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

YTBEPKAEHO
JupexTop pu3TEeX-IMIKOJIbI
3JIeKTPOHHUKH, JOTOHMKHU U
MOJICKYJISIPHOH QU3UKH

B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: MOHGKYHHPHO—KI/IHGTI/I‘IGCKZIH TCOpHUA
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadenpa u3nueckol ¥ XUMHUUECKOW MEXaHUKH

Kypc: 1
KBaJIMpUKALS: MarucTp

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

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[IporpamMmy cocraBunu:

C.T. CypxukoB, A-p ¢pu3s.-mar. HayK, mpodeccop
J.A. Cropoxes, KaH[l. pu3.-MaT. HAYK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpbl GU3NIECKON 1 XUMUUECKO MexaHuku 29.05.2020



AHHOTANMA

Kypc "MonekynsipHO-KMHETHYeCKass Teopus" TpeaycMarpuBaeT H3ydeHue (U3NYECKUX OCHOB MEXaHHKH
CIUIOIIHBIX CPEZ, OCHOBAHHBIX Ha MOAXOAAaX MOJEKYISPHO-KHHETHYECKONW TEOPUH U, B YACTHOCTH, Ha TEOPUH
ypaBHEHUs boiblmaHa.

3amaun Kypca:

* OCBOCHHE CTy/JCHTaMH 0a30BbIX 3HAHUH B 00OJACTH MOJEKYISIPHO-KHHETHYECKOW TEOPHUH, COCTABIISIONICH
(hm3rueckre 0CHOBBI MexaHUKH crutomHbIX cpen (MCC);

° HpI/IO6peTCHI/I6 TCOPCTUICCKUX 3HAHMI B 00IacTU (1)I/ISI/ILICCKI/IX OCHOB MCXaHHWKHU CIUIOIIHBIX CPCH;

* W3YyYECHHE CIOCOOOB IIONIYYCHHS yPaBHEHWW MEXAaHWKH CIUIONIHBIX Cpell C HCIOJb30BaHWEM YpaBHEHUS
bonpnmana;

* OKa3aHHWE KOHCYIbTalMH M TIIOMOIIM CTYJICHTaM B TIPOBEAECHHMH COOCTBEHHBIX TEOPETHYECKUX U
9KCIIEPUMEHTAIILHBIX UcciieaoBaHni B obmactu MCC;

* OCBOCHHE CTyIACHTaMu Oa30BBIX 3HAaHMU AJIS JaJbHEWUIIEr0 W3y4YeHHs SIBICHUHA (U3NYECKON MEeXaHUKU
(ra3oBbIe pa3psibl, pU3MKA yIApHBIX BOJIH, PEJIAKCAIMOHHBIE IPOIECCH B (PU3UKO-XMMUUECKOH MEXaHHKE).

OcHOBHOE cofepxaHHue Kypca U3JI0OKEHO B CIEAYIOIIUX pa3aesax:

. Uctopuueckue aciekThl co3aanus ypaBHeHus: bonpmana

. MHKpPO- 1 MaKpOCKOIIMYECKUE BEITMYMHBI, XapaKTEPU3YIOLLME OMHOPOAHBIN U HEOJHOPOIHBIN a3

. Benmmunnbl, Xapakrepusyomye razosie cMmecH. JuddepeHnnaisHoe cedeHne, CeYeHne MOTepH UMITYIIbCa
. Knaccuueckuii BbIBoj ypaBHeHUs bonbliMana

. BbIBOA MaKpOCKONMMUYECKUX 3aKOHOB COXPaHEHUs

. AIJIUTUBHBIE UHBAPUAHTBI

. O600IIEeHHBII 3aKOH COXPAHEHUS JIJIsl Ta30BOM CMeCH

0 3O LD AW~

. BeIBOA1 ypaBHEHMIT HENPEepBIBHOCTH, IBMKEHHS U OajaHca u3 0000IIeHHOTO 3aKOHA

9. H-teopema bonpiimana

10. @yHKIMA pacnpeesieHlss MOJIEKYII [0 CKOPOCTSAM B COCTOSHMM TEPMOIMHAMUYECKOTO PABHOBECHUS
11. Meron Yenmena-2Hckora

