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JlabopaTtopnas paGora Ne 1
O0paboTka CTATUCTUKHU U UCCIIEIOBAHUE XaPaKTEPUCTUK HAZCKHOCTH
HEBOCCTaHABIIMBAEMBIX U3EIUM.

1. Llenb paGoTHI.

O6paboTka CTaTUCTUKH OTKa30B, pacyeT, IOCTPOSCHHE U HCCIICIOBAHUE
rpadMKOB XapaKTePUCTUK HAJACKHOCTH HEBOCCTAHABIMBAEMBIX U3JICIIUMA C MIOMOIIBIO
II5BM.

2. OCHOBHBIE COOTHOIIICHUS.

IIpu ucciienoBaHUM BOMPOCOB HAACKHOCTU U3JACIUS MOTYT pacCMaTpUBaTHCS
KaK BOCCTaHABJIMBAcMbIC, HMJIM HEBOCCTAHABIMBAacMbIC. 3a HEBOCCTAaHABJIMBACMEBIC
MPUHUMAIOTCST M3JIeTUs, KOTOPhIE B YCJIOBHUSAX OJKCIUTyaTallUM  HE MOJJIeXkaT
BOCCTAHOBJICHHIO ITOCie OTKa3a. K HeBoccTaHaBIMBAeMBIM MOJKET OBITH OTHECEH
TaKK€ BOCCTaHABJIMBAEMbIM, €CIM €ro HapabOTKa YUYUTHIBACTCS TOJBKO JO €ro
MEepBOIro OTKa3a.

K HeBoccTaHaBIMBaeMbIM H3ACIUSM OTHOCATCS CIEAYIONINE XapaKTEPUCTUKHU
HaJIC)KHOCTH.

Ilpumeuanue. Bce coomnowenus 0ns xapakmepucmux npusoosmcs 6e3 ux
000CHOBAHUS 8 8ePOAMHOCMHOU U cmamucmudeckou gopmax. Coomeemcmayrowue
000CHOBAHUSL  MOJICHO  HaUmu 8 YueOHUKe U 8 KOHCNeKmax  JeKyull.
Cmamucmuueckue napamempvl 0003HAUEHbI UHOEKCOM *.

[TImoTHOCTH pacrpeiesieHUs] BEPOSITHOCTA BPEMEHM OTKa3a:

dq(t) _dn(t)
f(t)= n A= ot
An(Ati)
f*(At)=———~
(Ati) N AL (1)

3nech: ((t) - BEpOATHOCTH OTKa3a M3SIHUS 32 BpeMs t;

n(t) - yucito OTKA3aBIIMX U3CTHIA 3a BpeMs t;

No - 91CI0 UCIIBITEIBAEMBIX M3ACJIMA B MOMEHT t=0;

At; - I-if OTpe30K BpeMEHH PabOThI H3ICITHH.

BepositTHocTH 0TKa30B M 0€30TKa3HOM palbOThl CBSI3aHbl C IUIOTHOCTHIO
BEPOSITHOCTU:

t 00
q(t)=jf(r)d T. p(t)=.|.f(r)dr.
0 t
q*(®)=n(t) / No; p*(t)=[No- n(t)] / No. (2)

NHTEHCUBHOCTH OTKA30B:

A=) /p(t);  A(t)=dn(t) / dtux(t):

A*(At)= An(At;)/N(AL) Z Atj = An(At) / At,s(AL) . 3
j=1

3nech: N(Atj) - uuciio uznenuid, paboTaBImIMX HA HHTEpBaJe Af;;



Atz (At) - cymmapHas HapaOOTKa BCeX M3/IC/IMI Ha HHTEpBajie BpeMeHu At; -
Atis(Ati) = (Ni + 0,5An)) Ati; (4)

At j - HapaOOTKa J-TO M3JEeINs Ha i-OM HHTEPBAJIC BPEMCHU;
Ni - 4KCIIO UCTIPAaBHBIX U3JEIUI B KOHIE MHTepBasia At;:
i
Ni=No- D AN,; ()
1=1
AN| - 4UCI0 OTKA30B HA UHTEpBaie At;.
Cpenuss HapabOTKa Ha OTKa3:
1 dt . (t
Tc (t) — — HX ( ) :
A dn(t)
At t,At
e L AtsEAD
A7 (t,At) An(t,At)

(6)

Cpennee Bpemsi 6€30TKa3HOM pabOTHI:
T = [tf(t)dt; To = [ p(t)dt;
0 0

T -3 ™
0 - . 7
i-1Ng

3neck tj- HapaOoTKa j-ro U3/AeNus 10 ero OTKasa.

CpenHee Bpemsi HApaOOTKH U3/IENUS 32 BpeMs t:

Ty (1) = _[ p(z)dr.

x 1 o
Ty (t) = N_let j(t); (8)
0 J=

rae tj(t) - HapaboTKa j-ro u3aenus 3a Bpems t.

YCpCI[HeHHoe BpCM:A Hapa60TKI/I Ha OTKa3s:
Ty (t tos (T

Tyc(t): N ( ) ’ HX ( ) .

q(t) n(t)

3nech 15 () - cymmapnas napa6otka Beex No n3nenuii 3a Bpems t.

T y(t)=

9)



3. [locTanoBKa 3a1a4u.

Ha nucre 1 anektponHoil Tabnune Excel npuBenena cratuctuka otka3on No
u3enui (B JaHHOM CIy4ae UMEIOT MECTO BECbMa HEHAJIeKHbIe u3aenus). s
KaX/10r0 U3/JIENNs JaHO BPEMS €ro HapaOOTKHU JI0 €ro 0TKa3a.

B mpouecce 06paboTKM CTaTUCTHKU CIELYET:

a). CrpyNIMpoBaTh BCE OTKA3bI 10 HHTEPBaJIaM BPEMEHU UX MOSIBICHUS

At=200 u.;

0). K KOHITy Ka)JIOTO I1-TO HHTEpBaJia OIPEICIIUTh:

- yycJa OTKa3aBIIMX Anj Ha MHTEpBae, UCIPABHBIX Ni W3/1€IUi K KOHILY
Ka)XJIOTO MHTEpBaJIa BPEMEHH, T.€. 3a TEKYyIlee Bpems t;

- CyMMapHble HapaOOTKHU BCEX U3ENMI Ha nHTepBanax Atysi 1 3a Bce BpeMs

tys (1);

- CTAaTHCTUYECKUE BepOsSTHOCTH p*(t) u q*(t), moTHOCTH BeposTHOCTH f*(At;),
MHTEHCUBHOCTHU OTKa30B A*(At;);

- cpeiHre HapaOOTKHM Ha oTKa3 T* (At);

- yCpeqHEHHOE BpeMs HapaOOTKH Ha oTka3 T*y(t);

- cpeaHee Bpemst HapaboTku Ha uznenue Tn(t).

B). JlJ1st mocenHuX ceMu XapaKTepUCTUKAM HAJIeKHOCTH MOCTPOUTH TpaduKH,
pacrnedaTtarb U IpOaHaJIu3upOBaTh UX.

4. Meroauka BbINIOJIHEHUs! padoTHI.

4.1. B nupexropun kvd nqucnerdepa (aiisioB cienyeT BbIOpaTh U OTKPHITh
(aiin JIab Ne 1. [1pu sTom 3amyckaercst Excel, Ha skpane nosiBnsiercst Tadnuna 1 (s
3TOrO ciaemyet oTKphITh JiucT 1 Excel). Hroke moka3aHa JiMis HadaabHAsi 4aCTh ITOM
Tabnuipl. B Tabnuile 3ano0HEHbI JIMIIb ABa CTOJI0NA: A - HApaOOTKH t, IPH KOTOPBIX
W3/IeJINe OTKa3bIBaeT, B - uncio oTka3oB An(t) B JaHHBI MOMEHT BPEMEHU t
(enunMUIIA).

Tabmuma 1. McxogHbie JaHHBIE.
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[TockonbKy cooOmieHnust 00 OTKa3aX MOTYT 3ama3ablBaTh, MOMEHTHI t B CTOJIOIE A
3aMucaHbl B ciay4yaitHoM nopsake. Heo0XoaumMo ynmopsiiounTh 3TH 3aITUCH B IOPSAKE
Bo3pacTtanus HapaOoTku. OHaKo, 4TOOBI HE HAapyIIaTh 3amucu B Tabi.1 (oHa
noTpedyeTcs B MOCIEAYIOMINX padoTax), CAeAyeT CKOMMPOBATh ATY TaOIUILy HA JIUCT
3 Excel. [lns aToro Beigenute o6a cronbona (A u B), otkpoiite Mento [IpaBka—
IeT40K "KonupoBaHue" (CUMBOJ — HMCIOJIB3YETCS BMECTO ciioBa "3aTteM").

