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MWKPOM/TASMOWAbI

LUnwknH AnekcaHgp /ibsosuy, OO0
«BHeapeH4ecKaa pupma ABK-BETAY,
r. lybHa, MockoBcKasa obnacTb



BeeaeHue.

Y 3TOM 3Heprunm mHoro wumeH. HuKona Tecna
Ha3blBa/l  3TO  ABJEHME  PaAMAHTHOWM  3Hepruewn,
Bunbrenom Panx - oproHHomn aHeprmnen, Anbbept-BukTtop
BeMHUK — xpoHoOHamun, HuKonam Ko3bipeB — BpemeHeMm,
KOTOpOe, KpOMe MacCUBHOro CBOMUCTBA ''OANUTENbHOCTU',
n3IMepAemoro 4Yacamu, obnapgaer eweé aKTUBHbIMU
cBOMCTBaMKM, ©Onarogaps KOTOPbIM  BPeEMA  MOXKET
BO34EeMNCTBOBaTb Ha Xxoa cobbitnin, Ken LWoyngepc —
CO/IMTOHHbLIN MELLIOK C 3N1eKTpoHamu. ATmocdepHoe W
CTaTUYECKOE SNEKTPUYECTBO — TaK e MMEIOT OTHOLWIEHMUE
K 3TOM 3Heprun. No moemy mHeHuUto, bonee npasuabHoOE
Ha3BaHWE  3TUX  3SHEPreTUYecKkMx  CcywHocTenm -
MWKPOAKKYMYNATOPblI  NAa3mMeHHoOM  sHeprun.  Ha
nccnegoBaHue CBOMUCTB 3TOU SHepreTMYecKkomn
cybctaHumm a notpatun bonee 20-Tn ner.



CJ'Ie,CI,bI Ha PEHTTEHOBCKUNX NIEHKaAX

B 2010 roay Tteopetuk OWUAWN (r. AybHa) Bnagnmwup
Muxannosmuy [JyboBUK Npeanonn moaesb YCTPOMCTBA
aToma, B paMKax KOTOpOM  AApO aToma noJyyaer
sHeprnto n3 3OPUPA mn BUCUT HA [ABYX BUXOPbKAX:
BCacbiBalOWMM U BbibpacbiBatowem (puc.1l), dopmunpys
Ha bopoBckom paauyce 060/7104KY M3 npamaTepumn
(3dunpa). B cnyyae KpUTUYECKOro BO3AENCTBUA Ha
0060/104KY AAPO MOMKeT BbiNacTb U3 0OONOYKKU, a NyCTas
obonoyka ¢ 6onbwoM Aoner BEPOATHOCTU MOXKET
3aMKHYTbCA Ccama Ha cebs, o06pa3oBaB BUXPEBOM
CO/IUTOH. ITOT COJZIMTOH MMEET TOPOODOPA3HYIO CTPYKTYPY,
ob6/1a4aeT BbICOKOM MPOHMKaLWeEN cnocobHocTblo. pu
60NbLION KOHLUEHTPALMUKN TaKNE COIMTOHbI BeayT ceba Kak
NPOHMKatoLLee usnyyeHue /1/.



Puc. 1 ToponoaobHas mogenb «nyctonm 060n104KkmM» (Knactepa
MT3W) no TepmoanekTpogmHammyeckon moaenm B.M.[lyboBunkKa
n B.K. Kyponeca /2/



NccnepoBaHUA XapaKTePUCTUK

MarHeTtoTopodnekTpuyeckoro nsnydyenma (MTIN)

B nepunoa ¢ 2010 no 2013 rr Hawa rpynna noay4dunna
BO3MOHOCTb NpoBepuUTb npeanoXKeHHYIo B.M.
[lyboBUKOM Mmoaenb C MOMOLLbIO PEHTFEHOBCKUX MNEHOK.
Pe3synbraTtbl nccnegoBaHum 6binm onybamkosaHbl B 2012
roay B pabote /1/. Ha ¢oTo 1 nokasaHbl cneabl B3PbIBHOM
pacnakoBkM Knactepa MTIU — BuxpeBoro 3PpMpPHOro
conntoHa. Ha ¢oTto 1B HOXKa NTUYKM — 3TO cnen, oT
rpaHuL, TOpaQ, 4yTo KOCBEHHO noareepKaaer
npeanoXeHHyro moaenb. [loaTomy 3KCcnepumeHTaNbHO
3aperncTpmMpoBaHHOe HOBOE M3/1ydeHne aBTopPbl Ha3Baun
MarHeTtoTopoonekTpnyeckoe  mnsnydeHune.  Knacrepol
3TOr0 W3/Iy4EHUA MMEIT TOPOODOPas3Hyo CTPYKTYPY,
061a0atoT MAarHUTHLIMU U SNEKTPUYECKMMU CBOUCTBAMM



