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MWKPOKOCM YE/TOBEKA

BBeneHune

C uenbo M3yvyeHns Npmpoabl NCUXMYECKON 3IHEPIn N Ha
OCHOBe NpeacTaB/eHUA O efUHCTBE MNpPMpPOAbl BCeX OOBLEKTOB
MMPO34aHnsa NPOBOAMINCL MONCKOBbIE 3KCMEPUMEHTbI MO OLLEHKe
YPOBHA WMOHU3NPYIOLWNX W3TyYEHU B 3HEPreTuyeckom mnone
yenoseka (3MY) n B psge MecT aHOMasbHbIX ABAEHWIA. Mcuxu-
yeckan aHeprus N KOCMMYeCKUe U3JyYeHUsa UMeoT O6LLYI0 13-
HavyasbHYI0 npupoay, oAHako, XoTa XX BeK MpoLén nog 3Ha-
MEHEM BbIAAIOLLNXCA 3KCNEPUMEHTa/IbHbIX OTKPbLITUA B obnac-
™M (PM3MKN KOCMOCA C TEOPETUYECKMM OOBOCHOBaAHMEM MHOIMX
thakToB, TaliHa MPOUCXOXAEHUS KOCMWUYECKUX JSlyyeil BO MHO-
rom OCTaéTca HepackpbITol. NpoaomkaeTcss MOHUTOPUHI Kade-
CTBEHHbIX U KOJIMYECTBEHHbIX Bapuauui pagnaymoHHOro goHa
B MeXMN/aHeTHOl cpefe, B OKOJI03eMHOM MPOCTPaHCTBE, B OK-
pyxatouieii cpefe Ha noepxHoctTn 3eman. YTo kKacaeTcs aHep-
reTMYecKoro nosisi MUKPOKOCMa YenoBeka, B HayyHOW nntepa-
Type VMeeTCs OOLWMPHLIA MaTtepuan MO U3YYEHUIO TaKUX €ero
KOMMOHEHT, KaK 3feKTpocTaTuyeckas, MarHuTHas, 3/1eKTpo-
MarHmTHas, akycTuyeckas, Tennosas, BusyanoHas. OTHOCUTE b-
HO pPagMOaKTUBHON KOMMOHEHTbl WM3BECTHO, YTO BHYTPEHHee
ecTecTBEHHOe caMoO06/lyYeHUe YesioBeKa CO30aéTcs paguOHYK-
nvaamMun, M3 KOTOpbIX HanbonblMin BKNaL B 3PEKTUBHYIO 3K-
BMBaNEHTHYIO [03y paloT ~K, JAC, 8Rb, 2Po, ZHRa, ZRn u
ZRn. bblnn paspaboTaHbl HOPMaTUBLI, onpeaensawoLLme aonyc-
TUMOE COoAepXaHne Kaxaoro u3 paguvoakTUBHbIX 3/1IEMEHTOB B
pasHbIX TKaHAX, opraHax yenoseka. OQHaKo OTCYTCTBYIOT cBefe-
HUA O BO3MOXHbIX cropagnyeckux mnanyvyeHmax s MY, nonob-
HbIX TEM, YTO COMPOBOXAAIOT, K NPUMepy, BCNbIWKU Ha COJH-
ue. Mexay Tem, 4yesioBek npeacTasnseT coboii MoLwHyto nabopa-
TOPUIO W3TYYEHWU, O CUIe KOTOPbIX OObIYHO He MoAO3peBaeT.
“YenoBek - KOCMUYECKM (haKTOp OFPOMHOM cunbl...” , “ .. Yué-
Hble MOryT oLl yLlaTb 0OCO6ble KOCMUYECKUE Syun, cobpasLumnecs
OKO/10 OUMnLEHHOTO cepaua’, “Cepgue nuanyyaeT 0COObIM CBeT,
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KOTOpPbIA BCAYECKM MNPenioMAseTcs HEPBHbIM BeLW,eCTBOM”, U
“Kak ConHue ectb Cepaue Cuctembl, TakxXe cepaue yenoseka
€CTb COJIHLEe opraHu3ma” . 3T N MHOTUEe ApYyrue BbiCKa3blBaHUA
nogein Myapbix, OKasblBalOTCA BeECbMa MPaKTUYHbIMU U cayXaTt
ONna uccneposartens nyTeBogHOW HUTHIO.

JKcnepuMeHTasibHOe n3yvyeHue
NOrNoWEHHbIX 403

1
OO3MMETPUYECKOIo CONPOBOXAEHNA 3IKCMEPUMEHTOB

MpuHUUNManbHOe 3HayeHMe B MOWCKOBOW paboTe Mmesno
ncnosb3oBaHMe TePMOSIIOMUHECLEHTHOIO MeToda A03UMETPUN,
nbo oH cBObOAEH OT rnaBHOMW NMPoO6GNeMbl METOAMK MccnenoBa-
HUA (PEHOMEHOB MCUXWNYECKOW 3Heprum npv MOMOLLN 3eKT-
POHHOW annapaTypbl, NPV KOTOPbIX BO3MOXHAa NOHMU3aLNA 31ekK-
TpUYecknx uernei ¢ BbIpabOTKOWM JIOXKHOINo CurHasia. Tepmonio-
MUWUHECLEeHTHbIe geTekTopsbl (T/1[,) o6ecneumBaloT perncrpauuio:

- 9/1IEKTPOMArHUTHOro U3NnyyeHMa B obnactu ynbTpadmo-
neTa, peHTreHa (>1 Kk3B), ramma;

- 3/1eKTPOHOB, MPOTOHOB, a-4aCTUL, C HWXKHUM 3MEeKTPU-
YeCKMM MOPOromM pervucrpaymm HecKosibKo 3B.

Ona nsmepeHunsa npegenbHO HU3KUX BE/IMYUH 03 (Ha YpoB-
He NpMpPoAHOro oHa) UCMOoNb30BaA/IUCL AETEKTOPbI U3 a/lloMO-
pocchatHOro cTekna, MOHOKpPUCTanabl KopyHga Al 3 nonun-
KpucTtannmyeckue TkaHenoao6Hble Ha ocHoBe LiF, a Takxe Hau-
6onee 4yBCTBUTE/IbHblE HOBble AETEKTOPbl Ha OCHOBE OKcuaa
antmMmnHnga. MaTtepuan [eTeKToposB Ha ocHoBe AlD 3 nmeert
CMNIOWHY OAHOPOAHYI MNPO3PavyHytd MOHOKPUCTAI/INYECKYIO
cpeny, Ha ocHoBe LiF - 3epHucTyto, 6enoro ugeta, ¢ MMKpO3a-
30pamMu Mexay CrnpeccoBaHHbIMU rpaHynaMu-KpUCTaIIMKaMu.
Ycnosma npoxoxaeHns (HOTOHOB U 3apsHKEHHbIX YacTul, yepes

MMWKPOKOCM YEJ/IOBEKA

CTOJIb HECXOXME cpeapbl ByayT pasnnyatbes. Bernencrteme noBbl-
LWEHHO YyBCTBUTENLHOCTM AETEKTOPOB HA OCHOBe kopyHAaa Al 3
K ynbTpanonetoBomMy u3snydyeHmto CosiHLA UX BXOAHble OKHa
Heo6xoAMMOo 3alumuath GOLron. 3TN AeTEeKTOPbl UMEKT OAUH
[03MMeTPNYECKUIA MWK, YTO ynpouiaeT 06paboTKy pe3ynbTaTos.
JleTekTopbl Ha ocHOBe LiF He 4yBCTBUTE/bHbI K yAbTpaduone-
Ty, KpuBas Tepmmnyeckoro BbicseumsaHua (KTB) ana LiF nme-
eT NATb 403UMETPUYECKMX MNKOB, NMpn 06paboTke pesysbTaToB
yuuTbiBasiacb naowans nog ogHUm (OCHOBHbIM) MMKOM - “[03a
no rnaBsHomMy nuky”. T/1[, pa3mellanncb B KacceTax U cbopKax
pPasnIMYHON KOHCTPYKLUU N IKCMOHUPOBAINCH KaK C OTKPbITbIM

OcobeHHOCTY METBANKAK 1 ¢ sawMTHBIMU 3KpaHaMK 13 AL pasHOi TOALYMHI

BaTMaH

donbra
3 5
. Kopnyc
- L f- -Lf- -AiO - (A1)
4 6
donbra
BaTMaH
BaTMaH
chonbra
3 5
Kopnyc
-Lf - -Lf- -AlO - (A1)
4 6
honbra

