pacrnonoXeHHe BEHTHJIATOPOB
MPUMEHUMO TOJIBKO JUISl BBICOKOTO UMIIENaHca (PE3UCTHBHOIO CBOMCTBA)
o0bekTa OXJNaxAeHHWs. B TpOTHBHOM ciydae yBETHMYEHHsI BO3IYIIHOTO
MOTOKa HAOJI0AaThCs HE OyIeT.

D¢ dexTHBHOCT,  BO3AYyXO00OMEHAa  MOXKET  yIacTh  BCJEACTBUE
IIPOCTPAHCTBEHHOM M  BPEMEHHOM HEOJHOPOAHOCTH mOTOKA.  [lmst
yCTpaHEHUs 3aKpy4YMBaHUS W  aCHUMMETPUM  BO3AYLIHOIO  IOTOKa
HEOOXOJIM CTPYEBBIIIPSIMUATEI.

Ecnu momomHUTENbHBI BEHTUIISTOP (JOBOMYMK) OONagaeT MeHbIIEH
MPOU3BOJUTEIBHOCTHIO, YeM OCHOBHOM, TO OH MEPEXOAMUT BO (pIIrorepHBIH
PSKUM M TPEACTaBISAET Ui CHCTEMBl OXJIAXJAEHUS adpOAMHAMHUYECKOe
COIIPOTHUBJIEHNE, BCIEACTBHE YEro NaJaeT €€ MPOU3BOAUTENBHOCTD.

[Ipu mnapannenbHONM YCTaHOBKE JBYX HAEHTHYHBIX BEHTHJISTOPOB,
MaKCHUMAaJIbHBIN BO3AYIIHBIN TOTOK, CO37aBacMbIii UMH, Oy/leT B JBa pas3a
BBIIIIE, YEM IIOTOK OJJHOI'O, HO CTaTUYECKOE aBIEHUE ApPsys HE H3MEHUTCH.

[IpoBenenHoe  uccienoBaHME  JaeT  BO3MOXKHOCTb — IOCTPOMTH
BBICOKO? () (QEKTHBHYIO CHUCTEMY MPUHYAUTENBHOTO BO3/TyLITHOT'O
OXJIAXKJAECHUS DJIEKTPOHUKN C MUHUMAJIBHBIM YPOBHEM IIIyMa.
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MAXKOPUTAPHAS NEPEJAYA JAHHBIX C
HUCITIOJIb3OBAHUEM KOJA BEPT'EPA

Kymuk U.A., dooyenm; Kubenko E.A., cmydenmxa

Bce Oonbiiee pacnpocTpaHeHHWE NPH TMOCTPOCHHHM CHUCTEM Ilepenavu
JAHHBIX TOJy4alOT KOMOWHUPOBAHHBIC CIIOCOOBI 3aIlMTHI OT OIIMOOK B
KOJOBBIX KOMOMHAIUAX.

MaxopuTtapHblii crocod mepefadu  SBISCTCS HauOOJIee IMPOCThIM
CHOCOOOM TIOBBIIICHUS BEPHOCTH, KOTOPBIM COCTOMT B TOM, YTO B KaHal
MOCBIJTAE€TCSl HEUETHOE YHMCIO pa3 OJHO M TO JK€ COOOIeHue, a Ha
MPUEMHOM CTOPOHE MPOUCXOAUT CPABHEHUE MEKJY COOOW MOIYYSHHBIX
KOJIOBBIX KOMOWHAIUi (MM  TOJNyYEHHBIX JIBOMYHBIX  Pa3psioB).
[MoTrpeburento BbIAAETCS TO COOOIIEHHE, KOTOPOE OBLIO MPUHSATO OOJIbIIEE
YHCII0 pas.

Coueranue pa3NUYHBIX OMKMOKOOOHAPYKMBAIOUIMX M HMCIPABISIOMINX
KOJIOB ¢ Ma)KOPUTAPHBIM TPHHIIUIIOM IEPEIavyu JaHHBIX MPEIOCTABIISACT
BO3MOXKHOCTB JIOCTATOYHO I'MOKO MOJICTPAUBATHCS K TEKYIIEMY COCTOSIHUIO
HECTAIIMOHAPHOK KaHajga CBs3M M 00Jiee TOYHO HAaXOIUTh JUIS HEro
OIITUMAJIBHOE COOTHOIICHHE "BEPHOCTH/CKOPOCTh" TIepe/Iavu.

Konmet Beprepa (kompl ¢ CyMMHpPOBaHHEM) OTHOCATCS K paspamLy
HECHCTEMATHUYECKUX KOJIOB, MPEIHA3HAYCHHBIX I HCIOJIb30BaHUS B
ACUMMETPUYHBIX  KaHajaX CBs3M, TJEC BO3MOXHO JHOO TOJIBKO
npeoOpazoBaHue HyJed B eAWHUIBI, MO0 Haobopor. [IpeumymiecTBo
KomoB beprepa 3akirouaercsi B TOM, YTO OHH SIBJISIIOTCS Pa3lCIUMBIMU
KOJIaMU C OYECHb MPOCTHIM AJITOPUTMOM TIOCTPOCHUS TPOBEPOYHOM YACTH.

Merox moctpoeHusi kojoB beprepa cocTouT B TOM, YTO B KauyeCTBE
MTPOBEPOYHBIX CHUMBOJIOB WCIIONb3YeTCs JIBOMYHOE YHCIIO,
COOTBETCTBYIOIIECE KOJWYECTBY HyJed B WH(POPMAIIMOHHOW 4YacTH Koja.
Takum 00pa3oM, YKCIIO 7 MPOBEPOYHBIX Pa3psOB PaBHO HAUMEHBIIEMY
LIEJIOMY YHUCITy, TIpeBbImaronieMy log, &, 1.e. r > log, k, rine k — KoaM4ecTBo
MH()OPMAIMOHHBIX CUMBOJIOB.

Bo3moxkHO mocTpoeHue koaoB beprepa ¢ ommoOkooOHapyKUBaIOIINMH
CHOCOOHOCTAMU U JIII CUMMETPHUYHBIX KaHAJIOB. B CHMMETPUYHBIX
KaHajlaX TaKue Koabl OyayT OOHApyKMBaThb BCE OJMHOYHBIC OINUOKU U
HEKOTOPYI0  4acTb  MHOTOKpaTHbIX. B  Takux komax — Kaxaou
MH(OPMAIMOHHOM MO3UIUN MPUIMCHIBAIOT PA3JIUYHBIA BEC, MPUYEM, HU
OJIMH BEC HE SIBJISCTCS CTEIEHBIO JBYX. [IpOBEpOUYHBIC 3HAKM 3TOrO KOJa
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o0pasyroTcsi TyTeM CYMMHPOBAaHHS BECOB, COOTBETCTBYIOUIMX TEM
WH(POPMAITMOHHBIM pa3psiiaM, B KOTOPBIX PaCHONOKEHBI SAWHUIIBI, 3aTEM
MPOMCXOANUT WHBEPCHUS MONYyYeHHOro uucna. Takod koj obnagaeT BCeMHU
CBOMCTBAMU paHee ONMCAHHOIO KoJa M, KpOME TOro, OOHapy:KUBAaeT B
CHMMETPHYHOM KaHalle Bce IBOWHBIC OIIMOKH.

KonnuectBo  mpoBepodHBIX  CHMBOJNOB  Kkojma  beprepa  mid
CUMMCTPUYHLIX KaHAJIOB ONPCACIACTCA BhIPAXKCHUEM!

r>log, {|:(k + ‘u)%} —2u+1},

IJie 41 Onpeensercs U3 COOTHoen s 247" < k + p < 2% .

Ilpumenenne koma beprepa mnpu  MaKOpuUTapHOM  Iiepenayde
CYIIECTBEHHO TIO3BOJISIET YBEIMYUTh BEPHOCTh IEpeladyd 3a CHeT
B3aMMHOTO MHTErPHPOBaHUs OMHMOKOOOHAPYKMBAIOIIMX CBOMCTB KOAa H
Ma)KOpUTApHOTO MPUHIUIIA MTEPEIaUH.

OO0mwuit METO/I, 3aKIJIIOYarONIiCcs B HMCIOIb30BaHUH
OMIMOKOOOHAPYKUBAIOIIMX KOAOB B COYETAHUM C Ma)KOPUTapHBIM
OPUHIUIIOM TMO3BOJNAET: 1) B CYIIECTBEHHOW CTENEHH YMEHBIIHUTH
BEPOSTHOCTh HEOOHapy)KMBaeMOH oOmHOKH; 2) paclHMpHTh Kiacc
00HapPYKUBAEMBIX OIIHOOK.

OueBnIHO TaKXke, 4TO HH(POPMALIMOHHBIE COOOIIEHNUSI, TOCTPOCHHBIE 110
MPHHIUITY COYETaHHs OIIMOKOOOHAPYKUBAIOIINX KOIOB C Ma>KOPUTAPHBIM
croco0oM mepenauu, OyIyT MMETh MEHBIIYI H30BITOYHOCTh, YEM MPH
Ma)KOPUTapHOM croco0e Tepenaur OOBIYHBIX JBOUYHBIX KOMOMHAIIMIA
[Tpu 5TOM, UCTIONB3YS pa3TUYHbIC TOMEXO0YCTONYMBEIE KOJIBI, B TOM YUCIIe
u Koumel beprepa, MOXHO JOCTHTHYTh HECKauyKOOOPa3HOTO YBETHYECHUS
JUTUHBI HTH)OPMAIMOHHBIX [TOCIEJ0BATELHOCTEH.

[lepcniekTrBOi  pa3BUTHS  TPEUIOKEHHOTO  Ccrocoda  sBiseTcs
pa3paboTKa aJanTalMOHHBIX Mep MO BEIOOPY OMIMOKOOOHAPYKHUBAIOIIETO 1
KOPPEKTUPYIOIIEro KoAa Ui Ma)KOPHTApPHOTO CIocoba Tmepenayn B
3aBHCUMOCTH OT HHTEHCUBHOCTH ITOMEX B KaHaJle CBS3H.

[Ipennoxxennbie MepbI o MOBBIIIEHUIO 3¢ HEKTUBHOCTH
Ma)KOpUTAapHOTO crocoda Mepeaaydl MOTYT HAWTH IIMPOKOE MpPUMEHEHHE
MPH MOCTPOSHUH MOOMIIBHBIX TEIEKOMMYHHKAIIMOHHBIX CHCTEM C BBICOKON
MOMEX 032U IIIEHHOCTHIO, TaKuX, Kak OopTOBBIC CHCTEMBI
ABTOMATHYECKOTO YIPaBJICHHS, IUCTAHIMOHHBIE aBTOMATH3UPOBAHHBIC
CHCTEM KOHTPOJIS U YIPaBJICHUS ONAacCHBIMU O0BEKTaMH H T.II.
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METO/I TEHEPUPOBAHUSI KBABUPABHOBECHBIX
KOJOBBIX KOMBUHALAN

Kymuk U.A., doyenm; Cxopauna E.M., acnupanmxa;
UepnoOyk C. B., cmyoenm

Jus  MHOrMX  BHJIOB  00paboTkM  WH(pOpPMAIMKM  OKAa3bIBAKOTCS
3¢ (GEKTUBHBIMA METOJIbI, OCHOBAHHBIC HAa KOMOWHATOPHBIX CHCTEMax
cuncnenusi. K TakuMm cuctemam OTHOCATCS M JBOMYHBIE OMHOMHAJIbHBIC
cucteMbl  cuMcneHus.  MccmemoBaHue — OcOOEGHHOCTEH — ABOMYHBIX
OMHOMMAJIBHBIX CHUCTEM CUHCICHHS WMEET ONpeNeNIeHHBI TEOpETHYECKUH
WHTEpEC, MOCKOJIBKY MPEIOCTaBIIsieT BO3MOKHOCTD Pa3padaThiBaTh METOJBI
W aNrOpUTMBI TeHEPUPOBAHHS Pa3INYHBIX KOMOWHATOPHBIX KOH(QUTYpaIrii.

Ha ocHoBaHMM M3BECTHOTO CBOICTBa OMHOMUAIBHBIX KO3 (DUIIMEHTOB

N=ck,+cH

Mpeanaraercss MeTOo[ TeHEePUPOBAaHUS COUYETaHWH C  Ppa3iIdYHBIMU
3HAYCHUSIMH ~ YHCJIa  CIWHHUI, KOTOpble  TPEACTaBIAIOT  coboi
KBa3WpaBHOBeCHbIe Koabl. C  TOYKM  3peHUS CBOMX  CBOICTB
KBa3MpPaBHOBECHbIE ~KOMOMHAIIMM HMMEIOT  IIUPOKYIO  IEPCHEKTHBY
MPUMEHEHU B aJJallTUBHBIX CHCTEMaX IMepeadyn U IU(PPOBaHUS TaHHBIX.

AnropuTM, peaNM3ylIIUA TpeliaraeéMblii  METOMA, HCIIONB3YeT B
KayecTBE  BXOJHBIX  KOMOMHAamMid  JBOMYHBIE  HEpaBHOMEpHBIC
OvHOMHaNbHBIE yucla. B pe3ynbrare paboThl alropuTMa T€HEPUPYIOTCS
KBa3MpaBHOBECHbIE KOMOWHALMKM JUIMHBI 7 — 1, mapamerpamMu k u k—1 B
JIEKCUKOTpapuecKoM MOpsKe.

CyTb anroputMma 3aKiIro4yaercs B J00aBICHNH SAMHUYHBIX WM HYJIEBBIX
pa3psaaoB K HepaBHOMEPHBIM OWHOMHAIILHBIM YUCIAM B 3aBHCHMOCTH OT
WX TPUHAUISKHOCTH K IMEPBOMY WJIM BTOPOMY YHCJIOBBIM KilaccaM
JBOUYBIX OWHOMHUAIIBHBIX CHCTEM CUUCIICHHUS.

Pa3paboTaHHbI aNrOpUTM HMEET CIEAYIONIee JOCTOMHCTBA!

1) BBICOKYIO CKOPOCTh TEHEPHpPOBaHUSI KBa3HMPAaBHOBECHBIX KOJOB;

2) CpaBHUTENBHO  TPOCTYI0O  CXEMOTEXHHYECKYID  pealii3allHio;

3) 1OCTaTOYHO MPOCTO MO3BOJISIET PEANTU30BATh CBOWCTBO aIallTHBHOCTH

KBa3MPaBHOBECHBIX KOAOBBIX KOMOWHAIIH;

4) reHepupyeT  KBa3HMpaBHOBECHbIE  KOMOWHANMM B  JIGKCHKO-

rpaduecKoM MOpSIKe.
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OBHAPYXEHHUE OIIUBOK B IIEPECTAHOBKAX
HA OCHOBE KOHTPOJISA CYMMbI 2JIEMEHTOB

Bopucenko A.A., npogpeccop; T'opsiueB A.E., acnupanm;
Tomosckwii B.S1., cmydenm

IlepecTaHOBKM HANUTM NIMPOKOS MNpPUMEHEHHE IS pEUICHHs — 3aj1ad
KOMOWHATOPHOH ONTHMHU3AIMHU, TPU MOMEXOYCTOWYMBOH Tepenaue JAHHBIX H
3alMTe MX OT HECAHKIMOHMPOBAHHOIO JocTyna. [lpu mepemade nepecTaHOBKH
MEXIY y3JaMH HCIIONB3YIONIET0 UX YCTPOMCTBA, JINO0 MEXIY Y3JIaMHu Pa3IHIHbIX
YCTpPOMCTB, BO3MOXXHO BO3HHKHOBEHHE OIIMOOK B MEPECTAHOBKE, UYTO SBISACTCS
HEJIOMYCTUMBIM, TaK KaK MOYKET TIPUBECTH K TOTEPE JAHHBIX.

IlepecTtaHoBKM  00JaMAlOT  CTPYKTYPHOW  HM30BITOYHOCTHIO,  KOTOpas
o0ecrevnBaeT ux MOMeX0yCTOHIUBOCTb.

OpHUM 13 CIIOCOOOB OOHApY)KEHMsl OIIMOOK, HCHOJNB3YIOIIUX CTPYKTYPHYIO
M30BITOYHOCTh TIEPECTAHOBOK, SIBISIETCS METOA KOHTPOJSI CYMMBI BJIEMEHTOB
nepectaHoBkd. CyMMa BCEX DJIEMEHTOB MEPECTAHOBKH MOPSIKA N BBIYKCISAETCS C
TIOMOIIBIO CIeytoniel popMyIbL:

P=n+m-D+..+2+1=n(n+1)2. (1)

Ecnmun cymma 371€MEHTOB MpoBepsieMON MEpecTaHOBKM HE paBHa P, 3Hauut
TIepecTaHOBKa CO/IEPXKUT OIMMOKY. B 3TOM ciydae mcrnpaBHUTh OMIMOKY MOXKHO C
MIOMOIIbI0 TOBTOPHOM Mepeaut Beeil epecTaHOBKH.

Ajnroput™M paboTBl paccMaTpHUBAEMOro METOJa BBHINISAUT  CIEAYIOUIUM
obpazom.

1. YcraHoBKa 3HAYEHUS] CYMMBI 2JIEMEHTOB MPOBEPSIEMON MEepecTaHoBKU Po B
HOJIb, yCTAHOBKA KOHTPOJIBHON CyMMBI P B cooTBeTcTBUM ¢ hopMyroii (1).

2. IlpnéM rnemeHTa NepecTaHoOBKU pi., rae i=1 ... n.

3. IlpubaBnenne 3Ha4E€HHsI TPUHATOTO AIEMEHTA MIEPECTAHOBKH p,; K cyMMe P.

4. ITpoBepka, ObLT M NPUHSAT ITOCIEAHNI IEMEHT nepecTaHoBku. Eciu HeT, To
nepexon k m.2. Ecau Aa, To IpOMCXOAUT CPAaBHEHHME 3HAUEHUM CYMMBI IPUHATBIX
2JIEMEHTOB NepecTaHOBKU PO M KOHTPONBHON CyMMEI P.

5. Ecim Py # P, 3HauuT oOHapyXeHa omMOKa NpH Nepenade, MPOHCXOIUT
3ampoc Ha MOBTOPHYIO Nepenady nepecraHoBku. Ecnu Py = P, To mepecTaHoBKa
MIPUHATA BEPHO, K MICTOYHUKY MOCBUIAETCS] CUTHAJ YCIIEHIHOrO MpUEMa.

PaccmaTpuBaemblii METO/] MO3BOJISIET BBISIBIISITH HE BCE BO3SMOJKHBIE OIIMOKH.
DT0 00BSCHAETCS TEM, YTO IIOMUMO NIEPEXOA0B B pa3pelIéHHbIE KOMOWHAIIMY BU/IA
12345 — 12354, He BBIABISIOTCS OMIMOKM NpH nepexonax Buia 12345 — 13344,
TaK Kak B 00OMX CIydasX CyMMa 3JIEMEHTOB Ha BBIXOJIE paBHa P.

JloCTOMHCTBOM MeTOza SIBJISIETCSl XOpoIllee OBICTPOACHCTBIE, COXPAHSIOIIEecs
IIPU MPOBEPKE NEPECTAHOBOK BBICOKOTO TOPSIIKA.
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OLIEHKA IIOMEXOYCTONYHUBOCTHU KOHEYHBIX
ABTOMATOB ITIOCTPOEHHBIX I1IO METOAY OHE

Bopucenko A.A., npogheccop; llerpor B.B., acnupanm;
Pyneko A.M., cmyoenm

Ludposbie aBTOMATHl IMIHPOKO HCIOJNB3YIOTCS B Pa3IHUHBIX
MPHUKIAJHBIX LUQPPOBBIX CHCTEMax W YCTPOMCTBaX, OCOOEHHO MpH
MPOEKTUPOBAHUH CHCTEM Ha KPUCTAJUIaX.

CymiecTByeT HECKOIBKO CIIOCO0O0B KOJMPOBAHUS COCTOSIHUN KOHEYHOTO
asromara: OHE, Gray, Compact, Johnson, Sequential [1]. OmHako
COTJIACHO HCCJICIOBaHMIO, TpoBeneHHOMY B pabore [2] meronq OHE
npumenutensHo k [IJIMC c apxurexktypoit FPGA naer BO3MOXXHOCTH
CTPOUTh KOHCYHBIC aBTOMAThl, KOTOpPBIE B OOIEM ciy4ae TpeOyIOT
MEHBIINX PECYpCOB W OTJIMYAIOTCS 0oJee BBICOKUMH CKOPOCTHBIMH
MOKa3aTelisIMi, 4YeM aHaJlOTMYHble KOHEYHBIE ABTOMAThl C JBOWYHBIM
KOJIMPOBAHUEM COCTOSHUH.

Cytp merona OHE coctout B mpuMeHEHUH YHHTApHOTO KOAMPOBAHUS
COCTOSIHMI aBTOMaTa. ABTOMATHI, MOCTPOCHHBIC 1O JaHHOMY METONY,
SIBJISIFOTCSI TIOMEXOYCTOUYMBBIMHU, TTOCKOJIBKY HUMEIOT 71 COCTOSIHUM 13 2"
BCEX BO3MOXHBIX COCTOSHMI. MHTEpecHOU 3amadel SBIISETCS OLIEHKA UX
MTOMEXO0YCTONYMBOCTH, ITOCKOJIBKY paHee 3Ta 3a/lada He paccMaTpUBaach.

Kon OHE sBisiercst 4acTHBIM cilydyaeM MaTpHYHOTO OMHOMHAJIBHOTO
KOJIa ¢ rapaMerpoM k = 1, Ipu UCKITFOUYEHUHU U3 TOCIEAHEr0 KOMOWHAIIUU
cO BceMH HyIsIMHA. /[l OIEHKH MOMEXOYyCTOWYMBOCTH aBTOMATOB
MpUMEHEHa METOJMKa U MOojenb, onucanHas B [3]. CoriiacHO METOJIUKE,
JUISl pAaBHOBEPOSTHOTO TMOSIBJICHUS COCTOSHHM aBTOMAara, BEPOSTHOCTH HE
oGHapyx)uBaeMoii ommbka paBHa: V= (n— 1) pl0- pl0 - p00" °, tne n —
paspanunocts aBTtomara; pl0, pl0, p00 BeposITHOCTH TMEPEXO0B
coorBerctBenHo 1 — 0,0 — 1, 0 — 0.

Takum oOpa3om, mpoBeeHa OIEHKa TOMEXOYCTOHUYMBOCTH aBTOMATOB,
nmoctpoeHHsIx no meroay OHE.

1. A. Crporonor, KommnoneHnTs! u TexHnosoruu (2007).
2. . Koy»sH, HagexxHble BerurcieHus: pu Hanu4uu myMoB (M: 1968).
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OIIEHKA HOMEXQYCTOFIHHBOCTH BUHOMMAJIBHBIX
YCTPOUCTB C AYBJIMPOBAHUEM

I'punenko B.B., unowcenep; 'anuu B.H., 3as. 1abopamopueii,
JrobuBsiii A. A., 3a6. 1abopamopueti

J7ist OBBIIEHHS HAZIGKHOCTH MH(DOPMAIIMOHHO-YIIPABIISIONINE CUCTEM
HCTIONIB3YETCSl CTPYKTYpHAs M30BITOYHOCTD, KaK Ha YPOBHE DJIEMEHTOB, TaK
U CTPYKTYPHBIX OJIOKOB. B 0OTKa30yCTOHYMBBIX CHCTEMax MNpPHUMEHSETCs
pasnuyHble BUABI HM30BITOYHBIX CTPYKTYp. OJTO OOBSICHSETCS TEeM, YTO
pas3iuyHble  BHABl  TaKUX  CTPYKTYp  OOECHEUMBAIOT  Pas3HYIO
KOPPEKTUPYIOLIYI0  CIOCOOHOCTb, HMMEIOT pa3Hble 10  CIOXHOCTU
BOCCTaHaBIMBAONIMe opranbl. OJHUM U3 HaHOOJIee YaCTO BCTPEUAIOIINXCS
Ha MPaKTHKE BUIOB PE3EPBUPOBAHUS SBISICTCS AyOIHPOBaHUE.

Bo3MoxkHBI I1Ba crocoba opraHu3anuy paOOThl pEIIArONIMX OpraHoB
YCTPOKMCTB ¢ AyONMpOBaHWEM, KOTOPBIE OMPEACNISIOTCS TPABUIOM IPHHSITHS
pemenust. [lepBbiii crioco0 OfWH KaHaNl BEAYIIWH, JPYrod KaHaJl BEJOMBIA.
[paBUIBHOCTD BBIXOAHOTO pe3yJIbTaTa OMpEIeNseTcs Mo MPaBUIIbHON paboTe
BelylIero KaHama. B ciyuae Hammuust oOHapy>KEHHOH HEUCIPAaBHOCTH B
BelyllIeM KaHaje MPOMCXOIHUT MEPEXO/ Ha BENOMbBIN KaHaj, MO COCTOSHHIO
KOTOPOT'O ¥ OLIEHUBAETCSl IOCTOBEPHOCTH Pa0OTHI Ha BBIXOJIE TyOIMPOBaHHON
cxeMbl. BTopoii croco6 kaHaikl 110 3HAaYMMOCTH PaBHO3HAYHBI. [IpaBUIIBHOCTD
WCXOIHOM WH(OpPMAIMK ONpeAensercs Mo NPaBWILHOW paboTe KakIoro
KaHaJla JIM0O 10 CHTHaTy OOHApY)KEHHOW ONIMOKM B KaXJOM KaHAJe, Mpu
KOTOPOM JIaHHBII KaHaJ 10 BBIXOAY OJOKHpYeETCs.

Bbutn  monydeHbl aHaJMTUYECKHE BBIPRKEHHS [UISI  BBIYHCIICHHS
BEpOSATHOCTEMN ommnboK  u MPaBHJILHOTO ($YHKIMOHUPOBAHUS
OMHOMHANBHBIX YCTPOWCTB ¢ MyONMpOBaHMEM W OpraHM3alueid pabdoTHI ¢
BEAYIIMM KaHAJIOM M C paBHO3HAYHBIMH KaHallaMH, KOTOpbIC OBLIH
WCTIOJIb30BaHbI ISl OLIEHKH TIOMEXO0YCTOWYHBOCTH.

[lo pesympTaTam pacdeToB OBbLT CAENaH BBIBOJ O TOM, 4YTO TMPH
MpUMEHEHNH AyOIMpoBaHusl B OWHOMHAIBHBIX YCTPOMCTBAX C OpraHM3alyen
PaboThI PEIAIOIIMX OPraHOB MO BEAYIIEMY KaHaTy BEPOSTHOCTD IPABUIILHOM
paboThl W HEOOHAPYXKEHUS ONIMOKY YBEIMYUBAIOTCS B CPaBHCHUH C
OMHOMHUATTLHBIMU YCTpOICTBaMU 0e3 JyOnupoBaHusl. A i paBHO3HAUHBIX
KaHaJIOB BEPOATHOCTh HEOOHAPY)KEHHsT OIIMOKM 3HAYMTEIbHO MEHbIIIE, YEM B
yCTpoiicTBax 0e3 yOIupoBaHuUsl.
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HNPEOBPA30OBAHUE IBOUYHbBIX YUCEJI B MHOI'O3HAYHBIE
BUHOMMUAJIBHBIE KO/ bl

[Iporacosa T.A., cm. npenodasamensw; [Ipotacora E.A., cmydenmrka

Pa3BuTHE BBIYMCIMTEIBHON TEXHUKU W KUOCPHETUKH TPHUBEIO K
MOSIBJICHUIO HOBBIX, HETPAIUIIMOHHBIX TOMEXOYCTOMYUBBIX CHUCTEM
CUMCJICHUS, B KaueCTBE OCHOBAHHW KOTOPBIX HCIONB3YIOTCA HE
MoKa3aTelibHbIe, a 00Jee CI0XKHBbIC (YHKIIMH, HAPUMEP MOCTPOCHHBIE HA
OCHOBE OMHOMHUATBHBIX KO3(pPUIIMEHTOB.

BuHOMMAJIbHBIE CHUCTEMBI CUMCJICHHS, KaK U JPYrHe CHCTEMbI
CUMCJICHUS ¢ KOMOWHATOPHBIM  OCHOBAaHHMEM  OOJNANAIOT  JBYyMS
MOJIOKUTENIBHBIMU CBOMCTBaMU. Bo-1iepBbIX, OHM TOMEXOYCTOMYMBEI U, BO-
BTOPBIX, CIIOCOOHBI TEHEPUPOBATh T€ WU HMHBIE KOMOWHATOPHBIC
KOHpUTrypanuu. DTO JelaeT WX MNPUTOAHBIMH Il TOCTPOCHHUS
MOMEXOYCTONYMBBIX ~CICIUATM3UPOBAHHBIX IPOIECCOPOB JUISI  CIKATHUS
nH(poOpMaIuK, CHCTEM aBTOMATU3UPOBAHHOTO  IPOCKTHPOBAHUS U
KOHTPOJISI, CHCTEM CBSI3H, T.C. YCTPOMCTB, K KOTOPBIM MPEIbIBISIFOTCS
TpeOOBaHUS TIOBBIIICHHOT'O0 OBICTPOJACHCTBHSI M HAJACKHOCTH. V3MeHss
rapaMeTpbl MHOTO3HAYHOW OMHOMHAJIBHOW CHUCTEMBI CUUCICHUS MOXKHO
PeryJInpoBaTh AUAINA30H U MOMEX0YCTOMYNBOCTD KOJOBBIX KOMOMHAIIWH.

Cucrema cuMcieHHS C HEOJHOPOJHOW CTPYKTYpOHl - MHOrO3HadHas
(-u4Has OMHOMMAJIbHAS CHCTEMa CUMCIICHUS XapaKTEPU3YETCs TeM, UTO ee
JMarna30H M BECOBBIC 3HAYCHUS pa3psAioB 3aJal0TCsd OWHOMHUATIBHBIMU
KO3((pUITUEHTAMHU, ONPENEISICTCS MapaMeTPOM, BIUSIONIMM Ha JUAINa3oH U
COJIEPUT KOHTPOJILHOE YUCIIO ¢ = m — k, IPEBBIIICHHE KOTOPOro B OMHO-
MHUaJBHOM YKCJIEC CBUCTEIBCTBYET O MOSABJICHUU B HEM OmuOku. [loaTomy
QIropuT™M  OOHApyXeHus  omMOOK B OMHOMHANBHBIX  KOJOBBIX
KOMOWHAIIUSAX COJCPIKUT CICAYIOIINE IIarH:

Onpexnensiercss JUIMHA JJIS HEPABHOMEPHBIX KOJOBBIX KOMOWHAITHIA.
Ecnu nmnvna npunsTol koMOuHaImu Oonbine k, To npousonuia ommoka. B
MIPOTUBHOM CJTy4ae, Iepexoj1 K MyHKTY 2.

Kaxpiii pa3psisi KOIOBOW KOMOWHAIMK CPAaBHUBACTCS C KOHTPOJBHBIM
guciioM ¢g. Eciu 3HaueHue paspsga Oonblie ¢, TO MPOU30ILIA OIINOKA.
WNuaue nepexon K MyHKTY 3.

IToncunThiBaeTCs cymMMa 3HA4YEHWH pa3psoB IPUHSATONW KOMOBOH
KoMOuHanuu. Ecnu nonydeHHOe 3HAauYeHHME MPEBBINIACT ¢, TO MPOM3OILIA
omuoOka. Eciin Her, To mepexo K MyHKTY 4.
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Yucno sBnsiercs OMHOMHATBHBIM.

Beut  paspaboran ObICTPOACHCTBYIOIIMK aJTOPUTM TPeoOpa3oBaHUs
JBOUYHBIX YUCEN B OMHOMHUAIBHYIO CUCTEMY CUMCIICHUS:

1. TlpoBepsieTcst yclOBHE, YTO TEPEBOAMMOE YHUCIO HE TMPEBBIIIACT
JIMATa30H YHCENl CHCTEMBI CUHCIIEHUS, B KOTOPYIO OHO MEPEBOIUTCS.

2. Onpenensiercs, He SABISETCS JIM HyJeM IepeBoanMoe yncio. Eciu na,
TO OHO TPEACTABIIACTCS enuHCTBEeHHBIM 00pasom - 00..0. Eciu Her, TO
HEOOXOJJMMO MPOM3BECTH ONEPAlHI0 TOMCKA 3HAYEHUH IH(p Kaxa0ro
paspsijia OMHOMHAJILHOTO YKCJIA.

3. OmpenensieTcst ASCATUYHBINA HYKBUBAICHT MEPEBOTUMOTO YnCia S.

4. Onpenensiercs mudpa crapiiero paspsaa X .

5. IlpucamBaercs X;_ ;=1 W BBIUUCISIETCA €0 KOJIUYECTBEHHBIN
SKBUBAJIEHT Aj_ 1.

6. Ecnim BenuuuMHAa TIEPEBOAMMOIO YHWCIA paBHA IONyYECHHOMY
KOJTMYECTBEHHOMY SKBHBAJICHTY, TO MOJyueHa udpa AaHHOTO paspsja, a
BCe MJIaJIINE pa3psabl paBHBI HYIIO.

7. Ecnu BenmMuMHA MEPEBOJMMOIO YHCIIAa MEHbBIIE KOJIMYECTBEHHOTO
SKBUBAJIEHTA JaHHOTO paspsija, To Hudpa B JaHHOM paspsijie Ha €NUHUILY
MeHblIIe poBepsieMoit BenmnuuHbl (X, — 1). [lepexon x mynkTty 10.

8. Ecnu BenmuunHa TEpeBOAMMOrO yHcia OOJNbIIe KOJIWYECTBEHHOTO
SKBHMBAJICHTa JaHHOW IUQPBL, TO 3HAYCHUE MHU(PHI YBEIUYMBACTCS Ha
C/IMHUILY W BBIYMCIISICTCS €€ KOJIMYECTBCHHBIN SKBUBAJICHT.

9. IloBTOpsieTcs mpoleaypa, ONMKUCaHHAs B MyHKTax 6,7,8 1o Tex mop,
MOKa BEIMYMHA KONWYECTBEHHOIO SKBHBaJieHTa He OyZeT NpeBbIIaTh
nepeBouMoe 4Hciao. B pesyiaprare moidydeHa MakcHMaibHas mudpa
pa3psiia, paBHas (X — 1).

10. Omnpenensiercs uudpa cuepyroniero paspsaa. s 3toro wu3
WCXOJIHOM BEIMYMHBI MEPEBOJAUMOIO YHCIa BHIUUTACTCS KOJIMUECTBEHHBIN
SKBHBAJIEHT HU(GPBI MOIYYCHHOrO paHee HOBOro umcia. C TOTy4eHHOM
pPa3HOCTHIO TPOM3BOAMUTCS TMPOIENypa, OMHCaHHAas B TyHKTax 5-9. B
pes3ynbTaTe nojiydaercs Hudpa clenyronero pa3psaa.

11. PaccMoTpeHHBIE omepamnuy MpoOBOISATCS 10 TeX 0P, MoKa He OyaeT
noiydeHa nudpa MIIQALIErO MPH CYeTe clieBa HampaBoO k-TOro paspsijaa
HOBOT'O YHCJIA.

12. Tlpouecc momucka OKOHYEH.

[MonydyeHHsle OWHOMHMANBHBIE 4YHCIAa MOXKHO HCIOIB30BAaTh st
nepenavn, XpaHeH sl 1 mpeoOpa3oBaHus UX B TpeOyeMble KOMOMHAIINH.

58



CEKIIA 2: Enexmponni cucmemu i 3acobu K00y8aHHs ingopmayii

HPUJIAA JJIA JOCIIKEHHS MATHITOPESUCTUBHUX
BJACTUBOCTEN TOHKOILIIBKOBUX MATEPIAJIIB

Haymenko I1.0., cmyodenm; Jlonatuenko b.K., doyenm

Edekr riraHTChKOrO MAarHiTOONMOpYy, CIIOYAaTKy CIIOCTEpiraBci B
0araTolapoBUX CTPYKTypaxX, SIKi CKJIQJar0ThCs 3 IMOYEPrOBUX MAarHiTHUX 1
HEMarHiTHUX MPOBiAHMX mIapiB. Taki CTPyKTypH Ha3MBalOTh MAarHITHUMH
Hajpenritkamu. TOBIIMHA WIAPIB, SK MPAaBHIO, CKIIAJAE€ YaCTKU-OIUHUIL
HaHoMmeTpiB. Edekt monsirae B ToMy, 110 OMip CTPYKTYPH, BUMIPSIHUH MpH
CTpPYMi, 110 Te4e B IUIOIIMHI CUCTEMH, 3AJICKUTH BiJl B3aEMHOTO HAMpPsIMY
HAMarHi4eHoCTi CYCiIHIX MarHiTHUX IIapiB.

3rifHO 3 yMOBaMH TPOBEACHHS  EKCIIEPUMEHTY  JOCIiIKEHHS
MAarHiTOPE3UCTUBHUX BIACTUBOCTEN, PO3POOICHO MPHIIal, 10 CKIAy SIKOTO
BXOAWUTH CIELiali3oBaHUN TPUCTPId Ui  JKUBIEHHS 1HIYKTUBHOTO
HaBaHTa)XEHHS (EJIEKTPOMArHITIB) EKCIePUMEHTaIbHOI YCTaHOBKH, Ta
(yHKIIOHATBHI BY3JIM, SIKI B 3aJIOKHOCTI BiJl NMPU3HAYCHHS BUKOHYIOThH
¢GyHKLIT BUIIpsSMIIEHHS, BiTbTpalii, 3aXucTy, cTadimizalii Ta curHaizaiii.

3a JOMOMOI0I0 CHCTEMU KEpYBaHHsI, SIka BXOIUTH A0 CKIaay MpHiamy,
3a0e3MeuyeTbcsl  ONMUTYBaHHS  JaBaviB  MepBHHHOI  iH(popmamii Ta
pEryJItOBaHHS TapaMeTpiB MAarHiTHOrO TOJS 3TiJHO HOro ajirOpuTMy
poboru.

3acTocyBaHHs CTaHIAPTH30BAHOTO iHTEpdelicy 3abe3neuye 3B'S130K MK
BUpOOaMu Pi3HUX po3poOHHKiB. Came AOTpUMAaHHS CTaHIAPTy TapaHTye
OTpUMaHHs 3asBJIEHOI MPOMYCKHOI 31aTHOCTi. CTaHAapTH, B CBOIO Uepry,
peai3yloTh THIIOBI, YK€ KUM OCh BHHAal/ieHl 1 mpoBipeHi pimeHHd. Tomy
JlaHi OTPUMaHi B Pe3yJIbTaTi EKCIEPUMEHTY Yepe3 MOCIiIOBHUN iHTepdelic
RS-232 HanxomaTe [0 TepcOHANBHOTO KOMIT'IOTEpa s MOAAIBIIOL
00poOKK Ta MOOYIOBM 3AlEKHOCTI OMOPY CTPYKTYpH Bill BEIUYUHHU
HaNPYyXEeHOCTI MarHiTHOTO TOJA.

Otpumana iHdopMallis 3a0€31eYnTh pillleHHs 0araTh0X TEXHOJOTTYHHX
3ajad.

1. B.I.KoctukooB, E.M.Ilapdpenos, E.M. lllaxHoB, Hcmounuxu

numanusi 3nekmpouHwvix cpedcme (2001).
2. A.A. Jlanun, UaTepdeiickl. Beibop peanuzaius (Mocksa: 2005).

59



CEKIIA 2: Enexmponni cucmemu i 3acobu K00y8aHnHs ingopmayii

PASPABOTKA PABHOBECHOI'O AEHIN®PATOPA
Bopucenko A.A., npogheccop; I'yrenxo 1.B., acnupanm

B anekrpoHunke 0coboe MeCTO 3aHMMAKOT —CICIHAaIN3UPOBAHHbBIC
YCTpOMCTBA, NMpeIHa3HAYCHHBIC [Tl PELICHHs ONPENeIEHHOr0 BUa 3a/1a4.
[To cpaBHeHHIO ¢ OoJiee YHUBEpPCAJIbHBIMU aHAJIOraMU, TaKHE YCTPOWCTBA,
Kak MpaBuUiIo, 00JaIat0T PAIOM MPEHMYIIIECTB.

K Takum ycTpoHcTBaM MOXKHO OTHECTH ACIIH(PATOp pPaBHOBECHBIX
KOJIOB, NpeIHa3HauYCeHHbIN st nermudpanyu HUCKJIIOUMTEIIBHO
PaBHOBECHBIX KOMOWHAITUH.

B obmiem ciiydae, aemmdparop paBHOBECHBIX KOJIOB UMEET KOJTHMYECTBO

o k
BBIXOZI0OB, PAaBHOC KOJIMYECTBY COYCTAHHUU Cn JJId BCEX BO3MOXKHBIX

KOMOUHAIIUN 7-pa3psiIHOTO KOJa, COACpIKaIMX k-eauHMIl. Tak Kak Mpu
MOCTYIUICHUM KaKOW-T1M00 KOMOMHAIIMKM C A-CIUHUIAMHM Ha BXOJ TaKOrO
nemmgparopa, Ha BBIXOJE COOTBETCTBYIOIIEMY BXOIHOW KOMOWHAIIUU
Oyzler eauWHUWIA, a Ha BXOAaX, COOTBETCTBYIOIIMX BCEM OCTaJbHBIM
PaBHOBECHBIM KOMOMHAIMSIM HYJIH, TO JUIS (PYHKIIUK F, XapaKTePU3yOIICH
3HAa4YCHUS Ha KaKOM-JIM0O BhIXoJe nemmpparopa, OyneT UMeTh eTMHIYHOE
3HAUEHHE JUIS OJHONH KOMOWHAIIMU C k-SIUMHUIIAMH N-pa3psiHOTO Habopa,

k .
JJISI BCEX OCTaJbHBIX Cn -1 BO3MOKHBIX KOMOWHAIMHA C k-eOHHUILIAMU,

3HauUeHWe (QYHKIUM OyIeT NPUHUMATH HyJIeBOe 3HaueHHe. Tak Kak
MpeanojaraeTcs, uYTo Ha BXOJ Jemmdparopa MOCTYHNAOT TOIBKO
KOMOWHAIIUH, COJIepKaIne k-SUHMUII, TO JIUIS BCEX APYTrUX KOMOWHAIIMIA n-
pa3psiHOro Koja (CoaepKamux OONbIlle WJIM MEHBIIEC CIWHHII YeM k),
3HAuUeHWEe (QYHKIUH F HEONpENeIeHHO. ODTO CBONCTBO MOXET OBITh
WCIOB30BAHO U1 MUHUMHM3AIMH QYHKITUH F.

Bnaromapss ~ MuHMMUM3anMM  (QYHKOMH ~ JUIS K&XJAOTO  BBIXOJA
nemudparopa IS KaXA0H pa3peléHHOM BXOMHOW KOMOWHAIIWY,
MOJTyYeHHbIH jemmdpaTop Oyaer XapaKTepu30BaThCsS 3HAYUTEIBHBIM
YMEHBIICHHEM alMapaTypHbIX 3aTPaT, HO JUIsl €ro KOPPEKTHOW pPaboThI
HEOOXOAMMO  MOCTYIUICHHE  TOJbKO  PAaBHOBECHBIX  KOMOWHAIIWH,
COOTBETCTBYIOIICH PaBHOBECHOMY KOJNY, JJIsi paOOThI ¢ KOTOPHIMH JIaHHBIH
nemmdparop npenHasHaudeH. [Ipy MOCTYIUIGHMM Ha BXOJl KOMOWHAIIWH,
HECOOTBETCTBYIOIICH  pPABHOBECHOMY KOy, JaHHBIM jgemmdpartop
cpaboTaeT HEKOPPEKTHO.
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CUCTEMBbI IATAHUSI OFBEKTOB SHEPI'MEN BETPSIHBIX
I'EHEPATOPOB

Hosropomiies A. U., doyenm; Edumor U. M., cmydenm;
HymunkoB U.M., cmyoenm

B mocnennee Bpemsi Takoe MOHATHE, KaK albTEpHATUBHAs SHEPTHs
CTaJI0 OYeHb aKTyaJIbHbIM. AJIbTEpHATUBHAS 3HEPreTHKa — COBOKYITHOCTb
MEPCIEKTUBHBIX CIIOCOOOB MOIYYCHHSI SHEPTHH, KOTOPBIE PACIIPOCTPAHEHBI
HE TaK IIMPOKO, KaK TPAJUIMOHHBIE, OTHAKO MPEJCTABIIAIOT HHTEPEC N3-3a
BBITOJIHOCTH MX MCIIOJIb30BAHUS TPU HHU3KOM PUCKE NPUYMHEHUS Bpela
skosmoruu.  OJHMM W3 caMBIX  TEPCICKTHBHBIX  HAIPaBIICHUI
aJTbTEPHATUBHON PHEPTETUKU MOXKHO CUUTATH BETPOIHEPTETUKY.

Berposnepretnka — oTpacib SHEPreTHKH, CHENHATU3UpyIoIascs Ha
HCIIOJIb30BAaHUHY PHEPTUH BETPA — KHHETUUIECKOM SHEPTUH BO3IYIIHBIX MACC
B atmocgepe. 1o nojcueram creruaiucToB CTOMMOCTh BbipaboTku 1 kBT
JUTSI BETPOYCTAHOBKH TPATUIIMOHHOW KOHCTPYKITUU TP YCIOBHH TOJTHOTO
pelICHUsT TEXHUYECKUX MpoOieM JO/DKHA ObITh HIKE, YeM IpU
HCMOJIb30BaHUM TEIUIOBOM MJIM ATOMHOM SHEPTHHU.

Ota pasHUIa OKa3bIBaeTcs elie Ooyiee CYHIECTBEHHOW, €CIM YYecTh
9KOJIOTHYECKYI0  YHUCTOTY W O€30TXOAHOCTh  BETPOIHEPTETHKH.
BerpooHepreruka sBnsiercss OypHO pa3BUBAIOIICHCS OTpaciplo, Tak B
koHiie 2009 roma  oOm@as  YCTaHOBJICHHas  MOIIHOCTh  BCEX
BETPOTE€HEPATOPOB COCTaBmWiIa 157 ruraBaTT, YBEIHMUUBIIUCH BIIECTEPO C
2000 roxga. ITo maHHBIM HCCIETOBAHUS Y KPAaUHCKON BETPOIHEPTETUYECKON
acCOIMAIH, 33 ToJbl HE3aBUCHMOCTH B CTpaHe yCTaHOBJIEHO okojo 1170
BETPOArperaToB MomHoOCThIo 0 10 kBT.

B pe3ynbTaTe 0030pa JUTEPaTyphI npeiaraercs
YCOBEPILIEHCTBOBAHHASI CXeMa JJISl CHCTEMBl MUTaHUSI 00BEKTOB YHEprhel
BETPSHBIX TeHepaTopoB. J(P(EeKTHBHOCTh JaHHOW CXEMBI 3aKIIovYaercs B
TOM, 4YTO OHA IMO3BOJISIET OTCIEKHBATh YPOBEHb 3apsijia aKKyMYJISTOPHOMN
Oarapen (AKB) wm npu mepesapsiake NEpeKIOYaTh DHEPTUIO Ha
JIOTIOJTHUTENbHYI0 Harpy3ky. Taxke cxema IO3BONSIET NMPU OTCYTCTBHUU
SHEPTMM OT BETPOreHepaTopa C IOMOINBI0 aBapUMHOIO BBOJA pe3epBa
(ABP) mepexmrouathcss Ha mnuTaHue U3 cerd. CTpyKTypHas cxema
CIIPOCKTUPOBAHHOMN CHCTEMBI IPUBEICHA HA PUCYHKE 1.

Berporenepatop (BI') mpeoOpasyer sHeprur BeTpa B AJICKTPUUYECCKYIO
JHEPruio.
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Kontpomnep (K) mpousBoaut xontpons 3apsima AKB, crabunusupyer
tok mis 3apsga AKB, B3aumoeiictyer ¢ 6iiokom kommytatuu 1 (BK 1), a
TAKXKe COJEPIKUT OJIOK MHIMKAIIMN PEKUMOB PabOThI CHCTEMBI.

BK 1 npu HeoO0X0IMMOCTH TIOIKITFOYAET JONOTHUTEIBHYIO HATPY3KY.

ABP s OecriepeOOMHOrO  NUTaHHWS ~ HArPy3KH  MPOU3BOIUT
aBTOMAaTHYECKOE MepeKIIoueHHe HUCTOYHUKOB ANEKTPOIHEPTHH
BETPOreHepaTopa Uil MPOMBIIIUIEHHOH CeTH.

WuBeptop (M) mpeobpasyer mocrosiHHbl Tok AKB B mepeMeHHBIH,
KOTOPBIH TTOTPEOIIsSIeT OONBITMHCTBO JICKTPOIPHOOPOB.

BK 2 moaxmrouaer ABP k Harpyske B ciiydyae OTCYTCTBHUSI SHEPTUU OT
BT

Hon. Harpy3ka

A
BT’ » bBK 1 » AKbB » U
A
\ 4
K ABP » bBK2
A
\ 4
Harpy3ska

Pucynok 1 — CTpykTypHas cxema CUCTEMbl TUTaHUs 00bEKTa IHEPTHeH
BETPSIHOI' 0 TeHEpaTopa

HaHHaH CHUCTEMA MOXET TaKXe HaWuTH MMPUMCHCHHNEC u JJISA
npeoOpa3oBaHus SHEPTUH OT COJTHEUHBIX OaTapei.

IpeamoxkeHHas cxemMa MO3BONSIET OCYIIECTBIATh MUTAHUE Pa3THYHBIX
morpeduTeeli B 3aropoAHBIX KOTTEKax, 0a3ax OTabIXa, (epMEepCKHX
X03AHCTBAX, a TaKkKe MOKET CIY)KHTh JUIS TOACTPAXOBKH B Ciydae
1epe0oeB B AIEKTPOCHAOKEHUY U T.11.
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CPABHUTEJIbHBI AHAJIU3 AJITOPUTMOB
BEJLJIMAHA-®OPJA U AJITOPUTMA JTEAKCTPbI

Bepexnas O.B., doyenm; CnuBuenko A.B., cmyoenm

ObecrieyeHne CKOPOCTH, HAJJGKHOCTH M TOYHOCTH TIepe/laud JaHHBIX B
JIOKAJIbHO-BBIUMCIUTENBHBIX CEeTIX B COBPEMEHHOM MHpPE TMOIYYHIIO
MHOXECTBO Pa3HOOOPa3HBIX METOJIOB.

OpHMMH M3 TaKuX pEIIEeHWH SBISETCS HCIONb30BAHHE MPOTOKOJIOB
mapmpytuzauu RIP u OSPF, obecnieunBarommx onpeaeneHnbie §yHKIANA
OTHOCHTEIBHO pachpenelieHusl TMOTOKOB HH(popManmuM B CeTAX W
COOTBETCTBEHHO MMEIOT CBOM MPEUMYIECTBA M HEJOCTAaTKH, KOTOPhIE TakK
)K€ CBSI3aHbl C HCIOJb30BaHWEM alropuTMoB bemnvana-Oopaa wu
JlefKkCeTpsl.

B pesynbTare mMpoBeAEHHOrO aHamM3a, OBUIO YCTAHOBJIEHO, YTO
OCHOBHBIM OTJINYMEM MEXIY aJlTOPUTMaMU SIBIIsI€TCd METPHKA, B KOTOPOIi,
COIIACHO IIEPBOTO aJITrOpUTMA, JIOITyCKAeTCst HCIIOJIB30BaHUE
OTpULIATENBHBIX BEeCOB pedep, a CIeloBaTelbHO M HEKOTopas
3alMKJIEHHOCTb, & BTOPOH padoTaeT TOIBKO ¢ METPUKAMH ITOJIOKHUTEIBHBIX
3HA4YEHUH.

AAropyuTMBI KpaT4allINX MyTeH HCIOIB3YIOTCS MOBCEMECTHO, KaK MpU
MTOCTPOEHUH JIOKANBHBIX CeTel, MPH MPOKJIaIKe aBUaMapIIpyToB, Tak U A
pasMmenieHus MPOBOAOB B CHCTEMHOM OJIOKE KOMIBIOTEpa C LENbI0 HX
SKOHOMHHU. AHanu3 paboThl alrOpUTMOB OBUT TIPOBEAEH Ha pabote
nporokoioB Mapmpytuzauuu RIP u OSPF, 3amaveii koroporo ObL1o
olpesieNieHne B KaKMX ClydasX CTOMT WCIOJb30BaTh TOT MM HHOM
IIPOTOKOJI C COOTBETCTBYIOIUM €MY AJITOPUTMOM.

RIP mpennasnaueH uis HEOONBIINX U OTHOCUTENBFHO HEOPOTUX CETEH.
Ero mpeumymiecTBaMu sBJSIETCA BBIYMCIUTENbHAS MPOCTOTa M IMPOCTOTA
KOH(HUTYpHPOBAaHUS, YTO TaK XK€ CTOUT YYHTHIBATh, €CIH, HANpHMeED,
pa3pabOTUYMKK TPOSKTHPYIOT Majlylo ceThb uig Oo(ucoB, M HMEIOT
OrpaHUYEHHBIE BO3MO)KHOCTH.

Hns cpaBHeHua mapupyrtoB mnportokon RIP ucnons3yer mocratodHo
MPOCTYIO «METPHUKY» — YHCIIO IEPEXO0B.

CymecTByeT M psJ HEJOCTaTKOB 3TOrO MPOTOKOJA, a WMEHHO
yBEIUYEHUE Tpaduka npu MEPUOAUYECKON pacchlIKe
HIMPOKOBENIATENbHBIX TTaKETOB M CYIIECTBOBaHWE OoJiee ONTHMAIBHOTO
pelieHus, 4yeM HaiineHHoe. Uto Obl M30aBUTHCS OT IUKIOB, BpeMs WU
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KOJTMYECTBO MEPEXO0A0B B KOTOPBIX CTPEMHUTCSI K OECKOHEYHOCTH COTJIACHO
anroput™my bemnmana-®opnra, ObUIO yCTAHOBJIGHO OrpaHHuYeHHE B 15
MepexojioB, YTO HaKJIaJblBaeT 3alpeT Ha pacuipeHue cered. JlanHoe
OTpaHMYEHHE OMPENENSETCS CIIOCOOOM BBIUMCIECHHUS MapUIpyTa, KOTOPBIH
OpPUHAT B JaHHOM alNrOpUTME © HE MOXKET OBITb TPEOONIEHO.
CrnenoBatenbHo, RIP 1enmecooOpa3Ho HCIONB30BaTh B CETSIX, CaMBIH
JUTMHHBIA TTyTh B KOTOPBIX COCTaBIsET 15 mepexooB.

AHanu3 JaHHBIX TPOTOKOJIOB TaK e IOKa3all, YTO HCIIOJIb30BaHUE
TOJIBKO ITOJOXUTCIIbHBIX BECOB p€6€p IO3BOJIACT I/I363BI/ITI)C$1 OT IIMKJIOB,
YBCIINYUTH OOIMYCTUMOEC KOJIMYECTBO IMEPEXOA0B U CHATH OrpaHUYCHUEC Ha
pa3Mepbl cerH. VIMEHHO 3TOT METOJl IMOJIOKEHO B OCHOBY IPOTOKOJIOB
OSPF, koTopelii pemma mpodiieMy MEJICHHOTO —PacipoCTpaHEeHUs
MapupyTHOH WHPOPMALUK NIPY €€ AMHAMHYECKOM W3MEHEeHWH, Onaroaaps
WCIIOJIb30BaHUIO MaJIOr0 3HAYEHHUsS METPUKH, I OIpeNleNeHus KOTOPOH,
UCTIONB3yeTcsl KOO QUIMEHT KauecTBa 00CTyKUBaHUS

Kpome Toro, Obul0 oOpraHmM3oBaHO TMepepacnpeacieHue Harpys3Ku
paBHOBECHBIX MapiipyToB. Tak, eciu B RIP BO3MOXHBI ObUIM CUTYyaluu,
KOTZa M0 OJHOMY MapIIpyTy MPOITyCKaJiCsi Bech MOTOK WMHQOpMAIUH, a
paBHBII 1O Becy MyTh ocTaBaicsi cBoOoaHbIM, To B OSPF Harpyska Ha
TakMe  KaHajlbl  paclpenenserci paBHOMEPHO W ONTHUMAJBHO,
MMpONnoOpIHUOHAJIBHO 3HAUYCHHUAM MCTPUKHU. Crano JOCTYIIHBIM YMCHBIIICHUEC
TaOJIMI] MapIIPyTU3allMK 3a CUeT CO3JIaHUs B CETAX o0JiacTeil, KOTOpbIe
ABJIAKOTCA I‘pyHHOﬁ CMEXKHBIX ceTel U IIOAKJIIFOYECHHBIX XOCTOB K HUM.

B pesynprare ObUIO ompeneneHo, 4yTo 00a alropuTMa NPUBOIAT K
OJTHOMY M TOMY K€ pPe3yibTary.

MoxHO cnenatb BBIBOJL, 4YTO JUId pa3BUBAIOUIUXCS CeTed, C
JMHAMHYECKHM HM3MEHEHHEM MapIIpyTOB, C YHCIOM MEePEeX0J0B OOIbIINM
15 u 6e3 oTpULATENbHBIX 3HAYEHHI METPUK PEKOMEHTYETCs MCIIOb30BaTh
Oonee cnoxublii mporokon OSPF na anroputme JlelikcTpbl. A B ciydae
MaJjblX, OJHOPOJHBIX CeTed C KOJIMYECTBOM IepexoJ0oB MeHee 15, rae
oTpUllaTeNbHAass METpUKa JOMyCKaeTcs, HO He peKOMEeHAyeTcs,
HCIoNb30BaHue nporokosna RIP.

1. B. Cronunre, Cospemennvie komnviomephvie cemu (2-¢ uza. /— CIIb.:
[Tutep: 2003).

2. B.I'. Omugep, H.A Omudep, Komnvromepnvie cemu. I[lpunyunvi,
mexHnonoeuu, npomokonvl (YueOHuk s By3oB. 3-¢ w3n. — CIIb.:
[Tutep: 2006).

64



CEKIIA 2: Enexmponni cucmemu i 3acobu K00y8aHHs ingopmayii

CTPYKTYPHbIN CUHTE3 YIIPABJISAIOIUX CUCTEM
OBbEKTOB C HEITOJTHOM WUH®OPMAILIME

Hosroponues A.U., doyenm; Jlanunas YO.A., cmyodenmka;
Bepounkwuii B.[l., cmyoenm

[Ipobnema mocTpoeHuss WHGPOPMALMOHHO-YIPABIAIONINX  CHUCTEM
HeCTallOHAPHBIX OOBEKTOB B HACTOSIIEE BPEMsl 3aHMMAaeT IICHTPAIbHOE
MECTO B TEOPETHUYECKHX HCCICIOBAHUSIX 1O CO3AaHUIO CIOXKHBIX CHUCTEM
yIIpaBJICHHS.

OnHa U3 OCHOBHBIX TPYJHOCTEH pa3pabOTKK TaKUX CUCTEM YIPaBIICHUS
HEeCTal[MOHAPHBIMH OOBEKTAaMH 3aKIIo4aercs, C OJHOH CTOpOHBI, B
HEMpeIBUACHHBIX M3MECHEHHSX XapaKTEPUCTHK BHEIIHMX BO3ACHCTBHU M
CBOMCTB yNpaBJcHUS OOBEKTOB, a C JPYroil — B HEMOJIHOTE alpHOpPHON
WH(POPMAIIUK KaK O CBOWCTBaxX 00BEKTa, TaK M O BHEIIHUX BO3/ACHCTBUSX.
Bbixon u3 3TUX 3aTpyJHEHHUH COCTOMT B TOM, YTOOBI MPHUAATH CHCTEMaM
AaBTOMATHYECKOTO YIMPABIICHUST HECTAllMOHAPHBIMA OOBEKTaMH CBOWCTB
aJIalITHBHOCTH, T.€. aBTOMATHYECKOro yd4era TeKylled WHGOpMalud o
MapaMeTpUYECKOM U (Pa30BOM COCTOSIHMH OOBEKTa.

B mHacrosmiee Bpemsi co3gaHa  TEOpUS  JE€TEPMHHHUPOBAHHOTO
ONTHUMAJBHOTO  YNpaBJEeHHUS, KOTOpas MO3BOJISIET C  MOMOIIBIO
BBIUMCIUTEIBHBIX METOJIOB TIOCTPOUTH BEKTOP YIpPAaBICHHUS 3aJaHHOTO
oObekTa TakuM o00pa3oM, 4YTOOBI MHUHWUMH3HPOBAJICS BBIOPAHHBIN
(YHKIMOHAT KauecTBa, 3aBUCALUIMN OT (Da30BBIX KOOPIAWHAT M YIPABIICHHS.
CHHTE3UpPOBAaHHBI TakuM o00pa3oM, C y4eToM OrpaHW4YeHHUil, BEKTOp
JETepMUHUPOBAHHOTO ONTHMAJIBHOTO YIpPAaBICHUS SIBISETCS (QYHKIHEH
TeKymux (a3zoBbIX KOOPAUHAT 00BEKTA YIPaBIECHUSI.

Jns pemieHus 3aa4d CHHTE3a CHUCTEM YIpaBJICHUs OOBEKTaMH C
HEMNOJIHOW amnpuopHON HMH(OpMaNuell 0 CBOMCTBaX O0BEKTAa M BHEIIHUX
BO3/ICHCTBHUSAX, MIPEATIATAETCs METO]l AHATUTUIECKOT'O0 KOHCTPYHUPOBAHHUSL.

D¢ ¢exTuBHBIE TpUMEPHl  CHHTE3a, OCHOBaHHBIE Ha  METOAax
AQHATMTUYECKOT0 KOHCTPYHUPOBAHMsI, MO3BOJSIIOT HA CaMOM Ha4ajlbHOM
JTane MPOSKTHPOBAHUS OOOCHOBATH CTPYKTYpPY, COCTaB HEOOXOAMMOMH
anmapatypsl M TapamMeTpbl CHCTEM YIPaBJICHHA, YTO MNPHUBOAUT K
CYIIECTBEHHOMY COKpPALICHHUIO CPOKOB MPOEKTHPOBAHUS W TOBBIMICHUIO
€ro KayecTna.