Ortxkpoiite Jluct 3 Excel, Kkypcop ycTaHOBUTE B JIEBYIO BEPXHIOIO SUEHKY,
otkpoiite MeHio IlpaBka— BeraButh — OK. — Bpraenure BepXHIO CTPOKY
HOBOM TaOJMIILI U ClIeJIaiTe BCTABKY HOBOM (IyCTOM) CTPOKH; B 3TOU CTPOKE
Hareuyaraiite Tabmuma 1 (qy0mukar).

4.2. C uenbro yKa3aHHOU BBIIIE COPTUPOBKU CIEAYET BBIJICIUTH BCE 3aIUCH B
tabnuie 1, 3areM OTKphITh MeHIO JlaHHbIe—COpTHPOBKA MaHeId HHCTPYMEHTOB. B
nosgBuBLIEMCS OKHE “COpTHpPOBKA AMana3oHa’” B CTPOKE “‘COPTUPOBATH I0° 3aIUCATh
M4 cTosI0La, IO KOTOPOMY ITPOU3BOAMTCS COPTUPOBKA. B Hamem ciiyyae uMeHeM
apisieTcs t. (OHo yxe 3anmucaHo B ykazaHHou ctpoke). [Tocne Bximtouenuss OK
CTPOKH TaOJUIBI pa3MecTATCs B mopsake Bo3pactanud t (Tabiuua 2).

4.3. Pa30uth Bech AMANa30H BpeMEHU Ha UHTepBajbl 10 200 4. KaXK/blii, B
KOTOPBIX CYMMHUPOBAaTh ymciia 0Tka3zoB An;. C stoii nenbto crosndbny C npucBOUTH
MM UHTEpBaJa 1, a B SIMEWKHU €ro 3arucatb HoMepa uHTepBayioB 1, 2, 3,... Homep
MHTEpBaJla ONpeAeseTCs M0 3HAYSHUSIM sTueeK CToNoma A: Ui sYeeK co
3HaueHusiMu 0..200 npucBauBaercst Homep 1, aist 201..400 - Homep 2 u T.4.

Boigenuts momyyeHHble cToI01bI. B MEHIO OTKpBITH oniuio ““/laHHbie”, Tae
mEenKHyTh “Utorn’.
llpumeuanue. B OanvHetiuem U30H#CeHUU NOCIE008AMELHOCIb KOMAHO OyOem O
COKpaujeHusl yKazol8amvcsi MoOJIbKO COOMBEMCMBYIOUWUMU ONYUSAMU, MAK, OJ5
paccmampusaemozo cayuas: [lannvle—Hmoeu.

B nosiBuBmemcst 1uanoroBoM okHe “IIpomexytounsie utorn’” B cTpoke “IIpun
KaKJIOM U3MEHEHHH  3amucaTh UM 1 (€CJIM €ro TaM €e1le HET, WK 3alucaHo Jpyroe
uMms). B crpoke “Omnepanus’™ nomkHo O0bITh 3anucano “Cymma”. B ctpoke “/lo0aBuTh
UTOTH 10" BBIAEIUTh UM CTOJIONA Anj, yOpaTh BeiaeneHue t, (eciu oHO ecTh) U
Haxath “Enter”. B Tabimiie B KOHIIE Ka)XJ0TO 1 - TO HHTEpBaJIa IMMOSBUTCS HOBAs
CTpoKa ¢ uMeHeM “i Bcero” B sueitkax cronbma i, rae i=1, 2, 3, ... -HOMepa
WHTEPBAJIOB. B 3THX e UTOTOBBIX CTPOKAX 3aIMMCAHBI YHCJIa OTKA30B B KAXKIOM 1 -OM
nuanaszone. Yacte Tabi. 2 mpuBeeHa BHIIIIE.

4.4. 1ns nanpHeimen paboThl MOTPEOYIOTCS TONBKO MOJIYyY€HHbIE UTOTH O
uHTepBasaM. [losToMy 1e1ecoo0pa3Ho Bce MPOMEXKYTOUHBIE JaHHbIE U3 TaOIUIIbI 2
caenatb HeBUAUMBIMU. C 3TOM 11e1b0 B Ta0NIUIE 2 BBIAEIUTH TOJIBKO CTPOKH C
MMEHaMU CTOJIOIOB U C UTOraMHM (MCTOJIb3Ysl KiaBuiy ctrl u kHonky mblin). Jlanee
cneayroT koMaHabl IlpaBka—KONMUPOBATH.

OtkpeiTh JIuct 4 Excel, Kypcop yCTaHOBUTBH B BEPXHIOIO JIEBYIO SIUEUKY U
BbIIaTh KoMaH bl [IpaBka\cnennanbuas BecraBka—3Havennsa\OK. Han crpokoii
MMEH CTOJIOIIOB HOBOM TaOJIMIIBI BCTABUTH HOBYIO CTPOKY U HarieyaTaTh B HEH
“Tabnuma 3”. [{nst ynoOcTBa npeacTaBieHus: TaOIUIbl CTOJI0E1 HOMEPOB UHTEPBAJIOB



1 MOJKHO TIEPEHECTH Ha €€ JIEBbIi Kpaii (T.e. B cTonoer; A. C 3TOM 1ebI0 BBIICIHUTH
BECh CTOJIOCII C UMEHEM |, CTPEIIKY Kypcopa YCTaHOBUTH Ha JIEBYIO TPAHUILY PAMKH
Tabnuma 2.

A B C
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BBIACJICHWSA, U IIPpU Ha)KaToM JIEBON KHOITKE MBIIIN [neperalmmrTb CTOJ'I6€I_I Ha HOBOC€

MECTO).

4.6. B Tab1.4. He00X0IMMO 3aMOJTHUTH CTOJOEL] BPEMEHH t C Y4ETOM MPUHATON

JUTMHBI UHTEpBaia. B siueiiku nepBoii CTPOKHU MOCIie CTPOKU UMEH MEPBBIX TPEX

CTOJNIOIIOB JOJKHEI ObITh yecTaHOBIEHBI urcia 0. Beimenuts cronben t, naTh
komaHabl: IlpaBka — 3anmoanuts — Ilporpeccuss — no cronduam —
apudmernveckass — mar 200 — OK. Yactps Tab1. 4 npuBeneHa HUXe.

4.7. Teneps B Tabn.4 crneayeT BBECTH UMEHA CTOJIOIOB, KOTOPbIE OYIyT

MCIIOJIb30BATHCS B pacyeTax XapaKTepUCTUK. JTa 3ajja4ya BINOJIHEHa B Ta0.4 Ha
JIucte 5 Excel, kyaa ckonupoBaHbl U gaHHble Ta0n.4. [14Th CTpOK 3TON TaOIUIIBI C
pe3yJbTaTamMu MOCIEAYIOIINX PacueTOB MPUBEACHBI HIDKE B TaOHIIE 4.

Tabnumna 3.
A B C D E F G
A
i t Nj
0 0 0
1 20
Bcero 0 25
2 40
Bcero 0 19
3 60
Bcero 0 16
4 80
Bcero 0 17
5 10
Bcero 00 10
Tabnuna 4.
A B C D E H I K
[ t An; At; YAN; N; A\ tus (t) p*(t) q*(t)
0 0 0 0 0 510 0 01 0
Bcero1 | 200 25 200 25 485 99500 99500(0,951 |0,049
Bcero 2 | 400 20 200 45 465 95000{ 194500/0,912 0,088
Bcero3 | 600 16 200 61 449 91400 285900|0,88 0,12




[Tponomkenne Tabnuisl 4 BOpaso.

R0 At | AW | TN L@ T @] Tor
0 0 0 0 0 0
0,049 | 0,0002451] 0,00025] 3980] 3980] 195,1
0,088 | 0,0001961] 0,00021] 4750] 4322] 3814
0,12 0,0001569] 0,00018] 57125  4687| 560,6

Ipumeuanue.3nauenus napamempos 60 6cex madauyax 1abopamopHol
pabombsl Mocym He cO8NAdams ¢ NPUBEOCHHLIMU 8 OAHHLLX MEMOOUUEeCKUX
VKA3AHUSX, NOCKOIbKY 0/ 1a00pamopHol pabomuol Mo2ym Obims Opyeue 3HAYeHUs.
UCXOOHBIX OaHHbIX 8 mabauye 1.

