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Cocrasurens: PaOyxuna C.B., npenonaBarens OI'BIIOY YTXT

YyebHo-MeToquuecknii kKoMmruieke mno gucnumuinae EH.01 Mamemamuka
COCTaBJICH B COOTBETCTBHUH C TPEOOBAHUSIMU K MUHUMYMY PE3yJIETaTOB OCBOCHUS
JTUCUUIUIAHBI, U3JIOKEHHBIMU B DefepajibHOM TOCYJapCTBEHHOM CTaHJapTe
cpenHero mnpodeccuoHaIbHOro oOpa3oBaHusi 1o crennanbHocTd  13.02.07
OnekTpocHabxkeHue (1o oTpacisiM), YTBEPKIEHHOM NpHKa3oM MuUHHCTEpPCTBA
obOpazoBanus u Hayku P® ot 14 nexabps 2017 r. Ne1216.

YuebHo-MeToquueckuii komiieke no aucuuiuinHe (manee YMKI) EH.01
Mamemamuka BXOTUT B Mamemamuyeckuil U oOuuti ecmecmeeHHOHAYYHbIU YUK
OIIOIl wn sABIsIeTCA 4YacThIO OCHOBHOM mpodeccuoHaabHON 00pa3oBaTesIbHOM
nporpaMmMmbl ~ OI'BIIOY  «VYIbSIHOBCKMI ~ TEXHHUKYM  KEJIE€3HOJOPOKHOTO
TpaHncnopta» 1o crneruaibHocTH 13.02.07 DnexkrpocHadxkenue (MO OTpaCIsM),
pa3pabOTaHHON B COOTBETCTBHM C TMpuMepHoi mporpammoit IIportokon ®YMO
9/18 ot 14.11.2018 mo cnermansHOCTH, HOMEp B peectpe 13.02.07-181204.

YuebHo-MeTouuecKuil KoMIuieke 1o auciumuae EH.01 Mamemamuxa
aJpecoBaH 00y4arOIIMMCS OYHOU (hOopMBbI 0OyUEHHSI.

YMK]] BKjItO4aeT TEOPETUUECKUM OJIOK, MepeyeHb MPAKTUUYECKUX 3aHATHM,
BOIIPOCHI JIJII CAMOKOHTPOJIS, IEPEUCHb TOYEK TEKYIIETo (PyOe:KHOT0) KOHTPOJIsS
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BBEJEHUE

MeTtonuueckue ykasaHHs MpeIHa3HA4YeHbl Ui opraHu3aiuu 3QQGeKTUBHOM
MIPaKTUYECKOM paboTel CTyaeHTOB. IlpakThueckas pabora HampaBleHa Ha
MOBBIIICHHE KAyeCcTBA MOJATOTOBKA KOMIIETEHTHOTO KOHKYpPEHTOCIIOCOOHOTO
CHEIHNANNCTa, TMPUCIOCOOIEHHOTO K CaMOCTOATEIbHOW MpodeccHoHaTbHO-
OPUEHTHPOBAHHON JEATEIHHOCTH Ha OCHOBE C(HOPMHPOBAHHBIX 3HAHUM, YMEHUH,
OMbITa, OOUIUX U MPOPECCUOHANBHBIX KOMIIETEHIIUH.

[TpakTuueckas pabota JOJDKHA COZICCTBOBATH aKTUBU3AINU
[IO3HABATEIbHON JESATENBHOCTH CTYJAEHTOB, Pa3BUTUIO TBOPYECKOI'O OTHOILIECHHUS K
yu4eOHON JesATeNbHOCTH, (OPMHUPOBAHUIO HABBIKOB CAaMOCTOSITEIBLHOTO TpYy.a,
YMEHUIO pelarh NpoeccuoHaNbHbIe 3a7aud, (OPMUPOBAHHUIO MOTPEOHOCTH K
HENPEPhIBHOMY CamM0O00pa30BaHHUIO, COBEPIICHCTBOBAHUIO 3HAHUM M yMEHUH,
pacIIupeHnI0 KpPyro3opa, MpUOOPETEHUIO OMbITa IUIAHWPOBAHUS U OpPTaHU3aLUU
pabouero BpeMeHH, BBIPAOOTKE YMEHHUIl U HABBIKOB CaMOCTOSITENIbHON paboThI C
y4eOHON JUTEepaTypoil, O0OCCICUECHHUI0O PUTMUYHOM U KAYeCTBEHHOU pabOTHI
CTYJI€HTOB B T€UE€HHE YUYEOHOTO roja.

B kagectBe popM M METOIOB KOHTPOJS MPAKTUYECKON pabOTHI CTYACHTOB
WCTIONIB3YIOTCS 33/IaHUA TI0 TeMaM Ha ayJIUTOPHBIX 3aHATHUSX.

B mpomecce BBIMONHEHUS TMNPAKTUYECKUX 3aJaHUA CTYACHT JIOJDKEH
npUOOPECTH yYMeHUA:

® JCMOJb30BaTh OCHOBHBIE MareMaTHYECKHE METOJAbl TIpPU  PELICHUU
NPaKTHYECKUX 3a]1ay;
pemath npocThie AuddepeHInaIbHbIe ypaBHEHUS;
NPUMEHATH IPOU3BOAHYIO JJIsl IPOBEACHUSI IPUOIMKEHHBIX BBIUMCIICHUH;
pemiaTh 3aa4u MPUKIATHOTO XapaKTepa;
pelaTh NpUKJIaJHbIE 3a/1aul, Ha HAauOOJIbIIME U HAaUMEHbILINE 3HAYEHUS, Ha
HAXOXJICHUE CKOPOCTH U yCKOPEHHUS.

® TIPUMEHSATH OCHOBHBIE MaTeMaTUYECKUE METOIBI JAJIs PEIICHUS 3a1ad.

PesynpraroM 0CBOCHHMSI TUCIIUTUIMHBI U BBITIOJTHEHUS MPAKTHYECKUX 3a/IlaHUH
SBJISICTCS OBJIAJICHUE CTYIEHTAMU CIICAYIOLIUMU KOMNEMEeHUUAMU:

e OK 2. OpranuzoBbiBaTh COOCTBEHHYIO JAESTEIBHOCTb, BHIOMPATh THUIIOBHIE
METO/Bl U CIIOCOOBI BBIMOJHEHUS TPO(hECCHOHANBHBIX 3aa4, OLICHUBATh MX
3¢ (HEKTUBHOCTH U Ka4eCTBO.

e OK 3. [IpuHHMaTh pelIeHUs B CTAHAAPTHBIX U HECTAHIAPTHBIX CUTYaLUAX U
HECTHU 32 HUX OTBETCTBEHHOCTb.

e OK 4. OcymiecTBisaTh OUCK U UCTIOJb30BaHNE MHGOPMAIIUH, HEOOXOAUMOM
TUTSL 3¢ (HEeKTUBHOTO BBITTOJIHEHUS po(ecCuOHAIBHBIX 3ajaad,
po(eCcCHOHAIBHOIO U JIMYHOCTHOTO Pa3BUTHSL.

e OK 8. CamoctosTenbHO OmNpeaensaTh 3adadyd MpodheCCHOHATBHOTO U
JUYHOCTHOTO Ppa3BUTHUSA, 3aHUMAThCS CcamMoOOpa3oBaHUEM, OCO3HAHHO
TUTAHUPOBATH MOBBIIEHUE KBATU(DUKAIUY.

e JIK 1.2. Onpenenstb pacyeTHbIE PACXOJIbI BOJIBI.

e [IK 1.4. IlpousBoauTh pacyeTbl 3JIEMEHTOB CHUCTEM BOJIOCHAOXKEHUS U



BOJIOOTBEJCHUS.

I[IK 1.6. Omnpenensate, aHAIA3UPOBaTh W  IUIAHUPOBATh TEXHUKO-
HKOHOMUYECKHE MMOKA3aTeNIM CUCTEM BOJIOCHAOKEHUS U BOJOOTBEICHHUS.

I[IK 2.2. OrieHuBaTh TEXHUYECKOE COCTOSIHUE CHUCTEM U COOPYKEHHUI
BOJIOCHAOKEHUS U BOJIOOTBE/ICHUS.

[IK 3.2. BbINOMHATP XUMHYECKHE aHaM3bl 10 KOHTPOJIIO KadyecTBa
IPUPOJHBIX U CTOYHBIX BOJ.

[1K 3.3. BeImoaHsATE MUKPOOHOIOTHYECKHIE AaHAJIU3BI IO KOHTPOITIO KauecTBa
MPUPOJHBIX U CTOYHBIX BOJI.



OBIIUE PEKOMEH/JIAIIUU K BBIITOJTHEHUIO ITPAKTUYECKUX
PABOT
[IpakTryeckre 3aHATHS MOPOXOAAT COIIACHO Y4yeOHOMY IUIaHy  TOJ

PYKOBOJICTBOM IIpENoAaBareiisi MpU €ro HENoCpPeACTBEHHOM ydacThuh. OHuU
MPENCTABIAIOT COOOM OIMH M3 BaXKHEUIIMX 3JIEMEHTOB H3Yy4YEHHs MpeaMeTra Hu
MpelHa3HauYeHbl 175 yITyOJIeHUs, pacCIlMpeHUs U 3aKpEIJICHUs] 3HAHUM U YMEHUH.
IHoaroroBka Kk npakTH4YecKoOu padore

B nHawane kaxmoil Tembl TpernojaBarelib 3apaHee OOBSABISET O MPEIACTOSIICH
MPaKTUYECKOW paboTe, O KOIMYECTBE M BHUAAX MPAKTUYECKUX padorT,
UH(GOPMHPYET O COACPKAHUU U TETAX paOdOTHI, MOPSIKE €€ BHIMTOTHCHHUS.
[IpemomaBareny mpemraraeT OOydYAIONIMMCS  MPAKTUYECKOE  BBIMTOTHEHHUE
3aJJaHus TI0 AJTOPUTMY.

[IpenogaBateny BbAaeT ONaHKM 3aJaHUN  OOydarouuMmcs, oOydJaroniuecs
NPHUCTYNAIOT K BBITIOJIHEHUIO Pa0OTHI: YMTAIOT 3a/JaHHE, 3aJIal0T BOIPOCHI, B
TETPaJH WU Ha OTACIBHOM JIUCTE O()OPMIISIOT OTYET.

[IpemonaBarenbs MOAPOOHO WHCTPYKTHUPYET CTYIEHTOB O XOZAE MPEICTOSIICH
paboThl: Ha3bIBACT TEMY, 1M, TPEOOBAHMS K BBIIIOJIHEHHUIO paboOThI, (popmy
OTYETAa, a TAKXKE KPUTEPUU €€ OIICHUBAHUS

BrinosiHeHne npakTH4YeCKOil padoThl

OOyy4aronuiicss JOJKEH CTPEMUTHCS K aKKYypaTHOCTH, TIOJHOTE 3anucei, padbora
JIOJ>KHA OBITH BBIIOJIHEHA TIOJTHOCTHIO.

Eciu B mporecce MOATOTOBKM K MPAaKTUYECKUM paboTaM WM MpH  UX
BBIMOJIHEHUN Yy OOYyYaromerocss BO3HUKAIOT BOIMPOCHI, Pa3peIINTh KOTOpHIE
CaMOCTOSITENIbHO HE yJaeTcsl, HeOOXOAUMO OOpaTUThCS K MpEnojaBaTesio s
ITOJIyYEHHUsI Pa3bsICHEHUM WIN YKA3aHUM.