3amaya aHANTUTHYECKOTO KOHCTPYHPOBAaHUS CHUCTEM CO CIyYailHBIMH
CBOMCTBAaMH aKTyallbHa U 3aCIyKHBaeT 0COOOr0 BHUMaHHS.
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YCTPOUCTBO CXKATHUSA UHOOPMAIIMU HA OCHOBE
BUHOMMUAJIBHBIX YU CEJI

Kymuk U.A., doyenm; Kocrens C.B., achnupanm;
[Iporacosa E.A., cmyodenmka

Meron OWHOMHAIBHOIO HYMEPAIMOHHOTO KOAMPOBAaHHUS IO3BOJISIET
CXKMMAaTb JAaHHBIC, BEPOATHOCTHBIE XapPAaKTEPUCTHKU KOTOPBIX SIBISIOTCS
HEU3BECTHbIMHU. J[aHHBIM METOJ OCHOBAaH Ha TPUMEHEHUH YHUCIOBOU
¢$yHKUINY OMHOMHAIBHON CUCTEMBI CUUCIICHUS:

r—l1

F=YxCio (1)
i=0

n—r+i ?

rae n u k — napaMerpsl OMHOMHAJIBHOW CHCTEMbI CUMCIICHUS, » — [UTNHA
OMHOMHANBHOTO YWCIIA, ¢; — CyMMa SIUHUYHBIX 3HAYEHUH paspsmoB X; OT
(r — 1)-ro paspsaa no (i + 1)-ro BKIOYUTEIBHO.

Cxumaemas  JBOMYHAs  MOCJIEAOBATENbHOCTE  MOXET  OBITH
MpeCTaBlIeHa B BHJIE PABHOBECHOW KOIOBOW KOMOWHAIIMM C W3BECTHBIM
KOJTMYECTBOM eAWHUII (BecoM). 3aaada OMHOMHAIBHOTO HYMEPAaIHMOHHOTO
KOIMPOBAaHMsI COCTOMT B TIepexo/ie OT PAaBHOBECHOHW KOMOMHAIMK K
OMHOMHANBHOMY YHCIy W  TIOCIHEAYIOIIEM BBIYMCICHHH HOMeEpa
OMHOMHANBHOTO YKCIIA TPH TOMOIIH YKCcTIoBON (yHKUUH (1).

YcerpoiictBo cxkaTust ©HGOpMAaUKW Ha OCHOBE OWHOMHANBHBIX YHCEN,
COCTOMT W3 CUETYMKOB EIWHUII W HyJed, Onoka ympaBieHUs, OJIOKOB
BBIUMCIICHUST OWHOMHANBHBIX KO(P(GUIMEHTOB W  HOMepoB. biok
yIIpaBJICHHS OIpe/eNisieT Hauyalo U KOHEel] paBHOBECHON KOMOWHAIINH, a TaK
e peain3yer INpeoOpa3oBaHWE KOMOMHAIMM B OWHOMHUAIBHOE YHUCIIO.
Cyerunky HyNeHd W eIUHHII ONMPEAESIIOT WHACKCHl s OMHOMHAaJIbHBIX
koo dunmentoB B umcnosoit ¢ynkumu (1). [lomumo 3TOro, cuerymk
SIMHUI] OIpeiessieT BEC PAaBHOBECHOW KOMOHMHAIIMK, KOTOPBIA HEOOXOAUM
JUIsl OTHO3HAYHOTO €€ BOCCTaHOBIIeHHsI. Biiok BhunciieHs: OMHOMHAIbHBIX
KO3((UITMEHTOB peaanu30BaH Ha 0a3e 3alOMHUHAIONIEro ycTpoiicTBa. biok
BBIUMCIICHHS HOMEPOB, pPEATM30BaHHBIA Ha CyMMarope, CKJIaJbIBaeT
BBIUMCIICHHbIE OMHOMHUAIIbHBIE KO3 QHUIIMEHTHI B cOOTBETCTBUU C (1).

Pa3zpaboranHoe ycTpOWCTBO CKAaTHs HAa OCHOBE OMHOMHUAIBHBIX YHCEIT
o0NaiaeT 10CcTaTOYHO BHICOKUM OBICTPOACHCTBHEM U UMEET OTHOCUTEIHHO
HU3KHE anmnapaTypHbIe 3aTpaThl U CBOCH MPaKTUYECKOW peann3aiuu.
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AHAJIUX ITIOJCUCTEM CBOPA U IEPBUYHOM OEPABOTKH
UH®OPMAIIMUA OXPAHHOI CUTHAJIU3ALIUMA

Onanuenko E.JL., ooyenm; Koxymmko A.B., cmydenm

AKXTyaJbHOCTh CO3JaHHMS W TPOEKTHPOBAHUS OXPAHHBIX CHCTEM WU
MOXKapHBIX CHTHANM3alMi B HacTosIee BpeMmsi oueBuaHa. ObecrmedeHue
0€30MacHOCTH YaCTHBIX M TPOMBIIUICHHBIX 30H TONB3YETCS aKTUBHBIM
CIpOCOM. OTHM U OOBACHSETCS MHOTOCTOPOHHEE pa3BHTHE CHUCTEM
obecrneynBarouX 0€30MacHOCTb.

Bxopsmue B cocTaB CHCTEMBI 3JIEMEHTHI (IaTYMKH, KOHTPOJIbHAS TTaHEIb,
CHUTHAJIbHBIE YCTPOWCTBA W YCTpOWCTBA YIpaBJIEHUS CHUTHAJIM3AIMeEN)
MO3BOJISIIOT ~ YCTAaHABIMBATh HaumbOoiee dQPQPEKTUBHBIE OIS KaXKAOTO
KOHKPETHOTO 00BbeKTa PEaKMK CUCTEMBI M TIapaMeTPhl CUTHAJIA TPEBOTH.

[Nepen pa3zpaboTunKaMy OXpPaHHBIX CHCTEM MOCTOSHHO CTaBSTCS 3a7aduH
WX ajantanud K (akropaMm MPOTHBOACHCTBHS HA 3TH CHCTEMBI. AHAIU3Y
MyTel ONTUMH3AIMK CHCTEM TIOCBSIIEHO TaHHOE HCCIIe0BaHHE.

Cucrema OXpaHHOW CHTHANM3AIMM MPEACTaBIsieT cOOOW CIIOKHBIN
KOMITJIEKC TEXHHYECKHX CpEJICTB, CIYXalluX Ui CBOEBPEMEHHOIO
O0OHapyXeHUs HECaHKIIMOHMPOBAHHOTO MPOHMKHOBEHHUS B OXpaHSEMYIO
30HY.

Bein mpoBeseH aHanM3 CTPYKTYPHBIX CXEM OXpPaHHOH CHUTHANIH3ALNH
pa3MYHOTO Ha3Ha4YeHUs W CIOKHOCTH. CopMyIHpoBaHBl KPUTEPHH
BBIOOpa CTPYKTYpPHl M COCTaBa CHTHAJIM3AIlMMd B 3aBHCUMOCTH OT
JOMYCTHMOMW CIIO)KHOCTH U CTOMMOCTH.

Cuctembl KOHTPOJNS JIOCTyNa MpeAHA3HAYEHBl JJIsI OrpaHHYCHUs
JOCTyla B MOMEIIEHHsI, cOopa, aHaiu3a W XpaHEHHs WHPOPMAIUH U UX
CpaBHEHHU C KOJaMH (IaHHBIMH) 3aJI0’KEHHBIMU B TIAMSTH CUCTEMBI.

PasnuuHble BU/IBI JATYNKOB MO3BOJISIIOT YYUTHIBATH TaKue (PaKTOPHI, KaK
HECaHKIMOHUPOBAHHOE  JBIDKEHHE, 3BYK  pa30MBaeMOro  Crekia,
paspymienns. CHTHalbHBIE YCTPOWCTBAa, B CBOIO O4Ye€peAb, MOTYT
3a]1eiCTBOBATh CIIYXOBBIE (3BYKOBBIE CUPEHBI) H/WIIH 3pUTEIbHBIC KaHAIBL.

OntuMmaneHbBIi  BBEIOOp 00OpyOOBaHWS JUIS  CHCTEM IOXKapHOH
0e30MacHOCTH OIpeeNnseTcs, Kak MpaBUIIO, TAKUMH XapaKTePUCTHKAMH,
Kak IUIOmaJp  3alUIIaeMOi TEPPUTOPUH, Ha3HAUYCHHE OOBEKTa,
HEOOXOJJMMOCTh MHTETPalMU C IPYTUMH CHCTeMaMH 0€30MacHOCTH.
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METOAU ITOBYAOBU NEPETBOPIOBAYIB YACTOTH
JIJIA J)KUBJIEHHSI ACHHXPOHHUX JIBUT'YHIB MAJIOI
HOTYXHOCTI

Omnanuenko €.J1., doyenm; [amko A.M., cmydenm

Ha BupoOHMITBI B SKOCTI NPUBOMIB IIMPOKO BHUKOPHCTOBYIOTHCS
ACHHXPOHHI JABUTYHU. BOHM MpOCTi y BUKOPHUCTaHHI Ta 00CIYroBYBaHHI i
MAaIOTh Psi/i CYTTEBUX MepeBar HaJl iHIIMMHU TUIIAaMH JBUTYHIB. [IpoTte y HIX
€ HE/IONIK — CKIIaHICTh peryatoBaHHS IIBHIKOCTI 0OepTaHHS.

IcHye nekinbka cnoco0iB peryioBaHHS MIBUAKOCTI oOepTaHHS Baly
ACHHXPOHHOI'O JBHUTyHa. HaWBUTIOHIIMM B EHEPreTMYHOMY IUIaHI €
YacTOTHUM METOJ] peryjiioBaHHA. Ayie Juid Horo peamizanii moTpioeH
neperBoptoBad yactotu (ITH). MY € nocuTh CKIAIHUM EIEKTPOHHUM
npunanom. JJo Henasuboro yacy [T4 Oynu 1ocuTh TOPOruMHU.

Bucoka Bapricth Oyna 0OyMOBJIE€Ha JOpOrOl0 EIEMEHTHOI 0a3oro.
[NosiBa HOBOI nemeBoi enementHoi 6a3u (MOSFET Ta IGBT tpan3ucropiB)
poOuTh BuKopucTaHHS [IY EKOHOMIYHO JONUILHUM, a BHKOPHCTaHHS
Cy4acHOI MIKPOIPOIECOPHOI TEXHIKKM CIPOIIYE peani3aliio CUCTEMHU
kepyBaHHs [T4.

Byno mpoBeneHo anami3z pi3HMX METOMIB MOOYAOBH IEPETBOPIOBAUIB
YacTOTH 3 3aCTOCYBaHHSIM BiJHOCHO NMPOCTHUX CXEM KEPYBaHHS Ta CXEM 3
3aCTOCYBAHHSM MIPOKOHTPOJUIEPIB, IO JO3BOJISIOTH pealli3oByBaTH
mHUPOTHO-iMITyNbcHI Meroan (ILIIM) dopmyBaHHS BenmuuuHH Ta (HOpPMH
BHXIIHOT HalpyTH.

OcnoBy IIY ckmagae aBToHOMHHI iHBepTOop Hampyrd. o ckiamy T4
TAKOXX BXOJSITh CHCTEMa KEpyBaHH:, KOPEKTOp KoedillieHTa MOTYXKHOCTI,
NPHUCTPI TalbMyBaHHS JBWUTYHa, iHTepdeiicHui Onok, BXiAHWUH Ta
BUXITHUHA QLTBTPH.

MY ¢opmye TpudasHy BuXimHy Hampyry Onu3bKy 1o ¢opmi 10
CHHYCOIIaJIbHOI 13 331aHO00 YacToTor. PopMyBaHHs HANPyrH OJIU3BKOI 10
CHUHYCOianbpHOI BinOyBaerhcss 3a pomomororo IIIM. JKuenenns IT4
BinOyBaeTscst Bim  omHodasHoi um  TpudazHoi Mepexi  Takox
3a0e3MevYyeThCsl 3aXUCT ACHHXPOHHOTO IBUTYHA Bill aBapiiHUX PEXHUMIB
poboru.

Kopekrop  koedimieHTa MOTY)KHOCTI — 3a0e3meuye  MiABUINCHHS
koedinieHta noryxuocti [TY. BXigauil GinbTp Cy>KuTh i1 3a0€31MedeHHs
eNeKTpoMaruitHoi cymicuocti IT4.
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YCTPOMCTBO CUHXPOHU3AIIMA YACOB CUETYUKOB
SJIEKTPOOHEPI'MHA B ACKY?D

ApOGy3oB B. B. cm. npenodosamenv; EcokoB U.E., cmydenm;
Bepexunoit A. U. cmydenm

CeroaHs Ha KpYIHBIX TPOMBIIUIEHHBIX MPEANPUATUSAX JUIS KOHTPOIS U
yuéra pacnopenensieMon 3JIEKTPOIHEPTUU HCIIOJIB3YIOTCS
ABTOMATHU3MPOBAHHBIE CHCTEMBl KOMMEPYECKOrO Y4E€Ta 3JIEKTPOIHEPTHU
(ACKYD). K Takum cucreMaMm NpPEABSBIAIOTCS  ONpeAeiIEHHBIC
TpeOOBaHUs, CBA3aHHBIE C TOYHOCTHIO H3MEPEHHUS dIIeKTpodHeprun. OTHIM
u3 (pakTOpoOB, OKA3BIBAIOMINX BIMSHHAE HA TOYHOCTh M3MEPEHUS, SIBISETCS
OTHOUIICHUE XPaHUMBIX 0a3 JaHHBIX Y4era CYETYMKOB K peaIbHOMY
BpeMeHH. TeppHTOpHalbHO pachpencieHHble 0a3bl  JaHHBIX — ydera
ANIEKTPOHHBIX CUETYMKOB JIOJDKHBI OBITh CHHXPOHU3HMPOBAHBI C TEKYIIUM
BpeMeHeM. TOJIbKO B 3TOM CIydya€ MOXKHO TOBOPUTH O €IUHCTBE
W3MEpEHH BO BPEMEHU peallbHBIX IPOLECCOB HJHEPromnoTpedieHus: u
MOJTly4YeHUH JOCTOBEPHBIX, COBMEIIEHHBIX BO BpPEMEHM 3HAuYEHU
MOIIHOCTH M Tapu(HBIX 3HAYCHUI SHEPTUU MO OONBIIOMY KOIUYECTBY
TEPPUTOPHAIILHO PACCPEIOTOYCHHBIX TOUEK U3MEPEHUS CYOBEKTa yuera.

Peanuzanyio yka3aHHOrO TPWHIMIA Mpeajaraercs oO0eclednTs ¢
MTOMOIIIBIO LEHTpaJIN30BaHHON CUHXPOHHU3ALUU BCTPOEHHBIX
WH]IMBUTyaJIbHBIX YaCOB KaXJI0r0 CUeTYMKa, BXoasiero B coctaB ACKYD.

B nanHoM ciyyae mMpoM3BOIMTCS CHHXPOHM3AIUSA YacOB CUETUMKOB C
yacamu 1eHTpasbHoro cepBepa ACKVYD. Cepeep B omnpenenéHHble
MOMEHTBl BpPEMEHH TIIOCBhUIA€T CUTHAJBl CHHXPOHM3ALMU YCTpOICTBaM
CHHXPOHHU3AIlUK,  KOTOpble  (OPMHPYIOT  HUMITYJbCHBIE  CHUTHAJIBI
CHHXpPOHM3AallMM 4YacoB s cy€runkoB. IIpemnaraemoe ycTpoOHCTBO
CUHXPOHU3ALUU npeacraBiser  coboi KOHTPOJLIEP, KOTOpBII
MOJIKIIIOYAETC TaK € Kak M CUETYUKH DIJIEKTPOIHEPTHH K CETH IO
unTepdeiicy RS-485. Tlpm momydeHMn CooOOLIEHHsI OT cepBepa o
HEOOXOJJMMOCTH  KOPPEKIIMHM BpPEMEHH, YCTPOWCTBO CHHXPOHHU3AIMH
(hopMuUpyeT UMITYJIbC, TIOJABAEMbIN Ha YIPABJISIONINN BBOJ| CUETUMKA IS
CHHXPOHU3ALIMU YaCOB.

Takum o0Opa3zoMm, mpemyIaraeMoe YCTPOHCTBO TIO3BOJISET ITOBBICHTH
TOYHOCTh ~ W3MEPEHHMH TPOLECCOB  JHEPronoTpebieHus 3a  CUér

CI/IHXPOHI/I33HI/II/I 633 JaHHBIX yqera CUCTUYHUKOB E)JIGKTpOE)HCpFI/II/I, BXOOAIIUX
B coctaB ACKVYD.
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AHAJII3 METO/IB CTUCKY AYJIO JAHUX
TA 3ACOBIB iX PEAJII3AIIIL

Kprouxo €.B.", inowcenep, 3y6ans 10.0., doyenm
"' Vrpasninns indopmanii Cymcskoi O6macHoi JlepxaBHoi aamiHicTpartii

[pobnema cTHCHEHHS 3BYKOBHX JAHHX JOCTaTHBO TOCTPO IOCTa€ Tepen Hamu y
CBITJII PO3MOBCIO/DKEHHSI PI3HOMaHITHHX NM(POBUX 3ac00iB BIATBOPEHHS 3BYKY
(mepeBayKHO TOPTATUBHUX). JIOCHTH BHCOKI XapaKTEPHUCTHKU aymio TPAKTIB TaKHX
npwianiB (Kuu<0.01%) BuBOASTH Ha TepIMil IUaH iH(OpMamiiHI XapaKTepHCTHKU
1M(POBHX AITOPUTMIB CTHCHEHHS Ta BiITBOPEHHS 3BYKOBHX JIaHMX. He nuBrstanchk Ha
CTpiMKe 3HIDKEHHSI IIHA Ha T1aM’SITh, BCE OIHO TPUMATH 3BYKOBI JTaHHI y HECTHCHEHOMY
BUIVBSIl HEJIOLUIGHO (33 JISSKMMH BUKJTIOUEHHSIMH, HATIPUKIIA] KOJIW 3BYKOBHH TpakKT
Mae JIy’Ke BUCOKI XapaKTEpHCTHKHI a00 BEJIMKHI ANHAMIYHHH JTiaa3oH.

Posrnsimatoun  anropuTMH CTHCHEHHS 3BYKY IX MOXKHA IOIUIMTH 32 2
OCHOBHUMH KPUTEPISIMU: CTUCHEHHS 13 BTpaTaMH Ta CTUCHEHHS 0€3 BTpaT.

AJroput™Mu CTUCHEHHs 0e3 BTpar (B OCHOBHOMY Il€ Pi3HOMaHITHI peasi3arii
Metony FLAC, sikuit ocHOBaHMIA HA METOAUINI copTyBaHHS bappoy3za — Jlunepa i
TIOCITIZIOBHIN miabopui crierianbHux ppeliMoBUX (QyHKHIN Ta po3paxyHKy (yHKIIT
pi3HuIi, siKa 100pe ONHUCYEThCs po3noaiioM Jlamnaca i CTHCKAETHCS 3a I0TIOMOT' 010
koxiB Patica OOmacte 3acTocyBaHHS — BHCOKOSIKICHE 3BYKOBiATBOpeHHS. Jlis
npodeciiiHoro 3ByKO3alucy aJropuTM HE IMpUAATHHH, 00 3HAYHO YCKJIaJIHIOE
MIPOIIEC CHHXPOHI3AIIiT ay/io MOTOKIB.

AJNTOpPUTMH CTHCHEHHS i3 BTpaTaMH BHITyCKAa€ IE€BHY YacTHUHY ayJlio MOTOKY, IO B
pe3ynbTati 00pOOKH ICHX0aKyCTUYHOI MOJIEIIITIO HE CIIPHHMAETHCSI JIIOJICBKUM CITyXOM.
Buxozs14m 3 1150TO OMMcaHi HIKYe METO/IN HAKJIaIatoTh Ha 00JIacTh 3aCTOCYBaHHS IIEBHI
00MeXEHHSI — BpaXOBYIOU1 1H/IMBITyaJIbHICTh CITyXOBOT'O araparty JIIOAUHH TY)Ke BaKKO
OI[IHUTH XapaKTEePUCTHUKH aJITOPUTMIB (III0 Oy/Ie TI0Ka3aHo B IIii poOOTi) Ta JONUIBHICTH
3aCTOCYBaHHSI BUKITFOYHO JI0 MY3HYHIX/MOBHUX 3BYKOBHX JIQHUX.

B poGoTi po3riisiHyTI HaCTYITHI METOIM CTHCHEHHS 13 BTpaTaMH:

1. MP3 (Mpeg layer 3, SGS-Thompson) — ocHOBaHMH Ha CcHeLiaIEHO
azanToBaHoMy Koxi XadmaHa, HaWOUIBII PO3MOBCIOKEHUH (opMaT CTUCHEHHS
naHux. B poOoti BukopucroByBana mporpamHa peamizanisi (Lame WC 2.11) Ta
amapartHa Ha 0a3i pedepencHoi mikpocxemu SG815D;

2. OGG Vorbis media container — ajgbTepHaTUBHUI (hOpMaT, OCHOBAHHH Ha
CreliaJbHOMY aJITOPUTMI CTHCHEHHSI 1110 3HaYHO BiJpi3HAETHCS Big Mp3. B pobori
BHKOpHCcTOBYBasa nporpamHua peainizamis (OGM Golden Fish 1.0) ta anapatHa Ha
6a3i «mpommroro» B IJIIC pedepeHTHOr0 anroputmy;

3. WMA (Windows media audio) — cranmapTHU# KOJEK pO3pOOKH KOMIaHii
Microsoft. Anroput™m mocuth cxoxuii Ha Mp3. [lepeBaramu € mpocra mporpaMHa
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peamizauis. Hemomiku: acMMETpHYHICTh alrOpUTMY, KPHTHYHA YYTJIHBICTH [0
«301HMX OITiBY», 3aKPUTICTH QopMary;

4. ARTAC — amapatawuii anroput™ kommnasii SONY, peanizoBaHuil BUKIIIOUHO
Ha QipmoBomy yinceri HDS8459SA.

Jlns anamisy Ta OTpUMaHHS XapaKTEPUCTHK Oyino MmoOyloBaHO CTEH[, MIO0
CKJIanaBcs 3 Jukepena 3Byky — CD mporpaBau cTyaiiHOTO Kiacy, Ta Mmoayias [[ATI-
AIIT m-audio 1010LT. 3Byk BinTBOpenwii 3 CD npomyckaBcs 4epe3 JaHIor KoJep-
nexojep (uis mporpamHoi pearizarii e 0yB [1K i3 Biamoigaum [13, mis amapatHoi
— KoJieK 1 MikpokoHTposutep kepyBaHHs Atmel ARM). Jlani curHan omudposyBacs
3a nonomoroto ALITL. Orpumanmii daiin nopiBHIOBaBcs 3 eTajloHHUM (Komiero CD).
[MporpamMHa BHpaxoByBanacst (YHKIIS CEpeIHbOKBAIPATUYHOI PI3HHUII  JBOX
CUTHAJIB Ta OOYMCIIOBAaBCS 1i IHTErpasibHa CyMmMa. 3HAYCHHS i€l CcyMu
BHUKOPHCTOBYBANACs UIsl aHaJli3y SKOCTI TOTO YM IHIIOIO ajTOPUTMY CTHCHEHHS.
Brnok cxema TecToBOro cTeHIy 300paykeHa Ha pUCYHKY 1.

L-poi

Format
CODER

SPDIFto POM Data converter

CO-playe
— il DECODER

oaooo

Data converter

Format
DECODER

Pucynok 1 — briok cxema cTeHy AJIsl OLIHKY apaMeTpiB ay/io KO/IeKiB

[TizcymoByroun mpoBesieHy poOOTy Ta OTPUMaHi pPe3yJbTaTH MOXKHA 3pOOHTH
BHUCHOBKHM , IO KOXKEH 3 OITMCAaHMX KOJIEKIB Ma€ CBOi IepeBard 1 HEIOJNIKH.
CrinbHUH JJ1s1 yCiX METOJIB CTUCHEHHS 13 BTpaTaMH € IOTIPIIeHHS SIKOCTi, 3BYKY,
sIKE ITPO BITHOCHO CXOXHMX MAaTeMaTHYHHUX XapaKTEpUCTHKAX Ma€ TyKe Pi3Hi piBHI
cy0’€eKTHBHOTO CIpUHHATTS. KpiM TOro HaBiTh U OJJHAKOBOTO THUILY aJTOPUTMY
(Toro >k Mp3) MOXJIMBE 3HAYHE PO3XOKCHHS IHPOPMAMIWHUX Ta CyO’€KTUBHO
SIKICHAX XapaKTEPUCTHK B 3aJISKHOCTI BiJ] TUITY peatizallii alrOpuTMy.

Bigomocti orpumaHi B mpomeci BUKOHaHHS pOOOTH OyayTh KOPHCHI HpH
BHOOpI THIy KOAEKY Ta MOOYAOBI MaKCHMaJbHO SIKICHOI HU(POBOi cHCTEMHU
3BYKOBIJITBOPEHHS 3 MiHIMaJIbHUMH allapaTHUMH 3aTPpaTaMu.

1. N. Jayant, J. Johnston, R. Safranek, Proceedings of the IEEE 81, 1385 (1993).
2. http://shounen.ru/docs/ogm/ogm.shtml.
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METOJU KOPEKIIII PE3YJIbTATIB BUMIPIOBAHb
B ABTOMATHU30BAHUX CUCTEMAX OBJIIKY
EJIEKTPOEHEPTIi

Bepexunoit A.U., cmyoenm

PosButok OmnrtoBoro puHky enektpoeHeprii (OPE) B VYkpaini
HEeaOHUsIKOI0 MIPOO 3aJICKUTH BiJl €pEKTHBHOCTI BIPOBAKEHHS Cy0'eKTaMu
OPE aBTOMaTH30BaHWX CHCTEM KOMEPLIHHOrO OOJiKy eNneKTpoeHeprii
(ACKOE) sK OCHOBHOTO iHCTPYMEHTY KOHTpPOJIO 1 OOJNiKy IO
BHPOOJISETRCS 1 epepo3nonisierbes Mk cyd'ekramu OPE. Ha edekruBHe
pillIeHHs Takoi 3ajadi HaKJIaga€e BIAOUTOK IMOTOYHE TMOJSTAHHS
METPOJIOTTYHOro 3a0e3eueHHst 00Ky enekTpoeneprii B YkpaiHi. [lepmr 3a
BCe II€ TOB'A3aHO 13 3HAYHUMH TMOTPILIHOCTSMH BUMIpPIOBAIbHUX
KOMIUJIEKCIB, JI0 CKJIaJy SIKHX BXOAATh JIYWIBHUKH, BUMIpIOBaJbHI
TpanchopMaTopu CTpyMy 1 Hanpyru). ToMy MNHTaHHS MiIBHUIICHHS
TOYHOCTI BHUMIPIOBaHHsS KiIBKOCTi €IEKTPOSHeprii 1 BIPOBAIKEHHS
METOAMK KOpPEKWil pe3yabTaTiB BUMIPIOBaHHS MOTPILIHOCTEH, IO
BHOCATbCS BUMiptoBadbHUMH mpuctposimu (BII) mpu ix Hu3BbKOMY
3aBaHTa)KEHHI, €  aKTyaJbHAM  HAayKOBO-PAKTHYHHM  3aBAAHHSIM.
Crabinizamis craTHUHOI peanbHoi QyHKIiT neperBopenHs BII nocsraerbes
SIK KOHCTPYKTUBHUMH 1 TEXHOJOTTYHIUMH, TaK 1 CTPYKTYPHUMH METOIAMH.
Haiibinpmmii iHTEpec Mpu MiABHINEHHI TOYHOCTI BUMIPIOBAIBHUX KaHAIB
B ACKOE npezcraBisie CTpYKTYpHI METOJM MIJIBUILEHHS X TOYHICTI, 1110
JIO3BOJISIE PO3IIMPHUTH Jialla30H 1 TOYHICTh BUMIPIOBaHb 0€3 3MIiHU
BCTAHOBJICHMX Ha 00'€KTax 3ac00IB BUMIPIOBAJILHOI TEXHIKW. Y JOMOBii
MpeACTaBIEHI MaTepiaidl AOCIiKEHHS CTPYKTYPHUX METOJIIB MiJBUILICHHS
toynocti BII B ACKOE. I[IpuHOMMNOBI OCHOBH METOAY CKJIQJAEHHX
napamerpiB, BIJHECEHOr0 JO0 TpyHNH MeETOAiB crabimizamii, Mmaio
BIIPI3HSIOTHCS  BiJi ~ NPUHIMIIOBUX  OCHOB  METOAY  JOIMOMIDKHHUX
BHUMIPIOBaHb, BIJHECEHOTO /O Tpymu MerToAiB Kopekuii. Ilpore
MPOMOHOBAHE PO3IUIEHHS IIMX ABOX T'PYI 3aCHOBaHE Ha BaXKIIUBIH o3HAI -
CTpyKTypi 1 anroputmi podoru BII. Meroau crabinizaiii peamizyroThcsi B
cxemi 1 koHcTpykuii BaacHe BII. EnemenTtn cucremu crabinizamii € ioro
HEBi/I'€MHOIO CKJIaJIOBOIO YaCTHHOIO. MeToqu KOpEKIIii peamizyloThcs Ti€
a00 1HIIO J0AaTKOBOIO CHCTEMOIO, IO HE BXOAWUTH B CTPYKTYpY BIIacHE
BHMIPIOBAJILHOrO MpHUCTPor0. Ilpu BUKOpUCTaHHI METOMIB cralimizarlil
anroput™ pobotu BIl He MOMOBHIOETHCS CIEiaIbHUMU CTa0UTi3yIOUMMHU
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olepalisiMi, BOHH € YaCTHMHOIO OCHOBHHUX OMepamiidi anroputMy poOoTH
BIl. Ilpu BukopucTaHHI MeETONIB Kopekwii amroputMm pobotu BII
JIOTIOBHIOETBCS CIIENiaIbHUMU OTepallisiMi, 0 KOPEKTYIOTh. [lopyimeHHs
crabimizyrounx  omepamid  anroputmy  pobdoru  BII, B  saxomy
BHKOPHCTOBYEThCS ~ METOJ  CTaOumi3allii, TNPUBOAUTH JO IIOBHOTO
nopymieHHs: poboru BII. Meron 3BOpoTHOTO MEpEeTBOPEHHS HE BUMArae
TAKOTO TPOMI3JIKOI'0 YCTATKYBaHHS 1 pa3oM 3 THM yHiBepCaJbHHH J03BOJISIE
KOpPEKTYBaTH B PUHIIUII CyMapHY morpimHicte. Pobova cmyra yacror BIT
JUTS IILOT'0 METOY 3aJIeKHUTh BiJ BJIACTUBOCTEH crucTteMu kopekiii. [Ipore,
HEOOXITHICTh  3aCTOCYBAaHHS TOYHOI'O 3BOPOTHOTO  IEPETBOPIOBaua
MPAaKTUYHO OOMEXYE O0JIACTh BUKOPHCTaHHS IIOTO METOJY B JaHUH Yac
JIHITHUMY BUMIPIOBAJIbHUMH ITiJICHITIOBaYaMi. MeTo;] 3pa3kOBUX CUTHAJIB
MOXE 3aCTOCOBYBATHCS JIMILE B TAaKUX BHIIAJKAX, KOJIH JOMYCKAETHCS
MEepEepPUBaHHS PESKUMY BHUMIpIOBaHHS. [HOJI 3'SBISIETECA HEOOXITHICTH
3HaYHOTO YCKJIAaJHEHHS CHUCTEMH KOpEKIii y BHIQJAKy, SKIIO 3MiHa
norpimHocti BII B fgiama3oHi BUMIPIOBAaHHS OIMUCYETHCS HENIHIHHOIO
¢ynkuiero. [lpy 1bOMY YCKIQJHIOETbCS AITOPUTM PO3PAxXyHKY SIK
MOIMPaBKH, TaK 1 HEOOXiHOT 3MIHM peasbHill (QyHKIIi epeTBOpeHHs, KpiM
TOro, HeoOXiTHa KUIBKICTh 3HAUYEHb 3Pa3KOBOTO CUTHAITY MOYKE BUSBUTHCS
JOCTaTHBO BeNMUKOI0. [Ipu Oyab-koMy 3 METOAIB KOPEKLisl MOrpilHOCTeR
MOXK€ 3IMCHIOBATHCS IIUISXOM CAMOHACTPOHMKH a00 aBTOMATHYHOIO
BBEJICHHS MONpaBoK. KoxkeH 3 1uX JIBOX Pi3HOBUJIIB Ma€ CBOI JIOCTOTHCTBA 1
HEJIONIIKY, 3 SIKUMH IOB'si3aHi 00jacTi 3actocyBaHHs. [Ipu Oynub-sikomy 3
METOJIIB  KOPEKI[isl TMOrPIIIHOCTeH MOXe 3AIMCHIOBATHCS  IIISIXOM
CaMOHACTPOWKH a00 aBTOMATUYHOTO BBEIEHHS MonpaBok. KokeH 3 mux
JIBOX PI3HOBHUJIB Ma€ CBOi JIOCTOIHCTBA 1 HEMOJIIKM, 3 SIKUMHU TIOB's3aHi
obnacti 3actocyBanHs. CaMOHACTPOMKa MOJISATa€ B TOMY, IO KOPEKTYETHCS
CTaTM4Ha pealbHa (QYHKIIS mepeTBOpeHHs B miiomy. Cucremu
aBTOMATHYHOTO BBEACHHS TMOMPAaBOK 13  3aCTOCYBaHHSM  METOAY
JOMIOMDKHUX ~ BHMIPIOBaHb  JIO3BOJISIIOTH  3a0€3MEUUTH  KOPEKIIit0
MOTpilIHOCTeH Y BChbOMY Jiana3oHi BuMiptoBanHs BII He3anexHo Bin BUAY
cratuuHoi peanbHOi ¢yHKmii mneperBopenHs BIL. I[lpore mi cucremu
3a3BMYail BUMAralOTh CKJIAJHINIONO YCTATKyBaHHS, OCKUIBKH MICTSATh
OOUYMCIIOBATBHAN TPHUCTPIH 1 crenianizoBaHi MPOrpaMHiI MOAYNi s
PO3paxyHKy IOMNPAaBKH IO CUTHANY, II0 KOPEKTYE, 1 3HAYCHHIO BXIIHOI
BEJINYHHU.

KepiBauk: Yeps'skosa JL.IL., inorcenep
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IPUCTPIN JIJIsI BAMIPIOBAHHSI MOMEHTY,
HMBUAKOCTI I IPUCKOPEHHA ACUHXPOHHUX
JABUI'YHIB

Kauan M.B., cmydenm; [lomazan M.O., cmyoenm

[Mpuctpiii BiAHOCHTBCS 1O TEXHIKM BHMIPIOBAHHS HEENEKTPUIHUX
BEJIMYMH 1 MOJKe OyTH BUKOPHCTAHUH Uil BUMIPDY MOMEHTIB, IIBUAKOCTI 1
MPUCKOPEHHS ACHHXPOHHUX JIBUTYHIB 3 MOMEHTOM OIOPY HABAaHTAXKEHHSI.

BumMipioBaHHSI MIBUAKOCTI 1 MPHUCKOPEHHS JOCATAETHCS THUM, IO B
MPOIIOHOBAHUI MPUCTPIH J0AaTKOBO BBEICHI OJIOK MOJICITIOBAHHSI MOMEHTY
ONOpY BHWKOHABYOTO MEXaHi3My, Oe3mepepBHAa pO3ropTka  SKOTro
CTBOPIOETBCS 3a JIOMOMOI'OK I'eHepaTopa MUIONOAIOHOI Hampyru i OJoK
O0YUCIIEHHS TPUCKOPEHHS Ta IIBHJIKOCTI.

BumipiotoTs AilicHI 3HAa4YeHHS CTPYMIB 1 Hampyr craTopa ABHWTYHA 1
MOJNAIOTh HAa BXil OOYMCIIOBAJIBHOTO MPHCTPOIO. 3a  JIOMOMOIOO
OOYHUCITIOBATBHOTO TPUCTPOI0 BU3HAYAIOTH €JIEKTPOMArHITHUA MOMEHT
ENIEKTPOJIBUTYHA.

Buninstorbes ckiafioBi Hampyru cratopa Vi, V,, Ta MUTTEBiI 3HaYECHHS
CKJIQIOBUX CTPYMY CTAaTOPA iy, I,,BU3HAYAIOTHCS ITOX1/IHI TOTOKO3UEIJICHHS.

BinOyBaeTbcsi iHTerpyBaHHST Ta OOYHMCICHHS MUTTEBHX 3HAYCHb

CKJIaJIOBHX II0TOKO3YCILUICHHS CTATOPa W/, i/, . [lepeMHOKYIOTBCS Yy , Y/ .

[IpoBoauThCS MOAETIOBAaHHS MOMEHTY oOmopy M, BHKOHAaBUOI'O
MexaHi3My. MOMEHT Oormopy MOXKHa BBOJUTH B OOYHCITIOBATBHUI MPUCTPIi
0e3MmocepeIHbO 3 JATYMKIB JIJII BUMIPIOBAaHHS MOMEHTIB BHUKOHABYOIO
MexaHi3My. PeaizyeTbest 3a1@KHICTh 3 BU3SHAYEHHSIM MPUCKOPEHHSI.

BinOyBaeTbcs iHTErpyBaHHs Ta OOYMCIICHHS HIBHIKOCTI. DopMyeThes
MiKoIMoi0Ha Hampyra JUisi CTBOPEHHsI Oe3lepepBHOI PO3TOPTKH MOMEHTY
OIIOpY B Hacl.

Jns BUMIpYy MOMEHTY aCHHXPOHHOTO [IBUTYHA, HABaHTKEHOTO Ha
BUKOHABUMI MEXaHi3M, 110 MiCTHTb OOYHCIIFOBaY €IEKTPOMArHITHOrO MOMEHTY
3a JIOYMMH 3HAUEHHSMH CTPyMYy 1 Hampyrd B ¢azax 3 METOI BHMipIOBAHHS
HIBUJIKOCTI 1 IPUCKOPEHHsI B TIPUCTPiii BBEJIEHI OJIOK MOJICIOBAHHS MOMEHTY
OIOpY BUKOHABYOI'0 MEXaHi3My 1 OJIOK 00UMCIICHHSI TIPUCKOPEHHS Ta IIIBUIKOCTI
IO PI3HUIII €JIEKTPOMArHITHOIO MOMEHTY 1 MOMEHTY OIOpY.

Kepisuuku: Mypikos /[.B., doyenm; Bacunera [1.A., ooyenm
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HOBI MATEPIAJIM TOHKOIIVIIBKOBUX COHAYHUX
HEPETBOPIOBAYIB

Kocsk B.B., acucmenm

TOHKOIUTIBKOBI COHSTYHI MTEPETBOPIOBAYI MAIOTh PSIJI CYTTEBUX TMEepeBar B
MOPIBHSIHHI 3 COHSIYHMMH TepeTBOpIOBaYaMH Ha OCHOBI 00’ €MHHX
KpHcTamiB. 30KpemMa: TIOPIBHSHO HH3bKa I[iHa, MEPCIEKTUBHICTh
onepkanHsi Bucokoro KKJI, MOXIHMBICTh BHIOTOBJICHHS COHSYHHX
CIIEMEHTIB Ha THYYKHUX ITiJIKJIaJIKaX.

Ha cehorogHi omHuUM 3 HaWOUIBII PO3MOBCIOKECHUM MaTepiaioM
0a30BOro MIapy TOHKOILTIBKOBOTO COHSYHOTO IEPETBOPIOBAYA SIBJISETHCS
CdTe. Haiibinemoro KK (16,5 %) nmma mporo Matepiaiy BAAJoOCh
NOoCATHYTH y cTpykTypax ZnTe\CdTe\CdS [1].

OcTaHHIM YacoM pO3IIISAAETHCS MOXIIMBICTH BHKOPHUCTaHHS 3aMiCTh
tpamuniiHoro CdTe TBepamx po3umHiB CdMnTe, 1e mNOSCHIOETHCS
VHIKaJbHUMH ONTHYHUMH BractuBocTsiMH CdMnTe Ta MOXIHBICTH
OJIEPIKYBATH MaTepiall 3 KEpOBAHOI MIMPHHOI0 3200pOHEHOT 30HH IILIIXOM
3MiHU KOHLeHTpanii Mn. Came ToMy ozaepkaHHS TOHKHX TuTiBok CdMnTe
3 BU3HAYCHUM BMICTOM Mn € HalOiIbII aKTyaJbHOIO 3aJlaueio Ha HUIIXY
oJlep’KaHHS eeKTUBHUX TOTJIMHAIOYHNX MIapiB COHSYHUX MEPETBOPIOBAUIB.
BBakaeTbcs, 1m0 e(QEKTHMBHO TOKPAIIMTHA OINTHUYHI BJIACTHBOCTI TUTIBOK
CdMnTe moxxHa npu HasiBHOCTI Mn Ha piBHI 4-5%.

Meror0o  1aHOrO  JOCHi/DKEHHS €  BCTAHOBJEGHHS  3aJI€KHOCTI
KOHIleHTpalii Mn Bix pexuMmiB KoHjaeHcallii ToHkux miiBok CdMnTe
METOJIOM BaKyyMHOI cyOiimariii y kBa3izaMKHEHOMY 00’eMi. OCHOBHUM
napaMeTpoM, IO MOXE peryiaioBaTH BMICT Mn y TOHKMX IIapax €
TeMmIiepaTypa BHIIapOByBaya, TOMY MepIia cepis 3pas3kiB Oyia omep:kaHa
npu He3MiHHIM Temmepatypi minkmaaku (100 0C) a Temmepatypa
BHITApOBYBaua peryioBaiack y Mexax (650-800 0C). Oxepikani 3pa3ku
OyJu TOCITI/PKEHI METOJIaMU HU3bKOTEMIIEpaTyPHOI (POTOTIOMIHICIICHITIT Ta
PEHTIeHIBChKOI (PIIIOOpecIeHIii, o JO3BOIMIO BU3HAYUTH KOHILIEHTPAIIil0
Mapraniio Ha piBHI 1-4 % y 3aJeXHOCTI Bil pEeXHMIB Ta Hacy
BUpOILyBaHHs 3pa3kiB. [lomambmii gocmimpkeHHs OyInyTh HampaBlieHI Ha
BHU3HAYEHHS IIMPUHHU 3a00pOHEHOI 30HM MaTepiany Ta eleKTpodi3muHuX
BJIACTUBOCTEH MIAPiB.

1. X. Wu, Solar Energy 6, 803 (2004).
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HNCITIOJIb3OBAHUE BUPTYAJIBHOI'O JJABOPATOPHOI'O
HNPAKTUKYMA

Macnor B.A., acnupanm; Jlebenuuckuii U.J1., doyenm

KoMrbloTepHOe MOJEIMPOBaHHE HM3YyYaeMbIX (PU3UUECKUX IPOIIECCOB
SIBJIICTCS  00S3aTENIbHOM KOMIIOHEHTOW COBPEMEHHOTrO 00pa30BaTe/IbHOTO
mporiecca, HO OHO HE MOXKET TIIOJHOCTBIO 3aMEHHTh  peasIbHBIN
11a00paTOPHBIN MPAKTUKYM.

B 3aBucuMocTH OT Ha3zHa4yeHUs, BO3JaraeMblXx (PYHKUIUH U CHOCOOOB
peaiuzalMy  pa3InyaroT CleAyromme (GopMbl  y4eOHOro J1abopaTopHOro
00opymoBaHMs: yueOHbIC TpPEHAXKEPbI, y4eOHbIC Ja0OpaTOPHBIC CTEHIIBI
BUPTYaJIbHBIE J1a00paTOPHH.

VY4eOHbIE TpeHaXepbl — SBIAIOTCS OAHOW U3 (GopM y4eOHOro
JabopaTOpHOro 00OPYJOBaHUS, TMPEAHA3HAYCHHOW JIIi BBIPAOOTKU Y
00y4aeMoro HaBbIKOB M YMEHUH pabOTHI

VYueOHble 7a0OpaTOpHBIE CTEHABI — STO MPUHIMNHANEHO HHas (110
CpaBHEHHIO C TpeHaxepamu) (hopMa peaau3aiuu y4eOHOro J1adbopaTopHOro
000py/I0BaHHMs1, PETHA3HAYCHHAS ISl SKCIIEPHMEHTAJIBHOIO UCCIICIOBAHMUS
(H3MYECKHX MPOLIECCOB M TEXHUYECKHX TTOKa3aTeleil H3yuyaeMbIX O0BHEKTOB.

BupryanbHbie nabopaTopud — TPEACTAaBISIOT COOOH OIMH W3
MPOTPECCUBHO PA3BUBAIOLIUXCS BUIOB MIPOBECHUS 1a00OPaTOPHBIX 3aHSATHH,
CYTh KOTOPOTrO 3aKJIO¥aeTcs B 3aMEHE pEaJbHOro J1abopaToOpHOTrO
UCCIICIOBAHUSI ~ HA ~ MaTeMAaTHYeCKOe  MOJCIMPOBAaHHE  M3Yy4aeMbIX
(U3HUECKUX MPOLIECCOB, HO C AIIEMEHTAMH BHPTYaJbHOTO B3aHMMOJIEHCTBUS
00y4aeMoro ¢ JJabopaTOpHLIM 000PYIOBaHHEM.

Bupryanbhbie nabopaTopud — TPEACTaBISIOT COOOW OIMH W3
MPOTPECCUBHO PA3BUBAIOLIMXCS BUIOB MIPOBECHUS 1a0OPaTOPHBIX 3aHSATHH,
CYTh KOTOPOTrO 3aKJIO¥aeTcs B 3aMEHE pEaJbHOro J1abopaTopHOTrO
UCCIICIOBAHUSI ~ HA ~ MaTeMAaTHYeCKOe  MOJCIMPOBAaHHE  M3Yy4aeMbIX
(U3HUECKUX MPOLIECCOB, HO C AIEMEHTAMH BHPTYaJbHOTO B3aHMMOJICHCTBUS
00y4aeMoro ¢ JJabopaTOpHLIM 000PYIOBaHHEM.

BupryasbHbie 1a00paTOPUU MOXKHO YCIIOBHO Pa3JICIUTh IO CIEMYIOIIUM
MpU3HAKAM:

1. o crioco0y moctaBku 00pa30BaTEIbHOTO KOHTEHTA:

®  Ha KOMITaKT-IMCKaX;

e pa3meliaembie B IHTEpHET.
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2. ITo ucnonb3yemMomy J1ab0paTOpHOMY 000PYIOBAHHIO;

Ha 6336 HUMUTAIIMOHHbBIX MaTEMAaTHYCCKUX MOI[eHeﬁ;
Ha 0a3e peasbHOro JJabopaTOPHOro 000PYI0BAHMS;
Ha 0a3e MPOMBIIIICHHBIX 00BEKTOB.

3. [lo crtocobaM BHU3yaIM3aIlvu:

IByXMepHas rpaduka;

TpexMepHas rpaduka;

aHMMAIIVs;

BUJIEO;
®  HCIOJb30BAHUE BCTPOCHHBIX IIJICEPOB.

4. Ilo crenenun OrpaHUYCHHOCTHU IMPOBOAMMBIX 3KCIICPUMEHTOB:

B

npeMeTHas  o0JacTb  MPEACTaBICHA OrPaHUYEHHBIM  HAOOpOM
3apaHee 3arporpaMMHPOBAHHBIX OITBITOB,;

IpUMEHEHHEe MaTeMaTUUeCKUX Mojenell 0e3 orpaHMYeHHs 3apaHee
BO3MOJKHBIX TIOATOTOBJIEHHBIX PE3YJIBTaTOB OMBITOB [1].

pabore paccMOTpEeHBl BONPOCH TPUMEHEHHS BUPTYaJbHBIX

sabopaTtopuii U Pa3pabOTKU MPOrPaMMHOIO OOCCIICUSHUS BUPTYaIbHBIX
AKCIIEPUMEHTOB Ha 0a3e cpesbl mporpammupoBanus LabVIEW.,

IlpoBenss aHanM3 W  CpaBHEHHE pealbHOrO  J1abOpaTOpHOro
000pyIOBaHMSI ¢ BUPTYATbHBIMH MOJKHO C/IENATh BBIBOJI, YTO BUPTYATbHBIH
n1a60paTOpHBIH KOMIUIEKC MO3BOJISIET:

3HAYUTENIHO PACHIUPUTh BO3MOXKHOCTH TIPEIBSBIICHHUS Y4eOHOI

1.

N —

nHpOpMAaIUH;

2. peanbHas OOCTaHOBKA JEATEIBHOCTH MOXET OBITh BOCCO3JaHa
Onarogapsi BUPTYaJIbHOW PealbHOCTH;

3. MO3BOJSAET YCHIUTh MOTUBAIMIO YUCHUS;

4. aKTHBHO BOBIIEKAET yJalUXcs B yueOHBIN Tpolecc;

5. pacmmpsier HabOpbI IPUMEHSIEMbIX YUeOHbIX 3a/a4;

6. cmocobcTByeT (HOpMUPOBaHHIO Yy 00ydaeMbIX pedIeKCHU CBOEH
JeTebHOCTH,

7. Tmpexnae Bcero, Mo3BoiLeT 0o0ydaeMbIM HArJSAHO INPENICTaBUTh

pe3yNbTaT CBOMX JEHCTBUIM [2].

k. Tpesuc LabVIEW ons ecex — (M.: m3n-8o JIMK Ilpecc: 2004).
JLN. eita, O.A. Tounnun, b.I1. Iomnaxk LabVIEW ons nosuukos u
cneyuanucmos. (M.: uzn-po I'opsiuas munus. — Tenekom 2004).
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MEMBPAHHBIE METOAbI ITPOU3BO/ICTBA SGHEPI'HHA
Muxanko B.T"., cmyoenm

CymiecTByeT HECKOJIBKO CIIOCOOOB TMONYYUTh DHEPTUI0 OT SHTPOIHHU
CMEIIMBAHUs IPECHON, WJIM PEYHON BOJIBI C COJIEHOM, UM MOPCKOM BOJOH.
JlBa Hanboee BaKHBIX — 3TO OCTaTOUHOE ocMoTuueckoe aapieHue (OO/)
u 00patHbIii anekrpoauains (O ]1).

MomnspHyto CBOOOAHYIO SHEPTHIO UICATFHOIO PacTBOPa MPENCTaBUM:

1, = 1 +v,Ap+ RTInx, +|z|FAg (1)

rae u’ — MonspHas cBOGOAHAS YHEPrHs NPH HOPMAIBHBIX YCIOBHAX
(bx/mMonb), V— mapuuMalbHBIA  MOJSIPHBIM  00BbeM, Ap — H3MEHEHHE
naBieHust oTHocuTenbHO atMocgepHoro (ITa), R — rasoBas KoHCTaHTa
(Ix/monb-K), T —abcomorHas temmepatypa (K), z — BameHTtHOCTB, F —
koHctanta ®Dapanes (Ki/mMonb) u ¢ — paznuna norennuaios (B).

DHeprus OT CMEIIMBaHHS KOHICHTPHPOBAHHOIO M pa30aBICHHOIO
pacTBOPOB MOXKET OBITh MPE/ICTABICHA B BHJIC:

E= Z(Ei,c +Eiq _Ei,b) =

2
= Z(ci,chRTln(xi,c) +CiaVaRT In(x: 4 )= cipV3RT In(x;4) ) @

rae E — sueprus (JIx) u ¥ o6beM (M), ¢ — OTHOCHTCA K KOHIIGHTDH-
pOBaHHOMY pacTBOpy, d — K pa30aBliecHHOMY, b — O0Opa30BaHHOMY IIOCJIC
CMEIIMBaHMS. TEOpPEeTHUECKH JIOCTYITHOE€ KOJMYECTBO OHEPTUU  OT
cMemmBanus 1 M° Mopekoii Boge! (0.5 Moms/m NaCl) u 1 M’ peuHoii Bozsl
(0.01 monw/n NaCl) npu Temmneparype 293 K cocrarmsier 1.5 M/Ix; ot
cMemmBanus 1 M° conenoro pactsopa (5 Mous/1 NaCl) u 1m® peuanoii (0.01
mob/1 NaCl) npu 293 K — Gonbmie yem 16.9 M/Ix.

CpasauBast OO/ u OB/1, Beinenum, urto, otpadoraHasie MeMopansl OO/]
CPaBHHTEIBHO OE3BPEIHBI Ui OKpyxkKaroueid cpenwsr; OO/] siensiercs Gonee
CYILIECTBEHHBIM TSl 04€Hb KOHIIEHTPUPOBAHHBIX COJEBBIX pacTBopoB, OD/] —
CMEIIIMBaHKS MOPCKOM U mipecHoi Bojpl; B OO/] sHeprust BIpadaThiBacTCs ¢
MIPUMEHEHNEM TeHepaTopoB, Torga kak B OJJl ameKkTponsl MOCTaBISIOT
AIIEKTPOIHEPTUIO HEMOCPEeCTBEHHO. HemocTaTkoM 3THX METONOB SIBIISIETCS
BBICOKAsi CTOMMOCTh MEMOpaH.

PykoBoaurens: Hoznpenkos B.C., cm. npenodasamens
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MHNPOTIHO3UPOBAHUE JIEKTPUYECKUX HAT'PY30K
MPOMBIIIJIEHHBIX ITPENPUATHUI

Momenckuii U.B., unorcenep; Hoznpenkor B.C., cm. npenooasamens

OmuH U3 cnocoOOB MPOTHO3WPOBAHUS IONYYACOBBIX DJIEKTPHUYECKHX
HArpy3ok mOpomblnuieHHBIX — npennpusthid  ([IP)  3akirouaercs B
MPUMEHEHUH UCKYCCTBEHHBIX HelpoHHbIX cereil (MHC) nmpu o0ydennu mux
Ha JTaHHBIX oOydvaromiei BeIOOpkH. OOydaromiasi BEIOOpKa COCTaBISIETCS U3
Habopa JaHHBIX aBTOMAaTH3WPOBAHHOTO ydeTa 3nekTpodHepruu [IP. Oto
croco0 moay4msi Hauboliblee pacnpoctpanenue, Tak kak MHC spistroTcs
YHUKQJIbHBIMH allPOKCUMATOPaMHU SKIIEPUMEHTAIbHBIX TaHHBIX.

Cuauana mpu mporHosupoBanus ¢ nomoripio MHC mpomsBogutcs
BBIOOP HEHPOHHOW CETH JUIs MPOTHO3MPOBAHUS JJIEKTPUUECKUX HArPy30K.
Omnott u3 momaxomsamux WHC sBusiercs MHOTOCIOMHBIA TEPCENTPOH
(MCII), obmamaromyii CaeyOIUMH PEUMYIIICCTBAMU:

®  BBICOKas CKOPOCTb pearupoBaHUs Ha BXOJHOM CUTHAI;
® BO3MOYKHOCTH PEIIeHUs HeMHEIHBIX 33/1a4;
e  MaJlasg pa3MEpPHOCTh CETH.

K nemocrarkam nannovi MHC oTHOCHTCS JUIMTENBHOE BpeMs O0yUYeHUS,
Tak Kak 0OpH  OOy4eHHUH  MPHUMEHSETCS  alropuT™M  oOpaTHOro
pacnpocTpaHeHus OIUMOOK WM TPaJUEHTHOTO CIycKa, IpU KOTOPOM Beca
HEHPOHOB HACTPAMBAIOTCS M0 CieAyomeil Gpopmyie:

Aw) =—n——o, (1)

TIE W; — BECOBOH KOI((QUIMEHT CHHANTUYECKOH CBS3H, COEIMHAIONIMA

i-i HelpoH ciost n— 1 ¢ j-bIM HEUPOHOM clost 72, 1 — KO3(PHUIHEHT CKOPOCTH
00y4eHHUSI.

Pazmeprocts MUHC ompenensiiack MCXOAs U3 KOJUYECTBA TOUYEK
MPEABUCTOPUH, HEOOXOMUMBIX JUIS IONydeHusi MporHos3a. KomndecTBo
TOUCK MPCABUCTOPUU  ONPECALCIATIOCh OSKCICPUMEHTAIIBHO. B wutore
Hanbosnee mpuemnemas apxurektypa MHC okazanacek ¢ pa3MepHOCTBIO
6:4:1 COOTBETCTBEHHO I BXOJHOT'0, CKPBITOTO M BBIXOJHOTO CJIOEB, MPHU
3TOM p = 6 — KOJTUYECTBO TOYECK TPEABICTOPHH.
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PACYUET HANIPSKEHUS B Y3JIOBBIX TOUKAX
HNOACTAHIMA METOJAOM BEI'YHIUX BOJIH C
HNPUMEHEHHUEM METOJA NIOAKACATEJIBHOU

[erpoBckuii M.B., cm. npenodasamens; Adpanacoees B.B., cmyoenm;
[Nanyenko A.B., cmyoenm; Turapenko A.B., cmyoenm

OnekTpooOOpyAOBaHHE  MOACTAHIMKA  MOABEpPraeTcs  OMAaCHBIM
BO3/ICHCTBUSAM aTMOC(EpHBIX NEpeHANPsDKeHUH Kak MPH NPAMBIX yaapax
MOJIHUM B TIOACTaHIMIO, TaK W NpH HaOeraHuu TpPO3OBHIX BOJH
NEPEHANPSDKEHUM 110 JIMHMSAM  3JIEKTpolepenadyd. B cBsa3su ¢ manoi
IJIOIIAJIBIO MOACTAHLIMN | MPUMEHEHHEM JUIS 3alUThl OT MPSMBIX YAapOB
MOJIHHH CTEP)KHEBBIX MOJHHUEOTBOJOB, 3HAUUTEIBHO OONBIIYIO OMACHOCTh
JUIA U3OMALMU 3JIEKTPUYECKUX aNMapaToB MOJCTAaHLUU TMPEACTaBISIOT
WMIYJIbCHBIE BOJHBI TEPEHANPSIKEHUH, TMNPUXOAAIIME MO0 JTHHHUAM
anekTponepenadd. s 3ammThl 37eKTpooOOpYyIOBaHUS OT HaOEraromux
BOJIH YCTaHABIMBAIOTCSI BEHTHWJIbHbIE pa3pAIHUKKA WM HETUHEWHbIE
OIPaHUYHUTENN TEepeHaNpPsHKEHUH, NMPU ITOM HX TOYKa MOJKIIOYEHUS B
CXeMe KOHKPETHOM TOJCTaHIMU JIOJDKHA OBITh BBIOpaHa TaKUM 00pa3oM,
4TOOBI HANpPSDKEHHE Ha 3alUIIaeMbIXx O0BEKTax OBUIO B Tpejelax
JONyCTUMOT0. B CBsI3W € 3TUM pacyeT HaIpsDKEHUS B Y3JIOBBIX TOYKax
MOACTAHLINU SIBJIAETCS BaKHOM MPAKTUYECKOW 3a/1auei.

B Hacrosimeid paboTe HCHONb30BaH aJlrOPUTM BBIYUCIICHUS HAMIPSKEHUS
B Y3JIOBBIX TOUKax MOACTaHIMHU (PUCYHOK 1) Meromom Oerymux BoiH [1] ¢
MPUMEHEHUEM MeToJla mojakacareinbHol [2]. Pa3paborana u peanu3oBaHa
YHCIeHHAs MO/IeITb rpaduuecKoro pernieHus HeJIMHEITHOT O
nuddepeHIHaIFHOr0 YpaBHEHUST METOIOM TTOAKACATENbHOH.

—u,

—

ho 2

Pucynok 1 — Cxema noactaniuu

81



CEKIIA 3: Enepeozbepesicenns 6 enekmpoenepeemuyi

AJITOPUTM BBIYMCIICHUSI HANPSHKEHHS B Y3JIOBBIX TOYKaX MOACTAHIIUH
COCTOMT W3 CIENYyIOUIMX JTallOB: COCTaBJIEHHE CXEMbl 3aMElIeHUs
MOJCTAHIMK;,  pacuer  IapaMeTpoB  OJKBHBAJIEHTHOH  CXEMBI  C
COCPEIOTOYEHHBIMH  TapaMeTpaMH B COOTBETCTBUM C  TMPaBHIOM
SKBUBAJICHTHON BOJIHBI; AIlIPOKCHUMALUs HEIVMHEWHON BOJbTAMIIEPHOU
XapaKTEePUCTHKH 3aIIUTHOIO arapara KyCOYHO-THHEHHBIMHU (QYHKIHSIMH U
onpelelieHne WX IapaMeTpoB; YWCIEHHOE pelleHHe HEeIHHEHHOro
nrddepeHnaIBFHOr0 ypaBHEHHUs, TO3BOJISIONIEE ONPEIeTUTh HalpsKeHHe
Ha OOMOTKe TpaHchopMaTOpa; YHMCICHHAS peajid3alis MeToja Oerymmx
BOJH M ONpE/CICHHE HANpPsHKCHHS B Y3JIOBBIX TOYKAX MOACTAHIMU IS
KOHKPETHBIX MOMEHTOB BPEMEHH.

[lokazano, 4ro B mpocreiieil cxeme >PQPEKTHBHOE OrpaHUYCHHE
MepeHanpsukeHns,  BO3HMKamlmlee Ha  OOMOTKE  BBICOKOBOJBTHOTO
TpaHcopMaropa, MOXKET ObITh peaiM30BAaHO BKIKOUYEHHEM B €ro
MUTAIONIYI0 CEeTh BEHTHJIBHOTO pa3psaHuKa. [Ipy 3TOM yCTaHOBJIEHO, YTO
BEIMYMHA TEpEHANpPsHKEHUs] CYIIECTBEHHBIM 00pa3oM 3aBHCHUT OT MecTa
BKJIFOUCHHSI BEHTHJIBHOTO Pa3psIHHKA, TO €CTh OT PACCTOSHUS MEXKIy
BEHTUJIBHBIM Pa3psiTHUKOM H TPaHC(HOPMATOPOM.

