YOK 378.016

MOJENN U AJITOPUTMbI KOMIbIOTEPHBIX CAMOCTOATE/IbHBIX PABOT
HA OCHOBE rEHEPALIUW TECTOBbIX 3ALAHUN

B.B. KpyymnHun, J1.A. Mara3uHrukes, K0.B. Mopo3ioga

TOMCKIAA YHUBERCUTET CUCTEM YTTDABNEHUS U PAAMUO3NEKTDOHWKI
E-mail: kru@e.tusur.ru

PaccmaTpuBanTCs MOREIN 1 ANITOPUTMbI KOMIBIOTEPHLIX CAMOCTOATENbHBIX PADOT, OCHOBAHHBIX HA MDUMEHEHIM FeHEPATOpaR
8bIX 3aAaHuiA. [10Ka3aHa CTPYKTYPa Takowt nporpaMmsl v npeanoxer 06obuweHHbIA anroputit pabotsl. OmicaHa TeXHONOMMA

C UCnoL308anneM KOMHb:‘OTE'pHOlE CaMOCTOATENL HOM paGOTbL

B TomckoMm yHUBEpCHTETE CHCTEM YTpaBIiCHUS W
pannoanekrpoHuku (TYCVP) paspaGoTana opuru-
HaNbHAS TEXHONOTHS CO3TAHUS U COTIPOBOXICHUSA Te-
HEpPaToOpOB TECTOBLIX BOMPOCOB ¥ 3a1ad. B HacTosuIee
BpeMsI BHEIPEHO OOJIBIIOE KOJTMYECTBO TEHEPATOPOB TI0
TYMaHUTAPHBIM ¥ TEXHWUeCKMM aucuurnunaM. OnHa-
KO B IPOLECCe [TPAKTUUYECKOTO TIPUMEHEHU S THX TeHe-
paToOpoB OBIMU 0OHAPYXEHL! HOBbIE BOSMOXHOCTY HX
VCTIONHEHNS, B YaCTHOCTY, CO3TMAHUA TIPOTPAMM JTS
CaMOCTOATENBHON TIOATOTOBKY CTYAEHTOB. Ilockomeky
TEHEPATOP TTOITYHAET OTPOMHOE YUCITO TECTOBBIX BOTIPO-
COB | 34JaHUI, TO CTATO BO3MOXHEIM MPeXbIBIgTh He
TONBKO WHIVBUIYATLHEIE 3aIaHUs, HO ¥ COMPOBOXAATH
UX 00y4atoUMH DYHKUMAMH [OCPEACTBOM COOTBET-
CTRYIOIIMX YKA3aHWHU, TIOMOratolMX CTYNEHTY HaMe-
TUTh TUTAH PelIeHns W OCYWECTBHTL eT0. BoaMoxHa
BBLIAYA TTOIHOTO PEILEHUA JAHHOM KOHKPETHOM 32024y
C TIOCTIeyIOIIeH 3aMEHON Ha IPYIVIo.

Huxe ripennaraoTcst MOIENM ¥ alTOPUTMBL CAMO-
CTOATENBHBIX paboT Ha OCHOBE UCTIONHEHMUSA TAKUX Ie-
HEpaTopoB. DTa naed ObUIa peaTu30BaHa B Kypce «Ber-
clyag Matematuxa» s crynentos TYCYPa, obyyato-
LLUXCA TI0 ZUCTAHUMOHHOW TEXHOJTOTHU,