BaTMaH

Puc. 1 [1Ba BapnaHTa c60poK C TPEMS OKHaMU Anst AeTeKTOpoB
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(0,00114 r-cm-2 0,0013 Tem 2 0,0123 rcm 2 0,25 rcm'). OdeTek- nonumepa. Moao6-
TOpPbl OT/IMYAINCb MUHUNATHOPHOCTbLIO, BbICOKOI YyBCTBUTE/bHO- Hble C60PKM nMme-
CTblO, LWUIMPOKUM AnanasoHOM perucrpayuuv rno gose n3nyvyeHus 0T LLIMPOKOE Npu-
(oT 10380 5 x KO3 pag) n eé MOWHOCTU, CNOCOBHOCTBLIO K O1U- MeHeHVe B NHAM-
TeNbHOMY HaKOM/IEHUI0 U COXPaHeHU0 UHGopmaunn. [leTekTo- BUAya/nbHOI aBa-
pbl 6bI/IN YCTOMUYMBBLI K SKCTPEMasIbHbIM MOJIEBLIM YC/TOBUSAM: ON- pwiiHoii fo3nMeT-
anasoH paboueii Temnepatypbl oT -30°C go 40°C; BNaXHOCTb A0 puK, B LITAaTHOM
90%; gaBneHne okpyxatouie cpeabl oT 10640 103mMMm pT. CT. NO3KOHTpONe
COBOpPKM COCTOANMN U3 HECKOJIbKUX OETEKTOPOB, pasMeLléH- KOCMOHaBTOB. [1/11
HbIX BHYTPU KOpPO6G0YeKk n3 Al nnbo M3 TKaHE3IKBUBA/IEHTHOIO 3KCNEPUMEHTOB B
3HEepPreTnyYecKom Puc.3. KoHCTpyKuUua cbopku ‘Mo3amka
6 nose 4enoseka 1- chonbra; 2-xkopnyc; 3-AHO;
1 6bIMN CHeLyanbHO 4,5 -geTekTopbl J1120 ,

pa3paboTaHbl
KOHCTPYKLMM KacceT pas3Hoi moaudumkaumn B 3aBUCUMOCTU OT
MocTaBfieHHON 3agaun. KOHCTpyKUuMa obecneumsana 3awunTy ge-
TEKTOPOB OT KBAHTOB CBeTa OKpyXallLlei cpeabl, HaAEXHOe 3aK-
1 8 penneHne B 06/1aCTU 3KCNOHMPOBa-
HUA N YNCTOTY. TUNbI KacceT u pac-
NOJIOXKEHNE B HUX AETEKTOPOB Npun-
BeeHbl Ha pycyHKax 1—4.
MornowéHHaa BeuwleCcTBOM
3 TN/ 3Heprma NOHN3NPYHLLEro ns-
NyYeHNs aKKyMynmpyeTcsa B Buae
3anacéHHon cesetocymmsbl [11. Mpwu
4 4 4 MOBbILLEHMN TeMMepaTypbl OcyLe-
1 2 CTB/ISETCA Nepexos N peKoMOUuHa-
LUMA CO CBEYEHMEM - TEPMOJIIOMU-
HecueHUmMen. MK Ha KpnBOiA Tep-
MMYECKOrO BbICBEYMBAHUSA COOTBET-

wn
U-|-l>

a) muHucbopka: 1,2,3,4,5 - geTekTop Al20t 6 - dhonbra;
7 -kopnyc; 8 - gHo.

CTBYHOT OCBOGOXAEHWIO 3/1IEKTPOHOB aiy,
C onpenenéHHbIX YpOBHEN 3axBaTa.
6) “roncTasa ”cbopka 1- gerekTop Alfi,; 2 - peTekTOop UF; Mo Mepe ycoBepLLUEeHCTBOBAHUS Me-
3 - (onbra; 4 - Kopnyc; 5 - AHO. TOJAa 3MEPEHUs NHTerpasbHbIX Mo-
Puc. 2. KOHCTPYKUMM “MUHUCBOPKM W “TOncTol ~c60pKM r7oWeHbIX 403 Gblna 3aaeiicTeosa- Puc. 4. KacceTa
Ha criealyrolias annapartypa: MO3an4yHOro Tuna
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e/I3MepUTENbHbIA KoMNneke pupmbl “HARSHAW ", BK/tO-
yaloLwmnih HarpesaTesb 4ETEKTOPOB U YCTPOWCTBO perncrpaumn mn
aHanv3a gaHHbIX.

= KOMMbIOTEPU30BaHHas cuctema cbopa, XpaHeHUs, obpa-
60TKN, aHanu3a n rpaunyeckoro npeacrasneHns AaHHbIX namepe-
Hua T4, ceasaHHasa B cucteme PROCOM ¢ nsmeputenbHbIMU
nynbTamy. Komniaekc nNo3BOAU PeErncTpmpoBaTbh KpuBble TEPMO-
BbICBEYMBaAHUA pasnmMyHbiX Tunos TJ/1[ B gnanasoHe Temneparyp
oT 20°C 0o 400°C npu NnnHeHOo ckopocTu Harpesa oT ' X cek'loo
20°x cekl Ona o6paboTKM AeTEKTOPOB OblN BbiIbpaH onTuMasib-
HbIV PEXUM U3MEPEHUI: CKOPOCTb Harpesa 4,5 ° x cek-l, makcu-
ManbHaa Temnepartypa Harpesa 275°C. lNpun TakoM pexume non-
HOCTbIO MPOSB/AETCA MK TEPMOBbICBEYNBAHWNSA AETEKTOPOB U elg
HeT 3aMeTHOro LWyMOBOro Bk/aZa OT TersioBoro ceevyeHus. Pe-
XM obecneunmBaeT N3MepeHMe NOrAoWeHHbIX go3 ot 10'5Mpei n
BbllLle C OCHOBHOMN MOFPELHOCTbI0 He 6onee =7% (ana TAJT Ha
OCHOBE OKcuaa antoMuHus). NpadnkK TUMOBOro pexmnma Harpesa
TNA4 npun nsmepeHnn npeacrasneH Ha puc. 5

0 10 20 30 40 50 60 70 80

Bpems, cek
Puc. 5. I'paduk TmMNosoro pe>kuma Harpesa T/14

npy M3MeHEeHNUsX Ha Komnnekce “Harshaw ™
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B KOHeuHbIVi pe3ynbTaT 06paboTkmn TJ1[, BXoamnna cymmap-
Has nornouwéHHas gosa OT U3/YYEeHWUI OKpyXXawulen cpeabl w
OT BO3MOXHbIX M3NYyYeHU nlyyaemoro cheHomeHa. PoH cpeapl
MOCTOSSHHO KOHTPONMPOBA/ICS NOEHTUYHbIMU AeTeKTopamMn. MN3-
MepeHHas go3a 3a Bbl4eTOM (JOHa cocTaBnsna:

M’adui) - N’quH

D = , rae Kam— ueHa umnynbca.
am

MOLLHOCTb NOIMOWEHHO A03bl COOTBETCTBOBA/IA OTHOLLIE-
HUI0O MpUpaLLLEHNA MOr/OWEHHON A03bl 32 UHTEPBasl BPEMEHU
pa6ouein akcno3nyum 5/ K aTOMy UHTepBasy:

D )pdp ~ A0 H
'

B MOMeHT omkura (“06HyneHuns”) Kaxabli AeTEKTOP Fpagyv-
poBasica, onpeaensanca WymMm AeTeKTopa, SKBUBANIEHTHbIA ero qioHy.

1.2. Pe3ynbTaTbl U3MEPEHWUIA
YPOBHS 03 Ha MOBEPXHOCTU Tesla YesloBeKa

ViccnegoBaHne KOMMOHEHTbl MOHU3UPYOLWUX N3NYYEHWU
B 3HEPreTU4YecKoM MoJsie 4YesioBeka BbIABMJIO, UYTO cpegHAa no-
rnouwleHHas [osa, 3adMKcUpoBaHHas Ha HEKOTOpPbIX yvyacTKax
MOBEPXHOCTN Tena, MHorga sHa4YMMo npeBbillana oOHOBYHO 403y
N3NyyeHnii okpyxawuwen Cpegpl. [leTeKTopbl pasmMew,anncb B
061acT TaK HasblBaeMbIX OCHOBHbIX W BTOPOCTEMEHHbLIX Yakp
(pnc.6) 1 Ha gpyrmx yyacTtkax Tena. IKCNepMMeHTbl NMpPoBOAU-
JINCb NPU NacCMBHOM U aKTUBHOM COCTOAHUU UcnbITyeMoro. llopg,
“naccuBHbLIM” MoApasymMeBaeTcs COCTOAHME UCMNbITYEMOrO B pe-
XMMe MOBCEeAHEBHOIO NMPUBbLIYHOIO NpoXxusaHuda. Mog “akTue-
HbIM” - COCTOfHME Ye/iOBeKa BO BPEMS CeaHCa MOCbIIKN UM
3Heprun no uHAMBMAyasnbHON NporpaMmme; NOAO06OHbLIA ceaHC
Onvacsa oT gecAtka MMHYT M He 6onee monydaca. 15 KOppekKT-
HOI MHTepnpeTauun pesynbTatoB uamepeHuii B MY ogHoBpemeH-
HO NpoBOAM/IACh OLLEHKA YPOBHSA U3/TyYEHNIA B OKpYXXatoLLein cpeae.

2-4469 9
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Puc. 6. Cxema pacnonoXeHus paboynx TOUYEK B OKPeCTHOCT AX
KOTOpbIX pasmeltanuch aeTekTopbl (pasmewieHne NeNe 1 -7
COOTBETCTBYIOT reorpadum 0CHOBHbIX Yakp: 1- Mynagxapbl,

2 - cBaAxucTaHbl, 3 - MaHunypbl, 4 —aHaxaThbl, 5 - BUWYAXU, 6 - a>KHbI,
7 - caxacpapbl; oCTaNbHble 0603HaYEeHNA COOTBETCTBYHOT MecTam
pacnonoX<eHns BTOPOCTENEHHbIX YaKP).

10
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CpepHsas MOLWHOCTb 403 OT (DQOHOBbLIX U3/TyYEHUIA cpeapbl 3a aKcne-
pUMeHTasbHbIV Nepuof ( B TEYEHUU YeTbIPEX NeT) Konebanacb B

npenenax 0,17 - 0,3 mnpaax cyTkm  BospactaHune (hoHa cpefpl B
oTAefNbHble Mepuobl HAXOAWUNOCh B KOPPENALUN C CUJTbHbIM YBENN-
YEHMEM COJIHEYHOW BCrbILLEYHOW aKTUBHOCTU. Tak, C cepeauiHbl
AHBapA Mo cepeauHy espana 1991 roga BCnbIWKN B Ha BbICOKOIo
6asina cnegoBann Moyt Kakable CYTKW, M MO HECKOJ/IbKO pa3 B CyT-
KW, B COMPOBOXAEHUN MOLLHOIO 3/1EKTPOMArHUTHOIO U3/ly4YeHus -
OT >KECTKOrO PEHTFEHOBCKOIO M AaXe ramMmma A0 KUIOMETPOBbIX
pPaLnOBCI/IECKOB, C BTOPXXEHMEM B MarHUTOchepy WMHTEHCUBHbIX
MOTOKOB BbICOKO3HEPIreTUUYHbIX COTHEUYHbIX NPOTOHOB (0KO0/10 3B).
CxopgHas renuoreoguanyeckas ob6ctaHOBKa Habnoganace B hepa-
Nne - Havane mapta 1993 roga [2]. T/1[4, nNpeakcnopTUpPOBaHHbIE B
paboyem MOMELLEHNN, B 3MOXY BbICOKOW COSIHEYHOW aKTMBHOCTU
MOIIN PErnCTpPMpPOoBaThL NPOAYKTLI B3aMOLENCTBUSA BbICOKO3HEpre-
TWUYHbIX YacTUL, U BOJH C YacTuLLaMM MOHOCMepbl N HENTPa/IbHOW
atmMocoepbl. HO 3TOT MOBbILWWEHHbIV (POH cpedbl HE MOBAMAN Ha
pe3ynbTathbl, MoayyYeHHble B 3MY HM B maccMBHOM, HU TemM Gosee B
aKTUBHOM COCTOSIHUU, C YYETOM pellaemMbiX 3a4aud.