Bennunna nepeHanpsbkeHus Ha 0OMOTKeE TpaHchopMaTopa, KpoMme Toro,
3aBUCHT OT (OPMBI BOJILTAMIICPHOW XapaKTEPUCTHUKH HEITHMHEHHOTO
JJIEMEHTa BEHTWJIBHOTO pa3psHMKA, YTO YKa3blBaeT Ha BO3MOXKHOCTH
3¢ ()EeKTUBHOrO  OTrpaHMUCHMS  IEPCHANPSHKCHUH  BO3HUKAKOIIUX — HA
ANIEKTPOOOOPYIOBAHNUN B pe3ybTaTe HaOEraroIluX Ha MOACTAHIIUI0 BOJH
myTeM  BbIOOpa  BEHTHJIBHOTO  paspsHMKA C  COOTBETCTBYIOLIUM
KO3((UITUECHTOM HEITMHEHHOCTH.

B cnyyae KOHKpETHBIX YCIOBHH 3aJaud, Ojarogapsi NPUMEHEHHIO
BEHTHJILHOTO Pa3psAHHUKA JUIS 3alIMTHI TpaHCPOPMATOpPa, yAaloch T0CTHYb
CHW)KEGHHS TEpeHanpsDKeHHs Ha OOMOTKE BBICHIErO  HANpsDKCHUS
TpaHcopmaropa Ha 52 % IO CpPaBHEHHIO CO CXEMOH 0€3 BEHTHIIBHOTO
paspsaaHHKA.

1. B.B. bazyrkuHn, JI.®. [IMmoxoBckasi, Pacuembl nepexoOnvix npoyeccos u
nepenanpsixcenuti (M.: DHeproatomusnat: 1983).

2. B.B. bazytkun, K.II Kamomckas, M.B. Koctenko, FO.A. Muxaiinos,
Iepenanpsiocenuss 6 2nekmpudeckux cucmemax u 3awuma om Hux
(CII6.: Dueproatomusaat: 1995).
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ONTHUMIBALIA PEXKUMY 3A3EMJIEHHSI HEMTPAJII B
PO3NOALIBYUX MEPEKAX 6-35 KB 3 METOIO IIIJIBUIIIEHHSA
EKCILTYATAIIMHOI HAJJIMHOCTI MEPEX

Ogsuapenko .M., cmydenm

AxktyanbHicTh TpoOneMu. [liBUINICHHS EKCIUTyaTalliiiHOl HaJiiHOCTI
posmonuibuux Mepexxk 6-35kB HemoxumBe 0e3 BHOOpPY TOro cmocoOy
3a3eMJICHHS HEWTpasi, SKUi HaiOIble BiJIIOBiNae BCIM mMapamerpam
Mepexi. ToMy [ BU3HAUCHHSI PEXUMY 3a3€MIICHHS HEHTpasli Ba)KIUBO
3aCTOCYBaTH KOMIUIEKCHHW, CHCTEMHHUH MiAXiA A0 BUpILIEHHS MpoOieMu
KOMIIEHCaIlii CTPYMiB KOPOTKOTO 3aMUKaHHS 1 00MEXEHHsI TIepeHanpyr npu
ofHO(pa3HUX 3aMHKAaHHSX Ha 3EMITIO.

OcHOBHI Marepiaau JAOCHipKeHb. [Ipy BUHHMKHEHHI OJHO(Aa3HUX
3aMUKaHb Ha 3eMJII0 B MEPEXi 3 130Jb0BAHOI0 HEUTpasuiio (IepeBaXkHO B
KaOeJIbHUX  JIHISX) BUHUKAIOTh  BHYTPIIIHI  TEpeHanpyrd, SKd
CYNPOBOIKYIOTHCSL HECTIMKIM (IIepeMeXOBaHWM) TOPIHHAM Ay B Micii
oHO(pa3HOTO 3aMHUKAHHS Ha 3EMITIO.

VY mnepeBaxHiil Oimpmiocti Bumaakie (g0 90 % 3arampHOrO UMCNa
MOpYIIEHh HOPMAaJbHOI POOOTH MEpPEXi) VIIKOPKEHHS TOYMHAETHCS 13
mpoOoro 130Js1Ii1 Ha 3eMJIt0, a MOTIM Oilblle MONOBUHH 3 HUX (10 70 %)
PO3BHBAIOTHCS B MibK(]a3Hi KOPOTKi 3aMHKaHHs abo OaraTomicHi mpo0oi
130JI1111 13 TPYIIOBHM BHUXOJIOM 3 JIaJy eleKTPOYCTaTKyBaHHS.

[epenanpyra 3ajJeXuTh BiJ ONOPY HYJIBOBOi MOCHITOBHOCTI, CTPYMIB
3aMUKaHHS Ha 3eMITI0, HANpyTi 3cyBY HeliTpauni. [y KoMneHcalii ctpymiB
oHO(a3HOr0 3aMHUKaHHS B MEPEXKi Ha IIMHM MiACTAHINI MiIKIIOYAETHCS
nonatkoBuii Tpancdopmarop JI'P 31 cxemoro 3'eqHanHs 0OMOTOK Y/A,
HElTpaiah SKOro Moxke OyTH i30JIbOBaHA, 3a3eMJICHA 4Yepe3 Pe3UCTOop
(axtuBHHUI omip) abo peaktop (peakTwBHHH oIip). OCKUIBKH CTPYMH
ofHO(a3HUX 3aMHUKaHb Ha 3eMIIIO B PO3MOAUTBYMX EIEKTPHYHHX Mepexax
3aJieKaTh BiJl CyMapHOi JOBXKWHHU JIHIA 1 Bil crnoco0y 3a3eMJICHHS
HEWTpai, TO U OLiHKK CTYIEHIO BIUIMBY IIMX (pakTOpiB Ha mepeHanpyry
B Mepexi Oyna ckiiajieHa MaTeMaTHYHa MOJIENb, SIKa BPaxoBY€E MapaMeTpu
MEpEKi Ta PeKUM 3a3eMIICHHS HeHTpalti.

Ha 6a3i marematn4yHoi MoJeni po3noAie4oi Mepexi Oyi0 po3risHyTO
YOTHPH CXeMHU KaOelbHUX MEpeX Hampyrom 6 kKB cyMapHOIO JOBXKHHOIO
KaOenpHuX HiHiM BigmoBigHo Omu3nko 20, 40, 60 Ta 80 KM, 0 OXOILIIOE
HIMPOKUH JTiana30H JOBKUHH ICHYIOUHX PO3MOIUIEYHX Mepexk. s KOXKHOT

&3



CEKIIA 3: Enepeozbepesicenns 6 enekmpoenepeemuyi

31 cxeM OyJiM BHKOHaHI pO3paxyHKH PEeXHMIB NpW 3aMHKaHHI (a3 Ha
3eMiI0. Y pO3paxyHKax BapilOBaJIUCS: PESKUM HeWTpali (i30J1bOBaHa,
3a3emyieHa), cIoci0 3a3eMiieHHsl (4epe3 peakTop, 4Yepe3 PEe3UcTop),
BEIMYMHU ONOpiB peakropa W pesucropa (Bix 0 mo 1000 Owm).
HocnijxyBaBcsi BIUIMB IIUX (aKTOpPiB Ha OMOPH HYJIBOBOI MOCIiOBHOCTI,
CTPYMH 3aMHKaHHS Ha 3eMJTI0, HAIIPYTY 3CyBY HEHUTpai.

3HaveHHs OMOpPIB peakTopa abo Pe3UCTopa B HEUTPaAJIi 3MIHIOBAJIUCS Bijl
HyJIS JI0O HECKIHYEHHOCTI, YAM OXOILIIOETHCS BECh MOXJIMBUH Jliana3oH
cmoco0iB  3a3eMJIeHHA He#Tpami — riyxosazemieHa (npu Z, = 0),
KomrieHcoBaHa (mipu /[, = 0), 3 pe3sucTUBHUM 3a3emieHHsM (mpu R, = 100-
600 Om), 3omboBana (mpu Z, = o). 3i 30UTbIIEHHSIM ONOPY B HeHTpaumi
CTpyMH OJHO(A3HOI'O 3aMUKaHHS MO MOJIYJTIO 3HM)KYBAJINCH Bil COTEHb
amriep 10 OMHUIIb i JECATKIB aMIiep, 1Mo ¢a3i 3MIHIOBAJIHMCS 3 BiJICTal0uoro
710 BUMEPEPKAIBHOTO, HANlpyTa HelTpaii 301IbryBaiacs 10 Gpa3Hoi.

Takum ymHOM, OYB TpOaHATI30BAaHHH BIUIMB PEKUMY 3a3E€MIICHHS
HEWTpali Ha CTPyMH KOPOTKOTO 3aMHKaHHS Ta MepeHalpyrd B
pO3MOAUTLYMI Mepexi. 3a pe3yyibTraTaMu JOCHIHKCHb OyJd BCTaHOBJICHI
KpuTepii BUOOPY crHocoOy 3a3eMJICHHS HEHTpandi B 3aJIOKHOCTI Bij
napaMerpiB Mepexi.

BucHoBku. 1. Jns kommeHcanii (3MEHIIEHHS) BEIUYUHH CTPYMY
ofHO(pa3HOTO 3aMUKaHHS HA 3€MJTI0 IOTPiOHO 3MIHIOBATH K 1HAYKTHBHH,
TaK 1 aKTUBHUH OIip B HEHTpaJIi crieliaibHOro Tpancgopmaropa.

2. Hampyra 3cyBy He#Tpani 3ajieKUTh MPAKTUYHO TUTBKU BiJ] MOIYJIS
MOBHOTO OMOpY Z, B HEHTpali, cyMapHa JOBXKMHA MEpPEXi Ha HbBOTO
BILJIMBA€ HE3HAYHUM YHHOM.

3. Ilpu 3a3emiieHHi HeEWTpayi 4Yepe3 pPeakTop, CTPyM OxHO(a3HOro
3aMHUKaHHS Ha 3eMJII0 3aJIeKUTh BiJl ONOPY HEWTpami TaKUM YWHOM, IO
MaJIUM 3MiHaM CTPyMY BiANOBiZla€ 3HA4YHWK Jiama3oH 3MiHH OMOpY
HeitTpai. e cyTTeBo 3HMKYE eheKTHBHICTh MUCKPETHO peryinboBaHux JI['P,
SKI 3aCTOCOBYIOTH 3apa3. Tomy i BHOOpY ONTUMAJIbHOTO PEXHMY
3a3eMIICHHSI HEHWTpasli HEoOXiJHO BHUKOPHCTOBYBATH IUIABHO PEryJbOBaHI
JI'P.

HaykoBi kepiBHUKH:
Pomanoscekuii B.1., doyenm, Jlebenka C.M., acucmenm
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PO3PAXYHOK COHSITYHOI BOJJOHATPIBHOI YCTAHOBKH

[anoBan B.O., cmyoenmra; Bonnapes B.A., cmydenm;
Jlebenka C.M., acucmenm

[IporpecuBHiii PO3BUTOK JIFOJICTBA CTAB MOXKJIUBUM TIIBKU B PE3yJIbTaTi
BCE 3pOCTAIOYOro BXKUTKY CHEprii. Ajie marepialibHi BiIXOAM CY4acHOI
SHEepreTukl Ay)Ke 3HA4Hi 1 MICTATh B €00l BEIMKY KUIBKICTh PI3HHX
IIKIJJTABUX KOMITOHEHTIB, 1110 IPUBOJIUTH JI0 3a0pYyIHSHHS JIOBKIJLIS.

Cepen Jokepen eHeprii iCHYIOTH 1 Taki, SIKi BOJOJIIOTh YHIKaJIbHHUMH
BJIACTUBOCTSIMU: BOHHM TPAKTHYHO HEBHYEPIIHI, EKOJOTiYHO YHCTI,
C€KOHOMIYHO JIy’K€ BUTiIHI 1 T.1. J[0 TakuxX JpKepen Ciij BiJHECTH CHEpPrito
COHSYHOT'O BUIPOMIHIOBaHHS, €HEpPrilo BITPY, XiMiUHy eHeprilo Oiomacw,
SHEepTil0 MOPCHKUX XBHUJIb, OKEAHCHKUX MPUJIMBIB, TEOTEPMATBHUX JXKEPeE.

PationyBanHss Tepuropii VYkpaiHM 3a KOMIUIEKCOM IIOKa3HUKIB
MOTEHIlialy COHSYHOI SHepril Jae MiJACTaBH JJis PEKOMEHJAIliil moao ii
BHUKOPHUCTaHHS Ta PallioHaIbLHOTO PO3MIIIEHHsI 00’ €KTIB TreflioeHepT eTHKH.

OCHOBHHM €NIEMEHTOM TENIOCHCTEM € COHSYHUU KOJEKTOp, B
MOTJIMHAIOYIM TMaHeNi SKOro MijJ BIJIMBOM COHSAYHOTO BHUIPOMiHIOBAHHS
BiIOyBa€THCSI TIEPETBOPEHHS COHSYHOI €Heprii B TEIUIOBY. Y pe3ynbTati
MaHellb PO3IrpiBaeThCs, a IMUPKYIIOUUN 10 KaHaJaX PiJAKUI TEIOHOCIH
BiOupae orpumane Teruio. [Ipo3opa i3omsiiist (CKJIO) 1 TEIIoi30MsAIiiHuI
1ap 3MEHIIYIOTh BTPATH TEIIOBOT eHeprii.

B pobGori po3paxoBaHa COHsSYHA BOJOHArpiBajbHa YyCTAaHOBKA, sKa
posMimieHa B paiioni micta Cimdeponons i cayrye ajis HarpiBy BOJIM,
migidpaHo BHJ 1 YHCIO KOJEKTOPIB COHSIYHOI eHepril MpOMHUCIOBOTO
BHPOOHUIITRA.

Po3paxoBano i moOymoBaHO Tpadik 3aJeKHOCTI 3MIHHM TEMIIEpPaTypH
BOJY B 0aKy MpPOTArOM J00M, BU3HAYEHO TOAMHH JOMYyCTUMOIr0 Po30opy
HarpiToi BOIM JIsl PO3PaxXyHKOBOT'O MiCSIIS.

Kpim Toro, B po0OTi JOCHI/PKEHO BILIUB TOBIIWHHU TEIUIOBOT 130JIAIIIT
0aka, BUKOHAHOI 31 CKJIOBaTH, Ha BEJMYMHY TEIUIOBHUX BTpaT; MimiOpaHo
ONTUMAJIbHY (IO TETUIOTEXHIYHOMY KPHUTEPi0) TOBIIUHY 130151

Takox BusHaueHo KKJI i okpemi XapaKTEpUCTHKH EKOHOMIiYHOI
eeKTUBHOCTI YCTaHOBKHM: KUIBKICTh TeIUIA, IO MepeaaeThcs 3a H00y
CIOXKMBady TEIUIOBOI €Heprii; eKOHOMis yMOBHOro naiuBa (noboBa i
MiCsiYHA); EKOHOMIYHHUH e()eKT BUKOPUCTAHHS COHSYHOI BOJIOHATPIBHOI
YCTaHOBKH 32 MICSIIb.
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TEH30PE3UCTUBHI BJIACTUBOCTI METAJIEBUX IIJIIBOK:
MNPOI'HO3 1 EKCHEPUMEHT

Bypuk LII., 3006ysau; Tumenko K.B., acnipanm;
[Ta6ensuuk KO.M., macicmpanm; Xaminpesa 1., macicmpanm

VY mporieci AOCHIKEHHSI TEH30PE3UCTUBHUX BIIACTUBOCTEH IITIBKOBUX
MatepiaimiB  OyjJ0 3ampONOHOBAHO pPsJ KIACHMYHUX 1 HAMIBKIACUYHUX
Mozener TenzoedekTy (y MoHorpadii [1] mpeacraBiieHo iX y3araJibHEHHS
CTOCOBHO OJIHOIIAPOBMX IUTIBOK). AHaJIi3 BKa3ye Ha Te, 110 MOJACII MarTh
CKJIaJJHy MaTeMaTHYHy CTPYKTYpy 1 MICTATh BEIHMKY KUIBKICTbH
HeBU3HAauUeHHX mapamerpiB. lle chpuumMHsAE NPaKTUYHY HEMOXIHBICTH
NporHo3y BenuuuHM KoedimieHTiB  TeHzouyriauBocTi (KT) umisixom
YHUCIIOBUX PO3PAaXyHKIB YW MoJjielitoBaHHs. [IeBHUM BUpIIICHHAM Ili€l
npobieMu MoXke OYTH TPOTHO3YBaHHSI BENUYHHU Yooy (Vo = 61]13010 Y, O Y —

Koe(illi€HT TOB3AOBKHBOI TEH30UYTIIMBOCTI) Ha OCHOBI TiMOTE3W MPO
B3a€MO3B 30K MK BEIHYHHOIO 7Y,y 1 YHACIOM 7 =5+ d eNeKTPOHiB
poBigHOCTI [1], sika Oyia eKCrepuMeHTaIbHO TiepeBipeHa [2] A TUTiBOK
Al, Ti, Re, Au, Ag, Cu Ta inmmx meraniB. Buxojsuu 3 nporo, Mera JgaHol
poboTH  ToNATaE y  eKCIepUMEHTANbHIM  TepeBipli  pe3yiabTartiB
MPOTHO3YBAHHS BETMUMHU Y., JUT TUTiBOK MetamiB 3 LK (PtiNi, n=10) i
OLIK (Fe, n=8; Cr i Mo, n=6) rparkor0 Ha OCHOBI KOpEJSIIii,
BCTaHOBJICHOI y po0oTi [2].

HocnipkeHHsT TEH30pPEe3UCTHBHHUX BIIACTUBOCTEW MPOBOAMIIOCT 3
BUKOPUCTAHHSM aBTOMATH30BaHOI CHCTEMH, 3MOHTOBAHOI B YCTaHOBII
BVYII-5M [3]. YnpaBiiHHS X0J0M €KCIIEpUMEHTY Ta 00poOKa pe3yibTaTiB
3MIACHIOBAJIKCS 32 JIOTIOMOI'OK0 TIPOrPaMHOro 3a0e3MeueHHs PO3pPO0JICHOrO
y cepenoBuini LabVIEW 2009 3 BukoprcTaHHSIM MOIYJIsl MAIIMHHOTO 30PY
LabVIEW Vision Development Module 8.2. [lns KOHTPOIIO TOBIIMH
IUTIBOK y TpolleCi HamueHHS 3aCTOCOBYBAaBCS METOJ] KBapIEBOI'O
pe3oHaropa. Jljis yTOYHEHHS TOBIIMHU IUTIBKM MHCs  KOHJEHcAIlil
BHUKOpHUCTOBYBaBcs iHTephepomerp Jlinnnka MII-4.
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JocnipkeHHsT ~ KPUCTANiYHOI  CTPYKTYpH MPOBOJWIIOCS  METOJIOM
ENIEKTPOHHOI MPOCBITIIIOIOY0i MIKPOCKOMII Ta METOJOM eneKTpoHorpadii
HIBHJIKMX ENEKTPOHIB Ha Mikpockomi [IEM-125K.

Amnainiz enektpoHorpadiuHUX i MIKPOCKONIYHHUX JaHHUX BKa3zye Ha Te,
IO OJTHOMIAPOBI IUTIBKK MaroTh ApiOHOAMCIIEPCHY KPUCTAIUHY CTPYKTYPY
1 THI PelIiTKy, SIKUH BilMOBiga€ MacMBHHUM 3pa3kaM. 30Kpema y IUITiBKax
Cr, Mo i Fe ¢ikcyerpcas OLIK ¢aza, a y mmiBkax Pt i Ni — 'K ¢a3za i3
napaMeTpoM rpaTtku nemo 30inemeHuM (Ha 0,002 HM) y MOpiBHSHHI 3
MacHBHHMH 3pa3kamu. EkcnepuMeHTalbHa BEIMYUHA ¥, BH3HAYaIacs
IUISXOM EKCTPAmonsiii Ha HyIh PO3MIPHHX 3alexHOCTel ¥ Bim d ',
OTpUMaHMX B iHTepBami ToBmKH 20 + 100 HM.

Y pe3ynbrari NPOBEACHUX JOCTIKEHb OYJIO BCTaHOBJICHO, IO
3MPOrHO30BaHi BEWYHMHU Y.y = 3,0 (Pt 1 Ni); 2,5 (Fe) ta 1,1 + 1,5 (Cr, Mo)
33JIOBUTLHO BiJIIIOBIIaI0Th EKCIIEPUMEHTAIBHO OTPUMAaHUM.

Kepisuuku: IIporenko I. FO., npoghecop;
Opnnonsopens JI. B., doyenm

1. C.R. Tellier, A.J. Tosser, Size effects in thin films (Amsterdam —
Oxford — New York: ESPC: 1982).

2. E.b. Jlaciouenko, U.E. Ilponieaxo, BAHT. Cepus: e6akyym, uucmole
mamepuanvl, ceepxnposoonuxu, 2(10), 94 (1999).

3. M. B. Benmukonnsriii, C. U Ipornenko, Cospementvie unpopmayuonrvie

cucmemol. Ilpobnemvr u mendenyuu pazeumus, (Xapbkop-Tyance:
XHVYPE: 2007).
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JOCJII)KEHHSI MATHITOPE3UCTUBHUX BJIACTUBOCTEM
IVIIBKOBUX CIIVIABIB FeCu, OTPUMAHUX
OJHOYACHUM BUITAPYBAHHSAM KOMITIOHEHT

Koctsia O.A., cmydenm; Cunamienko O.B., acnipanm;
Kounnpaxosa [I.M., irnorcenep

[ligpuiienuit iHTEpEC 10 OaraTONIAPOBHUX IUIIBKOBUX CUCTEM Ha OCHOBI
Fe/Cu(Cr) oOymoBiieHui iX  yHIKQJbHUMH  MAarHiTOPE3UCTUBHUMU
BJIACTUBOCTSIMH, 30KpeMa, SBHIIEM TiraHTCHKOTO MAarHiToomopy y
mynbTuiiapax Fe/Cr. Bemmka KiTbKICTH poOIT NpHCBSYEHA BHUBYEHHIO
MPOILIECIB CIIJIABOYTBOPEHHS IPY OTPUMAaHHI 3pa3KiB Pi3HUMH METOJIaMH.

B po6oti gocnimkeno miiBkoBi cucreMu Ha ocHoBi Fe ta Cu, orpumani
OJJHOYACHMUM  BHUIApyBaHHSIM  KOMIIOHEHT.  3TiIHO  €JIeKTPOHHO-
MIKpPOCKOIIYHHUX JOCHIPKEHb iX CTPYKTYpHO-()a30BHH CTaH BilmoBigae
npibHomucnepcHilt cTpykTypi ciuiaBy Ha ocHoBi 'LIK Cu 3 mapamerpom
rpaTku a (FeCu) = 0,348 uwm, SIKUH 30epiraeTbest i TicIs
TepMoBianamoBanHs 10 650 K.

BuBuYeHHS MarHiTOPe3UCTHBHUX BJIACTUBOCTEH IHMX 3pa3KiB I0KA3aJio,
mo BenuunmHa MarHitoonopy (MO) B mapanenbHiii reomerpii (komu
IHAYKIlisA MaraiTHoOro noyis B mapanensHa mumonuHi 3paska I1) mepepaxkae y
MOPIBHSIHHI 13 MepIIeHAnKYIsIpHOI0 reomerpiero (B L IT), mo y3romxyeTbes
3 HAIIUMH MonepeaHiMu qanumu crocoBHo T.p.(Fe, Cr), ane He criBmagae 3
JaHUMH JUIs  TomapoBo-HanmwieHux cucteM Fe/Cu [1]. 30unblieHHS
BenmmunHn MO micns BimnamroBanHs (Bim 0,1 mo 0,3% y Bumamky
napajienbHoi reoMmerpii) kopemoe 3 nmaHumu [2], e y cmiaBax FeCu,
OTPUMAaHMUX Ja3epHUM BHIIApPYyBaHHSM, CIOCTepirajgock 3poctanHs MO 3
TEMIIepaTypoI0 Maiike y ciM pa3iB.

Sk mojmanemMii pO3BHTOK IUX JOCHIHKEHb MOXKE OYTH BCTaHOBIICHHS
Kopensrii Mk  BemuumHOWO MO Ta  KOHIIGHTpAII€d  MAarHiTHOI
KOMIIOHEHTH, a TaKOX MDK (pa30BMM CTaHOM 1 IapameTpaMu OTPUMAaHHS
TUTIBKOBHUX 3pa3KiB (TeMIepaTyporo MiKIaKy, IIBUAKICTIO BUTAPYBAHHS).

Kepisuuk: [ponenko 1.1O., npogecop
1. O.B. Cpmamenxko, E.I1. Tkau , bypeix W.IL u ap., BAHT, 6, 169 (2009).

2. K. Nowakowska-Langier, K. Zdunek., T. Lucinski, Surf. Coat. Techn.,
201, 5333 (2007).
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PO3POBJIEHHS NIPOI'PAMHOI'O 3ABE3IIEYEHHA J1JIA
PO3PAXYHKY KOE®IIIEHTIB UDY3II 3A
EKCHEPUMEHTAJbHUMU JAHUMHU OXKE-CIIEKTPOCKOIIII

®enuenko O.B., acnipanmxa

BusnauenHs B3aeMHOI audy3ii aTOMIB y MeTaJleBUX IUTIBKaX HEOOXiJHE
B 0araThOX rajy3sx TOHKOIUIIBKOBOI TexHousorii. Ha choromui Bimomo
Oarato MeTOJiB po3paxyHKy KoedimieHTiB audy3ii 11 pisHUX BUMAJKIB,
HaTNpUKIag, IS CUCTEM 3 YacTKOBOIO YW IOBHOIO PO3UMHHICTIO, JUIS
cucteM 3 JUQY3i€l0 MO MeXaM 3€peH Ta MexaM MOAlLy, s
MOHOKPHUCTAJIYHUX Y1 MOJIIKPUCTAIIYHUX 1IapPiB.

Y  pospoOiieHOMy  TpOorpaMHOMY  3a0€3leYeHHI Ha  OCHOBI
eKCIIepUMEHTAJIbHUX JAaHUX 03Ke-CIEKTPOCKOMi] OYyAyrOThCS KOHIIEHTPALliiH1
npodimi YIS KOKHOIO EIEMEHTY, IO BXOJAWUTh JIO CKJIaay ILTIBKOBOT
cuctemu. i IbOro KOPUCTyBau 3a/a€ NpUONM3HI 3HAYEHHS EHepriil oxe-
CNIEKTPOHIB, 10 BIJIMOBIIAIOTh IiKaM MEBHHUX eJIeMEHTiB. Jlam mpoxomuTh
YTOYHEHHsI LUX 3HaueHb (OCKUIbKH Yy CHCTEeMi MOXYTh MaTH Miclie XiMiuHi
3CYBM 4Yepe3 HAsBHICTh 3apsjy Ha IMOBEPXHI YM aJICOPOOBAHUX EJICMEHTIB),
PE3yJIbTaTH BUBOJATHCS Yy BUTIAAI Tabiuui (pucyHok 1). 3a oTpuMaHUMH
KOHIICHTPAILIHHUMHU TTPO(UIAME (3 ypaxyBaHHSM €IEMEHTHOI Yy TJIMBOCTI) 32
JIEKITbKOMa MOJEISIMU PO3paxoByloThes Koedinientn audysii. B ocHoBi
METOMIB PO3paxyHKy JeXHTh Jpyre piBHsAHHS @ika, sKe BH3HAYac
IIBUJIKICTh 3MIHM KOHIIEHTPAIlii OJIHI€T CKJIaI0BOi () y3iiHOT apy.

Po3B’5130K 11bOTO pPIBHSHHS MOXHA CIPOCTUTH, SKIIO B JIOBUIbHHI
MOTOYHUH Yac t Bi{paxOByBaTH BIJICTaHb X HE BiJ IOYATKOBOI MEXI, a Bij
Mexi Matano. B npoMy Bumaaky moxuOka po3paxyHKiB 30UIBITYETHCS TPH
3HAUHIA PI3HUIII KOHIIGHTpAlid JBOX e€IeMeHTiB. YacTo Takox
BHUKOPHUCTOBYETHCSI METO/I PO3PAXYHKY 3 BUKOPUCTAHHIM (PYHKIIIT MOXHOKH
layca. Jlns Bu3HaueHHs KOe(ilieHTy KOHAEHCaliiHO-CTUMYIbOBAHOI
nudy3ii MOXHa TMPOBECTH PO3KIA] KOHIEHTPALIMHOrO Mpodisito B psin
®dyp’e. Y po3pobiaeHOMY MporpaMHOMY 3a0€3MeUCHHI BUKOPUCTOBYBAIACh
e OJlHa MOJECIb JJIs PO3paxyHKy D, 10 He 3aJIeKUTh BiJl KOHIICHTpAIIil.
PesynbTati po3paxyHkiB HaBeneHi y Ta0Omumi 1.
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Pucynok 1 — JlurpoBa maHels po3po0JIEHOr0 MPOrpaMHOro 3a0e3rmeyeHHs
it Mojeni  (yHKIIi TOXMOKM: o0yacTi Jyisi 3aJaBaHHS eHeprii oxe-
eNeKTpoHIB (eB), MOXIMBOTO PO3KHY €HEprii uepe3 XiMiuHHH 3CyB, 4acy
nudysii Ta Mozeni po3paxyHKy (1), Tabnmus Ui BinoOpa)KeHHsS YTOYHEHUX
3HAYCHb CHEPrid Ta IHTEHCHBHOCTI INKIB B 3aJIGKHOCTI BiJ TOBIIUHHU
HamuiieHoro mapy (2), oxe-criekTpu (3), KOHUeHTpauiiHui npodins (4) Ta
3HaueHHs koedirienTa qudy3ii (5), oomacts mikie Cr (6) ta Fe (7).

Ta6muns 1 — Pesynbrati po3paxyHkis koedimienta mudysii 107 (m/c”)
aist cuctemu Fe/Cr(10um)/I1 ta Cr/Fe(10um)/11

Meron OyHKIIT Marano Dyp € OLiHIOBaJIBH.
Enement MOXUOOK aHaui3 METOA
Cr —> Fe 0,64 - 0,61 0,74
Fe - Cr 0,22 0,29 0,24 0,25

Kepiauk: [Ipouenko C.I, doyenm

1. Jx. [oyr, K. Ty, k. Meiiep, Bzaumnas oughghysust u peaxyuu (1982).
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OPTICAL INVESTIGATION OF ZINC SELENIDE FILMS

Berestok T.O., student; Ivashchenko M.M., Ph.D. student;
Opanasyuk N.M., associate proffesor

Zinc selenide is widely used as material in optoelectronics (LEDs, thin
film transistors etc) [1]. Because of it’s large wide band gap (£, = 2,7 eV)
zinc selenide may be used as window layer in solar cells [2].

Close-spaced vacuum sublimation method (CSVS) was estimated to
deposite the films. This method allows to obtain films with high
stoichiometry at controlling technological process, that occasion
constructively features of evaporator [3].

Zinc selenide films were obtained onto cleaned glass substrates at
vacuum equipment VUP-5M. Evaporating temperature was constant
(T, = 1073 K). Substrate temperatures were varied in the range of 7, =
= 373 + 973 K. Deposition time was ¢ = 1 min. Measurement of optical
characteristics was carrying out by spectrophotometer SF-26 in the range of
the wavelength 4 = 200-600 nm. Spectrum dependences of reflectance R(1)
and transmittance 7(A) coefficients were obtained. Film thickness was
measured by interference method by MII-1 microscope.

This researches allowed to obtain spectrum distributions of
transmittance 7(1), reflectance R(A).

By the spectrum distributions of the reflectance, transmittance and
absorption coefficients were carried out absorption a(A), refraction n(4),
exctintion k(4), real g(A) and imaginary &(A) parts of the optical
dielectrical constants of zinc selenide films.

As results we can said that were investigated optical properties of ZnSe thin
films, deposited by CSVS method at different physical and technological
condensation regimes. Optical wide band gap of zinc selenide films was
obtained and was varied in the range of E,=2,62 + 2,71 eV, that had a good
correlation with another publications. Established physical and technological
deposition regimes with optimal parameters for using as window layers of the
heterojunction tandem solar cells and in optoelectronic devices.

1. S. Chalina, M. Borah et. al., J. Opt .and Adv.Mater. 10, 2 (2008).

2. M. El Sherif, F. Terra et al., J. Mater. Sci. 7, 391 (1996).
3. Y. Subbaiah, P. Prathap et al. Phys. B 365, 240 (2005).
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JOCIIIZKEHHS ®IBUMYHUX XAPAKTEPUCTHUK CBITJIOAIOAIB
Bepounpkuii [1.0., cmyodenm; Onnonsopens J1.B., doyenm

Ceitnonion (CJ]) — me HanmiBIpOBITHUKOBUI MPHUCTPild, IO BUTTPOMIHIOE
HEKOTepPEHTHE CBITJIO TpPU TPONYCKAaHHI dYepe3 HBOro ENeKTPUIHOIO
cTpyMmy. BumnpominroBane cBitino Tpamuiiiinux CJl nexuTh y BYy3bKii
JUISHIT CIIEKTPY, & MOro KOJIIp CBITIHHS 3aJIOKUTh BiJl XIMIUHOTO CKJIaay
HaniBnposigauka. CydacHi CJl MOXyYTh BHITPOMIHIOBATH Ha JOBKWHI XBHIII
Bin iH(ppauepBoHOI 10 ONM3BKOI ynbTpadioneTy, 3ampoNOHOBaHI 1
BIIPOBAIKYIOTHCSI METOIM KOHCTpYIOBaHHA «Oimnx» C/I.

Jns BuB4YeHHs (Qisuunux xapakrepuctuk CJI Oyno po3pobiieHo
J1a00paTOpHUN  CTEHJ, JO0 CKIaJAy SIKOTO BXOJATh: JOCIIPKyBaHI
cBiTNoAioaAn; MikpokoHTponep «ATmega8» 3 mporpaMHuM 3a0e3Me4eHHs B
PeXUMI BUMIPIOBaHHS HAmlpyrd 1 CTPyMy Ta BUBEACHHSIM pe3yJbTaTiB
BHUMIPIOBaHb Ha PIIAKOKPUCTANIYHUN JAWCIIIeN; 3MIHHUM 1 eTaJOHHHH
pesucropu; mxepeno sxuBieHHs (USB mopr IIK). [IpunanmmoBa cxema
1abopaTopHOro CTEH1Y MpeAcTaBiIeHa Ha PUCYHKY 1.

Foer S
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Pucynok 1 — [IpuHnmmnoBa cxema J1a00paTOPHOTO CTEHIY

Opnepxano, mo BonbT-amiepHi xapakrepuctuku CJI tumis AJI1026 i
AJI307b MatoTh TUMIOBUHN AIOJHHH XapakTep. Y poOOYHX pexHMax CTPyM
EKCIOTEHI[IaJIbHO 3aJISKUTh BiJl HANPYTH: Mpy 30UIbIIeHH] Hanpyru Bifg 0,4
10 3,0 B BenmuunHa npsiMoro cTpymy 30utbiryeTbes Bin 0 1o 5 MA.
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PO3POBJIEHHS JIABOPATOPHOT'O CTEHAY UJIA
JOCHIIKEHHA POBOYUX XAPAKTEPUCTUK TUPUCTOPIB

Xomnon C.10O., cmyoenm; Omnonsopens JI.B., doyenm

Tuprcrop — HamiBIPOBITHUKOBUH MpHia] 3 YOTHPHUILAPOBOK pP-N-p-n
CTPYKTYpOIO 1 TphOMa  MOCHIOBHUMH pP-n  MEpPEXOoAaMu,  SKi
XapaKTepU3yEThCSl IBOMA CTIMKMMHU CTaHAMH B MPSMOMY 1 3aMHKAIOUUMHU
BJIACTHBOCTSIMU B MPOTWJICKHOMY HampsiMi. THPUCTOPH XapaKTepU3YIOThCS
MaJIMMU rabaputamMyl 1 Macor0, BUCOKUMU IIBHJIKOJIEIO 1 EKCIUTyaTaI[iiHO
HA/IIHICTIO, MIMPOKUM Jialla30HOM POOOUYHMX TEMIIEpaTyp i MOXKJIMBICTIO
IMITyJIbCHOTO KepyBaHHs. THPHUCTOp Mae JBa CTATU4HI CTAHH: 3aKPHTHH
(ctaH HU3BKOI MPOBITHOCTI) i BIAKPUTHI (CTaH BUCOKOI MPOBITHOCTI).
[epexin 3 OHOrO CTaHy B IHIIMHN 3IHCHIOETHCS Mij JI€H0 KOPOTKOYACHOTO
30BHIIIHBOIO  CHUTHalTy. Tupucropu  Kiacu(ikyloTh 32  Pi3HUMH
KOHCTPYKTUBHO-(DYHKI[IOHAJILHUMH O3HAKaMU: KIIBKICTIO BUBOJIB, BUIOM
BUXIJHOI BONIbT-aMIlepHOI XapakTepucTuku (BAX), cnocobamu BUMHKaHHS
Ta KepyBaHHS. 3a KUIBKICTIO BUBOJIB THUPHCTOPU MOAUISIFOTH HA JiOMHI
(muHicTOpM); TpioAHI (TPHHICTOPH) 1 YOTUPUENEKTPOmHi (TerpoxHi). 3a
BUAOM BuxigHoi BAX THpHCTOpH MONUIAIOTH HA  TUPUCTOPH, SIKI HE
MPOBOASATH CTPYM Y 3BOPOTHOMY HAaIPsIMi; THPUCTOPH, SIKi MPOBOATH CTPYM
y 3BOPOTHOMY HampsMi (TUPUCTOPH-AIONM), CHMETPHYHI (JIBOMPOBIiAHI
TUPUCTOPH, CEMICTOPH a00 TpiakH), siKi MOXKYTh MIEPEMHUKATHCS Y BIIKPUTHN
cTaH B 000X HampsiMax. 3a crmocoOOM KepyBaHHS THPUCTOPH MOJIISIOTh Ha
TUPUCTOPH 3 KEPYIOUNM €JIeKTPOAOM, POTO- 1 ONTOTUPUCTOPH. TUPUCTOPH 3
KEpYIOUUM EJIEKTPOAOM BiAKPHBAIOTHCS 30BHIIIHIM EIEKTPHYHAM CUTHAJIOM,
(OTOTUPHUCTOPH — 30BHIMIHIM ONTHYHUM CHTHAJIOM, ONTOTHPUCTOPH —
BHYTPIIIHIM ONTUYHAM CHUTHAJIOM (BUIPOMIHIOBaY Ta (POTOTUPHUCTOP
CKJIaJIAt0Th €IMHY KOHCTPYKIIItO).

Hns nocmimkenHss BAX Ta mepexiTHMX TNpolieciB B THPHCTOPax B
peKMMax TPSMOrO 1 3BOPOTHOrO 3MilleHHS OyJg0 BHKOPHCTAHO
nabopaTopHUil CTEH]] Ha OCHOB1 MOTEHIIIOMETPIB JUISl PETYIIOBAHHS CTPYMY
Ha KepYIYMX eJIEKTPOoJIaX TPUHICTOpa 1 cuMicTopa Ta nmepemukadiB SB1 i
SB2, 3a HOMOMOrom0 SIKUX OOHMpAETHCS PEKUM BBIMKHEHHS TpHHICTOpa
tuny KVY101b a6o pmunicropa tuny KHI102A. [lng mnposeneHHs
BHUMIPIOBaHb 3aMICTh TPaIUI[IMHUX BOJBTMETPIB 1 MiJiaMmrepMeTpiB
BHUKOpPUCTOBYBaJuch UGPoBi MynsTuMeTpu Tuy DT-838. HdochimkeHHs
MpoBOAMIKCE Tpu Temnepatypi 25°C. Y pexumi npsMoro 3MmilieHHs Ha
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aHOJl TUpHUCTOpiB (TpuHIiCTOpa abo AMHICTOpa), IMOAAaBAJIaCh JOJATHS
Hanpyra + 15 B, sky MoxHa 3MiHIOBaTH mOTeHIiomerpoM R2. Ctpym
BHUMipIoBaBcs amrepmerpoM PAl, maginHg Hanmpyru — BodbTMeTpoM PA2.
VY pexuMi 3BOPOTHOTO 3MIllIeHHS] HA aHOA Mo/IaBajach BiJ’€MHa Hampyra -
15 B. [IpunnumnoBa cxema 1abopaTopHOro CTEHly HaBeleHa Ha PUCYHKY 1.
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Pucynok 1 — [IpuHIMnoBa cxema JiabopaTOPHOTO CTEHAY LIS AOCTiIKEHHS
BAX tupucTopiB pi3HHX THITIB

OnepxaHo, MO B PEXUMI MPSMOTo 3MillleHHS 30UIBIICHHST KEPYIOUOoro
crpymy (ctpymy ©6a3um) I; > 0 mOpu3BOOWTH A0 3MEHIICHHS Hampyru
npssMoro BBIMKHEHHS. KpiM Toro, 3poctae TakoXX CTPyM TIPSMOIO
BBIMKHEHHSI, & CTPYM 3BOPOTHOI'O BBIMKHEHHS 3MEHIIYETHCS. Y pe3ynabTari
OKpeMi KpHBI i3 3pOCTaHHSM CTpyMYy I; K O «BIUCYIOTHCS» OJHA B OJTHY
JI0 TIOBHOTO 3HHMKHEHHS BiJ’€éMHOI JUISHKH. B pexumi 3BOPOTHOrO
smimeHHs (I; < 0) emiTepHMiA mepexiny 3aKpUTHH, TOAl TPUHICTOpP Mae
poboUi XapaKTepUCTHUKHU N-p-N TPAH3HCTOPA.
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3ACTOCYBAHHA ABTOMATH30BAHOI'O KOMILIEKCY JJIA
CEPIMHOI'O BUPOBHULTBA TOHKOIIVIIBKOBUX
METAJIEBUX TEH30JATYUKIB

Konomiens B.B., macicmpanm; Haxoneunwnii JI.M., cmydenm;
Benukoanuit 1.B., acucmenm

Po3pobnenuit  aBTOMAaTH30BaHMK  KOMIUIEKC  TPU3HAYEHHH  JUIS
CEepiiHOr0 BUPOOHUIITBA TOHKOIUTIBKOBUX TEH30JaTUMKIB 3 KOE(Dili€eHTOM
TEH3049YTIUBOCTI 10 20 OAMHUIL METOAOM TEPMIYHOIO BUIIAPOBYBaHHS Y
BaKyyMi Ha TIOJNICTUPOJIOBIA migkmamimi. Sk dYyTJIuBI  eIeMEHTH
TEH30JaTYMKIB MOXKYTh BHCTyNaTH ABommapoBi riiBku Cu/Cr 3 TOBIIMHOIO
okpemux mmapiB g0 30 HM. J{ns BHUMIpIOBaHHS TOBIIMHHU IUTIBOK
3aCTOCOBYETHCS METOJ KBaplLIOBOTO PE30HATOpa, SKUM TpH peamizamii
JIBOKBApIIOBOI CHUCTEMH JIO3BOJISIE BCTAHOBUTH HEOOXiTHY IIBUAKICTH
KOHJICHCAIlii JI0 TII0YaTKy KOHJEHCAIlil ITUTIBKM Ha MiJKIaJKy Ta
KOHTPOJIOBATH 1l TOBIIMHY Oe3MOcepenHbo Mmij yac ekcnepuMeHTy. [Ipomec
KOHJICHCAIlii TUTIBKM KOHTPOJIFOETHCS 3a JIONOMOTOK €KpaHy, SKUH
3aKpUBa€ MIOKIAIKy Ta IUIACTHHY KBaply 1 TPUBOAMTECS B pPyX
eNeKTpoMartitoM. JlaHa cucrema M03BOJSIE OTPUMATH B aBTOMATHUYHOMY
PEKMMI TOHKOIUTIBKOBI 3pa3Ku 3aJaHO0l TOBIIMHU 3 TOYHICTIO + 1 HM.

[Migkmagka 3 MOMICTIPOAY 3aKpIIUTIOEThCS Ha  OapabaHi, 110
MPHUBOINTHCA B PYX KPOKOBUM JABHTYHOM. Take KOHCTPYKTHBHE DPillICHHS
BIZIKPUJIO MOJKJIMBICTh KOHJICHCYBAaTH TOHKY MeETajeBY IUIBKY Ha BEIHKY
oy minkinaaku. ['eoMerpis KOHTAKTHMX MaiJIaHYMKIB Ta YyTJIMBHX
eNeMeHTIB  (OPMYETbCS 3 BHUKOPHCTaHHSIM TpadaperiB BUpPI3aHUX Ha
pixydyomy miotepi. HarpiBamns migkmaaku 1o Temnepatypu 400 K
0e3mocepeHhO  Tepell  KOHJCHCAIE  IUIBKM  Ta  HACTYyIHA
TepMocTabimizamis TUIIBKOBHX 3pa3KiB 3MIHCHIOETBCS 32 JOINOMOTOIO
raJoreHOBUX JIAMIL.

Cucrtema BUNApHUKIB SBIIsI€ cO00r0 OapabaH 3 3aKpilJIeHUM Ha HbOMY
mig kyrom B 120° TpuMadamu Ui PE3UCTHBHHUX BHUIAPHHKIB, 3MiHA
MOJIOKEHHS SIKUX, SIK 1 Y TIONEpEeHbOMY BHIIAJKY, BiIOYBa€ThCA 3aBASKH
KPOKOBOMY JIBUTYHY. YTIPaBJIiHHS MOTYXHICTIO BUMIAPHUKIB peani3yeThbes
3aBIIIKM BHUKOPHCTAHHIO KPOKOBOTO JBHI'YHa, SKHM o0eprae Bai
0araToo0epPTOBOr0 3MIHHOTO PE3UCTOpA i THM CaMUM PEryJIlo€ iX Hakal.
KpokoBuii nBUryH, obepTaioun pe3nucCTop, MIABHO pO3irpiBae BUIAPHUK
JIOBOJISIYM JIO CTaHy PIBHOMIpPHOI KoOHJIeHcamii. OCKIIBKH Yy OLIBIIOCTI
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BUMAJKIB B TIpoLEci BaKyyMHOI KOHAEHcalii MeTalliB TOTYXHICTh
BUIAPHUKIB 3MIHIOBaTH HE O0OB’S3KOBO, TO JaHWW MPWUHIMIT KepyBaHHS
ce0e I[IJIKOM BUITPABJIOBYE.

®opMmyBaHHS KOHTAKTHHUX
MaliIaH4MKiB, YyTJIMBUX eJeMeH-

Tpadapet - g
KOHTAaKTHAX g TiB TEH30/JaTYMKIB Ta 3aXHCHOTO
MafAamEILS MAKTAAKE — 11okpuTTS BinOyBaeThCs y
nekinpka eramiB. CrioyaTky 4epes
Tpadaper Tpadaper KOHICHCYIOThCS KOH-
g@%‘%’%’ A— TaKTHI MalJaHYMKU, 110 SBJISIOTh

coboro aBomapoBy miiBky Cu/Cr
conraxrai 3 TOBIIMHAMHU BI/INIOBIHO
/wannamamxu 0020 HM, 3 HacTymHOlO  iX
TepMmocTabinizamieto. Ha Hactym-
HOMY  erami, Ticisg  3aMiHM
Tpadapery, KOHICHCYEThCS YYT-
JMBHUA €IEMEHT TEH30JaT4yuKa |
rononorix  HOBY  TIPOBOMTBCS  TepMO-
emsopusmcropa  CTaOlmsauis  mmeku.  Ilicas
posrepMmeruzanii  MiAKIAAKY 13
chOpMOBaHMM Ha HIiil MacHUBOM
TEH30JaTYMKIB  pO3pi3al0Th Ha
OKpeMi eNeMEeHTH 1 JIaMiHYIOTb,
3aJIMIIAI0YM HEOKPUTHMH JIUIIIE
L. KIHIIl KOHTAKTHHUX MAaMIaHYHKIB,
KOHTAaKTH1 MauTaHYUKH .
TokpuTi crtaBom Bysa  f1KI 3QJTY)KYIOTb, BAKODHCTOBYIOYH

Macka

MOJiCTipoJ

ni,uKna,uK '

MOJICTipOJ

ciaBy Byna y po3unHi riinepuny
npu Ttemmepatypi 340 K. Ilicns
TOrO y IBOMY JK CIJIaBi O HHUX
KpIIJIsThH JPOTSHI BHUBOJIH.
BukopuctoBytoun naHy METOAMKY, 332 OJWH TEXHOJOTTYHHHA IIMKI MOXKHA
chopmyBatu 110 50 TOHKOIUTIBKOBHMX TEH30JIATYMKIB i3 ILIIBKA PO3MIPOM
30 x 3 cm.

Pobora BHKOHaHAa B paMKax CIUIBHOTO YKpaiHCBKO-1HIIHCHKOTO
npoekty Mixk CyMCHKUM JAEpKaBHUM YHIBEPCHTETOM 1 YHIBEPCHUTETOM
Bapona (M. Bagonapa).

Pucynok 1 — OcHoBHi eTanu
TeXHOJOr1i opMyBaHHS YyTINBOTO
eJIeMEHTY TeH30JaTUHKa
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3ACTOCYBAHHSA YHIBEPCAJIBHOI'O JJABOPATOPHOI'O
CTEHAY JJid BUKOHAHHSA ®I3UNYHUX EKCIIEPUMEHTIB

O6ironpkuii O.B., cmyoenm, [pokonenko P.B., cmydenm;
Benukoanuit 11.B., acucmenm

CydacHy HayKoOBYy J1abopaTopil0 CKIAJHO YSBUTH O€3 BIAMOBIIHOTO
00JaHaHHS U TPOBEACHHS EKCIIEPUMEHTAIbHUX JOCTiKeHb. Came
TOMY i7esl CTBOPEHHS YHIBEPCAIBHOI'O JIa0OpPaTOPHOrO CTEHIy CTae
0COOJIMBO TOCTPO B JjabopaTopisix 3 OOMEKEHUM (piHAHCYBAHHSIM.
VYHiBepcanbHmii 1abopaTopHUil cTeHn (pUCyHOK 1), mo OyB po3pobieHwuii
Ha kadenpi mpuknaaHoi ¢izuku CyMCBKOTO Jep)KaBHOTO YHIBEPCHUTETY,
SIKHAMKpalle BIiAMOBITa€ TOCTABJICHUM BHMOraM (DYHKI[IOHAJILHOCTI Ta

€KOHOMIYHOCTI.

Eﬂempomrﬂ ITHI peﬂe

W X

3MiHHI pe3rcTopH
— KEepOBaHi KPOKOBHMH JIBUTYHAMH

|

ExcnepuMeHTaIbHA YyCTaHOBKA

Onip R
E[anpyra U
z Tpym I '
ADAM-4561  ADAM-4019 Teumeparypa t

Pucynok 1 — CtpykTypHa cxema yHIBepCalbHOI0 JJa0OPaTOPHOTO CTEHIY

Bin Moxe OyTH 3acTOCOBaHMH MPH BUKOHAHHI HAYKOBHX JIOCTIDKEHB Ta
nabopaTopHUX poOIT, y SKHX TNPOBOIUTHCS 3YUTYBAHHS TaKHX
SNEKTPUYHUX BEJIMYMH SIK HANpyra, CTpyM, OMip, TemmepaTypa. ¥ cTeHai
11 MOXKJIMBICTD peajli3oBaHa 3aBJSIKU BUKOPUCTAHHIO MiKPOKOHTPOJIEPHOTO
monyns ADAM-4019 ¢ipmu  Advantech, sxuii BUKOHYe pOJib
YHIBEPCATBHOTO BOCBMUKAHAILHOT'O BUMIPIOBAIBHOTO MPUIIaAy. 3BOPOTHIH
3B'SI30K KOMIT'IOTEpa 3 EKCIEepPHUMEHTAIBbHUM OOJaJHAHHAM peaji30BaHO
3aBIIIKM BHKOPUCTAHHIO €JIEKTPOMATHITHUX pelieé Ta KPOKOBHUX JIBUTYHIB,
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Akl o0epTaloThb 3MiHHI PE3HCTOpH, IO BiIKpHUBaE MOXKIHUBICTD
aBTOMaTH3allil eKClepuMeHTanpHuX poOiT. [Ipuximagom Takux poodiT
MOXYTh OYTH JOCTi/IXKEHHSI TEPMO- T4 MATHITOPE3UCTUBHUX BIACTUBOCTEH
TOHKOIUTIBKOBHX MaTepiajiB, 1abopaTopHi poOOTH 3 MIKPOENEKTPOHIKH, Y
SAKMX JaHUM CTeHJ MoKe OYyTH BHUKOPHCTaHMHA TpU JOCIiKEHHI
XapaKTePUCTUK OIMONSAPHUX, MOJIBOBHUX TPAH3UCTOPIB a TAaKOXK pPI3HUX
THIIIB JIOdIB.

VYHiBepcaIbHICTh CTEHIY MOJSITaE y TOMY, HIO KOPUCTYBay, MalO4H Y
CBOEMY PO3MOPSKEHHI BUMIPIOBAIBHI MPWIATH Ta 3aCO0M 3BOPOTHHOTO
3B’SI3Ky KOMIT'IOT€pa 3  CKCICPUMCHTAJIbHUM  OOJIQJHAHHSM, CaM
HaJAIlTOBYE BUMIPIOBAJIBHMI CTEHJ IIiJ] CBOi KOHKpPETHI 3ajadi.
[lepenbauena MOXIMBICTH 3aJaTH Jialla3oH Ta TOYHICTH BUMIPIOBaHb
SNIEKTPUYHUX MMapaMeTpiB, YACTOTY iX OMHUTYBaHHS, Aiana3oH 3MiHH OMOpY,
MOCITiTOBHICTH CIIPAILIOBAHHS PeNe Ta XapakTep rpadivHoro BimoOpakeHHs
OTPUMaHMX EKCIIEPUMEHTATBHUX 3HAUCHb.

VHiBepcanbHHil Ta0OpAaTOPHUN CTEH] TpalIoe IMiJ  yIPaBIiHHAM
MPOrpaMHOro 3a0e3reueHHs POo3pO0JICHOr0 B CEPeaoBHIN TrpadiuHOro
nporpamyBannas LabVIEW, a Bukopucranns texuosorii Web Publishing
Tool BimkpuBae MOXJIHMBICTE CTBOPEHHS BiJJJAJIEHO KOHTPOJIHOBAHOI
¢i3nuHOi TabopaTopii, ynpapisaTH poOOTOIO SKOT KOPUCTYBAY MOXKE 4yepes
Internet y poOouomy BikHI cBoro Opay3epa. Takox peanizoBaHa
MOMJIMBICTh TIOBIJIOMJICHHST KOPHCTyBada MpO pe3yJibTaTH podoTH 3a
noromororo SMS noBiioMiieHb, a00 IEKTPOHHOIO TOIITOH.

Pobora BHKOHaHAa B paMKax CIUIBHOTO YKpaiHCBKO-1HIIHCHKOTO
npoekty Mixk CyMCHKUM JAEpKaBHHUM YHIBEpCHTETOM 1 YHIBEpPCHUTETOM
Bapona (M.Bamonapa).

1. S.L Protsenko, D.V. Velykodnyi, V.A. Kheraj, M.S. Desai, C. J. Panchal,
L. Yu. Protsenko, J. Mater. Sci. 44 Ne 18, 4905 (2009).

2. I.B. Benukonusrii, C.U. IIponenko, Cospemennvie unpopmayuontrvie
cucmemst. [Ipobnemvr u mendenyuu pazeumust, 164 (2007).
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OBJIAJHAHHA 151 BUBUEHHS I'AJIbBBAHOMATHITHUX
BJACTUBOCTEM IIJIIBKOBUX CUCTEM

Bopo6iios C.1., cmyoenm

AKTYaJIbHICTh KOMILUIEKCHOTO JOCIPKEHHS BJIACTUBOCTEH ILTIBKOBUX
CHCTEM, Y SIKHX NpOSBISETHCA e(PEKT TIraHTChKOTO MAarHiTHOTO OIOpY
MOB’si3aHa 3 MEPCHEKTUBOI0 1X 3aCTOCYBaHHS B HAaHOENEKTPOHIli, MIKpO-
CEHCOpHIH TexHilli, Y IPUCTPOsX 30epiranHs Ta 00poOKH iHopMaii Tomo.

VY 3B’Sa3Ky 3 UMM HaMu Oylno pO3pOOJIEHO METOJAMKY OTPUMAaHHS
TPUIAPOBUX TUTIBKOBHX CHUCTeM Ha ocHOBI Fe ta Gd y pobGodomy 00’emi
BHCOKOBaKyyMHOI YCTaHOBKM Ha OCHOBI MAarHiTOpPO3PSIHOIO Hacocy
HOP/I-250 Ta mpoBeAeHO BIANOBIIHY MOJEpPHI3AIlil0 yCTAHOBKHU.
BakyymHa kamepa i3 HepkaBilO4Oi CTajli pO3TallOBaHA MK IOJIOCAMH
CIICKTPOMArHITy, 3a JIOIIOMOIOI0 SIKOTO y MICIli pO3TallyBaHHS 3pa3KiB
CTBOPIOETHCSI MarHiTHE T0JIe HanpyxeHicTio g0 70 mTi.

lapu meramiB KOHACHCYBaJHCS METOAOM eNEeKTPOHHO-IIPOMEHEBOT0
BHITAPYBaHHS, JUIS 4Oro OYJIO pO3pOOJICHO CHUCTEMY 3 JBOX €ICKTPOHHO-
MPOMEHEBUX rapMaT AiogHoro tumy. Cucrema 3MOHTOBaHA HAa OKPEMOMY
¢maHIi i3 CTPYMOBBOAOM JiaMeTp IUTHPIB SIKOTO CTaHOBUTH 5 MM. [lo
HITUPIB 32 JIOMIOMOHOIO aprOHOBOTO 3BapIOBaHHS OyNW MpUEAHAHI, IIICTH
IITAHT JiaMeTpoM 5 MM 1 BUcOTOI a0 450 mm. Jlo aBOX i3 mTaHr Oyio
NpHEAHAHO Yepe3 My(QTy i3 HepikaBitodoi cTaii BoiabppaMoBi aHomu. JIBi
iHIII Tapd [ITUPIB  BUKOPHCTOBYIOTBCS Ui MOJA4i  Hampyru
po3xaproBaHHS Ha Katomu. Katomy BHTOTOBISIFOTBCS 3 BOJIBb(pPaMOBOTroO
npoty niamerpa 0,5 mm. [Tpueananns KaToaiB A0 MITHPIB 3AIHCHIOETHCS 32
JIOTIOMOT0I0 3aKUMIB 3 HepXkaBirouoi crami. Mk OKpeMHUMH rapMaTaMu
OyJia po3TalioBaHa Ieperopojika 3 Hep Kapitovol cTali.

[Mpeamernuii cronmuk OyB BHrOTOBIEHMH 13 MigHOi TacTuHH. Ha
CTOJTUKY PO3MILIAETHCS MiJKIAAKA 3 TIONEPEAHBO HAHECEHUMH KOHTAKTHUMU
MallaHIMKaMl Ha SIKi 3 METOK BHMIPIOBAaHHS OIOPY HPUTHCKYIOTBCS
eNeKTPUYHI 30HAM. Hax mpeaMeTHuM CTOJIMKOM pO3TallloBaHA 3aciliHKa,
MepeMilIeHHs SIKOT Peali30BY€eThCS 32 TOMOMOTOI0 MIKpPOIBUHTA Ta TPYKHH.
[Tix mpenMeTHUM CTOJMKOM PO3MILIYETHCS HArpiBay.

Kepisuuk: Yopnoyc A.M., npoghecop
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TEPMOPE3UCTUBHI BJIACTUBOCTI INIIBKOBHUX VO
3asropoaniii O.B., cmydenm

Inest BuBYeHHs eneKkTpodi3MuHKUX BracTUBOCTe okcuay VO, (x=1)
MOB'A3aHa 13 MIMPOKUM BHKOPUCTAHHSM ITIBOK VO, SIK UyTJIMBOIO €JIEMEHTY
ceHcopa KpuTu4HOI Temriiepatypu [1]. EkcnepuMeHTalbHI pe3yiabTaTH
pi3HMX aBTOpIB BKa3ylOTb Ha Te, mo okcua VO, MoXHa OTpUMaTh
0e3nocepeIHbO B TIPOIIECi KOHJEHCAIlli aToMiB V 3 MaJIOK IIBHUJKICTIO
(~ 0,01 HM/c) y TEXHOJNOTIYHOMY BakyyMmi, abo Tpu TepMOOOpOOIli TUIIBOK
OLIK V npu temneparypax 7> 400 K. B 060ox Bunankax ¢popmyerbes ['TIK
¢aza VO, 13 mnapamerpom rpatku 0,406 +0,411um. Konnencartis,
TepMOOOpOOKa 1 BUMIPIOBAHHS MUTOMOIO ONOPY IUTIBOK HAMH 3J1iHCHIOBA-
nocs B ycranoBii BYTI-5M mpu tucky 3amumikosoi atMocdepu 10~ “Tla.

p-10° Om M

18
15
12

S W AN O

Zolnm 300 400 500 600 700 800T,K
a §)

Pucynok 1 — Kpucramniuna ctpykrypa (a) i 3aJI€KHICTh TUTOMOTO OTIOPY
BiJ Temnepatyp (0) rutiBkoBoro okcuay VO,

EjtekTpoHHO-MIKpPOCKOMIYHI JAOCIIHKEHHABKA3YIOTh HAa HaHOKPUCTATIYHHUN
xapakrep ['1IK oxcuny VO, (pucynok la). JlochmimpkeHHS TeMIiepaTypHOI
3aJIeKHOCTI MUTOMOrO omopy (puc.10) BKazye Ha HamiBIPOBIAHWKOBHMA
XapakTep MPOBIHOCTI OKCHIY 1 iMOBipHUI (azoBuit nepexiny VO — VO s
B iHTepBaii remmeparyp 470 + 600 K.

