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HHTErPAnbHYE METO~Y H3MEPEHHB 
~030BOrO 3KBHBAnEHTA 
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' 

OnpeAeneHHe Aoaoaoro aKBHaaneaTa HBnHeTCH OAHOfi H3 ocaoaawx 

3aAa'l A03HMeTpHH B o6naCTH aamHTbi OT H3ny'leHHfi. CnoNmocTb aTo:H aa

Aa'IH.oco6eaao cnnhHO npoHanReTCH .a cnyqae cMemaaaoro H3ny'leHHR, T,e. 

H3ny'I9HHR, npeo6naAaiOIIlero a6nH3H 6onblliHX RA9pHblX ycTaHOBOK H B ycno

BHRX KOCMH'I9CKHX noneTOB • 

. BaeAe.M onpeAeneHHe aeKoTopbiX ocHOBHbiX noHRTHfi c uenbro OAH03Ha'I

Horo TOnKOBaHHR HCllOnb3Y9MbiX HH>K9 TepMHHOB. 

· CMe~aHHhiM Haiiy'leHHeM 6yAeM H:aabxa.aTh acRKoe HOHHaHpyromee Hany

.. '19!1He, H90AHOPOAH09 110 CB09My COCTaBy, H BCRK09 uany'I9HH9 0 H,M9101Il9e lliH

pOKHH HnH H9H3B9CTHbiH 9HepreTH'I9CKHH cneKTp. 

· .Lloaoabifi aKanaaneHT (DE) onpeAenHM KaK npOH3BeAeHHe A03hi, norno-

: IueHHOfi ·~ TKaHH (D) Ha ~aKTOp K8'19CTBa nany'I9HHR (QF) 

(l) 

. . ,llo30Bblii 9KBHBaneHT XapaKTepH3yeT B38HMOil9llCTBH9 H3ny'leHHR C TK8Hbl0 

H OTHOCHTCR K onpeaeneHHOMY nono>KeHHIO paccMaTpHaaeMoro opraaa, nn6o, 

.· ,C H9KOT0pbi~ ynpOulSHHeM,. K onpe.zleneHHOii rny6HH~ TK8HH h . 

ct>aKTOp Ka'leCTBa onpeaenReTCR nocpeACTBOM cpyHKUHH nHH9llHOH nepe

Aa'IH aHeprHH qacTHU (nns, L.) a TKaHH Q(L) • 3aa'leHHR ~YHKUHH·Q(L) 
HaXOARTCH B npeAenax, peKOMeHAOBaHHbiX Me>KAyHapoAHOii KOMHCCHeii no . ' ' .. 
paaHonorH'IecKoii aamHTe (MKP3) /1 I (pHc. 1) • .LlnR uany'leHHR c nocTOHH-

·Hofi nTIS B TKaHH 

QF ,;,Q(L}. (2) 
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llnSI II!IIpOKOI'O. cneKTpa flTI8 ljlyHKUilSI Q (L) paCCMa TpllB8eTCSI .KaK. B3Be- . 

IIIHBaiOmnM: MHO)I{IlTenh n· B o5meM · cnyqae 
00 • ~ ' . 

I D ( L ) Q ( L ) dL 
QF= 

JD(L)dL 
0. 

I'Jle D ( L) - pacnpeaeneHHe Jl03bl no nrrs B. TKBHH • 

. nnneM:HaSI nepeaaqa sneprnn, ~nrypnpyiOIUaSI B onpeaenennn ¢aKTopa Ka

'leCTBa (2), SIBnSieTCSI noTepeM: snepruu ~aCTilUbi na ennnuue ee nyTn, nor no

mae MoM: B TKaHn Ha paccTOSIHnn,. He npeBbiiiiaiOIUeM R OT. ocn TpeKa. 'laCTn

Ubi! 
• ' . I 

L'=(~) 
de R 

(3} 

rae napalvieTp, xapaKTepnsyiOIUilH paanyc i3sanM~ R = (0,01 .... 1) MKM 
r , ',. ~ ' 

aeM:cTBilSI pannaunoHH"biX liosoo5pasosannM: a KneTKax TKaHn, · o6ycnasnnsa10~ 

mero pasnn'lllSI B OTHOCilTenhHOH 5aonorn'l~CKOH 3~~eKTilBHOCTil (QE3) nsnyqe-.. . "' . . .· .·· . .: . ' ·, 

HllH. llnSI 'laCTilU c HeBbiCOKOff 3HeprueM: nns, orpaHn'leHHaSI paanycoM H , 

npn5n!f~I!Te~b~~ p~·~Ha_. IT·O~Hbl~ 3HepreT~'leCKilM. ll.OT~pSIM 1 HO B 
1

06IUeM, "c::nyqae 

J;lllCT8HUilOHHOe orpaHn.:enne non~HO llp11HIIM8ThCSI _BO BHII,M8Hile. 

MepoM: paanaunonnoM: sp.eanocTn ctinTaeTcsi MaKCIIManhHbiH (no rny-
" ... • J • • • 

5nue B TKann) Jl~3~Bhifi SKBMBa~eHT DE 
max 

CymecTByeT .HecKORhKO npnnunnoB onpeneneHHSI 

neHUSI no30BOI'O 3KBIIBaneHTa no rny511He TK8HII DE ( h ) 
_nsnyqenn SI. 

DE max·: .• unn pacnpe,~:~e

B· none . CMelllaHHOI'O 

' . 

, ' Mon<no, ·aanpnMep, sKcnepnMeiiTanl,no' otrpeaenn"rh · noToim ·.<I> 1 scex·· 

BHJlOB 'laCTIIU n. coo'rBeTCTBYIOIIIHe snepreTn'lecKne cneKTpbi n, nonh3y.Sich 

Ta5Ril'lHbiMil K03cpljJIIUUeHTaMII, paCC'lllT8Th Jl030Bblfi: 3KBMBaneHT Ha npons

BORbHOfi rny6IIHe B "TKBHH! 
Em ax 

DE ( h ) =·. ~ ' I <I> .(E) a; ( E, h) dE. 
I 0 I ' 

3aecb i - BUll nanytieliHSI ( y n , p 

noTOK qacTRU Tuna i B nuanasone snepruM: oT 

, d 

E 

(4) 

, rr , e-. • • ) , .<1>
1
(E)dE-

ao E.f.dE , . Em ax MaK- · 

C!1M8RhH8SI 3Hepi'MSI B cneKTpe 'l8CTIIU, 8
1 
(E,h) - Jl030Bb!H 3KBIIBaneHT1 C03-

nas'aeMblfl Ha rny5nHe h TKaHe3KBHBaneHTHOI'O !Jl8HTOMa eAIIHHtlHbiM · llOTo-

KOM 'l8CTMU Tnna i til 
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Bbipa>KeHne ( 4) smnsmTCH ynpomeHHbiM, T.K. He y'lHTbiBaeT yrnoaoro 

