Y®-u3nyyenue, npuMeHeHHe U OOHApYKeHue

bapanounukoB M. JI. . MockBa. E-mail: baranochnikov@mail.ru

B HacTosimee BpeMsi B MHpe BO3POC MHTepec K HCNOJb30BAHUIO Y®-
AWANA30HA 3JIeKTPOMATHUTHOIO CMEKTPa B Pa3JMYHBIX 001aCTAX HAYKM W TeXHUKH.
OaHako, mo-npe:kHeMy, OCHOBHOI nmpo6aeMoil B 3¢ppeKTUBHOM O0CBOEHHH 3TOrO
AMamna3oHa sABJAETCH CO3aHHMe W OCBOEHHE CepHIlHOro TMNPOW3BOACTBA
BBICOKOKAa4YeCTBEHHBIX W HaJeKHbIX (POTONMPHEMHHMKOB, YYBCTBHUTEJbHBIX B
yabTpaduoneroBoM auana3oHe. Hukxe paccMaTrpuBaloTcsl mepcneKTHBLI Pa3padoTKu
W NMPUMEHEeHHs] cOBpeMeHHbIX Y®-(oTONpUEeMHHKOB, B TOM 4YHCJIie, HA OCHOBe
NMPUPOAHOTr0 ajaMa3sa.

1. YO-u3iayyeHue U ero MCTOYHUKH

VnerpaduoneroBoe uznyueHue (YP-u3nyueHue), He BUIUMOE I71a30M 3JI€KTPOMAarHUTHOE
U3JTyYeHHE, 3aHUMALOLIIEE CIIEKTPaIbHY0 001aCTh MEXKAY BUIAMMBIM U PEHTT€HOBCKUM H3TyUYEHUIMU
B npeaenax JiauH BojH ot 10 go 400 Hwm.

B cootetrcTBuu ¢ 'OCT 8552-86 Bcst 061acTh YD-U31yueHUs YCIOBHO JEIUTCS HA TPU
nmamasona: A - 315-400 um, B - 280-315 um, C - 200-280 HM.

B 3apy0erxHO TeXHUYeCKOH IMTepaType CYLIECTBYET HECKOJIbKO MHOE AieiieHre YD-criekTpa:
nuama3zodH UVB - 280 - 320 am; UVC - 200 - 280 am 1 VUV - menee 200 HMm.

Ob6nacte YO-uznydenus ot 200 10 400 HM TpaAULIMOHHO Ha3bIBalOT OnrxkHeH, 10 - 200
HM JajneKoi niau BakyyMHou. [locnennee HazBaHMe 00yCIIOBIIEHO TeM, yTO YD-U31yueHue 3Toro
y4acTKa CUJIBHO MOITIOLIAETCS BO3LYXOM U €r0 UCCIIEI0BAaHUE IPOU3BOIAT C IOMOLIbIO BAKYyMHBIX
CHEKTpajbHBIX MPUOOPOB.

binxnee Y®-usnyyenue otkpsiTo B 1801 rony Hemeuxkum yuénbim H. Purrepom u
aHIIMICKUM yu€HbIM ¢ Y. BomactoHoM no (oToXuMHUYECKOMY JI€HCTBHIO 3TOrO U3MyUYeHUs Ha
xJiopucroe cepedpo. BakyymHoe YD-uznyuenue ooHapyxeHO HeMelukuM yuéHbiM B. [llymanom
MIPY MOMOILM MMOCTPOCHHOTO UM BaKyyMHOro criekrporpada ¢ daroopuroBoii mpuszmoit (1885-
1903 r.r.) u 6e3xenaTuHOBBIX (poTomnacTuHOK. OH MOJYYUST BOBMOXKHOCTh PErMCTPUPOBATH
KOPOTKOBOJIHOBOE M3iayueHue 10 130 HM.

Anrnuiickuii yuéusiii T. JlaiimaH, BepBbie MOCTPOUB BaKyyMHbIH crekTporpad c
BOTHYTOW AU(DPaKIIMOHHOM pell&TKOM, peructpupoBai YD-u3nyyeHue ¢ ATMHON BOJHBI 10 25 HM
(1924 1.). K 1927 rogy Obl1 M3y4eH BECh IPOMEKYTOK MEXY BaKyyMHbIM Y® U peHTI€HOBCKUM
U3JIyUYEHHEM.

Cnextp YO-u3nyyeHuss MOXKeET ObITh IMHEHYaThIM U HENPEPBIBHBIM WU COCTOSTD U3 MOJIOC
B 3aBUCHMOCTHU OT MPUPOAbl UCTOUHUKA YD-uznyuenue. JIuHeiuaTbiM  crieKTpoM oOrnagaer
Y®-u3nyueHne aToMOB, MOHOB WJIM JIETKMX MOJIEKYI (Harmpumep, Boxopona H.,). [lns crexrpos
TAKENBIX MOJIEKYJ XapakTEepHbl MOJOCHI, OOYCJIOBIEHHbIE 3JIEKTPOHHO-KOJIeOATEIbHO-
BpallaTeJIbHBIMU [I€PEXOAAMU  MOJIEKY/l. HenpepbIBHBIN CIEKTP BO3HHMKAET NPU TOPMOXKEHUU
U PEeKOMOMHAILIUU AIEKTPOHOB.[1]

1.2. Ucrounnkn Y®-u3iydeHust

1.2.1. EcTecTBeHHbIe HCTOYHUKH YD-n31y4yeHnst

Uctounukamu ecrectBeHHOro Y®-uznydeHus apisitorcst ConHue, 3BE€3/1bl, TYMAHHOCTH U
Ip. KocMuueckue o00bekThl. OJHAaKo, JIHIIb JIMHHOBOJIHOBAS 4acTh Y®-uzmydenust (A>290
HM) JOCTHraeT 3eMHOW MOBEpXHOCTH. bojee kopoTkoBoIHOBOE YD-U3TyUeHHE MOTJIOMAeTCs
030HOM, KHCJIOPOIOM W JIPYTrMMH KOMIIOHeHTamMu armocdepbl Ha BbicoTe 30 - 200 kM oT
MOBEPXHOCTU 3eMJIM, YTO UrpaeT OOJbLIYI0 POJib B aTMOC(HEpPHbIX Mpolieccax.
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ConHeuHas pajivaiysi - OCHOBHOM MCTOYHUK YHEPTUH JIJIsl OOJIBIIMHCTBA MPOIIECCOB, MPO-
ucxomsmux Ha 3emiie. M3myuenne ContHIIa IMEET IEKTPOMArHUTHYIO U KOPITYCKYJISIPHYFO ITPUPOIBL.
KoprmyckynsipHas conHeuHasi paualiisi COCTOMT B OCHOBHOM W3 MIPOTOHOB, 00JIAAAIOIINX OKOJIO
3emuu ckopocTsimu 300—1500 km/cek.

OCHOBHas1 4aCTh 3JIEKTPOMArHUTHOro M3TyueHus: CoJlHLA JISKUT B BUIMMOM YacTH CIIEKTpa
(puc.1.1.). Btaba. 1.1. npuBeaeHa 3aBUCUMOCTb CIIEKTPAJIbHOM MJIOTHOCTH COJTHEYHOT0 U3IyYEeHUs
OT JUTHHBI BOJIHBI A B Y®-auanazone. [2]

KonnuecTBo ayurcroii sneprun CojiHIa, MOCTYyMaromieH 3a 1 MUH Ha miomaaky B 1 cm?,
MOCTaBJIEHHYI0 BHE 3eMHON arMocdepbl NEPNEeHIUKYISIPHO K COJHEYHbIM JydaM Ha CpeIHEM
paccrossaun 3emin ot CoJHIIA, Ha3bIBACTCS COJIHEYHOM MOCTOSIHHOM; OoHa paBHa 1,95 kan/(cm? -
MUH), 4TO COOTBETCTBYET MOTOKY B 1,36 - 10° apr/(cm? *cek). [2]

W, Br/(kB.M. * MKM)

! Ul [ T Puc. 1.1. Cnekmpanvnas unmencug-

| | L HOCMb CONHeYH020 uxiayyerus. 1 -

' : anpoxcumayus uziydenus abcorromHo

: uepHoeo mena ¢ memnepamypoti 5800°K; 2 -

4, = | , | ' 3a0mmocgepHas cnekmpanbHas UHMEHCUE-
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Tabnuya 1. 1. 3aeucumocms cnekmpanbHoll niomHocmu conneuno2o usiyuenus G (A),
usmepennotl 6 Bm/cm? mkm om Onunbt 601HbL A, usmepenHoi 6 Mukponax 6 Y®-ouanazoune.

G, G, dw,
As MKM Br/cm’eMKM dW.% 1 A, MM Br/cm’eMKkM %

0,220 0,0030 0,02 0,270 0,025 0,34
0,225 0,0042 0,03 0,275 0,022 0,43
0,230 0,0052 0,05 0,280 0,024 0,51
0,235 0,0054 0,07 0,285 0,034 0,62
0,240 0,0058 0,09 0,290 0,052 0,77
0,245 0,0064 0,11 0,295 0,057 0,98
0,250 0,0064 0,13 0,300 0,061 1,23
0,255 0,010 0,16 0,305 0,067 1,43
0,260 0,013 0,20 0,310 0,076 1,69
0,265 0,020 0,27 0,315 0,082 1,97

dW - 0ons MmowHOCMU 8 CONHEUHOM U3TYYEHUU, COOMBEMCMBYIouds OJIUHAM GO0TH,
MeHbUUM .

[Ipu MakcuMyMe coTHEUHOM aKTMBHOCTH H3iydeHHe CollHIa HECKOJbKO yBETMUMBAETCH,
OJIHAKO, €CJIM 3Ta BO3pacTaHHE U CYLIECTBYET, TO OHO HE€ IpeBBIIIAET A0JIeHd MPOLEHTA.
KoporkoBonnoBoe n3nydueHue CoJiHIA MPAKTHUYECKU MOJHOCTHIO MOMIOMIAETCS 3€MHOM
aTMocdepoii.

HenpepsiBabiii ciekrp ConHila  pe3ko  ocnabeBaer npu A =208,5 M, B obmactu 155
HM HCue3aloT (PppayHropepoBbl JUHUU U, XOTS HEMIPEPHIBHBIA CIEKTP MOXKHO MPOCIEAUTb 10
100 am, pganee 150 HM CHEKTP COCTOMT B OCHOBHOM M3 JIMHUMA WM3JIy4eHHs (JIMHUK BOAOPOJA,
MOHHM30BAHHOTI'O TeJUsi, MHOTOKPAaTHO MOHM3UPOBAHHBIX aTOMOB YIJlepojJa, KUCI0poaa, MarHusi u
np.). Bcero B ynsrpaduroneToBoii yactu cnektpa, umeetcs 6omnee 200 muHUN W3ITyYeHHs ; Hanbosee
CUJIbHA pe30HaHCHas JuHus Bogopoaa (L)) ¢ niuHoi Boanbl 121,6 MKM.
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Y opOuThl 3eMITM TOTOK KOPOTKOBOJIHOBOTO M3JTy4YEHHUS OT BCETO COJTHEYHOTO JTUCKA CO-
craBiusieT 3 - 6 apr/(cm*cek). PenrrenoBckoe u3nyuenue Connua (aauabl BoH oT 100 10 1 A)
COCTOMT W3 CIUTOLITHOTO M3JTyYEeHHS M M3ITyYECHHUS B OT/ICIbHBIX JIMHUSAX. IHTEHCMBHOCTB €T0 CHIILHO
MEHSIETCS C COJIHEYHOM  akTHBHOCTBIO [0T 0,13 apr/(cm? - cex) 10 1 apr/(cm? - cek) y opOHTHI
3eMiH| ¥ B TOIBl MAKCHMyMa COJIHEYHOW aKTHBHOCTH CIEKTP PEHTTEHOBCKOTO H3ITyUeHHS
CTaHOBUTCSL Oosiee KECTKHUM.

Bo Bpemsi COTHEUHBIX BCIBIIIEK PEHTTCHOBCKOE M3TydYeHHE

104
o N o ‘606 IL&) CoJHIIa yCuIMBaeTcs B IECATKH pa3. Bo3pacraeT U ero xECTKOCTb.
ol N Xots ynabTpaduoIeToBOe U peHTreHoBckoe minyueHuss ConHua
g 5 \ HECYT CPaBHHUTEIHLHO HEMHOTO SHEPIun — MeHee 15 apr /(cm? - cek)
<
55 | e Hamygertue BOJIM3M OpOUTHI 3eMJM, 3TO M3JIy4Y€HHE OYEHb CUIIbHO BIIMSET Ha
Z 8 I roay6oii o
= S| ey apesy COCTOSTHME BEpXHHX CJIOEB 3eMHON aTMOC(hepbl.
Z 2 / PEZaN YO®-uznydenue 3BE31 U JIp. KOCMHYECKUX Teu (puc.l.2.) MeHee
55 4 / N N 3aMEeTHO, T.K. TOIIOIIAeTCcsl B 3eMHOI atMocdepe, a B UHTepBajie 9
=
EE 3 —___| - 20 HM OHO IIPAKTUYECKH MOJIHOCTBIO MMONIOLIAETCS MEXK3BE3AHBIM
=2 / BOZIOPOJIOM.
1
A, MKM
0 l =3 Puc. 1.2. I pagux apxocmu conyboeo neba u 36e30

0,510 1.5 2.0 2,5 3,0

1.2.2. UckyccTBeHHbIE MCTOYHUKH YD-U31ydeHust

Nznyuenne nHakaneHHbIX 10 3000°K TBEpPIABIX TeN CONEPKHUT 3aMETHYIO n0Jit0 YD-
M3Jy4YEHHUS] HENPEPbIBHOTO CHEKTpPa, HHTEHCUBHOCTb KOTOPOIro PacTET C yBEIHUYEHHEM
temneparypsl. bonee moiHoe Y®-u3inydeHue HCIyCKaeT Mi1a3Ma ra3oBoro paspsaaa. [Ipu atom
B 3aBUCUMOCTHU OT pa3psiHbIX YyCJIOBUH U paboyero BEIIECTBA MOXKET HCIYCKaThCs Kak
HENpPEpPbIBHbIN, TaK U JIMHEHYAThI CIEKTP.

Jlrobas BbIcOKOTEMIIEpaTypHas Muia3ma (Ija3ma JIeKTpuyYecKas MCKp W Jyr, I[uia3Mma,
oOpasytomascs npu (OKyCHPOBKE MOLIHOTO Ja3€pHOT0 U3JIyYeHHS B Ta3ax WM Ha MOBEPXHOCTH
TBEPIBIX TEN, U T. [1.) ABJISETCS MOUIHBIM HCTOYHUKOM YD-U3ITydeHusl.

NuTencuBHoe Y®-u3iydeHUue HENPEPbBIBHOIO CHEKTpPa MCIYCKAIT 3JEKTPOHBI,
YCKOpPEHHbIE B CUHXPOTPOHE (CUMHXPOTPOHHOE M3JIyU€HHE), paKeTHbIE JIBUTraTelH, rOJIOBHbIE
YacTH JIeTaTeIbHbIX allapaToB, NEPEMEIIAIOIINXCS CO CBEPX3BYKOBOI CKOPOCTHIO.

Jns pa3nuyHbIX NpUMEeHEeHUN Y@P-U3ly4eHHs MPOMBIILIEHHOCTb BBITYCKAET PTYTHBIE,
BOJOPOAHBIE, KCEHOHOBBIE U AP. Ta30pa3psiAHbIEC JaMITbl, OKHA KOTOPBIX (MO0 IETUKOM KOJIObI)
HU3TOTOBJISIOT W3 MPO3padyHbIX s YD-u3nydeHus marepuanoB (damie u3 kapua). Jas
yibTpaduoneToBoi 00J1aCTH CIIEKTpa pa3padoTaHbl TAKKE ONTHUYECKUE KBAHTOBBIE T€HEPATOPHI
(mazepsr). Hawmmenbinyro JIMHY BOJIHBI MMeET BogopoAHbid nazep (109,8 um). B tabn. 1.2.
MpUBeJeHbl OCHOBHBbIE XapaKTEPUCTUKHU HEKOTOPBIX TUIOB UCTOYHUKOB YD-uznyueHus
OTEYEeCTBEHHOTO mpou3BoacTBa. Ha puc. 1.3, B kauecTBe npumepa, NpUBEAEHBI CIEKTPAIbHBIE
XapaKTEPUCTUKU JBYX TUMOB UCTOYHUKOB YD-U3ITyyeHHs: «PTYTHOW» U «KCEHOHOBON» JlaMIl
BBICOKOTO JIaBJICHMSI.

HckyccTBeHHBIE MCTOUHUKH YD-U3TydeHUs] MOKHO YCIIOBHO Pa3feliTh Ha JIBE OOJIbIINe
TPYTIBL: TPOMBIIIIIEHHOTO ¥ MEJUIIMHCKOTO Ha3HAUCHMS.

K #ncTouyHMKaM NMpPOMBINIIEHHOTO Ha3HA4YeHHsT MOXXHO OTHECTH BCE YCTPOHCTBa,
o0opynoBaHue 1 MPHUOOPBI, KOTOPBIE UCIIONB3YIOTCS B HAYKe, TEXHUKE U TIPOoU3BoCTBE. Hampumep,
WCTOYHUKH, MCIOJb3yeMble TMPHU HM3TOTOBJIEHUHM HHTETPaJbHBIX CXeM (B Tpoleccax
dhotonuTorpadgum), ycTpoiicTBa 00e33apa’kiBaHMs BOJBI U BO3yXa U T.J1.

K ncTounrkaM MeTMIIMHCKOTO Ha3HAUSHHSI OTHOCSITCS TPUOOPBI, UCTIOIb3yeMbIe B CBETOBOM
¢bu3noTepanyu, KOCMETOJIOTHH, CTOMATOJIOTHHU U T.JI. U T.IL.
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Tabnuya 1.2. OcHosHbIe XapaKkmepucmuKy HeKOmopuvlx munog uCmoyHuxko8 YO-uznyuenus
omeyecmeeHH020 NPoU3B00Cmad

Tun

CnekTp

Jdnuna

XapakTepucTuka Ha3znauenue
HCTOYHHKA U3JTYYeHHsI BOJIHBbI, HM
VOO-1, JIFtOMUHHCLEHTHBIE JTAMIIbI JInnervatseii 365 [Toaceerka nmpudopos.,
YOO-4 1T 00JTydeHust oMnpeeNuTeNN NOATUH-
CBETOCOCTaBOB HOCTH OaHKHOT U T.JI.
BYB-15, BakrepuuuaHeie JIuneityateiii 254, 365 O6e33apaxBaHue
BYB-30, o0yyarenbHble PTYTHbIE (cTepunusaunun) Bo3ayxa,
BYB-30I1, JIaMIIbl HU3KOI'O JaBJICHUS MOMEILEHU, BObI,
BYB-60I1 MUILEBbIX MPOIYKTOB U T.JI.
JAPB-40
DVB-15, DpUTEMHbBIE PTYTHbIE CrnoHoit 280 - 380 Komnencauuu
OVB-30 JIaMIIbl HU3KOT'O 1aBJIeHNS, Amax =315 yIbTpauoNEeTOBOM
WCTIOJNB3YIOLINE CBEUYEHHE HeJI0CTaTOYHOCTH,
JOMHHO(OPOB MEMIMHA U KOCMETOJIOTHSI.
HUBP BesanexTponHas pryTHas CmnomHoit 230 -290 KocmeTtndeckune nmpudopsl
JaMna
HUI'AP PryTHas namna BbICOKOro CmioniHoit 360 - 400 CBeTOKONUPOBAJIbHAS
JaBJICHUS TEXHHKA.
PKC-2,5 PTyTHO-KBapLEBbIE JaMIIbI CmioniHoit 360 - 400 CBeToKomupoBalibHast
BBICOKOT'O JaBIECHUS TEXHHKA.
I1PK2, PTyTHO-KBapLEBbIE JJaMIIbI JInneiyaTeIit 275,280, 289, | MenuiuHa, 5KOJIOTHA,
I1PK4, BBICOKOI'O TaBJICHHS 297,302, 313, | cBeTOOTBEpKIEHHE
TTPKS, 365,404,436 | nmnactMacc U T. A.
ITPK7,
ITPK8
JPT-125
JPILI-100, PTyTHO-KBapLEBbIE JJaMIIbI JInneiiyaTeIit 248,2;289,5; | Obe33apaxuBaHue BO3IyXa,
JPILI-250, CBEPXBBICOKOTO AaBJIEHUSA 297;301; 302; | 3KCOHUpPOBAHKE
JPILI-500, 313,8; 334,5; | ¢oronakos u
JIPILI-1000 365;373; (hoTOpe3ncToB, MENULIMHA,
405,5; 436,5 SKOJIOTHS U T.J.
JL3C16, CrneKTpasbHble JJaMIIbl JInneiyaTeiit 253,7;296,7; | Cnektpockomnus,
JAPC50 paboTarolye o MPUHINITY 312,6; 334,1 | pedpakrockonus, XUMus,
JKIIC20 TyTOBOTO pa3psija. 298,1;326,1; | CBETOTEXHMKA, MEAULIMHA U
340,4; 346,4 T.I.
JALHC20 280,1; 328,2;
330,3; 334,5
JIBC25 CrekTpasbHbl€ JIaMIIbl, CruoHo# ot 214 CnekTpockonus,
JABC40 HaTOJHEHHbIE BOJOPOAOM, ot 185 pedpakrockonus, XUMUs,
JIaMIIbI C CaMOKAJISIIUMCS CBETOTEXHHKA U T.JI.
KaTOIOM.
JPT-220 JlyroBble pTyTHO- CmioniHoit 350 - 450 Ob6e33apaxuBaHue
JPT-375 KBapLEBbIE JTaMIIbI (cTepunusanyn) Bo3ayxa,
JPT-1000 MOMEIIEHN, BOJBI,
JAPTH-400 MUUIEBBIX [IPOLYKTOB,
MeIMIMHA U T.1.
JII(D JeiiTepreBble MOLIHbIE Jluneiuatelit 200 - 380 Hayka, cnextpockonus,
JIB2 (Cd) JIaMIIbl 3KOJIOTHS,
JIB2 (Zn) MPOMBIILIEHHOCTD
JIC-30 CriowmHoi 150 - 450
H, l"a3oBblii Da3ep MOHOXPOMHBII 109,8 Hayka, cnextpockomnus,
F, OKCUMEpHbIi J1azep MOHOXPOMHBIt 157 3KOJI0rHs,
ArF ODKCHMEpHBI J1a3ep MOHOXPOMHBI# 193 NPOMBIIUIEHHOCTh
KrCl DKCUMEpHBIH J1azep MOHOXPOMHBIH 222
KrF OKCHMEPHBIii Ja3ep MOHOXPOMHBII 248 u 308
Nd:AUT' TBepaoTeNbHbIH J1azep MOHOXPOMHBIH 265
JIrn-21 I"a30Bblii 1a3zep MOHOXPOMHBIH 337,1
InGaN Ceeronuon CioniHoit 375-385 [TonceeTka npubopos, omp.
MOy IPOBOJHUKOBBI I MOJJUHHOCTH OAHKHOT H

T.1.
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Puc. 1.3. CnexmpansHule xapakmepucmuku 1amn 8blCOK020 0A81eHUsL: d - KPMYmHOU» ; 0 -

«KCEHOHOBOILY.

HcTounuku ynpTpadHoiaeTOBOrO M3IyUeHUs IS MPAKTHYECKOro MPUMEHEHUs, KpoMme
COOCTBEHHO HW3jaydaTelss (JlaMIbl, Jla3epa U T.I.), CHaOXalTCid UCTOYHUKAMHU MUTaHMUSA,
CBETOOTPAKAIOIMMHU YCTPOUCTBAMU U (UIBTPAMH, CIELUATbHOW ONTHUKOHN (B HEOOXOAMMBIX
Clly4asix), ITaTUBAMH U T.[.

Ha puc. 1.4. - 1.7 , B xauecTBe npumepa,
NPUBEIEH BHEIIHUNW BHUJ OTEYECTBEHHBIX
MCTOUYHMKOB YD-U31ydeHUs, HCIONb3YyEMbIX B
MeauMUUHCKON npaktuke. Ha puc. 1.4 nokasan
anmnapat «OPK21y, sBastowmuiics cTallMOHaApHBIM
obnyuareinem, NpeJHa3Ha4Ye€HHBIM  JJIs
UHAWBUAYAJIbHOIO MECTHOro MW 00uero
yapTpaduoaeToBoro odnydeHus. OOnyyaTenb
umeer Jnamny JPT-375, 3akitoueHHYIO B
pedeKTop, yCTaHOBJICHHBIN Ha LITaTHBE.

[TopTaTuBHBIi yIbTpaduONETOBbINH 00TyyaTeb
«OI1Y» (puc.1.5.) c nammoii IPT-220 npumeHnsieTcs
IJIsl MECTHBIX 00JydyeHHH. DTOT ammapar
HAaCTOJBHOI'O THIIAa COCTOUT U3 JIBYX Y3JIOB,
COEJIMHEHHBIX IITaTUBOM-PYYKOM.

B MEJIULUMHCKON  MpaKTHUKE  TaKke
WCIIOJIB3YIOTCS almaparsl ISl JOKaJIbHOIO BO3ACHCTBUS, HAIIPUMED,
oOiryyatenb yiabTpaduoneToBelid 11 HocornoTku «OH-7» ¢ nammnoi
JPT-220 (puc. 1.6.). On npencrabiseT co00H KpyIIiblid aTlOMUHHUEBbIH
KOpITyC-pe(IeKTop C YEThIPbMS TyOyCaMH O CbeMHbIMU HAKOHEYHUKAMHU
JUI BBEJICHUS B IIOJIOCTh PTa, HOCA WK B HAPYKHUM CIIyXOBOM IPOXOLI.