12. BeruncneHne nepeHoCHBIX CBOWCTB € UCIIOIb30BaHUEM MOJIMHOMOB COHMHA

13. OcobeHHOCTH KHHETUYECKON TEOPUHU YaCTHYHO MOHW30BAHHBIX Ta30B U IJIa3Mbl

14. CronkunoBuTenbHbIi uneH okkepa-Ilnanka

15. Kunernueckoe ypaBHeHre Brnacosa

16. JlByuneHHoe (JopeHneBo) mnpubmmkenne (QyHKIMH pacnpeneneHus. KuHeTwueckoe ypaBHEHHE
Bonbumana 11 3€KTPOHOB B TUIa3Me TICIOMIETO paspsiaa

17. UwucrneHHOE MOIEIMPOBAHUE KHHETHYECKOTO ypaBHEHUS bonbliMana mis (QYyHKIHU pacHpenesIeHHs
3NIEKTPOHOB B TICIOLIEM pa3psizie

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

®* HU3y4YCHHUC (bI/I?,I/I‘IeCKI/IX OCHOB MCXAaHUKH CIUIOIIHBIX Cp€d, OCHOBAaHHBLIX Ha MoAXOoAdax
MOJ'ICKy.]'IHpHO—KHHeTPI‘IeCKOfI TCOpHUU U, B YaCTHOCTH, HA TCOPUHN YPABHCHUA bonsumana.

3agaum AUCHUILUITHHBI
* OCBOGHHME CTyIeHTaMH 0a30BBIX 3HAHWI B OOJNIACTH MOJICKYJIIPHO-KHHETUYECKOW TEOpHH,
cocTapJsoniel pu3nveckre 0CHOBBI MeXxaHuku cruionHbix cpen (MCC);
* IpUOOpPETeHNE TEOPETUUECKUX 3HAHUH B 00J1aCTH (PU3MUECKUX OCHOB MEXAHUKH CIUIOIIHBIX CPEJI;
* H3y4YeHHE CIOCOOOB TIONYYCHHS YPABHEHMH MEXaHUKM CIUIOIIHBIX Cpel C HCIOJIb30BaHHEM
ypaBHeHus bonbimana;
* OKa3aHWE KOHCYJIBTAllMHd M TOMOIIM CTYISHTaM B TPOBEICHUH COOCTBEHHBIX TEOPETUYECKUX WU
SKCTICpUMEHTAIILHBIX UccieoBanmii B obmactu MCC;
* OCBOCHHME CTyACHTaMH Oa30BBIX 3HAHMW IS JAIBHEWIIEro H3yYeHHs SIBICHUH (DU3NIECKON
MEXaHUKN (ra3oBble  paspsiipl, (U3MKA yAAPHBIX BOJH, pEJIAKCAIMOHHBIC IIPOIECCH B
(PU3UKO-XMMUYIECKOI MEXaHUKE).



2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
uHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH craBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

peats 3a1a4u, B ToM uncie paspadareiBath 1 [[IK-1.2  CriocoGeH  BBIIABUTATh  THUIOTE3bl, CTPOHTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3ydaeMbIX
M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SIBJICHHH M MPOLIECCOB, OLECHUBATh KAUECTBO pa3paboTaHHON
aHAJIM3MPOBATh HAy4YHbIE MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUecKue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIbTaTh

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOIYJII0)
B pesynberare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
(] ¢pyHaaMeHTaIIbHEIE IOHATHS, 3aKOHBI, TECOPHH KJIACCHYSCKOW U COBPEMEHHOU (PU3NKH;
[J MOPSZIKY YUCIICHHBIX BEJTMYWH, XapaKTepHBIC JIJISl pa3IHYHBIX pa3ienoB (U3HKH;
[] coBpeMeHHBbIC TTPOOIEMbI PU3NKH, XUMHUH, MAaTeMATHKH,
[J METO/IbI MEXaHWUKH CIUIONIHBIX Cpell, pa3padoTaHHbIe Ha 0a3e MOJIEKYISPHO-KHHETHYECKOW TEOPHH.
YMETh:
[J abcTparupoBarbcs OT HECYIIECTBEHHOTO TIPU MOJICTUPOBAHUHN PealbHBIX (PU3NUCCKUX CUTYAIIHI;
[ Tonp30BaThCsl CBOMMH 3HAHWUSAMH JJIs PEIICHUS (QYHIAMEHTAIBHBIX M TPHUKIATHBIX 33134 |
TEXHOJIOTHYECKUX 33/1a4;
[J menaTh MpaBUIIbHBIC BEIBOJIBI U3 COMOCTABICHUS PE3Y/IbTATOB TEOPUU U SKCIIEPUMEHTA;
[] mpou3BOIUTH YHCIIEHHBIE OIICHKH TIO MOPAJIKY BEIMYHHBL,
[] menarh Ka4eCTBEHHBIC BBIBOJIBI ITPH MEPEXOJIE K MPEICIBHBIM YCIOBUSAM B U3ydaeMbIX TpoOieMax;
[J ocBaWBaTh HOBBbIE NPEAMETHBIC OOJNACTH, TEOPETUYECKHE MOJXOABI M METOIbl KOMITBIOTEPHON
¢buzuky;
[l momydaTe HaWydlIde 3HAYEHHUS H3MEpSEMbIX BEIHYMH M MPaBHWIBHO OLIEHUTh CTENEHb HX
JIOCTOBEPHOCTH;
[J paboTaTh Ha COBPEMEHHBIX KOMITBIOTEPAX M CYNEPKOMITBIOTEPAX;
[0 3¢QexkTuBHO HMCTONB30BaTh HH(POPMANMOHHBIE TEXHOJIOTHHM M KOMITBIOTEPHYIO TEXHUKY IS
JOCTHKEHHUSI HEOOXOTUMBIX TEOPETHUECKUX U MPUKIIAJHBIX PE3yIbTaTOB.
BIIA/IETh:
[] HaBBIKAMH OCBOEHUS OOJBIIOTO 00beMa HHGOPMAITUH;
[J HaBBIKAMH CaMOCTOSATENBHOU paboThl B 1aboparopuu u UHTepHETE;
[] KyJBTYpOU IMMOCTAaHOBKH U MOJICIIUPOBAHMS (PU3NIESCKUX 3a7ad;
[ HaBBIKAMH I'paMOTHOW 00pabOTKH Pe3yNbTaToOB YUCIEHHOTO MOJICIMPOBAHUS U COMOCTABICHUS C
TEOPETUYECKUMU JaHHBIMU;
[ mpaKkTUKOM HCCIENOBAaHUS U PEIICHHS TEOPETUYECKUX U MPUKIATHBIX 3aad.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

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

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.

Jlextiun | Cemunapsr | JlaGopat. paGoOTHI pabora




| Ucropuueckue acCIeKThI CO3/IaHUA | )
ypaBHeHus boibimana
Muxpo- u MaKpOCKOIINYECKHUE