AHa/IN3 NONYYEHHbIX AaHHbLIX NoKa3as, YTo CpeaHAs MOLL -
HOCTb NOrNOLWEHHOW 003bl B psge paboumx To4eK Ha NoBepXHO-
CTW Tena 3Ha4YnTeNbHO MNpeBbilWasia MOWHOCTb (DOHOBBLIX UN3NY-
yeHunii cpegpl. Mpu 3TOM B Mpouecce KOHUEHTPaLUuU 3SHepruuv
MOLLLHOCTb 4acTO npeBbillana YPOBeHb, 3apPerncTpupoBaHHbIN B
Tex Xe pabounx ToYkax B NaCCMBHOM COCTOSHUWU UCMbITYEMOrO.
KoHeyHble pesynbTatbl 3aBucenu, no-suauMMomy, OT COCTOSA-
HUA UCNbLITYEMOIO U OKpYXatoLleii cpebl, OT UHAMBUAYANLHOMN
nporpamMmsl “akTuBmsaummn” . B npegenax Kaxaon cepmm npoBo-
OWNICA KOHTPO/b YPOBHSA POHOBbLIX U3/yUYEHUI cpeapbl.

Bce akTUBHble 3KCNEPUMEHTbLI MOCbLIIOK 3HEPrun nNpoBo-
ONNvcb B TEMHOE BpeEMS CYTOK, C MPUMEHEHMEM Mep NpenocTo-
POXXHOCTWN OT BO34ENCTBUA NOOLIX NCTOYHUKOB OCBELLEHUS, AN
WUCK/TIOUYEHNS BO3MOXHOCTU 3aCBETKM KBaHTaMU TeX AeTEeKTOPOB,
KOTOpble 3KCMNOHUPOBA/IUCb B OTKPLITOM BUAE, XOTA KpaTKoBpe-
MeHHble 3acBeTku TJ/1[, He OKa3blBalOT B/IMAHWUSA Ha €ro CBeTo-

2 n
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cymmy. MNMpumepbl pe3ynbtaTtoB cepun “akKTUBHbIX” 3KCMepUMeH-
TOB NpuBedeHbl B Tabnnye 1

Tabnnya 1
OKCMNEepUMEHTbl B aKTWBHOM COCTOAHMK'
MowHoCTb
MecTo . o
No pge- MOr/OLWEHHON
Ne cepun pasmelte- MpumevaHue
. TekTopa [03bl,
HWS
moag/yac.
1 2 3 4 5
| u.7 hoH OAVHOYHbIE
E. 4.6 hoH Tne
(~ 50 n) 4.5 ¢hoH C OTKPbITbIM OKHOM
4.4 767
4.3 586 * HyMmepauus
y.2 520 B cTonbue 2 tabn.1
41 633 COOTBETCTBYyeT
npas, pyka puc.6
(P3) hoH
u.4 hoH c6opka B Al dhonbre
~ 5 MKm
¢oH cpeabl 0,01
I ob6nacTtb MUWH.-MaKcC. cbopka B Al dhonere
E. cepaua 15.8-348 ~ 5 MKM
(~ 50 n)
1 u.5 367 O VHOYHbIE
M. MpaB.pykKa 367 Tne
(~35n) 4.3 367 C OTKPbITbIM OKHOM
41 907
u.4 hoH cbopka B Al ponbre
~ 5 MKM
30Ha
obnydyeHun thoH B hoTobymare
pykamu

hoH cpeabl 0,01
1BbICOKME MHTEHCUBHOCT W U3MyYeHUI XapaK Tepru30Baanch KpaTKOCPOUHOCThIO
12
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Tabnuua 1 (NpogonKeHue).

\% 30Ha
. 061yyeHuns
(~20n) pykamun
I—#
n—vu
rpyoviHa
n—n
30Ha
061y4yeHuns
pykamu
n—n
n—1
m—nu
\%
a. y.2
(~20n)
4.3
4.4

~N o a P wN PR

o0 h wWwN PR

O P WNRELOOOPWONEPR

hoH

hoH
¢ooH
225
146

hoH

oH Vv

¢hoH
804

¢oH cpeabl 0,01

cbopka B Al dponbre
Tne
B OTKPbLITOM BUAE

c6opka B Al
KOpob6ouke

"No rnasHoOMy nuky"

hoH
hoH
hoH
hoH

Ha Kpato **

hoH

doH
hoH

Ha Kpato **
Ha Kpato **
Ha Kpato **
ooH
¢ooH
¢oH
21
23
¢ooH
19

13

LiF B KacceTe
C TpeMs OKHamu,

B Al honbre 0,0123
r-cm-2. NeNel1,3,5 -
AT. npuneran
KTeny, NoeNe2,4,6-
Art. 2-ro, ypaneH-
HOro oT Tena cnos

n—1
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Tabnuya | (npogomkKeHue).

y.4

4.6

onnevve (M

onsnevmne (n)

naaoHs ()
Po(n)

nogowsa
(m)
HQ(n)
KOJIEHO
()
H2(n)

O Wkr O0WRrUJO0OWROOWROWEROWEREOOaPLWN PR

hoH
doH
21
23
doH
19
hoH
Ha Kparo **
doH
hoH
20
Ha Kparo **
25
28
29
24
Ha Kpato **
21
Ha Kparo **
hoH

Ha Kpato **
hoH

thoH
19

hoH cpeabl 0.01
Ha Kpalo ** - O03HauyaeT HebO/bLIoE MPEeBbIlleHNe Haf, MaKCUMasibHOM

CTaTUCTUYECKOM BENMUMHOWN [03bl
OT (hOHOBbLIX V3MEPEHU OKpPYXatoLLeit cpesbl

VI y.2
a.
(~20n)
y.3
y.3

146
42
ooH
oH
¢ooH
42
hoH
hoH

14

BTOpOI cnoii Ar.

B KacceTte
OTCcyTCTBOBA/
n—mu
H—
n—u
n—1n
H—n

AT NeNel-4 - LiF
56 - AlD 3
1,3,5 - B nepsom
cnoe (K Teny),
2,4,6 -BO BTOpPOM
cnoe cbopkun
n—un
nH—Ww

MWKPOKOCM YEJIOBEKA

Tabnmua 1 (oKoHYaHue).

112
50
42
dhoH n— 1l
¢hoH
oH
112
¢hoH
¢hoH
choH n—n
¢oH
hoH
42
150
¢oH
hoH n—n
hoH
hoH
hoH cpeabl 0,013

=

napoHb ()
Po(n)

napgoHb (N)
Po(m)

onnevyne

ONDMWNROAODAWNPROOP,WN

Vil 4.3 0,46 AT NeNel1-4-LiF
0,51 5,6 - A120 3
0,92 1,3,5 -B nepsom
1,32 cnoe (K Teny),
1,11 2,4,6 - BO BTOPOM
1,18 cnoe cbopku

(B emyHpx ore)

a.
(-20n)

oA wN R

B naccMBHOM COCTOSIHUM UCMLITYEMOTO AETEKTOPbI 3aKpen-
NANUCb B pabouMx TouykaxX Ha AUTeNbHOe BPEeMSs, MHoraa Ao
MecsiLa. OKOHYaHMe aKCNepuMeHTa B KaXA0M c/lydae 6b1s10 06Yyc-
/IOB/IEHO HapacTalWuM oLlLyweHnemM guckomgopTa, 601e3HeH-
HOi HENEePEHOCMMOCTUN UCMbITYEMbIM AasibHeLLero Npoaosixe-
HMA 3aKcno3uuuun. Mpumepsbl pe3ynbTaToB U3MEpPEeHUii Ans nac-
CMBHbIX 3KCMEPUMEHTOB NpuBeaeHbl B Tab.2.

15
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MecTo
Ne cepun pasmeuye-
HUS
1 2
Vil
E.
(~50n)
MecTto
Ne cepun pasmelye-
HUA
IX 4.6
E. u.5
(~50n) u.4
ob6n.cepgua
COJIHEYH.
crnjieTeHue
4.3

Tabnnya 2.
3KCNepyMeHTbl B MACCMBHOM COCTOSHWK

Ne Ar.

3
11
1,2
21
2,2
31
3,2
4,1
4,2
51
5,2
6,1
6,2
71
7,2
81
8,2
91
9,2

Ne Ar.

