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BBEJIEHUE
1. Heas 1 3a7a4n H3Y4 eHUS THCIHILTHHLI

Llene mucoyrumuer: (gopmupoBanne Habopa 00mIENpPO(EeCCHOHANBHBIX KOMIIETEHIIMMI
OakamaBpa mo HampapacHuo ToATrOTOBKH 13.03.02 DiieKTposHepreTHKA H AIe KTPOTEXHHKA.

3amaun OCBOCHUSA OUCHMILIAHBEL:  (POPMHUPOBAHME NPEACTABICHUH O POJIM M MECTE
MATEMATUKH B COBPEMEHHOM MHPE, OTANax pPa3BUTHA, YHUBEPCAIBHOCTH €€ MNOHATHH H
OpPENCTABIECHUN; (POPMHUPOBAHME YMEHMH KOHCTPYHUPOBAHUA M dHAIM3A MATEMATHYECKUX
MOJEIEH 00BEKTOB, CHCTEM H MPOILECCOB MPH PEIICHUHN 3a/1a4, CBA3aHHEIX CO cepon OyaymieH
Hpﬂd’)ECCHGHHJIBHGﬁ ACATCIBHOCTH, OBJIAOCHMC HABBIKAMH TOUYHOroO H CKATOI'O BBIPAXKCHHA
MATEMATHYECKOM MBICTM B YCTHOM M MOHUCBMEHHOM H3JIOKEHUM, C WCHOJIb30BAHUEM
COOTBETCTBYIONIEH CUMBOJIMKHU.

B pe3yJ/ibTaTe OCBOCHHSA THCIHHILNIHHBI CTYACHTBI 10JIKHbI .

3HaTL: OCHOBHBIE ITIOHATUA AaHAJIUTHYECKOW TeOMEeTpUH, JIMHEHMHOW aJredphl,
AuddepeHMaIBbHOTO W UHTErpajbHOr0 MUCYMUCJeHUSA QYHKUUM OJIHOW NepeMeHHO U,
TEOPUH (PYHKIIMA HECKOJBKUX IMEPEMEHHBIX, TEOPUU (PYHKIIUM KOMILIEKCHOTO MEPEMEHHOTO,
TEOPUH PAOOB, TeOopuM AuP@EepeHINanbHBIX YPaBHEHUNM, TEOPUM BEPOATHOCTEM U
MATEMATUUECKOMN CTATUCTUKH, YUCIEHHBIX METOJOB.

YMmers: H(pQEKTUBHO MCOONB30BATE METOALI AHATUTUYECKOW TeOoOMeTpPUH, JUHEeHWHOH
anrebpsl, AuddepeHIUaNbHOTO W MWHTETPAJBHOTO HUCYUCTAeHUd (YHKUUU OJIHO U
nepeMeHHOH, Teopun (PYHKIIMM HECKOIBKMX NEPEMEHHBIX, TEOPUM (DYHKIMHU KOMILIEKCHOTO
MEPEMEHHOTO, TEOPUU PANOB, TEOPUH TU(PPEPEHIMAITBHBIX YPABHEHNM, TEOPUHN BEPOATHOCTEN U
MATEMATHYECKOW CTATUCTUKH, YU CIEHHBIX METOIOB. P PEIIEHUH 34144, CBA3AHHBIX CO Cepoi
Ipo(PEeCCUOHATIEHOU IEATENEHOCTH.

Bilajers: HABBEIKAMHM MCIIOJIB30BAHMA METOOOB AHAJMTUYECKOW TreoMeTpuU, JUHEWHOH
anrebpsl, AuddepeHIUaNbHOTO W MWHTETPAJBHOTO HUCYUCTAeHUd (YHKUUU OJIHO U
nepeMeHHOH, Teopun (PYHKIIMM HECKOIBKMX NEPEMEHHBIX, TEOPUM (DYHKIMHU KOMILIEKCHOTO
MEPEMEHHOTO, TEOPUU PANOB, TEOPUH TU(PPEPEHIMAITBHBIX YPABHEHNM, TEOPUHN BEPOATHOCTEN U
MATEMATHYECKOW CTATUCTUKH, YMCIEHHBIX METONOB IPU PENIEHUM 3a1a4, CBA3AHHBIX CO Cepoi
Ipo(peCCOHATEHON IEATEIEHOCTH.

2. ObopyaoBaHNe H MATEePHAJIbI

[TpakTnueckue padorer mo mucomiumue «Maremaruka» mpoBOAATCA B KOMIBIOTEPHOM
KJ1acCe ¢ MyJIBTUMEANA 000PyIOBAHUEM: MMPOEKTOP, KOMIBIOTED, SKPAH HACTEHHEIH.

3. HauMeHOBaHHE NIPAKTHYECKHX padoT

Ne HanMeHoBaHHe TeM THCHHILIHHLI, HX KPATKOe O0beM M3 anx
Tem coJep:xaHHe yacoB NpaKkTH4YecKasd
bl MMoAr oTOBKAa, 4acop
JHCIY
HILTA
HbI
1 cemecTp
| ﬂﬁwﬂﬂmm MAaTPHUIAMH. BLILIHEJIEI—H{E panra 1.5 1.5
MEKPIHERVBeMUCHeHIIE onpeneUTeNnel Pa3n0kKEeHUEM
Cepmuppukatr: 2C000004 I 0
N i 110 ﬁ%ﬁf ﬁéﬁﬁ% (¢161011a). OOpaTHas Marpuna. | |
2 €HIEHUE  HEBBIPOKICHHBIX  CHUCTEM  JIMHEHWHBIX 1.5 1.5
Heier _.Jypaguermit meronom Kpamepa, meromom o0OparHOm

3



Marpunel. Pemenue CHUCTEM IMHEWHEBIX YPABHEHUU
meTonom l'aycca.

Jlunenneie omepanuu Han Bekropamu. Paszmoikenue
BEKTOpA HO OpPTAM KOOPAMHATHEIX OCed. JlencTBus
HaJ BEKTOPAMH, 3aJaHHEIMU ITpOoeKIMAMU. CKaILAPHOE,
BEKTOPHOE U CMENIAHHOE MIPOU3BEIECHUA BEKTOPOB.

1,5

1,5

[Ipsmvas muHMA HA TUIOCKOCTHU: YPAaBHEHHE MPAMOU C
VIIOBEIM  KOd((duumentom; oOmiee  ypaBHEHUE
OpAMOM; YPABHEHHUE TIPAMOM, MPOXOIAMIEN dYepe3
JAHHYI0 TOYKY B TAHHOM HAMNPABIECHUH; YPABHEHHUE
OpAMOM, NOPOXOIAMIEH uYepe3 [ABE MAHHBIE TOYKU;
ypaBHEHUE MPAMON B OTPE3KaxX. YTOJI MEKAY ABYMA
ITPSIMBIMH. VcmoBus MapajuIeIbHOCTH 10§
MEePHEHANKYIPHOCTH ABYX OpAMBIX. Paccrosmue ot
TOYKH 0 IIPAMOH.

1,5

1,5

OxkpyxnaocTh. Jmumrc. ['unepobosna. [Tapabona. Odmee
yPAaBHEHHUE JIMHUW BTOPOTO NOPSIKA.

1,5

1,5

OOniee ypaBHEHHUE IUIOCKOCTH. Y PABHEHHUE IIOCKOCTH
B OTpe3kax. HopmampnHoe ypaBHEHHE IUIOCKOCTH.
Paccrosnue OT TOYKM A0 IIOCKOCTH. YTONI MEXKOY
OBYMA IUIOCKOCTAMHU. Y CIOBHMA ITAPAJUIENBHOCTH H
MEePIEHAUKYIIPHOCTH ABYX ILUIOCKOCTEN.

1,5

1,5

[Tpsamas nunmna B npocrtpancrse. [lapamerpuueckue u
KAHOHWUYECKUE YPABHEHHUA MNPAMOH. Y PaBHEHHA
OpAMOM, TIpOXOoaAmied uepe3 nae Touku. OOmme
VpPaBHEHUA TMPAMOU. YTOI MEXKAY ABYMSA MPIMBIMHU.
Paccrossnune ot Toukm 10 mnpamou. Kparuaimee
pacCTOAHNE MEXKAY IOBYMA IPAMBIMH. YTOJI MEKIY
IPSIMOHN U TUIOCKOCTBIO.

1.5

1,5

[Tpon3BoaHBEIE HEKOTOPEIX 3IE€MEHTAPHBIX (PYHKIIMH.
OcHOBHEIE OpaBUIa mi(PpepeHIIUPOBAHNA.
HupdepennipoBanne  CiIoxHOM W O0parHOM

(yHKIHI.

1,5

1,5

Boszpacranme u yOwrBanue (yHKOMI. OIKCTPEMYM
¢yskumu. Beimyknocts rpaduka (yakuun. Touku
neperuda. ACUMNOTOTEL rpauKa () YHKIMH.

1.5

1,5

10

Tabmuia OCHOBHEIX HEONPENENEHHBIX WHTETPATIOB.
[Tpocreiimme cBOMCTBA HEOMPEAEIEHHOTO WHTETPAa.
HemocpencrBeHHOE€ MHTETPUPOBAHUE.

1,5

1,5

11

3aMEHa TEPEMEHHON B HEONPEIENEHHOM HWHTErpaJIe.
WNurerpupoBanue no gacrtam. Huarerpupoanue
3JIEMEHTAPHBIX opooei. HNurerpuposanue
paLMOHAIBHBIX () YHKIMI

1,5

1,5

12

CnocoOBl BEIUMCIEHUA OINPENEIECHHOTO WHTErpaia.
Gopmyna Herorona-JlentOnuna. 3amMena nepeMeHHOM B
ompeneseHHOM uHTerpaize. Gopmyna MHTETPUPOBAHUS
IO YACTAM B ONPENEIEHHOM HHTETPAJIE.

1,5

1,5

13

Ceptufbukar:
Bnangneu:

2c0p 8B952205E7BA500060000043E
iﬁg{lﬂﬁgm AYLY, o KPUBOH. [Inomiane moBepxHOCTH

Ll ed

T eOMRENVHSEHARH ~ TPUIOKEHUA  ONPEICICHHOTO
ﬁfﬁdgﬂ 410 "PRTY b IIOCKON (urypel. O0nem Terna.

BpaIICHU.

1,5

1,5
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15 Yacrueie mpou3BOAHBIE NEPBOrO mopsaaka. YacrHeie 1.5 1.5
IpPOU3BOIHEIE BBEICIIHX HOPATKOB. [Tonueri
mud pepenuman pynkiun. nddepenimans BEICINX
nopankoB.  JluddepenunpoBanne - CIOKHBEIX U
HEABHBIX ()YHKIAM.

16 KacaremnpHas 151 HOpPMAJIb K MOBEPXHOCTH. 1.5 1.5
[IpousBonnas  mo  HampaBmenuro.  I'pamuenr.
OJKCTpeMyM  (PYHKIIMM HECKOIBKMX MEPEMEHHBIX.
Hanbonpmee wu wHaumeHpliee 3HAYEHUS (PYyHKIIHH.
Y CIIOBHBIHN 9K CTPEMYM.

17 ColicTBA M METOOBI BBIYACIECHHUS  ITBOHHOTO 1.5 1.5
UHTETpaTa. 3aMEHa MOEPEMEHHBIX B JIBOMHOM
UHTErpae.

18 | JuddepeHiinansHeie ypaBHEHHA C pa3aeIarOnIMMUCT 1.5 1.5

nepeMeHHBIMUA. OnHopoaueie ypaBHeHUs. JlunelHsie
YVPaBHEHU:A. Y pABHEHU S, [IPUBOAUMBLE K JIMHEHHBIM.

19 YpaBHEHHA  BBICHIETO  MOPAOKA,  OOITYCKAIOIINE 1.5 1.5
MOHWKEHUE nopaaka. Jlmnennsie qudepeHumansHeIEe
Y PABHEHM BBICILIHX ITOPSIKOB.

Hroro 3a 1 cemecrp | 27 27
2 ceMecCTp
21 CX0OuUMOCTBE pana. HeoOxommnMerit IPU3HAK 1.5 1.5

CXOIMMOCTH UMCIOBOTO pAad. JloCTaTOUHBIE NPU3HAKH
CXOOIMMOCTH 3HAKOMOCTOSHHBIX PAJOB: HNPU3HAKH
cpaBHeHus, mpu3Hak JlamamOepa, npuznaku Komm.
O000mEeHHEINT TAPMOHNUUECKUN PSII.

22 3HaKouepeayomMecs W 3HAKONEPEMEHHEBIE  PsAEbL. 1.5 1.5
[Tpmznak JlenOnmma. OOmmii 1OCTATOYHBIA MPU3HAK
CXOOUMOCTH 3HAKOMEPEMEHHBIX PANOB. AOcomrorHas
M YCIOBHAS CXOIUMOCTHU YU CIIOBBIX PAIOB.

23 Breraucienue BEpOATHOCTH COOBITHA 1.5 1.5
24 Bapuamonssie PAIBL 151 HX rpaugeckoe 1.5 1.5
n300paxenue. BerOOpoUHEBI METOI.
25 Toueunrre OIIEHKH. [Toaarue MHTEPBAILHOTO 3 3
orileHuBanusa.  JloBepurensHas ~ BEPOATHOCTE U
IpeaeabHAas OIIMOKa BBEIOO DK Onenka
XaPaKTEPUCTHUK TEHEPATEHON COBOKYIMHOCTH MO MAJIOH
BBEIOOPKE.
26 | Cratucrudeckas mpoBEpPKA TMITOTES. 3 3
Hroro 3a 2 cemecTp 12 12
HUroro: 39 39

4. Conep:xkaHue NpakTH4YeCKUX padoT

Ilpakmuueckaa paooma Ne 1. [leicmeus nao mampuuyamu. Beruucnenue panca
Mampuuvl. Beluucnenue onpedenumeneit  pasnodceHuemM no jaeMeHmam  CHMpOKU

(cmo gl QTN mpuna
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Ienw: Brpaborarh yMeHHe IpUMEHAThL AITOPHTM BBIMOIHEHHS JeHCTBHH Hajg MAarpHIaMH H
BEIIUCIEHHS DaHTa MAaTpUIBE W MPHMEHSTH YMEHHS IS pellieHHs MpakTHUeCKHX 3amad, BEIPadOTaTh
yMeHHe MPHUMEHAITh AJTOPHTMEI BBIUHUCIEHHS OIpeaelHTeNIS N-To IMOopsAaka W oOpaTHOW MATPHIE U
MPUMEHATh YMEeHHUE /IS pellleHNsd MPakTHIecKuX 3aaad.

Teopemuueckasn wacmo

[Ipamoyronenas tabmuna w3 m ° n 4WCEN, coaepKamas m — CTPOK WM N1 CTOJIOIOB
HA3BIBACTCA Mampuyeu 1 0003HAYAETCA
. ™
a, a, -+ 4, a, a, - 4,
., cl L/ | a l L /|
21 2 2 2] 2 20
A= Wi A =
mil w2 T it Ill-«,'ﬂf.lrl w2 T ﬂm” Vi

VI KOPOTKO MaTpuiyy 0003HagaoT 4 =
CnoKeHHE MATPUIL.
Ilycte maner nBe marpuisl 4 U B OOuHAKOBOroO CrpoeHus. Mx cymmoin Ha3weIBaercs
marpuna C = 4 + B TOTO %€ CTPOEHH S, AMEMEHTE KOTOPOI PABHBI CYMMAM COOTBETCTBYIOIIMX

Ja=12,...omyj=12,...,n

ynemenToB marpui 4 u B, T.e. ecmu 4 = ||aij||, B = ||bij||, To A + B = C = ||cij|-
I -2 5 2 1 -3
[Tpumep: A = , B= , TOT1a
4 1 3 1 -2 4

1+2 —-2+1 5-3 3 -1 2
A+B=C= = :
4+1 1-2 3+4 5 -1 7
OTMETHM, 94TO CKJIAIBIBATH MOJKHO TOJBKO MATPHUIIEI C OJJMHAKOBBIM YHCIIOM CTPOK U C
OIMHAKOBBIM YUCJIOM CTOJOLOB. JIeNCTBIE CIOKEHNA MATPHULL MOKET OBITH PACHPOCTPAHEHO

HA CIIyuail oOO0ro KOHEUHOTO UM CIIA CIaraéMbIX OJMHAKOBBIX CTPOECHUM.

Pasnocteio B - A marpun B 1 4 (OQUHAKOBEIX CTPOEHMI) HA3BIBAETCA Takas marpuna X,

qgTO
A+ X=28.
) (214 (35 7).
arrpuMmep, A = : = . Torna
PHMED 2 3 1 > 1 4
35 7\ (2 1 4\ (1 4 3
X=B_A= _ _ |
> —1 4) =2 3 1) 4 -4 3

Marpunia (O, BCe 3IEMEHTHI KOTOPOM pAaBHBI HYJIIO HA3BIBAETCA HYJIEBOM MATPHUIIEH.
Ouepumuo,. A + 0 =4, A—A = 0.

Paznocts O — A obo3nauaercs gepes —A4. Marpuna —4 Ha3BIBAETCS HPOMUBONOTONCHOU
Marpure A.

YMHOKEHUE MATPHIL.

a) YMHOKEHHE MATPUILIEL HA YUCI0. UTOOB YMHOKHTE MATPUILY HA YHUCIIO (L, HAA0 YMHOKHUTH
Ha 9TO YHCJI0 KA IBIU 3JIEMEHT MATPHUILIEL:

alfa; || =| aa;]
2 -1 (2 -1 (6 -3

[Tpumep. A = , =3, aA=3 =
3 5 3 5 9 15

AOKYMEHT MNOANMCAH

Ceptudmkar: 2 Etb)ﬂgﬂﬂdfrEBABBBBE Em,ﬂa Sﬂﬂd%ﬂﬂ%ﬂﬂd JE

Bnapeney:  ILYAHOQMEHIE-MATPHHELL Ha MAaTPUIy A BO3MOXKHO TOIBKO B TOM CIIydae, KOTa 9icio CTOJIOIOB B
Marpuile B paBHO 4MCITy CTPOK B MATpHIIE A.
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OnemenT Matpullel C = B - A, pacnoyioKEHHBIA B [-0H CTPOKe U j —oM crondie (t.e. Cij)
paBeH CyMMe€ MPOU3BEIEHUM HJIEMEHTOB [ — OM CTPOKM MATPUIBI B HA COOTBETCTBYIONIUE
3JIEMEHTHI j — T0 CTOJI0NA MaTpPULBL 4.

Cnemyer OTMETUTB, YTO YMHOKEHHUE MATPUL] HE KOMMYTATUBHO, T.€. AB # BA.

. | 1 2 . —2 1
arpumep A = 51 = ,
~1 3 3 5
HMmeem
o (1 2Y=2 1) (1-(-2)+2-3  1-1+2-5 4 11
=1 303 5) (-1:(2+3:3 1-(-D+3-5) (—11 14
. A_f—z Y1 2y (-21-11 2:(2)+1:3) (-3 -1
3 s5\-1 3) (31+5--1) 3-2+5-3 ) (-2 21
AB # BA

PaccMOTPHM HEKOTOPYIO, He ofszamensHo kéadpamuyo Marpuiy A . Beibepem kakue-

HUOYOE § HOMEPOB CTPOK fl,fz,...,f_,g 1 § HOMEPOB CTOJIOIOB jl , jz,..., j,g

Onpenenenne. Munopom nopsoka S watpunbsl A (COOTBETCTBYIOMIMM BBIOPAHHEIM

CTPOKAM M CTOJ0IIaM) HA3BIBAETCA OINMPEAETUTENs MOpsAaka S, 0Opa30BAHHBIN NIEMEHTAMM,
CTOANINMH HA MEPECEUEHUN BEIOPAHHBIX CTPOK U CTOIOIOB, T.€. YUCIIO

i j Yy i, j,
fp.od, aizfl a-':zfz a-':zf.».-
a’la{a

aia J’l a'?"s JJE ai's J’-.

Kaxknas marpuna uMeeT CTOMbBKO MUHOPOB JTAHHOTO MOPAAKA S, CKOTBKHUMH COCo0aMu

MO3’KHO BBIOpPATh HOMEPA CTPOK il ,fz,..., fj M CTOJIOIIOB jl* j2="'= j,g

Onpenenenne. B marpure A pazmepoB M1 XN MUHOp mopAnka S Ha3BIBAETCS

Oa3uCcHbIM, €CITH OH OTJIMUEH OT HyJIA, 4 BCE MUHOPHI OpsAaka S + 1 PaBHBI HYJIIO WJIX MAHOPOB

nopsanka § + 1 y MAaTpPHILIEI A BOOOIIIE HET.
SlcHO, 4TO B MATpUIIE MOKET OBITH HECKOJBKO PAa3HBIX OA3MCHBIX MHUHOPOB, HO BCE
0a3uCHBIE MUHOPEI UMEIOT OJWH U TOT K€ MOPANOK. [l eMCTBUTENBHO, €CITI BCE MUHOPEI MOPS KA

S + 1 paBuEr Hymo, To paBHEI HymO 1 Bce MMHOPHI TIOpAAKA § + 2, @, CI€I0BATENLHO, U BCEX
O0MBIINX TTOPAIKOB.

Onpegenenue. Paneom mampuybl HA3BIBAETCA MOPAAOK 0a3UCHOrO MHHOpPA, WA, MHAUE,
caMbIil OOTBIION MOPANOK, O KOTOPOTO CYMIECTBYIOT OTJIMUHBIE OT HYJIA MUHOpPHEI. Ecim Bee
3JIEMEHTHI MATPULIEI PABHEI HYJIIO, TO PAHT TAKOH MATPUIIBL, 10 OONPEAEIECHNUI0, CIUTAIOT HYJIEM.

Panr marpunst A Oymem oGosmauars cumsomom F(A). M3 ompenenenus pamra

cienyer, 4ro A MaTPHIIEI A pasmepo M1 X HN  cropaBeqIuBO  COOTHOILIEHHE
0<r(A) <min(m,n).

PaccmoTpum cmoCcoOBI BEIMUCIEHUSA PAHTA MATPHILIBI:

a) Memoo okaumasaouux MuHOpo8

[Ty MaERHILE HAN IEH MITHOD M k -ro NOPAAKA, OTIMIHBIN OT HyJA. Paccmorpum

ElﬂEH.'FPDHHDﬁQ&EIQEjg? i 6 - M )
Ceprud EIBCTE MK OREEsAKs 75 Asd b FFORANKA, KOTOPEIE COAEPKAT B ce0€ (OKaMMILAIOT) MUHOp M :
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

cCJIIH BCyE OHH pﬂBHI:I H}’JTI—D, TO pHHT' MHTPHLLLI pﬂBE‘H k . B HpDTPfBHDM CJ’[}”—IHE‘-‘ CpE‘II,'PI
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OKAMMIIIONMX MUHOPOB Haiinercs Henyneroii munop (K + 1) -ro mopsaka, n Bes mporenypa

TOBTOPSAETCH.
[Tpumep. Hairtu panr matputist A Mero1oM oKaMMITIOIIHX MHUHOPOB.

(-1 2 3
A=|-2 5 4|
-1 2
BriGepem muHOp Broporo mopsaka M 5 = 5 = 0. CymecTByer TOABKO OOUH MHHOP
TPETHETO TTOPANKA, OKAMMILTIONTHi BeIOpanustit Minop M » - Beraucmmm ero.

-1 2 3
M,=-2 5 4/=(-1)-5-7+2-4-(-3)+3-7-(-2) -
-3 7 7
~3.5.(=3)=4-7-(=1)=2-(-2)-7=-35-24-42+45+28 + 28 = 0.

3naunr, munop M » Oa3sMCHEIN, @ PAaHT MATPUIILI PABEH €T0 MOPAIKY, T.€. r(A)=2.

flcHo, uTO mepedupaTe TaAKUM CITocOO0M MUHOPBI B MOMCKAX 0A3MCHOT0 — 3471444,
CBA3aHHAA C OOIBIINMU BEIUUCICHUAMH, €CJIM Pa3MEPhEl MATPULIEI HE OUE€HEL Manbl. CymieCcTBYeET,
0IHAKO, 0oJee MPOCTON CrTOCO0 HAXOKAECHU PAHTa MATPHUILIBL — IIPU MOMOTIH 3JIEMEHTAPHBIX
npeoOpazoBaHUl.

0) Memoo snemenmapruvix npeobpazoearnul
Onpenenenue. JremeHmMapHuIMU RPeoopa3o6aHUAMU Mampuybl HA3BIBAIOT CIEIYIOMNIAE
npeoOpazoBaHus:
1) ymHOM¥KEHHE CTPOKH HA YU CII0, OTIMYHOE OT HYJIA;
2) npubaBieHUE K OTHOU CTPOKE APYTOU CTPOKH;
3) TMEpPECTAaHOBKY CTPOK;
4) Takue xe npeoOpazoBaHusa CTONIOIOB.
[TpeoOpazoBanus 1 1 2 BEIMOMHAIOTCS MOSIEMEHTHO.
KomOunupy s npeoOpa3oBanus NeEPBOrO U BTOPOTO BUAA, MBI MOKEM K I000H CTPOKE
NPUOABUTE JIMHEMHYI KOMOMHANIMIO OCTAJIEHEIX CTPOK.

Teopema. Dnemenmaphvie npeobpazoBarHus He MEHAIOM PAHSA MAMpPUlybl.
Mnes mpakTnaeckoro MeToa BEIYMCICHU PAHTA MATPHUIIBL

4 A
dyp dpp ... dyy,
l l s
21 22 2n
A =
\aml agn R y,

3AKJII0OYAETCS B TOM, YTO C ITOMOIIBI0 NIEMEHTAPHBIX NPEe0Opa30BaHUH NAHHYIO MATPHILY A

T NogrncaH
ITPHBO T KRy | NOAMMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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’/b” blZ blr bl,r+l bln A
0 b22 bZr bE,r+l bzn
B = 0 0 brr br,r+l bf'ﬂ'
0 0 0 0 0
0 0 .. 0 0 .. 0,
B I{DTDPDM CIHATOHAJILEHEICY 3JIICMCHTEI bll ,bzz ,...,brr OTJIMYHEI OT H}’JIH, d DJICMCHTEIL,

pacCIOIOKEHHBIE HWKE «IUMATOHAITBHEIX», PABHBI HYJIO. YCJIOBUMCSA HA3BIBATE MATPHUILY B
TAKOTO BHAA TPEYrONbHOW (WMHAYE, €€ HAa3BIBAIOT [AWArOHANBHOW, TPAMEHUEBUIHOW WIH

nectanuHou). [locne mpuBenenus marpuiisl Ak TPEYTOJIBHOMY BUIY MOKHO Cpa3y 3amicarh,
qTOo F(A) = r.
B camom gene, ¥(A) = r(B) (1.x. snemMenTapHbIe mpeoOdpazoBaHNsa HE MEHSIOT PAHTA).

Ho y marputist B CYIIECTBYET OTJIUYHBIN OT HYJISI MUHOP IopAnka I :

by by .. b

0 by .. b
> | =b by b #0.

¥

rr

0O 0 .. b

rr

a r060it Murop mopsmka ¥+ 1 comepxur HymeByro CTPOKY U 0TOMY paBeH HyIIIO.
Chopmynupyem Tenepp NPAKTHUECKOE MPAGUIO BbIYUCICHUA PAHea MaTpPHULIBL A c

TOMOIIBIO0 SEMEHTAPHEIX MPeoOpa3OBaHmif: Ul HAXOKIEHMs panra marpumel A cremyer ¢

TOMOII[BIO 3IEMEHTAPHBIX MPe0Opa3oBaHMil IPUBECTH €€ K TpeyronsHomy Buay B . Torma panr

marpuisl A Gyner paBeH 4HCITy HEHyIEBBIX CTPOK B MOTyueHHOH Matpuie B .

[Tpumep: Haitru panr marpuisl A METOI0M A1eMeHTapHEIX TPpeoOpa3oBaHHil:

(2 -5 8 5
1 -2 3 4
-1 2-3-4

(3 -7 11 9,

Pemenue: [Tomensaem mectamu mEPBYIO U BTOPYIO CTPOKY (T.K. HEPBBIM ATEMEHT BTOPOH CTPOKH

—1] u ¢ Hen Oyper ynoOHO BBEIMONHATE NpeoOpazoBanuA). B pesynprare momydum MATPUILY,
YKBUBAJIEHTHYIO JAHHOM.

(1 -2 3 4)
2 -5 8 5
-1 2-3-4

(3 -7 11 9,

(%ﬁ%%ﬁgﬁi%gu%%%%oﬂTpﬂl{y MATPHULIBL — C ;- HaMm HEoOX0quMO MNPUBECTH HMCXOIHYIO

C.Epmd:r 004 3E 20006 E s
enanendh pﬁ%@mi{;’ Tﬁ@ﬁmm BUAY.” ITepByio CTpPOKy OyIZeM CUMTATh BERyIeH, OHA Oymer
y4aCTBOBATE BO BCEX MPEOOPA30BAHUAX, HO CaMa OCTaeTCsa 0€3 M3MEHEHUI.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ha meprom sramne BRIMOIHUM OpeoOpa30BaHWA, MO3BOIAIONIME IOJIYUYUTE B IIEPBOM CTOIOLE
HYJIM, KPOME MEPBOrO draeMeHTa. {1 5TOro u3 BTOPOM CTPOKU BEIUTEM IEPBYIO, YMHOKEHHYIO

Ha 2 (CE — 2C1)., K TPETBEU CTPOKE MPUOABUM IMEPBYIO (C3 + CI)* a 3 TPETBEN BBIYTEM

nepsyio, ymuoxkenuayio Ha 3 (C, —3C, ). IMoayuaemM MaTpuily, paHr KOTOPOM COBIANAET C
PBYIO, ¥ HY 3 I Iy pany, p P

pa’nroM maHHoi Marpuilel. O003HaUNM ee TOH ke OYKBOM A:

(1 =2 3 4)
0 -1 2-3
A= :
0 0 0 O
0 -1 2-3,

Brerarem u3 gweTBepTOi CTPOKH BTopyro. [Ipu sTom nmeem:

1 -2 3 4

0 -1 2-3
A=

0 0 0 0

L0 0 0 0,

[Tomyuena marpuiia TpEyroJasHOTO BUAA, U MOKHO CHENATH BBIBO, YTO ?‘(A) =2 , T. €. YUCIY
HEHYJIEBEIX CTPOK. KOpOTKO pemenne 3aqaum MOKHO 3aIMCaTh CAEAYIOIMM 00pa3oMm:

(2 -5 8 5) (1 =2 3 4 )
A = I -2 3 4 CixCy 2 =5 8 5 €3-2€1.C3+C,.C3 3G
-1 2-3-4 -1 2-3-4
3 -7 11 9, 3 -7 11 9,
(1 =2 3 4 (1 =2 3 4)
0 -1 2-3 ci-cs 0 -1 2-3
0 0 0 O 0 0 0 0f
L0 -1 2-3, L0 0 0 0,

Beruncnenme onpenenurene

Ecnu B MaTpurie unucio CTPOK paBHAETCS YUCHY CTONAOIOB, T.€. m = 1, TO MaTPUIIA
HA3BIBAETCA KEAOPANMHOU:

(ﬂll a, -~ 4a, \
2 H

A a, d, - 4a,
"\,ﬂul a 2 o ﬂ”” S

M
OnpéaemMere R0 eataRICHHBIN M3 WIEMEHTOB KBAaIPATHOM MATPH 0e3 mepecTaHOBOK
%E%TPGHHG‘EH ANMChIO Ap puten ( p )

Ceprup HIARPIBACTHE A QNPSASIIT RIIEMoMATPITHEL A.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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a,, dp, oda,

a, da, ’ In
A(A) =

ﬂul ﬂuj " mn

3aMeTuM, 4TO HE KBAAPATHASA MATPHUIA HE UMEET ONPEIEITUTENA.
Yucno ail a22 - a21 @12 HA3BIBAETCA OMPENEIUTENEM BTOPOTO MOpAAKAa U 0003HAYAETCA

a

CHMBOJIOM A =

s

=ddy —Adpdsyy.

sy doy

OrmnpepenuTeneM TPETEETO NOPAIKA HA3BIBACTCA YHCIIO:

ay  dyp  dp
A=la, a,, ap|=a,0,0y3+05050,5 +0,050y — Ay 0503 — A A0y — 0y A5
i Ay Uy
Cxemarnuecku (popmysia M1 S BEIYUCICHHA OMPEASTUTEIS TPETHErO MOPAIKA BBITJISAIUT
TAK.
ady, dy Ay
ayy dy Ay =
i Ay Uy

Onpenenurens TPETHETO MNOPANKA TAKKE PABEH CYMME MMPOU3BEICHUM
HEKOTOPOU CTPOKU (CTON01A) HA anre0panyecKue TOMOTHEHUS STUX YJIEMEHTOB, T.€.
A=a, A, +apA, +aAg; A=a, A +ay A, +az A

IEMEHTOB

A=a, A, +a,Ay, +ayA; A=a,A, +a,A, +a,As,

A=ayA; +anAy +aysAg; A=a A +a,,A, +a;zAs;
Hampumep, pa3aokeHue OnpeaeTuTes M0 2I€MEHTAM EPBOH CTPOKH:

a a
141|922 23
sy lsy

ra, _(_Dnz 0]
as

53 13|42
s, s

=a, Ayl —A30,)— A (A A5 —ay3053) as(a, an, —asgas,,) =
= A1 Ay Uy TA Ay Aoy T A;305Ay — A Ayn0y — 050y Ay3 — Q30505

PasmoxenneM 1o djeMeHTaMm CTPOKH HJIHA CTDJ’[ﬁU,H MOKHO BBIYHCJIUTE ONPCACITUTCIIb

mo0oro mopsaka. B kagecTBe mpumepa pacCMOTPHUM ONPENEIUTENs YETBEPTOTO IMOPSOKA H
PA3JI0KUM €r0 MO MEMEHTAM MEPBOI CTPOKH:

1 -1 2 3
1 -1 4 1 -1 4
: -4 1-(=D"'B 1 3l+(=D-(=D"?2 1 3
— | . — 4 Al +(— o [ — = A 4+
2 3 1 3
1 0 5 3 0 5
31 0 5
1 4 1 —1
+2.(=D'12 3 3+3-.(-D"2 3 1[=154+0-3—-4—-0+15)+
315 31 0

+1(5+ 0 m el morbdhied S+8+9-36-3-10)-3(0-2+3+9-0-1) =

2C0000043E9ABBBO952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

=13-6+2-(-17)-3-9=13-6-34-27=-54

CepTudukar:
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PaccMOTpEHHEINT OOPEAEIUTENs MOKHO BBIUMCIUTE OPYTUM CIOCOOOM. A  HMMEHHO,
YMHOKHUM SIIEMEHTHI MEPBOU CTPOKU HA (-1) M cmokuM ¢ d>1eMeHTaMd BTOPOM CTPOKH, 3aTEM

YMHO UM 53JIEMEHTBI HNEPBOU CTPOKM HA (-2) WM CIOKHUM C COOTBETCTBYIOIIMMH 3JIEMEHTAMH
TPETBEN CTPOKHU M, HAKOHEI, YMHOXKHM JJIEMEHTHI IMEPBOM CTPOKM HA (-3) U CIOKUM C

COOTBETCTBYIONIMMH C 3JIEMEHTAMU UYETBEPTOU CTPOKU. 10Orma moaydum ONpPENeauTrend 4-ro
MOpAAKA, B IEPBOM CTOJIONE KOTOPOTO CTOAT HYJIH, KPOME MEPBOM CTPOKH, T.€. HMEEM

OTIPEICTUTETD:

1 -1 2 3

p R
0 2 -3 1

—a, A, =1[5 -3 -3[=24-30+36+12-36-60=-54

0 5 -3 -3

4 -6 -4
0 4 -6 -4

[lycTs 3amano HEKOTOPOE UKUCIO & M MyCTh CYNIECTBYET TAKOE UMCI0 m, uTo am = 1. Hucmo
m B O9TOM CiIyda€ HaselBaerca oOparHelM nna a. Ecmm, temeps, paccMOTpUM KBaIpPaTHYIO
MATPULy N-TO MOpsaAKa, TO eauHuuHas marpuna E Oyner urpares pons enuHunsl. ECTecTBEHHO
HOCTABUTE BOMPOC O CYMIECTBOBAHUM OOpPATHOM MATPUIIBI, T.€. TAKOM MATPHIIBI, KOTOpas B
MPOU3BEIEHNUN C JAHHOM JAET eIMHNYHY0 MaTpully E.

[lycrs A — kBagpaTHag marpuia n-ro nopaaka. Ksagparnasa marpuna X (TOTO K€ mopsaaka
n) Ha3eIBaercs ooparuou g A, ecnu AX = XA = E.

KBanparnas marpuna n-ro mopAanka Ha3beIBAECTCA OCOOCHHOM (BBIPOXKICHHOM), €CIU €€
ompenemuTens paBeH Hymwo. Ecmn ke A (A) # 0, To A Ha3pBaerca HECOOCTBEHHOM
(HEBBIPOKIEHHOM ) MATPUIIEH.

Jlna Haxox aeHusa 00OpaTHOM MATPHILEI, PACCMOTPHUM MATPUIY TPETHETO MOPAIKA

4 A
ﬂll ﬂlj ﬂlf‘} ﬂll ﬂlj ﬂlfﬁ
A=|a, a, a, A(A) =|a, a, a,|#0
IIh.,.'f:lf?rl HEZ ﬂfifi_,—" H H}’CTB ﬂfﬁl ﬂ:ﬂ ﬂfﬂ
OGparHoii MaTpueit A™' Gyzer marpuiia:
4 A
A A A
A A A (A” A, A, )
. A, A, A, 1 _ |
A — - — — - AI':I A’:l':l A?'ﬂ b
A A A Al - N
A, A, A, A Ay Ay
A A A

rae Al ects anreOpandeckoe JONOJIHEHUE dyeMeHTa al) onpenenurens A = A (A).
[Tpimvep. Haiftu o6patayio matpuiy A, ecnn

(2 2 3
A= 1 -1 0
-1 2 1,
Pemenune: Haitnem onpenemTesis MAaTPUILEI
2 2 3
A=1 -1 0=-24+46+0-3-0-2=-1=#0
oKMEHT 2oan

H
SNEKTPOHHOWM nﬂnﬁ:bm
Ceprucbmkar: 2] @ANOIFING S5T5 COPAHALE QPO 0IOH OJTHEHH S

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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2 1
Ceptuidmkar: EEGGGGG-#SEEABBBBEEEDEETBAEGUGE&E@J{}%} 3
Bnaneneu:

-1 0 1 0 1 -1
A, = =—1 A, =— =-1 A, = =2
2 1 ) -1 1 =1 2
A, 20 (2-6)=4 A £ 5 A e 2 6
oo [ S O | S
2 3 2 3 2 2
A, = =3 Ay, =— - Ay = =—4
-1 0 1 O 1 -1
CrnemoBareanLHO,
(A, A, A -1 4 3) (1 -4 -3
| ) ' 1
— AI,, A A,i,, — =1 5 3 |=1 -5 -3
A ) - - —1
A= A, A, A _ 1 -6 —-4) (-1 © 4
[TpoBepka: A A-1 =E
(2 2 31 -4 =3} (242-3 —-8-10+18 —-6-6+12)
1 -1 Of 1 -5 -3|=|1-1+0 —4+5+0 —-3+3+0 [=
k_l 2 1)\—1 6 4/, \—1+2—1 4-10+6 3—-6+4 )
(1 0 0
=10 1 0|=F
\U 0 1/,
Bonpocwel u 3aoauu.
3anada l. Jlanel kBagpaTHBIE MATPUIIEI 2—0T0 OOPAOKA
2 1 1 O
‘“=(k}3j n I3:(—1_2j*
Beraucmre ciemyoniue BEIPakeHUS:
a) A+B;
0) A-B.
3agada 2. Jlanel Marpuipl
5 21 2 23 I -1 2 -2
A=l 1 04| B=|-1 41| C=f 0 14|, D=(-123), F=| 3
-3 72 5-30 -5 36 |

|

Brrancimre cnemyronine MaTpUIHEIE BEIPAKEHUA (€C/IM KaKags—HHUOY b ONeparus He
ompeneneHa, OOBACHUTE, MOYEMY):

a) A+B;

0) B-D;

B) A+B-C;

r AL4B:
1) DI4F;
e) FL+A.
3amaua 3. JAer KBAFRATHEIC MATPHUIEI 2—0T0 MOPSIKA

3NEKTPOHHOW NOANMCLIO
B

0
-2

w5 )

llleGayxoea TaTeAHa AnexkcaHgpoBHa

BrrancimTe CneIyroniue BEIPakeHUA:
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a) A—2B;

0) 3A+2B;

B) 2A—4B.

3anada 4. Jlanel Marpuisl

5 21 2 23 I -1 2 2
A= 1 04,} B=| -1 41 \ C = 0 14_} D=(—1,2,3), X = 3L
3 72 5 30 -5 36 |

Beruncimre cieqyroniue MATPUUHBIE BBEIPAXKEHUSA (€CIM  Kakag—HUOydbs Omepauus He
ompeneneHa, 00bACHUTE, MOYEMY ):

a) 2A+B;

0) 2B-D;

B) A+2B-3C;

r)3AL4B:

1 DL2x:
e) 2X-D.
3amada 5. JlaHel KBangpaTHEIE MATPULEI 2— OT0 MOPIKA

2 1 1 0
A= (0 3j mo B= [—1 _2j
Beraucmite A'B. B-A 1w A-B-B-A.
3amada 6. JlaHel Marpuisl
5 2 1 2 23 I -1 2 123 —2
A= 1 04| B=|-1 41|, C= 0]4,D=[04sj, F = 3
-3 72 5 30 -5 36 |
3amada 7. BeraucimTe Cnenyromme MATPUUHBIE BEIPAKEHHUA (E€CIM Kakags—HUOyab omepanus He
ompeneneHa, 00bACHUTE, MOYEMY ):
a)A'B u B'A;
0) D-C u C-D;
B)A'F u F-A;
r)D-F u F-D;
n) F-A;

) FLA.

3amada 8. BEIUMCINTE paHT MATPUIIBEL ABYMS CITOCOOAMU: C TIOMOMILIO NIEMEHTAPHBIX
npeoOpazoBaHUM U METOI0M OKANMIIEHHSI MUHOPOB.

(1 -6 2 4 8 ) (1 2 =7 13 0
A=|-3 18 -6 —-12 =-24|.:A=| 7 7 -6 3 12
.0 6 7 23 11, —-16 —-11 -17 56 -36,

21 I O
3amaua 9. Jlanel KBaIpaTHBIE MATPUIIEI 2— OT0 MOPAIKA A = [0 3 ) u B= (_1 9 ]

Beraucmire ciemyoniue BEIPaKeHU:
a) detA;

0) detB

B) det(A-B).
[Tposepergoicmedatvidir detA-detB.

3amaua 2 Wﬁﬁﬂw%ﬁe MATPHIIEI 3— 10 mopAIKa
Ceptudmkar: 2C0000043E9ABBE952205E 1BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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521 2 23
A: 104 HB: —141
-3 72 5-30

Brruncmite cneayronine BeIpakKeHU:
a) detA;

0) detB
B) det(A-B).
[TpoBeprTe, uro det(A-B)= detA-detB.
2 3 5 | | | 1 1
3agada 10. Beruncmare onpenemurem: a) |1 4 =-2(;0)|(x vy z|:;B) |l l+a
-1 0 1 x> oyt oz° 1 1
1 -1 2 3 =2
-5 1 -4 1 | | |
1 1 -1 2 1
A P yl2 13 -2 1
41 -8 —1" '
2 0 6 o 3 2 1 -2 3
-2 1 3 4 5
3amauga 11.
8 6 41 93
Pemure MarpuaHOE YpaBHEHHE + X — = :
1 2 48 155
3 -1 4 19
| 19 15

X :
-3 1 0 14

1
1+ b

Ilpakmuueckana padooma Ne 2. Pewenue HeGbIpOICOCHHBIX CUCMEM JIHHEUHbIX
ypasHenuii mMemooom Kpamepa, memooom oopamuou mampuuysl. Pewuenue cucmem

JIUHEUHbIX ypasHenuit Memooom 1'aycca.

Ilenw: BeIpaboTath YMeHHE pemiath HeBHIpOKaeHHBIe CJIY MaTpHdHEIM MeTomgoM, MetomoM Kpamepa,
MeTomoM ["aycca W MpUMeHATh YMeHHUS IS pellleHus MPaKTHYeCKNX 3a7ad.

Teopemuueckasn uacmbo

[lycrs mana cucrema W TMHEWMHBIX YPABHEHUU C H HEU3BECTHBIMU:

A-X =B,
rae

4 \ VR (1 )

ay  dpp ayy, X1 b,

dr1 doy ds X2 b,
A= "X = . B= .

OKYMEHT Nnoan
SH%H.TF'DHHDH n%nmﬁg*ﬂ&: Ay Ayn ) \*n \bﬂ /
i BUSCSRRGHIE o oomomas  wapma A wemapowzeuas,

-1
Torma cymectByer o6parnas marpuna A . ITomuoxus marpuanoe ypasuenne A+ X = B na
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_1 (") -t
marpury A caepa, momyuuMm (OpMyay, Ha KOTOPOH OCHOBAH MATPUYHEIN METO] PElIEHUS
CHUCTEM JIMHENHEBIX Y PAaBHCHUI:

X=A"B.
3ameuanne. OTMETHM, YTO MATPUYHBIM METOJ PEMICHUS CUCTEM JIMHEWHEBIX YPABHEHHH B
oTsmuue OoT meroma ['aycca mmeer OorpaHMUEHHOE MPUMEHEHUE: 3TUM METOAOM MOTYT OBITH
pEILIEHBl TOABKO TAKWE CHUCTEMBI JIMHEWHBIX YPAaBHEHWUH, y KOTOPBIX, BO-HEPBBIX, UYHCIIO
HEU3BECTHBIX PABHO UMCIY YPABHEHHUH, & BO-BTOPBIX, OCHOBHAA MATPUIIA HEBEIPOKICHHAS.
[Tpumep. Pemints cucremy MUHEHHBIX YPABHEHUM MATPUIHBIM METOIOM.

Y

3amana cucTeMa TPEX MMHEHHBIX ypaBHEeHHH ¢ Tpems HemsectHeIMu A X = B, rne

(5 —1 —1) r’xl‘a (0
A=|1 2 3| X=|x,| B=|14]|

OcHOBHAsA Marpuna CUCTEMBI YPABHEHUHM HEBBIPOKIEHHAA, MOCKOIBKY €€ OIPENEIUTEIND
OTJINYEH OT HYJIA:

5 -1 -1
detA=|1 2 3 |=-30.
4 3 2
OOparnyro marpuily A_l COCTABMM OJIHMM U3 METOIOB, OMHUCAHHEIX B ITYHKTE 3.
(11 1)
6 30 30
At oL T3
3 15 15
i1 0
. 6 30 30/
[To (popmyste MATPUIHOTO METONA PEMIEHUA CUCTEM JTUHEUHBIX YPABHEHUM MTOJIYUUM
(1 1 1)
(5 -1 -1} 6 30 30| (1
x=[1 2 3||-2 -1 2|y
3 15 15
4 3 2 119 11 3
. 6 30 30/

Teopema (mpaBuno Kpamepa). Ecmm onpenemitens Marpunel CUCTEMBI OTJIMYEH OT HYJIA, TO

CUCTEMA UMEET PEIEHUE U MPUTOM TOJBKO OOHO. JTO PEIIEHUE ONPENEAAeTCa (PpopMyIaMu:

A, _ BOKYMEHT NOAMMCAH
x, = —2NEFROHADMOONRYFPEeIuTens MATPULBL CUCTEMBI U Ak — OIPENEIUTENb MATPHIIEL
Ceptucmkar:  2CAQ00043E9ABSBI52205E7BA500060000043E

B - T o
”a’q&“eﬁlﬂﬂyq?@ﬁ%ﬁ 13 MATPHIET CHCTEMBI 3aMeHO0i k—oro cronbra cTtoadmoM cBOOOIHEIX YICHOB.
[Tpumep. Pemurs cucremy ypaBHeHni, ucmons3ysa popmynsl Kpamepa.
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(x+2y-3z=5
2x-3y+z=3
4x+y—2z=10

Pemenue: Haiinem OCHOBHOU U JOTIOJHUTEILHEIE OTIPENETUTEIH.

A,

1 2 -3
A=2 -3 1|=6-6+8-36-1+8=-21
4 1 =2
5 2 -3
A =13 -3 1|=30-9+20-90-5+12=-42
10 1 =2
1 5 -3
A =12 3 1|=-6-60+20+36-10+20=0
410 -2
1 2 5
A =2 -3 3|=-30+10+24+60-3-40=21
4 1 10
[To popmymam Kpamepa nmeem
x= 2 =_—4_2=2; }*Zﬁ"' :i_:{]; 1= Be_ 21_ =—1.
A =21 A =21 A =2]

Orer:x=2,y=0, z=-1.
[TpakTruecku nid penieHns CUCTEM JIMHEUHBIX YPABHEHUH Uamle BCET0 MPUMEHAETCS
meron ['aycca, COCTOANMN B ITOCIEN0BATEIEHOM UCKIIO YEHUN HEN3BECTHEBIX.

[Tycts 3amana cuctemMa IMHENMHBIX AITEOPANIECKUX YPABHEHHM:
a, X, tdpk, - +a,x, =6

Ay Xy T Ay Xy T2t dy, X, =6,

kaml‘xl + amj‘xf +t+a,, X, =6

mn n i

bynem npon3BoauTE HAJ CUCTEMOU CIEAYIONIME 3IEMEHTAPHEIE ITPe00pPa30BaAHNA:

1. BrruepkuBanue ypaBaenus suga 0-x, +0-x, +---+0-x, =0.

2. [IpubaBnenne kK OXHOMY YPABHEHUIO APYTOTO YPABHEHUSA, YMHOKEHHOTO HA
IPOU3BOJIBHOE YHUCIIO.

3. [Tepemena mecramu IByX ypaBHEHUH.

[Tycrs Tenepe a,, #0.(Ecou a,, = (0,70 MBI MOMEHAEM MECTAMU IIEPBOE YPABHEHUE C TEM

ypaBHEHHEM, rae ko3(ppunmenTt npu x, oTiaudeH ot Hysa). UcknrounMm Teneps x, 13 BCEX

yPAaBHEHUH CUCTEMEI, HAYMHAA CO BTOPOrO0. /1 5TOT0 KO BTOPOMY YPABHEHUIO TPUOABUM

d,
MEPBOE YPABHEHHE, YMHOKEHHOE Ha ( —— ), 3aT€M IpUOABUM K TPETHEMY YPABHEHUIO TIEPBOE,
a
1

a
YMHO H{EHHDE?HE}'%‘ﬁBﬂ%H AHT.J. K ITOCJIEAHEMY YPaBHEHHUIO ITPUOABUM ITEPBOE, YMHOKEHHOE HA (
ANEKTPOHHOM MCbIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnapneney: j,rwiﬁaﬁsa TateAHa AnekcaHgpoBHa

P 5TOM MTOJTYYUM CHUCTEMY
ay
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Cpy Xy T CpXy -+ C X, +---+C X, =d,
CopXy T2 T 6y X, T oo+ 0y, X, =@y

Cm?‘rf Tt Cmr I.r‘ Tt Cmn In = II:I'Im

L

Jlanmee, MpUMEHUB TE K€ PACCYKIECHUSA K ITOJIYYEHHOU CHCTEME, MCKITIOUNM 13
yPaBHEHUH, HAYWHAA C TPETHETO X, U T.1.

[Tpogomxas 3TOT mpo1ecc, Mbl IPUAEM K OTHOMY U3 IBYX CIYYAEB:
1. Jlubo mocnme onpenenceHHOro0 IMmIara HOOAYYWUTECSA CHUCTEMA, COAEpKamias

ypaBHenue Buaa 0-x, +0-x, +---+0-x, =6 u ¢#0. Torga mama cucreMa HE UMEET PEIIEHUH,

T.€. HECOBMECTHA.
2. nubo cucrema He conepxut ypaBHenue Buaa 0-x, +0-x, +---+0-x, =g u 6#0.

Torma pano win mO3MHO MBI MPUAEM K CHCTEME
Cpy Xy T CpXy T+ C X, +-+C, X, =4,
CoppXy T2 T Cp X, o001 6y, X, = d

9 ety e r

Bo03MmOKHEI IBA Cydas:

a) r=n. lTorma mocnenHee ypaBHEHHE MOCIETHEN CUCTEMBI UMEET BUI: C, X =d, .

a.l'!

OTKyda X, = . 3 mpennocinenHero ypaBHeHUs HAXOOUM X, , M T.[. U3 HEPBOT0 YPaBHEHUA

A

CUCTEMBI HAXOOUM X, .
b) r<n.Torma cucrema nmeer OECUNCIEHHOE MHOKECTBO PEILIEHUM.
3ameganue. C mpakTHIeCKOU TOUKHU 3PEHUA MTPOIECC PEUIEHU S CUCTEMEI MOMKHO
00MEerYnTh, €CIM BMECTO ONPE0Opa30BAHNH HA CAMON CUCTEMOM NPOU3BOINTE MIPE0Opa3oBaHNA
HaJ COOTBETCTBYIOMICH PACIIMPEHHON MATPULIEH CHCTEMEL.

[Tpumep. Pemmts cucremy merogom ["aycca.

