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PE®EPAT

MarictepcbKy AucepTallilo BUKOHAHO Ha 92 cTopiHKax, IO MICTUTH 4

posninu, 27 utrocTparliii, 22 tadmauiil Ta 32 JKepen B Mepesiiky MoCHIaHb.

0O06’extoM mocmikeHHs B poboTi € eext Dapaiest B yMoBaxX HEOAHOPITHUX

(b13UYHUX TIOJTIB.

MeTor0 nmOCHiKEHHSI € TOCIIDKeHHS ocobOnmuBocteln edexty Dapanes B
yMOBax i HEOMHOPIAHUX (PI3MUHMX TIOJIB, Ta OI[IHKA MOXJIMBOCTI HOro
3aCTOCYBaHHSA  JUIA  JIOCHIJDKEHHS ~ MarepialiB  METOJOM  MOJYJISIIAHOI
MOJISIPUMETPII.

B mnepmioMy po3aim ki1acupiKyeThCs, Ta HAETHCS OIMUCAHHS OCHOBHUM
nospuzamiiinuM eexram. Takox raeTbcs BUUepnHe onucaHHs edekty Dapanes
Ta OOIPYHTOBYETHCS TEPCIEKTUBHICTh MOr0 JOCHIIHKEHHS 3 TOYKH 30Dy

JTOCITIJIXKEHHSI MaTepiaiiB Ha OCHOBI OCTaHHIX HAYKOBHX ITyOJIIKAIliH.

B npyromy po3aini  ONUCYETbCSI OCHOBHUM — €IEMEHT MOJYJIALIHHOL
NoJISIpUMETPIi — GOTONPYNKHUM MOIYJSATOp moJsipuzantii. JlaeTbesa onuc GpizuuHux
mporieciB  oro (QyHKIIIOHYBaHHS, a TaKoXX MPHUBOJITHCA MaTeMaTH4YHE
OOTpyHTYBaHHsI TOTO, IO 3a KOTr0 JIOMOMOTOK MOXHA 3A1MCHUTH MOBHUN CTOKC-

MOJIIPUMETPUYHHI aHalli3, TOOTO BU3HAYMTH BCl KOMITIOHEHTH BekTopa CToKca.

B tpethomy po3niiiii BUKIIaJIeHA METOIMKA BUMIPIOBaHb, IPUBOJUTHCS CXeMa
BUMIPIOBAJILHOI YCTAaHOBKH 3 JIETaJbHUM MOSICHEHHSM IMPU3HAYCHHS KOXKHOI 3 ii
cknagoBux. [lpuBenmeHi pe3ynbTaTH MOCHIIKEHHS JJIE OCHOBHOTO JOCIITHOTO
3pa3ka B JaHii poOOTI — KPEMHIIO, a TaKOX MJis JIBOX JOJATKOBUX MaTepialliB:
ATFOMOCHJTIKATHOT CKJIOKEpaMiKH Ta HEOJUMOBOTO CKiia. TakoX B JAHOMY PO3JILIL
MPOBOJUTHCSA aHAJI3 OTPUMAHMX PE3YJIbTATIB, OLIHKA JIOCTOBIPHOCTI OTPUMAHMX
JAaHUX, iX TOYHICTh Ta MOJIUBICTH MOJAJBIIOTO BHKOPUCTAHHS B KOHTEKCTI

MOYJIAIIHHOT TTOJISIPUMETPIT TSl TOCTIKEHHS MaTepiaiB.

B detBepTOMy po3/iIIi TOAAETHCA PO3POOJICHHS CTapTal IPOCKTY.



ABSTRACT

The work presented on 92 pages contains 4 sections, 27 illustrations, 22

tables and 32 sources in the list of references.

Faraday effect features under conditions of inhomogeneity potential in

silicon was the object of the study.

The purpose of this work is to investigate the features of Faraday effect
under conditions of inhomogeneity potential, and to evaluate the possibility of its

application for the study of materials by the method of modulation polarimetry.

The first chapter provides an overview of the literature, which examines
main polarization effects. Also, a comprehensive description of Faraday effect is
given and the prospects of its research from the point of view of research of

materials based on the latest scientific publications are substantiated.

The second section describes the main element of modulation polarimetry -
the photovoltaic modulator of polarization. A description is given of the physical
processes of its functioning, as well as the mathematical justification for using it to
complete the Stokes-polarimetric analysis, that is, to determine all components of

the Stokes vector.

The third section describes the measurement methodology, gives a diagram
of the measuring unit with a detailed explanation of the purpose of each of its
components. The results of the research for the main experimental sample in this
work - silicon, as well as for two additional materials: aluminium silicate glass
ceramic and neodymium glass are given. Also, in this section, the analysis of the
obtained results, the assessment of the reliability of the data obtained, their
accuracy and the possibility of further use in the context of modulation polarimetry

for the study of materials is carried out.

In the fourth chapter the development of a startup project was presented.
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BCTVII

ExcniepuMmeHTanbHl JTOCHIIPKEHHSI ONTHYHUX BJIACTUBOCTEM MaTepialaiB B
OCTaHHI JBa JECATWIITTS JIO3BOJIMJIA OTPUMATH OOIIMPHI BIAOMOCTI MpoO iX
¢bi3uuni  BiaactuBocTi. Cepex MHMX BIIACTUBOCTEH IMapaMeTpu Ta CTPYKTypa
CHEePreTUYHUX 30H € OCHOBOIIOJOXXHUMH, 10 BH3HAYalOTh IPAKTHYHE
3aCTOCYBaHHS TOTO YM IHIIOTO Matepiany. [lopsn 3 onTHYHUMH MeETOAaMHU
JOCTIPKEHHS YCIIITHO PO3BUBAIUCH 1 MArHITOONTUYHI: IUKJIOTPOHHUMA PE30HAHC,
MarHiTOINOIIMHAHHS, MarHiToIIa3MoBe BiOUTTs, ehektu Dapanes 1 dorra ta iH.
Cepell MarHiTOONTUYHUX METOMIIB JOCHIIKCHHSI HaIMiBIPOBIIHUKIB HANOUIbIIE
nomupeHHss otpuMaB edext dDapajes, MO0 € OJHUM 3 METOJIB SKUHU J03BOJISE
HaWOLIBII TOBHO BU3HAYUTH IMApaMETPH 30HHOI CTPYKTYPH: BEIMUUHH €(hEeKTUBHOI
Macu 1 g — (hakTop JUIsl €JEKTPOHIB 1 JIPOK, a TaKOXK 3HAaKU g — gakropa. Edekr
MOJISITAa€ B TOMY, IIIO MPU PO3MOBCIOKEHHI JITHIMHO MOJISIPU30BaHOTO CBITJIA Yepe3
pPEYOBHHY, SKa 3HAXOAWTHCS B MArHITHOMY TIOJ, MapajelbHOMY HaIpsIMKY
PO3IIOBCIOJIDKEHHSI CBITJIa, IUIOIIMHA TIOJIApM3allli 3MIHIOE CBO€ a3uMyTajbHE

MOJIOKEHHS, TaK 3BaHa LUPKYJsIpHA (a30Ba aHI30TPOIIS.

HesBaxkatoun Ha maBHIO 1CTOpit0 €(hEKTy 1 HAABHICTh YHCICHHUX METOIIB
HOT0 BUMIPIOBAHHS TIEpe JOCTITHUKAMU BECh Yac CTOsUIa MpobieMa MiABUIIICHHS
TOYHOCTI Ta YYTJMBOCTI 3ac001B BuMiptoBaHHs edekty Dapanes, amaxe BiJ LbOTO
3aJIeKUTh MOXKIIUBICTh BUSBUTH HOT0 HOBI 0COOJIMBOCTI B MaTepiasiax. OgHak, mpu
MIJBUIICH] YYTJIMBOCTI BHUHHUKAE MpoOieMa MOXUOKM B pe3yjbTaTi BIUIUBY Ha
BUMIPIOBaHHS 1HIMUX mojspu3aiiiaux edektiB. g edexrty Dapanmes 1ie
HacaMmIiepes] JiiHiiHe JTBOMPOMEHE3aIOMIICHHS, 1110 MPU3BOJUTH 10 TEPETBOPEHHS
JIHIMHO TOJIAPU30BAHOIO CBITJA IMPU PO3MOBCIOKEHHI Yepe3 PEYOBUHY 3
aHI30TPOIIEI0  JIENEKTPUYHUX BIACTUBOCTEH B CIINTUYHO TMOJSPU30OBAHE.
[IpyuriHa TaKOro TMEpPEeTBOPEHHS MOXE OYyTH pI3HOMAHITHOIO: OJHOBICHA
nedopMmailis B HACHIOK  HEOJHOPIAHOCTI  CTPYKTYPH  PEUOBUHH  abo
HEPIBHOMIPHOTO PO3MOLTY AOMIIIOK Ta Ae(eKTiB, HEPIBHOMIPHHUI HArpiB, TOIIO.

B Oynp sikoMy BUIIaJIKy YacTHHA CBITJA, IO CTaja HUPKYJSIPHO MOJSIPU30BAHOIO
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MO€ BHOCUTHU MOXHOKY y BuMiproBaHHA eekty Dapaaes. OTxe, MeTor0 poOOTH
€ JIOCIIJKEHHSI B3a€EMHOTO BIUTMBY €(EKTIB HUPKYJSIPHOI Ta JiHIHHOT (a30Boi
aHI30TPOINIi Ta MONIYK YYTJIUBOI METOAWKH, sIKA CIPOMOXXKHA PO3IAUIATH IIl JIBa

sABHIIIA.

O6oM BHMOTaM BIJAMOBiIA€ METOJ MOIYJAMIMHOI MOJIPUMETPii, KOJIU Ha
3pa3oK, IO JOCHIJIKYEThCS, CIPSIMOBYETHCS JIHIMHO MOJSIPU30BAaHE CBITIO, a
MOIYJISATOP MOJSAPH3AIlii 3 TIHIWHUM TOJSPU3aTOPOM PO3TAMIOBYIOTHCS 32 3pa3KOM
Ta BUKOHYIOTh POJIb IMHAMIYHOTO aHaizaTopa. [lo-nepie, Takuit MeTo € JOCUTD
1H(QOPMATUBHUM SIK 3 TOYKU 30PYy BUSIBHOI 3JJaTHOCTI, TaK 1 YyTJIMBOCTI JIO BILIUBY
pPI3HOMaHITHMX 30BHIIIHIX Ta BHYTPIIIHIX YWUHHUKIB, [0 BHUKIHKAIOTh
aHI30TPOINII0 BJIACTUBOCTEH JOCIHIIKyBaHOTO 00’€kTy. Ilo-apyre, oO4uciaeHHs 3
BUKOPHCTAHHSAM MAaTPUYHOI OMTHKH TOKA3aJI0 CIIPOMOKHICTh METOAY JI0 TTIOBHOTO
CToKC MOASIPUMETPUYHOTO aHANI3y, OCKUIBKM IHTEHCUBHICTh CBITJIA AAal040ro Ha

(boToACTEKTOP Ma€ ACKiIbKa MePEMIHHUX CKIAI0BHX [1].

B naniit po6OTI MPOBOIMIMCS MTOCHIIKEHHS B3a€EMOBIUIMBY JIHIAHOT Ta
HUPKYJISIpHOT  (pa3oBoi aHi30Tpomii Ha ACKUIBKOX 3pa3Kax, a came: KpPEeMHIIo,
AJTIOMOCUJIIKATHOT CKJIOKEpaMiKu Ta HeoAauMoBoro ckia. [lupkynsphHa ¢daszosa
aH130TPOIIISI BUKIUKAJAcA 3a paxyHOK edekty Dapanes, a miHiliHa (a3zoBa — 3a
PaxyHOK 30BHIIIHBOI'O CTUCKAIOUOTO 3yCWUIs (CKJIOKepaMmika Ta CKJIO), abo

HEPIBHOMIPHOTO PO3MOALTY AOMIIIOK (KPEMHIH).
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PO3JILI 1
JUTEPATYPHUI OTJISII,
OTITHUYHI TTOJIIPU3ALIINHI EOEKTU TA EOEKT ®APAJIES

1.1 Knacudikaiiist ONTHYHUAX MOISPU3ALIHHUX €(PEKTIB, 10 BUHUKAIOTH MIPH
PO3IMOBCIOKEHH] €IeKTPOMArHiTHOTO BUIIPOMIHIOBAHHS B aHI30TPOITHOMY

KpucTaii. BusHaueHHs Ta TepMiHH

SIx Bimomo, XapakTep B3a€MOJIl BUIIPOMIHIOBAHHS 3 PEYOBHUHOIO MOBHICTIO

OIHUCYETHCS 32 JOTIOMOT0I0 KOMIUIEKCHOT'O ITOKa3HUKa 3aIOMIICHHS [2, 3]:

N =n-—ik (1.1)

N - TOKA3HUK 3aJIOMJICHHS,

K - moKa3HUK MOTIMHAHHS.

Sk BuaHo 3 popmynu (1.1) KOMIUIEKCHUIM MOKa3HUK 3aJIOMJIEHHS! BKJIHOYAE
JIBa JOJAHKH, SIKI 1 BHU3HAYalOTh JBa pi3HUX edektu. EdekT nonapiiiHOro
MIPOMEHE3aJIOMJICHHSI TIOB'SI3aHUI 3 aHI30TPOIIEI0 MOKa3HWKa 3aJoMiieHHsS An i
MOKE CHOcCTepiraTucs SIK B Jiana3oHl MPO30pOCTI 3pa3ka, KOJM MOTJIMHAHHS
BIJICYTHSI, TaK 1 HamiBIpo3opocTi. Edekt nuxpoizMmy noB's3aHuil B CBOIO 4epry 3
aHI30TPOIIEI0 TMOKa3HWKa morimmHaHH Ak 1, OTXKe, CIOCTepiraerbCcs TIJIbKH B
Jllarma3oHl  HaMIBIPO30pOCTi.  3arajJibHOMPUMHATI  BU3HAYEHHS  MOJBIMHOIO
NPOMEHE3aJIOMJICHHS 1 AUXPOI3MYy MOYKHA 3HAWTH B OaraThoxX Mmiapy4Hukax [4-7].
Tomy, HE BHAIOYUCh Yy MOJPOOUIIl BHU3HAUEHB, PO3TIITHEMO TIIBKU 3MIHY CTaHY
MOJISIpU3aIlii BUMPOMIHIOBAHHS, 10 MPOUIIUIO KPi3b aHI30TPONHY peuoBuHy. [Ipu
IIOMY CJIIJT MAaTH Ha yBa3i, [0 MiJ CTAHOM MOJISIpU3AIlii PO3YMIETHCS CYKYITHICTh

napaMeTpiB, 10 XapakKTepU3ylOTb B  3arajJlbHOMY BHUIAJKYy  CJIINTHYHY
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NoJIApHU3aIifo. A Tak K OyAb-sKy ENINTHYHO TOJSPU30BaHY XBWJIKO MOXKHA
pPO3KJIacTH Ha JIBI KOMIIOHEHTH, OJHA 3 SKHUX LHUPKYJIAPHO, a Jpyra JiHIHHO
MoJIIpU30BaHa, TO 1 oOuaBa e(eKTH - TMOABIMHOTO TPOMEHE3ATOMIICHHS 1
JTUXPOi3My - MOAUISIOTHCS Ha JIBa - JIHIAHUM 1 UpKyIsipHuit (puc. 1.1). ITpudomy
Opyu  HOPMaJIbHOMY  TMaJiHHI  CBITJIa  JIHIMHI  TONApU3alidHI  epeKTH
CTIIOCTEPIraloThCs TUIBKH B TOMY BHIIAJIKY, SIKIIO CBITJIO MOUINPIOETHCS HE B3I0BXK

OINITUYHOI OC1 aHI30TPOITHOTO KpHcTaia [8].

An;=n;—n.
AN=n,—ny
Ang=n.—n,
N=n+ik
Ak, =k — ko
Ak=k, -k,
Ak, =K, —K,

Pucynok 1.1 - Knacudikaiiisi onTuuHO-NOISpU3ALIHHUX €(DEKTIB

[TouneMoO poO3risA 3 JIHIMHOIO JABONPOMEHE3ATIOMIICHHS. YSBIMO, IO Ha
aHI30TPOMHUNA 3pa30K MaJa€ JIHIMHO MOJSIPU30BAHE CBITIO, MPUUOMY KYT MK
IJIOIIMHOK TOJSIpU3allii Ta ONTUYHOI BICCIO 3pa3ka ckiamae 45°. Tomi Taky
CJIEKTPOMArHITHY XBHWJIIO MOKHa pPO3KJIACTH Ha JBI OPTOTOHANBHI JIHIAHO
MOJIIPU30BaH1, TPUUYOMY IUIOIIMHU MOJSpHU3alli [IUX XBWIb OyJIyTh NapayielbHI i
NEPHEHANKYIIAPHI O ONTUYHOI BiCl 3pa3ka. Y aHi30TPOMHOMY 3pa3Ky MOKA3HUKHU
3aJIOMJICHHS! U1 [IUX JIIHIMHUX MOJspu3auii pi3Hi An, = N|| — N1, TOMY, BHACIIIOK
CHIBBIIHOIIEHHSI V=C/N, MIBUJAKICTh MOIIUPEHHS LUX XBWJb CTa€ PI3HOK. 3 IIiE€l
OPUYMHA Ha JOBXHHI ONTHUYHOIO XOAY BIAOYBa€Thcsl HAOIr pi3HULI (a3 Mix
XBUJSIMA 3 OPTOTOHAJIBHUMH JIHIWHAMU TIOJAPU3AIISIMU. 3a PaxyHOK I[HOTO
3'SIBISIETHCS  IIUPKYJISIPHA KOMIIOHEHTa, 1 CBITJIO, IO BUWNUIO 31 3pa3ka B

3araJlbHOMY BUIIJIKy CTA€ EIINTUYHO MOJIAPU30BaHUM 0€3 3MIHM IHTEHCUBHOCTI.
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[lin OUPKYIApHUM JTBONPOMEHE3AJIOMIICHHSIM pO3YyMIIOTh 3MiHY CTaHy
TOJIIpH3allii 3a paxyHOK 3CyBY (a3 MiX JBOMa OPTOTOHATBHUMH IUPKYJISIPHUMHU
noJisipu3aisiMu. bynb-aKy NiHIHHO MOJSPU30BaHY XBHJIIO MOXKHA PO3KJIACTH Ha
JIBI OPTOTOHAIBHO MUPKYJISAPHO TOJISPHU30BaHI. SIKIIO0 TOKAa3HUKU 3AJIOMJICHHS JIJIs
WX TOJspu3amii pizHi ANy = N; — Ny, TOAI MK HUMHM BHHHMKAeE 3CyB (a3 1 ix
CKJIaJIaHHs Ha BUXOJ1 JAacCTh JIHIAHO MOJSIPU30BaHY XBUJIIO, IHTEHCHUBHICTD SKOT
3JTUIITUTHCS HE3MIHHOIO, a TUTOIIMHA TOJIIpU3aIlii Oy/ie MOBepHyTa Ha MEBHUH KyT

BITHOCHO TUIOIIMHU TOJISIPU3aIlil a1at0u0i XBUJI.

Edext nuxpoizMy BU3HAYa€THCS PI3HULICIO TTOKa3HUKIB oriauHanHa Ak mmst
JIBOX OpPTOTOHANBHUX Noyisipu3auid. B  cnekTpanpHOMYy — niamas3oHi, i€
CIIOCTEPITAETHCS IUXPOI3M, MIPUPOTHO IIPOSIBIIIETHCS 1 edeKT
JBOIIPOMEHE3AJIOMJIEHHS, TOOTO CTaH NoOJsApU3alii CBITIa, L0 MPOXOJIUTH
3MIHIOETHCSA BIATOBIIHUM YMHOM. AJle MpHU JOCHIHKEHHI AMXPOi3My (JHIHHOTO
a00  IUPKYJISPHOIO)  3pa30K  ONPOMIHIOIOTH  JIBOMAa  OPTOTOHAJIBHHUMH,
HOJIIPU30BAaHUMH BIJIOBIIHUM YWHOM, XBWISIMH IIONEPEMIHHO 1 PEECTPYIOTH
PI3HUII0 1HTEHCHUBHOCTI IUX XBWIb MICIS MNPOXOKEeHHs 3pa3ka. [lpu upomy
PI3HMIIS IIBUKOCTI NOIIMPEHHS! BUIPOMIHIOBAHHS B PEUOBHHI 1 00yMOBJIEHA LIUM
¢daza xBwJIl Ha BUXOJI HE € 00'€KTOM ekcnepuMeHTy. Bce x posrisHemo, sK y
BUMAJKY €(eKTy AMXpoi3My 3MIHUTBCS MOJSIpHU3allisl CBITJIa IO HPOUIUIO
aHI30TPONHMUI  3pa30K, TpH  IbOMY OyJeMo  BBaxaTH, 10  e(deKT

JBOITPOMEHE3aI0MJIEHHS BiICyTHIN An = 0.

JIsist po3rasiAy JIHIMHOTO AMXPOi3My CKOPUCTAEMOCS TUMU K YSBICHHSMH,
o 1 JJis JIHIMHOTO JBOMpOMEHe3aoMieHHs. JIiHIHHO ToJIsipUu30BaHe CBITIIO,
IUIOLMHA TMOJSpHU3alli SKOro CTaHOBUTh 45° 3 ONTHYHOIO BICCIO 3pa3Ka,
PO3KIIAJaEMO Ha JBI OPTOTOHAIBHI JIHIWHO MOJSIPU30BaHI XBUJl. 3a paxyHOK
aHi3oTpomii mnokasHuka mnorauHaHHs AK, = K|| — K. omHa 3 HuX OiibIie
MOTJIMHAEThCA. TOAl TpH CKIaJaHHI LMUX XBWJIb Ha BUXOAl BUHIE JIHIMHO
NOJISIPU30BaHa XBWIISL, TUIOIIMHY MOJSIpU3alii K01 Oy/Jie MOBEPHYTO Ha MEBHUM KyT

I0JI0 a3uMyTa NoJjsipu3alii mnagarodoi xBwii. Ha BinMiHy BiJg pe3ysbTary,
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OTPUMAHOTO ISl IHUPKYJISIPHOTO TOJBIHHOTO TPOMEHE3aJIOMJICHHS, B JaHOMY
BUMAJAKYy 3MIHHTBCS HE TUIBKU OpIEHTAIllS €JIEKTPUYHOI'O BEKTOpa XBWJI, a M

3MEHIIUTHCS 11 IHTEHCUBHICTb.

VY pa3i mUpKYISIpPHOTO AMXPOi3My, KOJHU TO-PI3HOMY IOTJIMHAIOTHCS JIBi
OpPTOrOHAIBHI HUPKYJApHI momspusaiii AK, = K, — K, 3 mogiOHuX MipKyBaHb He
BXKO 3pOOWMTH BHUCHOBOK, IO B pe3yJbTaTi IX CKIaJaHHA Ha BHUXOMl BHAIE

SINTHYHO TOJIIPU30BaHA XBUJIS 3 MEHIIIOIO 1HTEHCHUBHICTIO.

Takum 4MHOM, B aHI30TPOMHOMY KPHCTaJl MOXYTh MPOSIBISATUCS UYOTHPHU
ONTUYHUX mnoJisapu3aiiiaux edexrtu. IlpuuoMmy paBa 3 HUX, a came JIiHIWHE
MOJBIiHE TMPOMEHE3AJOMIICHHSI 1 MHMPKYISIPHUN JTUXPOI3M TPU3BOIATH JI0
NEPETBOPEHHA  KyTa  CNINTUYHOCTI, TOAl  SIK  LHMPKYJISpHE  MOJABINHE
MIPOMEHE3aJIOMJICHHS 1 JTIHIHHUN TUXPOi3M 70 3MIHM KyTa Opi€HTallli enirnca, KU
BUXOJWUTHh SK TIPOEKINS Ha IUIOMIMHY KIiHIL BEKTOpAa EIEKTPUYHOTO ITOJIS
MOJIIPU30BAHOI XBWJII MPHU 11 TMONIMPEHHI Y3[I0BXK HOpMaji JI0 TMOBEpXHI. Y
NEepIIOMY BHIIQJIKy MEPETBOPEHHS MMapaMeTpiB MoJsipu3alii Big0yBaeTbcs, ad0 3a
paxyHOK (ha30BOro 3CyBYy MIK OpPTOrOHAJIBHUMHU JIHIMHUMU KOMIIOHEHTaMU
CJIEKTPUYHOTO TOJIsI XBWII1, a00 332 paXyHOK PI3HOTO MOTJIMHAHHS OPTOTOHAJIBHUX
MUPKYJISIPHUX KOMITOHEHT. Y JPYyroMy - 3a PaxyHOK 3MiHHM BiJHOCHOTO (pa30BOTO
3CYBY MDK OPTOTOHAJIBHHUMH  IUPKYJSPHUMH  KOMIIOHEHTaMH, Ha  fKl
PO3KIIATIAEThCS  JIIHIMHHO TOJSPU30BaHAa XBUJIS, a00 3a PAaXyHOK PI3HOTO
MOTJIMHAHHS OPTOTOHAJLHUX JIIHIMHUX KOMIOHEHT. [Ipu oMy eexTn auxpoizmy
3MEHIIYIOTh 1HTEHCHUBHICTh BHUIPOMIHIOBAHHS, TOMY 1HOJI TOBOPATH, IO Y
PEYOBHHI, B K1 CIOCTEPIra€ThCA AUXPOI3M, MA€ MiCLE IUPKYJIApHA a0o JiHINHA
aMILTITyIHa aHizoTporis [9]. A Te, 1110 MO/BIMHE MPOMEHE3IOMJICHHS HE BILTUBAE
Ha 1HTEHCUBHICTH CBITJIOBOI XBWJI, B JJAHOMY BHITQJIKy TOBOPATH MPO HASBHICThH B

pPEYOBHHI KPYroBoi a0o JIiHIHHOI (pa30Boi aHI30TpoOii.

1.2 Edexr Dapanes
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OCKITbKM TOJIOBHUM OO0 ’€KTOM JIOCI/DKEHHS JHCepTallii € TOBOKEHHS
edexty Dapajnes npu pi3HUX 30BHINIHIX BIUIMBAX Ha JOCIHIKYBaHI 3pa3KH, CIiJT
OLITBII IeTaIbHO HOTO PO3IIIIHYTH. A came, 1ICTOPir0 HOro BiIKPUTTS, MATEMaTUYHI
Ta (i3uyHl MOJENi, IO ONHCYITh HOro, Ta, HAWTOJOBHIIIE, OTJIAI HOro

3aCTOCYBaHHS JIJIs1 BUMIpIOBAaHHS IMapaMeTpiB MaTepialliB.

