degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

IIpopekTop mo y4eOHoii padoTe u
JOBY30BCKOI IOAT0TOBKE
A.A. BopoHos

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 AMCIMILINHE: Kunernueckas Teopust ra3oB
10 HANPABJICHHUIO: Texuunueckas puznka
NpoduJIb MOATOTOBKH: Texnnueckast pu3znka KOCMUYECKHX JIETATEIbHBIX alapaToB

®usrex-mrkoia A3poKocMUYecKux TeXHONOruit
kadenpa teopernueckoi puznku um. JI.J1. Jlannay

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 30 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 135, Bcero 3a4. ex.: 3

KonuecTBo KOHTPOIBHBIX paboT, 3a1aHuil: 4

[Iporpammy cocrtaBui: E.A. Hopodees, kann. ¢pus.-mar. HayK, JOLEHT, JOLEHT

[Iporpamma obcyxieHa Ha 3acefanuu kadenpsl Teoperudeckoi puszuku um. JI.JI. Jlannay 23.05.2020



AHHOTANMA
CemectpoBblii kypc KuHeTnueckas Teopus ra3op IpeJHa3HauyeH Ul CTYIEHTOB 1 Kypca Marucrparypbl
YHUIL] AJIT ¢wusrex-mkombl a’poxkocmuueckux texHonoruit (DAKT). Kypc crmemyer 3a kypcom
«Craructudeckas GU3MKa» U SBISCTCA 3aKITIOYUTEIIFHBIM KypCcOM B 00IIEM Kypce TEOpeTHIEeCKON (QU3HKH.
Kypc naumnaercss ¢ BBeneHMsA (DYHKUIUHM paclpelesieHHus MOJEKYlT — OCHOBHOTO OOBEKTa KHHETHYECKOM
TEOpUH Ta30B. AHAIM3UPYIOTCS (QHU3MUECKHUE NPEATIONONKECHHUS HEOOXOIUMBbIEC NIJIsl BBIBOJA KHHETHYECKOTO
ypaBHEHUs. B 3TUX NIpeAnosoKeHUsX BBIBOAMTCS KHHETUYECKOE YypaBHeHUe bonblMaHa, W3ydaroTcs
CBOICTBa MHTETpaJla CTOJIKHOBEHHUH U JToKa3biBaeTcsi H-Teopema bonbimana.
Ucxons u3 xuHeTnyeckoro ypaBHeHHs: boibliMaHa MPOM3BOOUTCS BBIBOJA MAaKPOCKOIMYECKHX YPaBHEHUH U
paccMaTpUBarOTCs pa3aMyHbIe IPUEMBI AJIs IOJIY4YEHUS 3aMKHYTOW CUCTEMbI YPaBHEHUH MMIPOANHAMUKY.
Tpetuii pa3znen Kypca MOCBSIIECHA TPUOIMKEHHOMY PELICHUI0 KHHETHUECKOTO YPAaBHEHHUS IIPU MaJIbIX YHCIAaX
Knyncena. Hcnonesys meron YenmeHa-DHCKOra HaXOAATCSA MONPAaBKH K JIOKAJbHO-PAaBHOBECHON (PyHKIMH
pacIpeneneHusi, ¢ IMOMOIIBI0 KOTOPBIX, BBIYUCISIOTCA  KOA(P(UIIMEHTH TEIIONPOBOAHOCTH U BA3KOCTH
OJTHOATOMHOTO rasa.
UeTBeprass 4YacTh Kypca IIOCBAIllEHA KHUHETHMYECKON Teopuu cMmecu Tra3oB. Meton YenmeHna-OHckora
pacmpocTpaHeH Ha STOT Ciyyail, 4TO MO3BOJSET ACTAJbHO OINUCATh Takue siBIeHUS Kak auddysus u
TepMoudy3us B CMECH T'a30B.
SBieHuss B cia0opa3peXECHHBIX ra3zax HM3ydaeTcs B IIATOM pasziesie Kypca. PaccmarpuBarorcs rpaHUYHBIC
YCIIOBHSL Ha IOBEPXHOCTH TBEPIBIX CTEHOK, a Takke 3(QQEKThl TEeMIEpaTypHOrO CKauka M TEIJIOBOTO
CKOJIbKEHHSA. AHAJIM3UPYIOTCS YCIOBHUS, IPU KOTOPBIX BaXKHBI ClIaracMble B YPAaBHEHHUSAX THAPOAMHAMUKHU,
CIIeIyIOIEe 32 HAaBbE-CTOKCOBCKUM MNpHOMMKeHHeM. BoiBomsrcs ypaBHeHust bapHerTa, Ha MX OCHOBE
paccMaTpuBaeTcs SIBIICHHE TEPMOCTPECCOBOM KOHBEKIMH. PaccMarpuBaloTcsi TakKe, KHHETHUECKUE SIBICHUS
B TI0JI€ JIA3E€PHOT0 M3IYYEHHUs TaKue KaK CBETOMHAYLMPOBaHHas 1 Qy3us U CBETONHAYINPOBAHHBIN Ipei.
B mectom pasmene Kypca H3y4aroTcs SIBICHHS B CHIIBHOPA3pEXKEHHBIX Trazax. M3ywaercs KOHLICHIHS
KO (QUIMEHTOB aKKOMOJALMM Ha TOBEPXHOCTU TN W BBIBOAATCS (OPMYIbl A a3pOAMHAMUYECKHX
K03()(hUIIMEHTOB MPOCTHIX TEJ B PEKUME CBOOOAHOMOJIEKYISIPHOTO 00TEKaHHsI ¢ OOJIBLINM YiciioM Maxa.
B cempmom paszmene Kypca gaercs BBEIEHHE B HEPAaBHOBECHYIO TEPMOJAMHAMUKY. BBIBOOUTCS NPUHIMII
CUMMETPUHM KHHETH4YeCKUX Kod(p¢unuenro OH3arepa, paccMaTpuBaeTCs TeOpus JMHEHHOTO OTKIIHMKA
CHUCTEMBbl Ha BHEIIHEe BO3MYILIEHHs, BBOIUTCS MOHATHE 0O00OHmIEHHON BocnpuuMumMBocTH. Jaercs
(dhopMynrpoBKa QIIyKTYallMOHHO-IUCCUITAIIMOHHON TeopeMbl B BEIBOAMTCS (opmyina Kybo.
B 3aximroueHue kypca paccMarpuBaeTCs BOIPOC BbIBOJA KMHETHYECKOIO ypaBHeHMs bonbliMaHa ucxons u3
YpaBHEHUI MUKPOCKOIIMYECKOW AMHAMUKU MOJIEKYII.

