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PaccunraHa onTryeckasi cxemMa poTaTopa MHOJIsIpU3aLKMU 3JIEKTPOMATHUTHOIO U3JIyYeHMSsI, COCTOSIILIErO
TOJIBKO U3 OTPaXKalolluX 3JieMeHTOB. Ompene/ieHbl IOTepU U CTeeHb AeMOIIpU3alii, BHOCUMbIE JaH-
HOI CXeMOIi /1J1s1 JIa3€pHOTO U3JIyYeHUS] BUIMMOTO, OJIMXKHETO U CpelHero nHGpaKkpacHOIo AMara30HoB.
ITokazaHa BO3MOXHOCTb IIPMMEHEHUSI IIpUOOpa B TeparepleBOM Auana3oHe 4acToT. YMcaeHHbI aHa-
JIM3 TIPOBOIMIICS C UCIOJIb30BaHUEM DKCIIEPUMEHTAIbHO N3MEPEHHBIX KOMILIEKCHBIX KO3(hGULIMEHTOB
OTpakeHUsI I M3ITydeHUs Ha IIMHax BotH 532, 808, 3900 HM 11 30JI0THIX 3¢ pKaJl ¢ 3aIIMTHBIM ITOKPHI-
THeM. DKCIIEpUMEHTAJIbHO IT0Ka3aHa BO3MOXHOCTD UCIIOIb30BaHUsI pOTaTOpa ISl HEIIPEPHhIBHOTO Bpa-
LIEHUS MOJIsIpU3aLuu (GeMTOCEKYHIHBIX JIa3ePHbIX UMITYJIbCOB CPEeAHEro MH(PpaKpacHOro nuarna3oHa.
ITony4yeHo, uTo A PeMTOCEKYHIHBIX JIa3€PHBIX UMITYJIbCOB Ha LIEHTPAJbHOM IJIMHE BOJIHBI 3.9 MKM
(mnanazoH 3600—4200 HM) MOTEpU, BHOCKUMbIE POTATOPOM, COCTABJISIOT MeHee 8%, a CTereHb IOJISIPU-
3a1uu Ipu 3ToM u3MeHstetcs ot 0.95 mo 0.985 B 3aBUCMMOCTH OT MOJIOXKEHUS pOTaTOpa.

DOI: 10.31857/S0032816225020157, EDN: GKVGDB

1. BBEAEHUE

B HacTosimiee BpeMsl aKTHUBHO pa3BUBaETCs
NMpUMEHEeHUE MCTOYHUMKOB MHTEHCUBHBIX (DEMTO-
CEKYHIHBIX MMNYJIbCOB C LEHTPAJIbHON IJIMHOM
BOJIHBI, JIexXalleil B cpeqHeM nH@pakpacHoMm (MK)
nuanasoHe [1]. Ucnonb3oBaHUe TAKUX UICTOUHUKOB
MO3BOJIMJIO BIIEPBbIE MPOAEMOHCTPUPOBATh (Puia-
MEHTalI0 UMITYJAbCOB cpenHero MK-uznyueHus
B aTMocdepe [2], reHepaliiio BEICOKMX TapMOHUK
B Ta30BbIX CTPYSIX ¢ 3Heprueit (GoTOHOB BILJIOTh
0 HecKoJbKuX K3B [3], reHepanmio rapMOHUK
1o 51-To mopsiaKa OT ITOBEPXHOCTU TBEPAOTEIHLHOMN
muieHu [4], a Takxke 3¢ PeKTUBHYIO FeHepaluio
teparepueBoro (TTu) [5—7] u CBY-uznyyenus [8]
B rase B pexxuMe MoHuszaunuu. [lpu ucciegoBaHumn