2 BEJTUYHHEI, XapaKTepU3yIOIINe 2 2
OJTHOPOAHBIN U HEOAHOPOIHBIN a3
Bennuunsl, xapaktepusyroniue Ta30Bble

3 cmecu. [uddepennmanpHoe ceueHwue, 1 2
CedeHHEe TOTEepPH UMITYJIbCa

4 Kitaccuuecknit BBIBOJ| ypaBHEHHUS 2 2
bonsumana

5 BriBom ~ MakpOCKOMUYECKHX  3aKOHOB 4 3
COXpaHeHHUs

6 ANIUTUBHBIC HHBAPUAHTHI 1 2

7 OOOOIICHHBIN 3aKOH COXpaHEHUs I ) )
ra3oBoi cMecH
BriBon  ypaBHEHMII  HENPEPBIBHOCTH,

8 IBIDKEHUST W OanaHca u3 00OOIEHHOro 2 2
3aKOHa

9 H-teopema bonbimana 2 2
OyHKUMS paclpenesieHus] MOJEKyl o

10 |cxopocTsm B COCTOSTHUH 2 2
TEPMOIMHAMHYECKOTO PABHOBECHS

11 Merton Uenmena-2HcKora 2 2

12 BrluncneHrne TEpEHOCHBIX CBOMCTB C | )
HCIOJIb30BaHUEM MTOTMHOMOB COHUHA
OCOOEHHOCTH  KHMHETUYECKOH  Teopuu

13 |4acTMYHO HOHU30BaHHBIX Ta30B U 1 1
TTa3MBbl

14 CTONKHOBUTEIHHBIN YJIeH | |
®oxkepa-Ilnanka

15 Kunernueckoe ypaBHeHue Brnacosa 2 1
JIByunenHoe (JIOPEHIIEBO) MPHOIIKEHUE

16 ¢dbyHknuu pacrpenenenusi. Kunernueckoe ) |
ypaBHeHUe bonblMaHa 115 3IEKTPOHOB B
J1a3Me TACIOUIETO pa3psaa.
Hucnennoe MOJICJINPOBaHUE

|7 [|kumHeTHUECKOTO ypaBHEHHS Bonbumana ) 1
TUIS byHKIMU pacnpeneneHus
3JIEKTPOHOB B TJICIOLIEM pa3psae

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)
1. UcToprdeckue acnieKThl co3aanus ypaBHeHus bonblMaHa

Ncropnyeckne acnekTsl CO3JaHUS ypaBHEHUsA bonplMaHa M pOJIb TOrO YpaBHEHHWS B Pa3BUTHU
teopetrueckoi ¢pusukn XX Beka. Kparkuit ucropuaeckuii 0030p.

2. Mukpo- 1 MakpOCKOIIUYECKHE BETUYHMHBI, XapaKTePU3YIOLIUEe OTHOPOAHBINA U HEOAHOPOAHBIH Ta3




Bennuunsl, XapakTepusyrolide OIHOPOIHBIM M HEOAHOPOAHBIN Tra3. DyHKIMS pacnpelneneHHs |
CpeAHME 3HaueHusl. BekTopbl IIOTOKOB MaccChl, HMIIYJIbCa, 3HEPIUU A OJHOPOAHOIO U
HEOJHOPOIHOIO Ta3a.

3. Benuuunsl, xapakrepusyrouiie razossie cmecu. AuddepeHunansHoe ceueHne, ceueHue IMOoTepu
HUMILYJIbCa

Benuuunsl, xapakrtepusyromue ra3oBble cmecH. Yacrora croiakHOBeHui. CpemHss AIuHA
cBoOogHOro mpobdera. CedyeHHs1 CTOJKHOBEHMA: MOJHOE cedeHue, auddepeHIransHoe CeueHHeE,
CeUeHHE  IOTepH HUMILYJIbCa. XapaKTepUCTUKU BEJIMYMH CEYEHUH CTOJIKHOBEHUsA. CKOpOCTh
mpoecca.

4. Knaccnueckuii BBIBOJ ypaBHeHUs bonbiimana

Knaccuueckuil BeiBon ypaBHeHus: bonbumana. Jloka3zaTenbCTBO TeopeMbl JIMYBUILIS O COXpaHEHUU
¢dazoBoro oobema.

5. BrIBOJI MaKpOCKOIIMYECKUX 3aKOHOB COXPAHEHUS

BrIBOI MakpOCKONIMYECKHX 3aKOHOB COXPAaHEHHA Ul Ta30BOM CMECH Ha OCHOBE YpaBHEHHS
Bonbimana. ObGocHOBaHME MOMEHTHOH TMpolenyphl. BeposTtHocTHas TpakToBKa. [mmoreza o
MOJIEKYJIIPHOM XaocCe.

6. A1IUTUBHBIC UHBAPUAHTHI
BBeznenne aauTHBHBIX HHBApHAHTOB. CBS3b C 3aKOHAMH COXPAHEHHS KJIACCUYECKON MEXaHHKH.
7. O6001ICHHBIH 3aKOH COXpaHEHUsI U1 Ta30BOi cMecH

[lonyuenne 00OOLICHHOTO 3aKOHA COXpaHEHWs il ra3oBoil cmecu. lcmosib3oBaHHE TEOPEMBI
JInyBusis.

