JlaGopaTtopnast pabora 1
OcHoBbl paboTs! B cuctreMe MAXIMA

1.1. O cacreme Maxima

B pamkax mpoexTa co3maHms HCKYCCTBeHHOro HHTemtekTa B 1967 rogy 8 Mac-
CATYCeTCROM TEXHOIOIHIeCKOM HHCTHTYTE OblIa HHHIIHHpOBaHA paspaboTka mepeoi
CHCTEMEl KOMIBIOTepHOH anmredpsl Macsyma. [Iporpavva B TeueHHe MHOTHX I6T HC-
MONBE30BANACE H PAEHBANACE B YHHEEepcHTeTax CepepHoH AMepHEH, Ie NOABHIOCE
MHOXECTEO BAPHAHTOE cHeTeMElL Maxima SEndeTca OOHEM H2 TAKHX BAPHAHTOE, CO-
amaHHeM mpodeccopoM Bumesmom [llemrepom (Willilam Schelter) 8 1982 rogy. B
1998 rogy oH momyaEI odHIHATEHOE paspemenHe Mumncreperea suepreTusm CIIIA
Ha eeoTycE Maxima mog mumersneii GPL. A pammmas ¢ 2001 roga Maxima pazenea-
eTCA KAK CBODOIHEI Med IyHAPOIHEIA MPOeKT, basHpyrommica Ha SourceForge [2].

B mactoamee epema Maxima — 3To cHCTEMa KOMIIBIOTEPHOH MATEMAaTHEH, KO-
Topad NpeIHAHAICHA 19 BENIONMHCHHS MATEMATHISCKHX PacieTOR (Kak B CHMBEOIE-
HOM, TaK H B THCIIEHHOM BHJIE ) TAKHX KAK:

- VIPOIIeHHE BEIPAKCHHH,

- rpadHYeCcKAS BH3YVAIH3AIHA BEIMHCISHHH;

- PpEIIcHHE VPABHEHHH H HX CHCTEM;

- pelleHHe ODBEKHOBSHHEIX JTHQ(epeHIHANLHEIX YPABHEHHHA H HX CHCTEM;,

- peleHHe 3a7a49 THHeHHOH amredpsl;

- PpemeHHe 3agad JHdepeHIHATBHOIO H HHTETPATBHOTO HCIHC/ICHH,

- PeIIeHHE 33039 TEOPHH THCET H KOMOHHATOPHEIX VPAEHSHHH H Ip.

B cHcTeme HMeeTca DOMEBIIOS KOMHMECTRO BCTPOSHHEIX KOMAHT H (DVHEKIIHI, a
TAKCKE BOZMORHOCTE CO3IABATE HOBRIE (VHKIHE none3oearend. CHCTeMa HMeeT CBOH
COOCTESHHEN T36K. (OHA TaloKe HMEET BCTPOCHHEIH T3BK MPOrpaMMHPOBAHHA BEICO-
KOTO VPOBHA, 9TO FOBOPHT O BO3MOMAHOCTH PEINSHHA HOBEIX 33037 H BOZMOMKHOCTH
COZTAHHA OTOSNBHEIX MOTYIeH H MOTETIONSHHT HX K CHCTEMe 1A pellleHHS Onpee-
IMEHHOTo KpyTa 3aaat.

1.2. ¥cramoeka Maxima 5a mepcoHANBHBIE KOMOLITED

CeobomgHO pacmpocTpaHAEMYIO BEpCHIO OHCTpHOVTHEBa Maxima, moxymenTa-
LHEO HA AHITHACKOM #3BIKS, THOEI H BHIOB HHETepdeAcOB CHCTEMEI MOXHO MOCMOT-
pPeTh H CKa49aTh C caiTa mporpaMmel hitp://maxima sourceforge net Ha nmepuon mama-
CAHHA MOCODHA MOCIeHAR BepcHd JHCTpHOyTHBa — Maxima 5 18 1.

Cama mo cebe Maxima — xoHCOTBEHAS OporpaMMa H BCE MaTeMaTHISCKHE
HOPMYIIEI «OTPHCOBEIBASTy OOBIMHEIMH TEKCTOBEIMH CHMEOIAMH.

CHcTeMa SBISeTCS MHOTOILIATGOPMEHHOH, HMeeT HeDOIbImoH pasmep IHC-
TpubyTHBa (21,5 Mb), nerko ycraHaBIHBASTCH, HMEST HECKONBED rpadHIeCKHX Py-
cHOHIHpOBAHHEIX HETephefcor: xMaxima, wxMaxima, TexMacs.

Hambonee opyaecTEeHHEIM, MIPOCTEIM H VIODHEIM B pabore rpadHEIecKHM HH-
TepdeficoM B HacToAIIee EpeMd ABIAeTcA HETepheiic wxMaxima. [lostomy B gams-
HeHImeM OyIeM HCTIONB30BATE HMEHHO 3TOT HETepheHc.



Vemarnoexa Maxima nod ynpasnenuen Windows

[NomyaeHHEN nocae CKATHEAHAS Qaiin, HampaMep maxima-J. 18 1 exe (pas-
Mep daina oxomo 21,5 Meradadit), sRIgeTCA HCmOMHASMBDM. 19 Hagama vcTa-
HOBKH MPOTPaMME] JOCTATOTHO HAXATH Ha HETO JBA paza JSBOH KHOMKOH MEIITH.
Cpazy mogBHTCH 0KHO BHIDOpa JIOKATH3AIHH (BEIOHpasM PYCCKHE A3BIK).

B cnemyiomem okHe BEIOHpaeM «/lamee», BHHMATEIEHO THTASM JIHIIEH-
IHOHHOE COITAINEHHE, BEIOHpaeM «f NPHHHMAK VCIOBHA COIIAINIEHHT) H
cHOBa BEIOHpaeM «/lameey (mBa pasa).

B mosemBmeMcs okHe BRIOHpacM MVTh VCTAHOBEH MPOTPAMMEl (MOEEHO
OCTABHTE €70 083 HIMEeHeHHT ).

[lepexomamM K BEIDOPY VCTAHABIHBaeMBIX KoMIIOHeHT. M3 Bcero mepewmc-
IEHHOTO 19 Hac «/IHIMHEMHY SEnaioTca [lakeTsr moggepasm szemoe Maxima.

[Ips vycTaHOBKE MEIaTENRHO VCTAHOBHTE H rpadeteckmid uHTepdeiic
xMaxima, mockomeEy Ha HeM DaszHpyeTca HETepdeic wxMaxima v npu pemersm
HEKOTOPEIX 2aJad OH HeoOXOMHM, HAlPHMEp, [IPH EENIONHEHHH rpadHTecKHEx: mo-
CTPOSHHH.

B cremyrommx okHax anIl;JIaI‘ae'I‘r:ﬂ BBEIOPATE MECTO PAIMEINeHHA APIBIKA
IUIA 3ayCEa mporpaMMel (B MeHo «l[ycky, Ha pabowi cron B T.a.). JaBeprmaro-
ITHM 3TanoM OVIST OKHO ¢ NpPeUIOEeHHEM HadaTh YCTaHOBKY. [lo omoHTaHHH
YCTAaHOBKH BEIOHpacM «[lameey H «JaBepIIHTE .

Taxzv obpazon, YCTAHOBKA MPOTrPanMME] 3AKOHTEHA.

Vemarosxa Maxima nod ynpasnenuen Limix

Maxima BEXODHT B COCTAaE MHOTHX JHCTPHOVTHEOE Linux. HampHMep, Takmx
rak AltLinux. Mandriva, Ubuntu, Fedora u ap. B mexoropemx cryaasx MomeT mo-
HaZO0OHTECA JOYVCTAHOBEA C PENO3HTOPHA JHCTPHOVTHEA C MOMOINBED CHCTEM Y
HITH synaptic.

s yCcTaHOBKH B IPVIHX JHCTPHOVTHEAX Linux HeoOXOTHMO HCIIONBI0BATE
NOTXONAITHE MakeT cHCTeMBl Maxima, KOTOpEI MOXHO CEA9aThk C caiTa
http://maxima sourceforge net.

Teneps MO0 IPHCTYVIIATE K paboTe © CHCTEMOH.

YaebHoe mocobHe OpPHEHTHPOBAHO Ha paboTy ¢ cHcTemod Maxima, yera-
HOBJIEHHVIO TIOJ VIOpaBlIeHHeM Linux. 3aMeTHM, 9TO BCE pacCMaTpHBaSMEIS KO-
MAH/IE] AKTHEHEI H B CHCTEME, YCTAHORISHHOH o7 yIIpaeTeHHeM Windows.

JIna Hasama MOZHAKOMEMCA ¢ HETepdeiicoM OCHOBHOTO OKHA IMIPOTrpaMMEL

1.3. Harepdeiic ocaoerOoro oxaa Maxima

[Iocne zamycka cHcTemel Maxima 5.18.1 ¢ rpadmeckxsmv HETepdeficoM
wxMaxima nosemderca pabodee okHO mporpavye! (Puc. 1).
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Prc. 1. Baa pabouero okna cacTeMel Maxima

CrpykTypa OKHA, KAK EHIHO H3 PHCYHEA, HMEeT CTAHJAPTHEIH BH!

- CTPOKA 3arolI0BKA, B KOTOPOH pacholaracTcd HasBaHHE MPOTPaMMEl H
HHGOOPMAITHE 0 TOM. COXpaHeH TH pabOoTHH JOKVMEHT (eCiH JOKYMEHT COXpa-
HEH, TO IPOMHCHEASTCA €70 HMA);

- MAaHEeIbs MEHIO MPOTPaMME] — JOCTYVI K OCHOBHEIM (JVHEKLJHAM H HACTpPOH-
KaM mporpaMMel. B Hel HaxomaTca (VHKIHH 14 pelleHHS OOMBIDOTO KO-
IHYeCTEA THOOBBIX MAaTeMAaTHISCKHX 3a0ad, pasgclcHHBIE OO TPYIIIaM:
VPaEHEeHHA, alrebdpa, aHAIH3, VIPOCTHTE, TpadHEH, WHCICHHEBIE BEIMHCIES-
HHA. JaMEeTHM, 9T0 EBOJI KOMAHJ Hepes JHAIOTOBEERIE OKHA YIOpomaeT pabo-
TV C OpOorpaMMOH UIS HAUHHAIOIIHX MOMBEI0BaTeIeH,

- MaHeTh HHCTPVMEHTOE — HA HeH HaXONATCA KHOIKH JUTH CO3TaHHA HO-
BOTO JOKYMEHTA, OBICTPOTO COXpPaHeHHA NOKYMEHTA, BEI30EA OKHA CIIPABKH,
CO3TAHHA S9¢€K BEOJA, NPepPHIEAHHA EEMHCICHHH, KHOMEH A4 paboTe ¢ Oy-
thepom obMeHa H Op;

- pabodag o0NAcTs — HEMOCPEOCTBEHHO CaM JOKVMEHT, B KoTopoM dop-
MHPYEOTCH T96HEKH EEOJA H BEIBOIATCA PE3yILTaTE BEEIIOIHEHHEIX KOMAHT,

- MONIOCH MPOKPYTEH;

- MA&HEeTh ¢ KHONMKAMH — HaDOop KHOMOK IIH OBICTPOTO BEEIZ0EA HEKOTOPEIX
KOMAHJI. VIIPOCTHTE, PEIOIHTH VPABHEHHE HIH CHCTEMY, IMOCTPOHTE IpadHK H
Ap-.

- CTPOKA COCTOAHHA.



B cucreme Maxima xkoMaHIa — 370 mobad KOMOHHAITHS MaTeMAaTHISCKHX

BEIPDAXEHHH H BCTPOeHHBIX QyHrimH. Kaxmas xoMaHaa 3aBepmmaeTca CHMBOIOM
«;». TIPH9IeM B CJIydae ero OTCYTCTBHA CHCTEMA caMa JODaBHT 3TOT CHMEOIL

1.4. Pabora ¢ sageiixamu B Maxima

ITocme TOro. Kak CHCTeMa 3arpy3HIach. MOXHO INPHCTYIIATh K BEITHCICHH-
sim. [I71g 3TOTO CIemyeT HODABHTE TaK HA3BBAEMYIO AICHKY BEOAA, B KOTOPVIO BBO-
ZIATCS KOMAaHZAa CHCTEME BEINIOHHTE KaKoe-IHOO AeHCTBHE.

CrcTeMy MOXHO HCIIONB30BaTh B KA9ECTBE MOITHOINO KAIBKYIIATOPa U4 Ha-
XOXKIEHHA 3HAYCHHH YHCIOBBIX BhIpaXeHHH. Hampumep. 1a TOro, 9roOBl HalTH
3HageHHe npouseeneHns 120 u 1243, mago:

- Ha MaHeH HHCTPYMEHTOB HaXXaTh KHOIKY [nsert input cell (mm@
HaXaTh Ha KIaBHAType Ki1asHmy Enter). B pesymsrare B padoues obmactu
OyaeT copMHpOBaHa A4eika BBoga (Puc.2).
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Prc 2. @opuapoBaHEe HOBOH A9eHKH BEOJA

- ZJajee C KIaBHATypel BBoguM KoMaHay: 120%1243 u maxmvaeMm KoM-
orHamzo k1agam Ctrl+Enter (Puc 3).
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Prc. 3. BanonsesHe BRIUHECASHHEH B cEcTeMe Maxima

Taxzv obpazoMm. B goxymenTe Opum chopmMupoBaHE! ABe cTpokH: (Yo11) —
s9eiika Beoga H ga Hee (%ol) — sueiixa eroma. Kaxnas aaefika uMeeT CBOO
METKY — 3aK/IOYEHHOE B CKOOKH HMA saeiky. SI9eHKH. B KOTOPHIX pasMEIaroTca
BXOHEIE AaHHBIE ((HOPMYIIEL, KOMAHIEI, BEIPAKEHHS) HA3hBAlOT SAYelKaMH BBO-
na. Oum obozragarorca %i1Chislo, rme Chislo — HoMmep sefixu BBoga (1 — co-
KPaIIEHHO OT aHITIMHCKOIO CJIOBa npuf — BBOX). SI9eHKH. B KOTOPBIX pazMemia-



FOTCA BRIXOJHEIE JAHHEIE (CIHCEH 3HAYCHHHA, BEIPAMKEHHS) Ha3bBAOT AYeilkaMi
ebsiBoaa. Oum obosaamarorca %00Chislo, rae Chislo — moMep swefizm BeBoma (o
— COKpaIIeHHO OT AHIIHACKOTO CI0BA olfplif — BEIBOI).

[Toqemy &e HMeHa SH9eek HATHHAKOTCA ¢ cHMBOTa Yo! PaspaboTamrm crHcTe-
MEI Maxima mocaHTaATH YIOOHEIM HaTHHATE HMeHA ECEX BCTPOSHHEIX CITYESOHEIX
HMEH. KOHCTAHT, IepeMeHHEIX, 3apeiepBHPORAHHEIX CIOB, ¢ 3Toro caMeona. Cxe-
JIAHO 3TO IS TOrO, 9T00R H30eKaTh BOIMOEHBIX HAKIAIOK C MOIb30BATEIbCKHME
HMEHAMH.

B cucreme Maxima npegycMorpeHa BOIMOEHOCTE BEOJA CPa3y HECKNIBEHX
KOMAH B OOHOH cTpoke. 19 3Toro ogHa KOMAaHZa OT OPYTOH OTASASeTCA CHMBO-
adoM «». [IpH 3ToM dopMHEpYETCA OIHA CTPOKA EBOJA H CTOIBKO CTPOK BEIBOIA,
CHOIBEKO KOMAHT DEUTO 2aJaHO.

(5121 447: B5/5: 36
[ (zo2) 11

%531 5

(304) 729

Ima obo3HATEeHNA KOHIIA BBOJA KOMAMIEI MOMHO BMECTO TOUKH C 3alIgTOH
HCIIOME30BATE 3HaK $. 310 DEBaeT yIobHO B TOM CTydae, eCIIH BEIBOJ PeIyIILTATA
EE[MHCIICHHS HA 3KPaH He HVECH, TOLOA €70 MOMKHO «3arTyIIHTEY. 3ArTyIIeHHEIH
PE3VIIETAT IPH 3TOM ECE PABHO OVIeT BEMHCIATECA. Hampmaep,

(%111) a:6f bB:75 ath;

(s50l13) 13

Kax sHapM, DBUTH 3amHCaHE! TPH KOMAHIEI B OOHOH S9cike BBOOAa H chop-
MHpOBaHa OHA TIeHKA BREIBOMA. 3OeCh e DBUTA HCIOMb30BAHA KOMAHIA MPHCBAH-
BAHHA IHATCHHH NepeMeHHsM a H b. OHa 3agaeTca B BHOE:

HMSA_MepeMeHHOil: 3HAYeHHe

Hmena dyvermmi H nepeMeHHBIX B cHcTeMe Maxima 9yVBCTEHTEIBHEI K
PETHCTPY, TO €CTH NPONHCHBIE H CTPOYHBIE OVKBEI B HEX PasIHIANTCA.

Jamamse KOMAHTE B S9cHES BBOOA H (hOpMHpOBAHHE TICHEH BRIBOOA IIPH
HaaTHH koMOHHamHH kiasHm Ctrl+Enter, HassBaroT oraennHodl ceccHeil pado-
ThI ¢ cuHcTemoll Maxima.

PaccMOTpHM 0CHOBHEIE MPHeMEBI PAGOTRI C OTASTEHEIME CECCHAMH pabo-
TeI B Maxima

1 JagaHHe KOMAHIE] 114 BEOIOTHEHHA MATEMATHIECKHX PacieToB.

Kak vixe moHATHO, 119 3aJaHHT KOMAHIE CHCTEME HYVAHO B CTPOKS BBOJA 3a0aTh
CAMO BEIPAMEHHE H OISHHTE 70, 3aKH0HTHE BBOI HAKATHEM KOMOHHAITHH KIABHII
Ctrl+Enter. B pesyierare obpasyerca agefika EBOIA H COOTBETCTEYIOIIAA &H ATef-
Ka BEIBOJIA.




2 CropauHBaHie H pa3BROPaTHBAHHE OTOETLHEIX CECCHE
Ecms M1 HapegeM xypcop MBEIIIH Ha JeBEIH BEpXHHEH VIO KBaOpPaTHOH CKOOKH H

HABMEM TEEYVE) KHOMKY MEIIH, TO MPOHI0HNET CEOPAaTHEAHHE YACTH JOKYMEHTa,
OTHOCAINEHCA K 3ToH xoMamne (Puc 4).
[(841) 15478-34;

Prc.4. Bag cEepEYTOH SUeHER

IloETOpHENT MeTI0K MENIH BEpHET AISHKY B HATATEHOS COCTOAHHE.

3 Jlobapnenne SUeeK B OKVMEHT
IIpu pabote ¢ cHCTeMOH MOEHO CTONKHYTBCH C TPYIHOCTHIO JOOABICHHA KOMAHT
B 3aJaHHOE MecTo gokysMeHTa. (OcTaHOBHMCHA Ha 5ToM mogpobHee. Hampmmep, v
Hac HMEITCA IBe F9eHKH Broga (Puc. J).
" (%iz2) atb;

(%0Z) b+ta

7213y o+d:
(g03) d+rcC

Pruc. 5. Auefixn B JOKyMEHTe, MEEIY KOTOPHIME TpebyeTci ECTAEHTE JOOOIHETEIRHD AIeHEY

Jlna mobapneHHs HOBOH saeiiis Meary saeirame (Yo2) ' (Ya3) memmem
1ep0il KHOMKOH MBIIH MeETY TIeHKAMH Tak, 9T00b MOSBHIACE FOPHIOHTAIBHAL
gepra. [locme 9ero HakHMaeM Ha KIaBHATYpe KiasHmry Enter fweiika sBoma mo-

parmena (Puc.6).

20 aths:
(202 b+a
F":}:} 345

7213 c4d:
(803 d+c

Fac 6. JobaeneERe HOBOH AUeANH BEBOOA

4. [lepeoueHHTS 3HATCHHES OTISTBHO BIATOH AUeHKH.
Ecmm HyvEHO nepeolleHHTE 3HAGUCHHE BESICHHOTC BEIPAKCHHA (HIH BREIPAHCHHA
IOCTEe BHECEHHBIX B HETO HCIOPABISHHH), TO QIS 3TOM0 JOCTATOMHO VCTAHOBHTE
KypCop B S9eHKe BBOIA H HAEaTh KoMOHHamHD knassm Ctrl+Enter.

3. llepeoneHHTs SIeHEH BCETO JOKVMEHTA B IISTIOM.




OcobepnocTeio rpadEecrkoro HHTepdefica cHcTeMm wxMaxima sBmgeTca TO.
9T0 [IPH OTEPEITHH paHee COXPaHEeHHOrO JOKYMEHTa B pabodeM OKHe BEIBOOATCH
TOMBKO KOMAHIEL, BCE JKe AIeHKH C pe3yIbTaTaMH He oTobpaaroTca. A HX BEI-
BOJA MOKHO BOCTIONB30BATRCA KoMaHToH Evaluate all cells myuakTa Merro [lpaska.
6. VYoanmeTe g9cHKH BEONA H3 JOKVMEHTA.
Jna voaneHHs S9cHEH HEOOXOTHMO €€ BRUISTHTL H, HAOpPHMEpP, HAKATE Ha KIa-
BHaType Knaeamy Delete.
B cucreme Maxima Moo DoDAaBIATE B JOKYMEHT TEKCTOBEIE KOMMEHTA-
puH (Prc. 7). Ina 3Toro BEIOHpasM ITYHKT MEHED HpaBKa—rCe]l—rNEW Text Cell
(mmH xragama F6). mocne gero ¢ KiaBna
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Prc.7. Bea TexcToBORE A9eHEH B cHoTeMe Maxima

Kpome Toro, B goxymMerTe 1ia oOopMISHHA TEKCTA MOMKHO IPHMEHATE Pas-
maaHele cTEaH (Puac. 8). Jlna 3Toro MOMHO BOCIONBIOBATHECH ITVHETOM MEHIO
Ipaska—Cell—=New Section Cell (mm Cirl+F6), wma [Ipaska— Cell—=New Title
Cell (mma Cul+Shifi+F6).

Baronoeok BarosoBEoK

Prc 8. Crame odopMaeHRa TERCTOBER A9EEE

CoxpaHeHHe JOKYMEHTa BEIIOMHASTCA OOBMHEIM CIOCODOM C HCIIONBI0BA-
HHEM ITVHKTa MeHio Pain.

