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BBenenmne.
3ayeM Hy’>KHa MaTeMaTMKa CTyJeHTaM
ryMaHUTapHBIX HallpaBJIeHUI?

B Hacrosiiee BpeMss Ha MHOTHMX TyMaHUTApHBIX (pakynbTeTax
POCCUICKHX YHHUBEPCUTETOB M3ydaercss Marematuka. OTBeyas Ha BO-
MPOC CTYJICHTA-TYMAHUTAPUS «3a4€M €My HYKHA MaTeMaThka?», Xo-
YETCSl OTMETUTH CIEAYIOIICE.

1. MaTteMatuka sIBJSI€TCS 4aCThIO OOIIEUESIOBEUECKON KYJIBTYPHI,
TAKOM K€ HEOTHhEMIIEMOUN U BaKHOM, KaK ITPaBO, MEAUIIMUHA, €CTECTBO-
3HAHUE U MHOTOE IPYTOE.

VY4eHsle, CO31aBaBIINE MAaTEMaTHUKy, PacCMaTpUBaIU €€ Kak Co-
CTaBHYIO 4acTh (puyiocopuu, KoTopas CIy>KHJIa CPEACTBOM MO3HAHUS
mupa. Hakorienne mateMaTuueckux (pakToB, KOTOPOE OKOJIO JBYX C
MOJIOBUHOM THICAY JIET TOMY Ha3a]l MIPUBEIO K BOSHUKHOBEHUIO MaTe-
MATUKHU KaK HAyKH, IO Ha MPOTSHXKEHUU HECKOJIBKUX THICSYETICTHM.

TepMuHBI «TyMaHUTapHBIC HAYKW» M «TYMaHUTapHOe o0Opa3oBa-
HUE» B UX HBIHCIIIHEM MOHUMAaHUU MOSABUIMCH JIMIIbL BO BTOPOW MOJIO-
BuHe XIX Beka. /[0 3TOro CioBO «I'yMaHUTAPHBIN» MOHUMAIOCH TaK,
4yTO U 00pa3oBaHMUe, U KyJbTypa B LIEJIOM OKa3bIBAIUCh T'YMaHUTAPHBI-
MHU, a IIEHTPAJIbHBIM CTEPKHEM UX ObLIa MaTeMaTHKA.

Hauano oOpazoBanuto Obulo moJjioxkeHo B [lpeBHei ['perum.
3neck okosio VI Beka n0 Harel 3pbl Oblia BBEJICHA naioeiia — Kypc
00yueHHUsI, TIpeTHa3HAUYCHHBIN JJ1s1 TOATOTOBKU IOHBIX I'pakAaaH K aK-
TUBHOMY y4YacTUIO B ku3HU oOmiectBa. [lalineiia Bkitouana B ceOs
apu(pMETUKYy, TEOMETPUIO, ACTPOHOMHUIO, MY3BIKy U TO, YTO JEJIAET
BO3MOKHBIM OOyYE€HHE BCEMY 3TOMY, — JUAJIEKTUKY, COCTOAIIYIO W3
rpaMMaTHUKHA, PUTOPUKHA W JOTHKH. [lepeuyuciieHHbIe OUCIUILIAHBI
IPEKU Ha3bIBAIU CB80000HbIMU UcKyccmeamu. VIMEHHO MOJ 3TUM Ha-
3BaHMEM, MIEPEBEICHHBIM Ha JIaThiHb (artes liberales), maitaeiia Bomnuia
B CPEJIHEBEKOBBIE YHHUBEPCUTETHI B KAUECTBE MEPBOM CTYyNEHHU 00yUe-
HUsi. A B PuMe 3amMCTBOBaHHAs y TPEKOB IMaiifielia Ha3bIBAJIACH IO
JaTBIHM humanitas.

Hu rpeueckoe cioBO, HU JATUHCKOE CJIOBO HE ObUIM CIEIHMATBHO
npuAyMaHbl 4Ji1 0003HaYeHUsI BBOAUMOM cucTemMbl oOpazoBanus. Kak
U paHbllle, OHU 0003HAYaIU COOTBETCTBEHHO AYXOBHOCTH, KYJIbTYPY
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(mepBoe) u mpupoay uesioBeka (BTopoe). A cBOOOIHbIE UCKYCCTBA TO-
HUMaJINCh KaK 3aHSITHUs, JEJNAlOlIUe YeI0BEeKa CBOOOJHBIM, T. €. CIO-
COOHBIM TMOJYUHATH CBOM >KEJIaHUS Trojiocy pazyma. OOpa3zoBaHHe C
CaMOI'0 CBOETO 3apOXKJICHUS OTOXKICCTBIISIIOCH C JYXOBHOCTBIO, KYJIb-
TypOll ¥ OpUPOJION YETOBEKA U MPEAHA3HAYATIOCH ISl TPUOOPETEHUS
YEJIOBEKOM CIIOCOOHOCTH PYKOBOJCTBOBATHCS PA3yMOM B YOEXKICHU-
SX U MOMbICIIax. B 3ToM cMmbIcie Bce oOpa3oBaHu€e ObLIIO TYMaHUTap-
HBIM, Y [JIaBHYIO POJIb B HEM MIpajia MaTEMAaTHKA.

TepMUH «TyMaHUTApHbIE HAyKW» TOSBWICA B XV BEKe, Korja
NOSIBWIOCh Ha3BaHWe Studia humanitatis. ITUM TEPMUHOM HUTAJIbsH-
ckre TymMaHucThl XV BeKa MOJIb30BAIUCH, YTOOBI OTIWYUTH yUCHHS,
KOTOpPbIE OHU CUUTAJIA CYIIECTBEHHO YEJIOBEUECKUMHU, OT OOKECTBEH-
HbIX (Studia divinae). «CBOOO/IHBIE HCKYCCTBa» B TOJHOM COCTaBe
BXO/SIT B «YEIIOBEUECKHUE YUEHUs», MaTeMaTuKa Toxe. bonee Ttoro,
KpynHeimue rymaHuctel Bospoxaenuss AnsOeptu (1404-1472) u
Burropuo (1378-1446) ocob0 mogyepkuBalid pojib MAaT€MAaTUKUA B
oOpa3zoBaHuU. AJbOEPTU MPUXOIUT K BBIBOAY, UTO MaTeMaTUKa SIBJISI-
€TCsl KJIF0YOM KO BCEM Haykam, a BUTTOpHO roBOpHUT, YTO MaTeMaTH-
Ka — LEHTPAIbHBIN CTEP)KEHb €ro r'yMaHHCTHYECKON oOpa3oBaTelib-
HOU mporpamMmbl. Takum 00pa3oM, U B CpeHUE BEKa, U B 310Xy Bos-
POXKJIEHUS BCe 00pa30BaHKE MPOIOJIKAIIO OCTaBATHCS TYMaHUTAPHbBIM,
HO IIEHTpaJbHBIM CTEPKHEM €ro OblUIla MaremaTuka. B Takom Bujue
oOpa3oBaHHE IMPOCYIIECTBOBaIO mpuMmepHo 10 XIX Beka. Pa3zmexe-
BaHME TYMAHUTAPHOIO W HETYMaHUTAPHOTO 3HAHUS MPOU3OILIO BO
BTOpO# 1nojoBuHE XIX Beka, MpUYeM YCUJIUSIMU MPEICTABUTEIIEN TEX
HayK, KOTOPbIE Ha3bIBAIOTCS TEMEPbh T'YMAHUTAPHBIMU.

[TockonbKYy OCHOBY I'yMaHUTapHOTO OOpa30BaHMsI COBPEMEHHOIO
YeJI0BEKa COCTABJISIIOT BCE JIYUIIUE JTOCTUXKECHUSI YEJIOBEUECKOW MbIC-
J¥, a MaTeMaThuKa CIOCOOCTBYET BBIPAOOTKE HAYYHOTO MHPOBO33pE-
HUS, JOCTHXKEHUIO HEOOXOUMOI0 OOIIEKYJIbTYPHOIO YPOBHS, TO Ma-
memamuxa s CTyAeHTa-TyMaHUTapus HeoOXxoJauma Kak obueobpa-
308amenvHas OUCYUNIUHA, KaK, HampuMep, SJKOHOMHUKA I CTYAEHTa-
MaTeMaTHKa.

2. Mecto MaTeMaTUKHU B KU3HU M HAYKE OMPEACNACTCS TEM, YTO
OHa TIO3BOJISIET MIEPEBECTH «OOIIEKUTEUCKHE)», HHTYUTUBHBIC MOAXO/IbI
K JICWCTBUTEIILHOCTH, OCHOBAHHbBIE HA YMCTO KaY€CTBEHHBIX (a 3HAYMT,
MPUOIM3UTENIbHBIX) ONMMCAHUAX, Ha SI3bIK TOYHBIX OIpesencHuit u gop-
MYJI, U3 KOTOPBIX MOKHO C/EJIaTh KOJUYECTBEHHBIE BHIBO/IBI.



KoneuHo, J1st palluoHaIbHOTO MOBEACHUS B OOIIECTBE HE TpeOy-
€TCS BBICOKOTO YPOBHSI MAaT€MaTUYECKUX 3HAHUH, HO BaXXHO TO, YTO
MaTeMaThKa BO MHOTOM Pa3BUBAET YMEHHUE NMPABUIILHO PaCCyXIaTh,
NOHUMATh MOJydyaeMyro MH(poOpManuo, oOpadaThiBaTh €€ U AeNaTh
paBWIbHBIE TPOTHO3BI. B CylIHOCTH peub UIET 0 ghopmuposanuu
UHmMeJlIeKma.

[Ton BAMSIHMEM MaTeMaTUKU MHOTHE OTPACiyd HAYKH IMOJHSUIMCH
Ha KQ4€CTBEHHO HOBBIN YPOBEHb HCCIIEIOBAHUS, CBSI3aHHBINA C U3y4e-
HUEM Oosiee TIIyOOKHMX BHYTPEHHUX MEXaHU3MOB, MPOIIECCOB U 3aKO-
HOB, YIIPABJISAIONINX SIBJICHUSIMU. W T71aBHAs MpUYMHA 3TOTO KPOETCS B
TOM, YTO MaTeMaTHKa MO3BOJISET CTPOUTh BEChbMa OOIIIHME U JTOCTATOY-
HO TOYHBIC MOJICTU JIJIsl U3YUEHHS] OKpY>Karollel NeCTBUTEILHOCTH,
B OTJIMYME OT MEHEe OOIMMX W OoJiee pacIuIbIBUATHIX, MPEAIaraeMbIxX
IPYTUMU HayKaMH.

[ToaTOMy, 3HAKOMSACH C MaTEeMaTUYECKUMH METOJaMU U chepamu
UX MPUMEHEHUSs, OyIylUIuid TyMaHUTapuil pacuupsiem ceou npoghec-
CUOHAIbHBIE 803MONCHOCTNU.

3. MareMaTtruecKkre pacCykKJIeHHs MO3BOJISIIOT MPaBUIbHO yCTa-
HABJIMBATh MPUUYUHHO-CJICACTBEHHBIE CBsI3U. OOITHOCTHIO M a0CT-
PaKTHOCTBHIO CBOMX KOHCTPYKIIMH MaTeMaTHKa CIOCOOCTBYET ymHops-
JOYECHHUIO YMa, YYUT TOYHO (hOPMYJIMPOBATH PA3HOrO pojia MpaBuia,
NpEeANUCaHusl, UHCTPYKIIMU U CTPOrO0 MX HMCHONHSATH. «MaremaTuky
yKE 3aTEM YUUTh CIEIYET, YTO OHA YM B MOPSIOK MPUBOJIUTY.

OTCyTCTBUE 3JIEMEHTAPHONM MaTEMaTHYECKON KyJIbTYpbl M He-
YMEHHUE MBICIIUTh MOXET ChI'PAaTh HETaTUBHYIO POJIb BO MHOTUX C(e-
pax AesATEeIbHOCTH T'yMaHWUTapueB, TPEOYIOMMX YMEHHS aHaJIU3UPO-
BaTh MH(OPMAIINIO, BHIYWICHSATh CYIIHOCTh BOMPOCA, BIaJAECTh JOTUKOM
paccyJeHuii, 00001aTh CTATUCTUUECKUN MaTepuas, IpaBUIbHO UH-
TEPIPETUPOBATH MOJUTUYECKYIO CUTYaAlUIO U T. 1. DopMupys 1uciu-
IUIMHY MBIIUJICHUS, MaTeMaThka, 1o MHeHuto B. A. YcneHnckoro, pas-
BUBACT TPU BaKHEUIIIME YMEHUS: YMEHUE OTJIMYATh UCTUHY OT JIKH,
CMBICI OT OECCMBICIIHIILI, TMOHATHOS OT HEmoHSATHOoro [28]. JIroboit
CIICIIMAIUCT JIOJKEH YMETh PacCy’KJ1aTh JOTUUYECKU U MPUMEHATH Ha
MIPAKTUKE UHAYKTUBHBIN U JI€AYKTUBHBIM METOAbI. [103TOMY KaxXKabin
CTYyACHT, 3aHMMAasCh MaTeMaTHUKOW, (HOpMHpPYET CBOe npogeccuo-
HAIbHOe MblullleHue U TIPUOOPETAET MBICIUTEIILHBIEC HABBIKU, KOTOPHIC
COCTaBJIIIOT HEOOXOJMMOE YCIOBHE ISl JOCTHXKEHUS Tpodeccuo-
HaJIbHBIX YCIIEXOB.



[TogBoas uror, ciaeAyer cka3aTh, UTO MaTeMaTUYECKOe 00pa3oBa-
HUE TYMAaHUTApPUEB BAXKHO C PA3JIMYHBIX TOYEK 3peHus |3, c. 44]:

JI02UYEeCKOl — W3YUYCHHE MATEMaTUKH SIBISETCS HCTOYHUKOM U
CPEACTBOM AKTHBHOTO HMHTEJUICKTYaJIbHOTO Pa3BUTHSI UEJIOBEKA, €ro
YMCTBEHHBIX CIIOCOOHOCTEN;

NO3HABAMENILHOU — C TIOMOILBIO MaTEeMaTUKH IO3HAETCS OKpYyXKa-
IOIIUA MUP, €70 MPOCTPAHCTBEHHBIE U KOJMYECTBEHHBIE OTHOIICHMUS;

NpUKIadHoU — MaTeMaTuKa sIBJISIETCS TOM 0a3oi, KoTopas obec-
NEYMBAET TOTOBHOCTH YEJIOBEKA HE TOJILKO K TBOPUECKOH padoTe B
cBoel npodecCHOHAIbHOW 00JIaCTH, HO M K OBJIAJICHUIO JPYTUMHU
npodeccusaMu, aeiaeT s HEro JOCTYITHBIM HeMpepbhIBHOE 00pa3oBa-
HHE U CaMO0Opa30BaHUE;

Ucmopuyeckolu — Ha MpuMepax 13 UCTOPUHU Pa3BUTUSI MATEMaTUKHU
MPOCJIEKUBAETCSA Pa3BUTUE HE TOJIBKO €€ CaMOM, HO M YEJIIOBEYECKOM
KYJBTYpBI B 1IEJIOM;

gunocogckoii — MmaTeMaTUKa TIOMOTAET OCMBICIIUTh MUP, B KOTO-
POM MBI XUBeM, C(HOPMHUPOBATH Y YEJIOBEKa HAy4YHbIC TIPEACTABICHUS
0 peajgbHOM (PU3UYECKOM MPOCTPAHCTBE.

JlanHOe y4yeOHOe mocoOue HamMCcaHo B MOJJIEPIKKY KypCOB MaTe-
MAaTHUKH, KOTOPbIE YHUTAIOTCSA HA PA3IMYHBIX TYMAaHUTAPHBIX (PaKysib-
terax. ColepaHue Kypca MAaTeMaTUKH Ha KaXJOM T'yMaHUTapHOM
HaIpaBJICHUA UMEET CBOM OCOOECHHOCTH, OOYCIIOBIICHHBIE creudu-
KOW OyAyIieu nesTeIbHOCTH BBIMTYCKHMKOB. HO MOCKOJBKY mocoOue
npeAHa3HAuYCHO JJI1 TYMaHUTapUEB pa3HbIX MpoQuieH, TO ero coaep-
YKaHHE OXBATHIBAET MHOTHE BOIPOCHI MareMaTuKu. B kHuUre orpaxke-
HBI CIIEIYIOIIUE Pa3Aeibl: « DIEMEHTBI TEOPUU MHOXKECTBY, « IJIEMEH-
Thl MATEMATUUYECKOU JIOTUKW» C MPUIOKEeHUsIMU, «Teopus BEpOSITHO-
CTE», BKJIOYAsl U3yUYCHUE CIIyYalHbIX BEIUYNH, «HEKoTopbie BOIPO-
Chl anreOpb», «IJIEMEHThl MAaTEMAaTHUUYECKOTO aHaIn3a», « JIEMEHTHI
MaTEeMAaTUYECKON CTAaTUCTUKW», K AKCHOMAaTUYECKUN METO]l OCTpoe-
HUS TEOpU», « BOpOCkl MATEMAaTUYECKOTO MOIEITUPOBAHUSD).

He Bce u3 3TUX pa3fenoB MOTYT OKa3aThCsi HEOOXOIWMBIMU Ha
TOM WM WHOM (QakyibreTe. TeM He MeHee MOocoOue MOITHOCTHIO
o0ecrieynBaeT 3aJayHbIM MaTEpPUAJIOM YKa3aHHBIC BBIIIE Pa3/eiibl
Kypca MaremaTuku. OHO COAEPKUT HAOOP yIpakHEHUHN U 3aj]lay B KO-
JUYECTBE, JOCTATOYHOM HE TOJBKO JJIsl MCIIOJIB30BaHUS HA MTpaKTHYe-
CKMX 3aHATHUSX U B KA4ECTBE 3aJaHUM JJI1 JOMAIIHUX PadoT, B TOM
YUCII€ U UHIWBUAYAIbHBIX, HO U JJIsI OPraHU3ALNU CaMOCTOSTEIbHOM
paboTHI CTYICHTOB.



PazHbie rpynibl 3a/1a4 IPECICIYIOT Pa3HbIC LEH, TOATOMY 4acTh
3a7a4 B TOCOOMU MPUBOJUTCS C PEIICHUSMH, YaCTh CHA0KeHa OTBe-
TaMU, HO €CTh W 3a/1aud, KOTOpPbIE BKJIIOUEHBI B HETO 0€3 OTBETOB U
0e3 Kakux-Mbo yKa3aHui K peuieHuto. Kpome Toro, mpeaycMOTpEHbI
3a7]a4¥ Pa3HOTO YPOBHS CIIOKHOCTH, O3TOMY CTYAEHTHI C PAa3IUIYHOU
MaTEMATUYECKOW MOATOTOBKOW HAMIYT 3/I€Ch 3a/1a4H 110 CBOMM CHJIaM
Y UHTEpECAM.

[lepen kakmoil TeMOM MpeAcTaBieH HEOOXOIUMBIM ISl pEIICHHUS
3aj1a4 Teopernyeckuit matepuai. [loatoMy nannoe yuyeOHoe nocodue He
SIBJISICTCSI TOJIBKO JIMIIb 33JJaYHUKOM, @ B TIEPBOM NPUOIMKEHUU IS
T'YMaHUTapHUEB MOXKET ObITh MCIIOJIb30BAHO U B KAUECTBE YUCOHMKA.

B xoHI1e mocoOus MPUBOAUTCS CIUCOK JIMTEPATyPhl, KOTOPHIN IMO-
3BOJIUT CTYJCHTAM, MHTEPECYIOIIUMCS MAaTEMAaTUKOH, PacCIIMPUTh U
yIIyOUTh CBOM 3HAHUS MO MPEAMETY, MO3HAKOMHUTHCA C TPHUIIOKE-
HUSMHM MaTEMATUKHU B Pa3lIMYHbIX cPepax AesaTeIbHOCTH.



1. D1eMeHTBI TeOpUV MHOXKECTB

Teopusi MHOKECTB — 3TO pa3/iell MaTEMATUKH, B KOTOPOM H3y4Ya-
IOTCSl MHOKECTBAa U omepainuu HaJ HUMU. Kak caMocTosATeNbHOE Ha-
MpaBJICHUE B paMKaxX MaTeMaTUYECKON HAYKHU 3Ta TEOpHUs Hayajia CBOE
pa3BuTHE BO BTOpoil mojoBuHe XIX Beka u oduimanbHoe NMpU3HaAHUE
nonyuwia B 1898 rogy Ha mepBoM MeXIyHapOJHOM KOHrpecce Ma-
tematukoB B Ilropuxe, rae XK. Agamap (1865-1963) u A. I'ypBun
(1859-1919) cooOmuian 0 MHOTOYUCICHHBIX COIEPKATEIbHBIX TMPH-
Mepax ee MPUMEHEHHs B MaTeMaThudeckoM aHanuze. OCHOBOIOJIOX-
HUKaMU TEOpuH MHOXKecTB cuutarorcs P. Jlenexkunna (1831-1916) u
I'. Kautop (1845-1918). B HacTosimiee Bpemsi TEOpUsS MHOECTB
npeacTaBiIsieT co0oil GyHIaMEHT MHOTHUX MaTeMaTUYECKUX JTUCIIUI-
JIMH U UMEET OO0JIBIIIOE TPUKIIATHOE 3HAUCHHUE.

1.1. MuoxecmBa u onepayuu Hao HUMU

[ToHsATHE MHOXKECTBA SBJISCTCS OJHUM W3 OCHOBHBIX MaTeMaTH-
yeCKuX MOHATHM. OHO MEPBUYHO, UCXOJIHO M HE OMPEIECIISIETCS Yepe3
npyrue Oosee npocteie oHsATHs. [lon mMHOdMKCECME8OM TTOHUMAIOT CO-
BOKYITHOCTh Pa3IMUYUMBIX MEXKIY CO00M OOBEKTOB, MBICIIMMBIX Kak
eauHoe nenoe. O0BEKThI, KOTOPHIE 00Pa3yIOT MHOYKECTBO, HA3BIBAIOT-
Csl AJIEMEHTaMM (WM 4JIeHaMH) 3TOro MHoxkecTtBa. [Ipumepamu MHO-
’KECTB MOTYT CIY>KUTh MHO>KECTBO aIBOKAaTOB B HEKOTOPOH FOpUINYC-
CKOM KOHCYJIbTAIlMW, MHOXECTBO J€JI, PACCMOTPEHHBIX KaKHM-JTHOO
CYJIOM 3a TIPEABIIYIIUN MECSIl, MHOKECTBO JICHCTBUTEIBHBIX YHCE]I.
MHoxkecTBa 0003Ha4Yar0TCsl OOIBITUMHU OyKBaMU JIATUHCKOTO alipaBu-
ta: A,B,C, ....

Mmnoowcecmeo A cuuTaeTCs 3aJaHHBIM, €CIM M3BECTHO, M3 KaKHX
AJIEMEHTOB OHO COCTOMT, T. €. €CJIM O JH0OOM OO0OBEKTE a MOXKHO CKa-
3aTh, IPUHAJJICIKUT OH IAHHOMY MHOECTBY HUIH HET.

Ecim MHOXeCTBO 4 COIAEPKUT KOHEUYHOE YHCJIO DJIEMEHTOB, TO
OHO Ha3BIBACTCS KOHeUHbIM MHOKECTBOM. B mpoTtuBHOM ciydae A Ha-
3bIBACTCS OECKOHEeUHbIM MHOXKECTBOM. Tak, MHOXKECTBO JIEPEBHEB B
JeCy KOHEYHO, a MHOYKECTBO TOUEK Ha OKPYKHOCTH OeckoHeuHO. Ec-
JU MHOXECTBO A COCTOUT M3 1 3JIEMEHTOB, TO NMHUINYT |A|=n waun

n(A) = n.



CylecTByeT HECKOJIBKO CTIIOCOO0B 3a/JaHKsI MHOYKECTB.

1. MHOXeCTBO MOKHO 3aJaTh CJIOBECHBIM OIIMCAaHHEM €ro dJIe-
MEHTOB, HAITPUMED:

a) MHOYKECTBO JICHCTBUTENIHHBIX YHCEIT,

0) MHOXXECTBO TMpaBOHApylIeHUNH B SpociaBckod o0nacTu 3a
2000 ron;

B) MHO>KECTBO CTYJIEHTOB SIpOCIaBCKOIO rOCyHUBEPCUTETA.

2. MHOXECTBO MOXHO 3aJ]aThb INEPEUYUCICHUEM €r0 3JIEMEHTOB.
[Ipr sTOM mepedncisieMble 3JIEMEHThI 3aKII0YaroTCs B (PUTYpHBIC
CKOOKH, Hanpumep: M ={2,x,y} — MHOXECTBO, COCTOSIIECEC M3 DJIC-

MEHTOB 2,x,uy ; N={,2,3} — MHOXECTBO, COCTOSIIIEEC U3 HATypalb-
HbIX uyncen 1,2,3. Takoe 3amanne u 00O3HAUYCHUE MPUMEHSICTCS IS

KOHEUHBIX MHOECTB, COJICP)KAIIMX HEOOJIBIIIOE YHUCIO 3JIEMEHTOB.
JIns 3amaHusl KOHEYHBIX MHOJXKECTB, COJIEPKAIIMX OOJIBIIIOE YHCIIO
3JIEMEHTOB, OHO CIIMIIIKOM TPOMO3AKO, U TeM 00jiee OHO HEPUMEHHU-
MO 151 OECKOHEYHBIX MHOKECTB.

3. Tperuit cnoco0 3aaHusi MHOXKECTBA 3aKJIFOYACTCS B yKa3aHUHU
00I11IeTO BHUAA €ro 3JEMEHTOB U UX XapaKTEPUCTUUECKOTO CBOMCTBA.
B aTOoM ciyyae mocTynaroT cieayromnuM o0pa3oM: B (PUTYPHBIX CKOO-
KaX yKa3bIBaeTCsA OOIIMN BHUJ JIEMEHTOB MHOXXECTBA, 3aT€M MPOBO-
JUTCSI BEPTUKaAIbHASI YepTa, Mociie KOTopor (popMylupyeTcss Xapak-
TEPUCTUYECKOE CBOMCTBO. Hampumep, MHOKECTBO

m
Q= {—/ m — 11€J0€ YUCIIO, 1 — HaTypaJlbHOE ql/lcno} —
n

MHOKE€CTBO PaIliOHATBHBIX YHCE]I.

CBOMCTBO CUMTAETCS XapPaKTEPUCTUUCCKUM JIJIs DJIEMEHTOB MHO-
’KECTBA, €CJU 3TOMY MHOXKECTBY NPHHAIJICKAT T€ M TOJIBKO T dJIe-
MEHTBI, KOTOpBIe 00JIafar0T JaHHBIM CBOMCTBOM. Eciam xapakrepwu-
CTHYECKOE CBOMCTBO 3JIEMEHTOB 0003HAYUTh CUMBOJIOM P(x), TO Oy-

aeM uMeTh 3amuch {x/P(x)}. IlocpemcTBoM XapaKTepHCTHUECCKOTO

CBOMCTBa MOYKHO 3aJ1aBaTh JIIOObIC MHOXKECTBA: U KOHEUHBIE, U OECKO-
HEYHBIE.

Jlns 0003HAaUECHUST TOTO, UTO X SIBJISETCS AJIEMEHTOM MHOKECTBa
A (MM 4TO x TPHUHAIICIKUT A ), IPUMEHSETCS 3anuch x e 4. ['0Bo-
PAT, 4TO 08a MHOMCecmBa pasHvl (A= B ), €CIIM OHU COCTOSIT U3 OJTHUX
U TE€X K€ DJIEMEHTOB, TO €CTh €CJIM BCE JIEMEHTHI OJTHOTO MHOXKECTBA
SBJSIIOTCS. U DJIGMEHTaMH JpYyroro. Ecim MHOXKECTBO HE COMEPIKUT
HUKAKUX SJIEMEHTOB, TO OHO HA3bIBACTCS MYCHMbIM MHONCECMEOM W
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0o003HavaeTcsi CUMBOJIOM . MHOXKECTBO BCE€X OOBEKTOB, KOTOPHIC
paccMaTpuBalOTCS B KOHKPETHOW 3ajiaue WM CUTYaIlMH, Ha3bIBACTCS
VHUBEPCAIbHbIM MHOMCECME0M N 0003HAYAETCSI CHMBOJIOM U .

[lyctb A — 3a1aHHOE MHOKECTBO 3JIEMEHTOB. MHOKECTBO B Ha-
3BIBACTCSI NOOMHOICECMB80OM MHOXKECTBA A4 (0003Ha4YEHUE B A4), €c-
JU KKIBIA 3JIEMEHT MHOXKECTBA B SBJISCTCS DJIEMEHTOM MHOKECTBA
A.3aMeTuM, UTO €CIU Bc A U Ac B, TO A=B.

1.1.1. Onepanyuu HalT MHOKECTBAMH

Ob6vedunenue AU B MHOXKECTB 4 U B €CTh MHOXECTBO, KOTOPOE
COCTOUT U3 TE€X U TOJIBKO TEX DJIEMEHTOB, KOTOPBIE MPUHAIIEKAT XOTS
Obl OZTHOMY U3 MHOKECTB A WJIH B.

llepeceuenue AN B MHOXKECTB A U B €CTb MHOXECTBO, KOTOPOE
COCTOUT U3 TE€X U TOJBKO TEX JJIEMEHTOB, KOTOPHIE OJHOBPEMEHHO
MIPUHAJICKAT KAXKIOMY U3 MHOXKECTB A U B.

Pasnocmo muoowcecme 4 v B €CTb MHOKECTBO A\ B, COCTOSIIEE
U3 TAKUX DJIEMEHTOB MHOXECTBA A, KOTOpPHIE HE IPUHAIIECKAT MHO-
KECTBY B .

YacTHbIM Ciydall pa3HOCTA MHOXECTB — OIEpalus JOTMOJIHECHUS
MHOECTBA 10 YHUBEpPCYMaA.

Jlononnenuem muoxcecmea A 0o yHugsepcyma U Ha3bIBaeTCs
MHOECTBO A, COCTOAIIEE U3 BCEX DIEMEHTOB YHUBEPCAILHOIO MHO-
J)KecTBa U, KOTOpPBIC HE HpHUHAAJICKAT MHOXKECTBY 4, TO €CTh pa3-
HOCTb U \ 4.

J1d nosiCHEeHUs pa3JIMYHBIX COOTHOIICHUN MEXIY MHOKECTBAMU
Y CBOWMCTB OINEpanuid HaJl HAMU HCHOJB3YIOT JHarpaMMbl Jiepa —
Benna. Ha atux amarpammax paccMmaTpuBaeMble MHOXKECTBA U300pa-
YKAIOTCA B BUJE COBOKYITHOCTEW TOYEK KPYTOB M IPSIMOYTOJIbHUKOB,
PACIIOJIO)KEHHBIX B ITNIOCKOCTH.

Ha puc. 1 oGnactu, BBIJICICHHBIE CEPHIM IIBETOM, H300pa)karoT
COOTBETCTBEHHO OOBEIMHEHUE AU B, TIEpEeCceUeHUe AN B, pa3HOCTb
A\ B ¥ [OTIOJTHEHUE A .

Puc. 1.

10



1.1.2. CBoiicTBa onepauuii HaJi MHOKECTBAMH

(1) AUB=BuU 4 (1) AnB=Bn A4 —
CBOMCTBA KOMMYTaTUBHOCTH;
(2) (AUB)UC=AU(BUC); (2") (ANB)YNC=AN(BNC) —

CBOMCTBAa aCCOILIMATUBHOCTH,
(3) (AUB)NC=(ANC)U(BNC); (3) (AnB)UC=(AUC)N(BUC) —
CBOMCTBA JUCTPUOYTUBHOCTH;

(4) AuA=4; (4)ANA=4 —
CBOMCTBA UJEMIIOTCHTHOCTH;

(5) AUB=ANB; (5') AnB = 4 U B-

3aKOHBI 1e MopraHa;
(6) AU(ANB)=A4; (6') An(AUB)=A4 —

3aKOHBI TIOTJIOMICHUS;
(7) AU A=U; (7)ANA=D ;
(8) AU =U, (8") AN =,
(9) AnU = 4; (9) AuD=A4;
(7), (8), (9) — cBOMCTBA MYyCTOT0 W YHUBEPCAIBHOTO MHOKECTB;
(10) 4= 4 — 3aKOH JBOMHOIO OTPUIAHHS;
(11) A\(A\B)=ANB — MPaBUIIO UCKITFOUCHHS Pa3HOCTH.

3axaum

1. [laiiTe CIIOBECHOE ONMUCAHWUE KAXKAOTO W3 CIECAYIOIHNX MHO-
KECTB:

a) {x|reR,x*+3x=0} 6) {x]xeR,5<x<9},
B){x‘er,erﬂumCﬂ Ha 2 u oenumcs Ha 3},

r) {x‘xeszuxeB}, 1) {x|xeAuxeB},

e) {x3 |x — npocmoe quczzo}, x) {x‘xeA,uerB}.

2. OnumuTe Kaxaoe U3 CIEIYyIONMX MHOXKECTB, UCIIOJIb3YS MMO/I-
XOJISIIIEE XapaKTEPUCTUYECKOE CBOMCTBO:

a) {1,2,3,4,5,6,7}; 6) {4, 8, 12, 16, 20, 24};
B) {1,4,9,16, 25,36, ...} r) &;
n) {-5,8, 11, 14, -17}; e) 12,3,5,7, 11,13, 17, 19}.

3. 3ajaiiTe MEPEYUCICHUEM 3JIEMEHTOB MHOXKECTBA, OMpPECIICH-
HbIE YKa3aHUEM XapaKTePUCTUUECKUX CBOMCTB:
a)A:{x|xeN,xS7}; 0) B:{x‘er,x<0};
B)Cz{x‘er, x‘£2}; r)B={x‘xeN,x<O}.
11




4. Onpenenure, Kakue U3 CICIYIOIIUX MHOXKECTB PABHBI:

A=1{1,3,5}, B={1,3,3,5}, C={1,{3,5}}, D={53,1}?

S. Haiigure Bce MOIMHOMXKECTBA a) MHOXKECTBA A ={a,b}; 0) MHO-
KeCTBa B ={5,6,7}.

OTBeThTE HA CIEAYIOUIME BOMPOCHI: B) CKOJBKO MOAMHOMXECTB
HMEET MHOKECTBO, COCTOSIIEE U3 n IJIEMEHTOB? I') CKOJIBKO IMOJAMHO-
KECTB, COJICPIKAIINX HEUETHOE YMCIIO DJIEMEHTOB, UMEET MHOXECTRBO,
COCTOSIIIEE U3 1 DIIEMEHTOB?

6. a) Yxaxxure BUIbI PaBOHAPYILICHUM MO CTEMEHU OOLIECTBEH-
HOW OITACHOCTU U IPEACTABbTE MHOXECTBO IIPABOHAPYIICHUU C IIO-
MOIIIBIO OTepaIMii HaJl BBIACICHHBIMHU MOJAMHOXKecTBaMu. O0BbeaHe-
HHUEM KaKUX MTOJMHOKECTB SIBJISICTCSI MHOKECTBO MTPOCTYIIKOB?

0) OnuiuTte BUJBI TPABOHAPYILICHUN IO cpepamM 0OIIECTBEHHOMN
KU3HU U TPEICTaBbTE MHOXKECTBO BCEX MPABOHAPYLICHHH C MOMO-
B0 OTIEpaIiii Ha/l €r0 MOJMHOXKECTBAMH €IIE OJHUM CIIOCOOOM.

7. Haitnute oObeIMHEeHNE U IEPECECUCHUE MHOKECTB A U B, €CJIU:

a) A={x|xe(4,8)}, B={x|xre(1,4]};

6) A={x|xe(-3,8)}, B={x|x<e[5,6]}.

8. Haiigure caenyromme MHOXeCTBa: AUB, AnB, A\B, B\ A4,
ecmu A=1{1,2,4,6,9}, B=1{3,4,5,8,9}.

9. /lanbl MHOXKECTBA

A=10,1,2,3,4,5,6,7}, :{ ,4,5,6,7,8,9},
c={-3,-2,-1,0,1,2, 3,4}, ={2,3,4,5,6}.
Havigure MHOXECTBA:

1) AoBUCUD; 2) AnNBNCnND;

3) AnBUCAND ; 4) (AuB)N(CuUD).

10. B TepMuHax TeOpur MHOXKECTB OOBSICHUTE 3arajKy: JBa OTIa
U JIBa ChIHA, a BCETO TPOE — KaK TAKOE MOXKET OBbITh?
11. Ilycte 4={2n/neN}, B={2n+1/neN}. Halinure MHOXKeCTBa:

AUB, AnB, A\B.

12. Ilycth 4 — MHOXECTBO YETHBIX HATypaJlbHbIX 4YHUCEN, B —
MHOKECTBO HATYPAJIbHBIX YUCEI, AENAIUXCS HA 3, 1 C — MHOYKECTBO
HAaTYpAJIbHBIX 4YMCENl, AensAlmxcsa Ha 5. M3 Kakux Yucen COCTOST
MHOXeCTBA ANB, BNC U ANBNC?

13. C nomompio guarpamm Oiiniepa — BenHna mzoOpasute ciie-
OYIOIIME MHOXKECTBA:

a) AN B, 0) AN B, B) ANB, r) ANB, o) AUB,
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e) AU B, K) AUB, 3) AUB, u) (A\B)U(B\ 4),

K) (AUB)\(4NB).

Pewenue.

Ha nuarpammax Ditnepa — BenHna Oyjnem n3o0paxaTh TpedyemMoe
MHOECTBO CEpPbIM I[BETOM, a MHOKECTBa, MOMOTAIONIUE MPUNTH K
OTBETY, — CBETJIO-CEPBIM IIBETOM.

a) CHavana mokakeM MHOXeCTBO A4 (1), Torma MCKOMBIM MHOXKe-

cTBOM (2) OynmeT mepecedeHue BBIACICHHOIO MHOYKECTBA M MHOXKECTBA
B.

() 2)
QDR

0) MickomMoe MHOECTBO BBITJISIAUT CICAYIOITAM 00pa3oM:

‘ B

B) BHauase n300pa3um MHOKECTBA 4 (*), B (*%*), a 3aT€M OTBET

(*) ()

14. C nomompto auarpamm Oiisiepa — BenHa uzobpaszurte ciie-
IYIOIIME MHOKECTBA:

a) AU(BNC); 0) An(BUC); B) A\(BUC);

r) An(B\C); 1) (4A\B)u(4\C); €)(4A\B)n(A4\C).

15.C nmomompio auarpamm Oisiepa — BenHa wu3o0pasurte ciie-
DYHOLIME MHOXKECTBA:

1. (4\B)U(B\ 4); 2. AN(BNO);

3. A\BUC; 4. BUA\B;

5. AUB\(AN B); 6. (C\A)N(C\ A4B);
7. AUB\C; 8. BU(4\B);

9. BU(A\B); 10. ANABUB\ 4;
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11. Cn(4\B); 12. AnBN (AU B);

13. (A\B)U(4\O); 14.(A\B)nA\C ;
15. (A\B)nA\C; 16. AUB\C;

17. AnBNC; 18. (AUuB)NC

19. (A\B)uANB; 20. ANBU(B\ A);
21. AnBU(4\B); 22. (A\B)U(B\ A);
23. (A\B)UB\ 4; 24. C\(AUB);
25.CN(AUB); 26. AnNBU(A\B);
27. (A\B)N(4\C); 28. A\BNA\C;
29. AUC\BU 4; 30. AUBNC\B;
31. AABUCNA; 32. AUB\B.

16. /lano: (4AUB)NC\A=D. C noMoupo auarpaMm Jiiinepa —

Benna nzo0pasure cinyyau, korga D= u D # .
17. Ilo nanHbIM Auarpammam OWiiepa — BeHHa ompenenure, Ka-
KO€ MHOYKECTBO 3aJaHO:

1) 2) 3)

L) (@) (@9

(2P| 49| (s

4) 5) 6)
18. Yopocture cineayromme BIpaxeHus:
1) An(4UB); 2) (PRO) U (ONP);
3) AnNBAB U AN B UBNCNC; 4) AmBu(AuB)m(;luB).

19. /IoxaxxuTte Caeayromme TOXAECTBA:
a) An(BNC)=(ANnB)NC;
0) Au(BUC)=(AUB)uUC,
B) AU(BNC)=(AUB)n(4uC);
r) An(BUC)=(4nB)u(4AnC);
14



n) A\N(BUC)

€) A\(BNC)

K) A\(A\B)=4

3) AN(B\C)

Pewenue.

O003HaYUM MHOKECTBO, CTOSAIIEE CI€Ba OT 3HAKA PABEHCTBA, Ye-
pe3 M , a crosliee cupasa OT 3HaKa paBEHCTBA — yepe3 N

Jlst Toro 4TO0BI 10Ka3aTh TOXIECTBO, HY>)KHO JT0Ka3aTh, YTO Ka-
KBl AJIEMEHT MHOXECTBA M NPUHAIJICKAT MHOXKECTBY N, U Ha-
000pOT.

a) [lycTb pOU3BOJILHBIN PJIEMEHT xe M , Toraa xe A U xe BN C.

Ortcrona canenyer, 4to xe A U xe B, xeC. Torma xe AN B 1 Takxe
xeC. 3Ha4uT, xe(4ANB)NC, TO ecTb xe N. Wrak, Mbl nokaszaiu,

(4\B)(410);
(A\B) (4\C);

(AmB)

YTO MHOXKECTBO M BKJIIOYACTCS BO MHOXKECTBO N .

[TokaxeM oOpaTHOE.

ITycts xe N, Torna xe AnB u xeC. Tak Kak xe ANB, TO xe 4
U xeB.Takkak xeC U xe B, T0 xe BNC, HO x€ A, U cCIe0BaTCIIb-
HO, xe AN(BNC), T0 ecTb xeM . Takum 00pa3oM, MHOXKECTBO N

BKJIFOYAETCSI BO MHOXKECTBO M . U3 BKItoueHud M c N,Nc M clie-
JyeT paBEHCTBO M =N.

20. BepHo 1m, ut0

a) {1,2} e {{1,2,3}, {1,3},1,2};

0) {1,2} < {{1, 2,3}, {1,3},1,2}?

21.IIpuBecTu mpuMepbl TAKUX MHOXKECTB 4, B, C, 4TO

1) AeB,BeC u Ad¢C;2) AcB,BcC, AcC;3) AecB, AcB.

22. ]I kakux U3 CIEAYIONMX Iap MHOXKECTB UMEET MECTO OJHO
W3 OTHOMEHUU Ac B, Bc A, A=B, AcB,BeAd?

1) 4={a,b,c.d}, B={a,c,d}; 2) A=0, B=U;
3) A=0, B={a,b,c}; 4) A={a,b,c}, B={b,c,a};
5) 4=, B={D); 6) A={{a},a,@}, B={a};

7) Az{{a,b},{c,d},c,d}, Bz{{a,b},c}; 8) Az{{a},a,O}, B=0.

23. CymecTByIOT 11 MHOXECTBA A, B, C, OIHOBPEMEHHO YJIOB-
JIETBOPSAIOIINE  CIHEAYIOLUIMM  YCIOBUSIM ANBz0, AnC=90,
(AnB)\C=a7?

15



1.2. Koneunwvie muoxecmba

1.2.1. ®opmyJia BKIKYCHUH-UCKITIOYEHUIN (YUCJI0 IJIEMEHTOB
B 00beIMHEHMH KOHEYHBIX MHOKECTB)

PaccMoTpuM mpeioKeHus, KOTOPhIE MO3BOJISAT HaXOJAUTh YHUCIIO
AJIEMEHTOB B 00BEAMHECHUN KOHEYHOTO YMCJIa KOHEYHBIX MHOYKECTB.

Teopema 1. Ecnu nepeceuenue KOHeUHbIX MHOJCECM8 A U B
nycmo (ANB=J), mo Yucio s1emMeHmos 8 ux oObeOUHeHUU PABHO
CyMMe Hucesl 3IeMEeHM08 MHOX*Cecmse A U B :

|[4U B|=|4|+|B|.

JICUCTBUTENBHO, ITYCTh MHOKECTBO A COJIEPKUT M BJIEMEHTOB, a
MHO>KE€CTBO B — 1 3JEMEHTOB, MPUYEM CPEAU HUX HET COBIIABIIHX.
Toraa njs monydeHUs MHOXKECTBA 4\ B HAJIO B3STh BCE m DJIEMEH-
TOB MHOXECTBa A W JI00aBUTh K HUM BCE n AJIEMEHTOB MHOXKECTBa B.
[TockonbKy B 4 U B HET OOIIMX 3JIEMEHTOB, TO MHOXKECTBO AU B Oy-
JIE€T COAEPKATh M+ n DJIEMEHTOB.

Teopema 2. /[ns nt06bix KoHeunvix muodxcecme A u B eepHo pa-
BEHCMBO

| AuB| =| A |+| B |—| AmB|.

Jlokazamenbcmeo. MHOXKECTBO AU B SBIICTCI OOBCIUHECHHUEM

TpEeX MOIApPHO HE ICPECCKAIOINXCI MHOXKECTB: A\(ANB), B\(A4NB)

u AN B. IlepBoe U3 5TUX MHOKECTB COIEPHKMT|A|— |4 N B| DIEMEHTOB,
BTOPOE COAEPXKHUT |B|—|4 N B| DIEMEHTOB, a TPETHE — |4 N B| dIEMEH-
TOB. 3HAUUT, YHUCJIO OJJIEMEHTOB BO MHOXECTBE AU B PaBHO
|4|—|A~ B|+|B|-|4n B|+ |4 B|, T0 €CTb |4 U B| = |4|+|B|-|4 N B].

[Tonydennas hopMya sIBISIETCS YaCTHBIM cllydaeM OoJiee oOIei
bopMyIIbI

|4, 04,0 UA | =4+ |4+ |4, |- |4 0 A4 N A - |40 4,
i, A == A A - = |4, 4, |+

4 nA, A+ ()T AN A 4]+ H) T4 N4 N4

Oty Qopmyily Ha3bIBAIOT (PopMYaoOU GKAOUYEHUU U UCKIIOUEHUI.
B Hee, kpome caMuX MHOXECTB 4, 4,,...,4,, BXOOAT UX BCEBO3MOXK-
HbIC MepecedeHus no 2, mo 3,..., mo m MHOXeCTB. [Ipu sTom ecnu
YUCJIO NEPECEKAEMbIX MHOKECTB HEYETHO, TO COOTBETCTBYIOIIIEE Clla-
raeMoe BXOJUT B (hOPMYITy CO 3HAKOM «ILTIOC», & €CJIM OHO YETHO — TO
CO 3HAKOM «MHUHYCH.
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[IpuBenem npuMepbl PEHICHHS 3a/lad C KCIIOJIb30BAHUEM ATOU
bopMyIIbI.

3adaua. B pesynbrare onpoca 76 MKOJIbHUKOB BBISICHAJIOCH, YTO
45 3aHMMaIOTCS B KPYXKKE IO PUCOBaHUIO, 3/ — B TaHUEBAIbHOM
KPYXKKE, )2 — B KPYXKKE «yMEJbIC PYKH». TpH KpyKKa MOCEIIAOT
8 IIKOJbHUKOB; KPY>KKH MO PHCOBAHUIO U «yMEJIble PyKu» — 28;
KPYKKHA MO PUCOBAHUIO U TAHIECBAIBHBIA — [06; TaHUEBAJIbHBIN KpY-
KOK U KPYXKOK «yMelbie pykm» — 20. CKOIbKO HIKOJbHUKOB U3 OII-
POIIEHHBIX HE 3aHUMAIOTCSI HU B OJTHOM KPY>KKe?

Pewenue. IlycTb 4 — MHOXECTBO T€X IIKOJBHUKOB U3 76 ONpO-
IIEHHBIX, KOTOPBIE 3aHUMAIOTCS B KPYKKE 10 PUCOBAHUIO, B — MHO-
YKECTBO IIKOJIbHUKOB, 3aHUMAIOIINXCS B TAHIEBAIBHOM KpYyXKKe, a C —
B KPYXKKE «yMeJbIe pyKn». Torma Bce 3TH MHOXKECTBA SBJISFOTCS MO/~
MHOKECTBAMHM MHOKECTBa U BCEX ONPOIIEHHBIX MIKOJIBHUKOB. [0
YCIIOBUIO 3314 |U|=76, |4|=45, |B|=31, |C|=52. Tak Kak IIKOIbHUK,

MOCENIAOIINMN KPY>KKHU 110 PUCOBAHUIO U «YMEJIBIE PYKW», IPUHAJICIKUAT
Y MHOXECTBY A, U MHOXECTBY C, @ 3HAUHT, IPUHA]JIC)KUT MHOKECTBY
ANC, TO 1O YCIOBUIO 3a1a4u |4 N C|=28. AHanoruuno, |4nB|=16,
|IBNC|=20, |AnBNC|=8. N300pasum paccMaTpUBacMble MHOKECTBA
Ha quarpamme Junepa — Benna.

[Iyctes K — MHOKECTBO, BBIJICJICHHOE HA THArpaMMe IITPUXOBKOM.
ITo ycnoBuro 3agaun, K — 3TO MHOXECTBO IIKOJIBHUKOB, KOTOPHIE 3a-
HUMAIOTCS XOTs1 ObI B OJJTHOM KPYXKKe, T. €. K = AU BUC. IlycTh nanee

T — MHOXECTBO T€X IIKOJIbHUKOB W3 /6 ONMPOUICHHBIX, KOTOPHIE HE
3aHUMAIOTCS HU B OJHOM KpyXKe. UToOBI HalTH |T|, HEOOXOIUMO M3

uucna |U| BeraecTh uncno |K|. [locmorpum, Kak HalTé 4mMcio |K| ¢
MOMOIIBIO IUarpaMmel Jitiepa — BeHHa.
54 v
-y

Kak nokasbeiBaeT guarpamma,
| X|=|B|-|4nB|, |¥|=|C|-|4nC|-|BAC|+|[4An B~ C]|.
Torpa |[K|=|4uBuUC|=|d|+|X|+|Y|= |4|+|B|-|4 B
+|C|-lAnC|-|BNC|+|[AnBNC|=|4|+|B|+|C|-|4AnB|-|4nC|-|BnC
+lAnBNC|.
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Taxum o0pasom, |[AUBUC|=|4|+|B|+|C|-|4AnB|-|4nC|-|BNC|
+| AN BN C|
[ToacTaBuM B noJiy4eHHYIO (DOpMYJTy JAHHBIE U3 YCIIOBUS 33]1a4u:
|K|=45+31+52-16-28-20+8="72.
Wtak, 72 MIKOJIbHUKA 3aHUMAIOTCS XOTS OBl B OJTHOM KPYIKKE.
Torma|T| =|Ul -|K| =76-72=4.
Omeem: 4 MIKOJILHUKA HE 3aHUMAaIOTCS HU B OJHOM KPYIKKC.

3amaum

24. B CHU30 naxoaurcs 20 dyenoBek. M3 Hux 10 yenoBek 3anep-
»KaHbI IO CTaThbe A4, 12 4elloBeK — MO cTaThe B M 7 YEJOBEK — IO CTa-
The C. M3BecTHO Takke, 4To mo cTaTthsiM A U B B CHU30 Haxomarcs
8 YeJIoBeK, 110 cTaThsiM 4 U C — 3 yenoBeka, B U C — 4 4elloBeKa, a
JIBa YEJIOBEKA — [0 BCEM TPEM CTaThSIM.

a) CKOJIBKO 4eJIOBEK 3aJIep>KaHO POBHO IO JIByM CTaThsM?

0) CKOJIBKO YEJI0BEK 3aJePKaHO TOJILKO IO OJIHOM cTaThe?

B) CKOJIBKO Y€JIOBEK 3aJICPHKAHO 10 JPYTUM CTAThSIM?

Pewenue. Ilepeuviii cnocoo.

Ham wu3BecTHO, 4TO |4|=10,
|[AnC|=3,|dnBNC|=2.

a) Halimem KoM4eCcTBO 4eJIOBEK, 3a€PKAHHBIX TOJIBKO I10 CTaTh-
sSIM A U B:

|ANB\ANBANC|=|[ANB|-|AnBNC|=8-2=6.

Hucno nroneu, 3aJIep>KaHHbIX 110 CTaThsiIM A U C, PaBHO
|[ANC\NANBNC|=[ANC|-|AnBNC|=3-2=1,

BNC|=4,

C|=7, |4 B|=8,

B|=12,

3aCpKaHHBIX 110 CTAaThsIM B U C —
|IBAC\ANBNC|=4-2=2.

Torma poBHO MO IBYM CTaThsM 3ajiepkanbl 6 + 2 + 1 =9 (denosek).
0) BbIsicCHUM, CKOJIBKO YEJIOBEK 3aJiepKaHbl TOJIBKO MO CTaThe A :
|ANANB\ANC|=|d|-|4nB|-|ANC|+|4nBNC|=10-8-3+2=1.
Ornpenenum, CKOJIbKO UMEETCS 3aJIepKaHHBIX 110 CTAaThe B :
|BN\ANB\BNC|=|B|-|AnB|-|BNC|+|4nBNC|=12-8-4+2=2.
Y cTaHOBUM UYMCIIO 33JIEpKAHHBIX 1O cTaTthe C':
IC\NANC\BNC|=[C|-|AnC|-|BNC|+|4nBNC|=7-3-4+2=2.
Takum 06pa3om, TOIBKO MO OHOM CTaThe 3aAepKaHbl 1 +2 +2 =15
(denoBek).
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B) Haiinem, CKOIbKO YenoBEK 3ajepKaHbl XOTs ObI 10 OJHOM M3
cratreit 4, B u C. [{na aToro pazoObeM MHOXXECTBO JIIOJICH, 3aep-
’KaHHBIX XOTsA OBl MO OJHOM U3 cTaTel 4, B u C Ha TpHU Hemepece-
KAIOIIUXCSl TTOAMHOXKECTBA: MHOXKECTBO JIIOJICH, 3a/iep>KaHHBIX POBHO
0 TPEM CTaThiM, POBHO IO JBYM CTaThSIM, TOYHO MO OJHOU CTaThe.
[IepBOMy MHOKECTBY MPUHAJICKUT 2 YEJIOBEKA, BTOPOMY — 9, TpETh-
eMy — 5. CyMma 3TUX 4uCell AacT UCKoMoe unucio: 2 + 9 + 5 = 16. Ta-
KM 00pazom, mo apyrum ctathiMm B CU30 naxonsarcs 20 — 16 = 4
YEJI0BEKa.

Bmopoti cnoco6 penienns UCTIONb3yeT rpad@UyecKyro MOAEIh 3a/1a4H.

Hcxonst u3 ycrnoBus 3amadu, u300pa3uM OCHOBHOE MHOKECTBO
(MHOXKECTBO Bcex mrojier, Haxonsmuxcsi B CHU30) B Bume mnpsmo-
yTOJIbHUKA, a €ro MOJAMHOXKeCTBa (IMOJMHOXKeCTBa 4, B U C — MHO-
KECTBa JIIOJIEH, 3aJIEpKaHHBIX MO COOTBETCTBYIOIIUM CTaThiM)— B
BHUJIe KpyroB Ounepa. IlomydyenHas nuarpamma Oisiepa — BenHa
(puc. 2) moka3bpIBae€T B3aUMOCBSI3M MEXKIY MHOXKECTBaAMHU, O KOTOPBIX
UJET peyb B 3ajaye. Y CIOBHE 3a/1a4d MO3BOJSAET TENEPh OMPEAECIUTD
YHUCJIO 3JIEMEHTOB B KaXJOM W3 MOJMHOXKECTB, U300paKaeMbIX KpH-
BOJJMHEMHBIMU 00JIACTSIMM BHYTPU KPYTOB, U OTBETUThb Ha BCE IO-
CTaBJICHHBIE BOITPOCHI.

20
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Puc. 2

25. U3 rpynmsl B 100 ctyieHToB, 63 CTyAEHTA MOCEIIAIOT JEKIUN
0 YTOJIOBHOMY IIpaBy, 39 — 10 MyHHIMIIAJIBHOMY IpPaBy U 72 — MO
MareMaTtuke. M3BecTHO Takke, 4to 44 CTyAEHTa MOCEHIAI0T YroJioB-
HOE MPaBO U MATEMATHUKY, 25 — MaTEeMaTUKy U MYHUIIMIIAJIbLHOE Mpa-
BO, 20 — MyHHUIIMITIAILHOE MPABO M YTOJOBHOE MpaBo. Kpome Toro, nsz-
BECTHO, YTO 13 CTYyZIEHTOB yCII€BAIOT IO BCEM MPEIMETAM.

a) CKOJIBKO CTYJICHTOB HE MOCEIIAIOT JIEKIIUHA HU MO YTOJOBHOMY
NpaBy, HA 0 MYHUIIUIIAIIBHOMY TIPaBy, HU 1O MaTEMAaTHUKE?
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0) CKOJIbKO CTYJICHTOB IOCEIIAIOT TOJbKO OJUH U3 TPEX Mpe-
METOB?

B) CKOJILKO CTYZE€HTOB ITOCEIIAI0T POBHO JIBa IIpeaMeTa?

26. B »>K3aMEHAIMOHHYIO0 CECCHUIO CTYJICHTHI CIIaBalld TPU DK3a-
ME€Ha: 1o ucTopuu, punocoduu u counosiorur. U3 172 cTyneHTOB K-
3amMeH 1o uctopuu caaidu 110 genosek, o dbunocodun — 100, 1o co-
nuosioruu — 80. IIpu 3TOM 5K3amMeHbl IO UCTOpUU U pusiocodpuu caa-
a1 60 CTyJIEeHTOB, 3K3aMEHBI IO UCTOPUH U colrosioruu — 50, mo ¢u-
nocoduu u counoioruu — 40; 30 cTyZI€HTOB CIaIu BCE TPU DK3aMEHA.
CKOJBKO CTYAEHTOB HE CHalu HU OJHOTO 3k3aMeHa ? CKOJIBKO CTy-
JIEHTOB CHAJIM SK3aMEHBI M0 UCTOPUU U PuiIocoPpuu, HO HE CHAU K-
3aM€H I10 COIMOJIOTHUN?

27. 113 100 yueHMKOB TUMHACTUKOMN 3aHUMAIOTCS 28 YEIOBEK, BO-
aeroonom — 42, mraBanueM — 30; THMHACTHKOM M BOJICHOOJIOM 3aHHU-
Marorcs 10 4JenoBek, THMHACTUKOM U ILIaBaHUEM — &, BOJIEHOOIOM U
njaBaHueM — 5. Bcemu TpeMsi BUJIaMu CIIOpTa 3aHUMAIOTCS 3 YUCHH-
ka. CKOJIbKO YYEHUKOB HE 3aHUMAETCsl ciopToM? CKOJBKO YUYEHHKOB
3aHUMAETCsl TOJBKO TMMHACTHUKON? TOJBKO IIaBaHueM? CKOJIBKO
YYEHHUKOB 3aHUMAETCS POBHO JIByMsl BUIaMU CriopTa?

28. Ha xadenpe HMHOCTpaHHBIX S3BIKOB PAOOTAIOT HECKOJIBKO
npenoaaBareneid. I3 Hux 6 4esioBeK MPENnoJiatoT aHTJIMHCKUAN S3BIK,
6 — HeMelKuH s3bIK U 7 — (PpaHiry3ckuii; 4 paboTHUKA Kadeapsl npe-
MOJA0T AHTJIMHUCKUNA M HEMEIKUH S3bIKH, 3 — HEMEIKUK 1 (QpaHIry3-
CKUM, 2 — (paHIly3CKUiA U aHTIUKCKUH, 1 — Bce TpH si3bika. CKOJIBKO
yesoBeK padoraeT Ha kadenpe? CKOJbKO U3 HUX IPEINOJIat0T TOJBKO
AHTIIMUCKUN A3BIK? TOJNBKO (hPAHITY3CKUN A3BIK?

29. IIpu ompoce 30 nereil BBIICHUIIOCH, YTO KaX /bl U3 HUX KOJI-
JIEKIMOHUPYET MapKW, 3HAUYKUA WIM OTKPBITKH, MPUYEM MapKd KOJ-
nexkuuonupyeT 21 pebeHok, 3Hauku — 18, OTKpbITKH — 15, Mapku u
3Ha4YKH — 11, MapKu ¥ OTKPBITKU — 9, 3HAYKH U OTKPBHITKHA — 7. CKOJIb-
KO JeTel KOJUICKIIMOHUPYIOT W MapKH, W 3HAUYKHA, U OTKPBITKU?
CKOJBKO JIETeN KOJUIEKIIMOHUPYIOT TOJIBKO 3HAUKHU ?

30. 13 100 cTtyneHTOB 24 HE M3Y4arOT HUKAKOTO SI3bIKA; 26 — He-
Menkuii, 48 — ¢ppaniy3ckuii, 8§ — Hemeukui u Pppaniry3ckuii. CKOIbKO
CTYJ€HTOB U3y4alOoT TOJbKO aHTJIMHCKUU A3bIK ?

31. Ilociie 3K3aMEHAIIMOHHON CECCUM 0Ka3aJioch, yTo 10 cTyaeH-
TOB BTOPOM TPYNIbl UMEIOT B 3aYETHBIX KHUXKKAX XOTS OBl OJHY
OLICHKY «OTJIMYHO», 20 CTYJIEHTOB — XOTsI OBl OJIHY OIICHKY «XOpO-
mo», 10 — xoTst Obl OJHY OLIEHKY «YJIOBJICTBOPUTEILHOY». [Ipu 3TOM
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«ISATEPKU» U «UETBEPKU» UMEIOTCA y MATH CTYJEHTOB, «IISITEPKU» U
«TPOUKN» — Y TPEX CTYJCHTOB, UETBEPKU» U «TPOUKU» — Yy YETHIPEX
CTYJEHTOB, a JiBa CTyJAEHTAa UMEIOT B 3aUYETHBIX KHUKKAX M «IIATEP-
KU», U «UYETBEPKU», U «Tpoilkm». CKOJBKO CTYJACHTOB BO BTOpPOM
rpymnne, €ci U3BECTHO, YTO HHUKTO BO BPEMsSI CECCUU HE MOTYyYHII
OLIEHKY «HEYJIOBJIETBOPUTEIBLHO»?

32. B pesynbTate onpoca 60 noceruteneil OMOINOTEKU BBISICHU-
J0Ch, YTO 25 4YENOBEK MPEANOYUTAIOT JACTEKTUBHI, 21 — (haHTacTuUKY,
18 — ucropudeckue poMaHbl, MPUYEM S YETOBEK U3 OMPOIICHHBIX JIIO-
OSIT JETEKTUBBI U HUCTOPUUYECKHUE POMaHBI, 5 — NETEKTUBBI U (haHTa-
CTUKY, 6 — UCTOpUYECKHE pOMaHbl U (AaHTACTHKY, & IBYM MOCETHUTE-
JSIM HPABSITCA U JETEKTUBBI, U (DAHTACTUKA, U UCTOPUYECKHUE POMAHBI.
CKOJIBKO YEJIOBEK M3 OMPOIICHHBIX HE OTAAIOT MPEANOYTEHHUE Tepe-
YUCJICHHBIM BBIIIIE KaHpaM ?

33. 13 73 mKoJbHUKOB B BOJIeH00a urpatot 52, B hyrdon — 45, B
0ackerbon — 31. Bo Bce Tpu urpsl Urparotr 8 pedsT, B BOJEHOON U
byTo0a — 28, B Boseibos u 6acketo6oa — 20, B pyTrdom 1 6ackeTd0 —
16. CKOJIbKO HIKOJIBHUKOB WUIpalOT TOJBKO B 0ackeT00a? TOJBKO B
byT60?

34. B knacce 25 yyamuxcs. M3 HUX JBDKHUKOB 13, TJIIOBIOB &,
BEJIOCUNIEAUCTOB 17, mpr4eM Kax bl CIIOPTCMEH 3aHUMAETCS TOIBKO
JIBYMSI BUJAMH CIIOPTA U yUUTCS Ha «3» U «4». B knacce 6 oTInyHu-
KOB. CKOJIBKO B KJIacC€ CIIOPTCMEHOB?

35. B otuere 06 obcnenoBanun 100 cTyIeHTOB COOOIIATIOCH, YTO
KOJIMYECTBO CTYJICHTOB, U3YYAIOIINX PAa3JIUYHBIEC SI3bIKU, TAKOBO: aHT-
nuickuil sa3bIk u3ydarot 30 yenoBek, ¢ppaHiry3ckuit — 50, HeMeKuii —
23, dbpaHIy3CcKui M aHTJTUUCKUN — 8, HeMelKuil 1 dpaniry3ckuit — 20,
HEMEIKUN 1 aHTMkickui — 10, Bce Tpu si3bika — 5 yesioBek. OTUET He
ObL1 ipuHAT. [Touemy?

36. B CU30 mnaxomurcsa 20 yenoBek. M3 Hux 10 geraosek
3aziepkaHbl o cratbe A, 12 — mo cratbe B m 7 — mo craree C.
MN3BectHo Takxke, dro mo cratesM A m B B CHM30 Haxomurcs
8 uenoBek, 1Mo cratbsM A u C— 3 uyenoBeka, nmo craTthssMm B u C —
4 yenoBeka, a 2 4eJIoBEKa 3aJ€PKaHbI 10 BCEM TPEM CTAThSIM.

a) CKOJIbKO YEJIOBEK 3a/IEp’KaHbl POBHO MO JIBYM CTaThsIM?

0) CKOJIBKO YeJIOBEK 3aJiep>KaHbl TOJIBKO MO OJTHON cTaThe?

B) CKOJIBKO Y€JIOBEK 3aJICPKAHBI 110 JPYTUM CTAThsIM?

37. U3 motoka B 92 cTyaeHTa 53 CTyIeHTa MOCEWA0T JIEKIHUU T10
YTOJIOBHOMY IpaBy, 42 — MO0 MYHUUUIIAIBHOMY NpaBy U 62 — 1o
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MareMaTtuke. MI3BeCTHO Takke,uyTo 34 CTyJIeHTa MOCEIIal0T YTrOJIOBHOE
paBO U MATEMAaTUKy, 25 — MaTeMaTUKy U MYHHIUIIAIIBHOE IMPABO,
19 — MyHHMIMIAIBHOE TPaBO W YroJioBHOE mnpaBo. Kpome Toro,
10 cTyieHTOB  yCHEBAalOT XOAWTh Ha 3aHIATUS 10 BCEM TpeM
npeaMeTam.

a) CKOJIbKO CTYyZICHTOB HE MOCEIIAIOT 3aHATUS HU IO YTOJIOBHOMY
MpaBy, HA M0 MYHUIIUNTAILHOMY TIPaBy, HU 10 MaTeMaTUKE?

0) CKOJIbKO CTYJCHTOB IMOCEHIAIOT 3aHATHUS TOJIBKO 1O OJHOMY U3
TpeX MPEeIMETOB?

B) CKOJIBKO CTYJEHTOB MOCEIIAI0T POBHO JIBa MpeameTa?

38. Crapocta oHOTO KJlacca Jajl CIeAYIOIIUe CBeIeHUs 00 yde-
HUKax: B KJacce yyarcs 45 MIKOJbHUKOB, B TOM YUCJE 25 MAIBYUKOB.
30 MIKOJBHUKOB y4aTCS Ha «XOpOIIO» W «OTJIUYHO», B TOM UHUCIIEC
16 masnbunikoB. CHOPTOM 3aHUMAIOTCSl 28 ydalllUXCs, B TOM YHUCIIE
18 ManpunukoB, U 17 MIKOJBHUKOB, YYaIlIMXCS HA «XOPOIIO» U «OT-
JUYHO». 15 MaJbUMKOB ydaTcsi HA «XOPOIIO» U «OTJIMYHO» U 3aHU-
MaroTCsl CopToM. JloKakuTe, 4TO B ATHX CBEACHUSAX €CTh OIIMOKA.

39. Ckonbko uncen cpeau nepBbix 100 HaTypanbHBIX YUCEN HE
JIeATCS HUA HA 2, HU Ha 3, HU Ha 57

40. CKOJIbKO 4YHCEN CpEeAH MEPBOM THICSAYM HATYPAIbHBIX YUCET
HE JISJISITCS HU Ha 2, HU Ha 3, HU HA 5, HU HaA 77

41. N3 36 4yenoBek, KOTOPHIE YUMIUCH IO CHEHHUATBHOCTH «TEO-
petuyeckas Gu3MKa», BO BpeMs KaHUKYJ TOJIBKO JBOE HE ObLIM HU B
KMHO, HM B TeaTpe, HU B Iupke. B KUHO 1MoOkIBaio 25 4enoBek, B Te-
atpe — 11, B mupke — 17, B kuHO 1 Tearpe — 6, B KMHO U uupke — 10, B
Teatpe u 1upke — 4. Onpenenure, €CTh JU CTYJICHTHI, KOTOPBIE TTOOBI-
BAJIM U B TE€ATPE, U B KNHO, U B [IUPKE, U €CJIU €CTh, TO CKOJIBKO UX.

42. B canone HeOoibIIOro camosiera opu1o 42 naccaxupa. Heko-
TOpbIE€ U3 HUX OBLIM MOCKBHYAMH, OCTaJIbHBIE — HHOTOpOoaHUMH. Cpe-
1 MOCKBHYEH Obuto 9 mykumH. HekoTophie M3 maccakMpoB OBLIH
apTUCTaMH, HO HU OJIHA U3 MHOTOPOJIHUX KEHIIUH apTUCTKOW HE OBbI-
na. Becero unoropoanux my>kuuH Obuto 18. M3 Hux 13 He ObUIN apTH-
ctamu. Cpenu maccaXupoB, HE SBISIBIIUXCS apTUCTaMH, OBbLIO
16 myxuuH 1 11 xxeHmuH. 5 MmockBuYel He ObuIM apTUcTamMu. CKOJIb-
KO BCET0 apTUCTOB OBLIO B caMoJieTe?

43. IIpu 1ocMOTpe Ha TaMOXKHE € TT0€3/1a OBLUIM CHATHI HECKOJIBKO
KOpPOOOK, Cpe/ih KOTOPBIX ObLIM KOPOOKH KAPTOHHBIE U JICPEBSHHBIC.
DT KOPOOKH OBUIU TOJBKO ABYX pa3MepoB: OOJbIINE U MaJCHBKHE,
MpUYEM OJTHU U3 HUX ObLIU MOKPAIIICHBI B 3€JICHBIN 1[BET, a APYrUe — B
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yepHbIil. Okazanoch, 4TO OBUIO 3ajepkaHO 16 3eJIeHbIX KOPOOOK,
IpUYEM 3€JICHBIX KOPOOOK OOJIBIIOro pa3zmepa — 6, a 0oIbIIuX 3ee-
HBIX KOpOOOK u3 KapToHa — 4. UepHbIX KOPOOOK U3 KapTOHA ObLIO &, a
YEpHBIX KOPOOOK M3 JepeBa — 9. bonbIux AepeBIHHBIX KOPOOOK ObI-
70 7, a MaJEHbKUX JEPEBSIHHBIX KOPOOOK — 11. BeIsicHUTE, CKOJBKO
KOPOOOK OBLIO CHATO C TO€3/1a M CKOJIBKO CPEeAN HUX MaJICHbKHX.

44. IIpu oOciea0BaHUM YUTATEIBbCKUX BKYCOB CTYJIEHTOB OKa3a-
aock, uro: 60% crynentoB uurtaror xKypHaia A; 50% — xypHan B;
50% — xypnan C; 30% — xypHanel A u B; 20% — xypnanst B u C;
30% — xypHanbl A u C; 10% — Bce Tpu )KxypHana.

a) CKOJIbKO MPOILEHTOB CTYJA€HTOB YATAET POBHO JIBa *KypHaia?

0) CKOJIBKO MPOIIEHTOB CTYACHTOB HE YUTAECT HU OJIUH KypHa?

45. OrtHocutenpbHO Tpymmbl B 30 CTYyHEHTOB HW3BECTHO, 4YTO:
19 ctynenToB m3yuaror marematuky; 17 — my3biky; 11 — ucroputo;
12 — maTeMaTuKy U My3bIKY; 7 — HICTOPHUIO U MAaTEMATUKY; 5 — MY3bIKY
U UCTOPHIO; 2 — MATEMATHUKY, UCTOPHIO U MY3BIKY.

a) CKOJIbKO CTYJICHTOB U3Y4alOT POBHO JBa MPEIMETA U3 TpeX?

0) CKOJIbKO CTYJICHTOB M3y4al0T MaTeMaTUKy, HO HE U3y4aloT HUC-
TOpHUIO?

B) MMeroTca nu B rpyImie CTYAEHTHI, KOTOPbIE HE M3Y4YarOT HU
OJINH U3 YKa3aHHBIX TPEAMETOB?

46. B pe3ynbTare npoBepku U3 36 COTPYIHUKOB (DUPMBI TOJIBKO
JBO€ HE OBUIM 3aroJI03pEHbl HU BO B3SITOUYHHYECTBE, HU B COKPBITHH
HAJIOrOB, HU B 3JIOYNOTPEOJIEHUAX CIIYKEOHBIM MojoxxeHueM. OOBu-
HEHHE BO B3SITOUHUYECTBE OBLIO MpebsiBicHo 11 coTpynHukam, B co-
KPBITUU HAJIOTOB — 25, a B 3JI0yMOTPEOJICHUH CTY>KEOHBIM MOJIOKEHU-
eM — 17. IIpu 3TOM BO B3ITOYHUYECTBE U COKPBITUU HAJIOTOB — 6, BO
B3SITOYHUYECTBE U 3JIOYNOTPEOJICHUN CITYKEOHBIM To0keHueM — 10,
B COKPBITHUHU HAJIOTOB U 3JIOYNOTPEOJICHUN CITY>KEOHBIM MOJT0KECHUEM —
4. Onpenenurtsb, €CTh JIU COTPYAHUKH, KOTOPHIE UMEIOT OTHOLIEHUE KO
BCEM TPEM HAPYUICHHUSIM.

47. B TpaHCKOHTHMHEHTAJIbHOM CaMOJIETE HAXOMATCSA: 9 Mallbuu-
KOB, 5 aMEpUKaHCKUX JeTei, 9 B3POCIBIX MYKYUH, 7 UHOCTPAHHBIX
MaJIBLYUKOB, 14 amepukaHiieB, 6 aMEPHUKAHIIEB MYXCKOr0O IoJia U
7 THOCTpaHOK >keHCcKoro mnoiia. Ckoisibko jtozie B camonere? (MHo-
CTpaHILIAMU CYUTAIOTCS JIFOJU, KOTOPBIE HE SBJISIOTCS aMEPUKAHIIAMH ).

48. UccnenoBanue mokazano, yto cpean 100 KOJUIEKIIMOHEPOB,
63 yenoBeka cOOUpaIOT KapTUHBI, 59 — Mapku U 38 — OTKpBITKU. 13-
BECTHO Takxke, 4To 44 yenoBeka coOOMpalOT KapTUHBI U Mapku, 25 —
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KApPTUHBI W OTKPBITKH, 20— Mapku W OTKpbeITKH. Kpome Toro,
13 yenoBek KOJJIEKIIMOHUPYIOT U KAPTUHBI, U MAPKH, U OTKPBITKHU.

a) Ectb 11 cpeau oOciaeayeMbIX MHUMbIE KOJUIEKIIMOHEPHI?

0) CKOJIbKO YelOBEK KOJUIEKIMOHUPYIOT TOJBKO OJHMH U3 TpeX
MpEeAMETOB?

B) CKOJIBKO 4YE€NOBEK KOJUIEKIMOHUPYIOT POBHO JIBA M3 TPEX
IPEAMETOB?

1.2.2. IlloaMHOKeCTBA KOHEYHOI0 MHOKeCTBA.
JJ1eMeHThI KOMOMHATOPUKH

Kombunamopuxa — 310 paszien mMaTeMaTUKH, OCHOBY KOTOPOIO
COCTABJISIIOT BOMPOCHI O KOJMYECTBE M COCTABE OMPEAECICHHBIX MOJ-
MHOECTB U IMOCJIEAOBATEILHOCTEN, KOTOPbIE MOXHO OOpa30BbIBATh
U3 DJIEMEHTOB KOHEUYHBIX MHOKECTB. lHaue roBops, KOMOMHATOPHUKA
JaeT OTBET Ha BOMPOC, CKOJBKO Pa3IMYHbIX KOMOWHAIUN (BEIOOPOK),
MOJYUHEHHBIX TEM WJIA UHBIM YCIOBUSAM, MOXHO COCTaBHUTh U3 dJe-
MEHTOB JaHHOT'O MHOECTBA.

[lepBbie KOMOMHATOPHBIE 3a/1a4H, TTO-BUAUMOMY, OB BBI3BaHBI
MOJ/ICUETOM PA3IMYHBIX KOMOMHAIIUHN NPU UTPE B KAPThI, KOCTU U APY-
TU€ a3apTHBIC UTPHI, MOMYJIAPHBIC B CpeHUE Beka. OJTHUM U3 MEPBBIX
MOJICUETOM YMCJIa PA3IUYHBIX KOMOMHAIIMNA MPU UTPE B KOCTH 3aHU-
MaJicsl UTalbsHCKUN MateMatuk Tapmanes (1500-1557). B XVII B.
U3YUYCHUEM TEOPETHUYECKUX BOIMPOCOB KOMOWHATOPUKH 3aHUMAJIUCH
bpaniysckue yuenoie b. Ilackans (1623-1662) u Il. @epma (1601—
1665). UcxoaHbIM TyHKTOM HUX HCCJEIOBAaHUN TakkKe ObLIM MpoOJIe-
MBI a3apTHBIX Urp. JlanbHellee pa3BuTHE KOMOMHATOPUKH CBSI3aHO C
umeHamMu A. Bepuynnu (1654—1705), I Jletibnuya (1646—1716) n
JI. Diinepa (1707-1783). Ho u B paboTax 3TUX MaTeMaTUKOB B OCHOB-
HOM pPacCMaTpUBAIIMCh MPWIOKEHUS K Pa3IMYHBIM HUrpaMm (JI0TO,
MAChSIHCHI U T. [1.). OJTHAaKO OCHOBHBIE BOMPOCHI KOMOMHATOPUKU U UX
CUCTEMaTUUYECKOE M3YUYEHHUE CBSI3aHBI C Pa3BUTHEM aireOpbl MHOTO-
4JIeHOB U Teopuu BeposiTHOCTEN B X VI-XVIII BB.

B Hacrtosiee BpemMsi KOMOWHATOpPHBIE 3aJa4d BCTPEYAIOTCS BO
Bcex oOyactax 3HaHus. OHU TECHO CBSA3aHBI C MPOOJIeMaMu JUCKPET-
HOW MaTeMAaTUKH, JUHEWHOTIO0 HMPOrPaMMHUPOBAHUSA, CTATUCTUKU. Me-
TOABl KOMOWHATOPUKH IIUPOKO HCIOJIB3YIOTCS MPU PEIICHUU TPaHC-
MOPTHBIX 3ajay, IS TUIAHUPOBAHUS IPOU3BOJCTBA U pead3allUU
NPOAYKIIUHM, 111 COCTABJICHUS U JEKOJIUPOBAHUS MIU(PPOB.
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[Ipu peureHnr KOMOMHATOPHBIX 3a7ad YAOOHO TIOJIb30BATHCS
CHeIMAIbHBIMUA TpaBWjiaMu Hu (GopMyiamMHu, KOTOpPBIE Ha3bIBAIOTCS
npaBwIaMu U (popmysiaMu KOMOMHATOPHUKH.

Ilpasuna komounamopuku

1. Ilpasuno crnooscenusn. Ecam sneMeHT a MOXXHO BBIOpaTh m CIO-
cobamu, a 3JIEMEHT b — n cmoco0amMu, IPUUYEM 170001 BHIOOP dJIEMEHTA
@ OTJIWYEH OT JIF0OOTro BHIOOpa dJIeMEeHTa b, TO BBIOOD «a uau by
MO>KHO OCYIIECTBUTD M + 1 CLIOCOOaMHU.

2. Ilpasuno ymnoxcenus. Ecim 3JIE€MEHT a MOXKHO BbIOpaTh m
crocodamMu, M MocJie KakJA0ro TaKoro BeIOOpa JIEMEHTA a AJIEMEHT b
MO>XHO BBIOpaTh 7 Croco0aMu, TO BBIOOP JIEMEHTOB «a U b» MOMKHO
OCYIIIECTBUTH M 1 CIIOCOOaMHU.

3agauu

49. Nmeetcs naTh BUIOB KOHBEPTOB 0€3 Mapok U 4 BHJa MapoK
OJIHOTO JOCTOMHCTBA. CKOJBKUMHM CIIOCOOAMH MOKHO BBIOpaTh KOH-
BEPT C MapKOM JJIsl TOCBUIKA MUChMa?

50. Ha BepuiuHy ropsl BeayT IATh J0por. CKOTBKHUMHU CIIOCOOaMH
TYPUCT MOXKET MNOJHATHCA HA TOPY U CIYCTUTHCS ¢ Hee? To ke camoe
IPU YCJIOBUU, YTO CITYCK U TOJAbEM ITPOUCXOJSAT MO Pa3HbIM J1I0POTaM.

51. U3 Tpex 3k3eMIUIsIpoB yueOHUKa aareOpbl, CEMU SK3EMILISIPOB
y4eOHHKA TEOMETPHUU U CEMU IK3EMILIAPOB YUeOHUKA TPUTOHOMETPUH
HaJI0 BBIOpATh MO OJHOMY IK3EMILISIPY Kaka0ro yueoHuka. CKOJIbKHU-
MH CTI0OCO0aMH 3TO MOXKHO CAeNaTh?

52. CKOJIbKUMH CITIOCOOAMHU MOKHO COCTaBHUTh TPEXIIBETHBIMN I1O-
JocaThld (jiar, ecium HMeeTCs MaTepuasl ISTH Pa3IMYHbIX IIBETOB,
Cpell KOTOPBIX €CTh KPACHBIA M BCE MOJOCHI TOPU30HTaNIbHBIE? Ta ke
3aja4a, €CJIM OJIHA U3 MOJIOC JOJKHA OBITh KPaCHOM?

53. Ckoabko cioBapeld Haja0 HU3/]aTh, YTOOBI MOKHO OBLIO HEIO-
CPEACTBEHHO BBIMOJHSITEL MEPEBOABI C J0O0T0 M3 IATH S3BIKOB: PyC-
CKOT'0, aHTJIUHUCKOTO, PPaHIly3CKOr0, HEMEIIKOTO U UTAJIbTHCKOTO — Ha
000U APYrou U3 3TUX SA3BIKOB?

54. Hago nocmath 6 cpouasix muceM. CKOJIBKHUMH CIIOCOOaMH ATO
MOXHO CJeJaTh, €CIU Ui Mepeladyd MUCEM MOXKHO MOCJaTh TpeX
KYPbEPOB U KaXKJI0€ MUChbMO MOKHO J1aTh JIOOOMY 13 KYphepOB?

55. B MarazuHe uMeroTCsl 5 pa3IuyHbIX BUOB KOPOOOK KOH(ET U
4 Busa KOpoOOK nedeHbs. CKOJbKHMH CIIOCOOaMU MOXKHO BbIOpAaTh B
MOJIAPOK KOPOOKY KOH(ET minu KOpoOKy IedeHbs? CKOJbKUMHU CIIO-
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co0aMu MOXHO COCTaBUTh HAOOP, COCTOAIINN U3 KOPOOKH KOH(DET U
KOpPOOKH MEYEHBSI?

56. Ectb 9 MoHeT pa3in4HOTrO A0CTOMHCTBA. CKOJIBKHUMH CIIOCO-
0amMu UX MOXKHO Pa3JIOKUTh B JIBa KapMaHa?

57. CkoAbKMMHU CIIOCOOAMU MOKHO Pa3JI0KUTh 7 Pa3IMUYHBIX MO-
HeT B 3 kapMana? [Ipenmonaraercs, 4To Ka)xJa0il MOHETE MpeIHa3Ha-
YEH KaKOU-TO KapMaH.

58. CkoapKO pa3inuYHBbIX MOJOKUTEIbHBIX TPEX3HAUHBIX YHUCET
CYIIECTBYET B IECATUYHON CUCTEME CUHCIICHUSA?

59. CKoJIBKO CYIIECTBYET B JIECITUYHONW CUCTEME CUMCIICHUS pa3-
JIMYHBIX YETBIPEX3HAYHBIX MOJIOKUTEIIBHBIX YHCEN, B KOTOPBIX HET
noBTOpeHus 1udp?

60. Ha xadenpe marematuku 9 npenopaBateneil. CKOJIbKUMHU
criocobaMu MOYKHO COCTaBUTBH paclrcaHre KOHCYJNbTAllMk Ha 9 JHEH,
€CJIM Ka) bl MPENoaBaTelb MPOBOJUT KOHCYJIBTAIMIO POBHO OJWH
paz?

61. Cempb uieHOB TTPOGCOO3HOTO KOMHUTETA JOJDKHBI BRIOpATh U3
CBOEro coctaBa mpezacenarens u cekperaps. CKOJIBKUMHU CIIOCOOaMHU
9TO MOKHO cIelaTh?

62. B rpynme crynentoB 25 gyenoek. HeoOxoaumo n3bparth cTa-
pocTy, ero 3amectutesnss U npodopra. CKOJIBKUMH CHOCOOAMH 3TO
MOYKHO CJIenaTh?

63. UeTbIpe cTyieHTa Caaliv 3K3aMeH. MI3BECTHO, YTO BCE OHU I1O-
YUYW TIOJIOKUTENbHbIE OIeHKH. CKOJBKO MOKET OBITh BapUAHTOB
pacrpeneineHus OeHOK?

64. CKOIBKO pa3IMYHBIX YETBIPEX3HAYHBIX YHCEN MOYKHO COCTa-
BUTH U3 udp 0, 1, 27

65. [l HeceHMst MOYETHOTO Kapayina npuriamatorcs 10 ciyxa-
mux u3 6 pogoB BOHMCK. CKOJBKHMH CIIOCOOaMH MOXKET OBITh Cop-
MHUPOBAH COCTaB KapayJia, €Clii B HEM HE00s3aTeJIbHO JTOJKHBI OBIThH
MPEJICTABJICHBI BCE POJa BOUCK?

66. CKOJIbKO yHOPAI0YEHHBIX TTap MOXHO COCTaBUTh U3 32 OYKB,
€CJIM B KaXKJI0M nape 00e OyKBbI pa3InyHbI?

67. CkoapKHMMHU crIocOOaMHU MOYKHO BBIOpaTh COTJIACHYIO M TJjlac-
Hy10 OYKBBI U3 CJIOBa «3/laHHE»? U3 CJIOBA «MaTeMaTHKa»? U3 CJIOBa
«mapkeT»?

68. CkoJIbKUMU CITIOCOOaMU MOKHO YKa3aTh Ha IIaXMaTHOW JIOCKE
TBa KBajipaTa — OeJblii ¥ YepHbI? 1Ba Ocenbix? Pemure Ty ke 3amauy,
€CJIM HET OrpaHUYEHUM Ha I[BET KBaApPaTOB.
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69. CkoipkuMHu cnoco0aMM Ha IIaXMaTHOM HJOCKE MOYKHO BbI-
Opath O€JbIil U YepHBIA KBaAPAThl, HE JEXkKaIMe HA OJHON FOPU30HTA-
JIY WIA OJTHOM BEpTUKAIHU?

70. CxkonbkuMHu cnocod0aMu u3 28 KOcTel JTOMHHO MOJKHO BbI-
OpaTh JBE KOCTU TaK, YTOOBI UX MOXHO ObLIO MPUIIOKUTH APYT K APY-
ry (To ecTh 4YTOOBI KAKOE-TO YMCJIO OYKOB BCTPEUAIOCh HA 00EHX KOC-
TAX)?

71. CKOIBKUMHU CIOCOOAMH MOKHO PacCIOJIOKUTh Ha IIaXMaTHOU
TOCKe 8 jajel Tak, YToObl OHU He O ApyT aApyra?

72. Ha >xene3HOOPOXKHOM CTaHIIMM HUMEETCsl m CBETO(OPOB.
CKOJIBKO MOXET OBbITh JIaHO PA3JIMYHBIX CUTHAJIOB, €CJIU KaXK/bIil CBe-
TO(Op UMEET TPHU COCTOSTHUS: KPACHBIM, KEJITHIM U 3€JICHBIN?

Paznuunvie cxemvl cocmaenenus KOMOUHAUUIL U3 ITIEMEHM 08
KOHEUHO020 MHOMCECHEa U COOmeenmcmeayouiue um hopmyot

Mpg1 paccMOTpeNn HeKOTOpble OOIIKe TMpaBuia perieHus KoMOu-
HaTOPHBIX 3a7a4. C X MOMOIIBI0 MOXKHO peliaTh 3aJa4l CaMbIX pas-
HbIX TUIOB. OJIHAKO KaK B T€OMETPUH HEYJ0OHO BCErJa CBOJHTH pe-
IIEHUE 33/1a4M K aKCuoMaM, a yJ00Hee MoJIb30BaThCsl TEOPEMaMH, Tak
U B KOMOMHATOpPUKE BMECTO PEIICHUS 3a7ayd MO OOILIUM MpaBUIIaM
4acTo yAoOHee HCIIOJIb30BaTh TOTOBBIC (opMylbl. Jledo B TOM, YTO
HEKOTOpbIC THUIIBI 33/1a4 BCTpedaroTcs darie apyrux. KomOuHarusm,
KOTOpbI€ BO3HHUKAIOT B ATHX 3ajJladyaxX, MPUCBOCHBI CIICIIUAJIbHBIC Ha-
3BaHUS — Pa3MEIIEHUs], IEPECTAaHOBKHU, coueTaHus. JJIsi unciia Takux
KOMOMHAIIUM TMOJy4YeHBI (POPMYJIBI, KOTOPHIMH M TIOJB3YIOTCS TpHU
pELICHNUH 3a]1a4.

IlycTs naHo MHOXKECTBO E ={a,, a,,..a,}, COCTOAIUEE U3 M pas-
JIUYHBIX IIEMEHMOB.

Onpenenenne 1. Pazmewenuimu 6e3 noemopeHull u3 n djiemen-
MO8 N0 M HA3bLBAIOMCSL YNOPSOOUEHHbIE M-IleMeHMHble NOOMHOICE-
cmea mHodxcecmsa E, omauuarowuecs 1ub6o Habopom d1emenmos, Jjiu-
00 NOPsIOKOM UX C11e008aAHUAL.

Uucno Takux pasMeileHuil obo3Hauvaercs cumBoiioM A”. He-

TPYJIHO TOKa3aTh, YTO
A" =n(n-1)(n-2)..(n—m+1).

3aoaua 1. CkolbKMMH CITIOCOOAMH MOKHO BBIOpaTh W3 TPYIIIIHI,
HacuuTbiBaroiieit 40 cTyIeHTOB, cTapocTy, mpodopra u puzopra?
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Pewenue. JIroOoii BeIOOp SIBIISIETCS pa3MeElICHUEM O€3 MOBTOpe-
Huil u3 40 351eMeHTOB MO TpHU (OH 331a€TCS YIOPSJOUCHHBIM MHOMXKE-
CTBOM M3 TPEX 3JIEMEHTOB 0€3 MOBTOPEHUH, COCTABICHHBIM U3 MHO-
KECTBA CTYAEHTOB); IOTOMY 4YHCIO CIOCOOOB BBIOOpA PpPABHO
4;, = 40-39-38 = 59 280.

3aoaua 2. CKOIbKUMHU CIIOCOOAMU MOXHO OMYCTUTH 4 MHChMa B
12 MOYTOBBIX SITUKOB, €CIIM B KaXKABIM SIIIIUK OIyCKaeTcs He OoJiee
OJHOTO Muchma?

Pewenue. B 3Toi1 3amade peub Takke HACT O BBHIOOPE YETHIPEX
SIIUKOB W3 12, Mpu 3TOM MOPSAJIOK BhIOOpa SIIUKOB BaxkeH. OTcrona
MCKOMOE yucio paBHo 4 = 12-11-10-9 =11 880.

Onpenenenne 2. Pasmewenus 6e3 nosmopenuti u3 n 31eMeHmos
no n (n = M) HA3LIBAIOMCA NEPeCmMaHos8Kamu 6e3 no8mMopeHull u3 n
971eMEeHmMO8.

W3 onpeneneHust cieayer, YTo nepecmaHosku 6e3 nosmopeHuil —
MO pazmewerus, Komopwle Omauuaromcs opye om opyaa moJjibKo no-
pAOKOM clledosanus dnemenmos. IHaue ToBopsi, nepecmano8Ku — 3mo
YNOPAOOUEHHblEe MHOMCECMBA, COCMABNEHHbIE U3 INEMEHMO8 OAHHO20
MHOdICecmaa.

Uucno nepecTaHOBOK M3 m AJIEMEHTOB 0€3 MOBTOpPEHUM 0003Ha-
yaeTcsi cuMBoJIoM P . V3 peawinyieit GopmyIibl ClIeayeT, 4To

P =n(n-1)-..2-1=n!

Hcnonb3ys 3Ty HopMyITy, YUCIIO pa3MEILICHUN U3 U3 1 271eMeHm 08
1O M MOXHO HAaUTHU UHAYe: A" = _n
" (n—m)!

3aodaua 3. Tpu cTyjeHTa MOOCAWIIM B OJIMMITUAJIC TIO MaTEMaTHKE.
CKOJIBKO CYHIECTBYET CHOCOOOB BPYUEHHS MM JIUILNIOMOB TMEPBOIA,
BTOPOU U TPETHEHN CTETICHU?

Pewenue. B 3amaue TpedyeTcss HAWTH YKUCIIO CIIOCOOOB pacmpeie-
JICHUSI TPEX CTYJCHTOB Ha TPEX MECTax, TO €CTh O YHCJIE MEePECTaHO-
BOK 0€3 MmoBTOpeHUM U3 Tpex sneMeHToB. [lo dopmyne ns uncna mne-

PECTAHOBOK JJIs TPEX AJIEMEHTOB ToJyyuM: P, =3!=1-2-3=6.

3aoaua 4. CKOIbKUMHU CIIOCOOAMU MOKHO OOUTH 6 CTYJIbEB TKa-
HBIO, €CJIM UMEIOTCSl TKaHU IIECTH Pa3JIMYHBIX PACIBETOK U BCE CTY-
JIbs JOJDKHBI OBITH Pa3HOIO I[BETA?

Pewenue. Kaxxnomy cTyly COOTBETCTBYET KaKOW-HHUOYAb OJIUH
1BeT. [loaToMy crioco60oB 0OMBKH CTYIBEB OYIET CTOJIBKO, CKOJBKUMHU
crioco0aMy MOYKHO pacrpeiesuTh 6 MpeaIMeTOB Ha IIECTH MECTaX, TO
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€CTh YHCIy TEPECTAHOBOK M3 IIECTH JJIEMEHTOB 0O€3 MOBTOPEHUIL:
P =61=1-2-3-4.5-6="720.

Omnpenenenne 3. [lepecmanoskou ¢ nOGMoOpeHUsIMU U3 dJIeMEH-
mos (a,, a,,...,a,) cocmasa (k,k,,...,k, ) Hazvieaemcs ynopsoouenHoe

MHOJCeCcmso, cooepocauiee k =k +k, +...+k, onemenmos, 8 komopoe
anemenm a, 6xooum k, paz, snemenm a, exooum k, pas, ..., snemenm
a, exooum k, pas.

Yucno Takux MepecTaHOBOK 0003HAYAKOT CUMBOJIOM P(k,,k, ..., k,).
Pk k, k) = (k,+k,+...+k)!
’ ke k). k|

3aoaua 5. CKOJIBKO «CIOB» MOXKHO TOJIYYUTh, TIEPECTaBIsA OYyK-
BbI B CJIOBE€ «MaTeMaTUKa»?

Pewenue. CnoBo «MaTeMaTWKa» SBIAETCS YIOPSAIOYECHHBIM
MHOk€CTBOM U3 10 31eMeHTOB, T. €. nepecmanoskou uz 10 snemen-
moe ¢ noemopernuamu cocmasa (2, 3, 2, 1, 1, 1) (0ykBa «m» BXOJUT B
NEepeCTaHoOBKY 2 pasa, OykBa «a» — 3 pasza, OykBa «m» — 2 pa3a, OyKBbI
«e», «M», «K» — M0 OJJHOMY pa3y). 3HAYUT, IPU MEepecTaHOBKaX OyKB
MOJTYUUTCS

P23 21,1, 1) =——9  _151200 «cros.
213128101010

3aoaua 6. CxoIbKUMHU CIOCOOAMHM MOXHO Pa3ioXUTh 28 pas-
JUYHBIX MPEIMETOB IO YETBHIPEM PA3IUYHBIM SITUKaM TakK, 4TOOBI B
KaXJIOM AIIMKE 0KA3JI0Ch IO 7 TPEIMETOB?

Pewenue. 11ockonbKy HaM HaJ0 Pas3jaokKUTh BCe 28 MPEIMETOB,
TO peyb UJIET O MEPECTAHOBKAX M3 28 3JIEMEHTOB, & TaK KaK MOPSI0K
PaCIIONIOKEHUS IPEAMETOB B OJTHOM SIIUKE HE CYILIECTBEH, TO UMEEM
JIeJI0 ¢ MepecTaHOBKaMM C IoTopeHusMu Ttumna (7, 7, 7, 7). Takum

00pazomM, HICKOMOE YHCJIO CITIOCOOOB paBHO

P(7.7.7.7) = 281 28!4 .

JLTTETY (T

Omnpenenenne 4. CouetanusiMu 0€3 MOBTOPEHUM U3 1 3JIEMEHTOB
10 M HA3bIBAIOTCS M-3JIEMEHTHBIE MMOJMHOKECTBA MHOXecTBa E, co-
JepoKalliue pasHbie HAOOPHI JIEMEHTOB.

N3 onpeneneHus CIeAyeT, YTO Pa3IMYHbIE COUCTAHUS OTIMYAIOT-
Csi JIpyr OT Apyra COCTaBOM 3JIeMEHTOB. DopMyra HJisi BEIYUCIEHUS
Yyuca coOYeTaHui 0€3 MOBTOPEHUH U3 1 DJIEMEHTOB IO M UMEET BHU]T

& !
A n!

m

" P Cmi(n—-m)!’
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3adaua 7. CKONBKHMH CIIOCOOAMU MOXHO BBIOpaTh KOMaHAY W3
YEThIPEX YEJIOBEK JJIsl COPEBHOBaAHUS 110 Oery, eciu umeercs 10 oery-
HOB?

Pewenue. Tlo ycnoButo 3agauu HEOOXOAMMO BBIOpATh YETHIPEX
yesioBek u3 10, mpu 3TOM NOPsIIOK BbIOOpaA 3HAYEHUSI HE UMEET. DTO
3HAYUT, YTO peub UAET 0 coueTaHusx u3 10 mo 4. Yucno takux coue-
10-9-8-7 =210,
1.2.3-4

3adaua 8. Y OJHOTO Y€JIOBEKA €CTh 11 KHHUT MO MaTeMaTuke, a y
apyroro — 15 kaur. CKOJIBKUMH CIIOCOOAMU OHM MOTYT BBIOpATh IO
3 KHUTHU KaXIBIN 111 oOMeHa?

Pewenue. Tlepsbiii u3 11 KkHUTr MOXeT BbIOpaTh 3 KHUIU C;, CIIO-

co0aMu, BTOpPOM M3 CBOMX 15 KHUT 3 KHUTH BeIOMpaeT C;, cnoco0amu.

[Ipu oOMmeHe Kaaplii HA0Op U3 TPEX KHUT MEPBOTO MOKET OBITh B3AT
C Ka)X7IpIM Ha0OpOM U3 Tpex KHUT BTOporo. [TorTomy uucio crnoco6oB
oOMeHa paBHO C),-C...

TaHuii paBuo C; =

3amaum

73. B 1iexe paborarot 8 Tokapei. CKOJIBKUMH CIIOCOOaMU MOKHO
MOPYYHUTHh TPEM W3 HHUX M3TOTOBIICHUE TPEX PA3JIUYHBIX BUAOB JI€TA-
neu (1o oAHOMY BUJTY Ha Kax0ro)?

74. CKOJIBKUMHU CIIOCOOAMU MOKHO OMYCTUTh 5 muceM B 11 mou-
TOBBIX SIIIIUKOB, €CIM B KaXIbIM SIIIMK OMYCKalOT HE 00Jiee OJHOTO
nichbMa?

75. CKOJBKUMH CIOCO0AMU MOXHO TMOCAJUTh 3a KPYTJIBIA CTOJI
5 MyX4HMH ¥ 5 XKEHIIUMH TaK, YTOObI HUKAKHUE JIBa JIMI[A OJHOTO TOJIa
HE CUJICJIH PsAIOM?

76. CxonbKUMH CriocOO0aMH MOTYT pa3MecTuThcsa 20 4elioBEeK B
IIATH BarOHAX METPO, €CIU KaX bl YEJIOBEK 3aHUMAET MECTO HE3aBH-
cuMo OT apyroro? (BakHO HE TOJIBKO TO, CKOJBKO YEJIOBEK CEJI0 B
Ka)KJIbI BaroH, HO ¥ TO, KTO 13 20 4eJIOBEK B KaKOM BaroH cein ).

77. CKOJIbKO Pa3fIUUHbIX «CJIOBY» MOXXHO MOJIYYHTb, MIEPECTABIISISA
OYKBBI B cJiOBE 1) «mapabomnay, 2) «Cne10BaTeNby?

78. CKoNbKUMH CIIOCOOaAMU MOKHO TIEPECTaBIATh OYKBBI: 1) cio-
Ba «IEperieeKk» TaK, 4TOObl YeThIpe OYKBBI «e» HE LW Moapsa?
2) clioBa «OTOpOA» TakK, 4TOObl TpU OYKBBI «O» HE LI MOJAPsA?
3) crmoBa «00OPOHOCIIOCOOHOCTEY TaK, YTOOBI JIB€ OYKBBHI «0» HE IIIIH
noapsin?
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79. CkonpkuMu crioco0aMu MOXHO BbIOpaTh 12 uenoBek u3 17,
€CJIM JJaHHBIC JBa YeJIOBeKa U3 3TUX 17 HE MOryT ObITh BHIOPAHBI O/I-
HOBPEMEHHO?

80. Ckonpkumu crnocodbamu MOXHO pa3outh 30 pabouux Ha
3 Opuraznel o 10 yenoBek B kaxaou opurage? Ha 10 rpynn no 3 ye-
JIOBEKA B KaXKI0U?

81. CxonpkuMu cioco0aMu MOXKHO Pa3JeIuTh KAPTOYHYIO KOJIO-
a1y B 36 kKapT MoIojaM Tak, 9TOObI B KaKJIOW MOJOBHHE OBLIO MO JIBa
Ty3a?

82. CKOJIBKO MOXHO COCTaBUTH IMSTU3HAYHBIX YHCEN, B JIECATHY-
HOM 3aIMCH KOTOPBIX XOTs OBI OJIMH pa3 BeTpedaercs mudpa 57

83. U3 ypubl, coaepxkarieit 10 mapoB, U3 KOTOPHIX 4 O€NbIX U
6 KpacCHBIX, U3BJICKAIOT 3 MIApa U OTKJIAABIBAIOT B CTOPOHY. CKOJIBKHU-
MU CIIOCOOaMH 3TO MOXKHO CHIeNIaTh TakK, YTOOBI a) BCE OTJIOKEHHBIE
mapbl 0Ka3ajaruch OeabIMU? 0) Cpeir OTJIOKEHHBIX IIapOB OEJbIX OKa-
3aJ10Ch POBHO 27

84. 7 s670k, 3 anenbcMHa U S5 JIMMOHOB PACKJIAIBIBAIOTCS B TPU
[IaKeTa, HO TaK, YTOOBI B Ka)XAOM OBLIO OJHMHAKOBOE KOJHUYECTBO
bpykToB. CKOJBKMMH CIIOCOOAMHM 3TO MOXXHO CJIeflaTh Tak, YTOOBI B
KQKJI0M MAKeTe HaXOAWJIOCh IO OJTHOMY alelbCUHY?

85. Ha coOpanuu nomkHbI BRICTYNUTE S yenoBek — A, b, B, I, 1.
CKOJBKUMU CITOCOOAMU MOYKHO PACTOJIOKUTh UX B CIIUCKE OPATOPOB,
eciu 1) b He momkeH BhICTyNaTh JI0 TOr0, Kak BeICTynuia A; 2) eciu b
JIOJKEH BBICTYIIHUTH cpa3y mociie A?

86. CxonbkuMH crioco0amMy MOKHO MOCTABUTH & IIAILIEK HA 4ep-
HBIE T10JISI JOCKH?

87. CkonbkuMu croco0amMu MOKHO MOCTaBUTh HA YEpHBIE MO
TOCKH 12 6enbiX v 12 4yepHBIX miamex?

88. CxonbkuMH  crioco0amMu  MOXHO  3arlOJIHUTh  KapTOYKHU
«Cnoptioto» (3auepkHyTh 6 HOMEPOB U3 49)? Bo CKOJIBKUX Cllydasx
U3 BBIOPAHHBIX 1IECTH HOMEPOB IMOCJIE TUPAXKa TPU OKAXKYTCS yraJiaH-
HBIMU MPaBUILHO? BO CKOJNIBKUX Cllydasx MpaBWIHLHO OyAyT yrajaaHbl
4 nomepa? 5 HoMepoB? 6 HOMEPOB?

89. 20 paznuuHbIX JeTanen pacKIAAbIBAIOT B TPU SIIUKA, IPUYEM
B IIEPBBIN SAIIUK KIAAYT TPU JCTAIH, BO BTOPOM — 5 meraieu, a B Tpe-
TUU — BC€ OCTajbHbIe JeTai. CKOJBKMUMHU CIIOCOOAMH 3TO MOYKHO
caenarn?

31



90. CKOJIBKO MSATHOYKBEHHBIX «CJIOB», KaXJI0€ U3 KOTOPHIX CO-
CTOUT U3 TPEX COTJACHBIX U JIBYX IJIACHBIX, MOKHO COCTaBUTh U3 OYKB
CJI0Ba «ypaBHECHUE»?

91. CKOIBKO MIECTU3HAYHBIX YMCENT MOXKHO COCTaBUTh U3 LU 1,
2,3,4,5,6,7, 8,9, ecii KaxJ10€ YUCIO JOKHO COCTOSATh M3 TPEX
YETHBIX U TPEX HEUETHBIX HUGP, MPUUYEM HHUKAKHUE JBE IU(GPHI B HEM
HE MMOBTOPSAIOTCS?

92. B nabopatopuu paboraroT 8 ¢uszukoB u 10 xumukos. Hamo
co3JaTh paboure rpymnmsl Mo TpeMm TemMaM. B nepByto rpynmny A0JKHBI
BOWTH 4 (U3MKa, BO BTOPYIO — 5 XUMHUKOB, a TPEThs JOJKHA COCTOSITh
U3 TPEX YEJIOBEK, KOTOPhIE MOTYT OBITh KaK (hU3MKaMH, TaK U XUMHU-
kamu. CKOJIbBKUMHU CTIOCOOaMU MOXHO CO3AaTh TaKUE TPYMIIbI?

93. B Tteuenue 10 Henmenb CTynEHTHI NOJKHBI Hanucath 10 KOH-
TPOJIBHBIX padOT, B TOM 4ucie 2 o MaremaTuke. CKOJILKHUMU CIIOCO-
0aMyd MOXXHO COCTaBUTH pacIlMcaHue 3TUX PadOT Tak, 4TOOBI KOH-
TPOJIbHBIE PA0OTHI MO0 MATEMATUKE HE MU JIPYT 3a APyrom?

94. B nepBoii rpynime kiacca «A» nepBeHcTBa 1no pyrdony yda-
CTBYIOT 17 KoMaH[I. Pa3pirpeiBatoTCsi Meaiu: 30J0Thie, CEpeOpsIHbIC U
OpoH30BbIe. CKOJIBKUMU CITIOCOOAMHU OHH MOTYT OBITh paclpeeieHbl?

95. CKOJIBKO MOXHO COCTaBUTH TeJIE()OHHBIX HOMEPOB U3 TISATU
mudp Tak, 4ToOBl B KaXKJIOM OTIEJIBHOM HOMEpE Bce IUQPHI ObLIN
pa3IuYHbI?

96. HayuyHoe 0OIIECTBO CTYJIEHTOB Ha HEKOTOPOM (haKyJbTeTe
cocTouT U3 25 denoBek. Heobxoanmo n30paTh npe3uieHTa 00IIecTBa,
BUIIE-TIPE3UICHTA, YUCHOTO CeKpeTapsi U KazHaues. CKOJIBKUMH CIIO-
co0aMu ATO MOXXHO CHeJIaTh, €CJIM KaXKIbIi WIEH oOIecTBa MOXKET
3aHUMAaTh JUIIb OJIUH MOCT?

97. 13 yenoBek OOMEHSUIMCH pyKOMOKaTUSIMHU. CKOIBKO OBLIO
PYKOIIOKaTHM?

98. CKOJIBKO XOpJ OPEAEISIOT 5 TOYEK OKPYKHOCTHU?

99. Kaxapiii Tene@oHHbIi HOMEP cocTOUT U3 7 1nudp. CKOIbKO
TeJae()OHHBIX HOMEPOB HE COJEPKUT Ipyrux mudp, kpome uudp 2, 3,
5,77

100. Cxonpkumu criocobamu u3 12 paznuyHbIX KOHPET MOKHO
COCTaBUTh HAOOp, €clii B HAOOPE TOJDKHO COJIEPKAThCS YETHOE KOJIH-
4eCTBO KOH(DET?

101. B memke coaepkarcs 8 mapoB: 3 KpPacHBIX U S5 3€JICHBIX.
CKOJIBKMMHM CIIOCOOaMU M3 MEIIKa MOYKHO BBIHYTH J[Ba IIapa Pa3sHOro
1BeTa? JBa Mapa OJIHOTO BETA?
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102. Cxoapko NATHOYKBEHHBIX «CJIOB» MOXHO COCTaBUTHb W3
7 TIacHBIX U 25 corjiacHbIX OYKB, €CIIM TJIaCHBIE U COTJIACHBIE OYKBBI
B «CJIOBE» JIOJDKHBI YepeioBaThesi? Pemure 3Ty 3aa4y Ipu YCIOBUH,
YTO HU OJ1HA OyKBa B CJIOBE HE JIOJIPKHA MTOBTOPSITHCS.

103. CxonpkuMH CIioco0aMHu MOXHO pa3feiIuTh KOJIOAY KapT U3
52 AUCTOB MOMOJIaM TakK, YTOOBI B KaXKJ0M Mavyke ObLIO0 MO JIBa Ty3a?

104. CxkonpKuUMHU CIIOCOOAMU MOKHO MEPECTABIATh OYKBBI CIOBA
«xodeBapka» Tak, 4TOOBI TJacHbIE M COIJIacCHble OYKBBI uUepeoBa-
JUCH?

105. CxkonpkuMu crocodamMu MOKHO MEPECTaBIATh OYKBBI CIOBA
«KapakyJau» TaK, YTOObI HUKAKWE JIBE IJIaCHBIC HE CTOSUIA PSAJIOM?

