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!JpM .l{BMJleH~H B riY3blp:&IWBOW J(aMepe tlaCTHUa l-1Cllb1TbiB88T KaK 

MHOrOi\p8TH08 paCC8HHI!l8, T8K H 0.l{HOKpaTH08 pacceHHHe ( KyJIOHOBCK08 

11 fl.ZJ;epnoe), IWTOpoe npHlW.l{~T K ll0HBJI8HHIU Ha TpeKe H3J!OM8. tlH3yaJI:&

HO He BC8r.ZJ;a nerKO l3bl.l{8JIHT:& TOtiKY H3110Ma. HaJIHti:He ll8 113110118 p83·KO 

HCi\8llt88T JIOpMy TpaeKTOpHH, 108HH8T CTpeJiy nporHoa TpeKa H, CJI8.l{OBa

T81lhH01 B8.l{8T K Ollil100~10MY onpe.l{8118HHIU napaMeTpOB ti8CTI!ll.{bl (HYTiyJI:&

ca ~ yrJIOB), eCJHI He BHOCHTCH COOTB8TCTBYIUil!itW l13Y8H8HHH B aJirOpHT-
. I 

Ubi. J.l,Jlll HeKoTJPbiX c;m3HtleCKIIIX 3a.l{at~ onpe.l{eJieHHe yrna Hanowa npe.l{cTaB-

naeT CaMOCTOHT81ll>HbiH HaTepec. 

B HacToHmeil cTaT:&e paccMaTpH.aaeTcH anropHTN onpe.l{eJieHHfl na

pawe·£po.a <IacTHI.\hl, B ItoTopoM yt~TeHo, qTo t~aCTHua ioiOJKeT c orrpe.l{eJieH

HO~ (HCOOJI:&IUOit) BepOHTHOCT:&IO HCllhiT8Th O.l{H0!(p8TH08 pacceHHI18 1 a 

TaKlK8 Yt1T8Hbl 3~8KThl 1 B03HHK81Uil!M8 113-38 H3U8pl!lT81ll>HbiX OlliHOOK 1 

UHOrO!(p8THOrO paCC8f!HHH 1 H80.l{HOpO.l{HOCTH uarHHTHOrO llOJIH ~ l!lOHH38-

UI!lOHHhiX noTep:&. PaccMaTpHBaeuhl~ anropHTM noa.aonHeT onpe.ZJ;eJIHT:& .ae

JIHtiHHY llp08KI.\HH yrna H3JIOMa ua llJIOCKOCT:&, nepneH.l{>-IK,YJIHpHyiO j,;arHHT

HOMY ITOJIJO*). AJirOpHTM aanporpaMUHpOBaH Ha fl3hiK8 ~OPI'PAH H BKJIIlti8H 

B nporpauuy reoueTpHqecKOH peKOHCTpyKI.\Hl! "I-7 11 /
2/ • 

.!t) 
06maH aa.l{at~a onpe,lleJieHHH npocTpaacTBeHHoro yrna l13JIOMa ~JIH cny

t~aH YarHHTOCTpHKI.\HOHHbiX HCKpOBbiX Kauep paCCMOTpeHa B /I/. nnfl 
ny3blp:&KOBhiX KaMep H KaMep BHJI:&COHa .l{OCT8TOtiHO orpaHMtiHT:&Cfl 

TOJI:&KO rrp08KI.\I!l8~ yrna, T.K. TOtiHOCTH onpe.l{8118HHH KOOp.l{HH8T B 

Kauepe peaKo paanHt~Hhl no ocHM. 
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§ I. ~YHKUHR rrpaB~ono~o6Ha H onpe;lleneaHe 
rrapaweTpOB TpeKa 

llyCTh BKH~ B yron paCCeRHHH ~ Ha i -TOM HHTepBane 
~a~T ~Ba npouecca - UHOrOKpaTHOe KYHOHOBCKOe pacceRHHe (HH~eKC -
11Kyn") H O~HOKpaTHOe H~epHOe pacceHHHe (HH;lleKC- 11 H3H 11

). BepOHT-
HOCTD JP(epH,oro pacceHHHH aa nll6oa yron cf''9-4 c. aanameu 
KaK ..12u4A., .- Wu3A. 4 s, , r~e .:s S,; - ~uaa HHTepBana, 
vVu3A - KOHCTaHTa, 3aBHCR~aH OT THna qaCTH~, ee HUllYHhCS H 
xapaKTepHCTHK cpeAH. 3aweuu, qTo B peanhHWC ycnoBI4HX ..a. .. _, ... .:<< I. 
MaoroKpaTaoe P.acceaaHe Ha HHTepBane xopomo omtcW!aeTCH pacnpe~ene
HHeu tepUB / 37, KOTOP.Oe aanHmeu B BH~e npOHaBe~eHHH ;llByx HOpManh
HWC pacnpe;lleneaa~) 74/: 

(I) 

r;zte £ 1!\ L'iV 3 (~)' ~ 2>cf= 2~·~$ , '-'f = H""\A$) , ~= pv Xo ' 

H) Ecna qacTHUa nepBOHa11anhHO ~BHranaCh BAOHh OCB OX, TO nocne 
npOXOal8HHH CHOH JC 6y;ll6U HU8Th 

!I=Jx.J'+'f (2) 

r;ae qepea !I o6oaaaqeaa npoeKQIUl sa nnocKocn XOY nonepeq
aoro cue~eHHH qacTBQY. 
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Xo- pa.,l{r&aiUtoHHaH JtJIIdHa ( cu) , 
V - CKOpOCT~ B 6JtHHB~ax C 
P - BYnyn~c MaB/C • 

nna npOCTOTY 6y)t611 CQKT8T~ 1 qTO ~epHOe paCC6HHB6 OfiHCYBaeT
CH TaKBY ae pacnpeJteneHHeu: 

