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IHACITIOPT ®OHJIA OHEHOYHBIX CPEACTB

@DoH/T OICHOYHBIX CPEICTB MpEJAHA3HAYCH IS MPOBEPKU PE3yNILTATOB OCBOCHUS y4deOHOU
muciuminasl EH.02 Matematuka oCHOBHOW Ipo¢heCCHOHAIBHOM 00pa3oBaTeabHON HMpOrpaMMbl 110
cnerransHocTH 31.02.01 JleuebHoe nemo.

B pesynbrate ocBoenus yueOHou muctuuuimabl EH.02 MatemaTrka 00y4aronuiics J0JKeH

yMeThb:
e  pemaTh IPUKIAIHBIE 3a/1a41 B 00JacTH NPO(heCCHOHATBHON AEATEIbHOCTH;
3HATh:
e 3HAaYCHHE MAaTEMATHKH B MPOPEeCCHOHANBHON AesATeNbHOCTH U mipu ocBoenuu [1I1CC3;
® OCHOBHBIE MaTEMaTHUYECKHE METO/bI PELICHNUS MPUKIAAHBIX 3a/1a4 B 00J1aCTH
npodecCHOHAIBHON e TeNbHOCTH;
® OCHOBHBIE IIOHATHUS U METOJIbI TEOPUH BEPOSITHOCTEN U MaTeMaTH4YECKON CTaTUCTHKH;
®  OCHOBBI HHTErpalibHOTO U Au(PepeHnanTbHOT0 HCYHCIICHHS.
B pesynbTaTe n3y4eHus AUCIUTUIHHEI 00yJaromuiics ocBanBaeT oomue kommereHmn (OK):
OK 1. [lToHnMaTh CYIIHOCTh U CONMANBHYIO 3HAYMMOCTh CBOEH Oymyteit nmpodeccum,
IIPOSIBJIATH K HEM YCTOMYMBBIN UHTEPEC.
OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JESTEIBHOCTh, BEHIOUPATH TUIIOBBIE METO/IBI U CTIOCOOBI
BBINOJTHEHUS TPO(eCCHOHATBHBIX 331a4, OLIEHUBAThH UX 3()()EKTUBHOCTD U KaueCTBO.
OK 3. IIpuHUMATh pelieHMs B CTAHIAPTHBIX U HECTAHJAPTHBIX CUTYalUsIX U HECTU 32 HUX
OTBETCTBEHHOCTb.
OK 4. OcymiecTBIsATh IOUCK U HCIIOJIb30BaHNE HH(POPMALINN, HEOOXOTUMON IJIs
3¢ $EeKTUBHOTO BHIIIOJHEHUS BO3JIOKEHHBIX HA HETO MPO(EeCCHOHATIBHBIX 3a/1a4, a TAKXKe AJIS1 CBOETO
npo¢eCCHOHANLHOTO ¥ TMYHOCTHOTO Pa3BUTHSI.
OK 5. Ucnonb3oBaTh HHOOPMAITMOHHO-KOMMYHUKAIIMOHHBIEC TEXHOJIOTHH B
npodecCHOHANIBHON AEATETbHOCTH.
OK 12. Opranu3oBbiBaTh pabodyee MeCTO C COONIOJEHHUEM TpPeOOBaHUIM OXpaHbl TpPyHa,
MIPOU3BOJICTBEHHON caHUTapHHU, MHPEKIIMOHHOMN U POTUBOIIOXKAPHOH O€30MacHOCTH.
Homxen o6nagatb NpodecCHOHAIBHBIMUA KOMIETEHIHMSIMH, COOTBETCTBYIOIIMMH BUIAM
JeSITEIbHOCTH:
IIK 1.2. IIpoBOAUTH TUATHOCTUYECKUE UCCIICTOBAHUS.
[IK 1.3. IIpoBOIUTH MUArHOCTHUKY OCTPBIX U XPOHUYECKHUX 3200JICBaHHIA.
[1K 1.4. IIpoBoauTh TUArHOCTUKY OEPEMEHHOCTH.
[IK 1.5. IIpoBOOUTH [UArHOCTUKY KOMITJIEKCHOTO COCTOSTHHS 3/10pOBBS peOEHKa.
IIK 1.7. OdopMIIATh MEIUIMHCKYIO IOKYMEHTAIIHIO.
[IK 2.1. Onpenensats nporpaMMy J€4EHUS NALIMEHTOB Pa3IMYHBIX BO3PACTHBIX TPYMIL.
[IK 2.2. Onpenensith TAKTUKY BEICHUS MMAIUCHTA.
[1K 2.3. BeImonHsTh ie4eOHbIe BMENIaTebCTBA.
[IK 2.4. TIpoBoauTh KOHTPOJIB 3((HEKTUBHOCTH JICUSHHSL.
[IK 2.5. OcyiecTBiIsSITh KOHTPOJIb COCTOSIHUS TAIlMeHTA.
[IK 2.8. OdopMIIATh MEIUITMHCKYIO IOKYMEHTAIIHIO.
IIK 3.1. IIpoBOANUTH TUATHOCTHUKY HEOTIIOKHBIX COCTOSTHIIM.
[IK 3.2. Onpenensith TAKTUKY BEI€HUS MAlUEHTA.
T1K 3.3. BoIoaHATh J1eueOHbIE BMEIATENBCTBA 110 OKA3aHUIO MEAUIIMHCKON ITOMOIIY HA
JIOTOCTINTAIBHOM 3Tarle.
1K 3.4. IlpoBoanuTh KOHTPOJIb 3 (HEKTUBHOCTH HPOBOANMBIX MEPONPHUSITHH.
ITK 3.5. Ocy1iecTBiIsSITh KOHTPOJIb COCTOSIHUS TAIlMeHTA.
IIK 3.7. OdopMIIATh MEIUIIMHCKYIO IOKYMEHTAIIHIO.
[IK 4.1. Oprann3oBbIBaTh JUCIIAHCEPU3ALMIO HACEIECHUS U Y4aCTBOBAaTh B €€ IIPOBEACHUU.
[IK 4.2. TIpoBOOUTH CAaHUTAPHO — MPOTUBOSNUIEMHUUECKIE MEPOTIPUATHS Ha 3aKPEINIEHHOM
ydacTKe.
[1IK 4.3. IIpoBOAUTH CAaHUTAPHO — TUTHEHUYECKOE MPOCBEIICHNE HAaCEeIEeHUSI.
[IK 4.4. IIpoBOAXUTH JUATHOCTUKY TPYIII 310POBbSI.
[IK 4.5. TIpoBoAUTE IMMYHOTIPODWIIAKTHKY.



IIK 4.6. IIpoBOAUTH MEPOTIPUATHS IT0 COXPAHCHHIO M YKPETICHUIO 3[I0POBBS Pa3IMUHBIX
BO3PACTHBIX TPYII HACETICHMS.

[IK 4.9. OdopMIATs METUITMHCKYIO IOKYMEHTAITHIO.

[IK 6.1. PanoHanbHO OpraHU30BBIBATH ACATEILHOCTD MEPCOHANA C COONIOICHIEM
TICUXOJIOTHYECKUX U ITUIECKUX aCTIEKTOB PabOTHI B KOMaH/IE.

[IK 6.2. [ImanupoBaTh CBOIO AESITEIHHOCTH Ha (heTbAIIePCKO-aKyIIIEPCKOM ITYHKTE, B
3/IPABIYHKTE TPOMBIILICHHBIX MPEIMPUITHH, TETCKUX JOUTKOIBHBIX YUPSKICHUSIX, IICHTPaX O0IICH
BpadeOHOM (CeMEITHOM) IPAKTUKN U aHATH3UPOBATH €€ 3 (PEKTUBHOCTS.

[IK 6.3. Bectn MEANIIMHCKYIO TOKYMEHTAIIHIO.

[IK 6.4. OpraHu3oBbIBaTh U KOHTPOJIMPOBATH BHITIOJIHEHUE TPEOOBAHUIN MPOTHUBOTIOKAPHOM
0e30MacHOCTH, TEXHUKU 0€30MacHOCTH M oXpaHbl Tpyaa Ha DAlle, B 3/paBIyHKTE MPOMBIILICHHBIX
MPEPUATHH, TETCKAX IOIIKOIBHBIX YUPEXKISHIX, IIeHTpax oduce ooOmeil BpaueObHol (ceMeitHon)
MIPAKTHUKY.

®DopMoii TPOMEKYTOYHOH aTTECTAIIMH IO YUSOHON AUCIUTUINHE SBJISCTCS IK3aMEH.



Pe3y.]'ll>TaTbl O0CBOCHMUSA y‘leﬁHOﬁ AUCHUILIMHBI, IOAJICKAIIIME IPOBEPKeE:

Ne Ha3znauyenue KonTtposupyemsie Bup oneHoYHBIX PesyabTar
n/n donpna AUAAKTHYECKHUE MaTepHaJioB
OLICHOYHBIX eAHHHIbI
CpeAcCTB
1. Texymuit - IOHSTHE: TPOMOPIIUH, IPOLIEHTA, [IpakTrueckas 3Haer:
KOHTPOJIb €IVHHLIBI H3MEPEHMS, pabota Nel,2 MOHATHE: IPONOPIIVIH,
- BUJIbI €JTHULl U3MEPEHHS, [ICHA MPOLIEHTA, €AHHHULIBI
JIeNeHus M3MEpEeHus,
- BU/IbI €JVTHALl U3MEPEHHS,
LIEHY JCJICHUs.
2. Texymmii — HOHATHE YUCIIOBOU IIpakTHueckue 3Haer:
KOHTPOJIb MOCIIE€A0BATENBHOCTH, 3ansTasg Ne3,4 — MOHSTHE YUCIOBOMI
— CHOCOOBI 3a1aHUS MOCIIE0BATENBHOCTH,
MOCIIEA0BATENBHOCTH, — CIOCOOBI 3a/1aHUs
— MOHATHE IIpeaena IIOCJIEI0BATENBHOCTH,
MOCIIEA0BATENBHOCTH, — MOHATHE Ipeaena
— OCHOBHBIE CBOMCTBA NPENEIOB MTOCIIE0BATENBHOCTH,
— OCHOBHBIE CBOWCTBA
IIPEIENIOB;
Ymeer:
— COCTaBJIATH (POPMYIIBI
3a/1aHUs
TOCIEIOBATEILHOCTEH,
— BBIYHCIIATH NPEAETBI
[IOCJIEI0BATENBHOCTEN
— MPUMEHATH OCHOBHBIE
CBOICTBa
[IOCJIEI0BATENBHOCTEN ITPU
pEIIeHNH MPaKTUIECKUX
3a]a4
3. Tekyuuit — IpHUpalICHNs apryMEHTa U IIpakTnueckne 3Haer:
KOHTPOJIb byHKIUY; 3aHsTHA Ne5,6 — OmpeeNeHus MPUpPAIICHUS

— Ipou3BOJHAsA QYHKLNH,
(hU3UYECKUI 1 TEOMETPUIECKUIA
CMBICJIBI IIPOU3BOIHOM;

— mocTpoeHue rpaduka GyHKINH C
MTOMOILIBIO IPOU3BOJHON

— YpaBHEHHUE KacaTeIbHOH K
rpaduKy QyHKIUH;

— HauOoJbIlIce U HAUMEHbLIEE
3Ha4YeHUE QPYHKIHH;

— MPOM3BOJIHAS B (DUBHKE.

aprymenTa 1 (yHKLUH;

— TOHATHE O TPOU3BOIHON
¢byHKIMH, QHU3HYECKOM U
reOMETPHYECKOM CMBICIIe
MIPOU3BOIHOM;

— HUCCIEIOBAaTh W MOCTPOHTH
rpaduk byHKIUHU c
MOMOILBIO TIPOU3BOIHON

— YpaBHEHHE KacaTeJIbHOW K

rpaduKy QYHKIUH;,

- HanOosbIIee "
HanMeHbIIee 3HAYEHHUE
dhyHKINH;

— IPOM3BOJIHAS B (PHU3HKE.
VYmeer:

— HaxXOIUTb TPOU3BOJIHBIE
3JIEMEHTAPHBIX (QPYHKIHIH;

- UCIIOJIb30BaTh
MPOU3BOJHYIO U M3YYECHUS
CBOIICTB ¢byHKUMH u

MOCTPOEHUS TPa(UKOB;
— TNPUMEHSATH MPOU3BOAHYIO




IUist MIPOBEICHHS
NpUOTMKEHHBIX
BBIYUCIICHUH, pelIaTh 3a1a4u
NPUKIAJHOTO XapakTepa Ha
HaXOXKACHHUE HAHOOJBILETO U
HaMMEHBIIEro 3HAYCHHUS;

- UCIIOJIb30BaTh
MpUOOpETEeHHBIC 3HAHWS U
YMEHUS B  IPAKTHYECKOU
JeATeIBHOCTH "
MOBCETHEBHON KM3HU JUISL:
penIeHus HPUKJIATHBIX
3a7a4, B TOM  YHCIe
COIMATbHO-KOHOMUYECKHX
u ¢du3nUecKux, Ha
HanOOJbIINE W HAUMCEHBIINE
3HAYCHUS, Ha HAXOXKICHHE
CKOPOCTH U YCKOPEHHSI.

Texymuuit — nepBooOpazHas u [IpakTnueckue 3Haer:
KOHTPOJIb OTpeIeJICHHBIA UHTETPa; 3anaTus Ne 7,8 — MOHSATHE TIEPBOOOPA3HON U
— IpaBHJIa BBIYUCICHUS OIpEeeTICHHOTO NHTETPaa;
HepBOOOPa3HOIL; — TpaBWiIa  BBIYMCICHHA
— (hopmyna HetoToHa — JleiiOnua; nepBOOOpa3HON;
— ¢opmyna HeproToHa —
Jleiibnuma;
Ymeer:
— HaXOJWTh NEPBOOOPA3HBIC;
— BBIYUCIIATH OINPEAeIeHHbIH
HHTETrpal " TUIOIIAN
KPUBOJIMHENHON Tpanenuu;
— paboraTh  CIPaBOYHBIM
MaTepHaoM;
- ENCTBOBATH o
AITOPUTMY
Texymmii 0 knaccudukamuy | [IpakTndeckas OCHOBHBIE THITBI
KOHTPOJIb TG PepeHINAIBLHBIX  ypaBHEHUH padora Ne9-11 QG pepeHInaATEHBIX
ay) YpaBHEHHH M METOIBl HX
0 TPUHIAIIAX MOCTPOCHUS penieHus
AHATUTHYCCKUX pelieHni METO/IBI peteHus
OOBIKHOBEHHBIX HEOJHOPOJIHBIX  JIMHEHHBIX
g dhepeHInaNbHBIX YPaBHEHUIHA cucteM nuddepeHInaIbHbIX
00 UCCIICZIOBAHUU ypaBuenuii (JICY)
TG PepeHINATEHBIX YPaBHEHUH C OCHOBHEIE TIPUHIIHITBI
napameTpoM METOAaMHU TEOpHUH YCTOMYMBOCTH
ACHMITTOTHYECKUX Pa3NIOKEeHUH cucteM judepeHIHanbHbIX
0 TIOCTPOCHHMM Pa3HOCTHBIX CXEM ypauenuit (CLY)
peleHnss KpaeBbIX 3a7ad M 3a/1ad METOABI HHTETPUPOBAHUS
Komm TG pepeHINATBHBIX
0 TIPUMCHEHHH BapHAIMOHHBIX YpaBHEHUH TIPH  [TOMOIIU
METOJIOB Ul PEICHHsT KpPaeBBIX psIoB

3aaad

METOABI PpEIICHUs] KPaeBbIX
3aJa4 C TOMOIIBI0 (PYHKIUU
I'puna

METOABI oTpeiesIeHHs
COOCTBEHHBIX 3HAUYEHUH U
CcOOCTBEHHBIX dyHKIM
g depeHIraTbHOTO




omnepaTtopa

METOJIBI TEOpUHU
BO3MYLICHUN

METObI PELICHUS YPaBHEHUN
B YaCTHBIX MPOU3BOAHBIX
[IEPBOTO MOpsAKa
YHUCJICHHbIE METO/BI
pelIeHus Ha4allbHOM 3a1a4u
Pa3HOCTHBIE u
BAPUALIMOHHBIE METObI

PCHICHU KPACBLIX 3a4a4

Texynuit
KOHTPOJIIb

OTIpEIEIIATh CXOANMMOCTD PSAa;
MPENICTABIATh (DYHKIIUIO B BHIE

CTEIEHHOTO PAJa;

MIPUMECHSTh PAABI IS

MPHOIMKEHHBIX BHIYHCIICHHN.

[IpakTHueckue
3aasaTHsS Nol2

IIOHATHUE YHUCIOBOTO PSIa;
MOHATHE CXOIUMOCTH PSIa;
HEOOXOTUMBIi MIPHU3HAK
CXOJMMOCTH pAAa;
JloctaTounbie
CXOJUMOCTH psfa;
MoHATHE (QYHKIIMOHATBHOTO
psina;

pasnoxenne (OYHKIUH B
creneHHo# pan Teinopa.

MIPU3HAKU

Tekyuuit
KOHTPOJIb

MeTonap! BEIYUCICHUSA
OIpeAEIUTENEH.

[TonsTE MaTpULIBL.

Bunsr maTpui.
HesbipoxxaeHHas MaTpuia.
JIvHeiiHbIe onepauuu Hajg
MaTpuLaMHu.

[IpakTuueckue
paboTel Ne 12,13

CBoiicTBa TMHEHHBIX
ornepauyid HaJl MaTpULlaMHu.
[IpousBenenue matpuil.
CBolicTBa YMHOXKECHHUS
MaTpHUILIEI HA MATPHILY.
Heo0Oxomumoe u
JIOCTaTOYHOE yCIIOBHE
CyIIECTBOBAHUS MaTPHIIBI,
o0OpaTHOM
JTAHHOW. AJITOPUTMBI
HaXO0XJICHUS] MaTPUIIHI,
o0OpaTHOM
nanHoi. Onpenenurenu
B3aMIMHO — OOPaTHBIX
Matpuil. Padr mMaTpuipl.
Crioco6b! HaXOXKIEHHS paHra
MAaTpHIIBL.

Cucrema JUHEHHBIX
areOpanvecKux ypaBHECHHH.
OCHOBHBIE TTIOHATHS U
omnpejeneHus. Pemienue
CHCTEMEI.

Texymuit
KOHTPOJIb

— MepPeCcTaHOBKa, pa3MEIICHUE U
coYeTaHue;

— ¢opmyira 6mHoma HeroToHa;

— BJIEMEHTHl KOMOMHATOPUKHU

— MeToJ Iepedopa,

— aHaNIM3 PeaAbHBIX YUCIIOBBIX
JaHHBIX, IIPEACTAaBJICHHBLIX B BUIC
Juarpamm, TpauKoB.

[IpakTnueckue
3ansaTus Nel4,15,16

3Haer:

— ompeJieNieHne
[IEPECTAHOBOK, pa3MEILEHUI
M COYCTaHMII;

— ompeneneHue Gakropuana
1 BBIYUCJICHHUEC €TI0 3HAYCHUA,
— Mertop repedopa

— aHaJIN3 peaTbHBIX
YHCJIOBBIX JAaHHBIX,
MPEACTABJICHHLIX B BUJIC




Juarpamm, rpa)uKosB.
‘YMeeT uCIoNb30BaTh:

— [P peleHUH
MPaKTUYECKUX 3a7a4
IIPEICTABICHUS O
[EePEeCTaHOBKAX,
Pa3MEICHHSX U COUCTaHHSX;
— ¢opmyy OuHOMA
Hrrotona;

— 3JIEMEHTBl KOMOMHATOPHUKH
— IpHU pelICHUH MPOCTEHIINX
KOMOWHATOPHBIX 3a7a4
MeToA nepedopa, a TakKe ¢
W3BECTHBIE (HOPMYIIBI,

— aHaJM3 peajbHBIX
YHCJIOBBIX JTAHHBIX,
MPEICTABICHHBIX B BUAE
Jmarpamm, rpauKoB.

IIpomexxyTouHa
sl aTTecTalusl B

dhopme
JK3aMeHa

TpeboBanus K  pe3yibTaram
OCBOCHHSI y4eOHOW JHMCUMITIHHBI
«MaremaTHKa» B COOTBETCTBUH C

droc CPeIHEro o011ero
o0pa3oBaHHs TI0 CICIHHUATBHOCTH
31.02.01 JleueOHOEe pmeno oOT

12.05.2014r. N 514

IIporpamma
MIPOBEICHHUS
MIPOMEKYTOUHON
aTtectanuu B opme
9K3aMEHa

CooTBeTCcTBHE YPOBHS
MOJATOTOBKH 00YyYaroIIerocs
tpedoBanmsiM ®I'OC
CpeIHero o0IIero
o0pa3oBaHus

OK1-5,12

MK 1.2 - 15, 1.7, 2.1 - 2.5,
2.8,3.1-35,37,41 - 4.6,
49,6.1-64




Kontposnnas paGora

Bapuanr 1
1.JInneiinas anredpa
Boruucnuth onpenenutenu
5 5 6 0 5
1.12? 1.29?‘ 13 [0 2 0
4 0 9

Pemmnts cucteMsl ypaBHEHUN

bx4+ 2y =11
14 {4}:—}?: 14

3x+4yv+2z=28
x+5y+2z=5
2x+3y+4z=3

1.5

2. AHajTuTHYECKAsI TeOMeTpusl

3amansl Touku A(-1, 2), B(0, —2), C(5, 1). TpebyeTtcs:
2.1 Hauepruts Tpeyronsauk ABC .

2.2 Haiita koopauHatel BekTopoB  AB, AC u BC
2.3 Haiitu anunst cropod AB, AC, BC

2.4 HaiiTu yriel TpeyroyibHUKA.

2.5 Haiitu miomans Tpeyroasuuka ABC .

2.6 CocraButh ypaBHeHus npsiMbix AB, AC , BC.

3.IIpenensl. [IpousBoanasi.
Brruncnuth npenensl

2 3
31 fim X THX=3 o) iy 1 2XEX

>3 3x* —8x -3 x> 10x° + x* —80
3.3 Haiitu npoussoanyto Gynkuun y=(2x3 — 5x)-sinx
3.4 Haiitu HanGonpliee ¥ HANMEHbIIee 3HaYeHNE PYHKIMH Ha OTPE3Ke
V=3x>+12x-7 [-3; 0]
3.5 UccnenoBaTh (yHKIUIO U HOCTPOUTH rpaduk y = x° - 4x% - 3x + 6

4.Unterpan. Iuddepenunaibubie ypaBHeHH.
BerunicnuTs HHTErpas

41 [=(x+1)(5x—3)dx
42 [ 4x(x—3)(2x + 7)dx

4.3 BBIYMCINTH IUIOMAAbL UTYPHI, OTPAHUYEHHOM JIMHUAME: T1apabosion y=x’+1, npsameiMu X = -1,
x=2 U Oocbr abcuuce

Pemmth muddepennnanbable ypaBHEHUs

4.4 (Y-1)dx — (X+2)dy =0

45 Y-Y’-12Y=0

5. Teopusi BepOSITHOCTH M MATeMATH4YeCKAasA CTATHUCTHKA.

5.1 Ha sk3ameH BoiHeceHO 60 BompocoB, AHApel He BIy4ri 3 u3 HuX. Haiinnte BEposITHOCTH TOTO, YTO
€My MOIMAaJETCsl BBIyYEHHBINA BOIIPOC.

5.2 Tlpu U3roTOBICHUU NOJIIUITHUKOB TUAMETPOM 67 MM BEPOSTHOCTh TOTO, YTO AHAMETP OYJET OTIIHU-

Y9aThCS OT 3aaHHOTO He Oombine, yeM Ha 0,01 MM, paaa 0,965. Haiinure BEposSITHOCTS TOTO, YTO CIydai-
HBIH MOJIIMITHUK OYJIE€T UMETh TUaMETP MEHbIIe 4eM 66,99 MM niu 6obiie yem 67,01 M.

5.3 Pacnpenenenue padournx AO 1o ypoBHIO €XKeMEeCSYHOH OIUIaThl TPyAa

['pymmsl pabouwnx 1o org Jio 8 8-9 9-10 10-11| 11-12| 12 u Gonee
TpYJa, THIC.pyO.
Uwucno pabounx, 4el. 5 15 20 30 16 14




OnpenenuTts cpeiHUi ypOBEHb OIUIATHI TPYAa

5.4 CocTaBuTh 3aKOH pacIpeneyieHus] Yrcia MOpPaKeHWH MHUIICHH W3 3 BEICTPETIOB, €CIH BEPOSTHOCTDH
HopakeHWs TpH KaxaoM BbicTpene pasHa 0,8.HaiiTm maTemaTrndeckoe OXHIaHWE, AWUCIEPCHUIO U
CpeiHee KBaIpaTUYHOE OTKIOHEHHE.

5.5 CpennemecsuHas 3apruiata 3a Bel4eToM HajioroB cocrasuia 10000py0Oneit B 6a3ucHOM roay u
12000 py0meii B oTueTHOM roay. [loTpedburenpckue eHbI MOBBICHIIMCH B OTYETHOM TOJTy 1O CPAaBHEHHIO
¢ OazucHbIM B 1,5 pasza. Paccunraiite uHIIEKC MOKYNATEIBHON CIOCOOHOCTH ACHET, HHACKC HOMUHATBLHON
3apIyiaThl U HHICKC PEabHON 3apIlIaThl.

Koutpoabnast padora

Bapuanr 2
1.JInneitnas anredpa
Boraucnuts onpenenutenu

6 0 5
1S 4 12 [ _55‘ 13 |0 2 0

4 0 8

Pemwnts cucteMbl ypaBHEHUI
Ixt+4y+2z=286
1.4 {45x+ ¥ = 15? 15 {Ex +10y +4z =10
xTY= 2x +3y+4z=3
2.AHaJINTHYeCKasi FTeOMeTPHS
3anpansl Touku A(0, 3), B(-1, —1), C(4, 1). TpeGyertcsi:
2.1 Haueprtuts TpeyronasHuk ABC .
2.2 Haiitu koopauHatel BektopoB  AB, AT u BC
2.3 Haiitu nmunst cropon AB, AC , BC
2.4 HaliTu yribl TpeyroibHUKA.
2.5 Haiitu muiomanps tpeyrojsauka ABC .
2.6 CocraButh ypaBHenus npaMbeix AB, AC, BC.

3.IIpeneasl. lIpousBognas.
Brruncnuth npejensl
4% —Bu—4 lim z-sx—9:

- 3.2
=2 a2 _5x-2 ¥ — 00 1033 —6x—9

3.1lim

3.3 Haiitu npousBoanyio pyHkimu Y=(2x* — 5x)-sinx

3.4 Haiitn HanOoIbIliee ¥ HAMMEHbIIIee 3HaYeHHe (DYHKITUH Ha OTPe3Ke
V=3x2+18x-7 [-4; 0]

3.5 UccnenoBath GyHKIHUIO M TOCTPOUTH rpaduk y = 2x° - 3x% + 6

4.Unterpay. [Inpdepenunaibubie ypaBHEHH.
Brraucianuts HUHTETpaJibl

41 [=(2x+1)(5x— 3)dx
42 [ 4x(2x —3)(2x + 7)dx

4.3 BBIYMCINTH IUIOMAAbL UTYPHI, OTPAHUYEHHOM JIMHUAME: Tapabosion y=x’+1, npameiMu X = -1,
x=1 U Oocblo abcmucc

Pemnth nuddepennnanbable ypaBHEHUS

4.4 (Y-5)dx — (X+3)dy =0

45 Y’-Y’-6Y=0



5. Teopusi BepOSATHOCTH U MaTeMaTH4YeCKas CTATHCTHKA.

5.1 Ha sx3ameHn BeiHeceHO 60 BompocoB, AHapeill He Belyuri 6 u3 HuX. Haliaure BeposSATHOCTD TOTO, UYTO
eMy TonajJieTcs BElyd9eHHbII BOIPOC.

5.2 [Ilpum M3roTOBIEHHUH MOJIIUITHUKOB TUAMETPOM 65 MM BEPOSITHOCTH TOTO, YTO AUAMETp OyIeT OTIIH-
4yaThCsl OT 3a1aHHoro He Oounbiie, yem Ha 0,01 mm, paBHa 0,964. Haiimute BEpOSITHOCTD TOTO, YTO CITydaii-
HBIH TOJIIIUITHUK OYJIET UMETh TUaMEeTp MeHbIe ueM 64,99 MM miu Oombiire yem 66,01 M.

5.3 Pacnpenenenue padounx AO 1Mo ypoBHIO €KEMECSYHOMN OTIaThI TpyAa

I'pymnmbl pabovux mo 1o 8 8-9 9-10 10-11| 11-12 | 12 u Gonee
OILIaTe TPYJa, THIC.pYO.
Yucno pabouux, 4el. 6 15 19 28 18 14

Onpenennuts CpeHIA yPOBEHD OTUIATHI TPYIa

5.4 CocrtaBuTh 3aKOH pacrupepeNieHHs] YHucia MOpaKeHWH MUIICHH M3 5 BBICTPENOB, €CIIH BEPOSTHOCTD
MOpaKeHHUsT TpU KaxaoMm BeicTpene paBHa 0,7.Haifth marematuueckoe OXHIaHUE, IUCIEPCHIO H
cpenHee KBaIpaTHIHOE OTKIIOHEHHE.

5.5 CpennemecsyHas 3apruiata 3a BeraeToM HanmoroB coctasmia 10000py6ineit B 0a3ucHOM Toy U
12000 py6ueii B oTueTHOM roay. [loTpeOuTenbcKue eHbI MOBBICHIIMCH B OTYETHOM I'OJTY 10 CPAaBHEHHIO
¢ 0a3ucHbIM Ha 30%. PaccunraliTe MHIEKC TOKYIIATSIILHOM CIIOCOOHOCTH JICHET, MHJICKC HOMUHAIILHOM
3apIUIaThl U UHAEKC PealbHON 3apTIIATHI.

IIpunoxenue 1
IIpakTnyeckue 3ansaTus Nel
Pacu€T nporueHTHON KOHUEHTpauru pacTBopa.
3amaua Ne 1. Ompenenute 1eHy AeNCHUS IIIPULA, €CIH OT MOAUTOJILHOTO KOHYyca 10 mudpsl «1» - 10
JICJIEHUH.
Pemenue: Jlns ompenmeneHusl LeHBI JIeNIEHWs] WINPHIA, HeoOXxoaumo mudpy «1» pasnenuTh Ha
Kom4ecTBo aeneHuit 10.

i =0,lmn.
10

OrtBer: 1ieHa feneHus mnpuua pasHa 0,1 M.

3agaga Ne 2. Onpeaenure 1eHy JIeJICHUS MITIPHIIA, €CITU OT MOMTOJILHOTO KOHYCA JI0 ITUGPHI «5) -
10 nenenuid.

Pemenwne: Jns ompeneneHus IeHBI AENSHUS IIMNPUIA, HEOOXomumo 1udpy «5» pas3nenuTtb Ha
KoJu4ecTBo aeneHuit 10.

5

— =0,5m.
OtsBerT: 11eHa AeneHus mmpuia pasHa 0,5 M.

3anmaya Ne 3. Onpenenurte IeHY AEACHHS IINPHUIA, €CIH OT MOIUTOJIBHOIO KOHyca 10 Upbl «5» - 5
JIeTIeHU .

Pemenwne: [lns omnpeneneHuss I[EHBI JICICHUS
mmpuia, HeoOXoauMo IUdpPy «S5» pa3lenuTh Ha
KOJIMYECTBO JEJICHUM 5.

§=ZI.Mﬂ.
5

OrBert: [CHa ACJICHUA IIIIPpUIia paBHA 1 M.

3agaga Ne 4. Onpenenute 1eHy AEIEHUS IIMPUIIA,
€CJIM OT MOAMIOJILHOrO KoHyca 10 nudpsl «10» - 5
JIeJICHUI.

7



Pemenne: Jlns ompemencHHs IICHBI NCJICHUS IINpuila, HeoOxomumo mudpy «10» pasgenuTs Ha
KOJIMYECTBO JIEJICHUI 5.

10

— =2Mmu.
OTBCT: IICHa ACJICHUA IHHpI/IHa paBHa 2 MJI.

3amaga Ne 5. Ompenenure 1eHy JeIeHNs HHCYIHMHOBOTO Immpuna B EJI, eci oT moguronpHOTO KOHyCa
no umrcina «20» - 5 neneHuii.

Pemenue: [nst onpesaeneHus LEHBI — JAEJICHUS MHCYJIMHOBOTO IINPHUIIA, HEOOXOAMMO LHUPPY «20»
pa3AeNuTh Ha KOJIUYECTBO ACICHUM 5.

20
== 4E].
c A

OtBer: 1IeHa AeieHns mmpuia pasHa 4 EJI.

OOPMVIJIA JI4 PELIEHMA 3AJJAY HA PA3BEJIEHME PACTBOPOB
(moyunTh U3 60Jee KOHIIEHTPHUPOBAHHOTO PACTBOpPA MEHEE KOHIICHTPHPOBAHHEIH )
1 neiictBue:

Vv o (C,
V __ " neobx.(mn) Yoreobx. (1)

xony.(mn) — C
Y%ucxoo.

Viom. — KOMHYECTBO MI OoNee KOHIIEHTPHPOBAHHOTO PAcTBOpa (KOTOPEIA HEOOXOAMMO
pas3BecTH)

V,.o6. — HEOOXOIMMBIIT 06beM B MJT (KOTOPBIH HEOOXOIUMO IPHTOTOBUTH)

Cyio06, -~ KOHIIGHTpAIIMsT MEHEe KOHIIEHTPHPOBAHHOTO PacTBOpa (TOro, KOTOPHIH HEOOXOANMO
TIOJTyYUTh)

Cotueroo, - KOHIICHTpALHs 60JIee KOHLIGHTPHPOBAHHOTO PACTBOPA (TOr0, KOTOPBIN PAa3BOANM)

2 nelcTBHUE:

Konmuectso mn Boawl (wiu pasbasurens) = V.. —V,,,, i Boasl 10 (ad) HeobXomumoro

oovema (V. )

3amauaNe6. Bo ¢umakone amnummmuHa HaxomuTcs 0,5 CyXoro JIeKapCTBEHHOTO CPEJCTBA.
CKOJIBKO HYKHO B3Th pacTBOpuTeNsi, 4ToObl B 0,5 Mt pacTBopa 60610 0,1 T cyX0ro BemecTsa.
Pemenne: npu passemenun aHTHOMOoTMKa Ha 0,1 T cyxoro mopomka Oepyr 0,5 wmi
pacTBOpPUTEIIS, CIIEAOBATEIbHO, €CIIH,

0,1 r cyxoro BemectBa — 0,5 MJI paCTBOPUTEIS
0,5 r cyxoro BelecTsa - X MJI PaCTBOPUTEIIS

MOJIyJaeM:
w2 29x05 50
01

Otset: utoOnl B 0,5 Mi pactBopa Opiio 0,1 T cyxoro BemecTBa HEOOXOIUMO B3SITh 2,5 MII
pacTBOpHUTEIIS.

3amaga Ne 7. Bo ¢nakone menummumnaa Haxoautcs | muH. EJ] cyxoro jexapcTBEHHOTO
cpeactBa. CKOJIBKO HYKHO B3Th pacTBopuTessi, uroOsl B 0,5 miu pactBopa Osuto 100000 EJl cyxoro
BEIIECTBA.

Pemrenne: 100000 EJI cyxoro BemectBa — 0,5 M cyxoro BemiectBa, Toraa B 100000 EJ] cyxoro
BemecTsa —0,5 MII CyXoro BelIeCTBa.

1000000 EX — x

Q5x1000000
X= =5
100000




Otser: uro6s! B 0,5 M pactBopa 6610 100000E]] cyxoro BemecTBa HEOOXOAUMO B3STh 5 MII

pacTBOpUTETISL.

