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ChnekJ-cTpyKkTypa n300paxkeHuil 00beKTOB, OCBeIlaeMbIX
MOHOXPOMATHYE€CKHM KOIr'e€PEHTHbIM TeparepieBbIM U3J1y4eHueM

H.A.BunokypoB, M.A./lembsinenxo, /I.I'.EcaeB, b.A.Kus3eB,

I''H.Kymunanos, O.U.Yaumna, B.C.Yepkacckuii

Bnepebvie ¢ nomowbio Aazepa Ha c60000HbIX IAEKMPOHAX U MAMPUYLL MUKPOOOAOMEMPOS NOAYUEHbL U300PAINCEHUA 8 Mepazep-
Ye6oM Ouanaszone 6 peatbHoM 8pemenu co ckopocmoio 3anucu 0o 90 kaopos/c. Ilpu oudgysnom ocgewjeruu 06sexmos Koze-
DEHMHBIM MOHOXPOMAMUYECKUM U3AYYUEHUEM U30OPAICEHUA COCOAM U3 CneKkaos. Hccaedosanus cmamucmuuecKux
3AKOHOMEPHOCMETl 045 CNEKA-KAPMUH NOKA3AAU, YMO OHU ¢ XOPOWeil MOYHOCIbI) NOOYUHAIOMCA MeoPull, PA36Umoil 0454
CNeK106 8UOUMO20 duanasona. ITymem ycpeOnenus Habopa u30opajncenuil ¢ NOMoOwbio BPAWAIOWE20CA PAcceusamens 6 meue-
Hue 8pemMeHu IKCNOHUPOBAHUS 001020 Kadpa (20 mc), a makoice nymem CyMMupo8aHus CMamucmudecKu He3asUcCUMbLX cneK.i-
KApmuH MHO2UX KAOPO8 NOAYUEHbl U300PANCEHUA npuemMaemo20 Kavecmed. OOyacoaromes 603MONCHOCIU mepazepyesot

cneka-ghomoepaghuu u cnexa-unmepgepomempuu.

Karouesnie caosa: mepazepyegoe usayuernue, 4azep Ha c60000HBIX IAEKMPOHAX, MAMPUYA MUKPODOAOMEMPOS, U300PAICEHUA,

CNeK/1bl.

1. BBenenne

MHTepec K U3IYUYCHUIO TeparepleBoro AuamnazoHa o0y-
CJIOBJICH psiioM mpu4rH. Masast sHeprust QOTOHOB, HE Tpe-
BBIIIAIOIIAST HECKOJIbKUAX [IECATKOB MIJUIHAJICKTPOHBOJIBT,
HCKJIFOYAeT MOHU3AIMIO cpelibl. biaromaps peskoMy yMeHb-
IIICHAIO PAJICEBCKOTO PACCESHUSI C YBEJIMUCHUEM JJIMH BOJIH
(0 ~ 2~%) n3aydeHne XOPOIIO MPOXOIUT Yepe3 MYTHBIE Cpe-
JIbI 1 MEJIKOJUCIIEPCHBIC MaTepuaibl. B TeparepiieBoM aua-
Ma30HEe HAXOMSTCS YaCTOThI BPAIATENBLHBIX MEPEXOI0B B
JIETKAX MOJIEKYJIaX W YaCTOTHI KOJeOaHW TBEpIOTEIbHON
IJIa3MBI, & TAKXKE XapaKTepHbIE SHEPT UK BOIOPOTHBIX CBSI3EH
U BaH/IECPBAAbCOBBIX CHJI MEKMOJICKYJSIPHOTO B3aMMOICHi-
cTBUsL. DHeprusi POTOHOB TEPArepUEBOrO U3IYUCHUS JICHKUT
B 00JIACTU 3HEPIreTUUYECKOW IEIM CBEPXIPOBOIHUKOB. 3Ha-
YATEJILHBIA HHTEPEC TeparepIeBblil Inana3oH MpeIcTaBIIsIeT
JUIs1 OMOJIOTUY U MEWIIUHBI [ 1], T. K. B HEM JiexaT coOCTBEH-
HbIe YaCTOTHI KOJICOAHWH MHOTHX OHOJIOTHMYECKH BAaXKHBIX
MOJIEKYJI ¥ SHEPT s aKTUBAIMH KOHPOPMAIIMOHHBIX TIEPEX0-
1oB. TTOCKOJIBKY MHOTHE HEMOJIIPHBIC MaTepHalibl JOCTa-
TOYHO MPO3PAYHBI JJIsi TEPATrepLEBOrO U3JIYYCHHUS, €rO HC-
MOJIb30BaHUE OTKPBIBAET HOBbIE BO3ZMOXXHOCTH JIJISI CHCTEM
06e30MacCHOCTH, METUITMHCKOM TUATHOCTHKH, KOHTPOJIS Kade-
cTBa M3Aeyuid u T. 1. [2—4]. B aTHX, a Takxe B psle Ipyrux
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TIPUJIOKEHUN OJHOW M3 BAXKHEHIMX 3a7ad SIBJISETCS I10JIY-
yeHue U300pakeHuil OOBEKTOB B TeparepleBoM IUala30He
[5,6].