Kpamkasa cnpaeka. Pacuet 3HaueHul B iUeiikax KaKJoro cToyaodma
(D, E, F, ...) npousBoauTtcs ¢ nomoisio popmyn Excel. @opmyna 3anuceiBaercs B
KEINAEMYIO SIYEMKY M HAUMHAETCS CO 3HAaKa paBEHCTBA =, [10CJIE€ KOTOPOTO BBOJATCS
aZipeca JaHHBIX U COOTBETCTBYIOIIHNE ONEPATOPHI - CIOKEHHUS, BBIYUTAHUS,
YMHOKEHHSI, IETICHUS U Jp.; BMECTO 3THUX ONEPATOPOB MOTYT UCIIOIb30BATHCA
pazyinuHbie PYHKIIMUA paboyvero JucTa - CymMma, CpeHee 3HaUCHHE, TUCTIEPCHs,
KOPEHb U T.JI. AJpeca JaHHBIX MOTYT ONPEAEHSAThCS OTHOCUTEIbHBIMH,
aOCOJIIOTHBIMU U CMEIIAHHBIMU aJIpecaMu siueeKk ux xpaHeHus (Hanpumep: A3, F6 u
T.1., TIe OyKBa omnpenensieT croioerl, a nudpa - Homep ctpoku; A3:G7 - uaTEpBaI
aJIpecoB SYEEK), a TAK)Ke UMeHaMu. 3HAaKoM $ mepen OykBo# u udpoit 0003HaUaeTCsI
aOCONIOTHBIN a/ipec, KOTOPBIM HE U3MEHSETCS MPU KOMUPOBAHUU (DOPMYIT MBIIIBIO.
[Mpumep: $A$3, SF$S.

dopMmyiia BBOIUTCS B BBIJICTICHHYIO sueiiKy. [Ipu aTom GpopMmyia nosBisercs
KaK B siueliKe, Tak U B CTpoke (GopMyJl, B Hauaje KOTOPOH MOcje BBEACHUS 3HaKa =
("paBHo") mosiBNsieTcst 3HaK fy. Meroanka BBoja GopMyIT MOSCHSIETCS HIKE.

4.7.1. Ilopsook 3anonnenus cmoaoya E, 1.e. cyMMbl XAn; 4nciia OTKa30B K
KOHIIY 1-I0 MHTepBajia BpeMeHHu t. Beraenuts siueiiky E4 u 3anucate B Hee Gpopmyiy
=E3+CA4. [Tocne komanasl OK B siueiike 3anuiiercs cyMMa JaHHBIX YKa3aHHBIX IBYX
aueeK. Boraenuts sueliky C4, yCTaHOBUTBH KypCcOp B €€ ITPaBblii HUKHHUM YTOJI 10
MpEBpaIICHUs Kypcopa B KPECTHK (+), HAKaTh Ha KHOIIKY MBIIIH U, IepemMenias
MBIIIIb, TAIIUTh KPECTUK BHU3 CTOJI0IIa 10 KOHIla Tabiuiibl. [Ipu aTom cTondern
3aMoJHAETCS HapacTaloUMM UTOTOM YHCJIa OTKA30B BIUIOTH 10 UCXOJHOTO YKCIIa
UCTIBITHIBAEMBIX M31eHi ( B JaHHOH paboTe 3T0 MOXkeT ObITh Np=510).
COOTBETCTBEHHO NPU ATOM M3MEHSIETCS ¥ POopMyIia KaKI0H STUCHKH.

4.7.2. Ilopsiook 3anonHenuss cmoaoya mekyujeco 3HayeHus Yucia UCNpasHulx
usdenuul kK momenmy t. Heobxonumo u3 uncia Ny mocie10BaTesIbHO BHIYUTATh
TEKYLIME 3HAYEHUs CyMMapHOIo Yucia 0TKa30B XAn;. Beraenuts sueiiky F4 n
3anucarthb B Hee popmyny =3F$3-E4. [Tocne OK B F4 Oynaer 3anucano 3HaucHue Nj K
KOHILYy TIEpPBOTO MHTEPBAIa BPEMEHHU. 3HAKU $ OMPEeIsoT, 9TO B JAHHOM YJICHE
(bOpMyJIbI UCTIONB3YETCS TOJBKO 3HaUCHUE Auelku F3, T.e. 3T0 ecTh aOCOMIOTHBIN
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azpec stueriku (aOCOMIOTHAS CCBUIKA); OH OCTAETCs MOCTOSIHHBIM MPHU NIEPEeMEIICHUH
MBIIIH JJIs1 IepeHoca GopMyI B MOcieayromnue sueiiku. Janee cieayeT BbIICIUTD
aueriky F4, Kypcop yCTaHOBUTD B MPABbIi HIXKHUM YroJl SYEHKH O MPEeBpalICHUS
Kypcopa B KPECTUK, HA)KAaTh KHOIIKY MBIIITH ¥ MPOTSHYTh KPECTHUK IO CTOJIOIY 10
KOHIIa TabyuLbl. B cTonOIe okaxyTcs 3aMCaHHBIMU pe3yJIbTaThl pacyeTa uncia N;.

AHAaNOTUYHBIM CIIOCOOOM 3aMOJHSAIOTCS TYEHKU U CTOJOIBI OCTAIBHBIX UMEH B
COOTBETCTBHH CO cTaTUCTHYeCKUMHU dopmysiamu (1) — (9). IIpu 3TOM cocrapistonime
ATUX POPMYII 3aMEHSIOTCS aJIpecaMi COOTBETCTBYIOIIUX siueek Tabnuibl 4. Tak,
CTATUCTUYECKHE BEpOATHOCTH p*(t), q*(t) BEIUMCIISIIOTCSI, HCTIOJIb3YS 3aBUCUMOCTH
(2). Ilpu sTom B stueiiky 13 cnenyet 3anucars 1 (mockonsky p(0)=1), a B J3 -3anucartsb
0. B 14 3anucats popmyity B COOTBETCTBUHM C (2) U JaHHBIMU Ta0i.4:

=F4/$F$3 — OK u npotamurth STYEHKY 110 BCEMY CTOJOILY.

[Tocne BbICCHUS SUCHKHU U BBEJICHUS B HEE 3HAKA = I11€JIECO00pa3HO
Hamnucanue (Gopmyi HaOJIIOAaTh B CTPOKE (hOpMyJI, a HE B caMO iYelKe, T.K. B
MPOIIECCE ITOTO HAMMCAHUS MOTPEOyETCs mepeMeniaTh TabIuITy 10 TOPU30HTAIH U
3Ta 4YerKa MOXKET OKa3aThCs 3a TPAHUIIEH OKHA, T.€. HEBUAUMA.

4.8. Ilocmpoenue epaguxos no pe3yibmamam paciemos.

4.8.1. Cpenueii HapaOOTKH U YCPETHEHHOW HApaOOTKKU Ha OTKa3.

B Ta6u. 4 Beigenuts cronousl To(t) u Tye(t). — B okne "Mactep nquarpamm”
B Tabmnuie "Tumn" BeiAenuTh CTPOKyY "rpaduk". —B tabnuie "Bua" BeiaeauTh aeBbIi
BepxHUI rpaduk u menkuyTs "nanee". — lllenkayts kHOTIKY "Psan". — B nmpaBom
KOHLIE CTPOKH "moAnuck ocu X" MIENKHYTh KHONKY. — B nosiBuBiueiics tadbnuie 4
BBIJICTTUTH CTOJI0CI] BpeMeHHu t (HaunHasi ¢ UMEHHM cToJiona). — Jlunelkoit
MPOKPYTKH CIIBUHYTb BCE 3alIMCH BBEPX JI0 MOSIBICHUS CBOOOJHOTO MECTa HA JIUCTE
JUTs moMeleHus: quarpaMm. — LllenkHyTh KHOTIKY B CTPOKE MacTepa Auarpamm. —
B nosiBuBIIEMCSI OKHE BBIOpATh BKJIAJKY '"3ar0JIOBKM" IIEIKHYTh "Ha3BaHue". — B
CTpOKE "Ha3BaHME AMArpaMMbl’ HaNeyaTaTh HA3BAHUE JUarpaMMbl, HAIPUMED,
"CpenHee u ycpeHEHHOE BpeMeHa HapaOoTKu Ha oTka3", B ctpoke "Ocp X"
HareyaraTh "Hapabotka", B crpoke "Och V" — Te(t), Ty(t). — "Hamee" —
"T'oroBo". [losiBuBIIYtOCS nrarpamMmy (Puc.1) MbIIIbI0 MOKHO NTEpEIBUHYTh Ha
KEJIAeMOE MECTO JIUCTA.
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CpenHsas HapaboTka Ha oTkas

14000
12000
"Sooo T
6000 'J — Tc*(dti)
4000 H4
2000 =S

Tc(t)

Q QQQ O P
S ORI EN

Bpems HapaboTku

Punc.1.