HEJIMHENHO-ONTUYECKUX TIPOLIECCOB, BO3HUKAIO-
LUX TIPU B3aUMOJEUCTBUU JA3€PHOTO U3TyYeHUS
C BEILIECTBOM, B TOM YHMCJI€ C UCITOJIb30BaHUEM MHO-
rOYacTOTHOM HaKayKu ¢ KoMroHeHTamMu B TTii-nu-
ara3oHe 4acTOT, HeOoOXOOMMO KOHTPOJUPOBATh
DHEPTUIO M COCTOSIHHUE IMOJSIPU3ALMU OTAEIbHBIX
KOMIIOHEHT Hakauku. [lepBoe, Kak MmpaBuiIo, aea-
€TCS 32 CUET BpallleHUs TIOJISIPU3alluM C TTOCIeny-
JOLIMM TPOIYCKaHMEM MMIIY/Ibca Yepes3 Mosipu3a-
TOp. YIpaBjieHUe dHEPTHUeil Ja3epHbIX UMITYJIbCOB
3a CYeT U3MEHEHUSI SHEPTUM HAKAYKU B YCUIUTENIE
SIBJISIETCSI HEXeNIaTeIbHbIM, TaK KaK 3TO MPUBOIUT
K M3MEHEHUIO BPEMEHHBIX U MPOCTPAHCTBEHHBIX
CBOIICTB BBIXOIHOIO U3JIyuyeHUs. BpaieHue mos-
pU3alii MOIIHBIX (PEMTOCEKYHIHBIX J1a3€PHBIX
UMMyJIbcoB cpenHero MK-aumama3zoHa ¢ moMoIbio
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noJiyBoJHOBbIX miactuHok (ITBIT) 3arpymHeHO
HeOOJBIINM BBIOOPOM IIMPOKOIMOJIOCHBIX IBYJY-
yemnpeJoMIsSoIux MarepuaaoB. OIHUM U3 BO3-
MOXHBIX MaTepuaaoB ajist usrorosiaeHus I1BIT gns
LI POKOIIOJIOCHBIX JIa3€PHBIX UMITYJIbCOB B 3TOM
nuarnasoHe JIUH BoJH gaBiagerca CdGa,S,. Ciox-
HOCTb M JOPOTOBM3HA M3TOTOBJICHUSI KAaUyeCTBEH-
Hoit T1BIl u3 ganHoro marepuanaa orpaHUYMBAIOT
noctymuyio aneptypy I1BI1. Koadgdunment npe-
JIOMJICHUSI TaHHOTO MaTepHuaja COCTaBJsSIeT OKOJIO
n = 2.34 Ha miWHE BOJHBI 4 MKM, YTO MPUBOIUT
K (ppeHeIeBCKUM ITOTEPSIM Ha OTpaKeHME Ha ABYX
MOBEPXHOCTAX pasnaena okono 30%. HeoGxomu-
MOCTb HaHECEHMsI aHTUOTPaXKarIIero MOKPbITUS
elle OOoJibIlle YBEIUYMBAET KOHEUHYI0 CTOMMOCTh
TIBII 1 0OMOAHUTENBLHO OTPAHUUMBAET €€ JTy4EeBYIO
CTOMKOCTH B ITy9KaX BEICOKOI1 MTHTEHCUBHOCTH.

B pa6orax [9—11] OblIM NpemioKeHbl CXEeMbI
poTaTopa TmoJisipu3aln, OCHOBaHHbIE Ha OTpaxa-
fonieii ontuke. JlaHHbIE CXeMbI COCTOSIT U3 CUCTEMBI
TpeX WM YeThIpeX 3epKasl U MO3BOJISIOT BpallaTh
IUIOCKOCTb ITOJISIpPU3alIMY BXOTHOTO JIMHEITHO-TOJISI -
PU30BaHHOTO M3JIyYeHUs 0e3 U3MEHEHUS HallpaB-
JIeHUs1 pacipocTpaHeHus mydyka. B pabotax [12, 13]
SKCIIEPUMEHTAJIbHO TPOAEMOHCTPUPOBAHA BO3-
MOXHOCTb MCITOJIb30BaHMSI CXEMbl M3 TPEX 3epKaj
C IUBJCKTPUUYECKUM IIUPOKOMOIOCHBIM MOKPbI-
THEM [JISI BpallleHUS TOJISIpU3Alli UMITYJIHCOB [T -
TeabHOCTRIO 10 ¢, TeHepupyeMBIX JTa3epHOIT CUCTE -
MOIi Ha OCHOBE TUTaHaTa candupa Ha LIeHTpaJTbHOM
anvHe BoJaHbl 800 HM. [IpuMeHeHre B TaHHOM JMa-
Ma30He JJIMH BOJH MeTa/ULIMYECKUX 3epKajl MPpUBO-
JIAT K CYIIIECTBEHHBIM ITIOTEPSIM U SIPKO BhIPa>KEHHOM
IeToJIIpU3alii JIa3epHOr0 M3JIyUYeHUs HaKadKH.
B cpennem u panbHemM MK-nuamazonax 3epkana
C METAJJIMYECKUM ITOKPBITHEM He OyIyT yXyAllaTh
CTEIIeHb IOJISIpU3allMy U3IyYeHUsI, TaK KakK Ipu
OTpaxk€HUM OT HUX (ha3a p-KOMIOHEHTHI HE MEHSI-
eTcs, a ¢dasa s-KOMITOHEHThI MeHseTcsd Ha 180°.
OmnHako peanbHbIE 3€pKajia 4acTO UMEIOT 3alllUTHOE
MOKPBITHE, KOTOPOE CIIOCOOHO ITO-Pa3HOMY MEHSITh
Ko GULUMEHT oTpaxkeHus U pasy p- U S-KOMIIOHEHT
MOJIIPU3ALMH, YTO MOXET MPUBOIUTH K JACITOJISIPU -
3alluu.