[3]

Ha puc. 1.7. npuBeneH BHewHui Bug YO-
ncrounuka tuna «Tect 500», KoTOpBIH
npeJHa3HauYeH JAJs MCHOJIb30BaHUS B
Puc.1.7. KauecTBE MCTOYHUKA W3TYYCHHS B ONTHKO-
CHEeKTpaJbHOW anmnapatype, (B TOM 4Hcle B
KayecTBe ASTaJOHHOIO M3Jydarelss), B
MPaKTUYECKOW MeauiHe (I1si o0mydeHust
KpOBHU W 00e33apakMBaHusl HHCTPYMEHTA), a
TaKKe JJIsl JEMOHCTPAUMOHHBIX 1esed. B
3aBHCHUMOCTH OT THIIa UCIIOJIb3YEMOH JIaMIIbl,
OH IeHepUpPYET U3JTyuYeHHUEe C JUIMHAMU BOJIH:
254 uMm, 314 um, 365 HM (pTyTHas Jamma);
228 um. (kagmueBas Jammna); 206 aM, 213 HM.
(muukoBas namna) u 330-430 M. (cepHas
Jamma).
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1.3. buoJsiornyeckoe aeicTeue Y@®-u3i1ydeHUs

VnbTpadroneToBoe 3y4eHHe MpeICTaBIsIeT COO0M y4acTOK 00IIEro AJeKTPOMarHUTHOTO
CIEKTpa ¢ HauMeHbLIEH AJTMHOW BOJHBI, T0ITOMY €ro KBaHTbl HECYT HauboJjiee BbICOKYIO SHEPTHIO,
KOTOpasi B 001y4aeMbIX TKaHSIX TPAHC(HOPMUPYETCS B XUMUUYECKYIO U APYTUe BUAbI SHEPTUU.

HMMeHHO XxuMHYecKas S3HEprysi U 00yCIOBJIEHHbIE €10 XMMHUUYECKHUE MPOLECChl B TKaHIX
JIe)KaT B OCHOBE OMOJIOTHYECKUX TMpeoOpa3oBaHUid, BO3HUKAIOMIMX mocie oOmyueHus. [1o cBoeit
XMUMHYECKOM aKTUBHOCTH YIbTpaduoJIeTOBbIE JTYyUd 3HAYUTENbHO MPEBOCXOAST BCE OCTallbHbIE
Y4acTKH CBETOBOTO crieKTpa. BMmecre ¢ Tem ynbrpadroseToBbie Ty4r UMEIOT HAaUMEHBLIYIO ITyOHHY
MPOHUKHOBEHUSI B TKaHU — Bcero a0 1 mM. [loaTomy mpsimoe BIMSIHHE MUX OTrPaHUYEHO
MOBEPXHOCTHBIMU CJI0SIMHU 00JTy4aeMbIX Y4aCTKOB KOXKH U CIIM3UCTBIX 000JIOUEK.

B ocHoBe 6uonoruueckoro AecTBUs yiabTpaprOIETOBOTO U3TYyUEHHS JIEKAT XUMUYECKUE
M3MEHEHHUsI MOJIEKYJ OHMOMOJIMMEPOB. DTH U3MEHEHHUS BbI3bIBAIOTCS KaK HEMOCPEICTBEHHBIM
MOIJIOIEHUEM MMU KBAHTOB M3JIy4eHHs, TaK U (B MeHbUIEH cTerneHu) oOpas3ylollUMHCs Mpu
o0Jy4eHUHU paiiKalaMu BOJbl U JIp. HU3KOMOJIEKYJISPHBIX COECIUHEHU.

Ha yenoBeka W >KMBOTHBIX Majble J03bl Y®-U3JIydeHHUs OKa3bIBAIOT 0JaroTBOPHOE
neicTBUe - CcHocoOCTBYOT 00pa3oBaHUMI0 BHUTAaMUHOB rpynnel D, yayumaror
MMMYHOOHOJIOTHUYECKUE CBOWCTBa oOpraHu3Ma. XapakTepHOW peakuuedl Koxu Ha YOD-
U3JIy4YeHue sIBsSeTCsl cnelupuyecKoe MOKpPaCHEHHUE - dpuTemMa (MaKCUMAaJIbHbIM 3PUTEMHbBIM
nerictBreM obagaer Y®-u3nydeHue ¢ JITMHOM BOIHBI A = 296,7 aM 1 A = 253,7 HM), KOoTOpas
OOBIYHO MEPEXOAUT B 3aLUIUTHYIO MUIMEHTaluIo (3arap). bonbuine 103b1 YO-u3nyyeHust MOTyT
BBI3bIBATh MOBpEXKAeHUsA a3 ((hoToodTamibMUI0) M OXKOT KOXKHM. HacTbie U upe3MepHbIe
103bl YD-H3ITyuyeHus: B HEKOTOPBIX CIIy4asiX MOT'YT OKa3bIBaTh KaHLIEPOTE€HHOE JIEHCTBUE HA KOXKY.

OpHaKo XOpOLIO U3BECTHO, YTO MECTHOE 00Ty4YEHHUE BbI3bIBAET U MOLIHbIE 001HE peaKluU
OopraHu3Ma 4eJlOBeKa, ero JKU3HEHHO Ba)KHbIX OPraHoB U cucTeM. Takoe Bo3aelcTBUE SBIAETCS
Ba)XKHbIM 03/I0POBUTENbHBIM, NpodUIaKTHUeCKUM U JeueOHbIM (akTopoM. bosnee Toro, npu
HETNpPaBUJIbHOM MPUMEHEHUHU, HAPYIIEHUHU JTO3UPOBKM U NpaBUJ TEXHUKH 0€30MacHOCTHU
yabTpaduoneToBoe 00IyUeHHEe MOXKET OKa3blBaTh MOBpEXk/atollee JeicTBHE KaK MECTHOE, TaK U
ooOi1ee.

Puc. 1.8 . Cxema pecuonanvrotl uyecmsumenbHOCmMu KOXCU K YI1bmpaguonemosomy
usnyuenuro. L{ugppamu 1 - 5 06o3nauensvt cmenenu NOHUNCEHUs YOMOUY8CmMEUMENbHOCHU KOHCU.
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HaubGonee uyBcTBUTENBHA K YIBTPadUOICTOBBIM JydaM ((POTOUYBCTBUTEIHLHOCTH) KOXKA
MOBEPXHOCTH TYJIOBHIIA, HAUMEHEE — Koxka KoHeuHocTe#l (puc. 1.8.). Tak, poTouyBCTBUTENBHOCTD
KOXKM ThlJJa KHCTEH M CTON B 4 pasza HUXKe, YeM KOXKa >KMBOTA W MOSICHUYHOM obmactu. Koxka
JaJloHe ¥ MOJ0LIB HaMMEHEee UyBCTBUTENbHA.

UyBCTBUTENBHOCTh K YIbTPadUOJIETOBBIM JiydaM MOBBIILIEHA Y J€Teil, 0COOEHHO B
paHHEM BO3pacTe, HO MOHHUXKEHA Yy CTApUKOB, y CTpaJalOlIMX UHPEKLUHUOHHBIMHU U
peBMaTouTHBIMU 3a00s1eBaHusIMHU. [1oBbIIIeHHE ()OTOUYBCTBUTEIBHOCTH HAOMIOMaeTCs Y OOJIBHBIX
IK3EMOM, TUPEOTOKCHKO30M. BecHO# BOCIPUUMYMBOCTD K 00Jy4eHUIO MaKCUMaJIbHA, JIETOM OHA
cHWKaeTcs. HekoTopble jieKapcTBEHHbIE CPEICTBA MPU HApPYKHOM WIJIM BHYTPEHHEM NPUMEHEHUU
OKa3bIBalOT (DOTOCEHCHOWIHU3UpYIOLLEe ACHCTBUE, T. €. YCUIMBAIOT YyBCTBUTEIBHOCTb KOXKU U €€
peakuuio Ha obayudeHue. K ux uuciay oTHocsTCs cylbaHuIaMUIHbIEe Mpenaparbl, HEKOTOpbIE
aHTUOMOTHUKH, aHWJIMHOBBIE KPACUTENIM, aHTUTMCTAMUHHBIE U TOPMOHAJIbHBIE TIpenaparthbl U Jp.

KBaHThb!I ynbrpadnonaeToBoro n3ayyeHus BO3AEHCTBYIOT Ha 3JIEKTPOHHY0 000JI0YKY aTOMOB
pa3IMYHBIX BELIECTB, BXOJAALIMX B cOCTaB 0oOIyyaeMbIX TKaHel. BciencTBue 3Toro BO3HHUKAeT
dhotoanexkTpuueckuii 3GHeKT - aroMbl BO30Y>KIAIOTCS, & XMMUYECKasi aKTUBHOCTh BEIIECTB TIO-
BbIllIaeTCsA. B yacTHOCTH, MPOMCXOAUT pacnaj] HEKOTOPBIX OETKOBBIX MOJIEKYI - (hoTonu3. [1pu aTom
MOJIEKYJIbI BBICBOOOXKJAIOT 00JIbLIOE KOJTMUECTBO OMOIOTMYECKH aKTUBHBIX BELLECTB, B TOM YHUCIIE
TUCTaMUH, CEPOTOHHUH U Jp., KOTOPbIE Pa3HOCATCS TOKOM KPOBH MO OPraHMW3MY U BbI3bIBAIOT
CJIOKHbBIE U Pa3HOOOpa3Hble OTBETHBIE PEAKLIMK Pa3IMUHBIX OPraHOB M CHCTEM.

KBanTh! ynbTpadmoaeToBbIX Jydel BO3IEHCTBYIOT U HA JI€30KCHPUOOHYKIIEUHOBYIO KMCIIOTY
(JIHK) - HOCHTENnD HAaCHeACTBEHHBIX CBOMCTB KJIETOK. B pe3ynbrare WX M3MEHEHW BO3HHKAIOT
KJIETOUHbIE MyTallMd — HEKOTOpPbIE KJIETKU MPH 3TOM MOTMOat0T. DTOT MEXaHU3M JIEKHUT, B YacT-
HOCTH, B OCHOBE OAKTEPHIIMIHOTO JEHCTBUS YIBTPaPUOIETOBOTO OOTyUCHHUS.

K dboroxummuueckoMy neicTBUIO YABTPa(hHUOIETOBOIO 00JYyUeHHs] OTHOCUTCS U 00pa3oBaHKe
BUTaMuHa D 13 HEaKTUBHOTO MpPEeALIECTBEHHUKA, HA YeM OCHOBAHO PUMEHEHHE TAaKOro 00Ty4YeHuUs
Ui TpO(UIaKTUKY U JISYEHHsI paxuTa y JeTeH, a TaKkxkKe MPU MepesoMax KOCTe.

BozneticTBre ynbTpadroneToBbIX Jyuei BhI3bIBAET 00pa3zoBaHue GoTodpuTeMbl. B oTinyme
OT 3pUTEMbI, 00YCIIOBICHHOH BIMsAHUEM HH(paKpaCHbIX Jyuel, poTo3puTeMa BOSHUKAET HE cpasy,
a CIyCTsl HEKOTOPBIN JIATEHTHBIN (CKPBITHIN) TIEPHO, JUTUTETHLHOCTBIO 2 - 48 4. OHa NMposBiseTcs
MOKpacCHEHUEM KOXH Ha 00Jy4aeMOM y4yacTKe, JJErKUM 3yJ10M, HEOOJIbLION MPUITYXJIOCTbIO, 3aTEM
MOCTENEeHHO yracaeT U uepe3 2 - 3 Hs CMEHSAeTCS MUTMEHTHbIMU MATHAMHU, KOPUYHEBOI'O LIBETA
BCJIE/ICTBME HAKOIJICHUS B KJIETKaX KOXKM MUIMeHTa MeslaHnHa. OOpazoBaHUE SPUTEMBI BbI3BAHO
pa3BUTUEM acCENTUYECKOTO BOCIAJIEHUs, CBOETO pOja JIETKOT0 0KOra KOXH C PEaKTUBHBIM
pacilvpeHreM ee KaluLIspoB.

OO6nyyenue yabTpaduOJETOBBIMU JIydYaMU C Pa3HOM JUIMHOW BOJIHBI OOYCJIOBJIMBAaeT U
pa3Hble CBOMCTBa BbI3bIBAEMON MMM IpUTEMbI. [Ipr KOPOTKOBOIHOBOM M3J1YyYEHMHU OHA MUMEET
KpacHOBAThIi LIBET C CHHIOIIHBIM OTTEHKOM, 00pa3yeTcsi U MCYe3aeT paHblile, MPU JJTMHHOBOJIHO-
BOM H3JIyY€HUU dpUTeMa ObIBAET HACBILIEHHO KPAaCHOTO L[BETA, [03/HEE MOSBISETCS U A0JbllIe
yaepKUBaeTcsl.

[Ipsimoe 1 onocpeoBaHHOE AeHCTBUE YABTPAPUOIETOBOTO U3ITYUEHHUS MOXKHO IPOCIIEIUTh
Ha BCEX XM3HEHHO Ba)KHbIX cUCTeMaX opraHusma. [log BiausiHueM oOayuyeHUs B LIEHTpalbHOU
HEpBHOM crcTeMe HaOMoAaeTcsl yCUIeHHe TOPMO3HBIX MpoleccoB. bonbliue 10361 yasTpaduosiero-
BBIX JIYY€H CHMIKAIOT, @ MaJible, HA000pOT, YCHIIMBAIOT TOHYC CUMITaTUYECKOW HEPBHOM cUCTeMBI. B
KPOBHM OTMEUAETCs OBBILLIEHUE KOJIMYECTBA SPUTPOLIUTOB U YBEJTMUEHHUE CTENIEHH UX HACBILIEHHOCTH
KucioposioM. B nocrnennue roapl pa3padbarbiBaeTcs U HaXOIUT MPAKTUUECKOE MPUMEHEHHUE HOBBIN
croco0 npuMeHeHus! yasTpaduoneToBbIX Jyueid. OOMydeHHIO TTOIBEPraeTcsl KPOBb, B3sITas y 00JIb-
HOTO C TIOCJIETYIOIIMM OOpaTHBIM BBEICHUEM €€ B KPOBEHOCHOE pyciio (perH]y3us). DTOT METO
HauMHAEeT MPHUMEHSTHCS MPU TMIOKCEMUYECKUX COCTOSIHUSIX B JICUEHUU HEKOTOPBIX (opM
KHCIIOPOJIHOTO IOJIO/IaHUSI.
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VYnbrpaduoneroBoe 00JyuyeHHE MOBBILIAET AKTUBHOCTb 3aLUTHBIX, CAHOTEHETUUYECKUX
MEXaHHU3MOB, OKa3bIBAET JECEHCUOMIN3UPYIOLee NeUCTBHUE, HOPMAIU3YET MPOLIECCHl CBEPThIBAHUS
KpOBH, yIy4IllaeT [OKa3aTeu JIUIUAHOro oomena. [loa BiusiHueM ynbTpaduoneToBbIX Tydei yiyd-
marTcs GYHKUUM BHELIHEro AbIXaHWS, YBEJIMYMBAETCS aKTUBHOCTb KOpbl HAJAMOYEYHUKOB,
yCWJIMBaeTCs CHabKeHNe MUOKapAa KUCIIOPOI0M, TIOBBIIIAETCS €r0 COKPAaTUTENIbHAS CTIOCOOHOCTD.

[IpumeneHue ynbTpaduoNeTOBBIX Jydel B JeUeOHBIX LENAX MPH XOPOUIo MOA00paHHOM
MHAUBUIYaJIbHOM J103€ U YETKOM KOHTPOJIE 1aeT BbICOKUHN TepaneBTUYECKUN IPPEKT Mpru MHOTUX
3aboneBannsx. OH CKiIabIBaeTCa U3 00€300JIMBAIOIIETO, MPOTHBOBOCHIAIUTEIHHOTO, 1€CEHCUOH-
JIM3UPYIOLLET0, UMMYHOCTUMYJIMPYIOLIETO, O0LLEYKPEIUISIOLIEro AeHCTBUS YIbTPapHOIETOBBIX JIyUeil.
Wx ucnonb3oBaHue cOCOOCTBYET AMUTEIU3ALUN PAHEBOM MOBEPXHOCTH, a TaKkKe pereHepaluu
HEPBHOM U KOCTHOM TKaHW. OHM OKa3bIBaOT MIPOTUBOPAXUTUYHOE JEHCTBHE.

[TokazaHus K JieueOHOMY MPUMEHEHUIO YALTPAPUOIETOBOr0 00JyUeHUsI OYEHb HIMPOKHU.
Ero nasHauaroT: npu 00Jie3HSIX BHYTPEHHUX OpPraHoB (OpOHXMUTHI, TPaXeUTbl, MTHEBMOHUH,
OpoHXHabHAs aCTMA, TNIEBPUTHI, PEBMATU3M, aTEPOCKIIEPO3, sI3BEHHAs 00JI€3Hb ); MPH 3a00ICBAHHSIX
OIMOPHO-/IBUraTeIbHOrO anmnapara (apTpUThl, CIIOHIKUJIe3, TOC/IEACTBUS IEPEIOMOB KOCTEH, MMO3HU-
Thl); MPHU 3a00J€BaHUAX HEPBHOW CUCTEMbI (HEBPAJITWH, MOJIUHEBPUTHI, BET€TaTUBHO-COCYIUCThIE
JUCTOHUU, TPaBMbl CIIMHHOTO MO3ra U nepudepruyeckux HEpBOB); MpU 3a00JeBaHUAX KOXKHU
(3K3eMbl, ICOpHa3, A0Jr0 HE 3aKUBAIOLIME PaHbl U SI3BbI, IOCJIE 0KOTOB KOXKH, MPU POKUCTOM
BOCTIQJICHUN ).

VaeTpaduoneroBoe 001ydeHME MOXKET OKa3blBaTh MOBpEXaarolllee AelcTBUE MpPU
MPEBBILIEHUH J03UPOBKHU, a TAK)K€ MPHU MOBBILIEHHON W MaTOJOrMYECKON YYBCTBUTEIBHOCTH K
yabTpadroIeTOBbIM JyuaM. BpenHbie nocieacTsus oOmyueHus yaile HabaroqatoTcsl U HEyMepeH-
HOW renuorepanuu. MckyccTBeHHOE ynbTpadHoJieTOBOE M3JyueHUE Jierue 103MpoBaTh U
KOHTPOJIMPOBATh, IO3TOMY OCJIOKHEHHS B TAKUX CIydyasiX HaOI01al0TCs OTHOCUTENBHO PEJKO.

Henocratounas 3amura a3 00JIbHBIX U [IEPCOHAIAa MOXKET MPUBECTH K Pa3BUTHIO OCTPOTO
KOHBIOHKTUBHUTA BCJIEJCTBHE OXKOTa YJIbTPaduO0JE€TOBBIMU JTy4YaMU KOHbIOHKTHBbBI M POrOBUILIbI IJ1a3.
D10 ocnoxHeHHe HaszbiBaeTcs ¢ortoodTanpmueii. OHa MposBIseTCs 00JIbI0, CBETOOOSA3HBIO,
CJI€30TEUEHUEM, TOKPACHEHHEM KOHbIOHKTHUBBI. [1pu rpyObIX HapyIIEHUSIX TEXHUKH 0€30MacHOCTH
BO3MOXKHBI O)KOTM KOXHU. OHU TpeOyIoT JIeUeHHsI, aHAJIOTMYHOI0 TAKOBOMY MpPU TEPMHUYECKHUX
MOpaKEHUSX.

Hexkotopsie 3a00meBaHus MOTYT 000CTPSATHCS O] BIMSHUEM YIIBTPa(UOICTOBOTO OOTyUEHHS
Y [IOTOMY SIBJISIFOTCS MPOTUBOMNOKA3aHUAMU K ero npuMeHeHHo. K Takum 3a001eBaHUsIM OTHOCATCS
3J10Ka4eCTBEHHbIE HOBOOOPA30BaHUsl, TEHIEHIIMSI K KPOBOTEUEHUIM, 0a3e10Ba 00J1e3Hb, CUCTEMHAs
KpacHas BOJTYaHKa, KaxeKCHs, QyHKIIMOHAIbHAS HEJOCTATOYHOCTD MoYeK. [3]

B pactrenusix YO-uznyueHvue u3MeHseT aKTUBHOCTh (DepPMEHTOB U TOPMOHOB, BIIUSIET Ha
CUHTE3 MUIMEHTOB, MHTEHCUBHOCTh (hOTOCHMHTE3a U (poTonepuoauueckue peakuud. He yctaHos-
JIEHO, MOJIE3HbI JIU U TeM OoJiee HeOOXOUMBI JIK JIJIsl TPOpPACcTaHUs CEMSH, Pa3BUTHSI TPOPOCTKOB U
HOPMaJIbHOM XKU3HEAECATEIbHOCTH BBICIIMX PACTEHUI MaJible 103bl Y®-n3nyueHus. bonbiime 10361
Y®-u3nydyeHus, HECOMHEHHO, HEOJIaronpusITHbI I pacTeHHil, 0 4éM CBUIETENIbCTBYIOT U
CYLECTBYIOIIME Yy HUX 3alllUTHbIE MPUCIOCOOIEeHUs (HAanpUMep, HAKOIIEHHE Omnpeaea&HHbIX
MMUTMEHTOB, KJIETOYHbIE MEXaHU3Mbl BOCCTAHOBJIEHUS OT MOBPEXKIECHUI).

Ha mukpoopranusmbl U KyJbTUBUPYEMbIE KJIETKH BBICIIUX >KMBOTHBIX M pacTeHuid YD-
M3TyYeHHEe OKa3bIBaeT r'yOMTeNbHOE U MyTareHHoe feiicTBre (Hanbosee 3 dektnBHo YD-n3nyueHne
¢ MIMHHOM BOJHBI A = 280 - 240 HM).

OOBIYHO CHEKTp JETaJbHOI0 M MyTareHHOTO AehcTBHUsA Y®D-U3IydeHHs MPUMEPHO
COBIIAJa€T CO CHEKTPOM morioueHuss HykiaenHoBbiX kuciaoT - JJHK u PHK, B HekoTopbIx
CiyyasiX CIeKTp OMonoruyeckoro qeicTBus OJU30K K CIEKTPY noroueHus 6eaxkoB. OCHOBHas
poJib B IeHCTBUM YD-H3TyueHuUs! Ha KJIETKU MPUHAJIEKUT, I0-BUJUMOMY, XUMUUYECKUM U3MEHE-
Husim JIHK: Bxonsiue B €€ cocTaB MMPUMHUMHOBbIE OCHOBaHUS (TJIaBHBIM 00pa3oM THUMUH }
[IPU MOMIOLEHUH KBAaHTOB YD-n3nyueHus o0pa3yroT AMMeEpPbl, KOTOPbIE NPENSTCTBYIOT HOPMaJIbHO-
My yaBoenuto (pennukanuu) JHK nmpu moaroroBke KiaeTKy K AeIEHUIO. DTO MOXKET MPUBOAUTD
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K TMOeN KJIETOK MJIM U3MEHEHHUIO WX HACIEACTBEHHBIX CBOMCTB (MyTallUsM).

OnpenenéHHoe 3HaYeHHE B JIETAJIbHOM JeHCcTBUM YD-U3iyueHHs Ha KICTKH HUMEKOT
TaK)Ke TOBPEXIeHUE OMOIOrHYecCKUX MeMOpaH U HapylIeHHe CHHTe3a Pa3InYHbIX KOMITOHEHTOB
MeMOpaH U KJIETOYHOH 00O0JIOUKH.

BoNBIMKUHCTBO KHUBBIX KJIETOK MOXET BOCCTAaHABIMBATHCS OT BBI3BIBAEMBIX
Y®-uznyueHnemM NoBpexAeHUN Oiarogapst HaJM4YMIO y HUX cucTteM penapaiuu. CriocoOHOCTh
BOCCTaHABJIMBATHCS OT MOBPEKACHUI, BbI3bIBaeMbIX YD-HM3lIydyeHneM BO3HUKIIA, BEPOSTHO, HA
paHHUX dTamnax 3BOJIOLMHM U UIrpalla BA)XHYIO POJb B BBDKMBAaHUM TEPBHUYHBIX OpPraHU3MOB,
MOJBEPraBIINXCSI MHTEHCUBHOMY COJIHEYHOMY YJIbTPauOIETOBOMY O0IYUYESHHIO.

[To uyBcTBHUTENBEHOCTH K YD-U31IyueHNIO OHONOTHYECKHe 00bEKThI pa3indaloTcs OYeHb
cunbHO. Hanmpumep, no3a Y®-uznydeHus, Boi3biBatoas rudenb 90% KiIeTok, Ais pa3HbIX
ITAMMOB KHIIe4HOH najo4ku paBHa 10, 100 u 800 spr/mm?, a uist 6akrepuit Microccus rariodurans
-7000 spr/mm?2.