KowmrnexcHEIH mOEXon K OpraHu3aliy Ipenoja-
BAHUA MaTeMaTUKU B TEXHHYECKUX By3ax Mpelronara-
eT Oonblroe pasHooOpasue TMPOrpaMMHO-METOIUYE-
CKOTO MaTepuana. B Hacrosdiee BpeMs B y4cOHO-TIpo-
IPAMMHBIT KOMIUIEKC BXOAT CNEAYIOIME COCTaRAI0-
wme: a) yyebHsie nocodud Ha OYMaXHBIX HOCUTENAX,
) NpaKTHKYMB! TIO pelIeHUIO 3a1a4y, B) Habop XKOH-
TPOJIBHBIX U CAMOCTOATENBHLIX PA0OT, T) KOMIIBIOTEP-
Has [PoOrpaMMa «TeHepaTopy», TO3BOTAIOWAsS THPAKHI-
pOBaTh NPAKTHYECKU HEOTPAaHUYEHHOE YMCHO WHIM-
BUAYAILHBIX 33JaHUY PA3NMYHOT0 HA3HAYEHUA, 1) Ha-
00p 6230BLIX 3314 — «IIA0TOHOB» BXOXHOTO MAaTEpU-
aJ1a 11g padoTH! TPOTPAMMEI «T€HEPATOP», &) MaTepH-
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anel ANS TPOBEAEHMS KOMIIBIOTEPHEIX 3K
X) METOIVUECKUE MaTepUANbl 1014 TIOATOTORK
NIOMTHEHHUIO KOHUTPONBHALIX PabOT H CHATH UK
3) MYALTUMENUAHBIE ydeOHbIe nocobus |1,
BUMCA Oonee TIOAPOOHO Ha KaXIOH U3 ITHX Cig
sustioinx. HauGonee Tpymo3aTpaTHbM OKasall
nucaHue y4eOHbIX TOCOOUM, TIPUTOIHBIX LIS
HUST aBTOMATH3IUPOBAHHBIX 00YUAOIIMX CHCTEN
MeHsd CUCTeMHEIH TTOAXON, OBLT POBEIEH 4
HATWITHOTO arfapara, 4YTO TO3BOJIMIIO [peRpd
KYypC BBICTEW MATEMATUKY B eAMHYIO JUCIIHIL
pacTTafaloulyiocd Ha OTHeNbHBE Clafo ch
MexITy coGoit pasgenst [2].

Ha ocHoBaHuM 3TOTO aHANH3A TIPOREEHA
TeNIbHAS CTPYKTYpU3anud yucOnoi unbop
pa3dUBKOi ee Ha BJIOKM, COAEpXKallLMe Heho
CJI0 HOBBIX 3N1eMeHTOR 3HaHuit. Hamucano ns
HEIX MOCOOWE, B KOTOPKIX TEOPETUHECKHH
JIOTIOJTHEH JIOCTATOYHO OONBIIAM YUCIIOM
MIOSICHAIOWNX OCHOBHBIE MOHATHA. Kpome
JEIbHO HATIUCAHO YETHIPE TIPAKTUKYMA, Ul
CTYJIEHTOB HABBIKAM pEIICHUA 331aY4, BKIIO
ce04 XaK 331a4H C TIOPOOHBIM pelIeHUEM, T
Yy JUIS CAMOCTOSITESTbHOM paDOTH € yKAJdH
toB. JIng noboit dopMu 00yIeHHd, 4 0ol
JUCTAHLIMOHKOA, BaXHOH HABIAETCH CHCT
TPOJIBHBIX ¥ CAMOCTOSTeNhHEIX paboT, MHIK
HEIX 3aganuit. OOkIuHAS [IPAKTUKA, KOTIA K
TIPUAATAETCS HECKOIBKO BAPHAHTOB KOHTPO!
00T, okazanack mManoaddexTusHoi. Yacts
MOJB30BANIACH TOTOBKIMU PEIICHUAME, HMEKI
Y PeneTUTOPOB, 4 TakKe TIOMEIIEHHBIX B UHT
KoMITbIoTepHREI 3K3aMeH TIPU MaioM 00Le
3K3AMEHAUNOHHBIX 3aJaHUI TAKKe Yacto
00BEKTUBHOW OLIEHKU 3HAIMU CTYICHTOR, T4
BEThl Ha BCE BOMPOCHI OLICTPO CTAHOBHAUCH M



TexHONorum UHXeHepHOro 00PalosaHus

HWIMM CTYAEHTaM, UM YHaBaloch CHABaTh IMOJIOXM-
TeNLHO 3K3aMeH, He TOTOBACH K HeMy. BaxHuM 3n-
EMEHTOM TECTOBOTO KOHTPOJIA CTal TeHepaTop, KoTo-
pHIF TIONTY4aeT OTPOMHOE KOMUYECTBO HETOBTOPSIO-
WUXCS MHIWBHEYANBHBIX 3afaHWH HA OCHOBE 6asbl
SHAHUL.

