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PaGouas  mporpamma  AMCHMIUIMHBI  «METOABI  MaTEMaTHYECKOTO
MozenupoBaHus» cocrapiieHa B 2020 rogy B COOTBETCTBUM C TpeOOBaHUSIMHU
OI'OC BO 1o mwnanpaBieHuto mnoaroroBku 11.04.04 «OnexkrpoHuka u
HAHORJIEKTPOHUKA» (YPOBEHB: MarucTp) ot «22» ceHtaodps 2017r. Ne959

PaspaboTuuk(m): kadenpa oOmelt u Teopetudeckor puzuku Maromenon
M.A.. x.¢.-M.H., TOIIEHT

Pa3pabotunk(n): kadheapa obmelt u TeopeTUIECKON GUUKU
AobpamoBa b.A. k.¢.-M.H., TOLIEHT

PaGouast mporpamMmma AUCIUIUIMHBI 0J100peHa:
Ha 3ace/laHuu Kadeapbl o01iei u reopetnueckon Gusuku oT «21» susaps 2020
r., IpoTOKOJ Ne 5

3aB. xkadenpoit W/ Mypra3zaeB A.K.

Ha 3acenanuu Meroanueckoii komuccnn OU3ndeckoro QaxyinbTeTa
oT «28» deBpans 2020 r., mpoTokosa Ne6
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IIpencenarens Mypiunesa XK. X.

Pabouas mporpamma IUCIUIUIMHEI COTJIACOBaHA ¢ y4eOHO-METOINIECKUM
ynpasiieHuem  «26» mapra 2020r.
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AHHOTauus padoyeil NPOrpaMMbl JTUCUUILIHHBI

JuctummuHa «MeToabl MATEMaTHYeCKOTr0 MOAeTUPOBAHUSN» BXOJUT B
éapuamugnyl0 49acTh 00pa30BATEILHOW MPOTPAMMBI  MACUCHMPAHMYpPbl  TIO
HarpasieHuto 11.04.04 «DnekTpoHuKa U HAHOAJIEKTPOHUKA.

HuciuruinHa peanusyercsa Ha pusndyeckoMm (axynbrere kadeapoit OOmei
U TEOPETUUYECKON PU3UKHU.

Coz:ep;xaHHe AUCHOUIITIMHBI OXBATBIBACT KPYI' BOIIPOCOB, CBA3daHHBIX C
OCHOBaMH BBIYMCIIMTEIBHOM (1)I/IBHKI/I, MCTOdaMH BBIYHCJINTEIILHOU (1)I/ISI/IKI/I,
criocodaMy MaTeMaTUIECKOTO MOACIIMPOBAHUA.

JlucuumnivHa HailejneHa Ha (OPMHUPOBAHUE CIEAYIOIIUX KOMIETEHIIUMA
BbITyCKHUKA: obouienpodeccuonanbubix — OIK-2, OIIK-3, OITK-4.

[IpenonaBanue AMCIMIUIMHBI MPEAYCMAaTPUBACT MPOBEACHUE CIICTYIONTUX
BUJIOB YYCOHBIX 3aHATHI: JIEKIMH, TPAKTUYCCKUE 3aHATHSA, CAMOCTOSTEIhHAsS
pabora.

PabGouass mporpamMma JAMCHMIUIMHBI —TMpPEIyCMAaTPUBACT  IPOBEACHUE
CJIEIYIONIUX BUIOB KOHTPOJS yCIEBAeMOCTH B (popMe KOHTpOJIbHAsE paboTa H
MIPOMEKYTOUHBIN KOHTPOJIb B opMe 3aueTa.

O0beM  TUCIUIUIUHBI 2 3aQ4E€THBIX E€IWHUIBI, B TOM YHCJIE B
aKaJeMUYECKHUX Jacax I0 BUJaM y4yeOHBIX 3aHITHI — 72 yaca.

Cemec YyeOHble 3aHATHS dopma
R B TOM YHCJIIC IIPOMEKYTOY
HOU
Bcee KonTtakTHas paboTa 00y4aroLnxcs ¢ MpernojaBaTesieM CPC, aTTeCTANN
ro 13 HUX B TOM (3auer,
qrcie
uddepeHu
Jlexn | Jlaboparop | Ilpakta | KCP | KOHCYNBT | 5xsam audpep H
BCETO POBAHHEIIN
17074 HBIC eCKHue aruu el
3auer,
3aHATUS 3aHATUS
IK3aMeH
1 72 36 6 14 52 3ayer




1. Ileau ocBOeHMS TUCHUIIJIMHBI

Lenpto  ocBoeHuss  aucUMIUIMHBL  «MeToabl  MaTeMaTH4YeCKOIo
MOJEeJTMPOBAHUS SIBIIETCA 3HAKOMCTBO CTYJIEHTOB C OCHOBHBIMH METOIAMH
MaTE€MaTUYeCKOr0 MOJEIMPOBAaHUSA M QJITOPUTMAMH peaJU3aldd  Pa3IMYHBIX
YHUCJIEHHBIX METOJOB, a TAK)KE MOJATOTOBKA CTYJEHTOB K PEIICHUIO MPaKTUYECKUX
3a]1a4 C UCIOJIb30BaHUEM PA3JIMYHBIX METOJ0B MaTEMATHUYECKOIO MOJIETIUPOBAHUS.

YckopeHne Hay4qHO-TEXHUYECKOTO Mpouecca, NMpOHMKHOBeHHe OBM Bo
Bce c(epbl AEATEIBHOCTH YEJI0BEKa, MOBbIIeHNE poiar OBM B (pyHIaMeHTaIbHBIX
U TPUKIAJHBIX HCCIENOBAaHUAX CBSI3M C HEOOXOAMMOCTBIO  HIMPOKOTO
UCIIOJIb30BAaHUSI MATEMATUYECKUX MOJEINIEH U KOMIIBIOTEPHOTO MOJEIMPOBAHUS.

Takum  oOpaszom,  guciuuimHa — «MeToabl ~ MaTeMaTH4eCKOro
MO eJTMPOBAHUSD) UMEET LENbIO:

*  (O3HaKOMHTH CTYJEHTOB C METOJAMU MAaTEMATHYECKOIO0 MOJEIHPOBAHUS B
dusuke;

* HAy4YuTh CTYJIEHTOB pa3pabOTKE MAaTEeMATHUYECKUX Mojesield (PU3HMYEeCKUX
00BEKTOB U MarHUTHBIX MaTEPUAJIOB;

* J1aTh HABBIKU MIOCTAHOBKHU YHUCIEHHOTO SKCIIEPUMEHTA;

* O3HAaKOMUTb C METOJaMU OOpabOTKM M MHTEPHpPETAlUU pPE3yJIbTaTOB

KOMITBIOTEPHOI'O MOJAEIINPOBAHUS.

B kxypce wu3mararorcs METOABl MAaT€MAaTHYECKOro0  MOJEIUPOBAHUS
Pa3INYHbIX (PU3UUECKUX SIBJICHUN U IPOLECCOB, METO/IbI BBIYUCIUTEIbHON (PU3UKH
U CIOCOOBbI X MAaTEMATUYECKOTO MOJEIUPOBAHHUSL.

Kypc BkItoUaeT J1eKUMOHHBIE U Ta00OPATOPHBIE 3aHATHUS.

2. Mecto aucuuninnbl B ctpykrype OIIOII marucrparypsbl

HuctuminHa «MeToabl MAaTeMaTHYeCKOr0 MOJEJTHPOBAHUS» BXOJUT B
0a30BbIi KOMIIOHEHT LIMKJIA €CTECTBEHHOHAay4HbIX U MaTematuueckux (EH u M)
JUCUUIUIUH U SIBISIETCS 00A3aTENbHOM JIsl U3yYEHHUS.

Jlst W3y4YECHUS M CITATIIIMHBI «MeToabl MaTeMaTHYeCKOro
MO/IeJIMPOBAHUS» CTYJICHT JOJDKEH 3HATh: NMEPBOHAYAIbHBIC 3HAHUS U3 KYpPCOB
MaTEeMaTHYECKOTO aHam3a, JIMHEHHOM anre0psl, OOBIKHOBEHHBIX

nudepeHnnanbHbIX YPaBHEHHM, ypaBHEHUN MaTeMaTHIeCKo (GU3uku. 3HAHUS U
YMEHUS, TPAKTUYECKHE HaBBIKUA, MPUOOpPETEHHBICE CTYJAEHTAaMU B peE3yJIbTare
W3YYCHUS JUCHUIUIMHBI, OyIyT MCIOJB30BaThCA TMPU HU3YYCHUU KypCOB
MaTEMaTUYECKOTO  MOJICJTUPOBAHUS, BBIUUCIUTEIHHOTO  TPAKTUKYMa, TMPHU
BBITIOJIHGHUHM KYPCOBBIX WU JUIUIOMHBIX DPaOOT, CBSI3aHHBIX C MaTeMaTHYECKUM
MOJICIMPOBAHUEM M 00paOOTKOW HAOOPOB JTaHHBIX, PCIICHUEM KOHKPETHBIX 3a]1a4
U3 MEXaHUKH, PU3NKH | T.II.



3. Komnerenuuu ody4arouierocsi, popmupyembie B pe3yjbTaTe 0CBOCHUS
TUCHUILINHBI (MepeYeHb MJIAHUPYEMbIX Pe3YyJIbTATOB 00yUeHHus ).

Kon
KOMIIETeHLIMH
u3 PIOC BO

HanMeHoBaHMe KOMIIETEHIIUU
3 ®IoC BO

ILiianupyembie pe3yJabTaThl
o0yueHust

OIIK-2

Cnocoben npumenamo
co8pemeHible Memoobl
ucciedo8anust, npedCcmasisms u
aApeyMeHmupoB8ano 3auuyams
pe3yibmamol 8bINOJIHEHHOU
pabomol

3naem:
- akmyanvHole npobiemvl, OCHOBHbLE
3a0a4u, HanpasieHusl, MmeHOeHYUU U
NepCneKmuebl Pazeumusi CO8PEeMeHHOl
NEKMPOHUKU U HAHOINEKMPOHUKU, A
MaKice CMENCHbIX 00aaACmell HaAYKU U
MEeXHUKU
- NPUHYUNDLL NIAHUPOBAHUS
IKCNEPUMEHMATILHBIX UCCIEO08AHULL
0J151 peuleHust NOCMABIeHHOU 3a0ayu
Ymeem:
- camocmosmenbHo Cmagumas
KOHKpemuble 3a0a4u HayyHblX
ucciedo8anull
- paccmampusams 803MONCHbLE
8apUAHMbBL Peanu3ayuu
IKCNEPUMEHMAIbHBLX UCCAEO08AHUIL,
OYeHUBast uUx OOCMOUHCMEA U
HeodoCcmamiu
Bnaoeem:
- HaebIKamu (HOPMYIUPOBAMb
KOHKpemHbvle memvl UCcie008anus,
NIAHUPOBAMb IKCNEePUMEHMbL NO
3a0aHHOU Memoouke 0
aghghexmuenozo pewrenus
NOCMABNEeHHOU 3a0aY4uU

OIIK-3

Cnocoben npuobpemamao u
UCNOTBL306ATL HOBYIO UHPOPMAYUIO
68 ceoell npeOMemHOU obOracmu,
npeonazams Hogbie uoeu U nooxoovl
K PeUleHUuI0 UHNCEHEePHBIX 3a0aH.

3naem:

- co8peMenHble NPUHYUNDBL NOUCKA,
XpaneHus, 06pabomKu, anaiua u
npeocmasieHus UHpopmayuu u3
PA3TUUHBIX UCIOYHUKOG U 0A3 OAHHbIX
6 mpebyemom ghopmame c
UCNONb308AHUEM UHDOPMAYUOHHBIX,
KOMNbIOMEPHBIX U CEMeblX
MexHon02ull

Ymeem:

- NOY4ams U UCHONIb308AMb HOBbIE
SHaHUs 8 001AcCMU NPOGheCcCUOHAIbHOTU
0esamenbHOCMU, 8 MOM YUCTe 8
MENHCOUCYUNTUHAPHOM KOHMEKCme, C
UCNONb308AHUEM UHDOPMAYUOHHO-
KOMMYHUKAYUOHHBIX MEXHOI02UL

Bnaoeem:




- HABLIKAMU  UCHOIb308ANDb
cospemeHHblie UHDOPMAYUOHHbIE
mexHonocuu 0 NpUoOpemeHus.
HOBbIX  3HAHULL 8  obaacmu
npogheccuoHanbHoll
O0esAmenbHOCmuy, 8 Mom uucie 8
MENCOUCYUNTUHADHOM
KOHmeKcme

OIIK-4

Cnocoben paspabamuieams u
NPUMEHSIMb CReYUATUZUPOBAHHOE
NPOCPAMMHO-MAMEMAMUYECKOe
obecneuenue 015 NPoGeodeHUs.
UCCNe0068aHUll U peulenus
UHIICEHEPHBIX 3A0aHy.

3naem:

- OCHOBbL UHDOPMAYUOHHBIX
MEXHON02UL, OCHOBHbIE BO3MOICHOCU
u npasuna pabomul O CMaHOAPMHLIMU
NPOSPAMMHBIMU NPOOYKMAMU NPU
peutenuu npogecCcUoOHaIbHbIX 3a0ay

- Memoobl 8bIYUCTUMENbHOU PUIUKU U
MAMEMAmMu4ecko20 MOOeIUPOSAHUS]
Ymeem:

- paspabamwvieams 3¢hhexmusHvle
aneopummvl peuieHus

UHDICEHEPHBIX 3a0ay C
UCNOTIL30BAHUEM COBPEMEHHBIX
SA3bIKO8 NPOSPAMMUPOBAHUS U
Mamemamuiecko2o Mooeaupo8aHus.
Bnaoeem:

- HABLIKAMU PA3PAOAMbIEAMb
CReyuUanu3UpPOSarHble NPOSPAMMHbIE
cpedcmea u Memoobl
Mamemamu4eckozo
MOOenupoBaAHU OJisl NPOBeOeHUs.
UCCTIe008AHULL U PEUEHUSL UHIHCEHEPHBIX
3a0au




4. O0beM, CTPYKTYpa M cOJep:KaHue TUCHUILIHHBI.

4.1. O6beM TUCHUIUIMHBI COCTABISIET 2 3a4ETHBIX €IUHHUII,
aKaJEMHUYECKUX YaCOB.

4.2. CTpyKTypa IUCLUIUINHBI.
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Moayas 1.
1. | Beencnue. Metomer | 9 1 4
MaTEMaTUYECKOrO IIpoBepka gomanHero
MOJICTTUPOBAHUSI: 3aJlaHusl, KOHTPOJIbHAsS
OCHOBHBIE TIOHSATHS, pabota
MTOCTAHOBKA 3aJIa4H.
2. | Knaccudukanus 9 2 4 ITpoBepKa IOMAIIHETO
MaTeMaTHYeCKHUX
. I 3aJlaHusl, KOHTPOJbHAS
MOJIEIIEH. pUMEpBI
. abota
MOJIeTIeH. pabo
3. Knaccm;(ecmm meton | 9 1 4 ITpoBepKa IOMAIIHETO
Mownre-Kapo.
PO 3aJlaHusl, KOHTPOJIbHAS
CraHgapTHBIA ~ AITOPUTM 5
abota
Mertpomnonmuca. pabo
4. | CoBpemMeHHBIC anroIIZHTMLI 9 2 4 ITpoBepKa IOMAIIHETO
MeToAa Mownre-Kapo.
0 A ehap 3aJlaHusl, KOHTPOJIbHAS
JTHO-KJIACTEPHBIH
abota
anroput™ Byneda . pabo
5. | Maremarnueckoe 9 1 4
gOHeHHpOBaHHe B I[IpoBepKa JOMAIIHETrO
nou3nKe.
M ¢ 3aJIaHusl, KOHTPOJIbHAS
OJIeTTUPOBAHUE
. T
TUHAMUKA TTOTTYJTSITTU I pabora
KUBBIX CUCTEM.
6. HOCTperHI/Ie rpaQ)HKop 9 1 4 TIpoBepka JOMAIIHEro
¢byukuuii B cpene Delphi.
M 3aJlaHusl, KOHTPOJIbHAsS
2
abota
Onurpoxouja. pabo
7. MopenupoBanue 2 2
JIBUKCHHUS Tena B
T'PaBUTAIMOHHOM TIOJIE.
BCEI'O 3A MOAVJIb 1. 3 7 26




Moayas 2.

8. | MoaenupoBanue 1 2 | IlpoBepka nomaiiHero
JBUKCHUS IUTAaHET 3aJlaHusl, KOHTPOJIbHAsS
COJIHEYHOH CHCTEMBI. pabota

9. | MoznenupoBanue 1 4 | IIpoBepka 1OMAIIIHETO
UCaIHHOTO rasa B 3aJJaHus, KOHTPOJIbHAS
cocyJe. pabora

10. | Maremartuueckoe 2 4 | ITpoBepka JOMAIIHETO
MozenupoBanue 3¢dekra 3aJlaHusl, KOHTPOJIbHAS
NEPKOJISALINH. pabota

11. | MoaenupoBaHue 2 4 | IIpoBepka 1OMAIIIHETO
(bpaKTaIbHBIX CUCTEM. 3aJJaHus, KOHTPOJIbHAS

pabora

12. | MogenupoBaHue 1 4
OTpaXEHHUs  CBeTa  Ha Hposepia nomaruxero
Irpanune pasjena JABYX 3aJaHusA, KOHTPOJbHAaA

pabota
cpel.

13. | MogenupoBanue 2 4 | [IpoBepka JOMAIIHETO
pacmpocTpaHeHUs]  CBeTa 3aJlaHusl, KOHTPOJIbHAs
qepes cpeny. pabota

14. | VccnepoBanue  MoJeNH 1 4 IIpoBepka goMaIHero
N3unra meronom Monte- 3aJlaHusl, KOHTPOJIbHAsS
Kapuo. pabota
BCET'O 3A MOJVYJIb 2. 3 7 26
HUTOIO: 6 14 52

4.3. Coaep:kaHue NMCHUILIMHBI, CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3eaam).

Mopyas 1.
Tema 1. MeTroabl MaTeMaTHYECKOT0 MOJAEJMPOBAHUN: OCHOBHbIE MOHATHS,
NMOCTAHOBKA 3a1a4H.

OcHOBHBIE 3Tanbl YHCJIEHHOr0 pemeHuss 3agadyum Ha JIBM Pemenue
MPUKIIAIHBIX 3aJ1ad MaTeMaTHYeCKOW (PU3MKHU ¢ HCHoJib3oBaHueM DBM MoxHO
pa30uTh HA HECKOJIBKO ITAIOB:

1) ®usmueckas nocTaHOBKa 3amadyd. Ha 3TOM »3Tame oOcCylecTBIsSeTCs
dbu3nYecKast MOCTAaHOBKA 3aJ1a4l M HAMEYACTCS MyTh €€ PEIICHUS.

2) Marematuueckoe MojenupoBanue. Ha 3ToMm »3rtame cTpouTcs WU
BBIOMpAeTCsT MareMarhuyeckass MoJieNb, OINKCHIBAIONIAS  COOTBETCTBYIOLIYIO
busnueckyro 3amady. Mogenb JOJKHA aJ€KBAaTHO OIKCHIBATH OCHOBHBIE
3aKOHBI (HPU3UUECKOro MpoIecca.

3) BriOop uucnenHoro wmerona. [lns pemieHus 3agaud  HEOOXOIUMO
HAUTA YMUCJICHHBIA METOJ, TMIO3BOJISIIOIIAM CBECTH €€ K HEKOTOPOMY
BBIYUCIUTEIILHOMY QJITOPUTMY.

4) Pa3zpaboTka anropuTMa perieHus 3aJadd. AJTOPUTM peHIeHUs 3aJaduu
3aMHUCHIBACTCSI KAk IOCJIENOBATEILHOCTh JIOTMUECKMX U apuMETUYECKUX



omepanuid. AJNTOPUTM MOXKHO TIPEACTaBUTh B BHJAE OJIOK-CXEMBI  WIIU
CTUJIM30BaHHOM IHarpaMmabl.

5) CocraBnenue mporpammbl. Ilporpamma, peanusyromas anropuTM
peLIEeHHs] 3aJauM, 3alUChIBACTCSI HA OJHOM W3 A3bIKOB IPOTPAMMHUPOBAHUS
BBICOKOTO  YpOBHsI (3TO 3aBUCUT OT MareMaruyeckoro obecrneuenus BII, rae
MpeAnojaraeTcsl peleHue 3a1aumn).

6) Otnaaka mporpammbl. OTiajka MporpaMMbl COCTOMT M3 2-X 3TarlloB:
TECTUPOBAHUE U UCIIPABJICHUE OIINOOK.

7) Cuer mno oTiHaxeHHOW mnporpamMMe. Ha 3ToM 3rtame roToBsSTCS
VCXOJIHbIE JTaHHBIE JJIS1 PACCUYUTHIBAEMBIX BAPUAHTOB, U OCYILECTBIISIETCS CYET I10
OTJIA)KEHHOU IPOTrpaMMe.

8) Amnanu3z pe3ynbTaToB cueta. [lomydennsie ¢ moMonpio 9BM pe3ynbTaThl
YUCJIEHHOTO CY€Ta AaHAJIU3UPYIOTCS, CPABHUBAIOTCS C HSKCHEPUMEHTAIbHBIMU
JTAHHBIMH, u  odopmisercs COOTBETCTBYIOIIAS] ~ HAYYHO-TEXHUYECKAS
JOKYMEHTAIUSI.

9) Baenpenue noyiy4eHHbIX pe3yIbTaTOB.

IMorpemHOCTH BBHIYMCICHUM.

OTkJIOHEHWE  MCTUHHOTO  pEHICHUST OT  MPUONMKEHHOTO  Ha30BEM
NOrpetIHOCThI0. CyIIeCTBYIOT YETHIPE MCTOYHHUKA MOTPEITHOCTEN, BO3HUKAIOIINX
B PE3YJIbTAaTE YNCICHHOTO PEIICHHUS 3a/1a4u.

MaremaTu4yeckast Mmojesb. [lorpenmiHOCTh MaTeMaTUYECKOW MOJIENIH CBsI3aHa
c ee NpUOIMKEHHBIM ONMCAaHWEM peanbHOro oObekTa. Hampumep, ecnu npu
MOJICTUPOBAHUN SKOHOMHUUYECKON CUCTEMbl HE YUYHUTHIBATh MHQIISIUMU, a CUUTATh
IEHbl TOCTOSIHHBIMHU, TPYAHO PAacCCUUTHIBATH Ha JIOCTOBEPHOCTHh PE3YJIbTATOB.
[lorpemHOCT MAaTEMATUYECKOW MOJEIN Ha3bIBAETCA HEyCTpaHMMOM. bynem B
JanbHEHIIeM Mpeanojararb, 4ro MaTreMarhueckass MoJelb (PUKCUpOBaHA U €€
MOTPENTHOCTh YYUTHIBATH HE Oy IEM.

