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Uenb JO HacTomuel! pa6aThi IIBnHeTCH rrony<JeHHe KanH6pooa'!HhiX Kpi!BhiX, 

He06XOAHMhiX ang H3MepeHHH 3Hepr'HH y -KBBHTOB, KOHBepTHpOBBBWHX B pa6o

/8/ 
'leM o6beMe KCeHOHoool! rryahipbKOBOH KBMephi • Bee HH)f{euanol!<eHHae cocTao-

/ 4/ 
ngeT MeTOAH'leCKY!O 'l8CTb pa60Thl • 

B 6ecKaHe'lHO 6anbwoll KaMepe ocg rrepooHa'lanbHBH aHeprHH E 
0 KOH-

oepTHpooaowero y -KBBHTB B KOHe 'lHOM HTOr'e paCXOAyeTCg HB HOHH38UI!!O H 

ooa GY *AeHHe nHoHeBhiMH 'lBCTHUBMH aTaMoo pa6oqefi lf<liAKOCTH KaMepbi. H a rrocnea

Hell CT8AHH p83BHTHH nRBHII HMe~TCH nHBHeBhle 'lBCTiiUhl ( MBnOaHepr'H'lHhle 

aneKTpOHHO-Il03HTpOHHhie ll8phl H KOMilTOH-3JieKTpOHbl) C O'leHb KOpOTKliMH Ilp0-

6eraMH, HeAOCTYilHbiMH nerrocpeACTBeHHOMy Ha6nJOAeHH!O. npaKTI!'leCIO! He003-

M0)f{HO H86nJOA8Tb B KCeHOHODOM KBMepe nHBHeBbJe 'lBCTHUbl ( aneKTpOHbl H 

ll03HTp0Hbl) C HB'l8JibHOf! KHHeTH'leCKOii 3 HeprHeH MeHbWefi , '!eM E u2+3 Mao 
min 

Emln -oenH'l i ! HB, XBpBKTepHag AJJH ABHHOii pa6a'!ef1 )f{HAKOCTI! KBMepb! H ABH

Hh!X ycnooHll aKcrrepHMeHTa). BcneacTone aT oro HeKoTopag aong nepoonaqanbHOll 

aHeprnu y -KOBHTB rr epeXOAH T B KliHeTII'leCKy!O 3Hep rn!O n!IBHeOb!X 'lBCTI!U 

c MBnb!MH, HeHa6moaaeMbiMn o KaMepe, rrpo6eraMH. OueHKII rro KBCKBAHOI1 nno

/ 5 / 
HeBOH TeOpHH Il0K83 h!B8!0T , 'ITO 3 T8 AOng 3Hepr'lll! Cna6o 3 BBHCIIT OT H3Me-

HeHH g oenn'!HHb! E 0 , ecnn TOJJbKO E 0 He CJJHWKOM Mano ( E 0 :;:40 -60 Ma o). 

B KaMepe KOHe'!Hh!X paaMepoo MO*eT OKB3BTbCH, '!TO HeKOTOphiA mmeHb He 

IlOJIHOCTb!O p83BHB8eTCH B pa6o'!eM 06beMe KBMepb!, T.e. nJIDHeDble 'lBCTIIUbl 

c a HeprHei1, 6onbwell 
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3H8'111T, 'ITO qaCTb 3Hepruu E 0 , KOTopa5! n cnyqae 6ecxoHe'!HO 6onhwol! xa

:v~epbl 6bllla 6bl U3pacxonooaHa na o6pa3ooamre mrnneob!X 'IBCTIIU c Ha6monae

MbiMn npo6eraMn, 6yneT Bbtnen5!TbC5! oHe KaMepbi. llnoHn Taxoro Tl!na n nanb

Hel!weM H83b!B810TC5! • o6pe38HHbiMU '. no3 TOMY He06XOUHMO yCT8!10BHTb npn 

onpene neHHblX ycnOBU5!X 3KC nepuMeHTll KOnU'IeCTBeHHbl il KpnTepnil • o6pe38HHOCTI!' 

m!BH5!. LlnR pe weHH5! 3ana'lll !13MepeHH5! s n eprHH y -KB8 HTOB, I!HI!UUHpy!OWI!X 

o6pe3aHHbiil nHneHh, 11 ycTanonnenHH npaKTH'!eCKH yno6noro xpnTepn5! o6pe3aH

noc TH ni!DH5! He06XOUI!MO o6paTUTbC5! KBK K COCTaoneHHIO 3Mlll!pH'IeCKUX Kann6po 

BO'!Rb!X Kpl!Bb!X B K00pll!!H8T8X I~ R ,d l , TB K 11 K ananH3Y nceB03MO*HbiX 

nonyci<aeMblX OWH60K, B '!8CTH OCTU, K H8XO*UeHUIO 3MnllpU'IeCKOrO non5! tjlnJOK-

Tya unoHHbiX ow116ox o T ex ~<e xoop nnna Tax I~ R, d I • 3necb ~ R -cyMMapHbi il 

npo6er ocex UIIBHeB WX '18CTHU, D d ·- D03MO*Hblil nyTb pll3BIIT115!, T .e. p8 CC T05IHIIC 

Me*UY TO'il<OI1 38p0)!<JJ.CHI!5! nHDHSI II TO'iKOl! nepeCe'!eHU5! OC!l nHDH5! C rp8HI!Ue ii 

s¢¢exTnonoro o6beMa KBMepbi. Ocb niiBH5! onpenenneTC5! nono~<enneM ponnTenh

CI<Oil 3Be3Uhl H TO'iKOl! 38pO*UeHUR nUBH5!. 

B naHHOil pa6oTe xann6pooO'iHbiC Kpl!Bb!e 6bim< nony'Iellbl npH ycnonHRX, 

KOTOpbi e Heo6xonH Mbi nnR xoppeKTHoro ocymecTnneHnn npouecca H3Mepenn n 

xyponMeTpoM cyMMapnoro npo6era l ~ R ) H 11 KOTOpbie ne 6 binH co6nJOneHbl 
/ 2 / np 

o pa6oTe 3necb ( ~ R J - c yMMapHblil npo6er ocex qaCTIIU nHDH 5!, B3HToro 
np 

o n nocxocTH ¢oTorpa¢npooaHH5!. K anH6pooo'll!bie xpuobie 6blnH nony'!eHbl nn5! 

