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B HacTOHneM sunycKe cdopHrata nydjwicyioTCH MaTepH&mi MesoTpacjieBoro Hayiwo-TexHHueckopo ceMM- 
Hapa "MeTOflu HccjieflOsaHMH h nporaoaHpoaaHHfl padoTOcnocodHocTH H3Aejinfl aJieKTpoHHoR h aJieKTpoTex-
HMKH B yCJIOBHHX flJIHTeJIbHOrO B03fl6$iCTBMfl HM3K0HHT6HCHBHbtX H3JiyqeHMfl KOCMMUBCKOrO IlpOCTpaHCTBa

h axoMHux aHepreTHyecKMX ycTaHOBOK1' (r. JIuTKapHHO, 2-3 hk>hh 1992 r.).
B sunycKe npeflCTaBJieHM padovu no ;
MBTOfly n peayjibraTaM nccJiefiOBaHHH patioTOcnocodnocTH aJieKTpoHHOft m 3JieKTpoTexHMKHH b npopecce 

AJiHTejibHoro BoafleflcTBHH HOHH3npyx}inero HsjiyueHHH n conyrcTByronHx aJieKTpmecKHx h KJiZMaTnyecKHx 

$aKTopoB;
atiaxHsy $M3HnecKHX n KOHCTpyKqHOHHhix npMUHH OTKasOB odjiyqeHHbix

MBTOfly np0rH03Hp0B3HHH padOTOCHOCOdHOCTH 3JI6KTp0HH0$t M 3JieKTpOT6XHHKH B yCJIOBHHX

BoafledcTBMfl HK3KonHTeHCHBHoro HOHHSHpyionero HajiyweHHH;

HO BUM $H3H4eCKHM yCTaHOBKOM flJIH MOflB JIHpO BBHHH peajIbHOrO B03fleflCTBMfl HH3KOHHT6HCHBHOrO HOHH— 

anpyiomero Ha^yyeHMH.

jiflHHHR aunycK cdopHHKa noflroTOBJieH b HaywHO-nccJieflOBaTejibCKOM HHCTMTyxe npxdopoB.

PWKUHOHHAH KOJUIEIHfl:

B. A- AHflpees, B.H. Bjioxhh, B.H. BacmibeB, 3.H. Bojioivxmh, B.H. BucKydoe,
C. n. raBpmiHH, A.C. lyceB, B.A. MsaqeHKO (otb. ceitpeTapb), r.$. HomieB,
A. F. KyflHHKHH, A.C. KypranoB, C.H. HosApawes, D.I1. ilonoB, B.H. Ctojuthkh,
B. A. CTbidjiHK, D.$. lyrypoB, A.H. TioTHeB, B.M. y*eroB, B.M. /Jimmob (aaM. 
r.n. peflaKTopa), B.C. SurypoB, B.$. XoxpHKOB, B.M. MepHOB (rvi. peflaKTop)

CjUeHTpajibHuti HayuHO-HCCJieAOBaTejibCKMtt HHCTHryr ynpaaneHHft, okohomhkh h khi|k>pm8hhh, 1992.



I1IIIHIIIIHH
RU9710187

CTATbkl

JSK 537.511+539.166.2

MET OH PACWA BHyrPEHHETO 3JEEKTP OMAIMTHOrO MMOTtCA, 
rEHEPMPyEMOrO B CHCTBME nPH BO^ttEliCTBHW rAMMA-H3mEHira

C.H. OrOPOflHHKOB

PaasHT M6T0K pacneTa BHyTpeHHero aasKipo- 
MarHHTHoro HMnyjiica, reHepnpyeMoro b chctc- 
Me npH BosReficTBim raMMa-najiyHeHHfl, ooho-
BaHHHit Ha C0BM60TH0M PaCCMOTPeHHH CHCT6MH 
yp&BHemtil MaKCBejuia H ypaBHeHHH aBwsemn 
BJieierpoHHofl khhkocth. JLjih munmnpH'iecKoit no- 
jiocth npH BosjteftcTBHH raMna-HanyHemo? Ha ee 
Topnesym noBepXHOcTB ynaaaHH cooTHomeHUH 
HJlfl OCHOBHHX XapaKT6PHCTHK BJieKTPOHHOrO no- 
TOKa H K0MH0H6HIOB reHCPHPyeMOrO HM BJieKT - 
pinecKoro h MaiwrHoro hojih. B Kaseorse hjl- 
jnDCTPanrai paccMorpeH cjiynafl, Korga mneer 
M6CT0 OOTa KOMUOHeHTa OKOPOCTH HOTOKB.

Pac'ieTy napaweTPos (KOMHOHesroB ajieKrpireecKoro h MannrrHoro hojih) BHyTpeHHero BJieKTPoMarHZT- 
Horo HMnyjiica, reaePHPyeMoro b cncTeMe npH BoafleftcTBHH raMMa-H3JiyHeHHH} nocBameno dojitmoe wcjio 
padoT. Hapflfiy c npejyioateHHHM MeioflOM*, mieer mocto mot oh pacneTa, ocnoBaHHHfl Ha cobmbcthom pac- 
CMorperara chct6mh ypaBHemtit MaKcsejua h raraeTireecKoro ypaBHeHHH EojanMBHa. Hpz pememra aajaaHH 
HcnojBayeTCH tboPhh boBMymehh8.PaccMaTpHBaeTCH KBaaMCTaqHOHapHbilt cjiyzalt npn Haunmn cjiadoro caMo- 
corjiacoBaHHH. B pesyjmiaTe Haxojyrrcfl aHajnmreecKHe BHPasceHHH jyw KOMnoneHTOB aJteKTPHiecKoro z 
MairaiTHoro hojih. CgmaKO, kpomb yKaaamnoc nsyx mbtohob, BOBMOxen h APyrofl mbtoh, ocHOBaHHHft Ha 
COBMBCTHOM PaCCMOTPeHHH CHCT6Mi yPaBH6HHfl MaKCBCJUia H ypaBHeHHH HBKXSHHH ajtoKTPOHHOit mUPCBHIEtoMI.

UejiBto HacTOHqeB padoTH HBJiaeTCfl paasHTHe aroro Meiosa paciera BHyTpeHHero ajieicrpoMarHHTHoro 
HMnyjBca, renepHPyeMoro b cHCTeue. B padore nog oHCTeMoit uohzm&btch jieTaTejaHuS annapaT, naaejutfl 
ajieierpoHHoit tbxhhkh paHHoajieKTPoHHofi annapaTyPH, pajmoajieKTpoHHafl annaparypa b hsjiom.

PaccMorPHM aaMKHyTyw hojioctb npoHasojiBHoft fyopm, orpararzennyB BHeumefi z BHyrpea -
Heit Sg HOBePXHOCTHMH. OdlBM M658Ky 3THMH HOBePXHOCTHMH, aaHOJffieHHHfi MBTePHHJlOM, COCTaBJIHeT 
odojioHKy nojiocTH. IlycTB Ha odojiosKy BoaneAcTsyeT Tama-z3Jipieaze. flonycrm, sto sHepras ran- 
Ma-KBaHTOB TaKosa, hto b ochobhom nog hx BoaseficTBHeM reaepapyrnroH komhtohobckhc ajieKTPoHH (stb 
aneprus jmxht b npegejiax or HecKOJUKHX corea KHJioaJieHTpoHBOJiiT ho HeOKOJii>KHX emam Meraajienr - 
POHBOJ1BT). npH 3T0M BHyTPeHHHH HOBePXHOCTB S^ HBJIH6TCH 3MHTTHPyDHe8 H0B6PXH0CTBD. BHyTPH 
hojiocth npeHnojiaraercfl BanyyM. HaKOHeq, nonycTZM, hto BHyTPH ee aJieicrpoHH cgopmpyxyica b hotok.

* B y d e p B.B., MHxaftjtoB M.B. BjtoicrpoMarHHTHHe hojih, BoadyanaeMse b hojiocth 
HPOBOflflyeft odojioHKH hotokom npomaeanneB paHHaura // ET6. 1979. T. 49.Ban. 10. C. 2085-2096.
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H03e3GHHe PeJMTHBHCTCKOrO HeCTaUHOHaDHOrO nOTOKa SJieKTPOHOB OnHCHBaeTCfl CHCTeMOft yPaBHeHHtt
d mV

dt YTf
e
c I (I)

VH=0; '■oM=yj>7+c’m 1 v^= ’

i\ae tf - GKopocTB noTOKa; p - iuiothoctb npocTPaHCTBeHHoro sapflua; tn - wacca noKoa 3J16kt - 

P0Ha; € - ero aapaji, (co geohii 3hhkoi.i) ; C - okopoctb oseTa.
II3 scex KJiaccoB Te'ieHHfl paccMorpm hotokh, rjir kotophx

xot = 0.

B 3tom CJiysae cMCTem ypaBHemtii (I) nepexojun b cHCTBMy

mr(i ~%r)
'Lfi -~r) /z+Ztj>+jf-mcz; VW= mif(i- -pri ) ^+f A;

vZtf + -Jr Jr V A= - kftp i

c dt

lot lot A = -y-y9^------- jr

U)

(3)

9 vy- 1 94T

9t v " c' gP_
r«e W - (iWHKTOta jieScTBKH; V7 - norenmiaji ajieicrpiPiecKoro nojm 6 f<5 = — V "4" aT~)> 
A - BeKTOP-noieHiBiaji MaranTHoro nojm H ( H * XotX) . C ut

i'cnojiBsyfl cooTHomeroifl (2) h (3), npeodpaayeM ypaBHerae (4) k Bimy

(4)

*iot wt U= — y (V*L + y VU)--5-9
c2 dt

(5)

U=-j^(vWr--|-A); L=Vl+ u* .

OcHOBHae xapaKTepHCTHKH noTOKa onpeaejiaiorca coothoiubhhbmh

KoMnoneHTH sjieKT?iTCecKoro h mrHHTHoro nojia HaxojwTca na Bupaxerndt

(6)

(7)
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KOOPflHHaT. Tarae 0TM6THM, hto

a=tt/c
OTMeTMM, HTO yPaBHeHHe (5) HHBaPHaHTHO OTHOCHTeJ1LHO CHCT6M

npH nepexoge or pejiHTHBHCTCKoro U=( l//c) ( 1 UZ/C*) 
cayqam b BHPaxeHHflx(5) - (7) Heodxogmio saMeHHTB L Ha 1 + V

Ms Bcex TeneHHtt, oiracHBaeMHX ypaBHenneM (5), BHgejmM Taraie, gjm kotophx Kpaesne ycJioBMH 
SMHTTHPyKiiaefi noBepxHOCTM S4 (SopMyjiHPyroTcH cxesymmiai otipasoM:

TaHreHiGiajiLHafl KOMnoHenra Beicropa HanpaaeHHOcTH sjieKTPHHecKoro nojw m HopMajiBHaa KowncHeHTa

K HepejlHTMBHCTCKOMy
a L - Ha I

Ha

Beraopa HanPflxeHHOGTM MarHHTHoro hojih paBUHtorcfl Hyjuo;
KOMHOHeHTH B6KT0P0B HaHPflXeHHOCTH SJieKTPHHeCKOrO H MarHHTHOrO nOJLH B HaaajlBHHii M0M6HT BPe- 

M6HM b odmeM cjiynae otjihhhh or Hyjm.
rpaHHHHHe ycjioBHfl Ha smhtTHPyoneii noBepxHocra gjin hjiothocth npooTPaHCTBeHHoro sapaga is kom - 

noneHTOB seKTopa hjiothocth tokh komhtohobckhx SJieKTpoHOB onpeseJiHKiTCB iiapaMeTpaMM noTOKa raMMa-
HSJiyHeHHH.

BsegeM s paccMorpeHHe npoMSBOjiBHyc KPHBOJiHHeitayio oPToroHajiBHyio CKCTewy kooPhkh8t ^

>h%df + h‘sdl%
jumefiHHM sJieneHT npocTDancTBa b kotoPoS d, S, = h*df+

^ , rye ht , , hj - MeTPiisecKire KosgMweHTU. CoBuecim nosepxHOCTB
Si c noBepxHOCTBio 0 , a SMMTTHPyioinyio nosepxHOCTB - c noBepxHocTBio £ = = const,
IlycTB noTOK raMMa-HanyHeHHfl pacnpocTPaHHeTca b HanpaBJieHHH och 0 £ .JCBaHTH raMMa-issjiyneHHa non 
HPoxoamerara odojioHKH reHePHPyor BHyrPH ee komtit oHOBCKne sjieKTpoHH. B paccMaTPHBaeMOM gnanasoHe 
SHepntii KB3HT0B raMMa—HSJjyHeHHH SJieKTPOHH aTOMOB B OdOJIOHKe MOStHO CHHTaTB CBOdOgHHMH. npeUCTaBHM 
SHepreTHHecKHfi cneierp raMMa-HSJiyneHHfl b BHge Pfiga HHTepsajiOB, b npegejiax Kasgoro ms kotophx hot ok 
raMMa-HsjiyHemm npegnojiaraeTcs MOHOXPotm'iraeciam. npii sthx gonygeHHHX onpegeJiHM hjiothoctb npocT - 
PaHCTBeHHoro sapaga h hjiothoctb tokh f K komhtohobckhx 3J16Ktpohob Ha sMUTTupyiomeii
nosepxHOCTH.

fljis hjiothocth npocTpaHCTBeHHoro sap ana HMeew

ffchl-rfi i-h.sz,(»b); t,(«<.,)= J.f/z + i(z+i)cL, +

+ [l-Z6(l + 6)] ln<Ll- i = ie/6^ ; <SC= me1;

£ y - sneprHfl raMMa-KBanra; " hjiothoctb hotokh raMMa-HSJiyHeHHa Ha nosepxHOCTH 5 % b
M0M6HT BP6M6HH \. \ £> - KHH6THHeCKafl SHePrHfl- KOMHTOHOBCKOrO 3JI6KTP0Ha; I - CPegHHfi HOHH -
saijHOHHHii noTeHHHaji aTOMa Maiepnajia odojioaxH; - ero aTOMHHfl homsP; <jC - TOJinjHHa odojioHKH.

Ko3$$HHHeHT norjiouieHHfl raMMa-HSJiyHeHHfl onpegejmeTCfl khk

I<*= M„dK ; dK=
{_

Z J

me Jxl go - hhcjio 3JieKTP0H0B b eHHHHHe odteua MaTepnajia odojioHKH; Ok - nojmoe ceierae komhto- 
HoacKoro pacceHHHfl raMMa-HajiyHeHHH.

IlycTB B6KTOP CKOPOCTH KOMHTOHOBCKHX 3JI6KTP0H0B HM66T OgHy KOMHOHeHTy, HaHPaBJieHHyiO BgOJIB
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och 0^ . Torjta b6ktop iuiothocth TOKa meeT Tarace ojmy KoimoHeHTy, HanpaaneHHyD bhojil och 0^ . 
npH 3T0M A7LH Hee HM66M

<f«A = e •

^ ; 6,(6)A(1- jh) - T,(J7g)]:
^36 4# , 8*36

ae‘ +(1-aeT 1-JDse£
62 (<5) -fi (6)/^ (^) - “

+ <SEn-^ + gtn |+1^; X—t(4f*-9t+£); V-2«4;

i'X 1-Voi

4-

r-4  ̂ 6- 5iS‘6#"'

D

D-,.26; *-(•£*)

£>U>

'A

(9)

^ - nOJlHHM KBaHTOBHft BUXOfl KOMTITOHOBCKHX 3J16KTP0H0B (HHCJIO KOMITOHOBCKHX SJtoKTPOHOB, IiPHXOflfl-
yeecfl Ha oflHH raMMa-KBanr).

PaCCMOTPHT/i IIOTOKH 3JI6KTP0H0B B CHCTeMe KOOPHHHaT

Jt
X

^ = 2; 1=1 ; ~Zf = 9 'iZ=x*+y*; 9=<vuibft

fiR KOTOPOit HI - - 1 * Kj = 1 .
II3 scex TeneHHii, onacHBaeMHX b BUPaxemiH (5), BtmejiHM Taraie, jsjis kotoPhx i1 0 \

Ux = Ua ¥= 0 j Ug - 0 *, 9/90 = 0 . B 3tom cjiynae H3 ypaBHSHKH (5) nojiynaeM cJieflymuHe cbb 
cKajisPHHX ypaBHemifl jw onpeflejieHHfl Ut , (ypaBHeram Ha S’ - h 1 - HanpaBJierais, ypas -
HeHne Ha 9 - HanpaBJiemie ynoBJieTBopneTCfl aBTOMaTinecKH):

1 ^ 9z
au<
d%

= -U,«7S,-‘
i a

zc at L 92
tu-

_L 9^. 

c2 yp

1 9
ZC 9t

PW» $ =
2i w4(u'2+^

•kW+^) c2 at2 (II)

o/=(l+uf + U*)'</2,

li

ic dt
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JLnfl ochobhhx xapaKrepHCTHK a KoimoHeHTOB aaempinecKoro a MarHHTHOro nojis as Bupaxenaii (6), 
(7) HM66M

Uz = CU,«r; I^-C11K; lZ,-0; ;

g

«. me6^™r

mc2[ uf d

6«-°-
dt

SMaTTapyuyHMa noBepxHOCTflua hbjwdtcb imockocth 2 — GOriot 
PaccMOTPaii TeqeHHH, Korsa Ut = U¥* 0 ; = 0.
B 3tom cjiyaae ypasHenae (II) nepexosar b

di

d\J + 1 u au
az c at = o

im

(13)

(14)

BmeJira hotokb, jyiH Koropux U= U ( 2 , "fc ) . TorRa ypaBHeaae (14) yjnoBJieTBopaeTcfl aBTOi.iaTH - 
aecKH. ypaBHenae (10) npaHanaer bur

r»e

u f i ay
Vi+u2’ az c at

v “ I+il" 

vi+u*' az c at

(15)

(16)

IIpoBefleM pemeHae ypaBHenafl (15),(16) anesynmaM odpasoivr. , ,
Taa KaK V^= V (V, Z , i ) , to b yPasHeHaa (15) cbmbojm B/Bz % 3/9*6 oanasaBT

B3HTB6 HOJ1HHX nPOB3BORHHX OT ^ TO E H t C00TB6TCTBeHH0. yHHTHBafl 3TO OtiCTOHTejlBGTBO a 
acnomaya Bupaxenae (16), nPeodpaayeM ypaBHenae (15) k aany

av

az
!
c (17)

rae CBMBOJM
d/du, d/di , 9/3 £

oaHasaBi yxe Baarae rbcthhx npoasBORHux ot V no U ,

7



■fc cooTBeTCTBeHHO. Otiiqee peiiienne ypaBHeHHfl (17) HMeeT bhh

a, Vi h-u2 -Vz ; u - Yet (18)

we - iipoiiSBCJiBHafl iiiynKUM cBOHX apryMeHTOB (apryMeHTir ^yratioioHajiBHO HesaBHcmm).
OnpenejiBB V ms ^ynKiuioHajiiHoro ypaBHemra 0 h noacTBBJMa ee b Bupaxcemie (16),

riaxoflHM odmee pemerae stopo Bupamema b suae (V) , ) , we - nponsBOJiBHafl
(pyHKiwH GBOiix apryMeHTOB (iJyHKBjioHajiiHO HesaBHCHMHe HacTHwe pemeHHfl Bupasce -
hub (16) ). Paspemas ^ymtuHOHajiBHoe ypasHeirae 522 = 0 othocht6jibho U , nojiynaeM HHrer- 
pajiBHyn noaepxaocTB ypaBHemtii (15), (16). JUa OKOHHaTe JiBHoro pemeHHH Harnett saaaHH. Heotixoamo 
ydeanTBcs b tom, npoxoain jih 3Ta noBepxHOCTB nepes Kpraya t b npocTpancTBe ( U , Z , t ), 
onpeaejifleMyra -'pamiHHHMH ycjiobhhmh (8), (9) (sana^a Komh). Ecjih nojiyfleHHafl HHTerpajiBHafl noaepx - 
hoctb yaoBJieTBopfleT ycJioBHHM saga an Koiuh, to ona flBjmeTCfl hckomo0. B stom cJiynae, noacTaBJiflfl bh- 
pasceHHe .hjia U( 2 , £ ) b ypaBHemiH (12), (13), Haxoflm cooTHomemiH juib ochobhhx xapaKTepacTHK 
noTOKa Koi.nioHeHTOB 3JiexTpiraecKoro h MarmiTHoro nojifl. Ecjih xe nojiyneHHafl HHTerpajiBHafl nosepx - 
hoctb He yflOBJieTBopaeT ycJioBHAM aasann Koiirn, to PemeHHfl Harnett aaaann He cymecTByei.

CjieayeT saweTHTB, hto jyis paccrnTPHsaeMux TeaeHHfl Marrorrmie nojw, renepHPyeMue tokom cMeme- 
HHfl K TOKOM npOBO.UHMOCTH, flBJIHIOTCH PaBHHMH HO BejlHHHHe, HO HPOTHBOnOJlOKHHM!: UO Ha-ipaBJieHHIO.

Pji iiOOBejieHini pacneTOE b cooTxomemiflx (8), (9) socTaTOHHO sacTo HcnojiBayeTca He hjiothoctb
a . 5jlh MbHoxpoMaTHHecKoro noTOKa raima-H3 -noTOKa -ry6 

jiynemifl Hweei.i
a MOIUHOCTB 3KCH03HUHOHH011 H03H

pr=
fit Net %to

0,116,

6

776 (19)

We
(l-26-62)4+(^»i-i)^+(i-26-36z)tn<Z5- f-,

- HHCJIO 3J16KTPOHOB B ejIHHHHe OdteMa B03flyX3 HPH HOPMaJIBHHX yCJlOBHflX (K03@HUHeHT nOWOIHe- 
hhh raMtm-H3JiyHeHHs b B03,nyxe npeanojiaraeTCH paBHHM Hyjno).

G apyroii ctopohh

pi " pr

we ry m I.BKCHMajlBHafl MOIUHOCTB SKCHOSimHOHHOM K03HI qpyHKmifl tr M
rryjiBca raMMa-i;BJiynemia k mo.tot 6htb annpoKcmvMPOBaHa, Hanpmiep, BupaxemieM

/r(t)= Cti[exp(-cit)-exp(-c3t)] ,

(20)

onpeaeJweT $opMy hm-

(21)

We C, , C 2 , Cj, - K03#HweHTH araipoKCHMaiora. CooTHomeHHfl (20), (21) hosbojutot onpene- 
ju-itb ii3 BupaKeiiiiH (IS) Bcjuramy Yy0 ■ _

Jljifl HJunocTPauMH paccMOTPHM H3 ypaBHeHHfl (18) KJiacc TeneHHtt, Korjia ac, = U — YC t . Ms 
yyHKmioHajiBnoro ypasncHHA = 0 Haxojnir.i, hto Y = U/ct . IIoncTaBJiflfl sto Bupaxemie jyifl Y 

b ypaBHenne (I6),iiojiyflaeM

u 9u_ + j_ 3u _ _u 

VTTiF 92 c 91 ct
(22)
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XapaxTePHCTinecKHe ypaBHemro jua Bupaacemm (22) hmcdt aim

^ *u dZ = cdt = -yy-du = dS4 , 
U U 4 ’

(23)

r«e 5^ - napaMeTP.
Ma BHPaxeifflfl (23) caesywr RBa tocthux peraeram ypasHemiH (22)

% = Vl + u4'- i/z/ct = C, ; % = u/ct = c$, (24)

rjte Cy , Cy - nP0H3BOZLE,HUe nOCTOflHHHe. 
Odmee pemeroie ypaBHeiaw (22) meer bus

-^2 ™ , ) (25)

JUlfl HaX02HK6HKH yPaBH6HM KPHBOfl t , H6P63 KOTOPyiD SOJ1KH3 nPOXOflHTB HCK0M3H HHTSTPaJ1BH3H 
noBepxHocTB, BOcnoJiBsyeMCH cooTHomeHJWMH (8), (9), nepsuM h iihthm hs BHPaateHHH (12). B pesyjiBTa- 
Te nojiynaeM ypaaneinie kphboB b napaMeTpireecxoM BHjte

2=d; i = t, ; (26)

rse tt - napaMetp.
HcKjmmfl jE , i , U H3 sHpaaerafi (24), (26), nojiynaeM cooTHomexHe wexmy fCg

CH + C5d-Wt(W* - ^2) ^ = 0.

CsesoBaTejiBHo, corjiacHO ypasaemm (25) mieeM

ffi,(C,.C,)=C, + C,d-Wl(<-Vl)',A

npu TaxoM suite 5?^ ^ysxmossuihKoe ypasseme 52^” 0 nPHmmaeT bhs

Vi +• u1 - u (z - d)/ct - Wt(wf-1jl) i^z = o
Paapemaa ypaBHemie (27) oraocHrejiLHo U , nojiyaaeM

(27)

ulz.t)-
[ri'-lz-dfllw,

(28)

rue Z& d ? t T' to .
CooTHomeHHe (28) onpesejmeT am hckomoA HHTerpajiBHoit nosepraocra. Tax xax $yHKUKdH£UiBHuil on- 

peseMTeJiB 5 ^ 0, to mrerpasBaaa nosepxHOCTB (28) HBjmeTCfl ejwHCTBeHHofi.
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OnpesejuiM Bejurnmy "bg . JUih Haxoswemw ee ncnojiBsyeM cjiefiyomHe cooTHomemiH: (8), imroe 
H3 (12), (19), (20), (27), Torfla

tZ
0

%1

me

a
0,Wc(W,l-yl)Vl

(29)

<Z - njiHTejiBHocTB HMnyjiBca raMMa-HBJiynemifl.
noacTBBJiflH BHpaseHHe fljia U no ypasHemm (28) b yPaBHemie (13), noJiynaeM hckomhb cootho- 

uieHJifl hjih KOMnoHeHTob oaempmecKoro n MarmiTHoro hojih, renepnpyeMux rame-ManynemieM,

6Z
2

me
e

{(Z -ot)Wt +[(z-d)a(W1-^)

[<?t‘-(z-d)*]( wt‘-y*)‘A
+ C‘

; 62=0, Hg=0. (so)

PemeHHe sanaHH Koira jw cjiynan, Korfia npn aanamra kphboM v yHHTUBaeTCfl to oticTOHTejiBCT- 
bo, Tro na oMUTTHpyromefi noBepxHOCTH $yHKmtH U nPHHHMaeT OTjnnraoe ot nocTOHHHoit Bejnranm aaa- 
noHne, a sasnaur ot Bpewern (ho npoBO,hutch ycpefluemie no HMnyjiBcy raMMa-H3JiyneHHfl), ocymecTBJineT- 
o;i odpaaoM.

aJlh HJumcTPaum; npiiBeneM npmep hucjighhofo pacneia. HycTB MOHOxpoMaTHHeoKHit hotok raMMa-H3 - 
JiyneHHH c sHeprzeii raMMa—kb3Htob 6 y =1 MaB najtaeT Ha avnoMrameByB odojionKy. Jjih yam oft anep - 
ran mb BupaMteHM^i (6), (9) HaxoflHM Wj =1,76*10-2, U, =1,22* I0~2. HycTB TOJiimraa o6ojiohkh ot = 
=0,5 cm. Torya Q,1 =4,08*I0~7 c^. ))onycTHM, hto /j* ("t) ™eeT bhh cooTHomeHHS (21). IIojiaraeM
Cj_ =I,2Ic-I C^=2,55* 10^ c_I, Cj =5,58*IC)3 c~*. B btom cJiynae npn junrrejiBHocTH mmyjiBca raMMa- 
HajiyHCHHH <Z =50 hc riojiynaeM Jy =0,46. HycTB =I010 P/c. Toma corjiacHO Bupantemro (29)
HaXOHHM, hto t0 =9,4 lie.

Be-arama KomoHeHTH sjieKTpir-jecKoro nojia na oMHTTnpyraueii noBepxHocra corjiacHO BHpaxeHiro (30) 
HMeeT bhh = MIC^/s i.0 (Wf- . IIoHCTaBJifls b 3to BHPaxemie HHCJieHHHe sHaneHM bxo-
flnaax 3 Hero Bejurom, Kaxonravi, hto ££/$% = -1,76 kB/cm. IJojiyneHHHii jyu? <5^./ peayjiBTaT
HaXOHMTCfl B yjIQBJieTBOPHT6J1BHOM COrjiaCHH C M3B6CTHHMM HSHHHMH.

Abtop npHSHaieneH Ppmomy C.B. sa npeHCTaBJiemie oth6Jibhhx pesymraTOB cbohx hocjienoBamift,ko- 
Topue dujffl zcnojiBsoBamj npn BHBone cooTHOuieHHft HacToamefi ciaTBU.

Cthtbh nocTynHJia b peflarayro 30 anpeaa 1992 r.
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7HK 621.384:621.382.049:539.12.043 RU9710188

KOHBEPTEP JULH FEHEPAI# MMlTZbCHOTO TOPMOSHOTO M3JIHEHMH HA. BASE 
JMHEHHarO yCKOPMTpfl 3JIEKTP0H0B 3JI7-4 H PESyjILTATH OEUTHEHHH EmQEHPHHX HHTErPAJTbHHX CXEM

®.n. KoPmyHOB, A.H. JIasaPB, H.H. IYPhhobhh ' ,

npHBe^eHO omcame h napawerpH cosjjbh - 
Horo Ha dase jmaeiiHoro ycKOPHTeJW ajieKTPo- 
hob 317-4 KOHBepTepa, nosBOJimomero noJtyHHTB 
MOIUHHfi HOT OK HMUyjIBCHOrO TOPMOSHOPO H3jqTOe- 
HHfl juih pajmaiiHOHHUX HCCJiejjOBaHitit. HpoBejte- 
ho HccsefloBaHHe jjerpajjamm cTaTmecKHx na- 
paMerpoB timioMPHUx hhterpa jibhhx mhkPo- 
cxeM AA-3 cePHH K555 b aaBHCHMOcra ot moiu- 
hocth jtosu HSJiyHeraifl.

ZcTaHOBKa julh reHepaigra HMnyjiBCHoro topmoshopo nsjiyBeimfl oosjjaaa aa daae juraeteoro ycKopn - 
TeJifl 3JI6KTP0H0B 3J[y-4, npejmasHaaeHHoro juih npHMeneHHfl b pajmanaoHHO-TexHOJiorineckhx npoueccax c 
HCIIOJ1B30BaHHBM yCKOPeHHHX BJieKTPOHOB. PafiOTa yCKOPHTejIH OCHOBaHa Ha IJPHHmme PeSOHBHCHOrO B33HM0- 
jjeficTBHB ajieKTPOHOB c nojieM deiyyeil ajiBKipoMarraiTHofi bojihh CBH-jmanaaoHa. Hctohhhkom CBH-KOJieda- 
HH0 CJiyXHT MOnpHfi MHPH6TPOH MI-320, KOTOPHfi MOJiyjIHPyeTCH BHCOKOBOJIBTHHMH HMiyjIBCaMH, BHPadBTU . 
BaeMHMH JLHHefiHHM MOJjyJIHTOPOM. HHX6KHHH 3JI6KTP0H0B B yCKOPHDquft BOJIHOBOH OCyilieCTBJLHeTCH 3JI6KTP0H-
Hofi nyiHKoR nojt BoajteKcTBHeM bhcokobojibthhx irony jib cob, nocTynaKnqHX ot MojjyjiHTopa. 7okoph -
TejIB 3JDT-4 HM66T CJiejjyXXUHe OCHOBHHe TeXHHHeCKHe XaPaKT ePHCTHKH:

JtnanaaoH peryjinpoBaHHH BHeprmi................................................................................................  3-5 f.feB
JUmrejiBHOCTB HMnyjiBca tokh.......................................................................................................................... 5 mkc

HMnyjIBCHHfl TOK........................................................................................................................................................ I A
HacTOTa cJiejjOBamiH mmyjiBcoB tokh......................................................................................................... 200 ttj
InaMeip uyHKa .................................................................................................................................................. 5-10 mm

HeMOHOSHepreTZHHOcTB uymca ........................................................................................................................ 5-10 %
PacxojmMOCTB BHyrPeHHero nyaxa................................................... ............................................  0,2-0,3 rpajj.
Mmtpo3BM JQ3K-2 ynpaBJineT ycKopureJieM Ha Bcex sianax ero padOTii: ocymecTBJweT sanycK, hhct - 

Poihty Ha sajjaHHHA pexmi, odJiyaeime MHuieneii, npoBojorr nBMepenne 3Hepnra BHyrpeHHero nynca ycKOPK- 
TejiH, nojiHoro TOKa rynca bjibictPohob h ero hht6hchbhocth b Mecre odjiynemM MraiieHH (bosmojkho nojj- 
iwmeHHe jjo 30 hctohhhkob cHPHajia).

Ha Buxojje ycKopmoneft ceraora 317-4 ycraHOBJieH hoboPothh# mbphht chct6MH TpancnoprapoBKH nya- 
Ka, BHnojiHHramiH ojmoBpeMeHHO $yHKHHB MaPHHTHOPO cneKTPoMeTpa. KajmdpoBKa Marrarra no 3Heprmi npo- 
Bojouact nyreM HSMepeHUH SKCTpanojmpoBaHHHx npoderoB bjibhtpohob b MHorocnotaoM MejtHOM norJioTHre- 
Jie [i ] cyMMapHofl tojuhhho2 4,14 p/cm^. Oh npejicTaBJiaji codoit Hadop H3 25 iuihcthh jotaMeiPoM 90m 
h TOjmtHHofi 0,117 p/cm2, pacnanoseHHHX b saKyyMe Ha paccTonmoi I m jjpyr ot jjpyra. IIocJiejLHHif 
ruiacTHHa tojuilhhoM 1,34 r/c&f npenHasHanajiacB juih nojmoro cdopa npomejurax bjibictPohob. Ejiok pejie 
I103B0J1HJI KOMMyTHPOBaTB IUiaCTHHH HB HHTerpaTOP TOKa, BHJjaBUHfl CHPHaJI, nPOnOPEJIOHajIBHHii HHCJiy
ajieKTPOHOB, nopjiomeHHHX b sajjaHHofi njiacTHHe. Ha PMC. I noKaaaua THrarroas Kpraan norjiomeHHH,ncuiy- 
HeHHafl TaKHM M6T0JJ0M.

KaK bhjjho n3 PHcymca, noojie HanajiBHOfl BirayKnofl tocth jqjeT jjobojibho junocmfi npHMOjmHe&ntfi 
yaacTOK, saKaammampaoH aHa'orrejiBHHM cimjjOM. Handojiee xapaKTepnoK ocodeHHocTBo paocMaTPHBaeMoii 
HPmofi HBJiHeTCH Toma udpeceseHHH upojjojateHHH JMHefcjoro ynaoTKa c ocbb adcmtcc (eKCTpanojiHPoBaH- 
mdt npoder). IIojiyHeHHHft thkhm odpaaoM sKCTpanojrapoBaHHHfi npoder h HcnojaaoBajicfl npa KajindpoBKe 
no BHePTHH uaPHHTHoro cneicrpoMeTpa (,H3MepeHHiiit c paspemeHHeM 1,5 % THnmHHfi BHepreTinecKirii
cnerap ycKopeHHHX 3ji6ktpohob BHyipennero njrnca ycKopmejiH cm. phc. I, kPhshh 2).

II



Phc. I. KPhbzu? nonnomemw nyrta asempoHOB 
o aHepraea E =3,79 MaB b MHorocJtoflHOM 
MeflHOM norjtoTirrejie (ejunome aKCTpanojmpo- 
BaHHoro npodera Rp cooTBeTCTBy—
eT 0,117 r/cM2) (I) h TmnPiHHtt aHepmireec- 
khS onerap BHyrpegHero nyqga ycKopme- 
jm 3JDT-4 (2)

KoHseprep jyw upeodpasoBaHHB aaeprm nyHKa nacTHu b aHeprro topmobhhx raMi/ia—kb3htob paawe - 
i^aeicfl cpaay aa buxoahhm okhom ycKopnrejis coocho o ycKoPHnmeft ceramefl. B KasecTse Mgmerai jvw 
reHepaiora Hanynemw HcnojaayeToa Bomi$paMOBult ruck Tojmoraoft I m (0,3 paRHanjiOHHoft Rjnom). &hck 
pacnojiaraeTCH b cneimajiRHO0 KacceTe, oxJiaanaeTCH nporosHoit Bojtofl g nocpeRCTBOM cnemtaJitHoro npg- 
aofla iiphborhtcs bo Bpayemie c aajiaHHofl chopoctbk. nocKomny jpnraa nojmoro npotiera ajaeicrpoHOB c 
anepraeii 3-5 'AaB npeanmaeT TOJiugmy RHcKa, rjih ohhctkh hojib toPmobhoto HajiyneHim ot aRerarpoHOB 
nonojn>30BajiMCB saa hogtoahhux Manana, otiecneHraaraunx b aaaope HanpHxeHHocTL ManniTHoro no- 
jih 0,065.Tji. HSMepeHHfl moiuhocth aKcnoaraoioHHoit ro3h R. b aoan Dy ToPMoanoro gajQme.- 
hhh b KasecTae HOHHaagKOHHoa KaMepu HcnojiBSOB&ncfl oser’nnc CPM-I9. K&znrdpoBKa KainepH b Peeme no- 
cTOBHHoro TOKa npoBojauiacL c noMomtio HaMepmejm floau HHM-4.

lAaKCHMajiBHan moiuhoctb aKcnoamtHOHHOfl ro3h, nojiyneHHafl na aaHHoii ycianoBKe^ 400 kP/c b HMnyjiB— 
ce aa paccTOHHHH 0,5 m. Hgorhoporhoctb nojifl HsayHeima b TejiecnoM yrjie c pacrpoM 10 rpanyooB otho- 
cirrejiBHo ocn nynica ne npeaHuiaeT 30 %. PadoTa HSMepirremHoro TPaitra ocymecTBJifleTca nog ynpaBJiemieM 
mhkpoSBM JtBK-2.

Phc. 2. HaMeueHM HxogHoro tokb raaKoro 
ypoBHg . lit HC HA-3K555 npg Py = 
=57 kP/o VI) h Py =380 kt/o (2) otho- 
CHTejiBHO HcxojtHux aHanemdt 0,188 g 
0,184 Mft. COOTBeTCTBCHHO pm napraft I h II; 
3 - aHepreTireecKHfi cneKTP HHTeHCHB- 
HOCTH TOPMOSHOrO H3JiyH6HHfl aJtoKTPOHOB
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Ha pzc. 2 QPZB6A6H HopMZPoaaHHHB Ha enzHzny pacneTHHft aHepreTHzecKzft cnercrp HHTeHCHBHOCTH 
TopMDSHoro zanyHenza ajieirrpoHOB c snepraefi 3,5 MaB rjib Bom^paMosoft MmneHH tomkhoB 1,93 r/cM^. 
PaczeT npoBOflHJicfl corjiacHO padoTe [ 2"] no $opMyne

d1]

o/Kde
^S(K,E)eoep(-//t){[&i(l+

a /
X

x ZX
gi*

i+U/
1

i%e u D/CtK Civ - jm$$epeHnHaJDE>Hafl zht6Hczbhoctb zamynezza aa bjichtPoh; M - hzcjio aio - 
mob MmneHH b enzzzqe odtewa; K - anepraa $oroHa; CL - napaMeip, aaBHcaniHfi ot Marepzajia Mzme- 
hh; JO - iuiothoctb MmneHH; S - jtn$$epeHmiajiBHoe ceneHze zcnycKaHza $oTom c anepraefi K ;
E - nojmafl aHeprza nanawnero aaerapona; jU{iC) - mbocobhB Koa#znzezr normomeaza; t - toji- 
npma MzmeHz; t ( K ) - a#eKTZBzaa Tommma MmneHH; uf - napaMerp, nponopnKOHajn>Hnft yrny pe-
rncTPanHH othochtcjibho HanpaaneHHfl nysKa; D- napaMerp, saBHCflinna or MaTepzajia MmneHH; 9 
TejiecHaB yroji.

norpenmocTB nazHoro BHPaxeHza b sameM cjiynae ne npesumaeT 5 %. Qpn ero BHBone yHHTHBaJiacB 
nponeccH MHoroKPaTHoro pacceaHza bjibictpohob, hotsph aHePrzz axempoHOB b MmneHH, caMonoraomeHna 
ToPMoaHoro HanyneHHs.

Onncwaemti KOHseprep 6tui npmtemn npz zccjienoBaHHH Bwnmsi moubocth rose zMnynBCHoro top- 
mo anoro H3JQPI6HKH H3 CTaTHHeCKHe XapaKTePHCTHKH dHHOJIflPHOB HC JIA.—3 cepra K555. 3tO muJPOBaflMHH- 
POCXeMa TPaH3HCTOPHO-TPaH3HOTOPHOfl JIOPHKH 0 HHOflaMH GIothm (TTJHH). Qaa COnePXHT nerape OHHOTHn- 
hhx 3JieM6HTa 2H-HE c nsyw BxonaMH h obhzm BHXonoM. HsMepaJiHCB axonmie tokh HHSKoro h bhcokopo 
ypoBHeB, tokh noTPedJieHHH h BHxoflHue HanpflseHHa morznecraix HyxH z ejyimmt. HaMepezza napaMeTPOB 
npoBojcoHCB no MeTOfly 500-1 OCT II 073.013-83 cornacao TOOT 18683.1-83 (paaneniH 1-5) b pezzMax 
z ycnoBzax, yKaaaHHux b Ty HcnojiHeHza (348.289-OITy). B oocTas H3Mepirreju>Horo cTenya Bxonmia 
mhxpoSBM 5BK-3M, zto noaBOJifljio cynecTBeHHo ycKOpzTB nponecc nPoBenezza H3MepeHHB z yMeKbnmri 
cTaTHOTHsecKHfi pasdpoc nozynaeMHX peayzBTaTOB.

Odnyzeaze mkhPooxcm raMMa-KsaHraMZ b nzanasoHe anepraeft 0,1-3,5 MaB no nos 11,2 nPoso - 
flHJiocB nPH nsyx moiiihocthx aKcnoaznzoHHofl noan - 57 kP/c (napTHfl I) z 380 kP/c (naPTza n)(cM.pzc^ 
IlaPTHH I H II COCTOHJm H3 BOCBMH MHKP0CX6M C 6JIH3KHMH HCXOSHHMH 3HazeHHflI»IZ H3MePfleMHX HaPaMBT - 
Pob. C nejiBKi yMeHBmeHza cTaTzcmeoKoro paadpooa nomyneHHHe peaymTara ycpenzajmcB no Kaznotl 
oepzH. MaMepeHHH npoBOflZJizcB nPz bocbmz aKcnoszqzoHHHx nosax: I naPTza - 1,25; 4,25; 7,5; 10;
14; 18; 22,' 26 enzHzq; II,naprza - T; 4; 7; 10; 14; 18; 22; 26 enzazq (aneoB z naaee enzHzne 
cooTBeTCTByei aKcnoaznzoHHaa noaa 430 kP). PacneTHaa neonaoponHOCTB nona zanyzeHza b MecTonojio- 
zeHHH odJiyzaeMux MHKPocxeM oocTaBJiana 6 %.

B odozx cnyaaax HadjiKpaeTca yMeKBrnenze tokh,. hto odycnoBxezo nerpananzeB napaiiBTPOB bhco- 
KooMHoro pesHCTopa z nnonos IDotkh, GToanczx no Bxony MZKPooxeMH. Burro, vro b nzanasoHe meubdc 
aKcnoaznzoHHHX noa (no 2,5 mIP) HaxoiueHze HeodpaTHMHx panzannoHHHX nefeKTOB npozcxonzr a$$eKTHB- 
Hee nPz dojamefl HHTeHCHBHocTZ zsnyzeHza. Quhsko c poctom noss ozryanza MeHaeroa, z npz 11,2 if 
H3M6H6HHH TOK8 COCTaBJIHBT H Z 7 % (naPTZH I H II 000TBeT0TB6HH0) • BXQHHOfi TOK BHCOKOPO yPOBHH, 
odyonoBJieHHHfi tokbmz yrenzz axonHofl nacTH cxeMH.ne zaMenanca b npenenax tozhoctz zaMepenzil.

Ha pzo. 3 npzBeneHH Rassse no nerpananzz tokob norpednenza Hzaitoro I pp z bhcoko - 
ro I$s yPoBHefl HC. HananBHue azanezza I pp =2,970 uk z I pp =2,859 Mft; 15$ *
=0,900 mA z I ss =0,874 mk jyia naprzft IiQ cooTBeTCTBeHHo. HadamaeToa mohotohho6 yMezbme- 
Hze tokob norpedJieHHH HC, npzneM zx neipananza npozcxonzr dacipee npz Py =57 kP/c. 3th zawe- 
HeHza odycnoBseHH oHzzeazeM Koa#znzeHra ycznenza no roxy TPaHazcTOPoa MKKPooxeMH. HsMeaeaza 
BzxoHHoro HanpazeHza xorznecxoro zyna z enzHznu HC npencTaanemi Ha pzo. 4.
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&X-, OTH.ed.
0 8 16 2A

Phc. 3. MsMeneHiifl tokob 
HHSKOrO 6 1 pp ( —

noTPedJiemifl
— — ) H
— ) ypoBHeK MC:
p*, =380 kP/c

HanajiBKHe SHanemia Ugt =0,339 B h UqI =0,343 B; =3,239 B h 1/qK =
=3,238 B jum naPTHit I k II cootb@tctb6HHO> Bo Been RuanasoHe 303 npn bhcokoH hhtbhchbhocth Hadmo- 
BaeTca cymecTBeHHO MeHtoiaa ckopoctb fierpanaiom napaueTpoB: ysem^emiB Uol H yMemme-
HHfl U0H • Hadjinuaet/He HSMeHeraifl Tarare odycjioBJieHH omotemieM K03$$nuKeHTa ycHJieram no TOKy 
TPaH3HCT0P0B MHKP0CX6MH.

Ana juts nojiysennux peayjiBTaTos yitasHBaeT Ha to, hto ochobhoH npiramofi Rerpanamra cTaTnaecraoc 
riapaMeTPoB nccRejiyeinoi; MG jranseTCfl yweaBmemie BPewemi Miami h6oohobhhx Hocmejiefi aaPHRa, BHSHBao- 
iuee yiviemuieHHe KoadcpumieHTa ycHRemifl TPansHCTopoB no TOKy [3, 4]. Tojibko bxorhoB tok hhskopo 
yPOBHfl, BCJ16RCTBH6 dOJIBIBOrO COHPOTHBJ18HI1H BXORHOrO Pe3HCT0Pa, 0K33HBaeTCfl HyBCTBHTeJlBHHM K yB6M- 
nemoo ynejiLHoro conpoTHBJieHHfl Maiepnajia. B uejioM xaparaep HSMeHeram 3HaHemri$ napaweTPoB MG c poc- 
TOM R03H odJiyneHHH CBMRexeRBCTByeT 0 dOJILmeft 3$$eKTHBHOCTH BB8R6HM PajmanHOHHHX Re$eKTOB npn 
yMeHBiueHHH iuiothocth noTOKa raMMa-KsaHTOB. MasecTHue MORejin, odMonaratze aaBHCHMOCTt a$$eKTHBHOc- 
th odpaaoBannH Re^eraoB b KPeMrom ot hht6hchbhocth odjiynemw, cboratch, b ochobhom, k Rsyw aro- 
TepHaTHBHUM noflxonaM. IlePBOcTeneHHoe ananetrae otborhtch jrado nePBumooi nponeccaM, Korna BRHflHHe 
ypoBHfl BoadysRemw ajieKTpoHHoft noRcucTeMH (i.e. aasHCHMOCTB ot hht6hchbhocth) onpenejmeTcfl soa- 
neiicTBHeM na 3#eKTHBH0CTB aHHHnuwmm huh paanejieHHH nap tpemtejifl, jmdo btoPhhhhm, xorga H3M6He- 
HH6 yPOBHH B03dyWReHHH 3J16KTPOHHo8 HORCHCTeMH H3M6HH8T daptep RJlfl OdPaaOBBHHfl BTOPHHHHX R6$eKT0B. 
Ha Hammc peayjiBTaTOB He jib an cReJiaTB ORHoaHamndl bhbor b nojn>ay Toro hum hhobo noRxoRa. Ha hsorho-
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sna^HOOTB cHTyamra yxasHBaeT k to, hto hph SHaraTeJiBHO MeEbnrax HHTeHCHBHOCTflx h gosax raMwa-otiJiy- 
H6HHfl KPeMHHfl Yl - Tfflia C POCTOM HHT6HCHBH0CTH HadJOfiajIOCB nOBHffleHHe 3$$eKTKBH0CTK BB6-
leHHfl PeKOMfiHHaHHOHHHX UPHTPOB, 0TB6TCTB6HHHX 33 yMeHtmeffiie BPOMeHH XH3HH H60CH0BHHX HOCHTeJieii 
aapfl.na [s] . HonodHafl saKOHOMePHOcri., ho .hjia KOHiiempamra Hocmejiett sapuna, HadJmmaJiacB Haim nPH 
HSMepemra aerpajtarcrai BXOjtHoro tokb hhskopo ypobha HccJienyeMoB imxpocxeMH npn skciioshidiohhhx %o- 
33X TOPMOSHOrO HSJiyHeHHfl, M6HBHOOC 2,5 if.

Tamai odpaaoM, cosnaHHuB Ha daae ramefinoro ycKopmejis 9ji6ktPohob 3JI7-4 hctohhhk manyjiBCHoro 
TopMoaHoro Hajiynemifl ABJifleTCfl s^okthbhhm cpeacTBOM nsynemiH PaniiauHOHHoR ctoBkocth nanejmtt pa- 
BHoajieKTPoHHofi annapaiypu nPH BoaaeftcTBHH Ha hhx raMMa-KBaHTOB c SHeprueii 0,1-3,5 MaB h moihhoctbd 
aKcnoamoioHHOM hosh ,tt,o 400 k?/c. IlPoBefieHHHe HSMepeHHfl pajmayaoHHoit ctoBkocth tJHC JIA-3 ce -
pm K555 noKaaajra, hto b smnaaoHe aoa ho 11,2 if ochobhoB ixPhhhhoB flerpaflamia ee CTaTHaecioix na- 
paueTPOB ABJifleTCfl yweaBmeHne K03$$mijieHTa ycmierafl no Tony tpohshctopob inntPocxeMH. 3#eKTHBHocTB 
BBefleratfl HeodpaTHMHx pannaquoHHHx ne$eKTOB, bh3hb3K)ii(hx nerpaganmo napaweTpoB, Hemohotohho saBHCHT 
ot moujhocth no3H TopMoaHoro HSJiyHeHHH. Tax, hPh Py =380 kP/c fljifl nojiyneHHfl toB xe cTeneHH nerpa- 
j&jjm TPedyeTCA jtoaa, dojiee neu b abb pa3a dojiBmaa no cpasHemro c Py =57 kP/c. QzmaKo b jnianaac
ne rajiux 3Kcno3nmioHHHX j;o3 (so 2,5 if) BxoHHofi tok hhskobo yPoBHfl HC xapaKrepusoBajicfl odparaoB 
SaBHCHMOCTBlO OT MOHJHOCTH fl03H. 3tH OCOdeHHOCTH CBHHBTeJIBCTByiOT 0 TOM, HTO OIieHKH PajtHaHHOHHOK CTOfl- 
KOCTH MHKP0CX6M H8 MOSeJIHPyBIHHX yCTHHOBKaX HeodXOflHMO HPOBOflHTB C yHBTOM PeaJIBHOfl MOIUHOCTH fl03H.

B samnonemie hbtopu BHPaxamr nPHSHHTejiBHOcTB Komaposy B.A. sa noMontB npn paspadoTxe hsmbph - 
TejiBHoro cTenna.
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OEUJtE BCtlPOCU ncmy^EHUfl ClffABOTHUX JWfflHX HO PAflKAUlOHHOfi H/UtEZHOCTO KCHCTPyKUHOHHUX 
M 3JIEKTPai30JIHIjH0HHLIX MA.TEPMAJIOB, HCnOffbSyEMbK B 3mcTP0CE(f%CBABm A3C

A.H. TDTHes, P.C. BaneeB

PaccMOTPeau odmae npmmanH nposefleHHB yc- 
KopeHHUx pajtaaimoHHHX ncmrrairaft asnemaft
ajieKTPOTexHHKH c yqeTOM $eiktoPob BKcruiyaTa - 
mm, xapaKTepHux jym A3C (noHzsHPynnero aany- 

Teivinep&Typu, BmaxHocTa, jtaBJiemii htju). 
noKasaaa HeajwHTHBHooTB BosfleftcTBHH bthx 
$aKTopoB na napatteTPH HSjtejmfi a MaTepaanoB a 
SaBMCHMOCTB naPaMBTPOB OT MOntHOCTH B03H HOHH- 
sHPymmero a&nyneHaa.

Bonpoc od orpaHHHeHHOCTH cymeoTByraqrac cnpasoTooc Samoa no paroaayHOHHod ctoAkocth KOHorpyK - 
miOHHHX H 9JieKTP0H30Jlfliyi0HHHX MBTCPHaJlOB (B fiBJIBHefiineM MaTepiIBJIOB) OPraHHHeCKOrO nPOHCXOByemifl[i- 
3] 0 TOHKH speHHfl HX HCHOJLB3OBaHHH JU1H HPOrHOSHPOBaHEH CPOKOB CJiyXdH SJieKTPOOdOPyBOBaHBJJ A3G
PaccMOTPeH ncttpodno [4, s], IloHHSHPyraqee Hajiynenne (b ochobhom bto rawwa- kb8hth) HBJweTCH 
ochobhhm cTapainHM $aKTopoM b ycjioBHHx peantHoft aKcnnyaTanjsa ajieicrpoodopynoBaHHfl Ha A3C, ho MeTon 
ycKopemin 3tmx Hcimraraifl, bphhhth^ b 6oja>mmcTse accmenoBaHafi no panaanaoHHofi ctoAkooth Marepaa - 
jiob, OKasaJicfl He oobcbm KoppeRTHHM jym onemca noBpeanarauero a$$eKra b ycmoBanx A3C. B pean&HHX 
ycjioBHHx 3KcmiyaTamai hb A3C moiuhoctb bosh Fy ne npeBumaeT 10-100 panA zuis dojn>nnmcTBa 
ajieKTpoodopyflOBaHHH, paonojioxeHHoro sa rePMeurmoB odoaoHKoft peaicropa a sa Bpeum aKcnnyaTawra 
10 ji6t cyimePHan nosa aanyHenafl cocTaBar I0G-I0^ pas. B Jiadopaiopmcc HcmjraHHflx aa rauua-ycTaHOB- 
xax 60Co moiqhoctb bosh cyiqecTBeHHo BHrae (IO^-IOO pan/c), Tax nro $aarop ycKopemw bocthih-
eT IC4 pa3. Tarapraoe speivin acmTanait ooKPaiuaeTcs o 10 jibt so 10 n. HasecTHO, hto MaKCHMaJBHO bo- 
iryoTitMufl $bktoP ycKcpenafl npa miaMaTiPiecKHx aorarraHanx He npeBumaeT 10 a aaxe b stom oJiysae neaa-
deSHH H6T0HH0CTH OPOBHOSa.

PaccMorPHM KPaTKo ocHOBmie bphhhhh HeflonycTHMocTH cTOJTB dojamoro $aKTopa ycKopemifl npa pa^m- 
Hhohhhx acnHTaHHflx. Ochobhhm, desycjioBHO, HBJiHeTOfl $aKTop BPeMeHH. JIe8CTBUTeJiBHo, coapaiqas BPeiM 
KcnuTanafi c hbchtkob jibt bo HecKOJiBKax hbcob, mh paoxyeM npocTO aoumsaTB aa paccMOTPemw cjioxaym 

. nenoiKy xamasecKax pearaiafl, HHammpoBaHHHX bkthbhhmh npojtyKraMH panaojorsa (paflHKaBH, aoH-paBaxa - 
jm, aapflBH, aKTHBHHe xaMHHecKHe npoMeHyTOHHHe nponyKTH) a Ba#yHBapyxxqam aasae uojieKyjiauH khcjio- 
Pobb, bobh, oaoHa, okhch aaora, napoB khcjiot a mejicnett, b tom nacne a qenaoA npaponn, kotopho mo- 
ryi noTpedosaTB aHanarejiBHoro BpeMeaa jyin ax nojmoro aasepmeHaa [s) . 3ra Tonaa apeaaa hjutoctPh- 
pyeTcs BaHHHMH, npHBefleHHHMH Ha pac. I. Brbho, hto BOOTaaeaae oflHoro a Toro xe a$$exra no cnaxe - 
hub oTHOcarejiBHoro jsmmeazu npa paapase HEX - nmacTHKaTa odycBOBBSHO Paamaraa Boaaim odByneHas 
npa paajniHHHX moiuhocthx floau. Tax, cHasenae MomaocTa bosH c 938 bo 3,5 pafl/o conpoBoanaeTofl chh 
xeaaeM bobh 50 %-Horo aaweHeHaa oTHOcareBbHoro ynjuraenafl npa Paapase nonra b 5 paa. JlerKO cede 
npeBCTaBHTB, hto npa cHaaemra moiuhocth bosh b Id4 paa noBodsoe yiemmeHae bosh moxst BOOTarayrs 
30 paa a doB.ee.
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Phc. I. CiaPeHHe HEX-miacTZKaTa npz Teime-
paiype t =60 °C z paamramoc MomHocTm,. 
bosh odjiyzemw no HSMBHemro ymraneirafl CfCo 
or cyMMaPHofl hosh , H* : „" " WJgSfrf-iZ'&lgtf'I - A

i-fi =938

flaJiee cJienyei hmotl b bhjqt BJnwHze TeimepaTypH. TeMnepaiypa oaua hbjih8tca nocTaTOZHO chjibhhm 
cTapflnnra $axropoM (bto abjibkhs nssecTHO kbk TePMoxecrpyraw [s] ). QnnaKo b KOMdzHanzz c hohh - 
szpyramM HanyseraeM b pane cjiyzaeB HadmanaeTCA aPko bhpeue6hhh8 czHeprzaM bthx Hsyx BoaeeftoTBirit , 
T.e. 3$$6XT OT COBMeCTHOrO BOajteftOTBEA OdOZX BTZX jBKTOPOB QKHOBP6M6HHO HaMHOrO EPeBOCXOJtHT cywy 
8$$6ktob ot Kaenoro za hhx b otaoji&hoctz (phc. 2).

Phc. 2. CTaPeme nBX-anaoTXKaTa nPz paazzzamc 
ycJioBHflx HcmrraHHS no Hawenemm ynJnmezzH _ 
l /Co B 38BH0HM0CTH OT BP6M6HZ CTaP6HHfl T
I - t =80 °C; 2 - t =25 °C, =5 KPaflA;
3 - t =80 nocJie P*. =5 zpan/z H t =25 °C;
4 - i =80 °C, P~ =5 apafl/z

Ha phc. 2 bhuho, zto jyme Hedojamoe zaMeaenze TeMneparyPH mokot oKaaarB BJimrane Ha peayjBTa- 
th HcmiraratB.

SaazzTejiBHoe bjihahho na peayjiBTaTH zcnHTaHzft Moryr oKaaaTB h BPyrze conyrcTBynuze $aKTOPH : 
MexaHzsecKH mapatemoe cocTOjraze (paoTaxemie, c*arae, aarad), camHoe ajiexTPzzecKoe none (hocto- 
HHHoe h nepeueHHoe), mDumecrae Harpyaaz z t.r.

PacCMOTPHM 0CH0BHH6 $H3ZKO-XHMHZeCHHe HPOUeCCH PanzaqZOSHOrO OTaP®HZH MBTePHaJlOB Z BJUMHHe 
Ha hhx conyrcTBynmnc $axropoB (TeMnepaiypH, opens, aJieKTPzzecicoro z MexaHzzecKoro HanpzzeHZH).

B ochobb Bcex coBPeMBHHHx Teopzfl paapymeHHH jiexzT tePMO$JiyKTyaiflioHHHlt wexaazaM [ 7 ] , coc - 
TOSUZfl B TOM, ZTO 33 CZ6T T6HJ10BHX $HyKTyamdt nPOHCXOflHT PB3PHB XZMZZ8CKZX 083360 B TB6Pfl0M B6- 
mecTBe, odpaayDTCH paaopsaHHue cbhbz (b cjiyzae opraazzecaoro seigecTBa pajoncajiu), Koropue Jizdo aa- 
jiezzBanTcfl b pesyjiBTaTe a$$ezra kjjbtkh, jrado pacxonuTCA z BaaaBamr PaazzsHHe xzMZzecicze (z $zaz - 
zecraie) npeBPanjenzA. Hpz npaaoxeazz MexaazzecKoro mnpaxeww mzzHMTcfl Poct MHKPorpenzH.zx cjiha- 
Hze b MarzcTPajBHyD TPengmy z paapyraezze odpaaqa. AHajiorzzHO b ajtearpzzecKOM nojie HazzaaeTca za- 
T6HczBH£m .TTflrpa.wflintfl od&eua nzdo aa ozei zacTzzHax paapnnoB [8], Jizdo no Mexanzany, npajtaozea - 
HOMy b patioTe [9]. Bo so ex ojiyzaax nPonecc paapyrnenza - KHHeTHsecRoe ABJienze, Tpedyunee onpene - 
jieHHoe BpeMA jyifl osoero aaBepmeazz. Ha HazajiBHHX cthuhhx npopecca pojib PanzzajioB z aaPHRos ozeat 
Bejnnca, xota KOjmzecTBeHHafl Teopza paapyrnenza MaTepzajioB no czx nop orcyrcTByeT.
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HecMOTPfl Ha cjioaHHd, MHorocTyneHHaTHft xaparaep paspyraema, ycTaHOBJieno, hto b odjiacra Mexa - 
HHH6CKHX HanPHJKeHHM SOJITOBeHHOCTB HOJIHSTHJieHa HOfl HaPPySKOK OT 0,01 C IO HeCKOJIBKHX HBCOB xopomo 
oiracHBaeTOH dpyTTo - SoPMyjiod EyPKOBa [ 7 ]

T = %0exp
E0 - 2(& 

kT (i)

rie T@ - xaParaepHoe spewa MOJieKyjiaPHHX KOJiedaHuft (I0“* - 10" 8 c); Eg - SHeprxa aKTHaamra
paspHsa oBased; © - MexararaecKoe Hanpaaemie; - cTPyKTyPHo—ayBCTBHTejiBHHd napaweTp ( H/g ii

U0 He saBiicflT ot cTPyrcryPH MaTepnaji^; K - nocTOHHHaa EojimMana; T - adcojHOTHaa TeMne- 
paTypa.

KaK H3B6CTH0, lOJITOBeiHOCTB HOJEIMePOB HPH OflHOOCHOM PaCTHJK6HITH XOPOfflO OHHCHBaeTCH $OPMy -
jiod (I). Eojiee Toro, HMeromneca lamme cBweTejiBCTByiOT o tom, hto Ha(HaaajiBHOM siane paspyraeraifl 
ckopoctb nojisynecTH onpesejiaeTca MeHBmeii sHeprued aKTHBaigm ( E < ~g~ E0 ), ho nocjie pacxoio - 
sauna CJiadux cBased h ie$eKTOB cTPyxiyPH (kx hhcjio locTHraeT 10-20 % odnjero ancJia cBased) Haan- 
HaeTCH paspymemie HOPwajiBHHX caased, ckopoctb nojisynecra PesKO cmonaeTca, a SHeprus aKTHBaHHH 
pesKO BOSPacTaeT, Tax hto cymiapHaa nojiroBeiHocTB onpesejiaeTca speMeneM paspusa hopm8juhhx cBased.

HPH dOJlBUlOii MO10HOOTH flOSH ( Py > IO3 pai/c) lOJlTOBeHHOCTB nojiHMePHoro MBTePHaJia B HOJie H3- 
jiyaemiH onHCHBaeTCH wopiviyjiod [io]

<zx = -~P-exp(- mya), 

y

rie A, M - KOHCTaHTH (0,5 ^ A 6 1,0); B(T) - $ymona, onucHBaiomaH cjiadyio Tewmepa - 
Typnyn aaBiicmocTB.

B oTJnriiie ot E0 > KOTopaa cocTaBJifleT 1,5-5 sB, 3#exTHBHaa sneprHH aKTHBaiiHH aa cmbt ajie - 
Ha B(T) ropasflo mrae h djmsKa k 0,1-0,3 sB.

B HetiCTBHTeJlBHOCTH 3H3H6HHH Py POPaSIO HH3C6 ID3 Pai/c, HOSTOMy .UOJlTOBeHHOCTB MSTePnajia 
jiynrne omicHBaTB $oPMyjiofi EypKosa, b KOTopod g" caMTaeTca $ymcmiefi I03H HSJiyaeHHH, nan sto 
cseJiano b padoTax [II-I3J. HoKasaHO, hto c poctom io3h HsjiyaeHHH g* cHCTemTiPiecKH ysejra - 
HHsaeTCfl (Tadji. I, 2), coKPamaa ocTaTOHHHd pecypo MaTepnajia.

Tadjmqa I

BjuiaHiie flosH ram/ia-H3JiyaeHHa Ha HexoTopme napaweTPH HCCJieioBaHHHX MaTepnajioB

tvfaTepnaji Sosa odJiy-
aeHHH, pas.

E„
KK3JI
MOJIB

To, c y t/-i—190’1U MOJIB
KKaji
MOJIB

Tg, C a,io-iv
MOJIB

OdJiyaeHne b BaKyyMe OdJiyseHHe na sossyxe

0 50,5 IO-12 4,4 50,0 IO-12 5,0
H3T0 IO6 58,5 IO-12 7,3 57,5 I0~12 7,4

5-I07 57,5 IO-12 7,7 55,0 IO-12 7,8
2-I08 37.5 IO-12 8,2 35.0 IO-12 8.5

0 34,0 icr12 8,1 34,0 IO-12 8,1
ATaKTHHeCKHd I0G 40,0 I0-K 8,3 36,5 IO™12 18,1
nc 5-I06 35,0 IO-12 12,0 38,0 IO"12 18,8
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QKOHHaHHe TadJi. I

MaTepma Sosa odgy- 
HeHHH, pag

E0.
KKaji
MOJ1B

^0 »c 10-19 mm3
MOJO.

Bo,
KKaji
MOJE&

To,c

MOJIB

ATaKTHHeCKHH
no

5-I07
2-I08

Odjiynemie b BOKyyMe Odaynemie Ha soagyxe

33.0
33.0

IO-12

nng
12.7
16.8

31,5 IO-12
IO"12

17,3

IIojihbhhhjiobhK 
cirapT (IIBC)

0 v 
5-10'

40.0
34.0

I0'Id
IO-13

1,29
0,80

H 80 °C ( napaMeTPH $opMyjiH SyPKO-npHMeHamie: gamme gjw HBC othochtch k TeraiepaTypaM 20, 60 
Ba He 3BBHCHT OT TBIVEiepaTyPH, K3K 3T0B0 z cJiegyeT OramaTB).

Tatijmna 2

OTHOCHTeJUiHOe H3M6H6H26 r - $aKTopa OT R03H

Sosa, Mpag HEX nra

0 I I
10 1,26 1,24
20 1,58 1,58
40 2,16 2,13

Odmafl xaparaep bjdmhhh moiuhocth g03H Ha gojiroBeHHOCTL MaTepmna Been H3 phc. 3.

Phc. 3. SaBHCHMOOTi, pajmauaoHHoii hojito- 
BeHHOC'PH KanPOHOBHX HHT68 OT HSUPfiSeHHB 
des odJ-tyHemra (------) h npz R. =2,5x
xIO5 pag/c b aTMoc$epe aaoia (---------- )
nPH paajmHHx TeimepaTvpax T :
1,6- T =403 K; 2, 7 - T =353 K;
i: fo'-VS^ 9-T-2I3K;
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Btoho, aro yaa Haawofl TewnepaiyPH a moiuhocth ho3h cymecTByeT HeKOTopoe nexamiHecKoe aanpase- 
HHe, HaHHHafl o kotopopo CTapeime MaTepnaJia toot no hhcto tepMO$nyKTyannoHHOMy MexaansMy, t . e. bjth- 
HHzeM HajiyneHiui mojkho npocro npeHedpeHB. Ho ava oaryapHa soe xe He Moxer c™raTBca Tznmso8, rax 
kbk b peajiBHHx ycjioBHHx Harpyskh (MexammecKHe nan saeiapinecKHe) He dHsamr oanmaoM dojanraira hbh- 
yy 3HaHHTen&Horo pasdpoca napaweTpos MaTePnajia.

Bjuumne HOHHSHPyraeix HSJiyHemrit na saeaTPireecKoe paspyraeraie • raTepnanoB eye yeiajiBHO He nsyne- 
ho, ho ecTB yKaaaHHH na to, hto xapaitrep c mace huh ajieKTPinecKoft KPaTKOBpeMeHHoft hpchhocth raie - 
pnajioB d yoso8 odJiyqeraiH (b OTHOoHremma eynmmax) onest aanoMnaaeT anajionrmyn sasncnMOCTB 
KPaTKOBPeMeHHofl MexamrcecKoii nponHOCTJs.

B ocHOBe yerpayannoaaHx npoqeccoB cTapemro MaTepmjtoB b nojie noHH3HPyxinero HsayneaiiH jieaaT 
paflHauHOHHO-XHMunecKze npeBpaiueana (aecTPyramH, cmnBaane, odpasosaraie HeHacumeHHOCTett i tx) , 
3aTParHBanmne n ero ^nsiraecKyio cTPyrcrypy. HaBeoTHo, hto b HacToanee bPbmh orcyrcTByeT Teopna 
nepexoya ot MHKPocKomreecKHx nsMeaemtit b Maiepnaae, kotophb xopomo onnoHBaKrrca b paiotax cymecTBy- 
nynx Moyejieit paynoansa KOHyeacnpoBaHHott $asH, k HSMenemno ax epohhocthhx cboActb. HosTowy aia 
cbh3b aayaeTca sMUHPimecKHMH $oPMyjiaivoi nyreM conocTaByeana nsMeHemdt b HcnHTHsaeMHX Maiepnajiax.

JLna topo, HTodH noHHTB npuHHHH peinarauero bjihbhhh $aieropa Bpewem b paynamiOHHO- xromreecKOM 
3KcnepHMeHTe, paccMOTPHM TumraHHe npoyecca, npoTexample b peajiBHOM nojimepe npn ero paynamioHHO- 
OKHcyHTejiBHoa yecTpyrapni Ha ppmepe nojinypomuieHa. BaPonyemie paymtaaoB npn odjiynemra nojumponn- 
Jiena nponcxoyHT Ha $H3iraecKO0 GTajtmi paynojm3a [ 14] n nyeT npaKTireecKH des aHepnra aimma- 
hhh (na camom xejie buxom PaymcajioB hs KnerKH HecKOJiBKO BospaciaeT npn noBHnemra remepaTypu, kbk 
h bhxoh aapayos na naojinpoBaHHHx hohhhx nap)

PH - * p . (2)

OdpasoBasraidtcH b odtewe ajirauiLHHfi paymcaji, pearapya c MOJiexyjioB Kncaopoya yace pacTBopeaaoK b od- 
paape hjih yn#yaynpyioye0 H3 oapysamieft epeya , npeBpayaeTca b nepeioiCHHfi

P + 0j - po4.

Ilocyejurafl" b cbob onepejtB pearapyeT c waTPimet no pearapra nepsoro nopapKa c odpaaosaHHeM nmpo- 
nepeKHCH

P02 + PH — POOH +■ P ,

PerenepHPya pajuiKaji P. . Tamm odpasoM JoPMKPyeTca iiennaa pearama oKncaemia nojmnponajieHa b 
rmPonepemicB.

OdPHB peneit nyeT no pearanm btopopo nopasxa c odpaaosamieM nepeKHCHHX coenHHeHZfl POOP , ?ep- 
MnaecKH HeycTOfimmHX ii paBJiararanaca npn TeMneparypax same 150 oc._ Pacnay rmPoneperaicH POOP , 
pereHepnpyranm ajimuiBHHit pajnraaji P , a Tarace aaKOKcnpaymcaJi P0 , phupokchji OH a P0£ npn- 
BOflHT k BHPoameHHOMy paaseTBJieHHD KHHeTimeckhx qenefl. 3to jmjieime aarameT neHTPajiBHoe mbcto b 
npoyeccax TepMopajmaujioHHO-oraicjmTejiBHoro cTapema nojnmepoB. B onpeyeaeHHHx ycaosnax ckoPoctb re- 
nepamoi panracaaoB P , PO h PO^ H3 Paonaya nmPonepemicH mokbt npesucHTB ckopoctb pajma- 
yaoHHofl reHepanmi no pearanm (2), n pearawa nepexojnrr b aBTooKncJurrejiBHufi pema (juia aioro TPedy- 
eica flocTHHemie onpeaeaeHHoft raydHHH oraicJieHHa) [l5].

rvtoHOMOJteKyjiapmdt npoyecc pacnaya PHUPoneperaicH (raasHoro PasBeTBJiaranero arema b nenaow nPo - 
yecce) nocTaTOHHO Mejmennaa Pearama. Hanpmaep, b nojranpomuieHe npn t =130 °C spewa ee noaypacna- 
m cocTaBJiaei IO3 c [l5 J h moxbt pesno BoapacTaTB c noHHxemieM TeMnepaiyPH. Ho scefl bhotmocth , 
maeHHO o aim nPoqeccoM h CBHsaHii HHTepeoHHe pesyjiBTaTH, nPHBeyeHHHe Ha Phc. 2. B naoTHOoTH, na- 
KonjieHHaa b peayjiBTaie odayaemia npn KOMHaTHott Tewneparype rnyponeperaicB npn nocjieyyraieM Harpeaa- 
hhh nocae OKoanaana odayaeaaa mcmmipyeT yaJiBaeitniee OKacJieaHe h necTPyamro HBX-iuiacTHKaTa, xoth 
npn KOMH3THO0 TeimepaType stot npoyecc noma ociaHOBJieH.

KPomo hhcto xHMHnecKoro Kaaaaa sanepxrai, cymecTByor a $H3naecKne npanaan, Tame khk noamepo - 
MarmecKaa rameTinta ync^jysHOHHO-KOHTPojniPyeMHx peaaqaS b Tsepyoft $aae, a Taaxe MaKPoyn$$y3na mo-
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Jiexyn xacnopofla H3 rasosofl $a3H BHyrpi Maiepaana [15]. noBumemeM TeMnepaTypu ynaeTcn sHanaTejib- 
HO CHH3HTB POJIB 3THX nOCJieflHHX $BKTOPOB.

Toboph o KHCJiopofle a paBnaiiHOHHOM OKHCJiem™, cjiesyeT hmbtb b Bmty a jmdoR nPyroit xaManecxa 
axTHBHiifi areHT,Rax—to : osoh, napH boot, xhcjiot a iuenoneit, rajioHjmue rasH, rasoodpasime nponyxTH 
paflaonasa caMoro waTepaana (HF b UW3, £E a HC6 b nBX-imacrincaTe a t.b.). JUh xaamoro H3 
9thx raaoB a napoB bosmoxho npoTexamie nenmix peaxnait a noHBJiemie csoero pasBeTBJuronero arenra , 
Tana ranponepexaca, ocnoxHHraiero npoBenenae ycKopeHHHx aciMTaHafi.

Ms K3JioxeHHoro CTaHOBarcfl noHHTHO® HeodxoOTMOCTB nojiyaemiH cnpasoOTux othhhx b mapoxoM HHTep— 
Bajie napaMeTPOB as-nyneHZH a BHemnax ycnoBaft. Hpexwe Bceru neodxoBHMO npoBenenae acnuTaHaft b bb- 
xyyMe npa nnyx pesKO Pasjupnmx sHaneHanx moiuhocth bosh nopnflxa IC^-IO5 a I pan/c. Jtns aioro xena- 
TeJiBHo odjiygenae odpasqoB MaTepaana na 3ji6ktPohhom ycxopaTene a raima-ycTaHOBKe ®° Co • B xa- 
necTBe odpasyos nynme scero hchojib 30B8tb Tonaae (100 mkm) iuieaxa MaTepaanoB, a b xanecTse padoneft 
xapaxTepacTaxa - npoOTocTB Ha pasPHB a OTHOCHTejiBHoe yjvraneHHe (hot s-neKTPanecKyK) hPootoctb) . He- 
JiaTejiBHO npoBenemie npa nsyx peaxo pasOTOTHX TemepaTypax, HanPawieP, KOMHaraoB a djraaxoit k Maxca- 
MajiBHo flonycTHMofl. IlojiyqeHHHe naHHue hosboott cynaTB codcTBenno o paBHauaoHHOii necTPyxnjm mTepaa- 
Jia, b HacTHOCTH onpeyeOTTB xoth du a oothb npatiOTxeHHO snepraio axTHBanaa cyMMaPHoro npopecca 
paapyraenafl.

SaTBM npoBOBHTCH aHajioranHHe HcrtHTaHHB Ha Bosnyxe. EjnecB yae HeodxoRHMO odJiynenae odpaanos, 
K3K MHHHMyM, nPH TP6X 3HaHeHHHX MOIUHOCTH BOSK (I, 10 H IO3 Pafl/c) H XOTH tin HPH TP6X P33OTHHHX 
TeMnepaiypax, npaneM xenaTejiBHO nposecTH odnyqeHae npa MaxoHMajiBHo® TemepaType b pexawe Majiolt 
moiuhocth BOSH (I pan/c). B JimdoM CJiynae bPbmh odnyneHHH b ootom pemie odJiyneHHH He bojukho duTB 
MeHBine obhofo Me chub. PexoMemyeTcn npoBenenae acnuTaHHli c xax mojkho donee tohkhmh odpasnaMH bjih 
HCKmoHeHHH orpaHHHeHatt peaKua® sa chct MaxpoBH^ysaa xacnopoBa as onpyscaramefi cPbot. Boot sto bos- 
MOJKHO, TO HCIIHTaHHH H3 BOSByXB BOJUKHH dHTB BOBOOT6HH aHajIOrHHHHMH BOSBeftCTBHHMH B yCJIOBHHX HOBH- 
meHHOft BJiaHHOCTH (OTHOCHTeJIBHafl BJiaXHOCTB BO 100 % ). Ha OCHOBe 3THX B&HHHX MOXHO dyBeT CBOJiaTB 
sammaenae o tom, hbotstch ot paBaanaoHHoe cTapemie b sthx ycnoBanx paBHKajiBHO-ueiiHHM npoqeccoM 
c BHposweHHHM pasBeTBJieHHeM KHHeTHaeckhx nenefi, onpeBOOTTB SHepram aKTHBanjm a BPeMH pacnaua pas- 
BeTBJimiuero arenra (oooTBeTCTByioiqe® raBPoaepexaca).

C yaeTOM yme HMeoiuaxcH peayjiBTBTOB no TepwanecKOMy cTapenam (Tei*inepaTyPHHfi annexe MaTepaana 
no Ty hot FOOT) a, bosmokho, sjiexTpanecxoMy cTapenaio dea odnyneHHH nojiynemme cnpaBonsHe Banrae 
oxaxyTCH nonesHHMH paspadoinaxaM sjiexTPoodopyBOBanaH A3C na STane npoexTaposaHHH odoPyBOBaaaH npa 
BHdope xoMnnexTytomax MaTepaanoB. Onnaxo cnesyeT noBnePxnyTB, hto 3th cnpaBOHHue flaHHue He otmchh— 
DT HeodxoBHMocTB npoBefleHHH cneuHajiLHUx ycxopeHHHX acnuraHafi ootthhx odpasnoB sjiexTpoodopyBOBaHHH 
A3G, noBTBepamaroiuax TPedyeMH® pecypc b xohxP6thhx ycnoBanx SKcnnyaTaima, Bxjmnafl a asapafinne pe- 
XHMH (B naCTHOCTH, yCTOftHHBOCTH X BOSBeftCTBHIO Be3aXTHBKpyiDIHHX PSOTBOPOB) B COOTBeTCTBHH C P6X0 - 
i.ieHflanaflMH padoTH [4].
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MCCJBEJUBAHMB MMKPOCTPyKTyPU IIOJIMMEPHHX MATBPMAJIQB HPM HM3KCHHTEHCMBH0M CEmEHMH 
0 MCn0JE,30BAHMEM MK-CnEKTPOCKdlMM M 3JEKTP0H-n03!TP(®H0H AHHMTMJHIJ1M

P.C. Baaeea, A.M. Kohoh6hko

PaccMOTPena woneaa OKHcazreaBHott neoTPya- 
nzz noamiePHHX MaTepzaaoB npz HZSKOZHreHCZB - 
hom raMMa-odayneHm ( -< 10 Pan/c). UpeRcias - 
aenu peayaBTaTH no HccaenoBamno nerpananzz 
odayHemaa noamiePHHX MaTepzaaoB MeronoM 
saeKTPoH-noazTPOHHoR aHHzrzanrczz z MK-cneKT - 
pocKorara.