Hcxoonvie oOannwle. VicxonHble JaHHbIE Kak MPABUIO  COAEpKAT
MOTPENIHOCTA, TaK KAaK OHU JUOO HETOYHO W3MEpPEHbI, JIMOO0 SBISIOTCS
pEe3yabTaTOM PENICHUSI HEKOTOPBIX BCIIOMOTaTEeIbHBIX 3adad. Hampumep, macca
CHapsiia, MPOU3BOJIUTEIHLHOCTh O0OpPYJOBaHUS, MpeAroiaracMasi 1eHa ToBapa H
np. Bo MHOrUX (DU3MYECKHMX M TEXHHUYECKUX 3aJadyaxX IMOTPEUTHOCTh U3MEpPEHUN
coctaBisieT | —10%. IlorpemiHocTh HMCXOAHBIX JAHHBIX TakK K€, Kak H
MOTPENIHOCTh MATEMATHYECKOW MOJEINIH, CYUTAETCS] HEYCTPAaHUMOA.

Hozcpewinocmo memooa. IlpumensieMble N1 pelleHUs 3aJa4ud METOAbl Kak
MPaBUIO SIBJISIIOTCA MPUOSMKEHHbIMUA. Hampumep, 3aMEHSIOT UHTETpajl CyMMOH,
(GYHKUIHIO — MHOTOWIEHOM, NPOW3BOJHYIO — Pa3HOCThIO W T. A. llorpemmnocts
METO/Ia HEOOXOAUMO OMPENEATh Al KOHKPETHOro MeToja. OOBIYHO €€ MOXKHO
OLICHUTh M MPOKOHTpOJIMpoBaTh. Cieqyer BhIOMpaTh MOTPEUIHOCTh METOJa Tak,
4TOOBI OHA ObLJIa HE OoJiee YeM Ha MOPSAI0K MEHbIIIE HEYCTPAHUMOMN MTOTPEITHOCTH.
Bonpmiass morpemHoOCTh CHWXKAET TOYHOCTHh PEIICHHWS, a MEHbIIas Tpedyer
3HAYUTEIHLHOTO YBEINYEHUsI 00beMa BHIYUCIICHHM.

Boiuucaumenvnan nocpewsnocms. 110rpeiHOCTb OKPYTJIEHNUS BO3SHUKAET U3-
32 TOTO, YTO BBIYUCIICHHUS TPOU3BOMAATCS C KOHEYHBIM YHUCIIOM 3HAYAImUX IUdp
(nna coBpeMeHHbIX DBM 3T0, B 3aBUCUMOCTH OT HMCHOJIb3YEMbBIX MEPEMEHHBIX,

—9_



cocrasisieT 10 — 18 3HakoB). OKpyIJIeHHE TPOU3BOMST MO CIEAYIOIIEMY MTPABUITY:
€ClIi B CTapllieM W3 OTOpPAChIBAEMBIX Pa3psAOB CTOMT LU(PpPa MEHbILIE MSATH, TO
COJEPKUMOE COXPAHSEMBIX pPa3psioB HE H3MEHSETCSA; B NPOTUBHOM CIIydae B
MITQJIIINIM cOXpaHseMbli pa3ps J00aBIsSeTCs €IUHULA C TEM K€ 3HAKOM, UTO U Y
camoro uymcia. Ilpu pemeHnn OoOJpIMIMX 3a7a4 MPOU3BOJATCS MUIUIMAP.IBI
BBIUMCJIEHUM, HO TaK KaK MOTPEIIHOCTH MUMEIOT pa3Hble€ 3HAKH, TO OHU YACTHUYHO
B3aMMOKOMIIEHCUPYIOTCSI.

BoruncianrenbHbie MeTOAbIL. [10/1 BEIYMCIUTENEHBIMU METOJAMU TOHUMAIOT
METO/Ibl, KOTOPBIE HUCIONB3YIOTCSA ISl MPeoOpa3oBaHus 3a1ad K BUILY, YIOOHOMY
st peanu3ann Ha OBM. PaccMmoTpuM J1Ba Kjacca BBIYMCIUTEIBHBIX METOJIOB,
KOTOPBIE YACTO UCIOJIb3YIOTCS HA MPAKTHUKE.

IIpsimbie MeToAbl. MeToa pelieHus 3aa4d Ha3bIBAE€TCA MPSAMBIM, €CIU OH
MO3BOJISIET MOJYYUTh PEHIEHHE IIOCJI€  BBINOJHEHUS KOHEYHOr0  4Hcia
AJIEMEHTAPHBIX OllEepaluil.

HUrepanuonnbie Meroabl. CyTh HWTEpalMOHHBIX METOJOB COCTOMT B
NOCTPOECHUHU TIOCJEI0BATENbHBIX MPUOMIKEHUH K pElIeHuto 3agadd. BHauane
BBIOMPAIOT OJHO WJIM HECKOJbKO HauyaJbHBIX NpUOIMKEHUM, a 3areM
NOCJIEI0BATEIbHO, WUCIIONIb3Ysl HallIeHHbIE paHee MPUOJIMKEHUS U OJHOTUIIHYIO
OpoLEAYypY pacdera, CTpOST HOBble NpuOmwkeHus. B pe3ynpraTe Takoro
UTEPALlMOHHOTO IPOILIECCa MOXKHO TEOPETHYECKH TIOCTPOUTh OECKOHEUHYIO
NOCJIEIOBATEIBHOCTh NPUOIMKEHUN K perieHuto. Eciau 3Ta mociaenoBarenbHOCTh
cxoguTcsi (4To OBIBAET HE BCErjga), TO TOBOPAT, YTO HUTEPALMOHHBIA METOA
cxoauTca. OTAENbHBIN AT UTEPAMOHHOTO MTPOIECCA HA3BIBACTCS UTEPALIUEH.

Tema 2. Knaccupuxkanusa maremaruueckux mojaeseid. Ilpumepst moaesiei.

dopmajibHas KJIaCCH(PUKALMA MOAeIeH

dopmanbHas Ki1accuuKanus MoJeJel OCHOBBIBACTCS Ha KJacCU(UKAIIUU
UCITIOJIb3YEMbIX MAaTEMaTUYECKUX CpeACTB. YacTo CTpouTcs B GopMe TUXOTOMUM.
Hampumep, oauH 13 nomyssipHbIX HAOOPOB TUXOTOMMUMA[ 7 ]:

e JluHeliHbIC NN HEJIUHEHHBIC MOJICITH[ 8 ];
CocpenoToUeHHBIE WM PaCIIPEICIEHHBIE CUCTEMBI[9];
JlerepmuHnpoOBaHHbBIC WK cTOXacTuuecku e[10];
Cratnueckue wim auHamudeckue[ 10];

HuckpetHsie win HenpepbiBHbIE[ 10].

n Tak painee. Kaxmas nocTpoeHHass MOJENb SIBIACTCA JMHEWMHOM WU
HEJIMHEMHOW, JETEPMUHUPOBAHHOM WM CTOXAaCTUYECKOW. EcTecTBEeHHO, 4YTO
BO3MOXXHBl M CMEIIIAHHBIC THUIIBI: B OJHOM OTHOIIEHUH COCPEAOTOYEHHBbIE (I10
4aCcTH MapaMeTpoB), B IPYroM — pacnpeeIEHHbIC MOJIEIH U T. 1.

Kaaccudukanus no cnocody npeacrapjieHusi 00beKTa.

Hapsiny ¢ dopmanbHo# knaccudukaimeil, MoJaenu pa3IndaroTcs Mo Crocooy
npeACTaBIeHUs O0BEKTa:

CTpykTypHble WK QyHKIUOHAJIbHbIE MO
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CTpyKTypHBIE MOJIEIN TMPEACTABISIOT OOBEKT KaK CHUCTEMY CO CBOUM
YCTPOMCTBOM U MeXaHU3MOM (GYHKIIMOHUPOBaHUsA. DyHKIIMOHATBLHBIE MOJIEIN HE
WCMOJIB3YIOT ~ TaKUX  MPEJICTABICHHMHA W OTPAKAOT  TOJBKO  BHEIIHE
BOCIIpUHUMAaeMOe TMOBeAcHuE OO0BeKTa. B WX mpenenbHOM BBIPAKCHUU OHU
Ha3bIBAIOTCS TaKXE€ MOJICIISIMA  «YEPHOrO  SIIMKa». BO3MOXHBI — Takke
KOMOMHUPOBAHHBIE THUIIBI MOJIEJeH, KOTOpPhIE HMHOTJIAa HAa3bIBAIOT MOACISAMU
«CEPOTO SIIUKA».

Mogaenu Tuna YépHbIA AMMK ((PeHOMEHOJIOTHYECKHe),

Mongean Ttunma cepblii  AMK (cMechb  (EHOMEHOJIOTMYECKUX M
MEXaHUCTHYECKHUX Mojeeit),

Mopesau Tuna 0ejblil IIUK (MeXaHUCTHYECKHEe, AKCHOMAaTHYeCKHe).

Conep:karteiibHble U (hOpMAIbHbIE MO/IEH

[IpakTHueckn BCE aBTOPbBI, OMMUCHIBAIOIINE MPOLECC MATEMATHYECKOTO
MOJICITUPOBAHUs, YyKa3bIBalOT, YTO CHayajla CTPOUTCS o0cobas wujicaabHas
KOHCTPYKIIMS, COAepKATeJbHAsA MoJejb|. YCTOSBIICHCS TEPMUHOJOTUU 37ECh
HET, W JAPYTHUe aBTOPHI HA3BIBAIOT ATOT HJCATbHBIH OOBEKT KOHUENTYyaJIbHasi
MO/1eJIb, YMO3PUTEJIbHAS MOAEJb WIN NPeAMO/Ie/Ib.

[Ipy »osroM (QuHanpbHAs MaTeMaTHUeCKas KOHCTPYKIIMS  Ha3bIBaeTCs
dbopMaIbHON MOJIENBI0 WM MPOCTO MaTeMaTHYECKOW MOJICINbIO, MOJYyYeHHON B
pesynbrate (opMaau3aluyd JAaHHOW COACpPIKATCIBHON Monaeian (MpeaMomesn).
[ToctpoeHune comepxkaTeIbHOM MOJEJIM MOXKET HTPOU3BOAUTHECS C IOMOIIBIO
Ha0opa TOTOBBIX HJeaNu3alui, KaKk B MEXaHUKE, TJI€ HACAIbHBIC MPY>KUHBI,
TBEPABIE TeEJA, UACATbHBIC MASTHUKH, YNPYTH€ CPeAbl U T. 1. JAIOT T'OTOBBIC
CTPYKTYPHBI€ DJIEMEHTBI JJIsI COACPKATEIBHOTO MojaenaupoBanus. OJHAKO B
o0JlacTsIX ~ 3HAHUS, TJe HE  CYHIECTBYET  IIOJHOCTHIO  3aBEPIICHHBIX
dbopMaii30BaHHBIX TEOpU (mepeaHuil Kpaid (U3HKK, OWOJIOTHH), CO3JaHUE
COZEPIKATEIBHBIX MOJICJIEH PE3KO YCIOXKHAECTCS.

Tema 3. Kuaaccuuecknit meron Monte-Kapao. CranmapTHblii aJaropurm
Metponosuca.

Meronom Monte-Kapno (MK) mpuHsSTO Ha3pIBaTh YHCICHHBIH METOH, B
KOTOpPOM  PEUIEHUE IOJIHOCTBIO JIETEPMUHHUPOBAHHOM 3aJaud  3aMEHSETCS
NPUOJMKEHHBIM  PEIICHUEM, OCHOBAaHHBIM Ha BBEACHUM CTOXAaCTUYECKUX
AJIEMEHTOB, OTCYTCTBYIOIINX B HCXOJHOM 3a/1a4e.

B Hacrosinee BpeMs B CTaTUCTUYECKOW (DU3UKE yAAIOCh MOJYYUTh TOYHOE
pelieHne JMIb JAJiS O4YeHb OrPAHMYEHHOIO YHCIIa MOJENICH, OMMCHIBAOIINX
(ba3oBblii epexo]1 BTOporo poja. Jla u G0JbIIMHCTBO U3 3TUX MOJIEIEH OTHOCATCS
K MpOCTEHIIMM MOJENSAM T[epBOro MNpubamxeHus. Takxke Kak MeToJ
MOJICKYJISIPHOTO TOJISI, Pa3InyHble TEOPETUUYECKUE MPUONIMKEHHUS HE aJleKBaTHO
OIKCHIBAIOT KPUTHYECKHE SIBICHUS M BOJMU3U KpuUTHUeckoi Temrepatypsl (7,) He
pabGotator. TakuM 00Opa3oM, OOJBIIMHCTBO PE3YJIbTATOB MOJTYYEHHBIX B 00JacTH
Teopuu (Pa3oBBIX MEPEXOJIOB U KPUTUUECKUX SBJICHUM ObUIM MOJYyYEHBI HA OCHOBE
YUCJIEHHBIX METOJOB, TAKMX KaK BBICOKO- U HU3KOTEMIIEPATYPHBIX PA3JI0KEHUH, &
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— pa3JoKEeHUsA U HEKOTOPbIX Apyrux. Cpeau 4MCIEHHBIX METOJOB B IOCIEIHEE
BpeMs Bce 00Jiee BAKHYIO M 3HAUUTEIBbHYIO POJIb UTpatoT MeToasl MonTe-Kapsio.

B 1953 rogy Metpononuc npumeHuwn Mmeto]l Monte-Kapiio B KaHOHUYECKOM
aHcamOiie Il pacuera ypaBHEHHUS COCTOSIHUSI JIBYMEPHOM MOJIEIN — CHCTEMbI
TBEpABIX AUCKOB. Ilocie 3TOro 3ToT METoj MONY4Yus HIMPOKOE NMPUMEHEHUE Ha
npakTtuke. A 3arem Byn u ap. pacnpoCTpaHWIM TaHHBIA METOJ Ha TPEXMEPHBIE
CUCTEMBI C TJIAJKUM MEXYaCTUYHbIM noTeHuuanom JlenHapnaa-/»xoHca. B Hamm
aau Merog MK u pasnuuHble e€ro BapuaHThl (KMHETHYECKHM, KBaHTOBBIM,
KJIACTepHBIM, W JIp.) IIMPOKO HCHOJB3YyeTCs [UIsl pelieHus 3a1ad  (pus3mkw,
MaTeMaTUKH, OWOJIOTHUU, aCTPOHOMUH, couuosiorud u T.1. Ocobenno meton MK
OpUMEHSETCd K CHCTeMaM, U1 KOTOPBIX CHEJAaHO HPEANOJOKEHUE O
B3aMMOJICUCTBUM MEX]y YaCTHIIAMHU CHCTeMbl. Hajo OTMETUTH, 4TO B MPUHLMUIIE,
MeTo10M MK MOXHO MOJy4UTh CKOJIb YTOJHO TOYHBIE PE3YNIbTATHI B 3aBUCHUMOCTH
OT UMEIOLIETOCS B PACHOPSYKEHUN MAIIMHHOTO BPEMEHU.

B pmaHHOM  ciyyae — MOTpEHNIHOCTh  BBIYMCIEHWM, KakK  IPaBUIIO,
MPOMOPIHUOHAIbHA /DIN , rtne D —mHnekoropas mocrosHHasi, N — uyucio MK
WCIIBITAHUM W KOHTPOJIMPYETCS B paAMKax CaMOI'0 METO/Ia.

B wmerome MK cucrema coBepmaer ciayvyaiiHele Ony)KZaHuA IO
KOH(QUTYpallMOHHOMY MNpPOCTpaHCTBY. IlyTeM ycpenHeHuss 1Mo KaHOHUYECKOMY
KOHQUTYpallMOHHOMY aHCaMOJII0 MOXXHO C YCHEXOM BBIUHCIUTH JIIOOYIO
PaBHOBECHYIO TEPMOIUHAMHUYECKYIO XapaKTEPUCTHKY CUCTEMBI.
[TocnenoBaTenbHOCTh Pa3aUYHbIX KOH(Urypauuii, peamuzyeMbix B metoge MK,
MO>XHO pPacCMOTPETh M KAaK BPEMEHHYIO 3BOJIIOIMIO cucTeMbl. Kak Mbl yBUIUM
HMKE, DTOT AuWHaMudeckud acrekt meroma MK, odenr BaxkeHn. M6o »10, BO-
NEPBBIX, CBA3AHO C HHTEPHpPETALME M PacyeToM ‘‘CTATUCTUYECKUX OIIMOOK™
Metona. I[Ipumenenue meroga Monte-Kapno k ancam0ito, HaxoasiieMmycs B
IPOU3BOJIBHOM COCTOSIHUM, OOECIHEeUMBAET peNlaKCcalldio aHcaMOJil B COCTOSIHUE
TEIJIOBOTO  paBHOBecus. JMHaMuueckass WHTEpHOperanus 3TOro Impouecca
MO3BOJIIET MOHATH, TOUEMY B HEKOTOPBIX CIydasiX BpeMs pejlakcalliid MOKET ObITh
ouyeHb O0NbIINM. BO-BTOPBIX, MOSABISETCS BO3MOKHOCTh UCCIIEIOBAaHUS BEIMUMUH,
KOTOPBIE 3aBUCAT OT BPEMEHU U IUHAMUYECKUX KPUTUUYECKUX SIBICHUU. A 3TO, B
CBOIO OYepe/Ib, 3HAUUTEIBHO pacIIupsieT 00JacTh npuMeHeHust metoaoB MK.

e  Cmanoapmmuuiit anzopumm Memponoauca

CraHgapTHbBI alropuT™M Kiiaccuueckoro merona Monte-Kapno nns monenu

W3uHra MoxkeT ObITh IPEJICTABIICH B CIEAYIOIIEM BHUJIE:

1. 3aparb HauadbHYIO KOH(MUTYpaLMIO CIMHOB € dHepruent U;.

2. CnyyaitHbIM 00pa3oM BBIOpaTh OJMH W3 Y3J0B PEHIETKHM W IOIMBITAThCS
nepeBepHyTh ero: S — S (w1 mogenm Usmnra S = —S°).

3.  BbIUHCIHTH H3MEHEHHE SHeprun ciucTeMbr AU = (U™ —U°Y),

4. Ecmu AU<0, TO mnepexoa B HOBOE COCTOSHHUE NPUHUMAETCS M CIUH
nepeBopauuBaetcs. [lepeiitu k miary 8.
5.  Ecnu AU >0, To BBIYHCIUT BEPOSTHOCTH Tepexoa: p = exp[— AU /k,T].

6. T'eHepupoBarh ciydailHOE YHCIIO & JIexKallee MEXAY HYJIEM U €UHULIEH.
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7. Ecmm &<p, TO mepexon B HOBOE COCTOSHHE TPUHUMAETCS M CIHHH
[IEPEBOPAYMBACTCA, B IPOTHUBHOM CIIy4ae CIIMH HE IIEPEBOPAYMBACTCA U
COXPAHSETCS CTAPOE COCTOSHUE CHUCTEMBI.

8. [Ilpoananm3upoBaTh  MOJNYYCHHYIO  KOHPUTYpalMIO U COXPaHUTH
paccUMTaHHbIE BEIMYMHBI JIJIS1 TOCIEYIOIIET0 YCPEIHEHUS.

9. TloBTopuTh maru 2 —8 HEOOXOIMUMOE YHUCIIO Pa3.

10. BpuucanTh cpeHre 3HaYCHHS TEPMOIUHAMUYECKIX BEIHUMH.

IIpr wucnonb30BaHMM CTAaHAAPTHOIO anroput™Ma wmeroxga Monrte-Kapno
BO3HMKAET €ll€ OJIHA CJIOKHOCTb, CBSI3aHHAs C BEPOATHOCTBIO nepexona. [lpum
OUYEHb HMU3KHX TEMIIEpaTypax JIMIIb OYEHb MHU3EPHAs 4acTh IOIBITOK IEPEBOPOTA
CIMHA OKa3blBaeTCsl yJauyHoH. [[BuxeHue cucrteMsl B ()a30BOM IPOCTPAHCTBE
SBJIIETCSI OYEHb MEJICHHBIM, U JUIS [I€PEX0/Ja CUCTEMBI B PABHOBECHOE COCTOSIHUE
TpeOyeTcs reHepalusi OrPOMHOTO YHCIia COCTOSIHUM. J{J11 YCKOpEHHsI CXOUMOCTH
B ciuydae KgT ~0 HeoOXoamMo NPHMEHATH JApPYyTrue airopuTMbl. B wacTHOCTH,
cieayer pa3padoTaTh alrOpUTM, COBEpIIAIOIIMKN TOJIbKO yaadHbie MoHTte-Kapio
HIary.

Heo0OxoaumMo 3HaTh, YTO 37€Ch MOYKET CHJIBHO CKa3aThCs BBIOOP HAYaJIbHOM
KoHQurypauuu. B npunnune nponenypa merona Monte-Kapno rapantupyer
IEepexXo]l B COCTOSHHME TEIUIOBOTO paBHOBECHS U3 JIOOOHM  HayalbHOM
KoHurypauuu. OJHaKO BBIOOP HAYaJbHOW KOH(PUIYpallUd MOXKET CYIIECTBEHHO
HOBJIUATH Ha BPEMs pellaKcallii B paBHOBECHOE COCTOSTHUE. B 1Mo100HbIX cllyyasx
OOBIYHO BHIOMPAIOT CIIYYalHYIO0 HaualIbHYI0 KOH(PUTYPALUIO WK YHOPSAIOUYEHHYIO
0 KakoMy-iaubo nmpuHuuiy. MHoraa B kauecTBe HadallbHOM KOHQUTYpalUU MpU
JAHHOM TeMIlepaType 3aJal0T PaBHOBECHYIO KOH(UTIypaluio, MOIYYEHHYIO MpHU
MIPOBEICHUH BBIYUCIICHUM 17151 OJIMKalIel TeMIepaTypahl.

Tema 4. CoBpemennble ajaroputmbl Metroaa Monre-Kapao. OpHo-
KJIACTEepHBbIN anroputm Byisda.

Cpenu Bcex HOBBIX aJITOPUTMOB CBOEU A(DPEKTUBHOCTHIO BBIACISIOTCS JBa:
MHOTOKJIACTEpHBIN anroput™ CBeHJiceHa-SlHra W OJHOKJIACTEPHBI alrOpUTM
Bynwda. KopoTko paccMOTpUM UX CYTb.