3agaua Ne 8. Bo ¢Qnakone okcammnunaa naxogutcs 0,25 cyXxoro JeKapCTBEHHOI'O CpEACTBa.
CKOJBKO HY>KHO B35ITh paCTBOpPHUTENS, 4T0OKI B 1 My pacTBopa Oput0 0,1 T cyxoro BemecTBa

Pemenue:
1 mn pactBopa — 0,1r
X MJI -0,25r
1x0,25
X = =25 mn
01

OrtBer: uToOBI B 1 M1 pacTBopa Ob110 0,1 T CyXOro BemiecTBa HY>KHO B3ATh 2,5 MII paCTBOPUTEIISI.

3amaga Ne9. llena nemenust macynuHOBoro mmpuia — 4 EJI. CKOJXBKUM JeNeHusM MIIpuIa

cootBerctByeT 28 EJI. uncynuna? 36 EJI.? 52 E/1.?
Pemenwne: [lns Toro, 4roObl y3HATH CKOJBKHM [EJIEHWSM ImIpuma coorBerctByeT 28 EJI.
WHCYJIMHA HeoOxoanumo: 28:4 =7(neneHusm).
AmnanoruyHo: 36:4=9(neneHusm)
52:4=13(nenenusm)
OtseT: 7, 9, 13 neneHusam.

3amaua Ne 10. Cxonbko Hy*)HO B35Th 10% pacTBOpa OCBETICHHOM XJIOPHOHM M3BECTH U BOABI (B

nuTpax) ans npurorosneHus 10m 5%pacreopa.
Pewenue:
1) 100r->5r
10000 - x

10000 x 5

x =———="500 (r) akruBroro Bemecrna
100
2) 100% — 10r
x % — 500r

X = M = 5000 (mx) 10% pactBopa

3) 10000-5000=5000 (M) BOIBI
OtBeT: HE0Ox0UMO B3sTh S000MI OCBeTIIeHHOM XITopHOU U3BecTH 1 SO00MIT BOJIBI.

3amaga Ne 11. Ckonbko HyXHO B3ITh 10% pacTBOpa XJIOPHOM M3BECTHM M BOABI JUIA

npurotoBienus 51 1% pacteopa.
Pemenne:
Tak xak B 100 M1 cogeprkutcst 10 T akTHBHOTO BEIIECTBA TO,

1) 100r — 1M
5000 M — x

5000 x 1
X=—->
100

=50 (m) axTuBHOTO BemecTBa
2) 100% — 10mn
X %— 50Mmn

100 x 50
X = T =500 (M) 10% pactBopa

3) 5000-500=4500 (m1) BOABI.

Ortset: HEoOxoaumo B3sTh 500 Mt 10% pactBopa u 4500Mi1 BOABL.

3amaua Ne 12. Ckonpko HyxHO B3ATh 10% pacTBOpa XJIOPHOM HU3BECTH W BOABI JUIA
npuroroBienus 21 0,5% pactBopa.

Pemenne:



Tak xak B 100 Myt comepxutcst 10 MiI akTHBHOTO BEIIECTBA TO,
1) 100 % — 0,5Mmu

2000 —x
2000 x 0,5
X =———— =10 ( M) axTHBHOrO BemecTBa
100
2) 100 % — 10 mx
x — 10 M
100x10
x=———— =100 (mn) 10% pactBopa

3) 2000-100=1900 (M) BOAKL.
OrtBert: HEeoOxoaumo B3sTh 10 M1 10% pactBopa u 1900 M BoabI.

3amaga Ne 13. CKoOIbKO HYXHO B3SATh XJIOpaMHHa (CyXO€ BEIIECTBO) B T M BOMABI JUIA
npurotoBienus 1 murpa 3%pactBopa.

Pewenue:
[Ipouent — konuuectBo Bemiectsa B 100 mit.
1) 3r—100 mn
x - 10000 mn
X
X= 3x1000 =300 r
100

2) 10000 — 300=9700mu1.
Otser: s mpurotosieHust 10 nutpoB 3%pactBopa HeoOxoaumo B3sTh 300r xjopamMuHa U
9700MI1 BOOEL.

3amaga No 14. CkoJIbKO HY>KHO B35Th XJIOpaMUHA (CyXOr0) B T' M BOJBI JUIsl IPUTOTOBIEHUS 3-X
mutpos 0,5% pactBopa.

Pewenue:

[Ipornent — konmuecTBo BemecTBa B 100 mit.

1) 0,51—100 M

X -3000 mix
e 05x%3000 15 ;
100

2) 3000 — 15=2985mu1.

Oteet: st npurotosieHus 10 yutpoB 3%pacTBopa HEOOXOAUMO B3iTh 15T XJiopamMuHa U
2985MI1 BOAEI

3amaga Ne 15. CkonbKO HY)KHO B3ATh XJOpaMHHA (CyXOro) B I' M BOJABI JUISl IPUTOTOBJICHUS 5
muTpoB 3% pacTBopa.
Pemenue:
[IporenT — konmmaecTBo BemecTBa B 100 mit.
1) 3r—100 mn
x -5000 ma

_ 3x5000 150 .

10
2) 5000 — 150=4850mu1.
OtBet: u1a npuroTosieHus 5 uTpoB 3%pacTBopa HeoOxoauMo B3ATh 150r xmopamuua u 4850
MJI BOJBI.

X

3amaga Ne 16. [{nst moctaHOBKH corpeBatomiero kommpecca u3 40% pacTBopa 3THIOBOTO CIIUPTA
HeoOxomuMo B3ATh SOMi. CKONBKO HYXKHO B3ATh 96% coupra Uisi TMOCTAaHOBKH COTPEBAFOIIETO
KoMmmpecca?



Pemenne:
ITo popmye (1)
0
_ 50 x 40% = 21amr
96%

OtBet: sl MPUTOTOBJIEHMST COTPEBAIOIIET0 Komrpecca u3 96% pacTBOpa ITHIOBOTO CIHpPTA
HE00XO0UMO B34Th 21 MIL

3amaga Ne 17. IIpuroroButs 1 autp 1% pacTBOp XIOpHOH M3BECTH I 00paOOTKH MHBEHTAPS U3
1 mutpa matogroro 10% pacTtBopa.

Pemenue: Iloacuutaiite ckonbko HyXkHO B3aTh Ma 10% pactBopa st mpurotoBieHus 1%

pacTBopa:
10r — 1000 mi
Ir - x M

x=@2100ﬂm
10

Otset: UtoObI npuroroButs 1 nmutp 1% pacTBopa xJI0pHOH H3BecTH HY>KHO B3aTh 100 mu 10%
pactBopa u 100aBUTh 900 MJT BOJIBI.

3amaya Ne 18. BonpHOW MOMKEeH MPUHUMAThH JIEKapcTBO Mo 1 Mr B moporikax 4 pasa B JIeHb B
TEYCHHUHU 7 JTHEH, TO CKOJILKO HEOOXOAUMO BBITTUCATH JAHHOT'O JIEKapCcTBa ( pacyeT BECTH B paMMax).

Pemenne: 1r = 1000mr, ciegoBarensro, 1 mr = 0,001 T.

[MoxcuwnTaiiTe CKOIBKO OOTBHOMY HEOOXOIMMO JEKapCTBa B JICHB!

4* 0,001 r = 0,004 r, ciemoBaTrenbHO, Ha 7 THEH eMy HEOOXOIUMO:

7% 0,004 r= 0,028 r.

OTBeT: maHHOTO JIeKapcTBa HeoOxomuMo Beimucath 0,028 T.

3amaya Ne 19. BomsHOMYy HeoOxoaumo BBectH 400 ThICSY eqUHMII TEHUIMILIHMHA. DakoH mo 1
MuuTnony enuHuI. Passectu 1:1. CkompKo MIT pacTBOpa HEOOXOIUMO B3STh.

Pewenue: Ilpu passenenun 1:1 B 1 mu pactBopa comepxkutcst 100 Thicsiu equHuy aedcTBus. 1
¢1akoH MeHUIMIUIMHA TI0 | MULTHOHY eauHuIl pa3Boanm 10 M pactBopa. Ecnu 60sHOMY HEOOX0AMMO
BBecTH 400 THICSY €MHMUII, TO HEOOXOIUMO B35Th 4 MJI ITOJYYEHHOTO PACTBOPA.

OtBeT: HEOOXOAMMO B3SITh 4 MJI IOIy4E€HHOTO pacTBOpa.

3amaya Ne 20. Beectu 6onbHOMY 24 enuuulipl HHCYnuHA. [lena aenenus mmpuna 0,1 M1,

Pewenue: B 1 M uncynuna cogepxutcs 40 enunun uHcyiauHa. B 0,1 M uHCynHHA coaepKUTCA
4 enuHMIbl MHCYNIHMHA. YTOOBI BBECTH OONBHOMY 24 €IMHUIBI MHCYJWHA HEOO0XO0auMO B3iATh 0,6 M
MHCYJIMHA.

SAJAYN U CAMOCTOATEJIBHOI'O PEIIEHNA
[IpuroroButs 31 1% pacTBOpa XJI0pamMHHa.
[Ipurorosuts 71 0,5% pacTBOpa XI0paMuHA.
IIpuroroButs 10% pacTBOp XJIOPHON U3BECTH.
[IpuroroButs 4 1 1% pacTBOpa XJIOPHOI U3BECTH.
[IpuroroButs 31 3% pacTBOpa XJIO0paMHHA.

arwdE



IIpakTHyeckue 3aHsATHST Ne2
Brrancienne MUHYTHOTO 00BEMA ABIXaHUS; Pacu€T MpUOaBKU POCTA M MACCHI ICTCH; OIlCHKA
MIPOIOPITUOHATIFHOCTH Pa3BUTHUS peOEHKA.
3amaya Nel: B HOpMme (u3monormueckas moreps B poaax coctaBiser 0,5% oT maccel Tena.
OrmpeaenuTs KPOBOTIOTEPIO B MJI., €CJIH Macca KEHITUHBI 67 Kr?
Pemenne: Boconsazyemcs hopmynoii (1).

 67%05%
100%

Otset: KpoBonorteps cocrasuina 0,34 mi.

=0,34 mx

3amaga Ne 2: IIIokOBBEIN WHIEKC paBeH OTHONICHHWIO ITyJIbCa K CHCTOINYECKOMY JABJICHHIO.
OnpenenuTs MOKOBBIA HHIEKC, ecliu mylibe — 100, a cuctonndeckoe napnenue — 80

Pemrenue: ans ompeneneHus] NIOKOBOTO MHAEKCa HEOOXOAWMO 3HAUCHHE IIyJIbCa Pa3/eiuTh Ha
3HA4YECHUE CUCTOINYIECKOTO JAaBICHHUS:

19 _125
80

OTBeT: IOKOBBIA HHAEKC paBeH 12,5

3agada Ne 3: OmpenenuTe KpOBOIMOTEPIO B ponax, eciau oHa coctasmia 10% OLK, mpu stom
OLIK cocrapmser 5000 M.

Pemenwe: mis ompeneneHusi KpOBOIOTEPH B POAAX, HEOOXOIUMO HAWTH, CKOJBKO COCTaBISIET
10% ot 5000. /15151 aT0or0 Bocmonb3yeMcs popmymnoi (1)

0
1060 ¢5000=500

OrtBeT: kpoBomnoTeps B poaax 500 mur.

3amaua Ne 1: ®usuosnoruueckas yObUIb Macchl HOBOPOXKAEHHOrO pebeHka B HopMe Ao 10%.
Pebenok pomumiics ¢ Becom 3.500, a Ha TpeThbU CYTKH ero macca cocraBwia 3.300. BeUCIUTL MPOLEHT
NOTEpH Beca.

Pemenwue: s pemenns qaHHOM 3a1a4eii Bocmonbzyemcst (popmynoit

ITotepst Beca Ha TpeThu cyTku coctaBuia 3500-3300=200 rpamm. HaiineM, CKOJBKO MPOICHTOB
200r cocrasmser ot 3.500r., Asst 3TOrO BOCHoOIB3yeMcst hopMyIoi (2)

200 ¢100=5,7%
3500

OrtBert: ¢pu3nonornyeckas yobuib Maccsl B HOpMe U coctaBuia 5,7%

3amaya Ne2: Bec pebenka npu poxaenuu 3300 r., B Tpu Mecsana ero macca cocrasmia 4900 r.
OnpenennuTts CTENeHb THIOTPODHH.
Pemenwne: ['mnorpodus | crenenn mpu nedummre maccsl 10-20%, Il cremenu — 20-30%, Il
crenienn — 6ombie 30%.
1) CHauana ompenenumM, CKOJIBKO JODKEH BECUTh peOCHOK B 3 MecsIia, JUIsl dTOTO K Becy IMpH
poXxneHnH pedeHKa NpudaBUM exeMecsiuHbIe TIPUOaBKY, T.€.
3300+600+800*2 =5500r
2) OmpenenseM pa3HULY MEXIy AOJDKCHCTBYIOLIMM BECOM M (aKTHUECKUM (T.e. AeHUIHT
MAaccChl):
5500 — 4900 =600 r
3) OmpenesnsieM Kakod MPOIEHT, COCTABISAET ACPHUIUT MAaCChl, Ui 3TOTO BOCIOJIB3yeMCS
bopmyioii (2)
600
5500

Ortsert: 'unotpodus | crenenn u cocrasuser 10,9%.

¢100% =10,9%

3amauga Ne3: Pebenok pomamicst poctom 51 cM. Kakoit  pocT IODKEH OBITh Y HETO B 5 MECSIICB
(5 ner)?



Pemrenne: IlpupocT 3a Kax sl MECSI] IEPBOTO ro/1a JKU3HU cocTaBisaeT: B | werBepth (1-3 mec.)
mo 3 cM 3a Kaxbli Mecsir, Bo |l wetBepTs (3-6 Mec.) - 2,5 cm, B Il weTtBepTh (6-9Mec.) — 1,5 cmu B IV
yeTBepTh (9-12 mec.) — 1,0 cm.

PocT pebenka mocie rojia MOXHO BBIYUCIIUTE TI0 (hopMyJIe:

X =75+6n, rtne 75 - cpexnuii poct pedenka B 1 rox, 6 — cpemHeromoBas npudaBka, N —
BO3pacT peOeHKa.

Poct pebenka B 5 mecsineB: 51+3*3+2%2 5= 65 cm

Poct pebenka B 5 net: 75+6*5=105 cm

3amaua Ne4: Pebenok ponwmics Becom 3900r. Kakoit Bec momkeH OBITh y HETO B 6 MecsIIeB, 6 JeT,
12 net?

Pemenue: YBennueHre Macchl Tella peOCHKA 3a KaXK/IbId MECSIII IEPBOT0 TOa XKU3HU:

Mecs 1 2 3 4 5 6
ITpubaBka 600 800 800 750 700 650
Mecsiig 7 8 9 10 11 12
ITpubaBka 600 550 500 450 400 350

Maccy tena pebenka mo 10 et B KujorpaMMax MOXKHO BBIYHCIUTH 10 dopmyne: m=10+2n, rae
10 cpennmii Bec pedenka B 1 rox, 2 — exxerognas mpubaBka Beca, N — BO3pacT peOeHKa.

Maccy Tena pedenka mocie 10 JeT B KMJIOrpaMMax MOXKHO BBIYMCIHTH 110 popmyrie : m=30+4(n-
10), e 30 — cpennuii Bec pedenka B 10 set, 4 — exxerogHast mpubaBKa Beca, N — BO3pacT peOeHKa.

Bec pebenka B 6 Mecsnen: m=3900+600+2*800+750+700+650= 8200r.

Bec pebenka B 6 et: m=10+2*6=22kr

Bec pebenka B 12 met: m=30+4*(12-10) = 38 xr

3amagaNe5: Kakoe aprepuanbHOe AaBleHHE JOIDKHO OBITh y peOeHKa 7 net?

Pewenne: OpueHTUPOBOYHO apTepUaIbHOE MAKCUMAIbHOE ABJICHUE Y IETEH MOCIIE rojla MOKHO
ONPENEIUTH ¢ MOMOIILI0 hopmyisl B.M.Momganosa: X =80 + 2N, rue 80 — cpennee napnenue pebenka
1 roma (B MM.pT.CT.), N - BO3pacT peOeHKa.

1

MuHuMaabHOE JaBJICHUEC COCTABIIACT E - g MaKCHUMaJIbHOI'O.

MakcumaibHoe naBienne y pedenka 7 jiet: X =80+ 2 * 7 =94 mm.pr.cT

3amaua Ne 6. PaccunTarh CyTOUHYIO KaJOPUHHOCTh MUIIEBOro panuoHa pedenka 10 yet.

Pemenue: Cyrounas kanopuitHocTh paccuuthiBaercs 1o ¢opmyse: 1000+ (100*n), rme n-
yuciio JieT, 1000 — cyTouHas KaJOpUIHHOCTH MUIIEBOT0 pallioHa peOeHKa JIJIs TOI0BAIOr0 peOeHKa.

CyTouHast KaJJOpHIHOCTh MUIIEBOTO paluoHa i pedenka 10 net:

1000 + (100 *10) = 2000 kkan

3amada Ne 7: OnpeienuTh KOJIMYECTBO MOYH, BBIJCTSEMOM 3a CyTKU peOeHKOM 7 JIeT.

Pemenne: Jns onpeneneHus KOJMYECTBA MOYH, BBIIEISIEMON 332 CYTKH PEOCHKOM, MOYKHO
Bocronb3oBatbest popmyinoit: 600 +100(N—1), rae 600 — KOAMYECTBO MOYM B MII, BBIAEISIEMOM
pebenkoM 1 rona 3a cytku, 100 — exxeromHast mpudaBka, N - YUCIIO JIET )KU3HU peOeHKa.

PeGenok 7 net 3a cyTtku Boigenut: 600+100(7-1)=1200 mur.




IMpuioxenne 2
IIpakTuyeckue 3aHaTHst No3
Brruucnenue npenenon

Lens paboTs:
CTYJEHT JOJDKEH:
3HATH:
- ompezencHue mpenena (yHKIIH,
- CBOICTBA M TpaBUJIa BEIYHUCICHHUS MTPEENOB (yHKIIHH;
YMETh:
- BBIYUCIISITH MTPEIeNbl YHKIIMU B TOUKE, HA OECKOHEYHOCTH.

CBeneHMS U3 TEOPHUH:
[penen gpyHxIHMN
Yucno A Ha3bIBaIOT npenenoM ¢pyHkuuu f(x) B Touke, a ecnu npu x—a, f(x) —A.

lim f(x)=A

X—a

Bbeckoneyno manbie n OECKOHEUHO OONbIINE PYHKIUH
Oynkuus f(X) Ha3pIBaeTCsI OECKOHEYHO MAIOH MPH X—a, eCITH

lim f(x)=0
X—a

Oynknyst f(x) Ha3pIBaeTcs 6ECKOHEYHO OOJBIION TPH X—>a, €CITH
lim f(x) =0
X—a

CaoiicTBa 0€CKOHEUHO MaJbIX U OECKOHEYHO OONBIIHIX (YHKIIHN
Ecmu ¢pysxmmm f(x) u g(x) 6eckoHedHo Maibie ipu X—a, To (f(X)+g(x)) 6eckoHedHO Mamas mpu X—a.

Ecnn pynxnusa f(x) 6eckoneuHo mManas npu Xx—a U g(X) — orpaHu4eHHast, TO ( f (X) ‘g (X)) —
0ECKOHEUHO Masasi.

lim f(x) = A
Ecnu cymectByer *—@ , a g(X) — OeCKOHEYHO OOoJbIIas IPU X—a, TO
: )
lim (f (x) + g(x))=c0 M3 =0
X—a 1 - g (X) .
1
FO) _ 0ecKOHEeYHO OoJbIIast.

Ecnu pu x—a, f(x) — 6eckoHeuHO Manasi, TO

1

f(x
Ecnu npu x—a, f(x) — 6eckoHeuHo Ooblas, To (x) _ OECKOHEYHO MaJasl.

Teopemsl 0 ipenenax
Ecnu cymectByror npezeinsl GyHkiuit f(X) u g(X), To CymecTByeT npeaesa CyMMbl (Pa3HOCTH) 3TUX
byHKIMH, KOTOPBIiT paBeH cymme (pasHocTH) mpezesioB Gyrkiwmii f(x) u g(X):

lim (f(x) £ 9(x)) =lim 7 (x) £ lim g(x)

Ecnu cymectBytot npezens GyHkimit f(X) u g(X), To CylmIecTBYET npeaes NPOU3BEACHUS dTUX (YHKIINH,
KOTOPBIY PaBEH MPOU3BEICHUIO MTPEIETOB ATHX (PYHKIAH:

lim (£ (x)-g(x)) = lim f (x)-lim g(x)
X—a X—a X—a
Ecnu cymectByrot npeaens! QyHkuii f(x) 1 g(x) npu x—a u npenen g(x)#0, To cylecTByeT npeaent
YaCcTHOTO 3TUX (QYHKIIMH, KOTOPHI PaBeH OTHOIICHUIO UX TIPEIEIIOB!

i £00 M FO0

<290 limg(x)




CJICI[CTBI/IC: MMOCTOSIHHBIM MHOKHUTEIh MOYKHO BBIHECTH 3a 3HAK npeaecia:

lim (kf () =K im £ (x)

. 9x®+8x-1
Breruucnauts npenen lim ——.
x—1 Ox -1

Pewienue:

3/1eCch IpUMEHNUMa TeopeMa O TIpezielie YacTHOTO.

Paznoxxum Ha MHOXKMTENH KBaJIPATHBIA TPEXWICH, SIS ATOTO JOCTATOYHO HAWTU KOPHU X1 U X2
KBaJIpaTHOTO ypaBHEHUs ax’+bx+c=a(x—x1) *(X—X2):

9x2+8x—1=9-(x- %)-()H—l).

ITox 3HaKOM Tpezienia COKpaTHM OJTMHAKOBBIE MHOKUTEIH U IIEPEHIEM K Ipeaemy:

9(x—;j(x +1) _ i ©X=D(x+1)

. Ox?+8x-1
m—

l = lim =lim(x+1)=1+1=2,
x—1 Ox -1 x—1 Ox -1 x—1 Ox -1 x—1

. X+ x-2
Brruucnurs npegen lim 3 2 .

-1 x" —x°—=x+1

Pemenne.
00HapyXMB HEOTPEAEIEHHOCTh 6 , pacKJabIBaéM MHOTOYWICHEI B YUCIIATENE U B 3HAMEHATEIE

Ha MHOXHWTCIIN:

y X2 +x-2 :(QJ:_ (x=1)x+2) . x+2
X —x2—x+1 L0

2 - 2 =X
x—l X =1 X—l) x-1 X =1

YucnuTens ApoOU CTPEMUTCS K KOHEUHOMY TIpe/Ieily, paBHOMY 3, a 3HaMeHaTes b npu x—1
SIBJIIETCS. OECKOHEUHO MaJIoH, TOTa Ipo0h Mpu X—>1 ABJsAeTCSI OECKOHEUHO OOJIBIIOM.

o0

HHH PaCKpLITUA HEOIIPEACICHHOCTH CJICOAYCT YUCIIUTECIIb U BHAMCHATCIIb Pa3AC/INTh HA OAHY

U Ty e CTaplIyl0 CTENeHb IEPEMEHHOM.

2x° +5x2 —7x+3
5x® —3x-10

Beruucnuts npepen lim
x—1

Pemenune:

3 2
. 2x7+5X" —=T7X+3
B 3aJJaHHOM IIpeaeie lim 3
x>l 5x° —-3x-10
00
IIPE/IETIOB, UMEEM HEOTIPEAEIEHHOCT — . [10e/MB OIHOBPEMEHHO YHCIIUTEb U 3HAMEHATEND Ha X°,
00

YUCJIUTCIIb U 3HAMCHATCJIb HE HMCKOT KOHCYHBIX

HIOJTYYHM
7 3
3 ) 2+ ———+—
I_mZx +5x* —7x+3 [ooj i X ox¥ 2
| =l — 1= = —
x»>o  5x3—3x—-10 00 X—>0 S_E_E 5
x? x®
5 7 3 10
_’_2’_3’_2’_

3
T. K. KaXXaas U3 ;[p06efz'1 X X X X X SIBJISIETCS OECKOHEYHO MAJIOH U CTPEMHUTCH K HYIIIO.



3amaHus 715 CAaMOCTOSATENBHOTO PEIICHHS:
Beraucnure npenensl:

1 BapuaHT 2 BapuaHT 3 BapuaHT
3 2 x3 _27
1) lim X +1; 1) Iim X—ZS; 1)I|m—;
X—>— 1X -1 x>5 X+4+5 x->3 X —3
—2X — 2 4x* -11x -3
2) lim —x3; 2) lim X;Zx 2) lim ————""2;
x—>3 X2 —-9 x>2 X2 +5X+6 x->3 3x? —8x—3
A x> %2 —3x 1+2x+x° |
. - 3) Iim ;
3)!<|21 -1’ 3)1'1]0 x2_8"° )leox +x?-80

1-— \/ X2 4)lim
4) lim : )lim
DI P 22 oS

4 BapwaHT 5 BapHaHT 6 BapHaHT
3 3
1 lim X—+:L; 1) lim X;M; 1)I|m g'
X—>— 12( 1) x—>—4 X+ 4 x—1 1_
ol 3X° —=17x+10 . | 2) |im 3x? +5x+2 2)lim 2X° —7x—4.
)x'Ts 3x%2 —16X+5 x—>773x +8x+4" x>4 3x% —13x + 4
3) lim x® —3x% +11 3) lim x> —=2x+6 . | 3)lim ]';—X44;
X300 X2_1+3X3 ’ X%w—3X3+X2—26’ X~>001 X 8X
X VX+2 -3 4) lim I|
4 I| 4) lim . /
)im x>0 \/B34 x —~/3—Xx M e —a9 x? — 49 o0 2=
7 BapuaHT 8 BapI/IaHT 9 BapuaHT
4 9 2
1 lim X—25; Dlim 1) lim u
x>Vs x* —5 ’Hg\/_—e’ x>0 2x —5x
2) lim 4x 7x+3; 2) lim 4x 11x—3; 2 lim —5x+6.
x>1 3x%2 —2x —1 x—>3 5x? —16x + 3 X3 x—3 '
3) lim 10x? —x2—6; 3) lim 20x? —5x+4; 3) jim _2x2+3;
x—>o 33X — X x—>0 20x -5 x>x  3x% 5
2X J2x x
4)I| 4) lim 4) lim .
>0 a4+ x —Ja—x’ )x»o\/z_x—\/2+x )XHO\/E—\/E

KOHTpOJ’ILHBIC BOIIPOCHI:

1. Yro Ha3bIBaeTCsI, IpeIeioM (PYHKIMU B TOUKE.
2. CKOJIBKO MpeiesioB MOKET UMETh (DYHKLUS B TOUKE?
3. CdopmynupyiiTe TeOpeMbI 0 Ipeaeax.

IIpakTuyeckue 3ausaTust Ned
Brruncienne npeenos o NpaBuily 3aMedaTelbHbIX IPEIEIIOB
Omnpenenenne. Dyukuus f(X) HazpiBaeTCss OECKOHEUHO MaJIOi P X—>a, TIe @ MOXKET ObITh YHUCIIOM HITH
OJIHO¥ M3 BEJIMYMH 00, +00 UIIH -00, €CIIH hgl f(x)=0.
X—>a

BeckoHeuHO Mayoi (YHKIMS MOKET ObITh TOJNBKO €CIH yKa3aTh K KaKOMY YHCIy CTPEMHUTCS
aprymeHT X. [Ipu pa3invHbIX 3HAYCHUSX, @ PYHKIIUS MOXKET ObITh OECKOHEYHO MaJIOi WU HET.
[pumep. Oyukims f(X) = X" sBisercs 6eckoHeuHO Maoi npu Xx—0 U He SBISETCS OECKOHEYHO
MaJioii mpu Xx—>1, T.K. hr_rj f(x)=1.
X



1)
2)
3)

4)

Teopema. [list Toro, utooObl Gyukius f(X) mpu x—a uMena npeaes, paBHbIH A, HEOOXOAUMO U
JIOCTaTOYHO, YTOOBI BOJM3U TOYKH X = a BBITIOIHSIIOCH YCIIOBHE
f(X) = A+ a(x),
rae ox) — 6eckoHeIHO Maast mpu X — a (ou(X)—0 npu x — a).
CaoiicTBa 0€CKOHEUHO MABIX (hYHKITHIA:

CymMa (pUKCHPOBAaHHOTO 4MCiIa OECKOHEYHO MallblX (DYHKIUH MpH X—>a TOKe OECKOHEYHO Majas
GyHKIUS IpH X—>a.

[MpousBenenrne GpUKCHPOBAHHOTO YUCIa OECKOHEYHO MaJbIX (PYHKIHMH MPH X—>a TOKe OECKOHEYHO
Maast pyHKITUS TIpu X—>a.

[MpousBeneHne OECKOHEYHO Manoi (QyHKIMM Ha (YHKIHIO, OTPaHUUCHHYIO BOJHM3M TOYKH X = a
ABJIsieTCs OECKOHEYHO Mol QyHKIMeH mpu X—>a.

YacTtHOe OT jAejieHus] OECKOHEYHO Majiol (YHKUMHM Ha (PYHKIHIO, IpeAe] KOTOPOH He paBeH HYIIO
€CTh BEIMYMHA OECKOHEYHO MaJiasl.

Hcnonb3yss moHsATHE OECKOHEYHO MaiblX (YHKOWHA, TPUBEAEM JA0Ka3aTeNbCTBO HEKOTOPBIX

TEopeM O TMpeaesax, IPUBEACHHBIX BHIIIE.

Cunyyvaii, korga npu X — @ win npu X —> o0 ¢yskuus f(X) npencrasiser creneHb, 0CHOBaHHE KOTOPOit

0.0]
CTPEMUTCS K CEepe/IMHe, a MoKa3aTellb K 0ECKOHEYHOCTH (HEONPEIeICHHOCTh 1 ). B atom ciyuae st

o
) 1 . 1
HaxXO0XkACHUS MpeJena UCIIONIb3YETCS 3aMeyaTebHbIN PEeaen: | | m(1+ — = | |m(1+ X)x =€
a—oo a—0

2x+1
IIpumep. Haiitu mpenen dynkumn: |jm x=3
a—wo \ X+ 2

5
Pemienue: VckirouuB menyro yactb U3 Ipoow, momaraem t = ——2
X+

X—3 2x+1 5 2x+1 10 1 -10
m() lim(55) ~limero s =(limeo ] limeey - a-e

a—w \ X+2 a0 X+2 a—0
Hpumep. Haiitu npenen.

y=x-1

x+3 x+3 y+4 y 4
]jm(x+3) = lim x_—1+4j =qx >0 r=lm y+4 = lim 1+i - lim 1+i =
e U | X—®© x—1 y—x y y—®n h% y—x y

1 4z 1 z
:{Z:Z}:ﬁm(H—j = lim(1+—j =e'
4 z—® z z—® z

3aMeyaTeIbHbIC OpEaciabl.

. Sinx . 1-cosx
L. Ilm =1 (X ecTb pamuanbHas Mepa yria) 2. |||’n—2 =1
x—0 X x—0 X
2
. arcsinx . In(1+x)
3 lim——~-=1 4 lim———~=1
X—0 X X—0 X
I ! i " a*-1
5. lim| 1+ |=aenm [jm@+e) =e 6. lime——=Ina
X—>00 (04 x—0 LA X
.ooet -1
7. lim =1

x—>0 X






IMpuioxenne 3

IIpakTuyeckue 3ansaTusa NeS5 Beruucienue npou3BOIHBIX

Lenb paboTs:
CTYJICHT JIOJKCH:
3HATH:

- CHCTEMY W OIpeJelieHUE TPOU3BOIHOIM;

- Ta0JNMYHBIC PEIICHUS MPOU3BOJHBIX 3JIEMEHTAPHBIX (YHKIIMA, B TOM YHCIE OOpaTHBIX
TPUTOHOMETPUIECKHUX (PYHKIIHI;

- npasmia auddepeHmmpoBanys (yHKITHIA;

YMETb:

- HaXOJUTh MPOU3BOJHYIO QYHKIIUH;
- HaXOoAWTh quddepeHiuan GyHKIIH;
- I epeHInpoBaTh eMEHTapHbIe (YHKIHIH.

CBeneHMS U3 TEOPHH:

TabnudHbIe 3HAYESHSI TPOU3BOAHBIX AIEMEHTAPHBIX (PYHKIHNA, TPUTOHOMETPHYECKUX U OOPATHBIX

TPUTOHOMETPUYECKUX (DYHKITHIA:

¢=0 (sinx)’ = COS_X (arcsinx)’ = L .
(x") =nx"* (cosx)’ = —sin x 1-x
1
kx+b) =k , (arccosx)’ = —
oceb) (19 = — =
(ex)’ =e* COS™ X 1
(@")=a"lna (ctgx)' =— L (arctgx)’= 1+x?
1 sin’® x 1
(Inx) == (arcctgx)' =— 5
X 1+x
(log, x)' =
xIlna

HpaBI/IJ'Ia BBIYHCJIICHHUA IPOU3BOAHBIX:

1. (xxy)=x=%YVY,
2. (xy) =Xy +xy',

=
y y

BrrauciuTe mpou3BOIHYIO QYHKIH f(x)=-2 x* — g x> +5X.

[pumep 1

Pemenue:

BOCIIOJIB3YyEMCA q)OpMy.HaMI/I U MpaBUJIOM 1 BEIYHCIICHUS MMPOU3BOJHBIX:
'

f'(x) =(—2x2 —%xg’ +5xj :—2~2x“—%-3x31 +5-1x"" = —4x — x* +5.

[Ipumep 2
Brraucnure npon3BoHy0 QyHKIMN f (X) = \/; (X - 3).
Pemenue:

BOCIIOJIB3YyEMCA (bOpMy.]'IaMI/I U IPpaBUJIOM 2 BBIUYMCIICHUS MMPOU3BOJHBIX:




£0) = (Vx(x=3)) = (Vx) (x=3) + Vx(x~3 =%(X—3)+\/;-1.

[IpuBenem apobu k 00IIEMy 3HAMEHATEIIO:

x—3+2x 3x-3

f/(x) = J_(x 3)++/x = NP

3amaHus s CaMOCTOSATENBHOTO PEIICHUS:
BrrurcnuTe npon3BoaHY0 (QYHKITHH:

1 BapuaHT

1) f(x)=x>-3x*+4x-5;
2) f(x) =(x+1)\/;;

2 BapuaHT

1) f(x):3x3—%x2+4x;

2) f(X)=(x-2)/3x;

Vvx-1
3) f(x)= : )
x Y £00 =202
-1 (x+3
4) ”XFW- 2) £ (%) = (F +3)(x—4).
3 BapuaHT 4 BapuaHT
1) f(x):2x2\/§—4x+11+1; 1) f(x)=3x§/§—2x+5+i;
X Jx
2) £(x) = (x-2¥x; 2) f(x)=Vx+1(x*-5);
e*+1 9x+1
3) f(x)= ; 3) f(x)=
) (%) ) £(x) = el
4Hf(X)=Inx(x+3). 4) £ (x) = (x2 1) ey
5 BapuaHT 6 BapuaHT
1) f(x):3x3\/;—2x+2+%; 1) f(x )_3% f/x_
2) f(x)=05(x+1)?; 2) F(x) = (< +)Vx;
6x
3) f(X)Zm, 3) f(x) = +2X,
4)f(x)=%. 4) f(x)=(x*=1)(x+3).
7 BapUaHT 8 BapuaHT
2x®  3x? 1 .
1) f()—T \/_ 1 1) f() T+4X _05X _51
2) f(X) = (¢ =2)X+1: 2) () =Vx@x-x);
1x3—2 3 f(x):1+\/;+xﬁ;
3) f(x) =3 Vx
(e £ F () =X
4 f(x)=Inx(e*-1). 1+1Inx

KOHTpOJ’IBHBIe BOIIPOCHI:

1. Iepeuncnure 3HaUEHNS TPOU3BOIHBIX HEKOTOPBIX TAGTHUHBIX (YYHKIHIL.

2. ChopMymupyiiTe IpaBuIa BHIYUCICHHUS IPOM3BOIHBIX.




IIpakTHyeckue 3aHATHS Ne6
BblunciieHne Npou3BOAHBIX CI0KHBIX QYHKIUIM.

