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1. [Tepeyenb KOMNETEHUMH € YKa3aHHEM 3TANoOB uxX GopMHpPOBaHMSs B Ipolecce
ocsoenus OIIOIT

B PE3YIbTAaTC U3YUYCHUA NUCHUIIIIMHBI «MaremaTrnueckoe MOACIIMPOBAHUC U aHATIU3 JaHHBIX»

obyuatomuecsi, B coorBeTcTBur ¢ ®I'OC BO mo nampasnenuto noaroroBku 38.04.05 busnec - uH-
dbopmatrKa, YTBEPXKICHHOTO MPHKAa30M MMHHUCTEPCTBA HAYKH W BbICIIEro oOpazoBaHus P®D or
12.08.2020 Ne990, popMuUpyIoT ClIeIYIOIINE KOMIIETSHIUH:

(I)opanOBaHMe KOMHeTeH]_lI/Iﬁ B IIpouecce U3yICHUusd NUCIHUIIJINHDBI

«MareMaTH4YeCKOE MOJACJIMPOBAHUE U AHAJIU3 JAHHBIX)»

Komnierennus Nunukaropel Oranel popmu- | Bujs! 3ans- OueHouHble cpeji-
Kon | HaumenoBanue JOCTHIKECHUS pOBaHUA KOMIe- | THM 175 CTBa I OLEHKHU
KOMIIETEHIIMM | TEHIUH B IPO- ¢dbopmupoBa- ypoBHS c(hopMu-
LIeCCE OCBOCHUS | HUSI KOMIIE- POBaHHOCTH
OI1OIT (xypc) TEHIUU KOMIIETCHIIUU
1 2 3 4 3) 6
VK -1 | Cnocoben ocy- | YK-1.1 Haxonaur, 1 naboparop- YCTHBIH OIIpOC,
LIECTBJIATE KpU- | aHAJIM3UPYET  CO- HBIC 3aHATUS | KOHTPOJIbHAs pado-
THYECKMI aHann3 | OpaHHYl0 HMH(QOD- Ta, TUIIOBOH pacuer
HpO6JICMHI>IX Maluo, MNpUMCEHSA-
CUTyallMil Ha OC- | €T CHUCTEMHBII
HOBE CUCTEMHOTO | MOJIXOJ TpHU pe-
MOAX0JIa, BEIpa- | IMICHUH MPOOJIEeM-
0aThIBaTH CTpa- HBIX CUTYyalui
TETHIO JEHCTBUM
OIIK- | CrocobeH mpu- OIIK-3.1 Permaer 1 naboparop- YCTHBIH OIpOC,
3 HAMAaTp pEIc- 3a/ladd  aHaJINTH- HBIE 3aHATHS | KOHTPOJbHas pabo-
HUS, OCYIECTB- | YECKOH IMOIepK- Ta, THIIOBOI pacuer
JIATh CTPATEIU- KU IPUHATHUSL De-
94eCKOe IUIAHUPO- | MEHUH C WCIONb-
BaHME M TIPOTHO- | 30BaHHEM  COBpE-
3UPOBAHHUEC B MCEHHBIX MECTOJ0B
npodeccuoHanb- | U MPOrpPaMMHOTO
HOM JIeSITeNIbHO- | MHCTPYMEHTapus
CTH C MCIIOJIB30- | cOopa, oOpaboTku
BaHHEM COBpe- U aHAJIN3a, UHTEN-
MEHHBIX METOJIOB | JICKTYaJIbHOTO
Y IIPOTPaMMHOT0 | 00OpYyZOBaHUS U
UHCTPYMEHTApPHUs | CUCTEM HCKYC-
cbopa, 00paboT- | CTBEHHOTO HHTEI-
KU M aHaJIn3a JIeKTa
JaHHbIX, UHTCII-
JIEKTYaJIbHOTO
00opyIOBaHUS U
CHCTEM HCKYC-
CTBECHHOTI'O UH-
TEJUIeKTa
IIpumeuanue:




Kommnerenmuu YK -1 taxke popMupyercst B Xo/ie OCBOCHHS M CHUILIHH:
dunocodpus no3Hanus, VMutanronHoe MoaenupoBanue; TexHonmoruu 3Gp¢GeKTHBHOr0 MeHepKMeHTa [IpoeKT-
HO-TEXHOJIOTHYECKas MpakTuka; [loAroToBKa K Mpoleaype 3allUThl U 3alllUTa BHITYCKHOW KBAaNH(UKALIMOHHOMI

paboThI

Komnerenmus OITK-3 Takxe popMupyeTcs B X0J1e OCBOCHUS AU CIUTIINH:

CTpaTeI‘I/I‘IeCKI/Iﬁ MCHC/IP)KMCHT, HOI[FOTOBKa K Dpoucaype 3alliiThl U 3allUTa BBIHyCKHOﬁ KBaHHq)HKaHHOHHOﬁ

paboThI

2. Onucanue nmoka3sareJieid 1 KpUTEpHeB OLICHUBAHUS KOMIIETEHIUI
HA Pa3JIMYHbIX ITanax ux (pOpMUPOBaAHUS, ONNMCAHUE IIKAJ OLlEHUBAHUS

IlepeyeHb OLICHOYHBIX MATE

Ta0nuua 2

HaJI0B

Ne Haumenosanue orie-
/1 HOYHOI'0 MaTepuasa

Kpatkas xapakrepuctrka
OLICHOYHOI'0 MaTepuaia

[IpencraBnenne OIEHOYHOTO
matepuaia B OC

1 KOHTpPOJIbHAs paboTa

CPEICTBO MPOBEPKU YMEHHIM
MIPUMEHSATD MMOJTyYEHHBIE
3HAHUA JUISL PEIICHUS 3a/1a4
OIIpe/IeIEHHOr0 TUIIA 10 pas-
JIeJTy UM HECKOJIbKUM pa3fie-
Jam

KOMIUIEKT KOHTPOJIBHBIX 3a-
JIaHUH 110 BapuaHTam

2 Tunosoii pacuer

CpencTBo nIpoBepKU yMEHUMN
IIPUMEHSATH I10Jy4YEHHBIE
3HAHHUA 110 3apaHee Olpee-
JIEHHOM METOJUKE JUIS pellie-
HUS 3a]1a4 WM 3aJaHUN 10
MOZYJIXO WY AUCLUIUIMHE B
L[EJIOM.

KommuiekT 3aganuii A1 Bbl-
MOJIHEHHS TUITOBOWIO pacyeT

3 CobecenoBanue (ycT-
HBII OI1pOC)

CpenctBo KOHTPOJIS, OpraHu-
30BaHHOE KakK CIelualbHas
Oecena TMemarornyeckoro pa-
O0oTHHKaA ¢ 00ydJaromuMcs Ha
TEMBI, CBS3aHHBIC C H3ydae-
MOW JHUCUMIUIMHOW, W pac-
CUATAaHHOEC Ha BBISCHCHUE
o0bema 3HaHUI oOywarorie-
rocs IO  ONpPEICIICHHOMY
paszgeny, Teme, mpobieme U
T.11.

Bonpocel o temam/paszaenam
TV CLUTUTMHBI

4 TECTUPOBAHUE

METOJl, KOTOPBI IO3BOJISIET
BBISIBUTH yYPOBEHb 3HAHUIA,
YMEHUH U HaBBIKOB, CIIOCOO-
HOCTE M JPYTUX KadyecTB
JUYHOCTH, a TAK)KE UX COOT-
BETCTBUE oTpeieNIeHHbIM
HOpMaM IIyTEM aHalu3a CIo-
co0OB BBITIOJHEHUS O0y4aro-
IUMHUCA psifia CHelUalIbHBIX
3aaHuN

0aHK TECTOBBIX 3aJaHUI

Ta0numa 3




IIporpaMmma onleHMBaHUSA KOHTPOJIHUPYEMOM JUCHTUTITIMHBI

No Kontponupyemsie pa3- | Kox koHTponupyemoit HanMeroBaHme
- b1 (S35 KOMIIETEHIIUH (WU ee
/11 OLICHOYHOT'O CPE/ICTBA
(TeMbl JUCHUILINHBI) 4acTH)
1 2 3 4
1. | Teopus rpados .
VK-1 KOHTpOJbHas padoTa Nel, TumoBoi pacuet Nel,
YCTHBIA OIPOC
2. | MoaenupoBaHue MOTOKOB OIK-3 TUIOBOM pacueT No2, TecTUpOBaHUE, KOHTPOJIb-
Has pabota No2, yCTHBIH OIpoc
3. | Ceresble Monenu VK-1 TUIOBOM pacdeT Ne3, KOHTposIbHAs paboTa Ne3,
TECTHUPOBAaHKE, YCTHBIM Ompoc

Onucanue nokasarejeil U KpUTepPUeB OIEHUBAHUS KOMIIETEHIMIA M0 JMCHUIIJIMHE
«MaremMaTuuyeckoe MOIeJIMPOBAHUE M AHAJIN3 JAHHBIX» HA PA3JIMYHBIX 3TAaNaxX UX
(hopMupoBaHUs, ONTUCAHUE KA OL[EeHUBAHUSA

Tao6auua 4
Kon [Tnanupyemsie | [loka3aTenu v KpUTEPHH OLICHUBAHUSI PE3YIHTATOB O0YUEHUS
KOMIIE- pe3yibTaThl HUXE TOPOrOBOTO IIOPOTOBBIi IIPOJBUHY- BBICOKHH ypo-
TEH- o0y4YeHHS YPOBHS YPOBEHb ThI YypOBEHb | BEHb (OTJIIMYHO)
1IUH, (neynoBieTBOpu- | (yAOBIETBOPH- (xoporo)
JTarnbl TEJIBHO) TEJIbHO)
ocBOe-
HUS
KOMIIE-
TEHIIUU
1 2 3 4 5 6
YK-1 3naer:  OCHOB- | ®parmenrtapusie |[Henmonnslie npen- Chopmuponan-|ChopmMupoBaH-
HblE MaTeMaTH- | IPEACTABICHUS  (CTABJICHMUS 00 HBIE COfep)Ka-Hble CHUCTEeMAaTH-
YECKHUE METOJIbl, | 00 OCHOBHBIX Ma- OCHOBHBIX MaTe- [IIH€ OT/AEIbHbIEUECKUE npen-
WUCTOYHUKU IO- | TEMAaTUYECKUX MaTHYECKUX Me- [poOenbl Mpea-CTaBICHUS 00
JTy4eHUs UH- | METOlaX, HCTOY- [TO/IaX  aHaJM3a CTaBJIE€HUS OOOCHOBHBIX MaTe-
dopmanuu A | HUKaX MOJTYYEHUsS [TaHHBIX OCHOBHBIX Ma-MaTU4YECKUX
Ou3Hec aHanmM3a | MHPOpPMALUU Ui TEMaTHYECKUX METOAaX, MCTOY-
Ou3Hecc-aHaIN3a METOJIaX  aHa-HUKa IOJy4EHHS
TM3a JaHHBIX ~ MHQOpPMAaIUH JIs
OU3HeC aHaIM3a
ymeer: wucnoib- | ®parmenrapuoe | Hecucremaru- B uenoM | ChopmupoBaH-
30BaTh 3HAHUA O | IPUMEHEHUE 4EeCKOE MHCIIONb- | YCIEIHOE,HO | HO€  HCIIOJIb30-
MaremaTuye- YMEHUI HCIOJIb- | 30BAaHME YMEHUH | COJEpKalllee | BaHUE yMEHUU
CKOM  MOJIENH- | 30BaTb 3HAHUS O | IPUMEHATHh 3HA- | OTACIIBHBIC UCIIOJIb30BAaTh
pPOBaHMM M Me- | MAaTEMAaTUYECKOM | HUSI O MareMa- | IpoOenbl HC- | 3HAHUS O MaTe-
TOJAaxX AaHaJu3a | MOACIMPOBAHUM | THYECKOM  MO- | MIOJb30BaTh- | MaTHYECKOM
JTAHHBIX U METOJlaX aHaJIU- | AETUPOBAHUU U | 3HAHUSA 0 | MOJEMPOBAHUU
3a JaHHBIX METOJIaX aHajJM- | MaTeMaTH4e- | U METOJax aHa-
3a JaHHBIX CKOM MoOje- | Tu3a  JaHHBIX;
JUPOBAHUU U | COCTABIISTH
MeTo1ax YCTHBIE U THUCh-
aHaJln3a JaH- | MEHHBIE OTYETHI
HBIX 0 pe3yipTaTax