H npocTpaHCTBeHHOI"O pacnpeneneHHSI _nanaiOIIlHX :qacTHU. OnHaKo H B TaKOM 

BHne HCnom~aoaaHHe 4JopMynhi. ( 4) cagaa HOc T_exHH'leCKHMH TPYAHOCTSIMH, 

J 
T8K KaK Tpe6yeT 8H8JIH38 COCT8B8 cneKTpa H3JIY'l9HHSI. 

npyroft cnoco6/2/ OCHOBaH Ha H3MepeHHH pacnpeneneHHSI A03hl no nn3 

uany'leHHH B TKaHH D( L,h ): 
00 

.DE( h)= JD (L,h)Q(L)dL. (5) 

0 

B A8HHOM cnyqae, TaK :iKe K8K H B npeAhiAYIIl8M1 H3Jiy"'eHH8 SKCnepHMeH:raJlb

HO 8H8JlH3HpyeTCSI C no~OIIlb!O COOTB8TCTBYIOIIiHX neTeKTOpOB 1 a noTOM AJISI 

onpeneneHHSI A030BOI"O SKBHB8J18HT8 npOH3BOAHTCSI HHT8I"pHpOB8HHe •. 

T aK Ha3biBaeMbiA npHHUHn HHTerpanhHoro curnana, nnH, · KopoTKO, HHTerp

panbHbiA npHHUHD1 YK83biBaeT H8 B03MO>KHOCTb HenocpeACTBeHHOI"O H3MepeHHSI 

A030BOI'O SKBHBaneHTa, 6e3 npenaapHTeJlbHOI'O 8H8JIH38 H3JIY"'9HHSI. DpHHUHn 

OCHOB8H Ha HCnOJib30B8HHH TKaHeSKBHBaneTHbiX . neTeKTOpOB, "'YBCTBHT9Jlb

HOCTb KOTOpbiX onpeneneHHbiM o6pa30M 3aBHCHT: OT nn3. 
. . 

Ha pHC. 2 npencTaBneHa 38BHCHMOCTb ~T nn3_ "'YBCTBHT9JlbHOCTH He

KOTOpbiX neTeKTOpOB· H3JIY"19HHSI. Do OCH a6CUHCC OTm)*eHa nn3, no OCH 

opAHH8T - OTHOWeHHe Bb!XOAHOI"O CHI'Hana neTeKTOpa 'nnH H3Jly"'eHHSI C pac-· 

CMaTpHB89MbiM nn3 K _Bb!XOAHOMY CIII"Ha~y nnH CTannapTHOI"O H3JIY"'7HHSI_ 

c · HH3KHM nn3 npu nocTCSHHoft nornomenaoft noae~· EonbwHHCTBO npen

cTaaneHHbiX AeTeKTOpOB XapaKTepuayeTCSI Cll8AOM iiyBCTBHT9JlbHOCTH C po

CTOM nn3, llpH"'9M 38BIICHMOCTb OT nn3 Han6onee CIIJlbHO Bb!pa>KeHa npH 
. .· ~ ' ' . 

nn3 = 5 ... 100 KSBIMKM. 3aBKCHMOCTb. 4JaKTOpa Ka"!eCTBa OT. nn3 TaK>Ke 
. . ' . -·· . 

Han6onee OT'i9TJlliBO' Bb!pa>KeHa B o6naCTK_ 5 of 100 KSBlMKM. TaKOe liOAQ-

6He naeT B03MO>KHOCTb B pSIAe cnyqaeB Bblp8311Tb "'yBCTBIITeJibHOCTb neTeK

TOpOB KaK 4JyHKUHI04JaKTOpa K8"19CTB8 H ucnOJib30B8Tb_ pa3HOCTb liOK838HHit 

STHX A9T9KTOpOB AJISI HenocpeACTBeHHOI"O H3MepeHHSI. A030BOI"O SKBHBaJieH-

Ta. 

PaCCMOTpHM napy AeTeKTOp~B 1 BbiXOAHOft CHI"H8Jl- KOTOpb!X q J 

nponopuuonaneH nornomennoft Aoae: 
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. Pee. 2. t.JyBCTBHTenbHOCTb pa3nH'IHbiX AeTeKTOpOB KSK <!JYHKUHSI nna. 1 - Ka

nopHMeTp~. 2 - · H8Cbllll6HH8SI HOHH3aUHOHHasi· KaMepa, 3 - <!Jeppocynb<JlaTHbiA 
.. A03HMeTp/5/, 4 - peKOM6HH8UHOHH8SI KaMepa/3/, 5 - HOHH38UHOHH8H ·. KaMepa 

C :lKHAKHM :AeaneKTpHKOM (7), 6 - opraHH'I6CKHA CUHHTHnnHTOp (4), 7 .~ <!JoT~ 
A03HMeTp (6). 
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q =C. D 
l l l (6) 

I"lle j - nOpflllKOBhiH HOMep ll9T9KTOpa. (j = l, 2 ) Dl - aoaa1 · norno-

IU9HH8H B M8T9pHalle ~eTeKTOp8 1 C l - ~YBCTBHTSllbHOCTb ll9T9KTOpa. 

B o6meM cny~ae tiyBCTBI:ITenbHOCTb aeTeKTopa He nocTOHHHa
1 

a aaBI:ICHT 
, . . I 

oT nns: 
C =C (L ), 

l l . -· 
noaToMy Bb!p8:1K9HH9 (6) cneayeT nOHHM8Tb K8K CBH3b Me)l{)ly Bh!XOllHhiM 

. ' . . 

CHI"HaliOM .H nornomeHHOH ll030H llliH H3lly~eHHH.C.Y3KHM cneKTPOM nn8. 
, . • I 

. EcnH cneKTp nns IUHPOKHHI TO 
00 

q ;=f Cl(L)D (L) dL, 
l 0 . .l 

(7) 

rae D ( L) - pacnpeaeneHHe ll03hi 1 nornomeHHoii B Ma TepHane· aeTeKTopa 
l 

no nns. 
PaaHocTHbiu·cHraan asyx ·aeTeKTopos npeacTaBHTCH KaK. 

