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1. EJIb OCBOEHMA JUCIIUITJIMHbI

JucuuiuimHa «MHpOpMaMOHHBIE TEXHOJIOTMH B MaTeMAaTHYECKOM MOJCIUPOBAHHI)
BXOJUT B MpOrpaMMy Maructparypbl «AHanu3 OOJBIIMX JaHHBIX M TEXHOJIOTUU 3allUThl
uHpopmManun» 1o HarpasieHuio 27.04.04 «YnpaBineHre B TEXHUYECKHX CUCTEMAax» M U3y4aeTCs
B 1 cemectpe 1 kypca. Jucuummny peannsyer Kadeapa MexaHUKU U IIPOLECCOB YIPaBJICHUS.
JlucuuiuinHa coCcTOUT M3 6 pa3zfenoB M 27 TeM W HampaBiieHa Ha U3ydeHHe (yHIaMEHTAIbHBIX
OCHOB MOJENUPOBaHMUs (U3NYECKUX IPOLIECCOB M SIBICHUH, BBIYMCIUTEIbHBIX METOJIOB,
NPUMEHSEMBIX TPU PEIICHUH (PU3MYECKUX 33/7a4 M NpHU 00pabOTKE IaHHBIX SKCIEPUMEHTA;
CIOCO0OB ONTHMAJIbHON pealn3alui 3KCIepUMEHTa Ha KOMIBIOTEpPE, OLEHKOB IOIPEIIHOCTH
pe3yabpTata IPOBOJUMBIX PAcueTOB; Pa3d0p OCHOBHBIX METOJOB PEHICHHs THUIOBBIX 3a7ad U
3HAKOMCTBO C 00J1aCThIO UX IPUMEHEHHS B IPOPECCUOHATBHOMN 1A TENBHOCTH.

Llenpt0 OCBOEHUS AMCHUIUIMHBI sBIsieTcss (hopMupoBaHHe (QyHIaMEHTAIbHBIX 3HAHUN U
HaBbIKOB MPHUMEHEHMsS METOJ0B pELICHHUs 3a/lady, HEOOXOAMMBIX s MpodecCHOHANTbHOM
NESTeIbHOCTH, NPAKTUYECKUX HABBIKOB IPOTPAMMHPOBAHUS OCHOBHBIX MaTEMaTHYECKUX
QJITOPUTMOB TNPUMEHSAEMBIX NPU MOJAEIMPOBAHUU (PU3NYECKUX SIBJICHHUH, MOBBIIIEHHE OOIIEro
YpOBHSI IU(POBOI TPaMOTHOCTH CTYJCHTOB.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUS JUCHUITVIMHbBI

OcBoenne  gucuuiumHbel  «MH(pOpMANMOHHBIE  TEXHOJOTMM B MAaTEMaTHYECKOM
MO/JICJIMPOBAHUMY» HANpaBICHO Ha (OPMHUPOBAHUE y OOYYAIOLIMXCS CIEAYIOLUIMX KOMIETEHIH
(4acTH KOMIETEeHIUH):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00y4arOWuxcs npu 0ce0eHuu
OUCYUNTIUHBL (Pe3VTbmambvl 0C80eHUS OUCYUNTUHDL)

I/IHI[P[KaTOp])l JOCTHIKCHUS KOMIICTCHIUHN

Iudp Komnerenuus o
(B paMKax JaHHOUW NHUCUUTUINHBI)

CriocobeH HcKaTh HyKHbIE
HUCTOYHHUKH MH(POPMALMH 1
JIaHHbIE, BOCOPUHAMATB,
aHATM3UPOBATh, 3ATIOMUHATH U
nepeaaBarh HHHOPMAITHIO C
HCIIOJIE30BaHUEM I (PPOBHIX
CPEICTB, a TAKXKE C IOMOIIBIO
ANTOPUTMOB IIpH paboTe ¢
MTOTYYCHHBIMHA U3 PA3ITHIHBIX
HUCTOYHHKOB JTAHHBIMH C IIEITHIO
3(h(HEeKTHBHOTO UCTIOL30BAHUS
MTOJTyYCHHOW MHPOPMALIUH JIIS
pemeHns 3a1a4; TPOBOANUTE
OIICHKY WH(pOpMaIInH, ee
JOCTOBEPHOCTD, CTPOUTH
JIOTHYECKUE YMO3AKIIIOUEeHHUS Ha
OCHOBaHMH ITOCTYTIAIONINX
nHPOPMAIIUU ¥ JAHHBIX

VYK-7.1 OcymiecTBisieT HOUCK HYKHBIX HCTOYHIUKOB HHPOPMALIUU
W TaHHBIX, BOCTIPUHUMAET, aHAJM3UPYET, 3aIOMUHACT U TIepeaaeT
nH(pOpMALHUIO € HCIIOIb30BaHNEM IIU(DPOBBIX CPEACTB, a TAKKE C
MOMOIIBIO AJITOPUTMOB TIPH Pa0bOTE C MOIYYEHHBIMU U3 PA3IHMYHbBIX
MCTOYHHMKOB JAHHBIMHU C [1eJIBI0 3()(hDEKTHBHOTO HCIIOIB30BAHUS
MOTy4eHHOW MH(POPMAIMH /TSI PEIICHHS 33/1a4;;

YK-7.2 TIpoBoauT OlieHKY HH(OpMAIINH, €€ JOCTOBEPHOCTb,
CTPOWT JIOTHYECKHE YMO3AKIIIOUCHNS Ha OCHOBAHUH TTOCTYHAIOIINX
MHGOPMALINHU U JAHHBIX.;

YK-7

OIIK-9.1 Bnageer coBpeMEHHBIMU HH)OPMAIMOHHBIMH
TEXHOJIOTHSIMU M TEXHUYECKUMH CPEJICTBAMHU IJIs TPOBEICHUS
9KCIIEPUMEHTOB Ha JEHCTBYIOINX 00BEKTAX;;

OIIK-9.2 MimeeT HaBBIKM pa3pabOTKN METOAWK U BBITIOJTHEHHS
9KCIIEPUMEHTOB Ha JEHCTBYIOINX 00BEKTAX;;

OIIK-9.3 Nmeet HaBBIKK pa3paOOTKH METOANK U BBHITIOTHEHHUS
HKCIEPUMEHTOB Ha JEHCTBYIOMNX 00BEKTax ¢ 00paboTKOI
PE3yNIbTATOB NOCPEACTBOM HH(POPMAIIMOHHBIX TEXHOJIOTHI.