Hanuyrie nonoXuTeabHOM OLIEHKH M0 MPaKTUYECKUM paboTaM HEOoOXOIUMO IS
IIOJIyYEHUS 3a4eTa M0 IUCLMIUIMHE, II03TOMY B CIydae OTCYTCTBHS Ha 3aHATUU
no 000l MNpUYMHE WIM TOJXYYCHHs HEYIOBICTBOPUTEIHHONW OLIEHKH 32
MPAKTUYECKYyI0 paboTy oOydJaromuiics OJDKEH HaWTH Bpems s ee
BBITIOJIHEHUSL WM IIEpECIaqv BO BHEYPOUYHOE BpeMs. B ciydae HEBBITOIHEHUSA
IPAKTUYECKOW padoThl OOyHaroluicsa JUisl HNPOMEXYTOYHOM arrectaluu 10
JUCIUIUIMHE CIaeT 3a4eT B YCTaHOBJIEHHOU (opme.

JIONIONTHUTENbHBIE 3aHATUSA (U1 TPOBEACHUS KOHCYJbTAlUil, HCHpPaBICHUS
HEYJIOBJIETBOPUTENBHBIX OLIEHOK U JIMKBUJALUU 3a/10JKEHHOCTEN) MPOBOAATCSA
110 IPEIBAPUTEIIEHOMY COIVIACOBAHUIO C IPETIOJABATEIIEM.

Odopmienne npakTHYeCcKoii padoThI

Otuer 0 paboTe cocTaBiseTCS MO KaKIOW BBITIOJHEHHOW paboTe Ha OCHOBE
3anmuceid B TeTpaau, pabora nomwkHa coaepxkath: DHO olydaromierocs,
BBHITIOJIHUBIIIETO PaboTy, €€ HAMMEHOBAHHE U JIaTy BHITIOJIHCHHUS.



TPEBOBAHMS K 3BHAHUAM U YMEHUAM I1PU BBIITIOJIHEHUUN
INPAKTUYECKHUX PABOT

B pe3synbrare BBINOIHEHHS NPAKTHYECKON pabOThl 00yYArOIIMIICS TOIKEH
yMeTh:
® HCNOJB30BATh  OCHOBHBIE  MAareMarTM4eCKHE  METOAbl NpPH  PELICHHUH
NPAKTUYECKUX 3a]1a4;
pemars npocThie nuddepeHnalbHbIe YPABHEHUS;
OPUMEHSTh TPOU3BOJHYIO AJI MPOBEACHUS MPUOIMKEHHBIX BHIYMCICHUIT;
pemars 3a1a4 NPUKIAJHOTO XapaKTepa,
pemare MpUKIaAHbIE 3a/laud, HAa HauOONbIIME W HAUMEHbIIWE 3HAYCHMs, Ha
HaX0XKJIEHUE CKOPOCTU U YCKOPEHUS,
® IIPUMEHATH OCHOBHBIE MATEMATHYECKAE METOBI IS PELICHUS 3a1ay.

B pe3synbrare BINONIHEHUS NPAKTHUYECKON pabOThl 00yYarOIIMIICS TOIKEH
3HATh:

o OCHOBHBIE TOHATUS M METOABl MareMaTHYeCKOro aHajau3a, TEOPHUH
BEPOATHOCTU U MAaTEMATHYECKON CTaTUCTHUKU;

o OCHOBHBIE MOHATHUS U METOJIbl MATEMAaTUYECKOTO aHAJIN34;

o OCHOBBI TEOPUU BEPOATHOCTH U MAaTEMATUYECKON CTaTUCTUKH;

o OCHOBBI TeOpHH TU(DPepeHINATBHBIX YPABHEHUH.

KPUTEPUHU OLEHKHN PABOTbI
[Ipu oueHke pe3ynbTaToB BBIOJHEHUS NPAKTUYECKUX padOT CTyJeHTaMu
YYUTBHIBAKOTCS:
® YpPOBEHb OCBOEHUS CTYJEHTOM Y4eOHOIo MaTepuaa;
® YpOBEHb C(POPMUPOBAHHOCTH YMEHHUS HCIIOJIb30BaTh TEOPETHUECKUE 3HAHUS
IIPY BBIINIOJHEHUU IPAKTUYECKUX 3a/1a4;
® yMEeHHs 00y4arolIerocsi akTHBHO MCIOJIb30BaTh AMEKTPOHHbBIE 00pa30BaTEIbHbIC
pecypchl, HaXOAUTh TPEOyIOIIyI0Cs WH(POPMAIUIO, U3y4yaTh €€ U MPUMEHATh Ha
[IPAaKTUKE;
® yMEHHUE OPUEHTUPOBATHCA B MOTOKE MHPOPMAIIMH, BBIIEIATh IJIaBHOE;
® yMEHHE YeTKO chopMyaupoBaTh MNpoOIeMy, MpeIOKUB €€ pELICHHE,
KPUTUYECKH OLICHUTH PELICHUE U €TO ITOCIEACTBYUS,
e yMEHME II0Ka3arb, IPOAHAIM3UPOBATH  AJIBTECPHATUBHBIE  BO3MOXKHOCTH,
BAapUAHTHI ACHUCTBUN;
yMeHHe c(hOpMUPOBATH CBOIO MO3ULIMIO, OLICHKY U apIyMEHTUPOBATh €€.
YPOBEHb CPOPMUPOBAHHOCTH OOIIUX KOMITETECHIINIA;
YPOBEHb CPOPMHUPOBAHHOCTH MTPO(HECCHOHAIBHBIX KOMIIETEHIIH;
oopMmiIeHHE Marepuaia B COOTBETCTBHH C MPEABIBISIEMbIMA TPEOOBAHUSIMU
Opranuzanusi ¥  PYKOBOJACTBO NPAKTUYECKUMH pabdOTaMH  CTyJAEHTaMHU
OCYILECTBIIAETCS MPENOAABATEIEM.
Oyenka «OMAUUHO» CMABUMCA.
® CTYJIEHT CBOOOJHO MPUMEHSET 3HaHUS HA MPAKTUKE;



® CTYJEHT HE JIONMyCKaeT OIIMOOK B BOCIIPOU3BEICHUH U3yUEHHOTO Marepuaia;

® CTY/ICHT BBIJICJISICT IJIABHBIC TTOJIOKEHUS B U3yUYEHHOM MaTepHuaje U He
3aTPYAHSIETCS B OTBETaX Ha BUJIOM3MEHEHHBIE BOTIPOCHI;

® CTYIEHT YCBaMBaeT BECh 00bEM MPOrPaMMHOTO MaTepuaa;

e Marepuasl 0pOpMIIEH aKKypPaTHO U B COOTBETCTBUH C TPEOOBAHUSIMU;
Oyenka «xopouwto» cmasumcsi.

CTY/ICHT 3HA€T BECh U3yUCHHBI MaTepual;

® CTy/IEHT 0e3 0COOBIX 3aTPYIHEHUI OTBEUAET HA BOMPOCHI IIPETOAaBaTEIs;

® yMeEeT MPUMEHSThH MMOTYUYEHHBIC 3HAHUS HA TIPAKTHKE;

® B YCIIOBHBIX OTBETaX HE JIOMYCKAET CEPhE3HBIX OUTUOOK, JIETKO YCTPAHSET
OTIPE/ICIICHHBIE HETOYHOCTH C MIOMOIIIBIO JIOTIOJIHUTEILHBIX BOITPOCOB
penoaaBaTes;

e marepuall 0OpPMIICH HEIOCTATOYHO aKKypaTHO, HO B COOTBETCTBUU C
TpeOOBaAHUSIMU;
Oyenka «y0081emeopuUmenbHoy CmMAasUmcsL.

® CTY/JCHT OOHApY>KHBAET OCBOCHHE OCHOBHOTO MaTeprala, HO UCIIBIThIBACT
3aTPYAHECHHUS TIPU €T0 CAMOCTOSITEIbHOM BOCITPOU3BEACHUH U TpeOyeT
JOTIOJTHUTEIIbHBIX JOTOIHSIONINX BOIPOCOB MPENoaaBaTes;

® MPEANOYUTAECT OTBEUATh HAa BOMPOCHI BOCIPOU3BOIAIIETO XapaKkTepa U
UCTIBITBHIBACT 3aTPYAHECHUSI IPY OTBETaX Ha BOCIPOU3BO/ISIIIUE BOIIPOCHI;

e marepuall 0hOpPMIIEH HEAKKYPATHO UJIU HE B COOTBETCTBUU C TPEOOBAHUSAMU;

Oyenxa «Hey0081€mBEOPUMENbHO» CMABUMCA!
¢ y 00y4aroIerocs UMEIOTCS OTACTbHBIC MTPECTABICHUS 00 N3y4aeMOM
Marepuarie, OJHaKO OOJbIas YacTh HE YCBOCHA,;
® JIOMYIIEHBI CYyIIECTBEHHBIC ONTUOKH, TIOKa3aBIINe, YTO 00YUJaOIIUIACS HE
BJIaJIeeT 00S3aTCIIbHBIMI YMEHHUSAMU 110 TAHHOHM TeMe B TIOJTHOM Mepe
OreHka HHIWBHTyJTBHBIX 00pa30BaTeIbHBIX TOCTHKEHHUH 110 pe3yabTaram
TEKYIIIETO ¥ HTOIOBOTO KOHTPOJISI TPOU3BOIUTCS B COOTBETCTBUU C YHUBEPCATBHOU
IKajaoi (Tabmauia).

IIpouent KauyecTBeHHAs1 OlleHKAa MHAUBHUAYAJIBHBIX
pPe3yJIbTATUBHOCTH o0pa3oBaTebHBIX J10CTHKEHUH
(MpaBUTLHLIX 0asu1 (oTMeTKa) | BepOaJbHBIN aHAJIOT
0TBETOB)
90 +100 5 OTJIMYHO
75+ 89 4 XOpOUIO
51+74 3 YJIOBJIETBOPUTEIIBLHO
MeHee 50 2 HE YIOBJIIETBOPUTEIILHO




INEPEYEHD ITPAKTHYECKHUX PABOT 110 TEMAM

Bpewms na
BBIIIOJIHEHUE
Ne HanMeHoBaHUE MpakTUYECKO pabOThI IIPAKTHUYECKOU
paboThI
(B ayauTOpHN)
1. | HaxoxneHue npenena (yHKIIMHU B TOUKE 2
2. | IlpaBuna quddepeHumpoBaHus 2
3. Beruucnenue HHTErPaJIOB € ACIONb30BAHNEM METOA )
3aMEHbI IEPEMEHHON M MHTETPUPOBAHHUS 110 YACTAM
4. | Pemienne nuddepeHunanbHbIX YpaBHEHUN 1
5. | Onepauun HaJ MHOXKECTBAMH 1
6. | Cio)keHME M YMHOXEHHE BEPOSTHOCTEN 2
7. | 3akoH pacnpeneneHus 1
3. BLIqI/IcU:JIeHUHe MaTeMaTHYECKOTrO OKUIaHUS U JUCIIEPCUN )
CJIy4ailHOM BEJINYMHBI.
3auer 3
HTOI'O: 16 uacos




COLEPKXAHUE ITPAKTUYECKUX PABOT
IIpakTuyeckas padora Nel
Tema: «Haxoocoenue npedena pynkyuu 6 mouke»
Henu u 3axaun: 0000IIUTE U CUCTEMATU3UPOBATH 3HAHUS 1O TeMe «BbrunciieHus
npenena GyHKIUN», IPOBECTU JUATHOCTUKY YCBOEHUSI CUCTEMbI 3HAHUN U YMEHHM
BBINIOJIHATD 3a/1aHUsI CTAHIAPTHOTO YPOBHSI.
OobecnieueHne NPaKTUYECKON PadOTHI:
1) Koncnexr.
2) TeopeTudeckuii MaTepral METOIUYECKON peKOMEHAAINH K TPAKTUYECKON
paoore.