YyBCTBUTENBHOCTD KIETOK K YD-H31Ty4eHHIo B O0JIBLION CTENICHU 3aBUCHUT TaKXKe OT UX
(U3HMOTOrMYECKOTO COCTOSIHUSL M YCJIOBHI KYJIbTHBUPOBAHHUS 10 | TTOCIIE 00Ty4eHus (TeMIreparypa,
COCTaB MUTATENbHOU cpelbl U 1p.). CUIBHO BIUAIOT HAa YYBCTBUTEIBHOCTH KJIETOK K Y-
U3JTyYEHHIO MYTallMd HEKOTOPBIX T'eHOB. Y OaKTepHil U APOKkKel M3BeCTHO OKoJio 20 TeHOB,
MYTAIM{ KOTOPBIX MMOBBIIIAIOT YyBCTBUTENBHOCTh K YD-131ydenuto. B psijie ciaydaeB Takue reHbl
OTBETCTBEHHBI 32 BOCCTAHOBJICHHE KJIETOK OT JIYYEBBIX MOBPEKACHHA. MyTaluu APYrux reHOB
HapyLIalOT CHUHTE3 OeJKa M CTPOCHUE KJIETOYHBIX MEMOpaH, TeM CaMbIM, MOBBIIIAs PaJnOYyB-
CTBUTENHHOCTh HETEHETHYECKMX KOMITOHEHTOB KJIETKU. MyTalnu, MOBBIIAIOINIHE YyBCTBUTEILHOCTD
K YO-u3inyueHHto, U3BECTHBI U y BHICHIMX OPTaHU3MOB, B T. 4. y YeloBeKa. Tak, HacleICTBEeHHOe
3a0ojieBaHUe - MUTMEHTHas Kcepojepma oO0yCIOBICHO MyTAalMSIMU T'€HOB, KOHTPOJIUPYIOIIUX
TEMHOBYIO perapaunuio.

[eneTnueckue nocaeacTBus oOiaydeHus: YD-u3inydeHusi, bbbl BBICIIUX PacTeHUH,
KJIETOK PaCTEHHI 1 )KUBOTHBIX, & TAK)KE MUKPOOPTaHU3MOB BBIPAXKAIOTCS B MOBBIIICHUU YaCTOT
MYTHPOBaHHsI TEHOB, XPOMOCOM H TLJIa3MHU]I.

Yactora MyTHPOBaHUS OTAEIBHBIX T€HOB, MPU ACHCTBUU BBICOKHX 103 YD-u3nyueHus,
MOJKET TOBBIIIATHCS B THICSYM Pa3 MO CPaBHEHUIO C €CTECTBEHHBIM YPOBHEM M JOCTUTAET
HECKOJIbKMX MPOIICHTOB.

B ominumne oT reHeTH4eckoro IeHCTBISI MOHU3UPYIOUIUX W3TY4YEHH, MyTallui T€HOB IO
BiMsiHEeM Y®-U3ydeHUs] BOBHHKAIOT OTHOCUTENBHO Yallle, YeM MYTAIlUUd XPOMOCOM.

bnaronaps cunbHOMy MyTareHHOMY 3ddekty YD-u3nyueHne mupoKo UCIONb3YIOT KaK B
TeHETUYECKUX UCCIICI0BAHUIX, TAK U B CEJICKLIMM PACTEHUH 1 TPOMBIIUICHHBIX MUKPOOPTaHU3MOB,
SIBJISIFOLLIMXCSL TPOAYLIEHTAaMH aHTHOMOTUKOB, aMMHOKHCIIOT, BATAMUHOB U OEJIKOBOI OMOMAacCHl.

I'enetnueckoe aerictBue YD-U3mydeHUst MOIIO UTPATh CYLIECTBEHHYIO POJIb B YBOJIOLIUH
YKUBBIX OPraHu3MoB. [1, 3 |
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1.4. /lpyrue npumeHeHus1 YP-u3aydeHus

Y®-u3nydyeHrue UCHOIb3YETCs MPU UCCIASAOBAHUKM aTOMOB, HOHOB, MOJIEKYJ U TBEPABIX
TeJ JJIs U3yYSHHs UX YPOBHEH 3HEPruM, BEPOSTHOCTEH MEPEX0I0B U JIp. XapakTepucTuk. B Y-
001aCTH CIEKTpa JiekaT pe30HAHCHBbIC JIMHUU HEUTpalbHBIX, OAHO- U JBYX- KPaTHO
MOHHU30BaHHBIX aTOMOB, a TaK)e€ CIEKTpalbHbIC JIMHUU, UCTyCKaeMble BO30YKIEHHBIMU
KOH(QUTypalusIMHU BbICOKOMOHM30BAHHBIX aTOMOB. DIIEKTPOHHO-KOJIe0aTeIbHO-BpalllaTe/IbHbIC
MOJIOCHI MOJICKYJI B OCHOBHOM TaK)Ke pacroiiaratorcsi B Onmxner Y®-o0nactu criekrpa. 31ech
e COCPENOTOYCHBI MOJOCHI MOMIOMEHHUS B CIEKTpax OOJIBIIMHCTBA MOJYyIHPOBOJIHUKOB,
BO3HHKAOIIUX MPU MPSIMBIX TIEPEX0/IaX U3 BaJICHTHOM 30HbI B 30HY MPOBOJIUMOCTH.

MHorue XuMHUYECKUE COSMHEHUS at0T CUJIbHBIC TMOJIOCKI ToriolieHus B YD-061actu, 4to
CO31aéT MPEUMYIIECTBA UCIIOJIb30BaHUs YD-U3TyueHus P CIIEKTPAIbHOM aHAJIU3€e Pa3IMUHbIX
MaTepHuasoB.

Y®-uznyueHue umeeT 00JIbIIOE 3HAUSHHUE JIJIsl BHEaTMOC(EPHOI acTpOPHU3UKU ITPU U3YUCHUH
ConHua, 3Be3, TyMaHHOCTed u ap. YD-cnekrpel ConHua, 3BE31 U Ap. HECYT UHOOPMALUIO O
(bu3nUeCcKUX mporeccax, MPOUCXOIAIINX B TOPSUUX 00IaCTIX ITUX KOCMUYECKUX OOBEKTOB.

Ha ¢otosddekre, BoizbiBaeMoM Y®D-uznyueHueM, oCHOBaHa (HOTOIIECKTPOHHAS
crekTpockonus. YO-u3yueHre MOXeT HapylaTh XMMHUECKHE CBSA3H B MOJIEKYJIaX, B pe3yJibTare
Yero MOTYT MPOUCXOIUTh Pa3IMuHbie XMMHYECKHUE peakiuu (OKHCIECHHUE, BOCCTAHOBJICHHUE,
pasiioKeHue, MoJUMEpHU3alus 1 T. 1.).

JlroMHUHeCIIeHIIMs, BO3HUKAIOMAs TOA  JeicTBUeM  YD-u3jydeHusi, UCIOIb3yeTCs MPU
CO3JJaHUU JIFOMUHECIEHTHBIX JIaMII, CBETALIUXCS KPACOK, B JIIOMUHECIICHTHOM aHallu3e U
JFOMUHECIIEHTHON J1e()eKTOCKOMHHH.

Y®-u3nydyeHrue npuMeHseTcsl B OAHKOBCKOM JieJie JIJIsl TPOBEPKH TOAJIMHHOCTH OaHKHOT U
JAPYTUX LEHHBIX OyMmar, B KpUMHUHAJIUCTHUKE JIJIS YCTAHOBJICHHUS MJICHTUYHOCTH KPAaCHUTEJICH,
MOJJIMHHOCTH JTOKYMEHTOB U T. . B uckyccTBoBeieHnn Y®-u3itydeHue Mo3BosisieT 0OHAPYKHUTh
Ha KapTHHAX He BUJMMBbIC IJ1a30M Clie/ibl pecTaBpalui.

CrocoOHOCTh MHOTHX BEIECTB K M30MpaTeJbHOMY MOMIOmeHU0 YD-u3iayueHue
WCITIOJIB3YETCsl B KOJIOTHH JIJIsl OOHApY)KEeHUs B aTMOC(epe BpEIHBIX MpUMECEH U a3po30iei, st
Ha3eMHBIX U3MEPEHUU COJCp)KaHUs 030HAa B aTMocdepe, JUisi KOHTPOJs 3a COoAepKaHUEeM
He(TENPOAYKTOB B UHMCTBIX TEXHOJIOTHYECKMX BOJAaX, a TaKke B yIbTpaduOJIETOBOM
MHUKPOCKOIHUH.

[TpuGopsl, ucnonp3ywinue YD-u3nydyeHue, HAXoAAT Bce OoJiee NIMPOKOE NPUMEHEHHE B
OMOJIOTMM U MEAMIIMHE, B TOM YHCJIe P UMMYHO(PEPMEHTHOM aHau3e KPOBU U OCJIKOB, U
JKCIIPECC-KOHTPOJIST KOHIIEHTPAIMK OWOJIOTMYECKU-aKTUBHBIX BEIIECTB: OCJIKOB, MENTH/IOB,
AMHHOKHCIIOT, coJieil. YIbTpadroieTOBOe W3IyUYeHHE IUPOKO UCTIONB3yeTCs B (pU3HOTEepaniuu u
KOCMETOJIOTHH.

Bricokas OakrepunuaHas 3pdekTuBHOCTh YD-H31ydeHHUS HCHOJb3YeTCS s
o0e33apakMBaHusl BOJbI, & TAK)KE YCKOPEHHOW CyXOil HU3KOTEMIIepaTypHOH CTEpUIU3alluu U
OYKMCTKH CTOMATOJIOTMUYECKOTO U XUPYPruueCKOro MHCTPYMEHTAPHS, ISl OTBEPIKACHUS I1acTMAcC
U T.JI.

B a11eKTpOoHHOM NPOMBIIIICHHOCTH YD-U3TyueHrue NpUMEHSIETCs TIPU JIa3ePHOM TOATOHKE
HOMMHAJIOB TOHKOIJICHOUHBIX PE3UCTOPOB MHTEIPAJIBHBIX CXEM, OTBEPIKICHHUs (POTOJIAKOB U
(hoTOpEe3UCTOB U T.I

B nocneagnue roabl Bce Oojiee WIMPOKOE pacnpoCTpaHEHUE NMOJydaloT Mpubopsl,
peructpupyromne YO-u3nyueHue B CUCTeMax OOHapy)KEeHHWsI BO3TOpaHHUH W 3aJbIMIICHUH,
yYCTpOHCTBaX 0OHapYXEeHUs U HaBEEHUSI CUCTEM BOOPYKEHUS U T.II.
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2. Perucrpauus Y®-u3inydeHus

Jnst perucrpanyn YO-uszmydenus mpu A > 230 HM UCIIOIB3YIOTCS 00BIYHBIE (POTOMATEPHAIIBL.
B Gosee KOpOTKOBOIHOBOM 00JaCTH K HEMY UYBCTBUTENbHBI CHELMabHbIE MaJo)KeJaTHHOBBIE
¢dortocnou. [Ipu uccnenopannu YO-u3nyueHus Takke UCTONB3YIOT pa3inyHbIe JIOMUHECLUPYIOLIHE
BeIlleCTBa, MpeoOpazyolre YD-u3ayueHre B BUIUMOE, HaIpuMep Ha OCHOBE COEIMHEHHH ZnS,
ZnO (A » 300 - 400 um). Ha aToi#t OCHOBE CO3MaHBI HEKOTOPBIC MPUOOPHI IS BU3yaTU3AIHH
M300paKeHU, reHepUpyeMbIX B YMD-001acTu CrieKTpa.

[Irpoko mpUMeHSIOTCs GOTOEKTPUUECKUE MPUEMHUKHU, UCTIONB3YIOIINE CTTIOCOOHOCTh Y-
W3Jy4eHHUsl BbI3BIBATh MOHM3aLUI0 U (POTOAI(DPEeKT: HOHM3AIMOHHBIE KaMepbl, BAKyyMHbIE U
MOJYTIPOBOAHUKOBBIE (DOTORNEMEHTHI, CYETYUKH (HOTOHOB, (POTOYMHONKHUTEIU, BAaKyyMHbIE U
MOJYTIPOBOHUKOBBIE (OTOAMOABI U Ap. Pa3pabortan Takxke 0coOblii BUA (HOTOYMHOXKUTENEH -
KaHaJIOBbIE IEKTPOHHbIE YMHOXUTEIH, TO3BOJIAIOIIKE CO3/JaBaTh MUKPOKaHaIOBbIE IJIaCTUHBI. B
TaKMX MJIACTUHAX KaX/1as siueiika sBIsSeTCs] KAaHAJIOBBIM 3JI€KTPOHHBIM YMHOXKUTEIEM pa3MepoM 110
10 MkM. MuKpOKaHanoBble MJIACTUHBI [TO3BOJIAIOT MOAYy4YaTh (OTOAIEKTPUUECKUE U300parkeHUs
Y®-uznyuenus u 00beIMHSAIOT peuMyIecTBa potorpadhuueckux U PoToINIEKTPUISCKUX METOIOB
perucTpaluuy U3iayyeHus.

OcHOBHBIE MapaMeTpbl U XapaKTEPUCTUKU YCTPOUCTB, NPpUOOPOB U ammaparyphl,
npeaHa3HaYeHHbIX s peructpauuu YD-u3nydeHus, Takue Kak - pabouyuii creKTpalbHbIN
JIMarna3oH, YyBCTBUTEIbHOCTD, pa3peliaolias crnocoOHOCTh, ObICTpOICHCTBHE, Macca-rabapuTHbIE
XapaKTePUCTUKH U SHEPromnoTpeOieHne, a TakKe dKCIUTyaTalluOHHas HAJeKHOCTh U CTOMMOCTh
npuOOPOB, KaK MPaBHIJIO, OMPEIENSIIOTCS TUIIOM M KaueCTBOM MCIOJIb3yeMOTO JaTyuKa WIu
pueMHuKa YOD-U31y4yeHusl.

Haubonee mupokoe npuMeHeHUE MOMYy4YHJId (HOTOIIEKTPOHHBIE U (HOTOIIEKTPUUECKUE
puOOpPbI, OCHOBAHHBIE HA UCIOJL30BAHUHU BHEIIHETO U BHYTpEeHHET0 (GoTodddexTa.

2.1. lIpuémuukn Y®-u3jay4yeHuss HA OCHOBe BHemHero ¢poroddgdexra

s pabotel B Y®-auanazoHe crekrpa Haubosee IMHUPOKOE PaclpOCTPaHEHUE MONTYUHIN
BaKyyMHbI€ (WM Ta30HANIOTHEHHBIE) YIIEKTPOHHBIE MPUOOPHI - (HOTOIEMEHTHI U (HOTOYMHOXKUTEIH,
JIeCTBHE KOTOPBIX OCHOBAHO Ha MPOSBICHUH BHEIIHETO ()OTOIIEKTPUUECKOTO dPdeKTa.

B ocHoBe BHemHero ¢otodddexra nexut SMUccus HOTOAIEKTPOHOB, BO3HUKAIOIIAS TO]T
JeCTBUEM MaIA0IeTo N3TYYeHUsl. IMUCCHS SIEKTPOHOB MO/ IeCTBUEM U3Ty4YeHHUs HabmoaaeTcs
BO MHOTHUX BEILIECTBAX U PA3IMYHBIX arperaTHbIX COCTOSHUAX; B TBEPAOM, JKUKOM, Ta3000pa3HOM.
Opnnako, HauboblIee MPAKTUUYECKOE MPUMEHEHHE TOTYUYUIIO UCIONb30BaHUE (POTOIIEKTPOHHON
OMUCCHH TBEPABIX TEI - METAJJIOB, OJTYIIPOBOJAHMUKOB U OTACIbHBIX BUIOB AUIJICKTPUKOB.

B oToneKTpoHHBIX BaKyyMHBIX TPUOOPAX MOTOK DIIEKTPOHOB, UCITYCKAEMbIX MO]T ACHCTBHEM
W3ITyYeHUs OTHUM U3 DIIEKTPOAOB Mprdopa (POoTOKaTOA0M) U YIaBIUBAEMBIX IPYTHM JJIEKTPOIOM
(KOJLJIEKTOPOM DJIEKTPOHOB WIIM aHOOM), 00pa3yeT MoJl ACWCTBUEM YCKOPSIOLIETO HaIMpsHKEHUS,
MPUIIOKEHHOTO K 3JIEKTPO/IaM, TOK BO BHEILIHEH 1IE€NH, Ha3bIBaeMbIii ()OTOTOKOM.

B o61iem cnyuae A1 BOSHUKHOBEHUs BHelTHETo (hoTodddhekra npu o0ayueHnn GoTokaToaa
HeoOxonruMo, 4To0kl paboTa BbIX0/1a MaTepuaia Katoa Obliia MEeHbIIe YHEPT MU KBAaHTOB Ma/Ial0IEero
uzaydenus W, CBA3aHHOM C 4aCTOTOM W JJIMHOM BOJIHBI | M31ydeHHs. ypaBHEHUEM:

h
W = °¢ unm W :1’24
A ° 2

2.1)

o
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I'me, ¢ - ckopocTh cBeTa, paBHas 3 - 10" cM/c; A - JuiMHA BOJNHBI M3Iy4YeHHs, MKM; h -
nocrostHHas [lnanka, paBaas 6,62 - 10 JTx - c.

[Ipu ycnoBuM, UTO 3JIEKTPOH PACMONOKEH B IOBEPXHOCTHOM CJIO€ BellecTBa (POTOKATOA U
€ro HayaJibHasi CKOPOCTb MPH BbIXO/1€ U3 (POTOKATO/Ia paBHA HYIII0, MUHUMAJIbHOE 3HAY€HUE SHEPTUU
KBaHTa, ClIOCOOHOE BbI3BaTh (POTOAIPPEKT, onpeaesieTcs ypaBHEHUEM:

c ee
hev=cen  mmm V:Z:T’7 2.2)
I'ne, v - yacrora nagatoiero u3iaydenus, ['u;
1 - pabora BbIxona Matepuaina ¢poTtokaroaa, 5B

YacroTa, onpeensBiias 3Ty BEJIMUMHY, Ha3bIBAETCS TPAHUYHOM, @ COOTBETCTBYIOLIAs €M AJIMHA
BOJIHBI () - KpacHOM rpaHHIIeH UyBCTBUTENLHOCTH hoTOKaTOAA. JITMHY BOJIHBI A, Ul pealbHbIX
(hOTOKAaTO0B OMpENENsAOT NPHU 3aJaHHOM 3HAYEHUM YYBCTBUTEJIBHOCTH (OTOKATOAA IO
OTHOILIEHHUIO K MaKCUMaJIbHOM, 00bIYHO paBHOU 10%.

Cnenyer OTMETUTb, UTO MaTepHasioM (OTOKATOJa OMPEIENSIIOTCS OCHOBHbBIE MapaMeTpbl
(hOTO31EKTPOHHBIX MPUOOPOB, TaKMe KaK 00JacTh CHEKTpalbHONW YYBCTBUTEIbHOCTH,
YYBCTBUTEIbHOCTD, IOCTOSIHHAS! BPEMEHU U T.II.

TepmuHbI U onpeiesIeHUs] OCHOBHBIX MapaMeTpoB (POTOAIEKTPOHHBIX U POTOINEKTPUUYECKUX
MpUOOPOB MOKHO HAWTH B CIIpaBOYHOM JuTeparype [4,5].

AOCONIOTHYIO CIEKTPaJIbHYI YYBCTBUTEIBHOCTHh (POTORIEKTPOHHOTO NPHUOOpa MOXKHO
XapaKTepu30BaTh BEJIMYMHON KBAHTOBOIO BbIXOAa (POTOIMHUCCHUH, T.€. OTHOLIEHHEM 4YHUCIIa
AMUTHPYEMBIX (DOTOAIEKTPOHOB K YMCITY Majarouux Ha GpoTokaTo GpoToHOB. COOTHOLLIEHHE MEXTY
BEJIMUYMHOM KBAaHTOBOT'O BBIXO/Ia M CHIEKTPAJIbHOM UyBCTBUTEILHOCTHIO UMEIOT CJICAYIOLIMI BU:

1,24

Y = 7 = SM (23)
nJIn

S, =0807eYe] (2.4)

I'me, Y - KBaHTOBBIN BBIXOJ B 0.€; A - JJIMHA BOJNHBI U3TY4EHHs, HM; S, - TOKOBasd
MOHOXPOMaTH4€CKasi YyBCTBUTEILHOCTh, MA/BT.

Jlnst u3rotoBiieHUs] POTOIIEKTPOHHBIX MPUOOPOB UCIOIB3YIOTCS LIETOUYHbIE METaJlIbl,
peaKo3eMebHble AJIEMEHThl U MOJYNPOBOJHUKOBbIe coeanHeHusi. Haubonee BbICOKOI
YyBCTBUTEIILHOCTBIO B 00/1acTH cpefanero Y®-auanazona (A =200 - 300 um) 001a1ar0T GOTOKATOIbI,
M3rOTOBJIEHHBIE U3 TOJYIPOBOJHUKOBBIX coeanHeHnit kimacca A'B!. M3 Hux Hanbosee mmpoxoe
pacnpoctpanenue noiyunnn tetypun uesus (CsTe) u pyounus (Rb,Te). Dtu nonynpoBoaHuKY
¢ OOTBIION IIUPUHOM 3anpeeHHOM 30HbI (Eg »2,7 3B) ouTH COBEPILIEHHO TPO3pavHbIE B BUIUMOMN
007acTH, OTHOCATCS K rpynmne HaubOosee 3¢ PpekTuBHbIX GHoTodMUTTEpOB. CreKkTpaibHas
YyBCTBUTEIBHOCTD LIE3UEBOTO U PYOUAMEBOrO TEILTYPUIOB Ipu A = 250 HM mocturaer 40 -50 MA/
BT, uTo cooTBeTCTBYET KBaHTOBOMY Bhixoay Y= 0,2... 0,25.

ConHeyHo-cnernble (HeUyBCTBUTENIbHbBIE K COJIHEYHOMY M3JIyY€HHI0 BUJUMOTO JUara3oHa)
(hoTOKATO/IbI M3rOTABIMBAOTCS HA OCHOBE COSAMHEHMI THIIA IBYXIIIeTOUHBIX TeuTypu0B (KRbTe),
001aaroMX CIIEKTPaIbHON XapaKTePUCTUKOM, eI1é 0oJiee CIBUHYTON B KOPOTKOBOJIHOBYHO 00/1aCTh
Y®-nnana3zona crekrpa.

B Gonee nmanexoit Y®-ob6nactu cnektpa (MeHee 200 HM) BBICOKOM KBaHTOBOM
3¢ (heKTHBHOCTBIO 001a1a0T (OTOKATOIbI Ha OCHOBE coeanHeHuit tuma A'BY! - ramouanbie
COEMHEHMS 1EJTOYHbIX METaJJIOB, HAlPUMED, TaJIOUIHbIe COeIMHEHUsI cepedpa U MeAU, U Pl
JIpyrux coeauHeHuu [4,5].
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CriekTpalibHble XapaKTepUCTUKU OOJIbIIMHCTBA (POTOATEKTPOHHBIX TPUOOPOB COOTBETCTBYIOT
CTaHAApTHBIM XapakTtepuctukam, npuHsATeiM B CCCP. B Ta6n.2.1. npuBeaeHbl TUIOBBIE
(cTanmapTHBIC) CIEKTPAIbHBIE XapaKTEPUCTUKHU (DOTOIIEKTPOHHBIX TPUOOPOB, UYYBCTBUTEIILHBIX B
Y®-nuanazone. Ha puc. 2.1. u 2.2. npuBeneH BUl CTAaHAAPTHBIX XapaKTEPUCTUK.

Tabnuya 2.1. Tunosvie cnekmpanvhbie Xapakmepucmuky omos1eKmpoHHbIX NPUOOPOS.

Makcumym
Oo6nacrtb
O06o03Ha4eHne . XapaKTePUCTHKH
o CHeKTPaJIbHOI .
CNEeKTPaJIbHOI CNEeKTPaIbHOI Tun ¢gotokatoaa
YyBCTBHTEIbHOCTH,
XapaKTEePUCTHKH YyBCTBUTEJIHHOCTH,
MKM
Amaxs MKM
C-3 0,215...0,600 0,380+50 CypMAHO-1Ie3UCBLIT ¢
YBUOJIEBBEIM OKHOM
C-5 0,300...0,800 0,400...0,510 BucmyTo-cepedpsiHO-11e31eBbIit
C-6 0,300...0,600 0,390+50 CYPLMAHO-LE3HEBIT Ha
MeTaJNTMIECKOM IO ITI0KKE
C-8 0,300...0,650 - Mmuoromenouroit (SbKNaCs)
C-9 0,160...0,650 0,390+50 CypbMSIHO-KHCIOPOAHO-IE3UEBbI I
C-10 0,215...0,320 - MarHueBslii ¢ yBUOJIHEBBIM OKHOM
C-11 0,300...0,850 0,400450 Mroromenouroi (SbKNaCs)
NOJIyNp3payuHbl it
C-13 0.215...0,830 0.400+50 MHOTromenoYHo ¢ yBUOJIUEBBIM
OKHOM
C-14 0,200...0,400 0,230...0,280 Tennypua-Le3ueBblii
C-15 0,160...0,600 0,380...0,420 CypbmsHo-1ie3ueBblii Ha
KBapLIEBOM MOJIOKKE
C-13 C-12
100 5 o/ A
¥ /ﬁ .,
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Puc. 2.1. Tunosvie cnekmpanvhbie xapakmepucmuku pomosieKmpoHHbIX HPUOOpPoas.
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Puc. 2.2. Tunosvie cnekmpanvhvie xapakmepucmuku ¢)omosneKmpoHHbIX NPpUbopos.
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Puc. 2.3. Cxema exnrouenus 6aKyyMHO20
gomoanemenma ¢ OXpaHHvLIM KOIbYOM.

@®O0TO31E€MEHTBl  SBJAIOTCS CPaBHUTEIbHO MPOCTBIMH  JIBYX3JEKTPOAHBIMHU
(oTornekTpoHHbIMH ITpubOopamu. Ha puc. 2.3., B kauecTBe mpumepa, MPUBOAUTCS CXeMa BKIFOUEHHUS
¢doroanemeHra.

