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CTaBHHCKHA B.C. 

TpaHCMHCCHOHHbiA MeTO.Q H3MepeHHH nonHbiX ce'leHBA 

B38BMO.Qeii:CTBHH 
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B pa6oTe nposo.QBTCH aaanHa TpaHCMHCCHOHHoro MeTo.Qa H3MepeHHH 

nonHbiX Ce'leHBH B38HMO.Qeii:CTBBSi npH Bb!COKHX SHepPHHX. 

Coo61QeHJie 061.e,QJIJteHHOrO MHCTHTyr& qepHIIIX MCCJie,llOB8HJII 

,lb'6H8, 1974 
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TpaHcMuccuoHHbiB MeTO.D., unu MeTO.D. nponyci<aiOII.UIX 
cqeTqUI<OB, -HaU60JieepacnpOCTpaHeHHbiBCDOC06H3MepeHU~ 
ocna6neHu~ nyqi<a qacTu:u; pacceuoa TeneM. IIo,D,aBn~romee 
qucJIO MUpOBblX ,D,aHHblX no nOJIHbiM ceqeHU~M B3aUMO,D,eBCT
BU~ qacTUD; C BeiD;eCTBOM noJiyqeHO TpaHCMHCCUOHHbiM MeTo
,D,OM. H.D.e~ MeTo,D,a no cymecTBY JauMcToooaHa u3 pa6oT 
no U3MepeHUIO I<034>cliUUUeHTa 3I<CTUHI<D;UU B o6JiaCTU qaCTOT 
onTuqeci<oro cnei<Tpa /I •2/. Ha puc. 1 noi<alaHa npuH:u;u
nuanbHa~ cxeMa Tai<oro onbiTa. HcToqHui< uccne,D,yeMoro 
uJnyqeHu~ IT I noMemaeTc~ B llloi<aJibHOii nnoci<ocTu o6'bei<
TUBa JI I . IIpu3Ma II, o6'bei<TUB JI 2 u menb ,lJ, I o6pa~yJOT 
MOHOXpOMaTop. Ha yqaCTI<e Me)I(,D,y 06'bei<TUBaMU JI3 U JI 4 
o6pa3yiDIUBMH nyqoi< napanneJibHbiX nyqeii:, noMemaeTc~ uc
cne,D,yeMoe oemecTBO PI . B tlloi<yce o6'bei<TUBa JI4 Heo6xo
.D.UMoro ,D,UaMeTpa ,D,uatllparMa ,lJ, 2 onpe,D,en~eT o6nacTb qyo
CTBUTeJibHOCTH perHCTpa:o;UU UHTeHCHBHOCTU U3JiyqeHH~. IIo 
OCJia6JieHUJO HHTeHCUBHOCTH CBeTa BBe,D,eHHbiM B nyqoi< 06-
pa3D;OM IUCCJie,D,yeMOe BeiD;eCTBOI MO>KHO onpe,D,eJIUTh 1<0341· 
tllu:u;ueHT 3I<CTUHI<D;UU. 

H3MepeHue noJIHbiX ceqeHuii: oJauMo,D,eii:cTBU~ B tlluJui<e 
3JieMeHTapHb1X qaCTUU TpaHCMUCCUOHHbiM MeTO,D,OM ocymecT· 
BJI~eTc~ aHanoruqHbJM o6pa30M. Tonbi<O Tenepb II /puc. 11. 
03HaqaeT aHaJIU3UPYJOIUUB no UMnyJibCY Mar HUT, ,lJ, I - UM
nyJibCHbiB I<OJIJIUMaTop, ,lJ, 2 - c:u;uiiTHJIJI~:u;uoHHbiB ITpaHc
MuccuoHHbliil cqeTqui<, ,D,UaMeTp I<oToporo onpe,D,en~eT Te
neCHbiB yron Ul :u;eHTpa pacceuoaTeJI~ IP 2 I, noMemeHHoro 
ocenta nocne o6'bei<TUBa JI 4 . HHor .D.a coxpaH~eTc~ H yqac
TOI< napanneJibHoro nyqi<a, Heo6xo.D.UMbiB .D.JI~ cenapa:u;uu 
qacTu:u; no :wac caM I ci<opocTu/ npu tllui<cupooaHHOM uMnynb.ce, 
I<OTOpaJI OCyiD;eCTBJI~eTC~ ,D,B~peH:u;BaJibHbiM qepeHI<OBCI<UM 
cqeTqUI<OM ICI, pa3peweHUe I<OTOporo no CI<OpOCTU B 3Ha
quTeJibHOB CTeneHu onpe,D,en~eTc~ yrnoBbiM pa36pocoM qac
TUU B nyqi<e. 
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Puc. 1. CxeMa onbu/la no U3MepeHwo K03gxpUf1UeHma 3KCMUHK
fiUU e o6Aacmu onmu'lecKozo cneKmpa u noAHbiX ce'leHuu 
83QUMOOeUCM8UJl npu 8biCOKUX 3HepZUJlX. 

TeopeTH<IecKoMy o6ocHoBaHHIO TpaHCMHCCHOHHoro Me

To,D;a DOCB11W:eHo 6onLmoe KOllH'IeCTBO pa6oT / 3 •4 •5 •6/ ABTOpbi 

npaKTH'IeCKH Ka:>K,noii: HOBOH 3KCnepHMeHTanbHOH pa60Tbi C 

yMeHbWeHHeM OWH6KH H3MepeHH11 BHOC11T CBOH C006pa:>KeHH11 

OTHOCHTenbHO OCHOB MeTo,na H He06XO,!J;HMbiX nonpaBOK K H3-

Mep11eMbiM BenH'IHHaM, onpe,nen1110IUHX CHCTeMaTH'IeCKHe 

norpeWHOCTH llpH O~eHKe DOJIHbiX Ce'leHHH B3aHMO,neii:CTBH11. 

Cpe,D;H scex <l>aKTopos, orpaHH<IHBarow:Hx TO'IHOCTb H3Me

peHH11 TpaHCMHCCHOHHbiM MeTO,!I;OM, MO:>KHO Bbl,nenHTb rpynny, 

He CB113aHHYIO C CaMoii: H,neeii: MeTO,D;a. Cro,na OTHOC11TC11: 

a/ 6biCTpo,D;eiicTBHe 3neKTpOHHoii: annapaTypbi, ee pa3-

pemarow:ee H npoc<JeTHoe BpeM11; 

6/ reoMeTpH<JeCKa11 onpe,D;eneHHOCTh H CTa6HnhHOCTh DO 

BpeMeHH MHWeHH-pacCeHBaTen11. 

CaMH no ce6e 3TH <l>aKTOpbi MoryT HrpaTL cymecTBeHHYIO 

ponL npH Bbl6ope TeXHH'IeCKHX Cpe,ZJ;CTB, HO, DOCKOllhKy 

TpaHCMHCCHOHHbiH MeTO,ZJ;, KaK npaBHllO, 6a3HpyeTC11 Ha 

MeTO,!I;HKe C~HHTHllll11~HOHHbiX H qepeHKOBCKHX C'leT'IHKOB, 

a TeXHHKa npOH3BO,!J;CTBa MHWeHeii: ,!J;OCTHrna O'leHL BblCOKOrO 

YPOBH11 /
7

/ TO yKa3aHHble <i>aKTOpbi He ,!I;OMHHHpyJOT B CYM-. 
MapHOH CHCTeMaTH<JeCKOH OWH6Ke H3MepeHH11 DOllHbiX ceqe
HHH B3aHMO,neii:CTBH11. 

rnaBHble TPY.nHoCTH B H3MepeHH11X nonHbiX ce<IeHHii 

B3aHMO,D;eii:CTBH11 TpaHCMHCCHOHHbiM MeTO,!J;OM CB113aHbl C pe

meHHeM cne.nYJOIUHX sonpocos: 

1. Bbi,neneHHe B H3Mep11eMbiX BenH'IHHax 'IHCTO 11,nepHoro 

B3aHMO,D;eii:CTBH11 /npo~e,D;ypa 3lleKTpOMarHHTHbiX DOllpaBOK/; 
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2. 3KcTpanon11~H11 B "HyneBoii TenecHhlii yron". KoHeq

Hble pa3Mepbl TpaHCMHCCHOHHOrO C'leT'IHKa npHBO,!J;11T K TOMY, 

'ITO 'laCTb npOB3aHMO,ZJ;eHCTBOBaBWHX 'laCTH~ nona,naeT B 

anepTypy C'leT'IHKa: MHWeHb CaMa CTaHOBHTC11 HCTO'IHHKOM 

/"cBeTHMOCTb pacceHBaTen11"/. 3KCTpanon11~H11 B HyneBOH 

TeneCHbiH yron COOTBeTCTByeT nepeMeiUeHHIO 3TOrO HCTO'I

HHKa B 6eCKOHe'IHOCTb. 