Kparkuii TeopeTnyeckuii MaTepuaJ, NpuMepbl BbIYUCICHUS MPEAeI0B.
Onpenenenue npenenaa. Yucno b — npenen PyHKIUH f(x) TpH X CTpeMAIIEMCS K a,
€CJIM 1715 , YTO MOXHO yKa3aTh TaKO€ MOJOKUTEIbHON YUCIIO KaXKI0TO
MOJIOKUTEJILHOTO YHCIA ISl BCEX X, OTJIMYHBIX OT @ U YIOBJIETBOPSIOIINX
HEepaBeHCTBY |x-a|<0, uMeeT MecTo HepaBeHCTBO [f(x)-b[<0
O06o3nauenue npeneaa. Eciau b ecte npeaen GpyHKUUU f(x) OpH X CTpEMSALIEMCS K
a, TO 3aIIUCHIBAIOT 3TO TaK:

lim f(x)=b.
I—a
Onpenenenne HenpepbiBHON pynkumu. OyHKiM f(X) HEpepbIBHA B TOUKE 4,

lim f(x) = f(a).

T
Brruncnenue npenenoB GyHKIMH OCHOBAHO HA TPUMEHEHUH CIIEAYIOIINX
OCHOBHBIX TEOPEM:
TEOPEMA 1. [Ipenen cymmbl ABYX GYHKIIUN TIPHU X CTPEMSAIIEMCS K a paBeH
CyMME MpeAesioB ATUX (PyHKIIMA, TO €CTh
lim (f(x)+ g(x))= lim f(x)+ lim g(x).
X I I
TEOPEMA 2. [Ipenen npousBeaeHus ABYX (PYHKIHI MPU X CTPEMSIIEMCS K
paBeH MPOU3BEACHUIO TIPEIETIOB 3TUX (QYHKIIUN, TO €CTh
lim ( f(x)g(x))= lim f(x)- lim g(x).
I—a A—a i—a
TEOPEMA 3. [Ipenen wacTHOTO ABYX (QYHKITUN TIPH X CTPEMSAIIEMCS K a PaBEH
YAaCTHOMY IPEICIIOB, €CIIU MPEIe 3HAMEHATENS! OTJIMYEH OT HYJIS, TO €CTh

f MW

lim = — , ectd lim g(x) =0
x—a g(x)  limgix) x—a
X
U paBeH 1oc (MUHYC) OECKOHEUHOCTH, €ciiu Tipejien 3HaMmeHarens 0, a mpenen

YUCIIUTENS KOHEUEH U OTVIMYEH OT HYJIA.
BbIUMCJIEHUE ITPEJEJIOB

IIpumep 1.

lim(x+3)= lim x+ lim 3=7+3=10.
x—=7 7 x—=7



Kommenmapuii. 3nech Obl1a UCIIONIb30BaHA T€OpPEMa O IPEIesie CYMMBI.
IIpumep 2.

lim(3x +2) hm@ﬂ+hm2 lim3-limx+2

lim 3x+2 _ x>l x—1 N w2 W rd _
w1257 lim(2x—7) MH@iHlmﬂ 7y lim2-limx—7
x—1 =1 x—1 x—>1 x—>1
3-1+2
=———=5/(-5)=-
2-1-7 =3

Kovmmenmapuu. Ha nepBom 1iare Obuta MpUMEHEHa TeopeMa 0 Ipejiesie YacTHOrO,
TaK Kak Ipejiell 3HaMeHaressl He paBeH Hymo. Ha Bropom miare ucnosnb3oBaiach
TEopeMa 0 MPEeJIesie CyMMBI JIJISl YUCIUTENS U 3HaMeHatens 1poou. [locne Obuia
NpUMEHEeHa TeopeMa O Mpejiesie MPOU3BEACHUS

IIpumep 3. Haiitu npenen
. x°-4
lim ——.
x—2 X—2
3HamMeHaTeNb U YUCIUTETh APOOH MPU X CTPEMSIIEMCS K 2 CTPEMSTCS K HYJTIO,

IIOATOMY T€OPEMA 0 IpeJiesie YACTHOTO 3/1eCh HEMPUMEHUMa. B Takux ciryyasx
HYKHO TIOTBITAThCSA prOCTI/ITB npobb. meem

—4 @ 2)(x+2)
x-2 x-2

9’1‘0 Hp606pa30BaHI/Ie CHpaBC,ZIJII/IBO HpI/I BCEX 3HAYCHUAX X, OTIIMYHBIX OT 2,
HOBTOMy B COOTBECTCTBUU C OHpeI[eJIeHI/ICM Hpez[ena MOXEM HAIIUCATh

=x+2.

2_
lim X% — (x 2)("HZ)--111'r1(.:x:+2)--111’r1.:x:+111:r12—
=22 X —2 H»z x—2 2 =2 x>l
—212=4

3agaHue: BbINOJHEHNE 32/IaHUS MIPeANoIaraeT HaJu4ue pa3BepHyTOro
peneHus.

v HCIIOJb3YyH KAPTOYKH C BADHAHTOM 3a/1aHUSI, BLIYUCIUTD.

1. Beruuciure:

a) . 0) B) )
Lin¥es) | Hm>" limS Jjms

x—l x—4

2. BeraucauTe mpenensl ciuenyonux QyHKITHI:

V1 deg e =


http://repetitr.h1.ru/math_volume/limits_files/limits.htm#%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B03%23%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B03
http://repetitr.h1.ru/math_volume/limits_files/limits.htm#%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B02%23%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B02
http://repetitr.h1.ru/math_volume/limits_files/limits.htm#%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B01%23%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B01
http://repetitr.h1.ru/math_volume/limits_files/limits.htm#%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B03%23%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B03
http://repetitr.h1.ru/math_volume/limits_files/limits.htm#%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B01%23%D0%A2%D0%B5%D0%BE%D1%80%D0%B5%D0%BC%D0%B01

6)
. 53
lim >
2

. X3

i~

3. Ucnonw3ys pa3inokeHrne Ha MHOKHTEITH peo0pa3oBarh ApOOH U BHIYHCITHTH
npenen GyHKIUU B TOUKE:
a) 0) B) r) 1)
. x—1 . X9 . X2 . X¥-4¢ . Xl
ey lims lings lings limey

a) ;

x3

e, -

0) ;
. G4

| 55 s » soum
-0 X

B) :

1i XCASHE
i B &

fl%z xX =2

4. Hatitu tipeaen pyHKIIMY B TOYKE, UCIIOJIb3YsI CIIOCO0 U30aBICHUS

3HaMeHaTe s (IUCITUTENS) OT UPPAITMOHATBLHOCTH (ITOMHOXKHUTH Ha COMPSHKECHHOE

BBIPa)KCHUE):
a) ; 0) ; B) :
. x—x 13 x=2 . 12

hm—F~= ‘Y55 linmy -

0 X+H/X s x5
1 3agaHusa Kaxxaoe 2 ¥ 3 3a1aHUs KaX10€ 4 3a1aHus KaXXI0€
OLleHHUBAIOTCA B 1 Oamn OllCHUBaeTCs B 2 Oajnia olleHUBaeTcs B 3 Oajnia
5 GamioB 22 Oamnna 12 6aymioB
«2» «3» «4» «5»
0-19 6. 20-27 6. 28-34 0. 35-376.

IIpakTnyeckas padora Ne2: [IpaBuna auddpepeHuupoBaHus.
Ilesb: MpoBeCTH TMATHOCTUKY YCBOEHUS CUCTEMBI 3HAHUM U YMEHUM BBIIIOJIHATh
3a/1aHUs
3aaum: BBIIBUTh YPOBEHb YCBOCHUS 3HAHUW YUYAITUMUCS.




NHCcTpyKums M0 BHINOJIHEHHIO Pa00ThI

Ha BbeImosHeHHEe KOHTPOJIBbHOU pabOThI MO Maremaruke maercs 90 MUHYT.
Pabora cocTouT u3 2 yacteil u cogepxut 18 3aganuil.

Yacte 1 conepxut 10 3aganuit (Al — A10) 6a30BOro ypoBHs 10 Marepuairy
paznena «I[IpousBoHas U ee IpUMEHEHUEY» U OLIEHUBAETCA B 2 Oaiia.

Yacte 2 comepxkut 2 Oosiee cioxHbix 3amanuii (B1, B2) mo marepuany
pasnena «[IpousBonHas U ee IPUMEHEHUEY» U OLIEHUBAETCA B 5 OIJIOB.

[Ipu BBIMOTHEHUH BCEX 3aJaHUN HYXKHO 3aIMCcaTh MMOJTHOE PEIICHUE U OTBET.
CoBeryeM 11 3KOHOMHUHM BPEMEHM IPONYCKaTh 3aJaHHUE, KOTOPOE HE YHaETcs
BBINIOJIHUTH Cpa3y, U NEPEXOUTh K ciaeayroniemMy. K BBIMOTHEHNIO TPOIYLIEHHBIX
3aJlaHA MOYKHO BEPHYTHCS, €ciii y Bac ocranercs Bpems.

3a KaXIbli NpPaBUJIbHBIA OTBET B 3aBUCUMOCTH OT CJIOKHOCTH 3aJaHus
na€Tcsi OT OJHOTO JO 4YeThipeX OamioB. bamipl, moidydeHHbIE BaMH 3a BCE
BBITIOJIHEHHBIE 3a/aHusi, cymMMupytorcs. [locrapaiiTech BBIIOIHUTH KaK MOXKHO
OosbIIe 3a1aHM ¥ HAOpaTh HAMOOJBIIIEE KOJIMYECTBO OAILTOB.

Bapuanr 1
Al. Haitnure npou3BoHY0 QyHKIMH .
y=4x
1) 12x° 2) 12x 3) 4x° 4) 12x°
A2. Halinmute npou3BoHY0 (PYHKITUN :
y=6x-11
1)-5 2) 11 3)6 4) 6x
A3. Haitnure npou3BoaHy0 QyHKIIMH
x p—
y=—
X
1) 2) 3) 4)
1 x—1 2x+1 1
X X X X
A4. Haitnure npou3BoaHy0 QPyHKIIHH :
y=Xxsinx
D 2) | 3) 4)
Sin X — X COS X Sin X + X COS X cosx rhxcosx

AS. Haitnure npou3BoaHy0 QPyHKIIHH .
y=x"+sinx BTOUKE X,=7

1) 2) 3) 4)
7t -1 27 +1 2 -1 s



A6. Berancnurte 3Ha4eHUE MPOU3BOAHON PyHKITHH B TOYKE

xt 3x?
=X 2
y=r Tt
X,=2.
1)10 2) 12 3) 8 4)6
A’7. HalimuTe npou3BoHyI0 QPyHKINU .
y =sin(3x+2)
1) 2) 3) 4)
cos(3x+2) —3cos(3x+2) 3cos(3x+2)
—cos(3x+2)
AS8. BerurciuTe 3Ha4eHHE POU3BOAHON QyHKIIUH B TOUKE X,=
y=3x>—124/x
4.
1) 21 2) 24 3)0 4)35

A9. Brruncnute 3HaueHHe MPOU3BOAHON QYyHKIIUU

y=%tg(4x—ﬂ)+%

B TOUKE : 1)2 2) 3)4 4)

m m
Xy =— = i
4 4 2

A10. Haiinure npou3BOAHYIO (QyHKIUH :
y=x"cosx

1) 2) 3) 4)
2xsinx -2xsinx 2xcosx+ x’sin x

2 .
2XCcoSx—Xx-sinx

B1. Beruucnure 3Ha4eHUE NPOU3BOAHON (PyHKIIMH B TOYKE X,=

y=14J2x-3

26.