·· q · -q = j[ C (L) Ii' (•L) -C (L)D (L)] dL. 
120 1 1 2 2 

(8) 

noTpe6yeM I ~T06bl pa3HOCTHhiH CI:II"Han 6bm 

BOMY 9~BHB8119HTy: 

,nponopuHoHaneH aoao-

q - q = B DE (h ) , 
1 : 2 

. (9) 

T.e. 

j(C
1
(L)D 

1 
(·L) -C 

2 
(UD

2
(L)] dL =·B jo (Lih)Q(L)dL, · (10) 

0 . ·.' .. .. . . 0 . ' . ., 

rae B ·- ~YBCTBI:ITellbHOCTb llH<jJ<jlepeHuHallbHoro. 6not<:a ·aeTeKTOpOB
1 
D(L

1
h) -

pacnpeaeneHHe ll03bl no. nns B TKaHn ~eliOBeKa. Ha rny6HHe h • YpaBHe

HHe (10) cnpaBellliHBO npH npoH3BOllbHOM pacnpeaeneHHH D(L) 
1 

T.e; aeaa

BI:ICHMo oT cocTaBa H cneKTpa 1:13ny~eHH~1 ecnH: 

1) .llo3hi 1 nornomeHHhie B lleTeKTopax1 npmiopuHoHallbHhi aoae
1 

norno

meaHoii B TK8HH ~91IOBeKa 1 BO BCSM llHana30He nn8: 

D (L)=kD(L, h). (ll) 
l 

8 



. 2) PaaaocTb 'lyacTBI:!TenbHOCTI:l aeTeKTopoa nponopul:lOHalibHa lflaKTopy 

'K8'19CTB8 0 TO eCTb: 

(12) 

rae B llOCTOSIHHbie, A(L)- np01i3BOJibH8SI lflyHKUHH nns. 
l 

, Depaoe Tpe6oaaHI:le BhmotiHSieTCSI llfll:l TKaHe8KBI:!BaneHTHOCTI:l aeTeKTopoB 

H noMe we Him I:! X. Ha oaHoii 1:1 Toll: »<e rny6rrHe ¢aHTOM~. B. ycnoBHH { 11 ) \ 

ll01lp~3yMeBaeTCSI TSK»<e, 'ITO pat:ti:IYC B381l:MOJ:(9HCTBHSI p8t:tH8UHOHHhiX HOBQ

o6p·a30BB'H~ii B' Pa6~:qe~. M~TepHa'ne .oeT.eKT~po~·· c~~Tn~T~;:a~~-T paitHYcy R t 

paCCM8Tpi:!BaeMOMY npl:l ~npeaeneHI:lll lfl~KTopa Ka'leC1TB~ '(a)~ . , 

nnst BbJnOJIHeHHSI BTOpOI"O T;e60B8HIISI He06XOil!IMO Bhi6paTb napy ll9TeK-

w~:~poKo np!IMeHsteMhiX aeTeKTOpoa npH6JIH3HTenbHO yaoBneTBopsteT aToMy 

Tpe6oBaHHID. 

Bbipa»<eHI:lSI ( 9), (11), (12) SIBJISIJOTCSI MaTeMaTrr'lecKoll: !flopMynrrpOBKOH 

. npHHUHil8 ,l:lHTe!"panbHOI"O Clii"HSJia. C H9KC)T0pb!M ynpoweHH9M 9TOT. nprrHlll:lll 

·' MO?f<H~'. CqJOp~yn~pOB8Tb cnet:tyJOiul:lMH CJIOB8Mii: eCllH 'IYBCTBHT9JibHOCTH 

llBYX. TKaHeaKBII~aneHTHhiX 'ti
1
eTeKTOpoB JIIIHeii:Ho aaarrcsrT oT · !flaKTopa · Ka'leCTBa, 

TO,p83HOCTb llOK838HHii 9THX t:teTeKTOpOB nponopUifOH8JibHa Jl030BOMY 9KBIIB8-

Ji9HTy, H938BI:ICHMO OT COCT8B8 H Cll9KTpa !13Jiy'leHrrSI. 

DpaKT11'19C~IIii IIHTepe~ npet:tCTaan~eT' napa J:(9T9KTOp~B, Ot:tHH .H3 K;O-

, ~e aaarrcstmy~ a; nns. ri~nMepoM 
' ~ . . ' ' 

.TaKOI'O t:teTeKTOpa SIBJISieTCSI. TKaH99KB1iB8Ji9HTH8SI HOHH38UI:IOHH8SI ~aMepa 1 

'· ·. pa6oTa'JOmasr. J3 ybnoaimx TOKa HaCbiiileHH~ •. 3ap.Ha q 1 · ' ·, co6paHHbiH Ha aneKT

poae KaMepbi, npon.opulloHaneH ·aose, nornoweHHoll: a TKaHeaKBHBaneHTHOM 
' . ,, . ,. ·, • I' •' ',, --· ·-' 

MaTepHane Ha rny6HHe. h 0' , npu6JI!131l:TeJibHO paBHOH TOJ!Wil:H9 CTeHOK K8¥epbr: 

q = C D(h ) • 
" 1 1 0 

(13) 

· Tpe6yeMaSI 'IYBCTBrrTenbHOCTb BToporo aeTeKTOpa B aaHHOM cny'lae 
• i. 

' ' ~' ,, 
{14) 

I"ll9 ~ - ll0CTOSIHH8SI 0 X8p8KT9pH3YJOI118SI H8KJIOH xapaKTepHCTHKI:l ll9TeKTOpa. 
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TipeACT8BHM Tenepb Tpe6yeMyiD 38BHCHMOCTb .~yBCTBHTenbHOCTH OT 

B BHAe SIBHOH <!JyHKUHli: JlTI3. 3?BHCHMOCTb $aKTOpa Ka~eCTBa OT JlTI3 

annpOKCHMHpOBBTb/8/ <!JyHKUHea 

Q (·L) = 0,3 L 

1 +b•L 
· nnSI 

rne b =:' (12£.5) .10-3 

L'> 

M.KM/KaB, · 

3,5 K9B/MKM, • 
(15) ' 

.(16) ' 

a rpaHHUhi HeonpeneneHHOCTH napaMeTpa b . npH6nH3HTenbHO COOTBSTCTBYIDT · 
\ . . . ,, . ' . ·. . . 

npenenaM ueonpeneneuuocTH <iJyHKUHH Q(L), "nonycKaeMhiM MKP3. . ' 

Tpe6yeMaSI xapaKTepHCTHKa BTopo_ro neTeKTopa,, TaKHM o6paaoM, 

)K8T 6hiTb npencTaBneHa B BHAe SIBHOH <!JyHKUHH JlTI3: 

C =C .1 +:(b- 0,3 f3) ·L 
2 1 ' 1+bL = c1 

rne c npOH3BOnhH8SI DOCTOSIHHBSI. 

l+cl.:. 
l+b.L 

.; ; 

(17) 

nnSl MHOrHX neTeKTOpOB ~YBCTBHTenbHOCTb CTpeMHTCSI K; Hymo 

6eCKOHe~~~M yaenH~eHHH JlTI3.' nn~ 9TOrO Knacca neTeKTOpO~ C =0 

. c2 
. -1 

=C (I +bL) , 
1 . 

(,18) 

npn~eM· nonycTHMbie aua'IeHHSI napa!yieTpa b. onpeneneHhi Bbiwe (16). 

P~c~~OT~~M -xapa~TepHCTHKH H. 6noK-c~eMhi He~oTOphiX npH6opoB, 
~.. . . . ) . . . 

nonb3),:IDIIIHX' TBKHe )leTeKTOphi. 

