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TEPMOJUHAMMUKA U MOJIEKYJ/ISAPHASA ®U3UKA

1. OcHOBHbIC MOHSTHUSA, 33]Ja4YU M METOJbI MOJICKYJISIpHOU (pu3uku. Mak-
pocKonuyYecKue mapaMmerTpbl, TepMOAMHAMUYECKasi CUCTEMa, TePMOJUHAMMYE-
CKHe MTapaMeTphl, TePMOINHAMHYECKOe paBHOBecHe. HymneBoe Havano TepmMou-
HaMuKH. TepMudeckoe U KaJIOPUIECKOe YPaBHEHUS COCTOSHUSL.

Wneanbuerit Ta3. CBs3b NaBleHUs] WACATBHOTO ra3a ¢ KHHETHYECKOH 2HEp-
TUeil MOJIEKYJl. YpaBHEHHE COCTOSIHUS UIEAIBHOTO ra3a. BHyTpeHHsIs sHEprus
HIea bHOTO Ta3a. MaeanpHO-Ta30BOE OMpeaesieHIe TEMITEPaTypHL.

PaGota, BHYTpeHHsS SHeprus, TEIUIoTa. [lepBoe HAYal0 TEPMOIWHAMUKH.
TemnoémkocTh. TermIoéMKOCTH MPHU NOCTOSHHOM 00BhEME M MOCTOSTHHOM JIaBIic-
HHUH, COOTHOIIIeHHe Maiiepa [UId MaeanbHOro ra3a. AnuabaTHYecKuil U ONUT-
pormuyecKuil mporecchl. AauadaTa v MOJUTPOIa UACaTbLHOTO rasa.

CKOpOCTB 3ByKa B rasax.

2.  Huxmmyeckwe mporeccel. TertoBeie MamuHbl. KIIJ TermoBodt ma-
muebl. Hukn Kapnao. Teopembl Kapno. XononunbHas MaliMHa U TEIJIOBOM
Hacoc. OOpaTUMbIe W HEOOpaTHUMBIC MPOLECCH. BTOpoe Hayamo TepMoauHa-
MHUKH. OKBHBAJICHTHBIC (OPMYIHPOBKA BTOPOTO Hadaja. HepaBeHCTBO
Knaysuyca.

TepMoIUHAMUYECKOE OTPEACICHUE SHTPONHHU. MI3MEHEHHE SHTPOITUH B 00-
paTUMBIX U HEOOPATUMBIX MPOIIECCax, 3aKOH BO3pAaCTaHUS SHTPOIIUU. DHTPOMHUS
Hea bHOTO ra3a. HepaBHOBECHOE pacIIMpeHne UICaFHOTO Ta3a B MyCTOTY.

3. TepmommHamMuveckue (pYHKIUU W X CBOHCTBA. TepMoauHaMu4eckue
MOTEHIMAJBI: BHYTPEHHSISI DHEPTHsI, DHTAIBIUS, CBOOOIHASI SHEPTHSI, YHEPTHS
I'u66ca. IlpeoOpazoBanms TepMoanHamudeckux GyHKIUH. COOTHONICHHS
Makcgeinna.

MaxkcuMmanbHasi paboTa CHUCTEMBI MPH KOHTAKTE C TEPMOCTaTOM. Makcu-
MaJjbHas moJjie3Hasi paboTa CUCTEMBI.

4. TlpuMeHeHWEe TepPMOANHAMHYECKUX MMOTEHINATIOB. TepMOIHHAMUKA W3-
nydeHus. AnnabdaTuueckoe pacTsHKeHHE PE3UHOBOTO U METAJUTHUECKOTO CTEPK-
Hel. TeroBoe pacuiupeHue TBEPAbIX Tell.

IToBepxHOCTHBIC sBNEHUSA. KpaeBble yripl, cMaunBaHHUE W HECMadWBaHUE.
®opwmyna Jlamnaca. CBoOOIHAS ¥ BHYTPSHHSS YHEPT U TOBEPXHOCTH.

5. ®a3a u arperatHoe cocrosiHre. Kimaccuduxanus ¢pa3zoBbIX Mepexom10oB
(I u 1l pona). DKCTEHCHBHBIE U MHTEHCUBHbBIC BEIUUUHBI. XUMHUUECKHUN MTOTEH-
muan. YcioBus paBHoBecus (a3 mis mepexomoB | poma. YpaBuenwme Kia-
neipona—Kiaysnyca. Kpusast (ha30Boro paBHOBECHS «GKHIKOCTb—TIAP», 3aBUCH-
MOCTb JIaBJICHHsI HACKHIIIEHHOTO Mapa OT TeMIEepaTyphl.

®a3zoBble nuarpammsbl. TpoitHas Touka. JluarpamMmma coCTOSIHUS «IEA—BOJa—
nap». Kpurnyeckas Touka.



MeracrabuibHble cocTosiHMs. [leperperast )HUAKOCTb M NEPEOXIIax IEHHBINA
nap. 3aBUCHMOCTb JaBJICHUS Mapa OT KPUBU3HBI OBEPXHOCTH xuUAKocTU. Kume-
Hue. Pons 3apoapimeit B oOpasoBanuu (hasbl.

6. T'a3 Ban-mep-Baannca kak Moens peanbHOTO ra3a. BHyTpeHHssI SHEp-
rus 4 SHTponus rasza Ban-nep-Baansca. M3orepmsl rasza Ban-nep-Baanbca u ux
CBSI3b C M30TEpPMaMH pealbHON crucTeMbl. [IpaBuino MakcBemia (paBuiio phl-
vara). Kpuruueckue mapaMerpsl 1 IpUBEIEHHOE YpaBHEHHE COCTOSHUS. Aua-
Oara ra3za Ban-nep-Baanmsca. HepaBHOBecHOe pacimmpenue rasza Ban-mep-Ba-
ajnbca B IIyCTOTY.

7.  DneMeHTHl THAPOJVMHAMHKH HICATbHOW >KUAKOCTH. JIMHUM TOKa, CcTa-
LIUOHAPHOE JJAMUHAPHOE TeYCHUE. Y paBHEHNE bepHyuM Ui CKUMAaeMOU U He-
CKUMAEMOU KUAKoCcTU. M303HTpoNMYECKOE TEUEHUE UACAIBHOIO Ia3a, ucTede-
HHe Ta3a u3 orBepcThs. Dddekt xoyns—TomcoHa, TeMneparypa HHBEPCHH.

