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CtpykTypa GoH/Ia OLIEHOYHBIX CPEACTB
MJIK.02.03. MaTemaTu4yeckoe MoJeJIMPOBAHHE
no criernanbHocTH 09.02.07 UHDOopMaoHHbIe CUCTEMBI U IPOTPAaMMHUPOBAHUE

Kon
KOMIIETEeHIIMH

YMenust 1 3HAHUSA

OcHoBHBIE TOKA32a-
TeJIU OLEHKH
pe3yJabTara

MeTtoabl OLICHKH

YMmeHnus:

IIK 2.1.

3Hanusa:

Mopnenu mporecca pa3pabOTKH MPOrpaMM-
HOTr'o o0ecIeueHus.

OcHOBHBIE PUHITUIIBI TIpOIIEcca Pa3pabOTKU
MIPOrpaMMHOTO 00eCIIeUeHUS.

OcHOBHBIE TOAXOABl K HHTETPUPOBAHHIO
MIPOrpaMMHBIX MOYJIEH.

Bunbl 1 BapuaHTBl MHTETPAMOHHBIX peEIlle-
HUH.

CoBpeMCHHBIE TEXHOJIOTUA U MHCTPYMCHTHI
HWHTETPALIHH.

OCHOBHBIE TIPOTOKOJIBI JOCTYTIA K TAHHBIM.
Metonpl U criocoObl uaeHTUGHUKaUU cOOeB
¥ OIMUOOK MPU HHTETPAIIAN TIPUIIOKEHUH.
MeToAn! OTIaA0OYHBIX KJIACCOB.

CraHgapThl KadecTBa MPOTPAMMHOHN JIOKY-
MEHTALUH.

OCHOBBI OpraHW3aIui WHCIICKTHPOBAHUS H
BepHU(DHKAIUH.

BcrpoeHHBIE W OCHOBHBIC CHICIIHAITU3HPO-
BaHHbIE HMHCTPYMEHTHl aHaiM3a KauecTBa
MPOTPaMMHBIX TTPOAYKTOB.

['padmyeckue cpeacTBa MPOESKTHUPOBAHUS
APXUTEKTYPhI IIPOTPAMMHBIX ITPOTYKTOB.
Metoasl opranuzanuu pabOThl B KOMaHIE
pa3pabOTUUKOB.

TectupoBanue

76% npaBUIBHBIX
OTBETOB

Ymenus:

AHanM3upoBaTh NPOEKTHYIO U TEXHUUYECKYIO
JIOKYMEHTALHIO.

Hcnonp30BaTh crenuaIn3upoBaHHbIE TIpa-
¢uueckue cpeacTBa MOCTPOCHMUS U aHATU3a
ApPXUTEKTYPbI IPOTPAMMHBIX POTYKTOB.
OpranuzoBbIBaTh 3aJaHHYIO HWHTETPALMIO
MoJlyJiell B IpOrpaMMHBIE Cpe/cTBa Ha 0ase
MMEIOLIEICS] apXUTEKTYPbl U aBTOMaTH3aLuU
OM3HEC-TIPOIIECCOB.

OnpenensaTb UCTOUYHUKUA M NPUEMHMKHU J1aH-
HBIX.

IIpoBOINUTE CpaBHUTENBHBIA aHaau3. Bbl-
MOJIHATH OTJAJAKY, UCIOJIb3YSl METOJbl U WH-
CTPYMEHTBI YCIOBHOW KOMIUJISLUH (KJIACCHI
Debug u Trace).

OneHuBaTh pa3Mep MHUHUMAJIBHOTO Habopa
TECTOB.

Pa3pabatpiBaTh TECTOBbIE MAKEThl M TECTO-
BBIC CLICHAPHH.

IIpakTueckoe
HHUEC

3a/1a-

DKCnepTHOE

HaOMIoZIcHuE  3a
XOJIOM  BBITIOJTHE-
HUA MPAKTUYCCKO-
ro 3aJaHus, pe-
3yJbTaT BBITIOJI-
HEHUS TIpaKThye-
CKOMl paboThl He
MmeHee 76%




BI:IHBJ'DITB OH_II/I6KI/I B CUCTCMHBIX KOMIIOHCH-
Tax Ha OCHOBE Crier(pUKAIIHi.

IIK 2.4.

3nanus: Mopenu mporecca pa3paboTKu
POrPaMMHOT0 OOeCTeueHusl.

OcHOBHBIE IPUHIIMIIBI ITpOIEcca pa3paboTKH
POrPaMMHOT0 OOeCTeueHusI.

OcHOBHBIE TIOJIXO/IbI K UHTETPUPOBAHUIO
MPOrPaMMHBIX MOJTyJICH.

OcHOBBI BepU(PUKAIIUU U ATTECTAIIMH
POrPaMMHOT0 OOeCTeueHusI.

MeTtobl 1 criocoObl HaACHTU(DUKAIIH COOEB
Y OIIMOOK MPU UHTErPalliy IPUITIOKEHUH.
Metoab! 1 cxeMbl 00pabOTKH
UCKJTIOYUTENbHBIX CUTYaIUH.

OCHOBHBIE METOIBI U BUBI TECTUPOBAHHS
MPOrPaMMHBIX TPOAYKTOB.

[Tprembl pabOTHI ¢ UHCTPYMEHTAITBHBIMU
CpEICTBAMU TECTUPOBAHHUS U OTJIAJKH.
CranmapThl KauecTBa MPOTPaMMHOM
JIOKYMEHTaI1H.

OCHOBBI OpraHU3aIHA HHCIIEKTUPOBAHUS U
BepHU(DUKAIUH.

BceTrpoenHbie 1 OCHOBHBIE
CHEeIMAN3UPOBAaHHBIE HHCTPYMEHTHI
aHaJIM3a KauecTBa MPOrPaMMHBIX
MPOJYKTOB.

Metoap!l opranu3anuu padoThl B KOMaH/Ie
pa3paboTUYHKOB.

TectupoBanue

76% npaBUIBHBIX
OTBETOB

Ymenus:

Hcnonb30BaTh BEIOPaHHYIO CUCTEMY
KOHTPOJISL BEPCHH.

AHaIM3UpoBaTh NPOEKTHYIO U TEXHUYECKYIO
JIOKYMEHTAIHIO.

BBINOMHATE TECTUPOBAHWE UHTETPALIUH.
OpranuzoBbIBaTh NOCTOOPAOOTKY JTaHHBIX.
Hcnonb30BaTh NpueMbl paboThl B CUCTEMAX
KOHTPOJISL BEPCHH.

OneHuBath pazMep MUHUMAJILHOTO Habopa
TECTOB.

Pa3pa0aTbIBaTh TECTOBBIE AKETHI U
TECTOBbIE CLICHAPHUH.

BrInosHATE py4HOE M aBTOMAaTU3UPOBAHHOE
TECTUPOBAHUE MPOTPAMMHOIO MOJTYJISL.
BbISBIATE OIIMOKH B CUCTEMHBIX
KOMIIOHEHTaxX Ha OCHOBE cHel(pUKaIU.

JlabopaTopHbie pabo-
TBI

DKCIepTHOE

HaOmOJIeHue  3a
XOZIOM  BBITIOJTHE-
HUs  J1abopatop-
HOM paboThl, pe-
3yJbTaT  BBIMOI-
HEHUsI paboThl HE
meHee 76%

IIK 2.5.

3Hannsa:

Monenu mporiecca pa3pabOTKH MPOrpaMM-
HOT'0 00ECIICUCHMS.

OcCHOBHBIE TIPHUHIIUIIBI ITPOIIecca pa3padOTKH
MPOrPaMMHOTO OOeCTIeUeHUSI.

OCHOBHBIE TIOJTXO/IBI K HHTETPUPOBAHUTO
MPOrPaMMHBIX MOJTYJICH.

OCHOBBI BepH(PHUKAIIUN ¥ ATTECTAIIMH ITPO-
IPaMMHOT0 00ecTeYeHHUsI.

TectupoBanue

76% mpaBUIIBHBIX
OTBETOB




CraHgapThl Ka4ecTBa IPOrPAMMHON JTOKY-
MEHTaIUH.

OCHOBBI OpraHHU3aIHA UHCIIEKTUPOBAHUS U
BepHU(DUKAIUH.

BcTpoeHHbIE 1 OCHOBHBIE CIICIIUATH3UPO-
BaHHbIC HHCTPYMEHTHI aHAJIN3a Ka4eCTBa
MPOrPaMMHBIX TIPOAYKTOB.

Mertobl opranu3anuu padoThl B KOMaH/Ie
pa3pabOTUHKOB.

Ymenus:

Hcnonb30BaTh BEIOPAHHYIO CHCTEMY KOH-
TPOJIsl BEPCHUIA.

Hcnonbs3oBaTh METOBI JIJIs1 TOJTYUYESHHS KOAQ
¢ 3a7JaHHON (PYHKIIMOHAJILHOCTBIO U CTere-
HBIO Ka4eCTBa.

AHaIM3UpOBaTh MPOEKTHYIO U TEXHUYECKYIO
JIOKYMEHTAIUIO.

OpranuzoBbIBaTh MOCTOOPAOOTKY JTaHHBIX.
[Ipuembl paboOTHI B CHCTEMax KOHTPOJIS BEp-
CH.

BBISBIATE OMMOKU B CHCTEMHBIX KOMIIOHCH-
Tax Ha OCHOBE cnelnupuKalui.

JlaGopaTopHbpie pabo-
TBI

DKCnepTHOE
HAOMO/IeHuEe  3a
XOJIOM  BBIIIOJIHE-

HUS  J1abopatop-
HON paboThI, pe-
3yJbTaT
BBITIOJIHEHHST  pa-
00OTBI HE MeHee
76%




Crtpykrypa ¢donaa onenounbix cpeacts mo MJ/IK.02.03. MaremaTnueckoe MoJieTHPOBaHHE

Neri/mm IIposepsiembie Tema u3 pabodei mporpamMmbl HanmeHnoBanue OLleHOYHOTO Kpurepun oniennBanust
YMEHUSI, 3HAHHUSI, CpeacTBa
OK, IIK
1. IIK 2.1, IIK 2.4, JlaboparopHbie pabOThI 0-4 - «2»
K 2.5 Tema 3.1. OCHOBBI MOJETUPOBA- 5-6 - «3»
HHUs. JleTepMUHUPOBAHHBIE 3a]1a41 7-8 - «4»
9-10 - «5»
2. IIK 2.1, IIK 2.4, Tema 3.2. 3agauu B yCIIOBUSIX HE- JlabopatopHble U MpaKTUie- 0-4 - «2»
IiK 2.5 OIPCIEICHHOCTH ckue padoThl 5-6 - «3»
7-8 - «4»
9-10 - «5»
6 Wrorosas arrecranus 3a 2 cemectp | JudepeHnupoBanHblii 3a4eT «5» — BEpHbIl, IOAPOOHBII OTBET;
«4» — ogHa omrOka Uiy He 6oJiee IByX HEJJOUETOB;
«3» — Be ommMOKa Uik He 0oJiee TpeX HEJOUYETOB;
«2» — Oounblile ABYX OMIMOOK WJIM TPEeX HEJIO0YETOB.
7 Urorosas arrecranus o [IM DK3aMeH

«5» — BEpHbIil, TOAPOOHBII OTBET;
«4» — ogHa omrbOka Uiy He 0oJiee IByX HEJIOUETOB;
«3» — Be ommMOKa Uik He 0oJiee TpeX HEJOUETOB;
«2y — Oounblile IBYX OMIMOOK WM TPEX HEI0YETOB




JlabGoparopHasi padora «CBeneHue Npou3BOJIbLHON 321a44 JIUHEIHOT0 MIPOrPAMMHMPOBAHUS
K OCHOBHOI1 3a/1a4e JJUHEHHOr0 MPOrpaMMHIpPOBAHHUSD)

JlaGoparopHas pabdora «PemeHue 3a1a4 JUHEHHOT0 MPOrPaMMHPOBAHMSI CUMILIEKC—
METO10M))
Heanb padortei: [IprobpereHne HaABBIKOB pellIeHUs 3a7a4 JMHEWHOTO MPOrpaMMHUPOBAHUS
CHUMILJICKCHBIM MECTOAOM.
IHopsinok BbINOJHEHHUSI PAdOTHI
1. CornacHo HOMEpY CBOETO BapHaHTa BHIOEPUTE YCIOBHE 33aa4ld U HAWIUTE OIl-
TUMAJIbHOC PCHICHUC CUMIIJICKCHBIM MCTO/IOM.