Kepipauk: lllymakosa H.1., doyenm

1. Jlanmoukun W.I"., KnementoeB C.B. Ilpubopur u cucmemol ynpasnenus,
Ne 7,33 (1989).
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MATHITOOIITUYHI BJIACTUBOCTI IVIIBKOBUX CUCTEM I3
CIHIH-3AJIEXKHUM PO3CIIOBAHHSAM EJIEKTPOHIB

[Munmunenko O.B., macicmpanm; 1.B. Uemko, acucmenm

Jns mpoBeneHHsT MOCHiKeHb (I3WYHUX TPOLECIB y CIiH-KIAMaHHUX
CTPYKTYypax 1 0araromapoBUX IUTIBKOBHX MatepiajiaX i3 CHiH-3aJISKHHM
PO3CIIOBaHHSIM EIIEKTPOHIB, BUKOPHCTOBYETHCA IMUPOKUH CHEKTP METOJIB
JOCIIJKEHHS., 30KpeMa, BUKOPUCTOBYETLCS METOJI MT03/I0BXKHBOIO MarHiTo-
ontuuHoro edekty Keppa (MOKE), skuii monarae B 3MiHI momspu3anii
CBITJIa MPH BiIOWTTI BiJl TOBEPXHI PEUYOBHHU TP HAKJIaJIaHHI 30BHIITHHOTO
MarHitHoro moinsi. dikcyroun 3MiHy TOJSIpU3alii CBiTia B 3aJIEKHOCTI BiX
MOJYJIS BEKTOpa MAarHiTHOTO MOJs, MOXKHA OTpUMAaTH iH(GOPMALII0 MPO
CTYIiHb HAMarHiueHOCTi, MarHiTHY aHi30TpONil0, CTPYKTYpHHH CTaH
OKpPEMHUX MarHiTHUX KOMIIOHEHT 1 IJTIBKOBOT CHCTEMH B IILJIOMY.

Hamu  Oynu  gocnmipkeHi  MAarHiTOONTHYHI — XapaKTEPUCTHKH
ofHomapoBux miiBok Co, ABO- Ta OaraTomapoBUX ILTIBKOBUX CHUCTEM Ha
ocHoBi Co i Cu, Ag Ta Au TOBIIMHOI 5 + 50 HM, OTPpUMaHHX METOIIOM
BaKyyMHOI TEpPMI4HOI KOHjCHcallii. BcTaHOBIEHO, 110 JIJIS HEBiAMaJICHUX
wtiBok Au/Co i Ag/Co 3 pi3HOIO KOHIIEHTPAIi€l0 KOMIIOHEHT XapaKTepHi
HopManbHi 3anexHocti MOKE y BUrmsai npsMOKyTHOT HeTl TicTepe3ucy.
[Micns pigmamoBanus n0 7= 700 K 3Ha4YeHHS KOEPIMTUBHOCTI Ta TIONIB
HACHYCHHST 3HA4YHO  30UIbIIYEThCA. 3MiHa  3arajlbHOTO  BHIJISALY
sanexHocteii MOKE migTBepmkye ¢akT yTBOPEHHS MicIsl BiqmaliOBaHHS
TpaHy/IbOBaHUX TBepAUX po3uuHiB (T.p.) (Au(Ag), Co). Hna cucremun
Cu/Co mpu BimnamoBaHHi B iHTepBasi TemmnepaTtyp Hikue 800 K Burmsn
3anexHocti MOKE 3a ¢opMmoio He 3MIHIOETBCS, 10 TaKOX MiATBEPIKYE
YTBOPEHHS T.p. B IpPOIECi KOHJeHcalil 1 Woro crabimizaiii B iHTepBai
AT=300+800K. Y OararomapoBux IUIIBKOBUX CHCTEMax MarHiTo-
ONTHYHI XapaKTePUCTHKH 3HAYHOIO MIpOIO 3ajieXaTh BiJl TOBLUIMHU IIapiB
marnitHoro Co. Came Bpane ix uepryBaHHs 3 HemarHitHUMH Cu Ta Au
JI03BOJTMIIO CTBOPUTH €(pEeKTHBHY CIIiH-KJIalmaHHy CTPYKTYpY y BUTJIAII
OararormapoBoi mwiiBku  Au(5)/Co(3)/Cu(Au)(6)/Co(20)/Au(40)/I1 (I1 -
MigKIaaKa), mo Mae Ha 3anexnocti MOKE jBa 3HadyeHHs NOJIIB HACHYCHHSI
BEPXHBOTO <JIETKOT0» Ta HIDKHBOTO <KopcTkoro» mapiB Co. Taka 3mina
CUTHAJIY CBIIYUTH MPO MIBUAKOIIO JAHOTO €IEMEHTY B MATHITHOMY TIOJI.
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JOCJAIKEHHA TEMIIEPATYPHOI 3AJIEXKHOCTI
HPOBIJHOCTI IIVIIBOK CYJIb®IAY HUHKY

Crenenko O.0., cmyoenm,; Kyp6atos [1.1., nayxosuii cnispobimmux
Omnanaciok A.C., doyenm

BukopucranHsi TIiBOK cynb(iAy IHHKY B SIKOCTi ONTHYHOTO BiKHA 3
SNIEKTPOHHOIO TPOBIIHICTIO /0 TeTepornepexiiHuX (OTOAETEKTOpIB Ha
ocHoBi p-CdTe i p-Cu(In, Ga)Se, norpedye aeTaabHOro JOCHIHKEHHS iX
enexTpodi3MUHNX xapakTepucTuk. [Ipore, sk BimOMO 3 JiTepaTypHHX
Jokepen [1], elnexTpuYHi BJIIACTUBOCTI TUTIBOK ZNnS BUBYEHI HEIOCTATHBHO.
lle moB’sa3aHO 3 BITHOCHO BEITUKMM THTOMHM ONOPOM ILTIBOK i
MOHOKPHCTAB ZnS, SKuii MOXe TpHiiMaTH 3HadeHHs Bix p= 10" Om-M
70 p=10"OMM, 10 TEXHONOTiYHO YCKIAMHIOE —eNeKTpodi3HuHi
nocimipkenasd. e MeHma KiIbKiCTh POOIT MpPUCBAYEHA JOCTIIKEHHIO
TEeMIIepaTypHHUX 3aJIeKHOCTeW NPOBIAHOCTI (0) A TUIBOK ZnS, 1m0
00YMOBHJIO aKTyaJbHICTh HAIIMX JOCIIKEHb.

[MniBkm cynbdiny numHky Oynu orpumani merogom CSVS [2] nHa
CHUTAJOBI MiJKIAAKA 3 EIEKTPONPOBITHUM migmapoM Mo, sSIKuil HaHOCHBCS
METO/IOM ENIEKTPOHHO-IIPOMEHEBOT0 BUTIAPOBYBaHHI. Bepxni
CTPYMO3HIMaJIbHI KOHTAKTH OYyJIM BHTOTOBJIEHI 3 Ag METOJOM BaKyyMHOI
KOHJICHCAI[ii 3 BUKOPHUCTAaHHSAM  3MIHHUX  Macok. JlocimiKeHHS
TEeMIIepaTypPHOI 3aJISKHOCTI MUTOMOI MPOBITHOCTI TUTIBOK CYIb(iAy HUHKY
MPOBOAMIIOCS Yy BaKyyMi 3 BUKOPHCTAaHHSIM BHCOKOCTaOUILHOIO JKeperna
xuBieHHs «AIP B5 120/0,75». Ha 3pa3ok momaBanach IOCTiiHA Hampyra
U=7B ska ¢ikcyBasack 3a pomomoror myiabtumerpa APPA-108N.
Kontpone Ta perymioBanHs TemmepaTypu B miamazoHi 7 =300...400 K
3ailicHIOBamMCs 3a gomnoMororo apromatuaHoro I1I/-perymsropa «OBEH-
10M». CtpyMm, IO MNPOXOAMB Uepe3 3pa30K BUMIPIOBABCSA IUPPOBUM
HaHoaMIiepmerpom B7-35.

Eneprii akruBanii eaeKTprHyHOI MPOBIAHOCTI IUTBOK ZnS 3HAaXOJHMIIACH
i3 3anexnocreit Ino= f(10%/T), BpaxoByroun Toi (BaKT, MO MPOBIAHICTE B
3aJIeKHOCTI Bifl TeMIepaTypy KOHJAEHcallli OMHCYEThCS PIBHSIHHAM
Appeniyca. BiamoBigHi 3ajeXHOCTI NpU HArpiBaHHI Ta OXOJOKCHHI
3paska npezcraBieHi Ha puc.l. Sk BUIHO 3 pucyHka, o— 1/T 3anexHICTh
Ma€ TpH JIiHIHHI TUITHKH, IPHYOMY CIIOCTEPIraeThCs 3MiHa 1X HAXWITy MpH
nepexo/li Bii HarpiBaHHs 10 OXOJIOKEHHS 3pa3Ka.

104



CEKLIA 5: Dizuuni npoyecu ¢ mamepianax Mikpo- i HaHOEIeKMPOHIKU

T,K
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35x M . . . | . . . "
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Pucynok 1 — TemnepaTypHa 3aJIeXKHICTh TUTOMOI MPOBIAHOCTI IJTiBKK ZNnS
(T, =1173 K, T, = 723 K) npu HarpiBaHHi Ta 0XOJIOKEHHI 3pa3ka
(300-400K)

VY BiANMOBIAHOCTI 70 piBHSHHS AppeHiyca Hamu Oyiu 3HaifJieHi eHeprii
aKTUBAIlii TPOBIHOCTI HA BKa3zaHUX nuisHkaX. Bonu cxianu: 0,002; 0,017;
0,066 eB mpu Harpianni Ta 0,002; 0,027 i 0,094 B npu OXOJIO/PKEHHI
3pa3ka. 30iTbIICHHS €Heprii akTUBalii MPH OXOJOIKEHHI CBIUUTH TMPO
MOKpallleHHST  eNeKTPOQi3MUYHUX  BIACTUBOCTEW  IUIBKM  mpH i
BigmamoBanHi. OtTpumaHi pe3ynbTaTh  Ao0pe  y3TOUKYIOTBCA 3
AQHAJIOTIYHMMHM, TPOBEACHUMU B podorax [3, 4], me iBku ZnS
KOH/ICHCYBQJIUCh AHAJIOTIYHUM J0 HAIIOTO METOAOM. ABTOPH IIMX POOIT
CriocTepiraiM JiBi JAUITHKA Haxwiy o - 1/T 3aJeXHOCTI 3 eHeprisMu
aktuBamii 0,007-0,011 Ta 0,029-0,113 eB.

1. S. Kasap, P.Capper The Springer Handbook of Electronic and
Photonic Materials (Springer: 2007)/

2. D. Kurbatov, A. Opanasyuk, H. Khlyap, phys. status solidi (a), 206(7),

1549 (2009).

S.Y.P. Venkata, P. Prathap et al., Appl.Surf. Sci. 253, 2409 (2006).

P. Prathap, N. Revathi et al., Solid State Sciences 11, 224 (2009).

W

105



CEKLIA 5: Dizuuni npoyecu 6 mamepianax Mikpo- i HaHOEIeKMPOHIKU

JOCJIUKEHHSI CTPYKTYPHO-®A30BOI'O CKJIALY
HAHOUYACTHUHOK CO TA Fe;0,

Hemunenko M.I'., acnipanm; Kynenanos O., cmydenm;
Koctenko O., cmydenm

OcraHHIM 4YacoM HaHOPO3MIpPHI MAarHITHI YacCTHHKH TPHBETPAIOTh
BEJIMKY yBary JOCHiTHUKIB. OCHOBHOIO CKJIAJIOBOIO IHTEPECY € IX MarHiTHI
BrmactuBocTi [1,2]. OcobnuBO IMiKaBUM MOXE CTAaTH JOCTIIKEHHS
MAarHiTHHX BJIACTHBOCTEH 0araTolIapoBUX TUTIBKOBUX CHCTEM, Y SIKHUX JIEsKi
TUTIBKOBI mapu OyyTh 3aMiHIOBATHCH MOHOIIAPOM HAHOYACTHHOK.

Meroro aaHoi poOOTH OyNO AOCHIAMTH CTPYKTYpHO-(ha30BHH CKIIAZ
HanosactmHok Co Ta Fe;04 [3-6]. CTpyKTypHi  BIACTHBOCTI
JOCTKYBAJIUCh  METOJIOM  MPOCBIUYIOUOI  €JICKTPOHHOI MIKPOCKOIIii,
BUKopucToBytoun Mikpockon [IEM-125K, Bigpa3y micisi HaHeceHHS Ta
micnst TepMivHoi 00pooku (800 K). HaHo4yacTUHKY HAHOCUIIUCH HA CITOYKH,
3 paHillle MiArOTOBAaHWM HIAPOM MOJIMEPY Y SKOCTI MiJKIaJKH, METOJIOM
KalaHHS 3 BHCHXaHHSAM Ha moBiTpi mpu Temnepatypi 300K. [lns
JOCTIDKEHHS! BUKOPUCTOBYBABCS PO3YMH 3 BiJTHOCHOK) KOHI[CHTPAIIIEIO
HAHOYACTMHOK y po3unHHMKY 1:10. JlaHa KOHIEHTpalis J03BOJHIIA
OTpHMaTH MOHOIIAP HAHOYACTMHOK Ha mimkmammi (puc. la, 2a). Poswmip
YaCTUHOK cKajae 6 + 1,3 am.

JlocmimkeHHst IOkasajio, M0 J0 TepMidHoi oOpoOku HaHodaTHHKH Co
3HAaXOAATBCS B  HAHOKPHCTANIYHOMY CTaHi, TMpo M0 CBiIYHTH
enekrpoHorpama  (puc. la).  Ilicis  BigmaneHHs — HAHOYACTHHKH
pexpuctanizytorscs 3 yrBopeHssiMm ['1K ta rekcaronansHoi ¢as3u (puc. 10).

«—220

<<—111

<—200

Pucynok 1 — MikpockorigHa CTpyKTypa Ta eleKTpOHOTpaMu
Hanoyactuaok Co: 300K (a), 800K (0).
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igp 40

Pucynok 2 — MikpockoligHa CTpyKTypa Ta eeKTpPOHOTpaMu
HanoyactTuHOK Fe;04: 300K (a), 800K (6).

B iHmomy Bunanky HaHodacTuHkM Fe;O4 10 BimmalieHHS MaroTh
kpucramvyny ctpykrypy 3 'K ¢azoro (puc. 2a). Ilomanpma tepmivHa
00poOKa TakoX MPHUBOAUTH JI0 PEKpUCTaii3amii Ta 30LIbLIEHHS! pO3MipiB
HaHOYaCTHHOK (puc. 20).

Jlnst Oinbin 4iTKOro 300pa)KeHHS ejieKTpoHorpamu (puc. 10, 2a, 20,)
Oy 3aMiHEH1 MOJISIISIMHU.

Kepiauk: [Ipouenko C.1., doyenm

Ta-1 Yang, et al., J. Magnet. Magnet. Mater 320, 2714 (2008).
L. Chitu, M. Jergel et al., Mater. Sc. Engin C 27, 1415 (2007).
L. Chitu, Y. Chushkin et al., Mater. Sc. Engin. C 27, 23 (2007).
K. Gmucova, et al., App. Surf. Sc. 254, 7008 (2008).

D. Amara, 1. Felner, et al., Colloids and Surf. A 339, 106 (2009).
B. Feng, R.Y. Hong, et al., Colloids and Surf. A 328, 52 (2008).
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OTPUMAHHS HAHOCTPYKTYP Ni TA Cu HA IIOBEPXHI
HOJIIIMIJTHOI IUTIIBKUA

3nenko B.O., acnipanm

TOHKOIUTIBKOBI HAHOCTPYKTYPHI Ta HAHOCTPYKTYpPOBaHI Marepiajiu
HIMPOKO BUKOPUCTOBYIOTHCSI B CYUacHi MIKpOEJIEKTPOHILi, 0COOIHNBO MpH
CTBOPCHHI UYTJIMBUX eJIeMEHTIB jAartuukiB[1,2]. Po3BUTOK TexXHOMNOrii
BHMAara€e TMOUIYKy HOBUX e(QEeKTHBHHUX, MPOCTHUX Ta JCHIEBUX NUIIXiB
oTpuMaHHs Takux cucrteM. OcoOnuBHid iHTEpeC BUKIHMKAE METO]
OTPUMaHHS HAaHOCTPYKTYPOBaHMX MACHBIB HAHOYACTHHOK METaliB Ta
OKCHUJIIB y moJliMepHuX Matpuusix|3].

Ak migknaaky Ui HAHECEHHS METalliB BUKOPHCTOBYBAJIaCh TOHKA
nofiiMigHa miiBka. Ha MikpockomiuHy ciTKy 3 po3mipoM komipku 100 MkM
3 pO3YMHY HAHOCHJIACS TUTIBKA IMOJiaMiIHOT KuciaoTu. [1oTiM 000B’SI3KOBO
MPOBOAMBCS Tpolec iMifizamii (3aTBepAiHHS) y BaKyyMHill Kamepi mpu
temnepatypi 400K. B pesymbraTi Takoi mpoieaypu Ha KOMipKax
YTBOPIOBAJIMCh TOHKI MEMOpaHU TOBIIMHOIO OpieHTOBHO A0 100HM.

OTpyMaHHS TOHKMX IUTIBOK HIKEIIO Ta Mimi 3JifcHIOBajIocsS B
BakyyMHIH kamepi ycraHoBku BVYII-5SM  meromom  TepmiuHOIO
BUMAPOBYBAHHS IIPH 3aIMIIKOBOMY THcKy 107ITa. TOBIIMHA OTpUMYBaHOL
TUTIBKK  KOHTpOJIOBaNacs 3a JONOMOIOI0 KBapLOBOTO PpE30HATOpA.
JlocmipkeHHS  CTPYKTYpHO-(a30BOr0  CKJIaJy OTPUMAaHUX  3pa3KiB
MPOBOAMIIOCS 32 JOMOMOIOI0 TPOCBIYYIOUOTO E€IEKTPOHHOI'O0 MiKpPOCKOIIa
MMEM-125K. OcamxeHi IIiBKYA OYJIM HE CYHIIBHUMH, IO MOSCHIOETHCS iX
Oy’Ke MaJol TOBIIMHOKW. Y TIPOIeCi BiJMalltoBaHHS BinOyBayiocs
YTBOPEHHS Ta KOAaJleCUEHIlis OCTPiBILIB, a MNpPHU HAISKHUX YyMOBaxX —
HAHOYACTMHOK Meranmy. Ha pucynky 1 nmpencraBieHa CTpyKTypa
CBIKOCKOH/IGHCOBAaHUX Ta BimnaseHux mpu Temneparypi 720 K miiBok
HIKEeNIO BIAMOBiAHO. SIK MOKHA OauuTH 31 3HIMKIB, BiIOYJIOCH YTBOPEHHS
11apy HaHOYACTHHOK, SIKi Y JIEIKHX MICLSX HAIIapOBYIOTHCS OTHA Ha OfHY.
Ix cepenniii posmip cknamae npudmsno 30-40 HM.

MikpockomiuHa CTpyKTypa IUIIBOK Milli A0 1 MicCIs BiANaTIOBAaHHS MPH
temnepatypi 600 K mpencraBnena Ha pucyHoky 2. I[lix BrumBom
TEeMIlepaTypy IUTiBKA MeTajly yTBOpWJIA  MOHOLIAPOBUH  MAacwB
HAHOYACTHHOK po3MipoM 5-40 HM.

Crig BIAMITHTH, IO MPOIEC YTBOPSHHS HAHOYACTUHOK 3aJISKUTh HE
TINBKH BiJ] TEMIIEPATyPHOTO PEKUMY BiANATIOBaHHS, a i BiJl MOYaTKOBOT
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Pucynoxk 1 — I'imiska Ni(2,9) Ha momiiMiIHI# TAKIAALI: TCs OCaJKSHHS
(a) 1 BignamoBanHs 1o Temmeparypu 720K (6). YV nyxkax BkazaHa
eekTHBHA TOBIIMHA B HM

80mm

a
Pucynok 2 — IniBka (5,4) Ha HOMIIMIIHIN TIAKIAILI: TCS OCaKESHHS
(a) 1 BignamoBanus 10 Temmepatypu 600K (6)

e eKTHBHOI TOBIIMHHM IUTIBKK MeTany. Tak, HApHKIa, PY BifadioBaHHI
IUTIBKM  Mifl ToBmmHOKO 11 HM g0 Ttemnepatypu 650 K yTBOpeHHs
HAHOYACTHHOK HE CIIOCTepiranocs.

Kepiauk: [Ipouenko C.1., doyenm

1. Y. Yokota, K. Ueno, S.Juodkazis, V. Mizeikis, N. Murazawa,
H. Misawa, H. Kasa, K. Kintaka, J. Nishii, J. Photochem. Photobiol. A
207, 126 (2009).

2. G.-S. Chung, C.-H. Kim, Microelectr. J. 39, 1560 (2008).

3. J.H. Kim, C.K. Kim, Y.-H. Kim, C.S. Yoon, Colloid Surf. A 321, 297
(2008).
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ACOUIALISI BJACHUX TOYKOBUX JE®EKTIB
Y TEJYPHUJII KAJIMIIO

Konera O.0., cmyodenm; Kocsk B.B., acucmenm

3aBasku yHiKanbHUM (pismuHuM BractuBocTsM CdTe € mepcrekTHBHIM
MaTepiaaom TUIS BUTOTOBJIEHHS JIETEKTOPIB pazaianiiHoro
BUITPOMIHIOBAaHHS, TIEPETBOPIOBAYIB COHSYHOI eHeprii Ta iH. PeanbHi
HaMIBIPOBIIHUKH BiIPI3HSIOTHCS BiJ il€aIbHUX HASIBHICTIO CTPYKTYPHHX
HEJIOCKOHAJIOCTeH, 30KpeMa TOoYKoBUX jaedekTiB. Came i gedektu, ski y
OUIBIIOCTI BUMAAKIB  3apsDKEHI, BHU3HAYAIOTh CTPYKTYPHO-UYTIHUBI
XapaKTePUCTUKU HEJIErOBaHOTO MaTepiany.

Hns CdTe xapaktepHUM € accoliamis TOYKOBHUX Ae(EKTiB pi3HOTrO
tuny. OCTaHHi JAOCTi/KEHHS MOKa3aliH, IO caMme acoliaTH MOXYTb OyTH
nominyrounMu  gepektamu  [1].  Haiibinpm  BiporimHUM  SIBISETHCS
YTBOPEHHS acoliaTiB MpH B3a€MOJil BakaHCii V¢, Ta MDKBY3JIOBOI'O aTOMY
Cd;, y pe3ynbTaTi 40oro yrBoproeThes Tak 3Banuit A-entp (Vo —Cdi)°.
Kpim Toro, me#t acomiaT MoXxe i1OHI3yBaTMCh Ta BUCTyHaTH y PO
JOMIHYIOUOTO aKLEnTopa.

Y poboTi mpoBeneHo po3paxyHOK eHeprii yTBopeHHs A-LeHTpy (E4)
3TiIHO  KYJIOHIBCHKOTO HAOJIMKEHHS, IO JO3BOJIMIO 33 JOMNOMOIOIO
CIIBBiTHOIICHHS:

_ 84 /-
[(Veo —Cdi)° ==~V ][Cd;]exp(_EA/kT)
noy
BU3HA4YNTH KoHIeHTpalio (Vo —Cd; )’ (ga — GakTop BUPOIKEHHS, 7o
— KUTBKICTh aTOMIB Y By3JlaX KPHCTAIIYHOI TPATKH).
KpiMm mporo, i3 ypaxyBaHHAM YTBOPEHHS acoIliaTiB MPOBEIEHO
PO3paxyHOK CIIEKTPY TOYKOBUX JedekTiB y MoHOokpucraiax CdTe.

Kepieuuk: Onanactok A.C., 101IeHT

1. R. Soundararajan, K. Lynn et. al., J. Electron. Mater., 35, 1333 (20006).
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®A30BUI CTAH I MATHITHI BJACTUBOCTI
IJIIBKOBUX CUCTEM HA OCHOBI Ni, Fe TA Ag

Pexyn M.IO., macicmpanm; Y non C.B., macicmpanm;
Ineruuii 1.0O., doyenm

BuBYeHHST MarHiTHHX BJIACTHBOCTEH TOHKMX IITIBOK  iCTOTHO
POBLIMPHIIO YSIBIIGHHS PO (Pi3UUHY MPUPOLY aHi30TpoIii pepoMarHeTukis,
JO3BONMJIO  BUSIBUTH 1  JOCHIPKyBaTH  pI3HOMaHITHI  Mpolecu
repeMarHiuyBaHHs, BUSBUTH HOBI (pizuuHi sBuma. OnHEe 3 TaKUX SBHII —
riraHTCHKUH MAarHITOOMIp, M0 BUKIWKAaE OCOONHMBY yBary i B OCTaHHI
JICKiIbKa POKIB CTaB MPEAMETOM BCEOIUHOro JociipkeHHs. Takox ayxe
BaYKJIMBO, 110 B IUTIBKAX MOXKHA peaii3yBaTH CTPYKTYPHI CTaHH, SIKi BaXKKO
a00 HEMOXJIHMBO OTPUMYBAaTH B 3BHYAHMX (MacMBHHMX) MAarHiTHHX
3pa3Kkax.

Y poboTi MPOBENEHO KOMIUIEKCHE JOCHI/DKEHHS  MarHiTHHUX
BJIACTMBOCTEH Ta CTPYKTYPHO-()a30BOro CTaHy IUIIBKOBHX 3pa3KiB i CILIABIB
Ha ocHOBi Ni i Ag ta Fe i Ag. 3rimHo amiarpam craHy JAaHi CHCTEMH
XapaKTePU3yIOThCSA TMOBHOK BIJICYTHICTIO PO3YMHHOCTI KOMIIOHCHTIB
HaBIiTh y pinkomy ctani. ToMy QopMyBaHHS MeTacTabUIBHUX CTPYKTYp B
JaHMX CIUIaBax IOB’s3aHe 31 3HAYHUMH TPpyIHOIIaMHu. B cucTemi Ha OCHOBI
Fe i Ag npu nocnimkennsx merogoM [IEM crnocrepiranocst popMyBaHHS
CYMIIlli JIBOX TBEPAWX DPO3YMHIB HAa OCHOBI BKa3aHMX KOMIIOHEHTIB. B
cucremi Ha ocHOBi Ni i Ag mpHW MEBHUX CIIBBIAHOMIEHHSIX KOHIEHTpAIii
KOMITOHEHTIB crocTepirasiock (OpMyBaHHS TIEPEHACHYEHHX TBEPIUX
PO3YHHIB, HACHUYEHICTh SIKHUX 3POCTa€ 31 30UIBIICHHAM CTYIECHIO JIETyBaHHSI.

JocnikeHHsT MarHiTHUX BJIACTHBOCTEH 3pa3KiB METOAOM CKaHYIOYOi
30H10BOT Mikpockonii Ha ocHOBI Fe i Ag mokasayo, 1o TepmMooOpoOka
MPHUBOAUTH /0 3HAYHOTO 3POCTAHHS KOEPLUWTHBHOI CHJIM 1 3aJMIIKOBOI
ingykmii.  [IppuoMy, TmToiie HacHMYeHHS Ta  KOEPIUTHBHA  CHia
JOCTIDKYBAHUX  CHCTEM 30UIBIIYIOTBCS 13 3POCTaHHSAM  TOBIIUHHU
HeMmar”iTHoro mpomapky Ag. lle o0oOyMOBIIOETbCS — 3aTPUMKOIO
¢dbopMyBaHHS JOMEHHHX CTIHOK BEPXHBOTO INapy 3aji3a y 3B’S3Ky 3i
30UTBIIEHHSM PO3MIpPIB  HEOJHOPIAHOCTEH Ha HOro Mexi mnominy 3
MpoIapkom cpibma.

BcraHoBieHo, O Mar”iTHE Mojieé MPHU3BOAMTH JI0 YTBOPEHHS HOBUX
MakcuMyMiB QyHkmii posmominy Pyp’e, mo Moxke OYTH MOSCHEHO
YTBOPEHHSIM BIIOPSIKOBAHOI JJOMEHHOI CTPYKTYPH 3pa3KiB.
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METO/AbI HOBBIINHEHUSA DOP®EKTUBHOCTHU @311

Jnaman J. B., macucmpanm; Myxammen A. A.-K. M., acnupanum;
Kysuernos A., cmyodenm; Kynementoera O.I1., doyenm

CeronHs 4eJI0BEUYECTBO CTAIKHBAETCA C MPOOJIEMaMH SHEPTeTHKU M3-32
HEJlOCTaTKa HMCKOMAaeMbIX PECYpPCOB M OCTpOH HEOOXOJMMOCTH 3aMEHHTh
yeM-To HedTh U Ta3. ColHeuHasi YHEPreTUKa CUUTAETCS OJHOM M3 CaMbIX
MEpPCIEKTUBHBIX ANbTEPHATUB CKUTAEMOMY TOIUIMBY 1O MPUYHHE CBOEH
HEHMCCsIKaeMOoCTH. B Mupe 23Ta  oTpacib DHEPreTHKH  IMONydHiia
HIMPOKOMAacIITaOHOE  pa3BHTHE,  HampaBleHHOE Ha  MOBBIIICHHE
3¢ deKTUBHOCTH (POTOAIEKTpUIeCcKUX mpeodpazoBateneit (POII), a Taxxke
MOBBIIICHUST ©X MOIIHOCTH.

AHanu3 JMTepaTyphl [OKa3aJ, 4YTO TOBBICUTH 3(deKkTHBHOCTH
(hOTORJIEKTPUUECKOTO MPEoOpa30BaHUS MOXKHO pa3IMYHBIMUA IYTSAMHU.
Cpenn HUX MOXHO BBIACIHTH CIEIYIONIME HANpaBiIeHUS: TOUCK U
npuMeneHune 6omnee ) HEKTUBHBIX MaTEepHaNIOB JUIsd akTUBHOTO ciost OII],
pa3paboTka Ooliee COBEpIICHHBIX KOHCTPYKIHMHA TMpeoOpa3oBareneii,
TEKCTYPUPOBaHNE MOMJIOXKEK IS YBETUYEHHs IOTJIOMAIONISH IIIOMmaIn
JJIEMEHTa, TNPHMEHEHHE pAa3WYHbIX THIIOB TMOUIOKEK, NPUMEHEHHE
Pa3MYHBIX  TIOKPBITHH,  yBENWYCHHWE  KOHIEHTPAIMW  COJHEYHOTO
W3TY4EHHS.

[MpuBenem MaKCHUMallbHbIE 3HAYCHUS KIIA Haubonee
pacnpoctpaneHHbix DIl u Mopyneil, mOCTHTHYTHIE B J1a0OpaTOPHBIX
ycnopusix. Tak, apdexkruBHOCTh KpeMHUEBbIX DII1, 3aBUCHT OT COCTOSHUS
KpeMHus — 5151 MoHOKpucTaiummueckoro (MK) # = 24,7%, nonukpucranim-
yeckoro (ITK) 20,3%, toukorienounoro (TII) 16,6%, amopduoro 9,5%
HaHokpuctaunyeckoro 10,1%. @311 na ocnoBe matepuanos tuna AIIIBV
— s apcerupa rammus MK 25,1 %, K 18,2%, TII 24,5 %, InP MK
21,9 %. ®DITIs1 Ha ocuose TII xanmpkorenngos: CulnGaSe, 19,9 % u CdTe
16,5 %. ®3I1 Ha 6a3e opranuueckux kpacutenet 10,4 %. DpdekTuBHOCTH
mHorociaorHeix @OI1 moxer nocrurate 30,3 % mis GalnP/GaAs u 32,0 %
st GalnP/GaAs/Ge.

Meron yBenmueHnus axkTuBHOM miomanu OIIl Taxke MO3BOISIET
n3mensaty KIIJI mpeoOpasoBateneii. HamGomee BaXHBIMH B 3TOM
HaTpaBICHUH SBISIIOTCS TIONyYeHHE TEKCTYPUPOBAHHBIX TMOIUIOKEK H
MpUMeHEHNEe HAHOKOMIIO3UTOB, KOTOpbIe Mo3BoisAtoT foctudb KIIJI = 24%
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(TexctypupoBanHast ctpykrypa PERL) wu  pmomomnurtensHeix 2%
(HaHOKOMITO3UTHI HA OCHOBE YIJIEPOIHBIX HAHOTPYOOK M TMOKCH/IA TUTAHA)
coorBeTcTBeHHO. (OTMeTHM, 4YTO pa3BUTHE OSTOrO HaINpaBJIEHUS B
HaCTOsIIee BpEeMs CUUTAETCS J0CTATOUYHO MEPCIEKTUBHBIM.

Ha xapakrepuctukn OOIl BausAoT W pasnuyHble MOKpBITHA. B
YaCTHOCTH, HaHECEHHE MPOCBETIISIONIMX MOKPBITHH, KOTOpBIE CIOCOOHBI
3HAUUTENIPHO YMEHBIIUTh ONTHYECKHE TIOTEPH, YTO JOIMOJIHUTEIBHO
MOBBIIIAET 3PPEKTUBHOCTH MPeoOpa3oBaTEN.

B nmannHO#l paboTe SKCHEpUMEHTAIBHO HM3YYeHBl MOKPHITUS U3 ZnS H
ZnO. TokpeITHs OBUIM TOIYYEHBI METOJOM XUMHUYECKOTO OCaXACHHS MPH
temnepatype 30—40°C. C nmoMompi0 peHTIeHOCTPYKTYPHOI'O aHalu3a
u3yueH (as3oBbI cocTaB MOKPBITHH. [lokazaHO, YTO TOKPBITHS HMEIOT
HaHOpa3MepHYI0 CTpYKTypy. Ha peHTreHorpamme oOpasua ZnS umeercs
ramo Ha yrmax 20 —25° YTO CBHIETENBCTBYET O PEHreHOaMOpP(HOCTH
nokpeiThs. [lapamerpsl pemerku mokpeitust a = 3,58 HM, ¢ = 6,272 HM,
a/c =0,57.

C nmoMoIpI0 cHenuanbHo pa3paboTaHHOIO CTEHIA 3KCHEPHMEHTAIbHO
M3MEpEHbI CBETOBbIE BOJBTAMIIEPHBIE XapPaKTEPUCTHKU U OIPENENEHBI:
HanpshKeHHe X0onocToro xonaa Uy, TOK KOPOTKOTO 3aMbIKaHUs J;, (akTop
3aronHenusi FF u onpeneneH kod((UIUEHT Tone3Horo AeicTus 7. B
Tabnuie | mpuBeAeHbl OCHOBHBIE TapaMeTphl 00pa3lioB 0e3 MOKPHITHH U C
MOKPBITUSIMU U3 ZnS u ZnO.

Tabmuus 1 — Xapakrepuctuku OO, n3mepeHHbIE SKCIEPUMEHTAIEHO

O6pas3isl U, MB | J.,, MA/cM® FF.% 7, %

Bes3 mokpoITus 385.1 24.2 52.1 4.2

C mokpsiTueM u3 ZnS 395.5 23.9 52.5 4.9
C nokpeiTeM u3 ZnO 409.4 25.0 53.5 5.5

Buano, uro sddextuBHocts ®II1 ¢ mokpeituamu u3 ZnS u ZnO
yBenmmuuBaercs Ha 0,7 % u 1,3 %, cOOTBETCTBEHHO.
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BJIMAHUS TAPAMETPOB HAIIBIVIEHUSA HA TOHKY1O
CTPYKTYPY BAKYYMHO-IIIASMEHHBIX IIOKPBITU

Kynementsera O.I1., doyenm; Maxmyn A. M., acnipanm;
Kopois C., cmyoenm

Jig onTHMH3aIMK Mpoliecca HaNbIIEHNS U MOJIYyYE€HUS OJHOPOJHBIX IO
COCTaBY TOKpPBITHH, OOJIAAAOMMX MHHHMAIBHBIMH J1eOPMHUPYIOIIUMH
HaIpsLKEHUSIMH, ObL10 MIPOBEAECHO HCCIIeIOBaHNE BITUSTHUS
TEXHOJIOTUYECKUX MapaMeTpoB HaNbIICHHS Ha CTPYKTYpPY TOKPBITUH U3
HUTpHUJIa THTaHAa. B KauecTBe MOMIOXEK MCIOIh30Balach HeprKaBerolast
cranb 12X18HI10T. TlokpeITHs moidydaniu B BAKyyMHO-IYTOBOM YCTaHOBKE
BYJIAT-6 npu naBmenmu aszora 10 °+3-10 > Ila, Toke myrm 85 A,
HanpsDKEHUM CMelleHus Ha obpasuax U, =25, 70, 150, 200 u 230 B, ¢
MPEABAPUTENBbHON OUYMCTKOM MTOBEPXHOCTH MyTeM OOMOapANPOBKY HOHAMH
TUTaHa MpPH TPUIOKEHHOM MOCTOSHHOM MOTeHnuane cMmeuieHus 1 kB B
TedeHue 5 MuH. PaccrosiHue ot paboueli MOBEPXHOCTH KaToAa 10 00pa3IoB
coctapisuio 250 mMm. TemmepaTypa mouioxku BapbupoBanack oT 130 mo
360°C. VYcraHoBka i OCaXJEHHA IIOKPHITHUH ObUta 00OpyqOBaHa
YCTPONCTBOM, TO3BOJIIOIIMM KOHTPOJIMPOBATH TEMIIEPATypy OCaXAECHUS C
TouHOCTHIO 5 °C. [TomyuenHbie TiN TOKPBITHS UMENTH TOIIINHY 5 MKM.

UccnenoBanus nmpoBOAMINCHE METOJOM PEHTIEHOCTPYKTYPHOTO aHaIn3a
(XRD) c wucrnonb3oBaHueM peHTreHoBckoro mudpakromerpa JPOH-2.0 B
mnydennu K,-Cu. J{ist onpeneneHus MUKPOTBEPIOCTH MPUMEHSIICS IPUOOP
I[IMT-3. Ilomy4eHHbIE MOKPBITUS MOXHO OTHECTH K BBICOKOTBEPJIBIM,
MOCKOJIbKY OHH MOKa3aJii MUKPOTBEp1ocTh oT 21 10 36 I'Tla.

[Mo manneiM XRD-ananmu3a B mpoliecce CHHTE3a MOKPBITHN 00pa3yercs
MOHO(a3HBIA HUTPHJ THTaHA, KOTOPBIA MUMEET JOCTATOYHO BBIPAKECHHYIO
TekcTypy. OJHOHAIPaBIEGHHBIA POCT KPUCTALIMTOB C oOcbio [111]
MPOUCXOAUT MEPIEHIMKYIISPHO IIOCKOCTH MOANoKKH ripu U, 6onee 200 B, a
npu U, =25 B popmupyercs akcuanbHas TEKCTypa nperumyiiectBeHHo [200].

Bbruto mokaszaHo, 4TO B BapbUpyEeMBIX IMpejieNax JaBJIeHHE pPeareHTHOro
raza B BaKyyMHOW KaMepe W TOK IyId HE OKa3bIBAIOT CYIIECTBEHHOIO
BIIMSIHHSI HA TIApaMeETPhl TOHKOM CTpYKTYpsl. [lapaMmerp kpucramumdeckon
pemerkn TiN TOKPBITHS CYIIECTBEHHO HE HW3MEHSIETCS M COCTaBIIsET
a = 0,426 um, uTO OOJIBIIIE, YEM B MACCHBHOM HUTpHJIC TUTaHA dy = 0,424 HM.
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CTPYKTYPHI TA ONITUYHI BJIACTUBOCTI ILUIIBOK
CEJIEHITY KAJMIIO

Hpozaenko J1.0., cmydenm; IBamenko M.M., acnipanm;
Kocsik B.B., acucmenm; Onanaciok H.M., ooyenm

[niBkK  celeHiny KaJMiK0 OCTAHHIM 4YacoM 3HAWIUIM IIMPOKE
3acTOCYyBaHHS SK ©0a30Bi IIapy TaHIEMHUX COHAYHHMX EJIEMEHTIB,
CIICKTPOIOMIHECIICHTHUX ~ NPWIaAiB, (OTOIETEKTOPIB,  CBITJIOIIOMNIB
3€JICHOr0 BUNpPOMiHIOBaHHSA Tomo [l1]. OpHak Uil  MPaKTHYHOTO
BUKOPUCTAaHHS IUX IIApiB Yy MIKpPO- Ta ONTOENEKTPOHIli, COHSYHIH
CHepreTvili HeoOXigHa ONTHMi3alis iX CTPYKTYpHUX, ONTHYHUX Ta
eNneKTpoi3MIHIX XapaKTEPUCTHUK.

Jns oTpuMaHHS IUTIBOK CENEHIAy KaaMilo HamMu OyB BHUKOpPUCTaHHIi
METO/I BHINAPOBYBAaHHS Yy KBa3i3aMKHEHOMY 00’eMi, SKHH HIMPOKO
3aCTOCOBYETBCS JUIsl HaHECeHHs cmoiayk A,B¢ [2]. Pazom 3 T1uM,
noiikpucramiuai  tuiBkn  CdSe 1uM  METOIOM — TPakTUYHO  HE
ofepxxyBasnucs. HemoctaTHbO IOCTIIKEHI 1 CTPYKTYypHI Ta ONTHYHI
BJIACTMBOCTI TakuX TUTIBOK. Lle i 00yMoBHMIIO MeTy poOoTH.

[Mniekn CdSe Oynu HaHECEHI Ha OYMIICHI CKISHI MiIKIaJAKH Y
BakyymHil yctanoBi BYII-5M. TemmnepaTypa BHUIIapHHKa CTaHOBWJIA
T,=973 K, Temneparypa minkiaakd 3MiHIOBanach y miana3zoni 7= 373-
873 K. Yac xoHzeHcaii mapis ctaHoBUB ¢ = 1 xB. Mopdonoris noBepxHi
IUTIBOK Ta iX CKOMM JOCHi/KYBajkci 3 BHUKOPUCTaHHSM pacTpOBOi
mikpockonii (PEMMA-102). BumiproBaHHS ONTHYHHUX XapaKTEPUCTHK
mapiB 3JIHCHIOBaJOCS 3a J0NoMororw crekrpodoromerpa CD-26 B
iHTepBaii 1oBxKuH XBIIb A = 300-900 HM.

[IpoBeaeH1 MOCHIIPKEHHS Jajld MOXJIMBICTh BH3HAUUTH MEXaHI3MU
POCTY KOHJICHCATIB, OTPUMATH CIHEKTpPaJbHI PO3MOAUIN KOe(illieHTiB
nponyckanHsa T(A Ta BinbuBanHs R(A) mIiBOK.

JUis BU3HAYEHHS ONTUYHOI IMIMPUHHM 3a00pOHEHOI 30HU E, ceneHiny
KaJMilo HaMu GyjryBasucst 3anesxsocTi (ahv) — hv. Exctpanonsiis miniitHo1
4acTUHU Tpadika Ha BiCh €HEPTiil 103BOJISIE BU3HAUYUTH HIMPUHY 3a00pOHEHOT
30HU HAIIBIPOBiHUKA. BilNnoBiHI 3aJIe)KHOCTI HAaBE/IeH] Ha PUCYHKY 1.

Sk BumHO 3 pucyHka | Ha 3anmexHoctsx (ahv)’ —hv 'y 6imemocri
BHIIAJIKIB CIIOCTEPIratOThCs JIB1 JIIHIMHI JUITHKY, SKCTPAITONAIIS TKUX
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3x10"

lox10™ 4

(ch)2, (eBlom

1x10"

Pucynok 1 — (ahv)’ — hv 3anexuocti miisok CdSe, OTpUMaHUX py pi3HUX
T, K: 373 (1); 673 (2); 773 (3); 873 (4).

JI03BOJIIE OTPUMATHU JABA PI3HUX 3HA4YEHHS eHepriil. MeHml 3HadeHHs E,
BIJINIOB1Ial0Th IIUPHHI 3a00pOHEHOT 30HM Matepiany. 1li 3HaueHHs m00pe
KOpPEJIIOIOTh 3 IIMPUHOK 3a00pOHEHOT 30HU 00 €MHHMX MOHOKPHCTAIB
CdSe. binb1ui 3HaueHHs eHepriid, orpumai 3 rpadikis, £, = (2,06 +2,13)
eB BiANOBIZaIOTH TEpexojaM HOCIIB 3apsay, 30YIDKEHHX CBITJIOM MiX
30HOK0 TMPOBIHOCTI Ta BIAIICIUICHO B HACIIJIOK CIIH-OpOITAIIEHOT
B3a€MOJIii HWKHBOIO BAJICHTHOIO 30HOI0 MaTepiany (Touka ['; Ha 30HHIH
Jiarpami).

3a croekTpaJbHHMH po3nofiiaMu  KoedilieHTiB BizoutTss R(A) Ta
MOTNIMHAHHA Q(A) BUIIPOMIHIOBaHHS HaMW OyJlM pO3paxoBaHi CIIEKTPH
3anmomiieHHs n(A) Ta exciuHIl k(A) mapis CdSe. B nopanbimomy 1e gano
3MOTY 3HAlTH peanbHy & Ta YSIBHY & YAaCTHHH ONTHUYHOI AielIeKTPHYHOI
CTaJIol MITIBOK MPH Pi3HUX 3HAYCHHSX AOBXKWHH XBHJI BUIIPOMIHIOBaHHSI.

B pesynbTaTi IOCHiIKEHh BCTAHOBJCHI (DI3MKO-TEXHOJIOTTYHI PEKUMHU
ocapkeHHs1 TiBok CdSe 3 onTHMajIbHUMU, IJIsi BUKOPUCTaHHA B SIKOCTi
MOTNIMHAIOUMX ~ IIapiB  TaHAEMHHX  TEeTEPONEpexilHUX  COHSYHHX
MepeTBOPIOBAYIB, MapaMEeTPaMH.

1. S. Velumani, X. Mathew , et al., J. Mater. Sci. Lett. 22, 25 (2003).
2. C. Baban, M. Caraman, G.I. Rusu, J. Optoel. Adv. Mater. 8, 3 (20006).
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®A30BUI CKJIAJI I TEPMOPE3UCTUBHI BJIACTUBOCTI
IJIIBKOBUX MATEPIAJIIB HA OCHOBI Fe I Pd

Bnacenko O.B., macicmpanm; llununenko O.B., macicmpanm;
Txau O.IL., acnipanm

Ha cyyacHoMy etami po3BUTKY MiKpOEIEKTPOHIKH i CEHCOPHOT TEXHIKH
BEJIMKA yBara MPUIUISETHCS JOCTIDKEHHIO (DI3MKHM MArHITHHX SIBUI B
HU3BbKOPO3MIPHHUX MarHiTO-HEOJHOPIHHUX TUIIBKOBHX MaTepianax TaKhX SK
OaraTtomapoBi IUTIBKOBI CHCTEMH 1 MyIbTHIIApU. 3 IIi€i TOYKH 30pYy
JOCITITHUILKUN THTEpPEC MPECTABIIAIOTh TUTIBKOBI CUCTEMHU Ha OCHOBI Fe i
Pd 3 pi3HOIO TOBIIMHOIO ()epOMATHITHUX IAPIB.

[TniBkogi 3pazku Pd, Fe i Pd/Fe/Il (I1 — migknanka) KOHASHCYBAIUCh Y
BaKyyMi ~ 10 * Tla Ha CKJISHI MIAKIAAKA 3 BIUIABJIECHUMH MOJIOIEHOBUMHE
CTPIIKHSAMH  (JIOCTIIKEHHS TEPMOPE3UCTUBHUX BJIACTHBOCTEH) 1 TOHKI
ILTIBKK BYTJICIIO TOBIIMHOK 20 HM (OCIipKeHHs (a3oBoro ckiany). Jis
KOHTPOJIS TOBIIMHU ILTIBOK B MPOIIEC KOHACHCAIIT 3aCTOCOBYBABCSI METOJT
KBaploBoro  pesoHaropa. Jlus  crabumizamii  TepMOPE3UCTUBHHX
BJIACTUBOCTEH OYJIO MpOBEACHE TEPMOBIINAIIOBAHHS 3pa3KiB Y BaKyyMi B
uHTepBani  Temmnepatyp I, =300-900K. VYV pesymbraTi oTpHMaHi
3anexHocTi p(7), Ha OCHOBI SKMX BU3HAYaJlaCh BEJIMYMHA TEPMIYHOTO
koedinienty omopy (TKO). TemnepaTypa KOHTPOIIOBAJIACH 32 JOIOMOTOIO
XpOMelb-allioMeNeBoi TepMonapu 3 Tounictio + 1 K.

Enexrponorpagiuni mociipkeHHs onxHomapoBux IriBok Fe i Pd
BKa3ylTh Ha Te, Mo ix ¢a3opuii ckiax Biamosigae OLK-Fe i T'IIK-Pd 3
rapaMeTpaMHu PEIiTKy, SKi BiJlIOBiIal0Th MACUBHUM 3pa3kaM. BimnaneHHs
npu 600 K He npusBoauTh 10 3MiHM iX (a3oBoro cxirany. Y ABOMIAPOBUX
IUTIBKOBUX CHCTEMaX (pa30BHl CKJaJl 3aJIGKHUTH Bijl CIIBBIIHOIICHHS MDK
toBmmHaMu (d) okpemux tmmiapiB ta 7. [Ipu BiZHOCHO Matiii TOBIIWHI
wriBku OLK-Fe ¢aszosuii cknan Biamosimae ['IK-t.p. (Pd, Fe), a npu
BIJTHOCHO BEJIMKUX TOBIIMHA ab0 CMiBPO3MIPHHX 3 TOBIIMHOIO TUTiBKH Pd
¢dazoBuii ckman Bimnosimae OLIK-Fe+ I'LIK-t.p. (Pd, Fe) mpu T, = 300-
600 K abo I'lIT-FePd+cnign Fe;O4 Ta Fe,O5 3 mapaMeTpaMul pelliTky, o
BIJINIOBIIalOTh MAaCHUBHUM 3pa3kaM, npu 71> 600 K. Bigmitumo, 1o
OTPUMaHI pe3yabTaTH J00pE Y3TOMKYIOThCS 3 JAHUMHU POOIT IHIIUX
aBTOpiB (AWB., HanpuKiaf, [1, 2]).

117



CEKLIA 5: Dizuuni npoyecu 6 mamepianax Mikpo- i HaHOEIeKMPOHIKU

ExcnepumenTtanbhi 3anexsocti mutomoro omopy (o) i TKO (B) Bin
ToBIMHU (d), oTpuMaHi B poOOTi, MOBHICTIO BiJIOBIalOTh KJIACHYHUM
po3MipHHM edeKTam, 3TiAHO SIKMX P MOHOTOHHO 3MEHIIYEThCs, a 3 3pocTae
i3 30UIBIICHHSIM d, BUXOISYM Ha ACHUMIITOTUYHY BEIHYUHY P, 1 [o. Y
nBomapoBux IuiiBkax Ha ocHoBi Pd i OLIK-Fe xapakrep TemmepaTypHOi
3aJIOKHOCTI TIPH TIEPBOMY TEPMOCTAOMIN3AIIHHOMY UK, SK 1 Y BUIAJIKY
onHomapoeux miiBok Pd 1 OI[K-Fe, cyrreBO 3anmexuth Bix
CHIBBITHOLIEHHS! TOBIIMHM OKPEMHX IIapiB. AJie MICHIs MEPIIOro LUKITY
BIMMANIIOBAaHHS. B JBOIIAPOBHX IUTIBKAX CIOCTEPIra€Tbcsl MeETalleBHiA
XapakTep MPOBIAHOCTI 1 BCi IUTIBKOBI CHCTEMH MAIOTh MPAKTHYHO OHAKOBY
YyTIUBICTH P 10 3MiHU TEMIEPaTypH.

Takum yrMHOM, y pPOOOTI MPOBENEH1 TOCTiKeHHs (a30BUX MEPETBOPEHB
B JIBOIIApOBUX IUTiBKaX Ha ocHOBi Fe 1 Pd Ta ycranoBieHi TemmepaTypHi
iHTepBanu yrBopeHHs 1 napamerpu pemritok ['K-t.p.(Pd, Fe), TLIK-FePd i
I'IT-FePd; orpumani exciepumenTanbHi TemiepatypHi 3anexnocti p(7) i
P(T) nnsa pBomapoBUX IUTIBOK, (ha30BHid CKiaj sKux Bimnmoimae T.p.(Pd,
Fe), neynopsinxoaniii I'LIK ¢aszi ado ynopsnkosaniii I'LIT ¢daszi FePd.

PobGora BuKOHaHa B paMKaxX CHUTBHOTO HAYKOBO-TEXHIYHOTO MPOEKTY
Mk CyMCBKHM Jiep)KaBHMM yHiBepcuTeroM 1 IHcTHTyTOM (i3uKH
VuiBepcurery iM. U.I'yren6epra (M. Maiinn, Himeuunna).

Kepisuuk: Oanonsopens J1.B., doyenm
1. S.B. Qadri, T.M. Keller, C.A. Little, Appl. Phys. A 81, 587 (2005).

2. W. Wunderlich, K. Takahashi, et al., J. Alloys Compounds 475, 339
(2009).
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CTPYKTYPHO-®A30BUI CTAH EJEKTPOXIMIYHHUX
KOBAJIbTOBUX NIOKPUTTIB

[ponenko 3.M., doyernm; Inmakos O.B., macicmpanm
CyMmITY im. A.C. Makapenka, M. Cymu

I3 Bciei pi3HOMAHITHOCTI METOAIB OJEpKaHHA TOHKHX (MIKpOHHOI
TOBIMHM) KOOAJIFTOBUX IMOKPUTTIB Ta YJIBTPATOHKHX IUTIBKOBHX IIapiB
3BEpTaE Ha ceOe yBary MeToj eIEKTPOXIMIYHOTO OCaJKCHHS HE TIIBKU Y
3B’SI3KY 13 BiJJHOCHOKO MPOCTOTOI OOJIaJIHAHHS Yy TIOPIBHSAHHI 3 METOJIaMU
MOJIEKYJISIPHO-TIPOMEHEBOT  eMiTakcii 1 BaKyyMHOTO HalWIEHHS, a H y
3B 13Ky i3 MOMKJIMBICTIO OJep)KaHHSl MIapiB MOKPHTTIB i3 OJHOPITHUMH
(i3UKO-XIMIYHHUMH BIACTHBOCTSAMH. Y IbTPATOHKI MJTIBKOBI MIapu KOOAIBTY
3HAWILIA 3aCTOCYBAHHS B KOMIT IOTEPHIM TEXHilll, a TAKOXK y MEpCIeKTUBI
— Uil BUTOTOBJICHHSI MAarHiTHMX TPaH3UCTOPIB, ONTHYHHUX TEHEPaTOpiB
TOIO, OCOOJMBO SIK CKianoBi OaratomapoBux cucrtem 3 Cu, Ag [1].
Bigbimicte AOCHIKEHh BHUKOHAHO HA BIAHOCHO TOHKHX INIIBKOBUX
CHCTEeMax TMOopsAKa JEeKUIbKOX HM, OTPUMaHMX METOJIOM BaKyyMHOI
KOHJIGHCAIlii, aie 3 TOYKH 30py BHUBYECHHS (Pa30yTBOpEHHS y TUIIBKOBHX
CHCTeMax Jy>Ke BaXXJIMBUM MOMEHTOM € MPOBEJEHHS TaKUX JOCIiKEHb Ha
OLIBII TOBCTUX 3pa3kax (MIKpOHHOI TOBIIMHN).

Meroro Hamoi poOoTH OyinO BCTaHOBJIEHHS MapaMeTpiB MpOIeEcy
SNeKTPOXIMIYHOTrO oca/pkeHHss Co Ha PI3HMX MiAKIANKax (craib, Mifb,
CTallb 3 MiamiapoM cpibia) i JOCTIPKEHHS BIUIMBY TEPMOBIAMAJICHHS Ha
(hazoBHii CKJIaJ] Ta CTPYKTYPY ITOKPHUTTIB.

Jns HaHeceHHS KOOAJIbTOBOTO MOKPHTTS 3aCTOCOBYBAIM CTAHAAPTHHIM
cynbhaTHUI eNeKTpOoNiT, CpiOHOro — HOAMOHMIA, TMapameTpu Mpolecy:
rycruHa  ctpymy  (3-5)-10° A/m%, 293 +3 K (Co); rycTuHa cTpymy
(0,2 + 0,4)-102 AM, 296+ 3K, pH=8,0 (Ag). [Jns nociimkeHHS
TepMonudy3ii MpoBOAMIM BimnamoBaHHS 3paskiB npu (393 + 773) K
npotaroMm 2-4 ronuH. PertreHodazoBuii aHasi3 mpoBOIAMIIHN 33 JOIOMOT'0IO
mudpakromerpa JIPOH-2.0 B K,-BunpomintoBanni Cu, einekrpoHorpadivni
JOCITIPKEHHS — eNeKTpoHHoro mikpockony [TEM 125K. [Ins npoBeneHHs
eNeKTpOHOrpapiyHUX  AOCHi/KEHb 3pa3Kh 3 MOKPUTTSIM  YTOHSUIH
MeXaHIYHUM MEeTOI0M (ILTipyBaHHS) Ta XIMIYHUM (TpaBJICHHS BiAIIOBITHH-
MU €JIeKTPONITaMH).
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[pomec koOGanbTyBaHHS Ma€ MEBHI OCOOIMBOCTI y 3B’3KY 3 iICHYBaHHIM
KOOaNbTy y ABOX aJOTPOITHUX Moaudikamisx (o- i B- ¢popmax), mo cuibHO
Pi3HATBCS 3a (PI3UKO-XIMIYHMMH BJIACTUBOCTSMHU, BHACIIJIOK TOTO, IO O-
Co Mae rekcaroHajbpHy IIuIbHO ymakoBaHy rpatky (I'LIT - Hu3bko-
temnepatypaa ¢opma), a [-Co — xyOiuny rpanenentpoBany (I'IK-
BHCOKOTEeMIIepaTypHa (opma); Temriepatypa (a3oBOro mnepexoay Mae
Benuuuny 7o = 692 K.

ExcrniepuMeHTaIbHO BCTAHOBJIGHO Ha OCHOBI KIHETHYHHMX 3aJISKHOCTEH
ONTHUMAaJbHUNA pPEKHUM Tporecy enekTposigHoBieHHs Co 1 oxpepxaHO
Ko0anbToBl MOKpHUTTS pizHOi ToBmmMHHU (0,1 — 5 MkM). MikpoTBepaicTh
nokputts H,=227 x['/mm* (mo Binmanemms) i 212 x[/mm® (micms
TepMoBianaieHHs npu 573 K).

Posmmdposka pentreHorpamu Big mokputts Co, OcaKEHOro Ha
CTaJIbHIA 1 MIJHIA MAKIAAl, Majia TEeBHI TPYJIHOI, OCKIIBKH Ha
pentreHorpami ¢ikcyerscss Bcboro aBi minii ((100) 1 (110)), ski
Bignosimatote o- Co 3 T'LIIT rpatkoro. 3aranbHuil BUJ PEHTICHOTPAMH
CBIIYHTH, IO CTPYKTYpa MOKPUTTA BiANOBiIA€ MIKPOKPUCTANITHIN Momeni
amopdHoi (asu 3 posmipom MikpokpucTandiTie mopsaka (80-90) A.
BignanroBaHHs 1MX 3pa3kiB 10 Temiepatypu 623-673 K He mpu3BOIUTH JI0
¢azoBoro nepexony a-Co — B-Co i TUIBKH IpU TeMIepaTypi BHIIMIA 3a
700 K Ha peHTreHorpami 3’ sIBIAIOTHCS JiHii, siKi XapakTepHi At B-Co.

VY pasi ocamxenns Toukux mapiB Co (nmopsmka 0,1 MkM) Ha cranp 3
migmapoM Ag MU BHSBHIIM TaKy OCOONHUBICTH. Y HEBIINAIEHOMY 3pa3Ky
cnoctepiraetbes asza B- Co (mepma (111) i mpyra minig (200)), a micns
BignamoBanHs npu 573 K 3’sBnserscst (aza o-Co, a Bxke micis Bignaity
npu 700 K, sx i cmin ouikyBatu, — 3HOBY [(-Co. Lle sBuime MoxHa
MOSICHUTH MOMJIMBUMH CTPYKTYPHHMH HampYyXCHHSIMH B TOHKHX IIapax
KoOanbTy, SKi TNPHU3BOIATH J0 YTBOPEHHS B Tpoleci KOHAeHcaii
BrucokoremnepaTypHoi ¢asu - Co 3 'lIK rpatkoro, sika MOBTOPIOE TPaTKy
I'IK Ag, a B ToBcTux mapax Co abo mpu Ttepmosignanenni (7 < Tp)
BimOyBaeThcs  craOimizamis  ¢asu  o-Co. HaBegeni  pesynbTaTi
MiATBEP/UKYIOTECSA 1 eNeKTPOHOrpa(iuHUM METOJIOM MpH AOCIiIKEHHI
OLIBII TOHKHX 3Pa3KiB.