®oto 1. Cneabl oT paspyweHna MTIK ¢ mexaHUYECKMM NOBpeXKaAeHnem B BUAE
«HOITEBOro NPOAABANBAHMNA» GOTOAETEKTOPOB PACNOAratoTCA Ha «NTUYKAxX» B
MeCTax NoYyepHeHua, Hymepauua (cneBa — HanpaBo);
a) cboky om CBY-nevyu 25.01.2011;

6) Hao dropanesol naacmuHol obayyeHHOU npedsapumesnsvHo 0030l 5p om Co60

02.03.2011;
8) 0K0s10 8€0pa € NApaAdUHOM, 8 KOMOPOM pPacnonoxceH Pu-Be HelimpoHHbIl
UCMOYHUK.



UccnepoBaHne MTIW.

B cnyyae, ecnm Takme Knactepbl byayT paspywatbca B
ra3opa3pAagHOM KOHAEHCATope, TO A0NXKHbI HabatogaTbCss aHOMaAbHbIEe
NMAyAbCbl TOKa (AUT).

TaKue cnrHanbl Mbl 3apermMcTpmpoBann C MOMOLLBK KOAKCUaNbHOTIO
KOHAEHCATopa, B KAYeCTBE KOTOPOro NCNO/Ib30Ba/1IC KOPOHHOM CYHETUMK
HenTpoHoB CHM-14. Cxema paspyLueHUA U perucTpaumnm sN1eKTPOHOB U
WOHOB OT pa3pyLUeHHbIX 3apAA0BbIX KNacTepoB NoKas3aHa Ha puc.2, rae U, —
HanNpsaXXeHue, NogaBaeMoe Ha HUTb aHOAA OT reHepaTopa Bo3byKAeHUA C
yactoTou ot 1 Iy ao 10 Iy n HanpsaxxeHnem U= +/-630 B, TDS 2024C —
3aNnoMMHaoLWKNI ocumnnorpad, orpaHuymnBatoLwee conpotmsaeHune - R =50
MOM, conpoTtusneHune Harpysku - R,=50 Om, C=330 n®d. CobcTBEeHHaA
emkocTb CHM-14 — okono 1,5 n®. Ana spPeKTMBHOro paspyLleHms
3apsA40BOro Knacrepa Tpebytotca KpyTble PpPOHTbI HapacTaHuAa/cnaaa
MMMNYNbCa HanpaXKeHuA. Haw reHepaTop co3aaeT GpoHTbl 0Kono 150 mKc.
MaKCMManbHbIN 3apaa, KOTOPbIN MOXKHO BblN0 Bbl CHATb C EMKOCTH
KoHAeHcaTopa (C,), 3apAXeHHOro oT reHepaTopa BO3byXAeHNsA, He
npesbliwaeT BenanunHbl: Q,,,,=C,*U,=1,5%1012*630=9,45*101° Kn

MaX



Puc.2. Cxema BKAOYEHUA KOPOHHOTO cveTymka CHM-14 B pexkmme reHepauuun u
perncrpaumm AUT



doTo 2, 3. Npn aHogHOM HanpaxkeHun 630 B onnTenbHOCTb HapacTaHUA nepeaHero
dpoHTa AonxKHa 6biTb 1,5 MKc. Ho 6b1an 3apernctpmnposaHbl AUT ¢ HapacTaHMEM

nepeaHero ¢poHTa okono 10 He ¢ npesbiweHnem Q,,,, B HECKO/IbKO pas .



Permcrpaumna yCKOPEHHbIX 3/1IEKTPOHOB OT pa3pyLlleHma Knactepos MTIU doToaeTekTopom.