2. Haiinute ontumansHoe pewmenue 3agauu B Excel u cpaBHuTe ux.

3. Odopmure otyet 110 1a60paTOpHOM paboTe, KOTOPBIN AOIKEH COEPHKATh:
. TUTYJIbHBIN JIUCT;

. VCXO/IHBIE JTAHHBIEC BAPUAHTA;

. pelleHue 3a1a4u;

* pPE3yIbTAThl PCIICHUS 3a/1a4H.
Hucrpykuus padorsl B Microsoft Excel nis pemiennst 3agaq JIII CumniiekCHbIM MeTO10M
PaccmoTpum npumep HAXOXXJICHUS ONTHUMAaJILHOIO pelIeHus: CUM-
IUIEKCHBIM METOZOM I CIAELYIOLIEH 3a1a4i TMHEHHOrO IIPOrPaMMHUPOBAHMS:
L(x)=x, + x, + x; —x, - max
X +x,+2x;,+x, =6,
X, + 2x; + x; <10,
2% %4210,
x,20, j=14.
[IpuBenem 3amauy Kk KaHOHUYECKOMY BUAY. JlJIsl 3TOrO B JIEBYIO YacTh BTOPOTO U TPEThE-
0 OrpaHUYEHUN-HEPABEHCTB TUIA «<)» BBOJIUM JONOJHUTEIbHbIE IEPEMEHHBIE X5 U X6 C KO-
sppunmentamu +1:
L(x)=x, +x, +x, =X, = max
[x, + x, +2x, + x, =6,
X, + 2%, + X3 +x, =10,
‘ 2x, +%; + x, +x, =10,

x; 20, j= 1.6.

3a 0a3ucHBIE TIEpEMEHHBIE BO3bBMEM IEpEMEHHEBIC: X4, X5, X6. OCTalIbHBIC TIEPEMEHHBIC
(1, x2, x3) Ha3BIBAIOTCSI CBOOOHBIMU. BhIpasuMm 1iesieByr0 (QyHKIIHIO Yepe3 CBOOOIHBIE Mepe-
MeHHBIe. [IJig 3TOTO BBIpa3uM Oa3uCHBIC IEPEMEHHBIE B CUCTEME OTPaHHYEHUH yepe3 cBOOO -

HBIC IICPEMCHHBIC!

X; =6 —%:—%; —~2X;;
x; =10=%=2x%,-x,,
X =10—2% —%;—%;;

X, 20, j=16.

3aTeM MOoJICTaBUM HX B LIEJEBYIO (DYHKITUIO:



L(x)=x, +x, +x, — (6 —x, — x, —2x,) —> max;

L(x)=2x, +2x, +3x, —6 —> max.

CocTaBuM MEpBYIO CUMILIEKC TaOJIHUILy:

=LA —

5

A B C D - E F G H
bl CY X1 X2 x3 x4 x5 x6

x4 5} 1 1 2 1 0 0
x5 10 1 2 1 0 1 0
x6 10 2 1 1 0 0 1
C -6 -2 -2 -3 0 0 0

T.x. B uenesoii ctpoke (C) ecTs oTpuiatenbHble KO3()(PUIMEHTHI TP HEU3BECTHBIX, TO
JAHHOE OIMOPHOE peIlleHHE HE ONTHUMAIbHO. 3a pa3pelaroluil cTon0er NpUHUMAeTcs TOT,

KOTOPBII B IIETICBOM CTPOKE MMEET HAMOONBIINN MO a0COMIOTHON BEIIMYMHE OTPHUIIATEIBHBIN

koa(durment (cronbdern E — paspemarommii cronberr):

KOMUpyeM B siueliku nuana3ona 12:14:

BN =

5

[ A B C D = F G | H
BN cy x1 X2 X3 x4 x5 X6

x4 B 1 1 2 1 0 0
x5 10 1 2 1 0 1 0
X6 10 2 1 1 0 0 1
C B 2 2 3 D D D

CoctaBUM OTHOIICHHSI CBOOOJHBIX WIEHOB K COOTBETCTBYIOUIMM ITOJIOKHUTEIBEHBIM KO-
addumeHTamM pa3pemariero croaoua, s 3toro B syerike 12 BBenem Gopmyny =B2/E2 u

|

| A B __C D E _E G _H 7 I
1 b0 Cu x1 x2 x3 x4 X3 x6 Omoulemm|
2 x4 ] 1 1 2 1 0 0 3
3 x5 10 1 2 1 0 1 0 10
4 x6 10 2 1 1 0 0 1 10
5 1C B 2 2 -3 0 0 0

3a paspelmaronlyro CTpoKy 0epyT Ty CTPOKY, KOTOpasi UMEET HAUMEHBIIIEE OTHOILEHHUE:

| A B C D E _E G H I
1 BN CcY x1 X2 x3 x4 X3 x6 OTHoweHHA
2 x4 B 1 1 2 1 0 0 3
3 x5 10 1 2 1 0 1 0 10
4 x6 10 2 1 1 0 0 1 10
5i C b 2 2 -3 0 0 0

Ha mepecedennn paspermaroniero crojdia ¥ pa3periaroliieil CTPOKA HaXOJUTCS pa3pe-

maronuii snmeMeHnT (sueiika E2). CocTtaBuUM CIEIyONIYI0 CHUMIUICKC-TAOMUIy B JIHAIra30HEe
A7:H10. Pa3zpemaromiyto CTpOKy pa3feliM Ha pa3pelialoniuii dJeMeHT, I TOTO B siueike

E7 sBoaum popmyny =E2/$E$2 u xomupyem ee B muanazon B7:H7:
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«IPSMOYTOJILHUKAY, JUTs 3TOTO B siuciike B8 BBegem popmyny =B3$E3*B$2/$E$S2 u xonmpy-
em ee B quana3zoH B8:H10. B pesynbTare Bropas cuMIiuiekc-Ta0dnuia npuMeT BUL:

A B B D e F | 6 | H
7 3 3 172 12 |1 12_|0 0
8 x5 7 12 [1_12 [0 - 12 |1 0
9 %6 7 112 12_|0 - 12 [0 1
10 C 3 - 12 |- 12 |0 112 |0 0

HonyquHa;I CI/IMHHCKC-T36JII/IH8. HE ONTHMaJIbHA. 3a paspemalomm‘/i CTOJ'I6CI_[ MOXXHO

B3:aTh U crosiderr C u cronben D. Bo3sMeMm 3a pazpemaromuii cronbden D. Ilocne ananorny-

HBIX NpeoOpa3zoBanuii momyunM B auana3zone B12:H1S crexyromnyio cuMIiekc-Tabauiy:

| _& [ B C D E F | 6 | H
7 3 3 172 12 |1 12 |0 0

5 x5 7 172 [1_12 [0 7 ] 0

9 x6 7 112 172 [0 -~ 12 |0 1

10 C 3 - 12 |- 12 |0 112 |0 0

11

12 %3 273 130 1 23 _[- 13 |0

13 x2 4253 173 1 0 7= 23 [0

14 %6 4 25 (114 [0 0 - 1A - 1B |1

15 C 5 143 |- 143 |0 0 1153 173_|0

[TonyuenHas cuMILIeKC-Ta0IUIla CHOBA HE ONTHUMAaJIbHA

3oBaHu# B quanazone B17:H20, okoHuaTenbHO MOTyYaeM:

. [locne ananmoruyHbIX mpeodpa-

A B C e E F G ~H |

12 x3 213 13 |0 1 23 |- 13 |0 2

13 [x2 L 24 13 1 0 = 13 23 [0 14

14 [x6 4 243 (1 143 |0 0 - 143 - 148 3 12
15 |C 5 13 |- 1438 |0 0 1173 143 |0

16

17 x1 2 1 0 3 2 -1 0

18 |x2 4 0 1 -1 -1 1 0

19 x6 2 0 0 -4 -3 1 1

20 C B 0 0 1 2 0 0

Tak xak Bce 3HaueHus auanazona C20:H20 He MeHbIIe HYJIIS, TO pElIeHUEe X1 = 2, X2

=4,x3=0,x4=0

OINITUMAJIBHO U €TO YJIYUYIIUTb HCIIb34.



Ortser: (2, 4, 0, 0), max L (X)=6.

3ameuanue. Ecnu 3amaya pemaeTcs HA MUHUMYM, TO Pa3pelaronifil cToioer BeIoupa-
eTcs M0 HauOoJIbIIEMY MOJ0XKHUTEIbHOMY KOX(QQHUIMEHTY LeneBoil cTpoku. Paspermaromias
CTpOKa BbIOMpAETCsI TAKKE.

Kpurepuii onTUMaIbHOCTH: €CIHM B LIEJIEBOM CTPOKE HET MOJOKUTEIbHBIX KO3 (PULIneH-
TOB, TO PELIEHHE ONTUMAIIBLHO.

[IpumMepHbIe BOIPOCHI Ha 3auTe paboTh

. KakoBbI ocHOBHBIE 3Tanbl penienus 3aaa4 JII1 cummuiekcHbIM MeTo0M?
. Kak onpenenuts pazpemarommuii cronoen?
. Kak onpenenuts paspemaroniyo crpoxy?
. B uem 3axirodaercs npaBuIoO «IIPSIMOYTOJIbHUKA»?
. HazoBuTe kpuTepuii ONTUMaNbHOCTH IS 33124 HAa max (min).
. Kakue oco0Oble ciiyyan MpUMEHEHHs CUMIUIEKC-METO/1a Bbl 3HaeTe?

. Kakue nepemennbic Ha3pIBalOTCS 0a3MCHBIMM, a KAKHE CBOOOTHBIMU?
BAPHAHTHBI
Ucnonwszys MS Excel, HaliTu pemieHre cuMILIEeKCHBIM MeToioM i 3aaaqu JIII, coot-
BETCTBYIOIIIEH 3aJaHHOMY BapuaHTy (Tadmn.1.1).

~No ok, WN B

Taomuua 1.1
Bapuanmut 3a0au k nabopamopmuoit pabome Neb

Ne BapuanTa Maremarnueckas MOJIEIb

L(X) =3x, +4x, +x, — max;
X 2%, %5 <10,

1 2x \+x, +2x;, £6,

3%, 7w, 22, <12,
x,20Vj

L(X)=2x, +3x, +x; - max;
x4 3x, +5x, <15,

2 XX +x <7,

2x +x, +4x, <12,

x, 20V,

3 L(X)=6x, +12x, + 3x; — max;
—2%.% 3%, ¥ %, <12,

X 2%, ¥2%, <13,

22 =% = 3% <10,

x, 20Vj.

L(X)=x, +x, + x; = max;
E o B> Mg

4 25X 3%, 529,

3%, +x, +4x, <12,

x,20V]j




L(X)=-3x, —2x, —2x; — min
XXy Sy
2x +x, +2x, <6,
2x —x, +2x, <2,
x, 20V]

L(X)=—x, + x, —3x, — min;
(—x +2x, +x, <2,

X' k3%, +x;, <06,

<X, X=X, 2,

x,20V].

L(X)=-3x, —2x, + x; — min;
(—3x +x, +2x, <3,

x +2x, +3x, <14,

12x +x, +3x, <16,

x, 20Vj

L(X)=-5x, —2x, —3x; — min;
=33 2% ¥352,
=3x +4x; +5x, <10,
X =%, FxEl,
x,20Vj

L(X) = x, +2x, —2x, — max;
2X 3%, ¥%; <8,

X ¥ 2%, +2x;, =4,

13x —2% ¥ % =12,

x; 20V,

10

L(X)=x, —2x, + 3x, > max;
(4x +x,—2x, <3,

2% X X =2,

<3)( X +2x, 23,

x, 20V]

11

L(X) =2x, + x, + 3x, — min;
(x +x, <4,

2x +x, =4,

13x +2x, = 2x, > 2,

x, 20V]j

10




L(X) =x;, —x, —2x; — min;

b G P M) I

12 2% +3x=1,
=3x +4x, +2x, <1,
x, 20V]

JlabGoparopHas padora «HaxoxkaeHue HAYAJIbHOTO PellleHUs TPAHCIOPTHOM 3axaun. Pe-
HIeHNe TPAHCIOPTHOM 321241 METO0M NMOTEHI[HAJIOBY

Heanb pabdoThl: cO3MaHNEe MAaTEMaTHYECKON MOJIENM TPAHCIIOPTHOM 3aJayil M OIpeserie-
HUE OMOPHOTO PEIICHHUS.

