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VMITYJIbCHBIA BOJIOMETP JIJIsI UBMEPEHMSI MSAATKOI'O PEHTTEHOBCKOI'O
U3JIYUYEHUS B CWJIBHOTOYHOM X-IIMHYE: PACUET NPEJIEJBHBIX
ITAPAMETPOB U PEAJIN3ALIUA

FO.JI. Baxwaes, C.A. [lanvko, E.E. Cokonos, K.B. Yykbap (HUL] «Kypuamosckuii uncmumymy, Mockea, Poccus)

[IpencraBieHo omucaHne KOHCTPYKIMH OONOMETpa M3 AIFOMUHHEBOH (DOJBIH M CXeMBI M3MEPEHHI SHEPIHU MSTKOTO PEHTTCHOBCKOTO
usnyuenus (MPH). TIposenensl namepenus sueprud MPU 1o 1 k9B Ha CHIBHOTOYHOM HMMITYIIbCHOM reHeparope C-300 ¢ moMorso
GosoMeTpa ¢ BpeMeHHBIM paspenieHreM 19 u 300 He, 3aperrncTpHpoBaHa ITOJHAS SHEPTHs B HECKOJIBKO KHJIOKOYIICH ¢ SHeprueil kBaH-
ToB 10 1 k3B. Bonomerp Ha ocHoBe (osbru Al 8 MKM BbIiepkaT MHOTOKpATHbIE ITycKH mpu Toke 1,6—1,8 MA 6e3 u3MeHeHHs ero co-
npotusieHus. Ha ocHOBe ypaBHEHMs TEIUIOIPOBOIHOCTH JUIS «CTEPIKHS» KOHEYHOH JUIMHBI IIPOBE/ICHBI aHAIIM3 BPEMEHHOTO pa3penie-
HUs 60JIOMETpa M OLIEHKH MPEEIbHBIX TEIIOBBIX HATPY30K B 3aBUCHMOCTH OT JAJIUTENIBHOCTH UMITyJibca PU.

KuroueBrbie ciioBa: praBJ’IHeMBIﬁ TepMOHZ[epHLIfI CUHTE3, CHJIbHOTOYHBIN X-HI/IH'-I, U3MEPCHUEC SHEPI'UU MATKOI'O PEHTICHOBCKOT'O U3J1Yy-
YCHMS, (bOHLFOBLIf/’I 6OJ'IOMeTp, YpaBHEHUEC TCIVIONPOBOAHOCTH, IMTPEACIBbHBIC TEIUIOBBIC HATPY3KH, CXEMa H3MepeHHﬁ.

PULSED BOLOMETER FOR SOFT X-RAY RADIATION MEASUREMENT IN HIGH CURRENT X-PINCH: FORMULATION OF
LIMITED PARAMETERS AND EMBODIMENT. Yu.L. BAKSHAEV, S.A. DAN’KO, E.E. SOKOLOV, K.V. CHUKBAR. The de-
scription of bolometer design made of aluminum foil and the scheme of the soft x-ray radiation energy measurements is presented. The
measurements of soft x-ray energy in the range up to 1 keV on high current pulse generator S-300 are performed by means of bolometer
with time resolution of 19 and 300 ns. The total energy of a few kilojoules of quantum energy interval of up to 1 keV has been registered.
The bolometer on the basis of 8 u Al foil survived a series of repeated shots at currents 1.6—1.8 MA without change of its resistance.
Theoretical analysis for the time resolution of bolometer and the estimation of limiting thermal loads depending on pulse duration of
x-ray based on the equation of heat conductivity for the rod with finite length are resulted.

Key words: controled nuclear fusion, hight current X-pinch, measurement of energy of soft x-ray radiation, foil bolometer, the heat con-
ductivity equation, limiting thermal loadings, the scheme of measurements.

BBEJEHHE

B unHeprmanbHbIX TEPMOSAEPHBIX MCCIEIOBAHUAX HApSAy C M3MEPEHHUSIMH CHEKTPa MSTKOr0 pPEeHTTEeHOB-
ckoro m3nyueHuss (MPU) usmepsioTcst ero nojHas 3HEPrUsi 1 MOLIHOCTD, JUIS YEro CIy)XaT pa3jIidHbIe JeTeK-
TOpHI (BaKyyMHBIE U TIOJTYIPOBOJHHKOBBIC AHO/bI). 11X 00IIMM HEIOCTATKOM SIBJISIETCS, KAK HA CTPAHHO, BBICO-
Kasg 4yBCTBUTEIBHOCTb, TpeOyromas i paboThl B JIMHEHHOW OOJIACTH yJaJeHHs Ha PACCTOSHUS B JIECSATKH
METPOB W OoJiee MM CO3JIaHHS CHECIUAIBLHBIX OCIAONISIONNX YCTPOUCTB, HAPUMED, UCTIONB3YIOMUX Audpax-
o Ha quadparme ¢ OOJIBIIMM KOJTMYECTBOM MajbiX oTBepcTuil [1]. BaxkHbIM pomonHeHneM K 3TUM npubopam
ciry’kaT O0JIOMETPHI ¢ X XYAIIMM BPEMEHHBIM pa3pelieHreM, HO BO3MOXKHOCTBIO paObOThI BOJU3U OT UCTOYHU-
Ka M3Jy4eHUs! U OTCYTCTBHEM OOJIBIIUX 3aTpatr MpH U3roToBieHuU. C UX MOMOIIBIO MOXKHO HE3aBHCHUMO H3Me-
puTh 3Hepruo PU B 001acTu MATKMX KBAaHTOB M IPOBECTH aOCOJIIOTHYIO KaJIMOPOBKY JPYTHX JETEKTOPOB (Ha-
MpUMEpP, BAKYYMHBIX THOJOB).

OCHOBHOH KOMITOHEHT 0OJIOMETpa — OUYeHb TOHKasl MeTautnaeckas Goibra. M3-3a cBoeil Manoi TOMIUHBI
¢donbra noj AEHCTBUEM M3IIyYCHHS 3aMETHO HarpeBaeTcs U e€ CONPOTHUBICHUE TOBBIIIAETCS. X0/l COMPOTHUBIIE-
HUsSL 0OJIOMETpa BO BPEMEHH, PETUCTPUPYEMBIN ociriutorpad oM, siBisieTcst QyHKIUEH, 10 KOTOpOoi orpeerns-
eTcs SHEprus MOTJIOMIEHHOr0 M3Iy4YeHHUs. B momoOHbIX 3KcriepuMeHTax OOJOMETpPBI PETUCTPUPYIOT SHEPIHIO
PEHTT€HOBCKOTO M3ITy4YEeHHS] HAHOCEKYHHOHM UINTENFHOCTH B MANa30He SHEPTUH KBAHTOB J0 HECKOJIBKHX K3B.
[IpuBeaém BbIIEPKKHM U3 HAYUHBIX IMyOJIHKaLKH, T1e ONHCaHbl 00JIOMETPHI, HCIIOIb3yEeMbIE B IIa3MEHHBIX JKC-
MepUMEHTax Ha reHeparopax TOKa MEraaMIlepHOro IWara3oHa C JTUTENbHOCTHIO MMITYJIbCca MOPSAKA COTeH
HAHOCEKYH/ U Ooiee.

