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TPAHC®OPMALKS CIHEKTPOB TOPMO3HOIO H3JIYYEHUS
3A NOTJMOTHTEJ/NSMH PAZHOIO XUMHYECKOTI0O COCTABA

B. A. BOPOBLEB, T. I1. COKOJIOB
(Mpejcrasiaeda HAYYHEIM CeMHHAPOM JaGOPaTOPHH AUSIEKTPUKOB H TOJIYIPOBOIHHKOB)

IIpennoxeHo pas3fennTb BO3MOXKHBIE METOAbl paAMalHOHHON AedeKTo-
CKOMHH Ha MeTO/Ibl, OCHOBAHHbIE Ha AMIIIMTYIHOH MOJVJ/ISLUHN IOTOKA H3JY-
I€HHsl, HAYYHOH OCHOBOH KOTODPBIX SABJAETCA H3MeHeHHe Ko3(p(HUHeHTa
oc/abJeHust U MeTO/Ibl, OCHOBAHHbIE HA YACTOTHOH MOXLY/SUHU MOTOKA H3.1Y-
YEeHHs IIPH [POXOXKEHUH yepe3 MOTJIOTHTeNb, COAepXKallui BR/IOYeHHe (1]
Hayuno# ocHoBOll MeTOHOB, OCHOBAHHBIX HA YACTOTHOH MOMLYJSIUH, sSIBJs-
eTCA OTHOCHTEJIbHOE HU3MEHeHHe CIEKTPa/bHOTQ COCTaBa H3JIYUCHHUS NPU OT-
paxKeHHH €ro oT jaedeKTa UJAH [POXOXK/JAECHHH Yepe3 Hero IO CPABHEHMIO
¢ M3MEHEHHeM CIEKTPaJbHOIO COCTABA H3JYYEHHS, NpOIIeJlIero ceyeHue
00DbeKra, He colepxallee gedexra.

B cBa3n ¢ ykasaHHO@l KJaaccu(HKauueil NPOBOAUTCA CHCTEMATHUECKOe
HCCJIe/IOBAHME CHEKTPOB HM3JAY4YeHHA IIPH IIPOXOXKIAEHHH yepe3 OAHOPOAHbIC
H HEOJHOPOAHbBIE TeJa. :

IIpH NpoXO:KACHHH 3JEKTPOMArHHTHOTO HW3JY4E€HHs] C HEeNpEepbIBHDIM
CIOEKTPOM Uepe3 MOIVIOTHTENb, BCJAeJCTBHE AUCNEPCHH U BO3HHKHOBEHHSI
MOTOKOB BTOPUYHOIO H3JIYUEHHs, H3MEHsIeTCs CHEeKTpaJbHbIH cOCTaB H3JIyde-
Mg, @UabTpalUs TOPMO3HOTO H3JAyUeHHS IPH IIPOXOXKIEHHH e€ro uepes
MOTJIOTHTENb A0JMKHA YUHTBIBATHCS B paJHALlHOHHON (DH3HKe, pajJHallHoH-
HOA 1e(eKTOCKONUH W pajualluOHHOH TepaluH, TaK KakK MOIJIOULeHHEe H3Jy-
YEeHHA CPeXoil, BCJAEeNCTBHE 3aBHCUMOCTH KO3(pDHUHEHTOB ocaabieHus or
SHEPTHM H3JAyuyeHHd {2], OyJdeT pasgH4YHBIM Ui CIEKTPOB PasHOro CC-
crasa [3, b].

M3Menenne cnexTpadbHOro cocraBa B 3aBHCHMOCTH OT KaKOro-HHOYIDL
napamMerpa IOIJIOTHTENs] MPH NMPOXOXKACHHM H3JYUEHHS uepe3 BelecTBO
HaspiBaeM TpaHchopMaluell CrieKTpa U3JyUeHHs] B 3aBHCHMOCTH OT JAAHHOTO
napamerpa.

Hpu npoxoxaeHuM y3KOro nyyka TOPMO3HOrO H3JAydeHHs [2] H3MeHeHue
CNEKTPAABbHOr0 cocTaBa 00yC/IaBJHBACTCS OTHOCHTENBHO OOJBLIHM IOIJIO-
leHHeM KBAaHTOB ¢ MeHbllielf sHepruell [3], Bc/leACTBHE Yero MPOMCXOIUT
OTHOCHTENbHOE o0orallicnue rnoroka KBaHTaMu ¢ Goablueii sueprueii [4, 5.