3)tec~ 2>crl(l,o\ 14 .~t!SI\ - JtHcnepcn yrna dUM H cuemewm f""' 
cooTBeTCTBeHHo*). B Jtan~Hebeu 6y.zteu nonaran, qTo .f>.r'"""'« £)1",-. 
B ~~A<< f'-p·~· BepOHTHOCTb Toro, :To qacTHUa 6y)teT HU6TL yros 

d H cuemeHHe 1-z.. nocJie npoxollt){eHHH L -ro HHrepBaJia, aanHweTcH KaK 

W(d.V) =(:(-.D..,.,..)-WKYA(J:y) + 

+J2...,".:jiwllliA(t.Q-4,,4\Jw(ct-ctS4, r-r""') J.J",.. olfiCM 

llpB COCTaBJ16HHB STOrO BYPaa6HHH 6YHO HCROXLaOBaH0 1 ~0 

C BepOHTHOCT~m (I-J2Han.) 
C BepOHTHOCT~m .Jl. Han. 

!t) BYP8a6HB6 (2) OTHOCBT pacceHHHe K cepe]tHHe HHTepBana, HO 

(4) 

T.K. pacceHHHe npOBCXOJtHT B nm6ol TOqxe HHTepBaJia, Heo6XO,ltHYO 
BBOJtiiT~ JtOROJIHIIIT6Jl~Hoe CYenteHHe .,_ Han. H ero JtHCDepcHm. 
9To noKaaYBaer, qTo, CTporo roBopa, ~Han. H laan. 
CKOppenBpOBaHY. 

' 
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Ha BYpazes&H (4) c~e~ye~ 

r;zte 

BY<Sepell CBC~euy KOOp;ztBHaT Ta.KIII o6pa8011 1 ll'fOOY OCl> j! 
COBU~~a C OCHOBBYII sanpaB~eHBeU UarHH~BOrO nona, a OCl> X 
npoxo~Hna qepea nepBym 1 nocxe~smm Toqxa npoex~ ~pexa sa 
UXOCKOC~l> )(£)~ T&KOI BH60p CHCT811Y KOOp~BBaT ~aeT BOSIIO·
HOC!l> paa<SH~Jo a~aqy onpe~exesas napa~~e~poB ~pexa sa ;ztBe npaKTB
qecxa seaaBHCBMYe a~aqa no onpe;ztexeHBm: 

I) T8Jil'esca yrna no~21e11a ( t~ ol ) 1 :;e , 
2) o6paTBOrO HIIUJHl>Ca ( p·1 

) 1 a&JliiYTauBOrO yrna ( ja ) I 
sav:~Josoro cue•eus ( Y ) /4 , 5/. :Sy~e11 cqauu, ll'fo 111emcs 
;ztOCTaToqso XOPOII8 Baqan:Josye OUBBKI napa~~e~pOB 

( ta:l. 'p' f1 ) /4-fJ/. 
llna onpe;ztexesas onesoK napa~~erpoB ( p-~,, , Y ) BaM seoCS

xo~HIIO paCCIIO~peTl> npoeKUHm TpeKa sa UllOCKOC!l> )(OY JE). tyBKIUIJI 
npaB~ono;zto6BH L ;ztllJI aTol npoeKIUIB 11oe~ <SHu aanBca.Ha B BQe 

r;zte Et. - HauepB!8l1l>H8H OmH6Ka B;ztOlll> OCB Y ; ~6 - ~cnepCBH. 

•J OnesKI napa~~e~poB tg.t.. B ~ onpe~eumcs a.H~oraqso no 
npoexitBB rpexa sa nnocxoc~Jo ?o-1 , · r;zte ~ - npoeKIUIB ;ztyrB 
Tpexa sa nxocxocu XOY • B xaqec~Be so'llepa HHTepBMa, sa xo
Topou npoBaomen Baxou, <Sepe~cs souep BHTepB8Jla, onpe~exeHBHI 

B MOCKOC!B XOY. 
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! 
OueBKH napaJoteTpOB p·" ' , ' y H BeJUPD4H e ' G ' ' 

uoryT 6~Tb nonyqea~ 113 ycnOBHH SKCTpeuyua npOH3BO~H~e~ ~YHKI.\HH 
Jlarpauxa G 

(6) 

r~e ~i - H60ilp6~6B6HH~6 YHOXHT6BH, 
Fe. - HeBH3KH, ~aBaeuble ycnoBHHUH HauepeHHit 

(7) 

rc~ - 143U6peBH8H KOOp~HHaTa TO~H, 
Yc: - aaaqeaHe B i -o~ TO~e HHTerpa.na ypaBHeHHH Jiopeaua, 
LiJ - paccTOHHHe uex~y i -oit TO~o£t 14 cepe~Hao£t J -:-ro 

HHTepBaJia, 

PaaJiaraH ~YHKl.\1410 Yi no uaJiblU nonpaBKaY ( JY , I' p·", d'j& ) 
"\ "' ""' B o6JiaCTH aaqanb&blX aaaqeuH~ napaueTpOB ( p., , p , y ) , noJiy"~ntu: 

(8) 

r~e (9) 

TaK KaK B (8) Y~ orpaHH'In!BHCb TOJlbKO nepBblWH qneaauH, TO a~aqa 
noHcKa napaueTpOB CBO~HTCH K xzae£taoa. TaKHY o6paaou,Kueeu CKCTeuy 
ypaBHCHJII£1: 

tJQ 
B(./'YJ • 0 ' (IO) 

(t"=1r···"} t (II) 

~=o , Ji·o , (t:•4---,N,;J.·~.:~,,,,.q, cr2) 
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Sp;ec~o K-t - ucno aauepeHHYX t0118K ua tpeKe. 