8.  DneMeHTHI TeopuH BepoSTHOCTEH. JIMCKpETHBIE W HENPEPHIBHBIC CITy-
YaifHble BEJIMYHHBI, IJIOTHOCTh BEPOSATHOCTH. Y CIOBHE HOPMHUPOBKH. CpenHue
BeIWYMHBI U nucnepcus. HezaBucumele ciydaiinble BenuuuHbl. HopManbHbIN
3aKOH paclpeeIeHUs KaK Mpeel PacpeesICHNs U CyMMBI OOJIBIIOTO Yncia
HE3aBUCHMBIX cllaraeMbIX (6e3 BbIBOJa). 3aBUCUMOCTb AUCIIEPCUH CYMMBI He3a-

BHCHMBIX CJIaraeMbIX OT HX 4Hcia («3aKkoH VN»).

9. PacnpeneneHne MakcBeiuia: pacrpeJeJICHUs YaCTHII [0 KOMIIOHCHTaM
CKOPOCTH ¥ a0CONIOTHBIM 3Ha4YeHHsIM cKopocTH. Hanbonee BeposTHasi, cpenHsis
U CpeIHeKBaJpaTHYHasi CKOpOCTH. Pacnipenenenne MakcBea 1o SHEpIUsM.

DNEeMEeHTBl MOJIEKYJISIPHO-KWHETHUECKOi Teopuu. IIMOTHOCTH moTOKa Ha-
CTHII, ABMXXYIIUXCS B 3aJaHHOM HanpasiieHHH. CpeaHee Ynciio ¥ CpetHsst SHep-
T'Hs 9aCTHII, BEUICTAIONIUX B BAKyyM U€pe3 Majoe OTBEPCTHE B COCY/IE.

Pacnipenenenne bonbiMana B mosie BHEIIHUX cuil. bapomerpuueckas dop-
myina. Pacnpenenenne MakcBemia—Dbosbiimana.

10. DneMeHTHl CTATHCTHYECKOH (PU3MKM KIIACCHYECKHX HJIEaJbHBIX CH-
cteM. ®a30BO€ MPOCTPAHCTBO, MAKPO- U MUKPOCOCTOSHHS, CTATUCTUIECKUN BEC
MakpococTossHusA. CTaTHCcTHYECKoe ompeseneHne SHTponuu. CraTHcTHYecKas
cyMMa. AITUTHBHOCTH SHTPOIUHU HE3aBHCHUMBIX IOJICHCTEM. 3aKOH BO3pacTa-
Hus SHTpormu. TpeThe Hauano TepMmoauHamMuku (Teopema Hepuera). Pactipene-
nenne I'mb6ca—bonbimana s naeansHoro rasza. [IoHATHE O KAHOHHYECKOM
pacupenenenuu ['uboca.

3aBHCHMOCTh CTaTUCTHYECKOT'O BECAa W SHTPOIHHU OT YHUCIA YACTHUIl B CH-
creme. Vi3MeHeHne SHTpONMHK IIpH CMELIeHUH T'a30B, napaoke ['nboca.

11. Tpunoxenns craructuueckoit pusuku. Crarucruieckas cymma. Kiac-
cHYecKasi TEOpHUs TEIUIOEMKOCTEH: 3aKOH paBHOMEPHOTO pacIpeIesieH s YHep-
THH TEIUIOBOTO JIBHIKEHHUS IO CTETEHSM CBOOOABI. TermIoéMKOCTh KPHUCTAIIIOB



(3akon lrononra—IITu). DneMeHTHl KBAHTOBOI TEOpPHUH TEIIOEMKOCTEH. 3amo-
paXUBaHUE CTENEHEH CBOOOABI, XapaKTEPUCTHYECKUE TEMIIEpaTyphl. 3aBHCH-
MOCTB TETUIOEMKOCTH (), Ta30B OT TEMIEPATypHI.

Craructudeckast temreparypa. CBOWCTBa ABYXYpPOBHEBOH CHCTEMBI, HH-
BEPCHAas 3aCeIEHHOCTb.

12. ®nykryanun. CBA3b BEPOSITHOCTH (QIYKTYallud ¢ M3MEHEHHEM SHTpPO-
nux cucteMbl. OIyKTyaluy aJANTHBHBIX BEIUYUH, 3aBUCUMOCTh (DIyKTyannit
oT yncina yactul. OIyKTyauus 4nciia yacTull B BBIJEICHHOM 00béMe. DirykTy-
allysl SHEPTHH CUCTEMBI B )KECTKOM TepMOCTaTUPOBaHHO obonouke. Piykrya-
s 00BEMa B M30TEPMUIECKOM 1 anuabaTHdecKoM mporeccax. Biusane Qiryk-
Tyalluii Ha YyBCTBHUTEJIHFHOCTH W3MEPHUTENBHBIX MPHOOPOB (NMPYKUHHBIE BECHI,
ra30BBbIH TEPMOMETD).

13. CronkHoBeHHs. DPPEKTHBHOE Ta30KMHETHUECKOe cedeHme. J[nmmHa
cBoboxHOTO MpobOera. Pacnpenenenne Monekyn Mo [UIMHaM CBOOOZHOTO MpO-
6era. Uncio CTONKHOBEHHH MOJIEKYJ B eIMHHLE 00bEMa.

SIBIeHMsT MOJIEKYJISIpHOTO TepeHoca: Au(dy3us, TEIIONPOBOAHOCTD, BS3-
kocTb. 3akoHbl @uka, ®ypre u Herorona. KosddummenTsr mepeHoca B razax.
YpaBuenue qudy3un U TSIIONPOBOAHOCTH. TemiepaTypornpoBoaHocts. Cra-
I[HOHApHBIE U KBa3UCTALMOHAPHBIE PAacHpeAeTeHNs KOHICHTPAllUU U TeMIlepa-
TYpBI.

14. Juddys3us kak mporece crydaifHbIX Oy IaHUi. 3a7ada 0 CIIyqaifHbIX
Oy>KIaHUAX, CPETHEKBAAPATUYHOE CMEIIEHHE YaCTHUIbI NPU OOJIBIIOM YHCIE
maroB. PacrieiBanue o0Jiaka yacTHIl M pacpOCTpaHEHHE TeTlia 3a CYET TeIIo-
MPOBOIHOCTH.

BpoyHoBCcKOe nBMKEHHE MAKPOCKOMWYECKUX YaCTHUI[. 3aKOH DUHIITEHHA—
CMOITYyXOBCKOTO JiJIsl CMENIeHUsT OpOYHOBCKOW yacTUIlbl. CBs3b MOJABUKHOCTH
gacTUpl ¥ Kodpdumuenra auddy3un obraka gacTul] (COOTHOIICHWE JiHH-
mITeiiHa).