ITon reHepaTopoM TNOHMMAETCH KOMITBIOTEpHASL
nporpamMma, KoTopas 110 6a3e 3HAHUH W 33aHHBIM all-
TOPHTMAM TEHEPUPYET KOHKPETHHIE 3HAYEHWS Tapa-
METPOB 3aliauyt, (QOPMYNTUPOBKY 3aNaHus, peuieHue
3TOr0 KOHKPETHOTO 33IaHKsA U TPABUNTBHEIN OTBET Ha
Hero. Mcmone3ya 10T reHepaTop, Mol TTONMyYdeM He
TONBLKO TECTOBOC 3a/aHue, HO W pelicue K HeMy. D10
NM03BOJUIET HEOMHOKPATHO PELATh OIHY U TY XKe 3ala-
4y ¢ Pa3HBIMH MCXOAHBIMH TAHHBIMU, TIPH 3TOM KaX-
IBIA a3 CPABHMBATL TIPABMILHLIA OTBET ¢ MOTYYEH-
HBIM OTBETOM CTYHEHTA. 3Ta WAEA BIepBele ObiTa pea-
NM30BAHA IV CO3TAHUSA TECTOBBIX KOHTPOJNBHLIX pa-
6ot 1 ax3ameHoB. B TYCYPe paspaborana TexHoIO-
THA CO30aHUA TAKWUX TEHCPATOPOB NI TIPORENEHUS
KOHTPOITBHBIX PAGOT 1 3K3AMEHOB 10 JIMCTAHIMOHHOH
TexHonorUu [3].

B HacTosuiee BpeMs 0COORIN YTIOp A€NaeTcs Ha Ca-
MOCTOATENLHYIO PAOOTY cTyIeHTOB. [JI9 TOMOUIH BBI-
TMOMICHHUS CTYACHTOM CaMOCTOSTETLHON padoTht ObUIA
MpeUIOKEHA Wed DeaIM3aUMy TeHepaTopoB 3anad,
KOTOpBIE 0DECNEYAT He TOJBKO KOHTPOSTh, TIPABVIILHO
WIM HETPABWILHO PEUIWI CTYAEHT 3a1a4y, HO U BbLIA-
BaN OBl TONARIA TEKCT perieHuA 3ToH 3anayn. ns pe-
AM3AUVK 9TOM Uiey ObITO PACIIUPEHO TOHATHE 11a0-
JIOHA 3a7a4H, B KOTOPOi KPOME MEMEHTOB (hopMyiu-
POBKM 33134y, AITOPUTMORB TEHEPALUY TIAPAMETPOB,
MHOXECTBA U3MEHEHUs TAPAMETPOR, ajJTOPUTMOB
HOPMYTHPORKY 3al4YU, BCTABNEHB! AITOPUTM pelle-
HUA 334 1 0a3a 3HaHHU, TO3BONAIOUIAS PEany’3o-
BaTh MHTEPAKTHBHYIO ToMoiub. Ha puc. | npexcrasne-
Ha MOJEJIb KOMTILIOTEPHOM CAMOCTOATENLHOM PabOTEI,
OCHOBAHHAY HA TAKOM TIPENCTABIIEHUN.
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Puc. 1. Mogens KOMNLIOTEPHON CAMOCTOATENEHOW 0aB0Tb!

ba3za 3HaHWI CORePHKUT (PATMEHTE TEOPHH, YKa-
3aHUA K pelreHnio noroOHOro Kacca 3aKad, NoACcKa3-
KM, 3MEMEHTH (OpMYyTUpPOBOK 3amauu. J{ng reHepa-
UMY TeKCTa 3aladu HeoOXONUMO MPEACTABUTH aNro-
PUTMBI TeHEPALMK TIAPAMETPOR C 33TAHHBIMU MHOXE-
cTBaMM u3MeHeHmH napamerpos. [lo anroputmy pe-
WeHWS 3aMad¥t PACCYUTHIBAETCA [IPABUILHLIA OTBET,
KOTOPBIA 34TeM CPABHUBAETCH € OTBETOM, TOJYYEH-

HBIM CTYACHTOM. KpoMe TOro, KOMITHIOTEPHAS CaMo-
cToATeNbHAA PadOTa 10 3aIIPOCY CTYAEHTA MOXET Bbi-
JIaTh 0006WEHHOE UM KOHKPETHOE DellleHUe CTeHe-
PUPOBAHHON 3a/aYHU.