[Ona npoBepKu PpaKTa NOABNEHUA YCKOPEHHbIX 3/IEKTPOHOB Npu
pPa3pyLEeHUN 3apA[0BbIX KNacTepoB Obia NpoBeaeH OTAENbHbIN SKCMNEPUMEHT,
reoMeTpua KOTOPOro nokasaHa Ha ¢oTo 4. Ha ra3opa3psagHbii AeTEKTOP
CHM-14, BKNIOYEHHbIN B PEXUM perucTpaumm 3apafosbix Knactepos npm U, =
+/-590 B, 6bl1 NOMeLLLeH CBETOHENPOHMULLaEMbIN NAKET C ABYMS
PEHTreHOBCKUMU poToaeTekTopammn. CymmapHaa IKCno3nums
ocyuiectsnanacb 116 yacos.

Mocne NnpoABKK pOTOAETEKTOPOB Ha bAMMKHEM K noBepxHocT CHM-
14 poTopeTekTope bbinn 06HapyKeHbl nonocbkl (poTo 5) B BUAE TPEKOB,
reomeTpuyecKn coBnaaaroLLme ¢ KaToaom aeTektopa. Ha pucyHke 3
oTobparkeHbl BU3yasibHO BUAMMbIE MONOCHI U UX TEOMETPUYECKME Pa3MepbI.
[MonepeyHbi pazmep 2,3 CM He3HauYnTenbHo bonblle, YeM HAPYHKHbIN
anameTtp CHM-14, paBHbi 22 mm. Ho 3TO 06bACHAETCA TEM, YTO
dboToAETEKTOP HE Npuaeran NNOTHO K aeTekTopy. Ha poTo 6 npu pasHom
yBenM4YeHUn nokasaHbl GparmeHTbl TPEKOB.

B cBA3KM C TeM, YTO Ha AaNbHeM poToAeTEKTOPE cneabl OT
PEHTreHOBCKOTO U3/1y4eHMA He OOHapYKeHbl, y4MUTbIBAA TONLWMHY NaKeTa U
$OoTONNACTUH, Mbl OLUEHWUIN SHEPTUIO TOPMO3HOTO U3/1y4eHUA B Anana3oHe oT
5 k3B g0 10 Kk3B. MNpoBeaeHHbIN 3KCNEPUMEHT NOJIHOCTbIO NOATBEPXKAAET
rmnoTesy 0 TOM, YTO NPU pPaspyLLEHNN 3aPAAO0BbIX KN1ACTePOB POXKAATCA
YCKOPEHHbIe 3/IEKTPOHbI.



doT0 4.. [eomeTpua skcnepmmeHTa. og nakeTtom ¢ OTOAETEKTOPOM PACMO/IOKEH
CHMO014, Ha aHOA, KOToporo nogatoTca umnynbcbl +/- 590 B.



®oT10 5.. YBennyeHHbI pparmeHT ¢ poTtoaeTekTopa 1-1.



Puc. 3. Puc 4. MecTto pacrnonoeHus n pasmepbl nonoc (caHTumeTpbl) Ha poToaeTeKTope 1-1.



do10 6. PoTO CNepoB Npu pa3HOM yBenndeHuu: a u 6 — 160x, B — 640x.



XapaKTepucTnkmn Knactepa MTIU (apmnpHoOro sHepreTMyeckoro
CO/IUTOHA)

1.Mo moaenun B.K. Kyponeca Kaxaaa 060/104Ka aToma
coctont n3 0,771*10% snemeHTapHbIX BUXpen /3/.
CnepoBaTenbHO, Noc/e BbiNaaeHUA sapa aToma ms
060104KM - Knactep MTIU coctouT TakxKe n3 0,771*10%!
3N1eMeHTapPHbIX BUXPEN U MPU pacnaKkoBKe BbIbpoOCUT
0,771*10% ycKopeHHbIX 3N1EeKTPOHOB.

2. Knactep MT3U (MT3K) no pacyetam B.K. Kyponeca
numeet guHammnyeckune pasmepsbl 0,1x0,52x15,6 mkm. ITH
napameTpbl HEN1I0XO COBMaAatoT C pa3mepamMm TPeKoB
CTPAHHOIO U3N1Yy4YeHUA NeXalnx B AgnanasoHe 12 MKm —
18 MKM.