1. leau u 3apauu

eap AUCUMNIMHBI

JlaTb cTyneHTaM 3HaHHs, HEOOXOOUMBbIE JUIl OMMCAHMs Pa3IWYHbIX (PU3UUECKUX SBICHUI B oOiacTtu
MPWIOKEHUN KJIACCUYECKOM KHWHETHMYECKOM TEOPHMM W METOABI TMOCTPOEHHS COOTBETCTBYIOLIMX
MaremMaTHyeckux Mmozenei. [loka3arh cooTBeTcTBHE (DM3NYECKUX MPEANONOKEHUH, TMOJIOKEHHBIX B
OCHOBY KMHETHYECOH TEOPHH, CYIIECTBYIOIINM dKCIIEPUMEHTAIBHBIM JaHHBIM, YTO MO3BOJISIET CUATATh
TEOPUIO0 JOCTOBEpHOW B obOnmactu e€ NpuMEeHUMOCTH. JlaTh HaBBIKH, T[O3BOJSIONINE TOHSITH
a/ICKBaTHOCTh TEOPETHYECKOHM MOZETH COOTBETCTBYIOUIEMY (M3WYECKOMY SIBICHHUIO M ONPEACIHUTH
Ipeessl €€ NPUMEHUMOCTH.

3agaum AU COMIIHHBI
* l3yyeHue MareMaTH4eCKOIo anmnapara TEOpUM KUHETUUECKUX YPaBHEHUM;

® HU3y4YCHUEC MCTOAOB BbIBOAA MAKPOCKAIIMYCCKUX ypaBHeHI/Iﬁ MCXaHUKHU CIUIOMIHBIX Cpea H3
MOJICKYJIIPHOTO OMUCaHUA CpCbl C MOMOUIBIO KUHCTHUYCCKUX ypaBHeHHﬁ;

* U3y4YCHHE METOAOB BBIUMCIICHUS! KHHETHUECKUX KOA(P(UIMEHTOB BSI3KOCTH U TEIIONPOBOIHOCTHU U3
"MepBbIX TPUHLIUIIOB";

. OBJIaJIEHUE CTYACHTAMH METOAOB KJIACCHUYECKON KHHETHYECKOW TEOpUH Ta30B ISl OMHCAHHS
Pa3JIMYHBIX PEKUMOB TEUCHUS ra3a.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[HﬁI

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN | I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH




OIIK-3 Cnocoben onpenenuts ¢pusnveckyro, |OIIK-3.1 CnocobeH mpoBoauTh aHanu3 mpolieM W 3ajad,
€CTECTBEHHOHAYYHYIO CYIIHOCTB IPOOIIeM, BO3HHKAIOMIUX NpU padore B obOmacTu npodeccuoHaIbHON
BO3HMKAIOIINX B X07i€ IpodeccHoHanbHOI JEATEIIbHOCTH

JeATeIIbHOCTH, IPOBECTH UX KaueCTBEHHBIH 1
KOJINYECTBECHHBIN aHAIN3

OIIK-5 CriocobeH ocBanBaTh U IPUMEHSTh OIIK-5.1 Bnaneer COBPEMEHHBIMU
COBpPEMEHHbIEC (DU3UKO-MaTeMaTHYECKUE METObI | PACYIETHO-TEOPETUIECKUMHU METO/aMH, METOIaMHU
Y METO/Ibl UCKYCCTBEHHOTO MHTEIIJIEKTa [T KOMITBIOTEPHOTO MOJEIHPOBAaHUS U cpelaMH pa3pabOTKU
peieHus npodeccuoHaIbHBIX 3a1a4, OpPOrpaMMHOIO  OOeclieueHHsl, NPUMEHSEMBIMH  IIpH

COCTaBIIATH NIPAKTHUECKUE PEKOMEHJAINH 110 | PEeIIeHHH 33134 B CBOeH mpodeccuoHaIbHON 001acTH
UCTIOJIb30BAHUIO MOJTYYCHHBIX PE3yIbTaTOB

[MK-1 Crocoben kputnuecku aHanmszuposath  |[IK-1.1 CrnocoOGen HaxomuTh, aHATM3UpOBaTh W 0000IIATH
COBpEMEHHBIE TIPOOJIEMBI TEXHUUECKOH (hr3nky, |MH(pOpMannio 00 aKTyalbHBIX pe3yibTaTax HCCIICIOBAHUN B
CTaBUTH 33J]a4M U Pa3padaThIBaTh MPOrpaMMy  |00IaCTH TEXHUYECKON QU3NKU

UCCIIeIOBAHHS, BBHIOUPATH aIeKBAaTHBIE CIIOCOOBI
Y METOIbI PEIICHHS SKCIIEPUMEHTAIBHBIX U
TEOPETUYECKUX 33/1a4, HHTEPIPETHPOBATH,
NPEJCTABISAT U IPUMEHSTH ITOJy4YCHHbIC
pe3yabTaThl

[IK-2 Criocoben camocTositenpao BemonasaTh  |1IK-2.1 Bnageer coBpeMeHHBIMU (DU3MKO-TEXHUYECKUMHU
(M3UKO-TEXHUYECKHE HAYYHBIE UCCIIEIOBAHMUs |METONAMHM  TEOPETUYECKOIO M OKCIEPHMEHTAILHOTO

JUISL OITUMU3ALMH [1apaMETPOB OObEKTOB U HncCacnoBaHns
MPOIIECCOB C UCTIONB30BaHNEM CTaHNAPTHRIX U ([1K-2.2 TlpuMeHseT MeTombl MaTeMaTHyecKOoro aHajiu3a |
CIIELUAIBEHO Pa3pabOTaHHbIX CTPOUT MAaTCMaTUYCCKHUE MOJACIM JUI1 PCLICHUA 3aaa4

HHCTPYMCECHTAJIbHBIX U IPOTrPAMMHBIX CPEACTB OIITUMMU3AIIUN

[IK-3 CnocobGen popmynupoBats Texundeckue |[IK-3.1 3HaeT mnpuHUMIBI COCTaBICHHUS TEXHUYECKUX
3a7aHus, pa3padaTeIBaTh U UCHOIB30BaTh 3aJaHUH U TEXHUYECKOHN TOKYMEHTalluu

CpEICTBA aBTOMAaTHU3alMK NIPU MPOEKTUPOBAHNN
U TEXHOJIOTMYECKOH MOIrOTOBKE IPOU3BOACTBA,
COCTaBJISITh HEOOXOAUMBIM KOMIUIEKT
TEXHUYECKOH TOKYMEHTalUU

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
- OcHoBHBIC (PM3UYECKUE TIOTOKECHHS KIIACCHIECKOW KHHETUYECKON TEOPHUU;
- OCHOBHBIE YypaBHEHHSA KHHETUYECKOM TEOpUH U TPEXIEe BCEro KHHETHYECKHE YpaBHEHHE
bonrumana;
- OCHOBHBIE METOJ[bl MATEMATHUYECKOTO armapara ajsl pelieHus] TUHEHHBIX HHTeTPalIbHBIX YpaBHEHUH
BO3HUKAIOIINX B KHHETUYECKON TEOPUH ra30B;
- OCHOBHBIE METOBI PEIIEHUS 3a7a4 B AMHAMUKE Pa3peKEHHOTO rasa;
- METOJIBI U CIIOCOOBI OTIMICaHUS B3aUMOJICHCTBHUS Ta3a C IOBEPXHOCTHIO;
- METOJIbI MOJyYeHNsI KHHETUYECKUX YPAaBHEHUH U3 JUHAMHYECKON TEOPHH.