B .nanLHeiimeM 6y,neM paccMaTpHBaTb TonLKO 3TH ,nBa 

Bonpoca. Ho npe>K,ne <IeM paccMaTpHBaTL o6muii: cnyqaii:, 

pemHM 3a,D;a<Iy B npocTeiimeM BapuaHTe, BapuaHTe "To<Ie<IHoii: 

reoMeTpHH". 

To'le'lHaJl zeoMempuJl 

Jiy,D;eM Ha3biBaTb reoMeTpHIO TpaHCMHCCHOHHOrO ODbiTa 

TO<Ie<IHOii:, ecnH ,D;nHHa pacceusaTen11, co.nep>Kamero n ~eHT

pos Ha KBa,D;paTHbiH CaHTHMeTp, paBHa Hynro /<ITO npaKTH

'IeCKH COOTBeTCTByeT pa3MeW:eHHIO MHWeHH ,!J;O 06'beKTHBa JI 4 
/puc. 1/ I H pacnpe,D;eneHHe qacTH~ /M/ no KOOp,D;HHaTe, 

nepoeH,D;HKynJipHOH OCH ny<IKa ( p) , ,D;enbTa- <i>YHK~HOHanLHOe: 

j::(p) =M
0
o(p). /1/ 

B 3TOM cnyqae oTc<IeTbl ,D;eTeKTopa 6e 3 pacceHsa TenJI /M/ 
H c pacceusaTeneM (N) CBJI3aHbl c nonHbiM ce<JeHHeM B3aHMo-

.neii:cTBHJI ( atot ) COOTHOWeHHeM 

t. d rx; d 
1 a oo a.) M 1 M 

a - J __ 5! dt + J --·-· dt = - rn - ' 
tot 0 d t t. d t n N i 

I 

/2/ 

r,D;e r - MaKCHManbHblii: <JeThlpexMepHblii KBa,D;paT nepe,D;aH-

Horo 

da 51 

dt 

HMnynbca 1 -orO TpaHCMHCCHOHHOrO C<IeT'IHKa; 

- 34><i>eKTHBHOe JI,D;epHOe ,!I;H4><i>epeH~HanbHOe ceqe-

HHe, COOTBeTC.TBYJOW:ee HeynpyrOMY "HHKni03HBHOMy" npo

~eccy H ynpyroMy pacceJIHHIO; 
da 3 .M. 

dt 
- ,D;H4><i>epeH~H-
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anLHOe Ce'leHHe 3neKTpOMarHHTHLIX B3aHMO,D;eBCTBHB. «<>yHK-

D;HIO ~ 
dt 

MO>KHO 3aDHCa TL B cne,D;yiOID;eM BH,D;e: 

~ = ~ (O)e -bt +a2 k(O)e -Bt 
dt dt dt 

+ ----
da. In 

131 
dt 

IIepBLie ,D;Ba 'IHCna B 3TOM BLipa>KeHHH ODHCLIBaiOT ynpyroe 

pacceJIHHe, TpeTLe - HeynpyrHe B3aHMO.D;eiicTBHJI. IIapa

MeTpLI B H b xapaKTepH3YIOT 3aBHCHMOCTL .D;eiicTBHTenLHoii 

H MHHMOB 'laCTeii aMDnHTY,D;LI· pacceJIHHJI OT nepe,IJ;aHHOrO 

'leTLipeXHMnynLca; a - OTHOWeHHe 3THX aMDnHTy,D; DpH t =0 ; 

~(0) 
dt - KBa,D;paT MHHMoii 'laCTH aMnnHTY.D;LI pacceJIHHJI 

lnpH t = 0 I, CBJI3aHHoii c nonHLIM ce'leHHeM B3aHMo.D;eiicT

BHJI cooTHoweHHeM I onTH'IecKaJI TeopeMal 

a2 
da (O) = -!2.L . 
d t 16 TT 141 

HcnonL3YJI aHanHTH'IecKyro 3aBHCHMOCTL 131, MO>KHO BLI

'IHCnHTL "CBeTHMOCTL HCTO'IHHKa", o6ycnoBneHHyiO ynpyrHM 
pacceJIHHeM: 

Y d a~ d t = ..!!£.. (0) l 
0 d t dt 

-bt. 
1-e 1 2 

+ a 
b 

-Bti 
1-e 

B 
l. 

IIocKonLKY BenH'IHHa #.- (0) H3MepJieTcJI 3KcnepHMeH

TanLHO I cooTHOWeHHe I 41 l, TO Heonpe,IJ;eneHHOCTL B BenH'IHHe 

3TOrO HHTerpana CBJI3aHa C Heonpe,D;eneHHOCTLIOB K03cl>4JH

D;HeHTaX B , b , a • Mo>KHo noKa3aTL, 'ITO npH 

t ... l0.....2 /F3B/cl 2 
BenH'IHHa HHTerpana COCTaBnJieT 

400 MK6apH, a ero Heonpe,IJ;eneHHOCTL -10 MK6apH H 3Ta 

DOrpeWHOCTL CBJI3aHa B OCHOBHOM C OWH6KOH B napaMeTpe 

b I~ b - 2 /F3B/c I 2 1. 
Boo6ID;e rOBOpJI, reoMeTpHJI ODLITa MO>KeT 6LITL BL16paHa 

TaK, 'ITO TpaHCMHCCHOHHLIB C'leT'IHK He 6y,D;eT perHCTpHpO

BaTL HeynpyrHe C06LITHJI. )J;eBCTBHTenLHO, DOMeiD;aJI 3a pac

CeHBaTeneM ,D;ODOnHHTenLHYIO DpH3My-MOHOXpOMaTop,B3Ha-

6 

'IHTenLHOB CTeneHH MO>KHO yMeHLWHTL BepOJITHOCTL perHCT

paD;HH HeynpyrHX B3aHMO,D;eBCTBHB. 

"CBeTHMOCTL HCTO'IHHKa", o6ycnoBneHHaJI HeynpyrHM 

pacceJIHHeM, onpe,D;enJieTCJI ,D;Hcl>4Jepeau.HanLHLIM ce'leHHeM 

d 2a 
"HHKni03HBHoro" npou;ecca ----

2
-, B o6ID;eM cnyqae 3a-

dxdp:.l.. 