OounsHecc -

aaHJIM3a
BJIajieeT: HaBbl- | oOydvaromnuiicss He | @parmenTaproe | B 1IeJIOM | YcIemHoe u
KaM{ MaTeMa- BIQJICET HABBIKA- | BJIAJICHUE HABBI- | YCIICNTHOC,HO | CHCTEMAaTH4e-
TUYECKUX HC- MU MareMaTHye- | KAMH  MaTeMa- | HeCHCTeMa- CKOE BIIAJICHHE-
CJICTOBAHMIA CKHX WCCIIEIOBa- | TAYECKUX  HC- | THYECKOE HaBBIKAMH ~ Ma-
HU CJICZIOBaHUI BJIaJICHHC TEMAaTUICCKUX
HaBBIKAMH HCCIIEIOBAHU I
MaTeMaTHue-
CKHX HCCIIe-
OBaHUU
OIIK-3 | 3HaeT: Marema- | oOydaromuiics He OOydaronuiicss  joOydJarmuics 00yJarommiics
TUYECKOE MOJe- | 3HACT 3HAYUTEIb- |[IEMOHCTPUPYET  |[IEMOHCTPHPYETIEMOHCTPHPYET
JUPOBAaHUE ¥ | HOW YacTH METO- BHAHWS  TOJbKO BHAHWE  MaTe-3HAHHE MaTeMa-
MeTOoAbl  00pa- | JIOB MaTUMaTH4Ye- [OCHOBHOTO Mare- puaia, He JO-THYECKOro MOjie-
OOTKHM W aHaIHW- | CKOTO aHAM3a, [pUajia, HO HE [IYCKaeT CYIIe-JINPOBAHUS, €ro
3a UHPOPMALIMU | TUIOXO OPUEHTHU- [BHAeT  JIeTallell CTBEHHBIX HE-Pa3HOBUIHOCTHU U
pyeTcs B CUCTe-  MaTEeMAaTHYECKO- [TOYHOCTEH cepbl pUMEHe-
MaX U HCTOYHH- [0 MOJEIHPOBa- HUSI KOHKPETHOTO
Kax JUIs TIOUCKa, [HUS, JIOIyCKaeT BHJIA MOJICITHPO-
00paboTKH U HETOYHOCTH B BaHUS, HCUYCPIIBI-
aHaymza uHGop-  (hopMyIUpPOBKAX, BalOIIEe M TIOCIIe-
MallH, JIOIYCKa- |[HApyIIaeT JIOTH- IOBaTEILHO,
€T CYIIECTBEHHBIC HMECKYI  Ioce- HYETKO M JIOTUIHO
OLINOKH ITOBaTEILHOCTh B M37aracT  mare-
M3JI0)KEHUU TIPO- puaig,  XOpoIIo
FPaMMHOTO  Ma- OPUCHTUPYETCS B
repuana MaTepuaie,  He
BaTpyqHSIETCS C
OTBETOM npu
BUIOM3MEHEHUH
BagaHui
yMeeT: HCMOJb- | HE yMEEeT UCIONb- | B L[EJIOM | B 1enoMm | chopMUpOBaH-
30BaTh CTaH- | 30BaThb MaTeMa- | yCIeNTHOe, HO | YCICIIHOE, HOE YMCHHE
JapTHbIE MaTe- | THYECKHe METOJbl | HE  CHCTEMHOE | HO CoJiepiKa- | IPUMEHSITh,
MaTHYECKHE Me- | UIsl TOWCKa, 00- | yMCHHE MpUMe- | IUe OT/ACNb- | 000CHOBHIBATH
TOJBI JUISl TIOUC- | pa0OTKH U aHAH- | HATb MaTeMaTH- | Hple TMpode- | pa3IuyHbIe BH-
Ka, 00paboTKu ¥ | 32 HWHPOPMAILINH, | YeCKOE€ MOJENHU- | JIbI, yMEHHE | bl MaTeMaTH-
aHam3a WH- | IPEJCTaBIATh pOBaHME M MO- | IPUMEHSTh YECKOro Moje-
dbopmaruu WH(OPMALIAIO B | TOJBI JUIS TIOWC- | ONPEICIICH- | JIMPBAHUS  IMIPU
TpebyemoM (op- | ka, 0OpabOTKHU U | HbIE BUJBI | OM3HEC — aHa-
MaTe, JOIyCKaeT | OM3HeCC - aHa- | MaTeMaTH4e- | JIn3e,  COCTaB-
CYIIIECTBEHHBIC mn3a CKOTO MOje- | JISITh TPAMOTHEIE
OIMOKH, HEyBe- JTUPOBAHUS OTYETHI TI0 pe-
peHHo, ¢ 0oIb- JUIsL  TIOWICKa, | 3yabTaTaM, IIo-

IIUMHU  3aTpy/IHE-
HUSMHU  BBITIOJIHS-
€T CaMOCTOSTENb-

HYIO padory,
OOJILIIMHCTBO

00paboTKn
ousHecc -
aHAIN3a

JYYEHHBIX TIpH
MaTemMaTuye-
CKOM  MOJIENHU-
pOBaHUU




3aJlaHui, Mpeny-

CMOTPEHHBIX

MPOTPaMMOit

OUCLMIIIIMHEL, HE

BBITNIOJTHEHO
BJajJeeT:  Oc- | oOyJaromuiics He | B LIEJIOM | B LIEJIOM | YCIIELIHOE u
HOBHBIMU TMOHS- | BIAJEET OCHOB- | YCIIELIHOE, HO | YCHEIIHOE, CHUCTEMHOE BIIa-
TUAMU MaTeMa- | HbIMU INOHATHUSIMU | HE CUCTCMHOC | HO COJACpIKa- | ACHUC OCHOB-
TUYECKOTO MO- | MaTEMaTU4YECKOro | BIAJCHHE  OC- | Ille€ OTAeNb- | HBIMU IOHSTH-

JIETIMPOBAaHUS U

MOZACIIMPOBAHUSA U

HOBHBIMH IIOHS-

HBIE MTPOOEIIBI

MU MaT€MaTu-

METOZIOB 00pa- | MeToIoB  00pa- | THSIMH MaTeMa- | HIIM  COIMPO- | YeCKOTO  Mojie-
ootk  uH)OpP- | 60TKU HH(POpPMA- | THIECKOTO MO- | BOXKIAIOIIEe- | JIUPOBAHUS U
Maliu UM, JIOIYCKAaeT | JCITUPOBAHHUS W | CSI  OTHENb- | METOJIOB 0O0pa-
CYILLECTBEHHbIE METO0OB 00pa- | HeIMU OImuO- | 60TKM  HH(DOP-
ommOKu, ¢ Oonb- | 00Tk  WHGOP- | KAMU BJIaJie- | MallUH
IIMMH  3aTPyIHE- | MaIluu HUE  OCHOB-

HHUSAMM BBIIIOJIHA-
€T CaMOCTOATCIIb-

HbBIMHM IIOHA-
TUAIMU MarTe-

HYIO pabory, MaTHYECKOTO
OOJIBILIMHCTBO MOJEJINPOBa-
3aJlaHUi  Tpeny- HUS U METO-
CMOTPEHHBIX JI0B o0pa-
IpOrpaMMOii O00TKM  MH-
JUCHUIIMHBI  HE dbopmaru
BBINOJIHEHO

3. TunoBbie KOHTPOJIbHBIC 3aJAHNSI UJIM HHbIE MaTEePHAJIbI, HEO0X0AUMbIE
JJIS1 OLlCHKH 3HAHMIA, YMEHNH, HABBIKOB M (WJIN) ONBITA JeATEJIbHOCTH, XapaKTe-
PU3YIOIIUX 3Tanbl (OPMUPOBAHUA KOMIIETCHUMH B Mpolecce 0CBOCHUsI 00pa3oBa-
TeJbHOU NMPOrpaMMblI

3.1 KoHTpoJibHbIE PadoThI

L]env konmponvhol pabomvi: yriiyOUTh, CACTEMATU3UPOBATh U 3aKPEMUTh TEOPe-
TUYECKUE 3HAHMS O0Yy4YarolIuXCs; MPOBEPUTH CTENEHb YCBOCHUS OJHOM WJIM HECKOJb-
KUX TEM WJIH BOTIPOCOB.

- Temaruka KOHTPOJBHBIX Pa0OT YCTAHABJIMBAETCS B COOTBETCTBUM C U3YYECHHOMU
TEMOM.

- KOJMYECTBO BApUAHTOB 3aJIaHUI — MO TeMe ucnosibdyercss 10 BapuaHToB 3aja-
HHUH.

KonTposbnas padora Nel
«Teopuus rpagos»

Bapmuanr 1
3aoanue 1. B rpade 30 BepmuH u 80 pedep, Kakaas BEpIIMHA UMEET CTeNeHb 5 win 6. CKOJIBKO B
HEM BEpIINH CTeneHHu 57
3aoanue 2. B rpade xaxaas BeplUIMHa UMEET CTENEHb 3, a YUCIIO pedep 3akitoueHo Mexay 16 u 20.
CKOIBKO BEPIIUH B 3TOM rpade?
3aoanue 3. [locTpoiiTe MaTpHUIly MHIIMICHTHOCTH JJig rpada, 3aJaHHOTO CITUCKAMH CMEKHOCTH
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a:b,d; b:acd,f; c:b, f; d:a,b, f; e:; f:b,c,d.
3aoanue 4. Kakoe Hanbonplee YMCI0 TpaHeld MOXKET OBITh Y IIIOCKOTo rpada ¢ 5 BepurmHaMu?
3aoanue 5. CKONBKO CYIIECTBYET aOCTPAKTHBIX dIIEPOBBIX rpadoB ¢ S BepImHaMu?

KonTpoabsHnas padora Ne2
«MopaeaupoBaHue NOTOKOB»

Bapmuanr 1

3a0aﬂue 1 BBISICHI/ITG, SABJIICTCA JIXM JAHHBIW IIOTOK MaKCHMAaJIbHBIM. Ecmn Ja, TO HAaUJUTeC

MUHHMMAaJIbHBIN pa3pes3. Ecnu HeT, To HalAuTe MaKCUMAJIbHBIN IIOTOK.

KonTpoasHnas padora Ne3

«CeTeBBIE MOETIN»
Bapuanr 1

Kommanus pa3zpabaTbiBacT CTpOUTEIbHBIM NMPOEKT. MICXOaHbIC TaHHBIC 10 OCHOBHBIM OTICPALIHSIM
MPOEKTA MpeACTaBiIeHbI B Tabuuile. Hy>KHO MOCTPOUTH CETEBYIO MO/JIEb MPOEKTA, OMPEIETUTh KPUTH-
YecKue MyTH U MPOaHAJIN3UPOBATh, KaK BIMSET HA XOJ BBIMOJIHEHUS MPOEKTa 3aaepkka paboTsl D Ha
4 genenu.

Ta6suna 2
Pabora HenocpencTBeHHO npemecTByIomas padoTta JmuTenbHOCTD, HENETH
A - 4
B - 6
C A, B 7
D B 3
E C 4
F D 5
G E,F 3

3.2 TunoBoii pacuer

Llenp THMOBOTO pacuera: yriayOuTb, CHCTEMaTH3UPOBATh U 3aKPENUTh TEOPETUUECKUE 3HAHMS
oOyyaroluxcsi; MPOBEPUTh CTENEHb YCBOCHHS OJJHOW MJIM HECKOJBKUX TEM WJIM BOMpocoB Temaruka
TUIIOBOTO pacyeTa OnpeieieHa B COOTBETCTBUY C U3y4eHHON TeMol. (Tabmuia 3).

KonuuecTBo BapuaHTOB 3a/laHUl — 10 Te€ME HUCIOJIb3yeTcsl 15 BapuaHTOB 3a1aHuil (MpUBeAeH
OJIMH U3 BapUaHTOB).

Tunosoii pacuer Nel.



«Teopus rpagoB»

O06paser pelieHus: TAIIOBOTO pacyéra
Bapuanrt 0

Ipumep Nel. ITocmpoiime epagh omnowenus «x+y<=7» na mnosxcecmee M={1,2,3,4,5,6).
Onpeodenume ezo ceoticmaa.