Lenb paboTs:
CTYZICHT JOJIKEH:
3HATB:

- CHUCTEMY M OIpEACIICHHE IPOU3BOJHOM, BTOPOM MPOU3BOAHOW M IPOU3BOJIHBIX BBICHIIUX
MOPSIIIKOB;

- TaOIWYHBIE pEIIeHUS MPOU3BOJHBIX D3JEMEHTAPHBIX (YHKIWH, B TOM dHCIE OOpaTHBIX
TPUTOHOMETPUIECKHUX (PYHKIIHI;
- MpaBwJia BRIYUCICHUS POU3BOIHOMN CII0KHOM (PyHKIINY;
YMETh:
- HAXOAWTDH MTPOU3BOJIHYIO CIIOKHOW (DYHKITHH;
- HaXOJIUTh BTOPYIO MPOU3BOIHYIO U MIPOU3BOIHYIO BHICIINX MOPSIKOB.

CBeneHMS U3 TEOPHH:
[IponsBoanast cI10XKHON PYHKIIHN

[Mycth hynkmma Y = f (X) , X € (a;b), IMeeT POM3BOIHYIO B TOUKE Xo € (a;b), a pynkimsa Z = f (X)

umeer npoussoxiyto B Touke Vo = J(X,) . Torna cnonas gpynxmus Z(X) = f(g(X)) umeer

MIPOU3BOJHYIO B TOUKE Xo, KOTOpAs BEIYUCIISIETCS IO (OpMYyJIe:

2'(%) = (f(9(%)) = T'(¥) - 9'(%) .

[pumep 1
Brraucnute npon3Boanyto QyHKIMH Y = (X2 + 3X +:|.0)2 :

Pemenne:
MPEICTAaBUM 3a/IaHHYI0 (PYHKIIMIO KaK KOMITO3UIIMIO KBAAPATUIHOW (DYHKIIUN U CTCIICHHOM

y = (x* +3x+10)?;
g(x) = x* +3x+10;
f () =(9(x)*;
/00 = ((9(x))*) =29 () - (9(x))’;
y' =2(x* +3x+10) - (x* +3x+10)' = 2(x* +3x +10)(2x + 3).
TTpOM3BOJIHBIE BBICIINX MIOPSIKOB

o o 14 n’
Bropast IpoM3BOIHAS 9TO IPOU3BO/HAs OT epBoit mponssoxHoii, T.e. Y = (Y')', ur.o.
[IponsBoaHbIE BHICIIMX MOPSIIKOB 0003HAYAIOTCS PUMCKAMH ITU(GPAMHU.

ITpumep 2

Haiitu yetBepTyto npoussoanyo ¥ = x° +4x +12.

Pemenue:

BBIYHMCIISIEM IOCIIEN0BATENBHO IPOU3BOIHBIE:
y' =6x"+4;
y" =30x%;
y" =120%%;
y'V =360x°.

3agaHus A7l CAMOCTOSITENIbHOTO PELLICHHUS:
BrlunicnuTe 3HaueHNE «CI0KHOM» MPOU3BOJIHON B YKa3aHHOW TOYKE:!
1 Bapuant 2 BapHaHT

1) f(x)=sin’x; f'(z/4); 1) f(x)=cos’x; f'(-x/4);




2) f(x)=Incosx; f'(-x/3);
3) f(x)=sin2x—cos’x; f'(0);
4) f(x)=Intgx; f'(x/4);

5 f(x)=e"™*; f'(0).

2) f(X)=Insinx; f'(x/6);
3) f(x)=sin®x+cos2x; f'(0);
4) f(x)=Inctgx; f'(-z/4);
5) f(X)=e"%; f'(x/4).

3 BapuaHT

1) f(x)=Insin?x; f'(z/4);
2) f(x)=cos?x?; f'(\x/2);
3) f(x)=2sin?xcosx; f'(x/2);
4) f(x)=tg*3x; f'(0);

5) f(x)=e"?—3e**; {'(0).

4 BapuaHT

1) f(x)=-2sin*x; f'(-x/4);

2) f(x)=Incosx; f'(z/3);

3) f(x)=2sin2x+3cos3x; f'(0);
4) f(x)=Intgx; f'(x/4);

5 f(x)=e2"; £'(0).

5 BapuaHT

1) f(x)=Incos®2x; f'(z/8);
2) f(x)=sin* x+cos*x; f'(z/4);
3) f(x)=In+/cos2x; f'(x/8);
8 f()=Intg2x; f'(z/8):

5) f(x)=e" % —2e""*: f'(x/4).

6 BapuaHT

1) f(x)=Intg®2x; f'(x/24);
2) f(x)=cos’x; f'(x/4);

3) f(x)=sin*x—cos’x; f'(r/4);
4) f(x)=e"" —e " f'(n/2);
5) f(X)=In~/sinx; f'(z/4).

7 BapuaHT

1) f(x)=Incos’4x; f'(x/16);
2) f(x)=4cos’x; f'(z/4);

3) f(x)=4sin°2x; f'(z/8);

4) f(x)=Intg3x; f'(z/12);

5) f(x)=e"" +e*; f'(x/2).

8 BapuaHT

1) f(x)=Insinx; f'(z/8);
2) f(x)=cos*3x; f'(x/6);

3) f(x)=hftg3x; f'(z/12);
4) f(x)=arcsindx+e*; f'(0);
5) f(x) =5arccosvx; f'(1/2).

9 BapuaHT

1) f(X)=Invcos2x; f'(-xz18);
3) f(x)=Inyctg3x; f'(-7/12);
5) f(x)=5arccosv1-x;f'(1/2).

2) f(x)=sin"6x; f'(x/3);
4) f(x) = arctg/x; f'(1/4);

KOHTpOHLHBIe BOIIPOCHI:

1. Coopmynupyiite npaBuIa BEUCIEHHS TPOM3BOIHBIX CIIOKHOM (YHKIHH.

2. Yro Ha3bIBACTCS, BTOPOM MPOU3BOAHON NaHHOW (QYHKIH?




IIpunoxenne 4
IIpakTuyeckue 3ansaTus Ne7
BriuunciieHue HeonpeaeTeHHOT0 HHTErPaJia 1o NPaBujy HeNnocpeACTBEHHOr0 MHTErPUPOBAHUS
Lenb paboTh:
CTYJEHT JOJDKEH:
3HATH:
- Ta0JIMIly 3HAYCHHI HEOTIPEICIICHHBIX UHTETPAJIOB;
- CyTb METOJIa 3aMEHBI IIEPEMEHHON B HEOTIPEIEIIEHHOM HHTETPAJIe;
YMETh:
- BBIYUCIIATH HEONPEACIICHHBIE HHTETPAIIBI METOJIOM 3aMEHBI TEPEMEHHOM.

CBeneHMS U3 TEOPHUH:
TabnuuHbIC 3HAYCHYSI HEOTIPEICICHHBIX HHTETPAJIOB

o : _ dx 1 X
.dx—x+c ISII’]XdX— COSX+C Iﬁ:_arctg—+c
. | _ a’+x* a a
. cosxdx =sin x+c
x”dx:—x +C '[ —dX _ 1 I x-a
. n+1 dx J.az—xz_z_anx+aJrC
J' — =tgx+¢
cos’ X

)
—:In\x\+c
X

dx
§ j — — = —Ctgx +C
C a sin‘ x
a‘dx=—+c

J Ina

e*dx =e*+c

WHTerpupoBaHue METOIOM 3aMEHBI IEPEMEHHOMN
CyIHOCTh HHTETPUPOBAHUS METOJIOM 3aMEHBI IIEPEMEHHOM (CIT0cOOOM MOJCTAHOBKH) 3aKII0YACTCS B

npeoOpa3oBaHUM HUHTETpaia I f(x)dx s MHTeTrpa '[ F (t)dt , KOTOPBI JIETKO BBIYUCISETCS 110

Ta6J'II/ILIe 3HAYCHUN HEOIPEACIICHHBIX NHTCTPAJIOB.

i HaxoXKIeHUs UHTerpaia j f (X)dX 3aMeHsIeM NIEPEMEHHYIO X HOBOM MEepeMEeHHOM .

JuddepeHupyst paBeHCTBO, MOTy4aeM BbIpakeHHe dX.
[Mocne Toro Kak MHTErpaj OTHOCUTENILHO HOBOM NepeMeHHOH t OyeT HaliieH, ¢ MOMOIIBI0 0OpaTHOM
IMOJACTaAaHOBKHU OH IIPUBOJUTCA K HepeMeHHOﬁ X.

ITpumep 1

Brruucaute uHTErpa METOIOM 3aMEHbI IEPEMEHHOM: J.COS(5X +3)dx.

Pemnrenue:
C IOMOIIBIO 3aMEHBI YACTH MOJBIHTETPAILHOTO BBIPAYKEHUS IPUBEAEM 3aJaHHBIA HHTErpaj K
TaOJIMYHOMY BUJY:

t=5x+3
(5x+3)'dx =dt _ _
ICOS(5X +3)dx = 5dx = dt = %jcostdt _sint . S'n(5;+3) +c
dx:E
5

IIpumep 2
BbIuKCINTE MHTETPAT METOIOM 3aMEHBI IEPEMEHHOM: I(ZX +1)dx.

Pemienue:



C TIOMOIIIBIO 3aMEHbBI YaCTH TOBIHTETPATEHOTO BBIPKEHHUSI TPUBEIEM 33/ IaHHBIA HHTETPAI K
TaOJIMYIHOMY BHY:

t=2x+1
2X +1)'dx = dt
I(2X+1)1°dX=(2dx=3t J‘tm it +C=(2x+1)11+c
2*11 22
dx=ﬂ
2

3agaHus 17151 CAMOCTOSITEILHOTO PEIICHHUS:
BrrunicnuTe cienyrommye HHTETpajIbl METOAOM 3aMeHBl IepeMEHHOM!

I Bapuant 2 BapuaHT 3 BapHaHT
1) J.(X2 +3)°xdx 1) J'4(x4 —1)*x%dx; 1y [ OB 6x°dx |
1-2x3*"

x sin v/x
Z)Ixz—ldX; 2) j—dx; Z)JA xdx

: Jx 47 +1°
3) J.COS Xdx; 3 [ dx 3) [(7-2x)°dx;
A I sin 3xdx (4-3x)%" 3

2 +C0S3X 5) Imdx- 4)'[x+5dx,

4 BapuaHT 5 BapuaHT 6 BapHaHT

dx . sin 2xdx 1) | (x® +Dx?dx;
)| —; ;

-.’(5x+1)3 2 -[ '[

1-cos2x’
V1i+1
3 dx . Z)I—; Z)I +an
12—-x V4 —9x? 3 .
3) j (5t—1)*dt ; 3) [(2x°-3)’x’dx; ) | ‘(5x2+1)3’
4) I3 (—4x+1)°dx.

dx:

K I(Sx“ +3)% 4 '[1 4x

7 BapUaHT 8 BapHaHT 9 BapuaHT

1) J.tgxdx; 1) J‘x21/x3 +5dx : 1) .[sin3xdx;

Z)I x2dx . 2)J~ cosxdx 2) J.Xw/l—XZdX;
1/l_x3 , VJ1-sin x )J_ 12 xdx
9 [3xV2x° ~1dx; 3 J ' 2" (6x° 17’

. (X cos xdx
4) j2x\/(1—3x2)3dx. Y Ism(gjdx. K -[\/1+35in X

KoHTponbHBIE BOIPOCHI:

1. Kakas ¢yHkuums Ha3siBaeTcst nepBoodpasHoit s pynkuuu f(X), npu X e (a; b)?
Yro Ha3bIBACTCS, HEOMPEICIICHHBIM HHTETPAIOM?
[Mepeuncianute OcCHOBHBIE (HOPMYJIIBI HHTETPUPOBAHHS.
Coopmynupyiite cyTh METO/Ia HEOCPEICTBEHHOTO MHTETPUPOBAHHSI.
Chopmynupyiite CyTh METO/Ia 3aMEHBI IEPEMEHHOI.

akrwn

CBenieHus U3 TEOpHUN:
NHTerpupoBanue 1o 4acTsIM
Boruunciisas auddepeHnman npousBe1eHUs, HIMEEM:



d(uv) =udv+vdu,
OTKyJa
udv =d(uv) —vdu.
Eciu nuddepentmans AByx GyHKIUNA PaBHBI, TO UX HEOTIPEACICHHBIE HHTETPABI COBNAAAr0T. [loaTomy
fudv=[d(uv)-|vdu
H, CIIEOOBATEIILHO,

fudv=uv—[vdu.
C moMotIpo 3To# (hOpMyITbI BRIYHCICHIE HHTETpajia j UdV CBOJUTCA K BBIYUCIIEHUIO UHTErpaia

IVdU , €CJIM TIOCTIETHH OKAKETCS TIPOIITe HCXOHOTO.

ITpumep 3
BoruncinTe nHTErpas METOIOM UHTEIPUPOBAHUS 110 YaCTAM: Ixsin xdx .

Pemenne:
npeoOpasysl YacTH MOABIHTETPATILHOTO BEIPAKECHUS, IPUBEAEM 3aIaHHBII HHTETpall K TAOJIMYHOMY BUIY:

dv = sin xdx
Ixsin xdx = Idv jsm XdX| = —XCOS X + Icosxdx =—XCOSX+SINX+C.
du = dx
V =—C0SX
[Ipumep 4
In xdx
BI:.I‘II/ICIII/ITC I/IHTeraJ'I METOAOM HUHTEI pI/IpOBaHI/Iﬂ 10 4aCTsiAM. J. .
Pemenue:
npeoOpasys YacTH MOABIHTETPATILHOTO BEIPAKEHUS, IPUBEIEM 32/IaHHBII HHTETpall K TAOJIMYHOMY BHIY:
dx
dV == —2
u=Inx X
In xdx ,2 Inx pdx Inx 1
I = dx Idv:jx dx|=——+ — =—————+C
X du=— X X X X
X 1
V=—=
X

3agaHust 711 CAMOCTOSITEIIHHOTO PEIICHHS:
Brruucnure cieayronine HHTErpagbl METOJIOM HHTETPUPOBAHUS 110 YaCTSIM:

1 BapuaHt 2 BapHaHT 3 BapuaHT
X cos xdx —X)si In xdx
1)j | ) J'(l x)sin xdx; J’ 3
[ xe*dx [arctgrdx DX
) : 2) : ) [ xcos3xdx
e?* cosxdx x — ’
3) J . 5 | & costx=3ox ) J2xedx
4 BapuaHT 5 BapUaHT 6 BapuaHT .
In? xdx In xd xdx
xsin xdx Xcos(x —7)dx ’
2) I : 2) I ©x=7) ; ) J'xe*“dx _




e sin(2x — F)dx e* cosxdx arccos’ xdx
3) I ( 4) 3) -[ ) 3) I _

7 BapuaHT 8 BapuanT 9 papuaHT

D je3x sin 2de; n J.XZde; 0 J'xarctgxdx;
2 j(3x —4)In xdx; 2) j(x—5)sin 2xdlx : ) J'xze—xdx;
) I arccosax 3 J.arcsinxdx. . szsin xdx.

KonTponbeHbie BOnpoch:
1. CdhopmynupyiiTe CyTh METOa UHTETPUPOBAHHS IO YACTSIM.



IIpakTHyeckue 3aHATHST Ne§
BoiuucieHue HeonpeieJIeHHOT0 HHTErpajia MeTOI0M 3aMeHbI epeMeHHbIX. Boruuciienue
ompeeJIeHHOT0 HHTErpaJia.

Lenb: paccMOTpPETh BBIYHMCICHHE OIPEISICHHBIX HHTETPAJIOB METOJOM WHTETPUPOBAHUS IO
4acTsM M METOJIOM 3aMeHbI IEPEMEHHOM.

TeopeTuyeckue CBEAEHUS.
MeTo1 MHTETPUPOBAHUS 110 YaCTSIM.

MeTo HMHTETpUpOBaHHS IO YACTSIM pellaeT OdYeHb BaXKHYIO 3aJady, OH TMO3BOJISET
WHTETPUPOBATh HEKOTOPbIC (YHKIUH, OTCYTCTBYIOIIME B TaOiwHIle, MPoU3BecHEe (YHKIUMH, a B psje
CJIy4aeB — M YaCTHOE.

JlaHHBI! METOJT TIO3BOJISIET CBECTH UCXOMHBIN ONPENCICHHBIN HHTETpall K 00Jiee MPOCTOMY BHUILY
b0 K TaOIMYHOMY HMHTETpairy. DTOT METOJ HamOojee YacTo NMPHUMEHSAETCS, eCld IOJBIHTErpalbHas
GyHKIMST ~ COACPXUT  Jorapu(MUYECKHe, IIOKa3aTelIbHbIC, OOpaTHbIC  TPUTOHOMETPUYECKUE,
TPUTOHOMETPUYECKHE (DYHKITUH, & TAKKE UX KOMOMHAIUY.

Ecmu ¢ynkmuu U= U(X) 1 V = V(X) UMEIOT HempephIBHBIC MPOM3BOAHBIC Ha oTpe3ke [a;b], To
uMeer MegTo (hopmyna HHTerpHpraHHﬂ O YacCTsIM:

fud:t? =uv|? — f vdu

a iz

Camoe ClIO)KHOE, YTO €CTb B 3TOM METOJE€ — 3TO IPABUJIBHO OIPEAEIUTb, KAaKyl 4YacTh
HO/IBIHTETPAILHOTO BBIPAXKEHHMs Opath 3a U, a Kakyro 3a dv
PaccmoTpum cTaHmapTHbIC CiTydyaH.

ns uaTerpanos Buaa f P[x]e‘”dx, f P(X) sin(axj AdX wm f P(I) cos[ax) dx, rae Pn(X) -

MHOTOWICH, a— YuCI0. Y 100HO nmpuHATs u=P(X), a 3a dV 0003HaYNTE BCE OCTATLHBIC COMHOKHUTEJIH.
Wnrerparst suma | P(x)Inxdx,  [P(x)arcsinxdx, [ P(x)arccosxdx,

f P(x)arc tgx dx, _,r P(I)QTCCEQ X dX. Yno6Ho npuuste P(X) = dv, a 3a u Bce OCTanbHbIC

COMHOUTEIIH.
Wurerpansl Buna fSiIl bx - Eaxdx, ICDS bx - E'axdx, rae @ u b ymcna. 3a u MOKHO MPUHSTH

¢dbyHKIHO U = e,

2
ITpumep 1. Boruncnautsb f . xe” dx

Pemnrenue.
2 2

U=x =du=dx
fxex dx = e*dx=dv = v= el ve'li - fex ax =
1 1

=2e’—e— e*|; =2e’—e— e*+ e= &%

T,
IIpumep 2. Beruucnure fu xsinx dx

Pemenne.
T 2
. U=%x = du=dx
xsinx dx = | : = —xcosx|g+ | cosx dx =
sinxdx =dv =1V = —C08X

0 1



2.

oM~

=—m-(—1)+ 0+ sinx|f =m.

WnTterpupoBanue 3aMeHol epeMeHHOH (ITOCTaHOBKOH ).

b
[lyctp ans uaTErpana fa f (I] X or HenpepBIBHOM (YHKIMK ceaHa moacTaHoBKa X = (t).

Eciu: 1) pynkuus X = @(t) u ee npoussoanas x' = ¢/(t) nenpepwiBusl npu te[o;p];
2) MHOXeCTBOM 3HaueHui Qynkin X = @(t) mpu te[o;B] sBisercs otpesok [a;b]
3) o) =am <P(EB) =b, 10

b

f F(x)dx = f Fe(®)- o (Ddt = Flo(®)]1f = Flo(B)] - Flp(a)] = F(b) — F(a)

Otmernm, urto: 1) [Ipu BeuMCIeHUN ONMpPEAENEHHOTO WHTErpala METOIOM 3aMeHbI IepeMEeHHON

BO3BpAIIATHLCS K CTApOii IEpeMEHHOH He TpebyeTcs;
2) yacTo BMECTO MOJACTaHOBKH X = @(t) mpuMeHsIOT mojcTaHoBKy t = g(X);
3) He crnenyeT 3a0bIBaTh MEHATH MPEIENbl MHTETPUPOBAHMUS IPH 3aMEHE NTEPEMEHHBIX.
ANTOpUTM BBIYHMCIIEHUS ONPEAEICHHOIO HHTETpajia METOAOM MOICTAHOBKH:

OnpenensiioT, K KakoMy TaOJMYHOMY HHTETpaly NPUBOIUTCA [aHHBI HHTErpat
(npenBapuTeNbHO PE0OPA30BAB MOABIHTETPATBHOE BBIPAKEHHE, €CITH HYKHO).

OnpenensroT, Kakyl0 4YacThb IIOABIHTETpalbHOW (QYHKIMKH 3aMEHHTH HOBOH
MIEPEMEHHOM, 1 3alTUCHIBAIOT ATY 3aMEHY.

Haxonsat nuddepennmansl 00enx yacTeil 3amucy ¥ BeIpakaroT quddepeHnyan crapon
MepeMeHHOW (WM BBIpaXKeHHe, cojepikamiee d3ToT auddepennuan) depe3 auddepeHnman HOBOI
MEPEMEHHOM.

Haxonat HOBbIE peiesIbl UHTETPUPOBAHMUS.

[Tpou3BOAAT 3aMEHY MO/ HHTETPAIIOM.

Haxonar mony4eHHbIN UHTETpal.

ITpumep 1. Beruncnuth f; xWx?—16 dx

dt
Pemenne. 3amena: t = X% -16; dt = 2x dx; dx= -~
X

Haiiném HoBbIE npeiennl uaTerpupoBanus. [pu X = 4, a= t(4) = 42 -16 =0; x = 5, p=t(5) = 5% -16 =9.
ITonygaem:

[Px/aT =16 dx = [fiVTdr=2[ 1z dr=

o]

e

9
= 20J7| =2-9v9=09
0 3

P | bk
N|W|n|w

Tpuvep 2. B [
nMeE . bBIYUCIINUTH
pHMep 0 yzx+1+1

Pemenue. 3amena: t=y2x+ 14+ 1 .

—_ Z_ Z—
t-1=y2x+ 1 2x+1=(t-1)%x = ¢ 13 =L ;t,dx=(t-1)dt-

Haiiném HoBbie npenesnsl uuTerpupoBanus. [pu X = 0, o= t(0) = 2; X = 4, f=t(4)=4.
TTonyyaem:



I»Lz f(tz—zrj-(r—ﬂdtzéf(r—zj(r—ndr:

24 2
—1J. t? 3t+2dt—1 i 3t:+2t 4—
=3¢ JaE=sl3 73 o

=

1

=2(2-24+8)-2(2-6+4)=]

3ananus I CAaMOCTOSTEIIEHOTO PEIICHUSI.

Bapwmanr 1.

1. ITpu momortm GopMyJIbl HHTETPUPOBAHUS 110 YACTSIM BBIYHCIIMTE HHTETPAJIBI:
T

a) fEE xcosdx dx; 6) fﬂl xin(1l+ x)dx

=

2. BI)I‘II/ICIII/ITC HMHTETPabl C MOMOLIBIO 3aMEHBI IEPEMEHHOM:

2 [ 6) J. 3x(1—x)"dx

1+/5- 4:)(:
Bapuanr 2.
1. ITpu oMottt GOpPMYIIBI HHTErPUPOBAHUS TI0 YACTSIM BHIUMCIIUTE HHTETPAIIBL:
iry
3 _ - .
a) J, (x —3)e~¥dx; 6) ]2 x*sinx dx

4

2. Beruucante HHTETpasbl ¢ TOMOIIBIO 3aMEHBI IEPEMEHHOMN:

% xdx E . 7
2 J, 5 6) J, x(3 —x)7dx

KonTponsHbIe BOIPOCHI.

1. Uto Takoe onpeaeneHHbI uuTerpan?

2.Kakumu cBoiicTBaMH 00J1a/1aeT ONpeIeIeHHbBIN HHTeTpat?

3.Yro Takoe Gopmyna Hetorona-Jleiioauma?

4.Kak ocymiecTBisieTcs 3aMeHa IEpEMEHHON B ONpe/IeIIEHHOM HHTerpajie?

5.Kaxk ocymiecTBisieTcs HHTETpUpOBaHKE IO YacTSIM B ONPEAEICHHOM HHTErpase?



IIpunoxenne 5
IIpakTuyeckue 3aHaTust Ne9

Pemenne nug¢epeHnnanbHbIX yPABHEHHUH ¢ pa3aesilOIIUMUCS NepeMeHHbIMU.
YueOHass 1enab: HayduThCsl pemarb aud¢epeHnuanbHble  YpaBHEHHMS IIEPBOTO  MOpsAAKA €
Pa3AeISIIOIMMHUCS IEPEMEHHBIMH.
CTyneHT nomKeH
YMETb
-IPUMEHSTH MeTOAbI T} depeHINaTbHOr0 U HHTErPaIbHOIO HCUHCIICHUS;
-pemats audepeHaTsHbIe ypaBHEHHS
3HATh:
- OCHOBHBIE MTOHATHSA U METO/BI MAaTEMaTHUECKOT O aHAIH3a.
- OCHOBHBIE METO/bI JU(PPEepeHIHATBEHOI0 U HHTEIPAIIbHOI'O NCUUCICHUS
Kpatkue Teopetnyeckue 1 yueOHO-METOANYECKUE MaTEepHAIIBI IO TEME MPaKTHYECKOH paboThI

1. JuddepenunansHoe ypaBHeHue 1-ro nopsaka. OOmiee u 4acTHOE pelleHHE.

JuddepeHimanbHbIM ypaBHEHHEM IIEPBOTO TTOPSIKA Ha3bIBACTCS YpaBHEHHE BHIA:
F(xyy)=0 (1)
T.€. COICPKUAT HE3aBUCUMYIO TIEPEMEHHYIO X, ICKOMYI0 (DYHKITHIO Y(X) U €€ MPOM3BOIHYIO V'(X).
Paspemas ypaBaenue (1), eciu 3T0 BO3MOKHO, OTHOCUTEIIBHO TIPOU3BOTHON y' MOTyduM
y =fxy). (2
Wnorna ypasrenus (1), (2) 3anuceiBatot B nuddepeHnuanax:
P(x,y)dx+Q(x,y)dy=0.  (3)
HuddepenumanbHoe ypaBHeHIE HMEET, BOOOIIE TOBOPSI, 0ECKOHEYHOE MHOYKECTBO PEILICHHH.
Bcesikoe otmenbHO B3ATOe pemieHHe AU(BGEPEHIIMATEHOTO YPaBHEHUS! HA3bIBACTCS €r0 YacTHBIM
pelIeHneM.
Hns Muornx nuddepeHnnanbHbIX ypaBHEHHI MEPBOTO MOpPsKa o0liee pelleHre MOXKHO 33/1aTh
(dhopmyJioii BUa:
y =Yy(x, C), 4
rae C - mpou3BoIIbHAS TOCTOSIHHAS Takast, yTo npH todbom C pyHkums (4) ABIsSETCS YaCTHBIM PElIeHuEM
muddepeHnnanbHoro ypaBHeHHs. C TeOMETPHUYECKOW TOYKH 3PEHHsI COBOKYIMHOCTh BCEX pEUICHUH
muddepeHInaTbHOTO  YpaBHEHUs — NPEJACTAaBIIeT  COOOM  CEeMEHCTBO  KPUBBIX,  Ha3bIBa€MbIX
MHTETPAIBHBIMHA KPHBBIMH, 8 KQKI0€ YaCTHOE PEeLIeHHEe MPEICTABIIeT cO00H OTIEIbHYI0 HHTETPAIbHYIO
KPHBYIO.

WHorna He yaaércst mony4yuTh perieHus quddepeHnnansHoro ypaBHeHNS B sIBHOM (opMme, T.€ B BUAE Y
=y(x, C), a mony4arT UX B HEABHOU popme, T.e. perieHue 3a1aércs GopMyJioi BUa:
D (y,x,C)=0 (5)
Bripaxkenue tuna @ (X, y, C) = 0 B 3TOM ciiydae Ha3bIBAIOT UHTETPAIOM (4aCTHBIM, OOIINM)

¢ hepeHInaTbHOTO YPaBHEHNS.
2. 3agaua Kot mist nudepeHnmansHpIX ypaBHEHUH MEPBOTO MOPSIKA.

B ciyuae nuddepenumansHOro ypaBHeHHs epBoro nopsiaka 3agada Komu gopmynupyercs
CJIEAYIOIIKM 00pa3oM: HAWTH peleHne Y = y(X) ypaBHEHUs

y'=f (X, y), yaoBieTBopsIoniee Ha9aJIbHOMY YCIOBHIO Y(X,) =Y, HJIM B Ipyroi 3alucu y vex, = Voo THE

Xy Yo - 3adaHHBIC YUCJIA. 3az[aqa Komn KpaTKO 3allrCbIBACTCA TAK:

y=f(Yy); (6)
Y=Y, HOpUX=X,.
FCOMeTqueCKH peUICHUE, YAOBJIICTBOPAIOIICC HAYaJIbHOMY YCIIOBUIO
y (X()=Y > IPEACTABISAET HHTErPAIbHYIO KPUBYIO, IIPOXOIAILYIO YEPE3 TAHHYIO TOUKY (X ;Y ).

3. lIuddepennmansapie ypaBHeHHS 1-T0 IOPSAAKA C pa3AeSIONIMMUICS TTEPEMEHHBIMH.

Huddepennmanbaoe ypaBHeHre (2) Ha3bIBAETCS YPAaBHEHHUEM C pa3eiSIFOIUMHUCS TIEpEMEHHBIMH,
€CJIM UMEET CIEYIOIINI BUA:



V=L LL00) )

B npennonoxennu, uto f,()) # 0, ypaBHeHHE ¢ pa3fENAIOMIUMUCS HEPEMEHHBIMH (7) MOXKHO
Hepenucarh B BUJE (pa3AenuTh IEPEMEHHBIE):

b _ d 8
AT ©

VYpasHeHnue Buja (8) Ha3pIBae€TCs ypaBHEHUEM C pa3/IeIEHHBIMU NTEPEMEHHBIMU.

Teopema 1. Ecnu cyIiecTBYIOT HHTETPAIIBI I 1% I f,(x)dx., To obuIuMit MHTErpaN ypaBHEHHS

C pa3nenéHHBIMH MTepeMeHHBIMU (&) 3amaéTcsl ypaBHEHUEM
() =Fx)+C 9)

1
L) S0

Ilpu pemennn nuddepeHnnanbHBIX ypaBHEHUI € Pa3AeNsIOLIMMUCS IEPEMEHHBIMHA MOXKHO
PYKOBOJCTBOBATHCS CIIEIYIOIUM aITOPUTMOM:
pa3aenuTh IepeMeHHbIe (C YIETOM YCIOBUM, KOTAa 3TO MOKHO JIeNIaTh);
MIPOMHTETPUPOBATH MIOWIEHHO MOIY4YE€HHOE YPAaBHEHHE C Pa3ieNEHHBIMH [IEPEMEHHBIMU;
HaWTH ero OOIIHif HHTEeTPal;
BBSICHUTH, HMMEET JIM ypaBHeHHe (5) pemieHusi, He NOJydalouimecss H3 0OIIero

rae F,(y) u F(x) - HekoTOpbIe epBOOOPa3HbIE COOTBETCTBEHHO (DYHKIIMI

WHTETpaa;
HaWTH 9aCTHBIA WHTETPal (MU PEIeHIe), YIOBIESTBOPSIONINI HaYaIbHBIM YCIOBHUSM (B
ciyuae 3agaun Komn).

[TpumepsI 110 BHIITOTHEHUIO MPAKTHYECKOH paboThI

[Ipumep: HailTu yacTHOE pelieHUe YpaBHEHUS:
2yy' =1-3x%

Yo =3 mpux, =0

OTO ypaBHEHHE C pa3JEeNSIONIMMUCS TepeMeHHbIMH. [lpenctaBuM ero B audQepeHnnanax.

, dx
YuureiBas, 4To0 ¥y = —
dy
dy :
2y—=1-3x
Y

Paznenum nepemMeHHEBIE:
2ydy = (1-3x%)dx.
HHaTerpupys 00e 4acTH MOCIeTHET0 PaBEHCTBA, HAAEM
[2ydy = [(1=3x")dx,
T.€. y=x-x>+C
IoncraBuB HavanbHbIE 3Ha4eHHA X =1, y =3, Haligém C.
9=1-1+C, 1.e. C=9

CrnenmoBarelbHO, HICKOMBIN YacTHBINA HHTETpai OyAeT y>=x-x>+9, uim
x3+y? — x-9=0

3amgaHust 1711 TPaKTHIECKOTO 3aHSATHS:



Bapuanr 1:

1. Haiitu obwee pemenne qudQepeHInaNbHBIX ypaBHEHUI:
a) (x+1)ydx=dy;
0) (y —1)2 dx + (1— x)sdy =0;
2. Pemnts 3agauy Ko (HaliTh yacTHBIE pemieHus AuddepeHaabHbIX
ypaBHEHUIN):

) x%dy = y®dx
a
y=025 nmpu x=01
” ’ 2 _
5) 30%/;dx+(1—0 )dy—O
y=1 ddc 6=0

Bapwuanr 2:

1. Haiitu obmee permenne nuddepeHIanTbHBIX YpaBHEHHUI:

a) 2xdx =3y’dy;

6) xw/9—y2dx—y(4+ xz)dy:O

2. Pemuts 3aaauy Komwm (Haiitu yactHOE pemieHue TU¢ GepeHIMANbHBIX YPaBHEHHH):

dy dx_0

a)y 3x 2y
y=5 npu x=4
ydx—(4+x2)ln ydy =0
0)
y=1 npu x=2

Bapwuanr 3:

1. Haiitu obmiee permenne AudQepeHMalIbHBIX YPaBHEHUN
a) x°dy—y%dx=0;
6) cosxcosydx —sin xsinydy =0;

2. Pemmts 3a1auy Komm (Haiitu wactHOE pemieHue qudepeHIIuaIbHbIX YPaBHEHHN ):
/ y

y =—=
2) 2Vx

y=e’npu x=9
2 X

dx =e’d
5 { y y

y=1ecm x=0

Bapuanr 4:

1. Haiitu obmiee pemrenue auddepeHuaibHbIX ypaBHEHHH:
a) y' =x"y-x*;
6) sin”y-ctgxdx +cosx-tgydy =0;
2. Pemuts 3aaauy Korm (Haiitu yactHOE pelieHHe qudhepeHIIHaIbHbIX YPaBHEHUH ):
) { y/\/; =1+y°
a

yv=0 npu x=4



: {(1+ X)ydx + (L y)xdy = 0

yv=lecmu x=1

KOHTpOJ’IbHI)Ie BOIIPOCHI

1.[daTs onpenenenue nuddhepeHInaTbHOTO YPAaBHEHHUS.
2.0t "ero 3aBUCHT OPSAOK AU PepeHITNATEHOTO YpaBHEHHS ?

3.HazoBuTte anroput™m penieHus 1udGepeHIUaIbHOTO YPAaBHEHUS C Pa3ICIISTIOIUMUCS TIEPSMECHHBIMH.
4.B uem 3axmrouaercd 3agaya Komm?



IIpakTuyeckue 3ausiTust Nel(Q
Pemenne onHOpoHBIX UG depeHIMaNbHBIX YPaBHEHUH.

HocranoBka 3ajgaun. Haiftn oOmwii wHTETpan ogHOpogHOTO MU GEepeHIINaNbHOT0 YPaBHEHUS, TO
ecTh, MU HepEeHIINATEHOTO YPaBHEHHUS BU/Ia

P(x, y)dx+Q(x, y)dy =0, M)
rae P(X, y) u Q(X, Y) — omHOpoHbIe (GYHKIIMHU MOPSIIKA K:

Ptx,ty) =t“P(x,y) u Q(tx,ty) =t“Q(x, y).