BHCJIID;HM OT Tpex nepeMeHHLIX: MaCWTa6HOB nepeMeHHOB 

X =p/ p , nepneH,D;HKynJipHOH COCTaBnJIIOID;eii HMnynLca 
max 

BTOPH'IHOii qacTHD;LI p .L H nepBH'IHoro HMnynLca p
0 

. EcnH 

ycnOBHJI 3KCnepHMeHTa TaKOBLI, 'ITO TpaHCMHCCHOHHLIB C'leT

'IHK, perHCTpHpyroiD;Hii BTOpH'IHLie 'laCTHD;LI B HHTepBane 

yrnOB OT HynJI ,D;O ei , HMeeT 3HepreTH'IeCKHB nopor pe

rHCTpaD;HH BTOpH'IHLIX 'laCTHD; Xm in' TO nonpaBKa K nonHLIM 

Ce'leHHJIM B3aHMO,D;eHCTBHJI MO>KeT 6LITL 3aDHCaHa B BH,D;e 

I <pe i >
2 

2 2 
~a. = f dx f ddda d(pe. ). 

In X O X p2 I 
min .L 

EcnH ,D;H<}><}>epeHu;HanLHoe ce'leHHe Heynpyroro npou;ecca <}>aK

TOpH3yeTCJI: 

d2a 2 
~-= F(x,p 0 )G(p~), 
dxdpi. 

H <i>YHKD;HJI G (p .f> HMeeT 3KcnoHeHu;aanLHLiii xapaKTep: 

G( p~):: exp l -bin p~ l, 

TO DOnpaBKa ~a. MO>KeT 6LITL DpHBe,D;eHa K BH,D;Y In 
I 

2 
b. t. I 4 ~ a = t .l f x F ( x , P. ) dx - In 1 f x F ( x , p ) d x + . . . l, 

in I 0 2 X 0 
xmin 

2 
min 

r,D;e t.=(p e.). 
I max I 

B cnyqae npe.D;enLHoii <}>pan.~eHTau;HH l6onLwHe 3HeprHHI 

<}>yHKD;HJI F (x, pJ He 3aBHCHT oT HMnynLca Po H nonpaBKa 

K DOnHLIM Ce'leHHJIM, o6ycnoBneHHaJI HeynpyrHMH B3aHMO

,D;eBCTBHJIMH, 3aBHCHT TOnLKO OT napaMeTpOB t i H X min 
I b I 2 . t . 

~a in =til f X F (x) dx - In 1 f x4 F ( x) dx + ... l. 
X • 2 X min min 
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Cne,l(yeT JaMeTHTL, 'ITO JaSHCHMOCTL ~a. 
In 

HaKnoHa bin 6onee cna6aJI no cpasHeHHIO c 

~ aef OT bef , TaK KaK 

I 4 
I x F(x)dx 

X . 
mm < 1, 

J x2 F(x )dx 
X 

min 

oT napaMeTpa 

3aSHCHMOCTLIO 

fionpasKy, o6ycnosneHHYJO 3llCKTpOMarHHTHLIM S3aHMO • 

00 da 
.l(CHCTSHCM I ---2:M.·dt, TaK)f(e nerKo SLI'IHCnHTL. <l»yHK~JI 

t. dt 
da 1 

----'-
3

-.:;M"-' CO.l(Cp>KHT ,~:(Sa 'lllCHa. 0.l(HH COOTSCTCTSYCT HHTep-
dt 

IIJepeH~HH KynOHOSCKOH aMITllHTYJ(LI C ,l(CHCTSHTCllLHOH 'laCTLIO 

JI,nepHOH: B 
d-- 1 --t 

2agyl-a-(O). -e 2 F (t), 
dt t N 

r,ne FN(t) - 4JopM4JaKTop pacceHsaTenJI H KOHCTaHTa g 
pasHa 5,12 -lo-I 6 c..w I F3B/c/. ,lJ;pyroB: qneH s IIJyHK~HH 
da., 

J,l\1. --- o6ycnosneH 'IHCTO 3lleKTpOMarHHTHLIM pacceJIHH· 
dt 

eM. TeopHJI 3Toro npo~ecca ,nnJI Heo6xo,nHMLIX npHllO)f(CHHH 

pa3pa6oTaHa s pa6oTe MonLepa IB/ . 3KcnepHMeHTanLHaJI 

nposepKa 3TOH TeOpHH S HHTepsane yrnos OT O,nHOKpaTHOrO 

.no MHoroKpaTHoro pacceJIHHJI co.nep)f(HTCJI s pa6oTe Hanson 

et al. 
191 . CornacHo 3KcnepHMeHTanLHLIM .naHHLIM ,nnJI 

t < ( 2 7 3) < t > npeo6na.naeT MHoroKpa THoe pacceJIHHe 

- da 1 1 - _t_ 

-~ = -· -e <t> 
d t n < t·> 

r,ne < t > • 'ICTLipexMepHLIH nepe,naHHLIH HMITYllLC, COOTSeT

CTSYIOlllHH Cpe,nHeKsa,npa TH'IHOMY yr ny MHOrOKpa THOrO pac

CCJIHHJI. fipH 60nLWHX nepe,naHHLIX HMITYllLCaX XOpOWHM 

IIpHfillH)f(CHHCM JISllJICTCJI IIJYHK~HJI 

da 2 r 
3. M. = £ ( 1 + _I ) , 

d t t 2 t 

8 

OITHC~JI O.l(HOKpaTHOC H .l(SyKpaTHOe paCCCJIHHe. fiapa· 

MCTp TI- ( 172)< t•> • fiOCKOllLKy 'IHCTO 3llCKTpOMarHHTHOe 

paCCCJIHBC C~CCTSCHHO TOllLKO npH MallLIX SCllH'IHHaX t , 

Mill 6y,l(eM nonaraTL IIJopMcjJa.KTop FN(t) pasHLIM C.l(HHH~e. 
da 3 TaKHM o6pa3oM, IIJYHK~HJI - .M • 
dt S SH.l(C 

MO)f(CT fiLITL S3JITa 

t 

< t•> 

B 
--t - 2 da3.M._ 2 .!_.1~(0) F (t)e + 

_1_e 
n<t·> npHt< t k, 

--a vdt N dt t /5/ 
2 T 

~ (1 + l. ) npH t > t k 
t~ t . 

fiapaMeTp tk onpe,nenJieTCJI H3 YCllOSHJI CWHSaHHJI. TenepL 

ooda 
HHTerpan f ~d 3

• ·dt MO)f(HO nerKO SLI'IHCllHTL. Ero 'laCTL, 
t. t 

1 

CSJI3aHHaJI C HHTepiiJepeH~HeH (~an ), pasHa: 

~a =-2agyl da (0) Ei (- ~t. ), /6/ 
n dt 2 1 

r,ne Ei (- _!! t. ) • HHTerpanLHaJI ITOKa3aTCllLHaJI IIJYHK~HJI 2 1 

/CM.fipHllO)f(CHHe/.fipH MallLIX 3Ha'leHHJIX apryMeHTa 

HMCCT MCCTO ITpHfillH)f(CHHC 

~a = 2 ag V ~(0) fn---1 __ _ 
n dt B 

1.781 -t. 
oo da 2 1 

/7/ 

BKna.n s HHTerpan I 3 • M. d t 
ti d t 

OT 'IHCTO 3llCKTPOMarHHT-

HOrO S3&BMO,nCHCTSHJI SLI'IHCllJICTCJI 3llCMCHT&pHO: 

g2 T 
~ak(t.>t) =-(1 + _I ). 

