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AHHOTauus padoyeil NPOrpaMMbl JTUCUUILIHHBI

Huctuminaa «MeToabl MATEMATHYECKOT0 MOIEJTUPOBAHUA» BXOJUT B
obazamenvHyl0 4YacTb 00pa30BATENBHON MPOTrpaMMbl Mazucmpamypsl 10
HarnpasiieHuto 11.04.04 «DeKTpOoHNKa U HAHOSJIEKTPOHUKAY.

JucuuminHa peanusyercs Ha ¢puzndeckoM (akynbpTeTe Kadeapoit ooiei
U TEOPETUUYECKON PU3UKH.

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

JucuuminHa HareneHa Ha (OPMUPOBAHUE CIEAYIOMIUX KOMIETEHIIUN
BBIITYCKHUKA:
obmenpodeccuonanbHbix — OITK-2, OIIK-3, OITK-4.

[IpenomaBanue AWCIMIUIMHBI MTPEAYCMAaTPUBACT MPOBEACHUE CIICTYIONTUX
BUJIOB Y4YEOHBIX 3aHSATUN: JIEKIMH, JIA0OpAaTOpHBIC 3aHSATHS, CaAMOCTOATENIbHAs
pabora.

PabGouass mporpamMma JAMCHMIUIMHBI —TMpEIyCMaTpUBAET  IPOBEACHHUE
CJIEIYIONIUX BUIOB KOHTPOJS YCIIEBAa€MOCTH B (popMe KOHTPOJIbHAsI paboTa |
MIPOMEKYTOUHBIN KOHTPOJIb B hopMe 3aueTa.

O0beM  OUCHMIITUHBI 2  3a4eTHBIX E€OUHUIIBI, B TOM 4HCIE B
aKaJeMUYECKHX Yacax Mo BUJaM y4yeOHBIX 3aHITHI — 72 yaca.

Cemec YyeOHble 3aHATHS dopma
P B TOM YHCJIE IIPOMEKYTOY
HOM
Bcee KonrakTtHas paboTa oOyJaronmxcs ¢ npernojgaBaTeiemM CPC, aTTeCTANN
ro U3 HUX B TOM (3auer,
qucie
nddepenmm
Jlexn | Jlabopatop | Ilpakta | KCP | KOHCYNBT | 5xsam audpep H
BCETO POBAHHEIN
1704 HEIE eCKHeE anuu el
3a4er,
3aHATHS 3aHSATHS
dK3aMEH
1 72 36 14 16 42 3a4er




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.

VYckopeHue Hay4HO-TEXHUYECKOTO Ipolecca, IMPOHHKHOBeHME 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 MOJEIUPOBAHUS B
dusuke;

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

* J1aTh HABBIKM MOCTAHOBKH YHCIEHHOTO 3KCIIEPUMEHTA;

* O3HAaKOMUTb C METOJaMU OOpabOTKM M MHTEPHpPETAlUU pPE3yJIbTaTOB

KOMITBIOTEPHOI'O MOZAEIIMPOBAHUS.

B kxypce wu3mararorcs METOABl MAaT€MAaTHYECKOro0  MOJEIUPOBAHUS
Pa3INYHbIX (PU3UUECKUX SIBJICHUN U IPOLECCOB, METO/IbI BBIYUCIUTEIbHON (PU3UKH
U CI0cOObI X MAaTEMAaTUYECKOTO MOEIINPOBAHUS.

Kypc BkItoUaeT J1eKUMOHHBIE U Ta00OPATOPHBIE 3aHATHUS.

2. Mecto aucuuninubl B ctpykrype OIIOII maructparypsl

HuctuminHa «MeToabl MAaTeMaTHYeCKOr0 MOJEJTHPOBAHUS» BXOJUT B
00s3aTEeNbHYIO YaCTh LIMKJIA E€CTECTBEHHOHAy4yHbIX W MaTeMatnyeckux (EH u M)
JTUCIUTUINH.

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

nudpepeHnnanbHbIX YPaBHEHUH, ypaBHEHUN MaTeMaTH4eCKo (GU3uku. 3HAHUS U
YMEHUS, TPAKTUYECKHE HaBBIKUA, MPUOOpPETEHHBICE CTYJAEHTAaMU B peE3yJIbTare
U3YYCHUS JUCHUIUIMHBI, OyIyT UCIOJB30BAaThCS TPU HM3YUYCHUH KYpPCOB
MaTEMaTUYECKOTO  MOJICJTUPOBAHUS, BBIUUCIUTEIHHOTO  TPAKTUKYMa, TMPHU
BBITIOJIHEHUHU KYPCOBBIX U JWIUIOMHBIX pPa0OOT, CBSI3aHHBIX C MaTeMAaTHUYECKUM
MOJICIMPOBAHUEM M 00paOOTKOW HAOOPOB JTaHHBIX, PCIICHUEM KOHKPETHBIX 3a]1a4
U3 MEXaHUKH, PU3NKH | T.II.



3. Komnerenuuu ody4arouierocsi, popmupyembie B pe3yjbTaTe 0CBOCHUS
AUCHMILVIAHBI (IepeYeHb IVIAHNPYEMbIX Pe3yJIbTaTOB 00Y4YeHHUs).

Kon
KOMIIeTeHIIUU
n3 ¢1rocC BO

HaumenoBanue
komnereHuuu u3 PIr'OC
BO

Pe3yabTaThl 00yyeHus

OIIK-2

Cnocoben npumeHsamy
coepemeHHbie Memoobl
uccneooamnus,
npeocmasisims u
apeymMeHmupo8aHo
3auUams pe3yibmamaol
8bINOIHEHHOU PAOOMbL

3naem:
- akmyanbHvie npoodemsl,
OCHOBHblE 3a0ayU, HanpasieHus,
MeHOeHYUU U NepCneKmueol
Pa3sumusi CoO8peMeHHOU
NEKMPOHUKU U HAHOIIEKMPOHUKUL,
a MaKHce CMeACHvIX obacmet
HAYKU U MEeXHUKU
- NPUHYUNBL NIAHUPOBAHUSL
IKCNEePUMEHMAIbHBIX UCCIeO08AHUTL
0J151 peuteHust NOCMAGIeHHOL 3a0a4u
Ymeem:
- CaMOCmMosmebHO CMasumb
KOHKpemHubvle 3a0a4u HAY4HbIX
uccne0o8aHull
- paccmampusams 603MONCHbLE
8apuUanmuvl peaiu3ayuu
9KCNEePUMEHMANbHBIX
UCCIe008aHUll, OYCHUBAS UX
00CMOUHCMBA U HeOOCMAMKU
Bnaoeem:
- HABBIKAMU POPMYIUPOBAMb
KOHKpemHble memol UCCAe008AHUS,
NIIAHUPOBAMNb IKCNEPUMEHMBL NO
3a0aHHOU Memoouke OJis
aghexmusroco pewieHus
NnOCMAaeIeHHOU 3a0a4u

OIIK-3

Cnocoben npuobpemams u
UCNOIb308AMb HOBYIO
unghopmayuio 6 ceoell
npeomemmuoi oobiacmiu,
npeonazams Ho8ble Uoeu u
Nn00X00bl K PeUuleHUio
UHICEHEPHBLX 3a0aH.

3naem:

- cospeMeHHble NPUHYUNBL NOUCKA,
XpaueHnust, 06pabomxu, aHaiu3a u
npedcmaeiieHus uHhopmayuu u3
PA3MUYHBIX UCOYHUKOS U 043
OauHbIX 8 mpebyemom ghopmame ¢
UCNONb308AHUEM UHDOPMAYUOHHDIX,
KOMNbIOMEPHBIX U CeMeBblX
MexHON02ULL

Ymeem:

- NONYYAmM®b U UCNONb308AMb HOBbLE
3HAHUS 8 00ACMU




npoghecCcuoHAIbHOU OesimenbHOCU,
8 MOM Huce 8
MEANCOUCYUNTUHAPHOM KOHMEKCMe,
C UCNONIBL308AHUEM
UHpOpMaAyUOHHO-
KOMMYHUKAYUOHHBIX MEeXHOI02ULL

Bnaoeem:

- HABLIKAMU UCNONIL308AND
coepemeHubie UHDOPMAYUOHHBIE
mexHono2uu 0 NPUooOpemenust
HOBbIX 3HAHUL 8 0b1acmu
npogeccuonanvbHol desamenbHoOCmu,
8 mom yucie 8
MENCOUCYUNTIUHAPHOM KOHMEKCme

OIIK-4

Cnocoben
paspabamovleams u
NpUMeHsIMb ¢
NeYuanu3UpoOBaAHHOE
NPOCPAMMHO-
mamemamuyeckoe
obecnevenue 0
nposedeHUs: UCCIe008aHUL
U peutenusi UHIICeHePHbIX
3a0auy.

3naem:

- OCHOBbI UHPOPMAYUOHHBIX
MexXHON02Ul, OCHOBHbLE
B03MOJACHOCIMU U NPABUIA PAOOMbL
CO CMAHOAPMHBLIMU NPOCPAMMHBIMU
NPOOYKMamu npu peuleHuu
npogheccuonanvbHulx 3a0ay

- Memoobl 8bIYUCTUMENTbHOU PUUKU
U Mamemamuieckozo
MOOeNUposanHus

Ymeem:

- pazpabamwieamo >¢ppexmusivie
AN20PUMMbL PEULeHUS]

UHIICEHEPHBIX 3a0ay C
UCNONIL308AHUEM COBPEMEHHBIX
A3bIKO8 NPOSPAMMUPOBAHUSL U
MaAMemMamuyecko20 MoOeIupo8anus
Bnaoeem:

- HABbIKAMU PA3PAbAMBIBAMD
Cneyuanu3upoOB8aHHvle
npozpammmusle cpedcmaa 1 Memoobl
MamemamuiecKozo
Mooenupoeanus 0Jisi NPOBeOeHUs
uccne0o8aHull U peuleHus
UHOICeHepHbIX 3a0aY




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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Monayas 1.
1. | Beencnue. Metomer | 9 2 4
MaTEMaTUYECKOrO IIpoBepka gomanHero
MOJICTTUPOBAHUSI: 3aJlaHusl, KOHTPOJIbHAsS
OCHOBHBIE TIOHSATHS, pabota
MTOCTAHOBKA 3aJIa4H.
2. | Knaccudukanus 9 2 4 ITpoBepKa IOMAIIHETO
MaTeMaTHYeCKHUX
. I 3aJlaHusl, KOHTPOJbHAS
MOJICTICH. pUMEpBI
. abota
MOJIeTIeH. pabo
3. Knaccm;(ecmm meton | 9 4 ITpoBepKa IOMAIIHETO
Mownre-Kapo.
PO 3aJlaHusl, KOHTPOJIbHAS
CraHgapTHBIA ~ AITOPUTM 5
abota
Mertpomnonmuca. pabo
4. | CoBpemMeHHbIE aJ'IFOIIzI/ITMBI 9 2 4 ITpoBepKa IOMAIIHETO
MeToAa Mownre-Kapo.
0 A ehap 3aJlaHusl, KOHTPOJIbHAS
JTHO-KJIACTEPHBIH
abota
anroput™ Byneda . pabo
5. | Maremarnueckoe 9 2 2
gOHeHHpOBaHHe B I[IpoBepKa JOMAIIHETrO
nou3nKe.
M ¢ 3aJIaHusl, KOHTPOJIbHAS
OJIeTTUPOBAHUE
. T
TUHAMUKA TTOTTYJTSITTU I pabora
KUBBIX CUCTEM.
6. HOCTperHI/Ie rpa(bm(op 9 2 2 2 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. 10 4 22




Moayas 2.

8. | MoaenupoBanue 2 2 2 | IlpoBepka nomaiiHero
JIBYDKCHUS TUTaHET 3aJJaHHs, KOHTPOJIbHAS
COJIHEYHOH CHCTEMBI. pabota

9. | MoznenupoBanue 2 2 2 | [IpoBepka gomamiHero
UCaIHHOTO rasa B 3aJJaHus, KOHTPOJIbHAS
cocyJe. pabora

10. | Maremartuueckoe 2 2 | IlpoBepka nomaiiHero
MoJenupoBanue ¢ ¢ekra 3aJJaHHsl, KOHTPOJIbHAS
NEPKOJISALINH. pabota

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

pabora

12. | MogenupoBaHue 2 4
OTpaXCHHMST ~ CBETa  Ha Hposepia nomaruxero
Irpanune pasjena JABYX 3aJaHusA, KOHTPOJbHAaA

pabora
cpen.