Texnonorua o6yyeHHS ¢ MCTONB30BAHUEM CAMO-
CTOATENBHOM paboThl cnemyroimas. TTpn KaxIoM ceaH-
Ce 3aIyCKa KOHTPONLHON paboTHl CTYEHTY OYIeT cre-
HepupoBaHbl YHUKANBHBIE 320aHug. CTyReHT peuraer
3afagy, BBOIMT OTBET. ECNU OTBET BepHHIN, cucTeMa
BBHIIAET COOONIECHUE, YTO OTBET BepHBIM; CTYNEHTY Te-
HepUpyeTcs Creyiolee 3aganue. B ciyyae 3atpyaHe-
HUS WV HEBEPHOTO OTBETA OH MOXKET 00PATHUTLCH 34
TIOMOTIILIO, coflepXaulyio paa stanop. Ha meproM w3
HUX, KaK NpaBujlo, peKOMeHayeTcsa pazobpath pelile-
HUE TOHOOHOM 331aYy, C YKa3aHMeM, IIe ero MOXHO
HaiTu. Ecu 370 OKaXeTCs HEIOCTATOYHEIM, TO Ha TO-
CAEAYIOLMK ITanax HaMeqaeTcs NoAPOOHKIH 1LIaH pe-
IIEHUS JAHHOU 320241, DTO TTO3BOJIALT CTYAEHTY Hay-
YUTKCA PEIATH 3a0a49M TOJXOOHOI0 KIlacca.

ITpouece cocTaBneHNs TAKMX 3a0aHui, KOHeYHo,
0oJee TPYZOEMOK, 4€M COCTABIIEHUE TIPOCTHIX 3314 C
QUKCPOBRHHBIMU YHCIOBBIMU TaHHKIMU. Heobxoaum-
MO YYUTLIBATH BCE 3HAUEHUI APAMETPOB, MPARUILHO
3aTUCaTh YCIIOBUA TEHEPAUVW W aliTOPUTM PEUICHUS
3agagy. POPMYIUPOBKA 3d1aYU TOXKC MOXKET H3Me-
HATHCA B 33BUCUMOCTH OT CrEHEPUPOBAHHBIX 3Haue-
HU# mapamerpoB. HeoOX0iMMO yYUTHIBATH BCE IpU-
HUMaeMble 3HAYEHUS TapaMerTpoB, 3aTO M3 OTHOTO
1aboHa noayvaeM OrpOMHOE KOJIMYECTBO BAPHAHTOB
33J1a49M, TeM CaMBIM CO3faetcd DanK 3aKau OONMbIOH
EMKOCTH, KOTOPHIf MOXHO HE OOHOBIATE TIPONOITKH-
TEITBHOE BPEMS.

TlpuBeneM HECKONBKO MPUMEPOB BA30BLIX 3aKay —
11a670HOB U3 PA3NHYHBIX PANENOB KYPCA BHICIIEH Ma-
TEMATHKH,

[Tpumep 1. Jlan TPeyroasHUK ¢ IeKapTOBBIMU KO-
opauuaramu sepind; A(a,f), B(y,6), Clu,v). 3anu-
IWTE YPABHEHWE TIPAMON, Ha KOTOPO# pacronoxeHa:

Beicota AH1 Tpeyronsruika ABC,

BhicoTa BH? Tpeyronpuuka ABC,

Bricota CH3 tpeyronsHuka ABC,

Menuana AMI,

MenuaHa BM2,

menwada CM3,

Buccextpuca ANI,

ouccexrpuca CN1,

buccexrpuca BN1.

B ranHom npuMepe napaMeTpamMu SBASIOTCA ¢, 3,
a-y a—p
B-5 B-v
xu A, B, Cpacnonoxarcs Ha ofHo# mpamoir. s kax-
JIOTO CITywad MPUBOEUTCA (HOpMa BBOJA U CaM OTBET.
Hna npumMepa orpanuduMcd crydaem 1. TTonoxurs
y> . Bee napaMetpr a, B, ¥, 8, i, VB3IATE NeCATHUHE-
MU IPOBAMM ¢ ONHUM XeCATHYHLIM 3HAKOM MU [1EJIhI-

MU yucnaMmn B npexenax or —10 go 10. YpaeHenwe
npsmoit AHY 3anucars B une (y—w)xt+Dy+C=0. B o1-

7, 8, U, VTakue, UTo { }¢ 0, MHave 10M-
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BCT BBCOUTE 3HaycHue Koacduuumenra C. B cryrac He-
1LIeJIOTO OTBeTa OKPYIIUTh ero 10 0,1. DranoHHsI# 0T-
BeT Oymer C=(u—y)at(y—95)p.