Ochobhhm ycaoBnein nPOBeaeHHH ycKoPemnix HonuTarorti noazMepmoc MaTepzaaoB (IIM) nsaneTcn Bocnpo- 
H3BeneHHe HSMeHerafl xapaierePHOTHK MaTepzaaoB, kotophs oazsarorcfl b nponecce CTapenzn z axcnayaTa - 
hhz. flan coKPaqeHHH BPeMerar nPoBeneHzn ycKopemoBC zcrarraHHit npzxoAZTcn nosumaTB ZHreHCHBHOCTB flefl- 
OTBHfl neoTPyKTEPyiomiix iJaKTopoB, hto Moae? npzBeoTz k cweHe yexanzam nerpananzz IIM. IIoaTOMy Hapn- 
ny o KOHTpoaew HeodxonzMfflc TexHzneonzx xapaKTepzcTHK MaTepzaaoB npz npoBenemm ycxopeHHHX zcnura- 
hzB npzxonzTCH zaMePHTB CBoficTBa IIM, no kotoPhm moxho cynzTB o $zazKo-xzMznecKHX nponeccax oTape- 
HZH. B naHHOfl CT3TB6 PaCCMOTPeHH B03M0JKH0CTH MK-CneKTPOCKOnZZ H MeTOja aaeKTP0H-n03ZTP0HH0fl aH- 
HarzaHimz (3IIA) nan amazsa nponeccoB oTapenza IIM npz hz3kozht6hczbhom odayneazz.

Basnyio poaB b cTapenzz MM npz sxcnayaTanxz Ha A3C non BoanefiCTBzeM HZSKozHTeHCHBHoro zohzsz - 
Pymmero zsayneHZH (npz moiuhocthx noraoigeHHHx nos P =0,003-0,03 pan/c) zrpara nponeccn TePMopa - 
nzanzoHHofi OKHcaiiTenBHc't pecTpyranm [i]. B Tadazne npencTaaaeH nPZMep panzanzoHHO-HaBeneHHHx pe- 
aimzfl nan noanaTzaena. Ms btzx naHHux caenyeT, hto npzoyrcTBze Kzcaopona cymecTBeHHO BznozsMeHneT 
npopecc CTapeHzn noazarzaeHa.
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nPHueP PaflKaqHOHHO-HaBeaeHHHX Peaiamfl b nojumePax

yCJIOBHfl Od- 
gyseHas Peaggaa

PagaagaoHHo-Ha- 
aegeHHHe Paga-
reumi

npoMexyrosHue a 
KOHesHHe npogyara

CTadHgbHOOTB
nPogyicroB 3$$6KT

KacaoPog or- I R - • H- 
R"»H; „

R-CH= CH-R' CTadaaBHK# HeHaoHneaaocTB
cyrcTByeT 2 R' , R"- HecTadagBHHft PaaPHB neneft

3 ‘ R-, H- •, R’ HR" R'- R- R" CTadHJBHH# CmaBELHae
Kacaopog cPa- 
oyrcTByeT

4 R1 ; 02 R-0-0• MeraoTadaJiBHHft OdPaaoBaaae ne- 
peaacmoc Pagmxa-
gOB

5 R02- ; R'H R0ZH, R'- HecTadagbHH'fl PaaMHoaeaae Pa- 
gaaagoB

6 R0.fR R'CHO , HOR" CTadaaBHrftt PaapHB tienefl
7 RO/, R'Oi ; R IIPOgyKTH OKHC- 

JI6HHH
To xe OdPaaoBaaae go- 

nogaaregBHHX nPo- 
gyxroB nocge aa- 
BepmeHBfl Peaagaft 
gene#

9aecB R. , R‘ , i" - Paajmrme nojmiePHHe gena; R • a RO' -ranasHHe PagareuiH.

IIo oqeHKaw, cgegamiHM b Patiore [2], khcjioPos hojihoctbk nPoHHicaeT b odteM odPaagoB nogaaTa - 
jiena Tojmttmott 3 mm nPa p =3 Pag/c h norjiomeHHHX goaax IO8 Pag, aPa p =6 Pag/c raczoPog nPo - 
HHKaeT Ha 70 % odteie, hph P =20 Pag/c - hb 40 %. PaccMorPHM raraeTmecrae yPasHeKEfl Baamrogeft- 
otbhh PagHamioHHo-HaBegeHHux PagurauioB b nPHcyrcTBira KHCJioPoga. IlycTB d S /at - ckoPoctb, o ko- 
roPofl KzejioPog BBaHMOgeflcTsyeT c Pagmtajmra, Torga

jdS

dt
k,[R-]c;

dC

dt
Gv'C a)

rge [R-J , C - KOHqeHTPangH PagrataaoB h KHcaoPoga; 0 - Koa#*mgaeHT ga$$ysBa aacgoPoga; k| - 
KOa$$BgKeHT B3£LHMOge8cTBHH KBCgOPOga 0 PagBKagaMB.

Ecjih oToyrcTByer PaaMHOsenae PagmtajioB, a odPaaoBame KoaesHux gPogyaroB Pagaoaaaa cootb6tot- 
ayer peaiagtflM 4 h 7 (cm. TadgHgy), to aasacaifOCTB amcoga OTadammoc nPogymoa He goamaa sasaceTB 
ot MogHOCTH go8H odgynemw (b cgyaae d [ R‘ ]/dt = 0 )

d[R*]/oLt = - kjC^]- k0[ R-] ,
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rjie ke - KoncTaHTa ckoPocth peKOMdimamm paAHKajioB, KOTOpyro mojkho hojioikhtb paBHoft Hyjno npn 
HMSKOKHTeHCHBHOM raMMa-OdjiyHCHHIl; - K0HCT3HTa CKOPOCTH OdPaaOBaHHfl PaflHKaJlOB .
To TAB

S = jPt = gD.

Scjih. y'lHTUBaTB npoixeccu paaMHoatemifl PaAHKajioB (hto cooTBeTCTByeT peaitnjiHM 4, 5 h 7 b Tadjra - 
lie) h npesnojioxHTB npocToe aasepmemie uermofl peaKigra nocpeycTBOM BaamoAeitcTBHfl neperaicHux pajm- 
KajioB c odpaaosaHHeM cTadiuiBHoro nposyura ( 2 [R 0^ ].£*t — cTadnjiBHuti nposyra), to moxho aam- 
caTB cJiBAyioutHe ypaBHeraa:

im/ii = 9P-k,c[R-] + k2[li][R0v] ; 

d[R02']/dt - k,c[R-]-kz[R][R°4]- k,[R02] ,

rse h ks - KOHCTaHTU ckoPocth odpaaoBaraa nePcKHCHHx paAmcajiOB h peaitmra aasePmeaHH saan- 
moseticTBHfl neperaicH c nojuroiePHO/i uenBio. , .

3 cjiynae d[R*]/di = 0 h d [ R 0^' ] / Uu = 0 nojiynHM

dVolt = gp +ki[R][R02-

TaKHM odPaaoM, bhxoa cTadHJiBHHX npo&yKTOB nPH OKHCJurreJiBHoB AecTPyicmiH onponejiaeTCfl
BHPSOKeHHSM

5 = 4- (2)

rla ipoPMyjiH (2) cjie.AyeT, mto norjiomeHHafl Aoaa JJ , npn kotodoK HaMepneMuK TexHHHecKHit na- 
P3M6TP IIM t.ieHHeTCH npn OKHCJiHTejiBHoii flecTPyKiyiH Ha aapaaee yCTaHOBJieHHoe ot nePBOHanaJiBHoit sejm- 
HIIHH 3H3HeHHe, aaBHCHT OT MOlIflIOCTH fl03H

D
{(K$/ k V(k, P) (3)

BaPaateHHfl (2) h (3) cnpaBeyjiHBH, Korga nPeHMymecTBeHHO %&eT oraicjurrejiBHafl AecTPyicmw nojnme- 
Pob, mto peajmayeTCfl juih aojc.aT jjieiia tojuikho'! hockojibko MHJUiHMeTPoB npn odAyneHM Rjq pafl/c [l]. 
Cti.otiii.:, hto Pacnay neperaiceii HAST ao TCMtiepaTyP T =150 °C, noaTOwy HHnyanpoBaTB iieimyB peaK- 
mm pasuKajioB mojkho b npesBapmejiBHo odJiyneKHOM (npn P < 10 pa&/c) nojraaTHJiene TeiuioBoK
odPadOTKoit.

npn OKHCJiHTejiBHoii secTPyiooiH nojiHaTaaena h aTmieHirpomuieHa b MK-cneKTPax HadJiMaaeTca noHB.
HHe h Poct nojiocH Ha fijume bojihh 1710 cm"I, oTHeceHHoM k KapdohhjibhoK rpyraie [3, 4].OraeHaeTCfl
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JfflHetaaH 33BHGHM0CTB SHCJia KaPdOHHSBHHX rPyim OT S03H B SHana30H6 IO^-IO8 Pas npH $HKCHPOBaHHOR 
moiuhocth sosH h TeMnePaTyPe. Hhkjloh 3To8 saBHCHMOGTH sasHCHT ot mou®octh sosh odJiyseHHB, pasjnn- 
hhx sodasoK h ot TeMnePaTyPH nPH MaJHX MonpocTflx odJiy^eHM. HPk moshoctax norjioyeHHHx S03 P > 
> 10 pas/c Bejnrama norsomemra Ha sjnme bojihh 1710 cm-I dyseT onPeseJWTBCH b ochobhom HajurroeM 
b odtewe KHCJioPosa, KOHneHTPamw kotoPopo same b tohkhx odpasqax dyseT pesKO nasaTB c yBejuneHH- 
6M MonmocTH so3H npH ojufflaKOBux norJioyeHHux flosax. B padoTe [5 ] pemeHO ypasHeHHe (I) ripn ot- 
cyrcTBHH HPoaecca pasMHoaeHKs pasmcajioB h Ha ocHoae aKcnePHMeHrajHHHX PeayJiBTaTOB no onpeseaeram 
HK-cneKTPOB sjih odpasqos nojuoTHJieHa PasjnnHoft tojuukhu cpesoa, a Taiace nosyneno nojiyaMniipmecKoe 
BHPaxenae bjih pac^era BejEHHHHH norjioyeiniH na juime bojihh 1710 cm-I or moiuhocth h sosh HSJiyveHHH. 
3to BupaKenne moxho cbooth k Busy

A= M(P)y(i- M

rse M(p) - K09$$noHeHT, chjibho saBHcaiimii ot moiuhocth sosh (ero Bejimzm BospacTaer Ha tdh no- 

PflSKa ot 103 pas/c so H6okojibkhx Pas b cexyasy); fl> - nojiyawnsPHseoKHR K03#HweHT; L - toji- 
uoma opesa odpasnos.

Ups BHdope TOJnnHHH cP630B odpassoB L =0,3-0,5 mm, hto ysodao npn npaKTHHecKOM HSMepemm 
BejuroiHH oTHOcuTejiBHoro norjioyeHHH b paflone 1710 cm-!, BHPaseme (4) ynpou^eTCfl b Base

A = M(P-) • (5)
CjiesosaTejiBHo, b ekpokom snanaaoHe MoiqHocTelt norsoyeHHHx sos h b snanasoHe sos IO^IO8 pas 

othochtejiLHoe norsoseraie b odjiacra 1710 cm~I moxho onpesejiATB corjiacHO $opmyjiaM (2) h (5) no 
nojiy3mhhphh e CKOMy BupaxeHHB

A + B( P ,T )j , («

rse B (P, T ) - KoagimoieHT, pasmdt Hyjno sjih dojibiiuix MouinocTefi sos h saosufl snasHTejiBHuS
Bunas b onTusecKoe norsoyerae npn P < 10 pas/c, Korsa cymecTBeHHmra cTaHOBflTCH npoqeccH , cbh- 
saHHne c nepeKHCHHMH pasHKasaira.

Pacnas nePeraiceft meeT mbcto h hph noEHmemm TeMnepasyPn odJiysennux odpaanos. Otmcthm , hto 
HSMeneHHe SHaneraia nepaoro cjiaraeMoro npn P =10 pas/c dyseT yxe He ctojib cysecTBeHHHM.Ha pnc.1 
nPescTasjieHH saHHHe 33bhchmocth OTHOcnrejiBHoro norsoyeHUA na SJume bojihh 1710 cm-I hoPmhPosasHO— 
ro na TOJiyuny odpaspoB 0,4 mm (saHHue sjlh sasHCHMocTeR I h 2 bshth hs padora [3] ).

Phc. I. norjioyeHHe KaPdOHHJiBHHX rpynn sjih hojih- 
BTHJieHa HHSKOft IUIOTHOCTH HPH P =7-IO-'* Patt/c
h TeMnePaTyPe T =43 °C (I); P =11 pas/c} 7* -
pi (4,:

npHMaa I cooTseicTByeT Pociy b6Jihhhhh norjioyeHHH sjih odpasqa nojraaTHJieHOBoro Kadejm b nponec- 
ce aKcnjiyaTaiw na A3G b Tenemie 12 jibt hph cPesHeS moshocth norsoyeHHoft sosh 7-10-^ pas/c. IlPfl-
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ms 2 cooTBeTCTByeT odpaaiiaM nojmTMJiena nocJie PaflHanHOHHO-rePMinecKoro CTaPemw iiph P =11 paa/c 
h T =90 °C . RaK h npejmojioseHO Bume, ee hbiuioh dojitme no cPaBHeraro o aasHCHMocTBD 3, KOTOPas 
cooTBeTCTByeT odpaaoaM no/msTMeHa, odJiynenaHM nPn P =1 pag/c. B padOTe [3 ] Tarace yKasHBaeT- 
cfl Ha nPflMo nPonoPimoHajiBHyro sasHCMMOcTB Meaay HHreHCHBHocTBB norjiomemifl Ha fljraHe bojihh I7I0cm~I 
h OTHocKTejiBHUM yjuufflefflieM na PasPHB mis nojiHSTmienoBux odpaaiioB, noflBeprnyTHx PafiHaiyroHHO-Tep - 
tmecKOMy cTaPemrei npa P — II paa/c h T =90 °C.

TaKmi odpaaoM, HK-cneKTPocKoraro mojcho 3$$6kthbho HonojusosaTB jijlh kohtPojih OKHCJiHTejiBHOfi 
aecTPyKUHH EM, npoapaHHHx b MK- odJiacTH cnerapa. 0 aPyroft ctoPohh, ms MK-cneKTPOB TPygHO kojim - 
MecT36HH0 OUCHHTB HHOKOJIBKO 3<S?)eKTMBHeH MgeT UPOIIBCC CUIHBOK MOJieKyjISPHHX Itelieft, H6M nPOQBCC" SMC- 
TOft" OKHCJUTTeJlBHOli S6CTPyKBHH, T.6. 0U6HHTB, KSKOil M6XaHH3M CTaPeHHH HPeodjiaaaeT B K0HKP6THHX yC~ 
J10BHHX.

QHHHM M3 MOTOaOB, n03B0JlHKUIpIM CJieflMTB OaHOBPeivieHHO 3B IlPOIieCCaMH aeCTPyiCBIH H CUIHBOK MOJieKy- 
jisPhhx iteneii, npoifcxoafliUHMH b bmoPShux h KPHCTajumseoKmc odaacTHX IIM, HBJiseTcs aaeKTPoH-nosM 
TPoHHafl aHHHnuimoto [c]. PerHCTPHPys aHHHrHJiflUHOHHue xapaKTepHCTHKH MejuieHHHX bosmtpohob b EM, 
mohho onPeflejiHTB KOHaeHTPamro aejewroB paaMePoM 0,3-1,5 hm. Handojiee 3$$eKTHBHoS MeToaMKoft SEA. 
>:5Joaeru.7 : peao.'ieK.'o BPeticHH aciSHH hoshtPohob. Eosctdoh, nonajtafl b KOHROHCHPoBaHHyD cpeay.ducTPo 
TepMaaiiayeTCH ii vine nocae aroro aHHHrnjiMPyeT jrado M3 KBaaMCBOdoanoro coctoshmh, jrndo dyaynn aa- 
XBaneHHHM H6KOTOPHM TOSOMKHM aefteXTOIvl. E03HTP0H M0X6T OdPa30B3TB 3T0M nO3MTP0HMS P$ , BOaXBa - 
TUB OaHH M3 SJlCKTpOHOB OPeaH. B CBOB OBSPeaB, H H03HTPOHH8 M0X6T nPOaHHHTHJlHPOBaTB, dyayXH JIHdO 
KBaSMOBOdOJlHHM, JIKdO J10KaJHI303aHHHM B 36(^6 XT6 Pa3M6P0M 0K0J10 I HM. GkoPOCTB aHHMPMJlSIBIM BOSHTPO- 
;ia its Toro mjui nnoro coctohhms nponopuMonajiBHa xapaKTepnoft jyis aToro coctoshhh ajieKTPoHHOft iuiot- 
JIOCTH. EoCKOJIBKy SIICJ10 COCTOSIDlIt, MS KOTOPHX HPOHOXOaHT aHHMrHJIHLCHH HO3MTP0HOB, KOH6HHO, T0,aH3- 
jn-raiiPys crreKT? pacnpeaeaeana noainpoHOB no speiieHM jmsira b HccjieayeMOM odpasqe, moxho naeHTM# - 
LC'OOBaTL aeyeKTH, na kotophx nponcxoaur anrairMamins.

CoppoMGHHue ycTaHOBKM no onPeaeaeHMio cneKTPos bP6M6hh xhshh (CBS) hoshtPohob c paapeme - 
hiicm 250-350 no noaaoasBT c homoubb nPurpaM.M POSITfiONF IT [7 ] paaaomiTB aKcnePMMeH 
TavTBHNi; G3E na necKoaBKO (aas EM - odunno na tPm) Pacnaanux 3KcnoneHT c PaaaMHHHMM BPewesaMH 
cnaaa s MHTOHCiiBHOciflMH Ij, c noMoutBB MeToaa HaHMeHBuiHx KsaaPaTOB. Eo cospeMeHHHM npea-
cTaBaeiosi/. btoohs KOMnoHema CHE hoshtPohob otb6Tctb6HH8 aa aHHurmunni*) noampoHOB b KPiiGTaaaM- — 
seoKiix uoaacrsx noatiaTMaena, noaroKMBymas KoraioneHTa - aa aHKHrMasmsB oTPonoanipoHMs b
ar.iop’iHHX odaacT.sx. Ozipeaeass M3 GBE MHreHcimHOCTH I2 h Ia h cooTBeTCTByBupie mm BPewena kmshm> 
:.io:;'ho paocmiraTB odsei,; fleyeraoB b KPMCTaaairsecKOfl h aMopfirofl odaacrsx , adcoaiOTHyB KOHiieHTPamro 
,s0^eKT0B b xpiicraJuiEsecKoil odJiacTH m othoomtejibhoo M3M3H8HHe noaiiTpoHMeBosyBCTBMTejibHHx necpeK - 
tob b ai-ropyHoi* odJiacTH. Ha pr.c. 2 npeACTasjieHH floarae aaBHep*xmi I2 , *Z^ , , ^3 .

Phc. 2. SoaHHe aasMCMMOCTH I 
aTHJieaa miaKofi iuiothocth hPh

(h nom-
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B KPHOTajumecKipc odgacTsx IM odgyveHHe nPHBOgHT k bo3hhkhob6hhd cuihbok h noHBJienra hobhx ge- 
feKTOB sa ohot paapuBa MOJteKyjMPnux qenefi. HePBufi gpoqecc conPoBOggaeTCH yMeHBinemieM cpegrarx paa- 
MepoB nPymoix ge$eKT0B, BTopofi - boskkkhobbhhbm Mejuaa. yBejiHsemie c floaofi I ^ (cm. pkc. 2 )
CBZfleTesbCTByeT o6 yBejmemm KOHueHTPamra ge$eKTOB b KPHCTajunriecKHX odgacTax, npmeM Haxdogee 
acp^eKTKBHO hx Poct HadgiogaeTCH npii Meramux moshocth:: nor.iomeHEHx g,03. JlHHeiiHoe yEejOTeHHe % , 
a cJieflosaTejiBHO, h cPegHero odtewa ge$eKTHHx odgacTefi ot Iq jD hPh P =3 pag/c cBHgeTegBOTByeT 
o npeodgagaram nPoqeccoB gecTPyrayiH MOJieKyjiflPmoc qeneit. IIPh P =350 pag/c h JD >10 Pag cyqecT- 
b6hhhm cTaHOBHTCH npoqeoc cuihbok qeneM, Ha hto ynasuBaeT yMeHMiemie odsewa g&JeKTHHx odmacTeti.

B aM0P$HHx odJiacTHx HHCJio gecjpeKTOB - aicqenTopoB iiosiitPohhh thk bsjihko, hto nPaKTiraecKM see 
odpaaoBaBiroiecfl P* oKasnsaioTCfl 3axBaveHHHe hmh. Odpa 3ymu1ec.Fi b npoqecce odgyveHn.fi pagnaqiiOKHo- 
HaBegeHHHe pagmtagH b araoP$HOit odJiacTH bbjmotch aKqenTopam iioshtPohob. 3tg segeT k HHrnvKPosaH - 
HOMy odpasoBamro op,to- ft h yMeBBuiemno BejunnHU 13 . CgegoBaTegBHO, ysegHveHiie KOHqeffrpa-
mra pagHangoHHO-HaBegeHHHX pagHKagoB nponoPngonajiBHO yMeMBiueram hhtshchbhocth c Poctom gosn. C 
gpyrofi ctoPohh, b awop$HHx odjiacTHx nogmiepoB, nocKOJiMty b cpegneM paccTOHHHe Meggy uemw dojg. - 
me, H6M b KPHCTajunraecKHX, ouihbkh nPHBogHT k gPotigeraro generaob. Otipasytonnecfi domee Mejnme HOBue 
ge$eKTH see eye cnoeodHH goxagH30BaTB stomh nosHTPorois. Tax Kan pasiiep hobhx ge$ercroB cynecTBeHHO 
Memme gcxogHHx, to c Poctom gosti nponcxogHT yMeRBuiemie b6jupihhh Cs (cM.PHc.2,d) hPh P = 
=3 pag/c. npH P =350 pag/c h Majinx gosax sa cveT npeodnagamto npoqeoc os ciuhbok Hag PasPHBOM qe
nefi BOspacTaeT HanpamennocTB nojnmePHofi MaTpray ( vto seger k ogHospeMennoMy yMemmemm T& h yse- 
jiOTeHHto 'Uj ) H3-3a odtegHHeHHa ge$eKTOB, a nocjie go3 10® pag - k yMeHBmeHHH) hx odtewa npn npaK- 
THVeOKH nOCTOSHHOfi KOHqeHTPaqKH.

TaKHM odpasoM, aHajuj3 aHmrmiHmoHmix napauerpoB hoshtPohob hphmo ymsusaei sa pasjtmwR m- 
xaHH3M gerpagangH odgyvemroro nojummieHa npn moiiihoctsx normogeHHHx go3 3 h 350 pag/c. IlPegcTaB - 
genme b gaHHoft padoTe pesyjiBTara noKasuBarar, vto coBMecTHoe HcnogBSOBamie neToga 3HA h HK-cneKT- 
pocKonHH OTKPHBaeT B03M0XH0CTB onpegegflTB CTeneHB h MexamisM cTapeHHH IIM qpn SKongyaTaqzH hx b 
nojrac HOHHSHPytomnx HSJiyneHHfi PaajiHHHoR hht6hchbhocth.
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3ABHCHM0CTB PAJtHAIHOHHHX 3MEKTGB B OPTAHHHECKHX MATEPHAJttX OT MODBOdH narZCtHBHH(S flOQH

B.A. EPHcraiaH, JI.B. Kpacbico, B.K. MtonnnyK, B.H. CmntaPB

HPosegea aaajiaa 3KcnePmieHT£ua>Hux gaaaax
0 BJfflflHHH MOmHOCTH gOSH Ha ngrnjiya+flTTBCHHHft 
CBoftcTBa . oPraranecKHX iBTepiiajioB.

B nogaBJuroqeM dojiMMHCTBe cayaaeB pagaanaoHHHe acnaraHaa MaTepaajiOB, b tom nacge nojmMePaax, 
BBJiaBTCfl ycKopeHHHMH. MonwocTL norgoqeHHoB goaa P|» H0HH3HPyraura aagyaenaB SPa aKcnJiyaramm 
aagejiaB b KocMuraecKoft TexHHKe h aTOMHofl SHepreTHKe cooTaBJiaeT ICM-IO-I rp/o (non aaPaaoM), a aa 
noBePxaocTH (gna nojmPHux opdar) moxbt gocTaraTt 28 rp/c. npa ycKopeaaax Hcnaraamnc odanao hc- 
noJTBayDT aaaaeaafl Pj. or 10 go I03 rp/c. Ha cawax odqax coodpa*eaa8, cBHaaaaax c PagaaqaoaaaM 
OKHCJieHBeM nomwePoB npa odgyneaaa aa Boagyxe, cgegyer, aro HeodpaTame pegaaqaoaaae e#ekra 
gojixHH aasaoera or moiuhocth goaa. Ha nepaufl miaa noaroMy BacrynaeT aeodiogaiiocTB b paapadorae 
MerogOB nPoraoaapoBaaaa PagHaaaoaaoB ctoKkocth nojnmePHHx MaTePaajios, eacnnyaTapyeMax b nojwx 
HoaHsaPyonooc Hajiyseanfl aaaxoft hht6hchbhocth, no peaymTaTaM ycKopeaaax acnaraHaft, yaaraBaa, arc 
pagaamoHHue angelica MaTePaajios Moryr caaxaTBca npa peansnax ycJioBaax aacnayaTaqaa b 2-10 paa no 
OPaBHeHHD CO CnPaBOaHHMH gaHHHMH.

Odanao nPaaaMamr, aro b orcyrcTBae KHcjioPoga Bjoume moiohocth goaa ae npoaBJweTca, ogaaao 
HMengaecfl gaaaae othochtch k aaaaeaaBM > I rp/c, aro ae noaBOJweT aacTPanojiapoBaTb Taaae m- 
soga aa gaanaaoa 10-4-10“^ rp/c.

B pad ore nposegea aaajma aKcnepaMearajiBHHX gaaaax o Bgaaaaa mouqioctb goaa aa axcngyaTacaoHHHe 
oBoflcTBa noJiHMePoB; kPbtho oimcaHH piaaKO-xaMaaecKae npoqeccu, OTBeTOTBeaaae aa pagaanaoHBDe ceac - 
geaae nojamepos; paccMOTPeaa peitoMeaaamm no nPOBegeaam ycKopeaaax PagaanaoHHHX acnaraaaB, cogep- 
aaqaecfl b aaynaax nydjmnammx a aoPMaTHBao-TexHaaecKofi jrareparype; conocraBJieaa Meioga nporaoaa 
pagaangcHHUx a#earoB b ycJiOBnax sRcngyaTaqaa no peayjn>TaTaM ycKopeaaax acnaraaaB; peKOMeagoBaau 
aanPaBJieaafl gaju>aeflmax accjiegoBaazB.

B dojBOHHCTBe padoT a$$eKTU MoqaocTH goaa onpegejisjm npa accgegoBaaaa $aaaao- MexaaaaeoKax 
CBoflcTB (oTHOcaregBaoro ygjnmeaafl npa paapase a nPoaaocTa nPa pacTaaeaaa),ado b atux cgyaaax yno- 
Mflayrae a#exra hPoabjibbtcb yxe Torga, Korga b gpyrax caoftcTBax (ajieKTPaaecKax, onraaecKax a T.g) 
BgaaHHe moiuhocth goaa eqe ae odaaPyxaBaeTCfl. B npaBegeaaax aaxe gaaaax aasacTyo aonomayrrofl aaa- 
neaaa norJioqeaHux goa, oooTBeTOTBynqae onPegegeaaoMy aaMeaeaam acxogaoro aaaaeaaa CBoftcTBa.B ocot- 
B6TCTBHH c FOOT 25645.331 Taaae aaaneaaa goa aaaaBarr PagaanaoaaaMa ameacaMa MaTepaaaa no onpe - 
gegeaaowy noaaaaTegm a gjw ycTaaoBJieHHoro aaaneaaa apdarpaaaoro aparepaa pagaaqaoaaofl oroflaoc - 
tb (AKPC). JUa {maaKo-MexaaanecKax cboUctb AKPC b cootbqtctbhb c FOGTom uPbhbt Pbbhhm 50 %, xoth 
b Page ogysaea aonoabayorca a gpyrae ero aaaneaaa.

gaaaae o saaaaaa moiqhocth noraoqeaHofl goaa npasegem gna TePMonaacroB, TePMopeaxronaaoTOB a 
saacTOMepoB. B nacae TePMonaacTos paccMOTPeaa noaaaTaaea bhcokoH a aaaRoS rnioraocra (II3HID, noaa- 
nponaaea, noaacTapoa, nojmMeTHJiMeTaKPanaT, noaaBaaaaxaopag (HBX), Pag $roPcogePaaqax nomaie- 
Pob ($-1, $-40, $-30, $-24, $-26, $-42 a T.n.), conojmwePH Baaaaagea$T0Paga a reRca^ropnPonaaeaa, 
8TBgea/TeTPa|T0PaTHJieHa, a Tarate gascaa, Paajnrmue mbPkh noaaaMaga -6 a mmayaga, acnojaayeMHe b 
aaaecTBe Kade.ni.Ho8 aaeKTPoaaoaanaa. B aacae TePMOPeaKTOtuiacTOB PaccMOTPeaa anoKcagaae Rounosaqaa, 
$eHoa$oPMajogeragaaa, MoaeBaao-^oPwaaggeragHaa, MeaaMaao-^opwagggeragaaa, aMHHO$eHOJMaa, gypaao- 
aaa, noaae^aPaaa, noaayPeTaaoBaa, anoacagaaa, noaaaMagaaa, caaaaoaoBaa cmoju c paamraaMa aanoa - 
HHT8JLHMH. CpegB ajiacTOMePoB nPBBegeHH gaHHue gna mapoKoro aadopa aayayxoB: HaTypagsaaft, dyragaea- 
cthPojo.hh8, xjioponpeHOBHft, 9TajieHnPonajieHOBu8, xgoPcygb$apoBaaHu8, caaaKOHOBidl a T.n.), a Taxxe. 
gaa mapoKoro aadopa aownayagoB aa ax ocaose, b ochobhom, gna npaMeaeaaa b aaaecTBe icadeabHoB 
aaoaainra.
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Sbbhchmoctb PagaagHommx aggeicooB or moiqhocth goau HPegcTBBJieHa gjw cJiegyngero HadoPa aiccnjiy- 
aTamioHHHx cboBctb: orHocirrejBHoro ycynmeHM npn PaaPime, npomiocTH gpa pacTaxerara, aarade, Texy- 
aecTH, MaKCHMEuiBHolt Harpy3Ke, ygaPHofi M3K0CTH, onnreecKofi njioTHocTH, TaHreHca yrjia gaajieKTPBHec- 
kzx noTePB a OTajieKTPHaecKofl nPoHHgaaMOCTH, ajieKTPonpoBOgHocTB, TemionpoBogHOCTH, iuothocth, ot - 
hochtejiBHOfl bh3kocth, OTHOcHTejiBHofi ge$oPMagaa gpa cxbthh, pagaagaoHHOM ra30BHgegeHaa B T.n.flHa - 
naaoH anaaemifi MonpocTe# noraogerafflx g03 or I bo 10^ Tp/a. TeimepaTypa odayaeaza 290-300 K b 
dojammcTBe caysaes, hmbdtcs gamma a gan noBHmemmx (go 400 K) remeparyp. Cpega odgyaemm-Boa - 
gyx, HMeorcfl gamma a gjw odJiynemifl b BaKyywe hjib imePTHoft cPege.

B gejiOM, cjiegyeT OTMeTHTB, hto naadojiBrnee BJiamae mouhoctb goau OKaauBaeT Ha TePMOiuiacTH a 
HaKMeHBniee - aa ajiacTowepu. OgHaao a$$ear mohpocth goau aasacBT He tojibko ot Tana nojumepa, ho 
TBKxe ot KOHgeHTPanaa pacTBoPemioro xacjiopoga a aHraoKcagaHTOB, cogePxaHae kotophx woxeT a awe - 
hhtboh c poctom goau. Kbk cjiegcTBne, BejnreaHa a#eKTa MonpocTa goau MoxeT pacTa c goaoB.

YcTaHOBJiaHo, hto a$$eKTH moupoctb goan b opranaaecKax nojnmePHHX MaTepaagax (IIM) odycjioBJiemi 
uemmMB peaKngmra oraicJieHHfl, BHagaapyeMUMB gpogyKTawa Pagaogaaa pagamumaoro Tana. Upa pagaagaoH- 
hom oKBCJieHaa IIM MoryT peajmaoBaTBCfl gsa cJiynaH: roMoremioe no TOjmpHe (aa MaKPoypoBHe) a reTepo- 
reHHoe. npa rereporeKHOM oKaogeaaa ckoPoctb OKBCJieHBH jiaMaraPyeTcfl ga#yaaeB rasa b oJPaaeg.Hoa - 
TOMy Tojupma roMoreHHO—oKHCJieHHoro cjioh h. dygeT aasaceTB or moqhoctb goau. CooTBeTCTByunae 
gamma npasegeHH gjia paajnramx tbhob odpaagoB II3EI, aTajiarniponajianoBoro oonogawepa a HBX.

JLm BHTePnPeTagaa xapaarepa aaBBCBMocTH pagaagaommx aageacoB (PH) ot moiipoctb goau, xax no - 
aaaajiB padora, nposegemme b BsponeflcKOM geHTPe no agepauM uccjiegoBaHHHM, Heodxogaw yaeT, kbk mb- 
HHMyM, CKOPOCTB odpaaoBaHBH nepoKcagHHx pagBKanoB R0% a cKopocTefl ax BaaaMogeflcTBHH c oKPyxan - 
gHMB MOJieKyjiaMH (MOHOMoaeKyJtoPHHfl odPHB geira OKBCJieHBH) a gpyr c gPyroM (daMOJieKyjMPHidl odptm ge
nu OKBCJieHaa), T.e. yaei BaaaMogeflcTBaB, KOToPue odecneHHBanr genaoB xapaarep pearapfl PagaagaoH - 
Horo OKBCJieHBH. npenedperafl yaeTOM peKOMdagagafl ajiKHJiBHHX pagamuioB R b KJieTKe (hto Bnojme go- 
nycTBMO aa-aa bhcokoB ckoPoctb OKBCJieHBH nog odJiyaenaeM) a radejiBD nePOKCHgHHX pagamnoB R0% nog 
geBcTsaew acHBaaPyraiero aajiyaeHBH, nojiynaBT cJiegymorit sag aasacaMOCTa gjm PH^g

pVz

PMA£= K2[R] + (KsgP)'4 ’

rge Kz a K3 - kohcteihth ckoPoctb peaagaB BaaaMogeBcTBBH nePoitcagHHX pagaaajioB c oKPyxaramma 
MOJieKyjiaMB a gpyr c gPyroM coorBeTCTBeHHO.

Bagno, hto game nPa tbrom ynpogeHHOM Bapaanre yneTa npoTeKamgax npa OKacJienaa IIM peaKgaeB Pa- 
gaKajioB, nojiygaeTCH Hemioxoe corjiacae Meggy Teopaeft a aKcnePaMenroM: PH ~ Prv , rge n MoaeT aa- 
MBHHTBCH OT 0 gO 0,5.

HccjiegoBaaae HeiotePa a gp. noKaaajia, hto ot 40 go 70 % pacxogyeMoro b npogecce Pagaagaomioro 
oKBCgeHHH 0 ageT na odpaaosanae ragPonepeKacefl R Qt H . TePMaaeoaaH gacoogaagan ragPonePeKH- 
cefl, kbk aasecTHo, Taitae npasogar k noflBJieHBD b IIM gemmx peaagaB oKHCJianaH. Tamm odpaaoM, npo - 
TeKanae xa&mmeoKax peangafl c ysacTaew ragponeperaicefl nPasogar k paaBeTBJiemro gemmx pearamB pa - 
gaagaoHHoro OKKogenan.

B ycgoBBflx roMoreHHoro pagaagaonHo-TePMaaecKoro okbcjichkh aia Mogejo. xoporno onaoiraaeT nadJim - 
gangaflcH aKcnePawaHrajiBHO xapaarep aasaoBMOOTeB PH^ ot moiuhoctb goau b HBX npa onpegejiemmx 
ananeHanx naPaweTPOB.

Bee peKOMengagaa no yaeTy bjibhhbh moiohoctb goau npa nPoBegemra ycKOPemmx Pagaagaommx aenn - 
Tanafl oBogHTCH b koh8hhom cneTe k cJiegyugeMy:

gpoBegemie odJiyaemifl nojnmePHHX MaTePaaaoB b aTM00$ePe raicgoPoga npa noBumemioM gaBJianaa;
to *e caMoe, ho gpa noBumeamcc TeMnepaiyPax;
gpoBegenae odgyqemiH b cTaagaPTmoc yegosanx c nocJiegyngaM TePMasecram oTaPenaew gpa noBmneH - 

hoB TeMgepaType.
Anajiaa <$H3BKO-XHMHHecKax npogeccos b EM, npoaoxogHgax gpa odgyaemm b npacyrcTsaa KacaoPoga , 

noKaauBaeT, sro noBuraemie gaBJianafl raicgoPoga yBemaaBaeT aarenoaBHOOTi, oKBcgeHHH, new awaraPyeT 
CHBxeHae MonmocTa norgogeanofl goau. Kbk noKaaaao, b aacTHooTB Ha npamepe II3HI, gaagenae raicgoPoga
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odpaTHO nponoPmroHEUiBHo moiuhocth noaa, eczz zcxohztb K3 onzaaicoBoA cTenera zaMeaeHza cosepzaaza 
H6JLb-$paKnra. Hohhtho, hto 3to naszeaze dyneT 3Ebhc6tb ot TOJiflHHH odpaana nozzMePa.

KaaazocB da, zto Tazaa MeTonozorza nPoBeneaza yoKopeHmcc panzanzoaHHX zcnHTaHzA aBzaeTca 
BeoBMa a$$eKTHBHoA. Qkhbko @9 nPzcym Pan cePBesHHX orPaHmeHHft: BBzny Pasaoft aaBHCHMOCTZ paaza- 
miOHHUX 3$$6KT0B OT MOIUHOCTH S03H HPH OdjiyHeHZZ HB B03J(yxe HJ1H PaaZZZHHX HM BeZHZZHa RaBJieHHfl 
KHcaopona Taiote dyner aaBHceTB or Tima HM; aaBHcraooTB zaweaeaza xapaarepaax noKasareaeB HM or 
moiuhocth noaa fljia onHoro z Toro ae MaTepnajia Taaze mozbt orzzzaTBca. Orcema czenyeT aaBzczMocTB 
BejiHHHHH naBzeHza KHczopona ot Bzaa xaparcrePHoro noKaaaTejia; nza pacaeTaoft oqeaaz aeodxoszMoro 
nasaeaza azczopofla ayzaa za$oPMaqza o tslkhx KoaoTaarax MaTepzaaa, khk K03#zqzeaTH nz#yazz , 
PacTBoPZMooTH z ygezBaoro Kozzaecrsa zzczopona, PacxonyeMoro b npoaecoe Panzanzoaaoro oracaeaza 
Baaaeaza 9Tzx KoaoTaar MoryT zaweaaTBoa ae ToaBKo ot MaTepzaaa a mTePzaay, ao z or oaaoft naP- 
thh k npyroA. Onpeneaeaze othx KoaoTaar b KaznoM kohkP6thom cayaae nPenoTasaaeT codoft caMOCTo- 
HTeaBayD aanaay.

IIo nameMy Maeazm, nposeneaze ycKoPeaaax panzanzoaaax zcnaTaazA b aTMoefePe czaToro khczoPo- 
na secBNB npodaewaTzaao.

MeToaa oyaepnoazqzz BPeMa-reMnepaTypa b KaaecTBe aMnzpzaeoKoro nosxona nza nporaoaa toPmz - 
aeoRoro cTaPeaza HM zHrenczBao HcnoaBayorca b OTeaecTBeanofl z mzPoboA npaKraze yze doaee 30aeT. 
B aacTHocTH, npzMeaeaze aioro MeTona, ooaoBaaaoro aa ypazaeazz Appeazyca, PerzaMearzPoBaao ro - 
cynapcTBeHHHMZ CTaanaPraMH TOCT 9.713 z TOOT 9.715.

npzHHMaeTca, bto craPeaze HM aPz aoBmeaaax TeiraePaTypax cymecTBeaao ycKoPaeT nerpanamm 
ero cboActb no cpasaemno c penePHoA TeMnepaTypoA aitcnayaTamiH T0 , nPzzeM Tan, aro mozho ho- 
nojiBaoBaTB aacroamzA Koa#zqzeaT onazra aT nza cMeyeaza BPeweaz CTapeaza npz noBameaHOfl 
TeMnePaTyPe T (npz kotoPoA hPobouht zcnaraaza) aa aanaaaym reMneParyPy T0 . flza nPoneccoB 
xmamecKoA nerpananzz za yPasaeazH Appeazyca czesyeT

me Ea - aaeprzfl aaTZBanzz; R - raaosaa nocToaaaaa; T - TeMneparyPa, K. CMemeaze zaorep - 
MzaecKHx kPhbux "a^eRT-BPeMa” npoasBonar c HcixojiBaoBaazeM cooTHomeaza

yKaaaaaaA nonxon dim pacnpocTPaaea JtinuuieaoM z Kzo$om aa ycKoPeaaae zcaaraaza IIM nyreM cy- 
nePnoazmm BPeMa-TeMnepaTyPa-MoinaocTB noaa. B ocaose pacmzpeaza jiezzr npennocazza o tom, hto 
ypasaeaze Appeazyca nPzMeazMO b zaofloaaax yczoBzax, a aaeprzfl azrzBanzz Ea He sbezcht ot 
H03U z BejizzzHH nerPanamiH HM. B KaaecTse KPzrepza ctoAroctz zonomaoBajm PH rju? oraocHrejiBHoro 
ynazaeaza nPz paapuse z Paajnrmax aaaaeazax AKPC.

Cnazr aaBZCHMOCTeft PH ot mohihocth noau nPz paaaax TemnepaTyPax odzyseaza k penePaoA Teime - 
paTyPe T0 =43 °C noaBOJizn nonyazTB aporaoaaae kPhbhb ajia hhubkcob no oTaoczrejiBHOMy yzumaeazo 
npz paamroncc aaaaeazax AKPC jum II3HI, HEX, xaAnazoaa z aeonPeaa.

Aaazorzaaae peayjiBTara nPaMeneazs onzcaaaoA same m8tohhkh zanozeaa jpm Puna amcTOMePOB.Bce 
3T0 ysasHBaeT aa cnPaseAnzBOCTB nonyueazA, nojioxetana b ocaosy MBTona cynepnoazqzz, ocTaanaa 
otkPhthmh cJienyDinze BonPocu:

aacKOjiBKO nocTOBePHu dysyr PeayjiBTara naa reTePoreaao OKzcjieaaax odpaanos; 
cnpaseunzBo jih dyneT ypasaeaze Appeazyca b tbx czyaaax, noma czaeprzaM Panzanzoaaoro z 

TePMzaecKoro BoaneAcTaza npzseneT k zaMeaeaim a^earzaaoro aaaaeaza aaeprzz aarzBaqzz;
coxPaaaeTca m aaaaeaze aaeprzz aarzBaqzz aezaMeaaHM jvm npyrzx xaPaarePKax nomaaTezeA. 
npzanznzazBaoe oczozaeaze MeTona - aeodxogzMocTB nPenBapzreaBaoro onpenezeaza aaeprzz aaxz- 

Bauzz gza aaznoro KoaKPeiaoro MaTePzaza b sayx zaorePMzaecazx pezzwax.
Mozao nPoBOflZTB yczopeaaae zcnaraaza b czenymqeA noczenoBaTezBaocTz: yczopeaaae Panzanzoa - 

aae zcnaraaza npz reMneParyPe SKcnzyaranzz » ycKoPeaaoe TePMzaecaoe crapeaze nPz noBumeaaoA 
rewneparype.
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Cerysz yrsePunaeT, hto Taram nocjieROBaTexBHOCTB hPhborht k tiojamefl hht6hchbhocth cTapemiH , 
Hexera nPz ofiHOBPemeHHOM BOBneUcTBZZ zoHHBzpyioniero H3JiyneHHH z Terms, ho hpamhmh BKcnePZMeHTajiB- 
hhmh floKasaTemcTBaiiH mh He PacnojiaraeM.

OcHOBtmaflci. na yKaaaHHux BHme coodpaxeHHax, Bhjickh nPejmoxHJi hhhb iohPoko HSBeoTHyo Basz - 
CHMOCTB

PM = p0?n ,

r%e P0 - sHaHeraie PM hPh P =1 rp/n. Handojiee Bepoarnoe anasemie aepraeft rpanzm nPmterai - 
mocth P*p =1-3 rp/c, a aazdojiee BePosTHoe SHaaerae Hzzaeft rpanran jiezzT b hihPokom mrrePBa - 
jie (ICr3-ICT2 rp/c). asaneHza tl , na* bto cjie&yeT zb nPesoKasaHH# TeoPHH, HaxoRHTcfl b HHreP - 
aaae 0 < tt < 0,5, nPHseu aemroma TV Rojama saBHceri, or Buna MBTePzajia, tojuuhhh odPaaqa.Tew- 
nepaiyPH odJiyneaza h t.h.

IIoHflTHo, hto SHaHeHHH naPaMBTPOB P0 , n h PBp Moryr cymecTBeHHO H3M6HflTBCH nPH ne- 
PexoRe k flPyroMy AKPC (nanPHueP, or 50 k 25 ora 75 %), jmdo k RPyroMy xapaKTePHOMy noKasarean . 
CmHaKO b dojamHHCTBe cmynaeB oTeneHHaa cbhsb c modihoctbio R03H, no-BZRZMOMy, tiyaer ooxPaHHTBca . 
IIoaTOMy hbm HPeflCTaBJmeTca, hto yxaaaHHHfi SNcraPHaeciadl noRxoR k nPoraosy PaRzannoHHott ctoUkocth 
JUifl msjihx MOUHOGTefi ROB z cBORffluzltcH k onPeReJieHZD napaMerpoB fl z PKp , mokot (5htb nePcneKTZB- 
rnoi nocjie ero RaRBHeftmeft npoPadoTKZ.

B H B 0 Jl U

HaKOHTOHO tiOJIBOOe HZCJ10 RSHHHX 0 CyneCTBeHHOft BaBHCHMOCTH PaRHaUZOHHHX B#@KTOB B IIM nPz 
odJiynsHHz Ha Bosnyxe or mobhoctz norjtoneHHoB robh. 3to cTasHT hor oowHeane nPasoMePHocTB ycKO - 
Person PaRzanzoHHHX zcntrraHzft HM, nPeRHSBHaneHHHX rjm BKciuiyaTamra na aTOMHHX BJieicrPocTaHUKflx , 
ycKopzTejiax hPotohob h bjibictPohob z t.h.

PasPadoraHHue MHoro'mcJieHHHe aHajnmprecKze morojih nPoneccoB oKzcjnraejiBHOft RecTPyraom o yze- 
tom odPaBOBaHza ruRPonePeimceft h hx pacnaRa nosBOJifltrr paaodPaTBca b PaRzanzoHHO-xzMzneoKZX oc - 
Hosax yHaaaHHHX aaBHCHMooTefl z npeRcKaaarB hx KazecTBeHHHS xaPanrep. Qrbbko ro PeajtBHoro hPbjio- 
X6HHH 3THX M0R6Jiefl, OCOdeHHO K KOKCIO3ZU0OHHHM IIM, II0K8 RBJ16K0.

PexoMeHROBEiH rtejodt phr M6T0R0B nPoBefleHZH ycKoPeHHHX zomTaHzB, nPzdxzxaixqzB hx PeayjBTara 
r HBTyPHHM ycjioBHHM. Ha Ham BBrjiflR, Haanysorae nePcneKTZBH mieeT motor cynePnoBzqzz, nPeRJioxeH- 
hhB JtxmmeHOM z Kjio$om. Mb mbtorob BMnHPznecRoro nporHoaa no PesyjtbTaTaM ycKoPemooc zcimramrit 
Hazdojiee HHrePecHHM nPeRCTaBjmeTCfl motor Bzjickh no zcnoJiBBOBanzD CTeneHHOfl cbhbh wexRy PaRza - 
HHOHHHMZ ZHReKCaMH Z MOUHOCTBB R03H.

Ho—BRRHMOMy, OCHOBHHMH SSRasaMH B 3TO# OdjiaCTZ flBRHDTOfl PaBBHTHe M6T0R0B JlXJUUieW. H KflO$a , 
HsyseHze zx odjiacTz nPZMeHeHza Ha mzpozoM KPyre IIM. B RajiBfieflmeM oh mozot durB zcncuiBBOBaH rax 
ocHosa HoPMaTHBHux ROKyMeHTOB, perjiaMeHTHPyiomHx HPoBeReHze PaRzanzoHHHX HcmrraHZfl. Motor Bzjickh 
HyxRaeTofl b rohojihztejibhoK CTaTzcTzneoKoft nPoaePKe c ooodw ynoPoM Ha yneT tojjqzhh odpaanoa npz 
anajiHse BKcnePZMeHrajiBHHX Raarna.

OcodeHHo bbxhhm HBjmeTCH PaBBHTHe patiOT no hccJieROBaHHD bjdmhhh moiuhocth robh nPz odJiynenzH 
b Baxyywe rrh RzanaaoHa Menee IO-4 - I Fp/c.

Ctstba nocrymua b peRaxqn 29 hdhb 1992 r.
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M3MEHEHHE PABOTOdlOCOBHOCIM KMOI HHTErPAJILHUX WffiPOCXEM 
HPM B03HEHCTBMH M0HH3tPyKlUHX M3mEHMfi C HHEKOfi H BHCOKOft HHTEHCHBHOCTLIO

B.B. BoraruPeB, $.11. KoPmyHOB

IlPeHCTaBJieHH peaysBTara axcnePm/ieHraaBHUx 
HccjieflOBaHHft Padorocnoco6hocth paasHmoix th- 
nos KMQH mrrerPajiBHHX mhkPocxcm npn BoageftcTBHH 
asexrPOHHoro h raMMa-H3Jiy^efflrtl hht6hchbhoctbid 
(mOIUHOCTBD g03H> OT 5*I0“4 $0 IO2 PP' C~* H 
TemePaTypu or 293 go 358 K. OrMeneno noBumerae 
PadOTOCnOCOdHOOTH OTgeSBHHX TlfflOB MHKPOCX6M nPH 
HHSKOft H BHCOKO# BHT6HCHBH0CTH OdsyXeHHH, 3 T3K- 
xe nPH noBMneHHoft TeMnePaiyPe. HPegsoxeroi moto- 
gH oiieHKH PadOTOcnocodHOCTB KMCQ HMC nPz hhskoH 
HHT6HCHBH00TH OdSyneHZH C HOMOUBIO HCnHTaHKft 
MHKP0CX6M HPH BHCOXOft HHT0HCHBHOCTH HSH HPH 
noBumeHHoM renmepaType c yneroM npogeccoB boc- 
cTaHOBJiefflM naPaMeiPOB noose odjiynemw.

B KocMHMecKOM npocTPaHCTBe PagnoasexTPoHHaa annaParyPa onyTHHKOB h Pane? nogsePraeTCfl gszresB- 
HOliy BOageftCTBMK HH3KOHHTeHCHBHHX HOHH3HPyKMIHX H3SyB6HHfl. B HaCTHOCTH, H8 KOCMMeCKHe OdteXTH 
bshbiot aseKTPoHH c aneprueft Eg =0,02-10 MaB h HHTeHCKBHOCTBD Yg go IO9 cm~2-c-^ [I] . UPh 
3Tom TemepaTyPHufl gnanaaoH patiora Mnorax kocmhh6ckzx pagHoasexTPoHHHx chctbm Haxogirrca b HHTeP - 
Base TeimepaTyP T =273-353 K [2].

KPoMe KOOMOca, odimPaoM odsacTBn aPmenemra asexrPoHHOfi annaPaxyPH aBsaexca agepnaa anepreTH- 
xa, SKonepmfleHTasBHoe odopygoBamie b agePHoii $nanKe. HanpmeP, nPH axcnsyaTaiom agepmtx anePreTH- 
necran ycTaHOBOK b oKPyxaioneft cPege cyyecTByeT raMMa-Hasynerae c Ey =0,01-10 MaB h moiuhoctbo go- 
3H Py =10-4-10-1 rp.c-1 [i], 4

B nacToamee BPewa KMCfl BHTerPasBHue MmtpocxeMH (MM2) naxogaT umpoxoe nPHMeHemie b xocMiroecxoft 
h agePHOtt TsxroiKe, Tax xax nPH gocTaTOBHO bucokom ducTPogeflcTBim ohh odsaganr dostmoft nowexoyc - 
ToftnuBOCTBio h Masoti noTPedsaeMoft MOUHOCTBD.

Asa nPorH03HPOB3HHa PadoTocnocodHocTH KMCO MM2 b PeasBHHX yosoBnax axcnsyaTamm (ocodemo nPn 
KOMnseKCHOM BoageftoTBira HH3KOHHT6HCHBHoro odsynemia h noBHiueHHott TewnePaTyPn) noxa ne meeTca 
gocTaTOBHoft MH$oPMamra. B dosBrnmcTse csynaes onemta PadorocnocodHocTH MMG nPoBOgurca no PeaysB - 
T3T3M HcnaraHHfl Ha BoageScTBiie BOHH3apyjomnx Hasyneinifl Ha MogeszPynoHX ycTaaoBxax, xax npasHso.nPH 
xoMHaTHofl TeMnePaiyPe h bhcoxoA HHTeHcuBHocTH pagnanHH [3]. npegoTassaeT xaxxe nPaxrmecKHft hh - 
TePec xohtPosb zaMeHemifi xaPaxrePHCTHK KMOI HMC HenocPegcTBeHHO b npogecce odsynemta a noose ero 
npexPamemia b Tenerae onPegesemroro BPeweim, nocxosBxy b xociraneoKHX ycsoBzax xaPaxrePHO nepegoBa- 
HHe nePHogOB B'oageflcTBHS odsyneHna 0 nePHogaira ero OToyroTBza.

B gaHHofl PadoTe HccsegOBasHOB noxaaaTesH PadoTocnocodHocTH HecKOSBKHX thhob KMOH HMC Paaszn- 
Hofl cTeneHH inrrerpamm (sonreecxroc aseMemoB 2H-HE, 2HJM-HE, JK -rParrePos, aPH$M6TirqecxHX ywHO- 
xirreseft) uph BoaseflcTBim asexrPoHHoro « raMMa-Hasyneraifi 0 HHsxofl « bhcokoH HHreHOHBHOcTBD nPH 
KOMHaTHOti h noBHmeHHO# TemepaTyPe.

McmiTaHHa KMCU HMC nPoBOgmra na smefbow ycxopurese asexTPOHOB 3AY-4, a raxxe aa raxwa-yoTa - 
HOBxe yry-420. BnePraa asexTPOHOB cocTassasa Eg =4 MaB, BHTeHczBHocTB Yg =I0®-I0H cm-2-c~I , 
$SD6HC Fg =10^^-10^4 cm-2. MonmocTB g03H raMMa-H3syneHHa 60 Co ^=5*10-4-1,0 rp-c-I, goaa 
J)y=I02-I04 rp. MmtpocxeMH odsynasn b axTHBHOM asexrPinecxoM Pexmre (npx HanPaxemiH mrraHHH 10 B) 
nPH T =293 K a T =358 K.
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JUfl 0Q6HKH PatiOTOCnOCOdHOCTH KMCH MMC KOHTPOjmPOBajIOCB HX $yHKUJ10HHP0BaHHe H OCHOBHUe KPHT6- 
PHSUiBHue napaMBTPu: CTaTHaecKirit tok norPetijieHHH I n , cPejunrit noPor nepeKjnoseHHH Vn ,a tbk- 
xe nePenaTOSHae xaPawrePhcthkh U^lt = -f(\Jgx) • KohtPozl naPaMeTPOB MHKPocxeM ocymecTBJWJicfl 
flayMfl onocotiaMH. B nePBOM cnocode naPaMerps MMC n3MePfljmci> 30 odzyseHHH h sePe3 onPenezeHHoe 
BPeMH (b nPenezax 1-2 s) nocJie odzyseHHa $HXCHPOBaHHoft noaofi. JUm donee Tonnoro cnPeneneHHfl Pa- 
dorocnocodHOCTH MMC same nPHMeHHJicfl btoPo# cnocod: nenPePHBHHli kohtPojib naPaMerPos MMC b 
npoqecce odnyseaiw, a Tarate b xesemie HeKOToPoro BPeMera nocJie odnyseaHa.

Ha Pac. I noKasano asweaeaHe noPora nePemmserafl A KMCEI MMC (jiorzsecKHX 3Jie- 
mbhtob 2H-HE) nocae odnyseaaa raiaB-KBaaraMH ^°Co b 33bhchmocth ot moiuhocth xoau nPv T =293K. 
HadjamaeTCH yMeawneHHe Bejornraa A Un nPa caaxeaaa P~ no I0“3 rp-c-1, T.e. BospacTaaae Pa- 
dOTOonocodaocTH MMC. 0

BnaaaHe HH3K0HHTeacHBHoro rama-asnyseHaa h BacoKOHHTeacHBHoro aaeicrPoHHoro asjiyseHHa aa Pa- 
dOTOcnocodaocTB KMCEI dommax aarerpajiBBax oxew (EMC), aPa^MeTHsecraix yMaoxareae# b cocTase mbk - 
ponPoneccoPaoro KomneKra nPencTaBneao aa pac. 2.

«5

Phc. I. BnaaaHe moiuhocth nosu 
raMMa-HSJiyseaHfl aa asMeaeaae no
Pora nePemnoseaHH KMCEI MMC 
(2M-HE) nPa T =293 K:
i - jDj. =5*io^ pp; 2-2>r= ic3 rp

■s

10* 107 108 10* %, cm*c'1

Phc. 2. HBMeaeaae padorocnocodaocTH KMCEI EMC b sa- 
BHCHMOOTH OT HHTeHCHBHOCTH 3JieKTPOHHOrO H3JiyH6-
HHH (--------- ) H MOIUHOCTH H03H raMMH—HSJiySeHHH (—)
nPH T =293 K

npenemaue jucaa JDy n avia junoeacu Fe n , nPa kotoPhx aaciynaeT fyaKnaoHajiBaaft oraaa EMC, 
cnPeaejifljfflci. no pesyntTaTaM acmiTaaa# MHKPocxeM nPa T =293 K. OdaaPyxeao, sto PadoTocnocod- 
hocts EMC ae saBHCHT ot HHTeacHBHocTH odjiyseHaa b naanasoaax Py =10-2-1,0 PP-c-1 a Yg = 10** - 
IqIO CM-2.C-P. Honyseaaae b 3thx ycnoBiwx saasemifl JDy n a Ee n moxho HcnoJBsoBaTB ana oqeaaa 
oraocHTeJiBHofl 3$$eKTHBH0CTH BOsneflcTBHH PasjiHSHiix bkuob PasHainffl aa KMCEI EMC naaaoro Tana, T.e. 
enHHHSHOMy $jmeacy gjieKTPoaoB Fg =1 cm-2 cooTseTCTsyeT sKBHBaneaTaaa nornomeaaaa no3a X)3Kg = 
=10-9 pp. Kaa bhhho H3 Phc. 2, PadoTocnocodaocTB EMC soaPacTaer no wepe caraeaHa moiuhocth nosa 
raMMa-H3Jiyseaafl or 10-2 5.10-4 rp.c-I. 3th naaaae cornacywrca c PesymraraMH acnuraanfi KMCEI 
MMC majioft, CTenera Harerpamm nPH BoaneftcTBHH HHaKOHareacHBacro raMMa-Hsnyseaaa (cm. phc. 1). Hpa 
noBinneaHH aareacHBaocTH snererPoaHoro asnyseaaa ot IOlO no IOH cm~2»c-I Tarace npoacxonar ysenase- 
aae nPenezBao® noaa ($nneaca) fyaanHonajiBHoro oTKaaa EMC (cm. phc. 2). Orcnna czenyeT, sro nza 
onemtH PadorocnocodaocTH KMCEI EMC naaaoro rana npa hhskoK aareacHBaocTH ( Pj. =5-10-4-2 • D^P-c-I) 
moxho HcnoJiBaoBaTB PesyjibTaTH HcnaraHH# MHKPocxeM nPH soaneflcTBHH ajieKTPoaaoro HSJiyseHHfl c buco - 
KOft HHTeHCHBHOCTbD Yg =(2-5)‘IO13 CM~2.C-I.

Ha Phc. 3 ncxaaaao nsweaeaze PadorocnocodaocTH nayx thhob KMCEI MMC b saBHCHMocTH ot HareacHB- 
hocth szeKTPoaaoro HszyseHHfl nPH komhstho# h noBHmeHHoft Tewneparypax. 3neci nPemcTaBzeau aaaseHm 
nPeneziaux jvmeacoB, npa kotoPhx aacrynaeT naPaMerPHsecKHtt orxaa no noMexoycToftsHBOCTH. B otzh - 
sne ot npenunymax PesyntraroB HcnaraanR MHKPocxeM (cm. Phc. I, 2), nPencTaBneaaae sneci, naaaae
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onPenejiHJiiici c homoiubd Haweperoifl nePenaTOHHHx xaPaxrepzcTzx MMC HenocPencTBeHHO b nponecce odny- 
Henm. Kan bhhho, PadoTocnocodHoeTB paamnnux thhob mhkPocx6m no-pabhomy aaBZCHT ot hht8hczbhoc- 
th odnyneHHH. 7 norznecxzx aneMeHTOB 2MM-HE nPozcxonzT HeKOToPoe soapaoTamie Fe n npz chh- 
xbhhz Ye ot 5-Id9 no 5-I08 cm-2.g-I h nPaKTznecxz oToyroTByeT Bjuunme hht6Hchbhooth odnyze- 
HHfl b nnanasoHe % =5-I09-I011 cm~2.c~I. 7 TPzrrePoB aHa^erae Fen. aaitoTHo BoaPaciaeT c 
ysejmseraieM HHTeHczBHOcra anexTPoHOB ot 5-I08 no IO11 cm-2-c-1.- IIPh T =358 K y odozx TznoB 
KMdl MMC HaOjDonaeTCH noBumerae PadoTocnocodnocTH no cPaBHeazm c odnyneHzeM npz KOimaTHoft lamepa- 
TyPe npz scex HccnenoBaHHHx aHanemya Ye .

T6
8

Phc. 3. BnzflHze ZHTeHCHHaocTZ ajieKTPoHHoro 
zajiyqeHHa aa PadoroonooodHOCTB norzzecxHX
3JI6M6HT0B 2HJM-HE (----- ) H JK -TPHTTe-
Pob (-------- ) KMdl MIC nPH Paajuronoc
TeraePaTyPax:
1,2 - T =358 K; 3, 4 - T =293 K

Omrr noKaauBaeT, hto xaPaxTeP noseneHM KMdl MMC nP» hhskhx zht6hchbhocthx odnyzeHHH ( nPH 
dojiBmoit juurrejibHocTH BoaneftcTBHfl) oxoneH o nosenemeM mhkPocxbm b nponecce OTxzra nocjie bhcoxohh- 
TeHciiBHoro odjiy^eHHH npn KOMHaTHoit zjm noBHmeHHoft TeiwinePaTyPe [4], C nenBD yroaHemm OTMeneHHoft 
BaanMocBfl3n nnn KOHKPeTHHX ycnoBuft KOHTPojmPoBajiocB H3M6H6HH8 noPora nePexnDneHHH KMdl MMC (norz- 
necKHx ojieMeHTOB 2MJIM-HE) b nPonecce anexrpoHHoro odjiynemm, a Taxxe nocne nPeKPameraifl odnyne- 
HHH (PMC. 4).

Phc. 4. MaweaeHze noPora nepemmie- 
H6HHH KMCD MMC (2HJM-HE) b nponecce z 
nocjie ajieKTPoHHoro odnyzeHza nPz 
%=5.I(A:M-2"C-I (I; 3); Yg =
=I0H c«r2-c_I (2; 4) z T =
=358 K ( C ), T =293 K ( • )

Kax b nPonecce BoaneficTBzn, Tax z nocjie Hero TewnepaTyPa oxPyxaunefl cPenn nonnePxzsajiacB na 
onaoM Ha nayx yPoBHeit: T =293 K hjih T =358 K. nPH scex Pexmex HadjnonaeTCfl BoaPacTaHze Bejuromu 
AUn b nponecce odnyneHza, hto donee aaiieTHO nPz T =293 K z Yg =I0H cm~2.g-I. nocne nPex - 
payeHHfl BHooxozHTeHCHBHoro odnyneHHfl nPozcxonzr BoccTanoBneaze BenzzzHH AUn , xoropaa nPaxmeo-
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kh flocntraeT aacamemn aePea 30 mhh. Oschb Hetiojmraoe BoccTaaoBJieaHe Bejurnma A Vn HadjmnaeT- 
cfl nocjie OKOHaaHHfl hh3kohhteHCHBHoro odxyaeaHH nPn T =293 K, a npa T =358 K BoccTanoBJieHHe no- 
Pora nePemimeHHfl OTcyrcTByeT. Heodxojomo otmbthtb , hto aepea 20-30 mhh nocjie OKomarow odjiyse - 
BHH nPH BUCOKOft HHTeHOHBHOCTH BejDRHHa A Ufl $aKTHH6CKH flOCTHTaeT yPOBHH flk Un HPH HHSKOft 
HHTeHCHBHOcTH hjih Kaxqoft TeMnePaTyPH. Orcmta cxejtyeT, tto jym oqeaRH HaMeaeaHit naPaMerPos KMCC 
MMC nPH HH3Kofl HHTeHOHBHOCTH odxyneHHH b qHanaaoae TeMneParyP 293-358 K moxbo hchojib 30BaTB Pe- 
ayjBTara, noxyaeaHae hPh soaseBcTBHH aa MIC 3ji6ktPohob c bhcoroA hht6Hchbhoctbd hPh Tex xe tbm - 
neParyPax h xoaax odxyaeHHH. B aacTHOCTH, HcnoxBaya naimae Ha Phc. 4, moxho oikhhtb Bejnpmuy^Un 
hPh HH3KOHHT6HCHBHOM odxyaeHHH Vg =5*10® cm-2. c-I hxh Fg =10^3 cm~2 c homoiuld onPeflexeHHH 
3HaH6HHH AUn , noxyHeHHoro sepea 30 mhh nocjie oRoanaaiifl otixyaeraifl hPh =I0H cm~2.c“* h 
Fg =1013 cm-2.

CxQHHHe PeayjBTaTH dura noxyaeaa axn Tex xe KMOfl MMC (2MJM-HE) nPH HSMePeHHH tokh noTPedJie - 
hhh xonroecRoro nyxn 1^ b nPoqecce h nocjie ajieKTPoHHoro odxyaeaHH hPh Paajnrraux hht6hchb - 
HOCTHX (Phc. 5).

I

0 0,3 0,6 10 ~t, HUM

Phc. 5. OTHOCHrextaoe H3MeHeHHe tokh 
norPedJieHHH KMCEI MMC (2MJM-HE) B nPo- 
qecce h nocjie axeKTPoHHoro otixyseam
nPH Yg =I011 cm"2^"1 (I; 3); <fe =
=5-id® cm~2.c~I (2); 'fej=5* 10® cm-2^-* 
h T =358 K ( • ); T =293 K ( O )

(4)

Kax bhhho, H6M same hht6hchbhoctb odxyaeHHH, tom 6oju>rae othochtexbaoe naMeaeHHe tokh noTPedxe- 
hhh ij, / Ij, o b nPoiiecce odxyHeHHH h doxee aaMeTHo ero BoccTaHOBJieHHe nocxe nPexPameHHfl odxyse - 
HHH. Ho CPaBHeHHD C B03HeftCTBH6M HPH Yg =10^ CM“2-C_I H T =293 K TOR nOTPedXBHHH CHH3HJ1CH 
noHTH b 30 paa hPh Yg =5*10® cm-2.c-I, a nocxe odxyaeHHH BoccTaHOBHxcH xhhib HeaHa'nrrexBHO. HPH 
8T0M Bejnrnma / lanj0 nPaKTHsecRH cosnaxa c yposHeM tokb, xocTHrayroro aePea 20 mhh nocxe odxy-
H6HHH C BHCOROfl HHT6HCHBHOCTBD. 3TO TBKXe JOJiaeT B03M0XHHM nPOFHO3HP0BaTB H3M6HeHH6 TOKH HOTPedXe- 
HHH KMCC MMC HPH HH3KOHBT6HCHBHOM OdjIJTHeHHH HO PeayXBTaTBM HCHHTaHHft MHXPOCX6M HPH OdJiyH6HHH C BH- 
COKOft HHTeHCHBHOCTBD, R8K H RJlfl HOPOra HePeKJOReHHH MMC (CM. PHC. 4). Ha PHC. 5 TBKXe HOKaaaHH JPH- 
Hue, KOToPae hosboxhtt doxee tohho nPoracanPoBaTB naMeaeHHe naPaMerpoB KMCC MMC b nPoqecce odxyae- 
hhh. Odaapyxeao, hto xoa xoaosofl bbbhchmocth tokh noTPedxeHHH hPh Yg =5-10® cif^-c-I h T =293 K 
(kPhbbh 2) nPaRTHsecKH coananaeT c HBMeaeHHeM b6jihhhhh I® / 1 ^ 0 b nPoqecce odnyaeaxH hPh 4g = 
=I0H om~2.c-I h T =358 K (kPheba 3). Orcpna moxho aammaarB, hto jwh OTHOCHTexbHO tosho# ohchkh 
HSMeHeHHH naPaMeTPoB KMCC MMC b npoqecce odxyaeHHH co cPeaaeB a hhskoB HareHCHBHOCTBC hPh xoMHaT- 
Hoft TeMnePaTyPe moxho noaodpaTB coorBeTCTBynqHfi pcxhm odxyaeHHH hPh bhcokoB hht6hchbhocth h hobh- 
raeaHofl TeMnePaTyPe.

nPH jvrarejtBHOM hh3kohht8hohbhom odxyaeHHH b MOI-nPndopax napeumemao hPohcxohht seTHPe ochob - 
hhx $h3hh6ckhx nPoqecca, aaBHCHQHx or BPeMera J2, 4], nPH KOMHaTHoft TeMnePaTyPe h THmrmofl hbhPh- 
xeaaocTH axearPHaecRoro hojih b orhcxb I06 B* cm~i sth nPoqecca hm6dt cxegyrnmne BPeMenaae xapaxre - 
Phcthkh:

PeHePaqtiH, nePeaoc h aaxsaT rhPor y rpaanqa Paaqexa Si ~ SlOg .. .................................  IO-4 c
renepaqHH noBepxaocTHUx coctohhhB............................................................................................ ICrP-IO4 c
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Otxht saxsaqeHHHx bhPok...........................................................................................................  5-10“® c
OTXHT HOBePXHOCTHHX COCTOflHHfi .................................................................................................... 10® c.
npoaHsumsHPyeM samme, npescTaBseHHue aa pho. I. JLnzresBHOCTB odsynerafl KMCH HMC (jicnnecrax 

afleMemoB 2H-HE) jOy =103 rp nPH Py =10-1 rp-c_I cocraBJMjia 10* c, a nPH Py =10-3 rp-c-* 
paBHalo^ c. OaesanHO, hto nPH dosee hhskoH moiijhocth ao3H aa bPbms ot 10* so c nponsomes nao- 
Tiroddt otxht noBePxHocTHHx cocTOHHHft. B peayjiBTBTe yMeHBniHJicH cbbht noPorosoro Hanpaxemm, yse - 
JBTOtnacB ysejiBHaa KPyrnaHa ft - h p -KanajiBHHX M(H-rpaH3HCToPoB, nro odycsoBxso chhxshhs 
Bejurorau .

AHasonraaiM odPaaoM moxho o6mchhtb h noBumemie PadoTocnocodHOCTH KMCII BUG nPH oHmemm Mom- 
hocth S03H raMMa-H3JiyaeHHfl ot I0~2 go 5.10-* pp.c~* (cm. Pho. 2). C aPyroH ctoPohh, dojiee bhco- 
Kaa PadOTOCnOCOdHOCTB BMC nPH 3S6KTP0HH0M OdJiyaeHHH O nOBHmeHHOft HHTeHCHBHOCTBK, nO-BHSHMOMy , 
odycsoBseaa othocht6sbho mbjihm bPbmohom BoasettcTBHfl ( IO2 c). 3a Taxoe bPomh hb ycneaaeT odpa- 
soBaTBCfl 3HaanTesBHtift saPfls noBePxHocTHHx cocTOHHHtt na rpamme paasesa Si, - SlO^ , Tax kbk 
nPoneoc ero $oPMnPoBamifl odHHHo aammiaeT noPanica 10* 0 [4, 5].

M syne rate nPoiieccoB BoccTaHOBJieHHH (oTxnra) naPaMBTPoB MCd-nPHdoPOB noose odsynemm nPH bhco- 
KOft HHT6HCHBH0CTH M0X6T gBTB HH$OPMaUJTO 0 HOBeseHHH nPHdoPOB nPH HHSKOft HHTeHCHBHOCTH. fljlfl 3H3 - 
SH33 PeSyJIBTaTOB HCHHTaHH® KMCII HMC (sOTHHeCKHX 3SeM6HTOB 2MJM-HE H JK -TPHITePOB) nPH BOSSeft- 
CTBHH 3S6KTP0HH0T0 HSJiyHeHHfl C PaSJIHHHOfl HHTeHCHBHOCTBK (CM. PHO. 3) PaCCMOTPHM KHH6THKy BOCCTB- 
H0BS6HHH OCHOBHHX HH$OPMaTHBHHX naPaMBTPOB MMC HOCJie OdsyneHHH nPH PaaJlHHHHX PeXHMBX. B TadJUme 
nPescTaaseHH OTHOcurejiBHHe HSMeneHna noPora nePeKsmemifl AUn /aUho H cTaTHHecKoro tokb hot - 
Pedsemw Ia/ I n.o noose odsyaemiH nePes onpeseseHHHe nPoMexyrmi BPeMera b npenesax i = 
=0,5-60 MHH.

OTHOCHTesBHHe HaMeHeHHfl napaMeTPos KMCH MMC noose nPeKPameraiH asemrPoHHoro 
odsyneHHH ( Fe =1013 cm-2) nPz passmmux HHreHOHBHocTflx h TevnePaTyPax

Tan KMCII MMC
PeXHM BOasettCTBHH BPsmh noose HaPaMeTPu MMC

, cm"2*c-I T , K
odsyneHHH 
t , MHH AUn/^Un.o In /1 no

0,5 1,0 1,0
jlornnecKHe 293 30 0,90 0,02
aseiieHTu
2 HJIM-HE IO11 60 0,88 0,01

0,5 1,0 1,0
358 30 0,90 0,41

60 0,88 0,39
0,5 1,0 1,0

293 30 0,98 0,64
5-I08 60 0,96 0,51

0,5 1,0 1,0
358 30 0,99 0,84

60 0,99 0,82

IO11
0,5 1,0 1,0j K - Tp*rrepu 293 30 0,95 0,09

60 0,94 0,08
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OKOHHaHHe Tatfjiuuhi

Tnn KMCEI MMC
PeXHM BOSneltCTBHH BPbmh nocxe 

odJiyneHHH 
t . mhh

IlaPaMeTPu MMC

%, CM 2-C 1 AUn/^C/fj.0 In/ Ino

J K - TpHrrepu I011 0,5 1,0 1,0
358 30 0,89 0.76

60 0,88 0,73
0,5 1,0 1,0

293 30 0,99 0,93

5-10®
60 0,98 0,89
0,5 1,0 1,0

358 30 0,99 0,86
60 0,99 0,85

HaaajiiHue oTHOCHTejiBHue 3HaaeHHH naPawieTPoB npn t- =0,5 mhh dujm hphhstu aa 1,0, Brhho, hto 
nocjie odjiyqeHHfl nPH Ng =I011 cm-2-c-I m T =293 h T =358 K naPaMeTPu jiornnecKHX 3JieM6HTOB 
BoccTaHaBJiMBatOTCH b dojrbweii cTeneHH, new naPaMeTPu TPurrePHUX MMC. Tame oTjnnrae b ckoPocth boc- 
CTanoBJieHHfl naPaiweTPoB Pasnux thiiob KMCEI MMC, no—bmotmomy, odycjioBJieHo Paamnnew b TexHOJiorra , 
Tojiunme OKHCJia h HanPAxennocTH ajieKTPMnecKoro nojia b hbm [4], B PeayjiBTaie y KMCEI jiornnecKnx 
BJieMeHTOB 2MJM-HE nPH Wg =5-10® cm“2-c-I (junvrejrbHOCTB odJiyneHHfl dojiee 10^ c) nPeodjianaeT nPo - 
necc OTmra nonePxHocTHHX coctohhhS, T.e. PadOTocnocodHocTB MHKPocxeM BOsPacraeT (cm. Phc. 3). y 
TPnrrePHux MMC, oneBHjiHo, nPonecc renePanm noBePxHocTHUx coctohhhB noMHHHPyeT naa nPoneccoM hx 
OTjmra non hhskoR hht6hchbhocth, h PadOTocnocodHocTB MMC crontaeTCfl. IIPk bucokoR hhtchohbhoctii 
PadOTocnocodHocTB TPHrrePHHx MMC noBumaeTca no anaxorm c KMCO BMC (cm. Phc. 2) b cbhsh c nedojiB- 
nioR mraTejiBHOCTBio odjiynenm ( ~ IO^-IO2 c), Kona He ycneaaeT odPasoBaTBCH aaMeTHoe KoxunecTBO 
nOBePXHOCTHHX COCTOHHHit.

Odiuee noBHuierae padoTOcnocodHOCTH nsyx thhob KMCEI MIC bo BPeMH odjiynemiH nPz T =358 K no 
cPaBHenmo c T =293 K (cm. Phc. 3) odtHCHneTCH ycHJieHneM neitTPajmaamra nojioxHTejiBHoro aaP/ma b 
cjioe SiO^ nPH noBuuieHHoit TeMneParyPe BCJiejncTBHe nonojiHHTejiBHoR rePMonojieBoft Hrateranra ajieKTPo - 
HOB H3 KPeMHHH [s].

Panee dmio ycTanoB/ieHo [?], hto HSMenemie noPora nePeKmoneHHB KM(H jioranecKHX ajieMeHTOB 
2MJM-HE b nponecce h nocjie ajieKTPoHHoro odjiynemm (cm. Phc. 4) b ochobhom odycxoBJieHO HSMeneroieM 
noporoBoro nanpaxemifl dasoaoro p -KanajiBHoro MOI-TPansHCToPa, a HaMeneHHe TOKa noTPedjieHHS 
(cm. phc. 5) - HSMeHemieM noPoroBoro HanPflmeHHH n -KanajiBHoro TPaHSHCToPa.