Ia ypasaeaBI (!2) nonyqaeu: 

rp;e 

~ =-Dcr~ ·K&j ~ Jil,·, , 

fi = -1Jtlt11AJ·· K~ ~ '/,t , 

(13) 

(I4) 

(IS) · 

(I6} 

00l{CtaB.mlB (13 + IS) B (II), npiiXO,li;IU K CBcteue ypaBB8HBI O'fHOCJI

'f8Jll»HO 'J, 1 KO'fopas B UatpJI'IUIOU BB,ll;8 3amlCIDa8'fCB 'faK: 

Ys- Y = (G .... )-~ (I7) 

uatpBqa ( U:XY ) aueet BQ: 

(IB) 

(!} - BepXIUIH tpeyrOJll»BaH uatpBJl8. DOPB,li;Ka Ni , COC'faBJl8BHaH B3 

pacctoBHBI L c:J. 11ew 'i -ol touol 1 cepep;RHol j. -ro utep-

:sua (p;u t' .,J ) i 
(B) - tpeyrOJll»HaH lla'fP:IQa nopft,li;Ka /(1 , COC'faBJI6HHaH B3 ep;BBHq 

,li;U i > j. , 
"T" - 3BaK !paBCDOHBpOBaBIR, 
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( 0J'KJ' ) , ( ~fKf ) H ( f)e ) - ,2J;KaroHan:&Hble uaTPHI\bl nopH,2!;KaH ... 

~a (I?) cne)tyeT: 

(!9) 

ll0,2J;CTaBJIH.il (!9) B (!0), nonyqHy CHCTeuy 3-x JIHHeiHbiX ypaBHeHH~ 
OTHOCHTeJI:&HO tfp·~, tf~ , J'Y 3e) 

r,21;e 
{e)·X=T, 

I - CTOJI6e~ c aneueHTaMB ~= Sy" ::l'a- J'p'"", x~·J'.!l 
(C) - MaTpB~a HOpUaJI:bHOI CBCT6MH C SJI61o16HTaloiH 

I - CTOJI6e~ c axeueHTauB 
A ·1 

tl'- ~ ~(crxYl.,: ('fi.-~). 

(20) 

L::.. -~ ~ -~ 3,2J;ec:& qepea ( u-xv )~ o6oaaaqea aneueaT uaTPHI\bl ( ~xr ) • 
EcnH Cqfr!Tau MHODTeJIIII KT Iii Kt , onpe,2J;eJieHHble B ( !6), HaBecT
HYMH (CM. HHXe), TO nonpaBKB K HCKOMHY napaueTpau Ollp9,2!;6JI.ilDTCH 
itS (20) B Bil,2!;6 

(21) 

Tenep:& MOXHO BblqHCJIIIIT:b ~ 1 il0,2J;CTaBHB B (8) Kai,2J;eHBb16 llOllP.aBKH 
( Sy , tfp-1 

, I'}' ) . BeKTop yrnoB J aanemeTca Kax /97 

(22) 

•) K CHCTeue (20) MOXHO llpBITB B HKaqe /11,!2/. 

9 
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(0TYeTBU, ~TO SHeUeHT~ BeKTOpa Y 3leC:L He ~YHKUHH, a ~CHB). 
CTporo rOBOpH, CHCTeYB (22) HeXHHeiHa OTHOCHTeX:LHO J' H '1f 
( qepea I<S H K7[ ) • Y~T~BaH, ~TO J' H 7/. OAHOBpeYeHHO C'f8HQ-
BHTCH 60Hl>WHYH, eCHH H8 HHTepBane 6~0 HAepHOe pacceHHHe (H3XOU) 
H tlTO 

K/i ~ (!lJIItrtA +!aJ:uA}0cf!. ... 
•1 

K7[i ::= (IJfQA.,.~)·f>l-. 

npHXO,lliW K CX8lYilDt8it ynpo~eHH0£1 cxeue pemeHJIH CHCT8Ubl ( I0 + I2) • 

§ 2. Cxeua pemeHHH CHC'f8Ubl 

I. IIpeAnoxouu, 
rae11 Bee KG = I .a 
no ~opuynau (I8+2I). 

liTO B8 A8HHOU TpeKe H3XOU8 BeT. TOrlB fiOH8-
Kl = I H onpelenaeu Bee napaueTpbl qac'fHUY 
3aTell B~qHCXHeU B8XHQBHy ~y 

(23) 

.r 
EcJIH fw < C.t (C:~ - lOBepHTex:LHbil ypoBeH:&), TO c~..raeu, liTO 
CA8X8HHoe npelllOHOZeHHe 06 OTCYTCTBHH H3Jl0U8 HBXH8TCH BepHblll. 
B cnyllae .J'Jy )I C1 AOHYCK88U CX8JlYillltH8 B03110ZHOCTB: 

a) omH6Ka B HaMepeBBH Tpexa; 
6) ~JlYKTya~Mi 
B) aaxH'IHe aanoua. 

qto6~ HCKJlllliHTl> a), UOZHO npOBeCTH llOBTOpHOe H3UepeHHe Tp8K8. 
ECXH H8'f OCHOBaHHi lnfl COIIB8HH£1 B K8~8C'fB8 H311epeBHI, TO p83nBliBTl> 
OCTaBWHeCH cnyqaz 6) H B) UOZHO, BB8lH AOHOXHHTeX:L~I KpHTepBl 
aanoua. 

B Ka~eCTBe TBKOrO KpHTepBH YY paCCII8'fPHB88U/4/ B8JlHliHBJ: 

10 
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m = max(m,), r,Ae 
i 

! 