B2. HaliguTe 3HadeHne X, Ipy KOTOPBIX MTPOU3BOIHAS (DYHKITHH paBHa




Bapuanr 2
Al. Haiimute npou3BogHy0 QyHKINN

1
=—X
Y73
D) 2) 3) 4)
2x° 2x° | 6x°
—X
3
A2. Haitnure npou3BoaHY0 QPyHKIIMH :
y=12-5x
1)7 2)12 3)-5 4) -5x
A3. Haitnute npou3BoiHy0 QPyHKIIHH :
x+3
y =
x
) 2) 3) 4)
3 2x-3 3 3
x* x x’ X
A4. Haitnute npon3BOAHYO0 PyHKIIMH .
y =XCOSX
1) , 2) , 3 49
COSX—XxSinx COSX+xSsinx —Sin x X—Smx

AS. Haiinute npou3BogHy0 QyHKINU

T

2

Y=X"+C0SX BTOYKE X,=—
2

) 2) 3) 4)

7?1 m+1 L m—1
2
A6. Beruncnute 3HaueHHe NMPOU3BOAHON QDyHKIUU B TOUYKE
= x_3 - 5x° +3x
T
Xo=2.
1) 13 2)3 3)8 4)27
A’7. Haitnute npou3BOAHYO (PyHKIIMH .
y=cos(5x—2)
) 2) 3) 4)

—2sin(5x—2) —5sin(5x—2) 5sin(5x—2) sin (5x—2)



AS8. Berancnure 3Ha4eHUE MPOU3BOAHON (PYHKITHH B TOUKE

3 1
y:——\/; xO = —
X 4
1)-47 2) -49 3) 47 4) 11,5

A9. Beruuciaute 3HaY€HUE MPOU3BOIHON (DYHKITUU
y= 1+ctg(2x+7r)

B TOUKe . 1)2 2) -1 3)-2 4

X, =—— ——

4 2

A10. Haiinure npou3BoaHYy0 (QyHKINUN :
y=x"sinx

) 2) 3) 4)
2xCoS X 2xsin x —x” cos x 2xsin x +x” cos x
—2XC0S X
B1. Beruucnure 3Ha4eHUE NPOU3BOAHON (PyHKIIMH B TOYKE X,=

y=30J4-3x

-7.
B2. Haiigute 3HaueHHE X, TPU KOTOPBIX MTPOU3BOIHASA (DYyHKIIMH paBHa
x+2
y =
x2
0.
OTtBeTsL:

Bapnant |A1l |A2 |A3 |A4 |A5 |A6 |A7 |A8 |A9 |Al10 |Bl1 |B2

1 1 3 4 2 3 2 3 1 1 4 2 4

2 2 3 3 1 4 1 2 2 3 3 9 | -4

Al A2 A3 A4 A5 A6 A7 A8 A9 | Al10 | B1 B2

«2» «3» «4» «5»

0-10 6. 11-14 6. 15-17 6. 18-20 6.




IIpakTuyeckas padora Ne3
«Bpruncnenue NHTErpasoB ¢ UCIOJIb30BAHUEM METO/Ia 3aMEHBI IEPEMEHHON U
WHTETPUPOBAHUS 110 YACTAM»
esnb: npoBeCTH NMATHOCTUKY YCBOEHUS CUCTEMbI 3HAHUI M YMEHUH BBITIOJIHSIThH
3a/1aHUsl.
3amaum: BbISIBUTh YPOBEHb YCBOCHUS 3HAHUN YUYAITUMUCS.
HNHCcTpyKIus M0 BHINOJHEHNIO PA00THI

Ha BbImonHeHHEe KOHTPOJBHOW paboOThl MO Maremaruke aaercs 90 MUHYT.
Paborta cocTtouT u3 3 yactel ¥ coaepkut 12 3ananuii..

Yacte 1 comepxut 4 3amaHuii 6a30BOro ypoBHSI IO MaTepualy pasjelia
«HTerpam».

Yacte 2 comepxut 4 Oojiee CIOXKHBIX 3aJaHUN 1O Marepuaay pasiena
«HTerpamy.

Yactp 3 conepkuT 4 CIOXKHBIX 3aJaHUI IO Marepuaity pasaena «HTerpam.

[Ipu BBINOJHEHUH BCEX 3aJjaHUN HYXHO 3allMCaTh IMOJHOE PEUIEHUE U OTBET.
CoBeryem 11 SKOHOMHHM BPEMEHM IIPOIMYCKaTh 3aJaHUE, KOTOpPOE HE yHaércs
BBIIIOJIHUTB Cpa3y, U MEPEXOUTh K clieayromeMy. K BBIITOJIHEHHIO TPOITYIIEHHBIX
3a1aHUM MOKHO BEPHYTHCS, €CiM y Bac ocranercs Bpems.

3a KaxAblid MPAaBWIBHBIA OTBET B 3aBUCUMOCTH OT CJIOXHOCTH 3aJIaHUS
na€Tcs OT OAHOro A0 4YeThlpex OamioB. baibl, MOIy4YyeHHblE BaMH 3a BCE
BBITIOJIHEHHBIE 3aJaHus, CyMMHpYIOTCs. I[locTapailTech BBINOJHUTH KaK MOXKHO
Oomblie 3a1aHui U HaOpaTh HAMOOJIbIIIEE KOJIMYECTBO OAILIOB.



Bapuaur 1
Tpynna A

1. Haitre bymeunn
a) Rx)=3x-4x" &) f{x)=2smx+x

p) f(x)=smix -'};coslx

&)

. Beiumcaums unterpan

{J 2
9 f=d ® [foosu
VX x
H
3. Haliow niowash GUIYPE! OrpaHHuCHHOR
rpadrikoM dyHKuHH
y=1-x,y=0
4. Jins dynsume Ax} =13’ uafinere nepeocfipannyn,
rpadwk  koTopolt poxoaHT depes Todky M(1:-1)
Tpynna 8
1. Hafiti neppooGpasiyo QynKwnK

i 2 4
=K ——= 6 -
a) flx)=vx p 4 ) [(x) P
8) fi(x) =6x-2
2, BHYHCIHTE HHTErpAN
T [}
a) [—d 6 fie* -30 e
i ¥ -2
3. Hafm Guryps orpaspe
JHHHAMMH
y=0,y=2xy=3-x,x>0
4. Ins dyscumm fix) = 1 - 4x nadigure
pecod y10, FpaguK P P uepes
Touky M(-1;9}
nna C
1. Haiiru neprooGpasiyio ynkiix
8 f)=vTx+1 6
f(x)=sn3x- %
cos" x
5 _ 6x-2
S Ja(:_l +1
2. BuuCAMTH HHTCTPaN
o e 5 flax' +oxfix
[ b -2
3. Halimn nuomas derypil orpanmcnob
THHHAMK
= Ly =-2c08%, ——<X<—
y =COsX, ¥ s x 2
4. Ina pynkumn f(x) = 6smdx maiaure
P rpaguk pofi HEpes

TOUKY ul—-’-r-;U)

Bapuaut 2

a) f)=2x —5x  6) fix)=3cosx-x

8 f(x)=cos$.r—-1-6sm3x

=

[X]

BBIMHCIHTE HHTCTPAN

) [vdr , 6) [smxdx
0 o

3. Haitrm dmryps orpa [
rpadukon GyHKimmn
y=4-x,y=0

4. Jlns dynximsn f{x) = 2x + 4 Hafaure
B 10, [pagux poit np

Fpynna B
1. Haitru nepaooGpasiyto dyHKimH

) f@=5-— ®
x x

P depes
Touky Bi-1:1)

J(x)=cos3x+—
sin

) fx)=(x+2)"
2. DBoIMHCIHTE HHTErPAI

odx
55 !cos:x

urypsl orpa:

a) ]SJ xdx

3. Haiira
JIHHMAMH
y=2cosx, y=0,0<x<m
4. Jins dpyneupn f{x) = -x + 1 wainure
, TpaiK KOTOpOM MPOXOZHT Hepes

TO':Ky Mr(-l;ﬁ)
Ipynna C
1. Hailfri nepsoofpasHyio pyHKin
1
a) f(x)=-—; -cos(3x-1)
cos' x

6 flxy -
gy
608" (=7
(2 3)
®) f(x)—-%smlx-lcos-{ﬂ
% 23
2. BuMHCAHTDL MHTEPAN

15
i 6 s x +cosx) dx
; -J; ) !( x ",}

3. Haitry nomans @urypa-l OrpaHHveHHOR
JTHHHAMH

y = 2sinx, y = -Sinx, D<X<T

4. Jinz dpynxumm f{x) = sinx + 2cosx HafauTe
neproobpasyio, rpadHK  KOTOPOH NPOXOANT Hepes

Touxy A(Z;0)

UJ>—~>

A
2
3

(98]
w-h}
—_
\9)

Oan
bl

@)

«5» - 43-48 0.
«4» - 33-42 0.




«3» -25-33 0.
«2» - 0-24 0.

IIpakTnueckas padora Ned
«Pemenue nuddepeHuuAIBHBIX YPABHEHU D)
Heab paGoTbl: 3aKkpenuTh HaBBIK pemieHus AuddepeHnanbHbIX ypaBHeHUH [
MOPSIJIKA C PA3AENSIIOUIUMUCS IEPEMEHHBIMH.
Heo0xoaumo 30aTh: onpeenenue nud@epeHnnanbHoro ypapHenus I nopsijka c
Pa3IEISIFONIUMUCS IEPEMEHHBIMU, METO UX PEILEHUS.
Heo0xoqumo ymers: pemars AuddepeHunanbable ypaBHeHus | nopsiika ¢
Pa3aEISIFONIMMUCS IEPEMEHHBIMU U BBIIIOJIHSTH IPOBEPKY.
Teopernueckast 4acThb
Onpenenenue 1. YpaBHenue, conepxaiiee nuddepennnan GyHKIAN WIH
MPOU3BOIHYI0, Ha3bIBaeTCs qudGepeHnnanIbHbIM.
Hamnpumep: .
PHMED y’:4x4—5x,(3—x)dy=y2dx,d_y=6sinx
dx

Onpenenenne 2. Pemenvem nuddepeHInalIbHOTO YPaBHEHUS Ha3bIBAETCS BCSKAS
dbyHKIMS, KoTopas oOpamiaeT JaHHOe ypaBHEHHE B UCTUHHOE PABEHCTBO.
Yopaxuenue. [Ipoeputs: SBnsierca GyHkuus peneHneM
—2x
y=e

muddepeHInaaTbsHOT0 YPaBHEHUS :
y'=-2y

ITpoBepka:
Haiiném npousBoaHyo GyHKINH:
yr — (672)()! — ef2x (2x)! — 672x (_2) — _2672)(

IloncraBuM HalZEHHOE BBIPAKEHUE B JIEBYIO YaCTh YPABHEHUS:

JleBast 4acTh paBHA MPABOM, CIICIOBATEIBHO, JaHHAS (YHKIIUS
_ 2672)( — _2e72x

ABJIsieTCs perieHrneM U epeHInanTbHOTr0 ypaBHEHUS
2x ’

y=e y'=-2y

Omnpenenenune 3. YpaBHEeHHE BUIA , B KOTOPOM IIEPEMEHHBIE
¢(y)dy = f(x)dx

PacoJIOKEHBI B pa3HbIX YACTAX ypaBHEHUs, Ha3bIBaeTcs AU depeHnInaIbHbIM
ypaBHenueM I nmopsigka ¢ pa3iesiloIMMMCS epeMeHHbIMU.
Metoz penieHus OCHOBaH Ha HHTETPUMPOBAHUM KAXI0W YaCTH YpaBHEHUS.

IIpumep 1. Pemute ypaBHEeHHUE: .
y'=2x



Pemenue: u3 popmynsl quddepenimana GyHKIUU BBIpa3UM

dy = y'dx
[IPOU3BOIHY IO . [loncraBum B ypaBHEHHE. YpaBHEHUE IIPUMET BU:
,_dy dy
y = — =2x
dx dx
JlomHOXXUM ypaBHeHHE Ha dX , TorAa
dy =2x-dx
Ilepemennsie pasneneHsl. MOKHO HHTETPUPOBATh:
Idy =2 j x-dx
2-x°
= +C
4 2

- 3TO pEUICHUE HA3bIBACTCS OOLIUM.
y=x"+C
IlycTh 3aganpl 3HaUEHUS TIEPEMEHHBIX X=1, y=3 — 3T0 HavasbHbIC yCI0BUsA. OHH
HY>KHbI, YTOOBI IOJyYUTh YACTHOE pelieHHue, B KOTOPOM OyZIeT OnpeeeHO
3HaueHHUe KOHCTAHThI C.