XapaKTepuctukm Knactepa MTIU (3pmnpHOro sHepreTMYecKoro
CO/INTOHA)

3. Takum obpa3om, A4po atoma dopmupyeT TOPpoobpPa3Hyto
BUXPEBYIO 060/104YKY B BUAE COIMTOHA C NOTEHLMA/IbHOM
3Heprmnen (aHeprna XapTpu) oLueHMBaeMomn BeSIM4YNHOM
0,394*10'7 3B=0,631*102 .

4. Bec MT3K — m_= 1,0235%1040 kr
5. MnotHocTb MT3K — p = 1,30*%1027 Kr/cm3.

4. Mpun mexaHnyeckom n/mnm nHom sosaencTsnm MTIK
pacnakoBsbiBaeTcs ¢ Bbibpocom 0,77*10!! yckopeHHbIX A0
10 K3B 3n1eKTpoHOB 1 Ha NATb NOPAAKOB MeHbLUe MOHOB, B
OCHOBHOM, NPOTOHOB, YTO XOPOLLO coBMNaAaeT C
3KCNnepumeHTa/ZibHbiMU BbiBOAaMK KeHa LLoynaepca.
PoxkaeHHana matepua nmeet maccy okono 7,01*1020 kr.



XapakTepuctmkmn Knactepa MT3U (3apmpHOro sHepreTmyeckoro
COJ/IUTOHA)

1. MT3K obnagaeT BbICOKOW NMPOHMUKAOLWEN CNOCOOHOCTLIO N B 601bLIOWM
KOHUEHTpauuu Beaet ceba Kak nsnyyeHue (MarHetoTopodnekTpuyeckoe ManyyeHue —
MT3MN).

2. Knactepbl 061a4at0T CNOCOBHOCTb NOINOLLLATh 3N1EKTPOHbI U MOHbI 6e3 NPosABAEHUA
obuiero 3apsaga (Takne CTPYKTYpbl Mbl Ha3Ba/IM Kak dHepreTuyeckme Knactepsl - IK).

3. 9K co34at0T Ha NOBEPXHOCTM POTOIMYNbCUIM Cenbl, Tak Ha3biIBAEMOTr0, KCTPAHHOIO
N3TYYEHUAN:

- NTUYKA U/UNU 30HTUK — B3PbIBHAsA pPacnakoBKa KnacTepa ¢ BbiIbpocom 60/1bLLOro
KOJINYECTBA, B TOM YUC/IE, YCKOPEHHbIX 3/IEKTPOHOB;
- U3OTHYTbIN TPEK - CNef Knactepa, NoA3YLEro no NoBepPXHOCTU NIEHKU;

- cneq «NPoTeKTOPa» TaKxKe Cnel aHePretTu4eCroro Kaacrtepa, nonsywero no
NOoBEPXHOCTN NNEHKN, HO C MeXaHNYECKMM NMPOHNKHOBEHUEM B €€ TENO,

- cnegbl KPpyrbiX NATEH CBA3adHbI C TEM, YTO 3HepI'ETI/NeCKI/IIz KNnacrtep npu
B33MMO,£I,€IZCTBMM C BOPCNHKaMH 6yN\aI'I/1 Ha4NHaeT PacCCblnaTbCA Ha bonee menkue
BUXPU, KOTOPbIE NMPUN NOTEPE IHEPTUN OCTABAAKOT CAELbl KPYI/bIX MATEH.

4. 9K capAaTca Ha UEHTPbl NHOMUHECLEHLUMN, YTO MPUBOAUT K CHUMKEHUIO APKOCTU
cBevyeHusa nlommHodopos /4/.



XapaKTepucTukm kKnactepa MTIU (3apmpHOro sHepreTn4Yeckoro
CO/INTOHA)

5. Mpn mexaHMYecKoM U/MNKn SNEeKTPUYECKOM BO3AEeNCTBMM Ha
9K Knactep pacnakoBbiBaeTcA (B3pbiBaeTCcA) C UCMYCKaHMEM
YCKOPEHHbIX A0 6 K3B - 8 K3B (3Tm 0bbAcCHAEeTCA noaBaeHue
PEHTreHOBCKOIO M3/Iy4EeHUA OKOI0 KaBUTATOPOB U
KaBUTUPYIOLLMX CTPYM XKNOKOCTEN).