,le +x,—x,+x, =1
3x,—2x, +2x, —3x, =2

2x,—x,+x,-3x, =4

Pemenue. PaccMoTpuM pacmmpenHy0 MATPHUILY
(2 1 -1 1 1)
3 -2 2 -3 2

B =
5 1 -1 2 -1
.2 -1 1 =3 4)
[IOKYMEHT MOANWCAH 3 >
NOPEWICLETPOKY HA — — , 3aTEM YMHOKHB IIEPBYIO CTPOKY HA — — , HAKOHEII,
Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E 2 2

SnanenMHOKIE FePEYID CTPORY A — 1, ci1ouM MepByro CTPOKY MOCICI0BATEILHO CO BTOPOI, C

TPETHEHN U C 4eTBEPTOM CTPoKOil. [Tomyanm
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A

2 1 -1 1 1 \
11 91 (2 1 -1 1 1
2 - ) 2 2 | o -7 7 -9 1
0 233 b7 0 -3 3 -1 =7

2 2 2 2
0o -2 2 -3 3 ) WO =2 2 -4 3,

B nociemHen MaTpuile Ml YMHOKHIIM BTOPYIO M TPETEIO CTPOKY Ha 2. Jlanee 1 u 2
3

CTPOKH OCTaBIIIEM 0e3 u3MeHeH . CHEpBa YMHOKHM BTOPYIO CTPOKY Ha — ? H CI0OHHUM C
. . 2 . .

TPETHECH CTPOKOH, 3aTEM YMHOKHM BTOPYIO CTPOKY HA — E M CJIOKHM C YE€TBEPTOH CTPOKOH.
[Tomryuum

o -7 7 -9 |

g lo o o 20 59 i o -7 7 =9 | )
= T7|710 0 0 20 -52
10 19 o 0 0 - 1019
00 0 -—— = - 7
\ 7 7 ) \ J
(2 1 -1 1 1Y (2 1 -1 1 1)
o -7 7 =9 | 0o -7 7 =9 |

0 0 0 20 -52| [0 0 0 20 -52
0o 0 0 -10 19) (0 0 0 0 -7,

]
[TocneqHior MaTpuily MBI MOy YHIIA, YMHOKHB TPETEIO CTPOKY HA > 1 CIIOKUB C

ueTBEPTOU CTPOKOU. [locnennsas aerBepras CTpOKa 03HAUAET, YTO MBI UMEEM YPABHEHHUE:!
CIIETOBATENLHO, ITO0 CKA3aHHOMY BBILLIE CUCTEMA HECOBMECTHA.

[Tpumep. Pemmte meTomom ['aycca cucremy ypaBHEHHH.

(X, +2x, —3x, +5x, =1
x, +3x, = 13x, +22x, =-1
3x,+3x, +x;—2x, =5

kZJ:I +3x, +4x,—Tx, =4

Pemenue. PaccMOTpHUM pacHIMpeHHY 0 MATPHUILY CHUCTEMBI
(1 2 -3 5 1)
1 3 —-13 22 -1
3 5 1 =2 3
2 3 4 -7 4

Ynﬂﬂé%}ﬁ{&{r CHEPBA TICPBYIO CTPOKY, HA (—1)u cmoxuM CO BTOPOH CTPOKOH, 3aTEM
Y MHO JKUBNEEPRIHOCEROKYLBEA ( — 3 ) 1 CJIIOKHUM C TPETEEH CTPOKOH U, HAKOHEL, YMHO KM

cepmq:ﬁ@pﬂmﬁgﬁéﬁﬁﬁ? MUERGRIMc uerBeproit crpokoit. [Tomyanm

Bnapeneuy; aHfpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

19



(1 2 -3 5 1Y (1 2 -3 5 1)
0 1 -10 17 =2 01 —-10 17 -2
0 -1 10 -17 2 00 0 0 0

0o -1 10 -17 2 ) 00 0 0O O,

BTopyto maTpuily MBI OJIYYUM CJI0KUB CIIEPBA BTOPYIO CTPOUKY C TPETHEH, 3ATEM

CJIOKUB BTOPYIO CTPOUKY C deTBepToil. HyneBrie crpouku BetOpaceBaeMm. OcTaercs cucrema
ypaBHEHUH

{x, +2x,-3x,+5x, = 1

x,—10x, +17x, =-2 )

bynem cuurate x; ¥ X, CBOOOIZHBIMU HEU3BECTHBIMU, 0003HAYASA UX: X; =, X, = [
M3 BTOpPOTrO ypaBHEHUA CUCTEMEI (* ) HAUIEM X,

x, =10 —-17—2

[loncraBus x, B IIEPBOE YPABHEHUE, ITOTYINM:

x, +2(10a-17p-2)=-3a+5p =1 nmm

x, +20a-34p—-4-3a+5=1 nm

x, =—17a+296+5.

Taxum oOpazom, nannas cucrema uMeer OECUNCIEHHOE MHOKECTBO PEILIEHU:

x, =—17a+298+5
{IE(R)
x,=10a-174-2

Bonpocwel u 3aoauu.
Pemure CJIY marpuuneim metonom u meronoM Kpamepa:

(3x, +2x, +x, =5 [ x, —2x, +3x, =6 [ 2x,—x,—x,=4
a) 12x, +3x, +x, =1 ;0) ¢2x, +3x, —4x, =20; B) <3x, +4x, —2x, =11
2x, +x, +3x; =11 [3x, —2x, —5x; =6 [3x, —2x, +4x, =11

#2.1’1 — Xy +3.Z-'E3 =4, fS;I,‘] +3I3—6x3 =4, r3x1 —Z,xz —}—4,1:3 =12,
DX +3x—x3 =11 508 x, + x, — x3 =2, 39

A,

3I] +4I2 — 2.3'[33 — 6,

Xp —2xy + 2x53 =7 4x; + x,—3x3 =-5 2x) — x5 — x3=-9
Pemurs cucTeMBl IMHEUHEBIX ypaBHEHU MeToaoM ['ayccea:

(3x,+2x, +x, =5 [ X, —2x, +3x, =6 [ 2x,—x,—x, =4
a) 12x, +3x, +x;, =1 ;0) {2x, +3x, —4x; =20;B) ¢3x, +4x, —2x, =11

2x, +x, +3x; =11 (3x, —2x, —=5x; =6 3x, —2x, +4x; =11

le‘l +4x, +4x, +6x, =18

Nno AH
| Jax B
Ceptudnkat:| fC0000043E9A 9522 [BA30 000043E
Bnapgeneu; %rgiiaytgg T_Eﬂ?éx &_E F‘El —Of%:'

EKC OBHA

| 2x, +8x, +7x; +3x, =6
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IHpaxkmuueckan pavboma Ne 3. /luneitnvie onepayuu nao eekmopamu. Paznoscenue eexmopa
no opmam KoopounamHuulx ocei. [leiicmeia HAO 6eKmMopamu, 3ad0AHHBIMU NPOEKUUAMU.
Ckanapuoe, GeKmMmopHoe U CMEUaHHoe NPOU3EE0eHUs 6EKMOPOE.

I[en»: BeIpAOOTATE YMEHME BBIIOJHATH JMHEHMHBIE ONEpAllMM HAJ BEKTOpPAMM; JACHCTBUA HA
BEKTOpaMH, 3aJaHHBIMA NPOEKIUAMH; IIPUMEHATL IIPH PEIICHUHN 3a0a4 CKaJLIPHOE, BEKTOPHOE U
CMEILIAHHOE ITPOU3BEICHUA BEKTOPOB.

Teopemuueckasn wacmo
HanmpaBnennsii orpe3ok Oyaem Ha3eIBaTh BEKTOPOM U 0003Hagare 4B, CDuau a, 6, ...

BekTop HA3BIBAETCS HYJIEBBIM, €CJIM €70 HAYAJIO U KOHEI| COBNANAIOT U 0003HAYAIOT O .
HyneBou BEKTOp HE UMEET ONPENEIEHHOT0 HAMPABIECHUA U UMEET IMHY PABHYIO HYIIIO.

BekTOpEl HA3BIBAIOTCA KOJIMHEAPHBEIMU, €CJIM OHM JICKAT HA OJAHOM MPAMOM, 100 Ha
MapaJIENbHBIX MPAMEIX. /[Ba BEKTOpA HA3BIBAIOTCS PABHBIMH, €CJIM BBIMOIHEHEI CAEIYIOMINE TPH
yCJIOBUSA: 1) IJIMHBEI BEKTOPOB PAaBHEI, 2) BEKTOPHI HNAPALIENBHEI (KOJIMHEAPHBI), 3) BEKTOPEI
HAITPABJIEHEI B OHY U Ty € CTOPOHY.

1. CioxeHune BEKTOPOB

Cymmon @ + B ABYX BEKTOPOB d U B HA3BIBAETCSA BEKTOP, UAYIIMI U3 HAYAJA BEKTOPA

a B KOHEI| BEKTOpA D IPM yCIOBMH, YTO BEKTOP D HPUIONKEH K KOHIy BEKTOpa a (IIPaBHIIO

TPEYTOMBHIKA) U 3aMiCEIBaoT C=a + b,

b

C

CiioxeHune BEKTOPOB 001a1aeT CeayomuMiI OCHOBHEIMU CBOMCTBAMMU:

1. KommyratuBHOCTE: 4+ b = b + a

2. ACCOIMATHUBHOCTB: AJA JTHOOBIX BEKTOPOB a, b u ¢ Bemomusercs PaBE€HCTBO

5+(E+c_)=(5+5)+5

3. IlpubaBnenne HyYAEBOr0 BEKTOpPA K MOOOMY BEKTOPY @ HE MEHSIET MOCICOHETO:
a+0=a.
4. CyMMa BEKTOpa @ M MPOTHBOIOIOKHOTO BEKTOpPA a ' paBHa HyJIEBOMY BEKTODY, T. €.

a+a'=0

13 BTOpOro CBOMCTBA CIEAYET, YTO €CIU JaHBI BEKTOPHL dy, d5, ... d,, PACIOI0KEHHEIE
TAK, 4YTO KOHEI MNPEOBOymero BEKTOpa ABJACTCA HA4YAJIOM ITOCICAYIOMIEro, TO CyMma

a, +a, +...+a_ , Oymer mpencraBuaTe COOOM BEKTOp, MAVILIWN W3 Hadaja BEKTOpa a1 B

KOHEI[ BEKTOpa a n.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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a+d, +a, +...ta,

2. Berunranme BEKTOPOB

PasHnocTteio JBYX BEKTOPOB @ M b masemaerca Taxoii Tperuit BekTOp C, UTO a -b + ¢

i 06o3mauaer a-b= . Urobsr m3 OMHOTO BEKTOpPA BBIYECTH APYTOM, HYKHO UX OTHECTH K

00meMy Ha4aJly U MPOBECTH BEKTOP M3 KOHEUYHOM TOYKH BEKTOPA — BEIYUTAEMOTO B KOHEUHYIO
TOUKY BEKTOPA — YMEHBIIAEMOT 0.

3ameganue. Hapsaoy ¢ mpaBMioM TPEyrodbHUKA YACTO MOAB3YIOTCS (pﬂBHﬂCIﬂIEHHM EM}’)

MPABUIIOM MAPATICTIOrpaMMa: €CTH BEKTOPEL d M b

MPUBENEHEI K OOIMIEMY HAUaldy M HA HUX ITOCTPOEH MApauleIorpamMM, TO Cymma a + b

€CTh BEKTOp, COBMANAIONIUN € AUATOHANBIO H3TOTO
apajIeorpamMma, uaymedn w3 olmiero Hagana

BEKTOPOB 4 H b a BTOpasd JMArOHaTb, MAyMAd W3

KOHIIA BEKTOpPa b B KOHEI] BEKTOpPa d €CThb Pa3HOCTh 4 -

b.

3. HDDHEBE,I[EHHE BEKTOPA HA YUCIO

HpDHEBE,I[EHHEM o a(nm ﬂ(:r,) BEKTOpA @ HA BEMIECTPCHHOE YMCIO0 Ol HA3BIBACTCA
BEKTOP b KOJITMHEAPHBIN BEKTOPY 4 , (IIPUUEM BEKTOP b imveer JUTHHY, PABHYTO | o | | a |)H

MMEIONINIT HANpPABICHHUE, COBMANAIONIEE C HANPABICHUEM BEKTOpa aB cayuae O> 0 u
MPOTUBOMOI0KHOE HANPABIEHUE B caydae O <« 0.

['eomeTprueckuii CMBICT ONEPALIMA YMHOKEHUA BEKTOPA HA YMCI0 MOKHO BEIPA3UTh TAK:
MPU YMHOKEHHH BEKTOPA @ HA 9MCI0 Ol BEKTOP & PacCTATHBAETCA (CKUMAETCA) B OL pas.

[Tpu sTom, ecrm oL > 1, To @ pacrarusaercs, ecmm < oL <1, TO BEKTOp @ CKUMAETCA U

BEKTOP 0, & EOXPAHACH TO Jke HAMpaBIeHHE, uTO M BEKTOp 4 .

Ceptucmkar: 2C0R80P43EIABSBIS220567BAS)0NE0000

e ECJpE IE‘ Ct {%[TD BE‘I{TDp “a pacTAruBaeTCA Ipu | o | » | u coxnmaercs opu | ol | 1
Y TIPU 3TOM HpGHCKG,I[HT I3MEHeHMe HAITPABJICHUA HA MMPOTHUBOTIOIOKHOE.
. Onepars yMHOKEHI BEKTOPA Ha YHCI0 00TafaeT CIeayronMMI CBOHCTBAMI:
EHMCTEBATENEH. C 014
22



1. a(a+b)=a a + o b (pacnpesenurensHoe CBOHCTBO YHCIOBOTO COMHOKHUTENS
OTHOCHTEIHHO CYMMEI BEKTOPOB).

2. (o +PB)a=o0a + pa (pacmpenenurenbHOE CBOMCTBO BEKTOPHOTO COMHOKHUTEILA
OTHOCHUTEIEHO CYMMBI UHCEIT).

3. o(fpa)=(up) a (couerareapbHOE CBOMCTBO YUCIOBEIX COMHOKHUTEIECH).
Tak kak mo oOmpegeneHur0 BEKTOP €CTh HAMPABJICHHBIM OTPE30K, a MPOEKIUH
HAIMPABICHHOTO OTPE3KA HA OCH KOOPAWHAT HAXOIAT KAK PA3HOCTH OJHOUMEHHBIX KOOPIUHAT
KOHI]a M Hauajla HAIMpPABICHHOTO OTPE3Ka, TO TOUHO TAKKE HAXOMAT MPOEKIIMU BEKTOpA Ha

KOOPOWHATHEIE OCU. JTH NPOEKIINH U HA3BIBAIOTCI KOOPAUHATAMU BEKTOPA.
Hampuwmep, mycts gamsr Toukn A(3, -2, 5) u B(-1, 2, 3). Torma xoopannaramm BeKTopa

ABG}’,I[}VT -1-3=-4; 2-(-2)=4, 3-5=-2 u oboznauaror AB={-4, 4, -2}.

B maneneumem, KOOPAUHATEL (MPOEKIIMK HA OCH) MBI Oynem 00o3Hadare a ={Xx, y, Z}.
OTrMeTHuM, 4TO IeHCTBUA HA BEKTOPAMH MOJKHO IPOM3BECTH B KOOPAMHATAX.

HyCTL TAHBI BEKTOPHI B KOOPAWHATAX El {:—ﬂ, VI,ZI} U b = {x2, y2, 22}.

Torma: a + b ={xX1+ X2, yi +Vy2; zZ1+ 22}, a - b = {X1-X2, Vi-¥y2; Z1-22}, o0 a = {O Xy,
o yi, OLZ1}.
CKEU[HDHDE [IPOHU3BCIOCHHC BEI{TDDDB

[Tycts maner nBa BekTOpa a u b CKaIapHBIMU TPOU3BEICHUSIMI IBYX BEKTOPOB 4 U b
HA3BIBAETCA YHMCJIO, PABHOE NMPOU3BEACHHUIO UIMH 3TUX BEKTOPOB, YMHOKEHHOMY Ha KOCHHYC
yIJjia MEXKIY HUMH:

(EE) = ‘5‘ * ‘E' cosd, T/e 3 — YroJMexI1y BEKTopaMu

MoxHO paTte OPyroe OmpenenceHue CKAISIPHOTO MIPOWU3BEACHUSA OBYX BEKTOpPOB. M3
TEOPUH NPOEKIUH U3BECTHO, UTO

np;a =
T.0. ckamapuoe npousBeneHME IBYX BEKTOPOB €CTh YHCIIO, PABHOE IPOU3BEIECHUIO
IJIMHBL OJHOTO M3 3THX BEKTOPOB HA MPOEKIHIO IPYTrOr0 BEKTOPA HA MEPBEIN BEKTOP.

(Eé) = ‘?)|np55 WU (Eb_) = ‘E‘np; b,

COS .

alcos 9 an;;;v:‘;)

CKalspHOE NPOU3BEIEHUE BEKTOPOB 001a1aeT CIEAYIONIMMHA OCHOBHBIMHU CBOMCTBAMU:

1. CkamapHoe IpOM3BEIECHME ABYX BEKTOPOB a4 M D obpamiaercsa B HyJb B TOM CIyuae, KOTAad
[0 KPAHHEH MEPEe OZIMH U3 BEKTOPOB ABJIACTCA HYJIEBBIM WM €CITN BEKTOPHI MIEPHEH UK YIIAPHBEL.

2. CkamapHO€ TMPOU3BEICHUE IOBYX BEKTOPOB A ub PABHO TIPOM3BENEHUIO MOJIUH OSTHUX

BEKTOPOB, €CJIM JaHHBIEC BEKTOPHI MAPALIEIBHEL, T. €. ¢ = (.
(a b)z ‘a”b‘ cos( = ‘a‘ : ‘b‘
Otcroga cnenyer, 4To CKaJIPHOE MPOU3BEACHHE BEKTOPA HA CAMOT0 Ce0s paBHO KBaapary

AJIMHEL 3TOTO BCKTOPA, T. €. (ﬂ ﬂ,)—‘ ‘

3. CkamapHoe mpPOU3BEACHHE JBYX BEKTOPOB 001amaer NEPEMECTUTEIRHEIM CBOHCTBOM

YMHOKEHH A (a b) (ba)

4. Ckamaproe npousseaeHne 00nanaer pacmpenemMTenbHEIM CBOHCTBOM OTHOCHTEIBHO CYMMBI

BEKTOPOB: (ﬂ + b) C = (a C) (bc)
AOKYMEHT NOANWUCAH

BT SHHITE R ﬁ”&‘l@mﬂga B KOOPIMHATAX: a {J:] » Y1 4 } ] E_? = {3‘:2! Vs, 25 }

Ceptudmkar:  2C0000043E9ABBBI52205E 7BA500060000043E
BranendUKAISPHOGITPOMIBEHESHISHBTIX BEKTOPOB PABHO CYMME IMPOU3BEIECHUH UX OTHOMMEHHBIX

KO Dp,II;H'HHT.
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BekTopHO € MPOM3BEIEHNE BEKTOPOB

BekTOpHEIM MPOU3BEIEHUEM OBYX BEKTOPOB ( U b naseBaercs takoii TPETUN BEKTOP

C KﬂTﬂpHH ﬂﬁﬂﬂ,[[ﬂET CIEeaYIOTIMMHA CEDHCT’EHM{

1) C laucl b TO €CTh BEKTOp C MePHNEHIHKYIIAPEH K IJIOCKOCTH, I JIEKAT BEKTOpa

aub;

2) Jlnmna Bektopa C 4HMCIEHHO pPaBHA MIOMIAAW HAPALIEIOTpaMMa, IMOCTPOEHHOTO HA BEKTOPAX

aub,re. ‘c‘ = ‘::1‘ : ‘blﬁin @, TIE (¢ — yrOJIMEXK Ty BEKTOpaMu a u b ;

3) BekTOp C HAMpPaBIEH B TAKYH CTOPOHY, UTOOBI KpaT4aWIlIuK ITOBOPOT OT MEPBOTO BEKTOpA U
K BTOPOMy BEKTOpy D BOKpYr BekTopa C IMPenCTABIAICA ITPOMCXOIAIIMM ITPOTHB HTACOBOI
CTPENKH, €CJIM CMOTPETE M3 KOHIIA BEeKTopa C .

BekropHoe mpousBeaeHne 0003HauaOT CUMBOJIOM C = LCIEJJ uamuc=axb.

a) OCHOBHBIE CBOMCTBA BEKTOPHOTO MPOU3BEAECHHUA

1. BekropHOE MPOM3BENEHUE OBYX BEKTOPOB d U b pABHO HYJIEBOMY BEKTOPY B TOM H

TOJILKO B TOM CIIy4ae, KOTAA ATU BEKTOPEI TAPaICIbHEL
M3 sTOoTO CBOMCTBA CIeAyeT, 9TO BEKTOPHOE MPOU3BEIEHUE JI000TO BEKTOpA HA camMoro ceods,

T.C. Lfm =().
2. BexktopHO€ mMpOU3BEIEHNE IBYX BEKTOPOB AHTUKOMMYTATHBHO, 4 UMEHHO:
[ab = [ba]

3. Bekropnoe mnpousBeneHne 00IaOA€T CBOMCTBAMU COUETATEILHOCTH OTHOCHTEIBHO
qUCIOBOT0 MHOKHUTECIA: &[ﬂb]: [&fﬂ . b]MI@S [{LI . (’Ib]

4. BekrtopHOE€ TIPOU3BEAECHHE BEKTOPOB 00magaeT pacnpeneauTeNsHEIM —CBOMCTBOM
OTHOCHUTEIHFHO BEKTOPOB.

BekTopHoe OPOU3BEJICHHE BEKTOPOB B KOOPIMHATAX

[lycTe BekTOpEl d U b3ﬂ£[ﬂHE:I B KOOpOHHATax d = {x,, Vis & }, b = {xz, Vs, Zz}*

- )

Vi< (&0 X4 [\ W
Torma [ab — CH N N >

VoZs| (L X5| | X5 Vs

= d = e ' e
., ",

[Tpumep. ITycTe mansr BekTOpEl d = {2, —1, 4} ub= {3, 1, 0}
II 32 33
[.EE =214/ =0+20, +121, +3Il, — 41, = -4l +121, +5L,.
310

ve. lab|=c = {~4,12,5}

[lycte nmaner Tpu BeEkTOpa a b ¢. Bemr m3 TPEX BEKTOPOB moOBIe OBA BEKTOPA

YMHOKWUTE BEKTOPHO, & 3aTEM MOIYIEHHEIN BEKTOP d = la b] YMHOKHUTh HA TPETUHI BEKTOP C

CKaAJIAPpHO, TO B PE3VJILTATC MBI ITOJYUHM YHCIO, KOTOPOC HW HA3ZBIBACTCA CMCIIdHHBIM

AOKYMEHT MNOANMCAH — - — - -
ITPOH3 B CARHIRMHPEIOBRICEEPOB 1 0003HauaroT: mudo a b ¢, Jmﬁn ([a b] f:)

Ceptudpukat:  2C0000043E9ABBBI52205E7BAS00060000043E
Bnageneu:  LEIMOEITHHOEAFPOMBRBEACHIEC HEKOMIUIAHAPHBIX BEKTOPOB ﬂ, b uc mo MOJYJIIO PaBHO

00BEMY Mapamienenunena, MOCTPOEHHOTO HA 3TUX BEKTOPAX.
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CMemanHo e Mpou3BeaeHne BEKTOpoB ¢, b , ¢ paBHO HyJIO TOTA U TOJBKO TOTAA, KOTA
3TH BEKTOPBI KOMIUIAHAPHEL.

CMenmanHoe MPOU3BEAEHUE BEKTOPOB B KOOPAMHATAX.

[lycTe maHel Tpu BEKTOpA B KOOPAUHATAX

a={x,y,z,}.b=1{x,.v,.2,}.c=1{x;.y,,2,}. Torma cmemanHoe MPOU3BEIEHUE HTUX

BEKTOPOB MOKHO BEITYUCIUTE IO (popmye:

'I'.I }JI ZI
(lable) =|x, vy, 2z,
Xy V;o 45
Muorue 3amadm TEOMETPHUM, (PU3UKH, MEXAHUKH PEMIAIOTCSA METOOAMH BEKTOPHOU

anreOpHL.

[Tpumep. Beruncmmrs, kakyr padOTy mpOM3BOIUAT CHIIA F = {3, -5, -2} korga ee ToukKa
MPUJIOKEHU A, TBUTAACH NPAMOJIMHENHO, NEPEMENIAETCA U3 oMokeHus A (2, 5, -3) B monoxkeHue

B (3, -1, -2).

Pemenue. Halimem k0OpauHaTe BEKTOPA § = E

S = (3-2:-1-5: 243} = {1: -6: 1)

Torpa Bemmauaa nckomon padoTa paBHa CKATAPHOMY HPON3BEIEHUIO (F : § ), T.€.
W=(F §)=31+(-5)(-6)-2:1=3L.

[Tpumep. Hairtu yros, oOpazoBaHHBEIN BEKTOPAMU: E—{ 3.0,-4} u f;={ -1,1,-2}.
3-(-D+0-1+(4)-(-2) 5 1

J3 +0+47 - [(=1)? 17 +(=2)° “5J6 6

[Tpumep. lansr koopaunarer BepmmH TpeyroasHuka A(1,2.0), B(3,0,-3) u ((5,2,6). Haittu
MIOMIAAE ATOTO TPEYTOTBEHUKA.

Pemenue. COSQ

Pemenue. Halimem KOOpaIuHAaTEl BEKTOPOB AB uw AC.

AB = {3-1,0-2, -3-0} = {2, -2, -3)

= {5-1,2-0,6-0} = {4, 0, 6)

Haiimem BEKTOpHOE MPOU3BENEHUE BEKTOPOB ABu AC:[AB-AC1=|2 -2 -3

= —12e, —12e, + 8e, —12€ =—12¢, —24e, +8e,
HUrak, [ AB-AC1=d ={-12,-24, 8}.

Haiinem MOy BEKTOPHOTO MPOU3BENEHU
[[AB- AC1H| d |= \/(=12)* +(=24)* +8* = /144 + 576 + 64 = /784 =

|
Mckomast miomaas TPeyroJibHHKA: Sm:: = E‘[ AB - AC]‘ =—-28 =14 xs. en.

2

[Tpumep. Beraucaure 00weM TETpasApa, BEPIIMHEI KOTOPOTO HaXoaaTcsa B Toukax O(1,1,2),
A(2.3.-1), B(2,-2.4), C(-1.1.3).

JOKYMEHT MNMOANCAH

Pe&[ﬁﬂf@ﬁwgb'ﬁﬂc oen Ha Bekropax OA, OB u OC Haiizem KOOPIUHATHL 3THX
B

Ceprudomkar: 2C0000043ESABBESS2205E7BAS000600 ElEltiSE

Snanengex T OB EOA 2= 1222482 OB = {1,-3,2}, OC = {—2,0,1}. Torga nckomeri 00BEM:
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| 2 =3
| | | 5
v=—|(loa-08loc)=-|1 -3 2 =—\—3 g +18-2=~.5=2
6 6 6 6
-2 0 |
V ) 0.e
= — KyO. el.
5 y
[Tpumep. Berancmite Mmooy s Bexktopa d = {6,3,-2}.
Pemenue. Ecmm man BekTop 3 = {x, v, z}, TO |a| .\/Jﬂ + y + 7 "’ . CnenoBarenpHO,

HMCEM

a]=~/6>+3>+(=2)> =/49=17.
[Tpumep. BeraucmuTe HampaBngronpe KOCUHYCEl BEKTOpa E ={12,-15.,-16}.
Pemermie. |a| = A/12* + (—15)% + (—16)> = J625 =
x 12 y  —15 3 z —16
COSO = — ;CoSff=—= =——;C08y = — = —.
la| 25 la| 25 5 lal 25
[Tpumep. Bekropsr aub o6pasyror yrox ¢ = 60", mpuuem |E| =5u |5| = 8. OnpenemuTs
la +b|ula- b|.

Pemenue. Paccmorpum ckamapaoe npoussenenue (a + b)u(a + b) r.e.

_ _ - _ _ 1
(a+b)y=@a)+2(ab)+(bb)=|al +2|a||b|cos60’ +|b|* =25+2-5-8- — +64 = 129,

2

crnenosarensHo |a + b|= /129 .

Ananorngso, pacemorpum (d - b )?

- = — - - = ]

(a -b) = -2(a b)+|b|3=25-2-5-8-5+64=49. |a b| \49 =77,

Bonpocwer u 3aoauu.
2uh = > D> > D>

3amaga 1. ITo mannemm BekTopam @ U b nmocmpolme eekmopsi a + b, a—b, b—a u

- -

_3-B / \

> > — e
3amaua 2. Ilo manueiMm BexkTopam & U b mocrpoiire Bekropet 3 &, —1/2b u2a+ 1/3b.

a —
/ \
- -
3amaga 3. Kakomy yCIOBHIO JOJDKHEI YIOBIETBOPATE BEKTOPE & U D, uT0OBI BEKTOPEL & + D

—y —3 [OKYMEHT NOANVCAH

u a— b :ﬁﬁfﬁf’mﬁﬁﬁiﬁl KaKGH TEOMETPUIECKHUI CMBICT HMEET TO YCI0BHE?
Ceptudmkar:  2C0000043E9ABBBI52205E 7 BA5000600000
A —>
bBHH: |

ey nana 42 Onpe;:enme KOOpIMHATEI Hauana Bekropa a = {3;1;—2}, ecim ero KoHeI COBIAnaer
¢ roukoid M(1;-1;2).
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— —
3amaga 5. Ilycts B HekoTOopom Oasuce a = {2,—1;3} u b = {1;-2;—4}. Haiinure koopauHaTel

-
BEeKTOpa & + 2 b B 5TOM Dazuce.

3agada 6. OnpenemiTs, MPU KAKUX 3HAYEHUAX O U 3 BEKTOPEI i_I={-2¢. 3, B} u E={DL., -6, 2}
KOJITUHEAPHHI.

3amaua 7. Jlams: Tpu Bexropa p = {3.-2.1), ¢ = {-1,1,-2), r = {2,1,-3}. Haiitu pazmoxemue

BEKTOpA C = {11.-6.5} mo dasucy p, 5, r.

b|= 1, BEIUuCIUTE

. 3Has, uTo |E| = 3,

3agaua 8. BekTopsl E 151 5_7 oOpasyrot yron (P =

n
6

YIOJI ¢ MEXKIY BEKTOPAMH ; —a+bu a =a-b.

3agada 9. BEIUMCIUTE MPOEKIINIO BEKTOPA E = {5,2,5} Ha OCB BEKTOPpA B ={2,-1.2}.
3agaga 10. Jlansr Bepumnsl Terpasapa: A(2,3,1), B(4,1,-2), C(6,3,7), D(-5,-4,8). Haittu aminy
€T0 BBICOTEI, OIYIIEHHOW U3 BEPIIUHEL D.

3amaua 11. Haiitu opr Bekropa a = 3e, +4e, —12e..
3amada |2. Haiith BemUumHy IUTOMIAAN MAPALIEI0rpaMMa, CTOPOHAMH KOTOPOT O SABIAKOTCA

Bektopel  a ={1,-3,1} u b = {2.-1,3}.

3amaga 13. BeruncimTe BHYTPEHHHE YIIIBI TPEYTOJIBHUKA ¢ BepmmHaMu A(1;2;1), B(3;-1;7)
u C(7:4;-2). YOenurscs, 9T0 3TOT TPEYTOJIBHUK paBHOOEenpeHHsIN. CaenaTe 4eprex.

3amaua 14. 3Has ogHy 13 BepmmH TpeyrogpHuka A(2;-5;3) M BEKTOPHI, COBMAJAIONINE C

neyma ero cropomamu AB = {4;1;2} u BC = {3;-2;5}. Haiiru OCTanbHBIE BEPUIMHEI U

koopauHatel Bektopa CA .

Ilpakmuueckasn padooma Ne 4. llpamas nunua nHa naocKocmu: ypasHeHue npamou ¢

Y2n06bIM Ko3ppuyuenmom; oouiee ypagHenue npamMoil; ypasHeHue npamoii, npoxooauien
uepe3 OAHHYI0 MOYKY 6 OGHHOM HANPAGIEHUN; YPAGHeHUe NPAMOIl, RPOXooAlell Yepes 06e
OaHHbIE MOYKU; YPAGHEHUEe NPAMOU 6 ompe3Kax. Y201 mMencoy 0gymsa npampimu. Yciaoeusn
napainenbHOCMmu U NepneHoOUKyIApHocmu 0gyx npamoix. Paccmosanue om mouyku 00
npamoi.
Ilens: copmupoBaTh NpEACTABICHHE O BO3MOXKHBIX CHOCO0AxX 3amaHus MOPAMOM HA
MIOCKOCTH, BEIPA0OTATh YMEHUE BBHIOMPATH COOTBETCTBYIOMIEE YPABHEHHE JISI KOHKPETHOU
3a0a49M; HAXOAWTh BEIWYMHY YIJA MEKAY ABYMSA OPAMBIMH M PACCTOSHUE OT TOYKH [0
OPAMOU.

Teopemuueckasn wacmo
B ,[[EKHpTDBDﬁ CHCTEMC KOOpPJHHAT Ha INIOCKOCTH Kax]lad [IpAMasd OIlpeJc/IACeTCd YPpaBHCHHEM | -1 cTeneHH

1, 00PATHO, KAXKI0€ ypABHEHUE | -1 CTENMEHN ONpenensaeT NpaMylo.

YpaBHeHHE MNPAMOH C VIIOBEIM KO3(p¢uimentom: y=kx+b, rme k — yrnosou
KO3(p(pUnmeHT npsAamoun, b — HauaneHas OpaANHATA.

[Tpumep: Hamicate ypaBHEHHE TIPAMOM, MpOXOIsAmIedn uepe3d Touky Mo(-2;1) n
oOpazyromien ¢ mpsamon 3x —y + 2 = () yron B 45°.

Pemenue.

YpaBHeHue npamMon, Npoxoaanien uepes Touky Mo(Xo, yo) UMEET BUL:

0= ki(x—=x0),T.e.y—1=ki(x +2)

HOKYMEHT HOMMMCAH .
Brepapenorsenn#e@OX 0TMMO  OOPEIEAUTs YIiaoBOM kos(pduument k. [las  sroro

Ceptud : 0 - - . _
Bnaﬂen;ﬁﬁ?m%;’w%ﬁ Iﬂfﬂ%ﬁiﬂgwﬁ ﬂﬁfﬁﬁi}mﬂﬂ mpsMas oOpasyer ¢ mauHoi npamoil 3x—y+2=0 yroma B
45°. VT10BOMH KDBq)(i)H’LlHEHT nanHou npamMoiu k7 = 3. Torma nmeem:
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k, —k, 3k,

to45° = —2 I =
R T T
orkyaa I + 3ki =3 — ki, vunmu k; =— . [logcraBuB k7 = — , monyunm: y — / = — (x + 2) uma x —

2y + 4 = (0 — uCKOMO€E ypaBHEHHE MPAMOMU.
OOmiee ypasuenue npamoii: Ax+By+C=0, roe A, B, C — npou3BOAEHEIEC YK CIA.
OueBngHo, A 1 B HE MOTYT OBITE OTHOBPEMEHHO PABHBI HYIIIO.
X y

YpaBHEHUNE IPAMOM B OTPE3KaAX: — + e 1, rme a, b — BeMMYMHEL OTPE3KOB,
a

OTCCKACMEBIX HpHMUﬁ Hd KOOPAHHATHEBIX OCAX.

3ameuanue. [Ipamas muHua B OTpe3kax OTCEKAET OT KOOPOUHATHOTO yIJiIa

|
MPAMOYTOJIEHBIA TPEYTOJIBHUK, IIIOMIAAb KOTOPOTO ONpenemeTcs (popmynon S, = E|£I||b| ,

[Ipumep. /lana npamas 5x-3y-30=0. Hairtu mnomane TpeyroasHUKA, OTCEKAEMOTO
IPsAMOUN OT KOOPAMHATHEIX OCEH.

Pemenue. 3amimieM ypaBHEHUE MPAMOM B OTPE3KAX, PA3AEINUB BCE UIEHEI JAHHOTO

ypaBHeHuUs Ha 30: % — % = 1. U3 ypaBnenusa BugHo, uto a=6;b=-10. CnemosaremsHo,

s, =é\6||—10| - 30 xp.en.

Hopmansnoe ypaBuenue npamoit: xcos@+ ysinf- P =0, rae 0 - yroi, KOTOPEIH
oOpasyer npAamMas C MOJIOKUTENBHEIM HAmpasieHuem ocu OX.

[Tpumep. /lano ypasuenue npsamoit 5x — 12y + 26 = 0. [IpuBecTtn kK HOpMATEHOMY BUAY.

Pemenwue. /i1 mepexona or 00mero ypaBHEHUA OPAMOH K HOPMAITEHOMY HEOOX0OUMO 00€

I
+ A2+ B>

3HAK BEIOMpAeTCsa MPOTUBOMONO0KHEIM 3HaKy C. B mannom ypaBuennm A=5, B=-12, C=26.
Tak kak C>0, TO HOpMUPYIOILIMY MHOKHUTEIL OEPEM CO 3HAKOM MUHYC, T.€.

JacTH 00MIEro ypaBHEHNU S YMHOKUTE HA HOPMUPYIOIIUN MHOKUTENL M =

1 1 1
M =— = —— . YMHO)UB HAa M = —— QaHHOE YpPaBHEHHE, MOTYUIHM:
+425+144 13 13
S 12 5 S . 12
——x+—y—2=0 - nopmansHO€ ypaBHEHUE IPAMOIi: cosf= —— , sinf@= — , P =2,
13 13 13 13
y=kx+b,
[TycTe maHer aBe mpsMere P Y1051 MeKIY IBYMS ITPSIMBIMH Ha T1JIOCKOCTH
Y =KX + 0,
k, —k

MOKET OBITH BEIUMCIIEH IO (pOpMyneE: 1gp = — :
1+ k&,

Heo0xoauMBIM 1 TOCTATOYHBEIM Y CJIOBHEM NAPAJIEIBHOCTH ABYX MPAMBIX SABISETCA
paBEHCTBO UX YIIOBBIX KO03((puumenTos: ki=k2. Heodxoqumoe 1 nocratounoe yciaoBueM

MePIICHAPINSTHP T OPAMBIX 3aKIIIOYAECTCS B TOM, 4TO IPOU3BEICHUE UX YIIIOBEIX
Ceprubukar KO P HHIIEEEEOR PaBHO: (sokdsdkale=-1.
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3ameganue. Ecnu ypaBHEeHUsA ABYX NPAMBIX 3a1aHEI B 00miem Buae A1x+B1y+Ci=0 u

A
A2x+B2y+C2=0, T0 yrioBsre KO3(QOUIMEHTE STHX MPAMBIX Oy IyT UMETh BUA: K| = — E' ,
I
A,
ky=——.
2 B,
. A A
1) Ilycte mpamere mapannensHel. Toraa Ki=k: mwnn — = —=, T.e. €CIH B YpaBHEHUAX IBYX

I 2

IPSAMBIX COOTBETCTBYIOMIME KOAPPUITUEHTHI MPHU TEKYIIUX KOOPAUHATAX MPOMOPIMOHATBHEL, TO

MpAMEIE HAPAIETbHEL. ECIM HpH 5TOM MMEEM OTHOIIEHHE 456 , TO MPAMEIE
A? BE CE
COBITANAIOT.
2) Ilycrs mpsiMble meprneHIUKy/IpHEL. TOraa BEIMOIHSETCs paBeHCTBO K, -k, = —1 wm
A A

=—1 wm A1A2 + BiB2 = 0 - 310 ecrb HEOOXOOWMOE M IOCTATOUYHOE YCIOBHE

B, B,
MEPIEHANKYIAPHOCTH ABYX MPIMBIX, YPABHEHUA KOTOPHIX 3a/IaHEI B 00MIEM BUIE.
[Tpumep. /laner ypaBHeHUsA ABYX OpAMBIX: 2X —y +3 =0u 4x — 2y + 5 = 0. Kak
pacmosioxkeHsl 5Tu npameie? 3gecs A1 =2, B =-1, C1=3,A2=4, B, =-2, C2=5. 3nech
2 -1 3
BBIITOJIHAIOTCA COOTHOIIEHUA: — = —— # — , T.€. IPSAMEBIEC APAICITbHEL.
4 -2 5
[Tpumep. /lansr ypaBaenusa aByx opameix 3x —2y + 1 =0 u 2x + 3y +4 =0. Kak
PACIOMI0KEHBI STH NIPSAMBIE?

Pemenue. Bermimem ko3¢ purinenTs! mpu nepemMeHHsix x uy: A1 =3 Br = -2, Ci=1, A2
=2, B2 =3, C2 = 4. PaccMOTpUM BEINOJHEHUE YCIOBUE MEPHEHIUKYIAPHOCTH. UMeem: A1A2
+ B1B2 =32 - 2.3 = 0. Ycnosue BeinonHeHO. Ce10BaTeNnbpHO, TAHHEIE TPAMBIE
MEPIEH IUKYJISPHEL.

YroOr HauTh paccrosHue oT TOUKK Mo(xo,y0) 10 mpsAMON, HEOOXoauMO: | )ypaBHEHHE
OaHHOU OPAMON MPUBECTH K HOPMAITEHOMY BUAY; 2 )ITOICTABUTE BMECTO TEKYIIUX KOOPIMHAT,
KOOPAUHATEL TOUKUA Mo(x0,y0).

ld| = | xocos @+ yosin@ - P|

[Tpumep. Hauru paccrosmue ot touku Mo(-2,3) no opamou 3x — 4y —2 = 0.
Pemenue. I[IpuBogum mgaHHOE ypaBHEHHWE K HOPMAIBHOMY BHIY, VYMHOXas €ro Ha
HOPMHUPYIOIIUHA MHOKHTEb

M = 1 1
3F+4° S
[Tomvaum HOpMATTBEHOE VPABHEHHUE 3 4 2
Ty P yp —x——y——=0-
5 5 5
3 4 2 6 12 2 20
Torma orknonenne d = = . (-2)— —-3—-"=———- " " =_""=_4
AV 5 5 5 5 5 5 5
OTpuniarensHOE 3HAYEHWUE I OTKIOHEHUA d,
Mg*i:-- VKa3bIBAET HA TO, UTO JAHHAS TOYKA Mo( -2.3)
OMYNIEHT JAEKUT OT JAHHOUW MPAMOM C TOH )K€ CTOPOHEL, UTO
ANEKTPOHHOA MO, Hagano koopauHar. Mickomoe paccrosHue
Ceprudmrar:  2C0000043808 88 o e L A e OO eoon0s chel |d|=|-4|=4
Bnaneneu: lLlebayxoea TaTbAHa nekcaHaopoBHa X '
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Bonpocwl u 3aoauu.

3agaua 1. Jlamo oOmiee ypaBHenune mpsamont 3x — 2y + 12=(. CocraBere ypaBHEHHE STOU
OPAMOU C YTIOBEIM KOA(P(PUIIMEHTOM U YPABHEHUE B OTPE3KAX.

3agaua 2. CoCTaBpTe ypaBHEHHE MNPAMOM C YITOBBIM KO3(p¢puimentom k =2, npoxomanien
uepes Touky M(—1;2).

3agaua 3. CocraBbTe YpaBHEHHE NPAMON, TPOXOIANIEH UEPE3 TOUKH MI(Z;I) 151 M2(1 —3).

3anaua 4. Jlano obmee ypaBuenue npamou /2x — 5y — 60 = 0. Hamacars:

1) ypaBHeHME C YyIIOBBEIM KOA(PPULIMEHTOM;

2) ypaBHEHHE B OTPE3KAX;

3) HOpPMAaIBHOE YPaBHEHHUE.
3agaga 5. Ilpamas Ha TJIOCKOCTHM OTCEKAET HA OCAX KOOPAMHAT PABHBEIE IOJIOKHUTEIHHEIE
orpe3ku. COCTaBUTE YPABHEHNE NPAMOU, €CIM IIOMIAAL TPEYTOJIBHUKA, 00Pa30BAHHOTO MPAMOM
C OCAMM KOOPAWHAT, paBHA & KB.E.
3amanus:
1. IlIpoBectu uepe3z Touky mnepecedeHusa npameix x—)y—3=0, 2x+3)—11=0, npamyro,
HapaLIEnsHYI0 TpaMou Sx — 4y — 17 = 0.
2. JIyua cBera, mpoxonammu gepe3 Touky Mi(3,—1), orpaxaerca ot npamon  2x—y-/=0 un nocne
3TOr0 MPOXOUT uepe3 TOuky M2(5,3). Hamicars ypaBHEHUA NMATAIOMIETO U OTPAKEHHOTO JIYUEH.
3. Haitrtu npoexktmro touku M(3;2) na npamyro 3x — 2y + [ = 0.
4. Jlanel BepmmHel TpeyronsHuka: A(3;1), B(-5; -5), C(-1,;4). Haitn ypaBHEHU OUCCEKTPUC €TO
BHYTPEHHET 0 U BHENIHETO YIJIOB ITPH BEPLIMHE A.
5. ansr Bepumnbel TtpeyroneHuka: A(l;-1), B(-2;1) wn ((3;5). CocraBurts ypaBHEHHE
MEPIEHANKYJIAPA, OMYIIEHHOTO U3 BEPIIUHEI A HA MEAWAHY, TPOBENECHHYIO U3 BEPUINHEL B.
6. He BpMHCIAA KOOpPAWMHATEL BEPIIMH TPEYrOIBHMKA, HAMWCATE YPABHEHUA IPAMBIX,
MPOBEACHHBIX YEpe3 HSTH BEPIIMHBI HAPAUIEIRHO MPOTHUBOJIEKANIUM CTOpoHaM. CTOpPOHEI
TPEYTOJILHUKA 3a0aHbl ypaBHEHUAMU: Sx—2y+6=0; 4x—y+3=0 n x+3y—/=0.
7. COCTaBUTE ypaBHEHUE NPAMOM, KOTOpas INMPOXOAWUT depe3 TOouky P(8;6) m orcekaer ot
KOOPAWMHATHOTO yIJIa TPEYTOJbHUK C IIONIAa610, paBHOM 12 KB.€x.
8. CocraBuTh ypaBHEHHE NOPAMOM, MNPOXOAAMIEH dYepe3 TOouky P(-2;3) Ha OOUHAKOBEIX
paccrosHusAx ot Touek A(5; -1)u B(3; 7).
9. Beruncmute paccrosiHue d MEKIY MapaniaeIbHEIMU NPAMEIMU: 3Xx — 4y — 10 = 0; 6x — §y+5=0.
Bonpocsr:
1. aure ompeneneHue yrina Mexay OByMs OpAMmbeIMU. Kak ompepemsercs KOCHHYC yIUId
MEKIY ABYMS MPAMBIMH HA IIOCKOCTH
2. ChopmymapyiTe MPU3HAKKM MTAPALIETEHOCTH U HNEPHEHAUKYIAPHOCTH MPAMBIX, 33TAHHBIX
a) 00mMMH ypaBHEHUAMHU; O0) YPABHEHUAMH C YTIOBEIM KO3 PuiimeHTom.
3. Kak ompenenuts pacCTOsSHME MEXKIOY 4) TOUKOM M OpsAMOH; O) AByMs NapaUieNbHBIMU
IPAMBIMU

A _ B _C

4. MoxKHO M1 CUUTATE YCIOBUE — = — = —— NPU3HAKOM [TAPAJIEIEHOCTU MPAMEIX?

A, B, C,

5. Uro Takoe yrmoBou kKOA(P(PUIIMEHT IMPsAMON HA MIOCKOCTH? 3AMUIINTE YPABHEHUE MPAMOU C
YIIOBEIM KO3(P(pULIIEHTOM.

6. [l KakuX OpAMBIX YTI0BOH KOY(D(PUIMEHT HE ONPENEIIETCA?

7. UccnenoBanue o0miero ypaBHEHUA OPAMOM HA IUIOCKOCTH.

8. Kakoit Bug UMeeT ypaBHEHUE MIPAMON B OTPE3KAX ?

Ipguiibaesk dsnparammna M 5. Oxpyscnocms. Innunc. Funepéona. IMapadona. Obugee
CeprndbPpUCHEHIE AURIES SRTOPOSO NOPIOKA.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Henw: chopmupoBars npejacraBlieHHe o0 YypaBHEHHH KpPUBOH BTOPOTrO TMOpSaKa, YpaBHEHUSX
OKPY3KHOCTH, 3JUTHIICA, THIEPOOILl H MapalboJibl, HAYUATBECS ONpeaeidTh OCHOBHEIE MapaMeTphl KPHBHIX
IO 3aJaHHOMY VpaBHEHHIO.

Teopemuueckasn wacmo
OKpYKHOCTBIO HA3BIBAETCS TEOMETPHUIECKOE MECTO TOUEK, PABHOYJATEHHEIX OT OTHOW U
TOM K€ TOYKH, HAa3eBAEMOM ueHTpoM. KaHOHWUEckOe ypaBHEHHE  OKPYKHOCTH

(x—xﬂ)j +(y— }?ﬂ)j = R* . Ecmn x0 = yo = 0, TO LEHTP OKPYKHOCTH HAXOJUTCA B HAUAIE

KOOPAMHAT M YPABHEHHE UMEET BUI: X~ + y* = R*
[Tpumep. Onpenemmte UEHTP W paguyC  OKPYKHOCTH, JAHHOM  YPaBHEHUEM:
x*+y —=8x+6y+21=0
Pemienue. /lannoe ypaBHEHUE MPEICTABIAET OKPYKHOCTB, TAK KAK OTCYTCTBYET YJEH C

MPOU3BEICHUEM KOOPANHAT U KOA(P(PUIMEHTEI IpU KBAApATaX KOOPAWHAT PABHEI MEKIY COOOM.
[IpuBoguM manHO€ ypaBHEHME K KAHOHWYECKOMY BUay. [l1a HSTOro mepemumieM gaHHOE

ypPaBHEHUE B BUIE:
(x* —8x)+(y  +6y)+21=0 wm
(x> =8x+16)+(y*  +6y+9)+21-16—-9=0 wm
(x—4)Y +(y+3)" =4
OTkyna 3aKiar4daeM, 4To HEHTP OKPYKHOCTH uMmeeT koopauHatel C(4,-3) u R = 2.

DIUANCOM HA3BIBAETCA T€OMETPUUYECKOE MECTO TOUEK, CyMMa PaCCTOAHUM KOTOPBIX 10
OBYX MOAHHBIX TOYEK, HA3BIBAEMBIX (JOKyCaMmH, €CTh BEIWYMHA MNOCTOSHHASA, paBHAA 2a.

7 7

Kanonuueckoe ypasHenne osmminca: > 2 —1. Ecom a = b, TO DUMIC CTaHOBUTCH
a b
OKPYKHOCTBIO.
c
Bennuuna — Ha3pIBAETCA SKCIEHTPUCUTETOM SJUINAINCA U 0003HAUAETCA uepe3 OyKBy ¢ .
a

ﬂ L
[Ipamele x = £ —, DepHeHIUKYIAPHBIE K (POKATBHOM OCH JJUIANCA M OTCTOAIIME HA
g

a
paccTOSHUM — OT €ro LEHTPA, HA3BIBAKOTCA OUPEKTpUCaMu diumnca. (upekTpucsl snmmnca

£
00mamaroT CBOMCTBOM: OTHOIIEHUE pPACCTOSHUN JIFOOOM TOYKM H“mumIca n0 (okyca u
COOTBETCTBYIOMIEH TUPEKTPUCH] €CTh BEIMYUHA MTOCTOSHHASA, PABHAS YKCIIEHTPUCHTETY.

>
A2 X
OOKYMEHT r:IDJZI,I'IMEﬁH
SNEKTPOHHOWM NOAMNAG
Ceprudukar: 2C0000043E9ABEBRO9E2205E 7BASOOOEO0 3 ey
Bnaneneu lleBGayxoea TateAHa AnexkcaHapoeHa X ==
: ol &
X=- —
£
Nencteutened: ¢ 19.08.2022 no 19.08.2023



[Tpumep. Cropona pomba paBHa 5 u BricoTa 4.8. Uepe3 nBe BEpmIMHBI MPOXOAUT AILIMIIC,
(pOKyCBEI KOTOPOrO COBNAMAIOT C OBYMA APYrUMH BepmmHamu pombOa. COCTaBUTE ypaBHEHUE
3JUIMIICA, TPUHAB QUArOHAIN poM0a 3a OCH KOOPIUHAT.

Pemenne: Ilo ycmoBuro 3amaun AFr=5 u AK=48. Torma mmomans pombda

S =AFrAK = 4,85 = 24.

Ny

A
F> X
>

B

C 1pyroum CTOpPOHEBI, KAaK W3BECTHO, IUIONIAAL pPAaBHA IOJOBUHE HPOU3BEICHU

nuaroHaaeH, T.e. S = éAB -F/F,; no AB=2b, FiF2=2c. Torma S =2bc=24, orkyna

2 2
_1z Tanee, AO° + OF;3 = AFJ,‘? um b° +c¢” =25, CrnenosarensHo, aid OMPEIEICHH ¢
'

HMEEM: ﬁJFE?:zj Wi ¢’ —25¢°+144=0.

C

O603naunm ¢’ =¢ . Torga nmeem: t> —=25t+144 =0 :

25++/625-576 25+7
f;,.::= 5 — 5 ;fl,:163f2:9,

Tak kak ¢ >0, o c1 =3, c2=4. Torma by =4, b2 = 3. U3BecTHO, UTO IJIA SJUIAICA
ﬂz =b£ —f-E’ZHTDr;[a {12 =42 —|—3'2 =25$¢1=5

IE _}12
HMckOMBIMM ypaBHEHUAMHU 3JUTUICA OymyT: +

=/ (ecmn (POKVCEI JI€¥kAaT Ha OCH
25 16 ( oy

2 2
X ?
Ox) u o + }5 =1 (ecmm (okycel mexar Ha ocu Oy).

['umepbomol HA3BIBAETCS TEOMETPUUECKOE MECTO TOYEK IIIOCKOCTH, IS KOTOPBIX
Pa3HOCTL PACCTOAHUU OO0 ABYX TOYEK, HA3BIBAEMBIX q)m{ycamm €CTh BEJIMYMHA MOCTOAHHAS,

paBHas 2a. KaHOHMYeCKO€ ypaBHEHHUE THITEPOOIIHL: Xy _1. Ecimn runep0boia 3agana ceoum

7

a b’

KAHOHUYECKUM YPAaBHEHUEM, TO IVIABHBIMHM OCAMH THNEPOOIEI SBIAIOTCA OCH KOOPAMHAT, a
LEHTP TUIEPOO0IIEI HAXOUTCA B HAUAIE KOOPIAMHAT.