106. CxonpKkuMHU CIIOCOOaMU MOKHO MEPECTaBIATh OYKBBI CIIOBA
«jorapudm» Tak, 4TOObI BTOPOE, YETBEPTOE U IIECTOE MecTa ObLIU
3aHATHI COTJIACHBIMU OYKBaMu?

107. B xoMHaTe CTYJICHUECKOTO OOIIEKUTHUS )KUBYT TPOE CTYJICH-
TOB. Y HHUX €CThb 4 4amiku, 5 Omrojel, 6 4YalHbIX JIOKEK (BCE YalllKH,
JIOKKHU M OJI0JIIIa OTJIMYAIOTCA APYT OT Apyra). CKOIBKUMHU criocoba-
MU OHU MOTYT HaKpBITh CTOJI JJI YACTIUTHS?

108. CkoybKMMH CIOCOOAMH MOXHO pa3ieiuTh 27 YroJIOBHBIX
nen mexay anBokatamu A, b u C tak, 4to0s1 A 1 b BMecTe moaydnim
OBI BIBoe OoJblie e, ueM C?

109. Tpoe roHOLIEH U ABE JIEBYIIKA BBIOMPAIOT MECTO PadOTHI.
B ropone ectb Tpu 3aBoja, KyJaa OepyT TOJIBKO MY>KUYWH, U JiBe (ald-
PUKH, TJ€ TPEOYIOTCA U MY>KUMHBI, U *KEHIIUHBI. CKOJIBKUMH CIIOCO-
O0amMu OHU MOTYT PaCHpPECTUThCS MEXKY STUMU PEATPUATUIMU?

110. U3 rpynmsl, coctosimend u3 8 My>K4YUH U S5 KECHIIWH, HYKHO
BBIOpaTh 6 4YeJIOBEK TakK, 4YTOOBI Cpeaud HUX OBLIO HE MEHEe ABYX
#eHIIUH. CKOJIBKUMU CIIOCO0AMH 3TO MOKHO CJI€JIaTh?

111. ludp kamepsl XpaHEHUS COCTOUT U3 OJHOW OYKBBI U TPEX
mudp. CKOJIBKO MOXXHO HaOpaTh pasHbIX MHUGPOB, €CIU HMEETCS
11 6ykB u 10 ucp?

112. CkoIbKUMH CTIOCOOAMHM MOKHO BBIOpaTh M3 4Mcesa oT 1 10
20 nBa yucna Tak, YToObl UX CyMMa ObljIa HEYETHOM?

113. CKoJIbKO 4mCesl, MEHBIINX, YeM MMJIJIMOH, MOKHO 3alucaTh
¢ moMoIIsko 1udp 8 u 9?

114. aus1 6 mudp: 0, 1, 2, 3, 4, 5. CKOAbKO MATU3HAYHBIX YUCEI
MOYKHO COCTaBHUTb, MCIIOJB3YS 3TH IUQPHI, €CIU: a) Kaxaas nudpa B
Yucjie BCTpeYaeTcss He Oojiee OJHOTO paza? 0) MOBTOPEHMS JOIMYCTHU-
MBI? B) UMCJIa IOJKHBI JICIUThCS Ha 57
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115. JTans1 6 udp: 1, 2, 3, 4, 5, 6. CKOJBKO YEThIPEX3HAYHBIX YHCE
MOXKHO COCTaBUTh, UCTIOJIB3YSl 3TU LIU(MPHI, €CIIU: a) HUKAKUE IU(PPHI B
YHCJIe HEe BCTPEYArOTCs O0siee oHoro paza? 0) MOBTOPEHUS IOy CTUMBI?
B) UKCJIa JOJKHBI OBITh YETHBIMU? T) UKCIIa TOJKHBI JEUTHCS Ha 47

116. Cxonbkumu crnocobamMu U3 15 4yenmoBeK MOXXHO BbIOpATh
IpyIIly Jrojei Ajis paboThl, €CIu B TPYIIY MOTYT BXOAUTH OT 3 10
14 yenoBek?

117. Umeerca 3 Bomuka ¢ 6, 8 u 10 rpaHsiMH COOTBETCTBEHHO.
CKOJBbKUMHU Pa3IMYHBIMUA CIOCO0aMU OHU MOTYT yrnacTh? CKOJIBKUMHU
Pa3IMYHBIMM CIIOCOOAMU OHU MOTYT YyMacTh, €CIM W3BECTHO, YTO, IO
KpaitHeil Mepe, /1Ba BOJIUKA yMajid Ha CTOPOHY, TOMEUEHHYIO [iudpoit 17

118. CKoJbKO pa3iuyHBIX OpaclieTOB MOXKHO cJenaTh U3 MATH
OJIMHAKOBBIX M3YMPYJIOB, IIECTH OJIMHAKOBBIX PYOWHOB U CEMHU OJIH-
HaKOBBIX carndupos (B OpacieT BXoasT Bce 18 kamHuei)?

119. Cxonpkumu crnoco0aMu MOKHO U3 T€X K€ KaMHEW BhIOpaTh
3 KaMHS I Koablia?

120. CTopoHBI KaXIOW U3 JBYX HUIPAIBHBIX KOCTEH MOMEYEHBI
yuciamu 0, 1, 3, 7, 15, 31. CkolIbKO pa3IM4YHBIX CYMM MOXKET MOJTY-
YUTHCS IPU METAHUU ATUX KOCTEH?

121. CKOApKMMH CcHIOCOOAMHM MOXHO paszioxkuTh 10 KHUT Ha
5 Ganjmeposel Mo 2 KHUTH B KaXJI0M (MOpsAoK OaHaeposield BO BHU-
MaHHE HE MPUHUMAETCS)?

1.3. Hucaa u onepayuu Hao HUMU.
Cucmemvt cuucaenun

Cpenu Bcex MHOXKECTB B MaTeMaTHUKE 0COOO0 BBIJICISIOTCS YHCIIO-
BbIe MHOKecTBa. K HUM OTHOCSTCS:
1) MHOXXECTBO HATYpaJIbHBIX uncel N;

2) MHO>KECTBO II€JIbIX YHUCEN Z,

3) MHO>XECTBO pallMOHAIBHBIX Yncen Q,
4) MHO>KECTBO BEIIIECTBEHHBIX Yncel R;
5) MHO>ECTBO KOMILIEKCHBIX uncen C.

OTH MHO>KECTBA CBS3aHbI MCIKIY co0011 OTHOIIICHUEM BKIOUECHHUS

NcZcQcRcC.

B3aumocBsI3b MCXKAY Pa3HbBIMU KJIACCaMM YHCCJI OTPAKACT TAKIKC

cleayromas TabmIa.
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/ [ < 4 ° Harypanbnbie uncia Yucno OTtpunarenbHbIe
§ = % (T. €. LeIBIe TOJI0- HyJB: 0 IEIIbIC YHCIIA:
- 5 % = KUTEIHHBIC): -1,-2,-3, ...,
S 2 1,2,3,...,17, -17, ..., 1001, ...
=
< - §< JpoOusble nonoxurenbubie | JpoOHbBIE oTpuIaTesb-
§ 2 z ypcha: HbIE YHCIIa;
s
z E < E( l 7 1111 l 7 1111
= g & Ty ey T, -, =, ...
5< = N 23 6 273 6
qE % WppanmonaneHbie moyio- | MppamnuoHanbHBIE OTPH-
g =¢ KHUTEJBHBIC YKCTIA: HaTeIbHBIC YUCIIA:
g V2, \Bx1 | 2, -B e,
MHuMebIe yncna
. 1 A3
\ l,_l,_2+3l,...,5+7l,...

HartypaJjbHble yucia

HatypasibHble 4nciia — 3TO YHCIIA, KOTOPBIE MCHOJIB3YIOTCS MpPH
cyete. C OJIHOM CTOPOHBI, OHU 0003HAYAIOT KOIUUECHBO NPEOMEMOS:
OJIUH TPEIMET, JIBa MPEAMETa, NeCATh npeaMeTroB u T. . C apyroi
CTOPOHBI, C UX TOMOIIIbIO 0003HAYAIOT MOPSAIOK CJICTOBAHMS: TIEPBHIH,
BTOPOM, TPETUU U T. A. [103TOMY pa3inMyarOT KOJIUYECTBEHHBIC YHUCIIA
(onuH, 1B, TPH, YETHIPE ...) U MOPAAKOBBIC yncia (MepBbIid, BTOPOU,
TPETHUH ...).

Bce HaTypanbHbIe 4YHCia, 32 UCKIIOYEHUEM €UHUILIbI, TTOpa3ie-
JSIIOTCSL HA NpOCHble U COCMABHbIe.

HatypaibHoe uncio p, Ooinbluee 1, HA3bIBAETCS npoCmviM, €CIH
OHO JICJIUTCS TOJILKO Ha |1 u Ha cebs. Beskoe HaTypallbHOE YKCIIO, OT-
JAUYHOE OT | U He SABJAIOIIEeCs TPOCTHIM, Ha3bIBAETCA COCMABHBIM.

Takum oOpa3om, Bce HaTypalibHbIE YKCIa MOKHO pa3OUTh Ha TpU
KJlacca: OJAWH COCTOUT M3 BCEX MPOCTHIX YMCEN, IPYyTrod — U3 BCEX CO-
CTaBHBIX YHUCEJ, TPETUN — U3 OJHOrO yuciaa 1, KOTopoe He SIBIsSETCS
HU MPOCTHIM, HA COCTABHBIM.

B cBsi3u ¢ 00JIBIION POJIBIO MPOCTHIX YHUCE B apU(METHUKE 1IEIIBIX
yucea 0co00€ BHUMAHME YJIEISETCS BOIPOCAM paclpeAesieHUs] Ipo-
CTBIX YMCE]I B HAaTypajdbHOM psny. EBKaugom ObUIO JT0Ka3aHO, YTO
MHOECTBO MPOCTHIX YKCEN OECKOHEYHO, a JAPEBHEIPEUECKOMY yue-
HOMYy Oparocheny (276—194 rr. 1o H.3.) TPUHAMJICKUT OJUH U3
yIOOHBIX CIOCOOOB BBIIEIEHUSI MPOCTBHIX YUCEN B JIAHHOM OTpPE3KE
HATypaJIbHOTO psja. DTOT CIOCOO HOCUT Ha3BaHUE «peutemo Ipa-
mocgena» N COCTOUT B CIIEAYIOIIEM.
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[lycth naH oTpe30k HatypajabHOro psaa: 1, 2, 3, ..., n. Tpedbyercs
BBIJICTIUTh B HEM BCE MPOCTHIC YUCIIA, @ BCE COCTABHBIC 3aYEPKHYTh.
Uucno 1 3adepkuBaeM, Tak Kak OHO HE SIBJIIETCS MPOCTbIM. Yucio 2
npocroe. Beiensiem ero, a Bce ocTalibHbIE YUCIa, KpaTHbIE 2, 3auep-
KMBAaeM, Kak cocTaBHbIe. [IlepBoe HE BBIYEPKHYTOE YHUCIIO 3 — MPOCTOE.
BoigensieM ero u mocliie 3TOro 3a4epKUBaeM BCE OCTaJIbHBIC YHMCIIA,
KpatHbie TpeM. [IpogoskaeMm 3TOT mpouecc Aanblie. B obmem ciy-
4yae, €CJIM B Pe3yJIbTaTe YKa3aHHBIX PACCYKJICHUN Mbl BBIJICIWIN TIEp-
BbIE I' TPOCTHIX YMCEI U 3aUEPKHYJIM BCE YMCIIA, KpaTHBIE UM, KaK CO-
CTaBHBIC, TO CJICAYIOLIUM IPOCTHIM YHUCIOM OyJET MEPBOE HEBBIJEC-
JIEHHOE U HE3aYE€PKHYTOE YUCIIO TAHHOTO OTPE3KA.

VYKa3zaHHbIE PaCCyk IAEHUS JOCTATOYHO MPOBOJMTH JUIIb JJISI TEX
POCTBIX YHCET p U3 JAHHOTO OTPe3Ka, sl KOTOPIX p° <n. Berpe-
THB B MIPOIECCE YKA3AHHBIX PACCYKIACHUN MPOCTOE YUCIIO U3 JAHHOTO
OTpe3Ka, ISl KOTOPOTO p° > 1, PAcCyKICHHE MOKHO 3aKAHIHBATE.

Jls mpuMepa IpUMEHUM «pelieTo JpatoceHa A BblICTICHUS
IIPOCTHIX YMCEN HA OTPE3KE HATypajbHOTro psana ot 1 mo 100.

2 3 5 7
11 13 17 19
23 29

31 37

41 43 47
53 59

61 67
71 73 79
83 89

91 97

Kak N3BCCTHO, HATYPAJIBHBIC YUCJIAa MOKHO CKJIaJAbIBATb, BbIYU-
TaTb, YMHOXAaTb U JACJIUTD. OI[HaKO 9T OIICpalluU HCPABHOIIPABHBI.
OHepaHI/IH CJIOXKXCHHUA U YMHOKCHHUA BO MHO>KCCTBC N BBITIOJIHUMBI, TO
CCTb IIpU CJIOKCHHUH U YMHOXCHHUHN HATYPAJIIbHBIX YHUCCJI BCCraa IoJIy-
4acTCsda 4YUCJI0 HATypaJlbHOC. A BOT OonICpalv BbIYHUTAHUA U OCJIICHHUA
BO3MOJKHbI HC BCCraa, roBOpsAT, 4YTO MHOKCCTBO HATYPAJIbHBIX YHCCII
3dMKHYTO OTHOCHUTCIIbHO onepaunﬁ CJIOKCHHUA W YMHOXCHHUS U HC
3dMKHYTO OTHOCHUTCJIbHO onepaum"l BbIUYUTAHUA WU ACICHMUA. YT100HkI
cacjiaTb BO3SMOXXHBIM BBIITOJTHCHHUEC U 3TUX onepaunﬁ, HOTpC6OBaJ'IOCI>
paciupUuTb MHOKCCTBO HATYPAJIbHBIX YHUCCII.
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[Heabie 1 paMOHAJIbLHBIC YU CJIA

Pacmiipenue MHOKECTBa HaTypajabHBIX YUCEI IMIPOXOJAUIO0 B JIBYX
HamnpaBieHUsX. Bo-mepBbIX, B pacCMOTpeHHE OB BBEJCHBI IICJIbIC
oTpuIaTeNbHbIie uncia (N = {—1, -2,-3,....,—n,... }) n umcJo 0.

Mnoowcecmeo HamypanvbHbiX YUCEN, MHOHMCECME0 YelblX Ompuya-
MeNbHbIX yucen, a makace yucio () cocmaesnsaom MHOMCECMBO Yelblx
yucea 7.

MHOXECTBO LEIBIX YHUCENI YK€ 3aMKHYTO OTHOCHUTEIIBHO TpEX
OTepaIvi: CI0KEHHUS, BBIMUTAHUS U YMHOXKEHUS, HO HE 3aMKHYTO OT-
HOCHUTEIBLHO ONepaluu, 00paTHON YMHOXKEHHUIO, — ONEpalluM JeJICHUS.
UToOBI cenaTh BBIMOJIHUMOMN W OTNEPAIUIO JCICHUS, MHOXKECTBO IIe-
JBIX YKMCEN PaCUIMpPSIOT, BBOJS B PACCMOTPEHHUE NPOOU — YaCTU €u-
HUIl W3MEPEHUS, U3 KOTOPBIX €AWMHHUIIBI U3MEPEHHUS MOTYT OBITH CO-
CTaBJICHBI, a TaK)XK€ COBOKYMHOCTH 3TuX 4acTed. K HeoOxoammocTu
YUYUTHIBaTh TAKUE YACTU COOTBETCTBYIOIIUX €IWHUIl U3MEPEHHUS TPHU-
BOJIVJIM TaKXX€ 3aJ1a4¥ U3MEPEHUS MPOCTPAHCTBEHHBIX, BPEMEHHBIX,
(bU3NYECKUX U APYTUX BEITHYHH.

C Touku 3peHus] apu(PMETHUKH TAKOE PACHIUPEHUE IIEJIBIX YUCET
JenaeT JeUCTBUE JICJIICHUS BBIMOJHUMBIM JJIs JIOOBIX YHCEI, KPOME

ACJIICHUA Ha 0. IosBNIsIETCS MHOIMHCECMBO PAUUOHAIbHBIX HUcCe @
PaquHanbezmu yuciamu Ha30BCM CHadalla Iapbl B3AaUMHO IIPO-

CTBIX LIENIBIX YHCEN p U ¢, TIe q> 1, 3amiceiBaemble B Buae £ (depra
q

UTPACT MOKa POJIb Pa3eIUTEIHLHOTO 3HAKA).

B ciyuae g = 1 BeIpaxkeHue %, rJIe yepTa — 3HaK JEJIEeHUs, O3Ha-

qacT [HejIoC 4uciio p, ABJIIOMICCCA YaCTHBIM OT ACJIICHHA p HaA 1. Ta-

KUM 00pa3oMm, IeJble YKClia MPEACTABISIOTCS KaK YacTHBIA clydai
gyceN palMoHANBHBIX. Bee parmonansHble uncna £, roe g >1, oka-

q
3bIBAIOTCA HOBBIMU YHCJIaMH, HC COACPIKAIIUMUCS B N.

3amMeTuM, 4TO, BBES YepTy JJIs1 0003HAUCHUS JACHCTBUS JICTICHHUS,
MHOXecTBO () MOKHO paccMaTpHBaTh KaK MHOKECTBO BCEBO3MOXKHBIX

. a
BBIpAYKCHUI 7 rae aeZ,be N, b =0, a yepra o3HaYaeT 3HAK JeJIe-

HUsl. BeipaxkeHus: yKa3aHHOTO BUJA HA3bIBAIOT OOBIKHOBEHHBIMH JIPO-
Ostmu. Hajo TOMHUTB, YTO pa3IMyHbIE IO BULY OOBIKHOBEHHBIE IpOOU
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MOTYT 3aJlaBaTh OJIHO U TO K€ paIlMOHAJILHOE YUCIIO, @ UMEHHO: JPOOU

a a
7 u z‘ 3aJ1al0T OJHO U TO K€ PAMOHAIBLHOE YHCJIO TOTJA U TOJIBKO
1

a a
TOrJa, Koraa a-b =a,-b. lHaue, 3 = 31 TOrJa ¥ TOJIBKO TOraa, Koraa
1

a-b=a,-b. CkazaHHOE MO3BOJISIET ONPEAEIUTh PALUOHAIBHOE YHUCIIO

0-HOBOMY. Payuonanvroe 4ucio — 3TO KIacC PaBHBIX MEXKIY COOOM
OOBIKHOBEHHBIX JApo0eii. B Kak/10M TakoM KJlacce €CTh €IMHCTBEHHAs
HECOKpaTumas JApoOb C TOJOXKHUTCIBHBIM 3HaAMEHaTeneM. MOXKHO
CUMTaTh, YTO BECh KJIACC 3aJa€TCSI MMEHHO TaKOW JpoOnio. OmgHaKo
cleAyeT MOHHWMAaTh, YTO Jr00ass OOBIKHOBEHHAs JPOoOb OJHO3HAYHO
onpeeNsieT MeNblid KJIacC paBHBIX Ipo0OeH, TO €CTh HEKOTOPOE pallro-
HAJILHOE YHCIIO.

JlecsiTUYHBIE IPO0U M PALIMOHAJIbHbIE YHCJIA

JpoOu, y KOTOpBIX 3HAMEHATENb IMPEJCTaBIsET COOOW CTENEeHb
JEeCATKH, HA3BIBAIOTCS OecamuyHbiMu OpoOsimu. 3alUCBIBAIOTCS ATU

JpoOu 0COOBIM 00pa3oM:

7 3 17
—=0,7;1— =1,3;3——=3,017.

10 10 1000

Yto0bl 00paTUTh OOBIKHOBEHHYIO ApOOb, 3HAMEHATENIb KOTOPOU
OTJIMYEH OT CTEIEHU JIECSATHU, B AECATHUUYHYIO, HAJ0 €€ YUCIUTEIb Pa3-
JIEUTh Ha 3HAMEHATENb «yroJIkom». B pesynbrare aeineHus: noarydum
WM KOHEUYHYIO JIECATUYHYIO JApoOb, WM OECKOHEUYHYIO, B KOTOPOM
UMEETCsI HEKOTOPBI Ha0OP MOBTOPSIOMINXCS ITUDP — MEPUO/;

1 3

1 2
—=0,25, —=0,375;, -=0,333..., —=0,181818...;
4 8 3 11

% = 3,142857142857142857... .

Habop moBTopsitomuxcs mudp B 3aMUCH OCCKOHEUHOM JECATHY-
HOM JapoOM HasbIBaeTCs nepuodom ApoOU, a cama ApoOb Ha3bIBACTCS
beckoHeyHol nepuoouyeckol o0pobwro. Ilpu 3amucu MepUOIUICCKON
npobu nepuoj 3akirodaercs B ckooku: 0,181818...= 0,(18); 0,333... =
0,(3); 3,142857142857142857...= 3,(142857).

3aMeTHM, YTO KOHEYHAas JeCATUYHAs ApoOb MOXET paccMaTpH-

BaThCs KaKk OECKOHEUHAs JIeCSITUYHAs Mepuoinueckas Apo0b ¢ Nepuo-
oM, cocTosiuM u3 0.
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Mo>xHO A0Ka3aTh, YTO Jt00ass OOBIKHOBEHHAs APOOb MOXKET OBITH
3anucaHa B BHUJIE OCCKOHEUHOW MEPUOJAUYECKOU JIECATUYHOU JpOOH.
OOpaTtHOE TakKe BEpHO: Jt00as OCCKOHEUHasl NEeCATUYHAS MEPUOIU-
yeckasi IpoOb ABJISIETCS 3alKMChI0 HEKOTOPOM OOBIKHOBEHHOW Apo0w,
TO €CTh HEKOTOPOT'O PAllMOHAIBHOTO YHUCIIA.

[TocMOTpUM, Kak MO TaHHOW ACCATUYHOW MEPUOAUYECCKOU IPOOH
HaWTH OOBIKHOBEHHYIO JpOoOb, KOTOpas Mpe/CTaBiIeHA JAaHHOWU Jecs-
TUYHOM.

1. Ilycte a=0, 777.... YMHO}kHM 3T0 paBeHCTBO Ha 10 1 moiryunm

104 =7, 777.... 10 ectb 104 = T+a. OTciona azg.

2. ITyctb a = 0,(18). YMHOxuM 3T0 paBeHCTBO Ha 100, nmoayuum
100a =18,(18)

18
010 o3HayaeT, uTo 1004 =18 + a. OTCrO/1a UMEEM a = 99"

3axauu

122. Beruuciaure:

3 2.5
a) 1-:L125-1,75:=) - 1=;
) ( 4 3) 7

>

4 3 4

125'32_4ﬁ'4’125
0) 4 3 ;
2—:1—
735
(191+43>,75):é (26,8—233):i
6) 6 6 7" °35.

4 0,5 ’
(13,3—11,5):1g =
20185-7,5—54,6:2 5 i

2) 3 1+43,75:11§+24,6:1§.

3-2.8,4-34,4:14-
21 3

123. Cnenyronue parMoHAIbHBIE YHCa 3allUIINTE B BUAE JECs-
3 7 19 4 10 1 3 3449
TUYHBIX Ip0o0ei: a)—=,b)—,c)—,d)—,e)—, f)—, g)—, h)—.
AP D7:0500" V625 D791 179313025

8
124. KakuM n3 CIIeIYIOMNUX MHOXKECTB MPUHAJIEKUT YUCIIO lﬁ:

Dz, 2)Q 3N, HZ; 3S)Z; OR TR,
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9161 9) [ 9% 10)[0; +0); 1) [-6; ],

11

125. ConepKut 11 MHOXKECTBO Q N[-1;7] 4ucIIO:
1) %; 2)-1: 3)7. 4)2: 5)-12; 6)19; T)rz: 8) 2i?

T
126. ITycts 4=[-2;8], B=(—4;11), C(0;9). Haiiqure MHOXKeCTBa:
1) AnBNC; 2) AUBUC; 3) (AUB)NC;
4)4 NBUC; 5)AUBNC.
127. Iycrs A={3n—1/neN}, B={5n+2/neN},

C={2n+1/neN}. Haiigure MuoxectBa: 1) 4N B;2) ANC;

3) AnBNnC;4) AnBUC.

128. Ilo naHHOUW AECATHUYHON NEPUOAUYECKON ApoOU HaAWIUTE
OOBIKHOBEHHYIO Jp0oOb, KOTOpasi Mpe/ICTaBiIeHa JaHHOW JECSITUYHOM:
1) 0,(2); 2) 0, (23); 3) 1,(7); 4) 3,5(72); 5) 0,3(8); 6) 5,26(5).

129. Beruucnure:

1) 0,(2) +0,(3); 2) 0,(2) +0,(37);
(g +0,(3)):0,25
3)0,(73) - 0,4(87);  4) 3 +12,5-0,32;

0,12(3):0,0925
0,725+ i +0,175+0,42(6) +0,12(3)

S ;
) 0,128-6,25-0,0345:0,12

6) 0,8(5)+0,17(1) , 0,8(3)+0,1(6)
0,8(5)-0,17(1)  0,8(3)-0,1(6)

130. [Tokaxute, 4TO MpHU OOpaIIeHUHU B OOBIKHOBEHHYIO OECKO-

HEYHOMW MEepHOANYEeCKON npodu Buaa 4,(aa,..ca.), Tne o, &,, ..., &, —

uudpsl, a a,a,...c, — YUCIO, 3aIMCAHHOE 3TUMU IU(DpaMu, MOTydaeTCs
CJIEIYIOLIUM Pe3yabTaT

oa ;..o
999...9
131. [Tokaxute, 4TO IPU OOpaIIEHUH B OOBIKHOBEHHYIO CMEIIIAH-
HOM OECKOHEYHOM MEepPHOAMYECKON Ipodou A,aa,..a.(SS,..5,) capa-

BEJIJIMBA Ceaytomas hopmyna:
aa,.opp,.. 0 —aa,.o
Aaaoa,..o WP )y=A e em 1
(@ (B P) 99...900...0
rae uudpa 9 moBTOpsETCS CTOILKO pa3, CKOJIbKO HUGp B MEPHOE, a

0 — CTOJIBKO pa3, CKOJIBKO U] MOCe 3amsTou 10 Ieproa.
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132. Ykaxure, Kakue U3 NEPBBIX MATHAALATH HATYPAJIBbHBIX YH-
CeJl SIBJISIFOTCSI TPOCTHIMM, a KaKME — COCTaBHBIMM.

133. IIpeacraBbTe CleAyIOMIME YHUCIA B BUJE TPOU3BEICHUS MPO-
cthIXx MHOKkuTenei: 1 375, 9 009, 1 124.

JlelicTBUTEJbHBIE YHCJIA

Co BpeMeH JIpeBHUX T'PEKOB M3BECTHA 3aja4ya U3MEPEHUS JJTHHBI
JTMaroHalld KBajpaTa, CTOpoHa KoToporo paBHa 1. Eme Torma Owuio
00HaApYKEHO, UTO HUKAKas JOJIs €INHUIIBI, Kak Obl MaJila OHa HU ObLIa,
HE YKJIaJbIBAC€TCS HAa JUATOHAIM I1€JI0€ YHCIIO pa3. ITO 03HAYAI0, YTO
paloHaIBHBIX YHCEN JUIsl M3MEPCHHS JJIMH OTPE3KOB HE XBaraer.
Bo3HHKIO TOHSTHE COM3MEPHMBIX W HECOM3MEPHUMBIX OTPE3KOB, TO
€CTh OTPE3KOB, KOTOPBHIM MPHU 3aaHHON €IUHUIIE U3MEPECHHUS MOXKHO
MIOCTaBUTh B COOTBETCTBHE UHCIIO — JJIMHY, U OTPE3KOB, KOTOPHIM Ta-
KOr0 4YHcCla IIOCTaBHTh B COOTBETCTBHE HEIb3sd. ECTeCTBEHHO, YTO
OMSITh MOSIBUIACh HEOOXOJMMOCTh PACHIMPUTh MHOXKECTBO paIHO-
HaJbHBIX yucel. Pacmmpenue yka3aHHOTO MHOXECTBA ObLIO HEOOXO-
JTUMO TaK)Ke M JJIS1 BBITTOJTHUMOCTH OIepaIli M3BJICUCHUS KOPHS JITO-
OO0 CTENEeHH U3 PAllMOHAIFHOTO YHCIIA.

MOXHO JI0Ka3aTh, YTO YUCIO ~/2, ONPEAeISIONee JIHHY KBaapaTa
CO CTOPOHOM JITMHBI 1, HE SBISICTCS YUCIIOM palliOHAIBHBIM; OHO MPE-
CTaBJISICTCS ACCATUYHON OCCKOHEYHOM HETIEPUONUECKON JPOOKIO.

Yucna, npedcmasnsarowue coool oecamuynvle OeCKOHeuHble He-
nepuooudeckue 0poou, Ha3vl8AOMCs UPPAYUOHATbHBIMU.

[Ipumepamu UpparMOHAIBHBIX YHUCEIT SIBISIOTCS:

V2 =1,414213562373..., /3 = 1,7320508..

J14 = 3,74165738..., ancno © =3,1415926535. .., pPaBHOE OTHO-
IMIEHUIO  JUIMHBI ~ OKPYXXHOCTH K €€  JhaMeTpy,  YHCIO
e=2,718281828459... .

Yucino m U3BECTHO C TIIyOOKOHM ApeBHOCTH. BaBuioOHCKUE, €ru-
MeTCKHe, KUTalCKUWe M TpeyecKue MaTeMaTHUKH HAIUId Pa3InYHbIC

2
NpUOIMKEHHBIC 3HAUYCHUS 3TOT0 YUCia: 3, 4(% , V10, g, ﬁ, 377
9 7 1137 120
u apyrue. PaccMarpuBas BiMcaHHBIE B OKPYKHOCTb MpaBUIbHBIC 2N-

YTOJIbHUKH, ApXHUMEJ] BBIYUCIST 7T ¢ 00JbIION TOYHOCTHIO. OH, Ha-

223 22 o
IIPUMEDP, ONPEAECHUI, YTO 7< T < = Hemenkuit marematuk
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I'. JIeiiOuun (1646—1716) nokasai, 4To YMCIO T MOXKHO IPEICTABUTH
B BUJIE CJIEAYIOIIEeH OECKOHEUHOU CYMMBI:

Zy_1y1_ 1,11

4 3 5 7 9 11

Yucino € (Ha3BaHHOE B YECTh WIOTJIAHACKOIO MaTeMaTHKa
XVI B. /Ixxona Henepa HenepoBbIM) TaKkKe MOXKET ObITh MpPeACTaB-
JICHO B BHUJE psija:

1 1 1
e=-+—+—+..
1 2 3

Hcnonb3yss 9BM u npeacTaBiieHUE YUCEN T U € psiAaMU, MOYKHO
MOJICUUTATh UX C JT000M ToUHOCThIO. Clie/lyeT TakKe CKa3aTh, UTO T U
€ OTHOCATCSI K TaK Ha3bIBAEMbIM TPAHCIICHIEHTHBIM YHUCJIAM — YHC-
JaM, KOTOpbI€ HE MOTYT OBITh KOPHSIMU HHUKAKOTO MHOTOYJIEHA C IIe-
JI6IMHU KO3 PUITUEHTaMH.

OObeMHEHNE MHOXECTB PAlMOHAIBHBIX U HPPALUMOHATBHBIX
YHUCEJI COCTABJIAET MHOXKECTBO OeUCMBUMENbHbIX (8eUieCBEeHHbLX)
yucen. ITO MHOXKECTBO 3aMKHYTO OTHOCHTEJIILHO OTE€paluil CI0XkKe-
HUSI, BBIUUTAHUS, YMHOXEHUS, JICJICHUS, BO3BEJCHUS B CTECICHb.
OnHako OHO HE 3aMKHYTO OTHOCHUTEIBHO OIEpaliv HU3BJICYCHUS
KOPHS$, TaK KaK HE W3 BCSIKOIrO JICUCTBUTEIBHOTO YUCJIAa MOXHO H3-
BJIEYb KOPEHb YETHOW CTENECHU, HAIIPUMEP, KAK MU3BECTHO, HEIb3S
U3BJICYb KBAJAPATHBIA KOPEHb U3 uncia —2. YToObl U 3Ta omeparus
Obl1a BBIMTOJHUMOMN, MHOXECTBO JIEHCTBUTEIBHBIX YHUCET PaCIIU-
pSIOT, 100AaBJIsIA K HUM HOBBIE UMCJia — KOMIUIEKCHbIE yuciaa. Ho o
HUX MBI 3/IECh TOBOPUTH HE OyAeM.

BaXxHbIM CBOMCTBOM MHO’KECTBA JICHCTBUTEIIBHBIX YUCEN SIBJISCT-
Csl €r0 YNopsi004eHHOCmb. Mo C80oUCMB0 O03HAYAET, UTO JIFOOBIE JBa
NEeWCTBUTENIBHBIX YHMCJIa MOKHO CPaBHUTh MEXIY COOO0H, TO €CTh yKa-
3aTh, KAKOE U3 HUX OOJbIIE WX MEHbINE. /(s cpaBHEHUS HY>KHO TO-
CJI€OBATEIbHO CPaBHUBATH LU(PHI, CTOSAIINE HA OJMHAKOBBIX MO3H-
nusX B 3amucu 3Tux uucen. Hampumep, 2,381615...> 2,381529....,
TaK KaK Ha TEPBBIX YEThIPEX MO3UIUIX COOTBETCTBYIONIHE HUQPHI
OJIMHAKOBBI, a 6 > 5. OnrcaHHOE MPABUJIO CpaBHEHUs paboOTaeT mpu
OJITHOM COTJIAIICHUU: HE PacCMaTPUBATh MEPUOJAUYECKUE TECATUIHBIE
IpoOu ¢ meprooM 9. ITO BO3MOKHO, TaK KaK BCAKYI0 OECKOHEUHYIO
MEePUOJINYECKYIO0 IpOO0b C MEPUOJIOM 9 MOKHO 3aMEHUTh PaBHOM ei
KOHEYHOM JECATUYHOU JIPOOBIO.
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3agaumn
134. Jloxaxxute, 4TO CIECAYIOIINUE YHACHIA SIBIAIOTCS UPPAllMOHAb-
HBIMU:

a) V2, 6) 7, B) V4, ) V7,
1) N2 443, e) V3 -5, k) 7+243.

Pewenue. a) ITpeanonoxum, 4To 4UCIO J2— aneno paloHaIb-
Hoe. Torga HaMayTCA LENbIEe YUCia m U 1, B3AUMHO NIPOCTHIE U TAKUE,

m m
410 +/2 =— (IpoOb — — Hecokpatumas). [locie Bo3BeeHUS PaBEHCT-
n n

2

Ba B KBaJIpaT MOJy4YHUM 2:':—2 i m’ =2n*>. OTCIOAA CIIEyeT, UTO
YUCJI0 m” JEIUTCS Ha 2, a TaK KaK 2 — MPOCTOE YUCII0, TO U m JICIIUT-
cs Ha 2. OTo 3HauuT, utro m=2k. Ho Torma m*=4k*, u paBEeHCTBO
m’ =2n> MOXXHO 3aIlicaTh CIEIyIommM o0pa3zoMm 4k° =2n°. Otcroma
n* =2k*, U, CIE€IOBATENbHO, n°, @ 3HAYUT, U n AeIuTcd Ha 2. Takum
00pa3oM MOJIy4eHO MPOTHBOPEUHE C TEM, YTO YHCIA M U N 63AUMHO
npocmoie. IIpoTrBOpeUne yKa3bIBaeT Ha TO, YTO HAIIIe IPEIAIOIOKE-
HHE O TOM, YTO YHCIIO +/2 paIjMOHAIBHOE, HEBEPHO. DTO UHCIIO SIBIIA-
CTCSl HPPATUOHATHHBIM.

1) JlomycTum, 4to J2 +3 =r — uncio panroHanbHOE. Bo3Benem
DTO PaBEHCTBO B KBaapar: 2+2 J6 +3=17. Bripaszum u3 nony4dusiie-

2 p—
rocst paBeHcTBa /6 : \6="1 >

. B neBout yactu 3TOrO0 paBEHCTBA CTO-

T YHCIIO0 UPPalOHAIBEHOE —/6, @ B TIPaBOif — pallOHAIBHOE, TaK KaK
apupMeTUIECKue Orepalui BO3BEJCHNE B CTENICHb, BEIUUTAHUE U Je-
JIEHUE HE BBIBOAST 3a MpeEesibl MHOXKECTBA pallMOHAJBHBIX YHCEIL.
Onate noay4win npoTuBopeure. Haie npeamnosio)keHue HEBEPHO, U
9HCIO0 /2 ++/3 ABISETCS PALHOHATBHBIM.

135. MoxeT 1 cymMMma, pa3HOCTh, MPOU3BEJCHUE, YACTHOE JABYX
UppalMOHATIBHBIX YKMCEN ObITh YMCIIOM pallMOHAIBHBIM? Eciu MOXeT,
TO MPUBECTHU MTPUMEPBI.

136. CpaBHUTE YKcCIIa 1O BEJIUYUHE:

2) 0, 142816... 0, 142827...; 6) B u~2; ) % i \E;

r) 5 12,421619; 1) 3, 12(41) u 3, 1229; e)\/g—ln—%.

137. IlpuBenute mpUMeEpP pAMOHAIBHOTO YUCIA, CTOSAIIETO MEXK-
Iy 9ucnamMu 2 u /3.
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HOBI/IHI/IOHHBIC CUCTEMBbBI CUHUC/ICHUA

[To3unoHHasi cucTemMa CUMCIEHUS — 3TO CIOCO0 HAMMEHOBAaHMS
U 3anucu uucen. g 3anucu yrcen ucnodib3yrores uudpol. Hudps —
3TO, MO CYIIECTBY, CUMBOJIbI. CJIOBO «IO3UIIMOHHAS» O3HAYaEeT, YTO B
3aMUCU YKClIa POJib HUQPPHI 3aBUCUT OT €€ MecTa (MO3UIIMH), HAMPH-
Mep 321 u 123 — pa3Hbie 4ncia, XOTA U 3alUCAHBI C TTOMOIIBIO OJHUX
u Tex xe 1udpp. OOuenpuHAToN 1 HauboIee pacIpOCTPAHEHHOW SIB-
JseTcs AecAaTuaHas cucteMa cuuciaeHus. Ona n3ooperena B Uaanu. B
EBpony nomana uepe3 apaOckue CTpaHbl IPU YYaCTUH UTAJIbSHCKOTO
marematuka U komMmepcanta XIII Beka Jleonapna [Iuzanckoro (du-
OOHay4m).

3anuch 4Mucia B JIECITUYHOW CHCTEME CUMCIIEHUS O3HA4YaeT €ro
MPEJICTABJICHUE B BUJIE CYMMBI IICJIBIX CTETCHEN IECSTKH, B3SITHIX C
HEKOTOPBIMH KOd(PUITMEeHTaMK, HAPUMED:

243078 =2-10° + 4-10* + 3-10° + 0-10*> + 7-10 +8-10°.

Uucno 10 Ha3pIBaeTCsI OCHOBAHMEM CHCTEMBI CUMCICHHS, a €ro
cTerneHb — pazpsagoM. Koadduimenrt, crosmmii mepes CTEeeHbo Jie-
CSATKH, O3HAyaeT KOJUYECTBO COOTBETCTBYIOIIHMX Ppa3psioB, COJAEP-
KaIUXCs B yucie. EAMHUIIBI COCETHUX Pa3psioB HAXOIATCS B OIpe-
JICJICHHOM OTHOIIECHUW MEXAY COOOW: ISl JMECATUYHOW CHUCTEMBI
cuuciaenust 10 equHMI] pa3psiga COCTABISAIOT OAHY €IUHHILY CIIEIyIo-
niero paspsga. Tak, Hanpumep, 10 1eCATKOB at0T OJIHY COTHIO.

3amenss 10 apyruMm umciioMm, HampuMep d, W 3amuchiBas 9HUCIO B
BUJIE CTereHel d, moayyuM 3amuch 4uciia B APYrod CHUCTEME CUHrCle-
HUS — B CUCTeMe cuucieHus ¢ ocHoBaHueM d. Takum oOpa3zom, 3amuch
EJIOro urcia B d-u4HOM cucTeMe O3HA4YaeT MpeICTaBIeHUE ITOrO YHC-
Ja B BHJIE CYMMBI cTerneHeld ocHoBaHMs d ¢ koddduimeHTaMu, MEHb-
mmMu ocHoBaHus. Koadduiments! u sBisitores mudpamu uncia. Cre-
IyeT UMETh B BHUJYy, YTO B TOU cucTeMe d eauHUI] KaKoro-TO paspsia
COCTAaBJISIIOT OJIHY €IMHUILY cieaytomero paspsaa. [Iyctes d = 8. Torna
yruciao 3078, maHHOE B JECATUYHOM CHCTEME CUHCIICHMS, B CHCTEME
CUHCJICHUS C OCHOBaHUEM 8 OyJIEeT 3alUChIBATHCS CIACAYIOIUM 00Pa30M:

3078, = 6-8° + 0-8°+0-8' +6-8° = 6006,
Ecrn d = 2, 10 3078, = 2!'+2"°+22+2' = 110000000110,
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3amMeTuM, 9TO MOSBJICHUE ABOMYHOM CHCTEMBbI CUUCIICHHUS, TO €CTh
CUCTEMBI CUHCIICHHUS C OCHOBAaHUEM 2, CBSI3AHO C MOSIBJICHUEM DJICK-
TPOHHO-BBIYUCIUTEIBHBIX MAIllMH M Pa3JIMYHBIX aBTOMATHYECKUX
YCTPOMCTB, COCTOSIIUX U3 AJIEMEHTOB, JIJIi KOTOPBIX XapaKTepHO Ha-
JIUYHUE JABYX Pa3IUYHBIX YCTOMYUBBIX COCTOSTHUS (9THU COCTOSHUS YC-
JO0BHO MOXHO 00o03HauuTh 0 u 1). Hampumep, BBIKIIOUATENh (MM
AIEKTPOMEXAHUYECKOE PEI€) MOKET ObITh PA30MKHYT WUJIM 3aMKHYT,
KOHJICHCATOP — 3apsKeH WK pa3pspKeH, JICKTPOHHAS JIaMIa WM T0-
JTYTPOBOJHUKOBBIM AMOJ — MPOBOAUTH WM HE MPOBOJAUTH TOK. [Ipu-
MEHEHHE TaKMX YCTPONCTB B BBIYMCIUTEILHBIX MaIllMHAX MPHUBEIIO K
UCIIOJIb30BAHUIO CUCTEMbI CUMCIICHMS, B KOTOPOM JJIsl 3allUCHU YHuCia
TpeOyeTcsa Bcero aBe 1udpsl — 0 u 1. B coBpeMEHHBIX 3JIEKTPOHHO-
BBIYUCITUTEIBHBIX YCTPOMCTBAX MPUMEHSCTCS U IIECTHAAATUPUIHASL
cucteMa cuucieHus. JJisa 3anmucu ynucen B 9TOM CUCTEME CUHCIICHUS B
KaueCTBE CUMBOJIOB UCIIOJIB3YIOTCS HE TOJBKO LIU(PHI, HO U OYKBHI.

Ocy1ecTBUTh MEPEBOJ 1IEJIOTO YKCIA, 3aMMCAHHOTO B JCCITHY-
HOM CHCTEeME CYHUCIICHUS, B d-MYHYIO CHCTEMY MOKHO JBYMS CIIOCO-
Oamu.

1. 3amaHHOE 1EI0e YUCIIO HAJO0 MTPOCTO MPEICTABUTH B BUJIE CyM-
MbI cTenienet ocHoBaHus d. KoaduimeHTsl mosry4eHHOTo pasiioxe-
HUS 1 OyIyT nudpamMu duca.

2. Jlns mepeBo/ia TaHHOTO YKCia B CUCTEMY CUMCIICHHSI C OCHOBA-
HUeM d ero Hazo0 MOCJeNOBaTENbHO JeIuTh Ha d, oTOpackiBas ocTaT-
ku. IlocnenoBarenbHas 3amuch 3THUX OCTaTKOB CIIpaBa HAJIEBO JAacT
nu@psl yncia B d-MUHOM CUCTEME CUUCIICHUS.

3agaun

138. 3anucaTe B IBOMYHON CHCTEME CUUCIICHHS MEPBBIE 25 HATY-
palbHBIX YMCEI, 3aMI0JHUB TaOIUILY.

Jlecamuunoe 3anucw 6 0souu- Jlecamuunoe 3anuco 6 0souy-
YUCTIO HOU cucmeme YUCTIO0 HOU cucmeme

1 1 13

10 14

15

16

17

18

19

DI [N | |W(N

20
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9 21
10 22
11 23
12 24

139. Cnenyrouue uncia 3anucarh 1) B IBOUYHOM , 2) B cEMEPHUY-
HOH, 3) B BOCbMEpUYHOM cuctemax cuucienus: 13, 50, 26, 28, 81.

140. IlepeBeaute B JECATUYHYIO CHUCTEMY 4YHCJa, 3aJaHHBIC B
nBonuHont cucreme cuwmciaenus: 10110110, 10101011, 1100111,
100011000110.

141. IlepeBenute B JECATUUYHYIO CUCTEMY YHUCIIA, 3aJJaHHBIE B CE-
MEpUYHOH cucTeMe cuuciieHus: 441, 24621, 13642.

142. CocrtaBpTe TAOIMULBI CIOKEHUS OJHO3HAYHBIX YWUCE I
CHUCTEM CUYHCJIEHHSI C OCHOBAaHUEM, paBHBIM S, 7, 12.

143. BrinonHuTe yKa3aHHBIE JEUCTBHUS:

1) 233344+ 330204 + 444¢ + 123414 ;

2) 100100115 —22100225;

3)43(10)(11)5, + 3(10)61, +4(11)25,.

1.4. Bzaumuo o0Ho3Haunvle coomBemcmbus.
Pabuomouwtvie mroxxecmba

ITycTh naHbl 1Ba MHOKECTBA A U B.

Mex 1y MHOKECTBAMH YCTAHOBJICHO OUEKMUBHOE COOMBEMCmaue
(buekyus), €CM KaxkJA0My 3JIEMEHTY MHOXECTBa 4 MOCTaBJIEH B COOT-
BETCTBUE €JIMHCTBEHHBIN 3JIEMEHT MHOXKECTBA B, M 00paTHO: KaXJ0-
MY 3JIEMEHTY MHOKECTBA B — €IMHCTBEHHBIN dJIEMEHT U3 A. buekunto
WHOTJIa Ha3bIBAIOT B3AMMHO OJIHO3HAYHBIM COOTBETCTBHEM. Ecim Mme-
XKy JBYMSI MHO>KECTBAMHU MOKHO YCTAHOBUTH OUEKTHUBHOE COOTBET-
CTBHE, TO 3TH MHOMXECTBA HA3BIBAKOT PAGHOMOUWHBIMU, VA IKEUBA-
nenmuvimu. Ecnmi MHOXkecCTBa A U B SKBUBAJICHTHBI, TO 3TO 3aMUCHI-
BAalOT TaK: A ~ B.

OuyeBuIHO, YTO €CIIM A~B, B~C,TO A~C.

MHOXeCTBO A HA3BIBACTCS KOHEYHbIM, €CIIM OHO COJICPKUT KO-
HEYHOE YMUCJIIO AIEMEHTOB. [1yCcTO€ MHOXKECTBO TaKKE MIPUUYUCIISIETCS K
KOHEYHBIM MHO>KECTBAM.

JIBa KOHEYHBIX MHOECTBA pABHOMOWHbL TOTJA U TOJBKO TOT/A,
KOT'J1a OHU UMEIOT OJJMHAKOBOE YUCIIO JIEMEHTOB.
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MHOK€ECTBO, HE SIBJISIOIIEECS KOHEUHBIM, HAa3bIBACTCSI OECKOHEUHBIM.

beckoHeuHbIE MHOXKECTBA, SKBHUBAJECHTHBIE MHOXKECTBY YHCEN
HATypaJIbHOTO PsAZla, HA3bIBAIOTCA CYemHbIMU MHOXECTBaMHU. Molll-
HOCTh CYETHOI'0 MHOKECTBa 00OO3HauaeTcs uepe3 NX( U Ha3bIBACTCS
anegh-uynv. 3aMETUM, YTO MOIITHOCTh O€CKOHEYHOI'0 MHOXKECTBA — 3TO
MOHSITUE, AaHAJIOTUYHOE YUCITY 3JIEMEHTOB B KOHEYHOM MHOKECTBE.

Hexomopuie ceoticmea 6eckoneuHblx MHOMCECME:

1. JIroboe TOAMHOMXKECTBO CYETHOTO MHOXECTBA KOHEYHO WU
CYETHO.

2. Besakoe 6eCKOHEYHOE MHOKECTBO COJEPKHUT CUYETHOE MOIMHO-
xecTBO. CueTHOE MHOXKECTBO SIBJISIETCS HAaUMEHBIITUM U3 BCEX OECKO-
HEYHBIX MHOXECTB.

3. O0benMHEHNE KOHEUHOW WM CUETHOW COBOKYIHOCTH CYETHBIX
MHOKECTB €CTh CYETHOE MHOMXECTBO.

Ecnu MHOXecTBO OECKOHEYHO M HEPABHOMOIIHO MHOXKECTBY
HAaTypaJIbHBIX YHCEJ, TO OHO HAa3bIBACTCS HECUEMHbIM MHOMCECH-
éom. K HECUETHBIM MHOKECTBAM OTHOCHUTCS, HAIIPUMEP, MHOXKECTBO
Bcex Touek mHTepBasia (0, 1). ['oBOpST, 4YTO MHOKECTBO TOYEK HMH-
tepaiia (0, 1) uMeeT MOIIHOCTh KOHTUHYYMa, KOTOPYI 00O3Haua-
IOT CUMBOJIOM C.

4. Ecny U3 HECYETHOTO MHOXKECTBA A YAAJIUTh KOHEUYHOE WIIU
CYETHOE MHOXKECTBO M , TO MOIIIHOCTh MHOXECTBA A HE U3MEHUTCS.

5. Ecnu kK GECKOHEYHOMY MHOKECTBY J00aBUTh KOHEUHOE WIIU
CYETHOE MHOKECTBO, TO €r0 MOUTHOCTh HE U3MEHUTCA.

6. Teopema Kanmopa-beprnuimetna: €Cii MHOKECTBO A SKBHUBaA-
JIEHTHO MOJAMHOKECTBY MHOXECTBA B, @ B 3KBUBAJICHTHO MOJIMHO-
JKECTBY MHOXXECTBA 4, TO A DKBHUBAJICHTHO 5.

7. Y BCSKOro OECKOHEUHOTO MHOXECTBA CYIIIECTBYET COOCTBEH-
HOE MOAMHOXECTBO (IIOJIMHOKECTBO, HE COBIQJAIONIEE C CAMUM
MHOECTBOM), IKBUBAJICHTHOE 3TOMY MHOKECTBY.

3agauu

144. IIpuBeaute npuMepbl PaBHOMOIIHBIX MHOXECTB a) KOHEY-
HBIX; 0) CUETHBIX; B) MOIITHOCTH KOHTHHYYyMa.

145. Mexy KakuMU U3 3aJITaHHBIX MHOKECTB MOYXHO YCTaHOBUTD
OMEKIUIO:

A={1,2,3,4,5,}, B={&,%,#, Vv, <},

C=1{5,6,7,8,9,10, 11}, D= {2n|n eN},

E={x|x=+5-n|neZ}.
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146. Kakue u3 ciaeayronmx MHOXKECTB PAaBHOMOIIHBI? Y KaKUTE
MOIITHOCTb ATUX MHOXECTB: N, C = {\/5, Ja, e, ..., \2n, vty
A={2n+1/neN}, Bz{nz/neN}; D={x/xeZ}, E=Q.

147. YcranoBure OUEKIUIO:

a) MEXJy MHOXECTBOM S HEUETHBIX HATypaJIbHBIX YHCEI U MHO-

XKECTBOM N BCEX HATypaJbHBIX YHCEII,;
0) MEXTy MHOKECTBOM N M MHOYKECTBOM Z BCEX IIEIIbIX YHCET;

B) MEXJY MHO>KECTBOM Al LICJIBIX HEOTPULATEILHBIX YHUCEN U
MHO>XECTBOM N;

') MEXJy MHOXECTBOM @+ HEOTPHULATEIILHBIX PAallMOHAIIBHBIX YU-
CEJI 1 MHOXKECTBOM N.

+
Pewenue. 2) 3anuiiem Kaxaoe 4uClio r € Q B BHUJIE HECOKPATH-

MOM IpoOW U HA30BEM BBICOTOW YHCJIa CYMMY YHCIIMTENSI U 3HAMEHA-
TeJis. SICHO, 4TO UMEEeTCs JIMIIb KOHEYHOE MHOYKECTBO HEOTPHULIATEIIb-
HBIX PAIMOHAIBHBIX YHCEN JAHHOM BBICOTHI. PacmoliokuM Bce HEOT-
pHULIATEIIbHBIE PAIMOHAIBHBIE YUCIIA B MOCIENOBATENBHOCTD B MOPSI-

0

K€ BO3pacTaHus uX BbICOT. Ha mepBoe mecTo momectum yucio 0 = n
1

(3TO 4MCIO BBICOTHI 1), 3aT€M — YKCIIO BBICOTHI 2 (YHUCIIO i)’ nanee —

I 2
4yuciaa BBICOTHI 3 (4ucia 5 T) u T. 1. Ecnu kakyroo-nmbo BBICOTY

MMEIOT HECKOJIBKO PA3JIUYHBIX PAIMOHAIBHBIX YHUCEJ, TO OHU PaCHo-

JararoTca B MOpPSIKE BO3pacTaHus. TakuM oOpa3oM, BCE BJIEMEHTHI
+ v

JAHHOTO MHOXECTBA Q pAaCIONOXKaTCs B BUJIE CIEAYIOWIEH MOCIEN0-

BaTCJIBHOCTH.
1 1 1 2 3
Oa 1) P 29 ) 3) RN
2 3 43" 2
HOCTaBI/IM TCIICPb B COOTBCTCTBHUC KAXKIAOMY pPAUOHAIbHOMY
+ o o
YUCIIy I U3 Q TOT HOMCP, KOTOPbIX 3TO YUCJIO 3aHUMACT B HAICH I10-

4, ...

CJIEJIOBATEILHOCTH; 3TO COOTBETCTBHUE SBIISICTCS OHMEKLHMEH MEXIy
+
MHOXKeCTBaMU Q H N.

148. HaiiguTe MOIITHOCT, MHOXKECTBA TOUECK: a) MapabdoJbl; 0) TH-
nepOoJIbL.

149. IloxaxxuTe paBHOMOIIHOCTH MHOXECTBA TOYEK MPSIMOU M
MHOecTBa Touek uaTepnaia (0, 1).
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Pewenue.

Jl71s1 TOro 9To0BI TOKa3aTh PABHOMOIITHOCTHh MHTEPBAJIA M IIPSIMOM,
HEO0O0XO0IMMO YCTAaHOBHUTh MEXAYy HUMH Ouekinioo. Ha xoopauHaTHOU
TJIOCKOCTH PACCMOTPHUM IOIYOKPYKHOCTB ¢ paauycoM 0,5 u 1leHTpoM
B Touke C (0,5; 0,5) (cm. puc. 3) U nNpsAMYyI0, KacaTeIbHYIO K OKPYXK-
HocTu B Touke (0,5; 0), — och OX.

Mot

0,5

0 [}I,S x ¥1 x °X

Punc. 3

Kaxnayro Touky x u3 untepBaia (0,1) mpoekTupyem Ha MOTYOK-
PY’KHOCTB MO HAIPaBJICHUIO MEPHEHIUKYIIspa K mpsiMo OX B TOUKY
M. 3arem u3 nentpa C OKpYy>KHOCTH ITPOBOJIUM JIy4 4epe3 TOUKy M,
1o nepecedeHus ¢ ocbto Ox B Touke X'. Takum oOpazoM, Kaxaou Tou-
K€ MHTEpBaJia CTAaBUTCS B COOTBETCTBUE Touka Ha ocu Ox. Ilycth Te-
IEpb TOYKAa X UHTEPBAJIIA PACCMATPUBAETCA KAK TOYKA IpsAMOu. Ilo-
CMOTpHUM, Kakas TOYKa € OTBEYaeT Ha MHTepBajie. s HaxoxKAeHUs
ATOM TOYKH MpoBeaeM Nnpamyro XC 1 HalJIeEM IIEpEeCEeUYEeHHUE €€ C MOy-
oKpyxkHOCTbIO. [lycTh 3TO Oyner Touka K. OnycTuM nepneHauKyJisip
3 Toukn K Ha ock Ox. OH nmepeceder OX B ToUke X . B mocTpoeHHOM
BBILIC OTOOPaXKCHHH X' Tepeiizer B Touky X. TakuM oGpasoM, coOT-
BETCTBHE, IIPU KOTOPOM Touke X umHTepBaia (0, 1) ctaBuTCs B COOT-
BEeTCTBUE Touka X' ocu OX, sABIAETCS OMEKTUBHBIM. 3a7a4a pelicHa.

150. /lokaxuTe paBHOMOIIIHOCTh MHOKECTBA TOYEK Jy4da [0, +o0)
1 MHO>KECTBa TOUYeK npoMexyTka [0, 1).

151. JTokaxxuTe, 4TO OKPY>KHOCTh M UHTEPBAJI PABHOMOIIIHBI.

152. YcraHoBUTE OMEKIIMIO MEXKITY OTPE3KAMH:

Y 2) 3)

/ - yd

O
. @ 4— &

153. Haiinute B3aMMHO OJHO3HAYHOE OTOOpaKEHUE OTpe3Ka
[0, 1] Ha oTpe3oxk [a, b].

154. ITlocTtpoiiTe B3aMMHO OJHO3HAYHOE OTOOpaKEHUE OTpe3Ka
[0, 1] va uaTepBain (0, 1).
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Pewenue. Boinenum Ha untepBaiie (0, 1) kakyro-1ubo mocienao-

1 1
BAaTEJIBLHOCTH MOMAapHO Pa3IMYHBIX TOYEK, HAIIPUMEP: X| = 5> Xy = 3
1
ey Xp = — YcranoBuM ciieaytoiiee CoOOTBETCTBUE: ToUke 0 OT-
n+

pe3ka [0, 1] ctaBuMm B cooTBEeTCTBUE TOUKY X uHTepBania (0, 1), Touke

1 € [0, 1]—Touky x, € (0, 1), Touke x| = % € [0, 1] — Touky x3 = %,

1
1 BooOIe Touke x, € [0, 1]— Touky x, +,, TO €CTh TOUKE — CTaBUM
n+

B COOTBETCTBHE TOUKY . JIroOyto apyryto Touky x € [0, 1], He 3a-

n+3

1
JaBacMyro 41uCJIOM BHIA —, 0To6pa>1<aeM Ha MHTCPBAJI B TOYKY, 3a/a-
n

BacMYI0 T€M JKE€ YHCJIOM, YTO M OTOOpakaemas Toudka. [lomydeHHoe
COOTBETCTBHE, OUEBUIHO, SIBJSETCS OMEKTUBHBIM.
155. TlocTpoiiTe OMEKTMBHOE OTOOpaXEHHWE OKPYKHOCTH €J]IH-
HUYHOTO pajuyca Ha: a) mpoMexxyTok [0, 27); 6) Ha oTpe3ok [0, 1].
156. IlocTpoiiTe KakyrO-HUOYAh OMEKITUIO MEXKIY CJICTYIOITAMH
OTpE3KaMu:

1) [4, B], [4.C]; 2) [A, B], [C, DI.

> & Y 4

- A ¢

D E
157. Onpenenure, KAKUM MHOKECTBOM (KOHEYHBIM, CYETHBIM HIIH

MHOXECTBOM MOITHOCTH KOHTHHYYM) SIBIIIETCS KaKI0€ M3 CIEaYIO-
X MHOeCTB. OTBET 00OCHYMTE.

n* +1 2n
l)Az{xn/xnz ; neN}; 2)A:{xn/xn: 3 neN};
n—73 n-+1
!
3)A={xn/xn= n ; neN}; 4)A={x/x€[5;6]};
n+2
5)A=Q; 6) A={x/xeN; x<5};
n? -1
7) A={xeN/x¢[2;10]}; 8) A=1x,=— 1/neN ;
n-+

9) Az{xeR/xe[O;lO]\Q}.
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10) MHOXeCTBO BCEX HEIMEPECEKAOIIUXCI OKPYKHOCTEM Ha
MJIOCKOCTH;

11) MHOXk€eCTBO BCEX UPPALIMOHATIBHBIX YHUCENT;

12) MuoXxecTBO Bcex TOYEK OTpe3ka [0,1];

13) MHOECTBO BCeX ACCATUYHBIX IpoOeii;

14) MHO€eCTBO BCEX BEIIECTBEHHBIX UMCEN, 3aKITIOUEHHBIX MEXK-
ny O u 1, B 1ecAITUUHOM 3alIMCH KOTOPBIX UMeeTcs nudpa 7;

15) MHOeCTBO BCeX pallMOHAIbHBIX YUCET OTPE3Ka [a, b] ;

16) MHO€eCTBO BCEX Map HATypAIbHBIX YHUCE,

17) MHOXk€eCTBO BCEX Nap PaAllMOHATIBHBIX YHUCE;

18) MHuoxecTBO BceX Touek rpaduka (yHKIUU: a) y=tgx,
6) y=log, x;

19) MHOXk€eCTBO BCEX TOYEK KBAJpaTa;

20) MHO»XeCTBO BCEX TOYEK IJIOCKOCTH, JIS)KAIIUX Ha OCSIX KOOp-
JIUHAT;

21) MHOK€eCTBO BCeX YHCE BUOA a+bi, Tae aeN, beN, i’ =1,

1.5. 3adauu na npoyernmol

CJIOBO «IPOLIEHT» MPOMCXOAUT OT JIATMHCKOI'O pro centum, TO
€CTh «Ha COTHIO». B cioBape Jlansg HaxoauM ClIeAYIOIIee TOJIKOBAHUE:
«MIPOIEHT — YKUCIIO0, O3HAYAIONIEE TOXOJ WIH IJIaTy C COTHW». Takum
obpa3om, 1 mporieHt o3nadaer 1/100, a 1 mporieHT OT YKciIa a 03HaYa-

1
et 1/100 momto OT ATOTO YKcia, TO €CTh PaBEH T00%"

Pelenue 3asad Ha MPOLIEHTHI, KaK MPaBWIIO, CBOAUTCS K pellie-
HUIO CIEAYIOLIUX TPEX 3aj1au.
3aoaua 1. Halith, CKOJIBKO MPOIEHTOB OJHO YKCJIO (HAmpUMep,
A) cocTaBisieT OT APYyroro uucia (Hampumep, B).
Pewenue. CoctaBuM NpONOPIHUIO, UCXO/AS U3 TOTO, YTO Yuciay B
cootBeTcTBYET 100%, a uniciny A cooTBeTcTBYET X%:
A X
B 100
Orcrona nmoinydaem

X:é-IOO.
B

3aodaua 2. Haiitu ipouieHT OT yucina: Hailtu p% ot uucia B.
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Pewenue. cxona u3 toro, uro 100% coorBercTByeT uncio B, a
p% COOTBETCTBYET HEU3BECTHOE YHUCIO X, COCTAaBUM IMPOMOPIHIO:
100 B
— =—.0Orcrona: x=-2L_.p
p X 100
Bo3MoxHO u apyroe paccyxjaeHue. OIUH MPOLEHT OT yucia B
B . B
paBeH —, Toraa p% OT ATOr0 YKcCia paBHbI p-—.
100 100
3adaua 3. HaiTu 4MCIIO MO €ro MPOLEHTY: HAUTH YHUCII0, €CJiu P%o
€ro paBHBI 4.
Pewenue. Tlycts HenspectHoe umuciao paBHO X. Torma p% ot X

paBHbI L x To YCJIOBUIO L x=u4. Orcrona X:@-A.
100 100

p

158. B n-m roay B Spocnane Obuto 3adukcupoBano 2 509 mpe-
CTYIUIEHUA SKOHOMWYECKOM HAIIPaBIIEHHOCTH, U3 HUX — | 334 mnpe-
CTYIUIEHUS MPOTUB COOCTBEHHOCTHU. CKOJIBKO MPOIIEHTOB COCTABIISIIOT
MPECTYIUICHUS] TPOTUB COOCTBEHHOCTH OT OOIIEro YKCJia MpecTyIlie-
HUM SKOHOMUYECKOM HAIPABICHHOCTH.

159. B n-m roay B SApocnaBckoit o0jacTu ObL10 ocyxkjaeHo 2 072
YEeJI0BEKa, HE JIOCTUIIIUX COBEpILICHHOJIETHS. M3 HHUX 3a Kpaxu —
1 392 yenoBeka. CKOJIBKO MPOIEHTOB HECOBEPIICHHOJIETHUX OCYXKIE-
HO HE 3a Kpaxu?

160. C suBaps no utoas 2000 r. B Spocnasie ObLIO 3aperucTpu-
poBaHO 574 mpecTyIUIeHUs, CBSI3aHHBIX C HE3aKOHHBIM O00OPOTOM
HApKOTUKOB, U3 HUX TSHKKUE U 0C000 Tshkkue coctaBisiioT 40,4%.
Haiiaute 4uciao TSKKUX U 0C000 TSHKKUX MPECTYIUICHUM, COBEPIIICH-
HBIX 32 JIAHHBIN IIEPUOLL.

161. B CIIIA B 1960 r. 65110 3apeructpupoBano 2 014 600 mpe-
cTymuieHn. Hauanre 4ucino nmpecTyIuieHUul, 3aperuCTpPUPOBAHHBIX B
1990 r., ecau U3BECTHO, YTO OHHM COCTABIAIOT 718,5% 110 OTHOIIIEHUIO
Kk 1960 r.

162. B n-M roay B SApocnaBckoit o61actu OBLUIO 3aperucTpupoBa-
HO 2 087 rpabexei, yTo cocTaBiisieT mpuMepHo 5,615% ot obiiero
qyclia 3apEeruCTPUPOBAHHBIX MPECTYIUICHUU. Halaure ynucno 3aperu-
CTPUPOBAHHBIX MPECTYIUICHUHN.

163. Ilocine moeimenns Ha 20% 3apruiata crtana COCTABIATH
4 200 pyOmeii. Kakoit Obli1a 3apriaTa 0 TOBBIIICHUS ?

164. KOHTUHIEHT y4YalIuxcs IIKOJbI 3a MOCJIEIHHUM T'OJl COKpa-
triica Ha 5% u ctan cocTaBisTh 2 090 yenoBek. CKOMBKO ydaluxcs

YUUIOCh B IKOJIC 10 COKPpAIlCHUA KOHTHHI'¢HTAa?
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165. Yucno THKKUX OPECTYIUICHUHN 3a MOCIEAHUN MECSIT IO CpaB-
HCHUIO C TPEIbIAyIIMM BBIpOCIO Ha 6% u crano paBHATHCS S3.
CKOJIBKO TIpeCTyIUIeHUH ObUIO 3a(PUKCUPOBAHO B MPEABIAYLIUNA Me-
cs?

166. 3a neHb B ropojie MpoOU301UI0 35 NPECTYIUICHUN, / U3 KOTO-
PBIX — MPECTYIJICHUS JOPOKHO-TpaHCTOPTHbIE. Kakou MpoueHT mpe-
cTyIuieHuH He cBsizaH ¢ JJTII?

167. 3a mocnennuii rox Jyma paspaboTana HOMOTHUTEIBHO K
umeromuMmcs 150 3akonam enre 20%, a 3aTeM COKpaThJia YKCIIO 3aKO-
HOB Ha 5%. CKOJIBKO 3aKOHOB CTaJIO B KOHIIE HAOJII01aeMOro roja?

168. Ilo cTaTucTHyecKUM JaHHBIM B 1-M Tojy B SIpociaBie ObuIo
3apeructpupoBaHo 15 417 npectymnenui, uro cocrasisiet 123,4% no
OTHOIICHHUIO K MpeabayneMy roay. CKOIbKO MPOIEHTOB COCTABIISIIOT
MPECTYIUICHHUS MPEIbIAYIIEro roja OT OOIIEero 4uciia MpecTyIICHHUM
n-ro rona?

169. 3a rox B obnactu N cosepiiero 6 720 npecryruiennid. Y3 Hux
TSDKKUX — 33, B COCTOSIHUHM aJIKOT'OJILHOTO OIIbSIHEHMS — 3 262, CBSI3aH-
HBIX C JOPOKHO-TpaHCHOPTHBIMU TipouciiecTBusiMu — 1 310. Tlocne 3a-
BepuieHus cneAcTBusd nepeaansl B ¢y 4 520 nen. [To 3 816 u3 Hux yxe
BBIHECEHBI TIPUTOBOPHI, MPUYEM IIOJIOBUHA U3 TMOCJIECIHUX — OOBHUHU-
TenbHble. M3 BceX OOBHMHUTENBHBIX MPUTOBOPOB MPUBEACHBI B MCIIOJ-
HeHue 40%. 3anoIHUTE 10 KOHIIA CISTYIONIYIO TaOJuITy:

Bcero 6 720 100%
TskKkux 33

B cocTosHNM aIKOr0JILHOTO ONMBIHEHUS 3262
TpaHCOPTHBIX 1310
3aBepiieHO 4 520

Bcero npurosopos 3816
OOBUHUTEIBLHBIX

Hcnomaneno 40%

170. Hanor Ha mpuOBLUIL OT MPOW3BOACTBA MPOAYKIIUU U YCIYyT
coctaBisieT 35%. Kakoll gobkHa OBITh CymMMa HajgoroooOiaraeMou
npUOBLIN, YTOOBI YUCTast MPUOBLIL COCTaBIIsIA @ pyOIIei?

Pewenue. Ilycts b py0aeli cocTaBiasieT cymMmMa HaJloroo0jaraeMou
100 7
npuosu. Torma »-0,35b=a, M b=——a=1—a.
65 13
171. Hatimute uncno, 3Has, uto 11% ot Hero cocraBisttor 20% ot
16,5.
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172. llena Ha ToBap ObLia noBeilieHa Ha 25%. Ha ckonbko mpo-
IICHTOB €€ HAaJ0 CHU3WUTh, YTOOBI MOJIYYHUTh MEPBOHAYAIHHYIO IIEHY
ToBapa?

Pewenue. Ilycts a pyOneit — nepBoHavajibHas 1leHa TOBapa, TOT1a
a+ 0,25a = 1,25a — neHa toBapa mnociie nossimeHus. [lockonbky ee
HAJI0 CHU3UTh Ha X %0, 4YTOOBI MOJYYUTh EPBOHAYAIBHYIO LIEHY @, TO

1,250 -1,25a— =a. Orciona x= 222199 55 (%),
100 1,25

b

Omeem. 20%.

173. Yucno a 6onwiie yucna b Ha 50%. Ha ckoabko mpoOIIEHTOB
YuCJI0 b MeHbllIe yucia a?

174. O6beM NpOMBIIUIEHHON MpoAyKuMU yBenauuwmics B 10 pas.
Ha ckoibKO MpOLEHTOB MPOU3OIILIO YBETUYECHHUE?

175. Llex Beimyckaetr 200 u3nenuii B ron. Ha ckosibko uzpenuii
YBEIUYUTCS BBITYCK MPOAYKIMU B TOJ, €CIU MPOU3BOJUTEIHLHOCTH
TpyJa noBeicutcs Ha 45%7?

176. B pe3ynbrare yBEenWUYECHUS NMPOU3BOAUTEIBHOCTA TPYJa Ha
35% nex cran BeimyckaTh B JieHb 405 uznennii. CKOJIBKO U3ACIUN B
JI€Hb 11€X BBITYCKAJI JI0 MOBBIIICHUS TPOU3BOAUTEIBHOCTH?

177. 3aBoj mepeBBINOJHII TUIaH Ha 3, 5% UM BBITYCTHI OPOIYK-
uu Ha 238,05 muuinona pyOnei. Kakos miaH 3aBoja?

178. 3apaborHyto miaty cHadajna yBenuuwin Ha 10%, a 3atem
cHM3WIN Ha 5%, mocne vero oHa crama paBHor 5 313 py6. Kakosa
NEpBOHAYAJIbHASA 3apruiaTa’?

179. Hacenenue ropojaa 3a roa Beipociio ¢ 80 000 go 82 400 ye-
noBek. Haiitu rooBoii npupoct HacesneHus B %o.

180. B Gauk BHecena cymma 50 000 pyOneii. bank Hauucmuser
poleHThl 1o cTaBke 15% romoBeix. Kakas cymma OyneT Ha cyeTe
BKJIaJUMKa 4yepe3 ABa roga’?

Pewenue. O603nauum yepe3 S(0) cymMMy, KOTOPYHO BHEC BKJIaj-
yuk. [To ycnosuto S(0) = 50 000. Uepe3 oauH 1o Ha CYETE BKIAUUKA
OKa)KeTCsl CyMMa

S(1) =S(0) + 0,15 S(0) = (1 + 0,15) S(0) = 1,15 S(0).

Yepes aBa rojga cymma OyJieT Cleayromei:

S(2) = S(1) + S(1)-0,15 = S(1)(1 + 0,15) = S(0)-1,15".

Takum o6pazom,

S(2) =50 000-1,15% = 50 000-1,3225 = 66 125 (py6.)

Omeem: 66 125 pyo0.
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181. KonnyecTBO CTYJIEHTOB B MHCTUTYTE €KETOAHO YBEIUYMBA-
JIOCh Ha OJIMH W TOT € MPOIEHT U 3a TpH roaa Bo3pocio ¢ 1 000 mo
1 728 denoBek. Ha CKOJIBKO MPOILIEHTOB YBEJIUYUBAIOCH YHCIO CTY-
JICHTOB €XETr0JIHO?

Pewenue. 1lycTp 4uCNO CTYACHTOB €XKETOAHO YBEIMYMBAIOCH HA

3
x%. Toraa nmo ¢opmyJsie CIOKHBIX MTPOIICHTOB 1728=1000(1+ﬁ) . Ot-

CI0JIa MOJIyYaeMm, uTo 1+ ﬁ =1,2. CnenoBarenbHO, x =0,2-100 =20 (%).

Omeem: 20%.

182. Cpounblil BKJIaJI, MOJ0KEHHBIA B OaHK, €XKEr0JHO YBEJINYU-
BaeTca Ha 3%. Kakum cTa”eT BkJaz yepe3 3 roja, €Civ B Hayajae OH
osL1 paBeH 800 py0.?

183. IlycTh BkIaguuK BHEC Ha cBOM cueT B Oanke S(0) pyoOseit.
bank BbluTaunBaeT p% Trol0BbIX. BBIACHUTH, KaK U3MEHHUTCS CymMMa
JICHET Ha CUeTe BKJIQJUMKa B 3aBUCUMOCTU OT KOJIUUYECTBA JIET, KOTO-
phI€ BKJIAJ HAXOAWICS B OaHKE.

184. Cxounbko net nexan B 0anke Bkian 16 000 pyoueit, eciau mno
ctaBke 15 % rogoBbIX OH IOCTUT BeIUUUHBI 27 984,1 pyOiieit?

185. Coepkacca BoimmauuBaetr 5% roaoBbix. Uepe3 CKONBKO JIET
BHECEHHAs] CyMMa YJIBOUTCS ?

186. Ilocne nByX mocieaOBaTEIbHBIX IMOBBINICHUN 3apa0oTHas
maara yBeanuwnach Ha 87,5%. Ha CKOJIbKO MpOIIEHTOB 3apruiaTa mo-
BBICHJIACH MEPBBIN pa3, €CIIM BTOPOE MOBBIIICHUE OBLIO BJIBOE OOJIbIIE
(B IPOIIEHTHOM OTHOIIICHUH ), YEM B MEPBBII?

187. TemnepaTypa Bo3ayxa yTpoM ObLIa @ TPaaycoB, 3a ACHb OHA
NOAHSJIACh HA HECKOJIBKO MPOILEHTOB, a 32 HOYb MOHU3WIACH HA
CTOJIbKO € TPOIIEHTOB M CTajla paBHOW b rpaaycaMm. Ha ckomibko
MPOIIEHTOB MEHSIACH TEMIIEpATypa?

Pewenue. Ilycts TeMnepaTypa 3a IeHb NOAHSIACH HA X%, TOrIa

o X
OHa cTaja paBHOMU a(“ﬁj rpaaycoB. 3a HOUYb OHA TOHU3WUJIACH Ha

+ | —=.
100 100 /) 100
N3 yciioBus 3a1a4u CIENYET, YTO

al 1+ = |-a| 1+ = |- ==b
100 100) 100
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a| 1+—— |- -~ rpamycoB u crama paBHOH a|l+—— |—a|1+— al
100 100

Torna



a-(l— X j:b U XxX= a_bIOO.
100° a
a—b
a

188. Paguyc kpyra, kotopbiid coctaBisier 10 cm, yBenmnumim Ha
10%. Ha ckoJIbKO MPOLEHTOB YBEINYUIACH IUIOMAb Kpyra?

189. Kak nuzmeHuTCs miomaas NpsiMoyroibHUKA, €CIIH:

a) JuiHa ero yeenuuurcesa Ha 20%, a mupuHa yBenuuutcs Ha 25%?

0) nuHa yBenuuutcs Ha 20%, a mmpuHa yMeHbIUTCs Ha 20%?

190. Bce pebpa ky6a yBennuuian Ha 20%, a 3aTeM 00BEM MOTY-
yuBLerocst kyoa ymenoiniu Ha 20%. Kak nusmeHnuTcsa nepBoHayaib-
HBII 00BEM?

191. OgHy cropony kBaaparta yBennuwin Ha 10%, a mpyryro —
yMeHbpliiM Ha 10%. Kak uzmenutcs momanp Gurypsi? PaccMort-
PETh COOTBETCTBYIOIINN TEOMETPUUECKUN PUCYHOK.

192. NmeroTcs ABE KOHIIEHTPUUECKUE OKPYKHOCTH C pauyCcaMu
R=2cMmur=1cm Ha cCkOIbKO MPOIEHTOB YMEHBIIUTCS ILIOMIA b
KOJIbIIA, €CJIM T YBEIUUUTH Ha 10%?

193. Ha cxoJIbKO IPOIEHTOB HAJI0 YBEJIWYUTh CTOPOHY KBaJIpaTa,
4yTOOBI €T0 TUIOIIA/Ab YBEIuYuiIach Ha 21%?

194. Tlocne nAByx MOCIE€NOBATEIbHBIX CHWKEHHUM IIEH Ha OJIHO U
TO K€ YMCJIO MPOIEHTOB CTOMMOCTH ToBapa ¢ 4 000 pyOseit cHU3H-
aack 10 3 240 pyOneil. Ha CKOJIBKO MPOLIEHTOB CHUKAJaCh CTOUMOCTD
TOBapa Kax bl pa3?

195. Ilena ToBapa Obuia cHmkeHa Ha 20%. Ha ckonbko mpolieH-
TOB €€ HaJl0 MOBBICUTh, YTOOBI MOJYYUTh UCXOIHYIO IIEHY ?

196. IlepBoe uncio Ha 20% meHblie BTOporo. Ha ckoibko mnpo-
[IEHTOB BTOPOE YKCJIO OOJIbIIIE TEPBOro?

197. Tosap c nepeBo3koi odommencs B 149 800 py6neii. Pacxoms
Ha MEPEBO3KY COCTaBUIN 7% OT CTOMMOCTH camoro ToBapa. CKOIbKO
pyOJiei cTonia mepeBo3Ka ToBapa?

198. Haligure uncno, eciad u3BecTHO, 4TO 25% 3TOro0 4YKcia paB-
HbI 45% ot uncna 3207

199. B niepByto noe3aky aBToiaoouTens uzpacxoaoBain 10% nme-
folerocst B 0ake 0eH3uHa, Bo BTopyto — 25% octatka. [lociie sToro B
Oake octanoch OeH3uHa Ha 13 71 MeHblIe, 4YeM ObLIO MepBOHAYATIBHO.
CKOJIbKO JIUTPOB O€H3MHA ObLIIO B OaKe MepBOHAYATIBHO?

100%.

Omeem:
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200. B nepBblid 1eHb co ckiaaa BoiBe3n 30% ToBapa, a BO BTO-
poui — 45% ocraBmerocss Toapa. CKOJIBKO NPOILIEHTOB TOBapa OCTa-
JIOCh Ha CKiaae?

201. ITpu oOpaboTke AepeBSIHHOrO Opyca €ro JJIMHA YMEHbIIH-
nace Ha 10%, mupuna — Ha 30%, a TommuHa — HAa 20%. CkoJbKO
MPOLICHTOB JAPEBECUHBI MOIILIO B OTXObI?

202. Pabouuii neHp ymesnblmuin ¢ 8 10 7 yacoB. Ha ckomnbko
MPOILICHTOB HY>KHO MOBBICUTH MPOU3BOAUTEIHLHOCTh TPY/Ia, YTOOBI IIPU
TEX K€ pacleHKax 3apaboTHas 1aTta Bbipociia Ha 5%? (Cuurarhb 3a-
pabOTHYIO TUIATy NPONOPLMOHATIEHON MPOU3BEACHHON MPOTYKIIHH).

Pewenue. O603HaUMM 4Yepe3 p UCXOAHYIO MPOU3BOIUTEIHLHOCTH
Tpyaa. Torna HavanbHBIM 00BEM MPOU3BOJICTBA OyAeT paBeH Sp. Ilo-
CJIe YBEJIUYEHUS TTPOU3BOAUTEILHOCTU TpyJa Ha X% OHa CTaHET paB-

. X "
HOU p, = p-(Hﬁj, a HOBBIM 00BEM MPOU3BOJICTBA C YUYETOM M3MEHE-

HUS NPOAOKUTEIBLHOCTH paboyero JaHsA ¢ 8 10 7 4yacoB OyAeT paBeH
X

7p, :71"(“@]' [TockoabKy 3apaboTHas IUIaTa, a CIeJ0BaTEIbHO, U

00beM IPOU3BOJCTBA YBEIUUWIUCH HA 5%, TO 7p, =1,05-8p, 10 ecth

7p-(1 +ﬁj =1,05-8p. OTcroga HaXxoauM, 4TO x = 20%.

Omeem: 20%.

203. OObem cTpouTenbHBIX paboT yBenuumics Ha 80%. Ha
CKOJILKO TPOILIEHTOB HEOOXOJMMO YBEJIMYHUTH YHUCIO PabOUuX, €Ciu
MPOU3BOAUTEILHOCTh TpyAa noBeicuTcs Ha 20%? (CuutaTh, 4TO 00H-
€M CTPOUTEIIbHBIX pabOT MPOMOPIIMOHATIEH YUCITY PaO0UHX).

204. ITpon3BOAUTENBHOCTh TPYAa HA OPEANPUSITAN CHU3WIACh Ha
20%. Ha ckonbko HPOIIEHTOB €€ HaJl0 MOBBICUThH, YTOOBI MOJYYUTH
MEPBOHAYAIBHYIO MPOU3BOJUTEIBHOCTh TPYIA.

205. 3a rox nex B LEJIIOM YBEIMYMII BBITYCK NpoayKuuu Ha 34%.
ITpu stom 20% pabouux Iexa YBEJIUYWIM BBITYCK MPOAYKIUH Ha
50%. Ha CKOJbKO MPOILICHTOB YBEJIWYHUIM BBITYCK MPOJYKIIUM OC-
TaJbHBIC pabouune?

206. 3apaboTok pabouyero moBeicuiics Ha 19%, a 1eHBI Ha MOpoO-
IYyKThl U APYTY€ TOBApbl CHU3MIUCHh Ha 15%. Ha ckonbko mpoueHToB
OosplIe pabOYUil CMOKET KYIUTh MPOAYKTOB U TOBAPOB?

207. Ha CKOJBKO MPOIICHTOB YBEJIMYUTCS MOKYIATEIbHAsI CIIOCO0-
HOCTb HaceJieHUsl (KOJMYECTBO TOBAPOB, KOTOPOE MOKHO MPHUOOpPECTH
Ha JIaHHYI0 CYMMY JICHET), €CJIM LIEHbI Ha BCE TOBapbl CHU3UTH Ha 20%.
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208. Llex yBenuuuBall OOBEM BBITYCKAEMOW MPOIYKIUU €KeMe-
CAYHO HA OJTHO U TO K€ KOJMYECTBO NPOLEHTOB. Haltu 310 unciio, eciu
3a JIBa MecAIla 00bEeM BBIITYyCKaeMOM MPOAYKIMH YBeTU4IuiIcs Ha 44%.

209. Ha HEKOTOpOM YYacTKE MYTH CPEIIHSA CKOPOCTh MOE3/1a Ha
20% Hmxe, yem NpeayCMOTPEHO pacnucanueM. Ha CKonbko MpoIieH-
TOB YBEJIMYWIIOCH BPEMSI IPOXOKIAEHHUS ITOTO ydacTKa?

210. O6wveMm crTpouTenbHBIX padoT yBenuuuiics Ha 60%. Ha
CKOJIBKO TMPOLIEHTOB HY)XHO YBEJIMYHUTH YHUCIO PaOOTAIOIINX, €CIIH
IPOU3BOAUTEIBLHOCTD TPYyJ1a MoBbICUTCSA HA 30%?

211. Yo 6ompure: 20% ot 10% mansoro ywuciaa mwiau 10% ot
ero 20%?

212. B ropoae N 3a mociegHuil ToJl YHMCICHHOCTh HAaCEJICHUS
yMeHbIuiaach Ha 4%, a yuciao 0e3paboTHBIX yBEIWUYUIOCh Ha 5%.
CKOJIBKO TPOIIEHTOB OT OOIIEro 4Yucia »XUTEJIeH COCTaBISAIOT Oe3pa-
OOTHEBIE, €CJIU TOJ Ha3ag ux ObuIo 8%?

213. AHTHUKBapHBIA Mara3uH NpUOOpEI JBa MpeIMeTa, a 3aTeM
npojan ux Ha oburyro cymmy 39 900 pyo6iieid, mpu 3ToM NpUObLIH CO-
craBuisia 40%. 3a cKoJIbKO pyOJie Mara3uH KyMnuil KaKIbId TPEeAMET,
€CJIM TIpY MPOJAaXKe MEPBOTO MpeameTa NnpuoObLIb coctaBuia 30%, a
pu rpogaxe BToporo — 55%.

214. bpoxkepckas dhupma npuoOperna JaBa MakeTa akiui, a 3aTemM
X mpojajia Ha oOmryro cyMmy 7 MiH 680 ThiC. pyO., MOJIYy4YUB IIpU
3TOM NpuOBLTL 28%. 3a Kakyto cymmy (upma rpuodpesna KaKIablil u3
MaKEeTOB aKIMM, €clii MPHU MPoJIaXke MEePBOro Makera MpuobLUIb COCTa-
Buia 40%, a npu npogaxe Broporo — 20%?

215. CHavana 3apruiary yBenuuunu Ha 10%, a 3aTtem emie pas
yBermumwin Ha 8%. B pe3ynprare AByX MOBBIIICHWN OHA cTana co-
ctaBisITh 11 880 py0. KakoBa nepBoHavanbHas 3apaboTHas miara?

216. Ilpu comumonorudeckoM ompoce 15 000 pecnoHAECHTOB OBLIO
BBISICHEHO, 4TO Tmopsaka 84% u3 HHUX TOJJICPKUBACT BBEICHUE
CMEPTHOM Ka3HW IJIsi TEPpOpPUCTOB, nopsaka 11% orBeTwiu, 4to HE
NOAAEPKUBAIOT, OCTAIIbHBIE 3aTPYJHSIINCH OTBETUTh. CKOJIBKO Yeso-
BEK OKazajoch B Kaxaol u3 tpex rpynn? (Ilo marepuanam razerbl
«ApryMeHThI U (DaKThI»).

217. IIpoIOmKUATENBHOCTD KU3HU MYX4YMH B Poccuu B cpeaHeM
coctapisieT 58,5 rona, a B ctpanax EBpocoroza — 77 nmer. Ha ckosbko
MPOIEHTOB B CPETHEM MEHBIIE MPOJOIKUTEIBHOCTh KU3HU MY>KUUH
B Poccuu no cpaBHenuto co crpanamu EBpocoroza? (Ilo maTepuanam
ra3etbl «ApryMeHThl U (DaKThD».)
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2. DJIeMeHTBhI MaTeMaTUYeCKOV JIOTUKMI

2.1. @opmyavt areebpol BvickasviBanuil.
BuickasviBanua u onepayuu HA0 HUMU

[lon ewickazvieanuem TNOHUMAIOT MOBECTBOBATEIBHOE MPEMJIO-
KEHHE, 0 KOTOPOM HMMEET CMBICI TOBOPHUThH, YTO OHO MCTHHHO WJIH
J0>KHO. BBICKa3bIBaHUSIMU HE SIBIIAIOTCSI OMPEACIICHUS, BOIPOCUTENb-
HBIE U BOCKJIMIATEIbHBIE MPEJIOKEHHUS, a TAKKE CYObEKTUBHBIE CYXK-
neHusi. BpickaspiBaHMs 0003HAYalOT MaJIBIMM OYKBaMU JIATUHCKOTO
andaButa. B MmaTeMaTuuecKkoi JOTMKe OTBJIEKAIOTCA OT COJIEpKATEIb-
HOM CTOPOHBI BBICKA3bIBAHHM, OTPAHUYMBASICh PACCMOTPEHUEM MX
3HAYEeHUl UCMUHHOCMU (UCIMUHHOCMHBIX 3Ha4YeHuil). Ecnu BBICKa-
3bIBAHUE @ UCTUHHO, TO €My IPUIMCHIBAIOT UCTUHHOCTHOE 3HAYEHUE
N (vnu 1) v numyT [a] = U unu [a] = 1, a eciid 10KHO — UICTUHHOCT-
Hoe 3HaueHue JI (wm 0) u numyt [a] = JI wim [a] = 0. Hukakoe BbI-
CKa3bIBAHHUE HE MOXKET OBITh OJTHOBPEMEHHO U UCTUHHBIM, U JIOKHBIM.

Ilox 2n1emenmapnvim (U1 npocmvim) TOHUMAIOT BBICKA3bIBa-
HUE, pacCMaTpUBaEMOE Kak I1eJI0e, HEPA3JI0OKUMOE Ha COCTaBHBIC Yac-
TH OPEIJIOKEHUE, BHYTPEHHSIS CTPYKTypa KOTOPOr0 HAC HE UHTEPECY-
eT. Tak ke, KaKk COCTaBHOE MTOBECTBOBATEIILHOE MPEIIOKEHHE MOKHO
00pa30BaTh C MOMOIIBIO PsAJia CBS30K U3 MPOCTHIX MPEJIOKEHUH, TaK
U cocmagnoe (WIA C10XHCHOE) BHICKA3bIBAHUE MOXHO IMOJYYUTh M3
AJIEMEHTAPHBIX, IPUMEHAS K HUM Jlocudeckue onepauuu. 11ycte a u
b — TPOW3BOJIBHBIC BBICKA3bIBAHUSI, OTHOCUTEIBHO KOTOPBIX MBI HE
peanoaaraéM, YTo U3BECTHBI UX UCTUHHOCTHBIE 3HAYEHUS.

Omnpenenenne 1. Ompuyanuem BBICKA3bIBAHUS a HA3bIBACTCS
TaKO€ BBICKA3bIBAaHUE @ (YUTAETCS «HE @», «KHEBEPHO, UTO a»), KOTO-
PO€ UCTUHHO TOTJ]A U TOJIBKO TOTJA, KOTJa @ JIOKHO.

JIJ1st TOSICHEHU S JIOTHYECKUX OMepalfii y100HO UCIO0JIb30BaTh TaK
Ha3bIBAEMbIC MAOAUUbl UCMUHHOCMU (UCHMUHHOCMHbIE MAOTUUDL).
Tabnuia, wimocTpupyloias onpeaeneHue 1, umeeT BUI:

| |
Q
| S~

[a]

==

141
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Onpenenenne 2. Konvronkyuei BbICKa3bIBaHUN ¢ W b Ha3bIBa-
€TCS TaKO€ BBICKA3BIBAHUE a Ab (YUTACTCS «a U b», «a KOHBIOHKITUS
b»), KOTOpOE UCTUHHO TOTAa U TOJBKO TOTJIa, KOT/1a UICTUHHBI 00a BBI-
CKa3pIBaHUSI a U b .

HMctuHHOCTHAS Ta0IUIA TUIST KOHBIOHKIIUA UMEET BUI:

=

[anb]

=
HE A
=S

BwmecTo 3Haka A 1 0003HAYCHHS ONEpaliid KOHBIOHKIIMH MO-
’KeT UCIO0JIHL30BaThCS 3HAK &.

Onpenenenne 3. /[uzvronkyueil BHICKa3bIBaHUN a M b Ha3bIBACT-
Csl BBICKA3bIBAaHHE av b (UHUTACTCSA «a WIH b», «a TU3BIOHKIHS by),
KOTOPOE UCTUHHO TOT/Ia ¥ TOJBKO TOT/a, KOTAa HCTUHHO XOTs OBl O/I-
HO U3 BBICKa3bIBaHWUM a WU b.

Co103 «uan» B IAHHOM CJIy4ae HOCHUT HEPa3ACIUTCIbHBIA CMBICII,
MIOCKOJIbKY BBICKA3bIBAaHWE av b WCTUHHO M MPH UCTUHHOCTH O00OMX
BBICKa3bIBaHU a U b .

JIN3BIOHKIIMN COOTBETCTBYET CIICAYIONIas TaOJINIa HCTUHHOCTH:

la] (0] [avb]

HE S
RN

=S

Onpenenenne 4. Umnauxayueii BbICKa3bIBaHUN a U b Ha3pIBaCT-
Csl BRICKAa3bIBaHUE a => b (UUTACTCS «ECIU a, TO b », «u3 a clieayeT by,
«a BIIEUET by», «a UMILUTUIUPYET b»), KOTOPOE JIOKHO TOTJIa U TOIBKO
TOT'/J]a, KOTJ1a BEICKA3bIBAHUE a UICTUHHO, a b JIOXKHO.

W ctuaHOCTHAS TabnuIa Il UMIUTMKAIIMY TaKOBa:

[a] 0] [a=b]
u " "
51 1 1
J1 " "
1 | U
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B mMIummkanum a = b BBICKA3BIBAHUE @ HA3BIBACTCS MOCHLIKOU
(wnu ycnoseuem), a BICKa3bIBaHUE b — 3aKI0UeHUeM.

['paMmMaTHYEeCKMMHU BBIPOKCHUSMH HUMILTUKAIIMHM, TTIOMHAMO TPE/I-
JOKEHUU «ECIH a, TO by, «u3 a cienayeT by, «a Biae4yer by, «a UMILIHU-
IIAPYET b», MOTYT CIY>KUTh U JPYTHE CIOBOCOYETAHUS: «b BBIMOJIHS-
€TCs TIPH YCJIIOBUH, YTO BBITIOJTHSICTCS @», «b BBIMOJHSIETCSA TOTAA, KO-
I'JIa BBIIOIHSICTCS a», «d BBIIOJHSIETCS TOJBKO TOIJAa, KOTJa BBIMOJI-
HseTCs b», «b ecTh HEOOXOIUMOE YCIOBHE IS @», «d €CTh JOCTAaTOY-
HOE YCJIOBHUE IS by, «B CIydae a UMEET MECTO by.

Onpenenenne 5. Ixeusanenyueit BLICKa3bIBaHUN a U b Ha3bIBa-
€TCS BBICKA3bIBAHUE a <> b (UUTACTCA «a TOTJA M TOJBKO TOTJa, KOT1a
b», «a HEOOXOAUMO M TOCTATOYHO IS by, «a SKBUBAJCHIUS b»), KO-
TOPO€ MUCTUHHO TOTJAa U TOJBKO TOTJ/a, KOTJia NCTUHHOCTHBIC 3Haue-
HHS a M b cOBIajaroT.

Tabnuma HCTHHHOCTH JUTS SKBUBAJICHIIMA UMEET BHUJI:

[a] 0] [a=Db]
1 " "
51 1 1
1 151 1
1 1 "

DopmyJibl aJredpbl BHICKA3BIBAHUM

Onpenenenue 6. Dopmynamu anreOpbl BbICKa3bIBAHUN SBIISIOTCS:

1) snemenTapubie GopmyJibl, 0003HAYAIOIIUE IIEMEHTAPHBIC BbI-
CKa3bIBaHus: a, b, c, ..., x,y,0, 1;

2) ecii A U B — GOpMYNbL, TO A, Av B, AAB, A=B, A< B
TaKXe SBJISIOTCS (DOpMyTIaMH aireOpbl BHICKA3bIBAHUM.

@opmyna anreOpbl BBICKa3bIBAaHWW MNPUHUMAET OJHO W3 JBYX
3HaueHuil (0 win 1) B COOTBETCTBUM CO 3HAYEHUAMH O0Pa3yIOIIUX €€
AJIEMEHTapHBIX BhICKa3blBaHUU. Eciin paccMarpuBaTh mocieaHuE Kak
HE3aBUCUMBIC MIEPEMEHHBIE, TO (POPMYJIE COMOCTABIISIETCS HEKOTOpas
bynkuusa. Takas QyHKIMS Ha3bIBaeTCA JABY3HAYHOM: €€ 00JIacTH Of-
peneneHus U 3Ha4eHui cocTaBisatoT napy {0, 1}.

Onpenenenue 7. JIse Gpopmynsl anreOpbl BhICKa3biBaHU A U B
HA3bIBAIOTCS PAGHOCUTbHBIMU, €CIIU HA JIIOOOM HaOOpe BXOJAIIUX B
HUX TIEPEMEHHBIX OHM MPUHUMAIOT OJMHAKOBOE 3HAUYEHUE MCTUHHO-
CTH.
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Jliist 0003HaYeHUs1 paBHOCWIBHOCTH ()OPMYJT HCTOJIBb3YETCS CUM-
BOJI=: A=8B.

[Tpu 3amucu Gopmys1 CKOOKH OIyCKarOTCs, €CJIM BHYTPHU HUX CTO-
UT 3HAK KOHBIOHKIMU (BMECTO av (bAc) NMHUIIYTavbAc), TOPSIOK
JTEUCTBUNA TPH BBIYMCICHUAX 10 (QopMylie TPHUHAT CICAYIOUTNN:
1) oTputianue, 2) KOHBIOHKLMS, 3) IU3BIOHKIMSA, 4) UMIUTUKAIUA,
5) SKBUBAJICHIIHSL.

OcCHOBHBIE 3aKOHBI PAaBHOCHJIBHOCTH

1) ava=a, a Aa=a —3aKOHBI HJIEMIIOTEHTHOCTH;

2) avb=bva, anb=bna — 3aKOHbl KOMMYTaTUBHOCTH,;

3) (avb)yve=av(bvc), (anb)ac=an(bac) — 3aKOHBI acCOLIMA-
TUBHOCTH;

4y (avb)rc=(anc)v(brc), (anbyve=(ave)n(bve) —

TUCTPUOYTHUBHBIC 3aKOHBI;

5) avb=aab, anb=avb — 3akonsl iec Moprana;

6) ava=1, a Aa=0 — 3aKOH HCKIIOUYEHHOTO
TPETHETO U 3aKOH MTPOTUBOPEYHSI;

7) av0=a, anl=a —3akoHbl norjaomienus 0 u 1;
8) a = — 3aKOH JBOIHOTO OTPHUIIAHNS;

9) a=>b=avb;

10) asb =(a=>b)A(b=a).

HopmajibHbie (popMblI

Dnemenmapuoil Ou3viOHKYUell HA3BIBACTCA IU3BIOHKIUA, CO-
CTOSIIASA TOJBKO U3 MEPEMEHHBIX W UX OTPULIAHUI.

[Ipumepamu >IEMEHTAPHBIX JU3BIOHKIUM CIIy)KaT (QOpMYJIbL:
avbve, avbve.

Konvronkmuenoit nopmanvhou popmon (KH®) bopmynsl an-
reOpbl BBICKA3bIBAHWI HA3bIBAETCS €€ 3aIllCh B BUJIC KOHBIOHKIIUU
AIEMEHTAPHBIX TU3bIOHKIIHM.

JnemenmapHoil KOHBbIOHKWUEN HA3bIBACTCS KOHBIOHKIHS, CO-
CTOSIIIASl TOJBKO W3 IEPEMEHHBIX WM WX OTPHUIAHWM, HAIPUMED:
anbnec.

Jluzvionkmuenoi nHopmanwvhou gopmoi (IH®) dopmyisl ai-
reOphl BBICKAa3bIBAaHUIN HA3BIBACTCSl €€ 3alUCh B BUAC TU3BIOHKIIUU
JIEMEHTAPHBIX KOHBIOHKITUH.
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CoseputeHHOll KOHDIOHKMUBHOU HOPMATBbHOU hopmoit popmy-
Jael anreopsl BhicKaszbiBaHuil (CKH®) nazpiBaeTcsi KH®, kortopas
YAOBJIETBOPSIET CIECAYIOUIUM YCIOBUSIM:

1) Bce ayieMeHTapHbIE AU3BIOHKINH, BXOs1ue B KH®, pa3nuyHbl,

2) HET HYJIEBBIX TU3BIOHKIUNI,

3) HM OJlHA W3 DJIEMEHTAPHBIX TU3IBIOHKIMNA HE COAEPKUT OJIMHA-
KOBBIX YJICHOB,

4) xaxxJ1ast 3JIIeMEHTapHasi AU3BIOHKIUS COJIEPKUT BCE MEPEMEH-
HbIE, BXOJAIIKE B POpMYITyY.

CoseputeHHoll OU3BIOHKMUBHOU HOPMAIbHOU (hopmoit popMy-
a1 anreOpel BhIcKazbiBaHut (CAH®) waswiBaetcsa /[H®D, kotopas
YAOBJIETBOPSET CIECAYIOUIUM YCIOBUSIM:

1) Bce nyieMEeHTapHbIE KOHBIOHKITUHU, COCTABIISIONINE €€, PA3IMYHBbI;

2) OHA HE COAEPKUT HYJEBBIX KOHBIOHKIIUIA;

3) HM OJIHA W3 DJIEMEHTAPHBIX KOHBIOHKIINN HE COACPKUT OJUHA-
KOBBIX UYJICHOB;

4) kaxxJast dIEMEHTapHasi KOHBIOHKIUS COAEPKUT BCE MEPEMEH-
HBIE, BXOJIAIIKE B POPMYITyY.

Uto6sl nonyuuts C/H® (CKH®), nano cHavana Haitu [JHD
(KH®). Torna 6ynyT BbInoaHEeHbI ycioBus 1, 2, 3. [locne storo Hago
npeobpazoBath 3Ty /JH® (KH®) Takum 00pa3oM, 4TOOBI OBLIO BBI-
MOJIHEHO yCJIOBUE 4, M1 BHOBb ITPOBEPUTH BBITIOJIHEHUE YCIOBHUS 1.

3agaun

1. Kakue u3 mepeyuciieHHbIX HUXKE MPEIIOKECHUN SABJISIOTCS B
MaTeMaTUYECKOM JIOTMKE BBICKA3bIBAHUSIMM M KAKOBO 3HAYEHHUE HX
UCTUHHOCTH?

1. Cyn npuHHMaeT TOJBKO T€ M3 MNPEJOCTaBISIEMBIX J0Ka3a-
TEJIbCTB, KOTOPBIE UMEIOT 3HAYEHHE IS JETIa.

2. Yucno x He MPEeBOCXOAUT YUCIIO 7.

3. XulleHne He SBIIAETCS MPECTYILUICHUEM.

4. HekoTopbl€ MIPUTOBOPHI CYy/I1a SIBISIOTCS OOBUHUTEIbHBIMHU.

5. Kaptunsl [Tukacco ciaumkomM aOCTpaKkTHBI.

2. O603HaYuM BbICKa3biBaHUE: «DeqOPOB IOPUCTY CUMBOJIOM d, a
BbICKa3bIBaHUE «DeNOpPOB — CIEI0BATENb MTPOKYPATYyPhD» — CHMBOJIOM
b. Jlavite cmoBecHy0 POPMYIUPOBKY CIEAYIOMIUM (HOpMYJIaMm:

D a, 2) b, 3)a A b, 4)a=b,

5Yb=>a, 6)a= bT) b= a, 8) a v b, 9) anh.
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3. IlycTb CUMBOJIBI ¢, 7, S, p 0003HAYAIOT COOTBETCTBEHHO BBICKA3bI-
BAHUS. «CETOIHS SICHO», «CETOIHS JIOXKIbY, «CETOMHS HIST CHED», «BUC-
pa Obu10 macMypHO». [IpounTaiiTe CTIOBECHO ClIeayTOITIE (POPMYJIBI:

1) c= rvs, 2) rvs=c, (p=c)Aa(c= p),

4) pa(cvr), S) (c=>r)A(r=p)AGVvr).

4. IlepeBenute Ha S3bIK anreOpbl BBICKA3BIBAHWUN CIIEAYIOIIHE
peUIoKeHUs (B KaXJI0M IPEIOKEHUN AJIEMEHTapHbIE BhICKA3bIBa-
HUS JOJDKHBI OBITH 0003HAYEHBI OJTHUM CUMBOJIOM):

1. Ecnu cBeTUT COJIHIE, TO, JUIS TOTO YTOOBI HE OBLIO OIS,
JIOCTATOYHO, YTOOBI JyJI BETEP.

2. HeBepHo, 4TO eclii AyeT BETep, TO COJIHIIE CBETUT TOJIBKO TO-
r1a, Korga HeT JOXKIs.

3. YtoOkI TIOroa Oblaa COJTHEYHOM, JTOCTATOYHO, YTOOBI HE OBIIO
HU JIOK]IsI, HU BETpa.

4. Ecnm BeTpa HeT, TO TSI IOXK/Isl HE0OX0[uMa TTacMypHas oro/ia.

5. Ecimu moroga macMypHasi ¥ IyE€T BETEp, TO HOXKAA HET, HO
JTOXb UACT. 3HAUUT, BETpa HET.

6. HeBepHO, uTO eciiu 1orojaa macMypHasi, TO J0X/Ib UAET TOT1a U
TOJILKO TOTJa, KOTJ]a HET BETpa.

7. Ecnu jist COMHEYHOM MOTrobl HEOOX0IUMO OTCYTCTBHUE JOXKIS,
TO, JJI1 TOrO YTOOBI MOIIEJ JTOKIb, JOCTATOYHO, YTOOBI IOroia OblIa
NacMypHOI 1 O€3BETPEHHOM.

8. Byaet BeTpeHas morojia, U MOMAET JOXKIb.

9. Hoxap uaeT TOJBKO TOT/Aa, KOTJa Moroja macMypHas u 0e3-
BeTpeHHass. Ho noxas HeT. 3Ha4yuT, moroja JMOO COJHEYHas, JIM0o
IacMypHasi ¥ BETpeHasl.

10. IToroma He TOJNBKO COJIHEYHAs, HO U O€3BETPEHHAs. 3HAUMT,
€CJIU HE MOJHUMETCS BETEP, TO T0XK/s HE OyIeT.

11. Ilorona OyaeT HE TOIBKO MACMYPHOM, HO W JTOKIJIUBOM, HE-
CMOTpSI Ha BeTEep. 3HAUUT, COJHEUHOU IMOroAbl HE OyJeT, HO JOXKIb
MPEKPATUTCH.

5. 3amummTe hopMyIaMu CIEAYIOITNE CI0KHBIC BRICKA3bIBAHUS:

a) CTyJ€HT TOJIbKO TOT/a MEPEBOIUTCS Ha CICAYIOUIUNA KypcC, KO-
r7a yCIeBaeT Mo BCEM JAUCIUILIMHAM.

0) CyneOHoe cleICTBIE MMPU3HACTCS HEMOTHBIM, €CITH TI0 JeTy HE yC-
TAHOBJICHBI C JJOCTATOYHOM ITOJTHOTOM JAHHBIEC O JIMUHOCTH OOBHHSIEMOTO.

B) Jlma Toro ytoOml cymMma yucen AeNwiIach Ha 3, JI0CTaTOYHO,
yTOOBI KAXKI0€ cllaracMoe JeJIMIOCh Ha 3.
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r) JIist TOro 4ToOBI CyA MPHUIIET K BBIBOAY O MOJIOKHOCTH JTOKY-
MEHTa, HEO0OXOJMMO, 4YTOObI OH YCTpaHWJ €ro M3 Yucla JoKasa-
TEJIbCTB.

1) JlocTaTOYHBIM YCJIOBHEM 3asBJICHUSI CYJbU O CAMOOTBO/IC SIB-
JSIETCS €r0 3aUHTEPECOBAHHOCTH B JIEJIC.

¢) YTpara CTOpOHOH I€eCIIOCOOHOCTH HE SIBIIACTCS JOCTAaTOUYHBIM
yCJIOBHEM MPUOCTAHOBJICHUS ITPOU3BOCTBA 10 JIEIy.

6. CoctaBbTe (POPMYIIBI CIAETYIONTUX BHICKa3bIBAHUMN:

1. Ecu VInbuH AOCTUTHET YETHIpHAAATH JIET U COBEPIIUT YOUNCT-
BO, TO OH OyJIET HECTH YTOJIOBHYIO OTBETCTBEHHOCTD; €CJIU K€ OH HE CO-
BEPIIUT YOUNUCTBO, TO OH HE OYJIET HECTU YTOJIOBHYIO OTBETCTBEHHOCTb.

2. HukonaeB OyJeT HECTH YroJIOBHYIO OTBETCTBEHHOCTb IO
cT. 158 Toraa u ToaBKO TOTIa, KOT/Ia COBEPIIUT Kpaxy; eciiu Hukoa-
eB He OyJEeT HECTH yTrOJIOBHYIO OTBETCTBEHHOCTh MO CT. 158, TO ero
’KEHa He MOAAacCT Ha pa3BOJ] U IOMOXKET €My YCTPOUTHCS Ha padoTy.

3. Ecnu MeHsieTcs xapakTep COOCTBEHHOCTH B CTpaHE, TO HEU3-
O€KHO MEHSIOTCSI B3AaMMOOTHOIIEHUS MPO(COI030B ¢ aIMUHUCTpPAITH-
eil MpeNpUsATUA, a MEHSIOTCS 3TU B3aUMOOTHOILICHHS], TO HEU30EKHO
JOJDKHBI MEHSTHCSI COAEp)KaHUE NESITEIbHOCTU MPO(COI030B, UX Op-
raHU3aIlMOHHOE CTpoeHre, HOPMBI U METOAbI PAOOTHI.

7. JInst kaxaou U3 craenyomux GopMys npuaymaiTe aga ¢popma-
JU3YEMBIX €10 MPEJITIOKEHUS:

Dx=y; 2)x=(yvz); 3)xayexvy, 4) xvysIAay.

8. Ha pompoce cBugerens A ckazan, uto B roBoput Hempasnmy.
CnenoBarens paccyxaaet Tak: « CBUAETEIb A MOXKET TOBOPUTH MPAB-
1y, ¥ Torja B roBoput Henpasy, WU CBUIETENIb A TOBOPUT HEMPAB-
ny, u Torga B ropoput npaBay». Kak 3amucath paccyxjaeHue cieno-
Baresis B BUjaAE GopMyIibi?