6. 9K NpuKpennaTca K NOBEPXHOCTU MbIJIMHOK, MO3TOMY NPU
60NbLLUON KOHLLEHTPALLMM KNAacTEPOB BO3MOXHbl 0ObeMHbIE
pa3pyLlnTenbHble B3PbIBbl MblJIM, ME€TaHa, NAapPOB TOMAMBA).

7. B yronbHbix pa3pe3ax Ha 6bonblwon rmybuHe (bonee 500 m)
9K poxaeHHble B I/ybuHax 3emaun cnocobHbl HaKanAMBaTbLCA
B MUKPOTPELMHaxX yronbHOro nnacta. [pu pa3rpyske nnacra
TPELIMHA HAYMHAET YBENIMYMBATLCA B pa3amepe, YTo NpuBoauT
K LenHoM peaKkuum B3pbiBa IK ¢ B3pbIBHbIM CUHTE3OM W
nocneayowmm paspyLunUTe/IbHbIM B3PbIBOM METaHa.



XapaKTepucTukm kKnactepa MTIU (3apmpHOro sHepreTn4Yeckoro
CO/INTOHA)

8.9K cnocobHbl HaKanMBaTbCA HA MOBEPXHOCTU AETEKTOPOB, B
YaCTHOCTU, ETEKTOPOB HENTPOHOB, asibda-4acTUL, U FaMMa-KBaHTOB. [pwu
60nbLION KOHUEHTpaunm K Ha NOBEPXHOCTU N UX B3PbIBE AETEKTOPbI
HENTPOHOB, anbda-4acTUL, U rAMMaA-KBAHTOB PErMCTPUPYIOT KpaTKoe (3a
HECKOJIbKO MC) YBE/IMYEHMNE CKOPOCTHM CYETa, KOTOPOEe NUCCNef0BaTeNN
OWNOOYHO NHTEPNPETUPYIOT KaK BCMbILWKY HEMTPOHOB, anbda-yacTuu, n
raMma-KBaHTOB.

9. bonbluan KOHUEHTPAUNA SHeEPTreTUYECKUX KN1actepoB NpuBoanT K
«3aBUCAHUIO» KOMMbHOTEPOB, BbIXOAY U3 CTPOA 3/TIEKTPOHHbIX
KOMMOHEHTOB U CXeM N3-3a B3PblBa HAa UX MOBEPXHOCTH oK, K daBapunAam B
NIEKTPOCETAX.

10. 3K coaeprkaTbCA B KPOBEHOCHbIX COCYAAX U KanuanAapax BCEX MKMBbIX
CYLLLECTB M pacTeHMI. B Tene mnekonutawoLwmi, NTuu, PENTUANINA U Pblb
NMOMMMO KPOBOTOKA U aimmdoToKa cyuectsyet SHEPTOTOK.

11. 2K NOCTaBAAKT KNEeTKamM OpraHn3ma «4YMCTYHO» SHEepPruto B Buae
3/1EKTPOHOB, NO3TOM BOAa, C MOBbILWEHHOMN KOHUEeHTpauunen IK obnapaet
BbICOKMMMU N1e4ebHbIMM CBOUCTBAMMN.



XapaKTepucTukm Knactepa MTIU (apmpHOro sHepreTnyeckoro
COJ/IUTOHA)

12. SHepreTU4ecKknm okeaH 13 3apAXKeHHbIX KNacTepos
BeaeT cebs BeaeT ceba KaK ryctou resib, MoO3TOMY MOMKHO
NpeanosoXKuTb, YTO bUonormyeckoe sosgencrane 4-ro
COCTOAIHNA BOAbI, OTKPbITOE [Xepanbaom onakom
CcBA3aHO JK. JHepreTnyeckmne Knacrtepbl C HAKOMN/IEHHbIMMU
3/IEKTPOHAMM, KaK NPaBuUaIO, CKaNJMBAOTCA HA rpaHuLLe
cpea. [TosToMy norpaHMYHaA BoAa — 3TO BOAa C BbICOKOWM
KOHUeHTpauuen K. MNMpu B3anmoaenctasmm GoToHa C
K/1aCTEPOM NOoCNeaHNN NErko oTAaeT 3/IeKTPOH. [TosTomy
06BbACHEHME NOABNEHNA TOKA MeXAY NOrpaHUYHOM U
ob6bemHoOM BoAOK npm 061y4eHUN MHPPAKPACHbIM
n3ny4yeHnem BnosiHe o6 BACHUMO.