Hwmeronuecss B iuTeparype JaHHbIC O H3MEHEHMH CHEKTPaJbHOrO COCTA-
Ba TOPMO3HOIO H3JIYYEHHSI OTHOCATCA K MeraJjJaM: ajJioMHHHIO, MeiH [5]
n Boje [6, 7] u orpaHHYUBAIOTCH HCCAeJOBaHUEM (POPMELI CIEKTPA B 3aBHCH-
MOCTH OT TOJUHHBI norjorutenst. [lpeacrasnsier uHTepec mcenenosath
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3aKOHOMEPHOCTH TPaHCPOpMalUH CNEKTPOB TOPMO3HOTO H3JAYYeHHA B 3aBH-
CHMOCTH OT XHMHYeCKOro COCTaBa M TOJILHHBI MOTJMOTHTeNel.

Hccnenosanue tpanchopmanun cnekTpa 371eKPOMATHUTHOIO H3JAYyUYCHUS
pH ero NMPOXOXKAEHUH Yepes MOrJOTHTEeIb MOXKeT OLITh BBHINOJHEHO Teope-
THYECKH Ha OCHOBE 3aKOHOB B3aUMOJEHCTBUS M3JYyUYEeHHs C BEIIECTBOM JIJist
SHepPruil, COCTaBASIONINX JaHHBIH crnekTp [3, 4]. Tpanchopmauusi cnekTpos
MoXKeT OBITh Tak)Ke HCCAENOBAHa KCIHEPUMEHTA/IbHO TYTEM CHSATHS CIHEKT-
OB ¢ noMouleo cnektpoMerpos (11, 3).
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Puc. 1. TpaHcdopmaius crnekTpa TOPMO3HOTO H3JY4EHHR € Mak-

cHManbHoH sHepruelt 180 x3B, OTPHILTPOBAHHOrO MeAHOH Yrojn-

HOH TowmHOM 1,29 MM B 3aBHCHMOCTH OT TOJILIMHBI MOHOKDH-
cranna GPOMHCTOrO KaJius.

B nauno#t pabote HamMu ObliH NPUMEHEHH 062 METOAA HCCIeI0BaHHS
TpaHcOpManHH CNEKTPOB.

B xauectBe mMaTepHasOB A UCCIeOBAHHS BbiOpaHbhl MOHOKPHCTAJIbL
IeJOYHO-TAJIOHAHBIX COJIeH: XJOPHCTLIH Kajui, OPOMHUCTBIN KaJuil ¥ UOMIH-
CTBIH Kajuil. BeiGop 11(e/0YHO-TaIOUIHbIX KPUCTAJJIOB OOBACHSAETCS CIELV-
IOIIUMH NIPHYHHAMH:

I. M3 menouno-raionIHbIX KPUCTAJI0B MOTYT OLITh H3TOTOBJEHbl OJHO-
ponHbie 00pasibl BBICOKOH YHCTOTHI H C M3BECTHOH aHH30TDPONHEI!.

2. IlpocTeie KpHCTAMJIHYECKHE DELIETKH MIEJOYHO-TaJOMAHLIX KPHCTAli-
JTOB YAOOHBI [Tl aHA/N3d, TEOPETHUECKHX HCCAeLOBAHMI M TPOCTON TPaK-
TOBKH P€3YyJ/bTaTOB.

3. du3uvecKue CBOHCTBA 3THX COGMMHEHHMI u3yueHBl mOAPOOHO [8].
Xapaxrep ugMeHeHUa (U3HUECKHX CBOHCTB KPHCTAJIJIOB MOM LeiiCTBHEM H3Jy-
YCHHs] MCCIeJI0BAH [9] ©  MOXKeT OBITb YUTEH ¢ HEOGXOAHUMOH TOYHOCTBIO.
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4. Tlpu nepexoje 0T OAHOI'V COCTaBa K APYroMy MOTYT ObiTb CO3JaHbi
YCJAOBHSA, KOrja 3aMeHsieTcad TOJAbKO OJHA H3 KOMIIOHEHT B COEAHHEHHH, YTO-
JlaeT BO3MOXKHOCTb HCC/JI€0BaTh 3aBHCUMOCTL TpaHcdopManuu clekTpa or
XHMHUYECKOTO COCTaBa. ‘
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Puc. 2. Msmenenne cpensefi sHepruum cnekrpa Top-