1.2.1 3araisH1 BIHOMOCTI

VY oi3umi edexr Dapages abo obepranHs Dapanes € MarHITOONTUYHUM
SBUIIIEM, TOOTO B3a€EMOJIEI0 MK CBITJIIOM 1 MarHiTHUM TIOJIEM B CEpEJIOBHIIIL.
Edekr @apanes BHUKIMKAae OOEPTaHHS IUIOIIMHUA TOJSAPU3ALIi, $KE JIHIAHO
MPOTOPIIiiHE KOMIIOHEHTI MarHiTHOTO TOJIA B HAMPSIMKY PO3IMOBCIOKEHHS (pHC.
1.2). ®opmanbHO 1€ OCOOJIMBHIA BHITAJIOK TipOCICKTPOMArHETH3MY, OTPUMAaHUH,

KOJIKN TCH30pP I[ieﬂeKTpI/I‘-IHO.l' HpOHI/IKHOCTi € HiaFOHaHLHI/IM.

Edexr @apanesd, Biakputuii Maiikiiom ®@apaneem B 1845 poui, OyB nepimm
eKCIEPUMEHTAIbHUM JOKa30M TOTO, L0 CBITJIO Ta €JIEKTPOMAarHeTH3M IIOB'A3aHl
MDK c00010. TeopeTdHi OCHOBU €JIEKTPOMArHiTHOTO BHUIIPOMIHIOBaHHS (1110
BKJIIOUA€ BUJUMME CBITJIO) Oynu 3aBepuieHi JDxeitmcom Kinepkom Makcsenom y
1860-x 1 1870-x poxkax. lleit edexT BMHUKAE B OUIBIIOCTI ONMTUYHO IMPO30PHUX

JUEJEKTPUYHUX MaTepiaiiB (BKIIOYAIOUN PIAWHM) ITi]T BILTMBOM MarHiTHUX IOJIB.

Edexr Dapanes 3yMOBIICHUI JIIBO- 1 MPABOIUPKYJISIPHO MOJIIPU30BAHUMHU
XBUWJISIMH, 110 TTONITUPIOIOTHCSA 3 JICIIO P13HOIO MIBUJIKICTIO, BIACTUBICTD, BiJIOMA SIK
UPKYJISIPHE IBONPOMeHe3aToMiIeHHs. OCKUIbKY JIiHIAHA MOJspU3allis Moxe OyTH
pO3KJIaZiecHa Ha  CYNEPHO3HWIlI0  JIBOX  PIBHOAMIUNTYJHUX  IHPKYJISPHO
MOJISIPU30BAHUX KOMIIOHEHT MPOTUIIEKHOTO HAmpsMKY 1 pi3HOi (as3u, edekr
BIJTHOCHOTO (ha30BOTO 3CYBY, BUKJIMKaHUN eexrom Dapajesi, mosirae y moBOpoTi

Opi€HTaIlii JIHIHHOI MOJspU3aIii XBUJIL.
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Pucynok 1.2 - ObepTaHHs IJIOMKWHU MOJSIPU3ALII 32 paXYHOK ePeKTy

®dapajnes

0 - KyT MOBOPOTY IUIOLIMHU NOJIAPU3ALLil;
C, - koHcTaHTa Bepre;
d - ToBIIMHA 3pa3Ka;

B - marniTHa iHIyKIIis.

1.2.2 IcTopist BIAKPUTTS

o 1845 p. 3aBasku pobotam ®@penens, Mamtoca Ta iHIIUX OyJI0 BiIOMO, 10
pI3HI MaTepiayii 37aTHI 3MIHIOBATH HAMpsAM MOJSpHU3allii CBITIAa MPH NEBHOMY
OpPIEHTYBaHHI, 1€ TMEpPETBOPWIO BUKOPUCTaHHS MOJSPU30BAHOTO CBITIA B
MOTYXXHUW IHCTPYMEHT I JTOCHIJKEHHS BJIACTUBOCTEW MPO30pHUX MaTepiaiib.
dapazeit BBaXkaB, 10 CBITJIO - 1I€ €JICKTPOMArHiTHE SBMINE, 1 HA HHOTO MOBHHHI
BIUIMBATU €JIEKTPOMArHiTHI cwid. BiH NpuKiIaB 3HAuHI 3yCWIUISA, 100 3HAWTU
J0Ka3u eJeKTPUYHUX CHJI, UI0 BIUIMBAIOTh Ha MOJIIPU3ALIIO CBITJIA yepe3 Te, II0

TErep Ha3WBAIOTh €JIEKTPOONTHUYHUMH edexTtamu. [IpoTe Horo excriepuMeHTa bH1
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METOJY OYyJI HEIOCTAaTHHO YYTJIIMBUMH, 1 €peKT OyB BUMIPSHUI JIUIIIE TPUILATHMA

pokamu mizHinre Ixonom Kepowm [10].

Tomi dapaaeit HamaraBcs JOCHIIUTH BIUIUB MarHiTHUX CHJI Ha CBITJIO, IO
MPOXOJNUTHh 4epe3 pi3Hi pedoBUHHU. [licis KITBKOX HEBAANMX BHUIPOOYBAaHb BIH
BUNPOOYBaB IIMATOYOK "BaKKOTO" CKja, IO MICTHTh CIIA CBUHITIO, SIKHA BiH
3poOMB TiJ 4Yac CBO€EI MOIEpeaHbOoi poOOTH 3 BUpOOHUIITBA ckia. Dapanei
3a3HAUMB, 10 KOJM MPOMIHb MOJIAPU30BAHOTO CBITJIA MPOXOAUTH KPi3b CKIO Y
HaIpPsMKY MPUKIAJICHOTO0 MAarHiTHOTO IMOJs, MOJSpU3allis CBITIA MOBEPTAETHCA Ha
KYT, TPOIOPIIAHUN CHUJII I[OI0 MarHiTHOTro 1oJs. [li3Hime BiH 3MIr BIATBOPUTHU
e(eKT y KUIbKOX IHIIMX TBEPJAUX TLIaX, PIAMHAX Ta razax MUIIXOM BHUKOPHCTAHHS

OUTBII CHIILHUX eJIeKTpoMaruiTis [11].

1.2.3 ®i3uune nosicHeHHs edexry Dapases

JIiHifHO TOJISIPU30BaHE CBITJIO, SIKE, SK BHUJHO, OOEpTa€ThCS B €(EKTI
dapajes, MOKHA PO3TISAIATH SIK Take, 1110 CKIAJAEThC 3 CYNEPIO3uIlli mpaBo- Ta
JBOIUPKYJISIPHO TOJSPU30BAHOTO BUIPOMiHIOBaHHS (puc. 1.3) (uedt mpuHIUI

cyrnepro3uilii € GyHIaMeHTaIbHUM y 0aratbox raimy3sax Gi3uKku).
Mu MOXeMO pO3IJISHYTH BIUIMB KOXHOI KOMIIOHEHTH (J1i1BO- Ta
MPaBOLMPKYJISIPHOI MOJISIpU3aIlii) OKPEMO, 1 TTOJUBUTHCS, KU BIUIMB LI€ Ma€ Ha

KIHIIEBUI pe3yJIbTar.
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Pucynok 1.3 - Cynepno3uiis J1iBO- Ta MPaBOLUPKYISAPHOL MOISIPU3ALii

CBITJIA, 1110 IPU3BOAUTH JI0 JIHIHHOTO MOJSPU30BAHOIO CBITJIA

Y IUpKyJISpHO MOJIAPU30BAHOMY CBITJII HANpSAMOK €JIEKTPUYHOTO IOJIS
00epTaEeThCs Ha 4YacTOTI CBITJIAa, a00 3a TOJAMHHHKOBOI CTPUIKOIO, ad0 MPOTH
TOJMHHHUKOBOI CTPUIKU. B Martepiaii 1ie elleKTpUYHE MoJe BIUIMBAE HA 3apsKEHHI
YaCTUHKH, 110 MICTATHCS B IIbOMY Marepiaii, 0COOJMBO CHJIBHO 1€ T0JI€ BILIUBAE
Ha EJIEKTPOHM Yepe3 iX Mally Mmacy. TakuM 4YMHOM, PyX YacTUHOK Oyne
MUPKYJISIPHUM, a IUPKYJISAPHI pyXOMi 3apsiyd YTBOPIOIOTH BJAaCHE MarHiTHE IOJe
Ha J0JATOK 10 30BHIIIHHOTO MAarHiTHOro mnojisi. TakuM uumHOM, Oyjae JBI PI3HI
BUIAJKW: CTBOPIOBAHE MoJjie Oyje CHiBHaaaTH 3 30BHINIHIM IOJIEM JJisg OHI€q
KpYroBOi MOJspu3alii, Ta B MNPOTHIECKHOMY HANpPSIMKy [Js OPTOrOHAJIbHOI
NoJIIpU3allii - TAKMM YMHOM, MarHiTHE 1oJie 30UIbIIY€ETHCS] B OJHOMY HAIpsIMKY 1
3MEHIIIYETHCS B MPOTUICKHOMY HampsAMKy. Lle 3MiHIOE TUHAMIKY B3a€MOMIT ISt
KOKHOI XBHWJI, 1 OJIHA 3 XBWJIb OyJ/i€ CIOBUIBHIOBATUCS OUIbINE, HDK 1HINIA, IO
CIPUYMHUTD PI3HUITIO B (ha31 MIXK JIIBOIO Ta MIPABOIO MUPKYIISIPHOIO TOJISIPU3AIIIETO.
Konu micnsa 11s0r0 a3oBOTO 3CYyBY JBI XBWJII 3HOBY JOJAIOTHCS, PE3YIHTATOM €

JHIAHO MOJIIPU30BaHa XBUJIS, aJie 3 00EPTAHHIM TUIOIITMHY TOJISPU3aLlii.

Hamnpsimok obepTanHs mossipu3alii 3ajIeKuTh BiJl BIACTUBOCTEH MaTepiaiy,

yepes SIKU MpoXoauTh cBITIO. [loBHE po3risaaHHs NOBUHHO Oyi0 O BpaxoByBaTH
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BIUIMB 30BHIIIHIX Ta BUIIPOMIHIOBAHMX IOJIi1B Ha XBUJILOBY (DYHKIIIIO €JIEKTPOHIB, a
NOTIM OOYHMCIUTHU BIUIMB Ii€1 3MIHM Ha MOKAa3HUK 3aJOMJICHHS Marepiany Juis
KOKHOI ToJisipu3anii, mob 3'sAcyBaTH, MpaBO- YU JIIBOIUPKYJSPHA MOJISPU3ALIis

O1JIbIIIE COBLJIBHIOETHCH.

1.2.4 MatematuuHe GpopMyIIOBaHHS

B3aemo03B'130k M KyTOM MOBOPOTY MOJIAPU3allli Ta MAarHiTHUM TOJEM Y

MPO30POMY MaTtepiai €:

1low T
d=——(M —n)d=—(N —n )d _
2c(n 2) /1(,1 2) (1.2)

0

0 — kyT nmoBopoTy (B pajiiaHax)
® — KyTOBAa 4acTOTa,

C — IBHUAKICTH CBITJA;

d — ToBiIMHa 3pa3ka;

A — IOB)XHMHA XBHIII,

(N, — Nn,)=An - pi3HHIA TOKA3HHUKIB 3aJOMJICHHS JUI1 MpaBO- Ta

JBOMOJIIPU30BAHOTO CBITIIA.

®opmyiy (1.2) MoxkHa nepenycaTi B HAaCTYITHOMY BUI:

0 =C Bd (1.3)

B - inaykiis maraiTHoro nosist (B Tecrnax);

C, — koHcTaHTa Bepe.
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KoncranTta Bepae - nie eMniprudHa KOHCTaHTa MPOMOPIIIAHOCTI (B OJUHHULISIX
pan/(T-M)) 3MIHIOETBCS 3aJI€KHO BiJ JOBKHHU XBHIII Ta Temmneparypu [12], 1 €

PI3HOIO JUISl PI3HUX MaTepialliB.

JlonatHa koHcTaHTa Bepne Biamosinae L-o6epTanHio (MpoT TOAMHHUKOBOT
CTPIJIKM), KOJU HAMpPSIM PO3MOBCIOJKEHHSI MapaielbHUil MarHiTHOMY ToJifo Ta R-
o0epTaHHIO (32 TOAMHHUKOBOIO CTPIJIKOIO0), KOJIU HAIPSIMOK PO3MOBCIOIKCHHS €
aHTHUMApaNeNbHUM. TakuM YHWHOM, SKIIO NPOMiHb CBITIAa NPOXOAUTH Yepe3

MaTepian i BiIOUBA€EThCS Ha3a ] Yepe3 HbOTo, 00epTaHHS MOIBOIOETHCS.

1.2.5 EnextpomarHiTHi ocHOBU edekty Dapajes

Marnitoontuyni (MO) edextu Halikpamie ONUCYIOTBCS 3 TOYKU 30DPY
TE€H30pa [IEJIEKTPUYHOI MPOHUKHOCTI € CEPEIOBUILNA, B SKOMY B1IOYyBa€ThCA
B3a€EMOJIISI MK CBITJIOM 1 MPHUKIAJAEHOTO MAarHiTHOTO mojis (200 BHYTPIIIHBOT

HaMarHi4eHOCT1 CEPEIOBUIIA).

Exx  E€xy €xz
E=| &yx &y &y

8ZX gZY €ZZ

VY 13oTponiHOMYy Matepiaii (HampuKiIaa, 3BU4alHOMY CKJI1) TPU JlaroHaJIbH1
€JIEMEHTH € 1IEHTUYHI, a B MPUCYTHOCTI MarHiTHOTO MOJIS B3I0BXK OC1 Z MPUCYTHIN
HEHOPMAJIbHUM HE1arOHAILHUN €JIEMEHT €, SIKUM 3'€Hy€ X- 1 y-KOMIIOHEHTHU

ontuuHoro E-moist, To0To

h O O
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3araioM, € 1 € 3ajieXarh BiJ JOBKWHU XBHJII, ajle¢ B BY3bKOMY Jiara3oHi
JIOBKMH XBHWJIb iX MOXHa PO3TIIAIATH SK KOHCTAaHTH. Y MPO30pOMY MaTepiali, Jie
HEMa€ ONTUYHOTO TOTJIMHAHHS, € € peajbHUM, a €' - yaBHUM. OJHAK y caMOMy
3arajgbHOMY BUMaaky y MO noriauHarouomMy maTepiani siK €, Tak 1 € MOXYTh OyTH
KOMIUIEKCHUMHM ~ 4yuciamu. Jlms  mgia- Ta TapamMarHiTHUX — CEpeoBUI €'
IPOMOPIIHHUN TPUKIAJEHOMY MarHiTHomy moni H, tomi sk ans ¢eppo- Ta
dbeppuMarHiTHUX MaTepiajiB CIIIH-OpOITaJbHa B3aEMOMIS € JIOMIHYIOYUM
mkepenom MO B3aemonii, mo pobuth &' TPOMOpLUIHHUM HamaraideHocti M

cepenoBuma. Tak sik B = H + 4xM (B cucremi Ci), To B-mone Bcepemuni

cepelloBuUIIa MOke OyTH Mo3HaueHO Sk pxepesio MO edekTis.

Konu nonsipuzoBaHa XBUJISL MOMIUPIOETHCS B CEPEIOBHUIILIL B3/IOBXK HAMPSMKY
MarHiTHoro moiss B, Marepian B3aemojie 3 TpaBO- Ta JIBOIUPKYJISIPHO

HOJISIPU30BAHOI0 KOMIIOHEHTOIO 3 PI3HUMH TOKa3HUKAMHU 3aJIOMJICHHS,
Ny.n=(exig)l/2.

Hanpuxknan, a1 maBiaeHOro KBaplieBOTO CKjla Ha JIOBXKHUHI XBuJl A = 550

HM,

£=2,25 1 £=10" mna xE (xinmo Epcren) npuxnageHoro mons (00uasa n, Ta n, B
JAHOMY BHIMAJKy € pEaJbHHMMH, a TOMY HE€ B1IOyBa€TbCs NOTNMMHaHH:A). s
JTIHIAHO MOJISIPU30BaHOTO CBITIIA, [0 IPOXOAWTH Yepe3 MaTepial TOBIIMHOK d i
BIIMBOM B-mosis, (asu uupkyasspHO MNOJSIPU30BAHUX KOMIIOHEHT 3MILIYOTHCS

OJTHA BIJTHOCHO I1HIIION.

21
Ap=——(n,—n,)d (14)

0
3mina BimHOcHOI (azum Mixk kommoHeHtamu IIIIIT 1 JILII ekBiBaneHTHa
o0epTaHHIO TJIOMKHY nossipu3altii Ha kyT @apazes 0 = 1/2Ae (1110 mpuBOAUTE HAC

710 Bxke Bigomoi popmynu (1.2.)).
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VY naBeneHomy Buiie npukiam 0 ~ 0,22° npu A = 550 HM s 3paszka
3aBTOBINKK 1 cM, o po3MimeHuid y MarHitHomy mom 1 kKE. 3HadeHHs
0,22°/cm/kE € xonctanToro Bepae /s muiaBieHOro KBapily Ha 3aJaHiil JOBXKHHI

XBUJIIL.

Jlesiki MarHiTHI MaTepianu (HampuKIad, MarHiTHI TpaHaTH) € JOCUTh
PO30pUMHU, 100 MepeAaBaTH 3HAYHY YAaCTKy CBITJIA, CTBOPIOIOYM THM CaMUM
3HayHe oOepranHa Dapanesa. Lli marepianu MoXHa HamMarHidyyBaTH B 3aJaHOMY
HalpsMKy 1 MATPUMYBATH iX HAMarHiueHICTb TMPH 3HATTI 30BHIIIHBOTO IOJIS.
Tomy edexkt dapanes B 1ux marTepiajgaX MOXKHA CIOCTEpIiratu 3a BIJICYTHOCTI
30BHIIIHBOTO Mar”iTHoro nons. Hanpuknan, npu A = 550 HM TUNOBHI KpucTai
bismuth-substituted rare-earth iron garnet moxxe matu € =~ 5,5 + 0,0251 Ta &' =
0,002-0,01i. TakumM YHMHOM, KOMIUIEKCHI IMOKa3HUKHU 3anomieHHs misa ITLIT Ta
JILII cBitna € Takumu (n + ik)" = 2.347 + 0.0061 ta (n + 1k)" = 2.343 + 0.0051, 110
nae kyT noBopoTy ®Dapazges 0 = 1.3° ana 3paska MIKpPOHHOI TOBIIMHHU I[HOTO
kpuctainy. Koedimient nornmuuanas matepiany o gopiBHioe 4nkd/ A, ne k - ysBHa
YacTMHA KOMIUIEKCHOTO TOKa3HWKa 3ayioMieHHs. OTxke, s BUINE3a3HAYEHOTO
rpanaty, o = 0,12 Ha MiKpOH, 1110 €KBIBaJICHTHO BTpaTi cBiTJa Ha 11b Ha KoXHI 2
MKM TOBIIMHU KpHCTana. I[HIIMMH ciioBamu, 1€l TpaHaT 3abe3neuye 2,6°
noBOpoTy mousisipu3aiii Ha b BTpatu. Lli Kpucrtamm Mo)KHA BUPOIIYBaTH B
Jllarma3oHl TOBIIMHU BiJ 4acTKU Bij MikpoHa 10 mpuommu3no 100 mxm. ToBcti
KpUCTaJIM KOPUCHI Ha JOBIIMX JOBXKHWHAaX XBWJIb, JI€ BTPATH HEBEIHWKI, aje

obepranHs Papajes 3a3BHUaii 3MEHIITYETHCS 3 301IbIIEHHAM JAOBKUHU XBrIIi [11].

1.2.5 Edext 3eemana

[Tosicuenns edexry dapanes, mo OyJ0 AaHO BHUIIE € JOCUTh HAOYHUM,
MPOTE HE TMOSICHIOE MPUYUHY HWOro BUHUKHEHHs. B pobotax [13] ta [14] fineThcs
po TicHUM 3B's130K Mixk epekToM Dapazes Ta edpektom 3eemana. Tomy aiis OUTbLI

rIMO0KOTO PO3YMIHHS (h13MKHU TIpoILiecy, Tpeda PO3TISHYTH 1eH eeKT.
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B 1896 p. 3eeman (1865-1943) BusABUB, 110 CIEKTpaldbHI JIIHII MEBHUM
YHHOM PO3IICTIIIOI0THCS, SKIIIO HKEPENIO CBITa MOMIIIAETHCS B MarHiTHE moie. Y
JOCIIKEHHI 3eeMaHHa JOCIHIKyBaacs TyKe€ BY3bKa 3€JICHO-OJIaKWTHA JIiHIA

KaaMis 1 3acTocoByBanucs MarHiTHi mosst 10 000-15 000 I'c.

B xHuzi [15] monmaeThcsi Take MOACHEHHS e(ekTy 3eeMaHa. Y MepIINX
nociijgax 3eeMaH BUSBUB, IO MPU CIIOCTEPEKEHHI MOMEPEK IMOJIsl CIEKTpajabHa
JIHIS PO3IIEIUTIOEThCST HA TPU JIHIAHO MOJSApU30BaHI KOMMOHEHTH. CepemHs
KOMIIOHEHTa HE3MillleHa, KpaiHl 3MIIeHl B MPOTHJIC)KHI CTOPOHH Ha OJIHAKOBI
BiJIcTaHl (B IIKajl 4YacTOT). 3CyB MPOIMOPILINHUN HANpPyKEHOCTI 30BHIIIHHOTO
MarHiTHOro nojst B. ¥V cepenHiii KOMIIOHEHTI €JIEKTPUYHUNA BEKTOP CHPSIMOBAaHUI
napajielb-HO  Mar”HiTHOMy TMOJl0  (Taki  KOMIIOHEHTH  HA3WBAIOTHCS  T-
KOMIIOHEHTaMH), B KpalHIX -NEepHeHIUKYISIPHO 0 HbOro (Takli KOMIIOHEHTH
Ha3UBAIOTHCS G-KOMIIOHEHTaMu). [HTEHCUBHICTD TT-KOMIIOHEHTH BJBIY1, a KOXXHOT 3
O0-KOMIIOHEHT B YOTHPU pa3d MEHIIE I1HTEHCUBHOCTI BuXIiIHOI JiHil. [lpu
CIIOCTEPEKEHHI B3JIOBXK MArHITHOTO TOJII BUXOAUTH TaKe >K 3MilICHHS (MIpU
OJIHAKOBI# HAMpPYKEHOCTI MAarHiTHOTO MOJIs), 110 1 B MONEPEIHbOMY BHUIMAJIKY, ajie
HE3MIIIEHa KOMIIOHEHTAa BIJICYTHE. |HTEHCHUBHICTh KOXXHOI KOMIIOHEHTH BBIUl

MEHIIIE THTEHCUBHOCTI BUX1JHOI CTIEKTPAJIbHOI JIIHI1.

OOuB1 KOMIIOHEHTH MOJISPU30BaHI [0 KOJIY B IPOTUJICKHUX HAMpsAMKax (ix
OPUMHATO HA3UBATH TAKOXK G-KOMIIOHEHTaMHM). SIKIIO CBITJIO MOLIMPIOETHCS B
HanpsIMKy MAar”iTHOIO IIOJi, TO G-KOMIIOHEHTa 3 MEHLIOK YacTOTOIO
MOJISIPU30BaHa 1Mo MpaBoMy, a 3 OUIBIIOKO - MO JiiBOMY Kouy. [Ipu 3MiHI HanmpsiMKy
MarHiTHOTO TIIOJiI Ha TPOTHIICKHE 3MIHIOETHCS Ha TMPOTHICKHY 1 Kpyroma

noJisipu3aiiisi 000X KOMIIOHEHT.

EnexTpoH, 10 KOJMMBAETHCS BUIPOMIHIOE  EJIEKTPOMArHiTHI ~ XBWJII.
BunpoMmiHiOBaHHS MaKCHUMaJlbHO B  HANpsMKY, IEPICHIUKYISIPHOMY IO
MIPUCKOPEHHS €JIEKTPOHA, a B HAMPSIMKY MPUCKOPEHHS BiACcyTHE. BiamoBigHO 10
KJIACUYHOI Teopli, 4acToTa BUIPOMIHIOBAHOTO CBITJIa 30ITa€ThCsl 3 YACTOTOIO

KOJIMBAaHHS €JIEKTpOHA. AJie OCTaHHSI 3MIHIOETHCS MPU BKJIIOYEHHI MAarHiTHOTO
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nons. ToMy mOBMHHA 3MIHUTHCA 1 YacTOTa BUIIPOMIHIOBaHOTO cBitia. [lpu
CTIOCTEPE)KEHHI B3JIOBK MArHITHOTO TIOJsSI KOJWBAaHHS B TOMY JK HaIpsIMKY
BUIIPOMIHIOBaHHS HE Ja€. BUNPOMIHIOBaHHS CTBOPIOETHCS TUIBKU KPYTOBUM
oOepTaHHSM €JIEeKTpOHAa. B pe3ynbTaTi CIOCTEpiraroThCsl IBI G-KOMIIOHEHTH 3

KPYTOBOIO MOJSIPU3AIIEI0 1 YacToTaMu o + 2 Ta o —  (1e Q — mapMopiBchka
. 5 . o

4acToTa, 1110 JopiBHIOE {1 = p— B). SIxuio cBitio ine B HanpsiMKy Bektopa B, To

noJisipu3anisl nepuioi JiHii Oyzae miBoi, a aApyroi - mpasor. CaMe BIAMIHHICTB Y

mBuAKoCTAX Mk TTHIT Ta JILIT xBumasmu 1 mpu3BoauTh 10 ehekty Dapamaes.

Le.p. r.c.p.

Pucynok 1.4 — Po3mernieHss 30H, 0 CIPUYUHEHE BIJIMBOM I103/10BKHBOTO

30BHINIHFOTO MArHITHOTO MOJIA

1.2.6 3actocyBanus eexty Dapajes 1jisl BUMIPIOBAHHS TTapaMeTpiB

MaTepiaiiB

He 3Bakatroum Ha Te, 110 HA 4yac HamUcaHHSA I1i€i podoTu edekt Dapanes
BiJIoMu# Bxke OnpI HIXK 170 poKiB, BIH HE TUIBKM HE BTPATUB CBOE] aKTyaJIbHOCTI,

aJyie ¢ KOXKHUM POKOM 3HAXOJUTh BCE OUIbINE 1 O1IbIIe MPAKTHYHUX 3aCTOCYBaHb.
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B ubomMy po3auii Oyne NpuBeIeHO TOCUTh HIMPOKHUM CIIEKTP 3aCTOCYBaHb €(EeKTy

dapazest 1151 TOCHIIHKEHHS TapaMeTpiB MaTepiaiB.