1. B.M. ®enociok., B. Illapuarep wu nap., Memanogus. Hoseluue
mexnon. 22 Ned, 42 (2000).
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BIIVIUB 1OJATKOBHUX LIAPIB NI HA E®EKT I'MO
B IIVIIBKAX Co/Cu/Co

Jlobona B.B., ooyenm; lllkypnona FO.0., c.x.c.;
Konomienp B.M., macicmpanm; Xoxnosa T.B., cmyoenm
CyMmITY im. A.C. Makapenka, M. Cymu

ITmiBkun  Ni/Co/Cu/Co/Ni ta Co/Ni/Cu/Ni/Co 3 dc, =20+ 30 uMm,
dni=5+20H8M Ta doy =5 + 15 HM Oynu oTpuMaHi y BaKyyMHil yCTaHOBIII
BVII-5M (tuck rasis 3anmmkoBoi armochepu 10 *Ila) merogom
MOYEeproBoi KOHJIEHcallii MIapiB MeTaliB MpH KIMHATHIA TeMmepaTypi.
Konpnencaniss 1iiBok 3ailicHIOBanacs B 30BHIIIHBOMY OpPIEHTYIOUOMY
Mar"itHomy mnoii 3 iHxgykiiero B =10 mMTn Ha ckiusHi nodipoBaHi
MiAKIaAKH 3  TONepPeJHbO HAHECEHHMH  MITHUMH  KOHTAKTHUMH
wiomaakamMu. Maraitoonip (MO) rutiBok (y marniTHOMY nionmi o 0,1 To)
BHUMIPIOBaBCS Yy CHEUialbHO BUTOTOBIIEHIM YCTaHOBII B yMOBax
HaJBHCOKOro Oe3macisHoro Bakyymy (10 ¢+ 107 ITa), mo a03BOMSIO
OTPUMYBATH 3aJIGKHOCTI TIOB3JIOBXKHBOrO Ta momnepedynoro MO Bix
BEIMYMHM 30BHIIIHBOIO MArHITHOTO TONsi B IHTEpBali TeMIIEpaTyp
150 + 700 K. Ins weBignanenux 3pa3kiB Ni/Co/Cu/Co/Ni 3 dc,=5 + 15 um
CIIOCTEPIraeThCsl TUIBKM 3MEHIICHHS eEKTPOONOopy NMpU BHECEHHI 3pa3KiB
y MarHiTHe ToJjie He3aJIeXKHO Bij Horo Hanpsmy. Llel dakT € xapakTepHOO
O3HaKow rirantcekoro marditoonopy (I'MO). Benuunna MO mis mux
wrBok ckiamae 0,2 +0,4%. VYV mpoueci BiAnmamioBaHHS 3pa3KiB MpH
temmnepatypi Ty, =400 K crioctepiraeTbest 301UTbIIEHHS aMILTITY 1 eeKTy
I'MO y 3+ 5pasis. Ilicns BiamamoBaHHS TUTIBOK Tpu 1y, = 550 K
(IKCYEThCS TMOSBA aHI30TPOIIT MAarHiTOONOPY HE3AJIEKHO BiJ TOBIIMHU
mpomapky Miai. BeawmuumHa MarHITOOMOpy 3MEHIIYETHCS TPU LBOMY B
2 + 10 paziB. Cain BiamituTH, 0 B TpuiapoBux miiBkax Co/Cu/Co edekt
I'MO peanizyerbcss HaBiTH MICHS IX BinamroBaHHS MpU Ty, = 700 K 1
csarae 4% mnpu kiMHaTHIH Temneparypi. [losBa momaTkoBux mapiB Ni
NPHU3BOAWUTH O YTBOPEHHS B TMpPOIECi BiAMallOBaHHS TBEPAOTO
po3uuny (Co, Ni, Cu), 1o CHpUYMHSE TIOPYIICHHS I1HAWBIIyadbHOCTI
mapiB 1, SK HACHIJIOK, BUKIIOYCHHS CIIIH-3aJICKHOTO0 PO3CIFOBAHHS
enexTpoHiB nposigaocti. st cuctem Co/Ni/Cu/Ni/Co edpexr MO He OyB
BHSIBJICHUI HaBITh JUIS CBKOCKOHJICHCOBAHMX IUTIBOK, IO i3 YTBOPEHHSIM
TBeporo po3unny (Ni, Cu).
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JOCHIIKEHHSA EJIEMEHTHOI'O CKUIAZY IVIIBKOBUX
CIIUIABIB CoNi

CanrtukoBa A.l., doyenm; Jloboga B.b., doyenm,
Kpagsuenko B.O., suxiadau
CyMmITY im. A.C. Makapenka, M. Cymu

[MpoBeneno nmociimkeHHs XimMiuHOro ckmangy miiBok cmiaBiB CoNi,
OZIEp’)KaHUX METOAOM  ENeKTPOHHO-TIPOMEHEBOI'O  BHIIAPOBYBAHHS Y
BakyyMi. SIK BUXiTHHI MaTepian AJisl BUIIAPOBYBAaHHS BUKOPUCTOBYBAJIMCS
MAacCHBHI CIJIaBH BiIOMOT'0 CKJIay. 3TiHO 3 JiTepaTypHUMH nanumu, Co Ta
Ni maroTh mpu 3aAaHiil Temmepatypi ONM3bKI TUCKM HACHYEHHX IapiB.
TeopernuHa OIiHKa T[OKa3ye, 10 KOHIICHTPAIlis KOMIIOHEHTIB Yy
rriBkoBoMy crutaBi CoNi moBHMHHa OyTH TaKoOm X, SK 1 y MacHBHOMY
3pa3Ky, a IUIIBKM - TOMOTCHHUMH 3a TOBHIMHOIO. JlJis mepeBipku
BIJINOBITHOCTI CKJIaJly TUTIBKOBMX CILUIABIB BUXIIHOMY MaTepiaqy HaMH
OyJv MpOBeNEHI JOCTIKEHHS 3 BUKOPUCTAHHSIM CHEPrOAUCIICPCIHHOrO
CleKTpoMmeTpa. Pe3ymbTaTw BKa3yloTh Ha Te, L0 MNPHUIYIIEHHS PO
HE3MIHHICTh CKJJy IUTIBOK y IIOMY MinTBep kyeThes. Lle mo3posise
3aMpONOHYBAaTH JOCHUTh TPOCTY TEXHOJIOTIKD OJIep)KaHHS IUIIBKOBUX
crutaBie  CoNi Hamepen 3asaHoro ckiany. s ITiBOK CHOCTEPIra€Thes
JIOCUTH noope CHIBIIAJaHHA OUIKYBaHOTO Ta BU3HAYEHOI' O
eKCIIEPUMEHTANbHO. [HIIMM METOIO0M AOCHIIKEHHS EIEeMEHTHOro Ta
130TOMHOTO  CKJaay TIUTIBOK MoXe OyTH BTOpMHHAa i0OHHAa Mac-
cnekrpometpis (BIMC). Ha BimmiHy Big mMomnepeAHbOTO METONY, SKHM
JI03BOJISIE BU3HAYMTH XIMIYHMK CKJIaJ YCEpeJHEHWH 3a TOBIIMHOIO Y
JocnipKyBaHid  obmacti, meroq BIMC nosBoisie oTpumaTd JlaHi mpo
pO3MOT  eJIEMEHTIB 32 TOBIIMHOK IUIIBKH, OCKUIBKM B IpoIeci
JOCITIKEHHS 3A1HCHIOETHCS TTOCTYIIOBE TPaBJIEHHS 3pa3Ka i0HaMHU aproHy.
BHacniiok 1bOro MOXIMBUM € TOPIBHAHHS CKJIaly IUTIBOK Ha Pi3HIN
MIMOMHI  Bil TIOBEPXHI, a, OTXKE, IepeBipka TOMOTEHHOCTI CKJIAIy
TUTIBKOBUX 3pas3KiB. 3TiTHO 3 JIiTepaTypHUMH JAaHUMU Ni Mae 5 ctabinbHUX
130TOMIB, 3 HUX HAWOLIBII MOIIMPEHI ¥Ni Ta “Ni (BimHOCHa JoJIs1 67,76
at.% Tta 26,16 at.%). Co mpencraBieHUN OJAHMM CTAOUIBHHM i30TOIOM
Co. [pu nmocnmimkenusx weromom BIMC B mmiiBKOBHX —cILIaBax
CHOCTepirajimcs caMe Ii HalOUIBII iHTEHCHBHI Mmiku. [l OILIHKKA BMICTY
KOMIIOHEHTIB y CIJlaBi HaMH BHKOPHUCTOBYBAJIOCS CHiBBIIHOIICHHS
inTencuBHocTeii mikis i3otomiB  *’Co ta *Ni (y). IlopiBHAHHS BENUUMHH ¥
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JUISL OJTHOT'O 1 TOTO X CIUIABY y 3aJIKHOCTI BiJ MIMOWHU TOKAa3ye, 110 B
MeKax TOXuOku ¥ =const. [anuii Qaxkt miaTBEpIKYE TOMOTEHHICTh
oJiepxaHuX TIBOK crutaBy CoNi 3a TOBIIMHO.

3a maHUMU JOCII/PKCHHS IUTIBKOBUX 3Pa3KiB 3 PI3HOI0 KOHIICHTPAIIEIO
Hamu Oyna moOymoBaHa 3aJIeKHICTh ¥ BiJl BMICTy KOMITOHEHTIB (PHCYHOK
la). IHTEHCHBHICTh TIiKa MPOIOPIliiHA ATOMHUM JOJIIM KOMITOHEHTIB Cy;
1a Cc,. TOml T iIHTEHCUBHOCTEH BUOPAHKX MIKIB MAEMO:

JSS = kK]CNi, J60 = kKZCCOa (1)

JIe¢ BeIMYUHA k BU3HAYAETHCS YMOBAMHU €KCIICPUMEHTY, a KOHCTaHTH K

Ta K, 3aiexarh Big koe(illi€eHTa BTOPUHHOI 10HHOI eMicCii BiIIOBIIHOTO

eNIeMEeHTY Ta eeKTHBHOCTI peecTpallii faHoro izoromy. [Ipmyctusmm, 1o

K, ta K, He3MiHHI Ui Pi3HUX CIUIABIB, JUIS BIIHOIIEHHS IHTCHCUBHOCTEH
OJIEPKYEMO:

_JY K,C., K, 1-Cy K, 1

=< - I |
T T KCy K Cw K \Cy

, 2)

T00TO 3anexkHicTh ¥(Cy;) TinepOoniuHa, a 3anexHicTh ¥(Cy;) TOBUHHA
OyTu miHiifHOMO. SIK BUIIHO i3 pUCYHKa 1, eKCTIepUMEHTalIbHA 3aJISKHICTh Y
HaNpSMHHUX KOOpIUHATaX OJIM3bKa J0 JiHIHHOI.

7, B.O. 7C, B.O.
12t a

g I 200

4t 100 ¢

0 L L 1 1 1 L 1 L L I

1 L 1 0 1 L L
0 20 40 60 Cyi, a1.% 0 20 40 60 Cyi a1.%

Pucynok 1 — 3anexnicts koedimieHTa y Big KonmeHTpaii Ni B ciiasi (a); Ta
K 3IEKHICTh y HAIPIMHKUX KOOpauHaTax (0)

OCKiTbKM TIpM JaHUX TOPUIYHICHHSX ¥ HE 3ale)KUTh BiI YMOB
EKCIIEPUMEHTY, TO L0 BEINYMHY MOXKHA BHKOPUCTATH IJISI €KCIIPECHOTO
aHamizy cxiany meronoM BIMC, noOynyBasim rpaayroBainsHy KpuBy ¥(C)
3a CIUTABaMH 3 BIIOMHUM BMICTOM KOMIIOHEHTIB.
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OCHOBHI METOAU OTPUMAHHSI HAHOMATEPIAJIIB
Horpebnsk O. M., npoghecop; Aem’suenko A.O., cmyoenm

Jls oTpUMaHHS HaHOMAaTepialliB B OCHOBHOMY BHKOPHCTOBYETHCSI TEXHOJIOTIA
TIOPOIIKOBOI MeTalyprii 1 KepoBaHOi Kpucramizamii i3 amMoppHOro craHy sKi B
CBOIO 4Yepry B 3aJIeKHOCTI BiJi TNPHUHIMIY OTPHUMaHHI HaHOMaTepialiB
XapaKTepU3ylThCS CYKYITHICTIO METOIB, IO JO3BOJSIOTH OTPUMYBATH TBEPIi
HaHOMAaTEePiIH.

OTpuMaHHS HaHOMaTepiaiiB 3a JOMOMOIOI0 METO/IB MOPOIIKOBOI METalyprii
MOXXHa YMOBHO IiIPO3AUIUTH HA JIBI TPYITH - METOH OJ/IepKaHHS HAHOIIOPOIIKOB 1
METO/IM KOMITAaKTypOBaHHUS 3 HUX MaTepialis.

JlocTaTHBO MOIYIIPHUM € METOJ] BUOYXOBOIO BUIIAPOBYBAHHS, I1I0 3aCHOBAHHUH
HAa BWJUICHHI BEJIMYE3HOI KUTBKOCTI €HEprii 3a Maluii MpoMikOoK uacy. Metoj
JIO3BOJISIE  BUTOTOBJISITH ITTOPOLIKM BHUCOKOI YHMCTOTH cdepuyHoi Gopmu 3
po3MipaMu 4acTok 70 5-10 HM, y TOMY YHCIIi 3 METaJIiB 3 BUCOKOK) TEMIIEPATyPOIO
TUIABJIEHHS 1 BEJIMKOIO XIMIYHOIO akTHBHIicTIO. Ha puc. 1 npuBenena gororpadis
HaHoropoiky NiO, 0TpUMaHOr0 METOIOM €JIeKTPOBHOYXY.

Pucynok 1 — Hanonopomok NiO, oTpuMaHuii METOZOM €IEKTPOBHOYXY

AmopdHui MmeraneBi cmiaBu (AMC) € HOBUM TEPCHEKTUBHHM KJIacoM
MatepiaiiB. AMOPQHHUI CTaH CIJIaBy XapaKTEPH3YEThCS BiJCYTHICTIO JAJIEKOTO
TOPSJKY B pO3TAalllyBaHHI aTOMIB yHakyBaHHS. Takuii CcTaH JOCSATAEThCS OYXKe
LIBHIKUM OXOJIOJPKEHHSIM MaTepiaily 3 ra3ornonioHoro, pigkoro abo ioHi30BaHOTO
CTaHy.

VY SKOCTI TEpCHeKTHBHM MOXKHAa pPO3IJISIIaTH OfIEpPXKaHHS HaHOKPHCTAJIIuHOI
CTPYKTYpH [UIIXOM iHiIiamii IpomeciB Kpucramizamii npu  jaedopmaporii
aMop(HOro MaTepiany.
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CIIOCOBUY BUBHAYEHHSI MEXAHIYHUX BJIACTUBOCTEM
TBEPAUX TLJI

orpeonsik O./1., npoghecop; Sxymenko 1.B., cmyoenm

B ocranHiii 4ac g1 BH3HAUCHHS MEXaHIYHUX XapaKTEPUCTUK —
TBEPJOCTI Ta MOJYJS MPYKHOCTI TTOBEPXHEBUX HIAPIB BHKOPHUCTOBYETHCS
METO/I HENEepepBHOr0 IHIEHTYBAaHHS NpPU MaJlMX HaBaHTAXCHHS, SIKUH
OTpYMMaB Ha3By HAHOIHIEHTYBaHHS, OCKUIbKM HABaHTa)XCHHS iHIIEHTOpa
MPOXOAUTh HAa TIUOWHI Bl NEKIIBKOX JECATKIB JI0 COTEHb HAHOMETDIB.
Meroa HaHOIHIEHTYBaHHS J03BOJISIE BUBYATH MiKpOMEXaHIUHY TOBEHIHKY
Ta CTPYKTYpHY UyTJIHMBICTh MEXaHIYHHUX BJIACTHBOCTEH Ha MallUX 3pa3Kax
TOHKHX ILTIBOK Ta TIOKPHUTTIB.

CyTp MeTomy MOJsra€ B TOMY, IO IHJAGHTOP PYXaeThCs BiITHOCHO
JOCITIJDKYBaJIbHOI TOBEPXHI 3pa3ka, 3aHYPIOIOYKHCh y HEi 3 BHCOKOIO
TouHicTio. [lpy mbOMy 3ycHilIs, MPUKIIAJIEHE 10 1HACHTOpa, Oe3MepepBHO
peectpyeThes. Sk mpaBWIIO, B SIKOCTI IHJCHTOpA BHKOPHCTOBYETHCS
TpbOXTpaHHa a00 YOTHPHOXTPaHHA ajIMa3Hi Mipamian.

TumoBa ekcrepuMeHTaNbHAa KpHUBa HENEPEpBHOrO iHACHTYBaHHS,
3aJISKHICTh HABAHTAXXCHHS BiJ] IIMOWHY BJIABJIIOBAHHS MPUBEICHA HA PUC.
1. BepxHs kpuBa BiANOBiZa€ BaHTAKEHHIO Ta BijloOpakae omip Martepiainy
BXO/PKEHHIO 1HJEHTOpa, a HIKHS KpHBa OMKCYE MOBEPHEHHS aedopmartii
TICJISL 3HATTS 30BHIIIHBOT 3arPy3KHU.

1%‘

Harpyzka

Foarpyaka

Harpyaka, H

=3
;
=2

[MWEWHa BAABNIOBAHHA, HM
Pucynok 1 — 3anexHicTb Harpy3Kky Bijl [NIMOWHY BJIaBIIOBaHHS
1. H.A. Azapenkos, B. M. bepecues, A./l. Ilorpebnsix, Hanomamepuane,

Hanonoxpvimus, Hanomexronocuu (XapokoB: XHY mm. B.H. Kapaszuna:
2010).
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OCHOBHI METOIM OTPUMAHHSI HAHOMATEPIAJIIB

Horpe6nsk O. ., npogecop; Nem’ssaenko A. O., cmyodenm

Jlis oTpUMaHHS HaHOMAaTepialliB B OCHOBHOMY BHKOPHCTOBYETHCSI TEXHOJIOT1s
TIOPOIIIKOBOI METAYpTii 1 KOHTPOIIOEMOI KpHUCTai3allii i3 aMOppHOro cTany siki B
CBOIO 4Yepry B 3aJIeKHOCTI BiJi TNPHUHIMUIY OTPHUMaHHI HaHOMaTepialiB
XapaKTepU3ylThCS CYKYITHICTIO METOIB, IO JO3BOJSIOTH OTPUMYBATH TBEPIi
HaHOMAaTEePiIH.

OTpuMaHHS HaHOMaTepiaiiB 3a JOMOMOIOI0 METO/IB MOPOIIKOBOI METalyprii
MOXXHa YMOBHO IiIpa3/ijIuTH HA ABI IPYIH - METOAH OJIEpKaHHS HAHOIIOPOIIKOB i
METOIY KOMIIAKTYpOBaHWs 3 HUX MaTepiaiiB. Psii MeroniB, 3alieXHO Bif IXHIX
BapiaHTiB, MOXYTh BHKOPHCTOBYBATHCS JUIS OJIEpKaHHS HAHOMOPOILUKIB 1 JUIs
(dhopmyBaHHS 00’ €MHHUX BHPOOIB.

MoxHa BHIUTUTH psl OCOOIMBOCTEH, XapaKTepHHX ISl BCIX METOJIB
OTPUMAHHS HAHOMOPOIIKOB iX, MO W BiJNPi3HSIOTH, Bl METOMIB OJCPIKAaHHS
3BHYAWHUX MOPOIIKIB!

®  BHCOKa MIBHJKICTh YTBOPY LIEHTPIB 3apOJHKEHHS YacCTOK;

e  MaJa MBHJIKICTH POCTY YacTOK;

®  HaWOUIBIINI PO3MIp OIEpXKYBaHUX YacTOK He rnepesuirye 100 HM;

e BY3BKHMI Jiama3oH pPO3MOJUTY YacTOK II0 po3Mipax, CTaOUIbHICTh
oJiep )KaHHs YaCTOK 3a/JaHOTO PO3MIPHOTO Jiana3oHy;

BiJITBOPIOBaHICTh XIMIYHOTO # (ha30BOro CKJIaly 4acToK;

®  [i/IBUIIEHI BUMOTH JI0 KOHTPONIIO i KEpYyBaHHIO MapaMeTpaMu IPOLECY

onep KaHHsL.

3araqpHOI0 OCOOJIMBICTIO HAaHOYACTHHOK ITOPOUIKIB, OTPHUMAHUX OYIb-SIKUM
METOJIOM, € IXHS CXHJIBHICTB JI0 00'€/JHaHHS B arperarty i arjaomeparu.

AmopdHui MmeraneBi cmiaBu (AMC) € HOBUM TNEPCHEKTHBHHM KJIacoM
MaTepiaiiB. AMOpQHHUII CTaH CIUIaBy XapaKTepPH3YEThCSI BIJCYTHICTIO NAJIEKOr0
TOPSJKY B pO3TAalllyBaHHI aTOMIB yHakyBaHHS. Takuii CcTaH JOCSATAEThCS OYXKe
LIBHIKMM OXOJIO/DKEHHSIM MaTepiaily 3 ra30mnojioHoro, piakoro adbo ioHi30BaHOT'O
CTaHy.

VY SKOCTI TEpCHeKTHBHM MOXKHA pPO3IJISIIaTH OfIEpPXKaHHS HaHOKPHCTAIiuHOI
CTPYKTYpH [LUIIXOM iHiIiamii IpomeciB Kpucramizamii mnpu  jaedopmaporii
aMop(¢HOro MaTepiany.

1. H.A. Azapenkos, B. M. bepecnes, A./l. [lorpedusik, Hanomamepuarnul,
Hanonokpwvimus, Hanomexnonrocuu (XappkoB: XHY wum. B.H.
Kapasuna: 2010).
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HAHOKOMITIO3UIINHI MATEPIAJIU TA METOIU
IX OTPUMAHHS

Morpeonsik O./1., npoghecop; Nocronwuuii b.0O., cmyoenm;
Baiinak B.C., cmydenm

[onynsipricte ciiB 3 npedikcom "HaHO" 3pOCTa€ 3 KOKHUM POKOM,
MicsIieM, a, MOXKIIMBO, i JHeM. Taka MmomyJsipHiCTh MOSCHIOETHCS 3pOCTAI0UUM
MOMUTOM Ha HOBI TEXHONOrl Yy pI3HOMaHITHHX Tally3(X HayKd 1
MPOMHCITOBOCTI.

OmHrM 3 TakuX HampsMiB € 33J0BOJIEHHS IMOTpeO JIIOACTBA y HOBUX
Marepianax Ta peEUOBHMHAX. Y Cy4acHOMY CBIiTi Bce Oulbllie yBaru
NPUAUBIETECS SKOCTI Ta YHIBEpCAIbHOCTI MaTepiaiiB, a TaKoXK 3HIDKEHHIO iX
co0iBapTOCTi. 3BUYHI HAM PSYOBHHU BXKE HE 33JI0BOJILHSIOTH ChOTOJICHHS, Ha
3MiHY iM IPUXOJSTH HAHOKOMITO3UTHI MaTepiaiu.

HanokoMmo3uTHI MarepiajaMy Ha3UBalOTh KOMIIO3MILIMHI MaTepianu, sKi
MPENICTaBISIOTh COOOK0 T'eTepOreHHI CHCTEMH, IO MAalOTh y CBOEMY CKIIAJi
npuHaiiMHI 01HY (azy 3 po3MipoM CTpYKTYpHOro efemenTa Metmie 100 Hu.

B 0CcHOBY CTBOpEeHHsI HAHOKOMIIO3WTIB IMOKJIAJEHO METy OO'€AHAHHS B
OJTHOMY Marepiajli KpaluxX BJIACTUBOCTEH CKIIAJOBUX WMOr0 KOMITOHEHTIB,
HampsSAMIICHMX Ha TIOKpalleHHs Horo (i3WKO-MEeXaHIYHUX, XIMIYHHX,
MarHiTHMX, BHCOKOTEMIIEPAaTypHMX BJIACTHBOCTEH Ta Ha crabimizaliio
HAHOCTPYKTYPH TPH OTPUMaHHI HAHOKOMIIO3HMTY, a TaKOX B Tpoleci Horo
eKCILTyaTarlii.

B Ham wac oTpyMaHi JECSATKM HAHOKOMIIO3UTIB 3 BHUCOKMMH (hi3UKO-
MEXaHIYHUMH BJIacTUBOCTAMH. OnucaHi W po3poOieHi 10 IbOro Yacy
HAHOKOMIIO3UTH TIPEJCTABJISIOTH COOOK MIKpO- HAaHOKOMITO3MTH. JIjist
HAaHOKOMIIO3WTIB HEOOXimqHa HOBa KiIacHikalis, B SAKId MaTpuls
HAHOKpHUCTaJliuHa, a Japyra ¢a3a Moke OyTu pi3HOI JUCIEPCHOCTI Ta
Mopdororii.

BararormapoBi HAHOKOMITO3UTH Ha CHJIIKATHIH OCHOBI NPHBEPTAIOTH BCE
Ourtpie yBaru. Lle moB'si3aHO 3 X BUTOTOBJIEHHSIM 3a JIOMIOMOrOI0 MPOCTOTrO 1
pEHTA0CMBHOIO METOAY, KUK J03BOJNSE BIOCKOHATIOBATH BJIACTHUBOCTI
MOJMIMEPIB 32 paxyHOK JOJaBaHHS HEBEIMKOI KIUIBKOCTI — CIeliallbHO
migiOpaHUX HAIIOBHIOBAYIB (OPraHOIIIiH).

HaHokoMmio3uTyi Ha OCHOBiI KepaMikd 1 IMOJIMEpiB MOENHYIOTh y €001
SIKOCT1 CKJIQIOBUX KOMITOHEHTIB: THYYKICTB, MPYXHICTb, MEpepoOIIIOBaHICTh
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MOJMIMEPIB 1 XapakTepHy CKIy TBEPIICTb, CTIMKICTh 1O 3HOCY, BHCOKHUMA
MOKa3HUK 3aJIOMJICHHS CBITIA.

SIKi 5k iCHYIOTh METOJM OTpUMaHHS HaHoMarepiaiiB? Bei Meromu moxxHa
MOAUTITH HAa [Bl BENWKI TPYNH: «3HU3Y-BrOpy» — MOOyHIOBa CTPYKTYpH 3
HAHOYACTOK Ta «3BEPXy-BHU3» — MEPEBECHHS CTPYKTYPH JI0 HAHOPO3MipHOTO
CTaHy.

[Nepma rpyna MeroiB BKIItoUae GisnvHe Ta XiMiYHE OCaKEHHS 13 TapoBOi
¢asu PVD ta CVD BimnoBigHo. A apyra rpymna — METOAM IUIACTUYHOI
nedopmariii.

Meromn (izUUHOro OcapKeHHs: TepMiuHe BHIIAPOBYBAHHS OCaKyBaHOT
pPEUOBHMHM, KaTOAHE Ta MAarHeTpPOHHE pO3MHJICHHS, BaKyyMHO-IYTOBE
OCaJDKCHHS, 1OHHO-IIPOMEHEBE PO3IMWICHHS, IOHHY IMIUIAHTAII0 Ta
MOJIEKYJISIPHO-IIPOMEHEBY EITITAKCIIO.

XimiuHe OcCaJKEHHS i3 mapoBoi  (asu  MPOBOJMTHCS — 3aBJISKU
BUKOPHCTaHHIO XIMIYHUX peaKiliii BiIHOBIEHHS, MIipOi3y MiJ Ji€I0 BUCOKOTO
THUCKY Ta TEMIIEPaTypd 1 BKIIOYa€ B ce0e OCa/PKEHHS 3 BUKOPHCTAHHAM
TUIA3MH TITIFOYOTO PO3PSILY Ta METO aTOMHOTO MOMIAPOBOI0 OCA/DKEHHSI.

[pu BUKOpHCTaHHI METO/IB TUIACTUYHOI ehopMallii BiOYBa€eThCA CHIIbHE
MopiOHEHHsT MIKPOCTPYKTYpU B MeTalax Ta CIUlaBaxX J0 HaHOPO3MIPHOro
Jmana3oHy Ta  (QOpMyBaHHS  YABTPAJAPIOHO3EPHUCTUX  CTPYKTYp 3
BEJIMKOKYTOBHMH TPaHUIISIMHU 3€pPeH ITiji THCKOM B Jiekinbka [ Tla.

Meronn BKIIOYAlOTh B ceOe: KpydeHHsI MPU BHCOKOMY THCKY Ta METOJ
PIBHOKaHAILHOTO TIPECYBAHHSL.

Ls rpyna meroniB J03BOJSIE OTPUMYBaTH 00’€MHI Oe3 MOpHCTI MeTaieBi
HaHOMAaTHpiaau. AJle CIIijJ 3ayBaKUTH, W10 Jialla30H pO3MIpIB  3epeH
MartepianiB, siKi OTPUMYEMO 3a JIOMOMOIOIO JAHUX METOIB, SIK TMPaBHUIIO,
CKJI1a/ia€ OUIBII HIK 75 HM.

1. H.A. Azapenkos, B. M. bepecues, A./l. Ilorpebnsix, Hanomamepuane,

Hanonoxpvimus, Hanomexronozcuu (XapokoB: XHY mm. B.H. Kapazuna:
2010).
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CEKLIA 6: Hanoenexmponixa

OBOBHIEHUE TEOPUU MYJIBTU®PAKTAJIOB B PAMKAX
KBAHTOBOI'O HICUUCJIEHUSA

Onemckoit A.W., npogheccop; Benutuenko A.I'., cmydenm

UccnenoBanuss MynbTU(dpakTanioB MpeacTaBiser co0oi  ObICTPO
Pa3BUBAOIIYIOCS 007acTh (PU3UKK (hPAKTAIIOB.

Unes o ToM, uto (pakransHas Mepa MOKET ObITh MpeCcTaBieHa B3aUMO-
CBSI3aHHBIMH ~ (DPAKTATBHBIMH  TTOMHOKECTBAMH, HM3MEHSIOIMMHUCSA 10
CTCIICHHOMY 3aKOHY C pa3JIMYHBIMU I[IOKA3aTesIMH, OTKPHIBACT HOBBIN
MIPOCTOP JJIsl IPUMEHEHUS (PPaKTAILHON TEOMETPHU K (PU3NICCKHM CUCTEMaM.

[NockonbKy (pakTanbl MPEACTaBISIOT CaMOMOAOOHBIE MHOXECTBA, TO
OpU UX ONMMCAaHHM ECTECTBEHHO HCIIOJb30BaTh KBAHTOBOE HCUYHCIICHHE,
OCHOBOW KOTOpOTrO sIBJsieTCA Npou3BoaHas [xexkcoHa

S AT —1 0
X = 5 6)6 =_. (1)
(A-Dx Ox

OCOOCHHOCTh 3TOM MPOM3BOIHON COCTOMT B TOM, UTO €€ JCHCTBUE HE
M3MEHSCT BHJIa CTCIECHHOW (YHKIIMH, KOTOpas TMPEJICTaBIsSET OCHOBY
Teopuu (pakranos. [Ipeanonaras, 4To MyJbTH(HPAKTAILHOS MHOXKECTBO
MOKPBIBACT dJJIEMEHTapHble suehku = 1,2,....W, W — oo, ompenenum
CTaTUCTUYECKYIO CYMMY

w
Zq:Zplf]’ (2)

i=1

JUI KOTOPOH yCI0BUE HOPMUPOBKU IIPUBOIUT K 3HAuYeHUI0 Z, = 1 npu
qg=1

OcHOBO#l TpeayiaraeMoro moaxoja sABJsieTcsl 000OIIEHHE BBIPAKEHUS
(1) B BUAE nedopMUPOBAHHOTO psia MO CTENEHsIM g — 1:

0

v Sﬁn) (n) v A
Zq ::ZA_le|I’l| ‘(q_l)j, P ZAZZ;,p[ . (3)
n= A‘ =

O600mmennast suTponus Llammca u 06001IEeHHBIH crieKTp (ppaKTaabHBIX
pa3MepHOCTEll BBIpaKalOTCd dYepe3 OOBIUHBIA CHEKTp (paKTalbHBIX
pasMepHocTelt D).
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MYJIbTU®PAKTAJIbHbII AHAJIN3 BPEMEHHBIX PSIJTIOB
SKOHOMUYECKUX CUCTEM

Onemckoit A.W., npogheccop; lllyna U.A., doyenm;
Bopuctok B.H., accucmenm; barnacapsa A.A., cmyoenm

CnoxHOIM caMOrnomo0HOM CTPYKTypol 00JagaeT OOJbIIoe KOJIUYECTBO
MPUPOITHBIX OOBEKTOB U sBIeHMH. Cpeny mapaMeTpoB, OMUCHIBAIOLIMX XOJ
CaMOIIOJIOOHBIX MPOILIECCOB, MOXKHO OTJIENBHO BBIJCIHTH BPEMEHHBIE PSIbI
W3MeHeHnld ~ HaOmomaemblx  BenwuuH.  OCHOBHBIMH — TIapaMeTpamw,
XapaKTepU3yIOLUIMMH CaMOITOI00HBIE CBOHCTBA BPEMEHHBIX PSIJIOB SIBIISIOTCS
MoKa3aTelb XepceTa, a Tak ke CIEeKTP PPaKTaIbHBIX pa3MEPHOCTEH.

OmHUM U3 CYIIECTBYIOIIMX METOIOB ONpenelieHHs] CcaMONOJOOHBIX
XapaKTePUCTUK BPEMEHHOI'O pAJia SIBISIETCS METOJ MYJIbTU(PAKTaIBHOTO
¢daykryanuonHoro anaimmsza (MODA), koTopblil peAnonaraeT YuCICHHbIH
pacuer mapaMerpoB, ONHKCBHIBAIOUIMX caMoronodue. B pamkax maHHOTO
METO/Ia IIMPOKO HCCIEAYIOTCS BpEMEHHBIE psJIbl, OMHCHIBAIOLIHNE
pas3iuYHbIe POLECcCHl B (PU3KKe, SKOHOMHKE, MEJUIIMHE U JP.

CaMoro00HbIe CBOWCTBA BPEMEHHBIX PSIOB MOTYT OBITH 00YCIIOBIICHBI
pa3dpocoM 3HaueHHW paga (MPOKoW (YHKIMEH paclpeacieHus), a Tak
e MPHUCYTCTBHEM Pa3IMUHBIX BPEMEHHBIX KOPPEISIIMA MEXKAY €ro
3JIEMEHTaMH. Y CTAaHOBUTH MIPHUUHY CaMOITOI00HOTO TIOBEACHHS BOZMOXKHO
MyTeM CpaBHEHHUS MYJbTH(QPAKTAIGHBIX MapaMeTPOB BPEMEHHBIX PSIOB
MOCJIe MEePECTAHOBKM HMX WICHOB B CIYYallHOM IOPSIKE, YTO MPHUBENET K
pa3pyLeHHI0 KOppesanii, HO He U3MEHHUT BU (DYHKIWHU pacrpeneseHHs.

C nomompio Merona MODA ObiT TpoM3BENEH aHaIN3 BPEMEHHBIX
PSIOB, OTpaXKaloIIMX HM3MEHEHHEe OOMEHHBIX KYpCOB JBYX OCHOBHBIX
mupoBbix BaimoT — noiuiapa CIIA u eepo (USD/EUR), mo pesynbraTtam
TOproB Ha peiHke forex. Paccuntana nnHamMuKa M3MEHEHUS 1EHBI BaJOTEHI,
Ha KOTOPOH SIPKO BBIPa)KEH YYaCTOK aHOMAaJlbHO OOJBIIMX M3MEHEHHH, C
MIUPOKOH (DYyHKIHKEH pacnpeeneHns dIEMEHTOB psa.

B xome mnpou3BeneHHBIX WCCICAOBaHUN OBUIO YCTaHOBJICHO, YTO
IWHAMUKa JAQHHOTO Kypca BaliOT B TMEPUOJ BBICOKOTO CIpoca
XapakTepu3yercss INUPOKUM CHEKTPOM (pakTalIbHBIX pPa3MEpPHOCTEH u
CHJIbHBIMH BPEMEHHBIMH KOPPEJSIIHUAMH, IO CPABHEHHIO CO CBOOOTHBIMH
KoJIeOaHUSMU Kypca.
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UCCJIEJOBAHUE CTATUCTUYECKUX CBOMCTB UHTEPHET
TPA®UKA

Omnemckoit A.U., npogheccop;
Bopucrox B.H., accucmenm; boromas A.C., cmyoenm

CoBpeMeHHBIE KOMITBIOTEpHBIE CETH — CETH C INUPOKUM HabopoMm
BCEBO3MOXKHBIX CEPBHUCOB W YycIyr. Bo Bpems OoibpIIMX Harpy3ok Ha
TPaHCIOPTHYIO CETh BO3HUKAaeT OOJbIIAs BEPOSTHOCTH IEPENONHEHHUS
OydepoB ycTpOICTB, 4TO MOXKET MPUBECTH K BO3ZHUKHOBEHHIO ouepeacH B
cUCTeMe U, Kak CJIEeACTBUE, K PE3KOMYy YXYALIEHHIO KadyecTBa
00CITyKHBaHHS BCEro CIEKTpa CYIIECTBYIOIIUX CEpPBHCOB,
MIPEeIOCTaBISIEMBIX POBAMIEPOM YCIIYT CBA3H.

Pacuer aBTOKOppENALMOHHBIX (DYHKIMH M TOKazaTened Xepcra, s
BPEMCHHBIX PsAJ0B CETEBOI0 Tpaq)mca, BBISABUJI MPUCYTCTBHUE MEIJICHHO
yObIBatomux 3aBucumMocTerd 1t AK® Ha 0oibIInX MpOMEKyTKax BpeMEeH!
B KaHajlax ¢ MaJIoi arperamnuell MOTOKOB M OTCYTCTBHE B ITHX IOTOKax
TpaduKa, TEHEPUPYEMOT0 PUIIOKEHUIMH, paOOTAIOMIMMHU 110 TPOTOKOJIaM,
OTHOCSIIMMCSA K peer-to-peer ceram. J[isl kaHajoB ¢ BBICOKOM arperanuen
MOTOKOB, WJIM KAaHAJIOB CO 3HAYMTEIBLHBIM COZAEpKaHHEeM Tpaduka p2p-
(aiinooOMEeHHBIX ceTeil, BBISBICHO HAIWYHE CaMOMOAOOHBIX DPEKHMOB
NoTpeOJieHHs JIMIIbL Ha MAalbIX MHTEpBANaX BpPEMEHH, OOJIaJaroIX
JIOKaJbHOW CTaluMoHapHOCThIO. TakuM oOpa3om, mokazatenu Xepcra B
BeUepHee 1 HOUHOE BpeMsl pa3inyHbl. [Ipeackasanne Takoro poaa Tpaduka
Ha 60HBH.II/IX BpE€ME€HaxX HCBO3MOXKHO, H3-3a HAJIW4YUA UKINMYHOCTHU
3arpy3Kd (CHHYCOMJAIBHOTO TpPEHJa) M arperanyid KaHaloB, a TaKke
MPHUCYTCTBHS HEKOTOPOW JETEPMUHHPOBAHHOH, JOCTATOYHO CiHaboH
cocrasisironieid. M3Mmepenus mokasarenss Xepcra MOKasalaH, 4ToO JUIsl BCEX
peanuzanuii cereporo Tpaduka H> 0.5, To ecTh TpadMK OTHOCHTCS K
KJIACCy TEPCUCTEHTHBIX MPOIIECCOB.

UccnenoBanust camMomonoOHBIX CBOWCTB Tpaduka MO3BOIAIOT C
JIOCTATOYHOH CTENEHbI0 JOCTOBEPHOCTH MPOTHO3MPOBAThH MOABIEHHE Ha
CerMEHTE CETH  BPEMEHHBIX  IE€PUOJAOB C  TEpPerpy3kod 1o
MMPOU3BOAUTCIIbBHOCTU O60pyI[OBaHI/ISI W TUHWN CBs3H, YTO, B CBOIO O4Y€PC/Ib,
JieflaeT BO3MOKHBIM MTOCTPOEHHE CHUCTEMBI C TMHAMUYECKUM YIPaBIEHUEM
BO3MOXKHOM MPOITYCKHOW CIIOCOOHOCTBIO YIS OTACIBHBIX BHJIOB TpaduKa.
Tak ke, m1OMOOHOE TWPOTHO3UPOBAHUE MCIIONB3YETCS B pa3paboTKe
AJITOPUTMOB, HAITPAaBJICHHBIX HAa MMOBBINICHUEC Ka4YCCTBA O6CHy)KI/IBaHI/ISI.
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NCCIEAOBAHUE MYJIbTU®PAKTAJIBHbBIX
MMOBEPXHOCTEN KOHJIEHCATOB

Onemckoit A.W., npogheccop; Kosans [1.B., cmyodenm

[Ipeanaraemast paboTra MOCBAIIEHA MCCIENOBAHUIO (PaKTaILHOM
CTPYKTYPBl €CTECTBEHHBIX MHOI'OMEPHBIX OOBEKTOB, MPEICTABIISFOIINX
BBICOKOIIOPHUCTBIE KOHAEHCATHI, TOJIyYeHHbIE Ha OCHOBE OpPWUTHMHAIBHOU
METO/IMKA MarHeTpOHHOTO paciblUieHnss. OCOOEHHOCTh 3TUX OOBEKTOB
COCTOMT B TOM, YTO HMX ONHCaHHE TpeOyeT HCIOIb30BaHUS HE OIHOM
(dpakTanbHOW pPa3MEPHOCTBIO, a WX CIHEKTpa, KOTOpPHIH MpeAcTaBiseT
OCHOBHOM aTpuOyT MynbTu(pakTana [1].

CrannmapTHasi mpoleaypa onpeneneHuss (QpakTalbHOH pa3MepHOCTH
CaMoroloOHBIX OOBEKTOB OCHOBBIBAE€TCSl HAa HCIONB30BAaHMH METOMa
MOKPBITHH, Pa3HOBUIHOCTBIO KOTOPOTO SIBISETCS METOA MHOXKHTENe [2,
3]. XOTst 3T METOJIbI JIOMYCKAIOT 0000IIEHNE HA MHOTOMEPHBIE 00hEKThI,
WX UCIONIb30BaHME 3aTPYAHEHO CYIIECTBEHHBIM YCIOKHEHUEM YHCICHHON
00paboTKH JaHHBIX, IPEACTABISIONINX MHOTOMEPHBIE MyJIbTH(pakTaisl. B
CBS3M C OTUM B TOcienHee Bpems Obul paspaboran [4] wmeron
MyJbTH(GPaKTAIbHOTO  (BiykTyanmonHoro anaimsa (M®O®DA), narommii
IIOJIHOE ONKMCAHUE BPEMEHHOrO pAJa B paMKax IPOCTOM UUCICHHOU
MPOLETYPHI.

[Monuplit HAOOp MyIbTH(QPAKTAIBHBIX XapaKTEPHCTHK, OMUCHIBAIOIINX
camonoioOHbIe 00BEKTH, [1] maercs mokazaTeraeM Macc 7(p) U MYJbTH-
¢dpakTanbHBIM crieKTpoM f{ Q):

©(q) =qh(q)-D, (1)
dt
fla)=qa-1(q), a=—, 2
dgq
rie [B>1/ Je - rtononormueckas pa3MEepHOCTh MPOCTPAHCTBA,

COJIEpXKalero MCCIIeayeMblii 00bekT (uisi moBepxHocTu D =2), h(q) —
rnokasareiab  Xepcra, KOTOPBbIM  ONpEeAeNsercsi W3  CKEWJIMHTOBOIO
COOTHOIICHUS MEXKAY Aucnepcuei F (s) 1 Macmradom s:

F,(s)~s"4. 3)
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B [BOWHBIX JOrapuMUYecKMX KOOpAWHATaxX 3aBUCHUMOCTh (3)
MPEJCTABIIACTCS MPSIMON JIMHUCH, HAKIOH KOTOPOHM NaéT mokasatenb A(g)
MPH Pa3IYHBIX 3HAYEHHIX TapameTpa ¢.

[Nonnas aucnepcus onpeensercs BhpaKeHHEM:

1/q

1 Mg N
@“ﬁ=@37££¥”“@”y ) “4)

Jis cuHTe3a JByMepHOro ¢pakrTajia ¢ IMokaszareneM Macc 7(q)
HCIIOJIB3YEM KaCKaJIHbII MYJIbTUIIIIMKATUBHBIN IIPOLECC, COCTOSIIHUN B TOM,
YTO HAa HA4YaJlbHOM 3Talle BHIOMpAeTCsl KBaApaT, pas3llelisieMblil 3aTeM Ha
YeThIpe PaBHBIC YACTH, KOKIAOM U3 KOTOPBIX MPUCBANBAIOTCS BEPOSTHOCTH
P1, P2, p3 ¥ ps. Janee kaxnapiid cyOKBagpat omnsiTh pa3duBaercss Ha YeThIpe
paBHBIE YACTH, KOTOPHIM TNPHUIHCHIBAIOTCS Te K€ BeposTHocTu. [locie
MOBTOPEHUSI TaKOH MpOLEeayphl # pa3, Moiy4aeTcs MyJIbTH(paxTaibHAs
MOBEPXHOCTh, omnpenenéHHas B 2"x2" Toukax U  oOnajaromias
caMorno00HBIM pacrpenefieHueM BeposTHOCTH. J[Jsl Takol TOBEpXHOCTH
¢dbyHkuus 7(g) onpenensercs BEIPaKESHUEM:

7(q) =—loga(pf + p3 + pi + pi) . (5)

[IpoBeneHHOE pacCMOTPEHHE MOKAa3bIBAET, YTO KOHICHCATHI YIIepoAa,
AJIIOMUHUA U TUTAaHA, NOJTYYCHHBIC MCTOJJOM MAarH€TpOHHOI'O paCIibUICHUA,
005asaoT caMONoJO0HOH CTPYKTYpOW, KOTOpas MpOSBISIETCS KakK TpU
Pa3INYHBbIX MaCHITa6aX YBCIMYCHUA, TaK W Ha PpPasHbIX Yy4dacCTKax
ANIEKTPOHHO-MUKPOCKOITMYECKUX ~ M300pakeHuit. Takoe 3akioueHue
MOJTBEPKIACTCSl  COBMAJCHUEM MYJIBTU(PAKTAIBHBIX  XapaKTEPHCTHK
YKa3aHHbIX KOHACHCATOB IIPU TIOJOXUTCIBbHBIX 3HAUCHHUAX IIapaMeTpa
nedpopmanmu q. OgHAKO TPU OTPULATENBHBIX ¢ MYJIbTU(PAKTAIbHBINA
CIIEKTP CYIIECTBEHHO 3aBUCHT OT MaciuTaba yBENIWYEHUS M BBIOOpa
y4acTKa AJIEKTPOHHO-MHKPOCKOIMUYECKOTr0 H300paKeHNUSI.

E.H. ®enep, @paxmansvt (Mockra: Mup: 1991).

T.C. Halsey, M.H. Jensen, Phys. Rev. A 33, 1141 (1986).

A.B. Chhabra, K.R. Sreenivasan, Phys. Rev. A 43, 1114 (1991).
J.W. Kantellhardt, S.A. Zschiegner, Physica A 316, 87 (2002).

el S
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MPEPBIBUCTHIN MMEPEXO/I B KBASUPABHOBECHOM
CUCTEME IIVTABMA-KOHJAEHCAT

Onemckoit A.U., npogheccop; FOmenko O.B., doyenm;
Kunenko T.WU., acnupanmxa

Pa3puTHe HAHOTEXHOJOTHM, CBSI3aHHBIX C KOHJCHCAIIMCH BEIICCTBA,
CBOJIUTCS K PEIICHUIO JIBYX OCHOBHBIX TIPOOJIEM: TOJJICPKAHUIO
CTAllMOHAPHOT0 PE&KUMa KOHJIEHCAIIUHY, C OJTHOM CTOPOHBI, U 00ECIEYEHHUI0
yCIoBHM, OnM3KkKX K (a30BOMY paBHOBecHIO, ¢ apyroi [1]. B Hacrosiee
BpeMsl TEXHOJIOTMYECKOE PEIICHHE YyKa3aHHBIX IMPOOJIEM JOCTHTHYTO B
paMKax MeTO/Aa MOJEKYJSIPHO-TY4eBOM SIHUTAKCUHU, TPH KOHACHCAIIUH,
O0YCIIOBIIGHHOM B3aMMOJICHCTBUEM XHMHYECKH AaKTHBHOW Cpeabl C
pOCTOBOI TOBEPXHOCTHIO, a TaKKe B pPEKUME KBa3UPaBHOBECHOM
CTAIMOHAPHOM KOHJICHCAIIUY B MOHHOILIa3MEHHON cucteme [2, 3].

B pesymbrare npoBEAEHHOTO  3KCIIEpUMEHTa  IIOKa3aHO,  YTO
caMOOpraHMu3anus CHCTEMBI I1a3Ma-KOHAeHcaT obecrieunBaeT
CTAIMOHAPHBIA PEKUM KOHJICHCAIIMK B YCIIOBHSX CJIA00OTO MEPECHIIICHUS,
Omm3KMX K (a3oBOMY PaBHOBECHIO. JTa CaMOOpraHHW3alys OOyCIOBIEHA
TE€M, YTO HAJIWYHME TUIa3Mbl MPUBOJUT K TIOBBIIICHUIO HEPTUU aJIaTOMOB,
Onarofaps yeMy UX KOHJIGHCAIWs CIIOCOOCTBYET YBETMUECHHIO TEMIIEpaTyphl
POCTOBOHM MOBEPXHOCTH, KOTOPOE KOMIIEHCHPYETCS MOTOKOM JIeCOpOLUH
aJIaTOMOB, OTBETCTBEHHBIX 32 IepeckilieHue. [Ipu 7ToM ToIbKO Manias 4acTh
azicopOMpyeMoro IMOTOKAa pAacXomyercs Ha TMPUTOK KOHJIEHCHPYEMBIX
aJlaTOMOB, a OCHOBHAas €ro COCTaBJAIOLIAas KOMIIEHCHUPYETCS MOTOKOM
necopOumu. Takoe moBeieHNe 00BACHICTCS HATMYUEM KOJIBIIEBBIX MTOTOKOB,
KOTOpBIE HE JAal0T BKJIAAA B KOHACHCAIMIO, TOCKOIBbKY (OPMHUPYIOIIHE UX
HWOHBl WHTEHCHUBHO MHIPUPYIOT IO IIOBEPXHOCTH TIOUIOKKH, a 3aTeM
HCMApSAIOTCS MOJ BO3JCHCTBUEM HAJIETAIOIIMX YacTUL IUIa3Mbl. Takum
00pa3oM pe3ysbTaT MPOBEICHHOIO HKCIIEPUMEHTa TTOKa3bIBAET, YTO MpoILiece
CaMOOpraHU3alluy ONpPEAETSIETCS KOHIIEHTpalUe KOJBIEBBIX IOTOKOB,
MIOBBIIIEHHE KOTOPOW KOMIIEHCHUPYET YBEIMUEHUE TEMIIePaTyphl POCTOBOM
TIOBEPXHOCTH MPHU KOHJICHCAIIUY aJaTOMOB.

1. A.L Olemskoi, Physica A 310, 223 (2002).

2. C.A. Kykymikun, A.B. Ocumos, Y®H 168, 1083 (1998).
3. B.W. Ilepekpecros, [Tucvma ¢ KTD 39, 41 (2005).
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AHAJIN3 NIPUMEHEHUSA COOKYCUPOBAHHBIX ITYYKOB
3APAKEHHBIX YACTUIL B ITPOU3BOJACTBE
HAHOKOMIIOHEHT

Bopo6sés I'.C., npogheccop; Tlonomapéra A.A., cmydenm

Paccmorpensl  acmekTsl  IPUMEHEHMS  TPEX  Pa3sHOBUIHOCTEH
COKYCHPOBAaHHBIX IYYKOB 3apsDKEHHBIX YacTHI B  TEXHOJIOTHH
M3TrOTOBJIEHUS HHU3KOpa3MEpHbIX KoMMoHeHT [l1]. VYcraHoBieHO, YTO
My4YKOBas AJIEKTPOHHAS JUTOrpadusi MO3BOJSET CO3/1aBaTh KOMIIOHEHTHI C
XapaKTepHBIMH pa3MepaMH HECKOJIBKO JECSITKOB HaHOMETpoB. OgHaKo
BCIIEJICTBUE PACCESHMs JIEKTPOHOB HA aTOMax PE3UCTHUBHOIO Marepuana
MPOMCXOAUT 3HAUYHUTENFHOE YIIMpeHHE CPOKYCHPOBAHHOTO Iy4Ka, YTO
OTpaHMYMBAET aCIEKTHOE COOTHOIIEHHE KOMIOHEHThl. C(hoKycrpoBaHHBIC
My4YKH TSOKENIBIX HOHOB B ycTpoictBax FIB o0majgaioT yHHKadbHBIMH
CBOWCTBAaMH CO3/IaHUS TPEXMEPHBIX CTPYKTYP C XapaKT€pPHBIMH pa3Mepamu
HECKOJIBKO JIECTKOB HAHOMETPOB MPaKTHUECKH M3 Jito0oro marepuana. [1o
CPAaBHEHHI0O C PpAacCMOTPEHHBIMH TNPUMEHEHHAMH C(OKYCHPOBaHHBIX
IIY4KOB 3JIEKTPOHOB U TSKEIIBIX MOHOB HU3KUX BHEpruu texuosorus PBW
C HCIOJb30BAaHMEM IIYYKOB JIETKUX HOHOB CpPEIHUX OJHEPruil HMeer
OorpIIM e TTOTEHIIMATBHBIC IPEMMYILECTBA MPH CO3aHUN HU3KOPa3MEPHBIX
KoMIToHeHT. OZIHaKO pa3pemaronasi ciocOOHOCTb SIIEPHBIX MHUKPO30H]IOB -
YCTPOMCTB oOecreynBaromuX (QOKYCUPOBKY JIETKHX HWOHOB CpEITHHUX
9HEprui, B HACTOsIIEe BpeMs Ha MOPSIO0K XYK€ ABYX OCTaJbHBIX THIIOB
ycrpoiictB. IlyTm HWX YCOBEpUICHCTBOBAaHHUSI JIeKaT B paspaboTke
MPUHIUIHATGHO HOBBIX CXE€M 30HAO(QOPMHUPOBAHUS, CO3MaHUU HOBBIX
JIMH30BBIX CHCTEM M NMPUMEHEHHH MOJIEBbIX UCTOYHUKOB HOHOB C SIPKOCTHIO
3HAUUTENBHO MPEBBIIIAIONIEH CYIIECTBYIOIINE BHICOKOYACTOTHBIE HOHHBIE
ncrtounuku. B pabore [2] mpemiokeH OAMH W3 BapUAHTOB KOMIIOHOBKH,
MO3BOJISIONINI 3HAYUTENBHO YMEHBIINTH pa3Mephl YCTAHOBKH U YIYYIIHUTh
rapaMeTpsl Iy4dka Ha MulleHHu. llpuBeneH mpumep pacdera KOHKPETHOM
CHCTEMBI 30HI0(OpPMUPOBAHHS.

1. F. Watt, A.A. Bettiol, et al., International Journal of Nanoscience 4,
No. 3, 269 (2005).

2. K.I. Melnik, D.V. Magilin, et al., Nucl. Instr. and Meth. B 267, 2036
(2009).
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AHAJIN3 COHOBHBbBIX TUITOB NTIPOCTPAHCTBEHHBIX BOJIH
B IIVTAHAPHBIX HEPUOANYECKUX
METAJUIOAUDJJIEKTPUHYECKHUX CTPYKTYPAX

Bopoo6ses I'.C., npogpeccop; Kypba B.O., cm. npenooasameny;
[erpoBckuii M.B., cm. npenoodasamens; Puibanko A.A., acnupaum;
Pribanko 10.A., cmyodenmra; Ulynera ¥O.B., acnupanmxa

AxkrtyanbHoi mpoOnemori CBY-TeXHWUKHM SBISETCS MHKPOMHHHATIO-
pu3anus OpuOOpOB M YCTPOKMCTB DIIEKTPOHHMKH, BKJIIOYAIOIIAS CO3JaHHE
HU3KOBOJNBTHBIX ~ YCHJIUTENEH W TeHepaTOpOB MHJUIMMETPOBOIO U
CyOMUJUTUMETPOBOTO ~ JMANa30HOB JJIMH BOJH B  WHTErPaJIbHOM
ucrnionHeHud.  [lepcrieKTMBHBIM B 3TOM  HamNpaBiCHUH  SBISETCS
WCTIOJIb30BaHAE MEPUOAMYECKHX METaNIOAUIIEKTPHUUECKHX CTPYKTYP
(MJC). B ortnuune oT oTpaxaTeabHOHW MeTauindeckoi pemrerku MJIC
UMeEeT psifl crienuPUUecKHX OCOOCHHOCTEH, CBS3aHHBIX C BO30YXKICHHEM
yeperkockoro (UN) u mudpakimonnoro (JIW) usnyuenuii. B wactHocTH,
B MJIC, kpoMme yKa3aHHBIX BBbIIIE PEKUMOB, BO3MOXKHO BO30YKIEHHE
aHoOMaJIbHOTO JudpakiuuoHHoro uzinyueHus (A1), koropoe mogobno YN
BO3HUKaeT ToNbKko B audnekTpuke MJIC mnpu 3Ha4YWTENbHO MEHBIIUX
CKOpOCTAX aJyieKTpoHHOro moroka (BII), yTo akTyanbHO TpHU CO3JaHUU
HU3KOBOJIETHBIX HWCTOYHUKOB KoneOaHui. Mopens uccinemyemoit MJIC
rokaszaHa Ha puc. 1.

Pucynok 1 — Tumsl u3nyuenus Ha nepuonndeckort MJIC

HBuwxenne OIl xapakTepusyercs ero OTHOCHUTEIBHOM CKOpPOCTBIO
p=Vic, Tae ¢— CKOpOCTh CBETa, V — CKOPOCTh 3JeKTpoHOB. [lapamerpsr

M/IC onpenensroTcs: AMIIEKTPUIECKON MPOHUIIAEMOCTRIO TUAJIEKTPUKA &,
MEePUOIOM [ ¥ IIUPHUHOM JIeHT pemieTku d. Bo30yxaeHne o0beMHBIX BOJIH
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JI1 xapakrepusyercsl JUIMHHOW BOJIHBI A, NPU 3TOM OTHOCHUTEIIbHBIH
nepuop pemerku MJIC x =1/

VYcnoBus u3iydeHus n-i IPOCTPAHCTBEHHON TAPMOHUKH B BaKyyM W B
JUDIEKTPUYECKYIO CPENY OIPEAEISIOTCS, COOTBETCTBEHHO, BBIPAXKECHUSIMU:

l+£<1, i+2 <e.
K B K

B nuanextpudeckyro cpeny (oosacts I, puc. 1) Bo3MOXHO BO30YKICHUE
TpeX THIIOB 0OBbEMHBIX MPOCTPAHCTBEHHBIX TapMOHUK: n =0 — UM; n>0 —
noNOKuUTENbHBIE rapMonnku [IU, n < 0 — orpuniatensueie rapmonnku 1.

B ocHoBe nmpHBeACHHOHN KIacCH(PHUKANN U3TyYSHUs Ha TIEPUOINYECKON
MJIC nexuT TpUHIUN pa3fefeHus BUAOB M3Iy4eHHUs B 3aBUCHMOCTH OT
OTHOCHUTENBHOI ckopoctu OIl, mpu 3TOM mapameTpsl k, & ONPEeNsioT
YIJIBI U KOJIMYECTBO M3JIydaeMbIX TapMoHHK 7 . B obmactsax [ u Il (6= 1)
BO30YkaaroTcsi Toinbko rapmoHuku AW (n <0 ). Ilpu atom cymiecTByer
MOPOTrOBOE 3HaYEHUE CKOPOCTH 3, OTHOCHTENBHO KOTOPOTO CYIIECTBEHHO

n3mensiercst cnektp HAW. Tak, mpu ckopoctsax OIS >1/Je B

mmanektpuke MJIC mpucyrcrByror HyneBass (7 =0), MONOXHTENbHBIC
(n=+1,+2,+3...) mOpocTpaHCTBEHHbIE TapPMOHHKH, OTpUIATEIbHBIC
rapmonnku (AJIM) m wnaccmueckoro U (n=-1,-2,-3...), a npu

p <1/ Je B JIUDJICKTPUKE U B CBOOOJHOM IPOCTPAHCTBE BO30YKIAIOTCS

TOJILKO ~ OTpHUIATENIbHBIE MPOCTPAaHCTBEHHbIE TrapMoHUKH AJI1 u
Kkiaccuyeckoro [U.

[MpuBenenHnass B  pabore  kiaccudukaims  OOBEMHBIX  BOJIH
BosHHKaromux Ha MJIC, mo3BoiseT BbIOpaTh ONTUMAIBHBIC PEKUMBI MTPU
peanu3anyy MpakTUYECKUX YCTPOMCTB 3JIEKTPOHMKH M TexHuku CBY B
WHTETPAIbHOM HCIONHEHWU. Tak, HampuMep MpPOBENEHHbIE OIIEHKU
MOKa3alld, 4TO, IyTeM MPHUMEHEHHS IUIAaHAPHBIX TONYNPOBOIHUKOBBIX
MaTepuajoB Ha OCHOBE utTepMerauinioB (GaAs) BO3MOXHO BO30YXEHHE
AJIN 6e3 wuWCHONB30BAaHUS OJEKTPOHHBIX TMYIIEK W MarHUTHBIX
(OKYyCHPYIOIIMX CHCTEM, UYTO [IO3BOJUT 3HAYUTENLHO YMEHBIINTh
rabapuThl M PHEProNoTPeOIeHHE TAKUX YCTPOICTB.
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AHAJIN3 PA3BBUTUS MUKPOBOJIHOBOWM JUATHOCTUKH
MATEPHAJIOB U BUOJIOI'MYECKUX OB BEKTOB

Sandarapu Hladbuam, cmydenm; Wynwra 10.B., acnupanmxa;
Bopoo6ses I'.C., npogeccop

Ha  Bcex  sramax  pa3BUTHS  Hay4HBIX  MCCIENOBAaHMM U
MPOU3BOJCTBEHHBIX TEXHOJIOTMH o0coboe 3HaYeHHWE HMeEEeT CO3JaHHe
BBICOKOO((EKTHBHBIX (H3UYECKHX METOJOB W HMHCTPpyMEHTapHs JUis
WCCIIEIOBAaHUA  MaTepuaioB, cpel U  OOBEKTOB  Pa3IUYHOrO
MPOUCXOXKJICHMSI, BKJIrOYass Ouosnormueckue. Cpeau uX  OOJIBIIOrO
MHOTroo0pasusi B HACTOsIIee BpeMsi 0CO0O0 BBLAEIAIOTCS PaTHMOBOIHOBBIC
MeTozbl. B Havyane oHu 00pa3oBBIBAIM TPYIIITY METOJOB HEpa3pyIIaoIIero
W TUCTAaHIMOHHOT'O KOHTPOJS TEXHUYECKUX MaTEepUaloB U 00beKTOB. B nx
OCHOBY IIOJIOKEHO H3MEPEHHME IMapaMeTPOB PACIPOCTPAHSIIOLICHCS WIIN
OTpaXCHHON paJUOBOJIHBI, B3aWMOJACUCTBYIOIIEH C KOHTPOJIUPYEMBIM
obobekToM. [Ipy 5TOM pagroBOIHBEI ONTUMANFHO BEIOPAaHHOTO YaCTOTHOTO
JMaIa30Ha M3JIy4AarOTCsl 30HAUPYIOIIUM HCTOYHUKOM AHTEHHOIO THUIIA, a
OOBEKT KOHTPOJIS pacrojiaraercs B JalibHEH BOJHOBOW 30HE MCTOYHHUKA.
BonpmIMHCTBO TakMX METOJOB WU CPEICTB HAUUIM IPUMEHEHHE B
[IPOU3BOJICTBEHHON TPAKTHKE.