Jo3sa, mnpag

4.4 | hoH cpenpl

4
5,8 | 5,9
7,0 16,0
57159
6,9 16,8
55 16,1
6,2 16,8
5.2 6,1
7,0 7.0
5,7 16,7
6,4 |6,1
6,2 16,3
5,8 |6,2
57161
5,6 16,2
61 16,2
6,1 16,5
6,3 16,5
6,3 16,5

YcpegHeHHas
MOLLHOCTb
rnornoweHHon
LO3bl,
Mnpag/yac
13,4*

1,2
15
14

0.8
1

16

MpumeyaHne

5
"Mo3sauka",
KopyHa A120 3,
gonbra
0,0013 rcm-2,

B cton6ue 3
nepsas uudpa -
HOMep OKHa,
BTOpas:
1-Ar. nepsoro
cnos KTeny,
2 -[rt. BTOpOrO,
yAAIEHHOIO
cnos

MNpumeyaHne

oAnHOoYHble TJ1C
MpumeyaHue:

* - obnactu
4.6 UCMbITyEMbIM
oulyuianoch
CufbHoe
JasneHuve

MMNKPOKOCM YEJTIOBEKA

Tabnmua 2 (OKOHuYaHue)

4.1 11
P3(n) 0,8
Hi(n) 0,4

doH cpenbl 0,01

X obn.cepaua 31 oAnHO4YHble TJ1C
M. npas, pyka 2,9
(~=35n) COJIHEYH.
cnneTeHne ?

doH cpeabl 0,01

Xl Mpw 1O. MKpag/yac c6opKM
tO. B YC/IOBUAX VHANBUA.L03.
(~55n) 601bLWLNX 1 7,3 KOHTpONA
BbICOT W Ap. 2 7,7
¢hoH
Ha ypoBHe 3 8,7 /4
Mops

Pe3ynbTaTtbl 6blIM Pa3HbIMU: YPOBEHb 3aperucTpupoBaH-
HbIX U3NY4YeHU 6bin:

1) paBeH (hoHy Okpyxawuiein cpegpl (cepus VI, Tabn. 2);

2) 3HauMMmo npesbiwan poH cpeabl (cepum 1X, X, Tabn. 2);

3) 6bI1 3HAYMMO HWXKe hoHa cpeabl (cepusa X1, Tabn. 2).

M3 Tabnuubl BUAHO, YTO CpeaHsAs MOLLHOCTb U3/lyYeHU B
MacCMBHOM COCTOSAHUW AN pasHbiX padboymx TOUYeK OAHOro u
TOro Xe UCNbITYEMOro Morfia 3ameTHO pasnmyarbCcs, U CUMbLHO
MEHATLCA OT CEPUU K CepUM AN OLHOW W TOW Xe Aucrokauum
JeTekTtopa. 3Tu pesy/nbTaTtbl CBUAETE/IbCTBYIOT O TOM, YTO B XOA4e
NoJo06HOro aKCNOHMPOBaHUSA BO3MOXHbI CMOHTaHHble, He KOH-
TponmnpyemMble MCMNbITYEMbIM MPOLUECChl, COMPOBOXAaeMble
BCM/ieckaMu n3siyyeHuin. B cnydae cepum X1, pacyéTHble OLEHKU
C NpuBNeYeHneM CNpPaBoYHbIX AaHHbIX [4] nokasanu, 4To 3a BeCb
nepuos omKMr-obmMep NornowéHHas 03a To/IbKO OT eCTeCcTBeH-
HOro poHa, BK/IHOYAIOLLLEr0 KOCMUYECKOoe 06/lyyeHne n uU3snyye-

3. 1-4469 17
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HMe ecTeCTBEHHO pacnpefesiéHHbIX NPUPOAHbIX PaanoaKTUBHbIX
BELLEeCTB, B YC/NIOBUSAX BbICOKOTOpba U ANUTENLHONO nepenéTta,
AO0J/KHa Oblna cocTaBnATh 33,38 Mnpad, OA4HaAKO 3aperncTpupo-
BaHHas [03a OokKa3asnacb NMOYTU BABOE MEHbLUE.

ConocTasneHne Tabany, 1n 2 nokasbiBaeT, YTO B pesyfbrare
3KCNEepPUMEHTOB B aKTUBHOM COCTOSHUU WUCHMbITYEMbIX MOLLHOCTb
MOrNOLWEHHOW A03bl HEPEAKO 3HA4YMTEesSIbHO MpeBbillasia YPOBEHb
[03 Mpy nMaccuBHOM 3KCMOHMpoOBaHUM B 314, B TOM uyucnie u
KOrga aTu nocriegHme oKasbliBa/ICb MOBbIWEHHbIMK. B Tabnuue 3
[aHbl MpuUMepbl COMOCTaBNeHNA CPefHUX MOLLHOCTEN AO03, 3ape-
rMCTPUPOBAHHbLIX B cepusax “akTUBHO” U “MnaccuBHO” ANsa NAOEH-
TUYHBIX Paboymx TOYEK OLHOrO M TOFO XK€ UCTbITYEMOrO.

CpegHve OLeHKM MOULHOCTM [03, Npucywmnx “naccuBHoO-
MY” COCTOSIHUIO 4esioBeKa, MOryT MMeTb TOHKYH BPEMEHHYIO
CTPYKTYpY. He ucknwyeHo, 4TO MOLWHOCTbL B npedenax rnepuoaa
3KCNOHMpPOBaHMA Morna 6biTb 60/1ee HM3KOM, Ha ypoBHe (hoHa

Tabnuua 3.
ConocTasneHune pe3ynbTaTOB
‘aKTUBHbIX " N “NacCUBHbIX ~” IKCNEPUMEHT OB

MecTo MoLwHOCTb A03bI OTHOLWeHne
Cepua  pasmelye- rnaccmBHO/akTUBHO akTuBHo/
HWs NaccuBHO
E. u.4 37 mnpag/cyt 18 pan/cyT -500
y.3 24 mnpaa/cyt 14 pap/cyt -600
41 25 mnpaa/cyt 15 pap/cyT 500
npas,pyka 20 mnpag/cyt hOH -0,01
E. u.4 37 mnpag/cyT oH -0,01
4.3 24 mnpag/cyt hoH 0,01
4.1 25 mnpaa/cyt 14 pag/cyT -600
npas,pyka 20 mnpasg/cyt 7 pag/cyT -400
M. u.4 75,5 mnpag/cyt hOH -0,003
4.3 AT. yTepsaH. 8,8 pan/cyT
4.2 no inf. 21,7 pap/cyt
npas, pyka 69 mnpaa/cyT 8,8 pan/cyT -130

¢oH cpeapl 0,24 mnpag/cyT

18
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OKpyXaloLlen cpegbl M HWUXe, B COMPOBOXAEHUN KpaTKoBpe-
MEHHbIX MHTEHCUBHbIX BCMJ/IECKOB MOHU3UPYIOLWNX U3NYYEHUN
B pe3ysibTaTe CMOHTaHHbIX MPOL,EeCCOB, HE KOHTPONNPYEMbIX UC-
neiTyembiM. OTCYTCTBUE perncrpaumv uUssyyeHms MOXeT ObiTb
O6BYC/I0BNEHO TaKXe He ero OTCYTCTBMEM KaK TaKOBblM, a ero
“MoAnoporoBbLIM” XapaKTepoMm.

B Tabnuue 3 npueBefeHO cpaBHEHWE A/19 CyvaeB NOBbILLIEH-
HOro YypPOBHS M3NYy4YeHUIA B pe3ys/bTaTe “MacCUBHON0” 3KCMOHMU-
poBaHuA. N3MEHYMBOCTb pe3y/bTaTOB OTpaxaeT, No-BUAMNMOMY,
Bapuaumm 3NeKTPOMarHUTHbIX M3nyYyeHuin. YacTb pe3y/bTaTtoB B
psge onbITOB Oblfla Ha ypoBHE (hOoHa OKpyXalLen cpeabl.

Ana npeHtTndukaumm coctasa nsnyyeHuii 6uinm paspabo-
TaHbl KacceTbl TeNeCKONMYeCKOW KOHCTPYKL MK, fallive BO3-
MOXHOCTb N3y4YeHNa pacrnpeneneHns sHeprosblgenieHns no Ton-
L MHe BeLLecTBa, — B HAX AeTEKTOPbl MOI/IN pacrnonaratbca CTon-
KamMmu Mo ABe 1 No Tpu WTyKu (cMm. puc. 1, 2). CneyunanbHO paspa-
60TaHHble COOPKU TUNA “MO3amka” NO3BOSININ U3MEPATL Takxke
pacnpegeneHve o3 Ha oTAeNnbHOM pabodyeir niowaan -625 Mmm2
(25 x 25) ogHOBPEMEHHO B 9-TM TouKax (cMm. puc. 3, 4).

O xapakTepe pacnpegeneHna 003 rno To/iLnMHe cCoOCTaBHOro
[eTeKTopa MOXHO cyAunTb 13 tabnnubl 4.

OueBNAHO, YTO B Npedenax o4HON U TOW Xe cepun akKcre-
puUMeHTa B psge paboumx Touyek 6Osibllee 3HeprosblgeneHuve
MOr/10 6bITb 3apPerucTpUpoBaHHO B AeTeKTopax, MpuierarLLmx
K Teny (c6opku NeNe 5, 6, Tabnuua 4.), a gna gpyrux Toyek -
B [leTeKTopax BTOPOro, yaasiéHHOro ot Tesia cnos (c6opkm Ne No
I, 4, Tabnuua 4). Nogo6bHYH HepPaBHOMEPHOCTb UMKOCTPUPYIOT
Takxe cepuu Il n V B Tabnuue |.