(24) 

ECJIK m < C 2 1 r,Ae C2 i" S8,l(8.BB8Jl KOHCT8Hf81 onpe]teJIHilllta.H ,ltOBe
pKfeJI~H~i ypoBeH~, To cqaraeu, l.ITO Hueeu ]teJio c ~yxryaqeea. 
ECJIH m ~ C,e 1 TO CQHT86U 1 liTO Ha TpeKe 6CT~ HSJIOU H1 CJI6,ltOBa
T6JI~H01 .ltBH aToro TpeKa ae~sH nonaraT~ paBHHUH e,ltHHHqe :ace A(.r,· 

" Kr, . 
2. llycn ~" ~ c, : H m ;,. ~ , ror,Aa UH ctlHtaeu, qro 

H8 TpeKe 6CT~ H3JIOU 1 H OH npOH30B8JI Ha TOM IHTepBane JL 1 r,Ae 
""i AOCTHraeT uaKcBuan~aoro sHal.leHHH. B STOU cnyqae no:aropao 
pemaeu CHCTeuy (I8+2I) 1 ,HCllOJI~SYH B U8TpHqe cTxr CJie,Ay~e 
aHal.leaHH Ks~. H Krl. 

K~ = { (tJtt.!llf~f),riiJ,.)7JG1$1 
(25) 

.,-.,;. 
i~J. 0 

Ha B~paaeHHH (22) UH nonyqaeu B6KTOp J' 1 ero j -aH KOUllOH6HT8 
( ~ ) HBJIH6TCH HCKOUOI OU6HKOI yrJia HSJIOUa. 

3. PaCCUOTpHU BH,A6JieHH6 HSJIOUOB B SaBHCHUOCTH OT HX llOJIOKeHHH 
ua BHTep:aane. 

Ecu B nporpauue nonoou fll-J-' -i)r.-~A AJIH TO'IIKB 
H3JIOU81 TO OH8 Gy,AeT npaBH~HO fiO,ltGHpaT~ saaqeaHH cr~ TOJI~KO 
]tJIH TeX cnyqaeB, KOr,Aa HSJIOU Ha Tp6K6 npHXO,AHTCH Ha cepe,AHHy HHTep-. 

B~8 U6K.AY H3U6p6HHWH TO'IIKaYB. JIJIH cnyqaeB 0,~~JA =~K·A H 
H3JIOUOB 1 BSHTHX B HSUepeHHHX f0l.IK8X 1 B6JIHQHHH napaueTpOB TpeKa 
OK83HBBDTCH 88UeTHO HCKa16HHWH. 

liJIH npaBHJI~Hol pa6oT~ nporpauuH OKasanoc~ aeo6XOAJUYU Gpaf~ 
iJf"'A > ,f ~SC.DJ'"CJA • fip8Kfll.I6CKH HCllOJI~80B81IHC~-·aHaqeHHH 

~f-' = IO cu2 H ~d'"'i" = IO • 

II 
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§ 3. AaanHs pa6oTY anropHTMa 

AXH aaanHsa pa60TY anropHTMa HCfi0nD30BaHHC» HCKYCCTB6HHY6 
TpeKHf7,B/, npH reHepauHB KOTOpYX UOKHO 6HXO M6HHT» KaK HSMepHTen»
HYe OmB6KB 1 KaK H MHOrOKpaTHOe pacceHHBe. BYXO cresepHpOBaHO ~Be 
rpynnY TpeKoB c y~eTou HsuepHTen»HYX omH6oK H uaoroKpaTHoro pac
ceHHHH. 

a) TpeKH sneKTpOHOB B Kauepe BHn»CoHa (Jro= 350000 cu, 
H• = !,49 Kraycc, IIJC = 1/y = 0) c aa~an»HYYB saa~eHHHUH napaueT
poB: pv = 80 MsB/c, d. = 0, .,ta=~a • ldauepHTen»HaH omH6Ka 6Hna 
npHHH!a paBHO~ 6 UKU Ha fiXOCKOCTB nneHKH. B nporpauue HCfiOnD30Ba
nac» HsuepHTen»HaH owB6Ka ~ , nepecq»TaHHaH c nneHKH B 
npOCTpaHCTBO KauepY. ~ = 60 UKU. Ha ~nHHe TpeKa 20 CM 6pa'noc» 
20 paBaouepao pacnonozeHHYX To~eK. 

6) TpeKH B ycnoBHHX nponaHOBO~ Kauepy/IO/ ( Xo = !06 cu, 
liz • !6 Kraycc, H11 ; 0, Hy ; 0) ~nH ~ -ueaoHOB c paanH~biUH 
aa~an»HYYH aaa~eHHHMH napaueTpoB. BsuepHTen»HaH omH6Ka: no ocB 
X - 92 UKM 1 no OCH Y - !50 UKU B no OCH l - 700 UKU. BenH qHHa 
~xy BYqHcnanac» ~nH K~oro TpeKa c y~eTOU ero HanpaBneHHH. 

I. OueHKa UBHHUan»HOrO yrna Hanoua crHsn. 

OueHHU UBHBUan»HY~ BenB~HY cr Han.' KOTOPYW UO&HO paCC~HTY
BaT» B~enBT» Ha TpeKe. 

EcnH non»soBaT»CH ~XH onpe~eneHHH napaueTpOB TpeKa 
~Haroaan»HOl uaTpBueit (<ixy)• (~xy), TO 

a£ a_l. -;: 
-'.r • A.r-31"' + A1~ev. , 
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" A"- • • e.",J~ , .. A'!w ~ Q.r , .. r ~ ".r"-~ - ,llHcnepc:r.uJ yrJia fo (noJIHaH, Ha-aa 
H3MepHTeHhH~ OWH60K H H3-38 UHOrOKpaTHOrO paCCeHHHH) 1 
S - ,llJIHHa paccuaTpHBaeuoro Tpexa, 
N.,>> I. 

