KanbKkynarop

PYKOBOZCTBO IO 3KCIJIYATAUNN

Bepcua 23.1 24.10.23

[>] PIANAR




til©

AHANM3ATOPbI LLEMEN BEKTOPHBbIE
S5045, S5065, S5085, $50180, S50240, S50244, S50440, S50444
C1209, C2209, C1220, C2220, C4209, C4220
C1409, C2409, C1420, C2420, C4409, C4420
N3MEPUTEIN KOMMNEKCHBIX KO3®PULUIMEHTOB NMEPEJAYN N OTPAXKEHUA
OB30P-304/1
OB30P-804/1, OB30P-814/1

OB30P-808/1

EAL

AHAJIN3ATOPbI LEEMEN BEKTOPHbIE

S$7530, 55048

PYKOBOZCTBO IO 3KCIJIYATALUUN

OKTabpb 2023 r



CopepaHue

L 1 1=Y TQV 7 - o o N 4
BA3BOBDIM PEMMM ceeeieeieeiiirrreeeeeeeeeieiitreeeeeeeeeiesitrsaeeeeesesesasssssaseeeessssnssssrasseesessemnsssrssssesesssnnnns 7
PACLUMPEHHDBIM PEMKMM oveiiiiiiieeeiiiiieeeeiiteeeesitaeeesssreeessssbeeeessssseeesessssseeessssseeesssssseeesssseees 14



Kanbkynarop

KanbKkynatop npeaHasHayeH AnA  BbINOAHEHWA MaTemaTU4yeckon 06paboTKu
M3MepeHUn B COOTBETCTBUM C BbIPAXKEHMAMW MONb30BATENA M WUHAWMKALMMK
pe3ynbTaToB Ha rpadmKe KanbkynaTopa. 06,1acTbio AENCTBUA Ka/IbKYIATOPA ABASAETCA

KaHa/N aHanu3aTopa: WUCXOAHble AaHHble OTHOCATCA K OAHOMY KaHany, rpaduk
KaNbKynATOpa OoTObpa)kaeTcs B OKHE KaHajla COBMECTHO C rpadukamu U3mepeHui
KaHana. McxoaHble AaHHble A1 KanbKynaTopa MOTyT ObiTb B3ATbl CO CaeadyHLLUX
3TanoB 06paboTKM B KaHase aHaM3aTopa (CM. PUCYHOK HUXKe):

e S-napameTpbl,
* abcontoTHble usmepenus (npuemHukn R , A, B ),
® UCXOAHbIe AaHHble rpadmKa UaM NaMAaTm (Trn.Src, Trn.Mem.Src),

® faHHble rpaduKka MAM NamATU Npolealine maTemaTuyeckylo 06paboTky ao
dopmatuposanus (Tr , Tr_.Mem),

® MHAMUMPYEMbIE AaHHble rpaduKa NAmM NamaTn (Trn.Disp, Trn.Mem.Disp).
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PucyHok 1 — bnok-cxema KoHBenepa 06paboTKM AaHHbIX

Bo3aMoXKHO [06aBUTb B KaHa/l OAMH WAM HECKO/IbKO rPadUKOB KasbKynaTopa C
pPasNnYHbIMKN PYHKUMAMU. [lobaBneHHble B KaHaN rpadMKM KanbKynaTopa BXOAAT B
4yncno 16 MakcMmasnibHO BO3MOXKHbIX rpadMKoOB B KaHane.



NPUMEYAHUE Echn B KayectBe aprymeHta B ¢dopmyne BblbpaH S-
napametp nnm abcontoTHoe nsmepeHue, a
COOTBETCTBYHOWMUN emy rpaduK OTCYTCTBYET B KaHane, TO
COOTBETCTBYHOLWMIA  napameTp OyaeTr  aBTOMATUYECKM
M3MepeH aHanAM3aToOpom nMyTem noJaym CTUMyna Ha
BblOpaHHbIe MOPTbI.