Cnoco6eH pa3pabaTbIBaTh
METOJIMKH U BBITIOJIHSATD
9KCIIEPUMEHTHI Ha JICHCTBYIOMINX

OIIK-9 o0bekTax ¢ 00paboTkoi
pe3yIbTaToOB Ha OCHOBE
MH(POPMAIMOHHBIX TEXHOJIOTHI 1
TEXHUYECKUX CPEICTB

3. MECTO JUCIUMIIJIMHBI B CTPYKTYPE OII BO




Hucuunnuna «HpoOpMalMOHHBIE TEXHOJOTMM B MaTeMaTHUYECKOM MOJETUPOBAHUN
OTHOCUTCSI K o0O0s3aTenbHON uactu Onoka 1 «J/lucuumoweasl (MOZYJH)» 00pa3oBaTenbHOU
MIPOrpaMMBbI BBICIIETO 0OPa30BaHHUS.

B pamkax o0pa3zoBaTesbHOM MpoOrpamMmbl BBICIIETO O0pa30BaHUS OOy4YaIOIIMECS TaKxKe
OCBaWBAIOT JApPyrue JUCHHUILUIMHBI W/WIW  TPAKTHKH, CIOCOOCTBYIOIIME  JIOCTHIKEHHUIO
3aIJTAaHUPOBAHHBIX PE3YJIbTATOB OCBOCHHUS IUCHUIUIMHBI «MH(bOpMallMOHHBIE TEXHOJOTUU B
MaTeMaTU4YeCKOM MOJEITUPOBAHUI.

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO, cnocobcmeyrowux O00CmMuiceHur
3aNIAHUPOBAHHBIX PE3VIbMAMO8 0C80EHUS OUCYUNTUHBL

IIpemmecTBylommue ITocaenyrwomue
HIngp HanMenonanue }:ll/lcfll/li:lﬂﬂﬂbl?,MOI;yﬂﬂ HHCHHHJ]HH)IZI/I\];JOZ[)’J]H
& &
KOMIETEHITH NPaKTHKH* NPaKTHKH*

CrnocoOeH ucKaTh HyKHbIE
WCTOYHHUKH HH(POPMAIIH 1
JaHHBIC, BOCIPHHNAMATH,
aHaJIM3UPOBATh, 3a[IOMHHATH
U TiepenaBaTh HHGOPMAIIUIO
C MCIOJIb30BaHUEM
IU(POBBIX CPEACTB, a TAKKE
C IIOMOIIBIO AITOPUTMOB
npu paboTe ¢ MoIyYeHHBIMU
U3 pa3INdHBIX HICTOYHUKOB

VYK-7 JAHHBIMU C IENBIO
3¢ PEKTHBHOTO
UCTIONIb30BAHUS TTOTydYEeHHON
nH(pOpMAaLUK AJISl pELIeHUS
3aj1a4; MPOBOANTH OLIEHKY
nHpOpMaLNH, ee
JIOCTOBEPHOCTH, CTPOUTH
JIOTHYECKHUe
YMO3aKJIIOUeHHUs Ha
OCHOBaHHH TOCTYIAOIIIX
nHpopMalnK U TaHHBIX

Hpe,Z[Z[I/IHJ'IOMHaﬂ IIPAKTHUKA,

HayuHo-uccnenoBarenbckas
pabota (moyueHue
TIEPBUYHBIX HABHIKOB HAYYHO-
HCCIIeIOBATEIBCKON paboTHI);
[IpenoumuioMHast MpaKTHUKA;
TexHOTOTHYECKHE YTPO3BI U
CUCTEMBI O0eCTICUeHUS
KnOepOe30MmacHOCTH;

CriocobeH pazpabaThIBaTh
METOJIMKH U BBITIONHSITh
IKCIIEPHUMEHTHI Ha
JEHCTBYIOIINX 00BEKTaX C
00paboTKOI pe3yabTaTOB Ha
OCHOBE MH(OPMAITOHHBIX
TEXHOJIOTUH U TEXHUYECKHX
CpencTB

OIIK-9

* - 3aMONHACTCS B COOTBETCTBHUH ¢ MaTpuieii komnereniuii u CYII OIT BO
** - 3JIEKTUBHBIC TUCIUIUINHBI /TIPAKTUKH




4. OFbEM JUCHUILIVNHBI U BUJIbI YYEBHOM PABOTHI

OOmiast TpyIOEMKOCTh JIUCHHUILIHHBI «MH(pOpMAIIMOHHBIE TEXHOJOTHMH B MAaTEMAaTHYECKOM MOJICIIMPOBAHUM» COCTABISCT «3» 3aueTHHIC
€IMHHULIBI.

Tabauya 4.1. Buowvl yuebHol pabomvl no nepuooam 0C80eHUs 00pA308AMENbHOU NPOCPAMMBL 8bICUE20 00PA308aAHUSL OJiIsl OYHOU (OopMbl
00yuenus.