PELWEHVE: MocTpouM rpad G(X) ¢ MHOoXecTBOM BepwmH X={Xi=i, i=1,..6}, npnyem aBe BepLUN-
Hbl Xi n Xj coeanHatoTca pebpom Toraa n Tonbko Toraa, koraa Xi+Xj<=7. [1ockonbky OTHOLUe-

HMe «X+y<=7» CUMMeTPUYHO, rpad G(X) HeopneHTNPOBaHHBIN.

TTocTporm mampuyy cmexcrocmu (BepIIIH).

Xy X5

X
X,
X3
X4
Xs
Xs

[ U W — T

e

S| S|
n

ODOOO'—"EQ

[ [ (U U U U

31eck 31eMeHT Ajj 0003HavaeT unco pedep, IAVIINIX 113 BEpIIIHE X; B BEpIIIHY X;.
[Tockomeky Hami rpad) HeopIeHTIPOBAHHEII, MATPIITa CMEKHOCTI CHMMeTPIYHA.

IlocTponM mampiiyy unHyuoeHyuil (pedep).

gl | g2 |3 |g4 |g5 | g6 |g7 |8 |29 |gl0|gll|gl2
X |1 | l l I |0 |0 |0 o |1 0 0
X2 |1 0 [0 O |0 1 1 1 |0 |0 1 0
X; |0 I [0 |0 |0 |0 |JO |1 1 0 0 1 =R
X, |0 0O |1 |0 |0 |0 1 |0 |1 0 0 0
X5 |0 0 |0 I |0 Il |0 O |0 |0 0 0
X6 |0 0 |0 |0 I |0 JO [0 |0 O 0 0

31ech anemenT R;; pasen 1, ecrm Bepimnaa X nHImaeHTHa pedpy gj u 0 nnadve.

Mpumep Ne2 T'pad G 3aman MaTpuIieil HHITUICHITHA

10000

;. =[10210
¢ looo11

02001
Tpebyercs:



[TocTpouts rpad G

HaiiTu crenens kax 101 U3 €ro BEpIINH

3anMcarh MaTpUIly CMEXHOCTHU rpada

. 3ammcarth CIUCOK pedep rpada
Pemenue :

I'pad G sBAsieTCsI HEOPUEHTUPOBAHHBIM IpaoM, T.K. Jz HE CONEPKUT OTPHULIATEIBHBIX dJie-
MeHTOB. Uncno BepuiuH rpada paBHo 4 (110 YHUCITy CTPOK MaTpuIlsl), Yucio pedep rpada paBHO 5
(TI0 yncy CTOJIOIOB MATPHIBI),

[TpucBonM BepmmHaMm rpada HOMepa, COXPaHUB MOPSIOK, 3aJaHHBIH CTPOKAMH MAaTPHIIBI

Jz. OT™METHM B IPOU3BOJIBHOM MOPSIAKE 4 TOYKH, IPUCBOUB Kax a0l Touke Homep. [Ipocmart-

pUBast KaX bl cTonber; MaTtpuibl [;.coenuHseM peOpamu BEpIIUHBI, HHIUICHTHBIE 1aH-

HoMy pebpy. Ecimu pebpo  nmBaxabl  HMHIUAECHTHO  BEpLIMHE (B Marpuie

J; Takoe pebpo noMedeHo «2» B COOTEETCTEYIOUIEH CTPOKE) , TO 3TO peOpPO HA3BIBAETCS

neTsieil. BeIMomHAsS MPOCMOTp MOCIEA0BATENbHO MPOCMOTP BCeX MATH pedep, MoTydaeM ciie-

IyroIui rpad.

NS

|",."!:

2)Crenenb Bepumnbl rpada p(i)3To umcno pebep, MHIMAEHTHBIX JAHHBIX BEPILIMHE.
CnoxxuM Bce Ymclia B CTPOKE MATPHIBI [z, TIOTYIHUM CTEIICHb COOTBETCTBYIOIICH BEPIIHHEI.
[TockoabKy ET/IM MHITMACHTHBI BEPIIMHE JABAXK/IbI, BKJIAJ UX B CTCTICHb BEPIIUHBI PABEH JABYM.

10000y P(1)=1
j.=|10210 p(2) =4
00011 | p(3)=2
020017 p(a)=3

3) 3anumemM MaTpUIly CMEXKHOCTH rpada. B Marpuile cMEXHOCTH CTPOKH M CTOJOI[BI COOTBET-
CTBYIOT BepinHam rpada. Hucro crosiiee B stueiike (1,j) ects unciio pedep, COSAMHAIONNX BepIuHy |
C BEPIIMHOM | ..

0100

1110
0101

0011

4)cnicok pebep rpada 3To AByxcTpouHas Marpuna K B KaxaoM cTonOIe KOTOpoil 3aucaHbl HO-
Mepa BEpIINH HHITUACHTHBIX JaHHOMY peOpy

K= (1 4 2 2 3)
2 4 23 4
[Ipu 3amanuu rpada mabruyeri cocTaBisieTcss TaOJNIA, COCTOAIIECH U3 1 CTPOK (BEPIIWHBI) U M
cTos610B (pedpa). Ha mepeceyeHnn CTpOK U CTONMOIOB MUIIYTCS COOTBETCTBYIOLINE 3HAKU, KOTOPHIE
MMOKA3bIBAIOT OTHOIICHUE (MHITUJICHTHOCTH) BEPIIUHBI M peOpa. ITO MOKET OBITh 3HAKH «1+» U «-»,
yucna 0,1,-1 u zp.

['maBHBIM BO Bcex croco0ax 3amanus rpada (quarpaMMoi, MaTpuliel, TabauIen) sBisieTcsl yKkas3a-
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HUE COOTBETCTBUS MEXIy MHOXKECTBaMHU 7 BepiiuH Vi k m pedep X-t.

[Mycts man rpad G(V, X), rne V= {V1, V2...Vh} — Bepumnsl, a X= {X1, X2 .,., Xm} — pebpa, cpe-
JTM KOTOPBIX MOTYT U KpaTHbIE pedpa (eCTh BEPUINHBI, KOTOPBIE COSAMHSIET HECKOIBKO pedep).

Mampuyeii unyudoenmnocmu nasHoro rpaga Oyaer Tabiuia, cocTosas u3 N CTPOK (BEpIIUHBL) U
m cToyiooB (pedpa).

[Ipu paccMOTpeHMH HEOPHEHTHUPOBAHHOTO Tpada Ha MEpecedyeHUH CTPOK U CTOJIOIOB CTABUTCS
9HCII0 1, €CITM COOTBETCTBYIONIUE BEPIIMHA U PeOPO MHIUACHTHBI U CTaBUTCS Yncio 0, OHU HEe WHIIH-
JICHTHBI.

[Tpu paccMOTpeHNU OPHUEHTUPOBAHHOTO rpada Ha MepeceYeHUH CTPOK U CTOJIOIOB CTABUTCS YUCIIO
1, ecu U3 BEpIIMHBI BEIXOJUT COOTBETCTBYIOIIEE ee pedpo. Eciu B BepinHy BXOIUT pedpo, TO cTa-
BAT 4yKclio -1. Ecnu BepriHa He MHIMICHTHA peOpy H, TO cTaBUTCS ynciio 0

O4eBUAHO, YTO B KAXKJOM CTOJIOIC MATPUIbl MHIIMICHTHOCTH JOJDKHO OBITh TOJILKO JIBA HEHYJIE-
BBIX YHMCJA, TaK KaK peOpo MHIMISCHTHO JBYM BepIIMHAM. UWCIIO HEHYJIEBBIX JJIEMEHTOB KaXKIOU
CTPOKH — CTEIeHb COOTBETCTBYIOIICH BEPITUHBI.

Marpuiipl HHIUACHTHOCTH MPSIMOYTOJIBHBIE, €CITH YHCIIO CTPOK M CTONOLOB pa3innyHo. Eciau uncio
BEpIIUH U pedep B rpade oIMHAKOBOE, TO MOJTyYaeTCsl KBaJpaTHAs MaTpPHUIIA.

Matpuily MOKHO CeNaTh KBaJIpaTHOU 1y Jiro0oro rpada 6e3 kpaTHIX pedep. B Takux cimydasx
CTPOKH M CTOJIOIBI M300pakaroT BepiiuHbl. Ha mepeceueHuu CTPOK M CTOJIOIOB CTaBUTCS 4HCIO 1,
€CITH COOTBETCTBYIOIIUE BEPIIMHBI COCIMHEHBI peOpoM H crtaBuTCs uncio 0, eciau BEpIIMHBI HE CO-
CIIMHEHBI.

Jlnist HeopueHTHPOBaHHOTO Tpada pedpa OJHOBPEMEHHO MPUHAIJICKAT WIH HE MPUHAIEkKAT Tpa-
¢y, Tak KaKk CUMBOJIM3UPYIOT OJTHO U TO K& peOpo. MaTpuiia CMeXHOCTH HEOPUCHTUPOBAHHOTO Tpada
SIBJIICTCS. CAMMETPUYICCKON U HE MEHSICTCS IPU TPAHCTIOHUPOBAHHUHU.

Xots hopMabHO KaXkJasi BEpIIMHA BCETa CMEXHasi cama ¢ co00ii, B MaTpHIle CMEKHOCTH MbI OY-
nem ctaButh ), €CITM y Hee HeT NETH, U |, eClTi eCTh OJHA METIIS.

Ecnu rpad umeer MaTpuily CMEKHOCTH M HE MMEET TETelb, Ha TIABHOM JMaroHaJId y HETro BCET/1a
CTOSAT HYJIH.

Mpumep Ne3  CoctaBuUTh TAOIUIY U MATPHUILY UHIIMACHTHOCTH [T oprpada, n300paKEHHOTO Ha
PHUCYHKE, KOTOPBIH HMeeT 3BepIInHbI 1 4 pedpa.

Mampuyeti unyuoenmnocmu JaHHOTO Tpada OyneT Tabmuia, cocTosmas u3 N CTPoK (BEPIINHBI) U
m cTosooB (pedpa).

[Ipu paccMOTpeHHH OPHEHTUPOBAHHOTO Tpada Ha EPECEUCHUH CTPOK U CTOJIOIIOB CTABUTCS YUCIIO
1, ecu U3 BEpIIMHBI BEIXOJUT COOTBETCTBYIOIIEE ee pebpo. Ecim B BepmmHy BXoauT pedpo, TO cra-
BAT 4Kclo -1. Ecnu BepiiriHa He UHIMICHTHA pedpy U, TO cTaBUTCS uncio 0

Martpuiia UHITUAEHTHOCTH
Tabnuia MHIMAEHTHOCTH oprpada

Bep- Pebpa

WUHBL S t u
V1 -1 0 1 0
V> 0 1 -1
Vs 1 -1 0 -1

IIpumep Ned  Haiiaure raMHJIBTOHOB IyTh B TYPHUPE, 33JAaHHOM MaTPULIEH CMEXHOCTH:

11
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Tunosoii pacuer Ne2
«MopennpoBaHnue NOTOKOB»

O6paser pelieHus: TAIIOBOTO pacyéra
Bapuanrt 0

Ha puc. 1 uzoOpaxena cetb. [lepBoe unciao yka3bIBaeT MPOIYCKHYIO CIIOCOOHOCTh AYTH, BTO-

@ a0 >@

4,4 0 74

8,0 @/7,4

poc — ,HerBOﬁ IIOTOK.

7,4

Puc. 1

TpeOyercs:

1) Haiitn MakCHMaJIbHBIH TOTOK U3 HCTOYHHKA S B CTOK t;
2) [locTpouTts MUHUMAJIBHBIN pa3pes;

3) [IpoBecTH aHaTU3 MOTYICHHOU CETH.

Pemenne:
[Tpumenum anroputm Popaa-PagkepcoHa I MOCTPOSCHUS MAKCUMAIHHOTO MOTOKA M HAXOXICHHSI MUHH-
MaJbHOTO pa3pesa.
1. Haiinem yBenMUYMBAIOMIUM TyTh METOJIOM PACCTAHOBKH METOK.
1.1. B cetu nmeeTcst TOMYCTUMBIH TOTOK

Vo =2 Xis — 2 Xgj =4+0-0=4.
i S

HcTouHHMK S mosTy9aeT moMeTKky S* (cm. puc. 4.2).
1.2. IlpocmaTpuBaeM Bce HEMTOMEUEHHBIE BEPIIHHBI, coceHrE ¢ S. DT0 BepwmnHbl 1 u 2. [IpucBanBaem

BepmuHe 1 MeTKy S*, Tak Kak (S, 1) — npsamas gyrau X < d sl (4 < 7) . Bepmmze 2 Taxke mpucBanBaeM MeT-
Ky S*, OCKONBKY (S, 2) — npamas qyrau X, < dsZ (0 < 8) .