CraHoBIIEHNE MTOTYIPOBOJHIUKOBON AJIEKTPOHUKN U MUKPO3JIEKTPOHUKHU
CTUMYJIMPOBAJO pa3BUTHE OJMKHENOJEBBIX PAJMOBOIHOBBIX METONIOB
HCCIENOBAHUM JUIL  KOHTPOJIS IIOJNYIPOBOAHUKOBBIX MATEPUAIOB H
cTpyktyp. Hambonee mepcreKTHBHBIMU OKa3aJIuCh PE30HATOPHBIE
BapuaHTbl 3TUX MerofoB. IIpm »TOM wuccnenoBaHUS U KOHTPOJIb
MaTepHaloB CTal¥ MHOTIONAapaMETPOBBIMU, YTO MO3BOJISIO ONPEAEIATh UX
(YHKUMOHANBHYIO TPUTOMHOCTh ISl CO3JAaHUS  IONYIPOBOJHHUKOBBIX
npuOOpPOB M HMHTErpalibHBIX CXeM. BMecTo KOHTpOJISI CTalno YMECTHBIM
TOBOPHTH O JHAarHOCTHKE MaTEpUaloB M OOBEKTOB PAa3IUYHOTO
IPOUCXOXKIECHUSI.

B nactosmee Bpems rpyIina pe3oHaTOpPHBIX MeTOAOB M cpenacts CBY
JIUAaTHOCTUKHA  pa3iMYHbIX MaTepualoB M  OOBEKTOB HMHTEHCHUBHO
pazBuBaercs. C  pa3BUTHEM  MHUKPOIJIEKTPOHMKH, BO3HMKHOBEHHUEM
HaHOTEXHOJIOTUH, HaHOMOAUQUKaLKit u HAaHOKOHCTPYMPOBaHHMS
MaTtepuanoB u3MeHstorcs u 3anauun CBY guarnoctuxu.
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MOJY ISAIMOHHBIE IIOTEPH B TEHEPATOPAX CBY MAJIOW
MOIIHOCTH JUATHOCTUYECKOI BHOMEJIUIIMHCKOM
AINMAPATYPBI

Acaau Aligpunay Dnemupa, cmydenm; ynwra 10.B., acnupanmxa;
Bopoo6ses I'.C., npogeccop

Tak kak peanbHble nekTpoHHble CBY reHeparopsl Majnoif MOIIHOCTH
PE30HAHCHOTO THIA, HAapUMEp, OTpa)kaTellbHbIe KIHUCTPOHBI, PadOTaroT
P KOHEYHBIX YIJIaX IPOJIETa DJIEKTPOHOB 4Yepe3 3a30p PE30HATOpA, TO
BECBMA  MHTEPECHBIM  IPEACTABISIETCA  AHAIM3  B3aUMOJEUCTBHS
3JEKTPOHHOI'O IIy4Ka C BBICOKOYACTOTHBIM IIOJIEM IIPU y4€T€ U3MEHEHHS
aMIUIMTYJbl  BBICOKOYACTOTHOTO HANPSDKEHUS 3a BpeMsl  IpoJiera
ANMEKTPOHOB. B ngaHHOM cooOuieHMHM TIpUBEAEHA CXeMa  ydera
MOAYJSIUOHHBIX IIOTEPh B OTPAXKATEIBHOM  KIMCTPOHE, KOTOPBIN
UCTIONB3YyeTCsl B KauyecTBE HWCTOYHMKA KOJeOaHWH JMAarHOCTHYECKON
anmapatypsl CBY.

JUis ynpouieHuss ydera BAMSHUS  yIjla  [POJIETA  3JIEKTPOHOB
AefCTByIOlIEe HANpPsHKEHHE MEXIy OOKJIaJKaMHU Pe30HATOpa YCPEAHAETCs
10 BPEMEHH IIPOJIETA JIIEKTPOHOB, T.€. CPEIHEE HANIPSLKEHUE PABHO:

U, =MUsinot , (1)

rae M — xoapdunmeHTt B3zammoneiictus, U; — HampsbkeHHe B 3a30pe
pe3oHaTopa, @— 4acTora, ¢ — BpeMs.

CrnenoBaTenbHO, y4€T KOHEUHOIO YIUIa IIPOJIeTa JIEKTPOHOB CBOAUTCS K
YMEHBUIEHUIO  aMIUIUTYJbl  MOAYJIHPYIOUIETO  BBICOKOYACTOTHOTO
HampsbKeHus B «M» pas.

[Ipu npoxok1eHUM OHOPOIHOrO MO MIOTHOCTH 3JEKTPOHHOIO MOTOKA
C Ha4aJbHOU CKOPOCTBIO Uy 4EPE3 3a30p PE30HATOPA KOHEUHOU BEIMYUHBL
Ha HEro BO3JEHCTBYET NEPEMEHHOE MOIYJIUPYIOILEE HAIPSAKEHUE MEKAY
cerkamu Ujsinat, B pe3ylbTaTe 4Yero CKOPOCTb Ha BBIXOAE U3 3a30pa
u3Mensiercs. T.e. misg cioydas, Korja aMIUIMTYyZa BBICOKOYACTOTHOIO
HampspKeHUs MEXIy CceTKaMHM pe3oHaTopa U; 3HAUMTENbHO MEHBIIE
HampspKeHUs pe3oHaropa V), COOTHOLIEHWE IS BBIXOJHOW CKOPOCTH
JIEKTPOHOB 3aIIMIIETCS B CIEYIOIIEM BHUIE:
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2
Uspix = Ze(VO + Ucp) 5 (2)

rzie e, m — 3apsii ¥ Macca JIEKTPOHa.
Pa3noxuB 3T0 BBIpa)K€HHE B Psij, OTPAaHUYMBASACH YJICHAMM IEPBOU
CTeNeHH U yunuThiBas (1), okoH4aTenbHo (2) MOXKHO 3amKcaTh Tak:
M Ull)() .
————sin ot 3)
2N

Uebzx =Up t

U3 cootHomenus (3) BUIHO, YTO ISl BAPUALIMH CKOPOCTEN 3JEKTPOHOB
HEOOXOJMMO  3aTpaTUTh  OINPEACICHHYI0  MOLIHOCTh  MOAYJISIUH,
3aBHCAIIYIO OT KO QHIMEHTa B3aUMOACHCTBHS «M», T.€. OT yriia mpojera
JNIEKTPOHOB MEXKIY CeTKaMu pe3oHaTopa. OYeBHAHO, YTO SJEKTPOHBI B
MMOJIO)KUTCIBbHBIC TMOJTYNIEPUOABI BBLICOKOYACTOTHOI'O HANPSAKCHUA 6YI[YT
BBIXOAUTH C YBCIMYCHHBIMH CKOPOCTAMHU, a B TCUCHUEC OTPULATCIBHBIX
noaynepuoaoB — € YMCHBUICHHBIMH CKOPOCTAMH, TaK KaK HM3MCHCHUEC
SHEPTUU DIIEKTPOHOB B OOLIEM ciydae OIpeneNnseTcs MPOU3BEICHHEM
3apsA70B  JJEKTPOHOB Ha  CpeJHee 3HA4YeHHWE  BBICOKOYACTOTHOTO
HanpsbkeHus. Ho TOCKONbKy, B TOJOXKUTENBHBIN TMOMYNEpUoJ B 3a30pe
Bceraa Oonblie AIIEKTPOHOB, YeM B OTPHILIATEIBHBIN MOMYMEpUo], TaK Kak
3aTOPMOJKEHHBIE 3JIEKTPOHBI HWMEIOT Oonbliee BpeMs Mpoiera, H
CJIEZIOBATENIbHO, YacTh AJIEKTPOHOB HE yCIEeBAaeT MOKUHYTh 3a30p K Havyally
YCKOPSIIOIIEr0  TMOJIyNeposa, TO OHHEPrus MOAYISLHUHM  3JIEKTPOHOB,
3aTpayeHHass Ha YCKOpDEHHE OJJIEKTPOHOB, Bceriga OOoJbIIe DHEPIrHH,
3aTpauyeHHOW Ha TOPMOXKEHHE 3JIeKTPOHOB. Clie0BaTeNbHO, IPYU KOHEYHOM
yrie Tmposiera 3JeKTPOHOB BapHalMs MO CKOPOCTH MPOUCXOJIUT C
TIOIJIOIICHHU EM aKTUBHOM MOHOIHOCTU OT MNEPEMEHHOI0 JSJICKTPUYCCKOIro
nois. OTO SBJIEHHWE TIPU CKOPOCTHOM MOAYISLWU DKBHUBAJICHTHO
YBEIHMUYEHHIO COOCTBEHHOH aKTHBHOW MPOBOIMMOCTH PE30HATOPA.
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SKCHEPUMEHTAJIBHOE MOJAEJIUPOBAHUE BOJIHOBBIX
HOIECCOB B HEPET'YJIIPHOM OTKPBITOM BOJIHOBO/IE C
METAJUIO-AUIJEKTPUYECKHUM CJIOEM

Kpusen A.C., doyenm; bornanosckuii A.A., cmydenm

B nanHOil paboTe TpPOBEOEHO 3KCIEPUMEHTAIBHOE MOJEIUPOBAHHE
TUTIOBBIX  BapHallMi  BJEKTPOAMHAMUYECKHX CHUCTEM HEpEeryJsipHOTrOo
OTKPBITOT O BOJHOBO/IA C METAJUIOIUAIEKTPHUUECKUM CIIOEM.

[TocpencTeom 3KCIEPUMEHTAIEHOTO MO/JIETUPOBAHUS BOJIH
MIPOCTPAHCTBEHHOT'O 3apsija Ol [TOBEPXHOCTHBIMHU BOJIHAMH
JMRJIEKTPUUECKOTO BOJIHOBOJIA PACTIONOKEHHOTO BOIN3H JUAIEKTPHUECKOTO
closs U AUPPAKIMOHHON pEIIeTKH OBUTM TMONy4YeHBbl POCTPAHCTBEHHBIE W
BOJIHOBBIE XapaKTEPHUCTHKH, KaK OTAEIbHBIX M3JIydarollMX CHCTEM, TakK U
CHCTEMBI OTKPBITOI'O BOJIHOBO/IA YCUIJIUTENS B LIEJIOM.

W3 ananu3a mody4eHHBIX XapaKTEPUCTUK OTKPHITOTO BOJIHOBOJA U €ro
3JIEMEHTOB CIIEAYeT, YTO MyTEeM M3MEHEHUs TOJILIMHBI JTUIEKTPUYECKOro
CJIOSI MOYKHO YTIPABJISATh BOJTHOBBIMHU MPOLIECCAMH B MCCIIENYEMOM CHCTEME:
yBEMIWYMBATh  WJIM  yYMEHbIIaTh  CBSI3b  MCTOYHMKA  W3Iy4YEHHS
JUBJIEKTPUYECKOT0 BOJHOBOJA C BOJIHAMH, PACHpPOCTPAHSIOUIMMUCS B
obbeme cuctemsl. [Ipu 3TOM TIepBBIH BapuaHT, Uil pealbHOTO YCHUIIUTEIS,
WHTEPECEH C TOUKH 3pPEHUs MOBBILICHUS d()()EKTHBHOCTH B3aUMOACHCTBUS
3JIEKTPOHHOTO MOTOKA € MOJIIMU OTKPBITOrO BOJTHOBOJA. BTopoil BapuaHT
MEPCIEKTUBEH JUIsl OpraHU3allii BHIBOJA 3JEKTPOMArHUTHOM 3HEPrHH U3
YCUTIUTENS 4Yepe3 AUAIEKTPUYECKHM clod. AHalnu3 MpOCTPaHCTBEHHBIX
XapaKTEepUCTUK yKa3bIBaeT Ha BO3MOXHOCTh peanu3aly B TaKoW crcTeMe
T (QPaKIOHHO-YEPEHKOBCKOTO PEKUMa B3aMMOJCHCTBUS DJIEKTPOHHOTO
MOTOKA C BOJTHAMH, BO30Y>KAa€MBIMH B OTKPBITOM BOJTHOBO/IE.

1. B.II Ulecromanos, Ju¢ppaxyuonuas srexmponuxa (Xapokon: XI'Y:
1976).

2. T.C.BopoObeB, A.W. PyGan, A.A. lllmateko, H36.6)306. Paduosnexmpo-
Huxa 42 Ne6, 67 (1999).

3. TI.C.Bopo0iioB, A.l. Py6an, O.C. Kpuseip, O.0. llImaTbko, @Dizuuruii
36ipnux HTIII 4, 323 (2001).
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BJIMUAHUE METAJIVIOAUDJIEKTPUYECKOI'O CJIOS HA
SJIEKTPOHHO-BOJIHOBBIE NIOLIECCHI B HEPETYJISIPHOM
OTKPBITOM BOJIHOBOJE

Kpusen A.C., doyenm; ymunkuii C.H., cmyoenm

[IponBukeHne B MUUIMMETPOBBIM M CYOMWIJITMMETPOBBIN JMANa3oHbI
ANIEKTPOMAarHUTHBIX ~KoJeOaHWi TpeOyer pelIeHHi HaleleHHBIX Ha
noBbleHre A((EKTUBHOCTA JHEProoOMeHa D3JEKTPOHHOTO IMOTOKa C
BBICOKOYACTOTHBIMH ~ TOJNSMH  3JIEKTPOJMHAMHYECKUX  CHCTEM  YXKe
W3BECTHBIX NPUOOPOB, MPEAJIOKEHWE M IIJIAHOMEPHOE HCCIIeNOBaHNe
HOBBIX CXEM B3aUMOJEHCTBHA, pa3BUTHE dJeMeHTHOW O6a3bl. [loaTomy
3HAUUTENBHBIH MHTEpEC MPOSIBIAETCS K HCIIOIB30BAHUIO B 3JIEKTPOHHKE
KBY MeramiognsneKTpruuecKiX CTPYKTYpP Pa3iuIHbIX MOTUPUKAIIHA.

B nanHoli paboTe pa3BuTa JIMHEHHAs CaMOCOTJIacOBaHHAs TEOPHUS
yeunutens  Ha dddekre Cwmura-llapcema mnpu  B3auMOACHCTBUU
9JIEKTPOHHOTO TMOTOKAa C TMOJSMH TEpPHOAMYECKOM MeTaIM4ecKoi
CTPYKTYPBl U METaJUIOUAIEKTPUUECKOro ciiosi. B cooTBeTCTBUM € 3THUM
OBUTO TIOTYYEHO AMCIEPCHOHHOE YpaBHEHHE B SIBHOM BHJE, KOTOPOE B
pesynbTaTe  yOpoumeHuss W o0e3pa3MepUBaHHMS — NPUHAIO  BUA
TPaHCUEHAEHTHOTO M pas3ioxeHo B psaa Teinopa. Ilyrem ananuza
JUCIIEPCUOHHOTO yYpaBHEHUS  YCTaHOBJIEHAa  CTENEHb  BIUSHUSA
METaJUIOANAIIEKTPUIECKOT O cnos Ha YCIIOBHS BO30YKIEHUS
3JIEKTPOMAarHUTHBIX BOJIH B TAKOW CHUCTEME.

Teopernueckuil aHaian3 IUCIEPCHOHHOTO ypaBHEHMS TaKKe MO3BOJUII
YCTaHOBUTH CMEIIEHHE 00JIaCTel YCUIMBAEMBIX BOJIH B CTOPOHY MEHBIINX
CKOpOCTEH  JJIEKTPOHHOTO TIOTOKA W  BO3MOYKHOCTh  YBEIWYEHHA
WHKpPEMEHTa HapacTaHWs KoleOaHWil, 10 CpaBHEHUIO C MOJIENBIO
yCcUIUTeNs 0e3 MeTalIoU3ICKTPHUECKOTO CIIOS.

[Nonmyuennas uH(GOpMAIIUS MOXET OBITh MOJIC3HOM MPH MPAKTHUECKOU
peanuzanuu ycunurtenbHbix yerpoiictB KBY nnanazona BosH.

1. B.II. Ulecromanos, HJupparxyuonnas srexkmponuxa (XapbkoB: XI'Y:
1976).

2. T.C. BopoObeB, A.W. PyOan, A.A. llImateko, H36.6y306. Paduosnexm-
ponuxa, 42 Ne6, 67 (1999).

3. TI.C.Bopo0iioB, A.l. Py6an, O.C. Kpuseup, O.0. llImatbko, @izuurnuii
36ipnux HTIII 4, 323 (2001).
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YUCJEHHOE MOAEJIMPOBAHUE JU®PAKIIMOHHO-
YEPEHKOBCKOI'O U3JIYUEHUS B
METAJUIOAUDJIEKTPUHYECKOM KAHAJIE

Pybau A.U., doyenm; Kazaukos C.B., cmyoenm

B  npubnwkenun  3aJaHHOTO  TOKAa  TPOBENCH  KOMILICKCHBIN
CPaBHUTENIbHBIN aHAIN3 Pa3jMYHBIX BHJIOB M3IyYCHUU, BO30YKIAEMBIX B
PE30HAHCHOW CcHUCTeMe, O00pa30BaHHOW METAJUIMYECKUM 3€pPKaJIOM M
MOBEPXHOCTHIO METAIIOIUDIICKTPUUECKON CTPYKTYPhl KOHEYHON TOIIIMHBI
(pucynok 1).

Pucynok 1 — O6mas Teopetnueckasi MOIENb 3a4a4H

Brruncnenvne miaoTHocTH sHepruu S, = C|:E xH *] /471 H3/1y4aeMbIX

MPOCTPAHCTBEHHBIX TAPMOHHUK (TJIe 72 — HOMEp TapMOHMKH) B obnacTsx I, 11
CBOJUTCS K popMyIiam, IpeacTaBlieHHBIM B padote [1].

UucieHHOE MOJENMPOBAHUE MHTEHCUBHOCTU TAPMOHMUK U3JIYy4EHHUS OT
OTHOCUTENIBHOM  CKOPOCTH  3JIEKTPOHOB  IIPOBEACHO C  IIOMOIIBIO
MporpaMMbl, HamucaHHOW Ha s3bike Pascal. [locTpoeHbl 3aBHCHMOCTH
OTHOCUTEJIBHON IIJIOTHOCTH 3HEPrUM U3JIy4EHUH OT OTHOCUTEIBHOU
CKOPOCTH 3JIEKTPOHHOTO MOTOKA (S,/Somax(f)) TPH pPa3sIUUHBIX 3HAYEHHUIX

koo duumenTa 3anonHeHus pemwerku (1) st 300 Bpumosna 1o, 45", u

4L, ., B  METAUIONMANICKTPUYECKOM  KaHale C  JUIICKTPHKOM

(propornact) KOHEYHOM TOIIIMHBI (PHCYHOK 2).
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S0/Somax 1Sn/30max Sn/Somax
1 — ] 1 —
] 0.9 — 09
0.9 — 08 3 0.8 —
b 0.7 < |
B E 0.7 <
B 0.6 — 1 | 1
0.8 — 3 - 0.6 —
i 05 — 7 2
i 1 04 = 2 0%
0.7 i 03 — 04 ? 4
= 3 1
i 27 4oz ?E/‘t o :%3
0.6 \‘\‘\‘590-17\‘\‘\‘590-27\ T T |fe
0.1 — 0.12 —
078 079 08 081 ] J
= -~ 011 4 —
a 0.09 1
3 E 4
] < 0.1 —
0.08 i/ 4 4 e
: 0.09 —
0.07 — 4 3 7 \/
B 0.08 — )
0.06 —| 0.07 s 7
005 — -
0.04 — =
0.03 — E
0.02 — E
0.01 — =
0 B
0.78 . 0.78

Pucynok 2 — 3aBUCHMOCTH MHTEHCUBHOCTH TAPMOHUK U3Ty4eHUS OT
OTHOCHUTENIBHON CKOPOCTH JIEKTPOHOB B 30HaX bpuinmosna:

a) — 1y, 6) — 451, B) — 451, ,; a/A=03, £=2.05, h/A=1, c=810°,

(@=&A=01.Soe—(__ ) S ie=(___ ). S2—(7 7~ ) 8-ty (==);
1-u=052-u=03,3—u=-03,4—u=-0.5.

1.

I'.C. BopoObe, M.B. Ilerposckuii, A.W. 1IBbik, 9.M. XytopsiH, JLU. LIBbIK,
Bicnukx Cymcvkoeo oepoicasnozo yrisepcumemy 4, 76 (2005).
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NPUBJIMKEHUE CBETOBOM ONITUKU IIPU BO3BYKJIEHUU
METAJUVIOAUDJIEKTPUYECKHUX CTPYKTYP IINIAHAPHBIM
JAUDJIEKTPUYECKHUM BOJIHOBOJOM

Pyban A.U., doyenm; Acanunze E.A., cmyoenm

B  ycrpoiictBax = OuQpaKIMOHHON  SIEKTPOHUKHA  HCIOJB3YIOTCS
MeTayutoaudiekTpudeckue crpykrypsl (MJIC) KOHEUHbIX pa3MepoB,
KOTOpBbIE pacrmonararorcss JIMOO HajJ TEepPUOIUYECKOd CTPYKTYpOH,
(dbopmupyIOLIei MOBEPXHOCTHYIO BOIHY — YEPEHKOBCKUN T'eHEpaTop THIIA
JIaMITbI OOpaTHOM BOJIHBIL, JINOO B 00BEME OTKPHITOTO PE30HATOpa HAJl
3epKajoM ¢ JAU(PPAKIIMOHHON PEIIeTKOW — YePEHKOBCKO-AU(PaKIIMOHHBIH
reHeparop. B mepBoMm ciydae HCHONB3yeTcs UYEpPEeHKOBCKUM PpPEXHUM
B0o30yxxaenuss MZIC, a Bo BTopoM citydae — Tu(paKIInOHHO-YepEeHKOBCKHHA
C U3JIyYCHUCM IF'apMOHUK B BaAKYYM U OUIJICKTPHK.

Ha pucynke 1 cxemaTu4Ho npezacraBieHa Mojens ucciexyemonr MJIC.
B kadecTBe qUAIEKTPHUECKOI Cpelbl BRIOUPAINCh MPU3MBI

N
N}

|
Z Z ,\Z
\TL L =
[0
x/ K:S)

Pucynok 1 — Monens mudpakiinoOHHO-4epEHKOBCKOTO H3ITyYEHHUS C
JIUBIIEKTPUYECKOW TIACTUHON

NpSIMOYTOJIBHOTO cedeHust 1 (KoTopble mTo cBoed QopMe Haubonee
TEXHOJIOT'MYHbI B HU3roTOBJICHUHU u XOpo1Io COUYCTATCA C
OTpaKaTCIIbHBIMU u JICHTOYHBIMH paLsl| (I)paK]_[I/IOHHI)IMI/I peueTkamMmu,
SBIISIOIIMMHUCS ~ COCTAaBHBIMH ~ 4acTAMH  NPUOOPOB  JUQPaKIMOHHOM
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ANIEKTPOHUKH), JUTMHOW L, mmpuHOW D, WM TOMIIMHOW A, Ha OOKOBYIO
MOBEPXHOCTh KOTOPBIX HAHOCUTCS JICHTOYHASI JU(paKIUOHHAS pelIeTka 2
C COOTBETCTBYIOIIMMH TIapameTpaMu. Biosb mudpakinoHHON penieTky Ha
pPacCTOSIHUM a paclojlaraercsl MIaHapHBIA TUAIEKTPUUECKU BOTHOBOX 3.
Pasmepbl mpu3M BBIOMpanHMCh HWCXOAS W3 TPEOOBAaHWUS MHHHUMAIIBHBIX
WCKayKeHUH MOJIe OTKPBITOro pe3oHaTopa npu BHeceHUH B HUX MJIC.
@da3oBast CKOpPOCTh BOJHOBOJIA OMNpeEensercs IUIEKTPUIECKON
MIPOHUIIAEMOCThI0 MaTepHaja BOJHOBOJA, €ro IMOMEPEUYHbIMH pa3MepaMu,
Cpenoil, B KOTOPOM 3TOT JUAIEKTPUUYECKUN BOJIHOBOJ PACIIOJIOXKEH,
MO3TOMY NPUMEHSIOT JS(PQEKTHBHYIO TUIEKTPHUECKYIO TMPOHUIIAEMOCTh
BOJIHOBONA &,, ONpEleNieMyl0 Kak &, = c/v,.. IIpu 3TOM H3IyueHHe
TapMOHUK JU(PPAKIHOHHO-YEPEHKOBCKOIO0 H3IyYeHUs HAaNpaBieHO I0J]

YIIIAMH: B BaKyyM — ¥, =arccos(y/&; +n/x), B JUDIEKTPHK —
Yn, =arccos((/&; +n/y)/Je.), Tae n — HOMep NPOCTPAHCTBEHHOM

TapMOHMKH.

B nmanHol paboTe B 3aBUCHMOCTH OT MapameTpoB JTUICKTPHYECKOTO
BOJTHOBOJIa, JICHTOYHOH AM(PAKIMOHHOW PEMIeTKH W AUDIEKTPHYECKON
MPU3Mbl C HKCIIOJIb30BAHUEM MaTeMaTtudeckod cpenbl Mathcad 14 B
NpUOIIMKEHUH  CBETOBOM ONTHKM  TPOBEIEHO  KOMIBIOTEPHOE
MOJIETIMPOBAHNE PA3JMYHBIX CIIydaeB BO30OYXKIEHUS AU(paKIHOHHO-
YEepEHKOBCKOI'0 U3ITyYEHHUS.

CymiecTBeHHOE  BIUSHHE Ha  XapaKTEePUCTUKU  JU(QPaKIUOHHO-
YEPEeHKOBCKOI'0 M3Iy4EeHHs OKas3blBAIOT TONIIMHA M JUAJIEKTpUYecKas
MIPOHUIIAEMOCTh JTUAIEKTPUUECKON MPU3MBI. DTH MapaMeTphbl ONpPereNnsioT
KOJINYECTBO M THUIBI BOJIH, PAaCIpPOCTPAHAIONIMXCS B CHUCTEME, a TaKkKe
BIMSIOT Ha 3HAYEHHs VYIVIOB M3IyYeHHS TapMOHUK AU(PaKIMOHHO-
YEepEHKOBCKOI'0 U3ITyYEHHUS.
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BBIYUCJIEHUE MATHUTHBIX ITOJIEM METOJIOM
3APSIIOBOM IVIOTHOCTH

[Monomapesa A.A., cmyoenm; bapcyk U.B., acnupanm

HanHas paboTa TMOCBSIEHAa peaju3aldyd alIropuTMa  pacydera
HEOJHOPOJHBIX MATHUTHBIX TOJNEH Ha 0a3e MeToja 3apsI0oBOi MIOTHOCTH
(M3I1), mpuMeHsieMoro, Kak MpaBujIo, IJs 3aa4 JIEKTPOCTaTHKH. TeM He
MeHee, pa3NHyHble aBTOpHI, HarpuMep [1], oroBapuBas psJi OrpaHUYEHUH,
JIONyCKalOT BO3MOXKHOCTh Hcmonb3oBanus M3Il ans  onpeneneHus
CTPYKTYpBl CTaTHYECKUX MAarHUTHBIX molieid. B pabore ObuM M3ydeHBI
W3BECTHBIE OrpaHUYEHMs, HakKJajJplBaeMble Ha wucnonb3oBanue M3II,
pa3paboTaH YHCIEHHBIH aNroOpuUTM MJIsi MOJEIUPOBAaHHUS KOHKPETHOW
MarHMUTOONTHYECKOM CHUCTEeMBI M TMPOBEJEHBI CEPHUH pacueroB, a
pe3yabTaThl CPAaBHUBAJIMCH C KCIIEPUMEHTATIbLHBIMU.

HapaGorannass weromuka peanmszanud  M3Il g BBIYHMCICHUS
MarHMTHBIX TOJeH, BMECTE€ C MpPEIBApPUTENbHBIMHU pe3yJIbTaTaMH, KpaTKO
mnokeHsl B [2]. TlosToMy OCTaHOBHMCS TONBKO Ha CpPaBHUTEIHLHOM
aHanan3e U KoMmMeHTapun o mpuMmenuMmoctu M3I1 s nanHoi 3amayn.

Bo-nepBeIX, cpaBHEHHE C JKCIIEPUMEHTOM T[IOKa3ajJo  XOpollee
corylacoBaHue pe3ynbTatoB (koppemsius < 1%). OmHako Takoe COoriacoBaHUE
ObLIO JOCTHTHYTO JIMIIB ITOCJIE TOA00pa ONTHMAIBHBIX BETMYMH MAarHUTHBIX
MOTEHIMAJIOB TTOJTFOCHBIX <QIIEKTPOJIOBY. CrnenoBarensHo, 0e3
FOCTHPOBOYHOI'O 3HAYEHHWs MArHUTHOTO TIOJSl YHCJIEHHBIH  pe3ysbTar
MIPUMEHUM TOJIBKO KaUeCTBEHHO.

Bo-Bropeix, kak mokazano B [l], M3Il npumeHuM TOMBKO IS
MarHUTHBIX TOJIeW, CO37aBaeMbIX IIOCTOSIHHBIMH TOKaMHM M TIpU
WCIOJIb30BaHUU MaTepranoB JUIS TIOJTIOCOB c MarHUTHOM
MPOHHUIIAEMOCTHIO, CTPEMSIIEHCS] K OECKOHEYHOCTH.

B zaxmouennn ormeruM, uto M3II, mpu BBINOIHEHWH YKa3aHHBIX
BBIIIE YCIIOBUM, B I[EJIOM MPUMEHHUM ISl pacdera CTPYKTYpbl MarHUTHBIX
moJieil U JaeT XOpoIIre KayeCTBEHHbIE U KOIMYECTBEHHBIE PE3YIIbTATHI.

PykoBoaurenu: [posnerko A.A., cm. npenodasamensy,
Bopoo6ses I'.C., npogeccop

1. M. Cunaneu, Inexmponnas u uonnas onmuxa (Mocksa: Mup: 1990).
2. T.C. BopobObeB, A.A. [Ipo3nenko, U.B. bapcyk, KpusiMuKo, 149 (2009).
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CAMOOPIAHIBALISI B KOJTEKTUBHII MMOBEIHIII
AKTUBHUX YACTUHOK

IOmenko O.B., doyenm,; bapanosa A.Ill., acnipanm

Bimomo, 1m0 BUKOpUCTaHHS MoOJENeEH, sKi 0a3yrThCsl Ha METOJaX
HENTIHIMHOT JAMHAMIKM Ta TeOopil camooprasizailii, JO3BOJMJIO MOSCHUTH
CTPYKTYPOYTBOPEHHSI JUIsi 0aratbox OIONOTIYHUX OO’€KTIB B PI3HUX
Jliara3oHax BiJl HAHOMETPOBOTO JI0 KiJIOMETPOBOTO.

Byno nmocmimkeHo (eEeHOMEHONOriYHY CXeMy, B paMKax sKOi
camooprasizartito aHcamOJIr0 AKTUBHUX YaCTUHOK MOJIAHO
CaMOY3ro/DKEHHM 4YMHOM. Ha OCHOBI TphOX NapamMeTpu4HOl CHUCTEMH
JlopeHiia, sika BiAMOBiga€ HAUIPOCTINIOMY MOJLOBOMY ITOJAHHIO CUCTEMH,
0 CaMOOPTaHi3yeThCs, OYyJI0 MPENCTaBICHO OCHOBHI OCOOJIMBOCTI
nepexony Bil O00EpTANLHOTO PEKHUMY pyXY CYKYMHOCTI aKTHBHHX
YaCTUHOK J0 MOCTyNanbHOro. (DEeHOMEHONOriYHUA OMHMC JOCSITAETHCS
3aBIIIKM BUKOPHCTAHHIO 3QJIGKHOCTI KIHETHYHOI eHeprii pyxy Bin
cepenHboi MBUAKOCTI pyxy [1-3].

Kinernyna  kapTMHa  Tepexomy  OpOUTIOCTpoBaHa  (pa30BUMH
MOPTPETaMU, HAa OCHOBI SKHX JIOCHIPKEHI Mpouecu Oe3nepepBHOro
nepexony MDK OO0epTalbHUM 1 TIOCTYMaJbHUM PEKHMaMH pyXy, IIO
BIJIMOBi1al0Th PI3HUM CITiBBiJHOIIECHHSIM YaciB 3MiHU MapaMeTpa MopsaKy,
CIIOJIYUYEHOTO TMOJII Ta KEepPYyH4Ooro mnapamerpa, poiib SIKUX BiAirparoTh
cepenHs IBUAKICTh, JaJeKOAIiHA CHIIa Ta MapaMeTp BHYTPIIIHBOTO CTaHy.
[lokaszaHo, 110 KPUTHYHE 3POCTaHHS JABOX MEPIIMX YacCiB MPHU3BOAMUTH IO
KOJTUBAIBHOTO PEXHUMY, SIKIIO apaMeTp BHYTPILIHBOTO CTaHY 3MiHIOETHCS
Habarato MOBUIBHINIE IHIIMX BETUYMH. Y TPOTHISKHOMY BHIIAJKY
CBONIONISL CHUCTEMH BH3HAYA€ThCA YHIBEPCATBHOIO JUISHKOI (a3oBoi
TpaekTopii. BpaxyBaHHs CTOXaCTHYHUX JOJAHKIB JO3BOJIMIIO MPEICTABUTH
MEepepuBYACTHIl  PEKHUM TIEPEXOAY CHUCTEMH aKTUBHHUX YacCTHHOK,
nmoOyIyBaTH JiarpaMy MOXJIMBHX CTaHIB CHUCTEMH Ta IpOaHai3yBaTH
(hYHKIIIFO pO3MOJILTY 33 CEPEIHBOIO IIBHJIKICTIO YACTUHOK.

A.W. Onemckoti, O.B. I0menko, @izuunuii scypran 54, Ne7 (2009).
A.N. Onemckori, O.B. KOmenko, Uzsecmus BY306. @uszuxa, Ned
(2004).

3. 0O.B. FOmenko, Bichux Cym/lY, Nel (2008).

N —
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NPUMEHEHHUE ®@YHKIUU JIAITYHOBA JUISA
HNCCIEAOBAHUA CJIOXKHBIX CUCTEM

IOmenko O.B., doyenm; Jopomenko J1.10., cmyoenm

W3BecTHO, YTO HCIIONB30BAHME amIapaTra, OCHOBAHHOTO Ha (QYHKIUH
JIsnyHoBa, MMPOKO pacHpOCTPAHEHO B Halle BpeMs IS UCCIEIOBaHUS
CIIOXHBIX CHUCTEM, MOCKOJBKY TO3BOJISIET PEMIMTh 3a]ady O Tio0albHON
cra0unu3alMi HelIMHEHHbIX cucrteM. [lpm stom ¢ynkuuio JlsmyHoBa
HEOOXOJMMO TIOHMMATh KaK HEKYyl0 BCIIOMOTaTelibHyl0 (QYHKIHIO,
MIPUMEHSAEMYIO JUISl MCCIEOBAHMS YCTOMUMBOCTH HENMHEWHBIX CHCTEM U
aHaJIM3a KauYeCTBEHHBIX XapaKTEePUCTHK.

CHOXHBIE CHCTEMBI, KOTOpble HE OrpaHMuMBaloTCcs puzmueckumu [1],
HO M PacCIpOCTPAHSIOTCS Ha COIMalibHbIC [2] ¥ Ouonoruueckue [3], ObLIM
IIPEICTABIEHBl HAa OCHOBE MATEMAaTHYECKOM MOJENU, COCTOALIEH U3
CHCTEMBI IBYX Iu(depeHnnaibHbIX YpaBHEHNH.

[Mpumenss meron JIsmyHoBa, OBUTH MTPOAHATU3UPOBAHBI OCOOBIE TOUKH,
OTBEYAIOIIME CTAI[MOHAPHBIM COCTOSHHUSIM YKa3aHHBIX CJIOXHBIX CHCTEM.
Kpome Toro, ¢ momomrpio pyHknuu JismyHoBa ObUT MpOaHATU3UPOBAH THIT
YCTOWYHMBOCTH Ka)KJIOH TOUKH, MOCTPOEHBI (Pa3oBbIe MOPTPETHI, HA OCHOBE
KOTOPBIX PACCMOTPEHa KMHETHKA U PEXUMBI TIOBEJCHUS CIIOAKHON CUCTEMBI
JUIA pa3HBIX COOTHOLIEHHM MEXIy XapaKTepHbIMU BpEeMEHaMU HM3MEHEHHs
rapaMeTpa CONpsKEHHOTo MOJis ympasisioliero napamerpa. Ilokasano,
4TO B Cilydyae HauOONBIIEro HM3MEHEHHS YIPaBISIONIErO IMapamerpa
CHCTEMa MEepeXOIUT B KoNeOaTebHBIN PEKUM.

Takxum 00pa3oM, ONMMCAHHBIA METOJ M €ro pa3iNdHbIe MOJCPHHU3AIMH C
WCTIONIb30BaHUEM Kiaccuueckod ¢yHkuuu JISmyHOBa NpencTaBIsIOTCS
BEChbMa MEPCIEKTUBHBIMU JJIsl UCCIIENOBAHUS U aHAJM3a CJIOXKHBIX CHCTEM
Pa3INYHOrO THIA.

1. A.M. Onemckoii, O.B. FOmeunko, Kypuar mexnuueckou guszuxu, 73
Nel0 (2003).

2. 0.1 Onewmckoii, O.B. Omenko, JKypran ¢izuunux oocrioxcenn, 8 Ne3
(2004).

3. AU. Onemckoii, O.B. IOmenko, Hzsecmus BY306. @uszuxa, Nod
(2004).
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JANHAMUKA CBEPXU3JIYUEHUSA
KBAHTOBBIX TOYEK

Omenxko O.B., doyenm; Bpoekuna J1.B., cmyoenm

B mocnemHee BpeMs HHTEpEC MHOTHX — YYEHBIX  TMPHBIIEKAET
WCCIIEIOBaHNE KBAaHTOBBIX TOYEK, KOTOPBIE TMPEACTABISAIOT  COOOM
M30JINPOBAHHBIC HAaHOOOBEKTHI, OrPaHHYEHHBIE IO BCEM TpPEM
MPOCTPAHCTBEHHBIM  HM3MEPEHUSAM WM COAEp)KaIlMe  DJICKTPOHBI
MPOBOAMMOCTH. KBaHTOBBIE TOYKH, OONAIarONIHe MHOTHMH CBONCTBaMH,
KOTOpPBIE JETAI0T MX MOX0KUMH Ha aTOMBI, HAa3bIBAIOTCS «UCKYCCTBEHHBIMU
aToOMaMm.

B nanHoii paboTe ObUT HCCIIeIOBAaH MUKPOCKOIMYECKUH TaMHJIbTOHUAH,
OIUCHIBAIOIINN aHCaMOJb KBAHTOBBIX TOYEK B IMOIYIPOBOJIHHUKOBOM
MaTpHIIC TAKUX CaMOOPraHU3YIOIIUXCS T'eTepOCTPYKTYp, Kak InAs/GaAs,
InGaAs/GaAs, InGsAs/AlGaAs. B pe3ynbrate ObUIH 3aITUCaHbl YpaBHEHUS
JIBUKCHUS JJIs CKAJISPHOTO U BEKTOPHOI'O TTOTEHIAJIOB TIOJISL.

Ucnone3yst mpuOiamKeHHe CpeJHero IMois, Ha OCHOBE IOTYyYeHHBIX
ypaBHEHUI ObITa M3ydeHa AWHAMHKA W3TYYEHHS KBAHTOBBIX TOouek. Kpome
Toro, OblIa pPacCMOTpEHa BO3MOKHOCTh peEAM3allMi PEKHMa CBEPX-
W3JTyYCHHs], KOTOPBIA SIBISETCS CIICACTBHEM COBMECTHOTO KOTEPEHTHOI'O
W3ITydeHHs (caMOoOpraHu3alii) aHcaMOJIsl KBAaHTOBBIX Touek. [lokazaHo, 4To
TaKOM pPEeXKAM peanu3yercs, eclH pAacCTOSHHE MEKIY COCEIHUMHU
KBAHTOBBIMH HAHOCTPYKTYPaMU MEHbIIIE, YeM JUTHHA BOJTHBI H3TYUCHUS.

UccnenoBanne  oOmiero  AMHAMUYECKOrO  TIpollecca  MOKa3alo
HECKOJIbKMX KAaueCTBEHHO pa3JIMYHBIX JTANoOB pa3BuTus. [Ipoiiecc
HAYMHAETCS W3 3alyCKa THUIOJILHON BOJHBI CIIOHTAHHBIM HM3ITyYCHHUEM W3
OT/IENBHBIX TOYEK, YTO COOTBETCTBYET KojebaTenbHOMY JTaly, Kornaa
TOYKH ele He3aMEeTHO KOpPEeNUpyIT IPyr ¢ ApyroM. BTopeiM 3Tamom
SIBJIACTCSI KBAHTOBAHWE, KOTJa KaXKJas TOYKa B3aUMOJICHCTBYET C OOIIUM
MojJieM W3Iy4eHHs, OJHAKO MPH D3TOM OTCYTCTBYET COIJIaCOBaHHOCTh
HECKOJIbKMX  BOJIHOBBIX  TIPOIIECCOB BO  BpeMeHU. Ha  Tperbem
(KOrepeHTHOM) 3Tare TOYKHA HM3y4aroT KOTEPEHTHO, UCIYCKas UMITYJIbCHI
cBepxusnydenus. llocme uMIynbca CBEPXU3IYYEHHUS CHCTEMa TOYEK
penakcupyeT K OecrnopsiIouHOMY COCTOSIHUIO. B cilyyae MOCTOSIHHOTO
BO3/ICHCTBHAS BO3HHMKAET JTal MyJbCHPYIOIIEr0 HAMPsHKEHHs, KOTja
CHCTEMa TOYEK M3Iy4aeT OTJAeNbHbIE COrIIaCOBAHHBIE NMITYJIbCHI.
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HNPUMEHEHHUE TAMUJIbBTOHOBA ®OPMAJIN3MA
P UCCJIIEJOBAHUHU CJOXKHBIX CUCTEM

IOmenko O.B., doyenm; Bonaapenko M.H., cmyoenm

UzBecTHO, uTO hopmanniM ['aMHIIbTOHA 1O CPABHEHUIO C JIarPaHKEBbIM
¢dbopmanu3zMoM siBisieTcss  Ooliee  paclpoCTpaHEHHBIM U YAOOHBIM C
MaTeMaTHYECKOM TOYKH 3pEHHs, IIOCKOJIBKY pellaTh CHCTEMY JBYX
nrddepeHIMaIBHBIX YpaBHEHHH MEPBOrO MOpsAKa Topas3io Mpolle, YeM
oHO Ju(epeHITNaNIBHOS ypaBHEHHE BTOPOrO IMOPSJKA. YUHUTBIBAsl STH
XapakTepUCTUKH, MBI  PacCMOTPUM  NpPHUMEHEHHE  TraMHJIBTOHOBA
(dbopmanm3Ma Mpy UCCIEAOBAaHUH CIIOKHBIX CUCTEM.

B pabore [1] paccMaTpuBarOTCS pa3iMyHbIC MOIXOABI K MPUMEHEHUIO
raMHUJIBTOHOBA ()OpMa3Ma, a TaK)Ke HOBBbIE OTKPHITHSI B 00JIaCTH TEOPUHU
TaMHUJIBTOHOBBIX CHCTEM, CBSI3aHHBIE C SIBJICHHEM IIOTEPH PaBHOBECHS:
paccMaTpuBaercsl mMpodjemMa, CMBICT KOTOPOH B TOM, YTOOBI OIMpPEIeNUTh
Kakasi CHCTeMa UMeeT YCTOHYMBOe, a Kakasi HeMmoCTOsIHHOe noBeaeHue. [Ipu
3TOM OBUTH WCCIeNOoBaHbl (QU3MYecKas W MaTeMaTH4ecKas MOJENH,
paccMaTpuBaloIIne MOSBIICHNE TUCIOKAINN B KpUCTAJLIE.

B pamkax wmarematmueckod Mojenu Oblla  u3ydeHa 00JacTh
COXpaHEHHSI COCTOSIHUSI CHCTEMBI, XapaKTepu3yemas IBYMsl CTEHEHSIMH
CBOOO/IBI, TOCTPOCHBI (a30Bble MOPTPETH A PA3TUYHBIX COCTOSHUHN
CHCTEMBI, TPOaHaIM3UPOBaHa X OTIUYUTENbHASI TEOMETPHUS M MPOBEAcHA
aHalorus ¢ (U3MYECKOM MOJENbI0 M MPOUCXOMSMIMMH TpPU 3TOM
MeXaHHUYECKHMHU MPOLIECCaMHU.

Kpome Toro, B naHHOH pabore, OBUIM MCCIEIOBAHBI OCHOBHBIC
OPUHIUNBI  TEOPHUH TaMHIBTOHOBBIX CHCTEM, KOTOpBIE TIO3BOJISIOT
MOJTy4aTh MHOXECTBO PELICHUI ¢ MOMOIIbIO BapHAIMOHHOTO MPHUHLUIIA, a
HEe 3aJlaHMeM HadaJlbHBIX ycloBuid. OmnpeaenuB HabOp 3THUX pEIICHHIA,
KOTOpBI COCTaBJISIET 3aKpPbIThIi MHBApHAHTHBIM Habop, BKIIOuYask HAOOp
WHBapUAHTHBIX KPUBBIX, MBI CMOXEM B JTAIbHEHIIEM CYJUTh O COCTOSHHH
HCCIIETyEMOI CUCTEMBI.

1. Jurgen Moser, SIAM Review 28 No4, 459 (1986).
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YUCEJbHE MOJIEJTIOBAHHSI CTOXACTUYHUX OCHUJISIIII
CUCTEM, 10O CAMOOPI'AHI3YIOTHCH, I AI€O B1JIOT'O
mymy

IOmenxko O.B., doyenm; Jasunenko T.0., cmyoenm

Bzaemopmist Mixk IMIyMOM Ta HENIHIAHICTIO JTUHAMIYHHUX CHUCTEM BigoMa
3aBASKM JIOCSATHEHHIO KPUTUYHHMX 3MIH B TOBEMIHIII CHUCTEM, SKi
JEeMOHCTPYIOTh iHAYKOBaHI IIYMOM 1 peKypeHTHI ¢a30Bi NepexoiH,
CTOXaCTUYHHMH PE30HAHC, IHAYKOBaHE IIyMOM (OpPMYBaHHS CTPYKTYp, Ta
IHIyKOBaHI IIyMOM SiBUIIA MepeHocy. KOoHCTpyKTHBHa pojib IIyMy B
JUHAMIYHAX CHCTeMax BKJIOYa€ CTpUOKOMOAIOHMI mepexim Mik
YUCJICHHUMH CTIKUMHU aTpakTtopamu, cradOimizaiito atpakropa JlopeHia
nobnu3y mopora Horo QopMmyBaHHS 1 cTa0imi3alilo pe3oHAHCHA, IO
OB’ SI3aHUI 3 TPAHMYHUM ITUKIIOM, KU TICHO MOB’si3aHul 3 Oiyprariiero
Xomnda. [loBeniHka Takoro TUIy — I HEBiJ’€MHA YaCTHHA OOMEXKEHHX
CHCTEM 3 JUCKPETHHUMHU 00’€KTaMH (HAIpHUKIaJ, B €KOJOTUYHMX CHCTeMax
iHAUBIAM (QOPMYIOTH TMOMYJALII0 BHUIAAKOBO, Yy BIAMOBITHOCTI A0
BUIAIKOBOI HApOIKYBaHOCTI Ta cMepTHOCT). [loscHIoOUM MOBOIO
¢dazoBux mopTperiB, (a3oBi MEPEeXoqu BKa3aHI BUIIE, MPEICTABISIIOTH
c00010 IPOCTHI BUTIAJIOK, B IKOMY 3 SIBIISIE€THCS CTalliOHAPHA TOYKA.

B sxocti 00’ekTy BHUBYEHHS Oyna oOpaHa OUTbII CKIaJHA CUTYyallid,
KOJIM CUCTEMa MOXKE JIEMOHCTPYBAaTH KOJIMBaJIbHY MOBEAIHKY, MOB’S3aHY 3
MOSIBOIO TPaHUYHOT'O IIMKITY B pe3ybTaTi Oidypkaiii Xorda.

By posrnsHyTHIl HailOumbll TOMYJISIpHUM BUMAJOK CaMoOpraHizamii
Xomda: MoayIhbOBaHE BUIPOMIHIOBAHHS Jia3epa, IIOBEHIHKA SKOTO
BHU3HAYAETHCS HANPYKEHICTIO ENEeKTPUYHOro Moyt E, mnoispusalieio
cepenoBuilia P 1 pi3HUIICIO HAcENIEHOCTeH eHepreTuuHux piBHIB S. s
BH3HAUCHHS 3aJIOKHOCTI BiJ] 4Yacy IIMX BEJIUYMH 3aCTOCOBYBAJach
croxacTu4Ha cucrema JlopeHia.

[IpoBenene mocHifKeHHs MaHOI CHUCTEMH IIOKa3ajo, IO TpaHUYHHUHA
IMKJI BWHHMKA€E JIMIIE Yy TOMY BHIQJKY, SKIO HAHOUIBII IIBUIKO
3MIHIOETLCS CTEINIHL CBOOOH, KA IOB’sA3aHa HETIHINHO HE MEHIIE YUM 3
nBoMa iHmMMHU. OTpuMaHa yMOBa MOSBH IPAHUYHOTO UKy BUKOHYETHCS
MpH CIIBBIIHOIIEHH] YaciB penakcailii 7z << Tp, Ts BIIMOBIIHUX 3MIHHUX.
MeTo0M KiHIIEBUX PI3HUIIb MPOBOAUIIOCSA YHCEIBHE MOJICITIOBAHHS JaHOI
CTOXaCTUYHOI CHCTEMH, 3 METOI0 MiATBEPKEHHSI OTPUMAaHUX aHAITHYHO
pe3yNbTaTIB.
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®OPMUPOBAHUE BBICOKOIMIOPUCTHIX CUCTEM HUKEJISI B
YCJOBUSX CTAIIUOHAPHOM KBASUPABHOBECHOM
KOHJIEHCALIUA

Mokpenko A.A., acnupanm; [lepekpectos, B.U. npogheccop;
Py6eu JI.U., cmyoenm; [1émmnu B.B., acnupanm

Huskopa3mepHble MOPHUCThIC HUKENSl CHCTEMbl HAIUTM TNPHUMEHEHHE B
KayecTBE CEHCOPOB, KaTajlM3aTOPOB, a TaKKe AaKTHBHBIX JJIEMEHTOB
MHKPOAJICKTPOHHOM TEXHUKH H T.]I.

BeicokomopucThie  KOHACHCAThl HHUKEIs ObLUIM TOJYYEHBI IyTeM
OCXKJCHUS NPSMBIX B 00paTHBIX TU(P(Y3NOHHBIX TOTOKOB MarHETPOHHOTO
pacmpuIUTeNss Ha TIOCTOSIHHOM TOKE B cpefe Ar, OYMIIEHHOTO II0
crenualbHON MeToJuKe. B kKauecTBe MoAI0XKeK UCIONb30BAIHUCH CKOMBI 110
(001) KCl, cnrona u crexino. TexHOMOrnuecKMMH MapaMeTpaMu BBICTYAIN
naBlieHHe pabodero raza B kamepe (2.4 — 10 [1a), Tok paspsaa (20 -50 MA),
temneparypa nomioxkku (200-500°C) u Bpemst ocaxkaenus (ot 35 MHH. 10
94acoB). B mpouecce konmeHcaumu Ha mnomioxkku u3z (001) KCl
BO3/JICHICTBHE HA TIOBEPXHOCTh MOTOKOM 3apsDKEHHBIX YaCTHI] PHBOIUIIO K
00pa30BaHMIO BBHICOKOH TUIOTHOCTH aHMOHHBIX BakaHcui (Cl), uro Taxke
HaO0JII0JIAIOCH MPH TeMIiepaType noaioxkku oomnee 450°C.

[Tpu xoHAEHCAIMK MPSIMBIX MMOTOKOB HUKENS Ha aTOMHOIIEPOXOBATYIO
noBepxHoctb KCIl Habnromanoch H3MEHEHHE CTPYKTYphl IUIGHKH OT
MOJUKPUCTAJUTMYECKON 10 BHICOKOIIOPHCTOM, B TOM YHKCIie ¢ 00pa3oBaHUEM
MHUKPOIPOBOJIOK, YTO CBHJETEIBCTBYET O TEMIIEPATypHOW 3aBHUCHMOCTH.
dopMUpOBaHUE CIUIONMIHBIX I[UIGHOK HAa MOMIOKKAX W3 CIIOABI IIpH
pa3UyYHBIX TEMIlepaTypax, 4To, CyIs MO BCEMY, CBSI3aHO C OTCYTCTBHEM
TOYEYHBIX JIe()EKTOB Ha POCTOBOI MOBEPXHOCTH.

IMpu konnmencanuu oOpaTHBIX AWG(GY3HOHHBIX TOTOKOB HHKEIs Ha
HAYaJIbHOM dTalle MPOUCXOOUT oOpa3oBaHME 0a30BOTO CIUIOIIHOTO CIOA,
HA KOTOPOM TIpH TPOJNODKUTENbHOM  KoHIeHcanud (5 —9 yacoB)
(dhopMupyroTCs  KpUCTa/UIBl  chepuueckoil  (OpPMBI, YTO CBS3aHO C
M30MpaTeIbHBIM 3aKpPEIJICHNEM aIaTOMOB Ha aKTUBHBIX IIEHTPaX POCTOBOIL
MOBEPXHOCTH, M KaK CJIEACTBHE MHUHHMMH3ALUs CBOOOJHON SHEPruH BCei
cuctembl. HeoOXomuMo  OTMETHUTh, YTO (OPMHUPOBAHUE CHCTEMBI
KPUCTAJIOB ~ ONWMHAKOBOW  (opMbl W pa3MepoB  CBSI3aHO  C
caMoopraHu3anuel TeMIepaTypbl pOCTOBOH MOBEPXHOCTH U OCAXKAaEMOT0
MOTOKA, ¥ HE 3aBUCHT OT MaTepHaa MOUI0KKH.
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®OPMYBAHHJS IOPUCTUX CTPYKTYP AlY
HAKOIINYYBAJIbBHUX IOHHO-IIJIASMOBHUX ITPUCTPOSAX

Benomanka [.B., cmydenm; Kocminceka 10.0., dokmopanm;
Kopuromenko I'.C., cm. suxnadau; llepekpectos B.1., npoghecop

Hu3zbkopo3MipHi MOPHUCTI CTPYKTYPH CTAHOBJISITH 3HAYHUH 1HTEpec s
JOCIIAHUKIB ()I3UKIB 1 TEXHONOTIB 3 TOYKM 30pYy IX BUKOPHCTaHHS B
CEHCOpax, NAIMBHUX elIeMeHTaX, MeMOpaHax Ta iH. [yl oTpuMaHHS TaKMX
CTPYKTYp B JaHiii poOOTi MPOMOHYETHCS BUKOPUCTOBYBATH MiIXi, SIKHA,
Ha BigMiHY Bix IicHyroumx [l], OCHOBaHWII Ha KBa3iPiBHOBAXHHX
CTaIllOHAPHUX TMPoIecax Ha MEXI pO3JAUTYy IIa3Ma-KOHJEHcaT. B Takux
yMoBax Imapd (GOpPMYIOTHCS MUIIXOM IOaTOMHOTO 30MpaHHs MpH
MOCTIHHOMY Ta Ha/JHU3bKOMY 3HAYCHHI MEPECHYCHHS. TeXHOJIOrYHO JaHi
YMOBH pealli3oBaHO 3a JONOMOIOI0 HaKOMHYYBAIbHUX 10HHO-TIa3MOBHX
cuctem [2].

Takum 4yMHOM, B AaHiil poOOTiI BHBUAIOTHCS MEXaHI3MH CEIEKTHBHOTO
(opMyBaHHsSI BHCOKOIOPUCTHUX KOHJCHCATIB Ha TNPUKIAAlI AJTFOMIHIO.
Konpencaris Binoysanace Ha ckoiu (001) KCl, mpu ticky pobodoro raszy
(Par) 3-15 Ila, motyxxHocTi po3psaay (Py) 5-6 BT, yac ocaJkeHHsI CKIaiaB
60 ¢ — 9 ron. BuBueHHS CTPYKTYypH KOHJCHCATIB MPOBOJUIOCH METOIAMHU
MPOCBIYYIOYOi Ta pPacTpoBOi ENEKTPOHHOI MIKPOCKOMii, a TaKoX
eNeKTPOHHOI AudpaKiii.

Posrnsnatorhest GisuuHi edektH, 1mo 3a0e3neuyroTh CEISKTHBHICTD
poCTy, a caMe MPOoIeCH MiHIMI3allil BUTBHOT eHepril KOHJIeH caTa, peati3allis
aJaToMaM¥ MaKCUMAaJIbHO MIIIHMX XIMIYHUX 3B'SI3KiB 3 TIOBEPXHEIO, BIUIKB
KPUBU3HH Ta CTPYKTYPHOTO CTaHy pOCTOBOi IIOBEpXHi, a TaKOX
(okycyBaHHS 10HI30BaHUX MOTOKIB OCAP)KyBaHOI PEUOBHHH CIEKTPUIHUM
MojieM Ha BHCTYNAlOUMX 4YacTHHAaX pPOcToBOi TmoBepxHi. [lokazaHo
HNUKIIYHICT, 3MIHM MEXaHI3MIB TIOIIAPOBOrO0 Ta HOPMAJIBHOTO POCTY
KpHCTaiB.

1. C.IL Contesku, K. Putyera Dekker Encyclopedia of Nanoscience and

Nanotechnology, ed. by (Boca Raton FL: Taylor & Francis Group: 2009).
2. V.L Perekrestov, A.L. Olemskoi, et al., Phys Lett. A 373, 3386 (2009).
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CAMOCBOPKA HAHOCUCTEM MEJIH ITPH
KBA3BUPABHOBECHOU KOHAEHCAIINU B YCJIOBUSAX
®OJIBMEPA-BEBEPA

Kocmunckas FO.A., doyenm; lepekpectoB B.U., npogheccop;
Onanactok C.A., cmyoenm; Kopuromenko A.C., cm. npen.

B HacTodAlleC BpEMA HUHTCHCHBHO IIPOBOJUTCA TIOMCK  HOBBIX
TEXHOJIOTUYECKHX TIOAXOAOB K (OPMHPOBAHUIO MOHOIMCIIEPCHBIX
HaHocHUCTeM MeTaioB. K duciay TepcneKTHBHBIX — HallpaBJIEHUH,
pelarmux nogo0HbIe 3a1a9H, CIEAYyEeT OTHECTH caMOCOOpKy HAaHOCHCTEM
MIpH MPOTEKaHWU CTAIMOHAPHBIX MPOIECCOB KOHJIEHCAIIMN B OKPECTHOCTH
TEPMOJIMHAMUYECKOT'0 paBHOBecHs. JIBMXKyIel cuiioi Takoil caMocOOpKH
SBIISIETCS MUHUMH3AIHS CBOOOIHON DHEPTHH, ONPEeNsIomas OANHAKOBYIO
¢bopMy W pa3Mmepbl KIACTEPOB, a TAKKE BO3MOXHBIA ONPEICICHHBIN
Mmop4aAaoK B HMX B3aMMHOM PacCIIOJIOKCHUW Ha IMMOBCPXHOCTU IMOIAJIOKKHU.
OueBHIHO, C METbI0 HUCKIIOUYEHHUS IOCIOWHOrO pocTa KOHJAEHcaTa MU
¢bopMHpOBaHUST HE CBSA3aHHBIX JpPyr C JPYIrOM  OJWHAKOBBIX
HAHOKPHCTAIUIOB, HEOOXOJJMMO HCIOIBb30BaTh ycioBus ®onbmepa-Bebepa.