Anroputm CBeHniceHa — SlHra ocHOBaH Ha JAByX mpeoOpa3oBaHusax: 1)
CIUHOBasi KoH(pUrypanusi 3aMeHseTcsl KOHpUrypaiuei cBs3ed, OCHOBaHHOW Ha
cnuHax; 2) KOHQUTYypaIus CBA3E€H UCIOIb3YeTCs, YTOObl CKOHCTPYHPOBATH HOBYIO
KoH(purypamuio crnuHoB. O0a 3Tama OCHOBaHBI Ha WCIOJIB30BAHUM CIIYYAHBIX
YHUCEJI.

Cesasn  Mexay OmmKadlIUMM — COCEAAMH S; BBIODAHHOTO CIHMHA
yCTaHaBIMBarOTCs ¢ BeposTHOCThIO P=1-eXp(-K), rne K=J/kgT, ecu Sj umeer To
K€ caMoe 3HadeHue, 4rto M S;. Ecim cocemHue CIMHBI S; M S; UMEIOT pa3HbIE
3HAQYEHHUS] MEXK]Yy HHUMHU CBS3b HE YCTAHABIMBACTCS WM OHU OJHOMY KJIIACTEPY
MpUHAJIeKAT, HE MOryT. B mpenenmax OIHOro Kiactepa BCE€ CHHUHBI HUMEIOT
OJIMHAKOBbIC 3HAUCHHME. 3aTeM BbIOpaHHBIM crnuH S; mnoaBepraercs MK
uCTibITaHuio. [lpu TPUHATHM HOBOTO 3HAYEHUS IS Sj, TaKoe >X€ 3HAUYCHUE
MPUCBANBAETCsl BCEM CIMHAM JAHHOIO KjacTepa. 3aTeM mpolieypa MOBTOPSIETCS,
CTapTys YK€ C HOBOI KOH(UTYypaITUH.
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AnroputM ocoOeHHO 3(@eKTHBEH NpHU BEKTOPU3ALMU PACUETOB M NS
Oonpiux pemerok. O BbICOKON 3(PPEKTUBHOCTH METOJIa TOBOPAT M 3HAYEHMS Z
noxydeHHele ans mMojenu Wzwara. Hampumep, mis cuctembr d=2, z~2.1 npu
CTaHAapTHOM ayiroput™e U Z=0.35 npu Hcnoiap30BaHuM anroputma CBeHJCEHa-
Aunra. Jns tpexmepHod wmonenu M3uHra oOBIYHBIN anropTuMm JaeT Z ~2, a
anroputM Caenzcena-fAnra z =~ 0.55. DTOoT anropuTMm Jerko oOoOmaercs Ha
ciiydyail yyeta aHTU(EPPOMArHUTHBIX B3aUMOACHCTBUM W HaJIWYMsl BHEIIHUX
MarHUTHBIX MOJIEH.

OpnHokacTepHbIi anroput™ Bynbda oTimyaercss 0T pacCCMOTPEHHOTO ABYMS
OCOOCHHOCTSIMHU: 1) BOKpYr BBIOPAaHHOTO CIHMHA S; KaK W B aJITrOPUTME
dopMupyeTcss KiacTtep, IOClIe NPOCMOTpa BCeX OMmkalux cocenen c
BeposaTHOCThIO P =1 —exp(-K) B Ki1acTep BKIIOYAIOTCS BTOPBIC OJIIKAKMIIME COCSaN
MMEIOIINE TAKOE K€ 3HAYEHUE CIIMHA, 3Ta IPOoLeIypa MPOJOIIKAETCS 0 TEX IOp,
NnoKka He OyAyT AOCTUTHYTBHI TPAHULBI CHCTEMBI; 2) IOJYYEHHBI KIactep
IIEPEBOPAYMBACTCS C BEPOSTHOCTHIO paBHOM 1.

OrMeruMm, 4YTO WIA TPEXMEPHOW Monenu M3uHra 53TOT anroputMm Jaer
3HaueHue Z~0.4, 4TO CBUIETEIBCTBYET O €ro 0osee BhICOKON 3(P(HEKTUBHOCTH IO
CpPaBHEHUIO ¢ anroputMoM CBeHaceHa-SHra.

Oba »>Tu anropuTMa IproJuyHbl U HeJoKanbHbl. HecMoTps Ha TO, 4yTO Ha
IIPaKTUKE OHM IIMPOKO MCHOJIB3YIOTCS, BCE €IIE OCTAeTCs PsJ  BOIPOCOB
CBSI3aHHBIX € 3(Q(EKTUBHOCTHIO ITHX AJITOPUTMOB KakK IPU CPAaBHEHUU MEXIY
co00l, TaKk W MPUMEHUTEIBHO K TEM WM UHBIM MojensiM. Hampumep, rinaBHas
npudrHa 0osiee BBICOKOM 3 (eKTUBHOCTH anroputma Bynbda 3akirodaercs B TOM,
YTO CpEAHUI pa3Mep IMepeBOpauYMBAEMOro Kiactepa OOJblIE 4YeM B Cilyyae
anroputma CBeHjceHa-SHra
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OTMeTUM Takke, YTO HEKOTOPHIC AJTOPUTMBI SIBISIIOTCS HEIPTOJAMYHBIMU
(Replica Monte  Carlo  method), a  HekOTOpBIE  COOTBETCTBYIOT
MHUKPOCKOIMYECKOMY aHcaMOutro (over-relaxtion) u ux HeoOXOAMMO HCIIOJIB30BaTh
B COUCTAHUH C JPYTHUMH aIrOpUTMaMH, HAPUMED, C arOpUTMOM MeTpornouca.

1)

Konipurypanmnonnoe
HPOCTPAHCTRO

Kondury paunonnoc
NpocTpaHcTBO

Puc. 4.1. Tlepemenienus cucteMbl B KOH(PUTYPAIIMOHHOM MPOCTPAHCTBE
ipu MonTe-Kapiio MmoaennpoBanuu;

1. CranpapTHbIA aIrOPUTM, OCHOBAHHBIA Ha MEPEBOPOTE OJHOTO
CIIMHA.

2. KnacrepHuble  anroputmbl, OCHOBaHHbBIE Ha IEPEBOPOTE
KJIACTEPOB.

Cranpaptabslid anroput™M MeTpornonuca, OCHOBaHHBIN Ha MEPEBOPOTE OAHOTO
CIIMHA, COBEpIIAET MaJieHbKHE IIIard B KOH(GUTYPAIIMOHHOM MPOCTPAHCTBE.
CocTostHUSI OKa3bIBAIOTCS CHJIBHO KOPPEIMPOBAHHBIMU MEXIY cOOOH (T.€. HOBOE
COCTOSIHUE CHUCTEMBI CWJIBHO 3aBUCUT OT MPEAbIAYLIEr0 M MPUXOJIUTCS AeNaTh
Oonbioe koymuecTBO MonTe-Kapno maroB, 4toObl cHcTeMa «3a0bLia» CBOE
coctostHue). CucrteMa J0JTro MPUXOJUT B COCTOSHHE PABHOBECHS. DTO OCOOCHHO
CUJILHO TPOSIBIISIETCS HAa OOJIBIIUX pelleTKaX W BOJIM3M KPUTUYECKOM TOUKH, UYTO
JieJIaeT CTaHAAPTHBIA alIropuT™M HEI(P(EKTUBHBIM TPU HU3YUYCHUU KPUTHYECKHUX
CBOMCTB.

B orauume oOT cTaHIApTHOTO, KJIACTEPHbIE QJITrOPUTMbI OCHOBAaHBI Ha
MEepEeBOPOTE KJIACTEPOB, COJICPIKAIIUX MHOTO CIMHOB, CHCTEMa COBEpIlIaeT
OoJsbliie ckauku B (pa3oBoM mpocTpaHcTBe (puc. 4.1.) (coceaHue COCTOSHUS B
MapKOBCKOW IIEMU CTAHOBSITCS CIa00 KOPPETUPOBAHHBIMHU) M BPEMsI pPEaKcaIiuu
CUCTEMbI 3HAUUTEIHHO YMEHBIIAETCS.
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Anroputm

y)

CeenjcecHa-Anra
$EPOTBHCH
BSECRIBDED
$45088808
$6328H8E

Anroput™
Bynsda

Puc. 4.2. I'paduueckoe npencTaBieHne KIaCTEPHBIX aIrOPUTMOB JIJIs

JIByMepHOM Mojenu M3unra.
(e — criuH HampaBJieH BBEPX,

O — CIUH HaIPaBJICH BHU3)

— 16 —




Anroputm Bynsda mna momenu ['eitzenbepra MoxeT ObITh HMPEICTABICH B
CIICAYIOIIEM BUJIE:
1. CiyuaitHeIM 00pa3oM 3a/1aeTcsl HampaBJIeHUEe €IMHUYHOTO BeKTopa I. BexTop
I ompenensieT IUIOCKOCTh, OTHOCHTEIBHO KOTOpPOW OyIyT 3epKalibHO
OTpa’kKaThCsl BCE CIMHBI, BOIIEAIINE B KJIACTEP.

2. CrydailHBIM 00pa3soM BHIOMPACTCS ONMH M3 CIMHOB pEIICTKH O, B

nanbHEHIIeM OyJieM Ha3bIBaTh STOT CITUH «IIEHTPATBLHBIMY.
3. Tlocemarorcss Bce Ommkaifimme coceau | BBIOPAHHOTO I-TO  CIIUHA.
CBs13b <IJ> aKTHBHPYETCS C BEPOSTHOCTHIO:

P=1-exp {min [O, — ZJﬁ(r .S Xr -S§" )]} (4.1)

rae B =1k.T ,. CieayeT OTMETUTh, YTO BEPOSITHOCTh AKTUBAIIUU CBS3H MOYKET
OBITH TIPEJICTaBJICHA TAK)KE B CIICAYIOIIEM BUJIC:

P=1-exp{min|0, - J, AAU,,.| |, (4.2)

e AUobm — S?IdSc}ld . SineWS(J?Id .

4. Ecmu cBs3b <Ij> aKTUBUPYETCS, TO CIIMH B Y3Jie | BKJIFOUACTCS B KIacTep.
Crnenyetr OTMETUTh, UTO OJIMH U TOT K€ CITMH MOXKET ObITh BKIIFOUEH B KJIACTEP
TOJIBKO OJWH pa3, TOrJa Kak MPOBEPEH Ha BXOXKJACHUE B KJIACTEP HECKOJBKO
pas.

5. Tlocie mpoBepku BceX OMMKAWIIUX COCEACH CIMHA |, IEPBBIA BKIFOUCHHBIH B
KJIACTep CIHWH | CTAHOBUTCS «IICHTPAJIBHBIMY» M HAUYMHACTCS IIPOIECC
YCTAHOBJICHHMSI CBSI3€M ATOTO CIUHA C OMMKANUIIIMMU COCEISIMU. DTOT MPOIIECC
MPOJOJIKAETCS A0 TEX IMOp, MOKa He OYIyT MPOBEpPEHbI OJIMKaWIINE COCeqN
BCEX BOIIEIINX B KJIACTEP CIIMHOB UJIM JTOCTUTHYTHI TPAHUIIBI CUCTEMBI.

6. Taxum oOpa3om, B pe3ynbTaTe MaroB 1 —>5 mojgyyaercs cucTeMa CBSI3aHHBIX
Ipyr C JpyroM CIHMHOB — «KJIACTE€p», KOTOPBIM MEepeBOpauMBacTCs C
BEPOATHOCTBIO Pgip = 1.

ITepeBopoT KacTepa 3aKIHOYaeTCs B 3€PKaJbHOM OTPAXKEHUU BCEX CIIUHOB,

BOIIEIINX B KJIACTEP, Yepe3 MIIOCKOCTh NMEPIECHIUKYIISIPHYIO BEKTOPY I (CMOTpHUTE
puc.3.3):

S = 524 —2(r- S0 ) (4.3)

[Tocne oTpakeHUs CIIMHOB DJHEPTHS OOMEHHOTO B3aMMOJICHCTBHS MEXIY
CIIMHAMH, BOIIEAIIMMHU B KJIACTEP, OCTAETCSI HEU3MEHHOM (cMoTpuTe puc.3.4):

Sioldscj)ld :Sinewsr;ew. (4.4)

Ha cneayromem pucynke rpaduueckd IMOKa3aHO 3EpKaJbHOE OTPaKCHHE
CIIMHOB OTHOCHUTEIBHO IUIOCKOCTH, TMEPIEeHANKY/SIPHOW BeKTopy I (HOBOE
3HAYEHHUE CMHMHA BRIYHCsACTCS 110 hopmyde (4.3)).
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sinew Sjnew

Puc.4.3. 3epkanbHOoe OTpa)K€HHE CTUHOB OTHOCUTEIBHO TNIOCKOCTH,
MEPIICHIUKYJISIPHOU BEKTOPY I

::v? :
S new
i

Puc.4.4. BzaumHasi opueHTaIMs CIIMHOB A0 U
1ocJjie 3epKajlbHOTO OTPAKECHUSI.
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Tema 5. Maremarnueckoe MoJejqupoBaHue B Ouopuzuke. MojaesupoBaHue
AUHAMHUKH NMOMYJISAIMH )KUBBIX CHCTEM.

HpI/IMCpI)I MaTCMaTHYCCKUX MOI[GJ'Ieﬁ, IMAPOKO IIPUMCHACMBIX B OMOJIOTHH:

BbiiesieHHBIE U3 JUCTHhEB XJ0pPoIIacTbl. Ha BBIICTIEHHBIX CHCTEMAaX 4acTo
W3YYaroT MPOIECCHI, TPOUCXOSINNE B )KHBOW CHCTEME, B 3TOM CMBICIIE ()parMeHT
SIBJIIETCSI MOJIEIBIO TIEJION KUBOM CHCTEMbI. Bhigenenne 6ojiee mpoCcTOl CHCTEMBI
MO3BOJIAET UCCIIENOBATh MEXaHU3MBI MPOIIECCOB HA MOJEKYJIIpHOM ypoBHe. [Ipu
OTOM HCKIIOYACTCS PETyJsaus CO CTOPOHBI 00Jie€ BBICOKHMX YpPOBHEH
OpraHu3alyy, B JAHHOM CIy4ae, CO CTOPOHBI PACTUTEIBHOW KIETKH, JIUCTA,
HAKOHEII, 1IeJIOr0 pacTeHus. B OONbIIMHCTBE cilydaeB HaOIIOIaTh MPOIECCHl Ha
MOJIEKYJIIPHOM YpOBHE B HATUBHOM (HEHAPYIICHHOM) CUCTEME HE MPEACTaBISIETCS
BO3MOXHBIM. ['OBOpSIT, UTO M3yUEHHbIE Ha BBIJCICHHOM XJIOPOILJIACTE MEPBUYHbIE
mpoliiecchbl POTOCHHTE3A SBIISIOTCS MOJIENBIO MEPBUYHBIX MPOIIECCOB (POTOCMHTE3A
B 'uBOM JHcTe. K coxkanenuto, 3ToT MeToj] hparMeHTUPOBAHUS IPUBOIUT K TOMY,
YTO «...)KUBOW KOBEp J>KM3HHM PACIyCKaeTCs MO0 HUTOYKAM, KaxJas HUTOYKA
JIOCKOHAJIBHO M3Y4aeTcsi, HO BOJIICOHBIN PUCYHOK KU3HHU OKa3bIBACTCS YTpaueH»
(maypeatr HoGeneBckoit npemun o 6uoxumuu J1. Tlomiur).

bucioiinaa Junuanas memoOpana. Eme «0osiee MOJIETBHBIMY) MPUMEPOM
ABJIAETCSI M3YyYEHHE NPOLECCOB HMOHHOIO TPAaHCMEMOPAHHOro IepeHoca Ha
UCKYCCTBEHHOW OMCIIONHOW nunuaHoi memOpane. IToHSATHO, 4TO B peajbHBIX
OMOJIOTMYECKUX O0BEKTaX MeMOpaHbl dalle BCero He OwuciolHble, a
MHOTOCJIOMHBIE, COAEpPXKAaT BCTPOEHHBbIE OEJIKM W Jpyru€ KOMIIOHEHTHI,
NOBEPXHOCTh HMX HE SBISETCS IUJIOCKOW U 001aJaeT MHOXECTBOM JPYTHUX
WHUBUYAIbHBIX 0COOeHHOCTeH. O HaK0, YTOOBI M3YYUTh 3aKOHBI 00pa30BaHMS
HOpBI, Yepe3 KOTOPYK0 HOH MPOXOJUT CKBO3b MEMOpaHy BHYTpPb KIETKH WIH
OpraHesulbl, HEOOXOAUMO CO3/1aTh «UYHUCTYIO», «MOJIEIbHYIO» CUCTEMY, KOTOPYIO
MOXHO H3y4aTb OKCIEPUMEHTAIBHO, W U1 KOTOPOW MOXHO HCIIOJIb30BaTh
XOopo110 pazpaboTaHHOE HAYKOH (PU3NYECKOE OMMCAHHUE.

IMonyasiuust  aApo30¢huJibI, SIBIISICTCSI KJIACCUYECKUM 00BEKTOM
MOJICTMPOBAHUST MUKPOAIBOIOIMOHHOTO IMPOIEcca U MPUMEPOM HCKITFOUUTEIHEHO
yaa4Ho HaijeHHOU Mojenu. Emie Oojiee yaoOHOW MOJENbIO SBJISIIOTCS BUPYCHI,
KOTOpPBIE MOXHO Pa3MHOXKaTh B MPOOMPKE. XOTS HE BIOJIHE SICHO, CIPABEIJINBHI
JI SBOJIIOIIMOHHBIE 3aKOHOMEPHOCTH, YCTAHOBJICHHBIE Ha BUpPYCaX, IS 3aKOHOB
HBOJTFOITMY BBICIINX JKUBOTHBIX. B ekinu 11 MBI yBHIUM, Y4TO XOPOIIEH MOACIBIO
MUKPOAIBOJIFOITMOHHBIX TPOIIECCOB SBJISIFOTCS TaK)Ke€ MUKPOOHBIE TOIMYJSIIIUN B
MIPOTOYHOM KYJIBTUBATOPE.

W3 mnpuBeneHHBIX TPUMEPOB BHUAHO, 4YTO Jro0as Qu3nyeckas MoJeb
o0naaeT KOHKPETHBIMU CBOWCTBaMH (HU3UYECKOTO 00BekTa. B 3TOM ee
MPEUMYIIECTBA, HO B 3TOM U €€ OTPaHUYCHHUS.
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KoMmnboTepHble MoJeJH COAepKaT «3HaHUS» 00 OO0BEKTe B BHIE
MatemaTudeckux (opmyn, Tabnui, rpadukoB, 0a3 MaHHBIX W 3HaHUW. OHU
MO3BOJIAIOT  M3y4aTh TIOBEJACHHE CHCTEMbl TPU HU3MEHEHWU BHYTPEHHHUX
XapaKTePUCTHUK M BHEUTHUX YCIOBHUH, MPOUTPHIBATH CIICHAPUH, PEIIATh 3aady
ontuMuzanuu. OJHAKO Kaxaas KOMITBIOTEpHAs peanu3alusi COOTBETCTBYET
KOHKPETHBIM, 3aJlaHHBIM TapaMmeTrpaM cucrteMbl. Haumbomee oOmmmm u
aOCTpPaKTHBIMHU SIBIISTFOTCS MaTEMaTHUYECKHE MOJICIIH.

MartemaTu4ecKkHe MOJeJH ONUCBHIBAIOT LEJbId KJIAcC MPOLIECCOB WIIU
ABJICHUM, KOTOpble 00JaJal0T CXOJHBIMU CBOMCTBaMH, WU  SIBISIOTCSA
nzoMopdueiMHU. Hayka koHia 20 Beka — CHHEpPreTHKa, I0Kasalia, 9TO CXOMHBIMU
YPAaBHEHUSIMA  ONMCBHIBAKOTCS  IPOLECCHl CaMOOPTraHU3alUh CaMOW  pPa3HOU
OpUpOAbl: OT OOpa30BaHMsI CKOIUIGHMM TajakTUK J0 OOpa3oBaHMs MSTEH
IJJAHKTOHA B OKEaHE.

Ecnu ynaercst chopMyaupoBaTh «XOpOIIYyI0» MaTEMaTUYECKYI0 MOJENb, JJIs
€€ UCCIENOBAaHUSI MOKHO IPUMEHUTh BECh apCeHal HayKW, HAKOIUICHHBIM 3a
TeIcsAueneTus. Hemqapom MHOrMe KJIACCHMKM HE3aBUCHMO BBICKa3bIBAIM OAHY U TY
K€ MYAPYIO MBICJIb:

«O0nacTh 3HAHMS CTAHOBHUTCS HAYKOM, KOTJ]Ja OHA BBIPAXKACT CBOM 3aKOHBI B
BHJIE MAaTEMATUYECKUX COOTHOLIECHUID)

Yem Oonee CHNOXKHBIMU SIBIIAIOTCS OOBEKTBI M MPOLECCHI, KOTOPBIMU
3aHUMaeTCsl Hayka, TeM TpyJHEe HaWTH MaTeMaTUyecKue aOCTpakivH,
MOAXOJIAIINE 1JI1 OMUCAHUS 3TUX 0O0BEKTOB U MpoiieccoB. B Guosoruto, reoaoruto
U IpyTHE «OMHUCcaTeNIbHbIC HAYKW» MaTeMaTHKa MPUIILIA [0 HACTOAIIEMY TOJIBKO BO
BTOpO# nosioBuHE 20 BeKa.

[lepBbie TOMBITKM MATEMaTUYECKH OMHUCATh OHOJIOTMYECKUE MPOIECChI
OTHOCSATCS K MOJICTISIM TOIYJISIITAOHHON TUHAMHUKHU. DTa 00J1aCTh MAaTeMaTHIECKOM
OWONOTMY U B JAJbHEHIIEM CITyXujla MAaTEMaTUYECKUM TOJMTOHOM, Ha KOTOPOM
«O0TpabaThIBAIUCh» MAaTeMAaTHUUYECKHE MOJCIHU B pa3HbIX oOiactsx Ouosjoruu. B
TOM YHCJI€ MOJEIHU DBOJIOUUHU, MUKPOOMOJIOTHHM, WMMYHOJIOTHH U JAPYTHX
o0JacTel, CBA3aHHBIX C KIETOYHBIMH MOMYJISIITUSIMHU.

Psaa ®udonayumn.

Camast mepBass M3BECTHasT MOJENb, CHOPMYIUPOBAHHAS B OHOJOTMYECKON
MMOCTAHOBKE, 3HAMEHUTHI psa PuOOHAYYM, KOTOPBIA NPUBOJUT B CBOEM TPYJIE
"Tpakrat o cuere" Jleonapno u3 [Iuzsl B 1202 rony.