UOCT8TO'IHO WllpOKIIX JIHTepoanOD D03MOiKHb!X 3 H8'ieHUil 113 MepSieMblX oenH\IIIH 

:£p u d , Heo6xonnMbiX nnR nponenenHSI noncKa panHUHOHHOro pacnana 

, HeilTpanbHHb!X 6o30HHblX pC30HDHCOB Z0
->11°y 

/4/ 
Own6xy o ~ R , o6ycnoonen-

HYIO o6pe3DHHeM niiDH5! rpaHHueil s¢qleKTilDHOro oobeMa KaMepbl I! CT8THCTH'!eCKHM 

X8p8KTepOM npoUeCC8 p 83DII TIISI nHDHSI, Mbl H83biB8eM tjlnJOKTyBUIIOHHOH. 3Ta OWII 6I<8 

B OCHOBHOM II onpenenSieT 06wy10 1!HUIIBHUY8nbHYIO OWU6Ky npH U3MepeHHI! 3HeprHH 

y -x oaHTa , Dbi3b!BaiOIUer o o6pe3aHHbiil n HB eHh . LlnR oueHKil nony cxaeMoil tjlnJOK-

Tyaua o Hnol! own6KH 6wno nony'! eHo Taxme sMnnpnqec xoe none ¢nJOKTyaUHOHHWX 

owH 6 ox o xoopnuaaTax I~ R,d I 

npl! nony'!e HI!I! K8n1!6pOBO'IHWX KpllBWX I~R.dl 11 nonS! ow116ox 6biUH CJJ.ena-

Hbl Tpn cnenyJOmHe npennono){<eHnSI: 

l.H a qanbnan snepr1111 y -KnanTa , Bbi3B8B wero mmeHb o 6ecxoaeqao 6onh-

wail KaMepe, nponopuHoaanbna oenHql!ae (LR) , T.e. E" • K(IR), rne (~R) 
00 00 00 

- cyMMapHbiA npo6er ocex nHnHeBbiX '!8CTIIU c n a6nJOJJ.ae MbiMH o xaMepe npo6eraMH, 

4 

T.e. 'IDCT!II.l C H8'18n bHOil K 

2. 0TnOCHTenbHble tjlnK 

M8nbl ( DO BC5!KOM cnyqae 

3. ¢nJOKTYDUIIOHHble C 

pacnpenenen11n. 

nepooe 1!3 3TI!X npen 

COCTOIIT 1!3 pen5!TI!BIICTCKI 

nyTn llOCTOHHHbl . 3TO npen: 

K8CK8UHOil n!IBHenoil TeOpllf 

ni!BOCTb BTOporo II Tpe Tber 

Tcnbno o6ocnooana owoona 

Hb!MI! KOHe'!Hb!MI! pe3ynh T8' 

a J I13MepeHne s¢¢eR 

<U
0->11°y npi!DOUIIT I< npaBI 

6 ) BemJ'iHHa ot:n6xn 

nenHo 113 aHanH3a pacnpenE 

coonanaeT c oenn'IHHoR ow. 

ow116ox. 

a) XapaxTep 38BHCH 

o6pe3aHIIR nHBHSI nonToep iK; 

TYBI.liiOHHble OWH6KII C pOCT 

YK838HH eM H8 TO, 'ITO OTHC 

Lln5! nonyqenn5! KBnH6J 

oxono 600 nuonel! pa3nH'!HC 

K8Up e ) 118 CHI!MK8X KCeHOH< 

C IIMnynbCOM p
11
_;=9 tr- CHH 

on3yanbHOMY KpHTepH!O Hec 

!IX K8K n!IDHII C CyMM8pHbl~ 

'1Cpe3 /.18KCIIMYM 'iliCU8 CDC 

nyTll p83DHTJIH ( ~ 3 

Pllll -p8JJ.I!81.lll0HH8SI C/J 

B cnyqae O'IeHb Momu 

Mepbi HC II03BOn5IIOT ynoone 

xi flRBRR Bbi6Hp8UI!Cb H3 

TSMH, OT06paHHb!X nn ' 
pe30HSHCOB Z0 -+ 11° y 



!CKOHB'IHO 60I1bllJO~ Ka

.X qacTuu c ua6mouae-

!II TaKoro Tuna B uanb-

Olll! MO ycT8llOBHTb npu 

Kpl! T BpHfi • o6pe3aHHOCTII' 

B 8 HTOB, IIHHUHIIPY~Illi!X 

w ro Kpt!T e paR o6pe3aH

~ 3 M nllp!!'!CCKI!X Kann6p o 

a Han u3y BC CB03MO)!(HblX 

Hpll'IBCKOf'O nO/lH <jl /l~K-

p 8 3 BI!Tl!R, T.e. pa CCTORHHC 

" ocu nuoHR c rpauuuel1 

1Y'10Hbl npll ycnoBHSIX, 

npou ecc8 1!3MepeHHSJ 

bt e He 6 bina co6moue Hbi 

q aCTI!U /li!DHR, B 3 SIT0f'O 

6binll n ony'leHbl anSI 

1!3MCpRB M biX BB /lH!IIIH 

HUHOHH Oro pacnana 

a6Ky o I R , o 6 ycnosn eH-

9 KaMBphl II CT a T HCTH4BC K H M 

•li~I<TyaUHOHHOH. 3Ta Ollll! fiKa 

5Ky npa l!3 M e p e HI!II 3 HeprHI! 

u e HKI! uonyc KaeMoi1 <jlniOK-

e none 1\Jn~KTYailHOHHblX 

a nonR Olll!! 6 0 K 6biilH cnena-

1l!DBHb B 6 e CKOHC'IHO 6onb

E0 • K(IR).:, rne (~R).., 

~ M blMH o KaMepe npo6eraMH, 

T.e, 'IUCTIIU C Ha'!a/lbHO~ KIIHBTl!'IBCKOtl 3lleprnet\ 60/lblllBfi, 'IBM E 
min 

2. 0TnocaTen bHbie <jlmOJ(Tyaunu B (2 R l .. npK <jlaKcapoa anH o M Eo 

Ma/lbl ( BO BCHKOM cnyqae HB 6once 011JI!60K B H3MCpBHIIII CyMM a j:>HOf'O 11p06era (LR)..,) . 