C momompro kHOmEH Hacmpoums wxMaxima Ha maHeIH HHCTPYMEHTOR
(mma overT Memro [paska—Hacmpotixg) MOEHO HIMEHATE KOHOHIVDALTHIO Tpa-
¢HEgeckoro HHTepdefica CHCTEMEL, MPHMEHASMYIO mo yMmomrdameio. [locoe Haxa-
THA HA KHOIKe [IOSBISeTCA OKHO ¢ HACTPOHKAMH, KOTOpOS HMeeT OBe BEITATKH:
ITapanvempur 5 Cmute. Ha sxmagre Ilapavempsl MOEHO BEIDpaTs A3BIK, BHI Ia-
HEIH HHCTPYMEHTOB H DA JONOIHHTEILHEIX OIHE MPOBEpSTH DalaHc CRODOK B
TEKCTe, KONMHPOEATE B Oydep npH BelmeneHuH H Ap. Ha exmamke Cwits MOEHO
EHIOpaTs MpHMEHAeMEIH [0 YMOMTIAHHEO IIpHQT H ero paiMep, a TAKKe CTHIB
obopyiaernd (UBeT H HadepTaHHEe) PasIHIHBIX JAHHBIX, HCIOIEIVEMEIX B JOKY-
MEHTe MIePEMEHHEIX, KOHCTAHT, THCEN, HMeH (IyHEIMEH | ap.



1.6. ®yaxman B KoMaEIBI cEcTeMBI Maxima

B cucreme Maxima smeeTca MHOEECTBO BeTpoeHHRBX dvErmil. Kak beuio

MOKA3aHO BEINE, I KAEIOH BECTPOSHHOH (JVHEITHH MOAHO NOIVIHTH OIMHCAHHE
B JOKVMEHTAITHH, COOepKaINeHica B CIPABOTHOH cHCeTeMe. BEI3BaTE cpaBky Mok-
HO C MOMOINEED QVHEIHOHATEHOH KIapHmH F1. Tacke 8 Maxima ecTs cnenmmams-
Had QVHKIHA, KOTOpad BELIAST HHGOPMALTHIO H3 JOKYMEHTAIIHH 0 KOHEPETHEIM
cnopaM. CoxpamenHad BepcHA BEIZOBEA 3ToH dymrxmH: 77 name (Puc.12). 3mecs
77 — 3T0 HMA OmnepaTopa, H apryMeHT HYAHO OTISISTE OT Hero npobenom. Omne-
patop 77 BEIZAST COHCOK TEX PAa3NeIOB MOMOITH H HMeH OVHKIHE, KOTOpBIE CO-
JEPAT 3aJaHHBIH TEKCT, IOCIIE 9eT0 IPeIIaralT BBECTH HOMED TOID Pa3aela HiH
OIMHCAHHA TOH QVHEIHH, KOTODEIE TpeOyeTca mocMOTpeTh:

(%11) 27s1in?

0: Introduction to string processing

1: sbsint (Functions and Variables for Fourier zeries)

2: asin (Functions and Variables for Trigonometric)

3t asinh (Functions and Variables for Trigonometric)

4: fourintsin (Functions and Variables for Fourier series)
e foursin [Functions and Variahles for Tourisr ssries)

6: maxpsinegin (GCamma and factorial Functions)

7: maxpsipozint (Gamma and factorial Functions)

8: poisint (Poisson secies)

9: sin (Functions and variables for Trigonometric)

10: sanh (Functions and Variables for Trigonometric)

11: sinnpiflag (Functions and Variables for FTourier ssries)
12: singert (Functions and vVariables for strings)

13: sinvertcase (Functions and Variables for strings)

33

3.l oL 1105

Enter space—separated numbers, '311' o
Prc.12. Ber20B COpaBKH IO HETepecylomelH xoMaHge cacTener Maxima

3amersM. 910 B cHCcTeMe Maxima HET 9eTKOro pasrpaHHYICHHS MEeXJIy OIe-
partopams H QyHKUHSMHE. bolee TOro, KaKIblil oepaTop — 3T0 Ha CaMOM Jeie
dysxnna.

Bce ¢yuxumm B oneparopsr Maxima paboTaroT He TOTBKO C JSHCTEHTEIB-
HEIMH, HO H KOMIUTEKCHEDMH THCTaMH. CaMH KOMIUTEKCHEIE 9HCIA 3alHCHIBAIOTCA
B anrebpangeckoi GopMe, ¢ MEHMOH eIHHHNEH, 0003HaIeHHOH Jepes Y%i1: To ecTh
B BHAE a+b*%i1. rae a H b — COOTBETCTBEHHO JACHCTBHTEIBHAS H MHHMAd 9acTH
gHCTIA.

PaccMoTpEM cHHTaKCHC 0a30BbIX (pyHKImMI cacTemMsl Maxima.

1: Apndmersaeckue oneparopsr: +, - ¥ /. A

TIpmmvep:
($12) X*y/5-%72+6#

xY r
(%02) —-x%+6

5

2. Omnepatopsl cpagHeHHS: <, <=, »=, =,
ITpemep:
($11) wI[x):=if x<0 then x”2 else H"(1/2)?
¢ else xl/2

(%01) y{x)i=if x<0 then x
(%12) vI5):y(-4):

($02) 5

(203) 16



3. Jloraaeckre oneparopsl: and. or, not.
[Tpsmep:
(%11 wvix)a=1f {(#<0 or #H>=&) then ¥"2 elge #€"{l/2);
1/ 2

(%0l yixhi=1T =<0 or ==6 then %% elge =
(51240 vidyeyil0);

(302) 2
(#o3) 100
4. Sviramg HaxowneHns dakTopHana THcaa; |
daxTopHAn 3a0aH B HaHOOIee 0DIDEM BHIOE H NPeICTABIAST CODOH, MO CYTH, raM-
Ma-(QVHEITHO (ToaHee, X! = gamma(x+1)), To ecTe ompegeneH Ha MHOKECTEE BCEX
KOMILTEKCHEIX THCEI, KPOMe OTPHLATEIRHEX Helblx PakTopHAI OT HATYpaIbHO-
I'0 9HCAA (H HYIA) ABTOMATHIECKH YIIPOIIASTCA 0 HATYPATBHOTO e THCIIA.
[Tpeep:
(%11l) L151;
(sol) LauTei4s3e8000)
3. DvEramHa HaXomIeHHS OoaviakTopHana wmma: ! (mpomzeemeHme
BCEX TETHRIX (/11 TeTHOTO ONEpPAHIA) HIIH HEGeTHRIX THCET, MEHBIHX THOO paB-
HEIX JaHHOMY ).
[Tpsmep:
(511y 4L11p
(B0l) Z53T37513356202075347T607600523Th

6. OVHIIHST OTpPHIIAHNE CHHTAKCHISCKOID PABEHCTEA. 7
Jarmmce a¥b 3xeHBATEHTHA not a=b.

[Ipmvep:
(511) a¥fb; not a=b;

(50l afb
(302 Erue

7. $yEKIHEA HaxOEIEHHS MOTVIE THCIA X: abs(x)

Momgyne onpeneneH 44 BCEX KOMILTEKCHEBIX THCETL.

[Tpeep:
(%5113 absi-5irabs(5+77%1);
(%oly k&

(3021 74

g $OVHEKIHA, BO3EpaINAINAg 3HAK THCIA X signum(x)




IIpmmep:
(%11} slgnumi-5)rsignumi7+x 20 ;
(B0l) -1

Ro2) 1

9. . BO! ANOIHE HAHOOIBINES H HANMEHEIIEE 3HATCHNT H3
3AMAHHEIX JeHCTEBHTENBEHEX THcen: max(x]1. . xn) mmun(x1, . xn).
IIpmmep:
(511 maxilsh, 177, 4/9, 207149, 354, 2771
min{(l/5, 1/7, 4/39, 20713, 374, 5/7);
10

(2o0l) —
g

1
(202)] —
-

10. Hewxoropkle BCTpOSHHEIE MATEMATHISCKHE (rWHKITHH:

sqrt (x) Kragparueni kopeHs H3 X

acos (x) AprxocHHYC apryMeHTa X

acosh (x) ['Emepbomrie il apKROCHHYC apryMeHTa X
acot (x) ApEKOTaHTEeHC apryMEHTAa X

acoth (x) [ EmepbomraeckHi apKROTAHTEHC apryMeHTa X
acsc (x) AprrocekaHC apryMeHTa X

acsch (x) ['Emepbomre crmil apKROCeKaHT apryMeHTa X
asec (x) AprcekaHC apryMeHTa X

asech (x) ['mmepbomeeckHil aprceKaHC apryMeHTa X
asin (x) AprcHHYC apryMenTa X

asmh (x) ['EmepbomeecrHil apRCHEYC apryMeHTa X
atan (x) AprTaHreHC apryMeHTa X

atanh (x) ['EmepbomeeckHil apKTaHIeHe apryMeHTa X
cosh (x) [ EmepbomreckHiE KOCHHYC apryMeHTa X
coth (x) [ Emepbome crHil KOTAHTEHC apryMeHTa X
csc (x) Koceranc aprymenTa x

csch (%) [ EmrepbomE9ecKHE KOCeKAHC apIyMEHTa X
sec (x) Cexanc apryMeHTa X

sech (x) [ EmepbomadeckHi cekaH: apryMeHTa X

sin (%) Cumyc apryMeHsTa X

sinh (x) [ EmepbomEdeckHi cHAEYC apryMeHTa X

tan (x) Tamrenc apryMenTa x

tanh (x) [ Emepbomreciai TaHTeHC apryMeHTa X

log (x) Harypameseni morapudiv x

exp (x) DKcmoHeHTa X

10



JIABOPATOPHAS PABOTA Ne2
NCCIEJOBAHUE CAY HA 3BM C UCITIOJIb3OBAHUEM MAXIMA.
Leas padoTbl: 3aKpenuTh MaTepuan JEKUUH © NPHOOPECTH MPAKTUYECKHE HABBIKH
nccinenoBannsa CAY "a DBM c ucnons3oBanueM cucreMsl MAXIMA.
3agaun:

1. N3yuuts ocobenHoctu cuctembl mnporpammupoBanus MAXIMA. Pemuts
IIpUMeEpBI, NOsICHsIoIINE cBolicTBa onieparopoB MAXIMA.

2. CocraButs MAXIMA — nporpammsl Ajisl pelIeHUs] BapuaHTa 3a]1a4, PELUTh 3TU
MIPOrpaMMbI NIPU YHUCICHHBIX 3HAUEHUSX [TapaMeTPOB.

3. W3yunts  OcHOBHBIE  omepaTopsl, mnpaBuna 3anucu Ha  MAXIMA
apu(METHYECKOTO  BBIPAKEHUS, Oleparopa INPUCBAMBAHUSA, ONEPATOPOB  YIPOIICHUS
BBIpQ)KEHUH, OlepaTopa pEIICHUs YpaBHEHH, TEKCTOBBIX KOMMEHTAPHEB, O3HAKOMHTBHCS C
pelIeHrneM THIOBBIX 3a/1a4.

Ilopsinok BbINOJIHEHHUS PadOTHI.
1. IToBTOPUTH JIEKLIMOHHBIN MaTEpUal.
2. Pemnth npuBeieHHBIC IPUMEPHI, COTTIACHO BApUAHTY.
3. Odopmuth perieHue B BUAEC OTUYETa B TEKCTOBOM PENAKTOPE U 3alUTHThH

nabopaTtopHyto padoTy.

1. Jekyuonnviii mamepuan. OcHoevl pabomvl ¢ Mmamemamuueckom nakeme

MAXIMA.

1.1 Uurepdeiic MAXIMA

Paccmotpum cucremy mento u kHonnok MAXIMA, o6paTuB BHUMaHuE Ha CIAEAYIOIINE TYHKTHI:

File — New, Open...,Save, Save as..., Export As Plan Text, Close, Print, Print Preview, Close.

Edit — Undo, Cut, Copy, Delete Paragraph, Select All, Find.

View — Tool Bar, Context Bar, Status Line, Zoom Factor, Show Invisible Characters.

Insert — Text Input, MAXIMA Input, Math Input.

[Tocne 3arpy3km cHUCTEMBI Ha JKpaHE OTOOpakaeTcss pabouyuil JIMCT CO CTPOKOM BBOJA, OHA
OTIMYaeTcsi 3HakoM >. Ha akpaHe 1Mo yMOIYaHHIO CTPOKH BBOAA OTOOPAKAIOTCS KPACHBIM IIBETOM, a
[[BET CUCTEMBI — CHHUI; KOMMEHTAPUU BBIJICICHBI YePHBIM I[BETOM.

Komanas! npeacrasisitor co0oi BEI30BBI IPOLEAYP, ONPEAeNIEHHBIX B cucTeMe. BBo KOMaH bl
3aBCpIIacTCA CUMBOJIOM:. WIA , Ecmu HCIIOJIB3YCTCA . TO KOMaHJa BBIIOJHACTCS, HO pE3yIbTAT €€
BHITIOTHEHUST HA JKpaHe He oToOpaxaercs. Mcmonmp3oBaHWE ; HE TONBKO BBIMOJHAET KOMaHAy, HO H
BBEIBOJIUT €€ pe3yiabTaT Ha JKpaH. YacTh CTPOKH MOCJIE CHMBOJA # BOCIHPHHMMAETCS CHUCTEMOW Kak

KOMMEHTapHil.
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MAXIMA coxpepxut psn ¢yakuumit: Arcsin, arcos, abs u T.n. ApryMeHTHl BceX (yHKIUH
3aKIovarTcs B ().
1.2. Onepanum ¢ popmyaamu
B MAXIMA cymecTBytoT (yHKIMU BBIYUCICHHUS. BBIIenuM HEKOTOPBIE U3 HUX:

1. Komanna expand(....) it NOTMHOMUHATIBHBIX BBIPOKCHUH PaCKpPbIBACT CKOOKH,
a JpOOHO-pallMOHANIbHBIE BBIPAKEHUS HPUBOAUT K BMJY, HPUIOJHOMY JUli JalibHeiIero
uHTerpupoBanus. Hanpumep:

expand(y*(y+1)+(x+2)/(x+1));

2. Komanna Evalf(...) — ¢yHkums BhIYMCIAET yKa3aHHOE BBIPQKEHHE W BBIBOIMT
€ro Ha 3KpaH co 3HakamMu MaHTHcchl. Hanpumep:

evalf(Pi,40);

3. Komanpa collect(..., ...) — npuBoauT mopo0HbIe wieHbl. Hampumep:

collect(5*x*y+y-2*x+6*y,X);

4. Komanna factor(...) npoBoaur pasnoxenue Ha MHOXUTenH. Hanpumep:

factor(x"6-4*xN4+x"2+6);

S. Komanzma normal(...) — HopManu3amus JpoOH, NPUBOIAMUT BhIpaXKEHHE B opme
IIOJINHOMOB WJIU JpO0O€ei, YUCIIUTENb U 3HAMEHATENIb KOTOPhIX B3aUMHO IPOCTHIE MHOTOUJIEHBI C
nesnbMu Kodpuuuentamu. Hampumep:

normal((x"9-1)/(x-1));

6. Komanga combine(..., ...) — mpeoOpa3yeT BeIpakeHHE K HanOO0Jiee KOMITAKTHOMY
Buay. Hanpumep:

fl:=sgrt(4-sqrt(3))*sqrt(4+sqrt(3);

f2:=combine(f1,radical);

7. Komanma simplify(...) — ynpoimaer Beipaxenue. Hanpumep:

t:=(1-x"2)/(1+x);

Simplify(t);

8. Komanma convert(...,...) — mpeoOpa3yeT BbIpaxkeHHe B GopMy, OMpeAeTsIeMyro

BTOpBIM aprymeHTom. Hanpuwmep:
convert(9,binary);
9.Komanna degrees —1o3BouisieT mpeodpa3oBaTh paJMaHHYI0 MEpY yIiia B IPaJyCHYIO.
10. Komana €Xp- mO3BOJISIET BBIYUCIUTH IKCIIOHEHTY.
1.3 Komanasl nuddepenunpoBanus
[Mepras npousBoanas: diff(BeipakeHue, nepeMeHHast).
[Tpoussoanas n-ro mopsiaka: diff(Beipakenne, mepemennas $ nopsiiox). Hampumep:
diff(x"~10,x);
diff(x*10,x$3);

12



1.4 KomaHabl HHTErpHPOBaHUS

Heomnpenenennsiii uaTerpai: iNnt(Bpipaxkenue, mepeMeHHast)

OmnpeneneHublii  uHTErpaia:  INt(BeIpakeHHe,  NEpEeMEHASI=HUXH.IPEICIL..BEPXH.IPEILI).
Hanpumep:

int(x"2,x);

int(x"2,x=1..4);

1.5 I'peueckue OYKBbI

& - alpha o mu
5 _ peta E i
¥ - gamma p - pi
& - delta ? -rho
g - epsilon O -sigma
5 - zeta U - upsilon
7 - eta ? - phi
8 - theta X - chi
v -ita ¥ - psi
% - kappa @ -omega
A - lambda
Y -nu
2. 3amanus:

13



Taon. 1.1.
Bap YncneHHbie
Ne Oneparop PRASRE OTBeT
apaMeTpoB
1 2 3 4
3agaua Nel. Banucars omepatop Maxima
H BBIMHCIIHTB €ro IPH 33/IdHHBIX TapaMeTpax
1 | 1+ exp(-it) cos (wt + @) | @w=33 A=05, 1.224
@ =135, t=2
2 52442 o=0.1, L= 0.5, -0.28
Sin( ot + ¢ ) w =355 ¢=06,
A+ t=2
3 F R 2 “i1p a=0.1, A=0.5, 11.34
* € t=2
a—i afa+4)
4 I eyt a=0.33, 1=10.6, 5.37
t=4
o a+A
5 a=0.57, L=0.2, 4.445
1(1-8-“‘ )+ I =3
A I+
6 | sinmt _, I 4 a=0.57, A= 02, -0.0966
1 € + ] € w= 103, (=3
+
7 1 —t Sin o —Ait a=0‘22: A= 0-34’ 0.539

w=48.3, t=23




3amgaua Ne2.lIposenute nquddepeHurpoBanue

g y=x —5x+4. 5 y=x3".

b) Z=x5(2—§+3x2j 9 y=Incos3x;
hy  y=>Sarcsin kx+ 3arccos kx

10

c Pp(t) =— e™ :
) asint —bcost i) y= 2(asmx—cosx)
l+a
3 )
o y=(1+5x) N
) y=x
e y=cCO0S’X:
3amaua Ne3 . IIpoBemute muddepeHIpoBaHNE YKa3aHHOTO TIOPSIKA
W y=x"—T7x+2 m) y=ex(x2—1)
3 24
o, >
dy3 dy24
) s = arctan 2x
2
a4,
ds®
3angaua Ne4.IIpoBenute HHTErpUPOBAHUE
e dx
N Js

0) ..3t5tdt :

c dx

I35y

o [cos3pdg.

) . sin(ax + b)dx

9 . (3-2x) dx :

) : (3x2 —2x+ S)dx

15



v)

3angaua Ne5.Bpruncioure onpenenéHHbIE HHTEIPabl

a)

b)

c)

:(1+ex)2dx;

« 2xdx
S xt 430

i3x2dx;
2

j»dt
Y A3t+4

16
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JlaGopaTopnas paora Ne 3

PEIIEHUE YPABHEHUI U CUCTEM YPABHEHHUM C IIOMOIIBIO ITAKETA

MAXIMA.

3ananusa:
1) Pemuth cuCTEMbI

a)

2x,—x, +x;,=0
3x, +2x, = 5x;, =1
X, +3x, —2x; =4

x, —3x,
6)

2) Pemmuth ypaBHEHHUS

3)

3)
b)

c)
d)

(x+3)" +(x+95)"* =16;
27x* +9x* —48x+20=0;
2+ x

+Ax=1+x;

—-X
Yx+8—-4Yx—-8=2;

Pemutes cucTeMBbl

a)

b)

c)

xP+y? =25
xy =12 ’
£+Z+£:3
y z X
Z.{_i_{_f:?,;
X y z

X+y+z=3

210g2(3x—4) — 8
{logg(x2 —yz)— log, (x+y)=0,5

17

2x, +x, =5x; +x, =8

—-6x, =9
2x, —x; +2x, =5

X, +4x, =Tx; +6x, =0



JladopaTopnasi padora Ne 4
BBIYUCJIEHUSI MATPULl C IPUMEHEHUEM ITAKETA MAXIMA

BbInoJaHNTH CJIeAyrImme 3aJaHuA:

4 9 1
Jansl maTpunel M, = L3 M, =

HaijiguTte:
npoussenenue SM

npousseneHue v, ;
npousseaenue M\ M, ;
obpaTtHyro MaTpuity M 1_1 ;
ONPEACIUTEND |M 1|;

TpaHcnonupyure M,

2 0 1 -3 1 0
Hanbt matputet M, =| -2 3 2|, M,=| 0 2 1
4 -1 5 0 -1 3
npoussenenue SM ;
npousBeneHue v, ;
npousseaenue M\ M, ;
oOpartHyro MaTpuiy M 1_1 ;
ONPEACIUTEND |M 1|;
TpaHCIOHUpYiTe M, .
BbraucnauTs onpeneanTens 4eTBEPTOro nopsIka
3 1 -1 2
4= -5 1 3 -4
2 0 1 -1
1 -5 3 -3
Haiitn npou3sBeneHne MaTpui:
-1 3 0
5 -1 31)|-211
a)(z 0 -1 4) 30 -2
4 1 2

18

-3 u BekTop v=(3, 2).
2 1

Y BEKTOp V = (4, 2, 1). Haiigure:



3amaga Nel . TlepemmoxATe MaTprmel: C =A B

Marpumna A4 Matpwra B Marprma C
-1 2 -1 2 9 &
4 5 4 5 16 33
3 -1 5 -1 16 -4
-2 3] -1 1] -13 5
5 -1 (-1 2] -9 -5
-4 3 4 -5 16 -7
Marpama 4 Marpura B Marpuma C
(-3 1] [2 2] -3 1
-6 2 3 -5] -6 2
[ 5 2] (4 -1 24 -7
-2 4] 4 2] 8 6

1a No2 . BEMMCIATE OTIPEACTATENE H 0OPaTHYIO MaTPHITY MAaTpPHITHI
A

Marpnmna 4 Det A AED

70 = 0.429 0.143

2 3 7 0.286 0.429

[5 1} - 0.182 —0.0454
-2 4 0.091 0.227

3 =1 - 0.273 0.091

-4 3 0.364 0.454

=t =2 3 ~0.385 0.154
|4 =D —-0.308 -0.077
[2 —2} 7 125 -05

3 =3 0.75 —0.5
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JlaGopaTopHas padora Ne 5-6

MOCTPOEHUS TPA®UKOB ®YHKIIU U TOBEPXHOCTEM C IOMOIIbIO
ITAKETA MAXIMA

[Toctpoiite rpaduku GyHKIUI B 1EKaPTOBOK CHCTEME KOOPAUHAT:

sin(x)
a) V= T Ha OTPE3KE [— 20,20];

by V= ‘Sm(x)‘ 1 ¥ = COS(X) na orpeske [— 272',272’].