8. BriBoI ypaBHEHUI HEMPEPHIBHOCTH, JIBM)KEHUS B OaslaHca U3 0000IIEHHOTO 3aKOHA

I'pannyHbIEe yCIIOBUS B POCTPAHCTBE CKOPOCTEH. BBIBOI ypaBHEHUI HENPEPHIBHOCTHU, ABUKECHUSI U
OanaHca SHEprux U3 000OIIEHHOTO 3aKOHA.

9. H-teopema bonbimana

HOKa3aTCJ'H>CTBO H-TeOpeMBI BOJ'IBLIMaHa. CBs13p €O BTOPpbIM  3aKOHOM  TCPMOJAMHAMHUKU.
HeOGpaTI/IMOCTB JAVCCUIIaTUBHBIX IIPOLICCCOB B TCPMOAMHAMHNYCCKUX CUCTEMAX.

10. @ynkuus pachpenesieHuss MOJEKYJl [0 CKOPOCTSAM B COCTOSHUM TEPMOAMHAMUYECKOIO
paBHOBECHUS

IIpumenenne ypaBHeHus bonblMaHa K aHamu3y TEPMOIMHAMUYECKOIO pABHOBECHS B Tasax.
[Monyuenne MakCBeIIOBCKON (DYHKIIMU pacTpe/ie]ICHHUS.

11. Meron Yenmena-2Hckora
Bgenenue B Teoputo Uenmena-OHckora. Onpenenenyue cBOMCTB MoMMHOMOB COHHMHA.
12. BeruncneHne nepeHoCHBIX CBOWCTB € UCMIOIb30BaHUEM MOJIMHOMOB COHMHA

[TonyueHue pacyeTHBIX COOTHOLIEHUM Il CBOMCTB IIEPEHOCA Ia30B: BSI3KOCTU U TEIUIOIPOBOAHOCTH.
[Nopsnok nmpubnmxenus: reopun YenmeHna-IHCKoTa.



13. OcobeHHOCTH KHHETUIECKON TEOPUHU YaCTHYHO MOHW30BAHHBIX Ta30B U IJIa3Mbl
JlebaeBckuit pagnyc SKpaHUpPOBaHUs. PacyeT ceueHmit B3anMOIEHCTBHS YacTHI] B TIa3Me.
14. CronkunoButenbHbIi uneH okkepa-Ilnanka

[Tonyuenne ypaBHenust @okkepa-Ilnanka. Ero oCHOBHBIE CBOMCTBA.

15. Kunernueckoe ypaBHeHre Brnacosa

OOocHOBaHME KHHETHUECKOTO ypaBHeHHMs BmacoBa 1  O€CCTOIKHOBUTEIBHOW  IJIa3MBI.
beccTonKHOBUTENBHBIE YIapHBIE BOJIHEL.

16. IByunennoe (JI0peHLEBO) npubmmkenne (yHKUMU pacnpeneneHusi. Kunernueckoe ypaBHEHHE
BosbliMaHa [u1s 371EKTPOHOB B IUIa3Me TICHOLIEro paspsija.

Pasznoxenne QyHKOMHM paclpenesieHus] M0 OpTOroHaJbHBIM monuHoMaMm Jlexxanapa. JlopeHueso
npubmxenue.  DopMylIMpOBKAa  KMHETHYECKOTO  ypaBHeHHMs  bombiiMana it QyHKUIUH
pacnpeneneHus B JIOPEHLEBOM NPUOIMKEHHH.

17. UucneHHoe MOAEIMPOBAaHWE KHHETHYECKOTO ypaBHeHUs bombimana pgns  (QyHKUMu
pacrnpeneneHus 3IeKTPOHOB B TIEIOILEM pa3psiie

Mertonpl 4MCIEHHOIO pELIEHHs KUHETHUYeCKOro ypaBHeHus bonbumana. KoneuHo pasHocTHas
annpoOKCUMAIHs yPaBHEHHUS.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0XMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yudeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. ®epuurep x., Kanep [. Maremaruueckast Teopust poIEeCCOB nepeHoca B razax. -M. Mup, 1976 r.,
554 c.