BoccTaHOBJieHHe napaMerPoB KMCQ MMC h daaoaux M(H-TPaH3HCT0P0B nocjie odjiynenm morhc o6bhchhtb 
TyHHeJIBHOtt HHReraXHeS aJieKTPOHOB H3 KPeMHHH B 0KHC6J1 H HX PeKOMdHHaUHelt C SaXBaneHHHMH 5HPK3-
mh [6, 8j. 3th nPoneccu b ochobhom nPoHcxojwT nPH noxomrrexBHOM h HyjiesoM CMeyemm saTBoPa, hto 
xapaKTePHO ojm M -KanajiBHux M(H-TPaH3HCT0P0B. HPh otPhujtsjibhom cmmesm aarsopa y p -KaHajii - 
HHX TPaH3HCT0P0B 3$$6KT BOCCTEHOBJieHHH HP0HBJ1H6TCH SHHHHTejIBHO B MeHBffleft CTeneHH, WTO H HOflTBePK- 
aaeTCH oTHocHTejiBHo cjiaduM BOCCTaHOBJieHneM noPora nePemmneHHH nocjie odxyneHHH (cm. Phc. 4) .Eojtee 
ducTPufi nPonecc BoccTaHOBJieHHH naPaMerPoB KMCEI MMC nocjie odJtyneHHH nPn bhcokoR hht6Hchbhocth odt- 
HCHH6TCH sanojiHeHHeM jioByiuenHHX ueHTPoB, pacnoJioHeHHux b ne$eKTHOM cjioe nePexojmoR OdjiaCTH Ha iPa- 
HHne Pasnejia $t“ SlO^ ^6, 8]. IIph hh3koR hht6hchbhocth JicsyniKH b stom cjioc ycnesaiDT nePesaPs- 
xaTBCH b nponecce odjiynenna, Torna odMen sapnnaMH nPoHcxojnrr c JiOBymKSMH, Pacnojicxehhhmh Ha doju>- 
iinix PaccTohhhhx ot rPaHHuy pasflejia Si “ SlO^ , h nPonecc BOccTaHoaneHHs naPaMeTPos SEtMejuifleTcfl.
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BUB0-1U

OdnaPyxeno noBumemie PadorocnocodHoern KMdl MMC (jiormecKHX ajieMeHTOB 2M-HE, 2MJM-HE) n 
men BMC (apa^MeTinecKKX yMHoxHTejieB) nPn BosjteflcTBira bjibkiPohob o Bg =4 MaB n raMMa-H3Jiyne - 
HHfl ®°Co C HHSKOB HHTeHCHBHOCTBB ( Yg =5*10® CNT^'C-!, f*. =5.1(J-4-I(>-2 Pp. IIOBUmeHHe 
PadoTOcnocodHOCTH KM(H EMC n KMdl MMC ( JK -TPHirePoB) Taiote BHHBjieao nPn bhcokoB hhtbhchbhocth 
sjiexTPoHHoro mjiyvewfi ( % =IOIO-IOH cm~2-c-I). KPomb toto, ycraHOBJieHo nosmeme Padorocnocod- 
hocth KMOl MMC (jionnecKroc aJieMeHTOB 2MJM-HE n JK -rPurrePOB) npn noBumenHoB TeMnePary - 
pe (T =358 K) no cPaBHemro c KOMHaTHofi TeiraePaTyPofl bo bPomh 3-neKTPoHHoro odjiyneram b nnanaao - 
He Vg =5*I0®-I0H cm-2.0-1.

Msyqeme nponeccoa soccTaHOBJieHHfl (oTxnra) naPamerPoB KMdl MMC nocjie odJiyneHHa npn bhcokoB
HHT6HGHBHOCTH n03B0JlHJ10 OdtHCHHTB IIOBeHeHHe MHKP00X6M HPH HH3K0B HHT6H0HBH0CTH. EOJiee 3aM6TH0e 
BoccTaHOBJierare naPaweTPoB nomnecKnx avieMeHTOB 2HM-HE nocJie ajieKTPoHHoro odayseima npn Vg = 
=1011 cm-2.0-1 odycjioBHJio noaumeraie hx PadorocnocodHocTH nP% hhskoB wreHCHBHOCTH ( Vg = 5 x 
xIO® om-2.0-1).

IIojiyneHHHe aKcnePmieHTajitHHe Pe 3yjn>TaTH odBHCHfflOTCH ocodenHocTHira npoflBJiemifl Pasjnraaix $H3H- 
HecKHX MexannsMOB b Mdl-nPHdopax b npouecce n nocjie odjiyseHHfl. npn HHSKOHHTeHCHBHOM odJiynennH 
ocHOBHoe BJmaHHe Ha napaMerPu KMdl MMC oKasHsam npoueccu renepamra n orirara noaePxHocrHHx coc - 
tohhhB, jumrejiBHocTB kotoPhx noernraer IO^-IO9 c. OrMeneHHHe ^nsnsecime nPoneccH b KMdl MMC 3a- 
bhcbt or ycjioBnfi odJiynemiH (aHreHcnaHOCTH, reMneParyPu), a raKxe'oT KOHcrPyxTnBHO-rexHOJionraec - 
khx $aRT0P0B (rnna nPoBonmiocra Kanajia dasoBHX Mdl-TPanancr opos, tojduhhh oiracjia, ycnoBHfi ero ns- 
rOTOBJieHHH n nP.).

npejyioxeHH motosh ouemcn (nPorHosnPoBaHHfl) PadorocnocodHoern KMdl MMC npn HHSKOHHTeHCHBHOMod- 
jiyHeHnn:

padorocnocodHocTB KMdl EMC nPn hhskoB HHTeHCZBHOcrn raMMa-najiyneHHB (fy =5-10-4-2-Icr^Tp-c-J) 
moxho onPesejiHTB no PesyjiBraraM ncnuraanB EMC npn BoaneflCTBira BucoKOHHreHCHBHoro ajieKTPoHHoro 
H3JiyneHHH c =(2-5)-10^0 cm”2.c-I;

HSMeHeane naPanerPoB KMdl MMC (jiormecKHX aneweHTOB) nPn hh3koB HHTeHCHBHoerH ajieKTPoHHoro 
odjiyneHHfl ( % =5-108 cM^-o-I) b guanas one rewneParyP 293-358 K moxho onPenennrB no naHHHM, no- 
jiyneHHHM nocjie BosneBcrsna Ha MMC 3ji6ktPohob c bhcokoB HHreHcnBHocTBD (% = loll cm-2«c”I) nPn 
rex xe remeparypax n nosax odjiynemra;

H3MeHeHne naPaMeTPoB KMdl MMC b npouecce odnyneHna co cPejmefi n hh3koB HHreHcnBHocTBD npn 
KOMHarnoB reMneParyPe moxho onPenejnrrB no noflodPaHHOMy cooTBeTCTByraaeMy pexnmy odJiynenna npn bh
cokoB HHTeHCHBHoerH h nosHBieHHoB reMneParyPe. HanPnweP, jyin nPorHoanPOBamia HsweHeHHfl tokh nor - 
pedJieHHs KMdl MMC (2HJM-HE) npn 3ji6ktPohhom odJiynemra c =5-I09 cm~2. c~I n T =293 K Phji 
onPenenen PexzM BoaneBcTEns nPn =10^ cm-2.c-I h T =358 K.
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PAHHAIHQHHO-CTHMyiMPOBAHHAfl SErPAMIjHfl KMOI-IlPHEOPOB B AKTOBHOM 3JIEKTPITCECK0M PEfflME 

B.M.BePxoTyPoa, 0.0.PPa^oyaTCKaft, B.M.Shkob, H.T.Diya

MccjiesoBaHo syaflaae moiqhocth hobh hh pegyJit- 
T3TH OdyyaeHHfl MMC CePHH 564JE2 C HCnOJlBSOBaHH- 
eM HOJiroBPeMeHHoro orxara b aKTHBHOM syempa - 
aecKOM PeiKHMe nocjie koPotkopo odnyaemm.

IlPodjieMH jiadoPaToPHnx pajuianHOHHHX HcimraHHit KM(XI-nPHdoPoB c qejiBio nPoraoSHPOBamm roc yoyro - 
BPeMeHHOrO (JjyHKqHOHHPOBaHHH B yeJIOBHHX KOCMHHeCKOrO nPOCTPaHCTBa CBflSaHH C XaPaKTePHHMH 33BHCH - 
mocthmh hx yerPayaqaa ot mothocth yo3H HOHH3HPy»mero Hsyyaeiam. 3th HeonPejtejieHHOCTH odycJiOBJiemi 
PasyaaaeM xaPaKTePHCTaaecraix BPeMeH odPasoBamm h orrotra odteMHoro sapyna b noysaTBcPHOM yaayeKT- 
Pmte h jioBymeK Ha rpaHHne Pasyeya. B Page PadoT [I, 2 ] saMeaeno, hto yerPayaniM noPoroBoro 
HanPflxeHHfl nocjie OdyyaeHHfl c yaeTOM BPeMena odjiyaeHHH b mhPokom naanaaoae MoomocTeft yo3 ( Py = 
=0,05-6.109 pay( Si )/c yya pasyaamoc MoyeyaPytoimix ycTaHOBOK (jameftmdt ycKoPareyB SJieKTPoHOB , 
PemreHOBCKafl ycTaaosKa, HsoTonHHft hctohhhk) nPaKTErcecKH oynaaKOBa. HojiyneHmie Hamme o yoyroflpe- 
MeHHOtt PejiaKcarcHH naPaMCTPOB npadopos b 8kthbhom syeicrPHaecKOM pexaMe nocye koPotkopo odyyaemm 
sayaaHoft ho a oil Moryr dHTB HcnojiBsoaaHH hjih iiPopho aHPoBarata PadoT ocnocodHOCTH HsyejiHfi ajieKTPoHHOfl 
T6XHHKH B yeJIOBHHX HJIHTejIBHOrO B03yeftCTBHfl HH3KOHHTeHCHBHHX H3JiyKeHHft KOCMKSeCKOrO nPOCTPaHCTBa.

MeToymca onPeyeyemis PeayjiBTaTOB PayHanyoHHoro odjiyaemifl MMC c HcnoyB30BaaaeM yoyroBPeMeHHoro 
OTimra b aKTHBHOM syererPnaecKOM Peame nocye koPotkopo OdyyaeHHfl dana HcnoJH>30BaHa HaMH HJlfl TOPO, 
HTodH onpeyeyarB BHiumHe moihhocth go aw Ha PeaymTaTH OdyyaeHHfl MMC cepaa 5645H2. MPa nPoBeyeaaa 
HccyeyoBamtft acnoyasoBayacB napraa na 16 MMC c djraaKHMH hcxohhhmh naPaMerPaMH, KOToPaa diuia Pas - 
dara Ha aeTiiPe rPymra b cootb6tctbhh c aacyoM BHdPaHHux Psxhmob Payaanaoaaoro OdyyaeHHfl no moe- 
hocth yosu. B nPoqecce scero nePaoya HcnHTaHHft, Bmnonanmero BoaneScTBue aaemPoKHoro Hajiynemta c 
aHepraefl aaerarPOHOB E =3,5 IfeB h oryzra b Tenenne noPayKa 10*'' c, noyyePmmajica sayaamrit saeicT- 
PHnecrarit PexHM PadOTH MMC (HanPaxeaBe naraaaa noyyePxHBajiocL PaBHHM 10 B, a sxoyaoe HanPaxeaae aa 
tooth BxoyoB dujio Paano ay am, a yPyroft nacTH BXoyoB noyyepXHBaaocB Pbbhhm 10 B). MsMePeaze noPo - 
pobopo HanPaxenna TPaasacToPOB MMC ocyyecTBaaaocB nePHoynaecKH c noMoytm asroMaTHaecKO# annaPaTy- 
Ph "AraT", nPeyHasaaaeHHofl jyia yHCTaanaoHHoro kohtPojw naPaMeTPoB KMCH MMC b nPoqecce PayaaqaoH - 
hhx HcnHTaHHft. AnnaPaTyPa Padoraaa noy ynPaBaenaeM 3BM PC-AT/286 no aayaaaoft BPeMennoft nPorPaMMe, 
ocymecTBJiaa HSMePenae sayaanax seyaana a npoassoys HeodxoyaMue nePemroaeBaa aePea ynPaanaeMuft 
KOMMyraToP c nocyeyymyeft odpadoTKoft yaHmx aaMePenafl, xPaneHHeM hx Ha mbibhthom aocareye hh^oPmh- 
qaa, bhbohom PesyyBTaTOB asMePeaaft b saye Tadyaq a rPa$mtoB aa sKPaa yacnyea aya aa qa#oneaaTam- 
iqee ycTPoftcTso.
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IIPz HSMePeHHH noPoroBoro HanPzxeHZH TPazazcToPoB HMC 564JH2 Ha aimaPaxyPe "Aral" Ha Bxojmue 
TPaHsucToPH HMD nojiasajiccB romoodPaaHoe Hanpraemie h ojmoBPeMBHHO zaMePmoz tok noxPedJie 
him HMC. HoPoroBoe HanPraemie bhzhcjihjioob Ha ocHoae HaMaPeHHHX yitaaaHHHx bojibt-aMnePhhx xaPaK- 
TePucTHK c HcnojiBaoBamieM MeTojta HaHMeHMinx KBaaParos b nPeflnojiozemra, zto tok zaMeimeTcfl npo- 
noPiraoHajiiHo koPhd KsajtPaTHOMy za serazzHH Bxojmoro HanPzxeHZH nra ft — m p -xaHajiBHHx tPbh - 
3HCT0P0B, COCTaBJWIOlUKX ZHBOPTOP.

OdJiyzemie HMC npz mouhocthx kosh 500 ; 50; 5 z 0,5 pajt/c nPozaBoezjiooi, b nyzre 3J16ktPohob 
JWteMoro ycKoPzrera 3JI7-4, arrecTOBanHoro na coorBeTCTBze TPedoaamMM cramtaPTOB Ha PagzaqzoH- 
Hue zcnuTanzH zaaeraii KocMzzecKoro nPZMeHeHZH. 7cK0PzTejn> 317-4 cHadxez czcTeMoft kohtPojm napa- 
MerPos nyzKa ajieKTPoHOB, odecnezzBanmeft aananze z nojroePxaHze cPeraeft aHePrzz 9JieKTP0H0B nyzxa 
B nPesejiax 2,3-4,1 MaB ± 10 % z HePaBHOMePHOCTH nora o&nyzeHza b nPeneJiax 60x60 cm2, He nPesu- 
maioyeit 30 % . Mohihoctb floau, HazzHaz co azazemifl 50 Pas/c z Bttme KOHTPoraPoBaracB c homoiubd 
BaKyyMHoro muizmipa $apaaez c norPeumocTBC He smie 30 % . JLra zaMePenza moiuhocth moan 5 z 
0,5 Pa/i/c zcnojiBaosajicz zoazMeTP VA - 3 - 18 , noKasamm KoroPoro (nocJie nePeczexa c Boazyxa
za KPeMHzS) cooTBeTCTBOBajiz azazeHZBM moiuhocth ho an, onPeneraeMoft zcxojxh za noKaaamdt BaKyyMHo
ro ipuizHHPa ®aPajtez z zaMePzTera aHePrzz araKTPOHOB . ShaPthh aneierPoHOB npz odnyze- 
hzh HMC 564JM2 cocTaBJtoJia 3,5 MaB. Iloraaz floaa odayzeazz cocTasrajia 60 KPafl (Si ) c norpee - 
hoctbd onPenenemm He donee 30 %.

Ilocjie odjiyzemm HMC dura nonBePrayTH orzzry npz xoMHaTHofl TeMneParyPe b Tezeaze IO7 c. B 
nPouecce ororara KPyrnocyrozHO nojwePxzBancfl tot araKrPzzecKHft Poxzm padoru HMC, kotoPhK dim aa- 
jtan nePen odnyzemieM. B npouecce OTXHra nepzogzzecKZ hPobojouiocb zaMePeHze naPaMexPoB HMC. Pe- 
ayjiBTaTH oTHoczTeraHoro zaMeHenza noPorosoro HanPazemm nra ft -vtamubsux. z p - KananBrnoc 
TPanazcToPOB HMC 564JE2 nocjie odjiyzesza b aaBZczMOCTz ot BPeMenz OTxzra nPencTaBJiemi na Be.1,2. 
IlPencTaBJieHHiie mwsme ycPeraeHH no zeraPeM TPaaazcTopaM. 3a Hyrasoe aaazeHze orezera BPeMenz 
hPhhhto BPeMH Hazajia OdjiyZeHHH.

0,8 r ■. i.nij i i ..m.i < 11..mi_i 11 mill_i 11nml i i 1,0 r. ..it.il i ■ » ■ ■■■■«!—i I nml—» mild—i_t

0,1 1 10 100 ±t H
a

0,1 1 10 100 -ttH
S’

Pzc. I. HaMezenze noPorosoro HanPaxemm ft -KazaraHHX 
TPaHSHCTOPOB OT BP6M6HH OTKZTa B 8KTZBH0M P6XHM6 HPZ Uttl =

=50 Pan/c; V- Pr =5 Pan/c;
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Phc. 2. MsMeHerae noPorosoro HanPaxeraa p —KaHajiBHHX tPhh— 
shctoPob ot BPeMBHZ OTXHra b bkthbhom pexmte nPH Utn =10 B (a) 
H Utn =0 B (6). 06O3H8'ieHHfl T6 xe, MTO Ha Phc. I

Hs nojryueHHHx PesyjitTaTOB moxho cneaaTB cJiegycume bhbojh.
1. UsMeHeHze noPorosoro HanPaxemiH ft -KaHajarax h p -xasajaaux tPshbuctoPob b nPonecce 

jvmrejiLHoro oTxxra nocjie odjiy^eram noaoft 60 KPan onPenejiaeToa thhom TPaHancToPa h ajicETPiroecKHM 
PexHMOM ero padora, nPireeM PasdPoc PeayjisTaTOB aa oner HSMeHeraw moujhocth josh kPh odayaeHxx 
B nPenejiax 500-0,5 Pajt/c He nPeBHUiaer 20 %.

2. Majme PeryaaPHHe HSMeHemro noPorosoro nanPaxemia bo BPeweHM hbjihijtch cJiencTBHeM orcyrcT- 
BJH TePMOCTaTHPOBaHHB H OdyCJtoBJtoHH KOJiedaHHHMH KOMHaTHOft TeMnePaTyPH B noMeiemoi JiadoParoPm , 
me nPoBoniuicfl SKcnePmueHT.

3. rpynraipoBKa ashhux aa gse rpyram (500 h 50 Pag/o i5i 0,5 Pan/c) nPH ajieierPimecKOM Pe - 
xmie, cooTBeTCTByngeM nyjieBOMy HanPaxemno Ha saTBoPe TPaHSHCToPoB, BePoaraee acero odycJiOBJiena 
H6K0T0PHMH MeTOOTHeCKHMH OCOdeHHOCTHMH OdjiyUeHHfl nPH HH3KHX MOIKHOCTSX flOSH.

B nejioM nPoBeaeHHHfi SKcnePmuear nofirsePraia bhbohh Padora [ I ] o tom, hto HesasircHMO ot 
mouhocth flosu, hPh KOToPoft nPoBOflHTca odJiyqeHHe, HaMenerae noPorosoro HanPaxemia MOI-TPaHSHCTO- 
Pob b nPonecce mmrejiBHoro nocjienyranero OTxura onaoHsaeTca yramePcaatHofl KPraoft, naPaweTPu ko- 
ToPofi juia naHHoro Tima TPaHSHCToPoB onPeaejunorca nojmott no soft a saeraPmecKHM Pbxhmom Padora 
TPaHSHCTOPOB.
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ailMHHHE MOWHOCTM £03bl M0HM3MFyKlUEr0 M3JiyWtH 
HA FAEOTOCIIOCOEHOCTB MMOHAlKXflHEHHOn) avlEKTPOOEOPyjlOBAHMfi flJIfi A3C

A.11. TiDTHeB, C.r. Eoea, JLH. CaflOBHHHHft, E.A. 1’onyd

MccnefloaaHa saBaoaMocTb panaaaaoHHott backt - 
ponpoBoaHOCTH TpaHC$opM8TopHoro Macjia T-750 ot 
MoyHOCTH norjiomeHHoft sosii rama-aanyHeHaH a no- 
TOKa npoTOHOB c SHepraefl 10 MaB. HoKasaHo npo- 
BBJieHHe rpeKOBoro a$$e%Ta u onpeneneHa panaana - 
OHHaH 3jieKTponpoBOflHocTB MacjiodapbepHott hsojih- 
uaa (b Had TpeKOBud a$$eKT OTCyTCTByeT). ycra -
H0BJI8H0, HTO SJieKTpHHeCKaH IipOHHOCTb M8CJI8 H
MacJiodapsepHoii h3ojmuhh He saeacaT ot moiuhocth 
norjJomeHHott j03H bimotb bo MaxcaManbHO boothr - 
HyTHX 3H3H6HH8 200 pafl/c .

Eonee uiecTPi jiei npomjio c MOMeHTa asapHH Ha TepHOdwibCKotl A3G, ojmaxo axTyajibHHMH ocTanrcn 
Bonpocbi, cBH33HHue c onpe,nejicHueM padoTocnocodHOCTH paBJiHHHHx ysjioB h arperaTOB A3C, HaxoflamaxcH 
b nojie noHH3ispyiomcro MSJiyHeHHn, BoaHHKaiowero b peayjibTaie pa3Jinhhhx aBapadHHX caTyanafi. Tax, npa 
aBapan Ha lepHOdtuibcicoB AjC a HeKoxopax ys-nax bhcoxoBonbraoro MacjioHanojmeHHoro odopysoBaraa 
MOMHOCTb B03H raMMa-H3JiyH6HHH BOCTHTJia Ay 250p&flA y 3 MOTHOCTb HOTOKS HefiTpOHHOTO B3ByH6 - 
HHH- a/ I03 HeBTp/vCM^-c). HacTOHmas padoia nocBHmeaa accneflOBaHHio bjihhhhh moqhocth bosh H0HH3H - 
pywmcro asJiyHenan na aaMeHenae ajieKTpHnecKHX cboSctb TpaHC$op«aTopHoro Macna a HacjiodapbepHod 
Hsojummi, Tan Kan OHM hm6kjt HaHMeHbiuyB 3JieKTpnHecKyio npoHHOCTb cpena ysnoa MacjioHanoJiHeHHoro 
BHCOKOBOBbTHOrO 0d0pyfl0B3HHH.

3 BKcnepuMeHTax acnoJib30Bajiocb Tpanc^opMaTopnoe mono T-750 a mbs anna MacjiodapbepHott hsojih- 
uaii, zsroTOBJieHHHX H3 16 cjioeB dyMara KOH-I (xaxman tojihwhoAIO mkm) , nporaiTaHHott mbcjiom T-750, a 
12 cjioea KaoejibHod dyMam (xaamafl tojhhhho80,I mm) , Taxme npomiTaHHoft MacjioM T-750. Ha odpaaim 
B03iieiiCTB0BaJlH ^OTOHHHM K3JiyH8HHeM yCTaHOBKH TOMCKOFO FoCyKapCTBeHHOrO yHHBepCHTeTa npa cpejmeti 
auepraa kb3htob 1,25 IvlaB h moiuhocth sosh I0-1000pafl/c h peHireHOBCKHM HsnyHeHHeM anna -
paia Pyfl 150-300-10 c HanpnxeHaeM Ha ipydxe 300 kB a moiuhocth loan a/ 100 pafl/c.OTHOCHTejibHan nor- 
peuiHocTb onpejtejieHHH pajuiaunoHHod ajieKTponpoBonHocth (P3H) odycjioBJieHa b ochobhom norpemHOCTbn 
£03HMCTpHH H3Mep8HItH T0K3 H C0CTaBJM6T /V 30 %.

SasHCHMOCTb P3I1 Macjia T-750 ot moikhocth nosu $oTOHHoro asJiyseHHH npa HanpfluceHHOCth aneKTpa - 
necKoro nojm iC/J B/cm npejncTaBJieHa Ha pac. I h annpoKCHMapyeTCH BHpaxeHaeM

ft =1,35-10-13 ]/p~T ,

rae - paaaanaoHHaH 3JieKTponpoBonHOCTb, Om-I-cm-!; Py - moiuhoctb norjiomeHHoft nosu, paa/c.
DJ1HHHH8 B8J1HHHHH HpHJIOXeHHOrO HanpHX8HHH B flHanaSOHB IO^-IO5 B/CM H8 P3H TpaHO$OpM8TOpHOrO 

Macjia T-750 noKasano Ha pac. 2. Mb pacymta bhjwo, hto b odJiacTH cajibHHX noaeft ( donee 5x
xIO4 B/cm) HadmoaaeTCH TeHaeanan k sanpeaenaBaHam pocia P3II.

oasacHMOcTb pamiauaoHHoro Toxa ot HanpflxeHHOCTa sjieKTpanecKoro nona npoHBJiaeT HenaneltHOCTb , 
HananaH co anaHerad HanpflseHHOCTH aneHTpanecKoro nona nopnaxa I04 B/cm (pac. 3).
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Pbc. I. 3aBncnM0CTb P3H Macsa T-750 ot 
mowhoctb nor.nomeHHofl so3H noTona rairaa- 
KBaHTOB (TeMnepaiypa KOMHaTHan, TeMHOBaa
ajieKTponpoaoflHOCTb Macjia 5,6-I0~-l-4 Om-I-cm~T, 
saaop Mexsy sjieKTpoaaMK 5 mm)

Pac. 2. SaBacaMocTb P3H Macjia T-7o0 ot 
HanpaxemrocTa BHemnero sseKTpa Hecitoro 
hojih (momhoctb norJiomeHHofl aosh 10 pas/c, 
TeMnepaTypa KOMHaraaH, sasop Messy 
sjieKTpo^aMti 5 mm)

Pac. 3. SaBacaMocTb pasaauaoHHoro toko b Mac- 
jie T-750 ot Hanp/nteHHOCTB sjieKTpaHecKoro 
nos* (MomnocTb fl03ti 10 pas/c, aa sop Messy 
sjieKTposaMB 0,7 mm, saaMerp sseKTposoa 4 cm)

IlojiynaHHue aKcnepBMeHTasbHHe 38Bbcbmoctb xoporno corjiacyjoTca c odmenpBHHTUMH npescTaBseHHHMB as 
odJiacia paaaauaoHHofi xhmbb KOHsencapoBaHHott $asw. Hpa aoHasaqaa HenoJMpraoc sasKocTeti otipasynTCs 
b30JiapoB3HHbi6 BOHHue .napnt BpeMH KB3HB KOTopux npa KOMH8THOB TeMnepaiype He npeBtmiaeT I0~40C (nofl- 
BBKHOCTB OTpHUajejlbHHX B IIOHOKHTenbHHX BOHOB nOpflJTKa IO-4 CM2y(B.C)). PajlBaUBOHHaH SJleKTpOnpOBOJI - 
HocTb t3ko8 xhskocth (b b HacTHOCTB Macjia) onpeaejLHeTCH csodosHUMB saproaMa, aadexaBinaMB HSHSJibHott 
peKCMdanauBB b napax, Buxofl KOTopux b odbeM onBCHBaeTCH Teopaeit Onsarepa*, npescKa3HBanneH ysesa - 
Herne Buxosa CBodosHHX sapasoB ot HanashHoro (0,1/100 aB) go npesejibHoro (2,0/100 sB) b odJiacTa 
sjiaKTpanecKoro hojih ot IQ4 so 10® B/cm. Hs-sa bhcokoR nosBasHocTB bohob b Macjie, npaBojunueS k bx 
ducrpoMy BiiHocy aa asesTposu, jum HadauueHBH onacaHHHX 3#exioB HeodxosBMO BunojiHeme sayx ycjio - 
BH8: HB3K8H BHTSHCBBHOCTb OdJiyHBHHH (dOJlblllBe BpeMBHa KB3HB BOHOB flO peKOMdBHaUBB) B BUC0K5H H3Hpfl- 
steHHocTb ajieKTpaqecKoro hojw npa Majioti aejiBHHHe MexasenTposHoro aaaopa.

B OKcnepaMeHTax MBHBMasbKaH moihhoctb flostJ cocTaBBJia 10 pas/c, tojhubh8 sasopa Messy sseKTposa- 
mb 0,7 mm, MaKCBMajibHaa HanpaseHHOCTb hojih 2.10® B/cm. Ha jiBHetaoM ynacrae BcuitT-aMnepHo.1;xapaKTe- 
pacTBKB I03-I04 3/cm (cm. pac. 3) sHaseHae P3II onpeseJinercH BupameHaeM fo =1,35.lO-^2 y 10 
Of 4,2-IO-T® Om~I*cm-I. ILiaio npa E >IO4 B/cm cootb6tclayer nanajiy bhhocs sapasoB aa aseKiposu 
(nparnum padora Bossymnoft HOHHsaoBOHHoti K8Mepn). BpeMH nposeia bohob /v/ 0,1 c (0,7 mm/104 B/cm x 
xIO-4 CM2/B-cj), a BpeMH peKOMdBHauaa aapnaa OKasusaeTCH Toro me nopAjuta. HeflCTBBTesbHo, npa 6 =
=I04 B/cm buxob aapasoa mokho npaHHTb paBHHM 0,1/100 aB, hto cooTBeTCTByeT KBaHToaoMy BHxosy cbo- 
doflHHx aapasoB 6,7*10^0 cM~3-pas-T*. Hpa P=10 pas/c CKopocTb odiewHoft renepauaB CBodosHux sa- 
PTOOB paBHa 6,7-I0TT cm~3*c~I. CorsacHO MexanaaMy JlaHmeseHa KOHCTaHTa CKopocTB odbeMHoi'i peKOMdBHa- 
uaa Kp =10-10 cm®/c* npa nosBBmHoctb aapana •—r IO-4 cm2^B-c|. KonueHTpauBH hoob -

* T b t h e b A.n., SaHHBKOB A.B.} ManraneeB P.C. PasaanaoHnaH 3seKTpo$a - 
3BK3 OpraHBHeCKBX SB3JI6KTPBK0B. M.: 3HeprO8T0MH3flaT, 1989.
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Tejieft aaPana no TeoPmi OnsarePa h noBToPneT xon xPhboB, noxaaaHHofi na Phc. 2. IIonHHfi cdoP aaPflna 
c nPenejiBHUM bhxobom a/ 3/100 aB He Hadmonancn na-3a anexTPireecKoro nPodon Macjia.

McoJienoBaHHe aaBHCHMacTH P3II mbcjih ot moiuhocth no3H b nePemeHHOM anexTPiraecxoM none c nacTO- 
Tott 100 Pn noKaaajio, hto nPn moiuhocthx nog < IO4 pan/c nPeodJianaeT TeMHosan axTHBHan cocTas - 
jumyaa anexTPonPoBonHocTH, noaTOMy P3H HccnenoBanacB b nuanagone MomHOCTefi nos S-IO^-IO5 Pan/c 
na gjieKTPoHHOM ycxoPHTene. PeaxTHBHan oocTaBJuromaH hPoboshmooth Boodne He HaMerauiaci, nPH BoaneB- 
ctbhh gjiercrPoHHoro nynxa, a aKTHBHan BoaPocjia Ha Bemmmy, cosnanaiomyD b nPenenax norPenmocTH 
OKcnePHMeHTa o P3II na nooTommoM Toxe c tsm xe xaPanrePoM HejumeiteocTH b chjibhhx anexrPimecxHX 
nojiflx. HBJiemie bhhocb aaPanos na anexTPonH nPaxTjmecxn He HadjinnanocB.

Tot xe KOMmiexc HccnenoBaHHfl dun BtmojmeH jyia MacnodaPtePHofi Hgojumra nsyx bjmob, nPonHTaH - 
Hoit mcjioM T-750 h ncnuraHHoit b mcjie. 5jis odonx tkiob naojiamm aaBHCHMOCTB P3H ot moiuhocth no3H 
xoPomo onHCHBaeTCfl cooTHomeraieM tfp =6-10-19 Py , Qm-I-cm-I.

B oTjDmHe OT Macjia HadmonaeTCH JuraeftHaa aaBHcmiocTB P3H MacnodaPBePHOfl Haojunnm ot mouhocth 
noan, KOToPan coxPaHHeTGH bo boom • HccjienoBaHHOM HHanasone MonmocreB nos h b chjibhhx ajieKTPH - 
necKHx nojisx (no 2-I(P B/cm). IIPojieT HOCHTenefi nePea Hsojumjno He Hadnmnancn. IIPh odjiynemm b ne-
PeMBHHOM SJieKTPHHeCKOM H0J16 BOaPacTaeT TOJ1BKO aKTHBHafl COCTaBJimOmafl nPOBOnHMOCTH.

MccjienoBamie aaBHCHMOCTH P3H Macjia h MacJiodaPBePHoft naonninm ot HeflrPoHHoro HaJiynemm Mone - 
jinPOBajiH BoaneftcTBHeM nynxa hPotohob c anePraefi 10 MaB na mncnoTPoHe Tomckoto nonjrrexHiraecxoro 
ymraePcHreTa. Bosmoxhoctb TaxoB aaweHH odtacHfleTCfl tbm, hto b BonoPonconePxamra MaTePnajiax.K xo- 
toPhm oTHOcflTcfl MacJio h MacnodaPtePHan Haojunw, 95 % nornoyeKHoft gnePnm HajiyneHHs onPenenneTca 
nPoTonaMH OTnanz, odPaaymnmmoH b MaTePzane nPH ynPyroM Paccemam HefiTPoHOB na aioMax sonoPona.

Moihhoctb noaH nPoTOHHoro HajiyneHM IO^-IO^ Pan/c, nJnma nPodera b mcjie i mm, noaTOMy 
TOJiimma ojioh Macjia dujia 0,5 mm. 3aBHcmiocTB P3TI MacnodaPBePHOfl Haojwmni or moiuhocth no an nojiynz- 
jiacB Taxofi xe, xax hPh raMMa-odJiynemiH. Macjia ona oKaaajiacB CHCTeMaTHHecKH hhxb b 3 Paaa.nro 
MOxeT dHTB caasaHO c TPeKOBHM a#$exroM (iuiothoctb HOHHaaujiH b TPexe nPoTOHa c SHePmeft 10 MaB b 
50 Paa Hzxe, neM b TPexe dHCTPoro ajieicrPoHa). CPennan anePran hPotohob OTnanz ot HeftrPoHOB cnexT- 
Pa nenemifl 0,5 MaB, noaroMy juih hsIItPohob a#exTHBH0CTB HOHzaainm b Macjie dyneT erne MeHBme, neM 
HJia hPotohob c anePmefi 10 MaB. 5jih MacJiodaPBePHoft Haojumra tPoxoshB a#exr HeaHanHTejieH.H oubh- 
xa P3D or HeftrPoHOB moxbt nPosonuTBca no $oPMyjie nJin raMMa-Hajiynemm. JSjia Macjia cooTBeTCTByrman 
oneaxa HBjmeTCH sePxHeB rPammeB PeajiBHux aHanemrit P3H.

SjiexrPimecxyio nPonnocTB nccjienyeMHX odPaauoB onPeneJMJra MeTonoM nenPepuBHoro nonteMa HanPn - 
xeHHH b Hneitxe c xoH$nryPanzeft anexTPonoB nojiymaP-nojiyiiiaP npx MexajiexTPonHOM nPoMexyrxe no 2,5 nm. 
CPennee nPodzsHoe HanPaxemie onPeneJisjiocB no PeayjiBTanaM 25-30 HcmiTaraifl. SHanemm nPodotooro 
HanPflxeHHH MarePnajiDB b none neifcTBHH raMMa-HajiyneHHH c mouhoctbio noau 200 pan6 nPraenemi b Tad- 
jume.

Bmame odnyneHHH m sejupiray HanPnxemm nPodoa

Tzn MaTePaajia
HPodoteoe HanPaxerae, xB

Jto odJiyneHHB B none Hajiyneran

TPanc^oPMaToPHoe Macno T-750 
16 cnoes dyMarz K0H-I 
10 cnoes xadejmHofl dynera

40±4
6,6±I

I8,0±2

42±4
6,5±I

I8,6±2
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RU9710195
Rax cjiesyeT H3 nojiysemna PeaymTaTOB, modboctb hosh bo 10^ PaVo He BJiiweT aa npodoteoe Han- 

PaxeHHe. TaxHM odPasoM, yPoBHH odJiyseiniH (-250 pafl/q ) aaxe Taxoft doromoB asaPm, xax HePHodHJiBc - 
xaa, ne Morra cxaaaTBca Ha PadoTocnocodHOCTH MacjioHanojmeHHoro odoPyHOBamw.

CTaTbH nocTyruuia b peflaxipoo 29 hdhh 1992 r.

y%K 539.12.04+621.315.2+621.311.25:621.039.57

nOBPEKfiEHMH B ajLEK'fPM'IECKOK M30JIHHMM KABMLHHX M3JIEJI1M. 3KCIUiyATHPyEMUX 
HA ATO&Gm 3JEKTP0CTAHI$MX, H METQCH MX OEHAPyiEHHH M OIEPATHBHGrO KQHTPOAH

P.C. Bajiees, H.M. <taJiaTOB

IlPoBeseH anajms bosmoxhhx noBPexneHHft b 
3JiexrPinecxott Hsojunnm xadejiBHHX HSBejmft hPh hx 
axcnjiyatamm aa A3C. PaccMOTPeHH oohobhh6 mbto- 
bh odHaPyxemw 3thx noBPeapteHHft h onePaTiiBHoro 
kohtPojih TexHinecxoro coctobhhh xadejianux nsse- 
jihB b nPoqecce axcruiyaTatCHH.

KadejiiHHe HsaejHM (KM) nPescTaBJimor codoft KJiacc ochobhhx ajiexTPoajieMeHTOB, ot kotoPhx bo mho- 
tom aaBHCMT HaflexHocTB h deaonacHOCTB 3xciuiyaTaunn A3C. rjiasHHM odPaaoM sto cPoBojta h xadejm , 
Bxoaamne b CHCTenH ynPasjieHHa h samuTH HBePHoro PeaxroPa, a raxxe xadeJiH, imraiwe ocnoBHue h 
BcnoMoraTejiBHHe TexHOJioraaecKHe arPerara h sjieMeHTH odoPyflOBamw ero nePsoro KOHryPa.

B cTPanax, bkthbho PasBHBammx aTOMHyo anePreTinty, doJiaraoe BHHMaHHe ysejmeTOfl BonPocaM PaaPa- 
dOTKH M6T0S0B yOKOPeHHHX PecyPCHHX HCHHTaHHft KM X HX CTaHBaPTHSailHH, PeaJfflSyDTCfl HayHHO-HOCJieHO - 
BaTejiBCKHe nPorPaMMH, HanPaBJieHHue Ha jieTEUiBHoe Haynemie itPhshh h xaPaxTePa HSMeHeradt naPawe?
POB KM H 3JieKTP0H30JlHHH0HHHX MBTePHajIOB B CneHH$HHHHX JWJ HJtePHHX aHePTeTBHeCKHX yCTSHOBOX 
ycJioBHflx, Beayrca hohckh hobhx nePcnexTHBHtix MaTePxajioB h xoHCTPyxnH# KM jym A3C [l,2]. B noc - 
jieflHne roflbi b Phb axTyajiBHHX BHflBHHyjixcB nPodJieMH onPeBejieHHH ocTaTosHoro PeoyPca KM, axciwyara - 
PyeMux Ha A3G, h onePaTHBHoro mohhtoPHHra hx TexHHsecxoro coctohhkh [3].

JlaHHaa Padoia noosameHa anajuiay bosmoxhhx noBPexmeHH0, BOSHHxammHX b Hacuunym KM b nponecce 
axcnjlyaraiiHH na A30, h mbtosob hx odHaPyxerow h onePaTHBHoro xohtPojw.

OchobhoA cneuH$HHecKoit ocodeHHOcTBn axciuiyaTaiDiH KM Ha A3C xax b hoPmeuibhom Perarae, Tax h b 
CJiysae boSHHXHOBeHHH aaaPHftHHx oHryaquB ABJiaeTca xoMiuiexcHoe BosxeftcTBHe xecTadroiHaHPyiamHX $axro- 
Pob nPH Hajuram hotokob Hajiyseioift bhcoxoH aHePnm, tjbbhhm odPaaoM HeUrPoHOB sezemta « conyrcTBy- 
Buero raMMa-H3JiyHeHHH £2]. Mouhoctb bo3h HSJiyaeHna ohjibho HSMenaeToa b aaBHCHMOCTH ot xohxPbt - 
hoto PacnojioxeHHfl odoPysoBamm,H b hoPmbjibhom Pemie Padora PeaxroPa, xax nPaaaao, He nPeau - 
maer 100 Pa&A, ojmaxo c yseroM nojmoro oPoxa axonjiyaTanjiH MaxcHMaJiBram norjromeHHaa jtoaa hPh stom 
MoxeT aocTHTHyrs /v 5» 10^ Pafl. B PeayjiBTare aaaPHflHHx cirryamifl HHreHOHBHocTB HanysemM h 
norjiomeHHas sosa Moryr BoaPacra aa hbcxojibko noPflflxoa.

PeayjiBTaru HccjiejioBaHH# h omrr nPaxriraecKofi Padora noxaaHBaer, sto b yojioBHax axcnJiya- 
TaqgH HandojiBiEHM PagHaqnoEHHM noBPexneHMM nojtBePxeHH oPraranecxHe ajieRTPoHaojiaigiOHHHe MarePHajm. 
HoaroMy $yHKHHOHanBHaa PadOTocnocodHocTB KM b cocrase odoPygosaHHa A3C onPejteJifleTOfl obo8ctb8Mh 
HGIIOJIB 3OBaHHHX B HHX 3JieKTP0H30JIflHH0HHHX 1BT6PH6U10B H XaPaKTePOM H3M6H6HHH 3THX CBOBCTB B nPOHeC- 
ce scero cPoxa axcimyaTaiw. HaMeHemro cboActb mrePHajioB ixPh BoaaeficTBHH HeoradHJiHaHPymiHX $ea- 
toPob Moryr hmctb odPaTHMHft h HeodPaTHMHfl xaPaxreP. HeodPaTHMoe H3M6HeHHe cbo&ctb, xoroPoe nPonc- 
XOJtHT C TeS6HH6M BP6M6HH B PeayJIBTaTe GOBOXyimOOTH XHMHS6CKHX H $H3HS6CXHX nPeBPameHHfi, uPhhhto 
H33HB3TB CTaPeHHeM.
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Bee (JbktoPh, cnocodcTBymoae cTaPeroro gaajieKTPHKOB, Paanejuror Ha BHyTPeHHae h BHenmae . K 
BHyrPeHHHM othocbt oocTas h cTPyKTyPy nojumePa, MOJieKyjiHPHyc waccy, Hajureae BHyrPeHHHX ge$eKTOB, 
HanPaxeraitt et.i. Ochobhhmh BHemHmm $aKToPaMH, B03geftcTBy»maMH aa 3JieKTPoH30jmnnoHHHe MaTePaaaa 
b nPoqecce hx aKciuiyaTanaa na A3C b cocTase KatieJiLHoft H30JianHH,aBJiHiDTCH: HOHHSHPyranee aajiyne - 
hh6 (MM), noBHmeHHue TeMneParyPu, BgaxHocTB a gaBJieHae OKPyxammeA cPegH, agererPanecKae h MexaHH- 
secKHe HarPy3kh, arPeccaBHaa cPe.ua ge3aKTHBHPynigax PacTBoPos. Bee sth $&ktoPh, arPaa Pojib area- 
tob a aKTHsaToPoB c-.MPmaHnnx $H3HK0-xmfflraecKHX nPoueccoB b nojumepaott asojunum, odycaasaaBamr ee 
CTaPeaae a nPHBOgaT k coKPaqeaam ePoaa cayxdH KM.

B aacToamee sPewa nPoBegeHH nogPodme accjiesoBaaaa a yoTaaoBaean ooaoBaae saKoaoMePaocTa 
B03fleflcTBaa Kaxgoro aa yKasaHHux $aKT0P0B b OTaejiBHOCTH aa BKCiuiyaTauaoHHue xaPaKrePacTHKH ga- 
sjieKTPaKOB. MPa SKOnayaTaqaa b cooTase aaeKTPoodoPyaoBaaaa A3C b aaadoaee xecTicax Pexawax KM 
oduHHO noiBePraDTca ogHOBPeMeHHOMy BosgeftcTBHD scex $bktoPob, hto aayaeao eine HegocTaToaao. Mm6D- 
yaeca PeayjiBTaTU accgegoBaaa# noKa ansa hot, hto xaPaKTeP noBeaeaaa cbo8ctb gaajieKTPHKOB nPa Maoro- 
$aKToPaoM BosaettcTBaa, KaK nPaBBJio, ae nogaaaaeTca aggHTHBHOMy oaoxeaam cooTBeTCTByranax HSMeae- 
aafl ot naxnoro oTgeaBHO BaaToro $arcroPa vuw ax nocaegoBaTejiBHoro B03geftcTBHa(cHHePreTHnecKHft 3$- 
$6kt) [i], hto b 3HaHHTeJU>Hoft CTeneaa ocaoxaaeT nPoraoaaPoBaaae cPoaa cgyxdH KM.

Haadojiee PacnPocTPaaeaHoft $oPmo8 oTKaaa chjiobux aadeaefl b nPonecce BKOimyaTaqaa asjiaeTca nPo 
dotl aaojiauaa, kotoPhA b cjiyaae odPaaoBaaaa ycTottaaBott gyra MoxeT BuaBaTB BoaroPaaae aadeaa a 
BoaaaKHOBeaae aBaPattaoit caryaqaa, aanPaMeP, noxaP aa ABC b TPafl-Mea-AtLnaan (CDIA) b 1979 r.

Maojianaa KM aeaadexHo cogePxaT anaMarejibHoe aacjio ge$6KT0B, BoaHHaanmax b nPoqecce nPoasBog- 
CTBa a aa Paaaax cTagaax CTaPeaaa, KOToPae nPa aajiaaaa ajieKTPaaecKoro aanPaxeaaa MoryT ctbtb 
acTOHHHKaMa odPaaoBaaaa ctPhm6Pob [4]. KPowe Toro, nParoao# aaaqaaPoBaaaa cTPawePa asaaeTca 
flacdajiaac b KoaneHTPanaa nogBHXHHX aaeRTPoaos Mexny MeTajuiaMa (xaaa, odojioaKa) a gaajieicTPHKOM, 
noaroMy odPaaoBaaae cTPawePa aeasdexao. JlaBneaae sayrPa oTPawePa nagaeT aaxe aaaaeaafl, onPegeaae- 
mhx KPasoit Hameaa, a Torga b odJiacTa c HaaKoli iuiothoctbk) nPoacxogHT jioKagBHHft nPodofl-aacTHaanfl 
Pa3Pag (V). B odmeM dajiaace aaePraa MP TPaTHTca aa PaaPymeaae wogeaya a aoaaaanao aTOMOB, aar- 
PeB, aajiyaeaae a odPaaoBaaae Kaaajia (aaejcTPuaecKaft tPhbht). HacTaaaue PaaPagu cTawyaaPyrnr xaua- 
aecKae a CTPyxryPaae nPeBPaineaaa noaawePoB, yxygmeaae ero xaPaKTePacTHK, T.e. aBJiflorca ochobhoH 
nPaaaao8 oTaPeaaa. HocTeneaHoe HaKoiuienae ge$eKTOB, noBPexueaaft a Poct TPaaaroB nPasogaT k aaPy- 
meaaio ciuiouihoctb MBTePaajia, BcaegcTsae aero PaasaBaeTCfl codcTBeaao nPodofl aaojisqaa.

CtoSkoctl nojiHMePaoro gaagearPaKa k odPaaoBaaae TPaaaroB cbjibho aasacar ot BJiaraocTa soagy - 
xa. MPa nPogojuKHTeJaaofl aKcmiyaTaqaa KM bo BJiaxaoft cPege b aaojiaqaa PaasHBamrca sogaue tPbhh - 
ra (BT) [ 5]. Oaa nPegcTaagatOT codoft odPaaoBaaaa oaeat tohkhx ( /v 10 mkm) xaaaaoB BayrPa aMoP$ - 
ao8 $aaa noJiawePa. 3th Kaaaaa ae cBaaaaa Mexgy oodoS, ho odecneaaBamr gonojiaarejiBHU# rtyrt gjia 
nPoHHKHOBeHaa BJiarH. HagHHae nPagoxeaaoro aanPaxeaaa nPasogHT k ysejmeaHK) gaageana soga b aaaa- 
Jiax, hto BHSHBaeT gajibHettfflee MexaaaaecKoe PaaPyiaenae noaawePa a Poct aacaa BT. IlPodoft aaoaaqaa 
HaMaaaeTca, Korga b okP6cthocth BT aaaaaaeT PaaBasaTBoa sgeraPaaecKafl tPhhht. 3ra ciagaa nPoqec- 
ca CTaPeaaa doaee KoPoTKaa a Meaee aayaeaaaa.

BPewa xaaaa aaoaaqaa L b aaeKTPaaecKOM noae aanPaxeaaocTBD E nPa KOMaaTaoft TeraePa- 
TyPe T odHHHO onacasaeTca CTeneamm aaKoaoM

L = K E"m (i)

rge K I W - BMnaPaaecKae KoacTaaru, kotoPho aasacar or PaawePos a Tana gaageKTPaaa, Koa$ary- 
Paqaa a toctoth nPaaomaaoro aanPaxeaaa, Baenmax BOSgeftcTBycyax $bktoPob a T.n.

BuPaxeaae (I) cnPaaegjiHBc b gaanaaoae aaaaeaatt EK E. ^ ET , rge EM - aanPaxeaaocTB 
aaaaaa aoaaaaqaa (S?); E T - aanPaxeaaocTB, nPa kotoPoA aaaaaaeTca aHTeacaBaafl Poct tPhhhtob.

MPa HarPeBaaaa nojnmePoB b nPacyrcTBaa xacaoPoga Te&mePaTyPa sucTynaeT b aanecTBe aKrasaToPa 
TePMooKHCJiareaBHoro nPonecca. B cayaae nPoxoageaaa Peaxnaa b KaaeTaaecKoft odaacTH oaa nogaaaaeT- 
ca aKcnoaeanaagBaoMy aaaoay APPeaayca, a BuPaxeaae gjia BPeweaa xaaaa aweeT sag

(2)
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rjte A H B - KOHCTaHTH.
CoBMecTHoe Pememro yPaBHeaxfl (I) h (2) b nPennojioxemnt, bto K(T) h TTX (T ) mrenr bhh jih- 

HefiHOfi 38BHCHMOCTH C 0TPHHaT8JIBHHM ROS^SOQieHTOM [6], n03B0JDLH0 HOJiyHHTB BHPBXeHHe, yHOBJieTBO- 
PKT6JHHO orracHBamyee aitcnePHMeHTajiBHHe nameae

L(E,T)= K(T0) ixp

rjte AT « T- T0 • K^ - KOHCTanra; T0 - aTaJioHHaa TeMneParyPa (KonmaTHafl); E 0 - ara- 
jioHHaa HanPflxeHHOCTB nojia nPH T0 .

Ecjih noB6A6HHe nojiHMePHoit Hsojunum cmobux Kadejieit nPH cobm6CTHOM BOsneftcTBHH ajieKTPHHecKoro 
HanPaxeraifl, TeMcePaTyPH z noBumeHHoft bjisxhocth HccJiejtoBaHii nocTaTOBHO nonPodno, to nonoJumreJiL - 
Hoe jtettcTBKe MexaHHaecieroe HarPyaoK h naBJiemiH Majio nayHeHH, xoth bth $bktoPh Taos bjihhdt Ha nPo- 
iieccH CTaPeHHH. Hannane MexaHHHecKme HanPaxemiit b ajieKTPHBecKofl usojiamra hPh aitcnjiyaTamm ycKO - 
Phot nPouecc ee PaaPyraemm, uPhhom b dojmneB cTenemi nosPenwemtoM nonBePxeHH yaacTKH Hsojunora , 
HCHHTHBanuiHe PacTHTHaaninee ycHJrae, a noBHmemie ranPocTaTHBecKoro nasjieHHH BnaHsaeT Poct ajieicrPH- 
HecKoft hPobhocth nojoaiePHOro HHaJieKTPmta.

HPh 3KciuiyaTanHH b cocTase aJiaierPoodoPyaoBaHM A3C cHJioBue KadeJia homhmo ajiemrPHBecKoro Han- 
Pflxemm is KJiiiuaTinecxHX $araoPoB nonaePraDTCH BoaneficTBiro 1, KOToPoe hbjih6tch moqhhh aKTHsaTO - 
Pom CTaPeHHH aojumiePoB. MsyBeamo a$$e«roB b ajieKTPoHaojunoioHHHX MaTePzanax nPH BoaneficTBHH MM 
PaajmHHX Banos nocamteHO dommoe bhcjio aKcnePm/ieHTajiBHux h TeoPeTHBecrax Pador. IIPh BoaneftcT- 
BHH MM nePBHHHHMH nPOWCCaMH B H0JIHM6PHHX flH8J16KTPHKaX HBJIflDTOfl HOHH3aHHH H B03dyHK6HHe aTOMOB 
H MOJieKyJl, BTO nPHBOflHT K OTCCOUHaiXHH H PasPHBy XHMHB6CKKX CBH360 C 0dPa30BaHH6M HOHOB H CBOtiOfl- 
hhx PajoncajioB, cBodonHux h caflaaHHHX aaPanoa, nPoMexyTobhhx HecTadHJii»HHX nPonyKTOB h T.n. Bto - 
PHBHH6 nPoneCCH ABJUTOTCH PeayjtBTaTOM BBaHMOneftCTBHH aKTHBHPOBaHHHX HaCTHQ HPyr C JtPyTOM H C HeitT- 
PajiiHHMH MOJieKyjiaMH seyecTBa h odyonaBJiHBacT cTPyrayPHue nPeBPayeram nojumePa (cnumaHHe, necr - 
PyKmia, H3M6HeHH6 HeHacHffieHHOCTH, QHXjiHsamiH, PaaHanjfOHHoe OKHCJieHHe h T.n.), KOToPae h onPese - 
juror rjiaBHHM odPaaoM HeodPaTZMue HSMeaeazH cboUctb jmajieKTPmcoB b nPonecce kx PanHanaoHHoro cra- 
PeHHH. Bejnraraa h CTeneHt HSMeHeHZH cboSctb onPenejmeTca rjiydimoft nPeaPameHHft, T.e. HaKOimeraeM 
cooTBeTCTBymtKx GTPyitTyPHHX sefeKTOB no wePe Pocra norjiomeHHofl josh. B kohshhom more yBejuneme 
norjioneHHofl nosn nPasonar k PaaPasy BHyrPHMOjieKyjiflPHHX cBasefl b nojnmePe (necTPyraora) z yxyflme - 
HHD OCHOBHHX aKCEJiyaTailJSOHHHX CBOftCTB.

K HacTOHiqeMy BPeMera nocraroBHo nonPodno HccJienoBaHo Bjmmoie aa KraeTHKy PajmamioHHoro cra- 
PeHHH nojimePoB h xaPameP HSMeHeHHH me cboSctb Paajopfflroe $aKToPoB, b tom SHCJae oocrasa oRPyxan- 
mefl cPejm, TemepaTyPH, bjbhhocth, MexamnecKoro HarPyxemM h t.h. OanaKO nPaKTinecKH He nayneH- 
hhmh ocTaoTCH BonPocH ajieKPPHHecKoro CTaPeHHH nojumePHofl H30Jlhdhh b ycJiOBHHX odJiyneHHH, xoth oae- 
bhjxho , bto pajoiamHOHHaH gecTPyKHHH nojiHMePa noJixna bjihhtb aa bPomh ero xhshh non HanPaxeraeM.

TajcHM odPasoM, nPoaeneHHHft aaajiHS noKasusaeT, bto see ^sktoPh, Boane&CTBynqHe aa cbjiobh6 xa- 
dejm hPh aKcnjiyaTaymi Ha fl37, BHSHBanr nosPexneram b aneHTPHseoKoft aaojiamm a yxynmerae axcnjiya- 
TanaoHHHX xaPaKTePacrmt, bto nPHBojnir k coKPamemro cPoaa anyxdii. Banaaea mohhtoPHHra aanaeTca
onePaTHBHHfi kohtPojo, TexHHBeoitoro cootohhhh Kadejm, Haxojunnerocfl a aKcnjiyaraqaa, c hbjibd odaaPy- 
xeaza noBPexneHHfl h onPenejeeam ero PadorocnocodaocTH z ocTaroBaoro PecyPca. fljia naaraocTHKH rex - 
HHBecxoro cootohhhh KaOeJiBHoR Haojunnm Hcnojn,aymrcH PaajmBHue Merona kohtPojih. Crenem, craPeaHH 
H3ojumHH Moxer dun. onPenejieHa no HSMeaeanm moP^ojioitih z oKHcjmrejiBHoft necTPyratHH nojumePa. MoP$o- 
Jiorafl Hsojurajra nadejiefi onemroaeTCH no HSMePeaHHM hjiothooth h ee PanaajiBHoro PacnPejtejieHHfl, ere - 
neaa kPhct8juihbhocth , vajapwt nPaxecei, njiacTH^mcaToPoB h cTadamsaToPOB. JUut onPeneJteHHH crene- 
HH 0KHCJI6HHH HOJlHMBPa HCnOJIBSyDTCfl M6TOHH P6HTr6H0BCK08, y® - h HK cneKTPocKonHH. KoHHeHTPanjiH 
hohhux nPmieceft Moxer dHTt onPegejeesa mbtohhmh hohhoB xPororPa$HH a HeftTPOHHO-aKTHBanaoHHoro aaa- 
JDiaa. JIjih onPenejieHHfl crenera kPhctspubibhocth nPaweaHeTca mot on n®$$eP6HmiajiBHoft cKanaPyumeft 
KanoPHMeTPHH. IlePcneKTHBHHM «ju? naaraocTHKH cTPyieryPHnx HSMeaeanB nojnmePoB najmercH Moron aJiera1- 
P0H-nO3HTPOHHOfl aHHHl'MJIHUHH [ ?]. %Pen6JieHHe K0HH6HTPaiIHH H CKOPOCTH P00T8 BOnHHX TPHHHrOB

K^6 aT 
T0 T

i )

-m(T.)
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ocymecTBJimor c uoMoigBB mbtojiob onrzuecKoii z avieraPoKHOit mzkPockoiizh.
Mcnojibayfl nePeuzcJieHHHe mbtojih ps kohtPojib KaKoro-jmdo ciPyKTyPHoro naPaMerPa, mojkho onPe - 

HejiHTB cocTOHHHe nojizMePa h cTeneHB ero CTaPemm. HanPrameP, hjih Kadejiefi c noJizBHHZJixjioPznHoft 
H30jwuzeft b KanecTBe ct PyKTyPHO-zyBCTBHTejiBHoro naPawieTPa PeKOMeunoBaHO ncnojii>30BaTB conePsaHze 
iuiacTH$HKaToPa, a hjih Kadejieii c nojiHBTZJieHoft H30JLHUzefi - conePmaHze CTadzjiz3aT0Pa bhtkokch- 
naura [3].

HejtocTaTKOM nePeuzcjieHHHx mbtoaob HBJineTCH HeodxonzMOCTi hbmthh z nPzroTOBJieHHH ujih HccJie - 
lOBaHZii cneuzajiBHux odPasuoa mb z30jihuhz. KadejieS, HaxonHinzxcH b BKciuiyaTauzz, hto He Bcerna oica- 
BHBaeTCB bobmomhm. IIoBTOMy jt-M onePaTHBHoro kohtPojib TexHM'iecKoro cocTOHHHfl KadejieB dojiee neP- 
cneKTHBHH MeTojuj, ocHOBaHHue na HenocPeflCTBeHHOM H3MePeHHH hx ajieKTPmecKHX xaPaKTePzcTZK: con- 
POTZBJieHHH Z30JIHUZH, 6MK0CTH, TaHT6HCa yrjia AZaJieKTPZU6CKHX noTePB, naPaMeTPoB HP H T.n. HauPz - 
MeP, b saBHCHMOCTH TaHreHca yrjia nzajieKTPzuecKzx noiePB nojmMePoB ot TeMneParyPu PasjunaBT 
j6 z jjf - °^JiacTS! PeJiaKcauHH. PesyjiBTaTH zccjienoBaHzft noKasHBanr, bto k nPoueccaM craPehhb
Hazdojiee qyBCTBZTejiBHoit HBJweTCH eL - odjiacTB: c ysejnneraeM cTenemi craPehub tg & BoaPac - 
TaeT z MaxczMyM ot - otiJiacTH cnBzraeTCH b cToPony dojiBmzx TeMneParyP [a].

ConPoTHBJieHze zbojihuzz Kadejieit b nPouecce CTaPenzs, kbk nPaazjio, yMeHBinaeTCH, nosTowy CTaH- 
saPTH CUIA. na nPoBesenze KBajiH$HKauzoHHHx zcnKTarait KatiejiBHHX zBnejizft ujih A3C nPennojiaraio.T Teicy- 
yzit kohtPojib Rub0 ero HHXHzft nonycTZMHfl nPeneji. HanPraeP, juia czjiobhx KadejieB oh ycTaHOBJieH 
Ha yPOBHe 3*ic£ Om-m, a ph PanzouacTOTHHX 3-105 Om-m.

JUih ttzarHOCTZKH czjiobhx KadejieB nazdojiee zacTO zcnojiBByurcfl mbtosh PerzcTPauzz ?, ocHOBaHHue 
na HBMePeHHH naPaiueTPoB BH-KOJiedaHzlt, BOSHHKaroutzx nPz jiok3jibhhx uPodonx zbojihuzz. PerzcTPauzz na- 
PaMeTPoB HP MOJftex dHTB ocymecTBJieHa c noMontB*) ocuzjuiorPa$a. QuHazo xaPaKTePzcTZKZ ZMnyjiBooB V - 
KaxymzBcfl aaPflfl, uacTOTa, cPejmzfi tok z nP. - chmz no cede He nosBOJunor onHoanaaHo oubhztb za- 
aecTBO zaojwuzz. IIoaTOMy hjw nzarHocTZKz coctohhzh zaojmuzz Heotixoromio naKonjieHze ZH$oPwanzz od 
aMnjizTyjtHOM cneKTPe HP b naMHTZ MHoroKanajiBHoro BHajizaaToPa [9]. OdPadoTKa aMnjizryjmux cneicr- 
Pob HP noasojifleT nojiyazTB HH$oPMauzK>, HenocTyimyo jw hPamux zawePeazB, b tom azcjie z 0 MecTe idb- 
PexneHZfl. B HacTonmee bPgmh PasPadoxam MHoroazcjieHHue mbtozh julh ZBMePeHHfl naPaMeTPos HP, koto- 
Phb PaajizaaioTCfl aacTOTofl BOHjmPyioyero HanPflxeHzs ot 0,1 Fh no zimyjiBCHoro z cnocodaMH PerzcTPa - 
nzz, HaKonjieHHH z odPadOTKZ ZH^oPManzz. yposeHB HP b zbojihuzz HenocPencTBeHHO cBsaan c ee bjibkt- 
PznecKofi nPonHOCTBD, noBTOMy nePzonzaecKzfl kohtPojib naPaMeTPos HP noBBOJineT OTCJieramaTB tbxhz - 
necKoe cocTOHHze zadejiH.

B BaKjnoneHze cjienyeT otmcthtb, hto ochobhh6 za yzaaaHHHX Mexonoa nzarHocTzitz bhookobojibthoB 
zbojihuzz czjiobhx KadejieB BHenPera z ycneniHO uPzMeHflioTCH b HUM uPzdoPoB jyiH PemenzH sanan PaaPa- 
PadoTKZ MexoflOB ycKoPeHHHx zcnHraHzfl z onPenejieHzs ocTaTonnoro PecyPca KH gjin A3C.
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YAK 539.12.04+621.315.2+621.039.57

BJMHHHE M0EH0C1M fl03U HA HEOEPATHMHE M3MEHEHHH 3JIEKTPMBCKMX HAPAMETPOB 
CMOBHX KABEJIEH MR HflEPHUX SHEPrETMHECKHX yCTAHOBOK

H.H. $bjmtob

HpaBeneHu pesyjibTaTii sKcnepaMeHTajib - 
Horo HccjienoBaHHH HeodpaTHMoro asMeHeHaa 
COnpOTHBJieHHH H30JIHUHH, 6MX0CTH B TaHT6H-
oa yrjia ahaxeKTpaHecKax noiepB cbaobux 
xadejieft npa BoaAeftcTBaa nenpepHBHoro raM- 
Ma—a 3JiyMeHBH b saanaaoHe aosh I05-I09 P 
a mouhoctb aosh 0,15-130 P/c. IIOKasaHO , 
rto am Kadeleft c pesaHOBoft asojumaeft se- 
JIBRBH8 HeodpaTHMoro B3MeH6HBH 3JI6KTpBReC- 
kbx napaMeTpoB He aaaacaT ot moqhocth ao- 
3H. y Kadejiett c nojmaTBjieHOBofl asojianaeft 
SaBBCBMOCTfc KpHTHHeOKOft £03H OT MOUHOCTB 
A03H B BCCJiejIOBaHHOM AB8n830He BM66T BHA 
cTeneHeft $yHKnaa c noKasarejiaM orenaHH /vQ,7.

PaABaqaoHHaa HanexHOCTB ohaobhx Kadeleft, paaMpmeHHHX b repMoaone peaxTopHoro djioxa A3C, npa 
cTaoaoHapHott npoxnasxe a nojuumseHHB x HenosBaxHHM ToxonpaeMHaxaM bo mhopom onpenejmeTOH sAexTpa- 
lecxHMH napaweTpaMB a ax HSMeHenaHMa b nponecce AJmTejibHoft axonnyaTanaa bo apeMH BoafletOTBaa hbs- 
KOBHTSHCBBHoro aoHasapyBQero HSJiyHeHBH o MomHooTbD aosh, xax npaaaso, He npeBumaimefl b qiththom 
pexBMe 0,1 pa,n/c. PanaanaoHHHe BOcaesoBaHaa a ycxoperaHe pecypcnfie acnHTaaaa saexTporexBanecxoro 
odopyaosaHaa A3C, xoMmuexTynoax ero eaeMeaTOB a MaTepaaaoa npoBonaTca aa aadopaTopanx ycTaaoBxax 
npa sHaaeHBHx moqhocth aosh aaaaaTeabHo npeBumaneax ycaoBaa axcnnyaTanaa. IIosTOMy sonpoc o aaaa - 
HBH BHTeHCBBHOC TB OdayHeHHH H8 HeodpaTBMHO H3MeH6HHH 3KCMyaT8QBOHHHX XapaKTepHOTHK KadeXbHHX H3- 
£6 JIB ft HBJIHeTCfl 0£HBM B3 HaBtiOflee B8XHHX HpB p83padOTK8 M6TOAOB yCKOpeHHHX HOQHTaHBft.

UeabK naHHoft padora aBJumoca sxcnepaMeHTaxbHoe aooAeAOBaaae bjihhhhh moqhoctb aosh Ha aeodpaTa- 
Mue asMeaeaaa oonpoTHBaeraa asoaanaa Rtts , eaxocTa C a Taareaoa yrjia absaexTpaaecxBX noiept 

obaobhx xadeaeft, pexoiieaHOBaHHHx ash axonayaTanaa aa A3C, npa BoaneftCTBaa nenpepuBHoro 
raMMa-BsayieHBH.

OdiexTOM accaeaoBaHHft HBJUumob odpaaqa MHoroaaabHHX xadeaeft Tana KHP, HFTM, HI'HUM, M3PIUH-I00 a
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PHI 0 peSHHOBOfi (PEI-2) HSOJUmiiett TOjnUHHOtt h 'V 0,1 MM B 0£H0KHSbH0r0 3KpaHHpOB8HHOrO KadejIH ynp 
c Hsojunmett aa paaaauaoHHo-ciiiHToro nosasTaseHa h ~ 4,0 mm. KpoMe Toro, dusa accsesoBaHu 
aseKTpHHecKae xapaKTepactbkb TpexxasbHoro Kadess HPP c peaiiHOBoB hsosnuaeft nocjie 6 seT oiTaraott 
3KCimyaTauHH b odsynaTesBHOM doKce ycTanoBKH 17-200, KOToputt npa ope&Hett mothooth ao3H R ^4 P/c 
nosynas ao3y £)y ~3,I*I08 P.

3KcnepnMeHTaju>Hne accsesoBaHBfl npoBonasa npa B03flettcTBBB HenpepuBHoro raMMa-aasynenas wCo 
ycTaHOBKH 17-200 npa KOMHaraott TeMnepaiype b ycsoBaax HopMasbHOft BsaxHocTa. G uesbo onpeaeseHHS 
bsbhhhh moiuhoctb 503H Ha xapaKTep HeodpaTHMoro BaMeHeHHH 3JieKTpnHecKHx napaMeTpoB odsyneiiae od- 
paayoB Kadesett npoBoaasa npa csenyioynx ee aHaneHHHx: 0,15; 3,7; 18; 47 a 130 P/c.

JUa HaMepeHHH sseKTpaHecKax napaMeipoB acnosb30Bayacb OTpeara Kadesett jyiBHofl 0,25-0,5 m. Ha- 
Meperae accsenyeMHX odpaaiios go a noose odsyneHaa ocyyecTBSHSocb TepaoMeipoM E6-I3A c
norpemHOCTbio ±10 % , a omkocth a tg d - 0 noMoybB nosyaBTOMaTanecKoro moctb E3I2 na naCTOTe I kPu 
c norpemHOCTbK ±5 %. B Kadessx 7HP a M3PU1H-I00 KOHTposapoBasa sseKTpanecKae napaMexpu Meimy xa- 
sott a axpanoM, b ocrasBHux - Messy cocesHBMH xasaMa. noose Kaxaoro aaMepenas Rub » C h 
odpaauu accsesyeMux Kadesett npoBepasa na ctoBkoctb k setterebb BcnuTaTesbHoro nepeMennoro nanps - 
xeHBfl Uucn b TeHBHae onpeseseHHoro BpeMena, aHanenas kotophx npaBeaeHu b rads. I.

Tadsaqa I

Mcxojmue aHaneMBH aseRTpanecKax napawerpoB HCcsasosaHHux Kadesett

Tan xadess RUi, , Om«m C , n$/M tg S Uucn • •fcuCfl- ^

KHP 5.1013 65 6,3-10-3 2,5 3,0
HPIIM 5-I013 75 9,7-10-3 2,5 3,0
HIHM 5-1013 55 1,5-10-2 2,5 3,0
M3PEI-I00 2.1013 250 4,0-10-3 2,5 3,0
PIE 1013 80 1,1-10-2 1.0 5,0
ynp 5-1013 140 1,4-10-3 1,5 1,0

Ha pac. I npesGraBsena aaBBCBMooib BaMeneHas conpoTaBsenas aaossuaa odpaauoB Kadess KHP ot 
S03u HenpepHBHoro raMMa-aasysenafl npa paasannux aHanenanx moiuhocth soau. C poo row norsomemott #o- 
au conpoTBBseHBe aaossuaa mohotohho yMeHbmaeTCs, npaneM noose ^Dy~,3-I0''1 P oxopocTb serpasaqaa 
peaxo ysesBHBBaeTOfl, hto odbsoHseTCs seorpyRuaett saaseRTpaxa. nosyneimue axonepaueHTashHue pegyro- 
T8TU yKaauaaDT na OTcyicTBae bshhhbs MontHOCTa scan b acosesoBaHHOM saanaaone na xapaKTep a Besa - 
nany HeodparaMoro aaMeHenas conpoTaasenaa aaosanaa. AnasoraHHHe peaysbrara nosyneHu a ash spyrax 
TanoB Kadesett o peaaHoaott aaossuaett, ksk no aaMeHenac RMi (pac. 2), tsk a no sosobhm aaBHCHMoo- 
thm eMKOCTB a tg & (pac. 3, 4). Bee accsesoBaHHue odpaauu Kadesett KHP, HPUfM, HIHM, M3P1UH-IOO a 
Pimi b saHHOM sKcnepaMeHTe Busepxasa gettCTBae acnuT8TesbHoro Hanpaxenaa.

B rads. 2 npaaeseHu peaysbiaiu aaMepema aseKipasecKax napaMeipos paasannux ynacTKOB xade - 
sh HPP 3x1,5 noose 6-tb set aKonsyaTauaa b ETaraoM pexawe chct6mh caruasaaauaa ycraHOBKa 17-200 . 
B npouecce aKonsyaTauaa no ojmott aa xas xadess nosaaasocb nocTosHHoe uanpaxeuae 24 B. Ho kohct - 
pyraiaa aaosauaa stot KadesB HeauaxaTesbao OTsaxaeTCa ot aocsesoBaHHux b ycKopeHHOM pexaue.3sbkt - 
panecKae napaueTpu ueodsy^emiott Haora Kadess oTSBHanToa ot ecxoshux xapaKTepaoTHK, hto otiMomeT- 
cfl ecTecTBeHHHM CTapeHaeM aaosfluaa aa 6 sei. BHaneHas RUie , C a odsyneHHott hbotb xade- 
sh na ynacTKax npsMott npoKsajyta yaoBseTBopaTesbHO corsacyrrcH o peaysbTaraMa, nosynennuMa na od-
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pasuax flpymx thhob xadeJieB, hto Taxes nofliBepenaeT oTcyTCTBae bjibhhbh mokhoctb jtosu Ha gososHe 
saBBCBMOCTH 3JieKTpHneekhx napaMeTpoB KacieJiefl c pesHHOBoft Haojumaett. Bee odpasiiu KafiejM HPF c ne- 
odJiyHeHHotl nacTH h ynacTKOB npaMOfl npoimasKH BmiepeajiH ie8cTBne ncnHTaTejibHoro HanpaeeHBa.

Pac. I. 3SBHCBMOCTE> COIipOTHBJieHBH B30- 
jiauBH xadejieft KHP 7x1,5 (o- ©.=130 P/c; 
C- B. =47 P/c; »- P* =18 P/c/e- Py = 
=3,77/0;# - =0,15 P/c) B KHP 30x
xl,5 (A - Py =47 P/c; A- Py =3,7 P/c; 
A- Pf =0,15 P/c) ot S03H HenpepuBHoro 
raMMa-a3JiyaeHBa; 0 - xadejin HPP 3x 
xl,5 nocjre 6-tb JieT axciuiya Taima npB 
p =4 P/c Ha yaacTKax npaMofi npomiajtKB

Pac. 2. SaBBCBMOCTH H3MeH6HBH COnpOTBB- • 
jieHBa B30JumBH xadeneB HP11M ( ° ),
HIPUM ( • ), M3FDH-I00 ( A ), KHP ( A ) 
h PIE11 ( D ) ot flOBH HenpepuBHoro raiiMa- 
B3jiyaeHBa; 0 - xadeJit, HPP noejie
6-tb JieT 3KCiuiyaTauHB npa Py =4 P/c 
Ha yaacTKax npawoB npoKJiajnur

S# A

■J » » » ■

Pac. 3. SaBBCBMOCTH B3M6H6HBH 6MK0CTB 
xadejiefl c pesHHOBofi BSOJiaoHefl ot gosw 
HenpepuBHoro raMwa-BS^yaeHBa. OdosHaae- 
hbh Te ee, hto Ha pac. 2

e • A

1 .*.....* ■ *»•■■■■*

PBC. 4. SaBBCBMOCTH B3MeH6HBfl TaHreHca 
yrJia flBaneKTpBaecKBX norepH kadejiefl c 
peaHHOBoB naojumaeB ot hosh Henpepna- 
Horo rawa-aaayaeHHa. OdosnaaeKBa Te 
ee, hto Ha pac. 2
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Tadjnma 2

3AeKTpaoecKae xapaKTepHCTHKH KadeAH HPT

yCAOBHH Rus, Om-m C , Wm Hd Uucr»

Mcxoahhb 3HaoeH0H 3-I013 60 I.O.IO-2 +
HeodAyoeKHan oacTB 2.I012 63 2,0.10-2 +
OdAyoeHHafl, yoacTKa npnMoft 8-I010 140 2,3.10-2 +
OdAyoeHHaH, yoacraa aarada 2-I06 200 1,0.10-1

HpaMeoanae: - odpaaou BHAeiimaxn a ne b iAepeSAB acmIT8T6AB-
Hoe HanpHsenae cooTBeTCTBenno

HaadOAee cymecTseHHHe 03M6H6H0H SAeKTpaoecKHX napaweTpoa aa^HKCHpoaaHH Ha odpaaaax odAyoeHHoit 
nacTH Kadejia HPP c yiacTKOB 03ratios no neciy KpeiuieHHH, T.e. Ha Tex yoacncax, KOTopue odAyoaAacB 
B MBXaHHOeCKH HanpHIteHHOM COCTOHHHH. ConpOTHBASHHe 03OAHO0H Ha OTSejIbHHX odpaaaax yMeHBIHHAOCb AO 
B6AHHHHH IO3 Om-M. OoeBHAHO, OTO 3T0 yH8CTK0 C H03K0M0 XapBKTepHCTHKaMH 0 0npeA6AHDT 3A6KT- 
pnoeoKHe napaMeTpn Bcefi KadeABHoft ahhhh, Hanpawep, 0SMepeHHoe sHaaeme RU1 cocTaBHAO 0m . 
Ha 3THX oTpeaKax Kadexs HadAKyaDTca aHaoaTexBHHe MexaHHoecraie noBpexxoHHH odoAowa ( pacTpecKHBa- 
H06, otkoah) , a Tame aaoxaima kha. Ha Bcex odpaaaax c 3thx nacTefl Kadexn Hadxnnaxcfl npodoft 030- 
xaanH npa noAaie acnmaTeABHoro HanpjmenaH, Koioputt conpoBoxxaxcH bo3hhkhob6hh8m yc 10800Boll 
aAeKTpaoecKofl Aym c nocAexynnHM BosropamieM aaoxHnaa. CAeAoaaTeABHo, MexaHaoecKan narpyaKa ono- 
oodCTByeT xerpasanaa asoAHaaa Kadexeit npa odxyoeHaa.

Ha pac. 5 npaBexeHH aaBHCHMOCTH conpoTaBAenan hsoahhhh Katie ah YI1P ot aosh HenpepHBHoro raw - 
Ma-03AyoeH0H npa pa 3ah ohux aHaoenanx moiuhocth aosh. IIoAodHHtt xapaKTep hmbdt aosobhs sasacaMOOTa 
H3M6HeHa8 eMKOOTa a t;g § .7 3A6KTp0oecKHx napaMeTpoa Kadexa YUP c aaoAHaaefl 03 paAaaaHOHHO-ara- 
Toro nOA03T0AeHa HBHO npOHBAHGTCH MOlttHOCTHaa 3aB0C0MOCTB A030BHX KpaBHX: C yMeHBmeHaeM MOAHOCT0 
A03H HadABAaeicH OHHiteHae KpHTaoecKofi aosh » onpeAexaeMott.kbk HaMenenae KOHTpoAHpyeMoro 
napaMerpa Ha onpeAexeHHyn BexaoaHy (nanpHMep, oHaxenae Ru$ na 2 nopnAKa).

I I H I Mil

Pac. 5. SaBBCHMOCTB COnpOT0BAeH0H 03OAHU00 
Katieah ynp ot aosh HenpepHBHoro rawwa-aaAy- _&• f!f.( >•

),I5 P/c ( • ;
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SaBHCHMOCTB KpHTHHeCKOft fl03H HO J? wi flJW KSdCJM ITIP 

KHOHaCTOTHHX Katiejieft C n0JIH3THJieH0B08 H30OTUHeB npHBefleHH
OT MOIOHOCTH fl03H, 3 T3KK6 JVM PHfl3 
Ha pno. 6.

pa-

PHC. 6. SaBHOHMOOTB KpHTHSeOKOft fi03H, OHpe- 
seJMeMofl no chhichhc Cm Ha 2 nopajgca. jjm 
Kadejiefi c hojihbthjieHOBoft naojunmeB yuP (• ), 
PK-75-3-3I (• >, PK-50-2-II ( • ),
PK-75-2-I3 (• ) H PK-75-4-I6 (o ) ot mobhoc- 
th sobh nenpepuBHoro raima—haxynaHRH

npenoTaajieHHHe 38Bhchmocth hmbdt cTeneHHott xapaKTep c noKaaaiejieM ~ 0,7. Boot npesnoJiosHTB, 
hto MexaHHBM nerpanauBH npn nepexone b odnacTB mshbouix sHanemitt mothooth aobh ocTaeTca dea HaueHe- 
hh8, to noJiyneHmie peayjiBTara noaBOJMBT nporHoanpoBaTB H3M6H0HHH bjishtphhbokhx napaweTpoa nainnnc 
thiiob KadejreK a ycjioBiixx sKcmyaTanaH m A3C.

nonyneHHHe peayjiBTara cjieayeT yHHTHBaTB npn npoBeneraa ycKopeHHHX peoypoHHX HonuTaHHB KadejiB - 
hhx HaneOTfl jum A3C.