.. Opr~~H~eCKHH CUHHTHnnSITOp HCDOnb.::IY8TCSI B Ka'!eCTBe AeTeKTOpa, 

'IYB,CTBHTen~~oro K JlTI3, B nopTBTH~HOM .niDM~HeCUeHTH~M 6ap'M.eT~e/4/.' 
.Cofn~cao:EHpK~y/10/, ynenbH8SI <!JniDopecueHUHSI CUHHTHn~SITOpa 
npencTaBneaa KaK 

dn AL -r:- = 1 +·..:.k=B-,-L- (19) 

rne A , k , B' - nocTOSIHHhie cuuHTHnnSITopa. 

'0TCIDA8 CBSTOBOH BbiXOA Ha SAHHHUY A03hi, nornOIIISHHOH B CUHHTHnnSITOpe: 

-1 
cp(L)=c0+kB'·L) , 

rne c - DOCTOSIHH8Sio ~OpMYna (20) B 06IIIHX ~epTaX COOTB8TCTByeT 

BaHHID f 18 ) • 

10 
\ 

(20) 



BnoK-CX9M8 · 6apMeTpa,. OCHOB8HIIOI'O H8 38BHCHMOCTH CB9TOBOI'O Bb!XO

Il8 CUHliTnlinS!TOpa OT nrra, npencTaBneHa H8 pnc. 3,' ATOMHblfi COCT8B opra

HH'IeCKOI'O CUHHTHnJlSITOpa Mano OTnH'I8eTCSI OT COC.TaBa TK8HH, llOSTOMY 

MO)I{.IIO C'IHT8Tb, 'ITO TOK, CHHM8eMblfi C JlHHO)la $OTOYMHO)I{HTenSJ, T8K )l{e, 

'KaK H TOK, CIIHM8eMblfi C aneKTp0Jl8 K8Mepbl 0 llpOllOpUHO.IIanea' MOIUHOCTH 

. TK8ll9BOfi )l03bl, 0Tllollieane TOKOB B Jl0CT8TO'IHO lllHpOKOM llH8ll830lle. nnHefi- • 

. HO CBS!38HO C $aKTOpOM Ka~eCTB8 (eM, pnc. 4), 8 JlH$$epeHUH8nbHblfi TOK 

npn?nnsnrenhHO nponopunoaanea SKBHBaneHTy MOIUH.ocin noah!, Kann6poaKa 

npn6opa ocyruecTBnSJeTCS! c fiOMOIIIhiO ncTO'IHHKa y -nsny'leilnSI. Tpe6yeMoe· 

OTHOIIIeHne TOKOB llpH STOM.yCT8H8BnHB89TCS! nocpellCTBOM H3M91l9HHS! H8llpS!

>K9IIHS! llHT8HHS! $OTOYMHO>KH_T~nS!. 
> ' I ' : 

HOHH38UHOHH8SI KaMepa, HanonHeHH8SI )I{HJlKHM. JlHSneKTpHKOM, T8K)I{e 
' ' . 

MO)I{eT BbliiOnHSITb pon:b )leTeKTOpa C ·COOTBeTCTBYIOIUefi xapaKTepHCTHKOfi 
. ' . 'r 

'IYBCTBHTenbHOCTH, 34JtiJeKTHBHOCTb ·.co6npa!IHR HOIIOB B T8KOfi K8Mepe, cornac-. . . . . 
Ho Hc!i.<Pe/11 I, MO)I{Ho npencTaBnTh KaK 

({L) = (I +mL)- 1
., (21) 

I')le m - KOStPtPHUH9HT, 38BHCSIIIIHfi OT THll8 )I(HJlKOCTH H OT HanpmKeH.IIOCTH 

anaKTpn'lecKoro ·nonSI Me>Kily'.aneKTp'onaMn K:aMephi, 'SKcnepnMeHTanhHO onpe

neneHH013 OTHOIIIeHHe TOK8. K8MepBI C . )I(HJlKHM JlHS/leKTpHKOM K MOIUHOCTH 

'A03bl npencTaBne!IO H8 pic. 5/12/. nnHefiHOCTh' STOI'O OTHOIIIeHHS!, K8K <PYHK-

11"" Q F , ynoBneiBopnTeo!Jh.lla; 
' , I 

Co'lneHeHn:e *HJlKOCTHofi n rasoaofi KaMepbi ( pn:c, 6) ~o*eT 6biTb 

ncnonh30BaHo nnSI <Paa~oM~hlx n:sMepean:fi ¢aKropa, Ka'lecr~a H nosoaoro 

SKBHBaneHTa, ,MOIUIIOCTb ·.~O·I'~OIUeHHOfi Jl03bl (D), , ¢a~TOp Ka'leCTBa ( QF) 

n· aKBHBaneHT MOIUHoc'Tn. Jl03bi '( D E) onpenenSIIOTCSI ns npocTbiX coorao

meaiffi M9)1(JlY TOKOM I'830BOfi K8Mepbl ( j 1 ) H TOKOM )I(HJlKOC.THOfi K8M9pbl 

J ' 
QF =M(l --2 

), 
' J1 

11 

'(22) 

(23) ·. 



. -. 1\L. 

13pj'ta.c . 

PHc •• 3. Enox-cxeMa ll!OMHHecneHTHoro 6apMeTpa. 1 - TKaHeaKBHBaneHTHaH 

HOHH38IlHOHH85l KaMepa; 2 - OCI1Hllll51T0pi . 3 - .cBeTOBOAi 4 - cfJOTOyMHo

lKHTellbi 5 - HCTO'IHHK nHTaHHH. 
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.DE= M,C 
1 
(J 

1 
-J 

2
), (24) 

rne M, C 1 - rpanynpQBO'IHhie llOCTOSIHHh!e, 

HopMupoBKa 'IYBCTBHTenhHOCTH. KaMep, Tpe6yeMasr npu AH~~epeaunanb

·aoM pe)KHMe pa60Thl, OCyiUeCTBnsreTCSI C ITOMOIUbio H3MeHeHHSI AaBneHHSI .TKa

He9KBHBaneHTHOH CMeCH B rasbsoii·. Ka~~p~ nn'H C llOMOlllblO H3MeHeHHSI Ha

npSI)K9HHSI llHTaH~SI )KHAKOCTHOH KaMep'bl npH o6nytieHHU KaMep ·UIHpOKHM ·ny'IKOM 

)KeCTKoro raMMa-usny'leHusr. 

ITpennpuHHManucb nonhiTKH ncnonbsosaansr TepMontoMHHecueHTHhiX ne-' 
. :~ . 