OTO psA 4UCEN, OMMCHIBAIOUIMN KOJHMYECTBO Map KPOJIUKOB, KOTOPBIE
POXKAAIOTCS KaXKIbI MECAL], €CJIM KPOJIMKH HAYMHAIOT PA3MHOXKATHCSI CO BTOPOTO
MecsIa U KaKIbIA MECSI at0T MOTOMCTBO B BUJE NApbl KPOJIMKOB.

Pemennem 3anaun ABisieTCs psl YUCE:

1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, ...
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JIBa mepBBIX UKCIIa COOTBETCTBYIO TIEPBOMY M BTOPOMY  MECHAILY
pa3MHOXKEHHUA. 12 mocHeAymmuX — MECAYHOMY MPUPOCTY MOTOJOBBS KPOJIUKOB.
Kaxxnp1il mocneayromuii 4ieH psjia paBeH CyMMe 2 peabIAyIIuX.

Mopgeans MaabTyca.

Crnenyromass W3BECTHAs HMCTOPUU MOACHh — Mojelb Mamnbsryca (1798),
OTNHUCHIBAIOIIASl PA3MHOXXEHUE TOMYJISAIIMU CO CKOPOCTBHIO, MPOMOPIMOHATIBLHON €¢
YUCJIEHHOCTU. B JIUCKpeTHOM BUJE OTOT 3aKOH TMPEICTaBIsET CcoOOM
TEOMETPUYECKYIO MPOTPECCHUIO:

Ni+1:qu WA Ni+1:qu0

DOTOT 3aKoH, 3amuCcaHHBIM B Bujae auddepeHnnaTbHOTO ypaBHEHUS,
MPEACTABIACT COOOM MOJIETh AKCIOHEHIIMAIBLHOTO POCTa TOMYJISAIINN U XOPOIIIO
OMMMCHIBAET POCT KJICTOYHBIX TMOMYJSAIHMA B  OTCYTCTBUU  KAaKOTO-JIHOO
JIMMUTUPOBAHUS

dx
—==rX
dt
3nech 1 — KO3(PPUIMEHT, aHATIOTMYHBIA KO3(POUIMEHTY B JIHUCKPETHON

MOJIeNIM — KOHCTaHTa COOCTBEHHOM CKOPOCTH POCTa MOMYJISIIUN, OTPAKAIOIIAs e
T€HETUYECKUU MOTEHIIHAIT.
OrpaHu4eHHbIH POCT.
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BrnepBbie cuctemHubll (hakTOp, OTPAHUYUBAIOUINI POCT MOMYJISINH, OMHCAI
Depx10JIbCT B YPABHEHUM JIOTUCTUYECKOTO pocTa B 1848rony:

CLX:rx 1—1

dt K

DT0 ypaBHEeHHE 00amaeT IByMsI BaKHbBIMU cBOHcTBamu. [Ipu manbix X
YHUCJIEHHOCTh X BO3pacTaeT HKCIOHEHIMaIbHO (Kak U B Mojenu ManbTyca), pu
OonpImIMX — MpUOMMKAaeTcs K ompeaeleHHOMYy rmpeneny K. Dta BennuyuHa
HA3bIBAECTCSI EMKOCTBIO TOMYJISIIMU U OINPEACNIeTCS OTPAaHMYCHHOCTHIO MUIIEBBIX
pecypcoB, MECT JJi THE3J0BaHUs, U MHOTUMU JIpYTUMHU (aKTOpamu, pa3inyHbIMU
JUTSL pa3HbIX BUJOB. TakuM 00pa3oM, eMKOCTh SKOJIOTUYECKOW HUIIU TPE/ICTABIISET
co00ll cuCTeMHBbI (aKTOp, KOTOPBIA OMNpeeNsieT OrpaHUYeHHOCTh pOCTa
MOMYJISIIIUY B IAHHOM apeajie 0OMTaHus.

YUCNeHHOCTL B3POCNLIX KyKoB

Bpema, cyT (1)

16 000 —
14 000~
12 000 |~

10 000

80001

Hueno xnetok

40001

2000

1 L
5 10 15
Bpemsa, cyt (1)

A. Jlunamuka uucienHoctd skyka Rhizopertha dominica B 10-rpammoBoii
NOPIMYU MIICHUYHBIX 3€PCH, TMOMOJNHACMBIX B KaXKAyK Heaemto. Todyku —
JKCIIePUMEHTAbHBIC JaHHbIe. CIUTOIIHAS JTMHUS — JIOTUCTUYECKAsT KPUBAsL.

b. Jlunamuka uucinensHoct Bogopociu Chlorella B kynbrype.

-
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Ha »Tux mpocredmmx MoOJENsX BHJIHO, HACKOJIbKO MPUMHUTHUBHBI
MaTEMaTUYECKUE MOJENIN 10 CPABHEHUIO C OMOJIOIrMYECKUMH OOBEKTAMU, KaXKAbIN
U3 KOTOPBIX, K IPUMEPY, MOMYJIISALMS, 3TO COBOKYITHOCTb CJI0XHO OpTraHM30BaHHBIX
UHAMBUAYAIbHBIX 0co0el opraHu3moB. B cBo0 ouepenb Kaxabli OpraHu3M
COCTOMUT W3 OPraHOB, TKaHEH M KIIETOK, OCYLIECTBJISIET MPOLECCH META00IM3Ma,
JIBUTAETCA, POXKIAETCs, PacTeT, pa3MHOXKAeTcs, cTapeeT U ymupaeT. W kaxnas
KUBas KJIETKA CII0)KHas TEeTEpOreHHas CHCTeMa, 00beM KOTOpPOHl pa3rpaHUYEH
MeMOpaHaMU U COICPKUT CyOKIIETOUHBIE OpPraHesUIbl, U TaK Jajiee, BIJIOTH JI0
OMOMAaKpOMOJIEKYJI, AMUHOKHUCJIOT M HOaunentuioB. Ha Bcex ypoOBHSAX KUBOH
MaTE€pUU Mbl BCTPEYAEM CIIOKHYIO MPOCTPAHCTBEHHO-BPEMEHHYIO OPraHHU3aLUIO,
TeTepOreHHOCTh, UHIUBUAYAIbHOCTh, MOJBHKHOCTb, MOTOKH MAacChl, SHEPTUU U
uHbOpMaInu.

SAcHo, yTO IS TakuX CcHUCTeM Jro0as MareMaThKa JaeT JHIIb rpydoe
YIPOUIEHHOE omMucaHue. JIeno CyIecTBEHHO NPOABUHYJIOCH C HCIIOJIB30BAaHUEM
KOMIIBIOTEPOB, KOTOpbI€ MO3BOJIIIOT HMUTUPOBATh JOCTATOYHO  CJIOXKHbBIE
CUCTEMBI, OJHAKO U 3]IeCh, KaK MPaBWJIO, pe€db MJET UMEHHO O MOJENAX, T.€. O
HEKOTOPBIX HJCAJIbHBIX KOMMSX >KUBBIX CHUCTEM, OTPAXKAIOIIUX JIHIIb HEKOTOPbIE
UX CBOMCTBA, IPUYEM CXEMATHUYECKH.

B ocHOBHOM, MOjEnM SBIAIOTCS WHCTPYMEHTOM H3YYEHHS KOHKPETHBIX
CUCTEM, U pabOThI 10 MOJICITUPOBAHUIO N1€YATAIOT B KYpHAIaX, HOCBSIIEHHBIX TOU
00JacTH OMOJIOTUH, K KOTOPOW OTHOCHUTCSI OOBEKT MOJEIMPOBAHUS. DTO O3HAYAET,
YTO MOJENb JOJDKHA OBITh WHTEpPECHA, MOJe3HAa W MOHSATHA CHEIUATHCTaM-
ouonoraM. B TO ke BpeMs oHa JOJKHA OBITh, €CTECTBEHHO, MPO(PECCHOHAIBHO
c/ieJlaHa C TOYKH 3PEHHS] MaTEMaTHKU.

Haubonee ycnemHple MOJEAM CIedaHbl B COJPYKECTBE CIELUATUCTOB
MaTeMaTUKOB, WM (U3UKOB, U OHOJOTOB, XOPOIIO 3HAKIIUX OOBEKT
monenupoBanus. [Ipu 3Tom Hambosee TpynHas 4acTh COBMECTHOM paboOThl ? 3TO
dbopmanuzanus 3HaHUM 00 00BEKTe (Kak IMpaBUIIO, B BUIE CXEMbl) Ha S3BIKE,
KOTOPBIA MOXET 3areM ObITh nepeopMyIHMpoBaH B MaTEMaTHUECKYIO WIIU
KOMIBIOTEPHYIO MOJIETIb.
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Tema 6. IlocTpoenue rpapukos ¢pynkumii B cpeae Delphi. dnuuukiaonaa,
INUTPOXOUIA.

Jliis co3manus rpaduka HekoTopoi ¢GyHkmuu B cpene Delphi neobxommmo

CJIeI0BAaTh UHCTPYKIUU:
Co3snaiite HoBOe npuwiioxenue Delphi u pasmecture Ha dopme ciieayroriue

DJIEMEHTBI
B |
| ; -
b ;::: .'. - i
I
- - — - : : - : : : . - - - - : - - - T Sopl ‘I
) CTAPTY
1. Buttonl (c nagnuceto Crapt!!!).
2. Checkbox1 ¢ vagnucero STOP.
3. Labell, Label2, Label3, Label4 ¢ sagnmucamu rl=, r2=, dt=, h=
COOTBETCTBEHHO.
4, Editl, Edit2, Edit3, Edit4. ITpucsouts 3Hauenus 3, 1, 0.01, 0.5
COOTBETCTBEHHO.
5. Chartl.

Ha snement Chartl no6aButh 6 KpuBBIX
kpuBbie 1 — ling, 2 — Poins, 3 —line, 4 — line, 5 — Poins, 6 — line
3agaTh ClIeAyIONIMEe CBOMCTBA KPUBOM:

B Object Tree View Boigenuts Chartl.Seriesl wu B uHcnekTope 00bEKTOB
Object Inspector ycranoButh mns Xvalues.Order 3mauenue IoNone
[ToBTOpPUTH TO XK€ camoe [yt Series3, Seriesd u Serieso.

Chartl.Title Youpaem ranouky Visible

Chartl.Legend Yo6upaem ramouky Visible

JBaxxnpl kkaeM 1o kHonke CTAPT! n nHaGupaeM KoJ1 MporpaMMBbI:
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Koa nporpammel

|[===============—====-——-—-——————-----—
unit Unitl;
' [Ipomryck nHTEpdEriCHON YacTu
{SR *.dfm}
||[m============== MopenupoBaHue ————=======

procedure TForm1.Button1Click(Sender: TObject);
var
X,y,X2,y2,t,t2,dt,r1,r2 k,h:Real;
Iv:Integer;
begin
DecimalSeparator = .’
CheckBox1.Checked := False;
rl := StrToFloat(Editl.Text);
r2 := StrToFloat(Edit2. Text);
dt ;= StrToFloat(Edit3.Text);
h := StrToFloat(Edit4.Text);
Chartl.Series[0].Clear;
Chartl.Series[1].Clear;
Chartl.Series[2].Clear;
iv:=0;

// Pucyem BHyTpeHHUIT KpyT
t:=0;

repeat
X :=r1*Cos(t); y:=rl*Sin(t);
Chartl.Series[2].AddXY(x,y," ',cIBlue);
t:=t+0.01;

until t > 2*pi ;

Application.ProcessMessages;

t:=0;
repeat

X :=r1*(r2/r1 + 1)*Cos(t*r2/rl) - h*Cos((r2/r1 + 1)*t);
y = r1*(r2/rl + 1)*Sin(t*r2/rl) - h*Sin((r2/rl + 1)*t);

Chartl.Series[0].AddXY (X,y);
t:=t+dt

Inc(iv);

if iv > 100 then

begin
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iv:=0;

dt := StrToFloat(Edit3.Text);
Chartl.Series[1].Clear;
Chartl.Series[1].AddXY (X,y);

// Pucyem BHEIIHUI KPyT
t2:=0;
Chartl.Series[3].Clear;
Chartl.Series[4].Clear;
Chartl.Series[5].Clear;
repeat
X2 = r1*(r2/rl + 1)*Cos(t*r2/rl) + r2*Cos(t2);
y2 = r1*(r2/rl + 1)*Sin(t*r2/rl) + r2*Sin(t2);

Chartl.Series[3].AddXY (x2,y2," ',clgreen);
t2 =12+ 0.01;

until t2 > 2*pi ;
X2 :=r1*(r2/rl + 1)*Cos(t*r2/rl);
y2 = r1*(r2/rl + 1)*Sin(t*r2/rl);
Chartl.Series[4].AddXY (x2,y2," ',cIBlack);
Chartl.Series[5].AddXY (x2,y2," ',cIBlack);
Chartl.Series[5].AddXY(x,y," ',cIBlack);

Application.ProcessMessages;
end,;

until CheckBox1.Checked:;
end;

end.
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Tema /. MOIleJII/IpOBaHI/Ie ABHKCHHSA TEJIa B IPABUTALITHOHHOM I10JI€.

Co3zpnaiite HoBbII npoekT Delphi.
Pa3mecTuTe Ha HEM CIIEAYIONIHE OOBEKTHI:

Knonky Buttonl
[Tonst u1st BBOJIA CTAPTOBBIX 3HAYCHUI Editl, Edit2, Edit3, Edit4, Edit5
Mertku 11 0003HaYEHH T10JIEH Labell, ..., Label5
4 T'paduka Chartl, Chart2, Chart3, Chart4 (a3nement Chart maxoaurcs B BKIaake
Additional)
s Chartl no6aButh 2 KpUBbBIE, OJIHA — TOYKH, BTOPAs - JTMHUS.
ITose msg BeIBOA Memol
e R e N T, e
3 . He I)m
™ ve 15
:: = jo 1
T et I

Puc 7.1. PaGouee 0KHO IporpamMMbl

L
|

ra e H= 100

gad

v 45

. &= 01
2= 0.5
3 e i PR Nt

olsnsRiA

111
i

A b 2 d oo

eI ERER]

Puc 7.2. pe3ynbTaT BHIMOIHEHUS TPOTPAMMBI.

JIBaxxp1 HaXKaTh Ha KHOMKY BUttonl u B mosiBUBIIIEMCST OKHE JOTHCATh MPOIEAYPY:
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procedure TForm1.Button1Click(Sender: TObject);
var

I,tv:Integer;

h,X,y,vX,vy,v,ax,ay,a,alfa,t,dt,ymax,xmax,vmax:Real;
begin

DecimalSeparator :=".";

h := StrToFloat(Edit1.Text);

v := StrToFloat(Edit2. Text);

alfa := StrToFloat(Edit3.Text)*pi/180;

dt ;= StrToFloat(Edit4.Text);

tv := Trunc(StrToFloat(Edit5.Text)*10);

vx :=v*Cos(alfa); vy :=v*Sin(alfa);

ax:=0; ay:=-9.81,;

=0;

Chartl.Series[0].Clear; Chartl.Series[1].Clear; Chart2.Series[0].Clear;
Chart3.Series[0].Clear; Chart4.Series[0].Clear;

Memol.Clear,
[[-===mmmm -
X:=0; y:=h;
Xmax := X; ymax :=y; vmax = v;
repeat
X 1= X + vx*dt;
y = y+vy*dt;

VX 1= VX + ax*dt;

Vy = vy + ay*dt;

V 1= sqri(vx*vx + vy*vy);
t:=t+dt

Chartl.Series[0].Clear;
Chart1.Series[0].AddXY (X,y); sleep(tv);
Chartl.Series[1].AddXY(X,y);
Chart2.Series[0].AddXY (t,vx);
Chart3.Series[0].AddXY (t,vy);
Chart4.Series[0]. AddXY (t,v);

e
if xmax < x then xmax :=X;
if ymax <y then ymax :=y;
if vmax <v then vmax :=v;
[]-==mmmmmmmmeam
Application.ProcessMessages;
Until y <0;
e
Memol.Lines.Add('xmax =" + floattostrf(xmax,fffixed,7,5));
Memol.Lines.Add('ymax =" + floattostrf(ymax,fffixed,7,5));
Memol.Lines.Add('vmax =" + floattostrf(vmax,fffixed,7,5));
Memol.Lines.Add(‘tmax =" + floattostrf(t,fffixed,7,5));
end,
end.

JlomomHUTE TIporpamMmy 1Mo Mepe HEOOXOIUMOCTH.
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Mopyasb 2.

Tema 8. MoaenupoBaHue ABHKeHHS IJIAHET COJITHEYHOM CUCTEMBbI.

Co3zpnaiite HoBoe npriioxkenue Delphi u pasmectute Ha popme ciieayromue IEeMEHTbI

[ # Forml _" L u_léjﬂ =) |

Buttonl (c vagnuceio Crapt!!!)

Chartl

Checkbox1 ¢ magnucero Pause, Checkbox2 ¢ magnucero STOP

Editl, Edit2, Edit3, Edit4, Edit5. I[Tpucsouts 3nauenust 0.85, 1, 0.0001, 0.2, 3

COOTBETCTBEHHO.

5. Labell, Label2, Label3, Label4, Label5 ¢ nagmucamu v=, r=, dt=, v2=, r2

COOTBETCTBEHHO

Ha snement Chartl no6asuts 5 xpuBbix, 1, 2 u 4 kpuBas — Points, 3 u 5 kpusast — line

3aath CIIeayIONIHe CBOMNCTBA KPUBBIX:

N

B Object Tree View swigenuts Chartl.Series3 u B uHCIekTope 00EKTOB
Object Inspector ycranoButh mis Xvalues.Order 3mauenue loNone

B Object Tree View sBwigenuts Chartl.Series5 wu B uHCIekTope 00bEKTOB
Object Inspector ycranoButh mis Xvalues.Order 3nauenue loNone
s rpaduka Chartl youpaem rajioyku B IyHKTaX:

Chartl.Title Youpaem ranouxy Visible
Chartl.Legend Youpaem ranouxy Visible
Chartl.Axis.Left.Ticks. kHorka "'Grid Border..."  Youpaewm ranouxy Visible
Chartl.Axis.Bottom.Ticks. kumomka "Grid Border..." VYo6wupaewm ramouky Visible

~ 30 —



Ko nporpammsi

//===================================
unit Unitl;
Il MponycKk MHTEPdENCHON YacTu
{$R *.dfm}
//============= T[lpu 3anyckKe nNnpunoxxeHus

procedure TForm1l.FormCreate(Sender: TObject);
begin

DecimalSeparator : "
end;

[ /[============== MoaenumpoBaHue ===

procedure TForm1.Button1Click(Sender: TObject);

var
X,Y,VX,vy,ax,ay,t,dt,r:real;
xminl,xmax1,yminl,ymaxl1,tl,al,bl,el:real;
X2,y2,vXx2,vy2,ax2,ay2,r2,r21:real;
i,iviinteger;

begin
checkbox2.checked := False;
Chartl.Series[0].Clear;
Chartl.Series[1].Clear;
Chartl.Series[2].Clear;
Chartl.Series[3].Clear;
Chart1.Series[4].CIear;

iv:=0;

X 1= StrToFIoat(EdltZ Text);
y :=0;
vx := 0.0;
vy := StrToFloat(Editl.Text);
vy2 := StrToFloat(Edit4.Text);
X2 := StrToFloat(Edit5.Text);
y2 :=0;
vx2 := 0.0;
vy2 := StrToFloat(Edit4.Text);
r21 := x2/x;
t:=0;

dt := StrToFloat(Edit3.Text);

Chartl.Series[0].AddXY(0,0,",clred);

Chartl.Series[1].AddXY(x,Y);
Chartl.Series[2].AddXY(X,Y);
Chartl.Series[2].Clear;
Chartl.Series[2].AddXY(X,Y);

; xmax1 :

; ymaxl := 0;
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repeat
dt := StrToFloat(Edit3.Text);

ax 1= -X/sqrt((x*x + y*y)*(x*x + y*y)*(x*x + y*y));
ay 1= -y/sqrt((x*x + y*y)*(x*x + y*y)*(x*x + y*y));
VX = vX + ax*dt;
vy := vy + ay*dt;
X 1= X + vx*dt;
y := y + vy*dt;

ax2 1= -X2/sqrt((x2*x2 + y2*y2)*(x2*x2 + y2*y2)*(x2*x2 +
y2*y2))/r21;

ay2 := -y2/sqrt((x2*x2 + y2*y2)*(x2*x2 + y2*y2)*(x2*x2 +
y2*y2))/r21;

VX2 1= vX2 + ax2*dt;

vy2 1= vy2 + ay2*dt;

X2 1= X2 + vx2*dt;

y2 := y2 + vy2*dt;

if X < xminl then xminl := x;

if x > xmax1 then xmax1 := x;

if y < yminl then yminl :=vy;

if y > ymax1 then ymax1l :=vy;

if Abs(xmax1 - x) < 1e-5 then

begin

Memo1l.Clear;
Memol.Lines.Add('Xmin = ' + FloatToStrF(xmin1,ffFixed,8,5));
Memol.Lines.Add('Xmax =" + FloatToStrF(xmax1,ffFixed,8,5));
Memol.Lines.Add('Ymin ="' + FloatToStrF(ymin1,ffFixed,8,5));
Memol.Lines.Add('Ymax ="' + FloatToStrF(ymax1,ffFixed,8,5));
Memol.Lines.Add(' E1 ="'+ FloatToStrF(el,ffFixed,8,5));

end;
// PucoBaHue NOMOXEHUSA NIaHeT
inc(iv);
if iv > 100 then
begin
iv:=0;

Chartl.Series[1].AddXY(Xx,Y);
Chartl.Series[2].Clear;
Chartl.Series[2].AddXY(x,y,",clblue);
Chartl.Series[4].Clear;
Chartl.Series[4].AddXY(x2, y2,",cIMaroon);
Chartl.Series[3].AddXY(x2, y2,",clYellow);
end;
t:=t+ dt;
Application.processmessages;
repeat application.processmessages; // Pause!ll
until  not (CheckBox1.Checked);
until checkbox2.checked;
end;
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P €3yJbTaThl BBINNOJHCHUA NIPOIrPpaMMbI:

2=

- 056N
Wi = 1 00105
Yeun = 0 75231
i = ) P26

E1=104140
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Tema 9. MoaeanpoBaHue uaeajJbHOI0 ra3a B cocyje.