BbluncneHma BbINONHAKTCA KaNbKyAATOPOM MOTOYEYHO, KarKAaA YacTOTHAA TO4Ka
rpapuKka KanbKynsaToOpa ABNAETCA pPe3y/ibTaTOM MaTeMaTUYecKor onepauum Hag
N3MEPEHUAMMN, OTHOCALLMMMCA K [AAHHOM YACTOTHOM TO4YKe. BxoaHble aprymeHTbl
bopMynbl KaNbKyNAATOPA 3TO KOMMJIEKCHblE BENINYMHBI, €CAU aprymeHTbl HepyTtca
nocne GopmMaTUPOBAHMA B MPAMOYIOJibHbIX KOOpAMHATax, TO OHW MNPUBOJATCA B
KOMMMEKCHbIM Bug, nytem paobaBneHua HyneBoM MHWMMOM 4YacTu. PesynbTatom
BbIYMC/IEHUIN KANbKYNATOpPaA TaK Ke ABNAETCA KOMM/EKCHas BeaWyMHa, KoTopas
oTobparkaetca Ha rpaduKe KasbKynaTopa B COOTBETCTBMMU C BbIOPaHHbIM dopmaToMm.
Mo 3aBepweHuto BBOAA GOPMYAbl AKTUBHbLIM rpaduK Ha3HayaeTca rpadpuKom
KaNbKynsaToOpa M OOHOBASETCA B peMMe peanbHOro BpemeHW. Tak KaK KOHBelep
06paboTKM AaHHbIX 418 rpaduKa KanbKyNsaToOpa He OTAMYAETCA OT APYruX rpadumKos,
TO AnA rpaduKa KaNbKynATOpa BO3MOMKHbI BCE Onepauuu, KOTopble AOCTYMHbI NS
BCEX rpadUKOB, B TOM YMCI€E ONnepauum c NamaTbio, BpemeHHasa obaacTb u gpyrue.

KanbKkynatop moxKeT paboTaTb B ABYX pexuMmax — 6a3oBOM WAKM paclumpeHHom. B
6a30BOM peKMme 415 BbIMUC/IEHUA pe3yibTaTa No/b30BaTeNlb BblIOMpaeT GpyHKUMIO 13
OrpaHWYEeHHOro  CMKUCKA NpPeayCTaHOBAEHHbIX GYHKUMM C  PUKCUPOBAHHbLIM
KONMYECTBOM aprymMeHTOB. PaclUMpEeHHbI PeXMM npeaocTaBaAseT Mo/ib30BaTento
BO3MOHOCTb 3aZaTb [A/1a pacyeTa rpaduka NPOU3BO/IbHbIE BbIPAXKEHUS C
NPUMEHEHMEM LUMPOKOrO CMMCKa MaTEMATUYECKUX YHKUMIA M HEorpaHWYeHHbIM
KOJIMYECTBOM apryMeHTOB.

MopAaoK BbIMONHEHUA pPacyeTa B KaKAOM pexXume cm. B nn. bas3oBbi pexxum u
PaclunpeHHbIN peskum.

BKnloyeHUe KanbKynaropa

TE——— [Nns  BKAKOYEHUA KaNbKyNATOpa HaAXMUTE MNPOrpammHble
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ba3oBbiii pexxum

B 6a3oBoM pexkmme a5 BbIMUC/IEHUS pe3y/ibTaTa No/ib30BaTeb BbloMpaeT GyHKLMIO
M3 OrPaHWYEHHOro CMWCKa nNpeayCcTaHOBAEHHbIX ¢opMmyn C  PUKCUPOBAHHBIM
KOJIMYEeCTBOM apryMeHTOB.

MopAaaoK BbiNnoNHeHUA pacyeTa B 6a30BOM perkume

1. HasHaybTe aKTUBHbIMM HY)KHbIA KaHan u rpaduK, B KOTOPOM NOCNAEe pacyeTa
bynet oTobparkatbca rpaduK KanbKynatopa.

2. BKAtouuMTe KanbkynsTop (cm. n. BkaoyeHue KanbkynaTopa).

3. BblbepuTe 13 cnmncka npegonpeaeneHHyo GyHKUMIO.

4. BblbepuTe BMA ONepaHa0B — NapameTpbl Uan rpadmkm (Tpacchl).

5. BblbepuTe 13 CNUCKA HYKHble onepaHAabl.

6. Haxkmute Ha KHoNKy OK wunu MpumeHutb gna pacyeta BblparkeHua. pu
Ha*KaTuM KHOMKK [MpumeHUTb NPOM3BOAUTCA pacyeT M CTpouTca rpaduk
KaNbKy/IATOPA HAa OCHOBAHMWU TEKYLMX AAHHbIX. MMpu HaxaTum KHonku OK —
NPOM3BOANTCA pPacyeT U CTPOUTCA TpaduK KANbKyNATOpa, NPM 3TOM OKHO
KaNbKy/IATOPA 3aKPbIBAETCA.