9. Ha nomnpoce A ckazan, uro B roBoput Henpasay, a B ckazan,
yto C roBoput HemnpaBay. CiegoBarelb paccyxaaeT Tak: « CBUIETEINb
A MOKeT roBOpUTh NpaBly U Torjaa B roBoput Henpapay, WM CBUJE-
Telb A TOBOPUT HempaBay W Torga B rosoput npasay, a C roBopur
HemnpaBAy, WK cBuaeTeab B roBoput HempaBay, u Torna C roBopur
npaBay». Kak 3anucars paccyxaeHue B BUJIEC JIOTUYECKOU (GOpMYIIbI?

10. 3anumuTe cienyroiiee npeayioxenrue B Buae ¢popmysl: «Ec-
U OyAeT xopoliasi oro/ia, TO Mbl IOMAEM Ha PeUKy U OyJieM KyIaTh-
Csl WM TIOE€AEM B Jiec M OyJieM coOupaTh rpuObl». 3alUIlIUTe OTPHUIlA-
HUE TOJY4YeHHOM (OPMYJIbI U OTHECUTE 3HAK OTPULIAHUS K AJIEMEH-
TapHBIM BBICKA3bIBAHUSIM.

65



Pewenue. O603HaUNM BBICKa3bIBaHUS «OYJET XOPOIIas MOro1a,
«MBI TIOMJEM Ha PEUYKy», «Mbl OyJAeM KYyIaTbCsS», «IOEIEM B JIECH,
«Oynem cobupaTh TpUOBD» COOTBETCTBEHHO CHUMBOJAMHU a, b, c, d, e.
Tornma naHHOe BBICKA3bIBAaHUE 3aIHUIIETCS CICAYIOMIUM OOpa3oM:
a= (brcvdne). IIOCTpOUM €ro OTpUIIAHHUE:

a=(brcvdare)y=sanbrcandne=san(bve)a(dVve).

11. ChopmynupyiiTe clienyromue IpeayioxKeHUs, UCTIONb3Ys CII0-
Ba «HEOOXOIUMO», «IOCTATOYHO», «TOTAA, KOT/a» U «TOJbKO TOT[a,
KOTJIa»:

a) Ecnu co nHs coBepilieHus TSKKOTO MPECTYIUICHUS MPOLLIO Je-
CSITh JIET, TO JIUIIO OCBOOOKAAETCS OT YIOJIOBHOM OTBETCTBEHHOCTH.

0) Ecnu cTyneHT ydyuTcs Ha IOPUAUYECKOM (akyabTeTe, TO OH
U3y4yaeT MaTEMAaTHKY.

Vkazanue. BwickaspiBanue «Eciau a, To b» paBHOCWIBHO Clie-
IYIOIIMM BhICKa3bIBaHUsIM: «J{nst b nocratouno a», «Jjist a HeoOxo-
nuMo by, «b Torma, Korga a», «a TOJIbKO Toraa, Koraa by.

12. U3BeCTHO, YTO KOHBIOHKLHS a Ab AT UCTUHHA. YTO MOXKHO
CKa3aTh O 3HAYCHUSX UCTUHHOCTH BbICKa3bIBaHUM a, b u c?

13. N3BecTHO, YTO AU3BIOHKIUS avbve goxua. UTO MOKHO CKa-
3aTh O 3HAUYCHUSX UCTUHHOCTU CaMUX BBICKa3bIBaHUMU a, b U c?

14. YTo MOXHO CKa3aTh MNPO UCTUHHOCTh UMILUIAKALMU @ = b,
eciu: 1)a=1?72)b=1?73)a=0?74) b=0?5) a— «5<8», b — «Ilo-
TEpNEBIINNA BIPaBE 3asIBUTh XOAATalCTBO»? 6) a — «Kpaxka — IMpecTy-
wienue», b — «Ilytun — npesuaent CIIA»?

15. «910, xoHeuHo, Coa. nu s He Bunu-Ilyx. A 1— oH ...»
(A. A. Munn «Bunu-ITyx»). PaccMoTpute BrickasbiBaHue: «Eciu 310
He CoBa, To s He Bunu-Ilyx». I[lokaxure, yto paccyxnenue BuHu-
[Tyxa noruyecku rpaMOTHO.

16. 3anumuTe BBICKa3bIBaHUE (POPMYJIOH U COCTaBbTE AJIS HEe
Ta0nauIly UCTUHHOCTH: «Eciu 3aBTpa HE OyJIeT JOX/s1, Mbl OTIIPABUM-
Csl HA PEeKy WM moiaeM B jiecy». UTo Mbl OyzeM nenaTh 3aBTpa, €Ciu
TAaHHOE BBICKA3bIBAHUE JIOKHO?

Pewenue. O003HauMM 4Yepe3 a BBICKa3bIBaHUE «3aBTpa OyJeT
TOKIb», Yepe3 b — BBICKA3bIBAHUE «Mbl MMOMJEM Ha PEKY», Yepes3 ¢ —
BBICKA3bIBAHUE «MbI TMOWAEM B Jec». Torma JaHHOE BBICKA3bIBAHUE
3anuiercs B Bujae dopmynsl: a = (b v ¢) . Tabnauiia UCTUHHOCTU
3TOM (hOPMYJIBI UMEET BUL:
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a b c bve a a=(bvc)
1 1 1 1 0 1
1 1 0 1 0 1
1 0 1 1 0 1
0 1 1 1 1 1
1 0 0 0 0 1
0 1 0 1 1 1
0 0 1 1 1 1
0 0 0 0 1 0

Bricka3bIBaHUE JIOKHO B €IMHCTBEHHOM CJIydae (CM. MOCJIEIHIOI0
CTpPOKYy TaOsuIlel). M3 3TOM CTPOKHM 3aKiI04aeM, YTO «3aBTpa OIS
He OyJleT, HO HU Ha PEeKY, HU B JIEC MbI HE TIOUIEM).

17. TlocTpoiiTe TaOIUIIBI HICTUHHOCTHU JIJISI CIACIYIOMNX (POPMYII:

Danb;, 2)ave; 3)anva), 4) (avb)a(avh);
5) anbve; 6)(avb)ac; 7)) anbac; 8) avbve;

9 a=brcAa by 10) xAryezoxvy=z;
1l)aob=>ce=a; 12y acavbarc=brave.

18. CocraBbTe TaOJUIIBI ICTUHHOCTH JJISI CJICAYIOIIUX (HOPMYI:
a) p=(p=9);0) (p=9)=¢q;B) p=>(q=p);T) pvg=>(g=p)-
19. JlokaxkxuTe ¢ MNOMOIILIO TaOJHMII HMCTUHHOCTU 3aKOHBI
ne Moprana:
1) avb=anb; 2) anb=avb.
20. C noMoIipo TaOJUI] ICTUHHOCTH JIOKAKUTE PAaBHOCUIBHOCTh
cieayromux Gopmyi:
1) acb=(arb)v(@ab), 2)acb=(a=b)r(b=a).
21. IIpoBepwTe, OyAYT 11 PABHOCUIIBHBI CIAEAYIOMINE (DOPMYIIbI:
1) av(bve)u (avb)a(ave); 2) an(bvc) M anbv(avece);

3y anbacvanbacvanbacvanbAac anbvancevbac.

22. Yupoctute cieayronue GopmyJibl anreOpbl BbICKa3bIBAHUM:

a) (anbab)v(ana)v(bazrz); 0) (@vb)=a)va=bh;

B) anbv ((avb)(avb)).

Pewenue.

a) (@arbab)v(ana)vbazaZ)=(anr0)vOv(bA0)=0.

23. IIpoBepbTe PaBHOCUJIBHOCTH (POPMYI C MOMOIIBIO Mpeoldpa-
30BaHMM:

) IV ANVEAPIVEAVIV(EAP)=x=(yV p);
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0) xAVIV(YAZ)=(XAF)IV(XAZ) V(Y AZ);

B) (avb)a(bvcya(cva)=(anb)v(bac)v(cra);

r) (avbve)a(bvevd)a(ecvdva)=anbvandvbadve

0 anbacvanbacvanbacvanbac B anbvancevbac

) XAYAZVIA(Y=Z)VX=X,

24. JIokaxxuTe paBHOCWIBHOCTH (hOpMYJI anreOpbl BHICKa3bIBAHMIA
JIBYMSI CITOCOOaMH.

Lanba(@vb)=a=bh; 2.an(avb)=a;
3.av(b/\5)<:>azl; 4.a:>5/\55a_v(5/\5);
S.av(anb)y=avb; 6.anc=brc=(avb)rc;

T.an(ave)n(bve)y=(anb)v(anc); s. (a\/b)/\(avg)za;

9. XV yA(X=))=XAT; 10. @=b)A(avb)=a;

1L XAYVZI=(x=>F)Az; 12. (anb=b)A(aAbvb)=anb;
B.XA(XVY)=EXAY; 14. (a=b)Ac=anbnac;

15. xA(XV Y)=XAY; 16. an(a=anb)=0;

1. XVXAYy=XVY; 18. a>b=(anb)v(anb);

19. XVXAY=XAT; 20. (avb=a)va=b=a,

21. (a=b)v(@=bac)v(b=c)=1l; 22.avanb=a
23.a= (b =¢)=avbve, 24. (a=>b)v(@=b)=1;
25.anb=(avb)r(a@avb)=anrnbvb.

Crnenyromiasi rpymnmna 3ajad WITIOCTPUPYET TeopeMy:
Kaowcoyro osysuaunyro ¢ynxyuro F(x,x,,..Xx,) om n nepemeHHvlx

MODICHO Npeodcmasums 8 guoe opmynvl aneedpvl 8blCKA3bIBAHUIL.
HamoMHuuMm, 4TO 08y3HaunolU (hyHKyueli Ha3bIBaeTCs (PYHKIUA, Y
KOTOpPOH M MEPEeMEHHbIE, M caMa OHA MPUHUMAIOT TOJILKO JIBa 3HAUE-
Hus: 1 u 0.
JIBy3HauHbIe (DYHKIIMN HA3BIBAIOT TAKKE 0)1e8bIMU DYHKYUAMU.
25. TlpoBepwTe, OyayT nu OyJNeBBIMU clieayrolue apudmernye-
ckue (QYHKIUHU:

D) f(x,y)=xy-x7; 2) f(x,p)=(x+p)x;
3)f(x)=x-1; 4) fle,y)=x"+y" =x"y",
rae n, m, k ,r — It00bIe HATypaJIbHbIC YUCIA.
Pewenue. 1) CocraBum  Tabnuily  3Ha4eHUM  (QyHKIUU

fpy)=xy—x".
68



X 0 1 0

y 0
S(x,) 0 -1 0 0

O
p—

Cpenu 3HadyeHH (YHKUMH €CTh 3HauYeHHE —1, Cle0BaTEIbHO,
sTa (YHKIIUS HE SBIISICTCS OYJIEBOM.

26. 3anumuTe B BUAEC (POpMYyJbl anreOpbl BhICKAa3bIBAaHUN Clie-
ayroume apupmMeTnieckrue PyHKIUU OT IBOMYHBIX apTyMEHTOB:

a) f(x)=1-x; 0) f(x,y)=xy;
B) f(x,y)=x+y—xy; r) f(x,y)=1-x+xy;
I[) f(xay)zl_xy; e) f(x,y,z):xz+yz—xyz;

K) f(x,y.2)=xy+z-xyz;  3) f(x,y)=x"—xp;

u) f(x,y)=x"+y-xy.

Pewenue. x) CHauana cocTaBUM TaONMIly 3HaAYeHUN (YHKIIUU
f(x,y,z) = xy+z—xyz, IO KOTOPOH ONpEIEIUM, SIBJIACTCS JIU OHA OYyJie-
Bou. Tabymiia uMeeT BUI:

X y z | f(xy,2)
0 0 0 0
1 0 0 0
0 1 0 0
0 0 1 1
1 1 0 1
1 0 1 1
0 1 1 1
1 1 1 1

OyHKIUS sABIsAETCS OYyJIEBOM, U €€ MOXKHO pEeainu30BaTh B BUJIE
(dbopmyJibl anreOpsl BriCKa3biBaHUM. Teneps, UCNONb3ysl TaONUILYy, CO-
ctaBuM C/[H® cooTBeTcTBYyIOIIEH (POPMYIIBI anreOphl BEICKA3bIBAHUIM
U YIIPOCTUM €€:

;A;AZVXAyA;VXA;AZV;AyAZVXAyAZE
=SXAYVYAZVXAYAZ.

27. Ilo dhopmyne anreOpbl BhICKA3bIBAHWM HAMIUTE COOTBETCT-
BYIOIIYIO €/ JIBy3HaUHYI0 apu(DMETHUECKYIO0 (PYyHKITHIO:

1);;2)XAy;3)xvy;4)x:q@S)xczy;6)XA;vxv;.

69



2.2. Hekxomopuie npuioxenus air2edput Bovickasvibanuil

MOXHO BBIAEIUTH CIAEAYIONINE HAIPABICHUS UCIIOIb30BaHUS AJl-
reOpbl BEICKA3bIBAHUIA

1. AHamn3 coliepkaHusl CHOXKHOTO MPEJIOKEHHUS WA TPYIIIbI
NPEeAJIOKEHUN MyTeM cocTaBlieHUusT (OPMYJIbl U PaBHOCHJIBHOTO Tpe-
oOpa3oBaHUs €e.

2. Pemienue JIOTMYECKUX 3a/1a4.

3. AHanu3 paccyXJIeHUU, KOTOPBIA BKJIIOYAET B ce€0s MPOBEPKY
MPaBWIHHOCTU YK€ CJCIaHHBIX BBIBOJOB Ha OCHOBAHWH JIAaHHBIX TIO-
ChUIOK (ITPaBWJILHOCTH apTyYMEHTA), @ TaKXKe MOUCK HEJOCTAIOIIMNX T0-
CBUIOK HEIOJHBIX YMO3aKIIOUCHUMN.

4. AHaIU3 U CUHTE3 KOHTAKTHBIX CXEM.

OcCTaHOBUMCSI Ha HEKOTOPBIX U3 HUX.

2.2.1. IIpoBepka NpaBUJIBLHOCTH PACCyKIeHHUS (APryMeHTA)

[IpoBepka TpaBUIBLHOCTH apryMeHTa Mpearnojaraet mo ¢opme
(CTpYKType) NpeioKEHUM, TOCIE0BATEIILHOCTh KOTOPHIX BhIPAXKaET
HEKOTOPOE PACCYXKICHHUE, ONMPEICIUTh, MPABUIBLHO ITO PACCYKICHUE
Wik HeT. /[ pelieHus 3ToH 3aa4ul CIeyeT, OTBIEKAsICh OT COJIEP-
XKaHUS PACCYXKIEHUS, 3aMCHHUTHh (PUTYPHUPYIOIIUE B HEM d3JIEMEHTap-
HBIC BBICKA3bIBAHMS MEPEMEHHBIMH U TMOIYYUTH CICAYIOIIYIO CXEMY:

«U3 @1, ¢y, ..., @, caenyeT (BBIBOAUTCA) P». DTO HANO NOHUMATH TaK:
«Ecny MCTUHHBI BBICKA3bIBAHUS CO CTPYKTYpPOM, BhIpakaeMon ¢op-
MyJIaMU @, @3, ... , @, (IIOCBUIKH), TO UCTHHHO U BBICKa3bIBAHUE CO

CTPYKTYpOil, BbIpaxkaemoil (popmyJsioit ¢ (3akitoueHue)y. Muade roo-
ps, OpU BBIBOJIC 3aKIIOUECHUSI U3 HEKOTOPOM COBOKYMHOCTU MOCHUIOK
CUMTAETCS, UTO €CJIM BCE MOCBUIKM UCTHUHHBI U PACCYXKIEHUE BEPHO,
TO U 3aKJIIOYEHUE JTOJKHO ObITh HICTUHHBIM.

Cxemy, Wiy mpaBwio, BbIBOJAA (YMO3AKIIOYEHHUE, B TEPMHUHAX
TPaIULUOHHON JIOTUKN) C TOCBUIKAMH @1, Py, ... , ¢y ¥ 3AKIIOUYECHUEM
D, Py oo 5Py

p :

COBOKYITHOCTh MPEMJIONKEHHM, IPO OJHO U3 KOTOPBIX, Ha3bIBae-
MO€ 3aKtoueHuemM, TOBOPUTCS, YTO OHO CIEAYET U3 OCTaJIbHbIX, Ha3bl-
BAEMBIX NOCHLIKAMU, HA3BIBACTCS APYMEHMOM. Ap2ymenm Ha3vi6a-
emcs nPasUIbHbIM, eciu U3 KOHBIOHKYUU e20 NOCHLIOK caedyem 3a-
KIt0YeHue.

OTO0 onpeneNieHne PaBHOCWIBHO CIEAYIOUIEMY YTBEPKICHHUIO.

70

(p 3aMKUCHIBAIOT CIEAYIOMINM 00pa3oM:



Apeymenm ABISIETCS NPAGUIBLHBIM, €CITA UMILTAKAUS
DNANPN NP, =P

SBIISICTCST MOACOECMBEHHO UCMUHHOU (POpMYnol anreOpbl BHICKA3bI-
BAHUM.

OTcrozia BBITEKAET cieayroniee mpaBmio. YToObl yCTaHOBUTD, SIB-
JSI€TCA JTU apTyYMEHT NMPaBWIbHBIM, IOCTATOYHO:

a) (opMaIn30BaTh BCE MOCHUIKU U 3aKJIIOYEHUE U COCTABUTDH CXe-
MY paccCyKIACHUS;

0) COCTaBUTh KOHBIOHKITHIO (hOPMaJIM30BAHHBIX MTOCHIIOK;

B) 3amucaTh UMIUIMKAIMIO: U3 KOHBIOHKIIMU TMOCBUIOK CJEIYET
3aKIIIOYCHUE;

I') UCCIIEIOBATh MOJYYEHHYIO (hOpMYIly Ha TOXKIECTBEHHYIO HC-
TUHHOCTh. EClIM OHA TOXJIECTBEHHO HCTUHHAs, TO apryMeHT Mpa-
BWJIbHBIW, €CJIM HET — TO HENTPABUJIbHBIM.

3apaumn
28. Jlokaxxute, 4TO TAHHBINA apTYMEHT — IPABUJIbHBIM:
l)a:b,a; 2)a:>_b’b; 3) 51:>Z_9; 4) a/\éjf;
b a b=a anc=b
b,b a
5) a=b, :>c; 6)a:>b,b; 7)a:>_b,a'
a=>c b

a

3aMeTUM, 4TO B KJIACCHUYECKOM JIOTMKE MEPBBIE MAThH MPABUJI BbI-
BOJIa HA3bIBAKOTCS COOTBETCTBEHHO: YTBEPKIAOIINN MOIYC, OTPHUIIA-
IOIIHMI MOJTyC, MTPAaBUJIO KOHTPAMO3UIIUH, TPABUIIO PACIIMPEHHON KOH-
TParo3uIny, MPABUIIO CHILIOTM3MA.

29. [TpoBepbTE MPABWIBHOCTD CIEAYIOMIETO APTYMEHTA.

Ecau Oynmer moTeryieHne MOrodsl, TO MoWaeT cHer. IloTermenus
He Oyaet. CreioBaTeIbHO, CHETa He OyIeT.

Pewenue. 1. CoctaBuM cxemy pacCyx ICHUS:

pP=cp

C
2. 3anuireM UMIUTHKAIAI0, TOXKISCTBEHHYIO HUCTHHHOCTh KOTO-
poil TpeOyeTcs NPOBEPUTH: (p = c) A p=C.
3. IIpeoOpaszyem moaydeHHyI0 Gopmyy:

(p=>)AP=C=(PVCOAP YV C= PVCVPVCE pACY pvC =

(pvpve) a(evpve)=(pve)a (pve)=(pveo).
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®opmyna, K KOTOPOW MPHUIILIM, HE SIBJIAETCS TOXKIECTBEHHO HC-
TUHHOW, 10O MOKET NMPUHUMATh KaK HCTUHHOE 3HAYEHUE, TaK U JOK-
HOE, & 3HAYUT, JAHHBIA apryMEHT HE SIBJSETCS NPABUIIbHBIM.

30. /lokaxxuTe, YTO apryMEHT SIBJISIETCS MPABUIIbHBIM.

1)a:>b,b; 2) a/\b; 3) 4= =0,
anb a=b (anb)=c
4) avb,a:c,b:c; 5) a=>b,c=d,avc
c bvd

31. IIpoBepbTe MPABWIBHOCTD CIEAYIOMIETO APTYMEHTA.

Ha nenb poxxzeHust ObUIO PENIEHO KYNMUTh aCTPhbl UM T€OPTUHBI.
BbL10 Takke pelieHo, YTo KyIUICHHBIE [IBETHI AOJKHBI ObITh CBETJIbI-
MU U KpacHbIMU. B MarasuHe BBISICHWIOCH, YTO BCE CBETJIbIE aCTPhI HE
KpacHble. BBIBO/I: OB KYTUICHBI TEOPTUHBI.

32. BeIsicHATE, JIOTUYHO JIM POBEAEHBI CAEAYIOIINE PACCYKICHHUS.

1. JInGo pacTeT Kypc IIEHHBIX OyMar, JIMOO HaJIOTH MOBBIIIAIOTCS.
Ecnu kypc nieHHbIX Oymar yBEJIWYHBAETCS, TO MOBBIMIACTCS UX JIMK-
BUJIHOCTh. ECJIM HaJOTH MOBBIMIAIOTCS, TO YBEIUUYUBACTCS CTOMMOCTD
xu3Hu. ClienoBaTeabHO, JIMOO MOBBIIIACTCS JUKBUIHOCTDh IIEHHBIX
Oymar, Tn00 yBEITMUYUBACTCSI CTOMMOCTD JKH3HH.

2. Ecom Oyaet undusiuus, To 3apaboTHas 1uiata yBenuuutcs. Ec-
au uH@usuuu He OyJeT, TO ymeHbliarcss Hajmoru. CrenoBaTenbHO,
1160 3apaboTHas MJIaTa yBEJIUYMUBACTCS, JIMOO YMEHBIIAIOTCS HAJIOTH.

3. Nnu MiBaHoB moOeaUT B COPEBHOBaHMSX, UK [leTpoB BhIUTpa-
eT B jJoTepee. Ecau MBaHOB oOEIUT B COPEBHOBAHUSX, TO €r0 Harpa-
nar rpamorou. Ecim IleTpoB BeIMTpaeT B J0TEpEE, TO OH MOJIYYHUT
npu3. Crnenyer nu oTcroja, yTto MBaHOBa Harpaisir rpamoToi JMOO
[TeTpoB momy4ut npus?

4. uma umu 3a0051el, Wik He Beyuusa ypoku. Eciu luma Gose-
€T, TO OH He UJeT B mKoiy. {uma momen B mkosay. Cieayer Ju oT-
croaa, 4To Jluma BeIyYusl ypoKu?

5. OOGBUHSIEMOTO HEJb3s MPU3HATH BUHOBHBIM, €CJIM OH HE ObLI B
Spocnasne mepBoro sgHBaps B 18 4acoB. YCTaHOBIEHO, YTO B 3TO
BpeMsi 00BUHsIEMbIN ObUT B MOCKBE. 3HaUUT, OH HEBUHOBEH.

6. Sl 3amnatun ObI 32 PEMOHT TEJIEBU30Pa, €Cir Obl OH CTajl pado-
Tath. OH ke He padoTaeT. [loaToMy s MIIaTUTHL HE OYy.

7. HeBepHo, uTo ecinu PenopoB IOPUCT, TO OH CIEAOBATENb MPO-
Kyparypsl. @ennopoB He OpUCT. CIeq0BaTEIbHO, OH HE CIEA0BATEIb

IPOKYPaTyPBHL.
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8. Ecniu OH mpUHAMJIEKUT K HAIIEH KOMITAaHWH, TO OH YMEH U Ha
HEro MOXKHO TOJIOKUTHCs. OH HE MPUHAUICKHUT K Hallled KOMIaHUH.
3HAYUT, HA HETO HENb3sI MOJOKUTHCS WU OH HE YMEH.

9. Eciiu OH aBTOp 3TOro cliyXa, TO OH Iyl WM OECIPUHIUIICH,
HO OH HETJyN U HE JIMIIEH MPUHIUIOB. 3HAYUT, HE OH aBTOP 3TOTO
ciyxa.

10. Hameuennass artaka ymactcs, €ClM 3aXBaTUTh MPOTHBHHUKA
BPACILJIOX WJIX K€ €CJIA €T0 MO3UIIMK OYIyT MJI0XO0 3allUIIEeHbI. 3aXBa-
TUTh €r0 BPACIJIOX MOXKHO TOJIBKO, €cliu OH OecrieueH. OH He Oyner
OecrieueH, €CiM €ro MO3UIUU TUIOXO 3allUIIEHBI. 3HAYUT, aTaka He
yaacTcsl.

11. Ecniu Mbl HE OyJieM MPOAOKATh MOJUTUKY COXpPaHEHUS LIEH,
TO MBI MOTEpsieM ronoca uzbuparenei. Ecou ke mMbl OyaeM npojoi-
XKaTh ATy MOJMUTHUKY, TO MPOJOJDKUTCS MEPETPOU3BOICTBO, Pa3Be UTO
MBI TIPUOETHEM K KOHTPOJIIO HaJl MPOU3BOACTBOM. be3 rosocor uzou-
paTeneil Hac He mepen3depyT. 3HAYUT, €ClId HacC BCEe-Taku Nepeun3oe-
PYT U Mbl HE MIPUOETHEM K KOHTPOJIO HaJl MIPOU3BOJICTBOM, TO OyIeT
IPOJIOJKATHCS MIEPETPOU3BOJICTBO.

12. B 0romxeTe BOZHUKHET JASPHUIIUT, €CIIM HE MTOBBICUTD IOIIUIH-
Hbl. Eciiu B O10/1)keTe BO3HUKHET N€PUIUT, TO TOCYAapCTBEHHBIE pac-
XOJIbl Ha OOIIECTBEHHBIE HYXKJIbI COKPATATCS. 3HAYUT, €CJIH MOBBICST
MOIUIWHBI, TO TOCYJaPCTBEHHBIC PACXO/bl Ha OOIIECTBEHHBIC HYKIIbI
HE COKPaTATCS.

13. Ecnu mojio3peBaeMblii COBEPIIMII ATy Kpaxy, TO JUOO OHa
ObUTa THIATENBHO MOJTOTOBJIEHA, TUOO OH MMEN coydacTHHKa. Ecmu
OBl Kpaka Oblja MOJATOTOBJICHA TIIATEILHO, TO, €CJX OBl ObLI cOoyda-
CTHUK, YKPaJIeHO ObUIO ObI ropasio OoJibllle. 3HAUUT, 1OJ03PEBACMBII
HEBUHOBEH.

14. Eciiu IBaHOB rOTOBUTCS K 9K3aMEHY U UMEET IINAPTrajku, TO
OH WJIET cllaBaTh dK3aMeH. BepHo nu, uto ecnu MIBaHOB TOTOBUIICA K
HK3aMEHY, HO HE MOLIEJN €ro C/1aBaTh, TO Y HEro He OBLIO MIMAPTalioK.

15. Eciin ObI OH €if HUYero He CKa3all, TO OHa HU 3a YTO OBl TOr0
He y3Hayia. A He CIpOCH OHa ero, OH Obl M He ckazan et Huuero. Ho
OHa 00 3TOM y3Hajia. 3HAYUT, OHA €Tr0 CIpocuIa.

16. TIpodcoro3sl mrara OyayT Opoa0JKaTh MOAAECPKUBATH 3TOTO
ryOepHaTropa TOJIbLKO B TOM ClIy4dae, €CJIM OH TOJIMMIIET JaHHBIN
ous. depMepsl OKKYT €My HOJIEPKKY TOJIBKO B TOM Cllydae, €clin
OH HAJOXUT Ha Hero BeTo. OYEeBHUIHO, YTO OH JMOO HE TMOAMUIICT
O, 100 HE HAJIOXKUT Ha Hero Bero. CieaoBaTenbHO, TyOepHaTOp
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noTepsieT TubO rojioca pabounx, 00bEAMHEHHBIX B TPOJPCOIO3bI, JINOO
royoca (hepmMepoB.

17. Ecnu s molay 3aBTpa Ha NEPBYIO Mapy, TO JOJDKEH Oymay
BCTaTh PaHO, a €CJIU s TONy BeUepoOM Ha JUCKOTEKY, TO JISITY CHaTh
no3nHo. Ecnu s nsry cnaTh MO3/IHO, @ BCTaHYy paHo, TO OyJy BBIHYX-
JIEH JI0BOJIBCTBOBATHCS MATHIO YacaMu CHa. Sl mpoCTO HE B COCTOSIHUU
00ONTHUCH MATHIO YacaMu cHa. Clie10BaTeNbHO, 1 TOKEH MPOMYCTUTh
3aBTpa MEPBOEC 3aHITUE WUJIU HE XOAUTh HA IUCKOTEKY.

18. Ecnu ncxop ckauek OyAeT MpepelieH CroBOPOM Ui B UTOP-
HBIX JoMax OyJyT OpyJloBaTh ILIyJEphl, TO JOXOJbI OT TypHU3Ma yIa-
IyT U TOpoA mocTpagaer. Ecnu 1oxoapl OT Typyu3sMa ynagayT, TOJTUIUS
Oyner noBosibHa. Ho monunusa Hukorja He ObIBaeT AoBoJibHA. Clienno-
BaTeJIbHO, UCXOJI CKAYEeK HE MPEPEIICH CTOBOPOM.

19. Eciin «llIluaHMK» BhIUTpaeT, To SApocnaBib OyAeT TOPKECT-
BOBaTh, a €ClU BhIMrpaeT «Crnaprak», TO TOpKecTBOBaTh OyaeT Mo-
ckBa. Beiurpaet wim «Cnaprak», unu «lllunauk». OnHaKo eciy BbI-
urpaet «llIluaauk», T0 MOCKBa TOpP>KECTBOBAaTh HE OYJIET, a €CJIU BbI-
urpaet «Cnaprak», To He OyJeT TopxkecTBoBaTh fpociaBib. Urak,
MockBa OyJieT TOp>KeCTBOBATh TOT/Ia U TOJBKO TOT/Ia, KOTrAa He OyJieT
TOPXKECTBOBATh SPOCIIaBb.

20. TleTpoB unau mepeyToMuics, Wik OoJjieH. Eciu oH mepeyTo-
MHJICS, TO OH pazapaxaercsa. OH He pazgpaxaerca. ClenoBaTenbHO,
OH 0O0JIEH.

21. Ecnu 3aBTpa OyAeT KOHTPOJIbHAS MO0 MaTeMaTHKe, TO S MOUy
B YHUBEPCUTET, €CJIM YPOK OyJeT MOJArOoTOBJIEH. 3aBTpa OyJeT KOH-
TpOJIbHAS [0 MAaTeMAaTUKE, a YPOK Y MEHsI He nmoarotosieH. CienoBa-
TEJILHO, 51 HE TIOWY B YHUBEPCHUTET.

22. Ecnu nipectymieHre OyJeT pacCKpbITO CETOJIHsI, TO OT/EIN 3aB-
Tpa yTpoM Oyner B u3ymsieHHMU. Eciu mpecTyrieHue cerojHs pac-
KpPBITO HE OyJAeT, TO eMy OyJeT Ka3aThCs, YTO Ha HEro CMOTPST C CO-
xaneHueM. CrieoBaTenbHO, WIK OTAEN OYyIeT 3aBTpa B M3yMJICHUH,
WM eMy OyJIeT Ka3aThCsl, YTO Ha HETO CMOTPST C COKAJICHUEM.

23. Ecnu s moexy n1oMoi aBTOOycoM, a aBTOOYC OIO37aeT, TO S
NpONyIly Ha3HAYEHHOE CBHUAaHuE. Eciu g mponylly Ha3HAYE€HHOE
CBHUJIAHUE W HAYHY OropyaThCsi, TO MHE HE cieAyeT exarh aomoil. Ho
€CJIU I HE MOJydy 3Ty paboTy, TO sl TOKE€ HAYHYy Orop4yaThCs U MHE
cienyer noexartb AoMon. CiaeaoBaTenbHO, €CIU A OeAy aBTOOYCOM H
aBTOOYC OTIO3/Ia€T, TO S MOJydy 3Ty padoTy.
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24. Ecnu VIBaHOB mMoOeAUT Ha BHIOOpAxX, OH OyJAET J0BOJICH, a €CIU
OH OYJIET JOBOJICH, TO OH TUIOXOW OOpeI] B MPEABBIOOPHON KaMIIaHUH.
Ho ecnu oH npoBayiuTcs Ha BEIOOpaxX, TO MOTepsAeT goBepue naptud. OH
IJIOXOM Oopell B MPEABLIOOPHON KaMIaHWU, €CIU IMOTEPSET JOBEpHE
naptur. Ho eciu oH mioxoit 6opell B MpeABLIOOPHON KaMITaHUH, TO eMY
ClIeyeT BBINTH W3 mapTuu. VMIBaHOB WM MOOEIUT Ha BHIOOpAX, WM
npoBasiutcs. CreoBaTeIbHO, EMY HYKHO BBIUTU U3 IMAPTHUH.

25. Hukomait u JImutpui onHOTO BOo3pacta unu Hukonau crapiie
Hmurtpus. Ecnn Hukomait u JImutpuii ogHoro Bo3pacra, To Onbra u
JAmutpui He oxHoro Bo3pacra. Eciim Hukomait crapuie JIMutpus, To
Jmvutpun crapme Muxauna. CiienoBarenbHo, win Onbera u Jmutpuii
HE OJIHOTO Bo3pacTta, WM Jimutpuit crapme Muxanna.

26. Ecnu mectHaguatuiaeTHuii MapkoB BCTynuT B Opak, TO OH
OyneT oOBSBIICH MOJHOCTHIO J1E€CTIOCOOHBIM, HO MapKOB HE BCTYIIHT
B Opak. CiemoBaTenbHO, OH HE OYI€T MOJIHOCTBIO JIEECITIOCOOHBIM.

27. Unu BosoauH moOenuT Ha MPE3UJEHTCKUX BBIOOpaAx, WU
AHTUIIOB 3aliMET BakaHcHUIO cyabu. Ecnu Bonoaun mobeaut Ha mpe-
3UICHTCKUX BBIOOpAX, TO OH COPMHUPYET HOBOE MPABUTEIHCTBO; €C-
T AHTUMOB 3aliMET BaKaHCUIO CYJbU, TO €r0 MaTepuajibHOE o0ecte-
yeHue ynyumurcs. CrnenoBarenbHo, win Bonogun He cpopmupyer
HOBOE MPABUTEILCTBO, WIM MaTepHalbHOE OOecreueHrne AHTHUIOBA
YIIYUILUATCS.

28. JIubo ycunupaetcsi 60pp0a ¢ MpecTymHOCThI0, JTU00 yiydIia-
I0TCSl yCIIOBHS KU3HU. Eciu ycunuBaeTcsi 60pb0a ¢ MpecTYNMHOCTHIO,
TO YBEJIMYUBAECTCS YUCIO 3aKIIOUCHHBIX. ECu yiydiairTcs yCiaoBuUs
KU3HH, TO YMEHBIIIAETCS YUCIIO NpecTyIuieHui. CienoBaTenbHo, 100
YBEIUYUBAETCS YUCIIO 3aKIIOYEHHBIX, JIMOO YMEHBIIAETCS YUCIIO TMpe-
CTYIUJICHUM.

29. O6GBUHAEMOTO HEJB3s MPUBJICYD K YTOJOBHOM OTBETCTBEHHO-
CTH, €CJIM B MOMEHT COBEPIICHHS NMPECTYIUIEHHUS] OH HAXOJUJICS B CO-
CTOSIHUM HEBMEHSIEMOCTU. Y CTAHOBJIEHO, UYTO B MOMEHT COBEPIICHUS
MPECTYIUIEHHUS] OH HE MOT PYKOBOJUTH CBOMMU JEHUCTBUAMU BCIIE/ICT-
BHE XPOHUUYECKOI'O IMCUXUYECKOTO PacCTPONCTBA. 3HAYUT, €TI0 HEJIb3S
MPUBJICYb K YTOJIOBHOW OTBETCTBEHHOCTH.

30. 4 3akmrouns Obl JOTOBOP KYIUTU-TIPOJaku ¢ JICOHHIOBBIM,
TOJIBKO €CJIM OH HE JIMIIEH aeecriocoOHocTH. Ho oH mpu3HaH Henee-
criocoOHbM. [losToMy s He Oyay 3akiouarh JOTOBOP KYIUIM-
poJIaxku ¢ JICOHnTOBBIM.
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31. Hesepno, uto ecinu «Actpa-Ilmroc» wopuandeckoe JUIo, TO
OHa 3aKpbITOe akiroHepHoe obmiecTBo. Ho «Actpa-Ilimtoc» He ropu-
nuyeckoe nuio. CienoBaTebHO, OHA HE 3aKPHITOE aKIMOHEPHOE 00-
IIECTBO.

32. IlpecTyruieHrue yaacTcsi pacKpbiTh, €CJIM B3ATh C MOJUYHBIM
WCIIOJTHUTEIISI WK JOOUTHCS MPU3HAHMS OT MOCOOHWKA. B3sTh ¢ mo-
JUYHBIM HMCTIOJIHUTENS MOXKHO, TOJIBKO €CJIM OH TMOTEpseT OJUTENb-
HOCTh. OH HE MoTepseT OUTEIBHOCTD, €CIIH OT MMOCOOHUKA TOOBIOTCS
MpU3HAHUS. 3HAYMUT, IPECTYIVICHUE PACKPBITh HE YIACTCS.

2.2.2. PenlieHMe JIOTHYECKHUX 32124

[Tox normveckuMu 3agayamMu OOBIYHO MOHUMAIOT TaKue 3aJauH,
KOTOpPBIE PEIIAIOTCS TOJIBKO € ITIOMOLIBIO OJHMUX JIOTHYECKUX Ollepa-
IUMA W C HMCHOJIb30BAaHHWEM armapara ainreOpbl BbICKa3biBaHUW. [Ipu
9TOM BO3HMKAIOT TPYAHOCTH, CBSI3aHHBIE C IIEPEBOAOM 3a/1a4 Ha S3bIK
aJireOpbl BBICKA3bIBAaHUI M C MCIIOJIB30BAHUEM allliapaTa 3TOW anreo-
pbl. Jlornueckue 3amadym MOTYT pemaTbCsi U (DAKTUYECKH PEeIIaroTCs
OOBIYHBIMU PACCYKICHUSIMH, UHOTJIA TI0BOJIbHO JJIMHHBIMU. [ToaTOMY
yI00HO HCIOJIB30BaTh «KOMOMHUPOBAHHBII» METOM, KOTOPBIA COCTO-
UT B TOM, YTO OOBIYHBIE PACCYKJEHUS COUETAIOTCS C MEPEBOJIOM yC-
JOBUI 3a7]a4 Ha SI3bIK aireOpbl BHICKA3BIBAHUN WM CO CHELUUATBHO
COCTaBJICHHBIMU TaOJIUIIAMU, CXEMaMH.

3amaum

33. OpHaxapl CIEIOBATENI0 MPUIUIOCH OJHOBPEMEHHO JIOIpPA-
muBarth Tpex cpuuerenen: Knona, XKaka u luka. MIx nokasanus mpo-
TUBOPEUYUIIN APYT APYTY, U KKABIM U3 HUX OOBUHSI KOrO-HUOY/Ib BO
mxu. Knonx yreepxxaan, uro JKak moket, XKak o0BuH:T Bo Jku Jluka, a
Jluk yroBapuBan cienoBarens He BepuTh HU Kitony, Hu XKaky. Ho
CJe0BaTeNb OBICTPO BBIBEJ UX HA YKHCTYIO BOJY, HE 3aJaB UM HU OJI-
HOro Borpoca. KTo u3 cBuzieTeneld roBopuii npasay?

Pewenue. O0o3naunM nokasanusa csuaereiied Kioma, Xaka u
Juxa coorBeTrcTBeHHO OykBamu K, /K, /[. MBI He 3HaeM, KaKkue MoKa-
3aHUSI UCTUHHBI, & KAKUE JIOKHBI, HO HAM MU3BECTHO CJIEAYIOIICE:

1) mu6o Knox ckazan npasny, u torma JKak comnran, nubo Knon
conaraj, u torjaa JKak ckazai npasay;

2) mubo XKak ckazan npaBay, U toraa Juk comran, au6o JKak
conrai, v Toraa Jluk ckazan npasny;
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3) 6o Juk ckazan npaeay, u Toraa Kinon u Xak conranu, mu6o
JIMK COJIraJl, ¥ TOr/Ia HEBEPHO, YTO 00a JPYIHX CBHIETEIS COJTalIy.

Kaskoe M3 5TUX TpeX BHICKA3bIBAHMI SBJIACTCS MCTHHHBIM, IS
KaKJIOT0 U3 HUX COCTaBMM (DOPMYITy anreOphl BEICKA3BIBAHMIA:

KA KV KAX,

DK AV XK A,

3NN KAK v T A(KAXK).

Tax xak 3Ty Tpu GOPMYJIbI HCTUHHBI OJJHOBPEMEHHO, TO UCTUHHA
M UX KOHBIOHKIIUS:
(KA KN KAKVNCKA IV K NDAJINKAK v I AKAXK) = 1.

B 1€BO#i YaCTH ypaBHEHHUS BBINOJHMM KOHBIOHKIIMIO, UCIIONb3Ys
JIUCTPUOYTHUBHBIN 3aKOH M 0TOPAchIBas T cllaraeMble, B KOTOPBIX Ka-
KO€-TM00 BHICKA3bIBAHUE YMHOKACTCS HA CBOE OTPHMLAHME, a TAKKE
3aMEHsIs 1Ba OJMHAKOBBIX COMHOMKUTENS OJHUM TAKUM COMHOMKUTE-
JeM:
(K AKANT v KA K ANJTINUINK AKNY TN KV IK)) =
KAXKATL AKv2K)=K AKAT.
Teneps Hanle ypaBHEHHE PaBHOCHIBHO COBCEM IIPOCTOMY
YPABHEHUIO:

K AXKAL=1,

u3 koroporo ciuenyet, uro K =0, JK = 1, /[ = 0. Takum obpazom, Kak
rOBOPUJI MpaBy, a mokazanus Kiona u J{uka mKuBblL.

34. Tlocne poAUTENHCKOTO COOpaHUs K YYUTEIIO MOAOIIEN OJUH
U3 POJIUTETICH:

«BbI HE Ha3BaJIM MOEro ChIHA CPEJY XOPOIIUX YUYCHHKOB. A BEJb
Mou Denst — OTIMYHUK U K TOMY K€ JIYUIINH JBDKHAK KIacCay.

«/la, Bbl mipaBbl, — OTBETUJT YUUTEIh, — HO XOPOIIUM YYEHUKOM
MBI CYUTAEM YUYCHHKA, KOTOPHIA XOPOILIO YUYUTCS, TUCIUIIMHUPOBAH,
IOMOTaeT B y4eOe OTCTAIOIMIMM M, KpOME TOro, y4acTBYeT B paboTe
Hay4YHOI'0 KPY’KKa WIM 3aHUMAETCs CIIopToM, a Bam @ens. . ..».

Uro emie cobupaiics ckazath yUUTENb?

Pewenue. Beegem o0o3HaueHMs BbICKa3biBaHui: 1) A — «Dens
XOpOUIo yuutcsn; 2) B — «Pensa aucuuruimaupoBan»; 3) C — «Dens
nmoMoraeT B yuebe oTcraromum»; 4) D — «Deas ydyacTtByeT B padoTe
HAy4YHOTO KpYyxkKa»; 5) £ — «Deas 3aHuMaeTcss CHOpTOMY.
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Teneps yrBepxkaeHue «®Pens — XOpPOUWIMKA YYEHUK», COIJIACHO
«OMPEAECICHUIO» XOPOLIEro y4YeHUKa, JaHHOMY YYUTEJIEM, Ha s3bIKE
anreOpbl BHICKA3bIBAHUM MOYKHO 3aMMMCaTh TaK: AABACA(DV E).

Yuurenps yTBEPKAAET, YTO «HEBEPHO, UTO Dens — XOpOLn yue-
HUK», TO €CTh OH YTBEPXKIAET, UTO AANBACA(DV E)=1.

[IpeoOpa3yemM BbIpakeHHE, CTOSIIEE B JIEBOM YaCTH ATOr0 pPaBEH-
CTBa 110 TIpaBUTy ne-Moprana: Av Bv Cv DV E = 1.

deauH oTell yTBepkKJaeT (M YyUHUTENb COTJACUIICS C HUM), 4YTO
A=1, a Takxe E=1 (Deas — nydmuii TbDKHUK Kiacca). Toraa B mo-
JYYEHHOM PABEHCTBE IEPBOE M MOCJIENHEE CIIAraeMBbIC JIOXKHBI, I0-

3TOMy OHO PaBHOCHIBHO ycioBHio Bv C = 1. OTcioga cleayer, 4To
YUUTEIb XOTeN cka3arh DenuHomy oTity, uto dens HeAUCUUTUIMHU-
POBaH WJIM YTO OH HE MTOMOTAET B yueOe OTCTAIONIUM YYaIUMCH.

35. bbL10 coBepilieHO orpadieHue. Merpe cooOIIMIN, YTO MO03-
peBatoTcs Tpoe Opojsar: Jlyn, ®@pancya u OTheH. bpoasru ganu cie-
TYIOIINE MOKA3aHHUS:

JIyu: «YTo0bl OOBUHUTH MEHS, JOCTATOYHO JI0Ka3aTh, 4TOo DpaH-
Cya y4aCTBYET B OrpalJje€HUM TOJIBKO TOTJla, KOTJa B HEM y4acTBYET
OTbEH, HO 1 HC BUHOBECHY.

®pancya: «Ecnu Jlym HEBUHOBEH, TO, YTOObI OOBUHUTH MEHS,
JIOCTATOYHO MPU3HATh JThEeHA TOKE HEBUHOBHBIM. HO DTheH BUHOBEH
TOT/Ia ¥ TOJIBKO TOTJa, KOraa BUHOBEH JIyn. A ecnu OTheH BUHOBEH,
TO 51 HC BUHOBEHY.

Ot1beH: «BuHOBeH 100 51, 6o Ppancya u Jlymy.

Merpe 3Hai, 4To DThEH Bcerna JuKeT, a Jlym u dpaHcya Bcerna
TOBOPSAT MpaBay. ITO MOMOTJIO €My pacmyTarh jenno. Kto Obu1 mpu-
Y4acTeH K OrpaliaeHuto?

36. OnpenenuTph, KTO U3 YETHIPEX MOJ03PEBAEMBIX y4aCTBOBAI B
orpa0JIeHUH, €CJIU U3BECTHO, UTO: 1) ecnu A ydacTBoBaj, TO U B yua-
cTBOBaJ; 2) ecinu B yuacTtBoBan, To mim yyactsoBan C, i A He y4da-
ctBoBal; 3) ecniu D He ywyacTBOBas, To A yuyacTtBoBai, a C He yyacT-
BoBaJ; 4) ecniu D yyacTBoBaJI, TO A y4acTBOBaJ.

37. Bo BpeMs gompoca KaxIbld U3 TPEX MOJ03PEBAEMBIX CHIENIall
CJIEAOBATEIIIO TPU 3asIBJICHHUS.

Baner: «4 ne BunoBeH; Ty3a s He 3Hat0; Cepblid 3HAET, KTO 3TO
caenam.

XBart: «9T0 caenan He s1; ¢ CepbIM s HE 3HaKOM; 3TO caenan Ty3».
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Ty3: «5 He BUHOBEH; 3TO caenan Cepslil; XBaT JKET, 3TO CJeall
HE 5.

Cepslil: «51 HEe BUHOBEH; 3TO caenain Baner; XBaT MOXKET 32 MEHs
MOPYUYUTHCS.

[Ipu mepekpecTHOM AOMNPOCE KaXKABIA U3 HUX IMPU3HAI, 4YTO U3
TpPEX CJIICJIAaHHBIX UM 3asIBJICHHUN JBa BEPHBIX U OJHO HEeBepHOe. Onpe-
JIeJIUTe MPEeCTYIMHUKA HA OCHOBAHUH TTOJTYUYeHHOW MH(opMaIuu.

38. IllecTtepo momo3peBacMbIX B MPECTYIUICHUH NABAIA MOKA3a-
Hus. A: «E BuHOBen». b: «A mkeT, U 1 He BUHOBEH». B: « BuHOBHBI A
uiu E, a Bo3MokHO, 1 00a». I': «B ropoput npasay». J1: «B u E — 00a
ary™». E: «5 e BuHOBeH». Eciin mpaBay cka3ain oauH U TOJBKO OAUH
U3 MOJI03PEBAEMBIX, TO KTO COBEPIIWI NPECTYIUIEHUE?

39. Yersipe yuenunsl — Mapust, Huna, Onbera u [lonnna — yyact-
BOBAJIM B COPEBHOBAHMSX W 3aHSUIM IEpPBbIE YEThIpe Mecta. Ha Bo-
POC, KTO U3 HUX KAKOE MECTO 3aHsI, TPU JE€BYIIKHA OTBETHIIM:

1) Onbra Obina BTOpasi, [lonrHa — TpeThs;

2) Omnbra Owa niepBasi, Huna — Bropas;

3) Mapus 6wu1a BTOpas, [loauna — yeTBeprasi.

B kak70M M3 3TUX TpeX OTBETOB OJHA YaCTh BEPHA, a Apyras He-
BEpHa (Kakas UMEHHO 4acTh B€pHa — Hen3BecTHO). Kakoe mecto 3aHs-
Ja Ka)KJasi u3 JCBYIICK?

40. IIpu cocTaBiaeHUN pacnyCaHMsl HA ONPEJCICHHBIN JI€Hb B OII-
peIeICHHOM KJlacce MpenoaaBaTeIs MU ObUTH BhICKa3aHbI MPOCHOBI:

1) MaTemMaTHK KeJIAeT UMETh MEPBBIA I BTOPOU YPOK;

2) UCTOPUK KeJIaeT UMETh MEPBBIN WU TPETUM YPOK;

3) nuTepatop KenaeT UMETh BTOPOU WUIIA TPETHM YPOK.

Kak y10BI€TBOPUTH BCEM MOXKENAHUAM M MOYKHO JIM 3TO CAENATh
OJIHUM CIOCOOOM?

41. CocraBieHHas mnepea KOHIIEPTOM MpOrpamMMa BBICTYILICHHS
oObL1a notepsina. O mopsiiKe ClIeJOBaHUSI HOMEPOB COXPAHWIIACH JIUIIIb
cieayromas nHGopMaIus: TAHIOPHI JTOHKHBI BBICTYIIATh WM BTOPHI-
MU, WU TPETBUMH; MY3bIKAHTHI — NEPBBIMU WJIA BTOPBIMH, IEBIBI —
NepPBBIMU WU TpeTbUMU. Kakoii mopsioK ciaeJ0BaHUsI HOMEPOB ObLI B
MOTEPSIHHOW mporpamme?

42. Yerplpe MapCUaHKH, OKA3aBIIMECS HA 3eMJi€ B 2... TOIY, Ha
BOIIPOC 00 X BO3pPACTE JAJIU OTBETHI:

1) Mu — 22 rona, Me — 21 rox;

2) Mo — 19 netr, Mu — 21 rox;

3) Ma— 21 roa, Mo — 18 xer.
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N3BeCTHO, 4TO BCE MApPCUAHKU — PA3HBIX BO3PACTOB, MPUYEM
TOABbKO JMaHHBIX: 18, 19, 21 1 22 1 4TO B Ka)XXJIOM OTBETE OJIHA YacCTh
BEpHA, a ipyras HeBepHa. CKOJBKO JIET KaXKI0M JEBYIIKE?

43. Aus, Baps u Knasa nonuiu Ha quckoteky. OgHa U3 HUX Oblia
B KpacHOM ILIaThe, Jpyras — B 0eyioM, TpeTbsi — B cuHeM. Ha Bompoc,
KaKoe IIaThe ObUIO Ha KaXJIOW M3 JEBYIIEK, OHM JaJdd TaKOil OTBET:
AHs Obula B KpacHOM, Baps — He B kpacHom, KinaBa — B He cuHEM.
B 3TOM yCIIOBHOM OTBETE M3 TPEX YACTEW OJHA BEPHA, IBE HEBEPHBL.
B kakoM miatbe Obuta Kaxaas u3 JIeByIIEK?

44. Tpu OpaTa UMEIOT 3BaHUE KalUTaHa, CTApIIMHBI U CEPIKAHTA.
N3 tpex yTBepxkieHuN «Ajekceill crapmumHa», «BmaguMmup HE ctap-
muHa», «CeMeH He cep)KaHT» JUIIb OJHO BepHO. Kakune BOWMHCKHE
3BaHUA y OpaTbeB?

45. HanncaB KOHTPOJIBHYIO paOOTy MO MaTeMaTUKE, CECTPhI CO-
oOumnu ceouM poautensm: Cera: «Ha 3ToT pa3 s Hanucana Ha 5»;
Jrona: «4 nanucana ve Ha 3»; Upa: «f nanucana He Ha S».

[Tocne mpoBepku pabOT OKa3aaoCh, YTO CECTPhI MOJYUHIIM pas-
HBIE TTOJOKUTEIBHBIE OLEHKN U U3 TPEX BBICKA3bIBAHUW CECTEP OJHO
BEpHOE, a ocTalibHble — omKnO04YHbI. Kakue onenku nonyunnu Csera,
JIroma u Upa?

46. Illectp mkompHuKOB A, B, C, /I, E, T yyacTtBoBanu B oauMm-
nrajae no MareMaruke. /[Boe u3 Hux pemwminu 3aaauu. Ha Bompoc, kto
pELInII, OHU OTBETHIIN:

1)AuE, 2)BuT, 3)TuA, 4)Bull, 5)CuA.

B yeThipex n3 OTBETOB OJHA YaCTh BEPHA, APYras HEBEPHA; B OI-
HOM U3 OTBETOB 00€ YacCTH HeBEpHBI. KTO M3 YUYEHHKOB pelIn 3a1auu?

47. B KoHKypce OalbHBIX TAHIIEB MEPBBIC YETHIPE MECTA 3aHSIIN
TaHueBaIbHbIC Mapsl A, B, C, D. Ha Bonpoc, kakas napa Kakoe MeCTO
3aHsJ1a, TOJTYUYEHbI TAKUE OTBETHI:

a) «mapa A mobeauna, a B 3aHs1a BTopoe MecToy;

0) «mapa D 3ans71a BTOpoe Mmecto, a C — yeTBepTOe»;

B) «1apa A 3aHsuia BTOpoe MecTo, a C — TpeTbe».

Kak BBISICHWIOCH TTO3HEE, B KAXKJIOM U3 3TUX YTBEPKICHUN OJTHO
BBICKA3bIBAaHUE UCTUHHO, a IPYyroe J0XHO. Kakoe MecTo 3aHsia Kax-
nasi mapa?

48. B BEIOroHKE y4aCTBOBAJIM S5 yYalIUXCs Y 3aHSJIM MEPBBIC IAThH
MecT. Ha Borpoc, KTO U3 HUX KaKO€ MECTO 3aHslI, pe0sTa OTBETUIIN:

1) «Cepexa 3ansin BTopoe Mecto, Koiist — Tpetbey;

2) «Hans — tpethe, Tost — msiToey;
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3) «Tonst — nepBoe, Hanst — BTopoey;

4) «Cepexa — BTOpoe, Bans — uetBepToey;

5) «Konst — mepBoe, BaHs — ueTBepTOE MECTOY.

B kakgoMm OTBeTE OJiHa 4acTh BEpHA, a JApyras HeBepHa. Onpene-
JUTE, KTO KAKOE MECTO 3aHsII.

49. B yHuBepcuTEeTE TPOBOAWIMCH COPEBHOBAHMS IO IUIABAHUIO.
Bosenbimyku BBICKA3bIBAIA clieayromue mnpeanonoxenus: 1) Caiia
oynet nepBbiM, a Cepexa BTopsiM; 2) IlepBeim Oynet Juma, a Kocts
3aiimeT TpeTbe MecTo; 3) Juma Oynet BTopbiM, a Cepeka MOXKET pac-
CUMTBHIBATh TOJIBKO Ha TpeThe MecTo. [0 OKOHYaHMM COpEeBHOBAHUM
BBISICHWIOCH, YTO KaXKJIbIH M3 OOJICTBITUKOB B OJTHOM M3 IPEAIOJIO-
KEHHI oka3zaincsa npaB. KTo e U3 CTyJeHTOB 3aHsJI MEPBOE, BTOPOE,
TPEThE U YETBEPTOE MECTA, €CIIU U3BECTHO, UTO ATHU MECTa pacmupee-
JICHBI MEX/TY BBIIICYTOMSHYTHIMU peOsiTamu?

50. Cembs, coctosiias u3 otra 4, marepu B u tpex gouepen — C,
D, E, Kylnijia TeJIeBU30p. Y CIOBUIUCH, YTO B IMEPBBIM Beduep OyAyT
CMOTPETH MEPEIaun B TAKOM MOPSIAKE:

1) Korna oreny 4 cMOTpUT niepeaady, TO MaTh B JIEJIAE€T TO XKE;

2) Houepu D u E, 00e Ui OJiHA U3 HUX, CMOTPST MEpeIayy;

3) U3 AByX 4iI€HOB cEMbU — MaTh B U 104b C — CMOTPUT Nepeaa-
4y OJIHA U TOJIBKO OJ/IHA;

4) louepu C u D unv 00€ CMOTPAT, WA 00€ HE CMOTPSIT;

5) Eciin nous E CMOTPUT Iiepeaady, TO U OTel| 4, U I04b D Je-
JAK0T TO XKe€.

KTO 13 ulieHOB ceMbHU B 3TOT BEYEP CMOTPEN Nepeaavy?

51. Ha Bompoc, k10 U3 4, B,C 3aCIy’KUBAIOT JOBEPUS, KaXKIbIU

U3 HUX BBICKA3AJICS O JIBYX JIPYTHUX CIECAYIOIIUM 00pa3oM:

A: ecnu B 3aCIly’)KMBAET JOBEPHUs, TO 3aCIHyKUBaeT u C.

B: A HE 3aCIIy’)KUBAET JOBepHUsl, C 3aCITyKUBAET JOBEPHUSI.

C: A4 3acinyXuBaeT J0BepHUs, B — HET.

Cuuras, 94TO Ka)kJ0€ M3 BBICKA3bIBAHMUHN 1—3 UCTHMHHO, €CJIU UCXO-
JIUAT OT 3aCJIY>KUBAIOIIEr0 JOBEpPHS, U JIO)KHO B MPOTUBHOM Cllydae,
ONPEEIIUTE, KTO U3 TPOUX 3aCIIYKUBAET JOBEPHSL.

52. Ha Bompoc, KT0o U3 Tpex yyamuxcsi 4, B, C u3ydaia JOTHUKY,
OBLI MOJy4eH ciaeaytomuil oTBeT: «Ecnu uzydan 4, To uzydain u B, HO
HEBEPHO, YTO €Cau u3ydan C, TO uzydasn B». KTo W3 HUX u3ydan Jio-
TUKY?
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53. Pazoupaercsa aeno bpayna, Jxonca u Cmuta. OquH U3 HUX
COBEpIIMJI TIpecTyIieHne. B mpolecce paccieoBaHusl KaxAblil U3
M0/I03PEBAEMBIX CJI€JIaJl IO JIBa 3asIBJICHUS.

bpayn: «I He nenan 3toro. /[>KOHC He eain 3Toroy.

JIxoHC: «bpayH He nenan 3toro. CMUT clienan 3Toy.

Cwmur: «4 He nenan storo. bpayH caenai 3To».

bbI10 yCTAHOBIIEHO, UTO OJWMH U3 HUX JBaXKIbl COJITaj, APYroi
JIBaXKIbl CKazal MpaBlay, TPETUH pa3 CONTal, pa3 ckaszai mpasny. Kto
K€ COBEPIIWII MPECTYIJICHUE?

54. Ha Bb1Oopax 4eThipe KaHauaata 4, B, C u D HaOpayiu 00Jb-
II€ BCETO TOJIOCOB, TPUYEM KOJIMYECTBA TOJIOCOB, UMU HaOpaHHBIX, HE
coBnagatotr. O pesyibTaTax BBIOOPOB OBLIM CJENIAHBl CIEAYIOIIUE
MPETOT0KEHHUS

1) Mo KOIMYECTBY roJIOCOB KaHIUAaT C 3aHsUI BTOPOE MECTO, a
KaHAUAAT D — TPETHE;

2) kanauaaT C HaOpaj rojiocoB OOJbIIE BCEX, a B ObLI BTOPHIM;

3) BTOpOe MECTO 3aHsUT KaHIAUIAT A, a D OB YETBEPTHIM.

Kak pacnpenenunucy Mecta MEXIy KaHAUAaTaMH, €ClId U3BECT-
HO, YTO B KaXKJIOM U3 MPEINOJ0KEHUN OJHO YTBEP)KJICHUE BEPHO, a
JIPYTOE JIOKHO?

55. J{ns yeThIpex 4enoBeKk A, B, C ¥ D HEOOXOIUMO COCTaBUTh
rpaduk padOThI HA YETHIPE JTHS MOAPSI/I, YUYUTHIBAS, YTO:

a) C 1 D HE MOTYT paboTaTh B MEPBbIN JCHB;

0) ecau D BBIMAET Ha pabOTy BO BTOPOM JeHb Wiu C — B TPETHH,
TO B CMOXET Nopab0OTaTh B YETBEPTHIN JICHb;

B) eclii 4 He Oyner paboTarh B TPETUH JEHb, TO B COTJIACEH pa-
00TaTh BO BTOPOH JICHb;

r) eciiu A uim C 0yayT pabotaTh BO BTOPOM JA€Hb, TO C BBIAIET
Ha paboOTy B YETBEPTHIN;

1) eciu C HE CMOXKET paboTaTh B UETBEPTHIM JIEHb, TO A TIPUJICT-
csl paboTaTh B MIEPBbIM, & D — B TPETHUH.

56. Becrpetunuch Tpu npyra: ckynsnrop benos, ckpuriaa UepHoB
U XyJT0XHUK PBDKOB. «3aMeuaresibHO, YTO OJWH U3 HAC UMEET OeJbie,
OJINH YEPHBIE U OJIUH PHIKUE BOJIOCHI, HO YTO HU y OJHOTO U3 HAC HET
BOJIOC TOTO 1IB€Ta, HA KOTOPBIM YKa3bIBa€T €ro (paMUivsy, — 3aMETUI
4epHOBOJIOCHIN. «ThI paBy», — cka3ai benos. Kakoil uBer Bojoc y Xy-
OoKHUKA?
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57. IlerpoB, BanoB, Cug0poB OOBHUHSIIOTCA B MOJJEIKE CBEJC-
HUW O TMOJIeXKAIIUX HAJOrOBOMY OOJIOKEHUIO J0X0/0B. OHU AaroT
MOJ1 PUCSTOM CIEAYIOIINE MOKA3aHUSI.

[lerpos: «BanOB BUHOBEH, a CUIOPOB HETY.

NBanoB: «Ecmu IletpoB BHHOBEH, TO BUHOBEH U CHUIIOPOBY.

CunopoB: « 51 He BUHOBEH, HO XOTs Obl OJIUH U3 JIBYX IPYTUX BH-
HOBEH).

OTBeThTE Ha cleayromue Bonpockl: a) COBMECTUMBI JIM MOKa3a-
HUS BCEX Tpoux nojo3peBaembix? 0) [lokazanus ogHOro U3 0OBHUHSE-
MBIX CJIEAYIOT U3 MOKa3aHUU APYroro; O UbMX MOKA3aHUSIX UJET peub?
B) Ecnu Bce Tpoe HEBUHOBHBI, TO KTO COBEPIIUII JHKECBUAETEIHCTBO?
r) [Ipenmnonaras, 4To MoKa3aHUsl BCEX OOBHUHSEMBIX BEPHBI, YKAKUTE,
KTO HEBMHOBEH, a KTO BUHOBEH; 1) ECiM HEBUHOBHBIN TOBOPUT UCTHU-
HY, @ BAHOBHBIN JIKET, TO KTO HEBUHOBEH, @ KTO BUHOBEH?

58. IIpenmnonoxum, 4T0 UMEIOTCA CIECAYIOIIME CBEICHUS O TPEX
oone3Hsx by, by, by u Tpex CUMITOMAX C1, Cp, C3:

1) V 6onpHOrO, CTpamarpIiero, o KpaitHei Mepe, oHON U3 00-
ne3Heut by, by, by, uMeeTcs, o KpaHEel Mepe, OJAUH U3 CUMIITOMOB
C1,Cp, C3 .

2) Ecnu 6onbHOM cTpamaet 00Je3HbI0 b, , HO HE CTpaaaeT 0oes-
HBIO b3, TO y HETO OOHAPYKUBAIOTCA CUMITOMEI | U ¢, WK HE OOHa-
PY’KUBAETCS CUMIITOM C;.

3) ¥V 6ompHOTO, CTpaaroIiero 00JIe3HbI0 by, HO HE CTPAIAIOIIETO
00JIe3HBIO b3, OOHAPYKUBACTCS CUMIITOM C».

4) Y 00abHOro0, CTpagaromiero 00JIe3HbI0 b3 , HO HE CTPAIAIOIIETO
007e3HbI0 by, 0OHAPYKUBAETCS CUMIITOM Cp, HO HE OOHapy>KHUBAETCS
CUMIITOM C;.

5) Ecnu y 0015HOTO 00OHAPY>KMBAETCSI CUMIITOM €| U OH CTPaJIacT
00JIe3HbIO b| WX HE CTpajaeT HU OAHOMN u3 OonesHeut by, by, b, TO y
HEro 0OHAPYKUBAETCSA U CUMIITOM C.

[TocTaBbTE qUArHO3 HA OCHOBAaHUU CUMITOMOB U YCJIOBHM 1-35.

59. CnenoBarenb JOMpAlIMBAET YETHIPEX TAHICTEPOB MO JETYy
noxuieHust aBromooumist. Jxek ckazan: «Eciu Tom He yroHsu aBTo-
MOOUJIb, TO ero yruai boo». boo ckazain: «Ecinu J[)Kek He yroHsI aB-
TOMOOMIIb, TO ero yraan Tom». @pen ckazan: «Eciau Tom He yrousn
aBTOMOOWIIb, TO ero yruan Jlxxex». Tom ckazan: «Eciu boO He yronsin
aBTOMOOWJIb, TO €r0 yrHal s». Y AAI0Ch BBISICHUTH, YTO boO coirai, a
Tom ckazan npasay. [IpaBaussl nu noka3zanust [xeka u @penga? Kro
yTrHaJ MallvuHy?
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60. IletpoBy, MBanoBy, Cua0opoBy NpeabsABISIETCS OOBUHEHUE B
coydacTuu B orpabsieHuu OaHka. M3BECTHO, UTO MOXUTUTEIU CKPBI-
auch Ha aBTomoOmie. Ha ciaenctBum IleTpoB mokasal, 4ro mpecTyl-
HUKHU ObUTM HAa cuHeM MockBuue, MIBaHOB cKa3all, 4To 3TO Oblja 4ep-
Has Bonra, a CuiopoB yTBep k1ajl, 4ToO 3T0 Obu1 Mepceiec 1 HU B KO-
€M CJIydae He KpacHbIi. MOXHO JIM TIO 3THM JIaHHBIM OIPEJIEIIUTh, HA
KaKOM aBTOMOOMJIE CKPBLINUCHh NPECTYTHUKHU ?

61. [Iucaremu A, B, C u /[ niumyt nox ncesnonumamu X, Y, Z, W.
Onpenenure, KAKOM UMEHHO MCEBJIOHUM MCIIOJIb3YET KKIbIA U3 ITH-
caTeJied, €CJIA U3BECTHO CIEAYIOIIEE:

1) ecnu /[ ve X, To B ecthb X;

2) eciiu B He X 1 He W, T0 A ecTb X;

3) ecau Cue W, To B ecthb Z

4) ecnu /[ ectb Y, TO B HE X

5) eciu A He X, To C He Y.

62. CTyneHT npuiien cIaBaTh SK3aMEH aBTOMATUYECKOMY JK3a-
MeHatopy. Ha skpane aBTomaTa mosIBUJIOCH MSITh BOIPOCOB, HA KaX-
IIBIA U3 KOTOPBIX TPEOYETCS 1aTh OTBET «J1a» WIIM «HET».

[Tocne oTBeTa Ha BCe BOMPOCH aBTOMAT, OLICHUBAsT KaXKJbIA Mpa-
BWJIBHBIM OTBET B OJWH Oalljl, CTABUT OOIIyIO0 OIIEHKY 3a JK3aMCH.
CtyneHT mpouen BCce BOMPOCHl U ¢ OTOPUYCHUEM BBIHYKACH ObLIT KOH-
CTaTUPOBATh, UTO OH HE 3HAET OTBETAa HM Ha OJIMH W3 HUX. Bce ero
3HAHUS CBOAWIUCH K CIEAYIOLIEMY:

1) nepBbIii ¥ MOCIAEAHUN BOIMPOCHI TPEOYIOT MPOTUBOMOJIONKHBIX
OTBETOB;

2) HAaIpOTUB, BTOPOMl M YETBEPTHIA BOIPOCHI JOKHBI HMETh
OJINHAKOBBIE OTBETHI;

3) xoTsa OBl OJMH W3 MEPBBIX JABYX BOIPOCOB TPEOYET OTBETA
«1a;

4) ecny 4eTBEPTHIM BOMPOC TPEOYET OTBETA «J1a», TO MATHIA BO-
poc TpeOyeT OTBETa «HET».

KapTtuna nonyuanace HEBecenasi, HO CTyJEHT He oT4auBayics. OH
IJI0XO 3HAJ MPEeAMET, HO 3aTO XOPOIIO yMEJ peliaTh JIOTHYECKUe 3a-
nauu. [IpoBensi kKakue-TO BBIUMCICHUS, OH C PaJIOCTbIO OOHAPYKUII,
yTo 4 Oamta eMy OOECIEUeHBI, a €CJIM IOBE3ET, TO OH IMOJYyYHUT H
Bce 5. [TonpoOyiiTe BOCCTAaHOBUTH PACCYKICHUS CTY/ICHTA.

63. Y aBTopa Opormitopsl B JeTcTBE ObLIO 4 npyra. 3Bajid UX AJlb-
oept, Kapn, Quapux nu @punpux. B oguH U3 oceHHUX AHEW OHU BHEp-
BbIC MMEPECTYNWIA TOPOT IIKOJIBbI. Y YUTENbHUIIA CKa3ajia UM, 4TO C 3TO-
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O JIHA OHA OYJIeT UX Ha3bIBaTh 110 UMEHU U (pamusnu. OKkaszaaock, 4To y
apy3eit haMuimy Te ke, 9YTO U UMEHA, TOJIBKO HU y KOO U3 HUX UMS U
dbamunus He ObuTH oIMHAKoBBL. Kpome Toro, dhamumnus duaprxa He ObI-
na AnpOept. Onpenenuts GaMImIbi KaKJI0ro U3 MaJbuYUMKOB, €CIIU 13-
BECTHO, UTO UMS MajbuuKa, y kotoporo Gamunus Opuapux, ectb Qa-
MUWJIHSI TOTO MaJIbuuKa, UMs KoToporo — hamumust Kapia.

64. Tpu 6para (UBan, Imutpuii u Cepreii) mpenoiatoT pa3inyHbie
JTUCITUTUINHBI (XUMHIO, OMOJIOTHIO, UCTOPUIO) B YHUBEpCUTETaX MOCK-
Bbl, Cankt-IletepOypra u Kuesa. U3BectHo, uro 1) MBan pabortaet He
B Mockae, a JImutpuii He B Cankt-IleTepOypre; 2) MOCKBUY TIpenojia-
€T He UCTOpHI0; 3) TOT, KTO pabotaet B Cankt-IleTepOypre, mpemnogaet
XuMHIo; 4) JIMutpuii npenogaet He OMOJIOTHIO.

UTo ¥ B yHUBEPCUTETE KaKoro ropoaa npemnojaet Ceprein?

2.2.3. 3a1a4u CMHTE3a M AHAJIN3Aa KOHTAKTHBIX CXeM

KoHTakTHas cxema SIBIS€TCA YCTPOWCTBOM M3 KOHTAKTOB W IIPO-
BOJIOB, CBS3BIBAIOIINX HECKOJIBKO IMOJIIOCOB (BXOJI0B, BBIXOJ0B). BhiI-
CKa3bIBaHUSI U DJIEKTPUUYECKUE KOHTAKTHI — OOBEKTHI COBEPIIECHHO
Pa3HOM MPUPOJBI, HO MEXY HAUMHU BCE-TAKH €CTh CXOACTBO. BbICKa-
3bIBAHUSI MOTYT IPUHUMATh TOJILKO ABa 3HaueHus (0, 1), a anmexkTpude-
CKME KOHTAKThl MOTYT HAaXOJHUThCA TOJIBKO B JIBYX COCTOSIHUSIX
(«3aMKHYTO», «Pa30MKHYTO»). DTO CXOJCTBO CIIYXUT OCHOBOW IJIs
NPUMEHEHUS anreOphl BHICKA3bIBAHUM K 3aJayaM CHUHTE3a U aHAJIN3a
CXEeM U, Ha000pOT, IJisi MoJAeIupoBaHus (HopmMys anreOpsl BhICKA3bI-
BAHU CXEMAMHU.

Nnest 0 BO3MOXKHOCTU TaKOTO MPUMEHEHHUs Obljla BhICKA3aHa €IIe
B 1910 r. pusukom I1. Dperadectom. OgHaKo CTpOTrOe T0KA3ATEIHCTBO
BO3MOKHOCTU M METOJMKA MPUMEHEHMs alreOpbl BBICKA3bIBAHUM K
CUHTE3y W aHAJIN3Y JICKTPUUECKHUX IIENei BIEpBbIe ObLUIA pa3padoTa-
Hbl B 1930-x rT. coBeTrckuM yueHbM B. U. IllecTtakoBeiM 1 amepuKaH-
ckuM yueHbIM K. 3. [lleHHOHOM.

[lon cunmezom cxemb: MOHUMAIOT KOHCTPYUPOBAHHUE CXEMBI I10
3aJIaHHBIM YCIIOBUSIM €€ paOoThI (3aMbIKaHUS M Pa3MbIKaHUA), TO €CTh
Ha OCHOBE YKa3aHUs COCTOSIHHSI KOHTAKTOB, IIPU KOTOPOM CXeMa pa-
ooraer.

[lon ananuzom cxemwvl OHUMAIOT OOpPATHYIO 3aJady: OMpeJeIie-
HUE yCJIOBUM pabOThI 3aJJaHHON CXEMBI 110 €€ BUAY.

[TonyTHO ¢ 3TUMU 3ajja4aMHM BO3HUKAET TPEThs 3ajada — YIpo-
IIEHUE CXEMbI, TO €CTh KOHCTPYHPOBAHUE SKBHUBAJIECHTHOW CXEMBI
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(cxembl, paboTaroNIel IpH TEX K€ YCIOBUAX, IPU KOTOPBIX paboTaeT
UCXOJIHAsI CX€Ma, HO C MEHBIIINM YHCIOM KOHTAKTOB).

JU1sl yCTaHOBJIEHUS] COOTBETCTBUS MEXTY (pOopMysiamMu anreOpsl BbI-
CKa3bIBaHWM M KOHTAKTHBIMU CXEMaMHU COCTABUM CJIEIYIOUIUI CIIOBapb.

SA3bIk anreOpbl BhICKa3bIBAHUN SA3bIk anreOpbl KOHTAKTHBIX CXEM

a, b, ¢, ...— BbBICKa3bIBaHUs, KaX/0€ U3 | 4, B, C,... — KOHTAKTbl, KaXKIbIH W3

KOTOPBIX MOXET ObIThb UCTHUHHBIM WJIM | KOTOPBIX MOXET ObITh 3aMKHYT WJIH

JIO’KHBIM Pa30MKHYT

| — ucTuHHOE BBICKA3bIBaHUE (MCTUHA) | 3aMKHYTBIN KOHTAKT (3aMKHYTO)

0 — J10HO€ BbICKa3bIBaHUE (JIOKD) Pa30oMKHYTBIH KOHTaKT (pa3OMKHY-
TO)

[TocmoTpuM TEmepb, KAKUE CXEMbl COOTBETCTBYIOT OCHOBHBIM
omnepanusiM ajareOpbl BbICKAa3bIBAaHWM: JU3bIOHKIIMU, KOHBIOHKIIUU U
OTPHUILIAHUIO.

Jluzvionkyuu av b COOTBETCTBYET CXE€Ma, COCTABJICHHAsl U3 KOH-
TaKTOB @ M b Tak, 4TO OHa 3aMKHyTa TOTJa M TOJbKO TOrAa, KOrja
3aMKHYT XOTsI ObI OJTMH M3 KOHTAaKTOB, TO €CTh CXE€Ma, COCTOsIIAas U3
MapaJUIeIbHOTO COCAUHEHUS KOHTAKTOB.

Konvonkyuu a Ab COOTBETCTBYET CX€Ma, COCTABJICHHAS M3 KOH-
TaKTOB @ WM b Tak, 4YTO OHa 3aMKHyTa TOTJa W TOJBKO TOTAa, KOTAa
3aMKHYTBhl 00a KOHTaKTa, TO €CTh CXE€Ma, COCTOsIIas W3 MOCJeI0Ba-

TCJIIBHOI'O COCAMHCHUS KOHTAKTOB.
I M

Il a |
o o o X—§F—
b
CxeMma, COOTBETCTBYIOIIASA a, COCTOMT U3 KOHTAaKTa a, Ha3bIBae-

MOI0 MHBEpPCHEH KOHTaKTa a W YHPaBIIIEMOTO TE€M K€ 3JIEMEHTOM
(pene, BBIKJIIOYATEIEM), YTO U @. DTO, MO CYIIECTBY, 03HAYAET, 4YTO d

U @ — OTO JIBa KOHTAaKTa, HAXOJAIIUECS BCETJa B MPOTUBOIOIOKHBIX
COCTOSIHUSIX: KOT/Ia OJTMH 3aMKHYT, BTOPOUH — Pa30MKHYT.

Tak xak kaxnas Gopmysia anreOpbl BHICKa3bIBAHUI MOXKET OBIThH
BBIpa)KEHA C TOMOIIBIO ONEpalfii KOHbIOHKITUH, TU3BIOHKIIUA U OT-
pHUIIaHMs], TO KaKI0H dopmysie aareOpbl BhICKa3bIBAHUNA MOXHO TO-
CTaBUTh B COOTBETCTBHUE KOHTAKTHYIO CXEMY, COCTABJICHHYIO W3 KOH-
TaKTOB U MX MHBEPCHUM C MIOMOIIIBLIO TTOCIICI0OBATEIBHBIX U MTapajlIeiib-
HBIX coenrHeHnil. COOTBETCTBUE MEXKIY (hOpMyJilaMH aJireOphl BhICKA-
3bIBAHUN U KOHTAKTHBIMHU CXEMaMH SIBJIIETCS B3aUMHO OJTHO3HAYHBIM

U 00J1a1aeT TEM CBOMCTBOM, UTO MEPEBOJUT PAaBHOCWIbHBIE (hOPMYJIbI
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anreOpbl BBICKA3bIBAHUN B 3KBUBAJICHTHBIE CXEMbI, TO €CTh CXEMBbI,
KOTOpbIC MPH JIFOOBIX HaOOpax IMOJOKEHUN BXOJSIIUX B HUX KOHTaK-

TOB IPUHHUMAXOT OANHAKOBBIC COCTOSAHMUA.

3agauu

65. Haitqute ¢dopmylbl, KOTOpbIE NPEACTABISIOT CJSIYIOIIME

KOHTAKTHBIC CXCMBbI:

a) 0) B)
=—a—b——= ﬂ—[ ]ﬁe’f a o
b
r) 1)
1| _ i 3 N I I
& a e = = = &
66. DnekTpuyeckas LEMb MEXKAY TOYKa-
Mu M u N cocraBieHa Mo cxeme, M300pa- — b
)KEHHOM Ha PUCYHKE. PacCMOTpUM BBICKA3bI- M

BAHUSA:
a — «3JIEMEHT k LIEIU BBILLIEII U3 CTPOS»,
b — «37EeMEHT /. enu BBILIEI U3 CTPOsD.

3aMKHYTa JIK 1ETb, €CIIA

Far' ol

g o=

=

la

_13_

a) BeICKazbiBaHue a Vv (b; A by A b;) uctuHO,
0) BbICKa3bIBaHUE a A (b v b, Vv b,) UCTUHHO? SBiseTcs AU OAHO

U3 3TUX BBICKA3bIBAHUN OTPUIIAHUEM JIPYTOro?

Pewenue. a) Her. Ecau a WCTMHHO, TO 3JIEMEHT k BBIIIET U3

cTpost u Toka HeT. Eciu by Ab, A by UCTMHHO, TO BBIIUIM W3 CTPOS
OJTHOBPEMEHHO BCE TPU NIEMEHTA /; 1 TOKa HET.

0) Tok mpoXoaUT MO IeNH, TaK KaK JIEMEHT k U, TI0 KpailHel Me-

pe, OJMH U3 DJIEMEHTOB [}, [, [3 HaxoaATCs B paboueM COCTOSTHUM.

[IpoBepbTe, 4TO BhICKa3biBaHUE (0) €CTh OTPHUIIAHUE BBHICKA3bIBA-

HUS (2) CAMOCTOSITEIIBHO.

67. CocTaBbTE€ KOHTAKTHBIC CXEMBI JJISI CIACTYIONIUX JIOTHMYECKUX

GyHKIMI:

l. xAyvzat;
2. XAYVYAZIVXAZ,

3. (avbveva)a(svi);
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a/\b/\(C/\d/\evg/\e);
anbrca(evhvd);
an(bve)yvbnac;
a/\b/\cva/\z/\cva/\b/\z/\d/\)_/;

XAYVXAYVXAY,

© % N oA

(xvy)/\zvx ANZV Y,

10. k=) A(y=2);

1. c=y)A(y=2)) = (x=2);

12. =)= xA(yv2);

13. = (y=2)=>(y=x).

68. CocTaBbTe KOHTAKTHYIO CXEMY M3 KOHTaKTOB a, b, C 1 UX HH-
BepCHUil Tak, 9TOOBI OHA ObLIa 3aMKHYTOM TOT/Ia U TOJIBKO TOT/Ia, KOT/Ia:

a) 3aMKHYTBI TOJIBKO JIBa U3 TPEX KOHTAKTOB a, b, C;

0) 3aMKHYTHI HE OoJjiee ABYX U3 TPEX KOHTAKTOB a, b, C;

B) 3AMKHYTHI HE MEHEe JIBYX U3 TPEX KOHTAKTOB a, b, C.
69. YpocTurte cXeMbl:

a) 0)
a

M r—a—>b H .

1 —c :|_% M a—b i
] b =
il b

B) r)
a H

L h— ¢ N M d b

LLtgr e
—a—b—¢ C

70. YIpoCTUTE CXEMBI:

2) )

X~y

X X

M —EZ;I—F N M ¥ N

XY —Z X—Y—12
- - Z-Vq rz

—x—y—2Z _
y - oy
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71. ®yukuus fx, y, z) 3aaana tadnauieit. [locTpouTh KOHTAKTHYIO
CXEMY, TPEACTABIISIIONIYIO JaHHYIO (DYHKITUIO

a) 0)
x Y z fx.y.2) x Y z fx.y.2)
0 0 0 1 1 1 1 1
0 0 1 0 0 1 1 0
0 1 0 0 1 1 0 0
0 1 1 0 0 1 0 0
1 0 0 1 1 0 0 1
1 0 1 1 1 1 1 1
1 1 0 0 0 0 1 0
1 1 1 0 0 0 0 0

72. MammnHa-3K3aMeHaTOp AAET CUTHAl «3a4E€T» B TOM U TOJIBKO
TOM CJIy4ae, €CJIM SK3aMEHYIOIIUICS MPaBUIIbHO OTBETUI XOTS OBl Ha
IBa U3 Tpex BompocoB Owiera. [Ipyn BBOJe B MallMHy MpPaBUIBHOTO
OTBETa 3aMBIKACTCS KOHTAaKT B IIENMUA CUTHAJIbHOW sammouku. [lo-
CTPOMTE CXEMY 3TOU LIEIH.

73. IlocTpoiiTe cxemy, MO3BOJIAIONIYI0 BKIOYATh U BBIKIIOYATh B
KOMHATE BEPXHUU CBET JIOOBIM M3 TPEX BBIKIIIOYATEIEH, OJIMH U3 KO-
TOPBIX HAXOAUTCS MPHU BXOAE B KOMHATY, IPYrOM — HAJl MUCbMEHHBIM
CTOJIOM, TPETUHN — HAJl IUBAHOM.

74. KomureT, cOCTOSIIMN U3 TPEX YEIOBEK, BKIIOYAS MpEAceIa-
TEJIsl, BBIHOCUT PEIICHHE OOJIBIIMHCTBOM T0JIocOB. OIHAKO pelieHue
HE MOXET OBITh MPUHATO, €CIU 3a HEro He MPOroJocoBall Mpeace/a-
Telb. [ 0JIOCOBaHME «3a» MPOWU3BOAUTCA HAXKATUEM KHOIIKHU, 3aMbl-
KAIOIIEH KOHTAKT, U B CIy4ae IMPUHATHS PEUICHUS 3KUTACTCS JaM-
noyka. IlocTpolite mpoCTENIIYI0 CXEMY TaKOM LIETIH.

75. IIpubop coctout u3 AByx 070KOB. IlepBhIii OJOK COCTOUT M3
YEThIPEX OJMHAKOBBIX JCeTajieil U paboTaeT Mpu UCTIPABHOCTH XOTS ObI
JIBYX U3 HUX. BTOpoil OJIOK COCTOUT U3 MATH OJUHAKOBBIX JIETAJIEH U
paboTaeTr mpu UCHPABHOCTU XOTA Obl Tpex u3 HUX. Bech npubop pa-
ootaet, ecnu paboraroT o0a 610ka. COCTaBUTh KOHTAKTHYIO CXEMY,
peanu3yolyo padoTy nmpuodopa.
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2.3. Ilpedukxamut

2.3.1. llonsiTve mpeaukara. Q0,1aCcTh HCTUHHOCTH MPEIUKATA

CpencTBaMu JIOTUKH BBICKAa3bIBAHUM HEJb3s BBIPA3UTh TOT (HaKT,
YTO U3 NPEIOKEHUs: «He BCAKMU YEJIOBEK, 3HAIOMIUKU Y TOJOBHBIU
KOJIEKC, CTAaHOBUTCSI XOPOIIUM IOPUCTOM» CIHEAYET MPEII0KEHUE:
«EcTh mr0a1, KOTOpBIE 3HAIOT YTOJIOBHBIM KOJIEKC, HO HE SIBJISIOTCS
XOPOILIUMH IOPUCTAMU». 3/1€Ch UCMHOJIb30BAHBI CBSI3M MEXK]y HEKOTO-
PBIMU  YTBEPKACHUSMHU, KOTOPHIE BBICKA3BIBAHUSMHU HE SIBIISIOTCS:
«YenoBek X 3HaeT YTOJOBHBIM KOAEKC» U «YenmoBek X — XOpoluu
IOPUCT». DTU YTBEPKICHUSI CTAHOBATCSI BHICKA3bIBAHUSIMU, €CIIU BME-
CTO MEPEMEHHON X MOACTAaBUTh KaKOE-TO KOHKPETHOE €€ 3HAYeHHUe (B
HallleM CcJlydyae UMEETCS B BHJY KaKOW-TO KOHKPETHBIA YEIOBEK).
TosbkO moOCHE MOJCTAHOBKU BMECTO X KOHKPETHOTO 3HAYEHUS ATHU
YTBEPKJICHUS IPUHUMAIOT UCTUHHOCTHBIEC 3HaueHus 0 winu 1 B 3aBu-
CUMOCTH OT 3HAY€HHUS MCTUHHOCTH MOJYyYEHHOTO BBICKa3biBaHUA. B
CYIITHOCTH, MBIl UM€EM 3/IECh JIeJI0 ¢ (PyHKIMEH, 00JacThIO ompeese-
HUSI KOTOpPO# (MHOXKECTBOM 3HAUCHHI TMEPEMEHHOMN) SIBISIETCS MHO-
KECTBO JIFOJICH, a MHOXECTBOM 3HAYEHUM — MHOXKECTBO, COCTOSIIICE
u3 nByXx sneMeHToB: {0, 1}. ITo-apyromy mMoxHO ObLIO OBl CKa3aTh,
YTO MBI pacCMaTpPHUBaE€M HEKOTOpPbIE CBOMCTBA JIOACH (CBOMCTBO ue-
JIOBEKa, COCTOSAIIEE B TOM, UTO OH 3HAeT YTOJOBHBIM KOJEKC, WIHU
CBOMCTBO Y€JIOBEKA, 3AKJIIOYAIOIIEECS B TOM, YTO OH FOPUCT).

Onpenenenne 1. YTBepkKIeHUS, BbIpaKalolUe CBOWCTBA OOBEK-
TOB-TIEPEMEHHBIX U OOpaIaronmecs B BbICKa3bIBaHUS NPU 3aMEHE Iie-
PEMEHHBIX UX KOHKPETHBIMU 3HAYEHUSMH, Ha3bIBAKOTCS NPEOUKAmMamu.

B Martemarnueckux TepMHMHAX MOXKHO OBUIO OBI CKa3zaTh, UYTO
npeoukam — 3TO (QYHKIUA, OTOOpakaromiass MHOXECTBO OOBEKTOB
MPOU3BOJILHOM MTPUPOABI BO MHOXeECTBO {0; 1}.

Ota dyHKIMs, Kak 1 J00as pyHKMs, 0003HaYaeTCsi CUMBOJIaMU
P(x), F(x) u 1. 1.

Eme npumep. PaccMotpuM nipemiioxkenue: X eCTb IPUTOK PEKH Y.
DTO TOXKE MPEAUKAT, HO yKE OT JIBYX NepeMeHHbIX. B ponu X u Y BbI-
ctynatoT pexku. Eciu BMecTto X u ¥ OyjeM moAcTaBisiTh KOHKPETHBIE
3HA4YE€HUs, MOJy4YUM BbICKa3biBaHus. Hampumep, «Kotopocns — npu-
ToK Boarm» — uctuaHoe BbickaspiBanue (1), a «Bonra — npurok Exu-
cesh» — JIo)kHOE BbIcKa3biBaHHe (0). 31ech nMeeM O0TOOpa)kKeHHUe MHO-
*ecTBa nap (map pek) — Bo MHOxectBo {0, 1}. B Takux ciyyasix ro-
BOPSAT, YTO PacCCMaTPUBAEMBIN MIPEAUKAT BbIPAKAET OTHOIICHUS MEXK-

90



oy oObekTamu (peKkamH) WIH, IMO-APYroMy, BBIPAKAET HEKOTOPOE
CBOMCTBO YHOPSIZIOUCHHBIX map o0beKTOB (pek). [IpeaukaTsl, 3aBuCs-
M€ OT JIBYX NEPEMEHHBIX, HA3bIBAIOT 08YXMECHMHbIMU 1 0003HAYAIOT
Kak (DyHKIIUIO OT ABYX nepeMeHHbIX: F(X, y).

MOXHO CTpOWUTh MPEAHUKATHI OT JIHOOOTO MPOU3BOJBHOIO YHCIIA
NEPEMEHHBIX, HAIPUMED YTBEpKAcHUE «YenoBek o uMeHu X, oTye-
cTBY Y, pamunuu Z okonuun axynbreT 1 SApociaBcKoro rocyHuBep-
cuteTa B [ TOAy» €CTh NIPEAUKAT OT S5 NMIEPEMEHHBIX.

O0o03HayalT MpeauKaThl, KaKk Y>K€ TOBOPUJIOCH, TaK K€ Kak U
(GyHKIMM, OOJBIIMMHA OYKBaMH JaTUHCKOTO ajigaBUTa, a UX MEPEMEH-
Hble — MaJbIMU OykBaMH TOTO ke aldasuta. Hanpumep, npenukars:
x — ctyaeHt Apl'Y; x ectb oten y; x + y = z — MOTYT OBbITh 3alMCaHBbI
COOTBETCTBEHHO cuMBoOJlamMu: P(x), O(x, »), R(x, y, 2).

C KaxIpIM MpPEeAUKATOM CBSI3aHbI JIBA MHOXKECTBA: 001acmb ON-
peoenenuss 1 MHOHMCEeCm80 UCMUHHOCTU.

Oonacme onpedenenus npeoukama — 3T0 MHOXKECTBO 3HAYCHUU
NEPEMEHHBIX, OT KOTOPBIX 3aBUCHT MPEIUKAT.

Mmuooswcecmeo ucmunnocmu — 3T0 MHOKECTBO TE€X 3HAYEHUU Iie-
PEMEHHBIX K3 00JIACTH OMNpEeSICHHs, TPU KOTOPBIX MpPEIUKaT Ipe-
BpalacTCs B HCTUHHOE BBICKA3bIBAHHUE.

[Ipeaukar Ha3bIBACTCS MOAHCOECMBEHHO UCMUHHBIM, €CITU €T0 00-
JaCTh ONPENEIICHUS] 1 MHOKECTBO UICTUHHOCTH COBIIAJIAOT.

[Ipeaukar Ha3bIBAETCSA MOHNCOECMBEHHO JIOHCHBIM, ECIIU €TO MHO-
KECTBO UCTUHHOCTH — ITyCTOE€ MHOKECTBO.

[Ipeaukar Ha3bIBACTCA 6bINOIHUMBIM, €CIHU CYIIECTBYIOT TaKHE
3HAYEHMS IEPEMEHHBIX, [P KOTOPBIX MPEIUKAT MPEBPAIIAECTCS B UC-
TUHHOE BBICKa3bIBaHUE, T. €. €CIIH €r0 MHOKECTBO HWCTUHHOCTH HE
yCTO.

2.3.2. Jlornyeckue onepanuy HajJ nNpeIuKaTaMmu

Onpenenenne 2. Ompuyanuem npeduxama A(x), 3aJaHHOTO Ha

MHOkEeCTBE M, Ha3bIBaCTCS NPEAUKAT A(X), OPEICIICHHBIN HA TOM XK€

MHOKeCcTBe M 1 00palaromuiicss B M~CTHHHOE BBICKA3bIBAHUE JJISI TEX
Y TOJILKO T€X BJIEMEHTOB MHOXECTBAa M, MPU KOTOPBIX A(x)— JIOKHOE

BBICKa3bIBaHHE.
Onpenenenme 3. /[uzvionkyueti A(x) v B(x) npeouxkamos A(x) u

B(x) ¢ obmieit obsmacTpio onpeaeneHuss M Ha3bIBaeTCsl peauKar, 00-
paIaroNIuics B JIOKHOE BBICKA3BIBAHUE IS T€X W TOJBKO TEX JJIe-
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MEHTOB MHOecTBa M, mpu KOTOphIX 00a npenukara A(x) u B(x) cra-
HOBSITCS JTO)KHBIMU BBICKAa3bIBAHUSIMH.

Omnpenenenne 4. Konvronkyueu A(x) & B(x) npeduxamos A(x) u
B(x) c obmieit obacTeio onpesenaeHuss M Ha3bIBaeTCs MpeauKar, 00-
palaroNIuiicss B ICTUHHOE BBICKA3bIBaHUE ISl TEX M TOJIBKO TEX dJe-
MEHTOB MHOXECTBa M, IpH KOTOpBIX 00a MpeauKara SBISIOTCA HC-
THUHHBIMH BBICKA3bIBAHHUSIMU.

Omnpenenenne 5. Hunauxayuei A(x) = B(x) npeouxamos A(x) u
B(x) ¢ obmieit obmacTeio onpeaeiacHuss M Ha3bIBaeTCs MpeauKar, 00-
pamaromuics B JIO)KHOE BBICKA3bIBaHUE JJISI T€X M TOJBKO TEX dJIe-
MEHTOB MHOXECTBa M, MpH KOTOPHIX MpeauKat A(X) SABIsETCS NCTHH-
HBIM BBICKa3bIBAHHEM, a TIPEIUKAT B(X) — JIOKHBIM.

Onpenenenne 6. /[Ba npenukara ¢ oOI1ieit 00acTei0 onpesese-
HUS PABHOCUNbHBL, €CIIH TIPU TOJICTAHOBKE JIIOOBIX 3HAYCHHH Iepe-
MEHHBIX U3 00JIaCTH OMpEACNICHUS B JaHHbIC MPEAUKAThl 3HAUCHUS
WMCTUHHOCTH TT0JTy4aeMbIX BBICKa3bIBAHMI COBMIAIAIOT.

3aKOHBI PAaBHOCHUJIBHOCTH TMPEIUKATOB aHAJIOTHYHBI COOTBETCT-
BYIOIIIUM 3aKOHaM ajreOphl BRICKa3bIBAHUH.

Han mpeauikaTamMul BBITTOJHSIOTCS €IIE JIBE OMepaIliu, COOTBETCT-
BYIOIIIAE JIBYM JIOTHYECKUM CBSI3KaM, 9acTO YIIOTPEOIIEMbIM B PacCyXk-
JEHUSX W BBIPAKAIOMIMMCS CJIOBAMU: «KAKIBIN» («BCIKUN», «THO00I)
U «CYIIIECTBYET» — U Ha3bIBAEMbIC HABEITUBAHUEM KBaHTOPOB.

Hageuueanue keanmopoe na npeouxkam

Ilycts P(x) — kakoW-HUOYAb TipeaukaT. Hasewusanue xeanmopa
8ceobWHOCMU — ITO OIEpalusi, KOTopas COIMOCTaBIsAET MPEAUKATY
P(x) BbicKkazpiBaHue « /{71 BCAKOro x UMeEET MECTO P(x)».

Jlnst 0603HaueHUs 3TOM onepaluu ynorpeobssercs 3Hak V. B cio-
BECHBIX ()OPMYIUPOBKAX ITOT 3HAK 3aAMEHSET CJI0BA «BCE», «BCIKUI,
«WTI000M», «Kaxabli». CUMBOIMYECKAs 3alUCh ONEpalid UMEET BUI:
(Vx) P(x).

3aMETHUM, 4YTO BhICKa3bIBaHMUE (Vx) P(x) €CTh JJIO)KHOE BBICKa3bIBa-

HHE, KpOME TOT0 €AMHCTBEHHOIO ciiyyasi, Korjaa P(X) — TOXIECTBEHHO
UCTUHHBIN TpeaukaT. Takum o0pa3oM, BbICKazbiBaHUE (Vx) P(x) HC-
TUHHO B TOM M TOJBKO TOM Cllydae, Korja npeaukar P(x) TOXIecT-
BCHHO MCTHHEH.

Hasewuesanue keanmopa cywecmeosanusi — 3T0 ornepanus, KoTo-
pas npenukary P(X) comocTaBiisieT BbICKa3bIBAHHE «CYIIECTBYET Ta-
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KO€ X, 4To uMeeT MecTo P(x)». Ero cuMBonueckas 3amuch UMEeT BU/I
(Ix)P(x).
BhIcKka3bIBaHUE (Ix)P(x) UICTUHHO TOTJIA M TOJIBKO TOIJIa, KOrjia B 00-

JacTu orpeneneHuss M npeaukaTta HalaeTcs XOTs Obl OJuH OOBEKT a Ta-
KO, YTO BBICKA3bIBAHUE P(a) UCTUHHO. OTCIOJA CIAEAYET, YTO (Ix)P(x)—

HNCTHUHHOC BBICKA3bIBAHUC IJIS BCCX BBIITOJIHUMBIX ITPCANKATOB P(x).

3HaK CylIeCTBOBaHUSA I yHOTPEOJISIETCS BMECTO CJIOB «XOTS ObI
OJINHY, «HAUJETCS», «CYIIECTBYETY.

Hecmotpst Ha TO uTo B 3amucax (opmyn (Vx)P(x) u (Ix)P(x)
BCTpeuaeTcsi OykBa X, o003HavaroIas rnepeMeHHyto, ooe 3tu Gpopmy-
761 0003HAYAIOT BBICKA3bIBAHMS: OT TIEPEMEHHON X OHHU OOJIbIIIC HE 3a-
BucaT. [Ipuasto roBoputh, uro B (opmynax (Vx)P(x) u (Ix)P(x)
KBAHTOPHI V U 3 cB:a3b186a10m NEPEMEHHYIO X.

HagemmBanue KBaHTOpa BCEOOIIHOCTH €CTh 000OIEHUE Orepa-
IIMM KOHBIOHKIIMM Ha MPOU3BOJHLHOE KOHEUHOE WM OECKOHEYHOE
MHOYKECTBO WICHOB KOHBIOHKIIUU (COMHOXKHUTENCH ).

HapemmBaHnue KBaHTOpa CYIIECTBOBaHUS Ha TMIPEAUKAT €CTh
000011IeHHE OTepalvK TU3BIOHKIIMY HA MPOU3BOJIBHOE KOHEYHOE WU
OECKOHEUYHOE MHOKECTBO YJICHOB JU3BIOHKIIMHU (ClIaraeMbiX).

Ecnu mpenukaT 3aBHCUT OT HECKOJBKUX IEPEMEHHBIX, TO HaBe-
IIMBAHUE OJHOTO KBAHTOpPA MOHMKAET YUCJIO TIEPEMEHHBIX Ha €AUHU-
y. YToObl MOJMy4YUTh M3 MpeauKaTa BbICKA3bIBaHHME, HAJO CBS3ATh
KBAaHTOpPaMHM BCe €ro nepemeHHnle. Hanpumep, u3 npenukara Q(x, y):
X >y, ONpPENEICHHOTO Ha MHOXECTBE Map JACHCTBUTEIbHBIX YHUCE,
HABEIIMBAaHUEM KBAaHTOPOB MOKHO MOJYYHUTh 8 BBICKA3bIBAHUII C CO-
OTBETCTBYIOIIMMU 3HAYCHUSIMHU UCTUHHOCTH

(VX)(vy)(x>y)=0, (Vx)(3dy)(x>y)=1,

(VY)(Vx)(x>y) =0, (Ey)(Vx)(x>y)=0,

(F)E)(x>yp) =1 (v¥)(Ex)(x>y) =1,

(I)E)(x>y) =1 [Ex)(Vy)(x>y)=0.

OTOT mpUMEp MOKa3bIBAET, YTO Pa3HOMMEHHBIE KBAaHTOPHI, BOOO-
e TOBOPS, MEHATh MECTaMH HEJb3s: IIPH MEPECTAaHOBKE KBAHTOPOB
3HAYCHUE MCTHHHOCTH IOJy4aeMOro BBICKa3bIBaHUs MeHseTcs. [lo-
NBITANTECh BBIACHUTH, B KAaKOM CiIydyae pa3HOUMEHHBIE KBAHTOPBI
MO>KHO TTEPECTABIIATh.

3aMeTuM, HaKOHEI, YTO MEXKIy KBAaHTOpPAMHU HUMEIOT MECTO COOT-
HOILIEHUS, TIO3BOJISIONIUE CBOJUTh OJIUH U3 3TUX KBAHTOPOB K IPYTOMY:
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(Vx) P(x) = (3x) P(x),
(3x)P(x) = (Vx)P(x).
3adaua. 3anvcath BBICKA3bIBAHUE, UCITOIB3YsI CUMBOJIBI KBAHTO-

POB M IIPEIUKATOB, M MOCTPOUTH €0 OTpHUIlaHue: B KaxaoMm ropoje,
Ha KaKJI0OM yJIHIIE €CTh JOM C OaTKOHOM.

Pewenue. Ilycts P(x): x — ropon; QO(x, y): y — yauua ropoja x;

R(2): z— nom ¢ 6ankoHom, M(x, y, z): z— A0M Ha YJIMIIE Y B TOPOJE X.
Torma ¢popmyita BeICKa3bIBaHUS UMEET BU

(VX)(VY)(P(x) A O(x,y) = (F2)(M (x,y,2) A R(2))) -
[TocTpouM oTpuilaHue 3TOH HOPMYJIBI:
(VX)(VYIP(xX) A O(x, y) = (F2)(M (x,y,2) A R(2))) =

= (@)@)((P(x) A O(x, ) v F2)(M (x,,2) AR(2)) =
= (@)@ P() A O(x. ) A G2N(M (x.3.2) A R(2)))
= (Ax)(F)(P(x) A Q(x,¥) A(VZ)(M (x,,2)) v (R(2)).

3amaum

76. Kakne u3 cieayrommux BeIPaXKEHUH SIBIAIOTCS MIPEINKATAMHU?
a) UenoBek x — MPEeCTYMHUK.

0) x> +x+1=0.

B) UesoBeK x — aJIBOKAT YeJIOBEKA Y.

r) a U b IpoXoJAT N0103pEeBAEMbIMU 110 Aeiy No z.

n) b=a.

e) iBan u Mapps — cynpyru.

K) ANB=0.

77. OnpenenuTs MHOKECTBO UICTUHHOCTH MPEUKATA, €CIN
P(x)={xe 4 | X €CTb YE€THOE YHCIIO}, 4 ={1,2,3,4,5,6,7,8,9}.

78. Jlanbl mpenuKatel A(x)={xeR|x+3<0} B B(x)={xeR|x-2>0}.

Haitu MHOKECTBO HICTUHHOCTH CJIEAYIOIIUX MPEAUKATOB:

a) A(x)v B(x); 6) A(x) A B(x); B) A(x) A B(x);
r) A(x)= B(x); 1) A(x)= B(x); e) B(x)= A(x).
79. 3anucaTh MHOXECTBO MCTUHHOCTH IIpEIUKATa

(x +2)2x + D> 2)x* + 1) =0, OMPEICIICHHOTO HA:

a) MHOKECTBE HaTypaIbHbBIX YHCE;

0) MHOKECTBE IIEJIbIX YHCEJI;

94



B) MHOXECTBE PallMOHAJILHBIX YHCEIT;

I') MHOKECTBE BEIIIECTBEHHBIX YUCE.

80. ITycTb umerotcst mpeaukaThl A(x) U B(x). 300pa3ute B BUjE
KpyroB Diijiepa UX MHOXKECTBa UCTUHHOCTH, 3aTe€M HU300pa3uTe MHO-
’KECTBA UICTUHHOCTH CJICIYIOIMINX MTPEIUKATOB:

1) A(x); 2) A(x)v B(x); 3) A(x) A B(x);

4) AX)AB(x); 5) A(x)v B(x) ; 6) A(x)= B(x);

7) A(x)= B(x); 8) B(x)= A(x).

81. B apucroreneBoii JOTHKE pacCMaTPHUBAJIOCh YETHIPE BHUIA TaK

Ha3bIBAEMbBIX KATETOPUYECKHUX CYKICHHI:

1. «Bce S cyTh P» — 0011eyTBEPAUTENBHOE CYKICHUE;

2. «Hu omHO S HE ecTh P» — 00IIe0TpHUIIaTeIbHOE CYXKICHHUE;

3. «HekoTopsie S CyTh P» — 4aCTHOYTBEPUTEIBHOE CYKICHUE;

4. «Hekortopsie S He CyTh P» — YaCTHOOTPULIATEIBLHOE CYXKCHHUE.

ITycte S — nepeMmenHoe, a P — (puKCUpOBaHHOE YTBEPKICHHE. 3a-
NUIINATE TaHHBIE CXEMbI BBICKA3bIBAHUM HA SI3BIKE JIOTMKH MpEauKa-
ToB. [locTpolite oTpuianus K HUM. Pemmre 3Ty ke 3a1ady sl Ciry-
yas, korjaa u S, u P — nepeMeHHbIE.

82. Ucnonb3ys npenukatsl P(x) = {x — IpoCTOE YUCIIO},

S(x) = {x —getHOEC uMCIO}, O(X) = {X — OTpULIATEIHLHOE YUCIIO},

R(x, y) = {x > y}, onepauuu HaJ HUMHU U KBaHTOPHI, 3aIUIIUTE
CJIEAYIOIINE BhICKA3bIBAHUSI:

a) CYLIECTBYET MPOCTOE YETHOE YHUCIIO;

0) BCSIKOE MPOCTOE YUCIIO, OOJIbIIIEE ABYX, HEUETHO;

B) HE CYILECTBYET OTPUIATEILHOTO YUCa, OOJIBIIETO HYJIS;

') HE CYIIIECTBYET MPOCTOT0 YETHOTO YKCIIa, OOJIBIIIETO ABYX.

83. ChopmynupyiiTe ciieayronye BbICKAa3bIBAHUS U YKAKUTE UX
3HAYEHUSI ICTUHHOCTH:

a) (Vx)@)(x +y =4); 0) (I(Vx)(x +y=4);

B) (A)(I)(x +y =4); 1) (Vx)(Vy )(x +y=4).

84. ITycTh Ha MHOXECTBE HATypaJbHBIX YHUCEI ONPEACIIEHBI Clie-
ayromue mpeaukaTtel: P(x) = {x — mpocTtoe uncio}, R(x) = { x — der-
Hoe yucio}, O(x) = {x — HeueTHOe unucio}, S(x, y) = {x IenuTcs Ha y}.
Chopmynupyiite cieayronme yTBepKIACHU:
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a) P(5); 0) R(2)AP(2); B) (Vx)(S(x, 2)=R(x));

r) (A0)(R(x) AS(x, 6)); 1) (Ax)(O(x) AP(x));

e) (Vx)(R(x)=S(x,2)); K) (VX)FV)R() AS(x,y) = R(x));

3) (VX)(Px)=EF)R(Y) A S, x)));

1) (Yx)(V9)(Q(x) A P(y) = S(x,)).

85. [lans! ciieayronye MpeauKaThl, ONPEICICHHBIE HA MHOYKECTBE
JIIOIEN:

A(x) = { x — npectynHuK}, B(x) = { x — cynps},

C(x)={x—wmyxunHa}; D(x)= {x— CBUIECTEIb};

E(x) = {x — cOy4acTHUK}.

JlaliTe ciioBeCcHYI0 GOPMYIIMPOBKY CIEAYIOMINX YTBEPKICHUM:

2) (F)(AX) AC(x)); 6)(Vx)(B(x) = E(x) ; B) (Vx)(D(x) = A(x))

86. ChopmynupyliiTe BbICKa3bIBaHUS, KOTOPHIC SIBISIOTCS OTPH-
HAHHUSIMHU CIIETYIOIIUX:

a) CyIIECTBYET HauOOJIbIIIEE TPOCTOE YHUCIIO;

0) Mr000€ BEIMOTaTEILCTBO HAKA3BIBACTCS JIUIICHUEM CBOOO/IHI;

B) B HEKOTOPOM Toe3]ie, uayiieM u3 MockBbl B ApociaBib, B Ka-
JOM BaroHe €CTh CBOOOIHOE MECTO;

I') KaXIbIH, COBEPIIUBIIUN MPECTYIUICHUE, JOJKEH OBbITh IO/I-
BEPTHYT CIPABEJIMBOMY HAKa3aHUIO;

1) HU OJIMH HEBUHOBHBIA HE JIOJKEH OBITh MPHUBJICUCH K YTOJOB-
HOU OTBETCTBEHHOCTH.