OO01IEenPUHATOrO COTJIAIICHHS O TPAHUIAX TeparepueBo-
ro Juamna3oHa CIEKTpa He CYIIECTBYET, U pa3Hble aBTODPHI
YKa3bIBAIOT MHTEPBAJIBl PA3JIMYHON MIMPUHBI B Ipenesiax
0.1-100 TT'u1. Ecniu B kauecTBe KpuTepus BbIOPATH TPUHIIAIL
JIeCTBUS UCTOYHUKOB U3JTy4EHUsI, TO JOTMYHO CUUTATD I'pa-
aunamu auana3ona 0.5 u 20 TT'1, yTo COOTBETCTBYET JJIU-
HaMm BoJiH 600 u 15 mxm. Huxe 0.5 TT ' uctounukamu usiy-
YEHUS! SIBJISTIOTCS «3JICKTPOHHBIE» YCTPOUCTBA (TUPOTPOHBI,
OPOTPOHBIL, JIAMITBI 00paTHOU BOJIHBI), a BbIte 20 TI ' — Ten-
JIOBBIE MCTOYHUKY WJIM JIa3epbl. BHYTpHU yka3aHHOTO Juara-
30HA BO3MOYHA T'eHepalus U3JIy4eHIs] METOAaMHU KaK HJIEKT-
poHHKH, TaK U GoToHUKH. [IpOPHIB B HCCIETOBAHUAX Tepa-
TepUEeBBIX BOJIH OBLI MHANMHPOBAH CO3AAHHEM IIHUPOKOIO-
JIOCHBIX TEHEPATOPOB Ha OCHOBE (PEMTOCEKYH/IHBIX JIa3epOB
¥ Pa3BUTHEM METO/Ia CIIEKTPOCKOMUH BLICOKOTO BPEMEHHOT O
pa3pemienus — time-domain spectroscopy (TDS). ITo3aHee
MOSIBUJIACH ICTOYHMKHA MOHOXPOMATHYECKOT O U3JTy4eHus (Te-
HEPATOPBI PA3HOCTHON YaCTOTHI, MapaMeTPUIECKHe TeHepa-
TOphl). O030p UCTOYHUKOB M3JIYUSHHS TEPATePIEBOTO qHUa-
ma3oHa MOXXHO HaTH, HarIpuMmep, B [5].

BruioTh 10 HeJaBHETO BpeMEHH MOUIHOCTh UCTOYHHKOB
TeparepueBoro u3JIydeHus jexasa B MHTepBaJie OT HAHOBATT
10 MIUUTABATT [7], a 4yBCTBUTEIbHBIX MHOTO3JIEMEHTHBIX
JIETEKTOPOB HE CYIIECTBOBAJIO. M300pakeHus TOTyqaIH Iy-
TeM JJIUTENIBHOro (MOpON AECATKM MHHYT) CKAHHUPOBAHUS
00bekTa c(HOKYCHPOBAHHBIM TeparepreBbiM MyYkoM [5, 6].
Co3ganue 50-MIJUIMBATTHOIO KBAHTOBOTO KACKaJHOIO Jia-
3epa [§] 1 MATPUYHOTO MUKPOOOJIOMETPUUECKOTO TIPUEMHH-
Ka [9] MO3BOJIMIIO 3aNMHChIBATH W300paXEHUSI B PeaylbHOM
BpeMeHHu ¢ yacTtoToi 1o 20 xaapoB B cekyHIy. Hemocrat-
KaM¥ KBAHTOBOTO KaCKaJHOTO Jla3epa SIBJISIOTCS HE0OXO0a1-
MOCTB ero oxJyiaxjenust 10 117 K u HeBO3MOXHOCTH mepe-
CTPOMKHM 3aJaHHOMN MPU U3TOTOBJIEHUH ITOTO JIazepa 4acTo-
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TBI TeHeparuu. Bo3MOXHOCTH MOJyuYeHHs] N300pakeHWid B
TeparepleBoM TUana3oHe CYIIIECTBEHHO PACIIIAPUIIICE C 3aI1y-
CKOM UMITYJIbCHO-TIepuoaudeckoro HoBocubupckoro jgasepa
Ha cBOOOAHBIX 3J1ekTpoHax (majee — JICD) [10], Ha koTopoM
JIOCTUTHYTa MaKCUMAaJIbHASl CPEeIHSISI MOIIHOCTh TeHEPAINU
500 Bt mpm wactote cienoBanust uMIryibcoB 11.2 MI'm.

B pa6orte [11] O6bputa peanu3zoBana pekopaHas IS Tepa-
repLeBoro AMana3oHa CKOpoCThb 3alKcu U300pakeHul, pas-
Has 90 xagpaM B ceKyHay. VICTOYHUKOM M3JIy4eHHUs CIIY>XKUI
JICD, a u306paxeHue perucTpupoBaIoCh MATPUYHBIM MHUK-
poGooMeTpuieckuM npueMHuUKoM [12]. Benencteue 60J1b-
IIIO¥ JUTMHBI BOJIHBI M3JIYUCHHUS Take OOBEKTHI C IIEPOXOBa-
TOCTBIO 20 —40 MKM SIBJISIFOTCSL TOCTATOYHO I'JIAIKUMHU, U IPU
HX OCBEIIECHUM JIA3€PHBIM U3JIyYEHUEM C MAJIOH pacXoquMO-
CTBIO B U300paXeHNH MOSBIISUIUCH TOJIBKO T€ 3JIEMEHTHI MO-
BEPXHOCTH OOBEKTA, 3ePKATLHOE OTPAKEHHE OT KOTOPBIX IO~
MaJIajio B TEJIECHBIN yroJ onTHYecKoil cuctemsbl. [Ipu ocse-
meHnn 06beKToB MU Py3HO paccessHHBIM U3JTydeHUEM ObLIN
BIIEPBBIC TOJTYUCHBI COCTOSIINE U3 CIEKJIOB H300paKeHUS B
TeparepleBoM Auamna3oHe.