1.3. Temepsr mpocMaTpuBaeM BcE€ HETTOMEUEHHBIE BEPIIMHBL, COCETHUE C BEPIIMHOW 1. DTO BepIIuHEI 3
u t. [IpucsauBaem Bepiune t meTky 17, Tak kak (1, t) — npsamas ayrau Xg; < dlt (0 < 9) . Ilockonpky BepInHa

t —9TO CTOK, TO Ha JTAaHHOM JTare BEPIIMHY 3 MOXHO HE paccMaTpuBath. Mcxonnas cets mpumet Buf (puc. 4.2).

12



Puc. 2

2. Tak kak CTOK OKa3aJiCcsi IOMEUYCHHBIM, TO BBIIMCHIBAEM YBEIUYUBAIOIINHN yTh P1, MBUTAsICh OT CTOKa t K
BEpUIMHE 1, HOMEp KOTOPOH yKa3aH B €€ METKE, 3aTEM OT BEPIUMHBI | K BEpIIMHE S, HOMEP KOTOPOU yKa3aH B
metke. Takum 06pa3oM, IPUXOJUM K HCTOUYHHUKY S.

B:is-1-t.
3. BoimuceiBaeM MHOXeCTBO P* (IIpsIMBIX JIyT) 1 MHOECTBO P~ (00OpaTHBIX 1yT):
pP* Z{(S, 1), (1, t)}, P™ = (nycroe mHOKecTBO), MOCKOIBKY OGpATHBIC AYTH B YBEIMYHBAOLIMIL

myTh P1 HE BXOJIAT.
4. JIns npsIMBIX IyT BBIYUCIISIEM BEIMYUHY
g = min (dj—x;)=min{dg —Xg; dy — X, } =min{7-4;9-0}=3.
(i, ))eP”
Tax xak 0OpaTHBIX YT HET, TO BEIMYUHY &, HE PACCMATPHUBAEM.

5. Bnone nyr yBemuuuaromero mytu Py (puc. 4.3) nsmensem nortok Vg = 4 wa emmumny £ = & = 3u
MOJTYYaeM :

Xy =Xq+&=4+3=7, X =%, +£=0+3=3.
[Tonmyyaem HoBbIf noTOK V) =V + & = 4+3=7.

) O
4,4 7.4
0 2"

P

S

Puc. 3
Onsate npuMmeHnM anroputMm Popaa-DankepcoHa A MOCTPOSHUS MAKCUMAIBHOTO MOTOKA M HaXOXACHUS
MUHHMMAJBHOTO pa3pesa.
1. HaiineM yBenMUYMBAIOMIUM TyTh METOJIOM PACCTAHOBKH METOK.
1.1. McTOuHHK S TOJTy4aeT MOMETKY S
1.2. IlpocmaTtpuBaeM BCe HEMOMEYEHHBIE BEPIIMHBI, COCENHUE ¢ S. DTO BepmnHbl 1 1 2. Bepmmnue 1

HeJb3s MPUCBOUTH METKY S*, Tak Kak (S, 1) — npsimas ayra, Ho Xg = dsl(7 = 7) T.e. nyra (S, 1) sBasiercs

HachIIIEHHOH. Bepimmue 2 npucsanBaeM MeTKy S*, TOCKONBKY (S, 2) — mpamas gyrau Xy < dsz (O < 8) .

1.3. IlpocmaTpuBaeM Bce HEITOMEUEHHBIE BEPIIMHBI, COCETHHE C BEPIIMHON 2. DTO BepmuHBI 1 U 3.
Bepmna 1 momygaer meTky 2°, Tak Kak (2, 1) — oOpaTHas ayra u X21 =4>0. IIpucBanBaem BeprmHe 3
MeTKy 2°, OCKOMbKY (2, 3) — npsiMast iyra u Xog < d23 (4 < 7) .

1.4. Tenepp mpocMaTpuBaeM BCE€ HENOMEUYEHHBIE BEPIIHMHBI, COCEIHHE C BepmmHOi 1. DT0o BepmmHa .
[IpucsauBaem Bepumne t MeTky 17, Tak Kak (1, t) — npsamas gyra n X < dlt (3 < 9) Bce meTkn HaHeceHbl Ha
cetb (puc. 4.3).
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2. Tak kak CTOK OKa3aJiCsi IOMEUYCHHBIM, TO BBIITMCHIBACM YBEIIMYUBAIOIINN TyTh P2, IBUTAsICh OT BEPIIUHBI
t k BeprmuHE 1, HOMEp KOTOPOH yKa3aH B €€ METKE, 3aTeM OT BEPIIMHBI 1 K BEpIIMHE 2, HOMEP KOTOPOH yKa3aH
B €€ METKe, U T.J. [TOKa HE MPUJEM K UCTOUHHUKY S.

P,:s-2-1-t.
3. BeimuceiBaeM MHOXeCTBO P* (IIpsMBIX yT) 1 MHOXECTBO P~ (00OpaTHBIX 1yT):

P ={(s,2), @ O}, P ={@ D)}

4. Beranciasaem

& = min (dij — Xij) = min{dsz — X521 dlt — Xlt} = min{8—0; 9—3} =0 — ama npambIx ayr,
(i, j)eP*

&y = min Xij =Xy = 4 _ nng 00OpaTHBIX AyT.
(i, j)eP™

Haxomum & = min(gl, 6‘2) =min(6; 4) =4.
5. Broms yr yBenmuumBatowero mytn Pz (puc. 4.4) namensiem notok Vy; = / na semunny & =4 u nony-

yaeM HoBblit notok V, =V +& =7 +4 =11, raxoii uro:
X=X, +E=0+4=4,(s,2)eP";
X =X; +e=3+4=7, Lt)eP";
X, =X, —€=4-4=0, (2,)eP.

Ocranbubie X; j OCTaloTCs 0e3 U3MEHEHUH, TaK KaK He BXOJAT B yBEITMYUBAIOIIU MTyTh Po .

Puc. 4
Paccyxnas, kak OBIJIO HANIMICAHO BBINIE, PACCTABISIEM METKHU (CM. pUC. 4.4) U BBINMACHIBAEM TPETUH YBEITH-
YUBAIOIIUN MyTh:

P,:s-2-3-t.
BeimuceiBaeM MHOXKECTBO P* (IIsIMBIX AyT) U MHOXeECTBO P~ (00paTHbBIX JIyT):

P ={(s,2.(23. B}, P =@

Brruncinsiem:
(i, j)eP”
Tak kak P_ - @ , TO 82 HE BBIYUCIISACM. CJ'IeZ[OBaTeJ'IBHO E= 3 .

Brons nyr ysennuusaromero nytu Ps ( puc. 4.5) nsmensem norox Vo, = 11 na Bemuunny & = 3, nonmaras

V3 =V, + & =11+ 3 =14 nonyuaem nossiit notox, taxoit 4ro:
X =X, +&=4+3=7, (5,2) e P";
X3 =Xy +£=4+3=7, (2,3)eP";
Xy =X +&=4+3=7, (3, t)eP".

14



Puch

1. CHOBa HaxXOINM YBEJIMYMBAIOUINH ITyTh METO/IOM PAaCCTaHOBKH METOK.
1.1. McTOYHUK S mOTyYaeT MOMETKY S*.
1.2. IIpocmaTprBaeM Bce HEMMOMEUYCHHBIC BEPITHUHBI, COCeTHUE ¢ S. DT0 BepmmHb 1 1 2. Bepmmae 1

HEJTb3sl PUCBOMTH METKY, TaK Kak (S, 1) — mpsiMasi HackIlIeHHas Tyra (Xsl = dsl) . Bepmnne 2 npucsaunBaem

METKy S*, TaK KaK (S, 2) —mpamas ayrau Xy < dsz (7 < 8) .
1.3. Temeps mpocMaTpuBaeM Bce HEMOMEUCHHBIE BEPIIMHBI, COCEIHUE C BEPIMHHON 2. DTO BepIIHHBI 1

u 3. Bepmune 1 Helb3s NPUCBOMTH METKY 27, Tak Kak ayra (2, 1) — obpatnas, HO Xy = 0. Bepmmna 3 He Mo-
XKeT ObITh IOMeueHa, TOCKOMBKY (2, 3) — mpsiMasi HachIIeHHAas! Jyra (X23 = d23) .

2. Tak kKaK MBI HE MOXKEM IIOMETUTh CTOK t, TO YBCIMYUBAIOWICTO IMTYTU HCT U IIOTOK B CE€THU SABJIACTCA MaK-

CUMAaJILHBIM: Vmax =14.

TloCTpOMM MUHHMATBHBI paspes. [TycTh R — MHOXECTBO MOMEUYEHHBIX BEPLIMH B CETH, T.e. R = {S, 2} ,a

R — MHOXeCTBO HelOMEUEHHBIX BEpIINH, T.c. R = {1, 3, t}. Torma mo onpeaeneHru0 MUHUMAIBHBIA pa3pe3

(R, ﬁ) COCTOHUT M3 AYyT (R, ﬁ) = {(S,l); (2, 3)} (myra (1, 2) B pa3pe3 He BXOJIUT, TaK KaK €¢ HayaJio — He-

MOMeuYeHHas BeplINHa, a KOHell — roMedeHHas). Ha puc. 4.6 HacbllleHHbIe TyTd OTMEYEHbI KUPHOM JIMHUEH,
MHUHHUMAJIBHBIN pa3pes3, OTACISIOINANA HCTOYHUK S OT CTOKA 1, MOKa3aH MyHKTUPHOM JIMHUEH.

Puc. 6
HaiiieM npomnyckHyI0 criocoOHOCTH MUHHMAIBHOTO pa3pesa:

C(R, R) = dSl + d23 = 7 + 7 = 14, YTO COBIAJIAECT C BEIMYMHON MaKCUMAaJIbHOTO IIOTOKA B CETH.

IIpoBenem ananus cetu. IIpoBeprM ycioBHe COXpaHEHUS TIOTOKA Ha NMpUMepe 2-i BeplIuHbI. V3BecTHO,
YTO B IPOMEKYTOUYHBIX BEPIIMHAX MYTH TIOTOKH HE CO3/1al0TCA U HE NCYE3al0T, T.€.

inz —szj =0.
[ j

JlecTBUTENBHO:
ITokaxeM, dTo 0oOIIee KOJIMUYECTBO MOTOKA, BHITEKAIOIIETO M3 MCTOUYHHMKA S, COBMAAACT ¢ OOMIMM KOJIHYe-
CTBOM II0TOKa, BTEKAIOIIET0 B CTOK. MiMeeMm:

2 Xis —2 X =2 X 2%
i i i j
Xg+ X —=0=X; + X3 —0=>7+7=7+7=14.
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TunoBoi pacuyer Ne3
«CeteBBIE MOAETIN»

O0pa3zer] pemeHust THIOBOTO pacuéra

Bapuanrt 0

Wudopmanus o CTpOUTENBECTBE KOMIUIEKCA 33/1aHa HyMepanuei paboT, UX MpOIOJIKUTEIbHOCTHIO
(B el. BpeMEHHM), MOCIIEA0BATEIbHOCTHIO BBIMOJIHEHUS U odopMiIeHa B BUE TaOIMLbL. 3a KaKoe MHU-
HUMAaJIbHOE BPEMSI MOXKET OBITh 3aBEpIIIEH BECh KOMIUIEKC PadoT.

TpeOyercs:

1) no jaHHBIM TaOJUIIBI TOCTPOUTH CETEBOM TpaduK KOMIUIEKCA padOT U HAWTH NPABHIBHYIO HY-
MEpaLUIo €ro BEPIINH;

2) paccuMTaTh Ha CETEBOM rpaduke paHHHE U MO3/HUE CPOKU HACTYIJICHUS COOBITHH, a TaKXe pe-
3€pBbl BPEMEHU COOBITHI;

3) BBIICTUTH HA CETEBOM I'pauKe KPUTUUECKUE Ty TH;

4) nas HEKPUTHUYECKUX PadOT HAMTU MOJHbIE U CBOOOHBIE PE3EPBHI BPEMEHH;

5) BBITMOJIHUTH aHAIHM3 CETEBOTO TpaduKa.