[eHepaTop cirydaiHbIM 06pa30M BLIGHPAET OJHO U3
VCIIOBMI 3a[auy, TeHepUpyeT MapaMeTphl U BRIIAET HA
3KpaH (GOPMYNUPOBKY 3aiaul, pa3NUYHYO Ui
KaXJIOTO ceaHea Bhi30Ba TiporpamMmel. Tlocne ToTo, KaK
CTYAEHT BBEHCT OTBET @, NPOrPaMMa pPaCUHUTHIBAET
3TANOHHBIA OTBET @ W CPABHMBAET €T0 C BBIBEIEHHBIM
cryneHToM. Kax npaBuio, OTBET PUXOLUTCH HAXOMUTD
TIPUORWKEHHO, TIPH 3TOM HYXKHO YXKa3biBaTh CTETEHb
oKpyTienua. B citygae OKpymIEHUs IO COTHIX OTBET @
TIPU3HAETCA TIPABWILHEIM, €CTIM BHITOMHAIOTCA YCII0-
Bud |a—al<0,01, B ciryyae OKpYT/IEHUS 10 THICAYHBIX —
la—al<0,001. MOXHO ITyTeM COOTBETCTBYIONIEN (OPMY-
JIMPOBKU 3aMaHUA M T10100pa MapaMeTpoB XOOMThCA,
YTOOB! OTBETH HAXOMWINCH TOYHO He3 OKpyrneHus. Ha
TIEPBBIX TIOPaX, YTOOK! YIIPOCTUTH NPOOIEMY CpaBHEHUS
OTBETOB, MBI TAKMM 00pa3oM U mocTynanu. OTBeTk! Obl-
T4 TOYHBIMU U, KaK TIPABUNO, LENLIMU, THE 3TO RO3-
MOxHO0. Ho 3aTeM OT 3TOW MIen 0TKa3anuch, TaK Kak
BMCCTO TOTO, UTOOBl PEUIATh 3aJA4y, HEKOTOPHIE CTY-
JICHTHI TRITATUCE MOA00paTh OTBCT; CO3MABATACH WLTIO-
3451, YTO OTBET MOXET OBITH TONBKO LETBIM YHCTIOM,

[Tpvovep 2. B mUHeiHOM TTpOCTpaHCTse R, OTIOCHTE Th-
HO kaHoHuueckoro Hasuca e(1;0;0), e(0;1;0), (0;0;1) ma-
Hel YeTeIpe BekTopa a(x1;x2;x3), b(y1;y2)3), ¢(21;22,23),
x (ox 1+ Byl +yzl;0x2+ By2+vz2;, o3+ By3+y23). Tipo-
BEPLTE, MOXHO JIH BEKTODH! @ ,b,¢ TPHHATS 33 HOBLIN
6a3uc B R,. Ecnmu Hewp3q, To BBexnTe yncno 0 w nepe-
XOOUTE K crenyiommeii aagade. Ecriu MOXHO, TO Haliam-
T€ KOOPIWHATEL! BEKTOPA X OTHOCHTENLHO HOBOTO Oa-
3uca. B OTBET BEEIMTE HAWUZEHHBIE KOOPAWHATLI, Pa3-
JEENTUB UX TOYKOW ¢ 3aNATOU.
xl x2 x3

Otser, ecnu |yl y2 3|20, T0 ; B; 7. [lapame-

z1 z2 zZ3
tprr x1; x2; X3; pl; ¥2; ¥3; 715 22; 23; o B; ¥ B3ATH B Ipe-
nenax ot -5 no 5. Cpeny KaXIoi 13 Tpoek unce xl; x2;
x3; yt; v2; ¥3; 2l 225 23; «; fB; ¥ TONIBKO OHO MOXET
BbITe paBHLIM HYAW0. OCOBEHHOCTBIO 3TOTO TTpUMepa
SIBNIETCA TO, YTO BEAUYUHEI, COCTABNAIONIME OTBET 3a-
Jla4u, BXOIAT B YUCIO MAapaMeTPOB.