B po6oTi [16] nponoHy€eThCss METO/I, 110 J03BOJISIE BUMIPIOBATH €(DEKTUBHY
Macy enekTpoHiB y GaAs (apceHif rajiio) 3a JomoMororo iHdpauepBoHOTO eheKTy
dapaznes. MarHiTHO-ONTUYHI METOAW 3aliMadd TPOBIAHY pOJIb y BUMIPI
e(heKTUBHOI MacH eJEeKTPOHIB, POTE MIUPOKOBIAOMI MarHiTHO-ONTHYHI METOJIH,
Takli SIK IMKJIOTPOHHUN pE30HAHC Ha 1H(PAYCPBOHUX XBHWIAX, OCIUJIIOIOYE
MarHiTo-ToTJIMHaHHA Ta iHGpadepBoHii edekT Dapanes HE 3aCTOCOBYBAIMCS Ha
TOM yac a1 AOCHIHKeHHS apceHiy raiito. ToMy aBTopu poOOTH 3apONOHYBaU
BUKOpUCTOBYBaTH e(dekT Papanes Ha BUIBHUX HOCISX 3apsiay, IO BU3HAYa€e
JUCHEPCIt0, CIOPUYMHEHY LMKIOTPOHHUM  PE30HAHCOM, Il  BHU3HAUEHHS

edeKTUBHOT Macu B MaTepiaii n-TUITY.

Macy MOKHa BU3HAYUTH 33 HACTYITHOIO (POPMYIIOO:

BNe’
m* = A—s—)" (15)
87 °C g,nNO
0 — xkyT noBopoty Dapases;
A — TOB)XMHA XBUJII;
N — KOHUEHTpallisl HOCIiB,;

N — IMOKAa3HUK 3aJIOMJICHHS,

B — iHAyKIlisT MAarHITHOTO TTOJIS.

[Ipore Meron MaB TEBHI HEOJIKH, Ta 3 ypaxyBaHHSIM HEIOCKOHAJIOCTI

BUMIPIOBAJILHOI TEXHIKM HAa TOW Yac HE 3HAMIIOB MOAAIBIIIOTO 3aCTOCYBaHHS.

HesBaxxarouu He 11e, epext Dapajies 3HAUIIIOB OaraTo 1HIIKUX 3aCTOCYBaHb.
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Ha ceoromnimHii 1eHb, OJHUM 3 HAWOLIBII MEPCHEKTUBHUM HAIMPSIMKOM
PO3BUTKY CY4YacHOi EJICKTPOHIKM € cHiHTpoHika [17]. 3Bakaroun Ha KBaHTOBY

npuponay epexrty dapajes, BiH 3HAUIIIOB CBOE 3aCTOCYBAHHS 1 TYT.

Tak, B mpami [18] edexr Dapames 3acTOCOBYETHCS IS TOCHIIKCHHS
JUHAMIKHU CIIHIB MOJIEKYJISIpHUX camMo30ipHux konoigaux CdSe (cenmeHin kaamiro)
kBaHTOBUX TOuOK (KT). Jlocaia mpoBOaAUTHCS HACTYITHUM YUHOM: JOCIIIJKYBaHUMN
00’ext (KT) BOy#OBYIOTECS B Jl€leKTpUYHI MOpoxHUHM (puc. 1.5) B Marepiai.
Busznauaetbcst Q-daxTop (H0OPOTHICTH), IO 3aJ€KUTH B1J] 301TIbIIIEHHST 00€pTaHHS
dapajes, 1€ MOKHA TOSICHUTH THUM, 1110 ONITHYHO 30y/KEH1 CITIHU B3a€EMO/IIIOTH 3
OaratbMa (OTOHAMH, IIO PO3MOBCIOKYIOTHCS Yepe3 MOPOKHUHU. TakuM YMHOM

BUKOPHCTAHHS TaKOi METOAMKHU J03BOJISIE 301IBIINTH Yy TIUBICTh BUMIPIB.

Pucynox 1.5 - 300pakeHHs 1eTEKTPUIHUX TOPOKHUH (TIepepi3) Ta
BOynoBanux KT (30utblieHe 300pakeHHs), 0OpakeHHsI OTPMMaHE 3a IOOMOTOI0

TPAHCMICIHHOTO €JIEKTPOHHOTO MIKPOCKOITY

Takox icHy€e myXe MepCrIeKTUBHUN METO/ TOCTIKEHHS OJTMHUYHUX CIIIHIB,
1m0 6asyerbes Ha edekti Papanes [19]. Lle Tak 3BaHuit pump-probe Meroa (MeTo
Hakayku-gociipkeHHs) (puc 1.6). CyTtb HOro mossrae B HaCTyMHOMY: CIIOYaTKY
IMITyJIbC MaJjioi 1HTEHCHBHOCTI, IO IUPKYJISPHO TMOJSIPU30BAHUM, CTBOPIOE

HEPIBHOBAXH1 CITIH-OPIEHTOBAHI €JIEKTPOHU Ta JIPKU Ta CTBOPIOE MAKPOCKOIIYHY
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CHIHOBY mosipu3amiro. B Toil ke dYac A0 3pa3ka NPUKIAAI0Th IOTNEpedYHe
MarHiTHe mosie B, TakuM YMHOM MaKpOCKOTIYHA TMOJISIPHU3aIlis TOYNHAE PyXaTUCh
HABKOJO HampsAMKy Tmoyigs. Ha MIKpOCKOMIYHOMY pIiBHI OJAMHUYHOTO CIIiHA,
oOepTaHHS TIOB'SA3aHE 3 KOTEPEHTHOI CYNEPIO3MINEID JBOX PIBHIB CIIIHIB,
pO3AUIEHNX MarHiTHUM mojeM. ONTUYHO CTBOPEHA MOJsIpu3allis Ta il oOepTaHHs
MOKe OyTH BHUMIpSHI KOPOTKUM IMITYJIbCOM JIHIMHO MOJIIPU30BAHOTO CBITIA
3aBJIIKK 00EpTaHHIO TUIOIIMHM Toisipu3aliii (edekt Dapasest) micist IPoXoHKEHHS

yepes 3pa3ok.

pump y

Pucynox 1.6 - CxemaTuuHe 300paxeHHs JOCIIKEHHS CTaHy CITiHIB probe-

pump METOJIOM

BucHoBku 510 po3ainy

Y mpomy poszaini Oylio pO3MISIHYTO KiIacu(ikaiis ONTHYHHX MOJISPU3ALIMHIX
epeKTiB, 1[I0 BUHUKAIOTH MpPU  PO3MOBCIOUKEHHI  €JIEKTPOMArHiTHOTO
BUIMPOMIHIOBaHHS B aHI30TPOITHOMY KPHUCTaN1, PO3IJISIHYJIU MPUYMHU, IO MOXYTh
BUKJIMKATH II0 aHI30TPOINI0, a TaKoX e(QEeKTH IBONPOMEHE3aJIOMJICHHS Ta
nuxpoizMy. BoHu, B CBOIO 4epry, MOXKyTbh NOAUIATUCS HA JIHIAHY Ta HUPKYISPHY.

Takox OyB posrmsinyTHil edekt Dapazaes. bymo po3riasHyTO icTOpis HWOro
BIIKpUTTS, MHOro marematuuyHe Ta (Qi3uyHe IiHTeprnpeTyBaHHsA. Jns Ouibn

IIMOMHHOTO PO3YMIHHS Takok OyB onucaHuil edekt 3eemaHa, IO Mae
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oesnocepenHiii 3B'130k 3 epexrom Dapanes. Sk Oyno mokazaHO y BIANOBITHOMY
pO3ai, SKIIO Mar”iTHE TOJie TPHUKIAIACHE B3/J0BX PO3IMOBCIOKCHHS CBITIIA,
eJICKTPOHH MOYMHAIOTh PYXaTUCh MO KOJy 1 IEPEBUIIPOMIHIOBATH CBITIIO 3 JIBOIO,
a00 TPaBOIO MOJIAPU3AIIIEI0, AJI€ 3 PI3HOIO IMIBUIKICTIO, 1110 Ha BUXO/1 MIPU3BEE J0
MOBOPOTY TUIOMIMHU Tosgpu3anii. B kiHmi OyB 3po0OsieHui Orisii 3acTOCYBaHHS
ebexkty @Dapages mnsg gocihikeHHs MarepianiB. Cyasuud 3 [bOTO OISy Ta
KUTBKOCTI HAYKOBHX CTaTEH, 110 MPUCBIYCHI 11l TeMi, MOKHA 3pOOMTH BUCHOBOK,
IO TI€ € TOCUTh MEePCHEKTUBHOIO cheporo mociimkenb. OcoOaMBO 3 OTISAY Ha Te,
10 JIOCTIKEHHS 3HAXOMAThCSA B 00JACTlI CydacHUX HANpPSAMKIB (HaHOMaTepiaiw,

CHITPOHIKA Ta T.II.).
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PO3JILI 2
METO/MKA EKCITEPUMEHTY TA if OCOBJIMBOCTI

2.1 KoHcTpykitist oTONpyKHOTO MOIYJISTOpa MO pU3allii

SIBuiie GoTONpy>KHOCTI MONATAE B TOMY, L0 130TPOIHI (OMTUYHO MPO30Pi)
MarepiaJid IMiJ BIUIMBOM MEXaHIYHOI HANpyrd CTAalOTh  aHI30TPOIHUM
(IBOIPOMEHE3aTTOMITIOIOUUMH). Taxum YUHOM, PUHIUI il
JIBOIIPOMEHE3ATIOMITIOIOYOT0 MOAYJSTOpa Ha (OTONPYKHOCTI Takuh xKe, K 1

enekrpoontuaHux [3, 20]:
0=—An-L (2.1)
A

HaiiOinpm1  epekTuBHa  KOHCTPYKILIS  (POTONPYXKHOTO  MOIYJIATOpa
MOJIAPH3allii, BIIEPIIIe 3aCTOCOBAHOTO B METOJI MOAYJIAIINHOL emirncomeTpii [21],
nokazaHa Ha puc. 2.1. Moaymsatop Mae HaWMEHIIy KUIBKICTh 3'€IHaHb 1

CKIadacTbCAa 3 IBOX IINIaCTHHOK.

Y

,«\5 ) . a5
C\

Pucynok 2.1 - 30BHIIIHINA BUTIISA POTONPYKHOTO MOAYISTOPA MOJIAPU3ALILL:
1 - pe3oHAaTOp 13 KPUCTATIYHOTO KBaPILY;

2 - aKTUBHHM €JIEMEHT 3 MJIaBJICHOTO KBapILy.
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[lepmia 3 HHMX BUIOTOBJIEHAa 3 KPHUCTAJIIYHOIO KBapuy X-3pi3y, 1 €
€JIEKTPOMEXAHIYHUM PE30HATOPOM, IPHU SKOMY OCHOBHUM THUIIOM KOJIUBAHb €
noriepeyHa Mojaa. Po3mip pe3oHaTopa B HaNmpsSMKYy KOJMBAaHb JTOPIBHIOE MOJOBHHI
JOBKMHU aKyCTUYHOI XBWJII B L[bOMY HANpsIMKy Ha pe30HaHCHIN wactoTi. Llei
po3Mip TOB'SI3aHUN 3 BIACTaHHIO MDK €JeKTpojamu, skf 1 BU3HA4Ya€ YacTOTy
BJIACHUX KoNuBaHb. Jlo pe3oHaTOpy HA aKyCTUYHOMY KOHTAaKTi TpHEIHAHA
IUTACTHUHKA, fKa M BIUIMBOM OJHOBICHOI AedopMallii CTUCHEHHS-PO3TATYBaHHS
ctae (a30BOIO, 3 JUHAMIYHO 3MIHIOBAHOIO BETUYMHOIO ()a30BOTO 3aTpUMKH. Lls
IUTACTUHKA BUTOTOBJISIETHCS 3 130TPOITHOTO MaTepiaiy, KU Mpo30puil B I1ana3oHi
JIOBXXKUH XBWJIb, 10 IIKaBUTh AociigHuka. [Ipu BuOOpi marepiany HEOOXiAHO
KepyBaTUCA 1€ ACKIJIbKOMa KpUTEpisiMU. Bynb-iKuil ONTUYHMII Martepiaa Mae
CBOIO BJIACHY KOHCTaHTY (DOTONPYKHOCTI, IKa OOYMOBJIIOE BEIMYMHY MEXAHIUYHOI
HaIpyru HEOoOX1JHOI AJisi OTPUMAHHS MOTPIOHOrO 3CyBYy (a3 Ha 3a7aHiil JOBXKHHI

XBUJII CBITJIA. 3aJIEKHICTh, 1110 XapaKTepu3ye 3cyB (a3 Mae BUTTISIL;

SZ%C-G-L (2.2)

G - Hampyra B IJIACTUHI;
A - IOBXKMHA XBWJII BUTIPOMIHIOBAaHHS B PEUOBHHI;
L - po3mip mIaCTUHKU B HAMPSMKY MOITUPEHHS CBITIA;

C - xoHCcTaHTa (OTOMPYKHOCTI.

Jiist 61n1b1I0CcTi MatepiaiiB BesinunHa C 3MEHIIYETHCS 3 POCTOM A 32 YMOBH,
10 BJIACHI CMYTH TOTJIMHAHHS ITUX CEPEJIOBHII PO3TAIIOBaHI B 00JACTi CHIEKTpa 3
JIOBKMHOIO XBUJIl, MEHIO HiK A. OTxe maTepias, 0OpaHuii JJii BUTOTOBICHHS
aKTUBHOTO €JIEMEHTY MOMAYJSITOpa, MOBHHEH MAaTH SKOMOTa OiNblle 3HAuYeHHS

NOKa3HUKa 3aJI0MJIeHHA 1 poTonpykHoi KoHCTaHTU C (C = &) gy, e & - TeH30p
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JIENEeKTPUYHOI IPOHUKHOCTI, €, - TeH3op aAedopmarii). HeoOxigHO Takox
3BEpTaTH yBary Ha Takl BJIACTUBOCTI Marepialy, SK ONTHYHA OHOPIIHICTS,
XIMIYHA CTIAKICTh, MEXaHIYHA MILHICTh 1 PsA IHIIUX. 3a3HAYEHUM yMOBaM, fKl
CyNnepewInBl 1 HECYMICHI B OJHOMY MaTepiaji, HalOUIbII I[MOBHO 3a0BOJIbHSE
IUTaBJICHUN KBapll. BupimaibHUM apryMeHTOM B JaHOMY BHUNAQAKYy € Te, IIO
ONTUYHA TPO30PICTh LBOTO Marepiany Jo00pe Y3TOMKYETbCS 31 CIEKTPaIbHUM
Jiana3oHoOM (YHJAMEHTAJIBHOTO IOTJMHAHHS B TaKUX HAMIBIPOBIIHUKAX, SK
repMaHiid, KpeMHid, apceHin ramio. Po3mipu mnomepeuHoro 3pizy (a3oBoi
IUIACTUHKH, BUXOJSYM 3 YMOB IPHEIHAHHS, Takl K, K 1 y pe3oHaropa. A ii
JOB)XKMHA TMOBMHHA JIOPIBHIOBAaTH IOJIOBHMHI JIOBKWHHU XBHJII 3BYKY Ha 4YacTOTI
pPE30HAHCY, MBUAKICTh SKOi B IUIABJIIEHOMY KBaplli € 130TponHow0. BiacHi yactotu
pe3oHaTopa 1 (a30BO1 MIIACTUHKY MOBUHHI JOPIBHIOBAaTH OJMH OJTHOMY, MPOTE Ha
MPAKTHII BOHU BiJPI3HSAIOTHCA Yepe3 MOMUIIKM BU3HAYEHHS IIBUIKOCTEH 3BYKY B
pEUOBHHAX, 3 SIKUX BUTOTOBJICHI IIJIACTUHKH, 1 Y€pe3 HETOYHOCTI BUTOTOBJICHHS
enieMeHTIB. Kiel, sIKuM CKpiIJieHl MOJOBUHHM MOJIYJSTOpa, Majo BIUIMBAE Ha
JTOOPOTHICTh PE30HAHCHOI CUCTEMH, OCKIIIBKHA MEXKa MK HUMU IIPUNAJA€ HA BY30J1

CTOSTYO1 XBWJII JiepopMalriii.

2.2 Oi3nuHuit TpuHIUN GYHKIIIOHYBAaHHS MOIYJISTOpa MOIsSpHU3aIlii Ha

OCHOBI1 (POTONPYXKHOTO €PEKTy

doTonpyKHUH MOIYJIATOP, KOHCTPYKISl SIKOTO OINHMCaHa B MONEPETHbOMY
HIAPO3A1JI, MPALUIO€ HACTYMHUM YUHOM. Jl0 TUIACTMHM KPUCTAIIYHOrO KBaply
MPUKIAAAEThCSl 3MIHHA HAmpyra, 1 3MIHHE €JIEKTpUYHE TIoJie, 10 BUHUKIO B
HbOMY, 30y/[UKye B  IUIACTHMHI  PE30OHAHCHI  KOJMBAHHS  BHACIIJOK
n'e30€NeKTpUIHOTO epexTy. BuHHMKae cTosiua XBUIS CTUCHEHHS-PO3TATYBAaHHSA,
sKa CTBOPIOE B JMHAMIYHIN (ha30Bid MJaTiBIl MPYXKHY OJHOBICHY 3HAKO3MIHHY
nedopmaitito. 3riiHO 31 3HAKO3MIHHOI Aedopmallii B TUIACTUHIII CTBOPIOETHCS

CIMNTUYHA IHIMKATpUCa ONTHYHUX BIAacTHMBOCTeH. I[oMoBHI oci  emimca
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CIIBIAAAI0Th 3 OCSAMHM IUIACTUHKH, 1 HA MPOTA31 OJHOTO MEPi0ay BOHH 3MIHIOKOTHCS
Mmicisamu. [Ipu onHOBicHIN nedopmariii MpOCTOpOBE 3MIIIECHHS JIOBUIBHOI TOYKH

AKTUBHOI'O CJICMCHTY B3O0BK ocl X BH3HAYa€ThCA 3 BHpa3y:

G =G, sin (2’;—") sin(o t) 23

p

00 - TOYATKOBHH 3CYB TOBUIBHOI TOYKU MO KOOPIUHATI X;
Ap - TOBXKMHA aKyCTHYHOT XBUJI1 B TUIaBJIEHOMY KBapIli;

® - YaCTOTa MOro IMO3I0BXKHIX KOJIMBAHb.

: : . .. 0o 2T X, .
BinnoBinHe MexaHiYHe HANPY>KEHHS MTPOTIOPIIIITHO P TOOTO COS (k—) ) 1,
X
p

TaKUM YHHOM, Ma€ MaKCUMAaJIbHE 3HAUYCHHS B LIEHTPI I1acTUHH (X = 0).

Tak sk BeaMUMHA ABOMPOMEHE3AIOMJICHHS MPOMOPIiHHA HAMpy3i, TO BOHA
3MIHIOETBCA B 4aci, K sin(mt). BennunHa 3MiHHOTO JBONMPOMEHE3AJIOMIICHHS, B
CBOIO Yepry, 3aJia€ BeIWYHMHY (Da30BOi 3aTPUMKH O, BiIMOBIAHO 10 Bupasy (2.1).
[Ipn QyHKIIOHYBaHHI MOIYJIATOpa BEJIUYMHY 3aTPUMKHA MOKHA OIHUCATH

PIBHSHHSAM

A = Opsin(wt), A€ ® - BJIACHa YacTOTa MOAYJSATOpa, Op - 3aTPUMKA, IO
BCTAHOBJIIOETHCA HAMPYTOI0 JKUBJICHHS KBApLIOBOIO pe3oHaTopa (BIJIMOBIIAE
YyBepTi a0 TIOJIOBMHI JOBXKHHU XBWUJI1). TakuM YHHOM, B MOMEHT 4acy

_(@n+1)T
2

a00 TIBXBWJIHOBOIO ()a30BOI0 IJIACTUHKOIO B 3QJICKHOCTI BiJ] 3a7aHOI BEIMYWHHU.

t , (e n=0,1,2, ..., T - mepiox MOIynsIlii) MOIYISATOp, CTAE YBEPTh

Hanpuknaza, npumycTuMo, 0 Ha MOAYJISATOP Majla€e JiHIMHO MOJSIPU30BAHE CBITIIO
i KyToMm 45° 10 #oro ocei, ik mMoka3zaHo Ha puc. 2.1, a MOIyJIsSITOp MpaIfoe B

pEeXUMI YBEPTHXBHJIbOBOI MIJIACTUHKU. TO/I1, B 3a3HAYE€HI MOMEHTH 4Yacy, Ha BUXO/I1
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3  MoayisaTopa pi3HHIL (a3 MDK JABOMA JIIHIKHMMH  OPTOTOHAJIIBHUMU
komnoHeHtamMu Ey 1 Ey, Ha sKi MOXXHa pO3KJIAacTH MNajarode BUIPOMIHIOBAHHS
nopiBHioBaTuMe 1/2 (puc. 2.2 (a)), a cymMa IUX KOMIIOHEHT JACTh LUPKYJSIPHY
nosisipuzariito (puc. 2.2 (0)). Cnig 3a3Ha4UTH, IO JJI 3MIHH JIHIAHOT oJsipu3alii
il a3UMyYT MOBUHEH OYyTH MiJ KyTOM JI0 OCEH MIACTUHKH aKTUBHOTO €JIEMEHTY (KYT
45° € ontuManbHUM). B 1HIIOMY BUNIAAKY IUTOIIMHA MONIsApu3alii Oye 30iraTucs 3
OJIHIEI0 3 OCEHl 1HAMKATPUCH ONTUYHUX BJIACTUBOCTEH, 110 O3HAYAE BIJCYTHICTh

MOYJISALIT TTOJISIpHU3alIii.

6)

Pucynok 2.2 - ImocTpanis cKJIaJJaHHs BEKTOPIB IBOX TAPMOHIYHUX 1
KOTEPEHTHHUX XBUJIb, 1[0 PO3PI3HSIIOTHCA (Pa3oto Op = 1/2 (a), 1 yTBOPEHHS OJIHIET

UPKYJIIPHO TOJISIPU30BaHO1 XBUII (0)

Ha puc. 2.3 cxematTmdHo TmOKa3aHi BCl MOXJIHMBI BapiaHTHU pPoOOOTH
doTonpyxkHoro wmoxayisaTopa. Ha HbOMY TOKa3aHO 3alleXHICTh BIJ Yacy

MEXaHIYHOI Hampyru B UEHTPl IUIACTUHMU 3 IUIABJICHOrO KBaply MpHU JIBOX
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3HAYEHHAX Omax, K1 3ICTaBJEHI 3 jAlarpamMaMyd 3MIHM B 4acl CTaHy MNoOJsipu3allii

BUX1JTHOTO BUTIPOMIHIOBAHHSI.
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Pucynox 2.3 - 3anexHICTh BiJl 4Yacy BETUYMHU MEXAHIYHOI HAIIPYTH 1 CTaHIB

NoJISIpU3allii CBITJIA, 0 NPONIIO Yepe3 MOAYJISATOP MPHU ABOX 3HAUEHHAX Gmax.

a) Omax = M4; 0) Omax = A/2, 1 IpH PI3HUX TOYATKOBUX CTaHAX MOJSIPU3ALIii

BUIIPOMIHIOBAHHS: B), T') IUPKYJIAPHA; 1), €) JTiHIIHA

Posrnsaemo aeTanpHO KOXKeH MamoHOK. [lo-niepire, Big3zHaunmo, mo puc. 2.3
(a), 2.3 (B) 1 2.3 (1) BIZHOCATBCS 10 TAKOTO PEKUMY POOOTH MOIYNIATOPA, KOJIU
MaKCUMaJlbHa Hampyra B IEHTPI aKTUBHOTO €JIEMEHTY MOIYJISITOpa Gm BIAMOBITa€E
YMOBi 4BEPTHXBHIBOBOI (ha30BOi MIAacTHHKH. Moro 3miHa B yaci Ha mpoTs3i
OJIHOTO Tepioay 300pakeHa Ha puc. 2.3 (a). 3aleXHO BiJ MOYATKOBOTO CTaHy
noJisipu3ailii BUMPOMIHIOBAHHSA € JIBa BHUMOAAKU. SIKIIO CBITJIO MUPKYJISIPHO
MOJIIPU30BaHe, TO B MOMEHTH TIEPIOy, KON G = + Gy , MUPKYJISIPHA MOJSPHU3AIis

NepeTBOPUTHCS B JiHINHY (puc. 2.3 (B)). Y 3B'sI3Ky 3 TuM, 10 naedopmariis
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IJJACTUHKKA B 111 MOMEHTH 4Yacy Ma€ NPOTUJICKHI 3HAKW, a3UMYTHU JIHIAHHUX
noJisipu3alii B3a€EMHO NEPIEHIUKYJApHI. Y MOMEHTH nepioay, koimu ¢ = 0,
NOJISIpU3aIlisi  BUIPOMIHIOBAaHHS HE 3MIHIOETbCS, 1 BOHO  3aJMINAETHCS
HOJIIPU30BAHUM LUPKYJISIPHO. Y IPOMIXKHI MOMEHTH 4acy CBITJIO, 110 BUHIILIO 3
MOAyJIsATOpa Oyae ENNTHYHO TMOJIIPU30BAHUM, 31 3MIHHOIO B 3aJI€KHOCTI BiJ
3HAYCHHS MEXaHIYHOTO HaMpyXeHHs BEIMYMHOI0 eminTHYHocTi. Taki ik
MIpPKYBaHHs CHpPaBEIMBI JUIsl CUTYyalli, KOJIM CBITJIO CIIOYATKy MOJISIPU30BaHUIA
JiHIIHO. SIK BXKe 3a3HAaYanocs Ui MepeTBOPEHHS JIHINHO MOJIAPU30BaHOI XBUII, 1T
IUIOIIMHA MOJSpU3allii NTOBUHHA CKJIAJATH 3 OCSIMM MOIYJsATOpa KyT 45°, skuil €
ONTUMaJIbHUM. B 1poMy BuNAAKy DOJApU3alisl MOPOTArOM TNEpioay JABIYi
3MIHIOETHCA BIJ JIIHIKHOI Yepe3 eNNTHYHY J0 UUPKYJSIPHOI 1 Hazax (puc. 2.3 (xm)).
[Tpuuomy UUpPKyJIspHI nojspu3auii  OyayTh OPTOrOHAJIBHUMM, HAIPSIMOK

oOepTaHHS €JIEKTPUYHOIO BEKTOpa Oy/ie 3ajexaTH BiJ] 3HaKy MEXaHIYHOI HANPYTH.