OCHOBHBIE IOHATHS

1 VYciioBue TpaHCHOPTHOW 3aJauyd: OJHOPOJHBIA IPy3 COCPEIOTOYEH Y M MOCTaB-
IIMKOB B 00beMax ai, a2, ... am. JJaHHBIN rpy3 HEOOXOJUMO JAOCTABUTH N MOTPEOUTENSIM B 00be-
max by, by ... bn. U3Bectnnr Cij , i=1,2,..m; j=1,2,...n — CTOMMOCTH MEPEBO3KH CIUHHMII IPy3a OT
KaXKIO0r0 1-TO MOCTaBIIMKA KaXJIOMY j-My norpedbutento. TpebyeTcss cocTaBUTh TaKO# IIaH Tie-
PEBO30K, MPU KOTOPOM 3aIachl BCEX MOCTABIIUKOB BBIBO3SITCS IOJHOCTBIO, 3allPOCHI BCEX IIO-
TpeOuTeneil yJoBIETBOPAIOTCS MOJHOCTHIO, U CyMMapHbIE 3aTpaThl Ha MEPEBO3KY BCEX I'PY30B
SIBJISIFOTCS. MUHUMAJIBHBIMH.

2 Jns Toro, yToOBI TpaHCTIOPTHAS 3ajada JIMHEHHOTO MPOrpPaMMHPOBAHMS MMesa
pelieHne, HeOOXOAUMO M JOCTATOYHO, YTOOBI CyMMAapHBIC 3armachl MOCTABIIMKOB PaBHSIIHCH
CYMMAapHBIM 3arpocaM MOTpeOuTene, T.e. 3a7a4a J0JKHA ObITh C MPaBUIIBHBIM OaTaHCOM.

3 OnopHBIM pEIICHUEM TPAHCIIOPTHON 3aladll HA3bIBACTCS JTFO00E JIOMYCTUMOE
pelieHue, s KOTOPOTO BEKTOPBI YCIOBHM, COOTBETCTBYIOIINE MOJTOXKUTEILHBIM KOOPIAMHATAM,
JIMHEHO HE3aBUCUMBI.

4 [TepemeHHbIME (HEM3BECTHBIMU) TPAHCIIOPTHON 3aJa4d SBJSAIOTCA Xij, 1=1,2,...,m
Jj=1,2,...,n — 00BEMBI MEPEBO30K OT i-T'0 MOCTABIIMKA KAXIOMY j-My MOTPEOUTEIN0. DTH mepe-
MEHHBIE MOTYT OBITH 3alMCaHbI B BIJI€ MAaTPHUIIbI IIEPEBO30OK:

X X2 - Xy
X X1 Xz e Xy,
xml xml ey xm n
5 Taxk xak npomssenenue Cij*Xij onpeaenseT 3aTparsl Ha IEPEBO3KY I'py3a OT i-TO TOCTaB-

H.IPIKaj-My HOTpe6I/ITeJ'IIO, TO CYMMApPHBIC 3aTPAaThl HA IEPCBO3KY BCCX I'PY30B PABHBI:

m n
2. 2.6/,

=l J=1

ITo ycnoButo 3agaun TpedyeTcs obecneunTh MUHUMYM CyMMapHBbIX 3aTpat. CienoBareinbHo, 1e-

m n
F(X)= ZZC,,.\'” — min
=l j=1
aeBas QyHKIMS 3a]1a4i UMEET B g .
6 Cucrema orpaHM4eHMi 3aJa4l COCTOUT U3 ABYX rpynn ypaBHeHui. [lepBas rpynmna n3 m

ypaBHeHI/Iﬁ OIIKMCBhIBACT TOT (baKT, YTO 3aracChbl BCEX 1M IMOCTABIIMKOB BBIBO3ATCA ITOJIHOCTBIO M

n

qu =a, (i=12;..m)
nMmeer BUg:. /7 . Bropast rpynma u3 n ypaBHEHHI BBIpakaeT TpeOOBaHUE
yAOBJIE-
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Zx” =b, (j=12..n)
TBOPUTH 3aIPOCHI BCEX N MOTPEOUTEINCH MOJIHOCTHIO U UIMEET BUJI: ! .
7 VYaureiBas YCIIOBUE HEOTPULIATCIBbHOCTH 06’LCMOB IEPEBO30K MAaTEMATHYCCKasA MOACIIb

F(X) =iicu.\'" —> min

i=l j=1

qu =a, (i=12;..m)
j=1

2.\;/ =b, (j=12:..n)
i=1

x, 200 =12;..m; j=12:.n)

BBITJISJIAT CJIEAYIOIUM 00pa3oM:

8 VcxoHbIe JaHHBIC TPAHCIIOPTHOW 3aa4y 3aIMChIBAIOTCS B BUJIC TAOJIHIIbL:
TTorpedburens
ITocraBumk P 3amac

1 2 n

1 C11 C12 Cin a1

2 C21 c21 C21 a

m Cmi Cmi e Cmi am
[TotpedHocTh | b1 b2 . bn

IIpumep BBINIOJTHEHUSA:

HCXOJHBIE JaHHbIE:

V nocraBmmkoB A1 , A2, Az, HaxoauTcs cooTBeTcTBeHHO 70 , 80 , 110 equHHI] OQHO-
TUITHOW MPOAYKIMHU, KOTOpas JOJDKHA OBITh TOCTaBiieHa moTpedutensm B , B2, Bz, B4 B konu-
yectBe 50 , 70 , 60 , 80 enunuil coorBeTcTBEHHO. CTOMMOCTD JOCTABKU €IUHHULIBI TPOJTYKIIHH OT
MOCTaBIIMKA A1 K YKa3aHHBIM NTOTpeOuTensMm paBHa 14 , 16, 13, 7 nen.eq. CTOUMOCTh 1O0CTaBKU
eVHMIIBI TPOAYKIMU OT TOCTaBIIMKa Az K YKa3aHHBIM moTpebutensm paBua 15 , 11,9 , 8
neH.eq. CTOMMOCTh TOCTaBKU €IWHUIIBI TMPOIYKIIUU OT MOCTaBIIMKA A3 K yKa3aHHBIM MOTPEOH-
TeNsIM paBHa 12,

17,18, 16 nen.en.

TpeOyercss HalTH ONTHMANTbHOE PElIEHUE JOCTaBKU MPOIYKIIUH OT MOCTABIIUKOB K IO-

TPEOUTENISIM, MUHUMHU3UPYIOIITUE CTOUMOCTD JTOCTaBKH.

Pelenue:
1 CocrtaBuM MaTeMaTHYeCKYIO MOJIEIb 33/1a41 B BHJI€ TAOJIHIIbI
[ToTpebutens
ITocTtaBmuk 3amac
m B1 B2 B3 B4
A1 14 16 13 7
70
Ao 15 11 9 8
80
As 12 17 18 16
110
[TorpeGHOCTH 50 70 60 80

3aroIHuM Ta6J'II/II_Iy, HCIIOJIB3YyA MCTOA CCBCPO-3allaIHOTO yTIJia: HaunewMm ¢ BerHeﬁ JIc-

BOH AYEHKH _ _ _ _
X1 =min{A;; B;} = min{50; 70} = 50

Xj2 = min{A;— By; B,} = min{70 - 50; 70} =20
X13 = min{A;— B; — By; B3} =min{70 - 50 — 20; 70} =0
Xo; =min{B;— A;; Ay} =min{50-70; 80} =0wur. 1.

[ToTpebutens
B1 B2 ‘ Bs B4

TlocTaBImk 3armac
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A1 14 16 13 7
50 20 - - 70
Az 15 11 9 8
- 50 30 - 80
Az 2 17 18 16
- - 30 80 110
[ToTrpebHOCTH 50 70 60 80

B pe3ynbrare 3anoiHEeHuUs TaOIHUIBI CyMMa MPOJYKIMU B KQKIOW CTPOKE JOJDKHA OBITH
paBHa 3amacy, a cymMMa MpOJYKIUU B KaKIOH KOJOHKE JOJKHA ObITh paBHA moTpedHocTH. O0-
I[Me 3aTPaThl Ha IOCTABKY BCEU MPOIYKIUH, JUIS HAYAIbHOTO PELICHHsT HaXOJUM 110 hopMyJie

m n

F(X)= ZZC:,/"'H
=l j=I

F=50*14+20*16+50*11+30*9+30*18+80 * 16 =3660 (nen.ex.)

3 CocraBuM OMOPHBIN IUIaH, UCHOJB3YS METOJ MUHUMAIBHOTO 3JIEMEHTa, B KOTOPOM
YUUTBHIBAIOT BEIMYUHY Cij. B 3TOM ciydae 3amojHeHWE TaOJHMIBI HAauMHAEM C SUYCHKH C
HaMMEHbIIIEH CTOUMOCTBIO. D10 stueiika (1; 4): x14 = min{Az; B4} = min{80; 70} = 70 Ocrarku
[0 CTPOKE U CTOJOILy BbIOMpaeM B su€iiKax ¢ HaUMEHbILEH OCTABILEHCS CTOMMOCTBIO. AHaO-
TUYHO C OCTABIIMMHUCS TOCTABKAMU

[Torpeburens
TTocTaBiuk B B, Bs B 3amac

A1 14 16 13 7

0 0 0 70 70
Ao 15 1 9 8

0 10 60 10 80
Az 12 17 18 16

50 60 0 0 110

[ToTrpebHOCTH 50 70 60 80

F=70*7+10*11+60*9+10*8+50* 12+ 60 * 17 =2840 (nen.ex.)

[IpumeHsist 3TO MPaBUIIO, MBI TTOTYYWIH APYTOM BaApHUAHT MCXOIHOTO OMOPHOTO PEIICHHUS,
IpU KOTOPOM CyMMa 3aTpat cTajla MEHbIIIE, T.€. OJIMKEe K ONTUMATbHOMY IUIaHy

3aganus K npakTu4yeckoi padore.

1 V nocraBmukoB A1, A2, Az, A4, Haxoautcs cootBeTcTtBeHHO 200 , 400 , 250 ,
150 equHUIL OMHOTUTTHOM TIPOIYKIIUU, KOTOPasi JOJDKHA OBITh JOoCTaBiieHa motpedurernsm B , By
, B3, Ba B xomuuectse 500 , 100 , 200 , 200 egunuil coorBeTcTBeHHO. CTOMMOCTH JOCTaBKHU
€IMHUIIBI TIPOAYKIIMK OT TIOCTAaBIIMKAa A1 K yKa3aHHBIM NOoTpeOuTensm paBHa 9 , 23 , 21 , 19
neH.en. CTOUMOCTh TOCTaBKH €UHUIIBI MPOAYKIMU OT MOCTaBIIMKa A2 K YKa3aHHBIM MOTpeOu-
TensM paBHa 28 , 16 , 5, 7 aen.en. CTOUMOCTh JOCTaBKU €AMHUIIBI TTPOTYKIIMH OT MOCTaBIIUKA
A3 x ykazaHHBIM noTpeOuTensim paBHa 7 , 15,4, 5 nen.en. CTOMMOCTh JOCTaBKH €TUHUIIBI TTPO-
JTYKIIMHA OT TIOCTABIINKA A4 K yKa3aHHBIM NOTpeOuTesM paBHa 6 , 4 , 21 , 3 nen.en. Tpebyercs
HAlTH OMOpPHOE peIIeHHe JOCTAaBKH MPOIYKIUU OT MOCTABIIMKOB K MOTPEOUTENSIM IBYMS CIIO-
cobamu, BHIOpaTh MUHUMAJIBHYIO CTOMMOCTH JIOCTABKH.

2 V noctaBmukoB A1, Az , Az, Az, Haxoautcs cooTBeTcTBenHo 200 , 400 , 250 ,
150 eauHUIT OTHOTHUITHOM NMPOIYKIIMK, KOTOpas J0JDKHA OBITh 10cTaBieHa norpedutensm B, B2
, B3, B4 B xommuectse 500 , 100 , 200 , 200 engnuun coorBeTcTBEHHO. CTOMMOCTD JIOCTABKH
€IMHUIIBI MPOJAYKLMHU OT MOCTaBUIMKa A1 K yKa3aHHBIM motpeOutensMm pasHa 9 , 23 , 21, 19
neH.ell. CTOMMOCTb JOCTaBKH €JMHUIIBI MPOAYKIUU OT MOCTaBUIMKa A2 K yKa3aHHBIM MOTpeOH-
TensM paBHa 28 , 16 , 5, 7 gen.en. CTOUMOCTh TOCTaBKHM €JUHUILIBI TPOJAYKIMHA OT MOCTABIIUKA
A3 x yKazaHHbIM noTpeOuTensim paBHa 7 , 15,4, 5 nen.en. CToMMOCTh JOCTaBKH €IUHUIIBI ITPO-
JOYKIIMK OT TOCTaBIIMKA A4 K YKa3aHHBIM MOTpeOuTensimM paBHa 6 , 4 , 21 , 3 nen.en. Tpebyercs
HalTH OMOpPHOE pelIeHHe JOCTAaBKHU MPOAYKLUUHU OT MOCTABIIMKOB K MOTPEOUTENSIM JBYMsI CIIO-
cobamu, BIOpaTh MUHUMAJIbHYIO CTOUMOCTb JOCTABKH.
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3 Ha cxmamax Al, A2, A3 umeroTcs 3amacel npoaykiuu B kommuectBax 90, 400,
110 T coorBercTBeHHO. [loTpedbuTtenu B1, B2, B3 nomKkHBI TOMYYHTH 3TY NPOAYKIIHIO B KOJIUYE-
ctBax 140, 300, 160 T cooTBeTcTBeHHO. TpedyeTcst HAWTH OMOPHOE PEIICHUE JOCTABKH MPOIyK-
[[UU OT MOCTaBIIUKOB K MOTPEOUTENS M ABYMsI Cioco0aMH, BbIOpaTh MUHUMAIbHYIO CTOMMOCTD
JIOCTaBKH.
Pacxozpl o nepeBo3ke 1 T mpOAYKIMH 3a/1aHbl MaTpHIIEH (yciI. e1l.)