1 k t i 2 t . 
1 

/8/ 

KaK npauano, ycnosHe t i > t k SLIITOllHJICTCJI. 
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O~eHBM nopJI,D,OK BeJIB'{BHbl CBCTeMaTuqeCKOH OWB6KB 

npH Bbl'{HCJieHBH 3JieKTpOMarHHTHbiX nonpaBOK K noJIHbiM 

ceqeHHJIM B3aHMO,IJ,eHCTBHJI no «<JopMyJiaM 161 H 181. 
0qeBH,IJ,HO, '{TO nonpaBKa Ha '{HCTO 3JieKTPOMarHHTHOe 

B3aHMO,IJ,eHCTBHe MO>KeT 6LITL C,IJ,eJiaHa C TOH TO'{HOCTLIO, 

C KaKOH H3BeCTHa CaMa BeJIH'{HHa t i . IlpHH~HnHaJILHYIO 
Heonpe,D,eJieHHOCTL B o~eHKY 3TOH nonpaBKH MO>KeT BHeCTH 

Heonpe,D,eJieHHOCTL B 3HaHHH BeJIH'{HR 3JieKTpOMarHHTHbiX 

«<JopM«<JaKTOpOB B3aHMO,IJ,eHCTBYIOIIUIX qacTH~. 3Ta Heonpe,D,e

neHHOCTL, HanpuMep, ,IJ,JI.H 77N -a3aHMO,IJ,e:iicTBH.H npu aapLH

poaaHBH pa,D,uyca nuoHa B npe,IJ,enax 

0 ::;: r 77 :::: 0,8 cp, 

COCTaBJIJieT OKOJIO 3 MUKpo6apH. Cne,IJ,OBa TeJILHO, B npe,D,enax 

TaKOH TO'{HOCTH «<JopM«<JaKTOpbi qacTH~ He BJIHJIIOT Ha Toq

HOCTL Bbl'{HCJieHHH 3JieKTpOMarHHTHOH nonpaBKH K nOJIHbiM 

ceqeHH.HM B3aHMO,IJ,eHCTBH.H. 

PaccMoTpHM nonpaBKY K nonHLIM ceqeHHJIM, CB.H3aHHYJO 

C HHTep«<JepeH~HeH ,IJ,eHCTBHTeJILHOH qaCTH .H,IJ,epHOH H Kyno

HOBCKOH aMnJIHTy)J,. CornaCHO COOTHOWeHHIO 161 "HHTep«<Je

peH~BOHHa.H" 1 nonpaBKa CO,IJ,ep>KHT ,IJ,Ba HeH3BeCTHbiX napa

MeTpa: OTHOWeHHe ,IJ,eHCTBHTeJILHOH qacTB JI,IJ,epHOH aMnJIHTy

)J,bl pacce.HHHJI K MHHMOH ( a) H napaMeTp HaKJIOHa ~ • 

Heonpe,D,eneHHOCTL B 3THX BeJIH'{HHaX H onpe,D,eJI.HeT CHCTe

MaTuqeCKYIO norpeWHOCTL B Bbl'{HCJieHHH nonpaBKH K nOJIHbiM 

ceqeHHJIM B3aBMO,IJ,e:iicTBH.H. CucTeMaTuqecKaJI norpewHOCTL 

B Bbl'{BCJieHBH nonpaBKH K nOJIHbiM ceqeHH.HM, o6yCJIOBJieHHa.H 

Heonpe,D,eneHHOCT?IO B aenuquHe a, pasHa 

2 L\ a g V ~- (O)en 
dt 

1 
B ' 

1.781.,-ti 
r,IJ,e L\ a - a6conroTHaJI owu6Ka B onpe,D,eneHBB aenuquHLI a 
)l;n.H 77 N -a3aBMO,IJ,eiicTBB.H npu 3Hepru.Hx nopJI,D,Ka 10 T3B 
norpeWHOCTL L\ a - 0,02 B, CJie,IJ,OBaTeJILHO, CBCTeMaTuqe

CKaJI OWB6Ka B onpe,D,eJieHBB nonpaBKB K nOJIHbiM ceqeHBJIM 

He npeaLiwaeT 10 MUKpo6apH. 
O~eHBM TenepL CBCTeMaTuqeCKYIO OWB6Ky B onpe,D,eneHBB 

nonpaBKB K nOJIHbiM ceqeHB.HM B3aBMO,IJ,eHCTBBJI, o6yCJIOBJieH

HYIO Heonpe,D,eneHHOCTLIO B napaMeTpe HaKJIOHa ,IJ,eHCTBBTeJIL-

10 

"' 

HoB: qacTu aMnnHTY,IJ,LI pacce.HHH.H 

171 HMeeM: ---·-
da L\B 

2ag V -d- (0) --. 
t B 

( ~). H3 COOTHOWeHH.H 

TaKBM o6pa30M, 3Ta Heonpe,IJ,eneHHOCTL aoo6me He 3aBBCHT 

OT apryMeHTa t i . 

B HaCTOJimee BpeMJI OTCYTCTBYIOT 3KCnepHMeHTaJILHble 

,IJ,aHHLie no napaMeTpy HaKnoHa B /2. CuTya~H.H ycno>KHJieTc.H 

eme H TeM, '{TO t -3aBHCHMOCTL "HHTep«<JepeH~HOHHOro" 

qneHa - onpe,IJ,en.HeTc.H eme u «<JopM«<JaKTopoM F N( t) I cooT

HoweHue 1511. AnnpoKCHMHPY.H «<JopM«<Jai<Top 3KcnoHeH~HanL
Hoii 3aBHCBMOCTLIO B BKnJO'{a.H Heorrpe,D,eJieHHOCTL napaMeTpa 

3KCnOHeH~HaJILHOH 3aBHCHMOCTH B Heonpe,D,eJieHHOCTL napa

MeTpa HaKnoHa B , nonyqaeM 

L\ B -3 /T3B/c/ 2 . 

TaKa.H Heonpe,D,eneHHOCTL B BLI6ope «<JopM«<JaKTopa B rrpe,D,no

no>KeHBB, qTo aenuquHa a He 3aBBCBT OT t ( B = b ) , ,IJ,aeT 

CBCTeMaTB'{eCKYIO norpeWHOCTL B Bbl'iHCJieHBB "BHTep«<Je

peHUHaJILHOH" nonpaBKH K nOJIHLIM ce'ieHBJIM B3aBMO,IJ,eHCT

BB.H nopJI,D,Ka 15 MUKpo6apH. 
Boo6me roaopJI, ,IJ,JIJI nonHOTLI KapTBHLI cne,IJ,yeT pac

CMOTpeTL nonpaBKY, o6yCJIOBJieHHYIO MHHMOH 'iaCTLIO KY

JIOHOBCKOH aMnJIBTY,IJ,bi. 0,IJ,HaKO ,IJ,JIJI nepe,D,aHHbiX 'ieTLipex

BMnynLcoB t i > 5· 10-
3 /T3B/c/ 2 

3Ta norrpaaKa He rrpe

BbiWaeT 4 MUKpo6apH B He MO>KeT BHOCBTL 3aMeTHbiH 

BKJia,IJ, B BeJIB'iHHY nOJIHbiX ceqeHBH B3aBMO,IJ,eHCTBHH. 

B Ta6nu~e npocyMMBpOBaHbl OCHOBHble paCCMOTpeHHble 

BbiWe BKJia,IJ,bl B CBCTeMaTuqecKyJO OWB6Ky nOJIHbiX Ce'ieHBH 

I 77 N - B3aBMO,IJ,eiicTBBJI, B 'iaCTHOCTBI. 

Ta6nu~a 

Heonpe,D,eneHHOCTL !ib=2/T3B/cJZ L\a = 0,02 tlB = 3/ T3B/cf~2 

CucTeMa TB'iecKaJI 
OWB6Ka B MBKpo-

6apHaX 10 10 15 
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TaKHM o6pa30M, MO:>KHO C,D;eJiaTL o6nufii BLIBO,D;: B CJJy'lae 
TO'Ie'IHOB reoMeTpHH 

dM (p) = M o ( ) 
dp 0 p 

H3MepeHHJI IIOJIHLIX Ce'leHHB B3aHMO,D;eBCTBHJI 110 H3MepeHHIO 

BeJIH'IHHLI Ce'leHHJI llpH O,D;HOM 3Ha'leHHH llepe,D;aHHOrO qe

TLipeXHMIIYJILCa /O,D;HH TpaHCMHCCHOHHLIB C'leT'IHK/ MO:>KHO 

HaBTH IIOJIHOe Ce'leHHe B3aHMO,D;eBCTBHJI BBe,D;eHHeM H3BeCT

HLIX IIOIIpaBOK Ha "CBeTHMOCTL HCTO'IHHKa". IlpH 3TOM B03-

MO:>KHaJI CHCTeMaTH'IeCKaJI OWH6Ka B IIOJIHOM Ce'leHHH B3aH

MO,D;eBCTBHJI 6y,D;eT IIOpJI,D;Ka 20 MUKpo6apH. 