BakyymHble OTO31€MEeHTBI IPAKTUUECKU pealiu3ytoT (0e3 ycuiieHus ) mapameTpbl (hoToKaToAa.

l'azonamnonHeHHbie (00BIYHO aproHOoM) (OTORIEMEHTh ycuIuBarT (HOTOTOK B 6 - 10 pas.
TokoBast MOHOXpPOMAaTHUYECKasi YyBCTBUTEILHOCTD S, (DOTOYMHOMKHMTEIEH B IMaANa30He AJIMH BOJIH
or 250 no 400 um cocrasiser 0,1 - 40 MkA/BT. TeMHOBOI TOK MpH KOMHAaTHOM TeMIiepaTrype
nexut B npeaenax ot [ <10 go I - 10 A. PabGouee HamnpspkeHHe (DOTOIIEMEHTOB COCTABIISIET
100... 300 B. TloporoBasi 4yBCTBUTEIBLHOCTb JISKHUT B mpeaenax ot 1 - 10® no 5 - 102 Br/T'u'.
MakcumasbHas J0Jr0BEYHOCTb (hoTodeMeHTOB He npebiiuaeT 1000 yacos.[5, 6]

[TocrosiHHast BpeMeHU (MHEPLUMOHHOCTb) BAKYYMHbIX (DOTO3JIEMEHTOB HAXOIUTCS B IMANIa30He
ot 2 1o 10 He, a razoHanoaHeHHbIX (hoTozaeMeHToB B nipesenax 10. ..100 mkc. [5]. BepxHsis pabouast
4acToTa MPUHUMAEMOT0 ONITUYECKOT0 CUI'HaJla, B OCHOBHOM, ONpeesisieTcs napaMeTpaMy BHEIIHEH
LeMH:

1,

—_ (2.5)
2re R, o(C),

RS

FI[C f - BEPXHAA 4aCTOTa MOAYIALIMKU OIITUYCCKOI'O U3JIYUCHHAA, FI_[, R, - conpoTuBieHue
> B H
HarpyskKu (bOTOE)HeMCHTa, OM, CH - CMKOCTb HAarpy3KH, MKO.

DHepreTuyeckKas xapakTepucTuka OTodIeMEHTOB JO0CTaTOYHO JuHerHa (10 0,3 1M umu 0,15
BrT). JInHEeHHOCTb XapaKTEPUCTUKHU 3aBUCUT OT CONIPOTUBIICHUS HATPY3KH U HATIPSKEHUS TMTAHUSA:
OTKJIOHEHHUE OT JIMHEHHOCTU HACTylaeT TEM paHbIl€, YEM BbILIE HAIPSKEHUE MUTAHUSA
(oTo37eMeHTa 1 BbILIE COMPOTUBIIEHUE HArPY3KH.

JlonycTUMBII 1ana3oH padovyux TeMIeparyp OKpysKarollel cpejibl, B Mpeaesiax KOTOporo
COXpaHseTCsl UyBCTBUTENBHOCTh (POTOITEMEHTOB 00BIYHO cocTaBsieT oT MuHyc 20 1o +50°C.

[Tpu Gonee rryOOKOM OXJIaXKI€HUM HAOMIOAAETCS MOHMKEHHE YYBCTBUTEIBHOCTH (BOIM3H
nopora (otoaddexra) U HaYMHAET CKa3bIBAThCS YBEIMUYEHHUE CONMpPOTHBIEHUs doTokatona. [Ipu
HarpeBe (otosnementa cBbiie 100°C Moryt HactynaTh HeOOpaTHUMble MU3MEHEHUS! CBOWCTB
¢dorokarona.

[Ipy KOHCTPYMpPOBAaHHUU M UCIOJNB30BAHUU (POTOIIEMEHTOB 3HAUUTEIbHON MpoOIeMOii
SABJISIETCSl CHM)KEHHME TOKa yTe4KH. TOK yTeuku KoJObl (OTO371eMEHTOB (10 €€ HapyXHOU U
BHYTPEHHEH CTOPOHE), U MO LOKOI0 Npy HanpsbkeHun nutanus 200 - 300B moxer gocrurarb
BenuuuHbl 10® - 107A. Jlnsg CHUIXKEHHS TOKA yTEUYKHU H3TOTABIMUBAIOT (HOTOIIEMEHTHI C
pasHeCeHHbIMU LOKOJISIMHU, JTUO0 BOOOILE O€3 LIOKOJIS, YUIMHSIOT ITyTH YTEUKU MEXTy JJIEKTPOIaMH
CIIeLIMaJIbHOW KOHCTPYKLMENH HOXKKH, IPUHUMAIOT MEPHI 11l YMEHbUIEHUsI TOBEPXHOCTHOM
MPOBOAUMOCTH CTEKJIA, U YEro Ha HapyXKHYI0 MOBEPXHOCTb KOJObI HAHOCST BIarocTOMKoe
MOKPBITHE U T.JI. BHEIIHUI BUJI HEKOTOPBIX TUMOB (HOTOZJIEMEHTOB MPUBEJEH Ha puc. 2.4.
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Puc. 2.4. Buewnuii 6u0 Hekomopwlix
MUN08 8AKYYMHBIX (POMOINEMEHMOS.

HaubGonee uyBCTBUTEIbHBIMU SMUCCUOHHBIMU MPUEMHUKAMU U3JIYyUYEHUS SBIAIOTCS
dhoroymHoxkutenu (ODOY), B KOTOPBIX AJi ycHIIeHUs (POTOTOKA UCTIONB3YETCs IBJICHUE BTOPUYHOM
smuccuu. B HUX (hOTORNEKTPOHBI TaIal0T Ha MPOMEKYTOUHBIN aHO, KOTOPBIN HAa3bIBAETCS AMHOIOM
WM SMUTTEPOM, U BbIOMBAIOT U3 HEro BTOpUYHBbIE 3J1eKTpoHbl. [lociennue, non neicrsuemM
YCKOPSIFOLIEr0 3JIEKTPUUECKOTr0 MOJIsl, JETSIT Ha BTOPOM AMHO/I, HAXOAALIUICS 1101 00Jie€ BHICOKUM
MOJIOXKUTEIbHBIM MOTEHLIMATIOM. BbIOUTBIE U3 BTOPOro AMHO/IA 3JEKTPOHBI JIETIT Ha TPETHM TUHOT
B T.[., TOKA 3JIEKTPOHBI, BIOUTbIE U3 MOCIEAHEr0 AUHO/A, HE YNaAyT Ha aHOA (OTOYMHOKHUTEIS.

Kosddunuent ycunenus GpoToroka Ha OAHOM JAMHOAE 32 CUET BTOPUYHOW DMHCCHH
coctanisieT 4 - 10 pa3z. [TockosbKy 4MCIIO TUHOMOB (KaCKaJ0B) MOXKET COCTABIISATH JECATh U OoJee,
TO K03 PHUIHMEHT yCuIeHHss MHOrokackagaueiMu ®DY moxer gocturath 106 - 108, nmpu pabounx
HanpspkeHusax nutanus ot 1000 no 3000B. CnektpanbHas 4yBCTBUTENbHOCTh DY onpenensercs
MatepurasioMm (potokarona. Cxema BKIOUEHHUST POTOYMHOKUTES MPYBEeHa Ha puc. 2.5. BHemHui
BUJ HEKOTOPBIX TUIIOB DDV nokazaH Ha puc. 2.6.

2 d “
Y3 L fr 7 2

2 U

— I
— ; e
SECECR 1 ®
f N 7. %
3
>
RT R2 RT3 R4 RE RE R7 RSB _HL__HC_‘—“"‘__‘J‘__:

2

— U + =
Puc. 2.5. llpunyunuanvnas cxema u cxema exniovenus @IY: I - pomoxamoo; 2 -

Goxycupyowuii snekmpoo, 3 - ouagpaema, 4 - cmexaanuwii 6anow; (31 - 38 - ounoowvl, a -
anoo).

Monoxpomarrdeckas TOKOBasi UyBCTBUTENILHOCTE S, (POTOYMHOXKHTEINEH 110 TOKY CHUMAaEMOMY
¢ a”oza, cocrasiser ot 10% mo 10* A/Bt mis mprubopos, padortaroiux B YP-nuamnazone. TeMHOBOM
TOK TIpH cpeiHeM kodhdunmerte ymaoxkenus 10° u mmomaau porokarona I cm? cocramiseT st
paznuuHbIX TUIOB OOV Benuunny mopsaka 10° - 10711 A,

Jlns poroymHoxkutenein YO-auanazona TeMHOBOM TOK coctaister or 8 - 10! mo 10710 A.

@DOTO31EKTPOHHBIE YMHOXKUTEN 00JIaJal0T 3HAYUTEIbHBIM JUHAMUUYECKUM JIMaNa30HOM 110
ONTHYECKOMY CUTHaJTy, UX dHEpreTudeckas xapakreprucruka auHeitHa 1o 1000 nk. (I[Tpu momanu
¢dorokaroma 1 cm? 310 cootBerctByeT 0,1 v wim npubausurensHo 0,005 Br). [TocTosiHHas BpeMeHH
(uaepumroHHOCTh) DY coctasmsieT ot 2 A0 50 He. [5, 6]

[ToporoBasi 4yBCTBUTEABHOCTh (POTOYMHOXKHUTENST YD-nuana3zoHa pacCUUTHIBAETCS 10O

opmye:

Seel, 2.6)

S(ﬂ)phk ®d )
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I'ne, @, - noporosas 4yBCTBUTENBHOCTD, BT/ I'11/2; € - 3apsn anekrpona, pasueiii 1,6 - 10-19
Ki; I, - TeMHOBO# TOK, A; S()\)phk -CIeKTpajabHas YyBCTBUTENBHOCTH (hoToKaroma, A/Bt; S
CHieKTpajbHasi aHOJHAs YyBCTBUTEIbHOCTh, A/BT.

[ToporoBast 4yBCTBUTENBHOCTD JJIs1 BBICOKOKaue€CTBEHHbIX @DV coCTaBiIseT BEIUUNHY
nopsiika 2 -+ 102 - 8 - 105 Br/I'u'”?. MakcumMajbHasi JOJTOBEYHOCTh (POTOYMHOKHTEICH HE
npessbiiaet 2000 yacos. [5,6]

3aBUCUMOCTb MapaMeTpoB (OTOIIEKTPOHHBIX YMHOXKHUTEIEH OT TemMmepaTypbl HOCHUT
CJIO’KHBIA XapakTep U MOXeT ObITh Pa3IMYHOMN Jake AJsl pa3HbIX dK3eMIuisipoB @OV oaHoro u
TOTO K€ THIIA.

Hanpumep, oxnaxaenne @OV ¢ noiaynpo3payHbiM CypbMSIHO-LI€3UEBbIM (OTOKATOAOM Oe3
IIPOBOJIALIEN OUI0KKH 10 MUHYC 183°C NpHBOANT K CHUIKEHUIO CIIEKTPAJIbHON 4yBCTBUTEIBHOCTH
nipu jutiHe BoJHbI 0,5 MkM B 50... 60 pas. B Tex xe ycnoBusix 4yBcTBUTENbHOCTE DDV ¢ hoTokaTogom
Y MPOBOJSLIEH MOIJIOKKON CHUXkKaeTcst Bcero B 2 - 4 paza. B @DV ¢ MHOrouienouHbiM KaroiamMmu
[P OCBELLEHUH TOTOKOM C pa3IMYHOM JJIMHOM BOJIHBI - TeMIEpaTypHble KOG GUIIMEHTHl HHOTAA
MEHSIOT 3HaK.

Crnenyer OTMETUTh, YTO (DOTORIEKTPOHHBIM MPHOOpaM MPUCYIL LENbIi psil HEAOCTATKOB,
Cpe/r KOTOPbIX MOXXHO OTMETUTh: HEPABHOMEPHOCTb YyBCTBUTEIBHOCTH I10 IJIOLIA 1 (POTOKATOAA,
OrpaHUYEHHBIN IMHAMUYECKUI TUana3oH 10 ONTUYECKOMY CUTHAJIY U BO3MOXKHOCTD Pa3pyLLIEHUs
OT/I€JIbHBIX TUMOB ()OTOKATOAOB PU 00TyUYE€HUH 3HAYUTEIbHBIMU CBETOBBIMU IIOTOKAMU; CUJIbHYIO
3aBUCUMOCTb YyBCTBUTEIILHOCTH MPUOOPOB OT (hOHA; OrpaHUUEHHBbIH CpoK ciyx0b1 (500 — 2000
4.); JOBOJILHO CJIOKHYIO CXeMY BKJItoueHUs1 @DV BO BHELIHIOKO Lielb; 3HAYUTEIbHbIE 110 BEJTMUUHE
HanpspkeHus: nutanud (1o 300 B - ang @3, u 1o 3000 B st ®BY), uto TpedyeT npuMeHeHHs
J0CTATOYHO MOILHBIX BbICOKOBOJIBTHBIX CTAOMIM3UPOBAHHBIX UICTOYHUKOB MUTAHUS.

Ma -

Puc. 2.6. Buewnuti 6uo nexomopwoix munos @Y.

Brnusinue HecTaOMIbHOCTH UCTOYHUKA MUTaHUsI MHOTOKackagHoro @DV Ha HecTabUIbHOCTh
BBIXOJTHOTO CUTHAJIA BhIpaXkaeTcs chenytomiei popmymnoii:

M _ 0.7..1,0)0ne%Y
M

2.7)

e, N — YUCIIO0 KaCKa0B (POTOYMHOKUTEIIS;
dM/M- oTHOCHTENBHOE U3MEHEHHE K03 uilneHTa yMHOKeHHs DDV
dU/U- oTHOCHTENbHOE M3MEHEHHEe HanpshKeHus nuTanus ODY.
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[IpocTo#i pacuetr mo dopmysne (2.7) mokaspiBaeT, 4To IJs1 00€CTIEYEHHsT TTOCTOSHCTBA
BbIXoAHOro curHaia B 1% mis 10-tu kackagnoro @OV npu Hanpsokenuu nutanus 1000B,
HeCTaOMJIBbHOCTh UCTOYHMKA MUTaHUS He JoskHa npessimath 0,1...0,15%. Kosadpdunuent
MyJbCallMM HaMpsKeHUs MUTAHUS MPU 3TOM He AoskeH ObITh 6osee 0,01%.

Co3znanre manorabapuTHBIX M HAJEKHBIX UCTOUHUKOB MUTaHUs Ha Hampspbkenue 10 3000B
npu Toke B 1enu anoga DY, nmpesbimaromem [ MA, ¢ cobmoneHneM yKa3aHHBIX TPeOOBaHHM,
MPEACTABISIET COOO0M JOCTATOUHO CEPHE3HYIO MTPOOIIEMY.

Kpome Toro, ¢ortoanementam u (HOTOYMHOKUTENSIM CBONCTBEHHBI SIBJICHMSI CTApeHUs U
yromiieHusi. CTapeHne NpoMCcXOoIuT B POLIECCe XPaHEHUS U HE CBSI3aHO C KCILTyaTalyei npubopos.

[Ipu >TOM HalmiofaeTcss U3MEeHEeHHe, (Kak MpPaBHJIO), YMEHbLIEHHUE YYBCTBUTEIbHOCTH
nocruratomiee 40% u 6onee. [Ipu BkitoueHnH (HOTOAIEKTPOHHBIX MPUOOPOB BO BHEUIHIOIO LIETb
(pabounii pexxuM) U OCBEIIEHUH (POTOKATO/A MPOUCXOAUT M3MEHEHUE €r0 YyBCTBHUTEIbLHOCTH,
MHOI/1a 3HaYUTelIbHOE, CO cTabuiau3alueill yepe3 HEeCKOJIbKO 4acoB paboThl, U YaCTUUYHBIM
BOCCTAHOBJIEHUEM - MOCJ€ BBIKJIIOUEHHUS MUCTOYHMKA MUTaHUSA. DTO ABJIEHHUE HA3bIBAIOT
yToMjeHueM. B npouecce paboThl UyBCTBUTENIBHOCTD , KaK MPAaBUJIO, MPAaBUIIO, CHUKAETCS.

Ho B oTaenpHBIX cilydasix 4yBCTBUTEIbHOCTb MPUOOPOB MOXKET U BO3pACTaTh BCIEACTBUE
YBEJIUYEHHS KOJIMUECTBa I'a30B B OasioHe. O1HAKO, TPU STOM Pe3KO CHUYKAETCs OTHOLIEHHE CUTHA/
myM. [ToporoBas qyHa BoJHBI Y BceX TUIOB (oTokaTogoB @D u @DV B pesynbrare yTOMICHUS
CMeEILaeTcsl B KOPOTKOBOJIHOBYIO 00JIACTh CIIEKTPa Ha HECKOJIBKO COT aHI'CTPEM.

[Ipoucxoasmune U3MeHEHUs XapaKTePUCTUK MPUOOPOB TeM CUJIbHEE, YeM OoJiblie
OCBEIIIEHHOCTh U MPUIIOKEHHOE HampsibkeHue. Hampumep, 4yBCTBUTEIbHOCTh MPUOOPOB €
cepeOpsAHO-KUCIOPOAHO-IIE3UEBBIM (POTOKATOAOM TpU ocBemeHHoCcTH 2500 JIK CHMKaeTcs 3a
HECKOJIbKO 4acoB paboTsl Ha 60-80% OT mepBoHayalbHOro 3HaueHHs. B razoHamosiHeHHBIX
(boTorIeMeHTaxX NpolecCchl yTOMJIEHHS OKa3bIBAIOTCS CUIIbHEE, UEM B BaKYYMHBbIX.

[Ipouiecchl cTapeHus U yToMieHUs (HOTOIIEKTPOHHBIX MPHUOOPOB  OOBICHSIOTCA Kak
KOHCTpYKLIHMEW MpruOOpoB U MaTepuanoM (oToKaToa, Tak s U HECOBEPIIEHCTBOM TEXHOJIOIMH MX
W3TOTOBJIEHUS. Y TOMJIEHHE 3HAUUTENIbHO YBEJIMYMBAET BPEMSI TOTOBHOCTH MpUOOpA.

3aBepiasi 0030p OCHOBHBIX [TaPAMETPOB U XapaKTEPUCTUK (POTOINEKTPOHHBIX IPUEMHHUKOB
Y®-nuana3oHna, cienyeT OTMETUTh, YTO OHM SBIJISIIOTCS 1OCTAaTOYHO CJOKHBIMHM W3JAENHSIMU
AJIEKTPOHHOM TEXHUKH, CO CIIOKHOM U crienu(pUuecKoil TEXHOIOTHEN N3roToBieHus. JJocratouyHo
CKa3aTh, 4TO U3rotopieHue GorokaronoB O3 u OV, npeAcTaBAIONINX TOHKYIO TNIEHKY XUMHAYECKU
AaKTHBHOI'O BEILECTBAa C PAa3BUTON MOBEPXHOCTHIO MOXKET MPOBOJUTHLCS TOJIBKO B BaKyyMme Mpu
naBieHUH He Xyxe 107 MM.PT.CT. © HCIIOJIb30BaHUEM 000PYI0BaHUS C OE3MACITHHOM OTKAYKOA.
[Ipu sTOM siBnsieTcst 00si3aTeNbHOM THIaTeIbHAs OYMCTKAa M 00e3rakMBaHUe BceX JAeTaneil u
3JIEMEHTOB KOHCTPYKLIMU MPUOOPOB.

[Tanenue BakyyMma, 3arpsi3HeHUs JeTajeld, He3HAUUTEeIbHblE HAaTEKaHUs MO BBOJAAM,
ra300T/I€JI€HUE CO CTEHOK KOJIObI U METAJUTMYECKOM apMaTyphbl ITpU OOJIBLION M XUMHUUYECKH aKTUBHOM
noBepxHocTtu ¢otokatona nenarotr O3 u OOV HeoObUAWHO YYyBCTBUTEIBHBIMU K W3MEHEHUIO
cocTtaBa arMocdepbl U JaBi€HHUS BHYTPHU KOJObI MPUOOPOB, YTO MPUBOAUT K M3MEHEHUIO
XapaKTepUCTUK MPUOOPOB U CHUKEHUIO UX MOTEHLHATbHONW HaJEKHOCTH.
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2.2, llpuémuukn Y®-u31y4eHUs1 HA OCHOBe BHYTPeHHero (porodddexra

[IpuHnun aelcTBUS TaKUX MPUEMHHUKOB 3aKJIOYAETCAd B MCIOJb30BAHUU SBIIEHUS
nepeMelleHns 0CBOOOKIEHHBIX M3JIyYeHHEM 3JIEKTPOHOB BHYTpPHU TBepAoro tena (6e3 BbIxoaa
HapyXy), YTO BJIeYeT 3a cOOONH M3MEHEHHE €ro 3JIEKTPONPOBOAHOCTH MJIM BO3HUKHOBEHHE
dhoto-3/IC. B a1oit rpynne npueMHukoB Y®-auanazoHa HauOojiee MIMPOKOE pacipoCTpaHEeHUe
MOJAYy4YUIN POTOPE3UCTOPBl U (HOTOAMObI, TIMHHOBOJIHOBAS rpaHuua (HOTONPOBOJIUMOCTHU
MPUEMHHUKOB OCHOBaHHBIX Ha BHyTpeHHEM (poTorddekre onpeensercs IUPHUHOMN 3anmpeieHHON
30HBI MaTepuasa, UCIOIb3yeMOro B KadecTBe (hOTOUYBCTBUTEIBHOTO dyieMeHTa (PUD):

A= 1,24
E

g

(2.8)

rae, A, - JUIMHA BOJIHBI U3JTy4€HMs, COOTBETCTBYIOIIAS IPaHuIle (POTOMPOBOAMMOCTH, MKM;
Eg - IIMpUHA 3alpelIeHHON 30HbI MaTepuala (OTOUyBCTBUTEIBLHOTO JIEMEHTa, 3B.

Jlnst u3rotoBneHuss GOTOUYBCTBUTEIBHBIX JJIEMEHTOB NMpUEeMHUKOB Y®D-nuana3ona
ucnonb3yrorcs marepuainst rpymmn A'BY, ABY, kpemHmii, kapOua KpeMHHUsI CIIOUCTBIE COSTUHEHHUSI.
[4, 6].

2.2.1. ®oTope3ucTopsl

W3 Bcex m3BeCTHBIX (DOTOIIEKTPUUECKUX TMOJYNPOBOJHUKOBBIX MPUOOPOB Hambojee
NPOCTHIM W JICHIEBBIM MPUEMHHUKOM SIBJIETCS (POTOPE3UCTOp, JCHUCTBHE KOTOPOTO OCHOBAaHO Ha
M3MEHEHUH €ro COmpoTUBIEeHUs npu ocpemeHun DOUD. B kauecTBe HCXOIHOTO
MOJYTPOBOAHUKOBOTO MaTtepuana Juis u3rotosienuss ®UD dotopesucropoB YD-nuanazona B
NpYHLMIE U3 MaTepuainoB rpymisl A'BY! moryr ucnonssosarscs cyibdun nuuka (E, =3,75B),
CeJIeHU/] IMHKA (Eg =2,75B) u cynbhua kagmMus (Eg =2,43B).

B KOHCTPYKTHBHOM OTHOILEHMH YyBCTBUTEIBHBINA 3JIEMEHT (POTOPE3UCTOpA MPEACTABISCT
co00ii 00beM MONTYNPOBOJHUKA, 3aKIIOYSHHBIA MEXKIY ABYMS JJIEKTPOJAaMH, MPOBOIUMOCTD
KOTOPOT'0 U3MEHSIETCsI 101 ISHCTBUEM H3y4eHus. Hanbosee mupokoe pacnpocTpaHeHHe MOy YrIn
nBa Tuna koHpurypauuid @YD — nonepeunas (puc. 2.7a) u npoponbHasa (puc. 2.70). Cxema
BKJIOYEeHHsI (OTOpE3rCTOpa MpHBeeHa Ha puc. 2.7B.
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Puc. 2.7. ®omopesucmop: a - nnanapuas koncmpykyus @HI; 6 - npooonvHas
koHcmpykyusi @YI; 6 - nonepeunas konempykyus PYI; 2 - cxema exknoveHus.

B nepBom cnyvae npukiaasiBaemoe Kk UD snekTpryeckoe Mmoje U MOTOK M3IIyYEeHHUs
JEICTBYIOT BO B3aMMHO MEPINEHIUKYISPHBIX IJIOCKOCTSAX, BO BTOPOM — B OJHOW IockocTu. B
npoaosibHOM PYD - Bo30YKI€HHE OCYIIECTBISETCS Yepe3 KOHTAKT (JIEKTPO/1), KOTOPhIN JOHKEH
OBITH TTpO3paYeH JJIs U3ayueHus. B obmem Bue, BeanunHa (POTOTOKA OnpeaesisieTcs
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U1 1onepeyHoi (oTOnpOBOAUMOCTH:

_eeYere 00!
p(pop) — d>

I edel/, (2.9)

JUIs1 IPOJIOJIbHOM (POTOIPOBOIMMOCTH::

I

[ ] eTe [ ] !
L Td 22 aqeu,, (2.10)

rue, Ip(pr) - (hoTOTOK NPOOIABHOM MPOBOAUMOCTH, A; Ip(pop)-(bOTOTOK MONEPEYHOU
NpPOBOAMMOCTH, A; e- 3apsj dJeKkTpoHa, Kii; |- moaBukHOCTh HocuTenei, cm?/(B-c); © - Bpems
KHU3HU HOCHUTENEH, C; d - paccTosiHUE MEXKITY 3IEKTPOIaMHU, CM; t - TOJILMHA d)OTO‘-IyBCTBI/ITeJ'IBHOFO
5JIEMEHTA B HANIPABJICHUU M3JIYYEHHS, CM.; O - KOOQOHUUMEHT NOrIOEeH s u3nydenus, cM ; U,
HarnpspkeHue Ha srnektpogax ®UD, B; @ - norok uznyyenus, Br/cm; Y - KBAaHTOBBIH BbIXOJ, o.e.,

- 06e3pa3MepHbiii KOA(DPUIIMEHT, TOKA3bIBAIOIIUN OO0 TOMIOIIEHHOTO B 00beMe T/T

W3JTyYeHHUs1, paBHbIA O = O @ t.