[eHepaTop BCEM MapameTpaM TPUCBauBacT orpe-
JIeJIeTHEIC YUCITOBHEIE 3HAYEHUSA U BHIBOJMT Ha 3KpaH
CTEHEPUPOBAHHYIO 321a4y. BhIABUThL 3HAYEHUS Mapa-
METPOB ¢ 3; ¥ MOKHO TONBKO TIOC)IE PeleHUS 3aTa4H,
DTOT MPUEM MBIl UCTIOAb3YeM BO MHOTHX 3a[d9aX, Ha-
TIPUMED, TIPU COCTABNEHUHM IMAOIOHOB ¢ CUCTEMaMU
JVHEHHBIX YPAaBHEHWIA, Ha OTHICKAHWE COOCTBEHHEIX
YUCEN W BEKTOPOB U JAPYTUX 330a4ax.

IMpumep 3. Hamaure rnasHyilc 4YacTh BUjIA
Hx)=c(x—a)* OeckOHeuHO  Mamo¥  QyHKUUU

2 x—a)’
alx)=h(x-a)”-In|1+ x=ay npu x—a. B or-
x—a+b
BET BBCAMTE CHavana SHAYEHUE ¢, a 3aTeM YEPC3 TOUKY

¢ 3anatoil, 3Hayenue k. Otper b, mtn. [lapamerphl
b0, m>0, n>0, g — moboe.
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[Tpumep 4. Oyuxuua Zx,y) 3arana HedBHO ypa-
BHEHMEM
D(x,y,2)=ax*+ by+c+mxy(2et ) z—
~lao?+bf*—c—maf=0.
82 302
) ay2 ) dyox

B oTBet BBEIMTE 3HAYEHUE HANIEHHBIX TPOU3E0L-
HuX B Touke M(a,f3,1).

Otser:

1. 2a+QactmpB)2c.

2b+Ham+2bB)72c.

m+QQac+mB)(ma+2bp)2c.

[Tapametpul @, b, ¢, m — TMOGBIC OTAHIHKIC OT NV,
B TIpesenax ot —5 no 5, ¢, f — notsie, Ho o'+
CrryyaitHeIM 06pa3oM BeIOUpAeM OTHO W3 YCloBui )
2) unu 3) ¥ TeHepupyeM YUCIIOBEIE 3HAYCHHA TapaMe-
TpOB.

1o aTOMY 1I20TOHY MOKEM COCTABUTH OKOMO TPEX
MUUTIOHOB 33724 ¢ PA3NTUIHBEIMU 3HAYCHUAMH Napi-
MeTPOB U oTBeTamu. 1Tonbop NMOL0GHEIX 3a1a4 A OTh-
CKaHHMEe WX OTBETOB 0€3 TPUBNEYEHUS KOMITbIOTEpE
Tpedyet JOBONLHO MHOTO BPEMEHU.

[[Ta6noH ¢ BHIGOPOTHBIMU OTBETAMHU MBI TIPHMEHS-
K TONBKO B TEX CNYYaAX, KOTHA YIAETCS TIPUBECTH B
MHOXECTBO BOIMOKHEIX OTBETOB.

[Tpumep 5. JaHw TP paLa:

2
Haiiure: 1) 2Z
" ) ox?

Rl

. z an® +bn’ +c,
' an’ +hp’ +c,

=
an" +bn +c

2' 2 ]+ : m : ! - b
“~ an” +bn +c,

@

3. Zsin

n=l

& P
an” +bn’ +c;

an +bn' +c,

VKaxuTe HOMepa TeX W3 HUX, JUIS KOTOPLX BHI0l-
HEH HEeOOXOIUMBTH TTPU3HAK CXOIUMOCTH.
Bapuautw oTReTa:

Ilns BCeX Tpex pafos.

Tonbko [utst MEpPBOTO psLa.
TonbKo A9 BTOPOTO PAIA.
TonsKo Jing TpeThero psfa.
TonbKo T8 MepPBOTO U BTOPOTO.
Tonwko g NepBOro U TPETHETO.
Tonbko U1 BTOPOTO 1 TPETRLETO.
Hu mns kaxoro. o

[TapameTpst a;, b, ¢; (i=1,6) nioOrie, He DABHBIE Hy-
mo. Bee mokazaremu creneseit «, f, v, 0, i, v, m Lk
P, F, S B3STh MOJOXKUTENLHBIMU, PATUYHBMY, [0
XUTh < f3, <&, u<v, m<|, k<p, r<s.