Bun yueOHoii padoThI BCETIO, ak.u. CEMeclT p(B)
Konumaxmmnas paboma, ax.u. 34 34
Jlexuuu (JIK) 17 17
Jla6opartopHsie pabotsl (JIP) 0 0
IMpaktuueckue/cemunapckue 3ansatus (C3) 17 17
Camocmosmenvras paboma oby4arowuxcs, ax.u. 38 38
Koumponw (sx3amen/3auem c oyenkou), ax.u. 36 36
OO01mIasi TPYT0EMKOCTh THCIHILTAHBI aK.v. 108 108
3a4.e. 3 3




5. COAEPKAHUE JTUCIUIIJIMHbI

Tabauya 5.1. Codepoicanue oucyuniunvl (MoOYas) no 8U0am y4eonol pabomoi

Bun
HaunmeHnoBanue TeMbl Copep:xaHue TeMbl yueOHoit
padoThI*

Homep HaumenoBanmue pazaesna
pasiena AUCHHUTLIUHBI

Teopust mpuOIMKEHHBIX BRIYUCICHNH KaK pa3jesl MaTeMaTHKH,
U3YYalOUIMH METO/IbI HAXO0XKJICHUs IIPHOJIVMKEHHBIX PELICHUH 3a/1a4
IpY OTCYTCTBUM TOYHBIX aHAJUTHYECKUX pemeHui. Ilorpemnocts
BBEIYHCIIEHHI: a0COIIOTHAS M OTHOCUTENbHAs omnOKa. ICTOUYHUKHI JIK, C3
HNOTPEIIHOCTEN: UCXOAHBIX JaHHBIX, METOAA, OKPYIJICHUS.
Pa3psaHOCTh 4nceN M MallMHHAs TOYHOCTh NPH KOMIIBIOTEPHBIX
pacuérax.

OCHOBHBIC TIOHATHS TCOPHU PUOTIKESHHBIX
BBIYHCIICHUI

11

[IpsMBble METOABI, HAIOIINE TOYHOE PEIICHNE 32 KOHEYHOE YHCIIO0
I1aroB NIPH OTCYTCTBUH OKPYTJICHUH. M TeparimoHHbIC METOIBL,
CTPOSIIIKE MOCIIEA0BATEILHOCTD IPHOIMKEHUH, CXOIAIIYIOCS K
TOYHOMY peIIeHHI0. BEIOOp MeTOa B 3aBUCUMOCTH OT JIK, C3
Wuteprionsiuns u Ppa3sMEpHOCTH 3a7a4H, TPeOyeMOil TOYHOCTH 1 BHIYUCIUTEIBHBIX
aNMpOKCHMAIIHS. pecypcoB. YCTOWYMBOCTh METO/A KaK MAJIOCTh BIMSHUS
HOTPEIIHOCTEH BXOJHBIX JAHHBIX HA PE3yNbTaT.

MeTo1p! TPHONMKEHHOTO PEIICHUS
BBIYHCIIATEIBHBIX 3a7a4

1.2

Paznen 1

Merop 'aycca kak npsiMoil MeTO1 peIIeHUs] CUCTEM JIMHEHHBIX
anreOpanvdecKux ypaBHEHHH C TIOCIIEA0BATEIbHBIM HCKIIFOUEHHEM
Heu3BecTHBIX. [IpsAMoit xon Merona ["aycca uisl mpuBeeHMs
MaTpHIIBI K TPeyroyIbHOMY BHLy. OOpaTHBINA X0 A

Merton 'aycca. O6parnieHre MaTpHIIb IO MOCIIEI0OBATENHHOTO HAX0XKIeHUsI Hen3BeCcTHRIX. OOpalieHre
Mmetoxy ["aycca. Meton nmporoHku MaTpHIbI 1o MeToay I'aycca myTéM OTHOBPEMEHHOTO PELICHHUS
HECKOJIbKUX CUCTEM C €IMHUYHON MAaTpULEH B IpaBOil yacTH.
MeTo1 IpOrOHKM Kak CleUaIu3upOBAHHBIN METO/1 peILIeHUs
CUCTEM C TPEXAUArOHAILHON MaTpHLIEeH, BOZHUKAIOLIUX MIPU
KOHEYHO-PAa3HOCTHOM anmpoKCHUMAalluK KpaeBhIX 3ajau.

1.3 JIK, C3

Henuneiinoe ypaBHEeHHE Kak 3a/a4a HaXOXICHHUsI KOPHS (QYHKIMH
OJIHOU MepeMeHHOU. TepalluoHHbIE METOIBI C IOCTPOCHUEM
TOCJIEZIOBATETLHOCTH IPHOIMKEHUH, CXOIAITUXCS K KOpHIO. MeToz
HproTOHA Kak METOZ KacaTeNnbHbIX C HCIIOJb30BaHUEM
MTPOU3BOIHON (DYHKIINH IS YCKOPEHUS CXOIUMOCTH. JIK, C3
I'eomeTrpuueckas HHTEPIIPETALMSL: IOCTPOEHUE KacATEIbHOU K
rpa¢uKy QYHKIMH U HaX0XKJICHHUE e€ MepecedeH s ¢ 0Chbio abcIuce.
Ksagparudnas ckopocTs cxoauMocTu Metoa HeroTona BOm3n
KOPHSL.

I/ITepaHI/IOHHBIe METOABI PECIICHUA

Paznen 2 |Pemenue ypaBHeHUI 2.1 . .
HeNuMHENHbIX ypaBHeHud. Meroa HeioToHa




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

2.2

Meron npocTON UTEPALIUU U CKUMAIOLIUX
otobpakeHnid. IHTEpIIONATIHS 1
AIMPOKCUMAITHS TOTHHOMAaMH

Mertoj MpocTol UTEpalMy KaK MPUBEICHUE YPAaBHEHUS K BULLY X =
¢(X) C MOCTIEeTYIONUM MHOTOKPATHBIM ITPUMEHEHHEM (YHKIUH .
VYcaoBre cXoquMOCTH: QYHKIHS (¢ JOJDKHA OBITH CKMMAOIINM
OTOOpaKEHHEM B OKPECTHOCTH KOPHS. MIHTEpHOISIHs KaKk TOYHOE
NPOXO’KAeHNE (HYHKIUH Yepe3 3aTaHHbIC TOUKH. ATIPOKCUMAIINL
Kak MpuOIMmKEHHOE ONMMCAaHKe TAHHBIX OoJiee POCTON (yHKIHEH.
[MonuHOMUAaIbHAS MHTEPIOSLMSA U allIIPOKCHMALS KaK BEIOOP
IMOJIMHOMA HOHXOI[HIHeﬁ CTCIICHHU.