13. | MogenupoBanue 2 2 | IlpoBepka nomaiiHero
pacrpocTpaHeHHsl — CBeTa 3aJ]aHusl, KOHTPOJIbHAS
qepes cpeny. pabora

14. | VccnepoBanue  MoJeNH 1 4 IIpoBepka goMaIHero
W3unra meromom MonTe- 3aJJaHHsl, KOHTPOJIbHAS
Kapuo. pabora
BCET'O 3A MOJVYJIb 2. 4 12 20
HUTOIO: 14 16 42




4.3. Conep:xaHnue JTUCHUILIMHBI, CTPYKTYPHMPOBAaHHOE 110 TeMaM (pa3aejam).

Moayas 1.
Tema 1. MeToabl MaTeMaTHYEeCKOT0 MO/JEJUPOBAHUSA: OCHOBHbIE TOHATHS,
NMOCTAHOBKA 3a1a4H.

OcHOBHBIEe 3Tanbl YHCJIEHHOr0 pemeHuss 3agauum Ha IBM Pemenue
NPUKJIATHBIX 3a7ad MaTeMaTHYecKoil (QU3uMKU ¢ ucrnojb3oBaHueM OBM MoxHO
pa30uTh HAa HECKOJIBKO ITAIOB:

1) ®uszmueckas mnOCTaHOBKA 3amauyd. Ha 3ToM »3rTame OCyIIeCTBIAETCS
dbu3nyUeckas IOCTAHOBKA 3aJ1a4l U HAMEYAETCA MyTh €€ PEIICHUS.

2) Marematuyeckoe MojenupoBaHue. Ha »Tom »3Tame cTpouTcs uiu
BBIOMpAeTCs MareMaTuyeckass MoOJIeib, OIKCHIBAIONIAS  COOTBETCTBYIOIIYIO
busnueckyro 3amady. Mojaenb J0JDKHA aJCKBAaTHO OMHUCHIBATH OCHOBHBIE
3aKOHBI (HPU3UUECKOTO MpOIecca.

3) BriOop uucnenHoro wmerona. s pelmieHus 3agadd  HEOOXOIUMO
HAWTU YMUCJICHHBIM METOJ, MO3BOJLIIOIIMMA CBECTU €€ K HEKOTOPOMY
BBIYHUCIIUTEILHOMY AJITOPUTMY.

4) PazpaboTka ajropuTMa pelieHHs 3afadyd. AJTOPUTM pEIICHUs 3ajayu
3alUCHIBACTCS KaK IOCJIENOBATEIbHOCTh JIOTUYECKUX U apu(METHUYECKUX
omeparuii. AJTOpUTM MOXKHO TMPEACTaBUTh B BHUAEC OJIOK-CXEMbl WJIHU
CTUJIM30BaHHOM IHarpaMMmBbl.

5) CocraBnenue nporpammbl. l[Iporpamma, peanusyromas ajJiropuTm
pelIeHrs 3a/Jaydd, 3alUChIBA€TCS HAa OJHOM U3 A3bIKOB IPOTPAMMHUPOBAHUS
BBICOKOTO YpPOBHsI (3TO 3aBUCUT OT MaTeMaruyeckoro obOecmneuenusi BII, rae
MpPEAnoaraeTcsi peneHue 3a1aun).

6) Ormanka mporpammbl. OTIiaika HTPOrpaMMbl COCTOUT M3 2-X 3TAroB:
TECTUPOBAHHUE U UCTIPABIICHUE OIIHOOK.

7) Cuer mno omiaxkeHHoW mnporpamMme. Ha 3ToM »3Tanme roTOBATCS
WCXOJHBIE JTaHHBIE JUIsl PACCUUTHIBAEMBIX BAPUAHTOB, U OCYILECTBIISIETCSA CYET IO
OTJIAXKEHHOW TMPOrpaMMe.

8) Amnanu3s pesynbTaToB cueTa. [lomydeHHsie ¢ moMonipio 9BM pe3ynbTaThl
YUCIICHHOTO CYETa aHAJIU3UPYIOTCS, CPABHUBAIOTCS C OSKCIEPUMEHTAIbHBIMU
JTaHHBIMH, u odopmitsieTcs COOTBETCTBYHOIIIAS HAay4YHO-TEXHUYECKas
JIOKYMEHTALMS.

9) BuenpeHue noyueHHbBIX pe3yJIbTaTOB.

IMorpemHOCTH BHIYMCIEHUIM.

OTkJIOHEHWE  WCTUHHOTO  pEHIEHUS  OT  MPUOIMKEHHOTO  Ha30BEM
norpemHocTbio. CyIlecTBYIOT YEThIPE UCTOYHUKA MOTPEUIHOCTEN, BO3HUKAIOIIUX
B PE3yJIbTaTE YHUCICHHOTO PEILICHHUS 3a/1auu.

MaremaTnueckasi MoJeb. [lorpeniHOCT, MaTEMaTUUYECKOW MOJIENH CBSI3aHa
C ee¢ NpUOIMKEHHBIM OIMMCAaHWEM peaJbHOro oOBekTa. Hampumep, eciu mpu
MOJICIUPOBAHUU IKOHOMHUYECKOW CHUCTEMbl HE YUYUTHIBATH MH(IISIIIUU, a CUYUTATh
LIEHbl TOCTOSIHHBIMH, TPYAHO PACCUUTHIBATHL HA JOCTOBEPHOCTH PE3YJILTATOB.
ITorpemHoCTh MaTeMaTUYECKOM MOJEIN HA3bIBACTCA HEYCTpaHMMOW. bynaem B

—9_



JanbHENIIeM Tpearnoiaratb, 4To MaTeMaTU4yeckas MOJeNb (PUKCUpOBaHA U €€
MOTPENIHOCTh YUUTHIBATH HE OyIEM.

Hcxoonvie oOannwle. VicXonHble JaHHBIE, KakK MPaBUJIO, COAEPKAT
NOTPENIHOCTH, TaK KAaK OHU JUOO HETOYHO U3MEpEHbl, JIMOO SBIAIOTCS
pe3yJIbTaTOM PENIEHUsS HEKOTOPBIX BCHOMOTaTeNbHbIX 3anady. Hampumep, macca
CHapsiia, MPOU3BOJUTEIBLHOCTh O00OpPYJOBaHUS, MpeArojiaraeMasi 1leHa ToBapa U
np. Bo MHOrux (u3Myeckux M TEXHHUYECKUX 3ajadyax IMOTPElIHOCTh U3MEpPEHU
cocraBisier 1 —10%. IlorpemHOCTh MCXOOHBIX JAHHBIX TakK e, Kak U
NOTPENIHOCTh MATEMATHYECKOW MOJEIIH, CYUTAETCS HEYCTPAaHUMOM.

Hozpewnocms memoda. llpumensemMble Iy PEIICHUS 3aa4M METOJBlI KakK
NpaBWIO SABIIIOTCS NpHOMMKEHHbIMH. Hampumep, 3aMEHSIOT MHTErpail CyMMOH,
(GYHKIIUIO — MHOTOUYJICHOM, MPOHM3BOAHYIO — Pa3HOCTBhIO M T. A. [lorpemHocTs
METO/Ia HEOOXOAUMO OMNPENENATh i KOHKPETHOro Merona. OOBIYHO €€ MOKHO
OLIEHUTh U MPOKOHTpoiHpoBaTh. CleayeT BbIOMpaTh MOTPEIIHOCTh METOAA TaK,
4yTOOBI OHA ObLIa HE 00JIee YeEM Ha MOPSAJOK MEHbIIIE HEYCTPAHUMOM IOTPELIHOCTH.
Bosnpiias morpemHocTs CHMXKAeT TOYHOCTh pEIICHHs, a MEHbIas Tpedyer
3HAYUTEIHLHOTO YBEINYEHUsI 00beMa BHIYUCIICHU.

Buvituucnumenvnaa nozpewtnocms. 110rpenitHOCTb OKPYIJIEHHSI BOZHUKAET U3-
32 TOTO, YTO BBIYUCIICHUS MPOU3BOMAATCS C KOHEYHBIM YHUCJIOM 3HAYamuX Iudp
(11 coBpeMeHHBIX OBM 3TO, B 3aBUCMMOCTH OT HCHOJIb3yEMbIX NEPEMEHHBIX,
coctaBisieT 10 — 18 3nakoB). OKpyTiIeHHE NPOU3BOMST MO CIEAYIOIEMY TPaBUITY:
€CJIM B CTapllieM M3 OTOpachIBa€MbIX pa3psA/loB CTOMT LU(pa MEHbIIE IATH, TO
COJIEP)KMMOE COXPAHSIEMBIX pa3psA0B HE H3MEHSETCSA; B NPOTUBHOM Cllyyae B
MJIQJIIIANA COXpaHsAEMbIil pa3ps] 100aBiIseTCsl €IMHUIIA C TEM K€ 3HaKOM, 4YTO U Y
camoro uucia. [lpm pemennn OOIBIIMX 3a34a4 MPOU3BOAATCS MUILIUAPIBI
BBIYHCIIEHU, HO TaK KaK MOTPENIHOCTH MMEIOT pa3Hble 3HAKU, TO OHM YACTHUYHO
B3aUMOKOMIIEHCUPYIOTCS.

BeruucaurenbHbie MeTOAbL. 1071 BEIYMCIUTEIBHBIMU METOAAMU TOHUMAIOT
METO/Ibl, KOTOPbIE UCHOJIB3YIOTCS Il MpeoOpa3oBaHus 3a/1ad K BUAY, YIOOHOMY
s peanu3anuu Ha DOBM. PaccMoTpuM /Ba Kjacca BBIYMCIUTEIBHBIX METOJOB,
KOTOPBIE YACTO UCIOJIb3YIOTCS Ha MPAKTHUKE.

IIpsimbie MeTOaBI. MeTo pelieHus 3aaul Ha3bIBACTCS NPSIMBIM, €CJIM OH
MO3BOJISIET  MOJIYYUTh PELIEHUE IIOCJIE  BBINOJHEHUS KOHEYHOIO0  4HCIIa
AIIEMEHTAPHBIX ONEPALIAN.

Urepannonnbie Metroabl. CyThb MTEPALMOHHBIX METOJIOB COCTOUT B
MOCTPOEHUU TIOCJIEOBATENbHBIX NPUOIHKEHUI K pelleHuI0 3afaud. BrHauane
BBIOMPAIOT OJHO WJM HECKOJIbKO HAYaJbHbIX NPUOIMKEHUM, a 3aTeM
MOCJIEIOBATEIbHO, MCIOJIb3Ys HaWJEHHbIE paHee MPUONMKEHUS U OJHOTUITHYIO
NpoLEeNypy pacyera, CTPOST HOBble NpuOIMKeHUs. B pesyiapTaTte Takoro
UTEPALlMOHHOTO TMPOILIECCa MOXXHO TEOPETHYECKH TOCTPOUTh OECKOHEUHYIO
MOCJIEI0BATEIBHOCTh MPUOIMKEHUH K pemieHnto. Ecau aTa mocnenoBaTenbHOCTh
cxoautca (4to OBbIBAE€T HE BCEr/a), TO TOBOPST, YTO HUTEPALMOHHBIN METO[
cxoautcs. OTAENbHBIN Iar UTEPALMOHHOIO MTPOLIECCA HA3BIBAETCS UTEPALIMEH.
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Tema 2. Knaccudpuxanusa maremaruueckux mojaesiei. [lpumepsl moaesiei.

dopmasbHada KiIacCu(puKaAUA Moaesen

dopmanbHas Kiaccuukanus Mojeleil OCHOBBIBA€TCS Ha KiaccuUKanuu
UCIIOJIb3YEMbIX MAaTeMaTUYECKUX CpeACTB. HacTo CTpouTcs B opMe TUXOTOMUHU.
Hamnpumep, oauH 13 NomysasipHbIX HAOOPOB TUXOTOMMUMA[ 7 ]:

o JluHeliHbIC WIIM HEJMHEHBIE MOIenH[ 8 ];
CocpenoToueHHbIC UK pacipeaeaEéHHbIe CUCTEMBI[9];
JleTepMuHMpOBaHHbBIC WK cTOXacTUuecku e[10];
Cratnueckue wim auHamudeckue[ 10];

JuckperHbie win HenpepbiBHbIE[ 10].

n Tak painee. Kaxmas nocTpoeHHass MOJENb SIBIACTCA JMHEWHOM WU
HEJIMHEWHOW, JETEPMUHUPOBAHHOM WJIM CTOXaCTHYECKOM. EcTecTBEHHO, 4YTO
BO3MOXKHBI M CMEIIAHHBIE THUIBI: B OJHOM OTHOIICHHH COCPEJOTOYCHHBIE (II0
4acTH MapaMeTPoOB), B IPYrOM — pacrupeeaEéHHbIe MOJCIU U T. II.

Kuaaccudukanus mo cnocody npeacraBjieHusi 00beKTa.