NPUMEYAHUE Echn rpaduk He sBnaetca rpaduKoOM KanbKynstTopa, TO Npu

3aMyCcKe KaNbKynAToOpa U U3MEHEHUM MapaMeTpoB HUKaKue
n3meHeHns oTobparkaTbca Ha rpaduke He ByayT 4O HaxKaTuA
KHONKW MpumeHnTb nam KHonkn OK.

Ecnn ke rpaduk yxKe 6bin rpadMKOM KanbKynaTopa, TO Bce
BHOCMMbIE€ M3MEHEHUA MPUMEHAIOTCA K BbIYUCIEHUAM U UX
CPaXKy e MOMHO YBUAETb (PEXMM pPeanbHOro BPEMEHM).
Ecnm nocne nsmeHeHult He HaxaTb KHONKy MpumeHUTb Mnn
OK wnnun nepekntounTb Ha APYryto TPAccy, TO U3MEHEHUA He
COXpaHsatoTCA.

Mpu BKNAKOYEHUN KaNbKYIATOP 3arpyrKaetcs B 6a30BOM pexunme (CM. PUCYHOK HUXKe).
dnemeHTbl OKHa KaNbKyasTopa B 6a30BOM peknume npuseseHbl B Tabauvue 1.



MMA Tpaccwl: 522-512

DYHKLMA: A-B -
OnepaHabl: ® [lapaMeTpbl Tpacchl

OnepaHg A: 522 i
QOnepaHg B: 512 -
PacMpeHHLIA MpUMEHWUTE QK OTMeHa

PucyHoK 2 — OKHO KanbKynaTtopa B 6a30BOM pexumme

Tabnuvua 1 — dnemeHTbl OKHa KanbKynaTopa B 6a30BOM perume

nemeHT

Mone Uma Tpacchbl

CnuncoK PyHKuumA

ObnacTtb
OnepaHabl

OnucaHue

HassaHue rpadmka Kanbkynatopa. Ecam none Uma tpacebl He
3aMONHEHO  No/b30BaTenieM, TO  HasBaHWe rpaduka
npucBamBaeTca aBTOMATMYECKU Ha OCHOBAHMUMU
MCNO/1b30BaHHbIX ONepaHAaoB M BblbpaHHOM GyHKLMK. B 3TOM
CNyyae Ha3BaHME MNOACBEYMBAETCA CePbIM LBETOM (CM.
PUCYHOK Bblwe). Mpn HEeobxoAMMOCTM Ha3BaHUE MOMKHO
penakTMpoBaTh.

Cnucok 6as3oBoro Habopa maTemaTuueckux GpyHKUMIA (cm.
Tabnuuy HUxe).

Boibop Bupa onepaHgoB — [MMapameTtpbl mau Tpaccbl.
Obnactb cogepxut cnuckm OnepaHpg A, Onepang B ans
NPUCBOEHUA  KaXAOMy U3 ONepaHAoB  KOHKPETHOro
3HaYeHuA.

Bo BKknaake Takxe AnA BblbpaHHbIX GYHKUMIA KOHTEKCTHO
BbIBOAATCA AONONHUTENbHbIE NONA BBOAA, Takue Kak: k1, k2,



nemeHT

KHonka
MpumeHutb

KHonka OK

OnucaHue

k3, CmeweHune amnautygbl, CmewweHme ¢asbl, Konnyectso
ycpeaH. Kaapos, HaknoH Ab/anana3oH, HaknoH
rpaa./pvwanasoH, Bxog WY, Boixog WUY. Noa nonamun BBoAa
ANA NoNb3oBaTeNna BbIBOAUTCA CUCTEMHOE MHPOPMALUUMOHHOE
coobuieHne. B cnyyae BO3HMKHOBEHUA OLWIMOKM nosBaaeTca
nosAcHstoLLee coobuieHme.

AKTUBaUMA BBEAEHHbIX onepaHaoB M GYHKUMIA AnA pacyeTa
rpaduKka KanbKynATopa, KOTOpbIA OyaeT BbiBEAEH B OKHe
KaHana u byaer obHOBNATHCA MO Mepe MOJIyYeHUA HOBbIX
[AQHHbIX.