Tabnuma 5.1

Ne pabo- ] 2 3 4 5 6 7 8 9
mol

Ipeowecmey-
owue pabomol - - 1 1,2 1,2 3,4 3,4 6 7,5

TIpooonaicu-
menbHOCmb 10 15 5 20 15 6 8 10 15
pabomol

Ha ocHoBaHWUM JaHHBIX, IPUBEACHHBIX B TaOJHIIE, CTPOUTCS IpaduK KOMIUIEKca paboT, BXOIMIINX
B npoekT. Kaxnas pabora nzobpakaercs B BUAE OPUEHTHPOBAHHOTO OTpe3ka (Iyru). CBsI3U MEXIY
pabotamu n300pakaroTcs MyHKTUPHBIMU JIMHUAMHU (Ayru-cBsizu). B pesynbrare mosydaercs ceTeBoi
rpaduk (HayajgbHas BEpIIMHA TyI'M — HaYajlo, a KOHEYHas — 3aBepIlieHHe COOTBETCTBYIOIIEH paboThl):

Puc. 1
[IpenBapuTenbHO CAEAYET YOPOCTUTH MOJYYEHHYHO CETh. MOYKHO YIaauTh HEKOTOPBIE OyTH-
CBSI3M, 2 HA4YaJl0 M KOHEIl yJainsieMol Tyrd o0beIMHUTE B OJIHY BepiuHy. Ha puc. 2 n3obpaxeHa ceTb,
MOJTydeHHAas TTOCJIe YIPOIIEHUs CeTH, N300pa-KeHHO! Ha puc. 1.
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B cereBom rpaduke kaxaas BEpIIMHA SBISIETCS KOHEYHOH JUIsI HEKOTOPBIX Ayr(omeparuii), BXo-
JSIUX B HEe WJIM HadaJdbHOM i Iyr (omepanuii) u3 Hee BhIXOIAMMX. [loaTOMy Kakaasl BeplIMHA
MO’KET TPAKTOBATHCS KaK COOBITHE, 03HAYAIOIIIEE 3aBEPIICHHUE BCEX omnepanuil (Ayr), A1 KOTOPHIX OHA
ABJISICTCS KOHEYHOM M KaK BO3MO>KHOCTh Hadajia BBIIIOJHEHUS BCEX onepanuil (Ayr), st KOTOPhIX OHA
ABIISIETCA HayallbHOW. HayanbHON BepIIMHE COOTBETCTBYET COOBITHE, MO KOTOPBIM MOAPa3yMeBACTCA
HAyajlo OCYILECTBIICHHUS MPOEKTa, a KOHEYHOM BEpILIMHE COOTBETCTBYET COOBITHE — 3aBEpLICHUE BbI-
TIOJTHEHHS BCET0 KOMILIEKCa padoT.

ITocne nmocTpoeHus ceteBoro rpauka Bce €ro BepIINHbl HyMEpPYIOTCS TaK, YTO HyMepauus sBJs-
€TCs IPaBUIIbHOM.

Anzopumm npasunvHoil Hymepayuu.

Hlar 1. Hymepyem HauanbHyr0 BepiinHy HoMepoM 1. [lepexoaum k miary 2.

Hlar 2. Y aanseM U3 CETH BCE BBIXOAAIIME U3 IPOHYMEPOBAaHHBIX BepIIMH nyru. Hymepyem B npo-
M3BOJIBHOM TIOPSIJIKE BEPUIMHEI, B KOTOPBIE HE BXOAUT HH OHA Ayra, IPOM3BOJIBLHBIM 00pa3oM Bo3pac-
TaIUMHU 10 nopsaaky Homepamu. Lllar 2 npoxensiBaeM 10 TeX MOp, IOKAa HE AOMAEM A0 KOHEYHOMN
BEPILIHUHBI, KOTOPOM MTPUCBAUBAEM CIIEAYIOUIUI 110 TOPSAKY HOMED.

B pesynbprare mpaBmiIbHOM HyMepalMM BEpUIMH CEeTeBOM rpaduk, NpuBeAeHHbIH Ha puc. 5.3

HpI/IMeT BUI
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()—()
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0 8 \10
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Homepa pa®oT Ha ayrax COOTBETCTBEHHO 3aMEHEHBI MPOJOJIKUTENBHOCTHIO UX BBIMOIHEHUS
(IPOIOIHKUTENBHOCTE (PMKTUBHOM pabOThl COOTBETCTBYIOIIEH AYTH-CBA3M MojiaraeM paBHoH 0).

PaccmMoTpuM  OCHOBHBIE BpeMEHHbIE mapaMmerpsl ceteBoro rpaduka. Ilyets tij —
MPOJIOJDKUTEIBHOCTE Pa0OTHI, VI KOTOPO# cooTBeTCTBYIOmas ayra (i, j) B ceTeBoM rpaduke umeeT B
Ka4eCTBE HAYaJIbHON — BEPIIUHY C HOMEPOM | , a B KAUeCTBE KOHEYHON — BEPIINHY C HOMEPOM |.

PanHuM cpokoM Hadasa pa6otsl (i, j) HaspIBaeTCs HaMMeHbIIee JOIycTUMOe Bpems tij - , Korjaa
MOJKET OBITh HA4YaTO €€ BBIMOJHEHHE.

Ecnu paGoTa HayaTa B PaHHMIA CPOK, TO BpeMs ee OKOHYaHHA tij 0 Ha3hIBAETCS PAHHHM CPOKOM

OKOHYaHUA

&

15

(e

tijPH — tijPO'tij
Pannnii CpOK Haydajia BCEX pa6OT, AJI1 KOTOPBIX BEPHIMHA i — HadalibHasA, Ha3bIBACTCA paHHHUM
CPOKOM HACTYIJICHHUA coObIThs | ¥ obOo3Hayaercs TiP. Pannnii CPOK HACTYIIJICHHUA KOHCYHOI'O COOBI-
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THS Ha3bIBACTCSI KPUTHYECKUM BpeMeHeM U o0o3Hauaetcst 7yp. Takum 00pa3oM, KpUTHYECKOE BPEMS —
3TO MUHUMAJIbHBIN CPOK, 3@ KOTOPBIA MOXET OBITh BBITIOJHEH BECh KOMILIEKC padoT.

Kaxnprii myTh M3 Ha4aJbHOW BEPIIMHBI B KOHEUHYIO, COCTOSIIUN U3 Ayr (paboT) u Ayr-cBs3ei
MIPOIOIDKUTEIBHOCTBIO Ty, HA3BIBACTCS KPUTHUCCKUM IYTEM, & Pa0OThI, COCTABIISIFOIINE TAKKE TyTH —
KPUTHYECKHMH PabOTaMH.

[To3nHUMHU cpokamK Hauyayia U OKOHuYaHHs paboThl (i, J) Ha3bpIBaeTCs HAMOOJbIIEE AOMYCTHMOE
Bpems Havana (L") u oxomuanms (1i"’°) 1ot paGoTH Ge3 HapyIIEeHHsS CPOKOB BBINOTHEHHS BCETO
KOMIUIeKca paboT. OueBUIHO:

tinH = tinO-tij.

Haubonee mo3Huii U3 MO3IHUX CPOKOB OKOHYAHUS PadOT, BXOAALIMX B BEPIIMHY |, HA3bIBACTCS
TI03/IHUM CPOKOM HACTYILIEHHS COOBITUSA | U 0603HavaeTcsa Tj.

Paccmotpum paboty (i, j). [lnanoBast mpogoKUTENBHOCTD 3TOM paboThl paBHa tij, MakcHMallbHO
JOIYCTUMOE BpeMs, Ha KOTOPOE MOXHO YBEIUUUTh MPOIOJDKUTEIBLHOCTh paboThl (I, J) mim 3aepikarhb
HAyaJio €e BBIOJHEHUS, P KOTOPOM HE M3MEHHTCS BPEMsI BBIIIOJIHEHHS BCETO MPOEKTa, Ha3bIBACTCS
MOJTHBIM pe3epBoM Rjj BpemeHu 3Toii paboTel. OH paBeH:

Rij=T;i7 - Ti" — ti.

PesepB Bpemenu st pabotsl (i, J), MCIOIB30BaHKE KOTOPOTO HE M3MEHHUT PAHHUE CPOKU HACTYII-
JICHUS BCeX COOBITHH (T.€. BCe pabOThI CMOTYT HayaTh BHINOJIHATHCS B MUHUMAJIBHO BO3MOKHBIE CPO-
KH), Ha3bIBACTCS CBOOOIHBIM U MOXET OBITh BBIYHCIICH TI0 (hopMyJie

rij =T - Ti" —tj.

OuyeBuHO, TIOJIHBIA U CBOOOJHBIN pe3epB BpeMEeHH Jt000i paboThI, JeKalled Ha KPUTUUYECKOM
IyTH, PaBEH HYJIIO.

Anzopumm HaxoxicOeHUs PAHHUX CPOKO8 HACMYNIEHUA COObIMUIL
1. [omaraem T1° =0.

2. Jlna j=2,3,...,n Beumcnsiem 10 = Max  (T® + ty)
(k. D)=l (J)
3neck 1(j) — MHOKECTBO BCeX JAYT, BXOJSIIUX B BEPUIMHY |.
Kpurtuueckoe Bpems Tip = Tn'.
Ancopumm Haxoxcoenus RO3OHUX CPOKO8 HACMYNIEHUS COObIMUIL

1. [onaraem Ty’ = T (xak npasuno 7= Tip.).
2. s i=n-1,n-2, ... 1, BeluuciseM
. i
Th=min (T;” —t;).
" jeoy i)

3neck 0(1) — MHOKECTBO BEpIINH, KOTOPHIC SIBIISIOTCS KOHEUHBIM JIJIS IYT, BBIXOJSIIMX M3 BEPIIIH-
HBI .
Paccmotpum cereBoii rpaduk, onvcansblil B Tabnuie S.1. CoObiTHs (BEpIIMHBI) cETEBOro rpadu-
Ka N300pakeHbl CIEAYIOIINUM 00pazoM:

B BepxHeil ueTBepTH 3amMcaH HOMEP COOBITHS (BEPILIUHBI) B
COOTBETCTBHUH C MPaBWIbHON Hymeparieid. Homep Bepmunbl Ki
TIpH IBUKEHHUH U3 KOTOPOIi MONMydeHo 3HaYeHue Ti , 3aHOCHTCS B
HIDKHIOK YE€TBEpPTh. B JIEBOM 4eTBEPTH 3alMCBHIBACTCS PaHHUUI
CPOK HACTYTJIeHHs cOObITMS Ti, a B MpaBOil 4eTBEpPTH — ero
TIO3IHUI CPOK HACTYTIeHUs Ti’ .
Haiinem panHue CpOKHM HACTYIUIEHUS KaXIOTO COOBITHS JUIS
ceTeBoro rpaduka, n300pakeHHOTo Ha puc. 5.3.
Monaraem T1° =0, ki = 0. PaccmaTpuBaeM BepIIMHBI B OPSIKE BO3PACTAHHUS HX HOMEPOB.
TP=TP+t=0+10=10, ko=1;
TP =max (Ti" + tig; TP +1tg) =max (0 +15; 10 +0) = TP +t13 =15, ks=1;
TsP = max (T2 + tos; Ts° + tas) =max (10 + 5; 15 + 20) = Ts” + t3a = 35, ks4=3;
Ts” = max (Ts" + tss, Ta” + tas) = max (15 + 15; 35 + 8) = T4” + tss = 43,  ks=4;
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TP = TaP+tys =35+ 6=41, ks=14:
Twe = max (Ts” + ts7; Te" + te7) = max (43 + 15; 41 + 10) = Ts" + ts7 = 58, k;=5.

[TocTpouM KpUTHYECKUIl TyTh, HAYMHAS C KOHEYHON BEPILINHBI, JBUTASICh 10 HOMEPAaM BEPIINH
Ki,, CTOSIIIIUX B HU)KHEH YETBEPTH.