[TocTpotite rpaduku GyHKIMI B OJAPHON CHCTEME KOOPUHAT:
o @ =sm(7w) R(@)=cos(3W) e w=0.27"
by @ =1, R(¢)=2cos(r)+1,rne t=0.27.

©) R=1, m=0.1, w(t) = 2(+ + mR)sin—— , tne £ =0..157.
2m+1

ITocTpoiiTe TOBEPXHOCTH
a) z(x,y)=cos(xy).
[TocTpoiiTe NOBEpXHOCTH, 3a/1aHHbIE TAPAMETPUUECKU

a) N=20,i=0.N, ¢, =lﬁ’ Jj=0.N, 0, =2]N’ X, =sin(g,)cos(d,),
Yi,j :Sin(¢i)sm(0j)7 Zi,j =COS(¢1‘)'
b) N=40,i=0.N, ¢, :21‘%, j=0.N,, 0, :2]'%, ¢t =0..1000,

x,, =(5+2cos(4,))cos(@, ), v, =(5+2cos(¢,))sin@d,) , z,, =2sin(4,),

X, =|5+2.5co0s il Ccos t—ﬂ , Y, =|5+2.5co0s s sin il , Z, =2.5sin i
50 50 50 50 50
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Jladoparopnasi pabora Ne 7

Tema: «Mccanenosanne na IIK yeroiiunBocrn CAP ¢ noMombio Kpurepus
ycroiiunsoctH I'ypBana»

Llems zanaTtua: M3ysmTe kpAaTEepHii yeToiaHBocTH ['ypBHIIA, HCCIENOBATh YCTOHTHBOCTE
CHCTEMY.
Bpessa BemomHEHHS — 2 Waca.

1. OcHOBH TEOpHH.
MeToasl HCCTIeAOBAHHSA VCTOHMHBOCTH MTHHEHHEIX cacTeM. Qbnmie noratas. Heobxoammoe

ycnopne ycroifauBocTH. Kpurepwii ['ypeuia

CAP HazpiBaeTCA YCTOHMHBOI, €CITH peryIHpyeMas BeTHTHHa TTOCNe OTKIOHEHHA, BO3HHKIIIETO B
pe3ynBTaTe BHENIHETo BO3ACHCTBHA, MO MCTEYEHHH HEKOTOPOTO MPOMEXKYTKA BPEMEHH BO3BpamIacTCs
K 32JJaHHOMY 3HAUCHHIO.

Ecmn CAP HeycToi4HBa, TO BOZHMKAKT HE3aTYXAKIIHE HIIH pPacXojfmrHecs Koaebamns, mubo
TIPOMCXO/THT MOHOTOHHOE H3IMEHEHHE PEerymupyeMol BEMHTWHEI H JPYTHX TIAPAMETPOB CHCTEMBEL
VCTOIMABOCTE  CHCTEMBI MOXeT OHITE YCTAHOBIEHAa Ha OCHOBAHHAH AHATH3a  KOpHeit
XapaKTepPHCTHUECKOTO YPaBHEHHA.

PaccmoTpim mrddepeRnraTsHOe YpapHeHHE CHCTEMET

a d"y/dt"+a,d" /dt"" +..+a dvdy=b d"x/dt"+b A" x/d™ 4. 4b_x (1.1)
Pemrenne ypasrenns (1.1) Bmouaer obmee pemenne y, (t) oIHOPOJHOTO YPABHEHHSA H WaCTHOE
pemerve y,(t) HEOTHOPOIHOTO YPABHEHHS:

m-1

¥ =V (D+¥,(0),
rae y (V=
Ay .oy b, — KOPHH XapaKTePHCTHIECKOTO YPABHEHHA
"4 M =0, (1.2)
CI* anay Cn— NOCTOAHHBIC, 3aBHCAIIIHNE OT HAYATBEHBIX YCJIOBHI;‘L

ao).. +a ')..

eCITH X=const u t—w y—b fa xx=y.

CornmacHO TpPOBEACHHOMY BHINE ONpefeneHHIo, CHcTeMa Oyaer yeToiamBoil, Koraa
BEITIONHAESTCSA YCIOBHE TIPH X=const i t—o0 y—bm/anxx, (1.3)

IMocaenHee MOXeET OBITEH BEIMTOMHEHO, €CITH TIpH t—oe yn(t)—0.

W3 xypca BBICIIEH MaTEMaTHKM H3BECTHO, 9TO, €CTH A, ....., A, BENIECTBEHHbBIE OTPHIATENHHEIE
WIH KOMIIIEKCHBIE COTPSKEHHBIE C OTPHIATENBHOH BEMIECTRBEHHOH wWacThio, To ycmoeme (1.3)
BEITIONTHAETCS ¥ TIPOIECC PeryTHPOBAHHA YCTOHIHBEIH (Puc. 1.1 . XapakTep mpomeccos peryrHpoBaHuHs
B CITy'Iae, €CJTH KOPHH XapaKTepPHCTHTECKOTO YPaBHEHNU!

| — BemecTBeHHBIE OTPHOATENbHBIE: 2 — KOMIIIEKCHEIE, COMPSUKEHHBIE C OTpHIATENBHON
BEIIECTBEHHOI YACTBIO, 3 — MHMMBIC; 4- ¢ HONOKWTCILHON BCUICCTBCHHOH YACTBIO; 5 — BCLICCTBCHHBIC
HOJOKHTCIBHLIC,

1.1).
Ecni KOPHH THCTO MHHMEIE CONPSKEHHEIE, TO 3T0i mape A1=jf n A2=j SyayT cooTBeTCTEROBATH
craraeMele peIeHHs:

¥, =¢c(cosPttjsinft),
y,=c(cosPt-jsinft).
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B »TOM chyvae cHcTeMa HaXOAWTCA Ha TPaHWIE YCTOHYHBOCTH, T.K. Omarojaps HaTHMTHIO TMapsl
THCTO MHAMBIX KOpHeH BemHuHHA OyaeT W3MEHAThCA Mo cHHycouae (oM. Puc. 1.1 . Xapakrep
TIPOLIECCOB PETYIHPOBAHHA B CIIyYae, ECITH KOPHH XapaKTEPHCTHYECKOTO YPaBHEHHA:

| — BemiecTBeHHEIE OTPHUATENBHEIE, 2 — KOMIUIEKCHEIE, COMPSIKEHHBIE C OTPHIATEIBHOH
BEMIECTBEHHOH TacThIO, 3 — MHHMMBIC, 4- C NONOKHTCILHOM BCLICCTBCHHOH YACTBIO; 5 — BCHICCTBCHHBIC
HOJOMKHTCIBHBIC,

XxpuBaa 3). [IpH HamHIHHM TONOXKWTETHHEIX BENMIECTBEHHHIX KOpHEH WMH KOpHEH ¢
TIONOKATENEHOH BEMIECTEEHHOH 9acThi0 mporece 6yaer pacxopasmmmes (cM. prc.l.]l, xpuese 5, 4)
y,,#0, a cHcTeMa — HeYCTOHTHBOIH.

CnenoraTeTbHO, €CITH H3BECTHO PACMONOXKEHHEe KOpHeH XapaKTepHCTHYECKOTO YpaBHEHHA, TO
MOXHO OTBETHTH Ha BOMPOC: YCTOHYHBA MM HEYCTOiuHBa crcreMa, TakiM 00pa3oM, BHA TPaBoif
vacTH auddepeHmHansHOTO ypapHeHHs CAP He BIHAeT Ha Pe3yabTATEI aHATH3A ee YCTOHTHEOCTH.
M3noxkeHHOE  COpaBeANMBO N CHCTEM  PETYITHPOBAHHSA,  ONMHMCHIBAGMEIX  JTHHEHHBIMH
maddepeRTHATEHEIMIE  YPaRHEHHAMH. PeanbHBIe CHCTEMEI MMEHT HENMHHEHHOCTH. B pamge cmydaer
yAaeTCs IMHEApH30BaTh CHCTEMY ITyTEM PasNiokeHus (YHKIHOHANBHOI 3aBUCHMOCTH B psfa Telimopa n
oTOpackIBas TISHE! psja, AMEOIIHE CTeleHb Bemme nepeoil. O00CHOBaHHE BOIMOXHOCTH THHEHHOTO
aHanmM3a [N peamsHOH CHCTEMBl C HETHHEHHOCTAMH MAaloH KPHBH3HE, KOTOpBIE MOTYT OBITH
paznoxeHH B pag Teinopa, naerca B Teopemax A.M.JIamyroRa.

y
5

¢

Puc. 1.1 . Xapakrep mpoueccoB peryJIMpOBaHHs B CIYYAC, CCIH KOPHH XAPAKTCPHCTHYCCKOIO YPABHCHUSL:
| — BCLICCTBEHHLIC OTPHLATCIBHBIC; 2 — KOMILICKCHBIC, CONPSKCHHBIC C OTPHLATCILHOM BCLICCTBCHHOM
YACTBI; 3 — MHHMBIC] 4- ¢ NOIOKHTCILHON BCLICCTBCHHON YACTBIO; 5 — BCLICCTBCHHAIC NOIOKHTCIbHLIC,

Onpenenerne KOpHEH XapaKTEPHCTHYECKOTO YPaBHEHHS NHHEHHOH CHCTEMBl TpeACTaBIAeT
coboii Bomee CIOKHYIO 3371a9y, €CITH CTEMEHb XapaKTePHCTHIECKOTO YPAaRHEHHA BEIIIE TpeX. B TeopHu
AaBTOMaTHYECKOTO PEeTyNHPORAaHHSA pPacCMATPHBAIOTCA METOABI, KOTOpPBIE TIO3BOIAIOT CYTHTh 00
YCTOHMHBOCTH JHIIE TI0 3HAYEHHI) KOMP(UIHEHTOB XapaKTepHCTHYECKOTO YpaBHeHHs, 0Oez
OTIpefieNNeH N €ro KOpHeH.
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KpuTepan yeToHYHBOCTH MOTYT OLITL HeOOXOMAMEIMA H JOCTATOUTILIAMM

Heobxomanmoe ycnonne YCTOHYHBOCTH BHTOTHAETCA B TOM Ciydae echH KodphHimenTs!
XapaKTepHCTHYSCKOTO YPABNEHHS HMEIOT OJTHIT H TOT e 31aK.
[IpeacTanmyv XapakTepHCTHYECKOE YPaBHENHe B BHIe:
Qe )R- 0A,) (1.4)
Tae A,...A ~— KOPHH XapaRTePHCTHYECKOTO YPaRHenH .

Ecim nce wopmA OyAyT BEMECTBENHEIMA W OTPHOATETBILIMH WM KOMIUTEKCHEIMA ¢
OTPHIIATENEAOH BEMEecTBENHON YACTEIO, T.e. CHCTEMA pPETyNHpOBANHS YCTOHYHBOCTH, TO TPH
TIepEeMHOMENTHI COMIIO/KATENEH XapaKTepACTHYEeCKOTO YPABNeHHs OTPHIATENLALX KOMDHIHENTOR
OLITE Te MOMKET.

Opnako NpA BLIMTONNENAH YCIOBHA PARSHCTBA IHAKOB KOMDHIHENTOR XapaKTepHCTHYECKOTO
YPaBHENHSA CHCTeMa MOXeT ORITh TakAe HeYCTOHYHROMN, TAK Kak MPH MepeMHOMKeNHH OTPHIATELHLIX
THCEN KOHETNLIT Pe3yIsTaT MOMKET OBITE MONOKATENLIEIM H B KOHEYHOM BH/E OTPHIATeNBHENH 3HaK
e TPOSBHTCA.

Kpurepuii veroiaasocTs | 'vpeuma

CHeTeMa aBTOMATHYECKOTO PEryTHPOBANAS OYET YCTOHYABA, ecld ompelerTHTenst ['yppria,
COCTARNENHENH H3 KOJ(HIIHENTOR XapakTEPHCTHISCKOTO YPARHENHS, H BCE er0 MAHOPLT OYYT HMETh
OIHN H TOT JKe 3MaKk. ITOT KpATepHH SBISeTCS MeOOXOMMEINM W AOCTATOYHEM (TMpHBOgUTCS Ged
JIOKA3aTeNLCTRA).

ayaxasar...0 0
apmadsas...0 0
0aazas...0 0
0 aparas..0 0
0000 an0
0000 ap2aa

Ha ocnopamm anrefpanveckuX KpPHTEPHER, HATPAMEp, OTHOCHTEIRHO TIPOCTO HCCIEOBATH
yeroimmmocte  CAP  mo  4ro mopsmka.  Jns  cHCTEMEI n-TO  TIOPAMAKA,  OMHCEIBASMOH
XapaKTePHCTHYECKIM YPaBHENHeN, onpeemuTeTs ['yppuma mdaeer BAT:

A
agh+a ) +..+a =0, (1.5)
Heofixommoe i JOCTATONNOE YCIOBHE YCTOHUHBOCTH JUTS CHCTEME! 3-T0 TTOPS/IKA TPANMACT BHT:
23,223,

Hcromeionanne atreSpandeckAX KPHTEPHER JUIS CHCTEM C TIOPATKOM YPaBHENHi Bemme 4-ro

3ATPYANHTENLHO W JUTS DTHX CHCTEM HAXOAT NpHMeHenve rpadio-anaTATHIeCKHEe MeTOEL

2. llopagox BemonnenAs padoTEL

1.IlparecTn cAcTeMy mudipepeNITHANLNLIX YpaBHEemHiT K 0600mennoMy YpaBHenHIo.
2.Brectn onepartop Jlarmmaca.
3.CocTaBRTEL onpeiemHTe s | ypBiTIa 1 ONpeIeHTE, YCTOHYARA CHCTEMA AITH THeT.

B xagecTne nprMepa paccCMOTPHM CHCTEMY YpaBHemrHii 40ro MopAaKa co CleTyIonmAMH
HCXOOUBIMHA JannLIMA?
Kpurepuii I'ypeuna.
CucreMa aBTOMaTHYECKOTO PEryIUpoBaHMsl OyIeT yCTOMUNBa, €CiM onpeaenurTens [ ypBuna,
COCTaBJIEHHBIN U3 KOI((HUIIMEHTOB XapaKTEPUCTHUECKOTO YPAaBHEHHUS, U BCE €r0 MUHOPHI OyAyT
UMETh OJJUH U TOT K€ 3HaK. DTOT KPUTEPUI ABIIIETCS HEOOXOANUMBIM U IOCTATOYHBIM.
B kauecTBe npumepa pacCMOTPUM CHCTEMY ypaBHEHUN
4oro nopsiKa co CIeAYIOIUMU UCXOAHBIMU TaHHBIMHU:
a0=1lal=2 a2=4 a3=3 a4=2
Pemenne:
1) CocraBasiem aok4+a1k3+ a2k2+a3k1+ ayA=0 — oOmuit BUI ypaBHEHHS 40T0 MOPSIIKA
2) A3+ 4NE+3+ 2=0 — ypaBHEHHUE TSI TAaHHOTO BapHaHTa
3) Cocrasisiem onpenenuteib ['ypBuiia u3 Ko3pPUIMCHTOB XapaKTePHCTHYECKOTO
YpaBHEHHMS U JIeJaeM BBIYUCICHHE €r0 MUHOPOB.
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4) Marpuily COCTaBJIsieM TaK: BHaYaJIe 10 JHArOHATH CBEPXY BHU3 BHITUCHIBAIOT
KOA((UIIMEHTHI XapaKTEPUCTUICCKOTO YPABHEHHUS, HAUMHAS ¢ al U jganee B MOpsSAKe
BO3pacTaHUs WHJEKCA CTETCHU 10 KoddduimeHTa a4 BKIOInTeIbHO. CTPOKU BIIPABO OT
JMarOHAIN 3aMoJHIeM Kod(d(UIMeHTaMH B OPsIKEe YObIBaHUs WHACKCA. B cTpokax
CJIeBa OT IMArOHAIIH MPOCTaBIsieM KO3 PHUIIMSHTHI BO3pacTaHUs MHICKCA.

al a3 0 0 2300
a0a2 a4 0 1420
0al a3 0 0430
0 a0 a2 a4 0142

3arem 3anuchIBaOTCA (POPMYJIBI IS pacuyera 2X MUHOPOB:
Al=al- a2- a0- a3; A2=al-(a2-a3 - al-a4)-a23-a0.

Pemmts 8 Maple.

[Tocmotpets apyrue koD dduuneHTs!.
CnenaTb BbIBOJ 00 YCTOHYHMBOCTH CHCTEMBI.
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4. BapuanTel saganumi

Ne sapuanTa ap ay dy dy dy

. 100 1,00 5,00 1,00 1,00
2. 3,00 =8.50 5,00 10,50 -1,00
3. 4,00 -14,75 0,50 1,00 -6,00
4. =200 2,63 2,00 8.25 =10,00
5. 17,00 15,00 3,00 1,75 =37.00
6. (0,00 40,00 100,000 8,75 =740
7. 13,00 80,00 -3,00 5,25 -161,00
8. 15,00 160,00 -5,00 2,25 -337,00
9. 3,00 320,00 6,00 4,25 -354,00
1. =500 650,00 = 10,00 1,75 =58,00
1. -4,00) 1 30,00 55,00 2,25 14,00
12. 4,00 75,00 70,00 34,25 103,00
13. 5,00 47,50 (0,00 0,75 253,50
14. 77,00 33,75 -5,00 44,25 540,75
15. =100 -33,00 -20,00 10,00 -15,00
16. 700 =26,50 1,00 -11,00 -29,50
17. 100 -63,00 0,10 20,50 -41.40)
18. 70,00 136,00 21,00 -11,45 -56,45
19, 1,00 -282,00 35,00 30,95 -215,05
20, 30,00 56,40 17.00 -4.45 08,95
1. 2,00 -11,28 =000 21,95 3.67
22, 1,00 2,26 5,00 -17.45 -9.19
23. =200 -045 -4.00 10,95 -9.00
24, -4,00 0,09 =000 -21,95 34,86
25, 1,00 -0,18 -14,00 26,45 -13,27
26. =500 0,36 =700 -24.45 36,09
7. 1,00 -0,72 0,00 20,95 -30,23
28, 3,00 144 7,00 -20.95 9.51
29, 4,00 -2.89 14,00 33,45 -48.56
30. 1,00 5,78 9,00 -17.45 1,67

1. Cipopmyanposart HEODXOIHMEIC YCIOBHA YCTOHUHEOCTH

5, KoHTpobHEIS BONPOCH K paboTe

2, Copmynuposars kpurepui yoroiiuusocrn Dypsuna
3. Kaxne negoctaTkn umeer anrebpanicekiii METOI ¢ OPHMEHEHHEM AnrefpanIccknx

KpHTEpHeR?
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JlabopaTopnasi pa6ora Ne 8

Tema: «Hccaegoranne Ha IBM yeroirmeocTn CAP ¢ moMombio KpATEpHA
Mnuxaiinoea»

Lens zangmua: Meemenorats na 3BM yeroifmmocts CAP ¢ movongio kprreprs Maxaittona
Bpeus semommenns — 2 waca.

1. OcHOBEI TeOPHIH

Kpurepnit Muxaiizona.

B xapakrepucTaueckos ypammenan g, A* +a, A" +..+a, A+a, =0(2.1) ) smngercs B obmem
MTITEKCHOH BeMHIHHOH A=0=j[} A MoKeT ORITEL TPeICTARNENa Ha KOMTITEKCHOH ITOCKOCTH A.

Jhoboe 3magenne A, spngiomeecs Kopnem yparnerms (2.1) ¥ pacmionoxenToe na MIIMOIT OCH
=jtn) MIA chpaBa OT Wee, ONMPeAeNdeT HeYCTOHIHBOCTL cHCTeMEl. ['pamima yeroifanBocTH H
{VCTOHYHBOCTH —— MUAMAd 0Ch. ECITH ARATATECA BREPX MO HTOH OCH 0T M= -¢ 0 o +oo, TO 0ONACTE
(VCTOHYHBOCTH NAaXOHTCA OT Hee CIpana (3amTpHXoBRana).

PaccwoTpin Temeps ERYI0 YACThL XapakTepHCTHYECKOro yparmerms (2.1), B KOTOpOH ciemaem
IFICTANOBKY A=+, Te o W ) IPOHIBOTLHEL B pesymsTare momydmn:

M(h=ag +a, "+ 4

Torna M(A) moer OLITE mpefcTanmena Ma KOMIUTEKCHOH TIOCKOCTH B BHJAE KOMITTEKCHELIX
‘CeNl, COOTBETCTBYIONIAX PatTHIHLIM 3HavennaM A u o. Ilmockocts M(A) amnsercs xomdopwmnm
ofpamenneM TIOCKOCTH KopHeH: MoOLM TOUKaM THIOCKOCTH A COOTBETCTBYIOT TOYKH THIOCKOCTH
(L) 7 maoGopot. Ecmm e MpHHUATE, 9T0 A=j( ¥ 331aBaTL 3MAYENA (@ OT -0 J0 +20 TO fa IWIOCKOCTH
(L) MoTyuamM KpEBYIO (Ha3smaeMyto KpHBoit Muxaiinosa)

M(jm):ao(jm)"+al(jm)".'+...+an, (2.2)

KoTOpafs oTo0pamaeT MHMMYI0 OCL TUIOCKOCTH A, TpRYeM obmacTh smadenmii  M(R),

OTBETCTRYIONUHX NeYCTOHUHREIM pementm Tuduepenuansioro ypasnends Takke JoImkna OLITh

paBa (JAIITPHXOBANA).