[TpsamoyroasHuK €O CTOpOHAMH 2a U 2b, paCTIONOKEHHBIN CUMMETPUYHO OTHOCUTEIBHO

OCeHd TUIepOONBl U KACAIMIMKICA €€ B BEPIIMHE, HA3BIBAETCA OCHOBHBIM IMIPAMOYTOJIBHUKOM

runepOoiel. JJaHHBIN TPAMOYTOJIBHUK UMEET BEPIIUHEI B TOUKAX A1 (a, b), A2 (a, -b), Az (-a, -b),

A4 (-a, b). Jlnaroname OCHOBHOIO NPAMOYTOJIEHUKA HA3BIBAIOTCA ACUMITOTAMU THIIEPOOJIEL

YpaBHEHUS ACUMOTOT UMEIOT BUL: y = EI My = _EI,

| a

HPHMMEHHIQHHHGA HIEPICHANKYPHBIE K (pOKaATBHOU OCH THUIEPOONBI U OTCTOAIIME HA
ANEKTPOHHOW MORFINCh

Ceprudomkar: 2C0000043E9ABBESS52205E7BAS00060000043E

PnenenYa ce TG T&b’“ﬁaf’:‘éé"ﬁéﬂﬁiﬂﬁ, HA3BIBAIOTCA TUPEKTPUCAMU THITEPOOJIEI.
£
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|'.__ 1Tl 1

[Tapabomon Ha3BIBAETCA TEOMETPUYECKOE MECTO TOYEK IUIOCKOCTH, PABHOCTOANIMX OT
OOHOM TOYKHW, HA3BIBAEMOM (POKYyCOM, M HAHHOM TMPSAMOM, HA3BIBAEMOW OUPEKTPHUCOM.

2
Kanonuueckoe ypasHeHue napabonsr: ¥y~ = 2pXx.

Bonpocwel u 3aoauu.
Bamaua 1. Jlamo ypasmenue ommrnca: 25x% + 169y’ = 4225. BuuMcIdTE IIMHEL  OCEH,
KOOPAUHATEL (DOKYCOB M 3KCLIEHTPUCHTET DJLIHUIICA.

2 FE

a.r b L
3agada 2. B s;umne —— =~ = | BOMCAH NPABUILHEIN (PABHOCTOPOHHUN) TPEYT ONBHUK, OTHA U3
36 9
BEPIIMH KOTOPOTrO COBHANAET C IPABOM BEpMIMHOM Oompmon ocu. Haltm xkoopauHaTel ABYX
OPYTUX BEPUIMH TPEYTOIBHUKA.

2 2
3amaga 3. B smmume 242 —; BmiIcaH MPAMOYrOJBHUK, ABE MPOTHBOMOJIOKHBIE CTOPOHEI
49 24
KOTOPOTO MPOXOAAT gpe3 (POKYCH. BEIUMCINTE II0N1aae STOTO MPAMOYTOJIBHUKA.
2 2
X y
3anaua 4. Ha runepOone —2 5 - —2 p =1 p3gra Touxa, abermcca KOoTOpou paBHa 10 n opaunara
MOJIOKUTENbHA. BEIIUCINTE (pOKATBEHEIE paquyC-BEKTOPBI 3TOH TOUKH M YTOJI MEKIY HAMMU.
52 2
3amaua 5. CocTaBuTh ypaBHEHHE KACATEILHON K smumncy — + <5 =1 B Touke Mo(xo,y0).
a

3agadua 6. Beraumcaute mapamMerp mnapaOomnbl y‘g = 2pX, €CIM W3BECTHO, YTO OHA KAaCAETCH
opsaMon x —2y+5 =0.

3agaua 7. MocroBas apka umeer (opmy mapadbonsl. Onpenemurs mapamMerp 3Tou mapadosl,
3HAadA, 4TO MPOJET apKu paBeH 24 M, a BeICOTA — 6 M.
3agaua 8. Ctpys BoObl, BeIOpaceiBaeMasa (poHranom, nmpuHAMAET (PopMy mapalOoiiel, mapaMmerp
kotopou p = 0,1 m. OnpenenuTts BEICOTY CTPYH, €CIAM W3BECTHO, YTO OHA Magaer B OacCelH Ha
paccrosHue 2 M 0T MECTA BBIXOIA.
Bonpocsr.

l. 3amamure o0mniee ypaBHEHUE KPUBOM BTOPOTO MOPSIKA.

2. Uro Takoe OKpy’KHOCTB? 3amummWTe KAHOHUYECKOE YypaBHEHHE OKpyx)HOCTH. Kakue
0COOEHHOCTH MMEET 001Iee YPABHEHUE OKPYKHOCTH?

3. JlaiTe ompeneneHue SIIUIICA. 3ANUMINTE €ro KaHOHWYECKoe ypaBHeHue. [Iposenure ¢

MOMOIIBIO/RARCHNI@UKROPY YPaBHEHUSA HCCIEN0BAHNE () OPMBI SJIJIMIICA.
SNEKTPOHHOW NOAnUcChb

+ 4o tT0,TAKO DKCUEHTPUCHTET, M TUPEKT PHCBI SILTHIICA?

Bragenew:  Sief Kﬂﬁﬂﬂpﬂﬂ@ﬂﬂmﬂﬂ@ﬂ KaJIBHEIE PAINYCHI 3JLTUICA?

NelcTeUTe
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6. [laiite ompeneneHue runepOONBl. 3aMUIINTE KAHOHMYECKOE YpPAaBHEHHE TUIEpPOOIEI.
Kakas runep0o1a Ha3sIBAETCA CONPAKEHHON TAHHOM?

7. Cpenanre ueprex runep0Oossl. Hanummre ypaBHEHUS aCUMITOT THIIEPOOIIEL.

8. Haurte ompeneneHue mapaOonbel. 3amuMINTE KAHOHWUYECKOE ypaBHEHHE mapabomel. YTto
TAKO€ mapaMeTp nmapadoiusr?

Ilpaxkmuueckaa pavoma Ne 6. Odugee ypasnenue niockocmu. Ypasuenue niocKkocmu
¢ ompeskax. Hopmanvnoe ypasnenue niockocmu. Paccmoanue om mouku 00 njioCKocmu.
Yeon mescoy ogyma naockocmamu. Ycnoeusn napanienvHocmu u nepneHOUKYAAPHOCHU
08yxX naocCKocmeil.

Ienw: chopmupoBars NpeacTaBleHHe O pa3IMUHBIX crocobax 3amaHud IUIOCKOCTH, HAYYHTHCS
ONpeaellsSTh pPacIOJO¥KeHHe IUIOCKOCTH B IPOCTPAHCTBE MO 3aJaHHOMY VpaBHEHHIO, PACCTOSHHE OT
TOUKH 0 ITOCKOCTH, YTOJ MEXKIY ABYMS IIIOCKOCTSIMH.

Teopemuueckasn uacmbo
Ecm (ukcupoBana mpou3BOIbHAS OEKAPTOBA MPAMOYTOJbHAS CHCTEMA KOOPOWHAT, TO
NI0CKOCTE (F) ompenenserca ypaBHEHUEM IIEPBOM CTEMEHHM OTHOCHUTEILHO COBOKYITHOCTH
MEPEMEHHBIX X, V, Z
O0mee ypaBuenue minockoctu: Ax + By + Cz + D = 0, roe

A, B, C, D npou3BOnbHEIE TIOCTOAHHEIE, TPHYEM XOTS OBl OTHO W3 T T(A.B.C)H
gucen A, B, C ormuuno or nyma, Bexkrop M = {A, B, C} / | /
MEPIEHINKY IS PHBIH TAHHOU IUIOCKOCTH, HA3BIBAETCS

HOPMAIBHBIM BEKTOPOM IIOCKOCTH.
Yacrheie cnyuan 00mIero ypaBHEHUs IIOCKOCTH.:

L. CBOOOIHEIN UIECH PABEH HYMIIO, T. €. | MJIOCKOCTE MPOXOAUT Y€PE3 HAYAI0 KOOPAUHAT
D=0: Ax+By+(Cz=

2. Oy 13 K03(pOUITMEHTOB OPH TEKYIMX KOOpAUHATAX paBeH 0 u

a) D # (0, Torga mioCKOCTh MAPAIIEIbHA COOTBETCTBYIONIEN KOOPAMHATHON OCH:

A=0, mocoa By+Cz+D=0 MJI0CKOCTh MapainensHa ocu Ox

B=0, mozoa Ax+Cz+D=0 MJI0CKOCTh MapainensHa ocu Oy

C=0, mozoa Ax+By+D=0 MJI0CKOCTh MapaienbHa ocu 0z

0) D =0, Torga mioCKOCTh MPOXOAUT YEPE3 COOTBETCTBYIONIYIO KOOPAUHATHYIO OCh:

A=0, mocoa By+(Cz=10 MJI0CKOCTh MPOXOAUT uepe3 0cb Ox

B=0, mozoa Ax+Cz=0 MJI0CKOCTh MPOXOAUT uepe3 0cb Oy

C=0, mocoa Ax+ By=90 MJI0CKOCTh MPOXOAUT uepe3 0Cb 07

3. JIBa ko3 puiireHTa Ipu TEKYILHUX KOOpAUHATAX paBHEL O 1

a) D # (), Torga ruoCKOCTh MAPaUIeIbHA COOTBETCTBYIONIEN KOOPAUHATHOH IUIOCKOCTH:

B=0, C=0, moecda Ax+ D=0 MJIO0CKOCTh MApauie€nbHa IUIOCKOCTH (yz (MEPIEHIUKYIAPHA
ocu Ox)

A=0, C=0, moecoa By+D=0 MJIOCKOCTh MAapaJUIENbHA IUIOCKOCTH (Oxz (MEPNEHIUKYIISAPHA
ocu Oy)

A=0, B=0, mozoa Cz+D=0 MJI0CKOCTh HAPALIENEHA MIOCKOCTH Oxy (NMEpHEeHIUKYIAPHA
ocu 0z)

0) D=0 ckOGARY HEQPAACTD COBMATACT C COOTBETCTBYIONMIEH KOOPAMHATHOM MIOCKOCTRIO:

B=0,C=0, rﬁﬂﬁ@ﬁjﬁ”@%'ﬁﬁbﬁ 0 ypaBHEHHE TTOCKOCTH OY7

AdaC Lﬂﬁﬁim«:}m&y pme&mmaya— 0 | ypasremue miockoct Oxz

A=0,B=0, mozda Cz=0um z=0 ypaBHEHHE ILTOCKOCTH OXy

NercTenTeneH: ¢ 19.08.2022 no 19.08.2023
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Pa3nuuHbIe BUABI YPABHEHUH IUIOCKOCTH

1. VYpaBHeHuME MI0CKOCTU B OTPE3KAX
[IycTp mmoCKOCTH HE MNPOXOAWT YEpe3 HAUAIO0 KOOPAMHAT, a OTCEKAeT OT OCeH

KOOPAMHAT COOTBETCTBEHHO OTPE3KU d, b, ¢, T. €. INIOCKOCTh NpoxXoauT uepes touku M(a,0,0),
N(0,b,0) u R(0,0,c).

s I '}, Z
Vpasuenue Takoi miockocTu: — T I +—=1,
d C

2. Hopmamsnoe ypaBHenue miockoctu: XCOSA + y COS P+zcosy—P=0.

3. YpaBHEHHE NMIOCKOCTH, MPOXOOANIEN YEPE3 TAHHYIO TOUKY: A (X - Xo) + B (y - yo) +
C(z-20) =0

4. YpaBHEHHE IUIOCKOCTH, NPOXONAMIEN YEepe3 TpU OaHHbIe TOUKWM  Mi(x1,y1,21),
M2(x2,y2,z2), M3(x3,y3,23), HE JIEKANIAE HA OTHOU OPAMOU:
X=X Y= <4

(MM -MM,)-MM,)=\|x,=x, Y=Y 2,-4=0,

=

a

Ay —X V3TN 4374

[Tpumep. CocraBure ypaBHEHHUE MIIOCKOCTH, MPOXOaAmen yepes Tpu touku A(2,1,3), B(1,0,4) n

C(l,1,5).

Pemrenue.

x=2 y—1 z—3 |x—=2 y—1 z—3

1-2 0-1 4-3=| -1 -1 ==2(x=2)-1(y=1)—-1(z=3)+2(y—-1)=
-2 1-1 5-3 — 1 0 2

=-2x+4-y+1-z+3+2yv-2=-2x+y—z+6=0 wm

2x—y+ z—6 =0 —u1CKOMOE YPABHEHHE IUIOCKOCTH.

[TycTe nane! ne mmockocTH (P1) u (P2). Ilycrs nansl ux oOmme ypaBHEHHUS:
Aix + Biy + Ciz+ D1 =0 wu Ax + B2y + C2z + D2 = 0. Y1II0M MEXIY IBYMS IIJIOCKOCTAMHU
Oymem wHaszpiBaTh JH000M M3 OBYX CMEKHBIX [BYTPAHHBIX VYIJIOB, OOpPAa30BAHHBIX HSTHUMH

_ (mn, ) _ A A + BB, +C,C,
mnockoctamu. [Ipu stom COSP = —7—7 = > > > > > = .
\Hl"ﬂg JA1“+B,“+C,“ -JA;-%B;-%C;
OOKYMEHT NoarcAaH
SNEKTPOHHOW Noanuvceo Al Bl Cl
Cepudukar:  ZCONEESEE AP TIETE Ot ThiockocTelt: —, — ,, ~ ~ .
Bnapeneu; llleGayxoea TaTeAHa KCaHapoBHa A - B - C o

=
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Venosue neprenmuxysprocts wiockocreit: A,A, +B,B, +C,C, =0.
Paccrosaue 0T TOUKH Mo(Xo,Vo,20)00 IUIOCKOCTH Ax+ By+ Cz+ D =0:
_|Ax, + By, +Cz, + D|
JA? + B’ +C?

[Tpumep. Berancmte paccroguue ot Touku M(-9,6,6) no miockocru 2x — 6y — 3z +9 =0.

d

2:(-9)-6:6-3-6+9 63 _,

V22 (6> +(=3)> 7
[Tpumep. Hairtu ocTpeIil yroa Mexkay 1o CKOCTSIMU:
Sx-3p+d4z-4=0,(1)
dx-d4p-2z+5=0.(2)
Pewenue: I1o popmyne

Pewenue: d =

oo AA + BB, +CC,
B 2 7 2 2 2 3
B OB e Bl 4 O
mw}_]ﬁﬂz—e\ s 12
S50 29 5458

cosg= 04320, @=a0°04"

Bonpocwel u 3aoauu.
3agaua 1. Jlamer nBe touku Mi(3; -1; 2) n M>2(4; -2; -1). CocTaBUTE ypaBHEHHE IUIOCKOCTH,

Mpoxoaamieli uepes Touky neprnenaukyaapao sekropy M M,

3agaua 2. CoCTaBUTh YpPABHEHHUE IUIOCKOCTH, KOTOpafs TMPOXOAUT UEpe3  TOUKY
Mo(3; -2; -7) nmapaqnenbHO mIOCKOCTH 2x —Z + 5 = 0.

3agaua 3. B myuke mnockocren 2x—3y+z—-3+ A(x+3y+ 2z + 1)=0 HaUTH MIOCKOCTS,
KOTOpas: MpoxXomuT uepe3 Ttouky Mi(l; -2; 3); mapannensHa ocu QOx; mapamiensHa ocu Oy,
mapannenasaa ocu Oz.

3agaua 4. CocTraBuTh ypaBHEHME IUIOCKOCTH, mpoxomamien uepes touky M(0;2; 1) u

NapaLUIEAEHON BEKTOPaM a = {f,' 1; 1?} ub =H,' ],'—]}.

3agaua 5. CoOCTaBUTH YpPAaBHEHHUE IINOCKOCTH, MPOXOMANIEN YEpPEe3 MABE MAHHBIE TOUKH
Mi(x1; y1; zi) m M2(x2; y2; 72) NEPIEHINKYISAPHO JAHHOW MIOCKOCTH.

3amada 6. /IBe rpanu kyba mexar Ha miaocKoCTaX: 2x — 2y + z — 1 = 0 n 2x—2y+z+5= 0.
Brrancimre 00BEM 3TOT0 KyOa.

3anaua 7. COCTaBUTH YPABHEHUE IUIOCKOCTH, MpoxXoaanien uepes oce Oy u touky G(4,2.-5).
3agaua 8. Beraucnours paccrosHue ot Touku M go mmockoctu o, ecmu: 1) M (-2.7.1), o : 2x-
Oy+3z+1=0;

2)M (1,-3.4), a:2x-6y-3z+27=0.

3amaga 9. Hantu BemmauHy OCTPOro yriua MExXIy IUIOCKOCTAMMU:

11x-8y-72-15=0, 4x-10y+2z-2=0; 2) 2x+3y-4z+4=0, 5x-2y+z-3=0.

3apaua 10. Hamucate ypaBHEHHME IUTIOCKOCTH, npoxoaaniend yepes ase touku M1 (0,0.2) u M2
(0,1,0) u obpazyromieit yroa 45 rpagycoB ¢ II0CKOCTei0 OY Z.

NOKYMEHT NOANVCAH
Bompocel i rrontion MOANWUChIO

Ceprudmrar: 12coBAITEHINATS J13BECTHBIC: I3@n: FPABHEHUA ILIOCKOCTH.
Snapeneu.  DLCORCEROHAM T PACEFHEe OT TOYKH 10 TJIOCKOCTH?

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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CepTudukarn

3.

[Tokaxwure, 94T0 BCAKOE YPAaBHEHHE MEPBOM CTENEHH OTHOCHUTEILHO COBOKYITHOCTH

MEPEMEHHBIX X, y, Z OMNPEAEIAECT NIOCKOCTh B NPAMOYTOJBHOM CHCTEME KOOPAMHAT B
TPEXMEPHOM IIPOCTPAHCTBE.

4,
S.

6.

| .Kak onpenemrs BEMMYUHY yIaa MEKIY JIBYMS II0CKOCTAMM
2.Chopmynupyure yCaoBus MapanaeIbHOCTH U NEPHCHINUKYIIPHOCTH IBYX ILIOCKOCTEM.

A B C, D

1 _ — —
3.MO¥HO 5M CUMTATE YCIOBHE = = = OPU3HAKOM MAPAUIENBEHOCTH

A, B, C, D,

= = = =

rtockocTrenn? UTto MOxHO cKazars 00 ATUX IIOCKOCTAX?

4 Kak Brr qymaere, kakoe u3 NPUBEIEHHBIX HUKE YPABHEHHUI COOTBETCTBYET IUIOCKOCTH,
npoxomanien uepe3 Touku M(0,-3,2) u N(5,4.-1) mapanmnemsno ocu Oy: 3x+5z-10 = 0, 3y-
z-10=0, 2x-5y+10 =0, 3x-5z+10=0?

Ilpakmuueckan paboma Ne 7. Ilpaman aunus ¢ npocmpanucmee. Ilapamempuueckue

U KAHOHUYEeCKUe YPaGHeHUA NPAMOU. YpasHenua npamoil, npoxooaiyeii 4epes oee mouKu.
Oowue ypasnenusa npamoii. Yeon mescoy ogyma npamoimu. Paccmoanue om mouku 0o
npamon. Kpamuaiiuwee paccmoanue medxncoy 08ymMsa NpamplMu. Yeon meoncdy npamoii u
NJ10CKOCHIbBIO.

Ilenws: chpopMupoBaTE YMEHUE COCTABIIATE HEOOXOIUMOE YPABHEHHE NMPAMOHU B IPOCTPAHCTBE,
ONpPENEeNIATE IMApaMETPEl MNPAMOW MO YPABHEHWUIO W IMPUMEHAThH YMEHUE UIA PENIEHUA
MPAKTUUECKUX 3a7ad. CPOPMHPOBATE YMEHHME BBIYMCIIATHE YIOJ MEXKIOY OBYMA HPAMBIMH B
MPOCTPAHCTBE, PACCTOAHHUE OT TOYKH A0 NPAMOM, KpPAaTHAWIIEE PAaCCTOAHHUE MEKAY IABYMA
IPAMBIMHA, YIOJI MEKIYy HPAMOM M IUIOCKOCTBIO M INPUMEHATH YMEHUE IIPH PELIEHUN
MPAKTUIECKHNX 34044 MPo(PECCHOHATBEHON IeATETEHOCTH.

Teopemuueckasn vacmo
[Tonoxkenue mpsaMon B TPEXMEPHOM ITPOCTPAHCTBE OYAET BIOJHE ONPENEIEHO, €CIN 3314 IUM

Bnapneneu

Neinct

BT

.
21

HA TIPAMOH OTmpeaeneHHyo Touky Mo mpu momornwm ee paguyc — Bekropa Z, u Bekrop S #0,

KOTOPOMY TIpSMas mapaniensHa. Bektop S mpu 5TOM HAa3BIBAETCS HATPABIISIONICH.

x=x, +tl |

[Tapamerpuueckue ypaBHEHUA OPAMOH B IPOCTPAHCTBE: y = y, + iM ¢, KAHOHUIECKHUE

7=12, +nt

X—Xx, V—-Y¥, Z2-2 . .
YPABHEHMA SR O oA —— = % ypaBHEHMSA MPAMOMH, TPOXOIAIIEH YEPe3 IBE 3aJAHHEIE
SNEKTPOHHOKH NoanuCeLRM n

.
!

::':.:':.:':.:':.:';:'!r%"l_-‘:-".%;":‘“—"f}:: vwe /BApO006000004 2E
. j."l Ve Z
T8 alaral-T8F- 0

TOpfyprona Tarsala Aneut

2H. C

X=X M=V L= g
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Jrobags npaAMas B TPEXMEPHOM TMPOCTPAHCTBE MOKET OBITE BBEIPAKEHA TAKKE

_ |Ax+B,y+C,z+ D, =0, ;
YPABHEHUSMH [IBYX IUIOCKOCTEH: KOTOPEIE OINPEIEndatoT oOlmiee
Ax+B,y+C,z+ D, =0’
ypaBHEHUE MPAMOIl B MPOCTPAHCTBE, €CIIM MIOCKOCTH, OMPENEIIEMBIE STHUMH YPAaBHEHUAMH,
Pa3IMYHEI ¥ HE 1A PAJLIECIIBHEL.

. [2x=-3y+z-5=0,
[Tpumep. /lano oOmiee ypaBHEHIE TPAMOM: .
3x+y—2z-2=0

TpeOyercsa mpuBecTH maHHOE YPAaBHEHHUE K KAHOHMYECKOMYy BUAy. Jlmg 5TOro cHauana
HauIeM TOUKY Mo(Xo,Vo,Z0), TEKAIYIO HA JAHHOU MPSIMOU.
[Tomoxum z=z0=0 B 1 peIIMM CUCTEMY IBYX YPABHEHHH:

2x—3y=35,
Sx+y=2

YMHOKHUB BTOPOE YPABHEHHE HA 3 U CIIOKHUB C IEPBBIM YPABHEHHUEM, ITOJyunM [ [x=11,
x=1. 3 Broporo ypaBuenus y=2—3x=2—-3=—1. Urak, touka M( /,—1,0) naninena.

Haxomum  Hampasmsrommii  Bexktop S8 =[N, [, rtme n,={2;-3;1},

n,={3;1;,-2}.

L, 1, 1
=2 =3 1|=61,+31,+21,+91,—1,+41, =51, +71, + 111,
3 01 2

Utak, Touka Mo(1,—1,0) u S = {5;7; 11} naiinensr. Kanonnueckoe ypaBHEHUE OPAMOM
UMEET BUL:
x—1 vyv+1 z
5 7/ 11
Venom meowcdy ogyma npamvivu B IpOCTpaHCTBE Oyaem HA3bpIBATH JIOOOU U3 YTIOB,

00pa30BAHHBIX ABYMA MNPAMBIMUA, MPOBEIEHHBIMH YE€PE3 IMPOU3BOJILHYK TOUKY MApaUIEIbHO
nanuelM. OueBMOHO, 3@ Yroa @ MEXKAY HOPAMBIMHM MOXKHO B3ATh YyIOJd MEKAY HX

HAIPaBJIAIOMIMMH BEKTOPaMH: E.! = ﬂl,, m,, ”;} 51 fz = ﬂz, m,, n, /. KOCHHYC KOTOPOro
MO’KHO HAUTH N0 (POpMyIIE:
[,l, +mm, +n,n,

+
2 2, 2 2 2, 2
\/ZJ, +m, +n, -\/IE +m;, + N,

XX YTy 273
Yrnom mexay npsaMon = =
[ m n

0 Oynem Ha3eIBaThH MHOO0M U3 OBYX CMEKHEIX YII0B, 00pa30BAHHBIX OPAMOU U €€ NPOEKINEH Ha
MI0CKOCTB.

COSQ =

U IIOCKOCTRIO AX + By + Cz + D =

| Al + Bm + Cn|
A+ B +C* NP +mP +n?

Al+Bm+Cn=0 — ycI0BHE MapanaeabHOCTH MPIMOH M IIOCKOCTH.
AOKYMEHT NQANNCAH
ANEKTPHFIHON GOANKCHIO

COS‘(E— )= Ssine =
15 $)=Sing N

Ceptudpukat:  2CO0T0D4SETABEESS 2205 ELBY PAURIIFTEPIIE HINKY JIAPHOCTH MPAMOU U MIIOCKOCTH.
Bnapneneuy; LUEEJ‘J(DBEI. Takkhna AnfEfcanaposHa
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Bonpocwet u 3adauu.
2x+3y—z—4=0,
3amaua 1. CocraBure mnapaMeTpUUECKHE YPABHEHUA  MPIMBIX:
Ix+5vy+2z+1=0,
x+2y+4z-8=0,
6x+3y+2z—-18=0.
X+ y+z+1=0
3amaua 2. OnpenenuTs KOOPAWHATEI HAMIPABIIAIOMIET O BEKTOPA MPAMON 1) , ) O;
X+y—z =
2x+y—2z+5=0 3) C 3x—y+7z-1=0
3x+2y+4z+7=0

3agada 3. BeraucauTs KOCHHYC yTia MEKIY MTPAMBIMU:

2)

—x+2y+11z45=0

1 1 (x=5t—4 , s (x=1-3
x-1_ y+1 z x=-2 'y z-
1 = - = — ) = —2t X 2 === =35t+1 ;
)T T s T e T
[ z=—1+1 (Z=—1+2
; l . (x=2r—1 l s l (x=—1+1
— p_l_ E_ — }.}. —
3)I =2 = uqy=-3t+2; 4)‘I =2 =Z—H~<y=2r+l.
1 2 1 S 3 -2
z=—-t+4 =35

LS Y

|
|
=
—
=
o
P
-
o
]
,-_]
=
-
+
"t
:“:q
L)
I
>

. . x—1
3amada 4. Hairtu TOUKy nepecedeHus npamMou Ew

Bonpocsr.
l. 3amumwure m3BecTHeie BaMm ypaBHEHUA OpPAMOM TUHUH B IPOCTPAHCTRBE.
2. UTo0 Takoe HAMpPaBISAIONIUN BEKTOP IPAMO?
3. Kak onpenemuTs KOOPAWHATHEI HANPABIAIONIEr0 BEKTOpA OpPAMOW MmO o00memy ee
yPAaBHEHUIO?

4. Kak npeo0Opa3zoBaTte 00mniee ypaBHEHUE NPAMOU K KAHOHUIECKOMY ?

5. Kak onpenemiTs yroa MexXIy IBYMS MPSIMBIMU B MPOCTPAHCTBE?

6. KaxoBBI yCI0BUA MAPALIEIEHOCTH U NEPIEHIUKYIAPHOCTH JBYX IMPAMBIX B TPEXMEPHOM
IpPOCTPAHCTBE?

7. Kak HalTu TOUKy mEepECEUEHNS MPAMOH U MIOCKOCTH B TPEXMEPHOM HNPOCTPAHCTBE?

8. Chopmynupyure yCIOBUA MNAPAIENEHOCTH MW NEPHEHAUKYIAPHOCTH HOPAMOM U

I[MJIOCKOCTH.

Ilpaxkmuueckaa pavoma Ne 8. Ilpouseoonvie HeKoOmMOpvIX 371eMeHMAPHBIX GYHKIUU.
Ocnoenvie npasuna oughgpepenyuposanusn. lugppepenyuposanue ciosicnoit u odopamuoi
AN INTITITA
Ilens: chopmMupoBaTE YMEHNUE BBIUUCIATE MPOMU3BOIHBEIE SJIEMEHTAPHBIX (PYHKIIMM, CIOKHOU M
oOpatHOM (YHKIIMM W NOPUMEHATE YMEHHE TIPU  PEIIEHWM MOPAKTHYECKUX  3a1ad
Ipo(PeCCHOHATEHOMN IEATETEHOCTH.

Teopemuueckasn wacmo
[TpaBuna BeIauCIEHNA TPOU3BOAHEIX, CBA3AHHEBIE C APU(PMETUUECKUMH JEUCTBUAMU HAJ

(P YHKITIIMH.

I. HlocmosarHubli MHOMCUMENL MOMCHO BbIHECMU 34 3HAK NPOoU3Bo0HOoU. HHbiMu crogamu,

/ w
eciu qbyHH&ﬂ@MgH?,@hﬁ),Meem 8 Mmoyke X HPOU3600HYI0 U , MO 6 IMOoU MOoUKe
ANEKTPOHHOWM MOANMCHIO /
; T
Cepruchukar:  2C0000043E9ABBBI52205E7BA500060000043€ (Cu) =Cu'  (C = const).

Bnaneneu: e Ha AnekcaHapoBHa
HpiEp
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r r

y =5co0s X, y' =(5cos x) =5(cos x) =—3sin x.
Il. Ilpouseoonas om aneceHpauveckol cyMmbl 08VX (DYHKYUll paesHa aicebpauieckou
CYMMe NPOU3BOOHBIX OM 3MUX DVHKYULU.
bonee Touno: ecnu GpyHkum 1 = qo().:) Hy= w(x) UMEIOT B TOYKE X INPOH3BOIHEIE, TO

F

(uiv) = +v'.
[Tpumep

y=x —-3x" +2x-1,
y = (.xj )I — (3.172 )I + (ZJE)r — (1)r =5x" —6x+2.
. Eciu cyuxyuu u= rp(x) u v= ;s/(x) uMerom 6 Mmoyke X NpOou3800Hble, MO
cnpaeeoiuea popmyia

F

(wv) =u'v+uv'.

[Tpumep
y= (.:!n:2 — SI)SiI] X,

y'= (.xz — 3.1:) sin x + (.:xf1 — 3.:!::Isi1:1 .x)r =(2x—3)sin x + (.xz —3x)ms X.

[Tpumep

y= (.x— l)(x— Zx.x— 3),
¥ =(x—=2)x=3)+(x-1)x-3)+(x—1)}x-2)
V. Eciu ¢yukyuu U = go(x) uv= i,u(x ) uMerom 8 moyke X Hpou3BOOHble, npuyeM 6

smoit mouke V #0, mo cnpaseonusa popmyna
f

’ f
I Hv—uv
— j— 2 .
V Vv

[Tpumep
x+1 .

y= —1 B coorBercrBum ¢ popMynON HAXO UM
...1: —_

,_(x+l)r(x—l)—(x+lx.x—l)r: -2 ¥
y = (I_l)g (.x—l)z ( il),

[Tpu BEIUHMCIEHUM TPOU3BOIHON (PYHKITHH TIE1€CO00PA3HO MOMB30BATHCA CIETYIOTITHMA
(popmymnamu:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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i LF F '
§=—; Y =——-u (@— nocToAHHAR BEJIHYHHA);
3

y=us y =" u
(n — mofoe FeHCTBHTENBHOE YHCM0)

1 ;
= f == i,
y=u0% ¢ =a*-lna-u'; g=¢% ¢ =e*u’; a=>0, a+l;
- ] 'r_ll , . w
y = log,u; = |0gee = ——
5 r 1 Fa
y=Inu, y = —uj;
y = sinu; y' = cosu - u';
= Cosu; g'z-ﬂiﬂﬂ'ﬂ-r;
1 :.
H:‘tg”';_ y = costu _
, | "y
y=ciga, ¥ == sima®
f = sec i’ y =secutgu - u"
§j = COSEC U; -y = —cosecu -efgu - 4';
, 1 .
= aresinu; 1'%
-y ¥ H Fl_ul : |
y = arccos u; § = — o u';
I — ut
1
i = arcig u; EIE]—_F&THE';
' 1 '
y = arcctg u; ¥ =—T1xrmh

[lycte maner (yHknma f(u,) aprymeHra U u (PyHKIHA go(x) aprymenra X. C ux
MOMOILBIO MOKHO 00pa30BaTe CI0KHYIO (PYHKIIAIO

f@(x))

apryMeHTa X . B 3Tom cimydae roBOpAT, 4TO MBI «B3sJIU (PYHKIMIO OT (DYHKIMWY WM MTPOU3BEIH
«Cynepno3uipro» (QpyHknmii. TOUHBIM CMBICA TAKOB: IO 3aIaHHOMY X HAXOAUTCS YUCIIO gt?(x);

3TO YUCIO OEepercss B KAueCTBE 3HAUCHMS apryMEHTa i (PYHKIMH f(u); TO, UTO OPH STOM
MOJIYUUTCA, U €CTh 3HAUEHHE f(gﬂ(x)) U1 JAHHOTO X .
['oBopaT enie, uT0 (PyHKIMA f((ﬂ(x)) NOJIYy4aeTCA U3 f(u) C MOMOMIBI0 MOJACTAHOBKHU
o(x)
[Ipumep y = w’. Ecmm B3aTe u=x" —3x +1, TO momyuMM CIOKHYIO (PYHKIHIO
y=(.3s:2 —3x+1)3.
[Tpumep Y =\/;, u=2—x.Torna y=+2—x.
1 1

——, u=smx. Torna y=
U+ |u

u

[Ipumep y =

SIn x + ‘Sil‘l x‘

Y CTaHOBUM BaKHYIO TEOPEMY, MO3BOJIAIONIYI0 BECEMA MPOCTO BBEIUHUCIATH MPOU3BOIHEIE
CIOHBIX (DYHKIIHH.

Teopema. Ilycts y = f(u), roe U =(D(x). Ecnu gns COOTBETCTBYIOMIMX APYT APYTY

v f f
3HAUEHMH U W X CYINIECTBYIOT KOHEYHLIE MPOU3BOIHBIE | (M) U U, TO CYIIECTBYET H

] ] ]
KOHEUHAasA Jﬂﬁﬁﬁ"fﬁﬁ Eﬁ%'ﬂ'w}-‘ o X, OpHUIEM y=f (u)u , T.
SNEKTPOHHO OaNMNnCh -
Ceprvdo@xar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnapneneu Ulebayxoea TaTeRAHa AnexcadaopoBHa
| dy dydu

dx du dx’

41
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,
[Tpumep ( 1+ x )S [Tonoxum y=u, u=1+x"

y' =5u’u —5(1+,r T(l+x )—IU.I(I—I—I ) .

[Mpumep y =sin3x,T.e. y=sinu,rae u=3x.y =cosuu’=cos3x-(3x) =3cos3x.

B cayuae cnoxHOM (PyHKIINM, MTOJTYUEHHOU B PE3YIBTATE HECKOIbKUX CYTIEPIIO3ULIH,

MPOU3BOIHASL HAXOIUTCA TTOBTOPHBIM ITPUMEHEHUEM (POPMYIIBI HECKOIBKO pas.

[Ipumep y=(1+sin2x),
v = 3(1+sin 2x)*(1 + sin 2x) = 3(1+ sin 2x)’ cos 2x(2x) = 6(1+ sin 2x)’ cos 2x.

[lycre mana Qpynkiusa y = f(x) (omHo3HauHasx), £ - ee obmacTe 3amaHust, € - 001aCTh

W3MEHEHU .
Bo3emem kakoe-HUOyae 3HaueHuEe ywu3z oOmactu wu3MeHeHua &£. Ecmm (pynkimsa

y=f (.x) gozpacmarowjas (AN yovlearouyas), TO B3ATOMY Y OTBEUAET JIUIIL OJHO 3HAUEHUE X
u3 E, mis koroporo y =f(x), U TEM CAMBIM MBI ITOJIy4a€M HEKOTOPYI0 OJHO3HAYHYIO
(pyHKIHIO X = g(y)., KOTOPYIO HA3BIBAIOT 00paTHON it PyHKUMU y = f (.1:) Ona umeer cBoeH

001aCThI0 3aTAHIS MHOKECTBO &, a 00acThio m3MeHeHus £ ; £ ¥ & MOMEHSINCE POTTSIMH.
Teopema. Ilycts y=f (.x) U X= g(y) - B3aUMHO OOpaTHBIE, BO3pacCTarOIMeE (WIn
yOBIBaIONIME) U HEMPEPBIBHBIE (PYHKIINN, 3aJaHHBIE B HEKOTOPBIX ITPOMEKyTKax. Eciu B Touke

X CYMIECTBYET KOHEUHAs Mpou3BogHas | (.1?) # (), To B cooTBETCTBYIOMIEH TOUKE Y (PYHKIHSA

g (}’) TAK/KE€ UMEET MPOU3BOIHYIO (ITO Y ), MpU4IeM

|
0= 7
qTO MOJKHO 3aIMUCATHL U TAK:
dx 1
dy Cdy’
dx

Ecmn yHKIMA MEEeT HyJIEBYIO WU OECKOHEYHYIO NPOU3BOIHYIO, TO OOparHas pyHKiusA B
COOTBETCTBYIOMIEH TOUKE UMEET OECKOHEUHYIO WM COOTBETCTBEHHO HYJIEBYIO MNPOU3BOIHYIO.

Bonpocwer u 3aoauu.
3agaua |. Haittu mpomsBognyto (pyHKIMM B TOUKE X=0:

. - .2 . (_ (_, i)j -
: . T ) . Im| 1 —tz | #° sin cox & ,
L flx) - sin (L.L + &* &in :r') , w#E0, g flx) = VL T

|0, =10, L %y 2=

- | 3 .

3 1 . _ t rain— |, &0,

2. flz)= e (:i" COS E) +2x, 0, 5. fle) = [::3"' (.r _"'1; J.) :

0, 2= L T

] .' | |
08 —— : : 14+In{1+ x*s 1, =#0,
3. f(r) = arcsin | o cos : ) , r=, 6. flx) = v i ( = 501 ]j T s
OOKYMEHT ANMCAR .

SNEKTPOHMON TOANKUCLIO 0, x=10.

oo Bapatd 2V Hat T pORsBOAHER Py iikumit

E|'I|_'-.k LllebayxoBa TaTeAH; agapoBHa

1. 1. y=2x +5.x —Tx—4

A —— . A0 Ag 900 1= & ]
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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2. y=x/;

3. y=—ctgx—x

|
4, y=—

X
5. y=4x?
6. y=35sinx+3cos x
7. yzS(rg.x—.x)

1

e’ +1
9. y= 2~
10. y=xvx

3amada 3. Haitty mpOW3BOIHBIE 3aJAHHBIX (DYHKIIHI:
1. y=2v%"_ 3 y=In(r++1+22). 3. y=In"{1-cosm).

8. y=

. 3 (sinx 4 cosxIn 3) sh 2ar
1. y = In{arcsin~/x). 5. 1 . b .
/ { V) Y 1+1n%3 J ch?2r
1
7. 1 = arcsin F . 8. y=arctg3¥". O y=In{l+ vthzx).
e
10, y = lnsm 3 — e

sinx
3ananue 4. BeraucauTe mpon3BOAHYIO (PYHKIIUM
a) _}’ISI + xIn x, B Touke Xy =1;

2 1 —1-
0) ’(x)——xj——x —4x” 4+ 5, B TOUKE xﬂ_l*
R

B)f(,x:) 2.,1?\,/_ .J;BTG'-H{E Iﬂ 4

r) f(x)=4x’+6x+3 B Touke x, =1.

3aganue 5. BeIuucauTe npon3BOIHEIE:

a)
1) y=arcsin5x; 2) y=arcsin} x(x>0); 3) y= arcsinmx;
4) y = arccds by D) y = arccos (1 — x%); 6) y = ar-:,u:as.i .
0)
1} ¥ = arcig bx; 2y = arctg-:?; 3) v = arctg 3x%;
4) y =V arclgx; 5) y= arcctg mx; * 6) arccig T-IE_.-H
B)
1) y = In({ax -+ b); 2) y = In*ux; 3) y = Insinx;
4) y=Inarctgx, D) y= xInux; E}yr-mft.;
T y=Inix+ V1 E ) 8) y = In(In x).
Bompocer
CW%&E@,H&% OPUBOANTNE K TOHATUIO TPOU3BOTHOIM.
) 2 Mﬁ*ﬁ Gpe meAeie HpDHEB(],I[HDH ()YHKIIUM B TOYKE.
Ein:llljtl e Q??E’ IHEQBJ.[%ED@J?EDD BHBIE npaBiia ndQepenmposars.

4 Kaxas ()yHKIIWS HA3EIBAECTCS CIIOKHOM?

PR H 2 (&)Q&gqm% TIpaBUIIA mu(pepeHIIUPOBAHNA CIIOKHON (PyHKITUM.
43



6. Kakasa (pyHkuusa Ha3eIBaeTcsa oOpaTHOM JaHHOU?
7. Kaxossl mpaBuna nuddepentmpoBanus oOparHout G yHKIUN?

Ilpakmuueckan pavoma Ne 9. Bospacmanue u yowvieanue Qynkuuii. IKCmpemym
¢yukyuu. Buinyknocme cpaguxa ¢ynxkuyuu. Touxku nepezuda. Acumnmomut cpaguxa
¢yukuyuu.

Ilenws: cpopMupOBATE YMEHNE NPUMEHATH MPOM3BOAHYIO (DYHKIMM MPHU €€ HCCIETOBAHUM U
mOCTpOeHUH rpaduka.

Teopemuueckasn wacmo
Touku, 6 kKomopwvlx @QyHKYUA uMeem 3KCMpeMyMbl, cledyem UcKkamy cpeou mex
r f r
6HYMPEHHUX MOYeK ee obnacmu 3a0anus, 2oe iubo | (Jr:) =0, oo f (x) =00, qubo | (JC) He

w 2 2/3
cyujecmgyem. Bce oM ciiygan peaym3yroTcs, Hanpumep, aad QyHKoMu V=X, Y = x% ,

y =|x

, K&JK1as1 U3 KOTOPBIX HMEET MUHAMYM Iipu x = (.

Toukn ykazaHHOTO BHAa yCIOBHUMCSH HA3BIBATh KPUTHUECKUMHU TOUkamMu. He B kaxmoon
KPUTUYECKON TOuke o00s3arensHO Oymer skcrpemym. JlencrBurensno, touka x = ( Oymer

KPUTHYECKON IS KAkKAOM W3 (PyHKIUA Y = X’ (y' = 3x° ,v'=0 mpu x=0), y= %/; (

r 1 -2/3
] = —X
773

Crenyromnme TEOPEMBI MO3BOAIOT OMPENEINTE, UMEETCS B JAHHOM KPUTHYECKOM TOYKE
SKCTPEMYM WM HET, U €CIIM UMEETCSA, TO MAKCUMYM MJIA MUHUMY M.

, yr = 00 1pu x=0),

Teopema 1. Ilycmb X,—Kpumuueckas mouka u @QyHKYus f(.x) HenpepuleHa 8 Mol
mouke. Eciu 6 HeKOmopou oKpecmHocmu mouKku X, .

1) fr(x)} 0 npu x< x4 u f'(.x:){ 0 npu x> x,, m. e. npu nepexooe uepes mouky X,
NPOU3BOOH Al MEHACeM 3HAK C NII0CA HA MUHYC, WU

2) fr(x){ 0 npu x< x, u fr(x) >0 npu x< Xx,, m. e. npu nepexode uepes X,
NPOU3BOO0H s MEHACM 3HAK C MUHYCA HA NIOC, Wil

3) npousgoonas He MeHAem 3HaKa npu nepexooe 4epes Xq, mo 6 ciydae 1) umeem mecmo

MakCuMym, 8 ciyuae 2)—MuHuMym, 6 ciyuae 3) 3kcmpemyma Hem.

[Tpumep. f (.IC) = .1:3 —3x+1. Oyuknua Bcrony auddepenmupyema. CremnoBarensHO,

BCE KPUTUUIECKUE TOUKH HAXOOATCA U3 YPABHEHU
f'(x)=3x*-3=0.
Otcroma
x*—1=0, x,=-1, x, =1

— IIBE KPUTHUUECKUE TOUKHU.

) x;=-1. IIpu x < — 1 umeem: fF(I)= 3x" -3> O; mpu x>—1 (mo x<1):
fr(x) < (). CremoBarensHo, B TOUKE X; =—| HMeEET MECTO MakcumyMm.

2) x, =1. Ipu x<1 (o x> —1): f'(x)= 3x* —3<0: mpu x>1 umeem: f’(x)} 0.

CJIE,I[DBHTE‘I[BHD, B TOUKE X, = 1 HMCCT MCCTO MUHUMYM.

Tegpensl FEBBEAICT BEICKA3aTh CIEAYIONINE MTPAKTUIECKH MMOJIE3HEIE COO00paKEHUS.

ﬁEH‘I‘PDHHDH NOANMCHIO f( JC) .
Ceptucomkatr: 2C0 %A%&%&ED ﬂﬂ@ﬁ@ﬂﬂ{%—E&éCKam{H SKCTP EWMGB q)}’HI{U,HH ” Henp EPHBHGH B
BnanenifekOTOPORFTIPOME /KT TREPFITMEIONIEH B HEM KOHEYHOEe MHOKECTBO KPUTHIECKHNX TOYEK.

Haiing Bce kpuTHYECKME TOYKH, PACTOJIOKUM UX B IMTOPAIKE BO3pacTaHus adciucc:
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A<x; <Xy, <..<Xx,,<x,<b (1)

(au b — KOHIIEI pacCMAaTPHBAEMOTO MPOMEKYTKA). B KaskI0M U3 MHTEPBATIOB

(ﬂn-rl)n(xlnxz)r- (-’fn 1»X )(Innb) (2)

CyHIeCTBY€eT KoHeuHasa [ "(.li:) #( (mockomeky BCe Toukm, rne [ (Jr:) =0, f'(.x)= 00 WIM TIE

f f
f (.1:) HE CYMIECTBYET, BOLNUIM B YHUCIO TOYEK X;, X5, ... , X, ). Ilpenmonaras f (x)
HEMIPEPBIBHON B KAXKAOM W3 YACTUUHBIX WHTEPBAIOB (2) — HA MPaKkTUKE 3TO OOBIUHO TaK U
w r
OBIBa€T, — HETPYIHO MPUHTH K BBEIBOAY, 4TO | (x) COXpaHAem 3HAK BHYTPH KakIOT0 TAKOTO

UHTEpBAIA (ecmu OBl fr(.lc) MEHAa 3HAK BHYTPHU KaKOTO-HUOYIbE W3 WHTEPBAJIOB (2), TO MmO

CBOMCTBY HEMPEPBIBHEIX (PYHKIMH OHA OOpamnianacek Obl B HYJIE B HEKOTOPOU GHYMPEHHEU TOUKE
TOTO HWHTEPBATA, UYTO HEBO3MOXKHO). YTOOBI HAWTH STOT 3HAK, OOCTATOYHO, HAMPUMED,
yCTAHOBUTH €TI0 I KAKOM-HUOYIb KOHKpemHOoU TOYKH COOTBETCTBYIONIETO HHTEPBAIA.

B pesymerare uHrepBasiam (2) Oymer COOTBETCTBOBATH HEKOTOPAA IMOCIENOBATEIBEHOCTE
3HAKOB IJIFOC M MUHYC, XaPAaKTep 4€PENOBAHNA KOTOPEIX B CHJIYy TEOPEMEI | ITO3BOJLAET CYIUTE O
HATMYMKA MAaKCUMyMa (CMEHA IUTI0CAa HA MMHYC), MUHMMyMa (CMEHA MHUHYCAa Ha IUIOC) WK 00
OTCYTCTBUHM AKCTPEMyMa (COXPAHEHUE 3HAKA) B COOTBETCTBYIONIUX TOUKAX.

[Tpumep. f (.IC) = (.IC -+ l)2 (.1: —_ 1)3 . @OyHKIMA 3a7aHa W HEOPEPEIBHA BO BCEM

OECKOHEUHOM ITPOMEKYTKE (— 00, GG). Ee mpousBoaHas
Fx)=20+1)x=1) +3(x+1)(x=1)" =(x+1)x =1)*(5x +1)=5(x + 1)(x — 1)3[x+ é} (3)
BCIOAY CYNIECTBYET M KOHEUHA. CII€q0BATENbHO, KPUTHYECKUMHU TOUKAMH Oy IOYT J1ulb TE, OIIA

KOTOPBIX

]

x,=—1,x,=—=, x;=1.
[TpomexyTok 3amanns pyHKIUK TEM CaMBIM pa3ONBAECTCA HA UHTEPBAJIEL

(—D@,—l), —l,—% : —%,1 .,(l,+c:0).

COOTBETCTBYIOMIASA MMOCAENOBATEIFHOCTE 3HAKOB ITPOU3BOTHON UMEET BU]

+,— +, +.
CnemosarensHo, B TOuke X; =—1 QyHKIMA f(x) MMEET MAKCHUMyM, MPHUYEM
1 1 16 216 3456
f(— 1) =(); B Touke X, =—— - MuHHMYM, npuueM f| —— [=——" =— , B TOUKE

5) 25 125 3125
x5 =l skcrpemyma ner.

Teopema 2. [Tyemp 6 kpumuyeckoul mouxe x ¢hyukyus | (x) n pas ouggepernyupyema (n
> 1), npuuem ff(xﬂ)Z f"(xﬂ)z e = f(”']}(xﬂ)z 0, no f(ﬂ}(xﬂ)i 0. Ecru n uemnoe, mo

. (ﬂ}( ) . (ﬂ}( )
HMeem JH%%%%Eﬁ¥%ﬁ Hﬁ]ﬁi I._all‘l d UMCHHO., npu f Iﬂ "::0 HAKCUM VM, le-if .xﬂ }0—

Mmunumy i ECATRE A EE Hoe, mo sxempevyma nem.

CepTucmkar: 2C0000043E9ABEBI52205E 7BA500060000043E
BICKAHWE HAMOOIBIINX U HAMMEHBIINX 3HAYEHUH (PYHKIINH

Bnaneneu: llleGayxoea TaTeAHa Anek
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[lycrs (pynkumsa f(.r) 3aaHa U HENPEPBIBHA B HEKOTOPOM MpoMeEkyTke. Ecau stor

MPOMEKYTOK HE ABIAETCA OTPE3KOM, TO, KAK MBI 3HAEM, CPEIN 3HAYECHUU f(x) MOJKET U HE OBITh

HAUOOJIBIIET0 MM HauMEHbHIETO. OOHAKO MOKHO YyKas3ark MPOCTOM HPU3HAK, KOTOA TAKUE
3HAYEHUS 3aBETOMO CYIIECTBYIOT.

Teopema 3. Eciu 6 dannom npomedcymke umeemcsa eOUHCMBCHHbIU SKCMPEMYM, MO
coomeemcmeyroujee 3HaveHue QyHKyuu 6yoem aubo HaubonbuwumM, 1UbO HAUMEHbUUM, CMOMPS
no momy, 6yoem U mom 3KCMpemym MaKCuMyMom Ui MUHUMYMOM.

Ecim nanOonbliee wMaM HAUMEHBIIEE 3HAUEHUE TOCTUTAETCSA BO 6HVMPEHHEU TOUKE
OTpE3Ka, TO OHO HeoOxodumo OyaeT OOHUM U3 MAKCHMYMOB WJIM MUHUMYMOB U, CI€TOBATEIRHO,
Oymer moCTurarbeCa B OOHOM M3 KPUTHUYECKMX TOYEK. HO OHO MOKET MOCTUTAaThCA U B KOHIIE
orpe3ka. Orcroga Caemyer, 4T0 AJA OTBICKAHWA HAWOOJIBIIEr0 WIM HAUMEHBIIETO 3HAYCHUH

f(.l'(.') AOCTATOYHO CPABHUTE MCKIY co00OHM ee 3HAuUeHUS BO BCeEX KPUTHYCCKMX TOYKAX H B
TOUKAX d H b, Haubonbliee W3 BCEX ITHUX YHUCE 6}’,[[&1" HAUOOTBLIUUM 3HAYEHUEM f(.x-') Ha

OTPE3KC [ﬂ,b], HdUMeHblee U3 DTHX HHCCII JAdCT HAdUMEeHbUee 3HAYEHUE f(JC)

[Tpumep. Dynknmsa f(x)z \f (1 - xEXl + 23:2) uMeeT O00macTei0 CynIeCTBOBAHUSA
orpe3ok [—1,1]. Ee naubonsmee u HauMmeHsIlee 3HAUCHUS, OUEBUIHO, JOCTUTAIOTCS B TEX XK€
TOYKAX, 94T0 W AJA (PYHKIIHH g(x)=(1 —IEXI + 2.1:2) (paccMarpuBaeMON HA YIOMAHYTOM
orpeske). M3 ypaBHenua

g'(x)= —2x(1 +2x° )+ (1 —x* ) 4x = 2.x:(l — 41:2): 0
HAXOOUM X; = 0, Xy = —0.5, X, =().5. B stux Toukax g(x) HUMEEeT 3HAYCHHA .
g(0)=1, g(-0.5)=g(0.5)=1,125.
Ecam cOmoCTaBuM STH 3HAUYEHHS CO 3HAYEHUSIMH B KOHIIAX g(— l) =g (l) =0, To yBHOUM, UTO
HAUOOIBINNUM 3HAYCHUEM JIJIA g(}:) Ha otpeske [—1, 1] oymer 1,125 (mpu x==+0.5), HaumeHbIINM
Oymer O (mpu x== 1). [lna ¢pyHknmm f(x) HAuOOJIBIINM 3HAYECHUEM OyIeT Toraa \/UTS (rmpu
x=+0,5), HaumeHsmmmM — no-npexuemy 0 (mpu x = + 1).
[lycte kpuBas 3amaHa ypaBHEHHUEM V = f(x) 1 B TOYKE C abdcuuccom X, HMEET

KacarenpHy0, HE MapauIeabHyo ocu Oy.
Ecnmu B HEKOTOPOM OKPECTHOCTH TOUKH X, KPHBAA JIEKHUT HAJ 5TOH KaCATEIBHOM, TO

TOBOPAT, UYTO KPHBAA B TOUKE X BBIITYKIA BHU3. AHAIOCUYHO, eciii 6 HCKOMOopou
OKpecmHOCMU Xy KpUBdsl J1eHCUm IO KacamelbHOU, Mo 2060psam, 4o OHA 6 MoYKe X
BBHITYKJI4 BBEPX. ECI B HEKOTOPOM OKPECTHOCTH TOYKH Xy CIIEBA OT X KPUBAA JIE€HKUT IO
OHY CTOPOHY YHOMAHYTON KaCareJIbHOM, a CIipaBa 0T X, — IO APYTYI0 CTOPOHY, TO TOBOPSIT,

4T0 X €CTh MOUYKA nepe2uoa KPUBOu.