2 3 2
4 1 5
3 6 8
4 Yetblpe npeanpusITUs Ui IPOU3BOJICTBA MPOAYKIIUU HUCHOIB3YIOT TPU BUA ChI-

pbsi. [ToTpeOHOCTH B ChIpbE KaXIO0T0 M3 NMPEANpHUATHI cOOTBETCTBeHHO paBHBI 120, 50, 190 u
110 en. Ceipbe cOCpeIOTOUEHO B TPEX MECTAX, U 3alachl €ro paBHbl cOOTBeTCTBEHHO 160, 140 n
170 en. Ha xaxaoe u3 NpeAnpusTUil CbIpbe MOXKET 3aBO3UTHCS U3 JIIOOOr0 IyHKTa COCpeA0TOYE-
Hus. Tapudsl nepeBo3ok 3agaHbl MaTpuieid. TpebyeTcs HaliTH OMOPHOE pelIeHHE OCTaBKU
IPOAYKIMH OT IOCTAaBUIMKOB K MOTPEOUTENSAM JIByMs crioco0aMu, BbIOpAaTh MUHUMAJIbHYIO CTO-
UMOCTb JIOCTaBKU

7 8 1 2
4 59 8
9 2.3 6
5 Tpu npeanpuATrs NpOU3BOAAT HEKOTOPYKO OAHOPOJHYIO MPOIYKIHUIO B KOJIUYE-

CTBaX, cOOTBeTCTBEHHO paBHBIX 50, 30 u 10 ex. DTy mpoaYKIHIO MOTy4Yal0T YEThIpe MOTpeduTe-
751 B KOJIMYECTBAX, COOTBETCTBEHHO paBHBIX 30, 30 u 10 u 20 ex. Kaxaomy nmorpedbutento mpo-
TYKIUST MOXKET 3aBO3UTHCA € JI0O0ro mpeanpuatvs. Tapudsl MepeBO30K 3aJaHbl MaTPHUIICH.
TpeOyeTcss HANTH OMOPHOE peIIeHUE JTOCTABKH MPOAYKIIMH OT MOCTABIIMKOB K MOTPEOUTEISIM
IBYMsI cTIoco0aMu, BBIOpaTh MUHUMATbHYIO CTOMMOCTH JIOCTaBKU

1 2 4 1
2 31 5
3 2 4 4
6 Ha Tpu 6a3p1 nocTynuin o1HOPOAHBIN IPY3 B KOJIMYECTBAX, COOTBETCTBEHHO PaB-

HbIX 140, 180 1 160 exn. DTOT rpy3 TpeOyeTcs nepeBe3TH B UETHIPEe Mara3iuHa B KOJIUYECTBAX, CO-
otBeTcTBeHHO paBHbIX 140 u 110, 130 u 100 ex. Tapudsr nepeBo30k 3agaHbl MaTpuiieid. Tpedy-
€Tcsl HallTH OMOPHOE pellleHHe JOCTaBKU MPOIYKIMH OT MOCTABLIMKOB K MOTPEOUTENSAM JABYMS
crocob6amu, BbIOpaTh MUHUMAJIbHYIO CTOUMOCTD JOCTaBKH

2.3 4 2
8 4 1 4
9 7 3 7

JlabopaTopnasi padora «Haxoxknenune kparuyaimmx myrteii B rpadge. Pemenune 3axaun o
MAaKCUMAJbHOM IIOTOKE»

Lesas padoThI: pemuTh 331a4y 0 HAXOXKJICHUN KpaTyallix myTei B rpage. Pemmrs 3a-

Jaqy 0 HaXOXJIACHUHU MAKCUMAJIbHOI'O ITIOTOKA.
KparTkue Teopernyeckue 0CHOBaHHS BbINOJHECHHS 3aJaHUSA

I'pagh — >T0 MHOXKECTBO TOUEK WJIM BEPIIUH U MHOKECTBO JIMHUN WK pedep, COeTnHS-
IOIIMX MEXIy cO00il Bce MIIM 4acTh 3TUX TOYEK. BeputuHul, IPUIIETAIONINE K OTHOMY U TOMY K€
pe0py, Ha3bIBAIOTCS cMedcHbiMu. Ecnu pebpa OpUeHTHPOBAHBI, YTO OOBIYHO MTOKA3bIBAIOT
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cmpenKamu, To OHH Ha3bIBAIOTCS Oyeamu, ¥ Tpad) ¢ TaKUMHU peOpaMu Ha3bIBACTCS OPUEHMUPO-
eéannvim zpaghom. Ecnu pebpa ne umerom opuenmayuu, rpad Ha3pIBaeTCs HEOPUEHMUPOBAH-
HbIM.

I'padsl 00BIYHO H300paXKAIOTCS B BUIE TEOMETPHUECKUX (UTYP, TAK YTO BEPLIMHBI rpada
M300pakaroTCsl TOYKaMH, a pedpa - THHUSAMHU, COSTUHIIONUMHU TOYKH (puc. 1).

Ilemns 3T0 nyra, Ha4YalIbHAs U KOHEYHAsl BEPIIMHA KOTOPOI COBIAIAIOT.

Ilpocmoti epagh - rpad 6e3 KpaTHBIX pedep U METeb.

CmeneHb 6epuitHbl 3TO yIBOCHHOE KOJIWYECTBO METENb, HAXOSIIUXCS Y STON BEpPIIMHBI
TUTEIOC KOJIMYECTBO OCTAJIBHBIX MIPUJICTAIOIINX K HEl pedep.

Ilycmuim Ha3wiBaeTcs rpad 6e3 pedep. [lornbim Ha3bIBaeTCs Tpad, B KOTOPOM KaxKIbIe
JIBE BEPIINHBI CMEXKHBIE.

2 4
3]
3
5 ® .?
Puc. 1

ITymp B OpyeHTHPOBAHHOM rpade — 3TO MOCIeTOBATEIBLHOCTh IyT, B KOTOPOH KOHEYHAS
BEpILIMHA BCAKON AYTH, OTIIMYHON OT MOCIEAHEH, SBISETCS HaualbHOW BEPIIMHOM CleAyIOIIeH.

Mapuwipym B rpade myTh, OpUEHTAHUEH IyT KOTOPOTO MOKHO MTPEHEOpEYb.

I[ens MapuipyT, B KOTOPOM Bce pedpa MonapHoO pa3IudHBbIL.

I[ukn 3aMKHYTBIM MapIIPYT, SBJIIOLIUICS LENBIO.

MapuipyT, B KOTOPOM 8ce 8epulibl NONAPHO Pa3IuiHbl, HA3bIBAIOT HPOCHOI UENnbio.
[{uky, B KOTOPOM 6ce 8epuiuitbl, Kpome nepsoii U nocieonell, NONapHo pasiuitsl, Ha3bIBAIOTCS
npoCMvIM YUKIIOM.

Hoozpagh zpagpa >1o rpad, ABASIOMUICT 100MOOeNbI0 UCXOTHOTO Tpada, T.e. moarpad
COJICPKHUT HEKOTOPbIE BEPIIMHBI HCXOHOI0 rpada u HeKOTopble pedpa (ToIbKO Te, 00a KOHIIA
KOTOPBIX BXOJAT B moArpad).

[Tonrpad Ha3bIBaeTcs ocmognvim nNoArpadoM, €CIM MHOKECTBO €ro BEPIIMH COBIAIAeT
C MHOKECTBOM BEpIIMH caMoro rpada.

I'pad Ha3bIBaeTcs céa3HbiM, eciu M100ast mapa ero BEpUIMH CBA3aHa.

Ceazubimu komnonenmamu Tpada Ha3pIBaroTCs MoArpadsl JaHHOTO rpada, BepIINnHBI KOTOPIX
CBSI3aHBI.

/lepeeo — 110 cBsi3HBIN Tpad 6e3 NUKIOB. JlepeBbs 0COOEHHO YacTO BOZHUKAIOT HA
MPaKTUKE TPU U300paXeHUH Pa3INYHbIX uepapxuii. Hanpumep, momynspHbl reHeaaornaeckue
JIEPEBbSL.

I'pad Ge3 nukna Ha3bIBaeTCs tecom. Bepiunsl cmenenu I B epeBe Ha3bIBAIOTCS Jil-
cmoamu. /lepeewsa - oueHb y1OOHBIM HHCTPYMEHT MpeACTaBICHUS HHPOPMAIIMH CAMOTO Pa3HOI0
Buja. JlepeBbs omauuaiomesa ot NpocThIX rpadoB TeM, UTO npu 00x00e depesa Heao3MOHCHbL
yuKpl. 310 nenaet rpadpl oueHb yA00HOH (hOpPMON OpraHU3aIii JAHHBIX I PA3TAYHBIX al-
TOPUTMOB.

OueBuiHO, yTO Tpaduueckuil cnocod npenacrasiaeHus rpagos Henpurojaex A [1K. Io-
3TOMY CYUIECTBYIOT JpyTHe CIIoCOOBI MpeAcTaBIeHus TpadoB.

B teopuu rpadoB npuMeHsoTCs

° MaTpuua HHUUAEHTHOCTH. DTO MaTpula A ¢ N CTPOKaMH, COOTBETCTBYHOITUMHU
BEpILIMHAM, H M CTOIOIIaMH, COOTBETCTBYIOIIEro péopam. [jiss opueHTHpoBaHHOTO Tpada cToi-
0er1, COOTBETCTBYIOMINM yTe (X,)) COAEPKUT - 1 B CTPOKE, COOTBETCTBYIOIIEH BepiinHe X U 1, B
CTpOKE, COOTBETCTBYIOIEH BepiinHe y. Bo Bcex octanbubix 0. [etiio, T.€. 1yry (X,X) MOXHO

15



MPEJICTaBIISITh UHBIM 3HAaYEHHUEM B CTPOKE X, Hanpumep, 2. Ecinu rpad HeoprueHTUPOBaHHBIHN, TO
CTONOCII, COOTBETCTBYIOIIUN PeOpy (X,)) cOACPKUT 1, COOTBETCTBYIOIIUE X U ) U HYJIM BO BCEX
OCTaJIbHBIX CTPOKAX.

J Martpuua cMeXHOCTH. DTO MaTpHIla nXn T1e N - Yuciio BepiiuH, riae bjj = 1, ec-
JIM CYIIECTBYET pedpo, HyIllee U3 BEPUIMHBI X B BepInuHy Yy u bjj = 0 B IPOTUBHOM citydae.

Haxoxk1enne MUHIMAJIBHOTO 0CTOBA B rpade

Anzopumm pewrenus

1. Ynopsmounts pedpa rpada mo Bo3pacTaHUIO BECOB;

2. Bri6path peOpo ¢ MUHUMaJILHBIM BECOM, HE 00pa3yrolee IUKII ¢ paHee BhIOpaH-
HBIMU pebpamu. 3aHecTH BEIOpaHHOE PEOPO B CITUCOK pedep CTPOSILETrocsi OCTOBA;

3. [TpoBepuTsb, Bce 11 BepIIMHbBI Ipada BOLLIH B IOCTPOSHHBINH 0cTOB. Ecin HeT, TO
BBITIOJTHUTH MTYHKT 2.

Haxo:xnenune kpaTyaiiniero myTu B rpage

[Tycte nan rpad, AyramM KOTOpPOro MpUIHCAHBI Beca. 3aa4a 0 HaXOKICHUN KpaTyaliiero
MyTH COCTOUT B HAXOKJECHUH KpaTyaiilero myTy oT 3a/laHHOM HayallbHOM BEpPIINHBI 10 3aaH-
HOM KOHEYHOW BEPIIMHBIL, IIPX YCIOBUH, YTO TAKOM IIyTh CYILECTBYET.