Weeom

o e M
7 X an
ol [

7

W ——o - o
| = oo
‘1

| v
wed
\"A

~
" m') I
|
Prc. 2.1 Ock jo B KOMITTEKCHOI MIOCKOCTH A M COOTBETCTRYTONHI roforpad B mrockocT M 1
nnockocTH W: a) — mockocTs Kopreil XapakTepHCTHYeCKOTo YPaBHenns. 3navenns A ¢

‘ONOKHTETLRON BEIECTRENNOH JaCTLIO PACTIONOKENE B 3AIMTPHXOBANTOH 00MacTH; 6 — MIoCKOCTE
M.
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Kopun  XapaxTepHCTHHECKOTO — YPABHEHHH, OTODDLKAIOTCR  TOMKAMM  [UIOCKOCTH A M
COOTBETCTBYKIT Haqwly xoopausar mnockocrd ML), Ewmm Havano koopiausar okuinisacics 8
SRUITPHXOBEHHON  O0J2CTH, TO BCURCTBCHHAR HACTh 10 KPAHEH MEpPE OJHONO M3  KOPHEH
HONOAHTENBHE, B CHCTEMA PEryIHPOBAHHA — HEYCroiiunes. Eenn HEYRI0 KOODAMHAT NONANAET HA
kpueyo M(jw), To 710 odHauseT, 410 KOPHM XAPAKTEPHCTHHECKOIO YPUBHEHHA HAXOMATCA HA MHUMOM
OCH ] H (), 8 CHCTEME — HE IPAHMLE YCTOHuHBoCTH. CHEJ0BATE IBHO, HEOOXOMMMOE H JIOCTATOHHOS
YCIOBME YCTOHYHBOCTH (POPMYIHPYETCA KAK YCIAOBUE, IIPH BRINOIHEHHH KOTOPOIO HAYANO KOOPAMHAT
Ha naockocT M(jo) JmkHO HAXOAUTECR B HezauTprXoBaHHON odnacr (kpwrepnii Muxaiiiosa).

Bropoil Bapuast TpakroBks kparepus Muxainosa roacur, sro, ecns rogorpad Muxainosa,
ABMIEACH MPOTHE YACOBOH CTPEIKH, 1P W o1 0 10 + % 1 NPOXOAMT N KEQIPEHTOR, (1€ N — CTCN¢HD
XUPUKTEPHCTHYECKOID YPRBHCHMA, TO cucrema Oyner yoroitunea (HeobXopuMmoe U J0CTATOHHOE
yeaoeue yeroitausocrn). Ecan rogorpady mpoxosT 4epes HA4ARD KOOPAMHAT, TO CHCTEME HAXOAMTCH
Ha rpasuue yeroiuusocry. [Tpu moGom gpyrom suae roporpada Muxaiinosa cucrema sgiRerca He
YCTOHYHBOM.

B npusesennom Ha puc. 2.1 ppuMepe HEHAIO KOOPAMEET JROKHT B HEIAUITPHXOBAHHOH ofumeTn,
NOITOMY CHCTEMA YCTOHYHBA.

CrazaHHOE OTHOCHTCA K YPABHECHHAM KAK DAIOMKHYTBIX, TAK M 3AMKHYTBIX CHCTEM.

(OK BRI M

1. Tipueecr cucremy mHdpEPEHIMLIBHEIX yPaBHEHRHE K 0G00UIEHHOMY YPABHEHHK).,

2. Beecry oneparop Jlanaaca. 3aMeHnTE B IMHEHHOM ypasHeHud “p™ Ha KopeHs
XHPAKTEPHCTHYECKOI) YPABHEHHA JW.

3. BauBas HIMEHCHHE W OT -20 [0 + %0 HOCTPOKTE KpHaY Mixainoss, ¢ nOMOmMBK KPUTEPHA
Muxafnoes 0npeaeiInTs YCTOHYMBOCTD.

B kadecTBe npHMEpE PUCCMOTPHM  CHCTEMY YPEBHCHHI 40r0 NOPAJKE CO  CAEIYHMIHME
HCXO/HBIMH IHHHBIMH:

H=-1

=1

8,22

iy=-1

a=2

Pemenne:

Pacmorgum 43 UMAIEPO AEDAKTEFUICTHYECKOO YPAREHUO 4 nopanka. VpasHeHse Oy1er uMers BayL:
ayh +u,> +a,;. +a,;. +a,=0

222205 220

Cuocrasienne nporpasyel 8 Excel jiiis pacueros i nocrpoesus rpadiica

Vpasnesne ans nposepsu no kpurepuio Dypeuuy: 41828 - 80°a3° - d'm” = o (8 3-8 a)-
(ag’z'uu)

Kpuea no Muxaiitosy usteer iy MGw)=(ag w® - 22w + a3) + (a3'w - a1'w)j

w 3agaercd or ( ¢ npubarinennem mara h (war 3anaerca MPOHIBMILHO).

Jna nocrpoenna M{jw) nenonssyior gea cronbia — peansron (Re) v munnoi sacrn (Jm).

27



JlabopaTopnasi pa6ora Ne 9

Tema: CocraB/enne YaCTOTHRLIX HEPeIATOMHLIX PYHKIHH PAZOMKHYTLIX H
3aMKHYTLIX cHered. Kpurepnii Haliksuera

ene gauarua: TToctpours AOHUX 8 poaiHuHBIX THIOE JIHHAMMMCCKMX 3HCHBCE M HX
COEIHHEHHI.
Bpesa aimnonsenns — 2 yaca,

1. OcHoBst TeupuH

Kpurepuit Hajikenera, Ha pue.2.] nokasaso pucnonomxeHue KOPHEH H CODTEETCTEYKMUCE MM
pacnoaomkerne Touks M(A=0 va nnockocrs M(R), a raxme MHHMOR 0CH HA IUIOCKOCTH KOPHEH M ¢e
KOOpAuHETHOE oToOpmxenie Ha ockoers M(A) — wpueas M(jo). s yeroiumBeoii cHCTe bl KOPHI
XEPAKTEPHCTHYECKOND YPABHEHHA HE ILIOCKOCTH KODHEH, [ICHAT CICBE OT MHMMOH OCH B HE
SRINTPHXOBAHHON 00nscTy, 1 orobpaxenne M(A=0 — nauano xoopaunar xva mnockoers, ML) —
Take cnesa or kpusod Mjo) ecnn apurarecs no 9voi kpuBoH or w=x a0 w=tw. i
HEYCTOHYHMBOM CHCTEMBL, ECIM XOTR Obl OjIHH KOPCHD XAPAKTEPHCTHYECKOID YPABHEHHA JICHHT CTIPasa
OT MEHMOH OCH B 3aurnpixosassoi obnacts, 1o Hasano keopausar M{A=0 sa naockocrs M() raxxe
crnpasa ot kpueoii M(jo) & saunrpuxosansoi ofnacrn mockoern M(A). B npusegenson Ha puc.2.1
NPHMEPE HAYAIO KOODAHHAT JIEKHT B HE 3AIITPUXOBIHHON OIECTH, NOITOMY CHCTEMA YCTOHYHESR,
[Mycrs nepeparounas gpyHksn paiomkryToi cueressr W(p)=N(p¥Mip), a ee xapaxrepucriucckoe
ypasuesne M(A)F0. Sauksen  cucremy orpuuarensHoii  (gauHuuHo#) obparHod  ceaiek. B
coorercrean ¢ Beipamernes  O(p)=z(p)Ap)=zp)x 1{pN[APx1{pr-A(p)Ap)]=WpN(1+W(p))
nepeparodnan  pyuuns  samMxHyTol  cueressi: O(p)=N(p)IM(p)M(p)(1+N(p) =Np )N N(pHM(p)).
Tlocrpony renepes sHa miockoetn AOX wacrorayk xapakrepucruky pazomkryroiit CAP W(o) «
npoeeaeM 13 Todky - 1, j 0 sexrop, onymenssii ceoum koHuos #a AOX. Bennunusa aroro gexropa
paena: HW(Go)=1+N(jo)YMGo)=(M{oHNGo))M(o) (3.1).

B uncnurene geipmxennd (3.1) Mbl umeem nesyio yacts xapaxrepuernyeckoro ypasaenus CAP,
FAMKHYTOH EAHHHYHON OTPHUATEABHONH 0GPATHOR CBAILK), B KOTOPOM NPUHIBEILHE 3AMEHI A=jw, 4 B
SHUMEHETENE — TO e 1A pazomkayToit CAP. Pazomkryras CAP no yenosuio yeroiumes, noyromy
M(jo)#0 »n Beipamcenne (3.1} He MOKET HMETh 3HANEHHH, DEBHEIX OECKOHEHHOCUTH (HOMOCOB).
Caeposarensio, ycioeue yeroifuneocrs samicyroil CAP, pasHOCHIBHO TOMY, 4TO0B BEIHYHHE
M(joprN(joy0 (un 1+Wia). re. Havano koopausar mnockocts W(jm) Haxoguioce B
Hezanrrpuxosadroi ofnacrn. Tnockocrs dynkuun [+W(io) momer Obite nonyueHa nepeHocom
HAYRIA KOOPAMHAT HE mnockoeTy W(jn) Baeso va eapauny. Toraa rpuHHYHRA KPHBAR YCTOHYHBONH 1
Heycroityneoi obuacreit AOX W(in). Crponrs o1y pHBYIO, B CHIY €8 CHMMETPHH OTHOCHTEILHO
HEUECTREHHOM OCH JOCTATOMHO TOJILKO OT 3Ha4CHH jo=0 1o jo=+twx.

Ewin touka (-1, j 0) va muockoers W([jo) nonans B HE3aunpuxosaHHy0 obuacs, T0 3UMKHYTas
CAP  yerodumea.  OxonsarensHo  spurepud Halikeucra  juin  paceMatpHeacuMoro  cinyuas
cpopmyaupyem Takuy  obpazon: ecnn pazomiHyran CAP yeroliumea, 10 8 yCTOHYHMBOCTH
samkHyTOH CAP HeoOxopumo u gocrarouno, 91ois ADX pazoMKHYTOH CHCTEMBl HE OXBEYBIBRIL
rouky {-1. j 0).

CoeiHHEHHE JBEHBCR:

1} Mocneporarensuoe
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%l

W,

W, = W *W,;
21 Mapunnensxoe

4 W

W =W + W,
3) OGparHo NEPAIIIETEHN ¢ OTPULETERHEE 00PaTHOR CERIRK
xl ¥
% "fh"? |
xd

W,

W, o=— 1 .
LW, W,
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4) OOparHoD NIPALIEIBHOE C NOIOKHTENLHON OGPATHOH CBRIBIO

x1 ¥

_®x_ Wi

x2

W,
W=t -
W, W,

2. Mopanok semoaHeHue pabors

1) Banucars nepeaaTouRy QYHKLIHK JULR MCCASYEMOI CHCTEMBL

2) Mocrponre ADYX niaa uecienyeMoi CHETEMEI

3) 3umensa 3Havesnd K030PUUHEHTOR NEPEIATOYHEIX (DYHKUHH, NPOAHLIMIMPOBATE XAPAKTED
nameneans AOUX

3. Coyepocanne orHeTa

Hazeanne u usne padoTel, BLIBO YABHEHHA A0H ODOCTROEHHA rpadmuoR, rpafmey ans 9psHi
loro nopages, 2010 NOPAIKE, CYMMADHBLT I8 ABYX DOCHETOEETENRHG COBJMHEHHBIX 3BeHReE loro
MOPALKE, THEX [CISI0EATEIRHD COENMHEHHEI 3BEHECE 100 nopsaKks B qeyx o0paTHO DEPALIEIEHD
COENMHEHHL S8eHBeE 1oro nopazga.

4. BupuaHTs 3auHRi

I U K1 T, L Tz e

1 1.00 2.00 5.00 1,00 1.00
2 3.00 o0 400 ' 10,50 -1,00
3 400 -17.50 0,50 . 0,50 -6.00
4. -2,00 20,75 2,00 8,75 -10,00
5. 17,00 7.00 | 4,00 . 1,25 -37.00
& 0,00 24,00 10,00 9,75 74,00
7 13,00 48,00 -3,00 425 2780
£. 15,00 96,00 | -5.00 ' 3,25 -20.56
9. 3.00 11,00 -6,00 3,25 711
10. 9,00 1220 1000 175 758
11. 4,00 244 35,00 1,25 552
12. 4.00 11,22 | 65,00 : 35,25 240
13. 3.00 15.61 74,00 6,25 -3.58
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JladopaTopnasi pa6ora Ne 10-12

XAPAKTEPHCTHKH THITOBBIX JIEMEHTAPHBIX 3BE-
HLEB

3amaua |. BeigecTn dopMyny nepenaToTHOH QYHKIMH MO 3aaHHOMY TH(de-
PEHOHATEHOMY YpaBHEeHHI0. BapHaHTE! 3a7aHnis pHBeaeHs! B Tadmame IT1-1.
Hpumep pewenun ona eapuanma 1
d* d* d

N— )=25—x ()= 10—x
g S0 Bz o= 10750,

)+ 10x, (1)- S%xu(z)- x, ().

Jna pemeHns 3a7aTH HEOOXOAWMO B COOTBETCTBHH C TIPABHIIAMH OTIEpPaHOH-
HOTO HCYHCIEHHS 3amucaTh 3ajanHoe midipepeHnuaTsHOe YpagHEHHe B BHJIE anred-
panvecKkoro yparHeHHS -

30p°X AP+ 25 p°X . (p)-10pX, (P +10X _(p)=5pX (p)+ X (p).

Brmocsa 3a ckoOKH H300pakeHHs BEIXOJITHOTO H BXOJHOTO CHTHANIOB B JIEBOH H

TIPaBoif 9aCTH MOTYIEHHOTO YPABHEHHS, TTOTYIHM
Xl P30p* +25p" =10p=10]= X (p)[Sp +1].

IMepegarovHas QYHKIHA — 3TO OTHOMIEHHE H200paKeHHH BEIXOAHOTO W BXOJ-
HOTO cATHamoB. CBepHEM 3TO BEIpAXKEHHE MO TMPABHIY MPOMOPLIHH, MOTYTHM HCKO-
MYIO IePEIaTOTHYIO (PYHKITHIO!

Xoulp) _ Sp 1
X, (p) 30p*-25p*-10p+10°

Wip)-

3anmava 2. HaprcoeaTs MepeXO HEN MPONECC IS 3BEHA C 3aJaHHBIM JapE-
peRTHATEHEIM YpaBHeHHeM. BapHaHTH 3aqanHuil npueeeHs B Tadm. I11-2.
TIpumep peutenusn 03 REPEO20 CaAPUAHMIA
3ananHoe qH(QepeHIHATEHOE YPARHEHHE
10%,\"“(1)- 100x,.(r) — 1000x, (1)
HeoOXOMMO MPHBECTH K CTAHJAPTHOMY BHJY, KOTAa KO3(/(DHIIHEHT MPH BEIXOTHOM

curHane paeer |. JIns 3Toro B JaHHOM TpHMepe HYKHO TMPABYIO W AEBYK YaCTH 3a-

JAHHOTO ypaBHEHNs moAe ATs Ha 100:
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Oinx“uu)+x;u0)-10;uU).
dt

10
Olp+1

EMy cooTeeTcTEyeT nMepeaarovHas pyHkmHA W(p) = anepHoJHIecKOr0 2BEHA

¢ mapaserpamu k=10 u T=0,] cek. I'padmk mepexogHOTO MpoHEcca JUIA 3TOTO 2BeHa

TIPHBE/IEH Ha pHC. |.

x|

wipot R O 5
1
| | | | | |
/ =
9'“1--1_) —————— Z= 1T 1 1 1T 1
l ot |

[
/

R 1o (o ot e O] et Ve Lo [ e
v | / X// | | |
tp——t - —————— e — — bt ———_
g V,/? | | | |

- XZ_J_________L__L__E__J ______
i il \ [ [ |

Puc. 1. TTepexoaras ¢yHKIHA aneprogmieckoro 3eeHa ¢ k=10 1 T=0,1 ¢

3agaqwa 3. HapucoBaTs aMIITHTYAHO-TaCTOTHYK) XapakTepHCTHKY (AYX) ams
3BEHA TI0 3aJaHHOMY AH(depeRIHanEHOMY YpaBHEHNH0. BapHaHTH! 3ajaHHii TPHBEE-
AeHsl B Tabmame T11-3.
Hpunrep peuteHus Oas Nepeozo eapuanma
3aganHoe muddepeHIHaTEHOe ypaBHEHHE

25-i X, (1)- 50x, (1)- l(l)-i x, (1)
di dt
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HeoOXOIMMO TIPHEECTH K CTAHAapTHOMY BHAY, KOraa Ko pHIIHEAT MPH BEIXOTHOM
cHTHane pared |. J1g 9T0T0 B JaHHOM MIPHMEpE HYXKHO TIPABYIO H JIEBYIO YacTH 3a-

JIAHHOTO YpaBHEHHS MoAenHTs Ha 50:

0,5-‘1 x, O+x, ()= 21 x, (1).
t dt

2p
05p+1

3BeHa ¢ nmapaMerpamu k=2 u T=0,5 cex. I'padpik AYX mna 3Toro 3BeHa MpHBEJICH Ha

EMy COOTBETCTRYET TepefaTovTHas (GYHKIHA W(p): mudepeHIHIpyIOnIero

pHc. 2.

Al

W
)

LAS (N =

alado du o

B R e ——
)
=3
il
[
-

Puc. 2. AYX maddepenmmpyromero 38eHa ¢ mapamerpami k=2 u T=0,5 cex

3anava 4. Haprcosats (hazo-uacToTHy0 XapakreprcTrKy (OUX) nns 2eeHa mo
3aMaHHOMY AH(depeHIHaTEHOMY ypaBHeHHI0. BapnaHTel 2ajaHuii NMpHBEACHHI B
Tabm. IT1-4.
Ipumep pewterus 018 nepeozo eapuanHma
3anarnHoe quddepeHnHATEHOE YPABHEHHE
2
30d—x (- 120%1“‘“(1) = 60x (1)

di?

33



HeoOXOIMMO TIPHBECTH K CTAHAGPTHOMY BHAY., KOTJa KOA(PUIIHEHT NMPH BEIXOTHOM
carHane paeeH . J{na 3TOro B JaHHOM MpAMepe HYXKHO MPAByI0 H IEBYI0 YacTH 3a-

JIAHHOTO YPaBHEHHUA NOAemHTH Ha 120:

2

d d
0,25—=x_ . @)+ —x... @)~ 05x,,@).
27> 3] R (3] 3]
0.5

—————— PH-3pena ¢ mapa-
p025pi1)

EMy cooTeercTByeT nepemarowHas (QyHRKIHA W(p)-

sMeTpaMu k=05 u T=0,25 cek. I'padpux OUX qns 3Tor0 3BSHA MPHBEAEH HA PHC. 3.

Ppa
CRL R
o e ———tcscepn —— — _— ——————————————————
‘
¢
3
1o
|
A12%
|
14l !
-2
P e e
I\
18\
N
:‘0; »-\
| hY
221 \
=34
| 1N
261 1 - :
| | \‘-\\_
20} ' —
\ | ————
104 i : ——
R e T oy ~ Mo B st eyt oty e e o ey Loy Kt — oz ¥ el
i i
S P \
| 1
&}  §
\ 1
1 1] i
| o, =4
4 0= -
°= 2 4 € L} * 12 U AL 18 P 2 i = 23 » E

Purc. 3. @YX unTerpHpyroniero 3eeHa ¢ napamerpamu k=05 u T=0,25 cex

3anaua 5. Hapucosate rogorpad J7Ia 3BeHa Mo 3aJaHHOMY JuddepeHmHATE-

HOMY ypaBHeHHIO. BapuanTe! 3a1anwii npaeeaeHs! B Tabm. IT1-5.
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3amaga 6. Hapucoeate acmmmroTHUeckyio JIAUX naia 2BeHa 1o 2agaHHOMY

mudrpepeHIHaTEHOMY YparHeHHI0. BapuanTs! 3ananmit npaseaeHs! & Tabn. I11-6.
Hpusmep peutenus 08 REPEOZ0 CAPUAHME
3ananHoe M depeHIHATEHOS YPaBHEHHE
SOdixm(r) +20x,, () — 40x (1)
{

HEe0OXOMMO NPHEECTH K CTAHAAPTHOMY BHAY, Korja Koad{HIIHeAT MpH BEIXOTHOM
cHTHane paeeH |. Jlns 3TOT0 B TaHHOM MpHMEpEe HYXKHO MPaBYIO W EBYIO YaCTH 3a-

JAAHHOTO YPAaBHCHHA MOACITHTL Ha 20:
d
4—x, (1)~ X))~ 2x,.(1).
dt
2
Emy cooTeeTcTBYET mepenaTodHas GyHkuus W(p) Y| A-3BeHa C TapaMeTpaM#i

k=2 m T=4 cex. IlocTpoerne acammroTHaeckoi JIAUX nma 5Toro 3BeHa MpHBEISHO

Ha pHc. 5.

Puc. 5. Acavmroradeckas JIAYX A-3eena ¢ mapamerpavm k=2 1 T=4 cex

3agaua 7. HaprcoraTk NepeXxo/IHBIH Mpomece AN 3BEHA 24JaHHOTO THIIA C 3a-

JAHHBIMH MapaMeTpaMi. BapnanTe! 3aannil npaseaens! & Tabm. I11-7.
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Ipumep perteHun ons nepeo2o eapuarma

Hurerpapytomee 3eeHo ¢ mapaserpamu k=10 u T=2 cex onmcerBaeTca nepeaaTod-

HOH (yrKImel W(p)- 10
'y

T [TepexomHENT TpOLIECCe AN 3TOTO 3BEHA MPHBEIeH
P

Ha pHC. 6.
3anauva 8. Haprcorate AYX 174 3BEHA 3aaHHOTO THTA C 2aJJaHHEIMH MTapaMeTpaMH.
BapwaHTEI 3a5aHui npuseeHs! B Tabmune IM1-8.

Hpumep pewienus 01R REPEO0 capuaHma

Aneproandeckoe 3BeHO ¢ mapaMerpamu k=12 u T=20 cex omucrBaeTcsa nepeaarod-

HOMH (yHKIHEH W(p)- I'padpux AHX nma 3TOT0 2BEHA IPHBEEH HA pHC. 7.

20p11°

h

'iJIm e i-anil
oof | F E Ok A

] N e s S Pt MR B R
60 v | gy oersoflr
o ¢ .

