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Lenopyccxuii nayuonansholii mexuuieckuii yHugepcumem

Meron MaTeMaTHYeCKOro MOJCITHUPOBAHMS W BBIYMCIMTEIBHOTO SKCICPH-
MEHTA ITUPOKO MPUMCEHSCTCS B HACTOALICE BPEMs JIS WCCICIOBAHUS PEKUMOB
paboTEl CIOXKHBIX 3NCKTPOHHBIX U IJICKTPOTEXHHUCCKUX YCTPOHCTB U CHUCTEM.
AKTYaJbHOCTE 3TOI0 METOJA HCCICAOBAHMS BO3PACTACT € HCIOIb30BAHHCM
KOMIIBIOTCPHBIX CHCTEM auHamudeckoro moacnuposanus (Electronics Work-
bench, MatLab), a taxke MareMaTHYeCKHX IMAKETOB, Takux kak Mathematica
u MathCad. HMcnons3oBaHne MaTeMaTH4YeCKUX MAKETOB MO3BOMSAECT 3HAUUTCIb-
HO VIPOCTHTh KOMITBIOTCPHBIC HMPOTPAMMBbI BBIYHCIHTCIBHOTO 3KCICPHUMCHTA.
Her HanoGHOCTHM BKIIOUATH B KOMIIBIOTEPHBIEC MPOrpaMMbl OIOKH (IIOAMPO-
rpamMMbl) A1 BRIIONHCHHS PAa3JHYHBIX BCIIOMOTATENbHBIX (VHKIMH 1o obpa-
0OTKE TIOAYYACMBIX B XOAC BBIYHCIHTEIBHOTO SKCICPUMEHTA PACUCTHBIX NaH-
HBIX. MOCTPOCHHS I'Pah)MKOB PACUCTHBIX (YHKIMN, MPOBEICHHUS TaAPMOHHYCCKO-
ro ananm3a U T. 4. JocraTtouHo 3amucarh pe3yabTaThl PACcUCTOB BO BHCINHHM
¢alin AaHHBIX U MPOBOANUTH 0OPAOOTKY MONYICHHOW WHGPOPMALHH C TOMOLIBIO
CTaHJAPTHBIX MATEMATHICCKUX MAKETOB.

B nacrosmieli paGote paccMaTpuBacTCs METOIUKA MPOBCACHHS FapMOHUYC-
CKOTr0 aHanu3a PYHKIHMHA TOKA, HAMPSHKCHUS (M APYTHX (PYHKIUEH), MOTYIACMbIX
B XOJC BBIYMCIMTCIBHOIO SKCIEPHUMCEHTA U COXPaHICMBIX BO BHEIIHEM (paline
JAHHBIX TIPOrPaMMOI MOIb30BATEI, PCATU3YIOMECH PacyeT PEeKUMOB HCCIICAY-
€MOH YCTaHOBKH METOJOM MAaTEeMAaTHICCKOro MoJenuposanus. B daiine naHHBIX
PE3VIBTaThl PACUCTOB XPAHATCA B BHIC MACCHBOB YHCICHHBIX 3HAYCHHUU (YHK-
uuii (MTHOBCHHBIX 3HAYCHHH TOKOB, HANPSDKCHUM U JIP.) AJIL COOTBETCTBYIOLIHX
pacueTHeIx MOMeHTOB BpeMeHH. [loctpoenne rpadnkos pacueTHbIX GYHKIHUH U
TAPMOHUYCCKMHA aHATN3 MPOBOJUTCA B CPEAC MATEMATHYCCKOTO TMAKETa
MathCad mocne cunTeiBaHHsS HHGOPMALMK W3 BHEIONHEro ¢aiina JaHHBIX
C pe3yabTATAMH PACUCTA BHIYUCIUTEIBHOTO SKCIICPHUMEHTA.

Marematuueckuii maker MathCad [1] — sTo mMommnHas mporpaMmHast cpeaa.
Ona MO3BOJIMET BHIIONHATh MATEMATHUCCKHIC BRIYMCICHUS PA3THYHON CIIOKHO-
CTH — OT MNPOCTOH apU(PMETHKH A0 HHTErpPambHOro u AU (epeHUHATBHOTO
WCYUHUCIICHUS, BU3VAITU3HPOBATh PE3VIBTATHl PACUCTOB B BUAC PA3HBIX THIIOB
rpadUKOB, AWarpamMM, AHUMALHOHHBIX JHHAMHYCCKHX POIUKOB, OCYIIECT-
BILATH MPOLICAVPEl HHTCPIIOLMH, AMMIPOKCHMALINN JAHHBIX U MHOXKECTBO ApY-
IUX omnepauui no obpaboTke W UCCICAOBAHUIO TUCKPETHBIX M HEMPEPBIBHBIX
(YHKLHUH.