15. CraiuoHapHOe JJaMUHAPHOE TCUCHHE BSI3KOW MKHIKOCTH/Ta3a MO Mpsi-
MOJHHEHHOU TpyOe, popmyna [lyaseiinia. TedeHne pazpek€HHOTO Tasa o mpsi-
MOJMHEWHOH TpyOe. SIBIeHUs mepeHoca B pa3peXEHHBIX raszax. 3Qdekr
Kuyncena (3¢ dy3us), 3aBUCHMOCTD KO3 (HUIMEHTA TEMIIONMPOBOAHOCTH pa3pe-
XKEHHOI'O ra3a OT AAaBJICHUS.

BespasMepHbie TapamMeTpel U 3aKOHBI HOA00us s TedeHuit. Yucno Peii-
HoJbca. Yucno Kuyncena. Oddexr Marnyca n nogpémHast cuia npu o0TeKa-
HHUH KpbUIa (Ka4eCTBEHHOE OOBSICHEHHE).

16. BaeneHue B HEpaBHOBECHYIO TEPMOANHAMUKY. JIOKaIbHOE TEPMOIMHA-
MHYecKoe paBHOBecue. HepaBHOBecHas TepMOJMHAMUKA ITPH MaJbIX OTKJIOHE-
HUH OT TepPMOAWHAMHYECKOTO paBHOBECHS (JIMHEHHAs TEOPHs), TEPMOANHAMH-
YecKHe CHIIBI M MOTOKH, COOTHOLIEHUS B3auMHOCTH OH3arepa, NepeKpEcTHbIC



TEPMOJMHAMUYECKHUE SIBJICHUS (TepMOdJIeKTpHueckuii addekT, TepMomexaHu-
4YecKuil 1 MexaHokajopuieckuit apdekrsl). [Tpon3BoACTBO SHTPOIUH, TIPHH-
LUl MUHUMYMa TIPOM3BOJICTBA SHTPOIINU ¥ HANMEHBIIIETO PACCESHUS SHEPTUN
B HEOOPATHMBIX TEPMOANHAMUYECKHUX MPOIIECCAX.

Henuneiinast TepMoavHaMuKa, (IIyKTyallid B JWCCHNATUBHBIX CHCTEMax
BIAJIH OT ITOJIOKCHHS TCPMOJUHAMUIECKOTO PAaBHOBECHS, "TTOPSAOK U3 xaoca"
(sraetixu benapa, peakius bemoycoBa—KaOboTHHCKOTO).
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DnekmponHbvle pecypcol
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3AJAHME 11O ®U3UKE
ANA CTyAeHToB 1-ro Kypca Ha BeceHHu cemecTp 2020/2021 yue6Horo roaa
Hara Ne Tema ceMMHaApPCKHUX 3aHATHI 3anaym
ne. P 0 | T
, 1.40 1.100
IlepBoe Hayano TEPMOAUHAMUKH. 1
1-5 - e 154 1.47
(besp 1 | TemoémkocTs. AnnabaTuyeckuii | °2 187 175
. L 0 . .
MOJIUTPONIMYECKUHN IPOLIECCHI. 3 26 183
Tennoseie Mamunbl. BTopoe 04 3.25 3.52
8-12 o | HadaNo TEPMOIMHAMHKH. o5 3.43 3.47
desp. W3menenne sHTpONTHE B 00paTu- % Tl 4.15
MBIX IPOLECCaX. 4.80 4.78
M3MeHeHHe SHTPONUH B HEOOpaTH- 07 4.75 4.47
15-19 MBIX ITPOLECCAX. 0 4.43/44 | T6
3 8
(desp. T 0g 5.75 5.32
€pPMOJIMHAMHYECKHE TTOTEHITUABI. 538 554
- 13 |5.16 5.63
22_26 . pUMEHEHHE T%pMogHHaanecxnx 010 | 5.8 5 40
(berp. noteruuanos. Ipeodpasopamus 011 | 128 12.9
TEPMOJANHAMUICCKHUX (PYHKITHIA. 012 | 542 1238
013 11.29 11.36
1-5 5 ®dasoBble IpeBpalleHys. YpaBHeHue | o, | 11.16 11.74
Map. Knanetipona—Knaysnyca. Kunenue. 015 11.34 11.78
1251 12.48
PeanbHbie rasbl. 016 6.17 6.39
812 | . 0p; | 652 6.41
Map. Ypasuenue bepaymmm. dddexr 0 2.11 2.20
Jxoyns—TomcoHa. 18 6.68/69 | 6.87
13;9 7 | KontponpsHas pabota no 1-my 3aganuro (1o rpymnnam).
22-26 8 | Cnaua 1-ro 3amanus.
Map.
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0o | 718 7.70
29 map. 9 OCHOBBI MOJICKYIISIPHO-KHHETHYECKOM 090 7.14 7.16
—2 amp. Teopuu. Pactipenenenue Makcsenna. 752 7.20 7.40
' 7.53 7.80
021 8.11 8.15
59 L0 l;acnpeaeﬂeﬂne BonLuMaH'zl. 099 | 828 8.25
amp. JIEMEHTBI CTaTUCTUUECKOH (hu- 093 | 856 8.70
St 024 | 852 8.61
; 9.45 851
. 25
12-16 CTaTUCTUYECKHM CMBICT SJHTPONHUU. | T4 T2
11 26
arp. OnyKTyalnuu. 097 9.6 9.28
9.8 9.40
102 10.8 10.38
19-23 12 CTOJIKHOBEHUS, JJIMHA CBOOOIHOTO OZé 10.15 10.16
amp. npo6era. SIBneHus nepeHoca. 099 10.36 10.134
10.149 | 10.143
10.106 10.25
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10.92 T5
vy, | 10-82/83 [ 10.77
3-7 Teuenne razos. SIBneHus B paspe- 0 10.68/69 | 10.142
14 33
Mast JKEHHBIX Ia3ax. 034 10.120 10.102
14.27vex | 14.46M
10-21 h5/16| Craua 2-ro sazanms.
Mas

lNpumeyaHue

Howmepa 3anau ykazansl o “COOpHHKY 3a7a4 10 00IIeMy Kypcy QU3HKH.