HOI[CTaBI/IM 3HAYCHUA IICPECMCHHLBIX B YPABHCHHC U BBIPA3HUM C.

3=
’+C=>C=3-1=2

- yacTHOE pemieHue AudhepeHIuaIbHOr0 ypaBHEHUS.
y= x*+2
IIpumep 2. HaliT yacTHOE perieHue: (5;10)
xdy— ydx =0

Pemenue: xdy = ydx
Paznenum ypaBHeHue Ha

xy
Coxkparum apoou.

xdy _ ydx

Xy Xy

MOKHO HHTETPUPOBATH:

& _dx

y X

[y

y X
3aMEHUTH
]n|y|=h1|x|+C C=hC

I[To Teopeme o morapudmax
In|y|=Mh|x+hC In|y| =In Clx|



TorAa OOIIUM peleHHeM OyJeT: i y=Cx
M =C- |+

[loncraBum KoopauHaTs! ToUek: x=5, y=10

10=C-5:C=%=2

Takum oOpazom, y=2x - 4aCTHOE pEIIICHHUE.

IIpumep 3. HaiiTu yacTHOE pelIeHHE: , (0;1)
2y'=y
Pemienue: (T.K. )
dy y_dy
2— = = —
dx 4 7 dx
Paznenum ypaBHEHHE HA «y»
2dy = ydx
y ooy
dy
2| —=|dx
o]
[Tycts C InCwu
2Injy|=x+C ~ x=he".
. I1o Teopemam o norapudMax noaydaem:
2Injy|=lhe* +InC
Iny> =In(Ce")
-o011ee pemnieHue
y2 — Cex
ITycts y=0, y=1, onpenenum C.
1 =Ce’
1=C-1
C=1
y2 — lex
- yacTHOE pemieHne AuddepeHInaIbHOT0 YpaBHEHHS.
2 X
y =e

IIpumep 4. Haiitu oO1iee penieHue:
3x—2 dx

y+4 dy

Pemenue: npeoOpazyeM ypaBHeHHE K BUnYy: (3x-2)dy=(y+4)dx
Paznenum ypaBaenue Ha (3x-2)(y+4)



MO>KHO MHTETPUPOBATH:

dy _ dx J‘ dy :J- dx
y+4 3x-2 y+4 3x—-2
I[aHHBIe HHTCTpaJIbl p€racM MCTOJIO0M IMOACTAHOBKHU
a)
z=y+4
J‘i: dz=(y+4)dy :J.ézln|z|=ln|y+4|.
y+4 z
dz =dy
0) ]
z=3x-2
dz=0Bx-2)d
| ﬂ:—-; g; ) x—l-@~lmﬁ+c—lee4+c
3x-2 Z‘dx 3723 3 ’
=2
L 3 |

PesynbraTsl MO/ICTaBUTh B YPABHCHHE:
,Tne C InC

mp+4=§mpx+q+mc

( mo TeopeMam o jorapudmax)
1

|y +4/=In(3x+2)* +In C

1

In|y +4/ =l C(3x +2)°

y+4=C-Y3x+2
-o0111ee penieHme
y=C3x+2 -4
IIpoBepsbTe cedsi:
Ne | TIpumepst OTtBeTsl
-L;1) x>t r13h
1. ' =11-5x y=1Ix 4x +134
2dy  dx 1;4/2
2|5 Do
3 2y(x +1)dx = xdy y=Cx’e™

3apanueNel. [IpoBepuTts, sBisieTcs 1 GyHKIHS pemeHneM quddepeHnnaisHOTOo
ypaBHEHUSI.



1 3
=—x"+x+5
773

y=x"+7x+10

1 2|,
o3 el y =2x+7
y=§x3+%x2+8 y=3x4+%x+3
3 4
Y =x"+x+1 Y= 12x% 4=
5 y=§x3+x+3 y'=xt 6 y=x"+10 y'=2x
y:%x4+3x2+7 y=x3+4x2+x
7 8 SIS
y'=4x’ +9x° v
4
y=x"-10x> +11 y=247x
9 1
F e 0
y' =3x-20 Y =x 47
y=2x"-5x" y =4cos4x
11 ;
y'=5x2—10x y’:siné]._x
y = y=x"+3x>+5
1 1
3 y'=5y 4 V' =6x° +6x
y=1tg8x y=e
1 1
51 .,_ 8 6 y'=ly
cos’ 8x 9
3aganueNe2. HaliTu yacTHOE pelIeHUE.
(1;2) y'=2x-5 (1-4)
1 | (2-y)dy=xdx 2
3 xdx = dy (1;0) 4 xdx=ydy

(2:1)




(2;0) 2y’ =1+2x"
5 | (x=dx+ydy=0 6
(0:0)
(-1;1) (1;4)
T | x’dx=ydy 8 | 2ydy =(1+x)dx
dy
(0;-4) 1| -=1-5x
9 | y=8"-15 0 dx
(1.1)
vdy=(7x-1)dx (0;-
11| 0:1) ; y'=x'+2x"-12
4)
-1;2 _
e (12) || xde-3dy=0
3| dx 2y 4 (05)
1 04) | 1 |dv= (2)c3 — Sx)dx
y'=2x-6
> ¢ lasn

3ananme Ne3d. Haiftu o61iee perieHue.

; %:2@—3) 5 | (4 y))xde—(1+x7)y dy =0
3 | W=Hdx+x’dy=0 4 | I-x)dy—(y-1)dx=0

5 (2x-Ddy =(y+1)dx 6 2(x + l)dy = ydx

7 Fdy+(y-Dds =0 8 (x2 +1)dy = xydx

o | Bx+2)dy=(4y+3)dx (1) (> —4)dx + x>ydy =0

11 | G+ 1dy =2ydx ; Y =2y-1

1| (x+1)dy =2y +1)dx 1 | 2(x+1)dy = ydx

i y(x* +1)dx = xdy ‘1‘ (1= x )y + xydx =0

5 6

IIpakTueckas padora NeS
«Onepauuu HaJ MHOKeCTBaMM»
Henb: 3akpenuTh HABBIKK OCYIIECTBICHUS ONEepalnid HaJl MHOKECTBAMHM, HaBBIKH
HCMOJIb30BaHUS JuarpaMmm Jditnepa-Benna.




Ilepen Haua/10M 3aHATHSI HEOOXOAMMO 3HATh: IMOHATHSI MHOXKECTBA,
MOIMHOKECTBA, YHUBEPCAJIbHOIO MHOXKECTBA, IEPECECUCHUSI MHOXKECTB,
00BbETMHEHHSI MHOXKECTB, PA3HOCTH JIBYX MHOXKECTB U JOTIOJTHCHHUS; TIOHSITHE
nuarpaMmm Ditiepa-BenHa.
IMocse okoHYaHMSI 3aHATUSA HEOOXOUMO YMeTh: HAXOJAUTh NIEPECEeUEHNUE,
o0beMHEeHNE, Pa3HOCTh U JOTIOJHEHUE MHOXKECTB, B TOM YHUCIIE C
KCMOJIb30BAHUEM JUarpamm Diinepa-BenHa.
OcHoOBHbIE TeOpeTHYECKHE TOJI0KEHNSI M IPUMEPHI pelieHus] TUIOBBIX
3aJaHUH.
Honamue muoxcecmea. Iloomnorcecmaea.
[ToHsATHE MHOXKECTBA OTHOCUTCS K aKCHOMAaTHYE€CKUM MOHATHUSIM MAaTEMaTHKH.
MHO0KeCTBO — COBOKYITHOCTH OIPEAEIEHHBIX, PA3TUIUMbBIX MEXITY COO0M
00BEKTOB, pacCMaTpUBAEMBIX KaK €IMHOE 11eIoe, U 001a1aroas HEKOTOPBIM
OOIIMM CBOMCTBOM.
NmeeTcst TpU BasKHBIX MOMEHTA, XapaKTEPU3YIOIINX MMOHATHE MHOKECTBA!
1) 0OBbEKTHI, BXOASIINE BO MHOXKECTBO, ONPEAEIEHHBIE — T.€. JIJIsl KAKJI0r0 00beKTa
MOXXHO OJJHO3HAYHO CKa3aTh, IPUHAJIJICKUT JIU OH IAHHOMY MHOKECTBY WJIH HET;
2) 0OBEKTHI, BXOASIINE BO MHOXKECTBO, PA3IUIMMBbI MEXTy COOO0M — T.€. BO
MHOXECTBE HE MOXKET OBITh JIBYX WJIM 00JIe€ OJIMHAKOBBIX OOBEKTOB;
3) Bce 00BEKTHI, BXOJSIINE BO MHOXKECTBO, MBICIISITCS KaK €IMHOE 11eJI0€ — T.€. BO
MHOXXECTBE a0CTparupyroTcsi OT CBOMCTB OT/ACJIBHBIX 00BEKTOB, HO TOBOPAT 00
00IIIeM CBOMCTBE MHOXKECTBA, KaK €IUHOIO 11JIOr0; TaKoe 00IIIee CBOMCTBO
Ha3bIBAIOT XapaKTEPUCTUUECKUM.
Hanpumep, MOXHO TOBOPUTH O MHOXKECTBE BCEX KHUT JJAHHOW OMOIMOTEKH,
MHO>KE€CTBE BCEX BEPIIHNH JAHHOTO MHOTOYTOJIbHUKA, MHOXKECTBE BCEX
HaTypaJIbHBIX YUCEJ, MHOKECTBE BCEX TOUEK JAHHOU MPsIMOIA.
MHuoxecTBa 0003HAYAIOTCSI MPOTMUCHBIMHU OyKBaMH JJAaTUHCKOTO
andasuta: A, B, C, D u T.1. O0beKThI, BXOJSIINE BO MHOKECTBO,
Ha3bIBAIOT JIEMEHTAMMU.
Hanpumep:
— MHOECTBO OYKB pyccKoro andaBura;
— MHOKECTBO HaTypaJIbHBIX YUCE;
— MHO’KECTBO CTYJICHTOB, CUIAIIMX Ha 1-M psmy.
MHO0€eCTBO, COCTOAIIEE U3 KOHCYHOI0 YHCIa DJIEMEHTOB, HA3bIBACTCS KOHEYHbIM,
B IIPOTHBHOM CJIy4a€ MHOXKE€CTBO Ha3bIBACTCSl 0€CKOHEYHBIM. MHOXECTBO MOXKET
COJIepKaTh U BCETO JIUIIb OAWH AJIEMEHT. MHOXECTBO, HE CO/IeprKalllee FJIEMEHTOB,

Ha3bIBACTCs MyCTHIM 1 0003HavaeTcs 0.

MHuoxecTBa A 1 Si, paCCMOTPEHHBIC BHIIIE, — KOHEYHBIC, 3 MHOKECTBO N —
OECKOHEUYHOE.



HpI/IHa)IJ'Ie)KHOCTB OJICMCHTA MHOKCCTBY 3allMCBIBACTCSA 3HAYKOM €. HaHpI/IMepZ

— OykBa «0%» MPUHAAIIEKUT MHOKECTBY OYKB PYCCKOT0 andaBuTa;

— OykBa «0eTa» He MPUHAIICKUT MHOKECTBY OYKB pycCKoro andaBura;

— YKCIIO 5 IPUHAJIEKUT MHOKECTBY HATypaJIbHBIX YHCET;

— YKCII0 5,5 — HEe MPUHAIICKUT MHOKECTBY HATypaJIbHBIX YHCET;

— Bonbnemap He CUAUT B IEPBOM PsITy.

Takum 06pazom, eciiu MHOXKECTBO COACPKUT KOHEUHOE YUCIIO 3JIEMEHTOB, TO OHO
MOYKET OBITh 3a/1aHO MEPEUNCICHUEM €r0 3JIEMEHTOB. MHOXXECTBO MOXKET OBITh
TaKKe 3a/1aHO TP MOMOIIH [TPABUJIA, TTO3BOJIAIOIIETO ONPENETUTD, SIBISETCS JIU
JaHHBINA OOBEKT JIEMEHTOM MHOXecTBa uiu HeT. [Ipu 3anucu npasuiio, 3aaroniee
MHOKECTBO, OTJEISAETCS BEPTUKAIBHON YEPTOM MIIH IBOETOUYHEM.