YMETh:
- Ilomp3oBarbes armaparoM ypaBHEHHH B YACTHBIX IPOU3BOIHBIX;
- IOJIB30BAThCS ANIAPaTOM TEOPUH BEPOSITHOCTEN;
- TI0JIB30BAThHCS aIlapaToM BEPOSTHOCTHBIX (DYHKIUI pactpe/ieeH s
- pemiaTtb Ta30KMHETHYECKUE 3a/1a4H C YYETOM BHEIIHHX IOJIEH;
- pemars 3a/1a4¥ O MOBEACHUH MaKPOCKOIIMYECKHX CUCTEM B 33JAHHOM BHEIIHEM I10JIC;
- IPUMEHSATH MeTOJ TeopuH YenMeHna- JHCKOra Ul BBIBOJIA YPAaBHEHHUH ra30BOM JMHAMUKY;
- NPUMEHSATH MeToa YenMeHa-DHCKOTa B KHHETHYECKOH TEOPUU CMECH T'a30B;
- TpuMeHsTh ypaBHeHne Dokkepa-Ilnanka mis HaxoxkaeHus ko3pdunmenToB nuddyzum.
BJIQJICT!

- OcCHOBHBIMH METOAAMHM MaTEMaTU4YECKOTO amnmapara Kak KIACCHYECKOW KHHETHYECKOW TEOpUHU
rasosB;

- HaBbIKAMH TEOPETHYECKOTO aHaiM3a peajbHbIX 3a/lad, CBA3AHHBIX Kak CO CBOMCTBAMH
MaKpPOCKOIMHYECKUX CUCTEM Pa3IMYHON NPUPOJIBI, TaK U ¢ UX KUHETUYECKUMHU CBOMCTBAMU.




4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

No Tema (pazmen) TUCITUTUTHHEL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora

| DOyHKIMS paclpefescHusl. YpaBHEHUE ) ’ 3
Bonsimana.

) CpoiicTBa uWHTErpaja  CTOJIKHOBEHHUH. ) 5 3
H-reopema.
I'mnponunamuuexcue BenununHb. OOIIee

3 ypaBHEHHE NepeHoca. BriBoa ypaBHEHUI 2 2 3
ra3oBOW JUHAMHKHU.
Kunernueckoe ypaBHeHue [Isl cinabo

4 HeoMHOponHOrO Tasza. JluHeapuzarus 2 2 4
WHTErpaja CTOJIKHOBEHUH.
Merton Yenmena-OHckora. Brraucnenue

5 KO3(PUITMECHTOB TEIUIOMPOBOAHOCTH U 2 2 3
BA3KOCTH.

6 VYpaBuenue bonblimaHa A cMecu ra3os. ) 5 4
Juddysus u repmomudpysusi.

7 Juddysus nerkoro raza B TskenoM. [a3 ) ’ 3
Jlopenna.
Huddysus TsDKENOro raza B JIETKOM.

8 bpoyHoBckoe  nBHKEeHHE. YpaBHEHHE 2 2 4
JlanxeBena.

9 YpaBHeHUE ®oxkkepa-Ilianka. ) ’ 3
VYpaBHEHUE TUCCUNIATUBHON TWHAMHKH.
SBnenuss B cmabo  pa3peKeHbIX

10  |razax.TemioBoe 4 4 3
ckonmxkenue. Tepmodopes.
VYpaBuenuss ~ bapHerrta.TemneparypHsle

11 HampspkeHns B rasax.TepMmocTpecoBas 2 2 3
KOHBEKLIUS.

12 SIBiIeHUS] B CWJIBHO PE3PEXKCHHBIX ra3ax. ) 5 3
CB0OOAHOMOJIEKYIISIPHOE TEUEHHE.

13 B3anmozeiicTBue ¢ NOBEPHOCTBIO TeENA. ) ’ 3
KoaddurmeHTs akkoMOoAaum.

14 JluHaMU4eCcKui  BBIBOA YpaBHEHHUS 2 > 3
bonbmana.

Nroro gacos 30 30 45

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

135 ygac., 3 3aud.en.

4.2.

Coneprxanne TUCIUIUIAHBI (MOMYJIsl), CTPYKTYPUPOBAHHOE MO TeMaM (pa3iernam)

Cemecrtp: 1 (Ocennwii)

1. ®ynkius pacnpeneneHus. YpaBHenue bonbimana.




VYpoBHu omucanus Oonbmioro yucna uvactul. DyHkuma pacnpeneneHusi.  Dusznueckue
IPEIIONOKEHUs. [P BbIBOAE KUHETHUYECKOrO ypaBHeHHUs. IIpuHIUMD [eTalbHOrO paBHOBECUS.
Kunernueckoe ypaBHeHue bonbpimana.

2. CBoiicTBa HTErpaja CTolKHOBeHHH. H-Teopema.

CBoiicTBa MHTErpana CTOJIKHOBeHHH. BrIBoA (hopMyrnbl cBA3bIBaIOIEH SHTPONUIO ra3a ¢ QyHKUHEH
pacnpenenenus. H-reopema. Jlnnaa cBoOoHOTO Mpodera moieky. Yncno Kayncena.

3. I'maponmHamudvekcue BenuuuHbl. OOIee ypaBHEHWE IepeHoca. BwIBoj ypaBHEHHH Ta30BOM
JTUHAMUKU.

IupponuaamMudeckue BenuuuHbL. OOIee ypaBHEHHE IiepeHoca.  BbIBOA ypaBHEHHI Ta30BOM
JUHAMUKHA W3 KUHETHYECKOTo ypaBHEHHUs bonbliMaHa. 3akoHBI COXpaHEHHs] MAacChl, UMITYJIbCca U
SHEpPIUU. 3aMblKaHUE CUCTEMbI YPABHEHUH ra30BOM AMHAMHKU.

4. Kunernueckoe ypaBHeHHE s cnabo HEOJHOpPOAHOro Tasza. JlnHeapuzalusi WHTErpaia
CTOJIKHOBEHUH.

[IpubnuxenHoe pemenue ypaBHeHuss bonbimana npu manibix umciax Kayncena. Kuneruueckoe
ypaBHEeHue i c1abo HEOAHOPOAHOTO ra3a. JInHeapu3anus HHTErpajga CTOIKHOBEHHH.