B pesynbrare monyunm 1 — 3 — 4 — 5 — 7. Haitnem no3aaue cpoku HacTyrieHus coObituii. Iloma-
raeM BpeMsi oKoH4YaHus Beero npoekra T = T777 = Typ = 58. [TocTaBuM 5TO 3Ha4YEHHE B IPABYIO YET-
BEPTh KOHEUHOW BEPILHMHBI 7.

Te!! = T71 —t67 =58 — 10 = 48;

Ts! = T77 —t57 =58 — 15 = 43;

I1" = min (Te — tas; Ts!'—tss) = min (48 - 6; 43 - 8) = 35;
Ts" = min (Ts"” - tss; Ta”” - tas) = min (43 - 15; 35 - 20) = 15;
T2"=min (T4 - toa; T3'" —t23) = min (35 - 5; 15 - 0) = 15;
T =min (T2~ tis; To7 —tur) = (15-15; 15-10) =0.

B pesynbTare noiydaem ClenyrOIIYIO CETEBYIO MOJEINb, COAEPKAILLYIO MOAPOOHYI0 HH(POpMALIHIO
O paHHUX, MO3JHUX CPOKAX HACTYIUICHHSI COOBITUH, KPUTHYECKOM BPEMEHU U KPUTHUYECKOM MYyTH.
Kputnueckuit nyTb OTMEUYEH IBOUHBIMU JTUHUSMH.

Puc. 4

3. 3 TecroBble 3a0aHus
[To mucnumumbae «MaTeMaTHUYECKOe MOJICITMPOBAHUEY MPEAYCMOTPEHO MPOBEICHHE MUCHMEH-
HOT'O TECTUPOBAHHUSI.

[TncpMeHHOE TECTUPOBAHKUE MPOBOAUTCS IOCIIE U3YYEHHUS ONPENEICHHOIO pa3iena AUCIHUILIN-
HBL.

PesynpraTbl TECTUPOBAHUS YYHUTHIBAOTCS IPU IPOBEACHUM IPOMEKYTOUYHOM aTTECTAlUU.

baHk TecTOBBIX 3a/laHUI COEPKUT S5 BapHaHTOB 10 12 3amaHuid.

IIpuMepsl TECTOBBIX 3aaHUI

TectNel no teme «Teopusi rpados»

A) OTMETHTh HOMCD IMPAaBUJIbHOT'O OTBETA B OJ1aHKE OTBETOB.

Ne 3ananue OtBer
1 |Omnpenemute Bux rpada: 1) IIpoctoii rpad

2) MynsTturpagp

3) ceBnorpad
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Az 4,

Ay Ay

2 |Bepmmna rpada, cMexXHas ¢ KaXI0W APYroi ero BEepIIHHON
Ha3bIBaETCA 1) Bucsueit
2) JoMuHUpyoIei
1) Bucsuei 3) U3onmpoBaHHOU
2) lomuHupyomen
3) M3onupoBanHoH
3 |Bepmmuna rpada Hy/ieBol cTereH! Ha3bIBaeTCs 1) Bucsueit
2) JoMuHUpyoIei
3) M3onupoBaHHOM
4 | Ecnu nBa pebpa coeuHeHb! 0011ei BepIIUHON, TO OHU Ha3biBa- | 1) CMEeXHBIMU
FOTCAL... 2) UzomopdHBIMU
3) KpatHbIiMH
4) Nyramu
5 1) CmexHBIMEI
Ecnu nBe BepimHBI COeTMHEHBI peOPOM, TO OHH Ha3bIBAtOTCS... |2) M3oMopdHBIMEU
3) U3onmpoBaHHBIMHU
4) Bucsaunmu
6 |I'pad HazbBaercs oprpadom, eciu... ) Bce ero pe6pa kpaTHbI
2) Bce ero BepmIiHbI COSMHEHEI
1 MeX1Iy co0o0it
3) Bce ero pebpa opreHTHPOBAHEI
7 | CreneHbIo BepIIUHBI HA3bIBACTCA. .. 1) Hucno pedep, OAHUM U3 KOHIIOB
KOTOPBIX OHA SIBJISIETCSI
2) Uuciio coequHEHHBIX ¢ HEl Bep-
IIHUH
3) Yncno ucxomsmux U3 Hee ayr
4) Uucnio BXOIAIINX B HEE IyT
8 | Hyru B rpade - 370... 1) HeopuentupoBaHHble pedpa
2) OpueHTHpOBaHHEBIE pedpa
3) Kpartasle pebpa
4) CmexHble pedpa
9 |Ecnm nBe paznudHbie BEPIIUHBI rpada COeTUHEHbI 0oJiee YeM 1) [MapannenbHbBIMHA
OJTHUM pedpoM, TO Takue pedpa Ha3BIBAIOTCA 2) CMeXHBIMU
3) Kpataemmu
10 |I'pad 6e3 metenn Ha3bIBaeTCS 1) mynsTurpadom;(Bepro)
: 2) iceBnorpadom;
3) rpadom
11 |Ckonbko Bcero pébep B rpade, crermeHu BepimH Kotoporo |1) 10
paBuei 3,4, 5,3,4,5,3,4,5? 2) 20
3) 18

CuryalnoHHas 3aJ1a4a.

Ha eeuepe cobpanoce neckonvko ronowel u
desywiex. Ilpu smom okazanoce, 4mo eciu 8ul-
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bpambs 1100Y10 2pynny HOWel, Mo YUcio oe-
BYUIEK, 3HAKOMbIX NO KpauHe mepe ¢ OOHUM U3
IOHOWel 9Mmotl epynnuvl, Oyoem He MeHblie
yucna onowell ¢ epynne. Jlokxazams, umo 8ce
FOHOWU OOHOBDEMEHHO CMO2YM MAHYEe8amMb
Kaxicowlll 8 nape co 3HaAKOMOU 0e8yUKOU.

TectNe 2 o Teme «Teopusi rpagos»

A) OTMETHTs HOMEpP TPaBIIILHOTO OTBETA B OJIAHKE OTBETOB.

Ne 3aganue Otser

1 |B oprpade G BepmmHa X CMeKHA BEPIIHNHE y €CIH 1) BepmmHBI X W Y HHIUICHTHBI
Jyre v;

2) B T1pape G ectb nyra
(x,y);(BepHo)
3) B rpade G ects ayra (y,X);

2 | B oprpade G BepimnHa X HHIIMJEHTHA IyTe V €CIIN 1) BepimnmHa X — Havyaao AyTH V;
2) BeplIMHA X MO0 HAYaJo IYTH V,
m6o xouen ayru v;(BepHo)

3) BepIIMHA X KOHEIl AyTH V;

3 | B ar060om nmpousBonbHOM Heoprpade YUciIo BepUInH HedeT- | 1) mpon3BosbHO;

HOH CTEeTICHH 2) Bcerna uetHo;(BepHo)
3) Bcerma HEYETHO;

4 |T'pad Ilerepcona - 3To mpumep rpada 1) mraToHOBOTO
2) IBYJOJBHOTO
3) KyOHW4eckoro

5 Ckompko p€bep B momHOM rpade ¢ 20 BeprmmHaMu? g ;gg
3) 190

6 |BepiunHy, He MPUHAIICKAILYIO HH OJHOMY peOpy, Ha3biBa- |1) H30IMpPOBaHHOI

10T 2) Bucsuei
3) otraenpHOR
7 |I'pad, y KOTOpOTro BCe BEpIIMHBI UMEIOT OJIHY H Ty e cTe-  |1) perysispHbIM
MIE€Hb, HA3bIBACTCS 2) IBYIOJBHBIM
3) 3BE3HBIM
8 |Kakoe MHHHMaNTBbHOE KOTUYECTBO PEOEP HYKHO yOpaTh U3 1) 18
moJiHoro rpada ¢ 15 BepimnHaMu, 4ToObI OH mepecTai ObiTh | 2) 14
CBSI3HBIM? 3) 15

9 |DiinepoBa xapakTepHCcTHKa JII000T0 JIepeBa paBHa 1) 2
2) 3
3) 1

10 |Yemy paBHa cymMMa cTelieHed Bxoja Bcex BepmuH rpada,|l) 45

€CJIM CyMMa CTETIeHEH BBIX0Ja BCEX BEPILIMH paBHa 45 ? 2) 30

3) 25

11 |B nmepene Bumkmiae 9 momo. M3 kaxmoro moma TsHercs|1l) 16
YeThIpe MUIAHTa K YeThIpéM ApyruM aomam. CKoibKo muiaH-|2) 18

T'OB B JIepeBHE? 3) 36

CuryanoHHas 3aJ1a4a.

| Ha pucynxe usobpaxcena cxema, na komopoii |
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MOYKOU OMMeYeH Ma2a3uH, a OCMAIbHbIMU
BEPULUHAMU MECMA HCUMETbCMEA 3AKAZUUKOB.
Kax wogpepy mawunvr “/Jocmasxa na oom’
obvexamv 8cex 3aKa34uKos8, He N00be3NCAsl K
00HOMY 0oMY OoJiee 0OHO20 pasd.

’

1.
2.
3.

3.4 IIpoMe:xkyTouHasi aTTeCTALUA
BunoM nmpomexyTo4HON aTTECTalUu SIBJIETCS B IIEPBOM CEMECTPE — 3a4eT.

BOHPOCLI, BbIHOCHUMBIC HaA 3a4Y€T

IlonsATHe «MaTeMaTUYECKast MOJEIIbY
Mopenu u ux Kiaccuuranusi.
Cdeps! ¥ IpaKTUKA IPUMEHEHUSI MATEMaTHYECKOTO MOJICIIMPOBAHMUSL.

4.1lpuBenuTe npuMepsbl IPOCTEUITNX MOAEIEH.

5.
6.

CtpykTypa MaTeMaTH4eCKOW MOJIEIH.
CBoiicTBa MaTEMATUYECKUX MOIEIIEN

7.HazoBuTE OCHOBHBIE JIEMEHTHI Tpada
8.Kaxkue 3amaun pemarot ¢ mTOMOIIbIo rpagos?
9.UYro Takoe mapmipyt rpada?

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.

Yro takoe MynbTUrpad?

[Tepeuncnute criocoObI 3aanus rpada.

Kaxkue onepanuu BeIMoOIHSAIOTCS Ha rpadgamu?

UYro Ha3bpIBaeTCsA OKPECTHOCTH BEPLIMHBI?

Uro Ha3bIBaeTCs CTENEHbIO BEPIINHBI?

Teopemoil 0 pyKOIOKaTHUsX.

Kakoit rpa¢ Ha3piBaeTcsl IUIOCKUM?

Kaxkoi#t rpad HazpiBaeTcsi IU1aHApHBIM?

Teopema o uncie rpaHell B IIIOCKON YKIIQJKE U CIEACTBHS U3 HEE.
Teopema IlonTpsruaa—KypaTosckoro.

Teopema Baruepa.

PacniozHaBaHue M1IaHapHOCTH U IOCTPOEHUE MIIOCKON YKIIAIKU.
Kakue nukibl Ha3pIBatOTCS DUIEPOBBIMU?

Teopema 006 sitiepoBOM LIUKIIE.

CrenctBue (00 3ii1epoBOM MyTH).

[Toctpoenue sitsiepoBa LUKJIA .

Teopema 06 siinepoBoM HUKIIE B oprpade.

ITocTpoenue nocnenoBarenbHoOCTeR 1€ bpelina.

Yro Ha3weBaeTcs | aMUIETOHOBBIM [TAKIOM?
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29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

Kak moctpouTh raMuibTOHOB LIUKJI WM YOEIUTHCS, UTO €0 HE CYLIECTBYET?
Kaxkue rpadpl Ha3pIBarOTCS TypHUpaMu?

TeopeMa 0 TaMHJIBTOHOBBIX ITYTSX B TYpHUpaXx.

«3agaya KOMMUBOSIKEPa

Bucsuue BepIuHBbIL.

CwmexHble pedpa.

Martpuiia THIIUICHINH HEOPUSCHTHPOBAHHOTO Tpada;

Martpuiia HHIIUICHIUH OPUEHTHPOBAHHOTO Ipada;

Marpuia cMeXHOCTH HEOPUEHTHPOBAHHOTO rpada;

Marpuiia CMEXHOCTH OPHEHTUPOBAHHOTO rpada;

39. Ciucok pebep rpada.
40. Yo Takoe UCTOYHUK U CTOK ceTu?
41. Yro Takoe mpoIrycKHasi CHOCOOHOCTh TyTH?

42.