Hanee cienyet oTopMaTupoBath rpauk, T.e. yCTAHOBUTD JKeJTaeMble
pa3Mephbl, pa3METKH OCEH, TONIIMHBI JINHUW, CeTKY. IIpuMepHO 3TO caemnarh MOKHO
CJIEYIOIIUMHU CIIOCOOaMH.

Dopmamuposanue oceu. JIBaxpl MENKHYTh Ha ocu X —B okHe @opmart ocu
Ha BKJIagke Bua B ctpokax umeH: Ocb BoIeauTh OObIYHAS — BBHIOpATh THIT U
TOJIINHY JIMHUI — MPOMEKYTOYHbIE ""HeT" — MeTKH JeJieHuil — PSi/IOM € OCBIO -
IHepecekarT ocb, MeTkH 3acedex - PaaoM ¢ ocblo.

BriBectn Bknaaxky Ilkama. YcraHoBUTh B OKHax 3HaueHUs : B Ilepeceuenne ¢
ochi0 Y - 1, B unc/10 KaTeropuii Mexay MeTkamu - 4, B Unci1o kareropuii Mexay
NOANUCAMM JAeJieHuil - 4. (OTo yucio 1enecooopa3Ho BEIOUpaTh PaBHBIM YUCTY
MHTEPBAJIOB BPEMEHHU MEX1y OLIM(PPOBAHHBIMU 3ac€UKaMu IIKaibl. B HameM ciayyae
JUTMHA BIOpaHHOTO MHTEpBaJia BpeMeHu paBHa 200 4, pacCTOSAHHE MEXKY METKAMU -
800u. I[Tosromy onpenenunock uucio 4). —-OK.

st ocu Y B okHEe B yCcTaHaBIMBAKOTCS TE K€ MTAPAMETPBI, KaK U ISt Ocu X.
Ha Brianke kasna: 3Hauennss Muaumym 1 MakcuMyM yCTaHOBUTH C YYETOM
Juana3oHa U3MEHEHHs 3HaueHU napaMeTpoB rpaduka. B ctpoke OcHoBHAast
eIMHUIIA U3MePeHHs YCTAaHOBUTH 3HaUECHUE OLM(POBAHHOTO I11ara (JIeJICHUs)
mkansl;, mycth oH OyaeT paBen 2000. B ctpoke Ilepecedyenne ¢ ocb10 X B 3HAYEHUU
yctanoBuTh 0. OcTanbHble BKIaJAKH (POpMATUPOBAHUS OCEl MOXKHO HE OTKPBIBATD.
OK.

JI1st HaHeceHUs CETKU Ha rpaduK: ABaX bl HIEIKHYTh B 001acTu rpaduka (pu
3TOM rpaduK BBIIEISAETCS CIel. paMKoil. B MeHIo nmociie1oBaTenbHO MEAKHYTh
BcraBka —Cerka — OcHoBHas ceTka (B ctpokax Ocb X 1 Ochb Y). — OTKPBITH
BKJIaJKy BblpaBHMBaHMe, Ilie KypcOpOM NOBEPHYTH CTPEIIKY 110 BepTukanu — OK.

B pe3ynbTaTe 10KEeH MOMYyYUThCS TPUMEPHO TpaduK, IpeICTaBIECHHbIN Ha
Puc. 2.



12

CpeaHsia HapaboTka Ha oTka3
14000
12000 n
10000 fi
= 8000 PN —
) | \ — Tc*(dti)
o 6000 /., \
4000 \
2000 N~
0
- OO =~ NN W W Pk o1 OO0 NN
O AN O OO0 A N O
O O O O O O O O o o
O O O O O O o o o
BpeMs HapaboTKu

Puc. 2.
AHQJIOTHYHO CTPOATCS rpaduKu:
() m A*(t);  TH(); Tn* () u Ty*(t).

[Ipu mocTpoeHnu Ha OTHOM rpadUKe KPUBBIX MJIOTHOCTH BEPOSITHOCTH U
MHTEHCUBHOCTH OTKA30B CJIEAYET YUECTh, YTO, HAUMHASI C HEKOTOPOTO BPEMEHH,
3HAYEHUSI UHTEHCUBHOCTU OTKA30B CTAHOBSTCS HA MOPSIOK U BbIIIE OOJIbIIIE
3HAYEHUH MJIOTHOCTH BEPOSITHOCTH. [103TOMY, 4TOOBI KpHBask IJIOTHOCTH
BEPOSITHOCTH MMeEJIa HATJISIIHOE TIPEICTaBlIeHNE, Ha TpaduKe clielyeT 0TOOpa3UTh
JIUIIb YaCTh KPUBOW MHTEHCUBHOCTHU OTKa30B. J[Jist 3TOTr0, MPHU BBIJICTIEHUN CTOJIOIIOB
TaOJUIIbI, CTOJIOCI JAHHBIX THTEHCUBHOCTH OTKA30B HAJ0 BBIICIUTH 10 BPEMEHU
t = 4000 4. Mo>XHO 0TOOPa3UTh KAKIAYIO M3 ITHX XapaKTEPUCTUK HA OTIAEIHHOM
rpaduke, TorJa UX MOCTPOCHUE BHITIOJIHACTCS B TIOJHOM JIUAMa30HE BPEMEHH.

4.9. Ananus epaguxos.

4.9.1. IlocTpoenue NTMHUMN perpeccuil (TpeH1a) U OLEHKa apaMeTpoB
YpaBHEHUHN KPUBBIX H3MEHEHHUS XapaKTEPUCTUK HAJICKHOCTH.

Boigenuts rpaduk ¢ uccaeayeMon KpuBoH (JiBa miendka B 00yactu rpaduka)
— MIEJYOK Ha JIMHUM KPUBOU (MOSBIISIOTCS MapKepbl HA ATOW JIMHUU) — MEHIO
JAunarpamma — J[o0aBuTh JUHUIO TPeHaa — Bkiajaka Tun — IoauHoMuaabHbII
— Crenenb (MoXxeT ObITh BbIOpaHa CTENEHb ypaBHEHUS B npenenax 2...6. Uem
CIIOKHEE KpHBasi, TeM OOJIbIICH clieayeT BoIOUpaTh creneHb. s rpadukos Te(t)
crenensb 3 - 6 — Bkiagka [lapamerpsl — Iloka3biBaTh ypaBHeHHe HA
nuarpamme —OK. TlosButcs Ha rpadguke TuHUS perpeccuu u GopmMyna dToi
JINHHUH, KaK MMoKa3aHo Ha Puc. 3.
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CpeaHsas HapaboTka Ha oTkas
15000
13000
11000 V= -0a0013x° + 0,1663x" - 6,3235x + 53,468%° +
\Q 630,84x + 2885,1
9000 VNV
=S V1V N
&S 7000 <
Al \
5000
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3000 Ay
1000 -
-1000 —=—= r~ NS S 2 & = 5 S =
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HapaboTtka (4ac)
Puc.3.

JIns1 4eTKOTO BBIIEJICHHUS] YPABHEHUS JIMHUU CIIEIYET ABAXK/bI IIECIKHYTh Ha
o0JacTy ypaBHEHUS U IEPEMECTUTh €r0 Ha CBOOOHOE MECTO TpadukKa.

4.9.2. Tlocne nomyueHus rpa)uKOB MPOU3BECTH UX PACIIEUATKY HA IPUHTEPE U
3anucaTh YpaBHEHHUS PETPECCHIA.

4.9.3. Ilpu ananuze rpauKoOB HEOOXOIUMO MPOCIEAUTH ACUMITOTUUECKOE
MpUOJIMKEHNE 3HAYEHUI TapaMETPOB K ONPEACICHHON BETUYNHE, OLEHUTh
BO3MO>KHOCTb JIONYILIEHUS TTOCTOSIHCTBA CpeAHel HapaOOTKM HA OTKAa3 Ha KAaKOM-TO
MHTEpBaJe BPEMEHH, MOSCHUTH IPUYUHY TOTO, UTO Ha OMPEACIICHHOM MHTEpBAe
BPEMEHHU JIJISI KAKUX-TO M3JCNIHA umMeeT MecTo T, >> To.

BeposaTHOCTH 0TKa30B U 0€30TKa3HOM
padoTsI

1 -
08\\ ) a
/'\, \ /
-
0,6 ><
€ 0,4
] /
02 L=+ \\
0/
—Dp*(t)
©C O 00 0 0O 0 0 O o O © O ( %
S 333333 S S S S S {==q*t)
O d ® ¥ 33 A X F & & Q d
— = .MM ot VO O~ I~
HapaboTka, 4ac.