B nanHoit paboTe Ha OCHOBE 9KCIIEPUMEHTAILHO
M3MEPEHHBIX KOMILIEKCHBIX KO3 (PUIIMEHTOB OTpa-
JKeHMST 30JI0TBIX 3€pKaJjl ¢ 3alUTHBIM ITOKPBITUEM
Ha maauHax BoJiH 532, 808, 3900 HM Hamu ObLIU
paccuuTaHbl U U3MEPEHbI TTOTEPU U NEIIONISIpU3a-
LU, BHOCUMBbIC MpEIIaracMoii CXeMOl poraTtopa
Ha OCHOBe Tpex Takux 3epKaji. IIpoBemeHo cpas-
HeHMe SKCHEePUMEHTAIbHBIX pe3yJIbTaTOB C pac-
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YeTHBIMU 3HAUYEHHUSIMM IJs TpeX AMaIa3oHOB
(Bugumoro, onauxHero u cpeaHero MK). IMToka-
3aHa BO3MOXHOCTb IPUMEHEHMSI JAaHHON CXEeMBbI
B TIm-nmmama3oHe 4acToT. DKCIIEpUMEHTAJBLHO
MPOAEMOHCTPUPOBaHA BO3MOXHOCTh UCIIOIb30Ba-
HUS JAHHOM CXEMBI IIJISI BpallleHUs ITOJISIpU3alluu
MOIITHBIX (PEMTOCEKYHIHBIX JIa3ePHBIX UMITYJILCOB
Ha LICHTpaJIbHOM IJIMHe BOJHBI 3.9 MkM. Cxema
JIETKO MacITabupyeTcs I0 anepType, He U3MEHSIET
HaIlpaBJICHMUS XO[a Jiydya IPU aKKypaTHOM I0CTU-
POBKE U MO3BOJISIET N36eXaTh UCIIOIb30BAHUS JUC-
MEPCUOHHBIX 3JIEMECHTOB B JIa3€pPHOM ITYYKE BBHICO-
KOIf MHTEHCUBHOCTH.

2. TEOPETUYECKMWIU PACUYET USMEHEHMUS
XAPAKTEPUCTUK JIASEPHOTI'O
N3JTYYEHHWA TTPU TTPOXOXIEHUN
POTATOPA TTIOJIAPU3ALIUN

YCTpOICTBO COCTOUT U3 TPeX 3epKaj, Pacroyo-
JKeHHBIX TaK, YTO HOPMaJIM K HUM JIieXaT B OTHOMI
miockocTu (puc. 1). Ipsmas OO’ aBaseTcs: ocbio
BpaleHus poratopa. Eciau BXomHO! Jyd UAET BOOJIb
npsamoit OO’, To, oTpaxasich OT 3epKaJl, OH BCeraa
0OCTaeTcs B INIOCKOCTU pOoTaTopa, U BBIXOAHOI JIy4
Taxke JeXuT Ha ocu OO’ ABASISACH MPONOIKEHUEM

Puc. 1. Ontrueckast cxeMa poTtatopa nosisipusamnuu: 1,
2, 3 — 30JI0THIE 3¢pKaJla ¢ 3alIUTHBIM ITOKPHITHEM, O —
YTOJI MEXIY HallpaBieHUEM MOJSIPU3ALIMY I1a1ai0IIer0o
WU3Jy4eHUsl U TUIOCKOCThIO poTaTtopa, 20 — yroia moBo-
poTa MOJSIpU3alliy JIa3epPHOTO U3JIyYEeHHUsI, O, — YroJ
MafeHus Ja3epHOro M3JydeHUs Ha MepBoe 3epKajo,
A — aHaJKM3aTop JIA3ePHOrO M3JIYYECHUS, MIOCKOCTh
MPOIMYCKaHMWST KOTOPOTO ITOKa3aHa HaIlpaBJICHUEM BEK-
topa E_,, @ — yron Mexny HampasieHreM MOISIPU3AIIN
Magamolero U3JIydeHus U IIOCKOCTHIO MPOITYCKAHMS
aHaynM3aTopa. HampaBiaeHus OIsIpU3aliuy U3 TydeHUsT
E,, na Bxozne u E,, Ha BeIxoJe U3 poTaTopa MOKa3aHbl
CTpEJIKaMM.
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POTATOP MNOJIAPU3SALIMU MOLLIHBIX ®EMTOCEKYH/HbBIX JTA3EPHbIX UMITYJ1bCOB

BXOOHOTO Jiyya. Takoe yCTpOMCTBO ITO3BOJSIET
OBICTPO M3MEHUTbH MOJISPU3ALUIO M3JIYUEHUS
BO BpeMs MPOBEACHUS 3KCIIEpUMEHTA, HE MEHsIs
MpU 3TOM BPEMEHM PacIlpOCTpaHEHUsI U ONTHYE-
CKOTO YT MU3ITyYeHUSI.

[TpoxoxneHune n3IydeHU Yyepe3 poTaTop U aHa-
JIN3aTOP TOJISIPU3ALIMI MOXKHO OITMCATh C ITIOMOIIBIO
MaTeMaThudyeckoro aHaiausa JIxkoHca. OnTuyeckas
cxeMma, mpuBelIeHHas Ha puc. 1, omuckIBaeTcs ore-
paTopom

M cos’®  cos@-sing|(cos® —sin®
cos@-sing  sin’ ¢ sin®  cos®

ry 0\(r, 0)(r, 0} cos®6 sin6

0 r 0 r 0 r,){—sin® cos6

53 52 sl

rae 6 — yroJj moBopoTa potaTopa Moysipu3alunu, ¢ —
YTOJI IOBOPOTA aHANU3ATOPA, Fy; U F,; — KOMIUIEKC-
HbIe KO3 OUIUEHTHI OTPAXKEHUS S- U p-KOMIIOHEHT
TI0JISI i-TO 3epKajla COOTBETCTBEHHO.