2. 'mpmensaep JIx., Kepruce Y., bepa P. Monekynsiprast Teopust ra3oB 1 xKuIKocTed. M.
WNHocTpanHas nmuteparypa, 1961 r., 798 c.

3. Mutunep M., Kpyrep 1. Hactuuno nonnsupoBanusie razel. M. Mup, 1976r., 496 c.

4. TpyouuxoB b.A. Teopus mnazmel. M. DHeproaromuzaar, 1996 r., 464 c.

JlononHuTenbHAs TUTEpaTypa
1. CmupaoB b.M. ®uznka ciabonoHnsupoBanHoro raza. M. Hayka, 1972 1, 446 c.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://www.ipmnet.ru.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPEeNyCMOTPEHBI.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIJINHBI (MO)_IyJ'lﬂ)

CryneHT, W3ydYaromMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTC U3YyUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
YMETb NPUMCHATDH IMOJYYCHHBIC 3HAHUSA IJIA PCIICHUA Pa3IMYHbIX 3a/a4d.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSTENILHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy yd4eOHOro Marepualia, TOATOTOBKY OTBETOB Ha BONPOCHI, MpPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3yUCHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYICHTaM Ha 3aHATHUSIX;

— MOJATOTOBKY K BBIMOJIHEHUIO 33JaHUI TEKYLIEH U TPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BrnajieHHUss MaTepUaIoM CIIY)XHT YMEHHE 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMam
JUCIUTLIAHEL

BaxxHO moOWTHCS TTOHMMAaHHUS W3y9aeMOT0 MaTepualia, a He MEXaHWYECKOTO ero 3amoMuHaHus. [lpum
3aTPYJHCHUH W3YYCHHUsS OTJAEIBHBIX TEM, BOMPOCOB, CIEAYyeT OOpamaTrhCsi 3a KOHCYJABTAIUSMH K
MPEIoIaBaTelio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa u3nueckor ¥ XUMHUUECKOW MEXaHUKH

Kypc: 1

KBau(pukanus: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH
PazpaGoTunkm:

C.T. CypxukoB, A-p ¢u3s.-mar. HayK, mpodeccop
J.A. Ctopoxes, KaH[l. pH3.-MaT. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTreMaTHYeCKHe MOAEIM M ONHMCAaHUs H3y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHUI M MPOIIECCOB, OIICHNUBATH KAY€CTBO pa3pabOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)
OKCIIEPUMEHTAIbHBIE METOJbI MCCICAOBAHNN K KOHKPETHOM
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus qUCIUIUIMHEI « MOJIEKYISIPHO-KUHETHIECKAs TEOPHs» 00yJarONUiACs JOIDKEH:

3HATh:
0 (pyHmameHTaIbHBIE IOHSITHSL, 3aKOHBI, TCOPHH KJIACCUYECKOH M COBPEMEHHON (PU3UKU;
] HOPSIAKY YUCIICHHBIX BEIMYMH, XapaKTEePHBIE IS PA3IIMUHBIX PA3IeTIoB (HU3HUKH;
[J coBpeMeHHbIE PoOieMbl (PU3UKH, XUMUHU, MATEMATHKH;
] MEeTO/IbI MEXaHHUKH CIUIOLIHBIX cpel], pa3paboTaHHbIe Ha 6a3e MOJIEKYIIPHO-KMHETHUECKOM TeOpHH.
yMeThb:
[ abcTparnpoBarhCst OT HECYIIECTBEHHOTO PU MOJCIUPOBAHNH PEaTbHBIX (PU3NUECKUX CUTYALH;
[J moyib30BaTbCs CBOMMHM 3HAHMUSAMHU Ui pemieHus (yHAaMEHTAIbHBIX W NPUKIAAHBIX 3a1ad |
TEXHOJIOTUYECKUX 3a/1a4;
[J nenaTh MpaBUIIbHBIC BBIBOJBI U3 COMIOCTABIICHUS PE3YIBTATOB TEOPUHU H SKCIIEPUMEHTA;
] IpOU3BOIUTDH YHUCIIEHHbIE OLIEHKH T10 MOPSIIKY BETUIHMHBI;
[J nenaTh KaueCTBEHHBIE BBIBOJIBI ITPU NIEPEXOE K MPEACIIbHBIM YCIOBHAM B U3yYaeMbIX IpobieMax;
[l ocBamBaThb HOBBbIE IPEIMETHBIE O0JACTH, TEOPETUYECKHE IOAXOABI M METOIbl KOMIIBIOTEPHOM
¢buzuky;
[l momy4aTh HaWIy4dllMe 3HAUCHHMS M3MEPAEMBIX BEIMYMH M TPABUIBHO OLECHUTh CTENEHb MX
JOCTOBEPHOCTH;
[ paboTaTh Ha COBPEMEHHBIX KOMIIBIOTEPAX U CYNEPKOMIIBIOTEPAX;
[J 3¢¢exTUBHO HUCHONb30BaTh HWH(OPMALMOHHBIE TEXHOJIOTMU M KOMIIBIOTEPHYIO TEXHUKY ISt
TOCTHKEHUS! HEOOXOIMMBIX TEOPETUIECKHUX U MPHUKIIAJHBIX PE3yIbTaTOB.
BJIA/1eTh:
[J HaBBIKaMH OCBOEHUS O0JBIIOr0 00bemMa nHpOpMaLIny;
[ HaBBIKAMH CaMOCTOSATENIbHON paboThl B 1aboparopun u MHTEepHeTe;
[J KyJBTypO# MTOCTAHOBKU M MOJICIMPOBAHUS (PU3NUECKUX 3a/1a4;
] HaBBIKAMM TI'PaMOTHOH OOpabOTKM pPEe3y/lbTaTOB YHCIEHHOTO MOAEIMPOBAHMS M COIOCTABICHUS C
TEOPETHYECKUMH 1TaHHBIMU;
) mpaKTUKON MCCIIEI0BAaHNS U PELICHUS] TEOPETUUECKUX U MPUKIIAIHBIX 331a4.

3. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bomnpocs! k 3k3aMeHy:



. Jls1s1 yero Hy’KHa KUHETUYECKasi TEOPUSI B MEXAHUKE CILIOLIHBIX CPEL.

. Uctopus nonyuenust ypasHenus bonprmana

. @yHKLUSA paclpeaeeHUs U CpeIHUE 3HAUCHHUS.

. Bextop nmoroka macchl.

. Bexropsl IOTOKAa UMITYyJIbCA.

. Bexrop noroka sHepruu.

. Bexrop notoka maccel. Benuunnsl, XapakTepu3yolue ra3oBble CMECH.

. Bekropsl noroka ummynbsca. BenuunHel, XapakTepu3yIoOLIe ra30Bble CMECH.
. Bexrop notoka 3nepruu. BenuuuHel, XapakTepu3yIoLIue ra30Bble CMECH.

. IloTennmanel B3aMMOAEHCTBUSA YaCTHULL.

. OnpezneneHye NOHATUSA YaCTOThI CTOJIKHOBEHUH.

. Cpennsist nmHa cBOOOHOTO Mpodera.

. CedyeHus1 CTOJIKHOBEHMSL: IIOJIHOE CEUEHHUE.

. CedyeHust CTONKHOBEHMSI: U PepeHINATLHOE CEUCHUE.

. CedeHus CTOJIKHOBEHMSI: CEUEHUE IOTEPU UMILYJIbCA.

. XapaKTepUCTUKHU BEJIMYUH CEUEHUH CTONKHOBeHUs. CKOPOCTb IIpoLecca.
17.
18.

ANroput™ KiaccudecKkoro BbiBojAa ypaBHeHUs bonblmMaHa.
AJNropuT™M BBIBOA MAaKpPOCKOIIMYECKUX 3aKOHOB COXpaHEHMs Uil Ia30BOM CMecH Ha OCHOBE

YpPaBHCHUSA BOJ'IBL[MaHa. YpaBHeHHe 3aKOHAa COXPAaHCHUSA SHCPIrUU.

19.