BbipaJreHHe (26) HueeT MHH.AUyU npM S =$OUT. , r;zte 

3 ~y 

Sonm. = 2 ~2()(''2tZf!!! 
py X.. • (29) 

TaK KaK B OCHOBHOU aJirOpHTUe nporpaMYbl HCUOJln3yeTCH llOJIHaff U8TPH
U81 TO ;ltJlff ~0« qacTH TpeKa C ;ztJIHHOH ~ ~ $OnT '6y:zteT 
A.f'" AS IJ.~.ao,,. 1 r,lle AJA~ BblllHCJIHeTCH no (26) npH $ = SOnT. 
Ecm1 :1e $ < .SonT. 1 TO AJa uollteT 61>1U BHqMcJJeaa no !flopuy ne ( 26). 
ilpM 3TOU UOEHO OXH;lt8Tn Bbl,lleJieHHe H3JIOMOB Ha HHTepBaJie C HOYepou 

" K 11
, HallHHaa c yrJIOB jcf,~ I ~ 2· A}lhln 

(30) 

~~~ paccqMTbiBaeTca no !flopuyne (26) :nna nepBo~ qacTH Tpexa 
( HHTepB8Jlbl I + (I( -I)) 1 a A,.~ -.!{JIH OCT8BWe«ca qacTH TpeKa 
(HHTepBaJibl K 1 (Nf-I)). Kax BH:ztHO HS ~OpMyJlbl (26), 
~~ 6biCTpO paCT6T npH ;ztBH:IeHHH TOqxM H3JIOU8 OT cepe;ztHHbl 

TpeKa K aaqany H KOHUJ. ilOSTOUy UO:IHO OKH;zt8Tn 1 qTQ Ha KpaHX 
TpeKa 6y;ztyT Bbl;zteJIHTnCH TOJlhKO H3Jl0Ubl H8 60J!bWHe yrJibl. 
nna YK83aHHbiX Bblme ycJIOBHK B Kauepe BHJihCOHa paccqHTaHHaH ;ztJIH 
wecToro HHTepBaJia BeJIHquaa .ttpm.-n. :::~: 0,006. B cnyqae nponaaoBoi.f 
xauepbl npH pv = IOOO MaB/c, II., = 2I, $ = 40 cu, paccquTaHHOe 
:ztJIH 11ecToro HHTepBaJia A,.,tn~ 0,0066. Ha aHaJiaaa pacnpe,lleJieHH~ 
CJie;ztyeT, qTO npaKTHqecKH y;ztaeTCH Bbl;zteJIHTn CJiyqaH pacceHHHH Ha 

yron i£s ... } ;t:;2·A}>mill 

2. Bbi;zteneHHe TpeKOB c HaJiouou no BeJIHqHHe J(fy • 

Ha pHC. I, Ha KOTOPOY npHBe;zteHO pacnpe;zteJieHHe qJ,tCJia C06b1THK 
(TpeKOB) B 38BHCHYOCTH OT BeJIHllHHbl Jrifr B CJiyqae Kauepbl BHJihCO-

H8 :ztJIH paSHbiX J'HSJI., BH,llHO, qTo npH J'HSJI. = O,OI H .l(OBepH-
TeJihHOK rpaauue c., = I,4 nporpauua npH6JIH3HTeJihHO B 70% cnyqaeB 
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(pHC. !6) onpe~eXHeT, qTo H8 TpeKe 6YX HaXOM H npH6XHaHTeX»HO B 
IO% "o6Hapy:a:HBaeT" Haxou, xoTH TpeK 6WI creaepMtpoBaH 6ea Haxoua 
(pHc. Ia). nxa crHaB. = 0,02 H ~OBepHTeXDHOA rp8BHUH c.= 2,2 
B npe~exax paccuaTpHBaeuo~ cTaTHCTHKH (pHc. 16) cxyqaH c ~axouou 
B~eBH~TCH B !00%. ~a T86XHUH l BH~H0 1 qTo ~XH crHaX. = 0,0!, 
PY = I,O raB/C He y~aeTCH B~eXHT» no BeD'USHe xi.- cxyqaeB c 
HanouauH. llpH pv = I,OO rBB/c, J'Hax. = 0,02 (pHc. 2) H ;noBepH-
Ten»Hoi.t rpaHH~e C1 = !,08 IIIY6611 9Q% npaBHB:&HOrO B~eneHHH HaBOYOB 
H8 TpeKe H 34% JIOIHOrO B~eJieHHH 1 6CJII4 BaXOY aaAaBaiCH Ha ~eCHTOY 
HHTepBaxe. 

3. OnpeAeXeHHe HOYepa HHTepBaxa, Ha KOTOpOY npoHaomeB HaJIOY. 

~a pHc. 3a cxe;nyeT, qTo npH C, = 0 H C., = 0 (eM. § 2) npo
rpauua npaKTHqecKH C paBHOI BepOHTHOCT:&D 06Hapy:a:BB86T HaXOYH CO BTQ
poro no ;neBHTHaA~Tiiit HHTepBaB BKJIDllBT8JI:&BO. llo B6JDillBH8 yrx.J 
HaJIOUa (cu. pHC. 4a) o6paayDT ;!(Be qeTKO B~eJieHBHe rpynnH nOJIOZH
TeJI:&HHX H OTpB~aTeJI:&HHX yrJIOB. 

ECJIH yrox HaJIOUa BBO~HTCH Ha cepe;nHHe TpeKa, TO ;!(Be rpynnH B 
pacnpe;nexaHBB no BeXH'IHHe yrxa HaJioua 6HCTpO CTHrBB&mTCB B OlBY 
(pHc. 46,B), a pacnpe;nexeBBe no HOYepy HHTepBaJia rpynnBpyeTca 
OKOBO cepe;nHBH TpeKa (pHC. 36 1 B). B CJiyqae, eCJIH BSJIOY Be B cepe
;z(HHe TpeKa, a, CKa&eu, H8 paCCTOHBHB 1/4 ;z(JIBBH TpeKa OT Baqaxa 
HJIIII KOHQa 1 KapTBBa BHrJIB;z(HT HHaqe (pHC. 3,4). 
HaH60Jiee xapaKTepBHU HBJIH6TCH TO, qTO ABB cpaBHBT6B:&HO 60X»mBX 