JIK, C3

2.3

IlocTanoBKM IIpOCTEHIINX 3aha4
HMHTEPNIONIUPpOBaHysl. IHTEpIOISIIIMOHHBIN
MHorousieH Jlarpanxa

HHTeprnoanpoBaHue Kak BOCCTAHOBJICHHE (YHKIMHU 110 ¢€
3HAYEHUSAM B TUCKPETHBIX y3nax. [locTaHOBKa 3aaun: nis
3aJlaHHBIX Map apTyMEHT-3HauY€HUE HAUTU MHOTOUJIEH
MHUHHUMAaJIbHOW CTETIEHH, IPOXOJAIINI Yepe3 BCE TOUKHU.
WHTepnossiuoHHbIH MHOTOWICH JlarpaHxka B siBHOU (opMe depes
CyMMYy 0a3MCHBIX IIOJIMHOMOB, KaXKIbI N3 KOTOPBIX paBEH CIIMHULIC
B CBOEM Y3JIe U HYJIO BO BCEX OCTalbHbIX. [IpMeHeHne
MHOTOWIeHa Jlarpanxa npu HEPaBHOOTCTOSIIIUX y3JaX
HMHTEPIOJISIIUH.

JIK, C3

24

WuTepnonsuuoHHbli noauHoM HeroToHa muis
HEPABHBIX IPOMEKYTKOB

[omuHoM HproTOHA Kak anbTepHATHBHAS (hopMa 3arrch
MHTEPHOJSIIIIOHHOTO MHOTOWICHA, yI00HAas ITPH
MTOCTICIOBATEIHEHOM JOOABIICHUH y3II0B. Pa3ienéHuple pa3HOCTH Kak
aHaJIOT POU3BOJHBIX JIJIA TUCKPETHBIX TaHHBIX. HOCTPOGHI/IC
nonuHoMa HeroToHa uepes pa3zaenéHHble pa3HOCTH IEPBOTO,
BTOPOTO U 00Jiee BRICOKUX MOPSAKOB. [IpenmyriecTBo hopmbl
Herorona nepen Jlarpanxa npu yBeJIHMYSHUH YHCIIA Y3JI0B Oe3
nepecuéra BceX KOdPPHUIIUEHTOB.

JIK, C3

25

KoHeuHbIe pa3HOCTH U HUHTEPIONISIHOHHbIE
MoMUHOMBI HBIOTOHA /17151 paBHOOTCTOSIIIUX
y3I0B

KoHeuHbIe pa3HOCTH KaK pa3HOCTH MEXITY COCETHIMHU 3HAUCHUSIMHU
(yHKINU IPU paBHOMEPHOM I1are apryMeHTa. PazHocTH mepBoro
NopsiAKa, BTOPOro MOPsIIKA U Tak Aajnee. IHTepnoasuoHHbIe
noJuHoMbl Hbr0TOHA [U1 PaBHOOTCTOSIIIUX Y3JI0B C
HCIOJNb30BaHUEM KOHEUHBIX pa3sHocTel. [lepBas
MHTEPIOISIINOHHAsE popMyiia Hp0TOHA JUIst HHTEPIIONISINN BIIEpEN
B Havase Tabumipl. Bropas uaTepnossnuonHas popmyna Hetotona
JUTS MHTEPIIOJIALINH Ha3aJ B KOHIIE TaOJIHIIb.

JIK, C3

Paznen 3

Pewenue cucreM ypaBHeHUH

3.1

DIeMEHTHI YUCIIEHHOTO HHTETPUPOBAHUA

UmnciaeHHOE HHTETPUPOBAHIE KaK MPUOIMKEHHOE BEIUMCICHIE
ONPEAEIEHHOrO UHTErpaa 10 3HaYEHUAM MOJBIHTErPAIbLHOM
(yHKIMHU B OTIENBHBIX Toukax. KBagpatypHsle popmMyIis! Kak

JIK, C3




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

MIPUOJIMKEHUS HHTErpajla B3BEIICHHOH CyMMO# 3HaueHUH QyHKINU
B y31ax. HeoOXoAnMOCTh YNCIICHHOTO HHTETPUPOBAHUS IIPU
OTCYTCTBUH NEPBOOOPA3HOM B 3JIEMEHTAPHBIX (DYHKIUSIX WM IPU
TabnnaHOM 3a1aHnu GyHKuuu. [lorpentHocTs KBagpaTypHBIX
(dopMyn 1 €€ 3aBHCHMOCTB OT [IIara HHTETPUPOBAHUSL.

3.2

KBazaparypusie popmynst HeroHa-Korteca u nx
JacTHBIE CIIy4yau

Ksanparypnsie popmynsr HetoTora-KoTteca kak cemeiicTBo
METO/I0B HHTETPUPOBAHUS C PABHOMEPHBIM PACIIOJIOKECHHUEM Y3TIOB.
3amMeHa MOABIHTErPATbHOM (DYHKIIMH HHTEPIIOJISAIIHOHHBIM
MOJIMHOMOM U €0 TOUYHOE HHTerpupoBaHue. YacTHBIC ClIydan:
¢dopMyna npsAMOYTroJIbHUKOB C HCIOJIb30BAHHEM OJHOTO Y371,
(dbopmyna Tpaneuuii ¢ 1Byms y3namu, Gopmyiaa CUMIICOHA € TpeMs
y3namu. [opsok TOYHOCTH Kax10i OopMyIIbl Kak CTEIIeHb
NOJMHOMA, HHTETPUPYEMOTO TOUHO.

JIK, C3

3.3

KBanparypnas popmyra Tpanenun.
I'eoMeTpuueckuil cMbIC Tpaneuu

dopmyra Tpanenuii Kak MpUOIMKEHUE HHTErpajla IIOLIA b0
Tpanenun, 00pa3oBaHHON OTPE3KOM, COCIUHSIOINM 3HAUCHHS
(YHKIMM Ha KOHIaX HHTEpBaja. [ eoMeTpuiecKuii CMBICI: 3aMeHa
KPHBOJIMHEHHOH Tpanenuu nox rpadgukoM GyHKIMN Ha OOBIYHYIO
tpanenuro. CocraBHas Gopmyrna Tpanenuii ¢ pasoneHrneM
HMHTEpBaJla HHTETPUPOBAHUS HA MHOYKECTBO MEIKUX OTPE3KOB.
[MorpemHocTs GpopMyIIbl Tpalenuii, MPONOPLIHOHATIBHAS KBaIPATy
niara.