Y. 1. MexaHuka, TepMOJMHAMUKA U MOJIEKyIsipHas pusuka” / mox pea. B.A. Os-
YHHKHHA (3-e M31., ucnp. u 1om.). — Mocksa : @usmarkaura, 2013. 3agaun ¢
HHJIEKCOM M) — u3 paznena «MexaHukay.
Bce 3a1aun 00s13aTebHBI AJISI CAAYH 33aHusl. B Kax10ii TeMe ceMuHapa
3aj1a4u pa30uThI HA 3 TPYIIbL:
0 — 3aja4u, KOTOPbIE CTYJCHT JIOJDKEH pelliaTh B TEUCHUE HEJIeIH JJTsl O/I-

TOTOBKHU K CEMUHAPY,

I — 3aJa4u, pPECKOMCHIOBAHHBIC JISL pa360pa Ha CEMUHape (HpenonaBaTenb

MOXXET pa30OMpaTh Ha CEMHUHapax M ApPYrue paBHOIEHHBIC 3aa4d IO
CBOEMY BEIOODY);

II — 3amaun I CaMOCTOSTENFHOTO PEIICHNS; UX PEIICHHUsS JODKHBI OBITH

0 OpPMIICHBI CTYICHTaMHU B OTIEIBHBIX TETPAIAX U CIAHBI IIPEMoIaBa-
TEJIO Ha POBEPKY.




3agauu O rpynmnbi

1. B xomuate 00bEMOM V B TeueHHE HEKOTOPOTO BPEMEHH OBbLIT BKIIIOUEH
Harpesatenb. B pe3ynbraTe TemmepaTypa Bo3lyXa yBeauumnack oT 71 mo 7.
JlaBieHue B kKoMHaTe He u3MeHuwiock. Halitu usmenenue BHyTpeHHeil AU 3Hep-
THH BO3yXa, COAEPIKAILETOCs B KOMHATE.

2. Haiitu paboTy, KOTOpYIO COBEpIIaeT MOJIb BO3/1yXa, PacIIHpssICh OT
o0nséma V, mo V; = 2V, B H30TepMHUECKOM IIpoIiecce IPH KOMHATHON TeMIIe-
parype.

Otsert: 1,7 xJIx.

3. Temmneparypa Bo3nayxa pasHa T = 273 K. HaliTi u3MeHEeHHE CKOPOCTH

3ByKa IpU U3MeHeHuu temnepatypsl Ha AT = 1 K.
1A

T
Otgert: Acg = S5 Cs = 0,61 m/c.

4.  Berumcnute KIIJ] nuKiIa, COCTOSINEro M3 HM30- P
0apHOro CXKaTHsl, U30XOPHOI'0 HArpeBaHUs U anuadaTH- 3
YECKOT'0 PACIIUPEHUs, €CIIM OTHOIIEHUE MaKCUMAIILHOTO
U MUHHMaJbHOTO 00BEMOB paBHO 2. Pabouee Temo —

JIByXaTOMHBIN U/I€aJbHbIN Ta3. 2 1 vV
Otser: 0,15. >
AT 5. TeruloBass MalmuHa ¢ HEM3BECTHBIM BeEILlE-
2 CTBOM B KadecTBe pabodero Tejaa CoBepiaeT 00-
1 paTUMbIi TEPMOJUHAMUYECKUIN LUK, MPEACTaB-
|3 JICHHBIA Ha pPHUCYHKE B KOOpAWHATAaX 9.
3 3 1 .
| T2 = _Tl! T3 = _Tll T4 = _Tl' Haiitn KHI[
4 I S 2 4 20
! |
> IUKIIA.
Orser: 0,68.

6. MpeanpHas TemsoBas MalluHa, paboTarolias 1Mo 00paTHOMY LHKIY
(TerutoBoif Hacoc), OTOMpPAET OT MEPBOTO pe3epByapa 65 [k TermoTs u epenaét
kosimaectBO TertoThl 80 Ik Bropomy pesepByapy mpu T = 320 K. Onpenenurs
TeMIlepaTypy MepBOro pe3epByapa.

Ortser: 260 K.

7. JlBa TEIUIOM3OJUPOBAHHBIX COCYNIa PABHOTO 00BEMA COCAMHEHBI TPYO-
Koii ¢ kpaHoM. B ogrOM cocyne comepsxutes 10 r Bomopoaa Hz, BTOpoit oTkayan
JI0 BBICOKOTO Bakyyma. KpaH OTKpBIBAIOT U Ta3 pacIIUpsETCS HA BECh 0OBEM.
CuuTas ra3 ujeajlbHbIM, HAUTH U3MEHEHHE €ro YHTPONHUHU K MOMEHTY YCTaHOB-
JICHUSA PAaBHOBECHA.
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Otser: AS = 28,8 Ix/K.

8.  Kycox nbna maccoii 90 1, nmeronuii remnepatyp 0°C, nonoxuiu B my-
CTYIO aMIOMHUHHUEBYIO KacTproiro Mmaccort 330 r, Harperoit o 100°C. IIpenebdpe-
rasi TeIUIOOOMEHOM C OKPYXKAaroIlei cpenoil, HallTH W3MEHEHWe YHTPOIIUHU CH-
CTeMBl K MOMEHTY YCTaHOBJICHHMs paBHOBeCcHs. Teruiora IUIaBieHUS JibAa
330 [Ix/r, rermoémkocts amomunust 0,9 x/(r - K).

Otser: AS = 16,1 JIx/K.

9. Haiitn usmeHeHnue cBoOOmHOW 3Hepruu AF M TepMOAMHAMHYECKOTO
noreHuuana I'mboca AG mnst 1 Kr BOASHOTrO mMapa IMpH H30TEPMHYECKOM
(T = 298 K) ysenmnuennn masnenust ot 1,0 no 2,0 m6ap. BojasHoit map cuntaTh
U/ICATBHBIM Ta30M.

Otset: AG = AF = 95,4 x/[x.

10. VYpaBHeHHE  COCTOSHMS  PE3MHOBOM  IOJOCHI  MMEET  BHUJ
f=aT i— (170)2], rne f — maTsoxenwue, @ = 1,3-102 H/K, | — mmiHA monocsl,
JUTHHA HeeOopMHUPOBaHHOH Monock [, = 1 m. Haiiti m3mMeHeHne cBOOOIHOM
U BHYTPEHHEH OSHEpruu pPEe3uHbl NpH €€ N30TEPMHYECKOM PACTSHKEHHU [0
l; = 2 wm. Temmepatypa T = 300 K.

Otser: AF =3,9 [Ix, AU =0.

11. Ompenenuts paboTy, KOTOPYIO HEOOXOANMO COBEPIIUTH, YTOOHI pa3ie-
JUTh c(EepUUECcKyI0 KaIUII0 Macjia Maccod M = 1 r Ha KamneabKd AHaMETPOM
d=2-10"* cm, ecnu mpouecc ApoOieHHs H30TepMUYEcKUil. TTOBEPXHOCTHOE
HaTsDKeHMe Macia o = 26 JuH/CM, IIOTHOCTh Macia p = 0,9 r/em®.

Ortser: 8,7-10° spr.