etHan. nporpaMMa B HeKoTopoA qacTH cxyqaeB oma6oqao onpe~exaeT 
KaK TO~y HaXOM8 1 TaR H BeJIHllBHY JrHan.· llpH STOY 1 6CJII4 148JIOU 
aa;naBMCH B KOBUe nepBOI HJlH TpeT:&el qeTBepTB TpeKa, TO nporpauua 
HHor~a orrpe;nexaeT B KaqecTBe ToqxH Haxoua Toqxy, CBMUeTpBqaym 
HCTHHHOI OTHOCHT6X»HO cepe~HHH TpeKa (cu. pHC. 4 6,B). llpH STOY 
BeXHllBH8 ITO;ll06paHHOrO yrxa HaJIOUa no UO~YBD npB6JIH8BT6XDHO paBH8 
BexHqJ4ae aa;naHHoro Haxoua, a no aaaxy npotHBonoxo:a:Ba. ~unyx:oc, 

no~6HpaeuHi nporpauuol B TaKHX cnyqaax, oKaaHBaeTca peaKo HCKa:a:eH
HHM. Ha pHC. 5 llOKaaaH0 1 KaKHY o6paaou UOHBXH8TCH TaK8B OWH6Ka. 

QqeBH;z(HO, qTo qJ4CXO OWH6oqHHX 38KJIDqeHHI nporpaMUH 0 M6CT6 
H aexHllBHe Haxoua Tau ueH»~e, qeu Toqaee HauepRDTCH TpeKH. HauH 
6~JI nocTpoeH pH~ cnyqaeB, B KOTOPHX rrporpauua ~ana owH6oquye H 
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l 
npaBHAhH~e saKAmQeHHH. BB3YaAhH~K aHaHH3 STHX CJJ.yqaeB UOKasaA, 
11TO llil He Hlleell OCHOBaHl1i1 COIIHeBaThCH B 3aKHm11eHHB nporpallllll. 

ilOHBHeHBe TaKHX OUIB0011H~ saKHD11eHHi1 nporpallll!l CBH3aHO C 
Tell, QTO ~JlHHa TpeKa H 11HCJ10 H311epeHH~ Ha Hell TOQeK He~OCTaT011H!l 
~na o~aoaaaqaoro onpeleJJ.eHHH 5 napalleTpoB {HunyH»ca P, yrna ~ , 
CII81118HIUI Y , yrHa H31l011a d , HHTepBaAa K, Ha KOTOpOII 00Hapy&eH 
H3J1011). 

Ha pzc. 6 npHBeleHo pacnpe~eneaHe qHcHa cHyqaeB no Benzqzae 

nt (ell. 24) lHH pasHllX ~ HsH. (npz c~ = 0). ~a pzc. 6 z 
Ta0HHijll 2 BHlHO, !{TO KpH!8pHI (24) Hai{HHaeT a~peKTHBHO paOoTaTh 

lliH yrHOB tfHSJI."4:-, 2·~(CII. 30)'. 

4. 0 B!l60pe KpHTepHeB. 

KaK BH~HO B3 HSJIOJteHHOrO, lJIH B!l~eJieHHH H3JIOIIOB HCTIOHh3YDTCH 
.l{Ba KpH'l'epBB: C., H Ca (cu. § 2). 

. I 

KpHTepBI C., fi03BOJIHeT COKpaTHTh BpeuH cqeTa, T.K. OH laeT oOpa-
llleHHe K TOI qaCTH nporpaMU!l, KOTOpaH B~eJIHeT H3JIOII!l TOJihKO ,l{JIH 
TpeKOB c $~ .. Ct Taxzu oOpaaou, npH yueH»IIIeHHH xpnepHH C1 
YB8JIH~Ba8TCH I{BCJIO CJiy11aeB, B KO!Op~ nporpa1111a TIOl03peBaeT I43JIOII, 
XOTH Ha CaiiOII leJie ero ReT. AHaJIOrHQHO HyJtHO yqeCT», !{TO npH ylleHh-
1118HHB KpHTepHB Ca yBeJIBI{HBaetcH xax qHcno cJiyqaeB npaBHJI»Horo 
B!ll8JieHBH HSJIOIIa (Ha TeX TpeKax, rle HSJIOII 61lJI Ha CaiiOII leJie), 
TaK B QBCJIO CJIYqaeB JIOJtHOrO B!lleneHHH H3JIOIIa (Ha TeX TpeKax, rle 
Ha CaiiOII l8Jie H3JIOYa B8 6YXO). CJielyeT MII8Th B BB~y, !{TO XOTH B 
cnyqaHX JIOJtHOrO BH,l{8JI8BHH H3HOIIa B cpe~Hell He npOHCXO~HT HSIIeHeHHH 
zunyn»ca, tell ae ueaee Bospactaet omz6Ka onpeleJieHHH BllnyJI»ca. 
IT03!011Y Sa_l{aqa OTITBIIaHhHOro Bll60pa BeJIBqzH C~ H ~ HBJIH8TCH ~OCTa
T01{H0 BaJtHOI H CROJtHOI H 6yAeT paCCIIOTpeHa OTAeJihHO. 

15 



! 

I 

§ 4. ~pyrHe anropHTYY ~JIH B~eneHHH BHTepBana, Ha 
KOTOpOY llpOHSO.en RSJIOU. 

Kpoue paccuoTpeaaoro BYme anropBtua B~exeHHH Toqxa Hanoua 
H8YH HOCA6~0B8XHC» K ~pyrHe, 60Xee CXOKHYe anropHTYY 1 KOTOpYe 
~axH TaKHe ze HXH ~aze xy~mHe pesyn»taTY. 

a) UyCT» HSXOY npOHSomex XH60 88 i -011 1 JIH60 H8 j -oY HHTep
B8Jie. BYllHCJIHY B6JIH1DIHY ~Yi II .xfr,j. B npe~llOJIOKeHBH, 'ITO 
HSJIOY CSYA B8 £ -OY H H8 j. -OY l4HtepBane COOTB6TCTB6BHO H 6y~ey 
CllHT8T» 1 'ITO T8 HS STHX ~Byx rHllOTeS CUpaBe~JIHB8 1 ~JIH KOTOpOH 