87. Bripazute cneayromme BBICKa3bIBaHUS Ha S3BIKE JIOTMKU TpE-
nukaToB. [locTpolTe X OTpULIAHUS U TIEPEBEIUTE UX HA PYCCKUU A3BIK.

a) Bce paOoTHUKM moAJie)kaT 00s3aTEIBHOMY MEIUIUHCKOMY
CTPaxOBaHUIO.

0) Bce nroau poxxaaroTcs CBOOOHBIMU M PaBHBIMU B CBOMX JIOC-
TOMHCTBAaX U IpaBax.

B) HekoTopsie moau 0CBOOOXKIAIOTCS OT YILIATHI CyACOHBIX pac-
XO0JIOB B JJOXO/JI TOCY1apCTBa.

r) HekoTophie pUroBOpsI Cy/ia SIBIASIOTCS OOBUHUTEIbHBIMHU.

1) Hu onvH npuroBop cyaa He JOJKEH ObITh HEOOOCHOBAHHBIM.

¢) CylecTByeT KHUTa, KOTOPYIO BCE MPOUYUTAIIH.
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) He Bce ocyxeHHbIE 3a COBEPIIICHUE NMPECTYIICHUNH 0CBOOOK-
JAI0TCS IO aMHUCTHH.

3) Hu oaun oOpasel mpou3BOJICTBEHHOTO 00OpPY/I0BaHUSI HE MO-
XKET OBITh TIEpedaH B CEPUIMHOE MPOU3BOACTBO, €CIIM OH HE OTBEYAET
TpeOOBaHUSIM OXpaHbI TPY/Ia.

88. 3anummuTe ¢ MOMONIBIO JIOTUYECKON CUMBOJIMKM BBICKA3bI-
BaHUS:

a) CyleCTBYET TOYHO OJIHO X, TaKO€ 4TO P(X);

0) CcylllecTBYET, M0 KpaitHel Mepe, JiBa X, TakuX 4To D(x);

B) CYIIECTBYET HE O0Jiee ABYX X, TAKUX 4TO D(X).

') ABa M TOJBKO JIBa X 00J1aJIaf0T CBOMCTBOM D.

89. IloctpoiiTe oTpuIlaHUA CIEAYIOINUX BBICKA3bIBAHUM W JAUTE
WX CJIOBECHYIO (DOPMYITUPOBKY:

a) (Vx)(Vy)N((x>py)v (x <p) v (x =y));

0) @E)(Vy)(y=0=>x+y=x);

B) (I)(F)(Fz)(x+y=zv@t)x+y=trz#t)).

90. IIpenukarsl P(x) u Q(x) onpeaesieHbl HA HEKOTOPOM MHOXKE-
cTBe 7. B KakoM OTHOIIIEHUU JTOJKHBI HAXOUTHCSI 00J1aCTU UCTUHHO-
CTH T, u T, TAHHBIX NPEMKATOB, YTOOBI IIPEIUKAT

1) P(x)AQ(x) npuHUMaI 3HaYeHue 1:

a) IUIsl HEKOTOPBIX X € T,

0) ns Bcex xe 7,

B) JIJIS BCEX X € T,

') HU JJ1s1 OAHOTO 3HaueHust xe 7.

2) P(x)=(Q(x) npuHuman 3HayeHue 1:

a) 11 Bcex xe T,

0) HU JJIsI OJTHOTO 3HaUeHUs x € 7.

91. [TouemMy BbICKa3bIBaHUS B CIECAYIOIIMX Mapax HE SBISIOTCS
OTPULIAHUSIMU OJHOTO JIpyrum? OTBET 0OOCHYWTE Ha OCHOBE OIpese-
JICHUS OTIepaIliy OTPUIIAHUS.

a) Bce npecTymieHns HOCSIT SKOHOMUYECKHUI XapakKTep.

Bce npecTtynieHns He HOCAT 3KOHOMUYECKUN XapaKTeD.

0) HexoTopsle 10pucThl pabOTaAIOT aJBOKATAMH.

HekoTopsie 10pUCThI HE pabOTaIOT aIBOKATAMH.
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92. [IpuayMaiiTe aBa BBICKA3bIBAHUS, UMEIOIIMX COOTBETCTBEHHO
dbopmy (Vx)(3y)P(x,y) B (Iy)(Vx)P(x,y), TAK YTOOBI:

a) 00a oHU OBLIIM UCTUHHBIMU,

0) o0a ObLIH JIOKHBIMU;

B) MEPBOE — JIOKHBIM, & BTOPOE — UCTUHHBIM.

93. danbl npemnoxenus: «Kaxayro 3amady pemwi, no KpanHen
Mepe, oauH ctyaeHT» U «Ilo xpaitHel Mepe, OAWH CTYICHT PELInI
KOKAYI0 3a1ady». MMET 1M 3T OpeJIoKEeHUST OJAUH M TOT K€
cMmbica? Creayer Jiu XOTs Obl 0IHO U3 HUX U3 Apyroro? [louemy?

94. 3anummTe CUMBOJIMYECKH CIICAYIONIME MIPEIJIOKEHUS U OMPe-
JEUTE UX 3HAYEHUSI ICTUHHOCTH:

a) BCSIKO€ YUCIIO, YMHOKEHHOE HA HYJIb, €CTh HYJIb;

0) npousBeaeHUE J0O0T0 YUCIa U €IUHUIIBI PABHO ATOMY YHCITY;

B) CYIIECTBYET YHCJIO, KOTOpOE OO0JIbIIIE CBOETO KBAAPATa;

I') KBaJ[paT JII0OOro 4Kciia HEOTPULIATEIICH;

1) MOJTyJIb JIFOOOTO YKCIIa MOJOKUTEIICH.

95. 3anunuTe CUMBOJIMUECKU CIIEAYIOLINE TPEIJIOKEHUS U OIpe-
JEIUTE UX 3HAYCHUS MUCTUHHOCTH. YKaXKHUTE 00JIACTH OMpeAcIICHUS
PEIUKATOB:

a) CYIIECTBYET PallMOHAIIBHOE YUCIIO, KBAJIpaT KOTOPOTO PABEH 2;

0) BCSIKOE HAaTypaJlbHOE YHUCIIO JIUOO YETHO, INOO HEYETHO;

B) BCAKOE PaI[MOHATBHOE YMCIO HPEICTABUMO B BHie apoou 2,
/i€ p — 1IeJI0€ YUCJIO, a ¢ — HaTypaJbHOE YUCIIO; 1

I') HEKOTOPBIE HATYypaJIbHbIE YUCTIA AEISATCS Ha 7.

Onpenenure MHOXKECTBa MCTUHHOCTH MPEAUKATOB, Ha KOTOPHIE
HaBEIIMBAOTCS KBaHTOPHI. [IpuBenure, rae 3To0 BO3MOXKHO, PUMEPHI
qucesl U3 MHOXECTB UCTUHHOCTH.

96. 3anunTe CUMBOJINYECKH:

a) TIOJIOKUTEIbHBIC OLICHKM Ha BCEX DK3aMEHaX SIBJISIOTCS HE0O-
XOJIUMBIM YCJIOBHEM JIJI TIepeBOa JII000ro CTyAeHTa Ha CIAEAYIONTUH
Kypc,

0) y=2x+3 UMEET CMBICJ NPHU JTFOObIX 3HAYCHUAX X U ;

B) QyHKIHUS x* MPUHUMAET JI000€ HEOTPHUIIATEIbHOE 3HAUCHUE.
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97. Chopmynupyite cleayroliue BbICKa3blBaHUS, HCIOIb3Ys
KBaHTOP BCEOOIIHOCTH:

a) HE CYILECTBYET TAKOT0 YUCIA X, YTO x+1=x;

0) HeT yeJoBeKa, HE UMEIOIIET0 MaTepH;

B) HE HalIeTCs CTY/IEHTa, HE CAABUIEr0 3K3aMeHa M0 YrOJIOBHOMY
IpaBy U B TO K€ BPEMS MEPEBEICHHOr0 Ha CIEIYIOMINI KypC;

') HU OJIMH YEJIOBEK HE OECCMEPTEH.

98. ChopmynmupyilTe OTpPUIIAHUS CIACTYIOMNX BBHICKA3bIBAHUM B
YTBEPAUTENBHON PopMe (TO €CTh TaK, UTOOBI OTPUIIAHUE BHICKA3bIBA-
HUS HE HAYMHAJIOCH CO CIIOB: «HEBEPHO, YTO» WIIA «HEM):

a) U3 BCSAKOTO IMOJI0KEHHUSI €CTh BBIXO/;

0) B KaXJ0M CTpaHe HAMAETCS TOPOJ, Y BCEX KUTEJICH KOTOPOTo
OJIVH U TOT K€ I[BET IJias3;

B) B KaXJOM TOpOJie¢ €CTh BYy3, B KOTOPOM €CTh (haKyJbTET, TIe
€CTh KypC, B KQXXJON TPyIIIe KOTOPOTrO HU OJWH CTYACHT HE 3aHUMAa-
€TCS CIIOPTOM;

I') CYIIECTBYET KHUTA, B KOTOPOH €CTh CTPaHUIIa, B KAXI0U CTPO-
K€ KOTOpOU HaljeTcst XoTs Obl 0/1HA OYKBa «ay.

99. 3anummuTte creayroumMe BBICKa3bIBaHUS B BUAEC (PopMyrn ¢
KBaHTOpPAaMH, MPEIBAPUTEILHO BBEAS O0O3HAYCHUsS [JII UCIOJIb3Yye-
MBIX TIPEAUKATOB:

1) ectb pexu, KOTOpbIEC BagaoT B Boury;

2) HEe BCE TO 30JI0TO, YTO OJICCTHUT;

3) BCAKUI KyJIMK CBOE 00JI0TO XBaJIUT;

4) He BCSIKUM YEJIOBEK MOXET JOOUTHCS OCYILECTBICHUSI CBOCH
MEUTHI;

5) Kax bl CTyneHT-(U3UK BBITIOJHUI XOTS Obl OJIHY JIabopaTop-
HYI0 pa0boTy.

100. ITycTp naHbl MpeauKaTHhI:

M(x) — «x — My>X4nHaY;

V(x) — «x — )KEeHIIIUHAY;

I(x, y) — «4e710BEK X MOJIOKE, UEM )»;

K(x, y) — «x ecTb peOEHOK )»;

G(x, y) — «x cOCTOUT B Opake ¢ y»;
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U(x) — «x xxuBeT B SIpocinaiey;

A(xX) — «x )KUBET B APXaHTEIbCKEY.

3anummTe B CHMBOJIMYECKON (popMe CIIeIYIOIINE MPEII0KECHHUS:

1) KaxbIi 4YETOBEK UMEET OTIIa U MaTh;

2) KaXJIbIi, KTO UMEET OTIIa, UMEET U MaTh;

3) BCSAKUI YETOBEK MOJIOKE CBOUX POJUTENCH;

4) He BCSIKUM Y€JIOBEK COCTOUT B Opake;

5) KaxKJIpIi 4EJIOBEK MOJIOKE CBOETO A/,

6) CylIecTBYyeT MY>KUMHA, Y KOTOPOTO ChIH >KEHAT Ha JKCHIIUHE
MJIQJIIIE ce0sl;

7) ecau B fIpocnaBie ecTh XKEHUIMHA, UMerolias Opara B ApxaH-
relabCKe, TO B ApPXAHreJIbCKE €CTh MY)KUMHA, MMEIOIIHN CECTpy B
Spocnasie;

8) HE BCSAKUM KEHATHIN MY>KUMHA MTPOKUBAET B ApXaHIeIIbCKE.

101. Cpenu crenyromux MpeayioKEeHU HAWIUTE Mapbl BHICKA3bI-
BAHUH, SBJISIIOIIMXCS] OTPUIIAHUSIMU JIPYT JIpyTa:

1) Bce ydeHUKHU HaIlled TpyImmbl TOATOTOBWINCH K CEMUHAPY IO
yYTOJIOBHOMY MPABY;

2) HEKOTOpbIC YUCHUKH HaIlleW TpyMMbl MOATOTOBWIMCH K CEMU-
Hapy 1O YroJOBHOMY IPaBy;

3) HU OAWH YYEHUK HaIlIe TPYMIbl HE TOATOTOBUIICS K CEMUHAPY
10 YTOJIOBHOMY IPaBY;

4) HEKOTOpbIE YUYEHUKHU HAIICH TPYIIbl HE MOATOTOBUIUCH K Ce-
MUHApY IO YroJIOBHOMY MPaBy.
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3. Di1eMeHThI MaTeMaTUYeCKOI0 aHa/IM3a

3.1. ®ynkyuu. Iaemenmapnoie PyHKyuu
3.1.1. llonsiTve pyHKIUHU

[Iycte D — HEKOTOPOE MHOMXKECTBO JICUCTBUTEIBHBIX 4dHcen. ['o-
BOPST, UTO HAa MHOeCTBE D 3afaHa @yrKkyus f, €Clii KaKIOMY YUCITY
xeD (apeymenmy @yHKkyuu) MOCTABIEHO B COOTBETCTBHE E€JIMHCT-
BEHHOE 4YHCII0, 0003HAaYaeMOe CHMBOJIOM f(x) U HA3bIBAEMOE 3HAYe-
Huem (YHKYuu 8 mouke X.

MHuoxecTBO D Ha3bIBaeTCsl 0O.1acmvlo onpeoeieHus QyHKyuu u
obo3Hauvaetrcsi cuMBoOJIOM D(f). MHOXECTBO BCE€X 3HAYEHUU f(x)

(GYHKIIMU HA3bIBACTCS 001acmbio 3HaYeHull QyHKyuu 1 0003Ha4YaeTCs
CUMBOJIOM E(x). UTak,

E(f)=1/(x), xe D(f)j}.

OYHKIUIO f, ONPENEICHHYI0O Ha MHOXeCTBe D, 0003Ha4Yalo0T Clie-
TYIOIIUM 00pa3oM:

y=fx),xeD,
WM IPOCTO MUIIYT f(x), xe D.

I'pagpuxom T(f) @ynkyuu f (puc. 1) Ha3pIBa€TCSI MHOXKECTBO BCEX
TOYEK (x,y), AJIA KOTOPBIX xe€ D,a y= f(x).

A

v

-

DY)

Puc. 1

Haubonee pacnpocTpaHEHHBIM CIIOCOOOM 3ajlaHusi (DYHKIIUU SIB-
asieTcst aHanuTHYeckuid. OH COCTOUT B TOM, UTO 3aJaeTcsa popMyia, 1o
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KOTOPOM BBIYUCIISIOTCS 3HAYCHUSI PYHKIMHU [ (x) O 3HAYCHUSIM €€ ap-

rymenTa x. [Ipu TakoM 3aianuu 001acTh ONpe/IesieHrs OOBIYHO HE YKa-
3BIBACTCS, 1OJ] HeH MIOHUMAETCS MHOYKECTBO BCEX TEX 3HAYCHUH X, MIPU
KOTOPBIX JaHHas (Gopmysia uMeeT cMbIci. OJIHaKO HaJ0 UMETh B BUILY,
YTO HE BCskas (opmyina 3amaeT GyHKIOU0. B KauecTBe yrpaxHEHUS
npeJiaraeM BBIICHUTH, KaKue U3 CIACAYIONUX (GOpMyIT ONPEIeIIsioT y

KaK (QYHKIMIO OT x: a)2y>—3x+1=0, b)2y-3x*—-1=0, c¢)x+)*=0,
d)x*+y’ =1,e)x-y+2-y=x—-1.

3agaum

Haiinure o6macTh onpeneneHust GyHKIIH:

i —4 In(x +10) 3%
S S 2. f(x)=———. 3. =
L=t f == 0155
N, -3
4. f(x):2x—+4. 5. y=+/x-2-In(5-x). 6. y=x, .
X +5x+6 sin x
Haiinure 061acTh 3HaUYCHUN (QyHKIIHI:
7. y=sin§. 8. y=—sin’x. 9. y=2cosx.
10. y=+/x-2. 11. y =sinx+cosx. 12. y=6sinx—8cosx.
13. y= 22 : 14. y=2-5", 15. y=x"+4x+5.
x +1

3.1.2. OcHOBHBIC BUABI PYHKIMH

1. Yemmnwie, Heuemnuie, 006uwe2o euoa

Dynkuyus y= f(x)Ha3bIBACTCS YeMHOI, €CIU I IF0O0TO 3Have-
HUSA x € D (—x)e D ¥ BBINOJHSETCA YCIOBUE f(—x)= f(x).

@ynkyus y= f(x)Ha3bIBACTCS HEUEeMHOU, €CIIU IS JIF0OOTO 3Ha-
YCHUS x € D (—x) € D M BBIIIOJIHACTCS YCIOBUE f(—x)=—f(x).

DOyHKIUA, KOTOpas HE SIBJISICTCS YETHOM U HE SABJIACTCS HEYETHOM,
HAa3bIBACTCS hyHKUUell oduwezo euoa.

MoxHO m0Ka3aTh, 4TO rpaduK 4eTHOM (YHKIMH CUMMETPHUYCH
OTHOCUTEIBLHO OCH Oy, a TpadUK HEYETHON (YHKIIMH CHMMETPHUUYCH

OTHOCHUTCJIbHO Ha4dajla KOOpJAWHAT.
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3agauu

BoisicHUTE 4eTHOCTh (HEYETHOCTh) (DYHKIIUH:

16. y=x"+||. 17. y:x+g. 18. y=¢.
x
19. 7(x)=9. 20. f(x)=(2-3x)+(2+3x)’. 21.y=In(4-x%).
22, (=22 23, p =X X2 a4 f(0)=0 .
x+1 x+1 x—1

2. Ozpanuuennvie u HeoZpanuyeHHvle YHKUUU

@DyuKkyus HA3BIBACTCS  OZPAHUUEHHOU HA  NPOMENCYmKe
[a,b]= D(f), ecnm CymecTByeT Takoe 4YUCIO M >0, 49TO JJIs BCEX

x €[a,b| BBIIOIHAETCS HEPABEHCTBO \ f (x)\<M . B mpoTtuBHOM ciydae

(GyHKIMS HA3bIBACTCS HEOPAHUYEHHOIL.

3agaun
BreisicHuTe, kakue QyHKIIUU SBIISIFOTCS OTpaHUYEHHBIMU
25. y=sin’x. 26. y=¢. 27. y=¢".
COSX 4
28. y=sinx+cosx. 29, y=—-. 30. y= =
X 2+x

3. Monomonnwte hynkuyuu

Dynkyua HA3BIBACTCA GO3paACmMAOUieil. Ha HPOMEHCYmKe
[a,b]cD( f), ecnu JIs JIFOOBIX JBYX 3HAYEHUM apryMeHTa U3 3TOro
IPOMEXyTKa OOJIbIIIEMY 3HAUYEHHUIO apryMEHTa COOTBETCTBYET OOJIb-

1iee 3HaueHue PyHKIUH.
B cuMBOJIMYECKO# 3aMCH ATO OMNPEACICHUE BBITJISIAUT CIEAYIO-

UM 00pa3oMm:
(f /" Ha [a,b]) < (Vx, € [a,b])(Vx2 € [a,b])(x1 <x,= f(x)< f(x,)).
Dyukyusn  HA3BIBACTCA  yObleawwieil. HA  NPOMEINCYmKe
[a,b]= D(f), ecnu uid JMOOBIX ABYX 3HAYEHUM apryMeHTa U3 3TOr0
POMEXyTKa OOJbIIIeMY 3HAYECHUIO apTyMEHTa COOTBETCTBYET MEHb-

1ee 3HaueHrue PyHKIIUH.
CHMBOJIMYECKHU 3TO ONPENIECIECHNUE 3aMIIETCS CAEAYIOIUM 00pa-

30M:
(f v Ha [a,b]) < (Vx, € [a,b])(‘v’x2 € [a,b])(x1 <x,= f(x)> f(x,)).
Bo3spacraromniue nian yobIBaroIye Ha BCel 00JacTH OTpeeeHHs
(YHKIIMY HA3BIBAIOTCS MOHOMOHHBIMU.
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3amaum

31. OyHKMKM f U g BO3PACTAIOT HA MPOMEXYTKEe X . BepHo n,

4TO (PYHKIUU:
a) f+g, f-g, W f° BO3pACTAIOT HA MPOMEKYTKE X ;

0) -f u % yOBIBAIOT HAa MPOMEKYTKE X ?

4. Ilepuoouueckue pynkuyuu

OyHKIUA y = f(x) Ha3bIBACTCA HEPUOOUUECKOU, ECIIA CYLIECTBY-
€T TaKoe YHUCJIO0 T, YTO IS JIFOOBIX x € D(f) BBIMOTHSIOTCS yCIOBUS
xxTeD(f) U f(xxT)= f(x). Uucno T HazbiBaeTCs NepuoaoM (yHK-

1007078
OcHoBHble CBOUCMBA NEPUOOUHECKUX DYHKUUL
1) Ecnu ¢yHkums f mepuoauyueckas ¥ uUMeeT mepuon 7, TO

byHKUMSA Af (kx+b), TOe A,k,b TOCTOSHHBI, a k # (0, TaKXKe MECPUOIH-

T
qecKas U ee PO/ PaBeH —

[k
2) Ecnu uucno T — nepuoa GyHKIUUA y = f(x), TO U 9UCTO k- T,
r7e k € Z, TOXe Mepuo 3TON (QyHKITUH.

3amaum

Haiiiute HaMMEHBIIUN MOJIOKUTENBHBIN Mepuosl GYHKIUUA WU
JNOKAXUTE €€ HENEPUOAUIHOCTD:

32. y=ctg§. 33. f(x)=4cos3x. 34. f(x)=2-cos2x.

35. f(x)=sin’x. 36. f(x)=sinx+cosx. 37. f(x)=xsinx.
38. Jlokaxkute, 4TO YUCIO 2 HE SBISAETCS NEPUOAOM (PYHKIIUHU:
a) y=x>-3;0) y=cosx;B) y=3x-5,T) y=|x|.

3.1.3. Apupmernyeckue onepanuu HaJa QyHKIUAMUA

1. Cymmoit (paznocmuro) pynkuyuii f 1 g HazbIBaeTCsd (QYHKIIMS
f+g (f-g), onpeneneHHas Ha MHOXeCTBE D(f)n D(g), 3HaUCHUE
KOTOPOM B TOUYKE x € D(f) N D(g) BBIYACISAECTCA O TIPABUITY

(f+2)(x)=f(x) T g(x).
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2. Ilpouszeeoenuem pynkyuii f n g HazpiBaeTcs QyHKUUS f-g,
OIpeICIIEHHAss HA MHOXKECTBE D(f) N D(g), 3HAYEHUE KOTOPOM B TOU-
K€ x e D(f) N D(g) BBIYUCIISIETCA IO IpaBUITy

(f-8)x) = f(x)gx).
f

3. Yacmnuvim pynkyuit f v g HaszpiBaeTcsa QYyHKIUS -, Onpesie-
g

JeHHas Ha MHOXecTBe D, =D(f)N{xeD(g): g(x)#0}, 3Ha4eHUE KOTO-

f VAC))

POM B TOUKE X € D, BBIYUCIISIETCS IO TIPABUILY “—(x) = =%
g\x

3.1.4. Komnosuuust QyHKUMA

Komno3uyueii ¢pynkyuit f n g Ha3pIBaCTCS onepanus Mmocjiea0Ba-
TEJLHOTO BBIMOJIHEHHUS 3aaHHBIX (QyHKIuA. OO003HAYaeTCs 3Ta ore-
pauus cienyomuM odpa3oM h=go f. B pe3ynbrate KOMMIO3ULUU

noJiy4yaercst HoBass (DyHKLHMsSI 4, KOTOpas Ha3bIBAETCS CIOXKHOU (DYHK-
nuen, NoJlyd4eHHON u3 QyHKuMil f U g (puc. 2). 91a GyHKUUS UMEET

00JIaCTBIO OMpPECICHUSI MHOXKECTBO D(h)={xe D(f): f(x)eD(g)} Hu
JEUCTBYET HA  JJIEMEHTBI 3TOrN0 MHOXECTBA MO  IPABUILY

h(x) = (g o fH)x)=g(f(x)).

> x
oof y= /()
>V
> Z
z=g(f(x))
Puc. 2
3agaun
39. BeisicHuTe, Kakue u3 PyHKIMHN SBISIIOTCS CIOKHBIMU:
N x
2 2
1) y=—/; 2 :(—) ; 3) y=Incosx;
) \/g ) Y \/g ) Y
4) y=e""; 5) y=1g(8x~-3); 6)y=Vx"+x-4;
7) y=3Inx.
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40. Yxaxute QYHKIUH f U g, U3 KOTOPHIX COCTAaBJIEHA CJIOXKHAS
dyHKIMA A(x) = g(f (%))

1) h(x) = cos3x 2) h(x)= sin(2x —%j ; 3) h(x)=+/cosx;
4) hx)=G-5x7;  5) h(x)=tg—: 6) h(x)=\9— x|
X

3.1.5. O0paTHas pyHKUUS

[lycth dyHKUHUA y = f(x), 3alaHHAs] HA MHOXECTBE D , SBJISICTCS Ha
HEM MOHOTOHHOM, T. €. BO3pacTaeT Wi YOBIBACT, U YJIOBJICTBOPSET yC-
JoBuro:  Vx,Vx,eD (x,#x,)= f(x)# f(x,). Torma mua moboro
ye E=E(f) HaWJETCs €AMHCTBEHHOE YHUCJIO x € D TaKoe, 4To f(x)=y.

Tem cambiM OyneT onpeneneHa GyHKIMA, KOTOpas KaXIOMy YHUCITYy U3
MHOXXECTBa E COIOCTaBJISET YMCIO U3 MHOXECTBa D . OTa (PyHKIUSA
Ha3bIBACTCS hyHKYUel, 00pamuoul K f, 1 0003HAYAETCS CUMBOJIOM f -
(puc. 3). AcHo, uto

D(f)=E(f), E(f)=D(f),
fUTON=y u f(f(x)=x.
I'padux I'(f') obpatHol (yHKIIMM mosydaeTcs u3 I'(f) mpeoO-
pPa30BaHUEM CUMMETPHUHU OTHOCHUTEIBHO OMCCEKTPHUCHI y =x IEPBOIO
U TPETHEr0 KOOPJAUHATHBIX YIJIOB (puc. 4).

A
Y F =) -
________________________________ .
DUTY=E() o -7
'
y=f(x) /) i
\ pd y=/(x)
______ . - l s M__________.
D{f)=E(f™) -3 p (3
1 — e r(f)
=) -
rd -3
Puc. 3 Puc. 4

41. Haiinure ¢dyHKUMIO, 00paTHYIO JaHHOW. YKaXuTe 00J1acThb
ompeaeeHus U 00JacTh 3HauYeHH oOpaTHON (pyHKIMuU. [locTpoiite
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rpauKu JaHHOM (PYHKLIMH U OOpaTHOM B OJHOM U TOM ke CUCTEME
KOOpJMHAT:

1) y=2x;2) y=5x-1;3) y=vx-2;4) y=4—-Jx-1;
l1-x

5) yo(x—4Y:x34 6) y=——:7) y=-"X - 8) yoIn(x—1), x>1.
x—1 x+2

3.1.6. OcHOBHBIE djIeMeHTapHbIe QYHKIUH

B 1IKOJBHOM Kypce MaTeMaTHUKH Bbl 3HAKOMUJIHUCH C OCHOBHbIMU
anemenmapHovimu Qyuxyusmu. K HUM OTHOCSTCS:

1) nocmosannasa ¢pynkyus y=C, CeR;

2) auneunas Gynkyus y =kx+b;

3) keadpamuunasn pynkyusa y =ax’ +bx+c,a#0;

4) cmenennas @ynkyusa y =x*, a € R\{0};

5) nokazamenvuasn pynkyus y=a*, a>0, a#1;

6) 10capupmuveckasn @yuxkyua y=log, x, a>0, a#1;

7) mpueconomempuueckue @yukyuu y=smnx, y=cosx, Jy=tgx,
y =ctgx;

1) oopamnvie  mpueconomempuueckue  ymkyuu  y = arcsinx,
y = arccos x, y = arctg x, y = arcctg x.

Omnpenenenus dTUX (yHKIHMN, KX CBOWCTBA U TpauKu MpUBEe-
HBI HIKE.

Ceoiicmea u cpagpuxku 0CHOBHBIX IIEMEHMAPHBIX PYHKYUIL

1. llocTosinHas pyHKUUA

OT0 (QyHKUMS y=c, KOTOpas CTaBUT B
COOTBETCTBUE JIOOOMY xeR OJHO U TO XK€
yucio ce R (puc. 5).

2. Crenennasi pyHKuus y

Cmenennas ¢ynkyus y=x" c nokasa-

v

menem a € R ONpeNeNseTcs CIEAYIOIUM 00-
paszom. Puc. 5
® ITpu namypanvnom nokazamese a=n

1
X =x,xeR, U x"=x-x---x, xeR, 111 n=2,3, ....
- —-

n pas

Ilpu neuemnom n o0NaCTHIO 3HAYCHUN (DYHKIIMH SBIISETCS MHO-
KECTBO R BCeX JAEHCTBUTEIBHBIX unces, (yHKIMS HEYETHAs U BO3pac-
Tarolas, ee rpaduk n3o0paxeH Ha puc. 6.
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Ilpu yuemnom n 0ONACTHIO 3HAYCHUH SBIISIETCS] IPOMEKYTOK [0,00),
GbyHKIUST yeTHasi, yObIBa€T HAa MPOMEXYTKE (—o0,0] M BO3pacTaeT Ha
MPOMEXYTKE [0,0), ee rpaduK n300paxeH Ha puc. 7.

y=x*"(k>1) y=x* (k>1)
5 y=x3 y
=X
Y Y y=x*
y=x’
y=Xx
i i
-1 1 X
1 £
1 1 X
Puc. 6 Puc. 7

|
® IIpu yenom ompuyamenvHom nokasamene a=-n: x' =x"=—,
X

xeR\ {O}

Ilpu neuemnom n 00NACTHIO 3HAYECHUN (PYHKIIUU SIBJISIETCS MHO-
KECTBO JEHCTBUTENIBHBIX Yuced 0e3 Hyysi: R\ {0}, pyHKIMSI HEUETHAS,
yOBIBaroIas Ha MPOMEXyTKax (—,0) u (0,00), ee rpaduK U300paKeH

Ha puc. 8. Ilpu uemnom n 00J1aCTbIO 3HAYECHUI CIYKUT MTPOMEKYTOK
(0,00), DyHKIMS YEeTHAs, BO3pACTACT HA MPOMEKYTKE (—0,0), yObIBaeT

Ha nMpoMexyTke (0,00), ee rpaduk n300pakeH Ha puc. 9.
® [Ipu nonoxcumenbHOM PAUUOHATIbHOM ROKa3amee a=m/n:

x""=Xx", x €[0,0).
L Hpu ompuuamejibHoM payuoOHA/IbHOM nokaszamesie a=—m /n:

—m/n :—’ xe (ODOO) .

m/n
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i)

<
I

Puc. 8 Puc. 9

Cmenennaa ynkuyusa c Heyeavlm nokaamesiem a BO3PACTACT
npu a>0 u yOwiBaeT npu a<0. CooTBeTcTBYIOIIME Ipauku n300pa-
*eHbl Ha puc. 10, 11.

y y=x",a>1 y

a
y=Xx,

O<ax<l
y=x, a<0

Puc. 10 Puc. 11 X

3. lloka3zaresqbHass pyHKIMSA

lloxazamenvhoti ynxyueti ¢ ocnosanuem a (a>0, a#1) Ha3bIBa-
eTcsi QyHKIHS, ONpeeieHHas Ha MHOXKECTBE BCEX JICMCTBUTEIBHBIX
YuCes U CTaBsAIasg B COOTBETCTBUE YUCITY x € R YUCIO y=a".

OOnacTeio OmNpenesieHUusT TOKa3aTelbHOM (DYHKIMM SIBISETCS
MHOKECTBOR , 001aCThIO 3HAUECHUM — HHTEPBAT (0,+ ).

OCHOBHOE CBOMCTBO TMOKa3aTeIbHON (DYHKIMH: ¢ =a"a™.

[Ipn a>1 mokazarenbHas (PyHKIHUS BO3PACTAECT U MPH X, CTPEMsI-
meMcs K 4o (x — +w), a TOXKE CTPEMUTCI K +o (a* —> +w). ITOT
(akT 3aMuChIBAIOT CIEIYIONIMM 00pa3oM lim a* =+, Ecim ke x — —w,

X—>+0

TO a* -0 (lima*=0). IIpu 0<a <1 noka3arenbHast PyHKIHS yObIBACT

X—>—00

U IpU X, CTpeMsAlEeMCs K 4o (x — +wo ), a* >0 (lima*=0). Eciu xe

X—>+00

x — -0, TO a* — +o (lima" =+w0),

X—>—0

Jlist oOoux cityyaeB ee rpaduk n3o0pakeH Ha puc. 12, 13.
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1

-——-""‘-" - \N"""‘—'-;

Puc. 12 X Puc. 13 X

B mMareMaTudeckux HCCIENOBAaHUSX OYEHb YacTO HCIOIb3YIOT
MOKa3aTeIbHYI0 (PYHKIIUIO y =e* C OCHOBAHUEM e; € — UppalliOHaIb-
HOE YHUCIO: e~2,71. DTa QyHKIMS HA3BIBAETCA IKCNOHEHMOU U 000-
3HAYaeTCsl CUMBOJIOM exp x. [lokazarenbHble (PYHKIIUU C IPYTUMH OC-
HOBAHUSMHU CBOJATCS K OKCIIOHEHTE: a* ="’

4. JJorapupmuyeckast GyHKUMSA

[TokazarenbHas GyHKIUS x=a’ Bo3pactaeT (yObIBaeT) mpu a > 1
(0<a<1) Ha Bcel 00MacTH OMpeCICHUs], TIOITOMY CYIIECTBYET 00-
paTHas K HeW (QYHKIMs, KOTOPYIO Ha3BIBAIOT Jo2apupmuueckor
¢dyuxkyuer ¢ ocrosanuem a(WIM MPOCTO no2apugpmom). O003HAYAIOT
gorapupMudeckyro (QpyHkimuoo cuMmBoioM y=log x. Ecau a=e, TO

BMecTO log,x mumyT In x (Ramypanvusii noeapugm), ecim a=10, TO
BMeCTO log,, x mumyT lg x (decamuunvlii 102apupm).

OcHosHble ceoticmea lo2apugmuieckol hyHKyuu
1) obnacts onpenenenuss D(log, x) = E(a*) = (0,+0);
2) MHOECTBO 3HaUeHU E(log, x)=D(a")=R;

3) npu a>1 norapudpmuyeckass QyHKIUS BO3pACTACT U MPHU X,
ctpemsamemcs k 0 copaBa (x—+40), log,x cTpemMurcs kK -

(lim log,, x = —o0), €CJIM )K€ x CTPEMUTCA K +oo , TO log, x YXOIHUT HA +oo

x—>+0

(limlog, x=+0). IIpu 0<a<1 ¢yHkus yOwiBaeT, u limlog, x=+00,

x—>+0

lim log, x =—0.

X—>+0

['paduku norapudmuyeckoin PyHKIUHU U300pakeHbI HA pUC. 14.
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"

y=log, x, a>1 M (cos x,sin x)

y=log,x,0<ax<l

Puc. 14

5. Tpuronomerpuyeckue (pyHKIUU

Bri0epeM Ha MIIOCKOCTH NPSAMOYTOJIbHYIO JIEKApTOBY CUCTEMY KO-
opauHat uOv (puc. 15). PaccMOTpUM OKpPY’>KHOCTh €QUHUYHOIO pa-
Iuyca C IEHTPOM B Hadalle KOOPAUHAT (EOUHUUHYIO OKPYIHCHOCMD).
ITycTh X — IpOU3BOIBHOE JIEUCTBUTENBHOE YUCHO: x € R. Bektop OA ¢

KOHIIOM B TOuYke A(1,0) MOBEpHEM Ha yros x paauan. B pesynbrare

IIOJIYYUTCS BEKTOP OM . [Ipu moBOPOTE NIPOTUB YACOBOU CTPEIIKU KO-
HEIl BEKTOPa OMUIIET HA €AUHUYHON OKPYKHOCTU AYTY AM JJIAHBI X
(x>0), a Ipy BpalllCHUU B HAMPABICHUU YACOBOM CTPENKHU (x<0)—
JUTUHBI |—X|.

@yuKyua cuHyc CTaBUT B COOTBETCTBUE YMCITY x € R opauHaTy Ta-
KO TOYKUA M €IUHUYHON OKPYKHOCTH, JJIsI KOTOPOW BEKTOP oM oOpa-
3y€T C MOJIOKUTEITLHBIM HaIlPaBJICHUEM OCH a0CIIUCC YTOJd B x pajuaH.

@DynKyua KocuHyc CTaBUT B COOTBETCTBUE UUCIY x € R abcuuccy
TaKOW TOYKU M €OUHWUYHOU OKPYKHOCTH, JJISI KOTOPOM BEKTOP oM
o0pasyeTr ¢ MOJIOKUTEIbHBIM HaIpaBJICHHEM OCH a0CLHCC Yrojl B x
paauaH.

Urak, ecii Touka M UMEET KOOPAUHATHI (u,v), TO €CTb M (u,v), TO

cosx=u, SInx=v.

B TpuroHomMeTpumn UCHONB3YIOTCS TaKKe (QYHKLHUHU MAH2eHC, KO-
MAH2EHC, CEKAHC U KOCEKAaHC, ONPENEIIIEMbIE COOTBETCTBEHHO PaBEH-
CTBaMU:

sin x COS X
tgx= , ctgx= , SeCx= U cosecx=

COS X sin x COS X sin x

Ceolicmea mpuzonomempuydeckux OyHKyuii:
1) o6nactu onpeaeneHusi: D(sinx)= D(cosx)=R,
Dgx)=R\{z/2+rk,e0ek eZ}, D(ctgx)=R\{rk,c0ek eZ},
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2) obnacT 3HaYEHUM: E(sinx)= E(cosx)=[-1;+1],
E(tgx)=E(ctgx)=R;

3) KocuHyC — yeTHasg (yHKIHS, a CHHYC, TAHT€HC U KOTaHTE€HC —
HEUYCTHBIC (PYyHKITUH;

4) cUHYC U KOCUHYC — (DYHKIIMU TEPUOAUYECKUE, C OCHOBHBIM
NEePUOJIOM 27, a TAHTCHC M KOTAaHT€HC — (DYHKIIUU TIEPUOIUYECKHUE, C
OCHOBHBIM MEPHUOJIOM 7 ;

5) yHKIHS CHUHYC BO3pacTaeT Ha MIPOMEXKYTKAX
(-7 /24 27k, /24 27k], keZ u  yOblBaeT Ha  IPOMEXKYTKax

[7/2+27k,37/2+2xk], k €Z; KOCHHYyC BO3pacTacT Ha IIPOMEKYTKaX
[-7 + 27k, 27k] 1 yObIBa€T HA IPOMEXKYTKAX [27k, 7 +27k], ke Z.

OyHKIUA y=tgx BO3pPACTAET Ha MIPOMEKYTKAX
(-7 /2+nk,n/2+xk), keZ; GyHKIUA y=ctgx yOBIBa€T Ha MpPOME-
KYTKaX (2zk, 7 +2nk), kelZ;

I'paduku TpuroHomerpuyecknux GyHKIUN H300paKeHbl Ha
puc. 16 — 19.

6) OCHOBHBIE TOXJECTBA, CBA3BIBAIOIIME TPUTOHOMETPUYECKUE
GyHKIUHA:

sin’x+cos’ x=1, tgx-ctgx=1, 1 +tg’x =sec’ x, 1+ ctg” x = cosec’x,

sin(x £ y) =sinxcos y £ cosxsin y, cos(x* y)=cosxcosyFsinxsiny,

. . 2 . 2
sin2x =2sinxcosx, cos2x=c0S” x—sin” x.

1l y=sinx

T
2

Puc. 16

X

N N

2

Puc. 17
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| | | | | | | |
| RANI ly=tgx | W - |
| | | | I | |
| | | | '\ | |
B any Se e A
VeAviEIVAEY |\ AV
| | | | | | | |
| | | | | | | |
[ [ [ | | | I |
Puc. 18 Puc. 19

3.2. IIpedes pyuxyuu

[Ipenen — BaxHeMIIee NOHATUE MATEMAaTUKHA. DTO MOHSATHUE OIH-
paeTcsl Ha UHTYUTUBHOE MPEACTABICHHUE O MPOIECCEe W3MEHEHUS Be-
JUYUHBI U1 HEOTPAHMYCHHOTO MPHUOIMKEHHS €€ 3HAUYCHH K KaKOMY-
am60 uyucity. TouyHOe MaTeMaTH4ecKoe ompenesieHue mpezaena chop-
MHUPOBAJIOCH B MaTeMaTuke Juillb B Hauyane XIX Beka. Pa3zButue Teo-
PUM MPEIEIIOB CBIA3aHO C PEIICHUEM 3aJ1a4 HAa HAXOXKJACHUE UIMH KpH-
BBIX, TUIOIMIAQ/ICH MIOCKUX (PUryp, 00bEMOB Tel, ONpeIeSICHUE IIEHTpa
X MacC, YCTaHOBJIEHME MTHOBEHHOM CKOPOCTH NP HEPABHOMEPHOM
NBIDKEHUU. PelieHne 3Tux 3agad MpuUBEIo K GOPMUPOBAHHUIO HA OC-
HOBE MOHSTHS NPEAEIa HOBBIX MOHATUH, TAKUX KaK «IPOU3BOJAHAS U
CMHTETrpa;», U CO3/IAaHMI0 BAXKHEHUIIIETO pa3Aeia MaTeMaTUKHU IO/ Ha-
3BaHueM «MaTteMaTU4eCKHU aHaJInu3y.

3.2.1. llonsiTue npegesa GyHKUMUA B TOUKE
U Ha 0ECKOHEYHOCTH

B onpenenenuu npenena QyHKIIUHA B TOUKE UCMOJB3YETCS TOHS-
THE OKPECTHOCTH TOUKH. OKpecmHOCmb0 MOYKU @ Ha3bIBAIOT JI000H
WHTEPBAJI C CEPEAUHON B 3TOU TOUKE.

[Tycte QyHKIHUS y = f(x) onpeAesneHa BOJIU3U TOUKH @, 32 UCKITIO-
YeHHUEM, OBITh MOJKET, CAMOM ATOM TOYKH. DTO O3HAYAET, YTO B OO0
OKPECTHOCTH TOYKH @ €CTh XOTs ObI OJIHa TOYKa M3 00JIACTH OIpe/ie-
nenust D(f) GyHKUIUH f.

Onpenenenne 1. Yucno b HasbBaeTCid npedeiom @OYHKYuu
y=f(x) npu x, cmpemawemcsi K a (x —a), €CIu JJisg J000r0 CKOJIb

YTOJIHO MaJIOTO 4YHuciia & >0 HaWJeTcs Takoe 4ucio o, >0, 3aBucsiiee
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OT &, 4YTO JUIA BCSIKOI'O YHciaa x € D(f), YAOBJICTBOPSIOUICTO YCIOBHUIO
0 <|x —a|< &, , BBHINONHAETCA HEPABEHCTBO |f(x)—b|<¢.

Ecnu uucio b sBasiercs mnpenesioM GyHKIMU y = f(x) IPpH x —>a,
TO TIUIIYT: }glglf(x):b Ui f(x)—b IpU x —>a.

CuMBONMYECKH oOmpeaesieHue | MOXHO 3amucarh CHEAYIOMUM
obOpazom:

limf(x)=b & (V&>0) (35,>0) (va)(0<x—al s, = | f(x)-bl<&).

I'paduyeckas wLUIIOCTpaIs ONpPEACICHUS IIpeJicTaBlIieHAa Ha
puc. 20.
Onpenenenne 2. OyHKIUS y = f(x) Ha3bIBACTCA OECKOHEUHO Ma-

Jou IpyA x —>a , ecay lim f(x)=0.
X—a

b—ec &2 :
— NIIIIIIIIIIiIIA.?fIIILL 1 X i
a-06 a a+d X a-96 a a+d x
(0]
Puc. 20 Puc. 21

Onpenenenne 3. OyHKIMSA y= f(x) HA3BIBACTCSI OECKOHEUHO

001610l B OKPECTHOCTH TOUKU a (T.€. IPU x —>a ), €CIU JIs JIF0OO0TO
CKOJIb YTOHO OO0JILIIOrO unciaa M (M >0) HaUAETCS TaKOE YHUCIIO Oy »
3aBUCAIIEE OT M, YTO IO BCE€X X, YHOBJIETBOPSIOIIUX YCIOBUIO
0<|x—al<0,,, BBIIOJHAECTCSA HEPABEHCTBO | f(x)|> M .

[Tpu 3ToM numyT lim f(x) =00,

CHUMBOJIMYECKHU OTpeIeNICHUE 3 3alUChIBACTCS CIICAYIOITUM o0pa-
30M: lim f(x) =00 < (VM >0) (36,, >0) (Vx)

xX—a

(O<|x-al<d, =/f(x)/>M) (puc. 21).

114



Ha puc.2]1 u 22 npeacraBineHbl pasIMYHbIE CIy4Yad ITOBEACHUS
(GYHKIMM BOJIM3U TOYKH X = a , WJUTFOCTPUPYIOIIUE OIpEeIeHNE 3, a TaK-
e orpeneneHus 4 u 5.

Onpenenenne 4. lim f(x) =40 < (VM >0) (35, >0)((Vx)

O<x—alkd,, = f(x)>M)).
Onpenesenue S. liin f(x)=—0 < (VM) (36, >0) (Vx)

(0<x—alkd,, = f(x)<M) (puc. 22).

Puc. 22 Puc. 23

Ha puc. 23, 24 u 25 uzoOpaxkeHbl pa3HbIe CIydad MOBEICHUS
(YHKIMM TIPU x — +oo U OPH x — —o0, COOTBETCTBYIOLIUE OIpeere-
HUSIM 6 1 7.

___________________________ b &

||||||IIIIIIIIIIIIIIIIIIIIIIM >
x M b—¢ X

Puc. 24 Puc. 25

Onpencaenne 6. lim /(x)=b & (Ve >0) @M, >0) (¥x) (x>M, =
| f(x)-b< &) (puc. 24).

Onpenenenue 7. xlirgof(x)zbg(v5>0) AM,) (Vx) (x<M,=
| f(x)=b|< &) (puc. 25).
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Ynpaxkuenue. Jlaiite onpeneneHus u uzo0Opasutre rpaduyecku
clenyronme curyanuu: a) lim f(x)=+0o (puc.23); 0) lim f(x)=—o0

B) lim f(x)=—0; 1) lim f(x)=+o0.

3.2.2. Beluuc/ieHHE Mpeae 0B HeMpePbIBHBIX (PYHKIIUMT
B TOUYKAX U3 UX 00J1acTell onpeaeseHust

Omnpenenenne 8. Eciiu pyHKUUs y = f(x)

1) onpeneneHa B TOUKE a,

2) UMeeT B ATOM TOUKE KOHCUHBIN Mpeae U

3) 9TOT npejiesl paBeH 3HAYCHUIO (PYHKIIMU B 3TOM TOUKE:

lim /(x) = f(a),

TO (YHKIUSI HA3BIBAECTCS HENpepbligHOl B TOUKE a .

Mo>kHO moKa3aTh, 4TO Jr00ast 3eMeHTapHast PYHKIUS HENPEPhIB-
Ha B KQXJI0 TOUYKe ee o0nacTu onpeaeneHus. [loatomy, 4To0Obl HalTH
npejien NeMEeHTapHOM QYHKIUMU B TOUYKE a U3 00JIACTH ONpPEIEICHHUS,
HY’KHO B BBIpaXX€HUE (DYHKIIMM BMECTO apryMEHTa x IOJICTaBUThb €r0
3HAYCHHUE a .

Teopema 1. Ilycts npenensl GyHKIUN y = f(x) U y=g(x) Cylle-
CTBYIOT, KOHCUHBI U &1511 f(x)=4, £1_r)1;1 g(x)=B. Torma

1) £1_T)Iale(X) =cA (ceR,c#0);
2) lim(/(x) £ g(x)) = A+ B;
3) im(f(x)-g(x))=4B;

4) lim S ):é, eciau B#0;
x—a g(x) B
4.1) B cityuae, eciid 4#0,B=0, limZ ) ;
x—a g(X)
4.2) B ciydae, Korjia a = U B =, A= const, llmfgx; 0.
x—)oog X

Cnenmyer ckaszaTh, YTO JAJICKO HE BCSKas IMOJCTAaHOBKA B (hYHK-
A0 YUCJIa, K KOTOPOMY CTPEMATCSI 3HAYEHHSI apryMEHTa x, IPUBO-
JIUT K HaXOXJAeHUIo npeaena. Cinydau, B KOTOPBIX YKa3aHHas MOJCTa-
HOBKa HE JA€T 3HAYEHMS IPEEia, Ha3bIBAIOT HEOMPEICICHHOCTAMU.
CyllecTBYIOT CJIEAYIONINE BUALI HEONIPEICICHHOCTEM:

2] |3 ool fe-eel. [17]. [4]. [0].
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3.2.3. IIpexe cj10xkHOU PYHKIUHA y = [ (u(x))
[IycTh £i£13u(x) =b, u(x)#b 1pH x = a. Torma ecau }liil]}f(u) =4, 10
lim f (u(x)) = lim f () = 4.
[Iycth &igzlu(x) =beR u pynkums f HenpepwiBHA B Touke b. Torma
lim £ u(x)) = / (limu(x)) = £(b).
3.2.4. PackpbiTHE HEONPeEAEeJeHHOCTEH PA3JIMYHBIX THIIOB
1-# T lim——= /(x)

e g(x)

g(x) — CTeNEHHbIE WM MOKa3aTeIbHbIe (PYHKIIUU.

C HCOIIPECACICHHOCTBIO BHA [ } rpe f(x) m
o0

B cnydae creneHHbIX (yHKIMI HEOOXOAMMO B YUCIIUTENE U 3HA-
MEHaTeJle BBIHECTH 32 CKOOKY MEPEMEHHYIO x C HauOOJIBIIMM TTOKa3a-
TEJIEM CTENIEHU CPEIM BCEX CllaraeMbix JApoou. B cimydae mokazaresnb-
HBIX (DYHKIMN 32 CKOOKY BBIHOCHTCS HamOoJiee OBICTPO BO3pacTaro-
mee cjaraeMoe Cpeam Bcex ciaraembix npobwu. Ilocnme cokparmenus
IpoOY HEeOMpeACICHHOCTh UCYe3aeT.

IHpumepsl

1. Haiitu npenen 11m—3;x_5f3 :[f}.

o0 )x” =3x"+1 | oo

B uucnuTene u 3HaMeHareNe BHIHOCHMM 3a CKOOKY x B HaWBBIC-

1€} CTENEHH, T. €. x°:

(3 3
25 25
o 3x-5¢ x(xz o\ 0-5 5
L peme v il L ou L T o b T
2x” =3x" + x3(2_+3j (2_+3) -0+
X X X X
331
KaK MPH x —> o0 BEIMYUHBI —,—,— cTpemsaTcs K 0 (sBisiroTcs Gecko-
X X X

HEYHO MaJIbIMH).

. . xt —2x —4x
2. Haittu nipenen lim

o JAxt 42 +2x =3

) x'=2x —4x* 0
lim — |. YToOBI BBISICHHUTH, KAKOBA HAWBBICIIAS

oo 4t 42425 -3

CTCIICHb CpCAH CJIaraCMbIX I[pO6I/I, CHaydalJla CJICAYCT BBIHCCTH 3a

o0
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CKOOKHM x C HauOOJBIIMM IOKA3aTeJIeM CTENEHU B BBIPAKECHUSX IO/
3HaKaMH paJuKayoB:

2 2 2 x’ ,/1—£—4
xt—2x —4x’ )7 4x x’

lim \/7 =lim = = lim =
4x* +2+2x-3 3 PR x{ PRER 3}
X

w

2

2 i
X X

=lim ==—
x—)oo( 3 o) 3j 2 2
44— +———
X X X
3. Haiitu lim 4 +3
x—>+0 D 4%

[TokazarenpHass GYHKIUS a* TIPU a >1 SBISAETCS BO3pACTAIOLICH U
IpU x — +c0 CTPEMUTCA K +oo. BeICTpee Bo3pacTaeT Ta (QYHKIUA, y
KOTOpOW OOJIbIlle OCHOBaHHWE, MOATOMY B HaIlled 3ajadye 3a CKOOKHU

BBEIHOCUM 4" ;
1+3— 1+ 3
+ . 4 47 ) 4) 140
A :xll)l'Eo 2% :x—>+oo 2~ :xllgc}o 1 * _0_1_
47 =1 S —| -1
) TE )

o (3Y 3
3aece  lim (—) =0, TaK Kak a=Z<1; aHAJIOTMYHO, TaK KakK

X—>+00 4

1 X
a:5<1,T0 lim(l) =0.

X—>+0 2

2-# THI: lim£{~-—2 S (%)
x—a g(X)

B sTOM ciaydae Hano 4yucIUTENb U 3HAMEHATEIb Pa3JIOKUTh Ha
MHO>KHUTEIU, CPEAN KOTOPBIX 0053aTesIbHO OyneT MHOXKUTEIb x-—a,
VI JOMHOXWUTH YUCIIUTENb U 3HAMEHATEIb HA OJHO U TO K€ BbIpa-
KEHUE, MOCJE Yero COKpaTuTh Apoods. Ilocne cokpanienus Heomnpene-
JIEHHOCTb YCTPAHUTCH.

Ipumepsl

C HEOIIPEICIICHHOCTBIO BHJIA {8}

x> —16
4. Haittn lim ———.
x>-4 x° —x =20
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0
NmeeM HEOIPEAETEHHOCTD {6} . Hucnurens 1 3HaMeHaTelb Apoou

pa3jIoKUM Ha MHOXKHTEIHM: YHUCIHUTEIb — M0 (OpMYJIe COKPAIICHHOTO
YMHOXEHUSI a°—b*=(a—b)(a+b), a 3HAMEHATENb— MO QopmyJe

ax’ +bx+c=a(x-x)(x—x,), TOE X,,X, — KOPHU KBAJIPATHOTO YPABHECHUS

_h+pt—
ax’ +bx+c=0, KOTOpBIE HAXOmATCA MO (opMmyne y = bt é’ dac
’ a

2_
Urak, x> —16=(x+4)-(x—4); x’ =x-20=(x+4)(x-5) " lim 2’“ 16
D I 20

(x—4)(x+4) .. (x-4) -4-4 8
im = lim = =—. 37ech MOCJIE€ COKpalleHUs
ot (x+4)(x—5) 4(x=5) -4-5 9
JpoOU BMECTO x TOJCTaBJICHO €ro 3HaueHue —4.

Jx -8

Ix-4"

0
Nmeem HCONIPCACICHHOCTD |:6} I[OHOJ'IHI/IM YUCIUTCIIb OO pa3s-

5. Havitu lim
x—64

HOCTH KBaApaToB a’ —b’> =(a-b)(a+b), a 3HAMEHATENIb JI0 Pa3HOCTHU
KyOOB (a—-b)(a’ +ab+b*)=a’—b’. JIJISI 5TOTO YMHOXUM YHCIUTEIIb H

3HaMCHaTe/Ib Ha BBIPAXKCHUSI Jx+8 m i/—2 +43Yx +16:
y Jx-8 - 8)(Wx +8)Rx” +43x +16) _
m-—-———-
Sox—a R (J_ H(Vx +8)RAx* +43x +16)
(- 642’ +43x +16) __ (f+4&+16)

T e r ) N S
64* +43/64 +16 _16+16+16 _3-16 _,
V64 +8 8+8 16

3-i THII: HEONIPEJEIECHHOCTD BUIA [0 —oo].

Ecnu ¢dyHkius, crosias mojJ 3HaKOM Mpejena, SBisieTcs anreo-
panyuecKoON CyMMO#M JBYX pallMOHAIBHBIX APOOEH, TO HEompeacscH-
HOCTb YCTPAHSIETCS UJIU MPUBOAUTCA K HEONPEAEICHHOCTH THUIIA 2 TO-
cJie mpUBEAEHUA Ipo0Oeil k o01eMy 3HameHartento. Eciu ke GpyHkims,
CTOSIIIIasl IO 3HAKOM Ipejiena, IpeAcTaBiIsieT co0oi anredpanyecKkyro
CyMMY HUPpaIlMOHAJIbHBIX BBIPAXEHHI, TO HEOIPEICICHHOCTh YCTpa-
HSETCS WM MPUBOJUTCS K HEOMPEACICHHOCTH ThHa | MmyTeM yMHO-
KEHUS U AeJeHUsT PYHKIHUU Ha OJHO U TO K€ (COMPSIKEHHOE) BhIpa-
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YKEHHE, TPUBO/IAIICE K OJTHON U3 (POPMYJT COKPAIIEHHOTO YMHOKEHUSI,
HanpuMmep K popmyiie
(a+b)a-b)=a’>-b".
Ipumepsl
6. Haiitu lim( L 21 )
= x+1 x7 -1

MeeM HEONPENEIECHHOCTD [o0 —oo]. BBITOIHUM BBIYMTAHKE, IIPU-

Belld JApoOuM K  oOleMy 3HaMEHATElo: lim( 1 __1 ):

- x+1 x* =1
) x—1-1 ) x—2 -1-2
=lim 5 ==]im 5 = =00,
x— -1 X _1 x—>-1\ x _1 [O]

7. Haitu lim (\/x2 -2x-5 —x) .

X—>+00

HNmeeM HEONPENENEHHOCTh [0—o0]. YMHOXUM H Pa3lIeinuMm
(GYHKIIMIO, CTOSAIIYIO IIOJT 3HAKOM TMpejaena, Ha BbIpaKCHHE
(\/x2 —-2x-5 +x) , COMPSKEHHOE BBIPAKECHUIO, CTOSIIEMY MOJ 3HAKOM

npejena:

( x2—2x—5—x)(\/x2—2x—5+x)
lim (\/x2 —2x-5 —x) = lim =
o e (MH)

~ im = x*=2x-5-x7 — 1im —2x-5 _[EJ
roe (\/xz—Zx—5+x) x_>+°°(\/x2—2x—5+x) 0

Nmeem HeonpeaeneHHOCTh 1-ro Tuna. s ee pacKpbhITHS TpHUME-
HSIEM TOT € METOJI, 4YTO U B IIpUMepe 2.
—2x-5 . —2x-5 . —2x-5

lim \/27 = lim = lim .
( X —2x—5+x) \/xz(l—z—szj+x ] (1—2—52j+x
X x X x
IIpy x> +o |x|=x @m0 onpenenenuo moxyns. Ilosromy
-2x-5 . -2x-5
lim = lim =
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PhBK,Hm(sz—Zx—S—x):—L

X—>+0

JIns pacKpbITHS HEONPEAECIEHHOCTEN MMPUMEHSIOT TaKXKE 3aMeya-
TEJIbHBIE TIPE/ICIIBI.

3.2.5. JIBa 3amMevaTeJibHbIX Ipeaesia

. . . sinx
Ilepesvlii 3ameuamenvHblil npeoei. IIIIOI— =1.
X—> x

. . . 1Y
Bmopou 3ameuamenvuuiii npeden: hm(l +—| =e,

X—>0 X

e — UPPALMOHAIIBHOE AEHCTBUTEIBHOE YHCIIO, KOTOPOE Ha3bIBa-
eTcst uucaom Jinepa (e=2,7218...).

1
CnenaB 3aMeHy y =—, MOJy4YHUM APYTryio (opMy BTOporo zameya-
X

TEIBHOTO MpeIena

1

lim(1+y) =e.
y—0

C umcnom Diliepa e CBA3aHbl JIB€ (DYHKIUU: O9KCHOHEHMA
expx =e' U HamypaivbHsli 1o2apughm Inx =log, x.

IIpumepsbl HAa TPUMEHEHHE 3aMEUYaTEIbHbIX MPEIETOB

o . lox
8. Haiitu 11mi )
x—0 X

.t 0 ) sin x . sinx .. 1
1nn¥g§:: — |=lim—————=1im -lim
=0 x 0 =0 COSX X =0 x =0 COS X

[lepBbIii MHOXHUTENIb MPEACTABIISIET COOOM TMEPBBIM 3amMedaTerb-

HbIM npeAen u paBeH 1. BTopolh MHOXHTENbL paBeH =1. Taxum

cosO

.t
00pazom, lim&X =1.1=1.

x>0 x
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cosx—1

9. Haiitu lim :

x—0 3 X

0
NMeem HeomnpeaeeHHOCTh [5 . Cnenaem npeoOpa3zoBaHus YKC-

JUTENSA, PUBOASIIME K IEPBOMY 3aMEUaTeIbHOMY Ipefeny. Tak kak

. »x l—cosx . 2 X
sin S5 o TO cosx—1=-2smn > 51 II03TOMY
.2 X .2 X . X . X
Ccosx—1 . —2sin” — 1 2-2s1in 5 1 s1n5 s1n5
lim——=lim—==—""lim——— <4 — " lim—% . £ —
x—0 3x2 x—0 3x2 3 x—0 2x2 6 x—0 i i
2 2
sin — sini
—lhm Iim 2 ——1 1 1:—l
6 x>0 1 x—0 E 6 6
2 2

3
10. Haiitu lim( x—1 jx.

x—0 2x_1
NmeeM HeonpeneneHHOCTh [lw]. PackpeiTrie Takou Heompee-

JICHHOCTH OCYHICCTBIIAACTCA C IIOMOLIBKO BTOPOI0 3aMCHATCIBHOI'O

npenena. [ ero mpuMeHeHusl CHavayla BbIICIUM LEIYK 4acTh JPO-
61 x—1 . Urax, x—1 :(2x—1)—x:2x—1_ AT S e
2x—1 2x—1 2x—1 2x—-1 2x-1 2x—1 2x—1

OyHKIUA a(x)= 5 al

ABJISIETCS OCCKOHEUHO Majo mpux— 0, Tak

KaK 1in(}2 1:0. Tenepp yMHOXHM IIOKa3aTeib — CTENEHW Ha
=0 Dy — X
a(x)- ! .
a(x)
5 2ol v 3 2\
— X — -x 2x-1x — —-X
Torma lim| =L | = lim| 14— —lim (1+ a -
=0\ 2x -1 x>0 2x -1 x—0 2x -1

. -3 -3
lim —_— 3
:ex»OZx—l — eO—l =e’ .

C packpbITHSMHU JPYyTHX HEOMPEETEHHOCTEH W BBIYUCICHUEM
npeaesioB 0osee CIOXKHBIX (YHKIIMH MOXKHO MO3HAKOMHUTHLCS B yueO-

Hukax [1], [2] u [29].
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3agauu

Havinure nipenensi.

2 3_
42. lim> 43. lim| =21 1], 44. lim—— .
x—>2x2_3 x—0 x—4 xﬁll_x
2 _ X _ . . X
45 lim—* 2 46 lim> 2. 47. hn;(sln——tng-
3 x4 x7 41 -0 2x% +1 AN
2 3 32 5 A3
48, im > Y T g gy X XA gy Y I L
x—© x =16 x—>00 X —X =0 2x —x+3
X X x+1 _3
51. lim> "2 52, lim = "2 53, lim ————
e 3 o 47 4 3% NN ()
2 2 2
5. lim—X 2 85 fim 2 56. lim* -2+ 4
=2 x" —4x+4 =yt +x—2 =4 x"—16
2 [+ 1_ 2 _
57. lim——— 4. 58. [imX 11 59. fim -~ —L |
xﬁ7\/;_\/7 x—2 x_2 XA_13X+1
3
60. lim| ———x|. 61 1im(L— & 3) 62.1im( L )
x| x7 41 =I\l-x 1-x =0\ 2x"—-x  xT—x
o . .
63. lim S0 2X 64. lim 2% 65. lim 1Y
=0 3x 0 4x -0 sin10x
1432 ) 2x+1Y" 412"
+ x X . x . X
66. li . 67. hm( ] . 68. lim .
xlirol(x_Hj e\ 2x+5 o\ 4x* 11

3.3. IlpousBoonan u nekomopwie ee npuMeHeHUus

3.3.1. IlousiTue npousBoanoii. [Ipasuia nuddepenuupoBanus

[ToHsiTHE TTPOM3BOIHON CBSA3aHO C MOHSATHEM IpHUpaIieHus QyHK-
1M B TOYKE.
[lycth nana ¢pyHKIUS y = f(x) U GUKCUpOBaHA Touka x, € D(f), B

HEKOTOPOM OKPECTHOCTHU KOTOPOM PpyHKIMs omnpenesneHa. Js qoboi
TOYKH x U3 3TOW OKPECTHOCTH PAa3HOCTh X — X, Ha3bIBACTCS npupauje-

HUuem apeymenma B TOUYKE X, U 0003HA4aeTcsi CUMBOJIOM Ax. Takum
obpazoMm, Ax=x—x, U1 x=x,+Ax.
Taxxe roBopsAT, 4TO TMEPBOHAYAIBHOE 3HAUEHHE apryMeHTa X,

NoJIy4usio mpupaieHue Ax. BeneactBue storo 3HadeHue (yHKIIMU
U3MEHUTCS HA BEJIUYHHY

A = (@)= (%) = f (% + &)~ [ (x,) (prc. 26).
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DTa pa3HOCTh HA3BIBACTCS NpupauyeHuem QyHKyuu B TOYKE X,,
COOTBETCTBYIOIIMM IpHpaimieHnuto Ax. Ilpupamenue Af QyHKIUN
y = f(x) 0003HAYAIOT TAK)KE CHMBOJIOM Ay .

A

y
y=f(x)

J (%, +Ax)

f(xy)

Puc. 26

Onpenenenne. /lpouzsoonoti pynkyuu f B TOYKE X, HA3bIBACTCS

npezesl OTHOLIECHUS TTpupamieHus: GyHKIMU B 3TOM TOUKE K Mpuparie-
HUIO B HEW apryMEHTa, €CJIU MPUPAIICHAE apryMeHTa cTpeMurcs K 0,
IIPU YCIIOBUU, YTO 3TOT MPEAEN CYIIECTBYET U KOHECUEH.

CHUMBOJIMYECKHU 3TO OINpPECICHUE 3aTUChIBACTCS CISAYIONIMM 00-
pasoMm:

fr(xo)zgg})%:gg})f(xo+§2_f(xo) .

Jliia 0003HaYeHUs] TPOU3BOAHON TAKKE UCIOJIb3YIOTCS CUMBOJIBI
!
uf..

Ecnn ¢pyHKIMS B JaHHOM TOYKE X, UMEET MPOU3BOJHYIO, TO OHA

a
dx

Ha3bIBaCTCS Ouggepenyupyemon 6 smou mouxe. Oyukiusa, nudde-
peHuupyemasi B KaxJA0l TOUKE MPOMEXKYTKA, Ha3bIBaeTCs Ouggepen-
yupyemot Ha 3mom npomedxcymre. IIpu 3TOM Ha TIPOMEKYTKE OIpe-
neneHa (PyHKIUS, KOTopas Ha3bIBAaCTCs MPOU3BOJIHON (YHKIMCH s
JTaHHOM (YYHKITMU U 0003HAYACTCSI CHMBOJIOM f(x).

HaxoxneHue mpou3BOAHON Il JaHHOW (DYHKIIMHM Ha3bIBACTCS
ouggheperyuposanuem 3ol GyHKIIUU.

llpasuna ougpgepernyuposanus QyHku cHOPMYITUPOBAHBI B
CJICTYIOIINX TeOpeMax.
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Teopema 1. Ecnu dpyHkuuu f u g nuddepeHunpyemMpl B TOUKE X,
TO
1) ux cymma (pasHocts) auddepeHinupyema B TOUKE X U CIIpa-
BeJIJTMBA cleaytomas Gpopmyna
(f+2)(0)=f(0)£g'(x);
2) ux npousBeaeHue quddepeHnupyemMo B TOUKE x U CIIpaBeIu-
Ba cienymomias Gpopmya
(f-8)(x)=f(x)-gx)+ f(x)-g'(x).
B gacTHOCTH, IIpU g = ¢ = const UMEEM
: oy (L) ey L g
€e=er@: (L] w=Lrw.
Teopema 2. Eciu pyskumu f u g audpepeHunupyemMbl B TOUKE X
U g(x)#0, TO UX YacTHOE ToXe AU PEepeHIIPyeMO B TOUKE X U CIpa-
BeNIMBa hopMyJia

1Y o L 0E®) - (')
(.X) - 2 .
g g (%)
Teopema 3. Ecnu dynkuus » auddepenuupyema B TOUYKE X,
byukuusa f auddepeHuupyema B TOUKe u(x,), TO CIOXKHAs (PyHKIUSA
y(x) = f(u(x)) nubdepeHupyeMa B TOUKE X, U ClIpaBeyinBa Gpopmyia

V(%) = Sy (u(x))) - i (x,).

3.3.2. Tabimua npou3BOIHBIX
OCHOBHBIX 3JIEMEHTAPHbIX (PYHKLUM.
JAuddepenuupoBanue dJieMEHTAPHbIX QYHKUMI

B neBoMm cronbre criemyromiei HIKe TaOIHUIBI IPUBEACHBI (Pop-
MYJIbl JUIsl TIPOU3BOJHBIX OCHOBHBIX 3JIEMEHTapHBIX (DYHKIUH, B Ipa-
BOM CTOJIOIIE — CJIEICTBUS M3 HUX U U3 TIpaBwia AudPpepeHnpoBaHus
CJIO’)KHOM (DYHKITUH.

No y=f(x) v=f(u), rne u=u(x)
1 (C)=0
2 (x*) =ax"" WY =au" -u'
r_ 1 r_ 1 !
2a (J})—N; (Vu) o
26 (lj -1 (lj L
X X u u
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3 (sinx) =cosx (sinu)' =cosu - u'
(cosx) =—sinx (cosu) =—sinu -u'
! !/ 1 !
5 (tgx) =— (tgu)' =———-u
cos” x cos” u
6 (ctgx) =——— (ctgu) =————u'
sin” x sin” u
7 (a*) =a"lna (a") =a"Ina-u'
7a (ex)' — ex (eu )’ — eu . uf
8 (log, x)' = ! (log, u) = ! u'
xlna ulna
8a (Inx)' = 1 (Inu) = 1 u'
X u
.y 1 o 1 '
9 (arcsinx) = (arcsinu)' = ‘u
1-x° 1-u’
! 1 ! 1 !
10 (arccosx) =— (arccosu)' =— ‘u
1—x° 1—u’
11 (arctgx) = ! (arctgu)’ = ! u'
& 1+x° 8 1+u’
!/ 1 !/ 1 !
12 (arcctgx)' =— > (arcctgu) =— U
1+x l+u

[Tonwp3ysick ATOM Tabnuiled U TmpaBuwiaMu IuddepeHITTPOBaHMUS,
MOXHO TipoaudGepeHIpoBaTh J00YI0 2JIEMEHTAPHYIO (DYHKIIUIO.

3amaum

1
69. y=i/;+?, Haiitu y'.

Pewenue. 3anumem QopMyiny Kak CyMMy JIBYX CTEIEHHBIX
GYHKIIMA W BOCIOJB3yeMcs MpaBuiaoM auddepeHIupoBaHus CyMMBbI
u hopmyIioi 2 U3 TaOIUIbI MPOU3BOAHBIX:

1 1
y=x+x7, y'=%x3 1+(—2)x_2_1 =3 1 2

Wy o

_z
-3
3 :ZX —

70. y =xsinx. Haiitu y'(7).
Pewenue. 1lpumenum cHavana npaBuio AU EepeHIPOBAHUS

npousBeneHUs (PYHKIMNA, a 3aTeM BocmosbdyeMcs dhopmynamu 2 u 3
U3 TaOJIUIbI TPOU3BOAHBIX:
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y'=(x)'sinx+ x(sinx)’ = 1-sinx+ xcosx=sinx+ xcosx.
V' (m)=sinz+ rcosw=—7.
X

71. y =< . Haiitu y'.

5
X

Pewenue. CHauana npuMeHMM MOpaBwio AUQPGHEepeHIUPOBAHMS
4acTHOTO (PyHKUHUM, a 3aTeM — GopMyJibl 2 U 7a U3 TaOIULBI TPOU3-
BOJHBIX:

, (&)X =" (x?) _e'x?—2xe"  e'(x-2)
x* x* X

72. y=~x"+3x+1. Haiitn ).

Pewenue. Jlannas ¢hyHkuus cioxHas. OHa mosrydeHa KOMITO3H-
e AByX (YHKIMI: y=u 1 u=x>+3x+l. Hcnionb3yst npaBuiio
mudPepeHupoBaHus CI0KHOW PyHKUINUH, NpaBwiio AU depeHIupo-
BaHUSI CYMMBbI U MPABUJIO 2a, OyJIeM UMETh:

1 1 (x2+3x+1), =

[ ’ 1
y:—-u:
2\u o +3x+1

20X +3x+1

(2x+3-1+0)=

3 2x+3

_2\/x2+3x+1.

Bcnomorarenpnyto ¢GyHkuuio u(x) npu auddepeHmpoBaHUN
CJIO)KHOM (DYHKITUU MOKHO BBOJAUTH MBICIICHHO.
73. y =Insinx. Halitu )'.

Pewenue. Beenst (MbICIIEHHO) (DYHKITUIO ¢ = Sinx, MOJyYUM

1 :
Y =——-(sinx)' =—
sin x sin x

- COSx = ctgx.
74. y =sin’ g Haiitu y'.

. X ;
Pewenue. Bens (MbICIEHHO) (PYHKIHUH U =sinz M y=u’, KOMIIO-

3UIIMEN KOTOPBIX SBJISICTCS AaHHAs (PYHKIHMS, MOJYyYUM MO MPABHILY
nuddepeHIIMPOBaHUS CIOKHON (QYHKIUU:

y’:3sin2£ sin2 | =3sin® Zcos~| = | =3sin> > cos>- zésinzzcosz.
5 5 5 5\5 5 5 5 5

u

[Ipu mHagnexamem HaBbike TUdPEpPEHITUPOBAHUS BCE MPOMEXKY-
TOYHBIC JCHCTBUS BBIOJHSIOTCS B yMe, a PEIICHHUE 3aIlliChIBACTCS
CICAYIOITUM 00pa3oMm:

127



y'=3sin’ X eost. lzzsinzicosf.
5 555 5 5
75. y =e**"** Haiitu ).

Pewenue. Tlo npaBuny nuddepeHIupoBaHus CI0KHON (YyHKITUN
1 2 arcsin 2.x

NEcr NS}

Halinyure npon3BoIHbIE CAEAYIOIINX PYHKIIHA.

y =e", TAe u = arcsin 2x, HOJIYUYUM: y' = mesin2r.

3
= AN S 77. \/;+———+2.
76. y x+3\/x7 3+x2+\/§. y= N
78. y=5x"sinx. 79. y= Jx cosx.
80. y:x/;tgx+ex COS X. 81. yz%/;sinx+6tgx.
x*+2x X'+ 7x+5
82. = : 83. ==
4 3—-4x 4 x> —3x
84. :3cosx. 85, y:x—szmx
2x+1 X
xe' 4cosx
. = 87- = . 72- :?
86. y=——. Y et )
88. y=(1+x/2)", y'(0)=? 89. y=(2+3x).
3 10 2 1 5
90. =l x"+=| . 91. S A =
g ( 4j g ( t tz)
92. y=tg3x, Y'(gj =7 93,  y=2sin(3x)+ cosg .
94. y=ectg(2-x). 95. y=e"sin3x.
96. y=+sin3x+e". 97.  y=ctg3x+3/cosx.
98. y=sin’x+sinx’. 99, y=sin~/1—2x3 .
100. y= tg +sin’ x°. 101. y=./tg2x +ctg3§.
102. y= \/7 Y(0)=? 103. y=3Jxe", y'(1)=?
104. y=e""". 105. y=e"*".
106. y=2""". 107. y=10°%y'(x / 4)=?
108. y=In’x. 109. y=R/Inx+1.
110. y=2Incos3x, y'(7/9)=? 111. y=In(3x*> -2x+5).
112. y=Intgx + cos(Inx). 113. y= e In?x.
: . x+2
114. y=1ns1n2x+%coszx. 115. y:Insmx
X
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116. y=xlg(1-2x). 117. y=Ig(x’ +4).

tg(x/2)Inx T x
118, y=—"——. 119. y=Intg| ——=|.
y 5 y g R
120. y=</1+Inx +1gcos2x. 121. y=cosIn(2x +3).
2 X2 _
122. y=2Intg>+e>>, 123, y=¢ =2
8 In2x
124. y= 1— x? arcsinx. 125. y =arcsinx’arctg2x.
126. y=arcsin2x+ arccos%. 127. y= /1 + arcsin%.
128. y — earccoszx . 129' y= e4xarctgx .

130. y= arcsin%. 131. y=arcsinyl—e".

3.3.3. HexoTopble npakTU4YeCKUe MPUII0KEHH S
MOHSITUA NPOU3BOJTHOIMI

[ToHsTHE TPOU3BOHOW HAXOAUT MPAKTUUYECKUE MPUIOKECHUS HE
TOJIKO BHYTpU MaTteMaTukd. OHO IIMPOKO HUCHOJIB3YETCS B (PU3HKE,
TEXHUKE, OMOJIOTUHU, SKOHOMUUYECKUX M COIMOJOTHYECKHX HCCIE0-
BaHUAX. B MIKOJIBHOM Kypc€ MaTEMATHKH C IMOMOIIBI MPOU3BOIHOM
UCCIICTYIOTCSl TaKue CBOMCTBAa (PYHKIIMHM, KaK €€ MOHOTOHHOCTb, Ha-
JUYUE JOKAJIbHBIX 3KCTPEMYMOB, TOUEK neperuda rpaduka GyHKINH,
HAXOJATCS MPOMEXKYTKH BBIMYKJIOCTH M BOTHYTOCTH Tpaduka, T. €.
CBOWCTBA, KOTOPBIE C ONPENACICHHON CTENEHbI0 TOYHOCTH MO3BOJISAIOT
M300pa3uTh ACKU3 Tpadka HA KOOPJIUHATHOM MIIOCKOCTU. MBI HE Oy-
JIEM 311€Ch pacCMaTpUBaTh 3TH BOIMPOCHl. OCTaHOBUMCS JIMIIb HA TEX
MPUMEHEHHUSIX, KOTOPBIE OMUPAIOTCS HA MEXaHUYECKHUI CMBICI MTPOU3-
BOJIHOM.

Mexanuueckuit cmvicn npou3600HoU. Eciny ToOUYKa ABUKETCA MO
3aKOHY s =s(t), TA€ s — MyTh, { — BpeMsi, TO §'(f) TMPEACTaBIAET CKO-
pOCTh JBWKEHMSI B MOMEHT BpeMeHu ¢ Bropas mnpousBoaHas
s"(0)=[s'(®)] =v'(t)oT PyHKIHMHU s =s(¢) IO BpEMEHU €CTh CKOPOCTh H3-
MEHEHHUS CKOPOCTH, TO €CTh YCKOPEHUE TOYKA B MOMEHT BPEMEHH f.

B ob6miem ciydae nmpousBogHy0 f'(x) GyHKIMH y = f(x), OMUCHI-
BaIOIIEH 3aBUCUMOCTh BEJIMYMHBI Y OT BEJIUYUHBI X, MOKHO MHTEpIIpE-
TUPOBATh KaK «CKOPOCTH» M3MEHEHHMS BEJIMUMHBI ) 1O OTHOUIEHUIO K
BeMuMHE X. Tak, HampuMmep, B SKOHOMHKE PacCMATPUBAIOTCS IIpe-
JIEIbHBIE XapaKTEPUCTUKU SKOHOMHUYECKUX OOBEKTOB WJIM IPOIIECCOB,
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KOTOPBIE XapaKTEPU3YIOT HE COCTOSIHUE, 4 CKOPOCTh U3MEHEHMS KO-
HOMHUYECKOTO OOBEKTa WM MPOIECCa OTHOCUTEIBHO BPEMEHU WIH
apyroro uccieayemoro ¢akropa. PaccMOTpuM HEKOTOpbIE U3 TIpe-
JIEBHBIX BEJIMUYMH, UCTIOJb3YEMbIX B HACTOSIIIIEE BPEMSI B SKOHOMHUKE.
1. H30epowcku npouzeoocmea. 11ycTb M3NEPKKU NPOU3BOACTBA y

ABJISIIOTCSI HEKOTOPOW (PYHKIIMEN OT KOJIMYECTBAa x BBIIYCKAeMOMU
npoaykiuu: y=C(x). Torma npousBogHas ) =C'(x) OyAeT BbIpaxaTb
npeodenvHvle U30epHCKU TIPOU3BOJICTBA U MPUOIHAKEHHO XapaKTepPHU30-
BaTh IPHUPOCT MEPEMEHHBIX 3aTpaT Ha MPOM3BOICTBO JIOMOJHUTEIIb-
HOM eMHUIIBI TPOAYKITUH. 3aMETHUM, UYTO CPEAHUE U3ICPIKKH SBIISIOT-

C(x
Cs U3JIEP)KKAMU HA €IMHUILY BBIITYCKA IIPOAYKIIUU: ), = L)
X

2. Ilpouzeooumenvrocme mpyoa. Ilyctb GyHKUMSA y =u(t) BbIpa-

KaeT 00beM MPOM3BEICHHON MPOAYKIMU 3a BpeMs ¢. Torma mpous-
BOJHAs u'(t,)3TOM (PYHKIMH BBIpAXKAECT NPOU3800UMENbHOCb MPYOd
B MOMEHT BPEMEHU ¢,,.

3. @yukyuu nompebaenus u coepedscernus. Ilycte x — Haiuo-
HaJIbHBIN 10X0J, C(x) — QyHKIUSI NOTpeOaeHUs (4acTh 10X0/1a, KOTO-
past Tpatutcs), a S(x) — pyHkuus coepexenus. Torma x = C(x)+ S(x).

Huddepennupys npaByro U JEBYIO 4aCTH paBEHCTBA MO x, MO-
JY4YUM:

C'(x)+S'(x)=1,
rae C'(x) — mpeaenbHas CKIOHHOCTh K MOTpeOeHuto, a S'(x) — mpe-
JeJbHAs CKIIOHHOCTh K COEPEKEHUIO.

4. Dnacmuunocms @yuxkyuu. ITO — MEpa peardpoBaHUs OJIHOU
MepEeMEHHOM BEJIWYMHBI Ha W3MEHEHHUE JpYyrou. JIAnacmuunocmo
GYHKIUU y = f(x)TOKa3bIBAET, HA CKOJBKO MPOIEHTOB U3MEHUTCS OJ1-
Ha MEpEeMEeHHas B pe3yJibTaTe U3MEHEHUS APYroi nepemeHHon Ha 1%,
U onpenaensercs GopMyIIoun:

E.(y)=2y(x).
Yy

3aMeTHM, YTO D3JACTUYHOCTh (DYHKIIMM YacTO MPUMEHSIOT TIpH
aHaJIN3e 3aBUCUMOCTH CIIPOCa U MPEJUIOKECHHS OT TIeHBI. B 3TOM City-
Yyae OHa IMOKA3bIBACT, HA CKOJIBKO MPOIICHTOB MPUOIMKEHHO U3MCHHT-
Csl CTIPOC WJIU MPEJUIOKEHUE MPU M3MEeHEeHHUH TieHbl Ha 1%. Ecmm ama-
CTHYHOCTB CIIPOCca |E (y)|>1, TO CIPOC CYMTAETCS DJIACTUYHBIM, €CIH
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|E.(y)|=1, TO HEUTPAIILHEIM, & €CIH |E ()| <1, TO HEDIACTUYHBIM OTHO-
CUTEIIHHO IICHBI.

3agauu

132. OyHKIMSA U3IEPKEK NPOU3BOACTBA MPOIYKIUH HEKOTOPOUN
bupMoii UMeeT BHUI: y(x)=0,2x"—1,3x> +6x+240 (meH.en.). Haiitu
cpeonue M npeoeivHble W3IECPKKH MNPOU3BOACTBA U BBIYUCIUTH HX
3HaYeHue npu x =10.

Pewenue. HalineM  Npou3BOAHYIO  3aJlaHHOM  (YHKIMM:
y'(x)=0,6x> —2,6x + 6. [lomyueHHast GyHKIUS OnpeAeIsieT Ipeae/IbHbIC

V3ICPXKKU mOpousBoacTBa. X 3HadeHue npu x=10 paBHO
y'(10)=0,6-10>-=2,6-10+ 6 = 40.

CpenHre W3OEPKKA JAHHOTO IMPOU3BOJCTBA BBIYMCISIOTCS Clie-
0,2x" —1,3x% + 6x + 240 240

=0,2x> - 1,3x+6+—,
X

AYIOLUM 00pazoM: y,(x) =

240

,(10)=0,2-10° ~13:10+6+ == =20-13+6+24=37,

HaliienHble M3IEpKKU TOKA3bIBAKOT, YTO IIPU JAHHOM YPOBHE
MIPOM3BOJICTBA CPEIHUE 3aTPaThbl HA W3TOTOBIICHUE OJHOW E€IIUHUILIBI
MPOIYKIIMU COCTaBIAIOT 37 ACH. €l1., a yBeIUYeHHEe o0beMa Ha OJHY
eAUHUILY 00oiaeTcs ¢pupme npudamxkeHHo B 40 neH. e.

133. ®yHKUg NOTPEOJEHUS HEKOTOPOW CTpaHbl HUMEET BU/I:
4

C(x)=16+0,26x+0,36x%, TOE x — COBOKYIHBII HAIMOHAILHBIN JT0XOJ

(men. ex.). Haiitu: 1) mpenenpHyl0 CKIOHHOCTh K MOTPEOJCHHUIO;
2) npeneNibHYI0 CKJIIOHHOCTh K COEpPEKEHUI0, €CITU HAIlMOHAJbHBINA J0-
XOJ COCTaBysAeT 27 JIEH. €.
Pewenue. Haiinem mnpenenbHyl0 CKIOHHOCTh K MOTPEOJICHHIO:
1

C'(x)=0,26+0,48x>; ee  3HAYCHHE  MpH x=27 paBHO
1

C'(27)=0,26+0,48-27% =0,26+0,48-3=1,7 J€H. €.

Tak kak x=C(x)+ S(x), TO OpeaenbHas CKJIOHHOCTb K COEpPEKCHUIO
1 1

S'(x)=1-C'(x) =1-(0,26+0,48x3)=0,74—-0,48x>. Ee 3HaueHue mpu
x=27 paBHo S'(27)=1-1,7=-0,7.

134. O6beM y TPOU3BOJCTBA MYKCKHX KOCTIOMOB, BBIMyCKae-
MBIX HEKOTOpOW (haOpuKOil, MOXKET ObITh OMHUCAH CIEAYIOIEH (yHK-

o 1 7 o
e y :§t3 _Etz +7t+2100 (exm.), rae ¢ — KaJeHIAPHBIA MECSII TOa.
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BBIYuCIuTh Mpon3BOAUTENHHOCTh TPY/Aa, CKOPOCTh U TEMII €€ Hh3Me-
HEHUs: a) B HavaJyie roja (1=0); 0) B cepejuHe roja (1 =6); B) B KOHIIE
roga (+=12).

Pewenue. a) IIpon3BOAUTENBHOCTh TPyAa BBIPAKAETCS MPOU3BO/I-
HOM z(¢t)=y'(t)=t" -7t +7 (en./mec.). CKOpOCTb U TEMIT U3MEHEHUS MPO-
W3BOJIUTEIILHOCTH BBIPAXKAIOTCS COOTBETCTBEHHO TPOM3BOJIHON Z'(f)

GyHKIMY z(7) ¥ TOrapuPMHUIECKON MPOU3BOIHOM 7, (1) =|In z(t)]’ ee:
Z()=2t-7 (en/ mec”); Inz(t)=In(> -7t +7) u

o eeof <S5

B 3aIaHHbIC MOMCHTBI BPEMCHU UMCEM COOTBCTCTBCHHO!

a) z(0)=7 (em./mec.), Z(0)=—7 (ex./mec’.) 7“2(0):_77:—1 (ex./mec.).

(em./mec.”).

6) z(6)=36-42+7=1 (em./mec.), Z(6)=12—7=5 (em./mec.”).

12-7
T(6)=————
:(0) 6*-7-6+7

B) z(12)=144-12-7+7=67(em./mec.), z'(12)=2-12—7=17(ex./mec.?),

=5 (ex./mec.).

T.(6) :%(ez{./Mec.).

135. 3aBUCHMOCTh MEXIY U3JEPKKAMU TTPOU3BOJACTBA y U 00be-

MOM BBIITYCKa€MOW MPOAYKIMU x HA HEKOTOPOM HPEANPUATHH BbIpa-
xaerca QyHKIUEH y=50x-0,05x". Onpenenure CpeaHue U Mpeaeiib-
HBIE U3JIEPKKU NTPU 00beme npoaykuuu 10 e,

136. Bripyuka oT npojaxxu KOHPET cocTaBisieT p=50-0,5x", Tl
x — 00beM MPOJAHHOW MpOoAYKIMH (ThIC. €1.). Halimure cpemHiow u
peAesibHYI0 BRIPYUKH, eciid mpoAano a) 10 teic. ex; 6) 60 Thic. €.

137. CebectouMOCTh MPOAYKIIMHU ) CBSI3aHA ¢ OOBEMOM BBIITyCKae-
MOU MPOIYKIMH X YPAaBHEHUEM y = 61n(1 + 3x). Onpenenure CpeIHIow0 U
npeIebHYI0 C€0ECTOMMOCTH MPOYKIIUU Mpy o0beme, paBHOM 10 e,

138. ITpou3BOAUTENBLHOCTh TpyJa OpHUrajabl ONMHUCHIBACTCS YypaB-
HEHUEM y =-2,5¢t" +15¢+100, rae 0<¢<8 — pabouee BpeMsl, BEIpaKECH-
HOE€ B yacax. Berauciaure CKOpoCTh M TEMIT U3MEHEHUSI POU3BOJIU-
TCJIbHOCTHU TPYJA IIpU =2 U t=T7.

139. ®dyskuus noTpeOseHUs HEKOTOPOM CTpaHbl MMEET BUJI:
4

C(x)=13+0,25x+0,37x?, TIe x — COBOKYITHBIM HALIMOHAILHEIA TOXO
(neH. exn.). Halinure: 1) mpenenbHyI0 CKIOHHOCTh K IOTPEOJICHUIO;
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2) npeaenbHyI0 CKIOHHOCTh K COEpPEeKEHUI0, €CIIM HAIMOHAJIbHBIN J10-
XOJI COCTaBJSAET 27 NEH. eN.

140. dysxums coOepekeHUsT HEKOTOPOM CTpaHbl HMMEET BHJ
2

S(x)=25-0,53x—0,41x3, TA€ X — COBOKYIHBII HAIIMOHAIBHEIN ITOXOJ
(men. en.). Haiinure: 1) mpenenbHYH0 CKIOHHOCTb K IOTPEOJICHUIO;
2) mpeneNbHyI0 CKIIOHHOCTh K COePEKEHHIO, €CITU HAIMOHAJIBHBIA J0-
XOJI COCTaBJISIET 27 JEH. ell.

141. 3aBUCHUMOCTh MEXAYy ce0ECTOMMOCTBIO ¥ (MJIH py0.) roto-
BOM MPOAYKIIUU TPEATPHUITHS U 00BEMOM BBIITYCKAEMBbIX H3ACIUN X
(THIC. IIT.) BBIPAXKAETCS YpaBHEHHEM y=+/x+4—2. Haiigure >ia-

CTUYHOCTh CE€0ECTOMMOCTH MPOAYKIUU TMPEANPHUATHS, BBIMYCKalo-
niero 12 teic. uzgenuii. Kakue pekoMeHIanuu MOKHO JaTh PYKOBO-
TUTENSAM OPEANpUSATUS 00 M3MEHEHUHU BEJIMYMHBI 0ObeMa BBIIYC-
KaeMOM MPOIYKIIUH.

142. 3aBUCUMOCTh MEX]y 00BEMOM BBINyCKa TOTOBOW MPOIYK-
mud  y  (MaH py0.) M 00BEMOM MPOU3BOACTBEHHBIX (OHAOB X
(MuiH py©0.) BbIpaxaerca Qynkuueit y = 0,6x —4. Haiinute snactuu-
HOCTh BBIMYCKa MPOIYKIMH JJIsl OPEANpU[THs, UMetoero (GpoHbl B
paszMepe 40 mitH pyo.

3.4. Unmeepaavtoe ucuucaerue
pynxyuu 00HO nepemennoil

3.4.1. HeonpeneseHHbIA HHTEIPAJI, €r0 OCHOBHBIE CBOIICTBA

B nuddepeHnnaibHOM HCUUCIICHUH PEIIaeTcs 3a/1ada OThICKAHUS
U1l JaHHOW PyHKIMU f(x) ee npou3BoAHON. HTEerpanbHOE HUCUUCIIe-
HUE pelraeT o0paTHYIO 3a7avy: HauTH QyHKIHIO F(X), 3Has € Mpou3-
BOJHYIO F'(x) = f(x).

Onpenenenue 1. OyHkuust F Ha3bIBACTCS nep800OPA3HOU PyHK-
yuu y= f(x) Ha 3a0anHOM npomedcymKe, €CIH JJIs BCEX x U3 3TOr0

IIPOMEXKYTKa BBITIOJIHAETCS yciaoBue F'(x) = f(x).
Mpumep. dana gyakus fix)= x°. [lepBooOpa3HOii I Hee CIIy-

KT (QYHKIIHS F(x):xg, T. K. F'(x):(xg} =x"=f(x).
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[lepBooOpa3HOil [ Hee SABIAETCS Takke W Jto0ass QyHKUHUS
3 3
F(x)= x? +C, rae C — moctostHHAs, 100 F'(x)= (% + CJ =x"=f(x).

Teopema 1. Ecin dpynkuus y = F(x) — nepBooOpasHas pyHKIMU
y=f(x) Ha 3aJaHHOM IIPOMEXYTKE, TO M Jr00ass GyHKuus F(x)+C

SIBJISICTCS] IEpBOOOPA3HOM 3TON (DYHKITUH.

CaencrBue. Ecnu pyHKIMs uMeeT nepBooOpa3Hyro, TO OHA UMe-
€T OECKOHEYHO MHOT0 NepBo0oOpa3HbIX. JIt0ObIe JIBE pa3jiuuHbIC MEp-
BOOOpa3HbIe JAaHHOW (YHKIMHM OTIWYAIOTCS APYT OT JIpyra Ha KOH-
cranty C.

MHOX€eCTBO BCeX MEPBOOOPA3sHBIX it QYHKIUM f(x) 3amaercs

Gopmynont F(x)+C. I'padpuk Kaxgoi mepBoOOpa3sHOM HA3BIBAETCA

UHmMe2panbHOU KPUBOU.
Omnpenenenne 2. COBOKYIIHOCTh BCE€X MEPBOOOpPA3HBIX IS
(GyHKIMH f(x) Ha DaHHOM IPOMEXYTKE HA3BIBAECTCH HeonpeoeeH-

HLIM UHmMe2paroM OT HTOM (PYHKUMHM U 00O3HAYAETCS] CUMBOJIOM
[ 7 (x)ax:
If(x)dx=F(x)+C. (1)
B 3ammcu j f(x)dx dyHkums f(x) Ha3bIBaeTCs MOABIHTErPATBHOM
(QyHKuMen; BbIpaxKe€HHE [ (x)dx — HMOABIHTETPATIbHLIM BBIPAXKEHUEM,
X — MEPEMEHHON MHTErPUPOBAHMUS; J.—3Ha1< HEONPEICICHHOTO MHTE-
rpana.
HaxoxJIeHnEe HEONPEJEICHHOIO MHTErpana oT (QyHKIMH f(x)
Ha3bIBACTCA unmezpuposanuem @yuxyuu f(x). Onepanum HHTErpH-

poBaHus U qu(hepeHIIMPOBaHUS — 3TO B3aUMHO OOpaTHBIE OTEPAITUH.
I'paduku Bcex GyHKIMM, COCTABISIOMIUX HEOMPEACICHHBIN HH-
TEerpaj, o0pasyloT CEMEMCTBO KPMBBIX y=F(x)+C, IOIyYarOUMXCs
13 KaKOW-TO OJTHOM KPHUBOW CEMEUCTBA MapaJUICIbHBIM IIEPEHOCOM €€
B110J1b ocH (y.
OcHOBHbBIE CBOMCTBA HEONPEACJIECHHOT0 HHTErpaJjia

1. j()dxzc.

2. d([f(x)dx)=f(x)ax, (_[f(x)dx)' = 1 (x).
3. J.dF(X)ZF(X)-i-C, Idx:x+C.
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4. IAf(x)dx=AIf(x)dx.
5. I(fl(x)ifz(x))dx=Ifl(x)dxijfz(x)dx.
CBoiicTBa 4 1 5 Ha3BIBAIOTCSA CBOMCTBAMHU JIMHEMHOCTH.

6. ®opMysia UHTETPUPOBAHUSI OCTAETCS CHPABEIJIMBON, HE3ABUCHU-
MO OT TOTO, SIBJIIETCS JIU TIEPEMEHHAs MHTETPHUPOBAHUS HE3aBHCHUMOM

IIEPEMEHHON MM KaKOH-TO (PyHKIHEH OT Hee: j f(u)du=F(u)+C, He-
3aBHCHMO OT TOTO u =x MU u =¢(x). (AHBAPHAHTHOCTH HEOIPEIEIICH-
HOT'O MHTErpasa).

3.4.2. TadM1a OCHOBHBIX HEOIPeAeIeHHbIX HHTErPaJoB.
MeToabl HHTETPUPOBAHUSA

1. (kdu=ku+C.

2

2. [udu="+cC
2

a+1

3. -u“du -
J a-+1
3

4. .\/;du =§u2 +C.

+C, (a ;t—l).

5. (Lau=ovuic.

I u

6. 'ulduzj@=1n|u|+c.
. u
7. |e'du=¢e"+C.
8. [sinudu=—cosu+C.
9. (cosudu =sinu+C.
10. —=tgu+C.
Y cos u
e du
11. | ——=-ctgu+C.
Y sin“u
¢ du u du
12. [——=arcsin—+C, |——=arcsinu+C.
J [aZ_u2 a [1_u2
. 1
13. %:—arctgz+6', I duzzarctgu+C.
‘a’+u”  a a l+u

HI[G?I pPa3IMIHbIX MCTOJO0B HAXOXKICHUS HHTCTPAIOB COCTOUT B
CBCACHHHN HMCKOMOI'O HHTCTpalla K Ta6JII/ItlHOMy HJIn CYMMC Ta0JINY-
HbIX. MOKHO BBIJACIUTD 3 ocnoeHnbix Mmemooa UHmMezcpupoearusl:
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1) HEmoCpPEeACTBEHHOE UHTETPUPOBAHMUE;

2) METOJ1 UHTETPUPOBAHUS 110 YACTSIM;

3) MeTOJ1 3aMEHBI TIEPEMEHHOI.

1) Henocpeocmeennoe unmezpuposarue UCTOIL3YET JIUIIbL IIpe-
00pa3oBaHUs MOJIBIHTErPATbHON (DYHKIIMH U CBOMCTBA HEOINPEACICH-
HOT'O MHTETpajia C IEJNbI0 CBEJACHUSA JAHHOTO MHTErpajia K BBIUMUCIIC-
HUIO UHTETPAJIOB TaOJIUYHBIX.

2) Unmeepuposanue no uacmsam OCymeCTBISAETCS IO GopMyIie

J.udv =uv—jvdu; (2)

rae u u v— auddeperupyembie PyHKIUU. ITOT METOJI MPUMEHSIOT B
cllyJasix, Korjaa:

a) MOABIHTETpaIbHasg (QYHKIUS MPEICTABISIET COOO0M Mpou3Bee-
HUE TPUTOHOMETPUYECKON WIIM MOKa3aTeIbHOW (YHKIIMM HA CTEICH-
HY10 (MJIM MHOTOWIEH); 33 u TOT/1a MPUHUMAETCS CTeNeHHas (QyHKIUS
(W1 MHOTOYJIEH);

0) moasIHTErpaibHAsA (QYHKIIMS MPEACTaBIsSET cOO0M MpOoU3BeIe-
HUE OOpaTHON TPUTOHOMETPUYECKOW WM Jorapudpmuueckonl (PpyHk-
I Ha CTEMECHHYIO (MM MHOTOWICH); 32 u TOTJa MPUHUMAETCS 00-
paTHas TpUroOHOMETpUYecKass (PyHKIIMS UK JoTapudM.

3) 3amena nepemennoii ipeAnoIaracT 3aMeHy MepeMeHHON X HOBOM
TIEPEMEHHOM 110 (JOPMYJIe x = ¢(¢), TOCIIE YETO MOTyJIaeTCs MHTErpa

[ £(o)dx = fp®)p (). 3)
3agaum

143. Yo6enuthesi, yTo GYHKIMS F(x)=2e? SBISCTCS MMEpBOOOpas-

HOM PYHKIMH [ (x)=e? HA (—o0,00).
Pewenue. JIns nokazatenbcTBa HaJ0 HAUTH MPOU3BOJIHYIO (PyHK-

N | =

=e?=f(x). Tak Kak

o F(x). F’(x):(gezJ zzez(gj :262.%

F'(x)=f(x), TO F(x)=2¢> sBIseTCs TMepBOOOPasHON (yHKINH
f(x)=e>.
144. Y6eauTbcs, MOJIb3YsACh ONPEACICHUEM, YTO
Ixcosxdx=xsinx+cosx+C.
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Pewenue. Jlna nokazarenbCTBa HaMAEM IIPOM3BOJHYIO IIPAaBOM

4acTH paBeHCTBa: (xsinx+cosx+C) =1-sinx+xcosx—sinx =xcosx. Tak

KaK 3Ta MPOM3BOJHAS pPaBHA MOJbIHTETpaIbHON (YHKIMU, TO PaBEH-
CTBO CITPaBEJIMBO.

145. Beruuciaurs J'(4%/; + iz —8x° j dx.
X

Pewenue. I1pu BEIYUCIIEHUHN 3TOTO UHTErPajia MPUMEHUM CBOMCT-
Ba 4, 5 1 TaOIMYHBIE UHTETPAJIBI 2, 3.

+1
—2+1 3+1
4x3 S5x7 8x77

j(4&+ —8x")dx =4[ x 3dx+5j Zdx -8 Xy =+ X ic=
-24+1 3+1
—+1
3
4x*  5x7' 8x* 5
= + ——+C=3x"-=-2x"+C.
4/3 -1 4 Vet x

2
146. Beruuciaure J-(\/;—jl)dx
X

Pewenue. BbINOTHUM B YMCIMTENE BO3BEACHUE CYMMbI B KBa/l-
pat, a 3aTeM JAEJICHHE KKIOTO CJIaraéMoro Ha 3HaMeHaTesb. Bbruuc-
JIEHWE WHTETpajla CBEIETCS K BBIYUCICHUIO CYMMBI TPEX TaOIUYHBIX
WHTErPAJIOB:

J—(\/;xj D’ dx = J'L\izﬂdx = J.d—; + 2Jx_;dx + jx_zdx =
X

-1/2
—xtvC=tn|x|—_Lic.

~1/2 Jx x

147. Beruuciaurhp I—l
4x° +

Pewenue. CBenemM noAbIHTErPAIHLHOE BBIPAXKEHHUE K TAOJIUUYHOMY
uHTerpary 13.

1 dx 1
arct g

I4x+1I 4ﬁ_%T I
( 4j "”(zj 2 2

2

+C —%arctg(Zx) +C.

148. Beuucnuts Jmedx )
X

Pewenue. TlonpiaTerpanbHas QyHKIMS MPEICTaBIIET COOOM Mpo-
1

U3BEACHUE JTOTapuPMUUYECKOr PYHKIHMH Inx HA CTENEHHYIO X 2, MO-
3TOMY NIPUMEHHM METOJ HWHTErpupoBaHus mno dacTtsaM. [lomoxum
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1 1 1
u=Inx, dv=x 2dx.Torna du=d(Inx) :ldx, V= '[x 2dx =2x2 + ¢. Cun-
x
TaroT, 4to ¢ = 0 M TOraa, COrmacHo GopMyJsie HHTETPUPOBAHUS TI0 YaC-
1 1 1 1 1 1
TSIM, jm—xdx =2x%Inx-— j2x2 la’x = 2x? lnx—2jx 2dx=2x*Inx—-4x*>+C.
Jx X

149. BeruuciuTh J xcosxdx .

Pewenue. IlpumeHUM METOJI MHTETPUPOBAHUS TI0 YaCTIM (TOsIC-
HUTE MOYEMY).
ITycte u=x, dv=cosxdx. Torma du=dx, v= jcosxa’x =sinx. Ilo

Q)OpMyHe WHTETPUPOBAHUSA 110 YACTIM HOJIYYUM:
jxcosxdx = xsinx —Jsinxdx ==xsinx+cosx+C.

150. BeruuciauTh ia’x )

\/;+1

Pewenue. IlpumenuM MeTO 3aMEHBI IEPEMEHHOM C TeM, YTOOBI
OCBOOOAUTHCS OT paaukaioB. IIycTh t=+Jx. Torna x=£> ¥ dx=2tdt.
Torz[a

—d L oodr—» —dt— j(t 1)+1d 2j LI P
x+1 t+1 t+1 t+1 t+1

t2
-9 ﬁ‘” zj—dt—Zj(t 1)dt+2'[—dt— (E—tJ+2ln(t+l) +C=

= -2t+2In(t+ 1)+ C.

Teneps BEpHEMCS K UCXOAHOU IEPEMEHHOU x (f = Jx):

I Vx

ﬁalx =x-2Jx+2In(x +1) +C.
X+
151. Beruuciurs Isinz X coSs xdx.
Tak kak (sinx)' =cosx, TO TPUMEHUM 3aMeHy sinx=¢. Torma
) 1 .o
cosxdx=dt u jsm2 xcosxdx = j tdt = §t3 +C. Tlepexos K HCXOIHOM ITe-

. : l .
PEMEHHOM, oIy IHM: _[smzxcosxdx = §s1n3x+C :

Breruncnute HHTCTPAJIbI.

152. jd—f. 153. jﬁ. 154, [—as.
X
2) 1
155. —d 156. Va+ 157.
sin® 2x o '[ I\/2—xdx
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158, [0 sinlnx 159, :e_\/;%. 160. [ xsin xds.
161. jx cos xdx . 162. [x*e*dx. 163. I(2x+1)e‘xz+x)dx.
164. [(x+Dinxdx. 165, [—idx. 166. [ g

1+ x cos’ x

167. j In(x + 1)dx

3.4.3. OnpenesieHHbIA HHTETPAJI

Onpenenenune 3. OnpenesieHHbIM HWHTETPAJIOM OT HENPEPBIBHOU
Ha oTpeske [a,b] QyHKIMU f(x) Ha3BIBACTCS NPUPALICHHE KaKOH-THOO

€€ MepBOOOpa3HON F(x) HA ITOM OTPE3Ke: j ' f(x)dx=F(b)—F(a).

Ota ¢oopmyna HocuT HazBaHue hopmyibl Hotomona — Jletibnuya.
Jlnst o0o3HaUYeHHUS TPHUPAIICHUS TEPBOOOPA3ZHON MPUMEHSIOT
TaK)Ke 3aI1Ch

Crnenyer mog4epKHYTh, UTO, B OTJIMYUE OT HEOMPEACTEHHOTO UH-
Terpaia, nIpeACTaB/ISIIOIIEr0 cOO0H COBOKYNMHOCTh (DYyHKLUH, oIpee-
JICHHBIN UHTETPAJl €CTh KOHKPETHOE YMCIIO U ATO YHCIO HE 3aBUCUT OT
BbIOOpA MEPBOOOPA3HOIL, IO KOTOPOIl OHO CUUTAETCS.

HekoTopble cBoiicTBa onpeae/IeHHOI0 HHTerpaJjia

D [(af(x)dr=af f(x)dx.

2 ["(A(x)E fa(w))de= [ fi(x)aet [ ()
3) ::f(x)dxz—jbf (x)dx.

4 ["f(x)dx=0.

Ja

5) _.abf(x)dx=j:f(x)dx+jjf(x)dx,

Borunciienne omnpeaejeHHbIX WHTErpPajioB OCHOBAHO Ha IIPH-
MeHeHuu ¢popmyibl HetoToHa — JleitOuuna. /[ oTeickaHusi mepBOOO-
Pa3HOU JIA MOJABIHTErPAIbHON (DYHKIIMU MPUMEHSIIOTCS T€ K€ METO-
JIbl, UTO Y MPU BBIYUCIICHUN HEOTIPEICIICHHBIX HHTEIPAJIOB.

1. Humeepuposanue no wacmsam onpedeieHHo2o uHmezpaia mnpo-
U3BOAUTCSA 1O popmyJie
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J-budv=uv‘Z—J.bvdu (4)

IOPU YCJIOBHH, YTO (PYHKIMH u =u(x) U v =v(x) UMEIOT HENIPEPHIBHBIE
MIPOU3BOJIHEIE HA [a,b].
2. 3amena nepemeHHOU 6 ONpeoeleHHOM UHmezpae VUCIOJb3yeT
(bopmyy: ) ,
[ rax=]" flpe' @ 5)
3/1eCh MPEAINoIaraeTcs, YTo GyHKIUs ¢(¢1) UMEET HEMPEPHIBHYIO MPO-

U3BOJHYIO Ha OTpe3ke [, ], a=¢(a), b=¢(B), a PyHKIMSA f(x) He-
MPEPbIBHA B KAXKIOM TOUKE x = ¢(t), TOE t €la, f].

3amaum

2
168. Beruuciaurh I3x2dx.
1

3
Pewenue. Tak xak I3x2dx = 3%+ C=x’+C, 1o 1o popmyne Hpto-

2
=2 -1=8-1=7.