Hapsiny ¢ dopmanbHo#t kinaccudukaimeit, MoJaenu pa3indaroTcs Mo crnocooy
MPEICTaBICHUS OOBEKTA:

CrpykrypHble WK QyHKINOHAJIbHBIE MOAEIN

CTpyKTypHBIE MOJIEIN TMPEJCTABISIOT OOBEKT KaK CHCTEMY CO CBOUM
YCTPOMCTBOM U MeXaHU3MOM (GYHKIIMOHUpOBaHUA. DyHKIIMOHATBHBIE MOJIEIU HE
WCMOJIB3YIOT ~ TAaKUX  MPEJICTABICHHMM W OTPAXKAKT  TOJBKO  BHEIIHE
BOCIIPUHUMAEMOE TMOBeAcHuEe O0BbeKkTa. B UX mpenenbHOM BBIPAKEHUU OHU
HA3bIBAIOTCS TaKXE€ MOJICIISIMA  «YEPHOrO  SIIMKa». BO3MOXHBI  Takke
KOMOMHUPOBAHHBIE THUIIBI MOJIEJeH, KOTOpPhI€ WHOTJIa HA3bIBAIOT MOJCISIMU
«CEPOTO ALK,

Mogaenu Tuna 4€pHbIil AMKUK ((peHOMEHOJI0THYEeCKHE),

Mopeau THma cepblii  AIMK (cMechb  (EHOMEHOJIOTMYECKHX |
MEXaHUCTHYECKHX MOjIeJei),

Mopeau Tuna 0ejblii IIMK (MeXaHUCTHYECKHE, AKCHOMAaTHYeCKHeE).

Conep:kartesibHble U (OpPMAJIbHBIE MO/IEJTH

[IpakTueckn BCE€ aBTOPbBI, OIMHUCHIBAIOIIME MPOLECC MaTEMaTUYECKOTO
MOJICIUPOBAHUS, YKa3bIBAIOT, UYTO CHadajga CTPOUTCA ocobas ujeasbHas
KOHCTPYKIIUS, COAep KATeJbHasi MOAeNb]. YCTOSBIICHCS TEPMHHOJIOTHH 3/1€Ch
HET, W JAPYrue aBTOPHI HA3BIBAIOT ATOT HUJCATbHBIH OOBEKT KOHUENTYaJbHAasi
MO/IeJ1b, YMO3PHUTEJIbLHASI MOJEJIb UIU NPeAMOAeb.

[Ipu »oroM (QuHanbHAsE MaTeMaTUyeckas KOHCTPYKIIMS  Ha3bIBACTCS
dbopMaTbHONM MOJENBI0 WJIM MPOCTO MAaTeMaTUYECKOW MOJENbIO, MOJTYYEHHOU B
pe3ynbrate (opMalu3aluyd JaHHOW COACpPKATCIIbHON Monaeian (NMpeaMoaesn).
[ToctpoeHune coaepxkaTebHOM MOJEIM MOKET ITPOU3BOAUTHCS C IOMOIIBIO
HaOopa TOTOBBIX WJCANM3AINi, KaK B MEXaHWKE, TJe HJCAIbHBIC MPY>KUHBI,
TBEpABIE TeJNla, WJICAIbHbIE MASATHHUKU, YIPYTHE CPeAbl U T. M. JAIOT TOTOBBIE
CTPYKTYpPHBI€ 3JEMEHTBl JUIsl COJEPKATEIbHOrOo MojenupoBaHud. OJHAKO B
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oOnacTsaXx  3HAHWS, TAe HE  CYIIECTBYeT  IMOJHOCTBIO  3aBEPIICHHBIX
dbopMaTu30BaHHBIX TEOpUM (MepeaHuil Kpall (U3MKH, OHOJIOTHH), CO3JaHUE
COJIEPKATEIBHBIX MOJIEITIEH PE3KO YCIOKHSICTCA.

Tema 3. Kuaaccuuecknit meron Monrte-Kapao. CranaapTHblid aJropurm
MeTtpomnoJsuca.

Meronom Monte-Kapno (MK) mpuHATO Ha3piBaTh YHMCIECHHBIA METOJH, B
KOTOPOM PEHICHUE MOJHOCThIO JIETEPMUHHPOBAHHOW 3aJa4d  3aMEHSIETCA
NPUOIMKEHHBIM ~ PEIIEHUEM, OCHOBAaHHBIM Ha BBEJIECHHUHM CTOXACTHUYECKUX
AJIEMEHTOB, OTCYTCTBYIOIINX B UCXOAHOM 3a7aye.

B Hacrosiee BpeMs B CTaTUCTUYECKON (DHM3UKE yAAIOCh MOJYYUTh TOYHOE
pELICHUE JUIIb i1 OYE€Hb OrPAHWYECHHOTO YHCIA MOJEJEH, OINMMCHIBAIOIINX
¢da3oBbIii epexo]1 BTOporo poja. Jla u G0JbIIMHCTBO U3 ITUX MOJIEIEH OTHOCATCS
K TMPOCTEHIIMM MOJENISIM TIEpBOro MNpuOIMxKeHus. Takxke Kak MeToJ
MOJIEKYJIIPHOTO TOJIS, pa3InuHble TEOPETUUECKHE MPUOIMKEHUS HE aJeKBAaTHO
ONKCHIBAIOT KPUTUYECKUE SIBJICHUS W BOJIU3M KpUTHUUECKOM TemmepaTypsl (7,.) He
paboraroT. Takum 00pa3om, OOJIBIIMHCTBO PE3yJIbTATOB MOJYyYEHHBIX B 00JIACTH
Teopun (ha30BBIX MEPEXOJIO0B U KPUTHUECKUX SBJIICHUN OBLIM MOJYyYEHBI HA OCHOBE
YUCJIEHHBIX METOJOB, TAKUX KaK BBICOKO- U HU3KOTEMIIEPATYPHBIX PA3I0KEHUH, &
— PAa3J0XKEHUS U HEKOTOPBIX Apyrux. Cpeau YUCICHHBIX METOJOB B IIOCIIEIIHEE
BpeMs Bce 00Jiee BAKHYIO U 3HAUUTEIBHYIO POJIb UTPatOT MeTo 16l MonTe-Kapsio.

B 1953 rogy MeTpononuc npuMmenmin metoa Monte-Kapiao B KAHOHU4ECKOM
aHcamOJie I pacueTa ypaBHEHHUS COCTOSIHUSI JIBYMEPHOM MOJIEIH — CHCTEMBbI
TBEPABIX AUCKOB. Ilociie 3TOro 3TOT METOJ MOJIyYMJl IIUPOKOE NMPUMEHEHUE HA
npaktuke. A 3arem Bya u ap. pacnpocTpaHWIM NaHHBIM METOJ HAa TPEXMEpPHbIE
CHUCTEMBI C TJIAJIKUM MEXYaCTUYHBbIM moTeHuuanom JlenHapaa-/[>xoHca. B Hamm
aau metoq MK u pasnuusble ero BapuaHThl (KMHETHYECKHM, KBaHTOBBIM,
KJIACTEPHBIA, U [p.) IIUPOKO HUCIOJB3YeTCS ISl PEIIeHUs 3aaad  (PU3MKH,
MaTeMaTUKH, OUOJIOTHUU, aCTPOHOMUH, colrojioruu u T.1. Ocobenno meton MK
MPUMEHAECTCA K CHUCTEeMaM, JJIsi KOTOPBIX CHEIAHO TMPEANOJIOKEHUE O
B3aUMOJICHCTBUU MEXIY YacTUIIaMU cUCTeMbl. Hago oTMeTuTh, 4TO B MPUHIIUIIE,
MeTo1oM MK MOXHO MOTyYUTh CKOJIb YTOJHO TOYHBIE PE3YIbTAThl B 3aBUCUMOCTH
OT UMEIOLLIETOCA B PaCIOPSKEHUU MAIIIMHHOTO BPEMEHHU.

B  pgaHHOM  ciydyae  NOTpEMIHOCTh  BBIYMCIIEHWH, Kak  MPaBHIIO,
nponopuuoHanbHa ~/D/N, rome D —Hekoropas mnoctostHHas, N — yucio MK
WCIIBITAHUM Y KOHTPOJUPYETCS B paMKax caMOI'o METO/Ia.

B wmerome MK cucrema coBepmaer ciayvyaiiHble OMy)XKZaHUA IO
KOH(HUrypanmmoHHOMY TIpocTpaHcTBY. I[lyTeM ycpenHeHus 1O KaHOHUYECKOMY
KOHQUTYpallMOHHOMY aHCaMOJI0 MOXKHO C YCHEXOM BBIUHCIUTH JIIOOYIO
PaBHOBECHYIO TEPMOJUHAMUYECKYIO XapaKTEPUCTUKY CHUCTEMBI.
[TocnenoBaTenbHOCTh PA3IUYHBIX KOH(UTYparmwmii, peanmusyeMbix B metoge MK,
MOKHO PAacCMOTPETh U KaK BPEMEHHYIO 3BOJIIOLHIO CUCTeMbl. Kak Mbl yBUIUM
HM)KE, DTOT AuWHaMudeckud acrekTt meroma MK, odenr BaxkeH. 160 »10O, BO-
NEPBBIX, CBA3AHO C HHTEpPHpETAlel M pacyeToM ‘‘CTATUCTUYECKUX OLIMOOK™
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metona. Ilpumenenue meroma Monrte-Kapno k aHcamOmio, Haxozsmiemycs B
IPOU3BOJIBHOM COCTOSIHUHM, OOECIIEUMBAET pPEJAKCALMI0 aHCaMOJii B COCTOSIHUE
TEIJIOBOTO  paBHOBecus. JIMHaMuueckass UWHTEpHOperanus 3TOro Ipolecca
MO3BOJISIET OHATH, IOUEMY B HEKOTOPBIX CIydasX BpeMs pejlakcallui MOKET OBITh
O4YeHb O0NBIINM. BO-BTOPBIX, MOSABISAETCS BO3MOKHOCTb MCCIIEIOBAHUS BEJIUYNH,
KOTOPBIE 3aBUCAT OT BPEMEHHU M AMHAMUYECKUX KPUTHYECKUX SIBICHUH. A 3TO, B
CBOIO OYEPE/Ib, 3HAUUTEIBHO pAaCIIUpPsIET 00JacTh NpuMeHeHus MeTo10B MK.
e  Cmanoapmmuuiit anzopumm Mempononuca

CraHmapTHbI alnroputMm Kiaccuyeckoro merona Monre-Kapio mis monenu
W3uHra MOXeT OBITh MIPE/ICTaBJICH B CIACAYIOIIEM BHIE:
1. 3agaTh HauaNbHYIO KOH(UTYpAIIUIO CIMHOB ¢ 3Heprueit U;.
2. CiyyailHpIM 00pa3oM BbIOpaTh OJMH U3 Y3JIOB PELIETKM U IOMBITAThCS

nepeBepHyTh €ro: S — S™" (mus momenu Usunara S =-S°).
3. BpuMcIUTh U3BMEHEHHE SHEPTUHN CUCTEMBI AU =( ”eW—U"'d).

4. Ecmu AU<0, TO mnepexomn B HOBOE COCTOSHHUE NPHHUMAETCS M CHOUH
nepeBopaunaercs. [lepeiitu k mary 8.
5. Ecmu AU >0, To BBIYHCIUTH BEPOATHOCTH Mepexofa: p = exp[—AU/k,T].

o

['enepupoBaTh CiydailHOE YUCIO &, JIeXkKaIlee MEXy HyJIEM U €AMHUIICH.

7. Ecmm &<p, TO mepexon B HOBOE COCTOSHHE TPUHUMAETCS M CIHH
[IEPEBOPAYMBAETCS, B IPOTUBHOM CiIy4dae CIMH HE IEPEBOPAYMBAECTCA M
COXPAHSIETCS CTAPOE COCTOSHUE CUCTEMBL.

8. [Ilpoananm3upoBaTh  MONYYCHHYIO  KOHPUTYpalUIO ¥ COXPAHHUTH
PaCCUMTAaHHBIEC BEJIMYHHBI JJIS1 TOCJIEAYIOIIETO YCPEAHEHUS.

9. TloBTOpuTh Mmaru 2 — 8 HEOOXOIUMOE YUCIIO Pas3.

10. BpruuciauTh cpeaHue 3HaUYCHUS TEPMOIMHAMUYECKUX BEJIMYUH.

[Ipy wcnosb30BaHMKM CTaHAAPTHOIO anroputmMa Merona Monrte-Kapino
BO3HUKACT €lle OJHa CJO0KHOCTb, CBS3aHHAs C BEPOATHOCTBIO mepexona. [lpm
OYE€Hb HU3KUX TEeMIIEpaTypax JUIIb OYCHb MU3E€pPHAS YacCTh IOIBITOK MEPEBOPOTA
CIMHA OKa3blBaeTCsl yJauHoH. J[BuxeHue cucteMbl B ()a30BOM MPOCTPAHCTBE
ABJISIETCA OUYECHb MEIUICHHBIM, U JUI IIEPEX0/1a CUCTEMBI B PABHOBECHOE COCTOSTHUE
TpeOyeTcsl TeHepalysi OrPOMHOTO YHCIa COCTOSHUM. JJ11 YCKOPEHHsI CXOAMMOCTH
B cinyuae KgT ~0 HEoOXOIUMO MPHUMEHSATH APYTUe AITOPUTMBL. B dYacTHOCTH,
ClelyeT pa3paboTaTh aarOpUTM, COBEpIIAIONIUN TOJIbKO ynauHbie MonHTe-Kapio
Iar.