OtBeTHI:

L. Ecmu o<y, pu<m, k<r.
2. Ecnn a<y, uz2m, kzr.
3. Eomu ey, pu<m, kzr.
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9. 4]
Pacemotpimg sagaTy Haltmrre [, 19- In(l +x-+1
x=5-1-0 Akl
. ecmmn xo-1-

Haronmrn, ‘”“’|\+”—{( (1) ecmr s -1

Tak Kak X~ -] -0 . To xv -1, ostonry [v+1{=-(v+1).

VYITRIBAL BREIIIE CEABIHHOS, HANOIIM Jn]
L

VaTeno, TTO TIpH v — -1 [11[1—(.\”—1]]~—[.& -1].
Puc. 2. Mpumep peanuzaumnm WabnoHa ¢ peLermem

4. Ecnut o=y, p=m, k<r.
5. Ecmu a<y, u<m, kzr,
6. benn a<y, wu=m, k<r.
7. Ecau o2y, pu<m, k<r.
8. Lenu o=y, pm, k>r.

TeHepaTop 3aJaeT 3HAYEHUS BCEX [1APAMETPOB, a
TAKKE TEHEPUPYET CTUCOK BAPUAHTOR OTBETA KAXKIBIH
pa3 HOBLIH.

K nacrosameMy RpeMeHY COCTABNEH TOBONBHO €M-
KUH 0aHK WAONOHOB 110 dAHATUTWYECKOW TEOMETPUN,
THHEHHOHA anrchpe, BBeACHMIO B aHamu3, IMbdepeH-
UMATLHOMY MCHHCICHHMIO QYHKLIMA OGHOW H MHOTUX
NMepeMeHHEIX, TEOPUH BepoaTHocTelt. Benerca pabora
M ¢ IpyrMy pasmenamu xypea., COCTABNEHHEIR OaHK
MOXHO WCTIONB30BATH B CAMBIX PA3TUYHBIX HApaBne-
HHAX JULT CTYZEHTOR OYHOW, 3a0YHON U IUCTAHTIMOH-
HOY dopm obyuerud. [Tpy HaIMYUU KOMITBIOTEPHBIX
32108 JIETKO TIPOBOINTS MMPAKTHUECKUE 3aHIATUA T10 Te-
MaM: JIeHCTBUe HaX MaTpUUaMH, 0BpaTHas Matpuua u
petlieHWe MaTPUYHEIX YPaRHeHUH, THHEHHAA 34BUCH-
MOCTh H HE3ABUCUMOCTE CHCTEMBI BEKTOPOB, PaHT Ma-
TPHIIbI, BBIYMCIEHME ONpeleNnuTeNel, pelleHue cu-
CTEM JIMHEHHLIX YDaBHEHMH, OTHICKAHWE CODCTBEHHEBIX
YUCEN M COOCTBEHHBIX BEKTOPOB MATpUL, BEKTOPHAH
anredpa, NpIMag Ha TUIOCKOCTH, TIIOCKOCTE U NTpAMast
B TIPOCTPAHCTBE, KPUBLIE BTOPOTO TIOPSNIKA, TIPEJETIH,
mibdepeHIMpoBaHyie OYHKUUE OTHOTO apryMeHTa,
NIPOU3BOJIHBIE BHICHIKX TIOPSIIKOR, AuddepeHunan,
InddepeHUHPOBAHUE TTADAMETPUYECKY W HEABHO 3a-
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JAHHBIX (QYHKIMYA, reoMeTpuveckue MpUITOXKeHUS
1 depeHUMATTLHOTO UCYUCREHWS U IpyTHe Tembl. C
ITOH LETHIO ¢ TIOMOWBIO TeHepaTopa U 0aHka waoo-
HOB MOXHO TEHEPUPOBATL UHAUBHIYASIBHEIE 3a0aHUS
C yKa3aHWeM OTBeTOB. YWCHO PasmugHbLIX Bapu4HTOR
NIPU 3TOM TIPAKTHUECKHU 11E0TPAHNYCHO.