3. <PmoKTyauuoHHbie OllJH6KH o IR onpeuenR~TCH HOpMa/lbHhlM 3 8KOHOM 

pacnpeuenenu R. 

n epBOB 113 3TUX npeunO/lO)!<CHUfi OTpa l i<aeT TO 06C TORTC/lbCTDO , 'ITO /l!!BCHh 

COCTO!fT 113 penRTIIBUCTCKI!X '!aCTIIU, IIOHH3aUI!OHHbiC noTep!! KOTOpbl X H!l Clll•IHIIUY 

nyTII nOCTORHHbl. 3TO npennO/lO)KCHl!C 1101lTBCp)!(naeTCR TaK)!(C npencKa38 HHRMH 

/5/ 
KaCKanHofi mtBHeson Teopua • B oTmJqne OT rrepaoro npennonolKe unSI, c npaoen-

nasoCTb BTOporo I! TpCTbCf'O rrpennO/l0)!(0HIIlf llC MOlKCT 6biTb llOCT!lTO'IHO y6enu

TC/lbHO 060CHODaHa DbiDOilaMif nliBHCBOfi TCOplHI II nOUTBC p lKna e TC H /lll t!Ib pa3yM-

HbiMII KOHC'IHblMII pe3y/lbTaTaMa: 

a I13MepeHne s<jl<jleKTHBHbiX Mace rl"- u w0 
-Me3 0H OD o pacnanax "

0-+2y , 

npi!BOili!T K rrpaBH/lbHOMY !IX 110/lOlKBHU~ Ha lllKa ne MaCe 

6 ) BenH'IIlHa ot:.:n6Kl! B n3Me peuau Mace 

BBHHO H3 aH8111!3a pacnpeneneHI!~ S<jl<\JCKTlfBHbiX M8CC "' 2y 

14 1 

coananaeT c aemi'laHofi owu6Ka, onpenenenHofi c rrOMOll!b~ s Mnnpaqe cKoro non& 

OllJHfiOK. 

a) XapaKTep 38BHCHMOCTH <jln~KTyauuonHbix Olllll6oK o I R oT CTeneHII 

o6pe3aHnR nasHR nonTseplKnaeT cnpaoe nnuoocTb sToporo npenrronolKenuSI: <jln~K-

TyauuoHHbie OIIIHfiKH C pOCTOM d pe3KO nanaiOT 1 'ITO SID/lRCTCSI HCIIOCpCilCTBC HHblM 

yKa3aHHCM H8 TO, 'ITO OTHOCI!TC/lbHbiC <jlmOKTyaiUIJ! B {LR) 
00 

neflCTDHTC/lbHO Ma/lbl . 

,lJ.nR 110/lY'ICHIISI KB/l116pOBO'IHbiX KpHBbiX II 110/lSI 011JI160K fibll10 OT06paHO 

OKO/lO 600 /liiDHBH pa311H'U!Ofi MOIIIHOCTH ( 11p11 06bi 'IHbiX y cnOBIIRX 1!3MepeHJ!SI Ha 

Kanpe) Ha CHHMK8X KCBHOHOBOtl KaMepbi, 3KCI10HHpOD8H110lf B ny'IKB "--MB30HOD 

x) 
c n ~mynbCOM p_,. 9 f a a cnaxpo<jla3oTpoHa 0115111 • 3aTeM nnoun OT6npamrcb no 

" c; 
D113yanbHOMY KpHTCpHIO HC06pe3aHHOCTII /lHBHSI, KOTOpbll'! n03BO/lSI/l H8M npuHaMaTb 

IIX KaK /lllDH!I C cyMMapHbiM npo6eroM {2R)
00 

: /lllBCHbt pa3B!IB8RCb, npoxonaT 

'1Cpe3 M 8KC!IMYM 'IIIC/la CDOlfX '18CTIIU, 110CTBIICHHO 38TyxaeT II na OCT8TO'IHOM 

nyTII p83DilTIHI ( :::_ 3 tpan He OCT8B/lSIBT Bl!llHMbiX /li!BHBDb!X '18CTHU; 

171 
pa,11 -panaauuonnaR ennuuua nnunbi nnn lKIInKoro Kcenona, t pan-4 eM 

B cnyqae O'IBHb MOIIIHbiX mtBHell ( E 0 > 2,0 ,f3B J KOHB 4HblC pa3 M Cpbl Ka-

MBpbi 1!0 n03BOI1R~T ynooneTBOpi!Tb 8 TOMY Dl!3yal1bi!OMY KpllTepn~ 

x) nHBIIH Bb16Hp811HCb 113 'IHCI18 600 " -Xe -B38HMOneliCTBHH C 3-MR y -KB8H-

T8MII, OT06paHHbiX lli1R n9~7Ka panHallHOHHOf'O pacnana HCliTpa11bHbl X 6030HHblX 

pe3ona!ICOB Z0 -+ ""Y 
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Heo6pc3aUHOCTH nnoHn. B a TOM cnyqae , oqeonono, ne ohln onH neTcn nepooe 

npeonon o)!{e HI!e, cnpaoeoniiDoe nnwb o cnyqae 6ecKOHeqHo 6onbwnx pa3Mepoo 

KaMepbt. 3oecb Mbl ocnaeM oononnnTenbnoe npeonono)!{eHne, 'ITo ann He O'lBHb 

MOWHbl X nnBHCfl E0< 4fao) OTHOCt!TenbHan oonn aHeprml E 0 , 3aTpaq;maeMan 

Ha o6pa::JooaHne one KaMepbl nnoHeBb!X qacTnu c anepn1ei'r, 6onbwel1 , qeM E min 

Mana ( · " 5 %), a oTn ocnTenbnh!e cpm oKTyauan B I R no-npe>KHBMY ocTaiOTCn 

Tat<)!{C Manh!MH. nocne OT6opa 1111DHClt DO BH3yanb HOMy Kpi!Tepli!O npOBOOiinUCb 

H3Mepenan cyMMapnoro npo6cra ocex qacTnn nnonn ( I R ) , B3nToro B 
np 

npoeKuun Ha nnocKoCTb ljloTorpacjmpooaHIIn. Linn Ka )!{goro nHDHn onp eoennnncb 

Ko<>¢¢nuncHT yoennqeHnn I( ( z B TO'IKC 3apO)!<aeHI!n nHBHll H COS ¢ 0 rae 

rP -yron HaKn OHa OCH 11HBHH K nnOCKOCTH cPOTOrpaljlHpOBaHUH. 