5. Meron YUenmeHna-DHckora. Berarncnenne k03 QUIMEHTOB TEIUIONPOBOAHOCTH U BI3KOCTH.

Mertox Yenmena-DHckora. BelpakeHHe J€BOI Y4acTH KMHETHYECKOTO YpPaBHEHHS Yepe3 IpaHeHTHI
TeMmIeparypel ¥ CKOpocTH. CBeleHHE JIMHEHHBIX WHTETPalbHBIX YpPaBHEHHH K CHCTEME
areOpanyecKuX ypaBHEHUH C TIOMOIIBIO pa3jIOKeHHs HMCKOMBIX (yHKIuii 1o 0Oasucy u3
OPTOTrOHANIBHBIX MOMMHOMOB CoHMHA. BripaxkeHne K03()(GHIUESHTOB TEIIONPOBOAHOCTH M BSI3KOCTH
rasa 4epe3 TpPAHCIOPTHBIE CeUEHHsA paccesHus MoJekya. CHMMETpUs KHHETHYECKUX
k03 purueHToB.

6. YpaBuenue bonbimana muis cmecu razos. Auddyszus u repmonuddysus.

Kunernka cmecu ra3zoB. YpaBHeHue bonbimana ans cmecu razoB. Merox Yenmena-DHCKora st
ounaproit cmecu. J{uddysus u repmonnddysust. Ibdexr Hrodypa kak cuMMeTpruHBIA dPPEKT K
tepMonuppy3uu.

7. Huddysus nerkoro rasza B Tsokenom. a3 JlopeHna.

OcCHOBHBIE TIPEIIIONIOKEHUS Moen ra3a Jlopenna. BeiBon ynponeHoro KHHETHYeCKOro ypaBHEHUS
u ero pemenne. opmynsl 11 ko3 dunuento auddysun u repmoauddysuu B raze Jlopenma.

8. Inddysust TsokeIoro rasa B JIerkoM. bpoyHoBcKoe JiBukeHue. YpaBHeHue JlankeBeHa.

Huddysus Tsokenoro raza B JerkoM. Pusnueckue NpeAnoioxeHus. BpoyHOBCKoe IBHIKEHHE.
VYpaBuenue JlamkeBena. IloaBmwkHocTh Tspkenod  dactuipl. CooTHomleHHWe — OWHINTEWHa
cBsi3bIBaroIue MU Gy3HI0 U TOABUKHOCTD TSDKEJION YaCTULIBL.

9. ¥paBHenue dokkepa-Ilnanka. YpaBHeHNE QUCCUNIATUBHON AUHAMMKH.

BriBog ypaBuenust @okkepa-Ilnanka meTonoM npeoOpa3oBaHUs HHTErpaja CTOJIKHOBEHHUS C YUETOM
MaJIOCTH W3MEHEHMsI UMILYJIbCa B IIPOLECCE CTOJKHOBEHUs. AJIBTEpHATUBHBIM BBIBOJ YpaBHEHUs
@®okkepa-Ilnanka W3 ypaBHEHHS [BIKEHUS YacCTHULBI CO CIy4alHOW CHIIOW. YpaBHEeHUE
JMCCUIIATUBHOM quHaMUKU. CKphITasi CyIepCUMMETPUS YPABHEHUS AUCCUIIATUBHON JUHAMUKHU.

10. ABnenus B cnabo paspexenbix razax.TerioBoe ckonbxenue. Tepmodopes.



['panuvHbIe ycnoOBHsS Ha TOBEPXHOCTH TBepAoro tena. KoadduimeHT TemmeparypHOro cKadka.
TemmoBoe ckonmbxenue. Cnaboe u cutbHOE ucnapenue, Tepmodopes.

11. YpaBHenus bapuetra. TemneparypHble HanpsKEHUS B razax. TepMoCTpecoBast KOHBEKIIHS.

Henpumennmocts ypaBaenuii HaBre-Ctokca aiisi onucanuss MEIJIEHHBIX U30TEPMUYECKUX TEUCHUH.
VYpaBHenus bapHerrta. TemneparypHble HAIIpsKEHU B ra3ax. TepMocTpeccoBasi KOHBEKIIMS.

12. SBneHus B CUJIBHO pe3pekeHHBIX razax. CBOOOIHOMONEKYIIPHOE TCUCHHE.

CBobonHO MonekyisipHoe TedueHHue ra3a. [loToku maccel, uMiyibea U sHeprun. D¢ dext Knyncena.
OOmee pemenue 3amaun Komm Ui KMHETHMYECKOTO YpPAaBHEHHS, OIMCHIBAIOLIETO CBOOOIHO
MOJIEKYJIIPHOE TEUECHHE.

13. B3anmopeiicTBre ¢ TOBEpHOCTRIO Tena. KoaduimenTs akkoMonanuu.

B3aumogeiicTBue raza ¢ IOBEPXHOCTBIO Tejla. PexuM nonHol akkoMmopauuu. JluHeliHas teopus
TEIUIOOOMEHa M TOBEPXHOCTHBIX CWJI JJISl Tela B CWJIBHO pa3pexkeHHoM raze. KoadduuumeHTs
AKKOMOJALIHH.

14. JlunamMmuyeckwuii BpIBOZI ypaBHeHUs1 bonbimMana.

VYpauenue JluyBumns.  llemouka boromob6oBa. [lpoGmema 3ambikanus. Amn3zar bonbimMana.
JunaMuueckuil BeIBOA ypaBHeHUs bonbumana. Bo3moxnble 0600menus ypaBHeHust bonpumMana.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIIeCTBICHHUS 00Pa30BATEJILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANATIPOSKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa

1. Teopernueckas pusuka [Texcr] : B 10 T. T. 10 : dusnueckas kuHeTHKA : y4e0. mocodue s By30B /
JI. 1. JTannay, E. M. Jludmm ; mon pea. JI. I1. [TutaeBckoro .— 2-e u3f., ucnp. — M. : ®uzmaniur,
2001, 2002, 2007 .— 536 c.

JomnonHutensHas auTeparypa
1. BBeaenue B coBpeMeHHYI0 cratuctuueckyto ¢pusuky [Tekcr] / P. O. 3aiines - M.JIMBPOKOM,2016

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

HocrynHeie yepes Internet, yueOHbIe mocoOust 1 COOPHUKH 3a/1a4, pa3paboTaHHBIC ISl TAHHOTO Kypca.
1. Koran M.H. [lunamuka paspexxeHHoro raza — M.: Hayka, 1967.

2. ®eprurep [x.,Kanep K. Maremarnueckast Teopus mpoiieccoB neperoca. — M.: Mup, 1976.

3. He I'poot C., Mazyp I. HepaBHoBecHas TepmoguHamuka. — M.: Mup, 1964.

4.boromo6oB H.H. [Ipobiembl tuHaMuuecKoi Teopuu B craTiucTndeckoit pusuke. — M.-JI.: TUTTII,
1946.