XapakTepUCTHKOM KauecTBa (hOTOPE3UCTOPa CIYKUT BenuuHa G, paBHas

Touel.,,

G= pE

(2.11)

G - oObiyHO Ha3bIBaeTcs Koddunuentom ycunenus dotoroka. U3 (2.11) caenyer,
YTO AJs MOJIyYeHHSI BBICOKOTO 3HaueHus ¢(oToToka (Haubosbliedl 4yBCTBUTEIbHOCTH)
(boTopesucTopa, HeOOXOIUMO BEIOMPATh MaTepua 11 u3rotorieHus U, obnanaroimumii 60abIIMM

BPEMEHEM KU3HU T W BBICOKOW MOJBMIKHOCTBIO L HOCHUTENEel Toka. [{pyroil XapakTepucTHKOM

kayecTBa OP gBnseTcs OTHOLIEHUE TOKOB Ip/IT, (rne 1. — TeMHOBO} TOK , Ip ¢dboToTOK PoTOpE3UCTOPA).

W3 yka3aHHBIX BbIlIe MaTepualioB rpymmsl A"BY! HanOonbiiel 4yBCTBUTETLHOCTBIO (IP/IT 0
10) obnamaet cynbhua kaaMusi, HaMMeHbIIel (nopsaka 2) - cyabhua uuHka. Cynbhua kaaMus
o0nazaeT moporom (GOTOMPOBOJIMMOCTH Ha JAJMHE BoJiHA nopsaaka 0,52 MkM. DOTOpe3UCTOpHI U3
cynbdpuaa KagmMusi 00JagaroT BbICOKOH YYBCTBUTEIbHOCTBIO B BUAMMOM JMANa3oOHE CIEKTpa
(0,4...0,75) MxMm. JInuHa BOJIHBI, COOTBETCTBYIOLIAA MAKCUMYMY UYBCTBUTENLHOCTH A, = 0,5 MKM.
[TocrosiHHas BpeMeHH (POTOPE3UCTOPOB HAa OCHOBE Cyib(uaa KaaMHsl COCTaBIIsET OT 5 Mc 110 § C.
st pabothl B YO-auanazoHe GpoTope3ucTopbl CHAOKAIOTCS ClEeLUalIbHBIM CBETO(QUIBTPOM.

Ha puc. 2.8. npuBeJieH BHEUIHUNA BUJ U CIIEKTpajbHas XapaKTEPUCTHKA (OTOPE3UCTOPOB
@®CK, yyBCTBUTENbHBIH 3JEMEHT KOTOPBIX BBIMOJIHEH U3 Cylbpuaa kaamus. PoTope3ucTopsl
pa3MelleHbl B IJ1aCTMAacCOBOM KOPIyCe U He UMEIOT BXOJJHOTO OKHA.

OCK-1 OCK-2

[‘ B 100£5 % ToCK-1
o0 // A\

16
16
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28 6)

Puc. 2.8. @omopesucmopvr muna @CK-1 ¢ pomouyscmseumenvuvim 31eMeHMOM U3
cynbhuoa kaomus: a — HewHull 8Uo, 6 - CHeKMPAIbHASL XAPAKMEPUCTIUKA.

16

@28

OTteuecTBEHHOW NMPOMBIIIJIEHHOCTBIO HA OCHOBE Cy/Ib(Haa KaJMHUs BbITYCKAJIMCh BA TUIA
tdhotopesuctopoB (CD2-18 u CD2-19), npeaHazHaueHHBIX 17151 padoThl B quana3one 0,3...0,4 MxM.
B ykazanHbIX ¢oTOope3rcTopax MIEHOYHbIH (OTOUYBCTBUTENbHBIN 3JIEMEHT PacloJIOKEH B
FEPMETUYHOM METAJIJIOCTEKISHHOM KOpIlyce U CHaOXeH cBeTOdUIbTpOM H3 cTekia YDC-2.
KoHcTpykuus 1 ciekTpajibHas XapaKTepucTUKa MpuOOpoB MpuBeeHa Ha puc. 2.9.
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Puc.2.9. @omopeszucmopvr muna CO2-18 (CD2-19): a — ycmpoticmeo: - ceemoghunomp,
2 - hpomouyscmeumenvhwiii cioi, 3 - Kopnyc, 0 @HewHuUll U0, 8 - CNeKMPAIbHAS
Xapakmepucmuxka.

®oropesuctopsl THma CDP2-18 u CD2-19 Ha qmHe BonHBI A = 0,365 MKM HMEIOT
CHEKTPaJIbHYIO UyBCTBUTEILHOCTD Mopsiaka 17...57 A/Bt. [ToporoBast 4yBCTBUTETLHOCTD COCTABIISIET
5-10" Bt/ T'u'?, temuoBoe conporusienue ot 0,25 10 29 MOwm, nocrosiHHas BpemeH#u 10 10 mc,
pabouee HampspkeHue S...100B. TemneparypHbiii KOO(QPUIIUEHT U3MEHEHUS YYBCTBUTEIHHOCTH
¢dotopesuctopoB B auarnazoHe ot MuHyc 60 1o +70 °C cocrapnsier ot +0,2 1o -0,2 % Ha rpagyc.
[Ipu yBenuueHnn TemMneparypbl IPOMCXOAUT yMEeHbIIeHHe GoToToka.[6,7]

doTopesnucTopaM Ha OCHOBE Cylb(ua KaJIMusi MPUCYL] Psii HEAOCTATKOB, CPEAH KOTOPBIX
MOKHO OTMETHUTh: NMPAKTUYECKOE OTCYTCTBHE UYBCTBUTEIBLHOCTH B KOPOTKOBOJIHOBOM oOnactu
Y®-nuana3zona (kopoue 0,3 MKM), HEpaBHOMEPHOCTh YYyBCTBUTEIBLHOCTH MO Tuiomaaun dUD,
HEJIMHEWHOCTh IMHAMUYECKON XapaKTEPUCTUKHU M0 ONTUYECKOMY CUTHaIly (TpH 3acBeTKax Oosee
100 MxBT/cM), 60J1BIIIYIO TOCTOSTHHYIO BpeMEeHH (hOTOOTBETA.

Kpowme Toro, hoTope3ucTopbl yMEHbILAIOT CBOIO YyBCTBUTEIBLHOCTb B NIEPBbIE AECATKH Ya-
coB paboThl (yTomieHHEe) U 001aaaloT HEBBICOKOW BpeMEHHOM CTaOMIbHOCTHIO. B mpormecce
JKCIJyaTallud U XpaHEHUS OHM MOTYT MU3MEHATh CBOI UYyBCTBUTENIBHOCTb, (KaK MpaBHIIO,
ymeHbIlaTh) Ha 40...60% oT nepBoHayaabHOW BETUYHHBI.

2.2.2. ®oToanoabl

B nocnennue ronpl B Ka4ecTBE MPUEMHUKOB YD-U31yueHus Bce 00Jiblliee paclipoCTpaHEHHE
nosiy4yatroT GoToanoasl - poTodIEeKTpUUeCKUe MPUEMHUKH C p-n nepexonoM. JleiicTBue Takux
MPUEMHUKOB OCHOBAaHO Ha reHepauuu p-n MNepexoJOoM 3JIEKTPOHHO-IbIPOYHBIX Map Mpu
BO3JICHCTBUM Ha HEro MoTOKa u3nydeHus. DoToanoasl Ha p-n nepexoae He obaanaroT dpdexTom
ycuneHus (¢Gototoka. MoHOXpoMaTHuecKasi YyBCTBUTENbHOCTh (DOTOAMOAA HAa p-n MEPEXOE C
KBAHTOBBIM BBIXOJIOM, PABHOM €MHUILIE OINpEeseTcs, KaKk

A
S, =
124

rae S, - MOHOXpOMaTHYeCKas YyBCTBHTENbHOCTh, A/ BT; A - ATMHA BOJIHBI M3TyUeHHs, MKM.

(2.12)

Pacuer mo dopmyne (2.12) mokaspiBaeT, YTO MaKCUMaJIbHOE 3HAUYE€HHWE YyBCTBUTEIHLHOCTH
p-n nepexona Ha jyHe BoJHBI 0,2 MKM coctaBisieT Bcero 0,16 A/ BT, a Ha ayiune BonHbl 0,4 MKM
- 0,32 A/BT. JInvHa BOJIHBI, COOTBETCTBYIOIIIAS TOPOTY YyBCTBUTEIIBHOCTH OITPEEIIseTCs 1o (hopMyrie
(2.8) 1 3aBUCUT OT IMPHUHBI 3aIIPELIEHHOI 30HbI UCIIOJIb3YEMbIX MOJIYTPOBOAHUKOBBIX MaTEPUAIOB.

®doTonuoabl ¢ 0OBIYHBIM P-N MEPEXOIOM (CTUIABHBIM WK TU(D()Y3MOHHBIM) UMEIOT HU3KYIO
YYBCTBUTEIBHOCTh K Y®-U3I1yUeHHI0, BCIEICTBUE €€ PE3KOro crajla Ha KOPOTKUX BOJHAX M3-3a
CWJIBHOTO TOIIIONIEHUs U3ayueHus. B onpeneseHHo cTeneHr OTMEYEHHOT0 HeJOCTAaTKa JIMIIEHbI
(hoTOmMOIBI, y KOTOPHIX MOTEHIMAIILHBIN Oapbep 00pazyeTcs He B TouIIe (00beMe) MOTyTPOBOTHHKA,
a Ha ero MoBEpPXHOCTH.
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Takue hoToano bl MOTYUYHIN Ha3BaHUE TOBEPXHOCTHO-0apbepHbIX WK (hoToanoaoB LLIoTTku.
CwMmenieHue MOTeHLMaIbHOrO 6apbepa Ha MOBEPXHOCTh MOJYNPOBOAHMUKA MPUBOAUT K TOMY, YTO
BCE KOPOTKOBOJIHOBOE H3JTyU€HHE, ITOMIOIIAETCS B TOBEPXHOCTHOM CJIOE, T.€. B 00J1aCTH 00bEMHOTO
3apsjia, 4To o0ecreunBaeT yBeanueHne (oToToka B KOPOTKOBOIHOBOM oOsactu. bapeep LlloTTku
o0Opa3yeTcsi myTeM HalbUIEHHS] B CBEPXBBICOKOM BaKyyMe Ha CJIOW MOJyNpPOBOAHHMKA TOHKOIO
MOJTyPO3PaYHOro CJI0 MeTala.

®oToTOK B TakoM (hoTorno/1e 00pazyeTcs Kak 3a CYeT MEK30HHBIX MEPEXO/0B JIEKTPOHOB B
MOJIyIPOBOJIHUKE, TaK U BCIEACTBHE (POTOIMUCCUU FJIEKTPOHOB U3 METa/Ia B MOJYNPOBOJHUK
HaJ MOTEHLHATbHBIM 0apbepoM.

Kpemuuesbie hoTonnoasl ¢ 6apbepom LLIoTTkM 001a1a10T 4yBCTBUTEIBLHOCTHIO B TUANIA30HE
ot 0,2 mo 1,15 mxkm. MoHOXpoMaTH4ecKasi YyBCTBUTEIbHOCTh (POTOJMOJIOB B MaKCUMYyMe
CIIEKTPaJIbHON XapakTepucTUKH cocTaisteT 0,95A/Bt (A= 0,95 mkm), a B 001acTH yasTpaduoneTa
nocrturaet 0,04 - 0,08 A/Bt Ha nyirne BosHbI 0,284 MKM, JTydiiie 3apyOeskHbIe 00pa3iibl (hOTOAMOIO0B
UMeIOT 4yBCcTBUTENBHOCTD 0,18 A/BT Ha mynHe BosiHbl 0,2 MKM. [Topor 4yBCTBUTENIBHOCTH TaKUX
doroaronos gocruraet (3 —7) - 10 Br - I'u'”. [3,6,8]

OTedyecTBEHHOH MPOMBILIIEHHOCTBIO BbIMyCKasCs KpeMHUEBbIH GoTtoanon Tuna O/I-288
¢ 6aprepom LloTTku. Jlnanas3oH crekTpaibHOI YyBCTBUTEIBHOCTH (hoToAMO1a cocTaBser ot 0,3
1o 1,05 MkM, MOHOXpOMaTHY€ecKasi 4yBCTBUTEIbHOCTh Ha AJMHE BOJIHBI (0,3 MKM HaxoguTcs B
npenenax 0,04 - 0,06 A/Bt, mopor uyBcTBUTENBHOCTH 3,6...5,5-10712 Bt -T'u!?. Makcumym
CMEKTPaJIbHOW XapaKTepUCTUKHU HaxonuTcs B npenenax 0,850+50 um. BHewnuii Bun poronuona
npuBeseHa Ha puc. 2.10.

Juana3oH pabouux Temmnepatyp ais poroauona O/I-288 nexur B npeaenax or MuHyc 60 10
+50°C, TeMHOBOM TOK IpH KOMHATHO# Temreparype coctasiser 1,5:107 A.

doromuonos ¢ 6apbepom LlloTTKH, paboTatoniux B YD-auanazoxe,
U3y4yeHbl Moka eulé HepocTaroyHo. OHAKO, MOXKHO IoJlaraTh, 4To
TEMHOBOM TOK ()OTOIMOIOB, (KakK U IPYTHX KPEMHHUEBBIX TPHUOOPOB),
Oyzner yBenuuuBarbesi B 2,5 pasa Ha kaxble 10°C npu noBbIIEHUH
Temreparypsl okpysxatouieid cpeabl. CiienoBarenbHo, Takxke OyneT
YyXyALATbCS YyBCTBUTENBHOCTh JHON0B. Borpoc 00 n3MeHeHUH
CHEKTpalIbHOM UyBCTBUTEILHOCTH (POTOAHO10B ¢ OapbepoMm LLloTTku
JIOCTATOYHO CJIOKEH U TpeOyeT CreluanbHOro pacCMOTPEHHSI.

®J1-288 4 DKCMIyaTallMOHHbIE XapaKTePUCTHUKH KPEMHHEBBIX

Puc. 2.10. Brewnuii 6uo gpomoouooa ®/-288.

OTedyecTBEHHON NPOMBILIIEHHOCTBIO TaK)XE BBIMYCKAJCS KPEMHHUEBBIN IJIaHAPHO-
muddysuonnsiit potoanon tuna MEIIIID 1000, npenHazHaueHHbIN 17151 paboThl B YD-1uanasoHe.
JlMana3oH CHeKTpaJbHOW 4yBCTBUTENbHOCTU (oToauoaa cocrasisger 0,2 - 1,1 Mkm. Makcumym
CIIEKTpaJIbHOM XapakTepucTUKU Haxoautcs B npenenax 0,850+50 M. MoHoxpomaTuueckas
YyBCTBUTEIBHOCTD Ha JyiuHe BoJHbI 0,3 MkM coctasiset 0,08 - 0,12 A/BT, TemHoBoi# ToK 2 10710
—5-10"" A. Jlnana3on pabouux temrepatyp $poToauoaa oT MUHYyC 5 10 +55°C.

B pa6ore [9] coobuaercs o Tom, uto ['ocynapcTBeHHbIM HaydHbIM LeHTpoM P® I'VIT HITO
«OPUOH» (1. MockBa) pa3paboTanbl Gpotoanoasl IIOTTKM Ha OCHOBE JBOMHOIO COeIMHEHHUs
bochpuna-ramnus (GaP). oronuon [lorTku Ha Ha ocHOBe GaP paGoraer B oOnactu criektpa 250
- 470 aM. OcoOEHHOCTBIO pa3padOTaHHBIX (OTOJUOMIOB SBISIETCSI BOZMOXKHOCTh PErucTpaluu
U3JIyYEHUsl OT YPE3BBIUAIHO HU3KOTO 710 BBICOKOTO ypoBHs 3acBeTkH (0T 3 - 102 Br! em? 103 - 10-
"Bt cm?). [ToporoBast 4yBCTBUTEIBHOCTD, HE Xyxke 3,5 1014 Bt '

B snurepaTypHBIX HMCTOYHUKAX HMEETCS HEMAJOo CBEAEHUH O APYrux THIAX
MOJIYNIPOBOJHUKOBBIX MPUOOPOB, MpeaHa3HAUeHHBIX A paboTel B Y®-00sacTu cnekTpa.
Hanpumep, o kpeMHHEBBIX (OTOAMOAX C MEJIKHUM p-N MEPEeXOJOM M MHBEPCHBIM CIIOEM; O
(doTomoax Ha OCHOBE aPCEHUAA raJIMA U TPOMHBIX COETMHEHUH THIIA raJUTUH-MbILLBAK-(hochop;
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00 MHXKEKUMOHHBIX (hOTOIMOaX HAa OCHOBE CyNb(UIa LIMHKA; O STYEUCTBIX CTPYKTYypax CUCTEMbI
KPEeMHHI-IByOKHCH KpeMHuUs U Ap. [11]. OgHako, MpOMBIIIIEHHON peaiu3aiiy 3T TPUOOPHI MoKa
HE MOJIY4MJIH.

Ha cerognsmHuii 1eHp NMoJynpoOBOJHUKOBBIE AHOIbI ¢ OapbepoM LloTTku siBIsIIOTCS
MPAKTUYECKH €JUHCTBEHHBIM TUMOM (OTOAMOI0B, paboraromum B YD-nuana3zoHe cnekrpa,
KOTOpble AOCTUIIM NPOMBILIJIEHHON peaiu3aluM, U MojydaroT Bce Oosee HIUPOKOe
pacnpocTpaHeHue. ITu NpuOOpbl OTIIMYAKOTCS BHICOKOM UyBCTBUTEILHOCTbIO B CPEHEBOJIHOBOM
yactTu Y®-nuamna3zoHa M BBHICOKMM ObicTponaeiictBueM. Ha puc. 2.11, B kauecTBe npumepa,
MPUBEACHBI CIIEKTpajbHble XapaKTEPUCTUKH JABYX THMOB (OTOIMOMOB, BbIycKaeMbIX (UpPMOM
«Hamamatsuy» (SAmonus).[11].

1,04

S, A/BT ____[S1336
s
S1226] *.
0’1 J/ \‘
Puc. 2.11. Cnexmpanvusie xapakmepucmuxu 08yx %
o« A
munos ¢pomoouooos, evinyckaemvlx upmoii « Hamamatsuy. \“
0,01 '
A, HM
0,001 —>
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Crenyer OTMETHUTB, UTO MPH MPOMBILIEHHOH peanu3aunu ¢potoauo 0B ¢ baprepom LLIoTTkH
TpeOyeTcsi y4UThIBaTh HEKOTOpble 0COOEHHOCTH NpuOOpoOB 3TOro tuma. Hampumep,
YyBCTBUTEIbHOCTb (DOTOJMOIOB HANPSMYIO CBsI3aHa C MPO3PAYHOCTHIO METAIJIMUYECKON MJICHKH
(monmynpo3payHoro 3j1ekTpoaa) B YD-001acT CeKTpa, KOTopasi 3aBUCUT OT TOJIIUHBI TUICHKH.

OfHaKoO CUJIBHO YMEHBIIUTD TOJNIIMHY METAUIMYECKOTrO CJIOSI HEJb3s, T.K. BO3PACTET €ro
MPOJI0JIbHOE COPOTUBIIEHHUE CIIeJ0BATEIbHO, YMEHbLIUTCS (POTOTOK. B KauecTBe Momynpo3payHbIX
3JIEKTPOAOB OOBIYHO MCIIOJB3YIOT TUIEHKHM 30J10Ta TonuMHOM oT 10 1o 15 HM. [{ns ymeHbleHUs
K03((ULMEHTa OTPAaXKEHUS U3ITyUEHHs OT METAJUIMYECKHUX IJICHOK Ha HUX HAHOCST CHelhajbHble
AHTHOTpPAXKAIOUIEe IMOKPBITHE (CION IUAIEKTPUKA TOJIIMHON B YETBEPTh AJIMHBI BOJIHBI).

Bonbuioe 3Hauenue qia ¢poroauonos LLIOTTKKM MMeeT KauecTBO IpaHMLIbI pas3jiena MeTasl-
MOJIyIPOBOAHUK. BbicoTa moTeHManbHOro 6apbepa, B 3HaUUTENbHON CTENEHM, ONpeaelisieT
3P HEKTUBHOCTb OBEPXHOCTHO-0APbEPHBIX CTPYKTYP U 3aBUCUT OT MJIOTHOCTHU MOBEPXHOCTHBIX
3JIEKTPOHHBIX COCTOSIHUHM, YTO OINpe/esseTCcs] MaTepralioM 3JeKTpojia, KauecTBOM 00paboTKH
MOBEPXHOCTH MOJIYNPOBOJHHUKA, CTOCOOOM HAaHECEHHS MIEHOK U TEXHOJIOTHYECKUMH YCIOBUSIMU
M3rOTOBJIEHUS IPUOOPOB. J{71si coxpaHeHUst CBOMCTB noBepxHocT OUD B npouecce sKcIutyarauuu
TpeOyeTcsi NPUHATHUE CIIELUAIbHBIX Mep 715 3aLUThl JOTOUYBCTBUTEIBHOTO JIEMEHTA, B TOM YHUCIIe
U pa3MELIEHHUE €r0 B FEpPMETUYHOM KOPITyCE.

®upmoit «kBURR-BROWNy, BXonsieii B koprniopatuio « Texas Instruments Incorporated» nauar
BBIIYCK MOJIyNPoBOAHUKOBOr0 Y® (oronpuemHoro ycrpoiictsa tuna OPT301. B nannom npubope
B OJJHOM KPEMHHUEBOM KpHCTaJljie pa3MelleHbl (OTOANO/ C MPUEMHOM 1ommaakoi 2,3 x 2,3 MM u
ycunutenb porocurnana. Hanpsokenune nutanus OIIY  cocraBnser ot £2.25 no +18B, Tok
notpebnenus 400 mxA. [10]

JuanazoH cnektpaibHoil yyBcTBUTENbHOCTU DITY cocraBnser 0,26 - 1,0 mkM. Makcumym
CIEKTpaJIbHOM XapakTepucTUKU Haxoautcs B npenenax 0,750+50 M. MoHoxpomaTuueckas
YyBCTBUTENLHOCTb Ha JAMHe BosHbl 0,3 MM coctasiisiet 0,18 A/BT. /lnana3oH pabounx Temmneparyp
dotoarona ot munyc ot 40 no +85°C. IIpubop pazmMeleH B repMETUYHOM METAIIOCTEKISTHHOM
kopnyce Tuna TO-99. Ha puc. 2.12 npuBeneHa crieKTpaibHas XapaKTepucTUKa (POTONPUEMHOTO
YCTPOMCTBA.
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Puc. 2.12. Cnexmpanvnas xapakmepucmuka gpomonpuemnozo ycmpoticmea muna OPT301.
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Puc. 2.13. Bhewnuii 6u0 (a) u npunyunuanvuas cxema (6) gpomonpuemunozo ycmpoticmea
muna OPT301, seinyckaemoeo pupmoit K BURR-BROWN».

IloaBons HEKOTOPBIC UTOT'U paCCMOTPCHUS IMAPaAaMCTPOB U XapaKTCPUCTUK HauOoee IIHUPOKO
pPacnpoCTpaHCHHBIX (I)OTOBJ]CKTpOHHBIX u (bOTOBHeKTpI/I‘IeCKI/IX MNPUEMHUKOB y.]'ILTpa(l)I/IOJ'ICTOBOF ()
Auarna3oHa MOXHO CACJIaTb BBIBOJ O TOM, YTO KaXAOMY U3 PACCMOTPCHHBLIX THIIOB l'[pI/I60pOB,
KpoM€ TOCTOMHCTB, NPUCYIIH U OIIPCACIICHHBIC HEAOCTATKH, a TAKIKC LEJIbIH PAA KOHCTPYKTHUBHBIX,
TCXHOJIOTMYCCKHUX U SKCIINTYyaTallMOHHBIX OFpaHquHHﬁ.

Hu oguH u3 THUOOB PaCCMOTPECHHBIX HpH60pOB HC peIIacT BCEX 3aJay, CBA3AHHBIX C
perHCTpauHeﬁ H3Ty4YCHUA Y®-nuanazone CIICKTpa, a MMOTOMY HCO6XOI[I/IMO MMpoa0JIZKaTh IMOUCK
HOBBIX MaTCPUAJIOB U TEXHUYICCKUX peH.IeHPIfI.

OcCHOBHbBIE napaMeTpbl U XapaKTCPUCTUKHU HaunOoee paCHpOCTpaHéHHHX (1)OTOHpI/IeMHI/IKOB
y(D-I/ISJ'IyquI/ISI OTCYCCTBCHHOI'O IMPOU3BOACTBA IMPUBCIACHLI B TaGHI/II_Ie 2.2.
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3. llpuémuukn Y@®-u3i1y4eHUs HA OCHOBE ajiMa3a

Kak BuHO U3 npeabLayllero MaTepuaia, TpaJuiuoHHble HOTONPUEMHUKH (POTOITEMEHTHI,
(hOTOYMHOXKHUTENH, (POTOPE3UCTOPHI U (POTOIMO/IBI) HE MOJTHOCTHIO PEIIAIOT 3314l PErUCTpalin
Y®-uznyuenns. Ocobbie mpoOeMbl BOZHUKAIOT MPH CO3AaHUH (DOTOMPHEMHUKOB, pabOTaIOUTUX B
KOPOTKOBOJIHOBOM YacTh Y®-nuana3zoHa cCrekrpa.