2
ToHa — JleliOnuna I3x2dx =x
1 1

/2
169. Berunuciurb I cos xdx.
0

Pewenue. I1lo popmyne Hororona — JleiiOnuna u gpopmyne 9 tad-
/2 /2

JIMIBI UHTETPATIOB IIOJIYy4YacM: _[ COS xdx =sin x
0

1/2 dx
S AxT+ 1
Pewenue. VICKOMBIN HEOIPENEIEHHBIM UHTErPAl BBIYUCIICH B YII-
paxxaennu 147. [loaTtomy
1/2 dx
0 4x* +1

:sinz—sinO:l—Ozl.
2

0

170. BpruuciuTe.

1/2
T T

1 1
=—(arctgl —arctg0)=—| ——0 |=—.
 (arcte g0) 2(4 j g

= 1 arctg2x
2 0
/4

171. BBIYUCIUTE. I tg” xdx .
0
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Pewenue. W3  ¢Qopmynsl  1+tg’x= CIIEAYET, UTO

2

COS X
tg’ x=————1. Torma HCKOMBIil MHTETpall BEIYUCISACTCS IPUMCHEHH-
COS X
€M CBOMCTB uHTerpasa u ¢popmyssl Herorona—JIeitonura.
/4 /4 1 /4 /4 dx wl4 /4
Itgzxdx: I( ——1)dx = _[—ldx+ j —=-x| +tgx =
0 0 COS X 0 0 COS X 0 0
T T T
= (tg=—tg0)—(=-0)=1-—.
(tg ;8 )—( 1 ) 2
Beruncnure ONpCACIICHHBIC MHTCI'PAJIbI.
2 9
172. [(x+1)dx. 173. I(2+\/;)dx.
1 4
©dx “ dx
174. [=. 175. [=.
X X
z /2
176. {cosxdx. 177. | sinxdsx.
0 0
/4 /2
178. | ax 179. | ax
0 COS X a4 Sin- X
1 1
180. | x 181. | x 2
o 1+ x N4 —x
1 In2
182. [2'dx 183. [ e'dx
0 0

3.5. Hekomopuvie npuroxenus
onpeodeaenH020 unmezpaia

B nanHoM maparpadge paccMOTpUM HEKOTOpbIE 3aJauu U3 chepsl
SKOHOMHUKHU U COI[MOJIOTUM, KOTOPBIE PEHIAIOTCA C HUCIOJIb30BAaHUEM
uHTErpasioB. B »Tux 3amauax QyHKIUSA y= f(x) ONHUCHIBAET KAKHE-TO

SIBJICHUSI WJIM TIPOLIECCHI TPOU3BOJICTBA JIUOO COIUATIBHOM C(ephl.
1. IIycte GyHKIUS y= f(x) ONHCHIBACT M3MEHEHHE IPOM3BOJIH-

TEJIbHOCTA HEKOTOPOTO IPOU3BOJICTBA C TEYCHUEM BpPEMEHM. lToraa
o0bemM Q(t,t,) MPOIYKIINHU, TPOU3BEACHHON 3a TPOMEKYTOK BPEMEHHU

[t,,,], BBIUKCIAETCS 110 hopMyTIe:
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O(t,,1,) = [ f (0t (6)

184. I3MeHeHne NMPOU3BOAUTEILHOCTH MPOU3BOJCTBA C TEUCHU-
€M BPEMEHHM OT Haudajla BHEAPCHHS HOBOTO TEXHOJIOTHYECKOTO IPO-
1ecca 3agaeTcsa (QPyHKOHEH z=32-2""" rme t— BpeMs B MeEcCslax.
Haiitu o0beM mNpoAyKIMH, MPOU3BEACHHOW: a)3a MEpBBIA MECHII,
0) 3a TpeTHil Mecsll, B) 3a IIECTON MECsIl, CYUTas OT Hadajia PEKOHCT-
PYKIIMH MPOU3BOJICTBA.

Pewenue. 1o popmyne (6):

64

-0,5¢
o(t,t,) = J‘f (32 — 703 ) dt=32t|; -2° : 2 dr=32(, tHE(z%a 9" OStI)

Torma 0(0,1)=32(1—0)+ 642(2-05—20) ~4,95;

s 64 [ s . ,
0(3,2)=32(3-2)+ 2(2053 20%7) =32+ lnz(z15 27)~18,48;
0,56 _ »=055) _ 64 (h5_ 2 ~
0(5,6)=32(6—5)+ 2(2 20 =304 — (27 —27)~27,22.

In2
185. Onpenenure O6’beM BBIITYCKa MPOAYKIMU 3a IEPBBIE IAThH
qacoB pabOTHl IPU MPOU3BOIUTEIBHOCTH f(1)=11,3¢"*"", rme ¢ —

BpeMsl B Hacax.
186. IIpu HenmpephrIBHOM MNPOU3BOJCTBE XUMHYECKOTO BOJOKHA
POU3BOJUTENBLHOCTh f(f) (T/4) pacTteT ¢ MOMeHTa 3amycka 10 yacos,

a 3areM ocTaeTrcsd MocTOAHHOM. CKOJIBbKO BOJOKHA AacT arirapar B

t

HEPBLIE CYTKH 3aIlyCKa, €CIU f(f)=e’ —1 mpH ¢ €[0,10].

2. Ilycts Tenepb QyHKIUS y= f(x) XapakTepu3yeT HepaBHOMEp-
HOCTb paclpeleeHUs] JOXOA0B CPEIN HACENIEHNUs, } — JOJII COBOKYITHO-
ro JI0Xoja, MOJydyaeMoro JoJjied x OegHeimero HaceneHus. ['paduk
aTOM (PYHKIMU Ha3bIBaeTCs kpusotl Jlopenya (puc. 27). O4eBHIHO, YTO
0< f(x)<x mpu x<[0,1], * HEpaBHOMEPHOCTH PACIPEAEIEHUI TOXOI0B
TeM 0oJIbIIIe, 4eM Ooibliiie Tionaab Gurypsl OAB (puc. 27). [loaTomy B
KAueCTBE MEPhl YKAa3aHHOW HEPABHOMEPHOCTH HCIIOJIB3YIOT TaK Ha3bl-
BaeMbIil koagpuyuenm Jprcunu k. IT0T KOAPHUIIMEHT paBEH OTHOIIIE-
HUIO IO Id GUTYPBI OAB K TUIOMIAAN TpeyTroiabHuKa OAC .

187. Ilo naHHBIM HCCIAEIOBAaHUN O PACOPEACICHUU IOXOJ0B B O/I-

9

HOW W3 CTpaH KpuBasd JIOpeHIIa ONKCHIBAETCS YPABHEHUEM ) = 15
—zX

€[0,1]. Boruucnutb ko3ppunmeHt xunu k.
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Pewenue. 1lo popmyne BeiunciieHus miomaan GUrypsl, orpaHu-

YEHHOU JIUHUSIMHA y=x U y =

X
, x€[0,1], monyuyaem:
3o [0,1] y

OAB_J-( 3 )d IXX+IX 15+15dx=
—2x

xz\;+f(1+3 )dx—l+1x‘ £ ln|2 -3 _1—31113 ~0,176.
2 22x-3 2 2 4
Torma k = Sou 0176 _ 0,352.
AOAC 0’

188. Kpussie Jlopenua pacrnpeneieHus A0X0Jla B HEKOTOPBIX
CTpaHaxX MOTYT OBbITh 3a/1aHbl YPaBHCHUSIMU:

a)y=0,85x"+0,15x; 0) y=2"-1, B) y=0,7x"+0,3x".

1) Kakyto gacte moxoma monydaroT 10% Hanbosaee HU3KOOILIa9H-
BaemMoro HacesieHus? Bpruncnuth koddduiment [KuHM I 3THX
CTpaH.

1
2

|
y=/(x) . D .

3. [lycth p = f(x) — pyHKIMS cripoca HA HEKOTOPHIA TOBap (ee
rpaduk — kpuBas D), s = g(x) — GyHKUMS OpejiokeHus (ee rpauk —
KpuBast §), p — IIeHa TOBapa, x — BEIMYMHA CrIpoca (IIPeIIOKCHH).
[IycTte manee x=x, — 3HAUEHUE apryMEHTA, MPU KOTOPOM 3HAYEHUS
(GyHKUUMI cripoca f M NPeNyioKeHUus g coBmagaror. Touka (x,,p,) Ha-
3BIBAETCSI TOYKOW PBIHOYHOTO paBHOBecus. OT peanusanuu x, AUHHALL
TOBapa M0 PaBHOBECHOU IIEHE p, AOXOJ OyAET paBeH MPOU3BEIICHUIO
X, p,- ECIW MNPEeAnoJIOXKUTh, YTO MO MEPE YAOBJIETBOPEHHS CIPOCA
LICHA HENPEPBIBHO CHIKAETCS OT MAaKCUMaJbHOU f(0) IO paBHOBEC-

X0
HOU x,, TO IOXOJ COCTaBUT J.O f(x)dx
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Takum 00pa3om, eciii MpoaaBaTh TOBap MO PAaBHOBECHOM 1LIEHE p, ,
TO MOTPEeOUTENSIMH cOeperaeTcsi BEIMUYUHA JEHEKHBIX CPEICTB, paBHAs

X0
C= Io S (x)dx — pyXy. Dra Benuuuna HaswiBaeTcs gblUpbIULEM NO-

X0
mpebumens. Auanorndno, senuunna P = pXx, _jo S (x)dx wazpiBa-

ETCSl gblUpbIUEM NOCTNABUJUKOS.

Bennuunel C v P 4iCI€HHO paBHbI ITONIASIM COOTBETCTBYIOIINAX
KPUBOJIMHEWHBIX TPEYTOJbHUKOB (puc. 28).

189. 3akonbl cnpoca M NPEIJTOKEHUS HA PHIHKE YCIYyT HMEKOT

11 o .
BUL: p= 186 —x%, 5=20 +EX' Haiinure BRIMIPBIIIM NOTPEOUTENEH U

MTOCTaBIIMKOB B MPEIOI0KEHUHA PHIHOYHOTO PABHOBECHS.
Pewenue. CHauana HailieM TOYKY PBIHOYHOIO PABHOBECHS, IJIs
YEero OMpeIeNINM 3HAYECHUE x , TPU KOTOPOM p =s . [Ipu 3TOM ycnoBun

11
186 —x° =20+€x i 6(186—x*)=120+11x. OTCI0ga OIydYaeM ypaB-

83
HEHHE 6x° +11x-996=0. KopHH »TOro ypaBHEHHS: X, = e 12.

Tak Kak BeJIMYHMHA COPOCAa HEOTPHULIATENIBHA, TO X, =12, a, 3HAYMT,
p,=42. Touka pbrIHOYHOrO paBHOBecus HaiijeHa: (12, 42). Torna

C=[ (186~ Jdx 1242 =186x 32—%3\;2 —504=1152,

n 11 x’
0

P=12-42—J:2(20+%xjdx =504 -20x|;' - 2|7 =132

190. VYpaBHeHue cmpoca Ha HEKOTOPBIM TOBAp HMEET BUJL
p=134-x". Haliiure BBIUTpHINI NOTpeOUTENEH, €Clii paBHOBECHAs

1eHa pasHa 70.

191. VYpaBHeHue cmnpoca Ha HEKOTOPbIM TOBAp HMEET BHJ

100 . .
P=—"s Halinyute BBIMTPHINI MOTpEOUTENIEH, €CIIM PaBHOBECHOE KO-
X+

JIUYECTBO ToBapa paBHO 10.
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4. HekoTopble BOIIPOCHI a/Ire0pbl

4.1. Mampuyst u onpedeaumenu

[TonsiTe MaTpuIBl SABISAETCS OJHUM W3 OCHOBHBIX NMOHSATHN aj-
reOpbl. OHO MIMPOKO MCIOIB3YETCS HE TOJIBKO B PAa3IMYHBIX pa3jesiax
MaTEMaTUKH, HO ¥ TIPU PEIICHUH PA3IMIHBIX IKOHOMHYECKHUX 33/1a4, B
TOM YHCIIE 3aja4, CBSI3aHHBIX C TEOpUEN OopraHuzanuu Ou3Heca, 3aga4
yIpaBICHYECKOTO XapakTepa. B COBpeMEHHBIX M3[aHUSIX MO SKOHO-
MHUKE MOXKHO BCTPETHTHh TaKWE€ MOHSATHUS, KaK MaTpUYHAs Kapbepa,
MaTpU4yHasi CXE€Ma YCTaHOBKU KO3(p(PUIIMEHTOB 0a30BOTO OKJIAja,
MaTpu4Hasi cxema (popMHUpPOBaHHS KOHKYPEHTHON KapThl PHIHKA H T.
1. B ¢usuke moHsATHE MATPUIIBI IPUMEHSIOT B AJIEKTPOTEXHUKE IS
OTMHUCAHUA DJJICKTPUYECKUX IIeTlel (MaTpuila WHIUIESHTHOCTH), IS
OIICHUBAHMS CIIEKTpPa CHUTHAJIOB, OMUCAHMUS (PUIHTPAIIMM CUTHAJIOB.
Hcnonb3yeTcst MOHATHE MATPHUIBI U MpU 00pabOTKE pa3IMYHON CTa-
TUCTUYECKOW HMH(popmaruu. Bce 3TO TOBOPUT O TOM, YTO TOHSTHE
MaTpPHIIbl TTOCTEIIEHHO BXOJUT B CJIOBApPh CIEIHAIMCTOB Pa3TUUYHBIX
chep esITeIbHOCTH.

4.1.1. MaTpuubl 1 onepanyy HaJ{ HUMHA

Mampuueii pazmepom m X n Ha3pIBa€TCS TMPSMOYTOJbHAs Tao-
JUIa YUCENI, COCTOAIIAs U3 M CTPOK U n cTon01oB. OO03HAYAIOT MaT-
PUIIBI 3arIaBHBIMU OyKBaMU JIATHHCKOTO ajipaBuTa:

a, ... q

n

A=

a a

ml mn

DJIeMEHT, CTOSIIUN B i-W CTPOKE U j-M CTOJOIE 0003HAYAIOT
CUMBOJIOM a,. IIepBbIii HHIEKC yKa3bIBAET HA HOMEP CTPOKH, B KOTO-

POl HAXOJIUTCS DJIEMEHT, a BTOPOM — Ha HOMEp CTOJIOIA, B KOTOPOM
CTOUT JTOT DJIEMEHT. DJIEMEHTHI a, 00pa3yloT 21asHyI0 OUALOHAb

1

MaTpulbl U HA3bIBAIOTCA AUAI'OHAJIbBHBIMH. HpI/IBCI[CM IIPpUMCPBI MaT-

pHIL:
a, a,) (1l 0y(1 2 3
a, a,)\0 1){—=24 5)
Marpuiia, y KOTOpOM YHCIIO CTPOK COBITaIa€T C YUCIOM CTOIOII0B

(m =n), Ha3bIBACTCA K8AOPAMHOU ROPAOKA m.
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Marpuna, Bce 3eMEHThI KOTOPOM paBHBI ), HA3BIBAETCA HYJ1€601
1 0003Ha4aeTcsi CUMBOJIOM ().

a, ... (
Marpuna Buga | ;@ . @ |, TO €CThb KBaJpaTHas MaTpulia, BCE

0 ... a

nn

HEJIMarOHAJIbHBIE AJIEMEHThI KOTOpOoW paBHbI (), Ha3bIBacTCs Ouazo-
HAIbHOU.

JlnaroHasibHasE MaTpHUIA, BCE JMATOHAIBHBIE JJIEMEHTHI KOTOPOM
paBHBbI 1, Ha3bIBaeTCs eOuHuuHOoU ¥ 0003HAYaeTCsi CMMBOJIoM E. Ha-

0 1

bynem Takxke paccMarpuBaTb Mipey20ibHble MATPUIBL, Y KOTO-
PBIX 3JIEMEHTBI, CTOSIIIME HUXKE WJIM BBINIEC TJIABHOW JHArOHAIM (WU
MoOOYHON JuaroHayiv), paBHbBl HYJ0. Takoi SBISICTCS, HANpUMED,
MaTpulla BUIA

1 0
npuMep, EAMHUYHAS MaTpUlia BTOPOTrO MOPSAKA UMEET BUI: E :[ j

a, 4, dy ...d,, Qq,
0 a, a; ..ap, a,
0 0 ay; -ay,, a,|,
0O O 0 ...0

nn

Tae a, — JIIOOBIE IEUCTBUTEIBHEIE UHCIIA.

Onepayuu nao mampuyamu

1. Cnooicenue u éviyumanue MOXHO TIPOU3BOJHUTH HAJ MaTpU-
[aM{, UMEIOIUMHU OJWHAKOBBIE pa3mepshl. [IlycTb 4 U B — mMaTpuubl
pasmepa m X n:

Cymmoii mampuy OIHOTO pa3Mepa Ha3bIBACTCS MaTpHIlA, dJIe-
MCHTHI KOTOpOﬁ paBHbI CyMMaM COOTBCTCTBYIOIIHUX 3JICMCHTOB MaT-
pun-cjiaraCMbIx:

a,+b, a,+b, ... a, +b,
A+B= '

a. +b

ml

a,+b, .. a, +b

ml mn mn
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Hpou3ee0enueM mampuubl HA 4YUCIIO A Ha3bIBACTCA MaTtpula,
AJIEMEHTHI KOTOPOM paBHBI IPOU3BEICHUIO BCEX DJIEMEHTOB 3a/IaHHOM
Aa,, Aa,, ... Aa

1n

MaTpPHULIbl HA YUCI0 A: A4 =
Aa, Za,, .. Aa

Onepanuu CIOXKEHUS MaTPUIl U YMHOKECHUSI MATPUIIBI HA YHCIIO
YJOBJIETBOPSIFIOT BCEM TE€M CBOMCTBAaM, KOTOpPBIE MMEIOT MECTO A
omnepany HaJl ICHCTBUTEIIbHBIMU YHACIAMM.

JIBe MaTpuIbl HA3BIBAKOTCS PAGHBIMU, €CIIA OHU UMEIOT OJIMHA-
KOBBI€ pa3Mepbl U HUX JJIEMEHTHI, CTOSIIME Ha OJUHAKOBBIX MECTaXx,
PaBHBI:

mn

(4=B) = (Vi)V))(a,;=b,).
3. Ymnoowcenue mampuuvt 4 na mampuyy B HE BCErja BO3-
MOxkHO. OHO ormpenensercss TOJIBKO B TOM CJlydae, €CIU YUCIO

CMO10U08 NEPBOIl Mampuybl pagHo YUCTY CIMPOK 6MOPOI.
Ilpou3eeoenuem mampuuyvl A, , na mampuuy B, Ha3bIBACTCS

matpuua C =4 . -B

mxk kxn o

KaXXBII DJIEMEHT C; KOTOPOH PaBEH CyMME

IPOU3BEACHHUM 3JIEMEHTOB -l CTPOKM MATPHIBI 4 HA COOTBETCTBYIO-
M€ 3JIEMEHTBI j-r0 CTOJI0Ia MAaTPULbI B:

c; =ayb, +a,b,, +...+a,b,;.

s sj o

k
HNuaue, c; :Za.b i=1,2,...m; j=12,..,n.
s=1

Cretyer 3aMeTUTh, YTO 11 YMHOXKEHUSI MAaTPHUILl CBOMCTBO MEpe-
CTaHOBOYHOCTH HE BBITIOJIHACTCA: A-B#B-A.

JIeiCTBUTENBHO, €CIIU MEPBOE MPOU3BEICHUE CYIIECTBYET, TO MPH
3TOM BTOPOE MOJKET M HE CYLIECTBOBaTh. bojee TOoro, CymecTBYHOT
TaKue MaTpHUIlbl, KOTOPbIE MOXHO MEPEMHOXKUTH B JIIOOOM TOPSJIKE,
HO MU STOM paBEHCTBA IIpousBeieHnil A-B u B-A He Oyer.

Eaunnynas Marpuna E 00JagaeT CBOMCTBOM, aHAJIIOTMYHBIM
CBOMCTBY uHcia 1 BO MHOXECTBE uncelsl. Ecau 4— marpuna pasMepa
mxn, TO CIIpaBa €€ MOXXHO YMHOXXUTh Ha €IUHUYHYIO MAaTPULY 7 -T'O
MOpSIAKA U TIPU 3TOM A - E = A. B TO e BpeMst MaTpuily 4 MOXHO yM-
HOXXUTh HA €IMHUYHYIO MATPUILLy U ciaeBa. Ho B 3TOM ciy4yae e IuHUY-
Has MaTpHULa J0JDKHA UMETh MOPSIOK m: E-A=A.

4. Tpancnonuposanue mampuybl — 3TO IEPEXO] OT MATPHUILIBI A
K MaTpulle 4', B KOTOPOH CTPOKH U CTOJIOIBI MAaTPUIIBl A TIOMEHSIIUCH
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MECTaMHU C COXPAaHCHUCM InmopsaaKa CJICIOBAHUA. a.=da..
i=12,...m;j=12,.., n

1 2 o

Hanpumep, mist MaTpHIlsI A2X3:(4 | J TPaHCIIOHUPOBAHHOMN
1 4
Oyaer MaTpuua A4;,=|2 1
3-1

5. Mampuya A, oopamnasa Kk Keaopammnou A,— 5TO MaTPHIIA,
yIOBIIETBOPSIONIAs YCAOBHIO A -A=A-A"'=E, rae E — eIuHWYHAsA
MaTpHIIA.

3amaum
1. Yka3aTp, Kakue u3 CIEAYIOMNX ONEPAUN MOKHO BBIITOJHHUTD,
1 3
1 20
€ClIu A=|5 7|, a B= :
310
2 0
a)A+B; 0) A" +B; B)A+B'; r)A4-B;
n) B-A; e)Ad"-B; K)A-B"; 3)A"-B".

Pewenue. 6) Matpunia 4 umMeeT pazMepsl 3x2, pa3Mepbl TPaHC-
MOHUPOBAHHON MaTpullbl A paBHBI 2x3 U COBHAJAIOT C pa3MepaMu

272
MaTpUlbl B. 3HAYUT, ONIEpaIUs A" + B BpmoyiHuMa U A'+ 82(6 9 0].

r) Marpuiia 4 uMmeeT pa3Mmepsl 3x2, a MaTpulla B — pa3Mepbl 2x3.

Tak kak 4uci0 CTOJIOLOB MEPBOTO COMHOXHUTEINS A COBHAJAET C YUC-

JIOM CTPOK BTOPOTO COMHOHUTEIIS], TO MPOU3BEACHUE A-B CYIIECTBY-

er. Hahpmem 510 mnpousBeaeHue — wmarpurly C pasmepa  3x3:
€ G G

C=|c, ¢, c,| CormacHo ONpEencIeHUI0 IPOU3BEICHUS MATPHUIL,

JUTA TIOJIYYE€HHUSI JIEMEHTOB IMEPBOM CTPOKU matpuulbl C = A-B pac-
CMOTPHUM IMEPBYK) CTPOKY MATPULBI A. DJIEMEHT ¢, PaBEH CyMME
IIPOM3BEACHUN 3JIEMEHTOB IIEPBOM CTPOKU MATPULBl 4 HA COOTBETCT-
BYIOILIME 3JIEMEHTHI IEPBOTO CTOIOIAa MATPUILIBL B
¢,=a,b,+a,b,=1-1+3-3=10;
aHAJIOTUYHO, ¢, =a,b,+a,b,=1-2+3-1=5
1 cy=a,b;+a,b,=1-0+3-0=0.
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DJIEMEHTBI BTOPOW CTPOKH MATpUIlbl C HAXOJATCS KaK CyMMBI IIPO-
V3BEICHUM 3JIEMEHTOB BTOPOM CTPOKM MATPUIIBI 4 HA COOTBETCTBYIO-
ITME 3JIEMEHTHI IIEPBOT'0, BTOPOT'O U TPETHETO CTOJIOIIOB MATPHUIIbI B

¢, =a,b,+a,b, =5-1+7-3=26,
Cy =0y b, +a,b, =5-2+7-1=17,
Cyy, =ayb,; +a,b,, =2-0+0-0=0.

DJIEMEHTBI TPETHEW CTPOKU MATPHUIbl C HAXOAATCS YMHOXKECHUEM
TPETHEN CTPOKU MATPUIIBl 4 HA COOTBETCTBYIOIIME 3JIEMEHTHI IEPBO-
ro, BTOPOTO U TPETHETO CTOJIOIIOB MATPHUIIBI B

¢, =ayb, +a,b, =2-1+0-3=2,
¢y, =ayb, +a,b, =2-24+0-1=4,
Cyy =ayb; +aub,, =2-0+0-0=0.

Bce BbruncieHus, MpOU3BOJUMBIE MIPU YMHOXECHUHW MATPHII, 3a-
MUCHIBAIOT CIICIYIOIIUM 00pa3oM:

13 170 1-1+3-3 1-2+3-1 1-0+3-0 10 5 0
A-B=|57 -(3 { Oj: 5:1+7-3 5:2+7-15-0+7-0 |=]26 17 0.
20 2:1+40-32-24+0-12-0+0-0 2 40

2. JIokaxxute, 4TO OIEpAIMU CIIOXKECHUS MATPUIl U YMHOKCHUSA
MATPULBI HA YUCIIO YAOBJIETBOPSIOT CIEAYIOIIUM CBOUCTBAM:

1) A+B=B+4; 2) (A+B)+C=A4+(B+C);

3) A+ 0=0+A4=4;

4) Jlnsa mo00¥ MaTpUllbl 4 CYIIECTBYET MaTpHIlA 4' TakKasl, 4TO

A+ A'=A"+A4=0.

Matpuity A Ha3bpIBalOT MaTpHIEH, MPOTUBOIOIOKHONU A, U 000-
3HAYalT CUMBOJIOM (—A4);

5) (Au)A = A(uA); 0) (A+m)Ad=2A4+ud;

7) A(A+B)=2AA4+AB, 8)1-4=4.

3. Ykaxure, 1y Kakux map matpui A u B cyiecTBytoT npous-
BECHUS A-B U B-A:

a)A:[l 2}3:(2 1 3} 6)A:(2 1 2}32(0 3}
3 4 0 0 1 011 11

4. Halinure npon3Be1eHUE MATPHII:

3 3 4 23 01 58 -4 3 25
a) : ; 0) 156[;B)|69 —-5]|-[4-13];
5 -4)\2 5 021
03 4 7 -3 9 65
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0 1

100) (51 4 010
-1 32 5 2
)| 010/|02]; 1) oasf| 61220
001)\13 18 43) |

5. Ha npumepax KBaJipaTHBIX MaTPHIl BTOPOTO MOPSAIKA MPOBEPHTE
BBITIOJTHUMOCTD CJIETYIOIIUX CBOMCTB OINEpaIiii YMHOKEHUST MaTPULL;

1) (4-B)-C=4-(B-C),

2) (A+B)-C=4-C+B-C,

3) (A4)-B=A(A-B).

6. Haitnure matpuny 1) 34+ B',2) A-B-24",

1 -23 0-1 2
eClih A={2-6 1|, B=|3 9 4|.
0-52 1 -5 6
7. Halinute 3HaueHne MHOTOWIEHA
1)j(x)=3x2—2x+5, 2)]Kx)=—x2+3x+2,
€CJIM IEPEMEHHOW x SIBJIISIETCA MaTpULA:
1 -23
-13
a) A=|2-4 1|, 0) B= .
21
3-52

Pewenue. (16) 3nauenue MHorowieHa 1) mpu x=B paBHO
f(B)=3B’-2B+5. byjeM BBITIOJIHATH IEUCTBUS HaJ MaTpUIlei B MO-

CJICIOBATCJIBHO.
-13) (-13) (7 0
1. B*= : = ;
2 1) 21 0 7
7 0) (21 0
2.3B*=3 = ;
0 7 0 21
21 0 13 21 0 -2 6 23 -6
3. f(B)= -2 5= - +5=
0 21 21 0 21 4 2 —4 19
5 10) (28-6 |
01) (-4 24
3aMeTHM, YTO YUCJI0 5 0003HAYaET 3/1ECh MaTpuLy Buaa

o) 5)
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8. Ha marpuiiax TpeTrhero mnopsjka MpOBEPbTE BHITOIHUMOCTD
CJICAYIOUIMX CBOMCTB ONEpalyi TPAaHCIIOHUPOBAHUS

1) (4" = 4; 2) (A4) =24';

3) (A+B) =A"+B'; 4) (A-B) =B'-A'.

9. IIpoBepnTe, ABISAIOTCS JIU B3aUMHO OOPAaTHBIMU MATPHUIIbI

a)A:[l ‘lj“:(o 1} 6)A:[2 ‘IJHB:(O 2}.
1 0 -1 1 11 -1 4

10. Brrsicuute, Kakve U3 MPUBEICHHBIX HUKE MaTPUI] UMEIOT 00-
paTHBbIE:

2 1 0 0 1 1 2 3 1 2 3
a)|3 1|; 6)|0 0 2|; B)|O0O 2 3|; T1)|2 3 4.

0O O 0 0 3 0 0 3 3 5 7
11. Haitnute MaTpuiibl, 0OpaTHBIE 3a1aHHBIM:

{2 3 4 2 5 7 1 -1 3
1 ;2 :3)|6 3 4; 4| 2 0-1].
) [3 4j ) [5 7j ) )

5-2-3 -1 1 4

JIst HaxoXKeHUsT 00paTHON MaTPHIIbl HCTIOJIB3YIOT TaK Ha3bIBae-
MBbIE 3JIEMEHTapHbIe TpeoOpazoBaHus Marpuilbl. K HUM OTHOCATCS:
1) yMHOXXE€HHE CTPOKHM MATpHUIIBl HA OTIMYHOE OT () Yucio, 2) cioxe-
HUE CTPOK, 3) CIOKEHUE CTPOKH C JIPYroll CTPOKOH, YMHOKEHHOW Ha
oTiuyHoe oT 0 unclio, 4) mepecTaHOBKa CTPOK.

Pewenue. Haiinem matpuity, oOpatHyro matpuie 4). [as storo
IPUIUIIEM CIIpaBa K 3TOM MaTpUIle SAMHUYHYIO MaTpUIly 3-TO IIO-
psAKa W, UCHOJIb3ysl DJIEMEHTapHbIe MpeoOpa3oBaHusi, MpeodpaszyeM
MOJIYYEHHYIO MaTpUIly TaK, YTOObI HA MECTE JJAHHOW MaTPHIbl OKa3a-
Jach MaTpulla €AUHUYHAS, TOTJAa Ha MECTe NMPUITMCAHHOW €TUHUYHON
MaTpHIlbl OyJeT CTOSTh MaTpulla, 0OpaTHAs K z[aHHofI

1 -1 3100 00 7/1 01 //

2 0-1101 0> 2 0-1{01O0|—>| 2 0-1]0 0 |—
-1 1 4|10 01 -1 1410 01 -11 4/0 0 1

0010l 001 Vo ¥ 100
200%1% >lto ol W, VoW ls]o 1 o)
-1 ol-4%5 0 3] lovol-1 V1 00 1] }

=<

),

|

[\

AN
X&Ty

0
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[losscHUM, Kak OCYLIECTBIISIETCS NMEPEXOd K KAXKIOW MOCIELYIO-
e marpune. Bropas maTpuia mojgy4uTcs, €CJiu NEPBYIO CTPOKY UC-
XOJTHOW MATPHIIbI CJIOKHUTH C MOCIEIHEN €€ CTPOKOM.

Tperbs Marpuua MOJy4yaeTcs IEJICHUEM IEPBOM CTPOKU BTOPOU
MAaTpPHILIbI HA YUCIIO 7.

YToObl MOJYyYUTh YETBEPTYIO MATPHUIlY, HAJAO BBHIMOJHUTH JIBE
omepalnyyu Haja CTpOKaMU TpeTheit: 1) Ko BTOpO#l CTpoke MpuOaBUTH
MEPBYIO, 2) MEPBYIO CTPOKY TPETHhEN MaTPULbl YMHOXHUTH Ha (—4) U
CJIOXKHUTH C TPETHEU €€ CTPOKOM.

[Iaras MaTpulia NOJy4HUTCs, €CIOU: 1) BTOPYIO CTPOKY pa3ieivuTh
Ha 2; 2) BTOPYIO CTPOKY, JEJIECHHYIO Ha 2, CIOXKHUTh C TPETHEM.

Haxkonelr mepecraBisieM CTpPOKHM Tak, 4TOOBI HA MECTE 3aJaHHOMN
MaTpullbl CTOsUIa MaTpulla eauHu4YHas. Torga oOpaTHOM K JaHHOM

MaTtpuriie OyIeT MaTpHIia
fa )2 Nia
== n )|
AV
12. JTaHbl MaTpHUIBL A:@ fj’B:( 1

a)B'-A'-A-B; 6) A-B-B'-A'; B) B-A-B-A.
13. Halimure Bce MaTpuLbl, IEPECTAHOBOYHBIE C MATPULIEH A, TO
€CTh MaTPULBI X , U1 KOTOPBIX BBITIOJIHSAETCS YCIOBUE A-X =X - A4:

j. Haigure marpuny:

12 7 -3 310
a)Az( j; 6)A=( j; B) A=|0 31

34 5-2
003

14. Haiinute BCE MaTpuilbl BTOPOTO MOPSJKA, KBAAPAT KOTOPBIX
PaBEH HYJICBOW MaTpPHUIIE.

15. Haiigute BCe MaTpuilbl BTOPOTO MOPSAJIKA, KBAIPaT KOTOPBIX
PABEH €IMHUYHON MATPHUIIE.

4.1.2. Onpeneauresd KBAAPATHBIX MATPHI

Omnpenenurens KBaJAPaTHON MaTPHIBI — 3TO YUCIO, KOTOPOE CTa-
BUTCSl B COOTBETCTBHE Marpuile. O003HAYAETCS OMPEACTUTENb CUM-
BOJIOM |4 |. IlpaBuio, mo KOTOPOMY BBIMHCISETCS ONPEICIUTEND, H

CIYXHUT OIPCACIICHHUCM 3TOI'O ITOHATHUA.
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1. Onpeodenumenem Keadpamuoii mampuubl 6mopo20 NOPaOKa
Ha3bIBAETCS YUCIIO, KOTOPOE BBIUUCIIAETCS MO CIAEAYIOEMY ITPaBUITY:

=dy Ay, — 4y, .

[4]=

ay Ay

2. Onpeodenumenem KeaopamHoil MAmMpuybl mpemvbe2o nopaoKa
HA3bIBACTCS YKCIIO, KOTOPOE BBIYUCIIACTCS IO «IPABUIy TPEYTOJIbHHU-
koB» (mpaBuiny Capproca):

ay dp 4y
‘A ‘ =y Ay Ayy| = A ApQyy + 4130505, + 410305 — 130505 — Ay Ay305, — A0y 055 .

as;; Q3 Ay

Jls1 3aroMHHAHMS TIpaBUiIa MOYKHO HMCIIOIB30BaTh CXEMBbI, KOTO-
pbI€ TMOKa3bIBAIOT, KaKWe IMPOU3BEICHHMS, CTOAIINE B IPaBOW YaCTH,
OepyTcsi CO 3HAKOM «+» (JieBasi CXeMa), a KaKhe — CO 3HAKOM « — »
(mpaBast cxema).

o O O @) @)
O O
O O

YToObI 1aTh ONpeeIeHUE ONPEACIUTENS] MAaTPULIBI 7-TO TOPSI-
Ka, BBE€JIEM HEKOTOPBIE HOBBIE MOHSTHS, KaCAIOIIUECS MATPHUILIBI.

Munopom M;; snemenma a; matpunbl n-ro nopsaiaka 4 = (a;;) Ha-
3bIBACTCSl OMPEICTUTENb MATPHUIIbI, MOJYUYSHHOW M3 IAaHHOW MAaTpHUIIbI
BBIYEPKMBAHUEM I-ii CTPOKH M j-TO cTONOMLA (T. €. CTPOKHA U CTOJIONA,
Ha NIEPECEYEHUN KOTOPBIX CTOUT DJIEMEHT aj).

Anzebpauueckum oononnenuem A; snemenma a; MaTpULbl 1-TO
nopsaaka A = (a;;) Ha3pIBA€TCA MUHOD Mj; DTOrO 3JIEMEHTA, B3ATHIA CO

i+j,

3HakoMm (—1)77:
_ i+
4, =(-1)"M,.

3. Onpeoenumenem KEAOPAmMHOU Mampuubl n-20 NOPAOKA Ha-
3bIBACTCS YKCJIO, KOTOPOE PAaBHO CyMME IPOM3BEICHHUI 3JIEMEHTOB
000U CTPOKM (WJIM CTOJIONA) MAaTPUIl HA MX alire0pandecKkue J0-
TIOJTHCHUS:

4|=a,4, +a,A, +...+a,A,, i — HOMEP CTPOKH.

CdopmynrpoBaHHOE TPABWIO Ha3bIBaeTCs npasusom Jlannaca

PA3JIOKEHUS ONIPEJETUTENA 110 SJIEMEHTAM CTPOKH UJIU CTOI011a.
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N3 npasuna Jlamnaca ciemyer, 4To ONPENEIUTENb TPEYTOJIbHOM
MAaTPULIbI
a, a, as ... q

n

0 a, a, ..a,,

0 0 ay..aqa

n 9

000 ..a,

B YACTHOCTU MATPHIIbl JUATOHAIIBHOW, PaBEH MPOU3BEIACHUIO €€ aua-
TOHAJILHBIX DJIEMEHTOB: |A | =a,,a,,ds...4,, .

Hexomopuie ceoiicmea onpedenumenei

1) Onpeaenurens He MEHSAETCS ITPU TPAHCIIOHUPOBAHUK MATPULL.

2) Onpenenurenb MEHSIET CBOM 3HAK MPU MEPECTAHOBKE JHOOBIX
JIBYX CTPOK (CTOJIOIIOB) MaTPHIIHI.

3) OnpeaenuTenab paBEH HYIIO, €CIU: a) BCE DJIEMEHThl KaKoOu-
00 CTPOKHM WIIM CTOJOIA PaBHBI HYJIIO, 0) 3JIEMEHTHI JIFOOBIX JABYX
CTPOK (WJIA CTOJIOIIOB) MPOMOPIIMOHAIIBHBI WU PABHBI.

4) OnpenenuTesib HE U3MEHUTCS, €CIIM K AJIEMEHTaM KaKou-11n0o
CTpOKH (CTOJIOIA) MPUOABUTH JIEMEHTHI JIPYroil CTPOKU (CTOJ0IIa),
peABaApPUTEIHLHO YMHOKEHHbBIC HAa OJHO U TO K€ YHCIIO.

[TonsTHe ompenenuTens IMO3BOJAET Pa30MTh MHOMECTBO BCEX
KBaJIpaTHBIX MATPUIl HA JIBA KJIACCA: 8bIPOHCOEHHble MATPUIIbI U MaT-
PHLBI HegblpOIHCOEH HbLE.

KBanpaTHas MaTpulla Ha3bIBAC€TCSI HEBbIPOIHCOCHHOU, €CITV €€ OIl-
penenutesb HE paBeH (0, B MPOTUBHOM CIy4ae OHA HA3bIBACTCS 6bl-
POIHCOCHHOIL.

Taxke mOHATHE oONpenenuTeas TO03BOJIsSET CHOPMYIUPOBATH
Kpumepuili CyujeCmeo6anus 00pamuou mampuybl 07141 3A0aAHHOU
Keaopammuoi mampuypl: 0OpaTHas MaTpuiia A I 3aJaHHONW MaT-
pHUILIBI A CYHIECTBYET TOT/Ia M TOJIKO TOTJa, KOra UCXOIHAsl MaTpuUlla
HEBBIPOXKJICHHAs, TO €CTh KOTZA |A|#0.

B 3TOM Ciydae CymecTByeT elle OHO MPAaBUIIO OTHICKAHUS A '

All AZI Anl
1 ~ ~ 4, 4y, . A,
-1 —
A = mA ,TIe A= — MIPUCOECAMHEHHAS MATPHUIIA.
Aln A2n Ann
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DneMeHTaMH MPUCOETMHEHHON MaTpHIIbI SIBJISIFOTCS alreOpanyecKue
JOTIOJIHEHUS AJIEMEHTOB MATPHILIBI, TPAHCIIOHUPOBAHHOM K MaTpuLe 4.

3agaum
16. Beruucnure onpeaenuten:
1 3 2-3 5-6 a—>6
1) |2 4, 2) |3 4, 3) |-3-4{, 4) |-b 4],
2700 ool 13547 13647 b
5] 6> ! 7)‘28423 28523, 8) || 2>
2 3-2|’ 1 3-2’ " 36l
1-2 1 11 1 x4 9
9) 0-4-1 , 10) 1 1-x 1 , 11) X 2 3 )
0 0-2 1 1 2-x 11 1
17. Beruucnure onpenenureny 4-ro nopsaka:
=215 3111 1111 234
0-4-1 6 1311 123 4 -2 0-40
)0 0-2 8/,2)[1131],3)[1 3610[,4)|3-4-12
000 9 1113 1 4 10 20 4 3 -2 -1
18. Haiinure oOpaTHyt0 MaTpully, UCIOJIb3Ys MOHSATHE alreopau-
YECKOI0 JIOMOJTHEHHS:
I -1 3
12 34 207
1)[ j; (2 36 3 4l 4] 2 0-1].
34 57
5-2-3 -1 1 4
19. Haiingute oOpaTHyI0 MaTpUIly IBYMsI CLIOCOOAMU:
12 -1 100 12 -1
1) [0-3 4], 2)|2-1 0, 3)|2 1-1}.
0 0 1 1 3 1 1-7 3
20. Pemve ypaBHEHHS:
|1 1 1 2) x> 4 9 3) x> 16 9
1 1-x 1 =0; x 2 3|=0; x 4 3|=0.
I 1 2—x 1 I 1 1 I 1
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21. Pemure ypaBHEHUE A- X = B:

-3 2 4 5 3 2-2 -2
l)ecom A=| 2 -4 -3 |, B=|6|;2)ecmu A= |1 1 1|, B=| 0
1 6 1 17 2 -3-3 10

22. Pemte ypaBHEHHE X - A = B, €CIIU:
D5 (32 Sl o)
3 -4 34 15 55

4.2. Mampuunaa arzebpa 6 pewienuu 3adau
C IKOHOMUUECKUM COOEePIKAHUEM

23. B HEKOTOpOUW OTpacid MUMEETCS m 3aBOJIOB, BBITYCKAOIINX
n BUAOB NpoAayKuuu. O0beM MPOIYyKIMH KaxA0ro Buaa (B CTOUMOCT-
HOM BBIpaXEHUM), TTPOM3BOAMMON Ha 3THX 3aBOJax B 1-M KBapTaie,
OIIpelIeNsAeTCA MaTpULIEN 4, , a BO BTOPOM KBapTajie — MaTpulen B

xn 2 mxn

a, W b, — O0bEMbl NPOJYKIMHU j-IO THUIIA, IPOM3BOIMMON Ha

i-M 3aBoJi¢ B 1 1 2-M KBapTajgax COOTBETCTBEHHO. HaiiTu:

a) 00beMbI MPOIYKIIMU KaXJOTO THIIA, BHIMYCKAEMON Ha KaXI0M
U3 3aBOJIOB;

0) mpupoCcT 00BEMOB MPOM3BOACTBA BO BTOPOM KBapTaje IO
CPaBHEHHUIO C TIEPBHIM I10 BUAaM MPOAYKIMH U 3aBOJAM;

B) CTOUMOCTHOE BBIPAKEHUE BBIMYIIIEHHON MPOAYKIIUM 3 TOJITO-
na (B goJuiapax), €cim A — Kypc Jlojuiapa 1o OTHOLIEHUIO K pyOITto .

2 37 302

1 2 2 2 41
1) Pettuts 3anauy, ecnmu m =4, n =3, A= , B= .

415 4 3 2

213 52 4

2) Pemure 3agauy, ecni m =3, n =4 W 3aaHbl MAaTPULIBI TTOME-
CSYHBIX BBIITYCKOB MPOJYKIIAN HA KaXJIOM 3aBOJE:

2312 1422 2531
A4=[4221]|, 4,=3 33 2|, A4=|3 42 3|
5442 45 43 4 4 4 4

Pewenue. (1a) O6bemMbI IPOAYKIIUH 32 TIOJTYTOAUE OMPEACITISTIOTCS
CYMMOUW MaTpull 4 U B:
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539
363
C=A4A+B= ,
8 4 7

7 37
roe ¢, =a;+b, — o0beM HNPOAYKIMH j-TO THIIA, IPOM3BEICHHON 3a

IIOJIyTOAM€ HA I-M 3aBOJIE.
0) IIpupoct 00BEMOB MPOU3BOACTBA BO BTOPOM KBapTaje IO
CPaBHEHUIO C TIEPBBIM OMPEAEISAETCS PA3HOCTHIO MATPUIL;
1-3-5
I 2-1
0 2-3
3 1 1

OTpuiiaTesbHbIE 3JIEMEHTHI MaTPHUIIbl [ MTOKa3bIBAIOT, YTO HA 3a-
BOJIC C HOMEPOM i 00BEM MPOU3BOJICTBA j-T'O MPOJAYKTa YMEHBIIIUIICS,
MTOJIOKUTEIIBHBIE — YBEIIMYUIICS, HYJIEBBIE — HE U3MEHUIICH.

B) IlpousBenenne AC=A(A4+B) JaeT BBIPAXEHUE CTOUMOCTH
00bEMOB MPOU3BOICTBA 3a KBAapTaj B JI0JUIapax Mo KaKIOMY 3aBOJy U
KKJIOMY BUY IPOAYKIIMU (MATPUILY BHIMUIIUTE CAMOCTOSTEIIBHO).

24, Ilpeanpusarue Nporu3BOIUT n BUJIOB MPOMAYKIIUH, 0OBEMBI BBI-

IyCKAa KOTOPBIX 3a/1aHbl MaTPULIEU Alxn. [lena peanuszanuu €IUHULIBI
[-TO BUIA MIPOAYKIMK B j-M PETHOHE 3a7aHa MaTpuiei B, , , k — dncio
PETMOHOB, B KOTOPBIX pe€anu3yeTcss NpOAyKUUs npeanpusarus. Hanau-
T€ MATPULy BBIPYYKH II0 PETMOHAM U OIPEACIIUTE, C KAKUM U3 HHUX

BBIT'OJIHEE COTPYAHUYATD.
Pemwure 3anauy, ecnu:

2315
1) n=3, k=4, 4_,=(100,200,100), B, , =1 3 2 2 |;
2 42 4
212
421
2) n =4,k =3, 4,=(10,40,10,20), B=| = =
2 44

Pewenue. 1) Beipyuka omnpeensieTcss MaTpuiieit
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2315
C=4-B=(00 200 100)-|1 3 2 2 |=(600 1300 700 1300).
2 4 2 4

31eCh ¢, — BBIpyYKa NPEANPUATHA B j-M peruone. Iomyuennas

MaTpHuIla MOKa3bIBAET, YTO NMPEANPUATUIO BBITOJHEE MPOJABATh IPO-
IYKIUIO BO BTOPOM M YETBEPTOM PETHOHAX.

25. IIpenmnpuarue BhIYCKAET n BUAOB NPOJYKLUHU, UCIIONB3YS m
BHUJIOB ChIpbs. HOpMBI 3aTparT i-ro BuJa ChIpbs Ha MMPOU3BOACTBO €/IH-
HUILIBI IPOJYKUIHM j-TO TUIIA 3aJaHbl MaTpuuen 3arpar 4, . Komnue-

mxn *

CTBO MNPOAYKIHMHU Ka)JOT'0 THUIIA, BBITYIICHHON MPEANPUATHEM 33 OIl-
pPEIEIEHHBI MPOMEXKYTOK BPEMEHU, XAPAKTEPU3YET MaTpHUIla — CTOJI-
oery X,,,. Haiigure Matpuily V' MOJHBIX 3aTpaT ChIPbsl KaXKJIOT0 BUJIA
Ha MPOU3BOJICTBO BCEU MPOAYKIHH 32 JAHHBIA MPOMEKYTOK BPEMEHH.
Pemwure 3anauy, ecnu:

1) Hopmbl pacxoza ceIpbsi Mpe/ICTaBICHBI B TAOIHUIIE

P B |AR

1 2 3

Ceippe S, |5 0 4
Crippe S, |3 1 4

a KOJIMYECTBO BBINYIIEHHOW NPOAYKIHUM OIHKUCHIBAET MaTpHUIlA

150
X =[1201;
80
253
016 20 21 150
2) A= : X =[100 |; 3) A=]2 3|, X= .
4 32 300
120 31
123

504
Pewenue. 1) Marpuinia 4 umeet BUA A:(3 | 4]. 3aTpatbl V' ChI-

pbsl Ha BBIITYCK BCEro 00beMa MPOAYKIIMH BBIYUCISIOTCS KaK MPOMU3-
BeJleHre MaTpuil: V = A- X . Takum oO6pazom,

150
504 7504320 1070
V= 1120 |= = .
314 %0 450+120+320 890
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26. [IpeanpusitTue mpou3BOIUT MeOEIb TPEX BUIOB U MPOJAET €€
2512

B YeTbIpeX pernoHax. Marpuna B=|1 8 3 4 | 3a1aeT LIEHY peain3a-
2413

I eAUHULIBI MEOCH i-T0 TUIA B j-M pernone. OnpeaeanTe BRIPYUIKY
IPEANPHUATHS B KXKJIOM PETHOHE, €CIIM peaan3alids MeOeIH 3a MECSII
200
(o BuIaM) 3ajilaHa MaTpuIed 4=| 80
100

4.3. Ilpumenenue mampuy, 6 meopuu uzp

Teopus urp — 3TO HENABHO BO3HUKILIAS 00JIACTH MAaTEMaTHKH,
u3yyJaronias 3aJaud o0 BbIpaOOTKE ONTUMAJIbHOM CTpaTeruu B TOW WU
MHON KOH(JIUKTHON cuTyanuu. CUTyalusi CUYMTAETC KOH(IMKTHOM,
€CIM B HEW Y4YacTBYIOT IMPOTHBOOOPCTBYIOIIHME CTOPOHBI, HAIIPUMEP
clieloBaTelb U MPECTyNHUK, OOBUHUTENb U OOBUHIEMBIN, rpyIna 3a-
XBaTa W 3aJE€pKUBAEMBbIM. «Bpaxayromuye CTOPOHBD» MPECIEIyIOT
IPOTUBOMOJIOKHBIE LIEJIA, U PE3YJIbTAT KaXJA0TO MEPOIPUATHS OJJHON
U3 CTOPOH 3aBHCHUT OT TOT0, KaKue ACHCTBUS BBHIOEPET «IIPOTUBHUK.
PaccmaTpuBaeMble B 3TOM TEOPUM CXEMbI OXBAThIBAIOT KaK COOCTBEH-
HO WUT'PBI, TAK U Pa3IMYHbIE MPAKTUYECKUE CUTYAI[UU: PallMOHAIbHBIE
IPOU3BOJCTBEHHBIE U SKOHOMMYECKHE PELICHHUs, BOIPOCH BOCHHOMU
TaKTUKH, BOIPOCHI BEIOOpA CUCTEMBI IKCTIEPUMEHTOB.

[lepBbie paboThI 10 Teopun Urp Obut caenanbl B 1909 r. Hemel-
kuM marematukoMm O. Llepmeno (1871-1953). bonbiioi Bkiag B cTa-
HOBJIeHUE ATOM Teopuu BHec [[xoH (pon Heliman B 1928 r.: oH chopmy-
JMPOBAII OCHOBHBIEC MIEU U PE3YJIbTAThl U JOKa3aJl OCHOBHYIO TEOPEMY
TEOPUH WIp. 3HAUUTEIBHOE BHUMAaHUE 3a/1a4yaM TEOpUHU Urp ObLIO yjie-
JIEHO B TOJIbI BTOpOI MUPOBOW BOMHBI U HEIOCPEICTBEHHO MOCJIE HEE.

4.3.1. MaTpu4Hbie UTPHI IBYX UTPOKOB

PaccMoTprM KOHEYHBIE MApHBIE UZPbl C HYJ1€60U CYMMOIL, TO €CTh
UTPBbI, B KOTOPBIX YYACTBYIOT JIBA UTPOKA M BBIMIPHIII OJHOTO UTPOKA
PABEH ITPOUTPBIIITY JAPYTroro. Y CJIOBUSA UIPHI €IIE€ U TAKOBBI, UTO U TEP-
BbIl, U BTOPOM UTPOKH UMEIOT €IMHCTBEHHBIN XOJI U3 HECKOJBKUX BO3-
MOYHBIX, KOTOPBIN SIBJISICTCS ONTUMAIBHBIM, TO €CTh UX CTPATETUU OJ-
HO3HAYHO 33J1aHbl. TaKkWe CTPATEruu HA3bIBAKOTCS YUCHbIMU.
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[Iycte wurpoxk A pacnonaraeT p UYHCTBIMH CTPaTETHUsIMU
4, 4,,...,4,, a AITPOK B — COOTBETCTBEHHO ¢ YHUCTBIMU CTPATETUSIMH

B, B,,...,B,. lIepBblii HTPOK MOKET BLIOPATH JIHOOYIO CTPATEruIo 4, B

OTBET Ha KOTOPYIO BTOPOU UTPOK MOKET BHIOPATH JIFOOYIO CBOIO CTpa-
teruro B, . CouyeTaHue 3TUX CTPAaTEruil (A4, B,) NPUBOAUT K HEKOTO-

POMY YHCJIIOBOMY PE€3YyJIbTaTy («ILIATEXKy»), KOTOPbI 0003HAYUM a,,

u OyJieM Ha3bIBaTh «BBIMTPHIIIEM» UTpoka A. HMepa ¢ «nynesou cym-
MO1i» O3HAYAET, YTO IPH DTOM «BBIMIPLILI» UIpoKa B cocraBur (-a, ).

Marpuua I1=(a,) nopsaka p X g Ha3bIBACTCSA MIAMEHCHOU MAMPU-
ueu, Vil mampuyei upbol.

Yucnma o,=ming, u f, =maxa, yKa3plBalOT MUHUMAJILHO TapaH-
TUPOBAHHBIN BBIMTPHILI JIJISI UTPOKA A, MPUMEHSIOWIETO CTPATETHIO A,

Y MUHUMQJILHO TaPaHTUPOBAHHBIN MIPOUTPHILI JJI1 UTPOKa B, KOTOphIN
HCIIOJIB3YET CTPATETHUIO B, .
Bemnuuna

o =maxq, = max(mina, ) (1)
HA3bIBACTCSI HUMCHEU WEHOU Uzpbl, WIN MAKCUMUHOM, A COOTBETCT-
BYIOIIIAsl €My CTpaTerus ( CTPOKa) — MAKCUMUHHOU. AHATOTUYHO

f =min 5 = min(max ;) (2)
HAa3bIBACTCS 8ePXHell YeHOou uzpbvl (MAHUMAKCHBIM MPOUTPHIIIEM WT-
poka B) unu munumaxkcom, a COOTBETCTBYIOIIAsI €My CTPATErusl Wr-
poka B — munumaxcnou. Bcerna a < f.

[IpuHIUI, COTJIaCHO KOTOPOMY WI'POKH BBIOMPAIOT 3TU CTpaTe-
THU, HA3bIBACTCS HPUHUUNOM MaKcumuHa (1Jisl UTpoka A) Wiu mu-
Humakca (17151 urpoka B).

Ecnu urpox A BBIOMpAaET CBOKO MAaKCHUMHUHHYIO CTPAaTEruio, TO
npu Jt000# cTpareruu, BeioupaemMoit urpokom B, emy oOecrieueH BbI-
UTPBIII HE MEHEE, YeM « . AHAJIOTUYHO 1Sl UTpoka B: npu BeiOOpe UM
CTpaTeruu, mpu KOTOpoi aocturaerca f=minf,, emy o0ecrneunBacT-

Csl IPOUTPBIII HE OoJiee, ueM f3.
Ecnum o =/, To urpa Ha3bIBaeTCs C Ce010601 MOUKOI, a 001Iee
3HaYEHUE o U [, KOTOPOe 0003HAUYAIOT CUMBOJIOM v, — YEHOU UZPbl.

B sTom ciiyuae onmumanvnoim peuienuem uzpvl 1is 0O0UX UT-
POKOB SIBJISIETCSI BBIOOp MAKCUMUHHOW (11 A) MU MUHUMAaKCHOMU
(msst B) crpareruid.
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3amaya 27. WUrpa 3akmtodaercss B TOM, YTO UTPOK A 3aIlMCHIBAET
yucna 1 (ctparerus 4,), win 2 (ctparerust 4,), wim 3 (ctpaterus 4,).

Urpok B, B cBO1O 04epenb, MOXKET 3anucaTh yucia 1 (ctparerus B, ), 2
(ctpaterust B,), 3 (ctparerusi B,) wim 4 (crparerus B,). Eciu o0a

yycia OKaXyTCsl OJUHAKOBOM YETHOCTH, TO A BBIUTPBIBAET CYMMY
ATUX YHUCEJ, €CJIIM PA3HOU YETHOCTHU, TO B BBIMIPBIBAET CYMMY JTHUX
gucesl. CocTaBpTe IUIATEKHYK) MAaTPUIly, OINPENEIINTE BEPXHIOK H
HIVDKHIOIO [IEHY UI'Pbl U MUHUMAKCHBIE CTPATErUU.

Pewenue. CornacHO yCJOBHIO, UTPOK A BBIUTPBHIBAET CYMMY 3a-
NUCAaHHBIX YHCEN, €CJIA 3allMCaHHbIC Yuciaa OyJIyT OJHOW YETHOCTH.
3amMeTUM, 4TO CyMMa YHUCEJl, 3alIMChIBAEMBIX UTPOKAMH, COOTBETCTBY-
€T CYMME HMHJEKCOB cTpareruil. [1o0aToMmy Urpok A BBIMTPBIBAET, KO-
r71a CyMMa MHJIEKCOB CTPATETUil YeTHA (Ha MEPECEUYCHUH CTPAaTErui B
MaTpPHILIE UTPbI 3aIIUCHIBAETCS MOJIOKUTEIBHOE YETHOE YHUCIIO). BhIur-
PBILI BTOPOr0 UI'POKA PAaBEH HEYETHOW CyMME UHIEKCOB CTPATETHid.
OTOT BBIMTPHIII 3aIUCHIBAETCS B MATPUILy CO 3HAKOM «—». Takum 00-
pa3om, MaTpULIa UTPBI UMEET CIIEAYIOIUN BU:

B, B, B, B, a,
4 2 3 4 -5 -5
4 -3 4 -5 6 -5
A, 4 -5 6 7 7
B, 4 4 6 6 4
-5

Haiinem MUHUMAaIbHO rapaHTUPOBAHHBIE BBIUTPHIIIM UTPOKa A
1pu KaXXJ101 ero CTpPATETUU: a, =min{2,-3,4,-5} =-5,
a, =min{-3,4,-5,6} =-5, a,=min{4,-5,6,~7} =—7. HuXHss LIeHa UTPBHI:
a=max{a,,a,,a,} =-5. Tenepb HaWJAEM MUHUMAJIbHO TapPAHTUPOBAH-
Hble [IPOUTPBIIA HWUIrpoka B 1npu Kaxaod ero Crpareruu:
B =max{2,-3,4} =4, B, =max{-3,4,-5} =4, B, =max{4,-5,6} =6,
B, =max{-5,6,-7}=6. BepxHsasa nena urpel: f=minf =4. Orcrona
CIEQYET, UTO JJIsl UTPOKA A MAKCUMUHHbLIMU CTPATETUSIMU SIBIIIOTCS
A nmu A4,. Ilpu 3TUX CTpaTeTusix eMy OOECIEUCH «BBIUTPHIID HE Me-

Hee —5 (To ecTh mpourpsli He 6omee S5). Jns urpoka B munumarxchoi-
MUy CTPATETUSIMU SIBISIIOTCA B, WK B,; OHU 00eCTeunBarOT eMy Mpo-

UrpbIlI He OoJiee 4.
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Hrpa ceqyoBor TOYKU HE UMEET.

Ecnu urpa He nMeeT CeIOBOM TOYKH, TO NMPUMEHEHUE YUCTBIX
CTpATErMii HE HAET ONTHMMAJIbHOIO pEIICHUs WUrpbl. B 3TOM ciydae
IIPUMEHSIOT CMEIIaHHbIC CTPATCIUU.

Cmewannoit cmpamezueil Urpoka A Ha3bIBa€TCd NPUMEHECHUE
MM CBOUX YUCTBIX CTpATETHM 4, 4,,...,4, A ¢ onpeneneHHbIMU YacTo-

1

p

TaMH (BEPOATHOCTAMU): X,,X,,..., X,,..., X, (IPUYEM le.:l). Takyto
i=1

CTPATETHUIO 3allMCHIBAIOT B BUJIE BEKTOPA X = (X, X,,..., X, ..., x,). Bek-

— q
TOPOM ¥ =(¥, V3o evs Vi -» ¥,) (D, =1) oOIpenensercs CMelIaHHAs

i=1

cTparerust urpoka B. 31ech y, €CTh 4acTOTa UCMOJIb30BaHUS UTPOKOM

B crparerum B,. Uuctbie cTpareruu SBIAIOTCS YAaCTHBIM CIIy4aeM

CMEIIAHHOW CTPATEruu, 3a1aBa€MOM €IMHUYHBIM BEKTOPOM.
Dyukyueii gviuzpvliua, WIN naamedxcnoil gynkyueii f(X,Y),

urpsl ¢ matpuuen I1=(a,) npu npuMEHEHUH UTPOKOM A CMEIIAHHOU

CTpaTeruu X , a UTPOKOM B — CMEIIaHHOM CcTpaTreruu Y, Ha3bIBAETCS
CpelHss BEIMYMHA BBIMIPHILA UIPoka A (Ipourpslma urpoka B),
IOICUUTHIBAEMAs 110 HOpPMYyJIe

- — 2l
ACOOEDW I AN 3)
i=l k=l
dopmyiy (3) MOXKHO 3amucaTh B MATPUYHOM BHJIC:
J(X.Y)=XT1Y, (3)

rae X ¥ Y MaTPHIBI-CTOIOLLI KOOPAUHAT BEKTOPOB X U Y .

Crparernu X W Y Has3bIBAIOTCS OMMUMALIbHBIMU, €CIIU BBINOJI-
HSAIOTCS HEPABEHCTBA

XY )2 s (X7 )< s (X7), 4)
T. €. €CJIM X NMPUMEHEHHE 00ECIIeUnBaeT UTPOKY A CPeTHUN BBHIUTPHIIIL,
HE MEHBIINHA, YeM NMPUMEHEHUE UM JII000M ApYyroil ctpaTteruu X, a wr-

pOoKy B — cpenHMii BBIMTPHIIL, HE OONBIIHMM, YeM MPU MPUMEHEHUH UM
00011 Ipyroit cTpareruu Y .

— —x

COBOKYIMHOCTh ONTHUMAIBHBIX CcTpaterud (X ,Y ) Ha3bIBaeTcCs
ONMUMAIbHBIM peuienuem, I IPOCTO peuienuem uzpvl, a 3Ha4e-

HEe f(X ,Y ) IIaTeKHOH DYHKIUH — YEHOU u2pbl v
y=f(X,Y). (5)
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B Teopun urp BaxHyIO pOJb UTPAIOT CIEAYIOIIUE IBE TEOPEMBI.

Teopema 1 (Heiimana). Besikasi koHeUHasi MaTpyU4yHasi Urpa ¢ Hy-
JIEBOM CYMMOM MMEET PELICHUE B CMEIIAHHBIX CTPATETUAX.

Teopema 2. Eciin 0quH U3 JBYX UIPOKOB NMPHUMEHSET CBOIO OI-
TUMAJIbHYIO CMEIIAaHHYIO CTPATEruio, TO €r0 BBIMTPHIII PABEH LIEHE v
UTPbI, BHE 3aBUCUMOCTH OT TOTO, KAKHE CMEIIAHHBIE CTPATErUH, BO-
HIe/IIINE B ONTUMAIbHYIO CTPATEruto (ObITh MOXKET, U YUCTHIE), MIPU-
MEHSIET IPYTOU UTPOK.

4.3.2. Aaroputm pemieHusi MATPUIHON UTPbI
(ucciie10oBaHUSA UTPbI)

1. UcKIIFOunTh B MaTpPHUIIE UTPHI 3aBEIOMO HEBBITOHBIE CTPATETHH.

2. Ilonmy4eHHYIO YIPOIIEHHYIO MAaTPHILy MPOBEPUTh HA HAJIUYHE B
HEW CeJIOBOW TOYKU. ECiii Takas TOYKa UMEETCs, TO ONPEACIIUTh pe-
LIEHWE U LICHY UTPbl. ECIM CeMJI0BOM TOYKH HET, TO MEPEUTH K 1Iary 3.

3. IlpyuMeHUTh METOIBI ONPEAEIEHNSI ONTUMAIBHBIX CMEIIAHHBIX
ctpareruii. C HEKOTOPBIMU W3 HUX MOXXHO IMO3HAKOMMTBLCS, HAIPH-
Mep, 1o yaeoHukam [8] u [17].

3amaum
28. 3anucaTh TIaTEXKHYIO QYHKIUIO JIJI UTPHI, 3a7aBa€MON MaTt-

. 213
puLen 4= [4 5 SJ' OnpenenuTes EHY UTPbI, ONTUMAIBHBIC CTPATETUH

Y ONITUMAJIBHOE PEIICHUE.
Pewenue. JIns 3anucu (yHKIIMU BBIUTPHIIIA UTPHI BOCIIOIB3YEM-

2 1 3|7
cAa (bopMYHOfI (3): f(XaY):XtHYZ(xlxz)' 4 2 5 V>
V3

2x,y, +x,y, +3x,y, +4x,y, +2x,y, +5x,y,. Onpeneaum BEPXHIO H
HU>KHIOKO [IEHBI UTPBHI.

1) o=min{2,1,3,} =1, o,=min{4,2,5}=2. OTcroga HWXHAS lI€HA
UTPbl o =max{q,a,}=2;

2) p=max{2,4}=4, B, =max{l,2}=2, [, =max{3,5}=5 u BepxHsiA
II€HA UTPEl f=2.

Takum oOpazom, o = =v=2, onTUMajibHble cTpaTeruu (X ,Y )=

(4,,B,). J1ns OTbICKaHUA BEKTOPOB X M Y COCTAaBUM CHUCTEMBI ypaB-

HEHUMU:
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3 {xl +2x,=2, 12) {4)}1 +2y,+5y, =2,
X+ ox, =1 nt »nt+ =1L
PGH_Ia}I 3THU CUCTEMBI, l'IOJIy‘-II/IM
X =(0, 1). Y'=(0, 1, 0).

29. PaccuuraiiTe BEIWYMHY IUIATEXKA [T UTP, 3aJaHHBIX MaTpH-

AMH
0.3 0.6 0,8 45 -
1) 0904021 40y 67 4], ecrm X’:(g 1 1), Y’=[0 - —j.
0.7 0,5 0,4 593 366 22

30. /Ia urpoka A u B urpatot B cienytomyro urpy. Urpok A 3a-
MUACKIBAET OAHO U3 uncen 1, 2, 3, a urpok B — ogHo u3 uucen 1, 2. Ec-
JY CyMMa 3alKMCaHHbIX YKCEIl YeTHAsA, TO 3TO BBIUTPHIIT A, a €clii He-
YyeTHasi, To ero npourpeiil. 1) CocTaBbTe MaTPUILy UTPhI; 2) HAUINUTE
HUKHIOIO LIEHY UTPBI; 3) BBIACHUTE, €CTh JIU CEJIOBast TOUKa; 4) KaKoe
YHCJI0 WJIW YKCIIA JI0JKEH BhIOpaTh UTPOK A, 4TOOBI 00ECIeunTh ceoe
MUHUMAJIbHBIA TPOUTPHIII?

31. JIa urpoka A u B He3aBUCHUMO Jpyr OT JApyra BBIOUPAIOT
KpAaCHBIM WM 3eJeHbld 1BeT OyMaru. Eciu BbIOpaHHbIE UMU IIBETA
COBIIJIAIOT, TO BBIUTPHIII UTpoKka A cocTasigeT 5. Eciu urpok A BbI-
OupaeTr 3eJeHbIN 1BET, a UTPOK B KpacHBIN, TO MPOUTPHIIT UTPOKa A
COCTaBIISIET 4, €CJIA K€ LBETa BHIOpAaHbI HA0OOPOT, TO €T0 MPOUTPHIIII
paBeH 6. 1) CocTtaBbTe MIATEKHYIO MAaTPUILLy; 2) HAUAUTE HUKHIOKO U
BEPXHIOIO IICHBI WTIPBI; 3) OMpENeanuTe, €CTh JIM CEeJIoBas TOYKA;
4) xakoi LBET JIOJKEH BBIOpAaTh UTpoK A, 4TOOBI 0oOecnedyuTh cede
MUHUMAJIbHBIA TPOUTPHIII?

32. UccrienoBath UTPhl, 3aJIaHHBIE CICAYIOIUMU MaTPULIAMU:

8437 86477 2 -1 3 -2
76809 54346 4 1 5 -1
Digoagl P|43234: 3I]3-24-3
6325 726509 3-15 2

Pewenue. 1) Ctparerusi A4, HEBbITO/IHA 110 CPABHEHUIO CO CTpaTe-

TUEN 4,, TIO3TOMY €€ MOYKHO HCKIIIOUMTh. B ocTaBuieuncs marpule
8437

7 6 8 9| MOXHO HCKIIOYUTH JOMUHUPYIOLINE CTPATETMU B, U B,.
8246
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43

6 8 .
[Tocme MX UCKIIFOYEHHUS MOJYYUM MATPHILY ik B sroir marpune

HEBBITOJHBIMU OKAa3aJUCh CTPATETUU 4, U 4,. MIX UCKIIOUEHUE MPUBO-
nut K matpuie 4,(6 8). Urak, nns urpoka A ocraiiach OJHa CTpare-
Tus 4,, a Jyisi urpoka B OoJiee BBITOAHON SIBISETCS CTpaTerus B,
o0ecrieunBaroIasi eMy IIPOUTPHIIT 6 BMECTO & MPU CTPATETHH B,.

OKOHYATENBHO MOJYYUIIN PELICHUE UTPBI B BUAE YNUCTBIX CTpaTe-
i 4, 1 B, ¥ LIEHy UIPbl v=6. PellleHne B BUIE YUCTBIX CTPATErUU
TOBOPUT O TOM, YTO MCXOJHAas MaTpulla UMeEJa CEIJIOBYIO TOYKY
a=LB=v=6.

2) IlepBas cTpoka IOMHHUPYET Haj 2-U W 3-i, TaK KaK BCE €€
AJIEMEHTHI COOTBETCTBEHHO HE MEHBIIIEC AJIEMEHTOB 2-U U 3-Ml CTPOK.
IToatomy cTpareruu 4, u A4, 3aBeIOMO MEHEE BBITOJHBI, YeM A4, U MO-

ryT OBITh HCKJIIOUEHBl. B  pe3ynbTaTte MNOJY4YUTCS MaTpula

86477
[72659
2-M. Tak Kak CTOJOIBI XapaKTepHU3yIOT CTpaTeruu Urpoka B, KOoTophIii

CTPECMHUTCA YMCHBIINTL BBIMI'PBIII UI'POKA A, TO 3TH CTPATCIUM 3aBC-
JOMO HEBBLII'OAHBI IJIA B. Ilocae ux UCKIIIOYECHHUS MMOJIYUYHUTCA MaTpuia

J . B atoii matpurie 1, 4 u 5-ii cTOIOIBI TOMUHUPYIOT HaJl

2
COOTBETCTBYIOT CTpaTeTHsIM A W A,, a CTONOIBI — cTpaTerusm B, u
B3. Onpenennm Terepb HIHKHIOI U BEPXHIOKO IICHBI UTPHI.
1) @, =min{6,4} =4, a, =min{2,6} =2, ¥ OTCIOJA o =max{4,2}=4 —
HIDKHAS L€HA WIPbl; 2) B =max{6,2} =6, 8, =max{4,6}=6 , U TOrAa

6 4 . o .
( 6} B KOTOPOM HET JNOMUHUPYIOIIMX CTparerui. B HEW CTpokH

B =min{6,6} =6 — BEPXHsA LIEHA UTPEL.
Tak xkak a # £, TO Urpa HE UMEET CEJIOBOM TOUYKU U €€ PEUICHU-

eM OyJIeT CMEIIaHHas CTPATETHS.
33. [IpoBecTr BO3MOXKHBIE YITPOIICHUSI MAaTPHUILIbI A UTPBI, €CIIU:

24765 3-25-1 0,2 0,6 0,1 0,9
38497 4 06 1 0,5 0,5 0,7 0,4
1) 4= ;2) A= :3) 4= _
34562 2-13 2 0,4 0,7 0,3 1,0
49596 1 37 4 0,3 0,4 0,2 0,8
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PelieHue cienyromux 3a1a4d uCIoyib3yeT TEOpEMY 2.

1

Hccneoosamv mampuunyro uepy — 3TO 3HAUYUT BBISICHUThH, UMEET
JIA OHA CEIJIOBYIO TOYKY, ONMPEACISIONIYIO IIEHY UTPbl, U YKa3aTh HaH-
0oJiee BBITOJIHBIC CTPATETHH ISl KQXKIOTO U3 UTPOKOB; €CIIU CEIJIOBOM
TOYKHM HET, TO BHIOpAB CMEIIAaHHbIC CTPATEruu, HANTH ONTUMAIbHYIO
CTPATETHIO UTPhl U CPEIHIO BEJIMYWHY BBIMTPHINIA IJISI OJHOTO W3
UTPOKOB U COOTBETCTBEHHO MPOUTPHILIA ISl IPYTOro UTPOKa.

Pewenue. 1) Halinem BEpXHIOIO U HWKHIOIO 1IEHBI UIPHI:
a,=—1,a,=1 wu, cienoBarenbHO, « =1; aHamoru4yHo, B, =3,53,=2 u
p=2.

2) IIpoBepsieM Hanuuue CEAJIOBOM TOUYKHU: « # [, CIEI0BATEIbHO,
CEJIOBOM TOYKH HET.

3) bynem uckaTh ONTUMaJIbHYIO CMEIIaHHYIO cTpaTervio. I1ycTb
JUIA UTPOKAa A 3Ta CTpaTerus 3aJacTcsi BEKTOPOM Y:(xl* ,X,) ¥ LIEHA

Urpsl paBHA v. Toraa Ha OCHOBaHUM TEOPEMBI 2 MTPYU NPUMEHEHUHN UT-
pokoM B cTtparernn B, unu B, Urpok A MOJYyYHUT CPEAHUMN BBIMTPHIILL,

. [(—12
34. lccrienoBath U pEUIUTh UTPY, 33JAHHYIO MATPULICH ( ; j

PaBHBIN LIEHE UTPBI V:
—1-x +3x, =v (pu cTpareruu B,),
2x; +x; =v (IIpu cTpateruu B,).
Kpome 3Tux nByX ypaBHEHUH, UMEEM €I1I€ YPAaBHEHUE JIJI YACTOT:
x; +x,=1.
N3 310K cHCTEMBI U3 TpeX ypPaBHEHUU C TPEMs HEU3BECTHBIMU

HaligeM x*—2 x*—3 v—7
1 — o2 T VT o
5 5 5

AHaJIOTMYHBIM 06pa30M HaXOOUTCA ONITUMAJIbHAs CTPATCTUA IJIA

1 . 4

urpoka B: y/ =50 _E’v:%' Takum 00pa3oM, pelIeHUEeM WIPhI SIB-

. 23 . 1 4
JISIFOTCSI CMEIIAHHBIE CTpaTeruu X = =,= |, Y"=|—,— | , a ICHA UTPbI
55 55
7 Ll
% =3 [TosrydeHHBIN pe3yabTaT 0O3HAYAET, YTO CPEIHSSI BEJIMYMHA BbI-

7
UTPBIIIA UTPOKA A U COOTBETCTBEHHO ITPOUTPHIIIA UTPOKA B paBHa 3

o 2
€CJIM UTPOK A MPUMEHSIET CTPATeTHI0 4 C 4acTOTOM 5> @ CTpaTertio
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. 3
4, ¢ yacToToi 5> HEBABUCHMO OT TOTO, KAKHE CTPATETHH IPHMEHSET

Urpok B; mpu 3TOoM i urpoka B onTumanbHBIN pe3yJbTaT JOCTUTA-

1
€TCsl, €CJIM OH OYyJIeT MPUMEHSTh CTPATETHIO0 B, ¢ BEPOSTHOCTHIO 3 a

4
CTPATETUIO B, — C BEPOATHOCTHIO 3

35. Pemnth Urpel, 3aJaHHbIC MATPULIAMU:

o[l ol vl o)

36. I'pynma TeppOpHUCTOB MPOJBUTAETCS C 3amaja Ha BOCTOK IO
OJIHOW M3 TpeX BO3MOXHbIX Aopor (1, 2, 3). Orpsny OMOHa nocras-
neHa OoeBas 3a/aya: BBIUTH Hamepepe3 TeppopUCTaM, HaBA3aTh UM
OTKpBITHIA O00M 1 paszrpomuth. OMOH Takke uMeer Tpu MapiipyTa
nBxkeHus (a, 0, B). [lepeceuenue myTel ABUKEHUS OMPEACIUT MECTO
OpOBEJICHUs 00sI, TO3TOMY HMeEETCs 9 BO3MOXKHBIX YYACTKOB CTOJIK-
HOBeHUs. Bce OHM pacronararoTcs Ha pa3HbIX OTHOCUTEIBHBIX BBICO-
Tax, KOTOpPbIE TPUBEJCHBI B CIAEAYIONIEH Ta0InIe

MapuipyTsl 1 2 3
JIBYKCHUS
a 4,0 xm 1,5 km 3,0 km
§ 0,5 xm 1,0 xm 0,0 km
B 2,0 km 1,0 km 1,5 km

OTpsily IOJIMIIMU BBITOJIHEE HABA3ATh OTKPBITHIA OON MPOTHUBHU-
Ky Ha MECTHOCTH C HAaMMEHBIIEN BBICOTOW. TE€pPOPUCTHI UYBCTBYIOT
ce0s1 yBepeHHEH B ropax. YUacTKu MPeAnojaraéMoi CXBaTKU WMEIOT
paszHble BhICOTHL. HeoO0Xoaumo onpeaennTh, KaKoil MapuipyT JIBUKeE-
nusgs OMOHa ontumanen [8].

37. 3amadya onepynoJTHOMOYEHHOTO — 3aJ€PKaTh MOJA03PEBAEMO-
ro, KOTOPBIA MOXKET HAaXOAUTHCS B ABYX MecTax — A u B. Ecnu onepa-
TUBHHUK HAIPABJSACTCA B TO XK€ MECTO, TJIE HAXOJUTCA IOJ03pEBac-
MBbIM, TO 3aJIEPKUBAECT €r0. B 3TOM cilydae ero crparerusi OleHUBACT-
csi BeiMrphiieM +1. Ecnu ke onepaTUBHUK BBIOUPAET MECTO, MPOTH-
BOIIOJIOKHOE TOMY, TJI€ HAXOJUTCS MOJ03PEBAEMBIN, TO MOJA03pEBac-
MBI CKPBIBAETCS OT MPABOOXPAHUTEIBbHBIX OPraHoB. Berpsii orme-
paTUBHUKA COCTABUT IIPU 3TOM —1. HaTu onTUManbHYIO CTPATETHUIO
JNEUCTBUM ONEPAaTUBHUKA U €0 BBIUTPBHILLL.
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4.4.Cucmemvl auneiinvlx ypabrueuui

Tema «CucTtembl TMHEMHBIX YPABHEHUN» SIBJISECTCA OJHOU U3 OC-
HOBOMOJIATAIOIIUX B KypCE BBICHICH MATEMATUKHU, KOTOPBIA U3y4aeTCs
MOYTH Ha BCEX HAMNpPaBJICHUAX BBICIIEr0o oOpa3zoBaHus. K perieHuro
CHUCTEM JIMHEMHBIX YPABHCHUM MPUBOIAT MHOTHE 3a/1a4d HE TOJIBKO
MAaTEMAaTUYECKUX AUCIUIUIMH, HO U JIpyrux obsacreid 3HaHui. Oco-
OEHHO 3TO OTHOCUTCS K MOJIETMPOBAHUIO 3KOHOMUYECKHUX IPOLIECCOB
U sBieHUU. HekoTopoe mpeacraBieHUE O MPUMEHEHHH CUCTEM JAET
cleayromas cxema.

Mopens Mex0TpacIeBOTO ATIIPOKCHMALIMH TI0 METO/y
Oamanca. Moxuens JleoHTREBA HAaNMCHBIINX KBAJPATOB

N

JIuneiinas Mozenb CucreMpl CocraBnenue
oOmMmeHa (Moz[em: THHCHHBIX 1 aHaJIn3
MEXTYHApOTHOU = AIEKTPUYCCKUX

TOPrOBJIN YpaBHEHUH eneu

/

JInnelHOE MpOrpaMMHUpPOBaHUE

Pemenue nuddepeHmaibHbIx
ypaBHEHUH U X CHCTEM

4.4.1. llonsiTe cucTEMbI JIMHEHHBIX YPABHECHUM
U eé pelieHus

Omnpenenenne 1. CucrteMol JIMHENHBIX YPABHEHUM C n TIEPEMEH-
a,x,+a,x,+...+a,x =b,

a,x, +a,x,+...+a =b,,
HBEIMH Ha3bIBAETCS CUCTEMA BUjga | = = ° a2 (1)

a,x t+a,,x,+...+a,x, =b,

mn-n m

rac a.

i,j2

b, e R — 3a1aHHble yKcna. Yucna o, HasplBArOTCA KO3(duim-
€HTaMM CHCTEMBI, YUCNIA b, — CBOOOJHBIMU YIECHAMHU, YHUCIO m — 3TO

YUCJIO YPABHEHUM B CUCTEME.
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n
Kopotko cucremy (1) MokHO 3anmcats B Bume ). a,X,=b,,
j=1

i=12,..m.
JInst Ka)KIoM CUCTEMBI JINHENHBIX YPAaBHEHUM OIPEICIICHBI 2 MaT-

PUIIBL:
a) OCHOBHasI 4 — MaTpuiia KO3HPUITUEHTOB MIPH NTEPEMEHHBIX

a, a, ...q

n

ay a,, ...a,

n

A=

.a

ml m2 ** mn

a, a, ...a, b

a, 4y ...a, b
1 0) pacmmpeHHast Mmatpuia 4’ = 21 Y2 wm Dy

a, a,,...a, b

IHpumepsl
2x, +3x, —4x, +x, =1;
l. § x,—8x,+5x,—3x,=—4; cucTemMa H3 TPEX YpPABHECHUH C 4e-
2x, +6x;,—2x,=0
THIPbMs [IEPEMEHHBIMHU.
2x,+x, —4x;, =1,
2. 2 x,—x,+5x,=—4; CHUCTEMAa U3 TPEX YPABHECHUM C TpeMs Iepe-
3x,+2x, +6x; =2
MEHHBIMH.

Omnpenenenne 2. Pewenuem cucmemsl TMHEWHBIX YPABHEHUN Ha-
3BIBACTCS YMOPSAIOYEHHBIM Habop yucen (¢, @, ..., a,), IpU MOACTa-

HOBKE KOTOPBIX B CUCTEMY BMECTO MEPEMEHHBIX KaXKJ10€ U3 €€ ypaB-
HEHUH oOpalaercss B BEpHOE YUCIOBOE PAaBEHCTBO (IIpeauKar oOpa-
I[A€TCSl B MICTUHHOE BHICKa3bIBAHUE).

Tak, myst IepBOM M3 CUCTEM pEIICHUEM SBIISIETCS HA0Op Yuces
(-2,1,0,—2), ¥ 3TOT HaOOp €CTh HE €IMHCTBEHHOE ee perieHue. Ilo-

npoOyiTe HaTH JIpyrue ee peiieHus. Bropas cucrema MMeEET eIUH-

42 115 3
CTBEHHOE PEIIECHUE | ——; —; —— |.
43 43 43
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4.4.2. Buasbl cucTeM JIMHEHHBIX YPABHEHUMN

OO6mas cucrema MMHENHHBIX ypaBHeHUH (1)

/\

HeoanoponHnasi, ecnu cymecTByer OnHopoiHast, eciy JJj1sl BCeX

i, (i, = 1,m) Takoe, uTo b, =0 y=Lm b =0

Knaccupurxayusa cucmem no mroscecmay peuieHuil

Cucrema JTUHEWHBIX YpaBHEHUM

/\

CoBmMecTHas HecoBmecTHas
(umeeT X0oTst Obl OIHO PELICHUE) (HEe UMEeT pEIIeHHI)
OnpeneneHnas Heonpenenennas
(MMeeT eTMHCTBEHHOE (umeeT OECKOHEUHOE
penieHue) MHOECTBO PEIICHUI)

[TomuepkHEeM, YTO COBMECTHAs CUCTEMa JIMHEWHBIX YPAaBHEHUM
MOKET UMETh WJIH €AUHCTBEHHOE pEIICHUE, WIN OECKOHEYHO MHOTO
pemiennii. Hukakux Apyrux BapuaHTOB PEIICHUM OBITh HE MOYKET.

Ipumepst. 1) {2x+3y=1; 2) {2x+3y=1 . 3) {2x+3y:1 |
x—4y=2 4x+6y=2 4x+6y=3

35ech nepBasg CUCTEMa COBMECTHA W MMEET €JUHCTBEHHOE pellie-
HHE, BTOPAsi CUCTEMA PABHOCUJIbHA OJTHOMY YPABHEHHUIO, OHA COBMECTHA
U UMeeT OECKOHEUHO MHOIO PEIICHUN, TPEThsl CUCTEMa PEIICHUN HE
MEET: OHa HecoBMecTHA. UTOOBI 3TO OOBSICHUTH, BCIIOMHHUTE IITKOJIb-
HYI0 TeMY «B3anMHOE PacIioaoKEHUE NPSIMBIX JIMHUN HA TUIOCKOCTI.

Pewums cucmemy — 370 3HAUUT HAUTU BCE €€ PELICHUS WU JO-
Ka3zaTh, YTO PENICHUN HET. MHOXKECTBO BCEX PEIICHUN HEOIPEICIICH-
HOM CHCTEMBbI JIMHEWHBIX YPAaBHEHUN HA3bIBACTCS OOLIUM pPEIICHUEM
CHUCTEMBI.
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Oonopoonas cucmema TUHEHHBIX YPAGHEHUI

CBolicTBa penieHuit

A 4

1. Bcerma coBmecTHa.
2. Mmeer He HyneBoe pewieHue < rg(a;)<n.

3. CymMma m100bIX JBYX pelIeHUI
SBJISIETCS] PELLIEHUEM.

4. TlpousBeneHue ar000r0 peLICHUS
Ha YHCJIO TOXKE SIBISIETCS PEILICHUEM.

Teopema. O0111ee pellieHre BCAKONW HEOTHOPOAHON CUCTEMbI JIMHEH-
HbIX YPaBHECHUW €CThb CyMMa COOTBETCTBYIOLIEHU €W OJTHOPOJHOM CUCTE-
MBI U KAKOTO-HUOY/Ib YACTHOT'O PEIICHHUS 3TON HEOTHOPOIHON CUCTEMBI.

4.4.3. MeToabl penieHHsI CHCTEM JIMHEHHBIX YPABHEHUMN
Zal] X, =b,i=12m

1. Metoa I'aycca

DTO METOJ MOCIEA0BATEIBHOTO UCKIIIOUEHUS NIEPEMEHHBIX C LIE-
JBIO TIPUBEJICHUS CUCTEMBI K BUIY, IPU KOTOPOM KaKJI0€ YPABHEHUE
COIEPKUT MEPEMEHHYI0, OTCYTCTBYIOILIYIO BO BCEX OCTAJIbHBIX.

Ototr Meton BrnepBbie Ob1 omucan K. ['ayccom (1777-1855) B
1849 r.' OgHako cieayer 3aMETUTh, YTO IIPUEM PELIEHHS CUCTEMBI U3
1 JIMHEWUHBIX YPABHEHUM C # IEPEMEHHBIMU, 110 CYILECTBY COBMAJIAI0-
muii ¢ MmetogoM ['aycca, Obut pa3paboran B JlpeBHeM Kutae emé mo
Hamie 3pbl. OH U3JI0KEH B BOCBMOW KHUTE€ AHOHUMHOM JIPEBHEKH-
Tanckon «MaremMaTuku B AEBATU KHUTax» U Ha3BaH npaswiioM «DaH-
13H». CBoeoOpasue nmpaBuiia «DaH-uydH» COCTABISIET TEXHUKA BBHIYHUC-
JICHUW, IPOBOUBIIMXCS HA CIIEUAIBHON CYETHOU JOCKe?.

B ocHoBe meTona ["aycca nexar sjneMeHTapHble MpeoOpa3oBaHUs
CHUCTEMBI:

1) mepecTaHOBKa ypaBHEHUHN B CUCTEME;

' MatemaTnueckuii SHIMKJIONIeAnYeCKuil cioBapb. M., 1986. C. 140.
2 XpecroMartus 1Mo uctopun mMarematuku / moa pea. A. I1. FOmkeBuua. M.:
IIpoceemienune, 1976. C. 46.
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2) yaaneHue u3 CUCTEMbI ypaBHEHUS BUja 0-x,+0-x, ++-++0-x =0;

3) CIOKEHHUE YPABHEHUSA C JIPYTMM YPAaBHEHUEM, YMHOXXCHHBIM
Ha Jr000¢€ 4ucio k#0.

HNnest metoga I'aycca cocTonT B TOM, YTOOBI, UCIIOJB3YS dJIC-
MEHTapHBIE MPeoOpa3oBaHus, IPUBECTH CUCTEMY K TaKOMY BUIY, MPH
KOTOPOM KaXJI0€ €€ YPAaBHEHHE COJICPKUT MEPEMEHHYI0, KOTOPOU HET
HU B KakOM M3 MOCJEAYIOIIMX YPABHCHUW WIM HU B KAKOM JPyroM
ypaBHEHUHU. MaTpuilbl CUCTEMBI MOCJIe BCEX MpeoOpa3oBaHUM OyayT
COOTBETCTBEHHO BBITJISIACTH CICAYIOIMIMM 00pa3oM:

a, a, day ...4,, 4., ...4q, |G 100..0 a, . a, |c
ol ey,
a a ..a a ..a C
22 Y23 2r %241 o | &2 01 0..0a ...a c
(a) I 2r+ 2n 2 (6)
a,., ...a,| c, 000..1aqa, ..a,/|c

3ameuanusn
1. 3nech »<m, Tak KaK B Opoliecce MpeoOdpa3oBaHU ypaBHEHUS
Buaa 0-x, +0-x, +...+0-x, =0 BEIYEpKUBAIOTCH.

2. Ecnu B npouecce npeoOpa3oBaHUN CUCTEMBI MOSIBISIETCS ypaB-
HeHue 0-x,+0-x,+...40-x =c, c#0, TO cucTeMa pEICHUN HE UMEET.

Hccneoosanue u 3anuce pewtenus cucmemol

B mpornecce mpuBeneHus cucrtembl K Bujaam (a) uiau (0) MoryT
NPEACTAaBUTHCS CIECAYIOIINE CIIyYau:
1) Uucno ypaBHEHHI B MpeoOpa30BaHHONW CHCTEME PaBHO YHUCITY

X =q,
X, =6y,

MEepEMEHHBIX r=n. Torga B ciydae (0O) U CHUCTEMa UMEET
xn = C}’l

€IUHCTBEHHOE peLIeHuE (¢, C,,...,C,).

2) Yucno ypaBHEHUI B MPeoOpa30BaHHOW CHUCTEME MEHBIIE YHC-
Ja IEPEMEHHBIX: 7 < 7.

X+ .. +0+ A Xy T oeee T4, X, =€
X, +... +0+a, x  + ... +a,x =c,,

Torma nms ciygas (0)
xr + arr+1xr+1 oot arnxn = CF'

U CHCTeMa HMEEeT OSCKOHEUHO MHOTO PEIICHUH, KOTOPBIC 3alHChIBa-
IOTCS CIIEYIOIIUM 00pa3oM:
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X =6 (@, X%, + ... +q,X,),
X, =C = (A, X, + oo +a,X,),

DT pECIICHUA Ha3bIBAKOTCS 06u;uM peueruem cucmemal, ob1Iee pe-
IMECHUEC 3aIIMChIBAIOT €11€ KaK MHOXCCTBO.
{Cl_(a1r+l‘x t+.+4a,X,C (azmxm T T, n)

r+l 1n""n>
X, € ]R}

Pemenue cucremsl, KOTOPOE MOJIy4YaeTcsl U3 OOIIEero, €ciu CBO-
OOJHBIM MEPEMEHHBIM MPUAATh KOHKPETHBIE YUCIOBbIE 3HAUCHHUSI, Ha-
3BIBAETCS YACMHBIM peuleHueM CUCTEMBI.

Htak, ecid MOMOKUTH, YTO X, = P,.;sX,., = Po.rs---» X, = D,, TO pE€-

c, —(a, x.  + ...+a,x)x

ESERARR

HHICHUC
(Cl - (a1r+1pr+1 + ... +alnpn)’

¢ (@ nPrat - +ay,0,) 50, — (@, P+ ... +a,p,))
ABJIAECTCSA YaCTHBIM PELIEHUEM CUCTEMBI.

Borunciienne ko3((UIMEHTOB CHUCTEMBI, KOTOpas MOJydaercs
II0CJI€ UCKIIFOUEHUS KaKOM-TO IIEPEMEHHON U3 BCEX YPABHEHUU, KpOME
OJHOI'0, MOYKHO IIPOM3BOJUTH IO ONPEAEICHHOMY IPaBUIy, KOTOPOE
NOJIy4MJIO Ha3BaHue npasuia Kopoana — I aycca.

Ilpasuno /Kopoana — I'aycca ucknrwuenus nepemennoil
U3 6cex ypasHeHuil, Kpome 00H020

[Iyctb B wMatpuile KOAXDPUIMEHTOB CHUCTEMBI KOADPHUIIUCHT
a,, #0. Torma UCKIIOUMM IEPEMEHHYIO x, M3 BCEX YPABHEHHH

ayX, + X, +..ay X+ ax, +.+a,x,=b, (i#p), KPOME YPAaBHEHHUS C

HOMEPOM p. I[Jm 3TOr0 YPAaBHCHHE C HOMEPOM p pas3/ieiiuM Ha a, # 0

U TIOJIyYUM cieAyromue KodhPUIMeHThl B TOM CTPOKe

a. . —
I _ VY P r_
a .——,]—1,n,bp—

P
apq apfl

Hpyrue ko3 GUIHEHTH HaXOAATCA MO popMyJiam:

2 .
aiq:O,ean i£p,

a,-a._—a , -d.
_ ik ""pq pk_ “ig -
4 = ,i#p, k+#q.

an
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Pacuer no nocnegneit popmyse y100HO IpOU3BOAUTH, MOJIb3YSCh
MHEMOHUYECKUM «IPaBUJIOM MPSIMOYTOJIbHUKA», HATJSIHO MOKA3aH-
HBIM Ha PUCYHKE 1.

3aMeHseMbIi

___________________ S T R R

___________________________ "G o i@ CjscIpoka

A a,, - p-s1 CTpOKa
k-t : S g-# . paspearonuii
- cToJoer] © CTONOCI : PJIEMCHTT

Puc. 1

3amaum

38. Pemuth cucremy merogom I'aycca 0e3 mpuMeHEHUs MpaBuia
2x,—3x,+x,=0,
Kopnana — I'aycca: { x +2x,—x, =3,
3x,+5x, =3.

Pewenue. BeinuiieM paClIMPpeHHY0 MaTPUIy CUCTEMBI. [[J1s1 BbI-

YUCJICHUH ymoOHee, 4TOObI ¢, =1. [loaTOMy ITOMeHsieM MecTaMu Tiep-

1 2 -113
BYIO Y BTOPYIO CTPOKH, IIOCJIE YETO MOJIYUYUM MATpHUIly: |2 -3 1|0
3 5 03

YMHOXXUM 3JIEMEHTBI IEPBOM CTPOKU Ha (—2) U mpuOaBUM K COOTBET-
CTBYIOIIIUM 3JIEMEHTAM BTOpPOM CTPOKH; 3aT€M 3JIEMEHThI NEPBOU
CTPOKU YMHOXUM Ha (—3) U nprubOaBUM K COOTBETCTBYIOIIUM 3JIEMEH-
TaM TPEThEU CTPOKU. B pe3ynbTaTe moj 3JI€eMEHTOM 4q,, B HEPBOM
1 2 -1 3
CTOJIOIIE TOJIYYUTCS «CTYyINEeHbKa» W3 HyJieh [0 -7 3 |-6|. Tenepb
0 -1 3]|-6
YMHO>KUM TPETHIO CTPOKY Ha —1 W MOMEHSIEM MECTaMH €€ CO BTOPOM
1 2 -1]3
CTpOKOM: |0 1 -3| 6|. Termepp yMHOXHM BTOPYIO CTPOKY Ha 9 u
0-7 3|-6
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1 2 -1|3
npubaBUM €€ K TpPeTbeil cTpoke: |0 1 -3| 6|. MaTpuna cucTemsl
0 0 -18|36

npuBeJcHAa K CTyleH4aroMmy BuIy. COOTBETCTBYHOIIAs €U CHCTEMA
X +2x,—x;=3,
UMEET BHUJ x,—3x;=6, I3 MOCIEemHEro YypaBHECHHUS HAXOIUM
~18x, =36.
x,=-2. [loacraBnsg x, =—2 BO BTOpPOE ypaBHEHME, HAUAEM X, :x, =0.
N3 nepBoro ypaBHEHHUS BBIYUCISIEM X, X, =3—2x,+x,=3-0+(-2)=1.
Omeem: (1,0, -2).
39. Pemuth cuctemy MetosioM ['aycca ¢ MpUMEHEHHEM IMpaBUIIA
X, +2x,—3x;,—2x, =1,
Kopnana — I'aycca: {—2x, —3x, +x;, +3x, =3,
5x, +9x, —10x, —9x, =0.
Pewenue. BoinuilieM paClIMPEHHYO MATPULLY CUCTEMBI:
1 2 =3 =2
2 3 1 3]
5 9 -10 —9)0

Tak kak a,=1, To OyAeM HCKIIOYaTh NMEPEMEHHYIO X, U3 BCEX

ypaBHeHHH, kpome nepBoro. [lo npasuiy Kopaana — ["aycca nepBas
CTPOKa OCTaeTcsi HEU3MEHHOW, B TMEPBOM CTOJOILIE BCE 3JIEMEHTHI,
KpOME a,, =1, paBHBI (. DJIIEMEHTBI BTOPOU CTPOKH a,,, d,;, d,,, b, CUU-

TAKOTCA CICIYIONIMM 00pa3oM:
4y =-3-1-(2)-2=-3+4=1,  ay=11-(2)(-3)=1-6=-5,
ay, =3-1-(=2)-(-2)=—1, b,=3-1-(-2)-1=5.
AHaJIOTMYHO HAaXOUM JJIEMEHTBI TPEThEH CTPOKH:
4, =9-1-5-2=—1, a4, =—10-1-5-(-3)=5,
4, =—-9-1-5-(=2)=1, b,=0-1-5-1=-5.
Takum 06pa3oM moydaeM MaTPHILY
1 2 -3 =2l
0 1 -5 -1
0 -1 5 1[5

B aroii marpuue a,, =1. [1o3TOMy HUCKIIIOUMM TMEPEMEHHYIO X, W3
BCEX ypaBHEHUH, Kpome Broporo. CormacHo npaswity JKopaana — ['ayc-
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ca, BTOpasi CTPOKa OCTAaeTCsl HEM3MEHHOW. DJIEMEHTBI BTOPOTO CTOJIONIA,
3a MCKITIOUCHUEM DJIEMEHTA a,, =1, paBHBI HYJIIO, @ BCE OCTAJILHBIC 3JIc-

MEHTHI BBIUUCIISIFOTCS] IO MHEMOHHUYECKOMY MPaBWITy (CM. puc. 1):

a,=-3-1-2(5=7, a,=-2-1-2-(-1)=0, b=11-2-5=-9,
ay; =5-1-(-1:(-5=0, a,,=1-1-(-1- (-1 =0, b,=-5-1-(-1)-5=0.
1 0 7 09
Teneps umeem matpury |0 1 =5 —1i5
0 0 0 0

BrluepkuBaeM HyJIEBYIO CTPOKY M MOJIyYae€M MAaTpPHIy CUCTEMBI,
B KOTOPOM X, COIEPKUTCA TOJIBKO B IEPBOM YPAaBHEHUH, & X, — TOJIBKO
x+ +7x; =-9,
BO BTOPOM: :
X, —=5x; —x, =35.
[lepeMennble x, U X, OyIyT CBOOOJHBIMHU, a X, U X, YEpe3 HUX
BBIpaXKaKTCA: X, =-9-7x;, x, =5+5x, +x,. OO11€e perieHue CUCTEMBI

MMEET BUJ:
{(—9—7)c3;5+5x3 +X,5 %5 %)/ %5, x, e R}

2. Ilpasuno Kpamepa
[IpumeHnsiercs B ciay4dae, korga m =n U det 4= 0. Peuienue Haxo-
det 4,

J

detd’
T A4, — MaTpuIia, TMOJy9YEeHHas W3 OCHOBHOW MaTpuilbl 4 3aMEHOM

JUTCS IO popMyJIaM x, =

j-ro cToJi011a Ha CTOI0EI] CBOOOHBIX YJICHOB .
3agaua 40. PemuTh cucTeMy JIMHEWHBIX YPABHEHUU MO MPABUITY

Kpamepa.
2x, —3x, +x; =0,
X, +2x,—x; =3,
3x, +5x, =3.
2-3 1
Pewenue. Onpenenurens A=|d|=[1 2 -1|=18%0, CIEIOBATEIBHO,
350

corylacHoO npasuity Kpamepa, cucrema UMeeT €IMHCTBEHHOE PELICHUE.
Beruucnum onpenenurenu A, A,, A, MaTpull, MOJYYECHHBIX U3 MaTpPHU-

IIbI 4 3aMEHON COOTBETCTBEHHO IIEPBOr'0, BTOPOT'O M TPETHETO CTOJI0-
[IOB CTOJIOIIOM CBOOOIHBIX YJIECHOB:
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0-3 1 20 1 2-30
A= 2-1=18, A,=[l 3-1|=0, A,=|l 2 3|=-36.

350 330 353
Teneps mo popmynam Kpamepa:
A 18 A, 0 A, 36

X T M T T oY, E TS
A 18 A 18 A 18
3. Mampuunbwtii cnocoo

[Tpu 3TOM crnocobe pelleHrs HCHOJIb3YETCsl 3alUCh CUCTEMBI B
BHJIE MAaTPUYHOTO ypaBHEHUs A" X = B,
rae A — OCHOBHas MaTpULla CUCTEMBI,

X =| "’ | — marpuia-croiaber nepeMeHHbIX,

— MaTpHUIla-cTo0€1] CBOOOIHBIX UJICHOB.

Eciu detA#0, TO pemieHre Haxoaurcs o Gopmyne X =A4"-B.
[TocKONBKY pellIeHHEe CHUCTEeMBbI CBOAMTCS K HaXOXKIACHUIO OOpaTHOM
MaTpHIIbl, TO 3TOT CIIOCOO PEIICHUSI HA3bIBAIOT TAKXKE MemoooM 00-
PAMHOU MAMpPUybl.

2x,—3x, + x, =0,

3anauya 41. Pemuth cuctemy { x, +2x, —x, =3, METOJOM 00part-

3x,+5x, =3.

HOW MATpPUILIbI.
Peuwernue. BeinuiiieM 0OCHOBHYIO MaTpUIy 4 U MaTPHUITY-CTOJIOEI]

2 -3 1 0
B 111 JAHHOW cucTteMsl: 4=|1 2 -1 |, B=|3 |. Marpuna nepeMen-
350 3

xl
HbIX X =|x,|. Torma B MarpuuHoil popme cucrema HMEET BUJ

X3
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2 -3 1

A-X = B. Onpenenurenb OCHOBHOH MaTpuubl [4|=[1 2 —1|=18=0,

350

5 5 1
II09TOMY OOpaTHas MaTpula A ' CyIEeCTBYeT: A~ :L -3 -3 3].

-1-19 7

Teneps Haiinem X 1o Gopmyine X =A4"-B.

5 5 1)(0 1
Uraxk, X:IL -3 -3 3-3|=| 0
-1-19 7 ) (3

3agaum

Pemure cucremy merogom ['aycca.

X +2x,—3x,-2x, =1,
42.

=2x, = 3x, + x;+ 3x, =3,
5x,+9x, —10x, -9x, = 0.

2x,+ x,+ x; =2,
x +3x, + x, =5,
44. 1 S

X+ x,+5x,=-7,
2x, +3x, —3x, =14.

2x, —
3x,+ x, —5x, =0,
4x, —
L X +3x, —13x; =-6.

X, +3x, =3,

46.

X, + x;=3,

x, +2x,—2x,+ 5x, =3,
48. < -3x,—2x, +12x, - Tx, =-5,

2x, +3x;, + 4x, =2.

43.

45.

47.

49.

=2x,+3x, = 2x;, =2,
3, - 2x,+ x,=2,
=5x, +10x, — 7x, =10.

2x,+ x,+ x; =2,
x, +3x,+ x; =35,
X+ x, +5x,=-7,
2x, +3x, —3x, =14.

2x,+ x,— x;+ x, =1,
3x,—2x,+2x,-3x, =2,
Sx+ x,— x;+2x,=-1,

2x,— x,+ x;—3x,=4.

—6x, +9x, +3x, +2x, =4,
—2x,+3x, +5x; +4x, =2,
—4x, +6x, +4x;, +3x, =3.

[To mpaBuity Kpamepa pemints CUCTEMBI IMHENHBIX YPABHEHUM.

2x,—-3x,+x,=0,
50.

X +2x,—x; =3,

3x,+5x, =3.
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5. {?vcl —5x, =13, 53, {3)(1 —4x, =6,

2x, +7x, =81. 3x, +4x, =18.
(2, =3x,+ x,=-7, 7x1 + 2x, +3x, =15,
54. ¢ x, +4x,+2x,=-1, 55. — 3x, +2x, =15,
x, —4x, -5, 10xl—11x2+5x3—36
2x = X, —xy; =4, X, +x,+2x, =—1,
56. 3x, +4x, —2x, =11, 57. {2x, —x, +2x, =4,
3x,—2x, +4x,=11. 4x, +x, +4x; = 2.
Pemuth cuctemy MeTo0M 00paTHOW MaTPHIIbI.
58 3x,—5x, =13, 50, 3x, —4x, =-6,
2x, +7x, =81. 3x, +4x, =18.
2x, +X, =5, =3x,+2x, + 4x; =5,
60.: x+ 3x =16, 61.< 2x, —4x,—3x,=-6,
5x, — x, =10. X, +6x,+ x,=17.
x, +5x,+ 2x, =3, 3x,+2x, —2x, =-2,
62. <2x,+9x, +5x, =12, 63. < x + x,+ x,=0,
x, +3x, —2x,=-9. 2x, —3x, —3x;, =10.

4.4.4. CucreMbl JUHECHHBIX YPABHCHUH
B PeIICHUHU NMPAKTUYECKHUX 32124

64. 1lIseiinas (aOpuka B TeUCHUE TPEX JHEU MPOU3BOAMIIA KOCTIO-
MBI, TUIAITN U KypTKU. VI3BeCTHBI 00BEMBI BBIITYCKa MPOAYKIIMHA KaxXI0-
ro BUJa 3a TPH JIHA U JICHEKHBIE 3aTpaThl HA MPOU3BOACTBO 32 AT JTHU:

JleHb OObeM BhIITycKa MPOAYKIUU 3aTpaTsl
KocTromel ITnamu Kyptku (TeIC. PYO.)
ITepBrIit 50 10 30 176
Bropoii 35 25 20 168
Tpernii 40 20 30 184

Haitnute cebecTouMOCTh TPOAYKIIMH KaXKI0T0 BU/IA.
Pewenue. TlycTh mommB 0JHOTO KOCTIOMa 00XOaUTCS B x PYO.,
OJIHOTO IJiam@a —y pyo., ogHOM KypTku — z pyO. Torma 3arparel Ha
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IIPOM3BOJICTBO B IEPBBIA JEHb COCTaBAT 50x+10y+30z=176000
(py0.), BO BTOpOI ICHb OHU OYJIYT COCTABIATh 35x +25y +20z =168000
(py0.), a B TpeTuit aeHb 40x+20y +30z=184000 (py0.). Takum obOpa-

30M, PCIICHHUE 3aJJa4H CBEJIOCH K PCIICHUIO CUCTEMBI U3 TPEX ypaBHE-
HUU C TpeMs IepeMEHHBIMU: 50x +10y +30z =176000,

35x+25y+20z=168000,
40x + 20y + 30z =184000.

Ota cucTemMa paBHOCHIIbHA CIIEAYIONICH cUCTEME:
Sx+ y+3z=17600,

Tx+5y+4z=33600,
4x+2y+3z=18400.

Pemras cucreMy, MOJy4yuM, YTO CE0ECTOMMOCTh KOCTIOMA
x =1 800 py6., cedbectroumocTs miama y = 2 600 py6., cedecTouMOCTb
KypTku z =2 000 py0.

65. ®upma coCTOMT U3 NIBYX OTACIECHHUM, CyMMapHas BEJIMYMHA
NpUOBUTM KOTOPHIX B MHUHYBILIEM Troay cocTaBmia 12 muH pyo0. Ha
ATOT Toj] 3alJITAHUPOBAHO YBEIMYEHUE MPUOBUIM MEPBOTO OTACICHUS
Ha 70%, a BTOporo — Ha 40%. B pesynbrare cymmapHas npuObLIb
JIOJKHA BeIpacTH B 1,5 paza.

KakoBa BennunHa MpruObUIN KaXKA0TO OTACICHUS: a) B MUHYBIIIEM
roay; 0) B 3ToM rogy?

66. lImeroTcst 1Ba pacTBOpa CEPHOM KHUCIOTHI B BOJIE: MEPBBINA —
COPOKAMNPOIIEHTHBIN, BTOPOW — MIECTUACCITUIPOLICHTHBIN. OJTH JIBa
pacTBOpa CMeIIaid, MOocie Yero JoOABUIN 5 KT YUCTOU BOABI U TOTY-
YUJIM IBAJIIATUIIPOIICHTHBIA pacTBop. Eciam Obl BMECTO S5 KI' UUCTOM
BOJIbI I00ABWJIM 5 KI' BOCBMUJICCSITUIIPOIIEHTHOTO pacTBOPa, TO MOJY-
qujicsi Obl CEMUACCATUNIPOIIEHTHBIN pacTBOP. CKOJBKO OBLIIO COpOKa-
MPOLIEHTHOI'O ¥ MECTUAECITUIIPOLIEHTHOTO PACTBOPOB?

67. B pemakiuu xypHana pa0boTarT 5 MallMHUCTOK. Pabortas
BMECTE, NE€pBasi, BTOpas W TPEThbsI MOTYT HANEYaTaTb PYKONMUCH 34
7,5 yaca; nepBasi, TPEThs U IISITast — 32 5 4acOB, MEPBAs, TPEThS U YET-
BepTas — 3a 6 4acoB, BTOpasi, 4eTBepras u 1aras — 3a 4 yaca. CMOryT
JI1 OHU BCE BMECTE BBIIOJIHUTD 3aKa3 B TeUCHHUE 3,5 4acoB?
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5. Dj1eMeHTBI TeOpUM BePOATHOCTEN

5.1. Cayuaiinvie cobbimusa u onepayuy HA0 HUMU

Pa3znnuHble onpeneseHUsi BEPOSITHOCTH CJIY4aHHOTO COOBITHS

Cryuaitnoimu coOblmusamu Ha3bIBAIOTCS TaKUE COOBITHS, KOTO-
pbI€ B pe3yJIbTaTe ONbITAa MOTYT MPOU3OUTH UK HE TpouzoTu. Ciy-
yaliHble COOBITHS 0003HAYaroT OOJBIIMUMHU JATUHCKUMHU OyKBamMu A,
B,C,...,U, V.

CoObITHE HA3BIBACTCA 0OCHMOBEPHBIM, ECITU OHO 0053aTENBHO TO-
SABJISICTCSI B PE3YJIbTaTe JAHHOTO OMbBITA, U HEBO3MOMCHBIM, €CITU OHO
HE MOXET MOSBUTHCS B YCIOBUSX JTaHHOTO ombiTa. [Ipumepom gocto-
BEPHOTO COOBITHUS MOXET, HANpPUMEp, CIYKUTh BbIHUMAHHUE OEJI0ro
mapa u3 siuKa, B KOTOPOM HaXOJATCS JUIIb Oelble IIaphl, a HEBO3-
MO>KHOTO — BbINafieHne mudpsl 7 mpu OpOCAaHUM UTPATBHOU KOCTH.
HoctoBepHoe cobObiTHE OylieM 0003Ha4aTh cUMBOJIOM U, HEBO3MOXK-
HOE — cUMBOJIOM O.