HeoOxonumo 3HaTh, YTO 37€Ch MOXKET CHJIBHO CKa3aThCs BHIOOP HAYaIbHOM
KoH(urypanmu. B mpuninune mpouenypa metona Monte-Kapno rapantupyer
nmepexoq B COCTOSHME TEIUIOBOIO paBHOBeCHMs W3 J0OOW  HadalbHOU
koH(purypammu. OgHaKO BHIOOP HAYATHLHOW KOH(DHUTYpaIMu MOXKET CYIIECTBEHHO
MOBJIMATH Ha BPEMsI pellakcallii B paBHOBECHOE COCTOsIHUE. B 0100HBIX ciiyyasx
OOBIYHO BBIOMPAIOT CIYYANHYIO HAYaJIbHYIO KOH(DUTYypaLMIO WU YIOPSAIOUEHHYIO
o Kakomy-iaubo npuHuuny. MHorna B kauecTBe Ha4aJlbHOW KOH(UTYpaluu Mpu
JAHHOM TeMIiepaType 3aJlal0T PaBHOBECHYIO KOH(MUTrypaluio, MOJTYYEHHYIO MpHU
MPOBEICHUH BHIYUCIICHUM 17151 OJIvKalIell TeMIeparypahl.
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Tema 4. CoBpemennbie ajgroputmbl  Meroaa Monrte-Kapiao. Opano-
KJIacTepHbIi ajaropurm Byasda.

Cpenu Bcex HOBBIX alrOpUTMOB CBOeW A((HEKTUBHOCTHIO BBIICISAIOTCS JBA:
MHOTOKJIaCTepHBIM anroputM CBeHjaceHa-SHra M OJHOKJIACTEPHBIN aJIrOpPUTM
Bynsda. KopoTko paccMOTpUM UX CYTb.

Anroputm CBeHjliceHa — SlHra ocHOBaH Ha JAByX IpeoOpa3oBaHusax: 1)
CIIMHOBasi KOH(pUrypanusi 3aMeHseTcsl KOH(pUTypaluel cBs3eil, OCHOBaHHON Ha
cnuHax; 2) KOHQUTYpaIrs CBA3EH UCIOIB3YeTCs, YTOOBI CKOHCTPYHPOBATHh HOBYIO
KoH(purypamuio crnuHOB. O0a 3Tama OCHOBaHBI Ha WMCIOJB30BAaHUU CITyYailHBIX
yucen.

Cesazn Mexay OmmKalllUMH — COCEAAMHU  S; BBIOPAHHOIO CIHMHA S
ycTaHaBiuBaroTcs ¢ BepostHoCThi0 P=1-exp(-K), rne K=J/kgT, ecu S; umeer to
’Ke camoe 3HayeHue, 4yro u S;i. Eciam cocennue cruHbl S U Sj MMEIOT pasHbIE
3HAQYEHUS MEXKJIYy HUMHU CBSI3b HE YCTAHABJIMBACTCI U OHU OJHOMY KIIACTEPY
MpUHAJJIEKAT, HE MOTYT. B mpenemax OJHOTO KiacTepa BCE€ CHUHBI HMMEIOT
OJIMHAKOBBbIC 3HAa4YeHWE. 3aTeM BbIOpaHHbIM cnuH S; moxasepraercs MK
ucribITanuio. [lpu TPUHATUM HOBOTO 3HAYEHUsS I Sj, TaKoe >X€ 3HAuYCHUE
MIPUCBANBAETCS BCEM CIMHAM JAHHOIO KjacTepa. 3aTeM Mpoleaypa MOBTOPSIETCS,
CTapTys y>Ke ¢ HOBOM KOH(UTYpaIlUu.

AnroputM ocoOeHHO H(G(EKTUBEH TMpPU BEKTOPU3AIMU PACUYETOB M IS
Oosbiux permeTok. O BbICOKOW 3((HEKTUBHOCTH METOAAa TOBOPSAT U 3HAYEHUS Z
noJydeHHble s mojaenu M3mura. Hampumep, mns cuctembl d=2, z=2.1 mpu
CTaHJAPTHOM anroputMe u Z~0.35 mpu ucnosnb3oBaHUU anroputMa CBEHJICEHA-
Anra. Jlna tpexmepHoit monenu M3uHra oOOBIYHBIN adropTuMm Aaer Z =2, a
anroput™ CBeHjceHa-fAnra z =~ (0.55. OToT anropuT™M Jerko oOoOIIaeTcs Ha
ciy4ail ydera aHTHU(GEpPpPOMarHUTHBIX B3aMMOJIEUCTBUM M HaIWYUS BHEITHUX
MArHUTHBIX TIOJIEH.

OnnoxksactepHbli anroput™ Bynbda oTindaeTcss OT pacCMOTPEHHOTO JIBYMsI
ocoOeHHOCTSIMU: 1) BOKpYr BBIOPAaHHOTO CHHHA Sj KaKk W B  aJTOpPUTME
dopmupyeTcss KjacTep, IMOCie MPOCMOTpa BCeX OmKalmmx cocefel ¢
BeposaTHOCTBIO P =1 —exp(-K) B Ki1acTep BKIFOYAIOTCS BTOPBIC OJIMIKANIIME COCeN
MMEIOIINE TAKOEe K€ 3HAYEHUE CIMHA, 3Ta MPOoLEeaypa MPOoI0JKAaeTCa 10 TeX Mop,
noka He OyAyT JOCTUTHYTHI TPAHUIBI CHCTEMbBI; 2) TOJYYSHHBIM KIacTep
MEPEBOPAYNBAETCS C BEPOSTHOCTHIO paBHOI 1.

OtMetum, 4YTO Mg TpeXMepHOW wmojenu HM3uMHra 3TOT anroputM JaeT
3HaueHue Z~ (0.4, 4To CBUIETEILCTBYET O €ro 0ojee BhICOKON 3((HEKTUBHOCTH TI0
CpaBHEHUIO ¢ anroputMoM CBeHJceHa-SHra.

O6a »Tu anropuTMa SProJWyYHbl U HEJOKalbHbl. HecMoTpss Ha TO, 4TO Ha
NpPaKTUKE OHM IIMPOKO MCIOJB3YIOTCS, BCE €ILIEe OCTaeTcs PsA  BOMPOCOB
CBSI3aHHBIX C A(PPEKTUBHOCTHIO ATHUX AJTOPUTMOB KaK IPU CPABHEHUU MEXIY
co00#, TaKk W MPUMEHUTETHLHO K TEM WU WHBIM MojensM. Hampumep, rinaBHas
npuarHa 0oJiee BHICOKOH 3 dhekTuBHOCTH anroput™a Bynbda 3akimtouaercs B TOM,
YTO CpEAHHI pa3Mep IMepeBOpauYMBAEMOro KiacTepa OOJbIIEe 4YeM B Ciydae
anroputma CBeHjceHa-SHra
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OTMeTUM Takke, YTO HEKOTOPHIC AITOPUTMBI SBJISIOTCS HEIPTOAUIHBIMU
(Replica Monte  Carlo  method), a  HekOTOpBIE  COOTBETCTBYIOT
MHUKPOCKOIMYECKOMY aHcaMOutro (over-relaxtion) u ux HeoOXOAMMO HCITOJIB30BATh
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, OCHOBAHHBIM Ha MEPEBOPOTE OJHOTO
CIIMHA.

2. KnacrepHuble  anroputmbl, OCHOBaHHbBIE Ha IEPEBOPOTE
KJIACTEPOB.

Cranpaptabslid anroput™M MeTpornonuca, OCHOBaHHBIM Ha IEPEBOPOTE OJHOTO
CIIMHA, COBEpIIAET MaJieHbKHE IIIard B KOH(GUTYPAIIMOHHOM MPOCTPAHCTBE.
CocTostHUSI OKa3bIBAIOTCS CHJIBHO KOPPEIMPOBAHHBIMU MEXTY cCO0O0# (T.€. HOBOE
COCTOSIHUE CHUCTEMBI CWJIBHO 3aBUCUT OT MPEAbIAYLIEr0 M MPUXOJIUTCS AeNaTh
Oonbioe kosmuecTBO MonTe-Kapno maroB, 4toObl cHcTeMa «3a0bLia» CBOE
coctostHue). CucrteMa J0JTro MPUXOJUT B COCTOSHHE PABHOBECHS. DTO OCOOCHHO
CUJILHO TPOSIBIISICTCS HAa OOJIBIIUX pelIeTKaX W BOJM3U KPUTUUYECKOM TOUKH, UYTO
JieJIaeT CTaHAAPTHBIA alIropuT™M HEI(P(EKTUBHBIM TPU HU3YUYCHUU KPUTHYECKHUX
CBOMCTB.

B orauume oOT cTaHIApTHOTO, KJIACTEPHbIE QJITrOPUTMbI OCHOBAaHBI Ha
MEePEeBOPOTE KJIACTEPOB, COJECPIKAIIMX MHOTO CIUHOB, CHCTEMa COBEpIIAET
OoJsbliie ckauku B (pa3oBoM mpocTpaHcTBe (puc. 4.1.) (coceaHue COCTOSHUS B
MapKOBCKOM IE€MU CTAHOBSTCS CJIa00 KOPPETUPOBAHHBIMK) U BPEMS pellaKkcaluu
CUCTEMbI 3HAUUTEIHHO YMEHBIIAETCS.
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Anroputm

y)

CeenjcecHa-Anra
$EPOTBHCH
BSECRIBDED
$45088808
$6328H8E

Anroput™
Bynsda

Puc. 4.2. I'paduueckoe npecTaBlieHue KIIaCTEPHBIX aIrOPUTMOB JIJIs

JIByMepHOM Mojenu M3unra.
(e — criuH HampaBJieH BBEPX,

O — CIUH HaIPaBJICH BHU3)
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Anroputm Bynwsda mns monenu ['eitzenbepra MoxeT ObITh NPEICTABICH 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. CryuaifHeIM 00pa3oM BHIOMpPAeTCS OJMH M3 CIIMHOB pEIIETKH O;, B

najabHenIeM OyeM Ha3bIBaTh ATOT CITUH «IIEHTPATbHBIMY.
3. Tlocemarorcs Bce Ompkalike Ccocead | BBIOpaHHOTO I-r0  CIMHA.
CBs13b <i]> aKTHBHPYETCS C BEPOSITHOCTBIO:

P =1-exp{min|o,—238(r s \r-s )}, (@4.1)

rae B =1k,T ,. Cieayer OTMETUTb, YTO BEPOSITHOCTh AKTUBAIIUU CBSI3H MOXKET
OBITH MpPE/ICTaBICHA TAKXKE B CIICAYIOIIEM BUJIE:

P=1-expimin|0, - J, AAU,,..| |, (4.2)

e AUobm — SioldScj)Id . Sinewscj)Id .

4. Ecmu cBs3b <Ij> aKTUBUPYETCS, TO CIIMH B Y3JIE€ | BKJIFOUAETCS B KIACTE.
CrnenyeT OTMETUTD, YTO OJIUH U TOT K€ CIIUH MOKET ObITh BKJIIOUEH B KJIaCcTep
TOJBKO OJMH pa3, TOrJa Kak MPOBEPEH Ha BXOXKACHUE B KIACTEP HECKOJIBKO
pas.

5. Tlocie mpoBepku Bcex OMMDKANIIMX coceiel CIuHa |1, ICPBhIA BKIFOUCHHBIN B
KJacTep CIHUH | CTAaHOBUTCS «IEHTPAJbHBIM» M HAYHMHACTCS IPOIIECC
YCTAHOBJICHUSI CBSA3EH ATOTO CIUHA C OMIKAUIIUMU COCEIIMU. DTOT MPOIECC
IPOJIOJDKAETCS 10 TE€X IMOpP, ToKa He OyIyT MpOBEpPEHbI OMKalIlue Coceau
BCEX BOLIEAIIMX B KJIACTEP CIMHOB WJIM JOCTUTHYThI TPAHULIBI CUCTEMBI.

6. Takum oOpa3om, B pe3ynbTaTe IaroB 1 —5 moaydaeTcs CHCTeMa CBS3aHHBIX
Ipyr C JpyroM CIIMHOB — «KJIACTEP», KOTOPBIM IEPEBOPAYMBACTCS C
BEPOATHOCTBIO Pgip = 1.