CBoiicTBa CHEKJIOB B BUANMOM IHATIA30HE JeTaIbHO UC-
CJIeTOBAHBI, Pa3pabOTaHBI CIIOCOOBI YIYYINCHUs KadyecTBa
n300paxeHuil, co3aaHbl METOAbl M3MEPEHU!, OCHOBAHHBIE
Ha WCIIOJIb30BAHUU CHEKJI-CTPYKTYp [13—16]. B Teparepre-
BOM Jana3zoHe 3QQeKThl, CBSI3aHHbIC C XaOTUYECKOM UHTEP-
(epeHnye KOTEPEHTHOTO U3JIYYCHUS], PaHee PErUuCTPUPOBA-
juck [17, 18] omHOKaHATBHBIMU JAETEKTOpaMH B BUAE (IIyK-
Tyaluii MTHTEHCUBHOCTH BO BPEMEHH IIPU PACCESHUM Tepa-
TepleBOro MyYKa B CIyYaifHO-HEOTHOPOIHBIX cpenax. Peru-
CTpalys ABYMEPHBIX CIEKJI-KapTUH C BPEMEHHBIM pa3peliie-
HHEM OTKPBIBAET BO3MOXXHOCTHU ISl pacopoCTpaHeHus: 00-
JIACTM TIpUMEHeHus creki-portorpaduu, crnekia-untepdhepo-
METPHUH U IPYTUX METOJ0B, OCHOBAHHBIX HA UCIIOJIb30BAHUN
CIIEKJIOB, Ha TeparepleBbIid Auamna3oH. [lockobKy xapakTep-
Hasl IUTMHA BOJTHBI 3JIECh HA J[BA TIOPsIIKA OOJIbINE, YeM Y BH-
JIUMOTO CBETa, TO AMAINAa30H UCCIIeTyeMbIX TapamMeTpoB (Ha-
MpUMEP, BEJIMUMHA CMEILIEHUSI OOBEKTA) MOXKET OBITh CYIIe-
CTBEHHO pacmmpeH. [Ipo3padHOCTh I TeparepueBoro u3-
JIydeHHs! MHOTHX HEMOJISIPHBIX U HEMPOBOJSIINX MaTepHa-
JIOB, COBEPIIIEHHO HEMTPO3PAYHBIX B BUIUMOM JIMANIA30HE, OT-
KPBIBAET TOTOJHUTEIbHBIE BO3MOXKHOCTH JIJIS1 TPHITOKEHHIA.

2. JDKcnepuMeHTAIbHASL YCTAHOBKA

HIcTOYHUKOM W3ITy4eHHsI CIIyKWJI Jla3ep Ha CBOOOIHBIX
anekTpoHax [10], reHepupoBaBIIMIA HENIPEPLIBHYIO MOCIIEA0-
BaTeIbHOCTh 100-NMUKOCEKYHIHBIX UMITYJIbCOB C YaCTOTOM IO-
BTOopeHus 5.6 MI'n. {nrHa BOJHBI U3JIy4eHUs JIa3epa MOrJja
IJIABHO TIepecTpanBaThes B quana3one 120—240 mxm (2.5—
1.25 Tl'm) mpu OTHOCUTENLHOW IIMPUHE JIMHAW TeHEPAIuu
0.3 % —1 %. Bce onucannble gajee 3KCEPUMEHTBI IPOBO/IH-
JIUCH TIpH J1rHE BOJIHBI A = 130 Mkm. M3nyuenue nazepa Obi-
JIO JIMHEMHO NOJISIPU30BAHHBIM U IPOCTPAHCTBEHHO KOTepeH-
THBIM. [IlnaMeTp J1a3epHOro MyyKa ¢ pacipeieleHueM HHTEH-
CHUBHOCTH, OJIM3KUM K rayccoBomy, ObuT paBeH 50 MM, pac-
XOIMMOCTb IIyuKa cocTasiisiia 3 x 1073 pan.

Ha puc.1,a nokxazana cucreMa AJist 1oJIy4eHUs u3o0paxe-
HUll 00BbEKTOB B TeparepieBom auamna3zone. OObeKT MOT OC-
BEILAThCS JINOO Y3KOHAPABICHHBIM JAa3€PHBIM IIYYKOM C IO-
MOIIbIo 3epKana 31, 1o u3ryueHreM, pacCessHHbIM IIepO-
XOBaTOM MeIHOU (HOIBION ¢ pasMepoM HEOTHOPOIHOCTEH
6ouibliie IJIMHBI BOJIHBL. MI300paeHne 0ObeKTa IPOeLupoBa-
JIOCH TTOJIMATUIICHOBOM JINH301 HA 4yBCTBUTEIBHYIO K Tepa-
repLeBOMY U3JIyYEHHIO MATPHUILy MUKPOOOJIOMETPOB, CONEP-

Puc.1. Cxema ycTaHOBKHY JJ151 3aIIUCU M300PaKEHUI B TEpArepLeBOM A~
ma3oHe (¢) u ee MOIU(PUKALIUK JJIs1 UCCIIETOBAHUS CyOBEKTUBHBIX (pEru-
cTpalus yepe3 JuH3Y) (6) 1 OOBbEKTUBHBIX (HETIOCPEICTBEHHAS PETUCTPa-
1) (6) CHEKJIOB:

I1 - poTosmrorpaduyeckuii nossipusatop; P — paccenmBartens U3 MeaHON
dompru; 31, 32 — 3epkana; O — o0bekT; JI — MONMATUIICHOBAS JIMH3A
(f = 54 mm); [0 — upucosas nuadpparma; MMB — maTpuiia Mukpo60s10-
METPOB.

xarryto 160 x 120 a;remenToB o01me#t mromanasio 8.21 x 6.1
MM2. BerieicTBrE BBICOKOM YYBCTBHTEIBHOCTH MATPHIIBI,
paBHoit 1.3 x 1073 Br/cm? [11], BxoAsIIee M3 TyueHne TPUXO-
JIMJIOCH OCJIa0MISATh, Bpalllasi yCTAHOBIICHHBIH Ha BXxoae GOTo-
Jitorpadudeckuit moJisipuzatop [19].