B pabote [2] ommcaH OTKpBITBHINA, CBOOOIHO BUCSIIUI OOJOMETP M3 MOJIOCKH ATIOMUHHEBOH (oyibru To-
mHoM 0,5—1 MM gna peructpaunu PU ¢ sneprueit kBantoB 1o 500 3B. VMnynbc n3nmydeHUs: ATUTENBHO-
cteto ~100 HCe m sHeprueit 50—100 k> reHepupoBajics NpPU CKATUM LWIMHAPHUYECKOTO JIailHEpa TOKOM
10 MA npu nHanpstkenuu 100 kB. Bonomerp Mor pabGoTarh 0e3 pa3pylieHHH 0 IJIOTHOCTH MOIIHOCTH
10" Br/cM®. OTMEUEHO, UTO IS HPUMEHSBIIHXCS (QONBI He HAGIIONATOCH YBEIHUCHHE YSILHOIO COIPOTHBIIE-
HUS MeTaula P, XapakTepHoe il (osIbl ToMIKuHON MeHee 0,5 MKM.
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B pabote [3] omucansr 6010MeTPHI M3 30J10Ta U HUKENSA C TOJNITAHON dobru 1 MM miis m3meperus PH ma
MOIIHBIX UMITyIsCHBIX TeHeparopax SATURN u Z (Jlaboparopus Canmusa, CIIA). 3asBieHHbI BpeMeHHON
OTKJIUK 0OJIOMETPOB ~1 HC, IO HAIIMM OIIEHKAM, Ka)KETCSI CHJIPHO YMEHBIICHHBIM. ABTOPBI MPUBEIH MOIPOO-
HBI aHaIN3 OMHUOOK B M3MEPEHHSX JJICKTPHUYECKHX W MEXaHHMYECKHX BEJIMYMH, CyMMapHas MOTPEIIHOCTh
n3MepeHus sHeprun cocrasuna 10%.

Bonmometp u3 Jlaboparopun Canaus ObUT HCIIOIB30BaH I m3MepeHus MomHoctd MPU Ha ycTaHOBKe
COBRA B KopHuensckom yHUBEpcHUTeTE ¢ Harpy3koi X-muHd npu Toke 1| MA [4]. Cpennsis sHeprusd, neiéH-
Has HA YHMCII0O PEHTT€HOBCKHUX MUKOB, cocTaBmia ~2 kJ[x, momuocts — 20—25 I'BTt. Bpems Hapactanus
CHUTHaja MOIIHOCTU ~20 HC CyIIECTBEHHO MPEBOCXOAUT JIUTEIBHOCTh Y3KUX MUKOB aJIMa3HBIX AETEKTOPOB,
KOTOpbIE SKpaHUPOBaHbl (DUIBTPAMH MOJHOTO MOTJIONICHHSI KBAaHTOB ¢ 3Heprueit 10 1 k3B u umerot nomy-
HIUPHUHY ~2 HC.

B pabore [5] BakyyMHBIMH JHOAaMH U OOJIOMETPaMH M3 METHOM MOJIOCKHU TOIIIMHOM 2 U 15 MKM U3Mepsuinch
UMITyJbChl MsTkoro PU momHocThio ~1 TBT u mmurensHocThio ~40 He. YTBEp:KIaeTcs, YTO BPeMsi BHIPABHUBAHHUS
TeMIepaTypsl 1J1si QOB TOMIMHON 2 MKM cocTaBiisieT ~10 He, 4To yke TI03BOJISIET, II0 MHEHHUIO aBTOPOB, OTCIIE-
JKMBaTh JJMHAMUKY IOTJIOIICHUSI M3Iy4eHHs (QOIBIron ISl yKa3aHHOW AJMTEIBHOCTH UMITYTbCOB PU.

B pabGote [6] omucan Qonbroseiii 6o10MeTp Ha OCHOBE HHOOMEBOW (DOJBIHM C BPEMEHHBIM pa3pelleHUEM
2,5 Mxc. [Tpubop ObLT UCTIBITaH HAa YCTaHOBKE «AHrapa-5-1» ¢ BeixonoM sHepruu usnydeHus 50—100 k/Ix.

B nanHO#l paboTe mpuBeACHO ypaBHEHHE TEILUIOMPOBOIHOCTH JJISI «CTEPKHS» OTPaHMYCHHOM JJIMHBI, Ha
OCHOBE KOTOPOT'O BBIBEJCHBI COOTHOMICHHS TSI BDEMEHHOT'O pa3pelieHusi 00JI0OMeTpa U MpelebHBIX TeIUIOBBIX
Harpy3ok Ha ¢onery. Onucana KOHCTPYKIMS OOJIOMETpa Ha OCHOBE ATFOMHUHHMEBOHN (OJIBI'M TOJIIMHON 2 U
8 MkM ¢ BpemeHHbIM paszpemieHreM 19 1 300 He cooTBeTcTBeHHO. [Ipe/icTaBiIeHbI NIEKTpUYecKas cXxema 1 pe-
3yJIbTaThl U3MEPEeHUIA OosioMeTpoM 3Heprun PU B auanazone Hiwke 1 k3B B 3kcliepMeHTaxX ¢ Harpy3KaMu THIIA
X-nua4 Ha re"eparope Ctenn-300 ¢ Tokom go 1,8 MA.

KPUTEPUU KOHCTPYUPOBAHUSA BOJIOMETPA

st U3MEpeHHsl SHEPIrUH MSTKOI'O PEHTICHOBCKOIO M3JYYECHHUS! HAa MMITYJIBCHBIX I'€HEepaTropax TOKa, /e
BpeMs KH3HU TOpsiued IUIa3Mbl COCTABIISIET AECATKH HaHOCEKYH[, HEOOXOANMO YIOBJIETBOPUTH P SKCIEpHU-
MEHTAJIbHBIX TPEOOBaHMIH:

1. BpemenHoe pasperieHre 60JI0METpa J0JKHO MO3BOJIUTH MPOBECTH U3MEPEHHE 3HEPTHH MSTKOTO PEHT-
TEHOBCKOI'0 M3JIyYeHHMs 0 MONaJaHus Ha AETEKTOP BEIIECTBa OBICTPO PasiieTaIOMICHCs MI1a3Mbl,

2. UyBCTBUTENBHBIN 2JIEMEHT OOJIOMETpa HE JOJDKEH MOBPEXKAATHCA HU MOA ACHCTBHEM MOTJIOMIEHHOTO
W3TY4YEeHHs, HU BCJIEACTBHE HArpeBa ONOPHBIM TOKOM;

3. IlorpemrHOCTh MIPOBOAMMEIX M3MepeHwuid 3Hepruu PU He moimKHA NpeBhIaTh TpeOyeMoi B IKCIIEpUMEH-
Te BeJIMYUHBI, Harpumep 10%.