Kak u BO MHOrMx mporpaMMHBIX NMPOAVKTax ¢ OOmbIIMMH HaOopamMu OHO-
JMOTCYHBIX BCTPOCHHBIX (yHKuui U mpouenyp, B MathCad cymectByer BO3-

11



MOYKHOCTB PEaJIM30BATh 32434y Pa3MUuHBIMU crocodamu. Paccmorpum oanH n3
BaPHAHTOB MPOBEACHHS TAPMOHHYCCKOTO aHAIN3a PACUCTHRIX (YHKUHU, coXpa-
HEHHBIX BO BHELIHEM (aiiic B BUAC MACCUBOB YHCICHHBIX 3HAYCHUH.

Jnsa mpuMepa BOCIIONb3yeMCs Pe3yIbTaTaMH PaciueTa TOKOB U HAIMPSKCHHUN
Tpex(}a3zHoro MOCTOBOrO THPHUCTOPHOrO MHpeodpa3oBaTeisl ¢ aBTOMATHYCCKOH
cTadun3aied BEIXOAHOTO TOKA NpU paboTe Ha AYroByio Harpy3ky. Kommero-
TEpHas MPOrpamMMa BEYUCIUTEIBHOTO SKCIICPUMEHTA MO PACUETy PEKHUMOB pa-
ootel Onoka «[luratommas cucrema — TpexdasHbiil TpaHcHoOpMaTOp — MOCTOBOMH
Tpexda3nbiil THPUCTOPHBIN MpeobpasoBaTeNp cO CTAOMIN3ALMEH TOKAa HArpys-
KH — BIEKTPOAYIoBas YCTAHOBKA MOCTOSHHOTO TOKa» MO3BOJISICT PACCUNUTATH HA
3aJaHHOM HHTCPBAJIC BPEMEHH MTHOBCHHBIC 3HAYCHUS HAIMPSDKCHUS HA BBIXOAC
npeoOpa3oBarens, HAMPSKEHNS HA YTE U TOKA HArpy3KU (3MEKTPHUCCKON OYTH
MOCTOSIHHOTO TOKa). Pe3ympTaThl pacueToB COXpaHSIOTCS BO BHEINHEM (paiine
nmanHbix «Rez.daty.

[IpoBeneHre TApMOHHYECKOTO aHATH3a KaKOH-T1H00 ()YHKUHN U3 BHELIHETO
¢atina nanapix npooxutcs B cpeae MathCad B Tpu 3Tama:

1-i1 aTam: cunTeBaHWE WHGOPMALMK M3 BHEMHEro (aiiia B MAacCHB CPEIbl
MathCad;

2-ii stam npeobpa3oBaHHE MACCHBA MIHOBCHHBIX 3HAYCHUH PACUYCTHOU
(YHKLIUHU B HENPEPBIBHYIO (DYHKLIUIO BpeMeHH Y(7);

3-i1 HTaI: BHIMOIHCHUE TAPMOHHYICCKOTO aHAIM3A TIONYUYCHHOU (hyHKITHH ({).

PaccmoTpuM BBINOTHEHNE KAXKIOTO 3Tana B OTACIBHOCTH.

Hns BemmonaeHus 1-ro stana B cpeae MathCad umeercs BctpoeHHast GhyHK-
uus READPRN («ums daitnay), npeaHa3HAuCHHAS I8 YTCHHS AAHHBIX U3
BHeIHero daiina. JlaHHbIC 3aHOCATCSI B MACCHB C TIPOU3BOIbHBIM UMcHeM. Pas-
MEPHOCTh MACCHBA [0 YMOMAHHIO COOTBETCTBYET KOTHYCCTBY (DYHKUUH, 3amu-
caHHbIX B (aiiic JaHHBIX C YYETOM 3HAYCHHA MOMCHTOB BPEMEHH PACUETHOTO
uHTepBaia. Tak, ecau B (aiine JaHHBIX 3aMUCAHBI YETHIPS PACUCTHBIC (BYHKIIHH
U BPEMCHHOU UHTEpBAN, TO Mac-
cuB d B MathCad Oyner nmers paz-
MEpHOCTE 5 (puc. 1).