B nocnenHue necstuneTvus B MUpE UJIET UHTEHCUBHBINA MOUCK HOBBIX COBPEMEHHbIX
MaTepuasioB JJIsl DJIEKTPOHHBIX W MOJYNPOBOAHUKOBBIX MpuOopoB. Ocobblii HHTEpec s
CHELMATMCTOB MPEeACTaBIsSET NPUPOJIHBIA anMa3, 00JaaoIui YHUKAIbHBIMU CBONCTBAMHU U
XapakTepusyroumicsa kak «marepuai X XI Bekay.

B psine pazButeix kanutanuctuueckux ctpad (CLLIA, SAnonust u ap.) oCymiecTBISIFOTCS
oOLIMpHBIE HALMOHAJIbHBIE TPOrPaMMBI 110 Pa3padOoTKe HOBBIX 3JIEKTPOHHBIX MOTYTPOBOJHUKOBBIX
pruOOpPOB Ha OCHOBE MPUPOJHOTO U CUHTETUYECKOIO aJMa30B.

B HayuHbIX UCTOUHHMKAX MMEETCS psijl CBEACHHI O CO3/aHMM Ha OCHOBE ajiMaza TaKUX
npuOOpPOB, KaK TPAH3UCTOPbI W IUOJBI, I€TEKTOPbl PEHTI€HOBCKOTO U SJIEPHOI0 U3IIyUYECHMIA,
BapUCTOPOB, J1a3€POB, ONTOIIEKTPOHHBIX KOMMYTATOPOB, (POTOIMUTTEPOB U (POTOPE3UCTOPOB.

[loTeHuuanpHble MNperMyllecTBa ajlMa3HbIX (GOTONPUEMHUKOB ONpPEACNISIOTCS
YHUKaJIbHBIMUA CBOMCTBAMH TIPUPOTHOTO ajMasa: 00JIbIION IIMPHUHOM 3anpellieHHON 30HbI, BBICOKOM
MOJIBU’KHOCTBIO HOCUTENEH, MaJlbiM BPEMEHEM JKU3HU HOCUTENeH 3apsaia, BBICOKUM TEMHOBBIM
COINPOTHUBJIEHUEM U BBICOKOH 3JIEKTPUYECKOW MPOYHOCTHIO, MOBBIIIEHHON TEMIMEPaTypHOU U
paaMauMOHHONW CTOWKOCTBIO ajlMa3HbIX KPHUCTAJJIOB, a TakK)Ke MUHHUMaJIbHbIM YPOBHEM
COOCTBEHHBIX IITYMOB.

OnHako, NPOMBILIJIEHHOE MPOU3BOACTBO YKa3aHHBIX M3JEJIUN HAXOAMTCSA Ha CTaAUsAX
MOJAFOTOBKUA U OCBOEHUS, B OCHOBHOM, 3apyOeXHBbIMU MPOU3BOIUTENSIMH.

[TepBbie coobiieHus 0 GOTONMPOBOIMMOCTH asiMasa rpyribl [1a mosiBuiuce 6osee 45 net Tomy
Hazaza. [11] HanpHeimue uccieqoBaHus, NPOBEAECHHbIE B Halllell CTpaHe U 3a pyOexoM,
MOATBEPIUIN BO3MOXKHOCTh peanu3ainuu (poToOUyBCTBUTEIBHBIX MPUOOPOB C UCMOIb30BAHHUEM
KPUCTAIIJIOB MPUPOAHBIX aIMa30B.

W3 TeopeTHuecKuX pacueToB U IKCIEPUMEHTAIBHBIX UCCIETOBAHUN 30HHON CTPYKTYPBI aIMa3a U3BECTHO, UTO
MepeX0bl, COOTBETCTBYIOIIME 3HEPIUM IMIMPUHBI 3alIPEIEHHON 30HBI, SBISIOTCA HEMPSIMBIMU M HAXOASTCS Ha
pac-crosauuu 0,78k, B Hanpasnenuu [100] ot nentpa 30u5! bpunmoena (k - Bomnosoii Bektop). [losTomy Takue
TIePEX0/IbI TPOUCXOAAT C Moro-1eHneM Goronos. ViccnenoBanus (OHOHHOTO CIIEKTpa ajaMa3oB JIAIOT Clie-TyIOIIne
3HAYEHUsI SHEPIHU (POTOHOB, YUACTBYIOIIHX B SIEKTPOHHBIX rtepexo-aax: 0,141 3B (monepeunstii ontrdeckuii GoHOH) 1
0,163 5B (npononeHbIi onTryeckui poHOH). DHepruu onrtudeckoro Gonona k = 0 cocrasmser 0,167 3B. Tak xak
9HEepruu (POHOHOB JJOCTATOYHO BEJIMKH, CHEKTP ONTHYEC-KOTo HoromieHus: B YP-o0mactu BecbMa pasHOOOpaseH.
Bonpioii Bki1aa B pOTONPOBOAMMOCTE MOTYT JIaBaTh MEPEXOAbI U3 ITyOOKMX HPUMECHBIX YPOBHEH B 3arpelieHHON
30He. CexTp GoToNnpoBOMMOCTH KPUCTAILIOB la ¢ coepkanreM azora Golee 1019 cun3 TIPEICTaBISIET COOOM IIMPOKYIO
TI0JIOCY € MAaKCUMYMOM BOM3H 4,7 9B, «cobcTBeHHas» (hOTONPOBOAMMOCTE IpH 3Hepruu Eg » 5,5 5B He nabmonaercst
(puc. 3.1). [Ipu MeHbIIEM cofep-KaHUH a30Ta CIIEKTP UMEET IIMPOKOE IIAaTO ¢ MEHbBIIEH, 4eM B 1a, aMILIUTY-/101 1
OTYETJIMBO BBIPAKEH UK «COOCTBEHHOI» (oTonpoBoanmocT. Kak mpaBuiio, cuuraercs, 4TO OCHOBHOW BKJaJ] B
MIPUMECHYI0, JOTOMPOBOAMMOCTH B Auana3oHe 4-5 3B 3a/1at0T, HelmapaMarHuTHBIE a30THBIC, e (QEKTHI. [12 ]

100 AT o,
80 / \
60 : 5 Puc. 3.1. Cnexmp ¢homonposooumocmu armasa
0 / \ muna la (1) u kpucmanna npomesxcymounozo muna (2)
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OcoOeHHO MepCcHeKTUBHBIM SBJISIETCS HCIOJb30BaHHE MPUPOJAHOrO ajaMasa JUis
M3roToBieHUs (POTONMPUEMHHUKOB YIbTPadrOIETOBOIO AMana3oHa creKkTpa ¢ paboyuM A1ana3oHoM
190...300 aM. OcoOblIit UHTEPEC PEICTaBIsAET co3aaHue (DOTOMPHUEMHUKOB JIJIsl paOOTHI B dKECTKOM
yIbTpauoIeTOBOM uara3one cnekrpa (yibrpaduosnet tuna «Cx»: 100...280 HM.), TA€ olryIIaeTcs
oCTpeiInii AepULNT, a UCTI0Ib30BaHUE AJISl TUX LeJIed APYTUX MOJTyIPOBOJAHUKOBBIX MaTepuasioB
BECbMa 3aTPYIHUTENBHO.

B nocneagnue roael B Poccuu HeCKONbKO aKTMBHU3UPOBAJIKUCH PabOThl MO CO3AAHUIO
Pa3IMYHOrO THIIA AJIMA3HBIX (DOTONMPUEMHHUKOB: (POTOPE3UCTOPOB, (HOTOTHNOIOB. (DOTOBOIBTAUYECKUX
MIPUEMHUKOB C MOTEHUUAIbHOW iMOW U Ap. PaGoThl B 3TOM HampaBji€HUM BbIMOJHSIUCH B
I'MHAJIMA330JI0TO, AK «AJIPOCA», 3A0 «YpanAnmazusecr», MUPDA u np.

[punuun pedictBus GOTONPUEMHUKOB Ha OCHOBE ajMa3a aHajlorudeH npudopam,
W3TOTOBJIEHHBIM U3 JPYTUX MOJYIPOBOJHUKOBBIX MaTe€pHasioB, HAIpUMEp, FrepMaHUsl, KPEMHHSI,
aHTUMOHUJA UHIUS U T.0. KoHcTpykuus anmazHoro ¢oTonpueMHUKa Tak)Ke aHaJloTHM4Ha
KOHCTPYKLIMSIM IIMPOKO U3BECTHBIX (DOTONPHUEMHHUKOB.

[lepBble oTeyecTBEHHBIE ONBITHbIE 00pa3ubl GOTOPE3UCTOPOB C HMCIOJb30BAHUEM
MPUPOJHBIX aIMa30B ObLIM pa3paboTaHbl U U3rOTOBIEHBI B Havyasne 90X roJoB MpOLLIOTro BeKa B
naboparopun KackoBa B. b. B ['ocynapcTBEeHHOM HHCTUTYTE ajiMa30B U 30J10Ta.

Jna usrotoBieHuss GOTOUYBCTBUTEIbHOIO 3JIEMEHTa ajJMa3HOro GoropesucTopa
MCIOJIb30BaIOCh OKOJIOIOBEJIMPHOE ChIpbe, 100bIBaeMoe B pecnyOiinka Coxa U ocTaBisBILIeecs B
UHCTUTYT ['0xpaHoMm P®D, kak «anmasbl AJ1sl TEXHUYECKUX HY K.

Konctpykuus anmaszsHoro ¢otopeszuctopa (ADP) npuBenena Ha puc. 3.2. B
METaJNIOCTEKISIHHOM LIUJIUHAPHUYECKOM KOPITyCce, UMEIOLIEM OTBEPCTHE ISl BXOAHOTO OKHA, Ha
CrienralbHOW MOMAJIOKKE U3 CTeKJa pa3memancs GOoTOYyBCTBUTENIbHBIN dneMeHT. DUYD
M3TOTaBJIUBAJICS U3 YMClia MpeABapUTelIbHO OTOOpaHHBIX KpucTaiioB. [locie craHmapTHOMU
MexaHuueckoi oO6paboTku (pe3ka, mIM(OBaHUE, MOJUPOBAHUE U T.JA.) U3 KPHUCTAJIOB
HEMpPaBUILHOU (OPMBI BBIIEISIIMCH JIEMEHThI MPSAMOYTOIbHON (opMbl. OMUYECKHE KOHTAKTHI
BBINOJIHSUIUCH TPHU MTOMOLLMU cepedpocoaepikallield macThl, KOTOpasi BXHUranach Mpu Temreparype
600°C.

Puc. 3.2. Koncmpykyus anmaznozo gpomopeszucmopa : 1 -
gomouyscmeumenvuuiil 2nemenm, 2 - noonodxcka, 3 - Kopnyc.
Hacmoswas koncmpykyus opomopesucmopa paspabomana KaHo.
@uz. mam, HayK, CM. HAYYHLIM COMPYOHUKOM UHCIUMYMA
I'MHAJIMA330JIOTO Ckpunnukom @edopom Bacunvesuuem..

KoncTpykuus goropesucropa npeaycMarpupalia jJBa BapUaHTa MCIONb30BaHUs: 0e3
BXOJTHOT'O OKHa M C OKHOM, M3TOTOBJIEHHBIM M3 MaTepuala, Mpo3payHoro B pabouem JIuanasoHe
cnekTpa. B nocnenneM ciyuyae cnekTpasibHble XapakrepucTuku AP onpenensnace He TOJIBKO
CBOMCTBaMHU KpUCTaJlJIa, HO U MPOIYCKaHUEM MaTepuasla U3 KOTOPOro U3roTaBIMBalOCh BXOAHOE
OKHO.

B kauecTBe Takux MaTepualioB UCIOJIb30BAJICS IJIABJIEHbIA KBapl, KBapLeBoe cTtekio KY
umu KU, yuonesslie crekna, YBCI, YT-48 u YT-49, ontuueckas kepamuka KVY-1-1 u apyrue
Matepualsl, rpo3paunbie B YD-o0nactu crnekrpa. CrnekTpajabHble XapaKTePUCTUKH HEKOTOPBIX
MaTepUajIoB NpUBEIEHBI Ha puc. 3.3.
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Puc. 3.3. Xapakxmepucmuxu nponycxkanus.: a — cmexaa YBCI-1; 6 — cmexon KY u KU,

6 — onmuueckot kepamurxu KY-1-1.

B 1992 rony B uncturyre [ MHAJIMA330JIOTO corpynaukamu [lnotHukoBou C.I1, u
Cxpunnaukom @.B. Oblna u3roropieHa neppas onbiTHas naptus (Oonee 100 mT.) anma3HbIX
dhotopesuctopoB. 1 M3roToBIEHUS ONMBITHBIX 00pa3iioB ADP ncmnonp30Baancy KPUCTAIIBI TUITA
lau II a. [Tmomane ogHOTO hOTOUYBCTBUTENHHOTO DJIEMEHTA M3 aJIMa3a COCTaBiisiia oT 2 10 12 MM2
npu TosmuHe oT 0,1 1o 1 mM. Macca kpucraiia coctasisia ot 0,03 o 0,4 kapat wim ot 0,006 1o

0,08 r.

O060011IeHHBIE TapaMeTphl ONBITHBIX 00pa3ioB ADP nmpusenens! B Taba. 3.1. , BHEITHUHT
BUJI - Ha pHC. 3.4, a CIEKTpaJbHbIE XapaKTEPUCTHKH HEKOTOPHIX (POTOPE3UCTOPOB MPUBEIECHBI HA

puc. 3.5.

Tabnuya. 3.1. Obobwennvle napamempovl onvlmHulx 0opazyoe ADP, uzeomosnenHvix

uncmumyme ' MHAJIMA330J10TO

IlapameTp, eqIMHHIIA H3MEPEHHSA 3HauyeHHe napamMeTpa
PasmMep 4yBCTBHTEILHOMN ILIOIAKH, MM~ 2-6
CriekTpasIbHBIN JUana3oH YyBCTBUTEILHOCTH, HM 215 -300
TemHoBoe conpoTtuBienue, MOMm, He MeHee 300
Pexomenayemoe conpoTusiieHne Harpy3ku, MOm, 30
WHTerpanbpHas TOKOBasi UyBCTBUTEIBHOCTh, MKA/BT, He MeHee. 60
HampspkeHre muTaHus Ha IIENOYKH «(POTOPE3UCTOP- 200
COIIPOTHBIICHHE HATPy3Ku», B, He MeHee
[TocTostHHAs BpeMEHH, C 2,5x 10®
['aGapuTHBIC pasMepbl, MM D10,5 x 6,0
Macca, He Ooiee, T 3
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Puc. 3.5. Cnexmpansuvie xapakmepucmuxku ADP uz kpucmannoe muna l a (a) u Il a (6).

ITo pesynbraram uccieaoBaHUi ONBITHBIX 00pa3noB ADPBbIsicHUIMCH TPOOIEMBI U
0COOEHHOCTH UX «IOBEJEHUA», B MEPBYI Oouepe]b, CBSI3aHHbIE C BHICOKUM TEMHOBBIM
COIPOTHUBIIEHHEM (DPOTOUYBCTBUTEIBHOTO AieMeHTa (6osee 100 Mom) 1 BBICOKMM HaIpsKEHHEM
nuTaHua npudopa. [Ipu pazpaboTke ONTHKO-31EKTPOHHON anmapaTypbl BO3HUKAIOT TPYAHOCTH
corinacoBaHus BbIcCOKOOMHOTo YD ¢ €€ BxoaHbIMH LensMu. KpoMme TOro, BO3HUKaIOT
JIOTIOJIHUTEJIbHBIE 3aTPYAHEHUS U3-3a BO3PACTaHUs TOKOB YTEUKH U BOZMOXKHOI'O JIEKTPUUYECKOTO
po0osi MPU UCTOJIb30BAHUM BBICOKOBOJIBTHBIX MCTOYHHUKOB nuTanus (100 -1000B), ocoGenHo B
YCIIOBUSIX MOBBILIEHHON BiIakHOCTH (60nee 35%).

IIpu skcnnyarauuu ADPP 6e3 BXOJAHOro OKHa W MOBBIIIEHHON BIAXXHOCTHU BO3JyXa
Habroaanock «3amnoreBaHue» @YD U BOZHMKHOBEHHUE YTEUEK, KAK HA CAMOM KpUCTaJLjIe, TaK U 10
repMOBBIBOJIAM, YTO IMPUBOJMIIO K CHU)KEHHUIO IIOJIE3HOT0 CUTHAJIA U YBEJIMYEHHIO YPOBHS LIYMOB
(dotopesucropa.

BonbiinHCTBO Mpo6iieM ¢ MCMONIb30BaHUEM alIMa3HbIX (DOTOMPUEMHHUKOB MOTYT OBITh
pelieHbl npu paspabotke, T.H. poTonpuemHsix ycrpoiictB (PIIY) B cocTaB KOTOpBIX, Kpome
«anMazHoro» @Y , MOryT BXOAUTh YCHJIUTENb (POTOCUTHAIIA, BBICOKOBOJIBTHBIA MICTOUHUK MUTAHUS,
cXeMa TeMmIeparypHOro KoHTpoJjst u T. A. Iloxpobuee cMm. [4,12]

Bo3MmorkHast cTpykTypHas cxema (pOTONPUEMHOr0 yCTpOICTBA MpUBeieHa Ha puc. 3.6.

e -
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Puc. 3.6. Cmpykmypuas cxema gpomonpuemHnozo ycmpoiucmea ¢ 6CmpoeHHbIM
8bICOKOBONILIMHBIM 8IMOPULHBIM UCIOYHUKOM NUMAHUSL U YCUnUmenem ¢pomocuzHana.
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Kpome, uacturyra FTMHAJIMA330JIOTO, B Poccuu paboTsl o co3anuto GoTope3ucTopoB
Ha OCHOBE IPHUPOIHOTO ajMa3a BBIOIHSUIN U AP. OpraHu3aluu, HalpuMep, aklLIMOHEepHasi KOMITaHUs
«AJIPOCA» un 3A0 «YpanAnmazluBecT».

Axuuonepnoit komnanueit «AJIPOCA» Obutn pa3paboTaHbl TpYM BapuaHTa aJMa3HBIX
tdhotopesuctopoB. OcHoBHBIe apameTpbl ADP npusenens! B Ta0. 3.2. , a BHEITHUN BUJI HA PUC.
3.7.113]

Tabnuya 3.2. OcnosHvie napamempur APP, pazpabomannsix AK AJIPOCA.

pl~] ET pl~} §'~ E
£ z £ § = £ 2 =~ § §=
2 o > A = = =
[v= - s o ) < WA = =
= S == s <= 5 % E 238 s
= ESEE s 8= " o e g
= s &E z B2 g 5 223 =
= = % B S g & S |=E = =
= 5 2 g =S 2 =
F’ S 5
Tuno A 22018 220 100-400 2-50 TO-7
Tun B 220-300 250 100-400 0,05-1 TO-7
JIuneiika
20 220-300 H/7 100-400 0,05-1 DIP-22
3JIEMEHTOB

Tun “A” u “B” 20-mu s3nemenmuas TuHelKa

Puc. 3.7. Bhewnuii 6uo anmasznolx pomopeszucmopos, paspabomannwix AK AJIPOCA.
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B 2003 rony 3AO0 «VYpanAnmazUuBecT» coolmuia o pa3pabOTKe U BO3MOXKHOCTSIIX
MPOM3BO/ICTBA alMa3HbIX (hoTope3uctopoB cepuu @A. OcHOBHbIE apaMeTpbl (HOTOPE3UCTOPOB
MpUBEACHBI B Ta0J. 3.3, TUTIOBAs CIIEKTpaJIbHAS XapaKTepHUCTUKA TPUBECHA Ha prC. 3.7, a BHEIITHUIA
BUJ Ha puc. 3.8. [14]

Tabnuya 3.3. OchosHvle napamempuvl homopeszucmopog PA-1 - @A-3, pazpabomannvix 3A0
«YpanAnmazUuBect». [26]

ITapameTp, equHULIA H3MeEPeHMSI 3nauenne mapaverpa
PAMETP, eI P DA-1 DA-2 DA-3
Pa32Mep qyBCTBUTEIHHOH IJIOIIAIKH, 1 1 2-10
MM
CeKTpaLHEI AHanason 190-300 190-300 180-270
9yBCTBUTEIHHOCTH, HM
MakcuMyM CEKTPATbHOM 220
XapaKTePUCTUKHU, HM
MoHoxpomaTndeckast TOKOBast 0.03- 0,045 0.08 0.057 - 0.1
qyBCTBUTEIBHOCTH, A/BT, He MeHee
TemuoBo# TOk, A, He OoJiee 2.8 x 1072 3x 10772 5x 107"
Hanpsokenue cmemenus, B 30 - 200 30 - 200 30-150
[TocTostHHAst BpeMEHH, C 250 x 10°°
Tun xopmyca TO-8 TO-18 DIP-16
["aGapuTHBIE pa3Mepsl, MM D11x15 D5.5 x 28 6.5x19x7,5
Macca, He OoJee, T 3 1,5 1,5
14, 0e

0 // \

0,4 / \

0.2 '/ \\ A, HM ~

O / T — ? | -
190 210 230 250 270 290

Puc.3.7. Tunosas cnekmpanvHas Xxapakmepucmuka aimasHulx homope3ucmopoa,
pexnamupyemvix 340« YpanAnmasHneecm».

DA-1 DA-2

DA-3

Puc. 3.8. Buewnuti 6uo gpomopesucmopos @A-1 - @A-3, paspabomannvix 3A0
«YpanAnmazuBecT»
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Heckonbko no3zxe 3A0 «YpanAnmazHBecT» ObLIN MPEATOKEHBI €I11e ABA THUTIA aJIMa3HbIX
tdhotopesuctopoB cepunt DA-3. OcHOBHBIE TapaMeTpbl (POTOPE3UCTOPOB MPHUBEIEHBI B Ta0. 3.4.

Tabnuya 3.4. Ocnosnvie napamempul ghomopeszucmopos @A-3, pazpabomannvix 3A0
«YpanAnmazUuBect». [15]

ITapameTp, eqxuHMIA H3MePeHUS 3uavenne napaverpa
®A-3-1 | DA-3-2

Pa3mep 4yBCTBUTENBHOM IUIOIMIAIKH, MM 2-10
CrexTpalibHbI{ JUana3oH 4yBCTBUTEIBHOCTH, HM 190-300
MakcuMyM CIIEKTpaJIbHON XapaKTEPUCTUKHU, HM 220
Mounoxpomatuueckas BOJIbTOBasI 4yBCTBUTEIHHOCTD,
B/Br, He MmeHee 200 150
MoHoxpomaTHdecKasi TOKOBasi 9yBCTBUTEIILHOCTh, A/BT, 0.1 0.08
HE MEHee
TemHuoBOI TOK, A, He Oojce 5x10™" 4x 107"
Hamnpspkenue cmemmenus, B 30
[TocTostHHAs BpEMEHH, C 250 x 107
Tumn kopmyca DIP-16
["aGapuTHbIe pa3mepsl, MM 6,5x19x2
Macca, He 601ee, T 1.5

B 2005 rony ITpousBoacTBeHHO-TexHONOrHueckuid LIeHTp «YpasiAnMazuHBECT» COOOIINIT
0 pa3paboTKe JIByX HOBBIX THUIOB (POTONMPUEMHUKOB Ha OCHOBE ajiMasa: (POTOBOJbTAMUECKUX
MPUEMHHUKOB C MOTEHLMATIbHOMN MO U p-i-n (POTONNO/IOB.

OcHoBHbIE TapaMeTpbl (HOTOBOJIBTANYECKUX TPUEMHHUKOB € TOTEHIMATIBHOMN IMOW B Ta0II.
3.5.[32]

Tabn. 3.5. OcnosHvle napamempuvl homMOBONLMAUYECKUX NPUEMHUKOE C NOMEHYUAILHOU AMO,
paszpabomannvix 340 «VpanAamazHneecmy. [15].

3HaveHNe mapaMeTpa
IMapameTp, eTnHHIIA H3MePeHHS
OIA-1-1 | ons-1-2
Pa3mep 9yBCTBUTENBHOMN TIIOIAIKH, MM° 2-10
CriekTpasIbHBIN JUana3oH YyBCTBUTEILHOCTH, HM 190-300 | 190-300
MakcuMyM CIIEKTpaJIbHON XapaKTEPUCTUKHU, HM 220
Monoxpomatuueckas BOJIbTOBasE YyBCTBUTEIHHOCTD,
700 150

B/Brt, He MmeHee
Monoxpomaruueckasi TOKOBasi 4y BCTBUTEIILHOCTD,

0,15
A/BT, He MeHee
Hanpsoxenue myma, B/ 1x1078
[Topor 4yBCTBUTENBHOCTH, Br/I'y'? (1-2) 107
JluHamMuyeckuit Tuarna3oH, Br/cm? 102 -102
[TocTostHHAs BpEMEHH, C 250 x 10°®
Hamnpspkenue cmemenus, B 100
Tun kopmyca DIP-16
["abGapuTHBIE pa3mepsl, MM 6,5x19x7,8
Macca, He Oosee, T 1,5
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OcHoBHBIE TapaMeTpbl “anmazHbiX’ p-i-n ¢poronuonos tuna DJI-1, pazpaborannsix 3A0
«YpanAnmazuBecT», npuBeaeHsl B Tabaune 3.6. Ha puc.3.9. npuBenaeHa crnexktpanabHas
XapaKTepucTHKa, a Ha puc 3.10 cxema BKIIIOUEHUSI 1 BHEITHUN BU]T (DOTONPHEMHHUKOB.

‘

Tabn. 3.6. Ocrosubie napamempol

‘anmasnoix” p-i-n pomoouooos muna P/-1,

paszpabomannvix 340 «VpanAimazHneecmy. [15].