IIpomRJICeHHaJI zeoMempuJI mpaHcMuccuoHHozo om.,•a 

B llpOTJI)KeHHOB reOMeTpHH OIILITa HHTerpaJILI B BLipa)Ke

HHH /2/ He06XO,D;HMO ycpe,D;HHTL 110 )J;JIHHe pacceHBaTeJIJI (f) , 
eCJIH OH pa3MellleH 3a 06'LeKTHBOM Jl 4 /pHC. 1/, H llpOBeCTH 

ycpe,D;HeHHe 110 paCIIpe,D;eJieHHIO llepBH'IHLIX /MOHHTOpHWX/ 
'laCTHU 

dM w(p)=-(p). 
dp 

B pacllpe,D;eJieHHH W ( P) MO:>KHO BLI,D;eJIHTL B OCHOBHOM 

TpH cPaKTOpa: "allllapaTypHLIB", "cPOHOBLIB" H "paCIIa,D;HLIB". 

AllllapaTypHaJI 'laCTL pacllpe,D;eneHHJI wA(p) Ollpe,D;eJIJieTCJI 

a6eppaUHJIMH MarHHTHOB OIITHKH H, B llepBOM 11pH6JIH)KeHHB:, 

OIIHCLIBaeTCJI 3KCIIOHeHUHaJILHOrO BH,D;a pacllpe,D;eJieHHeM 

p 

C I <pA> 
w (p)=-e 

A <p > 
A 

/9/ 

B peanLHoii: IIOCTaHOBKe TpaHCMHCCHOHHoro 3KCIIepHMeu

Ta Bcer,D;a llpHCYTCTByeT Ha IIYTH 'laCTHU IIOCTOpOHHee /no

MHMO pacceuaa TenJI/ BellleCTBo I C'leT'IHKH, B03,D;yx H T .JJ../. 
"CBeTHMOCTL" 3TOrO IIOCTOpOHHero BellleCTBa onpe,D;eJIJieT 

"cPOHOBOe pacnpe,D;eJieHHe" W cp(p ) , KOTOpOe TaK)Ke MO)KHO 
B3JITL B BH,D;e 

12 

l 

I 

p 

c2 -<P¢> 
w .+(p) = --e , /10/ 

'±' <pq/ 
r,D;e KOHCTaHTa C2 eCTL IIOJIHOe 'IHCJIO cPOHOBLIX B3aHMO-

,D;eBCTBHB (ndF<P) , a <pq?-I - napaMeTp HaKnoua pacceJI-
HHJI Ha cPOHOBOM BellleCTBe. 

B CJiy'lae H3MepeHHJI IIOJIHLIX Ce'leHHB B3aHMO,D;eBCTBHJI 

HeCTa6HJILHLIX 'laCTHU /IIHOHLI, KaOHLI/ B03HHKaeT "pac

lla,D;HaJI" KOMIIOHeHTa pacllpe,D;eJieHHJI MOHHTOPHLIX 'laCTHU: 

C3 
w (p) = 2 

P Pmax yl-

1 
/11/ 

p 

P max 
Ko3cWIHnHeHT C 3 ecTL npocro ,D;OJIJI pac11a,11;oB /llpHMecL 

MIOOHOB B llepBH'IHOM IIYlfKe/, a p max - MaKCHMaJILHO 

B03MO)KHLIB 110 KHHeMaTHKe pacna,D;a KBa,D;paT nepe,D;aHHOrO 
'leTLipeXHMIIYJILCa: 

p 
max 

m 2 
= (-p) ' 

11 /12/ 

r,D;e m - Macca pacna,D;arollleii:cJI qacTHULI, 11 - Macca MIOOHa 

H p - HMIIYJILC MIOOHa B CHCTeMe ITOKOJI pacna,D;aiOIIleii:cJI 

'laCTHULI. ~JIJI ITHOHOB H KaOHOB BeJIH'IHHa p paBHa 

COOTBeTCTBeHHO 2,5.10-3 H 1,2 /T3B/cf2 . max 
B 3KCIIepHMeHTax no H3MepeHHIO IIOJIHLIX ceqeHHii: npaK

TH'IeCKH BCer,D;a MIOOHHaJI KOMITOHeHTa, OTcPHJILTpOBaHHaJI 

JI,D;epHLIM ITOrJIOTHTeJieM, BKJIIO'IaeTCJI Ha aHTHCOBITa,D;eHHe 

K TpaHCMHCCHOHHOMy ,D;eTeKTOpy H, CJie,D;OBaTeJILHO, K03cP

cPHUHeHT C 3 Heo6XO,D;HMO YMHO)KHTL Ha He3cPcPeKTHBHOCTL 

HCKJIIO'IeHHJI MIOOHHOB KOMIIOHeHTLI yKa3aHHLIM MeTO,D;OM: 

(0) c3= c3 0- (11 ). 

Boo6IUe roaop.11, ace TPH paccMOTpeHHLIX cPaKTopa, cllop

MHPYIDIIlHX pe3yJILTHPY101Ilee pacllpe,D;eneHHe w (p }, ,D;eii:cTBy

IOT O,D;HOBpeMeHHO. O,D;HaKo, B llepBOM llpH6JIH)KeHHH, cyM

MapHoe pacllpe,D;eJieHHe w(p) 6y,D;eM C'IHTaTL paBHLIM 

w{p)=W (p)+Wrt,(p)+W (p). 
A .. '±' 1 p /13/ 

13 



IlpH JTOM KOJ4xlJHUHeHT Cl 6y,IJ.eM onpe,IJ.eJUITb H3 ycnoBHX 
HOpMHpOBKH Ha e,IJ.HHH\i:HbiH MOHHTOpHbiB OTcqeT: 

00 

Jw(p)dp=1. 
0 

0Tnuque npoTx*eHHOii reoMeTpHH onbiTa OT ToqeqHoii 
COCTOHT B TOM, qTO B COOTHOWeHHH 121, COOTBeTCTBYIOJ.UeM 
napuuanbHOMY ceqeHHIO B3aHMO,IJ.eHCTBHX a i , He06XO,IJ.HMO 
ycpe,IJ.HHTb oTcqeTbi M H N i no pacnpe,IJ.eneHHIO w ( p) • Mbi 
6y,IJ.eM nonara Tb, 'ITO OTCqeTbl Ha "nycToii" MHWeHH N (D) 
pacnpe,IJ.eneHbl no 3aKoHy 

p 

w(p)= dN(TI) 
d = 

p 

~~e-<p-:> 
.:.. ] ' 

<p. > 
1141 

J 
r,IJ.e<p

1 
>=<pA> H<p

2
>=<pcp'· QqeBH,IJ.HO, qTO i-blii 

TpaHCMHCCHOHHbiH cqeT"'HK, COOTBeTCTBYIOJ.UHH MaKCBManb
HOMY 3HaqeHHIO napaMeTpa p. , n cnyqae "nycToii" MBllleHB 

I 

3aperucTpBpyeT N. (n) OTC"'eToB: 
I p 

p. ---
N .(D)=( dN(Il) dp= }2 C.(l-e <pi> ). 

I 0 dp J 
1151 

BewecTBO pacceusaTenx B3MeHxeT pacnpe,IJ.eneHBe qac
TBU. Ecnu .IJ.H4x~JepeHUBanhHOe ceqeHBe Ha BeJ.UeCTBe pacceu
BaTenx BMeeT JKCnOHeHUBallbHbiH BB,IJ. 