IIepeBopoT KnacTepa 3aKIHOYaeTCs B 3€PKAJbHOM OTPAKEHUU BCEX CIIMHOB,

BOLIEIINX B KJIACTEP, YEPE3 MIIOCKOCTh NEPIICHIUKYIISIPHYIO BEKTOpY I' (CMOTpHUTE

puc.3.3):

S =525} @3

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

SiOIdS?Id — SinewSrj\ew. (4.4)

Ha crnenyromem pucyHKe TpaduuecKH IOKa3aHO 3epKajbHOE OTpaKCHHE
CIIMHOB OTHOCHUTEIILHO IUIOCKOCTH, TEPICHANKYJSIPHOW BeKTopy I (HOBOE
3HAYCHHUE CIMHA BRIYHCIsACTCS 10 hopmyie (4.3)).
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s’new Sjnew

Puc.4.3. 3epkanbHOe OTpa)K€HNE CTUHOB OTHOCUTEIBHO INIOCKOCTH,
MEPIICHIUKYIISIPHOU BEKTOPY I

,:? ~
S new
i

Puc.4.4. B3aumHasi opueHTAaIMs 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 MOJIEIIBIO TIEJION KUBOUM CHCTEMBbI. Bhifenenne 6oiee mpoCToil CHCTEMBI
MO3BOJIAET UCCIIENOBATh MEXaHU3MBI MPOIIECCOB HA MOJEKYJIIpHOM ypoBHe. [Ipu
OTOM HCKIIOYACTCA PETyJsAlus CO CTOPOHBI 0Oojiee BBICOKMX ypOBHEH
OpraHu3alyy, B JAHHOM CIy4ae, CO CTOPOHBI PACTUTEIBHOW KIETKH, JIUCTA,
HAKOHeII, 1IeJIOr0 pacTeHus. B OONbIIMHCTBE ciydyaeB HaOIOIaTh MPOIECCHl Ha
MOJIEKYJIIPHOM YpOBHE B HATUBHOM (HEHAPYIICHHOM) CUCTEME HE MPEACTaBISIETCS
BO3MOXHBIM. ['OBOpSIT, UTO M3yUEHHbIE Ha BBIJCICHHOM XJIOPOILJIACTE MEPBUYHbIE
mpoiiecchbl POTOCHHTE3A SBISIIOTCS MOJIENbIO MIEPBUYHBIX MPOIIECCOB (POTOCUHTE3A
B 'uBOM JHcTe. K coxkanenuto, 3ToT MeToj] hparMeHTUPOBAHUS IPUBOIUT K TOMY,
YTO «...)KMBOM KOBEp >KM3HHM PACIyCKaeTCs MO0 HHUTOYKAM, KaKJas HHUTOYKA
JIOCKOHAJIBHO M3Y4aeTcsi, HO BOJIICOHBIN PUCYHOK KU3HHU OKa3bIBACTCS YTpaueH»
(maypeatr HoGeneBckoit npemun o 6moxumuu JI. Iommunr).

bucioiinaa Junuanas memoOpana. Eme «0osiee MOJIETBHBIMY) MPUMEPOM
ABJIAETCSI M3YyYEHHWE NPOLECCOB HOHHOIO TPAaHCMEMOpPAHHOrO IepeHoca Ha
UCKYCCTBEHHOW OMCIIONHOW nunuaHoi memOpane. IToHSATHO, 4TO B peajbHBIX
OMOJIOTMYECKUX O0BEKTaX MeMOpaHbl dalie Bcero He OucloiHble, a
MHOTOCJIOMHBIE, COAEpPXKAaT BCTPOEHHBbIE OEJIKM W Jpyru€ KOMIIOHEHTHI,
NOBEPXHOCTh HMX HE SBJSETCS IUJIOCKOW U 00JaJaeT MHOMXECTBOM JIPYI'HX
WHUBUYAIbHBIX 0COOeHHOCTeH. O HaK0, YTOOBI M3YYUTh 3aKOHBI 00pa30BaHMS
HOpBI, Yepe3 KOTOPYI0 HMOH MNPOXOIAUT CKBO3b MeMOpaHy BHYTPb KIETKH WIIU
OpraHesulbl, HEOOXOAUMO CO3/1aTh «UYHUCTYIO», «MOJIEIbHYIO» CUCTEMY, KOTOPYIO
MOXXHO H3y4aTb OKCIEPUMEHTAIBHO, M U1 KOTOPOM MOXHO HCIIOJIb30BaTh
XOopo110 pazpaboTaHHOE HAYKOH (PU3NYECKOE OMMCAHHUE.

IMonyasiuust  aApo30¢huJibI, SIBIISICTCSI KJIACCUYECKUM 00BEKTOM
MOJICTMPOBAHUST MUKPOAIBOIOIMOHHOTO IMPOIEcca U MPUMEPOM HCKITFOUUTEIHEHO
yaa4yHo HaiiaeHHoW Mojenu. Emie Oonee yaoOHOW MOJENbIO SIBISIOTCS BUPYCHI,
KOTOpPBIE MOXHO Pa3MHOXKaTh B MPOOMPKE. XOTS HE BIOJIHE SICHO, CIPABEIJINBHI
JIM SBOJIIOIIMOHHBIE 3aKOHOMEPHOCTH, YCTAaHOBJICHHBIE Ha BUpYycCaX, IS 3aKOHOB
HBOJTFOITMY BBICIINX JKUBOTHBIX. B ekinu 11 MBI yBHIUM, Y4TO XOPOIIEH MOACIBIO
MUKPOAIBOJIIOITMOHHBIX TPOIIECCOB SIBIISIIOTCS TaK)K€ MUKPOOHBIC TOMYJSAIUNA B
MIPOTOYHOM KYJIBTUBATOPE.

W3 mnpuBeneHHBIX TPUMEPOB BHUAHO, 4YTO Jro0as Qu3nyeckas MoJeb
o0naaeT KOHKPETHBIMU CBOWCTBaMH (U3UYECKOTO 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 TIOBEJCHHE CHUCTEMBI TPH HM3MEHCHHUH BHYTPCHHHUX
XapaKTePUCTHUK M BHEUTHUX YCIOBHUH, MPOUTPHIBATH CIICHAPUH, PEIIATh 3aady
ontuMuzanuu. OJHAKO Kaxaas KOMITBIOTEpHAs peaju3aiusi COOTBETCTBYET
KOHKPETHBIM, 3aJlaHHBIM TapaMmeTrpaM cucrteMbl. Haumbomee oOmmmm u
aOCTpPaKTHBIMU SIBIISIFOTCS MAaTEMATHUECKUE MOJICTIH.

MartemaTu4ecKkHe MOJeJH ONUCBHIBAIOT LEJbId KJIAcC MPOLIECCOB WIIU
ABJICHUM, KOTOpble 00JaJal0T CXOJHBIMU CBOMCTBaMH, WU  SIBISIOTCSA
nzoMopdueiMU. Hayka konia 20 Beka — CHHEpPreTHKa, TTOKa3alia, 9TO CXOMHBIMU
YPAaBHEHUSIMA  ONMCBHIBAKOTCS  IPOLECCHl CaMOOPTraHU3alUh CaMOW  pPa3HOU
OpUpOAbl: OT OOpa30BaHMsI CKOIUIGHMM TajakTUK J0 OOpa3oBaHMs MSTEH
IJJAHKTOHA B OKEaHE.

Ecnmu ynaercst chopMyaupoBaTh «XOpOIIYI0» MaTeMaTUYECKyI0 MOJIENb, IS
€€ UCCIENOBAaHUSI MOKHO IPUMEHUTh BECh apCeHal HayKW, HAKOIUICHHBIM 3a
TeIcsAueneTusa. Hemapom MHOTME KIIACCMKHA HE3aBUCHMO BBICKa3bIBAIM OAHY U TY
K€ MYAPYIO MBICJIb:

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

Yem Oonee CHNOXKHBIMU SIBIIAIOTCS OOBEKTBI M MPOLECCHI, KOTOPBIMU
3aHUMaeTCsl Hayka, TeM TpyJHEe HaWTh MareMaTuyeckue aOCTpakiuu,
MOAXOJIAIINE 1JI1 OMUCAHUS 3TUX 0O0BEKTOB U MpoiieccoB. B Guosoruto, reoaoruto
U IpyTHE «OMHUCcaTEeIbHbIE HAYKW» MaTEMATUKA MPUIILIA 10 HACTOSIIEMY TOJIBKO BO
BTOpO# nosioBuHE 20 BeKa.

[lepBbie TOMBITKM MATEMaTUYECKH OMHUCATh OHOJIOTMYECKUE MPOIECChI
OTHOCSATCS K MOJICTISIM TIOIYJISIIMOHHON IMHAMHUKHU. DTa 00JIaCTh MaTeMaTHIYECKOM
OWONOTMY U B JAJbHEHIIEM CITyXujla MAaTEMaTUYECKUM TOJMTOHOM, Ha KOTOPOM
«OTpabaThIBAIUCh» MAaTEeMAaTHUYECKHE MOJEIM B pa3HbIX oOiacTsx Ouonoruu. B
TOM YHCJI€ MOJEIHU DBOJIOUUHU, MUKPOOMOJIOTHHM, WMMYHOJIOTHH U JAPYTHX
o0JacTel, CBA3aHHBIX C KIETOYHBIMH MOMYJISIITUSIMHU.

Psaa ®udonayumn.

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

OTO psA 4uCes, OMMCHIBAIOIIMN KOJHMYECTBO IMap KPOJHUKOB, 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:

Nip=aN;  mm Ni,; =0"N,

DTOT 3aKOH, 3alMCaHHbIl B BHUAE JIUDPEpPEHIMATBHOTO YpaBHEHUS,
IPEICTaBISIET COOOM MOJEIb IKCIHOHEHUHUAIBHOIO POCTA MOMYJSIUM M XOPOILO
OMKCHIBAET POCT KJIETOYHBIX MONYJSALUMA B  OTCYTCTBUU  KaKOTO-JIHOO
JUMUTUPOBAHMUS:

dx
=X
dt
3nech 1 — KOIPPUIMEHT, aHATOTHYHBIN KOY(PDUIIMEHTY ( B IHUCKPETHOMN

MOJIeNIM — KOHCTaHTa COOCTBEHHOM CKOPOCTH POCTa MOMYJISIIUN, OTPAKAIOIIAs e
T€HETUYECKUU MOTEHIIHAIT.
OrpaHu4eHHbIH POCT.
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BrniepBbie cuctemHblil (aKTOp, OrPaHUYUBAIONINN POCT MOIMYJISIIIUH, OIHCAI
Depx10JIbCT B YPABHEHUM JIOTUCTUYECKOTO pocTa B 1848rony:

dl =rx 1- X
dt K
OT0 ypaBHEHHE 00JadaeT ABYMsl BaKHbIMH cBoMcTBaMu. [Ipum manmbix X
YUCJIEHHOCTh X BO3PAcCTaeT 3KCIOHECHLIHMAIBHO (KaK M B MojJenu ManbTyca), npu
OonpmIMX — MNpUONMKAaeTcd K ompeaeneHHoMy mpeneny K. Drta BenmuuHa
Ha3bIBAECTCSI EMKOCTBIO MOMYJISIUUU U ONPEAEIIAECTCS OTPAaHUYEHHOCTHIO MUIIEBBIX
pPECYpCOB, MECT JIJIsl THE3[J0BaHUSA, 1 MHOTUMH APYTUMHU (PaKTOpaMH, Pa3THUHBIMH
JUTS pa3HbIX BUJOB. TakuM 00pa3oM, eMKOCTh HKOJIOTMUECKON HUILU MPECTABISIET
co00i cHUCTEMHBIH (AKTOp, KOTOPBIA OINpEAENseT OrpaHUYEHHOCTh pOCTa
HOIYJISILIMM B JAHHOM apeajie OOUTaHMUsL.

YUCNeHHOCTL BAPOCHBLIX XYKOB

Bpema, cyT (1)

16 000 —
14 000~
12000 [~

10 000

8000

Yucno xnetok

60001
4000}

2000

l ! 1
5 10 15
Bpemsa, cyt (1)

A. Jlunamuka uucienHoctd sxkyka Rhizopertha dominica B 10-rpammoBoi
NOPIMK TIICHHYHBIX 3€PEH, IOMOJHACMBIX B KaXAYI Hememo. Toukd —
SKCIIEPUMEHTaJIbHbIC JaHHbIe. CIUTOIIHAS JIMHHS — JIOTHCTUYCCKAs KpUBas.

b. Jlunamuka uucnennoctu Bogopocau 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 K€ 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. MoaequpoBaHue IBUKeHHUS IJIAHET COJTHEYHOM 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
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Ko nporpammsi

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

procedure TForm1.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(xminl,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,",clRed);
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; yli] := 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 y[i] := 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 <> vsl1 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 TForm1.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 F[i,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 := "' NEPKOIALUNA 111 *;
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! |

— 43 —




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);
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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 mo 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 - YMCIIO 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.
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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;
foriz=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.
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6. YueOHO-MeTOAUYECKOE O0ecTedeHrne CAMOCTOSATeIbHOM padoThl CTYAEHTOB.