W3BecTHBI 1Ba MPOTUBOPEUMBBIX acleKTa IPH BHIOOPE TOIIIUHBI (POIBIH: C YBETUUYEHHEM TOIIUHBI (HOTb-
T'H YBEIMYUBAIOTCA MIMPHHA M3MEPSIEMOro CHEKTPAIBLHOIO JMana3oHa W BpeMsl yCTaHOBJICHHUS TEIUIOBOTO paB-
HoBecusl. CtpemiieHre paboTaTh ¢ yIbTPaTOHKUMH (DOJIBIaMH ONpPaBIaHO C TOUKH 3PEHUs OBICTPOTO Mporpesa
($onpru, Mpu KOTOPOM MOXKHO PETHCTPUPOBATH HE TOJIBKO MAJAfoOLIyl0 SHEPTUI0, HO U MOLIHOCTb U3ITyYeHHS.
Ho, xak ynomunanocs [2], UMeeTcsl CyleCTBEHHOE OTKJIOHEHHE YJEeIBFHOIO CONPOTHBIEHHUS P U €ro TeMIepa-
TYpHOTO XOJIa OT TaOJIMYHBIX 3HAYEHHU JJIsI OY€Hb TOHKHX (DOJIBI BCIEICTBHE HEPETYISPHOCTH CTPYKTYPHI
MEeTalia, YTO MPUBOJIMT K OIIMOKaM m3MepeHni. VI3roToBieHne peryisipHbIX TNIEHOK, HAMMBIISIEMBIX Ha TIOJIONKKH
C HHM3KOH TEIIONPOBOIHOCTBIO, TPEOYIONINX CHENUAbHOW TEXHUKH HAMBUICHUS U KATMOPOBKH, TIPUTOHO JUIS
W3MEPEHU B JTTMHHOBOJIHOBOM 00JIACTH PEHTI€HOBCKOTO CIIEKTpPa, HalpUMeEp, B HEKOTOPHIX JIA3ePHBIX IKCIIEPHU-
MeHTax [7].

Oxujaemasi BeIMYMHA U3ITYYEHHON SHEPTHH COCTABIISIET HECKOJIBKO KWIOKOyier. UToObl ¢oibra He
MOBPEXKAANIach MO JIEHCTBUEM H3IIYUICHHS, BHIOHPATNCh MOCTATOYHBIC pa3Mephl (TONIIMHA) o0pas3la U pac-
CTOSIHME /10 UCTOYHHUKA. B yCIOBHSX Iapa3uTHBIX 3JIEKTPOMAarHUTHBIX HABOJOK, UMeromux yposeHb ~0,1 B,
YBEPEHHO M3MepseMasi ocumuiorpagoM BelMYMHA HampspKeHUs coctaBiseT ~0,5 B u make Huxke, eciu uc-
M0JIb30BaTh MAaTeMaTHYECKyI0 00pabOTKy cUrHajaoB. B ycrmoBusix skcnepumenta Ha Crenzae-300 tpeOoBaHme
ITyHKTa 3 BBITTOJIHSICTCSI TP TIOJIE3HOM CHUTHAJIC HAIpsDKeHMs Ha OoomeTpe ~1 B.
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YPABHEHME TEIIVIOITPOBOJAHOCTHU U BPEMEHHOE PA3PEILIEHUE

B pabore [8] mns omeHkm BpeMeHH mporpeBa (oibpr OBLIO MCIOIB30BAaHO (HyHIAMEHTAIHFHOE pelleHUe
YpaBHEHHS TEIUTONPOBOIHOCTH, NMPpUBeAEHHOE B padore [9] ans cirydas cTepkHS OeckoHeYHOW AnuHBL [Ipen-
CTaBUM CTaHJAPTHOE PEIICHUE YPaBHEHHS TEIUIONPOBOAHOCTH st (DOJIBTU (CTEPKHS) KOHEYHOW TOJIIHHBI d,
KOTOpPOE MO3BOJISIET OMPEACIUTh BPEMEHHOE Pa3pellicHHE B KAKIOM KOHKPETHOM ciydae:

oT o°T

aar

ot _ "o Qe.(x)8(t), 0<x<d, @)
rJie IPUTrPAaHUYHOE SHEPTOBBIJCICHIE B IPEHEOPEIKUMO TOHKOM (B cpaBHeHMH ¢ d) cioe 3a mpeHeOperuMo
MaJ10¢e BpeMﬂ CMOILCJ‘H/IpOBaHO KOM6I/IHaHI/IeI71 I[ByX IIeJ'II)Ta-(I)yHKHI/II‘/'I B HpaBOfI qacCTu. EFO CJ‘ICILyeT JO0IT0JI-

HUTH YCJIOBUCM HCHIPOTCKAHUA TCIJIa YCPEC3 I'paHULLy, O6eCHqu/IBa}OIIII/IM COXpaHCHHEC CYMMAapHOIro TEIljia B
TCUYCHHUEC BCCIO Ipolecca:

d
a jo T(x, t)dx=Q

aX x=0,d

=0 —

(Temmeparypa, €CTeCTBEHHO, OTCUUTHIBAETCS OT McxomHoro ¢oHa). Takum obOpazom, Q mpexacraBisier coOon
IUTOTHOCTB MaJaroliell SHEPruy M3IydeHHs, HOPMHUPOBAaHHYIO Ha cp. Pemenne (paktrdeckn Gpynkums ['puna
yYpaBHEHHsI) IPEICTABUMO B «IBOMHOMY BHJE Kak caMoil (yHKIWH, Tak u e€ psina Dypwe, CBI3b MEXIY KOTO-
PBIMH HOCHT Ha3BaHue opmyisl mHBepenn [lyaccona:

\/n__z_:exp[ (x+2dn)} (d?1+22cos Xexp (rgr} x|+ 2)

ITpu manoMm BpeMeHu yt << d? y100€H MepBbIi psii — MOKHO MPUHUMATH BO BHUMaHKE He Ooiiee TpEX ero
YJIEHOB, IPU OOJIBIIIOM BpeMeHH (YOBJIETBOPSIOIIEM ITPOTUBOIOJIIOKHOMY HEPABEHCTBY) 110 aHAJOIMYHBIM CO00-
pakeHusIM — BTOpOil. OJJHAKO BCIIEACTBHE OYEHb OBICTPOTO YOBIBAHHS SKCIOHEHT ¢ OOJBIIMM OTPHIATEIBHBIM

T(x,t)=

MOKa3aTeseM JUIsl JII0O0ro pa3yMHOI'0 BPEMEHHU JOCTATOYHO yUECTh JIMIIb WieHHI ¢ [N| < 5 mroboro psaa.
2 v o
IIpu yt > (d/7)° yxe ¢ 5%-HOoii TOYHOCTHIO BO BTOPOH CyMMe MOYKHO OCTaBHTh TOJIBKO ulieH ¢ N = 1. D10 He-
PaBEHCTBO CIIPABEIJIMBO IS AIFOMUHUEBON (POJIBIY TONMMIMHON 2 MKM nipu t > 5 He, a TONMIMHON 8 MKM — Tipu
t > 80 Hc. Cunras ero BBINOJIHEHHBIM, ITOTYYHM Pa3sHUIly TEMIIEPATYp B TOYKaxX X; U X, , KOTOpas paBHa

) ) | cos ™2 — cos P2
AT (X, — X, t) =—=exp (dj xt (cosd cos—= |.