Kak MBI yXe OTMeuany, Ha OCHOBaHNY BaHKa 3aza-
Huit, GOpMUPYIOTCA KOHTPONBHEIE pabOThl JUIg CTy-
JIEHTOB JAMUCTAHUMOHHON (DOPMbL 00YUEHUs, KOTOPLIC
OHY MOTYT BBIMOJNHATH U OTYUTHIBATHECH O MPOAENAH-
HO# paboTe B aBTOMATUINPOBaHHOM pexume. [lepporit
ONBIT TIPOBEAEHUT TAKMX KOHTPONBHEIX paboT noka-
3alT, YTO CTYAEHTH UCIIBITHIBAIOT 3dTPYAHEHUS TIPH UX
BRITTONHEHMU. BBUIO permeHo XKaKaylo 62a30BY10 33124y
IOTIONHUTH JIBYMA ONOKaMM, KOTOPHIE PEKOMEHIORA-
HEL CTYAEHTAM [PU MIOATOTOBKE K BLITONHEHHIO KOH-
TponsHOW paboTel. B OTHOM W3 GROKOR MpWBOAATCH
yKa3aHUsA, TOMOTAIOUME CTYACHTY PELIUTS 3404y Cd-
MOCTOSTENBHO, NPUBONATCH CCHUIKM HA TEOPETUYUE-
CKUH MaTepuan, yKa3blBaeTcs, Ile MOXHO HAUTH ro-
TOGHEI TIpUMep, Ja0Tesd peKOMeHIauuK obuero xa-
paKTepa, TOACHAIONIME X0 peleHusd 3anaqu. Hanpu-
Mep, WAOMOH, IPUBEICHHEA B NipuMepe |, IYHKT a
JOTIOMHEH TAKMMU YKA3aHUSAMH,

Ykazanue 1. [lo nocobuio u3yumre riasy ..
Gepure peleHye NpuMepa Ha c1p ...

Vxazanue 2. Bricota AH nmeprnieHguKynspHa 1ps-
Mol BC, moatomy Bektop BC unu moboit emy napan-
TENbHBIH MOXHO IIPUHSTH B KAYECTRE BEKTOPA HOPMa-
T pamont AH.

. W pas-
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Yxazanue 3. 3anuimdrte ofllee ypaBHEHWE TIpA-
MO, POXOAALIEH Yepe3 TOUKY A, mepreHauKyIapHO
BekTopy BC unu emy napainensHoMy. B mocotuu ...
Ha CTP ... TOKa3aHo, KaK 370 CHears.

Hmeetca u KOMIIBIOTEPHEIH 2HAJIOT 3TOTO IOCO-
ous. CTYJISHT HUMEET BO3MOXHOCTL BRIZBATE COOTBET-
CTBYIOIHME CTPARMLBI HA 3KpPAH. Bo BTOpOM oroke
MPUBOAUTCH PEIHEHUE TIOOOHOH 3aJa4u, HO C ApyTru-
MM NTAPAMETPAMU € TTONPOOHBIMU TTIOACHEHUAMHU.

[pu BHITIOMHEHUM KOHTPONBHBIX PAabOT CTYIEHTA-
MU IUCTAHUMOHHOH QOpMEI 00yYeHUs OIOK C pere-
HUSMH OTKITIOYAETCA, 3 OJIOK C YKa3aHMSIMU COXPaHs-
eTcq C LENbIo TIOBBILEHUA 00yyaroutei ponut KOH-
TPOJILHOM padoTwl.

Ha ocHOBe 3THX anropuT™MoB OBLUTIO MOCTPOeHO 27
CaMOCTOATENNBHEIX PAOOT 110 TUHEIHOM anrebpe, BRele-
HUIO B MATEMATUYeCKU aHAITU3, TTpeIeTy MocienoBa-
TEeNbHOCTH U T . Peanusosano 185 watnomos. Ilpu-
ONU3MTENBHBI dHAMUM3 MOLIHOCTM TeHepaTtopa MoKa-
341, YTO TeHeparop roiyyaer 10° BapuaHTOB 3amauu U3
OIHOrO WAOOHA, IPeACTaBNeHHOTO B Oa3e 3HaHWN. B
HaCTOSILIEE BpeMs PeaTi30BaHbl CAMOCTOATENLHEIE pa-
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