14

5. 3apanme k padore.
5.1. B qupexropun [IpoBoanuk Windows otkpeite aapec KVD u B
MOSIBUBIIIEMCSI cITicKe (DaiiyioB oTKpHITH (aiin labl
5.2. [IpousBecTH COPTUPOBKY UCXOTHBIX AaHHBIX (Tabm.1).
5.3. 3anoaHUTh TAOIUIY pe3yiabTaTaMu BEIYUCICHUN.
5.4. TTocTpouTh U aHATM3UPOBATH TPAPUKU XaPAKTEPUCTUK HAICKHCTH.

5. Conep:xkanue oryera.
* @amuins, 1.0. u rpynna cTyneHra.
Hazsanue nabopaTopHoii pabOThI.
Cratuctuueckue GopMyJIbl I XapaKTEPUCTUK HAJEKHOCTU U
cooTBeTcTBYIOMUE UM (popmyiel Excel.
* [Tomy4yeHHbIe pacnieyaTky rpaduKoB.
AHaJIN3 OJYYEHHBIX PE3yJIbTaTOB B COOTBETCTBUU C 4.9.

*

*

*

*

6. Jluteparypa.
7.
6.1. B.I'. BopoObeB, B./l. Koncrantunos. HagexxnocTs u 3¢(heKTUBHOCTH
aBUALIMOHHOTO 000OpyoBaHus. YueOHuk. ['naBa 2. M.: Tpancnopt, 1995, 248 c.
6.2. Microsoft Excel. PykoBoactso nons3oBatens. Printed in Ireland 09.



15

JlabopaTopnasi padora Ne 2.
HccnenoBanre XapakTEPUCTUK HAICKHOCTH BOCCTAHABIMBAEMBIX U3/ICTUH.

1. Heab padoThlI.

Hcnonp3ys pa3inyHble 3aKOHBI pacCIpeIesIEHUs] BEPOATHOCTH OTKA30B U
pa3iIMyYHble MOJEIH MPEACTABICHUS BOCCTAHABIMBAEMbIX IIPOLIECCOB, TOCTPOUTH
rpaduKy XapaKTEpUCTUK HaEKHOCTH, IPOAHAIN3UPOBATh BIUSHUE 3aKOHOB
pacnpenesieHui U UX IapaMeTpoB Ha 3TU XapaKTEepUCTUKH. McciienoBanus
BBITIOJIHSIFOTCSL C TOMOLIBIO MaTeMaTH4ecKoi nmporpammel Mathcad.

2. OCHOBHBIE COOTHOLICHMS.

Ecnu nocie oTkaza uzzieane peMOHTUPYETCA U CHOBA BKIIFOYAETCS B paboTYy, TO
OHO Ha3bIBAETCS BOCCTaHABIMBAeMbIM. [Ipy ’TOM BOCCTaHOBIIEHUE MOKET OBIThH
HEIOJIHBIM, KOT'/Ia B CJIO’KHOM U3JIEJIMU PEMOHTUPYETCS TOJBKO OTKa3aBIINN
AJIIEMEHT, a U3HOC, CTAPEHUE OCTAJIBHBIX AIEMEHTOB HE YCTpaHstoTcs. Takas MOJeNnb
(yHKIMOHUPOBAHUS U3JEIMs Ha3bIBaeTCA Aerpagupyromeid. MateMaTnyeckuii
anmapar HUCCIIEJOBaHUS HAJEKHOCTU TAKOM MOJIENIN ITOKA OTPaHUIMBAETCS
00paboTkoi craTUCTUKU. [[03TOMY B MpaKTHKE MAaTEMaTUUYECKOIO UCCIIEI0OBAaHUS
HaJIeKHOCTH BOCCTAHABIIMBAEMBIX U3JEIMIN pacCMaTpUBAETCA CIydaid MTOJHOTO
BOCCTAHOBJICHHSI, KOT/1a MOCIe JIF000T0 OTKa3a BCEe U3/IETIUE BOCCTAaHABIMUBACTCS 110
YPOBHSI HOBOT'0. DTO 03HAYaET, YTO OTKA3aBIIEE U3JIEIUE 3aMEHsEeTCSI HOBBIM. [10
CYILIECTBY MOKHO CUUTATh, YTO PACCMOTPEHMIO TIOJIEKUT HE CAMO U3JIEIHE, A €TO
MOCaJI0YHOE MECTO (HanmpHuMep, CBETUIIbHUK MPU OTKA3aX JIaMIl, CUCTEMa
ANEKTPOCHAOKEHUS TP OTKA3ax PEryJsiTopa HanpsbkeHus U T.4.). CaMo uzaenue
MOKET HE MOAJIEKATh BOCCTAHOBJIEHUIO, HO YCTPOKWCTBO, B KOTOPOM YCTAHOBJIEHO
U3JieNue, OKa3bIBaeTCs BOCCTaHaBIMBaeMbIM. B HacTosien padote
paccMaTpuBarOTCs U3ienus (yCTPOMCTBA) C TTOJIHBIM BOCCTAHOBJICHUEM.

OCHOBHBIMH XapaKTEPUCTUKAMH HAJIEKHOCTH PACCMATPUBAEMBIX
BOCCTAHABJIMBAECMbIX U3JICIIHI SBIISIOTCS MapaMeTp MOoToka 0Tka3oB m(t) u cpenHss
Hapabotka Ha oTka3 T¢(t) = 1/m(t) .

2.1. Tpu ¢popmbl NapamMeTpa NOTOKA OTKA30B.

2.1.1. ®opma nepBasi.
o(t)= 2 1, (1). (1)
n=1

3nech fr(t) - IIOTHOCTH BEPOATHOCTH MOSIBJIICHUS HE MEHEE N OTKA30B K
MOMEHTY BpeMeHH i,

®opma (1) umeer mpocToe peleHre TOJIbKO [ Cllydasi HOpMajibHOTO 3aKOHA
pacnpeneneHus, NOCKOJIbKY CyMMa CIIyYalHbIX BEJIUYNH, PACIIPEACICHHBIX 10
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HOPMAJIbBHOMY 3aKOHY, TAKXKE SIBJISETCS HOPMAJIBHO PACIPEAEIECHHON CO CPETHUM

3Ha4Y€HHUEM [on=NTo U CpeIHEKBaAPATUYECKUM OTKIOHEHUEM Gp=G /1 :
(t-nTp)?

_x 1  2no?
o(t) = ;me . (2)
2.1.2. Bropas ¢popma:
t
o(t)=f(t)+[o(t)f(t—r1)dr. 3)
0

3a HEKOTOPBIM HUCKIIIOYEHUEM 3TO YpaBHEHHE Il HauboJee
pacupoCTpaHEHHBIX pacHpeeIeHUN aHAIUTUYECKH HE PEIIAETCs, a TOJIBKO
YUCJIICHHBIMU METOAaMU. B 4KCIIeHHOM Npe/IcTaBIeHUH ypaBHEHUE (3) UMEET BU:

1
mi'_l—fA' mej-A

}=0 4)
31ech: | - HOMep HHTepBaia HHTETPUPOBAHHS,
A - 1Iar THTETPUPOBAHNS;
fo - 3HaueHMe TIOTHOCTH BeposTHOCTH 1ipH t=0.
®opmyibl (2) 1 (4) HamKCcaHbl U3 YCIOBUS, UTO U3/IEIUE MOCTABIEHO HA
ucrbITaHue B MOMeHT t=0 u nasnee ciieayroT HapaOOTKU U MOMEHTHI OTKA30B
(BoccTaHOBIIEHUH). DT (HOPMYIIBI JOKHBI 1aBaTh OJJMHAKOBBIN PE3yIbTaT
pacyeToB.