3HaveHHe mapaMeTpa

IIapameTp, exnHHIIA H3MepeHHUS

ON-1-1A |  ®I-1-2A
Pa3mep 9yBCTBUTENBHOMN TIIOIIAIKH, MM° 2-10
CriekTpasIbHBIN JUANa3oH YyBCTBUTEILHOCTH, HM 180-300 | 180-300
MakcumyMm CeKTpaTbHOW XapaKTePUCTUKH, HM 220
Mounoxpomaruyeckas BOJIbTOBasE 4YyBCTBUTEIbLHOCTb,
B/BT, HE MeHee 200 150
Monoxpomaruueckasi TOKOBasi 4yBCTBUTENILHOCTh, A/BT, 0.13
HE MEHee
Hanpsoxenue myma, B/ 1x1078
[Topor 4yBCTBUTEIHHOCTH, Br/I'u'” (1-2) 107
VYV nenpHas 0OHApPYKUTEIbHAS CTIOCOOHOCTD, CM X I'u'? /Br, 0.3 x 102
HE MEHee ’
TemHuoBOI TOK, A, He Oolee 1x 107"
Hanpspkenue cmemenus, B 60 - 100
IlocTosiHHAs! BpEMEHH, C 250 x 10°°
Tun xopmyca DIP-16
["abaputHbIe pa3Mephl, MM 6,5x19x2
Macca, He 6oee, T 1,5

[Ipumeyanve: BennunHbl TOKOBOH YyBCTBUTEBHOCTH U MOPOTA, MPHUBECHHBIE B Tabn. 3.5 u 3.6
TEOPETUYECKUM Mpeen.

BBI3bIBAIOT HEKOTOPBIE COMHEHUS, T.K. OTH 3HAUCHUA IIPEBLIIIAIOT

A I@, A

8%10™"
O 1A
6+10™"
410"
2%10™" / K N
——_
0 > ]
\%‘3 1\“ 1’5‘3 16“ m%" 3\“ 3'56 36“ GB ™=

JInvHa BONHBI, HM

Puc. 3.9. Cnekmpanvnas
xapakmepucmuka “aimaznozo’”’
¢omoouooa D/I-1.
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B 2005 rony IIpousBoacTtBeHHO-TexHONMOrHUeckuil LleHTp «YpatAnma3uHBECT» Takke
cooOumI 0 pazpaboTke GOTONPHUEMHOr0 YCTPOHCTBA HAa OCHOBE anmasa.[15].

doTonpueMHOE YCTPOMCTBO MpeaHa3HAYeHO Jisi 0OHApyKeHHUs cllaOblX ONTHYECKUX
CUTHAJIOB, PETUCTPAlMd U H3MEpPEHHUs NapaMeTpoB YJIbTPa(HUOJETOBOTO M3JIYyUECHHS MyTEM
npeoOpa3oBaHUs ONTUYECKOTO U3TYYEHUS B AJIEKTPUUYECKUN CUTHA.

OcHogubie mapameTpsl ITY tuna OITA-1 npusenens: B Tadi. 3.7. Ha puc. 3.11 npuBenena
MPUHLUIHAJIbHAS AJIEKTpUYECcKas CXema , a Ha puc. 3.12 npuBeieHbl CHEKTpalibHbIE XapaKTePUCTUKU
OITY.

Ha puc. 3.13 npuBeneHo cxemMaTH4eCcKoe YCTPOMCTBO M BHEIIHHMHA BUJ (DOTOMPUEMHOTO
ycrpoiicTBa. BHyTpu Mertannokepamuyeckoro 22-x BbiBogHOro DIP-kopryca ycCTaHOBJIEHBI:
«anMa3zHbli» POTOUYBCTBUTEIbHBIN AJIEMEHT, OECKOpITyCHAasi HHTErpaibHas CXeMa ONepalMOHHOIO
yceunurtenss tuna K744V][la-1 u naccuBHble KOMIaHeHTbl. Kopriyc UMeeT BXOJIHOE OKHO U3
Marepualia, mpo3paqHoro At YD-uzinydeHus.

Tab. 3.7. OcHosHble napamempsl pomonpuemHozo yempotiicmea muna PIIA-1,
paspabomannoco 3A0 «VpanAnmazHusecmy. [15].

IMapameTp, eTHHHIA H3MepeHUS 3HaveHue
napamerpa

Pa3mep 9yBCTBUTENIBHOMN TIJIOIAIKH, MM° 2-10
CriekTpaJIbHBIN JUANa30H YyBCTBUTEILHOCTH, HM 190 - 280
MakcuMyM CHIEKTpaIbHON XapaKTEpUCTUKH, HM 220
MonoxpomaThuecKas BOJIbTOBAasi YyBCTBUTEIBHOCTE, B/BT, He MeHee 2,3x10°
MoHoXpoMaTHUeCKasi TOKOBasi 9yBCTBUTEIILHOCTh, A/BT, He MeHee 2
Topor uyBcTBHTenbHOCTH, BT/ '~ (1-2) 10"
HanpspkeHne cMmennenus it GoTonpreMHnKa, B 5-100
HanpspkeHue nuTtanus npeaycuiuress, B + 12
[TocTostHHAs BpeMEHH, C 250 x 10°
Tun xopnyca DIP-22
["aGapuTHbIE pa3mMephl, MM 10,5x28x2
Macca, He 6oiee, T 5

H[ZI/IMe‘IaHI/IeI Benuunnbl nopora 4yBCTBUTCIIbHOCTHU, TPHUBCICHHAA B Ta0j. 3.7 BbI3BIBACT
HEKOTOPBIC COMHCHHS, T.K. 3TO 3HAYCHUC IIPCBLIIIACT TeopeTqucxnﬁ npeaci.

K744V711

Puc. 3.11. lIpunyunuanvnas snekmpuueckas cxema PI1Y muna OIIA-1.
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Puc. 3.12a. Omnocumenvras cnexmpaivHas Puc. 3.126.0mnocumensras cnekmpanbhas

xapakmepucmuka Xapakmepucmuxa
yyecmeumenvrocmu PIY muna DIIA-1 6Ges uyecmeumenvhocmu PIY muna OIIA-1 ¢
8X00H020 OKHA Keapyesvim

8X00HBIM OKHOM

6)

Puc. 3.13. Cxemamuueckoe ycmpoticmeo (a) u enewruti 6uo (6) @IY muna PIIA-1.

[ToaBons UTOrM, MOKHO CKa3zaTh, YTO B COCTaBe (DOTOMPUEMHOI0 YCTPOWCTBA BIIOJIHE
BO3MOJKHa MpUOOpHas peanu3alus JOCTATOYHO BBICOKMX (OTOIIEKTPUUYECKUX MapamMeTpoB
BbICOKOOMHBIX DU 13 anmaza. bnarogaps 0CBOEHUIO HOBOIO CIIEKTPAJIbHOIO JMaNa3oHa TaKHue
®ITY ynayHo AOMOMHST CYUIECTBYIOLIUH psii TPUOOPOB.

Ha ocHoBe anMa30B BO3MOXKHO CO31aHUE COBPEMEHHBIX U HaJIe)KHBIX (HOTONPUEMHUKOB YD-
JIMJIMana3oHa ¢ BbICOKOM CHEKTPalbHOM CENEeKTUBHOCTBIO, pabOTaIOMX B IIMPOKOM JHAara3oHe
temneparyp (rnpakrudecku ot -200 1o +250 °C u BbiwIe).

CTouMOCTb TakuX IPUOOPOB HE JI0JKHA OBITh CYILIECTBEHHO BbILLIE CTOUMOCTH (POTOIMO/IOB
c 6aprepom LLIoTTKM MM HOTOYMHOKUTENEH.
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4. Hexkoropbie npuOOpbI M anmapatrypa, UCHoJab3ylLue
Y®-poTonpueMHUKHT

[TopaBnstoiiee 6OMBIUIMHCTBO TUMOB MPUOOPOB, HcHONb3yOIUX Y®D-hoTonprueMHuUKH,
MOKHO Pa3/ieJIUTh YCIOBHO Ha JIBE IPYMIbl: MACCUBHBIC U AKTHUBHEIE.

Ilaccugnvie - TpeTHA3HAYEHHBIE TOJIBKO 7S perucTpauuu YO-uznyuenus. B atux npubopax
(hoTOnpPUEMHHUKH MPEOOPA3YIOT U3ITyUYEHHUE B ANEKTPUUYECKUI CUTHAI, TPOMIOPLHUOHATLHBIN TOTOKY
W3JIy4eHUsI, KOTOPbI PErUCTPUPYIOT COOTBETCTBYWOIIMMHU npubopamu. YopolueHHas
(byHKIIMOHATBHAs cXeMa MacCUBHOrO Mpubopa nmpuBeieHa Ha puc. 4.1.

OnTH4eckas HcTounnk nutanus
cucTemMa ¢ ¢
@ > Cxema ycuseHusi Perncrpupyiomee Boixon
A » H 00padoTku yeTpoiieTBo —>
> CUrHaa
R,

Puc. 4.1. Ynpowennas pynkyuonanvnas cxema naccugHo2o npubopa.

Kombunuposannvle unu akmusHvie. ITH IPUOOPBI COAEPKAT B CBOEM COCTaBE, KAK UCTOYHUKH,
TaK U NpUEeMHUKU YD-u3inydeHus. Mexy HUMHU pa3MellaeTcs UccleayeMas Cpeaa, COCTOsSHUE
KOTOPOW (hUKCHUPYETCsl MO U3MEHEHHUIO ONTHYECKUX XapaKTePUCTUK Cpelbl. YHpOlleHHas
(yHKLUMOHAIbHASA CXeMa aKTUBHOr0 Nprlopa npuBeeHa Ha puc. 4.2.

HUctounnk KrwoBeTa ¢ uccsienyempivm ~ Onruyeckast MCTOUHNK NUTAHNS

Y®-uzaydeHust BeLleCTBOM cucTemMa

Cxema ycuJjieHust
H 06paboTku
CUrHaJIa

Beixon

Perncrpupyromee
YCTPOICTBO

YVYY

bJiok nUTAHUSI HCTOYHUKA HU3JIy4YeHUs

Puc. 4.2. Ynpowennas gpynkyuonanvruas cxema akmusHo2o npudoopa.

B HacTosimiee BpeMsi 0TeueCTBEHHOUN NMPOMBILIJIEHHOCTBIO U 3apy0exHbIMU (UpMamMu
BBIITYCKAETCs 1Iejas raMMa MpruOoOpoB, cpear KOoTopbix: YD-paguomeTpbl u YD-103UMETpHI;
y(hUMETPBI, dPUMETPHI U 3PA03UMETPHI; 0aKMETPHI K OAKTEPOMETPHI; OMOJIOTHYECKHE (DOTOMETPHI,
(biryopuMeTpbI U 1p. DTU PUOOPHI UCHIONB3YIOT Pa3IMUHbIE TUIIBI TPUEMHHUKOB YIbTPadHUOIETOBOTO
U3ITyYEHUS.

C mosBiieHHMEeM aiaMa3HBIX (OTONPUEMHHUKOB, HEKOTOpbhlie oTedyecTBeHHble HUU n
MpeanpUsITUa Hayalu paboThl [0 UCMOIb30BAHUIO 3TUX MPUEMHHUKOB B alnaparype KOHKPETHOro
Ha3HayeHHs. Takue paboThl BbIMOJHsIUCH: B uHCTUTYTe [ MHAJIMA330JIOTO, HUU
buomennuunckoi rexnonoruu, AK «AJIPOCA», 3A0 «YpanAnmazusect», AO «llonsipon», AO
«Hogb1# aBuratens 92», MUPDA u ap.

CBeneHust 0 cepuilHOM MPOU3BOJICTBE OTEUECTBEHHBIX NPUOOPOB OTCYTCTBYIOT, HO
MMEIOLIMECS CBEICHHUS MTO3BOJISIIOT C/IeNIaTh HEKOTOPbIE BHIBOJIBI O HAMPaBJIEHUAX padOT U YPOBHE
MapaMeTpoB OMbITHBIX 00pa3LOB.

Crpanuua 34



B 1990 - 92 rr. unctutyTom 'MHAJIMA330JIOTO, coBmectHo ¢ AO «HoBblii ABUTaTEbY,
BBIMONHAIUCH paboThl Mo pa3zpaboTke mpubopa Ak KOHTPOJS YPOBHS <«IKECTKOTO»
yABTPAPHOIETOBOrO U3TYUCHHS.

Ctumynom K 3Toil paboTe SBISIOCH TO, YTO MPAKTUYECKU BO BeeX (DU3HOTEpaneBTHUECKUX
KaOWHETaX COBETCKHX MEIUIMHCKHX Y4YepeKICHUH, B TO BpeMs, IJIsl KOHTPOJsl ypoBHs YD-
W3ITyYeHUs UCTOIb30BalICs, T.H. Ononoruueckuii nozumetp b/I-2. [3]

buonoszumerp B/I-2 npeacrapnsieT cob0i METaIMUECKYIO TUIACTUHKY C IIECThIO MPSMO-
YTOJIbHBIMU OTBEPCTUSMH, TUIOIMIAALI0 MPUOIU3UTENbHO 27 X 7 MM Kaxaoe. OHM 3aKpbIBAIOTCS
MOJBUKHOM 3aCTIOHKOM. Takyro MIACTUHKY BIIMBAIOT B KIEEHKY U (PUKCUPYIOT Ha Tese 00IbHOro
NpU MOMOILIM TeceMok. BHewnuii Bu Ouogozumerpa bJ[-2 npuBeneH Ha puc. 4.3.

Puc. 4.3. Buewnuii 6uo 6uooosumempa bJ[-2.

Buono3umerp onpenensis 03y yIbTpadruoaeToOBOro 00Iy4eHus, BBIPRKEHHYI0 MUHUMAIbHON
€ro MPOAOKUTENBHOCTBIO MPHU OMPEIEICHHOM PACCTOSIHUM M3JIydaTessi OT Tesa, 0071y4yaemMoro
yenoBeka. Takyro 103y, JOCTaTOYHYIO i BOSHUKHOBEHUS SPUTEMBI, - HA3bIBAIOT OMOTOTUYECKOM.

MeToauKka mpuMEHEHHsI TOT0 KYHUKATBHOT0» MprOopa Obliia CIeayoHIei.

[Ipu onpenenennu 6MO103bI METUIIMHCKAS CECTPA HAKJIaAbIBaNIa OMOJ03UMETP HA 00J1acTh,
MpeIHa3HAuYCHHYIO /Ui OOJIy4eHHsl, UJTU HA HUXKHIOIO YaCTh )KUBOTA, €CIIM ObLITIO Ha3HAYEHO o0l11Iee
obnyyenue. He monexaiine o0ayueHHIO yU4aCTKH Tella 3aKpbIBalId MPOCThIHEH. bonbHON HaneBan
CBETO3alUTHBIE 0uku. OOMyuyaTenb ¢ BKIKOUYEHHONW PTYTHO-KBapIEeBOW JTaMIoOW yCTaHABIUBAIOT
NEPHEeHAUKYISIPHO K MOBEPXHOCTH OOJIy4YeHHUS Ha 3aJaHHOM paccTosiHUU (006bIuHO 50 cMm).
MeaunuHckas cecTpa OTKpbIBajia MepBoe OTBEPCTHE OMOJ03UMETpa U 00 Tydaa KoxKy MoJ HUM B
teyeHue 30 c. 3areM uepe3 kaxabple 30 ¢ OHa OTKpbIBaIA MOOYEPEIHO CIAEAYIOLIUE OTBEPCTHS,
MPOAOIDKas 00IyUYaTh Y4acTKH MOJ] OTKPHITHIMHU PaHee OTBEPCTUSAMU, TTOKa He OyayT 00Iy4eHbI BCe
6 oTBEpCTUI.

Uepes 24 4 nmocne obOiydeHUs] TP OCMOTpPE KOXHU OOHApPYKHBAIOTCS dPUTEMHBIE
(moKkpacHeBIIKe) MOJI0CKH, COOTBETCTBYIOIIME OTBEpCTUsIM Onono3umeTpa. [logcuuTas ux yucio,
CecTpa ompesensia BpeMs, KOTopoe TpeOoBanoch i 00pa3oBaHUs MUHUMAIIBHO BbIPAKEHHOU
MOJIOCKH, T. €. COOCTBEHHO M ompejesiia 01oao3y.

Tak kak OGMomo3UMETp MMeeT 6 OTBEpPCTUIA, a BpeMsi 00IydeHHUs KOXKHU MOJ KaXKJbIM U3
HUX yBenanurBanu Ha 30 ¢, TO BpeMs IKCMO3ULIUHU (00IyUeHHs) KOXKH MO/ IEPBBIM OTBEPCTHEM (B
MOCIIe0BATEIbHOCTH UX OTKPBIBaHHUS) JOJKHO COCTABJSATh 3 MUH, MO BTOPbIM - 2 MuH 30 c,
O] TPETHUM - 2 MUH, 1101 YeTBEPTHIM - | MuH 30 ¢, O] MATHIM -1 MUH, TOJ IIECTHIM (TTOCAEIHUM —
30 c. lng pacuera 6M0103bI MCIIONB30BAIH CAEAYIOILYIO GOpMYITyY:

X=t-(n—m+1) (4.1)

rae X - BenmuyruHa OMO0MI03bI, C; t - BpeMsi 00JydeHUs EeCTOTo (MOCJIEIHEr0) OTBEPCTHUS
OMoa03UMeTpa, C; N - YUCJIO OOJYyUYEHHBIX OTBEPCTHH OMOJO3MMETPA; M - YKUCIO IPUTEMHBIX
TMIOJIOCOK.
NMeHHO, «mpenMyllecTBay 3TOr0 YHUKaJIbHOIO JO3UMETpa MPUBEIH K TOMY, YTO MOCIe
KOHCYNbTalui ¢ LleHTpaabHBIM HHCTUTYTOM KypopToJjioruu u (pusuorepanuu Munzapasa CCCP
OB Ha4aThl pabOThI IO CO3/IaHUIO AJIEKTPOHHOTO MPUOOpa.
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B pesyabrate yero AO «HoBbiii gBurarenb-92» COBMECTHO € HMHCTUTYTOM
I'MHAJIMA330JIOTO, 6blin pa3paboTaHbl M U3TOTOBJIEHBI MEPBbIE OMBITHBIE 00pPa3Ilbl
JIO3UMETPOB  cojiHeuHoro u3nydyenusa JCHU-1, ucnonb3yromux ADP. YopouieHHas CTpyKTypHast
cxema npubopa npuBeaeHa Ha puc. 4.4., BHeWHUH BUJ npubopa Ha puc. 4.5. [Ipunuun paboTsl
npubopa MOHITEH U3 puc. 4.4. U He HYKJAETCs B IONOJHUTENbHBIX MOSICHEHUSX.

Mukpo  Moxyasop- +U, 400B

00BLEKTHB  00TIOPATO BhLICOKOBOILTHEI
HCTOYHHK < °

B NUTAHUSA Uy, 9B
L | R, i
H3meputenbublii
¢ 4 npubop
S M HT LS
> [ =
i Ce/leKTHUBHBIH
R, > ycuwiaurenb
| | U JeTeKTOp
HUcrounuk Hpe}lycnﬂl/lTeﬂb
NUTAHUA
MHKPO-
JABHIaTeJId |

A

Puc. 4.4. Ynpowennas cmpykmypHas cxema 0o3umempa conneunoeo usnyyenus [JCH-1.

Puc. 4.5. Buewnuii 6uo

do3umempa COJIHEYHO2O0 U3/TYUYEeHUs
JICH-1.

PaGounii cnextpanbhbii nuamnazon go3umetrpa JCU-1 cocraBua ot 215 go 300 HM,
qyBCTBUTEIBHOCTH OT 1 10 100 MxB1/cM?. Hanpsikenue mutanus — 9B. B ipubope ncnosip3oBaics
KBaplEBbIii MUKPOOOBEKTHB U8 MM ¢ (OKYCHBIM paccTosHueM 13 MM. ["abapuTHbIE pazMepsl
npubopa cocrasmsumm 71,7 x 153 x 36 MM, Macca nipubopa, He 6osiee 300 1.

3a npenenamu pabouyero AuanazoHa NpUOOp SIBASETCS «COJHEYHO-CIENbIM», T.€. He
YYBCTBUTEJIEH K BUAUMOMY H3TyUEHHUIO.
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B akuuonepnoit komnanuu «Iloasipon» copmectHo ¢ AK «AJIPOCA» Obliu pa3paboTaHsl
uHaukaropbl UVB-uznyuenus tuna « SOLAR —ihUVry, koTopble npeiHa3HaueHbl 151 ONPeAeIeHUs
YPOBHS eCTKOro yibTpaduoseroporo uznyuenus Connua UVB-auana3zona B eAMHULAX yAEIbHOM
OINTHYECKOM MOIIHOCTH (MKBT/cM?).

[Tpubop conepxutr ADP, 31eKTpOHHYIO CXemy
ycunenus ¢otocurnana u AIIl. JlanHbie
BeiBOJsATCS Ha JKK-unnukatop. Pabouwuit
cnekTpaiabHbld nuana3zon 280 - 320 HwMm, -
MHUHUMAaJIbHAsi perucTpupyemas onTudyeckas
MOILIHOCTb, MEHEE 5« 10 Bt. Hanpsikenue
nuTaHus npubopa 12B. BHeumnwuii Bua npubdopa
IIPUBEJIEH Ha puc. 4.6.

3a npeaenamu pabouero UVB -nuamazona
npuoOp SABISETCS «COJHEYHO-CIENbIM», T.€. HE
YyBCTBUTEJIEH K BUAUMOMY H3iayueHutro UVB -
nuanaszona (320 - 390 HM), KOTOpOoe cuMuTaeTcs
OHKOJIOTUYECKHU O€30MacHbIM W BbI3bIBAET
310poBbIi 3arap.[13]

Puc. 4.6. Buewnuii 6uo unouxkamopa UVB-
uznyuenuss muna « SOLAR — ihUVry

B akuunonepHoii komnanuu «llonsipon» coBMeCTHO
¢ AK «AJIPOCA» Takke pazpaboran « YD-MOHUTOD A5
MPEUN3UOHHBIX U3MEPEHN MOIIHOCTH YD-U3ITyYEHUSD.

Y®-MOHUTOp NpeTHa3HAYEH JJ1s1 U3MEPEHHUSI SHEP-
MU U MOLIHOCTH ONTHYECKHUX CUTHAJIOB OT TUCKPETHBIX
U MHOTOXJEMEHTHBIX (JIMHEWHBIX U MaTPUUYHBIX)
(GOTONMPHUEMHUKOB YIbTPa(UOIETOBOrO U3TyUYEHHS, a
TaK)K€ MOHUTOPUHIA YALTPapUOJETOBOTO U3TYUEHHUS 1O
MOIIIHOCTH, MPOCTPAHCTBEHHOMY pachpeieeHUI0
MOIIHOCTH U CHEKTPaJIbHOMY COCTaBY HMCTOYHHMKOB
W3ITy4eHHs pa3audaHor npupoasl (YP-nazepos, ComHia
W JIp.); UCTIBITAHUW U KaTuOpOBKH (DOTONPUEMHHUKOB
pa3IMyHOrO Ha3HAYEHUS.

Puc. 4.7. Buewnuti 6uo YO-MoHUTODA.

B 3aBucumocTu 0oT 00BE€KTa U3MEPEHUH MOHUTOP MOXKET ObITh CHaOXXeH Habopom
ABTOHOMHBIX ()OTO/IaTUMKOB, MOJKIOYAEMBbIX C IOMOLIbIO Pa3bEMOB.

[Tpubop conepxxkutr ADP, anekrponHyro cxemy ycuieHusi ¢porocurnana u AL Jlanubie
BBIBOJISITCA Ha 6-TH pa3psaHBbI CBETOAWOMHBIA 7-MU CErMEHTHBIM MHAUKaTOp. PaGouuii
criekTpanbHbliil 1uana3zoH 280 - 320 HM, - MUHUMaJIbHAsA PETUCTPUPYEMasi ONITUYECKass MOIIHOCT,
meree 5 ¢ 102 Br. Hanpsokenue nutanus npubopa 220B. Bremnuii Bua npubdopa mpuBeeH Ha
puc. 4.7. [13]
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Axuunonepnoit komnanuen «AJIPOCA» coBmectHo ¢ HUM buomeaIIMHCKON TEXHOIOTMU
MunzapaBa CCCP 6b11 pazpabotan 6uoporomerp tuna YD-215

buodortomerp tuna YO-215 npencrapiser co0oi NOPTaTUBHBIN OJHOITY4€EBOM (hoToMeTp
C CTaTUYECKON UM MPOTOYHOM KtoBeTol, ADP Ha 0CHOBE NPUPOJHOTO aJIMa3a TUIA 2a, ICTOYHUKOM
W3JIYyUYEHHS - ra3opa3psiHON JIaMIOH ¢ MOHOXpOMAaTHYECKOH JuHHel BOAM3M 215 HM - U
AIIEKTPOHHBIM OJIOKOM yCHUJIEHHSI U 00pabOTKH CUTHAIA.

[IpenHazHavyeH A U3MEPEHUS U DKCIPECC-KOHTPOJS KOHLEHTpALUK OHOJOrHYeCcKu-
aKTHBHBIX BELIECTB: OEJKOB, NENTUAOB, aMUHOKUCIIOT, COJIE MO ONTUYECKOMY IMPOIYCKaHUIO
COZIEpIKallMX UX Cpe/l U pacTBOPOB B YD-00macTu.

Pabouwnii ciekTpanbHblil 1nanazon 215 HM, n3MepsemMas BeIMYUHA ONTUYECKOM MJI0THOCTH
0 — 2. Hanpsixenue nutanus npudopa 220B. Buewnuii Bua npubopa npuseaeH Ha puc. 4.8. [13]

WNuunuatop pa3paboTku U nepBblil 3akazuuk - aupektop HUUW buomeauuumuckoit
TeXHOoNoruu, netunk-kocMonaBT CCCP , nmpodeccop b.b. Eropos.