CiaiBH nocTynHJia b penaratHD 29 hbhh 1992 r.

y.HK 539.12.04+621.315.2+621.039.57

H3MEHEHME 3JIEKTPOTBCKMX I1APAMETP0B CHJIOBHX KAEEJM JIM HJIEPKHX 7CTAH0B0K 
IIPM PASHEJIHOM H COBMBCTHOM BOSJlEifcTBM MSJiyiEHHH H nOBMIIEHHOM BJIASHOCTM

H.M. $HJI3T0B

npHBenera peaysBiara 8KcnepHM6HT8JiBHoro hocjicho- 
B3HHH H3M6H6HH8 COnpOTHBJIBHHH H30J1HHEH, 6MK00TH »
TaHreHca yrjia jyaaotktphnecxHX norepb ohjiobhx itade - 
jieft M3P1DH-I00 h TUP npa pasnejiBHOM, paaxemno-nocjie- 
AOBaTSJiBHOM h coBueoTHOM BoafleflOTBHH HenpepHBHoro 
raMMa-Hajiynerafl h noBumeHHOfi bjisehocth (91 %) oxpy- 
xaimeti cpejjH. IIoKaaaHO, wro ooBwecraoe BoajteflOTBHe 
H3JiyH6HHH H BOTH! BH3HBaST dOOTB 3HaHHT6JttBHHe H3M6- 
h6hhh ajieKTp® HecKHX napaiieTpoB, new ax pasjtejtB - 
Hoe neflcTBHe.
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IIoBmiieHHafl BJiasHocTb OKpymanmeft cpejm, Haptmy c H0HH3npynmiM BSjqmeHzeM, HBJineTCH ojihhm 03 
ochobhhx flecTadnjin3nppeniix $aKTopoB, BoafletScTBywix na KadejibHHe HSflejraH b npouecce hx aKcnnya - 
TauHH Ha A3C, kbk b HopMajibHOM pexHMe padOTH, tsk h b cjiynae B03HHKH0BeHHH asapaRHHX CHTyauatt . 
Hpa HopMajibHOM pejcKMe padora aneprodJioKa OTHocHTejibHaa BjiawHOCTb OKpyxanmeft cpeja nocxaraeT 90 %. 
npa aBapMttHux yrenicax TenjioHocHTejw TeivmepaTypa noBHraaexcH so 90-150 °C, 0 oicpywarauaH cpeja 
npeacTaBJiaeT codo8 naporasoByr CMecb. Kpowe Toro, npa jiHKBHjtauHH asapatt odopynosaHae nonsepraeT- 
CH HHTeHCHBHOMy opOffleHHB H,63aKT0B0pyK®0M0 paCTBOpaMH.

JUm ajieKTpHMecKoii hsojihuhh KadejibHHX H3fleanfl noBumeaHaa BjiasHOOTb oKpyiKanmeft cpejtu HBJiaeTca 
onacHHM $aKTopoM. Bjiara, KaK areHT CTapeHHH, mosbt BCTynaTb b XHMHHecicoe B3aaMo,ne8cTBHe c nojm - 
MepoM, b peayjibTaTe Hero npoacxojuiT rn,npo.miT0HecKoe pacineareme MaKpoMOJieKyji. B CJiynae $H3Hko-xh- 
MHHecKoii CBH30 Bjiara bxoaht b MaTepaaji b sage KpHCTajumnecKott hjih rnnpaiiHohhoft bosh, ynepwHBaHCb 
CBH3HMH nodoHHoii BajieHTHOCTB. B noJiHMepHHx jui3JieKTp0Kax HaHdonee pacnpocTpaHena copdmioHHaa $op- 
Ma CBH30, Korjta BOfla, npoHBKaamaa b Maiepnaji, He bxojuit b ero CTpyKTypy 0 ee ynajieHne He ae.neT 
K OdpaSOBaHHB HOBOrO OOeflHHeHHH. no CBO0M $030HeCK0M OBOftCTBaM BOH,a npejLGTaBJIHeT cod08 CHJIbHO ID- 
JiapHuS na3jieKTpHK, nosTOMy noraomeHae Bjiara nojaiMepon BnauBaer yxymnenae ero ajieKTpHHecKHx xa-
paKTepMCTBK.

.Ujih H3OJIHUB0 chjiobhx KadejieR HandojibiuyB onacHOCTb npencTaBjunoT sojmue TpaHHrn, KOTopae b 
CBoeft HanajibHoft CTanaa bmbbt bhh oneHb tohkhx ( ~ 10 mkm) K3H3jiob , BoaHHKaBqnx b awop$Ho8 $ase 
nojiHMepa b npouecce CTapeHHH. HajmHae sjieKTpHHecicoro hojih npaBogHT k ysejiHHeHBB naBJieHHH bohh b 
Kanajiax 0 pocTy nncjia TpHHHros, hto BHSHBaeT lajibneitmee MexaH0HecKoe paapyineHHe nojiHMepa 0 b ko- 
H6HH0M HTOre np0BOH0T K npodOB H30JIHUHH.

MexaH03MH BJiaronorHomeHHH 0 BJiaronepenoca b m3JieKTp0Kax HsyneHH flocTaTOHHO noflpodHO, nojiy - 
HeHu MHoroHHCjieHHue 3Kcnep0MeHTajibHHe jaHHHe no KHHeTHKe copdUHH 0 necopdiyiH Bjiara pasjmHmMi wa- 
TepnajiaMH, onpeaeneHn kohctbhth, onacHBajcuiHe saKOHOMepHocTH 3T0x npoueccoB. SnaHHTejibHoe hhcjio 
HCCJieiOBaHHft nocBHiaeHo Taxwe coBMec-THOMy bjihhhhb BjiawHOCTH 0 TeMnepaxypti, BJiawnocTH 0 ajieKTpa - 
necKoro Hanpn»eH0H na nponeccu CTapeHHH h30jihuhh KadejibHHX 03^6x08, ho npn a tom npaKTHHecKH ot- 
CyTCTByBT CBeneHHH 0 COBMeCTHOM BO3ne8CTB00 BJiarH 0 H0HH3HpyKmer0 03JiyHeH0H.

JaHHan padoTa nocBamena 0ccjienoBaH0B BSMeneHHfl 3JieKTp0HecK0x napaweTpos (conpoTHBJieHna 030 - 
Jumna J5 Mb , BMKOOT0 C 0 Tanrenca yrjia HHSJieKTpHHecKHx noTepb tg. S , cto8kocth k 0cnHTa - 
TejibHOMy HanpflxemiB Uucn ) c0jiobhx KadejieS M3P1UH-I00 c pesHHOsoR 03OJiHP0efi 0 yilP c 03OJWU0e8 03 
pajt0au0OHHO-CfflHToro nojmsTHJieHa npn paaneJibHOM, paanejibHO-nocjieflOBaTejbHOM 0 cobm6cthom sosneS - 
CTB00 HenpepuBHoro raMMa -n 3JiyneH0h 0 noBsmeHHo8 BjiaxHOCTH.

3Kcnep0MeHTajibHne accjienoBaHHH nposojuum npn Bosne8cTB00 nenpepHBHoro rairnia-03ayneH0a .
Jjih nottnep$aH0fl noBHineHHo8 BJiawHocra ( ~ 91 %) 0cnojib3OBaji0 rarpocTara c HacameHHHM boshhm pacT- 
BopoM dHKapdoHaTa H3Tp0H. MeTOS0HecK0e Bonpocu 03MepeH08 0 nanajibHue SHaneHHH KOHTpojmpyeMHX na- 
paMSTpoB HCOjieflOBaHHHX Kadejiefl HajiomeHH b padoTe*

Ha pHC. 1 npHBeneHH KpiiBHe 03MeHeH0H Ru& HeodjiyneHHoro 0 odJiyneHHHX pasjdihhhmh noaaMH od- 
paauoB KadejiH M3P1UH-I00 np0 copdna0 b cpege c noBumeHHoB BJiawHocTbB 0 nee option b HopwajibHHx yc- 
jiobhhx. C yseji0HeH0eM BpeweH0 3Kono3Hii00 b epe^e c noBmueHHoft BJiasHocTbB ajieKTpHHecKHe napaMeipu 
Kade^eS yxysmaBTca, HadjnonaeTCH CH0*eHHe RM!> b 3-20 pas, pool C na 7-20 % 0 b 2-4 paaa. 
Hpn necopdiX00 b HojMajibHux yojioB0Hx sjieKTpnnecK0e napaMSTpa odpaanoa hojihoctm) BoccTaHaBjmBaioTCfl. 
3aB0O0MOCTb CTenenH HSMeHenaa cboUctb ot H03H npesaapaTejibnoro odJiyneHHH HMeeT HeojmosHaHHuS xa- 
paKTep. 3TO MOXHO OdMOHBTb T6M, HTO B p63yjIbTaTe OdJiyHeH0H paOTGT H0CJIO He$eKTOB, KOTOpse cno - 
code TByBT yBejiHHeHHio KOJi0HecTBa norjioyeHHoft BJiarn, ho b to we speMH, BcjiencTBBe npocTpancTBeHHoS 
CU10BK0 npa odJiynennH, pesana CTaHOBHTca wecTne, hto npab0^0t k yMeHbmeHaio kojib nee tbs norjioqeHHo8 
Bjiara.

*$0JI8TOB H.H. BjIHHHHe MOIHHOCT0 fl03H H3 HeOdpaT0MH9 03M6H6H0H 3JieKTp0H6CK0X napaMOTpOB 
chjiobhx KadejieS pjm wepHHX anepreTZHecKax ycTaHOBOK. Cm. hsct. cdopnaK. C. 49-53.
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PHC. I. SaBHOHMOCTL H3MeHeHHH 
xadeaa M3H1H-I00 HeodayneHHoro ( o ) h 
odJiyneHHoro npH mo®hocth ho3h =
=47 P/c flo fl03H I.5-I07 P ( 0 ); I,7x
xIO8 P (e ) a 3,0-IO8 P ( • ) ot ape- 
m6hh 3Kcno3fmaa npa copdnaa Bas
ra a aecopduaa

PesyjibTara accaeaoBaHaa HSMeHenaS R Hi> icadeaa M3HIIPI—100 npa paaaeabHO-nocaeaoBareabHOM bos- 
fleacTBBB odayaeHaa a noBumeHHoft BaastHOCTH npeacTaBaeHH Ha pac. 2.

‘ i i « » «
40 44 t,<8 (Z

Pac. 2. SaBHCHMOCTL H3MeH6H0H R U!> icadeaa M3P1UH-IOO OT BpeMeHH 
3Kcno3atiaa npa nocaeaoBateabHoc th BpsjteScTBHH:
# - odayneHae (I) - bjmxhoctb (I], HI) - odayaeHae (17); o- Bjaax- 
HOCTb (1) - odayaeHae (H) - bjbkhoctb (111) - HopMaabHHe ycaoBaa (17)

3th pesyjiBTaThi narjaymo noxasHBaor, hto HSMeHenaa napaweTpos sa caer norjicmenaa BJiara hocht 
odpaTHMutt xapaKiep, T.e. npa aecopdnaa aaeKipaaecKae napaiaeTpu BOCOTaaaBJiHBaBTCa ao yposaa, odyc- 
jioBaeHHoro aeficTBaeM odaynenaa. OneBaano, hto nocaeaoBa TeabHoc tb BoaaeftcTBaa "odayaeaae-BaamaccTb" 
BuaHBaeT doaee sHanaTeabHHe asMeHCHaa aaeKipaaecKax napaweTpoB no opaBaeaam c odpaTKOtt - "Baa* - 
HOCTb-odayaeHae". Mokho Taxxe OTMeTHTb, hto npa odayneraa OKopocib aecopdnaa BoapaciaeT.

PesyabTaTH accaeaoBaHaa HSMeHeHatt R odpasnos Kadeaett M3PHH-IOO a TUP npa paaaeabHOM a 
coBMecTHOM BosfleScTBHH HenpepHBHoro raMua-asayneHaa a noBHmeHHOtt Baa*HocTH Boaayxa npeaoTaaaeHH 
Ha pac. 3. CoBMecTHoe aosaeftCTBae asayaeraa a Basra BH3HBS6T doaee aasaaTeabane aaweaeaaa aaear - 
panecKax napaMeTpoB y accaeaoBaHHHX odpasnos, hbm ax pasaeabHoe aettCTBae. CaopocTb aerpaaanaa 
napaweTpoB npa odayaeaaa bo Baamnoft cpeae same, new npa odayaenaa b HopeiaabHHX yoaoBaax. 3to odjc- 
aoaaeHo tbm, hto b peayabTaie noraomenaa aaepraa asayneHaa b aaaaeicTpHKe yseaaaaBaeTca KoaneHTpa- 
qaa noaapHHX paaaxaaoB, aaa Tax HaanBaemix BHyipennax 8kthbhhx neHTpoB, KOTopie b nponecce bkth - 
BapoBaHHOtt copdqaa arpa»T poab neHTpoa aaKpenaeraa aaa moaeaya bosh, odaagangax aaaaaTeabHm 
codeTBeHHHM aanoabHHM MOM6HTOM. KpoMe Toro, npa odayneHaa pacTeT aKTHBHocTb Moaeicya bosh, noeTowy 
yseaaaaBaeTca odmee KoaanecTBo noraomeHHoft MaTepaaaoM Basra a cootb6tctb6hho caopocTb aerpaaaqaa 
napaMerpoB.
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Pac. 3. SaBHOHMocTt HSMeneHM R Kadejm M3FDIH-IOO (a) 0 itade- JIH ynp (d) OT BpSMOHB 9KCnO30Q0H:
I - raMMa-odJiy'ieHHe npa Pr =47 P/c 0 nopi/iajibHOft BJiaxHOCTa; 2 - no- 
BmneHHaa BJiaxnocTb (91 %) de3 odjiyneHHH; 3 - raMMa-odayaenae npa 
noBumeHHoft BJiaxHOCTa

ycjioB0fl np0M6HeH0fl MaTepaajia hjih aaxejma b ycjioszax odayaeHBH npzHHTo xapaKTepaaoBaTb kphtb - 
qecKOit aoaott (panaaaaoHHHft annexe), npa Koiopoft paccMaTpaflaeMHft napaMSTp buxojht sa nonycthmh6 
HopMat0bho—T6XH0qscK0M0 flOKyneHTaMB npenejm (Hanpai/iep, CHaeeHae Ha ®aa nopnmca). Hpa odjjyqe- 
H0H bo BJiaxHott cpeae yposenb KpaTaqecKoft aosh no sjieKTpaqecKHM napaMeipaM y accjiejtoBaHHHx Kadejieft 
yMeHbmaeTOH, ocodeHHo jyia M3PIHH-I00, y KOToporo sHa^enae KpaTaqecKofl floau OHaxaeTOH na nopnnoK.

Bee odpaanu Kadejieft MBPD1H-IOO 0 yUP b nponecce npoBenemux accjieaoBaHaft Bimepeajm aeftOTBae 
acnuTaiejibHoro HanpaseHan eooTBeTCTBeHHo 2,5 0 1,5 kB b Teaenae 3,0 a 1,0 mhh.

IIojiyqeHHHe pesyjibTara cjienyeT ynaroBaTb npa paapadorae mbtohob a npoBeaenaa ycKopeHHHX pe- 
cypcHux acnuTaHaft KadejibHHX aaaejmfl jum A3C.

Ctstm nocTyniina b peftaKitm 29 hbhh 1992 r.
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METOflMKA nPOIHOSMPOBAHlM PAJJHAUHOHHUX CBOEB UHSPOEtiX QIC 
nPM B03JtEitCTBHM MOHOB KOCMFIBCKMX JOr^Ett

B.M. BepxoTypoB, O.C. Ppa4>oflaTCKHtt, H.B. KyaneuoB, C.A. MacJios, P.A. Hhmmhk, M.M. HaxacoK

PaccMOTpena pacseiHO-aKCnepaueHTajibHafl 
MeTojmKa jym nporHoazpoaaHiifl nacTora pajma- 
UHOHHHX CdOBB UH$p0BHX EHC 0 CHIC dOpTOBOB 
pajnaoajieKTpoHHOfl annapaiypu KOCMH'iecKHX an- 
napaTOB npa bo3JJ68ctbbb hohob KOCMH'iecKHX 
Jiynett o aHepraeft 1-1000 MaB/nymiOH. Odoyx - 
JJ6H8 TOHHOCTb M6T0HHKH 0 BlHIOJIHeHa OU6HK8 
nacTOTU pajtaaiiHOHHHX cdoes QIC 037 Fairc
hild 931422 npa BoaseflCTBBH Ha nee hotokob
BOHOB raJiaKTBHBCKHX KOCMHH6CKHX JiyHS# H8 
reocTaimoHapHoft opdare.

PaflBaiiBOHHne cdoa (PC) hjib enHHHHHHe cjiyqattene oumtiKB (Singl Event Upset) coBpeMOHHHX tbhob 
HB$poBHX EHC a CHIC (najiee EMC) Bccaeaymrca b cbh3H c ihhpokhm HpHM6H6HH6M EHC b ajieKTpoHHofl anna- 
paiype, $yHiani0HHpyxme8 b OKosoaeiraoM 0 kocmbhcckom npocipaHCTBe [i, 2]. 3tb BCCuenoBaHBH neod - 
XOJJHMH, T8K K3K HpB BOSJieBCTBHH BOHOB rajiaKTHH6CKHX 0 COJtHeHHHX K0CMHH6CKHX Jiyse# (I'M B CKK CO - 
OTBeTC TBeHHO) sacTOTa PC -EMC Ha HecKOJibKo nopnflKOB npeBHUiaeT nacioTy oraaaoB, HMenaax mocto aa-aa 
TeXHOJIOrBHeCKBX B KOHCTpyKTBBHHX OCOd6HHOCT68 3T0X MBKp0CX8M.

B03HBKH0B6Hfle PC EHC HOCBT GTOXaCTHHeCKHft Xap8KT6p B OdyCJIOBJI6HO OnOOOdHOCTbB 0TJJ6JIbHHX BOHOB 
BHCOKOft aHQprBB B3MeHHTb 0H$OpM8U0B H8 ypOBH6 OflHOrO dBT8. IIpHHBHaMH H3MeH6HHH HH$OpMaOHH HBJIH - 
dtch npoueccu reHepauBB HepaBHOBecHHX HocHTejieft sapaga npn npoxoiaeHHB HOHa b KpacTajuie EHC b 
codapaHBe stbx aapHHOB Ha ajieKTpojjax, npHBOjwmee b koh6'ihom cseie k b3ubh6hbd HanpHxeHHH b 3ktbb- 
HHX T0HK8X MBKpOCXeMH.

CymecTByBT paBjamtie cnocodu qq6hkb hsctoth PC EHC, 03 kotophx npa BossefiCTBBH hohob kocmb - 
H9CKBX Jiyqefi Haadojiee BaaecTmiM HEjmeTca pacHeraaH nporpamna creme [3]. 3ia nporpawwa Hcnojibsy- 
ei MojiejibHHe HpencTaBjieHBH jum pacneia jjH$$epeHnHajibHHx cneKTpos jihh68hhx nepejjan anepniB (JE3 ) 
hohob ra h CKH F(L) H HasecTHyr Mojjejib PC [4], ocHOBamiyx) na npencTaBJieHHH HyBCTBHTeJibHHX od- 
jlacreB EHC b BHjje napajuiejiennneia.

K H6JJOC T8 TK8M npOrpaMMH OTHOCHTCfl:
HcnojibsoBaHHe ynpomeHHoS Mouejm cneKTpos hscthq kocmhhsckbx Jiyneft;
npBMeHHMOCTb M6T0fl8 TOJIbKO JVM B30Tp0HH0r0 HOTOK8 HOHOB, HTO 38Tpyj0ifleT B03M0KH0CTB 66 HpOB6p- 

KB B H336MHHX yCJIOBHHX H3 MOHOHanpaBJtoHHHX nyHKax ycKopHTeneB;
38JJ8HH8H $OpM8 HyBCTBHT6JlbHOrO 0db6M8, pa3M6pH KOTOpOPO BHdHpaCTCH 03 aUpHOpHHX CB6JJ6HH6 0 

KOHC TpyKTBBHHX OCOdeHHOCTHX QIC.
JIpyrBM cnocodoM amemcH hsctoth PC EHC npn bo3jj68ctbhh hohob hbjm6tch pacseTHo-aKonepaMeHTajib- 

HH8 nosxofi, B 00H0B6 KOTOpOPO JI6B8T M0JJ6JIbHH6 npejjcT8BJI6H0.H 0 HOTOKSX BOHOB KOCMH'iecKHX JQTS68 B 
COH6T8HBB C JJ8HHUMH 0 HyBCTBHTBJIbHOCTB EHC, nOJtyR6HHHMH B p63yJIbT8Te JiadOpaTOpHHX HCIttlTaHHft. Hc- 
noJibayfl btot nojjxojj, b padoie [5] diuia pasBHTa MeiojuiKa oneram hsctoth PC EHC Ha ocHose pa spa - 
dOTSHHHX B MOCKOBCKOM yHHB6pCHT6T6 MOJjejiett HOTOKOB HOHOB KOCMBH6CKBX JQTSefl [6] 0 M6TOJ[a H336M-
hhx BcnuTaHHfi Ha pajuaoH30TonHo6 yciaHOBKe [7].

B HacTOjnueft ciaTbe ochobhob BHHuaHHe yjtejieHO npaKTHiecKHM peKOMeHjjamiHM no npBM6H6HBD aToft 
M6T0JIHKH H OdCyM86TCH TOSHOCTb BHHOJIHHeMHX C 66 nOMOQbD OU6HOK H8CT0TH PC EHC. &JM HJUirCTpaUHH 
B03M0KH00T68 HpejviaraeMo8 M6T0JJBKB BHnojmeHH pacHeTH nacTora pajjHanaohhhx nepeMexannHxcH oma - 
sob (PUD) EHC 037 Fairchild 931422 jyw ycjtoBHS reocTauBoHapHoS opdHTH h npoaejjeHo cpaBHerae no - 
jjyneHHHX peayjibTaTOB c skcnepHMBHTajhhhmh j^hhhmb, noJiyHeHHHMH Ha aMepaicaHOKOM cnyraaKe tdrs-1 [8].
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Kan noxaaaHo b patioxe [5] , b cootbgtctbhh c zcnojibsyeMoft mo^bjibk tohkoto sysctbhtbjibhofo 
ojioh b npeyiarasmoB MeTojunte naCTOTa PC BMC npu BoaneticTBHH noTOKa hohob KocMHnecKBX Jiyneti onpe- 
flejiaeTCH no $opMyjie

*\) = 2$:^ €>0(&)cosQ sin& d& jF(L)dL} <u

o Lccos&

me F(L)~ ,nB$$epeHn0ajibHtttt cneKTp JHI3 nacTHii KocMHnecKHX jiyneft; # - yroji nansHBn hohob Ha no- 
aepxHOCTB QIC; G(B)~ cevemie cdoes; Zc= &Ec/pd - noporoBoe sHanerae jranettHoro aHeproBunejie - 
hhh, saBHcamee ot BejnraHH noporoBoro SHeproBtmejieHHH A£e h tojiuhhh HyBCTSHiejiBHoro ojioh d ; 
P - ynejiBHan njioraocTB dasoaoro nojiynpoBonHHKOBoro MaTepaajia EMC.
J IIopaflOK npoBeneHHH oiighok hbctoth PC BMC Ha ochobg $opuyjm (I) bhtjihhht cjienynnHM odpaaow: 

jiadopaiopHue HcnuTaHHH BMC h onpenejieHHe napameTpoB ee nyBCTBHTeJibHOCTH (T(&)nJLe [7, 9j ; 
pacneT cnexipoB J1I13 hohob PKJI h CKJI F(£) jyia aasanmix ycjioBH# KocianecKoro npocTpancTBa 

C yseTOM BHdpaHHOft TOJHUHHH SamBTHOFO 3KpaH8 [5, 6j;
paoHGT nac toth PC QIC no $opMyjie (I), acnoJibsyH HaSneHHHe ana Henan G(O) h /c h aaBHCH- 

MOCTB F (L).
Tohhoctb adcojnoTHHX sHaneHHit hsctoth PC EMC, npomosapyemix c noMomtio (JopmyjiH (I), aasacHT 

ot HCxojiHHX npndJiHKeHHfl MoneJiH PC EMC; norpemHOCTefi onpeyejieHHH bgjihhhh napaMeTpoB nyBCtbhtbjib - 
hocth BMC 6(0) h Lc c noMomsio jiadopaTopHHX HcnuTaHHft [6]; norpemHocreft wiojiejihmx pacneTOB 
cneKTpoB JUI3 hohob TKJI h CKJI [5].

CymeoTByeT nsa npennojioxeHHH MO^ejiH PC QIC, HcnojiBaosaHHofi npz BHBoae $opwyjiH (I), xoTopue 
BJIHHBT Ha TOHHOCTB paCHGTOB H8CT0TH PC.

IlepBoe npennojioxeHHe - iioctohhctbo JII13 b aaBHOHMociH ot rjiydHHH npoHHkhob6hhh hohob b Nraxpo- 
cxeMy. CornacHo STomy npennojioxeHHB BiwejieHHafl Ha HOHHaainm anepran paccHHTHBaeTCs aa npocToS 
JopMyjiH

AE=l0pd }
me L9 - J1I13 Ha noBepxHOCTH xpHCTajuia EMC.

B neftCTBHTejibHOOTH 3to npennoJioxeHHe c xopomett TOHHOCTbn BHnojnmeTCH, ecjiz npoder hohob R ^ 
^ d , T.e. flJiH hohob dojibmott 3HeprHH ( E^ I MsB/HyimoH). Hjih hohob donee HHaKoft snepraa (#<

) $opMyjia pacneia B6jihhhhh A E Burjixwr ksk

oC+oC
A E =pf L (X) dx * Lcppd, (2)

rje oC - TOJanHHa npanoBepxHOCTHoro naccHBHoro (aauHTHoro) ojioh; Z aasHOHMOCTb JHI3 hohob 
ot rjiydHHH X .

OseBHflHO, hto paccMaTpHBaeMoe odCTOHTejibCTBo nojixHo ynHTHBaTbCH npa aHajmae siccnepHMeHTajib- 
hhx pesyjibTaTOB, aojiynaemx b JiadopaTopHHX ycjiOBZHX, tbk kbk odunno ncnojibsyeuue gjin tskhx zcnu- 
TaHHfl HOHH HM01OT E ^ I MsB/hJOUIOH. B TO K6 BpeMfl paCHGTH, BHEOJIHeHHHe flJIH OII6HKH BJIHHHBH yK3 - 
aaimoro 3$$eKTa npa Boage&CTBHH hohob kocmhhgckhx Jiynett, b cneKTpax kotophx npacyTOTByrnr itax ho- 
HH BHCOKHX, T8K H HH3KHX 3HGprH0, HOKaaaJlH , HTO MaKCHMajIbHOe paOXOBAGHHe 3HaH6HH6 A E (LQ) H 
A E(Lcp)b ojiohx TOJmusHoft d 10 mkm He npeBHmaeT 3 % jyiH HOHOB PKJI H 10 % MR HOHOB CKJI.

Bropoe npejuionoseHne MonejiH - cyyecTBOBaHHe y EMC peaxoro noporoaoro sHaneHHH 3HeproBHS9Jie - 
hhh A £c , xoTopoe He aasaoHT OT BHjta h aneprHH HaJiyneHaa. 3to npennoJioxeHHe hbjlh6tgh odnenpa- 
hhthm a ero bjihhhhg Ha TOHHOOTb onpeneneHHH aHaneHHfl HacxoTH PC BMC no $opMyjie (I) xpynHO one- 
HHTb Ha-aa HenocTaTOHHoB HayneHHOCTH Bonpoca. Ha npaxTHxe aejiHHHHy A ^c bhhhcjihdt jmdo hcxoah. 
H3 B6JIHHHHH HH^OpwaCHOHHOPO aapflfla HHeltKH H8MHTH EMC Q. [3], JIHdO OnpefleJIHBT H3 3KCnepHM6HTajIb- 
hhx naHHHX [9]. B nepBOM cjiynae CHHTaeTCH, hto ace odpaaoBaanmecfl BJieKTpoHHO—nupoHHHe naps co-
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CSapauTCH Ha ajiexTpoAax EMC dea noTept.
McmxaHHH nposoAHT JiHdo Ha yoxopHTejiax thksjihx hohob C9J, jmdo na pajyioiiaoTonHoft ycTanoB - 

kb [7], Ha KOTopm npeAycMOTpena bosmoxhoctb n3M6HeHHH anepraa 23JiyHeH0H h yrjia opaeHTaiyiH no- 
BepzHOCTB 3AC othocdtsabho HsupaBJieHBH nasesm BSJiyTiemn. Budop bctoshhks mjiynema ( ycKopzTejm 
bjih paflHOHSOTonHofl yciaHOBKH) odycAOBJieH naan Hu aw TexHanecKott da an juih HcnuTana# a ee flocxyn - 
HOCTBD. IlpB B03M0KH0CTH BCnOJIB3OB8H0H OtiOHX 0CTOHHHKOB 03JiyHeHBH HyKHO HM6TB B B0A7, HTO paflBO- 
B30T0HH8H ycTaaoBxa Tpedyei ueHBuax MaTepaaaBHHX aaxpax, a peayxBTara acnHTaHati Ha ycKopaTejie 
noaBOJunor nojiynaTB dojiee AeiajiBHue cb8A£hhh o HyBCTBHTexbHOCTH EMC.

IlorpemHOOTH b onpeseoieHHH napaMeipoB HyBCTBHTeABHOCTB aasBCHT ot axonepmieHTajibhhx onmdoK , 
odycjioBJieHHHX tohhoctbb xajmdpoBKH noToxa 0 sHepreTHnecxoro cnexipa HajiyneHHH HCTOHHHxa 0 cxa - 
TacTBiecKofi omadKofl npa onpeAexeHBH hbctoth PC QIC, a Taxxe ot npHdJumeHz® Mosejm, acnojiBayeMoft 
npa anajmae SKcnapaMSHTajibhhx gaHHHX.

0HeprBH nacTim b 3hepretbneekom cnexipe ockojikob AeneHHH onpeaejiaeTCH c noMomBio CTannapTHofl 
cneKTpoMexpaneexofi annapaTypu no bhcotb awnyjiBooB Ha noBepxHocrao-dapBepHOM nojiynpoBOAHBKOBOM je- 
TeKTope h c yseTOM nonpaaxB na norepa BHepraa nacTHn b anepHux coyjtapeHHHX ClOl cocTaatmer -*5 %.

TO HBOC TB KaJiadpOBKB BHT6HCHBH0CTH H3JiyHeHHH, T8K Ee K3K 0 TOHHOCTB SKOnepBUeHTajIBHUX 3H8H6 - 
HBfl H8CT0TH PC, 33BBCBT OT CTaTHOTBSeOKOfl OEHdKH npa Hadope WCJIB COdHTH#. B peaJIBHHX yCAOBBflX 
BHT6HC0BHOCTB HSJiyHeHHH OnpejteJtoeTCH 0 TOHHOCTBB ^ ±3 8 3HaHeH06 H8CT0TH PC - C TOH— 
HOCTBD < +10 %.

Kax OTM6H8JIOOB BHme, ynarasas cpaBHBMue 3H8H6H0H npodera ockojikob flexeHHH 0 rxydBHH aaxera - 
hhh HyBCTBBTajiBHHX cjioeB EMC, npa onpexeJieHaa BejiaHaHH noporoBoro 3HeproBnaejieHHfl A £c (noporo- 
Boro jaiHetaoro aneproBHAeJieHHH /,c ) HeodxoAawo BcnojiBaosaTB $opwyjiy (2). Oaeaxo, xax noxaaaHO 
B padoTe [7], BcnojiB3OBaH06 $opuyjm (I) Taxxe noaBOJinex aocthhb npaenuieMoro peayjiBTara .Tax xax 
b 3tom cjiynae npa odpadoixe axonepBMeHTaJiBHHX a3hhhx cynecTByeT aasaoBMocTB Lc (S) ot yrjia na- 
A6HBH BOHOB S H8 HOBepXHOCTB EMC. EtpH 3TOM AettCTBHTejIBHOe 3H8HeHH8 /,e (HE 38B0CHAerO OT 
S ) HaxonBTCH nyren sxoTpanojiHnaa aaBacBMocTa L,c (l/COS#)*. nmoTeTanecxoft Tonxe 1/cosS^O. 

CneuaajiBHO npoBeseHHue pacnera sHaneHaB BHAeneHHoti anepraa A E no $opwyjie (2) b cjiohx paanoti
TOJZUBHH 0 OdpadOTKa 3KOnep0M6HTajIBHHX A8HHHX H3 0CH0B6 T8KBX P8CH6TOB HOaBOJIfiDT POBOpHTB 0 yAOB- 
jieTBopaTejiBHOM (±50 %) coBnaASHBa HatifleHHHx /, c c axerpanojmpoBaHHHMB /cos&ft. 
= 0 ). O&Haxo Bonpoc o TOHHOCTH onpexejieHHfl adcojiBTHHX SHanenafi Lc xax aa npocToS, Tax 

a dojiee peajmcTBHHO® Mosejm eme HyxnaeTCH b aoiiojihhtejiLHow aayieHBa.
HcnojiBayfl MeTOAaxy JzadoparopHHX acnHT8HB% Ha ocHose pasa00aoroiraoro bctohhbk8 xajra$op - 

hbh-252 [7], dHJm nojiyneHH napaueTpu nyBCTBHTejiBHoctb HexoTopux tbbob EMC 037 OTenecTBaHHoro 150- 
BaBOACTBa, aaroTOBJieHHue no /i-MOII- (ABHaMBHecxae 037 565 cepaa) a KMOII - (ct8tbh6ckb6 037 537 
cepaa) TexHOAoraHM, 3th AQHHHe npaseAenw b ladJiane.

napaueTpu nyBCTBHTexBHOCTH HexoTopHX xjiaccoB MHxpooxeM

Tan EMC EmKOCTB, KdHT Z,c, MsB/Cmp/cm2) orj^o) ±60 %
xIO-6 cur/dHT

537P72 4 II I,I
537P73 4 15 0,44
537P7I4 4 14 1,6
537P78 16 14 1,0
565P75 64 0,6 0,42
565P77 256 10 0,21
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EojiHiiaH ornadKa HaftgeHHHX ana Hera ft ceneran cdoea <5^ (•&) odMcraeTca paadpoooM gaHHUx ot odpaa- 
ga k odpaagy ggn EMC ognoro Tuna.

£aHHiie, npaBegenmie b Tadjraue, noaBOJunor cpasraTB othochTegBHyxi HyBCTBHTeg&HOCTB BMC paarax 
thhob k BoaraKHOBerax) PC. Bagno, hto y EMC CTaTHHecKoft naMHTH (cepan 537) ana Henan Lc npaKTa - 
secra He owiHHaioTCfl, a aHaneran 0^(0)=* 1,0 (±60 %), T.e. ara BMC dgaara no CBoett nyBCtbhtejib - 
hocth.- HeoamnaHHHM peaygBTaroM HBggeTCH cynecTBeraoe paajmrae ananeraft Lc y QIC gHHaManecKoft 
naMHTH (cepan 565), npaneu y EMC MeHBineft 6mkocth aTa Beranana ananaTejibHO race, a b atoft MBKpo - 
cxeMe PC BoaHHKaKiT npa BoageftCTBHH ajib$a-HacTan. HanpoiaB, y EMC dojibmeft 6mkocth ananenae Lc bh- 
uie a npaKTHneoKH ccsnagaeT c gannywa ggn EMC c Tara nee nott naMHTH. B bthx BMC npa BoageftCTBHH a jib - 
$a-HaoTHU PC He BoaraKaioT. nojiy'-tennuft pesyjiBTaT, no-aagaMOMy, cbh33h c paananHoft TexHOJioraeft as - 
roTOBjieHHH flHHaMHHecKax QIC 03Y paanoft 6Mkocth.

PacneTH cneKTpoB JM13 a on ob KOCManecKax jiyneft daaapyioTCfl Ha MogegbHux npegcxasgeHanx, onacuBaio- 
max noTOKH hohob KOCMHHecKHx gyneft c aapngoM ngpa ot I no 40 b GHepreTanecKOM gaanaaoHe bh- 
rne I ivlati/HymioH [5, 6].

Tohhoctb pacneTHoro cneKTpa J1II3 hohob KocMnnecKax jiyneft aaaacaT ot MogegbHoro npegcTaBgeran , 
npaMeHHeMoro ggn paciexa hotokob hohob HOI a CKJI b MestruiaHeTHOM npooTpaHCTBe, a ^aannecKax Moge- 
geft ax nporaKHOBeran b ManiaToc$epy 3eana a aa aKpanu paanoft tomheh. OoiadKa b onpegegenaa anaHe- 
raft hotokob Hgep lYJi b MeacngaHeraoM npooTpaHCTse He npeBumaeT 20 % [II]. Paadpoc b Begananax no- 
tokob hohob CKJi odycgoBgeH npexge scero dogbiuaMH $JiyKTyauaHMH mobihocth cojraeHHHX BcnmaeK a bob - 
mokhhmh npa 3tom paagHHHHMH b aHepreTHnecKHx cneKTpax hohob. IIorpeiiiHOCTH npa pacneie $yHraiaa npo- 
HHKHOBeHHH HOHOB H8 OpdHTH B yCJlOBHflX CnOKOftHOft M3 PH H TOC $6 pH 36MJIH H6 npeBKnajDT 10 %. Bo BpeMH 
reoMarraraux BoaMymemft MarraToc$epa axa norpeiiiHOCTH cymecTBeHHO BHme a HeKOHTpojiapyeMO BoapacTa- 
jdt. Ha norpeuiHOCTB pacneTOB dotokob hohob KocManecrax JiyHeft cymecTBeHHoe Bgunrae Tanse OKaansaeT 
HeKOHTpoJiapyeMHft reoMexpanecKaft $aKTop, odycgoBJieHHHft nogonteraeM BMC b annaparype kocmhnecKoro 
annapaia a nagaraeM anpanoB egosmoft KOHfarypauaa. OgnaKO noegegnee aaMenarae HBgneTcn Hecymecx - 
B6HHHM gjm pacneTOB c uegBB epabhhTegBHoro anajiaaa padoTocnocodHocra EMC paanux thhob.

Ha ocHose Mogega [6] nacgeiiHUMa MeTogana paccraTaHH cneKTpa F(L)nna CTangapTHoro Hadopa 
tojuuhh anpanoB 0,01; 0,5; 1,0; 2,0 a 2,5 r/cM2 a opdai gsyx thhob:

egado aagageHHbix reoMarrarauM nogew SeMga, k kotophm othochtch opdaTH, dogBiiian hsctb TpaeKTo- 
paa kotophx pacnogosteHa Ha btie ore 20 thc.km a Binne;

yMepenHO aamameHHHX reoMarraTHHM nogeM SeMJia, k kotophm othochtch opdaTH Ha BHCOTax we-
Hee 1500 km.

Ha pac. I npaaegeHH cneKTpn JU13 hohob n<Ji b KpeMraa aa aKpanaMH pa an oft TOjmiaHH 3C ggn ne - 
paoga MHHHiviyMa cogaenHoft aKTHBHOCTa aa npegejiaMa MarnaTocfepu SeMJia a na opdaie Bioporo Tana.

Pac. I. fla$$epeHuaagBHHe cneKTpu m3 qaoTaa PKJI 
B KpeMHHH B TOgH MHHHMyMa COJIHeHHOtt aKTHBHOCTa 
aa npegegaiia Mamaxoc^epu 3eMjm (—) a Ha op-
dHTe c HaKgoHenaeM 82,5° a bhcotoK 1500 km (----- )
npa X =0 (I) a X =2 t/cm2 (2, 3)

Ma aioro pacyHKa sagHo, hto cneKip J1II3 hohob F (L)b otkphtom kocmocs HMeeT cgosHuft sag. Hjih 
TogyaHH aKpana 2,0 r/cm2 sag cneKTpa J1I13 ynpogaeicH a aaBHCHMooTB F(L) moebt dHTB annpoKca-
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MupoBaHa cieneKHofl gymoyieB

F(L)-F'U/l,n, '

KOTtipyB MOHHO HCnMBSOBaTB flHH pSCTOTOB HaCTCTH PC BMC no fopMyjie (I).
Ododmaa pegymTara pacqeTOB h jyw jtpymx cjiynaeB, mohho otmbthtb, hto cneKTpa JUI3 F(L) no- 

TOKOB HOHOB KOCMHH6CKHX JiyHefl npaKTHH6CKH He OTjmHaBTOH Ha OpdHTaX nepfioro H BTOpOrO THna, OflHaKO 
Ha opdHTax BToporo rana hotok hohob yMeHEiaaeTca b 2,5 (±0,5) pa3a no cpaBHemiD 0 hotokom hohob 
Ha opdHTax nepaoro rana. JLm opdHT odonx ranoa cneKTpu hohob PKJI npaKTHnecKH ho 3bbhcht ot tojhhh- 
HH 3KP8H8 , eCJIH X =0,5-2,5 r/CM2.

PacieT sHaneHaft hhctoth PC V no $op«yjie (I) npoBOJUMCB wu tinnompHO# EMC (B/ Fairchild 
931422 c napaMeipaim JLC =1,6 MaB-CM2/r h 0,02 cm2, fljm a to# EMC Taicee oygecTByer skc -
nepHMeHTajiBRHe samme, KOTopse nojiysemi Ha aMepHKanoKOM onyraHKe, ^ymomoHHpoBaBoeM na reoCTaiyio- 
HapHofi opdHTe [8]. Ha pac. 2 npnBej;eHH peayjiBTaTH pacseia V6U b saBZCHMocra ot BpeMeHH cojraeq- 
HO# aKTHBHOCTH i B 0paBH6HHH C peayjIBTaTaMH 3KCnepHMeHTa [8].

Phc. 2. CpaBHeHae sKcnepHMeHrajibHHX (jicManan 
jehhhh) h pacneTHHX (I - X =1 t/cm2; 2 - X =
=10 t/cm2) aaBHCHMOCTeft hbctoth PC BUG 03Z 
Fairchild 931422 H8 reocTaqaoHapHo# 
opdHTe

KaK BHOTO H3 PHC. 2, BHfl paCH6THHX 38BHCHMOCTefl XOpOEO COBHaflaeT C CJTHeCTByBqeft T6H- 
.nerayiett HSMenemiH (JmyKTyHpyauHx sKcnepnMeHTajiBHHX SHaneHH# V (t) b xoqe H3M6HeHHH compmoft 
aKTHBHocra. Ha 3tom se pHcyioce npHBeseHH h nporHoaHpyeMaa (no cepeqHHH 1993 r.) pacHeraan aaBHcn- 
MOCTB sactoth PC 03y Fairchild 931422 , KOTopaa flojimna peajmaoBaTBCH b to# Mepe, b k8ko# 
peajmayeTCH npornoa KOJiHsecTBa comeHincc iurreH na cepeqHHy 1991 r.

yqoBJieTBopHTejiBHoe cosnageHne pacieTHux adcojnorHux aHanenH# V (t)c aepxHefl h hhkh6# rpann- 
qaMH (JuiyKTyHpyfflUHX SKcnepnMeHTajiBHHX gaHHHx ‘V('i) nojiyneHO noqdopow tojuohhh aKpana (X=I t/cm2 
h X =10 r/ovr], ToiHoe aHaneme Koiopo# aa obmom aejie HezaBecTHo. PacHera nm dojiee tohhhx onencK 
sacTOTH PC TpedyeT Hanmoc o pacnpeqejieHHH aKpampyragero semecTBa BOKpyr KpocTajua MHKpocxeMH.Cxe- 
JtyeT 0TM6THTB, HTO HOCJteAHee OdCTOHTejIBCTBO, a T8KH6 OTCyTCTBHB B8HHHX Od OpH6HT8QHH MHKp0CX6MH 
OTHOCHTejIBHO COJIHpa OrpaHHHHBaBT B03M0HH0CTH paCHBTHO# OQ6HKH adCOJODTHUX 3H8H6HH# H8CT0TH V (£),
Koropne dura h3MepeHu b padoTe [8] npn noaBJieHHH b kocmhnecKOM npocTpahctbb hohob CKJI.

TaKHM odpaaoM, weTogHKa nporaosHpoBaHtm PC EMC, paapadoTaHHan Ha ochobb npocTO# Modern tohko- 
ro HyBCTBHTejiLHoro cjloh PC EMC h AHHaMHiecKO# Monemi $ohobhx hotokob hohob KOCMHsecKHx Byseft.noa- 
BOJifleT c npneMjieMO# tohhoctbb npornoanpoBaTB nacTOTy PC 037 b kocMhnecKOM npocTpaHCTBe npn oicyT- 
CTBHH HOHOB CM.
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METQUHKA nPOrHOSMPOBAHHfl PABOTOCnOCOBHOCTH K>PM30HTAJILH0r0Jp-/7-^>- TPAH3HCT0PA
IIA SAHAHHUtl YPOBEHL HSJiyHIHHH

B.C. HepmeHKOB, A.B. CesacTbaHOB

HpencTafljieHa MeTomuca nporHosapoBaras ser- 
, pasanaa ropaacHTastHUX p-fl-p- TpaHaacTopoa 
npa BoaseftCTBHH aoHaaapymero aasyqeHag, oo - 
HOB8HH8H H8 npHHIUmaX HHB8pHaHTHO-TOnOJIOrHN8C— 
Koro nosxosa. HoKaaaH KorntpeTHuH npamep pea - 
jmaanaa TaKoro nosxoga. HpaseseHU peaysbiara 
a nan anajiaa aKcnepaueHTajiBHUX accjiasosaHatt 
peaJIBHHX T6CT0BHX CTpyKTyp, BUnCUmeHHHX B TOM 
*e TexHOJiorasecKcai naiue, <rro a npoeKTapyeuag 
HHierpajibHafl cxeiaa.

flojiroe BpeMH accjieaoBaHagM p~n~p TpaaaaoTopoB yaejuwocb aHasaTejitHo Meabmee BHauaHae no
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CpaBHeHHJO 0 77*/)*ZZ-TpaH3HCTOpaMH. PaaBHTHe COBpeMSHHOft TeXHOJIOrH'ieOKOft da3H MHKpOSJieKTpOHHKH, nos- 
Bojumnee coasaaaTb ropasoaTaabaae p-n-p-TpaaaacTopa o yay'nneHHHMa xapaxTepacTaxaMa , aecxonbxo 
CTBMJJIHpOBajIO 3TOT npOIieCC. XOTS ropH30HT3JIbHUe p*n~^LTpaB3HCTOpU HM6DT BOB *6 doaee HB3KH6 HO -
xaaaTeaa rparaiHott hsctoth a R03$$auaeHTa ycaaeaafl no Toxy no cpaBHeHHD o Tl-p-ff. -CTpyKTypaMa , 
ohh rnapoKO HcnojiLsyrrofl b aaTerpaabaott BHaeKnaoHHott aoraxe a hbhhdtch coBepmeaao aeodxoaaMHMB b 
aaaaoroBiix cxeuax jyia cuemenaa nanpaxenaa, cjiaara yposaeft a b xaaecTBe HarpysoaHux saeMeHTOB b 
ycBjmTeat.HHX xaoxagax. Bee sto ctsbht aasana aocaesoBaana serpasanaa aaexTpaHecxax xapaxTepaorax. 
p-n-p-TpaH3BCTopoB b cxeuax, padorangax non; BosseBcTBaeM a ohh sapytiaercT a 3 ayqeHaa.

npoexTapoBasae TpanaacTopoB ocHOBHBa 6tch aa MaTewaTaaecKax Moseaax, yo Tana Baa aannax cBH3b 
Messy aaexTpaaeoxBMH a $H3HXO-TonojnoraaecxBMa napaweTpawa MHxpoaaexTpoHHHX OTpyxryp. Ochobhbh ipyzt- 
hoctb npa acnoaBSOBaHaa uaTeuaTaaecxoro onacaaaa npoqeccoB b saeueHTax MG saxamaeTca b tom, hto 
HHcaenHoe sHaaenae paxa napaMeipos Moseaefi aeasBecTao a odaaao onpesenaeTCH 0 noMomra weTosa HaH- 
MeaBmax xaaspaTOB as ycaosaa aaaayamero coraacoBaaaH peayabTaroB pacaera a axonepaMeHTa, aro oipe- 
HHaasaeT odaacTb xoppexraoro acnoabsoBanaa MaTeMaTaaecxax Moseaeft aamb tomb CTpyKTypaMa, Ha xoto- 
Phx npoBeaeHH cooTBeTCTaymtae sxcnepaMeHTaabHue accaeaoBaaaH.

B saaaoft padoie npesoTaaaeaa Meiosaxa npoexTapoBaaaH ropasoHTaabHHX p-ZZ-p-TpaaaaoTopoa aa 
aanaHHHfl ypoaeab BosaeScTBBH asayaenaa, ocaoBaaaaH na npaananax aHBapaaHTHO-Tonoaoraaeoxoro nos - 
xosa Cl. 2]. CocTaBHHMH aacTHMH Taxoro nosxosa HBaamroa:

1. $H3HKo-Tonoaoraaeoxaa Moseab, npesaasaaaeaaaa saa pacaeia BoabT-eiraepaux xapaxTepaoTax a 
K03$$BQBeHTa ycBaeHHH TpaHsBCTopa, padoTaxmero b axTHBHOM'pesHMe.i

2. CnenaaaBSHpoBaHBaa TecToaaa Maipana (CTM>>
3. MeiosBxa aseaTB$axanaa bxoshhx napaMeipoa uoseaa no peayabiaiaM aoeaesoBaaBft xapaxTepac- 

tbx TeoTOBHx oTpyxiyp.
MoseaapyeMuft TpaasaoTop npescTaaaaeT 00608 oTpyxTypy 0 xoabneaaM xoaaexTopoM a oshoctopohhhm 

KOHTaxTOM x dase (pac. I).

ko
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a <r

Pbo. I. Tonoaoraa (a) a xoacTpyxnaa (d) 
MoseaapyeMoro Tpaasaciopa

Mcxosh as Tonoaoraa a jaasaxa padora npadopa, b TpaaaacTopaott OTpyxrype BHseaeaa aerate tonoao- 
raaecKB-HeaaBacBMue odaaoTH (THO) c cooTBeTCTByrnufflia $H3aaeoxBMB a Tonoaoraneoxmia napaweTpaMaW&D, 
asaanuaMHca bxoshhmh napaMeipana uoseaa.

K $H3aaeoxaM napaMeipau Moseaa othochtoh saBaajaqae OT aanpaxeaaa aa siaTTepaou nepexose naoT- 
hoctb toxob pexoMdaaaqaa a aasexnaa (Use) H napaweTp, xapaxTepasymat tor xoaaexTopa /**.( / ■
a Taxxe noBepxaocTaae oonpoTHBaeaaa exparoro caoa, p+- a D -smhtt6pob. K TonoaoraleexaM na-
paweTpaa othochtoh naotnasB b nepBMeTp BMBTrepa a naomaflb axTHBHoa dasu. tosaaeoxae napaweTpa ae 
38BHCHT ot Tonoaoraa a oTpamanr onena^axy xoaxpeTaoro TexHoaoraaeoxoro lxapopyra.

TaxBM odpaacai, tok daau ropaaoaTaabaorop-ZZ-p-TpaasacTopa moxct dHTb onacaa b Base

(I)
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a tok KOJueKTopa b anse

r&e . V/5 - 3JieKTpn'ieoKaa mipzaa 8kthbhoB daau.

(2)

Tadjoma I

$H3HiecKHe h TonojiorBieoKBe napaMeipH Mosesn

THO $030TOCKaa xapaKTepHCTHKa $H3HiecKHfl napaMeip 
(nJIOTHOCTb T0K8)

TonojiorHTOCKHtt 
napaweTp *

I PeKOMdHHanHa b odtewe daau nos
P+ — 3MHTT6pOM, p6KOMd0HatI0H

B 0113 SOHHOtt TOOTH p *— 3MHT- 
repHoro nepexosa, peKow^HHamaa
Ha rpaHHite ~ Ncc nos
P +— 3M0TT6pOM, TOK HHXeKIWH 

aaeKTpOHOB B p+— 9MHTTep

jyi (UJ SVi

2 PeKOMdHHauHH b odiewie daau nos 
p~- BMHTTepOM, peKOMdHHaQBfl B
0113 SOHHOft TOOTH p BMHTTep—
Horo nepexosa, peKOMdHHanHH Ha 
rpanane Nanu - A/ee nos p
SMHTTepOM, TOK HHXeKUHH aJBKTpO- 
HOB B p3MH TTep

Jva (U„)

Jw(UJ

Js(U„)

3 PeKOMdHHaiyiH b od&ewe 0 Ha no- 
BepXHOCTH 8KTHBH08 daSH, peKOM- 
dHHaSHfl B OHS dOKOBOtt TOOTH
3mhTiepHoro nepexosa, peKOMdH—
Hamm Ha rpaHHne Nanu~ A/cc
nos aKTHBHOtt dasott, TOK HHXeK- 
QHH 3JI6KTp0H0B B SMHTTep H6pC3
doKOByu TOOTH nepexosa

sw

4 PeKOMdHHaiuiH b npnnoBepxHOCTHofl 
tooth 0113 3MHTTepHoro nepexosa

P3

* Svi > $vji , ~ imomajiB sohhoII tooth p aussTTepa, p~- aMHTTepa,
aKTHBHOtt da3H C00TB6TGTB6HH0; Pg - nep0M6Tp 3M0TT6pa

®H3HTOCKHe napaMeipu onpesaoHDTCH 03 asMeperafl cnen0a.JiE.Horo TecTOBoro nadopa p-Tl - nepe- 
XOflOB 0 p~Tl~p~TpaHSHCTOpOB, BXOSH®HX B COCT8B CTM, H3rOTOBJI6HHOfi HO OflHOMy TexnosorHTOOKOMy 
MapmpyTy c npoeKTHpyeMott MC. B Mosejm ysTeHH 3$$6kth, cBHsaHHue 0 bhooechm ypoBHeM HHxeKnnn 0 ot -
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T8CH6HB8M T0K8 03-38 naAOHHH H8npHE6HHfl H8 pa0np8fl8JieHHHX OOUpOTHBJieHHHX Cd06B. MOAGAB peSJOaO - 
B3H8 B BHfle H8K8TB npHRJBAHHX nporpBMM Ha 3EM, C0B48CTHMHX 0 IEM PCAT/AT h CM-4.

C nouoDiBK) ashhoB moagab dHJia npoBSAGHa padoTa no npornoeapoBaHM) padoToonocodHoora BiojHoro 
ipaHSHCTopa oahoB H3 TTJH HC, auenaero xaicjn* *e TonMoran, iro a uoAGAapyeuHB aaeweHT, npa aoa- 
agBctbhb noToxoB BjieKTpoHOB, bgBtpohob i raima-asAysema, opoTBeTCTBynqax rpynne 37.

MeTOflBKa nporHoaapoBaHHH sauanaeToa b onejormeH. Odpaami GTM nosBeprjm odAyneHan Ha sa- 
ABHHHfi ypOBeHB BOSAGflCTBBfl. C HOMOmBD H3MepHT8JIBHOfl CH0T8MH H3 da38 3BM tiHAH HOJIjnieHH BOJIbT-aM - 
nepHne xapaKTepacTHKH t8ctobhx p-n-p-vpansacTopoB ap-Tl-nepexoAOB. Torya npa sananaoM Hanpaie- 
HBH Ha SUHTTepHOM HepeiOAG U)g AM TOKOB d83H H8THpeX T80TOBHX TpaHSHCTOpOB 0 paaABHHOfl TOHO- 
AoraeB mokho sanaoaTB cacreuy xaHeBmcc ypaBHemifl (I). Pemaa ee otbocbtsabho nxoTHOOTefl tom am 
Kaifloro 3H8H8HBH Ugg . HOJiyHHM saBBOBMOCTH *-f(Uag) • AHaAOrHHHHM OdpaaOM H8 BHp8—
H8HBH (2) AM TOM K0AB8RT0pa dltiB H0AyH8H8 SaBBOBMOOTB' JKK mf({J)J •

Ha pac. 2 npeflOTaBJiemi 38bbcbuoctb napaueTpa, xapaKiepaaymeroj to$4 ) KOJWCKTopa, ot
HanpfleeHBfl U„ • HapaiMTp ke h3M8hh8toh b npenenax norpemaocTa npa BbaAeficTBaa paaxaHHux aaay-
H8HBS. 3th A3HHH8 BOAyHSHH HO HSMepeHHHM T8CT0BUX CTpyKTyp Tp8H3H0T0p0B 0 IDBpBHOft aKTHBHOfl d8SH
no goTomadJioHy V/ =4 mxm. Hcxoah as Hauepemfl t8ctobhx pesHoxopoB hoaooroboB popuH <fm pao - 
CHBT8H "yXOA" P - CAOH B 3nHT8R0BaABHO8 M6HR8 03-38 dOROBOft AIT$$y3HH npaueca d =0,7310,10 1004. 
TaKBM odpaaou, peax^Haa mapaHa sktbbhoB dean dea yaeia mapaHH 003 aidlTrepHoro a KOJUieKTopHoro ne- 
pexoflOB paBHa Wg * W* -2af . Oah8ro as asMepenafl CTpyKTyp o mapanoB dasu-no $OTomadxo - 
Hy 8 MKM BHHCHHAOCB, HTO HpH BO3A8fiCTB0H paAHaUHH TOR X0AA8XT0PB B 9THX Tp8H3BCT0paX p83R0 118X8- 
6T no CpaBH8HHD C TOKOM nPH.'^^O. 3TO 03H8H8GT, HTO BCA8ACTBB8 yBeABS8HBH p8R0MdBH8QBB B 8RTHB-
hoB daae yweabmajiacB AH$$y3Hohh8h rah Ha ahpor L p , a cooTHomenae Lp » Ws ne buiojihhstch. 
Tanoe yueHBoeHae tom ROAzteRTopa b TpaHsacTopax 0 doxBmofi mapanoB axTHBHoB dean npasoABT r peaRO- 
My nSAeHHD R08$$UQIeHTa yOHA8HHH no TORy, HTO A8JM8T H8B03M0RHHM HX B0n0AB30B8HB6 npa RBHHOfl CT6- 
nena odJiyneHan. Ha pac. 3 npeACTaanenH saBaomiocTa aaoTHOOTefl cooTaBJMxmax tom daan ot aanpa - 
R8H0H H8 3MHTT8PH0M HepOXOAG.

w"'W""w...m....m....m' &> %» Pao. 2. SaBBOBMOOTB napaueipa, xapaRTepasyu- 
yero tor ROAaexTopa, ot HanpHieraH hb nepe- 
xoa6 auBTTep-daaa (p-n-p- TpaHaaoTop)

65



Pjjc. 3. 3aBH0HM0CTb Jv< (a),JyM(6), J^(b),Js (r) ot (/,,

fl Tads. 2 cBejeHH samme o Bimasax paasanHHX odsacTefi b boshhR tok dasH TecTOBoro TpansHCTo- 
pa nojiocKOBOfl $optot o nsonaKBD SMHTTepa 8x80 mkm2 b mapanofl daau no JoTomadsoHy 4 mkm. Ho stiiu 
A8KHHM 0H6HB XOpOtDO BBAHO, K8KB6 OdAaCTB HaBdOJtee HOflBepKeHH SerpaflBQBB HpB KOHKpeTHOM BHfl6 Od - 
JiyneHHfl .

Tadjoma 2

Biman paasHHHHx oocTaBJumnax b nojmufl tok dasu TecioBoro TpaHsacTopa npa Use =650 uB

*■*
i
>L, %
*

0 36,3 25,6 21,3 16,8
£ 50,7 22,5 16,5 10,3
n 41,3 37,9 0,0 20,8

F 24,2 39,8 10,5 25,5

Kaic bbaho as Tads. 2, npa soaseRoTBaa norom aseiropoHOB yaejni'niBaeTca bkjlbx oooTaBjlaxmeft to- 
xa Ivi , a BKjaaA octbjibhhx cocTaBJMBUBx yueHBmaeTCfl. Hpa BoaseficTBaa nefiTpoHOB BoapaoxaeT BKnas 
odieMHux cocTaBJiannax tokb. Boas Is npaKTanecxa paaeH Hymo. 3to odtaoHaeToa tom, vro hsAtpohu 
coajyiDT fle$eKTH b odtewe cTpyKiypH. Hpa BoaseficTBaa rawwa-aasynenaa BoapaciaeT Busan cocTaBJumuBX 
Iva h L , a hksbs nepa$epaa yueHBDiaeTCH b abb paaa no opaBnenam o nyseBofl soaoR.3to mokbt duTB 

BU3B8H0 csesymBM a$$6KT0M. Hocse AsficTBBH raMMa-B3syneHBH b naocaBBpynqeu OKacse BoapacTaei no- 
SOKHTeSBHHR 38pflA. 3TO npaBOABT K TOMy, HTO flHpKH OTTHTHBaDTCH OT nOBSpXHOOTB B PSydB OTpyKTypH B 
peKOMdBHanaa Ha noaepxHOCTB yMeHBmaeTCa.

C noMoyBB Mosejra duna nporHoanpoBana serpanauaH Koa$#qaenTa yoaxenaa JS Bxoflnoro Tpaasao- 
Topa TTM oxeim c TonaxoraneoKBUB paaiaepaim p + - exon auaTTepa 4x4 mkm2, mapaHofl p”~caoH 3 mkm 
a mapaaoR aKTHBHofl daau 3 mkm (pac. 4). HaadoxBtnaR eras Koa$$anaeHTa ycaxeHHH npoasoniex npa aoa - 
AeRoTBaa hotom aseKTpoHoa.
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Pac. 4. PeayjiBTaTu MO#eaapoBa8HH ko»$$h- 
QaeHm ycHJieHHH no Toxy axoaHoro TpaHsac- Topa ot Hanpaeemig Ha nepexoae auaTiep-daaa

TaKHM odpaaou, ygaTHBaa OTeneat aerpaganaa paaaaHHux odaacTefl, moeho aerito onTawaaapoBaTb 
Tonoaoran TpanaHCTopa aa aaaaHHuft bur a ypoBem, BoaaeftcTBHH aaayqeHHH.
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HCD0JIL30BAHHE HHZEKUHH POPSTO HOCHTEM B nOfl3ATBQPHH0 QKHCM
a bosweKctbhh pehttehobckopo rnnyrnm juih nporHosHPOBAm PAEOTOcnocomocra mhkpocxem,

M3T0T0MEHHHX 00 MOD-TEXHOAOIMM 

B.C. IlepmeHKOB, C.B. Oepentco

npaaeaen Kparaatt odaop aaTepaiypH no 
npodaeme aerpaaaqaa xapaKTepaoTHK MOOT nog 
BosaeftoTBaeM paaorperax b Ranaae Hocaieaett. 
KopoTKo odiaoHeHa cyTb a$$eKTa a BaroocTb 
accaeaoBaHHfi b arofl odaacTB b CBnaa o yiaeHb- 
menaeM reoueTpaHecxax paauepoB npadopoa.BK®- 
H6H3 HH$0pM8HHfl 0 U6TOR6 nporHOSHpOBaHHfl pa- 
dOTOonocodHOCTa MOOT, BcnoabsymeM xapaKTep- 
Hyn juih aaHHoro 3$$eKia aasacBMocTb Bpewena 
roam npadopa ot tom nojtaoaxa bo speiM soa- 
aetloTBHfl. IIpHBeaeHH peayabiara aKcnepaMeHTOB.

3$$okt aHxexqaa paaoipeiax b npacToicoBoft odaacia MHaaa HocaTeaeft b noasaTBopHHfl oxaoea aa-
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B8CT8H A0CT8T0HH0 fl8BH0. OCHOBHiie $030^60X06 npBBZQinU, SeEBUHe B OCHOB8 BTOrO HBJ18HBH, 03JIOESHH, 
HanpHMep, b xjiaccHHecxoM ynedHaxe [i]. CyTB a$$exTa saxjmaeTCH b caesymeM. HocaTejm .sraraacb 
b KaHajie MOIIT, KcnuraBaDT skth pacceaHaa, nocjie Hero ax HMnyjiBC b3M8hh8tch kbr no sexanane, Tax 
a no nanpaBJieHBD. 3to npasoAHT k noasseHaB HocaTejieft, sByiymaxca nepneHsaxyjiapHO noBepraocra paa- 
se.ua Si-SiOt b cTopoay noseaTBopHoro oxacjrn. Ecjib raxofi anouajiBHHfl aocaTesb odJiasaei aoct8tohho 
bhcOKO0 anepraeft, oh moebt noxanyTb xaaaji a npoHBXHyrb b noAaaxBopHHS saasexTpax. HocaTejm, npo- 
xoah nepea rpaHaqy Si - SiOt, BH3HBaBT reHepaqaD dnoTpnx noBepxHOCTHHx cocTOHHatt , HaJianae kotophx 
odycjiaBjmBaeT aaMeHenae aasHettmax ajiexTpaHecxax xapaxiepacTax MOIIT (noporosoro Hanpaxema a xpy- 
tbshh) . Hpa 3tom odJiacTb xaaajia, me memy axTawa pacceaHaa HocaTejm uoryx aadpaTB gooxaToaHym 
AM renepaqaa noaepxHOCTHHX oocxoaxaR anepraD, orpananeHa yaxoti npacTOKOBOfl aoHofi o uaxcaMaaBHHM 
no mane xaaaaa nposojiBHHM noaeu.

Be jib hh Ha BHaHsaeMux BHxexqaefl ropaaax Hocaxeaett asMeHenaS xapaxTepaoTax MOIIT scuiSHa sHana- 
TeatHo Bospaoxa npa nepexose x doaee tohkhm oxacjiaM a dosee xopoixaM xanaxau. yMeHtraenae tojbuihh 
oxacaa npHBonHT x yuenbuieHao 3$$8ktob , CBaaaHHHX o renepaqaeft aapaqa b ero otiieMe, a cootb6tctb6h- 
ho x yBejiaHeHHB pojffl aapaqa Ha nosepxHOCTHHx coctohhbhx. B to ae BpeMfl xapaxTepHaH jyniHa odJiacTa 
noqaaTBopHoro saeJtexTpaxa, b xoTopyu b ochobhom npoacxoqaT aHxexqaa HocaTejieft as xaaajia.c yMenb- 
menaeM sjihhh xanajia cocTaBJiaeT see dommyrn ero aacTb, hto npa bosh t k dommeMy aaweHeHam xapaxre- 
pacTHK. OaaqaeMoe ysejianeHae BHiepeca x accjteqoBaHHHM qerpaqaqaa xapaxTepaoTax MOIIT npa Boaseftcr- 
Baa ropanax HOcaTeJiefl o nepexoqoM x MeHtmaM paamepaM npadopoB nosTBepisaeTca yBejiaH6HH eM nacjia 
nydjmxaqafl no 3TO0 tomb [2-10].

B HacTonmaft momoht mokho chht3tb ycTaHOBJieHHHM MexaHaau aadpoca ropaaax HOOBTeaett b oxb- 
ceji [2] . Taxxe moeho ohhT8Tb yciaHOBJieHHott Koppejuqas Messy serpasaqaefl xapaxTepaoTax MOOT a 
TOKOM 38TB0pa, OdpaSOBaHHHM rOpHHHMH HOCBTeJIHMH. B C00TB6TCTBHB C M0S6SBD [3] ASH T0K8 38TB0pa 
cnpasejumBa $opuyjia

(I)9

rse Id - tox CTOxa; Ifg - noTeaqaajibHHft daptep am asexipona, sBaxyiqerocH as xanajia b oxaces ; 
X - AMHa cBOdoAHoro npodera HocaTejia b xanase;

jie y cToxoBoro xonqa xanajia, me npoacxosaT sadpoc HooaTeseft.
3$$exTHBHoe MaxcaMajitHoe nose BunaojiHeTCH c acnosbaoBamieM mbtoaob ssywepHoro MoseJfflpoBaHw, 

Jiado no nosyaMnapanecxaM 38B0Ohmocthm. MHoxaTesb Cj HBJiaeTca cjiado MeHangeOca gyHxqaeft hojih 
b oxacjie am nojieft, npaTHrasanuax Hocaiejia x aaTBopy, a peaxo onasaeT so nyjia am nose#, ottsji - 
xaBaxxgax HocaTejm ot aaTBopa. Tox aaiBopa Ig aoctotoxho was a He yAoden am aaMepenatt.Iloato- 
My dojibmoe ananeHae npaodpeTaer $axT Hasanaa CBaaa Messy tokom aaTBopa a nossoExa MCIIT.

Tox noAJioExa I sub bu3B8h ysapHoft aoHaaaqaett stomob npaMeca HOcaTejiawa y cioxoBoro xoxqa 
xaaasa. npoqeccu ysapnofl aonaaaqaa a aadpoca Hocaieseft b nosaaTBopauft oxaoea aMeur MHoro odgero. 
B odoax caynaax HMeeTca aexoTopaa SHepraa axTasaqaa npoqeoca b nepsoM csyaae a aaepraa ao- 
Haaanaa W bo btodom. 3?a aaeoraa "nocTaBJiaeTca" nponoAbHHM aaexTpaHecxHM noJieM. OdnjHOCTb

(2)»

HTO n03B0JM6T CBHSaTb TOK0 HOSJIOEKH H 38TB0pa npOCTHM C00TH0meHH6M

(3)

CnpaBeAMBocTb cooTHomeHafl (I) a (2) yoTaHOBseaa xax c naiombD qporpauu HaoaeHHoro Mosejra - 
poBBHaa, Tax a hphmhmb axcnepaMeHTasbHHMa accsesoBaHaaMa [4-10].
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Sto KacaeTCH uexarasMa reaepaiyiB noBepxaocTBHX coctohhhB roparaMH bocbt6.mmb, to odqenpHs- 
HaHHoB MOflejia aToro nponecca noxa He cynecTByei. B aaaecTBe npHMepa mokho npasecTH MonejiB [3]. 
B stoB Mosera npoqecc odpaaoBaaan nosepxHocTHHX coctoothft cbhshbsbtch o xBMHnecaoft pearamefi aa 
rpaniiue Si~ SiOg- Hocjie peaanaa o ysaciBeM ropaaero HocBTejia 03 Kanajia noBepraocrantt pajm- 
Kaji = Si~H Tepaer a tom sosoposa, Tpaao^opwapyao B t8Khm odpasoM b noaepmocraoe cocToanae. Jto- 
HaMHKa pocTa aoaneaTpaqaa noBepraocraux cocTOflHBfl b btom oayaae onpegeaaeTca $op»*yjiofl [3]

AA4<aC3j^w? '
(4)

r#e - aaepraa, aeodxosHMaa jyia odpaaoBaaan noBepxHocraoro oooToaaaa; ZZ - hhcjio, aasaca -
mee ot nopnsaa pearama (0,5-1,0); C3 - KoaoTaHTa, saBacamaa tojibko ot cboBotb noasaTBopaoro
OKHCJia.

SaaaeHHe stoB kohct8hth JieaHT b npeserax

r -J£ L1 ' XWBJ

roe H - BepoaTHOCTB Toro, hto aocHiejiB, nojjyaHBmHft socT8Toaaym sra npeofloaenaa dapiepa Si ~SiOg 

saeprac 0 JifiTaiqatt b CTopoay rpaaaou 0 nossa tbophum okhcjiom , odpaayeT noBepxaocTaoe cocToaaae ; 
JZ)w,- , Y.W - K03$$aiyieBT fla$$y3H0 0 fl0$$y30OBBaa Arana aeftTpaataoro Bogoposa Hi b Sz^ooot - 

BeTCTBeaao; S - aeraaaaa, xapaKTepasynijaa BaaHMOseftcTBae Hi 0 Nii , cm/c; C - Arana yaacr- 
aa aaaajia 0 MaKCHMajiBHoft aHseicroett.

B aacToamee Bpewa craTaeTca, sto auxeKiraa ropaaax aooaTeaeft npaaosHT k odpaaosaaaB to/ibko 
nosepxHocTHHX cocToaaa# 0 ae Braaei aa serahhay $0KoapoBaaaoro aapafla b okbojib. 3ia ranoTeaa aa- 
xeTCH npaanonosodaoft, nocaonBay jyia reaepaqaa ajreKTpoaao-flHpoHHUx nap b Tomonae oaaoaa, npesmeoT- 
Byuyefl odpaaoBaaan $BKC0poBaaaoro aapane, bocbt6jib sojmea 0M6tb aaepnro oaoao 18 aB. nocKojibtcy 
accjienyeMHe npadops pegao padOTanr nog aanpaxeaaaMB dojibme 10 B, ropaaae HocHTera c aeodxosaMoft 
aaepraeft npocTo ae odpaayrrca.

3acnep0M6HTajiBaue HCGJienoBaaaa serpasanaa xapaaTepacTBK MOOT nos BoasettcTBaeu aaxeanaw ro- 
paanx aooBTejiett npoBosara Macrae asTopa ["2-103 • B ocbobbom acnoxBayeToa see cxemi acnaTaaaftzac- 
cjiesyDT serpasaUBD xapaaTepaoTaa b aaaacaMooTa ot Bpeweaa 0 BBTeacaBaocTa BoaseftciBBa; accxesynr 
33BHCHM0CTB BpeM6HH, B6OdXOS0MOrO JULH SOOT006800 OrOBOpeBBOS paB66 0160680 fl6rpaSBH00 XapflST6 - 
pacTaaa MOOT, ot BBTeacaBaocTa BoaseftcTBan. $aaoapya cTeneab serpasaqaa (aanpayep Aiconst) 
aa sooTaToaao mqjiom ypoaae,aiodu aadexaib aeraaeteocTe#, bboaht noanrae BpeMeaa xaaaa npado- 
pa ( Lifetime ) *Zf - BpeMa, aeodxosaMoe am socTaxeaaa paaee laacapoBaaHofl CTeneaa serpasanna.
B COOTB6TCTB00 0 BUpaK6K0HM0 (3) 0 (4)

(*&)*■ (5)

MOKBO OX0SBTB, BTO B TO Bp6MH K3K MBOX0T6JIB

Yii
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dyAex chjibho aaaacexb ot xexHonoraa aaroTOBieraa MOOT, BejaqHHa xonxHa ocxaBaxbCH npaMep-
ho nocTOHHHOtt. Be mokho onpenenaib as Hamiona npflMoft

tp-C- const + Cn (iO)(- ■ (6)

B 8KCnepHM6HT8X [4-10] , B KOTOPHX BO BP6UH BO3A6fl0TBHH HOCTOHHHHM nOAAepXHBanCH TOJIBKO TOK 
hojuiokkh (kbk Mepa xoita saxaopa), nonyneHH cmemca ana ~ 3,7 aB. B donee CTporo nooTas -
neHHOM 3KcnepHM6HTe, me nocToaHHmi noflflepraBajiocb TBKEe a none b oimcne Eox , nonyHeno s; 4aE 

OcHOBusaaci, m aKcnepaMeHxanbHO noATBepxAeHHux cooTHonieHsax (5), (6), npeanoeea [iXJ ueroa 
nporHoanpoBaana aerpagawm xapaKTepaothk MOOT, aaxoammiioa non BoaaeftoTBHeii ropanax Hocaxene# . 
OcaoBHoe npeanonoeemie coctoht b tom, too cxofeocTb npadopa k BoanefloTBHD ropaaax HocaxeneR osa- 
aaaa c ero cxofiKocTbm no oxHomemim k BoanetioxBan BOHHsapymHx aanyHeHafl. OdoaHanaB b BupaxeHHB(5)

(7)

asTop
BOHH3Hpymero aanyaeana, HeodxoAHMofl ana nocTHiemia Taico8 xe nerpananaa xapaitTepaoTHK MQQT.Kaxaa 
duna acnonbaoaaHa ana onpeneaeaaa

(8)

%aaeM, no npennonoxenae [II] b BupaxeHaa (8) yC aanaeioa ynaaepoanbao# nooToannott no 
OTHomeHac k TexHonoraa aaroTOBneaaa a reoMeipBHeoKHM paawepaM npadopa.

BKcnepaMeHTanbHoe noATBepxAeroie a paaywnoe xeopeTaaecKoe odoonoBanae axofl ranoTesu duno du 
oHBHb noneano ana onepaiaBHoro npomoaapoBanaa padoxocnocodHooxa ooBpeueHHHX KopoTXOKaaanbHHx 
MOOT, Ana KOTopux anmeaqaa ropasax Hocaxenefl asnaeToa oahoA aa saxmix npaaaa gerpananaa napaMei- 
poa, BMenaeS mocto name b oToyTcraae Baemnax AecTadanaaapynnax $6KxopoB. Oroaopas aneaxpaaeoKae 
pesaiiu npa aawepeaaa T" a napaueipu aoHaaapyngero aanysenaa, AOCTaxoHHO oahh paa nonyroxb aa- 
nadpoBOHHyB npauyo (8), TOodu hotom ash nmdoro npyroro npadopa onpenenaib nyxeu Kpatkobp6M6HHHX 
panaanaoHionc acnuTaaaB aena^aay 2)enr , a no ae# a Hx^Daarl^.. Boone axoro aha nmdoro pexaua 
padoTU MOOT no asBecxnoMy I sun aa aupaxenan (7) mokho pacc'mxaxb speMH xaana.

Jhm accneAOBaHBH ranoxeau [llj h8mb duna npoBenena cepaa aKcnepaueHxoB, Koxopue Biunmna 
b ceda aaMeperaa xoaa noAnoaota Igt/M npa paanaanux aneKxpaaeoKax pexauax padoxu MOOT a aauepe - 
HHe AerpaAanaa MCXIT b aaBaoHMooxa ox xoxa noAnoxKa. Ha aaanaaa rpafaicoB aaBBCBMOOiefl xoxa hoa- 
noxKH ot Hanpaxeaaa «a saxsope (pac, I) a ox senaaaHU, odparao# paaaooxa aanpaxeaaa aa otoxb a 
aanpaxenaa HacHyenaa (b nonynorapa^MaaecKOM Macmxade, pac. 2) bbaho, too npeAnonoxeaae o aomhhh- 
pynaefl pone ynapHoft aoaaaanaa b $opMapoBanaa xoxa noAnoxtca aanaexca cnpsBeASHBHM. 3to cneAyex aa 
ABHethiocTB aaBBCHMOOTH Ha pac. 2. XaneftHocTb aaBHOBMoexa noATBepxAflex cnpaaeAnaBooxb $opuynu (2).

K coxaneHam, b npenenax omadxa aKcnepaMeHxa, hbk3kbx aaMeneHatt b xapaKxepacxaRax npadopoB 
odHapyxHTb He ynanoct. B accnenoBaHHOM anxepBane speueH BoanefloxBaft (ao 30000 c) noporoaoe nan - 
pnxenae a Kpyxaana MCXIT ocxasanaob nocTOHHHUMa. B to xe BpeMH nnoxHooxb noBepxHocxHux oocTotmatl, 
BSMepeHHaa no Mexony Charge-Pumping soapocna aa speMH B03A68cxbhh b cpeAHeu Ha 50 % a no 
okohhshhb BosAeSoTBBH penaxcapoBana k npexHeuy yposnm (pac. 3). OpanaHott xoro, too He ynanocb 
odHapyxHTb cRonbKo-HadyAb saueTHott Aerpananaa xapaKxepacxaR, no HameMy MHeHam, samameToa b xcm, 
too ash axcnepmieHTOB acnonbaosanao b xpaHaaoxopu c AocxarosHO xonoxuM oxaonow (30 hm) a ashhhhm 
KBHanoM (Z/W-3/50 mkm) no cpaBHenam o aaBecthumb hbhhhmh. 3th otjihhhh, cxopee Boero.npaBOAHT 
k xoMy, TOO Asa oyyecTBeHHoro aaMeHemiH Bonbi-aunepHux xapaKxepacTHK xpaHaaoxopa xpedyexcfl ro
pe 3 ao donee ASBTenbHue BoaneRoxBan.
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PhC. I. SaBHCHMOCTB T0K8 nOSJtOXKH ot Hanpa- 
K0H0H Ha saTBope V« npa $BKCnpoBaHHOM 
noTemfflajie ctoks ®
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Phc. 2. Sbbhchmoctb JiorapH$»*a oTHomema
TOKOB nOAnOBKH H CT0K8 OT B6JIHHHHH, Od-
paxHo nponopuHonaJiBHoS MaKCHMajibHOMy no- 
juj b nauajie, am paajiHHHHx HanpflxeHiat 
Ha aaiBope:
I -V6=2 B; 2 -\4 =3 B; 3 -V« =4 B;
4 -vj =5 B ”

Phc. 3. HaMeHeme iuiothocth noBepxHocthhx 
COCTOHHH0 Nit tNit CO) BO BpeUH HHE6KUHH 
ropasHX HOOHTejiea (cjiaBa ot BepTMtaJiBHoB 
jdhhhh) h bo BpaMH pejiaKcaiyjH (cnpasa OT Bep- 
THKajIbHOfl JIHHHH) . H3M0p6HHH npOBOflHJIHCb HO 
ueToay Charge-Pumping

B QOJIOkl IIOXHO 3aKJHHHTb, HTO XOTH II0A6JIB $OpMHpOBaHHH T0K8 nOXJIOKKH B CB6T6 H8BHX SKOHepH - 
M6HT0B BHTJUOtHT AOOT8TOHHO ydeflHTeJIBHOfl, AHA npoBspKH rHHOTeSH Pallcuti TpedyDTOA jiajibHettEHe
3kcnapnM6HTH c HciiojiBsoBaHHeM dojuee noflxoAanHX npndopoB.
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Ct8tbh nocTymuia b penaxtaiD 29 bush 1992 r.