Hanpuwmep,

1) - MHOXECTBO YMCell, TPUHAIIEKAIIMX OTPE3KY (MOAPa3yMEBAETCSI MHOKECTBO
JEHCTBUTENBHBIX YHCEII, KOTOPbIE IEPEUUCITUTH Yepe3 3aMATYI0 YKE HEBO3MOXKHO);
2) - MHOKECTBO PAIlMOHAIBHBIX YUCEN, TO €CTh, YHCEI, IPEJICTABUMBIX B BUJIE
JpOOU C LIeJIbIM YUCITUTENIEM U HaTypajJbHbIM 3HAMEHATEIIEM.

MHuoskecTBo B Ha3bpIBaeTCsl MOAMHOXKECTBOM MHOXKECTBA A, €CITU Kax bl
AIIEMEHT MHOXKECTBA B OTHOBpEMEHHO SIBIISIETCS DIEMEHTOM MHOXECTBA A.
NubiMu cioBamMu, MHOXKECTBO B cofiepKUTCSE BO MHOXKECTBE A: . 3HAYOK
Ha3bIBAIOT 3HAYKOM GKIIOYEHUS.

Hanpumep:

A —3T0 MHOXeECTBO OyKB pycckoro andasura. O6o3naunm yepes C —
MHOKECTBO €I0 ITIaCHBIX OYKB, KOTOpPOE€ Oy/1eT MOJAMHOKECTBOM MHOXKECTBA A.
Torpa: .

[TycTs 3anansl MHOXKecTBA A = {1, 3, 5,7} u B = {3, 5}. OueBugHo,
yTo B ecTh MOAMHOKECTBO A, T.€. .

MHuosecTBo N HaTypaiabHBIX YHCEI SABISETCS MOAMHOXKECTBOM
MHOXXECTBA Z 1LICJIbIX YMCEII, T. €. .

W3 onpenenenus MOJIMHOXKECTBA CIEIYET, YTO JTH000€ MHOKECTBO SIBIISIETCS
MOJIMHOKECTBOM CaMOT0 ce0s, T. €. CIIPaBeJIMNBO yTBepxkAeHue . [oBOpsT, 4TO A —
caMoe€ UPOKoe NOAMHOKECTBO A. [lycToe MHOXKECTBO SIBIIIETCS TOJIMHOXKECTBOM
mo0oro MHOKeCTBa. [IycToe MHOXKECTBO SBIISETCS CaMBbIM Y3KUM TTOJIMHOKECTBOM
JT000T0 MHOKECTBA.
3adukcupoBaHHOE KAaKUM-THO0 00pa30M MHOKECTBO OOBEKTOB, JIOMTYCTUMBIX TIPH
JTAHHOM PacCMOTPEHUH, HA3bIBAIOT YHUBEPCAJIbHBIM MHOKeCTBOM (0a30BbIM
MHOXECTBOM, OCHOBHBIM MHOXECTBOM, YHUBEpCcyMoM ). HacTo o0o3Hauaercs U.
MuoxecTBa A 1 B cunTarorcsi paBHbBIMU, €CJIM OHU COCTOSIT U3 OJJHUX U TEX
e AJIEMEHTOB. PaBeHCTBO MHOXKECTB 0003Ha4aroT Tak: A = B.

Onepayuu nao muoxcecmeamu. /[uazpammot Jiepa-Benna.



Ilepeceuenuem MHOXkECTB A U B Ha3bIBaeTCsi MHOKECTBO, COCTOSAIIEE U3 BCEX
AIIEMEHTOB, IPUHAITICKAIINX U MHOKECTBY A 1 MHOkecTBY B. O603Ha4gaeTcs .
O0bennHeHneM MHOXKECTB A 1 B Ha3bIBaeTCcs Takoe
MHOECTBO , KaXKJIbIi JIEMEHT KOTOPOTO COAEPKUTCS XOTSI ObI B OJTHOM U3
MHOkecTB A win B. O6o3HavaeTcs .
Pa3HoCTBIO IBYX MHOXKECTB A U B Ha3pIBae€TCsl MHOKECTBO , COAEPIKAILEE JINILID
T€ AJIEMEHTHI U3 A, KoTopbie He BXoaAT B B. O0o3HauaeTcs .
Ecau muoxxectBo B — nmoamHuokecTBO MHOKecTBa A (), TO
pa3HOCTb Ha3bIBaeTCs A0NMOJHeHHMeM K B B MHOXecTBe A. OO03Ha4yaeTcs .
JIOOJTHEHHEM MHOKECTBA A 10 OTHOLLIEHHUIO K YHUBEPCATbHOMY
MHOeCTBY U €CThb MHOXKECTBO , COCTABIEHHOE U3 BCEX TEX AeMEHTOB U,
KOTOpbIE€ HE HAXOIATCS B A
IIpakTu4eckas 4acrb.

3aoanus 8bINONHAIOMCA NO BAPUAHMAM, 3A0AHHBIM NPENn00asameem.
3apanme 1. OGpa3yiiTe Bce NOAMHOXKECTBA MHOKECTBA OYKB B CJIOBE.

Bapuanr 1

Bapuanr 2

Bapuanr 3

«pyJIb»

«papb»

«JIACK»

3ananue 2. JlaHHbIE MHOXKECTBA 33/1aTh IIEPEYMCIEHUEM BCEX CBOMX JIEMEHTOB.
Bapuanr 1
Bapuanr 2
Bapuanr 3

A={xeR|x-3x*+2x=0}.

A={X€EZ|<2'<5}

A={XEN|x*-3x—4<0}



3ananme 3. [lanel MHOKecTBa A u B. Hatitn: ANB, AUB, A\B, B\A, .

Bapuanr 1
Bapuanr 2
Bapuanr 3

a)

ABCZ

A={1;2;5;7;9;11}
B = {1;4;6,7}

A,BEZ

A= {3;6;7;10}
B ={2;3;10;12}

A,BCZ

A=1{1;2;5;7;9;11}

B = {1:;4;6;7}

0)

A={a,b,c,d,e,f, k}
B={a,c,e,k,m,p}
A={a,b,c,e,k,lm}B={c,e,k,x,y,z}
A={b,c,d,e,f,x,y}B={a,e.f,k,n, o}
B)

A, BER

A=[-3;7), B=[-4:4].



A=[1:6), B=[-1;9]

A,BER

A=[47),B=[3;6]
r)

3aganme 4. Mcnonb3ys auarpammMsl Jujiepa-BeHHa 10ka3arh TOXKIECTBO.
Bapuanr 1
Bapuanr 2
Bapuanr 3

A\(B U C)=(A\B) N (A\C)

AU (B\C) = (A N B)\C

AU(B\C) = (ANB) \ (ANC)

/lononnumenvuole 3a0anus:

Pemmte 3anauy vcnomnb3ys Kpyru Dinepa: B rpynne aHmuiCKUi SI3bIK U3y4ar0T
15 crynentoB, Hemenkuii — 10 cTyneHToB, a Ppaniy3ckuii — 5, mpudem 3 cTyeHTa
M3Yy4aroT OJHOBPEMEHHO aHITIMACKUN Y HEMELIKUM SI3BIKU, 2 CTyE€HTA U3Y4aroT
OJTHOBPEMEHHO aHITIMHCKUM U (PpaHIly3CKUH S3bIKH, | CTYIEHT U3y4aeT
OJTHOBPEMEHHO (PpaHIly3CKuil U HEMEIKUN A3bIKU. CKOJIbKO BCEro YeJIOBEK B
KJIaCCE M3YYarOT 3TH UHOCTPAHHBIE A3BIKA? CKOJIBKO YEIOBEK U3YUYarOT TOIBKO
AQHTTTUHACKUH S3BIK? HEMEIIKUM SI3bIK? (PpaHIly3CKUN S3BIK?
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IIpakTuuyeckas padora Ne6
«CroxxeHue M yMHOKEHHE BEPOSITHOCTEN»
Ieab: HAyIUTHCS BBIUYUCIATH BEPOITHOCTH CyMMBI COBMECTHBIX H HECOBMECTHBIX
COOBITHH, MPON3BEICHNS HE3aBUCUMBIX M 3aBUCUMBIX COOBITHH.

J1y1s1 BEITIOJIHEHUST paOOThI HEOOXOAMMO 3HAmMb OCHOBBI TEOPUHU BEPOSITHOCTEHH;
HEOOXOAMMO YMembBLIUUCIISITE BEPOSITHOCTh COOBITHI C UCIIOJIB30BAHUEM
AIIEMEHTOB KOMOWHATOPUKH.

KPATKASA TEOPUS U METOIUYECKHUE PEKOMEHIALIUU
Cymmoit A + B nByx coOpiTuii A 1 B Ha3bIBaloT COOBITHE, COCTOSAIIEE B
MOSIBJICHUU COOBITHSA A, Uian coOBITHS B, M1 000MX 3THX COOBITHM.
TeopeMa ci10:keHUsI BEPOATHOCTEH HECOBMECTHBIX
coObITHIi. BeposTHOCTH MOABIECHUS OAHOTO U3 ABYX HECOBMECTHBIX COOBITUH,

paBHA CyMM€ BEPOSTHOCTEN ITUX COOBITUI:
P (A +B)=P(A) + P(B)

Teopema ci10:xeHNsI BEPOSITHOCTE COBMECTHBIX
co0bITHIi. BeposSTHOCTH MOSBICHUS XOTSI ObI OTHOTO U3 JIBYX COBMECTHBIX
COOBITHI paBHa CyMMe BEPOSITHOCTEN ITUX COOBITHI 0€3 BEpOSTHOCTH UX
COBMECTHOTO MOSIBJICHUS:

P(A+B)=P(A) + P(B) - P(AB)
Ilpouseedenuem nByx coowiTuii A u B Ha3weiBaroT coObiTe AB, cocTosiee
B COBMECTHOM TIOSIBIICHUU ITUX COOBITUIA.

Teopema npousBeaeHus AJs1 HE3ABUCUMBIX COOBITHH. J)151
HE3aBHCUMBIX COOBITUI BEPOSITHOCTh COBMECTHOTO MOSIBJICHUS COOBITUI paBHA
MPOU3BEACHUIO BEPOITHOCTOCTEN ITUX COOBITUI:

P(AB) = P(A) P(B).

TeopeMa yMHO:KeHHsI BePOSITHOCTE. BEpOATHOCTH COBMECTHOTO
MOSIBJICHUS JIByX COOBITHI paBHA MPOU3BEJICHUIO BEPOSITHOCTH OJTHOTO M3 HUX Ha
YCJIIOBHYIO BEPOSITHOCTD JIPYTOT0, BEIYMCICHHYIO B MPEIOJIOKEHUH, YTO TIEPBOE
COOBITHE YK€ HACTYIUJIO:

P(AB) = P(A) Pi(B).

Bepoamnocmu nosgienus xomsa 0ot 00H020 U3 HE3AGUCUMDBIX COOLIMUIL.
Ecnu cobwitust A, Ay, As,... A, HE3aBUCUMBI B COBOKYITHOCTH, TiprueM P(A,) = pi,
P(Az) =p2, P(A3) =psu T.1.; q1,92, 3, - .., n— BEPOSITHOCTH MPOTUBOIOIOKHBIX
COOBITHIA.
BeposTHOCTh HACTYTIEHUS! COOBITUSI A, COCTOAIIETO B HACTYTUICHUU XOTS Obl
OJTHOTO U3 COOBITUH Aj, A, As,... AspaBHa:
P(A) =1 - q1q2qs...qn.

Bepoamnocmub nosaenenus moivKo 00H020 u3 08yx codvimuil.

P(A) = p1q: + p2q:

IHOPAAOK BBIIIOJIHEHUA U ®OPMA OTYHETHOCTHU



I BapuanT

II BapuanT

1.