Ecnu cobsiTust A 1 B He MOTyT TpOM30HTH OJHOBPEMEHHO, TO UX
HA3bIBAIOT HECOBMECHHbIMU, 3 €CITU COObITHA A U B MOryT npou3oii-
T OJJHOBPEMEHHO, TO OHU HA3bIBAIOTCS CO8MECHIHBIMU.

CoOBITHS PABHOB0O3MONCHBL, €CITA HU OJHO W3 HUX HE SIBISETCS
00Jiee BOBMOXHBIM IO CPABHEHHUIO C JIPYTUM, TO €CTh HE UMeeT 00JIb-
1€ IIAHCOB JIJIs MMOSIBJICHUSI.

CoOwitus Ay, A,, ..., Agx 00pa3yloOT MOJHYIO TPYIITY, €CIH OHU
MONIapPHO HECOBMECTHBI U UX CyMMa SIBJISIETCS] IOCTOBEPHBIM COOBITH-
M. Al +A2+ +Ak:U.

Bepoamnocmu codovimus A onpenenseTcs paBeHCTBOM

P(A) =2,

rJIe 1 — O0IIee YUCII0 BCEX BO3MOXKHBIX JIEMEHTAPHBIX MCXOJI0B OIThI-
Ta, a M — YHUCIIO dJIEMEHTAPHBIX MCXOJ0B, OJIArONpHUITCTBYIOIIUX I10-
SIBJICHUIO COOBITHUA A.

[Tox sneMeHTapHBIMU MCXOJaMH OIbITa TOHUMAIOT COOBITHS, KO-
TOpBIE TOSABIISAIOTCSA KaK pe3yiabTaT OMbITa W YIAOBJICTBOPSIOT Clie-
IYIOIITUM CBOMCTBaM: OHH HECOBMECTHBI, PABHOBO3MOXKHBI U €JTUHCT-
BEHHO BO3MOJKHBI B JIAaHHBIX YCIIOBHSIX.

[IpuBeaecHHOE OmMpeaeIecHne BEPOSTHOCTH CIYyYalHOTO COOBITHS
HOCUT Ha3BaHUE Kaaccuueckozo. CylIeCTBYIOT €Il JiBa IMOJX0aa K
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MOHSITUIO BEPOATHOCTU, KOTOPHIE MPUBOIAT K OIPEICICHUIO CTaTH-
CTUYECKON BEPOSITHOCTU U TE€OMETPUUECKON BEPOATHOCTU. PaccmoT-
pHUM CHavaJia IePBbIM U3 HUX.

[IycTh HEKOTOPBIM OMBIT MTOBTOPSIETCS N Pa3, IPU 3TOM B M UCIIbI-
TaHHUSIX HAcTyraeTr coObiTue A. OTHOIICHUE %, TO €CThb YHCJA UCIIbI-
TaHHU# (MCXOJI0B), B KOTOPBIX HACTYIHJIO COOBITHE A, K OOIIEMYy YHC-
Jy TPOU3BEJACHHBIX HUCTIBITAHUN (PKCIIEPUMEHTOB) HAa3bIBAIOT OMIHO-
CUMEIbHOU 4acmomou coovimua A 6 OAHHOU cepuu UCHBIMAHUIL.
OTHOCUTEIBHYIO YaCTOTY COOBITUS 4 Ha3bIBAIOT €IIEC IMHUPUUECKOU
6EePOAMHOCHBIO.

[Ipr MHOTOKPATHO MOBTOPSIFOIIUXCSA OMBITaX OTHOCUTEIIbHAS Yac-
TOTa MUMEET TEHACHIMIO CTaOMIM3UPOBATHCA OKOJIO HEKOTOPOM MOo-
CTOSIHHOW BeJIMYMHBI. FIHaue roBopsi, €CJIM YUCIIO UCTIBITAHUNA 1 HEOT-
PAHUYECHHO YBEJIUYMBATh, TO MEHSETCS M YHCJIO M UCOBITAHUN, B KO-

m
TOPBIX HACTyIaeT COObITUE A, HO OTHOILIEHHUE — MPU ITOM IPUOJIU-
n

Iy

KAETCSl CKOJIb YTOJHO OJM3KO K HEKOTOPOMY YMCIY —L, KOTOPOE U

"y
Ha3bIBAETCS CHIAMUCHUYECKOU 6EPOAMHOCMbIO COOBIMUAAL.

3amMeTuM, 4TO Cmamucmu4ecKyro 6eposimHOCHb COObIMuUs HEBO3-
MOXHO MOJICUMTATh 3apaHee, He MPOBOIs IKcepuMenTa. Jlaxe ompe-
JeJICHUE SMIIUPUYECKON BEPOSITHOCTH TpeOyeT IeWCTBUTEIBLHOTO
MPOBEACHUS ONbITA U MOBTOPEHUS €ro JOCTATOYHO MHOTro pas. I[lpu
UCIIOJIb30BAaHUHU KJIACCUUECKOI0 OIpee/ieHUs] HE TpeOyeTcsl, YTOOBI
VCIIBITAHUS TPAKTUYECKU OCYIIECTBIISLIHCH.

B npakTuke BCTpedaroTcs COOBITHS, BEIUUCIUTh BEPOSTHOCTH KO-
TOPBIX C MOMOIIBIO KJIIACCUYECKOTO WIJIM CTATUCTUUYECKOTO OMpeelie-
HUW HE yaaeTcda. Takue cuTyalud BOZHUKAIOT B CIIy4asiX, KOT/1a YUCIIO
pPa3IMYHBIX MCXOJOB HCHbITaHUsI OeckoHeuHo. [lycth, Hampumep,
MHOKE€CTBO BCEX UCXOJIOB €CTh MHOXKECTBO TOYEK OTpe3Ka b Ha mpsi-
Moi. OTpe30K a coCcTaBlAeT 4acTh oTpe3ka b. Hayram Ha otpe3ok b
Opocaercs TOYKa, TO €CTh OHA CIIy4allHbIM 00pa3oM Ha OTpPE3Ke yKa-
3piBaeTcs. [IpeanonaraeTcs npu 3ToM, 4TO BCE MCXOJIBI ATOTO KCIIe-
PUMEHTa PAaBHOBO3MOXHBI, T. €. BCE TOUKU OTpe3Ka b PaBHOMPABHBI.
Torna BeposITHOCTH COOBITHSI A — «TOUYKa IMOMAJET HAa OTPE30K a» OIl-
penensieTcs paBeHCTBOM:

P(A) = ONluHa a
onunab
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JlaHHOE OTHOILIEHHE U BBIpakaeT coOOW 2eomempuueckoe onpe-
oejieHue 6epoamHocmu.

Jlnst ¢uryp, pacnoioKeHHbIX B IJIOCKOCTU WM B IIPOCTPAHCTBE,
BEPOSITHOCTD MOMNAJIaHUsI TOYKM Ha MEHBIIYIO0 (QUTYpY, SIBISIOIIYIOCS
4acThblO OOJIBIIEH, BBIPAXKACTCS OTHOILICHUEM IUIONIaeH (eciu Gury-
PBl PACTIOJIOKEHBI HA IJIOCKOCTH) U 00BEMOB 3TUX (QUTYp (€Cli OHU
IPOCTPAHCTBEHHBIE).

[TogBo UTOT Pa3IMYHBIM OIMPEACICHHUSIM BEPOSATHOCTH, MOYKHO
chopmyIMpoBaTh TPeOOBAHUS, KOTOPHIM JTOJDKHO YJIOBIETBOPSTD JIIO-
00e MaTeMaTH4eCcKOe OIpeJeJIeHue BEpOSTHOCTU. Bo-nepBbIX, Bepo-
ATHOCTBIO JOJIKHA OBITh BEJIMYMHA, KOTOPYIO MOXHO BBIUUCIUTH JIJIS
T1000TO CIIy4allHOTO COOBITHS, HE MPOU3BO/IS OMBITOB, & BO-BTOPBIX,
JUTS1 HE€ JI0JIKHBI BBITIOJHATHCS CIEAYIONIME OCHOBHBIE CBOMCTBA.

CBolicTBa BEPOSITHOCTH

1.0 <P(A) <1 aus mr060ro coObITUS A.

2. BeposITHOCTh 1IOCTOBEPHOIO COOBITHS paBHA 1;

3. BeposTHOCTh HEBO3MOKHOT'O COOBITHS paBHa ().

3agaun

1. [Ins paccMOTpeHuUs YroJIOBHOIO Jejia JOJDKEH ObITh Ha3HAuYeH
OJIMH W3 NATH cynel. M3BecTHO, uyTo Tpoe u3 Hux OepyT B3saTku. Ka-
KOBa BEPOSITHOCTh TOT'O, YTO JIeJIO OYJI€T BECTH YECTHBIN Cy1bs?

2. B ypue umeercs 10 mapoB: 3 Oenbix U 7 uepHbIX. U3 ypHBI
Hayrajl BBIHUMaeTca oauH map. KakoBa BEpOsITHOCTb, TOrO, YTO 3TOT
map: a) Oenblif; 0) YepHbIN?

3. B nporpamme sk3aMeHa Mo yrojioBHoMy mpaBy 40 OujieToB.
bunersl ¢ 1-ro mo 8-i1 u ¢ 14-ro mo 18-i CUUTAIOTCSA «XOPOIIUMI.
HaiiTu BepOosSTHOCTh HE BBITAIIUTH «XOPOIIUN OHUIIET».

4. OnHOBpEeMEHHO OpocaroT ABe MOHEThI. HaillTu BEpOSTHOCTH TO-
ro, 4To:

a) repO BBIMMAJIET JIBa pasa,

0) MOHETHI BBINIAIYT Pa3HBIMU CTOPOHAMHU,

B) repO He BBINAJIET HU pa3y,

I') BBIIAJET XOTS ObI OJIUH rep0?

5. B notepee paspirpeiBaetcs 1000 ouneros. M3 HUX B 0ITHOM Ou-
nete poctaetcs Berpsiil B 5000 py6., B gecsatu — 1000 pyO., B siTu-
necatu — 200 py0., B cta gocraercs 50 py0. OctanbHble OuieTs 0e3
BbIMTphIIa. Hekto nokymnaetr ogun ouiet. HaiiTu BepOSATHOCTH BBIUT-
peima uM He meHee 200 pyo.
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6. [Ipu Opocke UrpanbHON KOCTH BBIUHUCIUTE BEPOSTHOCTU Clie-
JTYIOIIUX COOBITHM:

a) «BBITIAJTIO 2 OYKaY,

0) «BBITIAJIO 8 OYKOBY,

B) «BBIMAJIO YETHOE YUCIIO OUYKOBY,

I') «BBITIAJIO MPOCTOE YUCIO OUKOBY,

1) «YUCJIO BBIMABIIMX OYKOB KPaTHO 3%».

7. JBaxnbl moaOpackiBaeTcs UrpaibHas KocTh. KakoBa BeposT-
HOCTb TOTO, YTO:

a) mpu rnepBoM OpocaHuu Bblmnajna nudpa 6,

0) B mepBhIii pa3 Beinaia mudpa 2, a BO BTOpoit pa3 — 5,

B) B CYMME BbINAJIO0 5 OYKOB,

r) 00a pasa BbINIAJIO YETHOE YUCIIO OUKOB?

8. Bo Bpems mpouieaypbl OO3HaHUA HAa CKaMblO MOCAAWIN JBYX
MO/I03PEBAEMbIX BMECTE C YEThIpbMs ApyruMu juiiamu. KakoBa Bepo-
ATHOCTh TOTO, YTO HA CKaMb€ MEXIY IOJ03PEBAEMBIMU OKa3aJIOCh:
a) JiBa 4esioBeKa, 0) Tpu YeJIOBEKa.

9. IIpectynHuk 3HaeT, uTo mudp ceida cocrasieH u3z uudp 1, 2,
6, 7 1 4to HU(pPHI B HEM HE MOBTOPSIIOTCS, HO HE 3HAET, B KAKOM TIO-
psAZIKE MX HaOUpaTh.

1) KakoBa BepOSITHOCTh TOTO, YTO MEPBbIC JIBE MUGPHI OH HAOpa
BEPHO?

2) KakoBa BepOsITHOCTh, YTO MPECTYIMHUK OTKPOET cei( ¢ mepBoit
MOTBITKA?

10. Onun pa3 Opocarotcst 1Be UrpajibHbie Koctu. Haligure Bepo-
STHOCTHU CIIETYIOUTUX COOBITUH:

1) Cymma BbIaBmIMX OYKOB paBHa 2, 3, ..., 12. [lomyueHHsie pe-
3yJbTaThl U300pa3uTe HAa KOOPJWHATHOW IUIOCKOCTH TOYKAMH, Y KO-
TOPBIX alcllMcca paBHA CyMME OYKOB, a OpAMHATA — BEPOSITHOCTHU
3TOU CYMMBI.

114

2) Pa3HOCTh BBINABIIMX OYKOB 21
pasna 0, 1, 2, 3, 4, 5. Kakue coObiTiss 5.2 -
=
OKa)XyTcsl HauOosee (HauMeHee) Be-  E 56 //\\
=
POSITHBIMU ? S e ™~
& p ™
Pewenue. = e
O6miee YMCIO BO3MOKHBIX MCXO- o[
2 3 4 5 B 7 8 9101112
OB MpU OpOCaHUU NBYX HIPaTbHBIX S oo

KOCTEN paBHO 6-6 = 36.
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1) Ilyctb coObiTHE A — CyMMa BBINABIIMX OYKOB paBHA 2, TOTJa
1
P(A) =3’ CobOpiTie B — cymma BbIMaBIIMX OYKOB paBHa 3, Toraa

P(B) Z%. Co6riTre C — cymma o4koB paBHa 4, toraa P(C) = é Co-

obiTie D — cymma paBna 5, torga P(D) = é Co6rwite E — cymma ou-

5
koB paBHa 6, P(E) =36’ Co6piTe F — cyMMa BhINABIIUX OYKOB paBHA

7, P(F) = é

CoObiTre G — cymma BbINaBIIux o4koB —8, P(G) =%.

Co6biTe H — cymma oukoB — 9, P(H) =é.

CoOpiTue K — cymma oukoB paBna 10, P(K) = é

CoObiTue L — cymma BeimaBmux oukoB paBHa 11, P(L) =%.

CobpiTie M — cyMMa BBINABIIMX OYKOB paBHa 12, Torna
1
P(M)=—.
36
2) PazHocTh BhIMABIIMX OYKOB paBHa ) B TOM U TOJIBKO TOM CIIy-
4ae, €CIIM YKUCJIO OYKOB, BBINABIINX HA OJHON KOCTH, PAaBHO YHCIYy OY-

KOB Ha JApyroil. McxomoB, OJaronmpusaTCTBYIONIMX 3TOMY COOBITHIO,

BCero mectb. P(A) = é

[Iycth A COCTOMT B TOM, UTO PAa3HOCTh MEXAY YHMCIaMH paBHa |
(wn —1). Ilepeuncinum HUCXOJbI, OAATONPUSATCTBYIONINUE TOSBICHUIO
COOBITHS A

(1,2),(2,1),(2,3),(3,2),(3,4),(4,3),(5,4), (4,5), (5, 6), (6, 5).

10 5

[Tomygaem m =10. Torna P(A) % 18

CoObiTHiO B, cocTosiiiieMy B TOM, YTO Pa3HOCTb MEXIY OYKAMH,
BBHITIABIIMMH Ha JBYX KOCTSX, paBHA 2, OJIarompusiTHBI BOCEMb HCXO-
noB: (1,3),(3,1),(2,4), 4, 2),(3,5), (5,3), (4, 6), (6, 4).

Takum o6pazom,

pay- =2
36 9
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PazHocTh Mexy unciiaMu paBHa 3 Jis CJICAYIOIIUX Hap:

(1,4), (4, 1), (2,5), (5, 2), (3, 6), (6, 3).
6 1
3Hauut, P(C)=— = —.
36 6
Paznocts Mexmy unciamu paBHa 4 st ap: (1, 5), (5, 1), (2, 6), (6, 2).
4 1
3 P = —=_,
HauuT, P(A) 369
Pa3zHocTh Mexy unciamMu paBHa S s map: (1, 6), (6, 1).
3Hauut, P(E) = 2 i
36 18

1 1 1 1 5 1 5 1 1 1 1
Omeem: 1)—, —, —, =, —, —, —, —, —, —, —}
36 18 129" 36 6 36 9 12" 18 36
1 5 211 1

11. Ky0, Bce rpaHud KOTOPOTO OKpAIICHBI, PACIIMIICH Ha THICSIUY
KyOMKOB OJMHAKOBOro pasMepa. lloiydyeHHble KyOMKH THIATEIBHO
nepemMemanbl. OnpenennTb BEPOATHOCTh TOTO, YTO KyOUK, U3BJICYECH-
HBI Hayjaady, OyJeT UMETh: a) OJIHY OKpaIlleHHYI0 CTOpOHY, 0) JBe
OKpalllEHHbIE CTOPOHBI, B) TPH OKPAIIICHHBIE CTOPOHBI.

Pewenue.

Bcero kyoukor n = 1000.

VY ky0Oa 6 rpaHei, Ha KaXJI0M U3 KOTOPBIX JexaT 64 kyOuka ¢ of-
HOM OKpAIlIEHHOW CTOPOHOM. 3HAYUT BCETO TaKUX KyOHKOB (CleoBa-

TEJIbHO, U OJArONPUSATHBIX UCXO0B) OyneT 64-6 = 384.

P(A)= o2 = 0,384,
1000
Ky0 umeer 12 pebep, Ha KaXJAOM M3 KOTOPBIX MO 8§ KyOHUKOB C

JIBYMSI OKpallleHHbIMUA cTOpoHaMHu. [TosTomy m = 12-8 = 96.

P(B)=—2_ =0,096.
1000
Ky6 nmeer 8 BepimH, cie10BaTeNbHO, 8 KyOUKOB OyIyT UMETh TPU
OKpallleHHbIe CTOPOHBI. Takum 00pazoM, m = 8. P(C) = ﬁ =0,08.

Omeem. a) 0,384; 6) 0,096; B) 0,08.

12. Ha »51exTpoJiaMIIOBOM 3aBOJI€ OTHOCUTEIbHASA YacTOTa Opaka
aammiouek cocrasmiia 0,004. Haiitu oxppaemMoe 4YHCIIO TOOHBIX JIaM-
noyek B naptuu u3 100 000 mwryxk.

13. Kaxaomy maccaxkupy 1oesjia Bpy4aeTcsi CTpaxoBOM MOJIUC Ha
30 000 pyOneii npu B3uManuu ¢ Hero 5 py0. KakoBa cpeansisi npu-
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ObLIb cTpaxoBoil koMmanuu oT npoaaxu 400 000 O6unetos, ecnu He-
CYACTHBIE CIy4au MPOUCXOIIT B CPEAHEM C OJHUM MACCAKUPOM H3
100 000 yenosek? (CuuTaTh, YTO CTPAXOBKA BHIIIAYMBAETCS TOJIBKO B
ciy4dae TuOesii maccakupa).

Pewenue.

OTHOCHUTENbHAA YaCTOTa Ipoe3fa Mnaccaxxupa 0e3 HecuacTHOIO
cayvasa paBHa 1— 0,00001 = 0,99999. C Takoi 4acTOoTOM KOMIIAHUS
noydaer ¢ maccaxupa 5 py0., ¢ yacroroi 0,00001 ona BeIIUTauMBaeT
3a ogHOrO Taccaxupa 29 995 py0. (Tak kak 5 py0. OHa ¢ maccaxxupa
u3bsina). CienoBaTeabHO, €€ OKuaaeMas IpuObLIb C MPOJAXKH OJTHOTO
ounera coctaBiasier = 5-:0,99999 — 29995 -0,00001 =4,99995 —
0,29995 =4,7 (py6). Torna ¢ npogaxu 400 000 6uneToB OXKUaeMas
npuobLTs cocTaBut 1 880 000 pyoO.

14. B ypue 10 6enbix, 15 yepHbix, 20 cuHUX, U 25 KPaCHBIX IIAPOB.
Bemynu oaun map. KakoBa BEpOATHOCTH TOTO, YTO BBIHYTHIA IIAP:
1) 6enb1it? 2) uepHsiii? 3) cuHuii? 4) KpacHbI? 5) O€bIi UKW YEPHBIA?
6) CUHMIA WM KPACHBIN? 7) OeNbli, U YePHBIN, WIIA CUHU?

15. NmeroTcst ABE KOHIIEHTPUYECKUE OKPYKHOCTU C paaUMyCaMH
Su 10 cM coorBercTBeHHO. HallTu BEpOATHOCTH TOTO, UTO TOYKA,
OporieHHas Hayraj B OOJBIION KPYT, MOMAJET B KOJbIIO, 0Opa3oBaH-
HOE OKPYKHOCTSAMU.

16. B okpyXHOCTb BIicaH KBaapaT. B kpyr, orpaHU4E€HHBINA 3TON
OKPY>KHOCTBIO, HayJauy OpocaeTrcs Touka. KakoBa BEpOSTHOCTb, UTO
OHa MomnajeT B KBajpar?

17. B OKpy>XHOCTh BOUMCAaH MPABUIIBHBIN TPEYTrOJbHUK. B Kpyr,
OTpaHUYEHHBIA ATOM OKPY>KHOCTHIO, Haymady Opocaercss Touka. Ka-
KOBa BEPOSITHOCTh, UTO OHA MOMAaAET B 00JIaCTh, OrPAaHUYEHHYIO Tpe-
YTOJIbHUKOM?

18. B xBazgpar co CTOpOHOM a BIHMCaHa OKPYXHOCTh. Hawkmure
BEPOSATHOCTH TOT'0, YTO TOYKA, HAyJAa4y MOCTaBJICHHAsA B KBaJpar, IMo-
MaJIeT B KPYT, OTPAHUYEHHBIN OKPYKHOCTBIO.

19. /IBoe mOroBOpWIMCH O BCTPEYE HA CIEAYIOIIUX YCIOBHUSIX:
KaXJbIH MPUXOJUT B YKA3aHHOE€ MECTO HE3aBUCHUMO JAPYT OT Jpyra u
HayJady B JIr000i MoMeHT BpeMeHu oT 13.00 go 14.00. ITpuas, oxu-
nmaeT He Oosiee mofiydaca, a yxoauT He no3aHee 14.00. KakoBa Bepo-
ATHOCTh TOTO, YTO OHHU BCTPETATCS?

20. IIpoTMBOTaHKOBBIE MHHBI MOCTABJIEHBI Ha MPSAMOM YEpeE3
15 merpoB. Tank mumpuHOM 3 MeTpa MIAET NEPNECHAUKYJSIPHO ITOU
npsimoid. KakoBa BEpOSITHOCTh, YTO OH MOJIOPBETCS?
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5.2. Asreebpa cobvimuil.
Bepoamnocmu cymmotl u npousbedenusn coowvimuil

BbIuncnsaTh BEpOSTHOCTH CIIYYaWHBIX COOBITHI MO OMNPEIECICHUI0
BEPOSITHOCTH COOBITHS OBIBACT MOPOH JTOBOJILHO 3aTPYyIHUTEIBHO. [1o-
ATOMY JJISI BBIYMCJICHUS BEPOSITHOCTEHM TOJB3YIOTCS TpaBHIIaMH, II0-
3BOJISIIOIIIMMU 110 M3BECTHBIM BEPOSTHOCTSIM OJHUX COOBITHUH BBIUKC-
JSITh BEPOSTHOCTH JIPYTHX COOBITHH, TOIyIaeMbIX U3 HUX C ITOMOIIBIO
HEKOTOPBIX onepanui. [{agnum onpenesieHust 3TUM OTEPALISIM.

Cymmoii coovimuit A u B HazpiBaeTcs coObiTHe C, KOTOPOE CO-
CTOUT B TOM, YTO MPOUCXOIUT XOTSA OBl OJTHO W3 JAHHBIX COOBITHIA.
O6o3HaueHrne cyMMbl: C=A+B.

Ilpouszeeoenuem coovimuit A u B naswiBatoT coObiTue C, co-
CTOsIIIIEE B TOM, YTO MPOUCXOAAT 00a coobitust 4 u B. O6o3HaueHuUE:
C=4-B.

Coovimuem, npomueono0HcHvIM codbimuto A, Ha3bIBAIOT CO-
OBITHE A, KOTOPOE COCTOMUT B TOM, 4TO A He MPOUCXOJIMT, TO €CTh €C-
1 A He IPOMCXOIUT, TO IPOUCXOANT A.

Temepp ykaxkeM (HOPMyJIbI, IO KOTOPHIM MOYKHO BBIYHCIISATH Be-
POSITHOCTHU ONPE/ICICHHBIX BBIIIE COOBITHH.

l. P(A+B)=P(A)+P(B)-P(A-B)), eciiu coObiTust A 1 B coBMme-
CTHBI;

2. P(A+B)=P(A)+ P(B), eclii COOBITUS A U B HECOBMECCTHEI.

CoObITHSI 4 U B HaA3BIBAIOTCS HE3ABUCUMBIMU, €CIIU TIOSBIICHUE
OJTHOTO M3 HUX HE MEHSET BEPOSATHOCTH MOSBJIEHUS JApyroro. B mpo-
TUBHOM CJIy4ac COOBITHS HA3bIBAIOTCS 3A8UCUMBIMUL.

Yucno, BeIpakaroIee BepOITHOCTb COOBITUS 4 MPH YCIOBUM, YTO
MIPOM3OIILI0 COOBITUE B, HA3BIBACTCS YC/I0GHOIU 8EPOAMHOCHbIO CO-
OBITHUS A OTHOCHTEIBLHO B M 0003HAYAeTCsI CHMBOJIOM P(A/ B).

CoOnITHsI 4 M B He3asucumbl, ecid P(A/ B)= P(A).

3. P(A-B)=P(A)- P(B) Ais HE3aBUCUMBIX COOBITHI;

4. P(4-B)=P(A)-P(B/ A)= P(B)- P(4/ B) JJi 3aBUCUMBIX COOBITUI.

5. Eciu coObITs 4, ,4,,...,A, HE3aBUCUMBI B COBOKYIIHOCTH (TO
€CTh ISl JIIOOOTO IOJMHOXKECTBA ATHUX COOBITHI BEPOSTHOCTh HX

MPOM3BEICHNS paBHA MTPOU3BEIACHUIO BEPOSTHOCTEH), TO BEPOSTHOCTD
HaCTyrlJIeHI/IH XOTA 6I>I OJJHOI'O H3 3THUX CO6I>ITPII>1 BBIUUCIIACTCA IIO
dbopmye:
P(A+A,++A)=1-P(4)-P(4,)-.... P(4).
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3agauu

21. Monera noaOpacbeiBaeTcsa Tpu pa3za. CoObiTue A; — MOsIBICHUE
repba npu i-M ucxoze. IIpeacTaBuTh ¢ MOMOIIBIO OMEpaIuii ClIoXKe-

HUSL 1 YMHOXEHUS COOBITUN A; U 4 clenyroiue COObITHS:

a) A — Bce Tpu pasa BBIMAJAET repo,

0) B — Bce Tpu paza nosiBuTCs nudpa,

B) C — X0Ts Obl OMH pa3 MOSIBUTCS TepO,

r) D — B TOYHOCTH OJIUH pa3 MosIBUTCA LHUdpa,

1) E — He MeHee IByX pa3 BHIMIAJIET repo,

e) F — rep0 BrimazieT He paHbllie TPETHETO pasa.

22. bpocwiii MEIHYIO U CepeOpsIHYI0O MOHETHI M PACCMOTPENH CO-
OBITHS:

A —rep0 BbITIAT HA MEJHON MOHETE,

B — nu¢pa Beinana Ha MeTHOM MOHETE,

C — rep0 BbINIaN Ha cepeOPSAHON MOHETE,

D — nudpa BeInana Ha cepeOpsiHON MOHETE,

M — BeInas XoTst O OAWH TEPO,

F — BpImana xots Obl ogHa 1udpa,

G — BbINaja 0J1MH rep0O 1 ojHa Hudpa,

H — rep6 He BbINai HU OJIHOTO pasa,

K — BrInIano gBsa repoa.

Kakum cOOBITUSIM U3 ATOTO CIIUCKA PABHBI COOBITHS:

1)A+C; 2)A-G; 3) M- F; 4G+ M,

5)B + D; 6) B - D; M+ K.

23. 1o MuIeHn TPOU3BOINTCA TPHU BhICTpena. PaccmaTpuBaroTces
coObITUSA A, — «TOMaanue mpu k-m BeIcTpene», k =1,2,3. [loap3ysch

omepanusIMi HajJ COOBITUAMH A, , 3anumuTe GOpMyIbl CIETYIOMNUX

COOBITHI:
A — Bce TpU NomnaJiaHus,
B — BCce Tpu npomaxa,
C — X014 OBI OJIHO IOIIAJIAaHUE,
D — xoTs ObI OJIMH MpOMaXx,
E — He MeHee ABYX MOMa aHui,
F — He Oonee oxHOrO MomagaHus,
G — nonagaHue B MUIIIEHb HE PaHbIIIC TPETHETO BBICTPEA,
H — poBHO 0/1HO TIONIaianme,
K — poBHO /1Ba nomnamaHus.
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24. CTpenok CTpelseT 0 MUIIEHHU, pa3/IeJIeHHON Ha Tpu obac-
Tu. BeposTHOCTH Tonajganus B nepByo obsacts paBHa 0,45, Bo BTO-
pyto — 0,35. Haitgure BepoSITHOCTh TOT'O, YTO CTPEJIOK MOMNAJET B MEP-
BYIO WJIM BO BTOPYIO 00JIaCTh.

25. B macTepckoii paOoTaroT TpU CTaHKA. 3a CMEHY IEepBBIN CTa-
HOK MOXET MOTpeOoBaTh HaJIaaKku ¢ BepoaTHocThio 0,15. s BTOpOTO
CTaHKa 3Ta BepoaTHOCTh paBHa 0,1, a mnsa Tperbero cranka — 0,12.
Haiinyute BEpOSTHOCTh TOTO, UTO 32 CMEHY XOTsI ObI OJTMH CTAHOK I10-
TpeOyeT HaJlaJIKu, CUUTasi, YTO OJHOBPEMEHHO CTAHKH HaJaJKHU TO-
TpeOOBaTh HE MOTYT.

26. B niexe paboTaet HECKOIBKO CTaHKOB. BeposITHOCTH TOTO, YTO
3a CMEHY moTpeOyeT HalaJKd POBHO OJMH CTaHOK, paBHa 0,2. Bepo-
SITHOCTb TOT'O, UTO 3a CMEHY NOTPEOYIOT HAJIAJIKW POBHO JIBa CTAHKA, —
0,13, 6ompme nByx ctankoB — 0,07. KakoBa BepOSATHOCTh TOTO, YTO 32
CMEHY MPUJIETCS TPOBOAUTH HANAJAKy CTAHKOB?

27. bpocatotcs 1Be UrpalIbHBIX KOCTU. KakoBa BEpOSITHOCTH TOTO,
YTO BbITIaJIa XOTs OBI OJIHA IIecTepKa?

28. B xone 3aaepkaHus MPECTYIHHUKA ObLIO MPUMEHEHO OTHe-
CTpelbHOE OpyXHe. BeposiTHOCTh TomnajaHusi B >KU3HEHHO Ba)KHbBIC
opranbl paBHa 0,3, B octaynibHble yacTu Tena — 0,2. Halaure BeposT-
HOCTB TOT'0, UTO MPECTYIHUK PAHEH B PE3YJIbTATE OJHOTO BBICTPEIIA.

29. IlonOpackiBatoTcs J1B€ MOHETHI. PaccmarpuBaroTcsi: cOObITHE
A — mossrnenue 1udpel Ha MEpBOM MOHETe, coObITHE B — mosBieHne
udpsl Ha BTOpoit MoHeTe. Haliaute BeposiTHOCTL coObiThst C = A + B.

30. bepercst Haynauy Tpex3HayHOe 4yuCiI0. KakoBa BEpOSITHOCTH
TOT0, YTO XOTS OBI JIBE €ro Mupbl COBIMAAAI0T?

31. BeposatrHocTh TOro, 4To CTyAeHT CHHMIBIH CAACT SK3aMEH I10
npeamety A pasHa 0,9, a BEpOATHOCTh YCIECIIHOM CIA4M SK3aMEHa I10
npeametry B mis Hero paBHa 0,7. KakoBa BEpOATHOCTH TOrO, YTO OH
yCHEUIHO cIacT 00a sK3aMeHa?

32. B nepBom suke S 0enbix U 10 yepHbix mapoB. Bo Bropom
smuke 12 6enpiX u 4 depHpIX mapa. M3 Kaxaoro smuKka BBIHYJIH 10
mapy. KakoBa BeposiTHOCTb TOro, 4To 1) 00a mapa o6emnpie? 2) OJIUH U3
BBIHYTBIX IIAPOB YEPHBIM, a IPyroil OebIii?

33. Ilo gemy o0 Kpaxke B CyJ€ HaXOMSATCS TpU CBUIETENA. Bepost-
HOCTb TOT'O, YTO TMEPBBIM CBUJACTENb JACT JIOKHBIC MOKA3aHUsI, paBHA
0,3, 11 BTOPOro BEPOSTHOCTH JIa4M JIOKHBIX MOKa3zaHuu paBHa 0,5, a
st Tpetbero — 0,4. KakoBa BEpOATHOCTh TOrO, YTO &) BCE TPU CBUJE-
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TeJIs TOBOPSAT MpaBay? 0) mpaBay TOBOPUT B TOYHOCTH OJWH U3 HUX?
B) 10 KpailHel Mepe, OJIMH U3 HUX TOBOPUT MpaBay?

34. TlonOpaceiBatoT Tpu MOHETHL. Halaute BepOsSTHOCTH TOTO,
4yTO repO BBIMAACT HA BCEX TPEX MOHETAaX.

35. UrpanbHbiil KyOuk mojaopoiieH 3 pa3a. Haiiaure BeposSTHOCTD
TOTO, YTO BCE TPH pa3a BHIMAJET IBA OUKA.

36. DnekTpudeckas 1Eelb MEXKIy TOYKa-

Mu M u N cocTaBiieHa TIO CXEMe€, MPUBE/ICH- ’711 _‘

HOI Ha pUcyHKe. Boixoq u3 ctpos 3aBpema T o " o
Pa3JIMYHBIX 3JIEMEHTOB IIEMU — HE3aBUCUMBIE L J
coObITHSI. BeposTHOCTH BBIXOJA W3 CTPOS g
anemeHnTa k pasHa 0,6, anementa 1, paBna 0,4, Puc.

anemenTa l, — 0,7, 15— 0,9. Onpenenute Bepo-
SATHOCTH pa3phiBa LIEMH 32 YKa3aHHBIA TPOMEKYTOK BPEMEHH.

Pewenue.

O06o03HauuM 4yepe3 A COOBITHE, COCTOAIIEE B BBIXOJE M3 CTPOS
sanemenTa k, a dyepe3 B — BBIXOJ W3 CTpoOsl BCEX TpeX DJIEMEHTOB I;
(1=1, 2, 3). Torna uckomasi BEpOsSTHOCTb

P(A+ B)=P(A)+P(B)- P(A-B).
Tak kak P(A) =0,6,a P(B)=P(l,)-P(1,)-P(1,)=0,4-0,7-0,9=0,252,
TO0 P(A+B)=0,6 +0,252 - 0,6 - 0,252 =0,852 — 0,1512 = 0,7008.
Omeem: 0,7008.
37. CTyaeHT u3yyaeT TpaxIaHCKOE MPaBO, aHTJIUMCKUN SI3BIK U

YT'OJJOBHOC IIPaBO. On OOCHUBACT, YTO BCPOATHOCTH IOJIYYUTb «OT-

1 1 1
JIMYHO» I10 3TUM KYpPCaM paBHA COOTBCTCTBCHHO 5, 5 n Z .B IMpecaIio-

JIOKE€HHH, YTO OLIEHKHU CTYAEHTA MO TPEM JUCHMIIIIMHAM HE3aBUCHMBI,
HaWJIUTE BEPOSITHOCTh TOTO, UTO 1) OH HE MOJIYUYUT HU OJHOU «IIATEp-
KW»; 2) TOIYYUT «IATEPKY» TOJBKO IO IPaKJIaHCKOMY IIpaBy.

38. B konuike octaioch mecTh MOHET: YeTbipe no 10 xomeek u
nBe no 50 koneek. M3 Hee u3BJIEKAIOT MOCIEIOBATEILHO OJHA 3a IPY-
roii aBe MoHeThl. KakoBa BEPOSTHOCTH, YTO HM3BJICYCHHBIE MOHETHI
OynyT 1) omHOro fOCTOMHCTBA? 2) pa3HbIX TOCTOMHCTB?

39. Tpu cTpenka CTpensioT no 1eau. BeposSTHOCTh mornagaHust B
neJb JUIg TepBoro crpenka paBHa 0,75, mims Btoporo — 0,8, mis
Tperbero — 0,9. Onpenenure BEpOATHOCTh TOTO, UYTO B LEIb MOMAJECT
XOTs OBl OJIUH CTPEJIOK.
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Pewenue.

1-u cnocob6. Ilyctb coObITHE A COCTOUT B TOM, UTO TIEPBBIN CTPEIOK
NoNaJeT B LEedb, B — yTo BTOpOii nmonaget B ueib, C — B 1eJIb TONAAET
Tpetuii, D — B 11enb nonajet xots 0b1 onuH. Torma D =A + B + C.

P(D)=P(A4+B+C)=1-P(4BC)=1-P(4) - P(B) - P(C)=
=1-(1-0,75)-(1 -0,8)(1-0,9)=1-0,005=0,995.

2-1i cnoco6. ITpuMeHuM MpaBUIIO CI0KEHUS BEPOSTHOCTEH:

P(D)=P(A+B+C)=
P(A)+ P(B)+ P(C)—P(A-B)—P(B-C)—P(A4-C)+ P(4-B-C).
P(D)=0,75+0,8+0,9-0,6-0,675-0,72 + 0,54 = 0,995.

40. Jlns oxpansl opranuzanuei B opuce ObUTM yCTAaHOBJIEHBI J1BA
CUTHaAJIM3aTopa, padOoTaIoIMIMX HE3aBUCUMO APYr OT Apyra. Beposr-
HOCTh TOTO, YTO NpPU HE3aKOHHOM MPOHUKHOBEHUH B TOMEIICHUE
CUTHaJIM3aTop cpaboraer, paBHa 0,85 nJig MepBOro CUrHaaM3aTopa H
0,92 nns Broporo. Haiinure BEpOATHOCTH TOTO, YTO MPHU HE3aKOHHOM
MPOHUKHOBEHUU CpaboTaeT 1) TOJBKO OJIMH CUTHAIU3ATOP; 2) XOTS
OBI OJTMH CUTHAIU3ATOP.

41. BepoATHOCTb TOT0, YTO CTYJCHT CHACT NEPBBIMA K3aMEH, PaB-
Ha 0,9, BEpOSITHOCTh TOTO, UYTO OH CAACT BTOPOW 3K3ameH, paBHa 0,6,
Tpetuit — 0,7. Haliniure BEpOSITHOCTH TOTO, YTO

1) oH coacT XOoTs ObI OJIMH DK3aMEH,;

2) OH CIACT TOJIBKO 2 PK3aMEHa;

3) oH czacT He OoJiee IByX SK3aMEHOB;

4) oH cacT 6oJiee IByX SK3aMEHOB;

5) OH cAaCT TOJBKO OJWH PK3aMEH.

42. BeposITHOCTY MOSIBJICHUST KAXKJIOTO U3 JIByX HE3aBHCUMBIX CO-
ObITUIl A| U A, paBHBI COOTBETCTBEHHO P U P,. Haiinure BeposITHOCTH
MOSIBJICHUSI TOJBKO OJHOTO U3 3TUX COOBITHIA.

43. Tpu cTpenika HE3aBUCUMO JPYT OT JAPyra CTPEISIOT MO EJIH.
BepositTHOCTh monaianus Jy1st nepBoro crpenka pasHa 0,8, st BTopo-
ro — 0,75, nns tpetbero — 0,7. KakoBa BEpOSITHOCTB:

1) XoTst OBI OJTHOTO MONAJAHMS,

2) POBHO OJTHOT'O TIOIaIaHus,

3) pOBHO JIBYX IOIAa/IaHUH,

4) Tpex momnaaaHui, €CIu KaXxJbli ClIeJIa)l IO OJTHOMY BBICTPETY?

5) KakoBa BepOSTHOCTh TOTO, YTO BCE MPOMaXHYJIUCH?

44. Tpem cTyJileHTaM HYKHO PEIIUTH IO 33Ja4€ B TEYEHHUE MONY-
yaca. BeposTHOCTH TOro, 4TO CTYAEHTHI BBINOJHSIT CBOE 3aJlaHUE B
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1
CpPOK, COCTaBJISIIOT COOTBETCTBCHHO 3 -

n —. KakoBa BepOATHOCTH

TOr0, YTO Uepe3 moJjiuaca BCe TPHU CTYJICHTA peuiaT cBou 3aaaun? Uto
3a/1a4M PeIaT TOJbKO JBOE CTYJEHTOB?

45. B nepBoM sIIMKe JIeKaT @ 0enbIX U b YepHbIX mapoB. Bo BTO-
POM SIIIUKE — ¢ OCNBIX U d YEepHBIX MapoB. M3 KakI0ro sAIUKa BbIHY-
nu 1o mapy. KakoBa BeposiTHOCTh, 4TO 00a 11apa YepHbie?

46. 13 36 xapt Hayraja BRIOMPAIOT JIBE KapThl OJHY 3a APyroi, 6e3
BO3BpAlllcHUS] B KOJOAY NEpPBOWM BBIHYTOM KapThl. KakoBa BeposT-
HOCTb TOT'0, UTO

a) OyIyT BBIHYTHI JiBa Ty3a?

0) mepBOil BBIHYTOM KapTOM OKa)KeTCs JaMa KpecTen?

B) HE OyJIeT BBIHYT HU OJUH Ty3?

r) OyIyT BBIHYTHI IIECTEPKA U BaJIeT KPeCcTeu?

1) BTOPOIl KapTOM OKaXETCsl Ty3 MUK ?

Pemmute 3Ty ke 3amauy AJis ciydasi, KOTrjia riepBas BrIOpaHHas Kap-
Ta BO3BPAILIACTCs B KOJIOAY MEpe]] TEM, KaKk BHIOMpAETCsl BTOpasi KapTa.

47. B sinuke uMeroTcst 7 OenbIX, 8 YEPHBIX U 5 KPACHBIX IIAPOB OJ1-
HOTO pasmepa. Hayran BeiHMMaroTCs mompsa asa mapa. Kakosa Bepo-
ATHOCTb TOTO, YTO: a) OyJyT BBIHYTHI JBa YEpHBIX 1apa? 0) OyayT BbI-
HYTbI O€JIbIN 1 YepHBIN 1mapbl? B) OyIyT BHIHYTHI IIapbl OJJHOTO 1IBETA?
I') BTOPOH 1Iap oKaxxeTcst 0eapiM? ) TIEPBBIN IIap OKAXKETCS KPACHBIM?

48. 13 xapTO4E€K COCTABJIEHO CIIOBO «CJIENOBATEINbY. M3 HUX BBbI-
OuparoT Hayraj Moo4epeaHo 4 KapTOUKU U MPUCTABISIOT OAHY K JPY-
roif (B TOM MopsJIKe, B KOTOpOoM BeiOHpainu). KakoBa BeposiTHOCTh TO-
ro, 4YTo TIOJYYUTCS CJIOBO: 1) «zemoy; 2) «cien»; 3) «celby;
4) «tenoy; 5) «cBeT»?

49. Onpenenure BEPOSTHOCTh TOrO, YTO HA BBIPBAHHOM HAyIady
JUCTKE HOBOTO KajneHaaps (365 mHel) OKaXeTcs: a) YETHOE YHUCIIO,
0) uucio 10, B) HeYeTHOE YuCo?

50. BeposTHOCTH TOr0, 4TO MOACYAMMOTO IMPU3HAOT BUHOBHBIM
o mepBou crarwe, paBHa 0,6, a mo Bropoiut — 0, 3. Haliaure Bepost-
HOCTb TOT0, YTO MOJCYJAUMOTO MPU3HAIOT BUHOBHBIM XOTs ObI 1O OJ1-
HOM CTaThe; TOJBKO MO OJHOM CTaTheE.

51. bpocunu urpaneHyto KocTb. Haliiure BEpOATHOCTh TOTO, YTO
BBIMTAJIO MPOCTOE YUCIO OYKOB, MPU YCIOBHH, YTO YKCJIO BBHIMABIINX
OYKOB HEYETHO.
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52. B smuke nexar 12 kpacHbix, 8 3eneHblX U 10 cuHUX m1apos,
OJIMHAKOBBIX Ha omlynb. Haynauy BeiHuMaercsa onus map. Kakosa Be-
POSITHOCTB TOT'O, YTO OH KPACHBIW, €CIIA U3BECTHO, YTO OH HE CUHUI?

53. B smuke nexar 12 kpacHbix, 8 3eneHblX U 10 cMHUX 1m1apos,
OJIMHAKOBBIX Ha omynb. Haynauy BeiHMMaroTcs asa mapa. Kakosa
BEPOATHOCTh TOTO, YTO: l) OHM 3€JEeHBbI€, €CIIM W3BECTHO, YTO MPH
ATOM HE€ BBIHYT CHHMI 11ap; 2) BBIHYTHIE IIAPhl Pa3HOILIBETHHIC, €CIIU
U3BECTHO, YTO HE BBIHYT CHHUU ap?

54. BenyTcs MOMCKM YEThIPEX MPECTYNMHUKOB. KaXkpIii M3 HUX He-
3aBHCHUMO OT JAPYTUX MOXKET ObITh OOHAPY>KEH B TEUEHUE CYTOK C BEPO-
saTHOCTBIO 0,5. KakoBa BEpPOSATHOCTH TOTO, YTO B TEUCHHUE CYTOK: a) Oy-
JIeT oOHapYy>KeH XOTs Obl OJIUH MPECTYNMHUK? 0) 1Mo KpalHel Mepe, 1Ba
MpecTyNnHUKa? B) B TOYHOCTU JIBa MPECTYIMHUKA? T) BCE YEThIpE Mpe-
CTYTHHKA?

55. B rpynne 10 cryneHToB, cpeau KOTopbiX 4 oTianuHuKka. Ha
3aHATHM K JIOCKE BBI3BIBAIOT 3 CTyJAEHTOB. Hailaure BEpOATHOCTH TO-
ro, YTO CPEJId HUX XOTS ObI OJIUH OTINYHHUK.

56. Koponb ApTyp NpOBOIUT PHILAPCKUNA TYpPHUP, B KOTOPOM MO-
PAIOK COCTsA3aHMs onpenensercs xpedueM. Cpelld BOCbMH phILIapeH,
OJIMHAKOBO HCKYIICHHBIX B paTHOM jeie, aBoe Onm3HenoB. KakoBa
BEPOATHOCTh, YTO OHH BCTPETATCS B TYpHUpPE?

5.3. Iloanasa epynna codvimuil.
Dopmyaa noanoii Bepoamnocmu

HanomuauM, uto cobvimus A;, A,, ..., Ay obpazyrom noauyio epyn-
ny, €CJIM OHH TIOMAPHO HECOBMECTHBI M UX CyMMa SIBJIIETCA JOCTOBEP-
HBIM COOBITHEM:

A1 +A2+ +Ak:U.

ITycts coObitus H,,H,...,H, 00pa3yloT IOJHYIO TPYIILy M COObI-
THE A HACTYIMAET TOJIbKO IMOCJE HACTYIUIEHUSI OJJHOTO U3 3TUX COOBI-
THM, a KAKOTO UMEHHO, HEM3BECTHO. Toraa BEpOSTHOCTH COOBITHS A
BBIUUCIIACTCS 110 (hopMyJie

P(A)=P(H))-P(A/ H)+ P(H,)-P(A/ H,)+..+ P(H))-P(A/H ).

Ota hopMysa Ha3bIBaCTCA POpPMYN0Ul NOTHOU 8EPOAMHOCHIU, A
COOBITHS, H.,H,.. H, , IOCIE OTHOTO U3 KOTOPBIX HACTYIIACT COOBITHE

A, — eunomezamu.
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N3 dhopMysbl MOJHOW BEPOATHOCTH JIETKO HAWTH BEPOATHOCTH
P(Hi/ A) nns moooro i (i=1,n):
P(Hi/A) — P(Hi)'P(A/Hi)’
P(A)
rne P(A)=P(H,)- P(A/ H,)+ P(H,)- P(A/ H,)+..+ P(H )-P(A/ H,).

Oty hopMyy Ha3bIBalOT gpopmynoit baiieca.

Ee npuMeHsIoT 1py pelieHur TpakTUYeCKUX 3a/1a4, CBSI3aHHBIX C
BEPOSATHOCTHOM OIIEHKOM THUIIOTE3 IMOCJe MPOBEACHUS IKCIEPUMEHTA,
TaK KaK OHa IO3BOJISICT HAWTH BEPOSTHOCTH KaXKJIOW THIIOTE3bI IPHU
YCJIOBHHU, YTO COOBITHE TTPOU3OIILIO.

3agauu

57. IlocTynaromue B MarasvH 4achbl U3rOTOBIISIFOTCS HA TPEX 3a-
Bosax. IlepBriit 3aBoxa npousBoauT 40% mnpoaykuuu, BTopoit — 45%,
tpetuii — 15%. B mpomykumum mepBoro 3aBoaa 80% wYacoB cremiar,
BTOpOro 3aBojaa 70% wacoB cnemar, Tperbero — 90% 4acoB cremiar.
KakoBa BEpOSTHOCTH TOr0, YTO KYIUJIEHHBIC HAY/1a4y Yachl CIiemar?

58. Jleranu Ha cOOpKY MOCTYMNaloOT ¢ TpeX aBTOMaToB. M3BecTHO,
yTo mepBbii aBTomaT gaet 0,3% Opaka, BTopoi — 0,2%, Tperunii —
0,4%. HalinuTe BeposSITHOCTH MOMNajaHus Ha cOOpKY OpakoBaHHOI Je-
TaJll, €CJIM C TepBoro apromara nocrymwio 1000 geraneii, co BTOpo-
ro — 2000, ¢ Tpersero — 2500.

59. 1o camoJieTy NMpoOU3BOAATCS TPH BhICTpEa. BeposTHOCTH Mmo-
najaHus npu nepBoM BeicTpene paBHa 0,5, mpu BrOopom — 0,6, npu
tpetbeM — 0,8. Ilpu ogHOM Momaganuy caMojieT COMBAETCS ¢ BEPOSIT-
HocThiO 0,3, mpu ABYyX — ¢ BeposTHOCTHIO 0,6, a pu Tpex camojeT
cOuBaeTcs HaBepHsKa. KakoBa BEpOATHOCTh COUTH CaMOJIET?

60. JIBa cTanka MpOM3BOIAT ACTAIIH, TTOCTYITAFOITNE HA OOITHI KOH-
Beep. BEposATHOCTh MOJTyYeHUsI CTaHAAPTHOM AETal HA IEPBOM CTaH-
ke paBHa 0,9, Ha BTopoM — 0,85. [Ipon3BOAUTETBHOCT BTOPOTO CTAHKA
BIIBOC OOJIBIIIE TMPOU3BOIUTEIBHOCTH MepBOro. OmnpeneanuTe BeposT-
HOCTB TOT'O, UTO Hay/lauy B3ATas ¢ KOHBEWepa JeTallb CTaHJapPTHASL.

61. PaGouuii 0OCIyXKMBaeT TpU CTaHKA, Ha KOTOPBIX 00padaThI-
BaIOTCSl OJIHOTHUITHBIC AeTanu. BeposTHOCTh Opaka Jjisi IEpBOTO CTaH-
ka paBHa 0,02, qys BToporo — 0,03, mis tperbero — 0,04. O6paboran-
HBIE JIETAJIM CKJIQIBIBAIOTCS B OJIUH SIUK. [[pOU3BOIUTENIHHOCTD HEP-
BOrO CTaHKa B TpHU pasza OoJbIll€ MPOU3BOJUTEIBHOCTH BTOPOTO, a
TPETHETO B JIBA pa3a MEHbIIE, YeM BTOpOro. Onpeennre BEpOSITHOCTh
TOT0, YTO B3siTasi HAyAady U3 SIIHUKA JeTallb OyJeT OpakOBaHHOM.
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62. B Genom smuke jiexxar 12 kpacHbIX U 6 CUHUX 1IapOB, OJIMHA-
KOBBIX Ha OWIyNb. B xentoMm simuke jiexxar 15 kpacHsix u 10 cuHuX
OJIMHAKOBBIX Ha OILIYNb MIApOB. bpocaercs urpanbHas kKocthb. Eciu
YUCJIO BBIMABIIMX OYKOB KPaTHO TPEM, TO HayJlauy BHIHUMAIOT II1ap U3
oenoro smmuka. Eciv 4uciao BBIMABIIMX OYKOB HE KPaTHO TPEM, TO
HayJayy BBIHMMAKOT IIAp W3 KENTOro simuyka. KakoBa BEpOSITHOCTH
BBIHYTb KPacHbIU map?

63. Crapiiass 104b MOET MOCYAY pa3 B HEIENI0. BeposTHOCTH TO-
ro, 4TO OHa Pa3o0bET TapeiKy, cocTaBisieT 5%. Mnaamas 104b MOET
MOCYAy BO BCE OCTajJbHbIC JHU. BEpOSTHOCTH TOTO, YTO OHA Pa300bET
Tapenky, paBHa 20%. KakoBa BepoSITHOCTh TOr0, UTO B Cpeay BO Bpe-
Ms MBIThSI IOCYIbl OyeT pa3outa Tapenka? KakoBa BEpOSTHOCTb, UTO
3Ty TapenKy pazOuia Miaiiias 104b?

64. ®upma npomaer Oartapelku, U3rOTOBJICHHBIE HA JIBYX 3aBO-
nax. IlepBbiit 3aBojg mocrapisgeT Ha pupmy 60% Oatapeek, BTOpOM —
40%. BeposaTHocTh Opaka Ha IEpBOM 3aBojie cocTaBiisieT 3%, Ha BTO-
pom — 4%. Haiinure BeposSTHOCTH TOTO, UTO KyIJICHHas Ha ¢pupme Oa-
Tapeiika okaxercs 0e3 Opaka. HaiiguTe BEepOSITHOCTH TOrO, 4TO 3Ta
Oarapeiika U3roTOBJIEHA HA IIEPBOM 3aBOJIE.

65. B nByx nmaketax HaxoasaTcs 1o 20 KoH(eT oauHaKoBoH Gop-
MbI. B niepBom makeTte 5 koH(DET ¢ TEMHON HAYMHKOM, a OCTAIbHBIC —
co cBeTioil. Bo BTopoMm — 8 kKOH(pET ¢ TEMHOW HAYUHKOW, a OCTAJIb-
HbIE — CO cBeTJION. M3 Haymady BBIOpAaHHOTO MakeTa OEpyT OJIHY KOH-
dety. KakoBa BepoATHOCTH, 4TO B3siTa KOH(ETa C TEMHOW HAUUHKON?

66. B marazuHe mojnoBHHA BCEX TOBAPOB MPOU3BEJICHA HA MEPBOU
dbabpuke, 1/3 Bcex TOBapoB — Ha BTOpoH, 1/6 Bcex TOBapoB — Ha
TpeTbeil. BeposaTHocTh Opaka Ha mepBoi (adbpuke cocrasiser 0,04,
Ha BTopou — 0,01, Ha Tpetwei — 0,04. Kynneno onno uznenue. Kakosa
BEPOSITHOCTh, YTO OHO OpakoBaHHOEe? KakoBa BEpOATHOCTH, YTO KYII-
JIeHHOe OpaKOBAaHHOE M3/IeJIe U3rOTOBJICHO HAa TpeThell (hadpuke?

67. IlepBas cexkperapb-marmHucTka HaoOpanga 200 cTpaHul] TEKCTa U
B 5% u3 HuX caenana ommoOku. Bropas mammauctka Habpana 300 crpa-
Hull ¥ B 3% U3 HUX caenana omubku. Haynauy s npoBepky BelOpaHa
oJiHa cTpaHuIia TeKkcTa. C KaKoi BEpOSTHOCThIO OHA COJCPIKUT OITUOKHN?

68. B nepBoii ypHe 5 Oenbix U 15 depHBIX IapoB, a BO BTOPOU
ypHe — 4 0enbIX U 8 YepHbIX MapoB. M3 mepBoil ypHBI BO BTOPYIO Iie-
PENOXKUIN OJIUH Iap. 3aTeéM U3 BTOPOM YPHBI BBIHYJIM OJIMH IIap.
C Kako¥ BEpOSATHOCTBIO ATOT IIAP OKAXKETCS OEIbIM? YepHBIM?
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69. B niepBoii ypHe 20 mapoB, cpesid KOTOPBIX 5 1IapoB — OelbIe.
Bo BTOpoit ypue 10 mapoB, u3 Hux 3 0enbix. M3 kaxa0il ypHbI B3sUIH
Hayjady IO OJHOMY IIapy, a 3aTeM M3 3THUX JBYX IIapoB BhIOpaiu
Hayjauy oJuH map. C Kakoi BEPOSITHOCTHIO OH OKaXKETCsl O€JIbIM?

70. Ha sk3aMeHe CTyACHTY IIpejyiaraeTcs BbIOpaTh Hayraj OJMH U3
20 sx3amMeHanMoOHHLIX OmieToB. OH MOYKET OTBETUTH Ha «OTIMYHO)» Ha
8 omieToB ¢ BeposATHOCTHIO (0,9, eme Ha 10 OUIETOB — C BEPOSTHOCTHIO
0,6 u Ha 2 Ousera — ¢ BeposTHOCTHIO 0,2. Haiinure BepoSITHOCTh TOTO,
YTO CTYJICHT, BEIOpAB OMJIET, OTBETUT HA HETO HA OTIMYHOM.

71. B sAmuk, coaepskaimuii 2 mapa, ormyckarT Oesbli map, mocie
4Yero u3 Hero Haygady OepyT map. Haligute BEpoSITHOCTH TOTO, YTO
U3BJICUCHHBIN I1ap O€IbId, eciii BCe MPEIOI0KEHHs O TepBOHAYATb-
HOM COCTaB€ IIApPOB M0 I[IBETY PABHOBO3MOXKHHBI.

72. B cneuuanu3upoBaHHYIO OOJBHUIYY TOCTYHAlOT B CPEAHEM
50% OompHBIX ¢ 3a00neBanneM A, 30% OonpHBIX ¢ 3abojieBaHuEeM b,
20% — ¢ 3aboneBanuemM C. BeposSITHOCTh MOJIHOTO M3JICUCHUS OOJIC3HU
A pasna 0,7. Jlns Gonesneirt b u C 3Tu BEPOATHOCTU COOTBETCTBEHHO
paBubl 0,8 1 0,9. bonbHOM, MOCTYNUBIIHNI B OOJILHUITY, BBITTUCAH 3/10PO-
BbIM. HalimuTe BEpOsSTHOCTB TOTO, UTO OH CTpajall 3a00JIeBaHUEM A.

73. IlpenogaBarenp WIYTKH paau MPEIIIOKUI CTYIEHTY paclpe-
JEIUTh MO ABYM ypHam 2 OenbiXx u 1 yepnbiii map. [IpenomaBarens
BBIOMpAET HAayraJl ypHy ¥ BblHUMaeT u3 Hee 1 map. Eciu map Oyner
OeIbIi, TO CTYJIEHT MOJIy4YaeT 3a4eT M0 TeOopuu BeposTHocTel. Kakum
00pa3oM CTYJEHTY CIEIyeT pachpeaesiuTh IIapbl MO ypHaMm, YTOObI
UMETh HAauOOIBIINUM IIAHC TOJTYYHUTh 3a4eT?

74. merotcs Tpu Kosoasl 1o 36 KapT M JIBE KOJIOIBI IO 52 Kap-
Thl. Haynauy BeiOupaeTcs kojioaa, a u3 Hee kapra. 1) KakoBa BeposiT-
HOCTb TOTO, UTO B3ST Ty3? 2) B3sitas kapra okazanach gamoi. Kakosa
BEPOSITHOCTH TOTO, UTO OHA B35TA U3 KOJIOABI B 36 KapT?

5.4. Cayuaunvie Beauununol

5.4.1. IlousiTue ciy4ailHON BeJIMYMHBI. 3AKOH pacnpeae/IeHust
AMCKPETHOU CJIyYANHOW BeJIMYHHBI

[ToHsiTHE Cy4YallHOW BEJIMYMHBI SBJISICTCS OOHUM U3 BaKHEUILNX
ITOHSATUN TEOPUU BEPOSITHOCTEN.

[Ton cayuaunon éenuyunon NnOHUMAETCS NIEPEMEHHAS, KOTOpAs B
pE3yJbTATE UCIBITAHUS B 3aBUCUMOCTH OT CIy4dasi MOKET IPUHUMATh
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TO WJIA UHOE 3HAYCHUE M3 BO3MOKXHOT'O MHOKECTBA CBOMX 3HAYECHUI,
HO, KaKO€ MMEHHO, 3apaHee HEeu3BeCTHO. lIpuBenem nmpumeps ciy-
YalHBIX BEJIUYNH:

1) yucno nereid, poauBmuxcs B SIpociaBie B TEUEHUE CYTOK;

2) 4KiCiI0 OpaKOBAaHHBIX ANEKTPUUECKUX JIAMIT B JJAHHOW MAPTHUH;

3) uucIio BhIMAACHUHN TepOa Mpu TPEXKPATHOM OpOCaAaHUN MOHETHI;

4) yucino npecrymieHuit B r. SApocnasie 3a [V kBapran 2009 r.;

5) nuameTp OOJIBAHKU C YYETOM JIOMYCTUMBIX MMOTPEITHOCTEH;

6) Bpemsi 0€30TKa3HOM PabOThl HEKOTOPOTO YCTPONCTBA;

7) BeJIMUMHA OTKJIOHEHUS TOYKH MAJCHUs CHapsaa OT LIEHTpa LIEJH.

CiyyaliHasi BeJIMYMHA HA3bIBACTCS OUCKPEMHOU, €CT1 MHOXKECT-
BO €€ 3HAUYCHUI KOHEYHOE WK 0ECKOHEYHOE, HO CYETHOE.

Henpepuvienaa cayuaiinasa @eauyuna — 3TO BEINYNHA, 3HAYEHUS
KOTOPOW 3amoJIHSIOT HEKOTOPBIM HMHTEpBan (KOHEUHBIA WU OECKO-
HEYHBIN) uucioBoi mpsimoil. Ciiy4yaliHble BEJIMYMHBI NMpUMeEpoB 14
SBIIAKOTCS JUCKPETHBIMU CJIyYalHbBIMU BEJIMYMHAMU C KOHEYHBIM
MHO>ECTBOM 3HaueHUU. CiydalHbIE BEIIUYHUHBI S—7 SBISIOTCS MPHU-
MEpaMH HEMPEPBIBHBIX CIyYANHBIX BEJIUYHUH.

3akonom pacnpeodenenusn cayuaiuHoi 6eJuduHbl HA3bIBAETCS CO-
OTBETCTBUE, YCTAHABIMBAIOILIECE CBSA3b MEXIY BO3MOXHBIMH 3HAYe-
HUSIMU CITy4allHOM BEJIMYMHBI U UX BEPOSTHOCTSIMU.

JIMckpeTHbIE CiIyyailHbIe BeJIMYUHbI

3aKOH pacIpeeNICHUsS OUCKPEMHOU CAVYAUHOU 8euyuHbl X MO-
KeT OBbITh 3aJ]aH B BUJC TAOIUIIbI, aHATUTUYECKH, TO €CTh (hOPMYJIOH,
u rpadudecku. [Ipocreitmeit popmoit 3a1aHust 3aKOHA pacpeeICHUS
JTUCKPETHOM CITy4YailHOM BEJIMUMHBI X SIBIIIETCS Ta0IuIa

X |x [x . X
P |p |p |... |p,

B nepBoii cTpoke TaONHIlbl 3alMCaHbl BCE BO3MOXKHBIE 3HAYEHUS
JUCKPETHOW CIIyYalHOW BEJIMYMHBI, PACTOJIOKEHHBIE B MOPSAIKE BO3-
pacTaHus, a BO BTOPOU — BEPOSTHOCTH, C KOTOPHIMU OHU ITPUHAMAIOTCS.
Takas Tabnuila Ha3bIBACTCA pPAOOM pacnpeodesieHus JTUCKPETHOU CITy-
YaHOW BEJIMYMHBI.

CoObiTust X =x,, X=x,, ...,X=Xx, cocTosiliiue B TOM, 4TO B pe-

3yJbTaTeC OIIbITA cnyqaﬁHaﬂ BCJIMYMHA X IPUHHUMACT COOTBETCTBECHHO
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3HAa4YCHUA x,Xx,, ... , X , ABJOTCA HCCOBMCCTHBIMHU U CIWHCTBCHHO

BO3MOKHBIMH, TO €CTh 00pa3yloT MOJIHYIO TpyIiy coOwbiTuil. Cieno-
BaTeJIbHO, CyMMa X BEPOSTHOCTEH paBHa 1.

Takum obpazom, it 000N TUCKPETHOM CIy4yalHOW BETMYMHBI
UMEET MECTO CIEAYIOIIee COOTHOIICHHE:

D P(X=x)=) p=1.
i=1 i=l

Psin pacnipeneneHust MOXHO M300pa3uTh rpadudecku. st 3Toro
B MPSIMOYTOJIbHOM JEKAPTOBOM CHCTEME KOOPJWHAT CTPOSAT TOYKH
M (x; p), M,(x,; py), ..., M (x,; p,) A COEQUHAIOT UX OTPE3KAMHU IPs-
MbIX. [lonyueHHast JomMaHasi Ha3bIBAETCS MHO20Y201bHUKOM, WA HO-
JIU2OHOM pacnpedenieHusn eepoamuocmeit (puc. 1).

pA
B
Ml
Ml’l
0 X, X, X, X, ;

Puc. 1

3agaua 75. CocTaBUTH 3aKOH PACHpPEICIICHUS] YUCIIA BBIAICHUM
repba mpu TpEeXKpaTHOM OpocaHur MOHETHI. [locTpouTh mMONMUTOH
pacupeneacHusl.

Pewenue.

JluckpeTHas ciiydaiiHasi BeJMUYMHA X (YMCJIO BbIMAJEHUN repoda
npu OpOCaHUM MOHETHI TPUXKIBI) MOKET UMEThH CIEAYIOIINE BO3MOXK-
Hble 3HaueHus: x, =0 (repO He BhINAT HU pa3y, BCE TPU pas3a BbIlajia

idpa), x, =1 (oauH pa3 BeINai repd u 2 paza — nudpa), x, =2 (2 pasza
BbIman repd u 1 pas — mudpa), x, =3 (rep0d BwIMas Bce TpU pasza).
[ToacunTaem Teneps BEPOSITHOCTH 3TUX YETHIPEX COOBITHUH. 3aMETHM,
YTO BEPOSTHOCTH BBIMAJEHUs TepOa mpu OpOCaHMM MOHETHI paBHA

1 1
p= > BEPOSITHOCTH BbIMajeHus IUPpbl g =1—p :5. Torna:

1) =0 ==

N | =
N | —

1
2
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1 11 3
2) P(X=1)=3-—-—- —==;
) ) 222 8
1 11 3
3) P(X=2)=3-—-—- —==;
) B ) 222 8
111 1
4) P(X =3)=——-—=—.
) ) 222 8
I 3 3 1
KoHTposp: —+=+=+—=
§ 8 8 8

Tenepp HaMMIIEM UCKOMBIU PsIl PACIPENCIICHUS

X 10 1 2 3
P 1/8 |3/8 [3/8 |1/8

[TomuroH pacnpeneneHus HOCTPONTE CaMOCTOATEIBHO.

3ameuanue. 3aKOH paclpeaesieHUs] PaCCMOTPEHHON CIy4alHOMH
BEJIMYMHBI HOCUT HA3BAHUE OUHOMUATbHOZO.

bunomuanvuviv Ha3BIBAIOT 3aKOH PACHpPENECIEHUS TUCKPETHOU
CIIy4ailHOM BEJIMYMHBI X — YMCIIA MOSBJICHUSI COOBITUS B n HE3aBUCHU-
MBIX UCIBITAHUSX, B KAXKJIOM U3 KOTOPBIX BEPOSTHOCTH IOSIBJIEHUS CO-
ObITHSI paBHA p. BeposTHOCTH COOBITHS X =k (UMCla k MOSIBJICHUMN CO-

ObITUSI B n UCIBITAHUSX) BbIUMCIsAETCA 1o Gopmyne P (k)=Ctp'q"™.

Orta dopmyna HazbBaeTcs hopmysioit bepHysim.

3apaua 76. B oduce pabdotator 10 cOTpyaHUKOB, U3 HUX TPOE
IIOJ03PEBAIOTCS B IMOJJEIKE TOKYMEHTOB. COTpyJHUKAMH IOJIULIAU
Hayja4dy BbI3BaHbl Ha Oecely ABOE COTPYAHUKOB. COCTaBUThH 3aKOH
pacrpeiesiCHUs] Yuciaa COTPYAHUKOB, HE MOJ03PEBAEMBIX B MOJJIOTE
JOKYMEHTOB CpPEJIY BBI3BAaHHBIX Ha COOECEI0BAHMUE.

Pewenue. Cnyuvaiinast BennurHa X (YUCIO COTPYIHHKOB CpPEIH
BBI3BaHHBIX Ha coOece0BaHue, HE MOA03PEBAEMbIX B IMOJJIOTE JTOKY-
MEHTOB) HMMEET CJIEAYIONIME BO3MOXKHbIE 3HaueHus: x, =0, x,=1,

X, =2. BeposiTHOCTH NPUHSATH 3TH 3HAUYCHUS HaileM 1o hpopmyrie
k m—k
Cn ) CN—n
Cy
3nece N=10— 4YHCIO COTPYIHHUKOB, paboTamIux B oduce,
n ='] — 4UCJI0 COTPYJAHUKOB, HE MOJO3PEBAEMBIX B COBEPILECHUU IO~

P(X =k)=

jgora, m =72 — YUCJIO COTPYAHHUKOB, MPUIJIAICHHBIX HAa coleceloBa-
HUeE, k — YUCI0 COTPYAHUKOB CpeIU MPUTJIAIIICHHBIX Ha Oeceny, KOTo-
c 3 1
pble BHE BCSKHMX nogo3penuil. Utak, P(X =0)=—3=—=—,
G, 45 15
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1 1 2
pray=CG 2T e 0 G 21T
C: 45 15 C2 45 15
17 7 .
KoHTpob: E+E+E:1' CocTaBUM HCKOMBINA 3aKOH pacrpe/ie-

JICHMUA:

X |0 1 2
P 1/15 | 7/15 | 7/15

3ameuanmne. PacCMOTpEeHHBIM B 3TOM 3aJjady€ 3aKOH Ha3bIBAOT
2unepzeomempuiecKuMm.

5.4.2. UucjioBble XapaKTEePUCTUKHU TUCKPETHOM
CJIyYailHOM BeJIMYHHbBI

1. Mamemamuueckoe oxcuoanue

3aKOH pacrpeleNeHus] TUCKPETHOW CIy4YallHOM BEJWYWHBI JAET
MCUEPIIBIBAIOIIYI0O MH(POpMAIIMIO O HEM, TaK KakK MO3BOJISIET BBIUUC-
JIUTH BEPOATHOCTHU JIFOOBIX COOBITHM, KOTOPHIE CBS3aHBI CO CIIy4alHOM
BenuuuHON. OJIHAKO PsiJ pacrpeaesieHus: ObIBA€T TPYJIHO 0003PUMBIM
U TI0ATOMY HE BCEr/ia YJI0OHBIM JIJIsl MPAKTUYECKOTO aHAJIN3A.

[IpuBenem onun npumep. IlycTh naHbl psabl pacpenCICHUS CITy-
YallHbIX BEJIMYMH — YMCIA OYKOB, BHIOMBAEMBIX MEPBHIM U BTOPHIM
CTpeNKOM, ecnu Kaxabiid caenan 10 BeicTpenoB. Heobxonumo Bbisc-
HUTh, KAKOW U3 3TUX JBYX CTPEIKOB CTpesieT aydiie. PaccmarpuBas
pPAIBl U TIOJIMTOHBI PACHPEAEICHUS 3aJaHHBIX CIyYaWHBIX BEJIUYMH,
OTBETUTh Ha 3TOT BOMPOC HEMPOCTO M3-3a OOWJIMSI YMCIIOBBIX 3HA4e-
HUW. B TO e BpeMs O4YE€BUHO, YTO JIYUIIE CTPEIAET TOT, KTO B cpeo-
HeMm BBIOMBAET OOJIbIIIEE YUCIO OYKOB. TakuM CpPEHUM 3HAUYCHHEM
CJIyYallHOW BEJIMYMHBI SBJISIETCSA €€ MATEMaTUYECKOE OKUIAHUE.

Omnpenenenne. Mamemamuueckum odxcuoanuem (WIA CPEIHUM
3HAYCHUEM) M (X) TUCKPETHOM CIy4alHOW BEJIWYHMHBI X HA3bIBACTCA

CymMMa ITPOM3BEJICHUI BCEX €€ 3HAYCHHM Ha COOTBETCTBYIOIIME UM
BEPOSITHOCTH:
n
M(X)=2 %P, -
i=1
Ceoiicmea mamemamuuecko2o 0HcUOAHUA
1. MaremaTtndeckoe OXUIAHUE ITOCTOSIHHOW BEJIWYHUHBI PABHO
CaMOM ITOCTOSTHHOU:
M(C)=C.
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2. IloCcTOAHHBIM MHOKHTEJIF MOXXKHO BBIHOCHUTBH 3a 3HAK MaTeMa-
THYECKOI'0 OKMJIaHUS:

MEX)=kM(X).

3. MaremaTudeckoe OXXHJAaHUE anreOpandeckol CyMMbl KOHEU-
HOT'0 YMCJIa CIIyYaWHBIX BEJIMYMH PABHO TAKOM K€ CYMME MX MaTema-
TUYECKUX OKUJIaHUU:

M(X+Y)=MX)tM(Y).

4. MareMaTu4eCcKoe OKMIAHUE MPOU3BEICHUS KOHEYHOIO YHCIIa
HE3aBUCHUMBIX CIIYYalHBIX BEJIMYHWH PABHO IPOU3BEICHUIO UX MaTe-
MAaTUYECKUX OKUJIaHUM:

M(X-Y)=M(X)-M().

2. lucnepcusa cayuaiinoii eequdunsl

MaremaTuueckoe OXKHUJaHUE HE BCErJia JAeT BO3MOKHOCTH YBU-
JIETh PA3JAYUE B IOBEJICHUU CIyYaWHBIX BEJIWYHMH. BTOpOW BaxkHOU
XapaKTEPUCTUKOMN CIyYaWHON BEJMYUHBI SIBIIETCS CTEIEHb OTKIIOHE-
HuUs (pa3dpoca) caydallHOM BEJIWYUHBI OT €€ MAaTeMaTUYECKOTO OXKH-
naHus (0T OXKHMAAEMOT0 CPEIHEr0 3HAUYCHUS) — OUCHEPCUsl CAYHUAUHOLL
GENUUUHDL.

Onpenenenue. Jucnepcueu D(X) AUCKPETHOU CIIy4allHOW BEJIH-

YUHBI X HA3bIBAECTCS MATEMAaTHYECKOE OXKHUIAHHUE KBAJpaTa OTKIOHE-
HUSI CJIyYalHOU BEJIMYUHBI OT €€ CPEIHETO 3HAYECHHUS:
D(X)=M(X -M(X))*.

HeTtpynHo noka3atb, 4TO JUCIIEPCHS MOKET ObITh HallZieHa TakXe

o hopMmyJe
D(X)=M(X*)~ (M (X))

Pemras mpakTudeckue 3ajadu, yJaoOHee MPUMEHSATh UMEHHO ATy
hopmyy.

Ceoiicmea oucnepcuu

1. D(C)=0,

2. D(kX)=k’D(X),

3. D(X +Y)=D(X)+D(Y).

Jlucriepcuss UMEET Pa3MEpPHOCTh KBaJpaTa CIIy4alhHOW BEJIMYWHBI,
a 3TO He Bcerna ynooHo. [loatomy, Hapsay ¢ AMCIIEpCUEH, IS Xapak-

TEPUCTUKU pa30poca 3HAYCHUI ClydallHONW BEJIWYUHBI OTHOCHUTEIIHHO
€e MATEMaTU4YECKOr0 OXUJAHUSA HCIOJb3YIOT TaKXE BEIUYUHY

202



JD(X) . OHa Ha3bIBACTCS CPEOHUM KEAOPAMUYECKUM OMKIOHEHUEM

CIIy4YallHOW BEJIMYUHBI:
0, =D(X).

OOpaTuMm BHUMaHUE Ha TO, YTO caMa BEJIMYMHA X — clydaiiHasl, a
€€ YMCJIOBBIC XaPAKTEPUCTUKU SIBIAKOTCS BEIIMYUHAMM HeCTy4auHbl-
MU, NOCMOAHHLIMU.

WX 3HaYeHuEe COCTOUT B TOM, UTO OHU B CKaTOH (opMe BbIpaxa-
10T HanboJiee CyIeCTBEHHbIE CBOMCTBA CIIyYailHON BETUYUHBI.

5.4.3. HenpepbIBHBIE CJy4YailHble BeJIMYUHbI

Tak kak HenpepbIBHAS Cly4daiiHas BEJIMYMHA MPUHUMAET BCE 3HA-
YEHUSI U3 HEKOTOPOI'0 YHCIOBOTO MPOMEXKYTKA, TO MEPEUUCIUTD 3TH
3HAYCHUS HEBO3MOXKHO. [103TOMY /11 HENMPEPHIBHOM CIIyYallHOW Be-
JIVYWHBI HEJIb3SI IOCTPOUTH PSJI PACIIPEICIICHUS U ISl €€ 3a/1aHUs WC-
MOJIB3YIOT 00JIee 00N cI0C00 — hyHKyUio pacnpeoeieHus.

Onpenenenne. Qyuxyueil pacnpedenenuss CIydaiHOW BETUYUHBI
X HazwpIBaeTcsd (YHKUMS F(x), 3HAUCHHE KOTOPOH B TOYKE X PaBHO

BEPOSITHOCTU TOI'O, YTO CiIy4anlHas BEIUYMHA X IIPUHUMAET 3Haye-
HUE, MEHBIIEE X :
F(x)=P(X<x).

OyHKIUS pacnpeesieHus sIBIsSeTcs 0HON 13 GOopM 3aKoHa pac-
OpeeseHUs U MOXKET OBITh OINpeAesieHa KaK JJisl JUCKPETHOM, Tak U
JUISl HEMPEPBIBHOW CIy4alHOW BeNWYMHBL. ['eoMmeTpuuecku (yHKIUSA
pacIpesiesIeHuss — 3TO BEPOSATHOCTb TOT'O, YTO Cily4dalHas BEJIMYMHA
IIPUHAMAET 3HAYCHMs, KOTOPHIC HA YUCIOBOM MPSIMOM JIEkKAT JIEBEE
TOYKH x .

0, eciu x <0; Flxn
[Ipumep. F(x)=1x,ecu x €(0,1); (puc. 2). 1p----
1, ecnu x > 1.
X
CaoiicTBa pyHKINM pacnpe/aeTeHUus Puc. 2

1. F(~0)=0, F(+0)=1.

2. 3HaueHus (QYHKUMU pacnpeAcsiCHUs NPUHAIJIEKAT OTPE3KY
[0,1]: 0< F(x)<1.

3. F(x) — wHeyObIBaromas (QyHKOUI, T.€. €eCIu  X,>X,
T0 F(x,) =2 F(x)).
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4. BeposITHOCTh TOTO, YTO CIy4YalHAs BEJIMYMHA MPUMET 3HAUE-
HUE B UHTEpBANE (X,,X,) paBHa F(x,)—F(x):

PO <X <x,)=F(x,)—F(x,).

Hapsny ¢ dyHkuuei pacnpeneneHus, Ui 3aJaHusl ClIydalHOMN
BEJIMYUHBI UCTIONB3YIOT TaKkKe (PYHKIMIO, KOTOpasi Ha3bIBACTCS NIOM-
HOCMbIO pacnpeoenetus.

Omnpenenenne. [lnomuocmvio pacnpedenenusi 8eposmMHOCMeEU
HENIPEPBIBHOW CIIyYallHOW BEJIWYWHBI HA3bIBACTCA TaKas HEOTpULA-
TeabHas QyHKIMS p(t), OMpPENESICHHAas Ha BCEH YHCIOBOM OCH, YTO

JUIA BCEX X :
F(x)= j p(x)dx.

U3 sToro ompeneneHus cienyeT, yTo, 3Hasl IJIOTHOCTh pacipeie-
JI€HUs, MOKHO HallTH QyHKIUIO pactpeaeneHus F(x). I HaoGopor,

MO0 M3BECTHOM (DYHKIIMU pacHpeaesieHUs] MOKHO BOCCTAHOBUTH IIOT-
HOCTh paclpeIeICHuUs:

p(x)=F'(x).

[IpuBeneM npumepsl Haubo0JIee U3BECTHBIX U MPUMEHSIEMBIX pac-
MPENCICHUN CIIyYalHbIX BEJIUYKH.

1. Pagnomepno pacnpeoenennasn ciyuaiHan 6ea1uduna

Omnpenenenne. CnydaiiHas BeJIMYMHA X HA3bIBACTCS pasHoOMep-
HO pacnpeodelleHHolU Ha ompe3ske [a,b], €ClU ee MIIOTHOCTh pachpee-
JICHUSI BEPOSITHOCTEN UMEET BU/L:
0,ecnu t € (—o,a);

,ecnut €la,b];

PO =

0,ecu t € (b, +x).

['paduk TIIOTHOCTHU pacHpenesiCeHUsl Be- 4
POATHOCTEM PABHOMEPHO PACIPEACIEHHON
CIIy4alHOW BEJIMYMHBI IPUBEJICH Ha pHUC. 3.

MaremaTuyeckoe OXHIAHUE TaKOW CITy-

YallHOW BEJIMUMHBI BHIUYUCIISIETCS TIO (hopMyJie Ab >
a+b a
M(X)= , a Jucrepcus — 1o ¢opmye Puc. 3
2
px)=L=9"
12
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PaBHOMEpHBIN 3aKOH pacnpeAeeHrs UCIIONb3YETCS ISl aHAln3a
OIMOOK OKPYIJIEHUS MPU MPOBEICHUHM YHCIOBBIX PACUETOB, B PSAC
3a/1a4 MacCcoOBOTO OOCTY>KMBAHUSI, MPYU CTATUCTUUECKOM MOJICIIUPOBa-
HUM HAOJTIOICHUN.

3anava. [loe3ma meTponosnTeHa UAYT PETYISPHO C UHTEPBATIOM
2 muH. [Taccaxup NpuxXoJUT HA CTAHIMIO B CIIy4YalHBI MOMEHT Bpe-
MeHU. Hanaure BEpPOATHOCTH TOrO, YTO JKAATh MOE3/a IAaCCAXKUPY
npuaeTcs He OoJibllle MOJMUHYTHI. Haiiiure Takke MaTeMaTH4ecKoe
0XXHUJAHUE U CPEHEE KBAAPATUYECKOE OTKIIOHCHUE BPEMEHU OXKHJIA-
HUS MIOE3/1a.

Pewenue. CrnyyaitHast BemunHa X — BpeMsl OKHJIaHUS MOE3/1a Ha
BpeMeHHOM uHTepBasie [0, 2] (B MUHYTax), UMEET PaBHOMEPHBINA 3aKOH

1
pacnpenenenus: p(t) =3 (cMm. puc. 3). [ToaTroMy BEpOSITHOCTH TOTO, YTO

1 o
naccakupy NpUIETCs KAaTh He 00Jiee MOJIMUHYTHI, paBHA y OT PaBHOU

0,5
f 1 1 1
1 momaau npsAMOyTroJibHUKA, T. €. P(X £0,5) = j de = 5x|2’5 =—.
0

M(X):%:I(MW), D(X):%:%, O'x:«/D(X):\/gzO,SS(MuH).

2. Ilokazamenvnoe pacnpeoeiienue Cay4aiuHol 6eaUUUHbBL

Onpenenenune. CiayuaiiHas BeITUYMHA X Ha3bIBA€TCS pacmpenie-
JICHHOU 1o nokazamejibHomMy 3aKoHy, CCJIN €C IINIOTHOCTb pacClpCaAciIiC-
HUA UMCCT BU/.

Ae ™ ecaut>0,
pt)=
0,ecrut<0.

['paduk MIOTHOCTH pacmpeeseHus] 3TOU CIy4yaiHOM BEIWYMHBI
IIPUBENICH Ha puC. 4.

v

Puc. 4

Jlida cny4aliHOM BEJIMYMHBI, PACIPENECICHHOM MO0 3TOMY 3aKOHY,
OCHOBHBIEC XapaKTEPUCTUKU BBIUUCIISIOTCS IO OpMyJIaM:
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M(X)=%, D(X)=%, o =D(X) =

1
R
3. Cnyuaiinasa eequuuna, pacnpeoesieHHas

N0 HOPMALHOMY 3AKOHY

Omnpenenenne. CiryyaliHas BeIMYMHA X HA3bIBA€TCS pacmpere-
JIEHHOU 1O HOPMANbHOMY 3AKOHY, €CIU €€ TUIOTHOCTh PACIPENECIEHUS
MMEET BUJL:

_(xfm)2

2
eZO'

>

()=
LA -y
rIe m U o — apaMeTpbl HOPMAJIBHOTO PACIPENCICHUS: apaMeETP m
ABIACTCA MATEMATHUYCCKUM OXUJIAHUEM cnyqaﬁHofI BCJIIMYHMHEBI, a I1a-
paMeTp o — €€ CpPEeJAHUM KBaJIpaTUUYECKUM OTKJIOHEHHEM. ['paduk
3TOW (PYyHKIIMH MPEICTABIICH HA pUC. 5.
A

v

Puc. 5

HopMmansHOe pacrpeneneHue Has3blBarOT Takxke [ ayccogckum.
JT0 — HanbOoJIee YacTO BCTPEUAIOLIUICS B MPAKTUKE 3aKOH pacrpezesie-
HUS BeposiTHOCTENW. O 3HAYEHHUH 3TOr0 3aKOHA TOBOPUT CJIEIYIOIIAs TEO-
pema, KOTopasi HOCUT Ha3BaHUE YeHmPalbHOU NPeOeibHOU Meopembl.

Teopema. Ecnu cayuaiinas eenuuuna X npedcmasisem cobou
CYMMY OYeHb OO0NbUI020 HUCIA HEe3ABUCUMbBIX CAVYAUHBIX GEIUYUH,
BNUAHUE KAHCOOU U3 KOMOPBIX HA 6CIO CYMMY HUUMONCHO MAN0, MO X
umeem pacnpeoeneHnue, 6auU3Koe K HOpMAaTbHOMY.

Ha Bcex pucyHkax IUiomiagb 3aIllTPUXOBAaHHOW (UTYphl paBHA
BEPOSITHOCTH MONAJaHUs 3HAYEHUN pacCMaTpUBAEMOU CIIy4YailHOM Be-
JIMYMHBI HA YKa3aHHBIA OTPE30K (a,b).

3amaum

77. YCTpOHCTBO COCTOUT M3 TPEX HE3aBHCHMO PaOOTAIOMIMX dJie-
MEHTOB. BeposSITHOCTh OTKa3a KaXJI0ro 3JEMEHTAa B OJHOM OIIBITE
paBHa 0,2. CocTaBuTh PSAJ pacCHpeCICHUS YUCIa OTKA3aBIIUX 3Jie-
MEHTOB B OJJHOM OIIBITE.

78. OXOTHUK JBaXIbl CTPEISET MO 1eau. BeposTHOCTH momnaaa-
HHUS CTpEJIKa npu ogHOM BeicTpesie paBHa (0,7. CocTaBUTH psiji pacipe-
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JEJICHUs] 4uclia TOMaJlaHuil CTpelika B II€Jb M MOCTPOUTh MHOTO-
YTOJIHUK MOJYYEHHOTO pacipeeIeHUS.

79. JlBa cTpenka HE3aBUCHMO JPYT OT Apyra MPOU3BOIAT O OJ-
HOMY BBICTpEIy MO LieJi. BeposTHOCTh MomMajaHus B 1€JIb MEPBOTO
crtpenka paBHa 0,8, a Broporo — 0,7. CocTaBbTe psja pacupeacicHUs
qycia NoagaHuy B 1ENb.

80. Haitnute MareMaTU4ecKoe OKHUIAHWUE W JIUCIIEPCHUIO CIyYau-
HOM BEIUYUHBI:

X 0 2 3
P 0,3 0,5

81. Haiigute MareMaTu4ecKoe OKHIAaHWUE U JIUCIIEPCHUIO CIyYai-
HOU BEJIUYUHBI:

X 0 2 3
P 0,4 0,3

82. Haitgute MareMaTU4eCcKOe OKHUIAHWUE U UCIIEPCUIO0 CIyYau-
HBIX BEJIMYMH W3 3a1a4 76 — 78.

83. JluckpeTHas ciydailHas BEJIWYMHA 3ajlaHA PSIJIOM pacIpeie-
JICHUS:

X 1 3 4 6
P 02 |03 102 [0,3

Halinute GyHKIMIO pacnipenenenus F(x) U MOCTPOUTE ee rpaduk.

84. Jlana ¢yHKIMS pacnpeneneHnsl HEMPEPbIBHOM ClTy4ailHOM Be-
JUYUHBIL X :

0, ecmu x <0,

: 7
F(x)={sinx,ecmu 0 < xSE’

T
1, ecnu x > E

HaiinuTe nioTHOCTh paclpeiesieHs U TOCTpoiTe ee rpaduk.

85. CnyualiHas BenMuMHAa X PaBHOMEPHO PACIpPEACIIEHA HA OT-
pe3ke [—2, 3]. 3anummuTe BbIpakeHUe il (QYHKIUU pacrpeeiacHus
ATOU CIy4YalHOW BEJIMYUHBL.
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86. Bpems ropenus kpacHoro curtaia cerodopa 20 cek. ABTo-
MOOUJIb OCTAaHOBUJICSI HA TIEPEKPECTKE HA KpacHbIN cBeT. Haiinute Be-
POSITHOCTBh TOTO, YTO OH YEAET C MEPEKPECTKA MO3HEE, YEM Yepe3
15 cek.

87. PelicoBhiil aBTOOYC ABUIKETCSI IO MapuIpyTy CTPOro MO pac-
nvcaHuo ¢ uHrepBaiom 10 muH. Hailiiure BEpOSITHOCTH TOTO, YTO
CIy4yallHO MOJOUIEAIINM K OCTAaHOBKE Mmaccaxup OyAeT 0XuiaTh aB-
ToOyca MEeHee 2 MUH.

88. PeiicoBriii aBTOOYC ABMIKETCS MO MapuIpyTy CTPOTO MO pac-
MACAaHUI0 C WMHTEpBAIOM 12 muH. Halimure BepOATHOCTH TOTO, YTO
CIy4yallHO MOJIOMIEAIINM K OCTAaHOBKE Maccaxup OyAeT OXuiaTh aB-
ToOyca MeHee 3 muH. HailiuTe Takke mMareMaTH4YeCcKOe OXKHIAHUE,
JTUCTIEPCUI0 U CPEJTHEE KBAIAPATUUYECKOE OTKIOHCHUE BPEMEHU OXKHU-
JTaHus aBTOOYyCA.
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6. Dy1eMeHThI MaTeMaTUYEeCKOV CTaTUCTUKMI

Mamemamuueckas cmamucmuxa — 3TO HayKa, 3aHMMAIOIIASCA
MOJTyYeHUEM, ONMHCAHUEM M OOpaOOTKOM OMBITHBIX JAHHBIX WA Ha-
OJIFOZICHUM C 1IEIbI0 U3YUEHHS 3aKOHOMEPHOCTE MaCCOBBIX SIBJICHUI.

6.1. Bapuayuonnuvie pAost
U ux epagpuueckan unmepnpemayus

B mpakTuke CTaTUCTUYECKHWX HAOIIOJCHUM pas3IMyYaroT JBa BUJA
HaOJIOICHUM: ChouHOe, KOT/Ia U3YUaloTCS BCE 0OBEKTHI (3JIEMEHTHI),
U 8b100pOUHOe, KOTJIa U3y4YaeTCsl 4acTh 00bEKTOB. Bes n3yuaemas co-
BOKYITHOCTb OOBEKTOB HA3bIBACTCS «2€HEPAIbHOU COBOKYRHOCHIbION.
IIpocrenmmii npuMep reHepaIbHOM COBOKYITHOCTH — MaTepUalbl Iie-
PENUCH HACEIIEHUs TOM WM MHOW CTPaHbI, B KOTOPBIX UMEKOTCS CBE-
JICHUs O BCeX ee rpaxaaHax. I[IoHATHE TeHepaJbHOM COBOKYITHOCTH
AQHAJIOTUYHO IOHATUIO BCEU COBOKYITHOCTM 3HAYEHUM CIIy4YaliHON Be-
JIVYVHBI.

Kak mpaBuiio, mis 00pabOTKK HAOMIOICHUN WM ONBITA YIaeTCs
WCMOJIb30BaTh TOJBKO YaCTh F€HEPATbHOW COBOKYIMHOCTH — TaK Ha3blI-
BAEMYIO «8blOOPOUHYI0 COBOKYNHOCHIbY, UIIH «8bLOOPKY).

CywHocmub 8b160pOUHO20 MemoOa 8 CMmamucmuke COCTOUT B TOM,
YTOOBI IO CBOMCTBAM BBIOOPKH CJI€NIaTh BHIBOJ O CBOMCTBAaX BCEH Tre-
HEPAJIIbHOM COBOKYITHOCTH.

Ha HauanpHOM 3Tare JaHHbIe BBIOOPKHU 3aHOCSTCS B TaONUILy, T1I€
3aMMUCHIBAIOTCS HOMEPA U PE3ybTaThl U3MEPEHUN WA ONPOCOB. Pas-
JUYHBIC 3HAYCHUSI CIyYalHOW BEJIMYMHBI, HAOIIOJJaeMbIe B PE3yJjIbTa-
T€ SKCIEPUMEHTA, HA3BIBAIOTCS 8apuanmamu (0b6o3Hauaomcs uepes
x). B Tabnuiie BapraHThI pacIiojlararoTcs B OPSAKE UX BO3pacTaHUS.

Ilpumep. 'enepanvuasn cosokynuocms — N SITAKOB ¢ IPUOOpPaMH;
8b100poYHas co8oKynHocms —n = 10 BBIOPAHHBIX JJISI KOHTPOJIS S~
KOB.

[TocunThIBAETCA YHUCIO TMOCTPANABIIMX IPH TPAHCIIOPTHUPOBKE
SIIMKOB JieTasieil. Pe3ynbTaThl mojacyeTa MpeCTaBICHbI B TA0IHUIIE:

No . 1 6 7 8 9 10

W
()}

Kou. a. 0 1 4 1 2 3 1 5 0 2
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Eciu konmyecTBO MOCTpafaBIIMX JE€TAJICH — 3TO U3yyaeMas CIy-
yaiiHas BeJIW4YMHA X, TO MOJYYCHHbBIE JAHHBIE O HEM MOXHO MpPEJICTa-
BUTH B BUJIE «CTATUCTUYECKOTO PALA PACTIPEICIICHUSY:

X 0 1 2 3 4 5

w, 0,2 0,3 0,2 0,1 0,1 0,1

371ech, KaK 11l JIF000M TUCKPETHOU ClydalHOW BEJIMYMHBI, TIepe-
YUCJICHBI BCE BO3MOXXHBIE 3HAUYCHUS, TPUHUMAEMbIC BEIMYUHON X, HO
BMECTO BEPOATHOCTEN ITUX 3HAYEHUN BO BTOPOM CTPOKE 3AIMCAHBI UX

n.
omuocumenvHvle yacmomsl w, =—. Hanpumep, noctpagaBmux aera-
n

Jell HeT TOJBKO B JIBYX SIIMKaX (B MEPBOM U JACBATOM) U3 JECATH, MO-
3TOMY 7, =2H n=10. 3aME€TUM, YTO BMECTO OTHOCHUTEIIbHBIX YaCTOT

MOJXHO HCITIOJIb30BATb TAKKC YHCJIO 7,, KOTOPOC ITOKA3bIBACT, CKOJIBKO

pa3 JaHHas BapuaHTa BCTPEUYAETCS B BBHIOOPKE; 3TO YHCJIO HA3BIBAIOT
Yyacmomou BapUaHTHI.

Pacnonooicennviii 6 nopsioke eozpacmarusi (unu yovieanus) pso
8APUAHM C COOMBEMCMBYIOWUMU UM YACTMOMAMU UTU OMHOCUMENb-
HbIMU YACMOMAaMU Ha3bl8Aencs 6aApUAWUOHHBIM PAOOM.

Bo3mokeH 1 1pyroi cnoco0 ONMrCaHus CTATUCTHYECKUX JTAHHBIX.
[lycTh MBI OISATH MMEEM «CTATHUCTUYECKUU PSAI», HO JOCTATOYHO
TUTMHHBIN. YTOOBI crenaTh pe3yJbTaThl OMNbITa 0ojee 0003pUMBIMHU,
BECh JWAIa30H HAONIOJaeMbIX 3HAYCHHWI BEJIIMYMHBI X pa3oObeM Ha
pas3psasl (MHTEPBAJbl) M MOJCUYATAEM YACTOTy MOMaJaHUs 3HAYCHHUI
X B COOTBETCTBYIOIIMN UHTEPBAJI. PACCMOTPUM ONSATH HAIl IPUMED.

WntepBan 3HaueHUn X | 0 < X <2 2<X<3 | 35X<5 55X<6

Yacrora nmonaganui 5(0,5) 2(0,2) 2(0,2) 1(0,1)
B UHTEpBaJ

HpuMettaHue: B CKOOKax YKa3aHbl OTHOCHUTCIBbHBIC YaCTOTHI.

[Ipu cocraBieHur BapuallMOHHOTO Psifia MO UHTEpPBAJIaM CIEAYyeT
UMETh B BHUJY, YTO YMCJIO MHTEPBAJIIOB m CcClieAyeT OpaTh HE OYECHb
OOJIBIIINM, YTOOBI MOCIE TPYNIUPOBKHU PSAJl HE ObLI HU TPOMO3JIKUM,
HU OYEHb MAJIbIM, Ja0bl HE MOTEPSATH OCOOCHHOCTH pacIpeacsICHUs
npu3zHaka. Bce mHTEpBalbl JKeJIaTeIbHO BHIOUPATH OJUHAKOBOW JJIH-
HBI, IPU 3TOM HA4YaJI0 MHTEpBaja BKIIOYAETCS B HEro, a KOHEI[ — HET.
CornacHo gpopmyne Cmeposceca, pEKOMEHIYEMOE YHUCIIO HHTEPBAJIOB

210




m=1+3,3221gn, a BeIWYMHA (IIUPUHA) UHTEpPBAJIA k = Ymax ~ Xmin

, TIe
1+3,3221gn
Xy —Xmn — PA3HOCTH MEXKIY HauOOJBIIMM M HAaUMEHBIIUM 3Haye-

max

HUSIMU IPU3HAKA.
[Tpu n3yyeHnn BapUaAMOHHBIX PAJIOB HAPSIY C IMTOHITAEM YaCTOThI
UCTONb3YETCSl TIOHATHE HaKonIeHnHou dacmomsel (0003HAUEHUE n*).

Haxkoruiennas gacrorta IIOKAa3bIBACT, CKOJIBKO H&6JHOI[8JIOCB BApHUAHTOB
CO 3HAYCHHUCM IIPpHU3HAKA, MCHbBIIINUM X . OTHolIeHNEe HaKOIIJICHHOM Yac-

TOTHI 1" K OOIIEMYy YMCITy HaOJMIOJICHUN n HA3bIBAIOT OMHOCUMENb-

HOIl HAKONJIEHHOU yacmomou W, "

HaxkornsieHHble 4acTOTHI JIJIsi KaKJA0TO MHTEpPBAJIa HAXOJSATCS IO-
CJIEOBATEIbHBIM CYMMHUPOBAHUEM YacCTOT BCEX MPEAIIECTBYIOIINX
WHTEPBAJIOB, BKJIIOUAsl TaHHBIH.

Jlnst rpaduueckoro M300pakeHUs: BapUallMOHHBIX PS0B UCIOJb-
3YIOTCSl J1Ba BUAAa rpadUKOB: MOJUIOH YAaCTOT WJIM OTHOCHUTEIIbHBIX
4acTOT U TUCTOrpaMMa.

llonueon wacmom (omHocumenvHblx uacmom) NPEACTABISAET CO-
0ol TOMaHy10, OTPE3KU KOTOPOM COEAMHSIOT TOYKH C KOOpJUHATAMMU

n. o
(x,,n,) (umu koopauHaTamMu (x,,—)), TI€X, — 3HAYECHUS] UCCIETyEMOM
n

CIIy4YallHOW BEJIMYUHBL.
JIns paCCMOTPEHHOIO BBINIE BAPUALMOHHOIO PsJa MOJIMTOH OT-

HOCHUTEJIBHBIX YaCTOT UMEET CICAYIOIINN BU/I:
A

0,3 77

0,2f
0,1

e

v

0 1 2 3 4 5

[ToMroH 4acToT SIBASIETCS aHAJIOTOM MHOTOYTOJIBHUKA pPacIpe-
JEJICHUSL TUCKPETHOM CITy4YalHOM BEJIMYMHBL.

Tucmoepammul CIlyXaT TOJIBKO JIsl U300paKEHHS] HHTEPBAIbHBIX
BAPUAILIMOHHBIX PSIOB.

l'ucmoepammori yacmom Ha3bIBAIOT CTYNEHYATYIO (QUIYpPY, CO-
CTOAIIYI0 U3 MPSAMOYTOJbHUKOB, OCHOBAHUAMU KOTOPBIX CIIy>KAaT WH-
TEepBaJbl k, =X, —X,3HAYCHUN NPU3HAKA, & BBICOTHI PABHBI OTHOIIIECHHU-
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n. \d o
M ;’ (TO CCThb ONPCACIIAOTCA KOJIUYCCTBOM 3HAYCHHUHN HU3MCPACMOU

1

BEJIMYMHBI, MONAJAIONIUX B COOTBETCTBYIOMIMI nHTEepBa). [Lnomansb
1-TO NPSIMOYTOJIbHUKA paBHA 7, — CyMME 4acCTOT BapHUaHT, MOMABIINX B
1-ii UHTEepBaJ.

T'ucmozpammorni omuocumenbHblX Yacmom HAa3bIBAIOT CTYIIEHYA-
Ty10 QUTYpPY, COCTOSIIYIO U3 MPSIMOYTOJLHUKOB, OCHOBAaHUSIMH KOTO-
pPBIX CIy’>KaT MHTEpBaJbl k, =X, —X, 3HAUCHUW INpPHU3HAKA, a BBICOTHI

w. .
PaBHBI OTHOIIIEHUSIM ; [Imomane 1-ro MpsIMOYrOJIbHUKA paBHA W, —

i
OTHOCUTEJIbHOM YaCcTOTE BapUaHT, MOMABIINUX B 1-i HHTEPBAJL.
['mcrorpamMma Haulero MHTEPBAIILHOIO BAPUALMOHHOIO psifia U30-

OpakeHa HUXKE.
A

0,25
0,2
0,15

%

v

Ecnu coequHUTh cepeiluHbl BEPXHUX OCHOBAHUMN MPSMOYTOJIbHU-
KOB OTPE3KaMU, TO MOJTYUYHUTCS MTOJUTOH TOTO K€ Paclpe/IeICHHUS.

Enre ogHUM BaKHBIM MTOHSITUEM CITY>KHUT MMOHSATUE IMRUPUUECKOTU
(dynkuyuu pacnpeoenenus.

IAmnupuveckol @yukyuel pacnpedenenus F (x) Ha3bIBa€TCAd OT-
HOCHUTEJIbHAs 4acTOTa TOro, YTO MpHU3HAK (CiIyyaiiHasi BeJIMYMHA X )
MPUMET 3HAYCHUE, MEHBIIIEE 3aJJaHHOTO X, TO €CTh

F (x)=w(X <x)=w".

CornacHo 3TOMYy OIpPEIEICHHIO, Uil TAaHHOTO x AMIIMPUYECKAs
GyHKIMS pacrpeiesieHus] MPEeICTaBIsIeT HAKOIUICHHYIO OTHOCHUTEIb-
HYIO 4aCTOTy w.“ =n'"/n:

F=3"

X;<x

212



6.2. KoauuecmBennvie xapaxmepucmuxuy
Bapuayuonunoezo paoa

1. Cpeonas apugpmemuueckasa soruvcngeTcs no Gopmyie

m
in”i
x = =1

n
IZ€ X, — BAPUAHTHI PANA, 1, — COOTBETCTBYIOLIME UM YaCTOTHI UJIN Ce-

9

pe€arHbI OTPEC3KOB MHTCPBAJIOB MHTCPBAJIbHOT'O BAPUAITMOHHOI'O pPAAA,
m — YHUCJIO HCIIOBTOPAIOMIUXCSA BAPHAHT WM YHCJIO HHTCPBAJIOB,

m
n=3n,.
i=l1

JI71st HecTpynIMpOBaHHOTO psAJia BCE 4acToThl #, =1 (i=1,2,...,n), a

n
in
x ==L — eCTb «HEB3BEIIICHHAS CPEIAHSISA apu(PMETHUECKAL.
n

2. Cpeonsas ceomempuyeckasn x. =%x"xy.x" .

OTH CpeIHUE BEJIMYWHBI HA3BIBAIOT aHaiumudeckumu. B cratu-
CTUYECKOM aHAJIM3€ UCTOIB3YIOTCS TaKXKE CMPYKmMypHble, WIN Nopsio-
Koevle, cpennue. M3 HuX HamboJiee IMIMPOKO HCMOJB3YIOTCS MeAuaHa
1 MOJ1a.

3. Meouana (Me) — 5mo eapuauma (3HadeHue 8eauduHbl, NPUHA-

Ka), NpUxo0auascs Ha cepeouty PaHHCUpOBaAHH020 ps0a HAOI0OEeHULL.

JI1s AUCKPETHOTO BapHWAIlMOHHOTO psiga C HEYETHBIM YHCIIOM
YJICHOB MEJIMaHa paBHA CEPEIMHHON BapHaHTE, a JJIA psijia ¢ YESTHBIM
YHCJIOM YICHOB — ITOJIYCYMME JIBYX CEPEINHHBIX BapHaHT.

JIOCTOMHCTBO MeIuaHbl KaK MEphl IEHTPAJbHOU TCHACHIIMH 3a-
KJIFOYaeTCs B TOM, YTO Ha HEE HE BIUSCT M3MCHEHHUE KPAHUX WICHOB
BapHAIMOHHOTO psAfga. MeaumaHa IpeAnodYTUTEIbHEE cpeaHer apud-
METHYECKOU I PAaa, Y KOTOPOTro KpalHNE BapUAHTHI 10 CPAaBHEHHIO
C OCTAJIbHBIMH OKa3aJICh YPE3MEPHO OOJIBIIUMH HIIH MAJIBIMH.

4. Mooa (Mo) sapuayuonHo2o psida — 3TO BapruaHTa, KOTOPOH co-

OTBETCTBYET HauOOJIbIIIAs YACTOTA.
Oco06eHHOCTh MOJIBI KaK MEphI IIEHTPAIbHON TEHACHITUH COCTOUT
B TOM, YTO OHA HE U3MEHSETCS IPU U3MEHEHUU KPAHUX YJICHOB Psa,
T. €. 00JIaJIaeT ONPEeICICHHON YCTOMYMBOCTHIO K BapHUaIluy MPU3HAKA.
Cpeonue enuqunvl, pacCMOmMpEHHblE BbLULE, HE OMPAICAION U3-
MeHYUBOCmu (8apuayuil) sHauyeHull NPU3HaKa.
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K nmoka3artesisiMm BapuamuMm OTHOCSITCS CJIEIYIONIUE XapaKTepH-
CTHUKH.
5. Bapuauuonnstit pazmax (R) — pasnocmov medcoy HaubobuLell

U HaUMeHbUel 8apUAHMAaMu psoa.
R=x_ —Xx..
6. Cpeodnee nuneltnoe OMKIOHEHUE — 210 CPeOHAs apughmemu-
yeckasi abCoONOMHbBIX GeUYUH OMKIOHEHUl 8APUAHM OM UX CpeoHell
apugmemuyeckou.

m
X—XV.

PR

d=- .

n
7. lucnepcusn (s2 ) BAPUAYUOHHO20 psOad — 3MO CPEeOHAs apugh-

Memuueckas Keaopamoé OMKIOHEHUNl 6apuanm om ux cpeowell
apugmemuyeckou.

m j—
Z(xl. —x)’n,
2 _ =l
n
Jlucniepcuto s* 4acToO HA3BIBAIOT omuupuyeckol (WIH 8b160pou-
HOZ:Z), MNOJYCPKUBAs, YTO OHA HAXOJAHUTCS 11O OIIBITHBIM HMJIN CTATHCTH-
YCCKHMM JaHHBIM.
8. Cpeonee keaopamuueckoe OmKIOHEHUe (s) — 2MO apugme-

mu4ecKkoe 3Ha4YeHUue KOpH: KeabpamHozo us3 Oucnepcuu:

C N2
Z(xi —x)'n,
_{[=l

n

S

S

BHIUKCIICHHE CPEHEN apH(pMETHIECKOH X U IUCIICPCHH s MOX-
HO YNPOCTHUTH, €CJIU UCIIOIb30BaTh HE NEPBOHAYAIbHBIC BAPUAHTHI X,
(i=1,2,...,n), a HOBbIE (00OO3HAYUM UX YEPEe3 U,): U, = il ]: <

B nocneaneit popmyne ¢ U k — crnenuanibHO MOJ0OpaHHBIEC TO-
CTOSIHHBIE.

Cpennsisi apupMeTryeckasi BapuallMOHHOTO pAZia u, COCTOSIIETO

Y3 BapUaHT ul.:"T, COTJIaCHO CBOWCTBaM cpeaHel apudmMeTuye-

CKOM, BBIUUCIISIETCS TT0 opMmyJie:
- X—C X—C
u= =

k k
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O003HaYUM JUCIEPCUIO 3TOrO psla CHUMBOJIOM s-. Torma u3s

CBOMCTB  JUCHEPCUM  CIYYaWHOM  BEJIMYUHBI  CIEAYET, 4YTO
2 2

S S o o
2 == :k—g. 3/1ech CilydailHas BEJIMYMHA u CBSI3aHA CO CIIydaii-

2
s =S

u

k

o w o X—C - -
HOM BETUYMHON x (popMyIont u == Otcrona x=uk+c u s> =k’s_.