)
X
y

2) BebimomHUM MONCTAHOBKY —=U, Tae U=U(X) — HoBas wuckomas ¢yukuus. [Ipu sTOoMm
X

IInan pemeHus.
1) IlpencraBum ypaBuenue (1) B Buzae

y'=u+ xu".Iloay4um ypaBHEHHE C pPa3ACISIOIINMHUCS TEPEMECHHBIMU:

u+xu'= f(u).
B pesynbTaTe npeobpa3oBaHuii MpuaeM K
xﬁzf(u)—u. (2)
dx

3) B obmactu, rae f(u)—u =0, ymHOXKHMM 00¢ 4acTu paBeHcTBa (2) Ha ITocTpornm

dx
x(f(u)-u)’
ypaBHCHI/IC C pa3I[eHeHHI>IMI/I HepeMCHHI)IMI/I BHUA

W& ©

f(uy-u x

4) UuTterpupys, NOIy4uM odliee perieHue

du
j—zln|x|+ln C.
f(u)—u
y

I[enaeM 3aMCHY U = -— M 3alIMChIBACM OTBCT.
X

3ameuanue 1. IlomcraHoBky Y =XUB ypaBHeHHE (1) MOXXHO BBINOJIHHUTH Cpa3zy, YUYHUTHIBAs, YTO
dy = udx+ xdu.
3ameuanue 2. Ecnu ypaBrenne f(u) —u =0 umeer kopeHb U=Uo, TO penienueM ypaBHenus (1) Oyzer
eme 1 y=Xuo.
[Tpumep. Haiitu o6muii naTerpan quddepeHnnanbHOr0 YpaBHEHUS
X2 + y2 —2xyy'=0
Pemenue.

1) [IpencraBuM ypaBHEHHE B BUIE

2 2
X4y

(*)
2xy
DTO ypaBHEHUE OJJHOPOJHOE, TAK KaK IpU 3aMeHe X Ha tX v Y Ha Yy OHO HEe UBMEHUTCA.
JlercTBUTENBHO,

y

)P+ () PPyt x4y’

2(tx)(ty) 2t%xy 2xy
Paznenum uncnuTens ¥ 3HAMEHATENb MIPABOW 9acTH YpaBHEHHUS (* ) Ha XY, TOIy4IUM
y' = RS

2y 2%



2) BBIMOIHUM TOCTAHOBKY Y u(x), rme u(x) — HoBast Hem3BecTHast GyHKIHs. Torma Yy =uU+ Xu' u
X

YpaBHECHHUE TPUBOANUTCA K BULY

, 1 1
U+xu'=—+=>u.
2u 2
B pesynbTaTe nmpeoOpazoBaHUii MOTy4YUM
gg_l—uz
dx 2u
2udx
3) Paznensem nepeMeHHBIE B TOCIIETHEM YPaBHEHNH, YMHOXHB 00€ YacTH PaBeHCTBA HA ﬁ :
X(1—-u
2u2du=9§.
1-u X
4) UnTerpupys, mMoryanm
2 X
.[ - y du= d_
1-u X

—mh—uﬂzmhhdna

1
1-u?==c.
X
Teneps BepHEMCS K IEPEMEHHOM Y, JUISl 4Ero 3aMEHUM U Ha y :
X
x2——y2 1
5 = C1,
X X
TO €CTb,
x2 —y% =cix—

- 00mUMii MHTETpal.
3amgauu i penIeHus.
Haiitu o6mue pemenus nuddepeHnanbHbIX YpaBHEHUH

2 2 y
1.y’:X +x32/+y ; 2.y':e4+l;
X X
3.Xy + y2 = (2x2 + Xy)y 4.(2\/x>y —y)dx+ xdy=0;

5%.xy'sin(/) + x = ysin(%).

KonTponbHbie BOpocs!
1. Kaxos oOmuii Bua ogHOpogHOTO 1uddepeHInaIbHOT0 YpaBHEHUs IEPBOTO nopsiaka?
2. C momoumpl0 Kakoil IMOACTaHOBKHM pelaeTcsi OAHOpoAHoe auddepeHnnanbHoe ypaBHEHHE
MIEPBOT0 MOPSAKA U K KAKOMY YPaBHEHHUIO CBOJIUTCS €TO perieHue?



IIpakTuyeckue 3ausiTust Nell
Pemenue nunelinbpix nudHepeHIrnaIbHbIX YPaBHECHHUH.

Lenp 3ansatus. HayuuTh cTyneHTa HaxoguTh O00INee W YaCTHBIC PEIICHUS JTUHEHHBIX
muddepeHIMaNbHBIX YpaBHEHUI MEPBOrO MOpsKa; oOuiue pemreHus auddQepeHnanbHbIX YpaBHECHUN
BTOPOTO MOPS/IKA, TOMYCKAIOIUX MTOHIMKEHHE MOPSIKA.

ITopsinok nmpoBeneHMUS:

1. W3YYUTh TEOPETUUECKUI MaTepHa;
2. pa3o0paTh NpeUI0KEHHbIN IpUMeEp;
3. BBINOJIHUTH CaMOCTOSITEIbHO HHANBUAYAIbHBIC 3a/laHUS;

OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

CTyneHT 1oJIKeH:

3HATh: METOJ pemIeHUs JHWHEHHBIX audQepeHnaTbHpIX YpaBHEHHH MEPBOrO IMOPSIKA; METOI
pemenns audhepeHIHaIbHBIX YPaBHEHUH BTOPOTO MOPSI/IKA, TOIMYCKAIOIIUX HOHIKEHHE TOPSIIKa;

yMeTh: pemate JinHelHble auddepeHnraIbHble ypaBHEHHS TIEpBOrO MOPSAKA;  pelarh
nmud dhepeHnranbHbIe YpaBHEHUS BTOPOTO MOPSAKA, JOITyCKAIOIINX TOHIKEHNE TIOPSIIKA.

Jluneitnble quddepeHnnanbHble YpaBHEHHS TIEPBOTO MOPSIKA.

HuddepenipansHoe ypaBHEHHE TEPBOrO MOPsAKA HA3bIBACTCS JIMHEHHBIM, €CIH OHO COJCPIKHT
rckoMyto QyHkimio y(X) 1 ee mpou3BoaHyo Y'(X) B IEpBOI CTENEHH M HE COACPKUT MX MPOU3BEICHHN.
B o0miem cinyyae oHO UMeeT BUJI

AX)Y +B(X)y + C(x) =0, (1) rme xoadduumentsr A, B, C
— 3aJaHHbple HenpepbiBHbIE (YHKIMU OT X. [Ipeamonaras, 9To B HEKOTOPOM HHTEPBAJIC M3MEHEHHS X
dynxums A(X) # 0, pasaenum obe yactu ypaBHeHus Ha A(X)

r, B(X) C(x) _
y' + A Y+ A =0.
B(x) . C(x) .
O6o3Hayas yepes A(x = p(X), A(X =—f (X)' TICPETIMILICM YPABHCHHUE B BUJIC
(x) (x)

r
y' +p()y = f(x).
Ompenenenune. Eciin f(X) =0, To ypaBHeHUE
!
y' +p(x)y=0
Ha3bIBaeTCs JMHEWHBIM OJTHOPOJHBIM (JINHEHHBIM ypaBHEHHEM Oe3 MpaBoif yacTu).
Eciun f(X)#0, TO ypaBHeHHE Ha3bIBaeTCs JMHEHHBIM HEOMHOPOIHBIM (JIMHEWHBIM YpaBHEHHEM C

MPaBOH YacThIO).
3ameuanue. JIuHeliHOe OJHOPOJHOE ypaBHEHME SIBISIETCS ypaBHEHMEM C pa3AessIONIUMHCS
MepEMEHHBIMU.

Vkazanue 1.
Hocranorka 3afauun. Pemuts 3anauy Komu ajis iubeitHoro auddepeHpaibsHOro ypaBHeHMsI

y '+ p(x)y=f(x) @)

y(x0)=yo, (2
rne  pP(X), f (X) —HenpepsiBable  dyHKiMKu; B dactHocTH, P(X), f (X)MOryT OBITH MOCTOSHHBIMH

C Ha4YaJIbHBbIM YCJIOBUCM

BCIIMYMHAMU.

IInanH pemenus.
1) BeimoxanM 3amMeny

y=U(X)V(x) (3)
y' =U"(x)V (x) +U (X)V'(x),

rae U, V — HensBecTHbIE QYHKIUH OT X.
2) MoacraBum B ypaBHeHHeE (2) BMeCTO Y 1 Y’ UX BhIpaxeHus u3 (3), HOIydnm
UV +UV'+ p(X)UV = f(x).



BriHOCHM BO BTOPOM | TpeTheM citaraeMbix U 3a cKoOKu:
UV +UNV'+ p(x)V) = f(X). (4)
3) Tak kak BMECTO OIHOH HEW3BECTHON (YHKIMU Y Teneph TpeOyercs HallTh 1Be (QyHKIUH
U =U(X) 1 V =V(X), yroBaeTBopsrouux ypaBHeHuo (4), To mo0yro u3 aux (U wiu V) MOKHO BBIOpaTh
HPOU3BOJIBHO.
Bribepem V mpousBosibHO: npupaBHsieM B (4) Belpaxenue npu U k Hymo u Oynem uckath V Kak
HEKOTOpOE HEHYJIEBOE YAaCTHOE PElIeHUE YpaBHEHUS (C pa3AesSIoInMIC IEpEMEHHBIMH )
V'+ p(x)V =0 (5)
U3z (4), B cumy paBeHctBa (5), HaxomuMm, uTO JApyras HewsBecTHas QyHkuus U nomkHa
yIOBJIETBOPSATH YPABHEHHIO
UV = f(x). (6)
4) TToncrasus V(X) B ypaBHenwue (6), uiieMm ero obiee perrerne U=U(X,C).
5) 3anuceiBaeM obiee perieHue ypaHenus (2) B Buge Y =U (X)V (X).
6) Mcnionb3ys HauanbHOe ycnosue (2'), momydaem peleHde NocTaBIeHHoi 3a1aun Koy,
3anuceiBaeM OTBET B BuAE Y = @(X) .
[Mpumep. Haiiti perrenue 3agaun Komm amst nuddepeHnmansHOro ypaBHeHHS

r_ ny= 2_ -
Y- (x® =5)sinx

¢ HavabHbIM ycstoBuem Y(0)=0.
Pewenue. 310 nuHeliHOE HEOOHOPOIHOE YPaBHEHUE, TIE
p(x) =——2-, f(x)=(x*-5)sinx.

x2-5'

1) Nmem perieHne ypaBHEHUS B BUIE
y=UXV(x)
y'=U'(QV (x) +U (V' (%),
2) IMoncrasusis 3Ha4eHUs Y M Y’ B JaHHOE ypaBHEHHUE, IPUIIEM K
uv +UV'—§—XSUV = (x? =5)sinx.
X -

BriHocuM Bo BTOPOM U TPETHEM CJIaracMoM U 3a ckoOKu:

UV+U(\/'—§—X5V)=(XZ—5)sinX. @)
X —
3) Beibepem V Tax, uToOBI BhIpaxkeHne B ckoOkax mpu U oOpaTHiioch B HOIIb:
V- §—X5v =0.
X -

DTO ypaBHEHHUE C PA3ACIIIONIMMICS IEPEMEHHBIMU, PEITuM ero. Fimeem

av _ _2x \ =
2y =,

WJIn, pa3aciisasa NEpEeMCHHBIC, TTOJTYyYUM

dv. _  2x _
V e dx=0.

Huterpupyem:
dv 2X _
[80 [z dx—c;

x2—5
2
InV|—In|x= -5 =c.
TaK KaK HacC I/IHTepecyeT HeHyHeBOC YaCTHOC peH_[CHI/IC 3TOro ypaBHCHI/IH, ITOJIOKUM C:O; TOorga
2
InV|= In‘x —5‘,

V=x*-5.
4) Tenepb ypaBHeHHE (*) IPUMET BUI YPAaBHEHUS C pa3esSIOMIUMHUCS IEPEMEHHBIMU
U '(x2 -5)= (x2 —-5)sinx,
70051
dU =sin xdx;
HHTETpUPYEM



jdu =jsinxdx,

U =-cosx+cC.
5) Haitnem uckomyro ¢pynkmmio Y, moMus, uro Y =U (X)V ().
Takum 0Opazom,

y=(—cosx+c)(x2 -5)— (8)
oO1iee pelieHue.

6) Ucnonw3ys HauansHoe ycnoBue Y(0)=0, moxydaem

(-cos0+c)(-5)=0,
HaxomuM C=1 u mojacTaBiseM B ob1ee permeHue (8).
Otser. y=(1-cosx)(x%-5).

3amauu 11 peIIeHus.
Haiitu pemenus 3agau Komu.

1y +y=e*, y(0)=1 2xy' —3y=4x>,  y@Q)=0;
3.y’+%:1+2xz; y()=In2; 4.%—%:(x+1)3, y() =8;

5*.y'cos® x+y=tgx, y(0)=0.

WnnuBuayanbHble 3a1aHUS.
Haiitu pemenus 3agau Komu.

1xy'+y-e“=0, y@)=0, 2y -2=(x+1)? yO)=4

X+1
3y —ytgx=-L-, y(0)=0; 4y -2xy=3x"-2x*, y(0)=0;
ﬂ—(x2 +3)cosx, y(0)=3.

X243

5y —

KOHTpOJ'ILHBIe BOIIPOCHI

1. Ha3zoBute u3BecTHbIe BaM THIIbI TU((HEPCHIIMATBHBIX YPAaBHESHUM,
2. KakoB o0muii Buj1 JIMHEHHOTO Ar(PepeHIIHaILHOTO ypaBHEHUS IEPBOTO MOPsIKa?

3. C noMouIpio Kakoi MOJCTaHOBKH pelaercs JuHelHoe nuddepeHuranbHoe YpaBHEHHE TIEPBOTO
MOpSAAKA M K KAKOMY YPaBHEHHIO CBOJUTCS €T0 pelieHue?



IIpuioxenue 6
IpakTuyeckue 3ansaTus Nel2
Pemenue 3aga4 Ha onpejaesieHne CX0AUMOCTH psiioB. Pazno:xkenue ¢pynkuuii B psaag MakJjopena.
3HATh: ONPECICHUE YHCIOBOTO PsiJIa; HEOOXOIUMBIN U IOCTATOYHBIC IPU3HAKH CXOIMMOCTH PSIOB.
YMETh: ONPEIEIATh CXOAUMOCTb YUCIIOBBIX PSAOB.

OCHOBHBIE CBEJICHHS M3 TEOPHH YUCIOBBIX PSIOB.
ITycth 3amaHa OECKOHEUHAs! YHCIIOBAst OC/ICIOBATEIBHOCTD
Ul,UZ,U3,...,Un yeun
Omnpenenenne. YUCIOBBIM PAZIOM HA3bIBACTCS OECKOHEYHAS IOCIEI0BATENBHOCTD YKCEN, COSTUHEHHBIX
3HAKOM ILIIOC, T.€. BEIpa)KEHHE BUA
Ur+U2+Us+...+Un +..;
gucia U1,U2,Us3,...,Un,... Ha3pIBalOTCS WiICHAMH psja.

MHnekc, cTosmui y Kaxaoro 4wieHa psaa, yKa3plBaeT €ro MOpsiAKOBBIM HOMED B pse.
CokpallieHHO YMCIIOBOH psii 0003HAYaeTCs TakK:

0
YUn=U1+U2+U3+...+Un +... (1)
n=1
Unen Un, HOMep KOTOPOTO He (PUKCUPOBAH, HA3bIBACTCS OOIIMM WICHOM DPAJA.
Omnpenenenne. CymMMa epBbIX N 4ieHOB YyucIoBoro psina (1)
Sn=U1+U2 +U3 +...+Un Ha3piBaeTCs N — 0if YaCTUYHOH CYMMOIA.
0
JUnst KaxJI0ro YMcenoBoro paga ».Un MOXKHO IOCTPOHUTH NOCIEA0BATEIBHOCT €10 YACTHYHBIX CyMM:
n=1
S1=Uz,
S2=U1+U2,

Sz3=U1+U2 +U3,

Sh=U1+U2 +...+Un

OH[!GQCH@HH@. Yucnopoit psaa (1) Ha3bIBACTCA CXOOAIIMUMCS, €CIH ITOCICA0BATCIIBHOCTh €TI0 YaCTUYHBIX

CYMM CXOOUTCHA, T.C. CYIIECTBYCT KOHEYHBIN mnmpeacia
n

S=lim Sn = lim ZUi.

N—00 nN—o0 %
i=1

0

OTOT mpesen Ha3bIBalOT CyMMOM psizia M 3anuchiBaloT S = Y Un,a pa3HOCTh I = S — Sn - ocTaTKOM pAfja.
n=1

3ameuanue. Psm (1) cxoauTest Toraa U ToABKO Toraa, koraa lim m =0.
n—oo

Ecnu mocnenoBaTenbHOCTh YaCTUYHBIX CYMM PAacXOIUTCS, T.€., IPU HEOTPAHWYCHHOM BO3pAaCTaHUU
yHcia cjaraeMbix (N — o0) B YaCTUYHOM CyMMe, OHa WJIM HE MMEET mpenena wid e€ Mpelen paBeH
0ECKOHEYHOCTH, TO Psi/i HA3bIBAIOT PACXOSIIIUMCS.
Pacxopsmmiics psii CyYMMBI HE NMEET.
PaccMoTpuM OCHOBHEIE TEOPEMBI O CXOJUMOCTH YUCIIOBBIX PSJIOB.
Teopema 1. CxoaMMOCTh WM PACXOJUMOCTH psfa HE HAPYIIUTCS, €CIM W3MEHUTh, OTOPOCHUTH WU
J100aBUTh KOHEYHOE YHCIIO WICHOB pAja (CyMMa IIPpU 3TOM U3MEHHUTCS).

0
Teopema 2. Ecnu psin ZU n CXOJHUTCS M UMEET CyMMY S, TO Pl

n=1

0

> cUn =cS,

n=1
KOTOpHﬁ MMOoJIy4acTCsa U3 MPCAbIAYHICTO YMHOXKCHHEM BCEX YJIICHOB HAa OJHO U TOXE YUCIO C, TAKKE
CXOJIUTCS U UIMEET CyMMY CS.



Teopema 3. Cxopmsmiuecs psasl MOXKHO TIOWIEHHO CKIAIbIBaTh W BBEIYWTATH, T.C., CCIH

>Un=S, >Vh =@, tormapsan Y (Un+Vn) Taxke CXOIUTCS U UMEET CyMMy S +@.
n=1 n=1 n=1

Teopema 4 (He0OXOAMMBIN NPU3HAK CXOAMMOCTH psina). Eciu psan > Un cxogurces, TO ero oOrmi

n=1
usieH Up CTpEeMUTCS K HYITIO, TIPH HEOTpaHMYCHHOM Bo3pacTanuu N, T.e. lim Un =0.
N—o0
Ortcrona cienyer, uro ecnu lim Un = 0, To psix pacxoauTcs.
n—o
3aMeuanue. YKa3aHHBIH TPU3HAK HE SBISETCS OOCTaTOYHBIM, T.e. eciau lim Un =0,T0 Bompoc o

n—oo
CXOIMMOCTH Psiia €MI€ He PEIIeH: OH MOKET ObITh KaK CXOJSIIMMCS TaK M PACXOISAIIIMCS.
[Ipu paccMOTpeHIH YHUCIOBBIX PSIIOB MPAKTUIECKU PEIIAIOTCS JIBE 3aa49H:
1) uccrnenoBarh, CXOUTCS WU PACXOIUTCS PSI;
2) 3Has, 4TO PAJ CXOTUTCSI, HAUTH €ro CyMMYy.
M1 Oyniem perrath IepBYyIO 3a7ady, T.e. UCCIEAO0BATh Pl HA CXOIUMOCTb.

YucnoBnie pAABI C ITOJTOKUTCIbHBIMUA YJICHAMMU.
PaccmotpuM uncioBoit psn

OZO:Un : (1)

n=1
Onpenenenne. Ecmu  Bce wunenst psga (1) Ui,U2,Us,..,Un,..>0,T0 psan Ha3piBaeTcs
3HAKOIIOJIOKHUTECIIbHBIM.
OueBuAHO, B 3TOM ClIyyae YaCTUYHAS CyMMa Sp BO3PAcTaeT ¢ BO3pacTaHueM N.
[ToaTOMyY OJOKUTENBHBIN P JINOO CXOAUTCS INOO €ro cyMMa O€CKOHEYHa, T.€.

lim Shn =Swm lim Sn = +c0.
n—oo N—o0

PaCCMOTpI/IM HEKOTOPBIE OOCTATOYHBIEC TMPHU3HAKKM CXOOAMMOCTH HW PpacXogAUMOCTU PpAOOB C
ITOJIOKHUTCIIbHBIMH YJICHAMM.

IIpu3Hak cpaBHEHUS.

[IycTs
Uit +U2+Uz+...+Un+..= YUn 2
n=1
u VIV 2HV3 +..+Vn+...= XVn — 3
n=1

- 7IBa psAfia C MOJIOKUTEbHBIMU WIEHAMH.
ITyctp unensl psaa (2), HaYMHAs ¢ HEKOTOPOTO HOMepa No, MEHbIIIE COOTBETCTBYIOIINX YICHOB Psijia
(3), T.e. 0<Un <Vn (¥n>no). Torna

1) Ecm psan (3) cxomutes, To psx (2) Taxke cxomutca. B atom ciydae psan (3) HaspiBaeTcs
Ma)kKOpaHToil psiaa (2).
TakuMm 00pa3oM, MONOKHUTEITBHBIN PSJ CXOIUTCS, €CIIH OH 00J1a/IaeT CXOISAICHCS MaKOPAHTOM.
2) Ecnu psn (2) pacxoautcs, To psf (3) Takke pacxoIuTcsl.
CxeMaTH4YHO CYTh IIPU3HAKA CPABHEHHMS BBITJISIUT TaK

v n>no:J, <V,

CX00.4=CX00.
pacx.= pacx.

Teopema (mpenenbHas ¢opma mpuszHaka cpaBHeHus). Eciaum mmst psmoB (2) u (3) BeIMomHSETCS
ycIoBUE
0< lim k’,—” =r <o,
n—oo VN
TO paccMaTpUBaeMBbIe PSAAbI OTHOBPEMEHHO CXOSATCS W PACXOISATCS.
Yrolel ¢ IMOMOLIbIO MPHU3HAKAa CPAaBHCHHA HCCICAOBATH pAAbl Ha CXOAMMOCTH, HY>XHO HUMETH
TaKUEC pAbl, O KOTOPBIX 3apaHEC U3BECTHO, CXOAATCA OHU UJIU PACXOIAATCH.



Jis  cpaBHEHHsI OOBIYHO HCIOJB3YIOTCS CIIEAYIONINE 3TAJOHHBIC PSJIBl: T€OMETPHUYCCKHH,
TapMOHUYECKUH U APyTHE.
I'eomerpuyeckuit psia

a+aq+aq’+ag> +..+ag" +..= Yaq"
n=0
cxoxures mpu ycnosun ( < 1 u ero cymma S = ﬁ; ecnu (=1, To reOMeTpUIeCcKUi psiil pacXonUTCH.
T"apmonuyeckuii psin
o0
1.1 1 -yl
1+2+3+...+n +.= Zn
n=1
pacXOIUTCS.

O0600u1ieHHbIN TapMoHnYecKui psia (psa dupuxie)
[eo]

+.=y L

p
n=1"
cxoauTed, eciu P >1, u pacxomurcs, ecnd p <1,

[Tpu3nHak Jlamambepa.

1.1 1
1+Zp +3p +...+np

o0
Ecan unenst psga Y Un MONOKHUTENBHEI U CYIIECTBYET Mpeae
n=1
lim L =k,
n
n—oo
to ipu K <1 psig cxomurcs;
npu K >1 psia pacxomurcs;
npu K =1 BOmpoc 0 TOM, CXOAUTCS PSIT WM PACXOAUTCS, HE PEIIeH U TPEOYeTCsl TOTMOTHUTEIBHOE
HCCIICIOBAHUE C TOMOIIBIO PYTHX JAOCTATOYHBIX IPU3HAKOB CXOTHUMOCTH.

Panukansubiil npusnak Koy,
0
Ecnu unens! psaa Y Un IOTOXKHUTENBHBI U CYIIECTBYET IIpeae

n=1
lim YUn =K,

n—o
To mipu K <1 psi cXoauTes;
npu K >1 psg pacxomurcs;
npu K =1 BOmpoC O TOM, CXOAUTCS PSJI MM PACXOAUTCS, HE PELICH U TPeOyeTcs JIOMOTHUTEIBHOS
UCCIIEIOBAaHUE C IOMOUIBIO APYTHX JTOCTATOYHBIX MPU3HAKOB CXOJUMOCTH.
VYka3zanue 1.
IToctanoBka 3agaun. MccnenoBark CXOAUMOCTD Psiia € IIOJIOKUTEIbHBIMY YJIEHAMU
0
2Un,
n=1
riae Uy colepKUT Npou3BeIeHHsI MHOTUX COMHOXUTENeH (Hanpumep, pakropuanbl).

[Iman peHuiCHus. Ecimm IIpHU BBIMUCIICHUU IIpEACiia

. Un+a
lim 5 =
n—oo

MOXHO COKPAaTUTh MHOXUTCIW B YUCIUTCIIC W 3HaAMCHATCIIC }IpO6I/I %, TO OOBIYHO IIPUMCHAIOT
n

npusHak Jlamambepa.
1. I[TpoBepum, uro Uy>0 mpu Bcex n >1.

2. Hatinem Un+1. Jlns aToro B hopmyite onpenenenus odmiero wieHa psga U, 3ameHnm N Ha n+1.

Una _ k

3. Beraucmm npezen  lim S

n—oo
4. IMpumennum npusHak Janambepa.

2"(n3-1)

o0
IIpumep. MccnenoBats cXOquUMOCTh paaa z o

n=2
Pemenne.
1. [TpoBepuM, YTO WIEHHI PAJia MOJIOXKUTENbHBI. [[eCTBUTENBHO,



2" (n —1)>0

an Bcex N> 2.
2. Haiinem Un+1:

Uneg = 2" (n+1)3-1)

(n+1)!
3. Beruncaum mpeaen
K= lim UUn+l _ lim 2”*1((n+1)'3—1)_ : ”é — lim 2(n3+3n23+3n) _
N YN noe (D) 2"(n%-1)  now (n+D)(nd-1)

_2|,mw 2.0=0.
n—oo N 4nona

4. TTlpumennm npusHak Jamambepa. Tak xkax k=0<1, To psx

o0
2"(n%-1)
Z n!
n=1
CXOIUTCH.

Vkazauue 2.
IMocranorka 3amaun. MccnenoBaTh CXOMUMOCTD Psijia ¢ IOJIOKHUTEILHBIMU YWICHAMU

> Un,
n=1

rae lim YUn cymmecTByeT U J1erko BIMUCISETCSL.
n—o0

2n+3 )3 3’ |
[lnan pemrenns. Ecnmu Un  uMmeer, Hampumep, BHI (”* ) w1 ;10 lim YUn
n-1 3n®+n+1 N>

CYLIECTBYET H JIETKO BhIYHCIsieTcsl. B TakoM cityyae 0OBIYHO MPUMEHSIIOT pauKaibHBIN Mpu3Hak Koy,
1. I[TpoBepum, uto Uy>0 mpu Bcex n >1.

2. Beruucnum mipezen  lim YUn =K.
n—oo

3. [Ipumenum pagukanbHeli mpusHak Komru.

3ameuanue. [Tone3Hno nmets B BI/my, YTO
lim Yn=1 lim Yinn=1 lim Yn'=2 fim %/P(n)=
n—oo n—o n—o0 n—o0
rae P(n) — MHOrOYIEH OTHOCHUTEIHHO N.

ITpumep. Uccnenosars cX0IUMOCTB psiia

(%.4)+(%.4)2+(%.4)3+(1€1-4)4+...

Pemenune. O6umii unen psaa umeer sug Un = (SrTfln 4) rome h=12,..

1 crroco0.
1. TIpoBepum, UTO YIEHBI Psiia MOJOKUTENbHEI. JlefCTBUTENBHO,

3+2n
Un=(=2.4) >0
mpu Bcex N =1.
2. Beraucanm npenen

3+2n n 3+2n
k_r!inoo\/Un = I|m [( et 4) T_ Ilmw re4=8.
3. Ilpumennum pa;[I/IKanLHLIﬁ npusHak Komm. Tak kak K =8>1, 1o psig

o0
¥ (3+2n ) 4)‘
n+1
n=1
PacxoIuTCsl.
2 cnoco0. Hapymaercst HeoOX0AMMBIN PU3HAK CXOAUMOCTH psijia:

. . n
lim Un = lim (%4) = oo,
N—>o0 n—oo " Nt



0
n
a He Houb. CreioBaTeNbHO, sl Z(% . 4) pacxoauTcs.
n=

3amaun A1 perIeHus.

HccnegoBaTh CXOAUMOCTh pAOOB.

155" 2.3 (an-1)e
nzzllns n§1(9n+1)
3.y (nh)! 4.3 %0.07
n=1 3 n=1
< 2n%+n®+2n-6 6* OOM
‘nZin(n+1)%(2n? -1) 'El n

1.Ps0 pacxooumcs(K =5).2.Ps0 cxooumces(K = 2/ 3).3.Ps0 pacxooumes

OtBeTsL. (k = +0) 4.Pa0 pacxooumcs| lim Un = 1).5.P;10 cxooumes

n—o

L 16.Pa0 pacxooumes(k = 41¢).

n

M s

cpasHumy ¢ poom
1

=}
Il

NunuBumyansHbIe 3aaHUS.
HccnenoBatb CXOAMMOCTH PSAOB.

o0 o0
2
n 5+n
130 2y 5
n=1 n=1
n

0 o0
3 2" (n+1)!
3. (3n_+n) 4. )
Z 2n®-1 Z 3"+2
n=1 n=2

* * Z 3 6

5°) n(ﬁ) 6 .nZ:;In ntd
OTBETHI.

1.Ps0 cxooumes(K = 0).2.Ps0 pacxooumesn3.Pso pacxooumes(k =3/ 2).

4.Ps0 pacxooumcsd.Pso cxooumes(k =1/ 2).6.Ps0 cxooumces

3HaKouepeayOInecs PAIbL.
Psn Bunma

Ur—U2 +U3 -+ (=) Wn +..= (=) " Un, (1)
n=1

rae Un >0, n=123,... u aBa MO0BIX COCETHUX WICHA UMEIOT MPOTHUBOMOJIOKHEIC 3HAKH, HA3BIBACTCS
3HAKOYEPEYIOIIUMCS.
HccnemoBanne CXOAMMOCTH TaKHX PSIIOB TPOBOJUTCS HA OCHOBAaHUM TeopeMbl JleliOHuia —
JIOCTaTOYHOT'O MIPH3HAKA CXOUMOCTH 3HAKOUEPETYIOIIETOCS Psija.
Teopewma (Jleiibunma) 3nakouepeayromuiics psf (1) cxonures, ecim:
1) ero 4aeHBI MOHOTOHHO YOBIBAFOT 110 a0COIOTHOW BEIUYMHE, T.C.

Ur>U2>Usz>..>Un>.. u

2) ero oOmu# uneH U, cTpeMuTcs K HyIJIO Ipu N —> o, T.€.
lim Un =0.

n—o0

3aMecuaHue. CYMMa TAKOI'0 psAa MOJOKUTCIIbHA U HE IPEBOCXOAUT IICPBOTO HJICHA pAaa Ui.

ITo 3makouepenyromemycs psaxy (1) MOXHO TOCTPOWTH  COOTBETCTBYIOUIMA €My
3HAKOTIOJIOKUTEBHBIN PsiI



o0
Ui+U2+Us+..+Un+..= 3Un. (2)
n=1
[Tpu3HakK CXOAUMOCTH 3HAKOUEPEAYIOIIECTOCS Psilia.
Ecmm psan (2), cocraBieHHBIN M3 aOCOMOTHBIX BEIMYWH WieHOB psna (1), cxommres, To psx (1)
TaK)Ke CXOMIUTCSI.
Onpenenenue. 3Hakouepenyromuiics psn (1) HaspiBaeTCs aOCONIOTHO CXOMISIIUMCS, €CIIU
cxomutes pax (2), COCTaBICHHBIN U3 aOCOMIOTHRIX BETMYHH 4ieHOB psaa (1).
Cxomsammiics 3HAKOYEpPEAYIONIMIACA psI HA3bIBaeTCd YCIOBHO CXOMISIIAMCS, €CIH s,
COCTAaBJICHHBIHN U3 a0COIOTHBIX BEJUYHH €0 YICHOB, PACXOIUTCS.
VYkazaunue 1.
ITocTanoBka 3amauu.

I/ICCJ'IeILOBaTL CXOANMOCTH 3HaKO‘lepeILy10HICFOC$I psma
o0

Y (-1)"Un, Un > 0. 3)

n=1

IInan pemenus.
1. CoctaBuM psizt U3 aOCOMIOTHBIX BEIMYHH YICHOB JaHHOTO Psiza

ZU n
n=1

u mposepuM, 4ro limUn=0 (ecmu lim Un #0,T0 psin pacxomamTcs, TaKk Kak HE BBIOJIHEHO
n—oo n—o0

HEOOXOMMOE YCIIOBHE CXOIUMOCTH PAJIA).

2. Jns ompeneneHust xapakTepa MOJYYCHHOTO MOJOKUTEIBHOTO psifa MPUMEHUM OJWH U3 IPU3HAKOB
CXOIMMOCTH, PACCMOTPEHHBIX BBIIIIE.

Ecnu psix u3 Momayneit cxoauTcst, To UCXOAHBIHN psf (3) cxomauTtces abCOMOTHO.

3. Ecnu psn w3 moayineil pacXomuTcs, TO BO3MOXKHO HCXOIHBIA psn (3) cxomutcs ycioBHO. UTOOBI
MPOBEPUTH ATO, MPUMEHUM NpHU3HaK JleiiOHuIIa.

Ecnu o0a ycnoBusi mpu3HaKa BBINOJHSIOTCS, TO PSAA CXOTUTCSA YCJIOBHO, B NPOTHBHOM Cllyyae OH
pacxoaurcs.

IIpumep. MccnenoBats CXOAUMOCTD Psiaa
o0
n 2n’-1
> (D v
n
n=1

Pemnrenue.
1. CoctaBum psan U3 MoAyJIei:

e8] e8] ) )
— 2n°-1 —2n"-1
_nzzl 3n’ (Un an® )

2.

_nm\h 2n%4a
(1) 3n®

n=1
ITpoBepuM BBIMOJIHEHHE HEOOXOAUMOTO YCIOBUS CXOAUMOCTH:
. 2_
lim 2021 =0,
n—oo 3N

2. CpaBHUM MOJTY4YEHHBIH TTOJIOKUTEJBHBIA PSAZl C TApMOHUYECKUM PSAOM
o0
1 1
z n (Vn - n) !
n=1

0 KOTOPOM H3BECTHO, YTO OH PaCXOIUTCH.
TTonyuum

(2n2—l)n

0< lim Y2 = |im “==

n—w " n-wo 3N
TOr/Aa 1o Teopeme (penenbHas popMa nNpu3HaKa CpaBHEHUS) Psil U3 MOAYJIEH TOXKE PacXOIUTCS.
3. [IpoBepum ycnoBus npusHaka JlelOHmma:

1) unens! psia yObIBatOT MO aOCOJTIOTHOM BENUYHHE:
%>#>...>%>...
2) 4JieHsbl psiia CTPEMATCS K HyJIr0 mpu N —> oo (cM. 1. 1).

CrenoatensHO, 10 npu3HaKy JleliOHuIa psig CXOAUTCA.

_2
=2 <o,



0
Orsert. Pan Z (-1)" 22 cxonutest yesoBHo.

n2
Y 3n
3anauu Ui pereHus..

HccmenoBath CXOOUMOCTD PSIZIOB.