Pa3HOCTh KOCHHYCOB MMEET MaKCUMYyM, PaBHBIN JBOMKe TpH X, = 0 u x; = d, T.e. g kpaés ¢omabru. Ilo-

100 CKOJIbKYy PaBHOBECHOE 3HaueHue Temmeparypsl 7., = Q/d,
3Ta OTHOCHUTENIbHAS Pa3HHLIA ITOyYaeTcs B BUjIE
80 2

%=4exp —(%j xt | 3)
s 60 1% [Ipu BBIOGOpe 10%-HOI MOTpEeNTHOCTH YCTaHOBIIE-
S "'xl HUs TeMmIepatypHoro paBHoBecus, T.e. AT < 0,17, mo-

40 A\ JIydaeM OLIEHKY 110 BpeMenu t > 0,375d%/y.
: " Koaddumment temmnepaTyporpoBOAHOCTH ATIOMH-
20 \\-‘__ mus y = 0,8 cm/c. Jms tommuasl dobru di = 2 MM
™ | BpeMsl YCTAaHOBJICHUS! PAaBHOBECHOH TeMIEPATyphl CO-
S N ol ctaBuT t; = 19 He. Jns tonmuusl Gonsru d; = 8§ MKkM
0 100 200 300 400 500 t, =300 HC. B kauecTBe wWmmOcTpanuuM Ha puc. |

t, HC

Puc. 1. Pa3HocTh TemMnepaTyp Ha ABYX MOBEPXHOCTSIX AJIOMHU-
HHUEBOH IOJOCKU pa3MepoM 8 MKM B IPOLEHTaX K KOHEYHOU

PaBHOBECHOM Temreparype
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IPEJAEJIBHBIE TEIIVIOBBIE HAT'PY3KHN

[Ipu cozmanmm 6omomMeTpa TpedyeTcs pacyer mpeAeTbHON MOIITHOCTH M3TyYeHHNs, TTaJafoIIei Ha ero MOBepX-
HOCTb. UeM ObICTpee MporpeBaeTcsi MaTepuai AaT4uKa, TEM MEHbIIE BEPOSTHOCTh KUIICHUS IOBEPXHOCTHOTO
CJI051, KOTOPOE HAKJIaAbIBACT OrPaHUYCHNE HA MHOTOKPAaTHOE HCIOIb30BaHHUE AAaTUHKA.

Ha puc. 2 npuBeneHa 3aBUCUMOCTh JUIMHBI TIPOOETa KBAaHTOB B aTIOMHHHMH O OT YHEpruu (D)OTOHOB B JAHMAIa-
3one 50—2000 3B [10]. OkcuaHo# TIEHKOI Ha TOBEPXHOCTH AIFOMHUHUS B MPUBEAEHHBIX Jajee pacuérax npe-
HeOperanock, MOCKOJIBKY TONIIMHA OKCUIHON MIEHKHU HA TOJBKO YTO paCKaTaHHOM JIHCTE AIOMUHHA 2,5 HM H
32 HECKOJBKO JIeT €€ TONIIMHA MOXKET JOCTHTHYTh B BO3IYIIHOW Cpeje MpH KOMHATHOH Temmeparype 10—
20 um (cm., Hampumep, http://masterweld.ru/svarka_alyuminiya). M3mepenust 35eKTpONPOBOIHOCTH MPOMBIIII-
JeHHOW (ONBIM AAIOT 3HAYEHHE, TAaKKE COOTBETCT- ey —————rry
BYIOIIEE YHCTOMY alfOMUHMIO. OTMETHM, 4TO Haubo- 10
Jiee KpUTHUECKasl CUTYyalusi HAOII0IaeTCs B AMAIa30He
sHepruu kBaHToB 75—200 3B, rae mmuna npobera co-
craBiser BenumunHy meHee 0,05 mxm. Ho Gmaromaps
BBICOKOM TEMIEpaTypONpPOBOJAHOCTH aTIOMHHUS U

8, MKM
SN

KOHEYHOM JUIMTENBbHOCTH uMiyisca PU Temno Bo

BpeMsI HU3IY4YeHHsI YyCIIEBAaeT PpacCIpOCTPAaHUTHCS Ha
Oonpuryro TonmuHy. [losToMy a1t onpeneneHus Mak-
CUMAJIBHBIX TEMIEPaTyp, AOCTHUTAaEMBIX B IpPOLECCE 0.1

TTTTIT
gl

MIOTJIONICHNST KBAaHTOB (POIBIOi, HEOOXOIUM YUET KO-

L PR T S |

100 200 500 1000 2000
IyOMHOHM SHEPrOBBIICTICHUS MOXHO MpeHeOperars, hv, B

IIOCKOJILKY B HAIIMX YCJIOBHSAX OHA YIOBJIETBOPSET Puc. 2. Jina npoGera MPY B amominm

HCYHOCTH BPEMCHH HMIIYJIbCa H3JIYYCHHA T, a BOT

(S
o

2 o
HEPaBEHCTBY & << yT. JTO 3HAYMT, YTO B MPABOI YaCTHU YpaBHEHHUS TEIUIONPOBOJHOCTH MPOUCXOANUT 3aMeHA

d(t)—f(t), rme dynkius f(t) 3amerHo oTiMuaetcst ot Hys Juib npu 0 <t<7twu I f(t)dt=1.
0

TIOCKOIBKY B 06CYKIAEMBIX SKCIIEPHUMEHTANBHBIX CHTYAIHAX BBITIONHAETCS TAKKe HEPAaBeHCTBO ¥ T << d°, T0
MOJKHO TIOJIOKUTH 0 — 00 M OCTAaBHTh B BhINMCAHHOM (yHKIMH ['prHa juib wieH nepsoro psiga ¢ N = 0, T.e. cBe-
CTH 3aJa4y K MpOrpeBy MoiyOeckoHedHoro crepxHs (doibru). OtBer: HOBbIA npoduns 7(X, t), Kak M3BECTHO,
naérest cBépTroi mo Bpemenu (ynkumu ['puna ¢ f(t). Tak kak TemrnepaTypHbIii MAaKCUMyM B TOH MOJIENH, O4Ye-
BH/THO, TocTUraetcs rmpu X = 0, HaM T0CTaTOuHO HHTepecoBaThes nmoseaeHueM b 7(0, t), koTopoe okasbiBaeTCs
CBSI3aHHBIM C BPEMEHHBIM MpoduieM uMIyJibca nanydenus f(t) uepes unrterpai apodHoro mopsiaka 1/2:

Qf (t)dt
T0,t)=—F3,[fO TOY=

23 s

(BTI/IMOJ'IOFI/IFI TCPMHUHA CBsA3aHAa C TCEM, UYTO nannac-o6pa3bl (I)YHK]_[I/Iﬁ YAOBJICTBOPAKOT COOTHOHICHHUIO

T,(0) = Qf/ «pr ). OT creneHHbIX (YHKIUH 3TH WHTETPANIbI OepyTCs MO MPOCTOH cxeme

Ca+1)  oun

Seltl=romt

nostoMy peaibhbie f(t) ynoOHO anmpokcuMupoBaTh KOMOMHAIIMSAMEI UMEHHO TakuxX (QyHkuwmii. Hanmpumep, pes-
KM€ WM IJIaBHBIE «BKIJIIOYCHHE» M «BBIKJIIOYEHHE» MCTOYHHMKA TETIa MOXKHO MOJEIIMPOBATh CTYNEHBKOH WM
napaboJIoif COOTBETCTBEHHO:

Lt<t 60 [t(t—t),t<1
L0-20"T -2 ,
T|0,t>1 7 0,t>1
ISl KOTOPBIX TIpH t < T
7 32/
ron= 22t 10,0 E-4s)

o 7 o T

57



10.J1. Bakmaes, C.A. anbko, E.E. Cokonos, K.B. Uyk6ap BAHT. Cep. TepmosinepHsblii CUHTE3

B mepBoM BapuaHTe MaKCHUMyM TEMIIEPATYypPbl JOCTHraeTcs mpu t = 1, Bo BTopoM — mipu t = 3t/4, npuuém
JUTSL €70 BEJIMYMHBI MOTYYaIOTCs CACAYIONUE BEIPAXKCHUS:
6+/3
= Z—Q T = 3 Q

v '2makc

T RALNE S
YT 5 Jmyt

Imaxc

¢ omuneM b B 4%. OTBET MOXKeT OBITh 3allMCaH W Yepe3 aCHMITOTHIECKH YCTaHABIIMBAIONIYIOCS KOHE-
Hyto Temnepatypy ¢ousru T, = Q/d, T.e. ¢ Xopomelr TOYHOCTBIO Tyuxe & 2dT./ [Tyt Ui TOCTATOYHO MPOU3-
BoneHEIX f(t) omucanHoro Tuma.