Co3snaiite HoBOe mpriioxenue Delphi u pasmectute Ha popme ciieayroIIne IEMEHTHI
— — e e e —

o
ip Forml

. STOPII - STOPI|

1 WAPKEK M WAPOE

Buttonl (¢ magmuceio 1 IIIAP), Button2 (N IIIAPOB), Button3 (STOP!!!)
Chartl
Checkbox1 ¢ magmucsro Random, Checkbox2 ¢ nagnucero STOP!!!
Editl, Edit2, Edit3, Edit4, Edit5. [Tpucsouts 3nauenus 5, 500, 500, 2, 10
COOTBETCTBEHHO.
5. Labell, Label2, Label3, Label4, Label5, Label6 ¢ magmucamu N=, Xmax=, Y max=,
Vmax=, R =, E = coOTBeTCTBEHHO
Ha snement Chartl no6asuts 2 rpaduka, 1 rpaduk — line, 2 rpadpuk — Points
3aaath CIeayIOIIne CBOMCTBA KPUBBIX:

NS
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B Object Tree View sBoigenuts Chartl.Seriesl u B uHCIIEKTOpE 00HEKTOB
Object Inspector ycranosuth mis Xvalues.Order 3uauenue loNone

Jnst rpacduka Chartl youpaem ranodku B MyHKTax:

Chartl.Title Youpaem ranouxy Visible

Chartl.Legend VYoupaewm ranouky Visible

Chartl.Axis.Left. Ticks. kuonka "Grid Border..." Yo6upaewm ramouky Visible
Chartl.Axis.Bottom.Ticks. xuomka "Grid Border..." VYo6upaem ramnouky Visible
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Ko nporpammsi

[/===================================
unit Unitl;

I Mponyck nHTepdencHom JyacTu
{$R *.dfm}
J/================= KHonka STOP —===========
procedure TForm1.Button3Click(Sender: TObject);
begin  CheckBox1l.Checked := not (CheckBox1l.Checked); end;
[/ =========== 1 Monekyna —===========
procedure TForm1.Button1Click(Sender: TObject);
var

X,¥Y, Xmin,xmax,ymin,ymax,t,dt,vx,vy,v, x2,y2,vx2,vy2,r,vmax :real;

i,j,n,ccc : integer;
AB,V1,V2,aPrX,aPrY,aPrXx,aPrXy,aPrYx,aPrYy,bPrXx,bPrXy,bPrX,bPrY,bPrYx,
bPrYy,alfaA,gammaA,alfaB,gammaB,betaA,betaB:Real;

vsl,vs2,rl,r2,E,Radius:real; itn,Lx,Ly,ix,iy:integer;

begin
xmin := 50; xmax := 500; ymin := 50; ymax := 500;
xmax := StrToFloat(Edit2.Text); ymax := StrToFloat(Edit3.Text);
vmax := StrToFloat(Edit4.Text); Radius := StrToFloat(Edit5.Text);

t:=0; dt :=0.1;

if CheckBox2.Checked then

begin // CnyyaiHbie koopanHaThl LLapa

X 1= xmin + (xmax - xmin)*random;

y :=ymin + (ymax - ymin)*random; end
else begin // lWlap B cepeanHe kBagpaTa
X 1= (xmin + xmax)/2; y := (ymin + ymax)/2; end;
r := random*1*pi;
VX := vmax*cos(r)*random; vy := vmax*sin(r)*random;

chartl.Series[0].AddXY(xmin,ymin); chartl.Series[0].AddXY(xmax,ymin);
chartl.Series[0].AddXY(xmax,ymax); chartl.Series[0].AddXY(xmin,ymax);
chartl.Series[0].AddXY(xmin,ymin);
chartl.Series[1].Clear;

checkbox1.Checked := False;

repeat
X 1= X + vx*dt; y i=Yy + vy*dt;
if x < xmin + 10 then begin x := xmin + 10; vx := -vX; end;
if x > xmax - 10 then begin x := xmax - 10; vx := -vX; end;
if y < ymin + 10 then beginy := ymin + 10; vy := -vy; end;
if y > ymax - 10 then beginy := ymax - 10; vy := -vy; end;

chartl.Series[1].Clear;
chartl.Series[1].AddXY(x,y,",cIlRed);
t:=t+ dt
application.processmessages;
until checkbox1.Checked;
end;
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//=========== N Monekyn =_=========
procedure TForm1.Button2Click(Sender: TObject);
const
mu : real = 1.0; eps : real = 1e-5;
var
xmin,xmax,ymin,ymax,Radius,t,dt,v,dx,dy :real;
X,Y,vX,vy: array [0..1000] of real;
randomcolor: array [1..3,0..1000] of integer;
i,j,n,ccc : integer; r,vmax : real;
AB,V1,V2,aPrX,aPrY,aPrXx,aPrXy,aPrYx,aPrYy,bPrXx,bPrXy,
bPrX,bPrY,bPrYx,bPrYy,alfaA,gammaA,alfaB,gammaB,betaA,betaB:Real;
vsl,vs2,rl,r2,E:real;
itn,Lx,Ly,ix,iy:integer;
begin
xmin := 0; xmax := 500; ymin := 0; ymax := 500;
t:=0; dt :=0.1; n:=10; itn :=0;
n := StrTolnt(Editl.Text);
xmax := StrToFloat(Edit2.Text); ymax := StrToFloat(Edit3.Text);
vmax := StrToFloat(Edit4.Text); Radius := StrToFloat(Edit5.Text);

if n > 1000 then n := 1000;
E:=0;

iXx:=1; iy:=1;
rl := 4 * Radius;
Lx := Trunc ((xmax - xmin)/rl) - 0;
r2 ;= Ix*Ix;
if r2 < n then
begin
ri :=rl1 *r2/n*0.9 ;
Lx := Trunc ((xmax - xmin)/rl) - 0;

end;
for i:=1 to n do
begin
if CheckBox2.Checked then
begin
X[i] := xmin + (xmax - xmin)*random;
y[i] := ymin + (ymax - ymin)*random;
end
else
begin

if (not Odd(iy)) then dx := 0.5*%rl1 else dx := 0*rl;
X[i] := xmin + ix*rl + dx;
y[i] := ymin + iy*ri;
inc(ix);
if ix >= Lx then
begin
ix :=1; Inc(iy);
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end;
end;

r := random*1*pi;
vx[i] := vmax*cos(r)*random; vy[i] := vmax*sin(r)*random;
E := E + sqr(vx[i]) + sqr(vyl[i]) ;
for j:=1to 3 do randomcolor[j,i] := Random(255);
end;
chartl.Series[0].Clear;
chartl.Series[0].AddXY(xmin,ymin); chartl.Series[0].AddXY(xmax,ymin);
chartl.Series[0].AddXY(xmax,ymax); chartl.Series[0].AddXY(xmin,ymax);
chartl.Series[0].AddXY(xmin,ymin); chartl.Series[1].Clear;
checkbox1.Checked := False;

Label6.Caption :="' E ="' + FloatToStrF(e/n,ffFixed,7,5);
repeat
E:=0;
For i:=1 to n do
begin
x[i] := x[i] + vx[i]*dt; ylil := y[i] + vy[i]*dt;
if Xx[i] < xmin + 10 then
begin X[i] := xmin + 10; vx[i] := -vx[i]; end;
if x[i] > xmax - 10 then
begin x[i] := xmax - 10; vx[i] := -vx[i]; end;
if y[i] < ymin + 10 then
begin y[i] := ymin + 10; vy[i] := -vy[i]; end;
if y[i] > ymax - 10 then
begin yli] := ymax - 10; vy[i] := -vy[i]; end;
E := E + sqr(vx[i]) + sqgr(vy[i]) ;
end;
Label6.Caption :=" E ="' + FloatToStrf(e/n,ffFixed,7,5);

// TlpoBepKa COXpaHEHUS IHEpPruu
V1 := sqrt(vx[i]*vx[i] + vy[i]*vy[i]);
V2 1= sqrt(vx[j1*vx[j] + vy[il*vy[il);
vs2 := sqr(vl) + sqr(v2);
if ve2 <> vsl then
if vsel > 0 then

begin
r:= Sqrt(vsl/vs2);
vX[i] := vx[i] *r;
vy[i] 1= vy[i] *r;
vx[j] := vx[j] * r;
vy[j] := vy[j]l *r;
end;
V1 := sqgrt(vx[i]*vx[i] + vy[i]*vy[i]);

V2 := sqrt(vx[jI*vx[j] + vy[il*vy[il);
vs2 := sqr(vl) + sqr(v2);
// TlpoBepKa COXpaHEeHUs SHeprmu
end;
end;
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chartl.Series[1].Clear;
for i:=1 to n do
chartl.Series[1].AddXY(x[i],y[i],
",rgb(randomcolor[1,i],randomcolor[2,i],randomcolor[3,i]));
t:=t+ dt;
inc(itn);
application.processmessages;
until checkbox1.Checked;

e . -m=er)
500§ N= 150
ﬁﬁ: O . . .. . . . Xrnax = |5OO
:;g: o ® o O @ @ ® @ Q@ o Ymax = |5OO

® @ O .. ® ® @ max = |5
- e®°® oo L
@ dt=|0.01
O .. O. Temp = (100
* % °
® ® I Random
o ©® %o
o °oe @
Q o°
o ©° L
O O O Pause.-"F'Iayl
350 4[‘}0 4;0 500
- STOPH STOPI!
E =551723 1 WAPHK | M WAPOE
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Tema 10. MaremaTnueckoe MoeTupoBanne dpPexra neproJIAunu.

Co3snaiite HoBoe mpriioxkenue Delphi u pasmectute Ha Gopme ciieayroIue IEMEHTHI

[ LI_Iﬂ’
y DEL
i nepconsuv o ‘- - ._l’

: Memo1

sossan: - 1 - CTAPT!

N - CTAPT!

Buttonl (¢ vagnuceio 1 — CTAPT!), Button2 (¢ maxmuceto N — CTAPT!).
Editl, Edit2, Edit3. [IpucBouts 3nauenus 20, 0.55, 10.

Labell, Label2, Label3, Label4 c¢ nagmucamu L=, p=, N=, Label4.
CheckBox1 ¢ maamuceio "BbiBoja Touek' .

0. Memol. Ceoiicto ScrollBar ycranosuts SssVertical.

B©Ooo~No®

1. JIBakIbl KJIMKHYTH IO JIFOOOMY MyCTOMY MeCTy Ha (hopme u Habpath 1 610k
MPUBEJICHHOTO HUXKE JTUCTUHTA IIPOTPAMMBI.

JIBaXkIbI KIIMKHYTH TI0 KHOTIKe Buttonl u HaGpate 2 610K MpOrpaMMEl.

3. JIBaxxapl KIMKHYTH 110 KHOKe Button2 u HaGpatk 3 6510K MPOrpaMMBbl.

no
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Kox nmporpamMmmbi

unit Unitl;
1 Mponyck HTep(EenCHON HacTmn

{$R *.dfm}
//=1========= T[lpn 3anycKe NpUJIOXXeHUsl ========
procedure TForm1l.FormCreate(Sender: TObject);
begin

DecimalSeparator :=".";

Randomize;

Label4.Caption :="";
end;
//=2=== MopenupoBaHue 3¢dchekrTa nepkonsaunUMmn ===
procedure TForm1.Button1Click(Sender: TObject);
var

i,j,k,L,Lc,n,nc,d:Integer;
x0,y0:Integer;
p,r,pc:Real;

F:array [0..201,0..201] of Integer;

[/==================================
begin
L := StrTolnt(Editl.Text);
if L>200 then L :=200;
Lc := 600;
d := Trunc(Lc /L);
p := StrToFloat(Edit2.Text);
x0 := 50;
y0 := Lc + 50;
[
fori:=0toL do forj:=0 to L do F[i,j] := 0;
[[=mmmmm
// 3aHNUMaeM y3/ibl C BEPOATHOCTbIO P
For i:=1 to L do for j:=1 to L do
if p > Random then F[i,j] :=1 else FLi,j] := 0;
// Pucyem kapTnHy

Canvas.Pen.Color := clWhite;

Canvas.Brush.Color := clWhite;

Canvas.Rectangle(x0, y0, x0 + Lc, yO - Lc);
if L < 30 then Canvas.Pen.Color := clblack

else Canvas.Pen.Color : = clred;
Canvas.Brush.Color := clred;
fori:=1toLdo forj:=1toLdo

if F[i,j] =1 then
Canvas.Rectangle(x0 +i*d-d, yO - j*d +d, x0 +i*d, yO - j*d );
end;
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//=3 === MopenupoBaHue 3¢pchekTa nepkonsaunMmn 2 ===

procedure TForm1.Button2Click(Sender: TObject);
var
i,j,k,L,Lc,n,nc,d:Integer; xO0,y0:Integer;
p,r,pc:Real; perk:boolean;
F:array [0..201,0..201] of Integer;
Pkl:array [0..201,0..201] of Integer;

[
function prk(x:boolean):integer;
begin if x then prk := 1 else prk := 0; end;
begin
L := StrTolnt(Editl.Text); N := StrTolnt(Edit3.Text);
if L> 200 then L := 200;
Lc := 600; d := Trunc(Lc /L);
p := StrToFloat(Edit2.Text);
X0 := 50; y0 := Lc + 50; nc :=0;
memol.Clear; memol.Lines.add(' N = ' + FloatToStr(N));
fork := 1tondo begin
[
fori:=0toLdo forj:=0tolLdo
begin F[i,j] := 0; Pkl[i,j] := 0; end;
R
// 3aHMMaEeM y3/bl C BEPOSITHOCTLIO P
fori:=1toLdo forj:=1tolLdo
if p > Random then F[i,jl :=1 else F[i,j] := O;
[[-===mmmmm——-- OnpepensieM Knacrtep ----------=-=-=---
cluster;
/===
end;
pc := nc/n;
if pc > 0.5 then
begin perk := True;
Label4.Font.Color := clRed;
Label4.Caption := "' MEPKOIALUNA 11 *;
end
else
begin perk := False;
Label4.Font.Color := cIbLACK;
Label4.Caption := "' HET nepkonsauuu ';
end;
memol.Lines.add(' Nc = ' + FloatToStr (Nc));
memol.Lines.add(' Pc = ' + FloatToStr (pc));
// Pucyem kapTuHy
Canvas.Pen.Color:=clWhite; Canvas.Brush.Color:=clWhite;

Canvas.Rectangle(x0,y0,x0 + Lc ,y0 - Lc);
if L>30 then Canvas.Pen.Color:=clred;
Canvas.Brush.Color:=clred;
i:=1; ji=1; Canvas.Brush.Color:=clWhite;
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fori:=1toLdo forj:=1toLdo

begin
if F[i,j] = 1 then begin
if pkl[i,j] = 1 then begin

if L < 40 then Canvas.Pen.Color := clblack
else  Canvas.Pen.Color := clblue;
Canvas.Brush.Color := clblue;
end else
begin
if L < 40 then Canvas.Pen.Color := clblack
else  Canvas.Pen.Color := clred;

Canvas.Brush.Color : = clred; end;
Canvas.Rectangle(x0 +i*d-d,y0 - j*d +d,x0 +i*d,y0 - j*d );
end; end; end;
[/==================================s============
end

Pe3ynbTaT BbINOJIHEHUA NpOrpamMMbl

Freomun . S

MEPKOALINA 11

1- CTAPT!

¥ Bbieog TOYeK

N = 10

nkl = 247 perk=1
nkl = 83 perk=0
nkl = 180 perk=1
nkl = 162 perk=0
nkl = 202 perk=1
nkl = 198 perk=1
nkl= 190 perk=1
nkl = 240 perk=1
nkl = 101 perk=0
nkl= 183 perk=1
Nc=7

Pc= 0.7

. N-CTAPT! |
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Tema 11. MoaenupoBanue ppakTajibHbIX CHCTEM.

Co3snaiite HoBOe npuwiioxenue Delphi u pasmecture Ha popme ciiemyroriue
DIIEMEHTBI

1. Buttonl (¢ magnucero Crapt!!!).
2. ComboBox1 .

3. Labell, Label2, Label3.

4. Editl, Edit2, Edit3.

5. Memol.

JBaxx1ibl KIMKHUTE 110 KHOTKEe Buttonl u HaGepuTe nmpuBEAESHHBIN HIKE KO
IPOTPAMMBI.
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function MandelBrot(a,b: real): TColor;
var  X,y,xy: real; x2,y2: real; r-real; k,k1,k2,k3: integer;
begin

r:=0; x:=0;y:=0; k:=100;

while (k>0)and(r<4) do

begin
X2:=X*X; y2:=y*y; Xy:=x*y;
X:=X2-y2+a; y:=2*Xy+Db; r=x2+y2, dec(k)
end;

k:=round(k/100*255);
k1 := k*20; k2 :=k*15; k3 :=k*5;
result:=RGB(k,k,k); result:=RGB(k1,k2,k3);

end;

function Julia(x0,y0: real): TColor;

var  ab,x,y,x2,y2,xy: real; r:real,; speed,k,k1,k2,k3: integer;
begin

r:=1; a:=-0.55; b:=-0.55; X:=X0; y:=y0; k:=100;
while (k>0)and(r<4) do
begin

X2:=X*X; y2:=y*y; XY:=X*Y;

X:=X2-y2+4a,; y:=2*Xy+Db; r=x2+y2; dec(k)
end;
k:=round((k/100)*255); k1 := k*20; k2 := k*15; k3 := k*5;
result:=RGB(k,k,k);

end,

function mmal(x0,y0: real): TColor;

var  ab,x,y,x2,y2,xy: real; r:real; speed,k,k1,k2,k3: integer;
begin

r.=1; a:=StrToFloat(Forml.Editl.Text);
b := StrToFloat(Form1.Edit2. Text);

X:=X0; y:=y0; k:=100;

while (k>0)and(r<4) do

begin
X2 1= X*X; y2 = y*y; Xy 1= X*y,
X:=X2-y2+a; y:=2*Xy+b; r=x2+yz; dec(k)
end;
k:=round((k/100)*255); result:=RGB(k,k,k);
end;

Procedure Koh;
var i:Integer; const iter = 50000;
procedure Draw;
var t, Xy, p:Real; k:Longint; mx, my,rad : Integer;
begin
mx :=10; my :=250; rad :=600; Randomize;
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x:=0.0;, y:=0.0;
fork:=1Toiter do
begin
p := Random;
t:=Xx;
if p<=1/2 then
begin
X = 1/2* x + 1/(2*sqrt(3)) * y;
y = 1/(2*sqrt(3)) *t- 1/2 * y;
end else begin
X = 1/2*x - 1/(2*sqrt(3)) * y +1/2;
y = -1/(2*sqrt(3)) *t- 1/2 * y + 1/(2*sqrt(3));

end,
Forml.Canvas.Pixels[mx + Round(rad * x), my - Round(rad * y)]:= 2;
end; end;
begin Draw; end,;
procedure Koh2;
var K:Integer;
procedure Draw(x, y, I, u : Real; t : Integer);
procedure Draw2(Var X, y: Real; |, u : Real; t : Integer);
begin Draw(x,y, I, u, t);x := x + I*cos(u);y :=y - I*sin(u); end,;
begin
if t >0 then
begin
I :=1/3;
Draw2(x, vy, I, u, t-1); Draw2(x, y, I, u+pi/3, t-1);
Draw2(x, y, I, u-pi/3, t-1);  Draw2(x, vy, |, u, t-1);
End else
begin
Forml.Canvas.MoveTo(Round(x), Round(y));
Forml.Canvas.LineTo(Round(x+cos(u)*l), Round(y-sin(u)*1));
end; end;
begin
Form1.Canvas.Pen.Color := clBlack;
k:= StrTolnt(Form1.Edit3.Text);
Form1.Canvas.Pen.Width := 3;
Draw(10, 354, 400, pi/3, k);Draw(210, 8, 400, -pi/3, k);
Draw(410, 354, 400, pi, k);
end,;
procedure TForm1.Button1Click(Sender: TObject);
var
X_min,y_min,x_max,y_max,hx,hy,x,y: real; I,j,n: integer;
color: TColor;
begin
Canvas.Pen.Color := clWhite; Canvas.Brush.Color := clWhite;
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Canvas.Rectangle(0,0,700,700);

case ComboBox1.ltemindex of
1: /' MandelBrot

begin

X_min:=-1.5; x_max:=2; y_min:=-1.5; y max:=1.5;
n:=700; Y:=y_min;

hx:=(Xx_max-x_min)/n; hy:=(y_max-y_min)/n;
forj:=0tondo

begin X:=X_min; fori:==0tondo begin
Canvas.Pixels[i,j] := MandelBrot(x,y);  X:=x+hx; end,
y:=y+hy;
end; end;
2:
begin
X_min:=-1.5; x_max:=2; y_min:=-1.5; y max:=1.5;
n:=700; y:=y_min; hx:=(X_max-x_min)/n; hy:=(y_max-y_min)/n;
forj:=0tondo  begin X:=X_min;
fori:=0tondo begin
Canvas.Pixels[i,j] := Julia(x,y); X:=x+hx; end;
y:=y+hy; end; end;
3:
begin

X_min:=-1.5; x_max:=2; y_min:=-1.5; y_max:=1.5;
n:=700; y:=y_min;

hx:=(Xx_max-x_min)/n; hy:=(y_max-y_min)/n;
forj:=0tondo

begin x:=x_min; fori:=0tondo begin
Canvas.Pixels[i,j] := mmal(x,y); X:=X+hx;
end; y:=y+hy; end; end;
4: Dbegin Koh; end;
5: begin Koh2; end;
end;
end;
//:::::::::::::::::::::::::::::::::::::::::::::::
procedure TForml.FormCreate(Sender: TObject);
begin
DecimalSeparator :=".";  Randomize;
ComboBox1.ltemindex := 1;
end; end.
//::::::::::::::::::::::::::::::::::::::::::
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Tema 12. MoaeaupoBaHue OTpaKeHUsl CBeTa HA IPaHMIlE Pa3/esia ABYX Cpe/l.

n2 1.5

n3 2

rpaMuu |1 5

ceTn

Buttonl (c nagnmuceto Crapt!!!).
ComboBox1 .

Labell, Label2, Label3, Label4.
Editl, Edit2, Edit3.

Chartl, Chart2.

Memol.