2.1.3. Tperbs ¢popma:

TpeThs popMa COOTBETCTBYET MOJICIIH C pacIpeieICHHON HapaOOTKOM, Koraa
HapaboOTKa CcIydaifHO BEIOPAHHOTO WU3JIENUs SBIIAETCS ciydaiiHou. Takas Mozenb
MMEET MECTO Ha MPAKTUKE IKCIUTyaTalu OOJBIIOTO KOJMYECTBA OJTHOTUITHBIX
m3aenuil. [lapameTp moToka 0TKa30B BBIpAKAETCS CIAEAYIOIIUM 00pa3oMm:

q(t)

o(t) = : (5)
Ty (t)
rie (t) - BepoSITHOCTh OTKa3a HEBOCCTAHABIMBAEMOI'O U3/ICNINs 32 BpeMs t:
t
q(t) = [ f(r)dr. (6)
0
t
TN®=[p(z ) dr- 7)
0

- cpenHAs HapaOOTKa Ha OJHO U3Jenne 3a Bpems t;
-p(t) - BeposATHOCTH OE30TKA3HOM pabOThI HEBOCCTAHABIMBAEMOT'O M3ICITHS:

p(H)=1-q(t). 8)
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3. [locTanoBKka 3aaa4M.
* Hcnons3yst MmaTeMaTrdecKkyto nporpammy Mathcad, ciemyet mocTpouTh
rpadyKH IIOTHOCTEH pacnpeiesieHus ¥ mapaMeTpa MoToKa OTKa30B JJIsl 3aKOHOB
pacrpeiecHus:

t
—[A(7)dt
* ¢ mumeitneiv m3menennem A(t) © f(t) = A(t) *e © (7)
* Jnst cyaas A(t)=A=const: f(t)= Ke_m. (8)
(t-Ty)*
1 2 2
* nopmanshoro:  f(t)= ——=">e Y 9)
2o
b
bt -
* BeiiOymna: f(t) =—| — *e (a) : (10)
a\ad
2
t o2
* Pernes: f(t) = — € H (11)
1

B stux dpopmynax: A(t) -MHTEHCHBHOCTH OTKa30B, T - cpeIHee BpeMs
0e30TKa3HOI paboThl, G - CPETHEKBAPATUIECKOE OTKIOHEHUE; a, b - KOHCTAHTHI
pacnpenesieHul, L - MoJia pacipeieNieHus, T.€. Hau0oJiee BEpOsTHOE 3HAUCHHE
aprymMeHTa.

B tabnuie 1 gaHsl 3HaUeHUs MTAPaMETPOB, MPU KOTOPBIX CIEAYET MOCTPOUTH
rpa@uKyd B COOTBETCTBHUE C MPUBEICHHBIMU BhIIIE POPMYIIAMH.

B cooTBeTcTBUU ¢ TabiULIEeH JOIKHO ObITh MOCTPOCHO 12 KPUBBIX MIIOTHOCTH
BEpPOSITHOCTH U 12 - mapameTpa MoToKa 0TKa30B, Ha KaXKIOM rpaduke 1o aBe
KpuBbIX. Buj 3akoHa pacnpeneneHust onpeaeisieTcss HaIu4MeM B Ta0uIle
COOTBETCTBYIOIIUX KO3()PHUIIMEHTOB.
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Tabnumna 1.
NeNe | dopma o(t) )= To G a b u t
1 2 0,00255 0..2500
2 2 2,5%103+b*t 2,5*10° 0..1500
3 3 2,5%103+b*t 2,5%107° 0..1000
4 1 500 50 0..10000
5 2 500 50 0..10000
6 2 200 50 0..1500
7 2 500 10 0..1000
8 3 500 50 0..1000
9 2 500 1.8 0..3000
10 3 500 1.8 0..1500
11 2 1000 | 0..3000
12 3 1000 | 0..3000

4. MeToauka BbINIOJIHEHUS] pa0oTHI.

PaboTa BBINOIHAETCS C MOMOUIBI0 MaTeMaTuyeckon mporpammel Mathcad.
[Ipu 5TOM 371€CH HE CTAaBUTCS 3a7a4a MOJHOTO OCBOEHUS ATOW MPOTrPaMMBl.
N3nararorcs Tuiis MUHUMYM CBEAEHUH, HEOOXOIUMBIX SISl CAMOCTOSITEILHOT O
MOCTPOEHUS TPAPUKOB XapaKTEPUCTUK HAJAECKHOCTHU IO MPUBEIECHHBIM BBIILIE
dhopmynam.

B pesynbrare BeizoBa Mathcad Ha 3xpaHe OSBIISIETCS YUCTBIN JIUCT OKHA, B
JIEBOM BEPXHEM YIIIy KOTOPOTO PACIOJIOKEH KPACHBIN KPECTUK - METKA (BU3UD)
BBOJIa IaHHBIX. [1lenykom MbIH B 1I0O0M MecTe IKpaHa KPECTHK MepeMeliaeTcs B
3TO MECTO.

BBepxy 3KkpaHa HaXOAUTCS MEHIO U JIMHEMKU C KHOIIKAaMU UHCTPYMEHTOB. [Ipu
LIEJTYKE HA KHOIKE COOTBETCTBYIOIINI ITYHKT MEHIO PACKPBIBAET COAEPIKAHNE
YIPABJISIIOUIUX KOMaHI, KOTOPbIE MOKET BbIJATh ONEpPaTop.

Mathcad no3BoJisieT 3anucbIBaTh Ha 3KpaHe POpPMYIIbl B UX OOBIYHOM BUJIE,
(kKaK B TeTpaJau Ha ypoke MaTeMaTuku). Eciu npeasapuTenbHO 3HaU€HHE MapaMeTpa
omnpeneneHo Gpopmyoi, TO aBBTOMaTUYECKU BbIAAETCS pe3yJbTaT BEIYMCICHUN B BUJIE
yucen U rpa@ukoB. B mo0bix MecTax BOKpYT (GOopMys ypaBHEHUN U TpauKOB
MOKHO pa3MellaTh TEKCT MOSICHEHUH, 3ar0JIOBKOB U T.II.

Heo0xoauMo MOMHUTS CleIyIOLMe OCHOBHBIE ITpaBuiia BBOAA TAHHBIX:

* Mathad cunTeiBaeT JaHHBIC IKPAHA C1€6a HANPABO U C8EPX) BHU3.
[ToaTomy Bce mapaMeTpsl UCCieyeMoi (GopMyJITbl JOJKHBI PAacIioaraThCs JieBee U
BbIIIe camoii popmyssl. [lapamerp Gpopmynsl Takxke MOKET ObITh HYHKIIMEH KaKUX-
TO TaHHBIX. DTa QYHKIMS JOJDKHA PACTIONATraThCs BHIIMIE (JIEBEE) KOHEUHON
dbopMyIIbI, a BXOAAIIKE B (PYHKITUIO TTapaMeETPhl, B CBOIO OU€PE/lhb, TOKHBI OBITH
neBee (BbIIIE ) (PYHKIIHU.
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* HekoTtopsle onepatopsl, HCIIOJIb3yEMbIE B HACTOSLIEH paboTe nmpu
HanMCcaHuu (POPMYI U UX MapaMeTPOB, PUBECHBI B TAOIUIIE 2

Ta6nuna 2. OnepaTophl ¥ KJIABHUIIIM UX BBOJA.

Omneparus Knapuma Bun Ha skpaHe [Tpumep
[IpucBanBanue : = 1:=0..15
(ompenencHwme) (mBOeTOUME) t:=i*A

3HAYCHUS

YMHOXEHUE * . (Touka) a'b
Henenue / b
C
Crnoxenue + + b+c
Brerunranue - - b-c
Bo3Benenue B n b e
CTEICHb
KBaapaTHbIil KOPEHD \ Jx
WuTterpan & b
[f(x)dx
a
BBo nanekca [ f[
(OTKpBIBarOIIAS [ fi
CKOOKa)

JlJ1s1 BBOJJa MHOTHX MaTeMaTHYECKUX CUMBOJIOB, B TOM UHCJIE MHTETpaa,
KBaJIpaTHOT'O U IPYTUX CTENEHEH KopHel, yI100HO UCTIOIb30BaTh CEIMAIbHBIC
MaHEJIU UHCTPYMEHTOB, KOTOPBIE BbI3bIBatOTCS U3 MeHI0 Bua — Ilanenun
HHCTPYMEHTOB...

B nmporecce uccnenoBanus popmyIibl BOZHUKAET HEOOXOIUMOCTh B
HEOJHOKPATHOM M3MEHEHUH 3HAYEHUI KaKMX-TO €€ MapaMeTpoOB. ITO MOYKHO JI€JaTh
HEIMOCPEICTBEHHO ¢ TapaMeTpaMHM, KOTOPbIE ONPeIeTEHBI sl IEPBOTO BBIYUCICHUS
(bopMyJIbl U COOTBETCTBYIOIIETO TocTpoeHus rpaduka. Ho B aTom citydae OyayT
yTpayeHbl pe3yJabTaThl IEPBBIX PACUETOB (€CIIM OHM HE ObLIN OTIEYaTaHbl Ha
npuHTepe). C Lenpio COXpaHeHUs pe3yabTaTOB BCEX pACYETOB B OJJHOM (aiiie, npu
M3MEHEHUU 3HAaYEHUHN KaKuX-TO mapameTpoB GopMyJibl (MU (GOpMYIT), HOBbIE
3HAYEHHUS NMPUCBAUBAIOTCSA STUM MapaMeTpaM M pacloyiaraloTcsi B KOHIE NOCIeHEN
yacTH Qaitna. [Tocie 3TUX HOBBIX JAHHBIX HEOOXOJUMO CKOITUPOBATH YKe
uMmeroiecs: opMysibl, KOTOPBIE 3aBUCIT OT U3MEHEHHBIX MapameTpoB. Kak
OTMEYAJIOCh BBIIIE, 8XOOHbIe OaHHbLE OeliCBYIOM MOIbKO HA UX YHKYUU
(dhopmynvl), pacnonosicennvie Hudxce u npagee smux 0anuslx. UToObI HE IOBTOPHO HE
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HaOupaTh GOPMYJIIbI, MOXKHO YXKE CO3/IaHHBIE (DOPMYIIBI CKOMUPOBATH (B Oydep) u
3aTeM BCTABUTh U3 B 3aJlaHHOE MECTO.