7M 621.382.2+536.48+539.12.04

BJM3HHE HH3KHX TEMIIEPAiyP M 3JJEKTP0HH0IX) OEmEHHfl 
HA BOJILT-AMIEPHUE XAPAKTEPHCTMKH KPIMHHEBtiX CTP/KTYP C/3-/Z-HEPEXOIAMH

$.11. KopiuyHOB, H.r. Mapsemco, H.E. UnaHOBaa, B.T. TpoqBHOKBfl

B HacTOfluee Bpeira no HMenoaiicn natoum nejiBaa 
BOflHHKOBHX DpatiOpOB B 0dJI3CTH HH3KBX TBimepaTyp, 
dOSMIOfl MOTHOOTH H BOBfleftCTBBH pajlBBOBB flj.

MccjienoBaHu ocoOshhootb dobsabheh bojibt- 
aMnepHra xapaKTepaoTHK KpeiiHaeBmc, sa- 
OHHHX p+-n~n*CTpj«TJp, flBJUmqBXCg OCHOBOU 
cbjiobhx roaonoB, npa ax aKcrniyaTanaa b pesaue 
HOMBHammcc a neperpyaouHHX nnoraooeft ookob . 
OaKTopama, onpenejumaauB asueHeHaa xapairae- 
pacTHKf aBJiaOTCEi TeMneparypa a saanasoHe 77- 
400 K a sxeKTpoHHoe odayaeHae c ampraett 4 MS.

yCTaHOBJIBHO, HTO OdyOXOBJieHHHS BJieXTpQH- 
hhm odayaenaew aaMeHeaaa npmioro nanenaa hb- 
npageHEa npa TeiraepaType 120 K b 3-4 paaa 
MeHBine, new npa TeiraepaType 300 K. Upavnoft 
dojiee bhooko# panaanaoHHO# ctoAxocth npado- 
Pob HBJiaeTca BHaRBTexBHoe yueHBineHae amaHaa 
nponeccoa aaexTpoHHo-joipovHoro paocegHaa a 
oae-peKowdaHaqaa aa BoaBT-airaepHux xapaKTe- 
pacTBKax CTpyxTyp npa hhskbx TeiraepaTypax.

oflHoaHanHO cyjpiTb o noaegenaa napaMOTpoa nojtyqpo- 
b nacTHocTH, b GJiysae npoTeKaaaa Repea hbx tokob
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MsBecTHQ, hto ochobhhm napaaeTpoM, onpesejumoHM noiepa moubocth b chjiobhx npadopax bo bkjib- 
H6HH0M COCTOHHHH, flBJIHSTCfl UpBMBH BOHBT-aMHepHaa XapaKT6pHCT0K3 (BAX). C U6J1BD EHHCHeHBH nOB6- 
H6HBH BAX npH BOSfleflOTBHH H8 HpHdopH HH3KBX TBMHepaTyp H 3JI6KTpOHHOrO OdJiy^eHHH, npOBOJtHJIOCB 
accnenoBaHae asMeHeHaB npaioro nanemia HanpaxeHHH Unp hm p*-n-n-vrpyRTyp, aBaannaxca ooho- 
bo0 npoMunmeHHHX hhohob. CipyxiypH dmm asroTOBJieHH as THHyToro n~Si K35-32 no CTannapTHoil 
fla$$y3HOHHofl TexHOJiorBH. lllapEHa Tl- d03U CTpyKTyp cocTaBMJia 180-200 mkm, rjiydHHa sajieraHBH 
p-fj -nepexona 80-100 mkm. Hpanoe nafleme HanpaxeHaa iisMeparacB BMnyjiBCHHM mbtohom. OdJiyneHtie 
CTpyKTyp npoBonanocb na ycxopaTeae anexTpoHOB 3J[y-4 bht6hchbhoctbd 2-IQI2 cm-2-c-I npa reMnepa- 
Type T =300 K.

Ha pac. I npencTaBJieHH aaBHCBMOCTH JJnp on T b HHTepsajie TeMnepaTyp 400-77 K. Kan bhhho 
H3 pacymca, aaBHoaMOCTH Unp(T)mem pa3^0'mutt xapaKTep npa J =20 A/cm^ a J =1 kA/cm2. Tax, 
npa J =20 A/cm2 c yMeKbinenaeM TeMnepaTypu HadJmnaeTca poor Unp kbk huh odjiyneHHHX, Tax a
HHH H60djiyH6HHHX CTpyKTyp. B TO X6 Bp6MH, HpB J =1 KA/CM2 3aB0C0MOCT0 Unp(T)A° 0 HOCJI6 Od - 
Jly'ieHBH paSJIBHHH. JUh H60dJiyH6HHHX OdpaSHOB H3M6H6HBH {Jnp He3H8HBT6JIBHH, 8 jyiH OdjiyHCHHUX 
HadJnoflaeTCH cymecTBeHHoe yMeHtmenae Unp npa chbk8hbb TeMneparypH. PasnaHHiril xapaxiep bmsdt 
TaKKe a aaBHcaMocTH BpeM6Ha KB3HB flHpoK b n -dase *Ep ot TeMHepaTypH, cHHTHe so a nocne 
odJiynenaH (pac. 2) (asMepaaocb npa bhcokom yposne aHxexuaa b tl -dase CTpyKTyp mbto- 
HOM JIaKOa f 2J) . HpaneM, STB saBBCBMOCTB npOTHBOnOHOXHH SaBBCHMOOTHM ULpp*J =1 kA/cm2 (cM.pac.IX

Pac. I. SaBacaMOCTB Unp ot T am
O+-/7-/7+- CTpyKTyp npH OHOTHOCT0 TOK
V=20 A/cm2 (I, 2; a J=I kA/cm2 (3,4 

Ho (---- ) a nocjie (----) odJiyneHaa
^umeHCOM ajieKTpoHOB p =3-10*4 sn/oxfi

Pac. 2. SaBBCBMOCTB Co OT T HO if—) | 
nocjie (------- ) odJQmeHHH" F =2-1014 sji/cw

SaBBCBMOCTB UtipCtp) flM CHyH8H B3M6H8HBH Tp OT TeMHepaTypH (OOCTpOeHa H8 OOHOB3HB0 38BH- 
cBMOCTefl Unp(T)b 'EpCT) W HeodnyaeHHoro odpaaqa) a asMeHenas "tp npa aneKTpoHHOM odJiyaenaa 
npa T =300 K npeflCTasneHU a@ pac. 3. Kax bbhho as aioro pacymta, aasacaMOCTa UnpC^p)oymecT - 
b6hho pasHanaDTca, a b cnyaae yMeHBUieHBH *E"p aa-aa ajieKTpoHHoro odjiyneHaa HasaHaeTca cbjibhuS 
pool Unp (yBejmHHBaeTCfl npa yueKboeHaa ‘ZjB ho 1,5 mkc b 3 pasa) b to Bpewn, xaK am Taxoro 
xe yMeHBiaeHBH Tp npa oxjiaxReHaa no T =120 K poor Unp cocTaBaaei scero 1,3 pasa.

KaHecTBerayD TpaxTOBxy npaBeneHHux peayjtBTaioB moxho noHynaTB Ha ooHOBaHaa cjienynnero aHajmsa.
M3B6CTH0, HTO Bp6MH XH3HH HpH BHCOKOM ypOHie HHXeKHHH 0npeH6JMeTCH KOHqeHTpaqaeft IieHTpOB pe- 

KOMdaHauaa a catena ana saxsaia HOCHTese# Ha stb qeHTpa [3]. HoaioMy moxho npennojioxHTB, hto 
caHBHafl TeMnepaTypnaa saBBCBMOCTB *t?p y HeodayHeHHUx odpasqoB onpenejiHeTca TeMnepaTypnofi aasa - 
caMocTBD ceneHaa aaxBaia Hocaieaefl. yBejianeHae ceaeuaft aaxsaTa npasonaT k pocTy 3$$eKTabhocth pe- 
KOMdaHaqaa" nepes aia ypoara npa noHaxeaaa TeMnepaiypu. Hocae odayneHaa *Cp npa xoMHaraott Tenne- 
paiype CHaxaeTca sa caei afleneHaa panaaqaoHHHx H#exTOB (PJO c dojiBinaMa ceaeHaaMB saxaaTa nocaTe-
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jiett. JtoMZHHpyransM PJl b khcjioporhom Tt-Si HBJweTCH A - nenxp [4]. Genome aaxaaxa HOCHTejieft 
Ha A - ueHTp, no-BHflHMOMy, He Me ex chjibhoA TeMnepaiypHott aaBHOHMoexa, a noaxoMy asMeHeraa Tp 
B HHTepaaae xeMnepaxyp 77-400 K nocxe odJiyneHUH HesHanaTeOTHH. Qpa btom b odJiacTH 7*>300 K tp 
onpesejmeTca raaBHUM odpaaoM peKOMdaHanaeft napes ypoBHH PJl, a npa noHHxeHaa TeiraepaiypH kbk ne- 
pea ypoBHH PJl, t8k. a nepe3 ypoBHH TexHoaorasecKiix ae$eKTOB, yxonneHae npaponn b napaMeipoB koto- 
pux TpedyDT sonoraaTejiBHUx accjis^oBaHH#.

PHC. 3. SaBHCHMOCTB UftP OT To •
I - Tp H8M6HJWOOB BpH OXOTXOTHBB 38 
096T VB8OT96HHH OKOpOCTH peKOMdHHaHHB 
Ha fle$6KTax o cbjibhoB TeiinepaTypHofl aa- 
BHCHMOOTBD Ce96HHH 38X38X8; 2 - fa H3- 
MeHHJiooB npa odjiyaenaa aaeKipoHaid (”=300 K)

BojibT-aMnepHaH xapaKxepacxaKa p+-n~ /7-cxpyKxyp onpeaejMexoa nafleraeM HanpaxeHBH Ha p-fl - 
nepexoaax a aa xojnue bhcokoomhoB da aw oxpyKxyp. JloaoBHe a xeMnepaxypHue aaBaoawocxa nepsott coo- 
TaBJimoigeit xopomo Baynenu a He odMCHHBT cbjibhoS 38Bhchmocth Unp ox 7* C4, 5j. CjieflOBaxejiBHo , 
OCHOBHHMH npHHHHaMH, OnpefleJMKDlHMH SaBHCHMOCTB Unp OT T HpH BHCOKOM ypOBH6 HHXeKUHH,HBJIHBTCH 
nponeccn, BJiHOToae Ha se^HHany nageHaa HanpHXBHHH b ft -daae oxpyKxyp. MaseoxHo, 9to npa dojiBmoft 
mioxHocxa xona, npoxeKanaero nepea npadop, homhmo peKOMdaHanaa aa ie$eKiax, pacnojioxeHHux b od- 
jiacTH ft -daaa, aa BAX p-Z7-cxpyKxyp, aaroxoBJieHHHX nyxew rJiydoKofl na#yaaa a awennax imaBHuene- 
pexoflH, BJiaaoT aaMeHenaa tp b ojiadojierHpoBaHHott odJiaoxa awaxxepa Bdjmaa p-n -nepexosa, a xaK- 
xe HeOTHetae a#eKxa, cBHaaHHHe c aekTpohho—jmpohhhm pacceaaaew OUP) a oxe-peKOMdHHanaefl [l].

Utiothocth tokob 20 A/cm^ a I kA/cm^ BudpflHH HCxoflH aa xoro, 9xo B nepBOM cjiynae Ha BemnaHy 
nafleHHH HanpaxenaH b Z7 -daae ananex tojibko peKOMdaHanan aa rjiydoicax ypoBHnx, a bo bxopom - cy- 
IfleOXBeHHHM CX8H0BHX0H BKOTB BHffleH83BaHHHX H6OTH6&HHX 8#8KTOB. OX B6JIH9HHH tp B OdjBCTH GOT - 
dojierapoBaHHoro aMaxxepa, npaMincannero k p-fl - nepexosy. sasHoax anaseHae toks mnvaamiR p-n- 
nepexosa, onpesejnmmero OTHaManecKoe conpoiBBJieHBe BAX. BOTHHae 3HP a oxe-peKOMdananaa npa boot t 
K H3MeHeHHB CyMMapHOtt nOflBHXHOCTH 8JieKip0H0B H flHpOK B H3M6H6HHD BP6M6HH XB3HB B X6X OdOTCTHX 
cxpyKxypH, me KOHueHTpauan HepaBHOBeoma HocaxeJietl aapaga (HH3) npeBHmaex xapaKTepaoTanecKy® [6J. 
Ilpa odJiyneHaa npoacxoOTT CHaxeHae tp b Z7 -daae a b cjiado-HerapoBaHHOft odJiacTH aMaxxepa, hxo 
npa boot t k pocxy OTHawaneoKoro oonpoxaBJieHBH a chbk6Hhd KOHneHxpanaa HH3 b ft -daae. IlpoqeccH 
3JIP a oxe-peKOMdaHanaa aaBaonx ox odJiyseHaa koob6hho, aa oiex aaMeneHan KOHnenxpanaa HHS.KoHnen- 
xpanan PJl B HameM cjiynae Majia a He oKaauaaex cyneoiBeHHoro bothhhh aa sejoiOTHy noflBHXHooxa.odyc- 
jioBjieHHyD paccesHaeM aa npaweoHHx neaxpax [7]. B xo xe spewa paasasae aaBacaMooxefl Unp(tp) 
roaopax o tom, hto xeMnepaxypHaa aaBacauooxB 3JIP hot oxe-peKOMdaHanaa (bot odoax nponeocoB)jmjiH- 
bxch onpeaeJisnuefl a ch^bho# saBaoaMooxa Unp ox Tewnepaxypa nocae odjiyaeraH. Upaaew yMeKBrnenae 
Uttp no yKasaHHHM BHme npanaHaw aojixho KOMneHcapoBaxB pocx Unp • odycjioBjieHHutt ysejianeHaeM 

tokob HaoHmenaH p-fl -nepexo,noB, GBHsaHHHfl o yMeHbmeHaeM tp b cjiadcmerapoBaHHoft odOTcxa 
aMaxxepa, a yMeaBmerae KOHneHxpanaa HH3 sa oaex peKOMdauanaa aepes 17 b odOTcxa fl -dasu.

CHHXeHHe B6OT9BHH Unp BO Bp6MH OXOTXfleHHH OdlHGHfleXGH, HO-BHOTMOMy, T6M, 9X0 HpH HOHHXe - 
Haa xeMnepaxypu yBeOT9BBaexGH boothxhoctb aa-sa yweaBmeHaa paoceanifl HocaxeJieB aa HOCBxejiHX, a 
xaKxe KOHneHxpanafl HH3 BdOTaa p-fl -nepexonos aa-aa CHaxeaan OKOpocxa oxe-peKoudananaH.3a cnex 
axax nponeccoB npoacxoOTT KOBineHoanan pocxa Unp , OBasaraoro o peKOMdaHanaett nepea PJl b n -da-
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se 0 aidHTiepe npz T =300 K. Foot iioabijkhocth h KOHiiCHTpaozz HH3 Bd-maz p-n -nepexosos npz- 
BOflHT K TOMy, HTO npz pBBHHX 3HaSeH0HX *Cp np0 HR3KHX TSMUepaTypaX K0HQ6HTpaiQlH HH3 B C6p6 - 
A0H6 dean sane, sen npz T =300 K, a, KaK c-iiejiCTBHe, odpaaoBanze ynacTKa c hbskhm ypoBnew ZHxeK- 
I1H0 HH3 npoHCxoflHT npz aHaneHHHX *Cp MeHtnrax, ieM npz Tj 300 K. Onemca Bimajia 3JtP h oze-peKOt- 
daHanBH b oTflejiBHOCTH aaTpyanzTejiBHa a Tpedyei nonojHHTejiBHHX accviejioBafflifl.

Ha phc. 4 npeACTaanemi saBHcmiocTZ t//y> ot (JunoeHca ajieKTpoHOB.

cO :

Phc. 4. SaBHCHMOCTb Une otm F : 
I — \Jfip npa T* =300 K, 2 — npH T=120 K

Ha pacyioca cjienyeT, tto ctoAkoctb p-n -cipyxiyp k BoaseflCTBHB pagzaiizz npz T =120 K b 4pa- 
aa doJiBme, qew npz T =300 K. Tbkhm odpaaoM oqeBHAHO, hto npHueHenze KpeMHzeBHx npzdopoB.pado - 
Tanqzx b pesziae bhcokzx nnoxHocTefi tokob, npz Kpzoremnix Teunepaxypax noaBOJUMT yseviHHHTB zx pa- 
AzaozoHHys ctoUkoctb z ypoBeHB ducTpoAeflcTBHH no cpaBHSHHS c aKcnnyaxaiizett npz T > 300 K.
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HCCTOOBAHHE KHHE1HKH B03HHKH0BEHHH H OUMTA IIAPA3HTHHX YTEHEK B MHKP03JMTP0HHUX CTPYKTYPAX

B.C. nepmeHKOB, B.B. Hy&tHH

IlpeflCTaBJieHH sRcnepnueHTajiBHue flaamie
flflH T0K8 yiaHKH B 38B0C0MOCTH OT aflempHeC- 
Koro peatyMa bo Bpeiro odJiyseHHH a bhcokot6M- 
nepaiypHoro oxEara.IIoKaaaHO BnasHae HeoflHO- 
poflHocra paflaaqaoHHO-aHflyqapoBaHHoro sapqna 
y CTpyKTypH Ha otipaaoBaHae tokob yxeHKB .fla- 
ho $H30'iecKoe odMOHeme 3KcnepyMeHTajiBHHX 
aaHHHX. MccneflOBaHO BjiaHHae paflaaqaoHHO- 
xexHonoranecKoro npoqecca Ha flHHaMBKy' $op- 
MHpoBaHHfl napasBTHoro xanana.

BO3HHKHOBeH06 K8HaJIBHO0 yT6HK0 Meatfly COCeflHHMH 03Ofl0pOB3HHHM0 odflaCTflMH 03OIUtaHBpHHX CTpyK- 
Typ BOJieflOTBHe HHBepoBH npoBOflHMocTH nofljioaata nofl aohho0 nacTto okchab HBAHexca ofluott 03 Baeaeft- 
uihx npa^HH HapymeHHH padoTOcnocodHOCTH HHxerpanBHHX oxeM npa BO3fle0CTBaa aonasapyimero asnyHe- 
H0H [i] . IIpHHHHa HHB6PC0H npOBOflHMOCTB saKABHaeTCH B HaKOIUieHHH IIOflOKHTejIBHOrO p8fl08Q0OHHO- 
cTHMyjmpoBaHHoro sapnfla b toactom asonapymteM oKcafle. HpaneM, KaK noK83HBaex axonepaMeHT [I] . 
ypoBSHB noporoao# bosh, BH3HBanme0 Hapyrnenae padoTU anxerpaABHofl cxBmh sa cnex bo3H0Khob6hhh 
MeatajieMeHTHOtt yxeaxa, onpeflennexcH aAexxpaHecKaM peauiMOM bo BpeMH odAyneHBH.

B padoTe [2] 3Kcnep0MeHT8JiBHo HCCJiefloBajiacB aaBHOHMooxb noporosoB floau ot sneHTpaHecxoro no- 
flfl b toactom HsojfflpynaeM oKOHfle. Hapafly c odHHHHMB cxpyxxypaMa acnonBsoBaAHCB cxpyxxypH co cjioeM 
MeT8JUIH38000 (aaTBOpOM) Hafl flOHHOB OdflaCTBD TOJICTOrO OKCHfla. BapBHpOBaflHCB paCCTOHHHe Meawy CBpj- 
THM0 OflQHMH 0 HanpH*6H0e H8 38TB0pe 0 BHB0fl8X K CKpHTHM CAOHM, KOTOpHB MOEHO paCCM8Tp0BaTB K8K 
hctok 0 ctok napa30THoro xpaHsacxopa c fi -naHanoM, othoc0T6jibho nojyioxKH . Hojiy^emi aHaHenafl no- 
poroBofl fl03n flflfl pasHnx KOMdaHaoflfl HanpaateHafl Ha aaxBope, cToxe a acxoxe napaaaraoro fl -xananB - 
Horo TpaH30CTopa. noxasaxo, hto xpaeBoe SAexxpaHecKoe nojie, BosHaxanaee npa OMeneHHH nepexoflOB 
"KapMSH-noflfloatKa", npasoflax k cymecTBeraoMy CHaaterao noporoBoft floau, K cosaneHan, b doxee no3fl - 
K0x pedoxex [3-5], nocsameHHHX HccneflOBaHHO npoqecca BOSHBKHOBeHBH yxeqxa, agen flOMHHapyngero 
babhhbh Kpaesoro sAexTpaHecxoro none Ha odpaaoBame MeatsneMeHTHoft yxeHKB He nonjnana flanBHeflraero 
paaBHTHH.

UenbB flBHHofi padora HBAneTCH aooneflOBaHae bo3H0Khob6H0h MeataneMeHTHHX yxeqex b saBacaMocxa 
ot aneKTpanecKoro peacaMa odflynenan, babhhbh nocAepaflaaqaoHHoro bhcoxoxeMnepaTypnoro oxatara.

IIonepeHHHfi pa apes cxpyxxypH (pac. I) npeflcxaBAHex codoB flse coceflHae ft*- odnacxa, pasfle - 
neHHue aneHKoB rnydOKoro oKacna, h6 noflAoixe p -xana. EyxBaMa A a B odoaHaiemi bhboah k tt*-o6- 
naoxHM. CxpyKxypy moeho odny^aTB a asMepaxB b pasHHX pexaMax. Hah odoaHaHemH paanasHHX aapaan - 
tob acnonBayDTOfl KOMdBHaqaa as sexupex chmbojiob, nanpaMep 10 AB. Hepsae flse iya$pu yKaauBauT aoa®- 
panecKaa peataw, b KOxopoM odnyyaexca oxpyKxypa. Hepsan qa$pa odo3H8%ex noxeaoaan BHBOfla A, a 
BTopan ua$pa noxemyian B. B yKasaHHOM npaMepe bo BpeMH odnyHeaaa aa bhboa A noflaexoH BHooxaft 
noxeHiman (I), a Ha bhboa B Hyneaoft (0). Bena^aaa BHCOKoro noxeaqaana orosapaBaeTOH flononnaxenB- 
ho. Cneflyngae saxeM flse dyKBH 03H8H8bt cxeMy npoBefleHan asMepeHan Measn^MeHTHoft yxeaxa. IlepBHM 
yK83HB8eT0H BHBOfl, npeflH83H8^eHHHfl flflH HOflaHH H8IQ)HEeH0H B HSMepeHBH I0K8, BTOpHM — 8836M)ieHHH0 
aneKxpofl. HeodxoflaMocxB xaKoro pasaeneHaa cBasana c xbm, hto BOABT-aMnepawe xapaKxepaoxaKa (BAX), 
cHHTue no paaHUM cxeMaM, Moryx oxjmHaxBOH a 3TO paananae moeho acnojiBsoBaxt aah BnaaneHas neofl - 
HOpOflHOCXefl, GBH38HHHX 0 TeXHOJIOrE^eCKOft fl6$6KTH0CTBD CTpyKTypH 0JI0 H8K0IUieHBeM aapn.nn npa odny- 
neHHH. OdosHaseHae 01 BA oaHanaei, hxo odnyseHae npoBOflaxcn b pexaMe bhcokopo noTeaqaana Ha bh- 
aofle B (BHBOfl A aaseMflen) a aaMepeaae BunonHsexcH co cxoponu B; II AB oaHanaex, qxo pe*HM odny - 
neHflH cooTBexcTByex nosase bhcokopo noxeaqaana na oda buboab, a asMepeaae npoBOflaxcn aaflaraeM
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Hanpfltemui na bhbos A. IfosnosKa bo bo ex csysaax HMeei noTemmaji aeMsa.
HonojiBayeMHe t6ctobh6 CTpyKTypH aaroraBSHBasacb Ha /D -nojurosKe c yflesbHHM conpoTHBse- 

hjusm 100 Om.cm. PaocTOHHHe Messy crphthmb H+- cjiohmh c noBepxHocraHM conpoTaaseHaeM 35 Om/□ 
a rsydHHofl saseraHHH 4 mkm Z =10 mkm (no MacKe $oTomadsoHa). UlapaHa Haosanza 2 =50 mkm. no— 
BepxHOCTHoe conpoTHBseHHe P+~ osoh cocTaasneT 210 Ckt/q (mapzHa no mbckb $OTomadsoHa 4 mkm).
Tomb na aaosapyimero onzcsa 2,0 mkm.

Pac. I. BepTBKajibHaH CTpyKTypa aaonsaHap-
HOft B30SHWIB:
I - paasexzTesbHHtt okhobs; 2, 4 - ckphtuB 
csoft; 3 - D+- csoft; 5 - />-nosnosRa;
6 - Kpaeaoe none

B KaseoTBe pasaanaoHHoro BoaseftcTBaa aonosbaosasocb peHireHoscKoe aasyneHae c aaepraeft £ no- 
pnflKa 8 kbB a mquhoctbd norsoneHHoft %oan 1750 pan (5t^)/c. HaMeperaa npoBosasaob Ha as- 
TOMaTBaapoBaHHott yoiaHOBKe "MaBapaaHT", BHnojraeHHofl b cxaHsapTe KAMAK a corsaooBaHHoft o mhhh-3BM. 
Ot 3BM ynpasjifljsacb laxse aacnorata a ycxaHOBKe, hto noasosaso b HeodxosaMHX csyaamc Kpa TKOBpeMeHHo 
npepHBaxb hotok peHireHOBCKax kbbhtob, acmnoHan BsaaHae $ototok3 na aaMepemm. floaHMexpaH peHxre- 
HOBOKoro aasyneHaa BHnosHssacb Ha pone. JDih acKsmqeHZH bshhhbh paadpooa napaMexpoB ot- 
sejtbHHx CTpyKTyp SKcnepaMeHTH npoBosasaob Ha oshbx a Tex se odpaanax, nosBeprayrax noose Kassoro 
oaiuia odnyHOHan TepManecKOMy oTiary.

Kan noKaaajffl aKcnepaMeHTast>HHe peaysbTara, odsyneHae t60tobhx oipyKiyp b naccHBtfoM pewMe(T.e. 
BHBOfiu He nomunoHeHu) He npascsaT R noHBJieHHD yie'Ka npa soae 7^> 10^ pas [), ecsa otipaaim 
odsynanacb b 8kthbhom pesaMe (r.e. na bhbosh A a b nosaBasocb Hanpaxeme bo BpeMg pdayneHaa)yTe?- 
Ka noHBJMnaob npa IO5 Pas (SiC^).

MexanaaM $opmapoBaHHH kaaana MoxeT 6uti odiacseH o noMombc Mosesa, acnoabsoBaHHoft b padore [6] 
npa paccMOTpeHaa serpasBuaoHHHX 9$$6ktob b 17 y)-/?-$oTOTpaHaacTopax. IIpesnososaM, hto bo speMa 
seftcTBBH aoHaaapyxxqero aasynenaa crpyKiypa Haxosarca b pesaMe 01: bhbos A saaeMsea, a na B nosaa 
bhookhH noxeaqaas 5 B. npa btom b aaonapynqeM oKacjie coasaeica aneKipaseoKoe nose, npesoTaBsamee 
oynepnoaaqac osesymtax nosefl: xpaenoro nosa £yfz , odpaTHOCMeajeHHoro p-fJ -nepexosa (/I* cxpa - 
raft csoft - p -nossosKa) a npooipaacTBeHaoro nosa Esp , coasaaaeMoro aRBanoTeaqaasbaHwa noaepx -
HOCTHMH ft* -csoes B HOSHOSKH. Do HB0S6HHHM 0Q6HKaM f?J nOS6 3HBHBT8SBH0 HpeBOCXOSBT 1D- 
se £$jp , noaTOMy npa anasaae nocsesaee He yaaraBaexca. renepapyeMHe aasyneaseM b onoase aseKT - 
poHHo—SHpoHHue napa paasessoTos noseM . BseKTpoHH scsescTBae dossmoft nosaashoctb ducipo 
yHocHToa b odsacTb n+ -Tana, dosee MesseHHue shpkh b peaysbiaxe sacnepoaoHHoro nepeaooa nocxe - 
neHHO nepeMeqaBTCH k rpanane okhces-nosynpoBosHBK, rse, saxsaTHBasob Ha soBymta, $opMapyrT odt - 
eMHHft nososBTesbjyuft aapHS b oxacse. Bos seftcxsaeM HaxonseHHoro nososaTesbHoro aapssa npoaoxosai 
BHBepOHH npOBOSHMOCTB npBHOBepXHOOTHOrO p -CSOH H8 yHSCTKe, npOTHSeHHOOTb KOTOpOrO paBHa mapane
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odnacia odteMHoro aapana b nonnoxae. B pesynbiaie sToro ohjiobhs jihhhh Kpaesoro nona nepewemaBTCH 
OT BHBOfla B C 3HC0KBM nOT8HqaanOM. CHOBa HpOHCXOAHT H8K0IUieHHe nOJIOIHTejIbHOrO aapflfla, HHBepCKH 
npoBOAHMocm cocenHero ynaciKa a AaJiBHeftmee nponBaxenae $poHTa $opMapoBaaaa Kaaana no nanpaane - 
Han k BHBoay A (pac. 2,a).

Pac. 2. (DopwapoBaaae odnacia HHaepcaa nog pasnenaienbaHM 
okhcjiom npa paannHHHX aneKTpnHecKHx pexBMax bo spewa 
odJiyaeHaa: „ _ „ .
a - bhboa A saseMnea, aa B nonaa noTemiaa/i 5 B; d - bh
boa B aasennea, na A nonaa noieaqaan 5 B; b - aa oda 
BHBona nonaau noieaqaanH 5 B

TaKHM odpasoM,Kaaaji odpaayeicn b pesynbiaie nocTeneHHoro nepeMegeaBa odnaciB HHsepoaa.B nan- 
hom cjiynae ot buboas c bhookhm noieaqaanoM k BHBony c hh3khm noTeHqaanoM.

Eojia bhcokbS noieaqaan bo Bpenw odnyaeaaa nonaeica aa oda BHBoqa A a B (pexaM II), to hmo- 
iotch flBa flBH*ymaxoH aasoTpeay qpyr npyry fpoma aasepcaa (pac. 2,b). EcTeciBeaHO, hto Kenan b 
STow cnynae $opwapyeTca dHoipee. B pexane odnyaeaaa 10 odpasoBaaae Kaaana nonmo dHTb aaajioran - 
hum cjiynan 01, ho Kanaji nBHxeTca b npoTHBononoxaoM HanpaBJianaa, T.e. ot buboas c bhookhm noien - 
qaanoM A b ctopcay buboas c hbskhm noieaqaanoM B (pac. 2,d).

Ha pac. 3 noKaaaao aaMeHeaae tokb yrewa Iym npa BoaneBoTBaa peaTreaoBCKoro aanyaeaBa /^y= 
=1750 paq/c (Si Ojt) aa CTpyKiypa c p* - nojyierapoBaaaeM. PexaM odnyneaaa a aaMepeaaa acxoqaoB 
oTpyKTypH 10 AB (Kpasaa I). Hpa odxyaeaaa a aawepeaaa aa bhboa A nonSBanocb 5 B. Tok yresKH ot- 
cyTCTByeT no noa nopanna 90 Kpan (SiOg), aaieM hsmohotohho Boapaciaei no MSKCHMajibaoB Benaaaaw 
a npa nociaTOHao donamax noaax aeoKonbKO yMeabinaeTca. Saaaeaae tokb npa 90 Kpan (SiOj) co-
OTBeTOTByeT $oioTOKy. HaMepeaaa TOKa yieHKH npa Bmmneaaa aacnomca naei aaBacawocTa, CMeqeHHue 
no oca opnnaaT bhhs aa Banana ay aioro $ototok8. Otmbtbm, hto sensHaas $ototok3 no nonBJieaan cod- 
CTB6HH0 TOKa yTBHKH C pOCTOM A03H HSCKOAbKO B03p80TB6T. 3TOT $8KT M0X8T dHTb K0CB6HHHM HOATBepK- 
A6HH6M Toro, HTO HO M6pe npOABHXeHHfl $pOHT8 HHBepOHH OT OAHOrO BHBOA8 K APyTOUy yBejIHHHBaeTCH 
9$$eKTHBHafl nnoganb n+ -odnacTHjB hhoao oodapaema goToaocBienefl yBejanaBaeTon. H6mohotohhhB 
xapaKTep BoapacTaaafl Toaa yieHKH He nonyaan neiKoro toakobbhbh a Moxei dHTb CBsaaH c asMeHeHaeu 
KOH$arypaqaa Kpaesoro nona sa chbt nporeKaHaa TOKa yieHKH bo Bpena odnyHeHaa. yMeabmeme tokb 
yTeHKa nocjie aocthk8hhh MaKCHMyua npa 8-10^ pan (Si0*) cxopee soero caasaHO c HaKoruienaeM 
sapana noBepxHOcraux coctohhbJI , KOTopufl b ashhom cnynae aMeer oTpaqaTenbHHfl aaaK. Sapnn noaepx - 
HOCTHHX COCTOHHBfl BHHBT88TOH B3 IlOJIOKHTeJIbHOrO sapHAS B OKHCJI8 H CyMMapHHfi 38pHA. BHBepTHpyDTH# 
noaepxHocTb p -Tana, CTaHOBBTcn Meabme.

Oixar odnyneHHHX cipyKTyp, npa TeMnepaxype 400 °C b Tenerae 5 mbh npasonaT k nonaowy bchosho- 
B8HHK) TOKa yT8HKB. HpOHCXOABT H0AH08 HCHe3HOB8HHe pBABaqaOHHO-CTBMyjIHpOBaHHOrO aapniyi. IIOBTOpHOe 
odnyHeaae otokx8hhhx cipyKiyp npasonaT k yweabmeHan MaKCHManbHoro saaneHaa tokb yiesKa (Kpasaa 2\ 
IIpaneM bto yweabmeaae npeaumaeT nopanoK, T.e. nepaufl qami odnyHeaae - oixar nenaei oipyKiypy do
nee ycTottHHBott k BoaneftoTBan aoaasapynmero aanyHeaaa. 3to cansaao, Bepoaiao, c tom, hto npoacxo- 
Abt ynopanoHeaae hcxoahoB cipyKTypu Si — Si Og , npomenmeft no aToro nonHutt TexHonoranecKaft 
qaicn a nonBepraBmeflca MHoroHacneHHHM TeptiHHecKHM bo3A88ctbhhm. Btophhhh8 oixar caoaa npaaonai k 
nonaoMy acHeaaoBeaan Toaa yTeHKa. OdnyHeaae cTpyKTypa a ipeiafl paa (Kpasaa 3) naei npaKTanecKa 
t8ko8 xe yBenaneHae yienKH, xax a odnyHeaae nocne nepaoro oixara. Cnenosaienbao, napaweipu OTpyt- 
Typu CTadanHaapyireca. B pane cnynaeB oiadanasaqaa aaciynana nocne 2-3 qaanos odnyHeaae-OTxar.no-
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cxenynuae uhksh odsyneHae-oixar (npaBonasocB no 6 hhkjiob) He npaBonHT k n3MeHeHHB aaBBCHMooTB to- 
kb yresKB ot noau peHTreHOBCKoro aaxyneHHH, hto cooTBeioTByei peaysBiaiaM padora [8]. 3tot $skt 
a no3BOJiiiJi MHoroKpaTHo HcnojiBaoBaTB onua a Te xe OTpyKiypn jym accnenoBaHHH paasanHux aseKipanec- 
khx pexaMOB odnyneHHH.

Pac. 3. HaMeneHae Toica yTemca ot BpeweHa 
odJiyneHHH a KommeCTBa uhkjiob odsyneHae— 
OTmar:

I - nepBoe odJiyneme; 2 - odsynenae nocne
nepsoro oixara Ctom* =400 °C ,Tom*=5 mhh) 
3 - odsyneHae noose Moporo OTeara

Ha pac. 4 noKaaaHO aaMeHenae toks yremca npa odsynewaa b nsyx pexawex (ypoBenb "I" cooTBei - 
cTByeT 5 B). B odoax csynanx aaMepenafl BHnonmumcB no cxeiae AB npa nonane na bubo# A Hanpnxe - 
hhh 5 B. npa aaMepeHaa tokb yremta penireHOBCKoe aasynenae npeproasocB. IIphhhb aa Kpaiepafi hohb - 
semis KaHajia tok Ha ypoBHe I hA, as ananasa gaHHHX osenyeT, hto b csynae II AB Kaaas $opMapyeTCH 
npaMepHO b 2 paaa dHCTpee, new b csynae 10 AB.

Pac. 4. 3KcnepHMeHTasbH8H aaBHCBMociB 
Tona yTemta ot BpeMemt odsynenan a aseicT- 
panecRoro peMMa 10 (D a II (2) (A = 
=1750 pan XSl Oa )/c) r

Pac. 5. SKcnepaMeHTasBHan aaBacawooTB 
TOKa yTenKa ot Hanpaxemis. npasoxeimoro 
bo BpeMH odsyneHBH CZy =10 pan (Si'Cj,) )

0
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3konepmieHTaji&Hafl asBHOHMOCTb MaKCHMasbHoro tom yrenm ot Hanpaiemifl, noaaBaeiioro Ha bh- 
soa B b pexme odJiyneHas 01, noMaana Ha pac. 5.

JtoH donee aeiasbHoro aayneHHH nponecca $opMapoB8HHH tokb yienKa aaMepHsacb BAX odpaaynnero- 
CH noa raydoKHM okhcsom tt -MHasbHoro noseBoro ipaHaacTopa b wapoKOM aaanaaoHe HanpameHafl. Tok 
MHaaa aioro napaaaraoro TpaHaaoiopa, mk yMaroasocb flume, a sctb no cymeciBy tok yrenKa Mexay
CKpHTHMH CSOHMH.

jLm yBeaHHenafl HH^opuanaa o cBoficiBax MBoaaworo mhbsb cpaBHBBasacb asi/ieperas b pemMex AB 
a BA (aaaeMJLMHCB bhbosh B a A cooTBeTGTBeHHo). Ha pac. 6 noMaaHH BAX napaaaiHoro TpaHaaoiopa 
oaHoro H3 lecioBux odpaanoB, odaynemioro b pemawe II. MaKcairajiBHHe tokb MHasa cymecTBeHHo ot - 
sa names, i.e. HHayiPpoBaHHiifl mms hbho HeoaHopoaeH. Bsaay Toro, hto osynaa II AB a II BA awe- 
m oaan a tot *e pestHM odJiyneHHH, to paarana BAX CBsaana oKopee soero co cKpurofl HeoaHopo«Hoc- 
tbb cipyKiypH. HaNiepss BAX b paanux HanpaBseHasx, b npameme, mokho onenaib cieneHb TexHonora - 
necKoH HeoaHopoaaocTa ynaciM uemaseMeHTHofl aaojusnaa, yMaaib npanany a oidpaKOBaib noieHnaasb- 
ho Heroaaue cipyKTypu.

Pac. 6. 3KcnepHM6HTaabHHe BAX yienna 
b aaBHoaMocTH ot cxeitoi aaMepeaas tom ,

HraK, psa aKcnepaMeHTajiBHux aananx noaiBepeaaeT npasoMepHocTb MexaHaama odpaaoBanas MHasbHofi 
yienKH mk HaKonseHas paaaanaohho-cTHMyjiapoBaHHoro sapsaa noa bshhhh6m Kpaesoro aseKipanecKoro 
noss a nooieneHHoro npoasane hhh $poHia asBepcaa ot oanoro BHBoaa k apyrowy. Pan apyrax, He npo- 
TBBopena npeaJiaraeMOMy MexasaaMy $opMapoB8HHH KaHajia, He mokbt dnib onacan b paimax acnosbayeMoB 
npocToB MoaeJta. 3to othochtch k nposBseHHHM HeoaHopoaHocieit MHaJia aa cnei nepaBHOMepnoro HaKon - 
jieHHH sapsaa a BHyipeHHax KOHCTpyKTBBHo—TexHosoranecKax npanaa. TaKHM odpaaoM, aKonepaweHT nocia- 
bbji paa hobhx BonpocoB, peuieHHe kotophx ipedyei yojioatHeHaa Moaesa. Heodxoaaw ynei aapnaoBux a 
TexHOJioranecKHX HeoaHopoaHOCieB. KpoMe Toro, ipedyeics donee TmaiexbHHB ananas MHeiaKH HaKonne - 
hhh noBepxHocTHHx sosymeK noa aeflcTBaeM Kpaesoro hojlh. Pesysbiara, noJiyneHHue no oieary, iaK*e 
Tpedym aonosHHieabHux accseaoBaHaB. MexanasM yweabmeHas tom yienaa noose penaanaoHHO-TepManec - 
KOfl OdpadOTKH M0K6T tiHTb CBH38H C H3MeHeHH6M CKOpOCTB HaKOIUieHHH SapsaOB B odlOMe OKBCJia B H8 HO- 
BepxHOOTHux coctoshhsx, a TaKKe c aKTHBanaefl aKnenTopHHX a aoHopnux npaweoeB. CiadasaSanaa aasa - 
OHMOCTH TOM MH8S8 OT a03H H0CS6 OaHOrO HSB H6CKOSBKHX paaHanHOHHO-TepMHHeCKHX QaKSOB CBHaeT6Sb- 
CTByeT o nepexoae oipyKiypn k dosee paBHOBecHOMy coctohhhd no cpaBHenam c tom, b kotopom ona. dtuia 
noose TexHosoranecKoro naasa asroTosseHas.

Hannas padoia moket dtiib nosesna mk npa asynenaa paaaanaohhoB ctoBkocth cipyKTyp c rsydoKBM 
paaaesHiesbHHM okhosom, tbk a odunHHX MOQ-TpansacTopoB, rae posb Kpaesoro sseKipanecKoro hojlh , 
mk npasaso, He ynaiusaeTCS. 3to *e othochtch k accseaoBaHBSM yieneK b cipyKTypax c SIff0X vilOCCS 
asossnaeB .
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OOPiatElIEHHE UAPAMETPOB MOJtEJM ITWEHE-nyHA EHII01IHPHHX TPAH3HCT0P0B 
C METOM 3WEKTA KHPKA H BOEffllitCTBHfl H(HH3MPmiIErO H3mSHHfl

A.10. ParoaHH, B.JU Emm, M.H. Hkhmbhrob, H.C. Mypaeea

HccseflOBaHo Bnaaaae raiaia-odJiysemifl na 
napaiieipu icosena ryMMenn-IIyHa TpaH -
sHCTopoB 0 pasjmsoaai 0 onpom Mena eu xonnex - 
TopHoro cnoa. JLm omcaHaa alexia Kapxa so- 
CaaneHo ssa hobhx napaMeipa. IIpejyro*eH coo- 
cod hx onpesenemia dea aonaxMOBSHB* rexao - 
noraaecxax nemoa,

Hpa npoeKTHpoBamH aasenaft anexipoBBo# TexHBra paapadoTaHKau Heodxoxauo aaaTB napaueipH cxe - 
MOTeiHBiecKBX uoaeaefl aneueaTBO# daau npa paanashux ypoBHax BoasettoTsaa BoaiaapyiMtero aany’ieHBa. 
JLm danonapsux TpasaBCTopoB BcnonBayeTca, rax npasano, MoiteaB ryMMena-Byaa [l]. B CTaasapTHOM 
BapnaHTe uosena KoaflSamaeHT ycanenaa TpaHaaciopa, padoTangero b npauou aKTHBHQM pexaue, odparao 
nponopuHOHaneH Toxy xonnexTopa npa dornmax ere aHaaemax. SRcoepaueBT aacTO noxaauBaeT donee pea
ks* coas. JLm onacaaaa Taxoro noBeseHan b Mona$nt(BpoBaHBOM aapaaBTe Monona npaBnexaeTca a$$exT 
paomapesaa daau b odnaoTB xoMeRTopa (a#exT Kapxa) [2], KOTopuft npasosaT k donee canaaowy poc- 
Ty aapana ocbobbhx aocarene# a XBaaaBetTpanaBoft daae a, b cooiBeTOTBaa 0 KOHoemmefl ynpaaneHaa aa- 
panoif, k donee nonoroft aasacaMOOTa tom xonnexTopa ot CMemeraa na euaTrepaow nepexo.se no epasae - 
bbd 00 cTausapTHoft MoaeniD.

JLeTan&Hoe onacaaae s$$exTa Kapxa ipedyei BBeseaaa donamoro xonaaecTaa boshx napaueTpoB [3]. B 
aacToanett padoTe a%exT Kapxa Mosenapyerca b pauxax ynpomeaaoro nosxosa, npesnoxeasoro b pado - 
Te [4] sna acnon&aoBaBaa b nporpauuax pacaeia oxen. K laadopy napaueipoB CTaHsapTBO# uosena sodaa-
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jihdtoh yaa jonojfflHTejibHUX napaMSTpa. Paapadoian cnocod HX onpesesenaa no peayjibTaiaM aaMepenan 
BOjibT-aMnepHHX xapaivrepHCTnK (BAX) c noMoywo nporpamm HejiHHeteoro perpeccaonHoro anajiasa AR60- 
PadoTa nporpaMMH seldomrpapyetch na npawepe toctobux /T-p-n-TpanaacTopoB dncTpoyeficTByrauax ana - 
jioro-ua$poBHX npetodpaaoBaTejiett. BoayeBcTBae aoHHaapyryero Bajiynenan na TpanaacTopn onacHBaeTcn 
b yannoB padoTe dea BBeganan hobhx napaueipoB. CjiesyeT otm6tbtb, hto b nporpaieie ayeHTB^BKanaa 
anajnrTB'iecKHX MoyeseB I1PMAM [5] acnojn-ayeTcn CTanyapTnan Moyejib PyMMejin-nyna.

SimnfiniiMfiHT. McCJieflOBaHH T6CTOBHe /Z-y9-7Z-TpaH3BCTOpH, B3T0T0BJI6HBU6 H8 p -HOSJIOSKe no T6X- 
Hojioraa Bapca-2B yjin dncTpoyettCTBymyHX anajioro-na$poBHx npeodpaaosaTeyefi. KoncTpyKnan TpanaacTo- 
poB BMeeT flBa Bapaama: dea A/^-KOJima a c N+ -kojilhom, Korya am chbKenan conpoTBBJienan Tejia 
KOJUieKTopa na A/ -Kapwane $opMapyeicn aiaaTTepnoe (oynospeMenno c aMBTTepoM) At - KOJibno.XapaK- 
Tepnoit ocodeHHocTbm Texnojioraa HBJmeTCH npacyTCTsae napasarnoro BepTBKajibnoro p~tl-p~ ipansac - 
Topa c KOJueKTopoM b nojyioKKe. HeTnpe tl-p-tl- ipanaacgopa des A/+ -nojima a ctojibko kb Tpan - 
aacTopoB c A/^-kojibuom odjiynajm yosofi 0,0; 3,4-IO^;IO ; IC?Pa naccMBHOii aaenTpatiecitoM pemuMe npa 
komhbthoB leMnepaiype onpysaioyett cpeyn. Moiuhoctb scan npa btom 560 P/o.

JUa asMepenaa BAX accjieyyeMnB Tpanaaciop KnonoHHUM KOMMyTapynyaM ycipoBcTBOM noymronajiCH k 
coenanaiejibHoB jianaa Messy TepMooiaTOM a aBTOMaTBsapoBaHHofl aaMepaTejibHOfi oacTeMofl, KOTopan pea- 
jiasoBana na daae nepconajibHofl 3BM .HBK-3 cpeycTB BnyrpacacTeMnoB canaa, BnnojmenHHX b CTanyap - 
re BEKTOP a KOMiuieKTa CTanyapTnofi aayamyeB a aaMepaiejibnofl annapaiypn. ilpaMue a ansepcnne nepe - 
yaTOMnne BAX asMepanacb no cxeMe c odyefi daaoB. Bmcoynne BAX aaMepnJiacb no cxeMe c odyaM smhttb- 
poM (npsMne) a KOJUieKiopoM (anBepcnne) a no cxeMe c odyefl daaoB. B nocjmyneM cjiynae aayasajiocb 
nocTOHHHoe npnMoe cMeyenae na BUBoyax dasa-aMBTiep (npnMoe munonenae TpanaacTopa) a jib na BHBoyax 
daaa-KOJUieKTop (ansepcnoe BKjnonenae).

JIjlh noysepsanan nocTonnHofl TeMnepaTypn TpanaacTopn noMeyajmcb b TepMocTai. TeMnepaiypa koh - 
TpojiapoBasacb noKaaananMa 3flC xpoMesb-KonejieBofi TepMonapn Mapna XH(L)- CBodoynnfl noneq TepMO - 
napn norpysen b CMecb bosh a Jibsa, aaroTOMennofi as odearasennoro yacTajuiaTa. IIorpeynocTb onpe - 
jiejieHHH. TeMnepaTypn b cooTBeTCTsaa co OTamtapTOM na XK(jL) am KOHKpeTHofi lepMonapn HBJineTcn 
cacTeMaTanecKoB a b padoneM saanaaone TeMnepaiyp (-60 - +125 °C) ne npeamnaeT 3 OC. Ornadna npa 
acnosbayeMoB TeMnepaiype aaMepenan (30 °C) a dJiaaocTa k nefl onopnoB tohkb (0 oC) ne npeamaer I 03. 
yxos TeMnepaTypn ot sayannoro ananenan ne npeanmas 0,5 °C. riorpeynocTb aaMepenan tokob onpeyejin- 
6tch rjiaBHHM odpaaoM yxosoM TeMnepaTypn Kopnyca acnninBaeMoro TpanaacTopa ot aasannoro ananenan 
a ne npesumaeT 3 %.

MyenTa$ananan napaMCTPOB. CTansapraan Moyejit PyMMejin-nyna xopomo aasecTna [l, 2], nosTOMy 
orpanasHMcn asecb tojibko cooTnoyenanMa am onacanan 3#enTa Kapna no Mosejm, onacannofl b pado
Te [4]. HcnosbayeMue asecb odoananenan napaMeipoB cooTBeTCTByiDT nporpaMMe SPICEl UaE', UBC- 
nanpnsenae CMeyenan na nepexose daaa-aMHTTep a da aa-KOJuteitTop, nojioKHTejibHue npa npnMOM CMeyenaa; 
UBE,UBC- nanpnsenae CMeyenan na ansosax daaa-sMBTTep a daaa-KOJuieKTop, nojiosaTesb - 
Hue npa npnMOM CMeyenaa; IB , IC - tok da an, tok KOJUieKTopa; QB - aapny ochobhhx HocaieseB 
b KBaaaneflTpasbnofl daae, nopaapoBannnB na ananenae npa nyjieanx Hanpnrnenanx CMeyenan( B - $aKTop 
pacnrapenan daan b 3$$eKTe Kapna; RSC - conpoTaasenae KOJuienTopnoro cjioh; WC- Tojnnana KOJweK- 
Topnoro cjios; WB - Tojnuana daaoBoro cjioh;(^Vp - paBHOBecnnB noTennaajibHufl dapbep KojuieKTopnoro 
nepexoya; T - TeMneparypa onpysanyeB cpeyn; O - Bejmsana aapnsa aJieKTpona; tc - nocToannan 
EosbiiMana,. i r

CorjiacHO padoie [4] aapns ochobhhx nocaTeseB b KBaaaneBTpasbnoB Base onpesejuneTcn JopMyjiaMH

QB =0,S(Qi + (i +J/Q2)) ;

Qi -1 * ub'e'/uar+ub'c'/uaf i
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BjujHHue 3$$eKTa pacmapeHaa da an (3$$eKTa Kapica) Ha BAX npHMoro BKjnoseHHH a Ha K03$$anaeHT 
ycHJieHHfl no TOKy b odsaoia ero naaemm ynaTHBaeTca c noMombB mhomt6jih B npa toksx kojuiokto - 
pa, npeBumanmix HeKOTopoe KpaTaaecKoe aHaaerae ICK :

+ "Pu IC>ICK; B= I npu IC< ICK
IC

(I)

BejiaHHHa KpaTBsecKoro Toxa KOJuieKTopa b pamax MOflejm s$$eKTa Kapita [4] sasacHT ot UBC h 
RSC csesyiimHM odpasoM:

ICKm(Ve - UBO/RSC, UBC*0. (%)

3flecb npessoKeao onenaBaTB HOBtie napaMeTpii RSC, WC, WB, no peaysBTaTaM KOHiposa tsxho - 
jiorzHeoKoro npoqecca. K coroseHai), nocsesHae ne Bcersa asBecTHH accseAOBaTejm. Kpowe Toro.Mosesb 
f4J paspadoiana ash TpanaBCTopoB c pabhomepHHM npo$aseM npaiieceft b daae a KOJiseKTOpe, hto peaKo 
brpaHBHBBaeT odsaoxb ee npaweHeaaa.

B aacToameft padoie npejymraeTca onpesesaTB no 3KcnepaMeHTasBHHM BAX tosbko abb hobhx napa - 
MSTpa: ICKa VICE * Vv£,/VM$naPaMeTPu % a RSC bhhbcjmiqtch no sHaHenaHM ICK a WCB. npejyia- 
raeMHft cnoood He Tpedyei aHaaaa TexHoaoraHecKax sanHux a aamnoHaeToa b ojieAynqeM.

Ma $opwys (I), (2) BHTeKaer, hto $aKiop B hbshbtch $yHKnaeft tojibko sayx napaiaeTpoB: ICK 
a WCB*V/CfWB, KOTopHe BKjnranrca b hojihhB Had op aj;eHT0$HimpyeMmc napaweTpos. Bee napaweTpa nos- 
Horo Hadopa noJuyaaDT bckomhb aHaaeHaa npa soothsenaa ManamasbHoro cpesHeKBaspaiaHHoro onuiOHe - 
hbh (CKO) aKcnepaMeHTajibHHX BAX ot TeopeTanecKax jyia HexoToporo nepsoro $BKcapoBaHHoro Ha npa - 
K6HHH UBCf . Hpoaeoc MHHHMBaanHH CKO HOBTOpaeTCH flJIfl BTOpOFO $aKOapOB8HHOrO HanpHXGHHH UBCg 
npa esHHCTBeHHOM cBodosHou (sapbapyeMOM) napameipe ICK . Boose btopo b cooTseTCTBaa c $opwy - 
soft (2) HeaasecTHHe napameTpu Vf a RSC HaxosaTca kbk pemenae caoieMH sayx ypaBHeraft

(Vc-UBCJ/RSC^ICK, (UBC,*0); (Vc-UBQ/RSC~ICK2 (UBC^O).

Hhh noBHBieHHH tohhocth onpeseseHHH napameipoB Wc a RSC peKOuensyeTCH aonosbaosaTB napa- 
MeTpH UBCja UBCj OO SHaTOHHHMH, OTSHHauniHMHOH B HeCKu ,KO paa, B B SHanaaOHe OT Hyjlfl so HeCKOm- 
XBX BOSBT.

OKcneDBMeHTasbHue peaysbia :m. napameipH MosesH I>m-. sa-IIyHa 0 yaeioM a dea yaeia a$$eKTa Kap- 
Ka onpesejMsaob c noMOOBD paapadOTannoft npi rpainoi HejmHe 'uoro perpeooaoHHoro anajmaa nporpaM - 
mh ARGO. B KaaeoTBe npaMepa padom a8.hhov nporpaimm 3h; -femur aseHTa^anapoBaHHiix napameTpoB c 
ax norpesHOOTHMH (npa Koa$$0HaeHTe AOBepaa 0,95) saHH b Tadsaqe ash ossoro TpanaacTopa 0 A/* - 
kosbhom npa paajraHHHX ypoBHax soaseftcTBas. Boh nosyneHnaa aa^opwanaa - aKcnepaMeHTasBHue saHHue 
a peaysbTaTH odpadomca noAAepiaBaDTca daratoM abhhhx.

HapaweTpn moaosh I^MMesa^lyHa c 3$$6ktom KapKa^wa nyj-^paHaHOTopa c A/+ kosbuom, 
onpeseseHHHe nporpaimioft ARGO npa TewnepaType 30 °C

OapaMeTp OnpeseseHHiie nporpamioft aHaaeaaa

Aoaa, P ’ 0,0 3.4E5 I.0B6 I.0E7
CKO. % 12 II 10 9
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OKOH'iaHBe TadJiHqu

OapaiieTp OapeAejneHHH* nporpaiwoft aHasemm

IS, A 5.07B-I71
9.98B-I8

6.79E-I7
I.09E-I7

I.I3B-I6
I.62E-I7

I.03E-I6
2.I4B-I7

NF kT, mb
26,49
0,222

26,79
0,186

27,09
0,174

27,18
0,231

BF 84,1
6,97

81,0
9,91

64,8
7,59

68,4
12,6

ISE, a
I.60E-I5
2.88B-I4

2.I8E-I4
7.I8E-I5

4.03E-I3
8.03E-I4

5.37B-I3
9.37E-I4

>V£ X:7,«b
50,89
88,370

42,69
1,133

49,15
0,936

48,32
0,777

1KF, a
2.68B-2
I.03E403.

7.26E-02
9.34E-02

7.52B-02
3.33E-0I

4.78E-02
2.20E-0I

£SW, o«
6,80E^)1
4,07E*00 o

7.09E-02
I.94E-0I

7.53E-OI
8.54E-0I

I.59E+00
9.52E+00

#B, 0m
256
20,0

267
20,5

256
16,3

243
15,6

/?£, om
- 1775----------------

1.18
1574
1,16

19,5
1,18

20,2
1,40

NR. *7>b
26,64
0,247

27,00
0,211

27,29
0,195

27,56
0,279

B£
I,03E+i DO
3,2TB* 00

5.07E-0I
8.03B-02

3.87E-0I
2.99E-02

3.56E-0I
2.47E-02

ISC, A 2.I9E-I6
7.26B-I7

I.29E-I4
5>59B-I5

2.50E-I3
7.05B-I4

4.55E-I3
I.00B-I3

/VC. *7, mb
27,77
2,141

34,11
1,236

40,22
1,098

41,85
0,920

/Aft, A
I.23E-03
4.68B-04

9.5IB-04
3.I4B-04

I.I3E-03
3.83E-04

I.33E-03
4.95E-04

s? ? I.26E-0I
6.62E-0I

2.46E-0I
3.66E-0I

4.93E-04
8.92E-04

3.87E-02
I.23E-03

VAF, B 30,3
4,23

30,0
3,04

27,6
2,06

30,7
4,57

VAK, b
8,3
0,16

8,2
0,19

7,6
0,17

8,2
0,14

IC#, a I.43E-03
5.55E-04

I.46B-03
2.69B-04

I.59E-03
4.28E-04

I.68E-03
5.I8B-04

WCB/

npaMexaraes Biopa

5,16
11,67

h oTpoRa - norpenmot

9,13
6,52

2TB (%) npa Koa$$mme

8,88
21,68

HT0 AOBepiH 0,95.

7,12
18,38
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Csejjyei OTMeiaib, mo rjiaBHHfl annas b cpejmeKaaspaTK'moe omnoHeHae (cm. TadJiany) aKcnepaMeH- 
T8SBHHX TOH6K (HBIipHeeHHe - TOK) OT TeopeTHHeCKBX BAX saei 0dS8CTB dOSBUIBX TOKOB. riOCKOJIBKy B 
saHHoU padoie nporpaMMa ARGO onpesejiasa napaMeipu Monejra a seoTKHX ycsoBasx (yaaTHBascs aecB 
KOSOKOS 38BBCBM0CTB K03®HIUieHTa yOHJlBHHH OT TOK8) , TO aHaHCHHH CKO flOBOSBHO BHaHHTeJIbHU (10 %) , 
a to apeiM nan a odsacTB MasHx a cpejpmx tokob othocbTesBHoe omnoHeHae nopajpca norpenraocTH hsmb- 
peaas tokob (3 %). OnuT pad ora noxasHaaeT, mo Taicae CKO xapaKTepra a ycsoBasx soMBHapoBaraa a$- 
$6KTa Kapxa a ynpomeanux cnooodoa ero Mosejmpoaamifl.

PaocMOTpaM peayjibTaTU aKcnepaMeara a aseHTB^Kattaa.
Ha pao. I noKaaaau Tananaue npmme nepesaTO'nme BAX dasu IB(UBQa KOJUieKTopa IC(UBE) npa 

UBCa0 JVM Z7-p-/7-TpaH3HCTopa dea A/+ -Kojima noose odsyaeaaa. Ha pac. 2 npesoTaanenH cootbst- 
OTByxmae aaaacaMooTB Koa^aqaeaia ycaseaaa no tokj a npsMOM amnoneHaa. Ha pac. I xoporno aaMeiHu 
4tae ocodeHHOCTB. Bo-nepaux, aa BAX toks KOJUieKTopa 1C — 3E-4 A HadjirmaeTCH pearaill bssom, noose 
Koioporo tok KOSseKTopa BoapaciaeT oneaB MejyieHHO. nosoienae tohkh aasoMa npadsameaao onpejjexaeT 
napaMeip ICJsf , aseaTa$anapoaaaaoe aaaaeaae Koioporo paano (4,OE-4 + - 0,4E-4) A. gaaaaa oco - 
deHHOCTB ae onacHaaeTcs napaMeipoM IHF Mosesa T-H, aseHTa^anapoaaaHoe ananeHae Koioporo 9,7E- 
3 A. Bo-BTopux , aasoM BAX xosseKTopa conpoBomnaeica sa aedosBmoM oipeane npsMoro CMemeaaa "cy - 
nepafleasBHHk" pociou toks CaaH, T.e. poctom dosee ducTpuM, new EXPtyUBE/tfT). OTMeneHHue oco- 
deHHOOTH yae Hadstmasaob panee a padoie f6j jym Tl-p-Tl -ipaHaacTopoB BaRMOH-TexHosoraa a odiac 
Hssaoi) aaiopaMH asanasem a%eKia Kapaa a bksbjiom a tok daaa napaaaTaux tokob nojyio*eHHoro^>-/7-yO - 
TpaaaaoTopa. Bsaaaae nossoaenaoro Tpaaaaciopa a aacTosyeB padoie ae yaaTaaaeTcn, noaiowy leopeia- 
aecKaa BAX daaoaoro toks ae onacaBaei ocodeaaooTB aKcnepaMeHTasEHoB BAX a odsacia aaaasa seftcTBun 
a$$eKT8 Kapaa a npoxojwT no aKcnepaMeaiasBaaM tohk8m Tax, moda CKO daso MBHHMasBHHM (cm. pac.I). 
OHeaajjHO, too dea a#eKT8 Kapaa pacaei nsoxo onacaaaeT aKcnepaMeaiasBaae BAX. HeodxojtaMociB ymra 
3$$eKia Kapaa ocodeaao oneaajnia aa paccMOTpeaaa pac. 2, aa kotopom pacaeiaaR MaKCHMasBaaS B 
aaaamea npaMepao a 10 pea, ecsa a$$eKTOM Kapaa npeaedperaeica,ra aa 25 % - npa ero yaeie.

25 35 45 55 65 75 85 95 105 U,B

Pac. I. SaascBMocTB tokb daaa (e ) a kos- 
seKiopa (o) ot aanpnmeaan npsMoro CMenje- 
aaa npa npaMOM BKsraeaaa: 
n-p-n -TpaaaaoTop dea ^ -kosbim, mop- 
nyc ptsoaa IE6||P^MBC=0; pacaei c yae- 
tom (---- 7 a dea yaeia (------- ) a$$eKia Kapaa

1<5* 10

Pao. 2. SaaaoHMooTB Koe#aqaeaTa ycaseaas 
ot toks npa npsMOM BKsmaeaaa (odoaaaaeaaa 
to me, too a aa pac. I)

Csesyei omajjaib syamero coanaseaaa pacaeia c aKcnepaMeaicM jpm TpaaaacTopoa c A/* - kosbuom, 
T8K MK caameaae napewerpa RSC sosaao bus mbs tb yaesHaeaae ICK a dosee Maraoe npoaaseaae pe- 
KBMa KBasatfacMneaHS. 3to nosiaepMaeTca pac. 3 a 4.



PHC. 3. SaBBCHMOCTb T0K8 d83H (•) B KOJI- 
jieKiopa (o ) ot Hanps*eHHfl npmioro CMemenaa 
npn npflMOM BKjno'ieHH0:ZZ-p-7? -TpanaacTop o
N+- kojibuom, Ropnyo OLfloaa IE6 P£U6C =0;
paoHeT c yqeTOM (—) a 06s yueTa (------- ;
»J$eKTa KapRa

Pho. 4. SaBHCHMOCTt. RO3$$0iBieHTa ycHJie- 
HHH OT TORS npH npflMOM BRJtDHBHBB TodO-
aHanema Te xe, sto a aa pac. 3)

Hs pac. 3 BHfiHO, hto Ha BAX dasoBoro torb OTcyTCTByei ynacTOK cyuepaueajibHoro pocfa, hto npa- 
bosht jc donee miaBHOMy cnaxeiuiB JB . t c poctom IC (cm. pac. 4). OgHaxo a ana TpaHaacTopoB c AA 
rojibuom npeHedpexeaae 3$$6Rtom Kapxa npasogaT r saHaxeHHB MaKCBMamHoro B b jgaa paaa, b to spe- 
mh Rax oTRJiOHeHHe pacHeraott saBBcaMOCTH B KIO ot sRcnepBMeHTa He upeBHmaeT 10 % Hpa ero yne- 
Te. CpeflHae, no BHdopxe 3HaaeHna Vc a RSC ana accjieflOBaHHHX 77-y0-fZ-TpaH30CTopoB 'dea A/ 
KOJibpa COCT8BJIHDT 0,52±0,07 B a II30±I00 Om, c A/+ - rojibuom - 1,1+0,16 B a 750+40 Om cooTBei - 
ctbohho. nojiysesHtie 3HaqeH0H cjiesyeT iiohbm8Tt R3R npadjraxeHHHe no oraomeHan r peajibHHM faaaHecRHM 
BeJIHHHHaM, T8K K8K aCH0JIb3yeM8H MOgeJIb 3#8RT8 KapKS C8M8 HBJiaBTCH HpadJIHXeHHOft.

PeayjibTara odpadoTRa noKasHBanr, hto b npejiejiax norpenmocTB aseHT0$aKauaa napaweTpu 3#eRTa 
Kapxa ICK, WCB He 38bbcht ot aosh odJiyueHBH. CjieuoBaTejibHo, sHaneHaa napaMeipoB Vc , RSC 
TSKxe He 3BBHCHT ot M03U a xapaKTepasyrr 'TexHOJiorBD aaroTOBJieHHH acojie.noBaHHHX ipaHsacTopos.

Ha ooHoae npoBeaeHHux acnuiaHafl mokho cgejiaTb cjiesynaae bhboah:
n-/)-/^rpaH3HCT0pH TexHOJioraa Bapca-2B xopomo onacHBauTca MoseitbD ryiroiejM-IIyHa npa yaeTe a$- 

$exTa Kapna. OTRaoHenae HMeeT mbcto b odJiacia doJtbmax torob a ana 38bbchmocth S (IC) He npeau- 
maeT 25 % ana TpanaacTopoB des A/* -ROJibua a 10 % ana TpanaacTopoB c A/ -rojibuom;

ynei a$$eRTa Kapxa odaaaTejieH, ecjm TpaHsacTopti b RomcpeTHOfi HC padoTaoT b odJiacTB MaKcaMaJib- 
Horo J$ ,, TBK K8K d63 H6TO B 38HBXaeT0H IipHMepHO B 10 pa3 JVM TpaH3HCT0p0B d63 A/ +-R0JIbUa 0 

b iflBa paaa ana TpaasacTopoB c // -kojibuom npa thhhhhom yposne BosseticTBaa IE6 P.
QpejmoxeH cnocod aueHTB$aRauaa gsyx uonojmaTejibHHx napaweTpoB ICK aWCB ana onaoaHBH 3#ex- 

Ta Kapica, KOTopufl He ipedyei 3H8HHH TexHonoraueoKax jmhhhx;
uapaMeipu ICK, WCB b npegejiax norpemnocTB ageHTa$aKauaa He aaaacHT ot aosh; 
nojiysea cnocod RocBeHHoro onpeuejieHHH b6jihhhh VJ. a RSC, xoTopue xapaRTepaayrr TexHOAorao 

aaroTOBJieHHH TpanaacTopoB a acnojibsynTCH ana pacseia saBacaMocTB napaMerpa ICK ot sanapangero na- 
npaxenaH UBC ;

JVLH nOBHDieHHH TOHHOCT0 M0XeJIHp0B8HHH HeodXORHMH BCCJI6AOB8HHH HO BJBHHHD IMpaSHTHHX TOROB
noAnoxesHoro p-M-yDrpaHsacTopa.
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yjK 539.12.04+621.3.049.77+681.335.2

PACKET KOMIIAPATOPOB AHAJIOrO-UH'iPOHJX IIPEOEPASOBATEJUEit 
C RETOM BJLEKTPHTECKOrO PEJHMA PAEOlti TPAH3MCT0P0B H B03ilEftCTBMfl HOHMSHPmitETO MSJIREHHfl

A.K). ParoaBH

PaccHHTaHo HanpameHae cm8Q6hbh Hyjw kom- 
napaTopoB aHajroro-£ia$poBHx npeodpaao -
BaTe^eB KII07TIBI- npa raMMa-odJiyneHaa c yne - 
tom BJiHflHBH ajieKTpBHecKoro pe*BMa Ha nerpa - 
.uauBB danojtHpHiix TpaHsacTopoB. OoKasaHO, hto 
Haadojiee cjiadmi yanioM KOMnaparopa HEJiaercH 
bxo;.hoB BH$$epeHuaajibHuB ycajniTejib, a b coc- 
TaBt jianefiKB saHHHX KounapaTopoB - KOMnapa - 
Topu MJiajpax a ciapmax paapaaoB.

BanojoapHae TpasaacTopH a cocTase BHierpajiBHHx cxbm (MC) padoTas? b paajiHHHHX sjneKipaHecKax 
peatBMax, hto aHanaiejibHo BJianeT Ha CKopocTb flerpanauaa ax xapaKTepacTBK npa odjiRenaa. OflHflKo b 
HacTOsyee speMH He cyyecTByeT nporpaMMiioro odecneqeHHH, kotop< i rapaHiapoBajio dn pacieT MC o yve- 
tom 3Toro odcTOHTejibCTBa. KpoMe Toro, yaHiiae no nerpaganaa ipa aacTopos nojiyuariT, ksk npasajio , 
Jin nib julh oflHoro padonero ayeKipanecKoro pemm. 0tm6tbm, hto o. aanapr QUA [I] npeanacHBaeT aaya- 
HB6 Haaxyzpero aaearpaaecKoro pemawa. K coaajieHn®,- Tammiaa curyauea ooctoht b tom, ito aa nepsux 
uamiax flOBOflKB 3JI8M6HTOB MC ffO TpetiyeMHX HapaMeipOB BCe B03M0KHH6 SJieKTpHaeCKBe peiHMH ax padora 
b cocTase MC aaa HeaaaecTHH, bjib HeyocTymm accjieyoBaTejiB.

npa BoaaeBcTBaa jviBTejibHHx a jib naKOBHX snieHTpaaecKax narpyaoK Ha dancumpHue TpaHaacTopu b jdi- 
Tepaiype b nocjiesHee Bpenw otioaHaHascfl cjiejtyDyaB nojtxos k onemte peoypea padOToonooodHOCTa VC [2]. 
3KcnepHMeHTajitHO onpefleygeTcs aaBncmocTi napaMerpos uozejm Tymejm-Uyaa ot BoafleBcTByryax $anT0- 
poB a c noMom&B nporpaMMH cxeMOTexHavecicoro MOflejiapoBaHaa paccnaTHBaeTCfl noBeflenae MC a thubhhhx 
flHHaMaiecKax pesaMax ^yaramoHapoBaHaa. PacseTHHfi aian HeaadexeH npa oxadoM, ho niniTejtbHOM (row ) 
BoajteBcTBBH.

B HacToamefl padoie aocjieyyeTCH bosmokhoctb paonpocTpaHeraH nofixofia [2] b oxynae BoafleflcTBaa 
raMMa-HayyseHan na KOMnapaTopa aHajxoro-nafpoBHX npeodpasoBaxe^eB (AI$I) KII07HBI [3j. SxeKTpaqec- 
khB pestHM padora dznojmpHHx TpaHaacTopoB b coo rase MC onpeaejweTCH c noMoybB nporpawMH cxeMorex - 
hbHecKoro MoyeJfflpoBSHBH. B KanecTBe KpaTBHecKoro napaMeipa BudpaHo HanpjnteHae cMeyeHaa nyjia
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KOMnapaxopa, KOTopoe HenocpeflCTBeHHHM otipaaoM onpeAeJiaeT JiHHeHHOCTb xapaKTepHCTHXH npeodpaaoBamm 
PA* AUn b qejiOM [3] . IIoKaaaHo, yro paajixwwR aaeKTpHyecKH# pexmi patiora TpaHancropoB bo bxoahom 
flM$$epeHiyianbHOM ycmiHTeJie KOMnaparopoB luia^DHX h CTapoiMX paapnAOB MoateT npHBOflHTb k ducTpoMy 
yxyflueHjuo AHHeflHOCTH xapaKTepHCTHKH npeodpaaoBanna.

B peayabTate aKcnepmieHTa h pacyeia TecTOBue Tl-p-n -TpaHaHcropu KOMnaparopa Alfll KII07IBI 
odjiyyaJiHCb na KodaJibTOBofl ycTanoBKe npn KOMHaTHofl TewnepaType oKpyxamqelt cpeAN h uomnocTH floau 
320 P/c. 3aexTpMyecKM<t pemmi, aafiaBaenu# npn odxyyeHHH, npepbroanca TOJibKO na Bpeiui MaMeperom npa- 
Mbix nepefla-royHMX BOjibT-aMnepHbix xapaKTepHCTHK (BAX). KojuieKTopmte nepexoflu npn odJiyweHHH m npn 
HanepeHMH dtuin aanepra HanpmteHHeM 2 B. SaflaBanocb yerape ajieKTpnyecKHX pextHMa odjiyyeHHa: nocro- 
HHHbltt TOK aitMTTepa - HOMHHaJIbHblfl ( =1 mA) J nOCTOHHHUfl TOK aUHTTSpa ( If =0,1 MlA); paaOHKHyTbltt
auMTTep (J, =0); aaneprafl awxTTep (oTcenKa) ( UBE= -2 B)JIpit HOMnnajiBHOM tokb KOJUieK,TopajJc (nawe- 
peHne) HaHxyfljiiHMM pextHMaim odjiyyeHMH OKaaanHCb pexmiu oroeyKH h paaoMKHyroro awnTTepa, Awnbropt-ix 
floaoBue aaBHCHMOCTH H2IECZ)) npHd;iH3HTe;ibH0 OAHHaKOBti m bhxoaht Ha HacinuenHe npn floae 2E6 P. 3na- 
yeHHH floau oraaaa no KpHTepwo CHMiteniw H2IE b abb paaa npeACTaBJiemi b Tadjmqe. Bhaho, vro CTofi- 
KocTb no xpHTepmo %)o,s B aaBHCHMOCTH ot peatHua odjiyyeHHH HaMenaeTCH dojiee yew b 20 paa.

ycJiOBHaa Aoaa OTKaaa W* Tt-p-fl -TpanaHCTopoB AUI1
npH paajiHyHbix ajieKTpnyecKHX pexmtax

floaa OTKaaa, P PexHM HaMepeHHH
Ic, mA

PeatHM odayyeHHH

IE7 1,00 I9 =1 «A
6E6 1,00 la =0,1 mA

< 5E5 1,00 1/55=2 B
< 5E5 1,00 h =o

2E6 0,01 la =1 “A
IE6 0,01 I3 =0,1 mA

< 5E5 0,01 LZB£=2 B
< 5E5 0,01 I. =0

Ha ashhmx odpadoraH HaMeperorox BAX onpeAeaera napaueTpu moab^h PyMMeaa-Hyna. Handojiee ducTpo 
AerpaAHpoaanH napaneTpH HeHAeajibHO# KOMnoHCHTM daaoBoro TOKa.

JSflH onpeAeJieHHa ajieKTpHwecKHX pexHMOB TpanaHCTopoB BunojiHen pacyeT KOMnaparopa, npHHtyimmb- 
Haa cxeMa Koroporo noKaaana na pHC. I [3] . Ha pnc. 2 noKaaanw HanpmteHHa UBE Ha aMHTTepmix 
nepexoAax TpaHaHcropoB VT6 « VTi7 bxoahopo AH#epeHqnajibHoro ycnjiHTeaa ajih KOMnaparopa mjiba- 
mero paapaAa b pexroie cpaBHenna bxoahopo aaanoroBopo cHraana (UA/VAL) Ha daae TpaHaHcropa VT/8 
c onopmiM Hanpa*eHH6M -0,1 B Ha daae TpaHaHcropa VT/3 . Bhaho, yro aMHTTepmdt nepexoA TpaH
aHcropa VT6 (JieBoe roieyo bxoahoto AwfiZepeimHanbHoro ycHJiHTeJia, cm. pnc. I) scerAa orapuT noao- 
*HTeabHHM HanpmteHHeM UBE , b to Bpena kbk aMHTTepmdt nepexoA TpaHaHcropa VT17 ( npaaoe 
naeyo ycwiHTeaa) npn oTpaqaTeabHOM pocTe aHaaoroBoro CHraeuia ot 0 ao -2 B nepexoAKT hs orapuroro 
coctohhhh b pe*HM OTceyKH c HanpmteHHeM UBE =-1,2 B. OcTanbmie TpaHaHcropw KOMnaparopa pado- 
T8dt b bkthbhom pexMMe. AnajiorHyHue, peaKo OTaHyaniqHeca pe*HMH padora, o ye bhaho, hmciot Macro pfla 
TpaHaHcropoB bxoahmx ycHAHTeaefl b KOMnaparopax CTapmnx paapnAOB.

B cootb6tctbhh c Tatianpelt TpanaHcrop VT/7 npn odayyeHHH dyAeT AerpaAHpoaaTb 3HayHT6JibH0 cunb- 
Hee, yen TpanaHcrop VT6 • noayyeHHaa npn btom aasHCHMOCTb buxoahoto HanpmeHH* (cm. pnc. I)
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ot Bxojororo carnajia UAA/AJL noKasana Ha pac. 3 no a nocne oday-ienaa goaott IBS P. Bagno, hto Han- 
paaeHze CMemeHaa Hyjia paBHO 0,025 B. 3to dojiBme, hbm goiiycm/taa HejiHHetaocTB xapaKTepacTHKa 
npeodpasoBaHHH, cocTaBJumnaa w KonraapaTopa Aim KII07HBI 0,015 B [3]. E®e donee xygniae aaeKT- 
paaecKae pemaww padoTH TpaasacTopoB mokho oaagaTb gna KOMnapatopob Aim KII07IIB3, tbk ran b hhx 
H6T BXOgHHX 3MH TTepHHX nOBTOpHTegefl.