JIK, C3

3.4

KBagpatypras ¢popmyna Cumiicona

®opmyna CUMIICOHA KaK METOJ UHTETPUPOBAHUS C
UCTIOJIB30BaHHEM ITapaboIndecKoil almpoKCHMAaLui
HOJABIHTErPaNIbHON (PYHKINY Ha KaXJIOM OTpPE3Ke U3 TPEX TOUEK.
I'eomerpuueckas HHTEPIIPETALMS: 3aMEHA y4acTKa KPUBOHM 1yroi
napabosnbl. CoctaBHas popmyna CuMIIcoHa ¢ pa3OoueHHEM
HWHTEpBaJia Ha YETHOE YHCIIO OTpe3KoB. [lorpenrHocTs hopMyTsl
CumncoHa, NponopLUUOHaNbHas 4eTBEPTON CTENIEHH 11ara, 4To
nenaet e€ 6ojee TOYHOI 1Mo CpaBHEHHIO ¢ (YOPMYIION Tparenuii npu
IIaJIKNX QYHKIHSX.

JIK, C3

Pazgen 4

Pemenne
muddepeHnnanTbHbIX
ypaBHEHUM

4.1

ONeMEeHTBI YUCIIEHHOTO PEIICHUs
muddepeHInaTbHBIX YPaBHEHUH.

YucnenHoe perieHne qudepeHIraIbHbIX YPaBHEHUH KaKk
MpUOIMKEHHOE HAXOXKACHUE (QYHKITUH IO € IPOU3BOIHBIM B
JIUCKPETHBIX Toukax. CBeJileHNe HelpephIBHON 3a/1Jauk K KOHEUHOU
cucteme anredpandeckux ypaBHeHuid. Kimaccudukaius MeTo0B:
OJJHOIIAroBbIC 1 MHOT'OIIArOBHBIC, IBHBIC U HCABHBIC. 3a11aqa Kommn
KaK HaXOXXJICHUC PCIICHUS MPH 3aJIaHHBIX HAYAJbHBIX YCIIOBUAX.

JIK, C3




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

4.2

PasnocTHas annpokcumanus
muddepeHraIbHbIX OepaTopoB. Meron
MIEPBOTO MOPSIIKA TOUHOCTH

Pa3HocTHas anmpokcuManus Kak 3aMeHa IPOU3BOIHBIX KOHEUHO-
Pa3HOCTHBIMH OTHOLIEHUSIMU. ANNPOKCUMALIHS IEPBOI
NIPOU3BOJHOM yepe3 BHEpEN, Ha3al U LEHTPAIIbHYIO Pa3HOCTb.
Mertox Diinepa Kak MPOCTEHITHIA 0THOIIATOBBII METO]I IIEPBOTO
TIOpsIIKa TOYHOCTH Jutsl pemenns 3anadu Komm. @opmyrna metona
Oiinepa: 3HaUYEHHE B CIEAYIOIIEH TOYKEe PaBHO 3HAYCHUIO B
TEeKyIIeH IUTI0C IPOU3BEICHNE [Iara Ha MPOU3BOIHYIO.
ITorpemHocTs MeTOAA Ditnepa, MPOMOPIUOHATIEHAS TIEPBOI
CTETIeHH Iara.

JIK, C3

4.3

Merto/p1 penieHus! 00BIKHOBEHHBIX
muddepeHnnanbHbIX ypaBHeHUI. MeToabl
BTOPOT'O MOPSIKa TOYHOCTH

MeTo1bl BTOPOIO OPsIIKA TOYHOCTHU C IIOIPEIHOCTBIO,
NPOIIOPIMOHANIBHOM KBaapary mara. MoauduuupoBaHHBIH METO
Diinepa ¢ BRIYUCICHUEM IPOU3BOJIHON B cepeuHe mara. MeTos
XolHa Kak JBYX3TalHbIM METOJ IPEAUKTOP-KOPPEKTOP.
ViydiieHre TOYHOCTHU 10 CPABHEHUIO ¢ METOJIOM Jiliiepa npu
HE3HAYUTEJIbHOM YBEJIMYEHUU BBIUUCIUTEIbHBIX 3aTParT.

JIK, C3

4.4

MertoibI pemieHnst 0OBIKHOBEHHBIX
muddepeHnnanbHbIX ypaBHEHUH. MeTobI
YEeTBEPTOTO MOPSAAKA TOUHOCTH

Knaccuueckuit meron Pynre-KyTTel yeTBéproro nopsiika kak
Hanbosee pacpocTpaHEHHBII MeTO pemmeHns 3agadun Komm.
Brruncienue 4eTppéx K03 QUIMEHTOB Ha Ka)KIOM LIare: B Hadae
mara, B CepeinHe ABaX/bl M B KOHIIE. PesynpTrpytomas hopmyna
KaK B3BEIICHHAs cyMMa Ko puieHToB ¢ Becamu o/iHa IecTas,
OJIHa TPEThS, OJIHA TPEThA, 0JHa IecTas. [TorpemHocTs MeToAa,
MPOTOPLHOHATbHAS YeTBEPTON cTeneHH mara. KomnpoMuce Mexay
BBIYUCIIUTEIbHBIMY 3aTPAaTaMH U BBICOKOH TOYHOCTBIO.

JIK, C3

Pazgen 5

WudopmannoHHble MOJETH B
¢usnke
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Kpaessie 3agaun. BapuaniioHHo-pa3HOCTHBIE
CXeMBI JJIs1 KpaeBbIX 3a7au

Kpaesble 3a1aum kak 3aiaun 11 AudGepeHInanbHbIX ypaBHEHHH C
YCIIOBUSIMU Ha TpaHMIaX pacy€THOl obmactu. OTaudne oT 3a1a4u
Komu: yciioBus 3a1aHbl He B OJTHOM TOYKE, a HA Kpasix HHTEpBaJa.
BapualnoHHO-pa3HOCTHBIE CXEMbI KaK METOJI TOCTPOSHHS
JMCKPETHBIX MOJIeJICi Ha OCHOBE MMHUMU3alMU (pyHKIMOHAA
sHeprun. CBeJieHne KpaeBoil 33/1a4n K CUCTEME JINHEHHBIX
ayredpanvyecKnux ypaBHEHUH ¢ TPEXIMAroHaIbHOM MaTpHIEeH.