IIpumep nporiecca 3anucu nNporpaMmsbl (PYHKIIUK) TS €€ PEIICHUS.
(JIuya, umerowue onotm pabomwi ¢ Mathcad, mexem npumepa moeym ne wumame u
He 8bINoAHAMY). JI1s1 COKpaIeH!s TEKCTa MOSCHEHUH 3/1eCh MPUHSAT CJIC YOI
AJITOPHUTM 3allUCHU:

* IMOoAaBaCMbIC KOMAaH/bI YIIPABJIICHUA IICYATAOTCA ) KUPHBIM HIpI/I(i)TOM;
KOMaHJa IMoAacTCA HICIYKOM KHOIIKHM MBIIIH IIPH YCTAHOBKC €C KypCopa
Ha BBIOPaHHOM ITYHKTE MEHIO, IYHKTE PACKPBIBAIOILEI0Cs COAEPKaHUs MEHIO, Ha
KHOIIKEC ITaHCJIN I/IHCTPYMCHTOB;

* KOMAHJIbI B ILICITOYKEC HUX ITOCICAOBATCIIBHOCTU paSI[eJDIIOTCSI 3HAKOM
CTpenku —. B kauyecTBe mpumepa UCIOJIB3YETCS 3alIMCh B HENPEPBHIBHOW U
JUCKPETHOUN popMax MIOTHOCTH BEPOSATHOCTH JJI1 HOPMAJIBHOIO 3aKOHA B BUJIE:

(t-T)°

*

=7 12
. (t,-T)?
ozt 49

31ech © - CpeIHEKBAAPATUIECKOE OTKIIOHCHHUE;

T - MmaTeMaTH4eCcKOE OKUIAHUE — CPEJIHEE BpeMsi 0€30TKa3HOU pabOTHI..

Jlst mocneayromero Hanucanus GopMyIT es1ecoo0pa3HO PACKPHITH MAHEIH C
0003HaUCHUAMH 0f), KaIbKyJIATOp, HHTeTpat. C UX MOMOIIBIO 3aMTUChIBAIOTCS
HEO0OXOMMBIC COCTABIISIFOIITHE (hOPMYII.

JInst BeruncneHust HenpepbiBHON GyHKuuu (12) HeoOXoauMo 3a1aTh
(ompenenuTh) quarma3oH BpeMenn {, 3Hauenus ¢ u T. (BBox Bcex cUMBOJIOB
YIPABJICHUS BBITIOTHSACTCS MPU aHTJIMHACKON pacKiIagKe KJIaBUATYphI).

J11st BBI30BA OTlepaTopa OMpeIeTICHUs CIeIyeT HaKaTh KIaBUIITY
(mBoeTOUYME ) TIOCIIE BBEACHUSI CUMBOJIA, KOTOPOMY HaJ0 MPUCBOUTH 3HaueHue. [Ipu
ATOM Ha KpaHe (B MECTEe PacToIOKeHHsI MapKepa BBOJ1a) TIOSIBUTCS IBOCTOUNE U
3HAK paBeHCTBa B BHje = . Cpa3sy 3a 3TUM Medaraercs 3HaUeHHEe, Uiu QyHKIINS,
KOTOpOE HaJ0 MPUCBOUTH (TMOCTeAyIomue Mu(pbl HA3HAYAIOTCS 37€Ch JJIS IPUMEPA):

T:=500 (BBox T — : — 500), —» o:=50 (View —Math Pallete — xHomnka
ofy —o (Ha MecTe BU3Mpa TOSIBISIETCS G, 3aKII0OUYEHHOE B PAMKY, U CHHUN MapKep
BBO/Ia TIOCJICTYIOIINX 3HAKOB) — : (TOSBIIAECTCS := U MPABEE €T0 - YSPHBIA KBAAPATUK
MecTa BBOJIa 3HAUCHUS U CHHUM Mapkep JalibHeiero sBBoaa) — 50 (BBoaumoe
3Ha4yeHue). 3arem Habupaetcs opmyia (12), ucnosib3ys maHeau BBOJIa CUMBOJIOB.

st BerumcaeHus quckpeTHou ¢popmynel (13) Takyke HEOOX0IUMO
MIPEIBAPUTEIILHO ONIPEJICTUTh ITapamMeTpsl T, G, MHTEpBaJ 3HAYCHUH | , BEIMINHY
npupameHus A BpeMeHH, 3HAYCHUST BPEeMEHH i TPy Ka)KI0M 3HAUCHUH |.
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JKemaemblii HTHTEPBAJ IUCKPETHBIX 3HAYEHU BBOJUTCS B BUJE:

1:=0..600 /[Iist BBOJIa ABYX TOYCK HAXKMMACTCS KJIABUIIA ; (T.C. HE TBAXIBI
Ha)KUMAETCS KJIABHINIA TEKCTOBOM TOUYKH, a OJIMH pa3 TOYKa C 3aIATOH ).

Ilpumeuanue. B 0annom ciyyae 6 npoyecce pewieHus 3a0a4u 3Ha4eHus |
6yoym usmenamocs ¢ wazom 1. Ecnu mpebyemcs 3adame opyeou wae, Hanpumep 10,
mo onpedenenue | ciedyem zanucamo ¢ smum wiazom 6 suode: 1:=0,10..600.

[TpucBanBaeTcs 3HaueHue s A, Haripumep 5: A:=5 (Math Pallete — a8
—A—:—>5).

3areM (TipaBee WM HUXKE) IPUCBANBACTCS 3HAYCHHE TUCKPETHOMY BPEMCHH:

ti:=1* A. B pesynbTare noaydaercs 3amuch:

T:=500 ©:=50 i:=0..600 A:=5 tj:=i*A

Tenepb crneayeT NpuUCBOUTH 3HaUeHUE camoi PpyHkiuu (13), Kyia BXOJSAT 3TU
napameTpBhl:

_(ti—T)2
= ; %o 2%’
' J2*n*co
AJTOPUTM HaITUCAHHMSI TOTO BHIPAKCHUS:
f — [ (knaBuielt KBaapaTHON CKOOKH BBOJUTCS MECTO JIJISl HIDKHETO MHCKCA)
— 1 —: — 1— / (mocne BBeACHUS 3HAKA JCICHUS TOSABISETCS IPOOb, B UNCIUTEIIE
KOTOPOM €MHMIIA, a B 3HAMEHATEIIC - YUSPHBIN KBaPAaTHK MECTa BBO/A 3HAUCHUS

3HaMeHartess U CuHuid Mapkep) —mnanenb Math Pallete—xknomnka «kaabkyssitop»
— KHOTIKA f (B 3HAMCHATEJIE MOSIBIIACTCS 3HAK KOPHS C YSPHBIM KBAIPATUKOM

BBOJIa JIaHHBIX); — 2* — (kHOMKa off Ha maneau Math Pallete —kxnonka T —
KHOIIKOM — Ha KJIaBUaType MepEeMECTUTh CHHUN MapKep Tak, YTOObI OH CBOMM
YrOJIKOM OXBaTWIJI BECh KOpeHb — * — kHomka oy Ha Math Pallete — knona o
—KHOIIKOI —> MepeMeCTUTh CHHUI MapKep, 4TOObI OH CTpaBa OXBaThIBAJI
MOJIy4EHHYIO Ipo0b — * — e—" (3Hak cTeneHn) — - (Munyc) — ( >t —[— |
— - —> T —) > N —2 — KHOIKOI — MapKep MepeMeCTUTh, YTOOBI OH CBOUM YTJIOM
OXBATWJI IOJTyYEHHBIE CKOOKHU CO CTENeHbl0 — / (MOSBUIIACH IPOOb, B YMCIIUTEIIE
KOTOpPOH - BBIpaXXEHUE B CKOOKAX, a B 3HAMEHATENIE - YUepHBIA MapKep BBoJa) —2
* — kHOTMKa Off —0 — —2 — KJIaBUIIEH — CHHUM MapKepPOM OXBATUTh BCIO
noyiyueHHyto gpopmyny —Enter . Beoa ¢popmyiel 3akoHuEH.