AKTUBaLMA BBEAEHHbIX onepaHAoB M GYHKUMA anAa pacyeTa
rpaduKka KanbKynAaTopa, KOTOpbIN OyaeT BbiBeAeH B OKHe
KaHana. Mocne pacyeta OKHO Ka/libKynATOpPa 3aKpbIBaeTCA.



nemeHT OnucaHue

KHonka OTmeHa McKntoueHmne n3 pacyeta rpaduka KanbKynaTopa U3MeHeHUN,
KOTOopble OblnM BHECEHbl MOC/AE Ha)KaTuA Ha KHOMKY
"MpumeHuntb".

KHonKa Mepexopn, B paclUMpPEHHbIM pexum paboTbl MpMKoa B TOM, YTO

PacumpeHHbIN KaNbKynATopa (cm. N. PacluMpeHHbI PEXRUM).
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Tabnuua 2 —MpeponpeaeneHHble PyHKUUM BA30BOro pexmMma

PyHKUMA

A-B

A*B

A/B

k1*A + k2*B + k3

CmeweHue

BxogHble AaHHble

S-napameTpbl,
rpadpumk

S-napameTpbl,
rpadmk

S-napameTpbil,
rpadpumk

S-napameTpbl,
rpaduk,
KoadpumumenTbl ki,
k2, k3

S-napameTpbl,
CMelleHune
amnauntyabl (ab),
CMelleHune

¢dasbi(rpaa.)

PyHKUMA

|A-B|
A*B
A/B

k1*A + k2*B + k3

Ons KomnnekcHoro rpaduka:

™

P1
Outi = ITli - 1020 - BJ.E.PZ, roe

P1 — cmelteHne amnantyabl [AB],

P2 —cmeleHme B rpagycax.

OnucaHue

BoluncneHne mopayna pasHOCTU  ABYX
rpaduKkos NMbo ABYX NapameTpos.

BbluMcneHve  npousBedeHUs  ABYX
rpapukoB AM6O ABYX NapameTpos.

BbluncneHme yactHoro agyx rpadpuKos
NnbBo ABYX NapaMeTposB.

BbluncneHve B3BELWEHHOM CyMMbl ABYX
rpapmkos nmbo aAByx NapameTpos.
PasnuyHble kombuHaumm k1, k2, k3
no3BoNAT co34aBaTb npocTble
BblpaXKeHUsA

CmelleHre (YMHOXeHMe napameTpos
Ha KOHCTaHTbl, 3aZaHHble B MOAAX
BBOAA), BblbOp rpadmka HepoCTyneH.
Bbibepute napametp U 33gaiTe
KO3pOULMEHTbI CMELLLEHUA aMNANUTY Opl
n ¢asbl.



DyHKUMUA

CKO

TpeHa Ab

BxogHble AaHHble

S-napameTpbl,
KONMYECTBO
pa3BepToK (Kagpos.)

S-napameTpbl,
CMelleHune
amnauntyabl (ab),
HaKMOH
(nB/ananasoH)

dyHKUMA

Ona KomnnekcHoro rpaduka:

P1+P2-i/(N-1)

0utl == Inl . 10 20 , roe

P1 —cmeleHue [rpag.],

P2 — HakNoH [rpaa. / AvanasoH
CKaHMpOBaHus],

N — KONNYeCcTBO TOYEK U3MEPEHUA

OnucaHue

BbluMcneHne cpeaHeKkBagpaTUYECKoro
OTK/IOHEHMUA B Ka)kgon  TOuKe
U3MepeHua anAa  napametpa. [Ans
KOMMJIEKCHbIX AMarpaMmm BblUMCNAETCA
Tonbko CKO moaynem KOMNAEKCHbIX
yncen (CKO ¢asbl He BbluMcaAeTCA).
Boibepute napametp M 33gaute
KO/IMYECTBO PA3BEPTOK.

KomneHcauusa TpeHaa amnauTyapl
napametpa, Bbibop rpaduka
HefocTyneH. BoibepuTe napametp m
3agaunTe aBa KoappuumeHTa —
cmelleHue (aB) n HaknoH
(nBb/pnanasoH) .