Ecnu iHTenbHOCTh MMITYITbCa U3TYUCHHS JOCTATOYHO BEITUKA d* ~ XT), TO CBEICHUE K MOTyOSCKOHEUHOM
3aJla4ue HEe MPOXOJUT U CBSI3b MEWK/Y Jiariac-o0pa3aMi CTAHOBHUTCS 00JIEE CII0KHOM:

Qf pd?
Tp (0) = —pCOth T ,

N
Y TIPOCTHIX (hOpMYIT TOJI0OpaTh HE yAAETCS.

B paMKkaX BBINOITHEHHs HepaBeHCTBa 0° >> yT, HCMONB3ys BBITHCAHHBIC (HOPMYIIBI, OTYIAEM 3aBHCH-
MOCTh TIPEJeTTbHON 3HEPrUM U MHTCHCUBHOCTH M3IY4YEHHUS OT JUIMTEIBHOCTH MPSMOYTOJIBHOTO MMITyiabca PU
JUTSL ATIOMUHHEBOH (HONBIM TOMIMHOMA 2 MKM M IUIomansio S = 0,3 cM?, 0BOISI MAKCHMANBHYIO TEMIIEPATYPY
Tare = 2100 °C mouTs 710 TeMmepaTypbl KUmeHust Ty, = 2330 °C (puc. 3).

0,2 a 0,15
== ca o
0,16 Lt 012 |\
./"‘/ \l\
T ~ \
1 ]
« 012 P 3 0,09 \\
= e m \
& il ~ i
= 0,08 /,/ — 0,06 ‘-\\
0,04 F3 0,03 s . —==1 S0 NS [ (P
0 0
1 3 5 7 9 11 13 15 17 19 21 23 25 1 3 5 7 9 11 13 15 17 19 21 23 25
t, HC t, HC

Puc. 3. 3aBHUCHMOCTb TpeeIbHON SHEPTHH (@) ¥ MHTEHCUBHOCTH U3ITy4eHHs (6) OT JUTUTEIbHOCTH UMITYJIbCa JUTsl aJIFOMHHUEBOH (OJIBTH
TOJNIIMHOM 2 MKM H miomazsio 0,3 cm?

IIpenensnas naoTHOCTH dHeprun W,,, U1 HCTOYHUKA NPH JJIUTEIBHOCTH UMITYJIbCa T = 1 HC coCTaBiseT
0,12 21>1</CM2. Ipenenvnas uareHcuBHocTh |, cocrabnsger ~130 MBT/cm? (B dKcmeprMEHTax JOCTHKUMO H
menbiee Bpems [11]). IpuBeaénnas B pabore [2] aKcriepruMeEHTaNbHAS BEININHA TPEAeIbHON MHTEHCHBHOCTH
Ui 00oJIoMeTpa Ha OCHOBe anmroMuHHMEBOH (onbru tommmuod 0,5—1 Mxkm npu Tt = 100 HC cocraBuia
10 MBT/cM?, 9TO HEIIOXO COOTBETCTBYET OLEHKE MO MPHBEASHHBIM (opMysIaM, cocTasisiomteii 13 MBt/cM?,
HECMOTPSI Ha TO, 4TO B 9TOM cirydae 80 ~ yT u popMmyia yixe He 06s3aHa paboTaTh.

Pacu€Thl MoKa3bIBatOT, 4TO HATPEB UMITYJIBCHBIM OIIOPHBEIM TOKOM B HallleM CIy4ae He HUrpaeT CYIIeCTBEH-
HOM POJIM B TEIUIOBOM Harpy3Ke (OJbIH.

BBIBOP MATEPHAJIA JJI51 SKCHEPUMEHTOB HA CTEH/IE-300

I[J'IH OMPEACICHUA DHECPTUU NCTOYHUKA Wx 0 OTHOCHUTCJIBHOMY M3MCHCHUIO COIPOTUBJICHUA (l)OJ'ILFI/I Rs
pe3yabTaTe eé HarpeBa U3JIyUYCHUEM IIPpHU NTOCTOAHHOM TOKE 4Y€pE3 6OJ'IOMCTp HUMECM

AU/Uq = AR/IRy = 0AT = aW,s/(4nL*Cm).
3mecy AU/Ug, AR/Ry — OTHOCHTENBHOE M3MCHEHHME HAMPSDKEHHS U COMPOTUBJICHUS COOTBETCTBEHHO;
AT — ycTaHOBHBIIIEECS 110 TONIIHHE U3MEHEHHE TeMIIePaTypbl (OJIBIH MO ACHCTBUEM H3JIy4YeHHUs; M — Macca
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¢donweru; C — ynenbHas TermioeMKocTh (Gonbru, HK/T/Tpaj; o — TeMieparypHblid KOOQQUIMEHT COMPOTHRIIE-
. . 2,

Hus; Wy — sHeprust uctounuka PU, Jx; S — miomans oOpasiia, Ha KOTOPYIO MajgaceT u3jiydeHue, cm’; L —

paccTOsiHUE OT UCTOYHHUKA J0 O0IOMETpa, CM. DHEPTHUs

W, = 4nL2Cpd/a(AUIU), (4)

rae d — TommuHa; p — MIOTHOCTD (OJIBTH.

CornacHo ¢opmyse (3) i CHIDKEHUST BpeMEHH MTPOrpeBa MpH PaBHOW TONIIUHE CIETyeT OTAaBaTh Mpe-
HOYTCHUE MaTepHaiaM ¢ Oouibineil TemmepaTypornpoBoaHocThio X = k/Cp, rae K — ko3 dunueHt Temmonpo-
BogHocth, — Cu, Al, W, Au, Mo.

[To ¢opmyrne (4) B cooTBeTcTBHH € OXupaemoi Ha rerepatope C-300 BenmWIuHON WM3TYy4EHHON SHEPTHUH
0,1—1 k/Ix ¥ ypoBHEM BIIEKTPOMAarHUTHBIX HaBOJOK ~0,1 B MOXHO momo0OpaTh ONTHMAIBHBIA MaTepuall W
KOHCTPYKITHIO OosomeTpa.