5. Yenmen C., Kaynunr T. MatemaTtuueckast Teopus HSOTHOPOIHBIX ra3os. - M.: MJI, 1960.
6. I'pan I. Tepmogumnamuka rasos. -M.: MammHoctpoenue, 1970.

7. Makcenn Jx. K. Tpynsl no kunernueckoii Teopun ra3os. -M.: BUHOM. Jlabopatopus 3nanuii,
2012.

8. bonbuman JI. M30panuble Tpyabl. - M.: Hayka, 1984.
9. Yepuunbsnu K. Teopus u npunoxxeHus ypaBHenus bonbumana. -M.: Mup, 1978.



10. Korar M.H., I'ankun B.C., ®pumnenaep O. [, O HanpspKeHUAX, BOSHUKAIOIIMX B Ta3axX
BCJICJICTBHE HEOJHOPOIHOCTEH TEMIIEPaTyphl M KOHIIEHTpanuii. HoBbIe THITBI CBOOOIHOM KOHBEKIINH.
YOH, 1976, T. 119. B.1. C. 111-126.

8. IlepeyeHb MH(POPMAMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o JMCUMILIMHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

OnekrponHas 6ubnuorexa lib.mipt.ru
9. MeTonuueckue yKazanus 1J1s 00y4al0IUXCs 110 0CBOSHHIO TUCIMILTHHBI (MOTYJIsT)

Crynent, usyvatomuidi Kypc «Kunerndeckas Teopusi ra3oB», AOJDKEH C OIHOW CTOPOHBI, OBJIAACThH
OOIIMM MOHATUIHBIM aMIapaToM, a C IPyroi CTOPOHBI, T0JDKEH HAYYUThCS MIPUMEHSATH TEOPETHUECKHE
3HaHUS Ha IPAKTUKE.

B pesynbrare n3yuyeHus NTUCHMIUIMHBI CTYJICHT JOJDKEH 3HATh (DyHIAMEHTAJbHBIC MOHATHS, 3aKOHBI,
TEOpUHU KIJIACCHYECKOW M COBPEMEHHOW (DM3WKU; MOPSIKM YMCICHHBIX BEJIMYWH, XapakKTepHBIC IS
pa3IMYHBIX pa3iesoB (U3UKH; COBPEMEHHBIE MPOOIeMbl (PU3UKH, MATEMATHKH.

YeneniHoe ocBoeHKE Kypca TpeOyeT HanpsnKEHHOM CaMOCTOSTEIbHON paboThI CTy/IeHTA.

B nporpamme Kypca npuBeieHO MUHIMAaJIbHO HEOOX0MMOe BpeMs sl pabOoTHI CTY/IeHTa HaJl TEMOH.
WnauBunyanpHas paboTa IpeAroaraeT caMOCTOSATEIbHOE BBIIONIHEHUE CTYACHTOM OMPEIEICHHOTO B
«3amanuny Habopa YNMPaXHEHHH M 33/1ad B COOTBETCTBUHM C TEMAaTHKON CEMHHApCKUX 3aHsTuid. [1pu
HEOOXOAMMOCTH CTYAEHT MOJYy4YaeT KOHCYJAbTALUIO [0 BBIIOJHEHHIO OTACIBHBIX 334ad Y
[IperojiaBareisl BELyLIEro 3aHATHs KaK BO BpeMsl IPOBEIEHHMs CEMHHApPCKUX 3aHATUH, TaK U BO
BHEYPOYHOE BpEMs IO COMNIACOBAHUIO C NperoaaBaTenieM. «3aJaHue» pa3fdaeTcs BCEM CTYICHTaM B
BU/ie y4eOHO-METOANYECKOTO MaTepHaia, COAEp Kalero nporpaMmy Kypca u yIpaKHEHHs, U 3a/1aui,
BKJIIOUECHHBIC B /IBa JOMAIIHUX 3aJaHUS.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuJib NOArOTOBKHU: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
kadenpa reopernyeckoit puzuku um. JI.J[. Jlannay

Kypc: 1

KBaJU(PUKAHA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3paborunk: E.A. Jlopodees, kann. ¢us.-mar. HayK, JOIEHT, TOIICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 CriocobGeH omnpeenuTh GU3NIECKYIO,
€CTECTBEHHOHAYYHYIO CYIIHOCTB IPOOIIeM,
BO3HMKAIOIINX B X071€ podeccHoHanbHOI
JeATeIIbHOCTH, IPOBECTH UX KaueCTBEHHBIHN 1
KOJINYECTBEHHBIN aHAIU3

OIIK-3.1 CrnocobeH MpoBOIUTH aHAIHM3 MPOOJIEM W 3ajiad,
BO3HHKAIOMIUX NpU padore B oOmacTu npodeccuoHaIbHON
AeSATEeIBHOCTH

OIIK-5 CriocobeH ocBanBaTh U IPUMEHSTh
COBpPEMEHHbIEC (DU3MKO-MAaTeMaTHYECKUE METObI
Y METO/Ibl UCKYCCTBEHHOTO MHTEIIJIEKTA IS
peieHus npodeccuoHaIbHBIX 3a1a4,
COCTaBJIATH MPAKTHUECKUE PEKOMEHIAINH T10
WCIOJIb30BaHUIO TOIYYEHHBIX PE3yIbTaTOB

OIIK-5.1 Bnageer COBPEMEHHBIMU
pacyeTHO-TEOPETUIECKUMH METOJIaMH, METOIaMH
KOMITBIOTEPHOTO MOJEIHPOBAaHUS U CcpelaMH pPa3pabOTKU
OPOrPaMMHOTO  OOECIICYCHHUS, NPUMEHSEMBIMH  IIPH
pelleHun 3a/1ad B cBoel nmpodeccruoHanbHON 00IacTu

[MK-1 CriocobOeH KpUTHYECKH aHATU3UPOBATh
COBpPEMEHHBIE MPOOIEMBbI TEXHUYECKON (PU3HUKH,
CTaBUTh 33Ja41 U pa3padaThIBaTh IPOTPaAMMY
WCCIICAOBaHMsI, BEIOUPATH aJIeKBaTHBIE CIIOCOOBI
Y METOJIbl PELICHUs SKCTIEPUMEHTAJIbHBIX U
TEOPETHUYECKUX 3a/1a4, HHTEPIIPETUPOBATD,
MPEACTABIATh U IPUMEHSTD HOJTy4CHHbIE
PE3yIbTaThl

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX PE3yJIbTaTax HCCIICIOBAHUN B
00JIACTH TEXHUYECKOW (DU3HKH