AJ'IFOpI/ITM BBIBOJ MAaKpPOCKOIMMYCCKUX 3dKOHOB COXpPAHCHUA JIJId ra3oBoMl CMECH Ha OCHOBE

ypaBHeHus bosbliMaHa. YpaBHEHUE 3aKOHA COXPAHEHUS UMITYJIbCA.

20.

AJ'IFOpI/ITM BbIBOA MAKPOCKOIIMYCCKUX 3daKOHOB COXpPAaHCHHUA JIA ra3oBol CMeCH Ha OCHOBE

YpPaBHCHUSA BOJ'IBL[MaHa. ypaBHeHI/IC HCPA3pPbIBHOCTH.

21

. AITMTUBHBIC HHBAPHAHTHI.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

Anroputm BbIBoAa 0000IIEHHOTO 3aKOHA COXPAHEHUS AJISl TA30BOW CMECH.

AJNTopuTM BBIBOAA yPAaBHEHHSI HEPEPBHIBHOCTH U3 000OIIEHHOTO 3aKOHA.

AJNTOpUTM BBIBOAA YPAaBHEHUS JBUKECHUSI.

ANropuT™M BBIBOAA ypaBHEHHs OajlaHCca SHEPTHH U3 000OIIEHHOTO 3aKOHA.

H-teopema bonprmMana.

OyHKUUS pacnpeaesneHsl MOJIEKYI [0 CKOPOCTSM B COCTOSIHUM TEPMOJUHAMUYECKOTO PaBHOBECHSI.
Meron YenmeHa-DHCKOTa B HHTEPIPETALN DHCKOTA.

[TpubnuxeHne HyaEBOrO U MEPBOTO MOPsAIKA s PyHKIHH pacipeaesieHusl.
Brrunciienne nepeHoCHBIX CBOMCTB € UCTIOJIb30BaHUEM MOJMHOMOB COHMHA.
Bapuaunonsslii npuHIMO B Teopun YenMeHa-DHCKora.

OC00eHHOCTH KHHETHYECKOH TEOPUH YACTUYHO MOHM30BAaHHBIX TA30B U IUIa3MBI.
CronkHoButenbHbIN wieH okkepa-Ilianka.

Kunernueckoe ypaBHenue Bnacosa.

IlepenocHble CBOMCTBAa YACTUYHO W CHIILHO MOHW30BAHHOM IJIa3MBbl.
JByunennoe(JlopeHueBo) nmpubnmxenne GyHKIUN paclpereeHus

YucieHHas MOAETb PEIICHUS] KHHETUIECKOTO YPaBHEHUS! B JIOPEHLIEBOM MTPUOIMKEHUT

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.

1. BeKTOp IIOTOKa MAacCCHI. BCHI/I‘II/IHBI, XaPaKTCPUIYIOIIUC I'a30BbIC CMCCHU.

2. Merton YenmeHa-DHCKOTa B MHTEPIPETAIMHA JHCKOTa.

[Ipumep 2.

1. XapaKTepI/ICTI/IKI/I BCJIMYMH CEUCHUM CTOJIKHOBCHUS. CKOpOCTB mponecca.

2. OcOOEHHOCTH KHHETHYECKOU TCOPHUU YaCTUIHO MOHNU30BAHHBIX I'a30B U IJIA3MBbI.

Kputepun onennBanus



Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka ommyHO 8§ OamioB - BBICTaBJIIETCS CTYICHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xoporio 7 0aioB - BBICTABIISETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopoio 6 6ajoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka Xopomio 5 6ajuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yHIOBIECTBOPUTENBHO 4 Oaiia - BBICTAaBISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 0Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMy (parMeHTapHBIN,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEyJOBJIETBOPUTENBHO 2 Oalia - BBICTABISIETCA CTYACHTY, KOTOPBII HE 3HAaeT OOJNbIIEH YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OueHka HEYNOBIETBOPUTENbHO | 0aml - BBICTABISIETCS CTYAEHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs npepoctasisercs 30 MUHYT Ha HOATOTOBKY.
Ompoc oOyuatomerocs 1o Oujery Ha YCTHOM »OSK3aMEHE HE JIOJDKEH IIPEBBIIIAaTh OIHOTO
aCTPOHOMMYECKOTO yaca