JIK, C3

52

Cerounas annpokcuManus. Meroa Diinepa
JUIS1 CHCTEMBl YPaBHEHUH

CerouHas annpoKcUManys Kak 3aMeHa HelpepbIBHOW 001acTi
JUCKPETHBIM MHOKECTBOM Y3JIOB CETKH. PaBHOMEpHBIE U
HEPaBHOMEPHBIE CETKU B 3aBUCUMOCTH OT XapaKTepa pelIeHUs..
Mertopx Diinepa i CUCTeMBI OOBIKHOBEHHBIX 1 (hepeHIInaTBHBIX
ypaBHEHHUH nepBoro nopsaaka. IlokoopauHaTHOE NpUMEHEHUE
MeToa Diiepa K KaKIOMy YPaBHEHHIO CHCTeMBl. [IpuMmenenue mis

JIK, C3
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MOACINPOBAHUA TUHAMUKN (1)I/I3I/I‘-ICCKI/IX CUCTCM.
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[TorpemHocTs U yCTOHYMBOCTH METOIA
Oiinepa. DJIeMEHTHI YUCICHHOTO
IudpepeHITPOBaHUL

JlokanbHas NOrPeIIHOCTh MeTo/a Diliepa Ha OJHOM IIare,
MIPOTIOPIIMOHANBHAS KBaApaTy mmara. [ mobanpHas MorpemHocTsb,
HaKaIUIMBAIOIIAsICSA TP MPOXO0XKICHNH BCEX IIaroB,
NIPONIOPLMOHANIbHAS IEPBOM CTENEHM 11ara. Y CTOH4MBOCTh METOA
Oiinepa Kak OrpaHWYEHHUE Ha BEJIMYMHY IIara Mpy peIeHNN
KECTKUX cucTeM qudhepeHnnanbHbIX YpaBHEHNH. DIeMEHTHI
YHUCIEHHOTO AN HEPCHIIMPOBAHIS KaK BBIYNCICHNAE TPOU3BOIHBIX
mo Ta6J'II/I‘-IHI>IM JaHHBIM. LIyBCTBI/ITG,]'II:-HOCTI:- YUCJICHHOI'O
JuddepeHInpoBaHus K HOIPEITHOCTSIM UCXOJHBIX TAHHBIX.

JIK, C3
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®dopmyrta uncneHHoro nuddepeHupoBaHus
JUISl HEPaBHOOTCTOSIIHMX Y3JIOB

YucnenHnoe nuddepeHupoBatme npy Npou3BOIbHOM
PacIoIoKEeHHH y3710B O3 paBHOMEPHOTO Inara. Mcnons3oBanue
UHTEPHOJISIIUOHHBIX MHOTOYICHOB /ISl OJTyYeHHsT (OpMYJT
pou3BOAHbIX. POPMYJIBI 1711 IEPBOM IPOU3BOJHOM Uepe3
pasaenéHuble pasHOCTH. DopMyIIbI 4711 BTOPOIl MPOU3BOIHOM.
YBenuueHne MorpenrHocTy MpH CTyHIEHUH Y3JI0B 13-3a 3 dekra
Pymnre.

JIK, C3
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[ToytHast MOTPENIHOCTD NPH YHCICHHOM
muddepeHnupoBaHur. MeTo HaMMEHBIINX
KBa/IpaToB

[NonHas nmorpemHOCTh YncieHHOTo AndPepeHIIPOBAHNS KaK
CyMMa MOTPEMTHOCTH METOA U MOTPEITHOCTH BXOJHBIX JaHHBIX.
Kommpomuce nipu BeiOope miara: yMeHbIICHHE I1ara CHIKaeT
MIOTPEITHOCTh METO/A, HO YCUJIMBACET BIIMSIHUE OIIMOOK OKPYTIICHUS
B JJaHHBIX. MeTOJl HAMMEHBIINX KBAAPATOB JUIS allllpOKCUMALUU
3alIyMJIEHHBIX JIaHHBIX INaAKOH QyHKIUEH ¢ MOCIeAyOIIM
aHanuTnyeckuM ruddepenumpoBanneM. CriakuBaHue TaHHBIX KaK
Croco0 YMEHbBIICHHS BIMSHUSA CITy4aifHbIX OIIMOOK Ieper

Qg depeHIrpOBaHIEM.

JIK, C3

5.6

DJIEMEHTHI TEOPUHN UCCIICJOBAHUS onepaunﬁ

Teopus ucciieoBaHUs Onepaliii KaKk Hay4Hasi AUCIUILUIMHA O
MPUHATHHA ONTHUMAILHBIX PEIISHUH B CJIOKHBIX CHCTEMaX.
OcHoOBHBIE pa3/ienbl: TMHEHHOE, HETMHEHHOE 1 TMHAMUYECKOe
MPOTrPaMMHPOBAHKE, TEOPHUS UTP, TEOPUS MACCOBOTO
oOciyxuBaHust. MatemaTHdecKasi MOJICNb OTIEPALUU KaK
COBOKYITHOCTH YITPABIISIEMBIX ICPEMCHHBIX, LIEJIEBOH (DYHKIIMA U
orpanuyeHuil. [I[pumeHeHue Teoprn Uccie0BaHus oNiepaluil B
3ajla4ax yrnpaBJICHUs], INIAHUPOBAHUS U PACIIPEICIICHHs PECYPCOB.