06paTu Mcn T: rrepb K ouenKe D03MO)!{Hh!X own6oK, aonycKaeMbiX npn H3Mepe

HHH a neprnn y -KBBHTOB : a) npn H3Mepenna cyMMapnol\ aniiHhl 11HBHn Kypon-

MBTpOM ann nennOTHOrO II H3 0nl!pOBaHHOrO nHBHH cneayeT npeanonO)!CUTb , 'ITO 

own6Ka B (I R 
np 

COOTBBTCTByeT HOpM811bHOMy 38KOHy pacnpeaenennn. 

Linn ouemcu oennqnHhl own6KII B H3Mep e nnu I R ) 
np 

6hino oTo6paHo 

HeCKOnbKO 11HBHeil, neo6pe3aHHh!X no Bll3ya.nbHOMy KpHTCpH!O H pa3nH'lHOH 

MOWHOCT!! ( (! R ) 
np 

: J 0 500 CM ), H npooeaeHhl MH OrOKpaTHble H3MepeHII n 

ux oaHIIM 11 TeM )!{e H3M epnTeneM. Ebtno o6napy)!<eno, qTo cpeaneKBaapaTHqnan 

OWII6Ka COOTBeTCTByeT HOpMa11bi!OMy 38KOHY pacnpeaenenun ll COCTaonHeT 

2+-3 % • B emtqnna Oli1 U6KH c naGo ::J.:J DH CIIT oT a6coniOTnol1 oenuqnnht l IR 'np' 

npu !!3Mep enuu (I R )0p oanoro ll TOrO )!<e nHBHH p83llb!Mll U3MepnTenHMii 

OKa3anOCb , qTO pa36pOC D pe3ynbTaT8X 1131\lepeHll11 He npeDblll18n TaK )!{C 

2-3%. npu onpeaenenun ucTIIHnoi'r oenn'!Hilbt cyr.:Mapnoro npo6era IR cyMMapHbtft 

rrp c 6e r C'R)
0

p HeoGxoanMo nonpaDUTb Ha KO<> cpcjJnuae HT y BCil li'Iennn K (z) 

(K(z) a A + Bz • rae z - rny6nHa 3anerannn TOqKH 3apO)!{aeHHH 11HBHSI 

11 ll8 y r on UaKilOH8 OCU ll UDHll ¢ K UllOCKOCTU cpO TOrpaljlnpOBaHiiSI DO ljlopMylle: 
F~) 

6 ) Linn !< (z) 
cos¢ 

Mbl He yq11Tb!D8CM ero 3aDUCHMOCTb OT 

YR=(~R )
0

P 

z B o6naCTll 

pa3DI!Tll 51 lli!Dll 51 0 UOCKOilbKY M.:JKCfl!,: 811bHOe OTI!OCUTCilb!!Oe 113h!BHBUlle K089-

<!muueuTa yoennqenn51 ae npeoLtwaeT 4 % 11 O!llii6Ka, DHOCIIMan T8 Kl! M rrpene6pe

)!<e nueM , TB K>i<e 11c npe obiwaeT 4%. K TO MY )!{e o Ka)!{aOM Ha6ope 11l!BHel1 oan-

llal<ODOil MOWHOC TH 10T06p1HII!OM all 51 UOII y'iBHil51 I(.:Jil!!6pODQqHbiX Kpl!Ob!X, Ha6niO

nanOCb npu 6IIU)!<CI!UOC paoenC TDO qncna lli!BI!ef! C DpOTl!DODOnO)!{Il blMH 3H8KaM!l 
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I 
.J 

t 
i 

y cos cf; , 3TO 06CTOHTenbC 

Bb!X np llDOOI!nO K 3HaqnTenb 

llb!M 3 HaqenneM K ( z) • npn 

Wl!XCH Ha y -KBaHTOB 

U I!MBIOWUB npOTI!DOnOnO>KHI= 

60nbli10ro DKnaga B cy ~IM8pl 

B) Qqenb Tpyono Henocp 

yqeTOM yrna ¢ • YqeT yr 

o cpeaneM onpeaenneTcn on 

qaeTCH D TOM, 'lTD D )!{UaKO 

'lUTenbl!OMY MHOrOKpaTHOMY 

ocyweCTDHTb aoc TaTOqHO KO 

MapHOMY npo6ery nHBHSI, 03 

TI!M, 'ITO 'IBM 60nbliJB 3Hepr 

nHBBHb, TeM Cl!11bHee Bhlp8H 

l!BBblX 'IOCTHU COXpaHU Tb rre 

nm1 an eKTpona, 11 TeM Gone• 

D'R)np na cos ¢ • 

C u enb!O ou e HKH aonyc 

p ac n aaa Y.+ - u ¥ + 
772 fl 3 

aneprnqHbie nnonn, coaep >:<a 

Hb!X n ap , n e o6naaana aocT< 

c oo11x qac THU. CyMMapHht a 

a) C nOMOWb!O H3Mep€ 

yoenuqenHn n yrna n a tWOHa 

6) C DOMOWb!O CyMMUf 

MOilUHBDUhlX yq.:JCTKOD Cn cac 

3aTeM anSI Ka><<aoro Cl 

pacrrpeaenemte R IIOK83 

!13 oenn qnJibl pa36poc< 

HHI! R Mbl npu61JU)!CeHH< 

<>Ta o!lln6Ka o6ycnaonnoaeTc 

H pa31JJ!qHOf1 CTeDCHb!O OTKil 



Ob1110IIH SI8TC Sl nepBOe 

UIO 60IIbWIIX p83MepOB 

eHne, qTo anSI He oqeHb 

run E0 , 3aTp aqunaeMan 

nel! , 6onbwefi , qeM E min 

110- llpe>KHeMy OCT810TCSI 

KpUTepiiiO npOBOaHniiCb 

) np' B3 SITOrO B 

·o nnnnn onp eaennnHCb 

~SI IIHBHSI U COS ¢ , rae 

OB8HI!Sl. 

aonycKaeMbiX npu 113Mepe

·IOfi ani!Hbl n!IBHSI KYPBH-

reT npeanono>KHTb, qTo 

3aK ony pacnpeaenennR. 