Sk wnE

JIBaxx/1bl KIMKHHATE 110 KHOTIKEe Buttonl u nHaGepurTe mpuBeACHHBIN HIKE KO
POTPaMMBL.
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procedure TForml1.Button1Click(Sender: TObject);
const a=0; b=3.5; n=2300;
var
I,J,k:integer; x,y,h:real; ng:integer;
uz,uz2,n1,n2,n3,r1,r2refl trans:real; T _R:real;
procedure Frenel(var u_z,n_1,n 2:real; varr_1,r 2,f refl,f trans,uz_2:real);
var n,tuzc:real,
begin
if n_2 <n_1then uzc :=sqrt(1 - sqr(n_2/n_1)) else uzc := 0;
n:=n_1/n_2;
if u_z >uzc then
begin
t = sgrt(1 - n*n*(1 - u_z*u_z));
r 1:= sqr((n_1*t-n_2*u_z)/(n_1*t+n_2*u_2));
r 2:= sqr((n_1*u_z - n_2*t)/(n_1*u_z + n_2*t));
end else begin r 1:=1; r2:=1; t:=0; //-u z; end
frefl ;= 1+r 2)/2; f trans:=1-f refl;
uz 2 =t; TR :=frefl+ f trans;
end;

procedure Frenel_graph12;
var i:integer; teta:real;
begin
Chartl.series[0].Clear;  Chartl.series[1].Clear;
Chartl.series[2].Clear;  Chartl.series[3].Clear;
Chart2.series[0].Clear;  Chart2.series[1].Clear;
Chart2.series[2].Clear;  Chart2.series[3].Clear;
Chart2.series[4].Clear;
fori:=0tondo Dbegin
teta := i/n*pi/2; uz:=cos(teta);
Frenel(uz,n1,n2,r1,r2 refl,trans,uz2);
Chartl.Series[0].AddXY (teta*180/pi,rl," clred);
Chartl.Series[1].AddXY (teta*180/pi,r2,",clgreen);
Chartl.Series[2].AddXY (teta*180/pi,Refl," clblack);
Chartl.Series[3].AddXY (teta*180/pi, Trans,",clblue);
Chart2.Series[0].AddXY (teta*180/pi,teta*180/pi,",clred);
Chart2.Series[1].AddXY (teta*180/pi,arccos(uz2)*180/pi,",clgreen);
end, end,

procedure Frenel _graph23;

var i;integer;  teta:real;

begin

fori:=0tondo begin
teta := i/n*pi/2; uz:=cos(teta);
Frenel(uz,n2,n3,r1,r2,refl trans,uz2);

— 50 —



Chartl.Series[3].AddXY (teta*180/pi, Trans,",clblue);
Chart2.Series[0].AddXY (teta*180/pi,teta*180/pi,",clred);
Chart2.Series[1].AddXY (teta*180/pi,arccos(uz2)*180/pi,",clgreen);
end; end,;
procedure Frenel _graph123;
var i:integer; teta:real;
trans_1,refl _1,trans_1s,trans_1p,refl_1s,refl _1p,trans_2p,refl_2srefl 2p:real;
uz_l,uz_2:real; Trans_p,Trans_s,Trans_all,Refl_all:real; ph_p,ph_s:real,
begin
fori:=1tondo
begin
teta := i/n*pi/2; uz:=cos(teta); ph_p :=0.5; ph_s:=0.5;
Frenel(uz,n1,n2,r1,r2,refl trans,uz2);
Trans_1p := (1 - rl)*ph_p; Trans_1s:= (1 -r2)*ph_s;
Refl 1p :=rl*ph_p; Refl 1s :=r2*ph_s;
uz 1 :=uz2; ph_p :=Trans_1p; ph_s := Trans_1s;
if uz_1>0 then
begin Frenel(uz_1,n2,n3,r1,r2 refl trans,uz2);
Trans_2p := (1 - r1)*ph_p; Trans_2s := (1 -r2)*ph_s;
Refl 2p :=rl*ph_p; Refl 2s :=r2*ph_s;
uz 2 :=uz2; end

else {IToHOE OTpaKeHUE HA IpaHulle cpen 1-2}

begin Trans_2p :=0; Trans_2s :=0; Refl 2p :=0;
Refl 2s :=0; uz 2 :=0; end;

Trans_p := Trans_2p; Trans s := Trans_2s;

Trans_all := Trans_p + Trans_s;

Refl_all := (Refl_1p + Refl_1s) + Refl_2p + Refl_2s;
Chartl.Series[0].AddXY (teta*180/pi,(Refl_1p + Refl_2p)*2,",clred);
Chartl.Series[1].AddXY (teta*180/pi,(Refl_1s + Refl 2s)*2,",clgreen);
Chartl.Series[2].AddXY (teta*180/pi,Refl_all,",clblack);
Chartl.Series[3].AddXY (teta*180/pi, Trans_all,",clblue);
Chart2.Series[0].AddXY (teta*180/pi,teta*180/pi,",clred);
Chart2.Series[1].AddXY (teta*180/pi,arccos(uz_2)*180/pi,",clgreen);

end; end;
Jf~mm e
begin
nl := strtofloat(editl. Text);  n2 := strtofloat(edit2. Text);
n3 := strtofloat(edit3.Text);  ng:= strtoint(spineditl.Text);
case ng of
1:  Frenel_graphl?2;
2:  Frenel _graph23;
3:  Frenel_graph123;
end; end;
end.
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Tema 13. MojesinpoBaHue paciipocTpaHeHHsl CBETA yepe3 cpeay.

Co3zpnaiite HoBoe npriioxkenue Delphi u pasmectute Ha popme cieayromue IeMEHTbI

Buttonl (c nagnucero Crapt!!!).

BitBtnl. Briopats cBoiictBo Kind.BkClose.
ComboBox1 .

Labell, Label2, ..., Labelll.

Editl, Edit2,..., Edit10.

Chartl, Chart2, Chart3, Chart4.
ProgressBarl.

Memol.

N O~ wWNE

JIBaknbl KITUKHUTE 10 KHOTKe Buttonl u HaGepute mpuBeneHHBINA HIKE KO
IIPOTrPaMMBL.
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implementation
{3R *.dfm}
¢ =0.0002997925;

N_maxs =500; Nr_max = 100;
N_maxt = 100; Nu_max = 100;

Var

I ==ememeee- Random Number Generator ----------
Icg_a,lcg_m,lcg_ri:Integer;

I =meemneene Photon -----------

ph_x,ph_y,ph_z,ph_ux,ux,uy,uz,ph_Isr,ph_L,ph_Lp : Extended,;
ph_t,ph_t0,ph_dt,ph_v,ph_df : Extended,;
Cos_theta,Sin_theta,Cos_psi,Sin_psi,theta,psi : Extended;
ph_lambda,ph_ti,ph_sigma,tidsigma : Extended;
ph_ps,ph_pa : Extended;
ph_i,ph_N : Integer;
SinThetaCrit,uz_c : Extended,

I --==nmmmm-- Object -----------
Lm,ns,g,ms,ma,albedo : Extended,
t _min,t_max : Extended,;
v_sr,v_sr0,vx,vy,vz : Extended;
ph_det : Integer;
r_det,Ix_det,ly_det : Extended,

/] ------- Data_Analysis --------
n_sO,n_sl,n s2,n s: array [0..N_maxs] of Integer;
n_sOm,n_sim,n_s2m,n_s4m,n_s5Sm,n_sm : Integer;
n_smax,n_sOmax,n_slmax,n_s2max : Integer;
t sO,t s1,t s2,t s;t si:array [0..N_maxs] of Integer;
t sOm,t slm,t s2m,t sm,t sens : Integer;
t smax,t_sOmax,t_slmax,t s2max : Integer; dl:Extended;
n_abs,n_scat : array [0..N_maxs] of Integer;
ndl_max,i_abs,i_scat : Integer;
r _max,dr,r_abs,r_scat : Extended,;
ir_abs,ir_scat : Integer;
nr_scat,nr_abs,nr_abs1,nr_abs2 : array [0..Nr_max] of Integer;
uz_s,uz_sl,uz_s2,uz_sO :array [-Nu_max..Nu_max] of Integer;
df s,df s1,df s2,df sO :array [-Nu_max..Nu_max] of Integer;
df_max,df_norm,df,dk : Extended,

I ------ Global Variables ------
I,Nphotons,ngr,nshow : Integer;
r,rl,r2,r3,r4,r5 : Extended,;



Procedure Photon_Lanch;
Var
j1: Integer; ph_abs : boolean;
function Sign(var x : Extended) : Integer;
begin if x>=0 then sign:=1 else sign:=-1; end;
Begin

ph_x:=0; ph_y:=0; ph_z:=0; ph_ux:=0; ph_uy:=0; ph_uz:=1;
iIf ph_sigma <=ph_ti then

begin
MMA__ LCG(lcg_ri,r);
ph_t0 := ph_sigma*sqrt(-In(1-r*(1-exp(-sqr(tidsigma)))));

end else

begin rl:=0;

forjl ;= 1to12do
begin rl:=rl+r; end,;

ph_t0 :=ph_ti*rl/12;

end;

ph_t:=ph t0; ph df:=0;
ph_abs:=false; ph_i:=0; ph_Lp:=0;

Jf-mmmm e
repeat
[[---==--==--- Transport ------
MMA__ LCG(lcg_ri,r);
if ph ps>r then // nmepeMenienre (HpoToHa
begin
[]--=-=mmmm-- Move Photon ------
ph_i:=ph_i+1; ph_L :=-ph_Isr*In(rl);
if g =0 then
begin  Cos_theta :=2*r2 - 1; end
else begin

r:=(1-g*g)/(1-g+2*g*r2);  Cos_theta := (1 + g*g - r*r)/(2*g);
end;
Sin_theta := sqrt(1-sqr(Cos_theta));
psi ;= 2*pi*r3;  Cos_psi := Cos(psi); Sin_psi := Sin(psi);
if abs(ph_uz)>0.99999 then
begin ux := Sin_theta*Cos_psi; uy := Sin_theta*Sin_psi;
uz := Cos_theta*sign(ph_uz); end
else  begin
r:=sqrt(1.0 - sqr(ph_uz));

ux := Sin_theta*(ph_ux - ph_uy*Sin_psi)/r + ph_ux*Cos_theta;
uy := Sin_theta*(ph_uy - ph_ux*Sin_psi)/r + ph_uy*Cos_theta;
uz := -Sin_theta*Cos_psi*r + ph_uz*Cos_theta;

end;

I_scat := round(ph_z/dl);
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n_scat[i_scat] := n_scat[i_scat] + 1;
r_scat := sqrt(sqr(ph_x)+sqr(ph_y));
Ir_scat := round(r_scat/dr);
if ir_scat<=Nr_max then
nr_scat[ir_scat] := nr_scat[ir_scat] + 1;
df ;= (ph_ux-ux)*vx + (ph_uy-uy)*vy + (ph_uz-uz)*vz;
ph_df := ph_df + df;
if uz>0 then

begin
if ph_z>Lm then
begin
If ((abs(ph_x)<=Ix_det) and (abs(ph_y)<=ly det)) then
begin I/ Tlornomenue gorona 1 gerekropom
ph_abs ;= true; ph_det ;= 1; ph_i:=ph_i-1;
end else begin
if uz<uz_c then
begin

// TlomHOE BHYTp. OTpakKeHHE Ha HIDKH. TPAHUIIE CPEIb
ph_z:= 2*Lm - ph_z;

end else

begin // DOTOH BBUIETEIN U3 CPEIbl BIEPE]
ph_abs := true; ph_det = 4; ph_i :=ph_i-1;

end, end; end; end

else begin
if ph_z<0 then
begin
if ((abs(ph_x)<=Ix_det) and (abs(ph_y)<=ly det)) then
begin // Tlormomenue ¢hoToHa 2 JETEKTOPOM
ph_abs := true; ph_det := 2; ph_i:=ph_i-1;
end else begin
if -uz<uz_c then

begin // TloHOE BHYTp. OTpaKEHHE HAa BEPXH. TPAHUIIE CPEJIbI
ph_z:= -ph_z;

end else

begin // DOTOH BBIJIETEN U3 CPeIbl 0OPATHO
ph_abs := true; ph_det :=5; ph_i:=ph_i-1;

end; end; end; end

[f--=mmemm - Move Photon ------
End
else // nornomenue porona B CPEJJE !l

begin  ph_abs:=true; ph_det:=0; ph_i:=ph.-1; end;
ff-=-mmmm e Transport ------
until ph_abs;
End,;
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procedure Data_Analis;
Var Kkt,l:Integer;
begin
if phi<0 then k:=0 else
begin k:=ph_i; if k>N_maxs then k:=N_maxs;
iIf pht<0 then t:=0 else
begin
if ph_t>t max then ph_t:=t max;
t ;= round(ph_t/t_max*N_maxt); end,;
case ph_det of
0: /[ ®oton nornoried B CPE/IE!
begin
if k>n_sOmax then n_sOmax :=Kk;
n_sO[K] :=n_sO[k] + 1;
n_sOm:=n_sOm + 1,
if t>t sOmax then t sOmax :=t;
t sO[t] .=t sO[t] + 1;
I_abs := round(ph_z/dl);
n_abs[i_abs] :=n_abs[i_abs] + 1;
r_abs := sqgrt(sgr(ph_x)+sqr(ph_y));
ir_abs :=round(r_abs/dr);
end,
1: /[ ®oton Ha 1 (mepennem) nerekrope!
begin
if k>n_slmax then n_slmax:=Kk;

end:;

n_s1[k] :=n_s1[k] + 1; n_slm:=n_slm+ 1;

if t>t slmax then t slmax:=t;
t sift] .=t sift] + 1;
n_abs[ndl_max] := n_abs[ndl_max] + 1;
r_abs := sqgrt(sgr(ph_x)+sqr(ph_y));
ir_abs :=round(r_abs/dr);
end;
2: /| ®otoH Ha 2 (3aaHEM) AeTEKTOPE

begin
if k>n_s2max then n_s2max :=Kk;

n_s2[k] := n_s2[k] + 1;

n_s2m:=n_s2m + 1;
if t>t s2max then t s2max :=t;
t s2[t] .=t s2[t] + 1;

end;
4. //" DOTOH BBLIETEN BIIEpE/T
begin n_sdm:=n_s4m+1; end;
5: /| ®oTOH BBUIETEN HA3A
begin n_sSm:=n_sbm+1; end; end;

if k>n_smax then n_smax:=Kk;
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n_s[k] :=n_s[k] + 1, n_sm:=n_sm+1;
if t>t smax then t smax:=t;

t s[t] =t s[t] +1; t sift] :=t sit] + 1;
end;
//::::::::::::::::::::::::::::::::::::::::::
Procedure Initialize;

Var
I:Integer;
begin
[ -==------- Random Number Generator ----------

Icg_a:=1220703125; lcg_m:=-2147483647-1, lcg_ri:=1,
/[ --==-mmmmmm- Object ------------
Lm := StrToFloat(Form1.Editl.Text);
ns := StrToFloat(Form1.Edit2. Text);
g := StrToFloat(Form1.Edit3.Text);
ms := StrToFloat(Form1.Edit4.Text);
ma ;= StrToFloat(Form1.Edit5. Text);
v_sr0 := StrToFloat(Forml1.Edit7.Text);
I -=-mmmm - Photon --------------
ph_lambda := StrToFloat(Form1.Edit8.Text);
ph_ti := StrToFloat(Form1.Edit9.Text);
ph_sigma := StrToFloat(Form1.Edit10.Text);
tidsigma := ph_ti/ph_sigma;

R Detector -------------
t sens :=50; IXx det:=2; ly det:=Ix_det;
r_ max :=Ix_det;  dr:=r_max/Nr_max;

/] -~ Data_Analis ----------

n_smax:=0; n sOmax:=0; n_slmax:=0; n_s2max:=0;
t smax:=0; t sOmax:=0; tslmax:=0; t s2max:=0;

ndl_max :=100; dl := Lm/ndl_max;
/[ --=-mmmmm- Global Variables ----------
Nphotons := StrTolnt(Form1.Edit6.Text);
end;
//:::::::::::::::::::::::::::::
procedure graf_init;
begin

nshow := Forml.SpinEditl.Value;
if Nphotons >100 then ngr:= Nphotonsdiv100 else ngr:=1;
case nshow of

Mf-=-mm--- ['ucrorpamma OTOHOB BpEMEHH BXOZA B CUCTEMY -----------
Chartl.Title.Text [0] ;="' Pacnp ¢oTo 1o Bpem BXoja B CUCTEMY';
Chart2.Title.Text [0] :=""; Forml.Chart3.Title.Text [0] :="";
Chart4.Title. Text [0] :="";
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[-mmmmmmmm e I'mcrorpammser AktoB PaccessHust -----------------
Title.Text [0] :="' ®oTOH IEpM ACTEKTOPE - YUCIIO AKTOB PACCESHUS';
Title.Text [0] :="' ®0TO €T - YUCITIO AKTOB PACCESHUS';

Title.Text [0] :="' moryioe MOTOHBI - YUCIIO AKTOB PACCESIHUS';
Title.Text [0] :=' Bce DOTOHBI - YUCTIO AKTOB PACCESHUSA';
end;

e e e e

[[--mmmmmmmm - ['mCcTOTpaMMBI TT0 BPEMEHHU  -----------------
Fork:=1to N _maxt-1 do Series[0].AddXY (k/N_maxt/1000*t_max,t_sl);
Fork:=1toN_maxt-1 do Series[0]. AddXY (k/N_maxt/1000*t_max,t_s2);
Fork:=1toN_maxt-1 do Series[0]. AddXY (k/N_maxt/1000*t_max,t_s0);
Fork:=1toN_maxt-1 do Series[0].AddXY (k/N_maxt/1000*t_max,t_s);
end; end;
Application.ProcessMessages;

end;

Procedure TForm1.Button1Click(Sender: TObject);
begin
FormatSettings.DecimalSeparator = '.';
Initialize;
graf_init;
for i := 1 to Nphotons do
Begin
Photon_Lanch;
Data_Analis;
if (i modngr)=0 then
graf_show;
end,;
Finish;

procedure TForm1.SpinEdit1Change(Sender: TObject);
begin
if i<>0 then
begin
graf_init;
graf_show;
end;end,
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Tema 14. UccaenoBanue moaean U3unra meronom Monte-Kapuio.

Co3snaiite HoBoe mpriioxkenue Delphi u pasmectute Ha Gopme ciieayroIue IEMEHTHI

#EHEE

§ 3 48

9

L

TR0z

0
=0
&0
™0
0
&0
@o
P2 a8 B OB NMD N
m= 0.578
x= 1234 B
E= 1278 CTAPTIN
C= 0222

Buttonl (c naanuceto Crapt!!!).
Labell, Label2, ..., Label9.

Editl, Edit2,..., Edit5.

Chartl, Chart2, Chart3.
CheckBox1 (c maamuceto Craprt!!!).

ok wnE

JIBaXpl KIMKHUTE IO KHOTIKEe BUttonl u HaGepute mpuUBENCHHBINA HIKE KO

IPOTPAMMBI.

— 60 —



procedure TForml.FormCreate(Sender: TObject);
begin

DecimalSeparator :=".";

randomize;

procedure TForm1.Button1Click(Sender: TObject);
const
Imax = 200;
var
1,J,im,jm,L,nspins,n,dn:Integer;
s:array [0..Lmax,0..Lmax] of Integer;
e,m,temp,de,obm:Real;
11,i2,j1,j2: Integer;
esr,e2sr,esrnorm,c,msr,m2sr,msrnorm,X,isr:Real;

procedure spinshow;
var
1,J,K:Integer;
begin
/I k:=10;
Il k:=StrTolnt(Edit2. Text);
k := Trunc(300/L) ;
ifk<2 thenk:=2;
if k> 10 then k := 10;
Seriesl.Pointer.HorizSize := k;
Seriesl.Pointer.vertSize :=Kk;
Chartl.Series[0].Clear;
foriz=1toLdo forj;=1toL do
if s[i,j] =1then  Chartl.Series[0].AddXY(i,j,",cIRed)
else  Chartl.Series[0].AddXY (i,},",clblue);
end,

procedure Metropolis(i,j:integer);
var
snew,sold:Integer;
begin
i1:=i-1; i2:=i+1;
j1:=j-1; j2:=j+1;
ifil<lthenil:=L;
ifi2>Ltheni2:=1;
ifjl<1thenjl:=L;
if 2> L then j2 := 1,
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sold := gi,j];
snew = -s[i,j];
de := -obm*(snew - sold) * (s[i1,j] + s[i2,j] + s[i,j1] + s[i,j2]);
/I if de < 0Othen
if (de <0) or (Random < Exp(-de/temp)) then

begin
e:=e+de;
m :=m + snew - sold;
s[i,j] := snew;
end;
end;
[ ~mm e
procedure Sredn;
begin
esr:=esr +e;
e2sr .= e2sr + e*e,
msr := msr + Abs(m);
M2sr := m2sr + m*m;
Isr:=isr+1;
end;
e
begin
[[-mmmmm e
CheckBox1.Checked := False;
L := StrToInt(Editl.Text);
obm := StrToFloat(Edit2. Text);
temp := StrToFloat(Edit3.Text);
n := StrTolnt(Edit4. Text);
dn := StrTolnt(Edit5.Text);
if L > Lmax Then L := Imax;
nspins := L*L;
[[-=mmmmm e
e:=0;m:=0;

fori:z=1toLdo forj;=1toL do s[i,j] :=1;
fori:z=1toLdo forj;=1toLdo
begin
m:=m + s[i,j];
i1:=i-1; i2:=i+1;
j1:=7-1; j2:=)+1;
ifil<lthenil:=L;
ifi2>Ltheni2:=1;
ifjl<1thenjl:=L;
if 2> L then j2 :=1;
e :=e-obm * s[i,j] * (s[il,j] + s[i2,j] + s[i,j1] + s[i,j2]);
end;
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e:=el2,
spinshow;
Chart2.Series[0].Clear;  Chart3.Series[0].Clear;
Chart2.Series[0].AddXY (0,m/nspins,",cIRed);
Chart3.Series[0].Add XY (0,e/nspins,",clblue);

=
isr:=1;
esr:=0; msr:=0;
e2sr:=0; ma2sr:=0;
while i < N*nspins do
begin
for j:= 1 to dn*nspins do
begin
im =1+ Random(L);
jm =1+ Random(L);
Metropolis(im,jm);
Sredn;
inc(i);
end,;
i1:=1i;
Chart2.Series[0].AddXY (i/nspins,m/nspins,",cIRed);
Chart3.Series[0].AddXY (i/nspins,e/nspins,”,clblue);
spinshow;

esrnorm := esr/nspins/isr; /l

msrnorm := msr/nspins/isr; /l

C := (e2srlisr - esr*esr/isr/isr)/nspins/temp/temp; //

X := (m2sr/isr - msr*mstr/isr/isr)/nspins/temp;

Label7.Caption :='m = ' + FloatToStrF(msrnorm,ffFixed,7,5);
Label8.Caption :='x = ' + FloatToStrF(x,ffFixed,7,5);
Label9.Caption :='E =" + FloatToStrF(esrnorm,ffFixed,7,5);
Label10.Caption :='c = ' + FloatToStrF(c,ffFixed,7,5);

Application.ProcessMessages; Sleep(500);

if CheckBox1.Checked then Exit;
end:
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5. O0pa3oBaTe/ibHbIE€ TEXHOJOTHH

IIpn U3Y4CHUU JUCLUTIIINHBI «MeTtoabl MATeMATH4YeCKOI0
MO/JICJIMPOBAHUS» TPUMEHSAIOTCS Cilenyloe MH(OPMALMOHHbIE TEXHOJOTHU:
aKTUBHbIE M HMHTEPAKTUBHbIE (OPMBI, JIEKIMH, [PAKTUUYECKHE 3aHATUS,
KOHTPOJIBHBIE Pa0OThI, KOJUIOKBUYMBI, 3a4€Thl M 3K3aMEHbI, KOMIIbIOTEpPHI. B
TEYEHHE CEMECTpa CTYJCHTHI PELIAIOT 3aJauM, yKa3aHHBIE IPENoAaBaTelieM, K
KOKIOMY CceMHHapy. B cemectpe npoBOISATCA  KOHTPOJBbHBIE pPabOTHl (Ha
CEMUHapax). 3ayeT BBICTABISAETCSA MOCJIE PEIICHHsS BCEX 3aJady KOHTPOJIBHBIX
paboT, BBINOJHEHUS JOMAIIHUX U CAMOCTOSTENbHBIX padoT.