JlanHast 3a1a4a MOKeT ObITh pa30uTa Ha JIBe:

1. JUISL HA4aJIbHOW 3aJJaHHOM BEPIIMHBI HANTH BCE KpaTYalIMe IyTH OT 3TON Bep-
IIUHBI K IPYTHUM;
2. HalTU KpaTyailiye myTu MeXAy BCEMH apaMU BEPILIUH.

Paccmompum anzopumm pewrenus 01 3a0a4u nepeozo muna:
Heo0xoauMo HalTH Iy Th OT S - HAYaJIbHOW BEPIIMHBI JI0 t - KOHEYHOM BepiIrHbL. Kax-
Jo¥ BepuirHe npucBanBaem nometku 1(Xi).

1. I(s) = 0, I(Xi) paBHO GecKOHEUHOCTH ISt BCeX Xi HE PaBHBIX S M CUMTATh 3TH 10~
METKH BpeMEHHBIMH. [10JI0KUTE p = §.
2. Jlnst Beex Xi, npuHayieskanux I'(p) v TOMETKH KOTOPBIX BPEMEHHBI, H3MCHUTh

MOMETKH I10 CJIEIYIOIIEMY MPaBUITY:
1(Xi) = min[1(Xi), I(p) + c(p, Xi)]

3. CpeIH BCEX BEPUIMH C BPEMEHHBIMHU [IOMETKAMU HAaWTHU TaKy0, U1l KOTOPOH
1(Xi*) = min[1(Xi)]

4. CUMTATh MOMETKY BEPIIUHBI Xi* OCTOSHHOMN U MOJIOXKUTD p = Xi ¥,

S. eciu p =t, 1o I(p) siBisieTcs JUIMHHOM KpaT4yaiIlero MmyTH, €CJIM HET, IEPENTH K
miary 2.

Kak Tobko BCce MOMETKHM pacCcTaBiIeHbl, KpaTyaillive MyTH MOIYYaroT, UCIOJIb3Ys COOT-
nomenwue 1(Xi*) + ¢(Xi*,Xi) = 1(Xi) (2).
Jlns pemienus 3a1a4M BTOPOro TUIA MOYKHO MPUMEHSTh JAHHBIA aITOPUTM JJIs1 KaXK10H
BEPIITUHBI.
IopsiioK BBINOJHEHHUS 3aJaHUI
3apaua 1. CocTaBuTh MaTPUIlbl MHIIMJICHTHOCTH U CMEXHOCTH JIJis Tpada:
a

Pemenue.
Marpuiia UHIUIEHTHOCTH Marpuiia CMEXHOCTH
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u v w a b C d
a 1 0 0 a 0 0 1 0
b 0 0 1 b 0 0 1 0
c 1 1 1 c 1 1 0 1
d 0 1 0 d 0 0 1 0

I'me u, v, W — pebpa ganHoro rpaduka

3anauva 2. Ha npencrasiennom rpade HaliiuTe: a) MUHUMAJIbHBIA OCTOB JIepeBa, 0)
HaWIUTE KpaTYarIlni ITyTh OT HA4YaJIbHOW TOYKH X1 10 BCEX OCTAIIBHBIX TOYEK.

X2 20 X3

23

X1 X4
36 X5 9
Pemenne. a) HaiineM MuHUMAaIbHBIN OCTOB JIepeBa MpeCTaBICHHOTO Ha pucyHke. Co-
CTaBUM TaOJHIly 3HAUYCHUHA PACCTOSHUI MEXITY TOUKAMHU.
X1 X2 X3 X4 X5

X1 23 36
X2 23 20 1
X3 20 15 4
X4 15 9

X5 36 1 4 9

Jns pemenus 1aHHOM 3a1a4M JOCTATOYHO PACCMOTPETh UM TOJIBKO JIEBYIO MJIM TOJIBKO
MpaBylo 4acTh OT IVIABHOW JWaroHaid MaTpuilbl. Bocons3yeMcst 1eBOM 4acThio TaOMHIIBL. A
Takke N300pa3uM UCXOAHBIN Tpaduk 6e3 pedep, TOIBKO C TOMOIIBIO OAHUX BEPIIUH.

X2 X3
Xl [X2 X3 [x4 [X5
X1
X2 | 23
X1 X4
X3 20 X5
X4 15
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X536

1

4

9

N3 smeMeHTOB MaTpuIlbl BRIOUpaeM MUHUMAIbHBIH - (X2,X5) = 1. O6BoaAMM BBIOpaHHBII
AIIEMEHT KPYKKOM U YKa3bIBaeM Ha PUCYHKE COOTBETCTBYIOIIEE peOpo.

Xl [ X2 | X3 [Xx4 |X5
X1

X2 |23

X3 20

X4 15

X5 |36 @ 4 9

aneMeHT (X2,X3) 3auépkuBaercs. U T.1.

X2

X1

X4

W3 ocraBmuxcs 31€MEHTOB BhIOMpaeM MUHUMAIbHBIN - (X3,X5) = 4. DnemeHT 00BOIUM
KpPY>KKOM. UTOOBI BBITIOIHSIIOCH yclioBUE 2 TYHKTH X2 U X3 HE JIOJDKHBI COSAMHSITHCS, TTO3TOMY

Xl [X2 [X3 [Xx4 [X5
X1
X2 |23
X3 26
X4 15
X5 |36 :1> @ 9
B uTore momydaem:
Xl [X2 [X3 [X4 [X5
X1
X2 @
X3 20
X4 RS
SEENCRONE

I[J'II/IHE[ MHUHHUMAJIBHOI'O OCTOBA paBHA

X2 X3

X1
X5

X1
X5

(X1,X2)+(X2,X5)H(X3,X5)+H(X4,X5)=23+1+4+9=37

OCTAJIBHBIX TOYCK.

X4

X4

b) Haiinem kpatuaiiiuii myTh npeacTaBieHHOro rpada ot HadyanbHO# Touku X1 10 Bcex
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X1 X2 X3 X4 X5
X 23 36
X|23 20 1
X 20 15 4
X 15 9
X|36 1 4 9

Hauansnoe paccrostaue 1(X1)=0%, 1(Xi)=c0,
Xi#X1, p=X1.

Haxonum MHOXXECTBO TOUYEK, COEIUHSIOIIN-
ecs ¢ Toukon X1:

[{X1}={X2,X5}

Haxoaum MUHMMaNbHOE PacCTOSHUE KaX-
JIOW U3 3TUX TOYEK:
[(X2)=min[o0,0¥+23]=23,
I(X5)=min[c0,0*+36]=36,

min[1(X2), 1(X3), 1(X4), 1(X5)]=min[23, 36,
o0, 00|=23,

X2: 1(X2)=23*, p=23, psimoM ¢ TOYKOH X2
IIOCTaBUM paccTosiHuE 23.

Haxoaum MHOXeECTBO TOUEK, COETUHS IO~
ecs ¢ Toukor X2, Touky X1 He Tporaem, Tak
KaK MBI €€ YK€ pacCMOTpEIH.
[{X2}={X3,X5}

Haxoaum MuHMManbHOE paccTOsSHUE Kax-
JIOW U3 3TUX TOYEK:
[(X3)=min[,23*+20]=43,
I(X5)=min[36,23*+1]=24,

min[1(X3), 1(X4), 1(X5)]=min[43,00, 24]=24,
X5: 1(X5)=24*, p=24, psimom ¢ Toukor X5
IIOCTaBUM PacCTOsIHUE 24.

AHaJOrM4YHO HaXOJIUM BCE OCTaJIbHBIE pac-
CTOSIHUSI 1O OCTAJIbHBIX TOYEK:
[{X5}={X3,X4}

Haxoaum MUHMMabHOE PacCTOSTHUE KaX-
JIOU 13 3TUX TOYEK:
I(X3)=min[43,24*+4]=28,
[(X4)=min[c0,24*+9]=33,

min[1(X3), 1(X4)]=min[28, 33]=28,

X2 20 X3

23

X1 X4
36 X5 9

X3: 1(X3)=28*, p=28, psimom ¢ Toukoi X3
IIOCTaBUM paccTosiHue 28.

[{X3}={X4}

HaxoauM MuHMMalIBHOE pacCTOSHUE 10
3TOM TOYKH:

1(X4)=min[33,28*+15]=33,

X4: 1(X4)=33*, p=33, psmom ¢ Toukoi X4
MOCTaBUM paccTosiHue 33.
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23+ 28+

X2 20 X3
23
1 4 15
0+
X1 X4
36 X5 9
24+ 33+

3anuieM OTBET B BUE TaOIUIBI KpaTYaWIIUX PACCTOSHUM OT TOUKH X1 710 BCEX OCTAIbHBIX
Touek rpada.

Kparuaiimmii nyte | 3HaueHue
X1-X2 23
X1-X2-X5-X3 28
X1-X2-X5-X4 33
X1-X2-X5 24

3agaHus AJs1 CAMOCTOATEIbHOI padoThI
1 BapuanT
3agaua 1. CocTaBUTh MaTPHIIBI HHIIUICHTHOCTH M CMEXHOCTH IS Tpada:

1 a—».f
7

-

1oL,

3anaua 2. Ha npezcraBieHHoM rpade HaluTe: a) MUHUMAaJIbHBIN OCTOB JepeBa, 0) HaluTe
KpaTyaiui MyTh OT HA4aJIbHOM TOYKHM X1 10 BCEX OCTaJIbHBIX TOYEK.

X2 17 X5
13
11 1 5
X1 X6
6 X3 8 X4 19
2 BapuaHT

3agaua 1. CocTaBUTh MaTPUILIBI MHIIUJIEHTHOCTH M CMEXHOCTH AJis rpada:
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ie

\

Py

3apaua 2. Ha npezacraBienHom rpade HaliquTe: a) MUHIMAaJIbHBIN OCTOB JepeBa, 0) HailuTe
KpaT4yaliui myTh OT HAaYaJIbHOM TOUYKK X1 10 BCEX OCTAJIbHBIX TOYEK.

X1 13 X2

6

X3

X4 10
3 BapuaHr

X5

X6

3agava 1. CocTaBUTh MaTPHUIbl HHIIMJACHTHOCTH U CMEXKHOCTH JiJIs1 Tpada:
T a—  od

f(..

\

Fay

._._.\' 2

3R]

3agaua 2. Ha npencraBieHHoM rpade HailiuTe: a) MUHMMAJIBHBIN OCTOB JiepeBa, 0) HailauTte
KpaTyalunii MyTh OT Ha4aJbHOM TOYKH X1 10 BCEX OCTalIbHBIX TOYEK.

X4 23 X5
13
14
X2 X3
15
7 19 21
X1 17 X7 3 X6
KoHTpoJibHBbIE BONIPOCHI
1. Haiite onpenenenue rpad.
2. B 4yem cocTouT oTIIMYMEe OpUEHTHPOBAHHOTO Tpada OT HEOPUEHTHPOBAHHOTO
rpaga?
3. B gem oTiiuume mycroro rpada ot mpocroro rpada?
4. Kak onpenenuts cTeneHs BepIIUHbI?
5. Uewm otnuyaetcs 1ens B rpade ot mukiia?
6. Haiite monsTue noarpad rpaga.
1. B gem cyTh cBsizanHOTO Tpada?
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8. Kak HaxomsTcst MaTpHIlbl HHIUACHTHOCTH U MATPHIIBI CMEKHOCTH?
9. Kaxk HaliTu MUHUMaJIbHBIA OCTOB JiepeBa’?
10.  Kak HaiiTi KpaT4aiiiee pacctossaue B rpage?

JlabGoparopHasi padora «BbI00p ONTUMAJILHOIO PelIeHHs ¢ IOMOUIbIO IepeBa pelIeHn i

Llesib padoThI: OCBOCHNE OCHOBHBIX METOJIOB M CIOCOOOB ITOCTPOCHUS JIEPEBbEB PELICHUH,
nproOpeTeHne MPakKTUYECKUX HaBBIKOB 110 MCII0JIb30BaHUIO HHCTpyMeHTapus Deductor 4.

Kpartkas Teopus

HepeBbs pemienuit (decision trees) sSIBISIOTCS OJTHUM U3 CAMBIX MOIIIHBIX CPEJICTB PEIICHUS
3aJ]a4i OTHECEHUs KaKoTo-1100 00beKkTa (CTpoukH Habopa JaHHBIX) K OTHOMY U3 3apaHee U3BECT-
HBIX KJIacCOB. JlepeBo peieHuil — 370 Kiaccu(uKaTop, Moy4eHHbIN U3 00y4arolero MHOKECTBa,
coJiepKalero 0ObEKTh U MX XapaKTEPUCTUKHU, HA OCHOBE 00yueHwHs. JlepeBO COCTOUT U3 Y3JI0B U
JIMCTBEB, YKa3bIBAIOINX HA KJIACC.