Yy - ....... - A :,:( ...... e I

mﬂsgzo_.? _________ A / ....... - -

10 }---=- : ,t// ...... ..'. ....... ... ........

0 1 2 3 4 5 6 7 8 9 10
Time (sec)

—

Puc. 6. [NepexonHas pyHKIHA HHTETpApYIoNMEro 38eHa ¢ k=10 n T=2 cex
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5 .
] 0 o A = 5 o

11 i ) 1
.. i e o |

Puc. 7. AYX anepuojguvieckoro 3eeHa ¢ mapamerpamu k=12 u T=20 cex
3amaqa 9. Haprcorate ®YX nma 3BeHA 3a/JaHHOTO THIA C 3aTaHHBIMH TTapa-

MeTpamu. BapraHTe! 3aaHuii npueeiens! B Tabm. IT1-9.

Ipumep pewtenun Ona NePeo2o eapuanma

HOuddepermmpytomee 2eH0 ¢ mapaMerpaMu k=15 u T=0,1 ommceeaeTcsa me-

15p

. I'padpux OYUYX ana vero npHBeeH Ha puc. 8.
01p+1

penarowHoi pyHkuHei W(p)=
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Sy

Puc. 8. ®UX muddepermmpyromero 3eeHa ¢ mapamerpamu k=15 1 T=0,1 cex

3amawa 10. Hapucorats romorpad ans 3BeHa 3aJaHHOTO THIA C 3aTaHHBIMH

mapameTpamA. BapuanTe! 3ananmnii npaeeaeHs! B Tadn. IT1-10.

Ipumep peutenus 0aa nepeozo eapuanma

Aneproanyeckoe 3BeHO ¢ mapamerpaMu k=25 u T=0,] cex ommceBaercs me-

penaTouHOH (GyHKIMEH W(p)- Tomorpad nma Hero MpHEEAEH Ha pHC. 9.

25
Olp+1’
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Puc. 9. Togorpad aneproanaeckoro 3seHa ¢ k=25 u T=0.1 cex

3agaqwa |1. Hapucorare acummrorHaeckyio JIAYX a4 38eHA 3a7aHHOTO THITA

C 38JJaHHBIMHA TTapaMeTpami. BapuanTs! 3ananamit npaeeaeHs! B Tabn. [T1-11.

Hpumep pewtenua Oa nepeozo sapuanma
PH-3peno ¢ mapamerpamm k=25 uw T=0,] cex ommcrRaeTcA mepeaaTOTHONH

. Ero acemrnrorivueckas JIAYX npusenena Ha puc. 10.

ﬁeﬁW = —
L2 sl T

2

Prc. 10. AcuvmroTrimeckas JIAYX smTerpupyromero 3eeHa ¢ k=25 u T=0,1 cex
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3amava 12. Hapucosath peakuuio [1-3BeHa Ha 3amaHHBN cHTHAN. Bxommoi H
BEIXOTHOH CHTHAITEI TO/DKHEI ORITE HAPHCOBAHE! B OJJHOH KOOPIHHATHOH MIIOCKOCTH.
BapraHTEI BXOHOTO cHTHaNa npeacTaenensr Ha puc. IT1-1 B nprmoxenmm 1. Koad-

(uumenT yeunerns Ky NS HEYETHRIX BAPHAHTOR paBeH 2, jma 9€THeIX (,5.

Mpumep pewenun

Koapdunument yeunenns k, ans paccMarpueaemoro npusepa paees 2. 'padu-

KH BXOHOTO H BBIXOJTHOTO CHTHAMIA MPEICTARICHBI HA PHC. L1.

L, c

Puc. 11. Peaxinsa [1-38eHa Ha 3aJaHHENT BXOAHOH CHIHAT
3agawa 13. Hapucorats peakiiio M-38eHa Ha 3a1aHHBIH cHTHAN. BXxogHOH H

BBIXOJHOI CHTHANBI JOJKHEI OBITE HAPHCOBAHEI B OJHOH KOOPAHHATHOH IUIOCKOCTH.

BapuaHTEI BXOJJTHOTO CHTHANA NpeAcTaBIeHs! Ha prc. [T1-2 (mpur. 1).
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Hpumep pewenun

I'padukn BXOJHOTO 1 BEIXOJTHOTO CHTHAJNA TIPEACTARIEHE! Ha pHC. 12.

K“ | |
| xm([) [

|
|
|
|
|
|
|
|

EN—

Prc. 12, Peakmia uaeansHONO HHTETPHPYIOMIETO 3BEHA
3anaua 14. Hapucosars peakiuio M]/[-38eHa Ha 3aaAHEN cHTHAN. BXoaHOI B
BBIXOJTHOH CHTHANE! JIOKHE! ORITE HAPHCOBAHEI B OJTHOI KOOP/IHHATHOH TMIOCKOCTH.

BapnaHTH BXOJTHOTO CHTHANA ipefcTasnedsl Ha pue. [11-3 (mpum. 1).

IMpumep pewienun

I"'pakH BXOTHOTO H BEIXOHOTO CHTHATA MPECTARIICHH Ha puc. 13,
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x4

Prc. 13. Peakmis uaeansHoro auddepeHIEpyONIero 3seHa

3agaqa |5. OnpeaeanTs MeCcTOpPACTIONOXKEHNHE 2aTaHHON TOUKH rojgorpada Ha
rpajpukax AUX n O®UX. Vkazarsr Ha3BaHWE 3BEHA H ero mapameTprl. BapraHTs! ro-
norpada npeacraeaeHsl Ha prc. [11-4, TT1-5 u IT1-6, a wacoBLIe 3HAYEHNS IS HETO

— g 1abdm. IT1-12 (mpum. 1).

Hpusep pewsenun ons nepeo2o eapuanma

TTo Buay rogorpada (prc. 14, a) onpenenserca THN 3BEHA — aNePHOAYECKOE.
Hawano rogorpada npencrasmsier coboit Touky ¢ koopauHaTamu (k;0). {ns pacemar-

pHBaeMoro BapHadTa ko3(pdummeHT yeunerns k=10, a mocToAHHAS BpEMEHA

PaccmatprBaeMoe ameprogmveckoe 3BeHO ¢ mapamerpaMu k=10 u T=10 cex

OITHCEIBAETCA TIEPEIATOTHON (PyHKIHEH

10
1W0pt1°

Wip)-

OﬂpCJIOJTH’Tb HCKOMYHO 9aCTOTY @; MOKHO ABYMA crocobamMu:
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-~ H3IMEPEHHEM IITHHBI OTPE3Ka, COSIHHAKIETO 3aJJaHHYI) TOYKY H HA9alo KOOp-

JHHAT, TOTYIal0T BemaauHy A(ay;) — puc. 14,a. 3aTeM HE0OXOAMMO OCYIMECTBHTE

TIOCTPOCHHA B CICIVIOMIEM MOPAIKE:

(8]

8]

O

&)

Ha ocH opanHAaT rpaduka AUX (puc. 14, 6) HAXOAAT TOUKY 4,
Janee — Touky b Ha rpadmke AUX,
MACTOTY @; H BEMHYHHY ((0);) B TOUKE C,

TIPOEKITHIO Ha OCEk ()Ja20BOTO CABHTA B TOYKE d)

— Ha OCH d)RSOBOTO CABHIa OTRIAIBIBAKOT BEITHYHHY YTIa, OGPGBOBBB'HOTO TIOIOXKH-

TeNBHOI JeHCTRHTENEHOH TMOOYOCEHD H OTPE3KOM, COCOHHAKOIHM 3aTaHHYH0 TOT-

Ky W Havanmo koopamHat (puc. 14, a). 3aTeM mocneaoBaTelbHO HAXOIAT TOUKH ¢, b
H a (puc. 14, 6).

3amaua 16. HaprcoeaTe B 07HOI KOOPAWHATHOH TUTOCKOCTH TIEPEXOHENH Mpo-

OECC AT ABYX HE 2aBHCAINAX APYT OT APYyTa 3BCHBEB VKA3aHHOTO THITA € 3aJlaHHBIMH

napamerpamu. BapraHTE 3anarui npuse et B Tabn. IT1-13.
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Puc. 14. CooTBeTCTEHE YACTOTHBIX XapaKTEePHCTHK ANMEPHOAWIECKOTO 3BEHA!
a- rogorpad; 6 — AUX n ®UX

Ipumep pewtenua OAA nEPeo2o eapuanma
ITocTosHHAS BpPEMEHH IMEPBOTO aNmepHOIMIECKOro 3BeHa paeHa 0, OHO BBI-

poxnaercs B [1-3BeHO c mepenatovHoil (yHKIMeH W(p)— 4. Bropoe amepuopnde-

ckoe 3BeHo ¢ mapameTpamu k=1 1 T=0,] cex ommceBaeTca mepeIaTOTHON QYHKITHEH

Wi(p)= . [TepexoHENH npoIiece T4 ATHX 3BEHBER MPUBENIEH Ha puc. 15.

Olp+1
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LRl = |13
50
45 . . . —
ol k=4 | 1 | 1 szene (1T)
35
10
i
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1
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~
L2 [T=0.1 N
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Puc. 15. Pemenne ana sapuanTa | 3agamms 16

3anaua |7. HaprcoBaTs B 0/THOH KOOpAWHATHOH TuTockocTH AYUX ana AByX He
3aBHCALIMX JIPYT OT JIpyTa 3BEHBEB YKA3aHHOTO THIIA C 3aJaHHBIMH TapamMeTpaMm.

BapuanTer 3ananmii npuseaens! B Tabmn. I11-14 (mpan. 1).
HMpusep pewenus Oa8 nepeozo eapuanma

[Teproe nHTErpHpyIOMee 38eHO ¢ mapamerpaMu k=4 m T=0,1 cex ommceiBaeTca

nepenaToTHoi dyHKmmHei W(p)-— TocTosHHAs BPEMEHH BTOPOTO 3BEHA

4
pO1p+1)°
paeHa 0, OHO BBIPOKIAETCS B HueansHOe Ju(pepeHIHpyIOmee 3BEHO ¢ MEPeaaTod-

HOi QyHKIHEH W(p)=3p . T'paduxm AUX qnsa 3THX 3BE€HBER NMPHBEACHH! Ha pHC. 16.
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Puc. 16. Pemenne qna papranTa | 3anarms 17

3anaua |8. HapucoraTs B oHO#H koopauHaTHOH muockoct OUX ansa aAByx He
3aBHCATIINX JIPYT OT JPyTa 3BEHBEB YKA3AHHOTO THIA C 3alaHHBIMH TapaMeTpamH.

BapranTer 2aanuii npueenersr B Tabn. IT1-15 (mpum. 1).

HMpusmep pewenus Oz nepeozo eapuanma

IMeproe [-zeero (k=2 m T=0,1) ommcmBaercs mnepegaToIHOH (yHKIHEH

2p ;
Wip)- .B A- =3uT=0,1)- W(p)- o) oYX
2] oip-1 Topoe A-2eeHO (k= ) (m Oipri papaxH Fiie:
ATHX 3BEHBEB MPHBEEHKI Ha puc. 17.
04
L —————— ————— )~
| =i
' v > S <
e e T
' : B L memo (71
' |
; |
.1 S S
l : 2 amemo (A)
5 :ﬂ_ -_———)—_—_—_—_—_—_—_—_—_—_—_—_————— = 4
30 |2y~ 10 [ -
gl " 9 = 0 = ] o P

Puc. 17. Pemenne qna eapnanTa | 3anarns 1§
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3amava 19. HapucoeaTe B OHOH KOOPAWHATHOH TMIOCKOCTH rojorpad ams
IBYX HE 2aBHCANIAX APYT OT APYra 3BEHEEB YKA3aHHOTO THIA C 3aJaHHBIMH Tapa-

MeTpamu. BapuanTe! 3a1annii npueeaeHs! B Tadm. I11-16 (mpum. 1).

Hpusmep pewsenus A8 nepenzo eapuanma

IMeproe [I-38eH0 ¢ mapameTpamm k=2 u T=0,] cex onmmckIRaeTCA TTEpeaaATOTHOH

& 2p
i Wip)= —f
(pyaxmmeit Wi(p) Oip+

]

. HOCKO.’I'BK)' MOCTOAHHAA EPEMEHH BTOPOTO 3BEE€HA paBHa 0,

OHO BBIPOKITAETCA B HIACATEHOEC HHTETPHPYIOMIES 3BEHO C nepenamtmoﬁ tbynmmeﬁ

W(p)— i . Togorpadsr 1711 3THX 3BEHEEB NPHBEICHET Ha puc. |8,
1)

+i4
. LA} ¥ = =18
12 | | | | \ [ |
_k@j_m_h.____.:tf__‘foil(_]f_- —_— e
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Puc. 18. Pemenne qia papuanTa | 3anasms 19
3amava 20. HaprcoraTs B 0JTHOH KOOPAHHATHOI MIOCKOCTH aCHMITOTHIECKHE

JIAYX nnsa IRyX HE 3aBHCATIHX JPYT OT JAPYTa 3BEHHEB YKA3aHHOTO THIMA C 3a7aH-

HEIMH napaMeTpami. BapranTsr 2ananuii npueenersr & Tabm. IT1-17 (mpum. 1).
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HMpumep pewenus 0an nepeozo eapuanma

IMeproe [-3eeHo (k=2 u T=(0) ommceiRaeTcA mnepenaToTHOH (YHKIHEH

5

W(p)=2p. Bropoe 3BeHO — H-3BeHO C mepenaTowHoit (yEkumeir W(p)- 2]

Ipaduxn JTAYX m1g 9THX 3BeHBEB TPHBEICHB! Ha pHC. 9.

Puc. 19. Pemerne qns sapuanTa | 3agasmg 20
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BapuarTe qua qacth |

IMpanoxenne 1.
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Bapuanr 5 Bapuanr 6 Bapuanxr 7 Bapuadr 8
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Bapuaur 9 Bapuant 10 Bapuant 11 Bapuant 12
M R 1] A Bl 1) [y M (1
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/\
\ L Le ] Le Le
Bapnaunt 13 Bapuantr 14 Bapuant 13 Bapuant 16
A K1) ey K xaxlL) A w1
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Mo N
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Tabmwuma TT1-1
‘BapuanTs! 3ananus |

Ne | JuddepernraTsHOe YpaBHEHNE
d* d* d d
1 BOFxm(zﬂ ZSd Y@~ Ozxw(t)ﬂ()xm(t)—Szxa(z)-t-xu(t)
d‘ d’ d a* d
2| 9t 6 50 (D 3 (04 35,0 9 X 62, (0
d? d? d d* d
3 % —x, . (O+ 7d — Xaa(t) - 147.\: )+ 7x, ()= 7Fx“(r)+ lex“(t)
3 3
4 axm(t)+4d ) l()::x (H)+4x, (0= 4: x, (£~ 4x, (1)
o d* P d d
5 15d T %0~ 9--\' L AE)+ lzzxw(th 3-'.‘.(‘)=63‘-‘:a(‘)
d’ d2 d 42
6 dt, X, (1)+ 88— =7 X (D= 1071: (1)- d,x (D 127:: (1
4 El 2 3
7 22::‘ X, (0- 33:;’3 M(:)+11:2 X, (0N-22x, (0~ 44: x, (H+11x, ()
8 dsa (t)+6d—a O-122 5 @)+ 122 ()= Zd—x (t)- 4x, (1)
dr’ dr dt ar*
d? d? d d?
9 | zo‘g! (t)+16d2xw(1) ]2dx ()~ 12x,,,(t)- 84 X, (6)+ 4x,, (1)
4 3
10 |15 ;’4:4 (- 9d (t)-lZ%xm(r)+3xw(t)=6%xu(t)
: d’ d2 d d*
11 dr’x e ()™ 8 = X, (1)~ 10d X, (D= Zdl‘x (£)+ 2x, (1)
4 2 4
12 12%.¥m(t)+6d (z)+3dxm(t) 3x, (O~ 9d L6 \: (1)
d? d? d d
13 d’x“"(‘)-7d_x ()= 147x )+ 7x,. (1)- 21zx_,(t)+14xu(t)
3 2 4 2
14 dr’ w(r)+4d‘2 \:m(t)—m:x (O+4x (D~ Zdt‘x (H+ 10— d’z X, (1)
4 1
15 3{):‘.:‘“(1)”5‘1:3.:“(:) 25:2,\._“(1) lO%.\ O+ 10x, (t)= x, ()
4 3 2
16 3:‘.: (H)H+ 6;1'3.\ {1)+ 3:2 x . (0O- 9 x (:)+12xm(l)—3%xa(t)
k] 2 2
17 12:3\'”(1)‘ :, X, (1)- 3§x )+ 9x, (1)~ 9: x,. (1)~ 3x,(1)
3 2
18 -33:—‘3,: (r)+2?.:ij X (t)+11::—x (1) - zzdix (D+11x,(2)
d* d? d* d?
19 3d <X, () Qd X0~ 3d = X )™ 6d2x (1) 9x, (1)
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Tabnuma I11-2. BapuanaTs! 3aganms 2

Tabmuma I11-3. BapranTs! 3aganus 3

~ Ne

VpaeHerne

No | Ypaererue
1 lO%xm(l‘)— 100x,.(1) = 1000 x_, (1)

1

25 i X, (D)+50x, (1) =100 i x (1)
di dt

d | | d =i
2 IOwa(t) 10x,, () - 10000 x, (1) | | 2 sozxw(m 100x,_, (1)~ Sodtx'“(‘)
3 | 1004 x_ (1)~ 10x,_, (1) - 100x,, (1) 3 | 6022 ()+30x,0)-90Lx )
| | dr dt.
4| 209 5 (1) 40x(0) 80x,() 4 [ 102 (5)+100x ) - 1000 L x_ (1)
dt | dt dt
5 80i (O 20, ()= 40x, (1) 5 lOOixm(z)HOxm(r)-lmixu(t)
Il dr "™ | _ dt dt
6 :*‘.‘. (1)- 80x, (1)~ 60x (1) 6 20% x,  (0+40x  (1)- 80x (1)
d* d d
7 2Dd = X, ()= md X (1) 60x,, (2) T 80;‘\'..‘.(1)‘ 20x,,,, (1) - 40x, (1)
8 15 d +30d - 60 | 8 201.\' (1)+80x,. (1)~ 60x_(1)
2 Yo e (1) EX...,(!) X, (1) ap Xns o
o | 02 209 20 o | 204 s )+ 105,00 - 605, (1)
d’x (D)= 7ac e 1) — 80x, (1) 7 e e
| 4597, d 152 30 60
10 4 d’ - - 90;.: (t)- 180x, () lOA Fx (1)~ 30X, .(t) x,, (1)
d* d - d? d
11 3{]F.\m(l)+ Imzxm(t)—m.\u(t) 11 40wa(t)+ 2.0d—x ()= 80x (1)
12 302y 0+ 120x,. (- 60L 2,0 12| 554 _yro0d 180
| gy Yo e i E;,—.xw(t) :i—rx"‘“(')_ X, (0
d el d’ d
13 20-;t—xm(t)+ 40x,.. (1) 60;&.(1) 13 30—x (:)+120k—x (r)= 60x_(2)
254 501, (1) = 1002 | d’ _
14| B 2, ()~ 30x,,()=100—x, (1) 14 30dt—x (t)+ 120x_ ()= 60x_ (1)
50Lx_ (1)+100 5025 ¢ d’
15 E“w(l) X (D) = qu 1) 15 204:* x,. (1)1 40x,  (1)=60x_ (1)
16: 2»01.:“(:)+4Ox ()= 60x, (1) 16 3()1.: (1)+120x (t)—(i)ix (1)
dt - dr ™ - dr
17 mixm(l)— 10x, . (1)~ 60x (1) 17 mixm(lﬁ 40xw(l)-80ix“(!)
di | | dt dt
18 lSi.x 1)+ 302, (1) - 60x, (1) 18 Sﬂixm(t)-m.tm(t)—mixu(r)
L dt A A dr
19 40ix o ()= 20x, (1) - 80x (1) 19 Zﬂit (7)+ 80x (r)-GOix ()
dt | | dr " - dr
g e (1) —=180x_ (1)

20| 457 Xual)~ 905
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Tabmuma I11-4. BapuanTts! 3ajanns 4

Tabmama IT1-5. BapranTer 3aganus 5

No | Ypaeuerue L Ne VpaeHerne
1 3()d2 1)+ 120d (1)~ 60x,_ (1) 1 dz (- 30d (1)~ 60, (1)
e dt a 137 T dt e
= d
2 480%.:”(1)+120%xw(t)=6m,ru(1) 2 40;{&,,(!)*' 20x,,, ()= 80x, (1)
| . d* d d
3 | 20—x_ (D+40—x, (1) - 60x_ (1) 3 | 45—x, (1) +90x,, (1) - 180x (1)
d! dt di
d* d d e
4 25d2vw(z) SO—x ()= 100x (1) 4 SGOExm(r)*IZOxw(r) 600, (1)
5 | 504 » 1ood 50x 5 | 302y, (0 +120x,.,() - 602, (1)
F.\M(I)‘f Exm(t)— Au(t) dr Ay Lo “
| d d d2 d
60— 30 - 90—

6 & X () + 30X (1) d:x"‘(’) i 24{ (1)+40d X, (1) - 60x, (1)
P I P
| dr dt dir = A S

8 1003\' (£)+=10x (r)-l()ﬂix (1) 8 | 50 d’ p +1(X)d =50
dt‘ szl At dt ™ F '\w(lj zxm(l) - xu(t)
d d d* d
20— - 40x - 80— foall o - 00y
9 d:x'“'(') X, (1) dtx,,(r) 9 60dr2 xm(r)+30dtxw(l) 90x, (1)
d d d*? d
10 | 80— X (O+ 205, ()= 40—, () 10| 10— 2, (0 +100— x,, (1)~ 1000 1, (0
11 | 20—;1;,\'“(1)- 80x,, (1) 60x, (1) 11 moixm(m 10x,,.(1) 1005;1,‘(!)
12 mixm(r)- 10x, (£)=60x_ (1) 12 mixw(1)+40xm(1)=8()ixu(r)
| dt dt dt
13 ISE—xM(t)‘r 30x,,, (1)~ 60x, (1) 13 80-‘1.\'“(:)- QDxm(t)—t#O-‘-I—xu(t)
dt di dt
d d d
14 40—x ()= 20x,, (1) = 80x,(1) 14| 20—x_ (H+80x_ (¢ -60—x (t
15 45:x (1)=90x,. (1)- 180x_ (1) 15 Z)%A ({0+10x_ ()= 60 x ()
o ar d | and
16 60dt X0~ 30d X, =90x_() 16 20? (l)+40-¥w(f)=60-¥u(l)
d* d d .
17 10— x, () + 100— X, (£) - 1000, (z) 17| 25— x, () + 50x, (1) - 100x (1)
dr’ dt dt
18 100 dzx (t)—lO-ix (0= 100x,(1) 18 502 ()= 100x_ (1)— 50x_ (1)
g et gy . di” .
| d* d d
19| 20-7x,, (0= 40—x ()= 80x,() 19 | 60— s () + 30x,,(1) = H0x, (1)
| .. d° d d
20 80‘12 \fm(t) ZOIX (I) 404\"1(1) 20 105'\‘“‘;(‘)- lmxm(l)-lm‘xﬂ(r)
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Tabmuma [11-6. BapHaRTe! 3ananmd 6