OSmuu . .
(QHQAOZQvQQ cC^
BbixodnPflMou , uj j 
RtiXo9UH6epCHblM [■

• Oi

t/AMAL,B

. Pao. I. npHHHanaajbHaa cxeiia KOMnapaTopa Pac. 2. Hanpaaenaa na aimrTepHHX
Aim KII07uBI nepexogax TpanaacTopoB V777 (I)

aVT6 (2) BxogHoro ga$$epeHrtaajiB- 
Horo ycajiaiejia gna KOMnapaTopa Mjiag- 
niero jpaapaga b aaBHCHMocTH ot Bxog- 
Horo ananoroBoro caraaga

PHC. 3. SaBBCHMOCTB BHXOgHOBO HanpHXeHHH 
KownapaTopa Mgagmero paapaga ot BxogHoro 
aaajioroBoro ouraana go oogyaenaa (I) a 
npa goae odnyaenaa 1E6P ’2)

TaKHM odpaaoM, aaadogee cgadHM yaaoM KOMnapaTopa KII07BBI asaaeTca BxogHofl ga$$epeagaagbHHR 
ycajiHTejib, a b cocTase gaHethca KOMnapaiopoB - KOMnapa ropn imiagoiax a CTapmax paapagoB.

DonyHeHHue peaygBTara noaBOJunor samnmTB, hto y*e aa HaaagBHHx aranax paspadoiKB MC c homo- 
mbfo cxeMOTexHaaecKoro MogenaposaHaa mokho onpegejiaib onaoHHe $yHKgHOHajiBHue yaga, npasaaBHo coo- 
TaBHTb naan accaegoBaHafl gna aneMeHTOB a MC a paccaaTaTB ctoUkoctb nocnegrax k BosgettCTBau bohb - 
aapyumero aanyaenaa c yaeioM aneKipaaecKoro pesaMa padora aneweHTOB b cocTase MC.
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METOWEGKME 0C0EEHH0C1M 0TE0PA PAHHAimOHHO-CTOitiCMX nOJiynPOBOJtHHKOBtiX HPHB0P0B 
00 HAmUILHUM HH$OPMATMBHbM IIAPAMETPAM

B.H. SyKOB, C.B. Areas, 10.B. HepeBHHKO, B.H. 7jtBMOB

npeftlOieH MBTOfl OU6HK0 CT3 TBCTHHeCKO0 B38- 
0MOCBH30 HSHajIbHUX 3HaSeHHft BH$OpU8THBHHX napa- 
MeTpOB 0 paflHaUHOHHOft OTOttKOCTBB nOJiynpOBOUHH- 
kobux npadopoB npa noMoma K03$$HinieHTa HH$op«a- 
T0BHOCT0, HHBapHSHTHOrO OTHOC0T8JIBH0 Odteito BH- 
dopKH H AOBepHTBJIBHOB BepOHTHOCTH. PaOCMOTpeHO 
BjiHAHtie racjia hh$opm3thbhhx napawerpoB Ha ®oc- 
TOBepHOCTL pafliaamiOHHO-CTOBKHX 3JI6M6HT0B pSflHO- 
ajieKTpoHHoti annapaiypu.

3xeKTpo$030HecKHe napaMerpu nouynpoBojmHKOBHX npadopoB (HI) 0 HHTerpaitBHHx oxen (HU) Bcerja 
0M0BT pasdpoo CBOHX 3H8H6H0B B HpefleJiaX OflHOfl T6XHOJIOr0HeCKOtt napTUH. PaflBaUBOHHaH ctoBkoctb 
(PC), K8R oflHH as napaMeipos npadopoB, Taxse aweer paadpoc cbohx sHanera# b BHdopKe. B radJimie 
npeaciaBjieHH SHaneHaH pasdpocoB PC b o®hoB TexHonoranecKofl napTHH jym pssjihhhhx kjmccob IH. 
JlaHHue noJiyseHM nyrew auajiusa h6ckojibk0x cotoh paaiiHiHHx thhob MI, bmthx ksk 03 cnpaaoHHHKOB 
no PC, rax 0 nenoopeflcTBeHHo 03 sncnepaMeHTa. 3a Bejm^any pasdpoca PC npanaro OTHQSpeHHe m8kch- 
MaUbHOfl KM1H0M8 JIBHOB PC B KaXflOit 3KCnep0MeHT8®BHOB BHdopKe jyifl 90 % npadopOB (T.e. 10 % "H80- 
xymnax" a "aaa^ymax" npadopoB OTdpacHBanHCB). C yneroM aHomajibHHX npadopoB paadpoc PC b BH
dopKe Moser npeBumaiB yKaaamme b radjume aHaneHBH.

Paadpoc 3HaqeH0fl PC b o®hoB TexHonornnecKofi napraa 
JPtH P83JI0HHHX KH8CC0B HI

Knacc IEI Pasdpoc PC

HojiynpoBOflHHKOBue aboah 
OnTosjieKTpoHHue npadopu
MBJI TpaH30CTOpH
EanojmpHue TpaHsaoTopn 
AnanoroBHe a UH$poBue HC 
EflEHHHHHe odoa B QIC 37

1.4- 4,2
1.5- 4,6
2,0-6,I 
3,3-10
1.5- 14

7-20
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Ha TadJifliQi cnenyeT, hto HHflHBiijtyajiBHHfl oTdop panBarmoHHO-CToBxax aneMeHTOB b Budopxe gae? 
B03M0XH0CTB HOBHCHTB CTOBXOCTB HSHdonee yHSBHMHX X HOHH30pyiffleMy B3AyHeHH» ySJIOB H tijIOKOB pa- 
naoanexTponHoB annapaiypH (P3A) no MeHBmeB Mepe b hbckojibko pas, a b oTnenBHux cjiynanx - na no- 
pxnox a donee.

Bhhbhtb Haadonee panaanHOHHO-CToflxae aneMeHTH b BHdopxe oahothiihhx npadopoB nossojiaeT MeTon 
HHSHBHnyajiBHoro nporaoaBpoBaHiiH PC no HauanBHHM (T.e. HSMepaeMHM no odJiynemn) nH$opMathbhhm
napaMerpaM. B xanecTBe nocnenfflix moryi dUTB jnodue anexTpo$H3HHecxae napaMeipu npadopos, BMemaae 
CTaTHCTHHeCKyD B3aHMOCBH3B B BUdopKe CO SHaneHBHMB PC. OjmaKO 0H$OpMaTBBHHe napaMeTpn OTJIHH3 — 
DTCH ot napaneTpoB, no kotophm onpenenneTcn PC npadopoB (xpaTepaanBHHx napaMeipoB). Tax, ecna 
KpBTepaajibHHMH napaMeipaMB danoJiapmcc TpansBCTopos hbjmbtch xoa$$BAaeHT nepenana Toxa ht1E 
a odparaufl tox xonnexTopa JKO , to BH$opMatbbhhmh napaweTpawB, no nanajiBHHM ananenanM xoto- 
puxicxHO cyflBTB o nerpansnaa htte B IK0 npa odnyneHHH, Moryi tiHTB rnyMosue xapaxTepacTaxa, 
MarHHToayBCTBHTejiBHocTb TpanaacTopoB a r.x- OpaxTBxa noxasiiaaeT, hto hH$opMatbbkhs napaMeipu 
ana paaJiHHHHX IHI a HC Bcerna awemrca a Moryi duTL HaflxeHH.

IIocjieAOBaTejibHocTB BHEHBBsyajibHoro npornoaapoBanan a oidopa panaanaohho-ctoBkhx aneMeHTOB 
cnenymmaa. Ha napTaa npadopos, cpena xoTopux Tpedyeica onpenejiHTb Haadonee paAaanaonno-CToBxae, 
BanejmeTCfl cnynafiHHM odpaaoM HedoJiBinaa sudopxa (aoct8tohho 20-30 npadopos), na xoTopofl axcnepa- 
MeHTajiBHo ycTanaBABBaeTCfl BaaaMocBnab HananBHHX HBjopwatbbhux napawetpoB c PC. 3t8 sudopxa noc- 
ne BSMepeHBn bh$opmbtbbhhx napaMeipoB noAnexai odJiyueHam, no peayABTaiaM xoioporo ctpohtch npor- 
noaapymmae ypasHeHan perpeccaa, OBHausannae BHABBBsyajiBHue ana Henan PC xaxnoro as npadopos co 
sHanenanMa ognoro ana neoxonBxax an^opwatbbhux napaiueTpoB. npaMenenae Henaneteux ypaBnenaB per
peccaa nenecoodpaano namB npa cbabhoB xoppenanaa napaMeipoB. B donbrnancTBe cjiynaea noctstchho 
orpananaTBcn JianeBnuMa ypeBnenanwa, awemmaua bba

Ho HaBnennoMy ypaBnenam perpeccaa a no HananBHUM ananenanM aH$opMathbhhx napaMerpoB y neod- 
jiynenHux npadopos DaccnaTUBaeTcn PC xaxxoro aa neodnyHennux npadopos, onenaBaeTcn norpenraocTB 
npornosapoBanan 0{ a npoaaBOAarcn ordop panaanaoHHo-CToBxax npadopos b BHdopxe.

PaccwoTpaM nexoTopue ocodennocTa, xoTopue neodxonaMo yuaTUBaTB npa peanaaaqaa mbtoab ordopa 
paAHanaoHHO-cToBxax npadopos no HananBHHM an$opMathbhhm napaMerpaM. Hecodnunenae arax ycnosaB 
M0K6T npHBeCTH H6 TOJIBKO X dOABBlOfl OinBdKe npOrHO30pOBSHHH PC, HO H X K8HeCTB6HHO H6BepHHM BUBO- 
ASM, necMOTpn na to, hto $opm8abho xoppennnaoHHufl a perpeccaonnuB MaTeMBTanecxae annapara npa- 
Menenu sepno. OC. W ~ X.y

Onemca aaxona pacnpeAenenaa napaMeTDOB. Koa#anaeHT xoppennnaa ^Xy ~ <3^. ^
(JC.y, xy- cooTBeTOTBenno cpennae ananenan napaMeipoB X, jf a ax npoBaseneHan; QT - 
cpeAHexeanpa raHecxae oTXAonenan napauerpoB X a y ) xax tiepa BaaaMocBnaa napaMerpoa iroxer 
dHTb Bunacnen am nmdux neyx napaMerpoa HI. Onnaxo tojibxo b cnyuae nopManBHoro aaxona pacnpe- 
Aenenan accnenyeMUx senanan xoa$$aqaeHT xoppejumaa aweer cmhgji xapaxTepaoraxa BsaaMocsnaa na- 
paMerpoB.

JLm npadAHxeHHofl onenxa HopManBHoc th accnenyeMoro napauerpa moxho BoononBaosaTBcn oahhm aa

neHTpanBHHfl MoMenr) aojikhh dura nyneBHMH.
npaxTHHecxa AOCT8TOHHO Bunonaenan nepaaenoTB
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Kt < 3CZ, ; (i)

K* ^ «5" &KJ, , (2)

rfle 6n(n-i)
(n-2)(n+i)(rt+3) - cpejmeKBajtpaTti'iecKoe OTmioHeme KO3$$0H0eHT8 acHMMeTpuH;

2*n(ti-i)a
-3)(n-2Kn+3Kn+5)

- opeflHeKBa.^paTH'iecKoe OTKJioHeHHe aKcpecca.

Ecjih He BunoJiHHeTCfl xoth du oaho 03 HepaBeHCTB (I),(2), to Taxae napaMexpu HeodxoHHMO npn- 
BecTH k HopMajibHHM pacnpenejieHHflM nyreM HejraHeteHX npeodpasoBSHHfl hcxobhhx naHHHx (nanpaMep, 
jiorapa$>i0poBaHHeM), jmdo hckjhchhtb hs coBOKyimocTH hH$opMathbhhx napaweTpos.

McKjnraeHae pe3Ko Bmejmmaxcfl codHTHfl. HcmmHeHHe aadpocoB 3KcnepHMeHTajiBHHx nahhhx - cnop- 
hhA Bonpoc, no KOToponiy no chx nop hbt enHHoromeHBH, nocitojiBKy acerna mokho onenHTB Tanoe neft- 
CTB06 K8K "nOflTOHKy" flaHHHX. Efl0HGTBeHHHM HSneKHHM CHOOOdOM peilieHHfl BOnpOCa od 0CKmOHeHH0 BHd- 
pocoB HBJiHeTCH TnyTejiBHoe paccMOTpeHHe ycjioBnfi, npH kotophx 3Kcnep0MeHTajiBHHe namme nojiynenn 
(He nonajffl jw npadopu 03 npyrott napT00, He HapymuiacB jih KajmdpoBKa npndopa 0 T.n.). Ecjih t8ko0 
anajms npoBecT0 h6B03mohho , to peaKo BiinejmsDumecH 3HaHeH0H 03 naJiBHettmero paccMOTpeHHH cjienyeT 
HCKJHH0TB. PeU18IOUI0M apryMBHTOM B HOJIBSy 0X HCKjmHeHHH HBJiHeTCH TO, HTO C HCKJIBSeHHeM BtldpOCOB 
KO3%0Q0eHT KoppejiHH00 napaMeTpoB yMeHBiuaeTCH. B pesyjiBTaie mh npaxonnw k hbckojibko saHmceHHoMyi, 
ho dojiee nocTOBepHOMy aapaaHTy operatH cbhsh napaweTpos 0 k dojiee nooTOBepnowy oTdopy pajman'H- 
ohho-ctoHkbx npodopoB.

UkpoKo npHMeHHiomeecH na npaKTHKe npaBBJio "ipex C0rw" nun hckjik™hhh BHdpocoB npnBonnT k rpy- 
dHM omadicaM npn MajiBix tl . Eojiee 3$$eKT0BeH Melon npejuioien iUoBene * corJiacHO KOTopoMy pac- 
cHHTHBaeTCH HHCJio A ft npndopoB, y kotophx TeopeT0HecK0 B03M0KH0 noflBjieH0e snanemift napaneTpa, 
pa bhhx 0jih npeBtnuajcoiHx paccM8Tp0BaeMHfi BHdpoc. Ms naJiBHettaiero paccmoTpeHHH 0 cmnoHaDTCH Te sud- 
pocH, jyiH kotophx A T2 < 0.5 . Ha pnc. I npencTSBjieHH SHanemH BHdpocoB napaweTpoa npndo- 
poB, nojuieeamne HCKJHO'ieHHD 03 SKcnepHMeHTajiBHofl BHdopKH odtewow fl .

to

2,5

2,0

V
o so 40 60 go n

OneHKa B3ahmocbh3h hhcE>odm3T0bhhx napaweTDOB c napaMeTDOM PC. IIpHMeHHeMHe Ha npaKTHice ko3$- 
$0II06HTH KOppeJLHHHH napaMSTpOB Bcerna paCCHHTHBaDTCH no pe3yJIBT8TSM HCnHTSHHB kohchhoB

* T e fl ji o p flit. BBefleHHe b Teopwo omndoK: Hep. c aarji. M.: Map, 1985. C. I49-I5I.

P0C. I. 3H8HeHHH CTaT0CT0HeCK0X BHdpocoB 
napaMeipos (b egHHanax cpenneKBanpaTHHecKHx 
oTKJioHeHHfl O' ), nojyieianvax hckjishbhhk)
03 BHdODKH
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BHdopKH npadopoB. B czjty cjiynataoro xapaKTepa $opMnpoBaHan BKcnepaMeHrajiBHott Budopna BejianaHa V 
T8KB0 HBJIH6TCH CSjnffltaofl BejIBHBHOfl, KOJiedJDOdeftCH OKOJIO csoero HCTBHHOrO 3H3H6HHH JO .

PajpauHOHHue accnenoBaHan IE a HC ocymecTBjnnoTCH, KaK npasajio, na BHdopnax b hcckojibko jte- 
chtkob npadopos (oduHHO 10-30 mi.). 3HaHHTejiBHHfl paadpoc V B a tom naanaaoHe aarpycHneT onno- 
aHaHHyD BHTepnpeTaitBD Koa$$auaeHTa Koppejinnaa kbk Mepu BaaaMocBnaa napaMexpoB. IIpaKTHnecKH ipe- 
dyeTCfl am nojiyneHHoro ana Henan V onenaTB ero fioaepMTejibHH# ZHTepsaji npa aasaHHott KOBepzTeJiB- 
HOfl BepOBTHOCTH , yHHTHB8TB npa 3T0M Odl6M BlldopKB Tl .

Cjiadoe MeoTO npa TaKOM nonxone aammaeTcn b tom , hto flOBepaTeaman BeponraocTB b KaamoM 
KOHKpeTHOM cjiynae BHdapaeTcn accjieflOBanaeM oydieKTaBHo,'3to, b cbod onepenB, bhoght HeosHoanaH- 
hoctb b onemce ananaMocxa V

IIpejyiaraeTCH mbtoji ouemca BaaaMOOBnaa HH$opMaTHBHict napawexpoB c PC npa noMotnz hobofo napa- 
Meipa - Koa$$auaeHTa an$opMatbbhoctb tv u+«p , BHBapaaHTHoro OTHocaTejiBHo nosepaTejiBHofi sepo- 
hthocth y a odtewa ancnepaMeHTajibho8 sadopioi n

> ,3>

rfle
X/'"expC- ar-^Cn

/ - V

B 3tom cjiynae soBepaiejiBHan BeponraocTB am V ne aagaexcn, a paccnaTHBaeTcn xanoe ee 
ananenae, npa kotopom noBepaxenBnnR anxepBan am V kbk cnynaflHoft Benanann ne conepwiT b cede 
ananenan V ■ 0. Apyrawa cnoBawa, paccTOTHBaeTcn BeponraocTB , c KOTopofl mobho yxBepn-
ABTB, HTO flaHHUS K08$$BUaeHT KOppeJIffllBB HBJIHeTCH CTaTBCTaHeCKB 3H8HBMUM.

IIpencTaBJieHHHii b Bane BHpaeenan (3) Kunq> aweex HexKaR faaaHecKafl cmhcji: tv unfecn, nac- 
no neBBTOK nocjie aanniofi b ananenaa BeponraocTB, c KOTopoft naHHHfl Koa#aimenx Koppennnaa V 
noJiyHennuit na sudopne odieMOM tl , nannexcn cxaTaoxaHecKa 3H8hhmhm. CTaxacTaHecKan anaHawociB 
npa 8tom onpegennexcn no rpananaoMy aHanenaB noBopaxensnoro anxepBana, conepianero b cede ana- 
nenae V “ 0

Ha pac, 2 npencxaBjieHH ananenan tvump napawexpoB npadopoB am paananmoc Koa$$anaeHTOB 
Koppenmiaa a paanaHnnx odtewoB Butiopra.

Pac. 2. Koa^^maeHTH bh$opmbtbbhocth napawexpoB 
npadopoB am paanannin: n b V :

EojiBmae ananenan tv unip Moryi dnxB nonynenn nado npa m8jihx V , ho Ha npencTasa-
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T&ni>HO& BHdopice fi , jindo npa doxbrnax V . HH$opuaTBBHUM0 cxesyeT cnaTaTb Te napaMeTpu, am 
KOTOPUX 1 , B 3T0M OJiyHae B38HM0CBH3b 0 PC yCTBHOBXeHa 0 BepOHTHOCTbB He xyxe 0,9.

BragHae HHitorMUTHBHWT naDaMeTDOB. B HacTogqee BpeMfl cymecTByeT MHeme, sro oidop pa-
saaiyiohho-ctoBkbx sseMeaTOB no coBony iihocth HanajibHHX napaweTpoB dojiee 3$$eKTHBeH, hbm no ot- 
sexbHHM . napaMeipaM. 3to cxesyeT as Toro $aKTa, hto MHOKecTBemniB (imoroMepHiifl) Kos#anaeHT Kop- 
peJiHuaa "Ofw am coBOKynHocie# as ttt HH$opwaTHBHHX napaMejpoB Bcersa noBumaeTca c yaejme- 
hh9m micjia m . IlorpemHocTb nporaoaapoBaHHH $ npa stom yMeHtmaetCH.

npoBeneHHue uccnenoBaMa norasaxa, hto ysejnineHae Vw„ a yMenmeHae <T c yaerameHaeM 
nacjia aH$opM8THBHHX napaMeTpoB m eme ne osHanaei yaejoneHaH 3$$8kthbhocth oTdopa panaanaoH- 
H0-0T0ttKHX 3JI6M6HT0B.

Eha nponejiaH cjienynmafl sKonepaMeHT. Beet nponecc nporHosapoBanaH a oidopa panaanacHHo-croBKax 
3J18M6HT0B npoBeseH Ha faKTHBHHX napaMeipax, npeACTaBMimax codofl nadopu cjiy^attnux Hacxe, renepa- 
poBBHHHX Ha 3BM. B 3tom cxynae mokho npesnoxoeaTb, hto kbsshB as aH$opM8thbhhx napaMeipoB MaKca- 
M8JIBH0 He CBH38H C HBpaMeTpOM PC. fleflCTBHTeXbHO, HpH MHOTOKpaTHOM p8CHeT8 napHHX K03®HUHeHT0B 
Koppejuntaa peanbHoro napaMerpa PC c Tamm aseajibHO cxyHaitoHMa "HH$opMaTBBHHMa" napaweTpaMa 
epesnee snaneHae V dxasKo k Hy.ro, a ero paenpesexenae aammex naanaaoH (no M0sy.ro) ot 0,05 
so 0,55 npa soBepaTexbHOft aepoHTHOCTH y* =0,9 (pac. 3).

Pac. 3. 38BBCBM0CTb MHO*eOTB6HHOrO KO3$$0IIHeHTa 
Koppexaqaa vmh ot Hacxa m HesaBBoaMHx 
napaMeTpoB, ooCTaBxeHHHX as cxytofeBix mam
7A3T y°A>'

roVi jSS UST" V~"
1-6 - /tu/vm=3,4,5,6,7,8 oootbqt-
CTB6HHO r

mstirorom, soppum, o ooBowmreoi™, ,, 
SByx. Tpex a r.s. csynalbna napaMerpoa. Ms pac. 3 oxesyeT, hto o yBexaneHaeM naoxa m neaa-
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bhchmhx c PC nporHoaapynaax napaMeipoa aHaneHae 
m—1n , r«e ft - hhcjio npadopoB b BudopKe.

IIorpemHOCTB nporaoaflpoBamifl O nponopnaoHaji&Ha BewHume

RU9710206
^/L/>y BoapacTaeT a cTpeutiTCfl k eaBHime npa

V/-v^ , npa
CTP6MHTCH K HyJDO.

TaKHM odpaaou, npa aootbto^bo dojitmoM KcuiHHecTBe HH$opMaTHBHHx napaiieTpoB fTt moeho no- 
jiynaTB Bnome yaoBJiaTBopaTejiBH^tt BapaaHT nporHosapoBaHaa PC c ohbhb Majiofl omadKofl nporaoaapo- 
BaHHa aaxe b tom cjiynae, ecjia bh$o jurathbhhb napaMeTpu coBepmeime He CBasaHH c PC. IIobtophb bkc- 
nepBMeHT, T.e. Baas spyrae npadopu b tom *e KOJuasecTBe a as aroft xe BHdopxa, hto SKBaaaJieHTHO 
onepapoBaHHU o apyrmni ojiynataHMa nacjiaMB, mh no-nynaeM no-npeeneMy ohohe tohhob, ho coBepmeHHO 
HHbe (bilhotb %o HaodopoT) nporHoaapyrmee ypaBHenae, CBnauBamnee PC c KOMiuieKCOM hh$opm8thbhhx 
napaMeipoB. H aio HeoMoipa Ha to, hto eflaHCTBeraoe ownaHae b sayx aKcnepaMeHiax aamnoHaeTCH 
B TOM, HTO MH HM66M fieJIO C HfleHTHHHHMH, HO $B3BHeCKH flpyrBMH 3K3eMIDIHpaMB 0dp83H0B H3 BHdOpKH. 
B 3tom, BeposTHO, samnoHaeTCH CJtodafl noBTopneMOCTB xoporaax, na nepsutt Barjum, peKOMeimyeMHX Me- 
TOflOB OTdopa paflaaiDlOHHO-CTOBKHX 3JieM6HTOB.

Kaxofl BHXOSM3X6T dHTfc HaBfleH H3 3TO0 CHTyailHH? HeodXOJUZMO KSK MOXHO flBJIBHie "0T0PB8TBCH"
ot hhgto cjQrHaflHHx npoqeccoB npa npaMeHenaa perpeccaoHHoro MaTeMaTanecKoro annapaia. JUm hobh- 
ineHHfl BH$0pMaTBBH0CTfl CB0T6MH H8H8JIBHHX HapaMSTpOB HeodXOfiHMO, HTOdH POCT 'JfiH 0 yBeJIHHeHHeM 
naojia napaMeipoB TTL npeBumaji HexoTopufl pool, odycjioajieHHufi hhcto ojiyHaifoBeia npoqeccawa. 
Ha pac. 3 oJteflyeT, hto KpaBue V/w npa yBejmeHaa nacjia tit jvsr aeaaBBCHMHX napaMerpoB 
ecTB He hto HHoe, kax jihhhh paBHHX aasHemiS Hoa$$HuaeHTOB hh$opm8thbhoctb juir coBOKynHocreS 
as ttl napaMerpoB, tbk KaK stb jihhhh c paBHofl BeponTHoctbd xapaKTepaaynT CTaTHCTHHeoKyD 
3H8HHMOCTB V/*f« •

Ha pac. 4 noKasaaa SKcnepaMeHTaoiBHo nojiyneHnaa saBaoaMocTB asMeneHaH MHoxecTBBHHoro kos$- 
$aqaeHTa Koppejwqaa PC jicranecKax MHKpocxeM (tl =20) ot nacjia HH$opMaTHBHHx napaMeipoa. Bhsho, 
hto MBKcaMajiBHoe 3HaHeHBe AfuHpj HMeeT M60T0 npa TTl =4. JtajiBHeflmee ysejiBHeHHe nacjia bh- 
$opm8thbhhx napaMeipoa yMeHBmaeT a$$eKTHBH00TB OTdopa pajwaqaoHHo-CTottKHx sjieMeHTOB, HecMOTpn 
H8 yBejiHHSHHe K03#aqaeHTa Koppejumaa a noBumeHae tohhoctb nporHosaposaHan PC.

TaKHM odpaaoM, ysejniHeHae nacjia ttl nporaosapyrmax napaMeipoa cnanajia noBumaeT xocToaep- 
hootb OTdopa paflaaqaoHHO-CToflKHX HI, a sareM BananaeT ee cHHeaiB. IIpaKTHnecKH aoot8tohho, 
HTOdH HHCJIO aH$OpM8THBHHX napaM6TpOB tilUIO H8 nqpflflOK MeHBIDe HHCJia npadopoB B BHdopxe.

Ctstbh nocTynajia b peAaKqan 29 anu 1992 r.

/UK 539.12.04+621.3.049.77

IEHEPAHW EMHUmm CEOBB B yCTPOttCTBAX HAMHTH, OEZimiMHX HPOTOHAM C 3HEPDE$ I PsB

C.B. Arees, D.B. HepeBmoto, iO.H. lyKOB, B.H. yjiHMOB, H.E. Bosohbhhob,
B.A. KonfijDB, B.B. MaponncaH, B.B. naqyx, M.r. Tsepokoft

HsMepeHH ceneHaa 6xhhhhhhx odpaTHMHX odoea jioranecKoro 
oootohhhh aneeK hbmhtb b HC K565P75, K565Py6, K565Py?, 
odJiynaeMux npoTOHauia c anepraefl I PaB. ycTaHOBJieHo, hto 
HaaMeaee HyscTBHTejiBHHMB k pagaaqaoHHOMy BosAeftcTBao hbjib- 
DTCfl HC K565Py? flajiee caeayor HC K565Py6aHC K565Py5. Hatt- 
A6HO, hto ceneHae odoes He saaacaT ot HHTeHOHBHocTH nywa 
b flaanaaone 5• 10^-2■'10^ npoTOH/(oM^-o), ot naraaueHHofl nosu 
H OT HOXOflHOrO JIOrHHeCKOrO COCTOflHHH HH66K nBMHTH.
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MHoro'iHCJieHHHe SKcnepaMeHTH, B KOTopux npoBepnJiacB padoTocnocodnocTB yctpoflcTB naMHTB na no- 
jiynpoBoflHHKOBofi ocHose b pajpaaiyioHHux no^rnc pasjiHHHoro Tana, yKasusaBT na o&ny a Ty me ocodeH- 
hoctb b ax $yHKiiaoHapoBaHBB: npa bhcokbx moiuhocthx aoau, norjiomeHHOtt b amaBBflyajibHUx HHeiteax 
naMHTB ycTpoflcTBa, bosmokhh BHBepcaa (cdoa) JicranecKoro coctohhbh stbx Hieeic. B pesyjtBTaTe aswe- 
HHeTCH HH$0pM8IIH0HHafl CTpyKTypa A8HHUX (K0M3HJI, HHCJIOBUX M8CCBB0B B T.H.), xpaHHUlHXCH B yCTpofl- 
OTBe naMHTB. CaMo ycTpoftCTBO npa btom coxpaHHer cbod padoroonocodHOCTB des xanax-nado asMeHennti, 
odnapykbsa bmux Tpakhiibohhumb cnocodawa.

OflHOtt M3 npBHHH $JlyKTyaUBM nOMOmeHHOft K03H MOK6T dHTB, B H3CTH0CTH, JIOK8XBHOG 3H6prOBU-
nejieHBe b tohk6 pasjiera npoxyKTOB HflepHott pearataa, ecjiB TSKOBan awejia mbcto HenoopeflCTBerao b 
nybctbbtejibhom odteMe V , npanacHBa6mom nnetee naMHTB. B Tex cjiynanx, norfla cyMMapnoe snepro- 
Bugexenae sa chst aohbsaiiaohhhx noiepb BTopahhhx nacTau b V npeBumaeT neKOTopoe noporoBoe 3Ha- 
yenae oneprHH , cBoflCTBenHoe nanHOMy yoTpoitCTsy naMHTB, Hadjnanarorcfl BHBepcaa JioranecKoro cocto- 
HHBH HH66K naMHTB C HepeXOflaMH THH8 1-0 HJIB 0-1.

IlcnojiBayn sKcnepaMeHTaJibHHe aaHHue o nacTOTe noHBJieHBH cdoes, nojiynenHue b flByx onHTaxcpaa- 
jihhhhmb HaHaxBHHMH ycjioBBHMH (no TBny HacTHii hhh ax aHepniH), mokho jioKajiHsoBaTB oda napaMeTpa, 
noojie Hero nporaosapoBaHae noBegeHBH ycTpoitcTBa naMHTB b hojihx BOHasapyrnax HajiynenBit pasjiHHHoro 
Tana a sHepraa He susuBaeT npHHiiHnaajibhbdc aaTpyjtHeHaft. PaspadoTaHHan juih stbx nejiett pacHeraan 
nponesypa (Monejib cdoes) xopomo cedn aapeKOMeagosaxa b npaMeneHaa k pnny ycTpoflcTB naMHTB [i], 
0SH8K0 HBCJIO T6CT0B H6BejIBKO. IIOSTOMy OHeBBflHa HeotiXOfiHMOCTB B 3KCnepBMeHT8JIBHHX H8HHHX JUIH nOC- 
JiegymmeR nposeprai MOjiejiH.

Hsmb duji nposesen •3KonepBMeHT no odJiynenam pnna ycTpoftcTB naMHTB b nyHKe npoTOHOB CBHxpouHK-
JIOTpOHS .

B KanecTBe BonrayeMux ycTpottcTB naMHTB BcnojibaosajiBCB Tpa Tana MBKpocxeM i 5 odpasuos HC 
K565Py6 o odieMOM naMHTB I6K, 3 odpaaqa HC K565Py5 (64K) a 5 odpasnos HC K565P77 (256K). Cneima- 
JIHSBpoBaHHHtt CT6Hfl [2|] OdeCneHBBajI K3K $yHKQBOHBpOBaHHe MBKpocxeM B OITaTHOM peKBMe, T8K B BOO— 
CT8H0BJI6HH6 BCXOSHOfl HH$OpMaUBH B yCTpoflCTBaX naMHTB HenOOpejtCTBeHHO B nponecce OdjiyHeHHH. B K3- 
HeCTBe HCXOflHHX HCCJienOBajIB COCTOHHBH C OflHOpOflHHM aaHCUmeHBeM naMHTB Jlfldo HyHflMB, JIBdO ejtBHH — 
uaMB. JIaHHue o KonanecTBe cdoes NcS' nooTynajiB na HaKonBTejiBHoe ycTpoftcTBo a BaayajiaaapoBaxacB 
C nepBOJtHHHOCTBB OHpOCa OJtBH p83 B MHHyTy.

MBKpoexeMH BUCTaBJIHJIB H8 OCB nyHK8 HpOTOHOB, C$OpMBpOB3HHOrO MSTHBTOOHTBH6CKBM TpaKTOM yCKO- 
pBiejiH. PaaMep nynKa b nonepennoM ceneHUB He npesHinaji 15 mm npa pacTHKce b 6-8 mc a nacioTe cjie- 
nOBaHBH M8Kpod8HHe0 =50 Btitiop BHTeHCBBHOCTH HyHKa OCymeCTBJIBJIB C T8KBM paCH6T0M, HTOtiH 
KOJiBHecTBo cdoes He npesumajio 10-20 codurntt aa ojtny MBHyry. JUih kohtpojih nynKa BcnojiBsoBajia ot- 
HOCHT6JIBHH0 MOHBTOp-MHOrO383OpHyi0 BOHB38HHOHHyB K8M6py 0 BOSjyTlIHHM 3anOJIH6HBeM, XOpOUlO Cedfl 33- 
peKOMeHflOBaBinyio b sKcnepBMeHTax c peHTrenoBCKHM xapaKTepacTBHecKBM BajiyneHaeiM £3] . KaMepy 
ycTanaBJiaBajiB Ha nynKe cpaay aa odpaaqoM (pac. I) -a ynpaBJuma nepcoHajiBHHM KOMnbBTepoM EC-1841.

2ZZZZZZZZZZZZ 2ZZZZZZZZZZZ7

Pac. I. CTpyKTypnan cxeMa SKcnepaMeHTa:1 - TepMOJiKMHHecueHTHafl TadJieTKa;
2 - HC K566!Py5;: 3 - BOHBaaqaoHHaH KaMepa;
4 - cxeMa TymciiBOHajibHoro odecneneHBH HC;
5 - npesycBJiBiejiB: 6 - nyjiBT ynpaaneHBH a kohtpojih ; 7 - KAMAK; 8 - KOMHBrrep

HH$opMaiiBD o KOJianecTBe nacTBii, nporaenmax nepea aoHaaatmoHHym KaMepy, odHOBJuma nepea ooHy 
MBHyTy c ojiHOBpeMeHHofl paonenaTKofl Ha npaHTepe. JUih npaBHBKB kshhhx c aoHBaaqaoHHoR KaMepu k 
^zmeHcy naoTBii, nonasmax Ha nan MBKpoexeMH, acnojibaoBajm TepMojimBHecueHTHue TadJieTKa, yciaHOB- 
jieHHue HenocpeflCTBeHHO Ha cbmom odpaaqe b neHTpe nana. Upa saaMeTpe TadxeTOK 3 mm a tohhootb
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caworo Me-rona TepMosxMHHecneHnaa 5 % [4] odnas neonpeneseHHOCTb peaysBTBTOB BcnHTaHHfl MHKpocxeM 
He npeBHmajia 10-20 %.

B TeseHae aoero flBeHajmaTHHaooaoro ceanca duso odJiyneno 13 MHKpocxeM. Ilocjie cooTseTCTByiometi 
OdpadOTKH (BHH6T8 $OH3 B MOHHTOpe nyHKa, HOpMHpOBKH H8 $JDOeHO HpOTOHOB FTip H T.H. ) pe3ySB- 
T3TH HSMepeHHlt HpeflOTaBJieHH B BHfle aaBHOHMOOTeS A/cS~ = £(Ftip) . KJM Kanmoft H3 MHKpo

cxeM (pnc. 2). BpeMeHHoft HHTepBas, paanessmaR sudyn napy iohck Ha rpa$HKax, cocTaBjuui 60 c.Tskhm 
odpaaoM, no nacTOTe npoeKqafl Ha oca Fnp moxho cynaiB od HHTeHCHBHocth acxojmoro nymca npo- 
tohob. BoccTaHOBJieHae acxonHofi HH$opManaa b ycTpoflCTBe mmsth ooyqecTBSHSocB nocjie Kasnoro onpo- 
ca. Boose cepaa aa 5-10.(asa dosee) aaMepoB npoaaBonasacB CMena acxonHoro coctohhhh Ha npoTHBo— 
nosoKHoe a t.j. no KOHua odsynenas MHKpocxeMH. Mmchho b thkom pemne nosynenu nannue, npaaeneKHne 
jum odpaaqos 1-4 Ha pac. 2,a,d. B HeKOTopux csynanx CMena acxonHoro coctohhhh HMeeK naMHTH ocy- 
qecTBSHsacB noose Kaanoro onpoca. B aiax csynasx aaBHOHMOOTH McS" cf(Fnp) ctpobshcb 
OTnesBHo jdih cdoeB Tana 1-0 a O-I (odpaaeq 5 pac. 2,a). AnasoraHHue npencTBBseHHH acnosBaoBasacB 
a bsh spyrax MHKpocxeM.

Pac. 2. SaBBCHMOCTb qacsa odoaTHMux 
cdoea H0.K565Py6 (a), HClK565Py§ (6) 
MC K565PZ7 ( b)ot $smeHca npoToitOB 
c aHepraefi I raB:

O, • - odpaaeq I; n,e- odpaaeq 2; 
- odpaaeq 3; 9 # odpaaeq 4;

V, ▼ - odpaaeq 5. CBeTsae 3H8hkh - 
cdoa 0-1, TeMHue - cdoa 1-0

Cynn no peaysfcTaTBM, npaaeneKHUM aa pac. 2, HaKonsenae cdoea o pociou • tip npoacxonaT no 
sHHetooMy aaKony. Stot aKcnepaMeHTasBHufl $8kt oBaseTesBCTByer od 8juihtbbhom xapamepe npoqecca 
reHepanaa cdoea, hto corsacyeTca c ranoTeaott o unepnotl npapone acTonHBKa cdoea.

Ha H8KSOH8 npsMHX, annpoKCHMapynnax aasHoaMocTa A/cf = f (Fnp) , dusa nosyneHH 
saHHHe o $SD6Hce npoTOHOB Fc& > OTBenanmeM onaowy cdon b HC K565F76. Bpa oonooraaseHaa Fcg“ 
nsa odoax thhob cdoea 1-0 a 0-1 duso yoTaHOBseno, hto bth Besaqainr conooTasaMH. Tax, oTHonienae 
Fcg" (1-0)/ FcS"(0-1) aaKSDneno b HHTepsase 0,8-1,2 (dea ynera naamnc nsa odpaaqa 5), a cpennss 

BesHHHHa aToro oTHomeHBs - 1,02. Thkhm odpaaoM, HMesacB ace ochob8hhh mu odtenaHenas pesysBTaTOB 
no odoHM TanaM cdoea b enaaym OTaiHCTHKy. B Tadsaqe npaaeneHH cooTBeTOTBynqae naHHue juw acex
nsTB HC K585Py6*

97



PeayjibxaxH odjiynema MHKpocxeM aamm npoxonaMa c r&B

HC 0 6paaeu F„px i<&
npoxcH/ciT

foxI°6i ,
npoTOH/cif

Fct* I06* r 
npOTOH/cii6 CM2/(ngOTOH»6HT)'

I . 554 1,2 2,2
2 564 3,6 6,4

(6,7±2,2)-I0~12K565Py6 3 239 4,1 17,1 9,I±3
4 338 3,6 10,6
5 165 9,0 55:

I 937 6,9 7.4/' ■
(I,2±0,I)-I0'nK565Py5 2 583 0,7 1,2 I,3±0,I

3 1548 2,3 1,5

I 229 0,8 3,7
2 610 3,6 5,9

(7,3±0,7M0-13K565P77 3 262 I.I 4,1 5,2±0,5
4 323 2,0 6,3
5 326 1,9 5,9

* 6" - ceneme cdoes, BiraacjmeMoe no $opMyjie 6 m A/es(Fcg"M), 
rfle AZ - 0H$OpMaTHBH8H 6MKOCTL yCXpoftCTBa naiMTH. ycpeKHCHHe 
npoaefleHo ties ynexa peayJibxaxoB odpaanoB 5 i I jyw HC K565PY6 
0 HC K565Py5 COOTBeTCTBBHHO

KaK cjieyyex 03 xadjumy, cymecxayex doxbmotl paadpoo aHaneHati Fcg" jvm HHXHBHsyajibHHx 
odpaauoB. Cxoxb dojibiuaa pasHaqa FcS~ (b 25 pas) hokct dtixb od mg He Ha ysyMH npamnaMH .nepaan 
as hhx - TexHOJiorHHecKHft paadpoo napaMexpos b camax ycTpoScTBax naMnxa HC K565PY6. BTopan npa- 
HHHa - rpydue npoMaxa b aaMepema Ftip - mokgt dHTb ycxpaHena dojree xmaxejibHoft opramaanaefi 
npoireyypu HSMepemS c napajmiejibHiM HcnoxbsoBaHHeM HecKOJibKHx mbtohob mohhTopaposamfl nynta. C yne- 
tm CKaaaHHoro h Hayo paccMaTpaBaTb ycpexHemn Fcf =(9,I±3)*10® npoxoH/oM2 h ceneme cdoes 
(5 =(6,7±2,2) -I06 oiiTy^iipoTOH• 6b?)jvm HC I565PYG b nyme npoxonoB c ^np-1 PaB.

HcKOMue aaBHCHMOCTH /V^f = f(Fnp) JVM HC K565Py5 jmHeteu, a Fc$ (I—0)/ 
FctT (0-1) npHHHMaeT aHanemn 1,8; 1,35 a 0,84 jvm odpaaqoB 2 si 3 cootbstctbsbho(cm.pac. 2,d). 

CBoflHue yamue (cm. xadyayy) CBaxexeHbCTByDT od yMeKbrnema Fcf b 7 paa b cpaEnema c xa- 
kobhm yna HC K565P76. C yBexanemeM HaKoiuieHHofl yoaH (biuiotb jo 2 Kpay) jnmetiHHtl xapaKTep 
NeS " f (Fnp) GoxpaHHeTCH, a cam BexanaHH Fef JVM Kayyofl as n^aitpocxeM 

HeHyBCTBHTejibHti k TOMy, Korya npo03Boa0Jicfl aawep: b Hanaxe cepaa axa b ee Komie.
Bhxox coduxafl jvm HC K565PJ7 npaKTanecKa He aasacaT ox acxoyHoro coctohhhh xneeK naMHTH. 

OxMeTBM TaK«e MaxHtl paadpoo BexBHHH FeS" oTHOGHTexbHO cpeyaero aHanemn Ftf =(5,2±0,5)x 
xIO6 npoxoH/oM2 (cm. pac. 2,b).

yHHBepcajiBHHM KpaxepaeM npa conocxaBJieHaa noBeyema ycxpoflcxs nawaxa b nymtax yoKopeHnux 
nacTHH HBxaexoH cenemieodoeB & (cm. Tadxayy). 9th yamme cBHyexexbCTByDT o tom, hto lienee 
scex nyBotbhtexbHH k cdoHM HHeftKH naMnxa HC K565Py7. flaxee, b nopayiie BoapaoxanaH 6" , ayyx 
HC K565Py6 a HC K565Py5 (pac. 3).

Rjm scex xpex thqob MHKpocxeM ceneme cdoes He aasacax ox acxoyHoro oootohhhh amen nawaxa. 
CxeyoBaxexbHO, jvm paajmsHoft HH$opMaqaoHHo(( bmkocxh MHKpocxeM (I6K, 64K, 256K) odoa xana 0-1 
a 1-0 hbxhdtch paBHonpaBHHMH. 3xo He cosnayaex o ashhumh padoxH [5] , rye noxaaaHo, sxo npa 
eMKocTH mna 64K cenema cdoes 0-1 a 1-0 oxxanamxcH Ha nopnyoK a doxee, aipa ysexanema eMKocxa 
axapaaxanaa yweHbmamxcH.npa yccraxemiH omkocth 256K. BepoaxHooxb cdoes O-Ia 1-0 ctbhcbhtoh oyaHaKOBofl.

98



K565PU6 K565P05 K565W
PHC. 3. SaBHCHMOCTB C8H6H0H OtipaTBMHX 
CdoeB OT BHfla IfflKpOCXeM

Ha odmax coodpaxeHaft caeayeT, hto HaflseHHaH pacciaHOBKa no <5* Tpex paaHOBBSHocTefl ycT- 
poflCTB naiMTH sojiraa coxpeHBTbca 0 npa 03M6H6H0B ycjioBBtt odJiyneHBH: Tana Mac ran a jib ax anepraa . 
JSjih nporHoaapoBaHHH Ct b btbx hobhx ycjioBBHX HeodxoflBM eme doth aKcnepaweHT c tomb xe ycTpoit- 
CTBaMa naMHTB, ho npa flpyroB anepraa npoTOHOB ( Enp =100-200 MaB). flajiee no <5t a <5^ BByx 
SKcnapaueHTOB moxho dyne? onpeneJiaTb napaMeipn V a E n pacneTHofl Monejia cdoa, nocjie nero
aa^gna nporHoaapoBaHaa O* JVM Kaworo 03 Tpex tzhob naMHTB dysei chbt8tbch pemeimott. B ot-' 
cyTCTBae hhwhut no a 6^ moxho jib nib oneHBTL MHHHMajibHyn BejianaHy odtewa nneibca naMHTB,
npennojioxaB, hto jnodas jmepHan peaKnan b ee odtewe conpoBoxnaeTca odoew jioranecKoro coctohhbh 
(cm. xadJiaity).

Tbkbm odpaaoM, npa odJ^Henaa MC K565P76, HC K565P75 a HC K565P77 dnno yciaHOBJieHo, hto npa 
Fnp =I°6 npoTOH/cM2 ( £np=I PaB) bo soex MaxpocxeMax Hadjawajiacb cdoa JioranecKoro cootoh- 

hbh osHott aa aneeK ycTpoflCTBa naMHTB. lacTOTa nonBJieHBH cdoes He aaBacejia ot b6jibhbhh norjiomeH- 
Hofl A03H (bejiotb 50 2 Kpan), a ranee ot Toro, KaKoe oocTonaae dimo hcxoahhm (0 hjih I). HaMeHenae 
HHTeHCHBHOctb nyHKa b npcmeoce odsyHeHHH ot 5-10^ 50 2-I07 npoToa/(cM^»o) Tame He OKaauBajioBJB- 
HHHH Ha BepOHTHOCTb CdOBB.
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HCCHSflOBAHME PA#U#OHHO0 CTOfiKOCTM 3JIEKTPOH30JmL(HOHHHX MATpIFHAIIOB, 
nfWEHflEMUX B BHCOKOBOJILTHOM . OBOPy^OBAHHH HA HEPHOELUIfcCKDfi AX

C.A* JlHayHOB, JI.T. KyuHH, A. II. TnraeB, JI.K. CAywaHxo, T.H. UopoaoBa

UpoBefleHu HccjiejioBaHHH HaHdoaee <£yHxqHOHanbHO ana- 
uHMbix KOMiuieKTyDawx MBTepHEuioB aneKTpoodopyAOBaHHa: 
TpaHc$opMaTopHoro uacjia h axexTpoHaonaqHOHHoro xapTona 
b ycjiOBHHx, npHdsrateHHtix k nepnofly Hand owe rorreHMia- 
hoto asapHtooro odayweHaa Ha ABC b 1986 r. (npoAOJUtn- 
TejibHocTb aKcnepHM6HTMbHoro odayweHHa oahh Mecaq npn 
HH3KHX MOatHOCTHX fl03, KOHTpOWpyeMhie fl03H B HHTepBBJie 
IO^-IO7 pafl). IIoKaaaHO, wto b peayxbTaTe odayweHHa 
TpaHc$opMaTopHoro MacJia npoHcxcymr ero paanoxemie c 
BbifleJieHHeM BOflopofla, iieTaHa, aTunena, axaHa h Apyrnx 
raaoB.

LJejibn HacTOHUHX HccfleflOBamt# dbuio onpeAenemie BoaMoitHoro chhxshhh HaAexHOCTH aiccKOBOjibTHoro 
aJieKTpoodopyAOBaHHH, b wbcthocth, Tpaxc^opwaTopoB b peayabTaTe asapHtlHoro odnyweHHa b 1986 r. h 
b nocxeflynuHe roflu.

npoBeflemi HccaeAOBaHHB HaHdoaee (JjyHxqHOH&nbHo aHaumnDc xoMiuiexTynqHX MBTepimoB ajtexrpo- 
odopyflOBaHHH: TpaHc^opuaiopHoro uacjia h anexTpoHaonaqHOHHoro xaproHa. OchoBhoA bkjma b floay, 
HadpaHHyn anexTpoodopyAOsaHHeM b peayjibTaTe a sap mm, abbt raMMa-HanyweHHe or aarpaaHetfHOfl pawo- 
aKTHBHUM BudpocoM noBepxHOCTH 3eujiM, aflflHHfl h T.n. B cyMMapHyn Aoay bxoaht Taxxe daTa-najiyueHHe 
h HeflrpOHHoe, ho hx bhasaom b A°ay moxho npenedpeub. HefrrpoHti cynecTByor KoporKoe apeMa bmoubht 
Btidpoca paAHoaKTHBHoro senecTsa, a tiaTa-Hanywemie HM66T Maxyn npoHHKaamye cnocodnocTb h npn Ha- 
wwhh R&xe Hedojibmoll aaniHTH ero BwaHHe HeaHawHTenbHO.

OdnyweHKe MarepHanoB npoBOAnnocb Ha rawwa-ycTaHOBKe 17-200 b ycnoBHax, npHdwxeHHux k nepa- 
oAy HaHdoaee HHTeHCHBHoro aBapaftHoro odayweHHa Ha ABC b 1986 r.: npoAOjnmresbHocTb odayweHHH 
cocTaBHJia Mecaq npx hh3khx woiqHOCTax a°3 P =0,25 - 9,4 P/c ao Hadopa a°3 |JDioT-10^ ro 
2* 10® P, wto xopomo BocnpoHaBOAHT peaabHue ycnoBHa odayweHHa b HawajibroiR nepttoA asapHH. floau 
10^ - 2*10® P nepexpuBaoT BoaMOxmie Aoau odayweHHa npa aaapHH Ha ABC c KoaddanvieHTOii aanaca

P, wto xopomo BocnpoHaBOAHT peaabHHe ycnoBHa odayweHHa b HawajibHutt nepHOA asapHH.
D* - 2*10® P nepexpuBaoT BoaMOxmie Aoau odayweHHa npa aaapHH Ha ABC c xoa$$HqHeHTOM 

He Menee Tpex (JZ)= I0®-I07 P Budparo am bosmoxhocth npocaeAKTb $H3KW6CKH6 aaxoHOMepHOCTH, npo 
HcxoAaaqie np« odayweHHH).

OdayweHMe nposoAHnocb b HopMEuibHbix ycnoBHax oxpyxanqefl cpeAH m b OTcyrcTBMe aaexTpHwecxHx 
HanpaxeHHfl Ha odpaaqax, wto cooTBeTCTByeT Hepadoweqy coctohhhd odopyAOsaHtta b mombht asapHH. Hc- 
mjTMBajiMCb TpaHcfopMaxopHoe Macao wapxM IK (rHApoKpexMHra) h TpaHc^opMaTopHufi qe/unwioaHiitt axex- 
TpoHaojiaqHOHHHft xapTOH MapKH A. Macao IK mroeT b cboom cocTaae ~ 90 % napa$HH0-Ha$reH0Bux yr- 
aeBOAopoAOB h ~10 % apoMaTHwecKHX. Ana Macen Taxoro cocTaaa CBOftcTBeHHa HHaxaa raaocToflKOCTb 
(HadnioAaeTca MaxcKMajibHoe HacbnqeHHe aTOManx BOAopoAa) h Bucoxaa npoTHBOOKHCJiHreabHaa craSmbHocTb.

ZK-cnexTporpaMMM, cHHTbie Ha HeodnywemoM aacne H odayweHHOu AoaaMH 10® h IO7 P, noxaauBaoT 
HanHWHe HaMeHeHHfl b xapaxrepHtix odnacTax noraoqeHxa: yaenHwaHHe csade# C-N (aahhu bow 
3000-2800 cm~^), HeaHawHrenbHoe yseAHwexHe Tpoflmx aqeTHneHOBux csaaett (aahhu bow 2400-2300 cio, 
yaenHweHHe xonHwecTBa apowaTHwecxHx coeAHHeHH# (axmhm bow 1500-1300 cm-1). 3th H3M8H6HHh Had- 
jiDABJiHCb yxe npx 5) =2* 10® P, Hapaciaa c noBumeHHeM a°3h. CipyxiypHue HaueHeHHa, BuaaneHHue 
MK-cnexrpaMH, aowhm noBwaTb Ha aaexTpHwecxHe xapaxTepHcTHXH wacna, a hmchho: b cbh3H c poctom 
xonHwecTBa apoMaTHwecxHx coeAHHeHHt! aowho noeucHTbca HanpaxeHHe aaararaHHa wmthwhmx paapaAOB 
(HP) , CHH3HTbCa HHTeHCHBHOCTb HX BO BpeMBHH H yMeHbfflHTbCH aHepPHH HP. Teucxe AOWHO npOH30#TH
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CHxxeHHe npodHBHoro HanpaxeHHa npn rpoaoaoM rouiyabce orpimaTeabHoA noaapHOCTH.
Ma pHC. I BHflHo. wro HanpaxeHHe aaxHraHHH HP am HeodayweHHoro Macaa h uacaa, odayweimoro 

AoaaMM IO4 - 1,7*10° P, pamo 9 kB, am ocrajibHHX Aoa - II kB. XapaxTep paasHTHH HP cKaauBaeTca 
yxe npn nepeott Aoae: cxopocTb pocia wacaa minyabcoB HP cHHxaeTca doaee wen b abb paaa. Ilpn 
35 -I07 P KOjiHwecTBO HMnyjibcoB HP chmemtch b 8 paa.

Ha pno. 2 npKBeAemi aasMcmiocTH aaexTpiwecxol! npowHocTH Macjia ot HanpaxeHHa noamcc rpoaoeux 
HMnyabcoB noaoxHTeabHofl dOTr*) h OTpaqaTeabHOA (IOTO noaapHOCTH ot aosu odayweana. HapaweTpu 
rpoaoBux mnyabcoB: AMTeabHocTb $poHra 1,4 mkc, AMTeabHocTb minyabca 40 mkc, HanpaxeHHe noA- 
HHwajiocb CTyneHHMH no 4 xB, nawHHaa c 32 kB. CKHserae npowHocTH npn IMT HauHHaeTca c 2) * 
=1,7*10° P h AOCTHraeT ~ 30 % npn 2) =I07 P, OAHaico aaexTpHwecxaa npownocTb Macaa ace 
ene ocTaeica Bume, wen npn HTM , KOTopaa npaxTHwecxH ae HaueHaerca ot Aoau odAywemta.

PHC. I. SaBHCHMOCTb WHCJia HMnyabCOB HP 
b MHHyry ot HcnuraTeabHoro HanpaxeHHa 
am Macaa PK c paanoft cTeneHi® odayweHHa: 
I - Macao HeodayweHHoe; 2 - _Z)«3,5x

-XIO6 P; 3 - 35 -I, I-IO4 P; 4 - 2) - 
.1,1-10° P; 5 - 25 -I,I-IO7 P

Phc. 2. 3aexTpHwecxaa npowHOCTh
Macaa npHlinr(I) h Iinf4'(2) b 
aaBHCHMOcTH ot Aoau odaywemw

Ha pnc. 3,a,d,B npaaQAeaw peayabiara xpoMaTorpa$Hwecxoro aaaanaa pacTB operetta b Macae raaos 
b peayabTare odayweHHa Macaa. PopHaoHTaabHofl nyHKTHpHofl areoiefl aa kbxaom pacyaxe noKaaaati npe- 
Aeabao flonycTHMue aaaweaxa KoaqearpanHH raaoa b paccMaTpHaaeMux BHCoxoBoabTHux TpaacfopMaTopax. 
Kbk bhaho, HMeeT M6CT0 aHawHTeabHoe npeBbraeane npoTHB AonycTHMoro bcox raaoB, BMAeaawqaxca np« 
paaaoxea™ Moaexya Macaa. JtM MeTaaa (CH\) , aTaaeaa (CtHk) h aTaaa (C^H^) nopo- 
roBaa Aoaa cocTaaaaeT ~ 3-10° P, a am BOAOpoAa - I,I-IO4 P. Boodme odieM BifleaHBoeroca boao- 
poAa aaHdoaee aaawareaea, xoth h cynecTBeaao Meabme, new sto caeAyer xa anreparypnax ahhhhx 
(200000 MKa/a npoTHB 15000 mka/a b excnepmieHTe).

Haaawae b Macae BOAOpoAa, MeT&Ha , aTaaa h gTHaena cBMAereabCTsyer od OTHocwreabHO Heraydo- 
kom paaaoxeHHH Moaexya. noasaerae nocae ao3H 10° P aqeTHaewa (CgHg) xapaxTepHO am tioaee 
raydoxoro npoqecca paaaoxeHHH Moaexya Macaa. TpaHcjfopMaTopmiR aaeKTpOHaoaauHOHHM# xaproH ao pa- 
AHapHOHHoR odpadOTKH BMcymHBaaca h npoioiTUBaaca wacaow noa BaxyyMOM. IlocaeAynmHe HcnuraHHa xap- 
TOHa npoaoAHaHcb nan b cBexeM Macae nan b Macae, odaywemoM BMecTe c KaproHOM.

Ha pnc. 4 noxaaaHa eaexrpHwecxaa npowHocTb xaproHa, KOTopaa ocraaacb HeHSMeretofl nocae oday- 
weHHa,H HanpaxeHHe nepexpurHa (oaexTpHwecxaa npownocTb BAoab nosepxHOCTH xaproHa), xoTopoe HMeao 
Hedoabrayi) TeHAeHqmo x yMeHbmeHHD. PopaaAO aaweTHee HaMeHeHHa MexaHHuecxHX h xhmhw6ckhx xapaxTe- 
pHCTHx xaproHa b peayabTaie odayweHHa (pnc. 5). CKKxeHHe MexaHHuecKoft npowHOCTH xapioHa Hanima- 
eTca nocae 2) ~ 10° P, topab xax cTenem noaHMepHaattHH npn btoII Aoae ynaaa howth b 3 paaa.
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XHUHwecKHlt napaxeTp - CTeneHb nojiHMepxaauxH noasoaxeT ay^rne BHflerb raodyn cTeneHb paapymeHHH xap- 
TOHa. B HameM cayuae CTeneHb noaxMepxaaqxH xaproHa npx I) = IO7 P ynajia ao *~I5 % ot hcxoa- 
hoB. Kaeaaocb dw MexaHxwecKHfl pecypc qeaaoaoaH nomocTbo xcxepnaH, ho b to me spewa npowHOCTb 
Ha paapwb xaproHa coxpaaxaacb Ha yposHe 50 %.

5 *000

Phc. 3. KoHqeHTpaqxa eoflopofla (a). Mexaxa, 
axmieaa, axana 16) h aqexxaeHa (b) b Macae 
ot flOSH odayvieHxa:--------- npqneabHO flonycTHMue aaaweaxaKOHqeHTpaqxx raaos npx eKcnayaTaqxx xpaHc- $opnaTopoB

Pxc. 4. Hanpameaxe npodox (I) x nepexpMTxa xa 
noBepxHocTx (2) xapxoHa b aaBHcxMOcxx ot noan 
odaytiemw:
I - odjiyueHHutt xapTOH b xeodayweHHOM xacjie^ ftapxoH odayxeH BMecxe c xacaoqk 2 - HanpameHxe nepexpurKH odayuemoro xaproxa b HeodayxeHHow uacxe
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Phc. 5. CTeneHh noJiHMepHaauHH (I; 2) xapTOHa 
h npouHOCTfa Ha paaptre XI; 2) or ioau otijiyuemix: 
I; I' - HenponHTaHHHfl KapTOHj 2; 2'- xapTOH, 
nponKTaHHHH TpaHC^OpiiaTOpHUi M&CJIOM

TaKMM odpaaoM, b peaynMare aoboabho odupipHoro HccxeACBamiH fljyx ochobhhx jormctiHOHajibHO ana- 
uhmmx MaTepMajioB BHcoKOBOflbTma TpaHC$opMaT opos (Tpanc^opMaTopHoro *acjia h aJieKTpoHaojunyioHHoro 
xapTOHa) BHHBJieHo H&nHUHe paapymamqHx npoueccos (raaoBUnexerote b Macro h yMeMbmeme CTeneHH no- 
jiHMepHsaifHH B KapTOHe), KOTopue npn floaax odjiytieHHH I06-I07 P npHBOflurr x K3M6H6Hho xapaxTepac- 
THK 3THX HaTepHajIOB B TOtt HAH HHOtl CTeneHH ( aJieXTpiWeCHaH npOHHOCTb MeHHeTCH HaaHaWHTeXbHO, we- 
xaHHwecKM - tSojiee aauemo). B to *e speiM floau, HadpaHHue aroxipoodopyAOBaHHeM b peayxbTaTe aea- 
pHH Ha ABC, He noMWUiH Ha ocHoamie xapaxTepHCTHKH Macro h xapTOHa.

CTaTbH nocTymuta a paAaxqHD 29 hdkh 1992 r.

yflK 537.533+639.12.04

WKyCHPCBKA CHJILH0T04HHX HMKOB 3JIEKTFQH0B 
H rEHEPAUHS minwmCOB CBEPXIECTKOrO FQfmmOBCKOrO H3OTEHHH

B.$. 3mhu6Hko, B.B. THMO$eeB, B.fl. IBhhh

PaCCMOTpeHH M6T0AH $OKyCHpOBKH CHJIbHO-
TOHHoro paflHoaJiexrpoHHoro nysxa b pjione 
c nexbD nojiytieHHH MoqHHx peHrreHOBCKHx hm- 
igrjtbcoB h HccflevtosaHH pasjitNHbie cnocodH 
HeflTpajmaaqHH ero codcTBSHHoro aroxTpii- 
uecxoro mum.

Ilpn BaaHMOAettcTBHH c MHoeHbD Moupufi paxHosroKTpoHHHfl qywox (PBII) nepeBOflHT ee b nroaMemoe 
cocTOHHHe. Ecjih Tox nyuxa doxboe Axb$BeHOBCKoro, ran rwHiyercH b MHmeHHOfl nxaawe. Ha pac. I 
noxaaaroi TpaexTopMH axexTpoHOB b rooM-pejvieKCHOM ahoa® co croAynmHMH napaiierpaiat: BHemHHft A»a- 
MeTp xaTOAA 50 mm, BHyrpeHHMlt - 40 iai, aaaop uexpy ecbtoaom h anogoM oxoao 5 w, HanproeHae
U -I 1IB, Tox I -250 kA, AAHTexbHocTb HMnyjibca oxoxo 70 hc. JSflii MOAexapobbhhh npoTexauafl 
tokob b ahoao Hcnoxbaosaxacb nporpaiwa POISSON"l% [I].

Moxho noxaaaTb, hto b Hanaro HMnyroca Toxa aHOAHaa tfoxbra dscTpo npeBpaqaeTca b paaserac- 
myocH Ha-aa TennoBoro sapusa roioTHyo rniaauy. Bra nroawa uacTiitoto nepexpHsaer aaaop ueaxy kbto- 
Aom h bhoaom. BcxeACTBHe aapAROBoB HeflrpajuisaipiH FSO a naasae aroarpoHN nyuxa Ape#ymr no nan- 
paaneHUD x och ahojub nqa AeAcTBaeM codcTBeHHoro MantHTHoro noM. Hacromoe MOAexapoBaHae noxa-
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auBaex, yxo odpaayexcn iuiothm# nimn c / w 800 kA. [Thru ®»eex $opny xojibi;a c paflH-
yCOM OKOJIO 2 MM. riOJIHhlfl TOK B flHOflB OKOXO 270 KA, 8 HOHHUfl TDK 15 KA. 0flH8KO HCn0Xb30B8HHe RJ1* 
reHepaijnH peHTrenoBCKoro mxyyeHHH b xawecxBe xoHBepxopob xjncexHX ajieMeHxoB (BOJib$paM, xaHxax ) 
c bmcokoR xeMnepaxypoft nnaBJieHHH npHBOflHT k TO«y, uto xpedyexcn 3HayHxexhHHft noflBOfl aneprHM P3I1, 
u.to6u nepeaecTH xoHKynwmeHb b iuiaaMeHHoe cocxomme m odecne«mxb ycxoBHH caMo$OKycHpobkh.dostomy 
b OKcnepMMeHTax ocTpaa (JcxycHpoBxa HadaioflaeTCfl odbWHo bo BTopoll nojiobhhb HMnyjibca, Korfla doxbmax 
yacxb aanaceHHott aneprHH yxe HapaoxoAosaHa. CxeAOBaxexbHO, beukho noxyyHXb ycJiOBHH $OKycnpoBKH 
P3FI b nauane HMnyxbca ao BaajoioAettcTBMH nyyxa c xoHBepxopoM, noTOMy yxo b axon cjiyuae aHeproBbi- 
Aexewie aaMaraHueHHoro P3I3 b tohkoH MHmeHH yBexHMHBaex bhxoa peHxreHOBCKoro H3JiyyeHH«, ocodeHHO 
b "Marxoft" wacxn cneHTpa.

BaaiiMOAeffcTBHe c$oxycnposaHHoro P3I1 c xohxoB MMmeHbio c ynexoM ahh8mhkm paaxexa MHiueHHott 
ruiaaMbi h AK#y3MM warHHTHoro hojih HccJieAOBaxocb hbmh b padoxe Czl c noMombio kom6hh8uhh MexoAa 
MoHxe-Kapjio ajih nepenoca axexxpoHOB P3I1 b BemecxBe h MexoAa xpynHHX yacxm; ajih pemeHHH ypaBHe- 
hhH MaraHTHofl rHApoAMHauHKM. IloKaaaHO, «xo npn o expo ft (foxycHpoBxe P3H c aHepraeft axexxpoHOB
Ee I MaB, 1 ~ 50Q kA, "tu™ 40 hc, paAHyce nyqxa T-f> 2 mm h toxihh-

hg MHmeHH T(X 0—50 mkm aneproBHAGxeHHe b MHmeHH h bhxoa HH3KoaHeprexH-
uecKoro peHxreHOBCKoro H3xyweHHx ( ^ 100 KaB) Boapacxaiox npHMepHO b 3 paaa no cpaBHe-
HHIO C OAHOaJieKXpOHHblM npHdHHKeHHeM (XOJIOAHafl MHmeHb).

rioAodHaa xoHcxpyxijiMt ahoaa c APnoJiHHxeJibHofl $omroft, pacnojionceHHOft b MeKaxexxpoAHOM aaaope, 
paccMoxpeHa xarate c xowkh apenna nojiyyeHHH h $oxycKpoBKH P3H c xoxaMH ao I MA h KHHexHyecxoft 
aHeprneft ycKopeHHHX axexxpoHOB okojio I MaB. Kan noxaaaxH peayjibxaxH yncxeHHoro moagjihpobbhmh, 
onxHMaJibHHM HBJiHexcH AZOAHbitt yaeji co cjieflyiomHMH napaMexpaMH: BHeiBHHft pa#iyc KaxoAHoro BHcxyna 
12 CM, BHyxpeHHHft - 10 CM, paCCXOHHHe MOKAy K8T0A0M H aHOflOM 2 CM, paCCXOHHHe Me«Ay KaXOAOM H 
AonojiHHxejibHo# cjpoxhroft okojio I cm (cm. pnc. 1,6). IlojiHHfl xok, npoxexaioqHft b ahoag, pasen I,I MA, 
H ero aHayHxeJibHBH yacxb (okojio 600 kA) AoexHraex odjiacxH b6jih3H och c paAHycom, MeHbmHM I cm. 
SonojiHHxejibHafl $ojibra Hcnojibayexca ajih HeftxpajiHaai^HH paAHanbHoro axexxpHvecKoro nona P3II. Oahsko 
cyme ex Bye x npHHiyinHajibHoe paajiHUHe uexpy RByun paccMO xpbhhhmh KOHCxpyxuHHMH ahoaob. Bo BxopoM 
cjiywae xeraoBott pasjiex AonojiHHxeJibNofl $ojibrH HeaHanHxeJieH no cpaBHeHHD c BejiHtamoft ahoahopo aa- 
aopa h JiapMopoBCKHM paAHy com ajiexxpoHOB nyrnca, h ^oKycnpyiomee AGftcxBHe $o;ibrH onpeAGJiHexcn hck-
JIKHjHXejIbHO 38K0payHB8HH8M pBAHaJIbHOft KOMnOHBHXH ajieKXDHyeCKOrO TOJIfl b6jIH3H nOBepXHOCXH l$IOJIbrH.

Aho9

PHC. 2. SaBHCHMOCXb a#eKTHBHOCTH 
KOHBepCHH OX XOJiqHHH xaHxajiOBO# 
MHmeHH:

Pnc. I. PeoMexpHH AHOAa ycKopHxejia 
h Ana $OKycHpoBKH P3II (6) h xapaKxi 
exxopHH ajiexxpcHOB

-------  bo BC6M AHanaaone penx-reHOBcxoro HajiyyeHHn;---------
b AHanaaone aneprHft ^ 100 xaB
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CroibHOToumie P3II nHpoKO HcnojibaymTCH flJW reHepaqn« moiuhhx HMnyjibcoB peHTreHOBCKoro HanyueHHH. 
Kan BHflHO ns pMC. 2, 3Ji6KTpoHH nyuKa aa BpeMH flpeti$a BflOJib $0Jibra k och nyuKa MHoroKpaTHd riepe- 
cexajoT flonomHTejibHyn $ojibiy. Tbkhm otipaaoM, pjm nonyueHHH HHTeHCHBHoro TOueuHoro peHTreHOBCKoro 
hctouhhkb LieHTpajibHM uacTb dfjojibrH flojnma 6hiTb cflejiaHa M3 Marepnajia c bhcokhm Z . Ecjih $o;ibra 
46JIMKOM COCTOHT M3 THXeJIOPO MaTepHBJia, TO nOJiyuaeM EMpOKMil MCTOMHHK T0pM03H0r0 H3JiyueHHH C nOBbl- 

raeHHMM BUXOflOM.
Hm*0 npHBOflHTCH peay^bTara MOfleviHpOBaHMH nornefl TopMoaHoro nanyueHHH. BaaHMOAettcTBMe c$OKycM- 

poBaHHoro P3I1 c tohkoR mhuishbo MCCJieAOBanocb hbmh panee [2] . IloaTOMy b ashhoiS paSoTe npencTaBJieHbi 
TOJibKO peayjibTaTu MOfleJiHpoBaHMH peHTreHOBCKoro hctouhhkb dojibmofl roionaflH. TpancnopT P3H b tohkoA 
MMnieHM-$o^bre MOfleJiMpoBajicn mbtoaom MoHTe-Kapjio no oxewe ynpyrneHma CTOJiKHOBeHHfl c yueTOM abh - 
XeHMfl 3JI6KTP0H0B BH6 MHUieHH B 3JieKTpOMBrHHTHOM IlOJie.

IIpOBOAMJiaCb OriTHMHaaHRH TOJIUHHH TBHTajIOBOfl MMmeHH no BblXOfly SHeprMH TOpMOSHOrO M3JiyUeHHH
b nepeflHee nojiynpocTpaHCTBO. Pmc. 3 noKaausaeT a$if)eKTHBH0CTb KOHsepcHH ( bhxoa sHeprHH TopMoaHoro 
HSJiyueHHH BnepeA b 23T , OTHeceHHHfl k aHepran 3 ioktpohob) b aaBHCMMOCTH or tojiiahhu mhuiohm, kbk 
nojiHyra, tbk h b AHanaaoHe ro 100 ksB. HafiAeHo, uto 3$$eKTHBH0CTb KOHsepijHH A°cTHraeT 2 %, b to 
BpeMH KBK flHH CTBHflapTHOrO KOHBepTOpa-1,6 %. OnTHMEUlbHafl TOXIQMHa TBHTajIOBOi! MMmeHH 25-40 MKM.epetA- 
hhh sHeprHH (Jotohob b cneKTpe 140-150 ksB. Ha pnc. 3 npuBeflen ifOTOHHhifl cneKTp paccMaTpHBaeMoro 
KOHBepTOpB B CpBBHeHHM CO CTaHflapTHUM. TaKMM OdpaaOM, 3#6KTHBHOCTb npeflAOJKeHHOrO KOHBepTOpa
B 1,25 paa dojibme cTaHAapraoro. CpejOtoa aHepras cnexr. : yMeHbinaeTcn Ha 30-40 ksB, onTHMajibHan
TomqMHa MMmeHH yMeHbmaeTca b 3-4 paa a. Bhxoa aHeprnu rooMoanoro MamyueHMH flo 100 ksB, flaamHfi oc- 
HOBHOfl bkjibu b norjiotqeHHyio floay b MarepHajiax co cpeflHHM h bhcokhm btomhhm HOMepoM, yBejiHUHBaeTCH 
no cpaBHeHMD co CTaHflapTHUM KOHBepTopoM b 3 paaa. 3to odecneuMBaeTcn MHoroKpaTHHM BaaHMOfleflcTBHeM 
P3H c MHmeHbB hoa AeflcTBHeM codcTBeHHoro MarHHTHoro hojih.

Pmc. 1 3. CneKTpa TopMoaHOi HsjiyueHHH, 
Buxo^Wmero ms MMmeHH:
--------------------  - flJIH IDHpOKOT 0 KOHBepTopa,

HaodpameHHoro Ha pnc* 2, TOjmiHHaMMmeHH ct «30 mkm; ------- pjm
CTBHAapTHOrO KOHBepTOpa HTHMaJIbHOtt 
TOJOQHHH

Pmc..4. PaAMajibHufl npotjHJib aKcnoaHipiOHHoft 
fi03H Ha paCCTOHHHH 2 CM 0T KOHBepTOpa 
B aaBHCMMOCTH OT TOJDQHHU TaHTajtOBOrO 
KOHBepTOpa: .----- - a -20 mkm;---.— -
Cl —30 mkm; ♦ —" — CL —40 mkm

B nocjieflHee BpeMH npoHBjn-oTCH onpeAeJieHHiifl HHTepec k pemreHOBCKHM MCTOuHHKaM dojibmofl nno- 
maflH. B 3Tom cjiyuae pjia nomyueHHH paBHOMepHoro no ruiomafln MCTOuHMKa HcnojibaynTcn aocthtouho chok- 
Hbie KOHCTpyxqMM AHOAOB HJIH AOnOJIHHTeJIbHUX yCTpOftCTB. Ha PMC. 4 HSOdpaxeHM BUUHCJIHTeHbHbie npO$HJIH 
3KCn03MqM0HH0tt fl03M flJIH npeflJI0*6HH0r0 KOHBepTOpa Ha paCCTOHHHH 2 CM aa MHmeHbB. Bhuho, UTO nofldo- 
pOM TOJimHHbl MMmeHH MOSHO AOdMTbCfl XOpOfflett paBHOMepHOCTH otijiyueHMfl no ruiomafljl HCTOUHHKa. CaMbIM 
xecTKHM TpedOBaHHeM fijm peajnoaqHM npeAxaraeMofl cxeMU nmpoKoro KOHBepropa HBJifleTCH B03M0*H0CTb 3a- 
nacaTb m KOMMyrMposaTb b ahoahuR ysem TepaeaTTHue noTOKH anepraH. B HacTonmee BpeMH TexHHKa coa- 
Abhmh ycKopHTejiett Taxoro oacca y*e aocthtouho ocBoena.
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METQBH4ECKME yCTAHCBKH flJIfl yCKOFEHHUX FECyPCHHX MdlUTAHMlt HA HAflEJEHOCTb 
3JIEKTP0TEXHHHECKHX KOMIMEXTyBC|HX, BXOJPtHX B COCTAB OBOFVflOBAHHfl ABC H HflEFHHX yCTAHOBOK

B.C. IflecraKOB

A a^auuiana
jvin HcnuTaHHtt BJieKTpoTexHHKH, MHxpone- 
peHJi»yaTeaett, MexaKmecKHx McmiTaHHtt 
xadeaeit Ha HarHd, a tarose jvm HcmiTaHHd 
3JieKTpOT6XHHKH BHCOKHM HanpHXeHHeM.

3HayHT6JibHoe kojihmsctbo OTKaaoB Ha ABC h agepHux ycTaHOBOK (fly) npoHCXOflHT no aaexTporex- 
HmecKHM aJieMeHTBM h HaflejiHHM. HaflemocTb 3THx xoMiuiexTyionHx HBJineTCH cocTasHOtl wacTbio HaAex- 
hocth padoTbi fly k Ojiokob ABC. B oflHOM Ha TunoB peaxTopa(xax BBP) HacyHTHBaeTca donee 400 Haxwe- 
HOBaHHfl aJieKTpoTexHHuecKHx H3fleAH». Hs hhx HesHayHTejibHBiR npoqeHT HMenT flOKyMeHTatyno TV, FOCT, 

OCT c MeTOflaMH HcnuraHHlt, npeflHasHayeHHHx tojibko jjnn ycnosKt! ABC. OcT&nbHaa HOMeHxnaTypa, bh- 
nycxaeMaa CTpaaaMH CHF, HMeeT b TV, OCTax h FOCTax MeTOfiy acnyTaHH* jvm odnjero noAbaoBamia. Ho- 
aTouy ctoht aaflava no coaflaHtro h yTBep*weHMio mbtoaob HcnuraHHtt sthx HaflejtHft, npeAHaaHayeHHhix 
JVM patioTH b ycAOBHgx axcnayaTaqHH Ha ABC m fly.

C neabD npOBefleHHH ycxopeHHux pecypcmix ncnuTaHn2 jvm HexoTopux xjiaccoB aaexTpoTexHayecxKx 
xoMimexTynmMx, Ha xoTopux ycnenmo nposefleHH HcnuraHHH c HcnoAbaosaHMeM xodanbTOBoR ycraHOBKH 
Fy-200, H c ytieTOM ycJiOBHfi sKcnnyaTapHH xoMiuiexTyionHX Ha ABC (b tom yHCJie aBapHttane pestHMu, Ma- 
Jiaa h doAbinaa rewb) hbmh paapadoxaHH ycTBHOBXH. OflHa hs hhx npeflHaaHayeHa jvm ycxopeHHbix pecyp- 
cHbix HcnuTaHHtt MHxponepeKJinuaTejiett. yyaruBaa, WTO oahhm H3 cnadux mbct MHxponeperomowaTeAefl hb- 
JunoTCH ToxonpoBOflHUHe jiaMejiH, BbinojiHeKHue Ha dp0H30B0tt AaTyHH h HcnuTHBaoqHe MexaHHvecxyD Har
py 3 xy Ha Harad bo BpeMH nepeKJroveHMti, paccyirraHHHx Ha onpefleaeHHoe hhcjio hx tpucaoB, Aatmaa yc- 
TaHOBxa noaBOJiHeT npoBOflHTb HcnuTaHHH MHxponepexjnoyaTejielt bo BpeMH odnyyeHHa npH noBumerorofi 
TeMneparype. npramHimajibHoe ycTpoflcTBO ycTSHOBKH npeflCTaaneHO Ha pxc. I. Or aaexTpoABHraTeJia ve- 
pea axcipeHTpuK coaflaeTca bosBpaTHO-nociynaTeJibHoe ABHxeroie mToxa. UItox aaxpenjieH c roiacTHHotl, 
xoTopaa ocyqecTBaaeT BxanyeHMe oahoBpeMeHHO HecxoabXHx Mmcponepexjuoy aiene#. yaea co idtokom h
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MHKponepeturnwaTe jihmx noMenaevcfl b aarpesaTejibHyn xawepy, KOTopaa paawemaeTcn b donee odjiyuaTejib- 
Hofl ycTanoBKH. Komportb aa padOTott MHKponepeKjmaTejiett, a Tame aa TewnepaTypofl x ee peryjixpoB- 
KOtt ocynecTBJiaeTCH c djioxa ynpaaneHHH, pacnojiowexHoro b x3MepxTertbHow nowemexxx.