Takum ke YMHOM TPOBOAUTHCA po3risn puc. 2.3 (0), 2.3 (r) 1 2.3 (e), ki
UTIOCTPYIOTh POOOTY MOJIyJIATOpa B MIBXBWIbOBOMY pexumi. Ha puc. 2.3 (0)
MIOKAa3aHO 3MIHY B 4Yacl MPOTArOM MEPIoly BEIMUMHY MEXaHIYHOI HAPYTH, KOJH il
MaKCHMMaJIbHE 3HAYEHHS BIAMOBIAA€ YMOB1 MiBXBUJIIOBOI (ha30BOi IUIACTUHKHU.
k1o Ha MOAYJATOP MAJa€ UUPKYISIPHO MOJIIPU30BAHE BUIPOMIHIOBAHHS (HeXai
KIHEI[b €JIEKTPUYHOTO BEKTOpa 00EpPTAEThCSA 3a TOAMHHUKOBOIO CTPIIKOIO), TO B
MOMEHTH 4acy, KOJIM G = + Op MPaBOIUPKYISIPHA MOJIIPU3allis IePETBOPUTHCS B
JBOIUPKYJISpHY mnossipu3aiito (puc. 2.3 (r) ). lle mepeTrBopeHHs BiIOyBa€eThCs
HACTYITHUM YMHOM: MPaBOLMPKYJIIPHA MOJSIPU3allisi CTAHOBUTHCS CIIOYATKY 4Yepes3
IpaBy EJIINTUYHY NOJSPU3ALIIO JIHIIHOO, a MOTIM JIIHIMHA MEPETBOPIOETHCS Yepes
JIBY ENINTUYHY TOJISIPU3AIII0 B JIBOIMUPKYJISIpHY. [lepeTBOpeHHS HUPKYISIPHO
MOJISIPU30BAHOI XBUJII B OPTOrOHAJIbHY 1 Ha3a] BiAOYBA€ThCSA [1Ba pa3H 3a MEPIO/.
[IpyyoMy, 3HaK MEXaHIYHOI HANpyrd BIUIMBAE TUIBKK Ha MOJSIPU3AIIO0 XBHJII B
OPOMIDKHHMX CTaHaX, a TOYHINIE HAa a3UMYT EJINTHYHOI 1 JIHIMHOI MOJIApU3aLii.
Konu Ha MoaymnsaTop majgae JiHIMHO MOJspu30oBaHe CBITIO (puc. 2.3 (€)), MaeMo
CX0Xy cutyarito. JIiHiliHa Toysgpu3aliis yepe3 eMNTUYHY CTa€ MUPKYJISIPHOIO, a

MOTIM 3HOBY 4€pe3 eNTUYHY, ajie BXKE 3 a3UMYTOM MEePHEHAUKYISIPHUM TUIOU[HHI
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MOJIsIpU3allii TOYaTKOBOI XBUJII B OPTOTOHAJBHY JIHIAHY. SIK 1 B TMOINEpeIHbOMY
BUIIAJKYy, IEPETBOPEHHS JIHINHO MOJSPU30BAHOI XBWJII B OPTOTOHAJIBHY 1 Ha3aj
B110yBa€ThCS JBa pasu 3a Mepioj.

Takum unHOM, omucaHuil (QOTONPYKHUN MOIYNIATOP MONAPHU3AIi MOXE 3
pIBHUM  YCHIXOM  BHKOPHUCTOBYBAaTHUCS Uil  JOCHKEHHS  OyJb-SIKOTO
noJsipu3aniiHoro edexrty, knacudikaris skux Oyna gaHa B po3aiii 1.

Crnip 3a3HauuTU 1I€ OJHY OCOOJIMBICTH BUKOPUCTAHHSI JAHOTO MOAYJATOPA,
BHACIIJOK CHIBBiAHOMEHHS 0 =~ I/A (muB. piBHsHHS 2.1), a TaKOXX BHACIIIOK
aucnepcli TeH30pa JTIeNeKTPUYHOI MPOHUKHOCTI &, MOAYISATOP € XPOMaTHYHUM
€JIEMEHTOM OITUYHOI cXeMU. ToMmy Ui KOMIIEHCAlli CHEKTPaJIbHOI 3aJIeXKHOCTI
IIIMOMHU MOAYJAIT, TOOTO it 30epekeHHsl 1 MOCTIMHOT BEJIMYMHH, HEOOXI1THO
IIpU MPOBEACHHI JTOCHIII)KEHb B IIMPOKOMY J1ala3oHi JOBXWH XBHWJIb 3MIHIOBATU
BeNMUMHY Jedopmanii €, = A. [IpakTHuHO 11€ MOKHA 3pOOHUTH, 3MIHIOIOYH HAPYTY
YKUBJICHHS PE30HATOPA 3 KPUCTATIUHOTO KBapILy.

3 orAay Ha BCE BHUUIE BHUKJIAJACHE, OyB BHUIOTOBJICHHMH 1 BUIIPOOYBaHUMI

(GOTONPYKHUX MOAYISATOP CBITIIA, IKU MAa€ HACTYITHI OCHOBHI apaMeTpu:

- CIIEKTPAJIbHUMN J1alla30H MOAYJIIOI0U0ro BumnpoMiHioBaHHs 0.2-2.0 MkMm;

- yactota MoayJaiii - 60 kl'; 120k 1;

- BIAHOCHA BEJIWYMHA 3MIHU IHTCHCUBHOCTI MOYJIFOIOYOTO BUIIPOMIHIOBAHHS
104

- Hampyra >KMBIIEHHS PE30HATOpa B Jliana30Hl BUIIPOMIHIOBAHHS MPU TIMOWHI
Moyl & = 1/2 mopiBHIOBajI0 50-60 B;

- po3MIpHu:

1) pezonaTtopa 3 kpuctanigyHoro kapuy 10x15x45 mwm;

2) aKTUBHOTO €J€MEHTAa 3 TiaBiaeHoro kBapiy 10x15x50 mm.
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2.3 BukopucrtanHs GoTonpy>XKHOT0 MOJIYJISITOpA /JIsi TOBHOTO

MOJISIPU3AIITHOTO aHaITi3y JOBLILHO MOJISIPU30BAHOT XBIITI

SAx nmobpe Bigomo, TmoNsIpu3allis, SK CTaH, OyIydd MPOCTOPOBOIO
XapaKTEPUCTUKOIO XBUJIl, BHUPAKAETHCS CYKYMHICTIO 3HAYEHb - KOMIIOHEHTaMU
BeKkTOpiB Makcemna-/xxonca abo Crokca. Tomy mnonspuzamiiiHa MOZYJIAIIIS
BIJIPI3HAETHCS Bl MOIYIAIIN 1HITUX (PI3UYHUX BEJIMYMH, 110 ONMEPYIOTh 3 OJHUM
napaMeTpoM THUM, IO 3 1i JOMOMOTOI 3JIACHIOETHCS JABOBHMIPHHMI BIUIMB Ha
XBUJIO. SIK TIOKa3zye MOCBiI, I, HECYTTE€BAa Ha TMEPIIMKA TOTISA OOCTaBHWHA €
YCKJIQJIHIOIOUOIO Y BCiX BIIHOIIEHHsX. Tak, MaTeMaTuaHui (popMaiizm Jijisl OMHUCY
npolecy MOIYJIALII moispu3anii 0a3yeTbcsi Ha BUKOpUCTaHH1 (yHKLIN beccens, a
0 CTOCYEThCS IHTEpIpeTalii OTPUMaHHUX 3a JOMOMOTOI0 TMOJISIPU3ALIITHOTO

METOJy pe3yJIbTaTiB, TO II€ 3aBJAaHHs 3HAXOUTHCS B CTaH1 BUPIIICHHS.

He3Baxarouu Ha 1ie mossipu3aliiiiHa MOJYJISALIsl OCTAaHHIM 4acoM Bce Olibliie
3BepTa€ Ha ce0e yBary JOCHIIHUKIB, TOJIOBHUM YMHOM 3aBJISIKA TUM JTOCSITHEHHSIM,
Kl OTpuMaHl mnpu il BukopucTanHl [22]. [Ipm 1poMy MOMIHMBOCTI METOAY
3aJIMIIAIOTHCS HE 3'SCOBAHUMM JI0 KIHIIS, TIPO IO CBIAYATH JesiKi myOuikaiii. Tak B
poboti [23] po3rasn mpoiecy MOAYJALIT moJisipu3aliii oOMexeHa OKpPEeMUM
BUIAIKOM, a caMe, BHUKOPUCTaHHSIM HOro g aHalidy CTaHy NoJspHu3alii
BUINPOMIHIOBaHHS, 10 TOIIUPIOETHCA B HEMOTIIMHAIOYOMY CepeloBHIli. B mpoMy
BUMAJKy HETIPOTPOMHHUI MMOBOPOT IUIONIMHHU MOJApU3allii, 10 Mae MiCIe B
YaCTKOBO IMOTJIMHAIOUOMY CEPEIOBUIII, 3AJIUIIAETHCS HEBPAXOBAHUM JIsSI IOBHOTO

OMUCY CTaHy MOJspU3aIlii.

[IpoBenemo aHami3 mporecy MOJSIPU3AIINAHOT MOIYNAIIT B 3arajibHOMY
BUMAJKY (ENINTAYHA MOJSApH3alis) 1 MPOJEMOHCTPYEMO HOTrO MOKJIUBOCTI B
3M1MCHEHHI TOBHOTO MOJISIpU3aIlIMHOrO aHamizy. s 1IbOoro po3paxyHKOM Ha
OCHOBI MAaTPUYHOI ONTHUKH MOKAXEMO, IO NMPU BUKOPUCTAHHI ONTUYHOI CXEMU 3
MOAYJISITOPOM MOJISIpU3aIlii MOXKJIMBO BUMIP KOKHOT 3 KOMIIOHEHT BekTopa CTokca

OKpEMO, B TOMY YHUCJI1 1 B pa3l YaCTKOBOT'O MOTJIMHAHHS CBITJIA.
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PosrnsHeMo onTHuYHy CXeMy, IO CKJIAQJa€ThCs 3 JIHIHHOTO MOJISIPU3aTOpa,
3pa3ka 1 aHaji3aTopa, a TaK0Xk, KpIM BUIIE ITepEepaxoBaHUX €JIEMEHTIB, 1€ MICTUTh
doronpyxHuit MomynaTop monspusamii. [Ipumuomy, sk mokazano B [23],
MOJIYJIATOP, KU 3HAXOMUTHCS TIEpe]] aHali3aTOPOM, BUKOHYE pa3oM 3 HUM POJIb

JWHAMIYHOTO aHaji3aTopa CTaHy IMOJIsSpHU3allii.

[Ipy mpOXOKEHHI CBITJIIOM AaHI30TPOIHOTO 3pa3Ka CIIOCTEPIraroThCs, AK YKe
3a3HA4YaIOCs, €(PEKT AMXpoi3My, TIOB'S3aHUN 3 aHI30TPOINIEI0 TOKA3HUKA
NOIJIMHAHHA, 1 JBONPOMEHE3aJOMJIEHHS, IIOB'SI3aHOT0O B CBOK 4Yepry 3
aHI30TPOMI€I0 TOKa3HUKa 3ajJoMieHHs. [IlpudyoMy, B pe3yibTaTi AUXPOiZMY
B1JIOYBAETHCS MOBOPOT IUIOIIMHU MOJSpHU3aLli 30HIYIOUOTO BHUIIPOMIHIOBaHHS, a
JIBOIIPOMEHE3AJIOMJICHHS — MEPETBOPEHHS JIIHIMHOI NoJspu3alii B elinTuyHy. B
3arajJbHOMY BHUIIQJKy CTaH MOJIIpU3allli BAIPOMIHIOBAHHS NIPU HOT0O MOIUIMPEHHI B
peaNbHUX CEpEJOBUIIAX 3a3HA€ CKIAJHUX 3MiH. BHU3HaueHHsS pe3yJbTaTiB IE€l
3MIHM € OCHOBHUM 3aBJaHHSAM mojspumetpii. s 11 BuUpIIEHHS y BHIJISIL
MaTeMaTUYyHOro (opmanizMy BHKOPHCTOBYIOTb OJIMH 3 JIBOX BapiaHTIB
MaTpuyHOro aHainizy. CkopucTaiiMocsi BapiaHTOM, 1110 0a3yl0ThCsl Ha 3aCTOCYBaHHI
BekTopa CToKca 1 BIANMOBIAHUX Homy 4x4 Marpuisix Mroisepa, BUXOIAYU 3 THUX
00CTaBHH, 110 1Or0 KOMIIOHEHTH BUPAXAIOThCA Yyepe3 0e3nocepeiHhO BUMIPIOBaHI
BEJIMYMHU, a caMe IHTEHCHUBHOCTI CBITJIA.

B okpemux Bumnaakax KOMIIOHEHTH BekTopa CTokca MaroTh Burisia [20]:
[1,£1,0,0] — Q-KoMMIOHEHTa, a3UMYT TOJISI BEpTUKAIBHHI a00 TOPU30HTAIBHHUIA;
[1,0, £1,0] — U- komnonenra, asumyt +45° BignocHo oci Y;

[1,0,0, £1] — V-koMIIOHEHTA 3 MPABOIO YU JIIBOIO CIIPAIBHICTIO.
300pakeHHsI 1UX CTaHIB MOJISIpU3AIlli Ta cXema PO3KJIaJaHHS 3arajbHOTO

CTaHy MoJIsIpHU3allii Ha OKpeMi KOMITOHEHTH HaBeZeHO Ha puc. 2.4. 3 HbOro BUIHO,
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(a) P = Q + U + V?

Pucynok 2.4 - CxemaTtnyHa CTPYKTypa €IINTHYHOTO Y 3araIbHOMY BUTJISJII CTAHY

MOJIAPHU3AIlil, 110 MICTUTh KOMIIOHEHTH BekTopa CToKca Ta iX (pi3udHUN 3MICT

0 CJIINTUYHO TMOJSPHU30BaHA XBUJIA MICTUTh IHUPKYJIAPHY Ta JIHIAHY
KOMITOHEHTH, Ha sIKI BOHa MOxe OyTu po3kiaaeHor. Kpim Toro, y 3araJibHOMY
BUIIAJIKY JIIHII{HA KOMITIOHEHTA 3 JOBUIBHUM a3MMYTOM I0JS PO3KJIAJAETHCS HA JIBI
0a30B1, OJIHA 13 SIKUX OPIEHTOBAHA B3JIOBXK BEPTUKAIBbHOI (TOPU30HTAIBHOI) OCI, a
apyra mig Kytom +45° 10 Hei.

3B'130K MK KOMIIOHEHTaMHU BEKTOpPA BXIJHOTO 1 BUX1J-HOTO BUIIPOMIHIOBAHb

OTMCYETHCS CITIBBIIHOIICHHSIM:

SBI/IX:MH' Mn-]_'...'M]_‘SBX (2.4)

ne Mn, My, ... Mi matpumi Mromiepa elIeMEHTIB CXeMH B TOPSIIKY
MPOXOJ/PKEHHS 4Yepe3 HUX BUIIPOMIHIOBAHHS. bynemMo po3risiiatd mepeTBOpeHHS
noJisipu3allii BUOPOMIHIOBAHHS NP WOTr0 NPOXOJKEHHI Kpi3b JAMHAMIYHUI
aHai3aTop, M0 CKIAJAEThCS 3 MOAYJsATOpa 1 mossipuzatopa. CKoOpUCTaEMOCS
TaOJUYHUMU 3HAYCHHSMHM MaTpuilb Miriouiepa s 1A€ajdbHOTO JIIHIHHOTO
nojsipu3aropa 1 Ga3oBoi MJIACTUHKU B 3arajbHOMY BUIISAl [24]. ns miHiliHOTO

noJsIpru3aropa:
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1 ¢, S, 0
1/C, C2 C.5, 0
Mn =75 82 cé 52,22 0 (2.5)
2 2%2 2
0 0 0 O]
a 1A (l)aSOBO'l' IIJIACTUHKU.
1 0 0 0
|0 CI+SPB CS,(1-B) —Su
Mu=l CS,(1-B) S;+C3p  Cuu (2.6)
0 S,n —C,u B

ne C; = co0s20, S; = sin26, O - kyT opieHTalli IUIONIMHI MPOMYCKAHHS
noJisipuzaropa abo mBUAKOI ocl (azoBoro muractTuHku (Hanpukiana OX) mono

71a00paTOPHUX KOOPJUHAT, 1110 BU3HAYAIOTHCSI ONTUYHOIO BiCCIO 3pa3ka, 3 = cosd,

i = sind, 0 - pizHUI (a3, 1m0 Habirae Mpu MPOXOJKEHHI CBITIA 4epe3 (a3oBy
IUTACTUHKY (B pa3i MOAYJIATOpa I TUHAMIYHO 3MIHIOBaHA BEIUYMHA O = Op SiN
(ot). BpaxyemMo, 10 3 YCIX MOXJIMBUX a3UMYyTaJIbHHUX IOJOXKEHb MOIYJATOPa
ONTUMAJIbHUMH (I[IKABJISITH JIOCTIJHMKA) € TUIBKKM JBa, a caMe, KOJHU BIH
opieHToBaHu# mia kytoM 0 = 0°, abo m/4. Takox Bpaxyemo, IO MOAYJSATOP 1
HACTYIHUI 3a HUM MOJSPU3aTOpP MOBHHHI OYTH OpPIEHTOBAHI MEBHUM YWHOM, a
came KyT MK TUIOIIMHO MPOIMyCKaHHS MOJISIpU3aTOpa 1 OJTHIEI0 3 OCEH IIACTUHKH
Mae nopiBHIOBaTH *+ m/4. OTxe koMmmoHeHTH Mmatpuub C; 1 S; OyayTh Matu

¢ikcoBani 3HaueHHs 0 a00 £1 B KO’)KHOMY KOHKPETHOMY BUIIAJIKY.

PosrnsHemo crioyaTky OKpemi BUIIAJIKH, KOJIU CBITJIO, 1[0 BUXOJUTH 31 3pa3Ka
€ JHIAHO a0o0 IUPKYJISAPHO TMOJSIPU30BAHUM, a TOTIM 3arajbHUN BUMAJI0K
SIINTHYHO MOJISIPH30BAHOTO CBITJIA 1 TOKAXKEMO, IO 32 JOIIOMOTI'0I0 BUKOPHUCTAHHS
MOJYJIATOpa MOJISpU3allii MOKHA OTPUMATH CUTHAJIM, 1O BIJMOBIIAIOTh KOXKHIN 3

KOMITOHEHT BekTopa CTokca.
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[Ipy mnamiHHI Ha MOAYJIATOP UMUPKYJISIPHO TNOJSIPU30BAHOIO CBITJIA 3
koMrioHeHTaMu BekTopa Ctokca S = {I 0 0 V} iioro azumyTanbHe MOJOKECHHS
MOke OyTH MOBLITBHUM, BizbMeMo 0 = 0°. Tomi micas MPOXOMKEHHS MOIYISITOpa

CBITJIO Oy/I€ BUPAKATHUCS BEKTOPOM:

10 0 017 [1
01 0 0||0] |0
00 B ullo| |uv 2.7)
0 0 —u B] V] [BV.

[ToTiM CBITIO HMPOXOAUTH KPi3b MOJSIPU3ATOP, SIKUM PO3TAIOBAHUH, SIK YXkKe

3a3HaqyayIocs, Mg KyToM /4 moao MoayisTopa. B naHomy BUNaaKy Bi3bMEMO

0 =45°, Toxi cBITIIO, IO BUUIILUIO OMUCYETHCS BEKTOpoM CTOKCa TaKOTO BUTIISIY:

101 0] 1 1+ V]
110 0 0 ol | O] 1] O
1 « _t (2.8)
1 01 0| |pv| 2/1+pv
0000 |pv] | 0O

Sx moOpe Bimomo, mepria KoMIOHeHTa BekTopa CTOkca BH3HA4Yae TOBHY
IHTEHCUBHICTh CBITJIOBOI XBWJI, OTXKE, PO3MHCABIIM |[L MOXXHA 3amucaTH

IHTEHCUBHICTh BUITPOMIHIOBAHHSI 11aJ1aI040T0 Ha (DOTOIETEKTOP Y BUTJISIIIL:

Loux = (1/2)*[1o+Vsin(8osin(ot))] (2.9)
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Pucynok 2.5 - Po3paxoBani BiAmoBiAHO A0 (2.9) IHTEHCUBHOCTI lgpx
[IAPKYJSIPHO TIOJIIPU30BAHOTO BHIPOMIHIOBAHHS, 10 TTPOUIIIIIO MOAYJISATOP 1

NOJISIPU3aTOP, NPOTATOM OAHOTO MEPIOAY

Ha puc. 2.5 nokazano, ik B IIbOMY BUIAJKy 3MIHIOE€TbCSI IHTCHCUBHICTD lgpux
CBITJIa, 10 MPOMIIO MOAYISATOP 1 HOJSPU3ATOP, HA POTA31 OJHOTO MEPIOAY HOro

poboTH, SIKIIO &g = T/2 - IITPUXOBA JiHIs, 1 AKIIO Op = M- CYILJIbHA.

Tenep po3risiHEMO BUMAI0K, KOJIU 31 3pa3ka BUXOIUTH JIHINHO MOJISPU30BAHE
BUTNIPOMIHIOBaHHS. MOJyNsATOp TMEPETBOPIOE JIHIMHO TOJISPU30BAHE CBITIO TPHU
TaKkoMy HMOro po3TallyBaHHI, 0 IUIOIIMHA MOJISIpU3allli 3HaXOUThCS IMiJ KYyTOM B
45° nmo oceir momymsatopa (puc. 2.1). Ilpunyctumo, Bektop CTOKCa BHUXITHOTO
ctaHy BumnpomiHtoBaHHs mae Burisg S = {I 0 U 0}, Tom po3rauryBaHHS
MOAYJIATOpA 1 TTOJIIprU3aTOpa Ma€e OyTH TaKUM JKe, SIK 1 B IIONIePEAHLOMY BHITAJIKY, a
n00yTOK THX K€ MaTpUIlh Ha nanuii BekTop CToKca ga€ IHTEHCUBHICTD CBITIIA, 1110

IPOMIILIO Y BUTIISL:

leux = (1/2)*[lo+Ucos(dosin(wt))] (2.10)
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PucyHnok 2.6 - Po3paxoBani BignoBiHO 10 (2.10) IHTEHCUBHOCTI Iy JA1HIMHO
MOJISIPU30BAHOTO CBITJIA, IO MPOUIILIO MOIYJIATOP 1 MOJISIPU3ATOP, IPOTIATOM

OJTHOTO TIEPioay

Puc. 2.6 neMoHCTpy€e 3MiHY 1HTEHCHUBHICTbh MMaJal0u0To B I[bOMY BHUIIQJIKy Ha
JIETEKTOP CBITJA 3a OJWH TMepioJ poOOTH MOIYJATOpa B YBEPTHXBUIHOBOMY

pexuMi &g = T/2 - ITPUXOBA JIiHIS 1 B MIBXBUILOBOMY PEXKHUMI dg = T - CYIIUIbHA.
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Y

¥

Pucynox 2.7 — A3uMyTalibHE MOJIOKEHHS 3pa3Ka BIIHOCHO MaIar04uoro

IMOJIIPHU30BAHOTO BHHpOMiHI-OBaHHH

[lepeiinemo a0 po3risgy 3arajbHOrO BHUIAAKY - 13 3pa3ka BHUXOJUTh
SMNTUYHO MOJspu30BaHe CBITIO 3 BekTopoM Ctokca: S = {I Q U V}. V naniit
CUTYyallll a3uMyTajJbHE MOJIO)KEHHS JUHAMIYHOTO aHAI3aTOpa Mae€ Jy>KE BEJIUKE
3Ha4YeHHs. SIK11o a1 MmoaynsaTopa 6 = 0°, a 1y1s mospu3aropa BimoBigHo 0 = 45°,
TO B pe3yJbTaTi AOOYTKY MaTpHIls mojspu3aropa (2.5) i moxynsropa (2.6) Ha

BeKTOp CTOKCA OTPUMYEMO:

leux = (L/2)*[lo+Ucos(dosin(wt))+Vsin(desin(wt))] (2.11)

Sx Bunno 3 Bupasy (2.10), B manomy Bumaaky Q KOMIIOHEHTa BEKTOpa
Crokca, 110 30iraeTbCsi 3 OJHIEIO 3 OCEM MOAYJIATOpPA, HE MOAYJIOETHCS 1 HE Jla€
BKJIay B curHai. OueBUIHO, IO AJs TOro mob 3apeectpyBaTH (Q KOMIIOHEHTY
HEOOXITHO AMHAMIYHUI aHajizatop MoBepHYTH Ha KyT O = 45° Tom npu

1IEHTUYHO TTOJIIPU30BAHOMY CBITJII 10 BUHAIIOB 3 3pazka, S = {I Q U V}:
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leux = (1/2)*[lo+Qcos(dosin(mt))+Vsin(dosin(wt))] (2.12)

Sk OGaunmo ¢dopmymu (2.11) 1 (2.12) BiApI3HAIOTECS TUIBKH 3aMiHOIO

koMmrnoHeHTH U Ha Q B IpyroMy J0/IaHKY.

VY BCIX PO3IMISIHYTHX BHUMNAJAKaX B3a€EMHE pO3TallyBaHHS (HOTOMPY>KHOTO
MOJYyJIATOpa 1 TOJIsIpU3aTopa CHEIlaibHO MIJ0HUpaIucs TaKUM YHHOM, I00 B
BHpa3i I CBITJIA, [0 BUUIUIO BUXOAWJIA CyMa. 3 3HA4eHb MaTpwIlh Mrosuiepa
OUYEBHUIHO, IO MPH MOBOPOTI Mmossipu3aropa Ha 90° 3aMiCTh CyMU BHiiie pi3HUIIA,

OJIHAK 11¢ HE BIUIMHE Ha BEJIMYMHY 1HTEHCUBHOCTI, 3MIHUTHCS Jinie (aza ii 3MiHH.

Buknanene Buiie 103BoJIIE 3pOOMTH KiIbKa BHCHOBKIB. Ilepmn 3a Bce, B
3arajJbHOMY BHUMAAKYy CIINTHYHO IOJIIPU30BAHE CBITIO JIETKO 3a JOMOMOTOO
MOJIAPHU3AMINHOT MOIYJALIT PO3AUIUTA CHTHAIM, IO 3aJeXaTh B BEITUYUH
KOXKHOi 3 KOMIOHEHT BekTopa Ctokca. Tak curhHana, II0 BHU3HAYAETHCS
IIUPKYJISIPHOIO KOMIIOHEHTHOIO V, PEECTPYETHCS HA YaCTOTI pe30HATOPA, a TOH, 110
3aJICKUTH Bij JIIHIMHOI - Ha mMoaBOeHINH. CUrHamM X MHIKHEX KoMIoHeHT Q 1 U
MOIUIAIOTECS. a3UMYTHUM TIOJIOKCHHSIM MOJyJIATOpa. Ta 3 JMHIHHUX KOMITOHEHT,
MJIOIIMHA TOJSpU3alil SIKOi 301raeThCs 3 OYIb-SIKOI BICCIO MOAYJSATOpa, HE

NEPETBOPUTHCS MOIYJIATOPOM, OTKE, HE Ja€ BKJIAAy B PEECTPOBAHUN CUTHAI.