Ona onpepgeneHnsa rnybuMHHOro pacnpegeneHus o3 6bin
Takxe paspaboTaHbl “MUHUCOOPKU” , YKOMM/IEKTOBaAHHbIE ABY-
Msi CTOMNKaMn [OeTEeKTOPOB Ha OcCHoBe A!X, - oAHa M3 CTOMOK
cocToana u3 TPéx OeTeKTOpoB, U Takum obpasom, mmesna o6-
Wy ToAwmnHy 3 MM, BTOpas - U3 AByX W 6blna “yTonseHa” Ha
[HO KacceTbl (CM. puc.2). SKpaHUpoOBKa nmena Tonuw,nHy 0,00114
rcm'2 PesynbtaTbl 06paboTKU AETEKTOPOB B COCTaBe “ MUHUCO0-

3-1 19
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Tabnuua 4.
MecTo Ne ne-
Ne c60pkn pasmelle- TekTopa [Jo3a, mapag, MpumeyaHue
HUA A1203
XIl E.
1 4.6 1 11,65 AT.Nel
2 22,9 npuneraet K Teny
2 u.5 1 15,9
2 14,59
3 y.4 1 13,57 AOT.Ne2
2 14,55 BTOpPOI4 crioi
4 cepaue 1 19,13
2 21,73
5 4.3 1 23,26 Ha Bxoge -Al
2 20,91 ¢onbra 0,0013 rcm'2
6 y.1 1 33,81
2 12,48
7 np.Hora 1 11,41
2 12,74

403a OT hoHa oKpyXatowein cpegbl 3a Nepuog oNKUr-obmep
coctasuna 10,0 1,5 mnpag,

pPOK” npeacTaBieHbl Ha PUCYHKe 7. AHann3 nokasan yCcTownuun-
BOE MpeBbilleHME YyCPeAHEHHO 3a nepuod OTXUr-obmMep MOLLL-
HOCTU [03bl, MOJIY4EHHOW B aKTUBHOW 3Kcno3muuu, Hag do-
HOBbIM YpOBHeM. 1N pa3HbiX TOYEK 3TO MNpeBbllleHNe COCTaBu-
no ot 1640 30%. B Tabnnue 5 npueeaeHbl OLEHKM MOAYYEHHbIX
MOLLLHOCTEN [03, Npu (JOHOBOM YpPOBHe 7 MKpag/yac.

Taknm 06pasoM, MOLLHOCTb MOrNOLWWEHHbLIX A03 B pe3y/ibTare
aKTUBHOIO 3KcNepumeHTa npesbiwana (poHOBYH BEINYMHY 415
pasHbIX paboumx ToOYeK B AECATKU U A0 rnofyTopa Thicay pas. Kak
BUAHO U3 pUC. 7, pacnpeneneHue 003 No rnybuHe BellecTBa OeTek-
TOpa 0Ka3anocCh A40CTaTOYHO PaBHOMEPHbIM: B Mpeaeniax O4HOoM cTon-
KM 4151 pa3HbiX TabneTokK 403bl NGO NMpakTUyeckn cosnaganu, nméo
pasnunyanince B 1,1 - 1,2 pasa. 3Ta paBHOMEpPHOCTbL CBUAETENIbCTBYET
006 3/1eKTPOMarHMTHOM npupoae obnyvyeHns 418 4aHHOTo criy4as.

20
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1 1
7,83 7,89
2 4 2 4
74 7,46 811 7,61
3 5 3 5
6,67 7,01 7,53 7,36
1
12,36
2 4 52 pH. 2 4 56 OH.
9,85 9,74 11,07 11,43
3 5 3 5
10,13 10,77 11,15 12,85
1 1
12’68 11’67 ...................
2 4 2 4 56 oH
10,42 10,53 11,72 10,86
3 5 3 5
11,82 10,22 11,81 11,72
1 1
12,26 11,57
2 4 2 4 56 oH.
10,9 12,35 10,95 11,4
3 5 3 5
12,19 124 10,78 10,53

Puc. 7 Pe3synbTaTbl 06paboTKN e TEKTOPOB MUHMCOHOPOK NeNe 1 -8
(Bo3bl B MApag) 3a nepuof oT>Kur-oomep (aHen)

Ha npumepax Tabnuubl 4 n puc. 7 BUOHO, YTO XapakTep
pacnpefeneHns aHeprosblge/ieHUs No TONWNHe BeLecTsa AeTekK-
Topa B pe3y/nbTaTe aKTUBHOIO 3KCMepUMeEHTa MOr ObiTb pasHbIM.

3. 2-4469 21
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Tabnuua 5.
Ne c6opKw, MNepuvopg, Jo3a, MoLuHocTb
ob6nacTtb aKTMBHOI  aKTMBHOE [03bl,
Cepus  pasmelle- 3KCMO3ULMK COCTOAHWE akTuBHoe [lpvmMevaHue
HUSA yac, MUH Mapag ~ COCTOsiHWE
Mmnpag/yac
1 2 3 4 5 6
a. 3(4.7) 64. 30 MUH. 1,39 -0,2 JKcn. B coc-
TOSIHUW CHa
4 (4.2) 15 MYH. 2,37 -9,5
5 (u.4) 15 MUH. 1,73 -6,9
6 (4.3) 15 MuH. 2,16 -8,64
7 (n.nafoHb) 15 MuH. 2,62 -10,5
8 (n.nagoHb) 15 MyH. 1,65 6,6
E. 9 (4.5) 6u4. 1,85 -0,3 3Kcn. B coc-
TOSIHUW CHa
10 (u.6) 6u4. 2,8 -0,47 3Kcr. B coc-

TOAHUM CHa
1,2 - dooH cpeasbl (-0,007)

ViccneposaHua pacrnpeneneHus 403kl NO NOBEPXHOCTU OTAEeSb-
HOW paboueli 0651acTM NPOBOAW/IOCH MPU MOMOLLKM CreuMasbHbIX
cbopok TMna “ Mo3amka” (cM. Puc. 3,4), yKOMM/IEKTOBaHHbIX Hanbo-
nee YyBCTBUTESIbHbIMW HOBEWLLMMU AeTeKTopamMu Ha ocHose AlD 3
C 3aWWTHOM 3KpaHMpoBKoi 0,00114 r cM 2Ha BXOAHOM OKHE.

MpuMepbl pe3ybTaToB aKTUBHbLIX 3KCMNEPUMEHTOB Npuseae-
Hbl B Tabn. 6. B nepsom ctonbue Tabnuubl nepeas uugpa cooTBeT-
CTBYeT HyMepauunm oKHa “Mo3aukun’, BTopasd, rnocne ToYku, Xa-
pakTepusyeT rnonoXxeHue AeTekTopa B CTonke - uydpa 1oTHOCUT-
CA K JaTyMKam NepBoro, npunerawLLero yepes awuTty K Teny cos,
undpa 2 - K gatyMkamMm BTOPOro, yaaniéHHOro cnos B CTOMKe.

“Mos3aunka” |l 6blna 3akpenneHa B 06/1acT MasieHbKOMN
Yyakpbl Ha NpaBoOW NagoHU, N ecin MPUHATbL, YTO MNpeBbllle-
HVUe Hag (POHOM

dD = 7,77 - 6,5 = 1,27 mnpag,
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Tab6nuua 6.
YcpegHEHHaA MOLLHOCTb A03bl

Ne 3a nepuog, omKur-obmep, MKpag/yac.

netektopa [lp. nagoHb, M. AHaxarTa, E. Mynapgxapa, E.

Mo3sawnka I Mo3zauka Il Mo3saunka IV

11 10,9 9,9 9,3
1.2 7,9 8,5 8,7
21 11,9 8,2 8,7
22 11,9 8,0 10,2
31 11,3 9,4 9,7
3.2 11,1 8,3 9,6
4.1 13,7 8,9> 8,6
4.2 13,3 9,5 9,7
51 10,4 9,0. 8,0
52 10,8 7,9 9,2
6.1 11,6 7,9 9,1
6.2 11,4 8,4 10,7
7.1 10,3 8,8 8,8
7.2 10,9 8,2 9,5
81 12,4 8,7 9,1
8.2 13,2 8,5 10,6
9.1 12,9 9,5 8,5
9.2 12,1 8,6 81

cpepHee 11,6 8,7 9,2
choH 9,7 6,6..7,0 6.6..7,0

YacTble BCbILWKK
Frenno- (1N, 1B, 2B); Mepuopg, HU3KOMN

06CTaHOBKa PEHTreH, paauvo- COJ/IHEYHOW aKTUBHOCTU

Bcnnecku, CKJ1

6b1/10 06YC/IOBIEHO aKTUBHbLIM Bo3gelictBueM (dt = 15 MuH), TOr-
[a MOLLHOCTb NOF/IOWEHHOW A03bl B 06/1acTN NTafoHN COCTaBUT:

— =127 mnpaa/15 muH = 5,08 mnpaa/uac,
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YTO MPEBLICUIO MOWHOCTb (DOHOBbLIX U3NYYEeHU cpedbl 6onee
yem B 500 pa3. lNpu atom B OKHax NeNe 4, 8, 9 “mo3anku” Il
YPOBEHb 3apPErncTpPOBaHHbIX 403 Obl/1 BbilE CpPeAHEero, 0CobeH-
HO B OKHe Ne4. Mpumem ans okHa Ned4 gosy (9,23+8,96)/2 *
9,10 mnpagn, Torga OTKNOHeHMe OT cpefHero no cbopke cocTa-
But d = 1,33 mnpaa, nnn 17%, 4yTto Bbllle cpeaHecTaTtucTUyec-
KOro pasbpoca gaHHbIX A8 BCEX AETEKTOPOB COOPKWU, PaBHOrO
npumepHo 11%. CpaBHeHWe ¢ (POHOBLIMU Be/IMYMHAMMU MOKa-
3blBaeT elé 6onee BbipasuTesnibHOe pasznnume. “Mosaukn” Il n
IV aKCNOHMpOBaAuUCb B Nepuos HU3KOM COJIHEYHOW aKTUBHOC-
TN, MOLHOCTb POHOBbLIX MU3/IyYEHU cocTaBnsna 7 mkpasa/dac.
Bknag coHa B pe3ynbTatbl M3aMepeHuin ansa “mosamkn” 11l (ak-
TUBHasA 3KCNo3Muusa B 06/s1aCTM aHaxartbl) 3a Nepuod, OTXUM-
o6mep cocTaBun okono 10,58 mnpad. YcpegHEHHas e fo3a co-
ctaBuna 13,13 mnpag. Torga MOWHOCTE 403kl Kak Mepa o6nyye-
HUS B aKTUBHOM 3KcnepumeHTe (dt = 8 MuWH) cocTaBut 2,55
MIpaa/8 MuHyT, unm 19 mnpapg/dac, 4to B 2 500 pa3s Bbilwe
MOLLLHOCTW (poHa cpedbl. Takme xe pesynbtarbl NOSyYeHbl U A8
“mMo3aukun” IV (ob6nactb Mynaaxapsbl). dHepProBblaesieHmne no nno-
waan ansa “mosamk” 11 n IV 6b110 ,OCTAaTOYHO PaBHOMEPHBIM. B
cnyyae “mosaukn” Il (aHaxata) HECKO/IbKO 60/bllee 3Hepro-
BbloesieHne 6b1J10 B NepBOM, MpuserarwlemM K Tesny cnoe: ycpea-
HEHHadA [O03a B AeTeKTopax BTOPOro cfos coctasmna « 0,95 noo3bl
rnepBoro cnosi. B cnyyae “mo3amkn” IV - Habnoganacs obparHas
KapTuHa: B cpefHEM 3HeprosblgeneHne B AeTeKTopax BTOpPOro
cnosa cocrtasuio * 1,08 Be/IMYNHLI A1 NepPBOro c/osi. BbiABNEH-
Hbl1 pas3bpoc nexan B npegenax OCHOBHOM MOrpewHocTn n3ame-
peHunii. HeprosblaeneHne B cbopkax, U3MepaBLUNX JOH OKpyXa-
lowei cpefbl, UMeNno paBHOMEPHbIA XapakTep Kak Mo TOoJLUHe
BeLLecTBa AETEKTopa, Tak 1 no pabodeinn naowagn c60pokK.