Bexrop nons E , Ha BbIXoe U3 CUCTEMBI MOJY-
yaeTcs JeiicTBUeM oreparopa M Ha BeKToOp Taja-
fonrero mnoJist E. | KoopauHaTsel BEKTOPOB 3a1al0TCsI

mn>

B J1JaOOpaTOPHOI CUCTEME OTCUeTa:
Eout = MEin'
s BbIOOpa yIjIOB YCTAHOBKM 3€pKall B CXeMe
poTaTopa ObLIM BBIIOJHEHBI PACUYEThl 3aBUCUMOCTU

I -1
CTCIICHMU ITO0JIApU3allul N3JTYYECHUA P — _max  min
Imax + Imin

Ha BBIXOJIE U3 pOTAaTOpa OT YIVIa MaJeHUsI JJa3epHOTro
M3JIYy4eHMS Ha IepBoe 3epkajo a. Ha puc. 2 nipen-

P
1.00

0.98 |-
0.96 -
0.94 -
092}

0.90

55° 60° 65°

|
70°
o
Puc. 2. 3aBucuMOCTb CTEIeHU Noyisipu3aluu P usinyde-
HUS Ha BBIXOJIE U3 POTAaTOpa OT yIjia MaJeHUs Ha TTepBoe
3epKaJio T, paccuMTaHHas IJis 30JI0ThIX 3epKaJl Oe3 3a-
LIUTHOTO MOKPLITHsL. IiHa BoaHbI n3aydeHus 3900 HM,

Il
45° 50°

yroJi noBopota poraropa 6 = 45°. KoMmruiekcHble KO3(]-
(UIIMEHTHI OTpaskeHUsT BEIYUCIIEHBI 110 hopmynam Ppe-
HeJIsl Ha OCHOBE JaHHBIX, B3ATHIX U3 paboTHI |15].
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CTaBJICHBI pe3y/IbTaThl pacyeTa IS JJIMHBI BOJHBI
uznaydeHus 3900 HM U 30J10ThIX 3epKaj 0e3 3alluT-
HOT'O TTOKPBITUSI ITPU MOJOXKEHUN poTtaTopa 6 = 45°.
JlaHHBII yroj moBOpOTa poTaTopa BhIOpaH MOTOMY,
YTO IJISI HEro HaOJIIomaeTcsl MUHUMAJIbHAsSI CTEIIeHb
noJjigpu3auuu P BBIXOJHOTO M3Iy4YeHUs (CM. Jajee
puc. 3). CreneHb NOJAIpU3aLMUA PACTET TIPU MPU-
OJIM>KeHUU yIla MaJeHMsl Ha TIepBOe 3epKajio K YLy
45°, omHAKO MpPHU 3TOM TaKXKe PacTyT U rabapuTHbIE
pa3Mmepbl ycTpoiictBa. Hamu Obln BbIOpaH yrona
nageHus 49°. Torma yroi mameHust Ha BTOpOe 3€p-
KaJio paBeH 8°, Ha TpEThe BBUIY CUMMETPUM COCTaB-
JsieT 49°. CterneHb MOJIIpU3allii Ha BBIXOAE pOTa-
TOpa MpY TaKOW reoMeTpyM 3epKaj 0e3 3alMTHOTO
MOKpbITHST OyneT He xyxke P=0.99.

Hanmuue 3amuTHOro MOKPHITHS Ha MHOBEPX-
HOCTHM 30JIOTBIX 3€pKaJ IPUBOAUT K OTKJIOHE-
HUIO KOMIUIEKCHBIX ITOKa3aTejIeil OTpakeHUs I
p- U S-KOMIIOHEHT TOJIIpU3aLlMU IJIs1 pa3HBIX YIJIOB
MajeHus U IJUH BOJH OT TaOJMYHBIX 3HAUYCHUM,
MNPENCTABJIEHHBIX IJIs YUCTOU METATIMUYECKOU
MOBEPXHOCTU. DTUM OOYCIIOBJIEHO OTIMYNE IKCIIC-
PUMEHTAJIbHO M3MEPEHHBIX MOTEPh W IETOJISIPU-
3alli1, BHOCUMBIX peajlbHBIM pOTaTOPOM, OT T€O-
pETUUYECKNX pacueToB, BBHITTOJHEHHBIX Ha OCHOBE
TaOJIMYHBIX 3HAUECHUIA.