43.
44,
45.
46.
47.
48.

49,

50.

51.
52.

53.

54,

55.
56.
S7.
58.
59.
60.
61.
62.
63.
64.

65.
66.

67.
68.
69.

Urto Takoe MoTok Ha ayre?

Uto Takoe noTok B ceTu?

TeopeMa 0 MaKkCUMaJIbHOM MTOTOKE U MUHUMAJILHOM pa3pe3e

UYro takoe pazpes cetu?

UYro Takoe rporyckHas criocoOHOCTh pa3pe3a’?

Urto Takoe MUHUMAaJbHBIN pa3pe3 ceTu?

Kak 3anmceiBatorcs 1ienieBass GUHKaMU ¥ OTPAHUUCHUS B 33/1a4e HAXOXICHUS MaKCUMAIBHOTO
MOTOKA.

Jaiite copepkaTeabHyIO (CJIOBECHYIO) MOCTAHOBKY 3aJaud HaXOXIACHUS MAKCUMAJIbHOTO IO-
TOKa B CETH.

Chopmynupyiite Teopemy Dopaa-DankepcoHa U MOICHUTE €€ MCIOIb30BAHKUE JIJIsi HaXO0XKJIe-
HUS MAaKCUMaJbHOTO MTOTOKA B CETH.

JlaiiTe onpeneneHusi TEPMUHOB «CETh» U «IIOTOK).

Kakue 3a1aun opraHn3aliiOHHOTO YIPaBJICHHs MPUBOAAT K 3a/laye HaXOXKIACHHSI MaKCHMallb-
HOTO TTOTOKA B CETH?

[lepeuncnure U MOsCHUTE OCHOBHBIE mIaru anroputma dopaa-PankepcoHa HAXOXKICHUS MaK-
CUMAaJIbHOTO TTOTOKA B CETH.

Onummre CTPYKTYpY AJIeKTpoHHOTO mabnona Excel s HaxoXAeHHsT MaKCUMAIBHOTO MOTOKA
B CETH.

Jlns kakux 1enei npegHa3HaueHa CUCTeMa IUIaHUPOBAHUS W YIIpaBICHUS ?

Uto Ha3BIBAIOT CETEBHIM IpapuroM?

CoObITHs ceTeBoro rpauka.

[IpaBuna mocTpoeHust ceTeBOTO rpaduka.

Jlns pemieHust Kakux 3aad MpeayCcMOTPEHBI METO/IbI CETEBOTO MJIaHUPOBAHMS?

Uro Ha3bIBatoT paboToil B ceTeBoM miiaHupoBanuu? CooObitrem?

Kakas paborta Ha3biBaeTcs neictButenbHON? Oxunanuem? OUKTUBHON?

Kakumu ciocobamu 3a1at0Tcst UICXOAHBIC JaHHBIC JIJIS1 TOCTPOEHUST CETEBOM Mozenu?

UTo nmoHMMaeTcs 1oj pacyeToM CETEBBIX MOJENEn?

Kakue ocHOBHBIE BpeMEHHBIEC TTApaMETPhI OMPENIETISIOT IPU aHATIN3€ CETEBOW MOJIEIH MPOCK-
Ta?

Kakum 06pazom orpeaensroTcs paHHUE U TIO3HUE CPOKU HACTYIUICHUST  COOBITHSA?

Uro Takoe myTh B CETEBOM rpaduke, KaKue BUIBI MyTEH BBIIEISIOT IPU  CETEBOM MOJAEIUPO-
BaHUM?

Kaxkue yciioBust KpUTUYHOCTH XapaKTEPHBI JUIsI KpUTHUYECKOTO MyTh?

[IpuHIUIIBI BEIYUCIIEHUS PE3EPBOB PadOT.

KaxoBa B3auMOCBSI3b TTOTHOTO W CBOOOTHOTO Pe3epBOB paboOThI?

4. MeTtoanueckne MaTepuaJibl, ONpeaesiionye npoueaypbl OlleHUBAHUS 3HAHUIA,
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YMEeHUIl, HABBIKOB U (MJIM) ONBITA AeATeJIbHOCTH,

XapaKTepU3yIIUX 3Tanbl (JOPMHUPOBAHUA KOMIIETEHIUI

4.1 Ilpouexypbl OLleHNBAHUS 3HAHUI, YMEHUI, HABBIKOB

U (WJIH) ONBITA JIeSATEJIbHOCTH

KoHTposb pe3ynapTaToB 00ydeHHs CTYJIEHTOB, 3TAllOB U YpOBHs (popMuUpOBa-
HUS KOMIETEHIMI Mo JucuuIuiMHEe «MareMaTnyeckoe MOAEIMPOBAHUE W aHAIIU3
JAHHBIX» OCYILIECTBIIAETCS YEpe3 MPOBEAEHUE TEKYIIErO, BBIXOAHOIO KOHTPOJIEH U
KOHTPOJISL CAMOCTOSITEIIbHOU PAOOTHI.

®opMBl TEKYIIETO, MPOMEKYTOYHOT'O, UTOTOBOTO KOHTPOJIA U (POHIBI KOH-
TPOJBHBIX 33JaHUMN JJIs TEKYILETO KOHTPOJISI pa3padarbiBatoTcs kKadeapoi, ucxoas us
cCelM(UKU JUCHUTUIMHBI, U YTBEP>KIAIOTCS HA 3acelaHuu Kadeaphbl.

4.2 Kpurepuu olleHKHM 3HAHMIA, YMEHHH, HABBIKOB U (WJIH) ONBITA 1eATEIbHOCTH,
XapPaKTepPU3yUIUX dTanbl POPMUPOBAHUA KOMIIETCHIMH B Mpo1ecce 0CBOCHUS
0o0pa3oBaTeJIbHOM MPOrPaMMBbI

Omnucanue MIKaJIbl OLICHUBAaHUA JOCTHUXKCHUA KOMHGTGHHI/Iﬁ M0 JUCHUIINIMHEC NPHUBCACHO B Tao-

ure 6.
Tabnuna 6
YpoBeHb OTMeTKa Mo IsTH- Onucanue
OCBOCHHS OayIbHOMU cucTeMe
KOMIIETeHIINK | (TIPOMEKYTOYHAs aT-
TECTAaIHs)
8bICOKULIL «3a4TEHO» OOyuaromuiicss 0OHapyXUJI BCECTOPOHHEE, CUCTEMATHIEeCKOE U TITy-
0OKOe 3HaHHME y4eOHOro Marepuajia, YMeeT CBOOOJHO BBIMOJHSATH
3a/1aHusl, PENyCMOTPEHHBIE TTPOTPaMMOM, YCBOMII OCHOBHYIO JIUTE-
paTypy u 3HaKOM C JOIOJIHUTEIHLHON JINTEPATypOi, peKOMEHI0BaH-
Hol mporpammoii. Kak mpaBuiio, oOydaromuiicst mposiBIsSET TBOpUE-
CKHE CITOCOOHOCTH B TOHWMAaHHH, W3JI0)KEHWU W WCIOIH30BAHHUU
MaTepuaia
oazoeulit «3a4YTCHO» OOyyaromuiicss 0OHApPYKWJI MMOJIHOE 3HAaHWE Yy4eOHOro Marepuala,
YCIEUIHO BBITOIHAET MPEAYCMOTPEHHBIE B IpOrpaMMe 3aJaHus,
YCBOMJI OCHOBHYIO JINTEPATYPY, PEKOMEHJOBAHHYIO B IIPOTPAMMeE
nopozoswlit «3aYTCHOY OO0yyaromuiicss OOHAPYKWII 3HAHHUS OCHOBHOTO y4eOHOTO MarepHa-

ja B 00beMe, HEOOXOAUMOM i NajbHEHICH yueObl U NpeAcTos-
e padoThl MO NPOGECCHH, CIPABISCTCS C BBITOJHEHUEM MPaKTH-
YEeCKHX 3aJ[aHuH, MPEeyCMOTPEHHBIX MPOrPaMMOi, 3HAKOM C OCHOB-
HOH JINTEpaTypoOil, pEKOMEHJOBAaHHOW NMPOrpaMMOM, JOIyCTHII IIO-
IPEIIHOCTH B OTBETE HA 3aUeTe U MPH BHIIIOJHCHUH 3a/1aHUM, HO 00-
JaaeT HeOOXOMUMBIMK 3HAHUSIMH JJII UX YCTPaHEHHS MOJ PyKO-
BOJICTBOM IIPENOIaBaTeNs

«HE 3a4TCHO»

OOyuatomuiics 00HAPYKIIT TPOOETTHI B 3HAHUSX OCHOBHOTO YI€OHO-
ro Marc€pualia, 1O0ITyCTHUII IPUHIUIINATIbHBIC OH_II/I6KI/I B BBIIIOJIHCHUN
MPEyCMOTPEHHBIX MPOTPAMMON MPAKTHYECKUX 3aIaHUM, HE MOXKET
MPOAOJKUATE 00yYeHNE WM MPUCTYIIUTH K PO eCCHOHANBHOI Aes-
TETLHOCTH 10 OKOHYAaHWHM 00pa3oBaTeNLHON opraHmzanuu 0e3 mo-
MOJTHUTEILHBIX 3aHITHI

4.2.1. Kputepuu OlleHKH YCTHOI'0 OTBETA MPHU TEKYyLIeM KOHTPOJIE U IPOMEKYTOY-
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HOM aTTecTalu

[Ipu oTBeTe Ha BONMPOC O0YUAIOIIUIACS IEMOHCTPUPYET:
3HAHMSA: OCHOBHBIEC MOHATHS U MPUHIUIIBI MATEMATHUYECKOTO MOJICTUPOBAHMS;
- OCHOBHBIE METO/Ibl U COBPEMEHHOE COCTOSIHUE TEOPUU MATEMaTHYECKOTO MO-

ACITINPOBAHUSA,

- O6HaCTB INPUMCHUMOCTHU MCTOZ0OB MAaTCMATHUICCKOI0O MOACINPOBAHNA.
YMEHMSA: CTPOUTHh MAaTEMATHYCCKHUE MOJECIU IPOLECCCOB MPOMU3BOACTBA IMPOAYKTOB ITMTA-

HUs, aHAJIU3UPOBATH IIOJIyYCHHBIE PE3YNIbTATHI,
BJAACHNEC HABbIKAMU: [IPUMCHCHUSA MATCMATHYCCKHUX 3HAHUHU U MCTOJIOB IIpH
PCIICHUHN ITPAKTUYCCKUX 3ada4 U UHTCPIPETUPOBATD ITOJTYHACMBIC PC3YJIbTAThI.