~J.L = Ae -ar 
dr ' 

1161 

TO pacnpe,IJ.eneHBe qacTBU 
dN 

51 
(P) 

dp 
nocne "sKnro"'eHHx" 

x,IJ.epHoro paccexHBX, 
BB,IJ.: 

dN
51
(P) -a

1
n dN(TI) n 

---=e --+ J 
dp dp 0 

oqeBB,IJ.HO, 6y,IJ.eT HMeTb cne,IJ.YIOIUBH 

2rr -aT 
-a x oo dN(Il ) d , _1_ J A e d ¢ /1 7 I e tdxJ--p 2 

d , 7T 0 0 p 

r,IJ.e T= p +p , -2 "1/p-;;'cos¢ B a - nonHoe ceqeHBe X,IJ.epHOrO 
u t 

B3aBMO,IJ.eHCTBBX. dN (P) 
Pacnpe,IJ.eneHBe 51 Heo6xo.D.BMO ycpe.IJ.HHTb eiUe H 

dp 

no MHOrOKpaTHOMY JlleKTpOMarHBTHOMY pacceXHBIO, KOTOpoe 

14 

npB ManbiX yrnax pacCeXHBX OnBCbiBaeTCX JKCnOHeHUBanbHOH 
~yHKUBeH T 

da,_ 1 - <t·> ---=-e , 
dr < t> 

r,IJ.e < t > - cpe,IJ.Hee 3HaqeHBe qeTblpexBMnynbca, cooTBeTcT
BYIOJ.Uee cpe,IJ.HeKBa,IJ.paTBqHoMy yrny MHoroKpaTHoro paccex
HHX. TaKBM o6pa3oM, cyMMapHoe pacnpe,IJ.eneHBe qacTBU 
npB "BKnroqeHBB" X,IJ.epHOrO B MHOrOKpaTHOrO B3aBMO,IJ.eHCT
BBH 6y,IJ.eT BMeTb BB,IJ.: 

d N (p) "" dN (P) 
---=f 5I 
dp 0 dp" 

r 

2rr 1 -<v> 
dp"-1-J -e d¢, 

2rr 0 < t> 

r,IJ.e r '= p + p "- 2 yp p "cos¢ • 
CooTHoweHBe I 17 I nerKo BHTerpupyeTcx: 

- p -at n 

1181 

dN(P) -a n C. <p->+<t'> A 1-e ~ C . 
--=e t II e J +---.:.. x 
dp <p.>+< t> a at ~<p. >+<t·> 

J a J 

p 
1191 -T 

x e --;+<pf+<t·> }, 

B, cne,IJ.OBaTellbHO, 1 -~. TpaHCMBCCBOHHbiH cqeTqBK 3ape
rBCTpBpyeT qucno OTCqeTOB, paBHOe 

-an 
N.(P)=e t I IC.(l-e 

I J 

Pi ._P....:i __ _ 

<pj'>+<t> A 1 -(J'tn ...l+<p.•>+<t> 
)+- ~IC.(1-e a 1 )l. 

a a 
t 1201 

IlapuuanbHOe ceqeHBe a. ,IJ.ll.fl COOTBeTCTBYIOIUero cqeTqB
Ka B cnyqae npOTX>iceHHOB reoMeTpBB III.r ./, 3aBBCXIUee OT 
senuqBH a ,n,A, a,<t> ,<p.>, no onpe,IJ.eneHBIO, pasHo: 

t J 

N. (ll) 
I n.r:... _1 en 

ai - n 1211 
N (P) 

15 



B fpqae ToqeqHoii reoMeTpHH /T. r ./ nap:u;HaJILHoe ceqeHHe 

a i • "MO>KeT 6.LITL Haii,neHO H3 COOTHOWeHHJI /21/ npH <p.'>'=O. 
B .nanLHeiiweM, 'ITo6w B.LIJICHHTL BJIHJIHHe reoMeTpHH dnwTa 

Ha BeJIH'IHHy npe,nena nOCJie,noBaTeJILHOCTH nap:u;HaJILH.LIX 

ceqeHHH a. lnonyqaeMoro C nOMOll.lLIO aHaJIHTH'IeCKOH cllYHK-I 

D;HH perpeCCHHI npH CTpCMJieHHH p. K HYJIIO Ha KOHe'IHOM 
I 

3KCnepHMeHTaJILHO 3a,naHHOM HHTCpBaJie p . -:- p , MLl 
min max paCCMOTpHM pa3HH:o;y: 

~a. =aT.[_ an .r. 
I i i = 1221 

pi pi --vtn 

1-e ~ C.(1-e 
~-- .. J 

a.! 
~+<p.>+<t>) a 1 

!C.(1-e <pi>+<t> A 
_ 1 o_ J ) +-
--UI a 

0 Pi - -a Pi P· 
- .!:...l.,_ 

[1-e <t> A 1-e tn +- --(1-e 
a a 

l 
a-+<t> ]ICi(l-e <pf>) 

t 

01feBH,nHO, 'ITO npe,nen nocne,noaa TeJibHOCTH BeJIH'IHH ~ a . , 
nonyqaeMLIH C nOMOll.lbiO aHaJIHTH'IeCKOH cllYHKD;HH perpeCCH~, 
B.LI6paHHOii ,nJIJI cllHTHpoBaHHJI BeJIH'IHII a p. r: I ,nJIJI 3a,naHHoro 

I 
HHTepaana p . -:- p I, onpe,neJIJieT CHCTeMaTH'IeCKYIO min max 
norpeWHOCTb npo:u;e,nyp.LI 3KCTpanOJIJID;HH, CBJI3aHHYIO C npo-

TJI>KeHHOCTbiO reoMeTpHH onwTa. Cne,nyeT no,nqepKHYTL, 'ITO 

3TOT npe,nen He paaeH HYJIIO npH p . .... 0. 
I 

B ony6nHKoaaHHwx pa6oTax no H3MepeHHIO nonHwx ce-

'ICHHH B3aHMO,neiiCTBHJI, B.LlnOJIHeHHLlX MeTO,nHKOH TpaHC

MHCCHOHHLlX C'IeT'IHKOB, He HCCJie,nyeTCJI BJIHJIHHe HeToqeq

HOCTH reoMeTpHH OULITa Ha 3KCTpanOJIJID;HOHHYIO npo:u;e,nypy. 

C ,n~yroii CTOpOHLl, HMeiOTCJI 3KCnepHMeHTaJibHLle ,naH

H.Lle I O ,I I I pa60T no H3MepeHHIO nOJIHLlX Ce'ICHHH B3aHMO

,neiiCTBHJI npOTOHOB C npOTOHaMH H ,neiiTepHeM npH O,nHOM 

H TOM >Ke HMnyJIJ.Ce nepBH'IH.LIX 'IaCTHD; /3 F3B/c I, B KOTO

P.LIX Ha6JIIO,naeTCJI He06'1tJICHHMaJI Ia npe,nenax OWH60K 3KCne

pHMeHTal, KaK YTBep>K,naeTcJI a pa6oTe I I 21 , pa3HH:u;a a H3-

MepeHH.LIX BeJIH'IHHaX at: 

~a = 140 + 70 MUKpo6apH, PP -
~a =1090±90 MUKpo6apH. 

pd 

16 

Cor nacHo ycnoBHJIM 3KcnepHMeHTa pa6oTbl/ I 0 /HI II/ cyll.leCT

BeHHO pa3JIH'IaiOTCJI no K03cllcllH:u;HeHTy C 2 /COOTHOWeHHe 

110//, TO eCTb no KOJIH'IeCTBy clloHOBOrO BCll.leCTBa. B pa6o

TeiiO/c2=10-2 ,apa6oTe/II/c
2 

=1o-I. BceocTaJILHwe 

Heo6xo,nHMwe napaMeTpbl a awpa)KeHHH 1221 o,nHoro nopJI,nKa. 