3amenss B 3TUX GOpMyJiax u U s, UX BBIPAXKEHUSIMHU YepE3 BapH-
aHTBI U, U YIPOIAsl MOJTYYEHHbIE PU 3TOM (POpMYJIbl, OyZAEM UMETh

¥=13 (5 -, +e

n-io

st = lZ(xi — c)znl. — (; — 0)2 :
1z
B >1ux (opmynax B Ka4eCTBE IMOCTOSHHON k OEpyT IIUPUHY MH-
TepBajla 10 X, a B Ka4eCTBE C — CEpeIMHY CEpPeMHHOIO MHTEpBAA.
Eciu cepeMHHBIX MHTEPBAJIOB ABa (IIPH YETHOM YKCJIE HHTEPBAJIOB),

TO B KA4YECTBE C CIEIYET B3STh CEPEIUHY OJHOTO U3 3TUX UHTEPBAJIOB,
HaIpuMep, UMEIOIIETO OOJBITYIO YaCTOTY.

3amauu

1. [TocTporiTe NOJUIOH YacTOT JJIs1 JAHHBIX BapUAIIMOHHBIX PSJIOB:

x| 2356, 6)x1~1520253035
n |10]15]15]20)"° n, |10 115]30[20)25

2. IlocTpoTe MOTUTOH OTHOCUTEIBHBIX YACTOT:

x| 21415171110 6)x,-14589
®;10210,1]0,1[02]04]|" ®;10,1]10,2[0,3/0,3]0,2

3. IlocTpoiiTe TMCTOrpaMMy Y4acTOT U OTHOCHUTEIbHBIX YaCTOT IO
JTAHHOMY pachpeIesICHUI0 BEIOOPKHU:

a)
Howmep YacTUYHBIN Cymma yactor II;moTHOCTH YacTOTHI
MHTEpBAJIAa | HHTEpBAI [xl.,xm] BapUaHT UHTEpBAJIA n, / (xi+1 - xl_)
1 [2,7] 5
2 [7,12] 10
3 [12, 17] 25
4 [17,22] 6
5 [22,27] 4
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0)

Howmep un- YacTtuuHblii Cymma vacTot [11oTHOCTB YacTOTHI
TepBaJa uHTEpBaN [X,X,,] | BapMaHT MHTEpBala n/(x,, —x)
| [3, 5] 4
2 [5, 7] 6
3 [7,9] 20
4 [9, 11] 40
5 [11,13] 20
6 [13,15] 4
7 [15,17] 6
B)
HMurepBan | 1 <X<5 S<X<9 | 9<X<13 |13<X<17|17<X<20
an_ 10 20 50 12 8

4. Halinute BHIOOpOUYHBIE CPEIHUE JJIS JIAHHBIX pacClpe/iesICHUI

BBIOOPKH:

2) x | 2157110 5) x; | 1250 | 1270 | 1280
n 161128 14" n; 2 5 3

5. Haiiiutre BHIOOPOUHYIO CPEIHIOI0 M BBIOOPOYHYIO JTUCTIIEPCHIO

AJIA JaHHBIX BBEIOODKH:
x 1 2 5 8
n 3 4 6 4 3

6. [lano pacnpeaenenue 50 pabounx MeXaHHUYECKOro 1exa 1o Ta-
pudHOMY pazpsany:

Tapudnsrit 1 2 1314 ] 5|6 Z
pasps

Yacrorta 2 3 6 8 [ 22 9 |50
(xoJ1-BO paboumx)

a) MOCTPOUTE IMOJUTOH pachpeseiacHus padoyux mo TapudHomy
paspsany;,

0) HaiiiuTe MeANaHy U MOJTy JaHHOTO paclpeiesieHus padouuX.

B) HalUTE BHIOOPOYHYIO CPEIHIOI M BBIOOPOYHYIO JUCIIEPCUIO
JUTSl TAaHHBIX BHIOOPKH.

7. I1o 3amaHHBIM BRIOOpPKAM peLInTE CIASAYIONIUE 0A3aauu:

a) COCTaBbTE BApUALIMOHHBIN PSI;

0) BBIUYHCIUTE OTHOCUTEIbHBIC YAaCTOThI (4YaCTOCTH) M HAKOILJICH-
HBIC YaCTOCTH;

B) MOCTPOMTE MOJUTOH U TUCTOIPaAaMMy BapHaIllMOHHOTO Psija;
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') COCTaBbTE AMITUPUYECKYIO QYHKIIMIO PaCIpeaCIICHHUS;
1) TOCTPOUTE TpauK SMIUPUIECKON PYHKIIMU pacCIIpeICTICHHUS;
€) HallANTE YUCIIOBbIEC XapaKTEPUCTUKHU BapUALIMOHHOTO PsJa:

— cpeaHee apupMeTHIECKOe,

— UCIIEPCHUIO,
— CpPEeIHEKBaApaTUIECKOe (CTaHIapTHOE) OTKJIOHEHHUE,
— MOJZYy,
— MEJUaHYy.
7.1.
2 4 2 4 3 3 3 2 0 6 1 2 3 2 2 4 3 3 5 1
0 24 3 2 2 3 3 13 3 3 112314 3 1
7 4 3 4 2 3 2 3 3 1 4 3 1 4 5 3 4 2 45
3 6 41 3 2 41 3 100 4 6 4 7 4 1 3
n="79. Hauasio nepBoro nunrepBaia — 0. /[nmuHa uarepBaios — 1.
7.2.
0 4 2 0 5 1 1 3 0 2 2 43 2 3 3 04 51
31 520 2 2 3 2226 21313 1 5 4
553220211323 53525211
2 3 4 3 2 3 2 4 2
n=69. Hauano nepBoro nunrepBaia — 0. /[nnHa uarepBaios — 1.
7.3.
374 6 1 4 2 4 6 5 3 2 905 6 7 7 3 1
55 4 2 6 2153 3 15 6 4 4 3 41 5 5
3 4 3 7 45 6 75 2 46 6 77 3 5 4 43
55 7 6 6 1

n=66. Hauano nepBoro narepsana — 0. /[nnna uarepsaiios — 1.

6.3. [lonamue oyenxku napamempob. Toueunaa oyenka

Maremarnueckas Teopus BBIOOPOYHOTO METOJla OCHOBaHa Ha
aHaJu3e Cy4daiiHol BEIOOpKU. BBegeM HeKOTOpble 0003HAUYCHUS:
X, — 3HaYEHU NMpU3HaKa (CIy4allHON BEJIMUMHBI X );

N U n — 00bEMBI T€HEPATIbLHOM U BHIOOPOYHON COBOKYITHOCTEH;
N, m n — 9UCJIO BJIEMEHTOB T'€HEPAIHHOW U BBHIOOPOYHOU COBO-

j
KYITHOCTEW CO 3HAYEHHEM MPU3HAKA X ;

M W m — YUCJO 3JEMEHTOB T'€HEpAIIbHOW U BHIOOPOYHON COBO-
KYIMHOCTEHN, 00JIaTat0olUX JAHHBIM MPU3HAKOM.

Cpennue apudmeTnyeckre pacmpenesieHus NMpU3HAaKa B TEHe-
pajibHON M BHIOOPOUYHOM COBOKYMHOCTSIX HA3bIBAIOTCS COOTBETCTBEH-
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HO 2eHepalbHOU U 8b100POUHOU CPeOHUMU, & TUCTIEPCUU ITUX PacCIpe-
JICJIICHUN — 2eHepanbHOl U 8b100POYHOU OUCHEPCUIMU.
OTtHormeHus Mym HA3BIBAIOTCSI COOTBETCTBEHHO 2eHePAIbHOU
n
U 8b100POYHOU OONAMU.
Bce dhbopMysl cBenieM B TabIuIly

HaumenoBanue I'enepanbHas Bri6opka
XapaKTEPUCTUKHU COBOKYITHOCTb
Cpennsis M u
_ 25N, - le it
— _i=l x==-
X, = N "
M m
Hucnepcus - -
2 —x,)'N, 205X )
_ =l D ==
D, = N B "
Jomns M m
p = —— WwW=—
N n

['eHepanbHbIE COBOKYITHOCTH XapaKTEPU3YIOTCS HEKOTOPBIMHU T10-
CTOSTHHBIMM YHMCJIOBBIMU XapaKTEPUCTHKAMU — napamerpamu. Hanpu-
Mep, 3TO ImapaMmeTp A B pacnpenesieauu llyaccona wnm napaMerpsl a
WIA o’ JJI1 HOPMaJIbHOTO pacmpesieNieHus U T. 1. 3ajadeii BBIoopoU-
HOTO METOJIa SIBJISIETCSl OLICHKA MapameTpoB (XapaKTEPUCTHK) T'eHe-
paIbHOM COBOKYITHOCTHU IO JAHHBIM BBHIOOPKHU.

O003HaYMM HEU3BECTHBIN MapaMeTp paclpeiesieHusi, TO €CTh YH-
CJIOBYIO XapaKTEPUCTUKY T€HEPATBbHON COBOKYITHOCTH X , UepeE3 6.

JI1s1 BBIYMCIIEHUS MTapaMeTpa € HCIOIb30BaTh T'€HEPAIbHYIO CO-
BOKYITHOCTb HE MPEICTABIISIETCS BO3MOXKHBIM. [loaTOMYy 0 mapamerpe
6 CyIAT 1O BBIOOPKE, COCTOSIIEH U3 BapHaHT X, X, ..., X,. DT Bapu-

AHTBI MOYKHO pacCMaTpHUBaTh KaK YAaCTHBIE 3HAYECHUS 71 HE3aBUCUMBIX
CJIyYalHBbIX BEIWYHH X|,..., X, , KOKIass U3 KOTOPhIX UMEET TOT XKE 3a-

KOH PacCIpEeNENICHUs], YTO caMa CIy4aiHasi BEIUYMHA X.
Cmamucmuueckoi oOyeHKoil ¢ HEU3BECTHOIO Mapamerpa 6

TEOPETUUYECKOTO  paCHpeeeHUs] Ha3bIBAIOT BCSAKYI  (YHKIUIO

f(X,X,,...,X,) OT pe3ynbTaTOB HAOIIOJEHUN HaJl CITy4allHBIMHU BEJIH-

ypuHaMu X,,..., X .
[Tockonbky X,,...,X, —CilydallHble BEJIMUMHBI, TO U OLIEHKA 6’ (B
OTJINYME OT Iapamerpa ¢ _ BEJIWYUHBI HECIy4alHOM) SIBIISIETCS CIIy-
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YalHOM BEJIWYMHOM, 3aBUCALLEH OT 3aKOHA PACIPENCIICHUS CIIy4au-
HOW BEJIMYMHBI X U YHCIA 7.

B kadecTBe OLIEHKM MapameTpa # MOXHO BhIOpaTh HEEIUHCTBEH-
Hyto pynkiuro. Hanpumep, ecinu mapameTp 6 sIBISIETCS MaTeMaTH4e-
CKUM OXXHWJIAHUEM CIIYYaWHOW BEJIWYMHBI X , T. €. TEHEPAIBLHOU Cpell-
HEH, TO B KAYECTBE €ro OIEHKH ¢'1O0 BBIOOPKE MOXHO B3ATh: Cpe/l-
HIOIO apu(METHUYECKYIO0 PEe3yJIbTaTOB HAOJIOJAECHUM — BBIOOPOUYHYIO
CPEIHION0, WU MOAY, WA MEIUAHY U T. A.

Toueunoti Ha3bIBAKOT CTATUCTHYECKYIO OLEHKY, KOTOpas Ompeje-
JS€TCS OJHUM YUCIOM 6 = f (x, X,y .., X,), TOC X, X,,..., X, — HCKOTO-
pasi BLIOOpKa U3 reHepaIbHON COBOKYITHOCTH.

Toueunas oyenka 6 napamempa 6 HA3bIBAEMCA HECMEUEHHOU,
€CIIM €€ MATEMATUYECKOE OKUIAHWE PABHO OLICHUBAEMOMY IapaMeT-
py npu J11000M 00bemMe BBIOOPKU: M (0") =6 .

CmewenHou HA3bIBAIOT TOYEUYHYK) OLECHKY, MAaTeMaTHYECKOE
0’KUJIaHUE KOTOPOU HE PABHO OLICHUBAEMOMY HapaMeTpy: M (07) #0.

Hecmewennou oyenxou eenepanvuotl cpeoneti (MaTeMaTUUECKOTO
OKHJIAHUS1) CIIYKUT BBIOOPOYHAs CPEIHSA:

m
_ th”i
X = i=1 ,
n

rJie X; — BAPUAHTa BEIOOPKH, 7, — 9acTOTa BAPUAHTHI X;, n= )Y n, — 00b-
i=1

€M BBIOOPKH.

CmewjeHHOU OYeHKOU 2eHepanbHoll Oucnepcuy CIIy>KUT BHIOOPOU-
Has IUCTIEPCHUS:

m

Z(xl. —x )Y,
Dy=+2—

B
n

OTta OLCHKA ABJISICTCA CMGIIICHHOfI, TaK KaK MOXXHO A0Ka3aTb, YTO
n—1
M(DB) - TDF .

JInst BBIUMCIICHUS BBIOOPOYHOM JucHepcuu Oosiee ynoOHa clie-
nyrotmas gopmya:

m

2
m
PRIDY
X, N, XN,
i=1

Dy(X)=x —(x)’ ==

n n
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Ecnu BapuaHThI X; — OOJIBIIIME YKCA, TO JUISl YIPOILECHUS BBIYUC-
JIEHUM 11eJIeCO00pa3HO MEPENTH K YCJIOBHBIM BapuanTtaMm u; = x; — C.
B kauectBe C BBITOJHO B35ITh YHCJIO, OJM3KOE K BBIOOPOUYHOM Cpe-
HEM, HO TaK KaK BLIOOpOYHAs CpeAHss HEU3BECTHA, TO unciio C BhIOU-
paroT HayTraj, CTapascCh MOJYUYUTh MAJICHbKHUE 3HAYCHUS JIs1 BapUaHT
u;. Torma

Zuini
x=Ct+il—
n
Tak kak npu 3aMeHE u, = x,—C IUCIIEPCUS HE U3MEHUTCSH, TO

- 22
m m

| 2
ui ni uini

Dy (X)=D,(U)=u — () = T3

Eciu nepBoHadaibHBIE BapHAHTBI X; SBJSIOTCA JE€CATUYHBIMU
TpoOsIMU ¢ k AECATHYHBIMHU 3HAKaMH TIOCJIE 3aIsATOM, TO MEPEXOIAT K
yCIIOBHBIM BapuanTam u; = Cx;, tine C=10°. Ilpu sToM namcmepcus
yBenuuuBaeTcs B C* pa3. [loaromy

DB(X):

D,(U)
c*
Hecmewennot oyenxoul eenepanvroll oucnepcuu CIyKUAT UCIIPaB-
JICHHAasA BBI60quHaH I[I/ICHepCI/ISI

m

. Z(xl. —;e)znl.
st = D,=H
n—1

bonee yno6ua dhopmyna

m
2
m (inni
2 =
in n——=
2 i— n
§° = i=1

n—1

n-—1
B YCHOBHBIX BapI/IaHTaX OHa UMECT BU/

N 2
n Qun,)
_ =l

2 _ =l n
S, = N
n—1
IPUYEM €CIU u,=x,—C, TO sy =5, ,a €CIIA u,=Cx,, TO s° =5, / C*.
8. 13 renepanbHON COBOKYMHOCTH H3BJI€Y€Ha BbIOOpKa O0OBEeMa
n=50:
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x | 2 5 7 | 10

1

n |16 12| 8 | 14

1

Havinure HECMEIIEHHYIO OLICHKY T€HEPAJIbHOU CPEIHEM.
Pewenue. HecMeieHHON OLICHKOW T€HEPAIIBHOU CPEIHEN CITYKUT
BBIOOpOYHAS CPEAHSISA:

x = =l

n

- 16-24+12-5+8-7+14-10
[ToaTomy x = * SJ;) * =5,76=16.
9. 13 reHepasibHOM COBOKYMHOCTH H3BJICY€Ha BHIOOpKa O0OBEeMa

n=60:

Z X

3 6 | 26
8 |40 | 10 | 2

i

i

HalinnTe HECMENEHHYIO OLICHKY T€HEPAJIbHOM CPEIHEM.

10. Haiiti BEIOOPOYHYIO CPEAHIONO 0 JAHHOMY PaCIpeICICHUIO
BBIOOpKH 00BbeMa n=10:

1250 | 1270 | 1280
2 5 3

i

i

Pewenue. 1leppoHayanbHble BapUaHTHI — OOJIBIIIME YUCIIA, TT0ITO-
My IIepeuzeM K YCIOBHbIM BapuaHtam. llycte C=1270, Torma
u, =x,—1270. B pe3ynbrare nosy4um:

1 20] o | 10
2 | 5 |3
Haiinem nckomyto BEIOOPOUYHYIO CPEIHIOKO:
o2 2.(=20)+5-0+3-10
x=C+E—=1270+ (=20) 10 =1270-1=1269.
n

11. Haiinute BBIOOPOUYHYIO CPEAHION IO JAHHOMY pachpejelie-
HUIO BBIOOPKH 00BEMa n=20:

x. | 1560 | 2600 | 2620 | 2650 | 2700

1

n 2 3 10 4 |

1

12. ITo BeIOOpKE 00BEMA =41 HaljileHa CMEIICHHAs OllEHKa D, =3

TEHEepAIIbHON Jucnepcun. Halante HECMEIIEHHYO OLECHKY IHUCIIEPCHUU
rE€HEPAIIbHON COBOKYITHOCTH.
221



Pewenue. HecMenmeHHasi olleHKa paBHA MCHPABICHHOM JUCIIEP-
cuu Dyp:
¢="_p M 3305
n—1 40
13. Ilo BeIOOpKE OOBEMa n=51 HaiificHa CMEIICHHAs OIICHKA
D, =5 reHepaibHOUW aucnepcuu. Hauaute HECMEIIEHHYIO OLCHKY

JTUCTIEPCUN T€HEPATbHON COBOKYITHOCTH.

14. B urtore natu u3MepeHUid JUTMHBI CTEPXKHS OJHUM MPUOOPOM
MOJIYYEHBbI cieAyroluye pe3ynabTarsl (B MMm): 92, 94, 103, 105, 106.
Haiinure: a) BRIOOPOUHYIO CPEIHIOI JIMHY CTEpXkHsS;, 0) BHIOOpOU-
HYIO M UCIIPaBJICHHYIO JUCTIEPCUH OITHOOK Mpudopa.

Pewenue. a) Beibopounas cpentsis

Zuini
;:C+L:92+(0+2+11+13+14)
n

0) BeiOopounas nucnepcus

5 —
Z(xi _x)2
— _i=l —
5
~(92-100)° + (94 —100)* + (103 —100)° + (105 -100)* + (106 —100)° _
5

=92+8=100.

DB

34.

HcnpasiienHas gucnepcus
#=""_p 234425,
n—1 4

15. B utore yetblpex U3MEPEHU HEKOTOPOU (PU3UYECKON BETUUH-
HbI OJTHUM MPUOOPOM MOJYUYEHBI CIEAYIOIINE Pe3ybTaThl (B MM): 8, 9,
11, 12. Haitnure: a) BEIOOPOUHYIO CPEHIOI PE3yIbTaTOB M3MEPEHUIA;
0) BEIOOPOYHYIO U UCIIPABIICHHYIO IUCTIEPCUH OMIKOOK prdopa.

16. Huxe npuBeneHbl pe3ysibTaThl U3MEPEHUS pocTa (B CM) CIIy-

gaitHo 0ToOpaHHbIX 100 CTyAEHTOB.

Poct 154-158 | 158-162 | 162-166 | 166—-170 | 170-174 | 174-178 | 178-182
Yucno 10 14 26 28 12 8 2
CTYJICHTOB

Haiiaute BBIOOPOUYHYIO CPEAHIOID W BBIOOPOUHYIO JUCIIEPCUIO
pocTa 00CeJOBAaHHBIX CTY/ICHTOB.

Vkazanue. Haipure cepeiiHbl UHTEPBAJIOB U IIPUMUTE UX B Ka-
YECTBE BapUaHT.

17. Halinute BEIOOPOUHYIO TUCTIEPCHUIO M0 JaHHOMY pacmpejerie-
HUIO BBIOOpKH 00BbeMa n=10:
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x | 0,01 | 0,04 | 0,08
5 3 2

i

Pewenue. YtoObl n30exaTh NEUCTBUN C NPOOSIMHU, MEpEUsIeM K
yCJIOBHBIM BapuaHTam u, =100x;. [Tonyuum pacopeneinenue
u 1 4 8

1

n 5 3 2

1

Haiinem BBIOOPOUYHYIO TUCTIEPCUIO YCIIOBHBIX BAPUAHT:

2
Zuizl’li Zuini 2 2
p,W)=2 5 :1-5+16-3+64-2{1-5+4-3+8-2} :@_(gj 721,
n n 10 10 10 10
D 21
D,(X)= 2O _ 7, —=0,000721.
C, 10

6.4. UnmepBarvhvie oyenku.
HHoBepumenvnuviii unmepBan

ToueuHas oueHKa 6 mapaMeTpoB & TE€HEPAIbHON COBOKYIHOCTH
SBJISICTCS JIUIIH TPUOJIM>KEHHBIM 3HaUYE€HUEM HEUM3BECTHOTO MapaMeTpa
U ISl BBIOOPKH Majoro o0beMa MOKET CYHIECTBEHHO OTIMYaThCs OT
Hero. YToObl MMETh MPEICTaBICHUE O TOYHOCTH U HAJACKHOCTH OIICH-
K1 6" mapameTpa 6 UCTOJb3YIOT HHTEPBAIBHYIO OLICHKY MapaMeTpa.

Hnmepeanvnoii Ha3bIBAIOT OLICHKY, KOTOpasi OMpPEAeseTcs ABY-
Ms YUCJIaMHU — KOHIIaMW HWHTEpBaja, MOKPHIBAIOIIETO OIEHUBAEMBbIN
napamerp.

Jloeepumenvubvim HA3BIBAIOT UHTEpBaN (6*',0™), KOTOPHIA C 3a-
JAHHON BEPOSITHOCTHIO (HAZEKHOCTHIO) y TOKPHIBACT 3a/JlaHHBIA Ta-
pameTp. BeposiTHOCTH y Ha3BIBACTCS 008EPUMENbHOU BEPOAMHO-
CHibi0, YPOBHEM JOBEPHS WU HAJEKHOCTHIO OIEHKH.

BenuurHa 0BEpUTENHHOIO MHTEpBajia 3aBUCUT OT 00beMa BBbI-
O0OpKHU (YMEHBIIIAETCSI C POCTOM 7 ) U OT 3HAYEHMS JIOBEPUTEIIHLHOMN Be-
POSITHOCTH y (YBEJIMUUBAETCS C MPUOIMAKEHUEM y K CTUHUIIE).

YacTo mHTEpBaa BBHIOMPAIOT CUMMETPUYHBIM OTHOCHUTEIBHO Tia-
paMeTpa 6, T.e. BRIOUPAIOT UHTEPBAT (0 —A, 6 +A).

Omknonenue A OUEHKU & OT OLIEHMBAEMOTrO mapaMmeTpa & Ha-
3BIBAETCS TOYHOCTBIO OIIEHKH: ‘6— 9*‘ <A.
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Jt00y10 TOYHOCTH MOKHO TOJIYUYUTh C ONPECICHHOU BEPOSTHO-
CTBIO (HAJIEKHOCTBIO):

P(

DTO yCIIOBHE O3HA4YaeT, YTO MHTEpBAN [6° —A,60" + A] TOKpHIBAET
3HAUYCHHE TMapaMeTpa @ C 3aJ]aHHOU 0ogepumenbHOU 8epOosmMHOCIbIO
7. TOYHOCTD OIIEHKU A (PAaKTHUECKHU OMPEACISIET OUHY 008epumelp-
Hoco uumepegana (2A).

[TocTpoeHne NOBEPUTENBLHOTO UHTEPBAJA ISl TEHEPAJIBHOU Cpel-
HEW W TeHEepaIbHOW JIOJU IO OOJBIITUM BHIOOpPKAM OCHOBAHO Ha Clie-
IYIOLIEN TeopEME.

Teopema. BeposaTHOCT, TOTro, 4YTO OTKJIOHEHHE BBIOOPOUHOI
cpeaHel (Wiy J107M) OT TeHepadbHOU cpenHelt (mau monu) (mo abco-
JIOTHOM BEIIMYMHE) HE TPEB30MAET yuciao A > 0, paBHa:

P([x—x|<a)=a()=7,

A
e t=—;

P(\W—P\SA)=@(f)=7a

rae z—A D(t) = dx — (pynkus Jlannaca.

I[JI;I BBIUHCJICHUS 3Haqu1/H71 9TON (DYHKIIUM JJIS TTOJI0KUTEITBHBIX
3HaYeHuN ¢ (0<¢<5)cocraBneHa Tabmuua (Ilpunoxenue 1); msa 3Ha-
YEeHUU ¢ >5 moyiaratot d(¢)=0,5. g oTpunaTrelibHbIX 3HAUYCHUM ¢ UC-

MOJIB3YIOT Ty K€ TaONUIly, yUUThIBas, uto (yHKIusa Jlariaca Heuer-
Has: O(—x)=-D(x).

I[OBepHTeJILHLIﬁ HHTEPBAJ IJIA CPECAHEI0 3BHAYCHUSA a
HOPMAJIBHOI'O pacnpeacjacHud IIpu U3BECTHOM o

Hnmepeanvrou ONEHKOW C HAACKHOCTBIO y MaTEMaTUYECKOTO
OXHJAHUS a HOPMAJIBHO PaCIpEe/IeICHHOTO MpH3HaKa X IO BBIOO-
POYHOU CPEIHEN x, SIBISICTCS JOBEPUTECIILHBIN UMHTEPBAJ

X —t- —<a<x +-

(o2
— 2
I N
(o2
rJe t(T) =A— TOYHOCTh OLICHKH, n — 00bEM BBIOOPKH, 1 — 3HAUCHUE
n

aprymenTa Gynkuuu Jlammaca ®(¢), mpu kotopom D(f) ==

224



JloBepuTe/IbHBIM HHTEPBAJI 1JI51 CPEHEr0 3HAYCHUS
HOPMAJILHOTI'0 pacnpeaeaeHus Mpu HEM3BECTHOM o
(1 00beMe BBIOOPKH 1 <30)

HnmepeanvHou ONEHKOW C HAACKHOCTBIO y MaTeMaTUYE€CKOTO
0KUJIAaHUS a HOPMAJIBHO PACHPEICICHHOIO MPU3HAKA X B 3TOM CIIy-
4ae CIyKUAT UHTEPBa

X, _;y[%]Sas}B +ty[%],

I7I€ s — «UCIPABJICHHOE» BBIOOPOUYHOE CpEJHEE KBAJIPATUUECKOE OT-

n
KJIoHEHHE (s° :—IDB); t, HAXOJUTCA 10 3aJJaHHbIM n U y T10 TalJIu-
e (Ilpunoxenue 2).

JloBepuTe/IbLHBbII HHTEPBAJ JJIA TUCIIEPCUHU T
HOPMAJILHOI'0 pacnpeaejieHns

Hnmepsanvroil OLIEHKONW (C HAJCKHOCTBIO ) cpedHezo Keaopa-
MUYecK020 OMKIOHEHUsL & HOPMANbHO PACHPeOesieHH020 npusHaka X
M0 «HUCIPABJICHHOMY» BBHIOOPOYHOMY CpPEAHEMY KBaJIPATHUYECKOMY
OTKJIOHEHUIO § CITY>KUT IOBEPUTEIIbHBIN HHTEPBAII

s(1-q) <o <s(l+q) mpu g <1,
0<o<s(+gq) npu g > 1,
rae g Haxonaat no tabnwuie (ITpunoxxenue 3) o 3HAYCHUSAM 71 U Y.

Omnpenesienne o0bema BbIOOPKH

Jns onpeneneHuss ooObeMa BBIOOPKH 7 HEOOXOJMMO 3aJiaTh Ha-
JEKHOCTh (JOBEPUTENBHYIO BEPOATHOCTD) OLIEHKU Y U TOUHOCTD (TIpe-
JENbHYIO OIIMOKY BEIOOPKH) A.

JInsi MOBTOPHOM BBIOOPKU npuU OYeHKe 2eHepabHOU CpeoHel C
HAOeIHCHOCMbIO Y UCKOMBIN 00BbeM BBIOOPKH BBIUUCIISIETCS IO PopMy-
e

t’o’
A2
rae @(t) =y, @(t)— byukuus Jlammaca.

Ecnu HaiiieH 00beM MOBTOPHOM BBIOOPKH 71, TO OOBEM COOTBETCT-

n= N

. . nN
BYIOIIEH 0€CTOBTOPHOW BEIOOPKU HAXOAUTCA 1O popmydie n' = —
n+
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3amaum

18. Haiitu noBepuUTENbHBIM HHTEPBAN U1 OLECHKH C HAJACHKHO-
cTbio 0,95 HEM3BECTHOTO MATEMAaTHYECKOTO OXKHAAHUS @ HOPMAJIbHO
pacrpeieICHHOr0 MpU3HaKa X TeHepaJbHOW COBOKYMHOCTH, €CJIM Te-
HEpaJbHOE CPEJIHEE KBAJAPAaTUUECKOE OTKJIOHEHUE o =5, BEIOOpOYHAs
cpenHss x, =14, a 006beM BEIOOPKH 1 =25.

Pewenue. TpeOyeTcst HAUTU TOBEPUTEIbHBINA UHTEPBAI

X, —t{%)SaSEB +g(%}.

Bce Benn4uHbl, KpOMe ¢, U3BECTHBL. HanaeM ¢ 13 COOTHOIICHHUS

0,95
@(t):%: ’2 =0,475. Ilo Tabmuue 3HaueHuit Qynknuu Jlarmiaca

(ITpunoxenue 1) Haxogum t=t,=1,96. IloncraBus 3Ha4eHus ¢, =1,96,

=5, x,=14, n=25 B GOpMyITy, IOTYINM HCKOMBIil JOBEPUTETHHBIIA
uarepBan 12,04 <a <15,96.

19. a) Haiitu noBepuTeIbHBIN UHTEPBAJ ISl OLICHKU C HAJIEKHO-
cTht0 0,99 HEM3BECTHOTO MATEMAaTHUYECKOTO OKHUIAHUS ¢ HOPMAIBHO
pacnpenesieHHOTO NpU3HaKka X TeHepaJbHOW COBOKYIHOCTH, €CIIH Te-
HEpaJbHOE CPE/IHEE KBAJAPAaTUUECKOE OTKIOHEHUE o =4, BEIOOpOYHAs
cpenHss x, =10,2, a 00beM BEIOOPKH n=16.

6) Ta ke 3a1a4a IPH YCIOBHH, UTO o =5, x, =16,8, n=25.

20. BpiOopka u3 OOJIBIION MApTUM HJIEKTPOJIAMI COACPKUT
100 mamm. CpenHsisi MPOIOTKUATENBHOCTh TOPEHUS JIAMITbl 0OKA3aJ1ach
paBHout 1000 gacos. Halitu ¢ HanexHoCThIO 0,95 1OBEpPUTEIBHBIN WH-
TEepBaJ JJIsi CPEAHEN MNPOJOJLKUTEIBHOCTH a TOPEHUS JaMIlbl BCEU
MapTUH, €CJIU CPEAHEE KBAJIPATUYECKOE OTKIIOHEHUE MPOIOJLKUTEIb-
HOCTHU TOpEHHUS JiaMIibl o =40 4acoB. IIpearonaraercs, 4ro mpoaoJi-
YKUATEIBHOCTh TOPEHUS JIAMIT pacIpeiesieHa HOPMAIBHO.

21. Cranok-aBTomar mramiyetr Banuku. [lo BbIOOpKEe 00Bema
n =100 BBIYMUCIICHA BHIOOPOYHASI CPEAHSS JUAMETPOB M3TOTOBJICHHBIX
BIMKOB. Haiigure ¢ Hane:xkHOCTHIO 0,95 TOYHOCTH A, C KOTOPOH BbI-
OOpouHas CpeJHsAs OLICHMBACT MATEMATHUYECKOE OXKHUJAAHUE IUAMET-
POB M3TOTOBJISIEMBIX BaJMKOB, 3HAsl, UTO UX CPEAHEE KBAAPATUUECKOE
OTKJIOHEHUE o =2. [Ipeanmonaraercs, 4To 1UaMeTpbl BAIMKOB pacIpe-
JIEIICHBI HOPMAJIbHO.

22. HaliTu MUHUMAaJIbHBIM 00BbEM BBIOOPKH, MPU KOTOPOM TOU-
HOCTh OILICHKM MaTE€MaTUYE€CKOrO OXHUIAHUS a TEeHEPaJIbHOU COBO-
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KYITHOCTH TI0 BBIOOPOYHOM cpeHer paBHa A=0,3 ¢ HaJIEKHOCTHIO
0,975. Cpenanee KBaApaTUYECKOE OTKJIOHEHHE HOPMAJbHO pacupese-
JIEHHOM T€HEepAIbHOM COBOKYIIHOCTU o =1,2.

Pewenue. Bocrionap3yeMcst popmynoit, onpeensionieii TOUHOCTh
OIIEHKH O0XXHJAEMOr0 MaTEMAaTHYECKOrO OXHUIAHUSI T'€HEPAIbHOM CO-

6 (v (2 t (o2 O _ 2 * 02
BOKYITHOCTH MO BBIOOPOYHOW CPEIHEM: AzT. TCIOAA n=—
n
0,975

ITo ycnoBuro, y=0,975. IloaTomy D(t)= =0,4875. T1o Tadmuie

3HaueHui QyHkiuu Jlammaca HaiigeM ¢=2,24. [lojacTaBuB 3HaUYCHUS
2 2
e

t=2,24, 0=1,2, A=0,3 B popMyJy JIJIs1 BEIYUCICHUS n = CRE IOy -

quM n=_81.

23. Haiiiute MUHUMAJIBHBIN 00BEM BBIOOPKH, MPU KOTOPOM C Ha-
nekHocThio 0,925 TOYHOCTH OLIGHKM MaTEeMaTHYECKOIo OKMIAHHUS a
HOPMAaJIBHO pacIpe/IeICHHON Te€HEPAIbHOM COBOKYMHOCTH MO BBIOO-
pouHoi cpenned paBHa 0,2. CpegHee KBaJApaTUUECKOE OTKIOHEHHUE
TEHEPAIBHONU COBOKYITHOCTH o =1,5.

24. 13 renepaibHON COBOKYIHOCTU M3BJIEY€HA BHIOOpKA 00bema
n=10:

x | 2| 1 2 3 4 5

1

n 2 1 2 2 2

1

Ouenuth ¢ HagexKXHOCTHIO 0,95 MaTemMaTHyecKoe OXHUIAHUE a
HOPMAaJIbHO PACHpPEICTIEHHOTO MIPU3HAKA T€HEPATBHOW COBOKYITHOCTH
10 BEIOOPOUYHOM CpeHEN TPU OMOILH TOBEPUTEILHOTO HHTEPBAJIA.

Pewernue. Be10OpOoUHYIO CpPEIHIOI M «HUCIPABJICHHOE» CpEJIHEe
KBaJpaTHUECKOE OTKJIOHEHHE HaleM 1Mo popmyiam:

m
2
inni Z”i (x, —x)
_ 4/ =l

x=—) s
n n-—1

[logctaBuB B 3TH  (QopMynbl JaHHBIE 3aJaud, MOJYUYUM
x=2, s=2,4.
Haiinem 7, mone3ysch TaOiuLEe Ui BHIYMCIICHUS ¢, 10 3HaYe-

HusasM y=0,95 u n=10. Uraxk, t,=2,26. Haiimem uckOMBbIN HOBEPH-

TEJIbHbIA UHTEPBAII:

X, —ty[%]Sas}B +t{%).



IloxcraBnsast x =2, s=2,4,t =226, n=10 B 3Ty dbopmyiry, moiy-
YAM HKCKOMBIM HMHTEpBal 0,3<a<3,7, NMOKPHIBAIOIINK HEU3BECTHOE
MaTeMaTHYEeCKOe OKMIaHuE ¢ HaJle:KHOCTRIO (0,95,

25. V3 reHepaibHOM COBOKYITHOCTH M3BJICU€HA BBHIOOpPKAa 00BeMa
n=12:

x |[05]-04|-02] 0 0,2 | 0,6 | 0,8 1 1,2 | 1,5

1

n 1 2 1 1 1 1 1 1 2 1

1

Ouenuts ¢ HazmekHocThIO 0,95 MareMaTHueckoe OXHUIAHHUE a
HOPMAJIBHO PaCHpENEICHHOTO MPU3HAKA T'€HEPATbHOU COBOKYIMHOCTH
10 BEIOOPOYHOM CpeiHEe TTPU TOMOIIH TIOBEPUTEILHOTO HHTEpBAJIA.

26. [lo naHHBIM NEBATH HE3aBHCUMBIX PABHOTOYHBIX M3MEPECHUMN
HEKOTOpOU (hM3MYECKOM BEJIMYMHBI HAWIEHBI cpellHee apudmernye-
CKO€ PE3yJbTaTOB u3MepeHur x =30,1 U «UCHpPaBICHHOE» CpPEIHEE
KBaJIpPATUYECKOE OTKJIOHEHHE s=6. OLICHUTh UCTUHHOE 3HAYECHUE W3-
MEPSIEMON BEIWYMHBI C IOMOLIBIO JOBEPUTEIBLHOTO UHTEpBAia C Ha-
IEeXKHOCTBIO ¥ =0,99. Ilpeamnonaraercs, 4To pe3yJibTaTbl U3MEPCHUU
pacnpeaeneHbl HOpMaIbHO.

Pewenue. VIcTUHHOE 3HAUYECHUE U3MEPSEMOU BEJIMYUHBI PABHO €€
MaTEMATUYECKOMY OKUIAHUIO a. [1oaTOoMy 3amadya CBOAUTCS K OLICHKE
MaTeMaTUYECKOTo OXHWJIaHUs (TP HEU3BECTHOM G) IPHU MOMOIIH J0-

- S - S
BCPUTCIIbHOI'O UHTCPBAJIA X, — t}, — [fa< X, + l7 —_ .
n 7

Bce Benmnuunnbl, Kpome ¢, , U3BECTHBI. Haimem ¢ , mosb3ysch Ta0-
JIALeH U1 BBIYUCIICHUS t, IO 3HAYCHUSIM y=095 1 n=9: t,=2,36.
IToncrasu x =30,1, 1, =2,36, s=6, n=9 B GopMyIly AJs1 UHTEPBaIa,
II0JIyYUM UCKOMBIM UHTEpBAI: 25,38 <a <34,82.

27. I1lo naHHBIM MIECTHA/IIIATA HE3ABUCUMBIX PABHOTOYHBIX W3MeE-
pEeHU HEKOTOpOH (pr3nuecKoi BeTUYMHBI HAlJIEHBI CpeiHee aprudMe-
TUYECKOE PE3YJIbTATOB U3MEPEHUN X =42,8 U «UCIPABICHHOE» CpEll-
HEE KBaJ[PaTUYECKOE OTKJIOHEHHE s=8. OLUEHUTE UCTUHHOE 3HAYEHHE
U3MEPSEMON BEJIIMYMHBI C ITOMOIIBIO JTIOBEPUTEIBHOIO HHTEpBAa C
HAICKHOCTBIO ¥ =0,999. llpenmnonaraercs, 4to pe3yJbTaTbl U3MEpPE-
HUW pacIpeesieHbl HOPMAJIBHO.

28. [1o naHHBIM BBIOOPKH 00BEMa 1 =16 U3 TeHEPATIBHONW COBOKYII-
HOCTU HAWJIEHbl «UCIPABICHHOE» CPEIHEE KBAAPATUUYECKOE OTKIIOHE-
HUE s=1 HOPMJIBHO PACIPEIECICHHOIO KOJIWYECTBEHHOI'O IIPHU3HAKA.
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Haiinure noBepUTENbHBIM HHTEpPBAJ, ITOKPBIBAIOLIMNA T'€HEPAIBHOE
CpeaHee KBaIpaTUYECKOE OTKIIOHEHHUE 6 C HAZIEXKHOCTRIO ¥ =0,95.

Pewenue. 3amaua CBOIUTCS K OTBICKAHUIO JOBEPUTEIBHOTO UHTEP-
BaNa s(1-¢g)<o<s(1+q) (ecmu g<1)nm 0<o <s(l+¢q) (ecam g >1).

[To manubM y =0,95 u n=16 no Tabnuie 3Ha4YCHUN ¢ Hailjem
q =0,44. Tak kak g <1, To, moacraBuB s =1 u ¢ =0,44 B nepBYyIO U3
yKa3aHHBIX (HOPMYJI, MOJYYUM HCKOMBIN JTOBEPUTEIbHBIA WHTEPBA
0,56<0<1,44.

29. ITo nanHBIM BBIOOPKH O00BEMA 7 U3 T€HEPATIBHON COBOKYITHO-
CTA HOPMAaJbHO PACIHPEICIIEHHOIO0 KOJWYECTBEHHOIO IPU3HAKA HaM-
JICHBI «HUCIIPABIICHHOE» CPEAHEE KBAAPATUYECKOE OTKIOHEHUE 5. Hali-
JIATE JTIOBEPUTEIbHBI WHTEPBAJI, NOKPBHIBAIOLINNA T'€HEPAIBLHOE Cpell-

HEE KBAaJpaTUUECKOE OTKJIOHEHHE 6 C HaaeKHOCThio 0,999, ecnu:
a) n=10, s=5,1;0) n=50, s=14.

6.5. IIpumenenue memooa naumenvuux kK6adpamob
044 006pabomxu pesysvmamob nabd100eHuil

Meto HaMMEHBIIUX KBaJpaTOB OTHOCUTCSA K YUCIY OYEHb pac-
MPOCTPAHEHHBIX METOAOB 00paboTKu HaOmoAeHU. OH IPUMEHSETCS
OpU PEIICHUHM MHOTHX MPAKTUYECKUX 3ajad B Ouoioruu, (pusmke,
MICUXOJIOTUH, COLIMOJIOTUU, TUHTBUCTHUKE.

[lycTh B mponiecce 3KCIEPUMEHTA MOJIyYEHA 3aBUCUMOCTh MEXK]Y
3HAUYCHUSIMM  JBYX  3aBUCUMBIX  CIy4YaWHBIX BEJIMYUMH X, V:
(x,1),(x,3,)5.-5(x,,»,). Kak mpaBuio, Takas 3aBUCUMOCTb J1a€TCS B

BUJIE TaOJIUIIBL:

X X, X, X X X

m n

Y b Y, Vs Y Y

[Ipeamnomaraercs, 4To MEXIy 3HAYCHUSAMUA x U y ITUX BEIWYMH

CylecTByeT (yHKIMOHAJIBbHAS 3aBUCHMOCTH OIPESICHHOTO BHJA.
TpeOyercss HalTU QYHKIUIO y = f(x) 3aJaHHOTO BUJA, KOTOpas Hau-

Jy4ImuM o0pa3oMm OblIa OBl COTJIaCOBaHA C OMNBITHBIMHU JIaHHBIMH.
Cuuraercs, 4To HaWwIydIne oyner Ta GyHKIUSA y = f(x), IJIs KOTOPOi

CyMMa KBaJ[paTOB OTKJIOHEHUW 3HAYEHUN y,, BBIYMCICHHBIX 1O (op-
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MyJie y, = f(x,), OT COOTBETCTBYIOIIUX OIBITHbIX 3HAYCHUU ), B TOY-
Kax X, IpUHUMAET MUHUMAJIbHOE 3HAUYCHHUE.
HNuade roBops, HaJ0 HAUTU QYHKIUIO y= f(x), JAJISI KOTOPOUl 00-
n 2
pamntaeTcs B MUHUMYM CyMMa S = Z[ f(x)— yl.] .
i=1

Yaie Bcero B kKauecTBe QYyHKIMHU y = f(x) BHIOUPAIOT JTUHEUHYIO

WJIA KBaJPATUYHYIO.
1. Ilycth QyHKIUEN, «CTIIAXKUBAIOIIEH» IKCIEPUMEHTAIBHYIO 3a-
BUCUMOCTb MEXJy MEPEMEHHBIMU x W y, SIBISETCS JMHEWHas QyHK-

Oust y =ax+b.
Torma S = Z(axl. +b—y,)’, a mapameTpbl a U b ONPENEIAIOTCS U3

i=1
CHUCTEMBI YPABHEHU I

aZn:xk +nb = Zn:yk,
k=1 k=1

) " (1)
aZx,f +b2xk = Zxkyk.
k=1 k=1 =

n n n n
Jlns BerumcneHus KodQQUUUEHTOB Y x/, Y. x., D Xy, D ¥
k=1 k=1 k=1

= k=1 =
CUCTEMBI yI00HO COCTaBUTh BCIIOMOTaTEIbHYIO TaOIHUILy.
2. Eciu B kayecTBe (PYyHKIIMHU, OTPAKAIOIICH SKCIIEPUMEHTAIb-
HYIO 3aBUCUMOCThH MEXK]Iy IEPEMEHHBIMU x U y, BRIOpaTh KBaJpaTHUy-

HYI0 QYHKIUIO y =ax’ +bx+c, TO CUCTEMA YPaBHEHUN JJIS OINpELeIIe-
HUS [ApaMETPOB a, b, ¢ OyeT UMETh BU/L:

aZn:x,f + bzn:xk +nc= Zn:yk,
k=1 k=1 k=1
azn:xi+bzn:x,f+czn:xk =Zn:xkyk, (2)
k=1 k=1 k=1 k=1
azn:x,f + bzn:x,f + czn:x,f = Zn:x,fyk.
k=1 k=1 k=1 k=1

PaCCMOTpI/IM KOHKPCTHBIC 3aJa4 Ha IMPUMCHCHUC MCTOJa HAU-
MCHBIINX KBAJAPAaTOB.
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3agauu

30. IIpenmonaraercd, 4To CTAlMOHAPHOE PACHPENECICHUE TEMIIC-
paTypbl B TEIIOM30JIMPOBAHHOM TOHKOM CTEpP>KHE OIUCHIBACTCA JIM-
HEMHOW (QYHKIMEN y =ax+b. ONpeneanuTb KOHCTAHTHI a, b, nMes Tad-

JIMIY U3MEPEHHBIX TEMIIEPATYP B COOTBETCTBYIOIIUX TOUYKAX CTEPIKHS:

X 0 2 6 8 10 14 16 120
y 32 129,2 12331199 |17,2 |11,3 |78 |2

Pewenue. CoctaBum TabmuIly s onpeaeneHus: ko3 OUIMeHToB

Z”:x,f, Zn:xk, Zn:xkyk Zn:yk cuctemsl (1):
k=1 k=1 k=1 k=1

k Xi X, Vi Xk
1 0 0 32 0

2 2 4 292 58.4
3 6 36 23,3 139,8
4 8 64 19,9 159,2
5 10 100 17,2 172
6 14 196 11,3 158.,2
7 16 256 7.8 124,8
8 20 400 2,0 40
Z 76 1056 142,7 852,4

76a+8b=142,7,
1056a + 76b =852,4.
Pemras sty cucremy no npasuity Kpamepa, nmoinydnm ciienyromnme
3HAYEHUs mapamMeTpoB a, b: a=-1,5, b=32,5. Takum 0Opa3oM, HUCKO-
Mas JTuHeWHast QyHKIMS UMeeT BUA y =—1,5x +32,5.

Cucrema (1) umeet BUI; {

31. B snekrpuueckoi uenu B teueHue 10 cexyHna usmepsercs Ha-
npsbkeHue U ¢ MHTEpBAJIOM B | cexkyHay. Pe3ynbTarsl IPUBEICHBI B
TaduIe:

t 1 2 3 4 5 6 7 8 9 10
U 12 11 10 9 9 8 8 7 7

N3BECTHO, 4YTO 3aBUCUMOCTH MEXAYy napamerpamu U U ¢ JIMHEU-
Had, T. €.U =kt +b.
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Havinure Takue 3HadYeHUs mapaMeTpoB k£ W b, TIPU KOTOPBIX
byukus U =kt +b NOCTAaTOYHO TOYHO OTPaKaeT pe3yJIbTaThl IKCIIC-
pUMEHTA.

32. B tabnuie mpuBeIeHbI pe3yibTaThl U3MEPEHUS CUJIBI 3BYKa
camosieta (oHa oOo3HaueHa U U u3Mepsiercs B nernuoenax (00)) Ha
Pa3IMYHBIX PACCTOSIHUSIX OT TOUYKH B3Ji€Ta (paccTosiHue 0003HAYaeTCs
yepes S U u3MepseTcs B KM):

s |1 25 |3 55 |7 85 |10 |15 20 |30
u [115 [108 [102 |98 |93 |89 |87 |72 [65 |60

Hcnonb3yss METOJ, HAUMEHBIIIUX KBAJAPATOB, MOJ0EPUTE JIMHEH-
HY10 (PYHKIIHIO, KOTOpas OnuchiBaeT 3aBucumMocth U ot S. HalinuTe:

a) Ha KaKOM PacCTOSIHUM OT TOYKH B3JIETa 3BYK CTAHOBUTCS CMEP-
TEJIbHO ONACHBIM JIs YyesioBeka (cBbliie 120 memuoden);

0) Ha KaKOM pPaCCTOSIHUM OT a’poJpoMa MOKHO CTPOUTH KHUJIbIC
noMelieHus: (MeHee 75 peruoben), IeTCKUE YUPEKIACHUS U OOJbHUITBI
(menee 50).

33. meroTcs caeayroniye TaHHble 0 BEIUYMHE Ipodera aBToMo-
owst X (Teic. KM) U Y — pacxoje Macia (JI/TbIC. KM):

X 50 70 90 | 110 | 130
Vi 0,2 10508 | I, | 1,3

[Tomaras, 4To MeXIy NEPEMEHHBIMU X U Y CyIIECTBYET JIMHENHAs
3aBUCUMOCTb y =ax+b, HAWAUTE METOJOM HAWMEHBIIMX KBAaJAPaTOB

AMITUPUYECKYIO (OPMYJITY ITOU 3aBUCHMOCTH.
34. lmerorcs crenyromue NaHHBIE O pacxojax Ha pekinamy X
(TBIC. yCII. €/1.) ¥ COBITE MPOAYKIMHU Y (THIC. €11.):

X, 1 2 3 4 5

1

Vi 1,6 4,0 7,4 12,0 | 18,0

[Ipenmonaras, 4ro Mexay IEepeMEeHHbIMU X M Y CylIecTBYyeET
KBaJpaTU4YHAsl 3aBUCUMOCTb y = ax’ +bx +c, HAUJIUTE METOJOM HaH-

MEHBIINX KBaJAPaTOB AIMITMPHUIECCKYIO (DOPMYITy 3TOM 3aBUCHMOCTH.
35. UmeroTes ciieayromme TaHHble 0 epeMeHHbIXx X u Y, rae X —
1IeHa Ha ToBap (yci. el.), a Y — ypoBeHb Npojiax (ThIC. €]1.):
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X 3,0 4,0 5,0 6,0 7,0

1

Vi 200 160 120 90 80

[Ipennonaras, 4To MEXAY IEPEMEHHBIMUA X U Y CylIeCTBYeET JIU-
HEWHAas 3aBUCUMOCTb y=ax+b, HAWJIATE METOJOM HAMMEHBIINX
KBaJAPaTOB SMIUPHUUECKYIO (POPMYITY 3TOM 3aBUCUMOCTH.

36. 3amaya 35 pu ycioBuu, 4To X — MOIIIHOCTh ABUTraTtess (JI. ¢.),
a Y — CpelHu CPOK €T0 SKCIUTyaTalluu:

X, 30 40 50 60 70
Vi 18 20 21 24 80
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7. AKcvmoMaTMUYeCKUM METO/I.
OO1me BOopockl

AKCHOMaTHYECKUNH METOJl — 3TO CINOCO0 TOCTPOCHUS HAy4YHOU
TEOpPUH, IPU KOTOPOM B OCHOBY TE€OPHUH KJIATYTCSI HEKOTOPBIE UCXOJ-
HBIE MOJIOKEHHUSI, Ha3bIBAEMbIE AKCHOMAaMH TEOPHHU, & BCE OCTAJbHbIC
MPEUTOKECHUS TCOPUU TTOTYHAIOTCA KAK JOTUYECKUE CIICACTBUS aKCH-
oM. B Maremaruke akCHOMaTHUYECKUN METOJ BIIEPBBIE BCTPEUAECTCS B
paboTax JIpeBHETpEeYECKUX reoMeTpoB. biecTsnmM, ocTaBaBIIMMCS
€IUHCTBEHHBIM BIUIOTh A0 XIX B. 00pa3lioM NpUMEHEHUs aKkCHOMa-
TUYECKOr0 METoJla OblJIa TeOMETpHUUecKas CHUCTEeMa, W3BECTHAas IOJ]
Ha3zBanueM «Haugama» EBknnna.

CyTh aKCMOMATHYECKOTO MMOCTPOCHUSI HAYKHU, B TOM YHCJIE U T'€0-
METPUH, 3aKJIIFOYAECTCA B CICTYFOLIEM.

1) JlaeTcsa mepeyeHb OCHOBHBIX MOHSATUM (OCHOBHBIX OOBEKTOB) U
OCHOBHBIX OTHOIIIEHUN MEKIY HUMH.

2) Yka3bIBaeTCsi HA0Op aKCHOM — MPEJIOKEHUHN, MPUHUMAEMBbIX
0e3 JI0Ka3aTenbCTBa, KOTOPhIE OMKUCHIBAIOT CBOMCTBA OCHOBHBIX MOHSI-
TUW U OTHOUICHUN MEXIY HUMH.

3) Crpoutcs uenoyka yTBEPKIACHUN (TEOPEM), KaXKI0€ U3 KOTO-
PBIX JTOKAa3bIBAETCA C MCIOJIb30BAHUEM JIMIIb AKCUOM M paHee JOKa-
3aHHBIX TEOPEM.

4) BBoasITCA HOBBIE TOHSATHS, ONPEACISIEMbIE YEPE3 YIKE U3BECT-
HBIE IIOHATHS.

lIpeonoocenue, ycmanagiusaroujee Cmvicl HOB020 MeEPMUHA,
packpwvigaiowee co0epIHcanue H08020 NOHAMUSL Yepe3 U3BECHIHbIE YIice
NOHAMUSL, HA3bIBAEMCSI ORPEOETEeHUEM.

Wtak, mpu akCMOMaTUYECKOM MOCTPOEHUU KaKOW-TUOO TEOpUu
BECh MaTepHUaj 3TOM TEOpHUH (HapUMEpP, FTEOMETPUUECKOMN) pacusICHs-
€TCs Ha Psii TOYHO CPOPMYJIUPOBAHHBIX MPEIAJIOKEHUM, KOTOPhIE HO-
CSIT Ha3BAHUE AKCUOM, meopem U onpeoeneHull.

CyIIHOCTh J0KA3aTeJNbCTBA 3aKJII0YAETCS B TOM, YTO JIAHHOE yT-
BEPXKJICHUE NymeM JI02UYeCKUX YMO3AKIIOUeHUll 8b1800Umcs KaK Jio-
TUYECKOE CIICICTBUE APYTHX MPEIIOKEHUM, CIPABEIIUBOCTh KOTO-
PBIX CUYHATAETCS Y>KE YCTAHOBJICHHOM.

[TOHATHO, YTO MPOLIECC CBEACHHS HOBBIX MPEJI0KEHHUN K paHee
JIOKa3aHHBIM YTBEPKJICHUSIM HE MOXKET ObITh OECKOHEUHBIM: OH HEU3-
OCKHO TPUBOAUT K TMPEIJIOKEHUSIM, KOTOPHIE HENb3s JIOTUYECKU
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000CHOBATh CCHUIKOW Ha Jpyrue npenjioxenus. IMeHHO Takue npea-
J0KEHUS TIPUHUMAIOTCS 0€3 10Ka3aTeIbCTBa, CUUTAIOTCS OCHOBOH JIO-
TMYECKOr0 BBIBOJA BCEX MPOUUX MPEJIOKEHUN U HA3BIBAIOTCA AKCUO-
Mamu.

Takxe cieayer 3aMeTUTh, YTO KaXKJIbIA pa3, KOrja BBOJUTCS HO-
BBII TepMHH, 0003HAYAIOIIUH HOBOE IMOHITHE, HEOOXOJAUMO pPa3bsC-
HUTh TOYHBIA CMBICI 3TOTO TEPMHHA, PACKPBITh COJICP’KAHUE BHOBD
BBOJIMMOTO TOHSITUS Y€pPE3 3HAKOMBIC YK€ MOHSITHSL.

[Ipu momoliy ompeneneHrus HOBOE MOHSTHE CBOJMUTCS K paHee
U3BECTHBIM, 0oJiee MpOCThIM Win Oosee oOmmM noHsATusM. IIpoiecc
CBEJICHUSI OJHUX IOHATUU K JAPYTUM, PAHEE OMPEICICHHBIM, B KOHIIE
KOHIIOB HEU30E€KHO BEJAET K MOHSITHUSIM, KOTOPbIC YK€ HE MOTYT OBIThH
0e3 OIMOKHU CBEJICHBI K IPYTUM MOHSITHSIM.

llonamus, npunumaemvle 6 meopuu 6e3 onpeoeneHuli, HA3bIEA-
IOMCsl OCHOBHBIMU, UTU NEPBOHAYATLHBIMU, BCE TIPOUUE — HPOU3BOO-
HbIMU.

Bcsikast cuctema akcMoM, KOTOpasi MPETEHyeT ObITh OCHOBAHUEM
KaKOW-TH00 HayyHOM TEOpUM, JOJKHA YJIOBJIETBOPSATH OIPEICIICH-
HbIM TpeOoBaHusi. OHa NokHA OBbITh 1) Hempomueopeuueou (unu
COBMECMHOIL); 2) He3a8UCUMOIL UU MUHUMAIbHOU; 3) NOJIHOI.

Omnpenenenne 1. CructeMa akCHOM Ha3bIBAETCA HENPOMUBOPEYU-
601l, €CIIM U3 HEee HEe MOTYT ObITh BBIBEJICHBI KakHe-I100 JBa B3aMMHO
VCKJIIOYAIOIIUE JIPYT IpyTa YTBEPKIACHUS.

JlokazaTenbCTBO HEMPOTUBOPEUMBOCTU CUCTEMbI AKCHOM CBOJIUT-
Csi K JIOKa3aTeJIbCTBY CYIIECTBOBAHHUS XOTS Obl OJIHOM Mojenu (MH-
TepIpETaILK) ITON CUCTEMBI.

Mooenv, unn unmepnpemayusi CACTEMbl aKCUOM — 3TO COBOKYII-
HOCTb TaKMX OOBEKTOB U OTHOILICHUN MEXIYy HUMH, JJIsl KOTOPHIX BBI-
MOJIHSIIOTCST BC€ CHOPMYJIMPOBAHHBIE aKCUOMBI. J[J11 MOCTpOeHUs: Mo-
JIeJIM, KaK MPaBUIIO, BHIOUPAIOTCS OOBEKTHI U OTHOIICHUS, JJIsl KOTO-
PBIX IPOTUBOPEYUSI CUUTAIOTCSI HEBO3MOMXKHBIMU.

Onpenenenue 2. Cucrema akCMOM Ha3bIBACTCA HE3AGUCUMOU, €C-
JM KaXJ1asi €€ aKkCHUOMa HE 3aBHCHUT OT OCTaJbHBIX €€ aKCHOM, T. €. HE
MOXET OBITh MOJYy4YEeHA KaK JJOTUYECKOE CIIC/ICTBUE OCTAJIbHBIX.

YtoObI JOKa3aTh, YTO HEKOTOpasi akCMOMa A HE SIBISETCS JIOTH-
YECKUM CJICJICTBUEM OCTAJIbHBIX aKCOM CHUCTEMBI, HaJlI0 HAlTH TaKylo
UHTEPIIPETAIMIO, B KOTOPOU pEeaIU3yIOTCSl BCE aKCUOMBI JJAHHOW CHC-
TEMBI, KPOME aKCUOMBI 4.
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Onpenenenne 3. HenporuBopeunBas cUCTEMa aKCMOM Ha3bIBa-
€TCS NOJHOU, €CIIN OHA HE MOXET ObITh MOMOJIHEHA HUKAKUM HOBBIM
PEAJIOKEHUEM OTHOCUTEIBHO MOHSITUI TaHHOW TEOPUH, KOTOPOE Obl
HE CJICJIOBAJIO M3 UMEIOIINXCA AaKCUOM U UM HE MPOTUBOPEUHIIO.

YToObl OKA3aTh MOJHOTY CUCTEMBI aKCMOM, HAJI0 JIOKa3aTh, YTO
ME¥K]ly BCEMHU €€ MHTEPIPETALUIMHA MOKHO YCTAHOBUTH B3aUMHO OJI-
HO3HAYHOE COOTBETCTBUE (TO €CTh U30MOPHU3M).

Cy1iecTBYIOT pa3Hbie HAOOPHI AKCUOM ISl TIOCTPOCHUS e8KIU0-
goui eceomempuu. OHa U3 HanOOJEE M3BECTHBIX AKCMOMAaTUK €BKJIU-
JIOBOM TEOMETPHUHU — 3TO CUCTeMa akcuoM [ uinbbepra, KoTopas coaep-
AT 5 TPy aKCUOM:

[. AKCHOMBI nPpUHAONEHCHOCU WA AKCUOMBI COeOUHEHUS;

II. Axcuomsl nopsioka,

III. AKCUOMBI KOHEPpYIHMHOCMU,

[V. AkcuoMsl nenpepwvignocmu,

V. Akcuoma napannenvnocmu.

OCHOBHBIEC TIOHATHSI B ATOM aKCHOMATHKE: ) mouxu, 2) npsimvle,
3) nnockocmu,

OCHOBHBIE OTHOIIEHUSI MEXJY HEONpeaAe/SIEeMbIMH OOBEKTaMHU
BBIPAYKAIOTCA CIIOBAMU:

1) «npunaonexcamvy unu «1exrcamov Ha», «KNPOXOOUMb YEPE3»,;

2) «nexcamo medncoyy (0151 movex),

3) «KOHSDYIHMHBIUY UNIU «PABHBLUY,

4) «HenpepvigHOCMb Y

5) «napannenvnocmoy.

PaccMoTpuM akCHOMBI TEPBOM TPYNIIBI, KOTOPBIE CBS3BIBAKOT
MEXIy cO00l OCHOBHBIEC MOHSITHS: TOUYKH, TPSMBIE U TUIOCKOCTH.

AKCHOMBI IPUHAIJIEKHOCTH (CBSI3H)

[,. Jlns mo0bIX IBYX TO4YeK A M B CylIecTBYeT mpsamas a, Ipoxo-
JIIAs 4epe3 KaXKAYI0 U3 3TUX JBYX TOYEK.

I,. Ina mo0bIX ABYX TOoueK A M B cyliecTByeT He 0oJiee OJIHOM
PAMOM, MIPOXOIAIIEH YEPE3 KAKAYIO U3 ITHX IBYX TOYEK.

I;. Ha BCcsAKOM NMpsIMOM CYLIECTBYIOT, 110 KpaHEHW Mepe, ABE TOY-
k. CyIlecTBYIOT, IO KpallHEW MEpE, TPYU TOUYKH, HE JICKAIMe Ha OJI-
HOU MPSIMOU.

I;. JIns mo0bix Tpex Touek A, B, C, HE Jexalux Ha OJHON U TOM
K€ ONPSAMOM, CYIIECTBYET IUIOCKOCTh @, TPOXOASAIIAS YEPE3 KAKIYIO U3
TUX TpeX TOoYeK. KaXaou NIOCKOCTH NMPHUHAIJIEKUT, MO MEHBIIEU
Mepe, OJIHA TOYKa.
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Is. Jlns mo0bix Tpex Touek 4, B, C, He Jexalux Ha OJHON U TOM
Ke TPSMOM, CYIIECTBYET HE 00Jiee OAHOM MIIOCKOCTHU 0, TPOXOAIIEH
yepes KaXAy0 U3 3TUX TPEX TOYEK.

I¢. Eciu nBe Touku 4 u B ipAMOU a JeXaT B MJIOCKOCTH O, TO U
KaX/1asi TOYKa 3TOU MPSIMOU @ JIEKHUT B IIIOCKOCTH A

I;. Ecnu aBe MIOCKOCTH MMEIOT OOIIYI0 TOYKY, TO OHH UMEIOT, T10
KpaitHel Mepe, e1lle OJHy OOIIYI0 TOUKY.

Ig. CymiecTBy10T, MO MEHBIIEH MEpe, YEThIPE TOUKHU, HE MTPUHA/I-
JISKAIINE OJTHOM IUTIOCKOCTH.

3amauu

Onupasich Ha aKCHOMBI TIEPBOM TPYMIIBI, TOKAXKUTE CICTYIOIIHE
PEeIOKECHUS.

1. /Ise npsimMble, JexKaliue B OAHOMN MJIOCKOCTH, UMEIOT JTU00 OJIHY
0OIIy0 TOYKY, TMOO HE UMEIOT OOIIMX TOYEK.

2. JIBe pa3iIu4yHbIC TJIOCKOCTH JTUOO HE UMEIOT OOIIUX TOYEK, JIH-
00 mepeceKaroTcs Mo MPSMOM.

3. [ImockocTh U HE Jexkalias Ha Hel mpsiMast Tu00 HE UMEIOT 00-
ITUX TOYEK, TUO0 UMEIOT OJHY OOIIYIO0 TOUKY.

4. Uepes npsaMyro 1 HE JISKaITylo Ha HEH TOYKY, TaK K€ Kak U Je-
pe3 ABe MpsIMble, UMEIOMKE OOIMYI0 TOYKY, BCET/Ia MOXHO MPOBECTH
MJIOCKOCTh M IPUTOM TOJIBKO OJTHY.

5. JIokaxuTe HEMMPOTUBOPEUMBOCTh AKCUOM CHUCTEMBI, COCTOAIIECH
U3 TIEPBBIX TPEX aKCHOM MEPBOM TPYTIIHI.

BTtopas rpyria akcuoM: akCHOMBI TTOPsIAKa

I1;. Ecnu Touka B nexut mexay Toukamu A u C (puc. 1), To 4, B,
C — Tpu pa3nUYHBIC TOYKH MPSMOU, M TOUKA B JEKHUT TaKKe MEKIY
ToukaMu C U A.

A B C A C B
Puc. 1 Puc. 2

I1,. {5 mo0bix AByX Touek A u C, CylIECTBYET, IO KpailHEel Me-
pe oaHa Touka B (puc. 2) Ha npsiMol (AC) Takas, 4To Touka C JIEKUT

MEXITy Toukamu 4 u B.

I1;. Cpenu mo0ObIX TpeX TOYEK MPAMOU CYIIECTBYET He Oojee of-
HOU TOYKH, JIekKAILIEH MEXAY ABYMs APYTUMU.

Uto0b1 cHOpMYIUPOBATH CICAYIOUIYIO aKCUOMY, BBEJEM MOHSTHE
oTpe3Ka.
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Onpenenenne 4. OTpe3KOM HA3BIBACTCA CUCTEMA, COCTOSIIAA U3
nByX Touek A u B. Toukn 4 u B Ha3bIBalOTCS KOHIIaMHU OTpe3ka. Tou-
KM, JexKamue Mexny A u B, Ha3pIBalOTCS TOYKAMHU OTPE3Ka WU BHYT-
PEHHHMH €T0 TOYKAMH, OCTaJIbHbIe TOUKHU MpsiMOi (AB) Ha3bIBalOTCS
BHEIITHUMH MO OTHOIIICHUIO K OTPE3KY.

O0603Ha4aIOT OTPE30K CUMBOJIOM [AB].

II4 (Axcuoma Ilama). [Tycte 4, B, C — Tpu TOYKH, HE JIEKAIIUE
Ha OJHOW NPAMOM, U a — NpsAMas B IJIOCKOCTH (ABC), HE MIPOXOA-

niasi HA yepe3 oJHy u3 Touek 4, B, C. Torma ecnu npsimas a mpoxo-
JMT 4€pe3 OAHY M3 TOYEK OTPe3Ka [A4B], TO OHA MPOXOJUT TAKKE

WM Y€PE3 OJHY M3 TOYEK OTpe3Ka [AC|, WM 4Yepe3 OJHY U3 TOUYEK
oTpeska [BC].

3amaum

6. /loxaxkute, 4TO KakoBbI ObI HM ObLIH ABE TOUkU A u C, cytle-
CTBYET, 110 KpalHEW Mepe, OJHa To4Ka B Ha mpsaMon (AC), Iexaias

mexay A u C.

7. Jlokaxxute, 4YTO Cpen JIFOOBIX TPEX TOYEK OJTHOM MPAMON OJIHA
Y TOJILKO OJTHA TOYKA JISKUT MEXY ABYMS JIPYTUMHU.

8. Jlokaxure, uto ecim Be[AC| u Ce[BD], 10 B u C nexar Ha
[4D].

9. Jlokaxute, YTO MEXKIY JIFOOBIMU JBYMs TOUKAMH IIPSIMOU Cy-
IIECTBYET OECKOHEUHOE MHOKECTBO JIPYTUX €€ TOUEK.

Oco0y10 poJib B Pa3BUTUU aKCHOMAaTHUYECKOTO METOJla Chirpalia
ATask TPYIIAa aKCUOM, COCTOSIIAsl U3 OJHOW aKCHOMBI, Ha3bIBAEMOWU
AKCHUOMOM IMapajujleIbHOCTH M BBIPAKAIOLUIEH OTIUYUE EBKJIUIOBOMU
reoMeTpuu oT reomeTpuu JlobaueBckoro.

AKCHOMA MAPAJJICJIbHOCTH eBKJIMA0BON reoMeTpHUHU

V. Ilycmv a — npouszeonvras npamas u A — mouxa, He nedcawyas
Ha Heu. Toeoa 6 niockocmu, onpedensemou npamou a u mouxou A,
cyujecmeyem He 0Oonee OOHOU NPAMOU, KOMOPAs Npoxooum uepes
mouky A u ne nepecexaem npsamyio a (akcuoma Ilneiighepa).

Crenyer 3aME€TUTh, YTO TEOMETPUIO, MOCTPOCHHYIO Ha aKCMOMax
rpynn -1V, Ha3bIBawOT abcoaromuoti ceomempueti. ITy TEOMETPUIO
COCTAaBJISIFOT BCE IMPEIIIOAKEHUS MIKOJIBHOTO Kypca T€OMETPHUH, KOTO-
pBI€ TOKa3bIBAIOTCS O€3 MOMOIIY aKCHOMBI MapajlIeIbHOCTH.
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Ha ocHOBEe akcMOM Bcex NATH IPYII U3y4arOTCs CBOWCTBA IIa-
paJJIETbHBIX OPSAMBIX MO0 EBKINY, TOKA3bIBAIOTCS TEOPEMBI O CYMME
VIJIOB TPEYTrOJAbHUKA W BBIMYKIOrO MHOTOYTOJIbHUKA, W3Y4YaroTCS
CBOICTBA MapajuieIorpaMMOB U Tpareluii, CTPOUTCS TEOPUS MOI00us
u T. 1. Takxke akcuomsbl rpynn [V mo3BoisitoT 000CHOBaTh TPUTOHO-
METPHIO, U3YYaEMYIO0 B CPEIHEW IIKOJE, U KOOPAWHATHBIM METOH B
reometrpun. B vactHocTH, Teopema Iludaropa, nas JokazatenbcTBa
KOTOPOU HEOOXOIUMO MCTOB30BaTh aKCUOMY V, MO3BOJISIET BHIBECTH
dbopmyily 171 BBIUUCICHHUS] PACCTOSHUSI MEXKIY IBYMSI TOUKAMH IIO
KOOpAMHATaM 3TUX TOYEK U pelIaTh OOJIBIIIOE YMUCIIO 3a7a4 aHAJUTH-
YECKOU T€OMETPUMU.

Ilepeasa neeexknuooea zeomempusa Obuia IOCTPOCHA PYCCKUM Ma-
TemaTukoMm, mpodeccopom Kazanckoro ynuBepcutera Hukonaem
NBanosuuem JloOGaueBCKUM.

H. N. JIobaueBckuii poaumncsa 2 aexkadbps 1792 r. B Huxxnem Hos-
ropoze. C 1802 nmo 1807 r. yunincs B Kazanckou rumuazuu, ¢ 1807 mo
1811 r. cocTOsI CTYJIEHTOM HE3aJ0JITO JI0 TOTO OCHOBaHHOTO KazaH-
CKOro yHuBepcutera, ¢ 1814 r. — anbsloHKT, ¢ 1816 1. — mpodeccop To-
ro ke ynusepcurera, ¢ 1827 mo 1846 r.— ero pekrop. C 1846 mno
1855 r. — momomHuk moneuyuTenss KaszaHckoro ydeOHOro Okpyra.
Cxkonuancsa H. U. JIobaueBckuii 24 depans 1856 r.

B TeuyeHne nepBhIX JIET MpEenogaBaTeIbCKON JiesTebHOCTH B Ka-
3aHcKkoM yHuBepcuteTe H. U. Jlo6aueBckuii HACTONYMBO MBITAJICS J10-
kazaTb V mnocryiar EBkimupa: «Ecim npsimasg, nepecekaromasi JIBe
npsiMble, OOpa3yeT BHYTPEHHUE OJIHOCTOPOHHUE YIIIbl, B CyMMeE
MEHBIINE JIBYX MPSAMBIX YIJIOB, TO 3TH JABE MPSAMBIE MEPECEKAOTCS C
TOW CTOPOHBI, IJI€ CyMMa YIJIOB MEHBIIIE JABYX MPSAMBIX». (3aMeTuM,
YTO ATO MPEJJI0KEHUE PAaBHOCUIBLHO aKCHUOME TapasuienbHocTu.) He-
yJaya 3TUX MOMNBITOK ITPUBENA €TO K BBIBOAY, YTO V mocTyJar EBkin-
Jla HeJIb3s BBIBECTH W3 OCTaJbHBIX akcuoM. JlobaueBckuil oTBepraet
ATOT MOCTYJIAT ¥ 3aMEHSIET €TO CIECAYIOIINM YTBEPKICHUEM.

V*(aKCI/IOMa JlobaveBckoro). /lycms Oanvl npsamas a u mouka
A, He nexcawasn Ha Heu. Toeda 6 niockocmu, npoxoosiueu uepe3 npsi-
MYI0 a U MOYKY A, cyujecmeyem He MeHee 08YX NPAMbIX, NPOXOOAUUX
uepe3 mouKy A u He nepecexkanuux npamyio a.

Hcnonb3yst omy akCUOMY U aKCUOMBI aOCOIlOMHOU TE€OMETPUH,
TO €CTh BCE OCTAJbHBIE AKCHOMBI T€OMETPUH, KPOME aKCHOMBI MTapaJi-
JENBHOCTH €BKJIMI0BON reoMetpuu, JIoOaueBCKUN YUCTO JIOTUUECKHU
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CTPOUT HOBYIO T€OMETPHIO, KOTOPYIO HA3BIBAET «8000PANCACMOUN
(mo3Hee ee cTajau Ha3bIBaTh eeomempuell JIobauesckozo).

VYkaxem Hekotopwie (akTel TeomeTpun Jlobaueckoro. He nHamo
YIAUBJATHCS, YTO 3TH MPEIIOKEHUS MPOTUBOPEYAT U3BECTHBIM TEOPE-
Mam EBkiuna. Beas reometpusi JIobaueBCKOro OTpa)kaeT CBOMCTBA
MMOBEPXHOCTH, OTIUYHOW OT E€BKJIMIOBOM IJIOCKOCTHU. [IOBEPXHOCTD,
Ha KOTOPOI BBIMOJIHSETCA co3AaHHas JloOaueBCKUM reomeTpus, ca-
MOMY eMy Obljla HEM3BECTHA, OHA OTKPHITA TOJBKO MOCJIE €r0 CMEPTH.

Teopema 1. Bo BCSIKOM TpeyrojibHUKE CyMMa BHYTPEHHUX YTJIOB
MeHbIIe 2d.

Teopema 2. Bo BCAKOM BBIIYKIOM YETBIPEXYTOJBHUKE CyMMa
BHYTPEHHUX YIJIOB MeHbIIE 4d.

Teopema 3. CymMa yriIOB TPEyroJIbHUKA HENOCTOSIHHA, T. €. HE
OJIHA U TA K€ ISl BCEX TPEYTOJIbHUKOB.

Teopema 4. Eciiu Tpu yriia oqHOr0 TpEeyrojabHUKa COOTBETCTBEH-
HO paBHBI (KOHTPYAHTHBI) TPEM yIJIaM JIPYTOro TPEyroJibHUKa, TO 3TH
TPEYTOJbHUKU PaBHBI (4-il IpU3HAK PABEHCTBA TPEYTOJIbHHUKOB).

Teopema S. Uepes KaxkIyr0 TOUKY A4, HE JIEKAIIYIO HA NIPSIMOU a,
B IUIOCKOCTH, ONIPEAEIIAEMON ITOM NIPSAMOM U TOYKOM, MOKHO IPOBEC-
TH B TOYHOCTH JBE MPSIMbIC, IAPAJUIEIbHBIE TAHHOW MPSIMOU a .

Teopema 6. Ha miockocTu CymieCTBYIOT TPEYTrOJbHUKH, OKOJIO
KOTOPBIX HEJIb3s1 ONUCATh OKPY>KHOCTb.

Teopema 7. BuyTpu 11060r0 OCTpPOro yria CymecTBYIOT TOYKH,
yepe3 KOTOpbIE HENb3sl IMPOBECTU MPSIMYI, OJHOBPEMEHHO IMEpece-
KAIOU[YI0 00€ CTOPOHBI 3TOTO yIJIa.

Teopema 8. PaccTrossHue OT TOYEK OJTHOU U3 MAapaUIENbHBIX IPS-
MBIX J0 JAPYTroil B OJHY CTOPOHY HEOIPAaHUYEHHO yOBIBAaeT, a B JPY-
T'yI0 CTOPOHY HEOTPAHUYEHHO PaCTET.

Pesynbratel JIo6aueBCKOro oka3ainch HACTOIBKO HEOOBIYHBIMU
JUIsl yMOB, BOCIIMTAHHBIX Ha UJIeIX reoMeTpun EBKina, 4To HE ObLIN
MOHATHI OOJBITUHCTBOM U3 €0 COBPEMEHHUKOB.

[Ipumepno B ogHo Bpemsa ¢ H. U. JlobaueBckum (miepBas moJioBH-
Ha XIX B.) K OTKPBITUIO HEEBKJIMJAOBON T€OMETPUU MOJIOILIN HEMEII-
kur matemaTtuk K. ['aycc u BeHrepckuii yuensiit f. boiisu.

3agaum

10. EcTp 111 B peaJIbHOM MHPE TOYKH, IPSAMBIE, INIOCKOCTH ?
11. B yem oTinuue akCuoM OT Teopem?
12. [Touemy akCHOMBI HE JOKA3BIBAKOTCS?
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13. Cy1iecTBYIOT JIM JJ1s1 OTHOW M TOM e TEOPUHU pasHbIe HAOOPHI
aKCcuoMm?

14. MOXHO I BMECTO OJTHUX OCHOBHBIX HEONPEAEISIEMBIX MMOHS-
THW B3SITh ApPYyTHE?

15. B yem oTiinune B aKCHOMAaTHYECKUX MMOCTPOCHUAX TEOMETPUU
EBknuaa u reomerpun JlobaueBckoro?

16. YUto Ha3pIBaCTCA MOAEIBIO AaKCHOMATUYECKOW TEOPUHN?

17. B3sB B KauecTBE TOYEK BEPIIMHBI TPEYTOJIbHOU NMUPAMU/IBI,
chopMyupyiTe HECKOJBKO BO3MOXKHBIX AKCHOM E€BKJIHUJIOBOM T€O-
METPUU TPEYTOJIbHON MUPAMU/IBI.

18. ITocTpoiiTe KaKyr-HUOYAb MOACHIH CICAYIONICH CHCTEMBI aK-
CHOM.

JlaHbl OOBEKTHI TIEPBOrO U BTOPOTO POJia U OTHOIIEHHUE «OOBEKT
l-ro poga TpUHAIICKUT OOBEKTY 2-TO POJa», YIOBIECTBOPSIOIINE
CHEAYIOIIAM aKCUOMaM:

1) cymecTBy10T, 110 KpaiiHei mepe, 3 o0bekTa 1-ro poxa;

2) Kaxa0My OOBEKTY 2-TO poja MpUHAAJIECKAT B TOYHOCTH JBA
obbekTa 1-ro poja.

19. 3agaua «l'opoma m mapmpytel». Hexkotopas opranuzanus
IPOJAET IYTEBKHU IMYTEIIECTBUU 10 ropoAaM. B cxeMy IyTemecTBuu,
0 KOTOPBIM COCTABIIAKOTCS MapIIPyThl, BXOJAT n+1 ropoaoB. [Ipun-
ANl COCTABJIEHUS] MAPIIPYTOB TAKOBBI:

1) nst 100BIX BYX TOPOJOB CYIIECTBYET €IMHCTBEHHBIM Map-
HIPYT, Y€pPE3 HUX MPOXOAIIHNI;

2) KaxJple JIBa MaplIpyTa UMEIOT OOIIHI TOpo.

B03MO0XHO 71 ¥ TIPHA KAKKUX n MTOCTPOCHUE TAKOW CXEMBbI ITyTEIIIe-
CTBUI?

20. JIoGaBbTE K MPHUHIIMIIAM COCTABJICHUSI CXEMbI IyTEHICCTBUI
3agaum 19 eme oguH: 3) HE JOJDKHO OBITH TAKOTO MapmIpyTa, KOTO-
PBIi OBl TPOXOAMIT YEpE3 BCE TOPOIa, KPOME OJTHOTO.

[Ipyu TakoMm J00aBIECHHU: a) COCTABHTE CXEMY IMYTEIIECTBUM JIsi
n+1=7; 0) MOKaXuTe, YTO JJIsI CXEMbl MYyTEIICCTBUMU, YIOBJIECTBO-
psaroiel TpemM cPopMyIMpOBaHHBIM BBIIIE MPUHITUIIAM, CITPABEIIUBbI
CHEAYIOIINE YTBEPKIACHHUS:

1) Ecoum xakoil-HHMOYyJb MapHipyT COACPKUT ¢+1 TOpOI, TO U
BCSAKHAU MAPIIPYT COJEPKUT g +1 TOPOA;

2) KaXJIbIi TOPOJI BXOJUT B ¢ +1 MapIuipyT;
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3) cyiiecTBYIOT 4 ropojaa, HUKakue 3 U3 KOTOPBIX HE MpUHAIe-
AT OJTHOMY MAapUIPYTY.

B npennoxennsix 2 v 3 mpeanosiaraercsi, 4To BBIIIOJHEHO YTBEP-
Jknenue 1.

21. I'pynna, cocrosimas u3 n+1 y4EeHHKA, Y4aCTBYET B JICKYPCT-
Bax. ['padpuk nexKypcTB COCTABJIEH MO CIEAYIONIUM MPAaBUIIAM:

1) moOble nBa y4eHHKa JOJDKHBI Y4aCTBOBATH B €JMHCTBEHHOM
o01eM AeXKypCTBE;

2) B MHOOBIX ABYX JIEKYPCTBAX €CTh OOITUN YUCHUK;

3) HET ACXKYPCTB, B KOTOPHIX IPUHUMAET y4acCTHUE n YUCHUKOB.

CocraBbTe TpaduK JeKYpCTB AJIA TPYNILI U3 n+1=7 yYCHUKOB.

BouiBoa m3 3agau 19-21. 3agaum 19-21 npeactaBiasioT coOoi
MOJIETIM OJTHOM a0CTPaKTHON aKCMOMAaTUYECKON cucTeMbl (0003HAUYUM
€€ CUMBOJIOM ).

Ecnu ocnosnvie 06vexkmubl 3TON CUCTEMBl Ha3BaThb MOUYKAMU U
NPAMbIMU, & OCHOBHOE OMHOUleHUe MEXAY HUMH — OMHOULEHUEM UH-
YUOSHMHOCMU VI NPUHAOIEHCHOCMU, TO 3Ty CUCTEMY aKCHOM CO-
CTaBIISIIOT CIIETYOIIUE MTPEII0KEHUSA:

I;. Jlns nro0bIX ABYX pa3iuyHbIX TOUYEK A4 U B CylIecTByeT €IHH-
CTBEHHAs MpsMas g, UM WHIMUACHTHAS (OpUHAIeKAIAsd KaXI0N U3
ATUX JIByX TOUYECK).

I,. Jliist m00BIX ABYX Pa3IUYHBIX MPSIMBIX CYHIECTBYET TOUKA, UM
WHIINICHTHAS.

I;. CymectByer, o kpaiHell Mepe, ojiHa npsMas. He cymectByer
MPSIMOW, UHIIUJICHTHON BCEM TOYKaM 3a UCKIFOYEHUEM OJHOMN.

22. JlokaxuTe, 4YTO M3 ITOM CHCTEMbI aKCUOM BBITEKAIOT ClE-
DYIOIINE NPEIOKEHUS — TEOPEMBI:

1) nro0kle J1Be paziMYHbIC MPSMbIE UMEIOT OJHY U TOJBKO OJHY
OOIIyI0 TOYKY;

2) CYIIECTBYIOT Taku€ 4 TOUKH, YTO BCEBO3MOKHBIC TTApbl U3 HUX
ONPENEIAOT 6 PA3TUYHBIX MPSIMBIX;

3) cymiecTBYIOT 4 pa3jadyHbIC MIPSIMBIE, U3 KOTOPBIX HUKAKUE 3 HE
MMEIOT O0IIEeH TOYKH;

4) Bcsikas mpsmasi UMEET, 0 MEHbIIEH Mepe, 3 TOYKH; BCSKas
TOYKA NPUHAJJIEKUT, IO MEHBIIEH MEpE, TPEM MPSIMBIM.
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8. IIpumeneHnme
MaTeMaTU4ecKOT0o MOJeIMpPOBaHMS
K pelIeHNI0O HEKOTOPBIX ITpaKTUYeCcKMX 3a71ayu

Mogenb B IKPOKOM CMBICIIE CJIOBA — 3TO JIK000i 00pa3 (MbICIICH-
HBI WJIM YCJIOBHBIN: M300pakeHUE, ONMMCAHUE, CXeMa, YepTexk, Ipa-
UK, mIaH, KapTa u T. I1.) KaKoro-iu00 o0bEeKTa, MpOoIecca Uilv siBJie-
HUS, KOTOPBIA UCIOIB3YETCS B KAUECTBE €0 «3aMECTHUTENS, «IPE-
CTaBUTEIISI.

Mamemamuueckana mooenb — 3T0 NPUOINKEHHOE ONMMCAHUE Ka-
KOro-TM00 KJlacca SIBICHWHA BHEUIHErO0 MHUpPA, BBIPAXKEHHOE C MOMO-
IIHI0 MAaTEMATHYECKOTO SI3bIKa K MAaTEMaTHYECKOM CHMBOJIMKH.

[Ipomecc mMaTeMaTUYeCKOTrO MOJCIUPOBAHUS, KOTOPBIM CBOJUT
UCCJICOBAaHUE pEaJbHbIX SBJICHUM K MAaTEeMaTHYECKUM 3ajadam, 3a-
HUMAeT BEIyIee MECTO CPeAu APYTHX METOJOB HCCIIEIOBAHUS, OCO-
OCHHO C MOSIBJICHHEM KOMIBIOTEpOoB. OH MO3BOJISECT MPOSKTHPOBATH
HOBBIE TEXHMUYECKHE CPEJICTBA, padOTaloOlIMe B ONTUMAJbHBIX PEXKU-
Max, peliaTh CJIOXKHBIE 3aJja4l HAYKH M TEXHUKH, POSKTHUPOBATh HO-
BbIE SIBJICHHS. DTO — MOIIHBIA METOJI MO3HAHUS PeaTbHOCTH, METO]]
MPOTHO3UPOBAHUS U YIPABJICHUS, MO3BOISIONIUA TPOHUKHYTh B CYIII-
HOCTb U3Y4YaeMBbIX MPOIIECCOB U SBICHUH.

B mHacrosiiiee Bpemsi MaTeMaTHYECKOE MOJEIUPOBAHUE CTOJIb
HIMPOKO TPHUMEHSETCS B PA3IMYHBIX O0JIACTSIX YEIOBEUECKOU mes-
TEJILHOCTH, YTO MHOTHE MaTEMaTUKH CYUTAIOT, YTO COBPEMEHHYIO Ma-
TEMaTHUKy HaJI0 B MEPBYIO OYEPE/b MOHUMATh KaK TCOPUIO MaTEeMaTH-
YECKUX MOJEJIEN.

[Ipomecc MaTeMaTHYECKOTO MOJICTUPOBAHUS MOKHO pa3OUTh Ha
YEeThIpE ATala.

Ilepsoiit sman — GopmMynupoBKa MpoOJeMbl (3a7a4n) U UCCIEI0-
BaHHME CBOWMCTB O0BEKTA MOJAECIUPOBAHUSA. DTOT ATl 3aBEpIIACTCS 3a-
MUCHhI0 B MAaTEMaTUYECKUX TEPMHUHAX CHOPMYIUPOBAHHBIX KayeCT-
BEHHBIX IIPEACTaBICHUN 00 U3y4aeMOM OOBEKTE WM SIBJICHUMU.

Bmopou sman — uccienoBanue MaTeMaTUYECKUX 3a/1a4, KOTOPbIE
MOJIy4eHbl Ha MEPBOM 3Tare. 31€Ch OCHOBHBIM BOIIPOCOM SIBJISIETCS
peuieHue npsMon 3aaaun. Ha 3ToM 3Tarne BaxXHYIO poJib MPUOOPETAIOT
MaTeMaTHYEeCKUW amnmapaT W BBIUMCIHUTENIbHAsS TexHuka. Cremyer 3a-
METUTb, YTO OJIHA U Ta K€ MaTeMaTHUYeCKas MOJIETb MOXXET OIHUCHI-
BaTh CBOMCTBA JAJIEKUX APYT OT Apyra Mo CBOEMY KOHKPETHOMY CO-
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JNEpPKAHUIO peAIbHBIX cUTyalui. [IpuMepoM MOXKET CIy»KWUTh pac-
CMOTpPEHHAsI HUXKE OCHOBHAS 3a0a4d JTUHEUHO20 NPOSPAMMUPOBAHUSL.
DTO JlaeT BO3MOXKHOCTh MCCJIEIOBATh BO3HUKAIOLIME TaKUM 00pa3om
MaTeMaTUYeCKHEe 3aJa4l KaK CaMOCTOATENIbHBIN OOBEKT, OTBJIEKAsICh
OT SIBJICHU, KOTOPbIE K HUM TPUBEJIH.

Tpemuu 3man — BBISICHEHUE TOTO, HACKOJIBKO COTJIACYETCS IMONY-
YEHHBIM MAaTEMATUYECKUW PE3YJIbTAaT CO CBOMCTBAMU HU3y4aeMOIO pe-
abHOTO 00BEKTA, MpOollecca WIH SIBJICHUS.

Yemeepmoiilt 3man — KOPPEKTUPOBKA (MOACPHU3ALINS) MOACIH B
3aBUCUMOCTHU OT INTyOUHBI U3yYEHUS MOJICIIUPYEMbIX 0OBEKTOB.

[Ipocreimue 3agauM Ha MOCTPOCHUE MATEMATHUYECKUX MOJICJIEH
BCTPEUYAKOTCS yKE B IIKOJBHOW MaTeMaTHUKE, HATPUMED NPU PEICHUH
TEKCTOBBIX 3a/ia4, MOCTPOCHUM YEPTEKEH B reOMETPUM, ICKU30B I'pa-
¢buKoB (yHKIUH, UCTIOIB30BAHUU TPadOB ISl PEIICHUS BEPOSTHOCT-
HbIX 3a7ady. Hekoropele MaremMaTHuyecKHe MOJENM HAMH YXKE pac-
CMOTPEHBI B MPEBITYIIUX TJIaBaXx:

— UCIOJIb30BaHuE KpyroB Jitnepa (1.2.1);

— MPUMEHEHHUE alnreOpbl BHICKA3bIBAHUN K HCCICIOBAHUIO (PYHK-
IIMOHUPOBAHUS KOHTAKTHBIX CXEM U UX ympolieHuto (2.2.3);

— pelIeHUE MPAKTUYECKUX 33]1a4 C MOMOIIbIO COCTABJIEHUS JIOTH-
YECKHX YpaBHEHUI U uccienoBanusi GopMyJl JJOTUKA Ha UCTUHHOCTh
(2.2.1);

— MPUMEHEHUE MPOU3BOIHBIX U UHTETPAJTIOB K PEIICHUIO 33/1a4 U3
chepbl PKOHOMUKH U cortmosiorud (1. 3.3.3 u n. 3.4);

— MaTpuyHas ajareopa B 3KOHOMHUKE (4.2) U MaTPUUYHBIC MOJICJIH B
Teopuu urp (4.3.);

— MOJICJIM aKCUOMAaTHUYECKUX Teopul (TyaBa 7 3auaau 19-22).

B naHHON T1y1aBE paccMaTpuBAIOTCS MAaTEMATUUYECKUE MOJEIU
IIMPOKO U3BECTHBIX MPAKTUUECKUX 33/1aY.

8.1. 3adaua auneiinozo npoepammupobanus

3aoaueli MUHENHO20 NPOCPAMMUPOBAHUs HA3ZBIBAIOT 3aAady OTbI-
CKaHUS oNTUMyMa (MakCUMyMa WJIM MUHUMYyMa) 3aJaHHOM JIMHEHHOU
(GYHKIIMA OT HECKOJIBKUX MEPEMEHHBIX, €CIIM €€ apryMEeHThl YJIOBJIC-
TBOPSIFOT CUCTEME JIMHEWHBIX YPAaBHCHUM WIIM HEPABEHCTB. Marema-
THYecKasi POpMYJIMPOBKA ITOM 3a/lauv BBITJISAUT CIEIYIOMHUM 00pa-
30M.
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Haiitu nHaubonbliee (HaWMEHbIIEE) 3HAYCHHE  (PYHKIHH
Z=CX, +CX, +...+¢,X,, ApTYMEHTbl KOTOPOW YJIOBJIETBOPSIOT CUCTEME

n"’n?’

OTPAHUYCHUN:
a,x,+a,x,+...+a,x, =b,
ay X, +a,x, +...+a,x, =b,

(A X, T A, X, +. ta,, X, = b,.

3nech KO3()GHUUHMEHTH a,, b, ¢, — 3aJaHHBIE 4YUCJIA, NPHYEM

MOYXHO CUMTaTh, 4TO BCe uncna b, >0. Kpome toro, cienyer uMers B
BHUJY, YTO CHCTEMA OIPAHWYECHHM, NIOMUMO YPABHEHHUH, MOXKET CO-
JepKaTh U HEPABEHCTBA M YTO NEPEMEHHBIE, KaK IIPaBUJIO, yJIOBIIE-
TBOPAIOT YCIOBUSAM X, 20, KOTOPbIE HA3BIBAIOTCS YCIOBUSIMH HEOTPH-

LIaTEJIbHOCTH.
Pewenue X =(x,x,,...X,)CUCTEMbl OTPAaHUYEHUU, NPU KOTOPOM

GYHKIMS 1€ z JOCTHUTAeT CBOETO HAMOOJIBIIETO (HAaMMEHBIIIETO)
3HAYEHUsI, HA3bIBAETCSA ONMUMATILHBIM.

3agada TMHEWHOTO ITPOrPAMMUPOBAHUS SIBISIETCSI MATEMATUYECKOU
MOJIEJIBI0 MHOTHX MPAKTHYECKUX 337a4 SKOHOMHYECKOTO COJEPKAHMSL.
HexoTopble U3 HU3 yKa3aHbl HA HUKE IPUBEICHHON CXEME.

JInneiiHoe
Pacrpenenurens- | | nporpamMmmu- <«—__| Tpancnoprnas
HBIE 3a/1a4H poBaHme 3a7a4a

| \

3agaya 00 onTUMAaIIb- 3aza4a 0 CMecsX

HOM Ha3HAYECHUU
here
3amaun (1 )
Janaua N 00 OIITUMAaJILHOM \
0 packpoe HCIIOJIF30BaHUH
pecypcoB Br16op nnTeH-

CHUBHOCTH UCTIOJIb-

30BaHUSI TEXHOJIO-

Ui TPOU3BOJCTBA
Pacnipenenenue

PECYPCOB BO BpEMEHH.

3ajaua 00 onTH-
MAaJIbHOM HCIIOJIb-

OnTumanbHOE peryJiu-
30BaHUHU ChIPbS POBAHMUE 3a1ACOB Onpenenenue
ONITHMAJIEHOTO
aCCOPTUMEHTA

PaccMoTpuM OTIEIBbHBIE U3 HUX.
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1. 3axa4a 00 onNTUMAJILHOM HCIIOJIb30BAHUU PECYPCOB

[IycTs npeanpusTHe BBITYCKAET 71 PA3IAYHBIX U3ACHUN A, Ay, ...
A,. Ins ux npousBoACTBa TpEOYyeTCs m Pa3IUYHBIX BUIAOB PECYpPCOB
(pa3HBIX BUJIOB CBIPhS, BCIOMOTATEIbHBIX MAaTEPUAIIOB, JIFOJCKUX pe-
CYpCOB M T. JI.). DTH PECYpChbl OTPAHUYEHBI U COCTABJISAIOT B ILJIAHU-
PyEMbIA EPUOJ] COOTBETCTBEHHO b,,b,,...,b, YCIOBHBIX €IMHULIL.

3BECTHBI TakKe TEXHOJOTHYECKHE KOO(DOUIMEHTHI @;j, KOTOPbIE
MOKa3bIBAIOT, CKOJIBKO €IMHHI] I-T0 pecypca TpeOyercs Ajid Impous-
BOJICTBA OJTHOM €IMHHUIIBI U3AETIH A;.

ITycTs npuOBLIL OT peann3aluy OJHON €IWHMIBI U3AEHHA A; paB-
Ha ¢; JICHEXKHBIX €UHMILI. B nmianupyemelii Iepruos BCe IOKa3aTeNu a
b; ¥ ¢; IpeAIonararTCs MOCTOSHHBIMU.

CocTaBUTh TaKOW IJIaH BBIMYCKA MPOIYKIMU, TPU KOTOPOM IIPU-
OBLIb MPEANPUATHS OT €€ pean3alny Obljia Ob HAUOOIBITIEH.

Pewenue. IIpexae yem cOCTaBUTh MATEMATUYECKYIO MOJIENIb 3TOU
3aJlauy, CBEJIEM BCE JaHHBIC B TAOJIHILY:

ijs

133791031 3amacel Texnonornueckre KodhGUIIeHTH
pECYPCOB | pECypCOB 4 4, 4, A,
1 b a, 2P 4 a,,
2 b, ay, ay dy; a,,
l bl ail az2 al] ain
m bm aml amZ amj amn
[TpuGbLIL ¢ c, ¢ a, Co
IInaHnpyeMblil BbI- X, X, X; X,

yCK

CoctaBuM orpaHvdeHusi Ha pecypchl. Mcnonb3zoBanue i-ro pe-
Cypca Ha M3rOTOBJICHUE BCEX BUAOB M3JECIWN HE JOJDKHO MPEBBIIIATH
3amac b, 3TOro pecypca, H03TOMY MOJyYaeM CUCTEMY

ay X +apx, +..+a ,x,+...+a,x,<b,

Uy Xy +apX, +o @y X, +...+a,,x, <D,

A X +a,,%, +..+a,x +...+a,x, <b,.
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N3 ycnoBus 3anauu scHO, yTo X, =0, x, 20, ...x >0.
[IpuObUIL OT peanu3aluy MPOAYKIIMU BbIpaXkaeTcs (QyHKIMEH
Z=CX, +C,X, +...+c,x, —>max.

TpeOyerca HallTU Takue HEOTpPUUATEIbHBIE 3HAYCHUS! MEPEMEH-

HBIX X, X,, ...,X,, IPU KOTOPBIX (PYHKITUS z:ijxl. JIOCTUTAeT Hau-
j=1
OOJIBIIIETO 3HAUECHUS.
3aMeTHM, YTO €CJIM HCIOJIb30BaTh BCE MMEIOIIHMECS 3aIlachl pe-
CypCOB, TO HEPAaBEHCTBA B CHCTEME OTpaHMYCHHUIN OOpaIarTcs B pa-
BEHCTBA.

3agauu

1. JIns wsroronenus uznenund Ne 1 u Ne 2 cknag MoxeT oTIryc-
TUTh MeTajia He Oosiee 80 kr, mpudem Ha ofHO u3aenue Ne 1 pacxo-
nyercs 2 Kr, a Ha u3aenne Ne 2 — 1kr metamina. TpeOyercs crjiaHupo-
BaTh MPOU3BOACTBO TaK, 4TOOBI OblIa oOecredeHa HauOobIIas Mpu-
ObLIb, eciu u3nenud Ne 1 tpedyercss uarotoButh He Oonee 30 wrT., a
u3aeaud Ne 2 — He 6onee 40 mT., npuyeM oaHo uzaenue Ne 1 ctout
5 py0., a Ne 2 — 3 py0.

Pewenue. CoctaBuM MaTeMaTHUYECKYIHO0 MOJENb 3ajaud. B kaue-
CTBE MEPEMEHHBIX 3]/I€Ch BBICTYNAET IJIaH BbIMMycKa m3aenui. Ilycthb
CIUIAHUPOBAHO BBIMYCTUTH u3aenuid Ne 1 x, mr., a uzgenui Ne 2 — x,

wT. [1o ycnoButo 3amaun 0<x, <30, 0<x, <40. Ha usroroBiienue Bcex
u3Jienuid Metaiia notpedyerca 2x, +x, kr . [lo yciaoBuro 3anacel me-

Taja cocTaBiIIOT 80 Kr, MO3TOMY JIOJKHO BBINOJHATHCS YCIIOBHE
2x, +x, <80. IIpuObuIb OT peanu3alyy BCEX U3rOTOBICHHBIX W3IEINN

COCTaBUT z=15x,+3x, pyoseil. Utak, mosyuyeHa MaTeMaTH4eckass Mo-
JIeJIb ’TOM KOHKPETHOW 3a/1a4H.
2x, +x, <80,
Hantu takue pemeHuss cucreMnl q0<x <30, TpU KOTOPBIX
0<x,<40,
byHKIUs z=5x +3x, npuHUMaeT HauOoJblIee 3HaueHue. [ns peie-

HUS 33/1a4d UCIOJb3yeM Ipaduyeckuil Meto. Jjig 3Toro Ha Koopau-
HATHOM IJIOCKOCTU (X,,X,) M300pa3suM MHOXKECTBO TOYEK, KOOPAMHA-
Thl KOTOPBIX YJIOBJIETBOPSIOT 3aJaHHOM CUCTeMe HepaBeHCTB (puc. 1).
PemenneM cucTeMBbl SABIAETCA 3alUTPUXOBAHHBIM MSATHYTOJBHUK.
B xaxoi Touke MIOCKOCTH (X,X,) QYHKIUSA z=15x, +3x, IpUHUMAET
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KOHKPETHOE 3HAaue€HHe z,. MHOXECTBO TOYEK, M1 KOTOPBIX
5x,+3x,=2z,, €CTb mpsMas JHUHUS, TPOXOAsAlIas MNEPHEHAUKYISIPHO
BEKTOPY7i(5,3). PaccmorpuMm mpsamyro 5x, +3x, =0. Eciu 31y npsamyro

NepeIBUraTh mapajjieIbHO caMoil ce0e B HalpaBJICHUH HOPMAJIbHOTO
BEKTOpa 7i(5,3), TO 3HaUeHHA QYHKIMH z OyAyT BO3paACTaTh.

A BepmvHa, B KOTOpO#l npsiMasi Ipy ABUXKE-
X2 —
80 HUM B HAIpPaBJIEHHUU BEKTOpaA 7i(5,3) BIIEPBLIC

BCTPETUTCSI C MHOTOYTOJbHUKOM PEILICHUM,
OyJleT TOYKOMH, B KOTOPOU (DYHKIIUSI L€ TIPU-
40 HUMaeT HaumMeHblee 3HaueHue. [locnenHss
oO1as BepuIMHa JABMKYILIEHUCS NPSAMOA U MHO-
royrojabHUKa (TOYKa BBIX0/a) — TOYKOM, B KO-
TOpo (DYHKIMS 11eJTd TPUHUMAET HanOOJIbIIIe

M

v

0 30| 40 ,, 3HauyeHWe. B Hamie 3amadye UCKOMOW TOYKOU
oynet Touka A(20, 40). B Heii z=220.

Takum oOpa3om, 4YTOOBI TMOJYYUTh MakK-
CUMAaJIbHYI0 MPUOBUIb MPEANPUATHE TOJKHO
BBINYCTUTH 20 m3aenui nepBoro tuna u 40 u3nennt BTOPOro TUIIA.
[TpuObLIL TIpH 3TOM cocTaBuT 220 pyoOei.

2. Ilpou3BojacTBEHHass MOIIHOCTh II€Xa COOpPKHM COCTaBIISIET
120 n3pemmii Tuna A u 360 uzgenuit tTuna B B CyTKU. TeXHUYECKUN KOH-
TPOJIb TIporyckaeT B cyTku 200 u3menuii Toro Wiy apyroro tuma (0e3-
paznuuHo). M3nenus tuna A BUeTBEpO JOpoxke u3nenuid tuna B. Tpely-
€TCS CIUIAHUPOBATh BBIMYCK TOTOBOM MPOMYKIIMU TakK, 4TOOBI Tpe-
pUsITHIO ObLTa oOecTiedeHa MaKCUMalTbHasl IPUOBLTb OT ATOTO IIeXa.

Pewenue. Ilycts 110 miiany Hago BBITYCTUTH X, U3AEJIANA TUIA A U

Puc. 1

x, wm3aenud tuna B. Ilo ycinoBuio x,+x,=200 m 0<x;<120,

0 <x,<360. [Tonyunsin cucrtemy orpannueHuid. [lycts nena peanusa-
MU OJTHOTO U3Aenus tumna B coctaBiseT | neH. en. Torna ms uznenus
TUTIA 4 OHA cocTaBisgeT 4 neH. ef. [IpubbUTL OT peanu3aluu BCEX U3-
TOTOBJICHHBIX M0 IUIAHY U3JIEJIUNA COCTABUT B UTOTE z=4x, +X, JI€H. €].
Tpebyercs, 4yToObI 3HaUeHUE z OBLIO MakcHMManbHBIM. [lomyumm 3a-
Jady JIMHEMHOro mporpamMmmupoBaHusi. Pemmre ee rpaduuecku camo-
CTOSATEIBHO.

3. CocTaBUTh MAaTEMAaTHYECKYIO MOJIENb CICIYIOIICH 3a1auH.
Haiitn onrtumanbHOE pacnpencsieHue ABYX BHUIOB MEXAHU3MOB,
MMEIOLIMXCS B KOJIMYeCTBax a, =45, a, =20 Mexay TpeMs y4yacTKamu
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paboT, NOTPEOHOCTH KOTOPBIX COOTBETCTBEHHO paBHBI b, =10, b, =20,
b, =30 mpu cleayromen MaTpule NPOU3BOJAUTEIBHOCTH KaXJI0r0 U3

54 0
MEXaHU3MOB Ha COOTBETCTBYIOILIEM Y4YacTKe paboThl: C = [3 5 3}

4. Jlna nzroroBnenus uaaeauii Ne 1 u Ne 2 umeercs 100 xr me-
tayua. Ha msroroBnenue m3nenust Ne 1 pacxomyercs 2 Kr, a Ha u3je-
e Ne 2 — 4 kr metamia. CocTaBUTh IJIaH MPOU3BOJICTBA, OOECIIEUU-
BAIOIIMNA HAaNOOJIBIIYIO BBIPYUKY OT IMPOJAXKHU U3JEIUNA, €CIIA OTIYCK-
Has CTOMMOCThH ofHoro usnenus Ne 1 cocrtaBnser 3 py0., a uzgenus
Ne 2 — 2 py6., npuyem TpeOyercsa u3rotoButTh uzaenuid Ne 1 e 6omnee
40 mr., a m3gemuid Ne 2 — He 6onee 20 mmT.

S. IIpou3BoACTBEHHAsA MOITHOCTH 3aBOJIA MO3BOJISIET MPOU3BOAUTH
3a Mmecsl 200 anexrpoasurarenei tuna 4 u 600 s3mekTpoaBUTaTENCH
tuna B. Onpenenure, CKOJIbBKO SJIEKTPOJBUTATENIEN Ka)KI0ro THIIA
JIOJKEH MPOU3BOAUTH 3aBO JJIsl JOCTHXKEHUSI MAKCUMAJIBHOU MPHUObI-
au, eciu: 1) nBurarenau oO0OUX THUIOB HMMEIOT OJMHAKOBYIO IICHY;
2) 1leHa Ha JABUTaTelNb TUNA A B TpU pasza OOJIbIIE IIEHbI IBUTATENS TH-
na B; 3) 1ileHbl Ha IBUTATEIU TUIIOB A U B OTHOCSTCS KakK 9:2.

6. ABTOMOOMJIBHBIN 3aBO/] BBIITYCKAaE€T aBTOMOOWIN TUIIOB 4 U B.
[Tpon3BOACTBEHHBIE MOITHOCTH OTAEIBHBIX IIEXOB WM OTAEIOB IMPH-
BEJICHBI B CEAYIONIEH TabiuIle.

HauMeHoBaHME 11€X0B WJIK Y4aCTKOB KommuecTBO MamuH 3a roj
Tumna A4 Tuna B

1 [ToaroroBka mpou3BoOICTBA aBTOMOOUIIEH 125 110
2 | Ky3oBHOH 80 320
3 IIpon3BOJICTBO MIacCH 110 110
4 | ITpon3BOACTBO JBUTATENEH 240 120
5 | CoopouHbIi 160 80

6 | Y4JacTok UCIIBITaHUI 280 70

Onpenenure HamOoJiee PEHTAOCIBHYIO ITPOM3BOJICTBEHHYIO IIPO-
rpaMMy B CIEAYIOMUX Caydasx: 1) mpuObUIM OT BBITyCKa OJTHON Malllu-
Hbl TUIIOB A U B cootBercTBeHHO paBHbI 200 000 u 600 000 py6neii;
2) BBIIYCK OJIHOM MaIIMHBI A MPUHOCUT MPUOBLIL B 2 pa3a MEHBIIYIO,
YeM BBIMYCK OJHOM MaiuHbl B; 3) B 3amade 1) mpou3BOJCTBEHHAA
porpaMma OrpaHUuY€Ha CBEPXY YCJIOBUSIMU: MaIlluH TUNa 4 He OoJiee
50, a mammH THa B He 601ee 60.
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7. U3 ropoaa A B roposi B €KeTHEBHO OTHPABIISIIOTCS MACCAXKUP-
CKHE U CKOpbIe Toe3/1a. B Tabnuiie ykazaHbl HAJTMYHBINA apK BarOHOB
Pa3HBIX TUIIOB, U3 KOTOPBIX €KEIHEBHO MOYKHO KOMIUIEKTOBATh JIaH-
HBIC COCTaBbl, U1 KOJUYECTBO MACCAKUPOB, BMEIIAIOMINXCA B KaX/bIN
Y3 BarOHOB.