MO3HOTO H3JyYeHUs: ¢ MakCHMaJbHOH sHepruei

180 k3B B 3aBHCHMOCTH OT TOJIIMHE MOHOKPHCTAJ-

JIOB XJIOPHCTOTO KaJjusd, OPOMHCTOrO KajJusd H HOIH-
CTOTO Kanaws.

[pu TeopeTnyeckoM pacuere TPAHCGHOPMAUHH CIEKTPA TOPMO3HOIO M3
JYYEHHsT 3a HUCXOJHbI Obla B3SIT CHEKTP, pacCUHTaHHEII N0 ¢opmyiae Kpa-
mepca [10]. Briio yuTeHO H3MeHEHHE CEeKTPAJbHOTO COCTaBa H3JYUEHHsS TIPY
BLIXONE €r0 U3 YCKOPHTEJNbHOH TPYOKH uepe3 MeJHYyK (OJbTy TOJIIH-
HOH 1,29 MMm.

[losyuyenHplil TakUM 00pa3oM CIEKTP TOPMO3HOTO H3JYYEHHUS ¢ MaKCH-
ManpHoi sneprueft 200 k3B (puc. 1) pasbuBaJjcs HA ABAANATHL YYACTKOB IG
10 k3B B KaxkaoM yuacTke. Jluuuu cnekrpa ¢ mHTepBajom 10 K3B ocialuasi-
JIUCh [T0 33aKOHY

I'=1,-evx, (1)

rje X -— TOJIUHHA CJAOS MOHOKpHCTAJ1a, HanpuMep, OPOMHCTOTO KaJHs.

Taxumu pacueraMu GbLIH NOJYYEHBI CNEKTPBI TOPMO3HOTO H3JIyUYeHHs
HOC/Ie TPOXOXKAEHHS ca10dA ToauuHoi 5, 10 15 u 20 mm. Ha puc. 1 mo ocu
abcuuce OTJ0XKEHa 3HEePrusl KBaHTOB TOPMO3HOLO H3JYUCHHS B KHJO3JEKT-
POHOBOJILTAX, MO OCH OPAHHAT ~— YHCAO KBAHTOB Kax/0H 3HEPIHH B OTHOCH-
TeJMbHBIX €IHHHIAX, PACCYUTAHHBIX TIO (opmynae (1).

OKCMepuMenTaabHoe HCC/eloBaHue TpaHcopMalul CleKkTpa npH Mpo-
XOXKJIEHHH TOPMO3HOI0 H3JyYeHHs Yyepe3 BEILeCTBO MPOBOAMIOCH C MOMOIbIO
CHHUHTH/IISIIHOHHOTO ClieKTpoMeTpa ¢otonorgaoulenus [11, 12].

Jlns xapakTepucTHKE Tpanc(popMaluy CHEKTpa HAMH GblI0 MPENI0xKc-
HO HCMOMB30BaTh CPE/IHIOI0 3HEPTHI0 cheKTpa £ , onpedensemyio 1mo d¢op-
My.Jie:
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rae NV (E, x)—uncao KBaHTOB C 3Hepruefl £ B CIIEKTpe MocCae HPOXOik-
JEHHS Yepes MOTJIOTHTENh TOJIIHHON X.
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Cpeanss 3Heprus npeacrasjsier COGOH YaCTHOE OT JA€/1€HHS BeJHuHHbE
KHTErpaJbHOH SHEPTHH HA BBIXOAE W3 NOIJIOTHTEIA HA UHCJAO BbllIeJMIHX
KBaHTOB. '

PesyabTaThl BHUHCAEHH DPeACTAaB/EHb HA PHC. 2, Pl N0 ocH abcuuce
OTJIOKEHa TOJIIHHA HNOrJIOTHTENISA B MM, 110 OCH OPJHHAT — CPEJHsAs IHEPrHsl
Ha OIHH KBaHT B CHeKTpe Ilocjde IIPOXOKIEHHS TIOTJOTHTeNst AaHHou
TOJILIHHEL. _

Ha puc. 3 no ocu aGcuuce oT/10:kKeHa TOMLIMHA MOIVIOTHTEIS B MM, 1O
OCH OpAMHAT — 3HEPTUs B MAKCHMyMe CIeKTpa.