Pesynprar cuntsiBanust uHbOp-
Maimu u3 ¢aina AAHHBIX MOMKET
ObITh MPCACTABICH B BHAC rpadu-
KOB pacueTHBIX QyHKIHUH (puc. 2).

BreimonaecHne 2-ro stama Tpe-
OyeT HaIH4Yue OBYX OJHOMEPHBIX

OFRIGIN =1
ko=1..100

d = READPRN ("Rezdath)

ik & ! 4 3
00242 | 647,21 54,72 | -183.52 23
00244 | 676,04 657.6 423 2,28
00246 | 710,85 7Lo9 459,63 2,27
00243 | 74118 412 431,33 2,25

0025 766,93 76.69 411.47 2.24
0.0252 | 788.04 788 368.69 2.24
0.0254 | 804.45 80,44 2446 2.23

L ey BN (ol R O (RAT N N o

MAaCCHUBOB:
d= 0.0256| s16.12| B1E1| 27917 2.23 %
0.0258| S23.05| s231| 3427 2,23 ¢ Ik — MacCuB MIHOBCHHBIX 3Ha-
10 Do26| g25.23| s252| 196.23 2,24 YCHUU paC‘leTHOfI (byHKHI/II/I,

-
-

0.0262
0.0264
0.02566
0.0258

0.0z27
16 00272

222,69
815,46

803.6
78719
766,31
74108

822,27
8155
80,35
7872
76,63
74,11

13382 2,24
o081 2,24
42,66 2,24
-6.57 2.24

-33.91 2.24

-447.35

HampuMep TOKa Ayru (B JaHHOM
caydae 100 3HaucHMIA);

e tk — maccuB, coagp:Kamui
HOMEpa PACUCTHBIX TOYCK WHTEP-
BaJia BPEMCHH, HA KOTOPOM IPOBO-
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Puc. 1. OparmeHT MaccuBa d ¢ UMCTEHHBIMI

12

3HAYEHUSIMHU pacyueTHBIX QyHKIMit u3 daitia
JIAHHBIX

JUICs pacueT (B JAHHOM CIIy4ae OT
1 no 100 uepes 1).
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Puc. 2. I'paduxu pacueTHbIX QyHKIMIT U3 Qaiiia JaHHEIX «Rez.daty: di, — ToK
HaTpy3KU IpeoGpazoBatens (IyTH), dy; — HAIPSDKCHWE Ha JyTe, di4 —TO Ke
Ha BBIXOJIe peobpasoBaTerist

Hna dopmuposanus HenpepbiBHOH (yakumm i(f) B MathCad wucnomns3y-
1oTcd OnOmmoreuHsle (PYHKIMH KyOHYECKOH CIUTAHHOBOH ammpOKCHMALHH
s = cspline(tk, ik) v narepnonsuuu i(f) = interp(s, tk, ik, ).

Ha puc. 3 nokasanel mporeaypbl GOpMUpPOBaHH HEOPEPEIBHOW (HYHKLHN
TOKa i(f), ero rpauk U TOUCUHBIA rpad)Ik MTHOBCHHBIX 3HAUCHUH TOKA k(7k).

s d<2>

(I)OpMI/IPOBaHI/IC MAacCHBa YNCIIEHHBIX 3HAUSHUH ToKa

Range2Vec(s,e,i) = |count &1

HauanmsHoe umcno auamnasoHa: sfari = 1
Jfor ieg,s+ie

KoneuHoe uncno guanasoHa:  gxd = 100
Veount < 8

WuTepBan Mex Ay TOUKaMU:  ixcr = 1
count «— couni + 1
DyHKLEA CO3HaHAS BEKTOPA: b= Range2Vec(start ,end incr) v

iz WF

(I)OpMI/IPOBaHI/IC MacCHBa PacUETHEIX TOUEK

5,= copline(th ik)  1(8) = inferp(s,tk ik 1)
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Puc. 3. I'padpuxk HenipepbBHOM GYHKITHM TOKA i(f) ¥ TOUSHHBIHA IpadrKk MTHOBEHHBIX
3HAUeHU ToKa ik(tk)

Ha 3-m stane rapMOHHYCCKUH aHAMH3 BBHIMOIHACTCS MO (hOPMyJIaM HAXOXK-
JIEHUS] TAPMOHUYECKUX COCTABJIAIOLINX YE€PE3 CUHYCHBIE U KOCUHYCHBIE IapMo-
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Hukd [2]. [Iponeaypsl BrIOTHEHUS rapMoHndeckoro ananu3a B MathCad noxka-
3aHHI HA puc. 4.