Tab6nunal. Bei6op maTepuasia mo TeMnepaTyponpoBoIHOCTH ¥, HTEMIEPATYPHOMY K03 (PUIHEHTY COMPOTHBIEHHS O

Ne /i Marepuan p, T/em’ k, JIx/(cM-cTpam) X, eM%/c a, Tpax

1 Al 2,7 2,1 0,8 0,0036
2 Ti 45 0,21 0,09 0,003

3 Fe 7,9 0,67 0,19 0,005

4 Ni 8,8 0,59 0,16 0,0054
5 Cu 8,9 3,85 1,09 0,004

6 Mo 10,1 1,45 0,56 0,0047
7 Ta 16,6 0,54 0,24 0,0031
8 W 19,34 2,01 0,76 0,0052
9 Au 19,31 2,93 1,19 0,0036

Ha puc. 4 npuBenens! pacu€THbIE MPSMBbIE, M0 KOTOPHIM MOXHO JIETKO ONpPEAENIUTh YCTaHOBUBIIYIOCS

TeMIiepaTypy (OJIbrM 1O PAacCYUTAHHOW DHEPTHH NPH U3MEPEHHOM CKAYKe HAMPSKEHUS B SKCICPUMEHTAX

npu pabouyux mnapaMmerpax OoJoMeTpa: TOJIIMHA

¢doabru Al 8 MkMm, nHa 15 mwm, mupuHa 1,7 MM. o
. 12
OINIMCAHUE CXEMbI UBMEPEHUM.
KOHTPOJIBHBIE 3AITY CKA

Jlst u3MepeHus cKkadka CONPOTHBICHUS NaT4H- = \
Ka M0J] IeHCTBHEM HArpeBa M3IyYeHHEM HCIIONB30- > 6
Bajach JJIEKTpUYEcKas cxema, MoJo0Has omucaH- 2
HO¥1 B pabote [2]. Ha puc. 5 npuBenena cxema LCR- 3 ‘ =
KOHTYpa, B IIeTlb KOTOPOTO OBLT BKIIIOYEH 00paserr ¢ ==
amoMHuHKEBOH (onbroi. Cxema Obljia 3aKitoueHa B 0 u
SKpaHUPYIOIIMM KOxyX. [I[Ba KOHIeHcaTopa THIA 50 AU/U,% 100
OI'TU obmeit émkocteio C = 0,1 MkD, coequHEH- T,°C

HBIX B TIapaJuieNb, ObUIH MOJKIIIOUEHBI YePEe3 BBICO-
KOBOJIBTHBIN pa3psiAiHUK THHa PY-62 K MHIYyKTUB-
HocTH L = 40 MxI" ¢ conporunenuem 2,5 Om u pe-
suctopam R1 m R2 tmma TBO-0,25 BenuumHON
1 Om. BomrOBOE compoTtuBieHne koHTypa 20 Owm.
[MocnenoBaTelbHO ¢ pe3UCTOpaMU OBUT BKIFOYEH
M3MEpUTEIBHBIA dJeMeHT OojoMeTpa B BHAE IIO-
JIOCKU TOJMIHMHON 2 MKM W pabodeil MOBEPXHOCTHIO
2x15 MM, KOTOpBIM BTOPBIM KOHIIOM OBUI IOJCO-
equHEH K koprycy. W3mepurensHelid anmemeHT RB
OBUT CMOHTHPOBAH Ha IMOJIJIOKKE U3 CTEKIOTEKCTO-
JIuTa B KopIyce craHgaptHoro BY-genurens c pa-
6ounm pazpémom THma CP-50-73®B. Pacuérnoe
CONPOTHUBJIEHHE MOJIOCKH cocTaBisio 106 mMOwm.

Puc. 4. I[I/Ial"paMMa 3aBUCUMOCTHA OTHOCHUTEJILHOT'O M3MEHCHMS HaIps-

xeHus (1) 1 oxumaeMoit Temiiepatypsl Gonsru (2) ot sHeprun PU

Puc. 5. biok-cxema u3MepeHuil 3JeKTPUUECKUX CUTHAJIOB

L RL

LR

R2:

R3

K ocrmumio-
rpady

-

\Y

RB.
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IMonmocka doxbru ObUTa 3anryHTHpOBaHa pe3ucTopoM R3 = 1 Om st 3amuThl ocimiuiorpada B ciaydae e€ nepe-
rpeBa W paspylieHus. B kprimke genutens Oblia caenana mpopesb 5X20 M mis npuéMa m3mydeHus. Tok B
KOHTYpe n3Mepsuics mosicom Porosckoro B pexxume Tpancopmaropa toka (RL Ha cxeme).

CurHan ¢ gaTdyuka CHAMAJCA C TPOWHHUKA, MOAKIIOYEHHOTO K MPaBOMY pa3bEMy B KOpITyce OOJIOMETpa.
Hpyroii KoHE TPOWHUKA CITY>KWJI 7S TIOJJa9X TOKa Ha JaTduk (puc. 6). JIeBslit pa3béM He OBLT 331€1ICTBOBAH H
MOT CITY>KHTb ISl Pa3IeIbHOTO TOIKITIOYEHHUS BXOAHOTO M BRIXOJHOTO CUTHAIOB 0€3 HCITOIb30BaHUS TPOMHHUKA.

C y4€TOoM M3MEpEeHHOTO JAEKPEMEHTa 3aTyXaHus
TOK B TIEPBOM MaKCHUMYyM€ JTOJIKEH cOCTaBUTh ~90 A.
ITo m3mepenusim mosica PoroBckoro oH ONHM30K K
3TOMY 3HaueHuio u paBeH 84 A. Crnenyer OTMETUTh
MOJTHOE COBIAJICHUE BCEX CUTHAIOB B psijie TOCIe-
JIOBATEIbHBIX MTyCKOB, YTO TOBOPUT O CTAOWJIBHOCTH
ycnoBuiit uaMepenuii (puc. 7). Ilo xpuBeiM puc. 7

MOYKHO BHUJETh, UTO pEaJIbHbIA JEKPEMEHT 3aTyxa-
Puc. 6. ®otorpadus 6omomerpa ¢ OTKPHITOH KpbIKod. CTpenkoi

HUs BBILIE PAacdyE€THOIO MPUMEPHO B JIBa pasa, 4To
mokasasa Qoibra

HUrpacT MOJIOKUTCIIbHYIO POJIb B CHUKCHHU TCMIIC-

patypHOH Harpy3ku Ha Qoiery. [IpuuuHoil yBemnu-
YEeHUS] JEKPEMEHTa 3aTyXaHHs MOTYT OBbITh aKTHB-
HbIe TIOTEpH B pa3psaHuke. Harpes ke mpoBojaa ka-
TYIIKH UHAYKTHUBHOCTH COCTaBIISIE€T JA0JHU rpagyca. B
npolecce HMCIBITAHUH C pa3HbBIMH  (OJIBraMu W3
AMIOMUHMST OBUIO 3aMEYeHO, YTO HampsDKeHHe Ha
o0pasie Bbllle PacyETHOTO, YTO MOXHO OOBSICHUTD
BKJIIOYAEMBIMH B HM3MEpPEHHUs] CONPOTUBICHUAMU
KOHTaKTOB.

Wx BausHME 3aBUCUT OT KadecTBa COOpPKH U
JOJDKHO YYHMTBHIBATBCS JUI Kaxzaoro oOpasua oT-
JenbHO. OTKIOHEHHE U3MEPEHHOTO CONPOTUBIIEHHS
B pszie citydaeB He npesbimano 10% ot pacuérHoro.