Teopema 4. Eciu ¢ mouke X, cyujecmgyem KOHEUHAs NPOU3E00HAA f”(.rn ) npuyem

m "
_‘:-‘F' T T ; ( ){ ¥ Tl
f (.rﬂ) HMEH‘FBU%H%%EH X, kpugas evbinykia 6nus, eciu xHce [ '\X,)<0, mo kpusas evinykia
ANEKTPOHHOW MOAMNMCHIO

8 .
Copribaiaet 2C0000043E9ABBBI52205E7BA500060000043E .
Brageney:  WeeheopemMaSndbicmea | EDI‘) cyuwjecmeyem u KOHe4Ha 6 HEKOMopou OKpecmHOCHU MoYKU

[
.x,n. EC.,-TH f (.H:) MEHACI FHAK HpH HEPEID(?‘E X *—iEpEE‘ mﬂ'-ﬂ{'_]/' .x,n, o Xﬂ—mﬂqf{'{? HEpEEHﬁfi'.
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fr
Ecau oce | (x) 8 OKpeCmHOCmuU X, COXpaHAem 3HAK, mo 6 mo4ke X, nepeauba nem.

[Tpumep. Hatu Toukn mepernda u UCCAEq0BATh XAPAKTEP BBIITYKIJIOCTH KPUBOU
y=x" —3x" +1.Brmuczer: y' =3x" —6x, y" =6x—6. Ypasuenue
y'=6x—6=0 maer x=1.Tpu x<1, oueBnmno, y" <0 (xpuBas BEIMyKIa BBEPX), ECIIN

e Xx>1,10 y" >0 (xpuBas Bemykna Bam3). Touka X =1 aBmaercs Toukoii meperu6a.

OTBICKAHUE ACHMIITOT

[Tycte kpuBas 3amana ypaBHEHHEM V =f(x). Moxer ciayunTeCa, 9To mpu X —» +00
WIM OpU X —> —00 KpPWUBas HEOTPAHWUYEHHO HOPHUOMMKAETCA K HEKOTOPOM (PUKCHPOBAHHOU

OpAMOU Y = kx + b, nazpiBaeMoii acumnmomoil IS TaHHOH KpUBOU. louHee roBops, npauas

v=kx+b nasvieaemcs acumnmomou ons Kpusou y=f(x) opu X —> +00 (Wm npu

x—> —o0), eemn lim [ £(x) = kx —b]=0.

13 BRICKA3aHHOTO ONMPENENEHMNsA CIEAYET, YTO KPpUBAA Y = f(x) UMEET 2OPU3OHMATbHYIO

acumnrory Y =0 torma m TOmeko Torma, korma lim f (x)zb(nm{ COOTBETCTBEHHO IIPH
X =

X —> —00).
Jlns CcymiecTBOBAaHMA HAKIOHHOM ACHMIITOTEL Y = kx + b neobxommmo W TOCTATOUHO,

qTO00Bl CYHIECTBOBAIM KOHEYHBIE Mpenensl lIm AC) =ku lim [f(x) —kx] =b. (Ilpu

X+ X X—>40

k = 0 momyuaem OmATE TOPH30HTAILHYIO ACHMITTOTY.)

[Ipumep. Haritn acuMnIToTel rpauka QyHKIMH Y = X 3};+ 2 ,
X+
r — Tim f(x): . x'+3x+5=l
X+ X X=—>r+o0 X+ l
. .| x® +3x+5
b= lim | f(x)—kx]= lim —x|=2
X400 x>l x+1 |

Cem10BaTeIBHO, UMEETCA ACUMITTOTa (M Ipu X —> 00 mmpu X —> —©): y =x+ 2,
[Ipumep.  Omnpenmenum  HauOomblIEE W HAUMEHBINEE  3HAYEHUA  (PyHKUIUH
f(x)=x"—2x* +3 na orpesxe [-2;1].

Pemenne. @OyHkimsa f(x) HEOmpeprIBHA HA 3adaHHOM OTpe3ke [-2;1], KaKk MHOTOYIEH.

[Tostomy mo Teopeme Beliepmrpacca oHa [OCTHTAET HA HSTOM OTPE3KE HAWMOOMBIIEE U
HAUMEHBIIIEE 3HAYEHMUS.

Haiimem kpuTHdaeckue TOUKH, I 9ero npoauddepeHnupyem QyHKIINO.
fl(x)=4x" —4x=4x(x" —1)

Toroa ff(x)=0,ecm{x=0mx=-1 mmmx=1.

[Toryauumn nBe kputnueckume Toukum x = 0 m x = -1 #Opunammexamme TaHHOMY
npoMeKYTKY [-2;1]. Touka x = 1 He ABIAETCA BHYTPEHHEH U ITOSTOMY HE KPUTHUECKAS.

Brieqpiny 3 ARSHIA QyHKINII HA KOHIIAX MPOMEXKYTKA U B KPUTHIECKIX TOUKAX U
EHﬁEQ}gEB?Wﬁ%MEE?E 1 HAMMEHBIIIEE.

Ceptudmkar: 000004 3E9ABEB952205E7BAS00060000043E

Bnaneneu; llleGayxoea TaTeAHa Anercca:ﬁp(mg) — (—2)4 — 2(—2)2 -+ 3 —_ 16 - 8 -+ 3 — 1 1
f()=1-2+3=2
47
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f0)=3
f(=1)=1-2+3=2

CrenoBarensHo, IE]H} f(x)=f(1)=2, IPa}f f(x)=f(-2)=11.
~2:1 —2:1

Bonpocwl u 3aoauu.

9
3anaua 1. Haiftu 3nauenus X, mpu kotopeix Gpynkuus f( X )=4X + — umeer skcTpeMyMsL.
X
3 48
3amaua 2. Haiitm 3Hauenus X, mpu KoTopeix Gyukmusa f( X ) =3X"~ + — uMeer dKCTpeMyMEL
X

3amada 3. Haittn uHTEpBaIEI MOHOTOHHOTO YOBIBAHUSA (DYHKIIMK Y = x3 + 1,5;1:2 + 2.

.'3{33 2

3amaua 4. Haiftu uHTEpBAIBEI MOHOTOHHOTO YOBIBaHUS PpyHKIK y=— — 2Xx° + 3x + 1.

X a7

3amaua 5. Haiitu mHTEpBAIBI MOHOTOHHOTO YOBIBAHMA (DYHKIIMH Y = — + —— — X.

6 4
2 |
—3x° —-5x—-4
x+1 *
X% +3x—12
x+5 |

3amaua 6. Haiitu ypaBHEHHE HAKJIOHHOM aCUMITTOTHI rpa(uka PyHKIUHE Yy =

3amaua 7. Haiitu ypaBHEHHE HAKJIOHHOM ACUMITTOTHI rpa(uka PyHKIUHE Yy =

3amaua 8. Haiitu Bce kpuTHueckne Toukn PyHkmuu f( X ) = 2% — 6|JC -+ 1‘ +3.

3amaua 9. Haiftu Bce kpuTHUeCKHe TOUKU X PyHKImH f( X )= ;1:2 - 5‘.‘1“ +6.

Bonpoce

1.Chopmynupynre yCanoBUA MOHOTOHHOCTH (PYHKIIUH.

2. Kakne TOYKM HA3BIBAIOTCS CTATMOHAPHBIMU; KPUTHUECKUMA; TOUKAMHA SKCTpPEMyMa?
3. ChopmynupynTe HEOOXOIUMBIE YCIOBUE SKCTPEMYMA.

4. Kakasa (pyHKIIUA HA3BIBACTCS BRIMYKIOH BBEPX (BBIITYKIJIOW BHH3)?

5. Yto Takoe Touka meperuda?

6. ChopmynupyiTe 1OCTATOYHOE YCIOBUE BHIITYKIOCTH BBEPX (BHU3).

7. ChopmynupyiTe HEOOX0AUMOE YCIOBUE TOYKH ITEPErnoa.

8. Uto Takoe acummroTa rpadguka pynknmm? Kakue Buasl acumoroT Ber 3Haere?

9. Kak onpenemiTe HaMM4YUe BEPTUKATLHON ACUMITOTHI?

1

0. B kakoMm ciaygae npsamas Y = kX + b apisercsa HAKI0HHOM acuMIToToH rpadguka ¢ yakimm?

Ilpakmuueckan padoma 10. Tabauua OCHOBHBIX HEONPEOEe1eHHbIX UHMEZPA106.
Ilpocmeiuue ceolicmea HeonpeoeieHHo20 UHmezpaia. Henocpeocmeennoe
UHmMezpuposarue.

Ilenw: cpopMupOBATE YMEHHE HEMTOCPEACTBEHHOTO UHTETPUPOBAHUA (DYHKIIUN C UCITOJIB30BAHUE
MPOCTEUIINX CBOMCTB HMHTETPaJd, IIPUMEHATE IIOJIYYEHHBIE YMEHWA IIPU  PELICHUA
MPAaKTUYECKHUX 3aa4.

T eop emu pe@uast HhadmicH
SNEKTPOHHOW NOANMWUCHIO

CepTudpmkar: EEﬂﬂﬂﬂﬂdSEEABBEBEEEDEE?BAEWEEEEGEEMEEPBDDﬁpa’?'Ha‘E (yHKIW. ;
Brageney  WecSRYHKEHUAR(X) HazpiBaeTcsa neproodpa3Hoii pynkuueii Qpynkumm f(x) Ha orpeske [a,b],

ecnu B JI000M TOYKE 3TOr0 OTpe3Ka BEpHO paBeHCTBO:F'(X) = f(X).
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Hano ormeTuTs, uTO MEPBOOOPA3HBIX I OMHOM M TOW K€ (PYHKIMH MOIKET OBITH
OeckorewHO MHOTO. OHI OyAYT OTIMYATHECSA OPYT OT IPYTa HA HEKOTOPOE MOCTOSHHOE YHCIO.
Fi(x) = F2(x) + C.
HeonpeneneHHbpI UHTETPAJL
HeonpeaenennsiM  #HHTerpajgoM  (gyuknym  f(X) Ha3elBaeTrcs  COBOKYHHOCTE
MEPBOOOPA3HEBIX (DYHKIINI, KOTOPBIE OMPEAEIEHBI COOTHOIIEHUEM:

F(x) + C.

3amCEHIBAIOT: If(x)dx =F(x)+C.

YcnoBueM CyNIECTBOBAHWA HEOIMPENEICHHOTO MHTErpajla HA HEKOTOPOM OTpPE3KE
ABJIAETCS HEMPEPBIBHOCTE (DYHKIIUH HA 5TOM OTPE3KE.
CaoiicTBa:

L[ fodx) = (F+0) = fio:
2. dl[ f(dx)= S0
3. [dF(x)=F(x)+C;

4. (u+v w)dx = Iudx+_[mfr dex TZ€ U, V, W — HEKOTOpEIE (DYHKIMH OT X.
5, j C- f(x)dx=C- j £(x)dx;
1

[Tpumep: J.(IE —2sinx +1)dx = J.xza’x— 2J.Sjllxti¥5+-|.ﬂ?)f= Exj +2cosx+x+C;

Jlns ymoOcTBa 3HAYEHMS HEOTPENETEHHBIX WHTETPATIOB OOJBIIMHCTBA AJIEMEHTAPHBIX
(pyHKIMIT cOOpaHBl B CHENUAIBHEIC TAOMHIEI WHTETPATIOB, KOTOPBIE OBIBAIOT MHOTTA BEChMA
00beMHEIME. B HUX BKTIIOUEHBI pa3TMUHBIE HAWMOOJEE YACTO BCTPEUAONMIMECS KOMOWHAITNW
¢yakmii. Ho OOJMBIMMHCTBO HOPEACTABICHHBIX B HSTHX Tabmmmax (GopMysa  SBIAIOTCA
CIEICTBMSAMU JPYT IPYrd, IMOATOMY HIKE MpuUBEneM TaOIUIy OCHOBHBIX WHTETPAJIOB, C
TOMOMIBEI0 KOTOPOM MOJMKHO IMOMYYHUTH 3HAUCHHS HEOTPEAECTCHHBIX WHTETPATIOB PA3TUIHBIX

(pyHKIWH.
3HAuYEHHUE HNurerpan 3HaueHHUe
Hurterpan
1 ‘rgxdx -In ‘ cosx | +C 0 ‘EI:':I?I e+ C
2 | [ crgxdx In | sinx | + C 10 | [ cos xdx Sinx + C
3 [, x 11 | [ -cosx + C
|a dx a_ . | sin xdx
Ina
4 : | 12 | tex + C
I Edl > —arc.thJrC I dx =%
a +x a a COS™ X
5 dx 1 X+ a 13 | -CLgx + C
j TR — +C _[ ——dx
X" —a 2a |x—a sIn” X
6 - dx \/ 7 1. 14 dx . X
Inlx++x Ta +C J. arcsin— + C
’ \/fiai \/az—f a
7 . L +] 15 |
| xax L+ Co -l I dx ]Ilrg[x “}+C
o+1 COSX 2 4
B RAREEETSIEE e
8 GBNEKTPOHHOW MOAMNUCLIO |p C 16 |
CepTudikar: ﬁgﬂmUDdaEEABBBBEEED5E'FBA5GGGEUGGGL§L; — dx hltg X +C
Bna,u,enqu: Eﬁ}};(DBEI TateAHa AnexkcaHopoBHa SIN X 2
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Merox HEmOCpEACTBEHHOTO HWHTETPUPOBAHUA OCHOBAH HA MPEAMNOIOKEHUH O
BO3MOJKHOM 3HAYEHHH NEPBOOOPA3ZHON (DYHKIUM C FATBHEUIIEH MPOBEPKON ATOTO 3HAYCHUA
ouddepentmpoBanuem. Boobmie, 3amernm, 49T0 AU} PepeHuNpOBAHUE SABIAECTCS MOMIHBIM
WHCTPYMEHTOM MPOBEPKHU PE3yILTATOB UHTET PUPOBAHUA.

PaccmoTpyuM nmpuMeHeHue 5TOT0 METONA Ha IIPUMEPE:

dx
TpeOyercsa navtu 3naueHne narerpana | — . Ha ocHoBe n3BecTHOU (POPMYIIBL
X
o1
o pepeHpoBaAHNA (ln I) = — MOYHO CII€NAaTh BBIBO, UTO MCKOMBIM MHTETPAT PABEH

X
Inx+ C, raoe C — HEI{GTGPGE‘ HOCTOSHHOE uncii0. OaHAKO, C IPYrOu CTOPOHEL

(ln(—x)) =—— ( 1) = —. Takum 00pazom, OKOHIATETEHO MOKHO CIETATEH BEIBOI:

j§=1n|x|+c
X

3aMeTUM, UTO B OT/IMUME OT Au(p(epeHnmupoBanus, Iae 11 HAXOKACHUSI TPOU3BOIHOM
VCITOJIb30BAIMCE YETKME HPUEMBI MU METOIBI, IMPAaBHJIA HAXOKIEHHUSA HPOM3BOIHOM, HAKOHEI
ONpPENEIIEHUE IPOU3BONHOW, IJII WHTETPUPOBAHMUA TAKUE METOABI HENOCTYHHEI. Ecmm mpu
HAX0KICHUM IPOU3BOIHOM MBI IMOJB30BAIMCh, TAK CKA3daTb, KOHCTPYKTUBHBEIMH METOJAMM,
KOTOpEIE, 0a3upysach HA ONPEAEICHHBIX HOPABUIAX, NPUBOOWIM K PE3yJasTary, TO IpH
HAXOKIEHUM TMEPBOOOPA3HOM MNPUXOOUTCS B OCHOBHOM OOUPATBCA HA 3HAHWUA TalIHIl
MPOU3BOJHEIX U MEPBOOOPA3HEIX.

Yro kacaerca Meroma HEMOCPEICTBEHHOTO WHTETPHUPOBAHUA, TO OH IIPUMEHHUM TOJBLKO
711 HEKOTOPEIX BECHEMA OTPAHWYEHHEBIX KIACCOB (PpyHkumu. OyHKUMN, I8 KOTOPBIX MOKHO C
XOOy HAUTH TIEpBOOOpasHyro oueHb Mauo. [losromMy B OOMBIIMHCTBE CIy4aeB OPHUMEHSAIOTCSA
OPYTUE CIIOCOOBI MHTETPUPOBAHUA.
Bonpocwl u 3aoauu:
3amaua |.Haittn HeonpeneneHHee HHTET PaIbL:

1) | (0 — 302 4 5r —4) des
2) § (3 4 5x2—8) (922 4 10x) di; 3) | V' F6 - 2wy

4§ Ve L 7oxde; 5) (VA1 8a2ax; 6) | Ve —cxde.
3amgaua 2. Haittn HeonpeneIeHHbI€ MHTETPAJTHI:

,;.L‘fj:dx 2) jmnr‘“ ) IVI—-—J:‘* 4_:' ri_rf‘t%:‘*m;_

sin 2x Py dx

5) IFJE_:“:tE::dI E]j p_.l_rn'f.t',, 7) j'l,-"’?—ms‘ dx; E}jl.-"l___.?."fl;
0) jsh“rchxil:; 10) j“’f‘*‘? * d.

]fr:tg:
{
3amaga 3. Beruucaurs unTerpaist: 1) I = )
xX+a
. sim X '
2) j.ﬂ—'ndx 3) j‘ —::nsj: E‘

9) jlu'fx: }jlln.‘t- EH 3 X

Eepmqjﬁanpm;}dSEﬂﬂBBEBEEEDEETBAEGGﬂEﬂDGDEdSE

srasenen 1 CRERT ARG MePBBBpasnas pyHxips?

2. UTo0 HaA3BIBAETCA HEOMPENEIEHHBIM HHTETPAIOM?
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3. Ilepeuncnure 0OCHOBHEIE CBOMCTBA HEOMIPEAEIEHHOTO UHTETPAIA.
4. 3amumure mo maMATH TA0MIIly OCHOBHBIX HEOTPEAEIEHHBIX MHTETPATOB.
5. B uem cocrout MeTo HEMOCPEACTBEHHOTO HHTETPUPOBAHMNA

IHpakmuueckan padooma 11.  3amena nepemenHOll 6 HeonpeoeleHHOM UHmezpae.
Humezpuposeanue no wacmam. Humezpuposanue 3nemenmapunix opooei. Humezpupoearue
PauUOHATbHBIX QYHKIUIL.
Ileny: chopMupoBaTE YMEHHE BEIUHUCIATE HEOMPENCIEHHBIM WHTETPANI C MOMOMNIBI0 3aMEHBI
MEPEMEHHOMN M MO 4YACTAM, UHTETPHUPOBATE SJIEMEHTAPHBIE OAPOOM M panMOHANBHEIE (DYHKIUH,
IPUMEHATE ITOTYYCHHBIE YMEHUA IIPU PEIIEHUH MPAKTUIECKUX 3a7a4.
Teopemuueckas uacnbo:

JamMeHa mepeMeHHO B HEOMMPEIEIEHHOM HHTErpase.

Teopema: Ecnu TpeOyercsa HAWTH UHTETPAl j f(x)dx , HO CTOKHO OTBICKATH MTEPBOOOPA3HYIO,
TO C MOMOTIBIO 3aMEHEI X = @(t) u dx = ¢@'(t)dt momygaercs:
[ reodx= [ 1)o@y .
[Tpumep. Haliti HeonpeneneHHbIH HHTETpat Im COS xdx .

Cnenaem 3ameny ¢ = sinx, dt = cosxdt.

j\/Ed: = j:“d: = %:3-"3 +C = %ml"ﬁ x+C.

[Tpumenp. j.x(f + 1)3""251’3:.

5 [
3amena t =x" +1; dt = 2xdx; a’x=2i;l'[cmyqaemz
X
. . 572 2 i 372
Irf‘”jﬁ:ijﬁ”drzi-grﬁ”+C=—r o=tV e
2 2 25 5 5

MHTerpupoBaHne mo yacTaM.
Cnocod 0CHOBAH HA U3BECTHOM (POPMYJIE MPOU3BOAHOM Npou3BeneHU: (uv) = u'v + v'u,
rJI€ U U V — HEKOTOPBIE PyHKIMHU OT X. B nudpepenumnansuon popme: d(uv) = udv + vdu.

[Tpounrerpuposas, nomygaem: Ia’(uv) = IH{Q’F‘FIF&’H , 4 B COOTBETCTBUH C
MPUBEICHHBIMA BEHINIE CBOMCTBAMM HEONMPEIEIEHHOTO MHTETPATIA: UV = Iua’er Im’u TN

Iudv = Uy — Iva’u :

[Tonyunma ¢opmyny HMHTETpUPOBAHMA IO 4YAaCTAM, KOTOpas ITO3BOJIAET HAXOIUTh
WHTETPATBl MHOTHX AJIEMEHTAPHBIX () YHKIH.

-

u=x": dv=sinxdx;

7. 2
[Tpumep. Ix sin xdx = =—X" COSX + I cosx - 2xdx =

du =2xdx; v=-—cosx

u=2x;, dv=-cosxdx; , , , , , .
= . z—x‘ccmsx+2xsmx—_|.smxdx =—x"cosx+2xsinx +2cosx +C.
du=dx; v=smnx

Kak BUIHO, MOCIENOBATENBEHOE NPUMEHEHHUE (POPMYJIBI WHTETPUPOBAHUA IO YACTAM
MO3BOJIAET IMOCTEMNEHHO YIPOCTUTE (DYHKIHUIO U IPUBECTH UHTET P K TAOIMIHOMY .

| . o
- u=e"; du=2edx e . _ -
[Tpumep. Ie cos xdx = _ =e" sinx — _[5111 x-2edx =
dv=cosxdx; v=sinx
AOKYMEHT MOAMWCAH
ANEKTPOHHOW NOANMCHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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g g
{u =e; du=2e’dx

| =e’ sinx— 2[— e’ cosx — I— cosx-2e dx|= e’ sinx +
dv =simxdx; v =-—C0SX;

+2e% cosx — 4_[ cosxe " dx

Bunno, 4ro B pe3ynprare€ MNOBTOPHOTO NPUMEHEHHSA HWHTETPUPOBAHUA IO 4YACTAM
()YHKIIMIO HE yOAI0Ch YIOPOCTUTE K TabmnuunoMy Buny. OmHako, MOCACIHWUNA NOJIYYEHHBIH
UHTErpan HUUEM HE OTIuMdaerca oT ucxomnoro. [Tosromy mepeHecem €ro B JIE€BYIO UacCTh
paBEeHCTBA.

SIE cos xdx = e”* (sinx + 2 cos x)

2x

e’

5

Taxum o0Opazom, unTerpat HaiineH BoooOmie 0e3 mpuMeHEHNU A TA0 UL UHTET PAJIOB.
HuarerpupoBanue r3eMeHTapHBIX I1P00eH.

DJIeMeHTAPHbLIMH HA3BIBAIOTCA APOOU CIEAYIOMIMX YETBIPEX TUIIOB:

J.EEI cosxdx = —(sinx+ 2 cosx) + C.

L. m, N
ax+b ax” +bx+c
1 Mx+ N
IL. : IV, i
(ax+b)" (ax* + bx + ¢)"

m, n — HATypanabHEIE uncna (m = 2, n > 2) u b? — 4ac <0.

[lepBrie aBA THIA MHTETPAIOB OT AEMEHTAPHBIX APOOEN JOBOIHHO MPOCTO MPHUBOIATCA
K TAOJTMUYHBIM ITOICTAHOBKOM t=ax+ b.

L I & ﬂ=lln\sf\+C=111:1\1:;uc+£:'\+(:'.
ax+b a’t a a

T RS (S ——e 1 e
(ax+b)" a’t” a(m-Dt" a(m—1)(ax+b)"

PaccmoTprM METOI MHTErPpUPOBAHNA HYIEMEHTAPHEIX ApoOen Buaa 1.
HMurerpan npoou Buaa Ill moxker OvITe mpencTaBieH B BUIE:

g(l}:—k p)+( _4p

jjAr+B drzj j Z)dr—Aj 2x+p {ﬁ+[B_ApM-j dx
X+ px+gq X"+ px+gq 29X+ px+gq 2 Fx +px+gq
:§ﬁ$f+¢m+ﬂ+[ —%?M' ;ﬁ :—44x+qﬂ+qh—23 A{-
(HE) +(Q_P_') Jag-p’
2 4

2x+ p
-arctg =+C

Vaq-p’

3neces B 00meM BUAE MOKA3aHO NIpUBEaeHUE uHTerpana apoou suaa Il k nsym
TAOTUYHBIM MHTETPATIAM.
Pamﬁﬂm PATPAATCHEHIE YKa3aHHOU BBINIE (DOPMYJIEI HA PUMEPAX.

ﬁﬂElﬂ'F’D CblO
Ceptudomkar: 2C0 B952205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Q4x_ 4 (u=6x—5. du=6dx;
dx:j dx = 5 u+5 p=

_[ Tx—-2 dxzj 84x —24

3x° —5x+4 36x° — 60x + 48 (6x—5)" +23 =
_ 1-[141-{4:70—24du —_I udu _[ du :—ln{u +23)+ 23 arcte U oo
u- +23 u’ +23 u>+23 6 3@ n@

m arcig 6x — 3
J23

2 7
BooOnie roBops, ecnu y TpexusieHa ax” + bx + ¢ Beipaxkenue b” — 4ac >0, To gpods mo
ONPEOECICHUIO HE ABILCTCA SJIEMEHTAPHOM, OJHAKO, TEM HE MEHEE €€ MOKHO HHTETPUPOBATH
yYKAa3aHHEIM BEILIE CIIOCODOM.

= %ln‘%f —60x + 48‘ + +C.

[Tpumep.

— u=x+3;, du=dx; u—15-
J- jSI 3 e J- 5y—3 _ =X U :ISH:.IS 3::1’.{4!—5_[ udu
x +6x—40 (x+3)° —49 x=u-3; u- —49 ut —49
—18_[ au =§1mf—49|— ln“_7|+r:=§1n|f+6x—40\—21n|‘r_4 +C.

u>—49 2 u+7| 2 7 |x+10

[Tpumep.

; =x-—3; du=dx
J- 31:4;4 J~ 3x+4 jdt:{u X u r}zj-3zs+9+4du_3j- udu
x/?—x‘+61: J16— (x—3)° X=u+3; V16— \/16—1.;
+13IJ =316 —u° +13arcsin%+€=—3\/7—f—6:x:+13arcsir1I;3+C.

16 —u’

PaccMmoTpuM Temepes METOIBI UHTErPUPOBAHNS ITpocTenmux apoodeu 1V tuna.
Cnauana paccmorpum gacTHeiM cnydaii npu M =0, N = 1.

dx
Torma wmrTerpan Buma I - — MOJKHO IIyTEM BEIJEIECHUS B 3HAMEHATENE
(ax” + bx+c)
du
MOJTHOTO KBaJApaTa MpeacTaBUThL B BUE I o )” . Cnemaem crnenyroniee npeoOpa3zoBaHue:
u-+s
J' du _IJ‘S—FHE—H B J- J- u”du
(u” +s)" (u” +s)" (u” + S)” N (u” +5)
Bropoi HHTETpa, BXOISIMI B 5TO PABEHCTRBO, ﬁyﬂem OpaTpe Mo 4acTAM.
udu
dv, = , u, =u; du, =du;
(u” +s)"
O0o03HaAUNM: < .
udu 1 _
1}1 - I 2 i - 2 n=1*
(u” +5) 2(n—=D(u”" + )"
u”du U 1 du
_[ 2 H - 2 =1 T J. 2 u—l;
(™ +5s) (2n—2)u" +5) 2n—-27(u"+s)
TERAKAOBHABEHALIET PATTA TIOJTY TAEM:
Ceptudukar: 2C00 GdﬂE&hBBBBEEEDQE A500QgHp00043E 1 1 du
Bnaneneu: LI_IeEa-rj 5 poBHa ) + 5 1 — I 5 "
(u” +s)" (u"+s) " sCn-2)u"+s)" s2n-2)" (u"+s)"
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j- du B U N 2n—3 j- du

(u +5)"  sQn-2)w? +5)""  s(2n—-2)7 W +5)""

[Toryuennas ¢opmyna HaseiBaercsa pekyppeHTHOH. Ecmi mpumenuts ee n-1 pas, to
du

u’ +s
BepHeMcs Teneps kK HHTErpaty OT 3neMeHTapHou npodu Buaa IV B o0miem ciyuae.

[MTOJIYUHUTCA TA0JTMIHEIN HHTCT PaJl j

(u =2ax+b; du=2adx;]
J‘ jl/ﬂ:s:—FN Hcix=(4ﬂ)”j— Mx+ N T — | Ly s
(ax* +bx +c) (2ax+b)> + (dac- b3 |x= S5 s =dac=b;
M(u —b) N
(4&)” j- h (4a)” {MJ- udu N ZQN—ME)]- du :|
(u + 5)" 2a (u” +s)" 2a (u” +s)"

B moayueHHOM pAaBEHCTBE MEPBEI WHTErpall C MOMONILIO MOACTAHOBKU [ = u’ + §

, @ KO BTOPOMY UHTETPAIy IIPUMEHAETCA PACCMOTPEHHAS BBIIIIE

pekyppenTHasa popmya.
HecmoTps Ha Ka)yLIyroCcsa CIOKHOCTh MHTETPUPOBAHMS SJIEMEHTAPHOM ApoOH

Buaa 1V, Ha mpakTHuke ero 1OCTATOYHO JIETKO MPUMEHATE 71 AP00ei ¢ HEOOIBIION CTENEHRIO 11,
4 YHUBEPCAIBLHOCTE M OONIHOCTH MOAXO0IAa AENAET BO3MOKHBIM OUEHB MPOCTYIO PEATH3AlHIO
yTOro Meroaa Ha JBM.

[Tpumep:

u=x-—2; du=dx;
j- j3.:s:+5 ,Ja’.xzj. 3.:;:%;5 iy = =J.3H:r6+?dli=
(x" —4x+7)" (x—2) +3) X=u+2; (u” +3)°

t=u’+3:
:3-‘- :sdu a+llj ja’u __ U : _gj-ﬁ+11 uj N | J- :fiu _
(u™ +3)° (u” +3)° dt =2udu;| 27t 3-2(u"+3) 3-29u" +3

3 1 1u 11 3 11(x—2) 11 x—2
=—-——4+ + arc?rg—Jr C=- + arctg 7

+ C.
2t 6(u*+3) 63 J3 2x*—4x+7) 6(x*—4x+7) P

HMurerpupoBanme panuoHaIbLHEIX () YHKIII.
HurerprpoBanne panuoHaAIBHBIX IPOOEH.
Il Toro, 9TOOBI MPOMHTETPUPOBATH PAIIMOHAIBHYIO APO0E HEOOXOTUMO
Pa3I0XKATh €€ HA DJIEMEHTAPHEIE OPOOH.

QO(x)
P(x)
P(x) koTOpOU mpencTaBneH B BUAE MPOMU3BEACHUSA JTUHEHHBIX M KBAJAPATHUUYHBIX MHOKUTEIEH
(ormMeTuM, 49TO mOOOM MHOTOYJIEH C JEUCTBUTENBHBIMH KOAP(PUIIMEHTAMH MOKET OBITH
NPENCTABIEH B TAKOM BUaE: P(x) = (x - a)”...(x - b)A(x? + px + g)*...(xX° + rx + s)%), TO 914 apoOL

MOJKET OBITE PA3JI0KEHA HA AJIIEMEHTAPHEIE MO CIEAYIOMIEH CXEME:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Teopema: Ecm R(x) = - IPaBUIBHASA PAlMOHANRHASA IpO0b, 3HAMEHATEND
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O(x) 4 N A, A, B, B, B, M, x+ N,

= e ot + el St +—
P(x) x—-a (x—a)’ (x—a)® (x—b) (x—b)’ (x=b)" x"+ px+gq
M,x+ N, M, x+ N, R x+S, R,x+S, R x+S§,
+—2 I _ b+ —2 — + 2 et —
(x“+ px+q)° (x"+px+q)° X +mx+s (xT+rx+s) (x"+rx+s)"

rae Ai, Bi, Mi, Ni, Ri, Si — HEKOTOpEBIE TOCTOAHHBIE BETUIUHEL.
[Ipy wuHTErpMpOBaHMU pAMOHAIBHBIX APO0OEH NPUOEraroT K Pa3JIoKEHUIO
UCXOAHON apoOu Ha sanemenTapHsie. g naxoxaenusa senuunHd Ai, Bi, Mi, Ni, Ri, Si npumenstoT
TAK HA3BIBAEMBIN MeTO]l Heolpe/Je/IeHHbIX KOY(PPUIHEHTOB, CYTh KOTOPOTO COCTOUT B TOM,
4TO JJIA TOTO, YTOOBI ABA MHOTOYIE€HA OBIIN TOKAECTBEHHO PABHEI, HEOOXOIMMO U JOCTATOYHO,

uTOOBI ORI PaBHBEI KOA(P(PUIMEHTEI MPU OAUHAK OBBIX CTEMEHAX X.
[Tpumenenue 5Toro Meroma pacCMOTPHUM HA KOHKPETHOM ITPHUMEPE.

[Tpumep.

Igf —30x* + 28x—88 "

(x> —6x+8)(x*+4)

Tx. (x> =6x+8)(x>+4)=(x-2)(x-4)(x>+4), 10

9x” —30x° +28x —88 _ A N B N Cx+D

(x=2)(x=H(x*+4) x-2 x-4 x*+4
[TpuBoms Kk 00MIEMY 3HAMEHATETIO U MTPHPABHUBAS COOTBETCTBYIONIAE THCITUTETH,

MOy aeM:

Ax —=4)(x* +4)+B(x =2)(x* +4) +(Cx + D)(x* —6x+8) =9x° —30x” + 28x —88
(A+ B+C)x’ +(—44A-2B-6C+ D)x" +(44+4B+8C—-6D)x+(-16A—8B+8D) =
= 9x” —30x* + 28x —88.

(A+B+C=9 (C=9—-A4-B

—44-2B-6C+D =-30 D=-30+44+2B+54— 64— 6B
|44+ 4B+8C —6D =28 |24+2B+4C-3D =14

_164-8B +8D =88 24+B-D=11

(C=9-A4-B (C=9-4-B
D=24-24-4B D=24-24-4B
124+2B+36-44—4B—72+6A4+12B =14 144+10B = 50
24+B-24+24+4B=11 44+5B =35
(C=9-A-B (C=9-A4-B (4=5
D=24-24-4B D=24-24-4B B=3

144+10B = 50 144+10B =50 lc=1
50-10B+58 = 35 B=3 D=2

HUroro:

[ [—der [S2 ge= Stnfr—2]+ 3hnfx — 4+ [ v+ [ > dx =
x—2 x—4 x°+4 x“+4 x°+4

= 51nl.r—2|+3lr1‘.:s:—4|+%ln(f +4)+arcfg§+€.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bna,u,en% llleGayxoea TaTeAHa AnexkcaHgpoBHa
onpocel U 3a0a4u:

3anada |. BeraucanTe MHTErpaHL:
Nencteutened: ¢ 19.08.2022 no 19.08.2023

335



. _/I_: = 1)e” dr. 2. fﬂrt'ﬁin.riir.
3. j x? sin x da. 4. f[r-" +2r + 3)cosrdzx.
x
5. f.rlu.nf;r'. 6. [ e (¥,
sin” T
i- J‘-t':z"' Ccos T da. 8. J[.r"1 arctg x dx.
0. jﬁiﬂ In x daz. 10. f:"re’ﬂ!;r.

3anaua 2. BEIYMCIUTE UHTETPAIIHL:

= noactanoska x=z%);
b1 S{ﬂx+gr’_( ACTAHORKA ¥=7') |
2) I, = ‘[ ,;rr"n"-—:u:i (HGLETEHDBHH X E_z':] .
| dx
3) I;= jsm P4 T (NOACTaHOBKA ::tgx = 3},

3amaua 3. Pa3zmokuTe HA MpoCTEHIIHNE APOOH CAEOYIONINE PAlHOHATBEHEIE OPOOH:
! llx—4
) AT =8
YKazaHue: auam:ume.m PAsTOKHTE HA MHOMHTENH,
2 211 4 41x — 3) ¥ — 2452 — 41x 20
(x—1)l+3 [Jf—"l EI+!}{=+EJ'[I—3JI{-=—?}
4 b2 — Zox - 26 5 Fix - _
) E=NE=BG=5 O moneTH
gy _ 9x'28rf 98
I G—)
3anaua 4.
Brerancimrs:

1) f%",—ﬁ: 2) .[.,_,dfi,,:. 3) L = 4)53*33; 5Jju_g.

3amaua 5.
Beraucimrs:

dx . . dx _ b dx .
) h=f e @ h=Jarer @ b= arhrss

dx ) - dx _ . .
1) f4=51=_g;_-+25' 5) 1y "J‘ﬂﬁhr{-wE'”*"L*‘—x-pm'

3amaua 6.
Beraucimrs:

Jx . X .
1) jﬁ:'—F—'Equ-Il]' 2) S?x=—_-3:+5 '

ax . X .
%) 5 Oxt 4 x4+ 12 7 1) I 6xt 4 7x - 15"

dx
) jﬂ.:*—llx-p'lf'

Bﬂﬁfﬁgﬁﬁ‘ﬁ:r NOAMUCAH

FATEIPRrHO(TEFNNSRP 3aMEH Bl MIEPEMEHHOW B HEONPEAEITEHHOM UHTETPAE.
C COQB043EIABBRIS2205E TBAS0006000004
epTpIaET ZEJ OniniTe yer A HHT HTCrPUPOBAHIS IO 4ACTAM.

Bnaneneu: Eﬁay’xDBa EITI:HHE EHEE

3. B kakux ciyugasax uenecmﬁpasm: IIPUMEHATE METOI HHTETPUPOBAHUA IO ACTAM?

4. dKIE GH HHBLIBHIDT HpﬂCTEHII]]iI‘uﬂ-I'?
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5. Kakaa qpoOr Ha3kIBAETCA palMOHATEHON?

6. Kaxkas parmmonansaas poOb HA3BIBAETCS NPABUIBHOM ?

7. Kak pa3noxuts npaBuiabHYI0 Apo0s HA mpocTernmme?

8. B uem cymHOCTE METOAA HEOTIPEAEIEHHEBIX KO3 (PUineHToB?

IIpakmuueckaa pavoma 12. Cnocoodwt eviuucnenus onpeoeireHnHozo unmezpaia. Qopmyna
Hyviomona-Jleiionuya. 3amena nepemeHHou 6 onpeoejieHHomM unmezpaie. Dopmyna
UHMeZPUPOBAHUA NO HACMAM ¢ ONPedeleHHOM UHm ezpaie.
Ilenws: cpopmupoBaTe YMEHHE BBIYUCIATH ONPENEIECHHBIA WHTETPAI C MOMOMIIBIO (POPMYIIEI
Herorona-Jleibnnna, nCcnomp30BaTe METOA 3aMEHEI IEPEMEHHON U UHTETPUPOBAHUE IT0 JACTSAM,
IPUMEHATH MTOTYYECHHBIE YMEHUS IIPU PEIIEHUH MMPAKTUUIECKUX 3a7a4.
Teopemuueckana uacms:

O0o3naunm m 1 M Hanmensee n HanOOoIbIIEE 3HAYEHUE (PYHKIIUU HA OTpE3Ke [a, b] .

x"-
M o [:_T-‘L_.:.i___l
=/f HL‘\-L -| .
—_— Lo
A S
Wi ™
Y4 TS
_ N,
7 N
\ ,.“' M
T
II|
m
0 a X b X

Pazo0Opem orpesok [a, b] Ha gacTu (He 00A3aTENREHO O IMHAKOBBIE) N TOUKAMM.
X0 < X1 <X2<...<Xn
Torma x1 —xo0=Axi1, X2 — X1 = AX2, ... .Xn — Xn-1 = AXn;
Ha xaxnom 13 moJrydeHHBIX OTPE3KOB HANIEM HAMMEHBIIEE U HANOOJIBIIEE 3HAUCHUE (DYHKIINH.
[X0, X1] = m1, My1; [x1, x2] > m2, M2; ... [Xn-1, Xa] = Ma, Ma.
CocTaBUM CYyMMBIL:

R
S n=miAX1 + meAx2 + ... tmaAxn = Zm!ﬁxé

i=l

S n=MiAXI + M2AX2 + ... + MaAXn = ZM!.QI!.

i=l

HHTEerpAILHONH CYMMOIA.

Cymma § HAa3pIBA€TCA HUKHeH HHTErpajibHOM CyMMOH, a cymma S — BepXHeH

Txk. mi<Mit0o §n < Sn, a mb-a)<Sn< < M(b —a)

BHyTpH Ka)ooro oTpes3ka BEIOEPEM HEKOTOPYIO TOUKY E.
X0< €1 <X1, X1<eg< X2, ... ,Xnl <E&<K Xp.

HajinemesHauersd (yHKOIMM B OTUX TOUYKAX M COCTABUM BBEIPAKEHHE, KOTOPOE

Haamaefﬂ'ﬁ(ﬁﬂ%ﬁiﬁﬂﬁ?ﬁﬁﬁ CYMMoH s (pynkimn £(x) Ha orpeske [a, b].

Ceptudmkar: 2C000004 EFO9ABBBY! yJO0EB000043E

Bnageney, llleGayxoea TaTeAHa A {ApoBHa
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Sn = f(e1)Ax1 + f(€2)Ax2 + ... + f{(€n)AXn = Zf(ei. )Ax,
i=1

Torma moxno 3amucars: midx; <f{ &)Axi < MiAx;

H H H
CnenoBarenbHo, Zmiﬂxi < Z f(e)Ax, < ZM Ax,
=] = j=

SI! {_: SH E S_H

['eomerpuueckn 3TO mpencraBimAeTcsa caenyronmm obdpaszom: rpaduk QyHxmuu f(x)
OTPAHUUYEH CBEPXY OMMCAHHOW TOMAHOM JIMHUEN, 4 CHU3Y — BOUCAHHON JIOMAHOM.

O0031aunM max Ax; — HaMOOBIINI OTPE30K pazduenus, a minAx; — HanmeHsmmn. Ecimn
maxAxi—> 0, TO 4UACI0 OTPE3KOB pazOueHus oTpe3ka [a, b] crpeMurcsa Kk 0ECKOHEUHOCTH.

Ecmn S, =) f(e)Ax, ,To lim > f(g,)Ax, =S.
i=l1

max Ax; —»0 5=

Ecrm npu moOsix pazOuennax orpeska [a, b] takux, uto maxAxi— (0 1 IpPON3BOIBHOM
BBIOOPE TOYEK &€ MHTETPAJBHAA CyMMa S, = Z f(g,)Ax, crpemmrcsa K mpeneny S, KOTOPBIH

i=l1
HA3BIBAETCA ONPENEIEHHBIM HHTErpaioM OT f(X) Ha oTpeske |a, b].

b
O0o3HaueHwue : I f(x)dx.

a — HUKHUU TIpenen, b — BEpXHUH Npenen, X — IEPEMEHHAI UHTETPUPOBAHU, [a, b] — oTpe3ok
WHTETPUPOBAHUA.

n b
Ecmm mna ysxmum  f(x) cymecrsyer mpemen  lim Z f(e)Ax, = I f(x)dx, TO

max Ax, —»0

()yHKIIMS HA3EIBAETCS HHTEI pHPYEMOH Ha OTpe3ke [a, b].

Takxe BepHsl yrBEpKOeHUA:  lim Zm Ax, = I f(x)dx,

max Ax;, —»0

H b
lim > M ,Ax, = | f(x)dx

max Ao, —» 0=
=

CBOMCTBA OMPEAEIEHHOT O MHTETPAa.

1) j:Af(.r)dx = Aj: f(x)dx;
D) [0 fo(0dx = [ fi(x)dx [ £, (x)dx
3) Tf('.r)d.r =0

4) EcayRyepieyiatpenxe [a, bl a <b, 10 j f(x)dx < j (x)dx

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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5) Ecom m m M — COOTBETCTBEHHO HaMMEHBIIEE M HanOosbmiee 3HaueHua (PpyHkuun f(x) Ha

oTpeske [a, b, To:
b

m(b—a) < [ f(x)dx < M(b-a)

o

6) Teopema o cpeanem. Ecim (ynkuma f(x) menpepeiBHA HA OTpe3ke [a, b], TO Ha sTOM
OTpE3Ke CYMIECTBYET TOUKA € TAKasA, UTO

[ f)dx=b-a)f(e)

7) 11t mpOM3BOJIBHEIX YHCEN A, b, ¢ CIpaBeaIMBO PABEHCTBO:
b c b
[ reodx = [ feoydx+ [ £(x)dx

Pazymeercs, 5T0 paBeHCTBO BBINIOJHAETCA, €CIM CYNIECTBYET KA IBIN U3 BXOIANINX B
HEr0 UHTETPAIOB.

8) ff(.t)dx = —j£ f(x)dx

Teopema Hrrorona-JlenOnuna.

Teopema: (Teopema Herorona — JlenOauna)

Ecmi ¢pynkumsa F(x) — kakas- mu0o meprooOpaszHas or HenpepelBHOU (PpyHKIpmM f(X), TO
b
[ f(x)dx = F(b)- F(a)

5TO BBEIPAKEHUE U3BECTHO MO HazBanueM (popmyiel Herorona — JlenOnuna.

b
HMuorna mpumenstor odo3nauenue F(b) — F(a) = F(x)l .

[

Gopmyna Heroronma — Jlenbnuna npeacrasmser coOon OOmmM MmOAXON K HAXOKIECHUIO
OTNPEIEIEHHBIX UHTETPAJIOB.

YTo kacaercs mMpUEMOB BHIUMCIEHUS OIMPEAECIECHHBIX MUHTErPAJIOB, TO OHM MPAKTUUYECKHU
HUYEM HE OTJMYAIOTCSA OT BCEX TEX MPUEMOB M METOIOB, KOTOPHIE OBLIIM PACCMOTPEHBI BHIIIE

IPU HAX 0K ICHUN HEOIPENEIEHHBIX HHTETPAIIOB.
Touno Tak )€ NMPUMEHAIOTCA METOABI ITOJACTAHOBKH (3aMEHBI MEPEMEHHOM), METOM

UHTETPUPOBAHUS MO  YACTSAM, TE€ K€ TPUEMBl HAXO0KICHUS MNEepPBOOOpPA3HBIX A
TPUTOHOMETPUUECKUX, HWPPAHOHAIBHEIX M TPAHCUEHOEHTHBIX (yHKIpH. OCOOEHHOCTBIO
ABIIETCA TONBKO TO, 4YTO HOPH MNPUMEHEHWH OTUX IPUEMOB HAA0 PacOpOCTPaHATh
npeodpa3oBaHMEe HE TOJBKO HA MNOABIHTETPAIBHYIO (PyHKIMIO, HO MW HA HOPEHEibl
UHTETPUPOBAHUA.  3aMEHAS  HEPEeMEHHYI0  MHTETPUPOBAHUA, HE  3a0bITh  M3MEHUTH

b
COOTBETCTBEHHO MNpenensl MHTerpupoBanud. llycte 3aman uHTeErpan I f(x)dx, toe f(x) —

HEMpepeIBHAA (PYHKIMA HA OTpe3ke [a, b]. Bemem HOByIO mepeMEHHYI0O B COOTBETCTBHUH C
@Jﬂp wﬂﬂ%gﬂzﬁﬂ (F?W'DTUM%% cem
1) p(a) Emacrpq&(%)‘an MUCbIO

CeptwdmwaT; 0 4 0

aranendtd @ L1 B CELHCHCPRIBITEL it UTPCarce o, B]

3) t(p(t)) ompenenena Ha orpeske [, B], TO
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b f
[ reodx = floe' (1t

P f
Toraa If[tp(f)]tﬂ'(f)df =Flo(0)]| = Flo(B)]-Flo(a)]=F(b) - F(a)

L

[Ipumep.
| - _ Siﬂf; T/ - mi2 X {2
I«Jl—.:n:‘d)f: * = I\/I—Sin‘rcnsrdrz ICDS'IdIZl I( +cos2t)dt =
g a=0p=mn/2 g g 2
1 1 S S s
= —| t+—sin 2t =—+—SINnm=—.
2 2 o 4 4 !

[Ipn 3ameHe mepeMEeHHOM B OIPENEICHHOM HHTErpajl€ CIEAYET HMOMHUTE O TOM, 4TO
BBOAUMAA (PyHKIMA (B PACCMOTPEHHOM OHpUMEPE 3TO (PYHKIUA SIn) AOTKHA OBITH HEMPEPHEIBHA
HA OTpPE3KE UHTErpUpoBaHMA. B mOpoTuBHOM ciaydae (GopManbHOE OPUMEHEHUE (POPMYIIBI
IPUBOINUT K adCypay.

[Tpumep.

s T
Id.¥ = X | =71, C ,I[p}"l"ﬂﬁ CTGpGI—[E:I, cCIIH HPHME‘H'HTE TpHTﬂHﬂME‘TpHLIECK}’PD HG,I[CTHHQBI{}’,
0

far= |
0 5111 1+CDS X

T.e. nBa cmoco0a HaxOkOEHNA MHTETPANIA JAIOT PA3JMYHBIE PE3yIbTATEI. JTO NPOU30NILUIO U3-34
TOr0, 4TO HE OBl yuTeH TOT (PAKT, UTO BBEICHHAA IEPEMEHHAA (X HMMEET Ha OTPE3KE
WHTETPUPOBAHUA Pa3peIB (B TOuke X = w/2). Ilosromy B maHHOM ciydae Takasd MOOCTAHOBKA
HenpuMmenuma. [Ipu 3amene mepemMeHHON B OOPENEICHHOM HHTETPAIE CIEIyEeT BHUMATEILHO
CJIEOWTH 34 BEITOTHEHUEM MEPEUNCICHHBIX BEINIE Y CIOBUH.

0

dx
9 . 9 fgl o I j. *: =
cos” x(1+1g7x) 1

'——1H

0

HMurerpupoBanme mo 4acTsMm.

Ecm ¢ymkumm u = @(x) u v = y(X) HEOpepelBHEI Ha OTpe3ke [a, b], a takxke
HEIPEPBIBHEI HA TOM OTPE3KE UX MPOM3BOJHEIE, TO CIPABENINBA (POPMy 14 UHTETPUPOBAHUA TT0
QACTAM:

b b b
Iudv = uvl — I vdu.
e a e
Bonpocwel u 3aoauu:
3anada |.BeraucimTe onpeneeHHbIE HHTETPATHL.

0

0
1. I (x” +5x 4 6) cos 2xdx. 2. I cos 3xdx.

-2

B IANEKTPOHHOW NOAMNWUCEIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

0 0
3, I X~ Eg&gﬁéﬁggxdx 4, I(;t:+ 2)2 cos3xdx.
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5. ]1(;&:1 +7x+12)cosxdx.
4
7. T(Qf +9x +11)0053xdx.
0
T(Sxi +16x+17)c054xdx.
0
T 3x° +5 cos 2 xdx.
(0
* ](3—7}: )CDSZxdx.
(0

13. T(f +2x+ 1)sin3xdx.

T

15. I(xz —3x+ 2)5i11 xdx.

0

17. ji(f + 6x+9)sin 2 xdx.

-3

(1 5x° ) sin xdx.

:l'-——-.ld|:~“=l

3amaua 2.

BeIuncimTE ONIPEEeneHHBIE HHTETPAJIEL.

dx.

1. E]-“1+ln(x—1)

e+1 I—l

JOKYMEHT MO CAH
EfTE0OHHON NOANUCHIO

2EGDGGG-#SEBABBBBEEEDEETBAEGUGEGﬂﬂﬂﬂdSE
llleGayxoea TaTeAHa AnexkcaHgpoBHa

1
4 arct
3J-al:n::gxJr:
0

CepTudukar:
Bnaneneu:

Nencteutened: ¢ 19.08.2022 no 19.08.2023

61

6. T(Zf +4x+ 7)005 2xdx.
0

10. T(bf —15)(:053xdx.

0

12. T(l —8x° )CDS 4 xdx.

0

14, j.(f — Bx)sin 2 xdJx.

0

x*—=5x+ 6)5111 3xdx.

j—
=)
O S 0 | H
,—-"'—"-a

x +17, 5 sin 2 xdx.

(3x x° )sin 2xdXx.

(g
-

x+ldx

I

x +3x+l) |

x dx
4. | —
ot

2

S C— 1D

X



2T /4 :
5*'[ X+ COSx e 6*_[ 2005x+351nx3dx.

J x* +2sinx (251nx 3cos x)

28— 11/(24x ) +1
e N s | )2 dx.

0 1+4x 1 ( x+x)

¢ xdx ~‘/EJ::H/JL‘
Q*J.;r4+1 10 '[\f 2 dx.

7 BNXx +1

N V3
11 I_l/xdx. 12. jar?tngxdx.

ANA +1 [+ x7

oo 4 1 3
5[ = (am,,gx) dx. 14, [ ——dx

7 1+ x° X +1

2

" J-(arcsmx) +1

0 \/l—xz

dx.