12. Ha kakyro BEICOTY HOAHUMAETCS BOJa MKy ABYMsI IUIOCKUMHU Hapajl-
JIeIbHBIMU TUTACTHHAMH, PACCTOSIHUE Mex 1y KotopbiMu h = 0,1 MM, eciu Kpa-
eBo yrom cmaunBaHui 6 = 60°. IloBepXHOCTHOE HATSXKECHHE BOJBI
o =73-10"3 H/m.

OtBeT: 7,5 cMm.

13. MounspHas TemjoTa mapooOpa3oBaHMsl BOJAbI B TOYKE KHIICHHS IPH
t =100 °C paBna A = 40,7 xJI»/mMomb. CunTast BOASHOU MMap WACaIbHBIM Ia30M,
HaWTH Pa3HOCTb MOJIIPHBIX BHYTPEHHUX SHEPTUil *KUAKOH BOJBI M BOASHOTO
apa Ipy JJaHHOW TeMIeparype.
OtBer: U, — Uy = 37,6 k/[x/MOIB.

14. Ompenenuts TeMIepaTypy KHUIICHHS BOJBI Ha BEpIIMHE DBEpECTa, Iae
aTMocdepHoe gapieHue coctaBisieT 250 MM pt. cr. TemioTy napoodpa3zoBaHus
BOJIbI CUMTATh HE 3aBUCSIICH OT TeMIiepatypsl ¥ paBHo# A = 2,28 xJx/T.

Ortser: 71 °C.
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15. OueHuTH OTHOCHTENBHBIN Mepenan aasieuns A P/P napos Boabl Ha
BBICOTE MOABbEMA BOJABI B IMOJHOCTHIO CMAayMBAEMOM KalWUIIPE AUAMETPOM
d=1wmkm. IloepxHocTHoe Harskenue ¢ = 731073 H/m, Temmeparypa
t =20°C.

OtBer: AP/P ~ 2-1073,

16. Bo ckompko pa3 mgaBieHue raza Ban-mep-Baannca Gomble ero Kputu-
YeCKOT0 JIaBJICHHMSI, €CJIM U3BECTHO, UTO ero 00bEM B 5 pas, a Temneparypa B 5,7
pa3a OoJbIIIe KPUTHIECKUX 3HAYCHUH 3TUX BEIIMIMH?

Otser: ™ = 3,14.

17. HaiiTu W3MEHEHHUE PHTPOIUH UACATBHOTO r'a3a, MOJBEPrHYTOTO JIPOC-
CEeJIMPOBAHMIO Yepe3 MOPUCTYIO EPETOPOIKY, €CIIU HayalbHOE TaBIEHUE PABHO
P, = 4 atm, xoneunoe P, = 1 aTt™m.

Ortser: 11,5 Ix/K.

18. Or1eHUTh MAKCUMATIHHO BO3MOXKHYIO CKOPOCTh HCTCUCHUS BO3/yXa MPH
HOPMAJIbHBIX YCIIOBUSX Y€PE3 OTBEPCTHE, BBIXOISAIIEE B BAKYYM.
Ortsert: 740 m/cC.

19. CkopocTy 9acTHIl ¢ PaBHOM BEPOSTHOCTHIO PHUHMUMAIOT BCE 3HAUCHHS
ot 0 110 vy. OTpenenuTh CPEHIOI0 U CPETHEKBAAPATHIHYIO CKOPOCTH YACTHII, &
TaK)Ke aOCOJIOTHYIO M OTHOCUTEIBHYIO CPETHEKBaApATHIHbIE (DIYKTyaIluu CKO-
POCTH.

Ortser: 0,5v; vo/\/§; v0/2\/§; 1/4/3.

20. Haiitn Hanbosee BEPOATHYIO, CPEIHIOI M CPEIHEKBAIPATHIHYIO CKO-
poctu mosteky azota npu 7' = 300 K. CpaBHUTH MOJyYCHHBIC 3HAYCHUS CO CKO-
POCTBIO 3BYyKa.

OtBet: v, 5, = 421 M/C, Ve, = 476 M/c, U, = 517 M/c; 55 = 353 m/c.

21. Omnpenenurtsb, Ha KAKOW BBICOTE B M30TEPMHUUECKOM aTMOchepe e€ mioT-
HOCTh YMEHBIIIUTCS B 5 pa3, €CII Ha BBICOTE 5,5 KM OHa yMEHbBIIAeTcs B 2 pasa.
OrtBeT: 12,8 kM.

22. Monekyaa MOXET HaXOJHUTHCS Ha JBYX HEPTETHICCKUX YPOBHAX: OC-
HOBHOM H BO30YXIEHHOM. Pa3HOCTh OSHEprUii MEXJy HHUMH COCTaBISET
AE = 6,0 - 10721 JIx. KaxoBa 10715 MOJIEKYJI, HAXOAALIUXCS B BO30YKIEHHOM
cocrostauu nipu t = 250 °C?

Orser: 0,3.

23. OrmpeznenuTtbh TeMIEpaTypy, HpH KOTOPOH CpeaHss MocTynaresibHast
SHeprust MoJieKyibl Hz Oynet paBHa sHeprun Bo30yXJIeHHs €€ MepBoro Bpamia-
TENLHOTO YpoBHsi. PaccTosnue mex iy aromamu pasHo d = 0,74 - 1078 cm.

Ortger: 116 K.
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24. CobctBenHas vactota koneOanuit atomoB B Monekyie Clp paBHa
10 ¢™1. OuenuTh XapaKkTepUCTHYECKYIO TEMIEPATYpY, BbILIE KOTOPO KoJe-
0aTeNbHYIO TEIUIOEMKOCTh MOJIEKYJIBI MOKHO PacCYHMTBHIBATh MO KJIACCHUECKOM
teopun. KakoBa OyaeT mpu 3TOM MOJSIpHAS TETIOEMKOCTH Ta3a?

Otser: 760 K, 7R/2.

25. ]lBa TBEpapIX Tena ¢ Temneparypamu 299 K u 300 K npuseznens! B co-
npukocHoBeHHe. OIEHUTh, BO CKOIBKO pa3 Ooliee BEpOsATHA Mepenada IMOpILyun
sueprur 10711 spr oT Tena ¢ Gomblueil TeMmepaTypoil K Teldy ¢ MeHbIIEH TeM-
nepaTtypom, 4eM B 00paTHOM HampaBlieHUH. TernoéMKOCTH Tell 10CTaTOYHO Be-
JIMKH, TaK YTO U3MEHEHHUEM UX TEMIEPaTypbl MOXKHO IpeHeOpeyb.

Ortser: 5.

26. Heo6ompmmoit rpy3 mMaccoii 1 T moaBenieH Ha NErkoil HATH JUIMHON 1 M.
O1eHuTh CpelHEKBAAPaTUYHOE OTKIOHEHHE TPpy3a OT MOJI0KEHUS paBHOBECHUS
13-3a TEIJIOBBIX (UIYKTyaluii P KOMHATHOM TeMIeparype.