O:u;eHHM BJIHJIHHe HeTO'Ie'IHOCTH reoMeTpHH Ha npo:u;e,nypy 

3KCTpanOJIJID;HH 3KCnepHMeHTaJibH.LIX ,naHHbiX B HyneBOH Te

JICCHbiH yron. ,lJ;HcllcllepeH:o;HaJibHOe Jl,nepHOC pacceJIHHe B03b

MeM B BH,ne CYMMbl Heynpyroro H ynpyroro B3aHMO,neHCTBHH: 
da -a t -a e t 
-- = A. e in+ B 0 e e • 
d t In eL 

IIapaMeTpw 3Toii «<lYHKD;HH HMeroT cne,nyroll.lHe 3Ha'IeHHJIII I I : 
,nnJI pp -a3aHMo,neiicTBHJI Ain= Aee = 110 MQapH//F3B/cl 2 

a. =a e=8 I F3B/c/--2; ,nJIJI pd -a3aHMO,neiiCTBHJI 

A~n-220 M6apH//F3B/cj2 ,A o:440 AC6apH//F3B/c/ 2 , a. = 
ur eL- 2 In 

= 8 /F3B/cj-2 H aee= 35 /F3B/c/- . 
Ha pHc. 2 npHae,neHbl pe3ynLTaTbl Bbi'IHcneHHii pa3HHD;bl 

aenH'IHH ~a. lcooTHoweHHe /22/ I ,nJIJI reoMeTpHH 3KcnepH

MeHTa pa6~T /I 0 ,I I/ c napaMeTpaMH pacnpe,neneHHJI qac

THD; B nepBB'IHOM nyqKe <p A> = 5 ·10 - 4 /F3B/cj-2 , <pro'>= 
= 10-

2 I F3B/c/-~ CnnowHwe KpHawe .naroT pe3yJILTaT 

Bbi'IHCJieHHH no COOTHOWeHHIO 1221, nyHKTHpHble eCTb pe-

3YJILTaT 3KCTpanOJIJID;HH C nOMOll.lbiO cllYHKD;HH perpeCCHH BH,na 

2 
~a.= A +Bt +Ct 

I 

B TO'IKY t=0. KaK BH,nHo H3 pHCYHKa, 3KCTpanoJIJID;HJI B Hy

neaoii TeneCHbiH yron ,naeT pa3HH:u;y ,nJIJI pp ·B3aHMO,neiiCTBHJI 

UOpJI,nKa 180 MUKpo6apH H ,nJIJI p d ·B3aHMO,neHCTBHJI nopJI,nKa 

400 MUKpo6apH. TaKHM o6pa30M, yqeT HeTo'Ie'IHOCTH reo

MeTpHH nOJIHOCTbiO 061tJICHJieT pa3HHD;Y B nOJIHbiX Ce'IeHHJIX 

p p ·B3aHMO,neiiCTBHJI 1140±70 MUKpo6apH/ H 3Ha'IHTeJILHYIO 

qacTL pa3HHD;bl a pd -a3aHMo,neiicTBHH. Cne,nyeT no,nqepK-

HYTb cne,nyiOll.lee o6cTOJITeJILCTBO. H3 pHc. 2 BH,nHo, 'ITO 3a

BHCHMOCTb ~a i OT 'IeTblpeXHMnyJIJ.Ca t He MO)KeT 6.LITb 

OnHCaHa KBa,npa TH'IHLlM nOJIHHOMOM no t. IJo- BH,nHMOMy, 

HMeHHO 3TO 06CTOJITeJibCTBO npHBO,nHT K TOMY, 'ITO pe3yJib

TaT 3KCTpanOJIJID;HH 3K(;nepHMeHTaJibHbiX ,naHHbiX ai npOTJI· 

>KeHHOH reoMeTpHH He JIBJIJieTCJI YCTOH'IHBbiM OTHOCHTeJibHO 

H3MeHeHHJI HHTepaana t min -:- t max 
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03~ 1 66,(m~) 

0.2 

Qf 
t xf0

2 

~ 5 6 
-0.1 

--pp 

-0.2 

-0.3 

-O.Lt pd 

-05 

Puc. 2. llonpaeKa K noAHbiM ce'leHUJIM e3aUMooeilcmeu.R 
6 3Q6UCUMOCIIU Oil 'lellblpexMepHOZO nepeOUHHOZO UMnyAr.ca 
OAJI npom.RJICeHHoil zeoMempuu onr.1ma. 

C Apyroii CTOpOHbl, nOCKOJlbKy napaMeTpbl, xapaKTepH3y

IOUUie pacnpeAeJJeHHe \facTHU B ny'lxe ( < p. > , C i ), CTporo 
u l 

rOBOpJI, He 83BeCTHbl B KOHKpeTH08 nOCTaHOBKe TpaHCM8C-

C80HHOrO 3KCnep8MeHTa, a CaMa nonpaBKa t1 a 8 ee 3aB8C8-

MOCTb OT apryMeHTa t Cyll{eCTBeHHO MeHJIIOTCJI npH Bapb8-

poBaH88 3T8X napaMeTpOB, TO MO)KHO AYMaTL, 'ITO 8MeHHO 

3Ta nonpaBKa BHOC8T 8a860JJLWYIO HeonpeAeJJeHHOCTb B 83-

MepeH8JI nOJJHblX Ce\feH8H B3a8MOAeHCTB8JI C nOMOIUbiO Me TO

Aa TpaHCM8CC80HHblX C'leT'I8KOB. 

To\fHblii pac\feT paccMoTpeHHblX nonpaBoK /no MeTOAY 

MoHTe-Kapno/ B03MO)KeH, ecnu AOCTaTO'IHO xopowo 83BecT

Hbl napaMeTpbl ny'lxa, T.e. 41YHKU8JI pacnpeAeJJeH8JI w(p). 
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06bl'IHO <iiYHKU8JI W (p ), \faCTO Ha3WBaeMaJI "npo<iiHJJeM ny'IKa ': 

B TpaHCM8CC80HHWX 3Kcnep8MeHTaX HaXOAftTCJI 3KCnep8-

MeHTaJlbHO C nOMOIULIO Y3KOrO CIJ;HHTHJlJlJIUHOHHOrO C'leT\f8Ka. 

CneAyeT nOA'IepKHYTL, 'ITO paccMoTpeHHaJI nonpaBxa B 8H

TepBane nepeAaHHwx \feTwpex8MnynLCOB 10-2 7 5. Io-2 

cooTBeTCTByeT C'leTy B "npo<ll8ne ny'lxa" Io-2 7 Io-3 no 

OTHOWeH810 K C'leTy B MaKC8MyMe. 

Kax MO)KHO B&AeTL 83 p8CYHKa, paccMoTpeHHaJI nonpaBxa 

AaeT CYIUeCTBeHHO pa3HblH BKJlaA B BeJJH\f8Hbl nOJJHblX ce

\feH8H B3a8MOAeHCTB8JI B 3aB8CHMOCT8 OT 06JJaCT8 nepeMeH

HOB t, rAe npoBOAJITCJI 83MepeH8JI. 3To o6cToJITeJJLCTBO 

YCJJO)KHJieT npoueAYPY 3KCTpanOJIJIUH8 K HyJieBblM 3Ha'leHHJIM t. 

3KcmpanoAJI~UOHHaJI npo~eoypa 

3KCTpanOJIJIU80HHaJI npoueAypa B MeTOAe TpaHCM8CC80H

HblX C'leT\fHKOB COCT08T B HaXO:>K,I(eH88 npeAeJia nOCJieAOBa

TeJILHOCT8 3KCnep8MeHTaJILHO 83MepJieMblX BeJIH'IHH /nOCJie 

Bbl'I8TaH8JI BKJiaAa 3JieKTpOMarH8THblX B3aHMOAeHCTBHH/ 
1 M 00 da3 M 
-fu-- J dt = a(t.) 
n Ni t. d t I 

I 

np8 CTpeMJieH88 t i K HYJIIO MeTOAOM MaKC8MyMa npaBAO
nOA068JI: 

at = lim a (t i ). 