:p 
6bino oTo6pauo 

MHOrOKp8Tllbie 113MepeHI!Sl 

'"III!Sl I! COCT80IISJCT 

\ IR 1 . 
np 

Hb!MU 1!3Mepi!T CJ! SJMU 

o npo6era !R cyMMapHbifi 

yocnuqeJl llSJ K (z) 

IKI'I 3apomaeHHSI J!HOHSJ 

Ja<jJHpooanuSJ no cpopMyne: 

b OT z B o6nacTir 

:liMOS! TOK!IM npeHe6pe

OM na6ope minnel! oan-

IOqllbiX Kpi!Db!X, Ha6mo-

OOnOJJO)I{HbiMU 3H8K8Mn 

I 
.J 

J 
J 

y cos <f, • 3TO 06CTOSIT8IIbCTOO 0 npouecce nonyqeHIISI KOIIII6pOBOqHWX Kpll-

BhiX n p 1moaano K 3 HaqaTcnbHOMY yMeHbweHmo owa6Kn, o6ycnonnenHofi HeToq-

llhiM 3 HaqeHII8 M K ( z) • npll II3MepeHIIII <>GJQlCKTIIOHbiX MDCC pe30IIOHCOO, pacnaaa!O-

WliXCSI H8 n y -KB8HTOB 0WI!6KII, o6yCJJOOJJeHHbie HeTOqflbiM 3HaqeHI!eM J((z) 

H I!MeK>WUe llpOTI!OOilOJ!OlKHbi e 3H8KU , KOMileHCHpy!OT apyr apyr a H He BHOCSIT 

6onbworo nKnaaa B cyMMapHyiO own6Ky. 

B) Q qellb Tpyano HenocpeaCTBe HHO OUeHIITb Hell3BCCTHY!O OWI!6Ky , BHOCII MY!O 

yqeTOM yrna ¢ • YqeT yrna HaKnona OCH nnnHn K nnoCKOCTI! q>oTorpacjJHponaHnn 

B cpeaneM onpeaenneTcH onepaunefi aenennH ~R)np ua cos¢ • TpyanoCTb 3aKnJO-

qaeTCSI 0 TOM, qTO 0 ;>KUaKOM KCCHOHe J!I!OI!Cflb!C qaCTIH!bl IIOaocpraiOTCSI OH8-

qnTeJJb!IOMY MHOrOKp8THOMY KyiiOHOBCI<OMy pacceHHH!O. 3aecb neo6xoaH~IO 

ocyweCTOHTb aoCT8TOq!IO KOppeKTIIO n epexoa OT (}'R) K ~R 
np 

, T. e. K cyM-

MllpHOMy npo6ery J!HBHSJ, B3SlTOrO nenocpeaCTOeHHO B 06beMe K8M8pbl . 0TMe-

TUM , qTo qeM 6onbwe anepra51 y -KD8 HT8 I'!Jll{ 3IICKTpOH8 , Obi3b!B8IOWero 

nHneHb, TeM CIWbHee Obipa;>Keua nanpaoneHHOCTb mmn n, T. e . CTpeMne nH e nnn-

n e BbiX qacTnu coxpaHI'!Th nepoonaqanbHOe Hanpaonenue none Ta Y -KB8 HT8 

unH aneKTpona, 11 TeM Gonee KoppeK THOI! npeacTannSJeTCH onepaUI'IH aeneH!ISJ 

cos¢ • 

C uenbiO ouenKII aonycKaeMoli · ·norpewuocTn 6biJJO oTo6pa uo 70 c ny<wen 

pacnaaa Y.+-
172 

+ 161 
II '(( - Me30HOO ( HaiieTy I'IJIU B nOKOe ) , rae MllJI0-

/13 

aneprH qHble nunHa, coaepJ:<awHe 13 ce6e He Gonce 3-x aneKTpoH-no3 nTpOH-

HbiX nap , ne o6naaann aocTaToqHo Bbipa~<eHnoi1 nanponennocTbiO B ann >Ke niiil 

c oonx qaCTIIU. CyMMapHbiH npo6er nHnHefi n 3MepnncSJ aBOSJKHM nyTeM: 

a) C llOMOWbiO 113Mepe!!HSI 

yoenJlqennSJ 11 yrna HaKnoua ¢ 

6) C nOMOWblO CyMMHpODOIH!Sl 1!3Mepe HHblX Hll MUKpOCl<Oile MOIIb!X npSI-

MomrHei!IIbiX y•wcTKon cncaoo cccx qacTnu n11nn n . 

3aTeM anSI Kll>i<aoro cnyqaSJ pacnaaa 
YR KYPB 

onpeaenHIIOCb OTHOWCHUC R=-----
- +0.10 YR M!!Kp 

pacnpeaenemre R noKa3an o na pnc. I , rae RIT'ax • 1.17_0 •07 ). 

113 nenu qHHbl pa36poca B R non ywnpHHa MSKCnMy Ma B pacnpeaene-

HI•! II R MW npn6numeHHO OUeHI'!08CM OW!I6Ky B 7-8% H Cqi!TllCM , 

3 T8 OWH6Ka o6yCJJl!DIIHB8eTCSl B OCHOBHOM cpOpi'.!Ol' cneaoB IIIIOIIe Db!X q aCTIIU 

H pa3II!!qHQll CTe n eHbiO OTKIIOHCHHSJ Hanpnnei!I!Sl llX aDH;>KeHI!Sl OT OC!I III!DHSI. 