IGJ\HH dx

V8
dx 1+1In X
7| 8 j
2
B x\/ x +1
3 e 2 2
dx X +Inx
19. . 20. I dx.
2 .
N x\/ x -1 ! X
Bonpocsr:
1. Packpoure CMBICI MOHATHSA ONMPENEIEHHOI0 UHTETPaa.
2. T'eomerpudeckuii CMBICI ONPEAEIEHHOTO UHTET PaIa.
3. Ilepeuuncanre OCHOBHBIE CBOICTBA OMPEAEIEHHOTO UHTETPATIA.
4. Teopema o cpenHeMm.
5. [IlpownzsojHas onpeeleHHOr0 HHTErpala 1o BEPXHEMY MpeJIeny.
6. @opmyna HeioToHa — JleiiOHHLIA.
7. 3amMeHa nepeMEHHOM U UHTETPUPOBAHUE IO YACTAM B ONPEICIEHHOM UHTETPAIE.

Ilpaxkmuueckan paooma 13. I'eomempuueckue npuinorsceHus onpeoesieHH020 UHmMezpaa.
ITnouwaow nnockoii puzypuvr. Ovvem mena. /[nuna oyeu kpueoii. Ilnouaos nosepxuocmu

8P AULCHUAL.

Ilens: cpopmupoBaTE YMEHHME BBIYUCIATH IUIOMIAOW IDIOCKUX (Puryp, IJIWHY OYTH KPHUBOM,
00BeM TEIa, 00BEM TEJa BpAllCHUs, ILUIOMIAAL MOBEPXHOCTH TEIA BPANICHUA MIPU ITOMOIH

AOKYMEHT T1OANMCAH
OTIPENCIISHHOTOHANTONPAECH0 1 [IPUMEHATE ITOJIYYEHHBIE YMEHUA IIPH PEUICHHMH MPAKTHYECKUX

C.Epmdjﬁﬁa%(}[bﬂﬂﬂﬂdfrEBABBBQEEEDEETBAEﬂGGEGGGGGdBE
Bnageneu; llleGayxoea TaTeAHa AnexkcaHgpoBHa

eopemuueckas 4acmo:
Brraucnenue mioniaaeu miockux guryp.
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g A

3BecTHO, 4TO OOpENEneHHBIM WHTETPAl HA OTPE3KE MPEACTABIACT COOOM ILIOMIANb
KPUBOJIMHEWUHOU TPanenuu, orpaHndeHHon rpapukomM pyskumu {(x). Ecou rpadguk pacnonoxeH
Himke ocu Ox, T.e. f(x) < 0, To mmomiaas uMeer 3Hak “-*, eciau rpauk pacmoIOKEH BEIIIE OCH
Ox, T.e. f(x) > 0, To mIomaas UMeeT 3HaK “+ .

Jlns Hax o3 AeHUsT CYMMAapHOU IUIONIATN UCHOAB3yeTcs (popmyna S = I f(x)dx|.

[Inomiaae (purypel, OrpaHU4EHHOW HEKOTOPBIMH JIMHUAMHM MOKET OBITE HANOeHa C
TOMOIIEI0 ONPEACIEHHEIX UHTETPAJIOB, €CIN U3BECTHEI YPABHEHUA STUX JIMHMUIL.

[Tpumep. Haiitu moomans GUrypel, OrpaHIYEHHON JIMHAAMHU Y = X, y = X*, X = 2.

HMckomas mromans (3amrpuxoBaHa HA PUCYHKE) MOKET OBITh HaiaeHa mo popmyne:

2 2 3 2 | 2
> x> x| 8 4 1 1 .
S=|x"dx—|xdx = - ————=+4—=—(ex"
I -!‘ 3 2 |1 3 2 3 2 6 (ex")
Haxoxxoenue maoniaad KPUBOJIMHEHHOTr0 CEKTOPA.

Jlnd HaxXO0KIEHWA IUIONIAAM KPUBOJIMHENHOTO CEKTOpA BBEAEM MOIAPHYIO CHCTEMY
KOOpAWHAT. Y PABHEHUE KPUBOH, OTPAHMYUBAIOMIEN CEKTOP B 3TOM CUCTEME KOOPOUHAT, UMEET
Bun p = (@), roe p - 1IMHA paguyc — BEKTOPA, COEQUHAIOMIEr0 NOMIOC C MPOU3BOIBHON TOYKOH
KPHUBOL, @ (p - YTOJI HAKIOHA 3TOr0 PaANyC — BEKTOPA K MOIAPHOM OCH.

@ﬁ%%ﬁ@%&m{ﬂm CEKTOpa Mﬂme.T OBITE HaMIEHA IO (POpMYyIIE:

Ceptudukar: 2C000004 3E9ABSBO52205E7BAS00060000043E

Bnapeney U;'.F-::}'}'-“TH.! TbAHa AnexkcaHapoBHa j.f ((_p)d(_p

L
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Brruncnenue nuHel IV KPUBOH.

| v = Li(x]

X
| B

S = [V1+(/'(x) dx

Eciu ypaBHeHue KpUBOM 3a7aHO MApPAMETPUYECKH, TO C YUETOM HPABUI BBIUMCICHHA
MPOU3BOIHON MapaMETPUYECKH 3aJaHHON (PYHKIIMM MMOJTyUaeM:

B 2 2
s =[Jlo®F +[y' @] ar.

rae x = ¢o(t) my = y(t).
Ecmm 3anana mpocTpaHcTBeHHAs KpUBasl, U X = ((t), y = y(t) m z = Z(t), TO

B
s=[loOF +lv'@F +[z'®)f ar

Ecmu kpuBas 3anana B HOJSIpHBIX KOOPAHHATAX, TO

B
S=IJﬁ*Hfmm p =1(¢).

w s g g g
[Tpumep: Hantu miHHY OKPYKHOCTH, 3aaHHOH VPABHEHHUEM X~ + V- =17,
I 1 y y y y

1 emoco0. Brpazum u3 ypaBHEHHS NMEPEMEHHYIO V. V= vt —x? Haitnem npou3Boanyo

;o X
.]’r _ ‘\/ ; 5
Fo—Xx
OKYME TﬂDﬂ,ﬂﬂ[{:AH
Tﬂma —saﬁ F:F j dx=r- arcs1r1—| . Torma S = 2nur. [lonyuunu
CepTud 13E9HBBBIS ;ru ETBAB0 ,“ér —x’ F o

E are = |
h GﬁmEHEBECTHj;ILHIJI ]o pmﬂfﬂy JUTMHEI OKPY/KHOCTH.
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2 cmocod. Ecimm mpexncraBuTh 3aJaHHOE YPABHEHME B MOJIPHOM CHUCTEME KOOPAMHAT, TO

d
0 = 1. -2

2

7 i T . D
MOJIyIUM: I°COS™(P + rsin“g = r°, T.e. PyHKIMA p = =0 Torma

2n

S = Td0+r3a’tp: rIdtpzZ:rt:r.
0

Beruauciaenue 00beMOB TEI.

Berauciaenue 00beMa TEIA IO H3BECTHBRIM IDIOMIAILAM €r0 HapauIeiIbHbIX CeUeHHH.

,
X“—————_____h___

5
A\

-1

[Tycte umeerca temo oOwrema V. Ilnmomiane mro0oro momepeqnoro ceuenusa tema Q,
M3BECTHA Kak HempepeiBHaA (pynkuma Q = Q(x). PazobOrem Temo Ha “cnow’ mOMEpPEYHBIMHA
CEYECHUAMU, MPOXOIANIMMU 4e€pe3 TOUKH Xi pazOumenus orpeska [a, b]. T.k. mHa kakom- mi0o
IIPOMEKYTOUHOM OTpe3Ke pasOmenus [Xi1, Xi] pyHkuma Q(X) HEmpeprsIBHA, TO IMPUHAMAET HA
HEM HanOoJbIIee U HANMEHbIIEE 3HaYeHUA. O003HaUMM UX COOTBETCTBEHHO Min mi.

Ecmi wa 5STux HauOOMBIEM M HAUMEHBIIEM CEUEHUSAX MMOCTPOUTH UWIHHIAPHEL C
00pa3yroniuMu, TapaIaeIbHEIMI OCH X, TO O0OBEMBI ATUX HWIMHAPOB OyAyT COOTBETCTBEHHO
paBHEI MiAXi 1 miAXi 31€Ch AXi = Xi - Xi-1.

[TpousBens Takue MOCTPOEHUA I BCEX OTPE3KOB pazOueHus, MOIYIUM UWIHHIPHL,

] R
00BEMBI KOTOPBIX PABHEI COOTBETCTBEHHO ZM Ax. wm Zmiﬂxi :
i=1 i=l

[Tpu cTpemienun k HymIO mara pazoueHus A, 5T CyMMBI IMEIOT OOMIMI MPEenent:

L]

It
lim » M Ax, = lim
p—0) = h—0 -

b
m.Ax, = IQ(.t)a’.r.
Taxum oOpazom, 00BeM T€NA MOKET OBITH HAUAEH MO (POPMYJIE:
b
v =[0(x)dx.

Henmocrarkom 510 (pOPMYNIBI SABIAETCA TO, YTO IJIA HAXOKIECHUA 00BEMA HEOOXOTUMO
3HaTh QyHKOMoo Q(X), 94T0 BeCbMa MPOOAEMATUYHO IJIA CIOKHBIX TEIl.
[Tpumep: Hairtu 00veM mapa panuyca R.

OOKYMEHT NMoanncAaH

SNEKTPOHHOW NOANWUCHIO

CeptudmMKa Z2C0000043E9ABBBS952205ET7TBAS00060000043E

E.’IH,’ 1Erey

NelcTeMUT
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i ol Ll
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B

B nmomepedHBIX CEYEHHAX mapa MOay4arTCa OKPYKHOCTH IEPEMEHHOr0 pamuyca y. B

4

3aBUCUMOCTH OT TEKYNIEH KOOPAMHATHI X ATOT pPaguyC BeIpaxaercs mo (opmyne \{ R* —x
Torma ¢pyukmma nnomanent ceuenuii umeet Bud: Q(x) = :rl:(R2 —x° )
[Tomygaem 00Bem mapa:

R’ B 4nR’

R R R’
V=R —x")dx=n(R’x-=)| =m R == |-n| - R’ +—— | = ,
R 3 — R 3 3 3

O0BeM Te BpanieHu .
PaccmoTpuM KpuByro, 3amaHnyr ypaBHeHueMm y = f{(x). [Ipeamonoxum, 9o (yHKIMA
f(x) menpepeiBHa Ha oTpe3ke [a, b]. Ecimm cooTBETCTBYIONIYIO €1 KPUBOJIMHEUHYIO TPAMELNIO C
OCHOBAHUAMH a ¥ b Bpamare BOKpyr ocu OX, TO DOIy4MM TAK HA3BIBAEMOE TeJI0 Bpallle HU .

w |

T.x. kaxxmoe ceueHne Tenma IMIOCKOCTBIO X = const MpeAcTaBiseT co00M KPyr pamdyca
R=|f(x)
popmyne:

X

, TO 00BEM TeEma BpAmICHUS MOKET OBITh JIETKO HANJAEH N0 MNOJYYEHHOM BBIIIE

V= ni £2(x)dx.

[Imomaae mOBEPXHOCTH TEIA BPANICHHNA.

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

N e ACANNNNAIEGABRDGEATINEETE A EACOENONMA 2
Ceprwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E
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W
B

...\\ x\./\ g\\ f ;

Ilnomaasio MOBepXHOCTH BpalleHHsl KpuBOoM AB BOKpYyr maHHOH OCH Ha3BIBAIOT
MPENEN, K KOTOPOMY CTPEMATCA IUIOMIAON ITOBEPXHOCTEH BPANIEHUA JIOMAHBIX, BIIUCAHHBIX B
KpuByio AB, pu cTpemieHnN K HyIF0 HAMOOIBIINX M3 JJIMH 3BEHBEEB YTUX JIOMAHEIX.

[Tnomane moBEpXHOCTH, OMMCAHHOW JIOMAHOH PABHA:

P, =Y (fOx )+ fOINI+ £ (e)Ax, .

i=l

JTta CYMMaA HC ABJIACTCA HHTEI‘pﬂJIE:HUﬁ, HO MOHO ITOKA434TE, UTO

P= lim ni(f(xi_l)+f(x{.))\/1+f’2(£{.)&xi= lim rci2f(£{.)\/l+f’2(g{.)&x{..

max Ax, =0 max Ax;—0

b
Torma P = 2:rr:_[ f (3:)\/ 1+ /" (x)dx - Gopmyia BEMMUCIECHNS ILIOMIATH IOBEPXHOCTH

TeJia Bpalle HU.

Bonpocwl u 3aoauu:

3amaua 1. Beraucaure mromiamu o0macTeil, OrpaHMIEeHHBIX TPAPUKAMU 33 TJAHHBIX (DYHKIII:
1. y =232 -z% y= -4z

2. y = 3/, y = 3/, r = 4.

3. r=>5—1y>, r = —4y.

4. y=+e* -1, y=»0, r = In4.

0. y = sin x, Yy = COS I, r=0 (z>0).

6. y = x, y=1/x, xr = 16.
7. r=27-3°, z=-—Gy.
. y = sin T, Yy = COST, r=10 [z <10}
0. y=v9— @, =10, =0, x=3/2
0. w=2/x. = 2", y=2, y=>5

3amaua 2. BelucauTs JIUHBL OyT 3a0aHHBIX KPUBHIX.

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANKCLIO

Ceptvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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l. y=Inxzx, 2‘,.@ i Efti.

2 y=Incoszx, 0<r<x/6.
. y=¢&", Inv3 < x < Inv8.
4. y = lnsinzr, mid<x<wfl

5. y=2,7, 1/3<z <1/8.

6. y= chz, < x <1,

7. y=x*/2 0<zx<l.

B. y=1-Inux, Va3 <z <8
9. y=1-chzr, 0<zxr<3

10. y = v'1 — 2% + arcsin z, 0<zr<1/2.

3agada 3. BeraucauTe IUHEL OyT 3aJaHHEIX KPUBEIX.

. {’-'-t‘ﬂ"”- 0<t<om
= 1-=cost,
r = 2cost.
2 , < b < ow A,
: {IJ:‘EELH#', D<t==/3

T = cos” {,
y = sin’ £,

1. { &= 2cosl — coa s, 0<t< 2.
= Z2sini — sin 2,
B a—
= {,r—ett_r.wz.l, D<t<l.
W= sint,

3amaua 4. Beraucauts 00bEMBI TET, OTPAHMYEHHBIX 33 TAHHBEIMU ITOBEPXHOCTIMH.

1. 2z =42+ 9y2, y =
2. 2=9x%+ 4y°, 7 =
3. =z =222+ 8y2, z = 4.
y? 22
4. m2+g+?:1} :=0, z=2
2 2
T 9 2
. — — =1, z =, = J.
3] m—l—g,.'-l-9 : 0, z=23
22
6. ?—kyz—?’zz:l, z2=0, =z=1
2
7. mz-i-E—Q;:E:l, z=0, z=1.

3amaua 5. Beraucaure oObembr Ten, oOpa3oBaHHEIX Bpamiennem BOKpyr ocu OX obmacred,
OTPAHUYEHHBIX TpaPUKaMK 3aTaHHBIX () YHKIMH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: Webayxora TatTeAHa AnexkcaHgpoBHa
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. y=-x*+1, y=0. 2. y=sin(rzx/2), p==r.

3 y==zx, U=z 4. y=zx° y=72r.
J. Y = 08T, y=smze =0 (U<2<rm/d).
6. y=sin®z, iy = (I, r==n/2 (0<zx<=x/2).
7. y=e", U 1 ax o= 1,
5. y=Inzr, y = (0, T =g

.
9. vy . y =1, xr =1,

»
10. y = cos* z, y=10 (-x/2< 2z <7/2).
Bompocsr.

l. 3amamure U3BeCTHBIE BaM (POPMYIIBI BEIUUCIEHUS TUTOMANEH TIOCKUX (puryp.

2. Kak Beraucmaercs miomaas mioCKOoU (PUTrypel Mpy MOMOTIIH OTIPEAEIEHHOT0 HHTerpana’

3. Uro0 Takoe KPUBOJIMHEWHASA TPpANEH s

4. Kak BEIYMCINUTE MI0MAAE KPUBOJIMHEWMHON TPAIEIMH, OTPAHUUYEHHON CBEPXY KPHUBOH,
3a0aHHOU MTApaMETPUIECKU?

5. Uto Takoe KpUBOJIMHENHBIA CEKTOP? Kak BEIUMCINTE MI0MIAas KPUBOJIMHENHOTO
cekropa?

6. Kax BEIUMCIMTE OINHY OYTH KPUBOM?

7. Kak BerauCcIuTeE 00BEM TEIA MPU MOMOIN ONPEAECIEHHOT 0 UHTErpana’?

8. Kak naitu mnoniaags MOBEPXHOCTH BpANICHU !

9. Kakue (pusznueckue (MEXaHNIECKHE) MPUIOKEHNA ONPEIEIEHHOTO HHTETPAa BB
3Haere?

IIpakmuueckan paooma 14. Hacmnovie npouseoouvie nepeozo nopaoka. Yacmmuole
npouseoounvle eviciiux nopaokoes. Ilonnotit ougppepenyuan Pynxkuyuu. Jupghpepernyuannv
gbicuiux nopaokoe. Jugppepenyuposarue c1oicublx U HeAGHLIX QPYHKYUIL.
Ilenws: chopMupOBATE YMEHHE BBIYMCIIATE YACTHBIE ITPOM3BOAHEIE U U] pepeHmman pyHKIUHu
HECKOJIBKMX IMEPEMEHHBIX W IPUMEHATE MOJYUYEHHBIE YMEHUA IIPU PEMICHUM NPAKTUUYECKHX
3amad.
Teopemuueckas uacmo:

[Tycte B HekoTopou obmactu 3amana pynkumsa z = f(x, y). BozeMmeM NmpoOU3BOJIBHYIO
Touky M(X, y) u 3amanum nmpupanienne Ax k mepemeHHou x. Torma BemumHa Axz = f( X + AX, y)
— (X, y) Ha3pIBaETCA YACTHBLIM NMpHpalleHHeM (PYHKIHH 110 X.

MoxkHo 3anmucars

Az _ f(x+Axy)— f(x,p) |

Ax Ax
Az - .
Torma lim ﬂi HA3BIBACTCS YACTHOM NMpou3BoAHOM (pyukimm z = f(X, y) mo x.
MAx—0 X
O0o03HaueHue:
Oz ' %) (-17: y) '
_; ‘E_r; f ;‘ .f_‘r (xﬂy)‘
ox Ox
AHAJIOTUYHO OOPEENAETCA YACTHAA MPOU3BOAHAA (DYHKI[UH 10 V.
Oz _ o Sy +AY) - (X, )
[IOKYMEHT NOANUCAH dy A0 Ay '

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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y " Oz
I'eoMeTpHYeCKHM CMBIC/IOM YAaCTHOU NPOU3BOJHOU (JIOMYCTUM — ) SABJISETCS TAHTEHC
X

yIJd HaKJIOHA KacaTelIbHOW, NMPOBENEHHOM B TO4Yke No(X0, Vo, Z0) K CEUCHHUIO ITOBEPXHOCTH
MJIOCKOCTBIO Y = V0.

Ll eparitg 0 8 A HILE HOAR OILLIIL
1. Ecnm < = f(:&:] J"): I:I(I): Y :J’!(IJJTD

dz _of dx  of dy
zt Bxoxt Oy dt

2 Ecom £ = flix? }")r X = x[:f; S), » = y(ﬁ, s), 1o

d=_of dx o dy
zt Bk xt Ayt

e _g e of o
e Bxds v i

it By = Py, B
% e g

HonasiM aupdepennunanoM (Gynkuymmn z = (X, y) HA3BIBAETCA TJIABHAS JMHEHHAS
OTHOCHUTEIBHO AX 1 Ay nmpupanieHus (yHKunu Az B TOUKE (X, y):

dz= f1(x,y)dx+ f1(x, y)dy.

Jlna (yHKIMH TpON3BOIBHOTO YK CJIA TIEPEMEHHBIX

df (x,y, 240 l) = gdx+ ga’er ot ga’t .
X

cy ot

[Tpumep. Hatitn momuerit gud pepentman Gpyaxmmm u = x” .

Cu ou Cu
du=—dx+—dy+—dz
ox cy 0z
Ot 2 Ot 2. Ot 2.
— =z’ —=x""lnx-2yz; —=x""lnx-y’;
ox oy 0z

- 2 2 = - 2
du=y>zx’"ldx+2x" yzInxdy+ y*x” " In xdz
YacTHble IPOU3BOIHBbIC BHICIINX MOPS/IKOB:

Zj;{ B -:I:-: {gj HIIH ff" B (f”'lr?
5 1 =[5,

LB Lo N )

)l

o

2 2
AOKYMEHT MNOANMCAH 0 f - o B f fa o fa
SNEKTPOHHOW NOAMNWMCLIO @;ﬁxg Q]; Gt | HIAE Joey A ;

Ceptvdmkatr: 2C000004 ABBBO952205E7BAS00060000043E
Bnapeneu; e MMM,BI:IC]I[HK HﬂPHHRﬂE:

Nencteutened: ¢ 19.08.2022 no 19.08.2023

70



A By oy
oo M I
i =St TS g oro M
Lt gk gyt klm = k)
5 5 .1
d"f=| Laes “ g
5 {a;: > yJ N
F e Ll P
roe 5 4, Y - onepatop ARPbepEeHIHpOEAREA.

Bonpocwet u 3aoauu:
Jamaua 1.
Haittit 9acTHBIE TPOM3BOOHEIE 10 BTOPOTO MOPAAKA BKIIOUUTEIRHO 3aJaHHBIX () YHKIHIN:

1. z=¢"", 2. z==zn(z/y).

3. z = sin(xy). 4. z =e" cosy.

5. z=+/z2+°. 6. z=In(z%+y).
z = +/2zy + 2. 8. z=In Yxy.

7
9. z=axcosy+ysinz. 10. z=(1+ z)%(1 + y)*.

Jamaua 2.

Haittu mpomsBoansie GpyHkimum z=z(u,v):
;:r (7] :L u=u(z,y) vv=ruv(zy).

E

1. z=wu*+v%, wu=z+y, v==2z—1.

2, z=In(v*+v%)., u=uzxy v = r/y.
u", U = sinx, U= COS 1.

- u® + 2, u=r* _I{'II. o o= gt

il arctg (u/v), w=rsiny, I = ICos Y.

6. z = Inlu=v?), o= I - ", TR

T. z=u"+v" u=Inx*+y* v=arctgly/z).

., = m.-"ur', A In(z?* < y"], i ..I'Ir,ru.

9. z=eg"" # = Inzx. o = Iny.

10D, z In(u/v), 1 sin (x/w), i -.I__-"'-J'I_-"g,l_
3amaua 3.
Haittu mpou3BoaHbIe (PYHKIMM, 3aJaHHEIX HEABHO:

1. * =2V, 2. y=1+p".

3 p=r+Iny. 4. z+y=¢e""Y4,

5. rle® — yleft =, . r—y+arctgy = 0.

7. ysinr — cos(x —y) = (. 8. sin|xy) — e —x°y = 0.

9 1+ 2y —In(e™ +e ) =0, 10.2° = 2zy+9*+x+y - 2=0.

Bompocsr:
1 .JlaniTe onmpenenenne 9acTHOrO MpUpAnIEHUA (PYHKIIUH 110 HE3ABUCHUMOM IMEPEMEHHOU.

2 YEpviREPEJAREANC TTPHpaNeHNEe (DYHKINH !

3THGPOF IO AP Has IPOM3BOAHAS (YHKUMM HECKONBKMX —mepeMeHHelx? Kax
Cepruchieay: 2C0000043EOABEB952205E TBAYD0060000043
3

BnanenQOO3HATACECA SACTHAL HPOU3BO THAS !
4.ITosscHUTE TEOMETPUUECKHUM CMBICT YACTHOM MTPOU3BOIHOM.
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5.4ro Takoe qudpepeniipan PyHKIIUN HECKOIBKUX MEPEMEHHBIX

6.YUto Takoe miHeapmzays PyHKIA?

7.I1osmure mpaBuna nudepeHupoBaHNS CIOKHBIX U HEABHBIX (D yHKIMH.

8. Kak HalTH 9acTHBIE NPOU3BOAHEIE BTOPOTO, TPETHETO, ..., N-TO MOPAIKA?

9. 3amimmre (popMysTy UL BEIYUCIEHUA AU epeHIpana BTOPOro nopaska () yHKmu
IBYX HEPEMEHHBIX.

Ilpakmuueckan pavoma 15. Kacamenvnaa u nopmans K nogepxunocmu. Ilpouseoonan no
Hanpaeienuro. I’ paduenm. Ixcmpemym pynxkuyuu Heckonvkux nepemenuvix. Haubvonviuee u
HauMeHbliiee 3HaYeHUA GyHKyuu. Y cioeHvlit IKCMpeMyM.

Ilenws: cpopmupoBaTh YMEHHE HAXOAUTE MPOU3BOIHYIO MO HAIPABICHUIO U TPATUEHT (PYyHKIIMH,
ypPaBHEHUS KAaCaTEeJIbHON W HOPMAIM K HOBEPXHOCTH, MCCIEAOBATH (PYHKIMIO HECKOJBKHUX
MEPEMEHHBIX ¥ MPUMEHATH MOIYUCHHBIE YMEHUS MTPU PEILICHUN MPAKTUYECKUX 3a1ad.
Teopemuueckas uacmeo:

Top I.'IE.J]I:-..H —

f// .-*"f-f /_,.-"
.,-"iff FacaTellkdad .-I:IQE"FE";:TI: ..-"-”f
[Tyete N 1 No — Touku mannoin moBepxuoctu. [IpoBemem mpsmyro NNo. ITmockocts,
KOTOpAass MpOXoauT uepe3 TOuky No, HA3EIBAETCA KACATeLHOH IJIOCKOCTBI0 K MTOBEPXHOCTH,
ecimu yron mexay cekymied NNo 1 9Toil mIOCKOCTBIO CTPEMHUTCS K HYIIO, KOTIa CTPEMUTCA K

Hymwo paccrosaue NNo.
HopMmalislo k moBepxHOCTH B TOUKe No HA3BIBACTCA MpAMAs, IPOXOIAIIAS UEPE3 TOUKY

No mepneH MKy IIpHO KaCaTEeIbHON IIIOCKOCTH K STOM MOBEPXHOCTH.
B kakou — mu00 TOUKE MOBEPXHOCTE UMEET, IMOO TOJBKO OJHY KACATEIBHYIO MIOCKOCTH,

100 HE UMEET €€ BOBCE.

Ecrm moBepxHoCcTh 3amana ypaBHenwmem z = f(x, y), rome f(x, y) — ¢ysHKusd,
ou(ppepentmpyemas B touke Mo(Xo, yo), KacaTtempHas IUIOCKOCTE B TOUKe No(Xo,y0.(X0,¥0))
CYIIECTBYET M UMEET YPaBHEHUE:

z—f(xg,¥) = f_:(xmyu)(x_xu)+f;(xu:yu)(y_ym) *
YpaBHeHne HOPMATH K TOBEPXHOCTH B STOH TOUKE:
X=X Y=V 224

Jo(x020) f;(xn:;‘"n) —1

I'eoMeTpHYecKHM cMbICIOM TOTHOTO muddepenimana (yHKIMN OBYX MEPEMEHHBIX
f(x, y) B TOuke (X0, y0) ABIACTCA NPUPAIIEHHE ANIUIMKATHl (KOOPOWHATHEL Z) KAcCaTEIbHOU
MI0CKOCTH K MMOBEPXHOCTU MPU MEPEXOAE OT TOUKH (X0, Y0) K TOUKe (X0+AX, yo+Ay). Kax
BUIHO, TEOMETPUYECKMM CMBICI NOOMHOrO au(depennmana (yHKIMM OBYX MTEPEMEHHBIX
ABJIAETCA MPOCTPAHCTBEHHEIM AHAJIOTOM TE€OMETPHUUECKOTO CMEICHA audepennnana PpyHKImH
OTHOU TIEPEMEHHOH.

[Tpumep. Haittu ypaBHEeHN KacaTenbHON MIIOCKOCTH U HOPMATH K MOBEPXHOCTH

z=x" -2 +y° —x+2y

KYMEAT\NOONWCAH
B TOUKC %‘Pghagﬁ noannckio 3
C - 2C0000043E9ABEBB952205E7BASDO06 004 Z
opTADymaT —'=0x-2y-1; —o =242y +2
v

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa a
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YpaBHEHHE KACATENBHOM IUIOCKOCTH:

z—l=—(x-1D+2(yv-1); x—2y+z=0;
VYpapHeHIE HOPMATIH:
x-1 y-1 z-1

-1 2 -1
I'paaneHT (PyHKUIMH BEIUUCIIAETCA IO (pOpMyIE:

erad f = iﬁg}

[Tpumep. Haittu rpaguent pyHkimm

u = x° — arctg (y + 2)
B Touke M (2,1,1).

1. HaxoauM wacTHbIe npoussogasie dbyekimn u = 2 — arctg (y + 2):
df 5 af 1 df 1
— 2. = — . — — :
Ox  Jy 14+ (y+2)2° 02 1+ (y+2)?

.
2. Beramcasem gacTHBE TPOM3BogEbe hyakmmm u = &° —arctg (y+ 2)
B Touke M(2,1,1):

| 1
i1, =4, f(2,1,1)=-=, fi21,1)=——.
| 5 d
3. Boramcasem rpagumenTt dyakmmn u = z° — arctg(y + 2) B Touke
M(2,1,1):
g‘rmlj“‘
(

2,1,1)

{f1(2,1,1), f/(2,1,1), fi(2,1,1)} {-1. —=,

1 1
= {4,——.——} .
= "
|:_21|_1|::| ".} lj

IIpou3sBoaHasi M0 HATIPABIEHHIO, OTIPENEIIEMOMY BEKTOPOM:

Q|
I
S
"“-—.,..',._‘r

L

OTeer. grad f

f=cosa-i+sine-J
OnmpeacriCTCA KakK.

- cosa+——sina, —— = grad fl.

B B

Ecrm mna Qpynxkumm z = (X, y), ONpeneneHHON B HEKOTOPOM 001IacTH, B HEKOTOPOU
OKpeCTHOCTH TOUKHU Mo(Xo0, yo) BEPHO HEPABEHCTBO

S (x0.10)> f (X)),

TO TOuka Mo Ha3EBaeTCA TOUKOH MAKCHMYMA.

Ecrm nnsa Qpyuxmmm z = (X, y), OnpeneneHHon B HEKOTOPOl 00macTi, B HEKOTOPOM
OKpeCcTHOCTH TOUKH Mo(Xo0, yo) BEPHO HEPABEHCTBO

S (x0,¥0) < f(x,),

TO TOuka Mo Ha3EBaeTCsa TOYKOH MHHHMYMA.

of _ & 5 z
B

Teopema. (Heo0XoquMbIe VCJI0BHA IKCTPEMYMA).

Ecm ¢pynknusa f(X,y) B TOUKE (X0, y0o) UMEET IKCTPEMYM, TO B 3TOH TO4YKe n1ub0 00€e ee
qacTHBIE MPOM3BOJHEIE MEPBOTO MOpsAaKa paBHEI Hymo f!(x,,y,) =0, flf(.xﬂ,yﬂ)zl], 00
XOTSI OBI OfB/NEHHEDIHSAY TIIECTBYET.

CepTudukar: EEG%&?&&E@%?%@&%&%&%HB&TB RPMHHEER“ﬁ T““““ﬁ‘
deopema. (/locraxon

Bnapneney: lLe6 & HbI¢ VC/IOBHHA 3RETPEMVMH).
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[IycTh B OKPECTHOCTH KPUTHYECKOM TOUKH (X0, Y0) PyHKUHMA (X, Y) AIMEET HENPEPLIBHBIE
JACTHBIE MPOU3BOAHEIE 10 BTOPOTO MOPAAKA BKIIOUUTENEHO. PACCMOTpUM BEIpAKEHUE:

D(x,y)= [ (63 fh () = f ()]
1) Ecmu D(xo, yo) > 0, To B TO4UKE (X0, yo) QpyHKIMA f(X, y) HUMEET SKCTPEMyM, €CIIH
S5 (x,¥0) <0 - makenmym, ecu £ (X, Vo) > 0 - MuHIMY M.
2) Ecmu D(Xo, yo) < 0, T0o B TOUKE (X0, Y0) PyHKIMA {(X, Y) HE NMEET DKCTPEMyMaA.
B cnyuae, ecom D = 0, BBIBOA 0 HATMYUM SKCTPEMYMA CHENIATH HEMB3A.
YCI0BHBIH IKCTPEeMYM HAXOOUTCS, KOTJA MTEPEMEHHBIE X U Y, BXOAAMMNE B (DYHKIMIO U

= {( X, y), HE ABIAIOTCA HE3ABUCHUMBIMH, T.€. CYIMIECTBYET HEKOTOPOE COOTHOMmEHHUE P(X,y)=0,

KOTOPOE HA3LIBAETCS YPABHE HHEM CBSI3H.
Torma u3 nepeMeHHEBIX X U y TOIBKO OOHA OyAEeT HE3ABUCUMOM, T.K. APYTasd MOKET OBIThH

BEIPAKEHA UEpPE3 HEE U3 YPABHEHUSA CBSI3M.
Torma u = f(x, y(x)).
du f of dy
dx 61: Oy dx

B Toukax skcTpeMyma:

du of @-f@_

(D)
dx ax cy dx

Kpowme Toro:

©,00dr_j (2)
ox Oy dx
YMHOKUM PaBEHCTBO (2) HA 4UCI0 A U CIOKUM C PABEHCTBOM ( 1).
o YD), (% dod) .
ox Oy dx ox oy dx

[8f+18(p) ngl@(p dy:ﬂ
OX OX oy oy ) dx

J171s1 BEITTOJTHEHW S STOTO YCIOBHA BO BCEX TOUKAX HAWAEM HEOIPENEICHHBIN
KOY(PUIMEHT A TaK, 9TOORI BEIITOIHANACE CUCTEMA TPEX YPABHEHUIL:

o 500
ox ox
%@fﬂ_}_la(P 0
cy cy
P(x,y)=0

L

[Toryuennas cucremMa ypaBHEHMH ABIAETCA HEOOXOTUMBIMHU YCIOBHUAMH YCIOBHOTO
skeTpemyma. OgHAKO 5TO YyCIOBHUE HE ABAAETCA HOCTAaTOUHBIM. [losromy mpum HaxoxkaeHumn
KPUTHYECKUX TOYEK TPeOyeTcsa X IOMOJHUTEIEHOE UCCIEN0BAHNE HA DKCTPEMYM.

Breipaxenue u = {(x, y) + L@(X, y) Ha3pBaerca pyHxkuuen Jlarpanka.

[Tpumep. Hairtu skcrpemym pyukumu f(X, y) = Xy, €CIIM YPaBHEHHE CBS3U:

2x +3y-5=0
u=xy+i2x+3y-5)
U ¥
OOKYMEHT UDﬂHHCHH a — y + 2},' a = x4+ 31
IANEKTPOHHOW NOANWUCEKO ax ay
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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(y+20 =0
Ix+31=0
[2x+3y—-5=0
5 5 5
A=——35 x=—; =—;
12 4 Y76

55
Taxum oOpazom, GPyHKIMS UMEET SKCTPEMYM B TOUKE [E ,E}

HcmonszoBanune ¢ynxkiuu Jlarpan:ka nnd HAXOXKIEHHUS TOYEK HSKCTpeMyMa (PDYHKIIMH
HA3BIBACTCA TAKKE MeTo0M MHOxHTe/1eH Jlarpamxka.

Bonpocwel u 3aoauu:
3anmada 1.
Haiitu ypaBHEeHMA KacarenpHOM IUIOCKOCTH U HOPMAJH K ITOBEPXHOCTH B 3aJaHHOU TOUKE M.

l. z=a*+4y*, M(1,-2,5).

- agd "l

) 1 z
=0, M(4,63,4).
15+ 0 3 0 (4,3,4)

z=sinzxcosy, M(n/4,7/4,1/2).
2= €Ty M (1,7, 1/€).
z=ytgr, M(n/4,1,1).

= arctg (z/y), M(1,1,7/4).
r(y+z)(z—xzy)=8, M(2,1,3).
p¢/* L /= =8 M(2,2,1).
2yt + 22— 16 =0, M(2,2,2V2).

10, 22 +y* — 2° = -1, M(2,2,3).

3amaua 2.

Haiitu rpaguesT (pyHKIIMU B TOUKE.
1. w=a+In(z*+y%), M(21,1).

U = T’y — \/my-l-::g, M(1,5,—2).

u = sin(z + 2y) + 2/zyz, M(n/2,3x/2,3).
u=z"+/y?+ 22, M(1,1,0).
u=/zy+v9-2% M(1,1,0).

6. u=1In(3—-2%)+ay®z, M(1,3,2).

7. w=ay’z —In(z—1), M(1,1,2).
8

9

o

B
St

- N R e

Ll A

Cm

u=In(z*+y?), M(1,-1,2).
u=xy—x/z, M(—4,3,-1).

10. uw = In(z + /22 + y2), M(1,-3,4).
3anmada 3.
Haiiti npougaaasysa(hyKINY U B TOUKE A 10 HAIPABIEHUIO K TOUKe B.

ANEKTPOHHOW NOONMUCKLIO
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
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1. u=2x+In(2%+y?), A(2,1,1), B(0,2,0).
2. u =’y — \/xy + 22, A(1,5,-2), B(1,7,-4).

3 T 37
3. u=sin(z + 2y) + 2,/Tyz, A(E— ) B(_——Pel.—r—l—B.B).

2 2 2 2
4. u=z3+/y? + 22, A(1,1,0), B(1,2,-1).
5. u= Ty + V9 — 22, A(1,1,0), B(3,3,-1).
6. u=1In(3—z%)+zy’z, A(1,3,2), B(0,5,0).
7. u=z%y*z —In(z - 1), A(1,1,2), B(6,—5,2v5 + 2).
8. u=In(z? + y?), A(1,-1,2), B(2,-2,3).
9. u=In(z+ /2% + y?), A(1,-3,4), B(-1,-4,5).
10. u =y — 2, A(-4,3,-1), B(1,4,-2).
3anauda 4.Haiitn skcTpeMyM (pyHKIMN :
l. 2 =a2* — zy + ¥~ 2. z = 2% — 2y — ¥~

3.z2=a’-2xy+20°+2z. 4. z=z+1y —2° - 2zy —
B,z =ad — 2y° — 3¢ + 6y, 6. 2 = 4z + 2y — x* — v*.

7.2 =a"+y° — 152y, 8. 2= x4+ ay + y* — 3z — 6y.
9. 2z2=a’+4y* =2zoy+4. 10.z2=z/y+1/z+y.

3amada 5. Haittu yCIIOBHBIN SKCTPEMYM (PYHKIIMH:
Dz=x"+y —xy+x+y+3=0 opu x+y+3=0;

2) u = x}lzfr{pﬁ X+2y+3z=12(x>0,y >0,z >0);

3) z=x+2y mpu x> +y’ =5.

Bomnpocsr:

1 .JlaiiTe onpegenenne MOKAILHOTO MAKCUMyMA (MUHUMYMA) (DYHKITUH B TOUKE.
2.ChopmymupyiiTe HEOOXOTUMEIE YCIOBUA YKCTPEMYMA.

3. ChopmynupyiTe 1OCTATOYHBIE YCIOBUA SKCTPEMY M.

4. O0OBACHUTE MOHATHE IKCTPEMyMa (PYHKITHH B 001aCTH.

5.0 Takoe kacareabHas MJI0CKOCTE K MMOBEPXHOCTH?

6.Uto Takoe HOpMAITh?

7.Kak coCTaBUTh ypaBHEHUE KACATEIEHOH MIOCKOCTH U HOPMAITH !

8. [laiiTe onpenenenue rpaaueHTa (PyHKIuu.

9. Jlaute onpenenenne npou3BOIHOM 10 HATPABIECHUIO 1A () YHKIIMHU HECKOJIEKUX ITEPEMEHHBIX.
3amImuTe COOTBETCTBYIOMINE (DOPMYJIEL.

Ilpakxmuueckana padboma 16. Ceoiicmea u mMemoovl @bIUUCTCHUA O0BOUHO20 UHMeEZPAIA.
3amena nepemMeHHbIX 8 06OUHOM UHmezpae.
Hens: cpopmupoBaTh yMEHHE BBIUACIATE ABOMHOM WHTETPAI U INPUMEHATH ITOIYYEHHEIE
yMEHUA OPU PEHICHUN NPAKTUIECKUX 3a7ad.
Teopemuueckana uacms:

PaccmoTpum Ha IIOCKOCTH HEKOTOPYIO 3aMKHYTYIO KPUBYIO, YPABHEHUE KOTOPOH
f(x,y)=0.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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N
\-:7/1/

COBOKYIMHOCTE BCEX TOUEK, JIEKANIMX BHYTPHU KPUBOM U HA CAMON KPHUBOH HA30BEM
3aMKHYTOM oOnactero A. Ecnu BeIOpaTe TOuku 00sactu 0€3 yuera TOUEK, JIEKAIMX Ha KPUBOMH,

o0macTe Oyaer Ha3pIBACTCA HE3AMKHYTOU 00macTe A. C reoOMeTpuaecKor TOUKHU 3peHus A -
nI0mAans (PUrypel, OrpAaHUUEHHON KOHTYPOM.

Pazo0pem 001aCTh A HA N YaCTUYHEIX 00JIACTEN CETKOU NPAMBIX, OTCTOAMIMX OPYT OT
Opyra mo OCH X Ha paccrosHue Axi, a mo ocu y — Ha Ayi. BooOmie roBops, Takon mopagok
pa3zdueHus HeoOA3aTENEH, BO3MOIKHO pa30neHne 001acTH HA YACTUYHBIE YIACTKH
MPOU3BOIBEHON (JOPMEI U pazMepa.

[Toryuaem, 9ro maom@anaes S IeIUTCA HA SJIEMEHTAPHBIE TNPAMOYTOTEHUKHA, TUIOMIATN
KOTOPEIX PABHEL Si = AXi - Ayi .

B kaxmoil vacTHuHOM 001aCTH BO3BbMEM NMPOU3BOIBHYIO TOUKY P(Xi, yi) 1 cocTaBuM
UHTETPATEHYIO CYMMY

i=H

D (X)) S;;

rae f — gpyHkima HenpepriBHASA M OTHO3HATHAA IJIA BCEX TOUeK o0macTu A.

Ecnu OeckOHEUHO YBENMYUBATE KOJIMYECTBO YACTUUHEIX oOnacreu Ai, Toraa, 04eBUIHO,
MI0MIAAL KAXKAOTO YACTUIHOTO YUACTKA Si CTPEMUTCA K HYIIIO.

Ecmm npu cTpemneHnn K Hy o mara pa3ouennsa 001actT A MHTETPaIbHBIE CYMMEL

i=H

Z f(x,,y,)-S, UMEIOT KOHEUHBIH MPEAESII, TO STOT MPEIE]T HA3LIBACTCS JBOHHBIM HHTErpaioM
i=1

ot (pynkuum f(x, y) mo obdmactu A:

i=n

lim» f(x,,,)S, = j’ j’ £(x, v)dxdy .

=¥
A

C yuerom TOr0, 4T0 Si = AXi - Ayi moyrygaem:

I=H =0 I=H

Zf(xi,y!.)S!. = sz(xi’yi JAy Ax,

i=l =l

B nmpuBeneHHol BEITIIE 3aMTUCH UMEIOTCS IBA 3HAKA X, T.K. CYMMHPOBAHNE TPOU3BOIUTCH
MO IBYM IIEPEMEHHBIM X U .

T.kx. nenenue odbnacTu UHTETPUPOBAHNSA TPOU3BOJIBHO, TAKKE ITPOU3BOJIEH U BEIOOD

Touek Pi, TO, cuiTas BCe IUIOMAIH Si OOMHAKOBRIMHA, OIvaaeM (o :
’ ,D,{:;H&’MEHT noarnncaH ’ H}r q) Pf‘-’[}’H}’
SNEKTPOHHOW HOLNMCE

CepTudukarn :L"Z::'LZ'LZ';Z-LZ-LZ-i:%[*ls‘aE;HBEI:'w}_’}_’fI:?EFE.i“L.:TIjlj:(%!%ﬂg)dydx - i}ﬁlﬂ ZZ f(x" y)ﬂyﬂx )
A

—_

Bnapeney llleGayxoea TaTeAHa AnexkcaHgpoBHal Ap—>0

Chopmyanpyem 10CTaTOUHBIC YCIOBHS CYIICCTBOBAHMS IBOWHOIO HHTETPAJIA.
NeiticteuteneH: c 19.08.2022 nc 3
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1. Ecnu ¢pynkumsa (X, y) HEmpeprIBHA B 3aMKHYTOH 001acTH A, TO ABOMHOU UHTETPA
” f(x,y)dA cyniecTByer.
A

2. Ecm ¢pynkums f(X, y) orpaHnueHa B 3aMKHYTOM 00;1aCTH A ¥ HENPEPBIBHA B HEH BCIOY,

KPOME KOHEYHOr0 YHUCId KyCOUHO — IMAaJKAX JIMHUW, TO JBOMHOM UHTEr PAIT ” f(x, v)dA
A
CYIIECTBYET.

CBOMCTBA JBOMHOIO UHTErPAJIA.

D ([l + £ = £ v = ([ 6o v)dvdx+ ([ £,6ev)dvdx = ([ £ (x, )y

2) j j kf (x,y)dydx = k j j £(x, y)dydsx .

3) Ecim A = A1 + A2, 1O
J.J.f(x,y)dydt = jjf(x, V)dydx + ”f(xg y)dydx .

4) Teopema o cpeguem. JIBoitHoM uHTerpan ot (pyukuuu {(X, y) paBeH npou3BEeIEHUIO 3HAYEHUA
5TON (DYHKIIMU B HEKOTOPOU TOUKE 00JIACTH MHTETPUPOBAHMA HA IIOMALE 00IaCTH
WHTETPUPOBAHHA.

J.J.f(":*y)dyd-‘f: f(x4,¥4)-S

5) Ecmm {(x, y) = 0 B obmactu A, T0 “f(.r,y)a’ya’x =>0.
A

6) Ecm fi(x, y) < fa(x, y), TO j j £.(x, y)dydx < j j £, (x, y)dydx.

7 | £ y)dyx

A

< f |/ (x, »)|dydx .

Beluncnenue ABOMHOTO MHTErPaa.

Teopema. Eciu pynkyus f(x, y) HenpepvigHa 6 3amkHymou oonacmu A, ocpaHuideHHou
JuHUSMU X =a, x = b, (a < b), y = ¢(x), y = w(x), 20e @ u y - HenpepwvigHble PYHKYUU U

@ <y, mozoa

b wix) b Y x)
[] e yydxdy = | [ ] f(xﬁy)ddex = [dx | f(x.0)dy.
A e} il x)

a '\ plx)

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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E /‘L@\

i

~_\

= px)

pgal
o
=4

[Tpumep. BeraucmTs nHTerpan ” (x — v)dxdy , ecnu obnacts A orpannuena muHuaMu: y = (), y
‘i
= x%, x = 2.

4 10

_Uf(x,y)dxdy= Iﬂl’IT(I—y}dy: j‘(ly _J;_E)JIIZ' ) j-(x _—)dx_ {x“ B X’ ]‘2 _

=4-32=08

Teopema. Ecnu ¢pyukyus f(x, y) Henpepwigna 6 3amkHymou obnacmu A, oepaHui4eHHoU
auHuamu y=c,yv=d(c<d), x = dAy), x= Hy) (Dy) < Hy)), mo

d Fiv)

j [ £ yydxdy = [dy [ f(x,3)dx

¢ D(y)

[Tpumep. Beraucmte nHTErpat H(f + y?)dxdy , ecn 061aCTh A OrpaHueHA TMHIAMA

A
y=x.x=0,y=1,y=2.
¥
¥ =X
y i
.ﬁ/

1//

0 "z

“(1 + v )dxdy = Idyf(l + v )dx H 3 +y2x)|;- dyzjj.%yjdyzif‘ : _64 4 _s

OOKYMEHT f:IDﬂ,ﬂHEAH
EHEHTPDHHDH HD,D,HMCbl":'

043 E‘Ia—\E-H“fJ 2205E7BAS00060000043E
ITebAHa AnekcaHapoBHa

Ceptudukar: 2
Bnaneneu |_|

'\.\_'l
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[Tpumep. Breruncmate nHTErpan _[_[(f’u::2 —2xy + y)dxdy , ecmu 00/1aCTh HMHTETPUPOBAHUA
A

A orpannuena muausaMH X = 0, x =y, y = 2.

;-_,.

ﬂ(3x’”— —2w+y)dxdy=ja§fT(3x2 —21jz+y)dxzj(x3 — e + ) afy—

2 7 & 4N 2
244

[ =y +ydy=| 2L 4 2| =22

!(y y 4+ y)dy {7 . 4\0 o1

Bonpocw u 3aoauu:

Ba,u;aqa 1. H?.MEHHTL Hﬂpﬂﬂ;m{ WHTETPUPOBAHU !
2/x

/dr/f[rydy+fdrffry
3 fdyjfzydx+fdy[f(my)dy

1/4 1/y
-3 36—y? 0 v —y?—12y
. [ay [ fewdat [a [t
-6 0 =3 0
16 0 32 0
4. fdy / f(.'t?.y]d;r-l-fdy f flz,y)dz.
0 —y/4 16 /0y
V6 Vex? 2v3  Viz-2?
9. /d:.r: / flx,y)dy + /d:r / flz,y)dy.
0 0 NG 0
6. frfu f flz,y)dx +fdu f flz,y)dzx.
y? ! -/ 2y—4?
3amaua 2. BerawcmuTs ABOWHBIE MHTETrpadbl MO oOmactam D, orpaHMYeHHBIM 3aTaHHBIMA
JTUHWUAMM

f (2z —y)dedy, y=2° y= /.
D
2. /[{:r:—y)d:rdy, y=2-1x% y=2r-1.

1

f (yllliﬂ] dl[.' f-iy., y = -, y o ﬁ. T = '2"
£

D

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO
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—x, y=0, = =0.

L | A

4. // (cos 2z + sin y) dx dy, y =
D

o

: // sin(x + y) da dy, y=ux Y=
X

P2 1
6. // i—qd;xrdy., y=—, y=x, x=2.
y?

£

~1
I
4
e
I
<

D
. f/ (x +y)drdy, y=1x", 1 'T.
D

Bonpocsr:

1.JlaniTe onpenenenne BOMHOTO UHTErPAIIA.

2. IlosacHuTE rEOMETPUYECKUN CMBICII IBOMHOTO UHTETPAIIA.

3.Ilepeunciure CBOMCTBA ABOMHOTO MHTETPATIA.

4.Yto Takoe MOBTOPHEIN UHTErpa’?

5.0mammuTe mponecc BEIYMCICHN IBOMHOTO HHTETPAIA B IEKAPTOBEIX KOOPAUHATAX.

IIpakmuueckaa padoma 17.  Qu¢pgpepenyuanvuvie ypasnenus ¢ pazoenarouiuMucsa
nepemenHviMU. OOHoOpoOonble ypasHenua. JTuneiinvie ypasuenusa. Ypaeuenus, npueooumsie K
JIUHCHHbIM.

Ilens: cpopmupoBaTe YMEHHE ONpENENATs U pemars Y ¢ paspensronimMucsa mepeMEeHHBIMH,
omnoponuere JIY, numeitneie JIY u HOpUMEHATE IIONYYEHHBIE YMEHMA IIPU  PEHICHUH
[MPAKTHYCCKHX 3aaa4.

Teopemuueckana uacms:

Hud@epeHnHaIbHbIM  VpaABHEHHEM  HA3BIBACTCA  YPABHEHME,  CBA3BIBAIONIEE
HE3ABUCUMEBIE IIEPEMEHHBIE, WX (YHKIMM W OPOW3BOAHBIE (Wmm Ou((PepeHIabl) STOH
¢pynkumu. Ecnu mudepeHunansHoe ypaBHEHHME MMEET OQHY HE3aBHUCHUMYIO HNEPEMEHHYIO, TO
OHO HA3BIBAETCS 00LIKHOBeHHLIM TH(depeHIHANBEHLIM YPABHEe HHEM, €CJIH K€ HE3ABUCHUMBIX
NEPEMEHHBIX [OBE Wi 0Oomee, TO Takoe mu(depeHrman-HOe YpPaBHEHNE HA3BIBAECTCA
Au(pdepeHnHAIBHLIM  VpaBHeHHEM B YACTHBIX MNPOH3BOAHBLIX. HauBeICIIMH nOOPAIOK
MPOU3BOAHBIX, BXOAAIMIMX B YPABHEHUE, HA3BIBAETCA MNOPAAKOM JAH(pdepeHIHATILHOIO
YpaBHeHHsI.

[Tpumep.
x’y'+8y—x+5=0 - obmxHOBeHHOE nu(epeHnpanpHoe ypaBHeHne | — ro mopsaka. B

o6mem Bune 3amiceBaercsa F(x, y,y")=0.

xjg/ +xy%+ x* =y - o0ObpIkHOBeHHOE mU(P(PEepPEHIINATEHOE YpaBHEHNE 2 — TO Topajka. B
Dﬁnfem Buae 3amiceiBaerca F(x, v, v, y") =0

y’ S—i + Xy Sj =0 - mabddepennmansHOoe ypaBHEHHE B UYACTHBIX MPOW3BOJTHBIX HEPBOTO
MOPAIKA.

O0muM pemenneM mudpepeHINATBEHOTO YPABHEHUSA HA3BIBAETCA Takas auddepeHuupyemast
¢pynkiug y = @(x, C), koTopas npu MoACTAHOBKE B MCXOOHOE YPABHEHHE BMECTO HEU3BECTHOU
(pyHKIMI 00pamaer ypaBHEHHUE B TOKIECTBO.

uddepenmansueie YpaBHEHNS IEPBOTO MOPSIKA.