Kpurtepun onenku

OTJIMYHO

00yYaroIuics 1I€MOHCTPUPYET:

- 3HaHne Marepuana (OCHOBHBIC MIOHSTHS U ONpEAeNICHIs TeOpHH Tpados.,
MonenupoBaHue MOTOKOB.), MPAaKTUKU NMPUMEHEHUs MaTepuaia, UcuepIibIBaro-
e 1 MmocCjae€aA0BaTCIbHO, YETKO U JIOTUYHO HU3J1ara€T MaTepurall, XOpouo OpucH-
THpyeTCsi B MaTepualle, He 3aTPYyJHSAETCS] C OTBETOM IPU BUJIOM3MEHEHUU
3aaHUuN

- copMHupoBaHHOE yMEHHUE (OIIEHNUTH 3(PPEKTUBHOCTD U PE3yNIbTATHI
Hay4YHOH J1eATeNIbHOCTH, (HOPMYIUPOBATh MATEMATUYECKYIO IOCTAHOBKY
3a/la4d MCCIEA0BAaHUSA; BBIOMPATh U PEANN30BBIBATH METOJbl BEACHUS
HAy4YHbIX MCCJIEJOBAHUM; aHAIM3UPOBaTh M 00O0OIIATh PE3Yy/IbTAThl HC-
CIIEOBaHUM, JOBOAUTh MX /10 MPAKTUUYECKOW peanusaliu), UCIONb3ys
COBPEMEHHBIE METO/Ibl U NTOKA3aTeIN TaKOH OLIEHKU

- YCIIEITHOE M CUCTEMHOE BJIaJICHUE HaBbIKaMH pa3pabOTKU MaTreMa-
TUYECKUX MOJIeJIeH MPOLECCOB M SABJICHUNH M PELICHUs NPAKTUYECKUX
3aa4 1po¢eCcCUOHAIbHON NeSTENbHCTH, HaBbIKaMU NIPUMEHEHUs Mate-
MaTHU4YECKOr0 MOJEJIINPOBAHMS B TEXHUYECKHUX MPEUIOKEHUIX IPOU3BOJI-
CTBa M B HAYYHBIX UCCJICIOBAHHSIX )

XopoI1o

00yJaroImuics 1IeMOHCTPUPYET:

- 3HaHUE MaTepHalIa, HE JIOMYCKAET CYIIECTBEHHBIX HETOYHOCTEN

- B IIEJIOM YCIIELIHOE, HO COZIeprKallie OTJeNIbHbIE TPOOEIbl, yMEHHUE
(hopMylIMpoBaTh MaTEMaTHUECKYIO TIOCTAHOBKY 3a/1auMl UCCie-10BaHUsH,
HCIIONB3Ysl COBPEMEHHBIE METOBI U ITOKA3ATEIN TAKOM OLIEHKU

- B II€JIOM YCIIELTHOE, HO COZepKalllee OTAeIbHbIE MPOOEIbl U CO-
MPOBOKAAONIEECS OT/AEIbHBIMHU OIMIMOKAaMH BJIaJIeHHE HaBBIKAMU pa3pa-
O00TKM MaTeMaTHYeCKHUX MOJENed MpOoLEecCOB M SBIEHUM U peleHUs
MPAKTUYECKHUX 3a/a4 IMpOo(ecCHOHATBON JEATEIbHCTH, HaBbIKAMH IMPHU-
MEHEHMsSI MaTE€MaTU4eCKOr0 MOJEIUPOBaHUS B TEXHMYECKUX IIpel-
JIO’KEHMSIX IPOM3BOJICTBA U B HAYYHBIX MCCIIEIOBAHUIX

Y10BJI€TBOPUTEILHO

oOydJaronuics 1eMOHCTPUPYET:

— 3HaHMS TOJHKO OCHOBHOTO MaTepualia, HO He 3HaeT JIeTalel, JOIMycKa-
€T HETOYHOCTH, JIOMYCKAeT HETOYHOCTH B ()OPMYITHUPOBKAX, HAPYIIAET
JIOTUYECKYIO TIOCIIEeI0BATEILHOCTh B M3JI0KEHUH MPOTPAMMHOTO MaTe-
puana;

— B IIEJIOM YCIIEIIHOE, HO HE CUCTEMHOE YMEHUE CHpoums mamemamu-
yecKkue MoOenu npoyeccos Npou3so0Ccmed nPoOyKmos8 NUmaHus, ana-
JU3UPOBAMb NOTYYUEHHbIE Pe3VIbMambl,

— , UCIIOJIB3Yys COBPEMCHHBIC METOIbI M ITIOKA3aTCJIN OLCHKH (
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— B ICJIOM YCICHIHOE, HO HE CUCTCMHOC BJIaICHUEC HAaBbIKAMU npUMEHEe-
HUA manmemamu4ecKkoco MO@QJZMPOGGHU}Z 68 MEXHUYECKUX npe()ﬂoofcenu-
AX np0u36000m6y U 6 HAY4YHbIX uccneo008anusl

HECYAOBJETBOPUTEC/IBLHO

o0yyJaroImuiics: He 3HaeT 3HAYUTEIBHOW YacTH MPOTrPaMMHOTO MaTepua-
J1a, TJI0OXO OPUEHTHPYETCs B MaTepraiie (OcHOBHbIE IOHATHS U ONpe/Ie]eHus]
Teopuu rpaoB, MosenupoBanue NMOTOKOB), HE 3HAET MPAKTUKY MPUMEHEHUS
MaTepuaa, JOIyCcKaeT CyIleCTBEHHbIE OIINOKU

— HE yMeEeT UCIIOJIb30BaTh METO/bl U IPUEMbl MaTEMAaTHYECKOI0 MOJE-
JUPOBAHUA JOIYCKAeT CYLIECTBEHHbIE OUIMOKH, HEYBEPEHHO, ¢ OOJIBIIN-
MU 3aTPYIHEHHSIMHU BBIMOJHAET CAaMOCTOSITENBHYIO padoTy, OOJbIIMH-
CTBO 3a/laHUM, IPEJYCMOTPEHHBIX IIPOIPaMMOM TUCLUILIMHEL, HE

— He BIIQJICET HABBIKAMU DPa3pabOTKHM MaTEeMaTHYECKUX MOJAEJeH mpo-
L[ECCOB, TPUMEHEHMSI MATEMaTUYECKOIO0 MOJEIUPOBAHUS B TEXHUYECKUX
MPEUIOKEHUSX MPOU3BOJCTBA), JOMYCKAET CYIIECTBEHHBIE OIIMOKH, C
OONBIIMMM  3aTPYJAHEHUSIMHM BBIIOJHAET CAMOCTOSITENbHYIO pPaboTy,
OOJIBIIMHCTBO MPETYCMOTPEHHBIX MPOrPaMMON AMCUUIUINHBI HE BBIMOJI-
HEHO

4.2.2. Kputepuu olleHKHM BbINIOJIHEHHSI KOHTPOJbHBIX (padoT

[Tpu BBIIOTHEHUN KOHTPOJIBHBIX paboT 00yUarOIIUACs JEMOHCTPUPYET:

3HAHHUSA: TEOPETUUECKOI0 MaTepuaa 1o U3y4eHHOU TeMe WK pa3aeny;

YMEHHSI: IPUMEHSATh TEOPETUUECKUN MaTepual JiIsl pelieHus yueOHbIX 3a1a4;

BJIaJleHHe HABBIKAMM: IPUMEHEHHS CTATUCTHYECKUX METOI0B 00pabOoTKH HH(OpMAIIK [T perie-

HHA IPUKIAAHBIX 3a/a4.

Kpurepun ouneHKH BbINOJHEHUSI KOHTPOJIbHBIX padoT

OTJINYHO

o0y4aromuics AeMOHCTPUPYET:

- IOJIHOCTHIO BBIIIOJIHEHHYIO pa0OTy; B IOTHYECKUX PACCYKACHUAX U
000CHOBAaHUHU PEIICHUS HET MPOOEJIOB U OMMOOK; B PEIICHUU HET OIIH-
00K (BO3MO>KHA OJIHa HETOYHOCTH, ONKCKA, HE SIBIISIFOIIASICS CIeICTBUEM
HE3HAHUS WM HEMIOHMMAaHUs y4eOHOro MaTepuana);

X0po1Io

o0yJaromuics AeMOHCTPUPYET:

— TIOJTHOCTBIO BBITIOJTHEHHYIO paboTy, HO 000OCHOBAHHUS MIArOB PEIICHUS
HEJOCTATOYHBI (€CITi yMEeHHEe 000CHOBBIBAThH PACCYKICHUS HE SIBIIS-
JIOCh CIEIUABHBIM 00BEKTOM MTPOBEPKH ); AOMYIIIEHa OJHA OIIHUOKa
WM JIBa-TPU HEJ0YETa B BBIKJIQ/IKaX, PUCYHKAX, YepTekax WIIH rpa-
¢bukax (eciau 5TU BUIBI PaOOTHI HE SABIISIUCH CIIENUATbHBIM 00BEKTOM
IIPOBEPKN).

YAOBJIETBOPUTEIHLHO

00ydJaronuics 1eMOHCTPUPYET:

- paboTy, T1e NonyIIeHbl OoJiee OIHON OMMOKY MK OoJiee TBYX-
TpeX HEAOYETOB B BHIKJIAJIKaX, YepTeKax WU TpapuKkax, HO CTYACHT
BJIQJICCT 0053aTeILHBIMA YMCHHUSIMH.

HEy/10BJICTBOPHUTEJILHO

oOyuaromuics:
- JO0IMYCTHUII TPUHOUITUAJIbHBIC OIIMOKY B BBIIIOJIHEHUHN SaﬂaHHﬁ,
IMOKa3aBIIHNE, YTO CTYACHT HE BJIAJACCT 00s13aTeIbHBIMA YMCHUSAMU I10

JTAHHOM TeMe B MIOJIHOM Mepe.

4.2.3. Kputepum olleHKH BbINOJHEHUSI TUIIOBBIX PACYETOB
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[Ipu BBINMOJHEHUN TUIIOBBIX PACUE€TOB 00YUAIOLIUNCS JEMOHCTPUPYET:
3HAHMA: TEOPETHUUECKOr0 MaTepuasa 1o U3y4YeHHON TeMe WK pa3Jeny;
YMEHHUS: IPUMEHATh TEOPETUUECKUI MaTepual AJid pelieHus yueOHbIX 3a/1a4;
BJIa/IecHHE HABBIKAMM: MMPUMEHEHHUS CTAaTUCTHYECKUX METOJI0OB 00paboTKu HHPOpMa-
MU U1 pEIICHUS TIPUKIIAIHBIX 3a/1a4.

KpnTeplm OII€EHKH BBINMOJHCHUA TUIIOBLIX PAaCI€TOB

OTJINYHO

00y4aromuics: IEMOHCTPUPYET:

— TIOJIHOCTBHIO THIIOBOM pacyeT; B JIOTHYECKHX PACCYKICHUSIX U
000CHOBAaHUHU PEIICHUS HET MPOOEIIOB M OMKMOOK; B PEIICHUN HET OIIU-
00K (BO3MOKHA OJIHA HETOYHOCTh, ONKMCKA, HE SBIISIONIASCS CICICTBUEM
HE3HAHUS WIM HETIOHNMAaHUs y4eOHOro MaTepuana);

X0pOoI1110

00YYarONIHIACS IGMOHCTPUPYET:

—  TIOJHOCTBIO BBINOJHEHHYIO paboTy, HO OOOCHOBaHHsI ILIaroB pe-
MCHUA HECAOCTAaTOYHbI, JOMYIICHA OJHA OIIMOKa HIIN ABa-Tpu HECAOYCTA
B BBIKJIAJIKAX, PUCYHKAX, YePTEIKAX WM rpapuKax.

YAOBJIETBOPUTEIbHO

0o0ydJaronuncs 1eMOHCTPUPYET:

—  THUIIOBOM pacyer, I IOMyIeHbI 00JIee OJTHOW OMUOKH UK OoJiee
IBYX-TPEX HEJOYETOB B BBIKJIAJKAX, YepPTEk,axX HIM rpadukax, HO CTy-
JICHT BJIaJiceT 00513aTEIIbHBIMA YMCHUSIMH.

HEYAOBJIETBOPUTECJIBLHO

oOyyJarouuics:

—  JONYCTUJ TPHUHLMIIHAIbHBIE OMMUOKH B BBIMOJHEHUM 33JaHUM,
MOKa3aBIllMe, YTO CTYACHT HE BIaJeeT 00sS3aTelbHBIMU YMEHUSMHU I10
JTAaHHOM TeME B MOJHON Mepe.

4.2.4. Kputepum olleHKH BBITIOJTHEHHUSI TECTOBBIX 3aJaHU
[Ipu BBINOTHEHUH TECTOBBIX 3a/IaHUIN 00YyYaIOIIHICS JEMOHCTPUPYET:
3HAHMSI: OCHOBHBIX MAaT€MaTUUYECKUX MOHSATUNA U METOJOB M3y4aeMOW TEMbl WJIH pa3-

nena.

KpuTeplm OLI€HKH BbINOJIHEHHS TeCTOBBIX 3aJaHUH

OTJIHYHO

o0yvarommiics JeMOHCTPHpYET:
— TpPaBUILHOCTb OTBETOB HE MeHee 4eM 85 % TecTOBEIX 3amaHumil;

Xopomo

00yYaromumics JeMOHCTPHUpYET:
- IPaBUIBHOCTH OTBETOB HE MeHee 4eM 70 % TeCTOBBIX 3aaHHIA:

YAOBJIETBOPHTEIBHO

b
00yyaroImmics TeMOHCTPHUpYET:
— TpaBUIBHOCTb OTBETOB HE MeHee 51 % TecTOBBIX 3aaHHii;

HEY/I0BJIETBOPHUTEILHO oOyuaromuifcs:

—  TpaBHJIBHOCTb OTBETOB MeHee 4eM Ha 50 % TeCTOBBIX 3aJaHuil.

Paspabotuux(u): nouent I'msxena JI.H. é/z -
(nmoxaffuce)
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