T9KTOpOB, a TaK)Ke H9KOTOphlX. JlpyrHX TBep)lb!X ll9TeKTOpOB anSI H3MepeHHSI 

asapuiiHoft noshr c y'leToM a¢~eKTHB;oii -/ms(.13l ~ OnaaKo' npuMeHeane Me

Tonos HHTerpallbHOro CHrHana B aB~pHftHofi ll03HMeTpHH orpaHH'l9HO HeiTOCTO- · 

SIHCTBOM 3aBHCHMOCTH '·6HonorH'leCKOH :a~~eKTH~HOCTH OT nfl3 llpH Bh!COKOM 

yposHe nornomeaaoii nosh!, 

KpaTKO 06Cy)K!leHHbie Bbl!lle MeTO!lbl el!le npaKTH'leCKH He Bbi!llnH H3 CTa

llHH na6opa TopHhiX uccnenosaituii. Bonee neTanbHO paccMoTpHM aan6onee, 

pacnpocTpaHeHHhiH . Me~on rpynnhi. n!ITerpanbHbrXI" a. ~MeHHO - peKoM6HHaunoH

HhiH, B . aTOM Me Tone ncnonbsyeTC~ saBHCHMOCTb OT nrrs napaMeTpOB, CBSI-

38HHh!X C HS'ISnbHOH peKOM6HH8UH9H HOHOB B rase TK8H99KBHBaneHTHOro 

neTeKTopa. 

3apmKeHHasr 'laCT~ua, npoxonsr 'lepes raa, i ocTasnsr eT snonb csoeii 

TpaeKTOpHH KOnOHI{H lWH cryCTKH HOHH3HpOBatfHhiX MOneKyn, l10Hbl . HCllh!Thi

BSIOT X80TH'l9CKOe llB":lK9HHe 38. C'leT AH~~Y3HH, a TS:K;:lKe llO)lBepraJOTCSI 

neiicTBHto cun aneKTPH'lecKoro nonsr. ITpn nocTaTO'IHOM c6nu)KeHHH pasHonMeH-

HbiX. HOHOB OHH peKOM6HHHpytoT, T.~. H8CTynaeT H9HTpanH38UHSI 38pS!!lOB HOHOB, 

ITpouecc peKoM'6uilaunn ·MO)KeT· 'npoucxonHTb BHYTPH KonoHHhi. HnH rpynnbi 

HOHoB, cosnaHHhiX onHoii HOHH3Hpyromeii 'laCTHUeii. 3ToT. THn peKoM6HHSUHH 

Ha3hiBaeTcsr Ha'lanbHoii HnH KonoHHoii peKOM6HHauneil:, KonoHHaSI peKoM6HHaUHSI 

MO)KeT npeo6nanaTb H8ll npyr.lj:MH BH!l8MH peKOM6HH8UHH, OC06eHHO ITpH Bbi

COKHX ASBneHHSIX H. He O'leHb BhiCOKOil: MOIUHOCTH ll03hl H3ny'leHHSI, 

3~eKTHBHOCTb C06Hp8HHSI HOHOB B HOHH38UHOHHOH KSMepe B cny'lae 

KOnOHHOH peKOM6HH8UHH MQ)K9T 6hiTb npe!lCTSBneHa Bb!pS)KeHHeM, cornacyto

lllHMCSI c TeOpHeH H~~/11/ H nH/14/: 
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f 
F(U, P) 

w 
-1 .. 

Ll , 

.. -

(24) 

I".lle q 0 - sapsm noHoB, o5pasoaaHHbiX B KaMepe sa C'I~r nsny'IeHnsr, q -:- sa

psr.ll noHoa, co5paHHbrx Ha aneKTpo.llax, W :_ cpenHsrsr aa:eprnsr noa:oo5pasoaa~ 
'HHSI, F(U,P) - napaMeTp, SaBHCS!IllHH, OT HanpmKeHHOCTH nonsr B KaMepe n .OT 

.[{aanea:nsr rasa. 

- Ecnn npHHSITh, 'ITO W -nocTOSIHHa, To saancnM~CTh (24) acpcpeKTnaiwcTH 

. co5npaHHSI HOHOB OT niTS aHano~H'IHa Tpe5yek.foft, SaBHCHMOCTll ( 18). K ~acp-
-: I , 

_cpHUI!eHT nponopunoa:anhHOCTH npri • L. MO}I{eT .5b!T~· no.oo5paH K8KHM YI'O.OHO 
·. ' . ' 

5l:taro.llapsr 'aosMO:lKHOCTH no.oKmo~eHHSI mo6oro · Iianpsr:lKeHH:SI K aneKTPOtlal\4 
. . . . . : .. ' . '. .· ~ . . 

KaMepb! - D09TOMY nnHefiHOCTb 3aBHC_HMOCTll Me}I{.Qy acpcpeKTHBHOCThiO co5n-:-

paHHSI llOH013 H cpaKTOpOM Ka'Ie~TBa MO)KeT 6btTh ~ei'KO. o5ecne'IeHa. 8Kcnepn
7 

MeHT.anhHO onpe.[{eneHHaSI 38BHCUMOCTh acpcpeKTHBH,OCTH C06HpaHHSI HOHOB OT 

cj>aKTOpa KB'IeCTBa npe.QCTaBneHa ~l!- PHC. 7. 8Ta S8BHCHMOCTh MOmeT 6htTb 

annpOKCHMHpOBaHa nnHe~HOfi cpyHKUHeii B lliHpOKOM HHTepaane .[{aBneHHH I"aso

BbtX'~cMeceii', CO.llep*arnnx yrneao.oopo.ll-hi~ · npn · lranp·sr*eHHotTH aneKTPH'IeCKoro 

nonsr, Bbt6paHHO.fi T~K, 'ITO acpcpeKT~BHOCTb C06IIpaHIISI .~OHOB B KOnOHKaX, 

c¢opMHpOB8HHh!X Sa C'IeT I"tlMMa-nsny'IeHI!SI, HaXO.llHTCSI B npe.[{enax 0,94-f0,97. 

ITpnHsrToe 

BaHUSI, TO eCTb 

BbtnOnHSieTCSI C 
' . 

TO'IHOCTbiO BbinOnHSieTCSI UOCTOSIH?TBO OTHOllleHHSI II3Mep~eMOI'O 3apSitl8. K 

,[lOSe, UOI'nOlUeHHOH B KaMepe. nosa, DOI'nOlUeHHaSI B K~Mepe, COOTBeTcT.ByeT 

. ,[lOSe, nornomeHHOfi 'B TKaHH, eCnH 8TOMHhiH COCTaB. aneKTPOtlOB, CTeHOK 
, · · , · .~ , , • , .; '"··· ·. · ' • . -;- r ' I · ; · ' · . 