3. UBMEPEHHUE KOMIIVIEKCHOT O
ITOKA3ATEJIA OTPAXEHHWA PEAJIbHbBIX
3EPKAIJI

s BbIOpaHHBIX YIJIOB YCTaHOBKM 3e€pKai
B pOTaTOpe HaMu ObLIO BHIMOJHEHO MU3MEPEHUeE
KOMILUIEKCHOTO ITOKa3aTesIsl OTPaXkKeHUSI KaXKIOro
3epKaja Ijis p- U S-KOMIIOHEHT MOJISIpU3alliy TTafa-
JOLLIETO JIa3ePHOT0 M3JTyUeHUsI Ha JJIMHAX BOJH 532,
808, 3900 um. Mcnonp3oBanach METOAMKA, U3JI0-
KeHHas B pabote [14]. DkcnepuMeHTaIbHO U3Me-
psilach 3aBUCHMMOCTh MOIIHOCTHM TIPOIIEAIIEro
yepe3 aHaJIM3aTOp M3IYYEHHUS MOCJIEe OTPakeHUS
OT MCCIIEOIYEeMOTO 3epKana. 3aBUCUMOCTb CHHUMAa-
Jach JUIST TIOBOpPOTa aHaiu3aTopa Ha 360° depes
Kaxnblie 10° 1 3aTeM anmpoOKCUMUPOBAJach ypaBHe-
HUEM 2JUIMIICA IO METOY HAaUMEHBIINX KBaapaToB.
[TonyyeHHbIe 3HAYEHMST JTMOTUYHOCTU (OTHOILIE-
HUS TIOJTyocelt 2JUInIIca) M yIjla HaKJIOHA TJIaBHOM
OCH OIIpeNe/IsIM KOMIUICKCHBIC ITOKa3aTeIn OTpa-
KEHUS KOMIIOHEHT 7 = pe'¥ 1 BHOCUMYIO pa3HOCTb
ba3 d =y, — y, MeXIIy p- U S-KOMITIOHCHTAMH.

B Ta6:1. 1 mpuBeneHo cpaBHeHUE TaOIUUHBIX [15]
1 DKCIIEPUMEHTAJIbHO TOJYYEHHBIX MOIYJIEH KOM-
TUIEKCHBIX KO3(P (PUIIMEHTOB OTPAXKEHUS OT KasKIOTO
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Taﬁ.nnua 1. CpaBHeHI/IG TaOJIUYHBIX U SKCIICPUMEHTAJIbHO ITOJIYYCHHBIX MOZ[y.TIefI 0 KOMIIJICKCHBIX KOSdD(bI/IL[I/IeHTOB
OTpaXEHu4d r = pe"" Y BHOCUMOM IIpn OTpaXK€HMUU pa3HOCTU Cl)aa MCEXY p- U S-KOMIIOHCHTAMU 0= \|lp — Y

SKCHepI/IMeHTaJTLHI)Ie 3HayeHus *

JInuHa BOJIHBI, HM
Nesep- | Vron 532 808 3900
Kaja | mageHust
0 0p d 05 0p d 0s 0p o
| 49° 077+ | 0.77 % 182+ [ 097% | 096 £ (217 £ | 0995+ | 0981 = | (189.6
0.02 0.02 2)° 0.01 0.01 14)° 0.012 0.013 1.7)°
) go 085+ | 0.83% (180t [ 0,985+ | 097+ | (1819 | 0984+ | 098+ | (182.2*
0.02 0.02 2)° 0.008 0.01 1.1)° 0.015 0.01 1.6)°
3 490 0.78 + 0.77 £ (183 = 0,98 097+ | (223 £ | 0.995% | 0.981 £ | (189.6 £
0.03 0.02 2)° +0.01 0.01 9)° 0.012 0.013 1.7)°
TabauuHble 3HaUeHUsT **
JInvHa BOJIHBI, HM
VroJ nageHus 532 808 3900
05 0p v 0 0p o 05 0p o
8° 0.874 0.871 181.0° 0.994 0.994 180.5° 0.998 0.997 180.1°
49° 0.919 0.826 221.3° 0.996 0.991 199.9° 0.998 0.996 183.7°

* I[J'[ﬂ SKCIIEPUMEHTAJIbHBIX 3HAYECHU N TIIPUBEACHDBI JaHHBIC JId BCEX TPEX 3€pKaJjl, UCITOJb30BaHHbLIX IJIA C60pKI/I poraropa.

** TaOMAYHBIC 3HAYCHUS B3ITHI U3 paboTHI [15].

3epKajia U BHOCUMBIX TP OTPak€HUU pa3HOCTEeM
(a3 Mexny p- 1 S-KOMIIOHEHTaMU B 3aBUCUMOCTHU
OT yIJla MMaJeHUsI Ha 3epKaJio IS pa3In4YHbIX JUIMH
BOJIH. OT/IMYME SKCIIEPUMEHTATBHBIX 3HAYEHUI KaK
JUTSE MOAYJISI KOO (MULIMEHTOB OTPAXKEHMS, TAK U TS
BHOCHUMOI1 pa3HOCTH (a3 OT TaOJIMUYHBIX Mbl CBSI3bI-
BaeM C HAJIMYUEM 3alIUTHOIO IUIJICKTPUYECKOIO
CJI0S1 Ha TIOBEPXHOCTH 3€pKajl ¢ AUDJICKTPUUECKOM
MPOHUIIAEMOCTbIO € # 1, BIUSHKE KOTOPOIO BEJIUKO

MpU IJIMHE BOJHBI M3JIYYECHMsI, COIOCTAaBUMOM
C TOJILLIMHOM CJIOSI, U YMEHbIIIACTCS C YBEIMUYCHUEM
JUTUHBI BOJTHEI.