Tabmma I11-7. Ba

YHAHTE] 3AJAHAT 7

BapuanT | YpaereHHE Ne TamzeeHa |k | T,cex
1 E{}%xm{fj + 200 () - 40x,(1) 1 Hu 102
2 10Lx @+ 10x_0-100Lx () 2 A 15 5
dr dar
d* d 3 A 20 10
3 — 100— - 100
e X ) F ” Ko (1) x, (1) | |
4 m%;m{mm_qu:}—mm%;um 4 1 12 1 6
5 1{1{}%%{:) < 10, () = 10002, (1) > A 25 50
6 1009 % w10 @0-102 2 @) 6 A 10 2
dr ™ s dr =
d* d 7 51 15 5
T Fxmirh "]E.IM () — 100x, (1) | .
8 1{]{}%;,“{:) ~ 100, () — 1000 2.1} 8 A 20 10
9 I[I]%.rm(z}-'m.rm{r]'— 1m%;ﬂm 9 .A 12 .5
2
10 | w0l m-1000xm |10 8 25 150
dr et =
11 Im%x,u{r}-lﬂx_“[r]'- 100, (1) 11 I 10 2
d _ i 12 A 15 5
1201002 0, (0= 10,0~ 01 5, 0
e d | 13 " 20 | 10
13 1002 2 (07 102 1, ()= 100x,, ()
14 %xm{rj ~10x ()= 10x_(1) 14 I 12 16
15 1mixmm - 10x,(1) - 0,01 i;um 15 A 25 |05
di i . _
d
16 Ex...,(:}—Imxm.;ﬂ_lmxum 6 | 25 0.5
d* d _ 17 1 10 0.2
17 Imﬁxmmd-ﬁx_ﬂ{zj—ﬂ,mxd{zj
18 Iﬂ]%x_u{:}—]m;{m(;}-m%_:um I8 A 15 05
19 m%xmm +100x, (1) = 0,01, (1) 19 H 20 100
20 0,1%3:”{:; 0012, (0) - mn%;um 0 A 12 106
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Tabmema I11-8. BapuanTs! zagarma 8  Tadmama T11-9. BapAaHTe! 2amaHma 9

Ne | Tum zeeHa k | T, cex Ne | Twum 3eena k | T, cex
1 A 12 |10 il 15 | 0.1
2 H 25 | 100 A 20 |00
3 i | 10 |01 51 12 |10
4 A 15 | 0,01 | 25 | 100
5 H 20 |10 A 10 | 0.1
i} i | 12| 100 H 15 | 0,01
7 A 25 [ 0,1 | 20 |10
8 H 10 | 0,01 A 12| 1040
9 il 15 |10 H 25 [0
10 A 20 | 100 | 10 | 0,01
11 H 12 0.1 A 15 |10
12 i | 25 | 0,01 51 20 | 100
13 A 10 |10 il 12 | 0.1
14 H 15 | 100 A 25 |00
15 i | 20 {01 51 10 |10
16 A 25 | 100 | 15 | 104
17 H 10 |01 A 20 |00
18 i | 15 | 0,01 H 12 10,01
19 A 20 |10 il 25 |10
20 51 12| 100 A 10 | 104
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Tabmma [11-10. BapmasTe zanaamna 10

Tatmama IT1-11. BapuaaTs: 3amarms |1

Ne | TuHm 3eeHA k T, cex Mz | Tum 2eerHa k T, cex
1 A 25 |0, H 20 0,1
) i 0 2 i 1 0,01
3 il 15 |5 A 10 10
4 A 20 |10 " 100 100
5 " 12 |6 | 1000 0,1
6 il 25 |50 A 0,1 0,01
7 A 10 |2 H 0,01 | 10
8 " 15 | 0,001 | 100
9 I 20 |10 A 1 0.1
10 A 12 |6 H 10 0,01
11 " 25 |50 I 100 10
12 I 10 |2 A 1000 100
13 A 15 |5 " 0,1 0,1
14 " 20 |10 | 0,01 0,01
15 il 12 |6 A 0,001 |10
16 A 25 | 0,5 H 1 100
17 H 10 0.2 | 10 0.1
18 il 15 |05 A 100 0,01
19 A 20 |1 H 1000 10
20 " 12 |01 | 0,1 100
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Tabmuma TT1-12
Yucnoesle 3HAUEHAS g rogorpador (3ananme 15)

Hexonuee TaHHES
Ne papnanTa Tomorpady BapwuanT T0u-
i b _—
1 Prc.IT1-4 10 0.1 1
2 Prc.IT1-5 10 2 2
3 Prc.IT1-6 10 2 1
4 Prc.IT1-4 10 2 2
5 Prc.IT1-5 10 2 1
6 Prc.IT1-6 10 2 2
7 Prc.IT1-4 5 1 1
8 Prc.IT1-5 5 1 2
9 Prc.IT1-6 5 1 1
10 Prc.IT1-4 5 1 ' 2
11 Prc.IT1-5 5 1 1
12 Prc.IT1-6 5 1 2
13 Prc.IT1-4 2 0.5 1
14 Prc.IT1-5 2 0.5 2
15 Prc.IT1-6 2 0.5 ' 1
16 Prc.IT1-4 2 0.5 2
17 Prc.IT1-5 2 0.5 1
18 Puc.II1-6 2 0.5 ' 2
19 Prc.IT1-4 1 0,25 1
20 Puc.IT1-5 1 0,25 ' 2
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BapwuanTts 3aganus 16

Tabmuma IT1-13

Ieproe 3BeHO

Bropoe 3BeHO

No T, T,
Tvm k Tun k

CeK CeK
1 Arneprogaveckoe 4 Anepuoauaeckoe 1 0.1
2 Aneproanaeckoe 2 0,1 HuTerpupyromee 3 0
3 | Aneproamdeckoe T Taddepenmapyromee | 2 | 0.1
4 | HraTerpapytomee 4 0 AnepHogHTecKoe 1 0.1
5 Hrrerpupytomee 5 1 Huterpupyromee 2 0.5
6  Hrrerpupyromee 4 2 Muaddepenmmipyromee | 3 0.5
7  Auddepenuupyromee 3 3 AnepuonHiecKkoe 4 1
8 | HAnddepenuupyromee | 2 0 HaTerpapyromee 5 I
Q[ 7 e emroy B W 1 YT T ¥ o ey R
10  Jduddepenuupyromee | 2 0,6 | Anepuoguveckoe 3 0
11 Anepmoamvieckoe 3 0,7 | UaTerpupyromiee 2 0.1
12 = Anepmogmveckoe 4 0.8 | Tadpdepenmnpyromee | 1 0.1
13 Anepmogmueckoe 5 |09 | Anepuommeckoe 2 |05
14 | Harerpapyromee 4 |15 | Hmrerpupyiomee 3 105
15  Harterpmpyromee 3 0,5 | Inddepermmpyromee | 4 1
16  Harerpupyromee 10 |04 | Anepuomuieckoe 100 | 2
17  duddepenuupyromee | 20 | 0,3 | Harerpapyromee 200 |3
I8  Auddepermupyiomee | 30 | 0,2 | Tuddepenmpyromee | 300 | 4
19 HAuddepenuupyromee | 40 | 0,1 AnepHoHiIecKoe 400 | 5
20  Jduddepenmupyromee | 50 | 0,9 | UaTerpupyromee 500 |6
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BapnanaTe zaganus 17

Tabmuma IT1-14

Ieproe 3BeHO

Bropoe 3BeHO

Ne T, T
Tun k Tun k

CeK CeK
1 HaTerprapytomee 4 1 HAaddepermipyromee | 3 0
2 Wmrerpupyiomee 2 |01 |Anepuommveckoe |3 |0
3 Huddepenupyromee | 3 0 AnepHoaHaeckoe 2 0,1
4 AneproaaTeckoe B 0 HuTerpupyromniee 1 0.1
5 HuaTterpupyromee 5 1 HrTerpupyromee 2 0.5
6 Hduddepenumpyromee | 4 2 Haterpupyromee 3 0.5
7 | Knepnomecxoe 3 |3 I[hﬂ)diepempyromee 4 1
8  Haterpmpyiomee 2 |0 Aupdepenmmpyiomee | 5 1
9  duddpepenmmpyromee | | |05 | Iadpdepenmmpyromee | 4 | 0
10 Amepmoamieckoe 2 0,6 | Taddepenmmpyromee | 3 0
11 Harerpupyromee 3 0,7 AniepHoIHIecKoe 2 0.1
12 | HAnddepenuupyromee | 4 0,8 | Anepuommaeckoe 1 0,1
13 Anepuoamveckoe 5 0.9 | Anepuomuieckoe 2 0.5
14  Harerpupyromee R 1,5 Hurerpupytomiee 3 0.5
15  Auddepenuupyromee | 3 0,5 | UnTerpupyromee 4 1
16 = Anepuogmveckoe 10 |04 HrTerpupyromee 100 |2
17  Harerpmpyromee 20 |03 | Daddepenmupyromee | 200 | 3
18 'Vllnqid)epeﬂunp)fromee 30 |02 | Anddepenmmpyromee | 300 | 4
19  Anepmoamweckoe 40 |01 Hduddepenmpyromee | 400 | 5
20  HnTerpHpylOImEce 50 109 | daddepenunpyromee | 500 | 6
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BapnanTs! 3aganus 18

Tabmuma IT1-15

ITeproe 3BeHO

BTtopoe 3BeHO

Ne i T, P
Tun k Tun k

CeK CEK
1 JMuddepenmmpyromee | 2 0,1 ArniepHoTHIecKoe 3 0.1
2| Mudrpepenmmpyromee | 1 0,5 | Anepuoguueckoe | 0.1
3 Amneprojgrveckoe 2 0,6 | Anepuomaeckoe 2 0.5
4 Hnarerpupyromee 3 0,7 Huterpupyromiee 3 0.5
5 Juddepennupyromee | 4 0,8 | HaTerpupyromiee 4 1
6  Anepmogmveckoe 50 |09 | Harerpapyromiee 100 |2
7 | Wmrerpapyiomee 40 |15 | Onddepenmpyromee | 200 | 3
8  Hduddepenmmpyromee | 30 | 0,5 | Taddepenmmpyromee | 300 | 4
9  Amnepmogmdeckoe 10 |04 | Daddepermmpyromee | 400 | 5
10 Harerpupyromee 20 |03 | Daddepenmmpyromee | 500 | 6
11 Hrarerpupyromee 2 0,1 ArniepHoHIecKoe 1 0.1
12 | Hduddepenmupyromee | 3 0 AniepHoTHIECK0e 3 0
13 Anepmogmveckoe 4 0 AnepHoIHIeCKOe 2 0.1
14  Harerpupyromee 5 1 Hurterpupyromniee 1 0.1
15  Jduddepenmupyromee | 4 2 Huterpupyromniee 2 0.5
16 = Anepmogmveckoe 3 3 HuTerpapytomniee 3 0.5
17 Hrrerpupyromee 2 0 Huddeperunpyromee | 4 1
18  dubdepenmupyiomee | 1 | 0,5 | Juddepenmmpyromee |5 | 1
19 | Amepmoamveckoe 2 0,6 | Iadpdepermmpyromee | 4 0
20 | HMmTerpmpyromee 2 0,1 HInaddepentmpyromee | 3 0
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Tabmuma IT1-16

BapnanTs! 3aganus 19

& Tleproe 3BeHO Bropoe 2reHO
Tun k | T ce Tan k | T, cex

1 Huddepermmpyromee | 2 0,1 | Uurerpupyromee 3 0
2 Warerpupyromee 3 0,5 | Anepromnieckoe 2 0,1
3 WraTterpupyromee 4 0,5 | Unrerpupyromee 1| 0,1
4 | MaTerpupyromee 5 |1 | Aadpdepermmpyiomee |2 | 0,5
5 Hudrpepermapyromee | 45 | | ATIepHOIHIECKOE 30 0,5
6 Huddepermupyromee | 35 | 0 HaTterpupyromee 40 1
7 Huddepermapyromee | 15 | 0,1 | HaTerpupyromee 40 0
8 Huddepermapytomee | 25 | 0,1 | Anddepermapyromee | 30 0
9 Anepno,tmqecxoe 35 0,5 Anepno,umecxoe 20 . O,INI
10 AneproaHdecKoe 45 | 0,5 | Unrerpupyromee 10 » 0,1
11 AneprHoHvecKoe 50 |1 Iuddepermmpyromee | 25 0.5
12 HrTerpupyromee 45 |1 ATIepHOIHIECKOE 30 05
13 WaTerpupyromee 30 [0 HnTterpupyromee 45 |1
14 WaTerpupyromee 25 |0 Muaddepermapyromee | 50 [1
15 | Auddepermapyromee | 10 | 0,1 | Anepromgmieckoe 45 |0
16 Hudppepermapyromniee | 8 0,1 | Amepuomgndeckoe 0.1 0,1
17 WaTerpupyromee 16 | 0,1 | Uarerpupyromniee 0,1 0,1
18 HaTterpupytomee 24 |05 | dnddepermmpyromee | 0.5 0,5
19 Hnarterpupyromee 32 | 0,5 | Anepuoanveckoe 0.5 05
20 Jiﬁd)_(bepemnpymmee 35 |1 "I;In'rerpupyromee K

64




Tabmuma IT1-17

BapuanTe 3aganus 20

Ieproe 3BeHO

Bropoe 3eeno

Ne

Tun k | T,cex Tram k T ocex
I Juddepenmipyromee | 2 0 HrTerpupyromee 5 l
2 Arnepuouaeckoe 10 0,01 | Harerpapyromee 100 0,1
3 HuTerpupyroniee 100 | 10 | HaTerpupyromee 1000 0,1
4 Huddepermpyromee | 1000 | 0 HraTerpupyromee 0,1 0,01
5 AnepuoaHaeckoe 0,1 0,1 | duddeperumpyromee | 0,01 0,01
6 HuTerpupyromee 0,01 | 0,01 | Auddepenmupyromee | 0,001 1
7 HuTerpupyromiee 0,001 | 0 Hduddpeperunpyromee | 1 0,1
8 Ilnqidiepenm&pyromee 1 100 I['nd'id-)cpemmpylomee 0 0
9 ArnieproUaeckoe 10 0,1 | Aneproamteckoe 100 0,1
10 Harerpapyromniee 100 | 0,01 | Aneprogmaeckoe 1000 0,1
11 Jnddepermipyromee | 1000 | 1 Aneproaaveckoe 0,1 1
12 ArneproHaecKoe 0,1 | Harerpupyromee 0,01 100
13 HuTerpupyromee 001 [0 ‘I'Imrpnpymmee 0,001 10
14 Juddepermipyromee | 0,001 | 0,01 | MATerpHpytomee 1 1
15 AnepHoaHaeckoe 1 10 | Auddepermmpyromee | 10 0
16 AneproHaeckoe 10 100 | Audpepentmpyromee | 100 0,1
17 Huterpupyromee 100 | 0,1 | MaTerpupyromee 1000 0,1
18 Jnaddepermipyromee | 1000 | 0,01 | MrTerpupyromee 0,1 ' 0,5
19 AnepuoaHaeckoe 0,1 10 | MaTerpupyromee 001 0
20 HHTerpupyroniee 0,01 | 100 | Audpepertmpyromee | 0,001 1
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JlaboparopHas pabota 13-14

COEJHHEHHSA THINOBLIX DJIEMEHTAPHBLIX 3BEHLEB

3amaua 1. Hapucoeate AYX A4 mocreoBaTeNEHOTO COSTHHEHHA ABYX 3Be-

HBCE 33JaHHOTO THIIA C 3aJTaHHBIMH ITapaMeTpamMH. Bapmm‘m 3QTaHHA TIPHBSACHEI B

Tabmime MM2-1 (mpam. 2).

Hns mocnenoearemsHOTO coequHeHHa AYUX npeacraenser coboil mpoussene-
HHE XapaKTEePHCTHK COSTHHAEMEIX 3BeHbeB. Heobxommmo noctponte AUX ans co-
envHeRnsa A-3eeHa (=5 n 7=0,1, rpadmuxk | Ha puc. 1) u qma W/-3eena (k=0,2, rpa-
¢k 2 Ha puc. 1). Pesymerupyromas AYX sBnfeTCS pe3ynbTaToM YMHOXEHHA (Tpa-
¢uk 3 Ha puc. 1). lpadrieckn yMHOKEHHE aKITIOYAETCA B TIEPEMHOKECHHH 3HAYE-

amit AYX s 2aganHoro 3avweHnd qacToTel Ha puc. | mokazaHs! 3HATEHHS HCXOI-

Ipumep pewienuz 0jIA REPEO2O CAPUAHIMG

HBIX ¥ peayneTapyroniei AUX ana qacToTsl @,

Ay
arhr n 2|
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Puc. 1. AYX coenunerns A-3sera (k=5 u 7=0,1) n U/1-38ena (k=0.2)
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3amaua 2. Hapucoeate @YX a1 mociae oRaTEMEHOTO COSTHHEHHS ABYX 3Be-

HEEB 2aJJaHHOTO THIMA C 23JaHHBIMA NapaMeTpamu. BapHaHTH TIpHBEACHB! B TabmI.
112-2 (mpun. 2).

Hpumep pewenun OnA REPLO20 CAPUAHMA

Jna nocnepoareneHOro coenuHenns (MUX npeacrarager codol cyMMmy Xa-
PaKTEPHCTHK COETHHAEMEIX 3BeHbeR. Heobxommio moctpoutes OUX ana 3amaHHOTO
A-3eena (k=4 u T=I1, rpadnx 2 Ha puc. 2) u qna PU-3eena (=3 u 7=0.5, rpaduk | Ha
puc. 2). Peaynsmapytomas OUYX apnserca pe3ynsTaToM crokeHus (rpadmk 3 Ha
puc. 2). I'padgmeckn clioXeHHE 3aKI09aeTca B CyMMHpoBannn 3HadeHnii OUYX s
38JaHHOTO 3HaYeHHA JacToTel. Ha prc., 2 moKka3aHEl 3HATEHHSA MCXOJIHBIX H Pe3yiTb-

Tupyrome# OYUX 11a 7acToTe! @,
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Puc. 2. ®UX coennHerns A-3eHa (k=4 u 7=1) u PH-3eena (k=3 u 7=0,5).

3amaua 3. Hapucosats roforpad Imasf mMOCAEOBATETEHOTO COSIHHEHHA ABYX

3a7]aHHBIX 2ReHBLER. BapuanTel mansr B Tadn. [12-3 (mpun. 2).
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Hpumep pewtenun ona nepeo2o eapuarma
Hna nmocnegosarensHOr0 coeanreHns AYX npencrasnser cobol mponzeeme-
Hre, a OUX - cyMMy COOTBETCTBYIONIMX XapaKTEpPHCTHK COCAWHAEMEIX 2BEHBER.
Ipajudeckn peaynbTHPYIOMMH rojorpad MOXHO MOTYTHTE MO HECKONBKHM Xapak-
TEpPHEIM TOUKaAM (pHc. 3):
- Havano rogorpada (Touka ry) aas 4acTOTH (=) HAXOAHTCA N0 ZHAYTECHHAM aM-
ATy asl A(0)= Ag(0) © Ax(0)=1 - o= oo u pazer p(0)= @:(0) + 0A0) =0 -2 =
-m2;
- I 9aCcTOTHI 0= 2 (TOUKa ry) aMmumuTyaa A(wmg) = Aq(mg) -

Ax(op)=loal|obl=/0,5*+ 0,5 -1 + 17 = 0,7-14 = 0,98, daza (@)=

@1(ex)a(mg)=
=-m/4-3n/d=-m;

~ S TACTOTHI 0= (TOTKA r3) aMIHTYaa A(20)= As(0) * Ax(0)=0-0=0mn
thaza ()= Qi) + @a(0) = - W2 — 7 = -3n/2.

+j vy

Puc. 3. T'ogorpad coenunaennsa PU-3eera (k=4 u 7=0,5) u A-3eena (k=1 u 7=0,5)
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3anaua 4. Hapucorats acuMntoraveckyro JTAUX ansa IRyX nmociegoBaTeNbHO

COETMHEHHEBIX 3BeHLER. BapruanTer npueeaeHs! B Tabmmne [12-4 (mpun. 2).

IIpusmep pewsenus O1a REPeo2o eapuanma

Jlns mocnegoRaTeNBHOTO coeTHHEHHA acuMmToTHIeckas JIAUX npencrasnser
coboit cymmy JTAUX coeqnAseMbIx 3BeHBeB. [ padudeckn cknagesarores JIAYX Ha
yYacTKaxX, OrPaHHYEHHBIX H3JTOMaMH XapakTEepHCTHK Ha wactoTtax g=0,l (mra -
sgera) u mp= 10 (ana A-3BeHa) Tak, KaK MoKa3aHO Ha pHC. 4 — nomaHas muenus 3. Ha
TEPBOM yIacTke npH 4dacrotax ©<0,] makmoH pesyaeTupyromeit JIAUX cocranser
+20 n6/nex, va BTOpOM yuacTke, Tae 0,1<®=10, peaymsapyromas JIJAUX npoxogaT
TapannensHO OCH 9ACTOT, Ha TPEeTheM ywacTke, rae @>10, ora mMeer HakmnoH -2()

o/ aex.