ITpumep n306paskeHusl, 3aMUCAHHOTO MATPHIIEH MUKPO-
60JIOMETPOB IpH OCBEIIeHAN 00beKTa MU (HY3HBIM Teparep-
LIEBBIM U3JIyYCHUEM, IPUBEJEH Ha puc.2,a. B nanHOM ciydae
00BeKTOM sIBJIsLIICS 50-OMHBIN pa3BeTBUTENb cTaHaapTa CP-
50, ¢ortorpadust koToporo mpuBeaeHa Ha puc.2,0. BumHo,
4T0 M300paxeHne 00beKTa COCTOUT UX JOCTATOYHO KPYITHBIX
crexyioB. JUisi McciaeqoBaHUSl CTATHCTUYECKAX XapaKTepH-
CTHK CIIEKJIOB KCIOJIb30BAJIUCh MOJUDUKAINA YCTAHOBKH,
noka3aHHble Ha puc.l,0,6. B 3TOM cityuae myuok Teparepiie-
BOT'O M3JIYYEHUsI, JUAMETP KOTOPOro MOT U3MEHSIThHCS C TO-
MOIIbIO HPUCOBOH nuadparmMel, nagajl Ha MEAHBIH pacceu-
BaTeNb. PaccesiHHOE M3JIyYeHHe PEerucTPUpPOBAIIOCh MATPH-
el 1o yepes JMH3Y (CyOBEKTHUBHBIC CIEKJIbI), JTMOO HEMOo-
CpEeICTBEHHO (OOBEKTUBHBIE CIIEKJIBI).

3. XapaKkTepUCTHKH CHIEeKJI-CTPYKTYPbI

Ecimm mmepoxoBaToCTh paccemBaTeIs OOJIbIIE JIINHBI BOJI-
HBI, TO, corjlacHo Teopuu [13], o6pazyeTcst pa3BUTas CHEKJI-

Puc.2. M3o0paxenue S0-OMHOIO pa3BETBHUTEIIS, MOJIYYEHHOE C TIOMO-
LbI0 MATPHULBI MUKPOOOJIOMETPOB NpH OcBelleHn: Auddy3HbIM Tepa-
repleBbIM My4KoM (@) U 00buHOrO poToanmapara () .
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CTPYKTYpa C IO TUMHSIOIIEIHCS TayCCOBY paCIpe/IeIeHHUIO IIOT-
HOCTBIO BEPOSITHOCTH [IJIsi MHTEHCUBHOCTU. Kak M3BECTHO,
CIIEKJIbI, C OJIHOW CTOPOHBI, YXY/IIIAIOT Ka4eCTBO U300paxe-
HUH, & C APYroi — MOTYT OBITh UCHOJIb30BAHBI JJIS1 METPOJIO-
TUYECKUX IIeJieil, B YaCTHOCTH B CHEKJI-(poTorpaduu u Creki-
uaTephepomMeTpun. UToOBI ¢ YBEPECHHOCTBIO MCIIOJIB30BATh
3TH METOJbI, HEOOXOUMO YOEIUTHCS KCIEPUMEHTABHO,
YTO CTATHCTHUYECKUE CBOMCTBA HAOIFOTaeMbIX HAMHM CIICKJIOB
MOJYUHSIOTCS TEM K€ 3aKOHOMEPHOCTSIM, YTO U CIEKJIOB B
BUJIMMOM Juana3oHe. IJis 3TOro Mbl MPOBEIH TPHU CEPUU
m3MepeHuit. CHavajga ¢ MOMOIIBIO MATPUILI MUKPOOOJIO-
METPOB ObLIH «CPOTOTpaPUPOBAHBIY KAPTUHBI OOBEKTUB-
HBIX ¥ CYyOBEKTUBHBIX CIEKJIOB IPW U3MEHEHUN nuametpa D
MaJIAFOIIETrO HA PACCEeMBATEb IyYKa TeparepleBoro u3iyye-
HUs OT 5 10 30 MM U OCTOSIHHBIX paccTosiHUsAX L, Ly u L,

Puc.3. Crmexiibl, 3aperuCTpUpOBAaHHBIE MAaTpPHIEH MHKPOOOJIOMETPOB
(BpeMs 3kcrioHupoBaHus 20 MC) IPU OCBEILEHUH pacceuBaTeIsl Teparep-
LEBBIMHM ITyYKaMM Pa3HOro quaMeTpa D: 0ObeKTHBHBIE CNIEKJIBI IpH D =
13 (a) u 30 MM (6), a Takxke CyOBEKTHBHBIE CICKJIBI pu D = 10 MM (8).

(cm. puc.1), a 3aTeM — KapTUHBI OOBEKTUBHBIX CIIEKJIOB MPH
U3MEHEHUH PacCTOSIHUSL L OT paccemBaTelisl 1O MATPUIIBI B
npenenax 103—110 MM npu mocTosiHHOM auamerpe D ocBe-
LIAIOUIET0 paccerBaTelIb TeparepleBoro myuka. B aTom pas-
JieJie TPUBEJCHBI Pe3yJIbTATHI aHAIN3a B OOILEH CII0)KHOCTH
BAJIIATHA TpexX m3o0paxkenuid, coaepxanmx 0.44 MiH. 2J1e-
MeHTOB. Tpu cliekI-KkapTHHBI TOKa3aHbI HA puC.3.