4 8 12 16

t, Mxc
Puc. 7. Curnanet ¢ natunka. Tpu mocie10BaTeIbHBIX TyCcKa

SKCHHEPUMEHTAJIBHBIE PE3YJIBTATBI

Kak cienyet u3 pabotsl [12], MArkoe U3yueHHE ¢ SHEpruei KBaHTOB Hke 1 k3B B akcrepuMeHTax ¢
X-muHYeM ucclieIoBaioch Mano. iMeHHO eMy ObUIO y/IeJIeHO OCHOBHOE BHUMAHUE B HAIIUX IKCIIEPUMEHTAX
¢ X-muaveM. bomomerp ¢ anroMuHrEBOH (oNBroli TOMIIMHON 2 UK 8 MKM pacroiaraics Ha pacCcTosiHUH 45 cM oT
WMCTOYHHUKA TPH TOKax depe3 HArpy3ky 1,5—1,7 MA. MoxXHO U3MepATh H3IydeHHE C DHEPTUeil KBaHTOB, HE
npebiiiaroieid 850 3B mist ponbru TommmHoN 2 MKM 1 3,5 k9B — st 8 MxM. Mi3MepeHus MpoBOAMINCH C OT-
KPBITBIM OOJIOMETPOM, @ TaKXKe C Pa3HbIMU QUIBTPAMH U3 JIaBCaHA TOJIIMHON 2,5 MKM Wik 12 MKM C HalbUICH-
HBIM cj10eM aimoMuHus TonHon 0,05 mxM. B Ta0i. 2 npencraBieHbl OCHOBHBIE Pe3y/IbTaThl K3MEPEHUH.

Tao0numa?2. OcHOBHBIE IKCTIEPHMEHTATBHBIE JaHHBIE

Ne Harpyska Macca, Tox, Hanpsixenue, [TapameTpbl OHeprus TMpuveuanus
mycKa Mr/cM MA MB ¢dompru PU, x/Ix
1 Huxpowm, 2,51 1,7 0,26 d =2 MKMm, 3,1 ens — 4,5 mm
4x100 MKM S =4x15 mm
2 Huxpowm, 2,64 1,6 0,15 d =2 MkMm, 0 ens — 4,5 mm
4x100 MKkM S =4x15 mm JlaBcan — 12 MKM
3 Huxpom, 2,64 15 0,34 d =2 mKm, 54 OTKPBITBIH
4x100 MKkM S =4x15 Mm GosomeTp
4 Huxpom, 3,04 1,76 0,32 d = 8 mKMm, 0 lens — 4,5 MM
16%55 MM s=1,7x15 mm JlaBcan —2,5 MKM
5 Huxpowm, 6,8 1,76 0,29 d = 8 MKM, 8,4 OTKpBITHIN
36x55 MM $=1,7x15 Mm GosomeTp
6 Huxpowm, 45 1,6 0,35 d = 8 MKM, 58 OTKpBITHIN
24x55 MM §=1,7x15 mm GosomeTp
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B xagecTBe mpuMepa Ha pHUC. 8 MPUBEICHBI ABA CHUT- 6
Haja HaIpsDKCHUS Ha aTFOMHUHHEBOM (OJIBIe TOJTHHON
8 MKkM ¢ mctouHuKoM PU m Ge3 Hero (mrecroit Homep
MyCKOB B TabII. 2).

Brnusinue conpoTUBIEHUS] KOHTAKTOB Ha U3MEPEHUS i
OBIJIO YYTEHO MO OTKIOHEHHWIO BEITWMYMHBI HAPSKECHUS
OT pacuy€THOTO B TPEIBAPHUTEIBHOM ITyCKe. 3Hasi Be-
JUYHMHY TOKa U conpoTusnenus ¢onsru, Uy B popmy-
ne (4) paccuuThIBaJIOCh B KaxaoMm mycke. [To oTkio-
HEHUIO TOKa3aHUW B MaKCHUMyMe HANpsKEHUS U C
y4€TOM CONPOTUBIICHUSI KOHTAKTOB SHEPTHS UCTOYHH-
Ka cocTtaBuiia B nanHoM mycke 5,8 x/[x. Ilyck No 3 ¢
2 MxM (onbroit mpu sHepruu 5,4 kX mpomemMoHCT- 0 4 8

U6om B

-2

x/
12 16

PHPOBaJ HEBO3MOXKHOCTH MHOTOKPATHOTO MCIOJIB30- b Mie

Puc. 8. Koutponbhsiit (1) u pabounii (2) curHasbl HAIPSHKCHUS
Ha Oomometpe. Harpyska: 24 mpoBOJIOYKH U3 HUXpOMA JTHAMET-
pom 55 mkMm; Tok — 1,6 MA; Hanpsikenue — 0,35 MB; snep-
rus ucrounnka MPU — 5,8 xJIx

BaHHUA (QONBIM C TaKOW TONIIUHOW HM3-32 YaCTHYHBIX
MIOBPEXKICHUMN, CBS3aHHBIX, BO3MOXHO, C IOCIENYIO-
e MEXaHMYeCKOW Harpy3koil (OJIbrd TMOTOKaMHU
MPONYKTOB JJIEKTPUYECKOTO B3phIBa Harpys3ku. llo-
9TOMY B MOCJIEAYIONIMX U3MEPEHHIX UCTIONIB30Bajcs OosomeTp ¢ (onbroit pazmepom 8 MKM. BakHbIii BEI-
BOJ MOKHO cJiellaTh Ha OCHOBAHUH TOTO, YTO MpH padboTe ¢ GuiIbTpaMu U3 Maiiyiapa, 3aKpbIBaBIIUMH TIp O-
pe3b B KpHIIIKE AaTYMKA, IPUPAIICHNS CUTHAJIA HAMPSHKEHHs ¢ 00JIOMEeTpa He HaONI01aIoch MPH TOIUHE
(dhonbru xak 2, Tak U 8§ MkMm. ClieoBaTelbHO, OCHOBHAs J0Jis 3Hepruu MPU 3aknrodyeHa B nuama3oHe 10
1 x»B u, ckopee Bcero, uznydaercs Oojiee JUIUTENBHOE BPEMsI, YeM JUTHTEIBHOCTh CYIIECTBOBAHUS «TOPSYHX
TOYEK». DTa dHEPIrus Ha HECKOJBKO MOPSAKOB BBILIE SHEPTUHU, U3TyUyaeMON U3 «ropsiuux Toyek». Tak unc-
JIEHHBIE PAcYETHI ISl IBYX MOJIUOJIEHOBBIX MPOBOJIOYEK OICHUBAIOT dHEPTUio PU 13 «ropsdmx Todek» Kak
0,1—0,2 Ik [11]. UcnbiTanus 60j0MeTpa ¢ pa3Hoil TOMMUHON (HOJIBI TIOKA3aIu yCTOHYUBYIO paboTy MpHu-
0opa u Jaiau NOJIE3HbIN ONBIT UIsl COBEPLUICHCTBOBAHMS KOHCTPpYKUMK npubopa. Ha puc. 9 npusenén ¢oro-

CHUMOK PAaCIIOJIOKEHHS 3aKPBITOTO JaTYUKa PSIOM C
BXOJIHBIM OTBEPCTHEM IUATHOCTUYECKOU TPYOHI.