·· .H rasa KaMepbi aHan~I"H'IeH· aTOMHOMy COCTaBy TKaHII. llJHpOKO IICDOnbsyeMbte 

TKaHe9KBI!BaneH,THbie nnaCTMaCCb! · CnHlliKOM 5oi"aTbi yrnepOAOM H 5e.OHbl KHCno

pO.[{OM DO cpaBHeHIIIO C 8TOMHbiM COCT8BOM MSII'KOH TKBHH. 0tlH8KO BBHtly 

·noao6nsr CTpoeHHSI. SI.llep yrnepo.[{a H KHcnopotla nornomeHHhre tlOShi a TaKoii 
'. 

nnaCTMaCCe TIO'ITH He OTnH'IaiOTCSI OT .OOS,: UOI'nomeHHbiX B TKaHH • .Llnsr 'I8CTHU 
' • ' 1 • . ., • • 

BbiCOKH~ ·aa:eprnfi pasnn'IHe He, npeBbilllaeT HecKonhKHX npoueHToa~ To :lKe . ., 
caMoe. MO}I{HO CKasaTb o6 nsny,'IeHHH c aa:eprneii MeHhllle 20 Maa~ Cabtllle 

10-npoueHTHOI'O npeBbiWeHHSI tl03b~ 0 nornomeHi:IOii ·a . TKaHe9KBHBaneHTHOH 

nnaCTMacce,. no cpaBHeHHID ~ tl030H0 DOI'nOrUeHHOil: B TKBHH, DO-BHtlHMOMY, 

cne.llyeT O:lKHtlBTh TOnbKO .onsr· Heil:TpoHoa c aa:eprneii nopsmKa tleCSITKOB. Ma!"'• 
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KaK · noKaaan· C~nnH~::ml 16/, pa~:myc B3aHMOlleiicTBl 

COCTaBnSieT i MKI'fCM~, .TO eCTb OXBBTbiBaeTCSI ·npe 

HOI'O. paJ:myca. B38HMOll9HCTBHSI, .llPHHSITb!MH B onpe.neneHHH. cj\a1 

TaKHM ~6paaoM, peK~M6HaauHoHHI.Iii MeToll YllOBne:rJ ,___ - ' 

.BBHHSIM,. npell'bSIBnSieMbiM K M9T0ll8M HHTerpanbHOI'O CHI'HI 

PeKoM6HHaUHOHHI.Ie llSTeK:rop.bi npHMeHSIIOTCSI B c:ra 

THBHbiX H HHllHBHll;BnbHb~X 6a~Ma'Tpax. C~e~a~HO~O H3nyq 

llOBaHHSI~ MaKpo- H MHKPOll03HM9Tp~qecKHX napaMeTpOB H3: 

EnoK-cxeMbi HeKoTopi.Ix · 6apMe:rpoa npe!lc:raaneHbi. aa "i:JHc. 

DpHMepoM caMoro npoc:roropeKoM6:n'aai:IHOHHoro ll' 

ilByxaneKTPOllHaSI HOHHaauH~H~aSI K~Mep~ (pHc~ .8a). c UOBbJ 

1"'838 H llOCTaTO'l:HO' paBa'o~.tepHbiM aneKTpH'l:9CKHM noneM. 

MH K~Mepbi. nootrepellHO npHKn':'llbiB~eT~C~ HanpmK~HHe • U 
1 

H8Cbilll9HHe H H8rlpsi)I{9HH9 U 2 , o6ecnetrHB8IOlllee nHHEH 

M9)KJlY <flaKTopoM. K~'l:9CTBa H ~<fl<fleKTiU~HOCTbiO C06Hp8HHSI 

mea:HSI J < u 1 > SisnSie~cSI ~~poii Moma:ocTH ll03;b;,_ o:raoinE)a 

onpe!lenSie'l' <flaK TOp KatreCTBa,· a ·P83HOCTb T.OKOB, . J ((\ ) 
Mepoif SKBHBaneHTa . MOlllHOCTH ll03bi. 

Ma:oroaneKTPOllHI.Ie .peKoM6Ha:auHOHHbie KaMepi.I ll, 

OllHOBp9M9HHOI'O H3MepeHHSI MOlllHOCTH ll03bi H <flaKTopa K 

HnH (npH llH<fl<flepeHUHanbHOM TIOllKnrotreiiHH) SKBHBaneHTI 
' ' : . 

{pH c. Sa, 8r }~ . 

DpHMeHSieMI.Ie .a a:ac:roSimee BpeMSI p~.~oM6HHaUHOHHI.Ie 
nSIIOT HaMepSITb aKBHBanea:T Mom:a:ocTH ll03bi B llHanaaoa:e lM6ai . . . . . . . 

c onm6Koii, He npeBI.Iwaromeii 20%. OrpaHHtreHHeM HH)I{Her 

SIBnSieTCSI H9CTa6nnbHOCTb TOK8 KaMepbi H3-3a TeMnepal'y: 

aneKTpHtr9CKOH 9MKOCTH . KaMepbi H H9CTa6HnbHOCTH UHTa~ 

Orpaa:HtreHneM aepxaero npe!lena SIBnSieTcS!·anHSIHHe o6'beM 

HoHoB. Ha pHc. 9 npe!lc:raanea:a aaBHCHMOCTb a<fl<PeKTHBa:ocT 

OT MOlllHOCTH ll03bi UpH pa3Hb!X ll8Bli9HHSJx raaa •. Cnall a<fl 

lleTenbCTByeT o HanHtrHH o6'beMa:oii pe:KoM6HHaUHH. Mom 

KOTOpoif BnHSIHHe 06'b9~fHOH ·P9KOM6HH8UHH CT8HOBHTCSI cyme 

38BHCHT OT ·llaBneHHSI raaa. D O~TOMy JlnSI paCWHp9HHSI rpaHJ 

P9KOM6HH8UH OHHOI'O M9TOll8 UpH BbiCOKHX MOlllHOCTSIX ilo3bi 
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~ 

KaK·noKasan· CannMBSH/16/, paJlnyc ssanMoJleiicilmSI HOHOB B KonoHKe 

COCTaBnSieT i MKrlcM~, .ro ecrh oXBaTbiBaeTcSI :npeJlenaMM aneMeHrap-

Horo paJlnyca. B3anMoJleiicrsHR, _rrpuHSITb!MH s orrpeJleneHMH. c)axropa Ka"'ecrsa~ 

TaKHM o6pasoM, peKoM6HHaUHOHHbtii MeTOJl Yll?_BnerBopsreT. BCeM Tpe6o:

BaHMSIM, npeJl'bSIBnsreMbiM K MeTOJlaM HHTerpanhHoro CHI'Hana. 

PeKoM6MHauMOHHbte JleTeKropbt npMMelisriol-csr Ii cTaUHOl~apHbtx, 

THBHbiX H HHJlHBHJl;anbHb~X 6apM~Tpax. c~e~a~H.oro MSey'leHHSI H IlpH 

nopTa-

HCCne-

JlOBaHMsrx MaKpo-M MMKPOJlOSMMerpH'IecKMx napaMerpoB usny'leHMsr B ¢aHTOMe. 