Ecnu 6 66edennoui hopmyne xaxue —mo cumeonvbl umerom KpacHwlii yeem, mo
ciedyem Haumu u yCmpanums oOuuUoOKy 8 CO30aHHbIX Napamempax.

—

3ammch puMepa I AUCKPETHON PYHKIIMH UMEET BU:
T:=500 =50 1:=0.200 A:=10
t:1*A



22

(t-T)?
e 2.02

i O~N2.7T |

Teneps MOKHO MOTYYUTh TAOIHITY 3HaUYCHUN (DYHKIMH JJIS
MOCJICA0BATEILHOCTH 3HAYCHHH | . VK JTydIe psijioM IMOTYYHTh TP TAOJIHIIBL: JIJIs
3HadeHui I, ti fi. st momyueHus TaOIUIBl HaI0 HaneyaTaTh (HIOKE, WM ITPaBee
(bopMyJIbl) COOTBETCTBYIOIICE UM (B JaHHOM ciydae I, ti, wim f;) u 3aTem - 3Hak =.
Tak, s paccmorpenHoi Gopmyisl nipu 1:=10,15..40,  A:=20 Tabmuiel Oy 1yT UMETh
BU/I:

| = t=f=

10 200 | [1.215-10 -10
15 300 2.677-10 -6
20 400 1.08:10 -3
25 500 7.979-10 -3
30 600 1.08:10 -3
35 700 2.677-10 -6
40 800 | [1.215-10 -10

(Bompocsr popmatupoBanus Tabiuil 31ech He paccmaTpuBatores. [pu
M3MEHEHUHU 3HAaYeHHI MapamMeTpoB POPMYJIbI Cpa3y Ke U3MEHSIOTCS U
COOTBETCTBYIOIIME 3HaUeHUs Tabnuil. JJis yanenus TabIuibl caeayeT MEeTuKoM
MBIIIY BBIICIUTH 3Ty Tabnuiy u B MeHto [IpaBka Beinenuts Boipe3ats.) B
nabopaTopHOM paboTe TaOIUIBI MOYKHO HE CTPOUTH BBUY HEJIOCTATKAa BPEMEHHU.

OcobenHocmu pacuema napamempa nomoKka omKaso8 no (4):

1
- - E (Df A
! 1—fA | -

J=0 (*)
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B a1y hopmyity BXOIAT TUCKpPETHBIC 3HAYCHUS IIOTHOCTH BeposITHOCTH T m
napaMmeTpa ;.

Jns f; nuama3oH u3MeHeHUs 3Ha4YeHHH | 3amaercsa oT 1=0,a 111 - OT
I = 1. DT0 BBI3BAHO TEM, YTO BEPXHUM MPEACIOM CYMMBI B GOpMyJIe I ;.
SIBJISICTCS 3HAYCHHE | — 1, KOTOPOE HE MOXET OBITh OTPUIIATCIBHBIM.

[epen dhopmyioit (*) kpoMme nuanazoHa U3MEHEHHS | Take HEOOXOIUMO
IIPUCBOUTH 3HAYECHUE wi. ipu 1 =0, T.e. o = fo.

IocTpoenne rpagukoB pynkuuid. [ nmoctpoenus rpaduka BU3HP
(KpacHbIif KPECTHUK) YCTAHOBUTH HUXKE COOTBETCTRYIOLIEN (hopmyJibl. [LlenkHyTh
MBIIIbIO HA KHOIIKE C N300pakeHNUEM KPUBOM B IEKaPTOBBIX KOOPAMHATAX (Ha
nanenu Math Pallete) - mosiBnsiercs HoBast maHeNb ¢ KHOITKaMU BHJIOB TpauKOB
—IIEJIKHYTh Ha KHOTKE IpayrKa ¢ KpUBBIMU B IJIOCKOCTH J€KAPTOBBIX KOOPAUHAT -
MOSIBJISIETCS ITyCTOM Tpaduk ¢ MojasiMu BBOAA (UepHbIE KBApaTUKKU) 0003HAYCHUM
ocell — MBIBIO YCTAHOBUTH CHHUM MapKep Ha I0JI€ BBOJA JUIsl OCH apTyMEHTA U
HarevaraTh: t i cirydast HenpepbiBHOM (GyHkumu wim t [ | —cuHuMid Mmapkep
MBIIIBIO TIEPEBECTH Ha TIOJIS BBOJIA JUIS BEPTHUKAILHON OCH U HaneyaTats f s
HenpepbIBHBIX QyHKImi u f [1 U1 TUCKPETHBIX — MICIKHYTh MBIIIBIO B 00JIACTH
BHE rpaduka. IIporpamMmma HauMHAET BBINOIHATH pacueT GOPMYJibl, KOTOPBIM MOXKET
3aHATH KaKOe-TO BpeMsl. BennunHa 3Toro BpeMEeHU 3aBUCHUT OT CIOXKHOCTU (POPMYIIBI,
MMEIOIIIEHCSI OTIepaTUBHOM MaMsTH U OT OBICTPOICHCTBUS MalHbL. [1o okoHUaHUU
pacyeTa MosiBJIIETCSI COOTBETCTBYIOLIAsl KpUBasi PyHKIHUU.

YroObl pa3MecTUTh Ha OJHOM rpaduke aBe GyHKIMH, Hanpumep fi 1 w;,
CIICAyeT MPH 3arOJIHEHUH TTOJIs BBOJIA JIJISl BEpTHUKAIBbHOM ocH 3amucathb: T [ i
—IIETYOK KJIABHIICH — (CHHUI Mapkep oxBaTHT fi momHOCTRIO) — , (KIaBuIIa
"3ansTas") - o1 NepBOMl MEPEMEHHOMN MOSIBISAETCS M0JIe BBOJA AJII BTOPOM
IIEPEMEHHOM, KyZla BBOAUTCS (;.

5 ©-01
7.979%10 .
f; 0.005
O, o
o 500 1000 1500 2000
O, t. 3
! 2x1.0

Puc. 1.
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5. 3aganue Kk padore.

5.1. B nqupexropun [Iposognuk Windows otkpeits aapec KVD u B
HOSIBUBIIIEMCSI CITHCKe (DaiiioB OTKPHITH Gaiin lab2.
5.2. Ilox Ha3BaHueM pabOTHI HaNeyaTaTh CBOM (PaMUIINH, U.0., TPYIITY

. 5.3. Ilox nynkToM «1. MHTEHCHBHOCTh OTKA30B ...» Hale4yaTaTh Onpe/ieIeHus

JUTSI BBOJIA TTAPAMETPOB SKCIIOHEHITMAIBHOTO pacipeesieHus u3 ctpoku Ne 1

tabn. 1 u popmyiny (7). Huke mprcBOUTh 3HAYCHUS ISl (09 ¥ THAMTA30H

3HadYeHui 1 g o. Eme Hwke — hopmyty 1 ..

5.4. B cOOTBETCTBUHU C U3JI0KEHHOM BBIIIE METOJIUKON MOCTPOUTH rpadukK i
u T msa cnydas A(t)= A=const.

5.5. AHaNOru4HO NOCTPOUTH TpadUKU 1O MapamMeTpaM OCTaIbHBIX CTPOK TalII.
Ne 1.

5.6. Pacnieuyarats nomyudeHHble rpaduky (TOIBKO TpaduK ¢ HA3BaHUSIMHU, 0€3
dbopmymn).

5.7. BBINOTHUTH CpaBHUTEIBHBIN aHATU3 MOJYYEHHBIX rpaduKoB
XapaKTEPUCTHK HAJACKHOCTHU: OIICHUTH BIMSHUE HA YaCTOTY U JUTUTEIIBHOCTh
Kosie0aHui mapaMeTpa MOTOKa OTKa30B (MPU HOPMAIBHOM PaCIpe/IeTICHIH )
3HaueHUil T U G, NOSICHUTH ITPUYKHY BBISIBICHHOW 3aBUCUMOCTH.

5.8. llosicHuTh NpUYUHY paznuyus rpauKoB, COOTBETCTBYIOMUX dhopMam 2 1
3 mpejacTaBiIeHUs TapaMeTpa MOTOKa OTKA30B.

6. Jluteparypa.

6.1. . B.I'. Bopo6ses, B.JI. KoncrantunoB. HamexHocTh 1 9P PEKTUBHOCTH
aBHALIMOHHOTO 000OpyoBaHus. YueOHuk. ['naBa 2. M.: Tpancnopt, 1995, 248 c.
6.2. Mathad. PykoBojcTBo mosb3oBarens. M.: M.
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