Otser: /{Ar?2) =~ 0,9 HM.

27. OIeHUTh CPEAHEKBAIPATUUHYIO OTHOCUTEIBHYIO (DIYKTYalHIO 4Kcia
MOJIEKyJT BO3/yXa B 00b&Me 1 MKM® IpU HOPMAJbHBIX YCIOBUSIX.
Otser: 0,02%.

28. Bs3kocTh a30Ta MU KOMHATHOW TeMIIepaType U aTMOC(EPHOM JaBiic-
HuM cocTapiseT 7 = 18- 107° ITa-c. OueHuTs KO3OUUHUEHTHI TENIOIPOBO-
HOCTH M camoan(dy3un a30Ta, a TAKXKE TUaMETP MOJICKYJIbI a30Ta.

Otset: k ~ 1072 Br/m'K, D ~ 0,15 c™m?/c, d ~ 4-10710 m.

29. OueHHTHL KOJIMYECTBO TEIJIa B pacdéTe Ha 1 M2, TepseMoe KOMHATOMH B
eIMHUIly BPEMEHHU uepe3 OJHOKaMEepHBIN crTekiionakeT. PaccrosHue Mexmy

créxnamMu h = 23 mM. PazHoCTh TeMmepaTyp MeXAy KOMHATOH W yJHIeH co-

B
craBisier AT = 30 °C. TemmonpoBoIHOCTs BO3AyxXa K = 2,3 - 10_2M—:< CYU-

TaTh HE 3aBUCAILEH OT TeMIepaTyphl.
Orser: ¢ = 30 Br/Mm2

30. Ouenntp KodpPuuueHT auddy3un Kameab TyMaHa paIlycoM
R ~ 10 MKkM B BO3IyXe NpH HOPMAIBHBIX YCIOBHSX. Bs3kocTs Bo3myxa
n~ 2-107°a-c.
Ortser: 1078 cm?/c.
31. Ouennts, 3a kakoe Bpems: Mojniekysa HCN cmemniaercs B BO3yxe NpH
KOMHATHOW TEeMIIEpaType OT HCXOJHOTO MOJOXKEHUS Ha PACCTOSHUE IIO0-

paaka 10 cm. Jlnuny cBoGogHOrO Mpobera MpuUHATH paBHO# A ~ 107> cM.
Ortser: 10 c.
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32. JIBa cocyna ¢ uaealibHbIM ra3oM COEIAMHEHBI TPYOKOM, TUaMeTp KOTo-
poii 3aMeTHO MEeHbIIE JUTHHBI CBOOOAHOTO Npodera B 00oux cocynax. Temmepa-
Typa B cOCylax MOAAEPKUBAETCSA IMOCTOSIHHOW U PaBHOM COOTBETCTBEHHO 71 U
T, = 2T1. Haiitu oTHOLIEHUEe naBienuii P, /P;.

Orset: V2.

33. Ouenntb koddpdurment quhdy3un CUIBHO Pa3peKEHHOTO BO3AyXa 110
JUTMHHOHN TpyOKe auameTpoM | cM mpu KOMHATHOH Temmepartype. Ca4uTaTh, 910
pa3spekeHHe TakoBO, YTO JUIMHA MpoOera MOJIEKYJ OIpaHUYHMBACTCS TUAMETPOM
TpyOKH (BBICOKUI BaKyyMm).

Ortsert: ~ 1,6 M%/c.

34. Omnenuts umcno PeifHonmpaca B BOIONMPOBOXHOW TpyOe amameTpa
d=2cm mpu pacxoge Q = 30/mMuH. Bs3KOCTH XOJOIHOH  BOJIBI

7 =1,5-10"3a - c. Byger 11 Takoe TeyeHHE TAMUHAPHEIM?
Otser: 104,

TexkcToBbIE 3aJavamu

T-1. B AByX OAMHAKOBBIX M30JIMPOBAHHBIX COCYAAX HAXOAUTCS IO MOIIO
Bo3ayxanpu Ty = 300 K. Cocyzabl HCIIOIB3YIOTCS B KaUeCTBE TEIUIOBBIX pe3ep-
ByapoB IS TEIUIOBON MallIMHbI, paboTaroieid mo ooparHoMy nukiy. Haiitu mu-
HHMaJIbHYIO paboTy, KOTOPYIO IOJDKHA 3aTPAaTHTh MAIMHA, YTOOBI OXJIaJUTh Ta3
B oJyHOM 13 cocyioB o T; = 200 K. KakoBa Oynet koHeuHas TeMrepaTtypa rasa
BO BTOpoM cocye? Tenno€MKOCThIO COCYJOB U 3aBUCUMOCTBIO TEIUIOEMKOCTH
BO3/lyXa OT TeMIIepaTyphl IpeHeOpeyb.

Oteetr: A = 1 k/lx, T, = 450 K.

T-2. HaiiTi MOJIApHYIO 3HTPOMNHMIO KpHcTaiueckoro Li nmpu Huskux TeMm-
nepaTypax, mpeHedperas B3auMOJICHCTBHAEM siep MexIy co0oil. MoMeHT nm-
nynbca (cruH) aupa SLi pasen s = 1 (B eauuunax nocrosHHoi Ilnanka h).
CoryiacHO KBaHTOBOI MEXaHHUKE, YHCIIO BO3MOXKHBIX OPHEHTALUI BEKTOpa MO-
MEHTa UMITyJIbca paBHoO 25 + 1.

Otset: S = 9,1 [Ix/(Monb-K).

T-3. «[IpsiHBIF MaTpPOC)» COBEpIIAeT CIy4alHble ONYKIAHUS IO TUIOIIAJIH,
CMeIasch Kaxasle T = 4 ¢ Ha pacctosiaue A = 0,5 M B ciIy4aliHOM HarpasJie-
HUK. HaliTh cpemHeKBapaTHYHOE CMEIICHUE MaTpOca OT UCXOIHOTO ITOJIOXKE-

Hust VAr? 3a t = 1 yac u onpenenuts ko3 dunuent quddysun D TOIIBL MhsI-
HBIX MaTPOCOB, HE B3aUMO/ICHCTBYIOIINX MEXK1y COOOM.