DyHKUMUA

TpeHa da3bl

KoaddpuumeHr
ycroitumsoctu K

KoadppuyumeHr
ycroitumBoctu B1

BxogHble AaHHble

S-napameTpbl,
CMelleHune
¢dasbi(rpaa.) n
HaKMOH
(rpaa./ananasoH)

Bxog MY (MopT n),
Bbixog NY (MopT m)

Bxog MY (MopT n),
Bbixog NY (MopT m)

dyHKUMA
[na KomnnekcHoro rpadpuka:

1

Out; = In; - /50 (Prep2(55)) ne

P1 —cmeueHue [rpag.],

P2 — HaknoH [rpaa. / AmanasoH
0630pa],

N — KONNYeCcTBO TOYEK U3MEPEHUA

2 2
— 1_|S11| _|Szz| +|A|2

2'|521'512| , rae
A=5115,=51"51
2 2 2
Bl =1+ 8, = [S,,] — 14| , rAe
A=511"57,—5%1" 5

OnucaHue

KomneHcayma TpeHaa ¢asbl, Bbibop
rpadvka HegocTyneH. Boibepute
napameTp M 3a4anTe ABa
KoapduumeHTa — cmeLeHue (rp.) n
HaKNoH (rp./ananasoH).

BbluncneHue KoadPpuumeHTa
yctonumsoctm K. 3agaiiTe cooTBeTcTBME
NMOPTOB aHanM3aTopa BXo4y W BbIXOAy
ny.

Bbluncnenme KoapdumumneHTa
YCTOMYNBOCTH B1. 3apanTte
COOTBETCTBME MOPTOB  aHanM3aTopa

Bxoay u Bbixogy UY.

Heobxoanmbim 7 [OCTaTOYHbIM
ycnoBMeM ycTonumsocTn asndaetca: K >
1unB1>0.



PaclumpeHHbIN pexxum

PaclUIMpEeHHbIA peMm MO3BONAET MONb30BaTeNto0 33a4aTb ANA pacyeta rpaduka
MPOW3BO/IbHbIE BbIPAXKEHMA C MPUMEHEHMEM LUMPOKOrO CMMCKA MaTeMaTUYecKux
GYHKUMIA M HEOTPAHNYEHHBIM KOZIMYECTBOM apryMeHTOB.

MopAaoK BbINONIHEHUA pacyeTa B PaclUMPEHHOM peXxume

1.

HasHaubTe aKTMBHLIMM HYXHbIA KaHan M rpaduk, B KOTOPOM MOC/e pacyera
bynet oTobparkatbca rpaduK KanbKynatopa.

BkAtounTe KanbKynaTop (cm. n. BkAKYEeHUe KaibKyiaTopa).
Ha)XmuTe KHOMKy PaclumpeHHblit 419 Nnepexoa B paclUMPEHHbIN PEXUM.

CocTaBbTe MaTeMaTUYECKOE BbiparKeHMe, UCNOJb3ys MaTemaTnudeckne GyHKLMU
M [OCTYyNHble aprymeHTbl. Ecnv BBeAeHO [ONycTMMOE BblpaKeHue, CTPOKa
BblpPaXKE€HUA CTAaHOBUTCA 3e/ieHOW. Ecnu BblparKeHue Coaep’KUT OWwunbKy, B
CUCTEMHOM  MHPOPMAUMOHHOM  coobuieHnn BbIBOOUTCA  TEKCTOBOE
yBeAOMNEHUE C ONUCAHUEM OLLMOKM.

Haxmute Ha KHoONKy OK wnun lMpumeHuTb ana pacyeta BblpaxkeHua. [lpu
HaXKaTun Ha KHonKy MpUMeHUTb NPOM3BOAMTCA pacyeT U CTpouTca rpaduk
Ka/ZIbKy/IATOPA Ha OCHOBAaHMW TeKYyLMX AaHHbIX. [1pn HaxkaTum Ha KHonky OK
NPOM3BOANUTCA pacyeT WU CTPOUTCA TpaduK KaNbKynATopa, NpuM 3TOM OKHO
KaNbKy/NATOpa 3aKpblBaeTcA.

NPUMEYAHUE Echn rpaduk He aBnaetca rpadnKoOM KanbKynsaTopa, TO Npu

3aMyCKe KaNbKyNATOpPa U U3MEHEHMU NAPAMETPOB HUKAKME
N3MeHeHUs 0TobpaXKaTbca Ha rpaduKe He ByayT A0 HaXKaTUA
KHoNKun MpumeHutb unn OK.

Ecnun ke rpaduk yxke 6bin rpaduUKOM KanbKynatopa, TO BCe
BHOCMMble U3MEHEHMA NMPUMEHSAIOTCA K BbIMUCAEHUAM U UX
CPaKy *Ke MOXKHO YBUAETb (PeXMM peanbHOro BPEMEHM).
Echv nocne nameHeHU He HaXKaTb KHOMKK MpumeHUTb Man
OK wnu nepekntounTb Ha ApYryrto Tpaccy, TO U3MEHEHUA He
COXPAHATCA.