Kax u oxwumanoch, xapakTepHblil pa3Mep by 0OBEKTUB-
HBIX CIEKJIOB (puC.3,a,0) U3MEHSUICS OOPATHO MPOIOPIHO-
HaJIbHO UAMETpY Teparepuesoro nyuka [20, c. 35]:

by =~ 1.5(AL/D), (1)

rae A — JUIMHA BOJIHBI U3JIyYEeHUs], a L — pacCcTosiHUE OT pac-
ceuBaTesid JO IJIOCKOCTH perucrpanuu. B coorBeTcTBUU €
TEOpHUeH XapaKTepHBIil pa3Mep CyObEKTUBHBIX CIIEKJIOB

by~ 1.22(ALy /d). @)

rae L) — paccTosiHEe OT pacceuBaTeliss A0 JIMH3BL, a d — TH-
aMeTp JIMH3BI, HE 3aBUCEJI OT IUAMETPa MaJarollero my4yka, u
BUJI CIIEKJI-CTPYKTYPHI (pHUC.3,6) COXpAHSUICS TP N3MEHEHUN
JIMaMeTpa MyvKa MPaKTUIeCKA HEU3MEHHBIM.

Pacnpenesienrie MHTEHCUBHOCTH B ClIeKJIaX MaJIOro pas-
Mepa XOPOILIO COOTBETCTBOBAJIO MIPEICKA3BIBAEMOMY TEOPU-
el 3aKOHYy

101 veos oo 22)] o

MNHTEeHCUBHOCTD
.
.

0 5 10 15 20
v (oTH.ex.)

Pazmep cnekia (MMm)

Arneptypa (MMm)

Puc.4. PacnpeneseHne HHTEHCHBHOCTH 110 CEYEHHIO OOBEKTHBHOTO CIIEK-
na upu D =22 MM (@) ¥ XapakTepHble pa3Mepbl CyObeKTHBHBIX (@) U
OOBEKTUBHBIX (O) CHEKJIOB B 3aBUCUMOCTH OT JUAMETPA TePareplueBoro
myvka Ha pacceuBatesie (0).
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3mech y — KOOpAMHATA, OTCUMTHIBaeMasi OT IIEHTpa CHeKJIa, a
A zcooTBeTCTBYIOT D 1 L (B cityuae 0ObEKTUBHBIX CIIEKJIOB)
u du L (CyObeKTHUBHBIE CHEKJIbI). DKCIEPUMEHTAIBHO
U3MEpPEHHOE pacipeieieHie HHTEHCUBHOCTH JISI OJTHOTO U3
CHEKJIOB MOKa3aHO TOYKaMH Ha puc.4,a (CILTOIIHASI KpUBASI —
MOJITOHKA JKCIIEPUMEHTAIbHBIX JaHHBIX (YHKIMEH BUAA
«eIMHUIIA TUTIOC KOCHHYC»). M300paxeHue crekioB 00JIb-
LIOT0 pa3dMepa UCKAXXaJIOCh TOBOJILHO PETYJISPHONR MEJIKO-
MaciTaOHOW uHTepdepeHuueit, Ho oOIWMid pa3Mep NSATEeH
TakXe XOPOUIIO COOTBETCTBOBAJ TeopeTmueckomy. [Ipowc-
XOXK/ICHHE MEJIKOMACIITAOHOW HHTEPPEPEHINH TTOKA HE BbI-
sICHEHO. AHaJln3 BceX n3o0pakeHui mokasan (puc.4,0), 4To
3aBUCHMOCTD pa3Mepa MsTeH (IUPUHA HA MOJIOBUHE WHTCH-
CHUBHOCTH) OT anepTypbl 4 OYeHb OJIU3KA K TEOPETHYECKUM
3HaueHusM (1) u (2).

ITockombky XapakTepHBIA pa3Mep HEOJHOPOTHOCTEH pac-
ceMBaTelNsl 3HAYMTEJILHO TPEBBIMIA UIMHY BOJHBI H3JIyde-
HUS1, MOXHO OBIJIO 0XKHIATh, YTO MPH HAIINX YCIIOBUSAX pea-
JIN3yeTCsl Pa3BUTAs CHEKJI-CTPYKTypa. Ee mpu3HakoM siBJisi-
€TCsI TayCCOBO paclpe/iesieHe HHTEHCUBHOCTH B CIIEKJI-Kap-
TuHe. ['McTorpamMMbl pacnpenesieHuss UHTEHCHUBHOCTH IS
BCEX NIBAJIIATH TpeX KaJIpoB, ITOCIIE CMEIEHNs HYJIS Ha Be-
JIMIUHY (POHOBOHM 3aCBETKH U IIyMa, MaJio OTJIHYAIHACH OT
TUNMYHON TUCTOIPAMMBI, IOKa3aHHON Ha pHC.S (CYyObEKTUB-
Has crekj-kaptuHa, L; = 106 mMm, d = 40 mm). [leiicTBu-
TEJIbHO, OCHOBHAS YACTh 9KCIIEPUMEHTAIBHBIX JAHHBIX COOT-
BETCTBYET TayCCOBY paclpeleseHuo (CIUIOIIHAS JIMHUS Ha
puc.5). CormacHo teopum [13, c. 18] B ciywae pa3BuUTOM
CIEKJI-KaPTUHBI SKCIIOHEHIINATBHO CIAIAIoas 3aBUCHMOCTh
JIOJDKHA HAYMHATHCS TP HYJIEBOM HHTEHCUBHOCTH. B Haliem
ciydae, OJJHAKO, IJIOTHOCTb MITHOBEHHOI'O pacClpeaesIeHus
MHTEHCUBHOCTY IPU MAaJIBIX 3HAYCHUSIX MOCIJIEIHEH MagaeT.
B03MOXHBI HECKOJIBKO OOBSICHEHHIA 3TOTO sIBJICHUS. Bo-Tiep-
BBIX, MAaTpUlla MHKPOOOJOMETPOB, MMEBIIAsi MaKCHMAJIb-
HYIO YYBCTBHUTEJIBHOCTH B 00sactu 10— 14 MkM, perucrpu-
poBaJjia HEOAHOPOIHOE IO MOJIIO TOCTOPOHHEE (HOHOBOE CBE-
vyenue. [1pu mocrpoennu rpaduka 3 UHTEHCUBHOCTH CHAaya-
JIa BBIYATAIACH TaKasl BEJIMUNHA, YTOOBI THCTOIPAMMa IJI0T-
HOCTH BEPOSITHOCTH HAYMHAJIACH TIPH HYJICBOW HHTEHCUBHO-
cti. OUEeBUIHO, YTO TPH ITOM JOJDKHO BOZHUKATH MCKaXe-
HUE paclpesieIeHus B 00J1aCTU MaJIbIX UHTEHCUBHOCTEl. Bo-
BTOPBIX, K TAKOMY e 3((HEeKTy MOT IPUBOJUTH IIIYM IPUEM-
Huka (cM. puc.2 B [21]). B-TpeTbux, BCeACTBIE BHYTPEHHETO
OTpaXkeHMsI BO BXOJHOM OKHE MATPHIIBI OHA PETHCTPUPO-
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Puc.5. TII0THOCTB pacnpe/IesieHuss MTHOBEHHON MHTEHCUBHOCTH IO BCEM
MUKCEJISIM MaTPHIILI B CIIEKJI-KaPTUHE, 3alMCAHHOM [TPH MOCIIEI0BATE b~
HOM OTPa)KCHHH TeparepleBoro my4ka ot paccemsartesis P u 3epkana 32 B
reomeTpuu puc.l,a.