- n+l 3n4+1 2 (-p"t
1'2;(_1) n(rr:Z) 2 10n+1

= n=

c _1\N3n+2\N c _1n\n 2n’
3.%( n"Ex 4.n§( 1)" 2
5" ()" (n-)x"* (0<x<1)

n=1
OTBETHI.

1.Ps0 cxooumcsaycnoeno.2.Pao pacxooumcsn3.Pao cxodumesnycnog

H0.4.Ps0 cxooumcsiabconomno.5.Pso cxooumcesiabconrommo.

NunuBuayansHbIE 3aaHUSL.
HccnenoBath cX0AUMOCTD PSIIOB.

DN ENE 23 (Lpym o
nZ_;,( ) s nZ_;,( )5

0 - 0 2 (_1)n+l%
()" 5.y ——
321W 421 (_1)n (% n ; n+2
n=, n=

OTBETEL

1.Paocxooumcs ycnosno.2.Pso pacxooumcs.3.Psocxooumcs

abconmommno.4.Ps0cxooumcs abconomu 0.5.Psaocxooumcst yciosHo.

KonTponbHbie BOpocH!
1. JlaiiTe onpeneneHne YUCIOBOTO psija.

2.Kakoi 9ncinoBoil psii Ha3bIBAaeTCS CXOSIIUMCS, PACXOSIIUAMCS ?
3. CdopmynupyiiTe TpU3HAKK CpaBHEHHs (NPU3HAK HEMOCPEJCTBEHHOTO CPaBHEHUS H
npeaenbHbIN mpru3Hak). Kak ciexyet BRIOUpaTh psizt A7l CpaBHEHHSI C HCCIIEAYEMbIM Psiiom?
4. B ueM 3akiroyaercsi CyLUIHOCTb Hpu3Haka JlamamOepa, paaukaibHOro npusHaka Komm?
Kaxkue psazgp1 y100HO HccienoBaTh ¢ IOMOIIBIO KaX/I0T0 U3 HUX?
5. Kakoii psig HazeiBaeTcst 3Hakouepeayrommmcs? ChopMyaupyiTe JOCTaTOUHBIN MPU3HAK

CXOJMMOCTH 3HaKo4epeayromerocs psaa?
6.1IpuBenuTe npuMepsl a0COTIOTHO CXOASIIMXCS PSIOB.

1.Kakue psaap! Ha3pIBarOTCS (PYHKIMOHAIBHBIMU PsiiaMu?
2.Kaxoii mpu3HaK NpUMEHSIOT IIPH UCCIETOBAHUH CTETIEHHBIX PAJOB HA CXOJAUMOCTB?

3.BeiBeaute popmymy Makimopena.



IIpunoxenne 7
IIpakTuueckue 3ansaTus Nel3
IMocTpoenne rpagos. Pemenne koMOMHATOPHBIX 3124

HNudopmarmonasie Moaenu Ha rpadax

HarnsimaeiM cpelicTBOM MPEICTABICHUSI COCTaBa M CTPYKTYPBI CHCTEMbI siBisieTcst rpad. ['pad
COCTOMT W3 BEpIIWH, CBS3aHHBIX JMHUAMU. Eciau nvHMS HanpaBieHHas (CO CTpENKOi), TO OHa
Ha3bIBaeTCs MyTOi; JMHAA HeHanpaBieHHas (6e3 cTpenkn) Ha3plBaeTcsl peOpoMm. JImHMA, BhIXomAmas u3
HEKOTOpPOW BEpIIMHBI U BXOJINAs B HEE K€, HA3bIBacTCs MeETNei. BeplImHbl MOTYT H300pakaThCs
Kpyramu, OBaJIaMy, TOYKaMH, IPSIMOYTOJIbHUKAMH H T. 1.

Ecnu 00beKThI HEKOTOPOI CUCTEMBI N300pa3UTh BEPIIUHAMM, & CBS3H MEXKIY HUMH — JIMHUSIMH,
TO MBI TOTYYHM WH(GOPMAIFIOHHYIO0 MOJIETh pacCMaTprUBaeMoi CHCTEMBI B (hopme Tpada.

Cetu

Panee MBI paccmarpuBaiim rpadbl — CXEMbl OTHOIICHH, OTPKAIOIIUE HUMEIOIIMECS CBS3U
MeXIy 0ObEeKTaMHu.

Hanpumep, rpad, oTpakaroliuii OTHOIIEHUE «IEPETHCHIBAIOTCSY» MEXKIy OOBEKTaMH Kiacca
«IIETH», MOXET BBITJIAACTh, KaK MMOKa3aHO HA PUCYHKE HUKE:

(vaa
=

OTHOILICHHE «MEPENUCHIBAIOTCS» («IUIIYT MHUChMa JAPYT APYTY») SBISETCS JBYXCTOPOHHUM
(cummeTpuuHBIM). [103TOMY COOTBETCTBYIOIIME BEPIIMHBI COSTUHEHBI TMHUSAME 0€3 CTpeNok (pedpamMu).
I'pad Ha3pIBaeTCsI HEOPUEHTUPOBAHHBIM, €CJIU €TO BEPIIMHBI COEAUHEHBI peOpamu.

[Tyte mo BepmmHam u pedpam rpada, BKIToUYaromui iodoe pedpo rpada He Ooree 0gHOTO pasa,
Ha3bIBaeTCA IETbIO.

IIpumep nenu: FOpa- Aus- Buta- Kons.

lenb, HavanpHasi W KOHEYHAs BEPIIMHBI KOTOPOH COBHANAIOT, HA3bIBAETCS LIUKIOM.
[Tpumep tmkna: Aus- Kons- Buts — Ans.

Wnaue BeITIAAUT Tpad, OTpaKAIONINKA OTHOIIEHUE «IHIIET MUChMa» MEXIY TeMH Ke 00BeKTaMU
KJacca «aeTu». JIMHuM co cTpenkamu (Iyrv) IpUAaloT eMy COBEPIIEHHO HHOW CMBICT:

_topa Je—A_Aum_|

I'pad Ha3pIBaeTCA OPMEHTHPOBAHHBIM, €CIIH €TI0 BEPIINHBI COEAMHEHBI TyraMH.

I'pad Has3wpIBaeTCs B3BEIICHHBIM, €CIIM €T0 BEPIIMHBI WM pedpa (Ayrw) XapaKTepu3yroTCs
HEKOTOPOH JIOTIOJIHUTENBHOM HH(POPMaIeld — BeCOM BepIIMHBI WK pedpa (ILyTH).

Ha pucynke Hmwke uHpOpManus O ropojaax 30JI0TOTO KOJbIA MpPEJCTaBIeHa B3BEUICHHBIM
rpadom: Beca ero BepIINH — rofia OCHOBAHUS FOPOJIOB, Beca pedep — pacCTOSHUS B KHIIOMETPaxX MEXLy
ropoJiaMu.



Pocros Benumv‘j

87 862
66
Mepecnasnst 3anecckuin
1152

158
1782

62

[Cepmea Mocan

Bnagumup
1108

lNycb-XpycranbHbin
1756

I'pad ¢ nukIoM Ha3BIBAETCS CETHIO.
Ha cnenyromem pucyHke B Buje rpada mpeacTaBieHa WHPOPMAMOHHAS MOJCIh CKa3KH PO

IlapeBHy-IAry1IKy.
nycTun ykasana
Hawen cxer

Narywayen Koxa

cbpocuna Hawen
npesparunaces
npesparmnacs
ynerena

Bacunuca lMNpekpacHan
Kowen BeccmeprHbin

BepmmHb! 3Toro rpadga — mepcoHaku U NpeAMEThl M3 CKa3KH, AYT'H — CBSI3U MEXKIy HUMH. B
OTJIIMYHE OT MPEJBIYIIUX IPUMEPOB, 3/IeCh BCE CBS3H Pas3inyHbl. [103TOMY OHH MOAIUCHIBAIOTCS PSAIOM
C COOTBETCTBYIOIUMH JyTaMH.

Takoit rpad Ha3bpIBaeTCS CEMaHTUYECKOW ceThio. CuMTaeTcs, 4To MO0y MH()OPMAIIUIO MOXKHO
NPE/ICTAaBUTh B BUJIC CEMAHTHUECKOW CETH, HA KOTOPOH OyIyT OTpasKeHbI OOBEKTHI (MIOHATHUS) U CBS3H
(OTHOIIIEHNS) MEXKTy HAMH.

Hcnonw3zoBanue rpados npu penieHnn 3aaaq

I'padbl yioOHO KCTIONBE30BaTh MPU PEIICHUH HEKOTOPHIX KIIACCOB 3ajad.

3amaya 1

CKOJIBKUMH CIIOCOOaMHU MOKHO PacCaauTh B PSIl HA TPH CTyJa TPeX yU4eHWKOB? Brimmcarh Bce
BO3MOJKHBIE CITYYaH.



Pemenwne 3To# 3amaun yqo0Hee BCero MpeACcTaBUTh B BHIIE IEPEBA. 32 €T0 KOPHEBYIO BEPIIUHY
BO3bMEM MPOHU3BOJIFHYIO TOUKY Tutockocth O.

Ha mepBblil cTya MOXXKHO MOCaauTh JHOOOTO U3 TpeX y4yeHHKOB — o0o3HaunMm ux A, B u C. Ha
CXEMe€ 3TO COOTBETCTBYET TPEM BETBSAM, UCXOIAUINM U3 Touku O:

./IO\
A B \.C

[locanuB Ha mepBbIil cTyN yueHHKa A, Ha BTOpOH cTysl MOXKHO nocaanuTs yueHuka B niu C. Ecim
K€ Ha MEPBBIA CTyJ CANET YUeHHK B, To Ha BTOpoil MokHO mocanuTh A wmm C. A eciy Ha TIepBbIA CTYI
csaper C, To Ha BTOPOH MOXHO OyneT mocaauth A uian B. DTo cOOTBETCTBYET Ha cXeMe JIBYM BETBSIM,
HCXOJSAIIUM U3 KAXKJI0M BEPIIUHBI IEPBOIO YPOBHSI:

Q

O4eBHIHO, YTO TPETHM CTYN B KaXKIOM ciy4yae 3aiiMeT OCTaBLINICA YIEHUK. DTO COOTBETCTBYET
OJIHOM BETBH JepeBa, KOTOPAs «BBIPACTACT» HA U3 MPEIBITYIINX BETBEN.

B

C A B

Brinuiiem Bce myTH OT BEPIIKH MEPBOIO YPOBHS K BepIIMHaM TpeThero yposHsi: A-B-C, A-C-B,
B-A-C, B-C-A, C-A-B, C-B-A. Kaxzplii 13 BBINHUCAaHHBIX IYTEH ONpEAENSAET OJUH U3 BAPUAHTOB
paccakvBaHHs yUCHUKOB Ha CTYNbs. Tak Kak APYrux MmyTed HeT, TO UCKOMOE YHCIIO cltoco0oB — 6.

JlepeBO MOXKHO HE CTPOWTB, €Clii He TpeOyeTcsl BBHINMKCHIBATH BCE BO3MOXKHBIE BapHAHTHI, a
HY)KHO INIPOCTO yKa3aThb X 4YHMCIIO. B 3TOM ciyuyae paccykJaTh HYXHO Tak: Ha IEPBBIM CTYyJ MOYHO
yCaJuTh OAHOTO M3 TPEX YEJOBEK, Ha BTOPOM — OJHOrO W3 JIBYX OCTaBIIMXCS, HA TPETUH — OJHOIO
ocramierocs: 3 *2 * 1 =6.

3anaua 2

UroOsl mpunectn lLlapro-Oatiomke MonoausbHBIE A0JIOKH, I0JDKEeH lBaH-LlapeBUdY HalTH
€IMHCTBEHHBIH BEPHBIH MyTh K BONIIEOHOMY cajay. Berpernn VBaH-1iapeBrd Ha pa3BHIIKE TPEX JIOPOT
CTaporo BOPOHA M BOT KaKKe€ COBETHI OT HEr0O yCIBIIIAN:

1. mau ceffuac o MpaBoi TPOIHMHKE;

2. Ha cieIyIollel pa3BUIIKe HEe BEIOMpali IpaBylo TPOIIMHKY;

3. Ha TPEeThEH pa3BUIIKE HE XO/H IO JIEBOW TPOTIMHKE.

[poneraBmuit MEMO ronyOb IeNHYN MBaHy-IIapeBUYy, YTO TOJIBKO OJIMH COBET BOPOHA BEPHBIN
1 4TO 0053aTEeNIFHO HAJI0 MPOMTH MO TPONMHKAM pa3HbIX HampaBieHUH. Ham repoil BEIIONHWI 3aaHue 1
MoTaJT B BOJIIEOHEIH cax. Kakum MapuipyToM OH BOCIIOJIB30BAIICS?

O003HaYMM JIEBYIO, CPEIHIO W MpaByio TponuHKA cooTBeTcTBeHHO JI, C u I1. Bo3moxxHbIe
MapuIpyTel IpeacTaBuM B Buzae rpada. Ilpu 3ToM Mmojacka3ku BOpPOHA OTMETHM OoJiee «KHPHBIMID
peOpamu. Tak KaKk TOJIBKO OAMH COBET BOPOHA BEPEH, TO Ha rpade eMy OyJeT COOTBETCTBOBATh MapLIPyT,
UMEIOIIUI OJTHO «OKHPHOE» pedpo. DTOT MapmpyT 0003HAUEH JIOTIOHUTEIBHOM MyHKTUPHOW JIMHUCH:



KopoTko o rimaBHoM

HarnsoaeIM cpefcTBOM MpeAcTaBIeHHS COCTaBa M CTPYKTYpPHI CHCTeMBI siBisiercs rpad. I'pad
COCTOUT M3 BEpUIMH, CBSI3aHHBIX JHHUSAMH. HampaBneHHass TUHMS HA3bIBa€TCs Iyrod, HEHANpaBICHHAs
— pebpoM. JIuHus, BRIXOAALIAS M3 HEKOTOPOW BEPIIMHBI M BXOZSIIAs B HEE e, Ha3bIBACTCS METIICH.
I'pacd) HaspIBaeTCsST B3BEIIEHHBIM, €CIIM €r0 BEPIIMHBI WIH pedpa (IyrH) XapaKTepu3yloTCS HEKOTOPOH
JOTMOJTHUTENbHON MH(OpManyeii — BeCOM BEpILIMHBI I pedpa (IyTrH).

[Tyte no BepmmHam u pebpam rpada, BKIIOYAONIUH T1000e pedpo rpada He Ooliee OJHOTO pasa,
Ha3bIBaeTcs enbio. Llens, HayampHas W KOHEYHas! BEPIIMHBI KOTOPOW COBIAJAIOT, HA3BIBACTCS ITHKIIOM.
PazHoBHIHOCTE Tpada, comeprKaIas IUKIbI, Ha3bIBAETCS CETHIO.

Hepapxust — 3TO pacrofioXeHHWe 4acTeil WM SJIEMEHTOB IEJIor0 B MOPSAKE OT BBICHIETO K
HuzmeMmy. CHCTEMBI, DJIEMEHTHl KOTOPHIX HAXOJITCS B OTHOIICHUSX <GIBISETCS Pa3HOBHIHOCTHIOY,
«BXOJIUT B COCTaB» M JIPYT'HIX OTHOIICHUSX IMOJYNHEHHOCTH, HA3bIBAIOTCS MEPAPXHUUECKUMU CUCTEMaMHU
(cucteMamu ¢ UEPaPXHUECKON CTPYKTYPOIA).

I'pad mepapxuueckoil cucTeMbl Ha3biBaeTcs AepeBoM. OTIMUUTENTHLHOH OCOOCHHOCTBHIO JepeBa
SIBIISIETCS TO, YTO MEXKTy JIFOOBIME IBYMS €T0 BEPIIMHAMHE CYIIECTBYET €IUHCTBEHHBIN MyTh. JlepeBns He
COJIepKAT IIUKJIOB U METEb.



IIpaxkTuyeckue 3ausiTusi Nel4

Pemrenne 3a1a4 Ha TeopeMbl CJIOKEHHSI M1 YMHOKEHHsI BEPOSITHOCTH
Lenb paboTs:
CTYJICHT JIOJKCH:
3HATH:
oTpeJiesieHIe HE3aBUCUMBIX COOBITHIA;
TEOpEMY YMHOKCHHUS BEPOSTHOCTEH;
YMETh!
BBIYUCIISITh BEPOSTHOCTD HE3aBHCUMBIX COOBITHI.

CBeeHus U3 TEOPUU:

IIycts BepoaTHOCTD COOBITHS B HE 3aBUCHUT OT MOSBIEHUS COOBITHS A.

CoObITHE HA3BIBAIOT HE3aBUCUMBIM OT COOBITHSI A, €CJIM TOSIBJICHUE COOBITUS A HE H3MEHSCT
BEPOSATHOCTU COOBITUS B, T. €. ecnm yclIOBHas BEpOSATHOCTh COOBITHS B paBHa ero 0e3ycioBHOMN
BEPOSITHOCTH:

Pa(B) =P(B).

Wrak, ecnu cobbiTrie B He 3aBHCHT OT COOBITHS A, TO COOBITHE A HE 3aBHUCHT OT COObITHS B; 3TO
03HAYaeT, YTO CBOMCTBO HE3aBUCUMOCTHU COOBITHM B3aMMHO.

J71st He3aBUCHUMBIX COOBITHI TeopeMa YMHOKEHHSI UIMEET BH/I:

P (AB)=P (A)-P (B),

T. €. BCPOATHOCTHL COBMECTHOT'O IIOABJIICHUSA ABYX HE3aBUCHUMBIX CO6I)ITI/II>1 paBHa IIPOU3BEACHHIO
BEPOSATHOCTEH 3TUX COOBITHI.

I[Ba CO6I)ITI/I$1 Ha3bIBAIOT HC3aBUCHMBIMH, €CJIHM BECPOATHOCTbL HMX COBMCHICHUA paBHA IPOHU3BEACHHIO
BepOﬂTHOCTCI\/’I 9TUX CO6I)ITI/II\/'I; B IIPOTUBHOM CJIy4ac CO6I)ITI/I}I HAa3bIBAKOT 3aBUCUMBIMU.

Ha mpaktuke 0 HE3aBHCHMOCTH COOBITHH 3aKJIIOYAIOT MO CMBICTY 3afadd. Hampumep, BeposTHOCTH
MOPAKEHUS TENH KKABIM U3 ABYX OPYAHWA HE 3aBHCAT OT TOTO, IMOPA3HJIO JH LElh APYroe OpyIue,
MO3TOMY COOBITHS «IIEPBOE OPYIHE IMOPA3HIIO LIENIb» H «BTOPOE OPYIUE MOPA3KIIO IENb) HE3aBUCHMBI.

Heckonbko cOOBITHII Ha3bIBAOT TOMApPHO HE3aBUCHUMBIMH, €CIIM KaXKIble BAa W3 HHUX HE3aBUCUMBL
Hanpumep, coObitus A, B, C nmonapHo He3aBUCHUMBI, eclid He3aBUCHMBI coObiTHs A B, AuC, Bu C.

[Ipumep 1

[lycte B ypHEe mMmeercs 4 miapa, OKpallleHHBIe: OIMH — B KpacHBIA 1BET (A), oauH — B cuHHN 1BeT (B),
onvH — B yepHbId 11BeT (C) n ogun — Bo Bce 3Tu TpH 1BeTa (ABC). Uemy paBHa BEpOSTHOCTH TOTO, YTO
W3BIICUYEHHBIN U3 YPHBI AP UMEET KPACHBII LBET?

Pemenue:

T.K. M3 YEThIPEX IIAPOB J[Ba UMEIOT KpacHkIi 1BeT, To P(A)=2/4=1/2.

Paccyxnas ananornuHo, nHaiiiem P(B)=1/2, P(C)=1/2.

JonycTuM Teneps, YTo B3ATHII Iap UMEET CUHUH LBET, T. €. coObITHE B yxe npouzonuio. smenurcs nmu
BEPOATHOCTh TOTO, YTO H3BJIEUECHHBIM IIap MMEET KpacHbI LBET, T. €. MU3MEHHUTCS JI1 BEPOSTHOCTH
coObITHs A?

W3 nByxX mapoB, UMEIOLUIMX CHHUN IBET, OAWH IIAPp MMEET M KPAaCHBIA IBET, IIO3TOMY BEpPOATHOCTD
coObiTHss A mo-TipexxHemy paBHa 1/2. Jl[pyrumu clioBamMH, YCJIOBHAsi BEPOSTHOCTH COOBITHS A,
BBIUMCIICHHAs B TPENIOJIOKEHUH, YTO HACTYMWIO coObITHE B, paBHa ero 06e3ycloBHON BEpOSTHOCTH.
CnenoBarenbHo, cOObITHS A U B HEe3aBUCHUMBEI.

AHanornuHo npuzieM K BbIBoay, 4to coObiTHss A u C, B u C HezaBucumbl. Utak, codbitus A, B u C
MOTIapHO HE3aBUCUMBI.

He3zaBucuMel 1 3T COOBITHSI B COBOKYNMHOCTH? OKa3bIBaeTCs, HET.

JleficTBUTENBHO, yCTh M3BJIEUEHHBIN IIap UMEET J1Ba I[BETa, HAI[pUMEp CHHMH W 4YepHbId. YeMy paBHa
BEPOSATHOCTH TOTO, YTO 3TOT IIAp UMEeT M KpacHbIN nBeT? JIMImb ofuH map OKpaiieH BO BCE TPH IBETa,
II0O3TOMY B3ATHIH IIAp UMEET U KPACHBIN 1BET.

T.o., nonyctus, uro codbiTuss B u C mpousonuiy, NpuxoAuM K BBIBOLY, YTO COOBITHE A 00s3aTeIbHO
HacTynuT. Ce10BaTebHO, 3TO COOBITHE JOCTOBEPHOE M BEPOSITHOCTD €0 PaBHA CAMHHIIE.

Hpyrumu cioBamu, ycnoBHast BepOSTHOCTH Pgc (A)=1 cobOpitsi A He paBHa ero 0e3ycCIOBHOU
BepositHocTH P(A)=1/2. WUtak, nomapHo He3aBUCHUMBbIe coObITH A, B, C He SBIAIOTCS HE3aBUCUMBIMHU B
COBOKYITHOCTH.



BeposTHOCTh COBMECTHOTO TMOSIBJIICHHSI HECKOJIBKHX COOBITHIA, HE3aBUCHMBIX B COBOKYITHOCTH, PaBHa
MIPOU3BEICHUIO BEPOSITHOCTEH ATHX COOBITHI:
P(A1Az ... An) = P(A1) ' P(A2)-...-P(An).

IIpumep 2

HaiiTi BepOosITHOCTH COBMECTHOTO TIOSIBIICHHSI TepOa MpH 0JHOM OpOCaHUH IBYX MOHET.
Pemenue:

BEpOSTHOCTH ITOSBIICHUS TepOa nepBoii MOHETHI (coObiTHe A): P(A)=1/2.

BepostHOCTE TIOsiBIIeHHS TepOa BTopoii MOHETHI (cooniTre B): P(B)=1/2.

CoObiTus A 1 B He3aBUCUMBIE, TOATOMY UCKOMas BEPOSITHOCTD IO TEOPEME YMHOKEHHS paBHa:
P(AB)=P(A)-P(B)=1/2-1/2=1/4.

ITpumep 3

Nwmeerca 3 smuka, comepkamux mo 10 nmeraneit. B mepBom siuke 8, Bo BTOpOM 7 U B TpeTbeM 9
CTaHJAPTHBIX AeTayneld. M3 Kaxkaoro siyka HayAady BBIHMMAIOT HO OJHOM netanu. HaliTu BeposSTHOCTH
TOTO, YTO BCE TPH BBHIHYTHIE JETATN OKAXKYTCS CTAHAPTHBIMHU.

Pewenue:

BEPOSATHOCTB TOTO, UTO W3 IIEPBOTO SAIINKA BBIHYTA CTAHAPTHAS AeTalb (COObITHE A):

P(A)=8/10=0,8.

BeposTHOCTB TOTO, YTO M3 BTOPOTI'O SIIKMKA BEIHYTa CTaHAApTHAs JeTalb (coobITHE B):

P(B)=7/10=0,7.

BeposTHOCTB TOTO, UTO U3 TPETHETO AIINKA BBIHYTA CTaHIAPTHAS AeTaib (coosrtre C):

P(C)=9/10=0.,9.

Tak kak coOwbiTuss A, B u C He3aBUCHMBbIC B COBOKYIHOCTH, TO HUCKOMasl BEPOSTHOCThH (TI0 Teopeme
YMHOXEHHSI) PaBHA:

P(ABC)=P(A)-P(B)-P(C)=0,8-0,7-0,9=0,504.

3anaHus A7 CaMOCTOSATENIBHOTO PEeIIeHuU:

Pemure 3amaumn:

1) BeposiTHOCTB TOTO, 4TO B Mara3uHe OyJIeT MpojiaHa rnapa My»Xckoi o0yBu 44-ro pa3mepa, pasHa 0,12;
45-ro — 0,04, 46-ro u 6onpiiero — 0,01. Haiitu BepoaTHOCTB TOTO, 4TO OY/AET MPOAAHA IMapa MYKCKOH
00yBH He MeHbIIe 44-T0 pa3mepa.

2) Ilpu ycnoBusx 3agaun 1 HaAlTH BEPOSITHOCTB TOTO, YTO OUEPEAHOI OyAeT npoaaHa napa o0yBu
MeHbIe 44-10 pa3mepa.

3) B simuke HaxonsaTcs 5 pe3loB: 1Ba M3HOIICHHBIX U TpH HOBHIX. [Ipon3BoauTes 1Ba mociie0BaTeIbHbIX
n3BJIeYeHUs pe3loB. OnpenenuTh YCIO0BHYIO BEPOSTHOCTD MOSBICHUS H3HOIIEHHOTO pe3La pyu BTOPOM
M3BJICYEHUH TPU YCIOBHH, YTO W3BJICUCHHBIN B MEPBBI pa3 pe3el] B SIIUK HE BO3BpaIaeTCs.

4) B ypre HaxosTCs 5 O€TbIX MIapoB, 4 YepHBIX U 3 cuHUX. KaxkJj0e HCIbITaHne COCTOUT B TOM, YTO
HayZAady M3BJIEKAIOT OMH IIap, He BO3BpalLas ero B ypHy. HalTi BeposSTHOCTH TOTO, YTO IPH [IEPBOM
WCTIBITAHUY MTOSIBUTCS Oelbii map (coObiTe A), IpU BTOPOM - UepHBIH (coObiTHe B) 1 pu TpeTbeM —
cunmii (codsitue C).

KoHTposbHBIE BOIPOCH:
1. Jaiite onpejieneHne HE3aBUCUMBIX COOBITHH.
2. Kakue coObITHS Ha3bIBAIOTCS MONAPHO HE3aBUCHMBIMH?



[IpaxTrueckue 3ansaTus Nel5
[MocTpoeHne rucTorpaMM ¥ MOJIUTOHOB

Lenb paboTs:
CTYJICHT JIOJKCH:
3HATH:
- (opMyJbl AN BBIYHCICHUS MAaTEMAaTHYECKOTO OXKUAAHUS, IMCIEPCUH, CPEAHET0 KBaJAPATHUIHOTO
OTKJIOHCHHSI TUCKPETHOM CITy4aliHOW BETUYMHBI, MOHITAE TUCTOTPAMMEI H MOJIUTOHA.
YMETh!

- BBIYMCIIATh MAaTEMAaTUYECKOE OXKHIAHUE, JHUCIECPCHIO, CpellHee KBAJAPATUYHOE OTKIOHEHHE
JIUCKPETHOM ciy4aifHO! BenmuunHbl. M300pakaTh THCTOTPaMMBI M TTOJIUTOHBI

CBeneHMS U3 TEOPHUH:
CrnydaiiHple BEMMYMHBI (JIUCKPETHBIE M HEMPEPBIBHBIC) XapaKTEpH3YIOTCS CBOMM 3aKOHOM PacrpeeNieHHUSL.
3amMeTiM, YTO 3TO MCUEPIIbIBAIONIAs XapaKTePUCTUKA B TOM CMBICTIE, YTO B 3aKOHE PACHPEACTICHUS COACPKUTCS
BCA mH(pOpMAIWS O CITydJaiiHOW BenmpduHe. Hukakod CKOIIb YrOmHO CIIOKHOW MaTeMaTHdecKoi oO0paboTkoin
HaOIFOIaeMbIX 3HAYEHHI CITy4aifHOI BENMYHUHBI O Hell HEBO3MOXKHO TMOJIYYHTh CBEJICHUS, HE CONECPIKAIIMecs B
3aKoHe pacrperneneHrs. OHAKO 3TOT 3aKOH YacTO HEW3BECTEH U O HEM IPUXOIUTCS CYIUTh HA OCHOBE KaKUX-TO
npuOIKEeHHBIX OLEHOK. C Ipyroil CTOPOHBI, UISI MHOTUX NPAKTHYECKHX 3afad Takash WHPOpMaLUs
ABJISIETCS. N30BITOYHOM: TOCTATOYHO 3HATH JIMIIL HEKOTOPBIE KOJMYECTBEHHBIE XapAKTEPUCTHKH 3aKOHA
pacnpeneneHusl.

IIpocreiimeii, HO OUEHb BAXKHOM XapaKTEPUCTUKOH SBISIETCS MATEMAaTUUYECKOE 0’KHIaHNUE.

[TycTs, HapuMep, X - AUCKpETHAs CilydyaiiHas BeJIMUMHA paclpeesieHa [0 3aKOHY:

X X1 X2 Xu

P p1 p2 . Pu

Tornaa ee maremMaTuueckoe oxunanue M(X) onpezensercss paBeHCTBOM
M (X)=x1 prt X2 P2+...+ Xu P

OO0paruM BHUMaHHE Ha TO, YTO XOTS KOHKPETHbIE 3HAUECHHsI BETMYMHBI X SBIISIFOTCS CITydalHBIMH,
MaTeMaTuieckoe oxkuganre M(X) ciry4aiiHbIM He SIBISIETCS.
[TycTh, HAapUMep, UCTIBITAHUE COCTOUT B OpPOCaHUH UTPATTLHOTO KyOrKa. [I0CKOJIBbKY BBITIaJIeHUE KaXkI0H
rpaHy paBHOBO3MOXHO, Pi=1/6. CretoBateibHO, MATEMATHYECKOE OKUJIAHIE YKCIIA BHITIABIIMX OYKOB
paBHO

MX)=1/6(1+2+3+4+5+6)=21/6 =35.
Yucino, 6:11M3K0e K 3TOMY, MOJIYYUTCS, €CIIH PeanbHO OpocaTh KyOMK MHOTO pa3 M MOJCUYUTATh CYMMY
OYKOB, JCJICHHYIO Ha YUCIIO OPOCKOB.

MatemaTuyeckoe OXKUIaHUE U CpeiHee apu(METHUECKOE CyYaHON BEIMYMHBI - BAXKHBIC
XAPAKTCPUCTUKU 3aKOHA PACIIPCACIICHUA, HO, 3HAA TOJIBLKO UX, Mbl UMECM CIIIC BECbMa OAHOCTOPOHHEEC
MMpEACTABJICHUEC O HEM. He SICHO, HAIIpUMEP, KaK BCIIMKHU MOTYT OBITH OTKJIOHEHHMS 3HAUEHHUH BEJIMYUHEI OT
ITHX XapaKTEPUCTHK. Belb 0JJHO | TO ke 3HaueHHEe CPeTHET0 apu(MMETHIECKOTO HAOII0AaeMBbIX
3HAYCHUN MOKET MOJIYUUTBHCA KaK B CJIydac, KOrjga BCC 3HAUCHHUA HAXOAATCA BOJIM3U Cp€aAHECTO, TAK U B
CJIydac CKOJIb YIrOAHO OOJIBIINX OTKJIOHEHHH OT HETO B CTOPOHY OOJIBIINX U MEHBIIMX BEJINYHH.
21_]'[5[ TOTO YTOOBI XapaKTEepru30BaTh B CPECAHEM BECIIMYMHBI TAKUX OTKHOHeHHﬁ, BBOJUTCH €II€C OAUH
BA)KHBII IapaMeTp 3aKOHA PACIPEIEIICHNs], HA3bIBAEMBIH AUCIEPCUEH.
I[I/ICHepCI/ICf/'I (paCCCHHI/IGM) ,Z[I/ICerTHOﬁ CJ'Iy‘I&fIHOfI BCJIMYMHBI HA3bIBAIOT MAaTEMATHUYCCKOC OXKNJAHUC
KBaJpaTa OTKIIOHCHUSA CJ'Iy‘-IElfIHOfI BCJIMYUHBI OT €€ MAaTEMAaTHYCCKOT'O OXKUJaHWA:
D{X) = M[X- M(X)]2

Tax xe AUCTICPCUIO MOXKHO BBIYUCIIUTDH U I10 (l)OpMYJ'Iei

D{X) = M(X?)- [IM(X)F?,
T. €. KaK pa3HOCTb MaTEMATHYCCKOTO OKMAaHW KBaaApaTa 3HAYCHUHN CITy4YalnHOW BEJIMYMHBI U KBaJgpaTa
€€ MaTeMaTH4eCKOro OXUJaHuA.
I[I/ICHCpCI/IH CYMMBI IBYX HE3aBUCUMBbIX CJ'Iy‘IElfIHLIX BCJIMYMH paBHAa CYMMC ,Z[I/ICHepCI/Iﬁ OTUX BCJINYHH:

D(X+Y) = D(X) + D(Y).

MHorue ciyyaiiHble BEIMYMHBI, BCTpEYaroLecs Ha IpakTUKe, UIMEIOT pasMepHocTh. Hanpumep,
BEJIMYUHBI, KOTOPBIE BCTPEYAOTCS IIPU Pa3INYHBIX U3MEPEHUAX. TOra, ecii, CKaXeM, CllydaiHast



BEJIMYMHA U3MEPSAETCS B METPAX, TO AUCIEPCUS OYIET HMETh Pa3MEPHOCTH M. [109TOMy BBOAUTCS €I1e
OJlHA XapaKTepUCTHKA, Ha3bIBaeMasi CpPeTHUM KBaJPaTHIECKUM OTKIIOHEHHEM, 0003HAYaeTCA:

o =,/D(X) . ee pazmepHOCTB COBIAACT C Pa3MEPHOCTHIO CIIyYailHON BETMINHBL.

ITpumep 111.

ITycth X — 4KCII0 0YKOB, BBIMAAAMOIINX TP OJHOM OpOcaHUM UrpaibHOM KocTu. HaliTu nucnepcuto
CIy4allHOU BEIMYUHBI X.