Ha pucyHKe HWKe NpuBeAeHO OKHO KaNbKynATopa B PaCWUMPEHHOM pexume.
dNeMeHTbl OKHa Ka/ibKyaTopa B PACLUMPEHHOM PEXXUME NpUBeAeHbI B Tabaumue 3.
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Wma Tpaccsl: [conj(511

BuipawceHue: | conj(511)

DYHKLAW Tpaccel

Baz0oeslii ¥ | | [aHHbe

conj() [T
cos() Trl.Mem
cpx() T2
e Tr2.Mem
exp() Tr3
im() Tr3.Mem
In{) Trd
log10( Trd.Mem
mag() 5
phase() ¥ | [ Tr5.Mem

EazoBkii Knaewatypa

MNapaMeTpsl
~ | | S-napameTpsl -

- 31

512 N7 Im Re 4 5 6 ( )
521

522
log sin cos 1 2 3 = /

In tan Phase 0 . . - +

MpUMEHUTE (o]'¢ OTMeHa

PucyHoK 3 — OKHO Ka/ibKy/IATOPa B PaCLUMPEHHOM pPEXUME

Tabnuua 3 — InemeHTbl OKHa Ka/bKy/1ATOpa B PaCLUMPEHHOM PeEXMME

dnemeHT

NMone Uma Tpaccobl

Cnucok
BbipaXxkeHue

OnucaHue

HasBaHwue rpadmKa Kanbkynatopa. HazBaHue npuceamnsaerca
aBTOMATMYECKM HA OCHOBaHMM MUCNO/b30BAHHbIX OMepaHaoB
n BblbpaHHOM JYHKUMKU. MMpu HeobxoaMMOCTM Ha3BaHMe
MOXHO PefaKTUPOBATb.

MHavKauma  co34aBaemoro noJib30BaTeNleM  BblParKeHus,
COrnacHo KOTOpoOW byoer  chopmupoBaH rpadpukK
KanbKynATopa. LlBeT nona yKasblBaeT Ha KOPPEKTHOCTb

BBeOEHHOro BblpaxKeHna — agonycrmmoe BblpaxkeHune
noacseymnBaeTCcA  3€/1eHbIM  LLBETOM, Hegonycrmmoe —
KPacCHbIM. BeeseHHble Nno/s1b30BaTENIEM BblpaxKeHnA

3aNOMMHAOTCA U MOTYT BbITb BbIOPaHbl U OTPEAAKTUPOBAHDI
B BbINaAaloL,em CrucKe AaHHOTo Nons.

Moa nonem BblpaxeHue AnA NOAb30BaTeNsA BbIBOAUTCA
cucteMHoe  UMHPoOpMauMoOHHOe coobuieHne. B cayvae
BO3HWKHOBEHMA OLINBKM noasnaerca nosicHsloLLee
coobuieHme.
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nemeHT

Ob6nactb
DYHKL UM

Ob6nactb Tpaccol

ObnacTtb
MapameTpbl

JononHutenbHan

KnaBuaTypa

KHonKa
MpumeHUTbL

KHonka OK

KHonka OTmeHa

OnucaHue

Cnucok, B KoTOopom oTobparkaeTcA Habop AOCTYMHbIX
MaTeMaTMYECKUX GYHKLUMIA (cMm. Tabauuy HUKe). Konnyectso
AOCTYMHbIX B CMUCKE MOryT BbiTb OTCOPTUPOBAHbI B CMUCKe
basoBbii / Bce. PyHKuuM Bxogalwme B 6a30Bbli CMUCOK
BblAENEHbI B TabaunLe HUXKE XKUPHBIM LWPUGTOM.

Cnucok rpaduKoB, M3 KOTOPbIX BbIGMPAETCA WUCTOYHMK
AaHHbIX. [OCTynHble B Cnucke rpadukm moryt ObiTb
OTCOPTUPOBaAHbI B cnncke [aHHble | UcxoaHble AaHHble |
OTobpakaTb AaHHble | Bce, rae:

e flaHHble (Tr, Tr.Mem) — gaHHble rpaduKa UAN NaMATU
npoweawuve MaTeMaTUYECKYH 06paboTKy no
dopmaTupoBaHus;

e UcxoaHble paHHble (Tr.Scr, Tr.Mem.Scr) — pAaHHble
rpadpmKoB M NamATK, B3ATble Nocne Bbibopa namepeHus,
nepea matemaTuyeckon obpaboTtkon;

e OTtob6paxkatb AaHHble (Tr.Disp, Tr.Mem.Disp) — AaHHble
rpadmKoB U NaMATU NOATOTOB/IEHHbIE K MHANKALNW.