Hcnonb3ysa TabanYHBIE U 3KCIIEPUMEHTAIBLHO
MOJlydeHHbIE KOMILJIEKCHbIE MOoKa3aTeau MpeaoM-
JIeHUsI, Mbl pacCUMTaJIM CTeIleHb MOJSIpU3aluu
MU3JIy4eHUs P Ha BBIXOJie pOTAaToOpa C 30JI0TBIMU 3ep-
KajJlaM4 B 3aBUCMMOCTH OT yIJia IIoBopoTa O 11 pa3-
JIMYHBIX IWH BOJH (puc. 3). [oayObie criionIHbIe

P P P
1.0 10— = 1.0f= ——
0.8 0.8+ N / 0.8+ e i
| / 0.98
0.6 0.6F \ i/ 0.6F '
I\ , 0.96
0.4 0.4 p 0.4
\I/ 094 1 1 1 1 1
0.2 0.2—(6) 0.2—() 0° 20° 40° 60° 80° o
B
00520 a0 60° 800 "0 2r a0 600 so¢ %007 200 4 60° s0°
0 0 0

Puc. 3. Crernens mossipu3aniny U3aydeHus P Ha BBIXOJIe M3 POTATOpPa B 3aBUCUMOCTH OT YIJIa TIOBOPOTA 6 TSI JUTMHBI BOJI-
Hbl 532 (a), 808 (6), 3900 M (B). JIMHUM — YUCIEHHBIN pacyeT: CUHSIS KPUBAs MOTyYeHa ¢ UCTIOIb30BaHUEM TaOTMIHBIX
K03(ppuIIMeHTOB oTpaxXeHus [15], KpacHass — C MUCMOJIB30BAaHUEM IKCTIEPUMEHTATBHO OIpeaeIeHHBIX KO3(hGUIIMEHTOB
oTpaxeHusl. Touku — sKcreprMeHTalbHble 3HAUEHUS CTENIEHU MOJIIpU3aliU U3TYYeHMs Ha BbIxoje poTatopa. Ha manenu
(B) KpacHOIi 3aIMBKOIi MOKa3aH AMana3oH 3HAYeHUI CTENEeHU MOJSIPU3aLUM C YYETOM MOTPEIIHOCTU U3MEPEHUS KO3 (P -
dbunmeHToB oTpaxkeHusi. Ha BcTaBke (B) MpuBeeHa CTeNeHb MOJSIpU3alii B Y3KOM AMaria3oHe 3HaUYeHU 17151 Ooblieit
HATISITHOCTH, TYT e MTOKa3aH pacyeT CTeNeH!U MOSIPU3aIuy U3TydeHUsT Ha BBIXOIE POTATOpa IS TepareprieBOro u3my-
yeHUs Ha aauHe BoaHbBI 100 MKM (4epHast ITPUXITYHKTUPHAST KPUBasi) C UCTIOJIb30BaHUEM TaOJIMIHBIX KO DUIIMEHTOB
oTpaxeHus [15].
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POTATOP MNOJIAPU3SALIMU MOLLIHBIX ®EMTOCEKYH/HbBIX JTA3EPHbIX UMITYJ1bCOB

KPUBBIE COOTBETCTBYIOT TAaOJUYHBIM 3HAUYCHUSIM
KoadumeHTa oTpaxkeHus 3epKajl 0e3 MOKpPhI-
TUI, a KpacHbIC IITPUXOBbIC KPUBBIC IMOCTPOCHEI
1T KOO OULIMEHTOB OTpaxKeHUsI, OMpeaeIeHHBIX
3KCIEPUMEHTAJILHO.

4. PE3VJIBTATbBI 1 OBCYXIAEHHNE

Poratop noasipuzauumn ObLI cOOpaH Ha MJIMUTE,
KOTOpas MOIJIa BpalllaThCs BOKPYI HampaBJIeHUSI
pacrnpocTpaHeHUsl Jla3epHOTO M3aydyeHusi. Mexa-
HU3M BpallleHUsI ObLT U3rOTOBJIEH MO pa3paboTaH-
HBIM B JIaOOpaTOpUM YyepTexaM, OH IMO3BOJISLIT U3ME-
HSITH yroJ poTaTopa B npeneiax ot —10° 1o 90°, npu
3TOM ITOJISIPU3aLIMS JIA3€PHOTO M3IyYeHUS IIOBOpa-
yuBanach B nuamazoHe oT —20° go 180°. Tiaremb-
Hagl I0CTUPOBKA BXOMAHOTO JIydya OTHOCUTEILHO OCHU
BpallleHUsI poTaTopa HeoOxoAarMa IJisl TOTO, YTOObI
n30exaTh CHOCa BBIXOJHOTIO Jiyya IpU BpallleHUuUN
IUIOCKOCTH poTaTopa.