Cpenu cotpynHUKoB pupmbl 28% 3HAIOT aHIIUICKUM s13bIK, 30% — HEMELIKUIA;
AHITIMACKUI 1 HeMeluKnid — 8%. HaliTh BEpOATHOCTB TOTO, YTO CIIy4YalHO
BBIOpAaHHBIN COTPYAHUK (PUPMBI 3HAET XOTS OBl OJIUH SA3BIK.

Nmeercs 3 suuka, conepskamumx no 20 geraneit. B nepsom simuke 12, Bo BTopoM 5
U B TpeTheM 9 cTaHAapTHBIX AeTaneil. M3 kaxk1oro siuka Hay/iaqdy BRIHUMAIOT 10
oIHOM Aetanu. HaliTu BEpOSATHOCTH TOTO, YTO BCE AETATIN OKAXKYTCS
CTaHJapTHBIMHU.

2.

[IpousBonutcs GomOoMeTaHUE TIO TPEM CKJIaJaM OOETPUIIacoB, IPUUEM
cOpaceiBaeTcsa onHa 6omba. BepositHOCTh momnaganus B niepBsbiil ckinan 0,025; Bo
Bropoi — 0,03; B Tpetuii 0,019. [Ipu nonaganuu B OJUH U3 CKIAJ0B B3PbIBAIOTCA
Bce Tpu. HailTu BeposITHOCTh TOTO, UTO CKJIAJIbl OyTyT B30OPBAHBI.

B anexTpuyecKkyo Henp nocie10BaTeIbHO BKIIFOUEHBI TPU AJIEMEHTA, padOoTaroIIne
HE3aBUCUMO OJMH OT APYroro. BeposTHOCTH 0TKa30B NEPBOro, BTOPOTO U TPETHETO
AJIEMEHTOB COOTBETCTBEHHO paBHEL: p, = 0,1; p, = 0,15; p, = 0,2. Halitu
BEPOATHOCTh TOTO, YTO TOKA B LMK HE OyaeT (He paboTaeTr XOTs Obl 1 aneMeHT).

3.

Nmeercs 3 suuka, conepskamux no 15 geraneit. B nepBom simuke 5, BO BTOpoM 7
U B TpeTbeM 10 cTaHnapTHbIX netanei. M3 KakIoro sirKa HayJlaqyy BBIHUMAIOT 10
onHOM neranv. HaliTu BEpOSITHOCTH TOTO, YTO BCE AETAIN OKAKYTCS
CTaHJIaPTHBIMHU.

Cpenu ctyneHToB rpynibl 15% uMeroT OTIIMYHbIE OLIEHKHU IO Maremaruke, 34% —
o uctopun. [Ipu 3Trom 12% SBIAIOTCSA OTIMYHUKAMH 11O OOSUM JTUCIUILTHHAM.
HaiiT BEpOSTHOCTB TOT0, YTO CIy4ailHO BBIOPAHHBIN CTYJEHT YUYUTCA Ha
«OTJIIMYHOY» XOTS ObI 1O OTHOW JUCHUILIUHE.

4.

OTen TEXHUYECKOTO KOHTPOJIS MIPOBEPSIET U3/ HA CTAHJAPTHOCTb.
BeposTHOCTB TOTO, YTO M3/AENIHE CTaHAAPTHO, paBHA 0,9. HaliTu BEposATHOCTH TOTO,
YTO U3 JIBYX MIPOBEPEHHBIX U3/IETUN TOJIBKO OJHO CTaHAApTHOE.

B smuke 10 neraneit, 3 KOTOpbIX YeThIpe okparieHbl. COOPIIUK Hayqauy B3sUl TPU
neranu. HaiiTu BEpOsITHOCTh TOTO, UTO XOTsI OBl OJIHA W3 B3ATHIX JIeTajei
OKpauieHa.

Pewums 3a0auy 08yms cnocobamu.

5.

Ha nonke crost 6 yueOHUKOB 0 MaTteMatrke U 3 1o uHpopmatuke. C moIKu
Haynauy Oepercs cHadana oiuH yueOHuk. [lorom BTOopoii. HaliTu BeposSTHOCTB, UTO
nepBasi B3sATask KHUra OyJeT yueOHUKOM 110 MH(POpMAaTUKE, a BTOpask yueOHUKOM I10
MaTeMaTHKe.

B simuke HaxoguTes 8 cTaHIapTHRIX U 6 HeCTaHJAPTHBIX JAeTanu. Haynauy
BBIHUMAETCS CHavalla OJlHa JeTallb, a IOTOM BTopas. HaliTu BepoATHOCTD, YTO
nepBasi B3sTas JeTallb CTaHJIapTHasl, a BTOpasi HECTaHAapTHAas.

6.
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YCTpoiicTBO COACPAKUT 1Ba HE3AaBUCHMO pabOTAIOLINX AieMeHTa. BeposTHoCcTH
OTKa3a 3JeMeHTOB cooTBeTCTBEHHO paBHbI 0,05 u 0,08. HaiiTu BeposiTHOCTH OTKa3a
YCTPOICTBA, €CIH JIIsl 3TOTO JOCTATOYHO, YTOOBI OTKa3ajl XOTS ObI OIMH JJIEMEHT.
W3 mapTuum uznenuii Toaposesl OTOMpaeT U3AeNns BbICIIEr0 copTa. BepodaTHoCTh
TOTO0, YTO Hay/a4dy B3STOE U3EJINE OKaXXETCS BbICIIEro copra, pasHa 0,8. Haiitu
BEPOATHOCTH TOTO, YTO U3 JIBYX MPOBEPEHHBIX U3AECIHUIA TOJIHKO OJHO BBHICHIETO
coprTa.

7.

Ha crennaxe 6uOIMOTEKH B CIIy4aifHOM MOPSJIKE PAcCTaBIEHO 15 yuyeOHHUKOB,
IpUYeM MATh U3 HUX B neperuiere. bubauorekaps 6epet Haynady Tpu yueOHHKA.
HaiiTi BeposITHOCTB TOTO, UTO XOTS ObI OJTUH U3 B3STHIX YUEOHUKOB OKaXXETCS B
neperuiere (coobiTue A).

Pewums 3a0auy 0syms cnocobamu.

Mactep o6cmyxuBatot 5 craakoB. 20% pabouero BpeMeH! OH MPOBOIUT y TIEPBOTO
cranka, 10% -y Broporo, 15% - y Tpetbero, 25% - y uerBeproro, 30% - y nstoro
ctaHka. HaliTu BepoATHOCTb TOr0, YTO B HAayAa4y BHIOPAHHBIA MOMEHT BPEMEHHU
MacTtep HaxoauTed y 1, wim 2, winm 3 craHka.

KOHTPOJIBHBIE BOITPOCHI

YeM oTIIMUAETCST OTICPAIIHSI CIIOKCHUS BEPOSTHOCTEH OT IPOU3BEACHUSA?
3anuimmTe crocoObl, KOTOPEIMU MOYKHO PACCUNUTATh BEPOSTHOCTD MOSBIICHUS
XOTS ObI OTHOT'O COOBITHUA?

IpakTnueckas padora Ne7.
«3aKkoH pacnpeneJeHUsI»
eab: mpoBecTH TMAarHOCTUKY YCBOCHUS OCHOBHBIX MOHSATUN U (hOPMYIT TIO
TEOPUU BEPOSTHOCTU U MOHUMAHUS 3aKOHA pacTpe/IeTICHUs
3amaum: BBISIBUTh YPOBEHb YCBOCHUS 3HAHUN YUaAIIUMUCS.

HNHcTpyKuys 0 BHINOJHEHUIO PadoThI

Ha otBetsl Ha Bompockl 1o Mmaremaruke gaerca 90 munyt. Pabora cocrout
U3 25 BOIPOCOB Ha 3HAHME OINPEACICHUN U MaTeMaTUYECKUX (QOpMyJ, a TaKXKe
BO3MOYKHOCTH CaMHUM IIPUBECTH IPUMEPHI.
B 3apaHusIX HyKHO Hanmucarh Y€TKOE OINpeAesieHre Uiu GopMyily WIH IPUBECTU
npuMep. CoBeTyeM Uil SKOHOMUH BPEMEHM IPOITyCKaTh 3a/JlaHHE, KOTOPOE HE
yOAETCA BBIOJIHUTH Cpa3y, M MEpPEeXOAUTh K clienyromeMy. K BBITOJIHEHHIO
MIPOIYLIEHHBIX 33JaHUI MOKHO BEPHYThCS, €ciii y Bac octanercs Bpems.

3a Kaxablil MPaBUJIBHBIN OTBET HAa€Tcsl oAuH Oal. baiel, momydyeHHbIe
BaMM 3a BCE€ BBIIIOJIHEHHBIE 3aJIaHMs, CyMMUpPYROTCA. [locTrapaiTtech BBINOJIHUTH
KaK MOXXHO OOJibIll€ 3aJJaHui U HabpaTh HauOOoJIbIIIEE KOJIUUECTBO OAJIIOB.

Bonpocsl



1. ChopmynupyiiTe KIacCHYECKOE OMPEICICHHE BEPOATHOCTU. B dem
OTPaHUYEHHOCTh 3TOTO omnpeeneHusa? B ueM paznuuue mMexay BEpOsITHOCTHIO U
OTHOCHUTEJILHOM 4acTOTOM?

2. Korga mnpuMEHSIOT Te€OMETPUYECKOE OIPEAECICHUE BEPOSITHOCTHU?
[Touemy B 3THX Cily4asix HEIb3s MOJIb30BATHCS KIIACCUYECKUM ONPEIEICHUEM?

3. Haiite onpeznenenne cymMmbl coObITHi. [IpuBenure npumMepsl: CyMMBbI
JBYX HECOBMECTHBIX COOBITUI; CyMMBI JIByX COBMECTHBIX COOBITUH.

4. ChopmynupyiiTe M JOKaKUTE TEOPEMY O CIIOKEHHUHU BEpPOSTHOCTEH
HECOBMECTHBIX COOBITUH.

3. JlaliTe ompeneneHue npousBeacHUs coowiTuil. [IpuBenuTe nmpuMepst:

NPOW3BEACHUS JIBYX HE3aBUCHUMBIX COOBITHI; TPOW3BEACHUS JIByX 3aBUCHUMBIX
COOBITHIA.

6. UT0 Takoe ycia0BHAs BEPOSATHOCTh?

7. Chopmynupyiite Teopemy 00 YMHOXKEHUU BEPOSTHOCTEH ISl JIBYyX
coOpITuil (00muit ciyuaii). Kakyro ¢gopmy mpuHHMaeT 3Ta Teopema B ciyuyae,
KOTZia COOBITHS HE3aBUCHUMBI?

8. [IpuBeaute Gpopmyiy MOIHON BEPOATHOCTH.

0. [IpuBenute Gpopmyinsl baiteca.

10. Yo takoe cxema bepuynnu?

11. B kakux ciuyyasx npumeHsitorcs: dopmyna bepuymiu; Teopema
ITyaccona; Teopema Myaspa-Jlannaca?

12. IlpuBenure mNpuUMEpPbl IOUCKPETHBIX W HENPEPBIBHBIX CIIyYalHbBIX
BEJIMYMH.

13.  Uro Ha3bIBaeTCS 3aKOHOM DPACIpEAEIICHUS BEPOSTHOCTEH CilydailHON
BEJIMYUHBI?

14. Yro Ha3pIBae€TCsI  MarTeMaTUYECKUM  OXUJAHHEM  CIydailHOM
BennunHbI? Kak oHO 0003HauaeTcsa? JlokaKuTe ero CBOMCTRBA.

15. Yro HaspBaeTcs aucrnepcue ciaydaiHoW BennuuHbI? Kak oHa
o0o3HauaeTcs? Jlokaxxute ee CBOICTBA. Kak B3aMMOCBS3aHbI
CPENHEKBAIPATUYECKOE OTKIIOHEHNUE U TUCTIEPCHS ?