Cnncok  S-napameTtpoB M abCONIOTHbIX  M3MEpPEeHUM
NPUEMHUKOB. [JOCTYNHble B CIMCKE NapameTpbl MOryT ObITb
OTCOPTMPOBaHbl KHOMKOW S-napameTpbl | AG6GCOAIOTHbIE
napametpbl | Bce.

Knasnatypa gns  6bicTporo  Habopa. Knasuatypa
pacrnonoeHa cnpasa oT ob6sactu MapameTpbl. PYHKUUN U
KOHCTaHTbI, Pacno/IoXKeHHbIe Ha Hel, onucaHbl B Tabauue.

AKTMBaUMA BBeAEHHbIX onepaHAoB U GYHKUMA NS pacyeTa
rpaduKka KanbKynaTopa, KOTOpblit OyAeT BbiBeAeH B OKHE
KaHana u bypetr obHOBAATLCA MO Mepe MNOJIyYEeHWUs HOBbIX
[AaHHbIX.

AKTMBaUMA BBeAEHHbIX ONepaHAoB U GYHKUMA ANs pacyeTa
rpaduKka KanbKynaTopa, KOTOpPbIM OyaeT BbiBeAeH B OKHE
KaHana. Mocne pacyeta OKHO Ka/ibKynATOpa 3aKpbIBaeTcs.

NckntovyeHne n3 pacyeta rpaduka KanbKyNaTOpPa USMEHEHUN,
KOTOopble OblnM BHECEHbl MOC/AEe Ha)KaTuMA Ha KHOMKY
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nemeHT

KHonka ba3oBbiit

OnucaHue

"MpumeHuntb".

Mepexon B 6a30BbI pexXmMm paboTbl Kanbkynatopa (cm. n.
ba3oBbIN perxum).

Tabnuua 4 — CnNMCOK AOCTYMHbIX MaTemaTuyeckme QGyHKUMW ANA PaclMpPeHHOro
pexuma
DyHKUMA OnucaHue

(Ba3oB.bii1 / Bce)

acos(scalar a)
asin(scalar a)
atan(scalar a)

atan2

conj(complex a)

cos(complex a)

cpx(scalar a,
scalar b)

exp(complex a)
getNumPoints()

im(complex a)

Bo3Bpall,aeT apKKOCUHYC CKaNsipHOM BE/IMYMHDI A
Bo3BpalllaeT apKCMHYC CKaNAPHOMN BENMYNHDI @
Bo3BpalllaeT apKTaHreHC CKaNAPHOM BE/IMUYUHDI A

BosBpallaeT apKTaHreHc AnA 3aJaHHbIX KOOPAMHAT X U Y,
UMeeT c/ieaytowmii Habop apryMeHTOB:

e atan2(complex a) — Bo3Bpaw,aer ¢asy KOMMIEKCHOM
BE/IMYMHBI B pagnaHax

Bosspa uaetT KOMMNEKCHOE conpAaxXeHne KoMnNAekCHOro
Yncna

Bo3sBpall,aeT KOCMHYC KOMMIEKCHOTO Yncna

Bo3BpaliaeT KomnaekcHoe 3HadeHne (a+ib) wn3  aByx

CKaNAPHbIX 3HAYEHUI

Bo3BpalLaeT KOHCTaHTy =~ 2.71828...