Btopaa ycTaHOBKa npeAXaaxawexa jvih xcnuTaHxtt aJieKTpOTexHxxecKXx KOwnjieKTyraqxx, Taxxx kbk 
paaiemu, coeAMHxrejix, peae, conpoTMBJieHHH, Kox^excaTopa, TpanaxcTopu x flxoflu b ycjioBHHX odjiywe- 
HXfl, noBumeHHofl TewnepaTypa, BJiarx x flaaneHXH. npxHiymxajibHart cxewa ycTBHOBKK npeACTasJieHa xa 
pxc. 2. B Kawepy nouemaoTCfl xcnaTaBaewae odpaaqu aJieKTpoTexHXxecxxx xaflertxfl, nocJie xero oxa rep- 
MeTxaxpyeTCH Kpbnmtolt. 3aTeM coaflaeTcx gaaneaxe xaxawxoM rasa xepea TpydonpoBOfl. Kawepa noweiqa- 
6TCH b doxce odJiyvaTejibxoB ycTaxoBKX. Harpes Kawepa, a Tame KOHTpojib aa cocTOrtXxew cpeflu x pa- 
doTocnocodxocTbD artexTpoTexaxwecKXx xaflejixtt ocymecTBJweTCH c djiOKa ynpaaneaxa x perxcTpaqxx, pac- 
nortoxexxoro b HaMepxrejibHou noMeoiexxx.

Pxc. I. ycTaxoBKa pjia xcmrraxHB wxxpo- 
nepeKJiioxaTejiefl:
I - aJieKTpoflBxraTexb; 2 - aKcqexTpxK;
3 - ibtok; 4 - xarpeBaTexb; 5 - Tepwor- 
napa; 6 - Kawepa; 7 - MKKponepeKjroxa - ■ 
Tejib; 8 - drtOK ynpaBjrexxH x perxcrpaiixx

Pxc. 2. YcTaxoBKa gaa xcnwTaaxB aJieKTpo- 
TexHHKx:
I - TpydonpoBOfl xaxawKX rasa; 2 - abtukk 
asrtexMrt; 3 - Kawepa; 4 - xarpesaTertb;
- Tepwonapa; 6 - xcnaTaBaewae odpaaqw; 

7 - drtOK ynpaBJiexxrt x perxcTpaqxx

Pxc. 3. YcTaxoBKa pjw xcntrraHXfl Kadexefl 
aa xarxd;
I - ABxraTexb-, 2 - wexaaxaw KOJiedaHxB;
3 - waHTHXKOBMft paxar; 4 - xcnuTUBaeioiK 
Kadejib; 5 - cwexHae pojikkx; 6 - rpya;
7 - drtox ynpaBJieaxH x perxcTpai^xx

Pxc. 4. YcTaaoBKa jum xcrajTaaxtt axexTpo- 
TexHKKx aanpHseHxew:
I - TpydonpoBOfl HaxaxKX raaa; 2 - bucoko- 
BOJibTHue paabewa; 3 - Tepwonapa; 4 - Kawepa; 
5 - xcnaraBaewae arteweara; 6 - aarpesaTejib;
7 - drtOK ynpaaneaxrt x perxcTpayxx
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TpeTfaH ycxaHOBxa (pac. 3) npeAHaanayeHa am Mexanayecxax acnuTaHafl Ha Harati xadejieft bo Bpewa 

ofijiyueHHH. HcmiTbiBaeMutt odpaaeq xadeM 3axpenMexca oahhm xohaom k noflBuxHOMy puyary m npomia- 
AHBaeTCH Me*Ay CMeHHHMH poMxaua. Ha BTopoft xoxeq xadeM aaxpemiaeTCH rpya. Or b&h& ajiexxpoABa- 
raxeM uepea MexaHayecxyio cacxeiny coaflaercs xoaedaTeJibHoe ABK*eHne MaaTHuxoBoro puyara. ycTa- 
HOBxa noMenaeTCH b od;iyyaTejibHOM doxce. 3anycx h KOHTpojib whom qaxjiOB xojiedaHaft ocymecTBMeTCH 
c djioxa ynpaBJieHM h peracxpaqaa, pacnojioiKeHHoro b H3MepnTejibH0M noMemeHaa.

, HeTBepTaa ycxaHOBK* (pnc. 4) npeAHaaHayena am acnuTaHafl xadejiefl h aJiexxpoxexHayecxax aJie- 
MeHTOB bhcoxhm HanpaxeHaeM bo speMH odjiyyeHaa HOfl ABBJieHHeM, TeMnepaTypof! h BJiarofl. B xauepy, 
paccwHraHHym Ha AaBJieHHe asapatiHoro pemawa tiojiboioft Teua, noMenaioTca anexTpoxexHHyecxae HaflejiHa, 
KOTOpbie TOKOnpOBOAHiyHMH ajieMeHTaMH aaxpemifllOTCfl K npOBOflHHKaM C BblCOXOBOJIbTHHMH HaOMTOpaMH. Ka- 
Mepa HMeex HarpeBaxejib pjih coaflaHHa HeodxoAHMofl xeMnepaxypu m.bboa c KJianaaoM am Haxayxa raaa 
yepea TpydonpoBOA. Coaflantie HeodxoAHMux ycJioBaft b xainepe am acnuxaHafl a xoHTpojib ocymecTBMeTCH 
c djioxa ynpaB^enaa a peracrpayaa, pacnojiomeHHoro b aaMepareJibHOM noweqeHaa, a cawa xauepa canex- 
TpoTexHayecxaMH aafle^aaMa noMenaeTca b odnyyaTejibHOM doxce.

CxaxbH nocxynajia b peflaxipro 29 hdhh 1992 r.

ym 621.039.55.553

HH3K0HHTEHCHBHHP1 IIPOTOHHlrfl FEHEPATOP fllH PA#IAI#OHHHX HCIlHTAHHtt 

H.B. Hcxomhh, A.$. rypday, A.B. CeweHOB

HpewioxeHa cxewa, BunoMemi pacyexu 
a npoB6A6H .ueMOHCxpayaoHHbiR axcnepa- 
M6HT, OdOCHdBHBajOHae B03M0XH0CXb C03fla- 
hhh HaaxoMHxeHCMBHoro npoxoHHoro renepa- 
xopa na ochobb HAepHOtl yem\\VMBH(3HetpfHe.

Boaflettcxsae aaJiyyeHaa Caa acxaoyeHaeM aa^yyeHHH a&epHoro sapuBa) Ha naAeJiaa aJiexxpoHHOfl xex- 
hhxh (M3T) b ycjiOBWtx xocwayecxoro npocxpaHcxsa hocmt AO-nroBpeMeHHufl xapaxxep. B oxjiayae ox da- 
noMpHiix xpaHaacxopOB, am xoxopux nponopqaoHanbHue HadpaHHOMy juimency Ae$exThi CMemeHaa, npaso- 
Amqae x yweHbmeHam BpeueHa xaaHM hbochobhux Hocaxeiiefl, hbmbxch ochobhoR npaynHofl yxypsaeHm xa- 
paxxepacxax npadopoa [I], am MOII HC BaatHU npoqeccu oxxtara a BOccxaHOBJieHan napawexpoB, xoxopue 
npoacxoAflT b cpeAe c weuioR MoyHocxbio floau [2,3]. Ho npodjiewe bo3A6Rctbhh xocuayecxoro aajiyyeHaa 
Ha M3T HaxoiuieH Becbua odmapHufi axcnepaMeHTajibHbifl Maxepaan, oahbko a8hhux b axofl odjiacxH mbjio 
aa-aa xpyAHoexeR b npoBeAenaa cooxsexcTBynnax acraxaHatt. Am moabjiapoaanaH paAaaipioHHoro bosaofl
ex bha acnojibayexcfl Hejrnfl p«A acxoyaaxoB aaJiyyeHMH [4], ho ohh He ace nparoAHH RJin npoBeAenan 
AAHxeabHbix acntJxaHMfl. Ecjih MajioMOBpBie acToyHHxa HeflxponoB, asexxponoB a peHxreHOBCXoro aajiyyeHHH 
cpaBHHxeabHd AOCxymm a woryx duxb acnoAbaoBaHn b AOJirospeMeKHOM pexawe, to am npoxoHOB, xcropue 
HBMDTca OAiofi aa ochobhhx KoimoHeHx xocMHyecxoro aaxyyeHHH, npaBOAflmax x AerpaAaAaa napawexpoB 
H3T [5], Tax ax acxoyHaxoB Hex. IIpaMeHaeMHe am MOAe^apoBaHaa npoxoHHue ycxopaxejia Aopora b axc- 
ruiyaxaijHH a He npacnocodaemi x AAaxejibHOMy HenpepuBHOMy pexawy padoxu. IloaxoMy paapadoxxa epae- 
HaxeJibHO AeoeBoro, npoexoro a HaAeatHoro reHepaxopa npoxoHOB, coaAaonero HaaxoMHxeHCHBHbifl MOAeJia- 
pyomafl noxox, npeAcxaBMexcfl axxyajibHO#.

He Jib Hacxomqefl padoxu - Ha ochobb paewexa a axcnepaueHra odocHosaxb BoaMomocxb cobashha
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xaxoro reHepaiopa. ilpHtoym ero pafiora aaxjmuaexcH b cjieflyromeii.
Hot ok nporoHOB I c aHeprHefl Ep ~ 10 MaB h HHTeHCHBHoeTbD ^-£> 10^ TexHHuecKH 

HecaoxHo no^yuHTb M3 akaoTepMHwecKOft peaxuHH BaaHMOflettcTBim ycKopeHHhix a° Hedojibmo# aHeprun 
(100-200 KaB) aapaxeHHMX nacTim c cooTseTCTByimiefl MMmeHbio. Bud op ycKOpaeMux qacxMq h aApa-Mmuen u 
onpeAemeTca aHeprHefl peaxquH, ee ceueHneM m yAodcTBOM TexHHwecxofl peajiMaatiHH. CpeflH peaxqHfl 

c npoTOHOM b BhKOflHOM KaHaxe, HflyiHX uoa B03fleflCTBHeM aapfixeHHHx MacTHp Ha JierxHX Hflpax, KorAa 
MOJKHO OXHAaTb 3HaHHTeJIbHHtl BHXOA npH HH3KMX BHeprHHX HaJieTa»HHX UaCTHU, JlMmb HeCKOJIbKO HM6I0T 
aHeprHD peaxqMM Q > 10 MaB [6]. HaMdojibnuiM ceueHneM b AKanaaone 100-200 xaB odjiaAaeT peax- 
qm 5Ht (*H, p^He [ 7<] . Am ee peajiHaaqHM b cTamtapTHOfl cxewe HeflrpoHHoro renepaTopa 
AocTaTOMHO aaweHMTb HMmeHb. OAHaKO b npoqecce axcruiyaTanHH wnmeHb dyAOT HacumaTbca nocTeneHHo 
AefireptieM, wo HeMatiemo npMBeAeT k noHBJieHmo HetopoaoB tia axsoxepMMHecKOfl peaxqMM zH(3H>rt)3 He. 
3to OTpmiaTe^bHO cxameTCH Ha paAHaqHOHHofl deaonacHocTH ycTanoBKH. IIpH Mcnojib30BaHMH peaxqHH 
2H(3He, p)‘'He Memuy tbmh me jytpaMH c hohbmh 3He? b KanecTse HajiexajomHx wacTxp 
to me cauoe aHaueHHe ceneHHH (b cMJiy xMHeMaxHwecxMx cooTHomeHHft) AocTHraeTca npn ycKopmoneM no- 
TeHquajie b 1,5 paaa doJibmeM, wew b CJiywae ycKopeHtm AetopoHOB. OAHaxo BoawomHocxb HcnoJibaOBaHHH 
CTaHAapTHux AetoepHeBUX MieneHefl H, raasnoe, npaxTHHecxn nojiHoe OTcyrcraMe paAHaqHOHHoro $ona 
AesaeT aTy peaxqHn Handojiee nepcneKTHBHOii am cosabhhh npoTOHHoro reHepaxopa. Mmchho mb 3T0fl 
peaxiyut m npoaeAena oqeHxa napaueTpoB npeAnoJiaraeMOfl ycTSHOBKH. B xanecTBe npoTOTHna b3ht HetiT-. 
poHHutt renepaTop c XBepAOTejibHOtl MHmeHbio. Bee yajai Taxoro renepaxopa xopomo oxpadoxaHu m Tpedy- 
excfl JiHrab Hedojibraan MOAepHHaayim pjw npespaneHMH ero b hctohhhx npoxoHOB. Gxewa cooTBeTCTsyioateH 
ycxaHOBKH npHBBAeHa Ha pHc. I. OxjiHUHeM ox cxanaapxHofl cxem 3Aecb HBmnxcfl mcxowhhk mohob 3He*
(BMecxo SH* ) H HajiHUMe BaxyywHoA xaMepu, tab pacnojiaranxcfl odjiynaeMue o6paapu(rpH £^,>10 MaB 
BoaMomHo odnyneHMe m Ha BUBeAennow b axMOc$epy npoxoHHOM noxoxe). OxcyxcTBMe xpedoBaHHfl x xouen- 
HOCTM HcxouHMxa noaBOAHex HcnoJibaoBaTb pacxpyxxy nyuxa BMecxo xexHMwecxH cxomHoro yajia Bpaiqa- 
Dneltcfl MMraeHM, npMwew b ournuHe ox padoxu c HetoponaMM Hex hmkblkhx orpaHmeHKft Ha cMCxewy boah- 
Horo oxJiamneHHH MieneHM. IIpeodpaaoBaHMe MOHoaHeprexMuecxoro noxoxa rpoxoHOB b noxox c sbabkhum 
cnexxpoM b anepreTHuecxoM AHanaaoHe E< E npeAeJibnoro EnpeAejibHoe onpeAeJiaeTCH npn hq- 
BecTHott aHeprHM peaxipuf Ha KHHexMaTMwecxHx cooxHomeroi#) «omex duxb ocyqecxaneHo odtraHUMH cnoco- 
6bmh np« noMonH norJioxHxejiett.

Phc. I. Cxewa reHepaxopa npoxoHoa: .
I - KftHflyKTOp; 2 - HCTO'lHHK MOHOB3He i 
3 - ycKopmoupa xpydxa; 4 - ycxpoflcxBO 
paaBepnH qynxa; 5 - xawepa pacceaHtoi;
6 - nor*oxMxeMb; 7 - MMmeHb; 8 - pxpxy- 
MPHOHHyji boabhoH Hacoc; 9 - odjiyuaeMutt 
odpaaey; 10 - BaxyywHaa cMCXeua; II - 
BBICOKOBOJIbXHHft HCTOHHHK

B npoqecce paewexa anepniH h noxoxa npoxoHOB aneprax peaxqHH Q CBxaana c yrxaun Bbuiexa, 
aHeprMHMH m MacaaMM . wacxMq, yvacTByoqHx b peaxqMK, cooxHomeHMaMM, BUTexannHMH Ha aaxoHOB coxpa- 
H6HHH aHeprHM h HMnyjibca. fSflx aHeprxn BbuiexaxxqeM nacTHqu cnpaaeAAHBa $opwyxa C8X

£ -MiLEt. (co;e A/cc;‘e r (M.*Mt)hMt-M.)E.*M.gjy, m
3 ‘-V ‘

TAe HHaexcH cooTBexcTByox: Hajiexannefl wcxMqe ("I"), jytpy MHneHH ("2"), BuxexaeneR uacxMue
("3"), flApy oTABtiM ("4"); yrox Biuiexa 03 oxcuHTUBaercH ox HanpaaneHHH ABHmeHHa HaxexamqeH 
nacTHUH. IlepeA KopHeti depexcx 3Hax ecxH axopoe cjiaraenoe hoa xopaeM nonommeJibHo hjih paBHO 
HyxD. Alto BHdpaHHOfl pearnym 3He (*H, p)*Hc mieeM: Mf -3, A^-2, M3 «I, Afy=4,
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GL =18,4 IfeB [6j. Ilpa HayaabHofl aHepraa mohob 3He* 200 xaB aHepraa nporoHos HaMenaeTca
ot 14,8 IfeB rah yrjia Qj =90" y ao 13,6 IfeB pjix yrna =180"

IIpM HgMeHeHHH HausuHbHOfl aHepraa b flHanaaoHe 100-300 xaB aHepraa BtraeTaenax npoTOHOB hoa yr- 
jiom 150° HaxoflHTca b npeAeaax 14,0-13,8 IfeB. Baepraa anep OTAaya onpeAeaaeTca no $opMyjie (ana- 
yeHHH HHfleKCOB T6 XB, UTO B $0pHyJI6 (I) )

£t= (cos&„± Ycos‘et * ^*M>

PacueT noKaauBaeT, <jto BnaeTaouHe ajib$a-uacTnqu HMeioT aHepram menee 3 IfeB. Ana nornoaieHHH 
3THX UaCTHll flOCTaTOUHO 8JU0MKHH6BO ft $OJIbTH TOJIUMHOfl ~ 10 MXM. B 3T0t! *6 $OJIbre nOrHOTHTCH K 
ynpyro pacceaHHue Ha jytpax romeroi yacTHqu nepanyHoro nyyxa, Torflaj kbk BWieraixuHe npoTOHH noTe- 
pjnoT b Heft Bcero okojio 70 xaB.

liacno yacTHLt Y , BhuieTamtqnx b Teaecmtt yroa £2 npM khtchombhootm nepammoro nyyxa 
yacxaq A/q (c_I) . onpefleaaeTca no $opnyjie

Y=/V0Q 2 A/a
M+?m > ’

rye A/4 - hhcvio AsoraApo; £ - K03$$nqHeHT HacuneHHa copdeHTa (ero iiaccoBoe yacxo paa- 
ho M ) fleftrepHeM (777 =2); E0 - HayajibHaa aHepraa ycKopeHHoro nyyxa; dE/d.X - TopMosHaa 
cnocodHocTb aemecTBa MHmeHH, onpefleaaeMaa rah AByxKOiraoHeHTHofl MHmeHH no npaBrny Bparra [8] ; 
dG(E)/dSl - AH$$epeHqHaabHoe ceyeHHe peaxuHH.

Ilomoe ceyeHHe peaxqHH rah McnojibayeMoro AHanaaona aHeprafl (xaB) onpefleaaeTca no $opnyae [9]

<5=(2?,3‘ 10*/E)exp(-f11,5£ " *f*) • 10^(cm9) .

Xoth H3 cooTHomeHHH Mexoy MaccaMK Haaeramqefl yacTHqu h aHpa-MHmeHH bhaho, mto aHauMreabHaa 
yacTb KHHeTHyecKoft aHepraa ycKopeHHoro aona coodntaeTca qeHTpy wacc cacTeMw, b croiy bhcokoto ana- 
yeHHa aHepraa peaxqHH Q ^ ^3Ht ceyenae peaxqaH ocTaeTca npaxTayecxH aaorponmiM [7].

Pacyera npoBOflmiHCb rah THraHOBOft MHmeHH, HacuqeHHoit AeftrepaeM b OTHomerom 1:1, b npeAnoao- 
xeHKH, yro odnyyaeMne odpaaqw paaMeatemi Ha paccToaHHK 10 cm ot pacceHBaoqero qeHTpa. Ha pac. 2 
npHeefleHa aasHCHMOcTb noToxa npoTOHOB b Mecxe pacnoaoxeHHa odpaaqoB ot ycxopanmero HanpaxeHaa 
npa Tone nyyxa 10 mA. IIotok, oyeBKOHO, npaMO nponopqaoHajieH khtohcmbhocth qyyxa h, xoth b aare- 
paxype onacaHbi ycTaHOBKH c tokom ao 200 mA [10], npa yaeaHyeHHH Toaa peaxo cHHxaeTca cpox cayxtiu 
MHmeHH, ycaoxHaevca xoHCTpyxqaa HCToyHHxa h yaaa MHmeHH. AabTepHaTHBHOft BoaMoawocTbB yBeaayeHHa 
noToxa HBJiaeTca noBtnneHae aHepraa ycxopaeMtix hohob. CeyeHHe peaxqaa npa 6ones bucokhx aHepraax 
npaseAeHO Ha pac. 3 [7],

IIoBbicHTb anepran nyyxa moxho m6o yeeaHyaBaa ycxopamupilt noTeHqxaji, jihCo npaveHHB HCToynax 
AByxaapaAHux hohob 3He** . OyesHAHo, yxo a to, h Apyroe xaxxe Tpydyex pemenaa pana Texna- 

yecxHx npoCaeM. PtiAHaqaoHHaa oCcTaHOBxa b noMeqeHaa reHepaxopa dyAex onpeAeaaTbca topmoshum 
HaayyeHaeM BTopayrax aaexTpoHOB. Ana odecneyeHaa ycaoBHfl deaonacHofl padora aoa*hh durb npaHaru 
Mepu x ax noAaaneHHB.

3xcnepHM6HT dua BtinomeH Ha ycxopareae 3r~2,5 SMJ. Hocae cneqaaabHO# noAroTOBxa aHepraa. yc- 
xopaeMux oAHoaapaAHwx hohob duaa cHaaena ao 380 xaB. ycxopeHHutt nyyox hohob 3He* nocae npo- 
xoayteHaa yepea MaraarHutt aHaaaaaxop naAaa Ha cTawaprHyo thtbh—AeftTepHeBye MameHb. Toanpma thtb- 
HOBOro copdeHTa 'V'I,6 Mr/cM2, HacbaqeHHe AettrepaeM - (1-2): I, npoder hohob 3He* c aHepraeft 
380 xaB - Meaee noaosHmi Toannom copdeHTa. Tox nyyxa Ha MHmeHH cocTasaaa ~ 50 hA. SnepreTH- 
yecxoe paapemeHae b nyyxe ~ 0,I %.
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Phc. 2. PacueTHan aaBMcmrocTb noroxa
npoTOHOB M3 peaxipm 2H (*He, p)*He 
b 10 cm ot pacceHBaomepo yempa ot yc- 
Kopannero HanpHxaHHflUnPHTOxe nyuxa 10 mA

t

Phc. 3. iHoe ceueHHe
peaKaHM (3He, p) He
b cHCTeMe qeHTpa wacc nofl yrjioM

ji I i liiii i i i

Phc. 4. MaMepeHHHti cnexTp npoTOHOB
Ha peaxyKH SH (5He} p) *He
itoh aHeprHH nywxa hohob sHe 380 xaB 
Cl) h cnexip gC -uacTm; hs otipaayoBoro
HCTOWHXa ru (2) { Tl - yMCJio oTcyeTOB

Cnexip BbuieTanqHX nporoHos HSMepaJiCH nonynpoBOAHHKOBbiM cnexTpoMeTpoM. KpeMHHtt-JiHTMe buR AereK- 
Top, pa3MeiqeHHufl no# yroiOM 150° ‘ x oyniyr, dun aaxpuT nneHxofl MeTanjiHsHpoBaHHoro naBcana tojihihhoR 
25 MKM, B KOTOpOfi HOJIHOCTbO norJIOqaHHCb OdpaTHOpacceHHHUe HOHbl 3He H Hflpa OTAaxiH ‘'He • rio- 
jiyueHHufi cnexrp npeACTaaneH Ha dhc. 4. Ha 3Tom *e -proyHxe npKBemeH ota&hmio HaMepeHHufl cnexrp c 
cdpaaqOBOro ajib^a-HCTOHHHxa SMPu , noMeyemoro Ha mbcto MwneHH. OdpadOTxa peaynbxaTOB cbo- 
AHnacb x onpejdejieHHB noroxa npoTOHOB Ha peaxipm nyreu cpaBHeHHs c HaaecTHMU hotoxom anb$a-wacTm;, 
coaflasaeiaod hctouhhkom. HaMeperefiiR bhxqa 3*10^ npoTon/crep-HA HaxoflHTCH b paayuHOM cornacHH 
c pacneroM..

PacroTbt h axcnepHMBHT noATBepawtieT peanbHocTb cobashha xoMnaxTHOro h npocioro no xoHcTpyxyHH 
HHaxoHHTeHCHBHoro npoTOHHoro reHeparopa am yenefl paAHaiyioHHux HcnuraHHft. IIoTpedHocTb b Taxoro 
pofla HCTOUHMxe npoTOHOB onpeAeMercfi HeodxoflHMOCTbo npoBefleHHH AonroBpeMeHHux HcnuTaHHfl m orcyr- 
CTBH6M nofixoAHyett am aroro tsxhhkh. Bnaroftapn romxHbaoBaHHD oTpadoTaHHoft xoHCTpyxtyiH b xanecrae 
npoTOTHna moxho HaflenTbcn Ha ducTpyn h cpasHHreobHO Aemeayo peajmaaqm) npeflnoxeHHofl lyieH.

Ill
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HCCJEflOBAHME HO PEHEPAIfllH MAfflWIfcCA HSmEHHH yCKOFHTEUfl "AKBAIW

D.I1. BaxyjiHH, B.H. PaHHH, B.$. SimueHKO, B.B. TnMO$eeB

B paSoTe npeflCTaMemi peayjibTara HccJie- 
flOBaHHfl xapaKTepncTHK peHTreHOBCKoro Hajiyue- 
hhh ycKopMTeJW "AKBareH", paapaSoTSHHoro 
KpaCHOHpCKHM ry.

HMnyjiboHwR ycKopHTejib ajieKTpoHOB "AKBareH" coaflaH no cxewe oflHHapHoR $opMHpy»mefi jihhhh, ko - 
Topem aapaxaeTca ot flayx mmyjibcHHx TpaHc$opwaTopoB ftp Hanpaxemu U >1,5 MB. JIhhhb paapaxa- 
eTca uepea ynpaBJianuMfi raaoBU# paapaflHHK Ha nepeflajoiqyio jihhhd h fiaoiee Ha BajcyyMHuR ahoa. B aa- 
vecTse H30JiaqnH b TpaHC$opwaTopax h b $opMHpynmeR jihhhh HcnojibayeTca AHCTHJuiHpOBaHHaa AeHOHHao- 
aaHHaa boar ooa AaBJieHHew 5 aru. IIpHMeHaeTca Tarate MHorocjiotaaa njieHouHaa HaoJiaiqHa, nponHTHBae- 
Maa boaoR. B aapaAHux ycTpoflCTBax Ha ochobb HwqyabCHHx TpaHc$opnaTopoB nepenuHaa darapea paaae- 
aena Ha abb uacTH, b Kaawofl Ha KOTopott coAepxaTca 5 paapaAHHKOB h 5 KOHASHcaTopoB Twia AUK-50-4 
c SyiiaxHo-KacTopoBoR aaojiaqaeR (U =50 kB, ewaocTb C =4 mk$) . K nepammoMy BHTKy TpaHc$opna- 
Topa ode uacTH daxapeH npHcoeAHHaDTca nocjieAoaaTejibHO, b peayabTaie uero nepBHVHufl hctouhhk ksx- 
Aoro TpanciJiopMaTopa aweer buxoahob Hanpaxenne 100 kB h eMKoeTb 10 mk$.

KoaxcHajibHaa $opMMpym#aa jihhhA c bojmobhm conpoTHBJieroieM 2,7 Om oCpaaosana Asyua uhjihhaph- 
uecKHMH aaeKTpoASMH. Aroma jihhhh 100 cm, uto oCecneuHsaeT AAHTeabHocTb HMRyjibca, paBiqye 60 hc.
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EMKOCTb amhhh 9,8 h$. Jliouia aapasaeTCA b TeweHHe 1,5-1,6 mkc flayiui minyjibCHUMM Tpanc$opMaTo- 
paMH. flm KOMnyraipm $opMHpyntnett h nepeflanmefl amhmm b ycKopmejie npi-MPHneTCH mecTHKaHajibHbtfl ra- 
aoBtifl paapuflHHK c CHHxpoHH3aqHett TpHraTpoHHoro Tuna, tlocjie cpadaTHBamm paapnflHHKa $opwxpyioqaH 
jthhhh aapaxaeTCH Ha nepeftanmyn jihhhb c tbkhm ae mmeflaHcoM, paemiM 2,7 Om. PeajiHsaqM paajimHbtx 
pexHMOB paCoThi ocynecTBAAeTca H3MeneHneM xoHCTpyxqHH flHOflHoro ysjia.

Orpadoxxa m bhboa Ha ycTOttoMBH# pexMM renepapHH peHTreHOscxoro MajiyueHMa ycKopwreJia "AraareH" 
npoxoflHmt b HecKOJibKO aTanoB. Bujih HcnaraHu HecKOJibKo aapnaHTOB xaTOAOB, npn stom onTHMajibHbiM 
oxaaancH mtocxMti katoa AnaMexpoM 100 mm MapKH MIir-6. 3axeM onpodoBanx Hecxojibxo BapxaHTOB Mmen- 
HBK y3JIOB H B XaUBCTBe HELMtiojiee 3$$eXTMBHOB BUtipaJIH KOHCTpyKL[HH) MMmeHM M3 XOHKOB CBHHL|OBOfl ILJieH- 
kh (30-50 MHKpon), HaiauieHHofl Ha rpa^HTOBbifi amok, AMewexpoM 100 h Tojnqimofl 2,0 mm, a T atone M3 
xamanoBOtt $ojibrn .ToatqHHOfl 90 mkm. B stom pemme aMtutHTyaa HanpnaeHHH Ha KaTOAe JJK =250-300 kB 
npH TOKe nytiKa 400-500 kA. C qeAbio yeejiMHeHMH BeAHUHHU xoxa aJiexTpoHOB dim yMeHbmeH aaaop xa- 
TOA-aHOA. Oh cocxaBMJi flax odoxx thhob MxmeHHHx yaAOB 5,5*0,5 net. Haxdojiee yAa«HUM MaxepxanoM 
AAft BtixpAHoro OKHa AHOAa oxaaancH depMJUiM# toahhhoH 4,0 mm. Ann npeAOTBpauieHMH paapymeHHH 6epm- 
jmeBoro oxHa aa TanTanoBOfl MHtneHbio 6hji ycraHOBJieH a upas M3 TMTaHa b suae ceTKH c 70 %-Hofl npoa- 
panHocTbo h TOJMtKHOft 2,5 mm. BeJiMWHHa npoflOJibHOro MaraHTHoro nojia H =3,6 x3 (2,86*10® A*m-*). 
Ha pnc. I npHseAena xoHcxpyxitHM ahoahopo yaAa, xoxopax npHHjrra b xatiecxae onxMMaxbHbfl ( \JK = 
=250-300 xaB).

K Hatiajiy HacTOjsqett padoru hbmh dux HaxonxeH HeodxoAHMHfl ororr HCCxeAOBaHHA xapaxxepMcxHx no- 
neii TopMoaHoro Maxytiemia cHJibHOTOnHhix ycKOpmejieH aJiexTpoHOB xxna My, PH/C-S, MiyP c a$$exTHB- 
humh sHeprHHMK 3JiexTpoHOB Eg ^ 2 IfeB. PetnHM reHepai}HM peHTrenoBCXoro HaJtyueHHH Ha ycxo-
pxreAe "AxBareH" c MaxcHManbHoil aHepraefl ma— 300 xaB h HeodxoAMMoexb onpeAeJiHTb s xawecx-
ae xapaxTepHCTHKH nojia b Mecre pacnojioxeHMs oojiyuaeMoro usAeJiHH noTOK 3Heprnn xaji/cM^) embcto

axcnoaHtyiOHHOfl A03M b peHTreHax HaxJiaAHBaeT cbod cnepH$Mxy Ha MexoAOAOPMn xaxoro pOAa MaMepeHxft.

Szzzzzzzzzzz s

PMC. I. KoHCTpyxAMH ahoahopo yaxa:
1 - BbixoAHoe okho Be - 4 mm;
2 - aamMTHuR axpaH 7? - 2,5 mm, 
70 56-hbh npoapauHocTb ann bhahmopo 
cseTa; 3 - MMtneHb To - 90 mxm; 
4 - xaTymxa hoctoahhopo MarHMTHoro 
nojiH H =3,6 x3; 5 - xaxoA-rpa$HT
rnr-6

OchobhoH nepBMUHoft MH$opMayxeB HanneTCH axcnoaMiiHOHHafl Aoaa pemreHOBCKoro MaxyneHMA -2) , 
H3MepA6MaA C HOMOUbD TepMOJUOMMHeCpeHTHUX ASTeKTOpOB TJ% THtia JtTP-4 (liF •' M$, 7t ) . &AA
ycTBHOBJieHHA CBA3H MexRf jZ) h <J>W HeodxoAMMa HH$opMaqMA od aHepreTMwecxoM cnexrpe MaAyweHMA 

h sHepreTHyecxofl aaBHCMMOCTH uyBCTBHTejibHocTM ^ (E^) TJffi. OTHocHTeAbHan aHepreTH- 
uecxaA yyBCTBHTesbHocTb AexexTopa ^TT-4 npx anepPHA peHrreHOBcxoro MaAyveHMA 10; 15; 20; 30; 73; 
95; 142; 661; 1250 xaB cocTaBiwa 0,28; 1,7; 2,4; 2,9; 2,0; 1,6; 1,1; 1,0; 1,0 cootb6tct-
B6HH0. SaBHCHMOCTb tf(E^) onPefl0JMJiacI> M6T0A0M ItOPAOBteHMA, KOTOpti# HOApodHO OIIHCaH B padOTe?

*BaxyAHH D.II., r a h m h B.H., 3xHMeHxo B.$. h ap- Mbtoah onpeAeAeHMA anep- 
reTHMecKoro cnexxpa TopMoaHoro MSAyueHMA ycxopHreAA "AxBareH’V // Bonpocu atomhoB HayxH m xex- 
hhkh. $H3Mxa paAHaAHOHHOPo BoaAeUcTBMA Ha paAHOsAexTpoHAyD annapaxypy. 1990. Bim.I. C. 38-43.
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3tccnepHMeHT£uibHbiM ycxpoftcx bom wih xccJieAOBaHxa $yHKL(Hn norjiomeHHH HaaytteHXH paaJixuHHMx $HJibx- 
psMH cjiyxxx cneKTpoMeTp—MHoroceKUHOHHuft KOMimaTop, npeACxaBJwnomxft c060ft cbhhuobhA 6jiok c npoc- 
BepjieHHUMM 19 oTeepcTHHMH - KOJiJixMaxopaMX. PeoMexpHa Ka*Aoro Kojunuiaiopa su6pana tek, uxodu b kex- 
AtJfl flexeKTop, hex oahihx flea b cbosm KOJiaxMaxope, nonaflano xaJiyueHxe co Bceft noBepxHoexH MxmeHx ax- 
awexpoM 100 mm npx ycjioBXH, mxo6h cneaxpoMexp HaxofluacH Ha paccxOHHHH 30-50 cm ox MHmeHH. IIpM 
axoM HepaBHOMepnoexb pacnpesemeHMa bbjixuxhh aKcnoaxuxoHHofl aobu, HBMepeHHOft AexeKxopaMH, hexoar- 
ihhmhch bo Bcex 19 KOjuiHMaxopax (6ea $xabxpOB), AOJi*Ha 6uxb He xyxe 10-15 %. Ana npoBepKH axoro 
ycJioBMa xpe6yexca nposeAeHxe npodHbix aKcnepxMeHXOB.

C qeabx) 6oJiee KoppeKXHoro H3MepeHna HxaKoaHeprexxnecKOfl (10-100 KaB) x BUCOKoaHeprexmiecKoft 
(100-300 KaB) uecth cnexxpa npxMeHHJOica $njibxpbi xa MeAH m CBMHpa. Sxjibxpu xa CBXHpa pacnoao*eHbi 
B AeHxpe ctieKxpoMexpa, $xjibxpn xa mbax - Ha nepx$epxx. Hax6oJibmaa xojnuxHa $xabipoB xa mbax x cbxh- 
qa cocxEBJiaeT 5,0 x 3,0 mm cooxBexcxaeHHO. MaKCXMajibHaa aHeprxa b cnexxpe onpeAeaaexca b ochob- 
hom no noraomeHxio xaayveHxa b CBXHqoBbix $HJibxpax, aosobhA $axxop HaKoruieHxa b KOxopoM moxho oqe- 
Hxxb 6oaee KoppexxHO, mbm b mbahom. BoccxaHOBJieHxe cnexxpa ocyniecxBJiaexca nyxeM coBMecxHoft o6pa- 
6otkx aKcnepxMeHxajibHiix a^hhux, nojiyyeHHbix no MexoAy norjioneHxa, x anpxopHOft XH$opManxx c ywexoM 
BxaaAa xapaKxepxcTHnecKoro xaaywenxa. PaapadoxaHHaa m ochobb mbxoab MoHxe-Kapjio nporpaMMa npx 
pacuexax anpxopHoro cnexxpa yuxTtiBaex ochobhhb a$$eKxu BaaxMOAeftcxBxa aJieKxpoHHux nytiKOB c eeiqec- 
tbom MxmeHX, BKjitoaaa saxaHxe co6cxbbhhhx h BHeuiHHx ajieKxpoMarHxxHbix noaefl.

Peayabjaxu xaMepeHXft cnexxpOB peHxreHOBCKoro xaayweHxa npeACxaBJieHti Ha pxc. 2, cpeAHaa aHep
rxa — 80 KaB .

Pxc. 2. CneKxpbi xopMoanoro xaayaeHHa 
ycKopxxejia "AitBareH":
------------- - cneaxp, BbMxcJieHHbifl

mbxoaom MoHxe-Kapjio; ------ - ■ ... -
cneaxp, boccxehobjibhhhA no noxaaaHxaM 
AexeKxopoB b anocKoft cdopxe x ycpeA- 
HBHHuft no 12 HMnyjibcaM

OnpeAeaeHxe noxoxa aHeprxx (|)w (k8ji/cm )x iuioihocih noxoxa aHeprxx tfw (ker/(cm^ c) 
npoBOAXxca pacwexHUM mbxoaom Ha ocHOBaHHx xaMepemifl BeaxwxHu aKcnoaxqxoHHOfl aosh x ei 
moiqhocxh P, (P/c) aHeprexmecKoro cnexxpa.

CooxHomeHxa Mexwy (pw x Sb, <fw x P Aaoxca ^opMyaaxx

azi io ^ .
— ~o ’

f*en,m
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YL 0,21 ■ fO „

S*en,m
— £

rfle en m ~ ycP®AHeHHMfl no sHepreTiwecKOMy cneKTpy waccoBW# Koa$$MLtHeHT norjioiqeHH.q
OHeprHH $OTOHOB B B03flJ0Ce.

SnayeHHH J^en m (CM^/r) onpefleJWDTCH hcxoaa hs 3H8hmh BHeprenwecKoro cneKTpa
peHTreHOBCKoro H3.nyneHHH no $opMyjie

§Hen, m Ey (Ey) dE*-
SEfV(Er)dEr

Aen.m -

r«e jEf VCfydEr
Ha 0CH0B6 BbinOJIHeHHMX 

aKcnepHMeHTanbHoro doxca.

- noTOK aneprnn pemreHOBCKoro H3JiyneHHH , HfeB/ci.^.
HccJieflOBaHHtt nocTpoemi ttapTorpaMMu pacnpefleJieHMf! , ^)w b 06 bene
JSflH HJumcTpaiym b TadJim^e npuBefleHu THnjwmie ypOBHH odaytiemm.

yposHM odjiyyeHKH

<^>w/ 2
Kajl/CM*’

PacCTOHHHe L 
ot anofta, cm

PasMepu odjiacTH
AnaweTp, cm BbICOTa, CM

20 - 50.IO"3 0,5 9 2
4 - 8- IO"3 8 18 4
I - 0.7-I0"3 32 32 12

0,3 - 0.5-I0"3 56 40 24

B aaiunoyeHMe otmstmm, hto paccaHTaHHan 3$$eKTHBHocTb peHTrenoBCKoro HagyneHtto ycKopuTejin 
"AKBaren" jio OTHomenm k THnoBOiiy CBepxxecTKOMy pemreHOBCKOMy HaJiyueHmo ( c 3$$eKTHBHott aaep- 
rHett E*- — 50 ksB) no noraoqeHHoM floae b MatepHajiax paflMoaJieKTpoHHofl annapaTypu, Hopwnpo- 
BaHHan aa aotok aHeprmt, pasHufl 1,0 ksui/cm3, cocTaBJiaeT ~ 0,3 am Si h KOMnoamyitt SiC ,
Si02> 6faAS.

CTaTbH nocTymuia b peflaxiyno 29 hohh 1992 r.
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RU9710212
YW 537.531:535.33

YCTAHOBKA "IUIA3MEHHUH MOfC" KAK MCT04HHK HHTEHCHBHOTO PEHTTEHOBCKOIX)

D.n.BaKyjiHH, B.$.3HHneHK0, M.A.KapHKHH, B.H.Kpaya, H.B:.$minnnoB, T.H.lmiMnnoBa, B.B.TnMO$eeB

IIpeflCTaBJieHbi peayjibTara HccaeACBaHiM bob- 
MO*HocTe# McnojibaoBaHHH ycTBHOBKM THoa "IBias- 
MeHHufl ij^onyc" mh renepaiym HHTeHCHBHoro pem- 
reHOBCKoro H3Jiy«eHHH c mphum aHepreTvwecKHM 
cneHTpoM. PaccMOTpenu ochobhub $H3iwecKne npra- 
ijHnu pafioTbi ycTBHOBKM h npHBefleHH npocTpaHCT- 
BeHHO-aHepreTiwecKHe h AHHat«necKHe xapaKTepHC- 
THKH FIOJIH peHTreHOBCKOrO H3Hy^eHHH.

ycTaHOBKH Tuna "IlnaaMeHHuft $OKyc" hjih "HeuwmHApMuecKHti 2 -nwri" HCCJieAOBaroi b Hauajie 60-x 
roflOB no nporpaMMe yTC Cl]. Kan Heicoe conyxcTByxxqee, ho iuioxo BocnpoH3BOflHMoe HBJieHHe b 3Tkx 
ycTpoftcTBax Hatijuoflajiacb reHepaqiw HMnyjibcoB acecTKoro peHTreHOBCKoro MajiyueHHfl, oto CBitaeTeJibCT- 
BOBajIO 0(5 yCKOpHTeJIbHOM, "HeTepMOHflepHOM" M6XaHH3M6 np0H3B0flCTBa HeflTpOHOB. BnOCJieflCTBHH $H3H- 
uecKHe HccJieflOBaHHA ana3M0$0KycHux paapanes npHBejin k odHapyxeHHio h onTHMHaaiym pexHMOB, b koto- 
pux reHepauHH csepxxecTKoro peHTreHOBCKoro HsJiy^eHHa (GBP) cT&na AOMHHHpymuHM 3$$6ktom. npHHqxn 
patfoTbi nnaaM0$0KycHMx ycTaHOBOK noKaaan hb pnc. I. KoHcipyKTHBHo paapjymaa nauepa npeAciaBJiaeT oo- 
6ofi AHOA, B KOTOpOM OAHH H3 B^eKTpOflOB (aHOA) pa3MetHBeTCH BHyTpH KOpnyca Kawepu, HMjnometlCfl XBTO- 
AOM. Ahoa oTAeaeH ot kbtoab KoabqeswM HaojtHTopoM. Kbtoa CHcxeMbi Moxer OAHogpeMerao BunomaTb pojib 
Kopnyca BaxyyMHOfl Kawepw, npeAsapmeJibHo OTKauHsaeMofl ao AaaneHHH ~ I0~6 Topp . Patiowmi ra- 
30M otfiriHO HBJiaeTca Aeitoepafi c AofiaBKaMH Xg * Jiu6o AP ripn ABBJieHHH 0,1-1,0 Topp. B KaneeTBe 
MCT9«HHKa nHTaHHH HCnOJIb3y6TCfl eMKOCTHOil HBKOIlHTSJIb C HanaJIbHHM SapHflHHM HanpflXeHMeM 10-20 KB.

Pnc. I. J^HHaMHKa paaBHTHH iuiaaMo$oKycHoro paapana (a) 
h ocipuiAorpauMbi Toxa (6), HanpmteHHH bhoa-kbtoa (b) h 
MontHOCTM A03H peHTreHOBCKoro HaJiyyeHHH (r):

tj - HawajibHaa ctbahh RBUxenm TF10 ; 
iff - CTSAHfl Haueuia cjkbthh TOO k och Kawepw; 
is - M0M6HT CXBTHfl TOKB HB OCH KSMepU, OOpa- 

30saHMe HCTOUHHxa peHTreHOBCKoro HajiyueHHa
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IlpM nofla«e Bucoxoro nojioxHTeJibHoro HanpjraceHHa Ha BHyTpeHHHR ajiexTpoA-aHOA b nawepe paaBHsa- 
6TCH raaoBtiR paapaA, h b(5jih3H Haojurropa $opMnpyeTca ToxoBO-nnaaMeHMaa odojiouxa (THO). Ho* AeRcT- 
btom- aaeKTpoAHHBMHHecKHX cnji THO cosepmaeT cJioxtHoe AsmceHTO, cxeMaTHuecxH noKaaaHHoe Ha pxc. I, 

•ocHOBHofl CTaflUefl KOTOporo HBJiaeTOH paflHajibHoe cxaTHe BopoHxoodpaaHofl, HeqHJiHHApHuecxcR uacTH TIIO 
k och. B TeueHHe aTofl ctbahh, fiJinneHca ~ 10 mkc, nponcxoAHT TpaHc$opMaqHH ajiexTpnuecxoR anep- 
thh, aanaceHHOtt b xomteHcaTopHofi daiapee, b MarHMTHyio a Hep r wo Toxa, npoTexaiomero uepea njiaaMy. 
IIojiyueHTO MaxcHMajibHoro Toxa b riHHue b MOMewr xyMyjwqHH TIIO Ha och xaMepu odecneuHBaeTcn npn 
coBnajaeHHH flJiHTeabHocTH paflHajibHoro ABHxeHHa TIIO c BeJiHUHHoR T /4 ( T -nepnoA paapaflKoro xoa- 
rypa), uto AOCTHraeTca cooTBeTCTBymqMM noAdopoM paaMepos h reOMeTpHH paapaflHofl chct6mh. B tbxmx 
ycJiOBHHX HH66T MecTo a$$exT npocTpaHCTB6HH0ro odocTpeHHH roxa BHyrpH paapjymofl xaMepu.HapacTaHHe 
Toxa b npMoceBOtl a one npoHcxoAHT aa xapaxTepHoe Bpeum noHBJieHHH Toxa b otoR odjiacTH A t
rfiis Vr - paAHajibHM cxopocTb, a - pafluyc TIIO b mombht ee suxofla Ha ocb xauepu, h "a$$exTHB-

left ~lo/& t M0X6T ffOCTHraTb ~ IO14 A/c npH ILIOTHOCTH Toxa J. IO7 a/cm2. $opMH- 
pyeMoe Ha och xauepu b peayjibraTe exaftw 'Toxa ruioraoe njiaaMemoe odpaaoBamie, HweHyeMoe "onaa- 
M6HHUM $OXyCOMM, OTJIHMaeTCfl MH0r006pa3H6M CJIOKHHX $H3HUeCXHX HpOqeCCOB H HBJlHeTCH HHT6HCHBHHM 
hctouhhxom xopnycxyjmpHoro (HeftrpoHH, aJiexTpoHHue h hokhuo nyuxH) h aJiexTpoMarHHTHoro (pearne- 
HOBCRoe b EHpoxoM flHanaaoHe cnexvpa ot eAHHHq ao cotoh xhjioboabt, CB4 h t.a. ) Ha.nyueHnR.

BapbHpoB3HH6M BHeioHHx aAexTpoTexHHuecxHx napaweTpOB, noASopoM cocraBa padouero raaa h ero' 
AaBJieHHH, $opMU a^exTpOAQB h Apyrnx $axTopoB moxho coaABTb ycJiOBHH pjm ocymecTBJieHHH pexurna co 
"cpuBOM" toxoboR odojiouxH hjm "peHTreHOBCxoro" pexHMa. Ero cyrb aaxJnouaeTca b tom, uro aa cuer 
peaxoro yBeAHueHHa cxopocTH cxaTHa npHaHOAHoR mbcth TIIO $poHT HOHHaHpyimueR yAapnoR bojihh He ot- 
pusaeTCH ot Toxosoro nopuma h b npoqecc abhxchhh npaxTHuecxH He BOBJiexaeTca AonojmHTejibHaa wacca 
raaa ( npoHcxoAHT cxaTHe Toxa dea cxaTHH BeiqecTsa). Ilpn doJibiuoR KOHqeHTpaqHH imothocth Toxa na och 
noroHHaa roioTHOCTb uacTHq b nnme oxaauBaercH HHxe xpHTHwecxoR, h b nrane coaAaioTCH ycaosna pjia 
paaBHTHH HOHHO-asyxoBoR h aJiexTpoHHO-qHXJioTpoHHoR ApeR$OBoR HeycToftuHBOCTeR, cTHMyjiHpyiouiHx bos- 
HHXHOBBHHe aJiexTpHHecxoro noaH BHyrpH ruiaaMH h noHBJieHHe noToxa ycxopeHHwx ajiexTpoHOB. 3tot no- 
tox pacxawHBaeT b roiaaMe JieHrMiopobcxHe xoaedaHim, BHeumee npoHBJieHHe xoroptix - paapus Toxa na-aa 
B03HHXH0B6HKH TypdyjieHTHoro conpoTHBJieHHH. B paapuse toxoboR nepeTHXKH, Hax opmqeRca Bdanan aHOfla, 
reHepHpyeTca aJiexTpnuecxoe noae h odpaayercH doaee MOiqHwR "aarpaBOHmiR" aJiexTpoHHuR nynox, xoto- 
puR BMecTe c TeruiOBUM hotokom ot ruiaaMu coaAaer moiuhhR noTOx aneprHH Ha noBepxHOCTb MeTaiLna b 
MecTe xoHTaxTa rmaaweHHoro Toxa c bhoaom. B peayabiare npoHcxoAHT BapuBHoe HcnapeHHe tohxoco 
cjiob MaTepHajia aHOAa m odpaayrauMflca nepexoAHoR cjjoR napa, paapuBaa aaeRTpHyecxyio qenb xoHTypa, 
HHAyilHpyeT 3^0, ycxopmmqym hotok aaexTpoHOB c toxom, djiHaxHM x nojiHOMy paapflAHOMy roxy h anep- 
rneR ajiexTpoHOB b nyuxe ~ 100 xaB. B oriTHMMbHux ycjiOBHnx paapAAa Kim TpaHc^opwapHH aneprHH 
KOHAeHcaTopHoR darapen b aneprHD aJiexrpoHHoro nyuxa Aocrnraer 20 %. TopMoxeHHe ajiexTpoHOB b ne- 
pexoAHOM CJioe nap - MeTBJui BHausaeT reHepapnio GKP naJiywemm co cpeAHeR anepraeR hbbhtob 40-50 xaB.

Tbkhm odpaaoM, b ot junto ot odmenpHHHTtix MeroAOB $opMHpoBaHH« ycxopmoqero HanpaxeHHfl BHera- 
HHMH yCTpORCTBBMH B flBHHOtl CHCTeMe HpOHCXOAHT pe3K06 OdOCTpeHTO MOIUHOCTH aa BpeMfl '— 10~®c H 

BHyrpeHHjw aBToreHepayim ycxopjuomero nojiH. 3to noasojiaeT nojiyqarb npn HcnojibaoBaHHH cpaBHHTeJibHO 

npocTux b HHxenepHOM njiaHe h yAOdHux a npaxTHuecxoM HcnojibaosaHHH ycraHOBOx (npe*Ae Bcero djiaro- 
A&pa HHaxOMy nanajibHOMy aapnAHOMy HanpjoteHHD 10-20 xB) CHJibHOTouHBie ( ~ I MA) BiicoxoBOJibTHbie 
( •~I0O xB) noTOXH' ajiexTpoHOB.

OnTHMajibHaa xoHCTpyxqm paapHAHoR chctbmh npHseAena Ha pnc. 2. Ahoa BunojmeH b bhab njiocxoro 
MomHoro AHexa AnaMeTpoM 680 mm. B pempe bhoab pacnojiaraercacMeHHan BopoHxoodpaaHaa BCTasxa na 
TyronjiaBxoro Meiaiuia c 6oju>ibhm Z » CJiyxenax MHmeHbn am aJiexTpoHHoro nyuxa. UnaMeip bctbekh 
80 MM. Ahoa KaojiHpoBaH or xaroAa $ap$opoBMM HaoJMTopoM bmcotoR 120 mm. Kbtoa AnaMerpoM 1000 mm 
HaroTOBJieH Ha Hep*aaeiomeR cTajrn h ABJiaeTCH oAHOBpeM@HHO BaxyyMHUM xopnycoM xaMepu. BHyrpH xaMepu 
y.cTaHOBJieH moirhuR JiaflHep, CJiyxaqxR odpaTHbiM) CHMMerpHpyiDUHM roxonpoBOAOM. B sepxHew (fuiaHqe xaMe- 
pu pacnojioxeHO oxho AHauerpoM 400 mm, aaxpuBaeMoe AHafparMSMH h npeAHaanauenHoe jinn BUBOAa peHT- 
reHOBCxoro HaayueHHa Ha BaxyyMHoro odteMa. Marepnaji AHa$paiw h ee rojxqHHa onpeAeJimor hhxhioio 
rpaHHqy aHepreTHuecxoro cnexTpa, buboahmoto G8P HaayueHHeM, h Moryr HaMeHHTbCH b aasHCHMOcTH ot 
nocTaBJieHHux aaAau. PaccTOHHTO ot Ana$parMH a° TyronjiaBxoR BCTaBKH (hctouhhk& CEP HaJiyueHHfl) 
200 MM. Csepxy AHa^panoi npH HeodxoAHMOCTH moitot pacnojiaraTbca MeTaiurauecxHR axpaHHpymqHR xoxyx,
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npeAKasHaueHHbifl pjix aammu HcmiruBaeMbDc odpaaitos ot ajieKTpoMarHMTHux HaBOAOK. JtytoMeip Koxyxa 
450 mm, Bucora - 430 mm. CnrH&>ai ot abtumkob no noMexoaammueHHOMy xaHany nepeflaoTca b axpaHH- 
poBaHHyo KatiHHy, b KOTopott pacnojiaraeTGH perncTpnpytomafl annapaTypa.

Phc. 2. KoHCTpyimHfl paapHflHofl Kawepu:
I - HsojiHTop l$ap$op); 2 - HcroiTaTeJibHHR 
done; 3 - BMxoflHafl weupparua (jj/opajib);
4 - aHOA ( Cu ); 5 - ofipaTHufl TOKonposoA 
(jiattaep); 6 - ksltoa (Kopnyc); 7 - KOtoue- 
bo# ptopkXBHK; 8 - oKpafirfpoBaHHUe Kaomki; 
C0 -•KOHfleHcaTopHaa darapen

Ilocjie onTHMHaayHH KOHCTpyKUHH ycTanosKM npoBeflemi HCv^eflOBaHHn npocTpaHCTBeHHo—aHepreTiweo— 
khx h AHHaMMueoKHx xapaKTepHCTHK dP MSAyyeHHH b odJiyiaTejiBHOM odteMe. B KauecTBe AereHTopoB 
peHTreHOBCxoro zaJiyueHim npuMeinuiz TepMOXDMHHecqeHTHHe AoanMeTpu Ha ochobb LiF . OnepreTH- 
wecKHtt cneKTp HajiyueHHH onpeAeJumca no MeTOfly norjioneHHH corjiacHO MeTOAHKe [2], Hcnojibaya pe- 
ayjibTaTu H3MepeHH# aosu aa $HJibTpaMH hs mcah h CBHHqa paajiHtmofl tojiuhhm b reoMeTpHH ruiocxofl cCcp- 
kjj (Tadji. I). BoccTaHOBJieHHuH rpyrmoBOtt cneKTp HajQmeHHn npeACTaBJieH b Tadji. 2, cpeAHaa SHepran 

C0CTaBJIH6T — 47 raB.

TadAHua I

PeayABTara HaMepeHito npo$miH aosm pemre iOBCKoro Ha-nyveHHn 
aa ijHJIbTpaMH H3 M6AH H CB 'H'^a

loMep

{)H4bTpa
MetTgpmu'
fMBbTpp

TojmjMHa 
guuibTpa, MM

r
',33a, P

I PB 3,0 0,06
2 PB 1.5 0,06
3 P£ 1,0 0,09
4 PB 0,75 0,15
5 PB 0,5 ),2I
6 PB 0,25 0,66
7 Cu 5,0 0,14
8 Cu 3,0 0,23
9 Cu 1,5 0,59

10 Cu 0,75 I,I
II Cu 0,3 2,53
12 Cu 0,07 5,13
13 Cu 0,05 10,53
14 - 0 15,3
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OicomiaHHe Tafia. I

HoMep
jiHabipa

MaTepnaa
$HHbTpa

ToaqHHa 
$HHbTpa, MM

floaa, P

15 0 13,4
16 - 0 13,6
17 - 0 14,1
18 - 0 15,1

TafiaHqa 2

rpynnoBOfl sHepreTiwecKHft cnexip peHTreHoscKoro HaayueHHH ycTaHOBKH 
(ADpaamraH# - I mm, rpajMT - 5 mm)

Ej. ~ Ej+i * 1(38 , OTH. 6A.

10 - 15 0,723
15 - 20 7,9
20 - 30 15,65
30-40 22,9
40-50 18,5
50 - 60 12,25
60 - 70 6,58
70 - 80 4,45
80 - 100 5,53

100 - 125 4,38
125 - 150 0,93

SopMa HMnyabca CEP HaayueHHH, HaMepeHHan c nowotqbio cqHHTHaaaqHOHHoro A&Tumca THna QfljB-I5, 
npeflCTasaena pjm npHMepa Ha pnc 3. 3$$eKTHBHaa flaHTeabHOCTb mmyabca cocTamaaer fu » 30 hc. 3hbh 
$opMy HMnyabca h HHTerpaabHyn Aoay aa HMnyabc, mohho fibiao oqeHHTb MoqHOCTb floaH CEP HaayueHHH. 
Kpoue Toro, npn h3B6Cthom aHepreTHuecKOM cnercrpe HerpyAHo nepecuaraTb floay, HaMepnemyi) TJ% (npn 
BunoaHeHHH ycaosHti aaeitTpoHHoro paBHOBecHH), b naAanqHt) hotok aHeprmi CEP HaayueHHH. noqyueHHue 
b peayabTaie AeTaabHhix HawepeHHN KaprorpaMMu xapaxTepHCTHK noan peHTreHoscKoro HaayueHHH ycTa- 
hobkh npeACTasaemi Ha pnc. 4.

Phc. 3. $opna HMnyabca moiuhocth a°3H 
p^, (-£) peHTreHoscKoro HaayueHHH,
i&p <32 hc
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Phc. 4. PacnpesejieHHe floau, P> h moh- 
hocth floabi, P/c ,(nepaafl h BTopan crpoKa 
CJieBa OT OCH COOTBeTCTBeHHO) , ilOTOKB 
aHeprHH tajiyveam, kba/cm*, h iuiothocth 
HOTOKa, K8UI/(cm2.c), B HCnblTBTejIbHOM 
odtewe (nepsaa h BTopaa CTpoKa cnpasa 
OT OCH C00TB6TCTB6HH0){ h- paCCTOH- 
HH6 OT 8H0A8

PeayjibTara npoBeAeroaix HccneAOBaHHfl iiojih GKP MaJiyuemtH ycTBHOBKH "IkaaMeHHufl $oxyc" no3BonHDT 
cfleJiaTb caeAyronpie ocHOBHue buboan:

BbidpaHU onTMMajibHbie penuiMU m KOHCTpyKiiHH ycTaHOBKH fvm ycTotttiHBOfl reHepayHH MOiqHoro HMnyjibca 
pemreHOBCKoro H3Jiy^eHHH;

b HacTOflniee speMH nojiyqeHH napaweTpu GKP HanyueHHH: a$$eKTHBHaa juiHiejibHocTb HMnyjibca TL — 
— 30 HC, MaKCHMajIbHSLH MOUtHOCTb flOSbl B6jIM3H MHffleHM Pftnax — 10® P/c, HOT OK aHeprHH H3-

jiyyeHHH <J> — 0,6* 10”^ Kaji/cM^, flosa D * 35 P; _
ahepreTHuecKHti cnexTp QKP H3JiyyeHHH MaKCHMEUibHo npHCnraceH k peajibHUM ycnoBHHM ( E^ — 47 xaB); 
AocTHrayrue napaweTpu peHTrenoBCKoro HSJiyneHHH noaBOJUuoT nposoAHTb HccjieAOBaHHn mnpoKoro

Kpyra Bonpocoa, CBHaaHHux c HOHHaayHOHHUMH 3$$eKTa*iH b aaeiieHTax paflHoaJieKTpoHHofl annapaTypu npn 
AeflcTBHH peHrreHOBCKoro HazyweHHH c E -10 - 100 icaB.
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OCHOBHHE ACnEKIU 01JEHKH PABOTOOIOCOBHOCm
nra pnmHou bo3ae{1ctbhh H0HM3HFyni(nx m3JD^ehhH

H.B. KyJiHKOB

PaccMorpeHM MeTOfljwecKHe aonpocn hccjibao- 
bbhhh padoTocnocodHocTH HaAeAHfl nyxew hx aah- 
TejibHux HcmrraHHtt aah oqeHXH peAHaiytOHHott crott- 
KOCTH, H8jae*H0CTH H $H3HUeOKOrO CT&peHHH B yc- 
AOBHHX TepMOTOKOBUX KOTpySOK. AHaXHaHpyDTCH 
acnexTU aTott npodAemi: npneiuieMocTb npHHiiHna 
aflAHTHBHOro HSKOIUieHHfl fle$eKTOB, KHH6THKH ot- 
amra pafl,nai;noHHbDc AefexTOB h npeflnoJiaraeMoro 
H8MH 3#6KTa H3MeH6HHH CTOfiKOCTH HaAeAHfl HpH 
paaHux BeJiHUHHax jorreHCHBHocTH odAyneHHfl. 06- 
cynflaoTCH nyxH noBuneHfw HMfopiiaTHBHocTH hc- 
cjieflOBaHHfi.

Poot TpedoBawi# k odecneueHMD flOJiroBeuHOCTH paAKoaxexTpoHHofl annapaiypu cxaBHx npodxeny hh- 
xenepHOfl oaerncH padoTocnocodHocTH HaAeAHfl, cocTaaaHBUMx ee aJieMeHTHyi) daay, b ycxoBHHX ppmejit- 
Horo BOafletiGTBMH BHemHMx HarpyaoK. fim KOCMJwecKHx h HAepraoc odiexTOB Handoxee xecTKOft Harpya- 
XOfl flBAfl6TCfl BOSfleftCTBHe Hft USPfiJMH HOHH3HpyOHHX H3Jiy«eHH» (HH) HH3X0fi HHT6HCHBH0CTH ttpU HflAHUMH 
T6IM0BHX H 3JieKTpHU6CKHX HSLTpySOK. IIOSTOMy padOTOCHOCOdHOCTb H3A8AHR CJieflyeT pacCMaTpMBaTb flJIfl 
yanosHR pxmePbHoro BoaAeflcTBHH yxaaaimoro xoMOjuexca BHemHMx BOSAeflCTBHfl. SaxTJNecxM HeodxoAH- 
mo pemaib aa&awy oqeiucK naflexHOCTH HaAeAHfl b ycxoBHHX AXHTexbHoro BoaAeflcTBHH Harpyaox, ho renepb 
ona oonoxHfleTGH BoaAeflCTBHeii HH m HeodxoAHMOcTbn ynera paAHaqHOHHott gtoRkogth(PC) HaAeAHfl. Ilpor- 
HOsHpya PC k padoTocnocodHoeTb HaAeAHfl Ha AXHTexbHoe speMH, HeodxoflKMO pacciiaTpHBaTb oqeHxy ,hx 
fflOJiTOBesHOOTH • xax caMOCTOHTeflbHHtt noxaaaTexb HafleraocTM.

B uacTHOcTH, uoxHo yxaaaxb Ha pan HccmeflOBaHHfl aah oughkh floJiroBenHocTH Haflejmfl c yaeTOM hh- 
T6HCHBH0CTH HX CTapeHHH, B KOTOpUX paCCMaTpHBajIHCb rXBBHHe acrtoKTH 3T0tt npodjiera [Ij H npHGMJie- 
HOCTb HCnoab30BSHHH flM 3TOfl H6JIH yHHBepcajIbHOfl TepMOflMHaUMUeCKOtl MOflemH $H3HHeCK0r0 CTapeHHH 
H3AeJtHt) [21. llo Hamewy imemm, Bonpocu xowuiexcHOfl oqeHXH khh6thkh paAHaiyiOHHHX AerpaAaiytoHHbix 
npoqeccoB h npoqeccoB HeodpaxHMoro TepMOTOKOBoro CTapeHHH, xoiopue cwiaflHBaioTCfl flpyr c apyroM 
h odieKTHBHo onpeAexHDT AOJiroBeuHocTb, MoryT cxaTb ochoboR HccmeflOBaHHfl b ashhom HanpaaneHHH. 
n@ab flaHHOft cTarbH - paspadOTaTB epumitt MeroAHuecKHit nopxop pjin odteKTHBHOfl ottemcH h nporaoaa 
rapaHTHposaHHoR c sbabuhoR BepoHTHoeTbe padoTocnocodHocTH HaAeJiHR npH BoafleflcTBHH HH, TeiinepaTyp 
H 3JieKTpoHarpy30K.

HeodxoAKMO OTueTHTb, hto am paapatioTKH odntero MeroAHnecKoro noAXOAa k pememm paccuoT- 
pemoR saAauH Tpedyeic* OTitaa ot npHHHTux mbtoaob ananHsa HaAeraocTH HaAeAHfl c oqeHxoR o6neH3- 
secTHoro noxasaTeM b bhab ^ -xapaxTepHCTHK hsabamR xax noxaaaTeM hht6Hchbhocth noroxa bhg- 
aanHHX otkasob noT6HitwuH>HO HeiaAemaix hah dpaxoBaHmcc h3AbahR. Kax dyflyr bgcth ceda b xoa® hx 
AAHTexbHoro $yHxqHOHHpOB8HNH HaAeAHfl'c odecneueHHui ypoBHeu hx xaitecTBa,3T0T noxaaaTeAb He oue- 
HHBaeT. HosTOMy nodan nomirxa c qexbD oqeHOK A -xapaxTepHCTHK H3A6ahR b Hameu caysae HenpHeM- 
Aeiia. CaeflyeT noiiHHTb, uto OTxaauBamT, xax npaaHAO, dpaxoBaxHwe H3Abjihh, pom xoTopux b mcnepy- 
eMHx Budopxax iioxer dinrb HenoMepHo BexHxa. Ecah HGCAeAOBaHHa odecneueHu yAOBAeTBopHTeabHoR exa- 
thcthkoR c ywroM aoah dpaxa, to see nonuTKK axcneproieHTaAbHofl oi^eHKH b6ahmhh nonpaBOUHoro ko3({k 
$HUHeHTa x A -xapaKxepHcTgxaM hsabamR npx bo3A6Rctbhh na hhx HH paaxHHHOfl npxpoAH aaxawiHBa- 
AHCfc deapeayabTaxHO.

BhAHMO, HOpUHpOBaHHHe pm ASHHHX HaAeAHfl A03U HH He B COCTOAHHH npHBHeCTH B CTpyXXypH H3AG- 
ahR hobhx Ae$exr"OB b ponojmemte lx yxe cynecTByvnptu x onpepemtww xaqecxBO mperntt petfeKTau.
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Bosmoxho , wto cooTHomeHHe 3Thx hobmx AejeKTOB h HMeratroccfl hcxoatok ripenedpexroio waao. IloaTOMy 
KanecTaeHHue, a 3Ha«HT, Haflexme H3A6AHx nociie odayneHHx He craHOBHTcx noTempianbHO HeHaAexHUMH. 
B peayjibTaTe "ouepefib" Ha OTKaau noreHipiaAbHO HeHaaexHux H3AeaHfl b Biwe $yHxqxH j{-P(-t)
He noaynaeT KaxHx-jiHdo H3MeH6HHfl. CaeAOBareabHO, andue yBeameHHH aobobhx Harpyao* na H3AexHx 
CBUme HOpMMpOBaHHUX, XOTOpue HeedxOAHMH AJM OlteHKM padOTOCnOCOdHOCTH H3A6XH# C yweTOM KHH6THKH 
H3Me«eHHfl hx napaweTpoB, xbaxdtcx npHOMOM hx rpaHHUHux HcmrraHHfl.

B xoAe HeodxoAHMHx A”* OTxaaoB paspymaonHx pegviaqHOHHux rpaHirattix HcnuTaTeabHux pexHMOB 
b cTpyxrypw HSAeJiHfl woxeT dhirb BHeceHO Taxes xoamiecTBO hobhx AefexroB, xoTopoe cTaHeT coHSMe- 
pHMO c KOJiHuecTBOM hcxoahhx a6$6ktob. 3to moxst npHsecTH k yBejiMneHHD noToxa cayuaflHHx OTXaSOB 
hsaoxhH yflOBJieTBOpMT&nbHoro xanecTsa. IIosTOMy HasHayeroie paapyrnaonpix rpanirattix HcmrraHHR CBxaa- 

ho TOJibxo c BunoxHeHneM OTHOcHTexbma opeHox, Hanproiep, sanacoB nposHOCTH, ctoHkocth huh pecyp- 
ca HSAeJiHfl. KorAa HccaeAOBaTeab CTasHT nepeA codofl aaAany BHXBaeHHx bahxhhx HH Ha MexaHHSMH 
AerpaAaqHH noTenuHtuibHO HaAenoix, xawecTBeHHwx leAeaHfl, oh CTpeMHTCx BMXBHTb.He $qpMHpyi>T jim MM 
Hoaue MexaHHsubi OTxasoB TaxHx HsAexHfl, He ycxopxor ah ohm hx AerpaAamw. OAHaxo c yweTOw oco- 
deHHOCTett rpaHHUHbix HcmiraHHft, xax paapymaonpa, hx HcnoxbsoBtuoie am pemeHHx stoA saAanH bpxaah 
qexecoodpasHO.

yuHTueax HsxoxeHHoe, caeAyei orxaaaTbCH ot weTOAoaorHH HcnuraHHfl c qeabm $opwxpoBaHHx OTxa- 
aoB HSAexHfl h Hadopa cooTseTCTByionefl cTaTHCTHKH. Bmbcto aioro cxeayeT npHHxTb xpHTepHaabHO na- 
paMeTpHuecxHfl hoaxoa x opeHxe padOTOcnocodHocTH HSAeJiHfl. IIpH stom rpaMramie HcmiTaHHH nepecTae? 
diiTb paapymamqHMH, ho ocTanrcx ycxopxonpiMH $opeHpoBaHHHMH HcnhrraHHXMH h odecneuHBauT skohomhd 
BpeweHH H cpeACTB. OAHaxo stot hoaxoa TpedyeT BHHMaHHH x eudopy H perxcTpapmi HH$opwaTHBHux 
napaMeipoB HSAexHfl, npeAJioaaraeT bhcokhA qpo^eccHOHaaHaw h snaHHe $H3Hxo-TexHHuecxHx ocoden- 
HocTett Kaaeaxfl, xax odiexroB HccxeAOBaHHfl. taxTxwecxH oh He yxaaAWBaeTcx b pawxH cymecTBynqefl 
cHCTeww OLteHXH h xpHTepHeB HaAexHocTH HSAexHfl h AoxxeH paccMaTpHBaTbcx xax HMeemHfl npaBO Ha HO- 
Bym TeopeTzyecxyio h MeTOAHuecxy» ocHoay xax xax aabTepnaTHBa.

PaCCMOTpMM TpH OCHOBHHX aCHeXTa OLteHXH padOTOcnocodHocTH HSAeaHfl npH AXHTeabHOM BOSAeflCTBHH 
MM xax npHHqHiiHaxbHo hoboH aaAauH b npaxTHxe McnhrraHHfl h HccaeAOBaHHfl PC H HaAemocTH;

anaxHs khmcthkh npopeccoB HaxomreHHx odpaTHwax h HeodpaTHMHx paAHaiptOHHux AefexTOB paaaHWHOfl 
CTeneHH caoxhocth b cTpyxrypax HaAexHfl npn HSMeneHHH hht6hchbhocth MM;

aHBJiHa xHHeTHXH npoqeccoB peaaxcai;HH OTJimra odparHwwx paAHaipioHHux Ae$exroB h bocct8hob- 
XeHHfl CBOflCTB HSAeXHtt B X0A6 A”HTexbHoro odxyueHHx;

anajiHs XHHeTHXH HaxoruieHHH scex nponHx A«$ieKTOB h pexaxcaipoi CTpyxTypii b xoab CTapeHHx hs- 
AexHfl npH HepaAHaqHOHHHX Harpyaxax.

Haxdoxee beukhhm acnexroM HBJixeTcx HccxeAOBaHHe PC hsaoxhA npn BOSAeflCTBHH MM oahoH $HSHwec- 
xofl npnpoAH h aneprHH, ho paanofl xhtchcmbhocth. PaccMOTproi stot Bonpoc c odupix noanitHfl TepwoAH- 
HaMHuecxoro anaxHsa khkothkh odpaaoBaHHx A0$exTOB pasHofl CTeneHH cxoxhocth c paanofl sepoxT- 
HOCTbD hx odpaaoBaHHx npn paaxnwHofl HHTeHCHBHOCTH hxh iuiothocth noToxa . IIpeAnoxoxHM, wo
BepoxTHOCTb odpaaosaHHx doxee cxoxhhx cTpyxiyp Ae$exTOB pacieT c poctom <f (npn pocTe urao- 
BeHHoro noToxa d Y7/ d~t ) c yweTOM Toro, WTO cxoxHHe cTpyxTypw A#exroB odpaayoTCH dea
AonoxHHTexbHHx sHepreTHuecxHx BOSAeflcTBHfl, ho HMeDT doxbrnyo BexHMHHy sHeprHH axTHBaqHH Ea hx 
pexaxcaipiH. MaweHeHHx noxaaaTexx PC hsaoxhA npn HaweHeHHH HHTeHCHBHOCTH MM yxe aneuiHanpoBajiHCb 
HexoToptiMH HccxeAOBaTexxMH c noaHitHfl odntefl $HSHwecxofl oqeHKH dea HcnoxbaosaHMa xomnecTBeHmix 
noxaaaTexefl f3j. B xoao hccjicaosaHHfl BUflBJiena! noBtnneHHax CTadHabHOCTb caoxHux a6$6ktob.

PaccMOTpHM xoaHyecTBeHHue HsueHeHHx hht6Hchbhocth MM d<ff di bo BaaHMOCBxa^ co
CTpyxrypofl HaAeanx TBepAoro Teaa, noAaepraeMoro BoaAeflcTBHD MM. B TsepAow reae thiui xpHCTaaaa 
rpaHHpa HaxdoabmHx paccToxHHfl Me*ny AncaoxaipixMH h hhhmm caoxHHMH Ae$exT8MH b ocodo whcthx 
CTpyxrypax cocraaaxeT ~ I mkm. Bean nepecwraaTb pxA HHreHCHBHOcTe# MM b cooTBeTCTBy»HHe se- 
aHMHHu .dffjdi HexoToporo ododneHHoro HH, to noaywHw: 10® P/c - Kr® yacT/(cM^*c);
10^ P/c - 10™ wacT/(cM2-c); I P/c - IO9 qacT/(cw2.c); 0,1 P/c - 10® uacT/tcM^-c); 0,001 P/c - 
10® uacTAcir.c). Jinx xoHxpeTHux bhaob MM Boa«o*mi orxaoHeHHx or yxaaaHHoro pxA& aeamrHH.HO ara 
omxdxa He hocht npHmpmHaabHoro xapaxrepa. Ecax raxax omxdxa cymecTByer, to bto oanauaer xop- 
pexTHpoBxy npHHxroro HHTepaaaa BpeweHH I c. B cpeAHew b OAHy cexyHAy oahb nacTHqa (nan xsaHT 
aneprHH) dyaer BaaxwoAeflCTBOBaTb c BenecTBOM Ha onpeAeaeHHOfl naoqaAH hak b orpaHHweHHOM odtewe 
CTpyxrypw Beqecrsa. ysexOTeHMe arofl iuioubah xax odiewa npH yseaHueHHH npHBOAHT
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k yBejmemro wwcjia npiruM BoaCyinftemw h flerpajiaqMH CTpyKTypu b 3ba&hhom bpsmshhom HHTepaane. llpn 
btom npoHCXOflHT yBerotyeHMe aepoxTHocTH B03KHKH0B6HHH npoueccos AerpaflaiiHH.

ConocraBHM npHsegeMHue pjaame uacnrrada CTpyKTypu h imothocth noToxa MM, HaflyeM x mhhhmsuht- 
Hoe jiHHeflHoe paccTomwe, oCpaayKxqne sjieMeHTnyn iuk*wu> CTpyKTypu, KOTopax b eftHHHuy bpbmshh 
nponycKfieT yepes cedx ofluy yacTimy aaflaHHoro noTOxa hs pafla ero nnoTHOCTefl 10-0,001 P/c. AaHHue 
TaKoro conocTaBJieHHK noxasaHH Ha pxc. I.

Phc. I. 3ohh mhkdo-(I) h MaxpcBoafleftcT- 
BHH (11) BSaHMOAeltCTBHH MM c aenecTBOM:
I * aTOMHM cTpyxTypa; 2 - wiHHba cue- 
meHHfl; 3 - MaxcHM&toHoe paccTOHHHe ue*- 
Ay AHCJioKaqHHMH; ^* - noTOK

BHOHO, WTO B 3aA8HH0M HHTepsane d<f/di MOJKHO yKaSBTb Ha HexoTopoe (10-0,1 P/c)
rpaHWHoe aHaueHHe mmeHCMBHOcTH, npn kotopom nproopinHajibHO H3MeHneTCH wexaHHau BaaxMOAefiCTBHH MM 
c BemecTBOM, Am HSJiyyeHHH donee bucokoA hht6Hchbhocth xapaKTepna Bucoxan eepoxTHOCTb noxBJieHHH 
no Bceuy od-beuy CTpyKTypu Boadynaernttix h bhobb odpaaosaHHux MM doJibnmx xoHrjiouepaTOB Ae<$exTOB, 
xoTopue cnocodHU xoonepxpoBaTbCH. Ohm conpratacaorcH Apyr c APyroM b nojie uajiux axeueHTapHux ruio- 
maAeW mu odbeuoB CTpyKTypu, xamutt H3 xoiopux coAepraT oamh hctouhhx tbkhx BoadyxyieHMfl. B npe- 
AeAbHOM cxyyae HHTeHcteHocTH 10^ P/c (axTHBHan aoua aAepHoro peaxTopa) npoqecc odpasobbhhh Ta- 
khx KOHrjiouepaTOB HaxdOAee daetronpiwTeH, nocxoxbxy eAKHHWHue odaewu CTaHObatch coM3uepnMUMM 
c paauepaMH KJiHHbeB cueneHHX cipyxiypu seigecTsa [4].

C Apyrofl cTopoHu, npa chhxchhh hht6hchbhocth MM Huxe 0,1 P/c npouecc BaamioAettcTBHfl MM c se- 
gecTBOM bhxoaht na Taxott uaxpoypOBeHb, kopab BepoxTHOcTb OTMeuemott Bhime xoonepaqHH ac^cktob 
peaxo yueHboaeTcx, noaTOuy xoxHyecTBo npHBOAHMUx b CTpyxTypy xpynHUX Ae$exTOB CTanoBHrcx HeaHa- 
WHTeXbHUM. SaKTHUeCKH 3TO 3$$eKT H3MeH6HHH 3HepreTOTeCK0r0 CfieKTpa paAHaqHOHHHX AC#KTOB mu 
iiOBpeiKAeHHH MaTepHaxa CTpyKTypu H3Ae-nufl. Ecjih name npeAnoAOxemie BepHO, to cHHxeHxe dip /d~t 
HH*e HexoToporo ypoBHH (uenee I P/c) aoxxho oaHayaTb KOjmuecTBeHHoe xaMeneHHe paAnaqnoHHoro ag- 
$exTOodpaaoBaHito, xOTopoe xapaxTepno am cxyyaeb AerpaAaumi CTpyxTyp npH npraurrux odiNHO HHT6H- 
chbhocthx MM ot 100 P/c h Bume, nocxojibxy Tenepb npoqeccu AerpaAaiyiH dyAyr onpeflBJMTbCx uenee
CAOXHHMH Ae$eKTBMH.