[Ipy mnpoBeneHWH 3aHATHA HCIONB3YIOTCA KOMIBIOTEPHBIE  KIIACCHI,
OCHAIEHHBIE COBPEMEHHOM KOMIBIOTEPHOW TeXHMKOM. Ilpm wu3noxxeHun
TEOPETUYECKOI0 MaTepuajla HCIOJIb3YeTCsl JICKIMOHHBIM 3aJl, OCHAILCHHBIN
MYJBTUMEANA TPOECKIIMOHHBIM 000PYAOBAHUEM U MHTEPAKTUBHOM J1IOCKOM.

IIo BceMy JIEKIMOHHOMY MaTepuanay IOArOTOBIEH KOHCHEKT JIEKIHHA B
AJIEKTPOHHOM opMe U Ha OyMaKHOM HOCHUTEIE, 0oJIblIasi 4acTh TEOPETHUECKOTO
MaTepuaia W3JIaraercs ¢ NMPUMEHEHHEM CiaiioB (Mpe3eHTaluil) B mporpamme
PowerPoint, a Taxxe ¢ UCTIOIb30BaHUEM HHTEPAKTHBHBIX JTOCOK.

OOyuaromuye U KOHTPOJUPYIOLINE MOIYJIM BHEJIPEHBI B YUEOHBIH mpoliecc U
pa3MeneHbl Ha OO0pa3oBaTebHOM cepBepe JlarrocyHuBepcuTeTa
(http://edu.icc.dgu.ru), kK KOTOPBIM CTYACHTBI MMEIOT CBOOOIHBIN JOCTYII.

B pamkax TpakTHYECKUX 3aHATHA  HCIOJB3YeTCS YMEHHE CTYACHTOB
MPOU3BOANTE PACUYCThl C TOMOIIBIO CPEICTB BBIYMCIUTEILHON TEXHUKH. OJTO
MO3BOJISIET CYIIECTBEHHO MPHUOIM3UTh YPOBEHb CTATUCTHYECCKOW KYJIbTYpPHI
00pabOTKHN pe3yIbTaTOB U3MEPEHUI B MPAKTUKyME K COBPEMEHHBIM CTaHIapTaM,
NPUHATBIM B HAayKe W TPOU3BOACTBEHHOW JneATenbHOCTH. Ha 3Tux 3aHATHAX
CTYJIEHThI 3aKpeIUISIOT HaBBIKMU, OMBIT oOmeHuss ¢ OBM u wucnomab3oBaHus
CTaTUCTUYECKUX  METOJOB  OO0pabOTKH  pe3yibTaToOB  HAOMIOJNEHUW, 4YTO
COBEpIIEHHO HEOoOXOoAUMMO Juisi palbOThl B  CHIEHHAIBHBIX  YYEOHBIX U
IIPOU3BOJICTBEHHBIX JTA00PATOPHSIX

JIJisi TIOATOTOBKM K TMPAKTHUYECKUM (CEMHUHAPCKUM) 3aHSITHSM  W3JIaHBI
y4eOHO-METOTMYECKHE TIOCOOMS, KOTOpbIE B COYETAaHWHW C BHEAYIUTOPHOU
paboToi  CMOCOOCTBYIOT (POPMHUPOBAHUIO M Pa3BUTUS MPO(EeCcCHOHATBHBIX
HABBIKOB O0YYaIOIINXCS.

dnekmpouuslil yueoOHuk. VIMEIOTCS U UCHOIB3YIOTCS B y4eOHOM Ipoliecce
AJIEKTPOHHBIE ~ YYEOHMKM TIO  JuCHUIUIMHE «MeToapl  MaTeMaTH4ecKoro
MOJICIIUPOBAHUS». DJIECKTPOHHBIA YUCOHHUK MpeAHa3HAYEH ISl CAMOCTOSTEILHOTO
U3YUYCHUS TCOPETHUYECKOTO MaTepuajia Kypca M IOCTPOCH Ha THUIEPTEKCTOBOM
OCHOBE, TO3BOJSIONIEH paboTaTh MO WHAWBUAYaIbHOW 00pa30BaTEIbHOM
TPaCKTOPHH. | UTIEPTEKCTOBASI CTPYKTypa MO3BOJIIET O0YUYaIOIMIEMYCsl ONPEICIIUTh
HE TOJBKO ONTUMAJIBLHYIO TPACKTOPHIO U3YUCHHUS MaTepuaja, HO M yIOOHBIA TEMIT
paboThI, U CIIOCOO M3IOKEHUS MaTepHaa.
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http://edu.icc.dgu.ru/

Komnvromepnaa mecmupyowiaa cucmema. Pa3zpabotaHa U BHEIpEHA B
y4eOHBI  Tpolecc  KOMIIBIOTEpHAas  TECTHpYlOIlass  CUCTeMa,  KoTopas
oOecreynBaeT, ¢ OJIHOM CTOPOHBI, BO3MOKHOCTh CAMOKOHTPOJIS JIsi 00y4aeMoro,
a C JApPYroil CTOPOHBI HCIIOJB3YETCS IS TEKYLIEr0 WM HTOTOBOIO KOHTPOJIS
3HAHUU CTYAECHTOB.

Ilpezenmayua. PazpaboTaH 3JEKTPOHHBIN KypC JICKIIUHA 110 BCEM TeMaM, C
WCIIOJb30BAaHUEM  JJIEKTPOHHBIX Mpe3eHTanuil. YTo yiydmaer BOCHpPUSTHE
Marepuanga, TMOBBIIACT MOTHBALMIO  [MO3HABATEIBHOW  JIESITEIBHOCTH W
CIOCOOCTBYET TBOPUECKOMY XapaKTepy OOyUeHHS.

Yueono-uccnedosamenvckas paboma. B niponiecce n3ydeHus JUCHUTUIAHbBI
UCIIOJIB3YyeTCsl TaHHas (hopMa MPAKTUYECKON CaMOCTOSTENbHON pabOThl CTYJEHTA,
MO3BOJIAIONIAS CTYACHTAM H3ydaTh HAyYHO-TEXHUYECKYI0 HWHOOPMAIMIO TI0
3aJaHHOW  TE€ME, MOJEIMPOBATH  MPOLECCHl, MPOBOAUTH  PACUYETHI IO
pa3pabOoTaHHOMY alropuTMy C mnpuMeHeHnemM OBM u cepTuduimpoBaHHOTrO
POrpaMMHOT0 00€cCTeueHus, y4acTBOBaTh B IKCIIEPUMEHTAX, aHAJIM3UPOBATH U
oOpabaTbiBaTh  MOJYYEHHBIE  pe3yibTaThl.  Pe3ynbTaThl  MCCIEIOBAHHM
MPEICTABIIAIOTCS HA HAYYHO-TIPAKTUYECKUX KOH(PEPESHITUSX.

JIJisi yCBOGHHMSI JUCHMIUIMHBI UCIOJIB3YIOTCS SJEKTPOHHBIE 0a3bl y4eOHO-
METOJIMYECKUX PECYPCOB, IIEKTPOHHBIE OMOIHOTEKH.

VYnenpHbI BeC 3aHATUNA, MNPOBOAUMBIX B HHTEPAKTUBHBIX (opMax, ¢
WCIIOJB30BAHUEM  COBPEMEHHBIX  KOMIIBIOTEPHBIX  CPEACTB  OOydYeHHS U
JIEMOHCTpalui B y4eOHOM Tporiecce coctaBisieT He MeHee 40% JIeKIIMOHHBIX
3aHATHM.

6. YueOHO-MeTOAMUYECKOE 00eceyeHre CAaMOCTOATEIbHON PadoThI CTYICHTOB.

B Teuenne cemecTpa CTyAEHTHI BBIIOJHSIOT:
e JIOMAIIHUE 3aJ[aHUs, BBINOJHEHUE KOTOPBIX KOHTPOJIMPYETCS W TIpHU
HEO0OXOMMOCTH 00CYKIaeTCs Ha MPAKTUUECKUX 3aHATHUSX;
® TMPOMEXYTOYHBIE KOHTPOJIbHBIE PabOTHl BO BpeMs MPAKTHUECKUX 3aHATUN
JUISL BBISIBIICHUS CTETIEHU YCBOEHHUSI IIPOMAECHHOIO MaTepuaa;
® BBLINOJHEHUE UTOTOBOM KOHTPOJIHHOW pabOTHI MO MPAKTUUYECKUM 3aHITHSM,
OXBAaThIBAIOIIKNE 0Aa30BbIE BOIPOCHI Kypca: B KOHIIE CEMECTpa.

Hmozoewvlit konmpons: 3auem B KOHIE CEMECTPA, BKIIOYAIOIIMN IPOBEPKY
TEOPETUYECKHUX 3HAHUM U YMEHUE PEIICHUs 110 BCEMY IPOUJIEHHOMY MaTepuaiy.

6.1 YueOHO-MeTOAMYECKOE 00ecIeYeHre CAMOCTOSAITEIbHOH PadoThI
CTYJAE€HTOB.

Buowl u nopaook évinoinenus camocmoameibHoil pabomol:

1. M3ydeHne peKOMEHI0BaHHOM JIUTEpaTypPhl
2. Tlouck B UHTEepHETE NOMOIHUTETHLHOTO MaTepHalia
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3. IMoaroToBka pedepara (10 5 cTpanuir), mpe3eHTanuu u gokuanga (10-15
MUHYT)
4. TloaroToBka K 3a4ery.

OueHoYHbIE CPECTBA JUIS TEKYIIEr0 KOHTPOJS yCIEBAEMOCTH, MPOMEKYTOUHOM
aTTecTallid IO MTOTaM OCBOCHMS JUCHUIUIMHBI U y4eOHO-METOIUYECKOe

o0ecrnieueHrne caMoCTOSITETbHOM pabOThI CTY/IEHTOB:

Buowvt u nopaook evinoinenus camocmoamenvHoll padoomaol:

Ne Buja camocrosiTeLHOM YyeoHo-mMmeToau4.
Bua xoHTpoJs
n/n padoThI olecneyeHue
1. [ToxroroBka pedepara (mo | Ilpuem pedepara, | Cm. pasgensl 6.1, 6.2
5 cTpaHuIil), MpE3CHTAMM | TpPE3EHTAllMW, JIOKJIaJa | | U 7 JaHHOI'O
u pokaazaa (10-15 munyr) OLICHKA KayecTBa UX | TOKyMEHTa
HCIIOIHEHUS Ha MHHH-
KOH(epeHIHH.
2. [Toaroroska k 3auery [Ipomexxyrounasi arrectanusi B | CMm. pasnensl 6.3, 6.4
dbopme 3ayera. u 7 JTAHHOTO
JTIOKYMEHTA

1. Tekymuii koHTpoJb: [Ipuem pedepara, npe3eHTalnu, 10KJIa1a U
OLICHKA Ka4eCTBA UX UCIOJHEHUS Ha MUHU-KOH(PEPEHIINH.
2. llpomexyTtouHas aTTectanus B opMe 3adera.

Texywuit KOHmMpOAbL YCIEBAEMOCTH OCYLIECTBIISIETCS HENPEPBIBHO, HA
NPOTSKEHUH Bcero Kypca. IIpexnae Bcero, 3T0 yCTHBIA OIPOC MO XOAY JIEKIIMH,
BBIIIOJIHAEMBIN Il ONEPATUBHON aKTUBU3ALMM BHUMAaHUS CTYIAEHTOB M OLIEHKU
UX YPOBHsI BoCHpuUsATUS. Pe3yabTaThl yCTHOTO ONpOca YUYUTHIBAKOTCS MPHU BbIOOpE
’K3aMeHalMoOHHOro Bompoca. [IpumepHo ¢ mAToil Henenu cemecTpa - B popme
KOHTPOJISI CaMOCTOSITEIbHOM paboThl MO MOATOTOBKE pedepaToB, coaeprkaHue
KOTOpbIX OylneT TpeacTaBleHO MyOJIMYHO Ha MHHU-KOH(EpEeHUUUu U
COIIPOBOXICHO Mpe3eHTalueN 1 HEOOJIbIIMMU TE3UCAMHU B JIEKTPOHHOU (hopMe.

Br160p TeMbI pedepara coraacyercs ¢ JIEKTOPOM.

[IpakTuKyercs ABa TUIA TEM - CaMOCTOSITEIbHOE M3YyYEHUE KOHKPETHOMN
npoOiemMbl WM O3HAKOMIIGHHE C YYEOHBIM JIWCTAHUHMOHHBIM KypCOM IO TeMe
Kypca. Pe3ynbrarel caMoCTOATENBHON Pa0OTHI UTPAIOT POJIb JOMYCKA K HK3aMEHY.

Ilpomesicymounas ammecmayusn:

Jist momycka K 3aueTy  HAJUISKHUT CHAeNaTh COOOIeHWe Ha MUHU-
KOH(EPEHINH, TTPEJCTABUTH IIPE3CHTAIINIO U COOCTBEHHO TEKCT pedepara.
3adeT MPOXOJUT B YCTHOW (hOpMe B BHJIE OTBETOB HA OWJIETHI M, €CIH IOHAJO-
OuTCs, TO HA JOTOJHUTEIIbHBIC KOHTPOJBHBIC BOIPOCH], KOTOPBIE 3a7aeT dK3aMe-
HATOP MIPU HEOOXOUMOCTH YTOUHHUTH OIECHKY.

e OIeHKAa «OTIUYHO» CTABHUTCS 32 YBEPEHHOE BIIAJICHUE MAaTePUATIOM Kypca |
JEMOHCTPAIIMIO CIOCOOHOCTH CaMOCTOSTEIBLHO aHAJIM3UPOBATh BOMPOCHI
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IIPUMEHEHUS U pa3BUTUA coBpeMeHHbIX UT.

e OreHKa «XOPOIIO» CTABUTCS IPYU MOJHOM BBIIIOJHEHUH TPEOOBAHUMN K IPO-
XOXKIEHHUIO Kypca 1 YMEHUH OPUEHTUPOBATHCSA B U3yUYEHHOM MaTepHalle.

e OLEHKa «yIOBJIETBOPUTEIBHO» CTABUTCS IIPU JOCTATOYHOM BBIIIOJHEHHUH
TpeOOBaHUI K MPOXOXKIACHUIO Kypca U BIIAJCHUH KOHKPETHBIMH 3HAHUSIMU
110 pOrpaMMe Kypca.

e OueHKa «HEYJOBJIETBOPUTEIBLHO» CTABUTCS, €CJIM TPEOOBAHUS K MPOXOXKIE-
HUIO Kypca HE BBIIIOJIHEHBI M CTYACHT HE MOJXKET II0Ka3aTh BIAJICHHE
MaTepHaIoM Kypca.

6.2 IlepeyeHb y4eOHO-METOAMYECKOr0 oOOecmevyeHHsl IJIsl CAMOCTOSITEIbHOM
padoThI 00Yy4AKOIIMXCS MO JUCHHUILIMHE.

[IpumepHas Tpya0EMKOCTB, a.4.

Bun camocTosiTennbHOM pabOThI OuHo-
Ounas 3a04Has
3a04Has

Texymasa CPC

paboTa ¢ IEeKIIMOHHBIM MaTepPHaJIOM, C y4eOHOM
JIUTEPaTypou

orepekarolas caMoCcTosITeNbHas paboTa (M3ydeHue
HOBOT'O MaTepHaJia JI0 €ro U3JI0’KEHUS Ha 3aHATHUSX )

CaMOCTOATCIIbPHOC U3YUCHUC PA3JACIIOB JUCHUIIIINHBI

BBINIOJTHEHUE JOMAITHUX 33aHUH, JOMAIIHUX
KOHTPOJIBHBIX paboT

MOJrOTOBKA K Ja00paTOpHbIM paboTam, K
IPAKTUYECKUM U CEMUHAPCKUM 3aHSTHUIM

o1l o1 ool o1 ol

MOJTOTOBKA K KOHTPOJBHBIM paboTaM,
KOJUIOKBUYMaM, 3a4€TaM

MNOATOTOBKA K 5K3aMCHY (3K3aMeHaM)

npyrue Buapl CPC (yka3aTh KOHKPETHO)

TBopueckasi npodemHo-opuenTHpoBanHasi CPC

BBINOJIHEHHE PaCUETHO-TpahuIecKux paboT 5
BBITNIOJIHEHHE KYPCOBOM pabOThI UJIM KYpPCOBOI'O 5
IIPOEKTa

MOMCK, U3yUEHHE U MTPEe3eHTALNsI MH(POpMAILIUHU 110 5

3a/laHHOM Mpo0IeMe, aHAIIW3 HayYHBIX MyOTHKaIui
0 3aJaHHOU TeMe

uccrienoBaTeabckas paboTa, yyactue B 5
KOH(epeHIMsIX, CEMUHapax, OJIMMIIHNAIax
AQHAJIN3 JTaHHBIX 110 33JaHHOW TEME, BBIIIOJHEHUE 2

paC‘-IéTOB, COCTaBJICHUC CXEM H MO}IGJ’IGﬁ Ha OCHOBC
CO6paHHLIX JaHHBIX

npyrue Bussl TCPC (yka3aTh KOHKPETHO)

Hroro CPC: 52
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Temartuka pedepaTtoB €XEroHO MOABEPraeTcs MepecMOTPpy U OOHOBICHHUIO
COOTBETCTBEHHO MOSIBJICHUIO HOBBIX MEPCHEKTUBHBIX CPEJICTB U METOAOB padOThI
c undopmanueit. [Ipegnaraercs cienyronmil CMUCOK pedepaToB, KOTOPBIA MOXKET
OBITh PaCIIUPEH U YTOYHEH MPU 00CYX IACHUU U KOHKPETU3ALUU CO CTYICHTAMH.

6.3. IIpuMepnbl TeM pedepaTos.

e MeToasl MaTeMaTHYeCKOro MojaenupoBaHusi B  ¢usuke. CoOBpeMEHHbIC
JOCTUKEHUSI M IEPCIIEKTHUBBI.

Knaccudukanus maremarrnaeckux mozenei. [Ipumepsr Moaenei.
Knaccuueckuit Meton Monte-Kapio

CoBpemeHnHbIe anropuT™Mbl Metoga MonTe-Kapiio

MeTton HauMEHBIINX KBAIPATOB.

HNHTepnonsunoHHbIA MHOTOYIEH Jlarpanxa.

UYucnenHoe uHTerpupoBanue merogoM Monre-Kapio.

Metonst Pynre-Kyrra mist pemenust auddepeHimaibHbIX ypaBHEHUH.
Pemenue quddepeHunanbHbIX ypaBHEHUI BTOPOTO MOpsiKa MeTo1oM PyHre-
Kyrra.

Metoapl  MaTEMaTUYECKOTO  MOJACIHMPOBAHUS  PEIICHUST  HEJIMHEWHBIX
YPaBHEHUM.

MunumMuzanust GyHKIHMM MHOTHX riepeMeHHbIX. COBpEMEHHBIE METO/IBI.
MopnenupoBaHue JBUKEHMS TeENa B TPABUTALIMOHHOM II0JIE.

MopnenupoBaHue JBUKEHUS TJIAHET COJITHEUHOU CHCTEMBI.

MonennpoBanue OpOyHOBCKOTO JBUKEHHSI YACTHII.

MonenupoBanue 3¢ hekTa mepKOJIAIUNH.

MopenupoBaHue OTpaKEHUS CBETA HA TPAHHUILIE IBYX CpEX.

MopenupoBaHue paclIpOCTPAHEHUS CBETA YEPE3 CPEAY.

UccnenoBanue moaenu M3unra merogom Monte-Kapio

6.4. PekoMeHIaUIMHU K MOC/I€10BATEIbLHOCTH BbINOJIHEHHS pedepaTa.
A) Uzydyenue npobiemsl o MaTepuanaM, J0CTynHbIM B MIHTepHeTe:
1. CornacoBaTh Ha3BaHHE COOOIIECHHUS.
2. Hammcats Te3ucsl pedepara mo teme.
3. BbIpa3utb, yeM UHTEpECHA BbIOpaHHAs TEMa B HAIIM JIHU.
4. TloaroToBUTH MPE3CHTAIIUIO TI0 BEIOPAHHON TEME.
5. Cnenatp cooOIIeHIE HA MUHU-KOH(MEPESHITUH.
b) O3HakomiieHuE ¢ 3aIaHHBIM AUCTAHIIUOHHBIM KYPCOM:
1. IlpencraBuTh OCHOBHBIE HJIEH 3aJAHHOTO Kypca.
2. Omnmcath JOCTOMHCTBA M HENOCTAaTKM MaTepHaia, H3JI0XKEHHOIO B
JAHHOM Kypce.
HammcaTe 0T3bIB Ha TaHHBIN KYpC.
CdopmynupoBaTh peKOMEHAALMH 110 TPUMEHEHUIO JAHHOTO Kypca.
CrnenaTh co0O0OIIEHHE O COJIEPKAaHUH Kypca Ha MUHU-KOH(EPEHIINH.

ok w
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1. @OH/I OLEHOYHBIX CPEeACTB /sl NPOBEJEHUS TEKYLIero KOHTPOJIS

ycIeBaeMoCTH,
AUCIHUILINHBI.

NMPOMEKYTOYHOMN

aTTrecTanmumn o HTOramM

OCBOCHMUA

7.1. TlepeueHb KOMIETEHIIMN C YKa3aHUEM ATanoB MX (OPMHUPOBAHUS B IpoOIIECcCe
OCBOEHHMSI 00pa30BaTEIbHON MTPOTPAMMBI.
[lepeueHpr KOMIETEHIMI C yKa3aHMEM STamoB HX (HOPMHUPOBAHHS TNPUBEICH B

ONMHMCAHUK 00Pa30BATEIBHON TPOTrPaMMBI.