13. OtoenbHasa Tema — buonormyeckoe Bo3AeNCTBUE
daHTOMOB K3 IK.



XapaKTepucTukm kKnactepa MTIU (3apmpHOro sHepreTn4Yeckoro
CO/INTOHA)

13.1. B 1989 rogy 6bin1a onybankosaHa ctatba A.®. OxaTpmHa o
MMKPOKNACTEPAX U CBEPXNIETKUX YacTULax . ABTOp OOHapyKun, 4Tto Tena
BPaLLEHMNA BOBJIEKAIOT B ABUMKEHNE HEKME KMMUKPOKNACTEPDLI», CO34aBasA
Bpawatowmmnca paHTom, NO-BUAMMOMY, B BUAE BUXPEBOMN BOPOHKMU. [ocne
OCTAaHOBKM Tena BpaweHna sToT GaHTOM NPOAO0IKaAN XKNTb HE meHee 20-Tu
CYTOK. A npeanonarato, 4To $aHTOM CO34aH U3 SHEPreTUYECKUX KNacTepos.
Mpn nonagaHnm opraHM3ma B nosae Takoro GaHTOMa SHEPreTM4eckme
Knactepbl JHEPTOTOKA B npAMOM CMbIC/1€ BbIPbIBAOTCA M3 OpPraHM3ma
ABUKYLMMUCA KnacTepamm «baHToma». Ta 4aCTb OpraHmM3ama, KOTopyo
nospeann GaHTOM, CTPEMUTENIbHO TEPAET UMMYHUTET CO BCEMU
BbITEKAKOLWMMM NOCNeaAcTBUAMKU. HeratuBHoe Bo3aencTemne paHToma oT
rmapoanNHaMmN4YeCcKkon MallnHbI ucnbiTan Ha cebe netom 2018 roaa.

13.2. Okono noboro Tena obpasyerca daHtom 3 K. Yem gonblie TEno
HaXxoA4UTCA B OAHOM MeCTe, TeEM ycTonumeen daHTom. Taxkeno 601bHOM
4YeNoBEeK CO34aeT YCTOMUYMBLIN GaHTOM CO BceMU ero bonaykamm. Moatomy B
6onbHMLAX HEOHXOAMMO NEePNOANYECKN TaKne PaHTOMbI YHUUTOXKATD,
HanpMmep, C MOMOLLIbIO 3N1EKTPOUCKPOBbLIX Pa3pPAAHUKOB



XapaKTepucTukm Knactepa MTIU (apmpHOro sHepreTnyeckoro
COJ/IUTOHA)

14. }KnBaa npnpoaa Hayudymnacb NUCNOAb30BaTb
Knactepbl MT2U B cBOUX Uenax:

14.1. dneKkTpunyeckme polbbl HakanamsatoT MTIK B
CBOMX OPraHM3max U npm HeobxoanMmocTu
NOPaXKatoT SNEKTPUYECKMM PaA3PAaOM Pbib U
M1eKONUTaloLWUX.

14.2. Kypbl ¢ nomouwibio MT3K Hayumnnucob
npeobpa3osBbiBaTb Kannm B Kanbummn.

14.3. No Bcen BUANMOCTU, B OPraHU3Me *KeHLLUH
BO Bpema bepeMeHHOCTM TaK*Ke NponcxoamTb
npoueaypa TpaHcmyTaumm Kanna B Kanbuun.
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6.

6. Mpu mexaHnyeckom n/mnm nHom sosaencresnm MTIK
pacnakosbiBaeTcA ¢ BblIbpocom 0,77*10! ycKOpeHHbIX
00 10 KaB 2n1eKTpOHOB 1 Ha NATb NOPAAKOB MeHbLLE
MOHOB, B OCHOBHOM, NPOTOHOB, YTO XOPOLIO coBNaaaeT
C 3KCnepumeHTanbHbiMU BbiIBOAaMK KeHa LLloyngepca.
PoxkaeHHaa matepua umeeT maccy okono 7,01*10-%° kr.