IToe3na Baronsi
Oara)xHblii | MOYTOBBIN | IUIALIKAPTA | KYMEHHBIN | MSTKHMA
Ckopblii 1 1 5 6 3
[Taccaxupckuii 1 — 8 4 1
Yucno naccaxxupoB — — 58 40 32
[Tapk BaroHoB 12 8 81 70 26

Onpenenure ONTUMAIBHOE YHCIIO CKOPBIX M MACCAXUPCKHUX MO-
€310B, NPU KOTOPBIX YHCIO IEPEBO3UMBIX IACCAXKUPOB TOCTUTAET
MaKCHMYMa.

8. Pemmrte 3agady 7, eciu OpOIyCKHAsl CIIOCOOHOCTh JOPOTH HE
MO3BOJISIET B ICHh MPOUTHU O0Jiee, 4eM 6 aCCaKUPCKUM TTOE3/IaM.

2. 3agaum o cMecax

9.[Ipu cocTaBieHWH CYTOYHOTO pallioHA KOPMJICHHS CKOTa
MOXHO HCITOJIb30BaTh CBexkee ceHo (He 0osee 50 xr) m cunoc (He 60-
nee 85 kr). Pammon nomkeH o0ianath ONpeneICHHOW MUTAaTEIbHO-
CThIO (UMCIIO KOPMOBBIX eauHMI] He MeHee 30) u coaepkaTh CIIeayOo-
e MUTaTeIbHBIC BEIecTBa: Oeaok (He MeHee | Kr), Kaupluil (He
menee 100 ) u dhochop (ve meree 80 r). B Tabnuiie npuBeeHbI 1aH-
HBIE O COJICP)KaHUM YKa3aHHBIX KOMIIOHEHTOB B | KI' Ka)J0ro Mmpo-
IyKTa MATAHUS U C€OECTOMMOCTH (PyO./KT) 3TUX MPOJTYKTOB:

Kommonents! | Konmmaecr- | Benok Kamenmii | Pochop Cebecrou-
BO KOpPMO- /KT /KT /KT MOCTh
BBIX €]U- pyO./kr
Kopma HULL
Ceno cBexee 0,5 40 1,25 2 1,2
Cunoc 0,5 10 2,5 1 0,8

Onpenenure ONTUMaIbHBIA PAllMOH U3 YCJIOBUS €r0 MUHHUMAab-
HOW CTOUMOCTH.
10. CocTaBpTe MaTEMAaTUYECKYIO MOAEND CICAYIOIIEH 3a1a4H.
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JKuBotHOBOIUECKast (pepma COCTaBISET PallMOH KOPMJICHHUS KO-
pOB Ha 3uMy. MImeroTcs ABa Hay4HO pa3paOOTaHHBIX PAllMOHA 4 U B y

POU3BOJIbHBIN panoH C cleIyIonuX COCTaBOB:

Pamnon A4 He menee 40% kykypy3Horo cuiioca, He 6osee 40% KOPMOBBIX TpaB

Paunon B He menee 30% kykypy3Horo cuioca, He 6osiee 50% KOpMOBBIX TpaB

Paron C | KopM 6e3 orpannueHust

Hcxonss 3 3aroTOBOK KOPMOB, YCTAHOBJICHBI CJEAYIOIIHUE Ipe-
JEJIbHBIE HOPMBI pacxo/ia KaxJa0ro MPOAYKTa: KyKypy3HOTO CUJIOCa —
200 1, kopmoBbix TpaB — 300 . Kakoe KonmyecTBO KakAaoro u3 pa-
IIMOHOB JOJI’KHA COCTaBUTH (hepMa, YTOOBI MOJIYYUTh MAKCUMAJIbHYIO
npuOBLIb, €ClIU TIpU panroHe A oHa coctaBisgeT 1000 py0./u, pu pa-
nuone B — 1200 py6./11, a npu paunone C — 500 py0./11?

11. JInst KopMileHUSI TOJONBITHOTO KHUBOTHOTO €My HE0OXOIUMO
JlaBaTh €KEIHEBHO HE MeHee 15 ea. XxMMuuyeckoro BemniecrBa A4, (BU-

TaMUHA WM HEKOTOPOW COlM) U 15 ed. XUMUYECKOro BEIeCTBA A,.

He nmest BO3MOXXHOCTH AaBaTh 3TH BEIIECTBA B YHCTOM BHIE, MOXKHO
npuoopeTath BemiectBo B, o 10 py6. unm BemectBo B, no 30 py0. 3a

1 kr. Kaxnpiii kunorpamm B, comepxut | en. BemecrBa 4 u S5 en.
BEILIECTBA 4,, a KWJIOTpaMM B, coAepkuT 5 en. BemiectBa 4, u 1 en.
BemecTtBa 4,. Onpenenure ONTUMAIbHOE COJNEPKAHUE BEUIECTB B, U
B, B e)X€JHEBHOM paIiOHE.

3. 3amaum 0 packpoe

12. Jlns usrotoBieHusi OpycheB AByX pazMepoB— 0,6 M u 1 M —
B COOTHOIIIEHNH 2:1 Ha pacmul MOCTyNmarT OpeBHA JJIMHOM B 2 M.
OrnpenenuTh MIaH pacnuia, 00ecrneuyrnBaromil MAKCUMAIBHOE YHUCIIO
KOMILUIEKTOB.

13. CocTaBpTe MaTE€MaTHYECKYIO MOJIENb CICIYIONIEH 3a/1auH.

[IpousBecT pacnuia S-METPOBBIX OpeBEH Ha OpPYyChsl pazMepaMu
1,5; 2,4 u 3,2 M B oTHOmeHUHU 2:3:5 Tak, 4TOOBl MUHHUMHU3UPOBATH
0OIIYI0 BEIMYUHY OTXOOB.

14. CocTaBpTe€ MaTEMAaTUYECKYIO MOJIEIb CICIYIOIICH 3a/1a4H.

[TonydabpukaTel MOCTyHalOT Ha MPEANPHUATHEC B BUJE JIUCTOB
danepsl. Bcero nMmeeTcs nBe MapTUuM MaTtepuaia, IpudeM reppas nap-
tus coaepxut 400 nuctoB, a BTopas — 250 nuctoB (anepsl. M3 mo-
CTYMNAlOUMX JIUCTOB (paHEephl HEOOXOIWMO H3TOTOBUTH KOMILICKTHI,
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BKItoyaronue 4 aeranu l1-ro tuma, 3 jgerand 2-To THIA U 2 JETald
3-ro tuna. JIuCT gaHepbl K0 MapTUU MOKET PacKpauBaThCs pas-
HBIMHU CTIOCOOaMU.

KonmuyecTtBo neranerd Kaxaoro Tma, KOTOPOE MOJIYYAETCsS IMPH
pacKpoe OJHOIO JINCTA COOTBETCTBYIOUIEH MAPTUU MO0 TOMY WA HHO-
MY CIIOCOOY pacKposi, IPEICTABICHO B CIAEAYIONICH TaOuIIe.

Jleranu [IepBas napTus Bropas maprus
Cnoco0 1 2 3 Croco6 1 2
pacnmiia pacrnuia

1 1 0 6 9 1 6 5
2 2 4 3 4 2 5 4
3 3 10 16 0 3 8 0

TpeOyeTcsi pacKpouTh Marepuasl Tak, 4YTOObl 00ECHEYUTh HM3ro-
TOBJICHHE MAaKCUMaJIbHOTO YKCJIa KOMILJIEKTOB.

8.2. Modeav JleonmuveBa
MHO200mpacaeBoi IKOHOMUKU

[lycTh x, — 00BEMBI BaJIOBOTO MPOAYKTA i-i OTPACH, ); — 00bEMBI
KOHEYHOT'O MPOJyKTa 3TOM OTpaciiu, TO €CTh 00bEMbI MPOAYKTA, UIY-
e Ha MoTpebieHre BHE MPOU3BOACTBA. Ecian 0003HaunTh vepes x,
00bEeM MPOYKIIMU I-i OTPACIIH, MOTPEOISIEMBbIA j -1 OTPacIbiO B IIPO-
necce npousBojcTsa (i=1,2,...n), TO JOJKHBI BBIOJHITHCS CIETYO-
II1ME€ COOTHOIICHUS

xiZny.+yi (i=1,2,...,n). (1)
j=1

Vpasnenus (1) Ha3bIBAIOTCS COOMHOWEHUAMU OAlAHCA.
CootHouleHust 0anaHca MOXHO 3alUcaTh B HECKOJBKO APYroM
BUJIE, €CJIM BBECTH B PACCMOTPEHUE KO huyuenmvl npsamoix 3ampam

xi' . .
al.j:—J(z,jzl,Z,...,n), (2)
X .
J
KOTOpBIE MOKA3BIBAIOT 3ampamsl NPOOYKYUU i-ii Ompaciu Ha npous-
800CMB0 eOUHUYbL NPOOYKYUU | -Ui OMPACIU.

B aToM citydae oHu OyTIyT BBITJISAETD TaK
X, —Zay X, +y,, (i=1,2,...,n) 3)
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VYpaBHenus (3) MOXKHO 3anucaTh B MATPUUHOUN hopme

X=d-X+Y, (4)
NN
(E-A)X=Y, 5)
X N
X a, a,, y
rne X=| |, A= LY =72
anl ann
xn yn

31ech X — BEKTOp BaJIOBOTO BBINTyCKa, 4 — MaTpuua ko3 duiu-
€HTOB MPSMBIX 3aTPaT, ¥ — BEKTOP KOHEUHOr'O MPOAYKTA.

OcHosnas 3a0aya Mexncompaciegoeo Oananca 3aKiIoydaeTcs B
TOM, YTOOBI HAWTH TAKOW BEKTOP BAJIOBOTO BBITYCKA X , KOTOPBIA MpU
3aJaHHON MaTpuile 4 KO3 dUITMEHTOB MPSIMBIX 3aTpaT oOecrneurnBacT
BEKTOP KOHEUHOI'O MPOIYKTa.

N3 matpuyHOro ypaBHeHusI (5) BEKTOp X HaxXOAuTcs 1o (popmyiie

-1
X=(E-A4)"-Y.
—1 o
Marpuna S=(E—A4) HasblBacTCS Mampuyel NOIHbIX 3ampan.
Ee a71eMeHTHI s, MOKa3bIBalOT BEJIMYMHY BaJTOBOTO BBIMYCKA MPOIYK-

IIUU i-d OTpaciiv, HEOOXOAUMOM JIsl 00ECTICUEHHUS BBIITYCKa €IUHUIIBI
KOHEYHOTr'0 MPOAYKTa j-U OTpacim.

3aMeTHUM, YTO KOHEYHBIM NPOIYKT B KaXKJIOM OTPACIU MPOU3BOACT-
Ba Ha3bIBAIOT TAKXKE wucmou npooykyueu. Hucmas npooyKyus — 5mo
PA3HOCIb MedHCO) 8ANI0B0U NPOOYVKYUEL IMOU OMPAciu U 3ampamamu
NPOOYKYUU 8CeX OMpPAciell Ha NPpou3800CM80 Mol Ompaciu.

3agaun

15. IIpon3BOACTBO COCTOUT M3 ABYX OTpaciieil. M3BecTHa maTpu-
11a K03 (PUIMEHTOB MPSIMBIX 3aTpaT U BEKTOP KOHEYHOM MPOAYKIIUHU
ATOr0 MPOM3BO/ICTBA Ha IIJIAHOBBIN MEpHOJ (B YCII. JACH. €11.):

[0,1 0,5} Y_[400j
0,3 0,2)’ 500 )

Haiinute a) miuaHoBble 00beMBbl BAJIOBOW MPOAYKIIMU OTpaciei u
MeKoTpaciieBble nmoctaBku; 0) Ilpupalnienne BekTopa AX s YBEJIH-

o 100
YCHH BBIITYCKAa KOHCYHOHU NMPOAYKIIMHA HA BEKTOp AY = (50 ] .

Pewenue. a) BeimuiemM Matpuily
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(£ 4)= 1-01 -0,5) (09 -0,5
| =03 1-0,2) =03 08 )

Tornga maTpuiia NOJHBIX 3aTPaT

80 50
S:(E_A)_1:@[0,8 0,5}: 57T 57
5710,3 0,9 30 90
57 57
Bektop BanoBoro nmpoaykra X Haigem mo gopmyne X :(E —A)_1 Y
80 50
- 57 57 -E4OOJ:£1000)
30 90 | \ 500 1000
57 57

MexoTpacieBble MOCTABKK x, HaXOAATCA 1O GOpMyIaM x, =a; - x; .
Tostomy x,=0,1-1000=100, x,=0,5-1000=500, x, =0,3-1000=300,
X,, =0,2-1000 =200.

0) Bektop KOHEYHOTrO MPOJYKTa TMOCJIE€ yBEIWYCHHS Ha

100 500
AY = 50 OyZzer paBeH Y = 550 ) JlJist TOrO BEKTOpa BEKTOp Baso-

80 50
57 57| (500) (1184
BOT'O BbIITyCKa OyJET paBeH X = ST 5T, ~ . Takum 00-
30 90 [(550) (1132
57 57

pa3oM, MPOU3BOJCTBO BaJOBOI0O MPOAYKTa MO OTPACISAM JIOJKHO BbI-
pactu Ha 184 u 132 epn.

16. B tabnune npuseaeHbl KOA(PPUIHUEHTHI TPSIMBIX 3aTPaT U KO-
HEYHas MPOYKIHs OTpacjel Ha IJIaHOBBIN Mepuo (B yCiI. ACH. €11.).

Otpacinp [ToTpebnenue Koneunsiii
[Tpombinmennocts | Cenbckoe | IPOIYKT
XO035IMCTBO

[IpousBon- | [IpoMBIIUIEHHOCTh 0,3 0,25 300
CTBO Cenbckoe X03SHUCTBO 0,15 0,12 100
Havnure:

a) MJIaHOBbIE OOBEMBI BaJOBOM MPOAYKIIMU OTpaCleid, MEKOTpac-
JIEBBIE MMOCTABKH, YUCTYIO MPOIYKIIUIO OTPACIIEH;

0) HEOOXOIUMBIM OOBEM BAJIOBOTO BBIMYCKA KaXIOW OTpPACIIH,
€ClIi KOHEYHOE MOTpeOJIeHne MPOAYKIUU CEIbCKOr0 XO3sIICTBA yBe-
muuutcs Ha 20%, a mpombliuieHHOCTH — Ha 10%.
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17. PabGoTa cuctemsbl, COCTOAIICH U3 JBYX OTpacieil, B TEUCHUE
HEKOTOPOTO MepHoaa XapaKTepru3yeTcs CICAYIOMMUMU JaHHBIMU (YCII.
JICH. €]1.).

Otpaciib I Hotpebnene 0 Yucras npoayKuus
I 100 160 240
11 275 40 85

Berunciure MaTpuily NpsMbIX 3aTpar.
18. NmeroTca manHbie 0 paboOTe CUCTEMBI M3 JBYX OTpaciied B
OPOUUIOM MEPUOJE U IUIAH BBITyCKAa KOHEYHOW MPOAYKIUHU Y B Oy-

yIIeM TIepHo/Ie.

Otpacis [Torpebiienne Yucras [Tnan Y,
I IT MPOIYKLHS
I 80 120 300 350
11 70 30 200 300

Havigure MaTpulpl OpsAMBIX U MOJHBIX 3aTPAT, 4 TAKKE BBIIYCK
BaJIOBOM TPOJIYKIMU B TIJIAHOBOM TMEPHOJE, OOCCIECUMBAIONIUN BbI-
IIYCK KOHEYHOI'O IIPOAYyKTa Y.

1,125 0,125

19. J/lapa marpuna kodhpUIIMEHTOB S =
A pHtt Deprn (0,125 1,125

j ITOJIHBIX

80 .
3aTpaT U BEKTOP KOHEYHOI'O MPOAYKTA Y = (80) Haitnure BekTop Ba-

JIOBOTO BBIITYCKA M MAaTPHUILy MPSMBIX 3aTpar.

8.3. Jlunetinasa moodeav oomena
(MoO0eab mexoynapooHol mopeobau)

Jlunetinas mooenb obmMeHa TO3BOJSET HAUTH HAMOHAJIBHBIE JO-
XOJIbl CTpaH (WJIM UX COOTHOILICHHE) JIJIsl COaTaHCUPOBAHHOM TOPTOBJIH.

[Tycts x=(x,x,,...x,) — BEKTOp HAI[MOHAIBHBIX JOXOLOB CTPaH
S5,8,,..08,a A, :(ay.) — CTPYKTYpHast MaTpulla TOPTOBJIN; DJIIEMEHT

a, STOW MaTPHUIIbI PaBEH J0JIE€ HAIIMOHAILHOIO J10X0/1a, KOTOPYIO CTpa-

n
Ha S, TPATHUT Ha MOKYIIKY TOBAPOB Y CTPAHBI S,, MPUIEM Zaij =1,
j=1
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Jlnst cOalaHCUPOBAHHOM TOPTOBJIM HEOOXOJMMO HAMTH TaKoM

PABHOBECHBIH BEKTOpP HAIMOHAIBHBIX JIOXOMOB X, UTOOBI A-X =X
37ech X — MaTpHIIa-CTONGEI KOOPIMHAT BEKTOPA X.

YpaBHeHHE A-X =X paBHOCWIBHO MATPUYHOMY YPaBHEHHIO
(A-E)-X =0, KOTOPO€ NPEACTABIAET COOOM MAaTPUYHYIO 3aIUCh OJ-
HOPOJAHOM CHCTEMBI JIMHEWHBIX YPAaBHEHUN C OCHOBHOM MaTpHULIEH
A-FE.

3amaum

20. Halimute COOTHOIIIEHUE HAIMOHAJILHBIX JIOXOJIOB TpEeX CTpaH
I c6aJ1aHCHpOBaHH0P”I TOProBJIM, €CJIH 3aJlaHAa CTPYKTypHast MaTpHU-
na 4 TOProBJH:

1
0,3 0,4 0,2 0 025 A 0,3 03 0,8
a) A=/ 0,4 0,5 0,7|;6) 4=/0,5 0,5 % ,B) a=|0,6 0,1 0,1].
0,3 0,1 0,1 0.5 0.25 % 0,1 06 0,1

-0,7 0,4 0,210

Pewenue. a) Pemum cuctemy ypaBHeHuut | 0,4 -0,5 0,7 |0

0,3 0,1 -0,910
MeTonoM [aycca. PemieHuem SBIISIETCST BEKTOP }:(2c, 3c,c), TIOE c

MpUHUMAET JIF00o€ 3HaueHue. Pe3ynbTar o3Ha4yaeT, 4To cOAIaHCHPO-
BAHHOCTH TOPIOBJIA TPEX CTPAH JOCTUTAETCS IMPU YCIOBHUM, YTO KX
HAIIMOHAJIBHBIE JOXOAbl COOTHOCATCS Kak 2:3:1.

21. Haiigure paBHOBECHBIM BEKTOP HAIIMOHAJIBHBIX JOXOJIOB B
MOJIEIN MEXKIYHAPOAHOW TOPTOBIIU IS 3aJJaHHOU CTPYKTYPHOU Mart-
pHULlbl A, €CIIA U3BECTHO, YTO CYMMAapHBIA JIOXOJ 3TUX CTPaH PABCH
402 yca. ieH. en.:

0,3 0,4 0,2 0,6 0,3 0,5 % %0 %o

a) A= 0,4 0,5 07);6) 4=/03 04 01(58) 4= W 2 Yol

0,3 0,1 0,1 0,1 0,3 0,4 % %O %
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8.4. Modeaw 3a0auu
u3 meopuu maccoBozo obcayxuBanus

Teopusa maccoeozo obcayrycueanus — pa3iesl IPUKIAIHON MaTe-
MAaTHKH, B KOTOPOM H3Yy4YarOTCsi CBOMCTBA CHCTEM MacCOBOTIO 00CITy-
xuBanus (CMO) ¢ nenbio noBbIieHUs: 3QPEKTUBHOCTH UX PaOOTHI.

Cucmema Mmaccoeozo o00cAYHCUBAHUA — 3TO COBOKYITHOCTb
B3aUMOCBSI3aHHBIX O0BEKTOB (NMIPUOOPOB), MpeIHAa3HAYEHHAS IS 00-
CIIy’KMBaHUs 3asBOK (TpeOOBaHMI), MOCTYMAONIUX B CUCTEMY B CITy-
yaliHbIe MOMEHTHI BpeMeHH. [Ipu 3TOM HE TOJBKO MOMEHTHI MOCTYII-
JICHUS 3a4BOK B CUCTEMY, HO U JIJTUTEIBLHOCTh OOCTYKUBAHUS KaXKI0M
3as1BKU MIPEACTABISAIOT CO00 CilyyaliHbIE BETUYUHBI.

Haunbonee pacnpocTpaHEHHBIMU TpPUMEPAMU TaKUX CUCTEM SIB-
JSI0TCST OMIIETHBIE KacChl, cucTeMbl cBsizu, A3C, cepBUCHBIC LIEHTPHI,
PEMOHTHBIE MacTEepCKHUE, ayauTOpckue (UpMBI, TeaedOHHBIE CTaH-
UK, OaHKH, CITY>KObI CKOPOM MOMOIIM M TaKCHU, KOMITBIOTEPHBIE CETH
U T. ]I

YenoBHo CMO MO%HO M300pa3uTh B BUJIE CIETYIONICH CXEMBI.

o L] o
Bxonmsmuii moTok Brixogamnuii moTox
;@ O—> [puGopst >

Ouepenpb

v

Bxooawuii nomox — 3TO TMOTOK TpeOOBaHMM, MOCTYyHAOIMIHUX B
CHUCTEMY, a 8bIX00AUUL NOMOK — TIOKUJIAIOIIUX CUCTEMY.

Bxoasmuii nomok Ha3bIBalOT npocmeuuium, €CIIu BBIMOJIHIIOTCS
CIEAYIOIINE TPU CBOMCTBA:

1) B KaXXaplii MOMEHT BPEMEHU B CUCTEMY HE MOXXET IOCTYIIUTh
0oJj1ee OTHOM 3asIBKH,

2) BEpOSITHOCTD YHCJIA 3asBOK, MOCTYMHAIOIIUX 3a JJAHHBINA ITpoMe-
KYTOK BPEMEHHM, 3aBUCUT TOJBKO OT JJIMHBI 3TOTO MPOMEXKYTKA U HE
3aBUCHUT OT MECTa €TI0 PacoI0KEHHS Ha OCH BPEMEHH,

3) BEpOSATHOCTD YHCJIA 3asBOK, MOCTYMAIOIIMX B CUCTEMY 3a JaH-
HBIN MPOMEXKYTOK BPEMEHHU, HE 3aBUCUT OT YHMCJIAa 3asiBOK MOCTYIIHB-
IIMX B HEE B IPEJBIAYIIHE MPOMEKYTKU BPEMEHHU.

Cocmosinuem CMO B maHHBIE MOMEHT Ha3bIBAIOT OOIIEE YMCIIO
TpeOoBaHU (3a5BOK), HAXOSIIIIUXCSI B CUCTEME B 3TOT MOMEHT. Toraa
CHUCTEMAa MOXXET UMETh CJICAYIOIINE COCTOSIHUS:

— E, — B cHCTEME HET 3asBOK,
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— E, — B cucreme 1 3asBKa,

— E, — B cucteme 2 3as1BKH U T. 1.

Takum oOpaszom, cumBon E, (1) 0003Ha4aeT COOBITHE, COCTOAIIEE
B TOM, YTO B CUCTEME B MOMEHT ¢ €CTh k 3asBOK. IlycTp p, () — Bepo-
STHOCTb TOT'O, YTO B MOMEHT ¢ CUCTEMAa HaXOJIUTCS B COCTOSIHUU E, (¢).

[Ipo cuctemy roBopsT, 4To OHA (DYHKIIMOHUPYET B CTAIIMOHAPHOM
peXUMe, U €CIU BEPOSATHOCTh p, €€ NpeObIBaHUS B COCTOSIHUU E,

€CTh BEJIMYMHA, 3aBUCSAINAS TOJIBKO OT YKCJIA k W HE 3aBUCAINAs OT
MOMEHTa PacCMOTPEHUST (DYHKIIMOHUPOBAHUS CUCTEMbI U JIJIUTEIIHHO-
CTH HaXO0XJECHHS CUCTEMBI B COCTOSIHUHA E, .

Paccmorpum cuctemy, kotopas (PyHKIIMOHHUPYET B CTallMOHap-
HOM PE€XUME U UMEET MPOCTEHIINN MOTOK CO CPEAHEN UHMEHCUBHO-
CMblo, paBHOU A (UHMEHCUBHOCMb NOMOKA — 3TO CPEHEE YUCIIO 3asi-
BOK, TTOCTYMAIOIIUX B CUCTEMY B eAUHUILY BpemeHHu). [IycTh B cucre-
M€ UMEETCSl OJUH MPUOOP, KOTOPBI B €IUHUILY BPEMEHU B CPEAHEM
0OCITy’>KUBaeT u 3asBOK (u — CPEIHSS MPOU3BOAUTEIBHOCTH MPHUOO-
pa).

Ecim HeT HUKAaKWX JOMOJHHUTEIBHBIX OrPaHUYCHUN Ha JUIHHY
ouepeu (MM KOJMYECTBO 3asBOK B CUCTEME), TO cucmeMa Ha3bIBaeT-
csi cucmemou 6e3 nomepsv (0€3 OTpaHUYCHUN) U B HEM MOXET HaXo-
TUTHCS JTI000€e yncio 3asBokK. OKka3bIBAeTCs, YTO JJI TaAKOM CHUCTEMBI
UMEIOT MECTO CJIEYIOIMINE POPMYJIBI;

k
A

pﬁ(—] “Po» k>0, (6)
U

p=—— =12 ()

- k
1+Z(/1J #
k=1 \ M
[Tosicaum, kak monyvaercss 3HaueHue mist p,. [lockoneky CMO

ABJISIETCSI CUCTEMOM 0€3 OrpaHMYeHHUM, TO CiydaiiHas BeluuuHa E,

OpPUHUMAET OECKOHEYHO MHOT'O 3HaYEHUH U, CIeA0BaTeIbHO, UMEETCA
OECKOHEYHO MHOTO 3HA4Y€HUH BEpPOSTHOCTEH p,, CyMMa KOTOPBIX

paBHa 1: Y p =1. B cuiy dopmynsl mis BbMUCIEHUA p,, Oyaem

i=1

HUMCTDb
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2 k
A A A
p0+—p0+(—j p0+...+(—) Do t...=1.
H H H

k k
[e] [e] 2/
Orcrona p, 1+Z(i) =1, ¥ TaK KaKk CyMMa Z(—] SABIISETCS
=1\ M k=1 \ M

CyMMOH OECKOHEYHO YOBIBAIOIIEH TI'€OMETPUUYECKON MPOTrPEeCcCUu ¢

A
IICPBBIM YICHOM — H TAKHUM XC 3HAMCHATCJICM, TO p, HAXOAUTCS U3

MU
1 A
YPaBHCHUSA p, — =1,1 py=1-—.
1-Z H

MU

A A
OtHoleHne = 0003HAYAIOT CUMBOJIOM p [—z £ | 1 Ha3pIBAIOT
H JZ

KOA(PUIIMEHTOM HCIOIB30BaHUsA cucTeMbl. C BBEICHHEM ATOTO KO-
s uiineHTa BEpOSATHOCTH p, U p, MOXKHO BBIUHUCIISATH MO (popmysiam

. _ k
py=1=p; p,=(1-p)p" (k20).
VYkazanHble GOpMYJIbl TO3BOJISIIOT COCTABUTH 3aKOH pacrpesere-
HUS CIIyYaWHOM BEJIIMYMHBI E, W HAWTU OCHOBHBIE XapaKTEPUCTUKU

CHUCTEMBI.
PaCCMOTpI/IM KOHKPCTHLIC 3a/1a4U.

3agaun

22, [Tycte CMO (QyHKUHOHUPYET B CTALIMOHAPHOM PEXUME, UME-
€T OJWH MPHUOOP CO CpeIHEH MPOU3BOAUTEIBLHOCTBIO £ =3, TIPH ITOM
MOTOK 3asBOK, MOCTYMAIOIIUX HA OOCIIyKUBAaHUE, CUUTAETCS IIyacco-
HOBCKMM, a €ro CpPEAHsSIs MUHTEHCUBHOCTbA =2 3asBKaM B MHHYTY.
TpeOyercs onpenenuThb: a) BEPOATHOCTh TOTO, YTO B ouepeau OyAeT
0oJiee ABYX 3asBOK; 0) BEPOSTHOCTh TOr'0, YTO B OYEpPEAU POBHO m
3as1BOK; B) BEPOSATHOCTb TOTO, YTO 3asBKE HE MPUJIETCS JKJIaTh CBOETO
00CITy>)KMBaHMUS.

Pewenue. a) B ouepenu 0oblie ABYyX 3asBOK TOT/1a, KOTJla B CUC-
TeMe OOJIbIIE TPEX 3a4BOK (B 3TOM ClIydae HaUMEHBIIIEE YUCIIO 3aIBOK
B CHCTeMe 00pa3yeTcs U3 JIBYX 3asBOK B OUepEeU M OJHOW 3asiBKH Ha
npubope). CnenoBarenbHO, UCKOMasi BEPOSITHOCTh paBHA CyMME Be-
POATHOCTEM BO3MOXHBIX COCTOSHHM CUCTEMbI HAayuWHAA C p,:

o0 o0

2. =(1-p)2p"

k=4 k=4
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Tak kak nns pyHKuMOHUMpOBaHUA (0€3 «3aTOBAPUBAHUS)) CHUCTE-

MBI HEOOXOJUMO yCIOBHE p <1, TO cymma » p° sABiseTcss cymMMoi
k=4

OECKOHEUYHO YOBIBAIOIIECH T€OMETPUYECKOW TMPOrPECCUU C MEPBBIM

4

qleHOM p' W 3HaMeHareneM p. Torma ) p, =(1- 'O)lp
k=4 -

= p*, 1 TaK

KaK —/1—2 TO —E
'0_,u_3’ pk24 81

0) B odepenu poBHO m 3asBOK TOT/a, KOTJIa B CUCTEME HAXOASITCS

m+l
m+1 3as1BKa. BeposTHOCTB TaKoro coositus p,,, =(1-p) " :%@) :

B) 3asBKE HE MPUJETCS KAAaTh B TOM CJIy4dae, KOrja CUCTeMa ITycC-

Ta — B HEWl HET HU ogHOM 3asgBKkU. Ciea0BaTEIbHO, OTBETOM SIBIISIETCS

2 1
BEPOATHOCTE p,: P, :l—p:1—§:§.
23. Ilycth cuctema (yHKIIMOHUPYET B pexuUME 3aadu 22, mpu-
yeM A =1, 4 =3. Haiigute BepOATHOCTh TOTO, YTO a) B O4Yepeau OyeT

He 0OoJiee IBYX 3asBOK; 0) B ouepeau OyJeT poBHO 3 3aBKH; B) 3asBKE
HE TIPUACTCS KAATh.

Paccmorpum tenepr CMO, kotopas pyHKIIMOHUPYET B TOM XK€
pexuMe, 4TO U B MPEABIAYIINX 3a7a4ax, HO ¢ OTPaHUYCHUSIMU (C MO-
TepsiMu). [IycTh 4unciio 3asiBOK B ouepe/Id HE MOKET ObITh OoJiee ABYX.
JTO 03HAYaET, YTO B CUCTEME HE MOXKET HAXOJUThCS OoJiee Tpex 3asi-
BOK M KaXkJas 4eTBepTas 3asBKa, MPUXOJAIIas B CUCTEMY, MOJIydaeT
oTKa3 (Tepsiercsa). B aTom cinydae 1151 BBIUUCICHHS] BEPOSITHOCTEH CO-
obiTuil E, nipu k=1,2,3 Takxe npumeHsercs: popmyina (6), HO BEpoAT-
HOCTb Do HaXOJUTCS VHAYe. B 3TOM ciy4dae

2 3
A A A
p0+; poJF[;} p0+(;] D, =1 H, cienoBarensbHO, p, =—Sl , TOe S, —

4
CyMMa YE€ThIpEX YJICHOB T'€OMETPUYECKON MPOTPEecCHH, y KOTOPOM

. A
NIEPBBIN YJICH paBeH |, a 3HamMeHarTelb g = —.
Y7

24. [Tycte CMO (QpyHKUIMOHUPYET B CTALIMOHAPHOM PEXKUME, UME-
€T OJWH MPUOOp CO CpelHEN MPOU3BOAUTEIBLHOCTHIO £ =3, TIPU 3TOM
NOTOK 3asBOK, IOCTYIAOIINUX HAa OOCIIy)KMBAaHUE, CYUTAETCS ITyacco-
HOBCKMM M €ro CpeIHssl MHTEHCUBHOCTbA =2 3asBKaM B MHHYTY.
Taxxe npeamonaraercs, 4To odepelb Ha OOCIIyKUBAHHUE HE MOKET
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IPEBBIIIATH ABYX 3aBOK. TpeOyeTcss OmpeaesIuTh: a) BEpOSATHOCTh TO-
ro, 4TO MPUXO/IAIIAS 3asiBKA MOJYYUT OTKA3; 0) CpeIHEE YUCIIO 3asIBOK
B OUEPE/IU; B) CpEIHEE BPEMSI OKUJIaHMUSI.

Pewenue. Tak kak B o4epeau HE MOXKET OBITh 00JIee ABYX 3asBOK,
TO caMmo€ OOJIblliee YKCIIO 3aABOK B cCHUCTEME — 3 (3TO YMCIIO PaBHO
YUCITy MPUOOPOB + MAaKCHMAJIbHOE YHUCIO 3asBOK B ouepeau). Co-
INIACHO OCHOBHOMY CBOMCTBY CTallMOHAPHOTO pexuma padotst CMO,

2 (2 4 (2 8
Y4 _Epoa P> _(gj Py _Epoa Ps _(gj Po _Epo u
2 4 8

+p+p,+p,=p,+—p, +—p, +—p, =1.
PoT P TP, TP3= Dy 3170 9p0 27po

. 27
Orcroga Halaem, 4To p, :E' Tenepp MOXHO COCTaBUTh 3aKOH

pacrpeneneHus ciiydanHou Benuuunsl £, (k=0,1,2,3):

E | 0 1 2 3
27 18 12 8

Pr %s %5 %5 %5

a) [Ipuxomsas 3asiBKa MOJIY4YUT OTKA3, €CJIM B CUCTEME 3 3asIBKHU,

TO €CTh €CJIM NMPUOOp 3aHAT U 2 3a4BKHU B ouepenu. TakuM oOpazom,

8
BEPOSITHOCTh ATOTO COOBITHS paBHA p, = rre

0) CpenHee 4uCIIO 3aBOK B OYEpEeaM PaBHO MATEMaTUYECKOMY

O0XUJIAHUIO CITyYaWHOMW BEJIMYUHBI:

N:M(Ek):O-£+1-§+2-£+3-E:IL.
65 65 65 65 65

B) CpenHee Bpemsl peObIBaHUS 3aBKH B CUCTEME BBIYUCIISICTCS

N o 66
no ¢popmyne Jlurtna: T = B naiueii 3agaue 7 = 307 0,51 (MuH).
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OméBemult

I'naBa 1

2. a) DiieMEeHTBhl JaHHOTO MHOXECTBA — HATypajbHbIE 4YHCIIA,
MEHBIIHE 8§, T. €. UMEEeM MHOXKECTBO {Xx | x € N, x < 8};

0) DieMEeHThl JaHHOTO MHOECTBAa 00pa3yroT MEpBble O YJICHOB
apu(pMETUUECKON MPOrPECCUH, Y KOTOPOM MEPBBIM UJIEH U Pa3HOCTh
paBHBl 4, WHA4Ye TOBOpPS, pPeYb MAET O  MHOXKECTBE

{x |x.,=x+4,x=4neN,n<5};

B) {xn x,=n’,neZ\{0}};

r) {x|xeQ x*=-2};

1) {x | x = (=1)"(kp-1+3), Tae x1= =5, n < 5};

e) {x | x —mpocroe, x < 19}.

6. a) Ilo creneHn OOIIECTBEHHOM OMACHOCTH BO MHOXKECTBE A
BCEX MPABOHAPYUIEHUN BBIJICISIOTCA ABAa MOJAMHOXECTBAa: B — MHOXe-
CTBO mpecTtyruiecHud u C — MHOXkecTBO mpocTynkoB; A = B U C.
B cBoro ouepens, C=C, U C, U C3 U C4, rae C; — MHOXECTBO T'pa-
YKJTAHCKO-MPaBOBBIX, C; — MHOXKECTBO KOHCTHUTYIMOHAIBHBIX, C; —
MHOKE€CTBO aIMUHUCTPATUBHBIX, C; — MHOXKECTBO AUCHUILUIMHAPHBIX
MPOCTYIKOB.

0) o cdepam obmecTBeHHo xku3uu A =D U E U F U T, rae
D — MHOXECTBO IPABOHAPYILICHUNW B JKOHOMHKE, E — MHOXKECTBO
IIPABOHAPYIICHUN B IOJMTUKE, F — MHOXKECTBO NMPaBOHAPYILICHUN B
COITMaJIbHO-ObITOBOM cdepe, T — MHOXKECTBO IpaBOHAPYIICHUN B
KyJbTYpHOU (00111€CTBEHHOM) cepe.

7.a) AUB=(1,8), AnB=; 0) AUB=(-3,8), AnB=][5, 6].

8. AUB={1,2,3,4,5,6,8,9}, AnB={4,9},

A\B= {1, 2, 6}, B\A = {3, 5, 8}.

9.1) ABUCuUD ={-3,-2,-1,0,1,2,3,4,5,6,7,8, 9},

2) AMBNCnD = {3, 4},

3) ( AnB)u(CnD)={2,3,4,5,6,7},

4)(AuB)n(CuD)={0,1,2,3,4,5, 6}.

10. Pewenue.

A — MHOECTBO OTIOB (OTEIl U JIe]T MAJIbuMKa), |A|= 2,

B — MHO€ECTBO ChIHOBEH (ManbuuK U ero orein), |B| =2,
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C — coCTOUT U3 TEX U TOJIBKO TE€X AJIEMEHTOB, KOTOPbIE TIPUHAI-
nexaT MHOkecTBY A minn MHOkecTBY B. C=A U B, |C| = 3, Tak kak
OTell MaJb4YrKa MPUHAIICKUT MHOXKECTBaM A u B.

11.1) AuB= N, 2)AnB=9, 3)A\B=A.

12. AnB={x|x e N, x genurcs Ha 6},

BNC = {x | x € N, x nenutcs Ha 15},
ANBNC = {x | x € N, x nenurcs Ha 30}.

13. r) )

e) OTOT NPUMEP aHAJIOTUYECH MPEAbIAYIIEMY;
) OO0beIuHEHNE MHOXKECTB A (*), B (**) (cM. I1. B) ) OyIeT TakuMm:

3) Bocnonb3yemcs 3akoHOM f¢ Moprana: A UB = AN B. 3HA4uT,
OTBET OYJIET TaKOil K€, KaK U B 3aJ]1a4e B).
u) N3o6pazum muoxectBa A\B (1) u B\ A (2):

(D) 2)

Nx 00beguHEHNEM OyAET MHOXECTBO, IPEACTABICHHOE HUXKE:

k) [lokaxxeM 0OBEIUHEHUE U NEpeceUeHre MHOKECTB A U B:

MX pa3HOCTBIO OyA€T MHOXKECTBO:
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14. a) Peuienue.

oAIHECA B CKO

Cnauvajna n300pa3uM MHOXKECTBA, HaX

TeM TpeOyeMoe MHOKECTBO

o

X

(24

o
B

0)

*

.
&

1)

o
=

.
&
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e)

¢

17. Kaxxnoe u3 JaHHBIX MHOYKECTB MOXET OBITh 3aJaHO HEOIHO-

3HAYHO: HECKOJBKO (POpPMYJI MOTYT BbIpa)kaTh OJIHO U TOXKE MHOXKECT-

BO.

1) AuBUC, KﬁBuC, AuBm(_j, ANBNCuT. .
2) (A\B)\C)UANBNC; (ANnBNC)UANBANCur 1
3) Boamoxnsie otBets: (AU B U C)\N(ANBUANCUBNC);
(A\B)\C)u (C\B)\A) u((B\A)\C).
4)((CUB)\ANBNC)UuANBNC.
S)Y(ANONANBNCOC)U(B\(AnB)u (B nO));
(AN C)\B)u (B\(Au Q).
6) DneMeHTBI 3TOr0 MHOXECTBA NMPUHAJIICKAT POBHO IBYM W3

MHOxkeCTB A, B, C. BO3MOXHbI BapHaHTHI:

ANB\C)H)UAN(C\B)UBN(C\A));

(ANB)\OU(ANCOC)\B)u((BNC)\A));

(ANB)UANC)UBNC)YONANBNO).

18.

DANAUB) =AUV N(AUB)=AuUuBNYI)=AuI=A.

2) (PN Q) u(QnP)=P.

3)(ANBNB)U(ANB)U(BNCNC)=

=(ANBNB)U(ANB)UBN(CNC))=

=(AN)U(ANB)UBN)=FJU(AnB)UI=ANB.

4) (A " B) U ((A UB) N (A UB))=B.

22.1) BC A; 2) A=B; 3) AcCB; 4) A =B;
5) A € B; 6)Be A, BcA; 7 BcCA; 8) BC A.

25.a) 2, 6) 35, B) 50. 26.2,30. 27.20,13,20,14. 28.11,1, 3.

29.3,3.  30.10. 31.30.  32.10. 33.3,9.
39.26.  40.435. 41.1. 42.15.  44. a) 50%, 6) 10%.
45.2) 18,6) 12, B) 5. 49.20.  50. 25; 20. 51. 147,
52.60,36. 53.20. 54.3%  55.9,20. 56. 2°.
57.3". 58.900. 59.4536. 60.9!. 61.42.
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62. 13800. 63.81. 64.54. 65.¢6°.  66.992.
67.9,9, 8. 68. 1024, 992, 4032. 69.768. 70.294.

72. 3m. 73. 336. 74. 55440. 75. 2-(51)°
77. ) )“‘ 78. 1) 1560, 2) 96. 79. C2-C*=3 185.

30! 30! (321)-(3)
80. oy 81 g - 8237512 83. a) 4, 6) 36.
84. 2 85. 1) 60, 2) 24. 86. C.,. o2

(4) 121)*-8!

. 3 5

88. Coy; Co-Coy; Gy -Cay; Co-Ciy; C2. 89.7054320. 90. 1560.
91. 28800. 92. C-C-C2. 93.9.9!, 94, 4080.
96.303600.  97.78. 98. 10. 99, 47
118. — ' 419.10.  120. C2 +6. _ 945,

36-(5!)(6!)(7!)
1
122. a) (—1§) ;0) 1; B) 36—.
123. a) 0,(428571); b) 0,035; ¢) 0,0304; d) 0,(571428); e) — =0,(90).

124. Q; R; [-1; 6]; [——9 [0,4%0) . 125. §;7; 1.

126. 1) (0; 8]; 2) (-4; 11); 3)(0; 9); 4) (=4; 2)(0; 11); 5) .
127. ArB={15t+2 | teN}, ANC={-6t-1|teN},

ANBNC={30t-13 | teN},

ANBUC={15t+2 | teN}U{2n+1 | neN}.
128. 2. 23. 7. 43567 ,63. 35_ 7. 239

97 997 97 7990 1107 90 18 900"
129.1)3; 2)% )247 4) 7; 5) 4; 6) 3.

139. 13 =1101, =16;,=155; 50=110010,=1015=624.
140. 10110110, =182; 10101011,=171.
141. 441, = 225; 24621,= 6483. 143. 1) 114023¢; 3) 49204,,.
145.AuB,DueE. 146. Bce.
148. a), 0) — KOHTUHYYM.
150. Mcnosib3yiiTe METOA, KOTOPBIM peIlieHa NpeablayIas 3a1a4a.
153. x=(b—a)t+a.

155. a) Kaxmoil TOYKe OKPY>KHOCTH NMOCTABUM B COOTBETCTBHUE
YUCJIGHHOE 3HAYCHHUE yTJIa, 00pa30BaHHOIO PaJMyC-BEKTOPOM ITOM
TOYKH C HEKOTOPHIM (DUKCUPOBAHHBIM PAJIAYCOM.
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0) Mckomas Ouekius sBISETCS KOMIIO3UILIMEN TpeX OToOpake-
Huii: 1) 0TOOpakeHusl, MOCTPOEHHOIO B 33/1a4€ a), 2) JIUHEHHOTr0 OTO-
Opaxxenust mpomexxyTtka [0, 21) Ha mpomexyTok [0, 1) u 3) orobOpaxe-
Hus npoMexyTtka [0, 1) Ha oTpe3ok [0, 1], KoToOpoe CTpOUTCS TaK ke,
KaK 0ToOpakeHue 3ajgauu 154,

158. 53,2%. 159. =32,8. 160. 232.

161. 14474901. 162. 37186. 168. 81%.

171. 30. 173. 33%%. 174. 900%.

175. 90. 176. 300. 177. 230 miH pyoO.
178. 5084,21p. 179. 3%. 182. 874,18.

183. S(t)=S(0)(1+1010) t=1,2,3,.... 184.4.

186. 25%. 188. 21%.

189. a) yenmmunrcs Ha 50 %; 0) ymeHbuTcs Ha 4%.

190. YBeanuurcs Ha 38,24 %. 191. YMmenbmutcs Ha 1%.
192. 7%. 193. 10%. 194. 10%.

195. 25%. 196. 25%. 197. 9 800 py®6.
198. 576. 199. 40 . 200. 38,5%.

201. 49,6%. 203. 50%. 204. 25%.

205. 30%. 206. 40%. 207. 25%.

208. 20%. 209. 25%. 212. 8,75%.

213.17 100, 11 400 py6.
214. 2 mn 400 ThIC. py0. 1 3 MitH 600 THIC. PYO.

I'1aBa 2

2. 1) ®enopoB HE IOPUCT.

2) ®enopoB — cieaoBarenb. 3) OeopoB — IOPUCT, HO HE CIIEAO-
BaTEllb.

4) Ecu ®enopoB — IOPUCT, TO OH CJIEI0BaTEb MPOKYPaTYPHI.

5) Uto6s1 denopoB ObLT IOPUCTOM, JTOCTATOYHO, YTOOBI OH OBLI
cJie0oBaTeNIeM MPOKYpPATYPHI.

6) 13 Toro, uro ®egopoB HE IOPUCT, CIAEAYET, UTO OH HE ABJISCTCS
CJI€I0OBATEIEM NPOKYPATYPHI.

7) Ecmu @enopoB He clieioBaTellb, TO OH HE IOPUCT.

8) @e1I0pOB HE FOPUCT, WU OH CIEA0BATEIb MPOKYPATYPHI.

9) HeBepno, uto denopoB 10pUCT U HE pabOTAET Clea0BaTeIeM
MPOKYpATYPHI.
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4.1.s=> (V> 3); 2. v (s=d); 3. VAd =c;

4.;:>(d:>p); 5.(parv=2d)nd =, 6.p:>(d<:>;);
7. s=>d)=>(parv=>d) 8. vad; 9.(d=pAV)Ad =sv pAv;
10. sAv=>(=d).
8.(a=b)v(a =Db).
12. a ucTuHHO, b 10XHO, C JIOKHO.
13. a uctuHHO, b 10XHO, C HICTHHHO.
14. 1) [b]. 2) Umnnukanus ucTuHHA. 3) UMIuimkanus UCTUHHA.
4) Huuero ompeaenenHoro. 5) Mmmnukanusa uctuHHa. 6) Mmriuka-
1M JT0XKHA.
15. Pewenue. B UCTUHHONM HMIUIMKAIIMU 3aKJIIOYECHHE JIOXKHO,

cJIeJOBATEILHO, ITOCKUIKA JIOJKHA, T. €. «3T0, KoHeuHO, CoBay;
17.

5) 6)
a|b|c |anb |anbvc a |bjc |p lavb | (@avd)ac
I |1 |11 1 I |1 |1 (0 |1 1
1101 1 I |1 (0 [0 |1 0
110 (1|0 1 I 10 (1 |1 |1 |
0|1 (110 1 O (1 |1 |0 [O 0
0j0]|1]0 1 0 |0 |1 |1 |1 1
0|1 (0|0 0 0O [1 (0 (0 |O 0
110 (0|0 0 I 10 (0O |1 |1 0
010010 0 0 |0 |0 |1 |1 0
7) 8)
a |bjc |arb | 4ab a_/\c a |b|c E bve m Evm
I (1 (1|1 0 0 I {1110 1 0 0
I |1 ]0 |1 0 0 I {11010 | 0 0
1 10]1 0 1 1 110|110 1 0 0
O (1 (110 1 1 01 |1]1 1 0 1
0 (0|10 1 1 0110 |11 1 0 1
0 (11]010 | 0 01101 | 0 1
1 {00 (O 1 0 1 {0 01{0 |O 1 1
0 /0[]0 10 1 0 01001 0 1 1
22.

0) (@vb)=a)va=b=

=((anb)yva)vanrb=((ava)r(avb)vanb=

=an(avb)vanb=an(avbvb)=a.

B) anbv((avb)a(avb)=anbv(bv(anrna))=

=anbvb=anbvbal=ba(av])=bAl=b,
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26. O1uH U3 ciocoOOB PEIICHUS CIICTYIOIIUH.

CocraBnsieM Ta0nuIly 3HAYCHHW JAHHOW (DYHKIUM U HAXOJHUM
cootBeTcTBYyIOMYI0 CIIH®. Ilonydyennyto ¢popmyily yrnpoliaem u mo-
JTy4daeMm:

a) x; 0)X A Y; B) X VY;

r) X =Yy, n) y=x; e)(XVY) Az

28. Pewenue. 1) JIns Toro 4toObl JO0Ka3aTh YTO JAHHBIM apry-
MEHT MPaBWIbHBINA, HYKHO JI0Ka3aTh, 4To Gopmyna (a = b) ra = b
SBJISIETCS TOXKIECTBEHHO UCTHHHOI: (a =>b) na=b= (avb)ra vb=
=(@@ar b)vavb=(@vav b a(avbvb=(vb)a(avl)=1l;

2)@=b)ab=a=avbvbva=@nrb)v(avb)=1;

6) okaxem, uto (a = b) Ab=>b=1: (a=b) sb=b=avb v
bvb=1;

N(@=b)r a >a=avbvava=l.

31. Pewenue. Begem 0003HAYCHHsI MPOCTHIX MPEAJIOKECHUN, U3
KOTOPBIX COCTOUT PAacCY>KJIEHHUE: a — «KYIUICHbI aCTPb», g — «KYILJICHBI
TEOPIUHbBDY, S — «IBETHI CBETIIbIE», K — «1IBETHI KpacHbIe». Toraa jgoru-
(av g)Asnk,(sha=k)

g
[IpoBepum, OyAeT M TaBTOJIOTHEW COOTBETCTBYIOIIAS MMILIUKA-

must: (av @)ASAkA(sha=k)=g.

YeCKas CXeMa PaCcCyKJICHHS UMEET BUI:

(av@)Asrnka(srna=k) =g = (av@)asAkAa(sna=k)v g =

=(avg)vsvkvsravkvg = angvsvkvsrankvg =
=avgvsvkvansnrk=l. AprymMeHT NpaBUIIbHBIN.
35. Ilycts | — «JIlyu BuHOBeH», f — «®paHCcya BHHOBEH», € —

«ITbEH BUHOBEH». 3alUIIIEM BBICKA3bIBaHUS OpOJST HA SI3bIKE alreo-
PBI BBICKA3bIBaHUM.

Jlynu: ((f:>e):>l)/\i,

Dpancya: ([=(e= ) rleDA(e= f).

OTheH: eA fAlven f AL,

Ham wm3BecTHO, yTO DThEH Beeraa keT, a Jlyn u @pancya Bcerna
roBopsAT mpaBay. 3HauuT, ((f=e)=I)Al =l. IIpeoOpa3yem JieByIO
qacTh: (f =>e)=>Al = ((?vevl)/\i)z(f/\évl)/\i = frenl. Torma
f/\;/\z =1.
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Takum obpazom, f =1, e =0, 1 =0, 1. e. ®paHcya BUHOBEH, a
OtbeH u JIyn He BUHOBHBI. [IpoBeprM, yIOBIETBOPSIIOT JIU 3TH 3HAYE-
HUASI  WCTUHHOCTH  TIEPEMEHHBIX  JPYTUM  JIByM  YCIIOBUSIM:
(== NA(ecDa(e= f)=1 u erfalven fAl=0. [TogcTanos-
ka HaljeHHbIX 3HaueHut f = 1, e = 0, | = 0 B mociequue ypaBHEHUs
yOeX1aeT, yTo pellieHrne 3aauu HalijieHo: @paHcya BUHOBEH, a DTheH
v JIyn He BUHOBHBI.

36. Ilycts cumBoOJIHI @, b, ¢, d 0003HaYaOT, COOTBETCTBEHHO, BbI-
CKa3bIBaHUS: a — «A yyacTBoBa», b — «B ydactBoBanm», ¢ — «C yyacr-
BoBa», d — «D yuactBoBam». Toraa npennoxenus 1) — 4) 3anuuryTcs
B BUJIC UMILJIUKAIINI:

a=>b, b=>cva, d=anrc, d=a

Tak Kak KaxxJaas U3 UMIUTMKAIUA UCTUHHA, TO U UX KOHBIOHKIIHS
TOXE UCTHUHHA!

@=b)r(b=cva)a(d=anr c)a (d=a)=1.

[IpeoOpaszyem JIeBYyI0 4YacTh TOXAECTBA, OCBOOOXKIASICh OT HM-
IUTUKAIAN:

(avb) a(bvecva)a (dvanc)a (dva)=Il. K tperbeit
CKOOKE MPUMEHHMM JUCTPUOYTUBHBIM 3aKOH U TIEPECTAaBUM JIBa IO-
CJICAHUX COMHOUTEJIS:

(avb) A (bveva) A (dva)a(d va) A (dve)=1.

[Tpeobpazyem dopmyny (d v a ) ~(d v a), ucnons3ys cBorcTBa
nornueckux omepauuit: (dva) . (dva)=(d .d)va =0va=a.
Torna Haie TOXI€CTBO 3aUIIETCS CICAYIONUM 00pa3oMm:

(avb) a(bveva)aan (dve)=1.

Orcrona caenyer, uro a = 1 u, CIEIOBATENBHO, TOXKIECTBO MPHU-
MeT BUI: b A (bv c) a(dve)=1.

Buaunt, b =1, =0, C A (d vE) = 1. Orcrona ¢ =1 u, ciaenona-
TeapHo, d = 1.

Omeem: y4acTBOBaJIH BCE.

37. llpectynnuk — Baner.

38. Ecnu I roBoput npasay, To u B TOBOpUT mpaBay, HO IO yCJIO-
BUIO 33/Ia4d MPABAY CKa3aJl OJUH U TOJIBKO OJUH W3 MOJI03PEBAEMBIX.
3nauut, ' ;okxeT, cienoBaTenbHoO, JHKET U B. IlycTh a — «A BUHOBEHY,
e — «E BuHOBen». Torna BeIcka3piBaHue B MOKHO 3amucaTh TaKUM 00-
pazoM: a v e. OHO JIOKHO, CIEA0BATENIbHO, €r0 OTpUllaHuE OyAeT HC-

TUHHO: aVve = |. [IpuMennm 3akoH e Moprana: ave=a Ae . 3Ha4uT,
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A u E He BuHOBHBI U E TOBOpPUT NpaBay, a ocTalbHbIE JryT. Takum 00-
pa3oM, IIPECTYIUICHUE COBEPIIUII b.

65.a)a&b, 6)avb, B)a, ) a, n)l, ¢)Boaroit KC Hukorma He
Oynet mpoxoauTh ToK. Eit coorBeTcTBYET hopmyina 0.

69. JInsa xaxaoii KOHTAKTHOM CXEMBI HEOOXOJUMO COCTaBUTh CO-
OTBETCTBYIOIIYIO CTPYKTYPHYIO (POPMYIIy U YIPOCTUTH €€, UCTI0JIb3YS
CBOWCTBA JIOTMYECKHUX OINEpaIi. 3aTEM COCTABUTHh KOHTAKTHYIO CXE-
MY, COOTBETCTBYIOLIYIO HOBOH (hopmy!ie.

a) CtpykrypHasa ¢opmysia cxembsl uMeeT BUull (a A b) v ((c v a)
A b). Yopoctum ee: (a Ab) v ((cva)Aa b)=(@Aab)v(((cab)v
(anb)=(@andvb))v(ca b)=av(ca b)

KoHTakTHasa cxeMa ynpoueHHOU GopMyiIbl UMEET BU/T

I d H

] —
¢ — h—

6)(av(anrb)v(@aab)=av(av a)~ by=av b
Il d— N
ﬁ—[_ — =
b—
B) (bac)v(@anan bac)v(anbac)=(bnac)v(ava)a
(ban c)=(brc)v(bac)=(bvb)rc=c

it

N
ra C 2

Dav(@av B)_/\ (bve) v bvec=av(@avbvbve)albve
v bvec)=avavbvec=avbve

_a_
I _ H
o b =
_C_

7ammw?Aﬁv@A;A@v@A;A@z@v@Aﬁ
VZAX Ay v XA p)E((XVZ)AY)VZAYSEXAYVZIAYVZA
yEXAYVZ
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) XAt A yVIIVIAYAZVI(ZAY VX AY) A (EZVY))=EXVY
a) 0)
M —x-Y— N M
Z ¥

71. Vkazanue. Cnauana noctpoite Gopmyity anreOpbl BhICKa3bl-
BAaHUH, a 3aTEM COOTBETCTBYIOIIYIO KOHTAKTHYIO CXEMY.

72. CHavana nocTpoiTe TaduIily, 3a0atollyt0 (QYHKIHIO, KOTOpas
COOTBETCTBYET CUTYyallM1, OMMCAHHOM B 3ajaue, 3aTeM HauuTe (popmy-
Ty, 3aJaI0ITYI0 3Ty (PYHKIIHIO, a IO HEH — COOTBETCTBYIOIIYIO CXEMY.

82. a) @ AS();  6) (VX) (P(X) A R (X,2)=5));

B) (I)0(0) A R(x,0) = (VX)(Q() v R(x,0));
r) 3x)(P(x) AS(x)AR(x,2) = (VX)(Px) Vv S(x)Vv R(x,2));

84. a) 5 — npocToe uncio; 0) 2 — YUCIO MPOCTOE U YETHOE; B) €C-
JIM YHUCJIO X JEJUTCS Ha 2, TO OHO YETHOE; I') CYIIECTBYET YETHOE YHC-
J10, KOTOPOE JEIUTCS Ha 6; a) CYIIECTBYET UMCIIO, SIBJISAIOIICECS He-
YETHBIM U OPOCTHIM; €) BCsikoe 4ucio, He SIBISIIONICECS YETHBIM, HE
JEJUTCS Ha 2; #K) €CJIM YUCIIO JETUTCS Ha YETHOE YMCIIO, TO OHO Camo
SIBJISIETCSI YETHBIM; 3) JIJII BCAKOTO MPOCTOr0 YUCIa CYHIECTBYET YET-
HOE YHCJI0, KOTOPOE Ha HETO NENUTCS; W) HE JJIsSI JTIOOBIX HEYETHOTO
4ucya X ¥ MPOCTOTO YKCIIa y, X HE JISJIUTCS Ha .

86. a) (30)(P(x) A S(x), (F)(P(x) A S(x)) = (Vx)(P(x) v S(x). Kasoe
YUCJIO HE SBJISIETCS MPOCTHIM WJIM HAMOOJIBIITNM;

0) O6o3naunM uyepe3 F MHOXECTBO MpeCTYIJICHUI U PacCMOTPUM
npenukatel: S(x) = {x € F' | x — BeIMOrarenscTBo}, P(x) = {x € F | x
BIeueT nuineHue cBobomsl}l. Torma (Vx)(S(x)= P(x))=(3x)(S(x) A P(x)).
Cyl11ecTBYIOT BEIMOTaTeNIbCTBA, KOTOPHIE HE BJIEKYT JIMIIECHUS] CBOOOIBI;

B) (3x)(P(x) A (V)3E2)Q(x,p,2)); (Vx)(P(x)v (By)(V2)O(x,p,z). Bes-
KWW TT0€3]1 WK HE uaeT u3 MOCKBBI B SIpociaBib, UM B HEM CYIIIECT-
BYET BaroH, B KOTOPOM BCE MECTa 3aHSITHI;

r) S(x) = {x coBepmmi npecryrmieHue}, P(x) = {x moaBepruHyT
CIpaBeIMBOMY HakazaHHIo} (Vx)(S(x)= P(x))=(Ix)(S(x) A P(x)). Cy-
IIECTBYIOT JIFOJIM, COBEPIIUBIINE MPECTYIJICHUSI, HO HE TTOABEPIIITUECS
CIIPaBEJINBOMY HAaKa3aHUIO.

m) (Vx)P(x)= S(x), rae P(x) o3nauaer {x HeBMHOBeH}, S(x) 03Ha-
4aeT {X MPUBJICUEH K YyTOJOBHOW OTBETCTBEHHOCTH .

87. a) Ilycts P(x) = {x — mOICKUT 00sI3aTCIHLHOMY MEIUIINH-

CKOMY CTanOBaHI/IIO}, TOTrAa JaHHOC BBICKA3bIBAHHUC 3aIIMIICTCA CJIC-
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nytommM obpazoM: (Vx)P(x). (vx)P(x)=(3x)P(x). CyIecTByIOT pa-
OOTHUKH, HE MOJICKAIIUE 00513aTEILHOMY MEIUIIMHCKOMY CTpaxoBa-
HUIO.

0) S(x) = {uenoBek x cBoOOACH}, T(x, V) = {X U y paBHbI B CBOUX
npaBax}, P(x,y) = {x W y paBHbl B CBOMX JIOCTOMHCTBAaX},
(VYIS () A S(3) = T(x,3) A P(x, ) 5 @E)ENSE)ASO) AT (x,¥)v Px,y)). He-
KOTOpBIC JIIOJU POXKAAIOTCS CBOOOTHBIMU, HO HE PAaBHBIMU B CBOUX
JIOCTOMHCTBAX WJIM HE PAaBHBIMU B CBOUX ITpaBax.

n) Ilycte X — MHOKECTBO pa3iIn4HbIX yTBepkacHu. Ha Hem 3a-
JaHbl npeaukatel: P(x) = {yTBEpXKIE€HUE X €CTh HNPUTOBOp}, O(x) =
{x — obocHOBaHHOE yTBepKaAcHUE}. Toraa BhICKa3bIBAHUE MOXKHO 3a-

nHucaTb B BHIE (Hx)(P(x)A%z(Vx)(%v Q(x)). Otpunanue I1o-

CTPOMTE CaMOCTOSTEIBHO.

e) Plx,y) = {x  mpoumran  yi;  (@y)VX)(L(x, p));
Fx)(Vx)( P(x, )= (V) 3x)(P(x,y)). Jdns 110001 KHUTH HAMACTCS YeJI0-
BEK, KOTOPBIN €€ HE TPOYUTAIL.

*K) P(x) = {x oCyXIeH 3a coBeplleHHUEe MpecTyIuieHus}; O(x) =
{x 0cBOOOXKIEH M0 aMHHCTHH}; (Vx)(P(x)= 0(x))=(@x)(P(x) A O(x)).
HekoTopsie J110AH, OCYKJIEHHBIE 32 COBEpIICHUE MPECTYIUICHU, HE OC-
BOOOXKIAIOTCS 110 aMHUCTUU. OTpUIIAHUE TIOCTPOUTE CAMOCTOSITEIIBHO.

3) Ilycte D — MHOXECTBO 00pa3IioB MPOU3BOJICTBEHHOTO 000PY-
JIOBAHUSI.

P(x) = {x € D | x oTBeuaer TpeOOBaHUSIM OXpaHbl Tpyaa}; S(x) =
{x € D | x mepeaH B CepHilHOE IPOM3BOACTBO}; (Vx)(P(x)=>S(x));

(W ED)=S0)= (@F)P(x)AS(x)). CymecTByer obpaser IpOH3BOICTBEH-
HOTO O0OpYJOBaHUS, KOTOPHIH HE OTBEYAET TPEOOBAHUAM OXPaHbI
Tpy/Ja U B TO K€ BpeMs OH NepejiaH B CEPUHOE TTPOU3BOICTBO.

88. a) (Ix)(D(x)) A (VX)(VX)(DP(X1) AD(X2))= (X1= X2);

0) (Fx)(Fx)(DP(x1) ADP(X2) A (x,=x,);

B) (Vx)(VXxy) (VX3) (DP(x1) AD(X2) AD(X3)= (X1= xXp)v
(X2= X3)V(X1= X3);

r) (3x)(3 x)(D(x1) AD(X2) A (5 #X))AVR)(VX:) (VX3) (P(x1)
AD(X2) A D(X3))= (X1= X2 )V(X2= X3 )V(X 1= X3).

90.1)a)T,NnTy=20, 6)T,cTy,, B)YT(cT, nNT,NT=O;

2)a) T, c T, 0) 7, =T, umu T, =0 .
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I'nmaBa 3

1. (~0,—2)U[2,6)U6,+0). 2. (-10,2)U(2,+0). 3. [0,3).
4. [4,-3)U(-3,-2) U(-2,+0). 5. [2,5). 6. x#zn,neZ. 7. [-1,1]. 8. [-1,0]
. 9. [-2,2]. 10. [0,+0). 11. [—/2,~/2]. 12. [-10,10]. 13. (0,2]. 14. (0,2].
15. [L+0). 32. 27. 33.27/. 34. 7. 40.1) f(x)=3x, g(x)=cosx;

3) f(x)=cosx, g(x)=x. 41.5) y=4+Jx; 7) y=11—+2;c

. 42.9.43.2.
4
44. . 45. 0. 46. —1. 47. —0. 48. —0. 49. 0. 50. % 51.%. 52. % 53. 1.

54. oo, 55.—%. 56. % 57.2847. 58. 0.5. 59. -6. 60. 0. 61. —1_62. —1.

63. g 64. 0. 65. % 66. ¢°. 67. ¢. 68. &”. 76. 1+%—x2—%.
X X
77. %/1_2—2\/1—3+i4. 78. 5x(2sinx+xcosx). 79. Z(jf— xsinx.
X x X X
80. 5 VX Lo oine, 82, ACrbri6 gy S(242))
2Jx  cos’x (3—4x) (x2—3x)
gp, c(snyrysiny-xcosy) gy o gg g 0, 20x(x2+%j. 92.3.
Sin x
04. _ctg(2x—X)+ _ '12 . 96. 30053x+2xe:‘2 . 98.3(sinzx)(cosx)+cosx3(3x2).
€ ¢ sin- x 2\/sin3x+ex
2 3 Jxrl
99, 2T 104, eosdre . 106, 22—% 109. ﬁ
1-25° X x/(lnx+1)*
112, 1 _sinlnx 498, xinx+sinx(1-xlnxns) 120, 1 _2tg2x
SINX-COSX X

2x-5‘~coszg 3)6{/(1+1nx)2 In10

211‘CCOS2 X

124. 1- xarcsin x 125 3x’arctg2x 2arcsinx’ 128, _2arccosx-e

e T e A N
135. 45, 35. 137. 2,06, 0,58.
138. y'(2)=5, T,(2)=0,042; Y'(7)=-20, T,(7)=-0,242.
139. 1) C'(27)=1,73; 2)S'(27)=1-1,73=-0,73.
140. S'(27)~—0,62,C'(27)=1,62.

2 1

— =0,75.
2 24

141. Dnactu4HOCT E (y) = * y'(x): E,(2)=
Y

142.1,2. 152. 2‘—12+c. 153. %%7‘ +C. 154. 3arctg x+C.
X
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155.
158.

161.

163.

166.

174.

182.

188.
190.

—tg2x+C. 156,  x+8/x+4ln|d+C. 157. -2J2-x+C.

—coslnx+C. 159. —2¢7 4+ C. 160. —xcosx+sinx+C.

x> sinx+2xcosx—2sinx+C. 162. lxzezx —%xezx +ie2x +C.

2
2
e +C. 164. (%+lenx—%x2—x+C. 165. In(x*+1)+C.

1
COSX

%. 175. 1. 176. 0. 177. 1. 178. 1. 179. 1. 180. % 181. %

+C. 167. xIn(x+D)—x+In(x+)+C. 172. 2.5. 173. 22%.

%. 183. 1. 185. 23,4.186. 110,48 .
n
a) 0, 0235; 0,283; 6) 0,073; 0,114; B) 0,0037; 0,45.
341%. 191. 1001n§—40z112,8,
I'naBa 4
5 5 0 2 11 22 29 51
4. a) ; O];ﬁ) (10 15J;lz.) 9 27 32(;1)|0 2.
13 -17 26 13
3 -3 10 -5 38 12
6.1) |5 -9 —252)|-13 49 —4|.
2 —11 12 -19 -57 -12

21 23 15 -1 3 2 % 9
7.1a) |-13 34 10(|;2a) |9 -17 -1|; 26)[6 _2}

-9 22 25 10 =19 O

1 -1 1
11. 1) 1[4 2]; 2)[7 ‘4j; 3) |38 4 34};
203 -1 -5 3

27 29 24
a b c
—a+b 2
13.2) x= o Aa,rﬂe a,beR;B)|0 a b| roe a,b,ceR,
“a b 00 a

14. (a b ] rie a,b,ceRua’+bc=0,

cC —a
15. (a bj, roe a,b,ceRéa’ +bc=1,
cC —a
16.1) 10; 2)—1; 3)—38; 4) 4a—6b; 5)49; 6) 27; 7) —1487600;

8)1; 9)8 10) x’—x; 11) —x*+5x-6.
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17.1) 72; 2) 48; 3) 1; 4) 600.
1 7 1
18.1) 1(4‘ 2}; 2)[7 ‘4} 4) i{q 7 7}.
203 -1 -5 3 14

2 0 2
3 2 -5 4 -1 1
19. 1) %(o i 4} 3) %{7 4 1}.
0 0 3 15 -9 3
20. 1)x, =0,x,=1; 2) x,=2,x,=33 3) x,=3,x,=4.
9 2
21. 1) [o}; 2) [-3}.22. 1)X:[” 3]; 2)X:(16 ‘12].
X 1 24 -7 20 -15
512 6 5 1110
23. 2a) {10 9 7 6};26) {1 11 1].
13 13 12 9 110 1

24. Bpipyuka mpeanpuaTHs IO TPEM PETHOHAM IPEICTABISAETCS
MaTpuLEen (250 180 150).

1040 500
25.2) v - 3(2)3 . 3) V=[12001. 26. (680 2040 540 1020).
650 750
71 .
29.1) T 2) 4.
2 -3
30. 1) [ImarexHass MaTpulla UMEET BUJ A=|-3 4 |; 2) HIOKHAA Lie-
4 -5

Ha UTPbl o =maxq, =max(ming,) =-3; 3) CEJJIOBON TOUYKHU HET; 4) UYTOOBI
o0ecnieynuTh ce0€ MUHUMAJIbHBIA MPOUTPHIII, UTPOK A JOIKEH BBI-
OpaTh CTpaTErui0 4 WIH 4,, TO €CTh 3anucarh yuciaa 1 umu 2.

5 -4
31. 1) IInarexHast MaTpuiia UMEET BUJ Az[ . Sj; 2) HIDKHSA 11e-

Ha UIPHl o =maxa, =max(mina, ) = -4 , BEPXHsA [leHa F=min/f =min(maxa,)
=5; 3) cemIoBOM TOYKU HET; 4) 4TOOBI 0OECTIEYNTh ceOe MUHUMAIIb-
HBIN MPOUTPHIII, UTPOK A JTOJKEH BHIOpATh CTPATETHIO 4, TO €CTh 3€-

JICHBIN IBET.
32.3) a=-1,4=1; CEAIOBOM TOYKHU HET.

276



33. 1) UCKIIIOYaKTCs MOCIEIOBATEIbHO B,, B,, B,, 4, 4, B, 1 4,;
a=f=v=4 U X =(0,0,0,1), ¥ =(1,0,0,0); 2) HCKIIOYAIOTCSA IIOCIIECIOBa-

40 0,5 0,7 0,4
TeNBHO 4, B,, B, 4,; I1= ;3) 1= .
13 0,4 0,3 1,0

35.1) X=G§) y:[%%j Vvo132) X =(1,0), ¥ =(1,0)

. (11 . (11 . (13 . (53
3) X :(_a_ja Y :(_J_ja V=§;4) X :(_’_jﬂ Y :(_’_jQ v:Z°
22 22 2 4 4 8 8 4

36. Ilepeceuenue mapupyToB 0) u 2.

37. CenyToBO#M TOUKH HET. x* =(l,l} .Y =(l l}.
272

42. {(=7x,—9; 5%, +x,+5; x5, x,)/ x;, X, € R} .

»
<
I
[\®)
»

1 4 <
43. {(gx3+2;gx3 +2; x3J/x3 eR}. 44.(1,2,-2). 45. Pemienuii HeT.
46. (1,2,1). 47. Pelienuii HeT.
48. {(5x;, —x, +1; —%x3 —2x,+1;x33x,)/ x;, x, € R} .

3. 1. 7.5 1 ]
49, {(5x2—6x4—6,x2, 6)c4+6,x4)/x2,x4 eR}.50.(1,0,-2).

51.(-3,2,1).52.(16,7). 53. (2, 3). 54. (-1, 1,-2). 55. (2, -1, 1).

56.(3,1,1).57.(1,2.-2).58. (16, 7). 59. (2, 3). 60. (1, 3, 5).

61. (9, 0, 8). 62. (5, -2, 4). 63. (2, -3, 1). 65. a) npuOBLLIL B MUHYB-
meM roay 1-ro ota. 4 M pyo0., 2-ro oTa. — 8 MiIH pyO.; 0) npudkUIHL B
sToM roxy 1-ro ota. — 6,8 muH pyO., 2-ro ota. — 11, 2 muH pyo.
66. | Xr COPOKANPOIIEHTHOTO U 2 KI' MIECTUACCATUIIPOIIEHTHOIO pac-
TBOpa. 67. CmoryT. PaboTast BMecTe, OHU BBITIOJIHSAT 3aKa3 3a 3 yaca.

I'maBa s
27
" 40
1

! N B L S IS N |
6°a)g,6)0a3)5’r)5ﬂ])3a7°a)6a6)3693)9ar)4'

1 1 1 3 2 5 5
9.1)—32)—.12.99600.14.1)=32) —;3)-34)—35) —;
)12 )24 )7 ) 14 )7 )14 )14

2 3 7 11 1 .3
1L1.20) 30) 3.0 4.8) (56) 5B) 3n) . 5.0,061.

6)%; 7 % 15.3/4.16. 2/z.17. 23, 18 /4.

4r
19. Pewenue. O603HauuM uepe3 A COOBITHE «JIpy3bsl BCTPETHU-
JHUCHY, a 4epe3 X U y — MOMEHTHI MPUX0/Ia COOTBETCTBEHHO MEPBOTO U
BTOporo u3 Hux. [1o ycioBuio x U y pacnoyioKeHbl MEXIy 4YacaMu
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13.00 u 14.00, TO €cCTh OHM MOTYT MEHATHCS B TCUEHUE Yaca. JHAUMT,
MOKHO cuuTaTh, 4To 0< x <1 m 0 < y <I. JIpy3bsi BCTpETATCS, €CIU
BpeMs MpPUXOAa OJIHOIO M3 HUX OTIMWYAETCAd OT BPEMEHHM MpUxoia
npyroro He 6oiiee, yeM Ha 30 MUHYT, TO €CThb eciu [x—)| < 1/2.

Teneppb nia pelieHus: 3aa4yu HEOOXO0AMMO M300pa3uTh HA KOOP-
JUHATHOM IUIOCKOCTH 0O0JIacTh, OMNPEIETIAEMYI0 HEPaBEHCTBOM
x—| < 1/2, u HAWTH OTHOIIEHWE TUIOIIAJN MOJYUYEHHOU (PUTYpBI K
IJI0IIAAN KBajpaTa, BHYTPU KOTOPOTO OHA JICKMUT.

KBaapar 3amaerca HepaBeHcTBaMu 0< x <1 u 0 <y < 1, u nmoato-
My ero mwiomanb S = 1. [momanas Gpurypsl, gexariei BHyTpU KBajapa-

. 1 1 \ 1 3
Ta U OIpPECACIIICMOU YCIIOBUEM —ng— ySE’ paBHa S'=1-—==. Ta-

S' 3 3
KUM 00pa3oM, UCKOMasi BEPOSTHOCTh p = <=7 1= 7

20.02. 21. 8) Ay Ay As; 6) &, A, A,: B) AA, A, +A, Ay A+
A A AFAA ATA A At A A A +A A AT A A,
As+ AL A, A+ AT A A ) AAAHAIA A+ A AA T A
ArAsz e) A AL A;
24.0.8. 25. P(A + B + C) = P(A) + P(B) + P(C) = 0,15 + 0,1 +
1 1 1 11

0,12 =0,37. 26. 04. 27. PA+B)= -+ - - — = —. 28. 0,5.
6 6 36 36

29. P(A + B) = %

30. ITycth A o6o3Ha4aeT coObITHE «Y BBIOPAHHOTO Hay/1ayy yucia
XoTsi Obl J1Be MUGPHI COBNajaroT». Torma A — 3TO COOBITHE «Y BBI-
OpaHHOr0 HayJauyy 4yucjia Bce MUPHI pa3nuuHb». Tak Kak A + A —

JIOCTOBEpHOE  coOBITHE, TO P(A+ A)=1; ¢ gpyroit _CTOPOHBI,
P(A+ A)=P(A) + P(A) u, cnenoBarensHo, P(A ) =1 — P(A). Bcero
Tpex3HauHbIX yrcen 900 (999-99), konnuecTBO TpeX3HAYHBIX YKCEI, Y

KOTODBIX BCE LU(PBI pasIndHbL, paBHO 9- 9- 8 = 648. Torma P(A) =

% ~0,72,uP(A)=1-P(A)=1—-0,72=028.

31. P(AB) = P(A)P(B) = 0,63.

32.1)L,2)7.34. 1 35. L 371 npaBoy=L.2.3-1
4 12 8 216 2 3 4 4
HPABC)=1.2.3 -1 .38 7 3 40.0.206:0.988.
2 3 4 4 15715

41.1) 0,988; 2) 0,456; 3) 0,61; 4) 0,378; 5) 0,154.
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42. P(A) = P(A1A,) + P(A, A,). Cobbitust A| 1 A, HE3aBHCUMBEI,
nostomy P(4)=P(4) P(A,) + P(4)P(4) u, CcIeroBaTeabHo,
P(A)=p,-(1-p)+(1-p)-p,.

4. L L o4 b 4y L.y L 50, 072; 0,54,
25° 15 (a+b)(c+d) 1980 1980

51. % 57.0,77. 58. ~0,003%. 59. 0,594. 60. 0,8667. 61. 0,024. 62. %

65.0,325. 66. 0,03. 67. 0,038. 68. 17/52. 72. 5/11. 80. M(X) = 1,9
D(X) = 1,69. 81. M(X) = 1,5; D(X) = 1,65.

0, ecmu x<1,

0 eciu x<0
0,2, ecru 1<x<3, ’ ’

83. F(x)=40,5, eciu 3<x<4, 84. p(x)={cosx, ecru 0<x<
0,7, ecru 4<x<6,

DN

3

V4
1, ecaux>6. 0, eciu x> 5
0, ecmu x<-=2,
1
85. F(x)= gx, eciu —2<x<3, 86. 0,25. 87. 0,2.

0, ecmu x>3.

88. 6 Mum, 12 Mun?, 2 3 MuH.

I'naBa 6
9.4.11.2521.13. 5,1. 15. x;=10; P,=2,5 62:?.

19 a) 7,63 <a<12,77.b) 14,23 <a <19,37.

. <a< 21, A=t 2 — 2 .
20.992, 16 <a<1007,84. 21. A=t T 136‘ﬁ66 0,392

23. n=179.25.-0,04 <a<0,88. 27. 34,66 < a <50,94.

29.2a) 0<05<14,28,0) 7,99 <0 <20,02. 31. u=-0,612¢+12,066.
33. y=0,014x-0,48.34. y=0,3x"+0,48x+5,06. 35. y =-31x+285.
36. y=0,18x+12,6.

I'naBa 8

2. (120,80), z,, =560. 4. x,=40; x,=5; z, =130,

5.1) x,=0,x,=600; 2) x,=200—200z, x, =600¢; 3) x, =200, x,=0.
6.1) x,=60,x,=50; 2) x,=60—20z,x,=50+10¢, T]IE 0<¢<1;

3) x,=50,x,=55.7. 5 CKOpPBIX U 7 NACCAKUPCKHUX.

8. 6 ckopbIx u 6 maccaxkupckux. 9. Cena 20 kr, a cunoca 40 Kr.
11. 2,5 xr BemiecTBa B u 2,5 Kr BeuiecTna B, .
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16. x =1199; x,~477; x,=359,7; x,=119,25 x, =179,85; x,,=57,24;
yucTass NPOAYKIMS MO MPOMBIIUIEHHOCTH cocTaBisgeT 659,45 yci.
IEH. €., 0 cenbckomy xo3suctBy — 300,51 ycn. neH. en.; 0) BBITyCK
B IPOMBIIIJIEHHOCTH HY>KHO YBENUYUTH A0 1329 ycii. neH. en., B celb-
CKOM XO03sIiCTBE — 710 554 yCII. JIeH. €]l.

17. A:[0,2 0,4) 18. A:(0,16 0,4} S=[L29 0,57}) X=£622’5j.
0,55 0,1 0,14 0,1 0,2 1,2 430
19. X:Ggg] 20.6) 2:4:3; B) 15:11:9.

21. a) 134 ycn. en, 201 ycn. en, 67 ycn. exn;
0) 198 ycn. en, 114 ycn. en, 90 ycn. en.
B) 90 ycn. en., 114 ycn. en, 198 ycin. en.
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IIpunoxxenmus
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ITpomomkenue

I o (0 I £ @ (x)

X T (x) ‘ X @ (x)

1,26 | 0,3962 1,59 | 0,4441 1,92 0,4726 | 2,50 | 0,4938
1,27 | 0,3980 1,60 | 00,4452 1,93 | 0,4732 2,562 | 0,4941
1,28 | 0,3997 | 1,61 | 0,4463 | 1,94 | 0,4738 | 2.54 | 0,4945
1,29 | 0,4015 1,62 | 0,4474 1,95 | 0,4744 2,56 | 0,4948
1,30 | 0,4032 | 1,63 | 0,4484 | 1,96 | 0,4750 | 2,58 | 0,4951
1,31 | 0,4049 1,64 | 0,4495 1,97 | 0,4756 2,60 | 0,4953
1,32 | 0,4066 1,656 | 0,4505 1,98 | 0,476l 2,62 | 0,4956
1,33 | 0,4Q82 1,66 | 0,4515 1,99 | 0,4767 2,64 | 0,4950
1,34 | 0,4099 ) 1,67 | 0,4525 | 2,00 | 0,4772 | 2.66 | 0,496l
1,35| 0,4115 || 1,68 | 0,4535 | 2,02 | 0,4783 F 2,68 | 0,4963
1,36 | 0,4131 1,69 | 0,4545 || 2,04 | 0,4793 | 2,70 | 0,4965
1,37 | 0,4147 | 1,70 | 0,4554 | 2,06 | 0,4803 || 2,72 | 0,4967
1,38 | 0,4162 | 1,71 | 0,4564 2,08 | 0,4812 2,74 | 0,4969
1,39 | 0,4177 | 1,72 | 0,4573 | 2,10 | 0,4821 || 2,76 | 0,4971
1,40 | 0,4192 | 1,73 ﬂ,iﬁﬂz' 2,12 | 0,4830 || 2,78 | 0,4973
1,41 | 0,4207 1.74 | 0,4591 2,14 | 0,4838 2,80 | 0,4974
1,42 )| 0,422 | 1,75 | 0,4599 | 2,16 | 0,4846 | 2,82 | 0 4976
1,43 )| 0,4236 | 1,76 | 0,4608 | 2,18 | 0,4854 | 2.84 | 0,4977
1.44 | 0,4251 1.77 | 0,4616 2,20 | 0,4861 2,86 | 0,4979
1,45 | 0,4265 1,78 | 0,4625 2,22 | 0,4868 2,88 | 0,4980
1,46 | 0,4279 | 1,79 | 0,4633 || 2,24 | 0,4875 || 2,90 | 0,498
1,47 0,4292 || 1,80 | 0,4641 || 2,26 | 0,4881 || 2,92 | 0, 64982
1,48 | 0,4306 1.81 | 0,4649 | 2,28 | 0,4887 {| 2,94 | 0,4984
1,49 | 0.,4319 || 1,82 | 0,465 | 2,30 | 0,4893 || 2,96 | 0,4985
1,50 | 0,4332 || 1,83 | 0,4664 || 2,32 | 0,4898 || 2,98 | 0,4986
1,61 | 0,4345 | 1.84 | 0,4671 || 2,34 | 0,4904 | 3,00 | 0,49865
1,62 | 0,4357 || 1,85 0,4678 | 2,36 | 0,4909 | 3,20 | 0,4993
1,53 | 0,4370 | 1,86 | 0,4686 || 2,38 | 0,4913 | 3,40 | 0,49966
1,541 0,4382 | 1,87 | 0,4693 || 2,40 | 0,4918 | 3,60 | 0,499841
1,56| 0,4394 | 1,88 | 0,4699 || 2,42 | 0,4922 | 3,80 | 0,499928
1,56 | 0,4406 || 1,89 | 0,4706 || 2,44 | 0,4927 | 4,00 | 0,499968
1,67 | 0.4418 1,90 | 0,4713 E,ﬁ 0,4931 4,50 | 0,499997
1.58 | 0,4420 || 1,91 | 0,4719 | 2,48 | 0,4934 | 5,00 | 0,499999
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[Ipunoxenune 4

Temamuueckue mecmuot no ducuun/nme
Tema 1. MHoKecTBa U ONIepALIUM HAJl HUMH

Bapuanm 1

1. IIponomkute ciexyromme onpeaeneHus: a) MHOXECTBO CUH-
TAeTCA OINPEJECICHHBIM WU 3aJaHHBIM, €CIM PO KaXKIblii O0OBEKT
MO>KHO CKa3arTh, ....; B) MHOXECTBA 4 U B PaBHBI, €CIH ... .

2. BepHO 11, 4TO MyCTOE€ MHOKECTBO SBJISIETCS MOAMHOXKECTBOM
11000T0 MHOXKECTBA?

3. Cpenu cnenyronmx yTBEPKACHUN YKAXKUTE BEPHBIC:

a) 3€{2,3,8,0},0) 4={2,43,8};B) {4} ={2,43,8};1) {4} {2,4,3,8].

4. CKOJBKO BCEro pa3jIMYHBbIX MOJMHOKECTB MMEET MHOKECTBO
A4={9,41}?

5. BeImuumre Bce TTOAMHOXKECTBA MHOXECTBA A = {9, 4, 1} .

6. Bnmmure nponynieHHbIE CI0BA B CICIYIOLIEM ONPEACICHUN:

«IlepeceueHreEM OBYX MHOMKECTB HA3BIBACTCH .......cceen..... , COCTOS-
€€ U3 TEX U TOJIBKO TEX DIEMEHTOB, KOTOPBIC ....vveennneneennnnnn.. ».
7. Bnumure nponynieHHbIE CI0BA B CICIYIOLIEM ONPEACICHUU:
«Pa3HOCTBIO MHOXKECTB 4 U B HA3BIBACTCS ....uvvveennnnnnn... , COCTOS-
€€ U3 TEX U TOJIBKO TEX DIEMEHTOB, KOTOPBIC ....eveennneaeennnne.. ».

8. [IpoiomkuTe yTBEPKACHUS:

a) AN B= A4 TOTJIa U TOJBKO TOTJIa, KOT/IA ............. ;

0) A\Bc.. ;

B) A\B=B\A TOrga u TOJbKO TOraa, Korga ............. .

9. Ilycte A={3,4,5,7,9}, B={xeZ/-1<x<7}. Haiinure MHOXecTBa
AUB,A\B.

10. B rpynme ¢u3ukoB 24 cryaenTta. Kaxapiii ©3 HUX 3aHUMAETCS
160 GyTdoI0M, IMOO XOKKEEM, & 5 CTyAEHTOB — U (PyTOOJIOM, U XOK-
keeM. CKOJIbKO CTYJICHTOB 3aHUMAaETCA (PyTOOJIOM, €CIIM XOKKEEeM 3a-
HUMAETCS MOJIOBHHA CTYAEHTOB 3TOW IPYNHIbI?

11. N300pa3uTe Ha nauarpamme Oiliepa — BeHHa MHOXKECTBO
AUuBNC.
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Bapuanm 2

1. IlponomkuTe ciaeayromme onpeaeacHus: a) MHOXKECTBO 4 SB-
JsieTCA MOJMHOXKECTBOM MHOKECTBA B, €CIIH ...;

B) MHOX€ECTBa 4 U B PaBHBI, €CIH ... .

2. YHUBEpCAIbHOE MHOXKECTBO — 3TO MHOKECTBO, ...

3. Cpenu cneayrommx yTBEPKACHUN YKaKUTE BEPHBIE:

a) 8{2,3,8,0},6)3<={2,43,8}; B) {3} ={2,4,3.8}; 1) {3} {2.4,3.8}.

4. CKOIBKO BCETO pa3jInYHbIX ITOJAMHOKCCTB HMCCT MHOZKCCTBO

A={1,-4,7,5}?

5. Beiuiure Bce ABYX3JICMCHTHBIC ITOJMHOKCCTBA MHOKCCTBA
A={1,-4,7,5}.

6. BrinmmTe mponymieHHbIe CI0Ba B CIECAYIONIEM ONPEACICHUU:
«OO0BbEIMHEHUEM JIBYX MHOKECTB HA3BIBACTCH ................. , COCTOS-
mec U3 TCX U TOJIBKO TCX 3JICMCHTOB, KOTOPBIC ..........cccvvnaaaa... ».

7. BoyiuuTe npomnyIleHHbIE CJI0BAa B CIEAYIOIIEM ONPEACICHUN:
«JlomoHEeHHMEM MHOXeCTBa A J0 YHHUBEPCAJIbHOTO Ha3bIBACTCS
.................... , COCTOSIIEE U3 TE€X DJIEMEHTOB ..........cu........ MHO-
KECTBA, KOTOPBIC ....vvvvnnnnnn. ».

8. [IpomoikuTe yTBEPKACHHUS:

a) AUB= A4 TOTJa U TOJIBKO TOT/Ia, KOT/IA ............. ;

0) B\Ac.. ;

B) AUU = ... .

9. Ilycte A={3,4,5,7,9}, B={xeZ/-1<x<7}. Haiinure MHOXeCcTBa

ANB,B\ A.

10. B C30 naxomutca 20 yenorek. M3 Hux 10 3amepxkaHbl mo
cratbe A, 12 — mmo cratbe B u 7 — mo cratee C. M3BecTHO Takke, YTO
o ctatbsiM A u B B C30 HaxoasTcsd 8 4yelioBek, 1Mo ctatbsiM A u C —
3 yenoBeka, no cratbsiM B u C — 4 denoBeka, a 2 4emoBeka 3aepxa-
HBI IO BCEM TpeM cTaThbsiM. CKOJBKO YEJIOBEK 3aJiep>KaHbl POBHO IO
JIBYM CTaThiM?

11. U300pa3utre Ha nuarpamme Oiiiepa— BeHHa MHOXECTBO
AnBuUC.
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Tema 2. YucsioBbie MHOKecTBA. [IpoueHTHI

Bapuanm 1

1. Cpezu/l 3aJIaHHBIX YHUCCII YKa)KI/ITe I/IppaHI/IOHaJIBHBIe qucia.
%; 0,(3); v2; m; \/5-1; 0,1234567891011.

2. BeimonauTe neiicTBuA:
1 21
1) 33T 2) (0,(5) +1,2(41)):3=....
3. MoryT i1 B ceMEpUYHON CUCTEME CUUCIICHUS ObITh YHUCIa, 3a-
nvca”Hble B BUE : a) 576, 0) 1238, B) 235, r)1029? Ecnu takue yncia
€CTh, TO 3aIIMCaTh UX B IECATUYHOU CUCTEME CUHCIICHHUS.

4. Yemy paBna cymma 1001, +111, B qBOMUHOM cucTeme?

5. B Kakux cuCTEMAaxX CUMCICHUS BO3MOKHbBI PABEHCTBA!

1) 12+13 =30; 2) 17+38 =547

6. [Tpogoimkure onpenenenue: «lIpoueHt —31o ........... ».

7. locne nosimienust Ha 20% 3apriata ctana coctaBisTe 8020
pyouieit. Kakoit Obuta 3aprijiata 10 MOBBIIICHUS ?

8. 3a AeHb B ropojae Mmpou3onuio 36 mpecTtyrieHu, 6 u3 KOTO-
PBIX — OPECTYIUIEHUS AOPOKHO-TpaHCIOpPTHBIE. Kakoil mpoueHT mpe-
cTyIuieHu He cBsizaH ¢ JJTII?

9. Ilponomxute onpeneneHue: «PalimoHaAIbHOE YUCIIO — 3TO YMC-
7o, .... ».

10. Ykaxute, B KAKUX YUCIOBBIX MHOKECTBAX BBITMIOJIHACTCS JCH-
CTBHUE BHIYUTAHUS.

Bapuanm 2

1. Cpenu 3a1aHHBIX YKCEN YKAKUTE PAllMOHATIbHBIC!
0,8; 0,1(13); V35 €; 0,(1)+0,(8); m + 1.
2. BbINOJIHUTE NENUCTBUS:

3

1) %-5:0,4: o 2)0,3)+1,5(63)3 = ... .

3. MoryT /i1 B OSITEPUYHON CUCTEME CUUCIICHUS OBITh YMCIIA, 3a-
NMUCaHHbIC B BUJE: a) 576, 6) 1234, B) 235, 1)1029? Ecnu Takue yucia
€CTh, TO 3aIUCATh UX B AECATHYHON CUCTEME CUUCIIEHUS.

4. Yemy paBHa cymma 100, +1101, B 1BomaHOM cucteme?

5. B Kakux cucteMax CUMCICHUS BO3MOKHBI PABEHCTBA.:

1) 89 + 69 =103; 2)2+4=10?
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6. 5% ot 13 paBH®I ..... :

7. O0beM NPOMBINUIEHHOW TpOoAyKIMK yBeauuuwics B 9 pa3. Ha
CKOJIBKO IIPOLIEHTOB MPOU30IIIO YBEIIHYECHUE?

8. ToBap ¢ nepeBo3koit obomencs B 149 800 pyouneit. Pacxonbl Ha
MEPEBO3KY COCTaBWIM 7% OT CTOMMOCTH camMoro toBapa. CKOJIBKO
pyOJieli cronsa nepeBo3ka ToBapa?

9. Ilponomxure onpeaenenue: «MppauroHaIbHOE YHUCIO — 3TO
YUCJIoO, ... »

10. YkaxunTte, B KAKUX YUCIOBBIX MHOKECTBAX BBIMOJIHIETCS ACH-
CTBUE JICJICHUS.

Tema 3. DieMeHTHI MATEMATHYECKOM JIOTHKH

Bapuanm 1

1. Ykaxxute HOMeEpa MPEIJIOKEHHM, KOTOpPbIEC SIBIISIOTCS BbICKA-
3bIBAHUSMU:

1) JIyna Bpamaercsa Bokpyr 3emnu; 2) [Ipexkpacnast noroxa!

3) Yucio 5 ymoBIETBOPSET HEPABEHCTBY 2x” —3>10;

4) PauluOHAJIbHOE YHUCJIO0 Z MEHbIIIE 4.

2. 3anoJHUTE TaOIUIly HCTUHHOCTH

[a] [b] [ans] [a] [b] [a < b]
" " " u
" 1 " 1
1 " 1 1
1 1 1 1

3. Kakum QopmynaM paBHOCWIIBHBI clieylomue (HOpPMYJIbL:
AN0,A=1,Cv1?

4. JIe hopMyIibl HA3BIBAIOTCSI PABHOCUJIBHBIMHU, €CIIH ...

5. Onpenenurte 3HAYEHUE WCTHUHHOCTU BBICKA3bIBAaHUS A, €CIH
CJIEAYIOIINE BBICKa3bIBAHUS UCTUHHBI:

1)AA(2x2<5); 2) Ecau A, T0 4 — He4YeTHOE YHCIIO.

6. Onpenenure 3HAYCHUE WCTUHHOCTH BBICKA3bIBaHUS A, €CIIU
CJIEAYIOIINE BHICKA3bIBAHUS JIOKHBI:

1) Av(2x227); 2) A Toraa v TOJALKO TOTA, KOrJa 2° = 4.

7. 3anumuTte (HopMyIibl CIEIYIOMUX BhICKa3biBaHUM: 1) [{ns Toro
YTOOBI YHCJIO ASIMIOCH Ha 5, HEOOX0IMMO, YTOOBI OHO OKAHUYHMBAIOCH
Ha 0 wim 5; 2) CyneOHOe cle/cTBUE MPU3HAETCS HEMOJHBIM, KOT/a T10
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JIeJIy HE YCTAHOBJICHBI C JOCTATOYHOM IMMOJIHOTOW JTAHHBIE O JUYHOCTHU
OOBUHSIEMOTO.

8. BcTaBpTe MpoOMyIIEHHBIE CJIOBAa B ONpPEACICHUE: «APryMEHT
Ha3bIBACTCS IPABUIIbHBIM, €CJIU U3 ... CIEAYET ... ».

Bapuanm 2

1. Ykaxnre HOMEpa NPEMIOKEHHM, KOTOPBIEC SIBJISIOTCS BBICKA-
3bIBAHUSIMU:

1) Xumienve He SBIAETCS MPECTYILNICHUEM;

2) JIeHCTBUTEIBLHOE YHUCIIO X HE MPEBOCXOIUT TPEX;

3) Be1 uaere cerogHsi B Teatp?

4) He Bce MpUTOBOPHI Cy/1a SABISIOTCS OOBUHUTEIHHBIMHU.

2. 3anojJHUTE TAOJIUIly UCTUHHOCTH

—
Qo
—

[av b]

a=b

SESESE
=N~ECRSIGS

== BRI
=RSE=N~C

3. Kakum QopmysiaMm paBHOCWIIBbHBI clieayronme (HopMyJbL:
AN, A=0, CvO0?

4. ®opMyna Ha3bIBAETCS TOKIAESCTBEHHO UCTUHHOM, €CJIM OHA ...

5. Onpenenurte 3HAYEHUE WCTHHHOCTU BBICKA3bIBaHHUS A, €CIH
CJIEIYIOIINE BHICKA3bIBAHNS NCTUHHBI:

1) Av(3x3=>5); 2) A Torjga v TOJILKO TOraa, Korga 2° =5.

6. Onpenenure 3HAYECHWE WCTUHHOCTH BBICKA3bIBAHUS A, €CIIU
CJIEAYIOIINE BHICKA3bIBAHUS JIOKHBI:

1) AN(2x2<4); 2) Eciin A, To 6 — HEYETHOE YHCIIO.

7. 3anuimute GOPMYJIbI CIEAYIONIUX BhICKA3bIBAHMIA:

1) JIist Toro 4ToObl YUCIIO JIEIMIOCH HA 3, I0OCTAaTOYHO, YTOOBI €0
cymmMma 1udp nenunace Ha 3;

2) CTyaeHT TOJBKO Toraa OyJeT MojydaTh CTUIICHIMIO, KOTrJa
CIACT BCE 3K3aMEHBI HA «XOPOIIO» U «OTIUYHO.

8. BcTaBbTe NMPONMYLIEHHBIE CIIOBA B YTBEPKICHHUE: «APryMEHT
SBJISICTCS] MPABUJILHBIM, €CJIM UMIUIUKALMS ... SIBISETCSA ..... GOpMy-
J01 anreOpbl BhICKa3bIBAaHUMN.
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Tema 4. IIpennkarsl

Bapuanm 1

1. BcTaBpTe mponyiieHHble ciioBa B onpeaencHue: «IIpequkar —
3TO YTBEPXKICHHUE C ... , KOTOpOE 00paIaercs B ... , OpH ... IEPEMEH-
HBIX .... ».

2. 3aBepmute omnpeneneHue: «O0macTb onpeaeseHus mpearuKara
OT OJIHOM MEPEMEHHON — 3TO MHOKECTBO ... » .

3. Cpenu cieayromux yTBEpKACHUN HAUIUTE MPeIUKaThI:

1) x<8;

2) I'paxxnane A 1 B npoxoasT moAo3peBacMbIMU MO OJHOMY U
TOMY XK€ JIeIy;

3) He Bcsikmii 4enoBek UMeeT BhICIIee 00pa30BaHMUE;

4) A4vB=C,;

5) HekoTopsbie IOpPUCTHI SBISIOTCS aABOKATAMU.

4. YkaxuTe 00JacTh MUCTUHHOCTH mpeaukara A(x):—1<x<5 Ha

MHOYKECTBE: a) HaTypaJIbHBIX YHCEII, 0) IIEJbIX YHCEeN, B) palliOHAalb-
HBIX YHCEI.

5. Ha kpyrax Oiinepa — Benna n3oopaszute 00jacTh UCTUHHOCTH
npeaukara A(x) A B(x).

6. YCTaHOBUTE COOTBETCTBHE MEXKIY BBICKA3bIBAHUAMHU WU HX
CHMBOJIMYECKOW 3AIUCHIO.

Bricka3biBaHusA:

1) Kaxknoe panoHaabHOE YUCIIO SBISIETCS JEHCTBUTEIIBHBIM;

2) HekoTtopsie palinoHaJIbHbIE YKCIIA SIBJISIFOTCS ICUCTBUTEIIBHBIM;

3) Hu oHO paniioHaabHOE YUCIIO HE SBJISIETCS IEMCTBUTEIBHBIM;

4) HexoTopble palluoOHAIbHBIE YKCIA HE SIBISAIOTCSA JEHCTBUTENb-
HBIMU.

CumBoJIMUecKas 3aMuCh TUX BbICKA3bIBAHUI:

a) (I)Q(x) AR(x)); 0) (VX)(Q(x) = R(x));

B) (F)(O(x) A R(x)); r) (Yx)(O(x) = R(x)).

7. Cpenu cienyrolux BbICKa3blBAaHWW HAWJIUTE Mapbl BHICKA3bI-
BaHUH, KOTOPHIE SBJISIIOTCS OTPUIIAHUSIMU JIPYT JIpyTa:

1) Bce cTyieHTBI Halllel TPyIIbI CIaly 3a4€T IO MATEMaTHUKE;

2) HekoTopble CTYI€HTHI Halled IPyNIbl CAAIX 3a4eT MO Mare-
MaTHKe;

3) Hu ouH cTyiGHT HaIlel Tpynibl HE C1ajl 3a4€T 0 MaTEMAaTHKE;

4) HekoTopble CTYJI€HTHI HAIIEH TPyMIbl HE CAAIX 3a4eT MO0 Ma-

TEMaTHKE.
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Bapuanm 2

1. BcraBpTe mponyiieHHbIE C0Ba B yTBepxkacHUE: «lIpenukar —
3TO (PYHKITHA, OTOOpakaroIiasi MHOXKECTBO ... BO MHOKECTBO ...)».

2. 3aBepmute omnpeneneHue: «O0gacTh UCTUHHOCTU TpeauKaTa
OT OJHOM MEPEMEHHOM — 3TO MHOXECTBO ... ».

3. Cpenu cienyronmx yTBEpKACHUN HAUIUTE NPEIUKATHI:

1) x*+y* =1 — ypaBHCHHE OKPYKHOCTH,

2) X’ +5x+6=0;

3) HekoTopsle CTyA€HTHI HE TOJILKO y4aTCs, HO U pab0TaloT;

4) Hpy3psa A u B uMeroT 0JIHO U TO ke Xx000u;

5) AnB=C.

4. Ykaxure 00J1acTh UCTUHHOCTH peInKaTa
A(x) 1 (x+2)(x* =3)(2x+6)(4x—1) =0 Ha MHOYKECTBE:

a) HaTypAJIbHBIX YUCEII, 0) LeNBIX Yuced,

B) PallUOHAIBHBIX YUCEN, T) ACHCTBUTEIbHBIX YUCE].

5. Ha kpyrax Oiinepa — Benna nzobpaszure 00jacTh HCTUHHOCTH
npeaukara A(x)v B(x).

6. YcTaHOBUTE COOTBETCTBUE MEXY BBICKA3BIBAHUSAMU WU HX
CUMBOJIMYECKOU 3aIUCHIO.

Bricka3biBaHUA:

1) Bce cTyieHTBI Halllel TpyIIibl Cany 3a4€T 0 MAaTEMAaTHKE;

2) HekoTopble CTYAEHTHI HAllleW TPyMNMbl CAalu 3a4yeT Mo Marte-
MAaTHKE;

3) Hu ouH cTyA€HT Halllel TPyl HE CAaN 3a4€T 10 MaTeMaTHKE;

4) Hekoropble CTyAEHTHI Halleil TPYNIbl HE CAAIM 3a4eT MO Ma-
TEMaTHKE.

CumBoOIMYECKas 3alHUCh ITUX BBICKA3bIBAHUN:

a) (INO(x) AR(X)); 0) (Vx)(Q(x) = R(x));

B) (F)Q(x) AR(x)); r) (Vx)(Q(x) = R(x)).

7. Cpenu crnenyronyX BBICKa3bIBAHUN HAWJWTE TMApbl BHICKA3bI-
BAaHUH, KOTOPBIE SIBJISIIOTCS OTPUIIAHUSIMU JIPYT JIpyTa:

1) Kaxxnoe HaTypaibHOE YUCIIO SIBIISIETCS IEUCTBUTEIIBHBIM;

2) HekoTopble HaTypabHbIC YUCA SIBISIOTCS JEHCTBUTEIHLHBIMU;

3) Hu oHO HaTypalibHOE YKCIIO HE SIBJISCTCS JEUCTBUTEIIBHBIM;

4) HekoTopble HATypaJIbHbIE YMCJIA HE SIBISIOTCA JICHCTBUTEb-
HBIMU.
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Tema 5. DneMeHTHI KOMOMHATOPUKH U TEOPUM BEPOATHOCTEH

Bapuanm 1

1. CoriacHO KJIacCCHYECKOW CXEME, BEPOSTHOCTBIO CIIYYAWHOIO
COOBITHS HA3BIBACTCS

2. 3aBepuute onpeaeneHue: «CiydailHble COOBITUS 4 U B Ha3bl-
BAIOTCSI HE3ABUCHUMBIMU, €CITA ... ».

3. Hanummure Gopmyiibl 1Jis BBIYUCICHHUS BEPOSITHOCTA CYMMBI
JIBYX a) HECOBMECTHBIX COOBITHI, 0) COBMECTHBIX COOBITHH.

4. IIpousBeieHUEM ABYX CIy4allHBIX COOBITUM Ha3bIBaeTCAd ...
COCTOSIIIEE B TOM, UTO ...

5. 3anumure IPOCTEUIINE CBOMCTBA BEPOSITHOCTH CIYYaWHOTO
COOBITHSI.

6. [Io MumIeHn TPOU3BOAMTCSA TPHU BBICTpEna. PaccmarpuBarorcs
coObITUsA A; — momnananue npu i-m BeicTpene (1= 1, 2, 3). [loap3ysce
onepanusMy Haj COOBITHSAMU A;, 3anumuTe (GOpMYyJIbl CIETYIOUUX
coOBITHII: 1) pOBHO OJTHO TOTA/IaHKE, 2) XOTs Obl OJIHO MOoMNaJgaHue.

7. B Memke nmeercsa 6 mapoB: 2 cuHUX U 4 KpacHbIX. M3 Hero
Hayjauy OepyTt 3 miapa. Halinure BepOsSTHOCTH TOTO, YTO CpPEId B3s-
TBHIX IIAPOB OJIUH OYJIET CHHUM.

8. CiyyaiiHasi BEJIMYMHA — 3TO BEJIUYMHA,

9. Haiiqute MareMaTu4eckoe OXXUAAHWUE W JUCIEPCHUIO CITydaii-
HOW BEJIMYMHBI:

X 0 2 3
P 0,3 0,5

10. Kakast xapakTepucTuka ciiy4yailHOM BEJIUYUHBI XapaKTepU3yeT
CTEINEeHb OTKJIOHEHUS CIy4allHOW BEJMYMHBI OT €€ MaTeMaTUYECKOIO
OKHITaHUS ?

Bapuanm 2

1. CorylacHO CTaTUCTUYECKOMY NOAXOY, BEPOSTHOCTBIO CITydau-
HOTO COOBITHS HA3bIBACTCS

2. 3aBepuute onpenenenue: «CiaydailHbie COObITUS 4 U B Ha3bl-
BaIOTCSI HECOBMECTHBIMHU, €CIIH ...)».

3. Hanmumure GopMysabl 151 BEIYUCICHUST BEPOSTHOCTH TTPOU3BE-
JIEHUS IBYX a) HE3aBUCUMBIX COOBITUM, 0) 3aBUCUMBIX COOBITHIA.
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4. CyMMOM ABYX CIIyd4allHBIX COOBITHM HA3bIBACTCA ... , COCTOSI-
iee B TOM, 4TO

5. MoxeT U BEpOSTHOCTh CIIY4aHOTO COOBITHUSI OBITh PaBHOM
a) nBym™; 0) —1; B) 0,57

6. [1lo muieHu mpou3BOINUTCA TpU BhICTpEna. PaccMmarpuBatorcs
coObITHsl A; — momaganue npu i-M BeicTpene (1= 1, 2, 3). [Tonap3ysch
onepanusaMyd Haj COOBITUSAMHU Al, 3anuIInTe (HOPMYJIbI CIETYIOIINUX
coObITHii: 1) momajgaHue B MUIIEHb HE paHbIE TPETHEro BBICTpEIA,
2) XOTs ObI OJIMH TIPOMax.

7. B untanpHOM 3ane ecThb 12 y4eOHUKOB IO TEOPUU BEPOSITHO-
cTel, cpenu kKoTopbix 4 HOBbIX. Haynmauy OepyT 3 yueOHuka. KakoBa
BEPOSITHOCTh, YTO CPEAX HUX 2 HOBBIX?

8. HempepbiBHad citydaiiHasi BeJIMUMHA — 3TO CIy4YalHasi BEJIUYU-
Ha, KoTopas

9. Haiiiute MaTreMaTH4YeCKOE OXHWJIAHUE U JTUCIEPCHUIO CITyYaid-
HOW BEJINYMHBI:

X 0 2 3
P 0,4 0,3

10. CpeqHuM KBaIpaTHYECKUM OTKIIOHEHHEM CIy4allHOM BEJIH-
YUHBI Ha3bIBACTCS BEJIMUMHA O= ... .
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