Orser: VArZ = 15w, D ~ 56,3 M2 /4.
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T-4. (5A-2017) Uons! coneit urrepOust umeroT civH s = 7/2. Bo BHemHeM
MarHUTHOM M0Jie B oHeprust noHa 3aBUCUT OT OPUEHTALIMH CIIMHA U MOXKET IpH-
HUMaTh 3HaueHuss E, =muB, Ttme U — Wu3BeCTHas KOHCTaHTa, U
m=—s,—s+1,..,s —1,s. Hailtu uzmenenue sHrponuu AS U KOJINYECTBO
TEIIOTH (, moryontaeMoe 1 MosieM conu 1pu e€ KBa3uCTaTHIECKOM U30TEPMHU-
YEeCKOM pa3MarHHYMBaHUH OT 04€Hb 6onbioro (By > kT /u) no HyneBoro mosms
(B; = 0) mpu temneparype T = 1 K. BzaumozeiicTBreM HOHOB MeXIy co0oit
peHeOpeys.

Oteet: AS = 17,3 [Ixx/K, Q = 17,3 JTx.

T-5. (6A-2018) BepTukanbHO pacroyioxkeHHas mpoOupKa BEICOTOM h =5 cMm
3aI0JIHeHa BOJIOH, B KOTOPOI AMCIIEPrUPOBaHEI B HEOOJIBIIOM KOJIMYECTBE Ce-
pUYECKHME HAHOYACTHIIBI TLIOTHOCTBIO p = 4 1/cM® kaxmas. CHcTeMa MCXOIHO
HAXOIHWTCS B paBHOBecHH mipu Temrepatype To = 300 K, a oTHomeHue Makcu-
MAaJIbHO# U MUHUMAJIbHOW KOHIIEHTPALNI HAHOYACTHIL PABHO Nmax/Nmin = 1,1. Ha
JTHE cOoCyJia pa3MeIlaroT afcopOeHT, NOIVIOMAIOIIKI BCe MOMAaoNIie Ha Hero
HaHo4yacTUIbl. OuneHUTs BpeMs, TpedyeMoe Al OYMCTKH BOABI OT IPHMECH.
Bsi3kocTs BOIBI 1 = 103 T1la - c.

OrtgeT: ~ 9 Mec.

T-6. (4b-2018) I'opu30HTATIBHO  PACTIOIOKEHHBIMH
TEIJION30JIMPOBAHHBIN [MJIMHAPHUYECKUI COCYH pa3ze-

7IEH Ha JIB€ YaCTH MOPIIHEM, PUKPEIUIEHHBIM MPYKHU-
HOW K TIpaBoif cTeHke cocyna (cM. puc.). CiieBa OT HOPIIHS HAXOMUTCS 1 MOJb
a30Ta NpH KOMHATHOH TeMmIeparype, clipaBa — BakyyM. BHadane npyskuHa He
neGopMHUpOBaHa, a MOPIICHb yACPKUBACTCS 3alIéaKoN. 3aménKy youparoT, u
KOTZIa CHCTeMa IPUXOJUT B PaBHOBECHE, /IABJICHHE Ia3a OKa3bIBaeTcst B n = 3
pasa MeHblIe ncxogHoro. CuuTas ra3 uneaabHbIM, HAHANTE N3MEHEHHE €T0 JH-
TPOIIUH B 3TOM TIpOLIECCE.
Otser: 0,75R.
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Toueunoe n—mepHOE MPOCTPAHCTBO. PaccTosgnne MexKay TOYKAMH, €0 CBOM-
cra. llpemen mocsenoBaTelbHOCTH TOYEK B N—MEPHOM €BKJIMIOBOM IIPO-
crpancTBe. Teopema Bosbriano—BeitepmTpacca n kpurepuit Kommn cxomammo-
CTH TIOC/IeIOBaTeIbHOCTH. BHYTpenane, mpeaebable, N30JIUPOBAHHBIE TOUKN
MHOXKECTBa, TOYKH IIPUKOCHOBEHUA. OTKpI)ITbIe 1 3aMKHYTbIE MHO>KECTBa, UX
cBoiicTBa. BHYTPEeHHOCTD, 3aMBIKaHIE W TPAHATA MHOXKECTBA.

[Ipenen yncaoBoil (GyHKIIMN HECKOJBKUX TTepeMeHHbIX. ONpeneeHus B Tep-
MUHAX OKPECTHOCTEN U B TepMUHAX TOcaenoBarensrocreii. [Ipenen dyuxmn
o MHOXKecTBY. IIpenensr mo nanpasnenusam. [losropubie npenenst. Mccaemno-
BaHUe Tpeena GyHKINN IBYX MePEMEeHHbBIX TTPU MOMOIIH TePeX0Ia K MOIsap-
HBIM KOOD/IMHATAM.

HenpepoisHOCTH QPyHKITIN HECKOIBKHUX ITepeMeHHbIX. HempepbIBHOCTD 110 MHO-
xkectBy. HempepbiBaocTs ciioxnoit dynkimu. CpoiicTtBa (yHKIMiA, HEmpe-
PBIBHBIX HA KOMIIAKTE — OIPAHUYEHHOCTD, JIOCTUZKUMOCTD (TOYHbBIX) HUXKHET
¥ BepXHe# rpaHeil, paBHOMEPHAs HEIPEPBIBHOCTH. TeopeMa 0 MpoMeKyTod-
HBIX 3HAYEHUAX (DYHKIMHU, HEIPEPLIBHON B 0OJACTH.

Yacrubie nmpou3BoaHble DYHKIINA HECKOJIbKUX mnepemenubix. luddepentu-
pyeMocTh (DYHKIINM HECKOJIBKHMX MTEPEMEHHBIX B TOUKe, quddepennnan. He-
obxoauMbie yeaoBusd gudHepeHnpyeMoCTH, JOCTATOYHbIE YCIoBrua audde-
peamupyemoctu. Iuddepennmupyemocts caoxkuOi dyukmun. MuHBapmanT-
HOCTH (popmbl auddepeHImata OTHOCUTETbHO 3aMeHbI IEepeMEeHHBIX. ['pa-
JIMEHT, €r0 HE3ABUCHMOCTB OT BBIDOPA MPAMOYTOIBHON CHCTEMbI KOOPAUHAT.
IIpownsBonHast IO HAIIPABJIECHUIO.

YacTHbIe TPOU3BOIHBIE BBICITHX MOPsiTKOB. He3aBucMMOCTh CMENanHON JacT-
HOIT IpOM3BOIHOM OT Mopsaka auddpeperimposanus. Jnddepennmaib BeIc-
IIIUX TTOPSIKOB, OTCYTCTBHE MHBAPDUAHTHOCTH WX (POPMBI OTHOCUTETIHLHO 3aMe-
HbI tepeMerHbix. Qopmyna Teitopa ajis GyHKIMIE HECKOTBKUAX MEPEMEHHBIX
C OCTATOYHBIM 4jeHOM B ¢opmax Jlarpanxka u [leano.