BaJIa B KaXJOM KaJIpe HAJIOKEHUE KaK MUHAMYM JIBYX Iy4-
KoB. ITockonbKy 3aiepkka OJHOTO IyYKa OTHOCHUTEIBHO
Jpyroro 11, = nl/c ~ 55 nc (3aeck nl — onTHYECKas TOJIIMHA
repMaHUEeBOT0 OKHA MATPUYHOTO MPHEMHHMKA) OJIM3Ka K JIITH-
TeJILHOCTHU UMITYJIbCA JTA3€PHOTO M3JIYUYSHHSI, TO MOXHO CUH-
TaTh, YTO MMPOUCXOIUT HAJIOKEHHE IBYX CHEKJI-KapTUH (CI10-
KEeHHe UX WHTEHCHBHOCTel). HajoxeHue NBYX CIeKJI-Kap-
THUH, €CJIM JIUHEHHBIN K03 HUIIMEHT KOPPEISIUUT MeXAy HU-
MU HE paBeH €AMHUIE, TAKXe MPUBOAUT K YMEHBIICHUIO
IJIOTHOCTH pAacIpe/iesieHus] B Havyajle KOOpOMHAT A0 HYJIs
[13, c.25]. 3ameTuM, OQHAKO, YTO OTKJIOHEHHE OT IaycCOBOM
(YHKIIUM B HAIIIEM CITy4ae MOYHO CYMTAThH MaJIbIM, TOCKOJTb-
Ky KpUTEpHH, CBUACTEIBCTBYIOMUI 0 OJU30CTH (QYHKIHH K
rayCccoBOM, a UMEHHO KOHTPACT CNEKJI-KapTUHBI

o (A=)
o w @

JUIs1 BCeX KaapoB oka3zaJjicst paBHbIM 1.04 £+ 0.03 (npu Teope-
tyeckoM 3HaueHun C = 1). Takum oOpa3zom, craTucTHYe-
CKHUE XapaKTEePUCTUKHU MEPBOTO MOPSIKA CBUACTEIBCTBYIOT O
TOM, YTO CIEKJIBI B TepParepieBOM AWana3oHe MOqIHHSIIOTCS
OOBIYHBIM 3aKOHOMEPHOCTSIM U YTO B HAILIEM CJIy4ae CHEKJI-
KapTHHY C JOCTATOYHON TOYHOCTHIO MOXXHO CUUTATh Pa3BU-
TOH.

PaccmoTpuM Temepb CTATUCTHYECKHE XapaKTEPUCTHKH
BTOPOTO MOPsiAKa. M3 HAIIMX 9KCIIEPUMEHTOB MOXHO BBIUH-
CJIATB KPOCC-KOPPEISINHOHHBIN K03 dunuenT [Tupcona

(Iedr) — (L))
[<(Ik——<Ik))2><(11—-<b>)2>}lﬁ

JUTsE JTEFOOOM TTaphbl KaIpOB k 1 [, BRBIOPAHHBIX U3 JIBYX HAOOPOB
CHeKJI-KapTUH. B ciyuae ynajeHus MIOCKOCTH PErUCTpaIiu
OT paccerBaTe sl KOPPEIISAIHS MEXTy OO K THBHBIMHU CIIEKJI-
KapTUHAMU, corjiacHo Teopuu [14, c. 30], coxpaHsieTcs 70 TexX
HOp, MOKAa CMEILCHUE IIOCKOCTH PErUCTPALUK Oz YIOBIIET-
BOpsIeT ycoBuio 8z < 8AL%/D?. Kpocc-KoppessiMoHHbIE
KO3 GUIUEHTHI 11 BOCBMHU Hap KaapOB, CHITHIX C IO-
MOIIBIO MATPHIIBI MEKPOOOJIOMETPOB Tpu auamerpe D oc-
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Puc.6. Kpocc-xoppensnuonnsie koddummentsr ITupcona, BbMUCICH-
HBIS U1 HAOopa nap KaJpoB, COOTBETCTBYOIIHX NEPEMEILEHHIO IIJIOCKO-
CTH PETUCTPALUH CHEKJIOB BI0JIb ONITHYECKO OCH B reoMeTpHH puc. 1,6 (a)
¥ U3MCHEHMIO IMaMeTpa OCBEIIEHHOM 30HbI pacceuBatelis (puc.1,6) (6).
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BelIaeMoil 00J1acTH paccemBaTeisi, paBHOM 30 MM, IpHBe-
JieHbl Ha puc.6,a. Kaxaas Touka COOTBETCTBYET KPOCC-KOP-
PENSIIMOHHOMY KO3(hGUIUEHTY I KaJpa, 3aperucTpupo-
BAHHOTO IPY YKa3aHHOM Ha OCH OPAMHAT PACCTOSIHUY, U KaJI-
pa, cuaroro Ha pacctostauu 103 mMm. Buamno, uto kpocc-
KOPPEJSIIMOHHBIA KOA(MGUIMEHT CTAHOBUTCS paBHBIM (.5
NP CMEIIEHUN TUTIOCKOCTU PETUCTPAIMK Ha 5 MM, TOTJa Kak
8AL%/D? =13 MM, 4TO YAOBIETBOPSET MpPUBEJCHHOMY
BBIIIIE YCJIOBHIO.