7 



YqnThlODH nanuque ocex ne6naronpnHTHhlX ¢aKTopoo npn nonyqeHan pacnpenene-

HHH ( MBJ)OMOll!Hbi e, Hea~npaaneHHbie nuoHH, nnoxae ycnoonn H3MepeHan, I!Harna 

6onbwae yrnbi HaKnona ( ¢ > 70° ) , cnenyeT O)I{HnaTb, qTo o cpenHeM nnn acex 

npyrnx ycnomu1 H3Mepe~mll H nn:a 6onee MOll!HbiX naDHeft ow n 6Ka , o6ycnonncHH8H 

yqe TOM yrna HBKnoHa ¢ , ne 6yneT npeBbiWBTb 3-5% . .Ua nee, nnn Ka)l{noro neo6pe-

3D!!noro naoun onpenennnocb OTH OWenae a= ¥(z) a Y R =a ( YR) 
cos ¢ np 

J1HTepaan B03MO)I{HOrO H3MCH9HHH a ann BCCH CODOKynHOCTH nHBH9H OKS-

aancn nocTaToqHo yaKuM: 0.8 70 :=: a < 0.9b2 , qTo nano oo3MO)I{HOCTb nerKo 

o6ecnequTb o npenenax owu6oK nocTOHHCTno wara ( •2cM • const ) , 

npnMeHneMoro npH npooeneHnH ncKyCcTneJ-IHoro o6peaaHuH nuoHeif c paanuqHbiMH 

3Ha qeHUHM!! a 3DT9M H8 OCefl COBOKynHOCTII OT06p8HHbiX nuonel\ 6binO nOCTp09HO 

pacnpeneneHu e no cyMMapnoMy npo6ery I~ R).., . 11aTepoan o pacnpenenenuu, 

M~R ) .., Ohl611p8RCH C yqe TO M TOrO, qTO 0THOCHTenbH8H OWH6Ka, li[ ~ R 

0 H3MepeHHH ~p ) 00 COCTannneT npHM9pHO 5 % H He 38BHCHT OT a6COniOTHOl\ 

nenuquHbi IYR ) 
00 PacnpeneneHn e no ( YR ) oo noaoomwo pa3nenuTb oce 

nnnna na rpynnbi c onanaKOObi MH anaqentHIM!H (Y. R )
00

• Kall<naSI rpynna xapaKTe

pn3ooanacb, TaKnM o6pa30M, oenuqnuon (~ R )..,, qncnoM nuoHefi 11 ycnooHSIMII 

H3Mepeuun KB)I{noro nHnnSI . 3aTeM nn51 KBJ><noro nnoHSI KBKoii - nn6o rpynnbi H3Me

pSincn CyMMBpHbiH npo6er (Y R )d npa p83J)!fqnoi1 CTeneHH HCJ<yCCT09HHOro 06pe38HHSI, 

T.e. nnoHn nonnepranucb nocnenonaTenbHOMy, noi1Ja)I{HOMy o6peaaHn iO H cooToeT

CTnytoweMy H3MepeHHIO (:" P )d npn nanuoM d , T.e. npu naHHOM n ono)l{e Hnu 

ooo6pa)l{aeMot"I rpa nnUbi o6pe3aHHSI. 8 npennono)l{eHnn Toro, qTo ¢niOKTyaunonna SI 

own6Ka n ~ R nonlKHa onpcnennTbCSI HOpManbHbiM 31lKOHOM pacnpeneneHnSI, 

Ha KalKDOM :o>Tane o6pcaaanSI no nceM n unn51M nannor1 rpynnbi Bbiqncnnnncb 

cpennc-apn¢MeTnqectcoe (:£ R )d , cpenHe- KoanpaTuqHa51 011JH6Ka, li<PniiR,d) 

u cpenHnSI npocTan owu6Ka 8
1 

( ~ R. d) • C panHeHne xona cpenHeKoanp a TnqHofi 
<jln 

owu6tut c xonoM npocTofi cpennen own6Ku net"!cTnuTenbHO yKa3biBano Ha 

cnpanennnooc Tb TpeTbero npennonoll<eHIISI, T.e. Ha TO, qTo ¢niOKTyauHSI 

qucna qiJCT!!U npn p83BHTIIH niiBHH U89T cjlniDK TYBUHOHHYIO OWH6Ky B ~R 

li (IR,d) , KOTopaSI npu 6nHli<9 HHO COOTB9TCTByeT HOpMBJibHOMy 38KOHy 

pacnpencneHII n. TaKuM o6pa3oM , n ocnenooaTenbHO nepexonSI oT on-

Holt rpynnbt K npyroft u npooonn cooTneTCT oyrowue H3MepenuSI, Mbi nonyqunn 

KanuGpoooqHhle KpHohle { IR, d l , none owu6oK o IR II 38BlfCHMOCTb 

<jlniOI<TyauuoHnoli owu6Ku a IR OT B03MO)I{HOrO _nyTH p83 8HTH SI 

d • ( Kanu6poooqnbie KpHBbie II none owu 6oK npencTanneHbi Ha puc . 2). 

8 

H enocpencToeuno ua puc. 