W3 puc. 2 u 3 BuAHO, 4TO QUIABTPALHUS HOTOKA TOPMOSHOIO H3JAYYEHHS
B Y3KOM NyYKe ¢ yBeJHYEHHEM TOJIIHHBI MOIJIOTHTEAsS HAET B CTOPOHY 060-
ralleHdsi MOTOKA KBAHTAMH OTHOCHTEJNBHO GoJibHIed HEPTHH, KaK H HabJi0-
JaJioch IJs1 antoMuHust [5].
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Puc. 3. CMmeliledde nHKa B CHEKTPe TOPMO3NOIO H3-

JYUeHHA ¢ MaKCHMaJbHOH sHeprueli 180 k3B B 3aBu-

CHMOCTH OT TOJALIMHBI MOHOKPUCTAMIOB XJAOPHCTOIO
Kajusi, GPOMUCTOTO KA W HOTHCTOTO KaJjus,

Hamu noxasano, yTo c yBesHYeHHeM TOJILMEB QHIABTPYIOLIETO €105 pac-
TET CPellHsAs 3HePrusi W NOJ0XKeHHe MaKCHMyMa CIeKTpa HNPOXOJANIEro u3-
JYYeHHUs1 CABHIraeTcss B CTOPOHY Goubminx sHepru#i. HauGoabinag ckopocth
pocTa cpefiHell SHepPruy ¢ yBeJHUeHHeM TOJIMHLI KPHCTAJId HOAUCTOrO Ka-
Jusl, Yy Kotoporo 3G QpexTHBHHN aTOMHBIH HoMep OoJblle, YeM Y XJOPHCTOrO
KaJuA U OPOMUCTOrO KaJus.

C yBejnYeHueM TCJILHHBI MOTVIOTHTENS YMEHBUIAETCS MACCOBBHIA KO3(h-
¢bunuenT ocaalyeHHd Y3KOro NyuYka TOPMO3HOTO M3/JIYYEHHST B ZAHHBIX CO-
€JJHHEHHAX KaK H3MEePEeHHBbH 3KCNEePHMEHTaJJ bHO, TaK H PACCUMTAHHBII 115
CpenxHeH 3HEPTHH NO CHATHIM 3KCIIEPHMEHTAJ]bHO CIEKTpaM.

Cxkopocth cntafla ko3(Qpunuentos ocaalieHHs TOPMO3HOTO H3JYUYEHUS
C MakcuMaJibHOH sHeprHedt or 10 k3B A0 30 M3B, uaMepeHHBIX HAMH ¢ TOJ-
IHHOI TIoryioTHTeN s, Hauboabas Anas noauctoro Kanust. C pocrom sdhek-
THBHOTO @TOMHOIO HOMEpa BBILIECTBA IMOTJIOTHTE/S] YBEJIHUYHBACTCSl QUIbTPa-
UUs U3JYyYEHHS OT MSATKO# KOMNOHEHThl. CKOPOCTh H3MEHEHMs: cpejHell
3Hepru, Koypduiuenta ocnadieHus U CMEILEHHS TO0XKEHHsT MaKCHMyMa
CIIEKTpPa C TOJNLHHOW MOIVIOTHTE/SE TPH YBEJHYECHHH TOJIIHHE yOLIBACT, if
Kpusbie (puc. 2 k 3) cTpeMsATCsl K HAChLEeHHI0. KpyTu3Ha KPHUBOH H TOJLH-
Ha NOMVIOTHTENS, HAUMHAS C KOTOPOH KO3 (MHIHEHT ocaabeHuss 0 cpeaHss
SHeprus, KOTOPOH OH COOTBETCTBYET, COXPAHSIOTCS HEH3MEHHBIMH, Olpeie-
JAETCA HEPTHeH H3JYUEHHS, XHMHUECKUM COCTaBOM MOIVIOTHTEJS H IJC-
1 a1bio IONEePEYHOr0 CeUeHUsT MYYKa.,
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