L,nb 4

80

uxN
\

Puc. 4. Acummroraveckas JTAYX mocneqoBaTeTsHOTO COSTHHCHHS

anepuoaudeckoro (k=100 u 7=0,1) n quddepermmpyromero (k=10 u 7=10) 3eeHBeR
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3amaua 5. Hapucoeate AUX ans CHCTEMEI 3a/JaHHON CTPYKTYphl. BapuanTs!
3aJaHHs MPHBEeHk Ha puc. [12-1 (mpun. 2).

HMpusep pewenun OaR nepeozo sapuanma

3anaHHas cHCTeMa mpeacTarageT coboii mocnenoBaTenbsHOE COSTHHEHHE ame-
PHOAMTECKOTO 3BeHa ¢ mapaMeTpamy k=4 u 7=1 cex W peansHOr0 HHTErPHPYIOMIETO

¢ mapameTpaMu &=9 u 7=5 cexk.

ITeproe A-3peHo ¢ mapameTpamu k=4 m T=1 cex omHchBaeTCA MepenaTOTHOH

yaxIHei W(p)- Ll , Bropoe PH-2rero ¢ mapamerpamu k=9 u T=5 cex - nepena-
p .

TovHOH pyERIHER W(p)= . Ana momywerns AYX mocnegosaTensHONO CO-

piSp+1)
EMHEHHA 3THX 3BEHBER HEOOXOAUMO NepeMHOXKUTE WX AUX a1d cOOTBETCTBYIOMMX

3HAYEHWI 1acTOThl. Pe3yapTaTel MPHBEACHB! Ha PHC. 5.
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aneprogmEdeckoro (k=4 u T=1) n maTerpupyfomero (k=9 n 7=5) 3BeHBER

Puc. 5. AYX nocrmenoBaTensHOrO COeqHHEHAS
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3amaua 6. Hapucoeate @YX fama cHcTeMBl 3aTaHHOH CTPYKTYpEL. BapuaHTsI

3a/1aHMi IpuBeaeHs Ha puc. [12-2 (npum. 2).

Hpumep pewenun 018 nepeozo sapuanma

3anaHHas CHCTEMa MPEJCTaBIfseT cobOoif MoCcHeJORATENEHOE COSTHAEHHE IBYX
arnepHoIMIECKHX 3BEHBER ¢ mapaMerpamu k=4 u T=1 cex u k=10 u 7=2 cek, onucH-

BaeMBIX TIepelaTOUHBIMA (GYHKIAIMH

4 10
Wip)- — u W(p)- ‘
(p) e (p) St

JAasg nomyaerus OUX mocnegoraTensHONO COSTHHEHNS 3THX 3BEHBER HEOOXO0-
auMo cnoxuTe uX OUX A COOTBETCTBYIOIMX 3HAYMEHWH 9acTOTeI. PezymbraTe!
TIPHBETIEHEI Ha pHC. 6. 3/1eCk A4 COMPATAIONINX YacTOT pacCMaTPHBAEMEIX 3BEHBER
MOKA3aHOo rpafTIecKoe CI0KEHHE XapaKTePHCTHK:

— HavactoTe (y, = 0,5 peaynerupyromas OUX |a d | =la bl + la,c ),

— HA 9acTOTE My = 1 310 |axd;l =la:b,l + laxcd .

dz —ioia
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¥
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e
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e
¥

TR G S

cemespoccfersccgennae

Puc. 6. DUX nmocnegoBaTenbHOTO COSTRHSHHS JIBYX

anepuoIHIECKHX 3BEHBEB ¢ XapakTepucTARamu k=4, 7=1 u k=10, 7=2
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3anaua 7. Haprcorats roforpady 1ma CHCTEMBI 3a/I1aHHOH CTPYKTYpEL. Bapnan-

ThI 38JTaHWI NTPHBEAEHB! Ha puc. [12-3 (mpu. 2).

Hpusmep peuienus OAR nepeozo eapuanma

3agaHHAs CHCTEMA TIPECTABIAET cOOOI MOCTETOBATENEHOE COSHAEHHE IBYX
madpepermmpyronX 3BeHEeB ¢ mapaMerpamu k=10 w T=1 cex u k=5 u T=0 cex,
OTTHCEIBAEMBIX MEPEIaTOYHBIMA (PYHKIHAMHA

10
W(p): p—_”l uW(p)~ Sp.

JAna monmyueRHA rojgorpada MocaeoBaTeNBHOTO COSTWHEHHSA 3THX 3BEHBER
HEOOXO0MMO /IS XapaKTepHBIX TOWEK MepeMHOXWTH 3HadeHHs AYX H cnoXkuTh
OYX. Tak, a4 wactorsl w=0 momyanM pe3ymsTHpyromyo A(0)=0, mockoaEKy roj1o-
rpader 000WX 3BEHEER HATHHAIOTCA B HAYale KOOpPAWHAT. Yron (aszoeoro ciaeura
@(0)=+x. C yBeTHYCHHEM WACTOTHEl 3TOT Yrod OyAeT yMeHbmAaTheH d0 @(x)=tm/2,
To3TOMY Tojiorpad Oyaer pacronaraTeCst BO BTOPOM KBAIPAHTE. 3aKAHTHBAETCS HC-
KOMEIH Tojjorpad B 6€CKOHETHOCTH, MOCKOMEKY A(co)=co. B kawecTBe mpoMexyTOq-
HOIf TOYKH B3ATa 9acToTa m=| (conmpararomas 9acToTa mepBoro 3rexa). [ 3Tok ua-

crorel AYX s mepeoro peamsHOTO aH(pepeHIHpyOmEro 3BeHa  (pHc.

T A ()= V52457 =7 (Touka a). Jins BTOpOTO 3BeHa A,(I)=5-1=35 (Towka b Ha puc. 7).
_ T T
®a30BEIE CABHTH PABHEI 1A TIEPBOTO H BTOPOTO 3BEHEEB ¢, (1)= 2 H @,()= ~3 co-

OTBETCTBEHHO. AYX coequEEHHA A(T) — A(1)- A,(1)-7-5-135, dUX

T 3=

(1) = @, (1=, (1) = %+ - T OTnoxuE Ha Iyve, TPOBEIEHHOM W3 HAvama KOOPIH-

2
Az

HAT TOA yTmoM @(l)= = OTpe3ok A(1)=35, momy4gaem HCKOMYIO TOUKY rogorpada

(Touka c) ans e=1. Pe3yneTaThl NOCTPOSHAA TIPHBEACHEI HA PHC. 7.
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Puc. 7. l'ogorpad coequrenns P/-3eena (k=10 n T=1) u W/1-3BenHa (k=5)

3amaua 8. Hapucorate acammroTHdeckyr JIAUX 1as cHCTEMEl 2aJaHHOM

CTPYKTYpHL. BapnaHTe! 3aanmii npueenersr Ha puc. 112-4 (mpun. 2).

Mpusep peweHun Onn REPeo2o aPUARMA

3amaHHad CHCTEMA NpeAcTaBnsgeT coboif mocaeoBaTeNEHOE COSAHHEHNE JIBYX
3BEHBEB: WHTErpHpYyIomero ¢ nmapamerpamu k=10 u 7=I cexk W anmepHOAMIECKOro C

k=100 u T=0,1 cek, OMACHIBAEMEIX TEPEAATOTHEIMH (DYHKITHAMH

H W(p)- 100 .
pip=1) O1p+1

Wip)-

Jns mocrpoenus acummroTHdeckoil JIAYX nocnegoraTensHOrO COeTHHEHHSA
3THX 3BEHBEE HEOOXOAHMO TEOMETPHYECKH CIOXKHTE TpapHKH ACHMITTOTHYECKHX
JIAYX 3eenreB (puc. 8). Ha mepeoM y9acTke mpH 9acToTax <1 HaKIOH pPe3yIbTH-
pytome# JIAUX cocrarmser -20 16/nex, Ha BTOpoM yqacTke, rae 1<@<10, oH paBeH -

40 n6/mex, a mpu @>10 — (-60 16/1ex).
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3 2 1
0,001 0,01 0.1

Puc. 8. Acavmmotiveckas JTAYX mocme oBaTemMEHOTO COSTHHEHM

uHTerpupywmero (k=10 u 7=1) u aneproguieckoro (k=100 u 7=0,1) 3peHser
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3amaua 9. HapucoraTs mepexoaHENi MPONEce AT NapaUIeTBHOTO COSTHHCHAA
JIBYX 3BEHBER 2QJTAHHOTO THNA C 3aJaHHEIMH MapaMerpaMi. BapHaHTEI JaHe! B Tad-

muate [12-5 (mpun. 2).

Hpumep pewtenun 0138 nepeozo eapuanma

[Meproe uHTErpHpYIONIEE 2BEHO ¢ MapaMmeTpaMu k=1 1 T=0,5 cex onmmcriBaeTCA

nepeaTOTHOH pyHKIHEH
1
p05p+1)

Bropoe anepuoguveckoe 3BeH0 ¢ napamerpaMu k=4 u T=0,5 cex - mepeaa-

Wip)=

TOTHOH (pyHKIHEH

4

W(p)= .
L OIp+1

J.IIIS[ MOIYYUEHHAA MEPEXOIHOTO NTponecCa ANA MapalIeIIbHOTO COETHHEHHA 3THX

3BCHBECE HCOGXOZIHMO CIOXHTE rpacbmm HX TIEPEXOTHBIX q)YHKI.IHﬁ Tak, KaK ImoKaza-

HO Ha puc. 9.

h

> -

R(0,5)= A(05)+ k(05 i

e / e

A Th(05)

/
J. 7|

Prc. 9. Tlepexoanstii npongecc AN NapaanelbHO COSTHHEHHEIX

uHTerpupyromero (k=1 u 7=0,5) n anepuoamaeckoro (A=4 u 7=0.5) 3BeHneB
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3agaua 10. HaprcoBaTs mepexoHENH MpoIeEce AN CHCTEMBI ¢ 3aJaHHOI Ha

puc. T12-5 (mpun. 2) cTpyKTYpoOH.

Hpusmep pewtenun Oz nepeozo sapuanma

IMepBoe aneprogAYEcKOe 3BEHO HMEET mapaMeTpsl k=3 u 7=2 cex; BTOpoe 3Be-
HO - TakXKe arnepuoguveckoe ¢ mapamerpamu k=5 u T=2 cex. IlepemarowHsie PyHK-

IHH /IAHHEBIX 2BEHBLER!

n W(p)- 2

Wi(p) - s
() 2p+1 2p+1

Js MOTYHEHHSA MEPEXOTHOTO TTPOoIEcca MapanIeaIbHOTO COCTHHCHHA 3BCHBER Heob-

XOHMO CIIOXKHTE TPa(GHKN HX MePeXoIHEIX (PyHKIHIT Tak, Kak Moka3aHo Ha puc. 10.
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Puc. 10. Tlepexoansrii mpornece s ABYX MapainellbHO COSTMHEHHBIX

aneproguaeckux (k=3 1 T=2) u (k=5 n T=2) 3BcHEEB
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3amavua |1. BeieecTd nepeaaTouHy0 (YHKIHIO CHCTEMEI 1O 3aTJAaHHOH Ha pHC.

211-6 (mpun. 2) cTPYKTYpHOI cxeme # HapacosaTh eé AUX.

Hpumep pewenun 03 nepeo2o eapuaHma

Cxema mpepacTaBmsier coboH HIeamBHBI WHTETpaTOp, OXBATEHHEIH OTpHIA-

TENbHOH 0OpaTHOH cBaA3pi0 ¢ Kodpdummentom 2. [lepenaTovnas (GYHKIHA TaKOTo

COCAHHCHHA
5
Wip)= S 5 = 0.3
12‘2 p+10 0O1p+1

P
npezcTarngeT coboii mepenaToTHYK (GYHKIHIO anepHoIHTEeCKOro 3BeHa ¢ TapaMeT-
panm k=0,5 u T=0,1 cex. AYX 3Toro 3reHa ¥, COOTBETCTBEHHO, 3a/IaHHOH CHCTEMEI,

TpHBEAcHA Ha prc. 11,

A

Ol = s laly
5 | |

m | =il
\ | |

A ————y— -\ ------- e [ e i e e e i R
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Puc. 11. AYX aneproanyeckoro 3eeHa c napameTrpamu k=0.5 n 7=0,1 cexk.

77



3amava 12. BereecTn nepeaTOHYHO (PYHKI[HIO CHCTEMEI MO 3aaHHoi Ha puc. [12-7

(mpun. 2) CTPYKTYpPHOI cxeMe W HapucosaTh €€ OUX.

Ipumep pewienun onn nepeozo eapuanma

Cxema mpexacTapnseT codoi A-3BeHO, OXBAYEHHOE OTPHIATETEHONH 0OpaTHOMH

cBA3EI0 ¢ kKoaddummenToM 0, 1. [MepenaTouHas GYHKIHA TAKOTO COSTHHEHHSA

5

O R Lo SR | S SR

1+—3_.g1 3p*1+05 5p+15 333p+l
5p+1

npefcTapngeT coboif mepenaToTHYHO (QYHKINWK anepHOHTECKOTO 3BEHA C TapaMeT-
panm k=3,33 u 7=3,33 cek. IIpumep nocrpoerna OYUYX oTAETEHEIX 3BEHBER MPHBE-

JIeH B wacTH | HacTosmero mocoobus.

nu'»J . 3 13 H ] ] 1 " 12 13 “ 13 % | R (R 3

Puc. 12. ®YX anepuoandeckoro 3s8eHa ¢ mapaMerpamu k3,33 u 7=3,33 cek
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3amava 13. BeieecTH nmepeaTOTHYIO (PYHKIIHIO CHCTEMEI TIO 3aJJaHHOIT HA pHC.

2T1-8 (mpun. 2) CTpYKTYPHOIT CXeMe W HapHcoBaTh €€ rogorpad.

IIpumep pewenun ONR REPEOZO CAPUAHIMA

Cxema mpeacrarnafeT codoif uaeansHoe au(pepeHIHpYIOMmee 3BEHO, OXBa-
YeHHOS OTPHIATENEHOH obpaTHO# CEA3pi0 ¢ koadpuimertom 0.5. TlepemaTouras
(pyHKIHA TAKOTO COSTHHEHHUS

10p _ 10p
1-10p-05 S5p-1

Wip)=

COOTBETCTBYET peanbHOMY TH(pepeHITHpYIOMmEeMY BeHY ¢ nmapamerpamu k=10 r 7=5

CCK. Fonorpad) 3TOT0 3B€HA H, COOTBETCTBCHHO, sanar-moii CHCTEMEI, HpHBCIIéH Ha

puc. 13.
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Puc. 13. Tomorpad muddepermmpyroniero 3sena ¢ napamerpamu k0,8 u 7=0,8 cek.
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3amaua 14. BeiBecTn mepeaaTovHYR) PYHKIHIO CHCTEMEI 110 3aJJaHHOIT Ha pHC.

211-9 (mpua. 2) cTPYKTYPHOI CXEME H HapHCOBATh €€ acAMIToTHIeCKyI0 JIAUX.

HMpusep pewsenus Ona nepeozo eapuanma

Cxema npencrasnser codoi peansHoe JH(pdepeRmHpyIONIee 3BEHO, OXBAYCH-
HOE OTPHOATeNBHOH 00paTHOH CBA3BI0 ¢ kKoa(duumerTom |. ITepegarounas yHk-

IHA TAKOTO COSTHHEHHA

5p
8p—1 5p 5p  5p
W(p) - £ = £
(e ; 3P 8 5p 1 13pil 13pil
8pi11

TipeAcTaRIAeT coboif mepenaTovHYI0 (PYHKIHI peansHoro aApdepeHIrpyIomero
3BEeHA ¢ mapaMeTrpamu k=5 u 7=13 cex. Acummrrotiaeckas JIAYX artoro 3BeHa u, co-

OTBETCTBEHHO, 3aJaHHOH CHCTEMBI, MPHECTICHA Ha PHC. 14.

L.ab4

2 11117 0 1 2 lg @
O,bl ! ();1 1'0 100 «

| 20 IE!M') =-83

—

Puc. 14. Acummrorrmeckas JIAYX mndpepeHIMpyIomero 3eeHa

¢ mapameTpamu k=35 u T=13 cex
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3amaua 15. BeiBecTH mepesaToTHYI0 (PYHKIIHIO CHCTEMEL, MPEICTABIAIONIYIO
coboit 3aganHoe B Tabmune [12-6 (npun. 2) 3BeHO, OXBAYEHHOE €THHUTHOH OTpHIIa-

TENBHOIT 0OpaTHOH cBA3bi0. HaprcoraTs cTpYRTYpHYIO cxenmy H AUX 3T0i CHCTEMEL

Hpumep pewienun OAa nepeozo sapuanHma

Cxema mpeacraenger coboH WAaTBHBIN HHTETpaTOp, OXBavweHHBIH OTpHIA-
TENBHOH 00paTHOH CBA3RK ¢ Ko3(pdummentom |. INepenaTounas GYHKIHA TaKOTO
COETHHEHHUS

1
1
W(p)-—]lLl e
P
COOTBETCTBYET aNEepHOANUECKOMY 3BeHY c mapaMerpamu k=1 u T=1 cex. CTpykTyp-

Has cxema w AYX »TOro 3peHa m, COOTEBETCTBCHHO, 3aIaHHOH CHCTEMEI, MIPHECTICHA

L-u%_.i X Fw | 1| Xy
£ p p+l

Ha puc. 15.

lf'E“"

a=1 |

yre—r-rr-reeererTreeerererTreTT

Prc. 15. UaTerpartop, oxeavennsiii OOC: a - cTpykrypHas cxema; 6 - AUX
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3anaua 16. BrieecTH mepelaTOMHYI0 (PYHKIIMIO CHCTEMEI, TPECTABIAONIVIO
coboit 3aganHoe B Tabmune [12-7 (mprn. 2) 3BeHO, OXBAMEHHOE €THHHTHOH OTpHIa-

TeNbHOI 00paTHO¥H cBA3bi0. HapucoBaTs CTPYRTYPHYIO cxeMy B @YX 370l CHCTEMBI.

HMpumep pewenun Ona nepeozo eapuanma

Cxema npeacrarager coboi anepHoIHYIecKoe 3BEHO, OXBAYEHHOE OTPHIATENBHOH

obpaTtHOi# cBa3Ek0 ¢ KodddummenToMm 1. Tlepenarounas GyHKINSA TAKOTO COSTHHEHHA

|
3p- 1 ! 0.5
i 1 3p+2 L5p+1
3p-1

COOTBETCTBYET anepHogHIecKoMy 2BeHY ¢ napamerpamu k=05 u 7=1.5 cex. Ctpyxk-
TypHas cxema W MYX 3TOro 3BeHa W, COOTBETCTBEHHO, 2aJJaHHOI CHCTEMBI, TPHBE-

JIeHa Ha pHc. 16.

1 Xunezx Xex | 0,5 "4
_§ 3p+l 1.5p+1

Prc. 16. A-3ereHo, oxeauernoe OOC: a - cTpykTypHas cxema; 6 - OUX
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3amava 17. BeiBecTH mepenaTouHYH (PYHKIIHIO CHCTEMEI, TIPECTABISAIONIYIO
coboii 3amarnoe B tabmune [12-8 (nmpua. 2) 3BeHo, oxeavenHoe egwHHIHOI OOC.

HaprcoeaTe CTPYKTYPHYIO CXEMY H roorpady 3ToH CHCTEMEL.

Ipumep pewenun O REPEO20 CAPUAHMA

Cxewma mpencrapnger coboi A-3BeHO, OXBaMeHHOE OTPHIATENLHOH 0OpaTHOI

CBA3BI0 ¢ Koa(hduimenTom 1. Mepemarorras QyHKIHA TAKOTO COSAHHEHNS
1

Wippe 08011 _ 1 05
! T 05pr2 0.25p+1
05p11

mpeAcTaBIgeT coboil mepenaToTHY0 (PYHKIHIO anepHOIHTECcKOTO 3BEHA ¢ TIapaMeT-
panm k=05 u T=0,25 cex. CTpykTypHas cxema i rojorpad 37oro 3BeHa H, COOTBET-

CTBEHHO, 3aJaHHOH CHCTEMBI, MPHBEICeHE! Ha puc. 17.

Xux 1 X nuax Xu | 05 | X
_% 0,5p+1 = 0,25p+1

Puc. 17. A-3eeHo, oxeauenHoe OOC: a - cTpykTypHas cxema; © - rogorpad
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3anaua 18. BeiBecTn nepeaaToTHy0 (PYHKIIHIO CHCTEMEIL, MPECTABISIONIYIO
coboii 3anarroe B Tabmuie [12-9 (mpma. 2) 3eeHo, oxeaweHHoe eguHWTHON OOC.

HaprcoraTe CTPYKTYPHYIO CXEMY H acHMITOTHYECKYIO JIAYX 770l cHcTeMEL

Hpusep pewenun Onn Repeozo Capuanma

Cxema npeacraenser coboif [I-3BeHO, OXBaueHHOE OTPHMATENRHOH 0OpaTHOI

ceA3bk0 ¢ KoapuimenTom |. [TepegaromHas PyHKIHA TAKOTO COSTHHEHUS
1= p
cooteercTeyeT PJI-3eeHy ¢ mapamerpamu k=1 m 7=I cex. CTpykTypHas cxema H

acavmroTudeckas JIAYX aToro 3BeHa H, COOTBETCTBEHHO, 3aaHHOH CHCTEMBL, IPH-

BejIeHa Ha puc. 18.

Xonxx - p
“e@—[ P |+ el S
- p+1
a
L. nB4
1\
7’
y/
&
2 17 0 1 2 1gw
0,01 01 10 100 @
20
(§)

Puc. 18. U/1-38eno, oxerauerHoe OOC: a - cTpykTypHaa cxema; 6 - JTAUX
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3amaua 19. Hapucorats peaxuuto [TH-perynsTopa ¢ 3aTaHHEIMH TTapaMeTpaMH
Ha 3amanaen Ha puc, 2I1-10 (mpun. 2) exoxHoii carran. KosdhHmmeHTEl yCHIeHAS

IT-gacTn perynsTopa 4 9ETHEIX BapHaHTOR paeHE! (.5, maa HewETHRIX 2.