PesynpTaToM paboThl aJiropuTMa SIBJISIETCS CHUCOK MEpapXUUYECKUX MTPpaBHil 00pa3yromx
nepeso. Kaxioe npaBuiao — 3T0 MHTYUTUBHO-TIOHATHAs KOHCTpyKIms Buja «Ecmu...to...» (if -
then). JlepeBo MOXeT UCTIOIB30BATHCS ISl KiIacCH(PUKAMK 0OBEKTOB, HE BOILIESAIINX B 00OyyJaromiee
MHOXeCTBO. UTOOBI IPUHSATH PEIIEHUE, K KAKOMY KJIaccy cielyeT OTHECTH HEKOTOPbIH 00BEKT UIIH
CUTYallUI0, TpeOyeTcs OTBETUTh Ha BOIPOCHI, CTOSALINE B y3J1aX ITOr0 JE€PEBA, HAUMHAS C €r0 KOPHSI.
Bomnpocsl uMeroT Bua «3HaueHue napamerpa A 6osbiue B?». Ecinu oTBeT M070KUTENbHBIH, OCy-
LIECTBJISAETCS MEPEX0/] K IPAaBOMY y3JIy CJIEIYIOLIEr0 YPOBHS; 3aTEM CHOBA CJIEAYET BOIPOC, CBA-
3aHHBIN C COOTBETCTBYIOIIMM Y3JIOM U T. [I.

Hacrpoiika Ha3HaueHMs noaen

Heo6xonumo onpenenuts, kKak OyayT HCHOIB30BATHCS MOJISI HCXOAHOTO0 HabOpa JaHHBIX MPU
o0yueHHH JiepeBa U AaTbHEHIIeH MPaKTHIeCKOl paboTe ¢ HUM.

B neBoii yacTu okHa IpeCTaBIeH CIMCOK BCeX MOJe HCXOIHOro Habopa naHHbIX. s
HACTPOMKHU MOJIS CJIEYET BBIIEIUTH €T0 B CIIUCKE, IPU 3TOM B [IpaBOM 4acTU OKHa OyAyT oToOpa-
JKEHBI TEKYIME TapaMeTpPbl TOJIA:

1. Imst mosnist — uaAeHTU(PHUKATOP TOJIs, ONPEIETICHHBIN 1711 HETO B UICTOYHUKE JTAaHHBIX.

W3MEHNTH €ro 31eCh HEIb34.

2. Tun 1aHHBIX — TUI JAHHBIX, COJEPKAIIMXCS B M0JIE (BEILIECTBEHHBIN, CTPOKOBBIM, AaTa).
OH Takke 3a/1aeTcs B UCTOUHUKE JAHHBIX U 3[1€Ch U3MEHEH OBbITh HE MOJKET.

3. Ha3znauenue — 37ecb HEOOXO0IMMO BBIOPATh MOPSAJOK UCIOIb30BAHUS JAHHOTO OIS IPU
o0yueHHH u paboTe aepeBa pelieHuil. Beioop npon3BouTCs ¢ MOMOIIBIO CIIUCKA, OTKPHIBAEMOTO
KHOIIKOHM U COZIEPIKAILETo CIEAYIOIINE BApUAHTBHI:

e Bxoanoe — 3HaueHus noist OyaAyT SBISTHCS UCXOIHBIMU JaHHBIMU JJIS IOCTPOEHUS U
JanbHeHIel npakTuueckoi paboThl AepeBa peleH i, Ha UX OCHOBE OyJ1eT MPOU3BOAUTHCS
KJIacCU(pUKAIIHS.

e BrixogHoe — OyzeT colepkaTh pe3ybTaThl KjaccupuKkanuu. BeixonHoe nosie Moxer
OBITH TOJIBKO OJHO U OHO JIOJDKHO OBITh JUCKPETHBIM.

e HudopmannonHoe — rnosue He OyJeT UCIOIB30BATHCS MPU 00YUEHUH JIepeBa, HO Oy-
JIeT IOMEIIEHO B Pe3yIbTUPYIOLIHIA HAOOp B MCXOJHOM COCTOSTHUH.

e Heucnonszyemoe — nose He OyIeT UCMOB30BaThCs PU MOCTPOCHUH U paboTe aepe-
Ba peleHuil 1 OyeT UCKII0YEHO U3 Pe3yIbTHPYIOIIeH BEIOOPKHU. B oTnuune ot Henmpuroa-
HOTO, TAKOE TI0JI€ MOXKET OBITh HCIIOJIb30BAHO, €CIM B ’TOM BO3HUKHET HEOOXOJUMOCTD.

e HenpuroaHoe — rnosie He MOKET OBITH HCIIOJIB30BAHO IPU IIOCTPOCHUH U padoTe a-
ropuTMa, HO Oy/IeT OMELIEHO B Pe3yJbTUPYIOLIUI HA00Op B HCXOJHOM COCTOSTHUH.

4. Bun naHHBIX — YKa3bIBacT HA XapaKTep JaHHBIX, COAEPKAILUXCS B 110JI€ (HENPEPBIBHBIN
WJIU TUCKPETHBIN). I3MEHHUTH 3TO CBOMCTBO 3/1€Ch HENB34.
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Craryc HEIPUTOAHOIO NOJIS YCTaHABIMBACTCS TOIBKO aBTOMAaTUYECKH U B JAJIbHEHIIEM
MOYET OBITh H3MEHEH TOJIBKO Ha HEUCTIOoNb3yeMoe win nHpopmarmonHoe. [lone Oyaer 3ampemnieHo
K HCIIOJIB30BAHUIO €CIIH:

® [I0JIE SIBJIIETCS] JUCKPETHBIM U COIEPKUT BCETO OJHO YHUKAIbHOE 3HAYCHMUE;
® HENPEPBIBHOE I10JI€ C HYJIEBOU JUCIIEPCUEH;
® [I0JIE COJIEP>KUT IIPOIYIIEHHBIE 3HAUEHUSI.

B ciydae eciu Teky1iee 1mose coAepKUT HelpephIBHbIE (YUCIOBbIE) 1aHHbIE, 0TOOpaXaeTcs
cekuus «CTaTUCTHKa, TJI€ OKAa3bIBAIOTCSI MAKCUMAJIbHOE U MUHUMAJIbHOE 3HAYEHMSI 110J15], €r0
CpeJHEee 3HAaUCHNE U CTAHJIAPTHOE OTKJIOHEHHE. ECIN BBIIEIEHHOE 110JI€ COACPKUT JUCKPETHBIE
(cTpOKOBBIE) JaHHBIE, TO I HEIO OTKPHIBAETCS CEKIUS « Y HUKaJIbHbIE 3HAYEHUS», B KOTOPOU
oToOpakaeTcs o0l1ee YUCII0 YHUKAIbHBIX 3HAUEHHUH I10JIs, a TAKXKe CIIMCOK CAMUX YHUKAJIBHBIX
3HA4YCHUM.

Hopmanuzanus nosei

[{enbto HOpMaJIM3alMK 3HAYEHUH 10JIeH sABIIsI€TCS IPeoOpa3oBaHue JaHHbBIX K BULy, Haubo-
Jee noaxoadieMy s 0opaboTku cpenctBamu nakera Deductor. [lns nepeBa pemieHuil jaHHble,
MOCTYHAIOIINE Ha BXOI, IOJKHBI UMETh YUCIOBOM THUIL. B 3TOM ciyyae HOpManu3aTop MOKET Ipe-
00pa30BaTh TUCKPETHBIE JaHHbIE K HA0OPY YHUKAIbHBIX UHIEKCOB.

OKHO HacTpOMKHN HOpMaJIM3alLMHU T0JIE BBI3BIBAETCS C MOMOILBIO KHOIIKH «HacTtpoiika Hop-
Malu3alun». B oOkHE ciieBa NpUBEIEH MOIHBINA CIMCOK BXOAHBIX U BBIXOAHBIX IoJiel. [Ipu aToM
Ka)K0€ 110JI€ TOMEYEHO 3HaYKOM, 0003HAYaIOUIUM B/l HOPMaIU3aluu MO

e JIMHEWHAs — JUHEHHAas HOpMaJIA3alus NCXOIHbBIX 3HAYCHUM;
® YHHKAaJbHBIC 3HAUYCHHS — MPEOOPA30BAHNE YHUKAIBHBIX 3HAYEHUH B UX UHACKCHI.

Jl1s 4ncinoBBIX (HENPEephIBHBIX) MOJIEH ¢ IMHEHHOM HOpMain3alueil JOmoIHUTEIbHbIC Ma-
paMeTpbl HenocTyIHbL. B noisix « MuaumMym» u «MakcuMymM» cekiuu «Jluarna3zoH 3Ha4eHUN» MOXK-
HO ITIOCMOTPETh MMHUMAJIbHOE U MaKCUMaJIbHOE 3HAYEHHsI 3TOTO I1OJI.

JI1st TUCKpETHBIX MoJIel CIpaBa HaXOJUTCS CIIMCOK YHUKAIbHBIX 3HAUYEHUH MOJIs, TA€ JUIs
Ka)KI0r0 3HAUEHUS YKa3bIBAe€TCs KOJIMYECTBO ero nopropenuil. [lone «KonnuecTBo 3HaueHU» no-
Ka3bIBaeT OOIIIee YMCIIO YHUKAJIBHBIX 3HAaYEHUI, IPUHUMAEMBIX TIOJIEM.

Hacrpoiika oOyuaroieii BBIOOpKU

OO0yuaromiasi BRBIOOpKa MOXKET ObITh pa30HTa Ha TPU MHOKECTBA — 00yUaroIee, TECTOBOE U
BaJIMIaLlHOHHOE.

1. O6yuaroniee MHOXKECTBO — BKJIFOUAET 3aIIUCH (IPUMEPBHI), KOTOpPBIE OYIyT UCIOJIb30BATh-
Csl B KaY€CTBE BXOJIHBIX JaHHBIX, a TAKXKE COOTBETCTBYIOILIUE JKEIAEMbIE BBIXOIHbIE 3HAUEHUSI.

2. TecTOBOE MHOXECTBO — TaK)K€ BKIJIFOUAET 3aIIMCH, COZIepIKAlllie BXOJHBIE U JKeJIaeMble
BBIXO/JIHbIE 3HAUEHUS, HO UCTIOJIb3yeMoe He Ul 00yueHHsI MOJIENH, a [yl IPOBEPKU €ro pe3yJibTa-
TOB.

3. BanupannoHHOE MHOKECTBO — MHOYKECTBO ITPUMEPOB, HCIIOIb3YyEMOE KaK JUIsl OLEHKHU pe-
3yJbTaTOB O0Y4EHHUS MOJIEH, TaK U ONPEEICHUS €€ MapaMeTpPOB.

Jnist pa3OueHust MCXOTHOTO MHOYKECTBA Ha 00ydarolee, TECTOBOE M BaJIMIallMOHHOE HE00-
XOJIUMO HAaCTPOUThH HECKOJIBKO MapaMeTpOB:

1. 13 ciucka «Crioco6 pa3aeneHust HCXOAHOTO MHOKECTBa» BBIOMpAeTCst OPsIIOK 0TOOpa
3anuced BO Bce TpU MHOKecTBa. Eciii BbIOpaH BapuaHT «I10 MOPSAKY», TO MOPSAOK CIeI0BaHuUs 3a-
nucel Ipy UX pasJieIeHuH He MeHseTcsl. MHOXKecTBa MOCIIeJ0BaTeIbHO (POPMUPYIOTCS B COOTBET-
CTBUU C ONPEJICTICHHBIM JIJIs1 HUX YKciioM 3anuceil. Eciu BbIOpaH BapuaHT «ciay4yaitHO», TO 0TOOp
3anuceil MPOUCXOIUT CIy4aHbIM 00pa3oM.

2. 3areM HE0OXOUMO yKa3aTbh, KaKe MHOXKECTBA OyIyT UCIOJIb30BaThCA. J[J1s TOro 4TO0B!
MHOX€ECTBO OBIJIO C(OPMHUPOBAHO, HYKHO YCTAaHOBUTH (DIIaXKOK CJIeBa OT ero Ha3BaHus. Eciu dra-
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KOK COpOIIICH, TO MHOXXECTBO HCIIOJIL30BaHO He OyeT. O0yuaroiiee MHOKECTBO UCIIOJIb3yeTC sl BCe-
71, MO3TOMY COPOCUTH (DIIAXKOK JIJIsl HErO HEJIb34l.