JpihhEpeThleM  ypaBHeHHEM NepBOro MOPSIIKA HA3BIBACTCS COOTHOLICHUE,
Ceprud GBA3HBAIOIIOS pFFNIEAFN500@C00dMEPBYI0 MTPOM3BOAHYI0 M HE3ABHCHMYIO IIEPEMEHHYIO, T.C.

Bn afleneily GTHWE&EET WHE aHOpoBHa
F(I, Vs .]’I) =0

81
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YpaBHeHHS ¢ pa3Je/IA0IHMHACH NepeMeHHbIMHA
HMuddepennmanmsuoe ypapuenne y' = f(x,y) Ha3pIBaeTCs ypaBHeHHEM ¢ Pa3iesIsioluMUcs

nepeMeHHbIMH, CCIIH CTO MOKHO 34ITHCATE B BHUIC

V' =a(x)B(y).

-2
[Tpumep. Haiitu oOmiee pemenne aug pepeHMaIbHOTO yPaBHEHUA w' = *

COS V

dy
COSy:-— =—2x
yCcosy N

vy cos vdy = —2xdx

Iyms vdy = —Zdex

u=y;, dv=-cosydy;

chasydyz =ysiny—jsinya’y=ysiny+cc:sy

du=dy, v=siny
, 2
ysiny+cosy=—-x +C
ysiny+cosy+x>+C=0
- 3TO eCTh OO0mMH HMHTETrpa UCXOOHOTO IU((PEPEHIMATBEHOTO YPABHEHMSA, T.K. MCKOMAS

(yHKIMA M HE BBIPAXKEHA YEpe3 HE3aBUCHUMYK IMEpPEMEHHYI0. B sToM u 3akmoudaercs
OTJIHYHe O0MIETO (IaCTHOTO ) HHTErpaJjia oT 00mero (4acTHOr0) peleHusl.

[Tpumep. Pemmts ypasuenue y' = y%_ % _ y%
v A dy =dx
Iy_%dy = Ia’x
?)y}é =x+C
27y =(x+ C)3 - 00mIMit MHTErpan
y= %(x +C)’ - obmiee pemenne

JInHeNHbBIE YPABHEHUS.
JudpepennmansHOe ypaBHEHHE HA3BIBACTCA JIHHEHHBLIM OTHOCHUTEIBHO HEW3BECTHOU
()YHKIIMH 1 €€ MPOU3BOIHOM, €CIIM OHO MOKET OBITh 3aMMCAaHO B BUIE:
y'+ P(x)y = O(x),
IpU 9TOM, €CIU OpaBas 4acTe (J(X) paBHA HY/IIO, TO TAKOE YPABHCHUE HA3LIBACTCS JIHHEHHbLIM
OTHOPOIHBIM mu(p(PEepEeHIINATEHEIM YPABHEHUEM, €CIIM IpaBad 4acTe (J(x) HE paBHA HYJIIO, TO
TAKO€ YPABHEHHUE HA3LIBACTCS JIHHE HHLIM He O[JHOPOAHLIM Tu( (] epeHIanbHEIM YPABHEHH EM.
Jl7s MHTETpUpPOBAaHNS JIMHENHBIX HEOTHOPOIHBIX ypaBHEHUM (((x)#)) MPpUMEHSAIOTCA B
OCHOBHOM J1Ba MeToaa: meron bepuymnu u meron Jlarpanxa.
Meron bepuymnu.
CyTe METOZa 3aKI0YAETCA B TOM, UTO HCKOMAas (PYHKIMA OPEOCTABIAECTCA B BUIE
MPOU3BENCHUSA ABYX (DYHKIIMIL V = Uv.

, dv du
[Tpu 5TOM OUeBUIHO, UTO V' = U -—+ V- — - nu(PHEPEHIIUPOBAHNUE MO JACTAM.
dx dx
[ToncraBnsas B ucxogHOE YpaBHEHUE, TOTYIAEM:
dv du
NOKYMEHT MOANUCAH u—-+v—+ P(x)uv= Q(x)
SNEKTPOHHOW MOAMNUCHIO dx dx
Ceptucpmkar:  2C0000043E9ABBBIS2205E7BAS00060000043E 7 q
V U
Bnapneneuy; llleBayxoea TaTbAHa AnekcaHapoBHa y—+ vl — + P(I)H — Q(:"i:)
dx dx
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Jlanee caegyer BaxkHOE 3aMEUaHUE — T.K. MEPBOHAYATBHAA (PyHKIMA ObLIA MpEaCTaBICHA
HAMM B BHAE MPOU3BEIECHUA, TO KAKIABIA U3 COMHOKUTENEH, BXOQANIMX B 3TO MPOU3BEACHUE,
MOJKET OBITH MPON3BOIBHBIM, BEIOPAHHBEIM MO HANIEMY YCMOTPEHHIO.

Hampumep, QyHKIA ) = 2x° MOKET OBITH NpeacTaBieHa Kak y =1-2x°; y=2-x7;
y=2Xx-X; ¥ T.IL

Taxum o0pa3zom, MOKHO OTHY U3 COCTABIAIONIMX MPOU3BENECHUE (DYHKIMI BEIOPATH TAK,

du
4TO BBIPAKECHUE EJrP(x)zs:U. Takum o00paszom, BO3MOKHO MOJXYUUTE (PYHKIHMIO U,

MPOUHTET PUPOBAB, ITOIYIEHHOE COOTHOLIEHUE KAK OOTHOPOAHOE qu(p(pepeHnansH0e ypaBHEHNE
10 OIMMCAHHOM BEIIIE CXEME:

o peode [

U Il

— _I P(x)dx; 1]?1|H‘ = —I P(x)dx;

—!F[.T‘].fb:

In|C,|+ Inlu| = [ P(x)dx; ~ u=Ce . C=1/C

Jlsa HAX 0k AEHUA BTOPOM HEM3BECTHOU (PYHKIIMM V MOICTABUM ITOYUYEHHOE BBIPAKEHHE

dv du
onil (PyHKIMM 4 B HCXOJHOE YPABHEHUE HE—FV E+P(x)u =(0(x) c yderom TOrO, 4TO
X X

BBEIPAKEHHE, CTOANIEE B CKOOKAX, PABHO HYIIIO.

Cﬂ—j?[-t]dr % _ Q(x)? Cd}; _ Q(x)ejpﬂ.rﬁrirdx;
Hurerpupys, moxkeM HAUTH (PYHKIIHIO V:
Ralran ]. Ry lvin
Cy = IQ(I)EIF" “dx+C; y = EIQ(I)EIP[ e+ C,;

T.e. Oputa momyuena Bropas COCTABIIONIAA HPOU3BENECHUA V = UV, KOTOPOE H
ONpenesieT UCKOMYIO (DYHKIIHIO.

HD,I[CTHBI[HH [MTOJIYUYCHHEBEIC 3HAYCHHA, ITOJIYHACM.

—IP[.T‘J:IT IP[-TFET

v=uv=~_Ce d'."li:-l-cz)

<(Jowe

OkoHUaTEIpHO TOIYyIaeEM POPMYITY:
~| P{x)dx Px)dx -
yv=e Jres U Q(I)EI % dx + Cj) , (2 - mpou3BOIBHEIN KOY(P(UIIMEHT.

210 COOTHOIICHHUE MOKCT CUHTATBCA PCIICHHCM  HCOIHOPOIHOTO JTUHEHHOTO

nud pepeHMATBHOTO YPaBHEHNA B 00mIEM BUIE TTO criocoOy bepuyum.
Bonpocwer u 3aoauu:

3anaua 1. Hairtu uHTerpansusie KpuBeie U (pepeHIanTbHEIX YPABHEHUM:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023

83



1. ydr+ (14 z2*)dy =0. 2, v =tprigy.
3. yv'y= —2zrsecy. 4, ¢ +sin(z+ y) = sin(x — ).
5 yll+z3)y +z(1+98)=0. 6. edr—(1+e%)ydy=0.
7. ¥ =2e"cosz. B. v =gylny.
2r 1
9. ¥y = —-:. 1. ¥ = )
/ 1 4+ = vt —1
3amaua 2. Haiitu oOmiee pemennsi nudpepeHiinaaipHoro ypaBHEHHA
1. ¢ =e¥/* 4 ¥ 2, 4 = Y 1. s o2y = xy + yle™ /Y,
‘- x
¥ ¥ 2w h g
L. zeos = dy+ [x — yeos j dr=0. 5. (x° + 2zxy)dr + zydy=I.
& T
, Y ) . N —
6. ry' In [—J =1+ yln (—) . (.yder+(2,/7y —z)dy = 0.
x x
T r o (U . (Y
8. (dy*+z%) v = xy. 9. ry HIIEL—) I..liziﬁlll[—).
L4y Y = Ty ,: . ! .

10, zy+y* =(22° 4+ ) v

3amada 3. Hairtu pemenns 3amad Konm misa mupdepeHnaibHbIX YPAaBHEHUH:

1. xy +=y=e* =0, y(1) = 0.
1 .
2. ¥y —ytgx = . y (0) = 0.
COs T
3. ycosPxr+y=1tgx. y(0) = 0.
1. y —ythr=ch’z, y (0] = (.
y e
- ¥ k -
9. 1 =rinz, yie) = —.
- yle) =3
6. y'sinx —ycoszr =1, y[%]=ﬂ.
T. ¥ —ytgxr =cosr, y(0) = 0.
Bomnpocsr:
l. [awire onpenenenne nudpepeHnnansHOr0 ypaBHEHHUS.
2. Kak onpenemaerca nopsaaok anpepeHnnaasHOr0 ypaBH€eHN !
3. Uro mHazemBarT 00NIMM (JaCTHEIM) pemeHueM T PpepeHImarsHOTO YPaBHeHU?
4. B uem cymnoCTh 3agaun Kommu?
5. IlpuBemnure npumep  mud@pepeHINaAnBEHOTO  ypaBHEHMA C  Pa3IeIsaONIAMHUCA

=

7.
8.

9.

IEPEMEHHBIMHU.

Onmumwure xox pemeHua au(@epeHnansHOr0 YpPaBHEHUA €  Pa3aeasaroniuMUCsT
MEPEMEHHBIMHU.

Kakoe nudpepennpmanpHoe ypaBHEHNE HA3BIBAIOT OJTHOPOIHBIM?

Kakoe nudpepeHnmansHoe ypaBHEHNE HA3BIBAIOT TMHENHBIM

Omuumre meton bepHyium pemeHns THHENHBIX (P (EePEHITUATEHEIX YPABHEHUM.

Hpaxmuueckan padooma 18. Ypaenenusn evicuieco nopaoka, Oonyckarouiiie ROHUDdICEHUE
nopaoka. luneiinoie ougpgpepenuuansvuvie ypagHeHua golCUIUX ROPAOKOE.

Henw: copmvmpoBars ymenue onpenenars Bua [V u seiOupats cnocod pemenns JIY Bricmero
MOPSIKA, MPUMEHATE ITOJYIECHHEIE YMEHUS MTPH PEHICHNH ITPAKTHUECKUX 3a1a1.

AOKYMEHT MOANWUCAH
Teopemad¥CRUA W éThY C0
Ceptudomkar: =~ 2C00QQ00 ABBB952205E7BAS00060000043E
Bnaneneu: mﬂmﬁammm VpaBHEeHHEM MOPAIKA 1 HA3EIBACTCSA YPAaBHEHUE BU/IA:

F(x,9,9 ., ") =0
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B HE-‘I{CITGPLIK '.'.3.]'["5,.r qagax 51o }’pﬂBHE‘HHE MOKHO pﬂ?.pﬂ‘[llHTB OTHOCHTEIIEHO _}’r”j .
(n) f (r=1)
YU =Ly, Yy ).

Tak xe kak u ypaBHEHHE IIEPBOTO MOPAIKA, YPABHEHHUSA BEICIIHNX ITOPAIKOB UMEIOT
OECKOHEYHOE KOJIMYECTBO PEIIEHHUH.

Jud pepeHtmansHple YPABHEHUA BBICIINX MOPSIIKOB, PEHIEHHE KOTOPBIX MOMKET OBITH

HANAEHO aHATMTUYECKH, MOKHO Pa3eINTh HA HECKOJILKO OCHOBHBIX THIIOB.
YpaBHEHMsA, TONYCKAIONINE MOHUKEHUE TOPAIKA.

[Tonmxkenne mopsanka mu(pEepeHIUAIBEHOTO yYPABHEHHUS — OCHOBHOM METOJ PELICHUA
yPAaBHEHUM BEICIINX MOPAIKOB. ITOT METOA JAET BO3MOKHOCTE CPABHUTEIBHO JIETKO HAXOIUTH
pelieHne, OOQHAKO, OH MPUMEHNM JAJTEKO HE KO BCEeM ypaBHEHUsIM. PaccmoTrpum ciyuam, Korja
BO3MOKHO IMTOHHKEHHUE MOPAIKA.

Vpasuenus suga v = f{x).
Ecm {(X) — (yHKIIUA HEOPEPEIBHAS HA HEKOTOPOM MPOMEKYTKE a < X < b, TO pemenue
MOKET OBITH HAMAEHO IO CJIEJ0BATENBHEIM HHTET PHPOBAHHUEM.

Y = [ f()dx+C;
PD m f(x)dx+C, Hx+C, = I arxf f(x)dx+Cx+C,;

n=1 n=2

X
V —Itil’ cit....jf(x)ciwrcl HJFCE (n—2)!+'"+ C;

[Tpumep. Penmits ypaBHeHne y" = e** ¢ HAYaJIbLHBEIMH ycnoBusMu xo = 0; yo = I

ve ==L y5 =0.
" 2x ]' 2x .
Vv zje dx + C, ZEE +C;
] ]' 2x 1 2x .
)% :I EE:‘ + C, tﬁ::HE +Cx+C,;

]. 2 x ) _]- 2x ]' . - .
yzj EE’:‘ +Cix+C, —ge +5C1.1 + C,x+ C;;

HCI,I[CTHBHM HAYAJIBHBIC YCIIOBHA.

1=l+C3; —1=l+C:..; 0=l+C1;
8 4 i 2
Cl :_l; C’J _E:r C3 :z:r
2 i 4 8

1, 1 5 7
[Tonmyuaem gacTHOE pemenne (pemenne 3agaun Komm): y = —e”™ ——x* —=x+—.

8 E 4 B

Y paBHEHHU:A, HE COAEPKANIE ABHO UCKOMOHU (DYHKIIMM U €€ NPOW3BOAHEIX 10 MOPAAKA k —
[ BKIFOUWUTENBHO.

910 ypasuenus suga: F(x,y™, y* .., y") =0.

B ypaBHEHMAX TAKOrO THUIIA BO3MOKHO HOHMKEHUE MOpAnKAa HA k egunull. J{ms storo
IPOU3BOIAT 3AMEHY HEPEMEHHOM:

y{ﬂ:] :E.’; _]f'th” _ Er; y{n] :EU:—H-
NOKYMEHT NQAMVCAH "
Torna nemsraacoi .., z" "y =0.
Ceprvcukar: 2C0BP0043E9IABEBI52205E7BAS00060000043E
Snanenet mﬂ;f;%nga b 1 E@%&E’Iﬂ%ﬁ H%Tcg nostyuennoe audpepeHnuansHoe ypaBHEHHE TPOUHTErPHPOBAHO

M COBOKYMHOCTB €TI0 PEIMICHMI BEIPAKACTCA COOTHOILIECHUEM:

Nencteutened: ¢ 19.08.2022 no 19.08.2023

85



z=y(x,C,C,,....C ).
Jlenasa oOpaTHyIO MOACTAHOBKY, UMEEM:
vy =y(x,C,,C,,....C, ;)
Huterpupys nOOXydeHHOE COOTHOWMIEHME TMOCIEOOBATENBHO Kk  pa3, MOIydaem
OKOHYATETBEHBIN OTBET:
y=0(x,C,,C,,...,C)).

L

[Tpumep. HaiitTu oOniee pemenne ypapHeHu )" = i *
X

[Tpumensem moacranosky z =y"; z' = y";
dz =z dz _ dx Iﬁ _ IE?
z X
.

z
Z == T T T .
X dx x z X
l11|z| = l11|.t| +InC; z=0Cx;
[Tpouseens oOparHyio 3aMeHYy, MOJIyIaeM:

C, ,
Y'=Cx; = [Coxdx = =Lxt 40y

C, , C
y:-[[?lx +Cz]dx:?1x3+sz+C3;

O0miee pemenne UCXOTHOTO AUPEPEHITNATEHOTO YPABHEHHUS:
y=Cx"+ C,x+C,;
OTmeTnM, 4TO 3TO COOTHONIEHUE ABJBIETCA PEMICHUEM I BCEX 3HAYECHUN ITEPEMEHHOM X
Kpome 3HaueHus x =(0.

YpasHeHUd, HE COIEPKANME SBHO HE3ABUCHMOM MEPEMEHHOM.

t0 ypauenns suna F(y,y',..., y") =0.

[Topanok Takmx ypaBHEHUH MOKET OBITh MOHWKEH HA €OUHUIY C MOMOMIBIO 3aAMEHBI
MEPEMEHHEIX )’ = p.
o dy' _dy' dy d
Yy = = ‘ = P
dx dy dx dy

a; " " " d{j—pp] d? a; 2
ymr: V :aj’ ﬂ_']/:ﬂj/ p= V p= f)p2+ _P P? M T.JI.
dc« dy dx dy dy dy dy

[Topcrasnsasa 5T 3HaueHUA B UCXOOHOE TU( (PpepeHINATBHOE YPABHEHUE, TTOTYIAEM:
dp dn—lp
JFI _}’-.. pﬁ_ﬁ---a ﬁ — 0
dy dy
Ecmt sTo ypaBuenuwe mpounterpuposats, u O(y, p,C,,C,,...,C, ) =0- COBOKYITHOCTE

€r0 PEemICHUuH, TO i1 PEMIEHUA AAaHHOr0 AU(PPEPEHIUAITEHOTO YPABHEHMS OCTAETCS PEIIUTH
ypaBHEHHUE MEPBOTO MOPSIKA:

@(y,)',C,,Cypes C, ) =0,

[Tpumep. Haiitu obmiee pemenue ypasuenus vy —(y')" —4yy’ = 0.
AOKYMEHT NOAMUCAH

ANEKTPOHHOW I'ID,EIHHEF:IQ_ o " dp )
Ceptudmkar: EEDM%E‘BM%@%ﬂE@GW&B Y = Av P>
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa _]’
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d d
wE—p —dyp=0, Py —p-dy|=0
dy dy
Dy _ay=0. P_y4.P.
p-
dy dy y

g permienns moimydueHHoTro qu)(epeHManbHOr0 YPaBHEHUA TPOU3BEIEM 3AMEHY ITEPEMEHHOIM:
P

U ==—.
y

u+ﬁy:4+u; a'u:4ﬁ;

dy y
J.a’uz4jld—y; U= 4ln‘y|+4lr1C1; u=4ln|C1y|;
Y

p=4yh|C
C y4ueTom TOro, 4to p = i , TOJTy9aeM:

X

dy dy

— = =\ d X

dx I4ylr1|C1y| -[ '
I (d(njC,y) 1 |
_I lCo =7 111‘111|C1y” +C,;

OOmnmwit mHTETpaT UMeeT BUL: ln‘ln‘ClyH =4x+ C;

2) p=0;  y'=0; y=C
Taxum o0Opazom, moryunmm aBa 0OMIMX pemeHu .
JInHeiHbIM JH(p(epeHIHAIBHBLIM YPaBHeHHEM I — I'0 MOPHAIAKA HA3BIBAETCA TH000€E

(#)

YPABHEHUE MEPBOM CTENMEHU OTHOCUTENHHO (DYHKIINHN V M €€ TPOU3BOIHEIX V', V..., ¥

poy" +py" T+ Py ot p Y P,y = f(3);
TIe po, pi, ...,Pn — QYHKIMH OT X UM MOCTOAHHEBIE BETUYUHEL, IpU4IeM po # ().

OTMeTUM OZHO BAKHOE CBOWNCTBO JUHEHUHBIX YPABHEHMH BEBICHINX ITOPAIKOB, KOTOPOE
OTIMYAET UX OT HEMMHEWHBIX. /|71 HEMMHEUHBIX YPABHEHUM YACTHBIM MHTETPAT HAXOAUTCA W3
o0mIero, a oy MMHENHBIX — HA000POT, OONMN MHTErpas COCTABIAECTCS M3 JACTHHIX. JIMHeHbIe
ypPaBHEHUSA MPENCTABIAIOT CO00M HanOOIee N3YUEHHBIN KIacC mu()pepeHnnaTbHBIX YPABHEHUH
BBICIINX MOPAAKOB. JTO 00BACHAETCA CPABHUTEINBLHOU MPOCTOTOM HAXOKIAECHUA pemeHut. Ecmm
IpU PEHIEHUH KAKUX — JU00 NOPaKTUYECKUX 3aJad TpeOyeTcs pemmTh HEIMHEUMHOE
nu((pepeHInaTEHOE  YPABHEHHUE, TO  4YACTO NOPUMEHAIOTCS OPUOMIDKEHHBIE  METOMHI,
MO3BOJISAIONINE 3AMEHUTh TAKOE YPABHEHHNE “OMM3KUM K HEMY JIMHEHHBIM.

Bonpocwt u 3aoauu:

3amaga 1. Haittu oOmine pemenus nnd)§ epeHIMATBHEIX YPABHEHUH

BHUIA:

{ 11— { 11—

.

1. y”' =1- y"'. 2, :rg” + yi = 0.
1+ 4+ +1=0. 4 29" 4+24 =1
. ..!.'ﬁr,,-""I - .J,r” = 1 4 ir. . y’”ﬂ | ﬁr;“z = 1.
T- I!']'IEI e :!J."_l] }'l.r”- .:": I!Illl.rr _-l"."._fj'r-
AOKYMEHT MNOANMCcAH 2
QﬂEﬁ]‘rF'OH-b-i_fﬂH-FIQﬂﬂﬁﬂblﬂ 10. """ = 4y".

Ceptudmkar: EC.[I' aﬁi i DEETBA 'D'EIEI 0000043
bRHE

Bnaneneu:

et 3aqay Komm s audpepennnanbsHbIX ypaBHEeHHI:

EHEEHﬂ
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. " y* =1, y(1/2) =1, y' (1/2) = 1.
2. yy'+y*=1 y(0) = 1, y'(0)
3y -yt +yly-1)=0, y0)=2 y'(0) = 2.
Ly +4" - 2yy" =0, y(0) =1 )

5. Wy =y+yt+1, y(0) = -2,  ¢'(0)=0.

3amaga 3. Hairtu oOmine pemenus nn@) epeHINATBHEIX YPABHEHUN

l. ¢ +y=rcosz 2, ¥y +y = 2y = Bsin 2z,

.,y =2y +5y =efcos2z. 4 ¥ +y = 3sinz.

5. 3" + 4 = dxcos . 6. ¢ — 9y =e T cosr.

7. " — 4y = " sin 2. 8 ' — 2y =2re"(cosz —sinz).

0. y" —py=2sinx —4dcosz. 10. y"' — 6y 4 25y = 2sinx | 3cosT.
Bompocsr:

I. Kakue Bunel mu(ppepeHnanbHeIX YPAaBHEHUH, MOITYCKAIONINX MNOHWKEHHUE MOPAIKA

Br1 3xHaere?

2. Kakyro 3aMeHy TEepeMEHHOW HEO0OXOIMMO OPOBECTH, €CIM B YPABHEHUM SIBHO HE
COOEPKUTCA UCKOMAS (PYHKIMSA; HE3ABUCUMAS [MEPEMEHHAN !

3. Kakoe ypaBHEHHE HA3BIBAIOT JIMHEUHBIM C ITOCTOAHHBIMU KO3 puimentamm?

4. Kak crpourca oOmiee pemeHue OIHOPOOHOTO JHHEWHOTO YPABHEHUSA BTOPOTO
HOPANKA C TOCTOAHHBIMU KO3(p(purpenTamm?

5. Kak wHaittu oOmiee pemeHwe IMHENHOTO HEOAHOPOAHOTO YPABHEHHUSA BTOPOTO

MOPAIKA C MOCTOAHHBIMHU KO3 puienTamm?

IIpaxmuueckan paboma 19. Cxooumocmv psaoa. Heobdxooumwlit npusnax cxooumocmu
yucnogozo paoa. Jocmamounvie npUZHAKU CXOOUMOCMU 3HAKONOCMOAHHBIX PAO0E:
npusHaku cpasHenus, npusuax /lanamoepa, npusnaxu Kouwiu. Oooouernnolin capm oHudeCKui

pAo.
Ilenw: cpopmupoBaTh YMEHHE IEMATH BEIBOJ O CXOOUMOCTH pANa HA OCHOBAHUM HEOOXOOUMOTO

U OOCTATOYHBIX IPU3HAKOB CXOOUMOCTH 3HAKOIIOCTOSHHBIX PANOB, IMPUMEHATEH ITOJIYUYCHHEIE
YMEHHUA IIPU PEMICHUN OPAKTUYECKUX 3a7ad.
Teopemuueckana uacms:

Cymma wieHOB OECKOHEUHOM YMCIOBOM MOCIENOBATEMEHOCTH Uy Usy.ees U, 5... HABBIBAETCS

HHC/TOBBIM PHIOM.

oo
Uy + Uy + o U, + = D U

n=l1

IPU ATOM UMCHA U,,U,,... OYAEM HA3BIBATh WICHAMH P4, & Uy — OOIIUM UICHOM psaa.
]
Cymmer S, =u, +u, +...+u, = ZHF: ; n = 1, 2, ... Ha3BIBAIOTCI YACTHBIMH
k=l

(4YaCTHYHBIMH) CYMMAaMM pAnA.

o0
Pan u1+uz+...+un+...=Zun HA3BIBAETCA  CXOASIIHMCH, €CIM  CXOOUTCSH

n=l1

[MOCIHCOOBATCIIbBHOCTE €TI0 YdCTHBIX  CYMM. C}'MMH cXosfmerocss  psia — [Opcaci
[MOCIHCOOBATCIBHOCTIH CTO HAdCTHBIX C}’MM.
AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOANWUCEIO _ -
Ceptudomkar: EEGGGGG-#SEEABBEBEEEDEETBASGGﬂEGDGDDdS&lmSH — S, S — ZH” .
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa n=l
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CepTudukar: M@Emmﬂm@mﬂﬂh{ﬂ CTh pAadd Z

Ecmi mocneqoBaTensHOCTE YACTHRIX CYMM PAJIa PACXOOUTCH, T.€. HE UMEET NPEeaesa, Win
uMeeT OECKOHEUHBIM Npenesi, TO PAO HA3BIBACTCSA PACXOAAINMMCH U €My HE CTaBAT B
COOTBETCTBUE HUKAKOW CyMMEI.

[Ipp wu3ydeHMH 3HAKOMOCTOSHHBIX PATOB OTPAHUYUMCA PACCMOTPEHHEM PAOOB C
HEOTPULATEILHEIMM 4JICHAMHU, T.K. IPH IPOCTOM YMHOKEHUM HA —| W3 O5THUX PAZOB MOKHO
MOJIYUUTE PAAEI C OTPUIATEIBHEIMU YICHAMH.

[Tpi3Hak cpaBHEHUS PATOB C HEOTPUIIATEAEHBIMH WIEHAMH.

[Tycte maner nBa pana Zu” 1%} Z v, TPH Un, Vi = 0.

Teopema. Ecomun un < va mpu moOOM n, TO H3 CXOOUMOCTH psala Zw” CIEIyeT

CXOOUMOCTE psaaa Zu , » & A3 PaCXOOUMOCTH psAna Zu” CIemyeT pacXoquMOCTh psaaa Zv”

| | |
[Tpumep. HMccnenoBare Ha CXOIUMOCTE PA + + .. +—+...
In2 In3 Inn
| | |
T.x. — > —, a rapmoHnuecknii psana Z pPacxoguTCsa, TO PACXOOUTCS U P Z
Inn n Inn
|
[Tpumep. MccnenoBars Ha CXOOMMOCTE Pl ZF
=1 n
| | |
T.K. >y < S apan ZZT cxoauTc ( Kak yORIBaromias reOMETPHIECKAsa IIPOTPECCHUs ), TO Pl

— 1
Z ; TOWKE CXOOHUTCA.
n=l n2

Taxke ncnone3yercsa CaeaQyonmi OPU3HAK CXO0IUMOCTH:

U,

Teopema. Eciu u, >0, v, >0 =h, 2de h — uucno,

R =0
M

OMIUYHOE OM HYJIS, MO Psobl Zu” u Z v, 60YM 0OUHAKOB0 6 CMbICIE CXOOUMOCHU.

[Tpuszuak JlamamOepa.
(Kan Jlepon Hamamdep (1717 — 1783) — ppaHiry3Ccknii MAaTEMATHK )

Eciu ona psaoa Zu” C NONOAHCUMETbHBIMU WIEHAMU Cyujecmayem maxkoe 4ucio ¢g- 1,

YMo O0J14 8Cex OOCMAMOYHO DONLUUX N BbINOIHACMCA HEPABEHCINBO
U

n+l

< ¢,

L

by

mo psio U CXOOUMCA, eciu Hee Ol 6cex 00CMAMOUHO DOIbUIUX N BbINOJIHAECM CA VCI106UE
n

U

n+l :__} 1,
I

1

mo pso Zu” pacxooumcs.

[IpenensHelii npusHak JlanamoOepa.

[Ipenemsnein nmpuznak J[lanmamOepa ABIAETCA CAECACTBUEM U3 IIPUBEACHHOIO BBIIIE
npusHaka /lamamoOepa.

23

1+l

Eciu cywecmeyem npeoen lim
=00 H
n

pacxﬂdumﬁ?&ﬁﬁy rﬁnﬁmé 51{110 Ha 6ONPOC 0 CXOOUMOCMI OMBEMUMb HETb3A.
ANEKTPOHHOW MOAMNMCHIO

=p, mo npu p < Il pao cxodumcsa, a npu p > 1 —

f
Bnapeney; LI.IEEJ:-.-*?.DBE TatbaHa AnexkcaHgpoBHa n=1 2
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1+l

ani; u”_l:HJrll; limH’;'l:lilﬁ_‘l(MJrll)2 _nrl ”:lﬂil
2" 2" now oy oo g 2n 2 2
BriBOI: psag cxomauTcs.
1 1 |
[Tpumep. OnpenemmTs CXoguUMOCTE paga |+ F + 5 +...+ - +...
! ! n!
!
u, =i; u, =#; lim 2 = fim—" — lim—— =0 <1
n! (n+1)! ooy oo (n4l)l oep+l

BriBoa: psaa cxoguTcs.
[Tpu3nak Komu. (paauKkaibHBEIN DPU3HAK)

Eciu ons paoa Zu” C HEOMPUYAMEIbHbIMU WICHAMU CYWEeCmEyem maxkoe Yucio g-<1,

YMo O0J14 8Cex OOCMAMOYHO DONbUUX N BbINOIHACMCA HEPABEHCMNBO

Ju, =4,
mo pso Zu” cxooumcs, eciu Jce OJA 6cex OO0OCMAMOYHO OONbWUX N GblHOIHAEMC A

HepaBeHCmMBo
du, =1,
mo pso ZHH pacxooumcs.
Caeacrue. Ecu cymiectByeTr npenen IEW =p, TO mpu p<l psag cxogurcsa, a TpU

p>1 pan pacxoouTcs.

f

= (2n° +1
[Tpumep. OnpenemnTs CXOAUMOCTE pAaa Z -
=\ 3n"+5
|
) 24+ —
limafu = lim 2L fim— 1 Z 2 ]
=0 H=pa0 3.-"1_ + 5 H=0 3 5 3
Tt
n>

BreiBOI: psam cxoguTcs.

[Tpumep. OnpenemmTs CXOOTUMOCTE pAna Z [1 + l) .

H

limafu = lim| 14~ |=1.

M =>»00 H =20 H

n=l

T.e. mpmnax Komm nHe pmaer oTrBera HA BOOPOC O cxomuMocTu paga. lIposepum
BBEIITOJIHEHHE HEOOXOIMMBIX YCIOBUH cxoauMocTu. Kak OBLIO CKA3aHO BBINIE, €CIIA PAJ

CXOOUTCA, TO OOMIMI YIEH pAda CTPEMUTCA K HYIIO.

limu, = lir 1+l =e#0,

=00 e i ”

TakuM 00pa30M, HEOOXOUMOE YCIOBUE CXOAUMOCTH HE BERIITOIHIAETCS, 3HAYNUT, PAL PACXOTUTCA.
Hurerpansueni npusHak Konm.

Eciu @(x) — HenpepviHaa nonoxdcumenbHas QVHKYUA, yOovl8arowias HA NPOMENCYymKe

OOKYMEHT UDD,HI-"ICHH o o0
1. ANEKTRPOHH HDHEW . pu - _
cepmqm[n]at‘?ﬁ%m%@ﬂ&ﬁé?m 205 oJsoseotas@(M) t ... = Z (1) u HecobcmeeHubll UHMEZPa I Pp(x)dx
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa n=1 |

OOUHAKOBBL 8 CMbBICTIE CXOOUMOCHIU.

Nencteutened: ¢ 19.08.2022 no 19.08.2023

20



| | |
[Tpumep. Pag 1+ + +...+—+.. cxomurca npu o>1 u pacxoaurcas o<l T.k.

2% 3 n"

COOTBETCTBYIOIINH HECOOCTBEHHBIM MHTErPaT J.—& cxomurea npu o.>1 u pacxogurca a<l.
1

|
Pan Z— HA3BIBACTCA 00001 eHHLIM FAPpMOHHY e CKHM PsIOM.
n=l n

Ciaeacreue. Ecmn f(x) u ¢(x) — nenpepreiBHBEIE (PyHKIMM HA wuHTEpBane (a, b] u

im f((x)) =h, h=#0, To MHTErpATEI If(x)a’x 5| I(p(x)dx BENyT ce0S OMUHAKOBO B CMBICIIE
X=*+ (P X . .
CXOIMMOCTH.

Bonpocwel u 3aoauu:
3amaua 1. Haittu cymmy psa:

i) 3
1. . 2, .
Z]HT-I—E_IHL-'-G z‘_ne—f}rr—l—ﬁ
. i 30 : = 4
. : 25n2 +5n - 6 ' | dn< -1
— 18 < 90
L _— . .
] l“ il 4+ JIn ] l: n?+8n—5
- . - 1]
T . . . , .
Ond — 3n - 2 l’ 16n* = 8n. = 3

T TLo—

[ )

- 8 - il
9. : : i
l“ rlre 4 1){nn + 2) 10 l-‘ (21 4 1)(2n + 3)(2n + 5)

n— n—1

3anaua 2. MccnemoBaTe CXOAUMOCTE PAJIOB:

— arctg (n?) — 4 — 2ginn

1. E ! —. 2. E ,
o n{n+2)(n+3) ~ n—=Inn

[

-
+ O 72 n*lnn
1

[~ %

3 _a°
Fi P D "l -
i - r.h—}n:rqri!- " i 2 4 sinmn
53 E . i = :
=1 l""f“ r—1 “{” v :”
W n_
_ Z In q rOS: N
Ill x Lle
L n? +1
rpe=] v =]
=4 -
9 Inn Inn
vall +1 e .i

3anaua 3. MccnenoBaTte CXOQUMOCTE PATOB:

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: Webayxora TatTeAHa AnexkcaHgpoBHa
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as 3_” _|_L:l. . =

| it
L Z 2(n+ 1) = Z (m!)?

rl—i 'I'I—:I !

I:_.H
i
"_.l_l
= | =
— =

o
N
| i

' n! - 3™n!
9. g M ' 10. L L )

(
s Y () e Y(ahs)
(

=] =1
.8

[ n?3" an+l_—n
0, E:Jh”. 0. ¥ 3TleT™

e o ] S |

Bompocsr:
I. Yrto Takoe 9uCIoBOM pixa?
2. Kaxkoi1 pan Ha3pBAIOT 3HAKOIIO CTOAHHBIM?
3. Uro takoe cymma paga?’
4. Kakou psag Ha3BIBAIOT CXOIAIIAMCH?
5. CdopmyaupyiiTe HEOOXO MBI MPU3HAK CXOTUMOCTH PSAIA.
6. CdopmymupyiiTe u3BecTHbIe BaMm 10CTaTOYHBIE TPU3HAKNA CXOOUMOCTH PATOB.

Ipakmuueckaa padoma 20. 3Inaxouepeoyrouwueca u 3unaxonepemenuvie paowvl. Ilpusznax
Jenonuya. OOwuit docmamouHblii NPUHAK CXOOUMOCHU 3HAKONEPEMEHHBIX PAO0E.
Abconwmuan U yCaoeHas CXo0UMoCmu YU C106bIX PAOOE.
Henv: chopvupoBarte ymMeHue nenars BEIBOA 00 aOCOMOTHON WIM YCIOBHOW CXOTUMOCTH
YUCIOBEIX PAIOB, IPUMEHATH MOMYUYEHHBIE YMEHUS MPU PEIIEHNN NPAKTUUECKUX 3a1a4.
Teopemuueckas uacmeo:

3HAKOUYEPEAYIOMIUICS PAS MOKHO 3aITHCATE B BUAE:

U, —uy +iy —uy, + o+ (D", +
roe u, >0, n=123,..

[Tpuznak JleiOnua.

OKYMEHT NOANWCAH
@ﬁ%m%mﬁﬁ%ﬂw;uu{emm paoda u, —u, +u, —u, +..+ (—1)"+lu” +... abcoaromuble

Ceptudomkar. EEGDDGDdEEEA&E\BBEEEDSETBAEID 06000004 3E > 6 .~ 50 !
BﬂEﬂEﬂ&L.&'THM?iﬂﬂ%Pr% QE%Q&Q%EH HE H3 e U OOWUH HIEeH CMPeMUMCcA K HVIH H” , Mo pPA

CXOOUMCH.
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AOCOomOTHAA U YCIOBHASL CXOOUMOCTE PSOB.
PaccMoTprM HEKOTOPEIN 3HAKOMIE PEMEHHBIN P (€ WIEHAMH OPON3BOIBHBEIX 3HAKOB).

u, +u, +otu, +..= ZHH (1)

n=|

W Psifl, COCTABJIEHHBIN U3 a0COMIOTHBIX BEJIMYUH 4JIEHOB psaaa (1):

= Z‘unl (2)

n=1

Teopema. M3 cxooumocmu psada (2) ciedyem cxooumocms psaoda (1).
Onpenenenne. Psan Zu” HA3BIBACTCS A0COJIOTHO CXOMSIIUMCSH, €CITM CXOAUTCA PAIT

|H

U

n|-*

OueBUOHO, YTO OJA 3HAKOMOCTOSHHBIX PANOB MHMOHATUA CXOOUMOCTH U A0COIOTHOM
CXOIUMOCTH COBITAOAIOT.

Omnpenenenne. Pan Zu” HA3BIBACTCS YCJIOBHO CXOASIIIUMCSL, €CITH OH CXOIUTCA, @ PAX

u,| pacxomures.

[Tpu3naku JlamamOepa n Konm mis 3HaKONEPEMEHHEIX PAIOB.
[Tycts Zu” - 3HAKOTIEPEMEHHBIN PA.

in+1

Ilpusnak /larambepa. Ecau cymectByer npegen lim = p, TO ipu p<1 pax Zu”

H—00 1_{

Oymer abcomoTHO cxomsammMcsa, a npu p>1 pan Oyamer pacxomsmmmca. [Ipu p=1 npusnak ne
AT OTBETA O CXOOUMOCTH pPAA.

Ilpm3nak Komn. Ecm cymiecteyer mpenen lim4/ju, | = p, o mpu p<I psan Zu Oynmer

Fl=»a0

a0COMIOTHO cxomAmmmMcs, a opu p>1 pag Oymer pacxomammmcsa. [Ipu p=1 npusznak He nmaer
OTBETA O CXOOUMOCTH PAA.
CBOHCTBA A0CONOTHO CXOMANINXCA PAIOB.

1) TeopeMa. /[1a abcorromuou cxooumocmu paoa Zu” HeoHxoouMo u 0oCmamoyHo,

YMODbl €20 MOJICHO 0bl10 npeocmasumb 6 6UOe PasHOCMU OBYX CXOOAWUXCA pPAO0E ¢
HeompuyameibHbIMU YWICHAMU.

CieacrBHe. YCIOBHO CXOOANIMICA PAJI SBIAETCA PA3HOCTHIO IBYX PACXOIANIUXCS PSITOB
C HEOTPUIATEILHBIMH CTPEMANIUMUCA K HYJIIO WIEHAMU.

2) B cxomsmemca pane modad rpynnupoBKa 9JICHOB PALA, HE U3MEHAIOMIAS UX MMOPAIKA,

COXpPaHACT CXOOHUMOCTE M BCIIMYHHY pAaa.
3) Ecau psaj cxouTest abCoMTHO, TO A, MOJIYYEeHHBIH W3 HEro JIF00H IepecTAHOBKOH YI€HOB, TAKKE
abCOIFOTHO CXOJTHTCS U UMEET TY KE CYMMY.

[lepecranOBKOM UYJIEHOB YCIOBHO CXOMAIIETOCS PsiAa MOXKHO MMOIYYUTE YCIOBHO
CXOASATLIMIICS PAI, UMEIOTIHNI T00VI0 HAmepe 3aJaHHYI0 CYMMY, M TAKe PACXOANTIICS PAI.

4) TeopeMma. /lpu nrobou epynnupogke wWieHo8 abCoNOMHO CX00AUe20CA paoa (Npu 3mom
YUCTO 2PYRR MOJCem OblMb KAK KOHEYHbIM, MAK U OeCKOHEHYHbIM U HUCIO WIeHO8 6 2pynne
Modcem Oblmb KaK KOHEYHbIM, MAK U OECKOHEUHbIM) NOIYVUACMCA CXOOAWUUCA PO, CYyMMA
KOMOopo2o paeHa cyMme UCX00HO20 psod.

5) Ecnu psanet Zu” 151 Zw” CXOOATCA a0COMOTHO M UX CYMMEI PABHEI COOTBETCTBEHHO

n=l n=1

S U G, TO pAx, COCTABICHHBIA W3 BCEX MPOM3BENECHUH BUAA u,V,, I,k =1,2,... B3ITBIX B KAKOM

[OKYMEHT MOANAUCAH

yroaHo AUPATREOTARAM XD ITCS a0COMIOTHO U €T0 CyMMA paBHA S -0 - MPOU3BEIEHUIO CyMM
Cepruditan b zr:,:m cr::r EABBBQEED%TBASGGDEDDGDDASE
Eina,u,eneu dTbHAHA aHOpOBHA

cm{ € MPOU3BOIUTE NMEPEMHOKEHUE YCIOBHO CXOMANIUXCA PANOB, TO B PE3yJBTATE

MOKHO TTOJVYIHUTE PACX OAANTHHC :
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Bonpocwel u 3aoauu:
3amaua 1. MccnemoBaTh CXOOUMOCTE PAIOB:

. In 4 - In-
|-_ _I rn+1 ) 2 _] F| : I -
lfi ] nin + 2) L{ :I nt 4+ n® + 1

dl
=]

g g =
+ 1

. = ne sin{n=y/n)
|E||-. I: I]“ —— _ ) _-1. I-L ]:I.ll — s .
E vn? 4+ 3ns 4+ 2 z neyn

=1

= 2n® — 1 - 23

. E‘_”“-:ir,:t | . Z“”“” ~—

=1 m=1

— 3n+2\"
Con(TR)
1 ,
" 4

o 4 COS T
Q. Z[ 1)" sin* 3 110 Tn 3
1

=] i '

e
M 3
=
[—
i

(el
.""‘-I—I-"F.-
" .

= || T

Bonpocsr:

l. Kakoit pag Ha3pIBAETCA 3HAKOUEPENYIOMINMCS (3HAKOTEPEMEHHBIM )
Chopmynupyure nprusHak Jlenbnuna.
Kakou psan HaseBaercs adCOMOTHO CXOAAIIMMCH (YCIOBHO CXOIAIINMCA)?
Copmynupyiite npuzHaku JlanamOepa u Komu ni1a 3Hak OnepeMEHHBIX PATOB.
[Tepeaucnure cBolicTBa A0COMOTHO CXOOAMMXCA PAIOB.

SN W

Ilpaxkmuueckan paooma 21. Boiuucnenue gepoamuocmu coovimus.
Ilenws: popmupoBaHNE OCHOBHBIX MOHATUH TEOPHUU BEPOATHOCTEM.
Teopemuueckana uacms:

Bce coOpITua, MpOUCXOOANIME B OKPYKAIOMIEM HAC MHUPE, MOMKHO Pa3aeIuTh HA IBE
pPE3KO OTIMYAMMECa OPYyr OT Apyra TPYHIbl: B OTHOMIEHWH OJHUX COOBITMII MOKHO
OOCTATOYHO TOYHO IIPEABHUAETH, HACTYIAT OHWU WIM HET, B OTHOIIEHWH [OPYIUX — Takoe
MPEABUACHUE HEBO3MOKHO; HACTYIUIEHHME WIM HEHACTYIUIEHHE TAKUX COOBITHUM HOCHUT Tak
HA3BIBAEMBIN «CIIYUAUHBIN XaPAKTEP.

Teopus BepoATHOCTEM — MATEMATUUECKAsA HAyKA, W3YYaAOMad 3aKOHOMEPHOCTH
crydauHbIX ABIeHUH. [lox cioydaliHEIMH ABAEHUAMM MOHUMAIOTCA SBJIEHUSA C HEOMPEAEIEHHBIM
UCX0A0M, MPOUCXOIANIME HNPH HEOTHOKPATHOM BOCIIPOM3BENEHHUM OINPENEIEHHOTO0 KOMIUIEKCA
y CJIOBHH.

CymecTByrOT OBa MOAXO0OA K W3YYECHUIO ATHX ABICHUN. OOWH M3 HUX — KJIACCUYECKUM,
COCTOUT B TOM, YTO BBIJEIIAIOTCA OCHOBHBIE (JAKTOPBI, ONPENEIAIONINE NAHHOE SBJIECHUE, a
BJIIMSIHUEM MHOKECTBA OCTAJIBHBIX, BTOPOCTENEHHBIX, (PAKTOPOB, MPUBOIANINX K CIYYATHBIM
OTKJIOHEHUAM €ro pe3ynprara, npeHeoOperaror. Takum 00paszom, BBEIAEIAETCA OCHOBHAA
3aKOHOMEPHOCTBh, CBOMCTBEHHASA AAHHOMY SBJIEHHIO, MMO3BOJIAIONIAA OJHO3HAYHO MOPENCKA3aTh
pe3yasTar MO 3aJaHHBEIM YCIOBHAM. OJTOT MOAXOJ YacTO HCHOJB3YETCA B ECTECTBEHHBIX
(«TOYHBIX») HAYKAX.

[Ipu wmccnenoBanMM MHOTUX SABIEHWUM W, NPEKIE BCET0, CONUAIBHBIX, TAKOM MHOIXOT
HenpuemieMm. B 5Tux aBieHMaX HeOOXOAUMO yYUTHIBATH HE TOJBKO OCHOBHEBIE (DAKTOPHI, HO U

WDHECTBEDKB%@UHEMHLD{, IPHBOIAIIHUX K CH}"IHﬁI—[BIM HCKAKCHHUAM PpEe3yJiibTara, T.C.
SNEKTPOHHOW NOANWCLHKO

CepTy dJHBHIE-IITQ C% 4§E &%EQB %%%%% dﬂ&%&%‘%}g exeHHoctH. [loaTo MY OPVYIoH Mmoaxona K U3YUCHHIO ABJICHHH
Branend€lO CTOHEyxBa TOMya HE€af@MCHT HCONIPCACICHHOCTH, CBOMCTBCHHBIM CIYVYAWMHBIM ABJICHHAM H

00yCIOBIEHHBIN BTOPOCTENMEHHBIMH (PAKTOpAMM, TPEOYET CEUATBHEIX METON0B UX W3YUYEHUS.
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Pa3paboTkOi TAKMX METONOB, M3YUECHUEM CHEIM(PUIESCKNX 3aKOHOMEPHOCTEM, HAOMO JAEMEBIX B
CIIyYaUHBIX ABJICHUAX, U 3aHUMAETCS TEOPUS BEPOATHO CTE.

OCHOBHBIMM MOHATHAMH TEOPUH BEPOSATHOCTEH ABIAIOTCSA UCOBITAHUE U COOBITHE.

[Ton ucmerTannem (OOBITOM, SKCOIEPUMEHTOM) MTOHUMAETCA BBEITOIHEHUE ONMPENEIEHHOTO
KOMIUIEKCA YCJIOBHM, B KOTOPBIX HAOMIOIAETCA TO WINW WHOE ABIECHUE, (PUKCUPYETCSA TOT WIH
WHOM pe3yabTar.

CiaydaliHeIM COOBITHEM (MM MPOCTO COOBITHMEM) HA3BIBAECTCS 0001 (PAKT, KOTOPBIA B
PE3YNBTATE UCIBITAHUA MOKET MPOU3ONTH UM HE NPOU30UTH. [akum 00pa3om, coObITHE OyOeT
paccMarpuBaThCA KaK Pe3yabTaT UCITHITAHU .

CoOpITHE HA3BIBACTCS OOCTOBEPHEIM, €CJIM B PE3YJIBTATE HCIBITAHUA OHO O00S3aTENBHO
OoJKHO mpouzouTu. Hampumep, Bemanenue ot 1 mo 6 OUKOB mpu OpOCAHUM WUTPATBEHOTO
KyOuka.

CoOplTHE HA3BIBAETCSA HEBO3MOJKHBIM, €CIIM OHO 3aBEAOMO HE HACTynuT. Hampuwmep,
W3BJICYEHUE TPEX UEPHBIX TY30B M3 KOJIOHEI KapT.

CoORITHA HA3BEIBAIOTCA HECOBMECTHUMBIMHU (HECOBMECTHEBIMH ), €CJIH BO3MOKHO MOSBICHUE
TOJBKO OZHOTO COOBITHSA M3 ATOMU TPyMIbl COOBITHIA. B mpoTHBHOM Ciaydae COOBITHA HA3BIBAIOT
COBMECTUMBEIMM (COBMECTHBIMHU). Hampuwmep, moiydeHue CTyOEeHTOM Ha SK3aMEHE M0 OJHOU

JHUCITHITIIMHEC OLICHOK «OTJIHIHO», «XO0pomo» H «YIOOBJICTBOPHUTCIILHO» - COOBITHY
HCCOBMCCTHEIC, d ITOJIYUCHHEC TCX KC OLCHOK Hd 3K3dMCHAX IO TPEM AHUCHHIUVIMHAM — COOBITHS
COBMCCTHEIC.

CoOBITHA HA3BIBAIOTCA PABHOBO3MOIKHEIMHU, €CJTH B PE3YIBTATE UCIILITAHUS MO YCIOBUAM
CUMMETPHH HUA OJTHO W3 3TUX COOBITHUN HE ABIAETCA 0OBEKTUBHO OOJIee BO3MOKHEIM. Hampumep,
W3BJICYEHUE Ty3a, KOPOJIA, JAMBI WIM BAJIETA W3 KOJOABI Kapr, MO0 mOsABIEHHE repda wim
PELUIKH TP TOAOPACEIBAHMYA MOHETEI — COOBITHS PABHOBO3MOKHEIE.

JI1s mpakTHUECKOU AEATEIEHOCTH BAXKHO YMETh CPABHUBATE COOBITHA IO CTENEHU
BO3MOKHOCTHU MX HACTYIUICHHA.

[lycte mexompl HEKOTOPOTO MCHOBITAHUSA OO0pa3ylOT NOMHYIO TPyIINy COOBITUN U
PaBHOBO3MOYKHEI, T.€. €IMHCTBEHHO BO3MOYKHBI, HECOBMECTHHI W PABHOBO3MOKHEI. lakue
VCXOJBI HA3BIBAIOTCA JIEMEHTAPHBEIMHM UCXOLAMH WIN CIIy4asMU.

Crnydyall Ha3eIBaeTCA OIaronpuATCTBYHOMINM (OmaronpuaATHeIM) COOBITHIO A, eCciu
MOSIBIIEHUE ATOTO CIydas BACUET 3a COO0M MOABICHHUE COOBITHS A.

Kiraccnueckoe onpeneneHne BEPOATHOCTH: €CIM CHCTEMA COCTOUT M3 KOHEYHOr O 4HCia
€IUHCTBEHHO BO3MOKHBIX, HECOBMECTUMBIX COOBITHH, TO BEPOATHOCTEIO COOBITHA A HA3BIBAIOT
OTHOLIEHHE YUCIAa M MCXOJO0B MCIBITAHWN, NPUBONANINX K COOBITMIO A, K 4HCIy N BCEX
MCIBITAHHH, T.€.

P(A)= — .
Iy

Jlns mro0oro cobeiTusa A cipaBenmiBo HepaBeHCTBO: 0 < P(A) <1.
Ipumep 1:

Jlorepes coctour u3 1000 duneros, cpeau aux 200 BeiurpeinHeix. Hayrag BeiHuMaercs
onun Oouner u3 1000. Hemy paBHa BEpOATHOCTH TOTO, YTO 3TOT OMJIET BBIUTPHIIIHBIN?

Pemenne: pazmiuneix ucxonos B 5ToMm npumepe 1000 (n=1000). B unrepecyroniee nac
coOrrrue A Bxoaar 200 ucxomor (m=200). Takum oOpazom,

200
Ay=_——=1()>2
P 10300

ITpumep 2WKYMEHT NOANUCAH
ANEKTPOHHOW MOAMMUCHIO

Cepudpukar:  2CO0R43 ASHAT20006€58IR, 100 kpacusx n 50 3enensix mapos. Haynagy BeiHUMaeTCA

Bnaneneu: LUEﬁ:g}'LDB aTeAHa AnekcadapoBHa

OIuH map. YeMy paBHBL BEPOATHOCTH ITONYIUATE MWApP O€I0r0, KPACHOTO WK 3€JIEHOTO HBETa’
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Pemenne: Paccmorpum coObITHA: A={BBIHYIU OenbM mapy, B={BeiHym kpacHsIil map},
C={BrIHYy/ M 3€neHBI Wap }. n=350, Torga

200 _ 4

Pa)="=_,
T

_100 _2

F — ==
=) 2500

pey=—2 -1
350 7

Yacro ans pemenus 3aaad TEOPUH BEPOATHOCTEN MPUMEHSIIOT KOMOMHATOPHKY .
I pumep 3:

3 xonoxs! B 36 kapT BEITACKUBAIOT TPU. KakOBa BEPOATHOCTE TOT0, UYTO CPEOU BBIHYTHIX
KapT HET OECATOK?
Pemenne: B sTroM mpumepe 31€MEHTAPHBIM HCXOOOM SABIAETCS CIYUANHBIA HA0OOp U3 TPEex Kapr.