[1K-2 Crnoco0eH caMOCTOITENBHO BBIIIOIHITH
(U3MKO-TEXHUUECKHE HayUHBIE HCCIICIOBAHMUS
JUTSL ONITUMU3AIIMN TTapaMeTPOB OOBEKTOB U
MPOIECCOB C MCIIOIB30BAHUEM CTAHAPTHBIX U
CIEIMABHO pa3padOTaHHBIX
WHCTPYMEHTAIBHBIX ¥ TPOrPAMMHBIX CPEJICTB

[IK-2.1 Bnageer coBpeMEHHBIMH (PU3MKO-TEXHUYECKHUMHU
METOlaMHd  TEOPETHMYECKOI0 M IKCIEPUMEHTAJIBHOI'O
HCCIIEeIOBaHUS

[IK-2.2 IIpumensier METOAbl MAaTeMaTHYECKOTO aHalu3a U
CTPOUT MaTeMaTHYECKHE MOJENM Uil pelleHus 3aaad
ONTHUMU3AINN

[1IK-3 Cnocoben popMynupoBaTh TEXHUIECKHUE
3aj1aHus1, pa3padaThIBaTh U UCIIOIb30BATH
CpeICTBa aBTOMATU3AIMHU TP MTPOSKTUPOBAHUT
Y TEXHOJIOTMYECKOH MOJIrOTOBKE POU3BOJICTBA,
COCTaBIISITh HEOOXOAMMBIN KOMIUIEKT
TEeXHUYECKOH JOKYMEHTAI[HN

[IK-3.1 3Haer NOPUHLUUIBI COCTABICHHUS TEXHUYECCKUX
3a1aHUI U TEXHUYECKOW TOKYMEHTALUN

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YIBTATC U3YUCHUA TUCHUILIJIMHBI «Kunernaeckas TCOpUA ra3oB» 06}"{3.}0]]_[1/1171051 JOJIDKCH:

3HAThb:

- OcHoBHBIC HU3NUECKHUE MTOJOKECHUS KIACCUIECKON KHHETUYECKOH TeOpuH;
- OCHOBHBIE YpaBHEHHs KUHETHUYECKOM TEOpUM M IPEXAE BCEr0 KHUHETHUUYECKHE YpaBHEHUE

bonrumana;

- OCHOBHBIE METOJIbl MaTEMaTUUECKOI0 anlapara [yl pelleHusl JIMHEHHbIX HHTErPaJIbHbIX YPAaBHEHUN
BO3HHKAIOIIMX B KHHETUYECKOW TEOPUH T'a30B;

- OCHOBHBIE METO/bI PELICHHUs 3a]ad B JUHAMUKE Pa3peKEHHOI0 Iasa;

- METOJBI U CIIOCOOBI ONKMCAHUS B3aUMOCHCTBHS ra3a C IOBEPXHOCTbIO;

- METO[bl NOJIY4YEHUsI KUHETUUECKUX YPaBHEHUM U3 JTUHAMUYECKOH TeOpuH.

- Ilomp3oBarbes armaparoM ypaBHEHHH B YACTHBIX IPOU3BOIHBIX;

- IOJIB30BAThCS ANIAPaTOM TEOPUH BEPOSITHOCTEH;

- TI0JIB30BAThHCS aIlapaToM BEPOSTHOCTHBIX (DYHKIUI pactpe/ieeHs;

- peliaTb Ta30KWHETHYECKUE 3a/1a4H C YYE€TOM BHEIIHHX IOJIEH;

- pemars 3a/1a4¥ O MOBEACHUH MaKPOCKOIIMYECKHX CUCTEM B 33JAHHOM BHEIIHEM I10JIC;

- IPUMEHSATH MeTOJ TeopuH YernMeHna- JHCKOra Ul BBIBOJIA YPAaBHEHHUH ra30BOM JMHAMUKY;
- NPUMEHSATH MeToa YenMeHa-DHCKOTa B KHHETHYECKOW TEOPUU CMECH T'a30B;

- TpuMeHsTh ypaBHeHne Dokkepa-Ilnanka mis HaxoxaeHus ko3 dunmenToB nuddys3un.




BJIAA€Th:
- OCHOBHBIMH METOAaMU MATEMATUYCCKOI'O alrapara Kak KJIACCUYECKON KHHETHYECKOMH TCOpUn

rasosB;
- HaBbIKAMH TEOPETHYECKOTO aHaiM3a peajbHbIX 3a/ad, CBA3AHHBIX Kak CO CBOMCTBAMH
MaKpPOCKOIMMYECKUX CUCTEM PA3IMYHON NPUPOJIBI, TaK U ¢ UX KUHETUYECKUMHU CBOMCTBAMU.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BONPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMY KOHTPOJII0



3. llepeyeHb THUMOBBIX KOHTPOJBHBIX 3aJaHHMil, HCMOJb3yeMBIX /IJsl OIEHKH 3HAHMI,
YMeHUil, HABbIKOB

[TpomMexxyTodHas arTecTalys MO JUCHUIUIMHE OCYIIECTBIsIeTcS B (opMe 3K3aMeHa. DK3aMeH
IIPOBOAUTCA B YCTHOH (opMme.

HepequL KOHTPOJIbHBIX BOITPOCOB:

Tepmonunamuka. ba3oble nonarus. Hayana repmoanHaMuKy.
Wneanbublii 603e-ra3. Konnencanus boze-Diinmreiina
TepMoauHaMuyeckue NOTEHIMAIbl. TepMOIMHAMUYECKHE TOXKIECTBA.
YpaBHEHUE COCTOSIHUS U TEPMOAMHAMUYECKUE TIOTCHIIMAIBI HJIealIbHOTO 003e-Ta3a.
CooTHOIIeHUS MEXKY TPOU3BOIHBIMU TEPMOAMHAMUYECKUX BEITHUUH.
[Tapamarnetusm [laynu u nuamarserusm Jlanaay 3J€KTpOHOB B METaJLIe.
MaxkcumanbHast pabora. TepMoarHaMIUECKHE HEPABEHCTBA.
XUMHUUYECKUH MOTEHLMA, IaBJICHHUE U TEIUIOEMKOCTh 3JIEKTPOHOB B METAJLJIE.
3aBUCUMOCTh TEPMOAMHAMUYECKUX BEJIMYMH OT YUCJIA YACTHUIL.
. Uneanbhsiii pepmu-raz. DHeprus OepmMu U TemIieparypa BeIpOXIeHHs hepmu-rasa.
. PaBHOBecHe Tesia BO BHEIIHEM I10JIE.
. Pactipenenenne 'n66ca ¢ mepeMeHHBIM YHCIIOM YacTHIl. boJbioil kaHOHUYEeCKUi
aHCcaMOJTb.
13. TepMoauHAMUYECKUIA ITOTEHITAAT L.
14. Ksanrossle rassl. Pacnipenenenue ®@epmu-/upaxa u boze-OitHireiina
15. CBs3b MakcUMaJIbHOW PabOThI C SHTPONMEH HEPABHOBECHOT'O COCTOSIHUS.
16. KBanToBas norpaBka K ypaBHEHHIO COCTOSTHUS UJI€aIbHOI0O ra3a BAAIM OT BBIPOXKICHHUS.
17. Cratuctuka rayccoBbiX (haykryannid. OiIyKTyaluu OCHOBHBIX TEPMOIMHAMHYECKUX
BEJIMYMH.
18. CobGoaHas sHeprus ciabo HeUJeaaIbHOro KJIACCHUYECKOoro rasa. Bupuaasnoe
paznoxenue. @opmyna Ban-gep-Baanbca.
19. ®nykryanuu yncna yacTull B uaeaabHoM rase. Pactipenenenus Ilyaccona u I'aycca.
20. TepMoguHAMHUYECKHE TOTEHITHAIBI UICATBHOTO ra3a ¢ MOCTOSTHHOM TETIOEMKOCTBIO.
21. Metox ancam6ueii 'm60ca. CpenHue 3HaUeHHsI. Dproauveckas TUIIOTe3a.
22. YcnoBue xuMHU4Yeckoro paBHoBecusi. Monuzannonnoe paHoBecue. opmynsl Caxa.
23. Knnaccnyeckwii cTaTucTiHuecKuil ancamOi1b. OYHKIUS pacpeieCHHUS.
24. CpoiicTBa napa- 1 OpTOBOI0PO/A.
25. Knaccuyeckoe ypaBHenue JlnyBuis.
26. CraTucTuyeckas CyMMa, CBOOOIHAsI DHEPTHUS M SHTPOIIHS OTHOATOMHOTO HUACATHHOTO
rasa.
27. T'urote3a o0 paBHBIX alPUOPHBIX BEPOATHOCTIX. (MUKPOKaHOHNYECKHUI aHCAMOITh).
28. CraTucTudeckas CyMMa, CBOOO/IHAsI DHEPTHUS M SHTPOIHS ABYXaTOMHOTO HIEATbHOTO
rasa.
29. Marpuma motaoctu. Onpenerienne, cBolictsa. [IpuMep MaTpuIlbl IIIOTHOCTH.
KBanToBoe ypaBHenue JInyBuis.
30. CraTtucTuka U TEpMOJMHAMHUKA YEPHOTO U3NTydeHHsI. POTOHBI.
31. KBaHTOBBIN CTATUCTHUYECKHI aHCAMOITb.
32. ®oHOHBI B TBEpABIX Tenax. Monens Jlebas.
33. Pacnipenenenne ['m66ca (Kanonwmueckuit ancam6i1p). KBaHTOBBIN BapuaHT.
34. CraTuctrueckas CyMMa U CBOOOIHAS SHEPTHUs uaeanpHoro rasa. (Oomee
COOTHOIIICHUE).
35. Pacnipenenenne ['m66ca (Kanonmueckuit ancam6ip). Kiaccuyeckwii BapuaHT.
36. TepMoMHAMHUYECKHE TOTEHIIUAIIBI UJI€ATILHOTO Ta3a C MOCTOSIHHOM TEIIOEMKOCTBIO.
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37. DHTpONUS KaK XapaKTepUCTUKA CTATUCTHUECKOTo aHCaMOuIs1. AnabaTuaeckuil mporiecc.

38. YpaBHenue aguadatsl 11l HACATBHOTO Ta3a U YEPHOTO U3ITYYCHHS

39. Crartuctuueckast cyMMa U CBOOOJIHASI SHEPTUSI MHOTOAaTOMHOTO HJICAIbHOTO Ta3a.

40. Pacnipenenenne ['n66ca (Kanonnueckuit ancam6sip). KBaHTOBBINM BapHUaHT.

41. YcnoBue paBHoBecus dpas. Popmysia Knaneiipona-Knaysuyca. Kputuueckasi Touka.
TpoiiHas To4Ka.

[TprMepbl KOHTPOIBHBIX 3aAHUMNA:

1. Cucrema cocrout u3 N HEB3aMMOACHCTBYIONMINX OCHHUIATOPOB. HaliTm uucio
coctosiHu ((ha30BbIil HHTETpall) B KIIACCUYECKOM CIIy4ae U, MOJIb3YSICh UM, OIpPENEIUTh
SHTPOIUIO CUCTEMBI S MpH 3aJaHHON dHeprun E . [lonmyuuTh CBSI3b MEXIYy DHEpPTruei u
TeMIepaTypor cucteMbl . HalTh TemI0eMKOCTb CHCTEMBI.

2. BbIUMCINTB SHTPOINHUIO U BPAIIATEIBHYIO TEINIOEMKOCTh YUCTHIX OPTO- U MApaBOJ0pO/a.
3anucarh YCIIOBUE HUX IOJIHOIO TEPMOJMHAMHYECKOIO pPaBHOBECHUS M OIPENEIUTH
BpAllaTeIbHYI0 TEIUIOEMKOCTh M OIPENEIUTh BPAIIATEIbHYIO TEIJIOEMKOCTH CMECH.
CpaBHUTH TEIUIOEMKOCTh CMECH TIPU 33JJaHHBIX KOHIIEHTPALUSAX OPTO- U apaBOAOpOJia C
TEIJIOEMKOCTBIO B YCJIOBHSX IOJHOTO TEPMOJINHAMHYECKOTO PABHOBECHSL.

4, Kputepuu ouleHUBaHUSI

Onenka «ommmydo (10)» BeicTaBisieTcss 00ydaromeMycs, €CJIH OH IT0Ka3ajl BCECTOPOHHHUE,
CHCTEMaTH3UPOBAHHbIC, TJIYOOKHE 3HAHHS MO Y4eOHOH MporpamMme JAMCHUIUIMHBI, @ TaKXe IO
OCHOBHBIM BOIIpOCaM, BBIXOIAIIUM 3a eé npeacibl, © YMCHUC YBCPCHHO NPHUMCHATHL HUX Ha
NPaKTUKE NP PEHICHUU KOHKPETHBIX 3a/1a4, CBOOOHOE U MPABUIbHOE 00OCHOBAHUE MPUHSTHIX
pELICHUN.

Onenka  «ommmuno  (9)»  BbICTaBiseTcss  OOydYaromieMycs, €ClId  OH  [oKasal
CUCTCMATU3UPOBAHHBLIC, FJIy6OKI/IC 1 IIOJIHBIC 3HaAHUA y‘IC6HOﬁ nporpamMmmbl JUCHUIIJIMHBI W
YMEHHE YBEPEHHO MPUMEHATh UX Ha MPAKTHKE MPU PEUICHUH KOHKPETHBIX 3a/1a4, CBOOOHOE U
MPAaBIIILHOE 00OCHOBAHUE MPUHATHIX PEIICHHM.