Ipumep pewenun

Koapdummenr ycanenna k,, = 2. I'paguxu BxogHoro curHana, peaxkmus I1- u
N-wactn, a Takxke [TH-perynsaropa Kak CyMMBI 3THX COCTARIAIONINX, TTPECTABICHEI

Ha puc. 19.

x4
o : S HT i

oyt

oy

; | /} a

¢

7
s \ ."u.".).. .. "’7 .
; \ > s | o
‘ N L&/
B, l ! \ 1 N 1
1 ¢ \ o
] | : |
1 | KO Y [ . N )
. | |
- ' . ;\.U” e =
| 2 |
12 ! \\l -/
: | b |
! e i e oy

Prc. 19. Peaxmnsa ITH-perynaropa # €ro cOCTaRIAFONINX

HAa 3a/IaHHEIT BXOHOH CHTHAIT
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3anava 20. Haprcorate peakumto I1/]-peryaaropa ¢ 3a7aHHEIMA apaMeTpaMi
Ha 3agaHAeni Ha puc. 2I1-11 (mpan. 2) exomroi carran. KosGdHIAEHTE! yCHIeHAS

[T-wacTi perynsaTopa 714 HEIETHRIX BapHAHTOR pasHEL 0,5, 11 w€THRIX - 2.

IMpusep pewenun

Koadpurnmert ycunenus k, = 0,5. T'paduku BxoqHOTO cATHANA, peakuus [1- 0

J-vactu, a Takxke [1]]-peryraTopa Kak CyMMEI 3THX COCTARIAIONINX, MPEICTABICHE

Ha puc. 20.
z
4
A
e
x.®
|- /
I e
gy U= o
0 /7//' L
e
1 y
\J \/

Puc. 20. Peaxmmusa [1]]-perynsaropa i €ro COCTaBIAIOMIIHX

Ha 3aJJaHHEIT BXOHOH CHTHAT
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BapuaHTs! am4 9acTH 2

MMpanoxenne 2.

Tatmmama I12-1
BapuanTer zaganaa |
o Tlepeoe aeH0 Bropoe aseHo
- Tan k T, cax Tun k T, cex
1 AlEPHUIHYECKDE 5 0,1 JuipepeHnppyiomes 0,2 ]
2 Hererpupyiise 2 0,1 Herrerpupyiige a0 ]
3 JuipdepeHnapyomes 3 0,01 AlEpHoIHYECKOE 25 ]
4 AnepHoiHYecKoe 4 0.0 Herrerpupyiige L0 ]
3 Hurerpupyriee 5 I Hurerpupyimeae 25 0.5
o HaddepeHuppyromes 4 I AnepHoHYeckoe s 0.5
7 AlEPHUIHYECKDE 3 10 HridepeHuppyomes 40 100
8 HaidepeHuppyromes 20 L0 Huduepeduppyomes 5 10
ks Hurerpupyuiee 15 0,1 Hurerpupyimeae 4 0,1
10 AnepHoiHYecKoe 25 0,1 Hrdepeduppyomes 3 ]
11 Hurerpupyuige 30 L (a0 AllEpHTIHYECKDE 2 0,1
12 HaddepeHippyromes 4 | (0 AnEpHoHYECKOE I 0,1
13 AneprogHYeckoe 5 | AneprogHyeckoe 2 10
14 | Hererpupyaise 4 I Herrerpupyiige 3 0,01
15 Hadpdrepeuppyromes 3 0 Hudepenimpyiomee 4 100
16 AnepHoIHYeCHOE 10 0,1 Herrerpupyiige 30 0,1
17 | Hererpupyiise 15 0,0 Herrerpupyioige 40 10
18 Haddrepeuppyromes 20 0,1 Hueperippyiomee a0 0,01
1% AnepHoiHYecKoe 25 0.m Hadepeduppyromes a0 100
20 | AnepHoaHYecHoe a0 0,1 Hererpupyrigs [on | ol
Tatmmma T12-2
BapmanTer zaganms 2
No [Mepnoe anenn Bropoe anarmn
- Twm k T, cex Twm k T, cex
1 ATepHOIHIeCKOS 4 1 Hurerpapyiomee 3 0.5
2 Jnddepermmpyiomes 3 0,01 ATIEpHOTHYECKOS 25 0
3 ATepHOIHIeCKOS 4 0,01 Hurerpapyiomee 10 0
4 Hurerpmpyiomee 5 1 Hurerpapyiomee 25 0.5
3 Mudihepermmpyiomes 4 1 AnepHoaAdeckoe 35 (1.5
6 ATEpROTHYECKOE 3 10 Oripepenmapyiomee 40 100
T | Andhepermmpyiomee 20 10 HAndwpepenmupyromniee 5 10
8 Hurerprpyiomee 15 0,1 Hurerpapyiomee 4 0,1
g ATepROTAYECKOE 25 0,1 Oridhepenmapyiomee 3 0
10 Hurerprpyiomes 30 100 ATlepHoaAYeckoe 2 (1,1
11 Juhdepemmpyiomeae 4 100 ATlepHoOTHYECKOS 1 0,1
12 AnepHoIAgecKoe 3 1 ATlepHoTAYECKOS 2 10
13 Hurerpmpyiomee 4 1 Hurerpapyiomee 3 00,101
14 Jnthdepemmpyiomee 3 0 ATepHomAYeCcKOS 4 1040
15 ATepHOIHIeCKOS 10 0,1 Hurerpupyiomee 30 0,1
16 Hurerpmapyiones 15 0.Mm ATepHOTAYECKOE A 10
17 Jnddepermmpyiomes 20 0,1 HrddepenmrpyTomnes 50 00,101
18 ATepHOIHIeCKOS 25 0,01 [rddepenmrpyromnes Gl 1040
19 ATepHOIHIECKOS 30 0,1 ATIEpHOTHYECKOS 100 0,1
20 Hurerpapyviomee 10 10 AnepHoaAdeckoe 1040 100
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BapwuanTs! 3agaausg 3

Tadmma I12-3

TTeproe 3BEHO Bropoe 3BerO
Ne ' T, ' T
Tun k Tun k

cex CeK
1 WrTerpupyromee 4 0.5 ArnepHouIecKoe l 0,5
2 | HuTerpupyromee [10 [10 | Hurerpupyroniee 100 | 100
3 | Oaddepermmpyromee 3 0,01 | Anepuommueckoe 25 0
4 | Anepmommueckoe 4 | 0,01  Hurerpmpyromee 0 0
5  Hnrerpupyromee b 1 Huterpupyroniee 25 0,5
6  uddepenmipyromee 4 1 AnepHoHIecKOe 35 0,5
7 Anepnommecxoe [3 [10 | Hndid)epempylomee 40 100
8 | Huddepenmpyromee 20 10 Jdaddepermipytomee 5 10
9  Hurerpupyromee 15 0.1 HuTerpupyroniee 4 0,1
10  Anepuomntieckoe 25 01 Hduddepermipyromee 3 0
11 Wrnrerpupyromee 30 100 = Anepuogudeckoe 2 0,1
12 | Huddepermipyromee 4 |100 | ArnepHoHIecKoe E . 0,1
13 Anepuoauveckoe 1 ArnepuouaecKoe 2 10
14 = Wnrterpupyromee 4 1 Hurerpupyroniee 3 0,01
15 Ouddepermipyromee 3 0 AnepHoHIecKoe 4 100
16 = Anepuoguveckoe 10 0.1 Huterpupyroniee 30 0,1
17 = WnTerpupyromee I5 0,01 Anepuomguaeckoe 40 10
18 | Onddepermapyromee 20 0.1  Jaddepermapyiomee 50 | 0,01
19 = Anepuognveckoe 25 001  Jdaddepermapyromee 60 100
20 | Anepuognvieckoe 30 0.1 ArnepuouaecKoe 100 0,1
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BapwanTs! 3ananmus 4

ITeproe 3BeHO

Tabdmuma I12-4

Bropoe 3BerHO

89

No T, T,
Tom k Tan k

CEK CeK
1 Anepnomxecxoe 100 | 0,1 Jiﬁd)kpepempyromee 10 |10
2 | Juddepermmpytonee | 10 | 0 AnepHoanvecKoe 1 100
3 | AnepHOoaHYeCcKOe 100 | 0,1 WuTerpupyromee 10 0,1
4 | UnaTerpupyromee 1000 0,01 | Amepuognieckoe 100 | 10
5 I[ﬁdid)epempyromee 0,1 |01 Ilud)ﬂ)epempyromee 1000 | 0,01
6 | AmeproaHdeckoe 0,01 | 0,1 Huddepermapyromee | 0.1 0
7 | UrTerpupyromee 1 10 WnuTerpupyromee 0.01 | 100
8 | Auddepermapyromee | 10 | 0,01 | Aneprognueckoe 1 0
9 | AneprogHueckoe 100 | 0,01 | UaTerpupyromee 10 0
10 | UaTerpupyromee 1000 1 Harerpupyromee 100 |05
11 ﬂﬁdﬁ(bepénnﬁpﬁdmee' 0,1 1 Anebndmaiéoé 1000 | 0,5
12 | AneprogHueckoe 0,01 | 10 Huddepermapyromee | 0,1 100
13 | HaTerpupyromee | 100 | Aneprogmieckoe 0,01 | 0,1
14 | dudpdepermmpyronee | 10 100 | Aneprogrvieckoe 1 0,1
15 | Aneprogmdeckoe 100 |1 AnepHOAHYECKOE 10 10
16 Hirrerpnpyromee 1000 1 'I'/'I_n'rerpnpylomee 100 | 0,01
17 | HaTerpupyromee 0,1 | 100 | Ameprognueckoe 1000 | 0,1
18 | dudpdepermmpyromee | 0,01 | 100 | Anepromuueckoe 0.1 |01
19 | Aneprognueckoe | 1 AnepHOAHYIECKOE 0.01 | 10
20 | UnTerpupyromee 10 | WHaTerpupyromee 1 0,01
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BapuanTs! 3ananus 9

IMepeoe 3BeHO

Tabmuma I12-5

Bropoe 3BerHO

Ne T, T,
Tun k Tum k

CceK CceK
[ ﬁmrpnpyromee 1 0,5 | Anepnommecxoe 4 ' '0,5
2 AmneprogHdeckoe 1 0.1 ATnlepHOIHTIECKOE 4 0
3 | duddepenumpyromee | 2 0,1 ATIepHOHIECKOE 3|0
4 | HaTerpupyromee 3 0,5 | Unrerpupyromee 2 0.1
X Anepnomecxoe 4 05 | 'I-/Imerpnpyromee 1 |01
6 ﬂn¢t]:epemmpymmce 5 1 WaTerpupyromee 2 | 0,5
7 | UATerpapytomee 4 1 JMuddepermapyromee | 3 0.5
8 AnepHoaHvecKoe 3 0 Muddepermapyromee | 4 1
9 | duddepenmmpyromee | 1 0.1 | Auddepermupyromee | 4 0
10 | HATerpupytomee 2 0,1 ATIepHOIHIECKOE 3 0
Il | Ameproamveckoe 3 05 ATleprOIHIECcKOe 2 | 0,1
12 | dudppepenmmpyromee | 4 0,5 | Anepromndeckoe 1 0,1
13 | Uarerpupyromee 5 | Wnterpupyroniee 2 0,5
14 | Anmeproamveckoe 4 1 Wuarerpupyromee 3 | 0.5
15 | duddepenmmpyromee | 3 0 WrTterpupyromee 4 1
16 ‘ﬁﬁmrpnpymmee 100 |5 )indid)epempyromee 10 10
17 | Aneproanveckoe 30 10 ﬂndﬁ«bepemmpymmee 20 |15
18 | Quddepenmmpyromee | 50 | 20 Jnddepermapyromee | 30 | 20
19 | HaTerpupyromee 75 30 AmlepHOaHIECKOe 40 25
20 | AnmepHogHdeckoe 20 |50 | Anepromudeckoe 50 30
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BapuanTsr 3ajarns 15

Tabmuma I12-6

Na 3peno BapuanT 3meno
[ Anepnomguieckoe 3nerno 1-ro mo-
Hurerpapyiomee 3seno ¢ xoxp-
1 11 paaxa ¢ konduprienTon ycHe-
tummenTom yemmenms 1
HHA 3 A TOCTOANIOMH Bpemeny |
Aneproandeckoe 3seno 1-ro mo-
Hurerpapytomee 3seno ¢ koad-
2 12 pamKa ¢ koaduprienTon yenne-
dmmmenToM yennenms 2
A 4 # TOCTOSITIOH BpeMenH 5
Hnrrerpupyromee 38eno ¢ Kodg-
Hurerprpyiomee 3seno ¢ xoag-
3 13 thrmenToM yeHIerma 4 B mocTo-
tummenTom yennenms 3
SHTOH BpeMeny 5
Hrnrerpupyiomee 3neno ¢ Kodg-
Hurerpapyiomee 3peno ¢ xonp-
4 14 (rrHenTOM YCHIeNHS 3 B MOCTo-
¢ummenTom yertenns 4
STTON BpemMenH 1
Hrrrerpupytomee 3peno ¢ Kodg-
Hnddepermmpytoniee 3semno ¢ Ko-
5 15 (hIenTOM YCHISHHS 2 B MOCTO-
adprTHENTOM YeHTEnHST 4
smmoii Bpemend |
HWnrerpupyromee 3seno ¢ Kodg-
Huddepermmmpyromee 3sero ¢ Ko-
6 16 dimmrenTonm yernerma 1 B mocTo-
s drmHenTOM Yermenns 3
STHOM BpemenH 3
Jndwpepenmapyromee 3peno ¢
JMnddepermmmupyroniee 3seno ¢ Ko-
7 17 roadamRENTOM Yenmenns | u
siprmHENTOM YeRTemHS 2
TIOCTOSTNOH BpeMenH 3
Jndubepennapyiomee 3peno ¢
Mnddepemmpyloniee 3neno ¢ Ko-
8 18 roxpumHeNTOM yeHNenHS 2 H
a»ddrnrenTom yeanenns |
TMOCTOAANOH BpeMenH 2
Aneprogrdeckoe 3rero |-ro mo- | HAudbepenmmpyiomee 3seno ¢
9 paakRa ¢ koddumReNTOM YeHTe- 19 ROMpHIASHTOM YCHTENAST 3 0
naA | W mocToATOH BpeMertH 3 TIOCTOSATON BpeMend |
Aneprogrdeckoe 3pero |-ro mo- Jndibepenmapyiomee 3nemno ¢
10 paaKa c KoddumrenToM yerme- 20 roxpmnRenTOM YeHnenns 4 u

TAS 2 W TOCTOSANOH BpeMernt 2

100

TIOCTOAHNOH BpeMenn 5




Tabmuma I12-7

BapmanTer 3anarns 16

mHA 2 ¥ TOCTOSNTOH BpeMert 2

Na 3peno Bapuant | 3meno
ATneproOJRYECKOE 3REHO ¢ KOdh- | Aneprnoauveckoe 3neno 1-ro mo-
1 ¢ummenTom yeunenns 1 u mocro- 11 paaka ¢ koxduprenTon yemnme-
ANOH BpeMenH 3 g 3 | NOCTOSTMOH BpemenH |
Aneproauveckoe 3geno 1-ro mo-
Hurerprapyiomee 3neno ¢ kodd-
2 12 pamka ¢ koyphHIHenTOM yeHte-
(umrenTOM yeunenns 2
A 4 # TOCTOSTTION BpeMenH 5
| Mirrerpupyromee 38eno ¢ Kodg-
Hurerpapyiomee 3neno ¢ kodd- - ¢
3 13 (prienToM yermenma 4 # mocTo-
¢umEenTOM yeumenwus 3
ATITION BpeMenH 5
Hurerpupyromee 3geno ¢ kodd-
Hnrerprpyiomee 3reno ¢ koad-
4 14 (e nTOM YCHISTHS 3 H MOCTO-
tumrenTOM yeumenus 4
ammoii Bpemens 1
| Hnrerpupytomree 3mero ¢ kKodd-
Huddepemmpyiomee 3neno ¢ Ko-
5 15 (hrmuenToM yeRmera 2 B mocTo-
sddrnmHenTom yernenms 4
STToi Bpemeny 1
Hurerpupyromee 3seno ¢ kodg-
Huddepemmpyromee 3semo ¢ Ko-
6 16 (pyurerron yernerma 1 | nocTo-
abdrmHenToM yernema 3
ATTOI BpeMenH 3
Jnddepenmmpyiomee 3peno ¢
Hnddepermmupytomee 38eno ¢ Ko-
7 17 xoaddrmHenTOM Yernenns | u
sipdrmIenToM yernems 2
TOCTOSTNOI BpemenH 3
Hudbepenmapyiomee 3seno ¢
Huddepermmpyromiee 3neno ¢ Ko-
8 18 rkonddrmIenToM yermennsa 2 u
sddrmenToM yernenns |
TOCTOATNOH BpeMenmH 2
Aneprogrdeckoe 3sero |-ro mo- Jndupepenunpyiomee 3peno ¢
9 paaKa ¢ koddHmHenTOM yerme- 19 ko daTHenTOM YeRnenng 3
mag | 1 nocToAMAOH Bpemern 3 NOCTOATMOfH BpeMenH |
AneprogAdeckoe 3neno |-ro mo- JAndpepenmupyromee 3neno ¢
10 paaka ¢ kodtdrmHenToM yerme- 20 xoxprmHenTOM Yernemns 4 u

TOCTOATNOI BpeMenH 5
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Tabmuma I12-8

BapnanTer 3anasns 17

CTOSTTON BpeMenH 5

Na 3peno Bapuanr 3meno
Aneprogndeckoe 3geno 1-ro mo- | Aneproamueckoe 3BeN0 ¢ Koo+
1 paaKa © KoMbHHTHEATOM YCHITe- 11 (mrenTon yernermg 1 B mocTo-
S 3 W MoCTOANOoH Bpemer | smmoi Bpemens (0,5
Aneprogryeckoe 3seno |-ro mo-
Hrrrerpupytomee 3seno ¢ Kodg-
2 pAaKa ¢ KodhHIHenTOM yeHITe- 12
(prmenTon yermermig 2
A 4 W TOCTOANNOH BpeMenH 5
Hnrerpapyiomee 38eno ¢ K0ddh-
Hrrerpupytomee 3seno ¢ koddg-
3 dmmmenToM yennenns 4 u mocTo- 13
(hrmenTonM yernemis 3
AMIOH BpeMenH 5
Hrurerprpyromee 3neno ¢ kodd-
Hnrerpupyromee 3seno ¢ Kodg-
4 (ummenToM yeunmenns 3 M mocTo- 14
dymuenTon yernermia 4
Annoi npeMerny |
Hnrerprapyiomee 38eno ¢ kodp-
Ry b Andubepenmapyromee 3neno ¢
5 (umrenToM yermenns 2 M mocTo- 15
" roxphATHENTOM YeRTEnAs 4
SUNOH BpemMern |
Hnerprpyiommee 36eio ¢ Kodd-
i ol Hudpepenmapyromee 3neno ¢
6 thummrenTOM yeunenns 1 w mocto- 16
roaddaTHENTOM YeHTenHS 3
AANOH BpeMer 3
Hm SMIUPYIOMEe 3BEHO ¢ KO-
epepemprpys Jndupepenmapytomee 38eno ¢
7 apprmHEnTOM yernemns 1 1 mo- 17
roaddAHeHTOM YeRnenHs 2
CTOSHTON Bpemenn 3
Hnddepemmpyromee 3seno ¢ Ko-
bbep Hudrpepenmapyromee 3seno ¢
8 s drmIenToM yernemns 2 i no- 18
roaddATRENTOM Yermenns |
CTOSTIHOI BpenenH 2
Hnddepemmpyromee 3semno ¢ Ko- Anepnomnveckoe 3seno 1-ro mo-
9 adpATHENTOM YCHIETHS 3 | Mo- 19 panxa ¢ koadquprimienTon ycue-
cTosTHONH BpemenH 1 g 1 7 mocrosmmoii Bpemens 3
Jntdepemmpyromee 38eH0 ¢ Ko- [ AmleprosTeckoe 38eno 1-ro mo-
10 adpraTHEnTOM YCHIEHHS 4 H mo- 20 paaka ¢ koaduprmmrenTon yere-

THA 2 § TOCTOSHNOH BpeMenH 2
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Tabmuma T12-9

BapuanTst 3anasms 18

No 3peno Bapnant | 3meno
| Anepromuveckoe 3seno 1-ro mo-
Huddepemmpylomee 3semno ¢ Ko-
1 11 paaxa ¢ kooduprimenTon yerne-
athdrmHenToM yermenss 10
g 3 1 nocrosmmoii Bpemens 0,1
| Anepronueckoe 3peno 1-ro mo-
Hurerprpyiomee 38emo ¢ Koxp-
2 12 panxa ¢ koaduprrmenTon yene-
unmenToM yeunenns 20 ‘
mug 4 7 mocrosumoil spemend (0.5
Hurerpupytomee 3seno ¢ kong-
Hurerprpyromee 3neno ¢ koxp-
3 13 (pmprenToM yernerms 4 # mocTo-
tummenTom yeunenns 3,5
| AMHOIT BpeMenw 5
. Hrerpupytomee 3memo ¢ Kodg-
Hurerpapyromee 38eno ¢ xoad-
4 14 tprmenTon yermerma 0,3 1 mo-
tummenTom yeunenns 0.4
CTOSANOH Bpeven |
| Hrrrerpupyromee 3semno ¢ kong-
Huddepemmpyiomee 3BemHo ¢ Ko-
5 15 trmmenTon yernerms (0,2 w mo-
apdrmenToM yermenms 4
CTOATMHOH BpeMernH |
Hnrerpupyromee 3seno ¢ kodg-
Huddepermmmpytomee 3seno ¢ Ko-
6 16 dmmenTon yermerms 0,1 w mo-
s drmHenTom yernenss 3
CTOANNOH BpeMeny 3
. Huddepermmpytomee 3seno ¢ Ko- " Juddepenmmpyiomee 3seno ¢
aprmenTom yermemis 2 xoadhhrmrenToM yernemns 10
" Hnditl:epemmpyromee 3BONO C KO- 18 - Hurerpupyromee 3seno ¢ kond-
s drmmenTom yernems 0,1 tmmenTon yernerms 0,2
Anepromyeckoe Imeno |-ro mo-
Hurerpupytomee 3seno ¢ kodd-
9 paaKa ¢ kodddumHenTOM YCHITe- 19
tmmprenTon yermerma 0,3
mas | w noctoammo spesern (0,3
Aneprogadeckoe iseno |-ro no-
Hurerpupytomee 3seno ¢ kond-
10 paaga ¢ KoadrmmenTom yenne- 20

nnAg 2 u nocTosnno#H spemer (0,2
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dmmrenTon yernemms 0,4
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