Pemenmne:

ciayvaiiHasi BeTU4MHa X — YUCII0 OYKOB MPUHUMAET 3HaueHus 1, 2, 3, 4, 5, 6. CoctaBuM 3aKoH €&
pacrpenecHusI:

X; 1 2 3 4 5 6
P 1 1 1 1 1 1
! 6 6 6 6 6 6
Torz[a €€ MaTeMaTHYECKOE OXHUIOAaHUC:
M(X)= 1-1+2~l+3-1+4-1+5~1+6-l=3,5.
6 6 6 6 6 6

HaiigeM oTKIIOHEHHUS MJIS X1, X2, ..., X6.
x1°=1-3,5; x2°=2-3,5; x3°=3-3,5; x4°=4-3,5; x5°=5-3,5; x¢"=6-3,5.
Brruuciaum nucnepcuto:

D(X) = ((1-35)2 + (2-35)° + (3-35)° + (4—3,5) + (5-35) + (6-35)) =2
6 12
3agaHust 1711 CAMOCTOSITEIIHHOTO PEIICHHSI:

1 BapuaHT 2 BapuaHT

1) Morety nonOpacsiBaroT 7 pa3. Haiitn 1) Urpanpryto KocTh moxbpocuu 5 pa3. Haiitu
MaTeMaTHUYECKOE OKUaHUE, TUCIISPCHUIO YUCIa | MaTeMaTHYEeCKOE OXKHIaHUe, JUCTIEPCUIO YUCTa
MOSIBJICHUH Tepoa. HEBBINAICHUS €IUHULIBI.
2) HaiiTn MaTeMaTH4eCcKOe OXKUAaHUE H 2) Haiitm MatemMaTnueckoe OKUIaHUE U
JUCIIEPCHIO CIIyYailHOW BETMYMHBI, 3aJaHHOMN JIACTIEPCUIO CIy4YallHOM BEIMYMHBI, 3aJJaHHOMN
Tabnuen pacpeaesIeHus: TabJMIIeH pacTpeieIeHHsL:

X 1 3 4 6 7 X 2 | -1 0 1 2

p 01/01/03(04]0,1 p 01(02(03]03]|0,1
3 BapuaHT 4 BapuaHT

1) Haittu MmaTemaTrnyeckoe oKugaHue u 1) Haiitu MaTemaTuueckoe oXujjaHue u
JIMCTIEPCUIO CIyYailHOM BEJIMYMHBI, 3aJaHHOMN JIUCTIEPCUIO CITyYaTHON BEIMYMHBI, 3aJJaHHON
TaOIHIEH pactpe/eNIeHus: TabJIMIEeH pactpeelieHus:

X 1 4 7 |10 | 13 X 1 2 3 4 5

p 01({01|03|04]01 p 0,15(0,17/0,35/0,2110,12
2) Mouety non6paceiBaroT 6 pas. Haittu 2) Mosety nonopaceiBaroT 5 pas. Haiftu
JTUCTICPCHIO M CpETHEE KBAIPATHIECKOE JIACTIEPCHIO U CpeIHEeE KBaIpaTHIECKOE
OTKJIOHEHHE CIy4alHOU BeNMUYUHBI X — OTKJIOHEHHE CITy4yalHOU Benn4uHbl X —
BBITIAJICHUS «PEIIKUY. BEITIaJIeHUs Tepoa.
5 BapuaHT 6 BapHaHT

1) Haittn MmaTemaTrnyeckoe OKuaaHue U 1) Haiiti MaTemaTnueckoe OXXuJaHue u
JUCIIEPCHIO CIIyYailHOM BETMYUHBI, 3aJaHHOMN JIACTIEPCUIO CTy4alHOU BEIMYUHBI, 33JaHHOMN
TaOIHIEH pactpeelIeHus: Ta0JIMIEeH pacpeeIeHus:




X 10 [ 30 | 40 | 60 | 70
p 0,3 (0,13{0,45| 0,1 |0,02

3) Urpanbhyro kocTh ioiopocuiu 7 pas. Haiitu
MAaTEMaTHYECKOE OKUIAHUE, TUCIIEPCHIO YHCTIa
HEBBINAJECHUS CIUHULIBL.

X 1 (5 ]10]15| 20
p 010,11} 0,2 |0,22|0,37

3) UrpanbHyro kocTh Iog0pocuiu 5 pas. Haiitu
MaTEeMaTUYECKOE OXKUIAHUE, TUCIIEPCHUIO YHCTIA
HEBBINAJACHUS €UHULIBL.

"7 BapuaHT
1) Haiftm MaTeMaTiaeckoe OXXugaHUE U

JUCIIEPCHUIO CITy4ailHOW BETMYHMHBI, 3aJaHHOMI
TabIUIeH pacTpeieNeHusl:
X 10 | 20 | 30

p 0,125|0,375| 0,5

2) [IpaBuiibHas TpEyroJbHAs MUPAMUIa UMECT
MIPOHYMEpOBaHHbIE Tpanu 1, 2, 3, 4. 3anumnre
3aKOH pacrpe/ielieHUs JJIs BbITaIcHUsS HoMepa
I'paHu, Ha KOTOPOW CTOUT MUPaMHU/IA.

8 BapuaHT
1) Haiitn MaTeMaTHdecKoe OXXUAAHIE U

JUCIIEPCUIO CIy4YallHOM BEJIMYMHBI, 33JaHHOMN
TabJHMIeH pacpeeeHus:
X 10 | 30 | 50

p 0,175{0,35|0,475

2) UrpanbHblii KyOHK UMEET IPOHYMEPOBaHHBIC
rpanu 1, 2, 3, 4, 5, 6. 3anumuTe 3aK0H
pacnpeeneHus s BhITIaIcHHS HOMepa TPaHH,
Ha KOTOPOH CTOUT KYOHK.

KoHTposbHbBIE BONPOCHL:

1.Yrto Ha3bIBAETCS, MATEMATHYCCKUM OXHJIAHUEM TUCKPETHOM CIy4YaliHON BEIUYHHBI?
2.Yto Ha3bIBaeTCS, TUCTIEPCHUEH TUCKPETHOM CiydaiiHOM BeTHYMHbI?




IIpakTuyeckue 3ausiTusi Nel6
[Mokazarenu AeATEILHOCTH CTalMOHApa. Menko-nemMorpaduyeckue mokazaTelu.
CTyJEHT JI0JKEH 3HATh:
- METOAMKY pacueTa SKCTCHCHBHBIX, MHTCHCUBHBIX TIOKA3aTeJICH U CPEIHUX BEIUYHH;
- OCHOBHBIC HANPABJICHUS U3YyUCHHS HAPOIOHACEIICHHS,
- OCHOBHBIC IPHHITUITHI TPOBEICHHS TIEPETHCEH HACCIICHHUS,
- TIOKa3aTelu eCTECTBCHHOTO Y MEXaHWYCCKOTO JIBIKCHHS HACCIICHUS U WX 3HAYCHHE JJIS MPAKTHYECKOTO
3PaBOOXPAHEHUS

CryneHTa JIOJDKEH YMETh:
- BBIYHUCIATH U AHATU3UPOBATH MOKA3aTENHN €CTECTBEHHOTO JBUKCHUS HACEIICHUS,
- BBIYHUCIIATH SKCTCHCUBHBIC U MHTCHCUBHBIC MOKA3ATEIH;
- BBIYHCIATH CPEAHHE BEIIMUYMHBI METOAOM CPEIHEH apu(hMETHICCKON B3BEIICHHOM;
- NPUMEHSATH MOJYUYCHHBIC 3HAHUA B IPAKTUYCCKON ACSITEIbHOCTH;

TEOPETUYECKMUE ITOJIOKEHMA TEMBI

DKOHOMUKA 3/IpaBOOXPAHCHUS, SIBJISASACH OTPACIBIO OOIIECTBEHHOTO 3/J0POBbS U 3IPaBOOXPAHCHHS
LIMPOKO HCHOJIB3YET CTATUCTUUECKUN METOH, MO3BOJIIOIINI M3y4aTh COCTOSIHHE 3I0POBbsSI HACEICHMUS,
AHAJIN3UPOBATh AEATEIbHOCTh MEAULIMHCKUX YUPEKIACHUM.

CraTtucThka —3TO HayKa, HM3ydYarollas KOJMYECTBEHHYH) CTOPOHY MaCCOBBIX OOIECTBEHHBIX
SIBJICHUH B HEPa3pBIBHOW CBSI3M C MX KQUECTBEHHON CTOPOHOM METOI0M 0000IIAI0NINX MTOKa3aTeeH.

Paznmen cratucTiky, H3y4aromnii BOMPOCHI, CBA3aHHBIE C MEIUIIMHOMN, TUTHEHOM, 00IIECTBEHHBIM
3I0POBbEM Ha3bIBACTCS CAHUTAPHON CTAaTUCTUKOMN
OCHOBHI)IMI/I mokKasarejiiMu, MIPpUMCHACMBIMU B CaHHTapHOﬁ CTaTUCTUKE, SABIAKOTCA:

1.  DOKCTeHCHBHBI TIOKa3aTellb — XapaKTepU3yeT CTPYKTYpy W3y4aeMoro SIBJICHHS,
OTHOLICHUS YaCTH SIBJICHUS K LIEJIOMY U BBIpaXaeTcsi B % -3TO MMOKa3aTelb CTPYKTYPbI WM yIEIbHOTO
Beca.

Yacme s6renus
a1 = = *100%

Llenoe s6nenue
Hns rpapuueckoit mwumoctpanuu DIl MCTONB3yIOT B OCHOBHOM CEKTOPHYIO M CTOJIOMKOBYIO

JuarpamMmmel.
2.  VIHTEeHCHMBHBIH TMOKa3aTelb — XapakTepU3yeT paclpOCTPAaHEHHOCTb M YacCTOTY
M3y4aeMoro sIBIIEHUS B CBOeH cpezie, paccuntbiBaercs Ha 100,1000,10000,100000 u T.1. yemoBex
AHenenue
Ul =—— *1000
Cpeoa
Hns rpadudeckoit wimoctparun U1 nmpuMeHstoTcss B OCHOBHOM CTOJIOMKOBBIE W JIMHEHHEIE
JarpaMMbl
3. CpenHue BeNUYMHBI MIMPOKO NPUMEHSIOTCS NPH XapaKTEPUCTHKaX (PU3NUECKOro

pa3BuTHs (CpemHWil poOCT, Bec), pacderax CpeqHeld ATUTEIbHOCTH NpeObIBaHUS B CTalOHAape,
CpeAHeH UTMTENLHOCTH HETPYJAOCHOCOOHOCTH W Jip. Hambonee 4acTo B CaHUTApPHOW CTaTUCTHKE
MPUMEHSIIOT CPEAHIOI apu(METUIECKYIO B3BEIICHHYIO, OHAa PACCUUTHIBACTCS IO (PopMyIIe:

M:VxP’
N

rae M- cpennsis apudMeTndeckas B3BEIICHHAs

V- BapuaHThI

P- gacTotsl

N —o0111ee KOIHIecTBO HAOTIOIEHII

IIpu omeHke OOIIECTBEHHOTO 3J0POBbS HACEIICHUS B OTEYECTBEHHOH CAHUTApHON CTAaTUCTHKE
MCIOJIB3YOTCS TUIIOBBIE MEIUKO-CTATUCTHYCCKUE MTOKA3aTEIH:

Menauko-aeMorpaduieckue oKa3aTelu:
IToxa3arenu 3a00J1€Ba€MOCTH
IToka3aTenn MHBAITUIHOCTH

[Tokazarenu puU3HYECKOTO Pa3BUTH

NS



1.Menuko-nemorpadudecKkue MmoKa3aTeIH

Jemorpadus — Hayka 0 HApOJJOHACETICHUU M €T'0 COUATLHO-DKOHOMUYECKOM Pa3BUTHU. SHAUCHHE
JeMorpaMuecKuX JaHHBIX JJIs XapaKTEPUCTHKHU 370POBbsl HACEJICHUS BEIUKO. DTO M OIICHKA 3JI0POBBS
HACEJICHUS, IJITAHUPOBAHMS CETH MEJl. YIPSKJICHUN U KaJAPOB, MPOrHO3UPOBAHUE COCTaBA HACCICHMS.

Jemorpadus BKIro9aeT B ceOs ABa pas3aelia; CTaTUKa U JHHAMHKA.

Crartuka — pasgen aemorpaduu, 3aHAMAIOIIUICS H3yYeHHEeM YHCICHHOTO COCTaBa HACENCHHS Ha
onpeeICHHBI MOMEHT.

JluHamMuka — W3y4aeT eCTECTBEHHOe (POXKIAaeMOCTh, CMEPTHOCTh) M  MEXaHUYECKOe
(MUTpaIMOHHBIE TTPOIIECCHI) MBIKCHNE HACCIICHIS

1. Craruka.

OnHrM W3 OCHOBHBIX HCTOYHHKOB ITOJNIYYEHHUS JAaHHBIX O YHCIEHHOCTH M COCTaBE HaCeJeHUs
SBJISIETCS MEepenuch HaceaeHus no pekomennanun OOH nepenuch pomkHa MpoBoAUTCS Kaxasle 10 ner.
B Poccun mocnennsis nepenuck Obiia mposegera B 2010r. IlepBble MOMBITKM MEPENUCH HaCEICHUS
NpeANPUHUMAINCH B JipeBHeHMX nuBwin3auusx Kuras, Muauu, Erunra. B Poccuu nepsasi mepenuchb
onu1a ipoBenena B 1718r. mpu Iletpe 1

OcHOBHBIE TPHUHIMITB TPOBEJCHUS TEPEHNUCH: BCEOOIIHOCTb, WIIM OXBAaT BCEro HaCEJICHUS;
HaIW4Yhe eIWHON MpOoTrpamMMbl IIEPEeNHCH; OJHOMOMEHTHOCTh; cOOp CBEIEHHW HETOCPEICTBEHHO ¥
HaceJeHus, LeHTpanuzauust v ap. [lo maHHBIM mocieqHEH Nepenucu 4YHUCICHHOCTh HaceneHus PO
coctaBuia 142,9 MiH. 4enoBek., T.e. CHU3WIACh MO0 CPaBHEHHUIO € TOAO0M mocienHeil nepenucu (2003r.)
Ha 1,9 mMiH. dyen. YucIeHHOCTh HaceIeHUs B TOABI MEX/Ly TIEPENUCIMH ONpeessieTCs] PACUETHBIM ITyTeM
Ha OCHOBE JaHHBIX IIOCIEAHEH NepernucH MHUHYC yMepIIne, BHIOBIBIIME W TUTIOC MPUOBIBIINE U
poJuBIIHECS 3a TOI.

Ilepenuce maeT Takke CBEIEHUS O COCTaBe HaceleHHs (BO3PACTHOM, MOJIOBOM, HAI[MOHAIBHOM),
o0pa3oBaTenbHOM U MPO(PECCHOHATFHOM YPOBHE, CEMEWHOM ITOJI0KEHHUU.

JlaHHBIE O YHCIEHHOCTH HACENIEHUS MO3BOJIIOT PACCUUTATh MOKAa3aTellb IIIOTHOCTHA HACETICHHUS Ha
1 KB.M. TEPPUTOPHH, YTO YPE3BBIYAITHO BAXKHO JIJIS INITAHUPOBAHMSI CETH METULIMHCKUX YUPEKACHUH.

Ha ocHoBanum pacuera yIeNbHOrO Beca HAaceNeHHs UAET €ro paclpelesieHue Ha THUIIBL:
MIPOTPECCUBHBIN, CTAIMOHAPHBIN U PErPECCUBHBII.

K mporpeccrBHOMY_THITy OTHOCSAT HAaceJleHHS PETHOHOB, B KOTOPBIX aoss jereit ot 0 mo 14 et
TIPEBBIIIAET JOJIO JUI] cTapiie 50 neT.

[Ipu perpeccuBHOM THIe A0S uLl cTapiie S0 neT, npeBblimaet qoio aereit ot 0 no 14 ner

[Ipu crarmonapHoM THITE - JIOJIS A€Tel paBHA AoJe Jull B Bo3pacte S0mer u crapiie. B HacTosIee
BpeMs B PD perpeccuBHBbI THIL.

[loxazaTenu, XapakTepHu3yIOIIe CTATUKY HACEIIEHHUS, UMEIOT BaXHOE 3HAYCHHE B MPAKTHYECKOM
3IpaBOOXPAHEHUH, OHU HEOOXOJUMBI JIJIsl pacdera MoKaszaTejeil eCTECTBEHHOTO ABMKEHUS HACETICHWS,
TUTAHUPOBAHUSI CUCTEMBI 3JI[PABOOXPAHEHUs], pacyera MOTPEOHOCTH B Pa3IMYHBIX BHJIAX MEAUIMHCKOM
MOMOIIM, ONpeAeNeHUs] HEOOXOIWMOrO0 KOJMYECTBAa CPEIACTB, BBIJCISEMBIX OIO/KETOM Ha
3/IpaBOOXpaHEHHE, OPTaHU3AIUH TPOTHBOIITHUACMHYECKON pabOTHI U JIp.

2. Innamuka

MexaHnueCcKoe ABIKEHNE HaceleHus (MUrparus)

Murparusi TpPOUCXOIUT B pe3ylbTaTe TEPEABIDKEHHS OTIENBHBIX TPYII IOJeH W3 OIHOTO
peruoHa B qpyroi (BHyTPEHHsISI MATPAIINsl) WITH 32 MPEIeIIbl CTPaHbI (BHEITHSST MUTPAIIHS).

Murparnus nmoapaszzensercs: Ha 0e3BO3BPaTHYIO, T.€. C MOCTOSHHONW CMEHOH MecTa KHTEIbCTBA,
BPEMEHHYI0 — IIEpECEICHHE Ha JOCTaTOYHO JUIMTEIbHBIM, HO OTPaHMYEHHBIH CpPOK; CE30HHYIO -
NepeMelleHe B ONpeACIeHHbIE IEPHOIBI TOAa; MasTHUKOBYIO — PEryJIipHbIE MOE3JKH K MECTy paboThl
Win y4eObl 3a TIpe/ieibl CBOET0 HACEJIEHHOTO MyHKTa. MHTEHCHMBHOCTh MHIPAIIMOHHBIX IPOIECCOB
BBI3BIBACTCS PA3IUIHBIMH COIMATEHO-I)KOHOMHUYECKUMHU TIPUIHHAMHU.

MexaHnueckoe [BWKEHHE HAaceleHHE OKa3blBa€T 3HAUUTENBHOE BIMSIHHE Ha CAHHUTapHOE
COCTOSIHUE CTpPaHbl, T.K. MOXET CIIOCOOCTBOBATH PACIPOCTPAHEHUI0 WH(EKIIMOHHBIX 3a00JIeBaHHN U
BOZHUKHOBEHHIO SITHICMHH.

EcTecTBeHHOE IBM)KEHNE HACEICHUS

Ilon ecTecTBEeHHBIM JIBM)KEHHEM HAcelIeHMsI MOHMMAETCsl U3MEHEHHE YHCICHHOCTH HacelleHUs B
pe3yapTaTe pOXKAaeMOCTH B cMepTHOCTH. CTaTHCTHKA JAHHBIX O €CTECTBEHHOM IBM)KEHUW HACEICHHUS
OCHOBBIBAeTCS Ha 00s3aTENIbHOM Tekyluel peructpaiuu otaeiamu 3AI'CoB poxaeHHUH M CMepTeH Ha
OCHOBE ME/JI. CIIPaBOK O PO’KACHUH U BpaueOHBIX CBUIETEIBCTB O CMEPTH.




Pos1aeMOCTh- 3TO MPOIIECC MOMOJHEHHUs YMCICHHOCTH HACEJCHUS B PE3YJIbTATE ICTOPOXKICHHUS.
Jlnist u3MepeHus YPOBHS U CTPYKTYPBI POXKIACMOCTH MPUMEHSIFOTCS CIIEAYIOIIHE TIOKA3aTeIH:
1. Koaddurment poxnaeMocty — qaet o0Iee, NpUOIMKCHHOE 3HAUSHUE YPOBHS POXKIAEMOCTH
Hucnennocmb _ poouswuxca _3a _200 1000

Cpeone20006as. _ 4UCIeHHOCHb _ HACENEHUs.

Oo6muii KP menee 15,0 cunraercs Huskum; ot 16,0-24,0 cpenaum; 25-29 Boiie cpennero; 30-39 —
BBICOKUM, 00Jj1ee 40,0- 0ueHb BHICOKUM.
2. KoapuimeHT miog0BUTOCTH SIBIIAETCS 00JIee TOYHBIM HH()OPMATHUBHBIM [TOKA3aTeIEM

KIT — YucieHHocnb _ pOOUBUIUXCS 34 200 £1000

CpeoHe20008as. _ YUCTEHHOCMb _ dceHuuH _68ospacme 15 —491em

[lokazarenn poOXXOAEMOCTH SIBIISIIOTCSI HE TOJIBKO JEMOTpa)UyecKUMH IOKa3aTesIMH, HO H
BOXHEHIIMMH MEIUKO-COLMATIbHBIMA KPUTSPHSIMU KHU3HECTTOCOOHOCTH M BOCHPOHM3BOACTBA HACEICHHUSI.
CBefieHHSI O POXKIAEMOCTH HEOOXOJMMBIX TIPAKTHKE 3IPaBOOXPAHECHHUS JJsl OpraHu3allii  CIIYKO
POIOBCIIOMOXKEHHUSI, NETCKUX YUPEKICHUH, a Takke I WM3YYeHHs W HIPOTHO3UPOBAHMSA 3J0POBBS
HaceJIeHHUS.

B Poccuun octpoii mpoOieMoil sABJISETCS HU3KWUH YPOBEHb POXKIAEMOCTH, OJHAKO B HACTOSAIICE
BpEMs1 OTMEYAETCs MOJIOKUTENbHAS TMHAMUKA 3TOro nokasatens Tak B 2010r. on coctaBun 12,4 na 1000
yenosek, (B 2002r. 9,1, B8 2006- 10,2)

Ha ypoBeHb poOXXAaeMOCTH OKa3blBalOT BIHMSHAE KOMIUIEKC COIMANBHO-OMOIIOTUYECKUX U
COLMANILHO-YKOHOMHYECKUX (PaKTOPOB: MOJIOKEHHE JKEHIIMHBI B OOIIECTBE, COMMATBHO-9KOHOMHYECKOE
MIOJIOXKECHUE B CEMbE U B CTPAaHE, COCTOSHUE CUCTEMBI OXPaHbl MATEPUHCTBA U JETCTBA, HALIMOHAIBHBIC U
PENUTNO3HbIEC TPAIULIUY.

CMepTHOCTh HaceNieHHs, KaK SBJICHHE XapaKTepH3YyeT MpollecCc YOBUIM HacelleHHs BCIEICTBUE
CMEpPTH M SIBISCTCS BaXHEHIINM KPHUTEPUEM OLCHKH 310pOBbs HaceleHHsA. JlaHHblE O YMEpIIHX
HEOOXOIUMBI B NPAKTHKE 3APAaBOOXPAHEHHUsS] Ui pacueTa YHUCIEHHOCTH M COCTaBa HACEJICHUS;
TUIAHUPOBAHUSI ~ MEPONPHUSITUH MO0  CHIDKCHHIO  3a00JIEBa€MOCTH, CMEPTHOCTH,  YBEINYCHUIO
MPOJIOJDKUTENILHOCTH KHU3HU; pa3paboTke MPOoQUIaKTHIECKUX MEPOTIPUATHH.

Ciy4yan cMepTH PeruCTPHPYIOTCS [0 MECTY HACTYIJICHHS! COOBITUSI MM IO MECTY MPOXHBAHUS
ymepiiero. @akt cmeptu yaoctoBepsieTcs «BpaueOHbIM cBuaeTenbcTBOM O cMeptuy» @. Ne 106y wmm
«Denmpamepckas cnpaBka o cmeptu» ¢. No 106-1y.(yis cenbCckoil MeCTHOCTH, TJe HET Bpayei)
Perucrpanust cmeptu B opranax 3AI'Ca momkHa OBITH IPOW3BEJCHA POJICTBEHHHUKAMHM B TE€YEHHE 3-X
CYTOK C MOMEHTA HACTYIUICHUS] CMEPTH.

YpoBeHb CMEPTHOCTH HACEIEHUS XapaKTepPHU3yeTCsl CIEAYIOIIMMHU MoKa3aTeNsIMu:

1.KoaddumenT cmeptHOCTH, KOTOPHIH Hcuucisiercs Ha 1000 yen. HaceneHus

KC = Yucno _ymepwiux _3a 200 £1000

Cpeone20006as _4ucieHHoOCHb _ HaceneHus

Bennunna oOmero KC B 3HaUnTENbHOM CTENEHN 3aBUCHT OT BO3PACTHOIO COCTABA HACEJICHHS YeM
Oosble B CTpaHe MM PETUOHE YACIbHBIA BEC MOKMIBIX JTrosei, TeM KC MokeT ObITh BhILIE.

2. Kpome o6miero KC B canuTapHO# CTaTUCTHKE MPUMEHSIOT BO3PACTHBIE U MOJIOBBIE TOKA3aTEIH
CMEPTHOCTH:

y, . .
BIIC = UCIo _ ymepuiux 6 _OaHHOU__803PACMHOU _ cpYnne

*1000
Cpenssa_uucneHHoOCnb _mMHAceNeHUsl 8 _OAHHOU__2pynne

Yucno _ ymepuux _ MysHcuun(CeH ujuH)

Hmic = x1000

Cpeonns_uucneHHoCmb _ MyHcCKO20(HCEH CKO20)  HAceNeH sl

OO6mmit mokaszarens cMepTHocTH HaceneHus Poccun B 2010r. coctaBun 14,2 na 1000 gemosek. Ilo
CTaTHCTUYECKUM JaHHBIM MY>KUYWHBI yMHPAIOT B J[Ba Pa3a yallle )KEeHIIIH.

B crpykrype npuumna cmeptHOCTH B Poccuu B 2010 r. Bemymee MeCTO MPUHAMICKUT OOJIE3HIM
CHCTeMBI KpoBooOpalieHus, Ha UX A0dr0 npuxogutcs Oomee 50% Bcex ciydaeB CMEpPTH, Ha BTOPOM



MecTe 3JI0KadecTBeHHbIe HOBOOOpazoBauus — 14,1 % Ha TpeTbeM MecTe BHEUTHHE MPUIUHBI (HECUACTHBIE
ciydaun, JITII, TpaBmbI, yOuiicTBa, camoyouiictea — 12,2%,

CMEpTHOCTh pPa3IMYHBIX BO3PACTHBIX I'PYII HAcEJICHHs HE OJMHAKOBA, HauboJiee BhICOKas Ha 1-M
roJly *HW3HHU, 3aT€M PE3KO CHIDKaeTcs, HO HaumHas ¢ 30 JeT cHavana MeIJICHHO, a MOTOM OBICTPO
MIOJTHUMAETCS BBEPX.

CriernuasabHbIC TOKA3aTeNId CMEPTHOCTH: MJIaJICHYECKasI, TIePUHATAILHAS :

MiajieHueckass CMEPTHOCTh XapaKTePU3yeT YHUCIIO JIETEH yMEpIIMX B TEUEHHE IIEPBOTO TOja
kM. [TokazaTens paccunteiBaeTces 3a rox Ha 1000 qeTei, poAMBIIHXCS YKUBBIMH.

MC = Yucno __ymepuiux Ha nepeom 20())/ %1000

Yucno  poousuiuxcs _ HCugblMu _3a 200

IIpaBUIIBHEIN W CBOEBPEMEHHBIM aHAJIM3 3TOTO ITOKA3aTess MO3BOJIIET pa3padoTaTh KOHKPETHHIE
MEPOIPHUATHS TI0 CHIDKEHHUIO 3a00JI€Ba€MOCTH U CMEPTHOCTH Ha 1-OM romy >KM3HU M 0XapaKTepHU30BaTh
paboTy OPraHoOB 37PaBOOXPAHEHUS 10 OXPAaHE MATEPHHCTBA U JISTCTBA.

B 20010 r. mokazarens MC B Poccun coctasun 7,5 Ha 1000 poauBImmxcs )KUBBIMH. CaMble HU3KHE
nokaszatenu MC B Anonun, lIsenun u Gunnsaauu 4,0-5,0 Ha 1000 poauBIIUXCS )KUBBIMH.

[lepuHaTanbHas CMEPTHOCTh BKIIOYaeT B ce0S CiIydad MEPTBOPOXKIACHHOCTh M PAHHION
CMEPTHOCTh HOBOPOYKICHHBIX, Ha TICPBOH HEJlelIe )KM3HH (HEOHATAIbHYIO CMEPTHOCTH )

1c Yucno _mepmeopodicoennvix+ Hucio  ymepwiux Ha _nepeou _Heoene

*1000
Yucno  poouswiuxcs _ #CubiMu U MEPMEbIMU _ 3a 200

YupexaeHus 31paBOOXPAHEHUS OCYIIECTBISIIOT PETUCTPALMI0 B MEAULMHCKON JTOKYMEHTAalluu
BCEX POIUBIIUXCS JXKUBBIMH M MEPTBBIMH, HMMEIOLIMX Maccy Tesna mpu poxkaeHun 5S00r. u Oosee,
HE3aBUCUMO OT MPU3HAKOB >XKM3HU. Ha Kaxnaplil ciydall CMEpPTHOCTH B NEPUHATAIBHBIN Iepuon
3amnonHsieTcsi «BpaueOHoe CBHUAETENBbCTBO O MepUHATANBbHOW cMepTmy». [lo manHbiM BO3 ocHOBHBIMU
npuunHamu [IC sBistoTcs: BHYTpUYTpOOHast acuKcHsi, achUKCUsI HOBOPOXKACHHBIX, HU3Kasl Macca Teja
TIPH POKIEHUH, POJIOBBIE TPaBMbI, BHyTpHyTpoOHbIe nHpeknuu. B 2010 rony B Poccuu nmokazarens [1C
coctaBui 6.1 Ha 1000 poguBmHXCs

EctecTBeHHbIN npupocT HaceneHus — CiykuT HauOonee oOImel XapaKTepUCTUKON pocTa
HaceneHnsi. OH pacCYUTBHIBAETCS KaK Pa3HOCTh MEXAY KOdD(UIMEHTAaMH POXKIAEMOCTH U CMEPTHOCTH.
[TonoxwurenpHOE 3HAYEHHWE TOBOPUT O NPHPOCTE, OTpuuareibHoe 00 yOwnumn. B Hacrosimee Bpems B
Poccun k03 GUIMEHT eCTECTBEHHOTO MPUPOCTa HaceseHus cocrapisier — 2,4 Ha 1000 Hacenenust (12,4-
142= - 24). Huskuii pocT pOXIAEMOCTH TPH BBHICOKOM YPOBHE CMEPTHOCTH YKa3blBaeT Ha
HEeOJIaronpusaTHYI0 JAeMOrpauyecKyro CHUTYalHi0 B OOLIECTBE M TOBOPUT O HEOJAromoyydyud B
oOrecTBe.

CpenHsis NpOAOKUTEABHOCTh MNPEACTOSIIEH KU3HM — 3TO YHCIO JIET, KOTOPOE B CPEAHEM
MIPEJICTOUT TPOXKUTH JAHHOMY TIOKOJEHHI0. J[Is pacueTa 3TOTO IMOKa3aTeisl UCTIOIB3YIOTCS TaOIHIIbI
IIOBO3PacTHOM CMepTHOCTU. DaKTOphl, ONPENENSIONIME MPOAOLKUTEIBHOCTh JKU3HM, JEISTCS Ha
couuanpHble ¥ Ouonorndeckue. K conmanbHbIM OTHOCSTCS: XapakTep Tpy/la, YPOBEHb 00€CIIeYeHHOCTH
MaTepUalbHBIMU  OJIaraMH, MEIUIMHCKAM OOCITy)KWBAaHUEM,  KWIWIIHBIE ycimoBuss U T.0. K
OMOJOTMUECKUM: TI0J, HACJIeIACTBEHHOCTb, NPUPOAHO-KINMATHYECKHE YCIOBMS, O3KOJOTHS, U T...
buonornueckne W conuaigbHble (DAKTOPBI TECHO CBSI3aHBI MEXIy co00i, HO OuolorHuecKas
NPOJOJDKUTENIFHOCT JKM3HU- JJIMHA JKU3HU YeJIOBEYECKOro BHUAA, OOYCJIOBJIEHHAs €ro I'eHEeTHYECKOH
KOHCTHUTYIIE HAaMHOTO OOJbIIE YeM CaMble BBICOKHE BEIHYUHBI (DAKTHYECKON MPOAODKUTEIEHOCTH
KU3HU, HA KOTOPYIO TYOUTEIHHO BIHUAIOT COIIMATIBHBIE M SKOJIOTHYECKUE YCIIOBUSI.

YpoBeHB CpeHEH MPOIODKUTEILHOCTH XU3HU B Poccuu coctapmsier mo qanasiM 2010r. 70,3roxa,
JKEHIUH-74,8 7eT, MYy>X4YUH- JIeT [0 BEJIWYMHE OXKUIAEMON CpelHed MPONOJIKUTEILHOCTH >KU3HU
MykurH Poccus 3anumaer 135 mecto, a skenmua 100 mecto B mupe. B Hacrosiee Bpems Haumbosiee
BBICOKAsI CPEMHSISI POIOJKUTEIBHOCTD KU3HU Yy HacesneHus B Hopseruu, [Iseiinapun, Anoxnun.

Bormpocs! 11 caMOKOHTpPOJIA:
1.  JlaiiTe ompe/eNneHre MOHATHIO «3I0OPOBHE»
2. Yto Takoe 0OLIECTBEHHOE 3J0POBbE U KaKue (PaKTOPBI €ro ONPeeIIsioT?
3. Uro uzyuaer gemorpadus?
4.  Yto BBI3HAETE O MEPENHCH HACETICHHS !



Uto Takoe MEXaHWYECKOE JBMKCHHE HaceJIeH!s, €0 BUIBI U 3HAUYCHHUE?
HazoBute ocHOBHBIE leMorpadruecKie MoKa3aTelin

UTo Takoe MHTEHCUBHBIE U HYKCTEHCHUBHBIC TTOKA3aTEIIU?

Kax paccuuThiBaeTcs moka3zaTeIl €CTECTBEHHOTO MIPUPOCTa HacEeNIeHuUs?

Ilopsaok rocy1apCTBEHHOM pErucTpauuu poxKACHUN U cMepTeil

Kax paccunTteIBaroTCs MmokazaTein MiIaJeHIeCKON U TIepUHATATLHON CMEPTHOCTH?
Kak paccunThiBaeTcst cpefHss apuMeTHIecKasi B3BEIIICHHAS?

Kax Bsr MmokeTe xapakTepu3oBath qemMorpaduyecKkyro cuTyamuio B Poccnn

Uro Takoe «cpemHss MPOAODKUTENEHOCTD MPEACTOAIICH KUZHU»?



IIporpamMmma npoBeaeHHsI MPOMEKYTOUYHOM aTTeCTAlIUU
no qucuumiinne EH.02. MaTtemaTnka
1. O0mue no0KeHNst

Hensto mpomexxyTouHoil arrecranuu mo aucuurimHe EH.02. Martemartuka sBISeTCS OICHKA
CTETIeHH COOTBETCTBHA KadecTBY 00pa3oBaHus cTyAeHToB TpedboBanusm OI'OC CIIO.

[Iporeaypa mpomexyrounoit arrectanmu mo aucruruinae EH.02. MaremaTtuka pa3pabatbiBaeTcs
aKaJeMHUell caMOCTOATENILHO U IOBOAUTCS 10 CBEJICHHS 00YyYaIOIIMXCA B TEUCHHE MEPBBIX ABYX MECSIEB
oT Havana oO0y4yenus. [IpomexxyTodHas aTTecTanys IpOBOIUTCS B BHJIE K3aMeHa.

Jia mpoBeneHust MpOMEXXyTOUHON aTTECTallii 00YJaroIuXCcs MpenojaBaTesieM Co3/1aHbl (JOHIBI
OILICHOYHBIX CPEJICTB.

ConepkaHue MaTepuaoB MPOMEXKYTOUHOM arrectanuu mo aucuumimHe EH.02. MartemaTtuka
orBedaeT TpeboBanmsM PI'OC CIIO mo cnemmamsHOCcTH 31.02.01 JleuebHOe nenO YTBEPIKIACHHOTO
nprkazoM MuHHCTepCTBa 00pazoBanus 1 Hayku Poccuiickoit @eneparym 12.05.2014 Ne 514

Pesynprartel 3k3ameHa oOywaromuxcsi (pukcupyroTcs onenkamu. OneHKa — 3TO pe3yJbTar
mporiecca OIEHWBaHUS, YCIOBHO-()OpMaibHOE (3HAKOBOE), KOJIMYECTBEHHOE BBIPAKECHHE OIEHKU
y9eOHBIX TOCTIKEHHA, 00yJarommxcs B mudpax, OyKBax WU HHBIM 00pazoMm.

OrneHka KadecTBa IOATOTOBKUA OOYYarOIIMXCS M BBIMYCKHUKOB OCYIIECTBISETCS B JBYX
OCHOBHBIX HAIIPABJICHUSX:

- OIICHKA YPOBHS OCBOEHISI POTPAMMHO-YI€0HOT0 MaTeprana;

- OLICHKA KOMITETEHIINH 00yYaroIuxcsl.