Anarpa*JMy pac. I uoxho hoasahtb Ha abg sohu: aowy MHxpoyposHH BSaHMOAeltCTBHH MM c aenecTBOM 
h 30Hy MaxpoypoBHA. B nepaofl aone MM aaAaHHOfl hht6Hchbhoctk moxct paccuaTpHBaTbca xax hhahbmaz- 
ajibHuft $eHoueH B3bhuoaoRctbhh BetqecTBa c uacTHueft, b AP/roi) - tojibko xax odupie cpeAHecTaTHCTH- 
uecKHe, PAG moxho aHajiM3npoBaTb TOJibKO BaaxMOAeflcTBHe noToxa uacTHii c Benectbom. JIhhhh paaAeJia 
30H HBJiaeTCH ycxoBHUM rpa$KxoM a$$exTa Ae$opMaipiH aHepreTtmecxoro cnexTpa paAHaipiOHHux noapenae- 
HHft MaTepnajia, uto npeAHOAOXHrexbHO onpeAejixeT bosmoxhoctb HSMeHeum PC H3AeAnS npx cooTseTCTBy- 
Dapix ypoBHHX d<f/di • He HcxjiiweHO, uto yxaaaHHufl a$$exT HaweHeHHH MexaHHaua ssa-
HMOAeflCTBHH CHJIbHO SaBHCHT OT jBKTHMeCKOrO COCTOHHHH Ae$6KTH0CTH CTpyKTypu, n03T0My 6P0 npOHBAe- 
HHe y H3A6AHfl $H3OTeCKHX aHajIOPOB He OdflaaTeAbHO npOHBHTCH B OAHHaxOBOtf CTeneHH. B03M0XHU Taxxe 
3HayHT6AbHUe OTKJIOHeHHH B UpOHBJieHHM 3T0P0 3#6KTa AM OAHOTHIIHUX H3A6AHfl C HGCTadlMbHUM yp0BH6M 
np0H3B0ACTB» . H dOJlbUMM paatipOCOM CBOftCTB H ypOBHH AC^eKTHOCTH HX CTpyXTypU.
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B 3Thx CAyuaxx 0flH03HauH0CTfa 3KcnepMM6HT0B He rapamiipyeTCH, nocxoxbxy HccxeAOBaTexb He xweeT 
HH^opMaqxx o BapnaiiHHX h xapaxTepe as^cktob CTpyxTypu b Btidopxe HaAexHtt. Bhahwo, sthm moxho odbnc- 
HHTb pa3HooSpa3ne peayxbraTOB b oqeHxe TeqAenqiai HSMeHeHHfl PC paaxHqHnx thhob h xxaccoB HaAexHtt 
npH HSMeHeHHM /d~t . AnpHopHan HeonpeAexeHHocTb peayxbTaiOB axcnepHMeHTOB moxbt duTb 
Taxxe CBHaaHa c H3BecTHhw noBumeHHeM PC H3AexHfl c Ae$exTHUMH CTpyxTypaMH, b xoTopux xpynHue A@- 
$exra HBXH10TCH XOByiDKaUH H CTOXaHH BOaHHKaOUHX B XOAe BOSAeflCTBHfl HH HOBUX paAHaqHOHHMX Ae$6KT0B. 
IIpH 3T0M npoqecc noBinneHHH PC npx cHHxeHHH d*f/di moxbt oxaaaTbcn ocxadxeHHHM.

C ytieTOM MsxoxeHHoro npoanajiHanpyeM BTopofi acnexT npodxeMH, CBHsaHHbiR c xopomo HaeecTHbiMH 
npotieccaMM pexaxcaqHH hxh TenxoBoro OTXHra odpaTHMUx paAHaqHOHHiix AejexTOB. PaccMOTpHM HaHdoxee 
xapaxTepHue Aanmie, nonyueHHue b xoa@ axcnepHMeHTOB c otxhtom paAHaqHOHHwx Ae$exTOB KM0I1 HC, xo- 
Topue BunojDMJiHCb nocxe MM paaxHtotofl khtohcmbhocth ot 0,05 ao 6»I09 P/c [5] . 
3th AHHHwe noxa3UBaoT, vro npn TeMnepaiype +25 °C npoqecc TenxoBOro oTirara odpaTmaa Ae$exTOB HC 
noxHOCTbc aaaepmaeTCH x 10 rac.ti. B XOAe OTXHra nponaomex BoaspaT napawerpoB HC b hcxoahoc cocto- 
HHHe Ha 60-80 %. IlpH TexnepaType OTXHra 100 °C yxaaaHHuB npoqecc pjm HH noBumemofi hht6Hchbhocth 
aasepmaeTCH aa BpeMH okojio I q. OweBHflHO, hto b padoqeM AHanaaoHe TewnepaTyp npoqecc OTXHra HC 
aa BpeMH 25 thc.n aaBepmHTCH MHoroxpaTHO. IIoaTOMy c yeexHqeHHeM BpeweHH odxyqeHHH h npn noaune- 
hhh xpaTHOCTH noxHoro OTXHra odpaTHMhix paAHaqHOHHHX A#exTOB HeH3<SexHo noBmieHHe PC H3AeXHtt.

HeodxoAHMO BepHyTbcx x Bonpocy HaMeHeHHR KHHeTHKH odpaaoBaHHx xpyimux Ae$exTOB b cbhsh c npor 
qeccawx hx OTXHra. Ecxh HH BOSAettcTsyeT Ha HaAexHH c HHreHCHBHOCTbB, xoTopan onpeAexneT a$$exT 
OTHOCKTexbHoro yMeHbmeHHH qHcxa BUCOxosHepreTHqecxxx Ae$exT0B, to sto odcToxrexbCTBO Taxxe cno- 
codcTsyeT 3#exTHBHOCTH pexaxcaqHH, nocxoxbxy otxhp doxbmoro qxcxa a®3Nktob c bhcokhmh anaqeHHHMH 
aHeprHM axTHBaqxK ctbhobhtch b btom cxywae HeHyxmw. ffflx HarnnAHOcTH npeACTasHM Aarome odjcjiobhoB 
BepoHTHOCTH TepMOAHHaMHqecxoro npoqecca oTxxra Ae^xTOB b bhab €Xp /-EafhT/ c aHeorHefl 
axTHBaqHH 0,3; 0,8 h 1,3 aB. Dpx TewnepaType OTxxra 50 °C ohh paaHw 3-10 , 3-I0~^ h 5*IO-^ co- 
OTBeTCTBBHHO. Bhaho, WTO yweHbmeHHe aHawHMOcTH hxh HcxxnqeHHe H3 npoqecca pexaxcaqHH 3HaqxrexbHO 
MeHee BepoxTHux npoqeccoB OTxxra xpynHbDC ab^bxtob c noBumeHHoB aHepraefl axTHBaqHH aoxxho nosucHTb 
odtqyn BepoxTHOCTb npoqecca boccthhoBA6HHH cboBctb CTpyxTypu H3AexHfl. 3to onpeAexHT ycxopeHHe npo
qecca BOCCTaHOBXeHHX CBOflCTB CTpyKTypW H nOBUmeHHH CTOflXOCTH H3A6XHB npH HK3KHX aHaqeHHHX d<ffdt.

IlpoaHaxHaHpyeM nocxeAHHfl acnexT HccxeAosaHHH padoiocnocodHocTH hsaoxhA c ywerow npoqeccoB hx 
cTapeHHx b ycxoBHxx npouHx BHemHx Harpyaox, xpoMe HH. Ilocxoxbxy b ycxOBHxx BoaAeRcTBHx HexadexeH 
nepHOA BpeweHH He MeHee 25 thc.u., to HccxeAosaHHx aoxxhh yqHTUBaTb $axT pacxoAa $H3Hwecxoro pe- 
cypca H3A8XHR aa sto BpeMH. Jtxx noxyqeHHx odtexTHBHwx a&khhx HeodxoAHMO paapadoraTb Taxxe mbtoah 
HcnbrraHHJI hxh pacweTOB axh nporaoaa xhhbthxh pacxoAa napaMeTpnqecKoro pecypca hsaoxh#, xoTopue 
noasoxHT oAHoanaMHo oqeHMTb HHTericHBHOcTb hx TepMOTOxoBoro CTapeHHx xax caMocTOHTexbHoro $eH0- 
Mena. Axh oqeHouHbix pacneTOB moxho npHHHTb yxaaaHHbiR cpox 25 thc.h. , aa xoropuR napaMerpu H3Ae- 
XHfl H3M6HHTCH TOXbXO 38 CW6T CTapeHHH TBKHM OdpaSOM, K8X 6CXH titi OHH HOABepraXHCb BOSAefiCTBHHM HH 
AO HHTerpaxbHbix AOa, paapemeHHux no 17. IIoaTony b ycxoaHHx HH npx d<f / d~t MeHbne 0,1 P/c 
HexadexHO HexoTopoe cHHxeHHe noxaaaTexH PC, xoTopoe CBnaaHO c AxxrexbHMM nepxoAow hx jyHxqHOHH- 
poBaHMH, npHBOAHHero x pacxoAy napaMeTpHwecxoro pecypca HaAexHfl.

Ilpoqecc CTapeHHH hbxh6tch npoqeccoM HeodpaTHMoR TenxoBOR AerpaAaqHH. 3to BOaapaT CTpyxTypu 
H3A6XHH Ha COCTOHHHH, XOTOpOB C$OpMHpOB3HO KHX BOadyXAGHHOe C0CT0HHH6 B XOAe TeXHOXOrHHeCKMX JOHe- 
paqHfl h odpadoTXH CTpyxrypu npx ee xaroTOBxeHHH, b HexoTopoe MeHee BoadyxAeHHoe cocTOHHxe. Tenxo- 
bhh AerpaAaqHH BKxnuaeT b cedn Taxxe HaxonxeHne Ae$exTOB, xoTopue He diunr xapaxrepHH juw cTpyx- 
Typu b hcxoahom coctohhhh, A° HaroTOBxeHHH HaAexHfl. B nocxeAHOM cxyuae Ae$exTu BoaHHxaoT bcxba- 
ctbh9 ycTaxocTHoro npoqecca hxh Hanoca b ycxosHHx TenxoBux, toxobhx, MexaHHxecxHx h Apyrxx Har- 
pyaox. HioroM Bcex othx npoqeccoB hbxh6tch pexaxcaqHH hxh paaMUBaHxe HeoAHopoAHocTett CTpyxTypu, 
onpeAexHoqroe ee $yHxqHOHaxbHwe boomoxhocth, HanpxMep} rpaanq p~tl -nepexoAOB h t.a.

nkpaMeTpHMecxKfl raMMa-pecypc onpeAexen H8mh axcnepHMeHraxbHO axh xoHAeHcaTopoB K52-I, peaxc- 
TopoB CD3-37, ahoaob A-3I0 npx TeMnepaiype 60 °C h BpeweHH b03A8Rctbhh HH 25 rac.q. He moxbt duTb 
coMHeHHtt, HTo yBexHqeHHe PC sthx H3A@xHR B AHanaaoHe S<ff dir HHxe 0,1 P/c Becbwa npo- 
dxeMaTHUHO. Bosmoxho yxyAoeHHe PC ashhux H3AexHft, nocxoxbxy aa yxaaaHHufl cpox HexadexHa aupadoT- 
xa 3HawHrexbH0R aoxh napaweTpOTecxoro pecypca h yxoA hx napaweTpos (ewxocTH, conpoTHBxeHHH h od- 
paTHoro Toxa) ao anaueHHfl, dxHaxHx x npeAexbHHM.
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B KanectBe trrora BimojmeHHoro ananas a npeACTaeMM rpajmnecKH ododneimyn vofleab, xoTopaa onncu- 
BaeT npefljioxeHHyra tiaMM cHryaqMD c MBMeHeHMeu noxaaaTeJiet! PC HaHdoaee xapaxTepHoro Tuna maemtft 
eg GTpyKTypott b bmao TBepaoro Teaa b ycaosMax BoaAedcTBMa na hkx mHpoKoro juianaaoHa BejmuHHH 
dtf/0T 0,001 ao 10^ P/e (pHc. 2), Saocb npnopnreT mouhocth aosh npeACTaeaen b bhao 
Af= f (dtf/di) ( rAe fc*Xf(DC. + AX) ; X - aHaneroie KompcumpyeMoro napaweTpa K3A6^hh 
Ao HcnuraHHfl; AX - BejmMHHa HsueHeHMa xoHTpoaHpyeMoro napaweTpa nocae HcnuraHHfl h nadopa hs- 
AeJittflMM rpaHHHHOtt Aoau j)) , npHopHTer oTxara - b bhao rpa$Mxa odayneHMa ao aaAaHHoit Aoau m 
nocjieAyiomero AnareabHoro oTxara paAMaijHOHHHx Ae$exTOB, npnopnTeT cTapeHna - b bhag rpa^Mxa n3Me— 
Henna napaiieipa X b ycaoBHax HHSKOMHTeHCHBHoro odayneHMa ao aaABHHOti ao3h npn nepwaneHTHOM 
OTxnre paAHaiyiortHHx ao^oktob.

Pmc. 2. Qp 
orxKra (/r

HOpHTeT MOUHOCTH A°3U ( /. -tD < ) , .
) H CTapeHHH (ff, *„*Tk ), 

- nocTbaHHO AeflCTByraiyifl tiaKTop

yxaaaHHutt Ha pHcyHxe Ananas oh Beamum Sy*/ &t oxBaTbisaeT see bosmoxhub Ha npaKTHKe 
H HeOdXOAKMHe JW HCCJieAOBaHMlt SHaneHHH HHTeHCHBHOCTH KH OT MUTeabHOPO (JyHKAMOHMpOBaHHH H3AeJIHtt 
B KOCMOCe AO MaKCHMaJlbHOtt HHTeHCHBHOCTM MH RAepHHX SHepreTHUeCKHX yCTBHOBOK HAH HHHX MOAeAHpynqHX 
MH ycTaHOBOK c dojibmon MonHOCTbD Aoau. JcAOBHO AnarpaMMa pMc. 2 MoxeT duTb pasAeJieHa narpH nacTH: 
I - HH$Opiiaiyto 0 PC H3A&BHd M3 C$6pH MX KpaTKOCpOnHHX HCnHTaHMfl Ha MOAerotpyiOUHX yCTBHOBKaX; n - 
MH^opMaqHH o PC, KOTopaa AOJixna conocTaBAHTbca c npoqeccaMM peaaxcaqHH miH OTxnra paAMaqMOHHux 
Ae$eKTOB, npHBOA«qKx k Boaspary napaweTpoe mfl/SJUiPi b hcxoahob coctohhh6 ; I - HH^opMaqaa, xoropaa 
$£utTHnecKH onpeAeJweTca npoqeccaMH $H3HHecxoro CTapeHHH H3AejiHlt b ycaoBHax hx AAMreabHux Hcnu- 
TaHHfl.

Aim nepBOfl nacTH xapaxrepHu HexoTopue HeHaMenroie ananeHMa PC HaAeaHft, Tax xax ASHHue o PC 
onpeAeJifflOTCH acem xoManexcou otipaTHimx h HeodpaTHMUx paAHaijHOHHux Ae$exTOB sa speMa ~tg odjiyse- 
hmh H3AmmJt. npoqeccu dyaynteii peaaxcaqMH btmx a&Nktob sa Bpeua TT# Ha noayneHHiie b xoab mc- 
miTaHMfl ASHHue HHxaxoro OTHomeHHH He HHeoT. BeaOTMHa HBXaeTca nocToaHHOtt BpeueHH npoqecca 
peflaxcaqMM, npa a tom -tK < *Tk . flaa caynaes xapaxrepHH npoueccu, 
xoTopue mu He paccuaTpHsaeM, xoth He McxaoueHO, no xapaxtep rpajmea Af = f Moxer 
M3MeHMTbCH•

Ana BTopott uelctm xapaxiepeH xax du pas pus $yHXHMH. Ecjih MweTb b BHRy tojibko paAMaiiMOHHue Aer- 
paAaiyioHHue npoqeceu, to bosmoxch BapxaHT nepexoAa odaacTM II b odaacTb 1 (Ha pac. 2 oh odoananeH 
nyHKTHpoM). flaa AerptytaitHOKHux npoqeccoB b aTod nacTM xapaxrepHO noarouy Ha pe-
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ayAbxaxu MccjieflOBaHH# PC HaumtauT amuiTb npoqeccu oxxHra, h aneuiMa xHHexHKH flerpaflaiyw Haflemfl 
H6B03M0X6H dea ywexa HapacTaaojero no Mepe yMeHbmeHHH d<f /8i npHopmeTa npoqeccoB
pejiaKcaqHH. OdAacxa II HBAaexcfl nepexoAHOfi, nocxoxbxy no Mepe poc?a BpeMeHH HcnuxaHHti npoqeccu 
pejiaKcaqroi HawmajoT HOHnypHpoBatb c npoqeccaMH $H3nnecKott flerpaflaqHH cxpyxxypu H3flejmfl. IIocAe 
HexoToporo noporoBoro aHawemm d<f f di nocAeACTBHH a%exxa noBumeHMa PC ctbhobhtch 
naif du nocTOHHHO aeRcTBymtqxM $axxopoM, a npoqeccu pejiaKcaqMH■ Ae^exxos cxadMAMaHpyDTca. IIoaxoMy 
ace doaee aaimyio pojib HammaDT Hrpaxb hhcto xepMoxoxOBue AerpaflaqaoHHue npoqeccu, KOTopue on- 
pefleJuroT KaxyqeecH CHHxeHHe PC.

B oOjiacTH ill 3^ *t'K HH$opMaqiM o PC Moxex dura nojiyaena TOAbxo c ynexoM
npoqeccoB hx HeodpaxHMoro fHaanecKoro cTapeHMa. JeHOMeH HaueHeHafl napaMexpoB HafleJinft b ycAOBMax 
MX MHTeJIbHOrO jyHKqMOHHpOaaHHH CT8HOBHTCH flOMHHMpyDqKM. JSfla yCJIOBHf! KOCMOCa npH MHT6HCHBH0CTM 
MH uenee 0,01 P/c caeAyex, bhahmo, opneHTHpOBaTbCH Ha nojiHuft npnopHTeT TepMOTOKOBux flerpaflaqn- 
ohhux npoqeccos, KOTopue h tiynyx onpefleJiHTb cxapewie mRemVi h hx flojiroBeuHOCTb. B othx ycao- 
bhax b noJiHOfl Mepe npoaBAaioTca see npodJieuu, CBHaaHHue c odbexxMBHOtt HHxeHepHO# oqeHxoM h odec- 
neneHHeM AOAPOBewHocxH m coxpaHaeMQCTH MaflejiHB.

Jinn dHonojwpHux HC HexoTopuMH hccacaoBaTejihmh oTMenanocb yueHameHMe xoa#MqH6Hxa K b ah- 
anaaoue auaweHHB d<f /&i ot 100 flo 0,01 P/c, npHaeu He 6wi buhbabh a#exx noBurne-
hhh PC. OflHaKO 3TH flaHHue dbuiH nojiyneHu npH cyqecTBeHHO paanux Teiinepaxypax HcnuraHH® m, bob- 
moxho, duJiH cBflaaHu c a$$eKT8MH OTSHra paflMaqHOHHux AetfexxoB.

3%exx HccAeAOBaHHH MOII-npHdopOB m HC,aHajiorHMHufl puc. 2, duji nojiyqeH b padoxe [6], npmieM 
yaymneHMe PC MOII-HC c 14 a° 65 xpaA HadanAanocb npn d<f/di -I P/c h odaacHaAoca noao-
XHTeAbHUM cabhpom mx noporoaoro HanpaxeHKa npn odAyneHHH. B patioxe [7] noKaaaHO, UTO MOII
p- K-n -KaHaAbHbw TpaH3mctopaM npHcyui paaHufl xapaxxep MaweHeHMB noporoBoro HanpaxeHHa npn 
MaAux Aoaax m npn meaux ananeHMax d<f/dir.

AH8AM3 moasah pHC. 2 noaBOAHex CAeaaxb CAeAynUMe npaxxHnecxMe peKOMenaaqMH ana noBumeHMH 
a$$eKXMBHOcxM A&^bHeBmMx MCCAeAOBaHMfl m no MexoAMMecKOMy odecnenemro HcnuxaHHH:

Hanaxb yraytiAeHHue HccAeAOBaHHH khkoimkh HaKoruieHHH m peaaxcaqHH paAMaqaoHHux AetjpexxoB 
b cxpyxxype xeepAoro xeaa HSAeAHtt c ynexoM aHeprexmiecxoro cnexxpa bbahumh Ea axHx Ae$eK- 
xob. B Kaneexee nepsoro axana xaxnx MCCAeAOBaHMfl HeodxoAHMO oqeHMXb, Kaxosa aoah Ae$exxoB 
b MHxepsaAax Ea paccMoxpeHHoro npMMepa npn paaAMWux $mkchpob8Hhhx 3HaueHHHX d<f/dt 
b odAacxM II;

BecxH padoxu Ha wmcxux Maiepnajax c KOHxpoAHpyeMOfl mcxoahoB Ae$eKXHOcxbn. lie A am xaxMx mc- 
CABAOBaHMB AOAXHO cxaxb BUflBAeHMe npHHqHnHaAbHOtt B03M0XH0CIH M3MeHeHMH PC H3AGAMB B yitaaaHHOM 
AnanaaoHe d<f/d~t , x.e. hohck h yxowHeHMe a#exxa citatiKoodpaaHoro MaueHeHMH oxho-
CMxeAbHoro HMCAa xpynHux Ae^exxoB npM HexoxopoB noporoBOfl BeAHMMHe 0<f/di . IIoAyweHHe 
xaxoB HHfopMaqMM Moxex noasoAMXb aHaunxeAbHO ynpocxHXb noHHwaHMe Bcefi npodaewu m coxpaxHXb 
odaeMu npHMUx McnuxaHMfl M3A6ahR;

ycKopnxb HcnuxaHMe HaAeAMfl c qeAbn oqeHKM hx PC b ycAOBMax bosasBcxbhh MH nyxeu noBumeHHH 
paAHaqHOHHux m xepwoxoKoaux Harpyaox c yuexou coxpaHHocxH ocodeHHoexeft AerpaAaqHM H3A6AmB b yc- 
aobmhx MH, Koxopue duAH paccMOxpeHu Burne.

EcAH BM6CX0 MEAUX B6AMMMH d<f/B yCAOBMAX $OpCMpOBaHHUX MCnUXaHHfl HpHHflXb tiOAee 
BUCOKHe d<f /di K X8KMM OdpaaOM COKpaXHIb BpeMfl McnuxaHMfl, XO npH 3TOM HeodxoAHMO npn-
AepxHBaxacfl CAeAymqMx ycAOBHfl. Bo-nepsux, uxodu PC MaAeAMfl no K03#MqMeHxy K duxa Ha doAee 
HM3K0M ypOBHe, H pMCK 3aKa3HMKa dUA du CB6A6H K MHHMqyMy. 3x0 BO3M0XH0, 6CAH B6CTM McnuxaHMfl 
npH HHTOHCHBHOCXH B AMaHMOHe OT 10 A° 100 P/c. BO-BTOpUX, HeOtixOAHMO AOdHTbCH peXHME MHOPOK- 
paxHoro oxxMPa paAHaqHOHHux AefexxoB b Kaaemax b xoAe hx HcnuxaHKB. 3xo xaxxe boomoxho, scam 
opraHHaoBaxa McnuxaHMfl kbk qMKAMMHue c AMCKpexHUM nadopoM Aoau m nocAeAyrauMMM AAMxeAbHUMM hc- 
nuxaHHHMH M3AGAMB B $opcHpOB8HHOM pexHue, x.e. c nocAeAyxxQHMH BucoKoxeMHepaxypHUMM HcnuxaHKHMH 
b xeweHMe 100-150 w dea odayttemta. B-xpexbHx, odqaa Aoaa, HadpaHHaa H3a@ahamh, aa cnex mhopo- 
KpaxHoro AMCKpexHoro odAyueHHH AOAxna yxiMTUBaxbCH Kax MHxerpaAbHaa m CAyxHTb ocHOBaHHeM ana 
oqeHXH hx PC. Otiqee speMa $opcHposaHHMX xenAOBUx HcnuxaHMlt H3abahB aoaxho odecnewHTb axcnepH- 
weHxaAbHym oqeHxy xeHAeHqHM H3MeHeHMfl hx napauexpoB BCAeACTBHe npoqeccoB cxapeHHH [2j.
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noflBOflfl MTor cflejiaHHUM MeTOflHwecKHM peKOMeHAaoHHM, moxho cp.ena.Tb cieA/romHe buboau.
1. yKaaaHHhifl noflxofl ycKopemm HcmiTaHHtt MoxeT ctbtb auibTepHaTHBOfl npnMHM flJiHTejibHUM HcnuTa- 

HHHM H3AGAHR B yCAOBHHX HH HHSKOft HHT6HCHBH0CTH, XOTH He HCKJUOWeHO, WTO KaKH6-T0 OrpaHHWeHHHe 
patioTu b btom HanpaBJieHHH npiyieTCfl BunojiHUTb ajih HCKJiioweHHH cjiywaRHOCTett, cbh38hhhx c bcemoxhhmh 
HapymeHHHMH nprommia a^UHTHBHoro HanoiuieHHH Ae$eKTOB h pacxofla napaMeTpitwecKoro pecypca HSAeAHtt 
B KOHKpeTHHX CTpyKTypBX.

2. Ecah pexHM BoaflettCTBHH HH hmost jmsmecKHtt xapaxTep uhkjihwhocth, Hanpxwep Ha KOCMHwecKOii 
opdHTe, to cooTBeTCTayunHe HcnuraHHH Taxxe aoaxhh Sutb ahkahwhumh, nocxoAbKy BoaMoxeH paccMOT- 
peHHutt 3$$eKT yBejiHueHHH PC HaflejiHfl npn chhx6hhh d<f jdi b xofle hx HcnuraHHtt Ha HeKCTopott 
noHHxeHHofl cpeAHefl BejiHwime mrreHCHBHOcTH HH.

3. Oyemca patioTocnocodHOCTH H3A6AHil npn moiuhocthx A03H wenee 0,01 P/c AOJixHa BunoAHHTbca c 
yweTOM npopeccoB hx HeodpaTHMoro $H3HwecKoro cTapeHHH npn sbashhux TepMOTOKOBUX HarpyaKax.

4. IIpjMHHOfi H3MeHeHHa PC HaflejiHtt npn BaptiaqHHX d<f /di Moryr 6urb npoqeccu nepwa- 
HeHTHoro OTxnra paAHaqHOHHux Ae$eKTOB, npoqeccu $H3MwecKoro CTapeHHH H3AeJinit h npeAnoxaraeMufi 
3$$eKT H3MeHeHHH aHepreTHnecKoro cneKTpa paAHaqHOHHux noBpexueHHfl waTepnana.
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K CBEflEHWO ABTOPOB

B. HayuHo-TexHHxiecKMtt cdopHHK "Bonpocu btomhoU HayxH h tbxhhkh . Cepan: $H3Hxa paAHaiiHOHHoro 
B03fledcTBHfl Ha pajwoBJieKTpoHHyio annapaTypy" npHHHMajOTCH CTaTbH, ofopMjieHHHe corjiacHO IIojiojiteHHio 
o nopiyute noflroTOBKH MaTepaeuios, npeflHaaHaueHHHx jum OTxpMToro onydjmxoBaHHH (IIojioseHHe-88).

K pyxonncH CTaTbH npanarajoTcn: conpoBbflHTeJibHoe rincbMO, noflnacaHHoe pyxoBOAHTeJieM opraHHaa- 
4Hh; axT aKcnepTaau (I ana.); flaHHue 06 aBTope. Abtoph, npeflCTaBJiannae MaTepaan, aojdkhm pyxosoA- 
cTBOBaTtCH cJieflyioimiMH npaBHjiaMH:

1. Padounfi axaeMiump CTaTbH aojckch duTb b AByx axaeMaimpax; HanenaTaH uepea 2 rarrepBajia Ha 
MamHHKe Ha oflHOtl cTopoHe <5yMarn $opMaxa 210x297 mm (fopMaT A4), npuroflHOfl pjm npanxH uepHHJiawn. 
C JieBOfl CTOpoHbi cTpaHHqw aojdkho tiuTb CBOdoflHoe none mapaHOft 30 mm, c npasofi - ampHHoti 25 mm.

2. OtfteM pyKormcH He AOJixeH npeBumaTb 17 m£udhhoiuichux cTpaHHu, BKjronaH pncymtH (He dcviee 
hath) , TaCJim^bi, pe^epaT u ciihcok JiHTepaTypu.

3. Onesa BBepxy, nepeA aaroJiOBKOM cTaTbH, CTaBHTcn hhaoxc YflK (yHHBepcajibHan AecHTHUHBH 
XJiaccH^HxaqHH).

4. Ha QTAeJibHMX jihctex npHimraeTCH MammonHcmifl tbxct xpaTxofl aHHOTaqaa h pe$epara. OtibeM 
pe$epaTa He A°a*eH npeBHinaTb 600 3HBkob.

5. CTaTbH AOJOtHa Curb noAnncana bcbmh aBTopaMH h HMeTb xoopAHHaTM xoth 6m OAHoro Ha hhx (tb-
Jie$OH, aApec).

6. CoAepxtaHHe CTaTbH HajiaraeTCH c npeAeJibHoft HCHocTbto h KpaTKOCTbio, HcmnonasTCH odiqne pac- 
cyaweHHH, MaBecTHue nojioxeHHH, MHorocJiOBHe. He AonycxaeTcfl Ay6jwpoBaHMe MaTepnajia b TexcTe , 
TaUjimjax h pMcyHKax.

7. HaaaaHHe pyKormcn aojdkho duib kohkpbthmm h b jiaxomraHott $opMe oTpaaatb ochobhjto Teny 
CTaTbH.

8. HeodxoAHMo codjuoAaTb 6Ahhctbo TepMHHOsorHH, ycTaHOBJieHHoe cooTBeTCTBynopiMH cTannapTaMH 
no T6M6 pyKOUHCH.

9. E^HHHUH $H3HM6CKHX B6HHUHH AOJDKHM COOTBeTCTBOBETb MeifflyHapOAHOtt CHCT6M6 eAHHHLJ CM.
10. TadjiHiiu aojdkhm HMeTb TBMaTHMecKHlt aarojioBOK h nocHeAOBaTeHbHO nponyMeposaHH r. B rexcre

AOJDKHM CtJTb CCHJIXH HB BOB TadJIHqH.
11. K pytconncH b xoHeepTe aojdkoh 6mtb nptuioxeH nojiHMfl xoMiuiexT npoHywepoBaHHHx pncyHKOB

(no OAHOMy xoMiuiexTy k xaxtAOMy axaeMiumpy pyxormcH), BunojmeHHMx hcho h motko Ha tiejiofl iuiothoR
dyuare hjih xajibxe nepnofl TyrabD. MaxcHMajibHMtt paaMep pHcyHxa 10x10 cm. B Texcre aojdkhm Curb cchjixh 
Ha Bee pHcyHKM. Ha odopoTe xaj^noro pncyHxa npocTaBJiaeTCH npocTbiM xapaHAamoM: HOMep pncyHxa (no 
TeKCTy) , ($AMHJIHH BBTOpOB, HB3BaHHe CTaTbH J Ha pHCyHKBX C HeflCHOtt CpHeHTHpOBKOfl 0TH0CHT6JIbH0 Bepxa 
hjih HHaa - "sepx" hjih ”hh3." ’. ®OTorpa$HH aojdkhm npHxjieANBaTbca b cjiynae adcojnoTHofl h6o6xoahmocth 
h HMeTb KOHTpacTHue HaodpaxeHHfl. PaaMep $OTorpa$Hfl He dojiee 9x12 cm.

12. $opMyjibi h CyKBeHHtie odoaHaneHHH BeJiHMHH aojdkhm 6mtb neTKO HaimcaHM nepHofl Tyinbio hjih «ep-
HtiMH xiepHH^MH. MHAeKCbi H noxaaaTejiH cTenenefl TtijaTeJibHO odoaHanajoi cooTBeTCTByronjeH CKodxoj} (nan- 
pHMep, » Kfit ). EyxBH OAmaxoBoro HauepTaqHH CJieAyeT noMenaTb: cTponme (Mamie)
AayMH nepTouxaMH cfepxy (nanpHMep, c , K , p ), a nponxcHMe (dojibinMe)—abymh uepTonxaMH cHHay 
(HanpHMep, C , Z , /V ). PpenecxHe dyxBU HeodxoAHMO odBOAHTb xpacHUM xapaHAamoM, pyccxHe - no- 
MenaTb npanofl cxodxott BHHay ( ,/3 ).

13. Cchjixh Ha HcnojibaOBBHHyD jiHTeparypy HyMepyxiTcH b BOapacTammeM nopHAxe h aaxjinnaioTCH
b KBaApaTHMe cxodxH (t.6. f 7] hjih [12-15]). Cohcox hctouhhxob noMenaeTCH b xoHqe pyxonncH. 

OjtopMJiHOTCH 6n6nnorpa$mecKHe cchjixh no POCT 7.1-84. Bu6morpa$mecKoe omcamte noxyueHra. 06- 
qne TpedosaHHH h npasHJia cocTBBJieHHH •

CTaTbH, npHcnaHHMe dea codjnoAeHHH nepenHCJieHHux npaBHJi, x paccMOTpeHHio peAaxiyioHHott kojihe- 
rneti npHHHMaTbca He dyAyr. AApec peAaxqHOHHOtl xojuierHH: 140061, MocxoBCKaa odji., r. JlbirxapHHO I, 
noc. TypaeBO. HMMnpndopoB.
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PEffiEPATH

y# 537.5114-539.166.2

METOfl PAC4ETA BHyTPEHHEPO 3JnSKTP0MAIHHTH0r0 MMLCA, rEHEFMRyEMOrO B CHCTEME IIFH 
B03HEHCTBMH PAMMA-HSJiyHEHHH^ / C.H. OropoAHMKOB. - Bonpocu btomhoR Hay KM m tsxhmkm. 
Cep. $H3MKa pannaynoHHoro BoaAeRcTBHH Ha paAHoaJieKTpoHHy® annapaTypy.I992.Btm. 2-3. 
C. 3-10.

B patfoTe p63but MeTOfl pacueTa BHyrgemero a Ae KTp OMarHHTHO ro mnyjibca, reHepnpye- 
mopo b CHCTeMe (AeTaTeAbHufl annapaT, HSAejiMn! aneKTpoHHoR TexHMKH paflHoaJieKTpoHHofl 
annapaTypH, panMoaJieKTpoHHasi annaparypa b qejioM) npH BoafleflcTBMH ratona-HsjiyueHHH, 
OCHOBaHHHft Ha COBMeCTHOM pacCMOTpeHMH CHCT6MH ypaBH6HMfl MaKCBBAAB H ypaBHeHHfl ABHXe- 
HMH 3A6KTpOHHOfi rHApOAHHaMMKH. qHAHHApMUeCKOfi nOJIOCTH npH B03AeflCTBMM raMMB-H3- 
jiyueHHH Ha ee TopLiesyio noBepxHOCTb nojiynemi cooTHOineHHH arh ochobhhx xapaKTepHCTMH 
nOTOKa KOMFITOHOBCHHX 3JieKTp0H0B H KOMHOHeHTOB TeHepMpyeMOrO MM BJieKTpHneCKOrO M Mar- 
HHTHoro no ah. yKaaaHhi KpaeBue ycJiOBMH Ha 3 m mt t Mpy lome R nosepxHocTM. B KanecTBe haaioct- 
paqMM paccMOTpen CAyyatt, KorAa MMeeT mbcto OAHa KOMnoHema CKopocTM ajieKTpoHOB, Han- 
paBJieHHaa baoab ocm nzjiMHApa. flna aroro CJiymn npMBeAen npMwep uMCAeHHoro pacnera 
(CHMCOK AMT. - I HB3B.).

y# 621.384:621.382.049:539.12.043

KCHBEFTEP flJIfl FEHEPAI# MiyJILCHOrO T0PM03H0P0 HSJiyHEHMfl HA BASE HHEtiHOPO yCKO- 
fHTEJIH 3JIEKTP0H0B 3JQT-4 H FE3yJIBTATH OBmEHMH BEIOJIHfflHX HHTErPAJILHHX CXW M. Kop- 
myHOB1 A.n. JIasapk, H.H. PypMHOBMw. - Bonpocu btomhoR Hay km m TexHMKH. Cep. $H3HKa 
paAHaqMOHHoro soaneActbmh Ha p&AM03JieKTpoHHyio annapaiypy. 1992. Btm. 2-3. C. II-I5.

Ha Case AMHetteoro ycKopMTeAH aAeKTpoHOB 3JIY-4 coaflan KOHsepTep, nosBOAnmuMfi noJiy- 
UHTb MOqHblft HOTOK MMnyAbCHOPO TOpMO3H0rO MSAyyeHMH AM paAMaqHOHHbJX HCCAeAOBaHHfl. I%)M- 
BeAeHO onMcaHMe m napaweTpti ycTaHOBKM. IIpoBeAeHo Hcc-neflOBaHHe AerpaAai^MM CTBTMuecKMx 
napaweTpoB CHnoJwpHtDC MHTerpajibHtct MHKpocxeM JIA-3 cepnH K555 b aaBHCHMOCTMor mouhocth 
A03BI M3JtyMeHMfl. IIOKaaaHO, WTO 3#eKTMBHOCTb BBeAeHMH HeofipaTMMbIX paAHailMOHHblX Ae#K- 
tob, BH3tiBa*)HHx AerpaAaAMio napaweTpos HC, h6Mohotohho aasHCMT ot moerhoctm A03H Top- 
MOSHOrO H3AyUeHMH. B A6A0M / 3$$eKTMBH0CTb BbBne HpM MeHbmeft MHT6HCHBH0CTM, OAHaKO, 
OTAeAbHtie napaMeTpti b AHanaaone msjiux aos (ao 2,5 MjP) fiojiee nyBCTBMTejibHti k M3AyneHHio 
C dOAbmefl MHTeHCHBHOCTbO (pHC. 4, CHMCOK JIMT. - 5 H83B.).

ym 539.12.04+621.311.25:621.039.57

OBUJHE BOliPOCbi nomEHHH CnPABOHHHX MHHUX HO PA^HAUHOHHOR HAflESHOCTH KOHCTFyKUH- 
OHHblX H 3JIEKTP0H30JIHUH0HHHX MATEFHAJIOB, HCHOJIBSyEMUX B 3JTEKTP00B0Fyfl0BAHHH A3C / 
A.II. Tomes, P.C. BaAeeB. - Bonpocu aTOMHOtt hb/km m TexHMKH. Cep. Shsmkb paAMaqHOH- 
Horo B03AeftcTBMH Ha paAMOaAeKTpoHHyo annaparypy. 1992. Bun. 2-3. C. 16-22.

HpodAewa paAHaitMOHHoro crapeHMH aAeKTpoodopyAOBBHMH A3C CBnaana, b nepsyn onepeAN 
C COBMeCTHbM B03flet)CTBMeM H6CKOAbKMX $aKTOpOB 3KCnAyaTaqHM (M0HM3Hpy»merQ H3AytieHHA , 
TennepaTypy , babkhoctm m t.a.), npKBOAMHx k AerpaAaiytH xapaKTepMCTMK HaAeAMR m wa- 
TepnaAOB odopyAobeihmh . AKTyaAbHOfl aaAayett b stom CAynae hbah6tch BbipadoTKa eAHHoro 
noAXOAa k npoBeAeHMio ycKopeKHux HcnuraHHR 3A6KTpoo(5opyAOBaHHA pjw A3C c yqeTOM Bcex 
ifaKTopoB 3KcnAyaTayHM, BOaAettCTBHe KOTOpux Ha napaueTpu lOAeAMll h MaTepHanoB mokbt 
dim, HeaAAHTMBHtiM. B HacTomqeR patioie paccMOTpemi odnpie npMHqxnti npoBeAeHMH tbkmx 
HcnuTaHMR (pHC. 3, tbSa. 2, chmcok amt. - 15 hbsb.).



yj^K 539.12.04+678.01+543.42

HCCJIEyjOBAHHE MMKPOGTPyKTTFU nOMMEFHUX MATEFHMOB I1FH HH3K0MHTEHCMBH0M OBJWHEHHM 
C MCnOJIKBOBAHMEM HK-CIIEKTPOCKOIM H 3JffiKTPCH-II03HTPfflH0fl AHHMIHHipi / P.C. BajieeB, 
A.M. Kohoh6hko. - Bonpocti aTOMHOft Hayxx x TexHxxx. Cep, . $xaxxa paAxayxoHHoro bos- 
fleflCTBHH Ha paflHOBJieKTpoHHyio annapaTypy. 1992. Bun. 2-3. C. 22-27.

IIposefleHa HK-cneKTpocXomm x xaMepexu cnexTpu BpeMenx xxbhx noaxTpoHOB raMMa-od- 
jiytieHHux odpaaqoB nojixaTXJieHa HxaxoR fuiothocth npx paajixuHux xht6hchbhocthx xoHxax- 
pynmero H3JiyneHXH. UpeAAOxeHa M0fle;ib paflxayxoHHO-oxxcJixTeabHott AecTpyxqxx nojiHMepnux 
MaTepxajioB.

IlojiyyeHHue b padore peayjibTaru noasowuoT onpeflejixib ycJiOBXH npoBefleHXH ycxopeH - 
hhx xcnuTaHxtt, npx KOTopux peajixayeTcx MexaHxaM crapeHxn nojinuepHux waTepxemoB npx 
xx axcroiyaTayxx Ha aTOMHUX aJiexTpocTamjXHX (pxc. 3, Tadji. I, chhcok jixt. - 6 Haas.).

y^K 539.I2.04+-678.0I

3ABMCMM0CTB PA^HAUHCHHUX 3MEKT0B B OPTAHWECKHX MATEHAJIAX OT MOiUHOCTO nOPfO- 
UpfflOH fl03H / B.A. BpxcKMaH, JI.B. KpacbKo, B.K. Mxjixmyx, B.H. Cxnxapb. - Bonpocu 
aTOMHoH Hayxx x TexHXKX. Cep. Jxaxxa pa^xaijHOHHoro BoafleRcTBXH Ha paflxoajieKTpoHHyn 
annapaTypy. 1992. Bun. 2-3. C. 28-31.

B 063 ope npoBeflen axajixa axcnepxMeHTajibHux abkhux 0 mxhhxx mouhoctx floau Haacc- 
iMyaTaqxoHHue cBOflCTsa nojiXMepoB; xpaTKO onxcanu ij^xaxxo-xxMxnecxxe npoijeccu, otbbt- 
CTBSHHue aa paAxaijxoHHoe oxxcJieHxe noaxMepoB; paccMOTpenu pexoMeHflaijxx no nposefleHMio 
ycxopeHHux xcnuTaHXfi; conocTaBJieHu mbtoau nporaoaa paflxaqxoHHUx a$$exT0B b ycJiOBXxx 
axcnjiyaTaqxx no peayjibTaraM ycKopeHHbix xcnuTaHXft; pexoMeHflOBaHu HanpaaneHXH flanbHeft- 
mxx xccJieAOBaHxfi. B pawxax odaopa paccMaTpxBamTcn tojibxo HeodpaTHMue paAxanxomue xa- 
MeHeHxn b xapaxTepHux noxaaaTeJinx noAxiiepHux MaTepxanos.

yflK 621.3.049.77+539.12.04

H3MEHEHHE PABOTOOIOCOBHOCTH KMOD HHTEPPAJUJUIX MHKPOCXEM BPM BOSfiEllCTBHM H0HM3H- 
PynyHX H3mEHHtt C HH3K0& H BUCOKOfl HHTEHCMBHOCTM) / D.B. BorarapeB.S.II. KopmyHOB. - 
Bonpocu aTOMHO# Hayxx x Texnxxx. Cep. Zxaxxa paAxaqxoHHoro BOaflettCTBHH Ha paflxoaJiex- 
Tporayio annapaTypy. 1992. Bun. 2-3. C. 32-39.

lipeflCTaBJieHH peayjibTara axcnepxMeHTajibHux xccaeflOBaHxa padoTocnocodHocix paa^xx- 
hhx TxnoB KM0I1 XHTerpajibHux MxxpocxeM (jiorxxecxxx a-neueHTOB, rpxrrepOB, apx$weTxwec- 
xxx yMHOKXTeJiefl) npx BoafleflcTBHH ajiexrpoHHoro x rauMa-xaJiyxeHHfl b Axanaaone xhtch- 
cxBHocTea (MoqHOCTeft floa) ot 5-IO-* go 10^ Bp-c-*, a raxxe TeunepaTypu or 293 flo 
358 K. OTMeueHO nosumeHxe padoTOcnocodHocTX OTflejibHux TxnoB MxxpocxeM xax npx HHaxoti, 
Tax x bucokoR XHT6HCXBH0CTH od.ny<ieHHH, a Taxxe npx noBumeHHOfl TeimepaType. I^uoxeHu 
ueTOflu oqeHxx padoTocnocodHocix KMOII HMC npx Hxaxofl XHTeHcxBHOCTX odJiyseHXH c no- 
Moiqbio xcnuTaHxft MxxpocxeM npx bucokoA xht6Hcxbhoctx xjih npx noaraenHofl reMneparype 
c yueTOM npoqeccoB soccTaHOBJieHXH napauerpoB nocJie odJiyueHXH (pxc. 5, Tadji. I, cnx- 
cox jixt. - 8 Haas.).



y# 539.12.04+621.382.2

PA^HAUHOHHO-GTMMWIilPOBAHHAfl flETPAflAltHH KMOn-UFMEOPOB B AKTHBH01I BJEKTHMECKOM 
•FEKHME / B.H. BepxoTypoB, O.C. Ppa^oflaTCKHti, B.M. 3ukob, H.T. Dma. - Bonpocu 
aTOMHOfl HayKH h TexHHKH. Cep. $H3HKa paflHai^HQHHoro BoafleflCTBHH Ha paflHcejieKT- 
poHHyn annaparypy. 1992. Bun. 2,3. C. 39-41.

-B padore HccxeflOBaHO arawHHe moiuhocth ao3u Ha peayjibTara odjiyneHHH HMC cepHH 
564JE2 c HcnojibaosaHHeM AOJiroBpeMeHHoro OTXHra b aKTHBHOM aJieKTpmiecxoM perowe 
nocxe KopoTKoro odjiynerom.

IlpoBeAeHHHft aKcnepHMeHT noATsepAHJi, wto HeaasHCHMO ot moiuhocth floau, npn xo- 
Topofl npoBOAHTCH otixyHeroie, H3MeHeHne noporoBoro Hanpaxemifl M0II-TpaH3HCTopoB b 
upoqecce AMiTeJibHoro nocjreflynqero OTucnra onncuBaeTCH yHHBepcajibnoR xpHBOtt, napa- 
MeTpti KOTopofl fljm flaHHoro Tuna TpaHaHCTopoB onpefieJUBOTCfl nojmofi floaoft h axexrpH- 
W6CKHM peXHMOH padOTH TpaH3HCT0p0B (pHC. 4, CHHCOK JIHT. - 2 H83B.) .

yflK 539.12.04+621.311.25:621.039.57

BJIHHHHE MOIUHOCTH fl03U HOHH3HPyCU{ErO H3JOTEHHH HA PAEOTOCIIOCOEHOCTL MACJIOHA- 
nOJTHEHHOrO aJIEKTPOOBOFyflOBAHHH flJIH ABC / A.H. TBTHeB, C.T. Boes, A-H. CaflOBHitnHtl, 
E.A. Poxyti. - Bonpocu aTOMHOfl HayKH h TexHHKH. Cep. $H3Hxa paAHaqHOHHoro BOaflefl- 

ctbhh Ha paAHoaJieKTpoHHym annapaTypy. 1992. Bun. 2-3. C. 42-45.
OnHcana aaBHCHMOCTb paflHaipiOHHOfi axexTponpoBOflHOCTH TpaHc$opMaTopHor*o Macxa 

T-750 or moiuhocth norxoqeHHOft floau raMMa-H3xyueHHH h noroxa npoTOHOB c aHeprnefl 
10 IfeB. ycTBHOBJieHO, nTO axeKTpHnecxax nponnocTb Macxa h MacxodapbepHofl Hao/mqHH 
He aaBHCHT ot moiijhocth norxoqeHHoft floau flo 200paA/c.Ma noxyneHHux peayxbTaTOB bu- 
abxbho, nTO MotuHocTb floabi flo 10^ pafl/c He MHH6T Ha npodoftaoe HanpaxeHHe (pnc. 3, 
Tadx. I, CHHCOK JIHT. - I H83B.).

ym 539.12.04+621.315.2+621.311.25:621.039.57

n(BPE»AEHHH B 3JIEKTFMHECK0fl H30JIHUHH KAEEILHHX HaREJIHfl, BKCIUiyATHPyEMHX HA 
AT01HHX 3JIEKTP0CTAHUHHX, H METOJJ MX OBHAPMKEHMH M OHEPATMBHOPO KOHTPOJIH / EC. Ba- 
JieeB, H.M. $HxaroB. - Bonpocu btomhoH HayKH h tbxhhkh . Cep. *M3Hxa paAHaqxoHHoro 
B03Ae»CTBHH Ha paAHoaxexTpoHHyio annapaTypy. 1992. Bun. 2-3. C. 45-49.

OcHOBHOtt cneqH$HwecKOfl ocodemocTbio sxcnxyaTaqHH KadejibHux H3flexHfl Ha A3C 
KaK B HOpMailbHOM QeXHMe, Tax H npM B03HHKHOB6HHH aBapHfaUX CHTyaqHft HBJIH6TCH KOM- 
rniexcHoe BoafleflcTBHe flecTadHXH3HpyDqHx $axTopoB (reunepaTypu, BxamocTH, flasxe- 
hhh, arpeccHBHott cpeflu, axexrpHHecKHx h | uexaHHtiecxHX HarpyaoxJnpH hbjihhhh hoto- 
kob MajiyneHHfl bucokoA BHeprHH, rxasHHM odpaaoM HetlrpoHOB flexeHim h conyrcTByn- 
qero raMMa-H3xyneHHH.

AaHHan padoia nocBuqeHa aH&imay bosmoxhux noBpexfleHHfl, B03HHxau(Hx b hsojih- 
UHh xadeJibHux H3flejiHfl b npoqecce axcnxyaTaqHH Ha ABC, h mbtoaob hx odHapyxenm 
k onepaTHBHoro xoHTpoxx (cnncox xht. - 9 Haas.).

- m-



yflK 539.12.04+621.315.24621.039.57

BMHHME MOUPOC™ fl03ti HA HEOBPATOffitE M3MEHEHMH 3JIEKTFOTECKHX HAPAMETPOB CMJtOBHX 
KABEJIEH flJIH jyjEFHHX 3HEPTETIWECKHX /CTAHOBOK / H.H. ImiaxoB. - Bonpocu etomhoU 
HayKH m TexHHKH. Cep. $H3HKa paflHaqHOHHoro BoaAeficTBHa Ha paAHOaaexTpoHHyx> annapa- 
Typy. 1992. Bun. 2-3. C. 49-53.

IIpHBeAeHH peayjibTara 3KcnepnM8HTanbHoro HccaeAOB&HHH HeodpaTHMoro HSMeneHHH 
COnpOTHBJieHKH H30JIHL(HH, 6MK0CTH H TBHreHCa yPAa AH3AeKTpHWeCKMX HOTepb CHAOBHX KB- 
deaeft npd BoaAettCTBHH HenpepuBHoro raMMa-HaayweHHa b Ananas one Aoau 10^-10^ P
h MonpocTH Aoau 0,15-130 P/c. /CTaHOBJieHO, WTO aah xadeaeti c peanHOBOfl HsoaaqueB 
BeJinwHHa HeodpaTHMoro HaMeneHHfl aJieKTpHwecKHx napaMeTpOB He 3bbhcht ot moiuhocth 
A03H. y xadeaeti c nomtoTtoieHOBoB H30jwqnefi aaBHciiMobTb xpMTHwecxofl Aoau ot mouhocth 
Aoau b HCCJieAQBaHHOM AnanasOHe HweeT bha CTeneHHoit -$yHxqHH c noxaaaTeaeM CTeneHH 

0,7. IloAyweHHbie peayabTaTu pexoMeHAobbho ywHTUBaTb npn npoaeAeHHH ■ ycxopemux 
pecypcnux hcimtshhH xadeabHux H3AeanH par A3C (pnc. 6, TaSa. 2). '

VM 539.12.04+621.3I5.2+62I.039.57

H3MEHEHHE 3JMCTH14ECKHX HAPAMETPOB CMJIOBHX KABEXEfl #1 Hj^EfHHX yCTAHOBOK HFH 
PASmEJILHOM M COBMECTHOM BO3RE0CTBHH H3J1TOEHHH H HOEIEEHHOtt BJMHQCTH / HJL SwaaroB. - 
Bonpocu aTOMHOtt HayKH h t6xhhkh. Cep. ®H3HKa paAHaqHOHHoro b03A6Bctbhh Ha paAMO- 
saeKTpoHHyD annapaTypy. 1992. Bun. 2-3. C. 53-56.

B A&HHofl padoTe npHseAemi peayabTaTu axcnepuMeHTaabHiix HccaeAOBaHHfi H3MeHeHHfl 
conpoTMBaeHHa xaoaaqHH, cmkocth h Tanrenca yraa AnaaexTpHwecxHx noTepb ckxobux xa- 
Ceaett M3HUH-I00 c pesHHOBOt) Haoanqneit h TOP c HaoaHqnetl H3 paAHaqHOHHO-cmHToro no- 
AHaTHAeHa npH paaAeabHOM, paajSeabHO-nocaeAOBaTeabHOM m cobm6cthom bo3A6Actbhh nen- 
pepuBHoro raMMa-HfejiyweHHH h noBumeHHotl baeukhocth (91 %) oxpyxaioniett cpeAU. HoxaaaHo, 
wto coBMecTHoe BoaAeHcTBHe HaayweHHa h aaarH BuaueaeT doaee aHawmeabHue HSMeHeHHH 
aaeKTpMwecKHx napaweTpoB, wew hx paaAeabHpe AeflcTBHe. IIoayweHHiie peayabTaTu caeAyeT 
ywHTUBaTb npH paapatioixe mbtoaob h nposeAeHHH ycxopenmix pecypcHbix HcnuTaHHtt xa- 
deabHux HaAeanfl par A3C (pHc. 4, chmcok aht. - I Haas.).

yW 539.12.04+621.3.049.771.14+537.591

METOjptA nPOmOSMPOBAHHH PAJPAHMOHHHX CBOEB I#P0BHX BMC IIFH B03RBttCTBHH MOHOB 
K0CMH4ECKHX JITOEM / B.M. BepxoTypoB, O.C. rpa^OAaTcxMfl, H.B. KyaHeqoB, C.A. MacaoB, 
P.A. Hummhk, H.H. IlaHacDK. - Bonpocu aTOMHOtt HayxH h t6xhhkh. Cep. fltaaHxa paAxa- 
qHOHHoro BoaAeMcTBHH Ha paAHOaaexrpoHHyio annapaTypy. 1992. Bun. 2-3. C. 57-62.

fiaccMOTpena pacweTHo-axcnepnueHraabHaa MeTOAHxa par nporHoaHpoBamm wacTOTu 
paA»aqHOHHux cdoea qajpoBUx BMC h CBMC dopTOBOti paAHoaaexTpoHHOfi annapaTypu kocmh- 
wecxHx annapaTOB npn BoaAettCTBHH hohob xocMHwecxHx aywefl c aHepraefl I-1D00 Ife^yxaoH. 
flaHU npaxTHwecxHe pexoMeHAaqroi no npHueHenmo aroA mbtoamkh h odcyaqteHa towhoctb 
BunoaHaeMux c ee noMoqbo oqeHOK wbctotu paAnaqHOHHux cdoes BMC (pHc. 2, Tada. I, 
cnncox AMT. - II HB3B.).



yjjt 539.12.04+621.382.3

METOjptA nP0ra03MP0BAHMH PAEOTOCnoCOEHOCTH rOBDOHTAEHOrO p - n -p -TPAH3HCT0PA 
HA SAHAHHHlt yPOBEHB H3JI/HEHHH / B.C. UepmeHKOB, A.B. CesacTbaHOB. - Bonpocu aTomhoB 
HayKH h TexHMKH. Cep. $H3HKa paflHaaHOHHoro BoaflettcTBHH Ha pa^HoajieKTpoHHynannapaTypy . 
1992. Bun. 2-3. C.62-67.

B padote npencTaBJieHa MeTOfiHKa nporao3npoBaHHfl AerpsflaqHH ropn30HTajibHux p~tl-p~ 
Tp8H3HCT0p0B HpH B03fle»CTBHH H0HH3Hpy»mer0 H3 JiyneHHH, OCHOBaHHan Ha npHHqHnaX HHBapH- 
aHTHO-ToncuiorHueckoro nofixofta. IloKaaaH KOHKpeTHuit npmtep peajinaaqnn Taxoro noflxofla. 
IlpHsefleHu peayjibTaTu h flan ananas axcnepnMeHTajibHux HccJieflOBaHHfl peanbHux tsctobux 
CTpyKTyp, BunomeHHux b tom xe TexHonorauecKOM uHKJie, uto a npoeKTapyeMaa HHTerpanbHan 
cxeua (pHc. 8, Tafiji. 2, chhcok jiht. - 2 HaaB.)j.

yflK 539.12.04+621.3.049.77

HOI0JIB30BAHHE HHHEKLJHH rOPfWHX HOCHTEM B n0fl3ATB0FHtiH OKHCEJI M B03fiEflCTBHH FEHT,- 
PEHOBCKOrO flJIH HP0IH03HP0BAHHH PABOTOOIOCOBHOCTH MHKPOCXEM, H3P0T0BJIEHHHX 
no MOn-TEXHOJlOnM / B.C. nepmeHKOB, C.B. Hepenxo. - Bonpocu btomhoB HayKH h TexHHKH. 
Cep. $H3HKa paflManHOHHoro aoafleiicTBHH Ha paflHoaJieKTpoHHyio annapaTypy. 1992. Bun. 2-3. 
C. 67-72.

B padore npoBefleH ananas MeTOfla nporHoanpoBamm nerpananaH noporoBoro HanpaxeHHH 
b npoyecce axTasHoro $yHKLjHOHnpoBaHtta MOOT c HcnonbaosaHHeM HOHH3apynmero miryuenm.

fipHsefleHu aKcnepHMeHTajibHue flannue no cbhsh tokb nonnoxKH c aaMeHenaeM noporoBoro 
HanpaseHHH MOOT. MccneflOBaH 3#exT nepaBHOMepHoro BBeneHHH aapana b oxacen aa-aa no- 
K8JiH3anHH odJiacTH paaorpeea nocHTenett BtinaaH ctokb h BJiHHHHe sToro 3<$$eKTa HaToiHocTb 
nporHoaHpoBaHHH. OdcyxweHU Bonpocu npaxTHuecKoro npaueHeHaa M6TO.na h ero Monn$HKaqnn 
PM onpenejieHHB padOTOcnocodHOCTM MOOT b ycJiOBHnx cnadoaHTeHCHBHux panaaqaoHHux bo3- 
flettcTBHti (pHc. 3, cnHCOK Jim. - II HaaB.).

ym 621.322.2

BXMHHHE HH3KHX TEMHEPAiyP H aJIEKTPOHHOPO 0Bm£HHH HA BOJtbT-AMnEPHHE XAPAKTEFMC- 
THKH KPEAKHEBHX CTEWCTyP C p-n -nEFEXOflAMH / $.H. KopmyHOB, H.P. Mapnemto, E.H. %a-
HOBHW, B.T. TpOUHHCKHB. - BonpOCU aTOMHOtl HayKH H T6XHHKH. Cep. $H3HKa panHayHOHHOrO 
BoaneflcTBHH Ha paflHoajieKTpoHHyio annapaTypy. 1992. Bun. 2-3. C. 72-75,

B padoTe HccnenosajiHCb ocodemocTH noBefleHHH BOJibT-aMnepHux xapaxTepHCTax xpeMHHe- 
BUX, AH#y3HOHHUX 0+-fl ~P+ CTpyKTyp, HBJUDMIHXCH OCHOBOfl CHJIOBUX flHOflOB, HpH HC 3KC- 
roiyaTanHH b pexHMe1 HOMHHanbHux h neperpyaonnux nnoTHOCTefl tokob. SaKTopaMH, onpenena- 
buhmh HaMeHeHHH xapaKTepHCTHK, HBJiMHCb TennepaTypa b flHanaaoHe 77-400 K a aneKTpoHHoe 
odnyneHHe c anepmett 4 MaB.

yCTaHOBJieHO, WTO odycnoBnemaie sneKTpoHHUM odjiyueHHeM H3MeHeHHH npaMoro nafleHHaHan- 
paxemm npn TeunepaType 120 K b 3-4 paaa MeHbme, neu npx Teuneparype 300 K. IIpHtiHHofl 
donee bucokoB panHayHOHHoB ctoBkocth npudopoB aanaeTca sHawarenbHoe yMeHbmeHHe bjihhhhh 
npoqeccoB ajieKTpoHHO-nypo«Horo pacceaHHa h oxe-pexoMdHHaqHH Ha sonbT-aMnepHue xapax- 
TepHCTHKH CTpyKTyp npH HH3KHX TeMHepaTypax (pHC. 4, CHHCOK JIHT. - 7 HB3B.).

- /



yflK 539.12.04+621.3.049.77

HCCJIEflOBAHME KHHETHKH B03HHKH0BEHHH M ODHHrA HAPASHTHIIX 7TE4EK B MMKP03JEKTP0HHHX 
CTFTKiyPAX C HSOIDIAHAPHOfl MSOJIHUHEfl / B.C. IlepraeHKOB, B.B. HyfiKHH. - Bonpocu etomhoK 
HayKH h TexHHKH. Cep. $H3HKa paflHai^HOHHoro B03AeficTBHH Ha paAKOSJieKTpoHHyw annapaTy- 
py. 1992. Bun. 2-3. C. 76-81.

PaCCMOTpeHU KOHCTpyKTHBHUe OCOfieHHOCTH (SHnOJtopHHX H KMOII-MHKpOCXeM, HCnOJIbaylOUHX 
rJiydoKHft paaflejiHTeJibHufl okhcbji, c nejibio BtMBJieHHH bosmoxhhx moot noflBJieHKH napasHTHux 
yresex npH B03AetlcTBHH noHH3npy»mero HaJiyueHHH. IIpoaHauiHSHpoBaHO HsMeHeHHe noflnoporo- 
bux BOJibT-aMnepHbK xapaKTepHCTHK MOII—TpaHaHCTopoB npH bo3Hhkhqb6Hhh yreueK. PaccuoT- 
penu $H3imecKHe MexaHHsuu noflBJieHHH yTenex. IIpOBefleH anajiHs KHHeTHKH boshhkhoBeHHa 
yre«KH sa cneT fleflcTBim xpaeBoro aJieKTpHuecKoro nojig odpaTHOCMeneHHux nepexoflos. Do- 
«aaaHo, uro uexaHH3M, CBaaaHHufl c KpaesuM sJieKTpiraecKHM noneu, moxst 6utb flOMHHHpy- 
KM4HM JU1H dOJIbfflHHCTBa HMeOIQHXCfl KOHCTpyKTHBHUX pemeHHfi C0BpeM6HHHX MHKpOCXeM. PacCMOT- 
pena cneqH^HKa BoaflettcTBiM hh3kohht6Hchbhux noTOKOB HOHH3Hpyenero HSJiyyeHHH Ha bo3- 
HHKHOBeHHe napaaHTHux yrenex (p«c. 6, cone ok jiht-. - 8 Haas.).

%8K 539.12.04+621.382.2

OIIPEUIEJIEHHE HAPAMETPOB MO^EJIM rZMMEJIH-nyHA BffllOJIflfHHX TPAH3HCT0P0B C 74ET0M 3$- 
»EKTA KHFHA M B03flg&CTOHfl M0HM3MPM#X H3JiyHEHHfi / A.D. ParoaHH, B.fl. UIhhh, M.H. Hkhm- 
hhkob, M.C. Mypseea. - Bonpocu aTouHoit HayKH h tbxhhkh. Cep. $H3HKa paAHaqxoHHoro 
BOafleRcTBHfl Ha paflHoajieKTpoHHyio annaparypy. 1992. Bun. 2-3. C. 81-87.

McoJieflOBaHO MHHHxe ramaa-odaytieHMa Ha napaueTpu moabjih I^MMexx-OyHa n-p-n-ipan- 
3HCTopoB c paaxMHHUM conpoTHBJieHxeM KOjuieKTopHoro cjioh , JlapameTpu moabjih
onpenejiiuiHCb c noMOUbo moabjih HeAHHeflHoro perpeccHomoro anaJiHaa. fyih orwcaHHH 3#ex- 
Ta Kxpxa npH CoAbtnHX tokex KOjuieKTopa k CTaHflapTHofi rpynne napaweTpOB AoCaBJieHo abb 
hobux. IlpeflAOxeH onocoti hx onpeAexeHHx H3 BOJibT-aMnepHux xapaKTepHCTHK 6ea Hcnojibao- 
B8HHH TeXHOJlOTHUeCKHX ABHHUX (pHC. 4, TaCjI. I, OIWCOK JIHT. - 6 HB3B.).

yqK 539.12.04+621.3.049.77+681.335.2

PACHET KOMTIAPATOPOB AHAJI0F0-I^$P0BL1X I1PE0BPA30BATEJIEH C WETOM 3JIEKTFHHECK0ID 
FEKHMA PAEOTti TPAH3HCT0F0B H BOE^CIBMH HOHH3HPrai|ErO H3JE/HEHHH / A.D. Par03HH.-Bon- 
pocu BTOMHOB HayKH H T6XHHKH. Cep. $H3HK& pBAHai|HOHHOrO B03AettCTBlM Ha paAHOaaeKTpOH-
Hyn annaparypy. 1992. Bun. 2-3. C. 87-90.

PaccwHTaHO HanpHxewie CMeqeHHx nym KOimapaTopoB aHanoro-AHjpoBUX npeoOpaaosaTe- 
Jieit KII07IBI npH raMMa-oCjiyueHHH c yneTOM bjixhhhh aaeKTpHMecKoro pexHMa Ha AerpaAa- 
qHD tfHnojwpHux TpaHSHCTopoB. DapaueTpu TpaHSHCTopos onpeAeJMJiHCb H3 aKcnepHMemajibHux 
BOJibT-aMnepHux xapaKTepHCTHK. IloKaaaHo, hto Hanfiojiee csafiuu yajiou Kounaparopa hbjih- 
6Tch bxoahoR AH$$epem;HajibHut! ycmiHTejib, a b cocTase jiHHeBKH KOwnapaTopos - Kounapa- 
T0pu MAaAJDHX H CTapfflHX paapAAOB (pHC. 3, TatfA. I, CnHCOK AHT. - 3 HE3B.).

/
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y/F 539.12.04:621.382.1

METO^fMECKHE OCOBEHHOCTH OTBOPA PM#A1(HOHHO-CTOHKHX nOHynPCBOJPfitOBUX ItfWEOPOB 
HO HA4AJILHUM HHSBOFMATHBHtiM EAPAMETPAM / D.H. JJyKOB, C.B. Areen, D.B. fiepeBHHKO, 
B.H. yjiMMOB. - Bonpocu axoMHot! HayKH x t6xhhkh. Cep. $MaxKa paflxaqxoHHoro Boafleflcx- 
bhh Ha paflxoasexTpoHHyio annapaTypy. 1992. Bun. 2-3. C. 90-95.

npe,mio*eH Meiofl oqeHKH cTaiHCTHwecKOti BaaxMocBHax HawasbHux aHaweHHfl HH$opwa- 
thbhhx napaMeipoB c paflxaiyioHHOfl cxoiteocxbD nosynpoBOflHHKOBUx npxdopoB npH nowoopi 
K09#XqHeHTa HH$OpMaTHBHOCTH, HHBapHaHTHOrO OTHOCHTejIbHO OdbOMa BblCopKH H flOBepH- 
TeJIbHOft BepOHTHOCTH. PaCCMOTpeHO BSHHHHe WHCSa HHlJOpMBTHBHbIX napaM6TpOB HB flOCTO- 
BepHocTb oidopa paflH84H0HH0-CT0flKHx aJieMeHTOB paflxoaseKTpoHHoil annapaxypu. IloKaaa- 
ho, WTO yBesxweHxe WHCsa nporHoaxpymuHx napauexpoB CHawasa noBiimaeT floexoBepHoexb 
oidopa pajuianHOHHO-cTottKHx npxdopoB, a aaxeM HawxxaeT ee cHHxaTb. npaxTHwecKH ,noc- 
tbtowho, wxodu wxcso HH^opMaTHBHHX napauerpoB duso Ha nopaflOK MeHbme wxcsa npxdopoB 
b BudopKe (pHc. 4, Tads. I, cimcoK sht. - I Haas.).

7W 539.12.04+621.3.049.77

PEHEPAltHH EflHHHHHHX CBOEB B yCTPOfiCTBAX IIAMTH, OEfflEAEMtlX HPOTOHAW C 3HEP- 
IMEfl I IbB / C.B. Arees, D.B. flepeBHHKO, D.H. JH/kob, B.H. ysHMOB, H.E. BoflonbHHOB, 
E.A. Kothkob, B.B. MHpouiKHH, B.B. IlamyK, M.T. TsepcKoR. - Bonpocu axoMHoti HayKH 
H TexHHKH. Cep. $H3HKa paflxaqxoHHoro BOaflettcTBHH Ha paflHoaseKTpoHHyio annapaTypy. 
1992. Bun. 2-3. C. 95-99.

Hauepemi ceweHxs eflHHHWHux odpaxHMux cdoes sorxwecKoro coctohhhh sweex naMHTH 
b HC K565Py5, HC 565Fy6, HC 565PyV, odsywaewux npoTonaMH c a Hep rue il I DaB. ycxaHos- 
seHo, wto HaHMeHee wybc t b xt esbHUMH k paflxaqxoHHOMy p 03fleBctbxm hbjihbtch HC K565py7, 
aaieM HC K565f76 h HC K565py5. HaRneHo, wto cewenxe cdoea He aaBHCHT ot XKreHCHBHOCTH 
nywKa b flxanaaoHe 5*10® - 2-10? npoTOH/(cM^*c), ot norsoqeHHoR floau h ot xcxoflHoro 

sorxwecKoro coctohhhh xweex naMHTH (pxc. 5, Tads. I, chhcok sht. - 5 Haas.).

yUK 539.12.04+62I.2-t621.315.61

HCCJIEflOBAHHE PA#A#H0HH0H CTOHKOCTH 3JIEKTPCM30JIHUHCHHHX MATEPHAJIOB, nfHHEHHEMHX 
B BHCOKOBCMMHOM OBOpyiJOBAHHH HEFHOBHJTBCKOH A3C / C.fl. JlHayHOB, JUY KyqxH, AJL IbT- 
hbb, JI.K. CsywaHKO, T.H. Mopoaona. - Bonpocu aTOMHoi: HayKH h tsxhhkh. Cep. $xaxKa 
paflxaqxoHHoro B03,seftcTbhh Ha paflxoaseKTpoHHyw annapaTypy. 1992. Bun. 2-3. C. 100-103.

OnpeseseHo soaMoraoe cHmceHxe HafleimocTH axeKTpoodopyflosaHHfl nocse aEapxitHoro 
odsyweHHH b 1986 r. B peaysbTaxe odsyweHHH TpaHc^opMaxopHoro wacsa npoHexoflHT ero 
paasoxeHxe c BbweseHxeM BOflopofla, weTaxa, aTHseHa, axana h flpyrxx raaOB. C yeesxwe- 
hhbm floau flo I Mpafl h Btane peaKO cHxxaeTCH aseKxpxwecKas npowHOCTb uacsa. SaweweHO 
CHHxeHHe cxeneHH noHHMepxaayxx yxe npx floae 0,06 Mpafl, KOTopoe flocxxrso 30 % npx 
floae 0,17 Mpafl (pxc. 7).

-



y%l 537.533+539.12.04

KKyCHPOBKA CHM0T04HHX II/HKOB 3JEKTPCH0B H PEHEPAItHH HUIWItCOB CBEPXXECTOOro 
FEHTTEHOBCKOrO H3HMEHHB / B.$. 3hhw6hko, B.B. TnMO$eeB, B.fl. IHhhh. - Bonpocti
aTOMHOfi HayKH h TexHHKH. Cep. $H3Mkb panjtatiHOHHoro B03fl,eflcTBHH Ha pajwoaJieKTpoHHyn
annapaTypy. 1992. Bun. 2-3. C. 103-106.

BmiHtuiemi reoMexpHfl flHO.ua h napaweTpu MHnieHH, HeotixoflHMbie am onTHMHaaqm juno- 
eHca $otohob ot peHTreHOBCKoro hctowhhkb c MaKcHMajibHOfl anepriceH 3Jibktpohob I IfeB. 
HaflAeHO, WTO b peayjibxaTe MHoroitpaTHoro B3aHM0fleflcTbhh aneKTpoHOB nywxa c wmeHbn 
nofl AetlcTBMeM codcTseimoro aJieKTpoMarHHTHoro nojia npoHcxoflHT yBeromeHMe suxofla 
aHeprHH TopMOaHoro Hajiyweaito, yMeHbmeHHe onTHMajibHofl Tojmymu MHmeHH h CMarweHHe 
cneKTpa flamoro aa^yweaxa. OcHOBHbie napameTpu npe^ioxemoro peHTreHOBCKoro hctow- 
Hinca dojibmoH rnioiqa^H npMBOflHTCH (pnc. 5, chhcok jiht. - 5 HaaB.).

y^C 539.I2.04+62I.3.019.3

METOJfll'ffiCKHE 7CTAH08KH flUH /CKOFEHHHX FECyPCHUX MCTMTAHHfl HA HA£E8H0CTB 3JIEK- 
TPOTEXTOfECKHX KOMTUIEKTynqHX, BX0##X B COCTAB OBOFy^OBAHHH ABC H flflEHfflX YCTA- 
HQBOK / B.C. UlecTaHOB. - Bonpocia btomhoU HayKH h TexHHKH. Cep. $H3HKa paflHattHoa- 
Horo BoafleitcTBHa Ha paflHoaJieKTpoHHjno annapaTypy. 1992. Bun. 2-3. C. 106-108.

PaapadoTaHu a onHcami ycTaaoBKH am McnuTaHHfi aJieKTpoTexHHKH, MHxponepeKjnowa- 
Texeft, MexaHHwecKHx HcnuraaMfl xadeaeM Ha rorad, a Taiote am HcnuraHHA aJiexrpoTex- 
HHKH BHCOKHH HanpflXeHHeM (pHC. 4).

VM 621.039.55.553

HM3KCHHTEHCHBHHP1 nPOTOHHHH FEHEPATOP flJM PAJIAUHOHHHX HCriHTAHHfl /KB. Mctomhh, 
A.®. TypSm, A.B. CeweaoB.- Bonpocu aTOMHOt) aayKH h TexHHKH. Cep. $H3HKa paflHaqn- 
OHHoro BOafteflCTBUH Ha paflHosJieKTpoHHy» annapaTypy. 1992. Bun. 2-3. C. I08-II2.

IIpoBefleH 3KcnepHM6HT h BHnomeHH pacwera, odocaoBUBanuHe BoauoxHocTb coaflflHHs 
HH3K0HHTeHOKBHOPO HpOTOHHOrO reHepaTOpa Ha 0CH0B6 HflepHOtt peaKUMH £H(3H§p)*He. 
tloTpedaocTb b Taxoro po.na xcTOWHHxe npoTOHOB onpeflejmeTca aeodxoflHMOcTbn npoBefle- 
hhh floaroBpeMeHHHX HcntrraHHft h OTcyrcTBHeM noflxojHHueft am sToro tbxhhkh (pac. 4, 
CnHCOK HHT. - 10 Ha3B.).

-



yjp 539.12.044621.304.6

HCCJTEaOBAHHE HO PEHEPAUHH HMI/JIBCA yCKOFMTEJIH "AKBAPEH" / D.H. Baxy-mm, 
B.K. FaHKH, B.$. 3nHueHKO, B.B. THMO$eeB. - Bonpocu aTOMHOfl HayxH h TexHHKH. Cep. $n- 
3HKa paflHaqHOHHoro bosacHctbhh Ha paAMoaneKTpoHHyio annapaTypy. 1992. Bun. 2-3. C. 112- 
115.

Huny^bCHuB ycKopHTejib "AKBaren" coaflan no cxeue oflHHapHoB ^opunpyrnigeB jihhhh, ko- 
Topan aaprataeTCH or Asyx HunyabCHux TpancfopuaTopoB ao HanpanemiH 1,5 MB. Ha ochobb 
HccJieAObshhB nocTpoeHu KapTorpawu pacnpefleJieHHB aosu h noToxa aHeprHH b odteue axc- 
nepHMeHTajibHoro doKca. IlpHBeAeHu THiwnHue ypoBHH odnyneHHn. PaccnmaHHan a#@KTHB- 
HocTb peHTreHOBCKoro HaJiyneHHH ycKopHTejin cocTasHneT ~ 0,3 am Si H Kownoan- 
AHfl St C , SiOg , Get fis (pnc. 2, Tadji. I, chhcok nm. - I Haas.).

yflK 537.531:535.33

ycTaHOBKa "ILiaaMeHHuB $0Kyc" kbk hctowhmk HHTeHCHBHoro peHTreHOBCKoro H3JiyneHHH / 
D.I1. BaKyjiMH, B.f. 3nmieHKO, M.A. KapjjKHH, B.M. Kpaya, H.B. $HJiHrtnoB, T.H. SaramnoBa, 
B.B. THMO$eea. - Bonpocu btomhoB HayxH h TexHHKH. Cep. $M3HKa paAHanHOHHOro BoafteB- 
CTBHH Ha paAHoaJieKTpoHHyx) annapaTypy. 1992. Bun. 2-3. C. II6-I20.

OnncaHu ocHOBHue $H3HvecKHe npHHqnnu pafiora ycTanoaKH h npHeeAeHti qpcTpaHCTBeHHo-' 
aHepreTHnecKHe h AHHaMiroecKHe xapaKTepHCTHKH nojir peHTreHOBCKoro Majiynewto: a^JeK-
THBHan SUHTeJIbHOCTb HMpyjlbCB — 30 HC, MaKCHMaJlbHM MOIHHOCTb;fl03H IfifijBiah" < MZffleHH 

— 10® P/c, aHeprHH HsayweHKH — 0,6*I0-^ Kan/cu^, Aoaa — 35 P, uaKCH-
ManbHuB aHepreTHnecKHfl cnexip HSJiyneHHH 
2 HB3B.).

ce 47 KaB (pnc. 7, tbCji. 2, chhcok jiht.-

yjW 539.12.04+621.37/39

OCHOBHUE ACHEKIti OUEHKH PABOTOCnOCOEHOCTH H3REHH HfH flJIMTEJIBHOM B03|REflCTBHH H0- 
HH3HPyDC|HX HSJiyHEHHH / H.B. HyjiHKOB. - Bonpocu btomhoB HayxH h TexHHKH. Cep. $H3Mkb 
paflHanHOHHoro bo3A6Bctbhh Ha paAHogjifeKTpoHHyio annapaTypy. 1992. Bun. 2-3. C.I2I-I27 .

Asm ueTOAHnecKHe yxaaaHHH HccjieflOBaHHH paSoTocnocodnocTH H3flejiHi? pjm oqeHKH pa- 
AH&yHOHHO# CTOMkOCTH, HafleXHOCTH H $H3KWeCKOrO CTapeHHfi B yCJIOBHHX TepMOTOKOBUX Har- 
pyaoK. Omcanu npHeitiieuocTb npHHipma aAAHTHBHoro HaKoruieHHn Ae$eKTOB, khubthkh OTjmra 
paAHaqnoHHUx as$6KTob h npeAnojiaraeMoro 3#e«Ta HaweHeHHH ctoHkocth hsachhM npn paa- 
HUX BeJIOTHHaX HHT6HCHBH0CTH 06jiyUeHRR (pHC. 2, CHHCOK J1HT. - 6 HB3B.).
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