Kpim Toro, mpu peectpailii HUPKYJISIPHO TOJIIPU30BAHOTO CBITJIa pobOOTa
MOJYJISITOPA B MIBXBUILOBOMY PEKHUMI HEBUT1IHA. B 11bOMY BUTIAJKY B pe3ysIbTaTi
NEepeBUIICHHS TMTMOUHUA MOJYJIALIT BUHUKAE CUTHAJ, 1110 MICTUTh BUIIl TAPMOHIKHU.
[Ipu bOMy B IHTEHCUBHOCTI CBITJIa, 110 OMUCYEThCS BUpa3oM (2.9), 1ieit curxan €
KOMITIOHEHTOIO, 1110 CITIOTBOPIOE TAPMOHINHY (3 4aCTOTOIO ®) 3aJIeXkKHICTh (puc. 2.5
HITPUXOBaHA JIiHISL). A OChb TMpU peecTpamii JIHIKHO MOJSIPU30BAHOIO
BUINIPOMIHIOBaHHSI TOTPiIOEH MIBXBWJIBOBHM PEXUM MOAYJSATOpA, 00, SIK BUIHO 3
puc. 2.6, B 1IbOMY BHUIAJKy KOPHUCHUW CHUTHAJ 30UIbIIYEThCSA. BumpoOyBaHHs
EKCIIEPUMEHTAJILHOTO 3pa3ka MOJYJATOpa MOJsSpH3allii MiATBEPAMIA KUTBKICHO 1

SAKICHO PE3YJIbTaTU PO3PaAXyHKY.
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BucHoBku 10 po3aity

B mpomy po3gim Oyno meTanhbHO PO3TIIIHYTO TOJOBHY YaCTHHY AOCIITHOL
YCTaHOBKH, IO CIPOMOXKHA 70 MOBHOro CTOKC MOJSPUMETPUYHOTO aHami3y, a
came wmoayisTopa mnoigpuzamii. Ilokazanu, mo GoTonpyXHUN MOIYIATOP
NOJIIpHU3allii, 3 OTJISAY Ha CYNEepednBl BUMOTH, III0 BUCYBAIOTHCS IO MOIYJISATOpA
nojspu3aii, € OJHUM 3 HaWKkpamux BapiaHTiB. J[0 IIUX BHUMOT BIJHOCSTBHCS:
HEOOXTHICTh  (PYHKIIIOHYBaHHS B IIHPOKOMY CIIEKTPaJbHOMY Jiara3oHi
BUIIPOMIHIOBaHb;, MOXJIUBICTb NEpeOyJOBH YACTOTH MOIYJSAIIi; MOKJIHUBICT
pEryJItOBaHHS TJIMOWHK MOIYJIALIT (BEJUYMH KYTiB EIINTHYHOCTI a00 OpieHTallil);
MaJil 3Ha4Y€HHsI KEPOBAHOI MOTYKHOCTI; XIMIYHY, MEXaHIYHY CTIMKICTh 1 MILHICTb, 1
psan iHmmx. I[lo3naliomMunuch 3 (GI3MUHUM MPUHIUIIOM HOTO (DYHKIIIIOBAaHHS Ta

KOHCTPYKIIEIO.

[IpoBenu aHami3 mpoiiecy MOJAPU3AIHOI MOAYJIAIIT B 3arajJbHOMY BUITAJIKY
(eminTUYyHA TMOJSpU3AILs) 1 MPOAEMOHCTPYBAIM HOTO MOKIJIMBOCTI B 3JIIMCHEHHI
MOBHOTO MOJSpU3aliiHOro aHamizy. Jlis 1Iboro 3a po3paxyHKOM Ha OCHOBI
MaTPUYHOI ONTHUKH TOKa3ajdd, IO TMPH BUKOPUCTAHHI ONTHYHOI CXEMU 3
MOJYJIATOPOM TOJIAPU3aIlii MOKIIMBO BUMIP KOKHOI 3 KOMIOHEHT BekTopa CTokca

OKpEMO, B TOMY YHUCJ1 1 B pa3l YaCTKOBOT'O MOTJIMHAHHS CBITJIA.
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PO3JILI 3
JIOCJIJDKEHHS EGEKTY ®APAJIES B YMOBAX
HEOJIHOPITHOT'O MTOTEHIIAJIY B TBEPJIOMY TUJII

3.1 JlocnigHa ycTaHOBKA

B upomy po3aiiai onmuimeMo IOCHiTHY YCTaHOBKY, POOOTY KOXKHOTO 13 i

CKJIQJIOBUX Ta PO3TJISTHEMO IMPUHIMII i1 pOOOTH B3araii.

CrhpolreHy cxemy JIOCTiTHOT yCTaHOBKH 300paskeHo Ha puc. 3.1.

1 2 3 4 5 6 /
A

Pucynok 3.1 - OntuyHa cxema yCTaHOBKHU:

JDKEpENIo BUNIPOMIHIOBAHHS,
MOHOXPOMATOD;
MOJIIPU3ATOP;

3pa3oK;

(a3oBa IIaCTUHKA,

aHaII3aTop MOJSIPU3AILii;

S AT o < A

dboTomio.

JI>xepelioM BUIIPOMIHIOBAHHS CIyTye rajoreHoBa jamma puc. 3.1 (1).

Jam npoxoauTk Kpi3k audpakiiiauii MonoxpomaTop MJIP-23 puc.3.1 (2).

Mounoxpomatop MJIP-23 mnpusHadenuii a8 BUIAUIEHHS MOHOXPOMAaTHYHOTO
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BUMNPOMIHEHHS B ITUPOKOMY crieKTpasibHOMY niana3oHi (200 — 2000 am). OntuyHa

cXeMa MOHOXpOMaTopa MpuBeAeHa Ha puc. 3.2.

Pucynox 3.2 - Ontuana cxema MoHoxpomaropa MJ[P-23

. JDKEpEJIo CBITIIA;

. KOHJIEHCATOP;

. BX1JIHA IIIJIMHAa MOHOXPOMAaTOPa;

. TIOBOPOTHE JI3EPKAJIO;

. I3epKabHu chepuyHmuil 00’ EKTUB;
. audpakuiifHa penrTka;

. I3epKabHU cHepuIHil 00’ EKTUB;

o N o o B~ W N

. BUXI/IHA IIJIMHA.

Jxepeno cBitna 1 (B HamoMy BHUNAJKy TaJOreHOBa Jamma) depes
KOHJICHCOp 2 omnpomiHioe Bxigny mumHy 3. IloBopoTHe n3epkaio 4 wu
J3epKadbHUN chepudHuil 00’€KTUB 5, B (DOKaIbHINA IUIONIMHI SIKOTO PO3MIIIECHA
BX1J[HA IIIJIMHA, HAMPABISAIOTH MapajeIbHUA MydoK Ha NUPPaKIiHy penrnTky 6.
[Ticns nudpakmii napanenbHU My4OK MNPOMEHIB (OKYCYIOThCSA 3€pKaTbHUM

cpepuyHuM 00’€KTUBOM 7 Ha BuXiaHy minuHy 8. [Ipu 1pomy, 3MIHIOIOYH KYT
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MoBOpoTY AMGPAKIINHOT PElITKH MOXXHA OTPUMATH PI3HY JIOBXKHHY XBHJI1

BUX1THOTO BUTTPOMIHIOBAHHSI.

[ToBOpOT MOXkHA 3/IIACHIOBATH K B PyYHOMY PEKHUMI, TaK 1 aBTOMATUYHO 32

JOTIOMOT010 BOYZ0BaHOI'O KPOKOBOT'O ABUIYyHa [25].

Takum 9yuHOM, Ha BHXOJ1 13 MOHOXpOMAaTopa MU OTPUMYEMO CBITJIO OJHIET
JOBKHUHU XBHJI1, 200 XK, SIKIIO OYTH PeasicCTOM, TO CBITJIO 3 AYXE MaJIUM PO3KUIOM
yactoT./{ani BoHo motparuige Ha mossspusatop ®panka-Pirrepa puc. 3.1 (3). e
MOTPiOHO /I TOTO, 1100 Ha 3pa30K Maaalio JIHIMHO MOoJIIpU30BaHe CBITIO puc.3.1,

TaK JdK 3 MOHOXPOMATOPA BUXOAUTH CBITJIO 3 I[OBiJII)HOI-O HOJI}IpI/ISaHiEIO.

Takum unHOM, MOHOXpOMATHYHE Ta MOJISIPU30BaHE CBITIIO MaJae Ha 3Pa30K
puc.3.1.(4), 3pa3ok po3MillleHUd B Mar”HiTHOMY IMOJ1 TaKUM YHHOM, IO JiHIi
MarHiTHOTO IOJs OPIEHTOBAHI MapajelibHO CBITJIOBOMY MOTOKY. B Hacmizok
BUHUKHEHHs1 edekTy Papanes BiIOyBa€TbCS MOBOPOT IUIOMIMHH MOJISIpU3AL]

JIHIAHO NOJSPU30BAHOT XBUIII.

Peectpaiiiss  BKa3aHOTO TMOBOPOTY IUIOUIMHU  MOJSpU3AIli  METOJIOM
MOAYJISIIAHOT MOJSIPUMETPIl MOXKIIMBA Y JBOX BapiaHTax. Y MEpIIOMY BapiaHTI,
YBEpPTHXBWIHOBA (ha3oBa miiactTuHka puc.3.1.(5) po3raioBana miciis 3pa3ka 1 Oyia
OpIEHTOBaHa TaKUM YMHOM, IO ii IMIBHJAKA BiCh 30irajgacs 13 IUIOIIMHOIO
noJIsIipu3allii BUMIPOMIHIOBaHHS MaJar0doro Ha 3pa3ok. Poib (a3oBoi miiacTUHKH
noyisiraja B TOMY, IO BOHAa MEpPETBOPIOBAJA JTIHIAHO  MOJSIPU30BaAHE
BUMPOMIHIOBaHHS B  EIINTUYHO TMOJspU30BaHe. BenuunHa 1UPKYyISIpHOT
KOMITOHEHTH y CKJIaJl ENINTUYHOTO CTaHy MOJsSpHu3alii 3aJIeKUTh BiJ] KyTa Mix
OJIHIEI0 13 OCeH IUIACTUHKU Ta IUIOLMHU mnojspuzauii. ToMy BHKOPHUCTAHHS
$a30BOi TIACTHMHKK Ja€ MOMIIMBICTH OTPUMATH JIHIMHY 3aJ€XKHICTh MK
CUTHAJIOM (OTOAETEKTOpa Ta BETMYMHOIO ITUPKYJISIPHOI KOMIIOHEHTH, a 3HAYUTh
BenuunHoo edekty dDapanes, SKUO0 3rajaHuii KyT HE TMEpPEBUIIYE AESKOl
BEITUYMHU. Y JIPyromMy BapiaHTI YBEPThXBWIbOBA (ha30Ba IJIACTHHKA BIJCYTHS, a

Miporo KyTa ¢dapaaeiBChKOro MOBOPOTY € JiHIHA KOMIIOHEHTa BekTopa CTokca
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I[Ticas 1mporo, cBiTIO Majgae Ha aHamizatop puc.3.1.(6), mo ckiIamaeTbes 3
noJisipu3aTopa Ta MOAyJsTopa nojsipuzaropa. [lpuHiun poGoTu Ta mpU3HAYEHHS
i€l yacTWHU cxemu Oylno TMpHUBEACHO B po3aunl 2. Jljisg KOXKHOTO BapiaHTa
ONTHUYHOI CXEMHM MOXKHA MiAiOpaTh MEeBHUHM pexuM poboTH Mojayistopa. B
NEepIIOMY BapiaHTI a3uMyTajbHE TMOJOXKEHHS JMHAMIYHOTO aHaji3aropa He
BAXJIMBE, a KOPUCHUN CHUTHAN NPOMNOPILIAHUN KyTy TOBOPOTY IUIOIIMHU
NoJISIpU3allii PEECTPYEThCS HA OJMHUYHIA YacTOTI. Y Jpyromy, MOIYJATOP
BCTAHOBIIFOETHCS TAKMM YHHOM, 1[0 OJHA 3 HMOro OCEH CHIBIIAJA€ 3 IUIOIIMHOIO
NoJISIpU3allii BUMIPOMIHIOBaHHS MaJal0yoro Ha 3pa3oK, 1 CHUTHaj MPOMOPILIHHUIMA

KyTY IMIOBOPOTY BUMIPIOETHCS HA TMOJBOEHIN 4aCTOTI MOMYJISILII.

B xinmi cBitio notparmisie Ha dotoaion puc.3.1.(7), Ta mepeTBOPIOETHCS B

eJIeKTpI/I‘-IHHﬁ CUT'HAJI, IO B IIOAAJIBIIIOMY BUKOPHCTOBYETHCA IJIA aHaJ'Ii3y.

Jlist BUMIpY JOJaTKOBHX MarepiajiB BUKOPHCTOBYBaJlaCh TPOXU 1HINA

cXeMa, 110 MPUBEACHA HA MATIIOHKY 3.3.

> ] =

Pucynok 3.3 - OnTuyuHa cxeMa yCTaHOBKH JIsl JOCIIIPKEHHS 10/IaTKOBUX

MaTepianiB

[Mo3nauenns Ha puc. 3.3 [26, 27] :
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1. Jlazep JII'H-113, noBxwunHa XBwii BumpomidioBaHHI A = 0.63 MKM,

BUTOTOBJICHHS I IMPUEMCTBA « Y Kpiia3epy;
2. nonspuzaTtop Pitepa-dpanka 3 iCIaHACHKOTO IIMATY;
3. 3pa3ok;

4. — nBI 4YacTUHU (POTOMPYKHBOIO MOAYJATOpA IMOJspU3aIii 3 JIHIHHUM

HOJISIPU3ATOPOM.
OCHOBHI MapamMeTpu MOIyJIATOpA:

e crekTpaidbHui aiana3zoH BunpominoBanHsa — 400 - 1200 HM;

® pe3oHaHCHa yacTota Moayssiii — 50 kI

e mimbuna moaymsanii — 90 rpan;

e BiJHOCHA BEJMYMHA MOAYJIALIT iIHTEHCHBHOCTI cBiTia 1074

® Hampyra >KMBJICHHS pe30HaTopa IpH MIHOUHI MoAyJsswii 6 = /2 — 40
50 B;

e po3Mip pe3oHaropa 10x15x45 mm;

® pO3Mip akTUBHOTO eneMeHTa 10x15%50 MmM;
5. poromion ®/I-9K (kpemHieBuit);
6. lock-in-HaHoBOIBTMETD;
7. mKepeJio HaIpyTru OMOPHOTO CUTHAITY Ta >KUBJIEHHS MII;

8. TIK.

Peectpanisi edexTiB BigOyBajgach 3a JIOMOMOIOK KOMOIHAIlli CHHXPOHHO-
¢azoBoro HanoBosbTMeTpa Unipan tumy 232B (lock-in-nanoBosast™erp) CJI Ta

CEeJICKTUBHUX HaHOBOJIbTMETPiB Unipan tumy 237 (Puc. 3.4).
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CeneKTHBHHI HAHOBOJILTMETEP THIY 237

ooon
Bxij (curnan 3 1) — =S0kly () Buxin

p Buxin Lock-in nanosonst™metep Ty 232 B
A (curnan Ha [1K) A |
— O Curnan (Signal)
y- X oooo
£ > Reference (onopuuii curuan

3 MOJIYJIATOPA MOJgpU3ali
Ha uactoTi =50 kIl'm)

CesleKTHBHHIT HAHOBOJILTMETep [THITY 237

goono
&) =50 xly Buxin

Bxia (curaan 3 moayisropa)

Pucynok. 3.4 Bbrnok-cxema peectparli 1HTEHCMBHOCTI HapameTpa

MOJISIPU3AIIHOT P13HUIL.

Ha BXig cenekTMBHOTO HAHOBOJBTMETpa 3 (HOTOJAETEKTOpa HAAXOIUTh
CJCKTPUYHUNA cuTHai, skuil moTiM Ha dactori 50 kI a6o 100 xI'm
NepeIaecTbecsl Ha BX1J CHHXPOHHO-()A30BOTO HaHOBOJIbTMETpa. Ha BXij 1HIIOTO
CEJICKTUBHOIO  HAaHOBOJIbTMETpa 3 TeHepatopa [ MoaynsTopa HaAXOIUTh
CJIEKTPUYHUNA CHUTHAJ, SIKUM Ha MOTPIOHINA YacTOTI TEpelaeTbCs Ha OMNOPHUM
kaHan (Bxim Reference) cuuxponHo-(hazoBoro HaHoBonbT™MeTpa. Tomi lock-in-
HAHOBOJILTMETp THUMY 232 peecTpye CHUTHAJ Ha 4acTOTi, SKa BHU3HAYAETHCS
YacTOTOI0 OMOpHOro curHany I', Ha piBHI 3HAYHO HMXKYOMY BIIACHUX IIyMiB.
Bim3HauumMo, 00 Yactota OINOPHOTO TMEPIOAMYHOTO CUTHAIY 3 MOJIYJsTOpa

CTaHy TMoOJisApu3alii 1JeHTUYHAa YacTOTi BUMIPIOBAHOTO CHUTHATY. BuxiaHwuii
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CUTHAJI 3 CHUHXPOHHOr0-(a30BOro JETEKTOPY CHPSIMOBYETHCS Ha MPOrPAMHO-

anapatuuil komruieke [TAK, ne 3ailicHIoeThCs 3amuc Ta 00poOKa 1aHuX.

[IporpamHo-anmapaTHuit KoMIUIeke [26, 27] mnpusHaueHui TUTSt
3a0e3neyeHHss POOOTH CIEKTPAIbHOTO TOHIOMETPHUYHOTO  KOMIUIEKCY — Iif
KepyBaHHAM mepcoHanmbHOro komm'torepa (IIK) 3 Meroro aBToMarm3ariii
BUMIPIB CIIEKTPIB HAIIBIPOBIIHUKIB, METaJIiB Ta KOMIIO3UTIB Y Jlama3oHi
noxuH xBUib Big 400 mo 2000 M. Bin ckimagaeThcs 3 TUTATH CIIOMIYYCHHS 10
[IK, mudpo-anamoroBoro (ILIAIT) 1 ananoro-nudpoBoro (ALl wmomymns
NEePETBOPIOBAYIB, MOJYJIA KEpyBaHHS KPOKOBUM JIBUTYHOM PO3TOPTKU 3
MPUCTPOEM 3HIMaHHA CHUTHATY (oTompuiiMada, MPOTPAMHOTO 3a0e3MmeueHHs
poOOTH KOMIUIEKCY 1 TPOBEJEHHS EKCIIEPUMEHTIB. bBJIOK cxema KOMILIEKCY
HaBejeHa Ha puc. 3.5. [1naTa conydeHHs: po3miiieHa B cuctemHomy Osomn [IK
1 3a0e3reyye CHOJIyYEHHS 30BHILIHIX IPUCTPOIB 13 CHCTEMHOI MIMHOKO [SA
[K, momyns (LIAII-ALIIT) 3a0e3neuye mEepeTBOPEHHS BXITHUX aHAJIOTOBUX
curHaiiB y uudpoBy GopMy, a TakoK MHEpeTBOpPeHHs BuxigHux curHaiip [IK

B aHaJoroBy (opmy Uisl KEpyBaHHS.

doToaeTeKTOP
v
MoyJib KpOKOBOTO Moayns LIATT-ALIII
JIBUT'YHA
v 1
[IK [lnara crionydeHHs

v

[Iporpamue 3abe3neueHHs
BuBia qanux

Pucynok. 3.5. brnok-cxema [TAK. 30BHIIIHIMU TPUCTPOSIMHU.
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Monynb KepyBaHHS KPOKOBUM JBUTYHOM YKHUBUTHCS 3MIHHOIO HAaINpyTroOI0
220 B 50 T'm 1 3abesnedye KepyBaHHS KPOKOBHM JIBUTYHOM MOHOXpOMAaTopa
abo TPOCTOPOBOi PO3TOPTKH B PYYHOMY pexuMi (BKIIOYCHHS, 3yHHHKA
KPOKOBOTO JIBUTYHa, 3MiHa IIBUJAKOCTI U HampsMKy Horo oOepTaHHs),
KepyBaHHA  KPOKOBMUM  JABUTYHOM  3a gomomoroto  [IK.  IIporpamue
3a0e3MeyYeHHs] TMpU3HAYeHEe ISl OJep>KaHHS CIIEKTpOrpamM TOHIOMETpY Tif
kepyBanHssM IIK B aBromMarm3oBanoMmy pexkumi. ['padiku  30epiraroTbcsi B
TekcToBOMYy (popmarti. PosmmpenHio (ailyiiB JaHUX TPUBIACHIOETHCS 3HAYEHHS

«dat», mo BiamoBimae mpodeciitHiii nmporpami 06pobku rpadikis “ORIGIN™.

3.2 JocmiaHi 3pa3ku

OCHOBHUM JOCTIIHUM 3pa3KOM B JaHId poOOTI € KpEeMHii, TOMy IO Ha
CHOTOJHIIIHIN BiH I'pa€ KIIOYOBY pPOJIb B €JIEKTPOHHINA MPOMUCIOBOCTI Ta 1HIIMX
rany3ax. J[pyroro npuyuHO0 BUKOPUCTAHHS KPEMHIIO B SKOCT1 JOCIIHOTO 3pa3Ka
MOJISiTa€ B TOMY, IO BIH € OJHUM 3 HAWOUIBII JIOCTIIHKEHUM MarepiajioM, IO
JI03BOJISIE  BIANpPAIIOBAaTH METOAMKY BHUMIpOBaHHS. Jlig Ouibll  Kpamoro
pPO3yMIHHSI OTPUMAHUX PE3YJIbTATIB Tpeba MPUBECTH XIMIuHI, €IEeKTPOdI3UYHI Ta
(b13UYH1 BIACTHUBOCTI KpEeMHII0. TakoXX MPOBOAMIKMCH 1 JOJATKOBI JOCIHIIKCHHS
1HIIMX 3pa3KiB, a caMe — aJIOMOCHIIIKATHOT CKJIOKEpaMiKi Ta HEOJUMOBOTO CKJIA.
BoHu TakoX MIMPOKO 3aCTOCOBYIOTHCS. METOI0 TIPOBENICHHS TIOJATKOBUX BUMIPIB
Oy70 JOCHIUKEHHS 30BHINIHIX BIUIMBIB Ha JOCTOBIPHICTh BHUMIPIOBaJIbHUX
BEIMYMH Yy MaTepianax, Ta JOCIHIJIWTA BIUIMB 30BHIIIHIX YWHHUKIB Ha
JIOCTOBIPHICTh ~OTPUMAaHUX PE3YJbTATIB MPU BHUKOPUCTAHI MOMYISAIINAHOT

MOJISIPUMETPIi.
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3.2.1 Kpewmniit

®@i3u4Hi Ta eJ1eKTPOodi3ivuHi BJACTUBOCTI KpeMHIlO.

Kpucraniuna pemriTka KpeMHil0 KyOluyHa TpaHEIEHTpOBaHa THUITY ajiMas,
napametp a = 0,54307 uM (IpU BHCOKOMY THCKY OTPUMAaHi ¥ 1HII MOJIMOpPQHI
Mou(dikallii KpeMHil0), aje 3a paXyHOK OUIBIINOI JOBXHHU 3B'A3KYy MIXK aTOMaMu
Si-Si B nopiBHSAHHI 3 HOBXHHOIO 3B's13Ky C-C TBepAICTh KPEMHIIO 3HAYHO MEHIIIE,
HiK anMmasy. KpemHiil kpuxkuii, Tiibku npu HarpiBanHi Bumie 800 °C BiH cTae
IUIACTUYHOI0 peuoBUHO0. [likaBo, 1m0 KpeMHId mpo3opuil s iH(ppauepBOHUX

IIPOMEHIB MOYMHAOYH 3 IOBKUHM XBH 1,1 MKM.

EnemenTtapuuii kpeMHiii B MOHOKpHUCTAIIYHIA (OpMiI € HENPSIMO30HHUM
HamBOpoBiAHUKOM. I[lluprHa 3a00poHEHOI 30HM MpU KIMHATHIA Temmeparypi
cranoBuTth 1,12 eB, a npu T =0 K cknagae 1,21 eB. Konuenrpariisi BnacHux HOCIiB

3apsy B KPEMHIi IIpd HOPMaJIbHUX YMOBAaX CTAHOBUTH 0yu3bko 1,5 « 1010 cm,

Ha enextpodizuuHi BIACTUBOCTI KPUCTATIYHOTO KPEMHIIO BEJIMKUN BILIWB
MalOTh JOMIIIKH, 1110 MICTSIThCS B HbOMY. JIJIsl OTpUMaHHSI KPUCTaNIB KPEMHIIO 3
JIPKOBOIO MPOBITHICTIO B KPEMHIM BBOAATH aTomu enemeHTiB |lI-i rpynu, takux,
Ak Oop, amoOMiHIM, Tamiid, iHAIA. J7as oTpuMaHHS KpUCTaIiB KPEMHIIO 3
€JIEKTPOHHOIO MPOBIJIHICTIO B KPEMHIM BBOJSATH aTOMU €JIEMEHTIB V-1 Ipymu,
Takux, K pocdop, MULI'SIK, CypMa.

[Ipu cTBOpEHHI1 €JIEKTPOHHMX MPUJIAAIB HAa OCHOBI KPEMHIIO 3a1I0€ThCA
MEePEBAXKHO MPUIIOBEPXHEBUH IIap MaTepiany (10 ACCATKIB MIKpOH), TOMY SIKICTh
MOBEPXHI KpHUCTaJla MOX€ pOOWUTHM ICTOTHUM BIUIUB Ha eJNeKTpodi3nyHi
BJIACTUBOCTI KPEMHIIO 1, BIJAMOBITHO, Ha BJIACTHBOCTI TrOTOBOro mpuiany. [lpu
CTBOPEHHI JIESIKMX TPHUIAIIB BUKOPUCTOBYIOThCS NPUHOMM, TOB'sI3aHI 3
MOAM(DIKAIIIEI0 TOBEPXHI, HaNpHKiIaa, O0OpoOKa MOBEPXHI KPEMHIIO PI3HUMHU

XIMIYHAMHA areHTaMH.