B teuenune CEMCCTpa CTYACHTDLI BBIITIOJHAROT:

e JOMalIHUE 3aJaHusA, BBIIOJHEHUE KOTOPBIX KOHTPOIUPYETCS U IIpU
HEO0XOMMOCTH O0CYKIAeTCsl Ha MPAKTUUECKUX 3aHATHUSAX;
® [POMEXYTOYHBIE KOHTPOJIbHBIE padOTHl BO BpeMs MPAKTHUYECKUX 3aHATUN
JUISl BBISIBJIICHUS CTEIIEHU YCBOCHMS IIPOMIEHHOTO MaTepUaa;
® BBINIOJIHEHUE UTOTOBOM KOHTPOJILHOM pabOThI MO MPAKTHUYECKUM 3aHATUAM,
OXBaThIBaloOIINE 0a30BbIE BOIPOCHI Kypca: B KOHLIE CEMECTpA.

Hmozoewiii KonmpoJjib: 3a4em B KOHIIC

CEMECTpa, BKJIIOYAIOIIUN MPOBEPKY
TEOPETUYECKUX 3HAHUM U YMEHUE PEIICHUs 110 BCEMY IPONUJICHHOMY MaTepuaiy.

6.1 YueOHO-MeTOAMYECKOE O0eceYeHHe CAMOCTOATEIbHOM padoThl

CTYJIEHTOB.

Bua camocrositensHO# paboTh

[IpumepHas TpynO0EMKOCTD, a.4.

OuHoO-
3a04Had

OuHas

3a04YHasn

Texymas CPC

paboTa ¢ IEeKIIMOHHBIM MaTepPHaJIOM, ¢ y4eOHOM
JIUTEPaTypou

orepexarolas caMocTosiTeNbHas padboTa (M3ydeHue
HOBOT'0 MaTepuasa 10 ero N3JI0KEHHs Ha 3aHSITHSX )

CaMOCTOATCIIbHOC U3YUCHUC Pa3aCIOB JUCHUIIIMHEBI

BBITIOJTHEHHNE JOMAITHUX 3aJlaHui, JOMAITHIX
KOHTPOJIbHBIX paboT

MOJIFOTOBKA K TaOOpaTOpHBIM paboTam, K
NPAaKTUYECKUM U CEMUHAPCKUM 3aHITHUIM

MOJTOTOBKA K KOHTPOJBHBIM padoTam,
KOJUIOKBUYMaM, 3a4€TaM

I L L L T )

MMOATOTOBKA K 5K3aMCHY (3K3aMeHaM)

npyrue Busil CPC (yka3aTb KOHKPETHO)

Teopueckasi npod1eMHO-OpHe

HrupoBanHas CPC

BBITIOJIHEHHE pacYETHO-TpaduiIecKux padboT

4

BBINOJIHEHHE KYpCOBOM pabOThl MIIM KYPCOBOTO 3
IPOEKTa
MIOUCK, U3y4YeHHE U Mpe3eHTaus HH()OpMaIUH 110 3
3aJJaHHOM Mpo0bJieMe, aHaIM3 HayYHbIX MyOIuKaIuil
110 3a/IaHHOM TeMe
ucclienoBarenabckas padboTa, yuacTue B 4
KOH(epeHIHIX, CEMHUHAPaX, OJUMITHA/IaX
aQHAJIN3 JIaHHBIX 110 3aJaHHOW TEME, BBHITIOJHEHUE 4
pacuéToB, COCTABIIEHNUE CXEM U MOJIENIEH HA OCHOBE
COOpaHHBIX TAHHBIX
npyrue Bujsl TCPC (yka3aTh KOHKPETHO)

Hroro CPC: | 42
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Buowvt u nopaook évtnoinenus camocmoamenbHoi padomeol:

1. V3ydeHne peKOMEHJ0BaHHOM JIUTEpaTyphl

2. Ilouck B UHTEpHETE TOMOJHUTEIHLHOTO MaTepHalia

3. IloaroroBka pedepara (0 5 crpanuir), mpe3eHTaMu 1 gokiaana (10-15
MUHYT)

4. TloaroToBka K 3a4ery.

OueHoYHbIE CPEICTBA JUIS TEKYIIEro KOHTPOJS YCIEBAEMOCTH, MPOMEKYTOUHOM
aTTeCTallMM IO WTOTaM OCBOEHUS JUCUHUIUIMHBI U y4€OHO-METOAMYECKOE

o0ecrneueHrne caMoCTOSITEIbHOM pabOThI CTY/IEHTOB:

Buowt u nopaook evinoinenus camocmoamenvHol paoomaoi:

Ne Bua camocrositeqbHOM Y4yebHo-MeTOAMY.
Buja koHTpOJIS
n/n padoThI odecreyeHue
1. [ToaroroBka pedepata (no | Ilpuem pedepara, | Cm. pazaensr 6.1, 6.2
5 CTpaHMI]), MPE3CHTAIMH | NPEe3CHTAllMd, JOKJIaJa M | U 7 JTAHHOTO
u goknazaa (10-15 munyT) OLICHKA KayecTBa UX | JOKyMEHTa
HCIIOJTHCHUS Ha MUHH-
KOH(EPEHIINH.
2. [ToaroroBka k 3a4eTy [Ipomexxyrounas arrectanust B | CMm. pasmensl 6.3, 6.4
(dhopme 3ayeTa. u 7 JTAHHOTO
JIOKYMEHTa

1. Texymuii koutposb: [Ipuem pedepara, nmpe3eHTaNH, TOKIaAa U
OIICHKAa KaueCTBa UX MCIOJHEHUS Ha MUHU-KOH(EPEHIIUH.
2. IlpomexyTouHas arrectanus B popMe 3ayeTa.

Texywuit KOHmMpOAbL YCIEBAEMOCTH OCYLIECTBIISIETCS HENPEPBIBHO, HA
IPOTSKEHUH Bcero Kypca. IIpexnae Bcero, 3To yCTHBIA OIPOC MO XOAY JIEKIMH,
BBITIOJHSAEMBIN [JIsI OTIEPATUBHOM aKTUBU3ALMKM BHUMAHHS CTYJIEHTOB M OIICHKH
UX YPOBHS BOCHpUATHS. Pe3ynbTaThl yCTHOTO ONMpPOCa YYUTHIBAIOTCS MPU BHIOOpE
’K3aMEeHallMOHHOro Bompoca. [IpuMepHo ¢ msaToi Hexenu cemectpa - B dopme
KOHTPOJISI CaMOCTOSITEJIbHOM pabOThl MO MOATOTOBKE pedepaToB, COAEpKaHUE
KOTOpbIX OylneT TpeacTaBlieHO MyOJIMYHO Ha  MHHU-KOH(QEpEeHUUUu W
COMPOBOXKICHO Npe3eHTaluel U HEOOJIBIIMMH TE3UCAMHU B 3JIEKTPOHHOU (hopme.

Br16op TeMbl pepepara cormacyercs ¢ IEKTOPOM.

[IpakTrKyeTcs 1Ba THIA TEM - CaMOCTOSITEIbHOE M3YYEHUE KOHKPETHOMU
npoOsieMbl WJIM O3HAKOMJIGHHE C y4eOHBIM JTUCTAHLIMOHHBIM KypcOM IO TeMe
Kypca. Pe3ynbrarsl caMoCTOATEIbHON PabOTHI UTPAIOT POJIb JOMYCKA K SK3aMEHY.

Ilpomesricymounan ammecmayus:

Jiisa pomycka K 3adery  HQMJIEKHUT CAelaTh COoOOIlIeHHMe Ha MHUHH-
KOH(epeHMHU, TPEeICTaBUTh MPE3EHTAII0 U COOCTBEHHO TEKCT pedepara.
3aueT mMpoXoaUT B YCTHOU ¢GopMe B BHJIE OTBETOB HAa OWIIETHI W, €CJIH MOHAJO-
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OUTCsI, TO HA JOMOJIHUTENIBHBIE KOHTPOJIBHBIE BOIIPOCHI, KOTOPBIE 334a€T 3K3aMe-
HATOP MPU HEOOXOANUMOCTH YTOUHUTH OLIEHKY.

e OneHKa KOTIMYHO» CTABUTCS 32 YBEPEHHOE BIIAJICHUE MATEPUAIOM Kypca U
JEMOHCTPALMIO CIIOCOOHOCTH CaMOCTOSITENIBHO aHAJIW3HPOBATh BOIPOCHI
IIPUMEHEHUS U pa3BUTHs coBpeMeHHbIX UT.

e OLEeHKa «XOPOLIO» CTABUTCS MPH MOJHOM BBINOJHEHUU TPEOOBAHMI K MPO-
XOXKJEHUIO Kypca U YMEHUHU OPUEHTUPOBATHCS B U3YUEHHOM MaTepHae.

e OueHKa «yJIOBJIETBOPUTEIBHO» CTaBUTCSA MPU JTOCTATOYHOM BBIIIOJHEHHH
TpeOOBaHUI K MPOXOXKICHUIO Kypca U BJIAJICHUM KOHKPETHBIMHM 3HAHUSIMU
10 IporpaMMe Kypca.

e OreHKa «HEYAOBIECTBOPUTENBHO» CTABUTCS, €CIIM TPEOOBAHUS K IPOXOXK/IE-
HUIO Kypca HE BBIIIOJHEHBl M CTYJACHT HE MOJKET IIOKa3aTh BIAJICHHE
MaTeprajioM Kypca.

6.2 IlepeyeHb y4eOHO-METOAUYECKOr0 oOOecreYeHHUsl AJIS CAMOCTOSTEIbHOM
padoThI 00Yy4AKIIMXCSH M0 JUCUHMUILIMHE.

TemaTtuka pedepaToB €KET0oHO MOJIBEPracTcsi MEPECMOTPY U OOHOBIICHHUIO
COOTBETCTBEHHO MOSBJICHUIO HOBBIX MEPCHEKTUBHBIX CPEJICTB U METOAOB PadOThHI
¢ undopmarnumeit. [Ipearaercs crieayronuil Cucok pedeparoB, KOTOPHIA MOKET
OBITH PaCIIUPEH U YTOYHEH MPU 0OCYN ICHUN U KOHKPETU3AINH CO CTYICHTAMH.
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6.3. IIpuMmepnbl TeM pedepaTos.

L MCTOI[I)I MATCMATUYICCKOI'O MOICIIMPOBAHUA B (1)1/131(11(6. COBpeMeHHBIC
JOCTUKCHUS U IICPCIICKTUBLI.

Knaccudukanus maremarrnaeckux Mozenei. [Ipumepsr Moaenet.
Knaccunueckuit Meron Monte-Kapio

CoBpeMeHHbIe anroput™sl MeToa MonTe-Kapio

MeTon HanMEHBIINX KBaJIpPaTOB.

HMHTepnonsaunoHHbIM MHOTOYIEH Jlarpanxa.

Yucnennoe unrerpupoanue Mmerogqom Monre-Kapio.

Metonsl Pynre-Kyrra mu1st pemenns quddepeHnanbHbIX ypaBHEHH.
Pemenne nuddepeHnanbHpIX ypaBHEHUI BTOPOro Mopska MeToioM PyHre-

Kyrra.

MCTOI[BI MaTEMATHYCCKOI'O MOJACIUPOBAHUA pPCUICHUA HEJIMHEHUHBIX

YpaBHEHUM.

Munumuzanus QyHKIUNA MHOTHUX TiepeMeHHbBIX. COBpEMEHHBIE METO/IBI.
MoaenupoBaHue IBUKEHUS TeJla B TPABUTALIMOHHOM MOJIE.
MopenupoBaHue JBUKEHUS TJIAHET COJTHEUHOU CUCTEMBI.
MopenupoBaHue OpPOYHOBCKOTO JBUKEHUS YaCTHII.

MopenupoBanue dpdexra MepKOISIUNH.

MoenupoBaHre OTPaKEHUS CBETA Ha TPAHUIIE JIBYX CPEI.
MopenupoBaHue paclipoCTpaHEHUs CBETa Yepe3 Cpeay.

UccnenoBanne moaenu M3unra merogom Monte-Kapio

6.4. PekoMeHIalUM K MOCJI€10BaTeILHOCTH BbINOJHeHUs pedepara.
A) Uzydyenue npobiemsl o MaTepuaiaM, J0CTynHbIM B MIHTepHeTe:

1.
2.
3.
4.
5.

CornacoBaTbh Ha3BaHHUE COOOIIEHUS.

Hanucats Te3ucel pedepara no teme.