B nmpouecce n3yyeHns ypoBHA MOHM3UPYIOLLUX N3TYYEeHWN
Ha MOBEPXHOCTU Tefla 4YesioBeKa B psge criydaeB B pesynbraTe
aKTUBHOIO BO3A4€eNCTBUS ObINO O6HaApPYXEeHO HeobpaTMMoe pas-
pyweHne NOMNKPUCTAININYECKOW CTPYKTYpbl Matepuana geTek-
Topa [5]. Mpu 3TOM MCXOAHbIA 6enblii LBET AeTEKTOPOB NMpU n3-
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MEpPEeHUN MOrNOWEHHbIX 403 npeTepnen MNOTEMHEHME pPa3HOIA
cteneHn. CTPYKTYPHbIA aHanus3 Ha 3/1IeKTPOHHOM CKaHWpYylo-
wem mmkpockone BF-301 (“Tecna”) nokasan,'yTo MOSIMKPUC-
Tan/nyeckoe BELLECTBO OOLIYHOTO KOHTPOJILHOINO AeTekTopa
MMeeT “3epHUCTOE” CTPOEHME U3 CMNPECCOBaHHbLIX KOMMOHEHT C
MMKpPO3a3opamMmu mMexay HUMmu (puc. 8a). CTpyKTypa e OeTeKTo-
pa C CUMbHOW CTEeNeHbl MNOTEMHEHMSA CTana WMHON, noansaB-
NeHHOM n Kak 6bl cnékwelica (puc. 86). AHann3 NONepevYHoro
cpesa rMnoTeMHeBLero obpasua BbIABUA MOABMEHUE OBLLIMPHbIX
KaBepH MO TOJWWHE AeTeKTopa W CNAOWHOW nponnas rayou-
HO = 1 MUKPOH pabouyeli NOBEpPXHOCTU. TOT AEeTEKTOp “MOCT-
pagan” npu sKCNoHMpOBaHUM B 06/1aCTM Yakpbl cepgua. MNotem-
HEeHMe MeHblUel cTeneHW MPOU30LW/I0 Takxe ANA OeTeKTopa,
MPO3KCMOHNPOBAHHOIO B 3TOM e 3KCNepumeHTe B obnactum
BUWYAXW, NMPY 3TOM pacriasa “3epHa” He NpPou3OoLL/I0, HO OK-
PYr/IMNCL YrNoBaTble BKPan/jeHUs-CTPYKTYpPbl U YNAOTHUNACh
NOBEPXHOCTb MO CPaBHEHUIO C KOHTPO/bHbIM 06pa3uom. B nouc-
Kax MpUYMH NoAo00HON CTPYKTYPHOIN TpaHdopMayun 6biim npo-
BeAEHbI NCMbITAHUNSA AETEKTOPOB Ha YCTOMUYMBOCTL K B/lare un Bo3-
MOXHbIM OpraHU4YecKMM mcnapeHumsm. B uTore okasanocb, 4To
HW BOAA, HW BO3MOXXHblEe McnapeHus camu no cebe He cnocob-
CTBOB&/IN MOTEMHEHUIO U CTPYKTYPHOMY N3MEHEHUIO B MaTtepu-
ane feTekTopa U He B/IUAMIN Ha U3MePEHHYH A03y. OCHOBOW cO-
CcTaBa 3TuxX Agetektopos aBnsancs LiF (-100%), a B KayecTBe ak-
TUBATOPOB CnyXumnm Cu (<1%) v mMukpomobaBkm Mg mn Mn.
MOXHO NpeanonoXnTb, YTO B pe3y/ibTaTe aKTUBHOIo BO34ei-
CTBUS YMEHbLINAACh YCTOMYMBOCTb KPUCTANNIMUYECKO PELLETKN
1 npouvsowna Avddysna agep aktmesatopa, B JaHHOM cryyae
Mean. Yto n obycnoBusio noTeMHeHue obpasua. MNMpu aTom Mor-
Nn paspywiatbca paboune xXapakTepuUCTUKN OEeTEKTOPOB.

O BO3MOXHOCTU Npeobpa3oBaHVsA B BeELLECTBE MO BO34eW-
cTBMEM BMOMNoNs Yenoseka cooblan psg uccnegosatenei (M.H.Aynb-
Hes, '.U. lWUnnosg). B (6] npownocTpnpoBaHbl SpKNe KayeCTBeHHbIe
U KONUYECTBEHHbIE U3MEHEHMA B 06pasuax MeTas/l/Inyeckoro cnsia-
Ba, NMOABEPrHyTbIX BO3AENCTBMIO heHOMeEHa Ypu ennepa.
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Puc. 8a. XapakTep CTPYKTYpbl BelwecTBa AeTeKkTopa Ha ocHoBe LiF Puc. 86. fechopmaLumsa CTPYKTYpPbl NOCNe aKkTUBHOIO BO3AENCTBUSA
(ysenunyeHo B 500 pas). (ysennyeHo B 500 pas).
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E.C.BuHorpagosa, HO.H. Kneniok
1.3 O6cyxfAeHMe pe3ynbTaToB

MNTak, B NpoBegEHHOM KOMIJ/IEKCE 3KCMEPUMEHTOB OTKpPbI-
TO HanMuyme KOMMOHEHTbl MOHU3UPYIOLLNX U3TYYEHUR B 3Hep-
reTM4yeckom nosie YenoBeka.

Bbina npoBedeHa OLeHKa YPOBHS 3TUX WU3YYEHWUA: npu
cpeaHer MOLWHOCTY A03bl NPUPOAHBLIX U3MTYYEHU OKPYXatoLLel
cpeapl * 0,2 mnpan/cyTkn, MOLLHOCTb A03bl B psge pabounx 10-
YyeK Ha MOBEpPXHOCTU Tena Morsa B COTHU U 6onee pa3 npesbl-
waTtb POHOBLIN YpOBEHb. MOWHOCTb U3/TYYEHNIA MMeNa BblCOKO-
OVNHAMNYHYIO NPOCTPaHCTBEHHO-BPEMEHHYIO CTPYKTYpY.

MpoBeaeHbl NepBble McCefoBaHUS cocTaBa M nokanmaa-
LMS 3TUX U3NYYEHUW NPU NOMOLLN TETeCKOMUYECKUX-U MO3auny-
HbIX CUCTEM AeTeKTOopoB. T/1[ 3KCNOHUPOBA/INCb KaK C OTKPbI-
TbIM OKHOM, TakK M C 3alUTHbIMWN 3KpaHamMu pasHoW TOLUHBI.
AHann3 MNOJMYYEHHbIX AaHHbIX Aan OCHOBaHMe MpeanonNOXUTb
KaHAugaramm B u3nyvaTenm ¢ npeobnagaHnemM MSATKOW KOM-
MOHEHTbI: 3/IEKTPOMAarHMTHOE W3nydyeHne B obnactm ynbTpa-
dmnoneta n MArkoro peHtreHa (~1KaB); 31eKTPOHbI C 3HEPru-
aMm ¢ E < 50 KaB; mMeHee BEpPOATHbLI NPOTOHbLI C £p< 1M3B u
ot-yactuubl ¢ Ea < 4M3aB, npu 3TOM HWXHWUI MoOpor perncrpa-
LM MOr COCTaB/IATb HECKOJ/IbKO 3B. AHanns3 xapakrepa sHepro-
BblAeNeHNs B TeNIECKOMUYECKMX cucTemMax no3sonus caenartb Aasib-
Hellne BbIBOAbl O COCTaBe W3/TyYEHWIA.