16. Uemy paBHBl  YHCIOBBIE  XapPAKTEPUCTUKH  OMHOMHAIHHOTO
pacnpenenenus; pacrnpenenenus [lyaccona?

17. Uro HazbIBaeTcs (PyHKIMEH pacmpeaesieHHsl CIydyalHOW BETUYUHBI?
Chopmynupyiite ee cBoiictBa. B uem paznuuume rpadukoB  QyHKIHIA
pacrpeneneHus sl HEPEPbIBHON U JJIsl IUCKPETHOM CIIy4aliHbIX BETUYUH?

18. JlaiiTe omnpeneneHue TIUIOTHOCTH PACHpPEACIICHUS BEPOATHOCTEHN
HEIPEPHIBHOM CITy4ailHOW BEIMYUHBI, CPOPMYTUPYHTE €€ CBOMCTRA.

19. Kak HaliTU BEpOATHOCTh TOrO, YTO HENpEepbIBHAS CiydaiiHas
BEJIMYMHA MPUMET 3HAYEHUE U3 JAHHOTO MHTEpBAJIa, €CJIM U3BECTHA: €€ (yHKIIHS
pacnpeneseHus; €€ IIOTHOCTh PACIPEAECIECHUS BEPOATHOCTEN?

20. Kak B3auMocCBsi3aHbl (QYHKIMS pacupeleieHuss M IUIOTHOCTh
pacrpeneneHuss BEpOSATHOCTEN CITy4alHON BEJTUYUHBI?

21. Haiinure M[X] u D[X] ciny4allHOW BEJIWYHUHBI, PaCIpPEICICHHOMN
PaBHOMEPHO Ha UHTEpBaJIE (a; 8).



22. KakoB BEpOSTHOCTHBIA CMBICI TapaMeTpoOB @ M G CIy4yalHOU
BEJIMYMHBI, PACIPENEIECHHON M0 HOpPMajlbHOMY 3akoHy? Hamummre mIOoTHOCTh
HOPMAJILHOTO pacIpeiesICHuUs.

23. B 4em 3akmouaercs “‘mpaBuio Tpex curm’? Kak, mosp3ysch 3THM
MpaBUJIOM, HAWTH HAaWMEHbIIEE W HAWOOJbIIEe 3HAYEHUS HOPMAJIBHO
pacnpenesieHHON CITy4YallHOW BEJTMYMHbBI?

24. CkonpkO mnapaMeTpoOB HMMEET IIOKa3aTelbHOE pachpenesieHue? Kak
HalTH JJ1s1 JaHHoro pacupenenenusa M[X], o[ X]?

IIpakTnueckas padora Nel4
Botuucnenue mamemamuueckozo 0xcudanua u Oucnepcuu Cay4aiunou
6eTUYUHBI

Henau n 3axaun: 000OIINUTE U CUCTEMATU3UPOBATH 3HAHUS IO TEME, IPOBECTU
JUArHOCTUKY YCBOEHUS! CUCTEMbI 3HAHUN U YMEHHI BBINIOJIHATH 3aJaHUs
CTaHAAPTHOTO YPOBHSI.
Bpemsi: 135 MunyT.
OobecnieueHne NPaKTUYECKON PadOTHI:
Koncnekr.
Kaprouku ¢ 3a1aHusAMH.

1. O6pa3ytoT Jin NOJIHYIO FPYHILY CIEAYIOIINE IPYTIIbI COOBITUI:

a) OIBIT — OpOCaHWE MOHETHI; COOBITHS: AX — TIOSIBICHHUE Tep0a;

A2 — nosiBieHne UQPPHI;

0) onbIT — OpocaHue ABYX MOHET; COOBITUS: BX — MOSIBIIEHUE JIBYX
rep6oB; B2 — nosBIeHUE IBYX UGD;

B) OIBIT — J[Ba BBICTPEJIa IO MULIEHH; COOBITHS: A() — HU OTHOTO
nomnaganus; Ax — ogHo nomnajganue; 42 — faBa nornajgaHus;

I') OIBIT — JIBa BBICTPEJIA 110 MUIIEHH; COOBITHS: Cx — XOTS OBl OJTHO
nonaganue; C2 — XoTs Obl OAUH ITPOMAX;

1) OTIBIT — BBIHUMAHUE KapThl U3 KOJIOBI; COOBITUS: DX — MOSBICHHE
KapThl YePBOHHOM MacTH; D2 — mosiBieHue KapThl OyOHOBON MacTH;
D3 — nosBrienue kapthl TpedoBoi MacTu?

2. B ypne a 6enpix (0) u b uepHbIX (4) mapoB. M3 ypHbI BBIHUMAIOT
(OIHOBpPEMEHHO WJIM MOCIIE0BATENIbHO) 1Ba I1apa. HaliTu BeposSTHOCTD
TOTO, 4TO 00a mapa OyayT 6enpimMul.

3. B ypHe a 6enbix u b yepHbIX mapoB. Y3 ypHbI BBIHUMAIOTCS
cpa3y JBa mapa. HaliTu BepoITHOCTb TOT0, YTO 3T HIapbl OyAYyT pa3HbIX
L[BETOB.

4. B ypHe a Genbix, b 4epHBIX U ¢ KpacHbIX (K) mapoB. Tpu u3
HUX BBIHUMAKOTCS HayraJl. Haltu BepoATHOCTH TOTO, UTO MO KpanHen



Mepe JIBa U3 HUX OyIyT OJHOIIBETHBIMHU.

5. Bpocarorcs nBe MoHeThl. PaccMaTpuBaroTcst COOBITHS:
A — BpINasieHue repOa Ha IEPBO MOHETE;

B — BbInazieHue repda Ha BTOPOM MOHETE.

Haiitu BepositHOCTh coObITUd C = A4 + B.

6. U3 nonHo kosonb! KapT (52 KapThl) BHIHUMAIOT OJTHOBPEMEHHO
4yeTbIpe KapThl. PaccmaTpuBaroTcs COOBITHS:

A — cpenu BBIHYTHIX KapT OyaeT XoTs Obl 01Ha OyOHOBOM MacTH;
B — cpenu BBIHYTBIX KapT Oy/eT XOTs Obl 0JHA YEPBOHHOM MACTH.
Haiitu BepositHocTh coObiTust C = A4 + B.

7. 13 monHOM KosoAbl KapT (52 nucTa) BBIHUMAIOTCS Cpa3y YeThIpe
KapThl. HaliTh BEpOSATHOCTH TOTO, YTO BCE ITU YETHIPE KAPTHI OyIyT
pa3HbIX MacTei.

8. B ypHe o Oenbix U b yepHbIX mapoB. 13 ypHbBI BBIHUMAIOT HayTraj
ofuH 1map. HaliTu BEpOATHOCTH TOTO, YTO ATOT IIap — OEJIbIN.

9 B ypHe a Genbix 1 b uepHbIX mapoB. U3 ypHBI BBIHYIU OJUH

map 4, He DA, OTVIOKWIHN B CTOpOHY. [lociie 3Toro u3 ypHsl B3sUH
emnte onuH map. OH okazaics OenbiM. HaliTh BEpOSTHOCTH TOTO, UTO
MIEPBBI MIap, OTJIOKEHHBIN B CTOPOHY, — TOXKE OEIIBIiA.

10. B ypHe a 6enbix u 6 4epHbIX mapoB (a > 2). V3 ypHBI BRIHUMAIOT
cpa3y nABa 1apa. Hailtu BeposiTHOCTh TOTo, uTo 00a mapa OyayT OeJIbIMHU.

2» «3» «“4» «5»

0-5 6-8 9 10

IIpakTnueckas padora Ne§.
«BbIYHC/IeHHEe MATEMATHYECKOI0 OKUAAHUSA M JUCIIEPCHHU CIyYalHOT
BEJIUYHHBID»
Ieub: 3aKkperieHne TEOPETUYECKOrO MaTepraa 1o U3y4eHUI0 CPEIHETO
KBaJPATUYHOIO OTKJIOHEHUS TUCTIEPCUM JUCKPETHOM CIIy4YaiiHOW BETUYNHBI
Meronnueckue ykazaHus
Jlucriepcust UMEET Pa3MEPHOCTh PaBHYIO KBaApaTy
Pa3MEPHOCTH CITyYaliHOM BEIWYUHBI. [103TOMY B TE€X Cilydasix, KOraa KeaareibHoO,
YTOOBI OLIEHKA pacCcesHUs UMeJla Pa3MEPHOCTh CIIyYalHOW BETMYMHBI, BHIYUCIISIOT

HC JUCIICPCHIO, 4 CPCAHCC KBAAPATUICCKOC OTKIIOHCHHUC! O{X] - D(X}

Cpenunee KBapaTuueCcKoe OTKJIOHEHUE PABHO KOPHIO KBAIPaTHOMY U3 JUCIIEPCHUH,
MIO3TOMY €r0 pa3MEpPHOCTh PaBHA Pa3MEPHOCTH CIIy4ailHOUN BennunHbl. Hampumep,




ecyi X BhIpa)xaeTcs B JIUHEWHBIX METPax, TO O{X }

MeTpax, a D(X) — B KBaJIpaTHBIX METpaXx.

TOXKC BbBIPAKACTCA B JINHEHUHBIX

2. [Ipumep:
Haiimu cpeonee xeadpamuunoe omxioneHue cay4aiunou eenudunsl X, 3a0aHHOU
CLeOVIOWUM 3AKOHOM PaCnpeoeleHUs.:

U S0 O AN

0.2
0.15
0.35
0.3

Pewenue.

Haiioem mamemamuueckoe oxcuoanue M(X):
M(X)=2%0.2+4%0.15+6%0.35+8%0.3= 5.5

Cocmasum 3aKon pacnpeoenenus CyuauHo eenudunbl X :

X

4

16
36
64
P
0.2
0.15
0.35
0.3

M(X?)=4%0.2+16%0.15+36%0.35+64%0.3=0.8+2.4+12.6+19.2=35
D(X)=M(X°)-M*(X)=35-(5.5)°=35-30.25=4.75
Haiioem cpeonee xeadpamuunoe omxionenue:

o(X)=+D(X)=+4.75=2.18

IIpuMepsI AJ151 CAMOCTOATEIBLHOTO PellIeHUsA

1. TaHo cnenytoliee pacnpeaeseHue JUCKPETHON CIy4YalHOW BETUYHUHBI X
X

1
2



4

5

|

0.31

0.1

0.29

0.3

Haiitu ee maremaTnueckoe OXXKMJaHUEC, TUCIICPCUIO U CPCAHCKBAAPATUIHOC
OTKJIOHCHUC, UCIIOJIb3Y (I)OpMy.TIBI I UX OIIPCACIICHUS.

2. Jlan psig pacnpeesieHus: JUCKPETHOW CIIy4aillHON BEJTMYUHBI X:

X; | 10 20 30 40 50 60
b, 024|036 |0,20| 0,15 | 0,03 | 0,02

Haiitu ee matemaTudeckoe OKUJIaHUE, TUCTIEPCUIO U CPETHEKBAIPATUUHOE
OTKJIOHEHHE.

3. CnyqaﬁHa;I BEJIMYMHA X 3alaHa CJIICAYIOIIHUM 3aKOHOM PaCIIPCACIICHUA:

X1

1

3

6

8
D
0,2
0,1
0,4
0,3

HaiTu M(x) — MmaTremaTuueckoe oxxkuaanue, D(x) — nucnepcuro, (x) — cpeaHee
KBaJIPATUYECKOE OTKIOHEHHUE CIIyYaHOW BEIIMYUHBI

4. HaiiTu cpegHee KBaIpaTUue€CKOe OTKIIOHEHUE CITyYallHOW BEJIMYMHBI X , KOTOpas
3a/1aHa CJIEIYIOLINM PSIOM PaCIpeaeIICHUS:

X
2
3
10
P
0,1
0,4



0,5
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