Bripazuth, yeM uHTEpecHa BIOpaHHasi TeMa B HAILIU JTHU.
[ToaroToBUTH MPE3EHTAIINIO 110 BEHIOPaHHOU TEME.
Cnenatb coo0II€HHEe HA MUHU-KOH(EPEHIINH.

b) O3HakomiieHuE ¢ 3aIaHHBIM AUCTAHIIMOHHBIM KYPCOM:

1.
2.

o s w

[IpencTaBuTh OCHOBHBIE UCH 33JaHHOTO Kypca.

OnucaTh JOCTOMHCTBA WM HEJOCTATKM MaTepualia, HW3JI0KEHHOTO B
JTAHHOM Kypce.

Hanucarts 0T3bIB HA JaHHBINA KypC.

ChopmynupoBaTh peKOMEHIAINH 110 TPUMEHEHUIO JAHHOTO Kypca.
CnenaTh cOOOIIIEHNE O COMIEPKAaHNH Kypca Ha MUHU-KOH(EPEHITUH.
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7. ®OHA OIEHOYHBIX CPeICTB /Ui TPOBEJEHUS] TeKYLIero KOHTPOJIA

ycIeBaeMOCTH,

AUCIHUILINHBI.

MPOMEKYTOYHOM

arTrecranmun

o

HTOramM

OCBOCHUA

7.1. IlepedyeHp KOMITETCHIIUN C yKa3aHHEM JTaloB UX (HOPMUPOBAHUS B IpoIecce
OCBOEHUS 00pa30BaTEIbHON IPOrpaMMBbl.
[lepeueHpr KOMIETEHIMI C yKa3aHMEM STamoB HX (HOPMHUPOBAHHS MPUBEICH B
ONMHMCAHUK 00PA30BATEIBHON TPOTrPaMMBI.

Kon
KOMIIeTEeHIIMH
n3 ¢IrocC BO

HauMmeHoBaHUe
KOMIIeTeHIIMH U3
dI'oC BO

Pe3yabTarsl 00yyenust

IIpouenypa
O0CBOCHMS

OIIK-2

Cnocoben npumensime
coBpemMeHHble Memoobl
UCCIE008AHUS,
npeocmasisamo u
apeyMeHmupoBaHo
3auuUuams pe3yrbmanbl
8bINOJIHEHHOU PAOOMbl

3naem:
- akmyanvhvle npodiemol,
OCHOBHbBLE 300aYU,
Hanpaenenuss, meHOeHyuu u
nepCcneKmuebl paz3sumus
COBPEMEHHOU INIeKMPOHUKU U
HAHOINEKMPOHUKU, A MAKIHCEe
CMedHCHBIX 0baacmetl HayKu u
MexXHUKU
- NPUHYUNBL NIAHUPOBAHUS
IKCNEPUMEHMAIbHBLX
uccne008anull Os peuleHus
NOCMAGIeHHOU 3a0aYU
Ymeem:
- CamocmosmenbHo
CMasumsv KOHKPEemHble
3a0a4u HayyHbIX
ucciedo8anull
- paccmampusams 803MONCHbLLE
8apPUAHMbL Pearu3ayun
IKCHEPUMEHMAILHBIX
uccne008anuil, OYeHUBAst Ux
00CMOUHCMEA U HEOOCMAMKU
Bnaoeem:
- HasvIkamu HOPMYIUPOBAMD
KOHKpemHbvle memul
uccnedosanus, NIAHUPOBAMb
9KCNnepuUMeHmul NO 3a0AHHOU
Memoouke 015 IhhekmueHozo
peuleHus NoCMagieHHoll
3a0ayqu

YcTHBIM o1poc,
MMMCbMEHHBIN
OITpocC,
coOeceIoBaHKe

OIIK-3

Cnocoben
npuobpemams u
UCNOTb308AMb HOBYIO
ungopmayuio 6 ceoelti

3naem:

- coBpeMeHHble NPUHYUNDBL
noucka, Xxpawenus, 0opabomxku,
aHanuza u npedcmasieHus

ITnceMeHHbIN
o1poc,
cobece0oBanue,
MTPAKTUYECKUE
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npeomemuotl ooracmu,
npeonazams Ho8ble uoeu
U NOOX00bL K PeUeHUIO
UHIICEHEPHBIX 3A0aY.

uHgopmayuu u3 paziuuHbIX
UCTNOYHUKO8 U 0A3 OAHHDLIX 8
mpebyemom popmame c
UCNONb3068AHUEM
UHDOPMAYUOHHDIX,
KOMNbIOMEPHBIX U CEMeBblX
MexHON02Ul

Ymeem:

- HOIYYams U UCNONB308AMb
HOBble 3HAHUs 8 001acmu
npogheccuoHanbHoll
0esAmenbHOCmU, 8 MOM YUCTe 8
MENCOUCYUNTUHADHOM
KOHmeKcme, ¢ UCNOIb308AHUEM
uHgopmayuouo-
KOMMYHUKAYUOHHBLX
MexHON02Ul

Bnaoeem:

- HaBbLIKAMU UCNONb308AMb
co8peMmeHHble
UHpOpMayUOHHbIe MEXHONI0UU
07151 NpUOOPemeHUsL HOBLIX
3HaHUll 8 obaacmu
npogheccuonanbHoll
0esAmenbHOCMU, 8 MOM YUCTE 8
MEANCOUCYUNTUHAPHOM
KOHmMeKcme

3aHATHUSA,
KOHTPOJIbHAS
pabora,
IK3aMeH

OIIK-4

Cnocoben

paspabamuleams u

NPUMEHSMb C
neyuanu3UpOBaHHoe
npPOSPAMMHO-
Mamemamuyeckoe
obecnevenue 01
npogeoerus
uUccne008anull u

PEWEHUSA UHIICEHEPHbLX

3a0au.

3naem:

- OCHOBbI UHPOPMAYUOHHBIX
MexXHONI02Ull, OCHOBHbIE
B03MOJICHOCIU U NPABUILA
pabomuvl coO CManoapmubimMu
NPOSPAMMHBIMU NPOOYKMAMU
npu peuieHuu
npogeccuonanvbHix 3a0ay

- MemoObl 8bIYUCTUMENbHOU
Qu3UKU U MaAMEMAMUYECKO20
MOOenUposaHus

Ymeem:

- paspabamvieams
aghexmusHvle areopummol
peuieHus

UHIICEHEPHBIX 3A0al C
UCNONIb308AHUEM
COBPEMEHHBIX A3bIKOB
npoOCpamMMupo8arus u
Mamemamu4ecKozo
MOOeNUpoBanus

Bnaoeem:

- HABbIKAMU paA3pabamuléams
CReyuaIu3UpoBaHHole

ITuceMeHHBIN
ompoc,
cobecenoBanue,
MIPAKTUICCKUC
3aHSATHS,
KOHTPOJIbHAS
pabora,
HK3aMCH
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npocpammusie cpeocmsa u
Memoowt
MamemamuyecKoz2o
MOOeaUpoBanus o
nposedeHUst UCCIeO08AHULL U
PeeHUs. UHHCEHEPHBIX 3a0aY

W N

8.
9.
10.
11.
12.
13.

14.
15.

7.3.

7.2. TunoBbIe KOHTPOJIbHBIC 3alaHUA

Metonbpl  Maremarnueckoro — monaenupoBaHus.  [loctaHoBka — 3amaum.
KoppektHocTh 3a1a4m.

[TorpenrHocTy BeIYMCIEHHUH. AOCOIIOTHAS M OTHOCUTEIbHAS TOTPEIIHOCTb.
Knaccudukanus matemarnueckux mozenei. [Ipumepsl moenei.
Kiaccnueckuii METOJT Momnte-Kapuo. CranapTHbIi QJITOPUTM
Mertponouuca.

CoBpemenHble  anroputmsl  Metoga Monte-Kapno.  OnHO-KiIacTepHbIN
anroput™ Byneda .

Maremaruueckoe MoenrpoBaHue B 6uodusuke. MonenrpoBaHue JMHAMUKU
NOMYJISIUUNA AKUBBIX CUCTEM.

[Moctpoenne rpadukoB ¢yukuuit B cpene Delphi. Dmunmknounna,
OnUTPOXOUAA.

MonenvupoBaHue ABMXKEHUS Tejla B TPABUTALMOHHOM T10JI€.

MonenvupoBaHue ABMXKEHUS TUIAHET COJTHEUHON CUCTEMBI.

MopaenupoBaHue nAeaIbHOIO ra3a B COCyie.

MaremaTtuueckoe MojieIupoBanue dPpexTa NepKOISIUU.

MonenupoBaHue QppakTaabHbIX CUCTEM.

MopnenupoBaHue OTpaXKeHUs CBETA HA TPAaHHULIE pa3/ena IByX Cpell.
MonenupoBaHue paclipOCTPAHEHU CBETA YEPE3 CPENLY.

UccnenoBanne monenu M3nnra merogom Monrte-Kapio

MeToaguyeckue MaTepuajibl, ONpeeJAIINe NPOHeaypy OLUCHUBAHUA

3HAHMH, YMEHUI, HABBIKOB M (WJIH) ONBITA AEATEJIbHOCTH, XaPAKTEPHU3YOLIUX
3Tanbl POPMUPOBAHUA KOMIIETCHIMH.
OO1uii pe3ynbTaT BRIBOJUTCS KaK MHTETpajibHAas OLEHKa, CKIIaIbIBAIOIIAs U3
TEKyI1ero KoHTpoust -60% u npomexxyTouHoro kouTposis -40%.
Tekylmunii KOHTPOJIb 10 TUCLMIUIMHE BKIIIOYACT:
- mocenieHue 3aHsaThui -10 6amios,
- y4acTHe Ha MPaKTUYECKUX 3aHATUAX -200a110B,
- BBINIOJIHEHHE JTaOOPATOPHBIX 3a/1aHui -200a110B,
- BBINIOJIHEHHE JIOMAIIHUX (ayIUTOPHBIX) KOHTPOJIBHBIX paboT -10 Oasmios.
[IpomexyTOUHBIN KOHTPOJIb 10 JUCHUILIMHE BKIFOUYAECT:
- YCTHBIN onpoc -2006aI10B,
- MUCbMEHHAs! KOHTpOJIbHAas padoTa — 10 6aos,
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tectupoBanue -10 6amioB

8.

IlepeyeHb OCHOBHOM W JONMOJHUTEJNLHOW Y4eOHOHl JIUTEepaTypBhl,

HEe00XO0AMMOM 1JIsl 0CBOCHHUS TUCIHHUIIIMHLI.

B w

a) OCHOBHAas JIUTepaTrypa:

. Haprta B.U. bnoyHo-MaTpu4HbIii METOJI MATEMaTUYECKOTO MOAEIUPOBAHUS

noBepxHocTel [OnekTponHblii pecypc] / B.M. Haptsi. — DnexTpos.
TeKCcToBbIE naHHble. — M. : Uadpa-Umkenepus, 2016. — 236 ¢. — 978-5-
9729-0119-7. — Pexxum goctyna: http://www.iprbookshop.ru/51718.htmi

. OlleHKa  ypOBHSI  IIYMOBOTO  BO3JCHMCTBUSI  TPAaHCHOpPTa  METOJOM

MaTeMaTHYECKOr0 MOJCIUPOBAHUS (pacUEeTHBIM MeETOa) [DJIEKTPOHHBIM
pecypc] : MeToAMYecKHe yKa3aHUsl K BBIMOJTHEHUIO MPAKTUYECKUX paboT 1Mo
nucuuruinie «IIpoekTupoBaHue W PEKOHCTPYKIUSA 34aHUN» ISl CTY/IEHTOB
Maructparypsl HampaiieHus noaroroBku 08.04.01 CrtpourtensctBo / . —

DJIEKTPOH. TEKCTOBBIE JaHHbIe. — M. : MOCKOBCKUH TOCYJIapCTBEHHBIN
CTpouTeIbHBIN yHUBEpcUTeT, Al [Iu Op Meaua, 9bC ACB, 2015. — 32 c.
— 978-5-7264-1096-8. — Pexum JIOCTyIIA:

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

. IlymkapeBa A.E. MeToasl MaTeMaTHYECKOTO MOJICIIUPOBAHUS B OITHUKE

OnoTkaHu [DJIEKTPOHHBIM pecypc] : yueOHoe nmocodue / A.E. Ilymikapesa.
— OnekTpoH. TekcTtoBble naHHbie. — CII0. : Yuuepcurer UTMO, 2008.
— 103 C. — 2227-8397. — Pexum JoCTyma:
http://www.iprbookshop.ru/67285.html

. A.B. Xeepman. MeToapl KOMIBIOTEPHOTO HKCHEPUMEHTA B TEOPETHUUECKON

buzuke. M. 1990 1.