Bo3BpalyaeT IKCNOHEHTY OT a

Bo3BpaluaeT KOIMYECTBO TOYEK A1 TEKYLLEN PA3BEPTKU

Bo3BpalllaeT MHMMYIO YacTb @ B KA4ecTBe CKaNAPHOM YacTu
pe3synbTaTta (06HYNRE€T MHUMYIO YacTb)
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DyHKUUA
(Ba3os.bii1 / Bce)

kfac(complex a,
complex b,
complexc,
complex d)

In(complex a)

logl0(complex a)

mag(complex a)

max(complex a,
complex b, ...)

median(complex
a, complex b,...)

min(complex a,
complex b, ...)

phase(complex a)

Pl

pow(complex
a,complex b)

re(complex a)
sin(complex a)

sqrt(complex a)

OnucaHue

BosBpaliaeTr CKanApHbIM pe3ynbTaT - MHMMaA 4acTb
KOMMNNEKCHOro pesynbTaTa Bcerga paBHa 0

k-factor: k=(1- |a|?- |d|?+ |a*d-b*c|?) /(2 * |b-c]|)
Bo3Bpawaer  HaTypanbHbii  norapudm  KOMMJAEKCHOM
BE/IMYMHbI A

Bo3Bpalwaer AecATUYHbIA norapudm OT  KOMMIEKCHOWM
BE/IMYMHbI A

Bo3Bpawaet sqrt(a.re*a.re+a.im*a.im)

Bosspalyaet KOMMJIEKCHOE 3HaYeHue, nmetoLee

HanboNbLLYIO BEIMYMHY U3 CMIMCKA 3HAYEHUN.

Bo3Bpawaer meaMaHy CNMCKa KOMMJIEKCHbIX 3HAYeHWi.
MegunaHa onpegenseTcs NyTeM COPTUPOBKWM 3HAYEHUM MO
BE/IMYMHE N BO3BPaTa cpeaHero 3Ha4veHua. Ecnm nepepaerca
YeTHOEe YNCNO0 3HAYEHUI, TO BO3BPALLAETCA MEHbLLEe U3 ABYX
CpPeAHUX 3HAYEHWUIA.

BosspaLu,aeT KOMMNEeKCHoOe 3Ha4veHune,
HanmeHbLly BENNYUHY U3 CNUCKA 3HAYEeHUMN.

nmerolee

Bosspalyaet atan2(a) B rpagycax
Bo3Bpawaer 4yncnoByto KOHcTaHTy pi (3.141592), koTtopasn
npeacTtaBnAer coboli OTHOLWEHME A/IMHbI OKPYXKHOCTU K ee

AnameTpy

Bo3Bpau.|,aeT KOMNEeKCHYI BeENNYNHY a B CTeneHn b

BosBpallaeT ckanApHyto YacTb a (0bHyNseT yacTb imag)
Bo3BpalllaeT cMHYyC @, NepeBeaeHHOro B paguaHbl

Bo3BpaluaeT KBaApaTHbIA KOpeHb U3 a ¢ pa3oBbIM CABUIOM B
nHTepsane (-pi/2, pi/2]
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DyHKUMA OnucaHue
(Ba3os.bii1 / Bce)

tan(complex a) Bo3BpallaeT TaHreHC YKa3aHHOro KOMMN/EKCHOro YMcaa a
xAxisIndex() Bo3BpaluaeT TeKyLW M MHAEKC B Pa3BepPTKe.
MPUMEYAHUA:

1. ®yHKUMKM BXOAAWMEe B 0A30BbIM CMUCOK BblAeNieHbl B Tabauue KUPHbIM

wpundTom.

. Moaundukatop aprymeHTta (complex x) o3HauaeT, yTo PyHKUMA B pacyeTe

MCNONIb3YET KOMIJ1IEKCHOE 3Ha4YeHuUe.

. Mogndukatop aprymeHTta (scalar x) o3HayaeT, YTO apPrymeHTOM [OO0XKHA

ObITb CKanApHaa BenAuYMHa. Ecnm BenmnumHa 6OyaeT KOMMNNEKCHOW, TO
noaABuTCA coobuieHne 06 owmnbKe.

a, b, c,d — 310 aprymeHTbl GyHKUMN.

Tabnmua 5 — KHONKKM fONONHUTENbHOM KNaBuaTypbl

KoHcTaHTbI, OnucaHue

byHKL MY,

oneparopbl

Pl Yucno 3,14159

E Yucno 2,71828

j KomnneKkcHasa eanHmua
XNY MokasaTtenbHasa ¢pyHKums f(x) = a’x
Im dyHKUMA im(complex a)
Re ®PyHKUMA re(complex a)
log dyHKuma log10(complex a)
sin dyHKUmMA sin(complex a)
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KOHCTaHTbI,

byHKuMK,
oneparopbl

Cos

In

tan

Phase

OnucaHue

®PyHKyma cos(complex a)

®dyHKUMA In(complex a)

®dyHKuMA tan(complex a)

®aza ¢ (z) = arctan
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