TOHHO CHDD89T C pOCTOM 

npn 1!3MCp9H!!H (2R) ..,nnH HE 

nonoJKenne . n onpo6r-10e o6c: 

npHBOUHT K Bb!OOUY, qTO KC 

ycnoonnx 9KCnep11M9HTa aa1 

KOOpU!!HDT8MH {~R,d\ ¢moKT" 

unn panHa cyMMilpHofi owne 

3necb li I~R) 
H3M, 

a 1 ow116tcofl, nonycKa< 

BllHHOll HpH6nHlK9HHbiM nyT< 

B!IT!! H nuBHSl II C) OWH6Koit 

. nnocKOCTH cjloTorpaqmponaHJ 

ecna cjpn_(IR,d) ~ lilraM!~ 
B03MOlKHbil\ nyTb p83BHTHH 

nepexone K wKane :o>uepruu 
+0.007 

r ue K ~0 .57 -O..Ol 5 - ana 
/ 3 / 

n pa6oTe • 3To 3Haqenu 

npanitnbHOe nonoll<enue MB< 

neHHH m 2y , m3y n 

li [IR.d ]=li [I R l 
<!Jn H3M 

o6peaauHhlX n neo6peaanHE 

HOKil3ll!!HbiMH Hll pHC, 2, X 

pbiX nonycKaiOTCSI o npenen 

qTO BbiwenpttoeneHHbii"I 

)1{9HH9 CnpaoennHBbl nOKB 

.Qeno 0 TOM, qTO B ( 

OTHOCIITCnbJIL:ll pa36pOC B 

119BHilH MbiX B KCeHOHOOOI"l 

6onbwux, '19M own6Ka n 1 

B 9TOM cnyqae OTHOCIIT9ni 

9nCKTp0118 CTBHOOHTCSI nee 

HOM onpenenneTcn ¢moi<TY 

!Ol!U!XCSI 0 I<8Mepe y - t 



pu nonyqen1ui pacnpeaene-

~llOBHn 113M8p8HHn, I!HOI'aa 

Tb, 'lTO a cpeaHeM ann acex 

eli own6Ka , o6ycnoonoHHan 

l a n ee , ann Ka>Kaoro n eo6pe

= a(YR) • 
np 

)BOKyllHOC TH HHBHefl OKB-

ano D03MO>KHOCTb H 8 l'KO 

~ a2cM • COnst ) , 

HHn nHBHelf C pa3nH'lHb1Mll 

IHHblX nl!BHe!l 6b!HO TIOCTpOeHO 

aan B pacnpeaenennn, 

:an owu6Ka, 8 [~ R 

BBHCIIT OT B6COHIOTHOil 

nnno paa aenHTb ace 

'<aR<aan rpynna x a paKTe

• nHBHelf H yCHOBHnMll 

{8Koi1 - nn6o rpynnbi H3Me-

IICKYCCT08HHOI'O 06p e38HHH, 

~y 06pe30HII IO II COOTBeT-

lH ABHHOM TIO!JO>KeHIIH 

)1'0, 'ITO tPHIOKTYBUHOH llOH 

KOHOM pacnpeaeneHnH, 

)Yflflbl Bbl'lHCHS!nJ!Cb 

Ot.:JH6Ka, /)ljln IIR,d) 

:peaHeKoaapaTII'lHoll 

10 YKB3bi B a n o Ha 

:To ljlnJOKTyaunn 

0 Olllli6Ky B IR 

pMOHbHOMy 38KOHy 

:epeXOAS! OT OA-

'PeHnH, Mbl nonyqunn 

I! 38 Bl!Cl!MOCTb 

:H pa3Bl!Tll51 

ACTaoneHbl H B pH C. 2), 

HenocpeACTBeHHO n 3 puc. 2 BIIAIIO, 'l T O QHIOKTyaunonHan own6Ka 6biCTpo 11 Mono-

T OHHO cnaaaeT C pOCTOM d K 3 Ha'leHHIO OWH6Kll /) B31_,dJ!R) 00 l , aonyCKBOMOlt 

npn n3MopeHnn {IR)..,ann Heo6pe3aHIIoro nuoHn, 'lTO H onpoaahioaeT DTOpoe npea-

nonmi<eHne. noapo6noe o6cyR<aeHHe KannGpoao'lHbiX KpHDLIX IIR,d I 11 nonn ownGoK 

npHBOAliT K BblBOay, 'lTO KOHJ!'leCTBeHHblll Kpl!TOpllll n eo6pe3UllllOCTll nnonn D IWWHX 

ycnoannx 3KCnepHM8HT 8 38KniO'l8eTCn B TOM, 'lTO ann nUBHn C H3M8p 0H llb!Mll 

I<OopaunaT aMH I~R.dl ¢moKTyaunonnan owH6Ka &jm [IR, dl AOnR<llO 6biTb MOHbWO 

IInn paBHB CyMMBpHOM 0W U6Ke B 1!3MepeHI!ll :£R • 8 (IR) ..5%. 
li3M 

3 aecb 8 ( IR) 
113M. 

, KBK o6cy>Kaanocb Dhiwe , onpoaenS!eTcn: 

a ) own6I<Oll, aonycKaeMoii npu H3MepeHHH (~ R) np , o) own6KoH , Dbt3-

BBHHOil llpH6Hl!)!{8HllblM nyTeM y'leTOM K03{jl<!lfiUI!eHTO yaenU'l OHII n D 06naCTH pa:J

BI!Tl!S! nJ!BHn II C) OWH6KOI1-, o6ycnooneHHOil yqeTOM yr11 a HOKnOHO OC!! HI! Olin K 

. nnocKOCTH ljloTorpa¢npooannn. T aKI!M o6pa30M, nnaeHb C 'lHTaeTcn neo6pe3ai!HbiM, 

ecnH (- 5%• ) , npH'l8M d > d* , rae d* - OCTb 

B03MO>KHbii1 nyTb pa3BHTnn, npH KOTopoM 8"' (IR,d )= 8 [I R l • Dpn 
..,n H3M. 

n epexoae K ll!Kane 3 H8pl'HH ( PHC. 2 ) npHHH MBHOCb COOTHOWOHUe E., = k (I R) 
00 

+0.007 
rae K =0.57 _()_

015 
- 3HB'leHne Koa¢<jJHuHeHTB nponopuiionanbHOCTH, nafiaennoe 

/ 3 / 
D pa60T8 , 3TO 3HB'leHHe K03<j>tPHUHeH T O nponopUHOHBnbHOCTH 06ocne'li!B88T 

npODIIHbH08 nonOR<ei!He MBCCbl 11°- II cu0 -Me30ll0D HO WKOne MBCC D pacnpeae-

/ 4 / 
m 2y m3y H Ha none Ollll!OOK C TIOMOWbiO KpHT8plH! neHHH 

8 tiR,d ]=8 [I R l MO>Kno onpeaenn T b rpaHuuy , pa3aen HIOWYIO o6nacnr 
!jln H3M 

o6pe38HHblX II Heo6pe38HHblX HIIBHelf ( /) (IR) -6% ) , 06naCTH MOX<ay ny'lBMH, 
U3M 

TIOK838llHblMU HB pnc. 2, X8p8KTOp1!3YIOT Hl!DHI!, QHIOKTYOUl!OHHbie Oll!I!6KH Y KOTO-

pb!X aonyCKOIOTCn B np e aenax, yK038HHb!X y KO>KaOI'O ny'IB. 3aeCb yMeCTHO noaqepKHYTb, 

'lTO BhiwenpHaeaeHHbiil KpnTepnil Heo6peo£HliiOCT:r .~nanSI n BTOpoe- npcanono-

>KeHHe cnpaaeanHB bi noKa E o He CllUlllKOM MllllO , T. C . E ~b ~ 40- 60 M~o. 