B skcnepuMeHTaxX MCIIOIb30BANIOCH Ja3epHOE
u3IydyeHue Ha mirHax BoaH 532, 808, 3900 HM.
M cToyHMKOM 1a3epHOro U3JAy4yeHUsT BUAUMOTO
n omkHero MK-auana3oHoB CIIy>KUIW HETIPEPHIB-
HBbIe Ja3epbl Manioit MolrHocTu. B cpennem UK-nu-
ara3oHe MCIO0JIb30Bajach MOIIHAS (PeMTOCEKYHI-
Has Ja3epHas CUCTeMa, TeHepUPYIOIIasl UMITYJIbChI
nnurtenbHOoCcThio 80 e ¢ aHeprueit mo 20 m/Ix
Ha ueHTpajbHOU anuHe BogHbl 3900 HM. Mccre-
JOoBajCs JIUIC MOJSIpU3aLUU U3JIYUEHUS TTOCTe
MPOXOXAEHMST poTaTopa IpU MOMOIIM aHaau3aTopa
u poTomerekTopa. B KauecTBe aHanM3aTOpa B BUIM -
MoM U OomxkHeM MK-aranazoHax MCIIOIb30BaJICs
noJsipu3allMOHHBIN KyO, B cpegHeM MK-nuana-
30HE — IMOJISIPU3aTOP HAa OCHOBE MEPUOAUYECKOM
pelIeTKHN U3 METaINUYeCKHUX BOJIOCKOB HA KPEMHU -
eBoIi momioxkke. B kauecTBe hoToaeTekTOopa B BUAU-
MoM U OomxHeM MK-ananazoHax MCIoIb30BaJICs
KpeMHUeBBI poTtoguon, a B cpenHem MK-muarma-
30HE — YyBCTBUTEIbHbBII OOJIOMETPUICCKUIT NETEK-
TOp. 1151 TOBBIIIEHUST YMCTOTHI ITOJISIPU3ALIUN BXOI -
HOTO M3JIy4eHUs TIepel pOTaTOPOM YCTaHaBIUBAJICS
JIOTIOJTHUTENbHBIN MOJISIpPU3aTOpP /IS COOTBETCTBY-
olIeN 1IMHBI BOJHBI. M3MepeHHbI 9KCIIepUMEH -
TaJIbHO 3JIIAIIC IOJISIPU3ALIMKA BBIXOMHOTO M3JIyde-
HUS alllIPOKCUMUPOBAICS DYHKIIMEH

1 ((p)z]a cos’ ((p—(p0 )+Ib sin? ((p—(po),
re @ — yroi nosopora aHaiusaropa A, I, u I, —
MHTEHCUBHOCTU BIOJIb TJIABHBIX OCEil 3JIIMIICA
roJjgpu3auuu, @, — yrojl HakJOHa IIIAaBHON ocu
2JUIMIICA MOJSIpU3aluu B JabOpaTOPHOU cucTeme
oTcyYeTa.
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Ha ocHoBaHMM JaHHBIX, TTOJTYYEHHBIX M3 allIIPOK-
CUMallMM, BBIYUCSIACH CTEINeHb IOJIsIpU3aluu
MU3JTy4YeHHUs Ha BBIXOIE M3 poTaTopa B 3aBUCUMOCTU
OT €ro yIyia TOBOpoTa 0, 3Ta CTeTeHb MOJISIpU3aluy
CpaBHMBAJIACh C BEIMIMHOM, ITOJTYIYCHHOM IIPU YHC-
JIEHHOM pacuere.

ITpu navHe BoHBI 532 HM MOJISIpU3alivs OcTaBa-
JlaCch JIMHEMHOI MpU JIIOOOM yIjie MIOBOPOTa poTaTopa
(puc. 3a), omHAaKO M3-3a Majioro kKoagduimeHTa
OTpaxXeHMs IIPUMEHEHNE poTaTopa IMOJSIpU3alun
C 30JIOTBIMU 3epKajlaMM B BHIMMOM OWAaIla30HE
HelueJiecooOopa3Ho. DPHEeKTUBHOCTh NPOITYCKAHUS
poTaTopa Ha JaHHOI IJTMHE BOJIHBI cocTaBuiia 23%.
B skcnepumeHTax ¢ U3Iy4yeHUeM Ha IJIMHE BOJHBI
808 HM HabJromanach CyllecTBEHHas IeIojspu3a-
s (puc. 30), YTO TOBOPUT O HEBO3MOXKHOCTH TTPH -
MEHSITb TaKO€ YCTPOMCTBO HA OCHOBE 30JIOTHIX 3€P-
KaJl ¢ TU3JIEKTPUIECKAM ITOKPBITUEM IJISI BpallleHUsI
noJyisipu3anuu B omvkHeM MK-auanazoHe.