YpoBeHb OCBOCHUS IPOTrPaMMHO-YU4EOHOT0 MaTeprana B akaJleMiUH (UKCUPYIOTCS CIIeIyOIUMHU
OIICHKAMH: «5» (oTmU4HO), «4» (xoporio), «3» (YIOBIETBOPUTENHHO), «2%» (HEYIOBIETBOPUTENHHO),
«1» (mm0x0), «3aYTeHO», «HE 3auTeHO». J(OMyCKaeTcss COKpallleHHE CIOB: «OTJL.», «XOp.», «YIOBILY,
«HEYJIOBIL».

Omnenka «5» CTaBUTCS B ClIydae, €CIId OOYJArOIIUIACS MCUEPIIBIBAIONIE 3HAET BECh MPOTPaMMHO-
y4eOHBI MaTepuall, OTINYHO IMOHMMAeT W MPOYHO YCBOMI ero. Ha Bompocs! (B mpezenax mporpaMMel)
JIaeT TPaBUJIbHBIC, COBHATEIBHBIC U YBEPEHHBIC OTBETH. B pa3iMuHBIX MPAKTHYCCKUX 3aJaHUAX YMEET
CaMOCTOSITEIILHO TI0JIb30BAThCsI MOJNyYCHHBIMU 3HAHMSIMH. B YCTHBIX OTBETaX M NMUChMEHHBIX padoTax
MOJIE3YETCS TUTEPATYPHO MPABIHHBIM S3IKOM W HE JIOITyCKAeT OIIUOOK.

Onenka «4» craBUTCs, eciii OOydaroIuiicss 3HaeT Bech TpeOyeMblid MpOrpamMMoOi y4eOHBIH
MaTepural, XOpoIlo MOHUMAET, U MPOYHO ycBoma ero. Ha Bompocs! (B mpejenax mporpamMMbl) OTBEYaeT
0e3 3aTpy/iHeHUH. Y MeeT PUMEHSTh MMOTYYCHHbIC 3HAHNUS B TPAKTUIECKHUX 3aJaHUsAX. B YCTHBIX OTBeTax
MOJIE3YETCS JINTEPATYPHBIM SI3BIKOM M HE JleNaeT TpyOrix omuOoK. B mucEMeHHBIX paboTax IOIycKaeT
TOJILKO HE3HAYUTEIbHBIC OLIHOKH.

Ornenka «3» CTaBUTCA, eCu OOyJalOUIMiiCS 3HAET OCHOBHOW NMPOTPaMMHO-YY€OHBIA MaTepHal.
[Ipr mpumeHeHUM 3HAHWK Ha TMPAKTUKE HCIBITHIBAET HEKOTOPBIE 3aTPYIHEHHS W IIPEOJOJIEBAET HX C
HeOOJBIION TIOMOLIBIO TpernojaBaresiss. B yCTHBIX OTBeTax JOIyCKaeT OMMOKH TPH HW3JI0KESHUH
MaTepuaia U B IOCTPOCHHUHU pedd. B MIChbMEHHBIX paboTax JienaeT OIUOKH.

Omnenka «2» cTaBUTCS B clydae, Korja y oOydaromerocsi 00HapyKHBaeTCss He3HaHUE OONBIION
YacTW MPOrPaMMHOTO MaTepHaia, OTBEYAeT, KaK MPaBHIIO, JIMIIb MPU MOMOIIM HABOMSIIMX BOIPOCOB
NpernojaBaTens, HeyBepeHHO. B MMCbMEHHBIX paboTax JOMyCKaeT YyacThle U IpyOble OMIMOKH.

Omnenka «1» cTaBUTCS B Cllydae, KOTJa y OOydaromerocsi OOHapy>KWBaeTCs TOJHOE HEe3HAHHE
MPOXOMMOTO POTPAMMHO-Y4e0HOTO MaTepraa.

J1g OTIeHKH KOMIIETeHIINH, 00YYarOIIUXCsl HCIIOB3YEeTCS TUXOTOMUYECKast CUCTeMa:

0 — oneHka oTpuIIaTeNbHAS, KOMIIETEHIUS HE OCBOEHA,

1 — o11eHKA MOJIOKUTENBHAS, KOMITETEHITUS OCBOCHA.

ChopMHupOBaHHOCTh OOIIKMX KOMIICTCHIIMI IPU MPOBEICHUH dK3aMeHa 1o aucimiuinae EH.02.
MartemaTukanpoBepsieTcs MyTeM HaOII0ISHHS.

Ox3ameH no gucuuruindHe EH.02. MaTtemaTukanpoBOIUTCST HETIOCPEICTBEHHO MOCIIE 3aBEPILICHUS
OCBOCHUS IPOTPaMMBbI TUCIUILIHHBL.

Onenka, moiydeHHass OOy4aloNIMMCS Ha IK3aMEHe, SBISIETCS OIpPEeNsIonell He3aBUCUMO OT
MOJIY4E€HHBIX B CEMECTPE OLICHOK TEKYILETO KOHTPOJIS yCIIEBAEMOCTH.

OneHku 3a SK3aMEH 3aHOCATCS B 3a4€THO-PK3aMEHAIMOHHYIO BEIOMOCTH, 3aYETHBIE KHIDKKU
oOyJaronmxcs, >KypHai ydera 3aHATHIA.

Ecmu cryneHT He sIBHIICS Ha DK3aMEH, HE3aBUCHUMO OT NPUYMHBI, B BEJIOMOCTH YKa3bIBACTCS «HE
aTTECTOBaHY.



[Tpy HATMYWY YBOXUTENBHBIX IPUYHH, C Pa3peIICHHs PEKTOPa aKaJIeMUH, KOTOpoe 0QopMIIsIeTCs
NprKa3oM, 00y4aroleMycsi MOXKET OBITh pa3pellcHa JOCpOYHAs cjada dK3aMeHa B COOTBETCTBHU C
YTBEPkJICHHBIM WHIVBUIYaIbHBIM TIIAHOM.

[Ipu HaNMMYMK YBaXKUTEIBHBIX IPUYHH, C Pa3pelICHUs PEKTOpa aKaJeMUuHt, KOTOpoe oopMisieTcs
MPHUKa30M, O0y4aromeMycsi MOKeT OBITh IMpoiJieHa (MepeHeceHa Ha APYTrhe CPOKH) clava IK3aMeHa B
COOTBETCTBHH C YTBEPKJICHHBIM HHIUBHUYaTbHBIM TUIAHOM.

OOydaroIuiicsi, HE COMIACHBIM C pe3yJbTaTaMH »DK3aMEHa, HMEET IPaBO Ha MEPECMOTP
pe3yIbTaTOB HAa OCHOBAaHWHM 3asBICHUS. B 3TOM cilyuae MpHKa3oM peKTopa CO3AaeTCsl KOMUCCHS IS
pelleHHsT CTIOPHBIX BOMPOCOB. Penienne koMuccuu ohopMIIIETCsS MPOTOKOJIOM, KOTOPBINA JOBOJUTCS JIO
CBe/ICHUs, 00y4aroIerocs 1 MpenoaBaTes.

2. Ilopsinok npoBegeHuUs! IK3aMeHa
no npucuumuinae EH.01. MaTtemaTnka

Ok3amMeH — 93To (QopMa OLEHKHM 3HAHWHA, YMEHMH W MPAaKTUYECKOTO OINbITa, HABBIKOB
CaMOCTOSITETIbHOM PabOThl, CIIOCOOHOCTH NPHMEHITh MX B PEIICHUM MPAKTHYECKUX 3ahad, IpPOBEpKa
ypoBHS c(hOPMHPOBAHHOCTH OOIIKX U MPO(PecCHOHATHHBIX KOMIETECHIINH, TTOTYYSHHBIX 00yYaroIMMHUACS
B mporiecce u3ydeHus aucrumuinael EH.01. Matematuka.

Pacnncanmne 5K3aMEHOB yTBEPKIACTCA PEKTOPOM M TOBOAMTCS 10 CBEACHUS NpenojaaBaTesei u
o0yyaromuxcs He IO3JHee, YeM 3a JABE HEIeNHU 10 Havana 9K3aMEeHOB.

OK3aMeHBbl IPOBOJATCS B MEPUOJ MIPOMEKYTOYHON aTTeCTAllMH WM B CHEIMAIbHO OTBEIECHHBIC
JHH, YCTaHOBJICHHbIC KalCHAApPHBIM Yy4eOHBIM Tpa)MKOM COTJIACHO YTBEPKACHHOMY DPAaCHHCaHUIO
9K3aMEHOB.

Ilepen b»K3aMeHOM IUIAHHpYETCS NPOBEJCHHE KOHCYJNbTAlMii 3a CcYeT oOmero uucia
KOHCYJIbTAlIUOHHBIX YacOB Ha rPYyIITY.

[lepenoc 3k3aMeHOB 3ampelnaeTcs. B HCKIIOUUTENBHBIX CIy4asxX OH BO3MOXKEH Ha OCHOBAaHHUHU
NpUKa3a PeKTopa aKaIeMuH.

DK3aMeHaIMOHHBIE MaTepHalbl, COCTABJICHHBIC HA OCHOBE aKTyaJIbHBIX Pa3/IeioB U TeM paboueit
nporpammsl auctiuiuinabl EH.02. MatemaTtukaoTpaxeHbl B (JOHE OI[CHOYHBIX CPEJICTB.

K sk3aMeHanMOHHBIM MaTepuaiaM OTHOCATCS: 3K3aMEHALMOHHBIE BOIPOCHI, 3aJayl, CUTYalHH,
TECTHI.

Ha ocHoBe pa3zpaboTaHHOTO U 0OBSIBICHHOTO 00YUYAIOIINMCSI IEPEYHS BOIPOCOB U MPAKTUIECKUX
3a1a4, CUTyallMHd, PEKOMEHOYEMBIX MJIsi IOJArOTOBKM K DK3aMEHY, COCTaBJICHBI HK3aMEHALMOHHBIE
MaTepHaJbl, COJIEPKAHNE KOTOPBIX A0 00ydaromuxcs He JOBOAUTCS. TecToBbIe BOIIPOCH U MIPAKTUUECKUE
3aa4d HOCST PaBHOLIEHHBIN XapakTep.

KonnuecTBo 3aganuil B 5Kx3aMeHaMOHHBIX OMJIeTax ABa.

K nauany sk3aMeHa MOArOTOBIIEHBI CIEYIONINE JOKYMEHTHI:

- IporpaMMa IpOMEKyTOYHOM aTTeCTaluH;

- DK3aMEHAIMOHHBIE OWIIETHI (M /MITH SK3aMeHAIIMOHHBIE MaTEPHAITBI);

- HarJIsgHblEe TOCOOMS, MaTepHuajbl CHPAaBOYHOIO XapaKTepa, HOPMATHUBHBIE JOKYMEHTHI M
00pa3Ipl, pa3perieHHbIe K UCTIOIb30BaHHUIO Ha IK3aMEHE;

- XKypHaJI yueOHOM TPyIIIBL;

- 3a4eTHO-3K3aMEHAI[MOHHAsl BEIOMOCTD;

- 3a4EeTHBIC KHIKKU.

DK3aMeH IMPHHUMAETCS, TperojaBaTelieM, KOTOPBIA Ben y4deOHBbIE 3aHSATHS 1O JIUCIHMIUIHHE
EH.02. MaTtemaTukaB 5k3aMeHyeMo# rpynmne. Ha ciady ycTHOTo 9k3aMeHa npegycMaTrpuBaeTcs He boiee
OJTHOW TPeTH aKaJeMHUYECKOro yaca Ha KaKJOoro oOyvarolierocs, Ha cjadyy MHCbMEHHOTO 3K3aMeHa — He
OoJee mecTr akaJeMHYECKUX YacOB Ha YU€OHYIO TPyIITy.

Onenka, mosydeHHas Ha 9K3aMEHE, 3aHOCHTCS MPEIoIaBaTeieM B 3a4eTHO-IK3aMEHAIIMOHHYIO
BEAOMOCTh (B TOM 4YHCJE M HEYJOBJIECTBOPHUTEIbHAs). B 3au€THyI0 KHIDKKY HEyIOBIETBOPUTENIbHAS
OllEHKa HE BBICTABNISETCS. OK3aMEHAIMOHHAs OleHKa 10 Y4eOHOMY TIpeaMeTy, JUCIHILIMHE,
MEXINCIUIUIMHAPHOMY Kypcy (MOZYNIO), TMpaKTUKaM 3a JAaHHBIA CEMECTp SBISIETCS OIpEeeNioneH,
HE3aBUCHMO OT IIOJYYCHHBIX B CEMECTpPE OLEHOK TEKYLIEro KOHTPOJS IO Y4YeOHOMY IpenMery,
JUCLUIUIMHE, MEKAUCIUITIMHAPHOMY Kypcy (MOAYIIIO), IPAKTHKAM.

[IpucyTcTBHE Ha 3K3aMeHE MOCTOPOHHMX JIMIl 03 pa3penIeHns PeKTopa WIN €ro 3aMecTHTEIeH
HE JIOIyCKaeTCsl.

[lucbMeHHBI ~ BDK3aMEH MPOBOIUTCA OJHOBPEMEHHO CO BCEM COCTaBOM y4YeOHOW TIpYIIIBI
[MuceMeHHbIe pabOThI BHITIOMHSIOTCS Ha OyMare co MTaMIIoM aKaJIeMHH.



OOyyarormuiics, MCHBITHIBAIONINN 3aTPyIHEHUS] TPH IOATOTOBKE K OTBETY MHO BHIOPAaHHOMY
Ounery, UMeeT MpaBO Ha BTOPOW OWJIET C COOTBETCTBYIOIIMM IMPOAJICHHEM BpPEMEHH Ha MOATOTOBKY K
otBety. [Ipn OKOHUaTEIBHOI OIICHKE OTBETa OLICHKA CHIKAETCS Ha OAMH O0asl. Brigaua Tpetbero Ouera
HE pa3penraercs.

C 1enpl0 TOBBIIIEHHWS OIEHKH JOMYCKAeTCs IIOBTOPHOE MPOXOXKICHUE MPOMEKYTOUHOH
aTTecTallid, HO He Oojee 4eM IO TpeM Y4YeOHBIM IMpeaMeTaM, AWUCIMIUITMHAM, MEXIUCHUIUIMHAPHBIM
KypcaM, TpoecCHOHATBHBIM MOAYJISIM. JIJIst 3TOro oOydJaroIuiicss MUIIET 3asBICHAE Ha MMS PEKTOpa,
KOTOpOE BU3UPYIOT KypaTop, 3aMECTUTENb PEKTOpa 10 y4eOHOi padorTe.

Obyuaromemycsi, CTIOIB3YIOLUIEMY B XOZ€ IK3aMeHa Hepa3pelIeHHbIC HCTOYHUKH U CPENICTBa IS
noJay4eHus: WHPOpMamuu (B TOM YHCIIE HCIOJIb30BaHUE MOOHMJIBHOTO Telle)OoHa), BBICTABIACTCS
HEYIOBJIETBOPHUTEIIbHAS OIICHKA.

B cnydae HesBku oOyuaromierocsi Ha OJK3aMeH, NpenojaBarelieM JenaeTcs B 3a4eTHO-
9K3aMEHAIMOHHON BEIOMOCTH OTMETKA «HE aTTECTOBAH.

XOpomIo ycreBaronM 00yJaloNMCs, BBITOJHHUBIINM J1a00paTOpHBIE, NMPAKTHYECKNAE 3aHITUS
10 JUCHUIUTMHAM, MEXIUCIUILITMHAPHBIM KypcaM TEKYIIEro CeMecTpa M He MMEIOIINM 33I0JDKEHHOCTH
10 ACHUINIMHAM, MCKIAUCIHUIINIMHAPHBIM KypCaM, HEC BBIHOCUMBIM Ha 3K3aMCHAIIMOHHYIO CECCUI0, MOXKET
OBITH pa3pelieHa crada SK3aMEeHOB JIOCPOYHO, 0e3 0CBOOOKIECHUS O0YJArOIINUXCS OT TEKYIIHUX YIeOHBIX
3ansTHi. JlocpouHas crada paspeniaeTcs TOIbKO MPY HATMYUH IPHKa3a PEKTOpa aKaIeMHH.

AkazieMusi OmpeAessieT NePeUYCHb HAMISIHBIX MOCOOMH, MAaTEpUAOB CIPABOYHOIO XapakTepa,
HOPMATUBHBIX JOKYMEHTOB W Da3JIMYHBIX O00pa3loB, KOTOpbIE pa3pelieHbl K HCIONB30BAaHUIO Ha
IK3aMEHe.

Pesynbrarel 3k3aMeHOB (IIOJYYCHHBIC OLICGHKH) COOOIIAOTCS OOYYaroIlMMCsS B JICHb ClIa4d
YCTHOTO 3K3aMEHa M Ha CIIeYIOLINH AeHb TOCIIe CJaul MMChbMEHHOTO 3K3aMEHa.

OueHouHBIE CpeACTBa IS IPOBEACHUS MPOMEKYTOYHON aTTecTaluy B popme IK3aMeHa

ABTOHOMHaS DK3AMEHAILIMOHHBIA BUJIET Ne 1 Ipenonasarenb MCIMIITHHE
HEKOMMeEpUECKas JJis cnenMaibHOCTH
npodeccuoHabHast 31.02.01JTeuebH0e 1510
oOpasoBaresnbHast Abeesa 3.A.
opraHu3anus Hucuurnimnna:
«AxaneMus TEXHOJIOTHHA EH.02. MareMaTHKA
U YOPaBICHUS»

HNHcTpykuus

1. BHuMaTenbHO MpoYUTaiiTe 3a1aHKE.

2. lNokaxkure noapobHOe perreHue 3amannii B Yactu b.

[TocnenoBaTenbHOCTD U YCIOBUS BEITIONHEHUS YacTeH 3aTaHuIS:

1. IlpuctymaiiTe K BBITOJIHECHHIO 3aJlaHUS MOCIE BHUMATEIHLHOTO O3HAKOMJICHHS C yCIOBHEM 3a/Iadqu.
[IpucrymaiiTe K BHITOJIHEHUIO CaMOT0 JIETKOTro Ha Banr B3risa 3amanus. BemomanTe Hy)HYI0 QopMyIry.
2.Cnenaiite He0OXOAMMBIE 3aMKUCH HA YSPHOBHUKE.

3. IIpoBephTe CYIIECTBOBAHHE BCEX BOBMOXKHBIX BAPHAHTOB PEIICHUI.

4. BHUMaTeIpHO TIEpENUINTE Ha OEITOBUIK.

Brl MOXKeTe BOCTIONB30BAThCS KATBKYISTOPOM.

Yacts A.

3apanue Nel - 3amanueNel5 (5 MuHyT)

Yacts b.

3ananue Nel - 3agaraneNeS (9 munyT)

MakcruMaibHOE BpeMsi BbIMOJIHEeHUs 3afanust — 120 mMuH./4ac.

Paznarounbie U TONOTHUTEIBHBIE MATEPHAITBI

Teker 3aganus

Yacts A.
1. Boruncants npou3BoaHyI0 GyHKIHH Y = COSX B TOouke X, = 0.
a) 1; 0) 4; B) 0; r) -2.

2. Haiitu npon3BoiHYI0 GyHKUIMH Y = 2—1 .
X —




S

. 6x , 6X , )y =——
2X

. 3X .
3.CocTaBUTh ypaBHEHHE KacaTeNbHON K rpaduKy QyHKIUU Y = x* +2 B TOuKe X, =1.
a) y=2x+1; 0) y=-2x+1; B) y=2x-1; r) y=2x.

4 Ecnu mpousBoanast Y =5x+7, dx=01, X, =2,10 dy =?

a) 1,7 0) 2 B) 0,1 r) 0,5
5.HaiiTu mpon3BOIHBIE BTOPOTO MOpsiAKa: Y=5X.
a)0 0)5 B) 1 r)-1

6. Berunciute Z;'y or ¢pyukmmn Z = X° +3x%y — y* B 1ouke A(1;1).
a)l; 0)3; B)O, 14
7. Haiitn |gradz| dyrxuwn Z = X +3x2y — y® B rouke 4(1;1).

a)3; 0)6; B)6, T1)9.

z
8.Haiitu onubiii nuddepentman, eciau % =-1, % =5,dx=01, dy=0,2.
X

2)0,9 6)0,1 8) 0,2 0,5
9. Haiiti mpon3BOAHYO 110 HATIPABIICHHIO, eciii COSQ = —, COS 3 = 1o 5 a_ -3

. b ﬁ ) \/_ ) ax 1 ay .

8
a) 42 6) — 8) 0 1
V2

10.Haiitn nanGoxsiree 3uaueHne dpyrxuan Y(X) = X° —1,5%* —6X +1 Ha orpeske [-2;0].
a)4,5 6) -1 B)-16 )0

11. Haiitu unrerpan I(5X2 +7sin x)dx .

a)§x3—7cosx+c; 6) 10x+7cosx+C; ) 10x* —7cosx+C; r)§x3+7cosx+c.

12. Boruucauts miomas Gurypel, orpanndennoi mansavu y =4+ X, x=0, X=2.
a)8; 0)19; B) 5; r) 10.
13.Haiigure Au( B \C) ,ecmn A= (—00;15], B= [—10; 25) ,C= (5; +oo) .

14. BBIUHCITUTE (\/5 +3i)?
: 7 1. 1 2.
a) 6:/3i-6 0) —+—i B) —+—I r) 2+10i
) ) 2 2 ) 5 5 )
15. Merogom Pynre-Kyrra maiitu  3uasenme K, (mis nepsoro npuGmkenus QyHkuud Y ),
onpeessieMoro ypaBuenuem Y’ = X+ 2y, npu HauansHoM ycnouu Y(0) =1, nonaras h=0,1.
a)0,1; 0) 0,2; B) 0,6; r) 0,7.
Yacrs b.
1. TIpeacTaBuTh B TPUTOHOMETPUIECKON (POpMe KOMIUIEKCHOE YUCI0: 2+4i
2. Haiitu npubmakenHo: In1,05
3. HaiiTn yacTHBIE IPOM3BOHBIE Z, U Z'y oT QYHKIUU Z = X%+ 3x2y - y3 .

X

e

v1+e*
Q) V1+e* +C; 6) 2vl+e* +C; ) 2R1+e* +C; r) —2vJ1-e* +C.

ml2
5. Beraucnuts (1o 9acTsim) IX CoSXdx .
0

dx .

4. BeraucnuTs (3aMeHOi) I




ABTOHOMHASI AK3AMEHALIMOHHBIN BUJIET Ne 2 IIpenonaBaTens
HEKOMMepUecKast JIJ1s1 ceHAaIbHOCTH JIACTIATITAHBI
npoecCHOHABHASL 31.02.01JIeueGHoe aes10
oOpa3oBarenbHas
OpraHH3aIus JIMCIMIUIHHA: AbeeBa D.A.
«AKanieMust TeXHOJIOTUI EH.02. MaTeMaTHKa
1 YTIPaBIICHUS
Bapuant Ne 2
HNHcTpyknus

1. BaumaTenpHO TpoYnTaiiTe 3a1aHHE.

2. llokaxwure moapobHOe pemenue 3aganuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHUS BBITMOJIHEHUS YacTel 3a1aHus:

1. Ilpuctynaiite K BBITOJHEHUIO 3aJaHUS TOCIE€ BHUMATEIHHOTO O3HAKOMIICHHS C YCIOBHEM 3aJaqu.
[IpucrymaiiTe K BHIMOJHEHUIO CAaMOT'0 JISTKOro Ha Barr B3risa 3amanus. Becnomuute Hy)HY0 hopmyiy.
2.Cnenaiite He0OXOAMMBIC 3aMUCH HA YSPHOBHUKE.

3. IIpoBepbTe CYLIECTBOBAHUE BCEX BO3ZMOXKHBIX BAPUAHTOB PEILICHUM.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

BbI MOXeTe BOCTIONB30BaTHCS KAIbKYISITOPOM.

Yacts A.

3ananue Nel-3amanueNel5 (5 MunyT)

Yacrs b.

3ananue Nel-3amanueNeS (9 MunyT)

MakcnManbHOE BpeMs BHITTOTHEeHNUS 3a0anns — 120 muH./9ac.

Pa3znaTouHble U TOMONMHUTENIbHBIE MaTepHaIbl

Teker 3agpanus

Yacts A.
1. Beranciuts npousBoHyio Gyrkmun Y = 2X° B Touke X, = 2.
a) 24, 0) 14; B) 0; r) 2.
COSX
2. Haiitu mponsBognyto GyHKIMH Y = ———.
1-sinx
, sin X , 1 , 1 , 1
a)y=——", 0)y=——— BY="T_—, DYy =-"—".
COsX 1-sinx 1+sinx 1-sinx

3.CoCTaBHTh ypaBHeHHE KacaTebHOM K rpaduky dynkimu Y = 2X* —1 B Touke X, =1.
a) Yy=—4x+2; 06) y=-4x+3; B) y=4x-1; r) y=4x-3.
4 Ecnu mpomsBoaHas ' =2X—3, dx=01, X, =2, 10 dy =?

a)0,1 0)2 B) 0,5 r)7
5. Haiitu mpon3BOAHBIE BTOPOTO TOpsAKa: Y=7X.

a)0 0)1 B) 7 r)2

"

6. Berancnute Z;y ot yrkumn Z = X + X*y? — y® B rouxe A(1;1).
a)l; 6)3; B)O0; 714
7. Haiitn |gradz| dykmmn Z = X + X°y? —y® BTouke A(1;1).

a)V13; 6)v5; B)V2; 1) V17.

8.Haiitu nonueiit auddeperman, ecin % =-5, % =3,dx=01, dy=0,2.

2)0,1 6)2 B) 0,5 r)7




9. HaiiTi mpon3BOgHYIO TTO0 HANPaBIEHHUIO, €clTi COSQ =

)

R
_-b

Q|
I
|

a)% 0) Q B) i r)0

2 72

10.Haiitn nanmenbree snavenne Gpyuxmun Y(X) = X* — 2x* + 3 na orpeske [-3;2].
a)4,5 6) -1 B)-16 )

11. Haiitu naTerpai J.(2X3 —5sin x—1)dx.

X4 X4 X4
a) 6Xx—-5c0sx+C; 6) ?—5COSX—C; B) T—Scosx—x+C; r) ?+5005x—x+C.

12. Boruucauts miomans GpUrypel, orpaHnueHnoi muausamu: y =4X, Xx=1, X=2.
a)3; 0)9; B) 5; r) 6.
13. Mansr muoxectBa A=[0;+oc) u B=(—oc;0]. Haiinure AUB

4+3i

1-i

14. Beruucauts

a) 6+/3i—6 6) 141 B) L42] r) 2 +10i
2 2 5 5

15. Meromom Pynre-Kyrra Haiitu  3uadenne K, (mnis mepBoro npuGmmwkenus (ynkiumm Y ),

onpezessieMoro ypaBaenueM Y’ = X — Y, npu Hadansaom ycnosud Y(0) =1, monaras h=0,1.
a)-0,1; 0) 0,2; B) -0,6; r) 0,7.
Yactb b.

1. [IpencTaBUTh B TPUTOHOMETPUIECKON (hOpME KOMIDIEKCHOE YHCIIO: \/§ —Ii
2. Haiitu npubmmwkenHo: ~17

3. HaiiTi yacTHbIE IPOU3BOJHBIE Z; U Z; oT QyHKIUHN Z = X% + X2y2 - y3 .

X
4. BBIaucIuTh (3aMEHOI) I dx.

V1+x®
a) —V1+x*+C; 6) V1+x* +C; B) 21+x* +C; r) 2v1+x* +C.

5. Bpranucnuts (1o 4acTsim) Ixsin Xdx .
0




ABTOHOMHASI AK3AMEHAILIMOHHBIN BUJIET Ne 3 IIpenonaBaTens
HEKOMMepUecKast JIJ1s1 ceHAaIbHOCTH JIACTIATITAHBI
npoecCHOHABHASL 31.02.01JIeueGHoe aes10
oOpa3oBarenbHas
OpraHH3aIus JIMCIMIUIHHA: AbeeBa D.A.
«AKanieMust TeXHOJIOTUI EH.02. MaTemMaTHKa
1 YTIPaBIICHUS
Bapuant Ne 3
HNHcTpyknus

1. BaumaTenpHO TpoYnTaiiTe 3a1aHHE.

2. llokaxwure moapobHOe pemenue 3aganuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHS BBINOIHEHNS YacTel 3a/1aHus:

1. Ilpuctynaiite K BBITOJHEHUIO 3aJlaHUS TOCJIE€ BHUMATEIHHOTO O3HAKOMIICHHS C YCIOBHEM 3aadH.
[IpucrymaiiTe K BHIMOJHEHUIO CAaMOT'0 JISTKOro Ha Barr B3risa 3amanus. Becnomuute Hy)HY0 hopmyiy.
2.Cnenaiite He0OXOAMMBIC 3aMUCH HA YSPHOBHUKE.

3. IIpoBepbTe CYLIECTBOBAHUE BCEX BO3MOXKHBIX BAPUAHTOB PEILICHUM.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

BbI MOXeTe BOCTIONB30BaTHCS KaIbKYISATOPOM.

Yacts A.

3ananue Nel-3amanueNel5 (5 MunyT)

Yacrs b.

3ananue Nel-3amanueNeS (9 MunyT)

MakcnManbHOE BpeMs BHITTOTHEeHNUS 3a0anns — 120 muH./9ac.

Pa3naTouHble 1 TOMOMHUTENbHBIE MaTepHaIbl

Teker 3agpanus

Yacts A.
1. Beryucnute nponsBoanyto GyHKIMu Y = arctgx B Touke X, = 1.
a) 1/3; 0) 4; B) 1/4; r) 1/2.
X
2. Haiitu mponsBoanyto GyHKIMHA Y = cos® E
, sin X , X , . X , ., X

a =——; 0 =2C0S—; B =-SiIn—; T =-2sin“ —.
)Y > )Y > )Y > )Y >

3.COCTaBUTh YPAaBHEHHE KacaTeNbHOM K rpaduky dpynkumn Y = X° +1 B Touke X, =1.

a) y=2x+1; 6) y=x+1; B) y=3x-1; ) y=23X.

4 Ecnum npousBognas Y =3x—4, dx=0,5, X, = %, to dy =?

a)-1,5 0)1,5 B)0,5 r)4
5.Haiitu npou3sBoHbIe BToporo nopsiaka: y=1000x.
a) 0 0) 1 B)10 r)100
6. Beraucnuts Z;'y or pyrkmn Z = X° — y? + y°X B rouke 4(1;1).
a) 2; 6) V3; B) 0; r) 5.
7. Haiitn |gradz| dyrxman Z = X> —y? + y*x B Touke 4(1;1).
a)\/E; 0) 3; B) 0; r)ﬁ.
. . (o4 0z
8.Haiitu nonueiit auddeperuan, ecin = 4, 5 =34, dx=01, dy=0,2.
X

2)7,3 6)0,21 B)1 r)7,2




0z 0z

9. HaiiTi mpou3BOHYIO 0 Hanpasienuo, eciu Cosa =1, cos =0, 8_ =4, —=-3.
X

a)7,3 0) 0,21 B)4 7,2
10.Haiitn nanGonbiree 3uavenue Gpyukmun Y(X) = X* —8x* -9 na orpeske [-1;1].
a)4,5 0) 66 B)-16 r)-9

11. Haiiti uaTerpan I(Xz +~/x —e* )dx.

3 3 3 3 3
a) X—+i—ex +C; 0) X—+Ex2 -e*+C; B) 2x+2x2 —-e“+C; ) 2x+2x2 -e**+C.
3 Jx 3 3 3 3
12. BoruucauTs miomas Gpurypbl, orpaHuueHHol ausmu: y =2X, X=0, X=3.
a) 3; 0)9; B) 5; r) 4.
13. Hausr muoxectBa A=[0;+oc) u B=(—oc;0]. Hatinute ANB
14.Berancnuts (2+2i)(3+2i)

7 1. . 1 2.
2 +10i 0) —+—1I 6+/31—6 —+—1
a) 2+ ) 55 B) \/— r) -

15. Meromom Pynre-Kyrra Haiitu  3uadenne K, (mnst mepBoro npuGmmwkenus Qynkumm Y ),

onpezessieMoro ypaBaenuem Y’ = 2X — Y, npu HadansHoM ycnouu Y(0) =1, nonmaras h=0,1.
a)-0,1; 0) 0,2; B) -0,6; r) 0,7.
Yactb b.

1. IlpencraBuTh B TPUTOHOMETPUYECKON (pOpME KOMIUIEKCHOE YUCIIO: |

2.Haiiti mpubImkeHHO: 7

3.HaiiTy 4acTHBIE IPOU3BOIHBIE Z) U Z; oT GYHKIUHN Z = — y2 + y3x .

2
X
4. Beruucuth (3ameHoi) | ——dX.
'[\/1+ x°
a) arctgx®* +C; 6) v1+x*+C; ») %arctgx3 +C; 1) —%arcctgx3 +C.

L
5. Bprancnuts (1o 4acTsim) Ixexdx .
0




ABTOHOMHASI AK3AMEHAILIMOHHBIN BUJIET Ne 4 IIpenonaBaTens
HEKOMMepUecKast JIJ1s1 ceHAaIbHOCTH JIACTIATITAHBI
npoecCHOHABHASL 31.02.01JIeueGHoe aes10
oOpa3oBarenbHas
OpraHH3aIus JIMCIMIUIHHA: AbeeBa D.A.
«AKanieMust TeXHOJIOTUI EH.02. MaTeMaTHKa
1 YTIPaBIICHUS
Bapuant Ne 4
HNHcTpyknus

1. BaumaTenpHO TpoYnTaiiTe 3a1aHHE.

2. llokaxwure moapobHOe pemenue 3aganuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHS BBINOIHEHNS YacTel 3a/1aHus:

1. Ilpuctynaiite K BBITOJIHEHUIO 3aJaHUS TOCIE€ BHUMATEIHHOTO O3HAKOMIICHHS C YCIOBHEM 3aadu.
[IpucrymaiiTe K BHIMOJHEHUIO CAaMOT'0 JISTKOro Ha Barr B3risa 3amanus. Becnomuute Hy)HY0 hopmyiy.
2.Cnenaiite He0OXOAMMBIC 3aMUCH HA YSPHOBHUKE.

3. IIpoBepbTe CYLIECTBOBAHUE BCEX BO3MOXKHBIX BAPUAHTOB PEILICHUIM.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

BbI MOXeTe BOCTIONB30BaTHCS KAIbKYISITOPOM.

Yacts A.

3ananue Nel-3amanueNel5 (5 MunyT)

Yacrs b.

3ananue Nel-3amanueNeS (9 MunyT)

MakcnManbHOE BpeMs BHITTOTHEeHNUS 3a0anns — 120 muH./9ac.

Pa3naTouHble U TOMOMHUTENIBHBIE MaTepUaIbl

Teker 3agpanus

Yacrs A.

1. BeI4McauTh MPOU3BOAHYIO (DYHKITHH y= Sin X B Touke Xy = 0.

a)5; 06)1, B)O; 1)3.

2. Haiiti nponsBozHyo GyHkumn Y =/1— X% .

VR S S it S
a) Yy =—; =——; B Y =—F—mr—x; 1Ny =—.

V1-x° V1-x? V1-x? V1-2x
3.CocTaBHTh ypaBHeHHe KacaTebHOM K rpaduky dynkimu Y = 4X° —1 B Touke X, =1.

a) y=12x-9; 0) y=-12x+4; B) y=12x-1; r) y=12x-5.
4 Ecnu mpomsoanast Y =3x+7, dx=0,3, X, =2,10 dy =?

a) 1,7 0) 2 B) 0,1 r) 3,9
5.Haiitu mpou3BOAHBIE BTOPOTO NOPSAAKA: Y=-X.
a)0 0)5 B) 1 r)-1
6. Berauciuts Z;'y ot Gpyrkimn Z = X°y® + y?X B Touke A(1;1).
a) 6; 0) 3; B) 0; r) 5.
7. Haiitu |gradz| dyskim Z = X2y? + y*X B Touke A(1;1).
2) 2; 6) V3; B) 0; r) 5.