. Sy e

Puc. 4.8. Buewnuii 6uo o6uogpomomempa muna YD-215

AxnmonepHoit kommnanus «AJIPOCA» coobmaetcs [13] o pa3zpaboTke (hoTOmprUeMHOro
YCTPOMCTBA AJI1 U3MEPEHUS MOLIHOCTH U3TyUYEHHsI UMITYJIbCHBIX JIa3€POB

doTonpueMHOE YCTPONUCTBO NPEAHA3HAUYEHO [JIsI U3MEPEHUS MOIIHOCTH DHEPIrUU
OINTUYECKOr0 M3JIyYeHHs MUKO- U HAHOCEKYH/HBIX UMITYJIbCOB S3KCUMEpHbIX sazepoB ArF, KrCl,
KrF (cootBercTBeHHO, Ha JuinHax BosiH 193, 222, 248 u 308 HM) uu Ha YeTBEPTOH rapMOHUKE
na3epoB ¢ cunxponuzanueit mog Nd:AUIL (265 um).

[Tpubop conepxkutr ADP, snekTpoHHyto cxemy ycuiaeHus gorocurHana u AL Jlanuble
BBIBOJSATCS Ha 4-X pa3psAIHbI CBETOAMOIHBIH 7-MM CErMEHTHBIM MHAUKaTop. Pabounii
cnekTpaabHblii auana3oH 180 - 320 HM, MakCHMMaJIbHO JOIYCTHMas ONTHUYECKas MOIIHOCTb B
ummysbce 10 1 - 2 'Br/cm?. Hanpsiokenue nuranus npudopa 220B.

[Tpubop MOKET UCTOIB30BATHCS TAKIKE /17151 ©U3MEPEHHS IPOCTPAHCTBEHHOIO paclpee/ieHHs
ONTUYECKON SHEPTUHU B IUIOCKOCTH JIyya.

Buennuii Bua npubopa npusezeH Ha puc. 4.9.
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Puc. 4.9. Buewnuii 6u0 gpomonpuemnozo ycmpoticmea 0 usMepeHuss MOUWHOCMU 1a3epoa.

B nocnennue roapl BecbMa akTyallbHbIM SIBJISIETCS pa3paboTka MpruOOpoB, MpeJHa3HAYEHHBIX
JUISL DKOJIOTUYECKHUX LIeIEH.

B kauecTBe npuMepa MOXKHO IPUBECTU HEKOTOPBIE XapaKTEPUCTUKN MHANKATOPA COAEPAKAHUS
HepTenpoaykToB B Boae tuna «OUJIMH DKDA 2000», kotopslii pa3paboTaH OT€4eCTBEHHOM
bupmoii «K IKCH».[16]

Nuanukatop «OUIJIIMH SKDPA 2000» npeaHazHadeH JJs KOHTPOJS 3a CoJepKaHUEM
He(QTENPOLYKTOB B YMCTBIX TEXHOJOTMYECKMX BOAAX B PEXKHUME peabHOro BpemeHu. [Ipubop
paboTaeT ¢ UCTUHHBIMM PAcTBOPaMHU HE(PTENPOAYKTOB B BOAE U MOXKET MCIIOJIb30BaThCs, KakK B
1a00paTOpHBIX, TaK U B MPOU3BOACTBEHHBIX ycloBUiAX. [Ipubop BcTpanBaercs B cucremy
BOJOCHA0KEHMSA, K HEMY MOJBOJIATCA COOTBETCTBEHHO BXOJHOW M BBIXOJAHOM IJIAHTH C
HCClIelyeMON BOJIOM.

[IpuHUMI neHCTBUS MHAMKATOpa OCHOBAaH Ha IMOMIOIIEHWH MOJIEKYJaMH PacTBOPEHHBIX B
BOJIe¢ HEQTENPOAYKTOB YIbTPa(HOJIETOBOrO M3JIYyUEHHUS] U MEpPEeU3yuyeHUs: €ro B BUAUMOM
JMana3oHe, TO €CTh (haKTUUECKH MPUOOP KOHTPOJIUPYET YPOBEHB (PIIyOPECIEHIIMUA MUCCIIETyeMO
BO/IbI.

JlnanazoH u3MepsieMbIX KOHLEHTpauuid npumecerd HedrenpoaykTos: 10...2000 Mkr/mutp.
[IpuGop paboTaeT B MPOTOUYHOM peXKHUME, POU3BOJIS U3MEPEHUS B PEXKUME pPEalbHOI0 BpEMEHH,
He TpeOys mpoleaypbl TOAroTOBKY Mpo0. Hampsokenue nutanus npudopa 220B.

[IprbGop cOCTOUT U3 INEKTPOHHOIO U ONTUYECKOTO Y3JI0B. B onTuueckoMm y3ie HaxonuTcs
UCTOYHUK YO H3iyueHus, KIOBeTa JIJIsl UCcciieyeMoi BOoJibl, cucTeMa (OPMUPOBAHUS U3TYUEHUS U
(doronpueMHuKU. [IpueMHUKH U3ITydeHus CiIyKarT 11 KOHTPOJISl COCTOSTHUS IprOopa U U3MEPEeHus
(bayopecueHTHOT 0 U3TyYEHHUSI.

[IpuemHukoM caboro u3aydeHHst PIyopecleHLUH CITYKUT (POTOIEKTPOHHBIN YMHOKHUTEIb
(DY), koTOpHIi pacmonokeH 1o yriioMm 90 rpaaycoB OTHOCUTENIBHO HaMPaBIEHUS 30HAUPYOIIETO
YO uznydenus.

OnTuyeckas cxeMa HHIUWKAaTopa npejcTaBieHa Ha puc. 4.10.
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Puc. 4. 10. Onmuueckasn cxema unouxamopa «@HUIHH DKDA 2000»: 1 - ynempaguonemosas
namna JJC30; 2 - omeodawas ceem niacmuuka, 3 -gpomonpuemHux (¢pomoouood),
4 - konoencop; 5 - V¢ ceemogpunomp (6xoomnoii); 6 - okHa Kroeemwl,; 7 - Kiogema, 8 - uimyyepbi
9 - pomonpuemnux (pomoouod), 10 - ceemogunomp (gvixoonoti);, 11 - pomosnekmponmwiii
VMHONCUMED.

[Ipubop pabotaet caeayrommum odpazom. Uznydenue nammnsl JJC30 HanpaBnsercs npu
MOMOIIN JIUH3 4 B KIOBETY C BOJIOM. YacTh M3IydeHHUs OTBOAMUTCS 3epKajoMm 2 Ha ¢oroauon 3.
VnbrpadroneToBbii GUIBTP S MPOITyCKaeT U3y4eHHEe B CIIeKTpaibHOM auamna3one 250...350 Hm.

N3nyuenne, nmpomeamee yepes KoBeTy 7, monaaaeT Ha dotoauon 9. M3nydyenue
(biyopecleHIIMH BBIXOAUT U3 KIOBEThI, MPOXOAUT yepe3 cBeToduasTp 10, mporyckaronuii CBeT B
criekTpajgbHoM nuanaszone 450...650 HM, u monagaeT Ha (OTOIIEKTPOHHBIM YMHOXHUTENb 11,
SBJISIFOLIMICSI OCHOBHBIM JIaTYUKOM MPUOOpA.

®doronuonbl 3 1 9 HEOOXOAMMBI JJII KOHTPOJISI UCTIPABHOCTH JIaMIIbl 1, KOHTPOJISE YUCTOTHI
OKOH 6 M MCKJTIOUEHUSI BIIMSIHUS HE OU€Hb CUJIbHOTO 3arpsi3HEHMSI OKOH Ha OKOHYATEe IbHBIN pe3yIbTar.
JInn3bl 4 1 okHa 6 M3roTOBJIEHBI U3 KBapueBoro crexia KY-1. CnekTpanbHble auana3oHbl
nponyckaHusi puiabTpoB S 1 10 He nepeKpbIBaIOTCS, YTO MO3BOJISIET NOJHOCTHIO UCKITFOYUTD BIUSIHUE
U3ITyYEHUSs], PACCEHHOTO B Cpeie, Ha OKHAaX U CTEHKaX KIOBEThI, HA BEJIMYMHY M0JI€3HOr0 CUTHAaA.

Pe3ynbrarel uaMepeHuit BHIBOASTCS Ha MUGPOBOM MHAUKATOP M HA BHEIIHWK CaMOIHUCEIL.

[Ipu nocTrKeHNU KOHLIEHTpaluei HepTenpoyKTOB OTHOTO U3 IBYX YCTaHOBJIEHHBIX TOPOrOB
(«aBapush» U «IpeaynpexaeHne») BKIIOUal0TCs 3ByKOBasi U CBETOBAsl CUTHAIU3ALMSL.

[Tpu Beixome u3 ctposs YO mamnsl (JAJC30) naum 3arps3HeHUH OKOH BKIIOYAOTCS
COOTBETCTBYIOIIME WHAUKATOPHI, U TIOAAETCS 3BYKOBOM CUTHAJ.

B nannom mpuGope, Bmecto doTtoymHoxutens (11), moxer ObITh MCHOJB30BaH
BBICOKOYYBCTBUTEJIbHBIN HIMPOKONOJIOCHBIH alMa3HbIil OTOPE3UCTOp, UTO MPUBEAET K CHUIKEHUIO
SHEPronoTpedIeHus, MOBILLEHUIO SKCILTyaTallMOHHON HaIe)KHOCTH U YMEHbBIICHHIO rabapUTHBIX
pa3MepoB.
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5. 3akaoueHnue

B nocnennue roasl BO BceM MHUpe HaOIOmaeTCs TEHIAEHUMS OcBoeHUs YD-auamazoHa
AIIEKTPOMAarHUTHOTO CHEKTpa [1s peLeHHs Pa3IMYHOr0 pojia MPAKTUUECKUX 3a]1a4: B HAyKe, TEXHUKE,
AKOJIOTUM W MEJUIIMHE, a TaKXKe ISl CO3/1aHUsI COBPEMEHHOW MPOTHUBOIOXKAPHOM U BOEHHOM
TEXHUKH.

1. B Hactosimiee BpeMsi peructpauus Y®D-uznydeHusi, B OCHOBHOM, OCYUIECTBISIETCS C
MOMOIIIBIO JJOPOTUX U HEHAIEKHBIX BAKyYMHBIX TPUOOPOB: (POTOIIEMEHTOB U POTOYMHOKUTENEH.
[TonynpoBogHuKOBBIE (OTONPUEMHUKH, PEATU30BaHHbIE HA OCHOBE KPEMHHMsI U MaTepuaoB
rpynmst AIIBY1 (cynbduna uunka, cenennna upska u cyiisbuaa kaaMus), TAKKe He PeIaioT BCEro
Kpyra3ajad.

J71s1 co3nanus COBpeMEHHOM U HaJIeXKHOM ONTHUKO-JICKTPOHHOM armaparypbl, padoTaromiei
B Y®-nuamnazoHe, HEOOXOAMMO MPUMEHEHHE MTPUHLMIUATBHO UHBIX IPUEMHHUKOB H3ITyUEHUSI.

JI1st 3 TUX 1eneld MOXeT OBbITh MCTOJIB30BaH MPUPOIHBIN amMas.

[IpoBoauMble MCCleOBaHUs CBOMCTB MPUPOAHBIX aIMa30B MOATBEPAUIN YHUKAIbHOCTh
3TOro Marepuaia. Aiamasbl 0071aJal0T BRICOKOH MEXaHUYECKOW MPOYHOCTHIO U XMMHUUYECKOU
YCTOHYMBOCTBIO, UX CBOWCTBA CTAaOUIIbHBI BO BpeMeHU. biiarogaps 3Tum KauectBaM U3 MPUPOAHBIX
aJIMa30B BO3MOXHO CO3JaHHE€ BbICOKOKAUECTBEHHBIX M HAJEXHbIX JJEKTPOHHBIX U
MOJIYITPOBOAHUKOBBIX MPUOOPOB, pabOTAIOIIMX B IIUPOKOM JHarna3zoHe pabouux temreparyp (OT -
273 no +400°C u 6onee), B arpeCCUBHBIX Cpeliax, U MPH MOBBIIIEHHOW pagualliu.

DneKTpOoHHbIE MPUOOPHI U YCTPOWCTBA Ha OCHOBE MPHUPOIHOrO ajiMmasa, KakK MpaBHIIO,
0€3KOHKYpEHTHBI, OJ1arojjapsi yHUKaIbHbIM COUETAaHUSIM ONTUYECKUX, AEKTPO- U TEIIOPU3NIECKUX
CBOMCTB, OTCYTCTBYIOIIMUM B JIPYTHX MaTepuasax, BKIoYas U CHHTETUYECKUE aliMa3bl.

3. OaHUM K3 NMEePCNEKTUBHEHIINX HAMpPaBJICHUN Pa3BUTHUS «aJIMa3HOU DJIEKTPOHUKHU»
ABJII€TCS pa3paboTKa U OpraHu3alus MPOMBILIIEHHOTO IPOU3BOACTBA alIMa3HBIX (HOTOPE3UCTOPOB
(ADP).

3.1. A@P xapaktepuzyrorcsi BbIcOKoH 4yBcTBUTENBLHOCTBIO B VUV, UVC 1 UVB-nuana3onax,
T.€. B HAUMEHee OCBOEHHBIX 001aCTAX ONTUYECKOTO CIIEKTPa, U MPEKPACHBIM ObICTPO-/IEHCTBUEM,
HE XYXe 10-9 . doTope3ncTopsl HA OCHOBE ajiMasa 00JafaroT OOJBITUM JUHAMHUYECKUM
JIMAIa30HoM, JOIYCKAIOUIMM UCIIONIb30BaHue ADP B IPsIMbIX COTHEYHBIX JTy4aX U IMPY BO3IECUCTBUU
M3JTyYEHUS] MOILIHBIX U CBEPXMOLIHBIX YD-3KCUMEPHBIX J1a3€POB.

3.2. Ha ocHoBe ADP mMoryT OBITh CO3/1aHBI: CUCTEMBI JIJ1s1 KOHTPOJISl BO3rOPaHUM U IETEKTOPBI
MJIAMEHU; «COJIHEYHO-CJIENbIE» CUCTEMbI KOHTPOJISI COCTOSIHUSI 030HOBOT'O €105l aTMOCc(hepbl 3eMIIu;
annaparypa st YOreopuanueckoro KOHTpOJs U Kaprorpaguu; anmnaparypbl AJs MOCTOSHHOTO
KOCMUYECKOT0 MaTpyJisi MATKOrO pEHTTEHOBCKOT0 U skecTKoro Y®-uznyuenus: ConHila, peructpanuu
BO3/YLIHBIX PaJJUOAKTUBHBIX BHIOPOCOB aTOMHBIX OOBEKTOB U MPH SAEPHBIX aBapUsIX (B3pbIBax) MO
onTUyecKor ¢uIroOpecleHlIny BO31yXa,

3.3. C co3nmanueM BBICOKOUYBCTBUTENbHBIX ADP cTaHeT BO3MOXHBIM pa3zpaboTka u
MPOMBIILIIEHHOE MPOU3BOACTBO MOPTATUBHBIX MPUOOPOB isl: MOHUTOpUHTa Y®-u3nnyye-Hus
CoJsHIIa, BKJIFOYAsi KOHTPOJb YPOBHS MOIIHOCTH OHKOJOrHuYecku-onacHoro UVB-uznydyenus Ha
MJIsKaX, KypopTax, OTKPbITOM BO3JyXe, IPU MPOBEJEHUU CEJIbCKOXO3SIMCTBEHHBIX padoT,
TYPUCTHUUYECKHUX MIOXOI0B U T. 1.

bnaronapst pazsutuio HoBoro nokosneHus ADP OynyT coBepiieHCTBOBATHCS MPUOOPHI,
UCIOJIb3yeMble B KPUMUHAJIUCTHKE, OAHKOBCKOM JieJie, B IPOMBILIIEHHOW aBTOMaTUKe U ObITOBOM
AIIEKTPOHUKE.

3.4. Ucnionb3zoBanue ADP 1o3BoJuT BBIBECTH METPOJIOTHIO YD-U3ITyYeHUSI HA KAY€CTBEHHO
HOBBIA YPOBEHb U CO3JaTh MPUHUUIHUAIBHO HOBbIE MPUOOPHI ISl KOHTPOJS MUCTOYHUKOB YD-
U3y4YeHus, (HalpuMep, U3MEPEHHs OCHOBHBIX NapaMeTPOB U3JIyUYEHHUs MMUKO- U HAHOCEKYHIHBIX
UM-IyJIbCOB DKCUMEPHBIX JIa3€pPOB U JIaMIl BBICOKOTO JABJIEHUS), UCMOJIb3YEMbIX B JIa3epHOU
TeXHUKE, MPOU3BOJACTBE MHTETPAIbHBIX CXE€M, MoJurpaduu, NUUIEBO MPOMBIIIIEHHOCTH,
OMOTEXHOJIOTUH, U IPYTUX 00JIACTSIX, BKJIKOUas 3KOJIOTHIO U TEXHUKY 0€30MaCHOCTH.
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Opnoit u3 miaBHbIX nened Y®-dorosrnekrponuku Ha ocHoBe ADP octaeTcs cozmanue
MHOTrO(YHKLIHOHAIBHOM METPOJIOTUH YIbTpadroseToBoro nainyueHus: ConHia, BKIOUas U3MepeHue
Y OLIEHKY TaKHUX TOHKHUX 3(p(PeKTOB, Kak MOILIHOCTh OTPa->KEHHOTO U PaCCESIHHOTO yabTpaduoera,
yIrioBoe pacrnpenesneHue (audpax-mus) nopaxkamnmx GaktopoB YD-uzinydeHus (3pUTEMHOTO
MMMYHHOTO U JIp.) OTHOCUTEIbHO NPSMBIX COJI-HEUHBIX JIyueH, OCTaTOYHOE Mopakarouiee aeiicTere
U3-Jy4YeHHs] B TEHU U JIPYTUX CIOXHBIX SBJIEHHUH, K KOTO-PbIM /10 HACTOALLETO BPEMEHHU HENb3s
OBLJIO MOJCTY-MUTHCA B CUJIy HECOBEPIIEHCTBA CYLIECTBYIOLIEH crneKkTpodoToMeTpuuecKon
anmnaparypsl.

4. Anma3s aBJieTCs €AIMHCTBEHHBIM MaTepUaJIOM JJIEKTPOHHON TEXHUKH, KOTOPBIN MO3BOJISIET
W3roTaBiIUBaTh (DOTOMPHUEMHUKH C WHIMBUIYAJbHBIMU CIEKTPAJIbHbIMU XapaKTePUCTHUKAMH, a
BbICOKAsl ONTHUYECKas MPOYHOCTb U CTOW-KOCTbh K M3JIYYEHHIO O0ecreurBaroT MpakTUyec-Ku
HEOorpaHUYEHHbIN pecypc paboThl aliMa3HbIX (HOTONPHUEMHUKOB.

Kak 6a3oBbiii matepuan Y®O-PoTOIIEKTPOHUKH, ajMa3 UMEET XOpOIlHe, U BO MHOTOM
0e3abTepHAaTUBHbIE, TPOMBILIEHHO-KOMMEpPUYECKUE MEPCIIEKTUBBI B CaMOM LIMPOKON 00-1acTu
MPUMEHEHHU.

4.1. OcBoeHHE NPOMBILIJIEHHOW TEXHOJIOTUM «aJIMa3HOW BJIEKTPOHUKHU» TO3BOJIMUT
nepeBectTd Y®-GOTO3NEKTPOHUKY HAa TBEPAOTEIbHYIO 3JE€MEHTHYIO 0a3zy co BCceMHU ee
MPEeUMYILECTBAMU: UHTErpaLliei 2IEMEHTOB, IPOCTOTOM 3JIEKTPOHHON 00pabOTKU U yMEHbLIEHUEM
rabapuToB npuOOpPoB U ycTpoilcTB. [Ipu 3TOM, BIIOJIHE OUEBUHO, YTO TEXHOJOTUSI U3TOTOBJICHUS
Y YCJIOBHUS MPOU3BOJCTBA MOJYNPOBOJHUKOBBIX MPUOOPOB U3 ajiMa30B MOTYT ObITh OoJjee
MPOCTBIMU, YEM, HAIPUMEP, NPU U3TOTOBJICHUH BaKyyMHBIX (POTOYMHOXKUTENEH UM POTOANOA0B
¢ 6apbepom lotTku. [Tpu 3TOM 11€HA (HOTONIPHUEMHHUKOB W3 TPUPOTHOTO ajMas3a He A0 KHA ObITh
BbIIlI€ CTOMMOCTH COBPEMEHHBIX JIEKTPOBAKYYMHBIX IPUOOPOB.

4.2. C 0cBOGHHMEM MPOMBIIIIEHHOTO MPOM3BOACTBA ajJMa3HbIX (OTONPUEMHHUKOB MOKET
OBITh CO3/1aHO HOBOE IMOKOJEHHUE MEAUIIMHCKUX NMPHUOOPOB W 00OpYyIOBaHHUS, HAIPUMED,
WHJUBUYyaJbHblEe U KIMHUYECKHUE JT03UMETpbl YD-u3iayueHusi, 6MopoToMeTphl, yrpaBisemMble
WCTOYHHUKH YABTPa(PHOIETOBOTO U3JIyUeHUs U 1p. AniMa3Hble (POTONMPUEMHUKH HAWIY T IPUMEHEHHE
B YCTPOWCTBAX CTepUIIM3AMH MEIULIMHCKOIO MHCTPYMEHTa, 00e33apaKuBaHus BOJIbI U BO3/yXa,
030HONPOU3BOIALIEM 000PYIOBAaHUH U T.J.

4.3. OcoO6eHHO TIepPCIIeKTUBHBIM SIBIIsETCS pa3paboTKa JMHEHHBIX U MaTpuuHbix OUD,
YyBCTBUTEJbHBIX B YD-1ana3oHe cekTpa, 4To NpUBEAET K CO3IaHUI0 MPUOOPOB BU3yalIn3allun
M300paKeHUI U co3/laHus cucteM YD-TeneBUIeHUs C paclio3HaBaHHEM 00pa3oB.

WNunuBuyanbHbIe ClIEKTpalibHbIE XapakTepucTUKku ADP MOTyT OBITh HCIIOIB30BAHBI MPH
MIPOEKTUPOBAHUH ammnapaTypbl OOHapyKEeHUs, HABEIEHUS U CleLUaIbHON CBS3H.

5. [lepeuuncneHHble BbILIE BO3MOXKHbIE HampaBlieHUs padOT MOATBEPXKAAIOT OJHY U3
3HAMEHATEJIbHBIX TE€HJICHIIM MHU-POBOM Hayku B Hadyasne XXI Beka - CTpemJIeHUE HCIOIb30BaTh
ajliMa3 KaK HIMPOKO3OHHBIM MO-JyNPOBOAHUK M cliejaTb €ro 0a30BbIM MaTepH-aloM
MOJIyIPOBOJJHUKOBOM 3JIEKTPOHUKH.

6. B nocienHee necaTuiieTHe B MUPE OTMEYAETCS OMPEIETICHHBIN MHTEPEC K MCIIOIb30BAHUIO
MPUPOJIHBIX aJIMa30B B 3JIEKTPOHHOM TEXHHUKE. DTO OOBSICHSIETCA KaK YHUKaJIbHBIMU CBOMCTBaMU
aJMa30B, TaK U HACTOSATENIbHONM HEOOXOJUMOCTbIO MCIOJIb30BAHUSI BCE BO3PACTAIOLIMX 3allacoB
ChIpbSl, HE HalleIUIero NPUMEHEHHsI B IOBEJIMPHOM JIElIE.

OnpeneneHHble HCCeN0BaHUs BBIMOJHAIOTCS opraHuzauusimu Poccuu, Hampumep,
akimoHepHoit komnanuen «AJIPOCA», 3A0 «YpanAnmazUuBect», MUPDA u np, HO pe3yabTaThl
3TUX padoT MoKa He TOCTUIIIN JOKHOTO TEXHUUECKOrO YPOBHS U CEPUMHOTO MPOU3BOJCTBA.

Psin 3apyOexHbIX (prpM TakKe BBITIOIHIET aHAJIOTUYHBIC PaOOThI, HO Pe3yJIbTaThl 3TUX PadOT
HaM MaJlo U3BECTHbI. 3apyOexKHble (UPMbI, B OCHOBHOM, JIE€JalOT CTaBKY Ha CHHTETUYECKHE aJIMa3bl.
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Poccus sBnsiercs BTopoi cTpaHoi B Mupe 1o no0bde anma3oB. OmHAKO, OTXOJBI
MPOU3BOJICTBA U OKOJIOIOBEIIMPHOE ChIPhE, MO-MPEKHEMY, MPEUMYIIECTBEHHO HUCIIOIb3YOTCS IS
MPOU3BOCTBA MHCTPYMEHTA.

Brinosnnennsie B PO 3a nocnennee aecsatunetne HMOKP no co3maHuio «3ieKTpOHHBIX
alIMa3HBIX» MPUOOPOB CYIIECTBEHHO HE YJIYUIIWJIM 3TOH CHUTYaI[MH, YTO OOBSCHSICTCS Kak
OTCYTCTBHEM rOCYIapCTBEHHOM MOJMTUKH, TaK 3aMHTEPECOBAHHOCTH U KOOPAMHALIUU PaOOT MEXKITY
MPOU3BOAUTEISIMU CHIPbs U pa3pabOTUMKAMHU OMTHUKO-3JIEKTPOHHOHW ammaparypbl, H
MOJTYTIPOBOJTHUKOBBIX MPHUOOPOB.
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