3

OO0miee UYMCIO HAEMEHTAPHBIX HMCXOOOB pPaBHO N= C:; . » OJIEMEHTAPHBIC MCXOIBl CUUTAEM

PAaBHOBO3MOKHBEIMU. bIIArONPUATHEIX UCXOA0B (KOJIMYECTBO BO3MOIKHEIX HAOOPOB IO TPU KAPTEI
w 3

U3 TOM K€ KOJOABL, HO 0€3 meCcATOK) m= CTJ . Takum 00pa3om, BEPOATHOCTE COOBITHA A

{BeiayTO 3 KapTH U3 36 U CpeaN HUX HET JECATOK |:

Bonpocwel u 3aoauu:

1.Ctpenok nmpownssen 3 BeICTpENA 110 MULIEHU, A | — ITONIAJAHUE IIPU IIEPBOM BBICTPENE, A2 — IIpH
BTOPOM, A3 — Ipu TperbeM. Beipasurs uepes Ai, A2, A3 ¥ UX OTPULIAHUA CIEIYIOIHE COOBITHA:
a) OmHO momaganue; 0) Tpu mpomMaxa; B) TP IOMATAHUA; T') XOTs OBl OIUH ITPOMAX.

2.Monera nmogOpaceBaercsa 4 paza. PaccmarpuBaroTcs COOBITHA — mOABIEHUE repba mpu 1-om
nogOpaceiBanuu (1=1,2,3,4). [Ipencrasuts B BUae cymMm, OPpOM3BENEHIUHN U CYMM HPOU3BEICHUIM
cOOBITHMH Ai cnenyronme cOObTus: A — mosBuiMCh Bce 4 repOa; B — moasunuce Bee 4 nudpser; C
— mOABWICA XOTA Obl onuH rep0; D — mosBuiace xota Obl ogna nudpa; E — moaBUACA TOMBKO
onuH rep0; F — mosgBunace Toaeko ogua nudpa.

3.bpomensr 3 wmoHersl. CocraBurs CcOOBITHA, oOOpasywmme nomHyw rpymay. CKOIBKO
PaBHOBO3MOJKHEIX HCXOIOB 00pa3yloT MOJHYIO Tpynmy COOBITHN? YKaKWUTE SIEMEHTAPHBIE
coOBITHSA, HE 00pa3yronINe MOJTHON TPYIIIHL.

4. ITpuBenure npuMephI:

A) Tpex coOpITHI, 00pa3yONINX MMOJIHYIO TPYIILY;

b) Tpex coOBITHI, pPABHOBO3MOKHBIX 1 HECOBMECTHEIX, HO HE 00Pa3yHONINX MOJIHOW I'PYIIIHI;

B) nByx CcOOBITHII, HECOBMECTHBIX M OOpa3yloNIMX MNOJHYI TPYHIy COOBITHH, HO HE
PAaBHOBO3MO KHBIX.

5. bpocarorcs OIHOBPEMEHHO [BE HWIPAJBHBIE KOCTH. HaWTm BEPOATHOCTH CHEAYIONIUX
coOBITHI: A-CyMMa BEINTABIINX OYKOB paBHA 8; B-mpou3BeneHne BEIMABIINX OUKOB PABHO 8.

6. B xouBepre cpemu 100 ¢orokaprouek HaxoauTcs OaHA passickuBacmas. M3 koHsepra
Haynaay wu3BieueHesl 10 kaprouek. Hailtu BepOATHOCTE TOr0, 4TO CpPEOM HUX OKAKETCA
pa3pICKABaEMas.

7. Habupaa nomep renedona, aboneHT 32011 mocaeaHue TpU HU(PEL U, HOMHSA JIMIIE, YTO 3TH
uu(per pazmiunel, HaOpan ux Hayzady. Hailtu BepoOATHOCTE TOTO, 4YTO HOMEpP HaOpaH
MPABWILHO.

8. N3 0ykB cnoBa YPABHEHWE BeiOupaercsa nayran onqna Oyksa. KakoBa BEpOATHOCTE, UTO 3Ta

OykBa 6};,[{%.}"%&9&@) corsiacHoH, B) OykBou L[?

9. 13 xopearpoHsUEIIACHD KOOI, COAEpKamlen 52 KapTel, HAYTraJ BEIOMPAECTCS OJHA KapTa.
CEPTWW&ﬁ@;ﬁ%ﬁS%ﬁ@ﬁ%ﬁ%mﬁﬂﬁﬂ?ﬂ%’)"SEHa okaxercs 0yOHOBOM MacTH; 0) OHA OKAKETCA Ty30M; B)

Bnapeneuy; a KCa H,.':l,pc-'é Ha

OHA OKAXKETCSA YEPHOM MACTH; T) 5Ta Kapra audo Ty3, I1u00 KOpoas, mudO mama, aud0 BaJeT,

au00 mecATKa.
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10. Pebenok urpaer ¢ 10 OykBamu paspesnon azdoykm A, A, A, E, U, K, M, M, T, T. Kakoga
BEPOATHOCTh, 4YTO TMPH CAYYAMHOM PACHOJOKEHUMHM OYKB B pAO, OH IOAYYUT CIIOBO
MATEMATHUKA?

11. B crapunnoi nnaeiickou urpe "ToHr" nBa urpoka 0THOBPEMEHHO MOKA3BIBAIOT APYT APYTY
mnbo oxwH, MO0 nBa, MA0O Tpu Hajdeua HA IpaBOM pyke. Ecam mma kaxmoro wurpoka
PABHO3HAYHO MOKA3aTh OJWH, IBA WIM TPU HAIBIA, TO UEMY pPABHA BEPOATHOCTH TOTO, UTO
o0mIee 4HUCIO MOKA3aHHBIX MANBIEB: 4) YETHO; 0) HEYeTHO; B) OONBHIIE UETHIPEX; T') MEHBIIE

IOBYX; 1) MPOCTOE?

IIpaxkmuueckan paboma 22. Bapuayuonnbvie paowt u ux cpauyeckoe u3oopasrceniie.
Ilenws: popmupOBaHNE OCHOBHBIX MOHATUH MAaTEMATUYECKON CTATUCTUKH.
Teopemuueckana uacms:

Maremarnueckas CTATUCTUKA 3aHUMAETCA YCTAHOBIEHUEM 3aKOHOMEPHOCTEN, KOTOPHEIM
MOJYUHEHBI MACCOBBIE CIIYUAWHBIE SBICHUWA, HA OCHOBE OOpaOOTKM CTATUCTUUECKHUX MAHHBIX,
MOJIyYEHHBIX B pe3yibrare HaOmoneHui. JIByMsa OCHOBHBIMM 33a7a4aMH  MATEMATHYECKOH
CTATUCTHUKH ABJIAIOTCS:

- orpeneneHue crnoco0oB cO0pa U rpyNImMpPOBKU 3THUX CTATUCTUYECKUX JAHHBIX;
- pa3paboTKa METOIOB AHATW3A MOMYYEHHBIX JAHHBIX B 3aBUCUMOCTH OT IIE€JIE€H UCCIET0BAHMA, K
KOTOPBIM OTHOCSTCS:

a) OIIEHKAa HEW3BECTHOM BEPOATHOCTH COOBITUA; OIEHKA HEW3BECTHOM (DYHKIIMM
pacnpeneneHus; OLCHKA IApaMETPOB PACHPENEIEHUs, BHUI KOTOPOrO M3BECTEH;, OLICHKA
3aBUCUMOCTH OT APYTUX CIyYAWHBIX BEIUUMH U T.J.;

0) mpoBepka CTATUCTMYECKUX THUIIOTE3 O BUAE HEW3BECTHOTO PACHPEIEIEHUS WIH O
3HAUEHUAX [MAPAMETPOB U3BECTHOTO PACTIPENEIICHUA.

Ina pemennsa o5tux 3amad  HE0OXomumo BeIOpaTe w3 OONBIION COBOKYITHOCTH
OTHOPOAHBIX OOBEKTOB OTPAHUYEHHOE KOMMYECTBO OOBEKTOB, IO pe3yJbTaTaM HW3yYECHUA
KOTOPBIX MOKHO CAEIaTh OPOTHO3 OTHOCUTEIBHO UCCIENYEMOTO MTPU3HAKA STUX 0OBEKTOB.

OmnpenemiM OCHOBHBIE MOHATHSA MATEMATHYECKO CTATUCTHUKH.

l'enepanvras co8oKynHOCMb — BCE MHOKECTBO UMEIOINXCA OOBEKTOB.

Buibopka —Hab0p 00BEKTOB, CIIydaliHO OTOOPAHHBIX U3 TEHEPATBHON COBOKYITHOCTH.

Obvem cenepanvHou cogokynvocmu N U obvem 6blOOpKU N — YUCIO OOBEKTOB B
paccMarpuBaeMoil COBOKYIHOCTH.

Bunsr BEIOOpKH:

[ToBTOpHAA — KaK OBIIT OTOOPAHHEIN OOBEKT MEPER BEIOOPOM CAEAVIOMIETO BO3BPANIAETCS
B T€HEPAIBHYI0 COBOKYITHOCTE,

becnnoBTOpHAs — 0TOOPAHHEIN OOBEKT B F€HEPAILHYIO COBOKYITHOCTE HE BO3BPAMIAETCS.

Jlns Toro, 9TroOBI MO HCCIEOOBAHUIO BBIOOPKH MOKHO OBIIO CHENATE BBIBOABI O
MOBENEHUN WHTEPECYIOMIET0 HAC NOPWU3HAKA TEHEPANBPHOM COBOKYMHOCTH, HYKHO, YTOOBI
BEIOOpPKA MpPAaBWIBHO MNPEICTABIANA HPOMOPIMHA TE€HEPATbHOU COBOKYMHOCTH, TO €CTh Oblna
penpeseHmamueHou (IPEICTABUTEIILHOM). YUWTBIBAsA 3daKOH OOJBIIMX YHCEN, MOMKHO
YTBEPKIATE, UTO ATO YCIOBUE BEIMOIHACTCA, €CIM KAKABIM OOBEKT BEIOPAH CIy4allHO, MPUUEM
7 1000T0 00BEKTA BEPOATHOCTE MOTACTE B BELIOOPKY OJMHAKOBA.

[Tycts unTEepecyromas Hac caydalHas BeIuuuHa X NPUHUMAET B BEIOOPKE 3HAUEHUE X|

Kk

ny pa3, X2 — n2 pas, ..., Xx — Nx pa3z, IpUIEM an =n, tae n — obsem BeIOOpKU. Torma
i=1

HAOMIOMaeMBIE€ 3HAYEHNUA CTYYalHOWU BEIMYUHEI X1, X2,..., Xk HA3BIBAIOT BAPHAHTAMH, a N1, N2,...,

ng — gacroramu. Ecim paszmemuTe Kaiayro d9acrory Ha O0BEM BBIOOPKH, TO IOJIYyYHM

OJOKYMEHT UDﬂHHCHH ."lr.
O MHOCU IAEEE RBHE CHITOROHR b ﬂJf. —_—-—,
Ceptudmkar: 2C0000043E9ABBB952205E7BAS0006000004HE
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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21 43 72 84
22 54 75 32
26 49 77 45
27 53 78 635
28 34 81 12
AT | 5 g T
S i S 5 54
37 635 84 34
HencteuteneH: ¢ 19.08. 20220 190872023

[TocnemoBatemsHOCTE BApPWAHT, 3AMACAHHBIX B MOPSIOKE BO3PACTAHMS, HA3BIBAIOT
BAPUAIIMOHHBIM PAOOM, a4 IIEPEYEeHh BAPUMAHT W COOTBETCTBYIOMIMX WM YaCTOT WA
OTHOCHUTEJIBHBIX YACTOT — CTATUCTUUECKHUM PAITOM.

Ipumep 1:

[Tpu mpoBenenun 20 cepuit n3 10 OPOCKOB UTpaTbEHON KOCTH YHUCIO BBINATEHHUM MIECTH
OUKOB OKasanoces paBueM 1, 1,4,0,1,2,1,2,2,0,5,3,3,1,0,2,2,3,4, 1.

CocraBum BapuarmonHeid pan: 0,1,2,3.4.5. Cratuctuaeckuii pan mist aOCOMIOTHRIX U
OTHOCHUTEJILHBIX YACTOT UMEET BHI:

X, I 1 2 3 g 2
n, 3 B d 3 2 1
W, 013 0,3 0,25 0135 0,1 0,05

Ecnu nccnenyercs HEKOTOPBIA HEMPEPLIBHBEIM NPU3HAK, TO BAPUAIMOHHBIN PAN MOKET
COCTOATh W3 O4YEHBb OOJBIIOTO KOJWYECTBA ymcen. B sTom cinydae ymoOHee HCHOIB30BATH
rpyMIIMPOBAHHY BEIOOPKY. Jlmd ee nomydeHus WHTEpPBAL, B KOTOPOM 3dKJIIOYEHBEI BCE
HaOIIIO Ja€MBIE 3HAYEHUSA MPHU3HAKA, Pa30MBAIOT HA HECKOJIEKO PABHBIX YACTHYHBIX WHTEPBAIIOB
OMMHOM h, a 3areMm HAXOAAT A KakI0r0 4aCTUYHOTO MHTEPBAJIA Ni — CYMMY 4YacTOT BAPHUAHT,
MOmaBMIMNX B 1-U uHTEpBAI. (COCTABIEHHAsA IO OSTUM pe3yabTaTaM TaOIWIa HA3BEIBAETCA
ZPYHRUP OBAHHBIM CIMAMUCMUYECKUM PAOOM.

Jlnsg HAarnAOHOTO MPENCTABIECHUA O MOBEICHUM HCCIEAYEMOU CIy4YalHOW BEIWYUHEBL B
BEIOOPKE MOKHO CTPOMTH pa3iudHele rpadguku. OguH W3 HUX — MOJMIOH YAcTOT: JIOMAHAasd,
OTPE3KN KOTOPOW COEOUHSAIOT TOYKWM C KOOpawHatamu (Xi, ni), (X2, n2),..., (Xk, Nk), TAE Xi
OTKJIAABIBAIOTCA HA OCH abcnuce, a hi — Ha OCu opauHar. Ecim Ha ocu OpaIuHAT OTKIAOLIBATE HE
a0COMOTHEIE (Ni), & OTHOCHUTENBHBEIE (Wi) 9ACTOTHI, TO IOJYYAM HOJUTOH OTHOCHTEIBHBIX
qacToT.

JTanel NEPBUYHON 00pabOTKM BEIOOPKU:

| .PamknpoBanue OMBITHBEIX JAHHBIX (PACHONIOKEHNE 3HAYEHUM MMPU3HAKA MO yOBIBAHUIO
JLJTM BO3PACTAHUIO ).

2.HacTtoTHeM aHanu3 (ITOCTPOEHUE CTATUCTUYECKOTO PAad, ONMPENEIEHNE OTHOCUTEMBHBIX
qacToT).

3.I'pynmipoBka (4acToTHaA TAOY A BEIOOPKH ).

Bonpocwel u 3aoauu:

1. HUmerorca cnemgyromme nanHele 00 ycmeBaemoctn 20 CTyIEHTOB TPYMIEL MO
CTaTUCTHUKE B JE€THIOIO ceccuro: 4, 4, 3,5, 2,2, 5,3,3,3,5,3,2,4, 3,2, 3,5, 5, 4. Ilocrpoure:
pPAO pacHpeneieHus CTyACHTOB 0 0aniaM OLEHOK; PAI PACIPEIEICHN CTYIEHTOB IO YPOBHIO
yCIIEBAEMOCTH, BBIIECIWMB B HEM [IBE€ TPYMNBI CTYAEHTOB: HEYCHEBAONIUE W YCIEBAIONIUE.
N300pa3ure kaxasiii U3 paaoB rpauuecKi.

2.IlocTpouts KpUBYIO U THUCTOTPAMMY CYMMBI HAJIOTOBBIX HEYILIAT, 3a(DMKCUPOBAHHBIX
MO YCIOBHBIM PETMOHAM CTPAHBI, TAHHBIE IT0 KOTOPBIM OPUBEIEHEI B TA0IUIIE (B MIH. pYy0.):
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39 68 88 41

3.Jlana ucxomnas BEIOOPKA MO POCTY U BECY CTYAEHTOB TPYIIIHI:

Poer 160 168 175 B0 170 169 162 LAty 1A% 160 158 173 1h2 173 156
Bee 4% 58 69 f 4 GO 70 51 f 0 t 7 54 48 58 4 4 50 56

Onpenemre 00beM BeIOOpKH. COCTABBETE PAHKHUPOBAHHBIN U BAPUALIMOHHBIA PAOBI II0
KaXI0MY W3 IPU3HAKOB.

4.IToctpouTs THUCTOTpAMMy HATPY3KH HA OIHOTO CIEJOBATENS IO PACCIEIOBAHHBEIM
yYrOJOBHEIM JEJIaM IO TAHHBIM TAOTUIIEL:

To et 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2001 | 2003
Mo mmmm| 63,2 | 496 41 315 | 323 | 324 | 379 | 342 | 362
MB]I

[lo  mwawm | 17,2 16,9 15,5 15,1 16 17,7 18,2 18,3 19,7
IPOKYPATY PEI

5.Tpu BapmanTta HCXOJHBIX [OAHHBIX TAONMIEI HWKE — PE3yJbTATEl TEne()OHHBIX
MEPErOBOPOB B MHHYTAX COTPYIHMKOB TPEX OTAENBHBIX ClOyx0 B TeueHwe padouero nH.

TpeOyercs cocTaBUTh HHTEPBAIBHEIN PAI PACIIPENEIICHHUS.

Ne 1 2 3 2 5 6 7 8 9
BEIOOPKH

Cuyx0a 1 1.9 2,6 3.1 3.3 2.1 2,0 4,7 0,9 2.8
Ciyx0a 2 6.9 1,1 3.6 1,0 7,0 2,1 8,7 1,0 8.0
Ciyx0a 3 4,7 06,8 3.8 3.1 1.8 7,1 9,2 8,1 4.0

6. Jlana BweiOOpka 7,3,3,6,4,3,5,1.2,1,3. Iloctpouts BapmanuoHHEIN paa. Onpenenurs
pasmax BEIOOPKHU.

IIpakmuueckaa paooma 23-24. Toueunwvie ouenku. Ilonamue unmepeatbHO20
ouenueanua. /logepumenvhaa 6epoaAmMHOCMbd U npeoderbHaA ouwinoka evioopku. OueHka
XApaKmepucmuK 2eHepaibHOU COBOKYRHOCIMU NO MAI0U 6blOOpPKe.

Iens: GpopmupoBaHNE OCHOBHBIX IMOHATHN MAaTEMATHIECKOM CTATUCTHUKU ITpHU 00paboTke
pPEe3yJIBTATOB K CIIEPUMEHTA.

Teopemuueckan uacmap:

YucnoBeie moKazarenu, XapakTEPU3YIONIME TEHEPATLHYI0 COBOKYITHOCTh, HA3BIBAIOT
napamempamiy, a UWCIOBBIE IIOKA3aTENM, XAPAKTEPU3YIOMIME BBIOOPKY,—  GblOOPOYHLIMU
xapakmepucmukamu — WA cmamucmukavy.  BpiOOpOUHBIE — XAPAKTEPUCTUKM  ABILIIOTCS
OPUOMDKEHHBIMM ~ OL[CHKAMH TE€HEPANbHBIX IMAPAMETPOB. IJTO BEIMYHUHBI CIY4YaHHEIE,
BAPBUPYIOIIME BOKPYr CBOUX mapameTpoB. OIEHKH TE€HEPAJBHBIX [APAMETPOB IO
BEIOOPOUHBEIM XAPAKTEPUCTUKAM MOTYT OBITH TOUEYHEIMHI M UHTEPBATHHEIMHU.

['enepanbHbpie XApAKTEPUCTHKHM, WIM TApPaAMETPhl, NOPUHATO 0003HA4YaThE OyKBaMH

rpeueckoro anxdasura, a BEIOOPOYHEIE XAPAKTEPUCTHKH - TATHHCKOr0. Berbopounas cpenmsaa X
ABJIAETCA OLIEHKOH TE€HEPAIbHOM CpemHeH @, BBIOOPOYHAA THCIEPCHS Sx'—OLEHKON TeHepPaIbHOM
mucnepcun O %, a cpemHee KBaapaTMYECKOE OTKJIOHEHHWE Sy — OIEHKOH CTaHIapTHOTO

oTkionenns O , XapakTepH3YIOMIET0 TEHEPATBHYI0 COBOKYIHOCTB. JTO IMOYEUHbIE OUEHK,
OPEACTABIAIONIME COOOM HE HMHTEPBAILI, 4 YHUCIA («TOUKH»), BREIUMCISEMEBIC II0 CIyYaAMHOH

BEIOOPKE. [JOKYMEHT MOANUCAH

3NEKTPOHHOW MoAn AE?
CepTudhmKar: Eccégggﬂﬂaaﬂaﬁzzuﬁﬁ? ﬂggjﬁ%ﬁdlgéﬂ’ npeovAgnAeMble K MOUeUHHIM OUCHKAM.

Brnageneu: e QROHHLIG XAPAKTCPUCTHKH KdK BCJIMYHMHEI CH}’HHﬁHHE, BAPBHUPYIONIHMEC BOKPVT
CBOMX TCHCPAJIBHBIX IMapaMETpOB, B OCHOBHOM HC COBIaOdHT C HHUMH II0 a0COIIOTHOHN
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BeauauHe. [l TOro 4TOOBI CTATUCTUUECKHE OIEHKHU TAaBAMU «XOPOMIME» MPUOIUKEHUA
OLICHUBACMEIX ITAPAMETPOB, OHH MOOJIKHBI YVAOBICTBOPATL ONPEACICHHBEIM TPEeOOBaAHMIM.
OLEHKM [OOMKHBI YIOOBJICTBOPATH II0 MEHBIICHM MEpe CIeayIommM TpeOdoBaHusaM: OBITh
COCTOATEIBHBIMU, 3(P() EKTUBHBIMU U HECMETIEHHBIMH.

Toueunas oneHKAa CTATUCTUKM HA3BIBACTCA COCMOSAMENbHOU, €CIN IIPU YBEINYECHUU
00BeMa BBEIOOPKM OHA CTPEMUTCH K BEIMUMHE T'EHEPATRHOTO mapamerpa. lak, mis reHepaabHOH
CpEaHEH COCTOATEILHOM OLEHKOM SABIIACTCA BREIOOPOYHASA CPEOHSAA, IS TEHEPATLHON AUCOEPCHH
COCTOATEIBHOMN OIIEHKOM OyaeT BEIOOpOYHAS QUCTIEPCHUSL.

Toueunas oneHnka HaspIBaeTCa 2¢hpekmusHouU, ECIIM OHA UMEET HAUMEHBILYIO TUCIIEPCHIO
BEIOOPOYHOTO PACOPEACICHHUA II0 CPAaBHCHUIO C JOPYTHUMH AHAJOTMYHBEIMHA OICHKAMH, T. €.

00HAPYKUBAECT HAMMEHBIIIYIO CIYYANHYI0 BAPHALHIO.
OueHKa HAa3BIBACTCA  HecMeWleHHou, €©CIM MATEeMATH4YECKOE OKHUIAHHUE €€

BEIOOPOYHOTO PACIPENETICHNS COBIANAET CO 3HAYEHUEM I'€HEPATTBHOT O MapaMeTpa.
Bui0opouHnas cpeanss
[lycte pna w3ydeHus TeHEPAIbHOH COBOKYITHOCTH OTHOCHTENIBHO KOJIMYECTBEHHOTO
mpu3HaKa X M3BJI€UEHA BEIOOpKA 00BEMA n.

Berbopounoit cpemnel X, HA3BIBAIOT CpPenHEE apu(METHUECKOE 3HAUEHHE MPU3HAKA

BEIOOPOYHONU COBOKYITHOCTH.

Ecrm Bce 3mawenmwsa X, X,,..., X, MpU3HaKa BEIOOPKM O00BLEMA N Pas3sIMYHEL, TO

n

X txy e,

xﬁ‘
n
Ecim k€ 3naueHua npusHaka X, X, ,..., X; MMCIOT COOTBETCTBEHHO 4aCTOTEL f, f, ... [,
k
25
= _ =l
,TO X, = :
n

3ameganue. BriOopounas cpemgHssa, HAWOEHHAA MO JAHHBIM OJHOM BBIOOPKH, €CTH,
OUEBUIHO, OnpenenéHHoe unucio. Ecm ke u3Baekars Ipyrue BEIOOPKH TOTO k€ 00BEMA U3 TOU
K€ TEHEPATBHOM COBOKYIMHOCTH, TO BBIOOpOUYHAA CpenHsAs OyIEeT U3MEHATHCA OT BBIOOPKH K
BEIOOpKe. Takum 00pa3zom, BEIOOPOYHYIO CPEIHIOID MOKHO PACCMATPUBATE KAK CIyYAUHYIO
BEJIMYUHY, 4, CIEOOBATENRHO, MOKHO TOBOPUTH O PACIPEAECICHUAX BEIOOPOUHON CPEIHEH M O
YUCIIOBBIX XAPAKTEPUCTUKAX ATOTO PACIPENEIeHU (€T0 HA3EIBAIOT BEIOOPOYHEIM), B YACTHOCTH,
0 MAaTeMATUIECKOM OKUIAHUH U TACIIEPCHH BEIOOPOYHOTO PACIPENEIEHNUS.

Bri0opounas qucnepcus
Jns  Toro, 9roOBl OXapakTepu30BaTh paccesHue  HAOMOMAEMBIX  3HAUCHUM

KOJIMYECTBEHHOTO NMPHU3HAKA BEIDOPKH BOKPYT CBOETO CPETHETO 3HAUEHUA X, , BBOIAT CBOIHYIO

XapaKTEPUCTUKY — BEIOOPOUHYIO JUCHEPCHIO.
BrerGopounoit mucmepcueit [), HaspBaloT cpemHee apHU()METHUECKOE KBAAPaTOB

OTKJIOHEHUA HAOII0 JAEMBIX 3HAUEHUN NPU3HAKA OT UX CPEIHETO 3HAUECHUA X .

Ecim BCe 3HaueHud X, X, ,..., X, MPU3HAKA BEIOOPKK 00BEMA N PA3IMIHEL, TO

AOKYMEHT noanutaH
NIEKTPOHHOW MOAMUCHIO

Ceprucprar: 2C0SUIKEHATCHILE IPHRHAKR, K| 5 X5 »e..s Xj FIMEIOT COOTBETCTBEHHO YACTOTHL [, f5,me [y,
R 11381 (5 il Ay S S S e B
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Jlerko «wmcopaBuTe» BBEIOOPOYHYIO IHUCIEPCHIO TakK, 4YTOOBI €€ MaremMarudeckoe
OkMAaHue OBLIO PABHO TeHEpaTbHOM mucmepcuu. JIOCTaTOMHO A 5TOr0 yMHOXuTh [), Ha

n

OpoOL CpenaB 5T0, MNOJYYMM HCIPABICHHYIO JUCHEPCHIO, KOTOPYH OOBIYHO

n—1
2
0003HauaroT wepes S :

k k
- D NC TSN A NE AN
s = . D{: = . = - = . *
n—1 n—1 n n—1
HcnpaBnennas qucnepcus ABIAETCS, HECMENMIEHHOM OIEHKOW TE€HEPATEHON TUCITEPCHM.
HMrak, B KadecrBe OLEHKU TEHEPATBHOM JUCHEPCUU NPUHUMAIOT HCHOPABIECHHYIO

L
Z(I; _‘fk)jf;

TUCTIEPCHIO §° = -=

n—1
Kpome mucmepcum s XapakTEPUCTUKH PACCEeIHUSA 3HAYECHUW MPU3HAKA BEIOOPOUHOHU
COBOKYITHOCTH BOKPYT CBOEr0 CPETHEr0 3HAYEHUS IMOJB3YIOTCA CBOOHOM XAPAKTEPHUCTUKOM —
CpPEOHMM KBAAPATHIECKUM OTKIOHEHUEM.
BeIOOpPOUHEIM CpEemHUM KBaJpPAaTHYECKUM OTKJIOHEHHUEM (CTAHIAPTHBIM) HA3BIBAIOT

KBAIPATHBINA KOPEHb U3 BEIOOPOUHON qucmepenn: O, = /D, .

Jlns OLeHKM K€ CPENHEr0 KBAaOPaTUYECKOTO OTKJIIOHEHHMA T'E€HEPAIBLHOM COBOKYITHOCTH
HUCIIONB3YIOT «MCIPABJICHHOE» CpEIHEe KBAApPaTUUECKOE€ OTKJIOHEHHE, KOTOPOE€ pPaBHO
k

Z (‘xi B ‘f{: )j f;
KBAJIPATHOMY KOPHIO U3 UCIIPABIECHHON IUCIEPCHU: § = \ & 1
H J—
A 2 k 2
M(x, - %) f, D (v =X)f,
3ameuanue. Cpasauas popmymsr D = = us® == 1 , BUIIAM,
n n-—

4TO OHU OTJIMYAIOTCSA JUIIG 3HAMeHATeaaMu. O4eBUIHO, MPU AOCTATOYHO OONBIINX 3HAYEHUAX N
00B€Ma BEIOOPKM BBEIOOpOUYHAA W HUCIPABICHHAA OUCIIEPCHUM pasznuuaroTca mano. Ha mpakrtuke
MOJIB3YIOTCA UCITPABICHHOM IUCIIEPCUEH, €CTHU ITPUMEPHO n<3().

IIpumep. Cpenu CBUHOMATOK X03IHUCTBA OBLIO BRIOpaHoO 64 CBUHOMATKH, TAHHBIE MO
0mOpOCaM CpeAN KOTOPBIX CIENYIONIHE:

8:10:6;10:;8:5:11;7:10:6:9:7:8:7:9:11;8:9:10:8:7:8; 11:8:7;10:8:8:5:11;8;
10; 12:7:5:7:9:7:10:5:8:9:7:12:8:9:6:;7:8:7:11:8:6:7:9: 10.

Omnpenenum cpenHee BBEIOOPOUYHOE YMCIO TOPOCAT B moMeTax 64 CBHHOMATOK |
BEIYUCIIMM MOKA3AaTEJIN BAPUALIMN IJIS STOU BEIOOPKH.

Perenne:

Br10opounas cpenHAs unciaa mopocAT B OTIOPOCax:

Y
X =——=528/64=825

8
,EI.DKEE&T NoanvcAaH

SNEKTPOHHOW NOONUCHLIO ?
Cepdmrar:  2CoIBEQOPAHHSS HHEHEPGH s AHETA TIOPOCHT:

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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k
—_ 2 o
> (x, — %) f,
D =t =218/64=341
H
Br10opouHoe cpemHee KBaApaTHIECKOE OTKIOHEHHE YHCIa ITOPOCAT B OIMOPOCAX:

o, =D, =/341 =1,85 1opocsr.

HcrpaBnennas BEIOOpOYHAA TUCIIEPCHS YUCITA TOPOCHT:

s> =——D_=64/63%218=3.46.

n—1
Hcnpasnennoe cpennee KBaapaTHdeCKOe OTKIOHEHNE UMCIa MMOPOCAT B OMOPOCAx:

S = ’\/5‘72 = 4/ 3,46 =1,86 MOPOCAT.

HMrak, HamMu HAUIEHBI CIEIYIONINE TOYEIHBIE OLIEHKHU MO0 JAHHOUN BBIOOpKE:

TOYEYHAsA OLEHKAa CPENHEr0 4ucia MnOpoCAT B OIOPOCax [ TE€HEPAaIbHOU
COBOKYITHOCTH (TO €CTh IO BCEMY XO034UCTBY): 8,25 IMOpOCAT;

TOYEYHAsA OIEHKA CPEIHEr0 KBAAPATHUECKOTO OTKJIOHEHUA 4YHCIAa MOPOCAT B
r€HEPANBHON COBOKyMHOCTH: 1,86 mopocsrT.

[Ipn BRIOOpKE Mamoro 00BEMA TOUEYHAS OIEHKA MOKET 3HAYUTEINBHO OTJIMYATHCA OT
OLIEHMBAEMOI0 Iapamerpa, T. €. OpUBOAWUTE K rpyOeiMm omuOkam. Ilo srou mpuumne mpu
HEOOMPIIOM  00BEME BBIOOPKHM  CIEAYET MOJB30BATECA  WHTEPBAIBHBIMM  OLICHKAMM.
MuTepBaibHOM HA3BIBAIOT OLIEHKY, KOTOpAs ONPENEAAETCS ABYMA YHCIAMU — KOHIIAMH
WHTEPBAIA.

o #
[TycTe HaiieHHAsA MO JAHHBIM BEIOOPKM CTATUCTHUECKas xapakrepucrtuka ()  cayxut
oneHkoi memssectHoro mapamerpa ® . Byzem cumrate ® nocrosmaemM aucaom (G moxer

4
OBITH M CayuaiiHOW BenmumHOH). SIcHO, uro ® Tem Tounee ompememsier mapamerp ®, wem

. Jlpyrumu caoBamu, ecmu O >0 nu

s
MeHbIIIe a0COMOTHAA BEJIMYMHA pﬂ?-HDCTH ‘@ - @

-0

<O, TO 4yeM MEHpHmIE O ., TEM OIEHKA TouHee. Takum 00pa3oM, ITOJIOKUTEIEHOE

qUCI0 O XAPAKTEPU3YET TOUHOCTE OIEHKH.
OgHAako CTAaTMCTUYECKUE METONBI HE ITO3BOJIAIOT KATETOPHUYECKH YTBEPKOATH, 4YTO

:1c o
onenka ®  ymoeiaerBopser uepaBencty |® — 0 |<O; MoxHO MIIB TOBOPHTE O

BEPOATHOCTH ), C KOTOPOH 3TO HEPABEHCTBO OCYIIECTBILIETC.
#

Han€xuocteio (IOBEPUTENBHOU BEPOATHOCTBIO) OILIEHKH ® o ® HasnBaoT

< O . O6pIuHO HAOEKHOCTE

e
BEPOATHOCTE )/, C KOTOPOI OCYIIECTBIAETCS HEPABEHCTBO ‘@ -0

OLICHKH 3a7a€TCs Hanepén, mpuuéM B KauecTse ¥ Oepyr umcio, Onuskoe k egunuie. Hanboiee
qacTo 3aaaroT HaAEKHOCTE, paBHyo (,95; 0,99 1 0,999.

Mycrs BeposTHOCTS TOro, uto |@ — @ | < §, pasna V. P“@ ~-@

<:::§J=}/.

< O PaBHOCHJILHBIM €MY JABOHHEIM HEPABEHCTBOM

.
3aMEHNB HEPABEHCTBO ‘@ -0

—5<®-0 <. WM O —-06<O®<® +7. uMeeM
PO ~ESBERESSd=

EEPT"‘*J"“_ET: ECG@OI%E’EQ%%WEG%E‘%?@WEB%Q MOHUMAaTh TakK: BEPOATHOCTH TOTO, YTO HMHTEPBAI
naneneuy; llleG3yxoea TaTenAHa AneKcaHgpoBHa

# #*
(@ —0,0 +0) saxmouaer B cebe (mokpwBaer) HemsBecTHBI mapamerp O, pasma ¥ .
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#* # » »
JosepurensHeIM HaseiBaoT uHTEpBAl (@ — 0,0 + 0), KOTOPEI MOKPHIBAET HEU3BECTHEIN
[mapaMerp ¢ 3aJaHHOH HATEKHOCTRIO ¥ .

JloBepHTe/IbHbIE HHTEPBAJbLI I OHEHKH MATeMAaTH4YeCKOr0  O:KHIaHHUA
HOpPMAJ/ILHOI'0 paciipe/ie/1eHHs IIPH H3BeCTHOM O .

[lycTp KOMMYECTBEHHBIM MNPU3HAK X TEHEPAIBRHOM COBOKYIMHOCTH pacrnpenencH
HOPMAJILHO, MPUIEM CpPEIHEE KBAAPATUUECKOE OTKJIOHEHUE O HSTOTO PACHpPENETIEeHUA NU3BECTHO.
Tpebyercs OLEHUTL HEM3BECTHOE MATEMATHUYECKOE OJKHIAHWE (I TIO BEIOOPOUHOM CpemHer X .
[TocraBum cBOeM 3amaded HANTH JOBEPUTEIBHBIE WHTEPBAIBI, MOKPEIBAIONINE HNAPAMETD d C
HAICHKHOCTEIO ) .

Ecimu ciywaiinas Bemmumnua X pacnpeneneHa HOPMAIBHO, TO BEIOOpouHas cpemmsas X
HAWJICHHAsA N0 HE3aBUCUMBIM HAOMIOAEHUAM, TAKXKE pacnpeneinceHa HopmansHO. [lapamerpsr

pacmnpenenenus X TAKOBHL:

M(X)=a, o(X)=—

/n

leﬂ{HB BO BHHMdHHEC, 4YTO II0 YCIOBHIH HdM 3dlddHd BCPOATHOCTHL ;V., [IoJIydacm

crnenyrmyo (Gopmyiy (4T00bI momyduTh padodyio (Popmyny, BEIOOPOUHYIO CPEOHIOID BHOBB
0003HaUMM uepes X )

[ !
Plx— 2 <ca<x+—2|=20,(t)=7.

Jn Jn

CMEICH MOJIYUCHHOTO COOTHOMICHHUA TAKOB. C HH,I[E}HHDCTBI-D ;V MOKHO VTBCPKOIATEL, 4TO

TOBEPHUTEIBHEIN HHTEPBAT | X — HOKPBIBAET HEW3BECTHBIM mHapamerp d ;

—_— _x_' + —_—
[0
TOUYHOCTE OI[EHKH O = ——.

Jn
.

VikaxeM emé, 4o gucio ¢ onpenensercs w3z paseacrsa 2D, (f) =y, wm D, (1) = E X

no tabmmue (pynkimm Jlammaca HaxomsaT apryMeHT f, KOTOPOMY COOTBETCTBYET 3HAYEHUE

¢pynkumu Jlanmaca, papaoe —.

2

Hané:xuaocTts }/20,95 YKA3BIBAET, UTO €CIIU MPOU3BEAECHO HOCTATOYHO OOJBIIOE YHCIIO

BEIOOPOK, TO 95% M3 HUX ONpEenenieT TAKUE NJOBEPUTENBLHBEIE UHTEPBAIEI, B KOTOPEIX ITAPAMETP
OEUCTBUTENRHO 3AKIIOUEH; TUIIE B 5 % CIy4aeB OH MOKET BEIUTH 34 TPAHUIIEI JOBEPUTEILHOTO
UHTEPBAJIA.

JloBepHTe/IbHBIE  HHTEPBAJLI UISI OHNEHKH MATeMATHYeCKOro  O:KHIAHUSA
HOPMAJILHOTI'O paciipe/ie/IeHAS NIPH HEH3BECTHOM O

[lycte kOmMuecTBEHHBIM TIpU3HAK X TEHEPAJILHOM COBOKYMHOCTH PacCHpenencH
HOPMAIBHO, MPUIEM CPEIHEE KBAAPATHUECKOE OTKJIOHEHHE O HEW3BECTHO. 1 pedyercs OneHUTh
HEM3BECTHOE MATEMATHUYECKOE OXUOAaHME d ¢ TMOMONIBI0 JOBEPUTEIBHEIX MHTEPBATIOB.
Paszymeercs, HEBO3MOKHO BOCHOJBL30BATHECA PE3YAbTATAMH MpEIpIAyIIEro maparpada, B
KOTOPOM O MPEONOIaraJoCch U3BECTHBIM.

Oka3eIBa€TCA, 4TO IO JAHHBIM BBIOOPKM MOKHO HNOCTPOUTH CIYYANHYI) BEIUUUHY

X KYMEHT MOAMMUCAH
1 = me acripenenenue CrriomenTa ¢ k = n-1 cremermsaMu ¢cBOOOIEI; 371€ChH
Ceptudikat: 2C maE‘aABaﬂa 205E (BAS00066000043E

Bnaneneu: e w TateAHa AnekcaHgpoBHa
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X - BeIOOpOUHAS CPEemHSASL, S — «HUCIPABICHHOE» CPEIHEE KBAAPATHUECKOE OTKIOHEHHE, N —
00BEM BEIOOPKH.
[Tome3ysce pacopenenennem CTeroI€HTA, HAXO UM
_ 1S _ S
Pl X ——F—<a<X+—|=vy.

Vn Vn

[.5 [.,S
3HAYUT, NOBEPUTENBHBIN HHTEpPBAN | X — \/_ X + T , NMOKPBEIBAET HEHU3BECTHBIN
n n

mapaMerp d ¢ HaaCKHOCTERIO V.

Ipumep. Cnygaiinag BenmynHa X — BEC HOJIYTOOOBANIOTO0 MOPOCEHKA B XO3AHUCTBE (TO
€CTh B F'EHEPAIBLHON COBOKYIMHOCTH) - pacnpenencHa HOpMaitsHO. [Io BeiOopke 00Béma n = 16
HAWUIEHBI BBIOOPOYHAA CPEIHAA X=20.2 kr u «HACIPABAEHHOE» CPENHEE KBAAPATUYECKOE
orkioHeHue $=0,8 kr. ONEHWUTE HEU3BECTHOE MATEMATHUYECKOE OXHIAHUE NOPU IMTOMOIIU
TOBEPUTEIBLHOTO UHTEPBAIA ¢ HaaéxHOoCTRIO 0,95.

Pemenne: Haiinéwm 7, . [Tome3ysaces tabmineit, mo  =0,95 un = 16 naxomgum 1, =2,13.

Haitném moBepuUTENBHEIE TPAHULIBI:

I 5 )

o 00 2308 904
Jn J16
I 5 .

425 _000 4+ 2398 50 626k,

I Ji6

Hrak, ¢ nagéxuocreio 0,95 HEM3BECTHBIM Mmapamerp d 3aKIIOUYEH B JOBEPUTEIBHOM
unrepsane 19,774<a <20,626 (kr).

JloBepHTe/IbHbIE HHTEPBAJBI VIl OLEHKH CpelHer0o KBaJApaTH4ecKOoro OTKJI0HEeHHH
O HOPMAJILHOI'0 pacipe/ieeHHs

[lycTp KOMMYECTBEHHBIM MNPU3HAK X TEHEPAIBRHOM COBOKYIMHOCTH pacrnpenencH
HOpMATEHO. TpeOyerca OIeHUTh HEM3BECTHOE TEHEPANBHOE CpeaHee KBAaAPATUYECKOE
OTKJIOHEHHE O MO «UCIPABIEHHOMY» BEIOOPOYHOMY CPENHEMY KBAOPATHIECKOMY OTKIOHEHHUIO
S.

JlOBEpUTENBHBIM UHTEPBAI, IMOKPBIBAIOIINN ITApAMETP O C 3aJaHHOM HAAEKHOCTBIO Y
HAXOJAT IO CIeayronien popmyne:

s(l—-g)<o<s(l+q).

31€Ch mapaMeTp ¢ ONMPENEILAIOT, MOIB3YIOTC TAOIUIIEN MPHUIOKEHNA 2, 4 S HAXOIAT 10
BEIOOPKE.

Ipumep. Cnoygaiinas BenmauHa X — BEC MOTyTrOAOBATIOT0 MOPOCEHKA B XO3IICTBE — (TO
€CTh B TEHEPATBHOM COBOKYIMHOCTH) pacmnpenenéH HopManbHO. [lo BeIOOpke 00BEMA n=25
HAUIIEHO «HUCIPABJICHHOE» CpemHee Kpaaparnueckoe orkiaoHenue s$=0,8 kr. Hautu
OOBEPUTEIIEHEIM MHTEPBAJ, IMOKPBIBAIONINN T€HEPAIEHOE CPENHEE KBANPATHYECKOE OTKIOHEHUE
O ¢ "Hanéxuaocrero 0.95.

Pemenne: ITo Tabmie mo nanueim ¥ =0,95 u n=25 nainém q=0,32.

M ckoMBIN TOBEPUTEIBEHEIN HHTEPBAJ TAKOB:

0,8 (1-0,32)< 0<0,8 1(1+0,32), nm

0,544< 0 <1,056 (kr).

Sammmemﬁmnmrg;l, TO HEPABECHCTBO IIPUMET BU

A e 1o
Ceptudmkar: EEG&!’GG E9A & D5E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Bonpocwel u 3aoauu:
Nencteutened: ¢ 19.08.2022 no 19.08.2023

104



3ﬂﬂﬂ ya 1. ITo JadHHEIM ELIﬁ!’.}pI{H, }’,[[DEJIR?TEGPHIDH_IE?’I HOPMAJIBbHOMY 3aKOHY paclipcc/ICHHA, BB HCIHTE:
1) ,[[DEEpHTE.TILI—ILIFI HHTCPpBAJI JJId MaTEMaTHICCROI'O O H JaHHA ITPH ,[[DEGPHTE.TILI—IGﬁ BEPOATHOCTH ),
2) ,[[DEEpHTE.TILI—ILIFI HHTCPpBAJI /I CPEIHCTO KBaJpaTHICCROI'0 OTKJIOHCHHA 1A TOI'O K< 3HAUCHHA .

A) y=0.999
8.0 -1.1 13.5 10.0 2.4 4.1 200 124 134 4.8 7.8 0.0 109 13.7 6.6

B) 7= 0.95
31.6 34.9 46.9 42.8 36.0 26.2 28.6 48.5 27.7 45.8 32.0 41.2 39.8 33.1 36.3 53.5 43.9 35.8 32.9 34.4

B) y = 0.999
254 31.1 132 23.0 19.1 26.5 23.2 29.2 24.8 26.6 29.3 21.4 28.2 38.2 19.9 30.6 24.5 23.2.

3amaua 2. ITo gaHHeM BbIGOPKH, VJIOBIETBOPSIOIIEH HOPMAILHOMY 3aKOHY paclpefle/ieHHs. €O CpeJIHHM
KBaJJpaTHIe€CKHUM OTKJIOHEHHEM 5 , BBMHUCIHTL JJOBEPHUTEILHBIH HHTEPBAJ JIJIsI MaTEMaTHYECKOT0 OKHJIAHHS TpH
JIOBEPHUTEILHO BEPOSITHOCTH 7.

s=7,y=0.99

134 8.6 221 23 146 13.0 11.1 294 233 1.7 136 2.1 21.6 6.1 86 6.6 160 11.6 166 1.6 158
189 106 119 0.1 10.7 3.8 -3.6 154 79

4.5 17.7 10.8 19.6 18.5 155 93 21.7 6.6 105 104 8.2 16.0 226 205 11.6 23.2 230 95 11.3 149
199 134 139 19,5 19.8 21.0 3.2 14.0 19.1

179 8.6 11.2 16.2 139 16.2 17.1 7.7 125 2.7 16.5 20.2 155 145 56 165 123 99 11.9 17.6 6.6
203 9.7 13.2 174 5.1 13.0 23.3 6.8 9.8

155 16.2 184 9.2 57 109 B8 74 16.2 99

Ipakmuueckasa padooma 25-26. Cmamucmuueckas npogepKka cunomes.
Ilens: cpopMupOBaTE IPENCTABICHAE O METOOAX W INPUHLOMIAX ITPOBEPKH

CTATUCTHYECKUX TUITOTE3S.
Teopemuueckaa uacmeo:

CTaTuCTUYECKON HA3BIBAIOT TUMOTE3y O BHUAE HEM3BECTHOTO PACHPENEICHUS, WIA O
mapaMeTrpax W3BECTHBIX pacnpenenceHuil. Hapsamy ¢ BEIOBUHYTOM TMOOTE30H PACCMATPUBAIOT U
MPOTUBOPEUAILYIO €1 rTHnoTe3y. Ecim BeIIBUHYTaA TUIToTe3a OyIeT OTBEPTrHYTA, TO UMEET MECTO
MpOoTUBOpEeUanias runoresa. 110 5Tou nmpuanHe 5TH runoTE3El HENECO00Pa3HO pa3IMIaTh.

HyneBoii (0CHOBHOI1) HA3BIBAIOT BEIABHHYTYIO TUnoresy 1.

Konkypupyroniel (a1bTepHATUBHON) HA3BIBAIOT TUMOTE3Y [1;, KOTOpas MPOTUBOPEUUT

HYJICBOM.

BrigBuHyTas TrHUMOTE3a MOKET OBITE MNPABMIBHOM WM HENPABWIBHOM, MHOSTOMY
BO3HUKAET HEOOXOIMMOCTE €€ mpoBepku. [T0CKONBEKY MPOBEPKY HPOM3BOAAT CTATUCTHYECKIMHU
METOOaMM, €€ HA3BIBAIOT CTATUCTUYECKOU. B uTore crarucTuueckoi NpoOBEPKU THIIOTE3EI B IBYX
CIy4agXx MOKET OBITh HPUHATO HEMPABUJIEHOE PENIEHUE, T. €. MOTYT OBITh JOIYNIEHB OMIUOKH
IBYX POIOB.

OmmOka mepBoro poga COCTOWUT B TOM, 4TO OyIE€T OTBEPrHyTa MPABWIBHASA THITOTE3d.
Omnbka BTOpOro poga COCTOUT B TOM, 4TO OyIET MPUHATA HEMPABWILHAS TUIIOTE3A.

Jlnsg mpoBepKH HYJIEBOW TMOOTE3Bl HCHOIB3YIOT CIEIUATBHO MOT0OPAHHYIO CIIYUYaHHYIO
BEJIUYHMHY, TOYHOE WM NPUONMKEHHOE pacHpeneseHue KOTOpou u3BeCTHO. O003HaumM 9Ty
BEJIMYUHY B TIEJIAX 00mHOCTH uepe3 K .

Cmamucmuueckum Kpumepuem (WIA NTPOCTO KPUTEPUEM) HA3BIBAIOT CIIYUYAUHYIO
BemuunHy K , KOTOpas CIy/KWT IJI MPOBEPKH HYJIEBOH THIIOTE3HI.

[Tocne BeiOOpa onpenenéHHOr0 KPUTEPHA MHOMKECTBO BCEX €r0 BO3ZMOKHBIX 3HAUYCHUHU
pa30MBAOT HA ABA HEMEPECEKAIOMIMXCHA IMOAMHOMKECTBA: OOHO M3 HUX CONEPKUT 3HAYECHUA

KPHUTEPHA HEOP AH JIeBad THUIIOTe2a OoTBepracrcda. a raga — IOpd KOTOPEIX OHA
P P Elﬂ%H.‘l‘EDHHDEI‘I nncbmHy P ’ ApY P P

CeprudhlPBAMAE YA 5359522056 7BA500060000043E
Brageney:  WeOKPHTASSCKOMCOORACTEI0 HA3EIBAIOT COBOKYMHOCTE 3HAUECHUM KPUTEPHA, IIPHU KOTOPBIX

H}'J’[EB}’TD TT’IHQTE.?.}’ CITBE-‘pT'HI-DT.
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CePTIORETO G PRIY, B3 TEr e 13 H

Bnaneneu: DayxoBa TaTeAHa AI'IEHEEH,D,&EHEI

O0macTer0 NOPUHATHA THUOOTE3Bl (00IACTRI0 JOOMYyCTUMBIX 3HAUYEHWH) HA3BIBAKOT
COBOKYIMHOCTH 3HAYEHHUI KPUTEPHA, TPU KOTOPBIX THITOTE3Y MPUHUMAOT.

OCHOBHOM NPHHINI MMPOBEPKH CTATHUCTHYECKUX THIMOTE3 MOKHO C(POpPMyJIMPOBATEH TAK:
eCnru HAOMOOAEMOE 3HAUEHUE KPUTEPUA MNPUHAMIIEKWAT KPUTHYECKOM O00JIaCTH — THIIOTE3Y
OTBEPraroT, €C/IM HADII0gaeMO€ 3HAYEHUE KPUTEPHUA MPUHANICKUT 00IaCTH IPUHATHA TUITOTE35I
— TUTIOTE3Y TPUHUMAIOT.