X!v uea»me. 

STOT KpBtepHH ~an SHS'IHTeJI»BO XYAEHI peayJI»T8T 1 qey HCUOJI»
SOBSHHYI B nporpauue. 

CS) UyCTJ. nporpauua B KaqeCTBe HBtepB8JIOB 1 H8 KOTOPYX npOHSO
meJI HSJIOY 1 yK83YB86T Ha i -YI H j -YI HHTepBaAY. Tor~a YY YOKell 
BY'IHCJIBT» COOTBeTCTB6HHO ~Ba HaCSopa napaueTpOB 1 XapaKTepHaym~X 

STH rHIIOT83Y. ~~BY nepBOYy Ha6opy napaueTpOB HH~8KC 11 -i. 11
1 BTOpo

Yl,- " j. ". ~JIH nepBoro Ha6opa BH"U!MimTcH Hunyx»c PC:, B~TO!!_ 
~· 1 B8KTOp B8IIEIPH'l8UBHX 0 .. 60K -\: H aHaJIOrH'IHO Jj! , ~· , ~· , 
~JIB Btoporo aa6opa. ~anee resepRpyetcH tpeK CSea y'le'la omH60K Haue
peBBH H YHOrOKpa'lHOrO pacceHHllfl C BIIU,JJIIICOY i>t: I .JSXOYOII Ha 
i -OY BH'lepBane 1 paBHWI i -ol KOUUOH8B'le BeKTOpa ~· • oTOT TpeK 
o6cqBTYB88TCH B npe~DOJIO~HHH HanH_UB H3JIOY8 Ha j -OY IIHT8PBU8 
B BH'IHCJlftm'!CH B8KTOPH clt,j. H ~,; .. J. • AHaJIOrH'IHO ~JIH TpeKa, creae
pBpOBaHHOrO 6es yqeta o•HCSOK HSYepaRIH II YHOrOKpa!HOro_pacceftHBH 
C IIYD.JllliCOY ~ H J' BSX. 1 paBHWI j. -ol KOIIDOB8H'l8 J;.· , B -
npe~DOJIOK8HHB H3JIOY8 Ha ~ -oY HHtepBaJie BK1DICJlftm'lCH B8KTOpH~( 
I 'l;,t • B Ka'leCTBe KpHTeplfl ~Jlfl pas~exeHHfl rHUOTea " in H n J n 

paccuatpHBaxac» BeXHllHHa 

.sr=(~}~c§J+(t)($J-(i:J(~J- (t)
7

(iJ. {3!) 

Uo SHaKY STOI B8JIB1DIBH llpaBHJIJ.HaJI rHIIOT638 OTDtJaJiaCJ. OT O.H60'IHOH. 
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a) PV=1,00 I'aB/c, ~ =0, fl =1,5?, $ =40ma, 111 = 21, /II= 250 

0 0,01 0,02 0,03 

6 10 14 6 10 14 6 10 14 
1108 0,340 0,512 0,536 0,564 0,852 0,896 0,8?2 0,984 0,996 0,992 
1,62 0,040 0,068 01096 01120 01320 01416 01556 01?16 01892 01 908 
2,16 01004 01004 01012 01012 01032 01120 01228 01240 0,612 01?32 

CS) pv = 2,?5 I'aB/c,Cil =0,30934,j =1,57, :J =40 cu,~=21, #=250, 
I(= 10. 

~ 0 0,006 0,009 0,012 

1,08 0,360 0,520 0,696 0,840 

1,62 0,072 0,164 0,224 0,384 

2,16 0,004 0,020 0,028 0,076 

B) PV= 5,00 rsB/c,cl..= o,} •1,570?9, .s =160 Cll,.,; =21,K =10, N =250 

H 0 0,00225 0,0045 0,0090 

1,08 0,372 0,504 0,808 1,000 

1,62 0,0?6 0,108 0,356 0,960 

2,16 0,008 0,020 0,096 0,824 

TaCSJIII~a I. 
Bepousocu BYJleJleBIIH cJiyqae:s c Hsxouauil no BeJIII'IIiiBe .X:V . 

TpeKH resepHpOBaJIHC~ B nponasoBol Kauepe npil pasnB'IIBHX sHa'lleHHHX 
Ha'llaJI~BOrO illlllYJI~ca P, 1rna IISJIOIIa ~an. il IIHTepBaJia K, Ba KOTOPOII 
SalaBaJICH HSJIOII. lJifl 6-HSJI. • 0 npiiBOAITCH BepOHTHOCT~ OaHCSO'IIBOrO 
(JIOKHOrO) BQA6JI8HIIH TpeKa C IISJIOIIOII 1 XOTH STOT TpeK CSYJI creHepllpOBaH 
CSes IISJIOMa. . 
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a) PV= I,OO raB/c, oC. =0, fo =!,57, $ = 40cu, tV,= 2!, IV'= 250 

dHaJI. 0 O,OI 0,02 0,03 

~ 6 IO . !4 6 IO !4 6 IO I4 
I.aO o,o96 o,3o4 o,328 o,408 o,884 0,944 o,932 r,ooo r,ooo r.ooo 
I.a5 o,o24 o,o60 o,I76 o,r6o o.ss2 o,soo o,796 o,940 r,ooo o,992 
2,0 010!6 0,004 0,044 0,088 01220 01548 01460 01776 01976 0,992 

c5) pV=2, 75 rsBjc, oC. =0,30934, p =~ 1 57, $ = 40c.u, N1 = 2I,K =IO, "'= 250. 

~ 0 0,006 0,009 010!2 

0,3 0,280 0,708 0,804 0,964 

0~5 0,044 0,388 0,540 0,852 

I,O o,ooo 0,052 0,096 0,3!2 

B) pV = 5,00 raBjc, 0( = O, p =!,57079, $ = !60 cu, ~= 2I, K = IO, "= 250. 