!leno D TOM, 'lTO B 6eCKOHe'lHO 60nbll!Olf KOMepe npu 

OTHOCHTCHbJ!L:ll p.:l36pOC D TIOT Opnx H~ pUAIWUI!OHHOe J!3ny'leH!l8 MOno::>neprH'lHbiX , 

llOBHllHMblX B KCeHOHODOlf K8Mepe 

60Hbllll!X , '!e M Oll!H6Ka D 113MepeHHI! 

y - KDOHTOB MOX<eT AOCTIII'U T b 3H8 'l8Hifli 

(I R ) "" • !1o
1 1

•<!•
31 

DilAllO, 'lTO 

D 3 TOM cnyqae OTH OCI! T enbHan OUJI!6Ka D 1!3MepeHHI! 3 HeprHH y - KDOHTB I!HI! 

3neKTp011 8 CT81IODHTCn D8CbM8 6onbW Oll ( > <!0 % ) H, TIO-DHAI!MOMy, B OCHOD-

HOM onpeaenneTCS! QniOKTyOUHHMll B TIOTe pHX HB H3HY'IeHne Mnl'KI!X, HGperuCTpHpy-

IOlllHXCH D KaMepe Y - KD8HTO D , 

g 



TaKHM o6pa30M, KpHTepHli o6pe38HHOCTH IIHBHR B Bb!WellpHBeAeHHOi! !jlopMym!pon

Ke AilS MSilb!X E 0 T~pseT CBOfi CMb!CJI, TBK 'ITO JIUHHR B llOile OWI!60K 

(8!j!n [I. R, d] = S%,pac.2). pa3AensiOwas o6nacTa o6pe3aHHbiX H neo6pe3aHHbiX 

Jll!BHei!, np11 npoaeAeHI!II ee s cTopony MSJibiX 3Ha'!eHHI1 I. R H d HMeeT He-

KOTOpyiO pa3yMHYIO rpaHl!'IHyiO TO'IKy. !13 XOA8 scero Bb!WeH3J!OlKeHHOrO CJ!e-

AyeT, 'ITO 60llbWHe OWI!6KI! B 1!3MepeHHII 3Hepr1!11 Y -KB8HTOB OllpeAellSIIOTCSl 

B OCHOBIIOM !jlSKTOM o6pe38HIISI llHBIIR II CT8THCTH'!eCKHM XapaKTepOM llpOUeCCa 

p83BHTHR llHBHSl ll 'ITO OWH6Ka B H3MepeHHll 3HeprHl! y -KB8HT8, HHl!UI!HpyiO

WerO He06pe3a<iHb!H Jli!BeHb, He 38B!!CIIT OT a6COil!OTHOrO 3H8'!eHI!Sl 113MepReMOlf 

oelli!'IHHbl Eo , TOrAa KSK omn6Ka s H3Mepenan aseprn a o6pe3aHHoro lli!B-

HR CHllbHO 38BI!CHT OT CTe!lemr ero o6pe38HHR, OAH03H8'1HO OllpeAenseMOH 

Pn ( 1 R) 
--d-OTHOWeHH8M 0TMeTIIM B 38KJIIO'IeHHe, 'ITO C llOMO!.LIPIO KpH-

Bb!X I I R,f I H llOllSl OWU60K B -:" R MOlKHO nerKO OUeHHTb KBK 3HeprHIO 

y -KBBHTa, T BK H owaGKy n 113MepenHH aHeprna 3Toro Y -KBBHTa, ecn11 

1!3B8CTHhl K00pA11H8Thl ero JIIIBH!l. 

A sTop Bbipa>KaeT 6naroAapaoCTb H.f\,.fpaM e HiillKDMY, T .llo6posonbCKOMy, 

B.HH'IH!lopyKy 11 H.M.B11pncosy 3a none3Hbie o6cylKAeHII!l n llOMOWb a pa6oTe, 

a TBKlKe 6naroAapHT J1.11.Macnoay, H.A.Mnpomo6oay, H.K.CMnpHosy, A.r.'-ieK

MeHeay, LA.CTpOHKODy, n.n.TI!TOny H H.H.nonoay, BblllOJIHHBWHX OCHOBHYIO 

pa60Ty !10 H3MepeHIIIO, 06pa60TK 8 H O<jlOpMileHHIO M8T8p118Jl8. 
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BblWenpuaeaeuuoA fj>opMynupoo

ll!HHSI B llOne OWH60K 

Je38HHb!X II Heo6pe3aHHb!X 

H d HMeeT He-

H'O Bb!WSH31lOlK8HHOf'O cne

y -KDBHTOB OllpeaellHIDTCSI 

lCKIIM xapaKTepoM npouecca 

l!l! Y -KDBHTB, l!Hl!Ul!l!pyiD-

>THoro 3H8'18HI!SI li3M8pHeMoiJ 

~Heprna o6pe3aHHoro nne-

03HB'IHO onpeaenHeMoil 

!eHae, 'ITO C IJOMO!U.b!O KpH

'KO OUSHI!Tb KBK <lHSp f'HID 

aToro Y -KDBHTa, ecnn 

UKOMy, T.llo6poaonbcKoMy, 

08HHSI Jl llOMOWb D pa6oTe, 

', H.K.CMnpHoay, A . f.YeK-
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