Mpy NpPOXOXAeHUN Yepe3 BELLECTBO Y3KUA MYyYOK 3MEKT-
POMarHUTHOro M3Ny4YeHUA UCMbITbIBAET 3KNOHEHLUMaNbHOe Mo-
rnouwieHve, WNPOKNIA- B MEHbLUEN CTeneHU. 3awnuTHyto Gonbry
Ha Bxoge (0,0013 r-cm 2 morso npeofosnete PeHTreHoBCKOoe U3-
nyyeHme c aHepruein 6onbwe 20 K3B U Y-U3/Ty4yeHUe, Bbi3biBal0-
uee B AeTeKTOpax BTOPUYHbLIN 3adhdeKT ¢ obpasoBaHMEM AoOcC-
TAaTOYHO MATKUX BTOPUYHBIX 3/1eKTpoHOB ¢ £ oT1 0,2 go 10 M3B.
Mpu aToM hoTo3hPEKT BO3HUKAET A8 hOTOHa C 3Hepruein £,
6/1M3KOM K MOHU3aLMOHHOMY MoTeHuuany aroma, KOMMIOH-
atpdekt - ana E> w@2= 051 M3aB n ob6pasoBaHMe nap ex -
npym £ >217x2= 1,02 M3B.
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Mop, BO3geicTBMEM BHELWIHEro |3-m3fny4eHns cBeTOCyMMa
MOXEeT CWU/IbHO OT/nyaTbCA OT MOFrAOWEHHOW A03bl (3-U3nyde-
HWUS Ha MOBEPXHOCTU UK B INybmnHe obpasua, 1 B psge c/yvaes
Habnwganack Nogo6Has HeEpPaBHOMEPHOCTb. B NpeanosoxeHmnn,
YTO 3apsHXKeHHble YacTuLbl pacnpocTpPaHAINCL OT NMOBEPXHOCTH
Tena uyepes BeLEeCTBO AEeTEKTopa, B Mpuerawwmni K Teny ae-
TEKTOP MOIMM nonacTb (3-4acTuubl ¢ sHeprue £ > 30 k3B npu
HanMuMm Ha Bxode 3awuTHoW donerm 0,0013 rcm'2 B cnyvae
peructpaymn MNOBbILLEHHOM A03bl BO BTOPOM C/lI0€e Tesieckona,
yactmuam npuwinocb NpeoaosneTs Posibry n ToNwmnHy 1 mm ae-
TeKTopa rnepsBoro c/osg. dKcTpanonMposaHHoOMY npobery 1 Mm B
cpene p=2,7 r cm 3cooTBeTcTByeT £ =730 K3B [3]. Takum obpa-
30M HWXHWUW 3HepreTnyeckuin nopor (3-vactuy, nonasBwunx B
[eTeKTop rnepBoro csios, ¢ y4étom onbru coctasnan 760 kaB.

YpenbHble NOTEPU 3HEPTUU 3apsHKEHHbIX 4YacTul, Tsxenee
3/1IEKTPOHA, @ K HUM OTHOCUTCS M MPOTOH, 3aBUCAT 419 AaHHON
YyacTuLbl NMMWb OT 3apsga U CKOPOCTU 3TOM YacTuubl. My4yok Ta-
KNX MOHO3HEepreTUYyecknx yactul,, NpoxXoas 4vepes BeLlecTso,
npakTU4yeckn He MeHseT MHTEHCMBHOCTbL BMJOTb A0 KOHUA npo-
6era. O6cyXpaemaa metToamka JaéT BO3MOXHOCTb 3apermcTpupo-
BaTb TO/IbKO [AOCTATOYHO 3HEPrUYHbIE MPOTOHLI: BXOAHYO Al-
donery 0,0013 rcm-2 MOryT NpeodosieTb U NonacTb B AETEKTopP
MPOTOHbLI HauMHaA ¢ £p> 0,5 M3B. Takum 06pa3om, NPOTOHHI,
HayaB ABWXeHWe C NOBEPXHOCTU Tena, MOraM nonacTb B AeTek-
TOp BTOPOroO €10 HauynHaa ¢ £p> 125 M3aB (3T yacTuubl Ma-
NOBEPOATHbI, NMMBO UX MasI0 NO IHEPreTUUYECKOMY CreKTpy).

Pe3ynbTaTbl OCTPO CTABAT BOMNPOC O NMpUpoae MOHU3NPYIO-
wmx mnanyvyeHui B MY, o mexaHnamax mx reHepauun. Komn-
NEeKC BbISABMIEHHbIX XapaKTepPUCTUK KOMMNOHEHTbI NOHU3UPYIOLLLNX
N371y4eHn i BO3MOXXHO 06CYXAaTb B paMkaxX HEKOTOPbIX COBPEMEH-
HbIX KOHUEeNnuwui. B psige nabopatopuini Myupa NpoaosmkKarTcs uc-
crefoBaHus SBMEHUI TpaHCMyTalMn 3/1IEMEHTOB B MPOLLECCE XN 3-
HeaeATeNlbHOCTU opraHn3mMoB. Tak, T.[1. PelwleTHMKOBa Mo UToram
9KCMEPMMEHTOB C CEMEHaMW pacTeHWA, C KPOBbIO YesioBeKa U
XUBOTHbBIX N AP., B YCNOBUAX HAMPsSHXXEHHOro metabonusma v npu
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MOOK/TIOYEHNN 3HEPIUN 3KCTpaceHca, 3ak/iyaeT, YTo “ NCUXu-
yeckas aHeprus” nofen cnocobHa Bbi3BaTb TpaHCMyTauuilo Xu-
MWUYECKUX 3NEMEHTOB N B MNEpPCrneKkTuBe 3anporpammpoBaHHyHo
KOPPEKUUNIO A4epHbIX MPOLLECCOB B Pas3fMUHbIX CUCTEMAx >XXUBOW
MaTepun [7]. NepcrnekTMBHON ABNSETCS pa3paboTka rmnoTesbl Hel-
TPUHHOW Npupoasl 6uonons, Hapsdy C uccnegoBaHUsaMU B 06/1a-
cTn perynupyemoro (i-pacrnaga [8]. HamomMHMM, 4TO BHYTpPeHHee
06/1lydyeHVe 4esioBeKa CO34aéTcAa PaguOHYKIMAAMW, N3 KOTOPbIX
Hambosee BbICOKUW BKNad B 3PPEKTUBHYIO 3KBUBAEHTHYH A03Y
pawot ~NK, | C, 8Rb, AP0, ZRa, a Takke ZRn n ZRn. Ha npume-
pe n3otona 4K, KONM4YecTBO KOTOpoOro cocrtasndetr =0,01%, wu,
cneposatesibHO, cpegHee yuncno atomoB 4K B lcm3 paBHO 2106
no wvaeonorvn [8], ¢ yyétom nepuoga nonypacnaga -1,3-109 net
rnoslyyaeTc UHTEHCMBHOCTb Takoro npupogHoro masnydartens =30
pacnagos B cekyHAy. Janee, coBpeMeHHas Teopus npenckasbiBaeT
CyL,eCTBOBaHME CBA3aHHbIX COCTOSIHWIA HEWTPUHO B BELLECTBE, B
61010rnMYecknx O6beKTax. TeopeTUYeCKN BO3MOXKHA TakKas peak-
uua pacnaga sgep, WHULUNPOBAHHbLIX HERTPUHHLIMW MOTOKaMu
(Npn 3TOM peakums v ¢ He MMeeT nopora):

ve+ K N 4Ca +e-
Vil+™K->™Ca +\i+

34ecb ponb HEWTPUHO COCTOUT B CHATUM 3arnpeTa Ha peak-
LU0 npeBpaLeHus.

O6nacTaM Yakp COOTBETCTBYHT XNU3HEHHO BaXHble Xe-
ne3bl U HEPBHblE LEHTPbl, MMEHHO 34eCb MOXHO OXWAaTb
MPUOPUTETHYO (DAYKTYMPYHOLYIO UHULMALWUID MHTEHCUBHO-
CTWN p-4acTuL, U 3/IEKTPOMArHUTHbIX U31yYyeHuit. YTo He NpoTu-
BOPEUNT pe3ynbTaTaM BbILLIEN3/IOXKEHHbIX 3KCMEPMMEHTOB.

AKTya/ibHbIM MpeACcTaBsgeTca NPUB/EYEHNE K paccMaTpu-
BaeMoN Mnpo6aemMe KOHUEMUUN XOMoAHOro AAepHOro CUHTE3a,
onpegensiemoro B [9] Kak “ KaTanns sfaepHbIX peakuuii Bogopoaa
M We/I0YHbIX MeTasoB” , peasin3yemMbiX NMPY KOMHaATHOW Temne-
paTtype, C BO3MOXXHOCTbIO YNpaBfeHNs 3STUMMK peakumamun. B npen-
MosI0XeHUN, 4YTo CYyLLEeCTBYeT AocTatoyHass BepOsATHOCTb MNpo-
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Liecca 3MeKTPOHHOro 3axeaTa siapaMu AeiTepus ¢ o6pasoBaHu-
€M ABYHYK/IOHHOW pagnoakKTMBHOCTU - AUHENTPOHa:

e~ +d—)21+ Ve
rae d -AeNTPOH - MO CyTU HEMTPOH-MPOTOHHAaA Napa BHYTPMY S4pa,
M MpV YyCI0BUM YCTOMUYMBOCTM 06pasyoLLnxcs GUHEATPOHOB, Noc-
nefHVe MoOryT MHULLMMPOBATb XOMNOAHbIA AAepHbIV CUHTES.
B pamkax npencTtaBneHuii o CTPYKType a4ep Kak O KBapKo-
BbIX MOJMIEKYNaxX, 3/IEKTPOHHbIA 3axBaT BO3MOXHO paccMaTpu-
BaTb KaK 3axBaT CBA3AaHHOI 3NeKTPOH-aHTUHENTPUHHOW napbl:

e" +ve+H-"M
n, cornacHo [101, moTokaMy aHTUHEWTPUHO BO3MOXHO pery-
NMpoBaTb CKOPOCTb 06pa3oBaHNii AVUHENTPOHOB.