3acToCcyBaHHSI KPEMHII0 B €JIeKTPOTEXHili
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B nanuii yac B ychboMy CBIiTI BUPOOISETHCS OJMU3BKO 15 THC. TOH KPEMHIIO
mopiyHo (Amoniss, CHIA, Himeuunna). KpemHniii € OCHOBHUM MarepiaioMm
TBEPAOTUIbHOI enekTpoHiku. lle 06a3oBuil Marepiaq MIKPOEIEKTPOHIKH, SKHUN
cnioxkuBae 80% HamiBIPOBITHUKOBOTO KpeMHit0. Kpemuii cranoBuTh 70% Bif BCIX
CIOKMBAaHUX MIKpPOCIEKTPOHIKOIO MatepiamiB. [Ipore, mOMITHY 4YacTKy B
3araJlbHOMY OOCS31 BUITYCKY HaIiBIPOBITHUKOBUX BUPOOIB CTAHOBUTH KPEMHIEBI
JMCKPETHI MpWJIaan - 1€ BUOPsAMHI, iMimyiabcHi, HBY mioam, GimomspHi, Moab0BI
TpaH3uctopu. | Ha BiAMIHY BiJ repmaniio, poOoda Temmeparypa KpPEMHIIO B
CJICKTPOHHUX KOMIIOHEHTaX JICKHUTh B JAiama3zoHi Bij -60 mo +200 °C, ue 3irpaiio
BEJIMYE3HY pOJIb B MO0 3aCTOCYBaHHI, TOMY 110 OUIBIIICTh Cy4YaCHHUX MPOLECOPIB
npaiooTh Ha Temmneparypax g0 100 °C. MOHOKpHUCTaMIYHUI KpeMHIA €
OCHOBHHMM MaTepiajioM 1 JUIsi BUTOTOBJICHHS MPUJIAIB CHIIOBOI €JIEKTPOHIKU - 1€
NOTYXHI  JIOHA, TUPHUCTOPH, TPAH3UCTOPH, IHTErpajbHl cxemH. BoHu
3aCTOCOBYIOTKCS MIPU NIEpeiadl eJIeKTPOCHEPTrii Ha BEJIHMKI B1ICTaHi, B eHEPrOEMHUX
BUPOOHMIITBAX, HANPUKIAA, B METAIypPriiHOMYy Ta XIMIYHOMY, B CHCTEMax
eNeKTpOKMBIeHHS. KpemHiil MMpPOKO 3acTOCOBYEThCA IS BUPOOHUIITBA
dboTouyTnuBUX mnpuiaaiB, (OToMIOAIB 1 (OTOTPAH3UCTOPIB, PIZHOMAHITHUX
CEHCOPHHUX MPHUCTPOIB, MPEIU3IMHUX MIKPOMEXAHIYHUX CHUCTEM. BaXiMBY poiib
KpEeMHiH Bijlirpae B IMHAMI4HIN COHsUHIN eHepreTulli. binbie 90% BciX COHIUYHHUX
CJIEMEHTIB BUTOTOBIAIOTHCS 3 KPUCTAIYHOTO KpeMmHito. llepcnexkTuBHUM
HaIlpsIMKOM € KpEMHi€Ba ONTOEJEKTpOHiKa. TyT mepur 3a Bce CliJi 3a3HAaYUTH
CBITJIOBUIIPOMIHIOBAJIbHI TpWIagd Ta (POTOAETEKTOpHU, IO IHTETPOBAaHI B

KPEMHI€BY TEXHOJIOTIIO.

3.2.1 AmoMOcCHUIIIKaTHA CKJIOKepaMiKa

CkiokepaMmika - CKJIOKPHUCTAJIYHI Mareplajau, OTpUMaHi 00'€MHOIO
KPHUCTATI3allI€r0 CKIa, 1 CKIIAal0ThCS 3 OAHIET a00 JACKUIBPKOX KpHUCTaIIuyHUX (a3,

PIBHOMIPHO PO3IMOAUICHUX B CKIIONON10HIM (hasi.
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Ckiokepamika  TpeACTaBlsie  IIMPOKUH  iHTEpeC  3aBASIKM  CBOIM
BJIACTUBOCTSAM. BoHa Mae Maiy HIUIBHICTH (BOHA JIETIE aIOMIHIIO), BHUCOKY
MEXaHIYHy MIIHICTh, OCOOJMBO Ha CTUCK, TBEPHICTIO, >KAPOMIIHICTb, TEPMIYHY
CTIMKICTh, XIMIYHY CTIMKICTh Ta IHII I[IHHI BiIacTuBOCTI. CKJIOKepamika Mae
OUTBIIICTh TMO3UTUBHHUX BJACTHBOCTEH, SKI € y CKJIa, B TOMYy 4YHCTl 1

TEXHOJIOTIYHICTb.

Icaye ckiokepamika 31 CreliadTbHUMH BJIACTUBOCTSIMH: MPO30pi, MArHiTHI,

HaMIBIIPOBITHUKOBI, PaIl0NPO30p1 Ta 1HIIIE.

TBepaicTe OUMBIIOCTI  CKJIOKEpAaMIYHMX MaTepialiB CTaHOBUTH 6,5-7
OJUHMIT 0 Moocy, Mexa MirHocTi Ha BUTHH J0 250 MIla, TepMOCTIMKICTh 10

1000 ° C.

3aBAsSKA  PI3HOMAHITHUM  BJIACTUBOCTAM  CKJIOKepaMmika Mae 0e3mid
3aCTOCYyBaHb. 3aCTOCOBYETHCS BOHA JJII BUTOTOBIICHHS JI€TajlCH, 10 BUMAararoTh
MIIIHOCTI 1 TEPMOCTIHKOCTI (KOpPIyCH NpPWIAJiB, IIKAIWd, 3pa3KoBl 3aXO[H,

MIJKJIAJKHA MIKPOCXEM 1 1H.).

€ mNepcneKTUBHUMH OY/IBEIbHUMH 1 KOHCTPYKIIMHUMH MarepiajaMu
(OOTIYHMKHU paKeT 1 Ha3BYKOBUX KEPOBAHUX CHAPSIIB, XIMIYHO CTiiKa anaparypa,
MOCTOOYI1BHI KOHCTPYKIII1 Ta 1H.).

[IIupoke 3acTOCYBaHHS CKJIIOKEpaMiKa 3Hailllsla B aCTPOHOMIYHIA OITHII],

3aBJISIKA HU3BKOMY KOE(ILIEHTY TEMIIEPATYPHOTO PO3IIUPEHHS.

B paniii poOOTI BUMIPHM TPOBOJWIMCH Ha 3pa3Ky aTFOMOCHIIIKATHOL
CKJIOKEpaMIiKH, 1110 SBJIIE€ COOOI0 CKIISIHY MATPUIIIO, B SIKIA 3HAXOMATHCS MPUPOIHI
Ta CUHTETUYHI CHIIIKATH, 10 MICTATh y CKJIaJll CKJIaHI aHIOHW aTOMIB aJIFOMIHIIO 1

KPEMHII0, TOOTO aTFOMOCHITIKATH.

3.2.3 HeogumoBe CKJI0
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HGO,Z[I/IMOBG CKJIO BI/Ip06J'I$I€TBCﬂ IIAXOM BKIIOYCHHSA OKCHAY HCOAUMY

(Nd203) y cknstHMiT po31UTaB.

[lepmie xomepiliiiHe 3aCTOCYBaHHS HEOJUMY TMOJISATajo B TOMY, IO 3a

JIOTIOMOT'0}0 HbOT'O MOYKHA OYJI0 MPUIaBaTH CKITy PI3HOMAHITHI KOJIbOPH.

Pi3Hi cMyru NoOrJIMHAHHS HEOAUMY NMPHUBOJIATH 0 3MiHU KOJIBOPY CKJIa Bif
PI3HUX YMOB OCBITJICHHSI, YEPBOHYBATO-IIYPIYPHHUI MPU COHSYHOMY OCBITJICHHI,
ad0 TpU OJKOBTUM CBITJIOM JIaMIId PO3KApIOBaHHS, CHHIA i OLIUM
JTIOMIHECUEHTHUM OCBITJICHHAM, a0o0 3€JeHyBaTHUM IiJ TPUXPOMaTHUYHUM
ocBiTieHHsM. lle sBuIEe 3MIHM KOJBOPIB BUCOKO I[IHYEThCA. Y TOEIHAHHI 3

30J10TOM a00 CEJIEHOM 3'SIBIISIIOTHCS KPACUBI YEPBOHI KOJIBOPH.

CBIT0, 110 TMPOXOJUTH YEpe3 HEOJUMOBE CKJIO, Ma€ HaJ3BUYAWHO PI3KI
CMYTH MOTJIMHAHHS; CKJIO BUKOPUCTOBYETHCS B ACTPOHOMII JIJI1 OTPUMAHHS PI13KUX
CMYT, 32 JIOIIOMOTOI0 SIKMX MOXHa BiAKamiOpyBaTtu criekTpaibHi jiHii. Ille ogxe
3aCTOCYBaHHSI TOJISITAE Y CTBOPEHHI CEJIEKTUBHUX ACTPOHOMIYHHMX (PUIBTPIB IS
3MEHIICHHS €(EKTy CBITIOBOrO 3a0pYyJHEHHS BIiJ HATPIIO Ta JIFOMIHECHEHTHOTO

OCBITJICHHSI MIPU MIPOITYCKAHH1 1HIIUX KOJIBOPIB.
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Pucynox 3.6 - Cniektp nporryCKkaHHsI CBiT/Ia (Pi0JI€TOBOTO HEOIMMOBOTO CKJIa, IO

3aCTOCOBYETHCS B CBITIO(PIIBTPAX B TEIECKOMaX
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HeonuMoBe CKJIO BHUKOPHUCTOBYETHCS Yy KOJNBOPOBHX (UIbTpax s
dbotorpadiit y npumiiieHH1, 0cCOOJIUBO TP DUIBTPAILIii )KOBTUX BIATIHKIB BIJI JIAMIT

PO3XKapIOBAHHS.

[ToniOHUM YMHOM, HEOJUMOBE CKJIO IIMPOKO BHUKOPUCTOBYETHCS OLIBIII
0e3nocepelHbO B JIaMIaX po3kKapioBaHHA. LI CBITWIBHMKH MICTSITh HEOAUM Y
cKJIi, 00 BiAGUIBTPYBATH >KOBTE CBITJIO, B PE3YyJIbTaTi 4Oro Oije CBITJIO Oiblie

CXO0JKC Ha COHAYHC.

Pucynok 3.7 - IlornuHaHHS 5KOBTOT'O CBITIHHS A11IMOBUMH OKYJIIpaMu

CkJ10 Ta MITYy4YHI rpaHaTH, 10 MICTSATh HEOJAUM, 3aCTOCOBYIOThCS B SIKOCTI
aKTUBHOI CEepe/lOBHUIIA B Jla3epax, IO T'CHEPYIOTh BUIIPOMIHIOBAHHSA B OJIKHIM

1H(payepBOHIi 00IACTI CIEKTPY 3 JOBKUHOIO XBHIII 0113bKO 1,06 MKM.

C ornsamy Ha BCe BHUIIECKa3aHE, MOXKHA 3pOOUTH BHUCHOBOK, 1[0 HEOJUMOBE
CKJIO € TIEPCIEKTUBHHM MarepiajoM Juisl JAochikeHHs. J[o Toro », K BxkKe
3a3Ha4yaioCh, MapaMeTpu Ta BUKOPUCTAHHS HEOJUMOBOTO CKJIA 3aJICKUTh BiJl
BMICTY HEOJMMY Yy CKJi, TOMy TpeOa po3poOsTH TOYHI METOJU BHUMIPY BMICTY

HEOHUMY.
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Pucynox 3.8 - CrepskHi 3 HEOIUMOBOTO CKJIA - aKTUBHI €JIEMEHTH

1H(payepBOHUX JIa3ePiB.

3.3 Meroauka nMpoBeIeHHS EKCIIEPUMEHTY Ta PE3yJIbTaTH

3.3.1 AmoMocuiTikaTHa CKJIOKEpaMiKa Ta HEOIMMOBE CKIIO

B xoni excriepuMenTy gociiikyBaBesa edekt Dapazes B Matepiail Ha KU
Oyno 3A1MICHEHO 30BHINIHIM BIUIMB (MEXaHIYHE HampyxXeHHs). MeToro
EKCTIEPUMEHTY OyJI0 JOCHIIKEHHSI TOTO, K BIUIMBAE MEXaHIUYHE HaIpy>KEHHS Ha
eexkr Dapanes 1 BINIMB MarHiTHOIO mMOJsg Ha €(EKT JIHIHHOTO ITOJBIMHOTO
MOABIMHOTO TpoMeHe3anomsieHHs. Jlns  Toro, mo6 po3gimtu Q Ta V
(ropu3oHTaIbHa ab00 BepTUKaJbHA JIIHIMHA Ta UUPKYJSIPHA BIAMOBIIHO)
KOMITOHEHTH BekTopa CTOKca BUMIPH MPOBOIMINCS HA MOJBOEHIN (IS JTiHIHHOT)
Ta OJUHUYHINA dYacToTi (AN LMUPKYJISAPHOiI) 3 MPUYUH, LIO ONHCYBAIUCH Y

nonepeHbOMY PO3LIL.

[IpoBoaunucs BUMIpPH JIHIHHOTO JBONPOMEHE3AIOMJIEHHS 0€e3 Ta mpu
pI3HMX 3HAYCHHSIX MArHITHOTO mojisi Ta BuMipu edekty Dapages 06e3 Ta mnpu
PI3HUX 3HAYEHHSIX MEXaHIYHO1 Hanmpyru. Jlo Toro », HampsIMOK MarHiTHOTO MOJIs
3MIHIOBJIM ~ HA  MapajelbHU, Ta  aHTUNAPAICTBHUNA 70  HANPSIMKY
PO3MOBCIOJIKEHHS CBITJIA, 10 MPU3BOJIMIO 10 TMOBOPOTY IUIOIIMHU MOJIApU3aLlii

BJIBO, Ta BIPAaBO Ha PIBHI 3HAYEHHS KyTa BIJIHOCHO ONTHUYHOI OCl (TaK K
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OMHUCYBajIoCh B po3aunl 1). Bumipu mpoBoawIMCh Ha TEBHIM JOBXHHI XBHII
(A=630 uM), a He Ha IEBHOMY IIPOMDXKKY CrieKTpa. TakuM YMHOM MU OTpUMAaJIH JB1
3aJIeKHOCTI — 3aJIeKHICTh KyTa [OBOPOTY IUIOLIIMHU MOJSApH3alii  Bix
HaIpy>KEHOCT1 MarHiTHOTO TOJIS MPU PI3HUX 3HAUYCHHSIX MEXaHIYHOT HANpyTu (pHUc.
3.9), Ta 3aNeKHICTh JIHIKHOTO TOJBIHHOTO MPOMEHE3ATOMIICHHS BiJ] MEXaHIYHOT

HAMPYTH MPH PI3HUX 3HAYCHHSAX MardiTHoro moiis (puc. 3.10.).
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Pucynok 3.9 — 3anexnicts Q-komMnoneHT BekTopa CTOKca Bijl HaNpy>KEHOCTI

MarHiTHOTO TOJISl IPH JIBOX KpalHIX 3HAYEHHSIX CTUCKAIOUOTO 3yCHILIS
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Pucynok 3.10 - 3anexHicte V-koMmoHeHTH BekTopa CTOKca BiJl CTUCKAIOYOTO

3YCHUIULA IIpU ABOX KpaﬁHiX 3HAa4YCHHAX HaHPY)KeHOCTi MAar"iTHOTO IIOJIsS

Ax noOpe BuaHO Ha pucyHKY 3.10 Mae micue 3HauHe 301IbIIEHHS BETUYUHU
IHTEHCUBHOCTI V-KOMIIOHEHTH Y TMPHUCYTHOCTI MAarHiTHOrO mojs. OCKUIbKU
BenuunHa eexty Papajes MEHIla HiXK 3MiHA BEJIMYUHU JBOTPOMEHE3TOMIICHHS
P MAarHITHOMY MOJi TI€i K HANmpy»E€HOCTi, TO 3 MPUYUMH BUHUKHEHHS SBUILA
MOXHa BHUKJIIOYUTH TEPEPO3NOi 1HTEHCUBHOCTI CBITIAa MDK KOMIIOHEHTAMH
BekTOpa CTOKCca BHACTIZOK B3aeMO/Iii mosisipu3aiiiaux edexti. OTxe, epexr, mo
CTIOCTEPIra€ThCsl, TOSCHIOETHCA 3MIHOIO BIACTHBOCTEH, a caMe BEJIWYUHH
KOe(DIIIEHTY ONTUYHOTO HANPYXKEHHS Y MArHiTHOMY TOJII JJii METajJOBMICTHOTO
3pa3ka. 3 1HIIOro OOKy, SK BHUIHO 3 PHUCYHKY 3.9, HE3BaKalouuW Ha 3HAYHY
BENTUYMHY €(EKTYy JTBOMPOMEHE3ATIOMIICHHS 3aJICKHICTh BETUYHUHN (Q-KOMIIOHEHTH
B1JI HaNPY»XKEHOCTI MarHITHOTO TIOJIA 3aJMIIAETHCA HE3MIHHOI. B 1IbOMy BUMaAKy
HE CIIOCTEpIra€eThCs, SK MEPEepO3NOJLST 1THTEHCHUBHOCTI CBITJIa 13-3a B3a€MOJIIi
noJyisipu3aliiiux e(peKTiB, Tak 1 3MIHM BEJIMYMHUA KOHCTaHTH Bepjae 3paska Bif

TUCKY Y BUKOPHCTAHOMY Jiana3oHi.

TakuM YMHOM MOXKHA 3pOOMTH JIeKiTbKa BHCHOBKIB. MeToauka

MOJYJIAIIAHOT MOJAPUMETPIl CIIPOMOXKHA PO3AUISITH Ta 3 BEIUKOK YYTIUBICTIO
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peecTpyBaTH SBHUINA aMIUIITYAHOI Ta ¢a30BOi aHI3OTpOINii, MPHU ILOMY HE
CIIOCTEPITa€eThCS MEePEPO3IOIia IHTEHCUBHOCTI CBIT/Ia MK KOMIIOHEHTAaMU BEKTOpa
Croxca BHACIIIOK 3BaeMOJil nmonsipu3aniitnux edexriB. Hanpasneni nedopmartii,
0 MOXYTh BHHHUKATH Yy 3pa3kax BHACIIJOK pI3HOMAHITHMX 3O0BHINIHIX Ta
BHYTPIIIHIX YMHHUKIB HE BIUTUBAIOTH Ha peecTparito epekry Dapanes. MarHiTHe
MoJIC 3MIHIOE EHEPreTUYHy KapTUHY 3pa3KiB, IO NPHU3BOAUTH N0 3MIHH iX
BJIACTUBOCTEH y TOMY YHCIII 1 MEXaHIYHUX, TPUHAUMHI Y BUKOPUCTAHUX B POOOTI

PCHOBHUHAX.

OckiIbKH, B X0/l EKCHEPUMEHTY JOCIIKYBaJUCh 3pa3y JBa 3pa3Ku
(amroMocHITiKaTHa CKJIIOKepaMika Ta HEOJMMOBE CKJIO) 1 BCl BOHHU JIajd OJHH 1 TOM
K€ pe3ysibTaT, MOXHa 3pOOUTH TMPUIYIICHHS, IO JaHl 3aJIeKHOCTI MAaloTh
yHiBepcasibHUM xapaktep. [IpoTe moTpiOHO MPOBOAUTH TOAATKOBI, OLIBII TITUOOKI

JOCITIJIKEHHS 3 OLTBIIOI0 KIJTBKICTIO 3pa3KiB.

3.3.2 Kpemniit

3 ypaxyBaHHAM pe3yJbTaTiB OTPUMAHMX Ha MOJIENIBHUX 3pa3kax, OyB

JOCHIDKEHUN KpEeMHIA n-TUITY, BHUPOIIEHOTO 3a METOJAOM YoXpalbCKOTO Ta
. . 19 -3 o e e . .

JIETOBAHOTO OJIOBOM, KOHIIeHTpaIlis sikoro (1-2)-10* ecm™. JliHiliHI po3Mipu 3pa3KiB

oymn ~ X X Y x Z = 1x0,6x0,25 cMm, npu 1iboMYy BC1 3pa3ku OyJid BUPi3aHi TaKUM

gyuHOM, 10 iX XY-TutonuHa Oynia MEepIeHIUKYIIpHa HAIMPsSMKY POCTY 3JMBKIB

[100]. 3pa3ku migmaBaivch CTaHAAPTHIN 0OpoOIll, 10 BKIOYAE NUTi(DyBaHHS Ta

MOJIIPYBaHHS.
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Pucynok 3.11 - Po3nonin 3aMMIIKOBUX HAMIPYXEHb B 3pa3Ky KPEMHIIO N-TUITY

JICTOBAHOMY OJIOBOM

VY 3pa3ky MeTOJOM MOAYJSAIIAHOT MOJSIPUMETPii, MPU MOBXKHHI XBUII
CKaHyIO4YOro BHIIPOMiHIOBaHHS A = 1.15 MkM, Oyno BHMIpSHO MPOCTOPOBHIA
PO3MOALT BHYTPIIIHIX MEXaHIYHUX HampyxeHb (puc. 3.11). 3 mamoHky mo0pe
BUJTHO, IO 3Pa30K MAa€ XapaKTEpHI CMYTH POCTY a00 CMYTH TOYKOBUX JE(EKTIB.
OCHOBHMMHU JDKEpeJaMH 3aJUIIKOBHX HaNpyXkeHb B KpeMHIi € naedexTtu
CTPYKTYpPH, JOMIIIKA 1 pocToBi aedektu [28], a oaHi€0 3 OCHOBHHX MPUYHH
BUHUKHEHHS CMYT TOYKOBUX HEe(PEKTIB MOXKe OYyTH HETOMOTEHHOCTI PO3IMOALTY
0JIOBa B 3JIMBKY IpH BUpOIIyBaHHI. CMyru TOUYKOBHUX J€(EKTIB TAKOXK MOXKYTh
BUHHUKATU B KPHUCTaJl BHACIIJOK HAsSBHOCTI 3MIHHUX TPAIIEHTIB TEMIIEpaTypH,
ICHYIOUMX B KpHCTaJi miJ 4ac pocty [29]. Bynb-sike BiIXWJCHHS BiJ MOCTIHHOTO
rpajliecHTa TeMIepaTypu Ha (GPOHTI KpHUCTami3alli BHUKIUKAE HEOTHOPITHE
TepMidHE PO3IMMPEHHS. Takuii BIUIMB MPU3BOJIWTH 10 BUHUKHECHHS BHYTPIIIHIX
MEXaHIYHAX HaNpyXeHb B Kpuctami, 1o 3areepaiBae [30]. Ille oxgauM
M1ITBEPPKCHHSIM HasIBHOCTI Je(PEKTIB CTPYKTYpPH, IOMIIIOK 1 POCTOBUX JI€(PEKTIB
MOX€E CIy?)KUTH 3MEHIIEHHsS NpPOMyCKaHHs JjeroBaHoro 3paska T = 39% B
NOPIBHSAHHI 3 YACTUM KPEMHIEM Ti€i 3k TOBIMHU T = 48% 111 BUKOPUCTOBYBAHOT

JTOBKUHU XBUWJII.
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TecTytounm cTHCHEHHSIM 3pa3ka OyJi0 BU3HBUEHO, IO TMO3UTHBHUN 3HAK
MEXaHIYHOI Hampyru BIJINOBiIa€ CTHUCHEHHIO B310BX oci OY, a HeraTuBHHM -
PO3TATYBAHHIO Y3J0BXK IIi€l oci. TakoX 3iCTaBJICHHsS BEIMYWHUA BUMIPIOBAHOTO
CUTHAIIy MPOMOPIIAHOTO I1HTEHCUBHOCTI V-KOMIOHEeHTH BekTopa CTokca 1
KaJIIOpOBAaHOTO 30BHINIHBOTO A€POPMYIOUOTO 3yCHILIS JO3BOJIMIIO BU3HAYUTH
aOCONIOTHI 3HAYEHHS MEXaHIYHMX HaIlpyXXeHb MO BCIM IUIOHI 3pa3ka, SKi
cTaHOBWIN MeHIue 2 MPa.

[To mentpy 3pazka (Y = 0.3 cm) B3goBx HampsMky 0X Oyiio BUMIPSHO
IIPOCTOPOBHH PO3MOiJ KOHCTAaHTH Bep/e npu Tili ke JOBXKUHI XBUJII CKaHYIOYOTO

BUINIPOMIHIOBaHHS A = 1.15 MKM 1 BEeIMYMHI HANIPYKEHOCT1 MarHitHoro noss 4 kE.

'
Y -

- -

45"

Pucynok 3.12 - Po3kiiananss JiHIHHO MOJSIPU30BAHOT XBHIII 3 JOBIJILHUM

a3uMyTOM TuIonMHU nojsipu3atii Ha Q 1 U komnoHeHTH BekTopa CTokca

Sk yxke 3sramyBalocs B pO3IUIl 2 Ha IOJBOEHIM YacTOTI MOIYJISALIl
BUMIPIOBaBCSI CHUTHaJ, BEJIMYMHA SKOTO 3aJEXKHUTh Bl 1HTEHCHUBHOCTI Q
KOMITOHEHTH BekTopa CTokca 1 TPOMOPIINHUN KyTy TOBOPOTY IUIONIUHU
MOJISIpU3aIlii JIIHIAHO MOJSPU30BAHOTO BUIIPOMIHIOBAHHS B PE3YNbTATi Jii ePeKTy
®dapanes. [IponopiiifHICT IHTEHCUBHOCTI (Q KOMIIOHEHTH 1 KyTa MOBOPOTY JIETKO
BUBECTH, BUKOpUCTOBYtoun puc. 3.12. [IpencraBuBmim BEKTOp, MOBEPHEHUH HA KYT
0 momxo mouyatkoBoro HampsaMKy 45°, sk cymy Q i U - ckopucraemMocst TeopeMoro

cunycis: 1/sin(135°) = Q/sin®. OTpumaemo, o KyT HOBOPOTY JOPIBHIOE:
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0 = arcsin(i) (3.1)

V21

ne | 3aranbHa IHTEHCHUBHICTH BUIIPOMIHIOBaHHS. OTKe, OTPUMYEMO BUpaA3 s

KOHCTAaHTHU Bepz:e:

Q

arcsi n(@) (3.2)
Bd

C, =

e, SIK 3raayBanocs Buine, B — maraiTHa iHaykis, a d - TOBIIKMHA 3pa3kKa.

2.0 4 498
15 4 W

1.0 1

0.0

|

-1.0

KoHcTaHTa Bepgae, rpaa/(T*cm)

MexaHuyHe HanpyxeHHa, Mla
&
N~ —
1
|
]
1

0.0 0.2 0.4 0.6
KoopauvHara, cm

Pucynox 3.13 - [IpoctopoBuii po3nojiin MexaHiyHOT HApyTH (CyIiIbHA) Ta

KoHCTaHTH Beppe (mTpuxoBa) B310BK X KoopAauHaTy 3pa3ka npu Y = (.3

OtpumaHuii mpocTOpoBUi po3moall KoHCTaHTH Bepne B3moexk OX oci
3pa3ka MpencTaBiIeHo Ha puc. 3.13 B MOpiBHSIHHI 3 BIANOBIAHUMH BHYTPILTHIMHU
MEXaHIYHUMHU HaNpyXeHHSIMH. SIK BHUIHO 3 PUCYHKY, HE3Ba)KalOuW Ha 3HAYHUUN
Jiana3oH 3MIHU BEJIMYMHM 3AIUIITKOBUX HAIPYXEHb, BEIMYMHA KOHCTAaHTH Bepae
3aJIMIIAETHCS CTAJION0 3 ypaXyBaHHSAM MOXWOKU BUMIPIOBaHHS. Sk OyJi0 BUKJIAIE€HO
BUIIIE, OCHOBOIO BHUKOPHUCTAHOTO B JIaHIi pPOOOTI METOAy € mpoleaypa

BUMIPIOBAHHSI CUTHAJIIB, 1[0 PEECTPYIOTHCS CTAaHAAPTHUM MIKPOBOJIBTMETPOM, SIKi
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BIJIMOBITaIOTh ~MAKCUMAJIBHOMY 3HAUEHHIO CHUTHANy, Ta CHUTHaly, BIJ
JIOCITIJIKYBaHOTO 3pa3Ka. PIBHAHHS, 1110 OMKCYE 1[0 Mpoleaypy, Mae Burisia (3.2).
OTxe moxuOka BUMIPIOBAHOT BETMYMHU BHU3HAYAETHCSA 3TIHO Teopli MOXHOOK
CYMOIO TMOXHMOOK BEIHYMH, IO € YJICHAMH IIhOTO PIBHSAHHA 1 3 ypaxyBaHHIM
NacMOpTHUX JaHUX KOHKpeTHoro mpwiany Unipan-232B, y sxoro AU=1%,

3araibHa noxuoka ckiaagae AB = AQ+Al=2%.