. . oz 0z
8.Haiiti nonuenii muddepenuman, eciau = =4, @ =05, dx=01,dy=0,2.

X

a)7,3 6) 0,21 B)l r)0,5

. 674
9. HaiiTn npou3BoIHyI0 110 Hanpasienuo, ecimm Cosa = 0,5, cos =0, x =4, 5 =-3.

X

a)7,3 0) 0,21 B)4 r)2




10.Haiitn nanGonsiree 3uauenne ¢pynxmun Y(X) = X* —8x* —9 na orpeske [0;4].

a)119 6) 66 B)-16 r)-9

1
11. Haiitu unrerpan j(5x4 +€0s3x ——)dx .
X

. 1.
a) 20x* —3sin3x —In|x/+ C; 6) x5+§sm3x—ln|x|+C;
5 . 5 1. 1
B) X° +3sin3x—In|x|+C; r) X +§sm3x——2+C.
X
12. Beraucnuts wiomaab GUrypsl, OrpaHHIeHHON JTHHAAMUA: Y = x?, x=-1 x=0.
a) 8/3; 0) 9/5; B) 5; r) 1/3.
13. Manbr MHOKecTBa A=[0;+0c) u B=(—oc;0]. Haitnure 4\B.
14.Beryncanrs b I_
4-3i
1 2. : 7 1.
—+—lI 0) 6+/31—6 2+10i —+—I
a) =t ) J3 B) r) 55

15. Merogom Pynre-Kyrra maiitu  3uasenme K, (s nepsoro npuGmkenus QyHkuud Y ),

omnpezensemoro ypapaerneM Y' = X + Y, npu nauanssom ycnosun Y(0) =1, monaras h=0,1.
a)-0,1; 0)0,2; B) -0,6; r)0,1.
Yacrs b.

1. lpeacTaBUTh B TPUTOHOMETPUYECKON (hOopMe KOMIUIEKCHOE ncio: 1— i\/§
2. Haiitu npuOImKeHHO: J3
o ' ' 2,2 2
3. Haiiti yacTHbIC POU3BOAHbIE Z, M Z, OT QpyHKuMH Z =X"Yy" + Y X.
X
x* -5

9 X ~§+C; © 2Ix ~§+C; 5 ~4I|’ ~§+C; 1) Zhfx* -5§+C.

dx .

4. BBIaucIuTh (3aMEHOI) I

e-1
5. Beruucnurs (1o gacTsim) Iln(x +1)dx.
0




ABTOHOMHaS SK3AMEHAILIMOHHBIN BUJIET Ne 5 IIpenonaBaTens
HEKOMMCEpUECCKad I[_]'[;[ CIIeMAJIBHOCTH JUCHUITIINHBI
npoecCHOHabHASL 31.02.01J1euedHOe 1€510
oOpa3oBarenbHas
opraHusanus III/ICHI/IHJ'H/IHa: AlOeeBa D.A.
«AxaneMus TEXHOJIOTHH EH.02. MaTeMaTHKa
U yIPaBICHUSD

Bapuant Ne 5

HNucTpykuus

1. BHuMaTenbsHO npoyuTaiiTe 3aaHue.

2. Ilokaxxurte moapoOHOE pemieHue 3ananuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHUS BBIMOJIHEHUS YacTel 3a1aHus:

1. Tlpuctynaiite K BBIIOJIHEHUIO 33JaHUs IOCIE€ BHUMATEIBHOIO O3HAKOMIIEHMS C YCIOBHEM 3ajauu.
[Ipuctynaiite K BEITIOIHEHHIO CaMOT0 JIETKOTO Ha Bam B3risiy 3amanusi. BcnoMHuTe HY)XHYIO QOPMYIY.
2.Cnenaiite HEOOXOAMMEIE 3aMHCH Ha YEPHOBUKE.

3. IIpoBepbTe CyIECTBOBAHNE BCEX BO3MOKHBIX BApUAHTOB PELLICHHM.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

BbI MOXXeTe BOCTIONB30BATHCS KAJIBKYJISITOPOM.

Yacts A.

3ananne Nel-3aganneNel5 (5 MunHyT)

Yacts b.

3ananue Nel-3amanueNeS (9 MunyT)

MaxkcumalibHOE BpeMsi BBIITOJIHEHUS 3a1anus — 120 MuH./gac.

PaznaTtounsie 1 JONOTHUTENBHBIE MAaTEPHAIIBI

Tekcr 3aqanus

Yacrs A.

1. Beraucnuth mpon3BoAHY0 QYHKIUN Y = VX B Touke Xo=4.
a)l; 0)1/4; B)1/2; T1)2.

2. Haiiti npon3BoiHYI0 QYHKIUHN Y = 1+ ex .
—€
e 2¢* e 2e"
r_ : 6 r_ : r_ _ : r_ .
a) y o) VY= »Y ey ry o)

3. CoCTaBHTh ypaBHEHHE KacaTesbHOM K rpaduky dynkimmn Y = X° +3 B Touke X, = 3.

a) y=6x+1; 6) y=—Xx+1; B) y=6X—6; 1) y=4Xx-6.

4 Ecmu npoussogmas Y’ = —3x°, dx=0,5, X, = %, to dy =7
1
a)— E 0)3 B) 0,5 r)0,33

5.Haiitu mpou3BoAHBIE BTOPOTO NOpsAKa: Y = —.
X

1
a)— 0) —— B) — r) —
5 ) ) =

"

6. Beruncyuth 2, 0T QyHKImMM Z = xy? + yX B touke A(1;1).
a) 7, 0) 3; B) 4; r) 5.
7. Haiitn |gradz| dykupn Z = Xy’ + yX B ouke A(1;1).

a)2; 6)2\/§; B)\/E; 1“)5\/§.




8.Haiitu nonueiii quddepenmar, eciu a =1, % =2,dx=01,dy=0.2.

OX
a)l,1 0) 0,02 B) 0,5 r) 0,2
9. Haiitu npou3BOAHYIO 110 HAIIPABJICHUIO, €clid COSQr = \/§ , COSf = i ) Q =4, g =-3.
J3iax gy
a)l 6) 9 B)9 r) 343

NE

10.Haiitn nanGonbiree snavenne Gpyukmun Y(X) = X* —8x* —9 na orpeske [0;3].
)45 6)0 8)-16 r)-9
11. Haiitu naTerpai I(3X2 + i/;)dx .

4 4 1
a)6x3+%x3+C; 6)x3+%x3+C; B)X3+%X3+C; r)X3+3i+C.

3x

12. Bbrumcauts mwiomans GUrypbl, OrpaHUYEHHOM Tuarsamu: Y =X, X =2, X=4.

a)3; 0) 4; B) 5; r) 6.

13.J1ansr mHOKecTBa A=[0;+0oc) 11 B=(—oc;0]. Haiigure CrA

14.Boruucauts (2+1)(4—2i)

a) 64/3i—6 6) 6i—6 B) 10 r) 22 — 6i

15. Meropom Pynre-Kyrra maiitu  3uasenme K, (mns nepsoro npuGmkenus QyHkuud Y ),

onpenensieMoro ypasuerneM Y = X° + Y, npu magansrom yerosuun Y(0) =1, momaras h=0,1.
a)-0,1; 0) 0,4; B) 0,1; r)0,7.
Yacrs b.

1. [IpencTaBuTh B TPUTOHOMETPUYECKOM (POpME KOMITIEKCHOE YHCIIO: \/§ + \/§i

2 Haiitu npu6mmkenso: (1,02)°

o ' ’ 2
3. Haiitu yacTHbIC IPOM3BOAHBIE Z, M Z,, OT QyHKumMH Z = Xy~ + YX.
. X
4. BeraucnuTh (3aMeHOi) I—Z dx.
(x+1)

a) In|x+]1—ﬁ+c; 6) 2Injx+1+C; ) In|x+ﬂ+ﬁ+c; r)%ln|x+]4+c.

T
5. Beraucnutb (110 4acTsm) .[ XCOSXdX .
0




ABTOHOMHASI AK3AMEHAILIMOHHBIN BUJIET Ne 6 IIpenonaBaTens
HEKOMMepUecKast JIJ1s1 ceHAaIbHOCTH JIACTIATITAHBI
npoecCHOHABHASL 31.02.01JIeueGHoe aes10
oOpa3oBarenbHas
OpraHH3aIus JIMCIMIUIHHA: AbeeBa D.A.
«AKanieMust TeXHOJIOTUI EH.02. MaTemMaTHKa
1 YTIPaBIICHUS
Bapuant Ne 6
HNHcTpyknus

1. BaumaTenpHO TpoYnTaiiTe 3a1aHHE.

2. llokaxwure moapobHOe pemenue 3aganuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHS BBINOIHEHNS YacTel 3a/1aHus:

1. Ilpuctynaiite K BBITOJHEHUIO 3aJlaHUS TOCJIEe BHUMATEIHHOTO O3HAKOMIICHHS C YCJIOBHEM 3aadH.
[IpucrymaiiTe K BHIMOJHEHUIO CAaMOT'0 JISTKOro Ha Barr B3risa 3amanus. Becnomuute Hy)HY0 hopmyiy.
2.Cnenaiite He0OXOAMMBIC 3aMUCH HA YSPHOBHUKE.

3. IIpoBepbTe CYLIECTBOBAHUE BCEX BO3MOXKHBIX BAPUAHTOB PEILICHUM.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

Br1 MOXeTe BOCTIONB30BATHCS KaIbKYISITOPOM.

Yacts A.

3ananue Nel-3amanueNel5 (5 MunyT)

Yacrs b.

3ananue Nel-3amanueNeS (9 MunyT)

MakcnManbHOE BpeMs BHITTOTHEeHNUS 3a0anns — 120 muH./9ac.

Pa3naTouHble 1 TOMOMHUTENbHBIE MaTepHaIbl

Teker 3agpanus

Yacrs A.

1. Berauciants npon3BoiHYI0 QyHKINN Y = —3 BTOUKE X; = 1.
X

a)l1/3; 6)-3; B)1; 1)2.
2. Haiitu nponsBonyto Gpyukuun Y = XIn X,

a) y’:lnx+%; 6) Y=Inx+x; B Yy =Inx+1; rny=Ihx-1.

3. COCTaBHTh ypaBHEHHE KacaTeNnbHOM K rpaduky dynkuun Y = X° /3 B Touke Xo =—1.

a) y=3x+1;, 6) y=x+1; B y=x-1/3; 1) y=x+2/3.

1
4 Ecm npomssogmas Y’ = —3%x°, dx=0,5, X, = 3’ to dy =7?

1
a)—— 0)3 B) 0,5 r)0,33
) 18 ) ) )
5.Haiiti mpon3BoHBIE BTOPOTO NOpsAAKa: Y = ——.

X

2 1 1 2
a)—— 0) —— B) — r) —
) N ) 2 ) N ) N

6. Beraucuth Zy, ot GyHKIMK Z = 4xy* —5yxX B touke A(1;1).
a)7; 0) 3; B) 4; r) 5.
7. Haiitu |gradz| dyrkunn Z = 4xy? —5yx B touke A(1;1).

a) 2; 6)2+/3; B)34/2; r) V10 .




8.Haitru nonusiii nuddepennuan, ecnu 2, =12, % =2,dx=01,dy=0.2.

a)l,6 0) 0,02 B) 0,5 r) 0,2

9. Haiitu npou3BOAHYIO 110 HAIIPABJICHUIO, €clid COSQr = \/§ , COS ﬁ = i , Q =12, @ =-3.
J3 ' ox oy

a)l 6) /3 B)9 33

r)—
V3
10.Haiitn nanGonbiree snavenne Gpyukmun Y(X) = X* —8x* —9 na orpeske [-1;1].
)45 6)0 8)-16 r)-9

11. Haiitu uaTerpan I(BXS +sin2x —e*)dx.

a) x° —%cost—eX +C; 6)30x* —%sin 2x—e* +C;

B) X —2sin2x—e*+C; 1) x° +%sin 2x—e* +C.

12. BeraucnuTh miomaab (GUrypsl, OrpaHAYSHHON JINHUSIMU: ) = 16-%x, x=0, x=1.
a) 34/6; 6) 4/5; B) 31/2; r) 16.
13. Mausr MmuoxecTBa A=[-5;7] u B=[-2;20]. Haiigure CrB

14.BeryucinTs I—
1+i

a) J3i—4 6) 6i—6 B) i r) 22 - 6i
15. Meromom Pynre-Kyrra Haiitu  3uauenne K, (mnst mepBoro npuGmmwkenus (ynkumm Y ),

onpezessieMoro ypaBuenueM Y’ = X — Y, npu Hadansaom ycnosud Y(0) =1, monaras h=0,1.
a) 1,8; 0)0,2; B) 1,6; r) 0,7.

Yacrs b.

1. TIpecTaBUTL B TPUTOHOMETPUYECKOH (POPME KOMILIEKCHOE YUCIIO: — 3l

2. Berancauts npuoimKkenHo: 3 28

3. Haiiti 9acTHBIC POM3BOAHBIE Z) U Z OT QyHKuMK Z = Axy® —5yx.

\/;Jrlnx
—dXx.

4. BIauCIuTh (3aMEHOI) I
X

2 2
a) In|x+]1—ﬁ+c; 0) |n|x+]1+ﬁ+c; B) 2\/§+—In2X+C; r) \/;+In2X+C.
+ +

wl2
5. BoI4ucuTh (110 4acTsm) jxsin xdx.
0




ABTOHOMHASI AK3AMEHALIMOHHBIN BUJIET Ne 7 IIpenonaBaTens
HEKOMMepUecKast JIJ1s1 ceHAaIbHOCTH JIACTIATITAHBI
npoecCHOHABHASL 31.02.01JIeueGHoe aes10
oOpa3oBarenbHas
OpraHH3aIus JIMCIMIUIHHA: AbeeBa D.A.
«AKanieMust TeXHOJIOTUI EH.02. MaTeMaTHKa
1 YTIPaBIICHUS
Bapuant Ne 7
HNHcTpyknus

1. BaumaTenpHO IpoYnTaiiTe 3a1aHME.

2. llokaxwure moapobHOe pemenue 3aganuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHS BBINOIHEHNS YacTel 3a/1aHus:

1. Ilpuctynaiite K BBITOJHEHUIO 3aJaHUS TOCIE€ BHUMATEIHHOTO O3HAKOMIICHHS C YCIOBHEM 3aJaqu.
[IpucrymaiiTe K BHIMOJIHEHUIO CAaMOT'0 JISTKOro Ha Bar B3risij 3ananus. BcnoMmuute HykHY0O Gopmyy.
2.Cnenaiite He0OXOAMMBIC 3aMUCH HA YSPHOBHUKE.

3. IIpoBepbTe CYLIECTBOBAHUE BCEX BO3MOXKHBIX BAPUAHTOB PEILICHUM.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

BbI MOXeTe BOCTIONB30BaTHCS KAIbKYISITOPOM.

Yacts A.

3ananue Nel-3amanueNelS (5 MmuHyT)

Yacrs b.

3ananue Nel-3amanueNeS (9 MunyT)

MakcnManbHOE BpeMs BHITTOTHEeHNUS 3a0anns — 120 muH./9ac.

Pa3naTouHble 1 TOMOMHUTENbHBIE MaTepHaIbl

Teker 3agpanus

Yacts A.
1. BeraucnuTh npou3BoAHYIO0 QyHKIHU Y = e”* B TouKe Xq = 0.
a) l; 0) 3; B) 0; r) 2.
2. Haiftu npoussoxnyto Gyrkuun Y = In(x* +5).
2X X X 1
a) y' = ;0 Yy = i B)Y=——; DYy = .
)Y X’ +5 )Y X* +5 )Y 2x° +5 )Y x* +5
3. COCTaBHTH ypaBHEHHE KacaTebHOM K rpaduky Gyrkmmn Y =/ X° B Touke X, = 0.
a) y =2x; 6) y=0; B) Y =X; ry=3.
1

4 Ecm npomssogmas Y’ = —3x° +1, dx=0,5, X, = 3 to dy =7?

1
a)g 0)3 B) 0,5 r)0,33
5.Haiitu mpou3BO/IHbIE BTOPOIO MOpsiKa: Y = —-.

X

2 1 1 6

a)— 0) —— B) — r) —
) N ) 2 ) N ) 8

6. Beraucnuts Z;'y ot Gpyrkimn Z = X Y% + Y + X B rouke 4(1;1).
a) 6; 0) 3; B) 4; r) 5.
7. Haiitu |gradz| dynximm Z = X°y® + Y + X B Touke A(1;1).
a) 1; 0) 2; B) 3; r) 5.

0z 0z
8.Haiitu monubiii muddepennman, ecmm — =1, — =

2, dx:l, dy=0,2.
OX oy 2




a)l,l 6) 0,02 8) 0,5 10,9
) V2
9. HaiiTu npou3BOJHYIO TI0 HAIPaBJIeHuo, eciiu COSa =1, coSff = >

2,7
OX

o) 5 832 99 0

2 3

10.Haiiti HaumenbIuee 3Havenne Gynxmuu Y(X) = 4x% —2X Ha otpeske [0;3].

a)4,5 6) 63 B)-16 r)-9

11. Haiitu naTerpai j(8x7 + 1 + E)dx .
X

Jx
a) x8+\/§+ln|3x|+C; 6)7x6+2\/§+ln|x|+C; B) x8+2\/§+ln|3x|+C;

r) x® +2\/;+3In|x|+c.

12 Boravcnuth wiomm@aas Gurypsl, orpanudeHson muausamu: y =3X+2, X=0, x=1.
a) 7/2; 0) 4/5; B) 5/6; r) 1.

13.J1anbr MuOKecTBa A=[-5;7] u B=[-2;20]. Haiigute CrA.

14. Berauciuts (2 + 3i)(2—6i)

a) 6i—6 6) /3i—4 B) i r) 22 —6i

15. Meromom Pynre-Kyrra Haiitu  3uadenne K, (mns mepBoro npuGmmwkenus Qynkumm Y ),
onpezessieMoro ypaBaenuem Y’ = X + 3y, npu Hayansaom yenosun Y(0) =1, momaras h=0,1.

a)-0,1; 0)0,2; B) -0,6; r) 0,3.

Yacrs b.

1. [IpencTaBuTh B TPUTOHOMETPUIECKOH (hOpME KOMITIEKCHOE YHCIIO0: |

2.Haiitu npubmmkenHo: 26

3. HaiiTn yacTHBIE IPOM3BOMIHBIE Z, U Z'y oT QYHKIMHU Z = ng2 +Vy+X.

X3

1+x8 dx.

4. BeraucnuTs (3aMeHOi) I

1 X X 1 1
a) —arctg—+C; 6)arctg—+C; Zarctgx® +C; ——arcctgx® + C.
)4 94 ) 94 B) 3 g r) 3 g

2
5. Berauciuth (110 4acTsim) Iex (3—2x)dx.
0




ABTOHOMHaS SK3AMEHALIMOHHBIN BUJIET Ne 8 IIpenonaBaTens
HEKOMMCEpUECCKad I[_]'[;[ CIIeMAJIBHOCTH JUCHUITIINHBI
npoecCHOHabHASL 31.02.01J1euedHOe 1€510
oOpa3oBarenbHas
opraHusanus III/ICHI/IHJ'H/IHa: AlOeeBa D.A.
«AxaneMus TEXHOJIOTHH EH.02. MaTeMaTHKa
U yIPaBICHUSD

Bapuant Ne 8

HNucTpykuus

1. BHuMaTenbsHO npoyuTaiiTe 3aaHue.

2. Ilokaxxurte moapoOHOE pemieHue 3ananuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHS BBINOIHEHNS YacTeH 3a/1aHus:

1. Tlpuctynaiite K BBIIOJIHEHUIO 33JaHUs IOCIE€ BHUMATEIBHOIO O3HAKOMIIEHMS C YCIOBHEM 3ajauu.
[Ipuctynaiite K BEITIOIHEHHIO CaMOT0 JIETKOTO Ha Bam B3risiy 3amanusi. BcnoMHuTe HY)XHYIO QOPMYIY.
2.Cnenaiite HEOOXOAMMEIE 3aIICH Ha YEPHOBUKE.

3. IIpoBepbTe CyLIECTBOBAHUE BCEX BO3MOKHBIX BAPUAHTOB PEIICHU.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

BbI MOXXeTe BOCTIONB30BATHCS KAJIBKYJISITOPOM.

Yacts A.

3ananue Nel-3amanueNel5 (5 MunyT)

Yacts b.

3ananue Nel-3amanueNeS (9 MunyT)

MaxkcumalibHOE BpeMsi BBINIOJIHEHUS 3aianus — 120 MuH./gac.

PaznaTounble ¥ JONOTHUTENBHBIE MaTEPUAIIBI

Tekcr 3aqanus

Yacrs A.

1. Boruncints nponsBoanyto ¢pyukuun Y = In X B touke X, =1.

a)l; 6)-1; 8)0; 1)2.

2. Haitri npoussozayio Gpynkmun Y = (2x° +5)*.

a) Y =24x(2x> +5)%; 6) y' =12x*(2x* +5)°; B) y' = 24x*(2x* +5)°;
r) y' =4x(2x% +5)°.

3. CocTaBuTh ypaBHEHHE KacaTelIbHOU K rpaduky QyHKIHH Y = +/ x® B Touke Xo =1.

a) y:%x+1; 06) y=-2X; B) y=2X-1; 1) y:%(Bx—l).
4 Ecmu npomssogmas Y’ =—X°, dx=0,5, X, Z%,TO dy =?

a)% 6) 3 B) 0,5 r)0,33

5.Haiitu mpou3BOAHBIE BTOPOTO NOpsAKa: Y = —.
X

10 1
a)— 0) —— B) — r) —
= )= ) )2
6. Berunciute 2, oT QyHKImMM Z = 3xy? +2yx B Touke A(1;1).
a) 7, 0) 3; B) §; r) 5.
7. Haiitu |gradz| dyrxumn Z = 3xy* + 2yX B rouke A(1;1).

a) 26; 6)\/@; B)6\/E; r)\/@.




0z 0z

8.Haiitu monubiii qudhepenimal, eciu 8_ =1, 5 -2 , dx=01, dy = V2.
X
a)2,1 5) 0,02 8) 0,5 1) 0,2
9. HaiiTit poM3BO/IHYO 110 HAIIPABICHUIO, €ClTH COSQ = NE) , COSf = —3 , @ =4, Q =-3.
3 oX oy
a)l 6) 33 B) 9 r)i
J3

10.Haiitn nanmensiree 3uadenue Gpynxmun Y(X) = X* + 5x* +1 na orpeske [-1;2].
a)-1 6) 0 B)-16 1)l

11. Haiitu unrerpan I(Gsin 2X — \/;)dx .

3 3 3
a) 12cos2x—-2x2 +C; 6) —3c0s2x—-2x%?+C; B) —3c0osx—2x%+C;
3
r) —3c032x—%x2 +C.

12. BbIYMCIUTh MUIOIIA b (GUTYpHI, OTPaHUYCHHON TuHusiMu: ) = X+4, X = 0, x=1.
a) 1/6; 0) 4/5; B) 9/2; r) .
13.J1ausr MuOKeCcTBa A=[-5;7] 1 B=[-2;20]. Haiigure B\A.
14.Borumciuts (1— \/§i)2
a) 6i—5 6) —2—2+/3i B) 1 r) 6i—6
15. Meronom Pynre-Kyrra Haiitu 3uadenne K, (mnst mepsoro npuGmmkenus GyHkuud Y ),

onpezessieMoro ypaBaenueM Y’ = X — Y, npu Hadansaom ycnosun Y(0) =1, momaras h=0,1.
a) -0,4; 0) 0,2; B) -0,6; r)0,7.
Yacrs b.

1. TIpeCcTaBUTh B TPUTOHOMETPUYECKON (hPOPME KOMIUIEKCHOE YUCIIO: 2 + i24/3
2.Haiitu npubmmkenHo: /25

3. HaiiTi yacTHbIE IPOU3BOJHbBIE Z) U Z; oT QyHKIUHN Z = 3xy2 + 2yX.

y /arcsin X
4. BBIaucIuTh (3aMEHOI) I 1 x2 dx.
—X

a)§W+C; G)JerC; B)g\/m+c; F)§W+C.

5. Beraucnutb (110 4acTsm) Iln xdx .
1




ABTOHOMHASI SK3AMEHALIMOHHBIN BUJIET Ne 9 IIpenonaBaTens
HEKOMMepUecKast JIJ1s1 ceHAaIbHOCTH JACTIATIINHBI
npoecCHOHABHASL 31.02.01JIeueGHoe aes10
oOpa3oBarenbHas
OpraHH3aIus JIMCIMIUIHHA: AbeeBa D.A.
«AKanieMust TeXHOJIOTUI EH.02. MaTeMaTHKa
1 YTIPaBIICHUS
Bapuant Ne 9
HNHcTpyknus

1. BaumaTenpHO TpoYnTaiiTe 3a1aHHE.

2. llokaxwure moapobHOe pemenue 3aganuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHS BBINOIHEHNS YacTel 3a/1aHus:

1. Ilpuctynaiite K BBIIOJHEHUIO 3alaHUS IIOCJIE€ BHHUMATEILHOI'O O3HAKOMIICHHS C YCJIOBHEM 3aJayuu.
[IpucrymaiiTe K BHIMOJHEHUIO CAaMOT'0 JISTKOro Ha Barr B3risa 3amanus. Becnomuute Hy)HY0 hopmyiy.
2.Cnenaiite He0OXOAMMBIC 3aMUCH HA YSPHOBHUKE.

3. IIpoBepbTe CYLIECTBOBAHUE BCEX BO3MOXKHBIX BAPHUAHTOB PEILICHUM.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

BbI MOXeTe BOCTIONB30BaTHCS KAIbKYISITOPOM.

Yacts A.

3ananue Nel-3amanueNel5 (5 MunyT)

Yacts b.

3ananue Nel-3amanueNeS (9 MunyT)

MakcumasabHOe BpeMs BBIOTHEHUs 3ananus — 120 muH./gac.

Pa3znaTouHble U TOMOMHUTENIBHBIE MaTepHaIbl

Teker 3agpanus

Yacts A.

1. Beruncnuts npous3BoaHyto GyHkimu Y = 10X B Touke X, = 0.

a)-1; 6)7; B)O;, 1)l

2. Haiitu mponsBogHyto GyHKIMH Y = x%e*.

a) y'=2xe"; 6) y=xe*; B) Yy =e'(X+2); r)y =xe*(x+2).

3. CocTaBuTh ypaBHEHHE KacaTeJIbHOH K rpaguKy GyHKIuN Y = X® B TOUKE Xg=2.

a) Yy=4x+1; 06) y=4x—-4; B) y=4x-5; 1) y=4X.

1
4.Bemu npomssozmas Y’ = —3X— X2, dx=0,5, X, = 3’ To dy =?

a) —g 0)3 B) 0,5 r)0,33

5.Haiitu mpou3BOAHBIE BTOPOTO NOpsAAKa: Y = —.
X

2 1 6

a)— 0) —— B) — r) —
) N ) 2 ) N )

6. Beraucnuts Z;'y or gpyrkimn Z = X°y? +2yx B Touke A(1;1).

a) 7, 0) 3; B) 4; r) 8.

7. Haiitn |gradz| dykmmn Z = X°y® + 2yx B Touke A(1;1).

a) 32; 6) \/41; B) V27 ; r) V33.

8.Haiitu nonubnii nuddepenuman, eciau Z—Z =1, % =e, dx=01,dy=0.2.
X




a)l,1 6) 0,02 B) 0,64 ) 0,2
1 oz , oz

ﬁ'5_4'5:_3'

9. HaiiTu npou3Bo/Hy¥0 110 Harpasienuo, eciu COSa =0, CoS p=

a)l 6) V3 B)9 r)_T;

10.Haiitn nanmenbiiee 3navenue Gyukmmn Y(X) = X* + 5x* —9 Ha orpeske [0;3].
a)4,5 6) 0 B)-16 r)-25
11.Haiitu unrerpan I(X +7sin7x—e”)dx .

2 2
a) 1+49cos7x—2e** +C; 6)%+cos?x—2e2x+c; B)X?—Ycos7x—1ezx+c;

2
r) X cosTx —lezxc .
2 2

12. BBIYKCIIUTD TUIOMIAAb GUTYPBI, OTPAHMYEHHON JMHUAMK: Y =X , X =1 X =3.

a)9; 0) 3; B) 12; r) 4.
13.J{arbr MuOKecTBa A=[-5;7] u B=[-2,20]. Haiigute 4\B.
2
14.BbryuciuTh
1-3i
a) 6/3i—6 6)%+§i B) V3i—4 r) 6i—5

15. Mertonom Pynre-Kyrra wmaiitn  3nadenme K, (mis nepsoro mpubmwkenus GyHkuum Y ),
onpezessieMoro ypaBaenueM Y’ = X — 5y, npu nayansaom yenosun Y(0) =1, momaras h=0,1.

a)-0,1; 0)0,2; B) -0,5; r)0,7.

Yacrs b.

1. IlpeacraBuTh B TPUTOHOMETPUIECKON (hOpME KOMILIEKCHOE YUCIIO: Oi

2 Haiitu npu6mmkenso: Sin 59°
3. HaiiTn yacTHBIE IPOM3BOMHBIE Z, U Z'y oT pyHKIMU Z = X3y2 +2yX.

X
arctg ~

2
4+ X2 dx.

X\ 2 1 ) 1 Xy 2 1 X\
arctg =) +C; 6) —(arctgx)- +C; —(arctg =)“ +C; —(arctg =)° +C.
a) ( 92) )4( gx) B)4( 92) r)4( 92)

4. BIaucIuTh (3aMEHOI) I

e
5. BeIUKMCIUTH (10 YaCTsAM) IX In xdx .
1




ABTOHOMHASI AK3AMEHAILIMOHHBIN BUJIET Ne 4 IIpenonaBaTens
HEKOMMEpPUYCCKasg I[_]'[;[ CIEeNHAJIBLHOCTH JUCHUITIINHBI
npoecCHOHABHASL 31.02.01JIeueGHoe aes10
oOpa3oBarenbHas
OpraHH3aIus JIMCIMIUIHHA: AbeeBa D.A.
«AkanemMus TeXHOJIOTHUU EH.02. MaTeMaTHka
1 YTIPaBIICHUS

Bapuant Ne 10

HNHcTpyknus

1. BaumaTenpHO TpoYnTaiiTe 3a1aHHE.

2. llokaxwure moapobHOe pemenue 3aganuii B Yactu b.

IlocnenoBaTeNnbHOCTD U YCIOBHS BBINOIHEHNS YacTel 3a/1aHus:

1. Ilpuctynaiite K BBITOJHEHUIO 3aJaHUS TOCIE€ BHUMATEIHHOTO O3HAKOMIICHHS C YCIOBHEM 3aJaqu.
[IpucrymaiiTe K BBIMOJIHEHUIO CAaMOT0 JISTKOro Ha Barr B3risa 3amanus. Becnomuute Hy)HY0 Gopmyiy.
2.Cnenaiite He0OXOAMMBIC 3aMUCH HA YSPHOBHUKE.

3. IIpoBepbTe CYLIECTBOBAHUE BCEX BO3MOXKHBIX BAPUAHTOB PEILICHUM.

4. BHUMaTenpHO TIEPENUIINTE Ha OETOBUK.

BbI MOXeTe BOCTIONB30BaTHCS KaIbKYISITOPOM.

Yacts A.

3ananue Nel-3amanueNel5 (5 MunyT)

Yacrs b.

3ananue Nel-3amanueNeS (9 MunyT)

MakcnManbHOE BpeMs BHITTOTHEeHNUS 3a0anns — 120 muH./9ac.

Pa3naTouHble 1 TOMOMHUTENbHBIE MaTepHaIbl

Teker 3agpanus

Yacts A.
1. BeIYnCIuTh Npou3BoAHY0 GYHKIMU Y = arcsinx B Touke X = 0.
a)3; 0) 1; B) 0; r) 2.

2. Haiiti npou3Boanyro GpyHKimu Y = Sin s

w|x

X L, X X . XX
"=3c0s’=; 6) y' =sin?=cos—; '=3sin?=; "=sin=cos—.
a)y 3 )Y 35953 B) Y r) Yy 35953

X
3
3. CocraBuTh ypaBHEHHE KacaTelbHOM K rpadguky GpyHKuun Y = SiN X B Touke X, = 77 .
a) Yy=—X+7; 6) Yy=-2X+m; B) Yy=X—m; 1) Yy=X.

4 Ecmn npoussogras Y = -3+ X°, dx=05, X, = %, to dy =?
a)— 5 0)3 B) 0,5 r)0,33

5.Haiitu mpou3BoAHbBIE BTOPOTO NOpsAAKa: Y = xZ.

a)X—23 0) —2 B) 2X r)2

6. Beraucnuts Z;'y ot ¢pynkimn Z = 3Xy’ + y? — X B Touke A(1;1).
a) 7, 0) 3; B) 4; r) 6.
7. Haiitu |gradz| dyrxumn Z =3xy* + y? — X B Touke A(1;1).

a) 17; 6) 217 ; B) 3417 ; r) 517 .




17
8.Haiitu moubIit auddepeniman, ecim Q =1, g = £ , dx=01, dy = J17.
OX oy 8
a)l,1 6) 0,02 B) 2,225 ) 0,2
9. Haiitt mpoM3BOIHYO 110 HAMIPABICHHUIO, €CIIU COSQ = ﬁ , COSf = L , a =4, a =-3
B ax

9
1 9 —
a) B) r) 3

-3
6) ——

5v3 J3
10. Haiit HauMensiee 3uadenne Gpynxumn Y(X) = X* — X* Ha orpeske [4;9].
2)240 6) 6480 8)-16 r)-9

X+1
11. Haiitu uaTerpan j—d

X.
[x3
2 2 2
a)2\/_——+C; 0) Jx -4 +C; B) 24/x ——=—
Jx Jx Vx®
12. BBI4HCITATS TUIOMIAE (PUIYpPbI, OTPAHHYCHHON TuHmsMI: Y = X° +1, X =1, x=4.

a) 13; 0) 24; B) 25; r)21.
13.J1ausr MuOKecTBa A=[-7;7] u B=[-2;2]. Haiinure A\B.

1
+C; p2vx*-—+C.
X

14.Boruuciuth (3+ \/Ei)2

a) i—6 6) i+4 B) 6i -5 r) 7+64/2i

15. Meropom Pynre-Kyrra maiitu  3uasenme K, (s nepsoro npuGmkenus QyHkuud Y ),
onpeessieMoro ypaBuenueM Y’ = X+ 6Y , npu nHayansHom ycnosuu Y(0) =1, nonaras h=0,1.

a)0,1; 6) 0,2; B) -0,6; r) 0,6.

Yacrs b.

1. TlpeicTaBUTH B TPUTOHOMETPHYECKO# popMe KOMIUTEKCHOE urciio: 1+ iv/3

2.Haiitu npubmkenno: In1,005

3. HaiiTi yacTHbIe IPOU3BOJHbBIE Z) U Z; oT QyHKIUHN Z = 3xy2 + y2 —X.

2
4. Borumcauts (3aMeHOM) jef(x Wxdx .

1
__4+C; B e +C; ) -——
2ex +1 2ex +1

a) (arctg %)2 +C; 0)
2e
5. BeuncIuTh (10 4acTsM) J.In xdx .

e




ITAJOHLI OTBETOB

Ne Ne 3aganus Yacts A.
Bl 1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 15
1/6| B |A|A|A|T| T |A|B|A|A|T (-00;5) A | B
2|A| B | T |A|A|T|T|A|B|T|T]|T (-00;+00) B | A
3|T A B A A T A I B I b b 0 A A
4/B|B|A|T |A|lA|T|T|T|A|B|T (0;+o0) Al T
5| b I B A A b B T b b T (-o0;0) B B
(-00;-2) m
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OUO Cdopmuporarnocts OK, ITK Omnenka | Hroroma
CTYZACHTOB 3a s OLIEHKA
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