KaprtuHa cyOBeKTUBHBIX CIEKJIOB IPU HEU3MEHHOM 1A~
MeTpe JIMH3BI He JOJDKHA 3aBHCETh OT ITUAMeTpa OCBellae-
Mol o0sractu paccemBates [13, 14]. 115 mpoBepku cripaBe-
JIMBOCTH 3TOTO YTBEPXKJICHUSI MbI BBIYUCIVINA KO3 GUIMEH-
Thl KpOcc-KoppeJsiuu (puc.6,6) 1j1sl MOCIeA0BATEIbHOCTH
KaJpOB, CHATHIX IPU HEU3MEHHOM IOJIOKEHUU JIMH3bI K MaT-
pUIBI MEKPOOOJIOMETPOB, HO NPHU PAa3JIMYHBIX AMAMETPaX
MATHA TEParepleBoro U3JydeHNs] Ha paccemBaTelsie. BumgHo,
YTO MPH YBEJIMYCHUH TUAMETpPA TSITHA B IIECTh pa3 Kodhhu-
IIUEHT KPOCC-KOPPEJISIIIUUA C XOPOIIIEH TOYHOCTBIO OCTAETCS
Om3kuM K eauHule. CUCTEMATHYECKOE YMEHBIIIGHUE Cj; C
poctom nuametpa Ha 20 % cBsI3aHO, CKOpee BCEro, CO CIa-
JIOM MHTEHCHBHOCTH TeparepleBoro my4yka Ha nepudepun
(nmostymmpuHa mydka ~40 MM) 1 ¢ HeOOJIBIION ero HeoHO-
poaHocThro. TakuM 006pa3zoM, CTATHCTUYECKUE XapaKTepH-
CTHUKU KaK [IEPBOr0, TAK ¥ BTOPOro MOPSIAKOB U B Tepareple-
BOM JIMANIa30He YaCTOT YAOBJICTBOPSIOT TEOPETHUECKIM OXKH-
JTaHUSIM.

4. Yiy4ilieHHe KayecTBa H300paKkeHuil

M300paxeHnus, moJryueHHble pu JuGy3HOM OCBEIIIEHUN
00BEKTOB KOTEPEHTHBIM TeparepleBbIM U3ITydeHHEM, KaKk U
cnenyet u3 Boipaxkenuii (1) u (2), COCTOSAT U3 KPYMHBIX CIIEK-
JIOB, B JIBECTH pa3 OOJIBIIKX MO pa3Mepy, YeM MPHUBBIYHBIC
CIEKJIbI, HaOJr0IaeMble B BUAMMOM Juana3oHe. ITo aroit
MpUYUHE U300paXEHUsT TPEIMETOB (POPMUPYIOTCS MaJIbIM
YHCJIOM CHEKJIOB, U KA4eCTBO M300paXKEHUsI OYEHb ILJIOXOE.
ITprMepoM MOXKET CITy>KUTh H300PaKEeHIE METAJUITMIECKOTO
KJIFOYa, 3aIHCAHHOE C TOMOIIBIO MATPHIIBI MUKPOOOIOMET-
poB (puc. 7, xaap 73). O0BeKT Ha 3THUM KaJape KpaitHe TPy THO

Puc.7. N3o06paxenus 60poAKH MeTaUIMYECKOTO KJIF0Ya, OCBELIEHHOTO
muddy3HBIM TeparepueBbIM MyYKOM, ITOJIyUYeHHbIE IIPA BPEMEHHU IKCIIO-
HupoBanus 1/90 ¢ B oxHOM Kanpe (kaap Ne73) M npu HaJIOKEHHH TpeX,
JIEBATU U ABAJNATU TPEX KaJPOB C HEKOPPEJUPOBAHHBIMU CHEKJI-KapTHU-
HaMH.

uaeHTHGUIIPOBaTh. OUEBUIHO, YTO IS MOJIyYeHUs1 OoJiee
KaueCTBEHHOTO M300paKeHUsI HYKHO MPUMEHSITh CICIHaTb-
HbIe METOJbI, KOTOPbIE XOPOIIO M3BECTHBI [JISl BUAUMOIO
nuamnasoHa. MIx netasibHOe onucaHue MOXKHO HAWTH, HAIPpU-
Mep, B [22], a TakKe B MHOTOYKMCJICHHBIX KYPHAJIbHBIX IyO-
JINKAIASIX.