C yBeaMyeHueM JIMHBI BOJHBI BHOCUMaAS MPU
OTpaXkeHUU Pa3HOCTb (pa3 MEXIy S- U p-KOMIIO-
HeHTaMU Tipubamxkaerca K 180° (tabm. 1), Bcaen-
CTBUE YE€TO YMEHbBIIACTCS METOISIpU3alIis U3Iyde-
Hus. CreneHb MOISIpU3allMU JIa3ePHBIX UMITYJIbCOB
Ha LieHTpaJbHOI auHe BoJaHbI 3900 HM, reHepupye-
MBIX JIa3epHOIi cucTeMoii, cocTtaniseT 0.985 + 0.017.
CrerneHb IoJsIpu3aliii Ha BBIXOIE pOoTaTopa cocTa-
Buia 0.985 £ 0.017 mpu yrie moBopoTa poTaTopa
0=0u10.95=%0.02 mpu 6 = 45°, mpuueM 1ipu 0 = 45°
CTeNeHb MOISIpU3alluKi JOCTUTaeT MUHUMYMa. g
M3JIy4eHUs Ha LeHTpalbHO# AinHe BoaHbI 3900 HM
SKCMEPUMEHTAJbHbIE TOUKU OJIM3KU K YUCICHHOMY
pacyety (puc. 3B), B KOTOPOM MCITOJb30BaINUCh
TaOMMUHBIE KO3(PPUIINECHTH OTPAXXKeHUS IS CITy-
Yas OTpaxkKeHUS OT IIOBEPXHOCTH 30J10Ta Ha TPaHULIe
BO3AYyX—30J10TO0. D(PHEeKTUBHOCTH MPOIYCKAHUS
poTaTopa Io 3HEPTUHU ¢J1abo 3aBUCHUT OT yIJia ITOBO-
pota potatopa u coctasiisteT (92 = 1) %.

Pacuer nanHoii cuctembl ajisi TIu-uznyyeHus
Ha LEeHTpaIbHOI mjrHe BOHBI 100 MKM ¢ MCITOJTh-
30BaHMEM TaOJUYHBIX 3HAYeHUU [15], mpuBeneH-
HBIIl Ha BCTaBKe pUC. 3B (YepHask IITPUXITYHKTHUP-
Hasl IMHUS ), TOKa3aJ, YTO BO BCEM Arana3oHe YIIOB
MOBOpPOTa poTaTopa CTEMeHb MOJSIPU3alMUd OCTa-
etcst Ha ypoBHe 0.99.

5. BAKJIIOYEHUE

HpeI[CTaB.TIeHa SKCIICpUMCHTa/IbHad CXeMa poTa-
TOpa nojidprusannn, COCTOALICTO TOJIBKO U3 OTpa-
KaloIIUX 2JIeMeHTOB. B KauecTBe 3€pKaJ UCIIOJIb-
30BaJIMCh HIMPOKOAOCTYIIHLIC 3€pKaja C 30JI0ThIM
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HanblJIEHWEM U 3allUTHBIM JUDJIEKTPUUECKUM
nokpbiTueM. [TokazaHa BO3MOXHOCTh HENPEPhIB-
HOI0 BpallleHUs IOJSApU3alUuu CyOTepaBaTTHBIX
(beMTOCEeKyHIHBIX JTa3ePHBIX UMITYJILCOB Ha 1ICH-
TpasibHOU mauHe BoJHb 3900 HM, puyeM yrosa
MOBOpPOTa MOJSIPU3aLNUA OKa3bIBAaeTCs pPaBHBIM
YABOEHHOMY YIJy ToBopoTa poraTopa 0. Haubo-
Jiee 3aMeTHOE YMEHbIIEHHUE CTEleHU IMOoJIsipu3a-
LM M3JydeHMs1 Ha Bbixoae portatopa 1o P = 0.95
¢ ucxomHoro 3HaueHust P = (0.985 Habmonaercs npu
yIiie HOBOpoTa poratopa 6 = 45°, YTO COOTBETCTBYET
MOBOPOTY BXOJAHOU nonsipuzauuu Ha 90°. Dddek-
THUBHOCTB ITPOITYCKAHUS pOTaTOPA I10 HEPIUHU CJ1ab0
3aBUCHUT OT YIJIa IOBOPOTA pOTATOPa M COCTaBJISIET
(92 £ 1) %. I1pu yBeNMYEHUU JUIMHBI BOJIHBI JIa3ep-
HOTO M3JIYYeHHs Bo3pacTaeT KakK 3(p(PeKTUBHOCTD
MPOIMYCKAHMS M0 SHEPIUU, TaK U CTEIIEHb MOISPU-
3alK U3JTydeHUs Ha BBIXOJE.

Ontuueckast cxeMa poTaTopa He H3MEHSET
HaIpaBJIeHUsI pacIpOCTPaHEHUS JIyda, YTO MO3BO-
JISICT JIETKO BHEIPSTH POTATOP B YK€ MUMEIOIIuecs
SKCIIepUMEHTaIbHBIE cxeMbl. CxeMa JIeTKO MacIlTa-
OoupyeTcsd 1Mo anepType U MOXET ObITh IPUMEHEHA
IJ1s1 BBICOKODHEPreTUYECKMX JIa3epPHBIX IMYyYKOB
¢ JUIMHAMU BOJH B cpenHeM M ganbHeM MK-nmua-
na3oHax. Takxke Takoii potaTop SIBASIETCS YAOOHBIM
CPEICTBOM JUIS BpallleHUs MOJISIpU3alliM Teparep-
LIEBBIX UMITYJIbCOB, JOCTYITHBIM B KaXKI0i ONTHYE-
CKOI1 1abopaToOpuu.
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