B obOmacrtu cratmctTuku 1 OMOMETPHUM B YACTHOCTH IIPUMEHSIIOT OBA BUOA CTATHCTHUECKHX
KPUTEPHUEB: napamempuiecKue, MOCTPOEHHBIE HA OCHOBAHUH ITAPAMETPOB TAHHOM COBOKYITHOCTH

(HampuMep, X M s°) W IPEACTABIAIONIME (PYHKIMH JTHX MAPAMETPOB, H HENAPaAMempuuecKue,
npeacTaBaonme co00i  (PyHKIMM, 3aBUCANIME HENOCPEACTBEHHO OT BAPUAHT MOAaHHOM
COBOKYHMHOCTH C uUX uvactoramu. [lepBrie ciayxkar a4 OpOBEPKH THIIOTE3 O IMapamerpax
COBOKVITHOCTEH, PACIPENEIIEMBIX M0 HOPMATEHOMY 3aKOHY, BTOPBIE — JIJIST TTPOBEPKN Padoumx
TUIIOTE3 HE3aBUCUMO OT (DOPMBI  pacmpenenceHus COBOKYIMHOCTEH, W3 KOTOPBIX B3STEHI
CpaBHHUBAEMEIE€ BEIOOPKU. [[prMeHEHNE TapaMETPUYECKHUX KPUTEPHUEB CBA3AHO C HEOOXOOAUMOCTEIO
BEIYHCIICHUA BEIOOPOYHEIX XAPAKTEPUCTHK — CPEAHEH BEIMUMHEI M ITOKA3aTEIeH Bapualn, TOraa
KaK IIPY UCITOJIB30BAHNUN HEMAPAMET PUUECKUX KPUTEPUEB TAKAS HEOOXOIUMOCTE OTIIAAET.
t-kpuTepuii Crelo/ieHTa (t-pacnpeleieHue). Anrmmickuii maremaruk B. T'occer
(meuaraBmmica mon nceBaoHMMOM Crweioment), B 1908 r. Hamen 3akOH pacupeaciIeHUs

BEJIIMUUHEL [ = B KOTOPOH T€HEPAIBHBIM MApaMETP ¢ 3aMEHEH Ha €ro BRIOOPOYHYIO

A" H
I
o/~n
XAPAKTEPUCTUKY Sx, T. €. HALLEI 3aKOH pacnpedenerHus 3Ha4eHuu
X—p

5/\/;‘

OtkpeTeid - CTBEIOOEHTOM W TEOPETUYECKH O000CHOBaHHBIM P. @umepom 3akoH -
pacnpeoeieHus CIyKUT OCHOBOM Tak HA3BBAEMOW TEOPUM MAJIOM BBIOOPKH, KOTOpad
XapaKTEepU3yeT pacnupeneneHue BBEIOOPOUYHBIX CPEOJHMX B HOPMAIBHO PAaCHPEIEIMIONIENC
COBOKYIMTHOCTH B 3aBHCHMOCTH OT 00BEMA BBIOOPKH. t-pacIpeneieHHe 3aBUCHT TOIBKO OT
qUCIa CTENMEHEN CBOOOARI k = n—1, npudeM ¢ yBenmueHneM 00beMa BRIOOPKH 1 [-pACTIPEACIEHHUE
OBICTPO IpUOMIKAETCS K HOpMAaAbHOMY € mapamerpamu g4 =0 u ¢ = 1 u yxe nmpu n>30
HE OTJIMYACTCA OT HEr0. 3TO BUAHO U3 TAOJIHMILI HUKE, B KOTOPOU NPUBEACHBI TA0YIMPOBAHHEIC
3HAYEHUS [-PACTIPENETIEHNASI U HOPMAJIBHOTO PACIPEAEIECHUA 11 PA3HBIX 3HAUEHUH 1.

I-_

HopMmupoBaHHoOe OTKJI0HeHHE |
Pacnpenenenne
0,5 1.0 1.5 2,0 2,5 3,0 3,5

Hopmamsaoe 0,383 | 0,683 | 0,866 | 0,955 | 0,988 0,997 0,9995
CterofeHTa Mpu 0,333 | 0,577 | 0,728 | 0,816 | 0,870 0,905 0,927

n=3

n =20 0,377 | 0,670 | 0,850 | 0,940 | 0,978 0,993 0,998

n =30 0,383 | 0,683 | 0,866 | 0,955 | 0,988 0,997 0,9995

AOKYMEHT MOANNCAH

HopdeRokore cpednux. CpaBHHUBAA IPYr C JAPYIrOM [OBE HE3aBHCHUMEIC
AT pacpenensronuxcs COBOKYITHOCTEH C mapaMeTpaMu (1 |
(2. Pa3HoCTs 17- p2 3THX mapaMeTpoB 0003HauuM gepes D, 1o ecTsh - p2=D, a nucnepcuro
5TOH PA3HOCTH ¢°p. 3HAUEHMS F€HEPAILHEIX TAPAMETPOB HEM3BECTHEI, OJHAKO II0 BEIOOPKAM
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MBI MOKEM HAWTH BEJIMYUHEI BEIOOPOYHBIX CPEOHMX M PAa3HOCTH MEKAY HUMH X, — X, ,

KOTOpyro 0003HaunMm d, o ectp Xy — Xy = d.

HyneBas rumore3a CBOIMTCA K MNPEAMNONOKEHHIO, 49TO pi=p2, TO ects D=0.
Kputepuem mi1a npoBepkrd Ho-rTHIMOTE3El CAYKUAT OTHO ILIEHUE

_ d_(/u] —,le)

LT{E

[

rae { — MmepeMeHHas BeIWdYWHA, caeayronias f-pacnpenenenuio CThIogeHTa ¢ YUCIOM
CTEemeHeu cBoOOOEl kK = n; +n2 — 2, a sp - OIMOKA YKAa3aHHOU PAa3HOCTH, & 1] U N2 - 00BEMEI
EPBOH M BTOPOU BEIOOPOK COOTBETCTBEHHO.

Tak kak, cormacao Ho-rumotrese, f7=u2, TO ~KpUTEPUN BEIPAKACTCA B BUIAEC OTHOUMICHMSA
pPa3HOCTH BEIOOPOYHEIX CPEOHUX K CBOEH OMMOKE, T. €.

d
t=—

LT{E

Ho-runmore3y otrBepraror, ecmu (DAKTMYECKHU YCTAHOBJICHHAS BEIMUMHA [-KPUTEPUS
(oOo3HAuaeMas fp) MPEB30MACT WM OKAXKETCA PABHOM KPUTHUYECKOMY 3HAUECHUIO [kp ITOM
BEJIMYHHBI JJII HPUHATOTO YPOBHS 3HAYMMOCTH ¢ U UMCJIA CTEIeHer ¢cBO0OaRl k = n7 +n2 — 2, T.
€. IPH YCIOBHH [l¢p = lip.

OwmmOKy pasHOCTH CPEIHUX Sp ONMPENEIAOT O (POpMyIIE:

X x) +Yx m ) (i,

Sp
\ n+n,—2 nn,

IIpumep. U3yuanu BamsHue kobdansTa HA MACCy Teaa KPOAUKOB. OMBIT MPOBOIIINA HA
IBYX TPYyOIIax KUBOTHBIX: OINBITHOM MW KOHTPOJILHOM. bEIIM HCCIEemOBaHBEI KPOJIHMKH B
BO3pacTe OT IMOJAyTOpa OO0 ABYX MecaneB, maccor teaa 500—600 r. OnelT mpomomxancs
moaTropa mecsana. JKMBOTHBEIX O0€UX TpynIl COAEp:Kaid HA OZHOM U TOM K€ KOPMOBOM
partmone. OOHAKO OMBITHBIE KPOJIUKH B OTJIHYHME OT KOHTPOJBHBEIX CKEIHEBHO ITOJTYYaTH
n00aBky K panmoHy B BHUAE BOoAHOTO pactBopa mo 0,06 r xmopucroro kodanptra Ha 1 KU
KUBOU MACCHI TE€JIA. 34 BPEMS OIBITA }KUBOTHBIE JAJIN CIEAYIONME MPUOABKU KUBOU MACCHI

TEna:
[TpuBecsr, T OtknoHeHusd ot cpenHer  |KBamparsl OTKIOHEHUM
apu(pMETHUIECKOU
OITBIT KOHTPOJIb OTTBIT KOHTPOJIb OITBIT KOHTPOJIE
(x; —x;) (JEJ,-—X_E) (‘I;_xl)j (I;—g)z
580 504 58 22 3364 484
692 560 54 34 2916 1 156
700 420 62 106 3844 11236
621 600 17 74 289 5476
640 580 2 54 4 2916
561 530 77 4 5929 16
680 490 42 36 1764 1296
630 580 8 54 64 2916
IOKYMEHT "nuunﬁZgL 06 1 3136
ANEKTPOHHIOM MOAMNMUChHIO
Ceprudppkar: 2C0000043ESABBESS2205E7TBASO00600p0043E
Bragentu:  JWeSogprflareria AnRcanaiay — — =18 174 2 =28632
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‘ X, =638 ‘ X, =526 ‘ — ‘ — ‘ 3 =46 806

Cpennue apu(pmMeTHUIECKHUE TPUBECOB:

B oneIiTe X, = 5104/8= 638 T,

B KoHTpone x,=4734/9 = 526 r. Pasmunma x,—x,=d = 112 r. Uro6m

yCTaHOBUTh, MOCTOBEPHA WIH ClIydalHa »53Ta pa3HWULA, HYKHO OIPENEIATh OMHUOKY
Pa3sHOCTHU CPEOHUX:

5, = 10806 (8+2 =,/736,8 =27,14.
8+9-2 \ 8:9

Otrcroma tp = 112/27,14=4,1.

[To Tabmunie m1a yposH:a 3Hagumoct o = 0,01 u gucna creneneut cBo0oOabI k = 9+8—2=
15 maxomum fp = 2,95. Tak kak tp > fip, HyIEBASA TUIIOTE3a ONMPOBEPracTCAd HA BBICOKOM
ypoBHe 3Hauumoctu (P<0,01). Paszuuma mexay CpeaHMMH BEIWMYUHAMH ONBITA H
KOHTPOJA 0KAa3a1aChk B BEICHIEH CTEIEHU JOCTOBEPHOM.

[TpapunpHOE mpUMEHEHHE MAPAMETPUUYECKUX KPUTEPUEB IJIS MPOBEPKU CTATHCTUUECKUX
TUMOTE3 OCHOBAHO HA MPEAMOJOKEHHH O HOPMATLHOM PACIPEACTCHUH COBOKYITHOCTEH, M3
KOTOPEIX B3SATEI CPaBHUBAEMEIE BEIOOPKH. OTHAKO 9TO HE BCErga MMEET MECTO, TAK KaK HE BCE
OMOIOTHYECKUE OPU3HAKU PACHPENETAIOTCI HOPMAIbHO. HemMamoBakKHBIM SBISAETCA U TO
00CTOATENBCTBO, UYTO HCCAEAOBATENN HOPUXOAUTCA HUMETh JEI0 HE TOJBKO C
KOJWYECTBEHHBEIMH, HO U ¢ KAUECTBEHHBIMH IMPH3HAKAMH, MHOTHE M3 KOTOPBIX BBEIPAKAFOTCS
TOPAIKOBEIMH HOMEpPAMH, HMHICKCAMH M APYTHMH VCIOBHBIMHM 3HAKaMH. B Takux cioydasx
HEO0OX0IMMO UCTOIB30BATh HENAPAM EMPUHCCKUEC KPUMEPUU.

M3BecTen Henslii pag HemapaMeTPUIECKUX KPHUTEPUEB, CPEeOU KOTOPBIX BHUIHOE MECTO
3AaHUMAIOT TAaK HAa3BIBAEMBIE PAH206blEe Kpumepuu, HTPUMEHEHHE KOTOPBIX OCHOBAHO Ha
pamKUPOBAHUM WICHOB CpaBHHUBAaeMbix rpynm. [Ipm sTom cpaBHuBaroTCcs HE camMu 1o cebde
WIEHBl PAHKUPOBAHHBIX PAOB, & UX MOPSAIKOBBEIE HOMEPA, UM paHTH. Jlamee Mbl pacCMOTpPUM
HEKOTOPBEIE HEMAPAMETPUUECCKHE KPUTEPHH, TPHUMEHAEMEIC IS MPOBEPKH HYJIEBOM THIIOTE3EI
IpHU CPABHEHHUH KAK HE3aBUCHMEIX, TAK W 3aBUCHUMEIX BEIOOPOYHEIX T'PYIIIL.

U . kpurepuii  Ywikoxkcona (ManHa—Ywuran). [umoresy o0 nOpuHamIekKHOCTH
CPAaBHUBAEMEBIX HE3ABHUCHUMEIX BEIOOPOK K OJHOM M TOU K€ FE€HEPAITLHON COBOKYIHOCTH WU K
COBOKYMHOCTSAM C OJMHAKOBBIMM Iapamerpamu, T. €. Ho-rumoresy, MOKHO TPOBEPUTE C MOMOIIBIO
paneogozo kpumepus Yunkoxcona (Manna—Yumnu).

Jlns pacuera U -KpUTEPUSI HEOOXOTUMO:
1. PacnmomokuTe 4YMUCIOBEIE 3HAYEHUS CPABHUBAEMBIX BEIOOPOK B BO3PACTAIONIEM
nopAOKE B OIWH OOmMIMH psaag W OPOHYMEPOBATH 4neHBl o0miero psama ot | 1o

N =n,+n, Om HOMEpa u OyAyT «paHraMu» 4JICHOB pAIa.)
2. OTpenpHO A4 KaXA0W BEIOOPKNU HAUTU CYMMEI PAHTOB U ONPEAECINUTEL BEIMIWHEL,

+1
U =R - )
2
51
U. =R — n,(n, +1)
[IOKYMEHT NOAMNWUCAH | ) 2

SNEKTPOHHOW NQANWCHIO

Ceprudurar 200l ILQPRIG:OBORPANAINTCB AP MEMKAY CYMMAMH PAHTOB HEPBOH U BTOPOH BEIOOPKH.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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3. B kauecrtBe U -KPUTEPUA UCHOJIB30BATH MEHBIIYIO BEIUYHHY Uqb, KOTOPYIO
CPABHUTEL C TAOIMYHEIM 3HAYECHUEM Uk p YcnoBuem s COXpaHeHUs MpUHATON Ho-rumoress

CIIY’KUT HEPaBEHCTBO Uq_i;. > Uﬁ:p- Kpurunueckue TOUKH U -KpUTEPUA Uh,, onsd ni, n2 v

IPUHUMAEMOT O YPOBHA 3HAYUMOCTH ¢ comepxkarcsa B Ta0aune 3 Ilpuroxenus.
IIpumep. Ha naByx rpynmax mabopaTOpPHBIX MBIIEH — OOBITHOM (n; = 9) u

KOHTpoJsHOU (n2 = 11) — wm3ydyanu BO3AEUCTBUE HA OPraHU3M HOBOTO Mpemapara.

HMcoerTanue mpogomxanocs ogud mecail. ITocae sToro macca tena ) XKMBOTHBIX, BREIPAKCHHAS

B I'PaMMax, BAPbUPOBAIA CIESAYIONMM 00pa3om:
B omertaoOM rpymme 80, 76, 75, 64, 70, 68, 72, 79, 83.
B xourponsnou rpynne 70,78, 60, 80, 62, 68, 73, 60, 71, 66, 69.

Beraucnoum mo BetOopkam: X =741 u X, =68,8.

[TpoBepum ¢ momonisio U -KpUTEpUS, SABIAAETCSA JIM PA3HOCTH B MACCE TEJIa MEKIY
ONBITHOU M KOHTPOJIBHOU IPYyIIHAMH MBIINIEN CTATUCTUYECKU TOCTOBEPHOM.

CyMMHUPYS paHTH OTAEABHO I KAXKAOU TPYHIBI, HAXOJUM:

Ri= 4+64+9+12+14+15+17+19+20=112;

R2= 1424+3+5+7+8+10+11+13+16+18=94.

[ToncraBngem 5Tu HaHHBIE B (OPMYIIBL:

U1:112—9'Tm:67; U_,=94—“'212:22

i

Menbmyro Benmnuuny U2 = 22 cpaBHuUBaeM ¢ TaOIMUHBIM Ukp 3HAYCHUEM g n1=9,
n2=11 n ypoBHA 3HauuMOCTH ¢=(),(0 ], KOTOpPOE paBHO Ukpzlg.

[Tockonbky Uqb sU kp» ~OTBEPrHYTh  mpoBepsiemyio  Ho-rumoresy  Hemb3si.

CnemoBaTenbHO, pa3naudusd, HAOMIOOaeMBIE MEKIOY OJTUMH BBIOOpPKAMM, CTATHCTUYECKHU
HEIOCTOBEPHBI. BEIOOPKM HE UMEIOT 3HAYMMBIX OTJIMUWM.

Kpurepuii 3HakoB z. B Tex cayuasx, KOrma pe3yabTaTtel HAOIOZEHHH
BBEIPAKAIOTCA HE UYUCIAMHM, 4 KAYECTBEHHBIMH NPU3HAKAMHU, NMPUHUMAKNIUMHU IBA
pPa3IUYHBIX 3HAYEHHA (MMOMEUAEM HUX 3HAKAMH Imiawoc (+) U muHyC (—)), pazmuuusd
MEKOY IMOIMAPHO CBI3AHHBIMH YJICHAMHM CPABHUBAEMBIX BBLIOOPOK OIEHMBAIOT C IMOMOMIBLIO
Kpumepus 3Haxkogé 7. KOHCTPYKIMSA 53TOTO0 KpUTEpusa Oa3zupyercs Ha BECbMA MPOCTHIX
COOOpaKEHMAX: €CIM MOOMAPHO CPABHUBAEMBIE 3HAYEHWUS [BYX 3aBUCHUMBIX BBEIOOPOK
CYIIECTBEHHO HE OTJIMYAIOTCA APYT OT OPYrd, TO YUCIO IIOCOBEIX U MUHYCOBBEIX PA3HOCTEH
OKAXKEeTCA COBEPHICHHO OIUHAKOBBIM; €CIIH K€ 3aMETHO Mpeo0IamaroT IUTFOCH WJIM MHHYCEI, 9TO
OyIeT yKa3eIBAaTh HA MOJOKHUTECILHOE WM OTPHIIATEILHOE ACHCTBHE HM3yU4aeMoro (pakropa Ha
pE3yIBTATUBHEIM TPHU3HAK. bOIbIee 4ucia0 OQHO3HAYHBIX PA3HOCTEN CIYKUT B KA4ECTBE
(pakTHUECKU HAWIEHHON BEMMYMHBEI Z-KpUTepus 3HAKOB. [Ipu STOM HyneBeIe pasHOCTH, T. €.
Caydau, HE OABIIME HHU IOJOKUTEILHOTO, HM OTPUIIATEIBHOTO PE3yabTaTa, 0003HAYACMBIC
uudppoir 0, B pacuer HE NOPUHUMAIOT MU YHCIO0 MAPHBIX HAOMIOAEHUH COOTBETCTBEHHO
YMEHBIIAETCA.

Kak u BCAKMI Opyroil BEIOOPOUHBIN MNOKA34TENb, Z-KPUTEPHUM 3HAKOB SBIAAETCSH
BEIUINHOU CJTE’HL_ITHF%H[%)H}%H OH CIIYKWT O npoBepku Ho-rumoTessr, T. €. OPEaNOIOKEHUS O
TOM, UT@ pm&rwhma KOTOPEIX B3ATHl CPABHUBAEMBIE BHIOOPKH, UMEIOT OJUHAKOBBIE

CeprudyyHIRAPHX PPt PIOriiffdTe3a oTBepracTcsa, €Cnu g = Zkp A HNPUHATOTO YPOBHA

Bnapeneu: llebayxoBa TaTteaHa AnekcaHapoBHa
3HH'—1’HM&C’TH o M 9HUCciaa l}%ﬂpl{hﬂi HHGJT[-D,I[E‘-‘HPH‘I i, B3ATEIX 6&3 H}’J'[E-‘BLIK pﬂ?-HCICTE'-‘H KPHTH'-IECI{HE
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TOUKH Zkp AJA ABYX YPOBHEH 3HAUMMOCTE M YUCIA MAPHBIX HAOmOmeHUN coaepxkarcs B
TaOJIHUIE.

Bonpocwe u 3aoauu:

1. Jna wm3yuenua >(Qp@exTUBHOCTH HOBOrO mOpemnapara kenesa ObplIu BRIOpaHEl IBE
TPYNNOBE DAIMEHTOB C aHeMuell. B mepBoi rpynne mamueHTE B TEUEHUE ABYX HEAEIb
MOJIy4YaJIu HOBBIM Hpemapar, a BO BTOpPOH rpynne - moayuanu miaanedo. Ilocae storo
OBIIO TOpPOBENEHO H3MEPEHUE YPOBHA TremMornodmHa B nepudepudeckod KpoBu. B
NEPBOU ITPynmne CPEAHUU ypPOBEHB remornoduna cocrasuna 115,4+1,2 r/n, a BO BTOpPOU -
103,7+£2,3 r/a (manHele TIpeacTtaBiIcHEl B (opmare ME+m), CpaBHHUBACMEIC
COBOKYITHOCTH MMEIOT HOPMaabpHOE pacmpeneneHue. IIpu 3ToOM 4UCIEHHOCTE HEPBOHU
rpynmnel cocraBuna 34, a Bropoud - 40 manuentoB. HeoOxomumo cpenars BBIBOO O
CTATUCTUYECKOW 3HAYMMOCTH MNOJAYYEHHBIX paznauuud U OS(PPEKTUBHOCTH HOBOTO

mpenapara keJiesa.

2. ITocne npoBeJeHHUs] BaAKLHHALIMH OT TPHINA CpeJH CTYJIEHTOB MeJHIHHCKOI0 YHUBepCcHTETa OBLUIH
moaBeJeHbl pe3yiapTaThl: H3 500 BaKUHHHPOBAHHBIX B MepHoJ sHNHAeMHH 3aboyenn rpunmnom 20
qyejoBek, H3 1600 oTkazaBmiHXcA OT BaKUHHALHH TpunmoM 3zabonenun 200 genosBek. OLeHHTE
3(QPEeKTHBHOCTE BaKLHHALHH OT IPHUIIIIA.

3. YuebHOHN 9acThI0 OJHOH H3 KadelIp MeJHULUHHCKOr0o YVHHBEPCHTETA OBIIO MPOBEJEHO HCCIEJOBAHHE
VCIEBAaeMOCTH CTYJIEHTOB B 3aBHCHMOCTH OT ITOCEIIAEMOCTH JeKIHi. [ CTYJEeHTOB, MOCETHBIIHX
MeHee ITOJIOBHHEI JIEKITHOHHOIO Kypca (n=30), cpeJHsAsA OLleHKa Ha »K3aMeHe cocTaBuia 3,2, ol=0,2.
Jst ¢cTyIeHTOB, ToceTHBIIHX Dosiee 90% neknui nmo npeaMetTy (n=150), cpeHsAs OLleHKa Ha HK3aMeHe
coctaBuna 4,5, ¢°=0,5.CrenaiiTe BBIBOJ O JOCTOBEPHOCTH pAa3IMIHil YCIIEBAEMOCTH CTYJCHTOB B
3ABHCHMOCTH OT MOCEIAEMOCTH JIEKLHH MO NMpeaMeTy.

4. Pesynerarel TecTupoBanus 1mo 30-0anpHON mIKAIE I TPYOIBL X U TPYIIIEL Y OPEICTABICHBI
B Ta0bnuie. CpaBHUTE 3 PEKTUBHOCTE ABYX METOAOB OOY4YEHMA CTYJIEHTOB B JIBYX I'PYIIITAX JIA
yPOBHS CTATUCTUUECKON 3HAYUMOCTH [3 = 5%.

X 18 10 7 15 14 11 13
Y 15 20 10 8 16 10 19 7 15 14 |29

S. YueOHO-MeTOAHYeCcKOe H HH(POpMAIIHOHHOE o0ecieyeHHe TUCIIHILTHHbI
IlepeyeHsL OCHOBHOM JIHTEPATYPLI

l.I'vcak, A. A. Beicmas maremaruxka. Tom 1: yuebnuk / A. A. I'yvcak. — Munck:
TerpaCucremc, 2009. — 544 ¢. — Pesxum mocryma: http://www.iprbookshop.ru/28059.html
2Iycak, A. A. Beicmaa maremaruka. Tom 2: yueOnumk / A. A. I'yvcak. — MuHck:

TerpaCucremc, 2009. — 446 c. — Pesxum nocryma: http://www.iprbookshop.ru/28060.html

IlepeueHns TONOJTHHATEILHOH JHTEPATYPbI

| UuguBuayanbHEIC 3a0aHMA IO BERICIIECH MareMmaruke. Hacte 1. Jluneinnasa u BeKTopHas
anreOpa. Axnamutuueckas reomerpusa. JluddepeHrmansHoe MCUUCICHUE (PYHKIMM OIHOH
nepemenHoM: yueOnoe mocobue / A. II. Pabymko, B. B. bapxaros, B. B. [lepxasenu, U. E.
HOpyTe; mon pemakuumen A. II. PaOymko. — Munuck: Bermmimasa mkona, 2013. — 304 ¢
Pexxum nocryma: http:// www.iprbookshop.ru/20266 .html.

2 .VanuBuayansHeIe 3a0aHuA IO BREICHICH maTtemaruke. Yacrtes 2. KoMmiaekcHbIe ducia.
Heompenenennsie u onpenencHHsle WHTErpansl. @OYHKIMHU HECKOMBKUX MEPEMEHHBIX.
OOrpikHOBEHHBIE nu((pepeHIaTbHBIE ypaBHEHUA: yueOHoe mocobdue / A. II. Pabymxko, B. B.

bapxaros, B. B. Jlepxasen, WU. E. HOpyte; mox pemakmumert A. II. Pabymko. — MuHCK:
Brrmmamas K OJIA, 2014. — 397 C. — Pexum TOCTYIIA:
http://wwwcprbeokshop.au/35481 html.
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B. bapxartos, B. B. [lepxkagen, U. E. FOpyTs ; non pemakmuent A. I1. PaOymko. — Munck:
Brmmimas mxomna, 2013. — 367 ¢. — Pesxwum moctyma: http://www.iprbookshop.ru/20211.html.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MWHUCTEPCTBO HAVKH U BBICHIET'O OFPA30BAHMS POCCUHMCKOUN
OEJIEPAITNHA
depepanpHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa30BaTEIbHOE YIPEKICHUE
BBEICHIETO 00pa30BaHUA
«CEBEPO-KABKA3CKWMN ®EJIEPAJIbHBIN YHUBEPCUTET»
[Taturopckuit uacTutyT (prumman) CKOY

MeToan4yecKue yKazaHUs

M0 OPTAHW3AIIMU U TPOBENEHUIO CAMOCTOATENBHOM PAOOTEI
mo aucrumimHe «Maremarukay
UL CTYAEHTOB HANIPABIEHUS ITOATOTOBKH
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COAEPKAHUE

OO0mnue o0 ke
L{ens 1 3amaum caMOCTOATENBHOM PabOTEI

Texnomormueckas kapra cCaMoCTOATETEHOW pabdOTHI CTYIEHTA

S e

[TopsaoK BEITTOTHEHHUS CAMOCTOATETEHON PA0OTEI CTYAEHTOM
4.1. Memoouueckue pexomerdayuu no pabome ¢ yueOHouU aumepamypou
4.2. Memoouueckue pexomeHoayuu no NOO20MOBKE K NPAKMUUECKUM 3AHAMUAM
4.3. Memooduueckue pexomeHoayuu no camonpogepKke 3HaHuu
5. KOHTpOJs caMOCTOATENHHON PA0OTHI CTYIEHTOB

6. Cmicok uTepaTypel

9
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1. O0mue mojoxkeHNUd

CamocrosrensHas pabora - mnaHupyemas yueOHas, yueOHO-UCCIeqoBaTENsC KA,
HAYyIHO-MCCIEN0BATENBLCKAN pad0oTa CTYIEHTOB, BBEIITOIHAEMAS] BO BHEAYIUTOPHOE (ayAUTOPHOE)
BpEMA II0 3Q0AHUI0 W NOPH METOAUYECKOM PYKOBOICTBE IMPENOIABATENA, HO 0€3 ero
HEIMMOCPEICTBEHHOr0 y4acTusa (IIPpU 4aCTUYHOM HEMOCPENCTBEHHOM YYACTHH HPENnoaaBaTeli,
OCTABJIAIONIEM BEOYIIYIO POIE 32 pabOTOM CTYIEHTOB).

CamocrosrensHas pabora crynentoB (CPC) B BY3e aBusercs BaxkHbBIM BUAOM y4eOHOM
M HAy4YHOM [OeATENIRHOCTHM CryaeHTa. (CamocrosrensHas paboTra CTyAZEHTOB  MTpaeT
3HAUUTENBHYIO POJIb B PEUTUHTOBON TEXHOJIOTUH 00yUEHHU .

CamocroarensHas pabora ABIAETCS BaxkHeWmed (POpMoM ycBOeHus 3HaHWM. B xone
CAMOCTOSATENEHOU padOTBl CTYAEHTHI YACHAIOT 3HAHUA [0 KOHKPETHOM TeMe yueOHOro
MaTepuand, 3aKpeIUIIIoT W YTOYHAIOT YK€ M3BECTHBIE W OCBAUBAIOT HOBBIE KATETOPHHU.
CrankmBaichk C HEAOCTATOYHO MOHATHBIMHM 3JIEMEHTAMU TEMBI, CTYJEHTHI CTPEMATCA HAXOIUTEH
OTBETEI WM (PUKCHPOBATH BOIIPOCHI I NOCTAHOBKA M VACHEHUS MX HA KOHCYJIBTAUUU C
MPEMOIABATEIEM WIN BO BPEM NPAKTHYECKOT O 3aHATHA.

3amaun caMOCTOATENBEHOM padOTEI COCTOAT B CIEOYIOMIEM:

1. Pa3BUTE TOTHUECKOE U AT OPUTMHUIECKOE MBIILIEHHE.

2. Brpaborare NOEPBUUHBIE HABBEIKM MATEMATHUYECKOTO WCCIEAOBAHWUA HPUKJIATHBIX
BOIIPOCOB.

3. BripaOorare HaBBIKM OOBEAEHUS PEUMIEHUS 3aa4d A0 MPUEMIEMOTO MPAKTUIECKOTO
pesynsTara — 4nacna, rpajuka, TOUHOr0 Ka4eCTBEHHOTO BEIBOAA C IPUMEHEHUEM aI€KBATHBIX
BBIUM CIINTEILHBIX CPECTB, TA0IMII, CIIPABOYHHKOB.

4. BripaboraTte yMEHHME CAMOCTOSTEIBRHO pPa3zOUpaTbCa B MATEMATUYECKOM Aammapare,
IPUMEHAEMOM B JIMTEPATYPE, CBA3AHHOM CO CIEIUATBHOCTERIO CTYICHTA.

5. Hayuute onepupoBare aOCTpAaKTHBEIMM OOBEKTAMM M A4JE€KBATHO YIIOTPEOIATEH
MATEMATUUECKHE ITOHATHA M CHMBOJIBI [UIA BEIPAKEHWSA KOMWYECTBEHHBIX M KAYE€CTBEHHBIX
OTHOILIEHUH.

CamocroarensHas paboTta cTygeHTra mo yueOHou mucimmmnae «MaremaTtuka» BKIIIOUaeT
MOATOTOBKY K MPAKTHYECKUM  3aHATHAM M BBEINOJTHEHWE TPAKTUYECKUX  3aJaHUIM,

CAMOCTOATENRHOE HW3YYEHHE TEM Yy4eOHOro marepuana II0 PEeKOMEHIYEMOW JIMTEpAType U C

HCITIOTE30BAHKEM HIBOPMAIMOHHEIX PECYPCOB.

NEKTPOHHOW NOANMUCLIO
Ceptwdmkatr: 2C0 MQ,I%%E%SGGM&IE@E I10 JAUCTIUILIAHEC {{MHTEMHTHI{H}} HHHPHBHEHH Ha

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

(opMUPOBAHNE CAEOYVIONINX KOMITeTeHIHH:
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Kon, (hopmynupoBka

KOMIIETCHIIHH

Koa, (hopmymmpoBKa MHIUKATOPA

[Inanupyemeie pe3yabTaTel
O0Oy4YeHNS 1O AU CIUILINHE
(MOmyImIO),
XApPaKTEPU3YIONIHNE TAITEI
(popMupOBaAHMA
KOMITETCHIIM I, MHINKATOPOB

OIIK-3: Crocoben
IPUMEHSATD
COOTBETCTBYIOIIUH
(pHU3NKO-MaTEMATHI ECKUI
ammapar, MeTOIbI aHaI3a
1 MOIETUPOBAHNA,
TEOPETUIECKOTO U
YKCIEPUMEHTAITBHOTO
UCCAEI0BAHUA IPHU
pelieHnn
Ipo(pecCOHATEHEIX 3a0a4

HU/-1lonk-3 [Tpumenser
MAaTEMATHIECKUI armapar
AHATMTUYE CKOU reOMETPHH,
TAHENHON anreOpsl,
au(epeHIInaTEHOTO 151
MHTETPATLHOTO M CYM CJIEHUS

(PYHKIIUM OTHOU MEPEMEHHOU.

N-20mnk-3 [Tpumenser
MATEMATUIECKUN AaIIapar TEOpHUU
(yHKIHI HECKOJIbKHX
OEPEMEHHBIX, TEOPUH  (DYHKIIMIT
KOMILJIEKCHOTO MEPEMEHHOTO,
TEOPHUH PAIOB, TEOPHUH

nu(epeHATBHEIX YPABHEHUI.
HU/-3onk-3 [Tpumenser
MATEMATUIECKUN AaMmapar TEOpHUHr
BEPOATHOCTEH W MATEMATHYECKOU
CTATUCTHUKH.
N/1-donk-3
MATEMATH4ECKUI
UMCIIEHHBIX METOOB.

[Tpumenser
ammapar

Pemaer mpodeccuonansHeIe

3a/1a9Hu, TPUMEH S5
COOTBETCTBYIONIMH  (PU3UKO-
MATEMATUUECKUM  ammapar,
METOIBI aHanmmusa 15§
MO IETUPOBAHMA,
TEOPETUUECKOT O 1%}
SKCITIEPUMEHTATBHOTO
MCCIIETOBAHMIL.

2. Heas 132124l CAMOCTOATE/ILHOH padoOTHI

Bengymias nens oprammsanmm u ocymiectBiaeHus CPC coBmamaer ¢ mensio 0OydeHUs

cryaeHra — (QopmupoBaHue Habopa OOmIEHAyUYHBIX,

npO(PECCUOHANBHBIX W CIEIMATbHBIX

KOMITETEHIINH Oyayniero OdakaiaBpa mo COOTBETCTBYIOMIEMY HAMTPABIEHHUIO MOATOTOBKA

[Tpu opranm3annu CPC BakHBEIM 1 HEOOXOAMMBIM YCIOBUEM CTAHOBATCS (POPMUPOBAHUE

YMEHHUSA CAMOCTOATENLHON padOThl A NMPUOOPETEHWsA 3HAHWM, HABBIKOB M BO3MOKHOCTH
OpraHu3anuy yu4eOHOM U HAYyYHOU OeaTensHOCTH. L]empro camocToaTenbHON padOTHI CTYIEHTOB
ABIAETCA OBJIAACHUE (DYHIAMEHTATBHBIMU 3HAHUAMM, OpPO(PECCHOHATBEHBIMA YMEHHUAMH H

HABBIKAMHM  JE€ATEIRHOCTH 1O OpPOQII0, OIBITOM TBOPYECKOW, MCCIEIOBATEIBCKOU

nesrenpHOoCcTH.  CamocrosrensHas  paboTta  CTYJEHTOB  CHOCOOCTBYET  PA3BUTHIO

CAMOCTOATCIIBHOCTH, OTBECTCTBCHHOCTH H OPrdHH30BAHHOCTH, TBOPYCCKOTO IMOAX0dd K PCIICHHUIO

npoOnemM yueOHOT0 U Mpo(PEeCCuOHATBEHOTO YPOBHS.

3amananedTeBoveBA IO TCA:
ANEKTPOHHOW NOONMCHLIO

Cepmudpurar: 2C00000EHETEMEPPEP3aT s  V0o§P0003a K PEITIICHU €

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

MOJIYUCHHBIX

MPAKTUYECKUX YMEHUM CTYIEHTOB;
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- yTIIyOIeHNEe U PaCIIMPEHUE TEOPETUIECKUX 3HAHWUM;

- (popMupOBaHME YMEHHMM HCIIOIL30BATE HOPMATUBHYIO, IIPABOBYIO, CIPABOYHYIO
OOKYMEHTALIMIO U CIIEHUAIBHYIO JIMTEPATYPY;

- pa3BUTHE MMO3HABATENBHBIX CHOCOOHOCTENM M AKTHMBHOCTH CTYJIEHTOB: TBOPUYECKOH
MHUIMATUBEL, CAMOCTOSATEILHOCTH, OTBETCTBEHHOCTH U OPraHU30BAHHOCTH;

- (pOpMHUpOBAHHE CAMOCTOATENEHOCTH MBILNUIEHHUA, CIIOCOOHOCTEN K CAMOPA3BUTHIO,
CaAMOCOBEPILIEHCTBOBAHUIO M CAMOPEATH3 AL U;

- pa3BUTHE UCCIENOBATENBCKUX YMEHUM;

- UCITOJIL30BAHUE MATepUaia, COOPAaHHOr0 U MOJYYEHHOTO B XOI€ CaMOCTOATENBHBIX
3aHATAUA HA CEMHMHApaxX, HA MPAKTUYECKUX W Ja00paTOPHBIX 3dHATHUAX, HPU HAIMUCAHUH
KYpPCOBBIX M BBIMYCKHOM KBAMM(PUKAUMOHHOW pabor, ama 5>¢P@ekTuBHON MNOATOTOBKU K

HTOIOBBIM 3449CTdM H 3K3dMCHAM.

3. Texnonornyeckass Kapra caMoCTOATe/ILHOH padoThI CTYACHTA

ObneM yacoB, B TOM 4HCJIE
Bung neqarensHOCTH (actp.)
Kozmet CTYACHTOB Cpencrea u Konra
peaIN3yEeMBIX pea HTARTH
S — TEeXHOJIOTHH as pabora
OLIEHKH CPC C Bcero
npenoaana
TeJIEM
1 cemecTp
OIIK-3 [ToaroroBka k nexkrmaMm | KoMruiekr 1.215 0.135 1.35
3a0aHuil |
BOMIPOCOB ITO
pazmenam
TUCIATUIUHEI
OIIK-3 [ToaroroBka K Komrmmiekr
OPAKTUIECKUM 3a0aHl 1
3AHATUAM BOMIPOCOB ITO 4.86 0.54 5.4
pazmenam
TUCIIUTUIHHEI
OIIK-3 CaMOCTOATEIIEHOE Komriekr
W3YUYEHUE IMTEPATYPEI IO |  3aJaHUM U
temam 1-20 BOMIPOCOB ITO 42.525 4,725 47.25
paznenam
TACITATLTHHEI
Hroro 3a 1 cemectp 48,6 54 54
OIIK-3 IToaroroBka K Bornpocsl k 36,45 4,05 40,5
IK3AMEHY IK3AMEeHY
2 ceMecTp
OIIK-3 [ToaororoBka k nexkmmam | KoMmruiekt
SHEKTPORHOM NOANMCAIO 3a/aHmuit 1
Cefitucbukar: 2C0000043E9ABSBI52205E7BA500060000043E BOIIPOCOB II0 2.08 0,12 2.2
Brgneney:  LUeGayxosa TathsHa AnexcaHaposHa pazmenam
TUCIUTUIHHEI
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OIIK-3 [ToaroroBka K KoMmruiekr 4,16 0.24 4.4
OPAKTUUECKUM 3a0aHUMN U
3AHATHAM BOITPOCOB IO
paszmenam
TUCIUILTHHEI
OIIK-3 CamMoCTOSTEIREHOE KoMmrIuiekT
W3Y4YECHUE IUTEPATYPBI IT0 | 3a0aHUN U
Temam 21-26 BOITPOCOB IO 26,685 1,965 28.65
paszmenam
TUCIHHTLTHHEI
Hroro 3a 2 cemecTp 32,925 2,325 35,25
OIIK-3 IToaroroBka K Bornpocsl k 30,375 3375 33,75
IK3AMEHY IK3AMEHY
Hroro 148,35 15,15 163,5

4.11opsii0k BBIMIOJTHEHHS CAMOCTOATEILHOH padoThI CTYACEHTOM

4.1. Memoouueckue pekomendayuu no pabome ¢ y4eOHOU Tumepamypou

[Tpu pabore ¢ kaurom HeoOXoaUMO mMOXOOpATE IUTEPATYPY, HAYUWUTHCA MPABWILHO €€
UUTAaTh, BECTU 3amucu. o mogbopa smreparypel B OMOIMOTEKE UCITOIB3YIOTCA al(paBUTHEIN U
CUCTEMATUYECKUM KATAJIOTH.

BaKHO MOMHUTE, 4TO PAIIMOHAIBHBIE HABBIKK PA0OTHI ¢ KHUTOM - 3TO Bcerna Oombinas
SKOHOMHS BPEMEHU U CHIL

[TpaBwipHEIT mOAOOP yUEOHUKOB PEKOMEHAYETCSA MOPENogaBaTEIeM, UYWUTAIOINIAM
NEKIMOHHEIN Kypc. HeoOxomumas nureparypa MOKET OBITh TAKKE yKa3zaHa B METOOWUYECKHX
pa3padoTKax Mo JaHHOMY KypCy.

M3ygas marepuan mo yueOHHKY, CIE€AYET MEPEXOOUTh K CIEAYIOMIEMY BOIPOCY TOJIBKO
MOCIE TMPABWIBHOTO VIACHEHMA NPENBIAYIIETO, ONWCEIBaA HAa Oymare BCE BBIKIAOKU H
BBIUMCIICHUA (B TOM 4YMCIE T€, KOTOPHIE B YUYEOHHKE ONYNIEHBI WIM HA JIEKIMW NAHBI LA
CaAMOCTOATEILHOTO BEIBOIA).

[Tpu m3yuennn mo0O0M IUCHUILIMHEL OONBIIYIO U BAKHYIO POJIbE UTPAET CAMOCTOATEIbHAL
WHIUBUAYAJbHAA padora.

Ocoboe BHMMAaHHWE Creayer OOpaTUTh HA ONPENENEHUE OCHOBHBIX ITOHATHH Kypca.
CTyneHT momkeH moapoOHO pa3zdUpaTs MPUMEPHI, KOTOPBIE MOACHAIT TAKUE ONPEIEICHUA, U
YyMETh CTPOUTH AHAJOTUYHBIE MPUMEPHl CaMOCTOATENRHO. HykHO noOWBaTBECA TOYHOTO
MPEACTABJICHUSA O TOM, Y9TO w3ydaemsb. [lome3Ho cocraBmaTe OMOpHBEIE KOHCHEKTHI. [Ipu
Hayqem@ng ':,}ﬂleﬁmmy MOJIE3HO B TETPAmM (HA CHEHUATBHO OTBENEHHBIX MOJIIX)

Ceprvcukar:  2C0000043E9ABBBI52205E7BAS00060000043E
BnanendkO TTOIHIA R KOHGICK T AQKININ. [aM JKe ClIenyeT OTMEYarh BOIPOCHI, BEIAEIEHHBIE CTYIEHTOM

JJIA I{DHC}’JTE:THT_[PH’I C HpEHD,I[HBﬂTE‘HEM.
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BEIBOIBI, TTOJYUEHHBIE B PE3YILTATE U3YUCHUA, PEKOMEHIYETCS B KOHCIIEKTE BRIACIATE,
gTOOBI OHM NIPH MEPESIUTHIBAHUH 3AIMMCEH JTydIe 3am0 MUHAIHNCE.

OneIT MOKAa3bIBAET, YTO MHOTHM CTYJEHTAM ITOMOTAET COCTABICHWE JIMCTA OMOPHBIX
CUTHAJIOB, COAEPKANIETO BAKHEUIIINE U HAMDOIEE JacTO yImoTpedmseMsre (pOPMyIIEl M MOHATHSL.
Taxoit muct momoraer 3anOMHUTE (POPMYIIBI, OCHOBHBIE TOJIOKEHUSA JIEKIUMU, 4 TAKKE MOWKET
CJIYKUTh MOCTOSHHBIM CHPABOYHUKOM JJIs CTYIEHTA.

Urenune HayuHOrO TEKCTA SABJETCA YACTHIO NO3HABATEIRHOM OeATEAbHOCTU. Ee nems —
M3BJICUECHUE U3 TEKCTA HEOOXoauMon uH(popmanmu. OT TOro Ha CKOJBKO 0CO3HAHHA YUTAIOTIAM
coOOCTBEHHAs BHYTPEHHAS yCTAHOBKA NPU OOpamieHWM K IMMEYaTHOMY CIOBY (HAUTH HYKHBIE
CBEIEHUS, YCBOUTH MH()OPMAIMIO MOJHOCTBIO MM YACTUYHO, KPUTHYECKH MPOAHAIM3UPOBATH
MATEPUAT U T.I.) BO MHOTOM 3aBUCHUT 3P (PEKTUBHOCTE OCYMIECTBIIIEMOTO JEUCTBUSL.

BEILIEIAIOT Yemblpe 0CHOGHbIE YCHIAHOBKH 6 YUMEHUN HAYYHO020 MeKCma:.

MH(OPMAIIMOHHO-MTOUCKOBEIN (3a/1a9a — HAUTH, BBIAEIUTh HCKOMYIO HH(POPMAIIHIO)

ycBauBaromias (yCHIMs UMTATENSA HAMPABIEHBI HA TO, 4YTOOBI KAaK MOKHO IIOJHEE
OCO3HATh U 3ANOMHUTH KAK CAMH CBEICHUS H3JIAaraeéMbl€ aBTOPOM, TAK U BCIO JIOTHKY €ro
paCCyKICHU )

AHATUTUKO-KPUTHUECKAA (UUTATEIh CTPEMUTCS KPUTHUECKH OCMBICIWUTE MATEpHall,
IPOAHATN3UPOBAB €T0, ONMPENEINB CBOE OTHOIIEHUE K HEMY)

TBOpUECKAsA (CO3/IAET y UMTATENSA TOTOBHOCTH B TOM WJIM WHOM BUIE — KaK OTIPABHOM
OYHKT JJIA CBOMX PACCYKIEHHH, KaKk 00pa3 mid OEUCTBUA MO QHAIOTHHU U T.II. — UCHOIB30BATh
CYKIOEHUS aBTOpa, XOA €r0 MBICIEH, pe3yasTar HabdmoaeHus, pa3zpadoTaHHYI0 METOIUKY,

OOMOJHUTE UX, MOABEPTHYTH HOBOM MPOBEPKE).

4. 2. Memooduueckue pekomeHoayut RO NOO2OMOBKE K NPAKMUYECKUM 3AHAMUAM

Jnga T1OTO drOOBI IPAKTUYECKHE 3aHATHA MNPUHOCIIM MAKCUMAIBHYIO MOIb3Y,
HEOOXOAMMO MOMHHUTBH, YTO YHNPAKHEHUE W PENICHUE 3a7ad MPOBOIATCA MO BBRIYMTAHHOMY HA
JAEKIUAX MaTrepuany U CBA3aHBI, KAK MPABUJIO, C JETANBHBIM Pa300pOM OTAEIBHBIX BOIIPOCOB
JAEKIMOHHOTO Kypca. Cnenyer mOOUEpPKHYTh, YTO TOJBKO IOCIAE YCBOEHUA JIEKIMOHHOTO
MaTepuaia ¢ OMPENEIEHHON TOYKH 3PEHMA (A UMEHHO C TOW, ¢ KOTOPOM OH W3JI4raercs Ha
NEKIUAX ) OH OyJeT 3aKpenyAThCA HA MPAKTUUYECKUX 3aHATHAX KAK B PE3YILTATE OOCYKIECHUA U
AHAJIN3a JIEKIIMOHHOTO0 MATEPHANIA, TAK U C MOMOIIBI0 PEMIEHUA MPOOJIEMHBIX CUTyalldH, 3amad.
[Tpu 5TUX yCIOBUAX CTYAEHT HE TOJBKO XOPOMIO YCBOUT MATEPHAN, HO U HAYUUTCA MPUMEHATH

€r0 Ha MPAKTHKE, A TAKKE IOJYUYUT MOMOJHWUTENBHBIM CTUMYJI (M 3TO OYEHb BAXKHO) IS

OKYMEHT UDﬂH NCAH
ax O, PO PAOSTRE KN
CepTuduKar: %Q&gﬂ I% g‘HJ 00043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Crenyer mNOMHMTB, UTO PEHIEHHUE Kaxaou ydueOHOM 3amaud OOJDKHO JOBOJUTHECA [0
OKOHYATEIBEHOr 0 JIOTUYECKOTO OTBETd, KOTOPOr0 TPEOYET yCIOBHE, M IO BO3MOKHOCTH C
BRIBOJOM. [lOydEeHHBIN OTBET CIEAYET MPOBEPUTH CIOCOOAMM, BBEITEKAIONMIMMHU M3 CYIIECTBA
nannou 3amaum. [lomesno Takxke (ecmu BO3MOJKHO) peImaTh HECKOMBKUMH Crmocodamu u
CPAaBHUTL TOJYUYEHHBIE PE3yJBTATHI. PemeHue 3amad AAaHHOTO THUIA HYXKHO TPOIOKATH IO

MPUOOPETEHNA TBEPABIX HABEIKOB B UX PEMIECHUH.

4.3. Memoouueckue pekomeHoayuu no camonposepKe 3HaHUu

[Tocne n3yueHus OmpeneseHHON TEMBI MO 3aIMACAM B KOHCIIEKTE M YUEOHUKY, 4 TAKKE
peleHua QOCTATOYHOr0 KOJMYECTBA COOTBETCTBYIOMIMX 3a7ad HA MPAKTUUECKUX 3AHATHAX U
CAMOCTOATEILHO CTYAEHTY PEKOMEHAYETCA, IMPOBECTH CAMOIPOBEPKY YCBOEHHBIX 3HAHMI,
OTBETUB HA KOHTPOJBHEIE BOIPOCH 10 U3yYEHHOM TEME.

B cnyuae He0OX0AMMOCTH HYIKHO €MI€ Pa3 BHUMATEILHO Pa300paTsCsa B Marepuae.

Muorma HenocTaro4HOCTh YCBOCHUS TOTO WJIM MHOTO BOIIPOCA BBIACHAETCS TOJIBKO HPH
WU3Yy4EHUH JATBHENIIEro MaTepuana. B 5ToMm ciayuae Hamo BEPHYTHCA HA3ad U HOBTOPUTH ILIOXO
YCBOECHHEIM Marepuan. BawkHbell KpUTEPHM YCBOEHHUSA TEOPETUUECKOTO MATEPHANTA - YMEHHE
pemars 3a1a4u WM MPOUTH TECTUPOBAHUE MO MPOUAEHHOMY marepuany. OmHAKO CIemyer
MOMHUTB, YTO IPABUIBLHOE PEMICHHE 3a0auld MOKET IMOJYyYUTHCA B PE3YIBTATE HPUMEHEHU

MEXAHWYECKHU 3ayUEHHBIX (POPMyJT 0€3 MOHMMAHUA CYITHOCTH TEOPETUIECKUX MTOIOKEHHH.

5.KOHTpOJIb CAMOCTOATE/ILHON pad0ThI CTYIeHTOB

B pamkax pedTHHTOBOM CHCTEMEI YCIIEBAEMOCTh CTYAEHTOB IO KAKIOW OUCIUIIINHE
OIIEHUBAETCS B XOJI€ TEKYIIETO KOHTPOJIA U MIPOMEKYTOUHOM aTTECTAIUMU.
Texymuii KOHTPO.Ib

PeITHHIOBAS OLIeHKA 3HAHHI CTY/IEHTA

No Bun nearensHOCTH CTYIEHTOB Cpoku KomuuecTBo
I/ BEITTO THCHUA 0aLI0B
1. [TpakTrnueckas padora 4 4 pemena 15
2. [TpakTnueckasa padora 9 9 Hemena 2()
3. ITpakruueckas pabora 14 14 nepensa 20)
Htoro 3a 1 ceMecTp 55
1. | Ilpakrnueckas pabora 4 8 Hemema 25
[TpakTnueckas padbora 7 14 nenena 30
Hroro 3a 2 cemecTp S5
AOKYMEHT MOANUCAH

3NEKTPOHHOW NOANMCLIO

Ceptudmkar: ECGGGGG-#SEEABBBBEEEDSETBAE'I]EIﬂEGEIGGﬂdB?' Crnuncox ﬂHTEpﬂTyphl

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

6.1. IlepeyeHs OCHOBHOH JIHTEPATYPHI:
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l.I'vcak, A. A. Beicmas maremaruka. Tom 1: yuebnuk / A. A. I'ycak. — Munck:
TerpaCucremc, 2009. — 544 ¢. — Pesxum moctyna: http://www.iprbookshop.ru/28059.html

2Iycak, A. A. Beicmaa maremaruka. Tom 2: yueOnuk / A. A. I'yvcak. — Munck:
TerpaCucremc, 2009. — 446 ¢. — Pexum gocrymna: http://www.iprbookshop.ru/28060.html
6.2. IlepeyeHn TONMOJTHUTEILHOM JIHTEPATYPbI:

| MuguBuayanbHBIC 3a0aHUA IO BEICIIECH MareMmaruke. Hacte 1. Jlunenasa u BeKTOpHaAA
anreOpa. Anamtuueckas reomerpusa. Juddepennmansuoe ucuucaeHue (PyHKIUH OTHOH
nepemeHHoM: yuebnoe mocobue / A. II. Pabymko, B. B. bapxaros, B. B. [epxasen, U. E.
FOpyTe; mon penakiuen A. II. PaOymko. — Munck: Bermonmas mkoma, 2013, — 304 ¢. —
Pexxum mocryma: http:// www.iprbookshop.ru/20266.html.

2 .VaauBuayansHBIC 3aaHUA MO BREICHIEH maTtemaruke. Yacrtes 2. KoMmiaekCHbIE dyucaa.
Heompenenennsie wu onpenenceHHele WHTErpanbl. @OYHKIMH HECKOIMBKUX IMEPEMEHHBIX.
OOsikHOBEHHBIE nu((pepeHImanbHBIE ypaBHEHUA: yueOHoe mocobdue / A. II. Pabymxko, B. B.
bapxaros, B. B. [lepxasen, WM. E. HOpyte; mox pemakmmenn A. II. PaObymko. — MuHCK:
Brrmmamas [IKOJIA, 2014. — 397 C. — Pexum OOCTYyIIA:
http://www.iprbookshop.ru/35481.html.

3.MupuBuayanpHele 3agaHus 1o Beicmen maremaruke. Yacres 3. Panel. Kparneie u
KPHUBOJIWHEHHBIC MHTETPAIEI. DIEMEHTEI TEOPUH mojiA : yuebnoe mocodue / A. I1. Pabymko, B.
B. bapxaros, B. B. Jlepxaseu, WU. E. FOpyTts ; mon pemakimment A. II. PaOymko. — MuHCK:
Bermmaiimas mkosa, 2013. — 367 ¢. — Pexum moctyna: http:// www.iprbookshop.ru/2021 1.html.
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