OJITHUM U3 METOJIOB CIEKJI-METPOJIOTHH SBJISIETCS] HAJIO-
KEHHE CIEKJ-KapTHH, MOJIyYaeMbIX NIPU B3aUMHOM CMeLle-
HHUM MYYKa OCBEILLAIOIIEro u3jydeHus u oobexta. Ha puc.7
MPEICTaBIICHBl U300paXKeH!s, TIOJyIeHHbIE TIPU HAJIOKEHUN
JIPYT Ha Apyra Tpex, IeBSTU U ABAIIATU TPeX KaJpOB, CHSI-
TBIX TPHU TOCJEIOBATEIbHBIX MOBOPOTAX paccerBaTessl Ha
yroJ1, 00eceYnBAIONIUI TOTEPIO KOPPEIISIIAT MEX Ty KapTH-
HaMHu. BuaHo, 4T0 mocnennee n3o00paxeHue yxe J0CTATOYHO
yeTkoe. HemocTtaTkoM 3TOro MeToaa sIBJsieTCs CYIIEeCTBEH-
HOE CHUYKEHHE CKOPOCTH 3aMUCH N300paKeHUH U yXy/IIIeHIe
MPOCTPAHCTBEHHOTO Pa3pEeIleHHUs IPU HETOCTATOYHO 0OJIb-
oM ymclie kaipoB. CymiecTBeHHO 6oJiee 3pPeKTUBHBIM CIIO-
coOOM SIBJISIETCSI OYEHb OBICTpOE BpallleHHE paccerBaTelIs,
obecrneunBaroIee ycpeIHeHne CHeKJI-KapTUH 3a BpeMsl JKc-
MIOHAPOBAHMS OTHOTO Kaapa. Mcroap30BaHme 3TOro METOAa
TO3BOJINJIO MOJIYYUTh U300paXeHHs B PeaJIbHOM BPEMEHH C
yacTtoToit 1o 90 xaapos B cekyHAy (cM. puc.4 B [11]) nmpu
MPOCTPAHCTBEHHOM pa3pelieHuy, OJIM3KOM K BOJHOBOMY
Ipeaeny.

5. BoiBoabI

Crex-CTpYKTypa H300pakeHHid, TOJyIeHHBIX TIPU OCBe-
LIEHUU 00BEKTOB MOHOXPOMATUYECKUM KOI'€PEHTHBIM Tepa-
TepUEeBbIM H3Jy4€HHEM, XOPOIIO OMHMCHIBACTCS Kjlacchye-
CKOU Teopuel, pazpabotannoit I'yamenom. Mcnionb3ys uyB-
CTBUTEJIbHBIE MHOTO3JIEMEHTHBIE PETUCTPATOPHI H300paxe-
HUIA C BBICOKOW CKOPOCTBIO ChEMKH M JJOCTATOYHO MOIIHBIE
M3JIyYaTe H, YIAETCs MyTeM HAJOKEeHUS YT HA Ipyra TemM
WJIM UHBIM CIIOCOOOM OOJIBIIOTO YKCIIA CHEKJI-KapPTUH TOJTY-
YUTH KAYECTBEHHBIC H300PaKEHUSI B PEaIbHOM BPEMEHH, YTO
CYIIECTBEHHO PACHIMPSET BO3MOXHOCTH MIPUMEHEHHSI Tepa-
TepleBBIX N300pakaroIIuX YCTPOUCTB B cucTeMax Oe3zomac-
HOCTH, & TAKKE B OMOMETUIIMHCKIX,, TPOMBIIIUIEHHBIX U APY-
TUX MPUTOKECHUSX.

Bynyun, ¢ omHON CTOPOHBI, MPUYUHON YXYAIICHUS Kade-
CcTBa M300paXXEeHUM, CIIEKJIbI, C IPYTON CTOPOHBI, SIBJISFOTCS
OCHOBO criekjI-MeTpoJioru [23, c. 103], yvacto mo3BoJisis cy-
IIECTBEHHO YIPOCTUTH TEXHUKY H3MepeHuii. [laHHas paboTa
OTKPBIBAET BO3MOXXHOCTD PACIPOCTPAHCHUS METOIOB CIIEKJI-
(doTorpaduu u crexa-uHTEpHEepOMETPUN HA TeparepleBblil
YaCTOTHBIA nuana3oH. bonplmas anmHa BOJHBI Teparepiie-
BOT'0 M3JIYUeHHUS MIO3BOJISIET H3MEPSTh Ha IBA OPSIIKA OOJIb-
e cMerleHust U aehopManuu, 4eM U3JyIeHHe BUIIMOTO
nuana3zoHa. CnocoGHOCTh TeparepleBoro U3JIy4eHus MPOHH-
KaTbh 4epe3 MHOTUE MaTepHabl, HEPO3pauHble ISl BUAU-
MOTr0 U3JIyueHus (Oymara, KapTOH, HEKOTOPBIE IIACTMACChI
7 TKaHU, MHOTHE JIPYTHe HEMOJSIPHBbIE MAaTEPHAIIbI), TIO3BO-
JISET CO3[1aTh METOIbI PETHCTPAINH CKPBITHIX MPEIMETOB.
Pe3ybTaThl 3KCHEPUMEHTOB, IEMOHCTPUPYIOIIIE BO3MOXK-
HOCTH TeparepreBoii cueki-pororpaduu u crueki-uarepde-
pomeTpun, OyyT ONmyOJMKOBAHBI OT/IEIBHO.

PaGora wactuuno momnepxkana IIporpammoii ¢yHma-
MeHTaNbHbIX ucciegoBanuii [1-05 Tpesnnnyma PAH, unte-
rpammmonHbiME TpaHTamMu CO PAH Ne174/6 m Ne22/6,
POOU (rpant Ne(07-02-13547), a Taxke MuHHCTEPCTBOM
o6pazoBanus u Hayku P® (rpant PHIL.2.1.1.3846). ABTOpSBI
6naromgapst B.B.KotenkoBa, B.B.KybapeBa, A.H.Martse-
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H.A.Bunokypos, M.A.dembsinenko, [I.I".Ecaes, b.A.KHusi3eB u ap.

enko, T.B.CamukoBy, C.C.CepenusxoBa, O.A.llleByeHko u
M_.A qllernoBa 3a MOMOIIb NPU MPOBEICHIH SKCIIEPUMEHTOB
U TIOJIE3HBIE OOCYXKICHUS.
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