06bl'IHO 3KCTpanOJIJIU80HHaJI npoueAypa CBOA8TCJI K Ha

X0)KAeH810 <iiYHKU8H perpeCC88, Ha8JIY'IWHM o6pa30M On8Cbl

Bai01.Qeii 3aB8C8MOCTL BeJIH'IHH a ( t i ) I JI86o ux norap841MoBj 

OT apryMeHTa t i . B Ka'leCTBe 41YHKU88 perpeccu8 Bbl6H

paeTcJI, KaK npaB8JIO, nOJIHHOM BHAa 

m k-1 
a{t. )= ! akt. 

I k=l I /23/ 

3aAa'la 3KCTpanoJIJIU80HHOH npoueAYPbl COCT08T B HaXO:>K.l(e

H88 K0341418U8eHTOB pa3JIO)KeH8JI ak. 0'1eB8AHO, 'ITO a =a 
1
H 

tot MaKC8MaJILHOe '18CJ10 K034141HUHeHTOB pa3JIO)KeHHJI He AOJDKHO 

npeBblWaTb 'IHCJlO 3KCnepHMeHTaJILHblX TO'IeK: m < .i . 
- max 

ITpe)KAe Bcero pacCMOTp8M npocTeiiwuii CJiy'laii: m =i max. 
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Ko34Jcl>B:u;BeHTbl pa3no:>KeHag ak MO:>KHO HaiTH, pemag cacreMy 
nHHeBHbiX ypasHeHBB. llyCTL ,nng npOCTOTbl ti = it I · 

Tor.na BMeeM: 

a =2a(ti)- a(t 2) (i=2), 
tot 

atot =a(t
3

) +3[a (ti)-a(t
2
)] (i=3), 

a =4[a(t )+a(t )]-6a(t )-a(t) Ci=.4). 
tot I 3 2 4 

)J.ng pasHOTO'IHLIX B3MepeHHB senH'IBH a(t . ) 011IB6Ka S 
1 

utot pasHa: 

L\a =v5 L\a, tot 

L\atot=v'l9L\a, 
L\a =v'~a, 

i =2, 

i= 3, 
i=4. tot 

3ra npocrag Mo.nenL npa sce:H csoe:H "napa,noKcanLHOCTB" 
lysenH'IeHHe 'IHCna 3KCnepHMeHTanLHbiX TO'IeK (i) CBllLHO 
ysenaqasaeT owa6Ky s senB'IBHe a tot I anmocrpapyer 
sa:>KHOCTL SbiCOKO'IaCTOTHbiX KOMnoHeHT l6onLwae K I s 

Sblpa:>KeHBH 1231. 
CraH,napTHaH npo:u;e,nypa yMeHLWeHBH 'IHcna qneHos s 

cyMMe 1231 onpe,neneHa s Mero.ne MaKCBManLHoro npas.no
no,no6BH. Heo6xo,naMoe qacno Ko34Jcl>B:u;HeHTOS s sblpa:>KeHBH 

1231 onpenengercg H3 ycnosHH 

x 2 ::. ( imax-k ), 1241 

T.e. CYMMa KSa,npaTOS OTHOWeHBB pa3HOCTeH 3KCnepBMeH
TanLHbiX 3Ha'leHBB a(t) B COOTSeTCTSYJOUUIX senH'IHH <ilYHK
UHH perpeCCHB K CTaTBCTB'IeCKOH OWH6Ke S senB'IHHe a(t.) 

1 

)J,Oll:>KHa 6b1TL pasHa pa3HOCTH Me:>K,ny 'IBCllOM 3KCnepHMeH-
TanLHbiX TO'IeK (i) H 'IBCllOM sapLBpyeMbiX napaMeTpOS (k). 

O,nHaKo ocHOSHOB sonpoc 3Kcrpanong:u;aoHHOB npo:u;e,nypbl 
3aKnJO'IaeTCH S onpe,neneHBH CHCTeMaTB'IeCKOH norpeWHOCTH 
S senH'IHHe nonHbiX Ce'leHBH S3aHMO)J.eHCTSHH, T. e. napa

Merpa a I . 
MO:>KHO Sbl,nenBTL ,nsa HCTO'IHHKa CBCTeMaTH'IeCKOH OWH6-

KB. Bo- nepSbiX, 3TO OTCYTCTSBe nonHOB BH<ilOpMaiJ;HH 06 aHa
llBTB'IeCKOM SB,ne «iJYHKUHB perpeCCHH, so-STOpbiX- CHCTeMa
TH'IeCKHe norpeWHOCTB S 3KCnepBMeHTanLHbiX senB'IBHaX 
a(t.) B S oco6eHHOCTB HX 3aSBCHMOCTL OT apryMeHTa t 

1 
CSg3aHHaH C HeTO'Ie'IHOCTLJO reoMeTpHH OnbiTa. 
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BbiBOObl 

1. CacreMa TB'IecKag owa6Ka s B3MepeHagx nonHbiX ce
'leHBB S3aBMO,neBCTSBg TpaHCMBCCBOHHLIM MeTO)I.OM /npo
TH:>KeHHag reoMeTpBg onwra/ onpe,nengercg «l!oHOSLIM pac
cegHHeM B npo:u;e,nypo:H 3KCTpanoJUUBB s Hyneso:H renecHw:H 
yron B no nopH,nKy senB'IBHbl COCTasngeT 1007300 MUKp0-
6apH. 

2. Mero.n TpaHcMaccaoHHbiX C'leT'IBKos MO:>KeT 6biTL 
npase,neH K npaKTB'IeCKB TO'Ie'IHOB reoMeTpBB npa cne,nyJO
~ax ycnosagx: 

a/ pacceasarenL ,non:>KeH pa3Me~aTLcg s napannenL
HOM y'laCTKe nepSH'IHOrO ny'IKa, 

61 KOllH'IeCTSO «iJOHOSOrO se~eCTSa )J.On:>KHO 6biTL 
cse,neHo K HYnJO, JIH6o 

sf 
"«iJOHOSOe 

S npo:u;ecce 3KCnepHMeHTa )J.OJI:>KHO H3MepgTLCg 
pacnpe,neneHae" w (p) c Heo6xo.naMo:H TO'IHOCTLJO. 

llpUAO;JICeHue 

)J.eBCTSHTenLHble seTSH HHTerpaJILHbiX noKa3aTenLHbiX 
«ilYHKUHB .nonycKaJOT npe,ncrasneHae s sa,ne 

-x 
Ei(-x)= f et d 

- t , 
t -oo 

Ei *(x) = 
X t 
f..!_ dt, 

-oo t 

r,ne sropo:H HHTerpan noHHMaercg KaK rnasHoe 3Ha'leHae. 
llpH X>> 1 «iJyHKIJ;HH HMeJOT aCHMnTOTHKH: 

-x 

Ei (- x) = _e_ ( 1 - _l + l.L - L + ... ) , 
-X X x2 X 3 

Ei * (x)- ~ ( 1 + j_ + 1l.. + ..l.L + ... ) . 
X X X X 
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IlpH x<< 1 HMeeM: Ei*(x)=Ei(-x):::: l'oyx, 

r,ne y- DOCTOliHHall 3iinepa /y = 1,781/. 
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PyKonHCL nocTynHna o H3,naTenLCKHii oT,nen 
31 OKT116p11 1974 ro.na. 

HeT JIH rrpo6eJios a Barneti 6H6JIHOTeKe? 
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