Kaxk mokazanu pe3ynbTaThl IpeIBapUTEILHBIX HCCIEIOBAHUN U aHAIHN3
JIUTCPATYPHBIX JAaHHBIX, CYHIECTBYIOIIUEC OO HACTOALIErO BpPEMCEHU
TpaJMLIMOHHbIE TPEACTABIEHUS O MEXaHHW3ME KOHJIEHCAIlMM METAJUIOB B
ycnoBusix  DonbMepa-BeOepa orpaHMUMBAOTCS  TOJNBKO — JIOCTATOYHO
BBICOKMMU TICPECHINICHUAMU, a B YCIOBHAX, TIPEACIHLHO OMM3KUX K
PaBHOBECHBIM, MOXHO  c(HOPMHpPOBAaTH  CHCTEMBl  HaHOKJIACTEPOB.
HpI/IHI/IMaH BO BHHMMaHHC HU3JIOKCHHOC BbIIIC, OCHOBHAad Hay4dHas
npobiemMa, pemieHne KOTOPOH TIOJIOKEHO B OCHOBY JaHHOE pPaboThI,
3aKIJII0Yaiach B BBISIBJICHUHM YCIOBHM CaMOOpTraHM3alliM HaHOCHUCTEM MeEIU
Ha OCHOBaHMM OKOJOPaBHOBECHOW KOHJEHCAIMU B ycloBHsIX DonbMmepa-
Bebepa.

CamocOopka HAHOCHCTEM MEOM NPOBOAMIACHE B TEXHOJIOTMYECKOH
ycraHoBke BCA-350, yKkOMIIJIEKTOBaHHOM Tpems MarHeTpoHaMHM Ha
MOCTOSIHHOM Toke. OAMH W3 3TUX MarHeTpoOHOB MCIIONb30BajICSd Ui
pacnbUICHUA MEIU, a ABa OOKOBBIX PpacCibUIMTEIIA TUTaHA TPUMCHAIIUCH JJId
OYHMCTKM pabodero raza aproHa. B kauecTBe MOMIOKEK HCIOIb30BAIHCH
ceexue ckonbl KCl 1 crexio. bimM3ocTe K paBHOBECHIO JOCTUTAach, BO-
[IEPBBIX, HEMOJHOW TEPMHUYECKOM AKKOMOJALMEH KOHJIEHCUPYEMBIX
aTOMOB, BO-BTOpPBIX, BOSZ[GI\/’ICTBI/IGM Ha POCTOBYIO MOBCPXHOCTH IMOTOKOM
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BTOPUYHBIX 3JEKTPOHOB, TIOBBIIIEHHOW TEeMIepaTypoll TMOUIOKKH MU
CHUKEHHEM MOIIIHOCTH pa3psija.

KBasupaBHOBecHast KoHAeHcaluss U co3peBanue 1o OcTBanbry,
KOTOpBIE MOJJEPKUBAIOTCS HEMOJHOM TEPMUUYECKOW aKKOMOJAlUEH,
SIBJIAIOTCS HEOOX OJJTUMBIMH MPEeANOChUTKaMU caMOoOpraHu3aIuu
CTaTUCTHYECKOH OJHOPOIHOCTH HAHOCHCTEM (PHCYHOK 1 a), a mepexona K
(OPMHPOBAHUIO  CETOYHBIX  CTPYKTYp  OOyCIOBIEH  BTOPHYHBIM
3apOKIICHHEM HAHOKJIACTepOB W Mpeolnajaromiel KoHAeHcanuedl B
o0JyiacTv UX cpauuBaHus (pucyHok 1 ).

'S
90HmMe |  270mm._ | 850HmM ___

Pucynok 1 — CtpykTypa cucreM HaHOKIacTepoB meau (a, 6, T —Ha KCI; B
— Ha CTEKJIC)

MexaHu3mbl  (OPMHUPOBaHHUS HAHOCHCTEM B 3HAYMTENBHOH Mepe
OIpeACIAIOTCA IIJIOTHOCTBIO AKTUBHBIX LECHTPOB Ha TIOBCPXHOCTHU
MOTIOKEK, a TAKKE PABHOMEPHOCTHIO X PACIPEICICHHS MO TIOBEPXHOCTH.
Maias mI0THOCTL aKTUBHBIX HEHTPOB HA IMOBECPXHOCTU CTCKJIa UCKIIIOYACT
B3aUMHOE BIHMSHUE KJIACTEPOB B TMpPOIECCE HMX pOCTa, YTO JeaeT
HEBO3MOYKHBIM TIpoIiiece co3peBanue mo OCTBAIbAY W, B KOHEYHOM HTOTE,
OTIpeeNsieT CHUIBHO BBIPAXKEHHBIM Pa3HOCKOPOCTHOW POCT KPHCTAJIIOB
(pucynok 1 B). Ilpy He3HAYMTENT HOM TOBBIIICHWH MOIIHOCTH paspsiaa
npotecc kiacrepoodpazoBanus Ha ckonax KCl Hapymaercsi mepexoaoM K
SMHUTAKCHAITLHOMY POCTY AOCTATOYHO KPYIMHBIX OCTPOBKOB (PHCYHOK 1 T).

Takum 00pa3oM, B pa0OTe YCTAHOBJICHBI YCJIOBHS, HEOOXOJUMBIC IS
camMocOOpKku HaHocHcTeM Meau. K HUM ClieyeT OTHECTH: BBICOKOYHCTYIO
MHEPTHYIO CpeJly; MPOXOXKJICHNE TpoI[ecca B HEMOCPEACTBEHHOM OJIM30CTH
K TEPMOJMHAMHYECKOMY paBHOBECHIO, CTalMOHAPHOCTh Mpolecca
CaMOC60pKI/I; MOBBINICHHYIO IIJIOTHOCTH AKTHUBHBIX LECHTPOB Ha
MMOBCPXHOCTHU IMOATTOXKKH.

157



CEKLIA 6: Hanoenexmponixa

MOIAEJIUPOBAHUE PABHOBECHbBIX ®OPM KPUCTAJIJIOB
Crecussiii A.C., cmyodenm; IlepekpecroB B.U., npogeccop

[locTaBnena  3ajaya  TOJXYYUTb  METOAAMHU  KOMITBIOTEPHOTO
MOJIETTUPOBAaHHS paBHOBECHYIO (hopMy KpucTaiuia. s HapaOoTku Meroza
MOJTy4EHHUs] PaBHOBECHBIX (OPM Pa3IMUYHBIX KPUCTALTMUECKUX CTPYKTYP
MPOU3BOJAMUTCS MOJCTHPOBAHHE KpHCTAIIa NPUMHTHBHON KyOHMUecKon
CHHT'OHUH.

OCOOCHHOCTh PaBHOBECHBIX (HOPM KPHCTAIOB COCTOMT B TOM, UTO JIJIs
ux oOpa3oBaHus HEOOXOAWMO, 4YTO OBl paciulaB, pacTBOP WM Map
HaxXoOWJIMCb B PAaBHOBCCHUM C KPUCTAJUIOM HaAd AAHHBIM Y4YaCTKOM €ro
WCKPUBIIEHHOW MoOBepXHOCTH. PaBHOBecHas ¢opma Takxke MOXKET OBITh
omperereHa HE TONBKO W3 YCIOBHS TOCTOSHCTBA PaBHOBECHOTO
XUMHUYCCKOIo mnoTCHIMalla HaJd pasHbIMU TOBCPXHOCTAMU, HO U Kak
YyCJIOBHE€ MHWHHMYyMa MOJHOMN HOBerHOCTHOﬁ OHEPruu mnpu IOCTOSIHHOM
ero ooneme [1].

JlaHHOEe KOMITBIOTEpHOE MOJENIMPOBaHUE Oa3upyercs Ha MeToJax
poacTBeHHbIX Merony MonTe-Kapiao. OcHOBBIBasCh Ha TEOPETHKO-
BEPOATHOCTOM OIIMCAHUHN SABJICHUSA, OH MOXKCT CYIICCTBEHHO YIPOCTUTH
MaTeMaTHYeCKOe  ONMCAHWE  YHCIEHHOTO  MeToAa W CO3JaHHe
COOTBETCTBEHHOI'0 alroputma [2].

Mogenupyemast ~ cucteMa  OpeAcTaBiIseT  co0OK  TpeXMepHOe
MPOCTPAHCTBO  KOHEYHBIX  pa3MepoB,  3alONHEHHOE  XaOTUYECKH
JBIDKYIIMMUCS. aTOMaMU U 3apOJIBIIIEBOE 3EPHO, PACIIOIIOKEHHOE B IICHTPE
npoctpancTBa. OHO wuMeeT mapooOpasnyio ¢opmy, U aToMbl B HeEM
3aKperyieHbl B y3JlaX KPHCTAIMYECKOW PpEIIeTKH MPOCTOH KyOmuecKoin
cuaronun. Illapoobpasnast ¢opma 3aponpiia JaeT MaKCUMallbHOE
KOJIMYECTBO BO3MOMKHBIX IIJIOCKOCTEN pocTra Kpucrtamia. J[BukeHue
CBOOOJTHOTO aTOMa pealu3yercs CJAWHUYHBIM CKayKoM B OJHO U3 26
CIly4ailHbIX HampasieHUU. [IpucoequHenne K 3apoAblIly BBITOJIHSETCS IIPU
YCIOBUM  HAaxXOXIEHHsS CBOOOJHOTO aroMa B  HE3aHATOM  y3le
KPUCTAJUTMYECKON pEIIeTKH 3€pHa, a TaKKe MpH 3aJaHHOM YCIIOBHHU
HEOOXOJJMMOTr0 YrciIa OIMKAIINX cocefe Uil MPUCOeTUHIEMOr0 aToMa.
B To0 ke Bpems peanusyeTcs Apeiid yxke NpUCcOSAUMHEHHBIX K 36pHY aTOMOB
o €ro MOBEPXHOCTU (HyTeM 3aJaHusA CHy‘IaﬁHbIX KOOpAuHAT B IIpeaciiax
BO3MOKHOI'O aTOMHOI'O IIPBIKKA ITOKAa HE BBIITOJIHATCA BLI6paHHI)IC YCJ10BHUA
— Hajuure N ONMbKaInx cocefield ¥ He3aHATOCTD y37a).
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[Mony4eHnHslit Ha qaHHOM 3Tamne paboTsl pe3yibrat mist 3000 atoMoB 1
npoctpancTBa 50x50x50 moaTBepkaaeT OOLIYI0 BEpHYIO HANpPaBICHHOCTh
BBIOpAHHON MOJIENIM — MOJIyueH OJn3kuii o GopMe K KyOy kpucTai (puc.
1). On 6wt «BBIpanieH» 3a 100000 BpeMeHHBIX 11aroB.

Takxum 0Opa3om, BEITIOJIHEHHE TIOCTABIICHHOW 3a1auu OyJeT JOCTUTHYTO
YCIOKHEHHEM W YCOBEPIIEHCTBOBAHMEM  HCIONB30BAHHOM  JUIA
MPUMUTHBHONW KyOMYECKOW CHHTOHUHM MOJIENIM POCTa KpUCTala.

Pucynok 1 — BeiparieHHbIH KpUCTaIL.

1. A.A.YepuoB Cosepemennas xpucmainoepagus. T.3 (Mocka: Hayka:
1980)

2. C.M. EpmaxkoB, Memoo Moume-Kapno u cmexcusie éonpocvt (Mocksa:
Hayxka: 1975)
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CEKIIA 7: Teopemuuna gizuka

CTOXACTHYECKASA JMHAMUKA HAMATHUYEHHOCTH
HAHOYACTHLBI BO BPAIHAIOIEMCS MAT'HUTHOM I10JIE

Joteiii T.B., doyenm; lonsxos A.YO., acnupanm

Uzyuenne MeTon0B nepeMarHuurMBaHus (PeppOMarHUTHBIX HAHOYACTHIL
SBIISIETCSl aKTyaJIbHOW 3ajadyeldl Al COBPEMEHHOW (H3MKH, MOCKOIBbKY
HAKOIIJICHHBbIE 3HAHUS B 3TOW 00JacTH MOTYT OBITh WCIOJIB30BAaHBI IMPU
pELIeHNN Pa3InYHbIX MPUKIAIHBIX 3a7a4 (mpexae Bcero B [T unmyctpun).
Kax moka3zano B psjie uccienoBanuii (cM., Hampumep, [1] U ccbulku Tam
’Ke) TepeMarHMYMBaHWE HAHOYACTHIIEI BO3MOXKHO C  TOMOIIBIO
Bpamatomerocst moisi. OHaKo, OMHUM W3 HEIOCTATKOB M3y4daeMoil B [1]
MOJIENH, SIBJISIETCSI UCKIIIOYEHNE U3 PACCMOTPEHHS TEIJIOBBIX (PIyKTyalui,
KOTOpBIE€ BCErja MPUCYTCTBYIOT B PEaJbHBIX CHUCTEMax HAHOYACTHI[ U B
psije ciIydaeB, UTPAIOT OMPEENAIONIyI0 pOib B MArHUTHOMN IMHAMUKE.

Mogenb, paccMaTpuBaeMasi B TPEACTaBIEHHOW paboTe OCHOBaHA Ha
croxactuyeckom ypaBHenun Jlanpay-JIupmmna wu, cruemoBaTenbHO.
YUUTHIBAET TEIUIOBbIC (QIIyKTyaluu. JIJisi YUCICHHOTO PelIeHNsT YKa3aHHOTO
ypaBHEHHS HCIIOJIb30BAJINCh pa3iIMyHble METO/bI. bblIo ycTaHOBIEHO, YTO
ONTUMAJBHBIM €cTh MeToJ Oiiepa. YucClIeHHBIH aHaMM3 TpPaeKTOPHi
MarHMTHOTO MOMEHTA JUISl pa3IMYHBIX ITapaMeTPOB CUCTEMBI MOKa3all, 4To
HEOJHOPOJIHBI  pPE&KHMM, XapaKTepHBIH Uil  JAETEPMUHUCTHUYECKOTO
MPHOJIMKEHHSI peain3yercsi TOIbKO Ha KOHEUYHBIX BPEMEHHBIX HHTEpPBaaX.

Onnoli u3 HamOonee BaXXKHBIX 3a/lad €CTh Y4YeT BIHMSHHS TEIJIOBBIX
¢GykTyanuii Ha cpeHee BpeMs MEpeMarHUYMBAHUS HAHOYACTHIBI IO
JEHCTBHUEM LU PKYISIPHO-TIONSAPU30BaHHOTO Mojsl. Hamu ObLin MccieaoBaHbl
3aBHCUMOCTH BpPEMEHM MEepeMarHUYMBAaHUS OT TEMIIepaTyphl, aMIUIUTY/bI
Bpallalomierocst mojis ¥ MapaMerpa 3aTyXaHUs NMpHU Pa3IMyYHBIX YacTOTax
Bpainatorierocs mosyist. OcoOblii UHTEPEC MPEACTABISIET T 00JIACTH 3HAYCHUS
MapaMeTpoB, T7ie BO3SMOKEH HEOAHOPOIHBIN PEXUM B AETEPMUHACTHYECKOM
npubmmkenun. Kak CBUAETENBCTBYIOT MOMYYEHHBIE Pe3yJbTaThl, HAMYUE
HEOIHOPOIHOT'O PeKUMa HE OTpakaeTcsl Ha oOIIeM XapaKTepe 3aBUCHMOCTH
BpEMEHH NepeMarHu4rMBaHusl OT IIApaMETPOB TOJISL U TEMITEPATYPHI.

1. T.V.Lyutyy, A.Yu. Polyakov, et.al., J. Phys.: Condens. Matter 21,
396002 (2009).
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JAAHAMUKA HEPABHOBECHOT O IIEPEXO/IA,
NHAYIIUPOBAHHOI'O B3AUMHO KOPPEJIMPOBAHHBIMU
IMNYMAMM: YUCJIEHHBIE PE3YJIbTATHI

Bynéunnstit B.C., cmyoenm; JlutBunenko [1.0., cmyodenm;
Burpenko A.H., cm. npenodasamens

HenvHeHHOCT W TIyM MOTYT TPHUBOJWTH CHCTEMY K YIOPSIOYCHHIO.
[IpuMepamu  sIBICHHUH CIIy)KaT CTOXAaCTHUCCKUM pPE30HAHC, HAIPABICHHBINA
TPAHCIOPT, UHIYIIUPOBAHHBIC IIIYMOM Tepexo/bl, U ap. K mociemHuM oTHOCHTCS
0OHOMOOATIbHOMBLU-OUMOOAILHOMBLIL  Nepexo0, TPU KOTOPOM pPaBHOBECHAsS
IUIOTHOCTh BEPOSATHOCTH CHUCTEMBI W3 (YHKIUA C OJHUM MaKCUMYyMOM
BHJIOU3MCHSICTCS B (PYHKIIUIO C JBYMS MakKCUMyMaMd. MakCHMyMBI ()YHKIIUU
COOTBETCTBYIOT (pa3zaM CHCTEMBI, TOYKH MaKCUMyMa — IapamerpaMm IOopsika, a
WHTCHCUBHOCTh IIyMa — YIPaBJSIONIEMY MapaMmerpy. Tarkke sl yKa3aHHOTO
repexofia XapakTepHbl OCOOEHHOCTH KJIACCHYECKHUX (DA306bIX  TIEPEXOJIOB:
KpUTHYECKHE TOKa3aTeNu, KpuThuueckoe 3ameanenue [1].

B pabGore [2] ucciaemoBaHa MOJENBHAs CHCTEMa C JIBYMSI TayCCOBCKHMHU
OCJIBIMU [ITyMaMU; TOJYYSHBI TOYHBIC BBIPAXKCHUS JUIS PABHOBECHOM TUIOTHOCTH
BEPOSTHOCTH CHCTEMBI; IIOKa3aHO, B3aUMHO KOPPEIHPOBAHHBIC IIYMBI MOTYT
WHIYIIMPOBATh HEPABHOBECHBINM Tepexoa. Takke BBIUMCICH KPUTHYCCKUH
MoKa3aTeidb I 3aBUCHMOCTH IApaMeTpPOB IMOPSAKA OT  YIIPABJISFONIUX
MapamMeTpoB; YCTAHOBJIIEHO, YTO OH paBeH CBOEMY KIACCHYECKOMY 3HAYEHHIO.
JluHamMuKka HEpPaBHOBECHOrO Iepexojla BOJNM3M KPUTHYCCKONH TOYKH He Obuia
HCCIIC/IOBAHA W3-32 HEBO3MOXKHOCTU TOJMYYCHUS TOYHBIX BBIPAKCHHUN JIISA
HEPaBHOBECHOW TUIOTHOCTH BEPOSTHOCTH CHUCTEMEBI. M3ydeHUIo 3TOi mpoOiieMsbl ¢
TTOMOIIBI0 YHCIICHHBIX METOJIOB MOCBAIICHA JaHHAS padoTa.

Hamn  paspaboran  anropuT™,  HampcaHa — IporpamMma,  YCHEUIHO
MPOTECTUPOBAHHAS HA  TOYHBIX  BBIPAKCHHUSIX  PABHOBCCHOM  IUTOTHOCTH
BEPOSTHOCTH CHUCTEMBI, HAWJICHHI 3HAUCHWS HEPABHOBECHOW IUTOTHOCTH
BEPOSTHOCTH; TTOCTPOCHBI IpaUKd BPEMEHHOMN SBOJIONUH MMapaMETPOB MOPsIKa
JUTS  3aJaHHBIX 3HAUCHWW YIPABJSIONMX MapaMeTpoB. YCTAHOBIICHO, MpU
CTPEMJICHHH CBEPXY YIPABJISAIOMIAX IapaMETpOB K KPHUTHUCCKUM, BpeMs, 3a
KOTOpoe OTHOMOJAJIbHAS HEpaBHOBECHAs IUIOTHOCTH BEPOSTHOCTH
BHJIOU3MCHSICTCS B OMMOJANBHYIO, BO3pacTaer, YTO CBUJCTEILCTBYET O
KPUTHYCCKOM 3aMeJUIeHUH. Pe3ynbTaThl JaHHOW pa0OTHI JOMOIHSIOT aHAJIOTHIO
BBIBJICHHOIO B MOJEIBHOM cucTeMe [2] OIHOMONAIhHOTO-OMMOIATEHOTO
repexoia ¢ KJIIACCHYECKUMHU (Pa30BBIMH IIEPEXOAAMHU.

1. B. Xopcrxemke, P.JledeBp, Unoyyuposannsie wymom nepexoovr (M: Mup:

1987).
2. S.I. Denisov, A.N. Vitrenko, W. Horsthemke, Phys. Rev. E 68, 046132 (2003).
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HIJIBUIIIEHHA YACTOTH EJEKTPOMATHITHOI XBWUJII ¥
PE3OHATOPI 3 PYXOMOIO CTIHKOIO

Kosanwos 0.0., cmyoenm

[Iporarom ocTaHHIX JecATHpPIY YTBOpHJIAch 1 yTBEpAWIach HOBa
KOHIICMNIIisl TeHepallii eJICKTPOMAarHiTHOI eHeprii, OCHOBHA ines SKOl
nojsirae B Oe3MmocepeHbOMY IEPETBOPEHHI MEXaHi4HOl (KiHETHYHOT)
€Heprii pyxXy MakpOCKOMIYHOIO TiJla B €HEPTilo eIeKTPOMATHITHUX XBHIIb.

Sk npuKIag, MOXKEMO HaBECTH BUOYXOBO-MarHiTHuii reaeparop (BMI).
CyThb OCTaHHBOTO TONATAE y HACTYITHOMY. BBa)aeTbcsd, IO MH MaEMO
MEBHUH ENEeKTPUYHUH KOHTYpP, 1O SIKOMY MpPOTIKa€ JOCHTh CHIbHHN
eneKTpuHui cTpyM. [IpumycTimo, 1m0 3 SKUX0ch MPUYMH (HaIpUKIa, 3a
paxyHOK BUOYXY) BiH pamnTOBO CTHUCKY€ThCs. BimmoBimHo no 3akoHy Bio—
CaBapa, CTpyM Yy KOHTYpPi CTBOPIOE B 00'€Mi, 1110 BiH OXOIUTKOE, MarHiTHE
nose. [Ipu cTUCHEHHI KOHTYpY MaeMO HIBHJIKY 3MiHY OCTaHHBOTO Y Yaci. Y
HACIIIOK peanizamii eeKTy eIeKTpOMarHiTHOI iIHAYKIIT 1€ MPU3BOJUTH J10
reHepanii eeKTPUYHOro MO, a 3MiHa OCTAHHBOT'O, B CBOIO YEPTY, BEAC 10
reHepailii MarHitHoro, i T.1. KoHTyp crae jpkepennoM Haja3BUYalHO MOTYX-
HOT'O EJIEKTPOMArHiTHOr'0 IMIYNbCy, SIKMA OTpUMaHO 0Oe3 3acTOCYyBaHHS
CHeliaJbHUX EJIEKTPOHHUX MTOTOKIB YH JIA3EPHUX CEPEIIOBUIIL

Imes GesrocepenHbOro MEPETBOPSHHST MEXAHIYHOI EHEprii pyxXy Makpo-
CKOMYHUX TiT B EHEPril0 BHUIPOMIHIOBaHHS He € HaaTro HoBowo. llle
EifHImTeiiH cBOro yacy BUCYHYB MPOMO3HIIIO0 TAKOTO TUIY, 10 OTPHMAaJia B
icropii ¢isukm iimenHs "mzepkana Eifnmredina". CyTth 11 momsirae y
BUKOpHCTaHH1 edekty [lonmepa, 110 Mae Miclie Mpy BiAOMBaHHI CBITIOBOTO
MPOMEHSI Bifl 3epKaJia, sIKe pyXa€eThCsl.

[pencraBnena poOora TpHCBSYEHA MMOMATBLIIOMY PO3BUTKY  imel
SHHIIITEHHIBCHKOTO J3epkaiia. Tyt ckomOiHoBaHo iei BMI, MmoaugikoBanoro
SHHINTEHHIBCHKOro J3epKajia 3 0araTOKpaTHMM BHUKOPWCTaHHSIM MaJloro 3a
BEJIMYHMHOIO JIOMIUIEPIBCHKOT0 3CYBY YacTOTH IIPH BETMKOMY YMCII1 BiIOWBaHb.

Y pobori Mmoka3aHa NPUHIMIIOBA MOXJIMBICTH OTPUMAaHHS 3HAYHOTO
MiZIBUIIEHHS YacTOTH Ta CKOPOYEHHS TPUBAIOCTI €NEeKTPOMAarHiTHOTO
IMITyIIbCY, SIKMH 3HAXOMUTBCS y PE30HATOPI 3 PYXOMHUM JI3EPKalioM.
3HaliIeHO YMOBH, 32 SIKUX €HEpTisl eNeKTPOMArHiTHOT XBHJIi Oy/ie 301mbIry-
BaTuCh. [IpoBe/ICHI YMCITOBI OI[IHKU IS MOYKJIMBOTO €KCIICPUMEHTY.

Kepiuuku: Kynim B.B., npogecop; JTucenko O.B., doyenm
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KYBUUYECKU-HEJIUHEMHAS TEOPUS TVIABMA-ITYUKOBBIX
CYHNEPTETEPOJUHHBIX JIABEPOB HA CBOBO/IHBIX
YIEKTPOHAX C H-YBUTPOHHOM HAKAUYKOM

Kosans B.B., accucmenm; Yepnor C.B., cmyoenm

OmHoli ¥3 TPUOPUTETHBIX 3aJad  COBPEMEHHOM  IJIa3MEHHOM
penstuBuctckoii CBY a71eKTpOHHMKH SIBJISIETCS co3JaHWe M pa3paboTka
HOBBIX HCTOYHHMKOB MOIIHOIO AJIIEKTPOMAarHUTHOIO W3Jy4EHUS B
MHJUTUMETPOBOM u CyOMHJUTUMETPOBOM JIHANa30HaX BOJIH.
HcnonezoBanue 3pdexra cymeprerepoarnHHOrO YCHIEHHS BOJH B Jlazepax
Ha cBOOOMHBIX AekTpoHax (JICD) oTkpeiBaeT yHUKaIbHBIE BO3MOXHOCTH
IUISL CO3JaHUSl TaKOro poja YCTPOWCTB, CHOCOOHBIX, B TOM YHCIIE,
TEeHEpUPOBaTh MOLIHOE U CBEPXMOIIHOE U3IIYyYEHUE IIPU UCKIIOUUTEIBHO
BBICOKMX YPOBHSX YyCWJIEHHS, ()OPMHPOBATh CBEPXMOIIHBIC CHTHAJBI
MPUHIMITHATIBHO HOBOT'O THIIQ (pemTOCeKyHaHBIE KJIACTEPHI
3JIEKTPOMAarHUTHOM 3HEPTUU TePPAaBATHOIO YPOBHS) U T.1.

B Tex ouenb HeMHOTHX paboTax, KOTOPbIE TOCBSIIEHBI M1a3Ma-Ty4YKOBBIM
cyneprerepoHHbIM JICD, OCHOBHOE BHUMaHHE TPaJWIMOHHO YJIEISIOCh
JIMIIb KOHCTPYKIMOHHOM CXEME C HAaKAuKOW 3aMEJIEHHOM 3JIEKTPOMarHATHOU
BOJHOHM (momnmiepTpoHHasi Hakadka). Toraa kak ©a3oBoil B TexHuke JICD
CUMTAercs Hakayka IIONEepPEeYHbIM MAarHUTO-OHIYIATOpHbIM ToneM (H-
yOUTpOHHAsl HaKauka). B cBsi3u ¢ BbIIECKa3aHHBIM, OCHOBHOM LIENBbIO JAHHOU
paboThl sBsieTcs (PUHUECKU aHAIM3 YCTPOWCTB THMA IUIa3Ma-ITy4KOBBIHA
cyneprerepoaunHbiii JICO ¢ H-youtponHoi Hakaukoi. Panee mpoBomuiioch
TEOPETUYECKOE M3YYEHUE TAKMX YCTPOMCTB. bbUIM IOMy4EeHBI OLIEHKU
napaMeTpoB UCCIEAYEMOro Mpuoopa, paccMOTPEH PSJl €ro PeXXUMOB padoThI,
MOCTpOEHa C1a0OCUTHAIbHAS TEOPHS.

B npencrapiienHol paboTe MPOJOHKEHBI UCCIICIOBAaHUS (DU3MUECKUX
MPOILIECCOB B  CYIMEPreTepoNMHHBIX Ina3Ma-mydykoBeix JICD ¢ H-
yOUTpOHHOH Hakaykod. 34ech IOCTPOEHAa  MYJIBTUTapPMOHHYECKas
KyOM4ecKu-HelIHHEHAs Teoprs M3ydaeMoro npudopa, MpOBEACH aHau3
ypOBHel HachIeHusl. V3 TPOBEACHHBIX UCCIIENOBAaHNH ObLI C/ICaH BBIBO/I,
YTO JaHHBIH NMPHOOP MOXKET HCIONB30BAThCSI KaK HMCTOYHHUK MOIIHOTO
ANEKTPOMAarHUTHOTO M3IyYeHUSI B MUJJTUMETPOBOM M CYOMMIUIMMETPOBOM
JMaIa30Hax JUIMH BOJIH.

PykoBogurenu: Kynuir B.B., npogeccop; JIbicenko A.B., doyenm
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KYBUYECKHU-HEJIMHEMNHASI TEOPUSA SJIEKTPOHHO-
BOJIHOBBIX JIBYXITIOTOKOBBIX JIABEPOB HA CBOBOJHBIX
SJIEKTPOHAX H-YBUTPOHHOI'O THUITA

Pomborckuit M.YO., accucmenm; EcbkoB U.E., cmyoenm

Teopernueckoe nccieoBaHNe JIEKTPOHHO-BOITHOBBIX JBYXITOTOKOBBIX
na3epoB Ha cBOOOAHBIX dekTponax (JICD) mokasano, 4yTo Takue mpudopsl
MOT'YT OBITh JOCTaTOYHO MEPCHEKTUBHBIMU Uil IPAKTUKUA. A MMEHHO, Ha
OCHOBE JITHUX YCTPOMCTB MOXKHO CO3/1aTh MOIIHBIe ycuiutenn MM-MK
JIMana3oHa C HU3KUM YPOBHEM COOCTBEHHBIX IIIyMOB.

OCHOBHOE OTIIMYME AIIEKTPOHHO-BOIHOBBIX JABYXNMOTOKOBbIX JICD ot
TPaJAULIMOHHBIX COCTOMT B TOM, YTO B JJAHHOW CHUCTEME peanu3yloTcs JBa
CBSI3aHHBIX MEXAY cCO00H mapameTpuieckux pesoHaHca. [lepBriii pe3oHaHc
MMEET MECTO MEXJy IONEPEYHOM AIIEKTPOMAarHUTHOM BOJIHOW CHTHaja,
nornepeyHbiM  H-yOMTpOHHBIM MarHUTHBIM TIOJeM (MJIM  TIOTiepevHOR
JJIEKTPOMarHUTHOM  BOJHOM  Hakauykd) M TPOJOJBHOW  BOJIHOM
npoctpancTBeHHOro 3apsaa (BII3). Bropoil pesoHaHC TPOUCXOIUT MEKTY
TpeMs TpoAonbHBIME BoidHamu BII3, omHa M3 KOTOpBIX SBIAETCS
3JEKTPOHHOM BOJNHOW Hakauku. IIpydeM dYacToTa 3JIEKTPOHHON BOJIHBI
HaKaykl HAMHOTO MEHBIIE YacTOThl YCHUJIMBAEMOM 3JIEKTPOMarHUTHOM
BOJIHBI curHasia. O0a pe3oHaHca CBSI3aHbI MEXIY COOOH o0Iiel paboueii
BonHoi BII3. Kak mokaszan aHamu3, Takue CHCTEMBlI XapaKTepHU3yIOTCS
JIOCTATOYHO BBICOKMMU MHKPEMEHTaMHU HapacTaHUs BbICOKOYACTOTHOTO
3JIeKTpOMarHuTHOro curxHana B MM-MK nuanazone BosH.

B pesynbraTe panbHEHIIEro MCCIEIOBAHUSA 3THUX CUCTEM B paMKax
KBaJ[paTUYHOTO MNPHONMKEHUS] OBUI TpOBEAEH aHAIW3 HHKPEMEHTOB
HapacTaHusl BOJH B 3JIEKTPOHHO-BOJIHOBOM JByxmoTokoBoM JICOD g
pPa3HbIX THUIIOB MapaMeTPUYECKU-PE30HAHCHBIX B3aMMOAENUCTBUN BOJH
BII3. Haiinen psin mpuBiIeKaTENbHBIX C AKCIIEPUMEHTATHHON TOYKU 3PEHUS
PEXUMOB paboThl pruOOpa. BEISICHEHO, YTO TaKue CUCTEMBI TAK)KE UMEIOT
PAA IPYTUX MHTEPECHBIX JJIs MPAKTUKHU CBOMCTB.

B nmanHOW pabore mpencraBieHa HEIMHEHHAas KyOWdecKas Teopus
3eKTpOHHO-BONHOBBIX JICD, mpoBeneH aHanmM3 ypoBHEH M MeEXaHHU3MOB
HaceimeHus. [lomydeHo, 4To paccMarpuBaeMble TPUOOPHI UMEIOT YPOBHH
HaCBIILIEHNS aHAJIOTHYHBIE, KaK M SKBUBAJIEHTHbIE Napamerpuueckue JICO,
HO TIPH 3TOM JUIMHA HACHIIIEHUS SIBIISIETCS CYIIECTBEHHO MEHBIIIEH.

Pykoogurenu: Kynu B.B., npogeccop; JIeicenko A.B., doyenm
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MOAEJIUPOBAHUE PACIIPEAEJEHUSA UMIIJIAHTUPOBAHHBIX
HNOHOB ITO I''TYBUHE

Coxkomnos C.B., doyenm; Maxkapenxko T.B., cmyodenmka

Mero, MOHHOW WMIUIAHTAIMM HIMPOKO MCHONB3YeTCsl Il MOAM(pUKAINU
(PU3UKO-XMMHUYECKUX M MEXaHMYECKUX CBOMCTB MOBEPXHOCTHBIX CIIOEB METAJLIOB
1 KOHCTPYKIIMOHHBIX MaTepHajoB. MOHHast HMIIJIaHTallsl OCHOBaHA Ha BHEPEHUU
(uMruIaHTaIMM) B TBEPJOE TENO YCKOPEHHBIX B 3JIEKTPOCTATHYECKOM II0JIE
HMOHHU3MPOBAHHBIX aTOMOB M MOJIEKYJI.

B pesynprare BHeOpeHHMs HOHOB B IIOBEPXHOCTHBIX CJOSIX MaTepuania
cozfaérest mpoduIIb pacnpesieeHlss UMIUIAHTHPOBAHHBIX 3JIEMEHTOB, Hamboiee
BaXXHBIMU XapaKTEPUCTHKaMU KOTOPOTO SBJSIFOTCS MaKCUMallbHash KOHIEHTpPAIHs
Niax ¥ MaKCHMaJbHasi ITyOWHA NPOHUKHOBEHHS HOHOB R, .. B OCHOBHOM mis
W3Y4YEHUs MPOIECCOB, NMPOUCXOMANINX B MaTepuase NpH MOHHOM MMILIaHTAlWH,
UCTIONIB3YIOTCSL  OKCIIEpUMEHTaNIbHBIE MeTobl. OpHAaKo BBICOKasi CTOMMOCTB
HUMILIAHTEPOB M HCCIIEA0BATEIBECKOrO 00OPYAOBaHUS 3aTPYAHSIOT TPOBEACHHE
9KCTIEPUMEHTAIIBHBIX HCCIIeIOBAaHUI B 3TOM 00JIACTH.

BypHoe pa3BHTHE KOMIBIOTEPHOH TEXHMKM W METONOB KOMIBIOTEPHOTO
MOJICTIMPOBAHMSI OTKPBHIBAET HOBBIE BO3MOXKHOCTH B M3y4EHHH (QH3MYECKUX
npoueccoB. [loaToMy menbl0 AaHHOM pabOTHl  SBISETCS Ha OCHOBAaHHWH
SMIIMPUYECKH ITOJYYEHHBIX (OPMYI M HEKOTOPBIX TEOPETHYECKUX MoAenen
CMOJICIIUPOBATh MPOGHIb pacipeieleHHs] MMIUTAHTHPOBAHHBIX AJIEMEHTOB.

Mogens, pa3paboTaHHas B JaHHOH pa0ore, sBIseTCS OOOONICHHEM W
YCOBEPILICHCTBOBAaHUEM paHEe MMEIOIUXCS TEOPEeTHYECKUX Mojened (s
HaXOXKIECHHUS TapaMeTpbl Rpmax U Nmax) [1, 2]. Jna moctpoeHmst mpodus
pacripesieneHus MMITJIAaHTHPOBAHHBIX 9JIEMEHTOB annpoKCUMHUPOBAIINCH
JKCIIepUMEHTaNbHbIe JaHHble Ooiee 30 paboT, B KOTOPBIX HCCIIEA0BAIach
3aBHCHMOCTh pPAacCHpe/eSIeHns] KOHIIEHTPAalWH HWMIUIAHTHPOBAHHBIX HOHOB OT
MaKCHMaJIbHOH  KOHIEHTPAIMM HWMIUIAHTHPOBAHHBIX  JJIEMEHTOB Nynx W
MAaKCHMaJIbHOTO MPOEKTUBHOIO NPo0era Ry, myx. MaTeMaTHyeckast CTOpOHa pacuéra
rpaduka UCHONb3YeT NMPUEM BBIUUCIEHUSI TOYeK Tpaduka 1mo ¢popmyle MoJruHOMa
Jlarpamxka. B kadectBe mpuMepa MojenupoBaics NpodWib pacnpeneseHus Mpu
MMIUTAHTAIMK HOHOB %ese3a 1030it 5-10' cm™B crmas Ti-V-Al.

JIOCTOMHCTBOM MOJIENU SIBIISIIOTCS OTHOCHUTEJBHAS TPOCTOTAa PAacdyeToB MpH
niorpemHocTy 110 20%, 4TO MO3BOJISIET MCIOJIB30BATH €€ JUIS OLEHOUHBIX PAacuEéToB.

1. @.0. Komapos, A.dD. Komapo, Duszuueckue npoyeccot npu uOHHOU UMIIAHMAYUY

6 meépovie mena (Munck: YII « Texnorpuar»: 2001).
2. Hounnasn umnianmayus (Pen. JIx K. XupBonena) (M.: Meramryprus: 1985).
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MOJIEJTIOBAHHS MMOTEHIIIAJIbHOI IOBEPXHI
(HgNH;),CL-H,O B EJJEKTPUYHOMY IOJII

Kosanenko A.C., cmyoenm; Koporuu [1.C., cmyoenm;
[oekomsic O.A., cm. suxnadau, Jlonatkin F0.M., npoghecop

3 METO PO3pOOKH MatepialliB Jyis pPeecTpallii BUCOKOSHEPTSTUYHOT O
BUITPOMIHIOBaHHSI MPOBOAATHCS JOCTIDKEHHS TBEPAUX PO3UMHIB cCoOJeH
Ba)KKMX METAIB.

[Momepenni nociimxkenHs aBTopiB [1,2] MOSCHIOWOTH (i3UKO-XIMIYHI
MpoIecC B MOJEKYJISpHUX cucremMax Ha ocHoBi HgCl, min wac mii
10HI3YI0YOr0 BUITPOMiHIOBaHHS. [losiBa 300pakeHHS Ha TOHKOILIIBKOBUX
BOJIOPO3YMHHHX TONIMEPHUX MIapax 3ajeKHTh BiJl MOXKIUBOCTI YTBOPEHHS
MOJIEKYJISIPHHX JIAHITIOTIB, 110 MICTATh PTYTh, 3 MOJAIBIIAM MEPEHECEHHIM
npoToHa Mk amiayaumMu rpynamu B komiutekci CI(HgNH;)4Cl. BusiBneno
SHepreTUYHO BUTIIHUH KaHal MepeHocy aToMa BojaHIo. [Ipu oMy BUTpain
SHeprii 3B’s3Ky B MPOJYKTaxX peakilii, 0 yTBOPHIUCs, ctaHoBHTH 0,7 eB.

OnHak BHABWIIOCS, WIO Ui MEPEHOCY MPOTOHA B TaKOMY KOMILIEKCI
iCHye BeNUKUN TOTEHLIANbHUN Oap’ep, SKAH JO3BONSE 3HUKYBATH
MPHUCYTHICTh MOJIEKYJIH Kartaiizaropa. MOXKIHMBICTh KOHTPOJIIO peaKiiid
SNIEKTPUYHUM TOJIeM J03BOJIMJIa B Hallii poOOTi MOKa3aTH, 1o Horo
HaKJIaJaHHs IPU3BOJUTH A0 TOBHOTO YCYHEHHs O6ap’epa, IPUIOMY B IIbOMY
BUIAJKy TEpEeMilIeHHs MPOTOHAa MK MOJIEKyJaMH aMiaky 3a yd4acTio
MOJIEKYJIH BOJH BiIOYAETHCS €K30TEPMIUHO.

BusiBnenuit edexr miacuiieHHS 300pakeHHS B TOJIIMEpHHUX IHapax
CNEKTPUYHUM TIOJIEeM HaJa€ MOXJIMBOCTI MOAAJBIINX JOCHIKEHb B
naHoMmy HanpsMKy. CripaBa B TOMy, II0 Ha HAaHOPO3MIpHUX MaciiTabax He
3aBXKIM BIAETHCA JIOKANi3yBaTH OJM3BKO MOJIEKYJIHM OJHOYACHO aHioH i
KaTiOH, 3HAa4YHO OiTbII IMOBIPHO pO3TAllyBaHHS JHWIIE OJHOTO 3 IHX
3apsIiB.

®i3uKO-XiMiUHI TIPOLIECH, BPaXOBYIOUM HAHOPO3MIpHI MacIITadOu
MOJICKYJIM 32 YMOB CTBOPEHHS TOJS TUIBKK aHIOHOM YU TUIbKHA KaTiOHOM,
MOTPeOYIOTh MOJANBIIOTO BUBYEHHSI.

1. IILA. Kongparenko, HO.M. Jlonmarkun, O.A. llloBkorutsic, Aoepuas u
paduayuonnas bezonacrocmso 4, 82 (2000).

2. TI1O. Koupgparenko, FO.M. Jlonatkin, O.A. lloekorusic, Disuka i ximis
meepooeo mina 4,312 (2003).
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SHEPI'ETHYECKAS CTPYKTYPA MOJIEKYJIbI Hgl,

Oo6pasur 10.A., cmyoenm; I'onuapenxo U.I'., cmydenm;
Hmutpues A.B., unorcenep; Jlonatkun 0.M., npogheccop

Kpucrann Hgl,, cocrodnmii U3 TSKEMBIX 3JIEMEHTOB, HCIONb3yeTcs Kak
JIETEKTOP HOHM3UPYIOLIEr0 WU3IydeHus [1]; MmpennmpuHUMArOTCs TTOMBITKH
NPUMEHUTh Ui 9THX Lelell He TONbKO OOBEMHBIE KPUCTAJUIBl, HO H
TeTepPOCTPYKTYPHI, COACpIKallre CJIOH TBEPIBIX PACTBOPOB HA OCHOBE COJNEH
TOKENBIX MeTauioB, B ToMm umcine Hglh[2]. C  gpyroit  cTopoHsl,
JKCTIEpUMEHTAJIbHBIE JaHHbIE, TIONyYeHHbIE paHee aBTopaMu [3], cBuaerens-
CTBYIOT, YTO OOJy4€HHE TOHKOIUICHOUHBIX BOJOPACTBOPUMBIX MOIMMEPHBIX
cucreM, conepkammx comb HgCl,, BBICOKOPHEPTETHYHBIMU ~ KBaHTAMU
W3ITy4eHUs] TIPUBOJUT K TOSBJICHHUIO MPOAYKTa YEPHOrO IBETA, YTO SIBISETCS
MPEITOCBUTKON VISl PETUCTPALIMM HHPOPMAIMH C TOMOIIBIO U3TY4EeHHUS.

B nanHOli pabore ans ompeneneHHss MEXaHHU3MOB paJUAIllMOHHO-
XUMHYECKUX MPOIECCOB MPOBEEHBI KBAHTOBO-XUMHUYECKUE UCCIIETOBAHMS
comu Hgl, ¢ HCHonb30BaHMEM COBPEMEHHBIX METOAOB, B YAaCTHOCTH
MNDO/d (meron caMOCOTJIacoBaHHOTO MO € KOH(PHUTYypamHOHHBIM
B3aUMOJICHCTBUEM).

UccnenoBana »sHeprernyeckas CTPYKTypa MOJEKYNbI, BeIHYHHA
JUTONBHBIX MOMEHTOB, CIEKTp TMOTJIOMIEHHS, BEITWYMHA XHUMHUYECKOU
CBSI3W, paclpeiencHue 3apsuoB. Takue MOJEKyJdbl HMMEIOT JIMHEHHYIO
CTPYKTYpY, 4YTO XapakTepHO MJsl ciydas Sp-THOpHOM3AIMKA aTOMHBIX
opOuTasiell pryTH U Homa, 00pa3yroIuX G-CBsI3U.

[Mony4yeHHble pe3ynbTaThl MO3BOJSAT MPOBOAMTH LIEICHANPABIICHHBIH
MOKMCK CIIOCOOOB TOBBIIICHUST 3(PPEKTUBHOCTH WU3Yy4aeMbIX CPEll C IENbIO
WX JaJbHEHIIEr0 WCIONb30BaHUA B KadeCTBE PETHCTPUPYIOIIUX Cpel
BOJIN3M MCTOYHWKOB MOHU3UPYIOIIEr0 M3IyYEHHsI, B TOM YHCIE SACPHBIX
PEaKTOpOB.

1. R.Farell, F. Olschner, K. Shah, M.R. Squillante, Nucl. Instr. Meth.
Phys. Res. A 387, 194 (1997).

2. N.V. Sochinskii, V. Munos, J.M. Perez, J. Carabe, A. Morales., Appl.
Phys. Lett. 72,2023 (1998).

3. ILA. Kongparenko, HO.M. Jlomarkun, O.A. llloBkorutsic, fAoepuas u
paduayuonnas bezonacrocmo 4, 82 (2000).
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0 BO3MO’KHOCTH HCIIOJIb30BAHUSI MOJIEKY.JIbI
JAAPEHUJIIA B MOJIEKYJAPHOU 3JIEKTPOHUKE

Homnyxuuit A.U., cmyoenm; Lonyoes A.1O., cmyoenm,
Hmutpues A.B., unorcenep; Jlonatkun 10.M., npogheccop

OkcTpanonduus 3akoHa Mypa paxe Ha CpaBHUTEIBHO HENAIEKOE
Oyaymiee TPUBOJUT K MPOTHBOPEUUIO C peabHBIMH BO3MOXXHOCTSIMH
MOJTyIIPOBOAHUKOBOM IJIAHAPHOM TEXHOJIOTHH, KOTOpPbIE 3aBUCSIT OT
MPUHIUIHATBHBIX (PU3NYEeCKUX orpaHrueHHuid. [loaToMy HavamHMch MOMCKU
JPYTUX BO3MOXKHOCTEN Il CO3/IaHUs IEKTPOHHBIX cxeM. OfHa U3 TaKux
BO3MOYKHOCTEH — MOJIEKYJIIPHBIE TIEPEKIIIOYAIOLIUECS DTIEMEHTHIL.

MaHunyiaupoBaHue pasIUYHBIMH JHEPTeTUYECKUMH  COCTOSHHUSIMHU
MOJIEKYJIbI B 3aBUCUMOCTH OT NMPHUKJIaAbIBAEMOr0 K KOHTaKTaM HaIlpsDKEHUS
MO3BOJISIET YIIPABILATH IIEPEHOCOM 3apsia Yepe3 MOIEKYILY.

B cnydae, ecam B MOJIEKylle DJIEKTPOHHAs IIapa aToOMa JIEKHUT B
IJIOCKOCTU MEPIEHIUKYISIPHON INIOCKOCTH apOMAaTUYECKONM MOJEKYJIbl U
y4aCTBYeT B T-DJICKTPOHHOM CHCTEME, aTOM SIBIAECTCS  JOHOPOM
3JIEKTPOHOB B OEH30JIbHOE IEKTPOHHOE KOJIBIIO.

B pabGore mpennoxeHa MoleKylspHas CTPYKTypa, — MoOJeKyna
nudeHmIa ¢ 3aMeCcTUTENsIMH, — B KOTOPOH B OCHOBHOM COCTOSHHH
(eHnIbHbIE KONbIa HE MapajuiebHbl APYT, T.€. OTCYTCTBYET CONpPSDKEHUE,
a ClIeIoBaTENbHO, U IMPOBOAUMOCTh. JloOaBKa 3aMecTHUTENned H3MeEHseT
yroi MeX1y (peHUITBbHBIMH ITOCKOCTSIME. Viest 3akiodaercss B TOM, YTOOBI
B AJIEKTPUUECKOM TTOJIE YTOJI MEXIy KonbllaMu MeHsuics. [Ipu BimroueHuu
BHEIIHEr0 IO0JS HEKOTOPBIA Pa3sBOPOT KOJEL OTHOCUTEIBHO APYr Apyra
obecrieduT MpoBOAUMOCTh. [IpH 3TOM coOmNpshKeHHE MEXIy T-CHCTeMaMH
Komery OyaeT M3MEHAThCS, a 3HAYUT, M3MEHHUTCA W MPOBOAMMOCTH
MoseKyibl. Ilone opraHM30BaHO KaTMOHOM M aHUOHOM COJIM JHAa30HUS,
MEKy KOTOPBIMH U IIOMEIIAETCS UCCIeNyeMast MOJIEKYJIa.

MounekynsipHass MHKPOIEKTPOHHKA CTAHET IPOAYKTUBHOM Hay4HOH
IUCHUIUIMHON, Korja (yHIaMeHTalbHblE MEXaHHU3Mbl  3apsJOBOTO
TpaHcropTa OyAyT MOHSTHI OoJiee sICHO, YeM B HacTosiiee Bpems. K Takum
(dyHIaMEHTaJbHBIM BOMPOCAaM OTHOCHUTCSI HCCIICIOBAHHBIA B JaHHOW
pabore — Kak U3MEHEHUE TeOMETPHH MOJIEKYIbI MOAU(PUIIPYET TPAHCIOPT
HocuTenel. MccnenoBaHue BCEBOZMOXKHBIX CTPYKTYpP JU(EHUIA U IPYyrux
MOJIEKYJI C LENbIO TOTYYEHUs MAKCUMAJIBHO BO3MOXKHOT'O YIJIa II0BOPOTa —
cienyromas 3agaja.
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COJAEPXKXAHME TS/KEJBIX METAJIUIOB B BO3JIYXE

Xuxusik T.A., cmyoenmka; Caxno B.IL', c.u.c.
'COTNITLOII

B 90-x romax mponutoro Beka c)opMHUpOBAIICS YCTOMUUBBIA HHTEpPEC K
9KOJIOTHYECKUM HCCIEAOBAaHMAM (aHAJIN3 O0OBEKTOB OKPYKAIOMIEH Cpempl:
MoYBa, BOJA, PACTUTEIBHOCTD, a’p030JibHbIe QUIBTPHI U T.1.). OJHUM U3
METO/IOB MO3BOJISIIOIIMI ONpeneNnuTh psija dieMeHToB 3arpsisHuTenei (Cr,
Ni, Cu, Zn, Cd, Pb) B BO3ayXe, OYBE U T.J. SBJSETCS METOJ ATOMHOM
abcopOuuonHol criekrpoMerpun (AAC). MBI UCIIOIB30BAIA 3TOT METOJ K
YaCTUYHOMY pEHICHUIO 3aJaud aTMOC(EpHBIX BBIMAJCHUN TSKENbIX
METaJIOB C IOMOIIBI0 MXOB-MOHHUTOPHMHTOB. JTOT METOJ, Hapsgy ¢
MeTojoM DHAA (SIIUTEIIOBOI0 HUTPOHHOTO aKTHBA3AIMOHHOTO aHaIn3a)
naeT HauOonee JIOCTOBEpHBbIE pe3yabTaThl M HUCIONIB3yeTcs B
MexnyHapoqHOM IIpOeKTe S5-I paMo4HOM IporpaMMsl EBpocoro3a
(Konepnukyc).

[enbro maHHOM pabOTHI ObLIA OLIEHKA BBITIAJCHUMN TAXKEIBIX METAIOB B
HekoTopbix Mectax Cymckoii u Bano-®pankoBckoit odnacteit. st aToro
ObUIM WCIIONIb30BaHBI 00pasikl MxoB Buja Rhytidiadelphys trigueter.
UccnenoBanuss [MaHHBIX aHalW3a Jalkd  HECKOJIbKO HEOXKWAAaHHBIC
pe3yabTaThl. B oOmem 3arpssuenune atmocdepsl Zn, Cd, Pb u Cu B
npearopbsix Kapmat (o6pasusl 1, 2) oka3anoch BbIlIE, YeM B JIECHBIX 30HAX
Cymckoti obnactu (Jledbenun (oOpasert 3), Huser (oOpaser 4), bapanoBka
(obOpaser 5)). PesynbraTel peacTaBiicHbl B TAOIUIE

Tabnuua 1 — ConepkaHue TSDKENIBIX METAJUIOB B 00pa3iax mxa.

No Tsprenpie MeTauibl (MT/KT aOCOJIFOTHO CYXOro Mxa)
oOpasia Cd Pb Zn Cu

1 0,38 3,59 22,8 4,2

2 0,32 2,97 20,4 6,1

3 0,17 4,84 22,1 3,71

4 0,25 2,96 14,8 2,58

5 0,20 3,12 18,7 2,17

PykoBogurens: Kmnskuna C.U., doyenm
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BJIMAHUE YJIBTPA®HUOJIETOBOI'O OBJIYUEHUS HA
MHNOBEPXHOCTHOE HATA)KEHUE JIMIIUHBIX IIVIEHOK

3axaposa B.H., cm. npenodasamens; Jlonatka P.B., cmyoenm

Cocrosinue okpyxaromier cpeabl CyMckoii 001acTi B TIOCIenHee BpeMs
XapaKkTepu3yercsl yBeIMUEeHHEM IOCTYIUICHHS KOJNMYeCTBa CTOYHBIX BOJ B
BOJIHBIE OOBEKTHI pernoHa. B cocTaB cTOKOB KOMMYHaJbHOTO XO3sCTBa
BXOJIT TMOBEepXHOCTHO-akTuBHBIe BemectBa ([TAB) — Bemectra,
CHIDKAIOIIME TIOBEPXHOCTHOE HATXKEHWE Ha TpaHUlle pasiena (a3, dTo
IIPUBOAMT K HAPYLIEHUIO MHOTUX II0Ka3aTeNIed BOAHON IIOBEPXHOCTH.

Xopomeil MOAENbIO Ul UCCIEJ0BAaHUS TaKUX BO3JEHCTBUNM MOLYT
CITy’KUTh MOHOMOJIEKYJISIpHBIE TUICHKH, KOTOPhIE MOYXHO TONY4YUTh, €CIIH
MOMECTUTh HAa TMOBEPXHOCTh BOJABI HEOONBIIOE KOIUYECTBO >KUPHOU
KHCIIOTHI.

JHanHas paboTta MocBsiIIeHa UCCIIEI0BAHUIO BIUSHUS YIbTPaQHOIETOBOTO
obryuenus (Y ®O) Ha TOBEPXHOCTHOE HATSDKEHUE JIMITMTHBIX IICHOK. Hamu
OBUTH HCCIE0BaHbl TUICHKH, MPUTOTOBIICHHBIE Ha TOBEPXHOCTH BOJIBI U3
nuHeTona.  V3MepeHne TMOBEPXHOCTHOTO HATSDKEHHS  KHIAKOCTH O
MPOBOIMIIOCH METOAOM OTpPBHIBA KOJbIA MPH MOMOIIM TOPCHOHHBIX BECOB.
N3-3a paznvuHOM CMauMBAEMOCTH U OTKIOHEHHS OT UICAJIbHON I'e€OMETPUU
KONlblla TMpHMeHeHHe QopMyn orpaHuueHo. llosTomy [uis MOMydeHHs
3HAUeHHs1 ¢ ObUIa MCIONB30BaHA TPaJAyHPOBKA TOPCHOHHBIX BecoB. Jlis
3TOro ObLIa M3MepeHa CHJla OTPhIBA KOJbI@ OT IMOBEPXHOCTH AITAIOHHBIX
XKHJIKOCTEH: BOJa, aleToH, COUPT OTWIOBBIA M TIOCTPOEH TIpaduk
3aBUCHMOCTH TaONMYHBIX 3HAYEHHH TOBEPXHOCTHOTO HATSHKCHHUSI OT
MOJTYYEHHBIX MTOKa3aHUH TOPCHOHHBIX BECOB.

3aTeM ObuIM C(OPMHUPOBAHBI JIMHETOJOBBIE IJICHKHM Ha MOBEPXHOCTHU
BOJIBI M HM3MEPEHO HUX IOBEPXHOCTHOE HaTsDKeHwe. s mccnenoBaHus
BiusiHAsL Y®O Ha MOBEPXHOCTHOE HATSHKEHUE JIMIWAOB OBUIM B3ATHI 2
JUNUJHBIE TJIGHKM W 2 TUIGHKW, TIOJyYeHHble W3  JIMHETOJa,
MPeIBAPUTEIBHO 00ydeHHOro. O0JydeHHe MPOBOIMIOCH 5 U 15 MUHYT
Y® mamnoii mommocteio 400 Br.  PesymbraTel mokazanu: 1)
MOBEPXHOCTHOE HATSHKEHNUE W3MEHSIETCS IPH 00pa30BaHUU MOJICKYJISPHBIX
CTPYKTYp Ha MOBEPXHOCTH BOABI, 2) YOO NpHBOAUT K yMEHBIICHHUIO G
00paTHO TPOMOPIHOHAILHO BpeMeHu o0nydenus; 3) OOnydeHue B
MOHOCJIO€ IIJICHKH JaeT Oosee BBIPasKeHHbIH AP PEKT.
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CEKIIA 9: Ilnaxu 600ckonanenHs no3aayoumopHoi pobomu cmyoeHmis

JOCBIA IMPOBEAEHHA 3AXUCTY AUIIJIOMHUX ITPOEKTIB
3A BOJIOHCBKOIO CUCTEMOIO

Bopucenko O.A., npoghecop; Kynuxk L.A., doyenm

ChOroziHi 3aXMCT AUTIIOMHUX MPOEKTIB 1 BUITYCKHUX po61T CTy):[eHTaMM-
BUITyCKHUKAaMH  OCBITHbO-KBalliQikamiiiHoro piBHiB "cmemiamict”" i
"Marictp" TOBMHEH BHKOHYBATHCS  BIIMOBIHO JI0O METOAMYHUX
pPEKOMEH Al 111010 PEUTHMHIOBOI CUCTEMHM OIliHIOBaHHA. L[s cucrtema
po3pobIseEThesl BiAMoBiAHO 10 "PexoMeHaamiii mpo MOpsSAOK CTBOPEHHS,
oprasizaiiro 1 poOOTy JAepKaBHOI eK3aMeHalliiiHol (KBastidhikaIliiiHol)
KOMicil y BHIIMX HaBUAJIBHHX 3akiazax Ykpainu" MiHicrepcTBa OCBITH
VYxpainu Bix 29.12.1993 Ne 8.3-5/1259.

HepxaBHa artecTallisi BUIYCKHHUKIB piBHIB "cmemiamict" i "marictp”" B
YMOBax KPEIUTHO-MOJYJBHOI CHCTEMH 3IIHCHIOETBCS B JCpP)KaBHIM
exzameHaniitnii  komicii (JEK) nuisixom peHTHHrOBOro OILiHIOBaHHS
pe3ynbTaTiB BUKOHAHHS Ta 3aXWUCTy JAWIUIOMHUX TMPOEKTIB (poliT) 3
BHUKOPHUCTAHHSIM MiJICYMKOBOI PEHTHHIOBOT OIIIHKH.

[lizcymMmkoBa pEeWTHHTOBa OIliHKA PE3YJIbTATIB BUKOHAHHS Ta 3aXHCTY
JUIUIOMHOTO  TIpOeKTy  (pobOotu) B 0ajnax  BHU3HAYAETBCA  SIK
cepeiHbOApU(PMETHYHA OIlIHKA 3 PEHTHMHIOBHX OI[IHOK T'OJIOBH Ta YJICHIB
JEK, Buxomsuu 13 100-0anbHOi 1ikanu 3 11 HACTYITHUM TIEPEBEJCHHSIM 10
OL[IHKH 32 HaI[iOHAJILHOIO IIKaJoko Ta mkanoo ECTS.

PeiiTuHrOBE  OIIHIOBAHHS  pe3yJbTaTiB BHKOHAHHSA Ta  3axHCTY
JUTIIIOMHOTO MTPOEKTY (BHITYCKHOT KBami(ikaliitHoi poOOTH ) 3IiCHIOETHCS
B Oanax romoBoro Ta KoKHMM uieHoM JIEK 3 ypaxyBaHHSM KpuTepiis:
aKTYyaJlbHICTh, IOBHOTA 1 HAYKOBHU piBeHb, MPAKTHYHA LIHHICTH, PiBEHb
BHKOPHCTAaHHS KOMIT'IOTEPHOT TEXHikW, BianoBiaHicth BuMoram JICTYV,
3MICTOBHICTh JOIOBIAI 1 BIAMOBIIEH Ta BIAMOBIAHUX KUIBKICHHX OLIHOK.
PeliTUHTOBI OIiHKM, BH3HAYCHI 32 KOXKHHUM KPHUTEPIEM, 3aHOCATHCS [0
BINOBITHUX poOoumx Tabmumipe wieHamu JIEK Ta ii romororo. IIpu msomy
710 yBaru 0epyThCsi BACHOBOK PElICH3EHTa Ta BUCTABJICHAa HUM OLiHKA.