3. T'apmonunueckuii anayms GyHKImu ik(f)

T
T =100 wi= 2 Ji=a

TlocTogannasa COCTaBJIAIOIIAA:

73
Jo = f-J- i(t) at Jo = 814789
T

T'apMmonmnueckue coctapsromue 10 M-i rapMOHHKH

M =20 k=10
2 T 2 T
Shy = ?j it)-sin(k-wtydt Csp= }j i{t)-cos{k wt) at Ip= Shp+7-Csg
0 0
7] = arg(l) =
38377 25363 -deg

46444 -3
35.753 -176.363
15.651 13397

4.872 -59 916
64.302 -123.074

Puc. 4. T'apmonmiecknit aHamm3 QYHKIM ToKa (1)

Jnsa mpoBepKy BBIMOIHEHUS TAPMOHUYECKOIO aHANMN3a MOXKHO HOCTPOUTH
COBMEILCHHBIE TpaduKu: UCXOOHOU QyHKIMH i(f) ¥ QYHKUNH, TOTYICHHON mMy-
TEM CYMMHUPOBAHUS TAPMOHHUYCCKUX COCTABIISIONINX i7(f).

Corocrasnienune rpaduxos i(7) u ir(f) mpu M = 20 npeacTaBICHO HA PHC. 5.

M

M=m2 wr(d) = lo+ N |I}c| snlkowt+arg| fg )]
dd
k=1
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Puc. 5. I'paduxu Toka i(t) u in(f) mpu M = 20

Ilpu yMeHbUICHHH YHCIA TAPMOHUYCCKUX COCTAB/SIOIIMX PA3IHYUC B rpa-
dukax i(f) u ir(f) cymecTBeHHO Bo3pactaet. Ha puc. 6 npuseacHs rpaduku i(f)
u ir(f) mpu M = 6.
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Puc. 6. I'paduxu Toka i(t) u inf) ipu M = 6

BbBIB O bl

1. IpennokeHa METOAMKA MPOBEACHHS TAPMOHUYCCKOrO aHAIU3a B CPEAC
MathCad pacuetHbIx QyHKUHIN, TONTYYEHHBIX B XOJE BBIUHUCIUTCIBHOTO DKCIIC-
PHMEHTA C MOMOIIBIO MOJIb30BATEIBCKUX KOMIBIOTCPHBIX HPOrpaMM M COXpa-
HEHHBIX BO BHELIHEM (aiie JaHHBIX.

2. BRHINOTHEH TrapMOHUYECKHI aHATH3 MAacCHBa PACUCTHBIX 3HAYCHHH TOKa
JOYTH THPUCTOPHOrO mpeodpasoBartessi U MPOBEACHO COMOCTABICHHUC PE3VIIbTa-
TOB TAPMOHHUYECKOTO COCTaBA C UCXOAHOH (hyHKIHMCH TOKA.

3. Pe3ynmpTaThl CONOCTABICHUS TAPMOHHIECCKOTO COCTABA C HCXOXHOH (YHK-
LUCH TOKAa MOKA3BIBAKOT PabOTOCMOCOOHOCTh pa3pabOTaHHOW METOAMKH U €C
peanuzanuu B cpeac MathCad.
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BenrunpHo-unaykTOpHbii gsurarens (BUJl) mpeacraBmser uHTEpeC AMs
WCIONB30BAHMS B PA3IMYHBIX 007acTAX (CTAHKOCTPOCHHH, NPUBOAAX CTHPAIb-
HBIX MAIIHH U 3JIEKTPOUHCTPYMeHTa U Ap.). Hanbonee mmpoko BUJ mpumens-
€TCs B KaueCTBE MPUBOJA AT JICTKUX TPAHCHOPTHHIX c¢peacTB. OCHOBHBIC mpe-
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