3. J171s1 Ka’KA0ro U3 UCIOJIb3yeMbIX MHOXKECTB HEOOX0IMMO 3a/1aTh ero pasmep. Pasmep mo-
KeT OBITh 3a/1aH HETIOCPEICTBEHHO KOJIMYECTBOM 3aIMCEN WM B MPOLIEHTAaX OT 00beMa UCXOAHOH
BBIOOPKU. J[71s1 3TOro 10CTaTOYHO ABAXKAbI LIEIKHYTh MBIIIBIO B COOTBETCTBYIOILIEH KIIETKE U BBECTH
HY’KHO€ 3Hau€HUue C Ki1aBuatypsl. [Ipu 3TOM pa3mep, BBEACHHBIN B IPOLIEHTAaX, aBTOMAaTUYECKH I1€-
PECUMTHIBAETCS B KOJUYECTBO CTPOK M Hao0opoT. B none «KoanuecTBo cTpok (Bcero)» otodpaxa-
eTcs o011ee KOJIMYEeCTBO 3aMuceil B NCXOAHOM BEIOOPKE JAHHBIX, KOTOPOE MOXKET OBITh 3a/1€HCTBO-
BaHO JJ1s1 JOPMHUPOBAHUS MHOXKECTB. Eciin cyMMapHOe YiCiIo CTPOK /7Sl BCEX UCIOJIb3yEeMbIX MHO-
YKECTB MEHBIIIE IOJIHOTO YHCIIa CTPOK UCXOIHOM BEIOOPKH, TO pa3Mepbl MHOKECTB MOKHO 33]1aBaTh
IIPOU3BOJIBHO. MOKHO, HAaLIpUMEp, UCII0NIb30BaTh HE BCE 3aIIMCH, a TOJIBKO 4acTh U3 HUX. Ecnu ke
CYMMAapHO€ YKa3aHHOE YUCJIO CTPOK IIPEBBILIAET MAKCUMAJIbHOE JUIsl JAHHOW MCXOHON BBIOOPKH,
TO aBTOMATHYECKU BKJIFOYAETCs 0ajlaHC MHOYKECTB, T.€. IPU YKa3aHUHU JJIs1 OJJHOI'O U3 MHOXKECTB
pa3mMepa, B pe3yJsibTare KOTOPOro Oy1eT MPEeBbIIEHO MAKCUMAJIBHOE YMCIIO 3alliCcel B UCXOAHOMN
BbIOOpKE, pa3Mep OCTAIbHBIX MHOXKECTB Oy/1€T aBTOMaTUYECKH YMEHbIIIEH TaKUM 00pa3oM, YTOObI
CyMMapHbI{ pa3Mep MHOXKECTB HE IIPEBBIIIA JOCTYIIHOTO Yucia 3anuceil. B ctpoke «toro» yka-
3BIBAETCS KOJIMYECTBO 3aIlMCEH, 3a€HCTBOBAHHBIX BO BCEX MCIIOIb3YEMBIX MHOKECTBAX, a TAKKE
MIPOLICHT OT MOJIHOTO YKCJIA 3aITUCEH UCXOTHOM BRIOOPKHU, KOTOPBIN OHU COCTaBIISAIOT.

4. B ctonbue «ITopsaok COpTUPOBKM» MOXKHO OIPEAEIUTh MOPSAJOK CIEJOBAHUS 3ancen
BHYTPHU KaXKJI0I0 MHOKECTBA. J[J1s1 3T0ro He00X0AMMO ABaXK/Ibl LIEJIKHYTh MBILIbIO B cT001IE «I]o-
PSAAOK COPTUPOBKU» Ul COOTBETCTBYIOIIETO MHOXKECTBA U C IIOMOILBIO ITOSIBUBILIENCS KHOIIKU BbI-
0opa OTKPBITH CIIUCOK, B KOTOPOM BBIOpATh OJMH U3 BO3MOXHBIX BAPUAHTOB!

® [10 BO3PACTaHUIO — 3aIIMCH B JAaHHOM MHO>KECTBE OYyyT CJI€I0BaTh B MOPSIIKE BO3-
pacTaHus;

e 110 yOBIBaHHUIO — 3aIIMCU B JAHHOM MHOXKECTBE OYyIyT ClIeZIOBaTh B MOPsKE yObIBa-
HUS;

e CiIy4aifHO — 3allMCH B JAaHHOM MHOKECTBE OYyyT ClleIoBaTh B CIIy4ailHOM MOpPSKE.

Jl1s Toro uToObI 00yUaroIiee MHOXKECTBO ObLIO perpe3eHTaTUBHBIM HEOOX0UMO, YTOObI
BCE YHUKAJIbHbIE 3HAYEHUS BCEX TUCKPETHBIX CTOJIOIIOB COJEPKAIUCH B JAHHOM HabOpe JaHHBIX.

Hactpoiika napamerpoB o0yueHust

Heo6xo01uMo ycTaHOBUTH TapaMeTphl, B COOTBETCTBUU C KOTOPHIMU Oy1€T MPOBOAUTHCS
oOyueHue jepena:

1. «MuHMMaIbHOE KOJMUYECTBO MPUMEPOB, IPU KOTOPOM OyIeT cO3/1aH HOBBIH y3em» — 3aj1a-
€TCsl MUHMMAaJIbHOE KOJIMYECTBO MPUMEPOB, KOTOPOE BO3MOXKHO B y3iie. Eciiu mpuMepoB, KOTOpbIe
NOMAAI0T B JAHHBIN y3el, OyIeT MeHbIlIe 33JaHHOTO — Y3€JI CYUTAETCS JIUCTOM (T.€. aybHel1ee
BETBJICHUE MPEKPAIIIACTCS).

2. «CtpouTs JiepeBo ¢ 6osiee JOCTOBEPHBIMU IIPAaBUIaMHU B YIIEpO CI0KHOCTH» — YCTAaHOBKA
JAaHHOTO (hyakKa BKIIIOYAET CHEUAIbHBIN allrOPUTM, KOTOPBIH, YCIIOXKHSSA CTPYKTYpY A€peBa, yBe-
JMYUBAET JOCTOBEPHOCTH Pe3yJIbTaTOB Kiaccuukanuu. COpoc JaHHOTO (paskka XOTs U PUBOAUT
K YIPOIICHUIO IEPEBa, CHUKAET JOCTOBEPHOCTh PE3YJIbTATOB KIaCCU(PHUKAIIUH.

3. «YpOoBEHb 10BEPHUS, UCTIOIB3YEMBIN ITPU OTCEUEHUH Y3JIOB I€PEBA». 3HAUEHUE 3TOTO Ma-
pameTpa 3a7aeTcs B MPOLIEHTaX U JOJDKHO JiexaTs B npeAenax oT 0 go 100. Otu 3HaueHus BeIOMpa-
I0TCS U3 criucka. YeM Oouibliie ypoBeHb JOBEpHs, TEM 0osiee BETBUCTBIM MOJyyaeTcs AepeBo, 1, CO-
OTBETCTBEHHO, YEM MEHbIIIE YPOBEHb JIOBEPHUs, TEM OOJIbIIE Y3JI0B OYyJET OTCEUEHO MPH €ro IMo-
CTPOECHHH.

3ananue

1. Pa3zpaboraTh clieHapu¥ MOCTPOEHUS JIepeBa PELIeHN 1 MPOBEACHUS aHATTN3a «UTO - €C-
JIN.
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2. ITo Tabnuie (HampuMep, MPOAAXK) CO37aTh TAOJIUITY TPaH3aKIHi C MOJsAMHU (HarpuMep,
Menenxep, Oprannsanus, Bux ToBapa). Tabnuily nony4uTh yTeM CIUSHUS COOTBETCTBYIOIINX
1oJIeH U3 pa3HbIX TaOIMIL U MOCIIEAYIOLIEH IPYIITUPOBKU.

3. Pa3paboraTh clieHapu# MOCTPOSHUS JIEpeBa PElICHUH ¢ PeICTaBICHUEM paBuIl, Haubo-
Jiee NOIyJIIPHBIX HA0OPOB U aHATIM3a «YTO - €CJIN» C BXOAHBIMU NOJISAMHU (Hanpumep, MeHekep 1
Opranu3anus) 1 BEIXOJHBIM nojieM (Hanpumep, Bua Tosapa).

4. Co3fath OTYETHI 110 BCEM pa3pabOTaHHBIM CLIEHAPUSM.

5. IIpoieMOHCTpUPOBATH MPOEKT MPENOJABATENIO C UCTIOIb30BAHUEM TECTOBBIX HAOOPOB
JAHHBIX U 3alUTUTH PaboOTYy.

KonTpoJbHbIe BOpochI

1. C kako# 1eJ1bl0 TPOBOAUTCA HOPMAJIU3ALIUS 3HAYCHHU I TTOJICH?

2. JInst yero ucnodb3yercs o0yyaromas BbIoopka? M3 Kakiux MHOXKECTB OHA COCTOUT?

3. Kakue kpurepun 1Crob3yoTcs Ui BbIOopa napaMmeTpoB 00ydeHus?

4. Kakue TpeOoBaHUS MPEIBSIBIAIOTCS K UCXOIHBIM JAHHBIM IIPY IOCTPOCHUY JIEpEBa pelle-
HUK?

5. IlosicHUTE CMBICI PACYETHBIX IIOJIEH ITPU aHAIM3E «UTO - €CIIN».

3ananus Ajs npoBeaeHus 1udpepennupoBantoro 3avera no MJIK 02.03

3agaua 1.

Ucnonszoanne CMO c otkazamu. B OTK nexa padotarot Tpu koHTposiepa. Eciu nerans
noctynaet B OTK, korna Bce KOHTpoJIephI 3aHATHI 00CITY>)KMBAaHHEM paHee MOCTYIUBIINX JeTaleH,
TO OHA NPOXOAUT HenpoBepeHHOU. CpenHee uncio aeranei, nocrynaroumux B OTK B reuenue yaca,
paBHO 24, cpeqHee BpeMs, KOTOPOE 3aTpaunBaeT OJIMH KOHTPOJIep Ha 00CTy>KMBaHUE OJTHOM JIeTanu,
PaBHO 5 MUHYT.

Omnpenenutb BEPOSITHOCTH TOTO, uTO fAeTainb npoiaer OTK HeoOcaykeHHON, HACKOJIBKO 3a-

P;ﬁc 10,95 (* - 3aganHOe

rpy’KEeHbl KOHTPOJIEPHI T CKOJILKO UX HEOOXOUMO MOCTABUTh, YTOOBI
3HaueHue PoOcn).

3agaua 2.

Hcnonb3oBanue CMO ¢ HeorpaHuYeHHbIM okuaHneM. Coepkacca UMeeT TpeX KOHTpoJIe-
poBkaccupoB (n = 3) 1 00cIy)KUBaHUS BKJIaTUMKOB: [I0TOK BKIIaAUYMKOB IIOCTYNAET B cOepKaccy
UHTEHCUBHOCTBIO A = 30 yen/4. CpenHss NpoIOJHKUTEIBHOCTh OOCITYKUBAHHUSI KOHTPOJIEPOM-
KacCHpPOM OJIHOTO BKJIaJ4uuKa tcp.006c = 3 MUH.

OnpenenuTb XxapaKTepUCTHKH cOepkacchl kKak o0bekTa CMO.

3agaua 3.

ITpumenenne CMO ¢ okugaHueM U ¢ OTPaHUYEHHOM JJIMHOW odepenn. MarasuH mojrydaer
paHHUE OBOIIM U3 IPUTOPOAHBIX TEIUIHI. ABTOMOOMIM C TPY30M MPUOBIBAIOT B Pa3HOE BPEMS C UH-
TEHCUBHOCTBIO A = 6 MaIIuH B eHb. [101c00HbBIe mOMeIIeHUs 1 000pyI0BaHKE IS IOATOTOBKU
OBOIIEH K MpoAake MO3BOJISAI0T 00pabaThIBaTh U XPaHUTh TOBAP, IPUBE3EHHBIN IBYMs aBTOMAIIIH-
Hamu (m = 2). B marasune pabotaroT Tpu ¢acopmuka (n = 3), K&Kl U3 KOTOPBIX B CPEIHEM MO-
XKeT 00pabaThIBaTh TOBAP C OJTHON MAIIMHBI B TeueHue tcp.odc = 4 4. [IponomkuTenbHOCTh paboye-
r'0 JIHA IIPU CMEHHOM paboTe cocTapiusieT 12 u.

OmnpenenuThb, KaKoBa JOJKHA OBITh EMKOCTh IMOJICOOHBIX MIOMEIIEHUN, YTOOBI BEPOSATHOCTH

MOJIHOM 00pabOTKU TOBapoB Oblia Posc O 0,97

3anaua 4.