PesynbTaT mpoBeNeHHA 3aXWCTY AMIJIOMHHMX IPOEKTIB (BHITYCKHUX
pOOIT MAaricTpiB) JIEMOHCTPYIOTh, IO PEHTHUHIOBA CHCTEMa OI[IHIOBAHHS
pe3yabTaTIB 3aXUCTY 3TiTHO Cy4acHid OOJIOHCHKIM TEXHOJOrii HaBYaHHS
J03BONTMIIa OLMbII O0'€KTHBHO 1 SIKICHO, UMM paHille, MepeBipsTH 3HAHHS
CTY/ICHTIB.
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HIKAJIA OHEHUBAHUA ECTS: HHCTPYKIUA K
HNPUMEHEHHIO

Yekanos A.IL., doyenm; babuit M.C., doyenm;
[Ianosanos C.I1., ooyenm

Astopel mikanel oueHuBanus ECTS He Aar0T A€TalbHOTO OMUCAHUS
monenu cryneHTa [1]. KocBeHHO OHHM yTBEpXJAIOT, 4YTO CIIOCOOHOCTH
CTyJEHTOB K OOYYEHHIO MOTYT OBITb OMNHCaHbl HOPMAJBHBIM 3aKOHOM
pacrnpeneieHus, TpHYeM Ha PENpPEe3eHTATHBHOM MHOXECTBE CTY/ACHTOB
00/ICHO  COOIIOIATECS  CIEAYyIolIee MPOLEHTHOE COOTHONICHHE OICHOK:
"ormmuao" (A) gocroitabl 10% crymentos, "xopomo" (B u C)—55%, a
"ynosaersoputenbHo” (D u E)—35%. 3amerriM, 4TO aBTOpBI IIKAJIBI
onenuanust ECTS He ycMaTpuBaroT BIMSIHUS KBATM(UKAIWMHU TPENoAaBa-
TeNls Ha TAaKOE COOTHOIIEHHWE OleHOK. Ocraercs MpearnoiokHUTh, YTO HE
3aBUCUMO OT CTapaHWil CTYACHTOB B MOCTHXKEHHH TPEIMETOB CYILECTBYET
HEeKUi 00bEeKTHBHBII 3aKOH, KOTOPBIN MOpa3AeNsieT UX Ha 3TH TPH TPYIIIBL.

[IpoBepke 3Tl TUNOTE3bI MTOCBSINEHA JJaHHAs PadoTa.

Jdns 4YuCTOTBI  DKCIEPUMEHTa 3a pEelnpe3eHTaTHUBHOE MHOXECTBO
CTY/IGHTOB OBUI MIPUHAT MOTOK. TecTOBbIE 3alaHMS COCTABISUTUCH C YUETOM
ciequpUKNA BO3MOKHOCTEH pasHBIX TPYII CTyAeHTOB. [nsi ydera 3Toi
ciequpUKN ObIIIM aIaNTHPOBAHBI N3BECTHBIE PE3YIBTATHI [2]:

e "YIOBJICTBOPUTEIBHO" — CTYICHT  CIIOCOOEH  BOCHPOU3BOIUTH

nHdOopMaIuIo 0€3 MOJICKA3KH JIJIS PEIICHUS] THITOBBIX 3a71a4;

e "xopomo"— XapaKTePeH CTYJCHTaM, KOTOPBbIC CIIOCOOHBI
MPUMEHSTh TPONACHHBI MaTephall K PeIIeHHI0 aHaJOrMYHBIX
3a1a4, mpeodpasysi yCBOCHHBIE aITOPHTMBL;

e "orTnM4HO" — CIIOCOOHOCTh MPHUMEHSATh MPOHAEHHBIH MaTepuan K
PEIIEHNIO HOBBIX 3a/1a4 MyTeM 0000IIeHHS UMEIOIIIXCS 3HAHHH.

Cxema dKcllepuMeHTa MpUBEeHa Ha PUCYHKeE 1.

o nannoii cxeme npooauics I'IK cryaenTo kadeapsl HHPOPMATHKH
Cymckoro rocynusepcutera B 2008 u 2009 rogax.

B 2009 r. B nportecce mpoBenenust I DK Ha MHOXeCTBE 76 CTYIECHTOB
OBLIH TTOJTyYCHBI CIIGAYIONINE Pe3yabTaThl (Tadiuna 1).
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Pucynoxk 1 — Cxema O1leHKHM 3HaHUN

Tabmuna 1 Pe3ynabTathl 3K3aMeHa

I'pynna "oTIM4HO" "xopomro" "yI10BJIETBOPUTENBHO"

Iu-41 11% 54% 35%

Iu-42 8% 62% 30%

I1-43 9% 62% 29%
Cpenneapudmerndeckue  OIEHKH  TakoBbl:  "omimuHO" —  9,3%,

"xopomo" — 59,3% wu "ynosnerBoputenbHo" — 31,3%. OTu pe3ynbrarhl
XOPOIIIO COBMAJIAIOT C MPOIICHTHBIMU COOTHOIICHUSIMH IITKAJIBI OICHUBAHUS
ECTS.
CoBmajneHue  pe3yibTaToB, JKCIIEPUMEHTa  C  TMPOLECHTHBIMU
COOTHOIIIEHUSIMU  OLIEHOK Imkajiel oreHuBauugd ECTS mo3Bomger
YTBEPIKJIATh, 4TO:
® Ui TIPOBEICHUS KOHTPOJIS 3HAHWHA CTYJACHTOB HEOOXOIUMO
HECKOJIBKO KOMILIEKTOB 3aJaHUN Pa3HON CII0KHOCTH;

e  KOHTpPOJIb 3HAHUM TOJKEH MPOXOAUTH B HECKOJIBKO ITAIOB;

® JIOSUTBHOCTB TpernoaaBaTeis (YPOBEHb €ro KOMITETEHIIMH) MOXKHO
OLICHUBATh TPOIICHTHBIM COOTHOIICHHWEM OIEHOK, KOTOPBIMU OH
OILICHUJI PEMPE3EHTATUBHOE MHOXKECTBO CTY/ICHTOB.

1. Komenmmap 00 nonogicennss npo MOOYIbHO-PEUMUH208Y — CUCTHEM)
KOHMpoOmo | OYIHIOBAHHA — YCNIWHOCMI — HAGYAHHA — CMYOeHma —
http://sumdu.edu.ua/ua/general/structure/branch/method/data/-
Komentar do MRS.doc

2. becnanbko B.I1. Cracaemvie nedacocuuecxou mexunonocuu (Mocksa:
[Menaroruka 1989).
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OCOBJIMBOCTI OPTAHI3ALIII CAMOCTIIMHOI POBOTH
CTYJAEHTIB CHEHIAJIBHOCTI (IHO®OPMATUKA»

[ponenko O.b., doyenm

CamocriiiHa po0OTa CTYJCHTIB € JIOCUTh BaXJIMBUM 1 BOJHOYAC
CKJIJJHIM THUTaHHSIM, IO IOB’SA3aHO i3 OCOOJIMBOCTSMH BIIPOBAIKEHHS
Bononcekoi cuctemn y ocBiti. Came TakoMy BUAY POOOTH BHIUISETHCS
JOCUTh BaroMa 4acTHMHa dacy HaBuaHHS. OJIHAK, CIiI MPHUAUIATH yBary
0COOJIMBOCTSAM Oprasizaiii poOOTH CTyJEHIB 3a MeXaMH HaBYAJIBHOTO
3aKJIaly B 3aJIOKHOCTI BiJ| HampsMy a00 CHEI[IaJIbHOCTI, 3a SIKOK BOHH
HaBYalOThCA. Y poOOTI MpoaHaTi30BaHI OCHOBHI acHeKTH crenudiku
BHKJIQJIAHHS Ta 3aPOIOHOBAHI IIISXU MiJBUILCHHS MOTHBAI[Il BUKOHAHHS
CaMOCTiifHOI po0OTM Ha TPUKIAAI Web-OpiEHTOBAHMX  JUCIHUILIIH
cnenianbHOCcTi «lH(pOopMaTuka» ¢akynasrery EnlT CymY. Opnumm i3
JUCIMILUIIH, 0 BHUKIANAIOTBCA Y IMKII, TOB’s3aHOMYy i3 I[HTepHer-
nporpamyBaHHsIM, € «Creniani3oBaHi MOBH HporpaMyBaHHs» Ta «Web-
nporpamyBaHHsT Ta web-au3aiiH. 3ajavero BUKJIalada € JIOBECTH [0
CTYIGHTIB BaXJIMBICTh NpPUJIIEHHS OCOONMBOI yBaru came UM
nuctuiutiHaM. OCHOBHUM TYHKTOM MOTHBALil € OOTpyHOBaHE JTOBEJCHHS
¢dakry, 1mo IHTepHeT-TeXHOJMOrii BXKE HAa CHOTOMHINIHIA JCHb OXOIMWIH
Maixe yci raiay3l Haykd, TEXHIKM, OCBITH, IPOMHUCIIOBOCTI Ta iH.
3aranpHOBiIOMHM ()aKTOM € Te, M0 MPaKTHYHO BCi Oi3HEC-CTPYKTYpH,
OCBITHI 3aKJajau Ta MiANPHEMCTBAa MalOTh BIacHUH pecypc y [HTepHeri 3
METOI0 HaJaHHs KOpPHCTyBadaM iHQoOpMalii mpo BJIACHI Koja iHTepeciB i
MOXJIMBOCTEH. AJle, Taka CcyTo iH(QOpMaTMBHA MeTa MEPECTiAyEThCS
nocuth Hedacto. OCHOBHa yacTHHa BeO-pecypciB IHTepHeT Mae 3a MeTy
Oi3Hec-1UIl — PO3IIMPEHHS TOPU3OHTIB BIUIMBY, MOIIYK KII€HTIB, MPOJaK
TOBapiB 1 mociyr. Bigomuii ¢akr, 0 HaBITH HEBEIMKA KOMIIaHis, OCBITHIM
3aKiaj, MPeACTaBHUK Majoro Oi3HeCy TOLIO B IMEpUIy Yepry HaMaraeTbCs
3aMpONOHYBATH CBOI MOCIYTH 1 PO3MIMPUTH KOJa MOTEHI[IMHUX KIIIEHTIB
LUISIXOM ~BUKOPHCTaHHs iHTEpPHET-MaraswHiB, 1HTEpHET-KOH(]epeHIii,
¢dopyMiB, OH-TallH KOHCYJIbTAIIIH.

VY sKOCTI MPAaKTUYHOTO 3aBAaHHS Uil CaMOCTiHHOI poOOTH CTyneHTaM
MPOIIOHYETHCS 3aCBOITH MPHUHIMITA PO3po0KH web-pecypciB, 0COOIMBOCTI
BUKOPUCTAHHS THX Y HIIUX TEXHOJIOTIH, aHai3 3pyYHOCTI BUKOPUCTAHHS
pecypciB IHTepHer, a TakoX peai3yBaTH CBiii BJIacHWUH MPOEKT Ha
MPUKIal iHTepHeT-Mara3uny abo Gopymy i3 ypaxyBaHHSIM HaOyTHX 3HAHb.
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OCOBJIMBOCTI NPO®ECIMHOI CIPSIMOBAHOCTI
CTYJAEHTIB

[Myxno C.B., cm. suxnadau
CyMmITY im. A.C. Makapenka, M. Cymu

3HauHuil iHTEpec JUIS JIOCHITHUKIB Ha CBOTOMHI MPEICTABIISIOTH
Mpo0JieMH  CTPYKTYPHUX  CKJIQJOBUX CaMOBU3HAYCHHS, OCOOJIMBOCTI
oprasizaiii MeTolliB poOOTH CTYIEHTIB MiJ Yac BUBYCHHS JUCIMILIIH
HaBYaJbHUX KypCiB; BUBYCHHS 0COONMBOCTEH (QOopMyBaHHS MpodeciiiHoi
MoruBalii Ta iH. [IpodeciiiHe cTaHOBIEHHS - CKIaTHHUIA Mpolec, M0 Mae
cBor crenudiky B (GopMyBaHHS Ta PO3BUTKY mpodeciiiHoi MoTHBaIlii,
KOMIIOHEHTIB MpOo(eciiHOr0 CaMOBHU3HAYCHHS, CHCTEMH ITi3HABaJbHHUX
npodeciiinnx iHTepeciB Ta mpodeciitnoi pednekcii. [lix yac HaBuaHHA y
CTYJICHTIB TIPOJIOBIKYEThLCS MPOIEC YCKIAAHCHHS MPOoQeciiiHOT MOTHBAILIT 1
camoBu3HaueHHA. Oco0nrBa poib MPH BOMY BiJABOAMTHCS BHKOHAHHIO
CTYIGHTOM  3aBJaHb BHPOOHHMYOI MNPAaKTUKHA, OCKUIBKH  peajbHe
3aCTOCYBaHHS TEOPETHYHUX 3HAHb CHpHIE TOsABI  peIeKCHBHOTO
MUCIICHHS B Tay3i ()axoBoi JisUIbHOCTI.

[potsarom 2009 HaB4YaIBHOTO POKY BUKJIAJa4aMH Kadeapu ICUXOJIOTii
Cym/I[TY  Oyno mpoBemeHO BUBYCHHS  CKJIANOBHX  rnpodeciiiHol
CTIPSIMOBAHOCTI CTyAeHTIB IV kypcy ¢i3uko-maTeMaTHUHOTO (pakyibTeTy
OCBITHBO-KBaTi(ikaliitHOro piBHS «OakanaBp» HanpsaMky 0701 «Dizuka» 3
npucBOEHHAM KBaiQikanii «TexHiunuil daxisenp B ranys3i GpisMUHUX HAyK
Ta TEXHIKH», a came: MOTHBH BHOOpY ¢axy cTydeHTaMH, OCOOJMBOCTI
HaBYaJgbHOI MoOTHBalii Ta TnpodeciiiHOl chpsiMOBaHOCTI MaiOyTHIX
cremianicrie. HaBuaHHS 3a BKasaHOIO CHELIANbHICTIO BHUMAarae Bijg
CTY/IEHTIB He juiIe 6a30BOi CUCTEMH 3HaHb 3 TOYHUX HAYK, ajie i HABUYOK
camooprasizaifii, caMOOCBITH 1 I[JIECIPSIMOBAHOCTI B JIOCIIIHMIIBbKIM
JismbHOCTL.  Bymo  mpoBeneHO  OmMTyBaHHS — CTY/AEHTIB — HAa3BaHOI
CIEiaIbHOCT1 32 aBTOPCHKOIO aHKETOI 1 OTPUMAaHi HACTYIMHI MOKa3HUKH.
Bcranosinieno, mo 57% pecnoHIeHTIB o0palid CIeIiajdbHICTh BHACIIIOK
copMOBaHOI CHUCTEMH IHTEpeciB JO BUBYEHHS IMPEAMETIB HAaBUAILHOTO
Kypcy. BoHM TparHyTh 10 OBOJIOJIHHS MNPO(ECiiHOK ISUTBHICTIO 1
oTpuMaHHs Oe3nocepenHboi poOOTH BIAMOBITHO 1O OTpUMaHOro (axy,
BHJIUISIOTh OpPTraHi30BaHy CaMOCTIHY HayKOBO-AOCIIIHY pPO0OTy 3
BHKJIaIa4aMH sIK OCHOBHY CKJIaJIOBY MOCHJIEHHS TpoeciifHoT MOTHBAIL1.
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METOJUYHI ACIEKTU OPTAHI3ALIIT
MEPEJIUILJIOMHOI MPAKTUKHU CTYJIEHTIB
CHNELIAJBHOCTI «EJIEKTPOHHI ITPUJIAIM I IPUCTPOI»

Opnnonsopensb J1.B., doyenm; Txau O.I1., acucmenm

[lepennuninomMHa mpakTHKa CTYICHTIB — 3aBepliajbHa YacTHUHA
HaBYaJbHOrO mpomecy. OCHOBHI 3ajadi MEPEeAJUIUIOMHOI IMPAaKTHKH:
¢dbopMyBaHHS ~ YSBJIIEHb MNPO CYYaCHWH CTaH HAYKOBUX JIOCATHEHBb 1
TEXHOJIOT1H, MpodeciiHNX yMiHb i HABUYOK Uil MPUHHATTA CaMOCTIHHUX
pilliecHh B yMOBaX peajlbHOr0 BHUPOOHHWIITBA; 3HAMOMCTBO 3 CyYaCHUMH
BaKyyMHHMH, CJIEKTPOHHO-IPOMEHEBUMH, 10HHMMH Ta CHEKTPaJbHUMHU
NpwiaJaMi 1 METOJaMU JIOCII/DKEHb MaTepialiB eICKTPOHHOI TEXHIKH;
BHUXOBaHHS y MalOyTHIX (axiBIiB MOTPeOH CHCTEMAaTUYHO MOHOBJIIOBATH
CBOi 3HaHHS 1 TBOPYO 3aCTOCOBYBATHM IiX B MPaKTUYHIA HisUTBHOCTI.
TemaTuka BHITYCKHHX pOOIT po3fijieHa Ha Taki BUIH: €KCIEpUMEHTAIIbHA,
PO3paxyHKOBa, BUMIpIOBaJIbHA, pe(EepaTHBHOrO THITY, i3 3aCTOCYBAHHSIM
KOMIT'IOTEpHOro ekcrepuMeHTy. CTyAeHTH BHBYAIOTh (Di3MyHI ABHINA Ta
0COOJIMBOCTI 1X MPOTIKaHHA B MEBHUX YMOBAaX; BCTAHOBIIOIOTh IPHYHMHHO-
HACIIIIKOBI 3B’SI3KM MDXK SIBUIIAMH;, HaOYyBalOTh EKCIIEPUMEHTAIbHUX
HABUYOK TPOBEACHHS HAYKOBOTO EKCIIEPUMEHTY, OCBOIOIOTH METOJHKY
oJiepaHHs (DYHKI[IOHAIBHUX 3aJIKHOCTEH MK (DI3MYHMMHU BEIMYHMHAMY,
BHUBYAIOTh Ta TIOPIBHIOIOTH BJIACTHBOCTI PEUYOBHMHHM B PI3HHUX CTaHaX;
YIOCKOHAIOIOTh HABUYKH II0JJ0 pOOOTH Ta 00pOOKM HAYKOBO-TEXHIUHOI i
MeTou4HOI Jiteparypu. OCHOBHA 1 HAHCKIIaIHIIIA YaCTHHA MariCTepchbKol
abo auIuIoMHOI poOOTH — 1i eKcliepuMeHTalbHa YacTHHA. ExcriepuMeHT -
1l HAYKOBO IOCTABJICHUH JOCHTiJ, TOOTO JOCIIJPKEHHS SBUIIA B TEBHHUX
yMoBax. BiH Mo)ke JoKa3aTu 4d CIIpOCTYBAaTH TEOPETHUHI MONOKEHHS abo
CTaTH IEPeayMOBOI0 HOBOI TillOTE3W, fKa TMOBMHHAa OyTH MiATBEpIKEeHA
IHIIUMHA  eKcriepuMeHTamMu. ExcnepuMeHT Moke OyTH KiTbKiCHUM a0o0
SIKICHMM; UTFOCTPATUBHHUM, JEMOHCTPAI[ITHUM, JTOCTITHUIIBKUM; TeXHIYHUM
abo HaykoBuM. I[IpoBeneHHsS EKCIEPHUMEHTY A€ CTYAEHTY-BUITYCKHHUKY
MOXIIUBICTh PO3LIMPHUTH 3B’SA30K TEOpil Ta MPaKTHKH, PO3BHTH 31i0HOCTI
JI0 BUHAXOJIIB, IMArOTYBATUCH JIO MTOJIAJIBIIOT MpaIli Ha BUPOOHMIITBI.

OOOB’SI3KOBUM € 3aCTOCYBaHHS MPOMDKHOI (POPMU KOHTPOIIO PiBHS
3HaHb CTYJEHTIB — HayKoBoro ceminapy. [1o 3akiHueHHI TepeIAUIIIIOMHOT
MPAKTUKU CTYJIEHTH-BUITYCKHHKH 3BiTYIOTh PO BUKOHAHHS POOIT.
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OCOBJIMBOCTI OPTAHIBALIII CAMOCTIIMHOI POBOTH
CTYJAEHTIB-3AOYHUKIB

ymakosa H.I., doyenm

[TiaroroBka @axiBIiB 3a04yHOi (GOPMH HaBYAHHS MAa€ CBOi OCOOJIMBOCTI.
HapuanpHUMU TJIaHaMU BUBUEHHS CIIEIiajbHUX JUCHUILIIH 3aIIaHOBAHO MEHINA
KIUJIBKICTh TOAWH Y IOPIBHAHHI 3 JeHHOIO (opMoro HaBuaHHA. Hanpukmaza, Ha
BUBYEHHS JIMCUMILTIHYU ,,T€XHOMNOTiS TOHKHX IUIIBOK”, SIKY BHBYAIOTh CTYJEHTH —
3aouHukn Konoroncekoro incrutyry Cym/lY, BigBemeno Bchoro 16 roaux
ayJIMTOPHUX Yy TIOPIBHSHHI 3 aHAJIOTIYHOIO TUCLUILIIHOI y CTY/IEHTIB CTalllOHapy
— 56 rogun. Ilpu 1poMy, SIK BiZIOMO, CTYAEHTH-320YHHKH MAlOTh Pi3HUH piBEHb
npodeciiiHol MiAroTOBKM y 3B’SI3Ky 3 THM, IO HE 3aBXXIH IMPAIOIOTH 332 (BaxoMm.
Taxi oOcTaBMHN BUMararoTh OpraHi3allii HaB4aJIbHOTO IPOIECY TaKUM YHHOM, 1100
CTYJICHT 3MIT' CAMOCTIHHO OBOJIOJITH HEOOXiTHUMU 3HaHHAMU. [IpuadaHHIO TaKUX
HABUYOK CHpuse camocrtiiHa pobota crymeHta (CPC), ska € BaxIMBOIO
CKJIaJIOBOIO OpraHi3allii HaBYaJIbHOTO ITPOLIECY Y BUIIMX 3aKiaaax ocsiru [1, 2].

3mict CPC oxpemMoi KOHKpETHOI HaBUAIBHOI AWMCIMIUIIHM BU3HAYAETHCS
po60U0r0 HABYAIBHOIO TPOrPaMOI0 Ta METOAMYHUMH PEKOMEHIAIliIMU BUKJIa1a4a.
CPC Konoromcekoro iHctutyty CymJlY 3a0e3neucHa BCiMa HaBYaJIBHO-
METOJIMYHUMH 3ac00aMH, HEOOXITHUMH JUIsl BUBUEHHS JIaHOI AMCUUIUTIHM, a caMe:
MiApyYHUKaM{, HaBYAIGHUM IIOCIOHMKOM 1, IO BaXJIMBO, — HaBYAJIBHO-
J1a00paTOPHUM O0JIATHAHHSIM.

CPC Haj 3acBOEHHSIM HAaBYAJIBHOTO Marepialy 3 JAWUCHUIUIIHM MOXKe
BUKOHYBaTHCSi He TiNbkM B 0OiOmioreni, HaB4ajipbHOMY KalOiHeri, ame 1 B
nmabopaTtopHux ymoBaX. OCKUTBKM KiNBKICTh TONWH, BiJIBEICHUX HAa BUKOHAHHS
nmabopaTopHUX poOIT oOMexeHa, TO (opMa NMPOBEACHHS 3aHATTS MOXKe OyTH y
BUTJSIII  BIPTYyalbHOTO — €KCIIEpUMEHTYy a0o y BapiaHTi 0e3locepeaHboro
MIPOBENICHHS JIA0OPaTOPHOI POOOTH K y 3BUYAWHOMY BUTJISAMI, TaK i Y BHIJISAII
JIeMOHCTpaliHoro ekcrepuMmenty. [Ipu npoBexeHHi nadopaTopHHX poOIT 3
JMUCHUILTIHA  ,,TeXHOJIOTis TOHKWUX IUTIBOK” OJHOYACHO MPAIIOTh 10 60
CTY/IEHTIB-320YHHUKIB, TOMY BHHHUKA€E TyK€ CKJIaJHa OpraHizauiiiHa npobiema, Juis
BUpILIEHHS SIKOI 3aCTOCOBYETHCS JEKiibKa iHHOBalid. Hanpuknax, cryneHTH
PO3IINSMIOTECS Ha JAEKIbKAa TPy, KOXKHIM i3 SKHX BUAAETHCS 1HIMBITyasbHE
3aBJIaHHS: OJ[HA TpyIla MpPAIIOE 3 ONMMCOM JIAOOpaTOpHOI pOOOTH, ApYyra — BUBYAE
oOnajHaHHS, TPETS — OTPUMYE JIONMYCK JO BHKOHAHHS pOOOTH, dYeTBepTa —
TIOYMHAE BUKOHAHHS POOOTH.

1.  Hakaz MOH Vxpainu Nel161 (1993).
2. M.M. Connarenkos, b.A. Cycw, Buwa i cepeons oceima, Ne 7, 39 (1994).
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MDIXKIPEIMETHI 3B’S13KU ITPU BUBUEHHI
MATEMATUYHUX JUCHUIIJITH

Binoyc O.A., doyenm

VY cydacHOMY HaBYaJbHOMY IIPOIIECi CIOCTEpiraeThcsi OararorpaHHa HposiBa
MDKIPEIMETHHX Ta MDKHAyKOBUX 3B’S3KIB, IO BH3HAYAIOTHCS 3MICTOM
HaBYAJIBHOTO Marepiany, HaBUYKaM{ Ta BMIHHSMH, [0 HEOOXiTHO COpMyBaTH y
MaiOyTHIX iHKeHepiB. MKIpeIMETHICTh B OCBITI - YMOBa 1 3aCi0 KOMIIJIEKCHOT O
MAXOMy /10 BUXOBAaHHS, HaBYaHHSI Ta PO3BHUTKY ocoOucrocTi cryneHTa. lLle
TIOSICHIOETBCSL THM, IIO HA MDKIIPEAMETHIH OCHOBI (OPMYETHCS CydacHa KapTHHA
BCECBITY. MIXKIPEAMETHICTb CHPHS€E PO3BUTKY MHMCIEHHS, CaMOCTIHHOCTI,
Ti3HABaJILHOI Ta TBOPUOI aKTHBHOCTI CTY/AEHTIB. PO3IiIsn MiXKITpeAMETHUX 3B’ SI3KiB
JIOLJIBHO, TIPOBOAMTH B KIHIII KOXHOTO PO3AiTYy, ad0 TeMH, IO BHUBYAIOTHCH.
Cepen mpobiaeM MIKIPEIMETHUX 3B’SI3KIiB CIIiJ] BUALIUTH MUTAHHS TPOQeCiitHOl
CHPSIMOBAHOCTI HABEIEHWX Ta PO3TJSIHYTHUX NpHKIaniB. I[Ipu 1mpomMy BaXkKIMBO
MUQpEpPEHINIOBATH MMiJXiJ JO BHUPIMICHHS IHOr0 MUTAHHS B 3aJICKHOCTI BiX
HAmpsSIMKY TIATOTOBKM iMKeHepiB. Hampuknanm, miJg dYac BHBYCHHS TEMU
«/Indepenuiiini piBHAHHS» B Tpymax CTYACHTIB CIEiaJbHOCTEH HANPSMKY
«EnekTpoHika» JOLIBHO pO3MIIIHYTH 3anauy: «lIBumkicte posmamy pamnito
mportopiiiHa Horo Maci, 10 € B HasIBHOCTI. BU3HaunTH Yepe3 CKINBKU POKIB Bix
1kr pamiro 3ayumnmthest 0,7 Kr, SKIOO BiIOMO, IO TEPiOJ HAIMIBPO3MAIy PAJit0
nopiBaioe 1590 pokis?» JlaHa 3aqavya, TO3BOJISIE CTYACHTY 3aCTOCYBATH 3HAHHS 3
¢iuni g0  ckiuagaHHA  AUQEPEHIANBHOrO  pPIiBHSAHHA. TakuM  YHHOM
BCTaHOBJIIOETHCS BIJIOBIIHMNA 3B'SI30K MK JAMCHMIUIIHAMHU. B Toif e wac, s
CTY/IGHTIB cllenianbHOCTEe! HaNpsMKY «[H)KeHepHa MexaHiKa» JIOIIJILHO IIPUBECTH
3ajady 3 IH)KEHEpHOI NMPaKTUKH, HaNpuKiIaa: «Juck, mo obepTaeTbest B piavHi,
CHOBUIBHIOE CBIM XiJ| I JI€I0 CHIIM TEPTS, SKa IPOMOpIiifHA KYTOBIi MIBUAKOCTI
obepranHs ®. BimoMo, 1mo NUCK, SKui moyaB oOepTaHHS 31 MIBUIKICTIO 18 004,
BXKe uepe3 45 ¢ 00epTaeThes 31 MBHUIKICTIO 6 00C. 3 SIKOI0 KYTOBOIO IIBHIKICTIO
Oyme obepratmcs nuck depe3 90 ¢ BiJ MOYaTKy CHOBLIBHEHHS 00€pTiB?».
BesymoBHO, Taki 3aa4i TOTPEOYIOTH BiJI IEaroriB 3HAHb B 00JIACTI (Pi3UKH, XiMii,
MEXaHIKH.

BripoBapkeHHS PaKTUKY BUBYEHHS MIXKIIPEAMETHHX 3B SI3KIB JI03BOJISIE TIiJT Yac
BUBYEHHS MaTeMaTWKH IJIECHPSIMOBAaHO BiANPAbOBYBAaTH 3arajlbHi MPHHAOMH
Tpoliecy MHCIICHHS 1 Omepaliii 3 ypaxyBaHHAM creuudika MaiOyTHboI mpodecii.
[opiBHsHHSA, aHami3s Ta  cHUHTE3, aOCTpakiis,  y3araJlbHEHHS  3aBXKIH
BHUKOPHCTOBYIOTHCS IpY  BUBYEHHI MaTeMaTH4HOI Teopii, NpH pO3B’SBKY
MIPUKIIATHAX, TPodeciHHO-Opi€HTOBAHMX 33/1a4. TaKuM YMHOM, B TIPOLIEC PO3BUTKY
MaTeMaTHYHOTO MHUCIIEHHs (popMyeThest podeciiiHe MUCIIEHHS CTY/ICHTIB.
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BUKOPUCTAHHS BIPTYAJIBHUX JIABOPATOPHUX
MHNPAKTUKYMIB 1P BUKJIAJJAHHI CHEIJAJIBHUX
MATEPIAJIO3HABUYMX JUCHUIIJITH

Tosopyn T.I1., acucmenm; Mueniaues B.O., doyenm;
Byauuk A.®., doyenm; Jlodomtok O.C., 3as. 1ab.

[MpuknazoM akTHBHOTO Ta IIUPOKOIO BUKOPHUCTaHHA iH(OpMamiiHUX
TEXHOJIOTIM TIpU BUKJIQJaHHI CIEIiaIbHUX JUCIUIUIIH € TepEeHECCHHS
mporecy BUKOHaHHS JlabopaTopHUX poOiT 3 peanbHOl  ((i3uuHOT)
nabopartopii y BipTyasbHy.

Oco0nuBicTIO 1H)XKEHEpHOi MIiArOTOBKM 3a HampsiMoM «lHXeHepHe
MaTepiaJo3HaBCTBO» € BUKOHAHHS JIAOOpATOPHUX POOIT B crieniaii30BaHuX
naboparopisix. Jlns 3a0e3meueHHs] BUCOKOSKICHOT MIATOTOBKU CIICIIaiCTiB
HEOOXiZIHO HagaTH CTYIACHTaM MOXJIMBICTh BHUKOHYBATH JIaOOpaTOpHI
MPAKTUKYMHU 3 MAKCHMAJIBHOIO €()eKTHBHICTIO.

Lle mo3BONMUTH, MO-TEpIIe, CTYACHTaM OUIBII IPYHTOBHO 1 BAYMIIMBO
MO3HAWOMUTHCA 3 MaiOyTHHOIO TPAKTHYHOIO POOOTOI0 Ha CTEHA],
cipoOyBaTH BHKOHATH 1i B paMKaX KOMIT'IOTEPHOI MOAENTI, MPUYOMY
MirOTOBKA 1 TPEHaX 3AIHCHIOIOTHCS IHAMBIIYaIbHO, IO MiJBUIIYE
CTYHiHb 1 SKICTh 3aCBOEHHS Marepiajly, [0 BHUBYAEThCsA. [lo-mpyre,
CYTTEBHUH JIOBiJ] HA KOPUCTH HEOOX1THOCTI pO3POOKH BipTyaIbHHUX CTEHIB -
1le TUTaHHs 30epeKEeHHs CIeiali30BaHOro JIAO0OpaTOPHOTO yCTaTKyBaHHS,
OCKUTBKM TIpM BUKOPUCTaHHI BIpTyalbHOI 3aMiHM peajbHOrO CTEHAY
MOJIOMKH a00 TCyBaHHS JOPOrOro CrenoOyiaHaHHS MOXKHA HE OOSTHCEH.
Takox BaxiMBe Micue 3aiimae mpoOiema 3a0e3ledeHHs] Ta ITOTPUMaHHS
MpaBU OXOPOHHM TMpaimi Ta TEXHIKM Oe3MeKW IMpH BUKOHAHHI poOIT 3
BUKOPUCTAHHSM JiI0YOr0 EeNEeKTPOyCTaTKyBaHHS 1 medeid. BipTyanbHi
MoJIeNi mo30aBiieHi X paHille HaBeAeHNX (HaKTopiB.

CyuacHi iHCTpyMeHTaJIbHI 3ac00HM, OPIEHTOBAHI HA IHTEPHET-TEXHOJIOT 1,
BIIKPUBAIOTh  INMUPOKI MOXJIMBOCTI JIIsS  Bi3yamizaimii HaBUYAIBHUX
MaTepiadiB 1 TOOYAZOBH IHTEpaKTHBHHX BIpTyaJlbHHX JabopaTopHUX
MPaKTUKYMiB, OPraHiuHO BOY/IOBaHUX B HaBUAIBLHUI MPOILIEC.

Crhin 3a3HauMTH, 10 BIpTyaldbHHUH JIaOOpATOpHUI NPAaKTHKYM HE €
AIbTEPHATHBOIO 3aHATTSIM B y4OOBiil nabopaTopii, a a€ MOMKJIHBICTbH
BHKOHATH Ti JOCHIIU, SKi HEMOXIWBO pealli3yBaTH Ha TMPaKTHUIN 3a
HECTauero 4yacy ado KOIITIB.
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KopoTko  po3risHeMO  TEXHOJIOril0  TOOYAOBH  BIpTyaJIbHOTO
J1a00paTOPHOr0 TMPAKTUKYMYy Ha TMPHUKIAJNI BUKOHAHHS JIabopaTopHOI
pobotn 3 kypcy «@Di3uyHI BIACTUBOCTI 1 METOAU JIOCIIPKCHHS
MaTepiaiiBy. 3a3Buyail 1abopaTopHy poOOTY MOMUIAIOTH HA 1Bl YACTUHH —
TEOPETUYHY 3 KOPOTKHM OIMHCOM JOCIHIPKYBaHOTO SIBHIIA, JIAOOpaTOpHOL
YCTAaHOBKM JJISl TIPOBEACHHS JOCHINLYy YH EKCIIepUMEHTY, 3aBJaHHs 1
KOHTPOJNBHUX MHUTaHb Ta MpPaKTU4HY, Ae Oe3locepeqHbO BiIOYBAETHCS
poboTra 3 caMOl0 YCTaHOBKOIW. BipTyanbHa JiabopatopHa pobora
CKJIQJIAa€ThCSI 3 TPbOX OJIOKIB: METOAWYHI BKa3iBKM JI0 BUKOHAHHS
nabopaTtopHoi poOOTH; iMiTaliiiHa Mojens 1a0OpaTOpHOi YCTaHOBKH;
BUKOHAHHSl 3aBJaHHS camoi JJabopaTopHoi poOOTH Ha KOMIT IOTEpHIH
Mojeni J1a00pPaTOPHOTO o0JIaTHaHHSL. MeroauuHi BKa3iBKH
BHKOPHCTOBYIOTBCS Ti %k, IO 1 JUIs BUKOHAHHS JabopaTOpHOI poOOTH Ha
peabHId yCTaHOBI, 1 CKJIaJalOThcs 13 TEOPETHYHOI YaCTWHH, OMHUCY 1
cxeMH J1abopaTOpHOi YCTAHOBKM; TMporpamu JabopaTopHOi poboTw,
MOPSAJKY BKIIOYCHHS Ja00OpaTOPHOI YCTAHOBKH, TaOJUIli pe3ybTaTiB
BUIMPOOYBaHb, BUMOT 10 odopmiieHHs 3BiTY 3 nabopaTopHOi poborw,
KOHTPOJIbHUX IUTAHb JUIS 11 3aXUCTY.

BigmoBigHO A0 MpaBHWi 1 MOCHIOBHOCTI MPOBEAEHHS JabopaTopHOi
po0OTH, 3TiJHO METOIUYHHMX BKa3iBOK CTYJCHT BUKOHYE Ha CTEHJII BCHO
J1a00paTopHy poOOTY, 3aHOCSUM pe3yiabTatu y 3BiT. OOpoOka i aHami3
pe3yabTaTiB BHIPOOYBaHb, a TAKOXK OOYUCIICHHS HEOOXIJHUX BEIMYUH
MPOBOAATHCS CTYIEHTOM CAaMOCTIHHO 3 BHKOPHCTAHHSIM KOMIT IOTEpHOI
TEXHIKH.

OueBnHO, IO BipTyaJbHUH TAOOPATOPHUI MPAKTHKYM MOXKE ICHYBaTH
SK JIOMIOBHEHHS 1 PO3BUTOK peajbHUX NMPAKTHKYMiB, aje He 3aMiCTh HHX.
IloBHa 3amina ¢izmuyHOi maGopatopii Ha BipTyaJbHY HE 3a0€3MEUYHUTh
OTpUMaHHS HABHKIB 1 yMiHb MallOyTHhOMY (haxiBIIO, ajie MPH MOEIHAHHI
BIpTyalIbHUX pOOIT 3 «(pi3MYHMMK» 00'€HYIOThCS TEpEeBarun KOHTAKTY
CTy/IeHTa 3 peajbHUM JIa0OpAaTOPHUM YCTATKYBaHHAM 1 MOKJIHBOCTSIMH
KOMIT'IOTEpHHUX 3ac00iB (MyIbTUMENiHHI TexHoMOor1i, [HTepHeT ToI0).
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PROCEDURES OF COMMUNICATIVE TEACHING
Morozova I.A., assistant

The guiding principle of communicative methodology is that learners
need a purpose for listening, speaking, reading, and writing. Presenting an
activity as “something we are going to do today” is not purposeful enough.
The students must have a reason for participating, and all activities must be
relevant to the students’ lives. Communicative activities give the students a
higher level of motivation to learn the language. The ultimate goal in this
method is to communicate with others. The principal reason one learns a
language is to be able to communicate with others. Communicative
activities provide the students with a great number of opportunities to
develop positive relationships with other students and with the teacher. The
following are three communicative teaching procedures, which can be
organized into various activities and to which a variety of relevant materials
and subjects can be applied.

Problem solving is an effective communicative teaching procedure that
can be incorporated into various activities. In this procedure pairs or small
groups of students work together to arrive at a solution to a problem. The
process requires learners to analyse problems, think of solutions, and
explain the solutions. Each student’s proposal adds to and influences the
other students’ ideas until a final solution is reached.

Problem solving can take many forms. The task may involve arranging a
list of items in order of priority. An example would be having students
organize a sightseeing tour of their own town by arranging a list of ten
locations in order of importance. Reasons for the order must be explained.
Another problem-solving task is to have students reach a consensus. For
instance, students can be asked to decide which of four variously qualified
candidates should get the job for which they are all applying. Again,
reasons must be stated. Another vehicle for the problem-solving procedure
is conflict resolution. Advice columns in newspapers contain many good
examples of personal problems for which students can suggest solutions.
Each pair or group of students must share its solution with others. A
problem-solving task or a discussion activity are very effective, because
they involve all students, make them think, express and share their
opinions, participate in discussions.
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The information-gap procedure is based on the principal that, as a rule,
communication takes place because one person has information that
another person wants. In this procedure, one person or group must seek
information, and another person or group must provide it. For example,
student A might have a sheet that contains information that student B
needs, and vice versa. The sheets might list certain supermarkets, with each
student having information on some supermarkets’ locations, products,
specialities, and prices. Before making a decision on where to shop,
students A and B would have to get all the facts from each other (i.e., close
the information gap).

Similarly, a newspaper, an audiotape, or a video can be used as a source
of information. Learners can read a newspaper to find times and locations
for a movie before they make a date. Songs can be used to transform the
information gap into a listening activity if learners are provided with the
lyrics, minus verbs or adjectives, or if they listen for the answer to a
question. Clearly, there are many activities and subjects to which the
information-gap can be applied.

Making inferences is a third procedure to which various activities can be
applied and through which the four language skills can be practised.

To make inferences in a reading activity, learners have to go beyond the
literal-comprehension stage. For example, a simple literal-comprehension
question might be, “What did the character in the story do?” An inference
question might be, “Why did the character act that way?” Inferring is
important in reading letters to the editor. Learners can be asked to describe
the letter writer’s attitude (e.g., serious, sarcastic, humorous) and opinion.
Close passages (texts with every nth word missing) are another vehicle for
using the inferring procedure in reading or writing. Learners must make
inferences about both grammatical structure and abstract meaning in order
to supply missing words.

Another important use of the inferring procedure is in the
comprehension of nonverbal behaviour. For example, is the person who is
shaking his or her head disagreeing, simply not understanding,or agreeing?
Making inferences about gestures can be practised in the course of
activities such as role playing and watching videotapes.
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OPT'AHIBALISI CAMOCTIMHOI POBOTH B EBPUCTUYHOMY
HABYAHHI IHO3EMHOI MOBHA

Vcenko H.M., suxnadau

OCHOBHMM 3aBJaHHSAM Cy4YacHOI OCBITH € (QOpMYyBaHHS TBOPYOI
0COOMCTOCTI, 3JaTHOI JO CaMOPO3BHUTKY, CaMOOCBITH, CaMmopeaizarlil.
CTyoeHT Ma€e TepelTH BiJ MacHBHOrO ciyxadya J0 aKTUBHOI'O TBOPI
3HaHb, YMITH CQOPMYJIIOBATH MPOOJIEMYy, BHU3HAYMTH METY BJIACHOI
TISTIBHOCTI, MpOaHANi3yBaTH HUISIXH 1i pO3B’sI3aHHS, OTMAapUTH BIIACHHUHA
OCBITHIH MPOAYKT i JOBECTH HMOro MPaBMJIBHICTh HUISXOM Mpe3eHTamii i
3aXHCTYy.

Bynap-sika HaBuYaJibHA JiSUIBHICTH, OCOOJIMBO CaMOCTIMHA, TUIAHYETHCS 1
OpraHi30BYEThCS B KOHTEKCTI Mi3HABaJIBGHOI 1 TBOpUOi camopearizamii
crynenra. CamocrtiiiHa poOoTa siBJise COOOK TICBHUH e€Tam TBOPYOL
camopeaizailii 0coOOMCTOCTI B paMKaxX HaBYaHHs, $KE€ Ha CHOTOJHI
00’€KTHBHO TEPETBOPIOETHCS B EBPUCTHYHHIA Mpolec, TOOTO Tpolec
MOIIYKYy 1 KOHCTPYIOBAaHHS BJACHHX OCOOMCTICHO 3HAUMMHUX OCBITHIX
nponykriB. OCTaHHi 1 CTAHOBIIATH IPEAMETHHN Pe3yJbTaT caMopeaizalii.

Opranizaniss caMocTiiHOi poOOTH B EBPUCTHYHOMY HaBYaHHI, SK
3'sICyBaJIO Hallle JIOCTiPKECHHS, BKIIOYAE TaKi eTaru.

Momusayitino-yinnichuii. Came MOTUBAILlIS MA€ MPUBECTH JIO 3HAYUMOI
MISIBHOCTI I[iI€ MOKJIamaHHs, TOOTO J0 BJIACHOI METH HaBYaILHOL
JISTTBHOCTI Ta BU3HAYEHHS 3HAYMMHUX JUIS CTYJIEHTA il MPOAYKTIB.

Tpoyecyanvruil. 1e peanizaitis CTBOpEHOT aBTOPOM MOJEII CAMOCTIHHOT
JSUTBHOCTI  SIK CIOco0y  camopeatizaiii  ocobuctocti. BukoHaHHS
CTYIGHTOM O3HAa4eHOTO 3aBJaHHS NPOXOAWUTH y TOCTiHHIN B3aemomii 3
PI3HUMH JKepenamMu 3HaHb 1 pI3HUMHU cy0’€KTaMH JTisUTBHOCTI.

Jiaenocmuuno-kopexyitinut. Ha ocHOBI BUpOOJNEHMX pa3oM  3i
CTyIGHTaMU  KpUTEpiiB  3AIHCHIOETBCS  JIarHOCTHKA Ta  KOPEKIlis
OTPUMAHOT'O OCBITHBOT'O TIPOIIYKTY.

[Ipe3enHTamiss Ta 3aXHCT OCBITHBOIO NPONYKTY (TIPOEKTY, TBOPY,
PO3MOBIIi, MOJIET MOBJICHHS TOIIO).

Tinbkn 3a0e3NeUMBINN E€BPUCTUYHUI XapakTep CcaMOCTiHHOi mpari,
MOXHa JIOCATTH TOBHOLIHHOTO TpOIleCy caMmopealizalii TBOPYOro
MOTEHIlialy OCOOUCTOCTI, SIK OCHOBHOI METH CYYaCHOTO OCBITHBOT'O
MpoILIeCy.
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KOMITIOTEPHE TECTYBAHHS — ITIPOT'PECUBHA ®OPMA
CUCTEMU KOHTPOJIIO 3HAHb CTYJIEHTIB

Byauuk A.®., doyenm; I'anonora O.I1., acucmenm

[Momanpmr comiaibHO-EKOHOMIYHI Ta TOJITHYHI 3MIHM B CYCIIIBCTBI,
3MIIIHEHHS JIEP)KABHOCTI YKpaiHH, BXOJ/PKEHHS 11 B I[UBLII30BaHE CBITOBE
CHIBTOBAPUCTBO HEMOXJIMBI 0€3 MOJIEpHI3allii CHUCTEMH BWINOI OCBITH,
CHIPSIMOBAHOI Ha MiATOTOBKY (axiBI[iB HA PiBHI MKHAPOAHUX BHMOT.

OcobnuBe Micie B MOJEpHi3alii HaB4aIBHOIO MPOIECY BHUIOI IIKOIH
3aliMa€ PO3BUTOK CHUCTEMH KOHTPOJIO 3HaHb CTYIeHTiB. BiH Mae pi3Hi
¢dbopmH: icIUTH, 3aJIiKH, YCHE OMUTYBaHHsI, MMCbMOBI KOHTPOJIBHI po0OoTH,
pedepatn, KONOKBiyMH, cCeMiHapH, J1a0OpaTOpHI 3aHATTS, KypcoBi i
JWIJIOMHI poOOTH ToOWIO. ICHYBaHHS Ta YJOCKOHAJNEHHS PIi3HMX BUJIB
KOHTPOJIO TMOSCHIOETBCS CIOHYKaJdbHOIO Ta JiarHOCTUYHOIO POJLUTIO
MEPEeBIPKY HABYAIILHOI JisUTHOCTI CTY/ICHTIB.

Ha pi3Hux eramax HaBYaHHS MPEIMETOM JIarHOCTYBaHHS € Pi3HI
ACIeKTH HaBYAIBHOI 200 HAYKOBO-A0CHIIHOI pOOOTH CTY/IEHTIB, & METOIO —
OTPUMaHHS HAyKOBO-OOTPYHTOBAaHOI iH(oOpMarii s BIOCKOHAJICHHS
nporecy HaBYaHHsA. KOHTpONIb 3HaHb BUKOHYE JIarHOCTHYHY, HaBYAIbHY,
PO3BHBaNIbHY Ta BUXOBHY (yHKmii. Yci i QyHKUIl TICHO MOB’s3aHi MiX
co0010 y HaBYAIbHO-BUXOBHOMY MpoIleci. 3aliKu, iCOUTH Ta KOJIOKBiyMH
BHUKOHYIOTbH JIIarHOCTUYHY ¥ KOHTPOJIOI0UY (YHKIIT; CeMiHApH, MPaKTUYHI
3aHATTS —  JIaTHOCTHYHY, HaBYaJlbHY, pO3BUBAJIbHY, BHXOBHY,
KOHTPOJIOIOYY; MPOrpaMoOBaHi METOAM — HaBYallbHY 1 KOHTPONIOIOUY.
Koxna 3 HEX Mae mepeBaru i Henoniku. Tak, yCHE ONMHUTYBaHHS J03BOJISE
OLIHUTU HE TUILKU PIBEHb 3HAHb, aje W BepOasbHI 3/i0HOCTI CTYJIEHTA.
Henonik ycHOro omuTyBaHHS — BeNWKI BUTpaTH HaBYAIBHOIO 4Yacy,
ocoOmMBO Tpu cialkill miAroroBmi cTyAeHTiB. IIMcbMOBI KOHTpONBHI
poOOTH [alOTh 3MOTY JOKYMEHTAJIBHO BCTaHOBHTH DIiBEHb 3aCBOEHHS
MaTepially, ajie TEeXK IMOB’s3aHi 31 3HAUHUMH BUTpPAaTaMH 4Yacy Ha BHKIa
MaTepialdy CTYACHTOM 1 BHUKJIagada Ha mepeBipky pobit. o Toro x
MACHBMOBHI OIKUC TEXHIYHUX OO0 €KTIB CTBOPIOE JIOJATKOBI TPYIHOII],
MOB’si3aHi 3 BMIHHAM CTYJEHTa BHUCIIOBIIOBATH BJAacHY IOyMKy. lcnuTh
CTBOPIOIOTH JIOJIATKOBE HABAHTAXXCHHS Ha TMCUXIKY CTYJCHTIB 1 BUKIIAJaya,
JI0 TOTO X MalOTh JICAKY JOJNI0 CY0’€KTHBI3MY B OI[IHIOBAHHI 3HAHb, SIKUH
MPU3BOIUTL JIO 3aBHIICHHS a00 3aHIKEHHS OI[IHKA 4Yepe3 OCOOMCTI
cumratii a6o KopuciauBi MOTHBH. KypcoBi i AUTUIIOMHI pOOOTH BUXOBYIOTh
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CaMOCTIHHICTh, YMIHHS TIpallfOBaTH 3 HABYAJIBHOIO Ta HAayKOBOIO
JmiTepaTtypolo, ajne 3a OpakoM HaBYaJIbHOTO 4Yacy HE MOXYTh OyTH
3aCTOCOBaHi MPU BUBYEHHI BCIX AMCUUILIIH MepeadadyBaHUX HaBYAJIBHUM
TUTAHOM.

TpaauuiiiHa cucTeMa KOHTPOJIIO HEIOCTaTHBO CHOHYKA€ CTYACHTIB IO
CHCTEMAaTUYHOTO HABYaHHS MPOTATOM CEMECTpy, CEMECTPOBi icmHTH
HOCSITh XapakTep «JIoTeped» 1 MPOBOKYIOTh BIJICTAIOUOTO CTYJIEHTA
CHOJIBATUCS Ha IIACiAMBHI OLTeT, a CyMJIIHHOIO Ha ICIIUTI MOXeE
migcTepiratd HeBaada. OTxe, TpaaulliiiHa cucTeMa KOHTPOJIIO YCHIiIIHOCTI
CTYJCHTIB HE BIJINOBIJa€ Cy4acCHUM BHMOIaM, HE 3aJIOBOJIBHSE IOTPeO
CHCTEMaTUYHOTO JiarHOCTYBaHHS yCHIITHOCT1 HABYaHHS.

3aMiHa YCHOTO iCOUTY MiICYMKOBUM TECTYBaHHSM € O3HAKOIO Cy4acHOi
nefaroriki. BcecTOPOHHBO MIATOTOBJICHUN TEAATOTIYHHMIA TECT SBIISIE
CO0O0 CYKYITHICTh 3aBJIaHb, BIIIOPaHUX BIAMOBIIHO JI0 3MICTY AUCHUILIIHU
3 METOI HaWMOBHINIOI OIIHKKM 3HaHb 1 pIiBHS PO3BUTKY CTYJACHTA.
CyTTeBUMHU HENOJIIKAMHU TECTOBUX 3aBJIaHb € T€, 10 BHOIPKOBAa CHUCTEMa
BIJMOBiIell HE /Ja€ MOXIMBOCTI MOBHOIO MIpOIO MEPEBIPUTH PO3YMOBHHA
PO3BHTOK CTYyIIEHTa, HOr0 YCHY MOBY, 3’CyBaTH NPUYMHU TOMHIIOK.
Kinbka BignoBineit, cepen SIKUX CiJi BUOpATH OJHY, € MiJKa3KOI, IO
MOJIETIIYE 1HTENEeKTyalbHI 3ycwiuist cTyieHrta. llle omHuM i3 CyTTEBUX
HEIONIKIB TECTYBaHHS € Tmpo0jieMa 3amaM’siTOBYBaHHS 3aluTaHb 1
BiJIraJlyBaHHsI BiJ[IIOBIJICH.

HesBaxkaroun Ha BKa3aHi HEJONIKHM, y CyYacHili Memaroriui TpuBae
YTBEP/DKEHHS 1 BJIOCKOHANIGHHS TECTOBOI CHCTEMH KOHTpOMO. Moro
00 €KTHBHICTh ~ 30KpeMa  MOXE  TapaHTyBaTUCS  BHKOPHUCTaHHAM
CTaHIApTHUX KOMI'toTepHMX mporpaM. CBOrofHI BXe € YUMalo
HABYaJIbHO-KOHTPOJIIOIOYHX MPOrpaM JUId peajtizallii TeCTOBOro KOHTPOITIO,
ajie MUCTELTBO CKJIaJJaHHA TECTIB 3AJIMIIAETHCS 32 BUKIIAIadeM.

Takum 4MHOM, B YMOBaX KPEJUTHO-MOAYJIBHOI CHCTEMH METOJIONOTIEI0
MpoIleCYy HaBYaHHS Ta, BIJMOBITHO, OI[IHIOBAHHS 3HAaHb CTYJICHTA,
BH3HAUEHO HOr0 IEpPEeOopieHTAIlil0 3 CYTO JICKIIMHO-IHPOPMATUBHOI Ha
IHAMBIyaIbHO-AM(EPEHIIIIOBaHY,  OCOOMCTICHO-Opi€EHTOBaHYy  (hopmy.
O3HayeHWM TPUHIUI ~ TOBHICTIO  Y3FOJDKYEThCS 13 TCHJICHI[ISIMH,
3aKJAJICHUMH Y TIAX0JaX OpraHi3aimii HaBYaHHS Ta OI[IHKA 3HAHb
cryzaeHTiB 3a npuniunamu ECTS.
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MEHTAJIBHBIE KAPTHI B ITPEITIOJJIABAHUN
ECTECTBEHHBIX HAYK

Jlonatkuu KO.M., npogecop

[lenarornveckasi MbICIb YCHJIEHHO paboTaeT Haja ONTHMHU3AIMEH
y4eOHOro mpolecca, M3BICKMBas pa3fiMuHble METOAbI mpenofaBaHus. K
HUM MOYKHO OTHECTH OIOPHBIE KOHCIEKTHI U IIaTaJIMHCKOIO TUIIa, KOTOpbIe
ydalmuMmcs Haao JopalaTeiBaTh, W IOYTH TOTOBBIE KOHCIIEKTHI,
IpenjaraéMble 4alle BCEro B Hacrosauiee Bpems. IlocienHuil Meron
BBI3bIBAET HapeKaHUs, TaK KaK HE CTUMYJIHPYET MBICIUTEIbHYIO
NeSITeIbHOCTh  CTYIAEHTa M HMMEeT  HEJAOCTaTKH  JIMHEHHOro
KOHCIIEKTHPOBAaHMUS, OCHOBHBIM M3 KOTOPBIX SBJISETCd TPYIHOCTh B
BBIIETICHUH TJIABHBIX MBICIEN Cpeau OOMIIHS CIIOB.

IMpu xkaracTpoduyeckoM HeAOCTaTKE Y4YEOHBIX 4YacoB OJHHUM U3
JOBOJIBHO 3(QQEKTUBHBIX METOJ0B MOXXHO CYHTATh HCIIOJIL30BAHHE
MEHTAJIBbHBIX KapT. VX HHOrja Ha3bpIBalOT MHTEIJIEKT-KapTaMu. XOTs
METOJMKa MX CO3JaHMs MAECHTHYHAdA, CYLIECTBYET HEKOTOPOE pas3iuuue B
WX Ha3HaueHWH. VHTemneKkT-kapThl dQQEeKTUBHBI MPU Pa3BUTUU TaMSTH,
FEHEPUPOBAaHUM accolMalnii, MO3roBoM mmrypme. Llenb ke MeHTalnbHbIX
KapT — COTBOpeHHE oOmeld KapTHHBI, YKa3aHHE B3aMMOCBSI3EH,
IJIAHUPOBAHKUE, OPTaHM3AlUS CAMOCTOSTEIBHONH pPaboThl. MeEHTalbHbBIC
KapTbl — MPOCTOW U 3((EKTUBHBIA HHCTPYMEHT MIPU OCBOSHWUHU OOIIMPHOTO
MaTepuaja TNpH MHUHUMAQJIGHOH ayIOWTOpPHOM Harpy3ke. JTo cmocol
npeAcTaBieHus Bammx waeil B BHIE OCOOBIX PHUCYHKOB, MaKCHMAJbHO
ONMM3KMX K TOMy, Kak Bamm wnen mnpexactaBieHsl B Bamem Mo3sre.
MeHTanbHbIe KapThl TIO3BOJISIOT JIETKO MOHSITh, 3AIIOMHUTE U PabOTaTh CO
CIIOXHOH (110 CTpYKType U 00bemMy) uHpopmarmei.

31ech MpencTaBieH ONBIT MUCIOJIB30BaHUS MEHTAJBHBIX KapT B padoTe
CO CTYIEHTaMHM 3a0YHOTO OTJENeHUs criennanbHocT "KypHanucruka" Haj
KypcoMm "®wusuueckuii 00pa3 mupa". [IposiBUINCH TpEeUMyIlecTBa METO/A!
HalIAJHOCTh (BeCh Kypc Mepes Iia3aMu), yCTaHOBJIEHHE CBsI3€H, ornopa Ha
y’Ke M3BECTHOE, YMEHHE BBIJIENATH IJ1aBHOE. Pe3ynbTar: momydeHo odriee
MpeACTaBIieHue 00 y4eOHOM Kypce, VYCTAHOBJICHBI CBSI3M  MEXKIY
OT/IENBbHBIMA TE€MaMH, aKTHBH3ALlUsl CAMOCTOSATENFHONW PabOoThl (CTYIEHTHI
OBbLTH CTTOCOOHBI COCTABIISITh TECTHI, OMUPAsSCh HA MEHTAIBHYIO KapTy).
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BUKOPUCTAHHS IHOOPMALIMHUX TEXHOJIOT'TH ITPU
BUKJIAJAHHI KYPCY ®I3UKHU

Irnarenko B.M., doyenm; Hebenuenko B.®D., doyenm;
Omnanaciok A.C., doyenm

B ocraHHii Wac y HaB4YalpbHOMY IIpoleci Bce OUIBII IIMPOKE
3aCTOCYBaHHS  3HAXOAATh  MYJbTIMeNiliHI  3acobu  BimoOpakeHHs
iHpopmManii Ta iHmI cydacHi iHQopmaniiiai TexHousorii. Lle mo3Bomnse
BUKJIa/Iauy TepedTH Ha SKICHO HOBUH piBeHb BHKIIJAaHHS Martepiany Ta
MPAaKTUYHO TOBHICTIO BIAMOBHUTHCS BiJl BUKOPHUCTaHHA y pPOOOTI TakKUX
TpaJUIiHUX 3ac00IB HABYAHHSI SIK Kpeiiia Ta JIOIIKa.

B yMoBax 3HauHOrO CKOpOUYEHHS KUIBKOCTI ayIUTOPHHUX TOAWH Ha
BUKJIaJIaHHA 0a30Boro Kypcy OIi3MKH Ta psay IHIIMX BHUKOPHCTaHHS
HOBITHIX 1H(OpMAIIHHUX TEXHOJOTIM JO03BOJSE ICTOTHO IiJABUIIUTH
iHOPMATHBHICTh Ta HAOYHICTD JICKLIN 1 MPAKTHYHUX 3aHATH Ta YaCTKOBO
KOMITEHCYBATH BTPATH Yacy, U0 YTBOPUIIHCS.

Y nomoBimi aHami3yloThCS MPHHIMIMA TPaMOTHOTO CTBOPEHHS Ta
pearnizanii MyJIbTUMEIIMHUX JICKI[IHHUX MPE3CHTAIlil 3 BUKOPHCTAHHSAM
¢doromatepianis, aymio- Ta Bimiodaiini, aHimamii. Po3risHyTi npukianu
CTBOPEHHSI MYJIbTUMEIIHHUX Mpe3eHTallil Ui BUKIaJaHHS Kypcy (Qi3uku
Ta auciminting «KoHmenii cy4acHoro npupoi03HaBCcTBaY.

KoncraTyetbes Tol (akT, MO BUKOPUCTaHHS HOBITHIX iH(opMamiiHux
TEXHOJIOT1H [03BOJNSE HE TUIbKUM YIOCKOHAIUTH METOAWKY MPOBEICHHS
3aHATH, ajie 1 MPOBECTH KOHTPOJIb 3aCBOEHHS HABYAIBLHOTO MaTepiany Iix
qac seknii. OCHOBHOIO BHMOTOIO MPH BUKOPUCTAaHHS HOBOTO MiIXOAY A0
MPOBENICHHS 3aHATH € T€ MO CTYACHTH MPH BUBYEHHI KypCy MalOTh BUTbHHUHA
JOCTYIl JI0 CJNICEKTPOHHUX BapiaHTIB KOHCIEKTIB JICKI[ii, Mpe3eHTallil,
MiAPYYHUKIB, 30IpHUKIB 3a/1a4, METOJJHUYOK JI0 JIAOOpATOPHHUX POOIT TOLIO.

ABTOpaMH TaKOX MPE3CHTYIOTHCS ENEKTPOHHI MiIPYYHUKH 3 MEXaHIKH,
MOJIEKYJISIPDHOI (i3UKH Ta TEPMOAWHAMIKH, pPO3poOJeHi Ha Kadenapi.
Bij3HauaeThcs, M