Jliob6as m3 BblgBUTraeMbIX KOHLUEeNUuin npupoabl MOHU3N-
PYIOLWMX U3YYEHUW B SHEPreTUYEeCKOM rofie YyesiloBeKa MOXeT
KOHCTPYKTUBHO anpobumpoBaTbCsi Ha OCHOBE (hyHOamMeHTas/lbHO-
ro NpuUHUMNa BceobLle OTHOCUTE/IbHOCTU, MPEenSIOKEHHOro B
1988 roagy .M. WHlnunoBbiM. 3TOT NPUHLKUN BOCNPUHUMAET hu-
3MYECKUI BaKyyM - MyCTOE MPOCTPAaHCTBO A4 - KaK WUCTOYHUK
ntoboi matepun. YpaBHeHUS NU3MYECKOTO BaKyyMa ONMuchbIiBaloT
CTabusbHble, TOYEYHbIE FPaBUTUPYIOLLME YacTULLbl, POXAEHHbIE
M3 BakyymMa M noguuHsiowmecs npum onpenenéHHbiX YC/0BUAX
ypaBHEHUAM rpaBuTaumm 3iiHWTeMHa. TOYHble pelleHus ypas-
HEHWI BaKyyMma, cojepxawmx CrnUHOBOW napameTp rs AakwoT
HOBbI MOAXod, K U3YYEeHU0 cnabbiX B3aumMoaencTBuii. MoTeH-
uUvasibHaa aHepruvs, ceBf3aHHasa C BpawartenbHbIM PaguycoMm rs
Ha3blBaeTCA TOPCUOHHOM. Torga Moaesnb HeTPOHa paccmaTpu-
BaeT HEMTPUHO KaK N3/lyyeHne 6e3mMaccoBOro TOPCMOHHOIO Mo,
KOTOpO€e BO3HUKAaEeT Mpu BbiIXoAe 3/1EKTPOHA N3 TOPCUOHHOW AIMbI.
B BakyyMHOW KBaHTOBOW MexaHWKe TOPCUMOHHble MOAA UrpatT
pONb BO/THOBOW (DYHKUMMW, a HEUTPUHO - TOPCMOHHOE n3nyye-
HUe, nepeHocslliee saHepruio. B pamkax koHuenuuu .M .lWnno-
Ba MaTepuasibHbIM TOPCUOHHbLIM MOJIAM MPeALWecTBYIOT NepBuY-
Hble TOPCUOHHbIE MOJS, KOTOPbIE CYyTb MEPBUYHbLIE BaKyyMHble
BO30YXAeHUsA. TN MepPBUYHbIe 06/1a4al0T ellé 60see BbICOKOWM
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MPOHMKaKLWENH CNOCOOBHOCTLIO, YeM HeWTpuHo. Mo maeonorum
[11], B Teopun un3n4ecKOro Bakyyma TOPCMOHHbIE NONSA ABNA-
oTCA (PU3NYECKUM HOCUTENIEM CO3HaHUA. A NepBUYHbIE TOPCU-
OHHble Mnons obpasylT 6e33HepreTuvyeckme COMUTOHbI, KOTO-
pbiM COOTBETCTBYIT CYLHOCTU, HafeNEHHbIE CBEPXCO3HAHMEM.

3TN OCTPO ANCKYCCUOHHbIE TEOPETUYECKNE UAEN MPeacTaB-
NAKTCA NEPCNeKTUBHLIMU A1 OCMbICTEHUA DU3NYECKUX SIBJE-
HWIA B 3HEPreTUYeCKOM MOJie YenoBeKa.

3aKJ/1to4yeHune

1 KomMnnekc aKcneprmMeHTOB MNO3BOJIAJ 3aperncTpmpoBarb
B 3HEPreTM4YecKOM Mose 4yenoBeka Hanmune KOMMNOHEHTbl MOHU-
3NPYIOLLNX N3NYyYEeHUN. NMPUMEHEHHbIV MPU 3TOM TEPMO/IIOMMU-
HECLLEeHTHbI MeToq, LO03MMETPUN ABUMCA HAOEXHBIM MHCTPYMEH-
TOM OL,EHKU YPOBHS U3/TY4YEHUIA HA NOBEPXHOCTU Tesa YenoBeKa.
PaBHO KakK 1 B OKpyXxatwlulei cpege.

2. MpoBeaeHa oueHKa YPOBHSA 3TUX U3JTyYeHU: Npu cpea-
Hell MOWHOCTW A03bl MPUPOAHbLIX N3NYYEHU OKPYXXaloLWLen cpe-
abl -0.2 mnpag/cyTkn, MOLLHOCTb A03bl B psge paboumx Touek
Ha MOBEPXHOCTM Tesa MOor/sia B COTHM M 60siee pas npesblllaTtb
(POHOBbIN YpOBEHb. MOWHOCTb 3TUX N3/TYyYEHUI MMena BbICOKO-
OVNHAMNYHYIO NPOCTPaHCTBEHHO-BPEMEHHYIO CTPYKTYPY.

3. B npeanosioxXeHnn pacnpocTpaHeHUsa MOHU3NPYIOLLNX
N3/ly4eHUN ¢ NOBEPXHOCTWU Tena, cpeau KaHAMOaTtoB B U3MY-
yatenu npeobnagana MArkas KOMMOHEHTAa: 3/1eKTPOMarHuT-
HOe n3nyyeHme B obnactm ynbtpadmnoneta u MArkOro peHTre-
Ha (~1 k3B), anekTpoHbl ¢ Ec < 1 M3B; morna 6biTb U 3Hep-
rMyHasn: aneKTpoHbl ¢ £p > 750 K3B B COMPOBOXAEHUN 3/1EKT-
POMArHUTHbLIX N3YYEeHWUA.

4. BbisiBNeHa BO3MOXHOCTb HEOOPATMMbIX UBMEHEHUI B
CTPYKTYpe U XMMUYECKOM cOCTaBe BellecTBa, NOABEpPrHyTO-
ro akTUBHOMY BO34EWNCTBUIO KOHLUEHTPUPOBAHHbIX 3HEPTuUii
6uonons.
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5. MpoucxoxaeHne MNOHU3NPYIOLWNX MN3NydeHun B 3MY

ABNdeTCca npegmeTomM (pyHOameHTaslbHbIX Hay4YHbIX WccenoBa-
HWii. PelweHne aToi npobnembl TpebyeT opraHmnsaumm macwTab-
HbIX MOUCKOBbIX Hay4HbIX paboT. B aToM nnaHe Hanbonee nepc-
MEKTUBHbIE BO3MOXHOCTU 3aK/lo4yakTCA B U3YYEHUUN SIBJIEHUN
TPaHCMyTaunum XUMUYECKUX 3/1IEMEHTOB B CUCTEMAxX XWUBOW Ma-
Tepuun B onpeaenéHHbIX 30HaxX Ye/10BeYEeCKOro opraHnamMa, npea-
CTaBMA WX PyHOAAMEHTaNbHbIA NHTEPEC.

TOYHbIE peLlleHns ypaBHEHNIA PU3NYECKOTO BaKyymMa gatoT
BO3MOXHOCTb pacCMOTpPeHMs aBneHun paguauum B 3MU Kak

poxaeHune 13 “Hunyero” 4yacTtuy, 1 BOJIH Mpu onpeaenéHHbIX yc-
NoBUAX. i

33



E.C.BuHorpapgosBa, HO.H. ) Knsntok

NuTtepaTtypa

1 N.A.bouBap, T.H.N'mmagosa. N.b.Kenpum-Mapkyc, A.A.Kyuw -
Hepés, B.B.Aky6uk. Metoa gosmmetpum MKC. M.:ATOMKN3-
par, 1977. 224c.

2. OnepaTtmeHas ceogKa renmoreomn3nyeckomn cnyxosoi.

3. dnsnyeckme BennunHebl. CnpasoyHuK. M.: SHeproartommsaar,
1991. -C.1141-1169.7

4. Pagnauma. M.: Munp, 1990. 80c.

5. E.C. BuHorpagosa, O .H. XXuBniok. Bosgelictene aHepretu-
4eckoro nonsa 4yenoseka Ha TBépable Tena. X X1 MexayHapoa-
Hasa KOHepeHUMsa 1 WKoMa MONoAbIX YYEHbIX U crieyuanmc-
TOB. CATP-94: HOBble MH(OPMALWNOHHbIE TEXHOJIOTNU B Ha-
yKe, obpasoBaHun, megnumHe n 6usHece. 4-13 masa 1994r.,
rypsyd.

6. Ju.N.Zhivljuk, E.S.Vinogradova, V.S.Khlomov. A complex study
of a spoon subjected to Uriah Heller phenomenon.
Parapsychology and Psychophysics, 1994,Ne1.Pp.36-43.

7. T.M. PeweTHMkoBa. O BO3MOXXHOCTWU 3KCTPACEHCOPHOW Kop-
pekumn agepHbIX NPOLECCOB B XXUBOW Matepuu. MNapancuxo-
norms n ncnxodumsnka, 1992, Ne6, c.52-56.

8. B.. MypomueB. HelmTpmHHasa runoTtesa B napancmxosornu.
AHomanuda. M.: UTAP-TACC, Ne4, 1993. C.39-42.

9. Xaponba ®okc. XonoaHbl saepHbIi cnHTe3.M.: CBUT3KC,
1993. 184c.

10.Barut A.O. Stable particles as building block of matter. High
Energy Physics, 1980, v.I(2). Pp. 113-140.

11. T.N. Wunos. Teopusa pusundeckoro sakyyma. M.: HT-LleHTp,
1993. 362c.

34

MMNKPOKOCM YE/NOBEKA

MpunnoxeHwune

35



E.C.BuHorpagoBa, H0.H.XuBntok MNKPOKOCM YE/TOBEKA

Ha puc 9—14 npusefieHbl KPpUBble TEPMUYECKOTO BblCBEYMBAHUSA
NS [eTeKTOPOB OTAeNbHOW COOPKM C TPeMs OKHamMu nocne akTUBHOIO
JKCnepumMeHTa

Puc 10. t°
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Puc 11.

Puc 12.
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Ha puc. 15-16 npusegeHbl KTB ana AeTeKTOopoB 04HOr0 M3 OKOH
cbopku «Mo3anka» nocne akTUBHOrO BO3A4eNCTBUA

*10
I T

5 k-

J—i—X
50

*10

O R T W

1 i—3L

100

Puc. 15.

100
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m MMWKPOKOCM YEJ/IOBEKA

Puc. 17. Mpumep KPUBbIX TEPMOBbICBEUMBAHUSA LeTEKTOPOB U3 COOPKM
WHOMBUAYANbHOTO 003MMeTpPUYecKoro KoHTponsa Ne 3007968.
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Puc. 18. Mpumepbl KPUBbLIX TePMOBbICBEUMBAHUA ANA e TEKTOpPOoB
13 (DOHOBOI CO6OPKK (Nepnof akcnosnumum 16 cyTok)
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