JlexKypHBIH 110 aIMUHHCTPALIMU TOpoia UMEET MATh TenedoHoB: TenedoHHbIe 3BOHKH MTO-
CTYHaroT ¢ UHTEHCUBHOCTHIO 90 3asiBOK B yac. CpeaHsisi MPOAOKUTETLHOCT Pa3roBOpa COCTABIISET
2 muH. OnpenenuTh MoKa3aTelu 1eKypHOTo aJMHHUCTpaTopa kak oobekta CMO:

3angaua 5.
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Ha crositnke aBTOMOOMIICH BO3JIE MarasuHa UMEIOTCS 3 MeCTa, KaKI0€ U3 KOTOPBIX OTBOIUT-
Csl TIOJT OJTMH aBTOMOOMITE. ABTOMOOMITY TIPUOBIBAIOT HA CTOSIHKY C MHTEHCUBHOCTBIO 200 aBTOMOOH-
neit B yac. [Ipo1omKuTenbHOCTh peObIBaHNs aBTOMOOMIIEH HA CTOSIHKE COCTaBIIsIeT B cpeHeM 15
MuH. CTOSIHKA Ha MPOE3KeN YaCTH HE pa3periaeTcs.

Onpenenutsb cpeiHee KOJIMYECTBO MECT, HE 3aHATHIX aBTOMOOMISAIMU, U BEPOSITHOCTD
TOT'0, YTO NPUOBIBIIMI aBTOMOOMIIb HE HAI/IET HA CTOSTHKE CBOOOAHOIO MECTa

3aga4a 6.

ATC npeanpusitusi odecrieunBaet He Ooliee S meperoBopoB oHoBpeMeHHOM: CpeqHsis mpo-
JOJKUTENILHOCTD Pa3roBopoB coctapisieT 1 muH. Ha cranmutio noctynaer B cpegHeM 10 BbI30BOB B
c.

Onpenenutph xapakrepuctuku ATC kak oobexra CMO:

3apaua /.

B rpy30Boii peuHoii MOPT MOCTYIAET B CPEeIHEM 6 CyXOIrpy30B B CYyTKH. B mopTy umerorcs 3
KpaHa, KaK/IbIi U3 KOTOPBIX 00cTy)uBaeT 1 cyxorpys B cpearem 3a 8 4. KpaHsl paboTaroT KpyTiio-
CYTOYHOM:

Ornpenenuth XapakTepuCTUKU padboThl mopTa Kak o0bekTa CMO u B ciryuae HeoOxoau-
MOCTHU J]aTh PEKOMEHIAIINH IO YIYUIIEHHUIO €ro paboThl

3agaua 8.

Canon-napukmaxepckas umeet 4 macrtepa. Bxoasmuii noTok moceTuresnei uMeeT HHTEH-
CHUBHOCTB 5 uenoBek B uac. CpegHee Bpemst 00CTy>KMBaHUS OHOTO KJIMEeHTa cocTaBisieT 40 MUH.

Onpenenuts CpeHIO ATUHY OYepenn Ha 00CIIyKHUBaHHUE, CUUTAas €¢ HEOTPaHUUEHHOM

3agaua 9.

Ha aBTo3anpaBo4HOl CTaHIIMK YCTAHOBJICHBI 2 KOJIOHKH Ui BbiAaun 6eH3uHa. OKoJo cTaH-
[IUU HAXOJIUTCS TUIOIIA/IKA HA 2 aBTOMAIIMHBI JUISl 0KHIaHUs 3arpaBku. Ha craniuio npuObIBacT B
cpenHeM ojHa MamuHa B 3 MuH. CpesiHee BpeMst 00CITyKUBaHUs OJHON MAIlIMHbBI COCTABIISIET 2
MUH.

Onpenenuth XapaKTEePUCTUKU pabOTHI aBTO3aMPaBOYHOI cTaHIIMU Kak 00bekTa CMO:

3agaua 10.

Ha Box3ane B MacTepckoil OBITOBOTO OOCITyKHBaHHs padOTaIOT TpU MacTepa. Ecimu kiueHT
3aXOJUT B MACTEPCKYI0, KOT/Ia BCE MacTepa 3aHAThI, TO OH YXOJUT U3 MaCTEPCKOM, HE OKUJiast 00-
cinyxuBaHus. CpeqHee YnuciIo KIMEHTOB, o0palaimxces B MacTepekyto 3a 1 1, pasHo 20. Cpennee
BpeMsi, KOTOPOE 3aTpadrBaeT MacTep Ha OOCITYKUBAHHUE OJJHOTO KIIMEHTA, paBHO 6 MUH.

Omnpenenutb BEPOSITHOCTH TOTO, UTO KIIMEHT MOTYYUT OTKa3, Oy/IeT OOCIyXKeH, a TaKxKe
Cpe/IHee YMCII0 KIIMEHTOB, 00CIIYKUBAEMbIX MAaCTEPCKOM B TeUeHHE | U, U CPEeTHEE YMCIIO 3aHSATHIX
MacTepoB

3anaua 11.

ATC nocenka obecrieunBaeT He Oojiee 5 meperoBopoB OAHOBPEMEHHOM: Bpems meperoso-
POB B CPETHEM COCTAaBIIIET OKOJIO0 3MUH. BBI30BBI HA CTAHIIMIO MOCTYNAIOT B CPEAHEM Uepe3 2 MUH.

Onpenenutb BEpOATHOCTh TOTO, YTO 3as1BKA MOJIYYUT OTKa3, CPEIHEE YUCIIO 3aHATHIX KaHa-
JI0B, a0COMIOTHYIO MPOMycKHY0 criocoOHocTh ATC.

3agaua 12.

Ha aBto3anpaBounoii craniuu (A3C) umerorces 3 komoHku. [lnomanka npu cTaHIny, Ha KO-
TOPOI MaIIMHBI 0KUJIAIOT 3allPaBKy, MOKET BMECTUTh He 00Jiee OJJHOM MaIIMHbBI, ¥ €CJIH OHA 3aHSs-
Ta, TO O4YepeIHas MallliHA, TPUOBIBINAS K CTAHIINH, B OUYEPEIb HE CTAHOBUTCS, a MTPOE3KAET HA CO-
CE/IHIOI0 CTaHIMIO. B cpeHeM MaruHbl TpUOBIBAIOT HA CTAHITNIO Kaxabie 2 MuH. [Ipomecc 3amnpas-
KM OJIHOW MaIlIMHbI MPOJIOJKAETCS B CPETHEM 2,5 MUH.

Omnpenenuts BEpOSITHOCTH OTKA3a, a0COTIOTHYIO MPOMyCKHYI0 criocooHocTh A3C, cpenHee
YHUCJIO MAITMH, O’KU/IAIOIINX 3aMPaBKy, CPEIHEE BPEMs OKUJIaHUS MAIIIMHBI B O4epeu, CpeIHee
BpeMs npeObiBanus MaHbl Ha A3C (BKiIro4ast 00CITy)KUBaHUE).
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3amauya 13.

B HeGompIioM MarasuHe nokynaresieil 00CIy KUBArOT J1Ba mpojasiia. CpenHee Bpemst 00-
CITy’KMBaHHS OJJHOTO MoKynarens — 4 MuH. IHTEeHCUBHOCTh TOTOKA MOKYTaTenei — 3 uenoBeka B
MUHYTY. BMECTHMOCTh Mara3uHa TakoBa, 4TO OJHOBPEMEHHO B HEM B OYEPEIA MOTYT HAXOUTHCS
He Oosee 5 yenoBek. [lokynarens, npumie K B epenoIHEHHbII Mara3uH, KOrja B O4epeu yiKe
CTOAT 5 YEJIOBEK, HE JKJIET CHAPYKU U YXOJIUT.

Onpenenutb BEpOSITHOCT TOTO, UTO MPHUIIEIIINMA B Mara3uH MOKYyIaTeNlb MOKUHET Mara3uH
HE0OCITyKEHHBIM

3agaua 14.

Kene3HoIopoKHYIO CTAHIIMIO Ta9HOTO MTOCENKa 00CTY)KHUBAET Kacca ¢ JByMs OKHamu. B
BBIXO/IHBIE JIHU, KOTJIa HAacEeJICHNE aKTUBHO IMOJIb3YETCS JKEJIe3HOM T0pOroil, HHTEHCUBHOCTD ITOTOKA
naccaxxupos coctasisier 0,9 den./mun. Kaccup 3aTpaunBaeT Ha 00CTyKUBaHUE TTACCAKUPA B CPEII-
HEM 2 MHH.

OnpenenuTh cpeiHee YHUCII0 MACCAKUPOB Y KACCHI U CPEHEE BpEeMs, 3aTpauyrnBaeMoe rmacca-
JKHPOM Ha NMpUoOpeTeHrne Ouiera.

3anaua 15.

[TocTpouTs Urpy, 3aJaHHYO 3a1a4eil TMHEHHOTO MPOrPAMMHPOBAHHUSL.
L(x) =x,+2x, — x,

2x; —3x,+ x353,

[r—

x.20, j= 1,3
I —max IpH OrpaHUYCHUAX:

PeHII/ITI) 3a11aqy C UCIIOJIBb30BaAHUCM ManI/I‘-IHI)IX I/II’p
3agaua 16.

Po3nnuHOE TOproBoe npeanpusITre pa3padboTano HECKOIbKO BAPHMAHTOB IIJIaHA MPOJIAXK TO-

BapoOB Ha NPEJCTOALLEHN sIpPMapKe C Y4ETOM KOHBIOHKTYPBI phIHKA U cIipoca nokymnarenen. [Tomyya-
IOLUECS OT MX BO3MOXKHBIX COUETAaHUI MOKa3aTesd NpUOBbLIN IPEICTABIEHbI B TA0JIHIIE.

[Tnan nmponaxu Bennuuna npuObIIM B 3aBUCUMOCTH OT CITPOCA, MIIH. P.
Cl C2 C3
I11 2 1 3
I12 1 2 3
113 2 3 1

OnpenenuTsb: a) ONTUMAIBHBIN [UIaH MPO/IaXKH TOBAPOB U LIEHY UIPHI;

B) xakoif cTpaTernu cienyer NpuaepKUBaThCs TOPTOBOMY IPEANPUATHIO, €CITH HanboIee
BeposATHOM siBiisieTcst cutyanus: C1— 30%, C2— 30%, C3— 40%.

3apnaua 17.

[IpennpusiTie MIaHUPYET BITYCK TPEX NapTHI HOBBIX BUOB TOBAPOB IIMPOKOTO MOTpedIe-
HUS B YCIIOBHSIX HESICHOW PHIHOYHON KOHBIOHKTYPHI. MI3BECTHBI OTJIEIbHBIE BO3MOYKHBIE COCTOSTHUS
P, P, P, P, a Tarxoke BO3MOXHbBIE 00BEMBI BBIITyCKa U3JIENIUI 110 KQKIOMY BapHAHTy U UX YCIOBHbIE
BEPOSITHOCTH, KOTOPBIE MTPEICTABIICHBI B TAOJIHIIE.

Nznenust | O6beM BBITyCKa U3/IENUI IPH Pa3IMYHBIX COCTOSIHUN PHIHOYHOW KOHBIOHKTYPBI
Pl P2 P3 P4
ni 0,4 0,1 0,2 0,3
22 3,8 2,8 3,2
n2 0,3 0,2 0,1 0,4
2.6 2.4 3,1 33
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13 0,2 0,3 0,2 0,3
3,0 2,0 1,8 2,5

OHpeI[GJ'II/ITB HpeI[HO‘ITI/ITeJ'IBHLJﬁ IIJIaH BBIITYCKAa TOBAPOB IITUPOKOTO HOTpe6J'I€HI/IH.
Yci0BuA BLINOJTHEHUS 3aJaHUS

1. Mecto (BpeMmsl) BBITTOTHEHUS 3aIaHUsI: YUeOHBIM KaOMHET
2. Texuuueckue cpenctBa ooyuenus: [1K

3. 3aaHue COCTOUT U3 NMPAKTUYECKOM YacTH (pelIeHus 3aJaul) U TEOPETUYECKOM YacTh

(mosicHEHUH TEOPETUYECKOT0 MaTepHala o yCIOBHUAM 3aa4n)

HO)

4. MakcumanbHO€ BpeMs BBIIIOJIHEHUS 3alaHus: 15 MuH

YcioBus aTrecTanuu (MOJIOKUTETHHOT0 3aKTI0YeHHUs1):

90-100% oT MakcCMMaIbHOTO OaJila  — COOTBETCTBYET OILICHKE «5» (OTIMYHO)

75-89%  OT MakcMMalbHOIO 0ajlla  — COOTBETCTBYET OLIEHKE «4» (XOpOIILIO)

65-74%  OT MakCUMaJbHOTO Oajmia  — COOTBETCTBYET OLIEHKE «3» (YIOBIETBOPUTEIBHO)
Memnee 65 % OT MakCUMAaJIbHOTO 0aJlia — COOTBETCTBYET OLIEHKE «2» (HEYIOBIETBOPUTEINb-

28