BnoK-cxeMbi HeKoTopbiX · 6apMerpoB npeJlcTaBneHbi Ha 'pMc. 8. 

IlpMMepoM: CaMOI'O I1pOCTOI'9. peKOM6JiHaUHOHHOI'O )leTeKTOpa SIBnsreTCSI 

JlByxaneKTpOJlHaSI HOHJi:3aUHOH~aSI K~Mep~ (pHG •. 8a). c. IIOBbiiiieHHbiM JlaBneHHeM 

rasa H JlOCTaTO'IHo' pa~~oM~pHbiM ane;KTPM~ecK~M ;oneM. Me)I(~Y aneKTpOJla;.. 

MH KaMepbi IIOO"'epeJlHO npHKliaJlbiBae'ic~ Hlliipm!{eHMe. U 
1 1 

o6ecne'IMBaiOl!lee 

HaCbiiUeHHe H HanpSI)I{eH:Ire U 2 1 o6ecrre'IHBaiOUiee nMHeiiHyro. 3aBHCHMOC,Tb 

Me*JlY tflaKTOpOM Ka'leCTBa H atfltfleKTifBHOCTbiO C06MpaHHSI HOHOBo. ToK HaCbi;_ 

meHMSI J ( U 1 ) SIB!lsrercsr Mepoii MOUIHocrn )loai>{,_ orHomeHMe TOKOB J(U
2
jjJ(U 

1
) . 

onpeJlensre'l'_ tflaKTOJY KB'IeCTBa, ~ :Pa3HOc'Tb: T,OKOB, . J(U
1 
)- J(U

2
) SIBnSieTCSI 

) ,1' 

Mepoii SKBHBaneHTa . MOU!HOCTH JlOSbi. -..: 
MHoroaneKTPOJlHbie .peKoM6MH8UHOHHbie KaMepbi Jl aroT BOSMOJKHOCTb 

' ' ' . ". ' 

OJlHOBpeMeHHOI'O H3MepeHHSI MOU!HOCTH Jl03bl H ¢8KTOpa Ka'leCTBa (pHC. 86) 

HnH (npH JlHtfltflepeHUHanbHOM llOJlKniO'I9HHH) SKBHBaneHTa MOU!HOCTH Jl03bl 
' ' :. . 

(pH c. 8B, 8r). 

I1pHM9HSI9Mbie, B HaCTOSIUiee BpeMSI peKOM6HH8UHOHHble 6apMeTpbl II03BP.. 
. - ·'"' 

nsriOT HSMepSITb SKBHBaneHT MOlilHOCTH JlOSbl B JlHarra30He 1M6ap/qac 4- 100 6ap/qac 
' I ,. • ·, • • ,t. \ 

c OIIIH6Koii, He npeBbiiiiaiOmeii 20%. OrpaHH'IeHMeM HH*Hero npeJlena o6bi'IHO 

SIBnSieTCSI H9CTa6!mbHOCTb TOKa KaMepbl HS-Sa TeMrrepaTypHOH SaBHCHMOCTII:' 
l . . . . . 

aneKTpH'IeCKOH eMKOCTH. KaMepbl H HeCTa6HnbHOCTH IIHT8IOU!HX HaiipSI)I{eHHii. 
. ' ' . ~ . . "' . 

OrpaHH'IeHMeM BepxHero npeJlena srBnsrercg BnMSIHHe o6'beMHOii peKoM6nHaUHH 
. ~ . . 

HOHOB. Ha pMC. 9 i:JpeJlCTaBneHa SaBHCHMOCTb atfJtfleKTHBHOCTH C06MpaHHSI HOHOB 

OT MOU!HOCTH Jl03bl IlpH pa3HbiX Jl8Bli9HHHx rasa •. Cna)l atfJtfleKTHBHOCTH CBH

JleTenhCTByeT o HanH'IHH o6'beMHoii peKoM6HHaUHH. MomilacTb Jl.03bi, npH 

KOTOpoii. BnHSIHHe .06'be~moii .peKOM6HHaUHH CT8HOBHTCSI CyUieCTBeHHbiM
1 

CHnbHO 

SaBHCHT OT JlaBneHHSI rasa. Ilo~TOMY JlnSI paCIIIMpeHHSI rpaHHUbl IlpHM9HHMOCTH 

peKOM6HHaUH OHHOI'O MeTOJla IlpH BbiCOKHX MOU!HOCTSIX i:tOSbl HY)I{HO IlpHMeHgTb 

'·' 
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BhiCOKHe .naaneHHSI rasa. ToT )Ke peaynbTaT MO)KHO nony'JIITJ 
\ ' . . . . . . .. . 

M9HeHHIO ~a3a. C BbiCOKHM MOneKynSipHbiM B9COM H T8K)Ke f 

lii9HHIO Me)KJlyaneKTpOAHhiX paccTOHHnii. 

PeKoM6JiiiaunoHHbie 6apMeTpbi~ KaK n ace 6apMeTphi 

npimunn'e HHTerpanbHoro CllrHana, .naroT npaannbHYIO ·oueHK~ 

aaneHTa TonbKO B cny'Iae npoae.neHHSI naMepeanfi ¢aHTO~ 

B .npyrnx.cny'IaSIX ae.nooueanaaeTCSI Bn!ISIHHe nsny'IeHnSI,pa 

Be'IeCKHM Ten.OM. <l>aHTOMHOCTb; H3MepeHHH ·· MO:>KeT · 6biTb c 
' . ' T'~" ' ' 

6naro.napg noMemeanro. }:leTeKTopa B ¢aaioMe: riu:6o 6n~roJJ 
TKaaeaKBIIBaneHTHbro A~TeKTopa .nocTaTo'IH~ 6onbiiic;ii, Ma 

- ' • \ ~ < • • • ~: ;. • • : • • • • ~ • •, ' 

BKna.n BTOpH'IHbiX '18CTHU He .HaMHOI'O., OTnH'JaeTCSI 0! B~ 

. '18CTH.U B Telie ~enOBeKa, llli60 6naPOAapg npt:>B9!l9HH!O. lr3M 
. '. . . '. "· . _,. ' '. '. 

TOpOM, HaXOJHIIIIIIMCH B iHenocpe.i:tcTB9HHOH 6nH30CTH K Teny on 

l1HA~BIIAyanbHhie~ p~KOM6!1~aii!:IOH~hie 6~pMeTpbi HOCSIT~ 
B !IX' noKaaaHHSIX Y'IHThiBaeTcS!: BnHSIHHe usny'IeH~SI, pacceSIH. 

K838HHSI .HHJliiBHJlyanbH:biX, 6apMeTpOB nponopUHOHanbHbl · A030E 

B opraaax 'IenoaeKa, ~ax'o.nSIIIIHxcsi: .Ha rny6nH~ . !{' ·•· ·, ~p1161i:o 
. . " .. · . . . ' ; ~ ' ~" ~ ~ : . ' . 