~ 0 0,00225 0,0045 0,0090 

0,3 0,948 0,976 0,996 I,OOO 

0,5 0,828 0,900 0,988 I,OOO 

I,O 0,392 0,584 0,892 I,OOO 

TaCSJJ.Hqa 2. 
BepoHTHOCTh B~eJieHHH cJiyqaeB c HaJio.uauH no BeJIHq&He n1 

(Kpnepd Cz ) • 

TpeKH reuepHpOBaJIHCh B nponauoBoA Ka.u~pe npH paaJIHQHHX aHaqeHHHX 
HaqaJihHOrO H.UllyJihC8 p 1 yrJia H3J10118 6 BSJI B HHTepBaJia K 1 Ha KOTo-
POII 38,lt8li8JICH HSJIOII. • 

J[JIH 0HaJI. = 0 npHBO,JtHTCH BepOHTHOC'fh OIBH60QHOrO (JIODOrO) 

B~eJieBHH TpeKa C H3J10.UOII 1 XO'fH STOT 'fpeK 6HJI creHepHpOBaB 6es 
HSJIOIIQ. Bo BC6X CJiyqaax Kplll!epHirt C~ = 0. 
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Piac. I. 
%. 

S 
PacnQe~exeuae qwcna co6YTBH B aaBHCHYOCTH OT txv ~nH paaHYX 

·Jan. 1~eKH reuepapoBaxHc~ B ycnoBMHx Kauepa BMn~coua. 
a) /j Hall. = 0.01 1 /{: 186 1 H3JIOII 3a,JtaBaJICH Ha HHTepBaJie K. = 6, 
6) Daan. = 0.02, II= 140, II n II 

fiyHKTHpOII ~8HO pacnpe~eneHBe .l{JIH s HaJJ. = 0 ( N = 197). 
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PMc. 2. 
~ 

Pacnpe~exeHHe ~cna co6~TH~ B aaBHCMUOCTH oT X xy ~xa 

dHax. = 0.0! B ycnoBHHX rrponaHOBOH Kauep~. 
ITyHKTMpou ~aHo pacrrpe~eneHMe rrpM cfMax. = 0 ( N= 250). 

f 
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0 , 15 

PBc. 3a 

Pacnpe~exeHHe qwcxa cxyqaeB no aouepy HHTepBaxa Nr, aa 
KOTOpOU nporpauua 06Hapy&HXa H3XOM. 

TpeKH resepBpoBaXHCD B nponaaoBoa Kauepe. 

PV=IraB/c, d=O,.J>=:i/2, S:40cu, tY1=2I 

a) npH reHepa~H 

6) npH resepa~H 

B) npa reaepa~H 

C.~,: 0. 

b H3X. = Q 

$ Hax. = O.OI 

0 HaX. = 0.03 
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PRe. 4a 

PacnpeAeneuxe cnyqaeB no BenHqHBe yr.na manoua, onpeAeneuuoro 

nporpaMMol. 
TpeKB reuepapoB8.JIHC:r:. B nponasoBol Kauepe pv= I fsB/c, oC: = _0, 

fo= I/2, S = 40 cu, N. = 21, C.= 0, Cz.= O. 

a) np• reuepaQBB 

6) npH reuepaQJB 

B) npa reaepa~B 

0 Ha.n. = 0 

8 aan. = o.or 
s 113ll. = 0.03 

23 
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Pzc. 5. 

Cxeua o6HapyEeHHH Hanoua Ha czuueTpHqaou HHTepBane. 

CnnomHO~ HHHHe« Hao6pazeH ~eHCTBHTeHbHU« TpeK C HoHOMOU Ha 
mecTOM HHTepBane. OTueqeHu HauepHTeHbHUe omH6KH. EcnH nporpauua 
npaBHHbHO onpe~enHeT H3HOU 1 TO D0~06paHHH« H ~e«CTBHTeDbHUI TpeK 
YOEHO CqHTaTb COBna~am~MH. 

llyHKTHpOM OTMeqeH ll0~06paHHUH nporpauuo« TpeK C H3HOMOU 
Ha qeTupH~qaTOM HHTepBane. 

KaK BH~H0 1 3HaK yrna Hanoua npOTHBOllOHOEeH 3HaKy HCTHHHOrO 
yrna Hanoua, a no~o6paHHu« Hunynbc (KPHBHaHa) peaKo OTnHqaeTcH OT 
HCTHHHOrO. 

f 
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Pile. 6. 

Pacnpe)teJieBile liBCJia CJIYqaeB no BemtuHe m 
m -mar ( S/· /1>&.). 

TpeKB reHepBpoBaJIHCb B nponaHoBol Kauepe. 

PV= I rsB/C, o( = o, f>= 'Xf2, s = 40 CJI, Nf = 2!, c.=- o,, C.t.= o. 
~aJIOII a~aH Ha HB~epBaJie K = IO. 
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CTaTHCTH~eCKOe HCCX6~0B8HHe STOrO KPHTepHH llOKaaano, ~TO 

OH He HU66T KaKHX-nH60 npeHUy~eCTB DO CpaBH6HH~ CO 3H8~HTeHhH~ 
6onee npocruu KPHTepeeu, npeueHeHH~u B nporpauue. 

ABTop~ B~pa&a~T 6naro~apHoCTh H.H.YcoBoA aa nocTOHHH~A 
HHTepec K pa6ore. 
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