Orenka «xopotio (8)» BbICTaBIsIeTCs 00y4aroneMycs, eClIM OH MoKa3ajl CUCTEeMAaTU3UPOBAHHBIC
U TiyOOKue 3HaHUs y4yeOHOW MPOrpaMMbl TUCHUIUIMHBI U1 YMEHUE YBEPEHHO MPUMEHSTh UX Ha
NPaKTUKE NIPU PEIICHUU KOHKPETHBIX 3a71a4, MPaBHILHOE 000CHOBAHUE MPUHSTHIX PEHICHUH.
Omnenka «xopomio (7)» BBICTaBISIETCS OOydYarOIIEMyCs, €CIM OH TBEPAO 3HACT Marepual,
TPaMOTHO U TIO CYIIECTBY MU3JIaraeT ero, yMeeT MPUMEHTh IMOTY4YeHHbIE 3HAaHUS Ha MPaKTUKE, HO
J0IMYCKAC€T B OTBETC UJIM B pCIICHUHN 3aa4 HCKOTOPBIC HETOUYHOCTH.

Omenka «xopomio (6)» BbICTABISETCS O0YYArOMEMyCs, €CIH OH JOCTaTOYHO TBEPIO 3HAET
MaTepHal, TpaMOTHO M3JIaraeT e€ro, yMeeT NMPUMEHSATh TOJYYCHHbIC 3HAHUS Ha MPAaKTHKE, HO
JO0IMYCKAC€T B OTBETC UJIM B pCHICHUHN 3aa4 HCKOTOPBIC HETOUYHOCTH.

Onenka «yaoBIETBOPUTENbHO (5)» BbBICTaBIAETCA oOOydarolmeMycs, €ClId OH TIOoKa3al
HEIOCTaTOYHO TBEpO0e 3HAHHWE MaTepHajja, HapyIIeHHs JIOTHYECKOW IMOCIEeOBATEIHHOCTH B
U3IIO)KEHUU TPOTPAMMHOTO MaTepuana, HO TpU ITOM OH BIaJeeT OCHOBHBIMH pa3jeliaMu
y4eOHON MpOTpaMMbl, HEOOXOAWUMBIMH JJIS JATbHEUIIEro OOYyYeHHs] M MOXKET IPUMEHSTh
MOJTyYCHHBIC 3HAHUS B CTAH/IAPTHOM CUTYAIIHH.

OneHka «yAOBJIETBOPUTEIHHO (4)» BBICTABISIETCS OOydYarOIMIEMyCs, €CIMd OH IoKasall
(parMeHTapHbIi, pa3pO3HEHHBIN XapaKTep 3HAHUHN, HEIOCTATOYHO MPABWIbHBIE (HOPMYTUPOBKU
0a30BBIX HOHﬂTHﬁ, HapyLmCcHUA JIOTHYECKOU MMOCICA0OBATCIIBHOCTU B U3JIOKCHUW IIPOTPaMMHOIO
MaTepuaiga, HO TIpU DTOM OH BIAJAEeT OCHOBHBIMU pa3lielaMH y4eOHOW MpOTrpamMMBbl,
HeO6XOI[I/IMI)IMI/I JJIA ﬂaﬂBHeﬁmeFO 06y’~IeHI/I$I U MOXCT MPUMCHATH IOJIYYCHHBIC 3HAHUA I10
o0pa3ily B CTaHAAPTHOM CUTYaIIUU.



OneHka «ymoOBICTBOPUTENHLHO (3)» BBICTABISETCS OOy4aromemycs, €cld OH IOKasal
(dbparMeHTapHbBIN, pa3pO3HECHHBIH XapakTep 3HAHUH, MOMyCKaeT OMHOKH B (HOopMyIHpOBKaXx,
HAPYIICHUS JIOTUYECKOM TOCIIeI0OBATEIIEHOCTH B U3JI0KEHUHU MMPOTPAMMHOT0 MaTepuana, HO IMpu
STOM OH B IIEJIOM BJIa/IC€T OCHOBHBIMHU pa3jieliaMu y4eOHOM MporpamMmbl, HEOOXOIUMBIMH IS
JAITBHEUIET0 O0yYeHHUS ¥ MOXKET MPUMEHSTH IMOJIYYCHHBIC 3HAHUS 110 00pa3Ily B CTaHAAPTHOU
CUTYallUH.

O1cHKa «HEYIOBJICTBOPUTEILHO (2)» BBICTABISACTCS CTYACHTY, KOTOPBIH HE 3HAET OOJbIiei
YacTH OCHOBHOTO COJEpKaHMs yueOHOW IMpOorpaMMbl AUCHMILTUHBL, TOIMYCKAaeT TpyOble OmNOKU
B (hOpMYIHPOBKAX OCHOBHBIX TOHATHUN AMCIUIUIMHBI U HE YMEET HCIIOIB30BaTh IMOTYYCHHBIE
3HAHUSA MPU PEIICHUU TUIOBBIX MPAKTUYECKHUX 3a]1au.

Ipumep 0ns sK3aMeHAYUOHHO20 Duema:
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1. PaBHOBecHe Tela BO BHEIIHEM IIOJIE.

2. Pacnpenenenue ['mG0ca ¢ mepeMeHHBIM YHCIIOM YacTHIl. BOBINON KaHOHUYSCKUH
aHcamOJIb.

3. Haiftu cTtemeHp JOuCCOLMALIMM M TEIUIOEMKOCTh IBYXaTOMHOIO Ta3a MpPH BBICOKUX
TeMriepaTtypax. MoJekyja rasa COCTOMT M3 OJWHAKOBBIX aTOMOB W B HOPMAaJIbHOM
COCTOSTHUM HE UMEET CIIMHA U OPOUTAILHOTO MOMEHTA.

5. MeTroauyeckue MaTepuasibl, onpeesiomue Npoue1ypbl OLeHNBAHUS 3HAHUI, YMeHMIi,
HABBIKOB M (WJIH) ONBITA 1eATEJIbHOCTH
Hampumep, mopsaok mpoBeneHus 3K3aMeHa, 0COOCHHOCTH OIICHKH BBIITOJTHCHHBIX 3aJJaHUM.

Ipumep opopmnenus:

Jlns ycTHOrO 9K3aMeHa:

[Ipu mpoBedeHHHM YCTHOTO 3K3aMeHa oOydaromiemycsi npenoctaBisercs 40 MUHYT Ha
noAroToBky. Ompoc oOydaromierocs mo OWieTy Ha YCTHOM dK3aMeHEe He JOJKEH MPEBBIIIAThH
JIBYX aCTPOHOMUYECKUX YACOB.

Bo Bpems mpoBeaeHus Sk3aMeHa oOOydarollMecss MOTYT TIOJb30BaThCS  MPOrpaMMoOin
JUCLHUIIIIMHEL, @ TAK)KE CIPABOYHON JIUTEPATYPOU U BBIYMCIMTEIBHON TEXHUKOM.