JIK, C3

Pasnen 6

KOHHGHHHH KOMITBIOTEPHOT'O
MOJICJIMPOBAHNA

6.1

MaremaTHuuecKoe NporpaMMHUPOBAHUE.
OJeMeHTHI JIMHEHHOTO MPOrpaMMHPOBAHUS

MaremaTHuecKkoe IporpaMMUPOBAaHUE KaK pa3zell ONTUMU3ALINH,
M3YYaIONIMHA METObI HAX0XKICHHUS SKCTpeMyMa (QYHKIIUH MIPH

JIK, C3
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HaJIMYMU orpaHuueHui. JInHeiiHoe mporpaMMHUpOBaHUe Kak
YaCTHBIN CITy4ail ¢ IMHEHHOH 1ieseBoil pyHKIMe U THHSHHBIMA
orpanndeHIsIMU. O01aCTh JOMYCTUMBIX PEIICHHUI KaK BBITYKIIBIH
MHOTOTPAaHHHK B IIPOCTPAHCTBE IIEPEMEHHBIX. [IpuKIafHble 3agaun
JMHEWHOTO MMPOrPaMMHUPOBAHHS: ONTUMHU3ALHS [IPOU3BOACTBEHHOTO
IUIaHA, TPAHCIIOPTHAS 3a/1a49a, 337293 O CMECsX.

6.2

Kanonnueckas 3amaya JUHEHHOTO
MPOrpaMMUPOBAHUS

Kanonndeckas opma 3a1aun IMHEHHOTO MPOTPaMMHUPOBAHUS:
MaKCHMU3AIHS WIM MEHAMU3AIHS THHEHHOH 1eJIeBoH (QyHKIIH
P OTPAaHUUCHHUSAX-PABEHCTBAX U HEOTPUIATEILHOCTH
nepeMeHHbIX. [IpuBeneHre npon3BoJIbHON 3a1au K
KaHOHMYECKOMY BHUY MYTEM J100aBIEHUS JOMOJIHUTENbHBIX
HepeMEHHBIX JUIsl HepaBeHCTB. basucHbie U cBOOOIHbIC
NepEMCHHBIC B KaHOHUYECKO# popme. JlomycTumoe 6azucHoe
pelIeHne Kak yriioBas TOYKa MHOTOTPaHHHUKA JOIYCTHMBIX
peueHuit.

JIK, C3

6.3

I'eoMeTpHuueckuil CMBICI CUCTEMBI TUHEMHBIX
HEepaBeHCTB. | eOMeTpUYeCKH CMBICIT
JIBYMEPHOU 3a/1a4yl JINHEHHOTO
MPOrPaMMUPOBAHUS

Cucrema TMHEHHBIX HEPABEHCTB KaK MepeceyeHne MoTyIIOCKOCTeNH
B IByMEPHOM IPOCTPaHCTBE. MHOTOTPaHHUK JIOIYCTUMBIX
pelIeHuni KaKk BBIMYKIast 00J1acTh, OTpaHUYeHHast NPSMBIMHA. JIMHUH
YPOBHSI [1eJIeBOH (PYHKINHU KaK CEMEHCTBO NapauleNIbHBIX MPSMBIX.
I'eomeTprueckoe pelreHre AByMEpHO! 3a/1auu: IepeMenieHue
JIMHUU YPOBHS B HAalIPaBJICHUU ONTHMYMa JI0 KaCaHUS yIJIOBOH
TOYKH MHOTOTpaHHUKAa. ONTHMYM BCEr/ia JOCTUTAeTCs B OTHON U3
BEPIINH MHOTOI'PaHHHKA.

JIK, C3

6.4

Unes Cumiuiekc-Merona. CUMIUIEKC-TaOIMIBI.
['eoMeTpuueckue xapakTepUCTUKH B 3a/1a4ax U
METO/1aX JIMHEHHOro MPOrpaMMUPOBAHHUS.
B3anMHO-1BOMCTBEHHBIE 3a0aUH JIMHEHHOTO
MIPOrpaMMUPOBAHUS

CumMIuIeKc-MeTo 1 Kak allrOPUTM IOC/IeA0BATEILHOTO Tepedopa
YIJIOBBIX TOYEK MHOIOI'PAaHHUKA JOIYCTUMBIX PEIIECHUN B CTOPOHY
yIIydIeHus 1eneBoil gynknun. HauansHoe qomycTiMoe 6a3ucHoe
pemenne. Bei6op BBoanMoii B 6a3uc mepeMeHHOM 10 HanOoJIbIeit
TIOJIOXKUTEIbHON o1leHKe. BbiOop BbIBomMOit n3 Oasuca
NEPEMEHHOH 110 MUHUMAIbHOMY CUMIIJIEKCHOMY OTHOILIEHHIO.
CuMmIniekc-Tabauibl Kak popMa OpraHU3aliy BEIYUCICHUH.
I'eomeTprueckue xapaKTEpUCTUKH 3ajay JIMHEHHOTO
NIPOrpaMMMPOBAaHMs: Pa3MEPHOCTD IIPOCTPAHCTBA [IEPEMEHHBIX,
YHUCJIO OrpaHnYeHui. B3anMHO-1BONCTBEHHBIE 33141 JIUHEHHOTO
MPOTPaMMHPOBAHUS: KaXKJ0M UCXOAHOM 3a/]aue COOTBETCTBYET
JBOWCTBEHHAs, MPUUEM ONTHMYMBI 00€HX 3324 COBIIAIAIOT.

JIK, C3

6.5

OJeMeHTHl HeTMHEHHOT0 IPOTrPaMMHUPOBAHHS.

HenuneiiHoe nporpaMMupOBaHue Kak 3a1a4l ONTUMHU3ALUU C

JIK, C3
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Meton HeonpeAeaeHHbIX MHOXKUTENEH
Jlarpanxa

HEJTMHEHHOH 1eneBoil (yHKIMEH UM HETMHEHHBIMU
OTPaHUYEHUAMH. Y CIOKHEHUE PEIIECHHS U3-32 BO3MOXKHOIO
HAJIN4Hs HECKOJBKUX JIOKAJIBHBIX 3KCTPEMyMOB. MeTon
HEOIPeIeIEHHBIX MHOXKHTENEH Jlarpanska 1715 peleHus 3a1ad C
orpaHHYeHUIMHU-paBeHcTBaMHU. [locTpoenne ¢yrkmm Jlarpamxka
KaK CyMMBI LIeJICBOH (PyHKIMH 1 IPOU3BEACHNI MHOXKHTENCH Ha
orpanndeHus. [IpupaBHUBaHNE YaCTHBIX MPOU3BOAHBIX (DYHKIIUH
Jlarpan»a K HYJIIO U1 OJTy4eHUs] HEOOXOJUMBIX YCIIOBUI
JKCTpEMyMa.