OOcyxaast BO3MOKHOE BIMAHHE MOOOYHBIX 3(dek-
TOB, HCKaKAIOIINX U3MEPEHHUS], OTMETHM ClIeyIOIIee:

— MpUHUMAs BEJIMYMHY MAKCHUMAJIBHOH CKOPOCTH
pasnéTa ropsyeil MIasMbl Vyge ~ 107 cM/c IIpH paccTos-
HUM 10 HUCTOYHMKA 45 cM, MolydaeM BpeMs NponéTa
ia3Mel 10 6osomerpa 4,5 MKC, 4TO CYILIECTBEHHO OOJIb-
11e BpEMEHHOT'0 pa3pelIeHHs Hallero 60IoMeTpa;

— moTeps 3Hepruy 3a cu€t Goroddexra oueHs Ma-
na u coctapisieT ~1%, MOCKOIbKY KBaHTOBBIH BBIXOH, (O-
TORJIEKTPOHOB He mpesbiaeT 0,1 mpu cpeaneil sHepruu
SMHUTHPOBAHHBIX MIEKTpoHOB ~4 3B [13]. Kpome ToOrO,
peructpanums sueprud MPU BOIM3M MakcuMyma IMpoxo-
JSIIEro yepe3 OOJIOMETp TOKa MO3BOJISIET HCIIOIB30BATh
ero coOCTBEHHOE MarHUTHOE TI0JIe JJIsl BO3BPAIICHHS BbI-
JIETEBILIMX SJIEKTPOHOB 0OpaTtHO Ha ¢oibry. JlapmMopos-
CKHH paguyc Uil Haulero ciydas cocraBisgeT ~0,3 Mm,
YTO CYIIECTBEHHO MEHBIIIE JUTHHBI (Posbru 15 Mm;

— BJIMSHHE OTpakeHHsl (OTOHOB OT (OIBIH B
U3MEpseMOM [Hala30HEe TaKKe He3HauuTenbHo. Ha
puc. 10 npuBenén ko3 duiueHT oTpakeHuss GOTOHOB
OT MOBEPXHOCTH QJIIOMHUHUS C AJUHOM BOIHBI MEHBIIE
400 BM;

Puc. 9. ®ortorpadust 6GomoMeTpa ¢ 3aKPHITONW KPHIIIKOH B BaKy-
YMHOI1 kKamepe

3
100 [
0. = 1 1 1 1 1 L 1 i
100 200 300 400
A, HM

Puc. 10. 3aBucumocts Ko3ddurmenta oTpaxkeHus I (B MpoieH-
Tax) OT JUIMHBI BOJIHBI (HM) AJisl yUCTOrO aimoMuuus (1) u amo-
MUHHS C IPUMECHIO IPYTUX SJIEMEHTOB (2)
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— cJeayeT OTMETUTh, YTO JJISl UCKIIIOUCHHS BIMSHUS Ha PETUCTPUPYEMBIN CUTHAT PacCEsHHBIX OT KOHCTPYK-
TUBHBIX 3JIEMEHTOB IKCIIEPUMEHTAIBHOTO CTEH/Ia i CAMOTO OOJIOMETPa PEHTTEHOBCKHUX KBAHTOB CIIEYeT HUCIIONB30-
BaTh Aua(parmpl, KOJUTUMATOPHI U T.II.

BBIBO/IbI

OnucaHbl KOHCTPYKLMSI 0OJOMETpa C BBICOKMM BPEMEHHBIM Ppa3pelICHHEM Ha OCHOBE AJIFOMHUHHEBBIX
(hobr TONMMIMHON 2 U 8§ MKM M CXeMa U3MEPEeHH, KOTOPhIE MOTYT OBITh BOCIIPOHM3BEACHBI 0€3 CYIIECTBEHHBIX
3aTpart, 00ecrneynuB U3MEPEHNE SHEPTUH U3IYUECHHUS B IINPOKOM PEHTI€HOBCKOM JHara3oHe KBaHTOB 110 1 k3B B
MMITYyJIECHBIX TDIa3MEHHBIX JKCIeprMeHTax. BpemenHoe paspemenue mpubdopa 19 m 300 HC COOTBETCTBEHHO
IUISl YKa3aHHBIX TOJIIMH MO3BOJIAET NIPOBECTH M3MEPEHUS A0 MPUIETA MIOTOKOB IUIa3Mbl U MUKPOYACTHI, CIIO-
COOHBIX MCKa3UTh Pe3yIbTaThl H3MEPEHHH.

IIpuBeneHo perieHre ypaBHEHHUS TEIUIONPOBOAHOCTH VISl CTEPKHS OIPaHUYEHHON UTMHBI, HA OCHOBE KOTOPOTO
B 00111eM BHE BbIBECHBI IPOCTHIE COOTHOILCHUS 11 BDEMEHHOT'O pa3perleHus Mprudopa 1 MpeieabHbIX TEIUIOBBIX
Harpy3ok Ha ¢oisry. [lokasaHo, 4yTo BpeMEHHOE pa3pelieHue O00JOMeTpa B HECKOJBbKO pa3 (~06) Jydie, 4eM I1o
OLICHKE TSl MOTyOeCKOHEYHOTO CTEpKHsI. MOIITHOCTD M3TyUeHUsI, KOTOpask He pa3pyiaeT OOJIOMeTp Mpy HEeU3MeH-
HOH TIOJTHOH peTUCTPUPYEMOI SHEPTUH, C YKOPOUCHHEM JTUTEIEHOCTH UMITYJIECa MHOTOKPATHO YBETMUHBACTCS.

Ha reneparope C-300 npoBeneHb! HHTETpalibHbIE U3MepeHus sHeprur MPU B unTepBase sHepruu KBaHTOB
1o 1 k3B ¢ momomipio GomoMeTpa ¢ BpeMEHHBIM pa3pelieHueM. IMHaMUUuecKUid TUamna3oH pPerucTpaiiy mo-
BEPXHOCTHOMH IIOTHOCTH 3Heprum coctaBist 0,04—0,4 JTx/cm?. OcHosHas jgons sueprun MPH, usnydaemoit
X-TIMHYEM, 3aKJII0UeHa B TuamazoHe 10 1 k3B u, ckopee Bcero, nzmydaercst OoJblliee BpeMsl, YeM JUTUTELHOCTD
CYIIECTBOBaHUS «rops4nX Touek» [4]. bomomeTpsl ¢ pa3HOi TOMIUHON (QONBI MOKa3ald YCTOHYMBYIO paboTy B
KOHTPOJIBHBIX Myckax. bomomerp ¢ ¢onbroii pazmepoM 8 MKM B 3KCIIEPUMEHTaX MHOTOKPATHO BBIICPKHBAT
HarpeB U3MepSIEeMbIM H3ITydeHUEM 0e3 N3MEHEHHsI COIIPOTHBIICHUSI.

ABTOpBI BBIpAXKaIOT UCKpPeHHIO OnarogapHocts F0.I'. Kanununy 3a BHUMaHue K paboTe U [IEHHBIEC 3aMe-
ganus, a Takke C.C. AHaHREBY 3a TOMOIITH B paboTe.

Pabora nonnepxana rpantamu PODU Ne 08-02-01102 u Ne 08-02-00993 u rpanTtom [Ipesunenta PO
HII1-6536.2010.2.
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