TOniUHHe CT9HOK 6apMeTpa. l1HAHBHAyanbHbl9 6apMeTpbi npe, 

Kapaa.nallleBHAH:bie · TKaaeaKBIIBaneHTHhie noansaunoHHhie' K:a1 
. ' - . . i .' ,. ' ·, i ~· • • • • , .• : 

sapSI)KeHHhiMH K:oaneacaTopaMn; .UriSI o6ecne'IeHHSI riocTOSIHC.TE 
'· ' ' .. . . 

aneKTpM'IeCKoro .nonSI a Toii 'JaCTH. 6apMeTpa,: nie npon~xon 
. ·~ • • . '~ ·' ~ . . ·: i: \• • . . • 

KOM6naaunSI, o6bi'IHO ncnonb3Y,eTCSI .noaKnro'IeHne ,nnTI:UC 

c npnMeaeimeM .acn~MoraTenbiiOro aneKTpoaa~ (.pnc~ 10] 

MeTO!lbl IiHTerpanb.HOI'O 'cn;~~na' oco6eaao npH~OAHhi . 

nsny'IeHnSI cn~)KeH, cneKTp. O'IeH~/ IIIHpoK, He~3B~~\-ek. nn6o 

BpeMeHn. T~KaSI CHTya~nSI n~~eT iMeCTO nph aicnnyaTaU 

BbiCOKHX 9H9pi'HH, UpH. aanycKe HOBbiX; HCHCCnen~B~HHblX' SIJlC 

H B ycnOBHSIX KOCMH'IeCKHX noneT'?B• · 
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., 

Bbiccnyfe. Jl8BlleHIHI 1'838, ToT :>Ke pe3ynhT8T MO:>KHO nonytiUTb 6n8I'OJl8PH npn

MeHeHHIO ~838 C Bb!COKHM MOlleKynHpHb!M BeCOM H T8K:>Ke 61181'0Jl8pH yMeHb

WeHH.IO Me:>KnyaneKTpOJlHblX p8CCTOHHHH, 

PeKOM6HH8UHOHHble 6apMeTpb!1 K8K H BCe 6apMeTpb! 1 OCHOB8HHble H8 
. . 

ilpHHUHile HHTerp8llbHOI'O CHI'H8118 1 Jl810T npaBHllbHYIO OUeHKy Jl030BOI'O 9KBH-

B8lleHTa TOllbKO B cny'l8e npoBe.neHHH H3Mepeunii: <jlaHTOMH.biM cnoco6oM, 

· B llpyrnx. cnytiaHx He.nooueHHBaeTCH BliHHHHe H3nytieHnH, pacceHHHor.o 'leno-
. • . • • 1 

Be'leCKHM TeliOM, 4>aHTOMHOCTb; H3MepeHHH. MO~eT · 6b!Tb o5ecne'leHa nn5o 

6naf'OJl8pH ilOMeiUeHHIO JleTeKTOpa B <jlaHTOMe, JJH5o 5naro.na~~ rlpHMeHe.fiHIO 

TK8He9KBHBaneHTHOPO Jl~TeKTOpa JlO<:haTO~HO 5o~bW.~H. MaCChi, 'B
1 

KOTOpOM 
' . " . ' ' ' . ' 

' '. ' . 
BKll8Jl BTOpH'IHbiX 'laCTHU He .. HaMHOI'O , OTliH'IaeTCH OT.· BKllaJla BTOpH'IHbiX 

. 'laCTHU B Tene i~enoBeKa; nn5;o 5n~ro.ti~pH .np~Be~eHHIO · ~3~epeHiri. c .neTeK-
• I ' ' ' 'i' • 

TOpOM, H8XOlllllllHMCH B iHenocpellCTBeHHOH 6nH30CTH K Teny onepaTopa. 
• 't ' ' : ' •• ' : ~ ~ ' '. : 

l1HJlHBHJlyanbHbie: peKoM5HHamioHHhie 5apMeTpbi HOCHTcsi npn tienoBeKe • 

. · B nx noKa3amiHx y'luTbiBaeTcSI BliHHHne H31IY'I~HHH, pacceHHHoro; ',TenoM. ITo-
. ~ . . . 

K838HHH 11HllHBHJlY8llbHhiX 5apM~TpOB nponopUHOH8llbHbi· no30BOMy .· 9KBHBaneHTy 
• • • ' < • : ' ' : • • • ~ ' 

B opra11ax. 'lenoBeKa, aax'o.nHIUnxcsi Ha rny5nHe h · · ·, npn5mwtnenbHO paBHoii: 
. . 0. . ' . 

TOlllllHHe CTeHOK 59pM~Tpa. l1HJlHBIIJlyanbHbie '?ap.MeTpb! np.e.ncTaBn5110T coooii: 

KapaH.naweBHJlHbie ·TKaHeaKBHBaneaTHbie HOHH3aunoHHbie KaMepbi, ·nnTaeMhie 
. . i . . ' •·•• . ; . • ': . 

38pH:>KeHHbiMII KOHJleHC8TOpaMH~ nnH o5ecnetietiHH ~ ilOCTOHHC,TBa•, Hai:IpSJ)KeHHOCTII 
. ! • ' 

aneKTpH'IeCKOI'O·ilOliH B TOM '18CTH 5apMeTpao:rJle npOHCXOJlHT.KOliOHHaH pe-
• • ': ' ~', -; I ~ i \: • : • 

KOM5HHaUHSI1 05b!'IHO HCil0llb3yeTCSI ilOJlKliiO'IeHHe ilHTaiOIUHX eMKOCTeft 
' ' . ,: . . . . . ~ ; . . ' '• 

c npnMeaeaneM .BcnoMoraTenb~?fo ::meK'I'po.nl,l· (.puc. 10). 

MeTOJlbl HHTerp8nbitor:o CHI;'H~na' oco5eHHOilpHI'~JlHbi TaM, .r.ne COCTaB 
• ' ~ ' ·, ': • : .' ' > ·, • 

H3lly'IeHHSI CliO:>KeH, ,cneKTp 0'19_Hb WHpOK, HeH3BeCTeH liH50 H3M.eHSieTCSI. BO 

,B.peMelin. TaK8SI' CH~ya~HSI HMelh MeCTO ~PH sicnnya.TaUHH YcKOPHTeneii 
. . 

BbiCOKIIX 9Heprnii:, npu. 38nycKe HOBblX1 HeHCClleJlOB8HHb!X HJlepHbiX· ycTaHOBOK 

H B ycnOBiiHX KOCMH'IeCKHX noneTOB, · 

H H T e p. a T y p a . 

J.. ICRP Publication 9. Pergamon Press, 1.966. 

:2. H~H.Rossi, W.Rosenzweig. Radi~biology, 64, 404 (1.965) • 

. 3. M. Zielczynski. INR P-1.1.74, 1.970. 
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