13.0

-y — -y —
— — %] (%]
] (] o (]
1 1 1 1

KoHcTaHTa Bepge, rpaa/(T*cm)

9.5 1

9.0 T T T T T T T T T T
10 11 12 13 14 15 1.6
EHepria keaHTiB, €B

Pucynok 3.14 - ExcriepuMeHTalIbHA 3aJIeKHICTh KOHCTaHTH Bepe Bin

€Heprii KBaHTIB BUIIPOMIHIOBAHHS IS 3pa3Ky 3 TOBIIMHOIO 100 MKkM

B po6oTi Oyi0 oTprMaHO CHIEKTpalbHy 3aJICKHICTh KOHCTAHTU Bepae npu
OCBiTIIeHI 3pa3ka nocuTh mmpokuM — 0.025 cM? npomeHeM, IO BHMIIOB 3
mugpakuiitHoro MoHoxpoMaropy. OcoOMBY WIKaBICTh BHUKIMKAB Jlana3oH
BEJIMKUX €HEPrii, OCKIJIBLKHU 3p0O3yMLNIO, 110 3 0OKY MaJuX €Heprii KBaHTIB, sika HE
nocarae mHMpuHU 3abopoHeHoi 3oHUM kpemHilo Eq = 1,12 eB (T =300 K),
oOMeKeHHsI Ha MpoITycKaHHs Hemae. BoHo 3’siBisieThes 3 Apyroro 00ky, koiu hv >
Ey 1 Koe]iieHT NMOrmmMHaHHs 3pOCTaEe MO 3aKOHY, OJU3bKOMY 10 KBAaJpaTHUYHOTO

[31]. ¥ upoMy BUMamKy KijgbKiCHa BEJIMYMHA TPAHMIN MOXE OyTH OTpHMaHa i3
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YMOBHM HamiBIPO30pOCTI 3pa3ka, 10 BUXOAUTH 13 3aKOHY MoOrjauHaHHS byrepa-
JlambepTa, a came o-l = 1. [lng 30inbpIIeHHs Jiana3oHy y O1K BEJIMKUX €HEprid
Oy70 B3STO 3pa30K BUPI3aHUA 3 TOrO CAMOrO 3JIMBKA JIETOBAHOIO KPEMHIIO
ToBIIMHOIO 100 MxM. Ile 103BONIMIIO JOCATTH B HAIIOMY €KCIIEPUMEHTI 3HAUYEHHS
eHeprii kBaHTiB 1.55 eB 3 ypaxyBaHHSM BHKOPHCTAaHOI 1HTEHCHMBHOCTI CBITJIa Ta
YyTIUBOCTI ()OTOAETEKTOPA.

3 pucynky 3.14 mepm 3a Bce BHAHO, IO 3JICKHICTH Ma€ XapaKTEpHi
O3HAKM, PO3TAIIOBAHI JIENI0 B MEBHUX 00JacTax crektpy. s iHTeprpeTaii nux
0COOJMBOCTEN CIIIJ] 3ayBaKUTH, IO 3pPa30K 3aBASKH METOIY MOTO MPUTOTYBAHHS
SBIISIE COOOI0 CTPYKTYPY, IO CKIAAA€ThCA 3 JIBOX MPHUIOBEPXHEBHX IIApiB Ta
00’eMHOiI 4YacThHU. | dKmoO o00’eMHa 4YacTMHa 3pa3ka € JOCKOHAaJIUM
MOHOKPHCTAJIOM 13 HE3HAYHOI0 YACTHHOI Je(EKTIB, TO MPUIIOBEPXHEBI LIapH 3
TOBIIMHOIO, IO MOX€ OYTHM 3pIBHSHOK 3 TOBIIMHOIO OO0’€MHOI YacTHHH,
BIJIPI3HSIOTECA CBOIMU BJIACTHUBOCTSMHU Bif 00’eMy. Llum 1mapam 3aBasku Tid
CTPYKTYPI, 110 3yMOBJICHA MEXaHIYHOIO 0OPOOKOI0 MOBEPXHI, BJACTUBUI IIUPOKUI
cinekTp nedekrtiB. CrekTpanbHa XapaKTepUCTHUKAa KOHCTaHTH Bepne takoro mapy
HE Ma€ pPE30HAHCHOTO XxapakTepy. ToMy € 4dYacThHa XapakTepUCTUKH, €
(bapaneiBChKUil KyT HE 3aJ€XHUTh Bl €HEPrii, 1 SKa MOBMHHA 30UIbLIYyBaTUCS TIPH
3MEHIIICHHI TOBIIMHU 3pa3ka. Alle KOHKYPYIOUMM MEXaHI3MOM 3MIHH CTaHy
noJisipu3ailii cBiTiia B €eKTi € TOM, 110 MOB'A3aHUM 13 MIDK3OHHUMHU MEPEeXOdaMHu.
Tomy nmouynHarouum 3 BEJIMYMHU €Heprii 3a00poHeHoi 30Hu 1.12 eB nepeakaroumii
BHECOK Jal0Th M1’30HHI MIEPEXOH.

VY nocnimxyBaHOMY Jliala30HI €HEPrid KBAaHTIB MIK30HHI TMEPEXOaHU €
HEMpsIMUMHU, TOOTO 3 ydacTio (OHOHIB. AJyie TIpH €Heprigx KBaHTiB hv = 3 eB
Nepexoau 3MIHIOIOTHCS Ha MPSMO30HHI, 110 Ma€ MposBIsATUCS B edekTi Dapases.
Ta m06 AoCArTH IIMX 3HA4Y€Hb €HEprii He0OX1IHO 3MEHIITYBAaTH TOBLIMHY 3pa3Ka i3
30€pEeKEHHSIM HOT0 BJIIACTUBOCTEM, 110 MaiiKe HEMOXKIIUBO.

OcrtanHe 3ayBaXXEHHSI CTOCYEThCS  BHUSABHOI  3/JaTHOCTI  CTBOPEHOI
BUMIPIOBAJIbHOI CUCTEMH. BoOHa BHU3HAYa€ThCs CYKYMNHICTIO IMapaMeTpiB,

MOB’SI3aHUX 3 TEXHIYHUMH IapaMeTpaMd BHUKOPHUCTAHUX TMPUIAMIB, TaKUX SK
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IHTEHCUBHICTh JDKEpeja CBITJIA, BEJIWYMHM 1HAYKII MAarHiTy, 4YyTJIHUBOCTI
doroaeTrekTopiB, Tomo. ToMy 3 ypaxyBaHHAM BiJ3HaUYCHUX OOCTAaBHUH BEIMYMHA

KyTa MOBOPOTY, IO 3yMOBJIEHA CUTHAJIaMHU Ha PiBHI 3aBaj, cTaHOBUTHL 1*¥107° pan.

BucHoBku 710 po3ainy

Po3pobieno anroputM mpoiecy BHUMIPIOBaHHA KyTa  (apalieeBChKOTO
MOBOPOTY, M0 Tepeadayae BpaxyBaHHS CIEKTPAIbHUX 3aJIEKHOCTEM BCIX
ONTUYHHUX €JIEMEHTIB, BHUKOPHUCTAHUX B YCTAHOBII, THM, IO BEIUYMHA KyTa
BU3HAYAETHCS 13 JBOX BUMIPIOBAHb - CUTHAIY BiJl 3pa3ka B MarHiTHOMY IOJI, 1110
MPOMOPIIHHUN KyTy MOBOPOTY IUIOMIMHU TOJSPHU3allii JIHIMHO MOJISPU30BAHOTO
CBITJIa Ta CHUTHaJy O€3MO0CEepeIHbO IHTEHCHBHOCTI JIHIHHO MOJSPU30BAHOTO
CBITJIA, 1110 MPOMIILIO 3pa30K.

BcTranoBneHo MiHIMalbHE 3HAYEHHS KyTa, SIKE MOXKe OyTH 3apeecTpoBaHE
METOJOM NOJIAPU3ALINHOI MOAYJAUII 1 BIANOBIOAE PIBHIO MIyMy MpHU
BUKOPHUCTAHUX I1HTEHCHBHOCTI CBITJA, BEIMYMHI I1HAYKIi MarHiTHOrO IOJs Ta
KoeillieHTax MiICHICHHS eeKTPOHHUX NpraiB. Moro Benmunna ckinagae 1%107°
pan.

Ha nonatkoBux 3paskax (aJroMocuiliKaTHa CKJIOKepaMiKa Ta HEOJMMOBE CKIIO)
OyJ10 MOKa3aHo, 10 METOMKA MOIYJIALIIHOL MOJSAPUMETPIi CIIPOMOKHA PO3AUISATH
Ta 3 BEIUKOI YYTJIMBICTIO PEECTPYBATH SBUIA aMIUTITyIHOI Ta (a30BOi
aH130TPOIIIi, MPU I[LOMY HE CIOCTEPIra€ThCs MEePEPO3NOIIT IHTCHCUBHOCTI CBITJIA
MDK KOMITOHEHTaMu BekTopa (CTOKca BHACTIJOK 3BAEMOJII TMOJSPU3AIHHAX
edekrtiB. Hampasneni nedopmariii, mo MOXXyTh BUHUKATH Yy 3pa3Kax BHACIIIOK
PI3HOMAHITHUX 30BHIIIHIX Ta BHYTPIIIHIX YAHHHUKIB HE BIUTMBAIOTh HA PEECTPALIIIO
ehexkty Dapazes. Mar"iTHe mosie 3MIHIOE €HEPreTUYHY KapTUHY 3pa3KiB, IO
NPU3BOJUTH 10 3MIHM iX BJIACTUBOCTEH y TOMY YHCIHI 1 MEXaHIYHMX, MIPUHANMI Y

BUKOPHUCTAaHUX B IIUX 3pa3Kax.
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[IpoBeneHo BUMIpIOBaHHS CHEKTPAIBbHOI 3aJ€KHOCTI KOHCTaHTH Bepae mms
3pa3KiB KpPEMHIIO JISTOBAHOTO OJIOBOM, Ta BHUSBJICHO iX OCOOJIMBOCTI, 3yMOBJCHI
BJIACTMBOCTSIMU TOBEPXHI 3pa3KiB, Ta OCOOJMBOCTAMHU MIK30HHHMX IEPEXOAIB Y

KpHUCTajgax KpeMHIo.

PO3JILT 4
PO3POBJIEHHS CTAPTAII-TIPOEKTY [32]

4.1 Onuc 11€i mpoeKTy



Omnwuc 11€e1 cTapTamn-rmpoexTy
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Tabmnis 4.1

3mMmicT igei

Hanpsamku
3aCTOCYBaHHS

Buroam nas
KOPUCTYBa4a

Po3po6aenni ¢izuuni
MIPUHIIUAIIA PeeCTparii
CTaHy MOJISpH3aIlii enex-
TPOMAarHiTHOTO BHUIIPO-
MIHIOBaHHS Ta METOMIB
aHai3y MOTro KOMITOHEH-
THOTO CKJIay 3 METOIO
BUKOPHCTAHHS MHOXUHU
KOMO1HAI[1{ BEJIMYUH
KOMITOHEHT JIJIsi Xapak-
Tepu3alii 00’€KTIB B3a-
eMOJIIi 3a JIeNeKTpuy-
HUMHU BJIACTHUBOCTSIMHU
Maiie y BCIX arperar-
HUX CTaHax

1. dyHgamMeHTaNIbHI 10C-
JTipKeHHs Gpi3udHuX ede-
KTiB Ta MPOIIECIB B TBEP-

JOMY TiJi.

Bigkpurts ta gocni-
JKEHHS P13HOMaHITHUX
b13ugHuX eeKTIB Ta
IPOIIECIB Yy TBEPAOMY
TLII.

2. JlocmimKeHHS CTPYK-
TypH Ta BIACTUBOCTEU
MarepiaiiBb.

MOKJIUBICTH KOHTPOJIIO-
BaTH SIKICTh MaTepiaiiB
Ta JOCJIKEHHS BJIACTH-
BOCTEH HOBUX Marepia-
JiB.

3. BuMiproBaHHs poc-
TOPOBOTO PO3MOJILITY Ta
BEJTUYMHU BHYTPILITHIX
MEXaHIYHUX HaNpPyKEeHb
B IIPO30PHUX 1 HEMPO3OPUX
Marepiaigax Ta KOHC-
TPYKIIISX.

MOoJIUBICTH KOHTPOJIIO-
BaTHU SKICTh TOTOBUX Ma-
TepiaiiB Ta KOHCTPYKIIIH.

Tabnuusa 4.2

BusnaueHHs cuibHUX, CTA0KUX Ta HEUTPATHHUX XapaKTEPUCTHK 17e1 TIpoe-

KTy
Ne | TexHiko-exo- (moTeHuiiHi) TOBApH/KOHUENITIT W N S
n/ | HOMiYHi xapa- KOHKYPEHTIB (cna- | (neii- | (cm-
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N | KTePUCTHKH O0ka | Tpa- | JbHA
imel Miid CTO- | JIbHA | CTO-
KonkypeHT
NPOEKT POHA)| €TO- |pOHA)
poOHa)
1. | ExoHOMIuHI 1000 y.o. 40000 y.o. +
2. | llpusnauenns | JochimkeHHs JlocmimkeHHs
MarepialiB, MartepiaiB
poTe MOKHA 4
OTpUMATH OUIBII
iHpopMaTHBHI
pe3ynbTaTH
3. | HamitirocTi Hamiiani Hamiiani +
4. | Texnomoriuni | [TorpeOye Hana- | [loTpeOye Hama-
IITYBAHHS KBaJll- | IITYBAHHS KBaJli- +
(dikoBaHUMU TIpa- | (IKOBAaHUMHU IIpa-
[IBHUKAMU [IBHUKAMU
5. | Epronomiuni | Cucrema 3pyuna | Cucrema 3pydHa +
B KEpyBaHHI B KEpyBaHHI
6. | OpranonenTu- |- - +
IHi
7. | Ecretnuni MoxHa BUKO- Mae npuBabmnu-
HATH B BUJIl 3py- | BUW BHTJIS] +
YHOTO MPUIIATY
8. | Tpancnopra-
0enpHOCTI +
9. | Exonoriunocti | Exonoriuao Exosoriudo +
10 | be3neku besneuno besneuno +

KonkypenT: 1-Raman® Plus Highly Sensitive, High Resolution Fiber Optic Raman
System

4.2 TexHONOTIYHUM ayAUT 171€1 MPOCKTY

Tabmuus 4.3
TexHonoryHa 3/[1HCHEHHICTb 1/1€1 MPOEKTY
Ne Texnomoriiii | HasBHictb Tex- | docTynHicTh
Ines mpoexkry N - -
n/ peaJizamii HOJIOT I TEXHOJIOT il




1. | HocmimkeHHs
MartepialiB

MonyssTop 1mo-
Jspr3ari

Po3pob6aeno ta
CTBOPEHO e(ek-
TUBHUH (PoTOII-
PYXHUU MOZY-
JISITOP TIOJISIPH-
3amii

JlocTynHo, MOX-
JIMBICTH BUTOTO-
BJICHHSA

xepeino Bu-
MIPOMIHIOBaHHS

HasiBHi1 HaiiHi,
MiHIaTIOpHI Ta
JIOCUTH JIEIIEB1
Ja3zepu

JlocTynHO

dotoaion

HasBH1 HamiiHI,
MIHIATIOPHI Ta
JIOCUTH JIEIIEBI
dboTomionu

JlocTynHO

JIiH3u Ta 1oJs-

HasasHo Oararto

JloctyrnHo

puzaTop BU/IIB Ta PI3HOI
SKOCTI
[Tpunanu obpo- | HasiBHi npu- JocTtynHo, po3-

OKHY CUTHAJIIB

Jaau, 10 MarTh
BEJIMKI pO3MIpHU

pOOIISIETBCS Mi-
HIaTIOPHUI aHa-
Jor

OOpaHa TexHOJIOT1s peanizallii 11ei NpoeKTy: GOTONPYKHUM MOLYJIATOP MO -
pu3ailii, Jazepu 3 10BKUHOIO XBUJl A=0.63 MkMm Ta A=1.15 MKM, cTaHgapTHI
dboToa1I0aM, JTTH3U Ta OJISIPU3ATOPH.

4.3 Anaii3 puHKOBUX MOXIIMBOCTEH 3aIlyCKy CTapTal-MpOEKTY
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Taomurs 4.4

[TonepenHsa xapakTepUCTUKA MOTEHI[IHHOTO PUHKY CTapTal-IIPOEKTY
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Ne
n/ | Iloka3HuMKHM CTaHY PUHKY (HAiMEHYBAHHS) XapakrepucTHKa
n
1 | KiIbKICTh TOJIOBHUX TPaBIIiB, O] bararo
2 | 3aranbHUI 00CAT MpoAax, IPH/YM.0 Benukuii (TsoKKO o11i-
HUTH)
3 | Jlunamika puHKY (SIKICHA OIIIHKA) 3pocrae
4 | HasBHicTh OOMEXEHD /Ui BXoay (Bka3aTu xa- | Hemae
pakTep 0OMEKEHbB)
5 | Cneuudivni BUMOTH JI0 CTaHAApTHU3AIIT Ta Hemae
cepTudikarii
6 | Cepenns HopMa peHTaOEIBHOCTI B TaTy31 30%
(abo o puHKY), %
PuHOK € TpuBaOIMBUM IJIS BXOKCHHS.
Tabmuis 4.5
XapakTepucTuKa MOTEHIIHHUX KIIIEHTIB CTAPTAIN-TIPOEKTY
. BinminHocCTI Y
HinboBa ayau- C e .
Ne | Ilorpebda, mo | Topist (HiJILOBI MOBEIHIN P13~ BHMO.m eno-
n/m | (popMy€ PUHOK | CEerMEHTH pH- HHX TOTCHINM™ | AKHBATIE X0 T0-
HKY) HHX ULIBOBHX Bapy
TPyl KJIi€HTIB
JocnixeHHs HayxoBo-nocai- | IloBeninky kiie- | ToBap mae Bu-
napameTpiB Ta | JHI Oprasizauii, | HTa QOpMyIOTh | 3Ha4aTH Mapa-
CTPYKTYpH Ma- | IPOMHUCJIOBICTh, | MEPII 3a BCE METpHU Ta CTPYK-
TepiaaiB 3 BUCO- | Ta OpraHizaiii, | M€Ta BUKOPHUC- | TYpY JOCIITHUX
KOO BUSIBHOIO 110 3aiMarOThCsl | TaHHS; OCOOJU- | 3pa3KiB 3 BUCO-
3IaTHICTIO JOCHIPKEHHSIM | BOCTEH KYIIBJI | KOO BUSIBHOIO
SKOCT1 TOBapiB | Ta €KCIUTyaTarlii | 3aTHICTIO, OyTH
TOBapy HEMae JICIIEBIITNM 32
aHaJIOT14HI
[Iponosxenus Tabdmuii 4.5
HIHPOBa. ayau BmM“.IHO.C Y | Bumornu cro-
Ne IHoTpeda, mo TOpis (MUIBOBI | MOBeXIHII Pi3- .
.. | KMBa4iB 10 TO-
n/m | ¢gopMye pUHOK | CerMeHTH PU- | HUX MOTEHIiH-

HKY)

HUX IiJILOBHX

Bapy
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TPyl KJII€HTIB

TOBapu Ta OyTH
HaAJIAHAM.
Kowmranis noc-
Ta4yaIbHUK Ma€e
HAJaTH JOKY-
MEHT 10 eKCILTY-
aTarlii ToBapy, a
TaK0X BUKOHY-
BaTH TEXHIYHY
MIITPUMKY IO
HEOOX1HOCTI.

dakTopu 3arpo3

Tabauusa 4.6

Ne . MoxiuBa peakuisi
daxkTop 3MmicT 3arpo3u
n/n KOMIAHil
1. | HasBuictb kBamidiko- | [Ipoaykrt € nHaykoem- | [lomryk mepcoHany y
BaHUX KaJpiB KUM TOMY MOTPi0OH1 HAyKOBO-JIOCJIITHUX
JIIOJIY 3 TIEBHUMH Ha- | IHCTUTYTaX Ta OpraHi-
BHUYKaMH 3a1iax
2. |Ilotpeba B pecypcax | [mst cTBOpeHHS mpo- | YKIJIaJaHHS OTOBOPIB
JTYKTY MOTPIOHE TEXHI- | 3 IePKABHUMHU CTPYK-
yHe 3a0e3MeueHHs Ta | Typamu JJisl piHaHCY-
TIEBHI YMOBH JUIsl TE€C- | BAHHS Ta HaJIaHHS MO-
TyBaHHS IMpaIe3/1aTHO- | KJIMBOCTEH JIsl TECTY-
CTi BAaHHS MPOJIYKTY
Tabmuws 4.7
PaKkTOpU MOKIMBOCTEN
Ne . . MoxiuBa peakuis
dakrTop 3MicT MOKIUBOCTI
n/n KOMIAHil
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1. | KonkypeHnuis

Crionykae po3po0ossiTu
1 BUpOOJIATH HOBI MPO-
IOYKTH, 3HKYBAaTH BH-

Y cKknagHeHH CTPYyK-
TypH Ta (PyHKII10HAIb-
HO1 HaItOBHEHOCTI TO-

1 BapTICTh

TpaTu iX BUPOOHHUIITBA

Bapy

2. | [Hoour

IcHyBaHHS CTIHKOTO
MONUTY O3HAYae, M0

IHHOBAIIH

OLIBIIICTH KJIIEHTIB 3a-
I[IKaBJICHI Y BBEJCHHI

PeknaMHa JisiIbHICTD,
IIPOCYBaHHS TOBapy y
IHTEepHETI

Tabnuusa 4.8

CryneHeBuii aHali3 KOHKYpEHIIIi Ha pUHKY

Oco00/1MBOCTI KOHKYpe-
HTHOI'0 cepel0BHINA

B yomy nposiBasieTbeCs
JaHA XapaKTepUCTHKA

BniuB Ha gisljIbHICTH
nianpuemMcTBa (MO:K-
JMBI ail koMnaHnii, 11100
0yTH KOHKYPEHTOCIPO-
MOKHOI0)

1. Bka3zatu THI KOHKY-
peHiii

-QJIITOTIOJIIS

Ha punky npucyTHs He-
BENIUKA KUTBKICTh (PipM,
K1 3aliMarOThCS BUITyC-
KOM ONITHYHHUX CHUCTEM
JOCHIKEHHSI MaTepia-
JIiB

[TixBinyBaTH SAKICTh TO-
Bapy 3a paXyHOK BHKO-
PUCTaHHS MIEPEeIOBUX Te-
XHOJIOT1M Ta 3aJTy4YeHHS
KBaJI1(p1IKOBAHOIO MEPCO-
HaJLy

2. 3a piBHEM KOHKYpPEH-
THOT 60pPOTHOU

-HaIllOHAIbHUHN

Micrie3HaxoKEHHS
bipM HE OOMEKYETHCS
TepUTOpiaIbHO; odicu
PO3MIIIEHO Y Pi3HUX Mi-
cTax

CrtBoproBaTu BeO-caiT
KOMITaHii

3. 3a rajry3eBoro 03Ha-
KOO

-BHYTPILIHBOTATTy3€Ba

Exonomiuna 6opotrba
MIXK PI3HUMH TOBapOBU-
pOOHUKAaMHU, SIK1 T1IOTh B
OJIHIH Tally31 €KOHOMIKH,
BUPOOJISIOTH 1 peatizy-
I0Th OJHAKOBI TOBapH,
110 33/10BOJIBHSIOTh

CrnigkyBatu 3a IPOAYK-
TaMU KOHKYPEHTIB

[Tonosxeuus tadmuiu 4.8

Oco0smBoOCTI KOHKYpe-
HTHOI'O Cepe0BHIIA

B yomy nposiBasieTbcs
JaHA XapaKTEePUCTUKA

BniuB Ha gisVILHICTDH
niAnpueEMCTBa (MOXK-
JuBI il koMnaHii, oo
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0yTH KOHKYPEHTOCIIPO-
MO3KHOI0)

OJIHY M Ty camy IOT-
pedy, ajie MaroTh BifI-
MIHHOCT1 Y BUPOOHHYUX
3aTparax, SKOCTI, I[iHI,
TOILIO.

4. KoHKypeHilis 3a BU-
JlaMU TOBapIiB:

- TOBAPpHO-BHUIOBA

KonkypeHnriis Mix ToBa-
pamMu OJTHOTO BHLY

[TokpanryBaTH SIKiCTh

TOBapy

5. 3a xapakTepoM KOH-
KYpPEHTHHUX IepeBar

- I[IHOBA

[lepenbavae mpogax
MPOJIYKITii 3a O1IBII HU-
3bKMMH I[IHAMH, HIJK
KOHKYPEHTH.

IIponaBatu TOBap 3a HU-
3bKOIO I[IHOIO.