0) JOMOJIHMTEeIbHAS JIUTEepaTypa:

MaromenoB M.A., Myprazaee A.K., Xwuspues K.III. Mertoabl
MaTEMaTUYECKOr0 MOJCIUPOBaHUS. YUeOHO-METOIMYECKOe TMocooue. —
Maxaukaina: 2007. — 50c.

Myprazaes A.K., Maromenos I'.M., Pamazanos M.K., Maromenos M.A.,
MeTonbl YHMCIEHHOTO 3KcnepuMmeHTa B (usuke. YuyeOHoe mocodue. —
Maxaukaina: 2009. — 58c.

C. Kynun. BeruncnurensHas ¢pusuka M. 1992 r.

Ps6enrkuit B.C. BBeneHue B BEIUMCIUTENbHYIO MaTeMaTuky. — M/: Hayka-
®duzmatiut, 1994. — 335¢. 2-e uza. M: ®uzmatiut, 2000. — 296 c.

Kupees B.U., [TanteneeB A.B. MeToabsl MaTeMaTUYECKOTO MOJICIMPOBAHUS
B IpuMepax u 3aaadax. M.: Uzg-so MAU, 2000.

. baxsanoB H.C., Xunkos H.IIl., Kob6enrkoB I'.I'. Uncnennsle MeTOALI. 8-€

u3n. — M.: Jlabopatopus bazoseix 3nanwuii, 2000. — 624c.
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http://www.iprbookshop.ru/51718.html
http://www.iprbookshop.ru/36149.html
http://www.iprbookshop.ru/67285.html

7. Jlo6anoB A.U., Ilerpor W.b. BerunciaurensHble METOABI JIA aHAIHU3a
MOJIeJICH CIO0KHBIX JUHaMHUdeckux cucteM. Yacte 1. — M.: MOTU, 2000. —
168c.

9. Ilepedyenb pecypcoB HHGPOPMANMOHHO-TEJEKOMMYHUKANMOHHON CeTH
«/HTEepHEeT», HEOOXOAUMBIX 1JISl 0CBOCHHS JUCHMILIUHBI.

1. OBC IPRbooks: http://www.iprbookshop.ru/
JIunensuonnsetit qoroBop Ne 2693/1701 02.10.2017T. 06 oka3aHuUU YCIYT 1O
npefoctaBiaeHuto goctyna. Joctyn omkpuim ¢ ¢ 02.10.2017 2. 0o
02.10.2018 no noonucke

2. DNEeKTpOHHO-OMOIMOTEeUHAs CUCTeMa «YHHBEpPCUTETCKas Oubmmoreka
onyaiiH» Www.biblioclub.ru morosop Ne 55 02/16 ot 30.03.2016 r. 00
OKa3aHUHU UHPOPMAIIMOHHBIX yCIyT

3. Jloctyn K O3JeKTpoHHO#M OuOanoTeku Ha http://elibrary.ru ocHoBaHuM
muueH3noHHoro cornamenus Mmexnay OI'bOY BIIO AT'Y u «OOO0»
«Hayuynass Onextponnas Oubmmoreka» ot 15.10.2003. (Paz B 5 jer
OOHOBJISIETCS JTUIICH3MOHHOE COTJIAICHUE)

4. HanpoHanmbHas 9JCKTpOHHAs OuOnmoTeka  https:/ms6.pd/. Jorosop
Nel01/HOB/101/H2B/1597 ot 1.08.2017r.

5. ®enepanbublii mopran «Poccuiickoe oOpazoBanme» http://www.edu.ru/
(emMHOE OKHO JOCTYMa K 00pa30oBaTelIbHBIM pecypcam).

6. denepanpHOE XpaHUIULIE «Ennnas KOJUIEKLIMS U (HPOBBIX
oOpa3oBartenbHBIX pecypcoB» http://school-collection.edu.ru/

7. Poccuiickuii mopran «OTkpsiToro oOpasoBanus» http://www.openet.edu.ru

8. Caiit o0pa3oBaTeIbHBIX pecypcoB JlarrocyHuBepcuTeTa
http://edu.icc.dgu.ru

9. Undopmanonnbsie pecypcbl HaydyHOW OubmmoTexku JlarrocyHuBepcurera
http://elib.dgu.ru  (moctym wuepe3 tuiathopmy HaydHo#t 3IeKTPOHHON
oubsmoreku elibrary.ru).

10.PenepanbHbIit LEHTP 00pa3oBaTeILHOTO 3aKOHOJIaTEIbCTBA
http://www.lexed.ru

11. http://www.phys.msu.ru/rus/library/resources-online/ -  3JIeKTpOHHBIE
y4ueOHBbIE  MMOCOOMS, M3JIaHHbIE  TpernojaBaTesIMU  (U3UYECKOTO
dakynbTera MI'Y.

12. http://www.phys.spbu.ru/library/ - osnextponHble yueOHbIE TIOCOOUS,

W3JIaHHBIC  TpernojaBaTeNisiMu  ¢usnveckoro  ¢akyinprera  CaHKT-
[TeTepOyprckoro roCyHUBEPCUTETA.

13.Springer. loctyn JAI'Y npenocraBieH coriacHo goroBopy Ne 582-13SP
MOIMTMCAaHHBIE MUHHCTEPCTBOM 00pa3oBaHWs W HAYKH IPEIOCTABIICH IIO
koHtpakty 2017-2018 r.r., noamucanueii ['TIHTH c¢ opranuzanusmu-
nobenuTensiMu KoHKypea. http://link.springer.com.

14.SCOPUS  https://www.scopus.com JlocTym mpemocTaBleH COTJIAcHO
cyOmuneHsnonHomy jgoroBopy NeScopus/73 ot 08 asrycra 2017r.
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MOANMHUCAHHBIA MUHHCTEPCTBOM 00pa30BaHMsI M HAYKH TMPEIOCTABICH II0
koHTpakty 2017-2018 r.r., momnucanueii I'TIHTH ¢ opranuzauusmu-
noOeuTens MU KOHKYpca.

15.Web of Science - webofknowledge.com [loctyn mpeaocTaBieH COIJIACHO
cyonmuuensuonHoMmy goroBopy Ne Wo0S/280 or 01 ampens 2017r.
NOANMUCAHHBIA MUHHCTEPCTBOM 00pa30BaHUA U HAyKHU MPEJOCTABIICH IIO
koHTpakty 2017-2018 r.r., momnucanueii I'TIHTB ¢ opranuzanusmu-
noOeIuTensIMU KOHKypCca

16.«Pro Quest Dissertation Theses Global» (PQDT Global). - 6a3a manHbIX
3apyOeKHBIX —JIACCEPTALINHU. Hoctyn MPOJJIEH COIJIaCHO
cyomunen3nonHomy goropopy Ne ProQuest/73 ot 01 ampenss 2017 roga
http://search.proquest.com/.

17.Sage - MynpTUANCHMILIMHAPHAS TOJHOTEKCTOBas 0a3a maHHBIX. JlocTynm
IpoJJyIeH Ha OCHOBAaHUU CyOJUIIEH3MOHHOTO joroBopa Ne Sage/73 ot
09.01.2017 http://online.sagepub.com/

18.American Chemical Society. J[loctym mpoajieH Ha OCHOBaHUH
cyonuuensrnonHoro porosopa NeACS/73 or 09.01.2017 r. pubs.acs.org

19.Science (akamemuueckomy kypHaiay The American Association for the
Advancement of Science (AAAS) http://www.sciencemag.org/. Jloctymn
IIPOJIJIEH Ha OCHOBaHUU CyOuiieH3uoHHoro qoroopa Ne 01.08.2017r.

10.MeToanyeckue ykazaHus 1Jis1 00y4al0IMXCsl 10 OCBOEHHIO TMCIUIJIMHBI.

CamocrosiTenbHas paboTa CTYJ€HTOB peaIu3yeTcs B BUJIE:

® [IOATOTOBKHU K KOHTPOJIbHBIM paboTaM;

® TIOJATOTOBKU K CEMHUHAPCKUM (MPAKTUUECKUM) 3aHSATHSM;

e BBHIIOJIHEHHWS  WHAMBUAYAJIbHBIX  33JaHMM 1O  OCHOBHBIM  TEMaMm
TV CUUTUINHBL

e HanucaHue pedepaToB Mo mpodOieMaM AUCHUIUIMHBI "®dusnka (azoBbIX
MIEPEXO/IOB U KPUTHUECKUX SBICHUM'.

e 00s13aTeIbHOE MOCEUICHUE JIEKIIMI BEAYIIETO MPENo1aBaTeis;

® JIEKIMM — OCHOBHOE€ METOAMYECKOE PYKOBOACTBO IIPM U3Yy4YECHUU
JUCUUIUIMHBI, HauOoJiee ONTUMAIbHBIM 00pa3oM CTPYKTYpUPOBAaHHOE U
CKOPPEKTHUPOBAHHOE HA COBPEMEHHBIN MaTepHal;

® B JIEKIIMU TIyOOKO M MOAPOOHO, apryMEHTUPOBAHO M METOJI0JIOTMYECKHU
CTPOT0 pacCMaTPUBAIOTCA IJIABHBIE MPOOJIEMBI TEMBI;

® B JIGKIMHM JAIOTCAd HEOOXOOUMbIE pa3Hble MOAXOJbl K HCCIEAYEMBIM
npobiemawm;

® TIOJrOTOBKY U aKTUBHYIO pabOTy Ha JJabOpaTOPHBIX 3aHATHUSX;

® [IOATrOTOBKA K JJA0OPATOPHBIM 3aHATUSAM BKIIOUAET MPOPAOOTKY MaTEpPUATIOB
JIEKLIHIA, pEKOMEHJOBaHHOM y4eOHOM JTUTEepaTyphl.
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11. Ilepeyenb HMHGOPMALMOHHBIX TEXHOJIOTMH, WCIOJb3yeMbIX IpH
OCYLLIECTBJICHHH  00pa30BaTeJBLHOI0 Ipouecca Mo JAUCHHUILIHHE,
BKJIIOYasi NlepevyeHb MPOrPAMMHOIO o0ecrnedyeHnus 1 HH(POPMAUMOHHBIX
CIIPABOYHBIX CHCTEM.

OOpazoBaTelbHbIE TEXHOJOTHH, MPUMEHSAEMbIE Ha MPAKTUYECKUX U
71a00paTOPHBIX 3aHATHUSX:

1. TexHoynorus axkTUBHOTO (KOHTEKCTHOT0) oOydeHHUs (KOJUIEKTMBHasi paboTa
MajbIMH TPYIIIAMH — HWCCJIEAOBATENbCKAasl WIpa: Irpynmna pa30uBaeTcs Ha
MOATPYIIBI, B KaXKI0M U3 KOTOPBHIX HA3HAYAETCS PYKOBOAUTEND (OMpeaesieT
Head M 3aJadyd, Ha3HA4YaeT OTBETCTBEHHBIX 3a OTIEIbHBIE 33JayH,
KOOpAUMHUPYET paboTy H TMPEACTaBIsSIeT oOOIllee penieHue 3agadu) u
WCIIOJTHUTENU (PEIIatoT OTACNIbHBIC 3a7a4M);

2. TexHonorus aenoBoil UTpbl (MMUTAIIMOHHAS COPEBHOBATEIbHAS UTPA: MaJble
IPYIIbl TOJYYalOT OJWHAKOBOE 3aJaHHE, PACHPEHCISIOTCS MO0  POJISIM
(pyKOBOAMTENb, OTBETCTBEHHBIC WCIOJHUTEIN) W BBINOJHSAIOT €ro Ha
CKOPOCTb U KaueCTBO, KOTOPOE OLIEHUBAETCSI MPETogaBaTesIeM);

3. TexHonmorus HHTEPAKTHUBHOTO OOy4eHMs (MO3TOBOM MITypM: TpyImma
MOJIy4aeT 3aJlaHue, Jlajee MpeJularaeTcs BhICKA3bIBaTh KaK MOXHO OoJibliee
KOJIMYECTBO BAapHAHTOB PEIICHHUSA, 3aT€M M3 OOIIEro 4ucia BBICKA3aHHBIX
ujel oTouparoT HanboJee yJauyHble, KOTOPbIE MOTYT OBbITh HCIOJIb30BaHbI Ha
IIPaKTHUKE).

12. Onucanue MaTepuaATbHO-TEXHUYECKOH 0a3bl, HeOOXOAUMON JIA
OCyLIeCTBJICHHS] 00Pa30BaTEJIbLHOI0 MPOLECCa 10 AUCHHILIMHE.
Jis  maTepuanbHO-TEXHUYECKOro 00ecredeHus] AUCHMIUTUHBL  «MeToabl

MATEeMATH4YEeCKOT0 MO/1eJIMPOBAHMS» UCTIOIB3YETCS:
® KOMITBIOTEPHBIE KIACChI PU3nUecKoro (haxkyapTeTa.
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