* - 3anonuseTcs Toabko mo OUHOW dopme odyuenus: JIK — nexyuu; JIP — nabopamopusie pabomul; C3 — npakmuueckue/ceMunapcKue 3aHamus.
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6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Cneuunajau3supoBaHHoe
yueOHoe/1adopaTopHoe
obopynoBanme, IO u
MaTepuabl 1J1s1 0CBOCHHSA
AUCHUTLTAHBI
(mpu HE0OXOAUMOCTH)

Tun aynuropun OcHaleHue ayauTopun

Aynuropus JUIs IPOBEICHUS 3aHATUI
JICKIIMOHHOTO THIIa, OCHAIICHHAS
JleximonHast KOMIUICKTOM CIEIUATH3UPOBAHHON MEOeIH;
JIOCKOH (9KpPaHOM) U TEXHHYECKUMU
CpeJICTBAMU MYJIbTHMEIHA MTPE3CHTAIIHIA.

AyauTopus Juisl IPOBEICHUS 3aHATUN
CEMUHAPCKOT0 TUIIA, TPYIIOBBIX U
VHJIMBU1YaJIbHBIX KOHCYJIBTALIN, TEKYILEro
KOHTPOJISI U IPOMEXKYTOUHOU aTTECTaIlUH,

CemuHapckas
OCHAII[CHHAs] KOMILJIEKTOM
CHeIMaTU3UPOBAHHON MeOeH U
TEXHUUYECKUMU CPEICTBAMHU MYJIbTHUMEINA
IIPE3CHTALNMN.
Aynuropus Ui CaMOCTOSITEIbHON pabOThI
Tins oOyJaronuxcs (MOXKET UCIOJIb30BATHCA IS
. | MpOBeIeHUs] CEMHUHAPCKUX 3aHSATHI U

CaMOCTOSITEJIbHOM 9

KOHCYJIbTAIIHi), OCHAIIEHHAS KOMIIEKTOM
paboTsl

CreLMaNIN3UPOBaHHON MeOenu U
KoMibroTepami ¢ goctynoM B QUOC.

* - ayIUTOPHS JJIsL CAMOCTOSTENbHOM paboThl oOyuaromuxcs ykassiaetcs OBA3ATEJIBHO!

7.  YYEBHO-METOJAMYECKOE W HWH®OPMAIIMOHHOE OBECNEYEHME
JTACHMIUINHBI

Ocnoenas numepamypa:

1. NUnbuna B.A. Cunaes I1.K. Uucnennbsie MeTo bl 1151 PU3NKOB-TEOPETHKOB (4acThb 1,2)
PX/, 2003, 2004.

2. AmocoB A.A., llyounckuii FO.A., Komuenora H.B. BerancnurensHbie METOBI IS
MHXEHEpOB. "MockoBckHil aHepreTuuecknii “HCTUTYT"2003. — 595¢

3. Manuneukuii I'.I'.Maremarnueckre OCHOBBI CHHEPTETUKHU. Xa0C, CTPYKTYPBHI,
BBIUNCIUTENBHBIN dKkcriepuMeHT M3nanne4 Cepus: CuHepreTuka: OT IpoIIoro K
oynymemy"Emxuropuan YPCC 2005. — 312c.

4. I'mypman B.E.DnemenTs! npubamkeHHbIX BhiuncieHuil. Boicias mkona : 2005. —
93c.
Hononnumenvras aumepamypa:

1. ®enopenxo P.I1. BBenenue B BerauciuTenbayto Gusnky. - M.: U3n-Bo Mock. ¢us.-
TeXH. UH-Ta, 1994. — 528 c.

2. Xeepmad [1.B. MeToabl KOMIBIOTEPHOTO IKCIIEPUMEHTA B TEOPETUUYECKON Pu3uKe. -
M.: Hayka, 1990. — 176 c.

3. Bypcuan 2.B. ®usuka. 100 3amau s permenus Ha kommbiotepe. - CI16.: MuM, 1997.

4. Tropun FO.H. Ananu3 nanusix Ha kommnetorepe / FO.H. Tropun, A.A. Makapos. - M.:
duHaHCH U cTaTHCTHKA, 1995.
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PeCprbl MHQbOpMaMMOHHO'meﬂeKOMMyHuKaHMOHHOIZ cemu «HHmepHem»:

1. ObC PYIH u croponnue 9bC, Kk KOTOPBIM CTYA€HTHI YHUBEPCUTETA UMEIOT JOCTYII

Ha OCHOBAHMUH 3aKJIFOYCHHBIX JIOTOBOPOB

- DnekTpoHHO-0mOmmoTeunas cucrema PYJIH — ObC PY JIH
http://lib.rudn.ru/MegaPro/Web

- OBC «YHuBepcuTeTcKas Oubinoreka onaaim» http://www.biblioclub.ru

- OBC IOpaiit http://www.biblio-online.ru

- ObC «KoHcynbpTaHT cTyeHTay www.studentlibrary.ru

- OBC «Tpounkuii MmocT»

2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBbI

- DIIEKTPOHHBIN (HOHJT TPABOBON ¥ HOPMATUBHO-TEXHUICCKOW JJOKYMEHTAITUU
http://docs.cntd.ru/

- mouckoBas cucreMa SHaekc https://www.yandex.ru/

- nouckoBas cucrema Google https://www.google.ru/

- pedeparuBHas 6a3a ganabeix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yuebno-memoouueckue mamepuansi 0151 CAMOCMOAMENbHOU paboOmul 00Y4AOWUXCA NPU
0CB80EHUU OUCYUNTUHBL/MOOYIA*:

1. Kypc nexuuit no qucuuminuse «H(popMalnoHHbIE TEXHOJIOTUH B MAaTEMaTUYECKOM

MOJCIUPOBAHUU).

* - Bce yueOHO-METOANYECKHE MaTepHallbl Uil CaMOCTOATENbHOM paboThl 00ydaromuxcs
pa3MenarTcs B COOTBETCTBUHM € JEMCTBYIOUM NOPsAKOM Ha cTpanule aucuuiuinasl B TYHUC!
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