6. 3a IHTEHCUBHICTIO

Bbopotbba HOCUTH SIBHO
BUPAXEHUN MapOYHUU

Pexnama ToBapy, cTBO-
PEHHSI CHMBOJIIKH TIPO-

- Mapo4Ha XapakTep, BEJMKE 3Ha- | IYKTY
4yeHHs1 HaOyBae OpeH-
JIUHT
Tabmuus 4.9
AHai3 KOHKYpeHIlii B rainy3i 3a M. Tloprepom
Ipsami
p Iloren-
KOHKYpe- co . IMocTraua- . ToBapu-
iViHI KOH- KaienTn .
HTH B ra- JbHUKH 3aMiHHUKH
. KYPEHTH
JIy3i
Cra Paman-cnie- | Hemae Tosap npo- | Bumoru no | IcHyroTH
10Bi KTPOCKOTIis JAETHCS BHUSIBHOI 1HII1 Me-
. oesnocepe- | CIPOMOXK- | TOAU AOCITI-
aHaJi3y :
JHBO PO3- | HOCTI, LK~ | JIKEHHS
pOOHUKAMU | pOTH MOX- | MaTepiajiB
JMBHX 3a-
CTOCYBaHb
Ta IHU
psimi
P IMoren-
KOHKYpe- VR IMocraua- . Tosapu-
ifiHI KOH- KaienTn .
BucHo- | HTH B ra- JbHUKH 3aMiHHUKHU
. KYPEHTH
BKH: JIy3i
Iarencus- | Hemae ITocrans- Tosap mae | OOMexeHb
HICTb J10- HUKH HE OyTH sIKiC- | HEMae




CUTH BU-
coka, 00
MPOIYKT €
HAyKOEM-
KHUM 1 TOMY
HE KO)KHa
dbipma 31a-
THa PO3po-
OWUTH TaKUH
POJTYKT

JTUKTYIOTh | HUM Ta Jie-
YMOBH PO- | IIEBUM
00OTH Ha

PUHKY
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st Toro, mo6 OyTHM KOHKYPEHTOCIPOMOXKHUM Ha PUHKY I PO3POOKHU

TOBapy MOTPIOHO 3ajlydaTH BHUCOKOKBaTI(IKOBAHUX CHEIIAJICTIB Y Taly3l HayKu

Ta TEXHIKU Ta HAJAroJUTH BUPOOHUIITBO MOPTATUBHOI BEPCIi MPUIIATY.

Tabmuus 4.10

OO6rpyHTyBaHHS (DaKTOPIB KOHKYPEHTOCITPOMOKHOCTI

No daxkTop OO0rpyHTyBaHHs (HaBeIeHHS YMHHMKIB,
o/p | KOHKYPEHTOCHPOMOZKHO- 110 pPO0JIATH (PAKTOP AJIs1 NOPIBHAHHA
cTi KOHKYPEHTHHX IPOCKTIiB 3HAYYLIHUM)
1. | Crymisas 3a0BoJieHHs 110- | [IpoaykT mae OyTH JIETKUM Y KOPUCTYBaHHI,
Tped KOpuCTyBaya. iH(pOpMaTUBHUM Ta MaTH BITHOCHO HEBH-
COKY ITIHY.
2. | SxicTh po3poOku 3 Toukn | [IpogykT Mae BUgaBaTH MaKCUMAJIbHO J0C-
30py ONTUMAJIBHOCTI 1O~ | TOBIPHI pe3yJIbTaTH.
Ka3HUKIB HAAIWHOCTI
3. | HasBuicTh HaykoBux pe- | st CTBOpEHHS BUCOKOSIKICHOTO Ta CcTa0i-
CypciB JIBHO MPaLOYOoro Npuiaay noTpiOHI Hay-
KOBIII, SIK1 3/IaTHI CIIPOEKTYBaTH MOPTATUB-
HUH npuiaz, mo Oyae MaTh MaKCUMaTbHO
3pO3yMiJie KEpyBaHHsI Ta JIETKUI B 00CITyTO-
BYBaHHI.
4. | ExonomiuyHwMi (111HA TO- [{ina ToBapy He Mae OyTH 3aHAJITO BUCOKA,
Bapy) 1100 3HAWTH MOTEHIIIMHUX TTOKYIIIIIB Ta
chopmyBatH iIMK ipMu.
Tabmuus 4.11
[TopiBHATBHUIN aHATI3 CUIIBHUX Ta CITA0KUX CTOPIH MPOCKTY
Ne PeliTMHT TOBapiB-KOHKYpe-
o/ dakTop KOHKYPEHTOCIPOMOzK- banu HTiB y nopisHstHAi 3 MITC
- HOCT1 1-20 _3‘_2‘_1‘ 0 ‘+1‘+2‘+3
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1. | Ctyninb 3agoBoJeHHs MOTped Ko- | 15 +
pHUCTyBaya.

2. | SkicTb po3poOkH 3 TOUKH 30py on- | 14 +
TUMaJIbHOCTI TIOKa3HUKIB HAIHHO-
CTi

3. | HasBHICTH HayKOBUX pecypcCiB 17 +

4. | ExoHoMiuHuU# (11iHa TOBapy) 19 +

Taomurg 4.12

SWOT- anani3z ctapTan-npoexTy

CuibHI CTOPOHU: €KOHOMIYHA (ITiHA
TOBapy), BUSBHA 37]aTHICTb,

Cnabki croponu: Tpeba HanaauTu Bu-
MyCK TOTOBUX MPUJIaIiB, po3poOKa
MOPTATUBHOI BepCli yCTAaHOBKHU

MOo>XIMBOCTI: 3HU)KYBaTH BUTPATH Ha
BUPOOHHUIITBO MPOJIYKIIii, MOKPAILy-
BATH AKICTh MIPOJIYKTY; (POPMYBAHHS
MOTUTY Y KOPUCTYBAUiB 32 PaxyHOK
PEKJIaMHOT MisTBHOCTI.

3arpo3u: moTpiOHO 3HAWTH JIIOACH 3
NIEBHUMU HaBUYKaMU 1 3HAHHSIMH 1 3a-
MPOTIOHYBATH BUTIHI YMOBH IS
CIIBIIpAIll O TOTO SIK 1€ 3pO0IsSTh
KOHKYPEHTH; TEXHIYHE 3a0€3MeUCHHS
Ta TIEBHI YMOBH JJI TECTyBaHHS Ipa-
LE3JaTHOCTI IPOAYKTY.

Taomurs 4.13

AJIbTEpHATHBY PUHKOBOT'O BIIPOBAKEHHS CTAPTAN-IIPOECKTY



AJsbTepHaTHBa (Opie-
HTOBHHUH KOMILIEKC
3aX0/1iB) pMHKOBOI
NMOBeAIHKHU

HNmogipHicTh 0TpH-
MAaHH$ pecypciB

Crpoku peaJizauii

JlocimKeHHs TToBe -
HKH CIIO’KMBayYiB, I10-
YK HAYKOBHUX PECyp-
CiB, po3po0OKa mporpa-
MHOTO 3a0€3TICUCHHS,
CTBOPCHHSI pEKJIaMH,
B3a€EMO/IiS 3 HAYKOBO-
JOCITITHUMHU OpTraHi3a-
ISIMH JIJIS1 TIEPEBIPKU
pare3aaTHOCTI Ipo-
rpaMHOro 3ade3rie-
YEHHS

90 %

4 poku

JlocaiKkeHHs TToBe -
HKH CIIOUBaYiB, MO-
IIYK 1HBECTOPIB, MO-
IIYK HAYKOBHUX peECyp-
CiB, CTBOPEHHSI MPO-
rpaMHOro 3abe3rie-
YEHHS, TECTYBaHHS

70%

6 poKiB

O6pano anpTepHatuBy Ne 1

4.4 Po3po0JieHHsI pUHKOBO1 CTPATET1i MPOEKTY
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Tabmuus 4.14



Bubip niiboBUX rpyn NOTEHIIIHHUX CIIOXKUBAYiB
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Onuc npo- OpienroB-
¢ino winbo- | F'oToBHicTh | Huil monuT | IHTEeHCHMB-
Ne . . . . IIpocToTa
BOI TPy | CIIO:KUBAYiB | B MeKaXx Hi- | HiCTh KOH-
n/ .., . “ BXOJY Y cer-
| ToTeHuiii- | ClpHAHSTH JIbOBOI KYpeHIlil B MeHT
HHUX KJIi€H- NMPOAYKT rpynu (cer- | CermMeHTi
TiB MEHTY)
1. | HaykoBo-mo- | ['oToBi Bucoxkuit Hwn3bka Cepenns
CJIITHI opra-
Hizamil
2. |IIpomucno- | Il'otosi Bucoxkui Bucoka Bucoxka
BICTh

Sxki iapoBI rpynu 00paHo: 0OpaHo 1IILOBY Ipymy Nel.

BusnaueHHs1 6a30B01 cTpaTterii pO3BUTKY

Tabmuus 4.15

Kuarwuosi

KOHKYPEHTO-

Ne | O0pana asabTe- . cnpomoxkHi | ba3zoBa crpa-
Crpareris oxon- o . .
1/ | pHATHBA po3- MO3uIlii BiA- | Teris po3Bu-
JICHHSI PUHKY . B

N | BUTKY NPOEKTY MOBIIHO 10 TKY

oOpaHoi aJib-

TEPHATHBH
1. |1 3a paxyHOK BelnMKuX | Butrpartu Ha Crpareris Jii-
MOXJIMBOCTEN 10 BUPOOHUIITBO | IEPCTBA HA BU-

00’emax 30yTy TOBa-
piB (moptdens ykia-
JIEHUX KOHTPAKTIB
Ha NOCTA4YaHHA) 1
MPOJYKTUBHOCTI
H1IIPUEMCTBO MOXKE
TOOUTHUCS MEHIITNX
BUTpAT

TpaTax

[Tomosxxenus Tadmui 4.15
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Kurouosi
KOHKYPEHTO-
Ne | OOpana anbre- . cupomo:xHi | ba3osa crpa-
n/ | pHATHBA po3- Crparerist oxon- MO3UIIil BiA- | Teris po3Bu-
JIEHHSl PUHKY . B
N | BUTKY NPOEKTY MOBIiTHO /10 TKY
o0paHoI aJib-
TEPHATHBH
2. |2 Hananus ToBapy Ba- | @opmyBannsa | Ctpareris au-
KJITUBUX 3 TOUKH MONUTY y KO- | hepenttiamii
30py CIOKUBaya pUCTYyBaUiB 3a
BIIMITHUX BJIACTHU- | paxXyHOK CIIe-
BOCTEH, K1 pOOJIAThH | I[1aJbHOTO
TOBAp BiIMIHHUM dbyHKIIOHATY
B1Jl TOBapiB KOHKY- | Ta BUCOKOI
penTiB. Taka BiAMiH- | IKOCT1 TOBapy
HICTh MOXe 0a3yBa-
TUCS HA 00’ €KTUB-
HUX a00 Cy0’€KTUB-
HUX, BITYyTHUX 1 He-
BIJIYyTHUX BJIACTH-
BOCTSIX TOBapy OyTu
peanbHOI0 abo ysiB-
HOIO.
O6pano ctparerito gudepeHiiari.
Tabnuns 4.16
Busznauenns 6a30B01 cTparerii KOHKYPEHTHOI MOBEIIHKU
Yu Oyae kom- Yu Oyae kom-
NAaHif IYKAaTH | MaHiA KOMilo-
Ne Hu e MPOCKT HOBHX CIIOKM- | BaTH OCHOBHiI | CTpareris KOH-
«IepHIONpOoXia- . .
n/ LeM» Ha pi- BauyiB, a.60 3a- XapaKTepHc- | KypeHTHOI no-
1| HKy? OMpaTH iCHYI0- | THKH TOBApY BeAIHKH ™
YHMX Y KOHKYype- | KOHKYPeHTa, i
HTIB? AKi?
1. |3 ypaxyBanusam | Tak Hi Crpareris 3a-

PI1BHS UyTJIMBO-
CTi - TaK

HSTTS KOHKYpe-
HTHOIT HilIl

BusnaueHHs ctparerii mo3uilioHyBaHHS

Taomurg 4.17



KitrouoBi KOHKY-

Bubip acoria-
I[1#, K1 MAlOTh
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JTOK MEHIIIA HIXK
y KOHKYPEHTIB

HTaMH) 111Ha Ha TOTOBUM Mpuiaj

Ne BI/IMOFITI A0 TO- | o opa crpare- PEHTOCTIPOMO- chopmyBaTH
n/ | Bapy LTBEOBOI Fist pO3BHTKY KHI O3UIIIT BJIa- | KOMILIEKCHY T0-
n ayuTopii CHOT'O CTapTam- | 3UILIK0 BIACHOTO
IIPOEKTY MPOEKTY (TpH
KJIFOYOBUX)

1. | Sxicte otpuma- | JlizepcTBa Ha Huspka miga ta | OnrumansHe

HUX pe3yJIbTaTiB | BUTpaTax. BHCOKA BUSIBHA | CITIBBIJTHOILICHHS

3JIaTHICTh M€- [1HA/AKICTh, Ha-
TOAY YKOEMKICTb,
CITIBITpAIls.
4.5 Po3po0iieHHs MapKETUHTOBO1 MPOrPaMU CTapTan-IpoeKTy
Ta6muis 4.18
BuznaueHHs KIIIOUOBUX MepeBar KOHIIEMIIIT MOTEHIIHHOTO TOBapy
No Buroaa, saky Kuiiro4oBi nepeBaru nepea KOHKY-
u/n IToTpeda NPOIOHYE TO- | peHTaMHu (iCHYI0OUi a00 TaKi, 110 10-
Bap TPiOHO CTBOPUTH

1. | Bucoka Bu- Bucoka BusgBHa | Brcoka BusBHA 31aTHICTH

sIBHA 3]1aT- 37aTHICTH Ta

HICTb Ta M- | IIUPOKUHN

POKHUH CIIEKTP | CIEKTP 3aCTOCY-

3aCTOCYBaHb | BaHb
2. | Maa mina [{ina Ha nopsi- Heucoka (B mopiBHSIHHI 3 KOHKYpeE-

Omnuc TphOX PIBHIB MOJIENI TOBAPY

Tabmuusa 4.19

PiBHi TOBapy

CyTHIiCTBH Ta CKJIAI0BI

I. ToBap 3a 3a-
JyMOM

[Tpunan, mo cnpoMoxHUM 10 MOBHOTO CTOKC-TIONSIPUMET-
PUYHOTO aHali3y, 3pYyYHHUI 10 KOPUCTYBAHHSA Ta MPU BOMY
Ma€ BUCOKY BUSIBHY 3J]aTHICTh T4 HEBUCOKY IIIHY.

[TonoBxeunus tadmuiu 4.19
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PiBHi ToBapy

CyTHICTB Ta CKJIA10BI

II. ToBap y pea-
JIbBHOMY BUKO-
HaHHI

BrnactuBocTi/xapakTepucTuku M/Hm Bp/Tx
/Tn/E/Op

1. Huzbka mina 1000 y.o. M Bp

2. Bucoka BusBHA 31aTHICTH M Tx

3. Iupokuid CIEKTp 3aCTOCY- M Tn
BaHb

4. Jlerkuit y KOpUCTyBaHHI M E

5. be3neyHo 11 BUKOpUCTaHHS M Op

SAxicTh: yynoBa

[TakyBaHHS: 3aXMCHA KOpoOKa JiJIsl TPAHCIIOPTYBAaHHSI.

Mapxka: "SUPER-PUPER MPS 3000"

1. Tosap 13 mi-
JTKPITUICHHSIM

Jlo mpojaky: rapaHTisi, HaJaHHS KPEIuTYy.

ITicas IIPpOAAXKYy: MOHTAX, TOCTABKaA, O6CJIYFOBYB&HHH.

3a paxyHOK 4OT0 TOTEHIIIMHMI TOBap Oy/ie 3aXHUIIEHO Bi/l KOMIOBAHHS: 3aXUCT

1HTEJICKTYyaJIbHOI BIIACHOCTI (TIATEHTH).

Bu3HaueHHs MeX BCTaHOBJICHHS ]_IiHI/I

Taomung 4.20

PiBens nin Ha

PiBeHb min Ha

PiBenn noxoaiB

Bepxust Ta HU-
JKHA MeKi BcTa-

I‘y‘;’l TOBapu-3aMiH- | TOBapW-aHAa- | HUIbOBOI TPYHH | HOBJIEHH: HiHH
HUKH JIOTH CIOKNBAYiB Ha To-
Bap/mocjayry
- 35000 — 10000 y.o. 1 1000 — 15000
2000000 y.o. 132000 (S y.O.

Tabmuus 4.21
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dopMyBaHHS CUCTEMHU 30yTy

Cneundika 3a-
. (b . DyHKuii 30yTy,
KyHiBeJbHOI :
Ne . . AIKi Ma€ BUKOHY- | ['1mOuna ka- | OnrumajbHa
NMOBEeAiHKH IIi-
n/n . BaTH MOCTaYajb- | HaJy 30yTy | cucrema 30yTy
JbOBHUX KJIi€H-
. HHUK TOBapy
TiB
3aMOBJICHHSI BcranoBnenns ko- | Kanan Hynso- | Bupoonuk 6e3-
TOBapy Ha CaliTi | HTAKTy, IHPOPMY- | BOTO PiBHS MOCEPETHBO
abo 6e3no- BaHHs, MO, 30e- 30yBae MpoayK-
CEpEeHbO y PO3- | piraHHs, COPTY- IIF0 TIOKYIIIISIM
pPOOHUKIB BaHHS
Taomung 4.22
KoHrierniiisi MapKeTUHIOBUX KOMYHIKaIIii
Kanaau xo- .
. . e Kuarouosi
Cnenudika | MyHikamiii, .
Ne . MO3MIil, 3aBnanuda pe- | Konuenuis
NOBEJAIHKH | SIKMMH KO- )
n/ i o0paHi VIl | KJIAMHOTO N0- | PEKJIAMHOT0
HIIbOBUX | PUCTYHOThCS ] )
n .. ) . . | MO3UIIIOHY- | BiIOMJIEHHSI | 3BepPHEHHS
KJI€HTIB | WiJILOBI KIi-
BaHHA
€HTH
Buxkopuc- [Ipsimi - ka- | Husbka [TommpenHus 3BEpHEHHS
TaHHS TOBapy | HaJ KOMYHI- | IIHa, SIKICTh | 3HaHb PO MiJI- | 3aCHOBaHE Ha
JUTSL TOCJTI- Karii, KOJIn OTPUMAHUX | IPUEMCTBO, BIIMIHHOC-
JOKeHHS Ma- | iHQopMallis | pe3ynbTra- | MIATPUMAHHS | TAX MIXK PEK-
Tepi MepeIacThCs | TiB, BUCOKA | MO3UTUBHUX JTaMOBaHUM
aJllB. Oesnocepen- | BUsIBHA 371a- | €MOIliH y 0c10, | TOBapOM 1
HBO BIJI 1H- THICTH 110 Npuadand | TUM, IO MPo-
dbopmaropa TOBAap, MOMIU- | TOHYIOTh
110 1H(pOpMO- PEHHS BIJIOMO- | KOHKYPEHTH.
BaHOi 0cO0OU CTEH Mpo cep- | 3BEpHEHHS
BiC, IEMOHCT- | TPYHTYETHCS
partis coiijiap- | Ha TOMy 4d
HOCTI HIANPU- | IHILIOMY MO-
€MCTB, O€3y- | TUBAI[IHHOMY
MOBHOT'O MAXO0/11, TOK-
JTUKAHOMY
BIUTMBATH HA

[Tomosxxenus Tadauiu 4.22
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Kanaian xo- .
. . e Kuarouosi
Cnenudika | myHikamiii, .
Ne . MO3HMIIil, 3aBnannda pe- | Konuenuis
MOBeXiHKH AKHMH KO- .
n/ . o0paHi VISl | KJIAMHOTO 10- | PEKJIAMHOI0
HiIbOBUX | PUCTYHOThCS . .
n .. . . . | mO3ULiOHY- | BilOMJIEHHSI | 3BepPHEHHs
KJII€CHTIB JILOBI KJIi-
BAaHHSA
CHTH
BUKOHAHHS CIOKUBYI
B3SITHX Ha nepeBaru 1mo-
cebe KYTIIIIB - Ha-
3000B's13aHb; | IpUKIaz, Qy-
iH(opMarris HKITIOHAJIBHY

PO BUMPOOY-
BaHHSI TOBApY 1
MTOJIIIIIICHHS
Horo 3aas
CITO’KMBAYiB.

repenary, 3a-
JIOBOJICHHS,
IMIJIK, 3aX0-
IUICHHA 1
aNbTPYI3M.

B nanomy posaisii po3poOisiBCsi cTapTan MPOEKT, IO JT03BOJIMIIO HAMOUIbII

MOBHO OLIIHUTH KOMEPIIIHY MEePCIEKTUBY MOYJIAIINHOL MOISPUMETPIi IJIs1 JOCITi-

BucHoBku 110 po3aity

JUKEHHS MaTepiamiB Ta (QyHIaMEHTAIbHUX (I3UYHMX SBHIIN B TBEPAOMY T

[ToTeHIIHHUMH CHOKMBa4aMH MOXXYTh OyTHM HAayKOBO-IOCIHIJIHI OpraHizaiii Ta

BUpoOHUIITBO. CTaBKy 3pOO0JIEHO Ha CYTT€BI, B TOPIBHSHHI 3 KOHKYPEHTaMH,

nepeBaru — BUCOKY BUSBHY 3/1aTHICTh Ta LIIHY.
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BHUCHOBKH

B xoxi HammcaHHS MaricTepchbKoi OyJI0 MPOBEACHO JITEpPaTypHUH OIJISAA 3
TEMH MariCTepChKOi AUCEpTaIlii, OOTPyHTOBAHO, HA OCHOBI OCTaHHIX TOCHIKCHb,
mo cdekr Dapames € Cy4acHHUM, Ta JIOCHTh TICPCICKTUBHUM METOJIOM
nociipkeHHs: marepianiB. [loBomkenHs edekty dapajnes npu Aii HEOTHOPITHUX

(G13UYHUX TOJIIB AOCIIKYBAJIUCH 32 JOTIOMOT00 MOTYJISIIIMHOL MOJISPUMETPII.

Takoxx OyB MPOBEICHHUM JIeTaJIbHUN aHai3 TOJOBHOI CKJIAT0BO1 JOCIIIHOI
YCTAaHOBKM — (oTompykHOro Mojayisitopa mnosspuszanii. [lokazamm, 110
boTOnpyKHUM MOAYISATOP MOJSpU3aIli, 3 OISy Ha CyNEepeuInBI BUMOTH, IO
BHUCYBAIOTBCS /10 MOAYJISITOpA MOJISAPU3ali, € OJJHUM 3 HaWKpamux BapiaHTiB. o
UX BUMOT BIJHOCSTHCSA: HEOOXITHICTh (YHKIIOHYBAaHHA B  IIUPOKOMY
CIEKTpaJIbHOMY Jiana3oHl BUIIPOMIHIOBAHb, MOXJIHMBICTH TEpeOyAOBH YaCTOTH
MOJYJIALIl; MOXJIUBICTh PETYJIIOBaHHA TJIMOMHU MOIYJALIi (BEJIUYMH KYTIB
SINTUYHOCTI a00 Opl€HTAaIlli); Malli 3HAYEHHS! KEPOBAaHOI MOTY>KHOCTI; XIMIUHY,
MEXaHIYHY CTIMKICTh 1 MILHICTb, 1 psa 1HMUX. [lo3Hailomunuck 3 (Qi3UYHUM

MPUHITUTIOM HOTO (DYHKITIFOBaHHS Ta KOHCTPYKIIIEIO.

ByB npoBeneHuii ananiz npouecy moJisspyu3aliifHol MOIYJISIT B 3araJilbHOMY
BUMAJIKY (EMINTHYHA TOJSIpU3aIlisi) 1 MPOJEMOHCTPYBAIM MOTO0 MOMJIMBOCTI B
3MIIMCHEHH] TIOBHOTO TOJISIPU3aIliHOTO aHami3y. s 1boro 3a po3paxyHKOM Ha
OCHOBI MAaTPWYHOI ONTHKH TIOKAa3ajH, 110 NMPH BUKOPHCTAHHI ONTHYHOI CXEMH 3
MOIYJISITOPOM TOJISIpU3AIlii MOXKJIMBO BUMIP KOXKHOT 3 KOMITIOHEHT BekTopa CTokca

OKpPEMO, B TOMY YHCIIi 1 B pa3l YaCTKOBOTO MOTJIMHAHHS CBITJIA.

Po3pobneno anroputM mporiecy BUMIPIOBaHHS KyTa (hapajeeBCHKOTO MOBOPOTY,
mo Tnependadae BpaxyBaHHS CIEKTPATBHUX 3aJCKHOCTEH BCIX ONTHYHHUX
€JIEMEHTIB, BUKOPUCTAHUX B YCTaHOBII, THM, [0 BEJIMYMHA KyTa BU3HAYAETHCA 13
JIBOX BHUMIPIOBaHb - CUTHAIY BiJ 3pa3ka B MArHiTHOMY TOJIi, 10 MPOTOPIIAHUAN

KyTy MOBOPOTY IUIOIIMHUA TOJApHU3Alil JiHIHHO TMOJISPU30BAHOTO CBITJIA Ta
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CUTHay Oe€3MmocepeHbO 1HTEHCUBHOCTI JIIHIMHO TMOJSPU30BAHOTO CBITJIA, IO
MIPOWIILIO 3pa30K.

BcranoBneno MiHiManbHE 3HAYEHHS KyTa, SKE MOXKE OYTH 3apeecTpoBaHE
METOJIOM  TOJISIpU3aIIMHOT  MOIYNAIIi 1 BIANOBIZAE PIBHIO IIyMy IIpU
BUKOPUCTAHUX IHTEHCHUBHOCTI CBITJIA, BEJIWYUHI IHAYKIT MarHiTHOrO MOJS Ta
KoeillieHTax MiICHICHHs eNeKTPOHHUX NprIaaiB. Moro Bemmunna cknagae 1%10°
pan.

Ha nonmatkoBux 3pa3kax (aJIOMOCHIIIKaTHAa CKIOKEpaMika Ta HEOAMMOBE CKJIO)
OyJ10 MOKa3aHo, 10 METOMKA MOIYJIALINHOL MOJISPUMETPIi CIIPOMOKHA PO3AUISATH
Ta 3 BEJIMKOI YYTIUBICTIO PEECTPYBATH SIBUINA aMIUNTyaAHOI Ta (a3oBoi
aH130TPOIIi, MPU I[LOMY HE CIIOCTEPIra€ThCsl MEPEPO3MOALT THTEHCUBHOCTI CBITIa
MDK KOMIOHEHTaMH BekTopa CTOKca BHACHIJIOK 3BA€EMOJIT MOJISPU3ALIMHUX
edextiB. Hanmpasieni nedopmaiiii, 1o MOXyTh BUHUKATH Yy 3pa3Kax BHACIIOK
PI3HOMAHITHUX 30BHIIIHIX Ta BHYTPIIHIX YNHHHUKIB HE BIUIMBAIOTHh HA PEECTPAILIIO
ebexkty dapazges. Mar"iTHe moJie 3MIHIOE €HEPreTUYHY KapTUHY 3pa3KiB, IO
MPU3BOJUTH 10 3MIHU iX BJIACTUBOCTEH y TOMY YHUCHI 1 MEXaHIYHUX, IPUHANMI Y
BUKOPHUCTAHUX B IIUX 3pa3Kax.

[IpoBeaeHO BUMIpIOBaHHS CIEKTPATLHOI 3aJIKHOCTI KOHCTAaHTH Bepme mis
3pa3KiB KpPEMHIIO JIETOBAHOTO OJIOBOM, Ta BHUSBJIEHO iX OCOOJIMBOCTI, 3yMOBJIEHI
BJIACTUBOCTSIMU TIOBEPXHI 3pa3KiB, Ta OCOOJMBOCTSIMHU MDK30HHUX MEPEXOJIIB Y

KpHUCTajgax KpeMHIO.
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