Kon
KOMIIETeHIIUH U3
dIrocC BO

HaumenoBanue

komnerennuu n3 ®IroOC

BO

ILnanupyemble
pe3yJbTaThl 00yUYeHust

IMpoueaypa
OCBOEHHA

OIIK-2

Cnocoben npumeHamo
coepemenHble Memoobl

UCCIe008aHUS,
npeocmasisamo u
apeyMeHmupoB8aHo

3auuwams pe3)ibmamaol
8bINOIHEHHOU PabOOMbl

3naem:
- akmyavhvle npodiemol,
OCHOBHbLE 300aYU,
Hanpaenenuss, meHOeHyuu u
nepCcneKmuebl pas3sumus
COBPEMEHHOU INIEKMPOHUKU
U HAHOIIEKMPOHUKU,
Makice CMeNCHbIX 0bacmelt
HAyKU U MexHuKu
- NPUHYUNBL NIAHUPOBAHUS
IKCNEPUMEHMAIbHBLX
uccne008anul Ons peuleHus
NOCMAGIeHHOU 3a0aYU
Ymeem:
- CamMocmosmenbHo
CmMasumsv KOHKpEemHble
3a0a4u HayyHbIX
uccneoo8anuil
- paccmampusama
B03MOJICHBLE BAPUAHNBL
peanuzayuu
IKCNEPUMEHMATLHBIX
UCCe008anUll, OYEHUBAsL UX
00CmouHcmea u
HedoCcmamku
Bnaoeem:
- HasblKamu
¢opmynuposams
KOHKpEemHbvle membl
Uccae008anusl,
NIAHUPOBAMb
IKCNEPUMEHMbL NO 3A0AHHOT
Memoouke 0isl
aghhexmuenozo peureHus
NOCMAGIEHHOU 3a0aYll

ITuceMeHHbIH
ompoc

OIIK-3

Cnocoben npuobpemamv u

ucnoibzoeantov

HO8YI0

3naem:

Kpyrusiit cron
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unghopmayuio 6  ceoell

npeomemmuou obnacmu,
npeonrazame Hosbvle udeu u
1n00xX00bl K peuenuro

UHMNCEHEPHBIX 3a0au.

- cospeMeHHble NPUHYUNDL
NOUCKA, XPAHEHUS,
obpabomku, ananuza u
npeocmasieHus
UHopmayuu u3z pasiuyHbIX
UCMOYHUKO8 U 0A3 OAHHBIX 8
mpebyemom popmame c
UCNOIL308AHUEM
UHDOPMAYUOHHDIX,
KOMNbIOMEPHBIX U CEMeBblX
mexHoi02ull

Ymeem:

- NOJLYYams U UCNOIL30BAMD
HO8ble 3HaHUs 8 obiacmu
npogheccuonanvbHoll
oessmenbHOCmU, 8 MOM YUcie
8 MeANCOUCYUNTUHAPHOM
KoHmexcme, ¢
UCNOIb308AHUEM
uHgopmayuouo-
KOMMYHUKAYUOHHBLX
mexHono2ull

Bnaoeem:

- HABLIKAMU
UCNONIb306AMb
coepemenHble
ungopmayuonHvle
mexHono2uU onsa
npuobpemenuss HOBbIX
3HaHul 6 obnacmu

npogeccuoHanbHou
oesimenbHoOCm, 8 MOM
yucne 8
MENHCOUCYUNTUHAPHOM
KOHmeKcme
OIIK-4 Cnocoben 3naem:
paspabamuleamo u - OCHOBbL UHPOPMAYUOHHBIX
nPUMEHSIMb MEXHON02UlL, OCHOBHbIE
Cneyuanu3upoOBaHHoe B03MOIACHOCMU U NPABUILA
npocPaAMMHO- pabomwvl coO CMAHOAPMHLIMU
mamemamuyeckoe nPOSPAMMHBIMU

obecneuenue 0
nposedeHUst UCCIe008AHULL
U peutenus UHIHCEeHEePHbIX
3a0au.

nPOOYKmMamu npu peueHuu
npogheccuonanvbHulx 3a0ay

- MemoOobl 8bIYUCTUMENbHOU
Quzuxu u
MamemamuyecKo2o
MOOenUuposaHus

Ymeem:

- pazpabamuvieams
aghghexmusHvle
aneopummsvl peuleHus
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UHIICEHEePHBIX 3a0ay C
UCNOIb308AHUEM
COBDEMEHHDBIX A3bIKOG
NnpocpamMmMupoOBanus u
mamemamuieckozo
MOOenUposanus
Bnaoeem:

- HasbIKAMU
paspabamuvieamo
Cneyuanu3UpoB8anHvle
npocpammusie cpeocmsa u
Memoowt
MamemamuyecKoz2o
MOOeaUPOBaAHUA 015
npoBedeHUst UCCIe008AHULL U
PEUEHUSL UHIICEHEPHBIX
3a0ay

wn

8.
9.

10.
11.
12,
13.
14,
15.

7.2. TunoBble KOHTPOJIbHBIE 3aIaHUSA

Metonpl  Maremarnueckoro — monaenupoBaHus.  [locTtaHoBka — 3amaum.
KoppektHocTs 3a1a4m.

[TorpemrHocTy BeIYUCIEHUI. AOCONIOTHAS U OTHOCUTEIbHAS TOTPEIIHOCTb.
Knaccuduxanus matematudeckux mozeneut. [lpumepsr moaenei.
Kiraccuuecknii METOJ Momnte-Kapio. CranpapTHbIii aNrOpUTM
Mertponosuca.

CoBpemenHble  anroputmbl  Metoga Monrte-Kapno.  OnHo-KiacTepHbIT
anroput™ Byneda .

Marematuueckoe MojienrpoBanue B onodusuke. MonennpoBaHue AMHAMUKH
NOMYJISINN XKUBBIX CUCTEM.

[Toctpoenne rpadukoB ¢yukuuit B cpene Delphi. Dnunumknounsa,
DnuTpoxouaa.

MonenupoBaHHue IBH>KEHUS TeJla B TPABUTALMOHHOM I10JI€.

MonenvupoBaHue ABMXKEHUS TUIAHET COJTHEUHON CUCTEMBI.

MonenupoBaHue HI€adbHOTO Ta3a B COCY/IE.

MaremaTtudeckoe MojieaupoBanue dpdexTa NepKOIAIUN.

MonenupoBanue GppakTaaIbHbIX CUCTEM.

MonenvupoBaHue OTpakeHHUs! CBETa Ha TpaHuULIe pa3jiena JIByX Cpe/l.
MonenupoBaHue paclipoCTpaHEHHUS CBETA YEPeE3 Cpeay.

UccnenoBanne moaenu M3unra merogom Monte-Kapiio

7.3. MeToanueckne MaTepuabl, ONpeAe/silOlde NPOUeIYPY OUeHUBAHHS
3HAHMI, YMEHUi1, HABBIKOB M (MJIM) ONBITA IeATEJIbHOCTH, XaPAKTEPHU3YOLIHUX
3Tanbl (OPMUPOBAHUA KOMIIETEHIIMH.

OO6muit pe3ynbTaT BEIBOAUTCS KaK MHTETpaibHas OIleHKa, CKJIabIBAIOIIAs U3
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TeKy1ero KoHTpoJist -60% u nmpomexyTouHoro KoHTpoJs -40%.
Tekymmi KOHTPOJIb MO TUCUUIUIMHE BKIKOYAECT:
- mocelieHue 3auaTui -10 0amos,
- y4acTUe Ha MPAKTHUUECKUX 3aHATHX -200aI10B,
- BBITIOJTHEHHE J1a00PaTOPHBIX 3aaHuii -200a10B,
- BBITIOJTHEHHE JIOMAITHUX (ayIUTOPHBIX) KOHTPOJIBHBIX paboT -10 6amioB..
[IpoMeKyTOUHBINM KOHTPOJIb IO JUCHUIUIMHE BKIIFOYAECT:
- yCTHBIN omnpoc -200a1oB,
- MUCbMEHHAs! KOHTpOJbHAas padoTa — 10 6aos,
tectupoBanue -10 GamioB

8. IlepeyeHb OCHOBHO M [JONOJHUTEJIbHOW Y4eOHOH JIMTepaTyphbl,
HEO0X0AMMOM /151 0CBOCHUS AMCUMUILIMHBI.

a) OCHOBHASI JINTEPATypa:

1. Haptsa B.U. briouno-MaTpu4HbIi METOA MaTeMaTHYECKOTO MOJIECITUPOBAHUS
noBepxHocTedt [OnekTponHbli pecypc] / B.M. Hapts. — DnexTpos.
TeKcToBble aHHbie. — M. : Undpa-Umxkenepus, 2016. — 236 ¢. — 978-5-
9729-0119-7. — Pexxum poctyma: http://www.iprbookshop.ru/51718.html

2. OmeHka ypoOBHS  IIYMOBOTO  BO3JCHCTBHUS  TPAHCIOPTAa  METOJIOM
MaTeMaTHYECKOr0 MOJCIUPOBAHUS (pacUeTHBIM METOa) [DJIEKTPOHHBIM
pecypc] : MeToauuecKkre yKa3aHus K BBIMOJHEHUIO MPAKTHYECKUX padoT 110
nucuumuinie «IIpoekTupoBaHne M PeKOHCTPYKIUS 3JaHUM» JUIsl CTYACHTOB
Maructparypsl HampasieHus noarotoBku 08.04.01 CrpourensctBo / . —

DJIEKTPOH. TEKCTOBbIE NaHHbIE. — M. : MOCKOBCKMI TOCyIapCTBEHHBIN
cTpouTenbHbIN yHUBepcuTeT, Al [Iu Op Menua, ObC ACB, 2015. — 32 c.
— 978-5-7264-1096-8. — Pexum JIOCTyTIA:

http://www.iprbookshop.ru/36149.html

3. IlymkapeBa A.E. Meroapl MaTeMaTHYECKOTO MOJICTUPOBAHMS B OINTHKE
OnoTkaHu [DIEeKTpOHHBIN pecypc] : yueOHoe mocobue / A.E. Ilymikapena.
— DnektpoH. TekctoBbie nanubie. — CII6. : Yuusepcurer UTMO, 2008.
— 103 C. — 2227-8397. — Pexum JIOCTyIIA:
http://www.iprbookshop.ru/67285.html

4. J1.B. Xeepman. MeToibl KOMIBIOTEPHOTO IKCIIEPUMEHTA B TEOPETHUECKOM
¢uzuke. M. 1990 r.

0) JonOJIHMTEe/IbHAs1 JIUTepaTypa:

1. MaromenoB M.A., Myprazaee A.K., Xwuszpues K.II. Meroas
MaTEMaTUYECKOTO MOJCIUPOBaHUS. YUEeOHO-METOIMYECKOe Tocooue. —
Maxaukaina: 2007. — 50c.

2. MyprazaeB A.K., Maromenos I'.M., Pamazanos M.K., MaromenoB M.A.,
MeTonpl YHCIEHHOTO DJKCcIepuMeHTa B (usuke. YuyeOHoe mocobue. —
Maxaukaina: 2009. — 58c.

3. C. Kynun. Beruncnurensnas pusuka M. 1992 r.
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4. PsaGenpkuit B.C. BBenenne B BBIYMCIHTENBHYIO MaTeMaTuKy. — M/: Hayxka-
duzmatiut, 1994. — 335¢. 2-e uza. M: ®uzmatiut, 2000. — 296 c.
5. Kupees B.U., I[lanTeneeB A.B. MeToasl MaTeMaTHYeCKOTO MOJICIIMPOBAHUS
B puMepax u 3agayax. M.: M3n-so MAMU, 2000.
6. baxsanos H.C., J)Kunkos H.II., Kob6enskoB I'.I'. Unciennele MeTOOBI. 8-€
u3n. — M.: Jlabopatopus bazoBeix 3nanuii, 2000. — 624c.
7. JlobanoB A.W., Tletpor W.b. BeramcnutenpHble METOABI IS aHalW3a

MOJIEJICH CIOKHBIX TUHaMHU4eckux cucreM. Yacte 1. — M.: MOTU, 2000. —
168c.

9. Ilepeyenb pecypcoB HHGPOPMALNMOHHO-TEJEKOMMYHUKAUMOHHON CeTH
«/HTEepHeT», HeOOXOAUMBIX IJISI 0CBOCHHS JUCHHUILIUHBI.

1. 3BC IPRbooks: http://www.iprbookshop.ru/
JIunien3nonneit moropop Ne 2693/17o0t 02.10.2017r. 06 oka3aHUU YCIYT 1O
npefocTaBiaeHuo goctyna. Joctyn omkpuim ¢ ¢ 02.10.2017 2. 0o
02.10.2018 no noonucke

2. DJEeKTpOHHO-OMOMMOTEUHAss CUCTeMa «YHUBEpPCUTETCKas OuOnroTeka
onnaitn» Www.biblioclub.ru morosop Ne 55 02/16 ot 30.03.2016 r. 00
OKa3aHWH HHPOPMAITMOHHBIX yCITyT

3. Jloctym K aiekTpoHHOM OumOmmoTreku Ha http://elibrary.ru ocHoBanum
TuIeH3uoHHOTro cornamenuss mexay PI'bOY BIIO I'Y u «OO0O»
«Hayuynass Onektponnas Oubnuoreka» ot 15.10.2003. (Paz B 5 jer
OOHOBJISIETCS TULIEH3MOHHOE COTJIALIEHUE)

4, HanuoHanbHas DJJIGKTpOHHass OumOnmoreka  https:/H36.pd/. JloroBop
Nel101/H2B/101/H3B/1597 ot 1.08.2017r.

5. ®enepanbubiii moptan «Poccuiickoe obOpaszoBaHue» http://www.edu.ru/
(emMHOE OKHO JIOCTYyIa K 00pa30BaTEeIbHBIM pecypcam).

6. denepanbHOE XPaHWJIUIIIE «Ennnas KOJUIEKIIHSA 1 (ppoBHIX
oOpasoBaTeNbHBIX pecypcoB» http://school-collection.edu.ru/

7. Poccuiickuit mopran «OTkpsiTOro ooOpasoBanus» http://www.openet.edu.ru

8. Caiir o0pa3oBaTeIbHbIX pecypcoB JlarrocynuBepcureTa
http://edu.icc.dgu.ru

9. UndopmanvoHnHble pecypcbl HaydyHOM OubmmoTexku JlarrocyHuBepcurera
http://elib.dgu.ru  (moctym wuepe3 tuiathpopmy HaydHo#l diIeKTPOHHON
oubsmoreku elibrary.ru).

10.DenepanbHbIit LEHTP 00pa3oBaTenbHOTO 3aKOHOJATENbCTBA
http://www.lexed.ru

11. http://www.phys.msu.ru/rus/library/resources-online/ -  31eKTpOHHBIC
ydeOHble  MOcoOWs, W3JaHHBIE  TPEMojaBaTesIMH  (PU3UYECKOTO
¢dakynpreTa MI'Y.

12. http://www.phys.spbu.ru/library/ - snexTpoHHbIe yueOHBIE mOCOOUS,
U3JaHHble  mpenojaBarelsiMu  pusmyeckoro  dakymprera  CaHKT-
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[TeTepOyprckoro rocyHUBEpCUTETA.

13.Springer. loctyn JAI'Y mpemocraBiieH coriacHo goroBopy Ne 582-13SP
NOANMUCAHHBIA MUHHCTEPCTBOM 00pa30BaHUS U HAyKHU MPEJOCTABICH IIO
koHTpakty 2017-2018 r.r., momnucanueii I'TIHTB ¢ opranuzanusmu-
nobeauTensaMu KoHkypcea. http://link.springer.com.

14.SCOPUS  https://www.scopus.com JlocTym MpeaoCTaBI€H COIJIaCHO
cyOnuneH3nonHomy jgoropopy NeScopus/73 ot 08 asrycra 2017r.
NOANMHUCAHHBIA MUHUCTEPCTBOM 00Opa30BaHUsA U HAayKH MPEJOCTABIECH IIO
koHTpakty 2017-2018 r.r., mognucanueii ['TIHTH ¢ opranusanusmu-
nobeIuTens M KOHKYpca.

15.Web of Science - webofknowledge.com [loctyn mpenocTaBieH COTJIACHO
cyomunensnonnomy goroBopy Ne Wo0S/280 ot 01 ampens 2017r.
NOANUCaHHBIH MMHUCTEPCTBOM O0pa30BaHMS W HAyKH MPEIOCTABJICH IO
koHTpakTy 2017-2018 r.r., nmoamucanueii ['TIHTB c¢ opranuzanusmu-
noOeuTeNsIMU KOHKypca

16.«Pro Quest Dissertation Theses Global» (PQDT Global). - 6a3a nanHbIX
3apyOeIKHbBIX —JTUCCePTALIHH. Hoctyn MIPOJITICH COTJIACHO
cyOnunen3nonnomy aoropopy Ne ProQuest/73 ot 01 ampens 2017 roga
http://search.proquest.com/.

17.Sage - MyIbTUIMCUMIUIMHAPHAS MOJHOTEKCTOBas 0a3za maHHbIX. JlocTyn
IpOJJIEH Ha OCHOBAaHMM CYOJHMIICH3MOHHOTO noroBopa Ne Sage/73 ot
09.01.2017 http://online.sagepub.com/

18.American Chemical Society. [octynm mnpomieH Ha OCHOBaHUH
cyosmmnen3nonHoro jgorosopa NeACS/73 ot 09.01.2017 r. pubs.acs.org

19.Science (akagemmuveckomy xkypHaiay The American Association for the
Advancement of Science (AAAS) http://www.sciencemag.org/. Jloctyn
MIPOJIJIEH Ha OCHOBAaHUU CyOuIieH3uoHHoro Jqoroopa Ne 01.08.2017r.

10.MeToauyeckne yKazaHus 1l 00y4aIOIIUXCS 110 OCBOEHUIO TN CUMILTUHBI.

CamocrosiTenbHast paboTa CTYJEHTOB pPEeaTu3yeTCsl B BUJIE:

® TIOJATOTOBKHU K KOHTPOJIbHBIM paboTam;

® IOATOTOBKU K CEMHHAPCKUM (TPAKTHUYCCKUM) 3aHSATHSM;

® BEHINIOJIHCHHWS ~ WHAWBUAYATbHBIX  3aJaHWA 1O  OCHOBHBIM  TeMaM
JUCITUTUTNHBL;

e HammcaHue pedepaToB 1o mpobieMaM AUCHUILIMHBL "®dusmka (a3oBbIX
MEePEXO0/I0B U KPUTUUECKUX SIBICHUM".

e 00s13aTEIHLHOC IMOCEIICHUE JICKITUI BEAYIIETO MPETO01aBaTelIs;

® JICKIMM — OCHOBHOE€ METOJWYECKOE PYKOBOACTBO TP H3yYEHUU
JTUCIUTUINHBI, HauOoJiee ONTUMAIBHBIM 00pa3oM CTPYKTYpUPOBAHHOE U
CKOPPEKTHUPOBAHHOE HA COBPEMEHHBIN MaTepHa,

® B JIEKIIMU TIyOOKO W MOAPOOHO, apryMEHTUPOBAHO M METOJIOJIOTHYECKU
CTPOTO PacCCMaTPUBAIOTCS TJIABHBIE MPOOJIEMbI TEMBI;

® B JICKIIMM JaOTCId HEOOXOJWMBIE pa3HbIC TOAXOJIbI K HCCISTYEMBIM
npobJiemMam;
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® TIOJrOTOBKY M aKTUBHYIO pabOTy Ha J1a0OpaTOPHBIX 3aHATHUSX;
® TIOJrOTOBKA K JIJAOOPATOPHBIM 3aHATHUSIM BKJIIOYAET MPOPAOOTKY MaTEpHUaIOB
JIEKLIHI, pEKOMEHJOBAaHHOW y4eOHOM JTUTEPaTyPBHI.

11. TIlepeyeHr HUHGOPMALMOHHBIX TEXHOJOIMHA, HCHOJb3yeMbIX MPH
OCYLIEeCTBJICHMH 00pa30oBaTeJIbHOIO Ipouecca M0 JAMCHUILIMHE,
BKJIIOYAs NepeYyeHb NPOrpaMMHOro odecrnedyeHuss ¥ MHPOPMAUOHHBIX
CIIPABOYHBIX CHCTEM.

OOpa3oBaTe/nbHbIE TEXHOJOIMH, MPUMEHSAEMbIE Ha MPAKTUYECKUX U
1a00paATOPHBIX 3aHATHUSIX:

1. TexHoyorus akTUBHOTO (KOHTEKCTHOr0) oOydeHUs (KOJUIEKTMBHasi paboTa
MaJlbIMU TPYIIIaMU — HCCJENOBATENbCKasi WUrpa: rpymnmna pa3OuBaeTcsi Ha
HOJrPYNIbl, B K&XKJI0M U3 KOTOPBIX Ha3HAYAETCSl pyKOBOJIUTEIND (ONpeneiseT
Held W 3aJauyd, Ha3HayaeT OTBETCTBEHHBIX 3a OTHENbHBIC 3ajauH,
KOOPAMHUPYET paboTy M MpeACTaBiIseT oOOlee peleHue 3aladd) MU
UCIIOJTHUTENH (pelIatoT OTAEIbHBIE 3a/1a4H );

2. TexHonorus neiaoBoM Urpbl (MMUTAIIMOHHAs COPEBHOBATENIbHAS UTPa: MaJlble
Ipynnbl TOJY4arOT OJWHAKOBOE 3a/laHue, paclpeiessiioTcs IO  POJsiM
(PyKOBOJIUTENb, OTBETCTBEHHBIC WCIOJHUTENN) W BBINOJHAIOT €ro Ha
CKOPOCTb U Kau€CTBO, KOTOPOE OLIEHUBAETCS MPENOAaBaTEIEM);

3. Texuomoruss WHTEPAKTUBHOTO oOOydeHUs (MO3TOBOM MITYpM: TpyIna
NOJIy4aeT 3a/laHue, Jajee MpeiaraeTcs BbICKa3blBaTh KaK MOXHO OoJiblee
KOJIMYECTBO BApHUAaHTOB PEIICHUS, 3aTeM W3 OOIIEero Yucia BBICKA3aHHBIX
ujaei oTouparoT Hanboee yJauHble, KOTOPbIe MOTYT OBITh MCTIOJIB30BAHBI HA
MPAKTHUKE).

12. OnucaHue MaTepHaJbHO-TEXHUYECKOH 0a3bl, HEOOXOAMMON JIA
OCyILleCTBJIEHHsI 00pa30BaTEJILHOI0 MpoLecca Mo AMCIUIIHHE,
s MaTepuaabHO-TEXHUYECKOTO OO0ECIeUCHHS JUCIUILIMHBL  «MeToabl
MaTeMaTH4eCKOro MOJAeJUPOBAHUN UCTIOJIb3YETCS:
® KOMITBIOTEPHBIE KJIACChl (PU3UYECKOro (haKkybTeTa.
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