Mepa 2Kopaarna B n—MEPHOM €BKJIHIOBOM IpocTpaHcrse. Kpurepuit n3me-
pumoctu. IamepumocTs 00beiuHEHNSL, IIEPECEYEHNST M PA3HOCTH U3MEPUMBIX
MHOXKecTB. KoHeunass alanTuBHOCTh Mephbl 2KopaaHa.

Omnpenenennsiit uaterpan Pumana. Cymmbr Pumana, cymmbr Japby, kpure-
puit unrerpupyemoctu. aTErpnpyeMocTh HempepbIBHON (DyHKINN, HHTErPH-
PYEMOCTH MOHOTOHHOM (DYHKIUY, HHTETPUPYEMOCTH OTPAHUIEHHON (DYHKIHH
¢ KOHEYHBIM YHCJIOM TOYEK pas3pbiBa. CBoiicTBa MHTErpupyeMbixX (hyHKITHIA:
A[IUTUBHOCTH MHTErPAJIA MO OTPE3KaM, JIMHEHHOCTh WHTErPAJIa, HHTErPUPY-
eMOCTb Tpou3BefeHus (PYHKINN, HHTErPUPYEMOCTh MOJYJIsS HHTEPUPYEMOit
byHKIMH, HHTETPUPOBAHKE HEPABEHCTB, TeopeMa o cpeaaem. CBONCTBa HHTe-
rpajia ¢ MEPEeMEeHHbIM BEPXHUM MIPEJEIOM — HEIPEPBIBHOCTE, auddepeHiiu-
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10.

11.

12.

13.

14.

pyemocts. Popmyna Herorona—Jleiibuuma. MaTerpupoBanre moacTaHOBKOM
¥ IO 9aCTSAM B ONPENEeJeHHOM HWHTErpaJe.

leomeTpudeckne TpUAOKEHUST ONMPEIETIEHHOTO WHTETPAaJia — TIIOMAIb KPHU-
BOJIMHEHHOM Tpamenun, 00beM TeJIa BPAIeHus, IITUHA KPHUBO, IIOMAIL 0~
BEPXHOCTHU BPAIIEHUSsI.

KpuponuHeinsiit mHTErpas mepBoro poJaa u ero ceoicTsa. OpueHTaIs TIaI-
Koit KpuBoii. KpuBosuHeiiHbI#l mHTErpajl BTOPOrO PoJia U ero CBoficTha.
Hecobcrsennbrit uarerpas (caydaii HeorpaHudeHHoN DYHKIMY 1 cydail fec-
KOHEUYHOIO IPOMEKYTKA MHTerpuposanus). Kpurepuii Kommu cxomumocru
uHTerpaja. UHTerpabl OT 3HAKOMOCTOSHHBIX GyHKITH. [Ipu3Haku cxomumo-
ctu. MHTErpasibl OT 3HAKOIEPEMEHHBIX (DYHKITHIT: CXOAUMOCTD U aOCOTIOTHAST
cxomumocTh. [lpusnaku Jdupuxie u AGeast CXOIUMOCTH HHTErPAJIOB.
Yucnossie psaabl. Kpurepuit Kormmu cxoguMocTy psifia. 3SHAKOIIOCTOSTHHBIE Psi-
JIbl: IPU3HAKYU CPaBHEHWs cxommmocTtw, npusnaku /lamambepa u Ko, un-
TerpajbHbIl TPU3HAK. JHAKOIIEPEMEHHBIE PSIbl: CXOAMMOCTh U abCOIIOTHAS
cxomumocTh. [lpusnaku Iupuxiie u AGens. HezaBucuMoCTh CyMMBI aOCOTIOT-
HO CXOJIAIIETOCs PANa OT TIOpAIKa cilaraeMblx. Teopema Pumana o mepecra-
HOBKE 4JIEHOB CXOJIAIIErocs, HO He abCOJIIOTHO cXoasierocs psaa (6e3 moka-
3aresnberBa). [Ipoussenenue abCOMOTHO CXOIAIIUXCA PSIOB.

Pasnomeprasi cxomuMoCTh (DYHKIMOHAJIBHBIX TTOCIEIOBATEILHOCTEN U Ps-
noB. Kputepuit Ko paBHOMepHO#t cxomumoctu. [Ipuznak Beitepmrpacca
PABHOMEDHOI CXOAUMOCTH (DYHKITMOHAJIBHBIX DPsI0B. HempepbBHOCTE CyM-
MBI PABHOMEPHO CXOJISIIEr0Cs psifia U3 HenpepbiBHBIX dynkimit. [lowienHoe
nHTerpupoBanue u quddepernupoBanre QyHKITMOHATBHBIX TOCIEI0BATE b
uvocreit u panos. [puznaku Jupuxie u AGess.

CrerneHHbIe PsAJIBL ¢ KOMIUIEKCHBIMEI YjieHamu. [lepeast Teopema Abens. Kpyr
7 PAIRYC CXOAUMOCTH. XapaKTep CXOMUMOCTH CTEMEHHOTO PANa B KPyTe CXO-
aumoctu. @opmyna Komu—Anamapa g paaunyca cxomumoctu. Hempepnis-
HOCTH CYMMBbI KOMIIJIEKCHOTO CTENEHHOTO PAIA.

Crenennble paibl ¢ neficTBUTEIbHbIMY dieHamMu. COXpaHeHHe PaIuyca, CXO-
JVMOCTH CTEIIeHHOIO DA TPU TMOUIeHHOM IrbdepeHInpOBaAHNY U HUHTE-
rpupoBaHuu psija. Beckoneunast muddepeHIMpyeMoCcTh CyMMBbI CTEIEHHOTO
paja Ha WHTEPBAJE CXOAUMOCTH. EIMHCTBEHHOCTD pas3iioxkeHusd (pyHKIUU B
creneHHoi psia, pan Teimopa. @opmyna Teitnopa ¢ 0CTATOYHBIM YIEHOM B
nHTerpaabuoii popme. Ilpumep Heckonedno guddepennupyemoit hyHKINH,
He pa3Jaraiomnreiica B cTernennoi paa. Pasnoxkenue B psn Teiiiopa 0CHOBHBIX
JIEMEHTAPHBIX (PyHKINH. Pa3ioKeHne B CTEIIEHHON Pl KOMILIEKCHO3HAM-
Hoit pyHKIHH €.
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10.

11.

I.

JIuTepaTtypa

Ocrosnran
becos O. B. Jleknuu no maremarumdeckoMmy ananusdy. — Mocksa : PU3MATJIUT, 2020.

. Hsanos I'. E. Jlekiun o mareMarudeckoMmy aHasiausy. d.1. —Mocksa : M®THU, 2011.

Ilemposuy A. IO. Jleknun 1o mMareMmarwdeckoMmy aHaau3dy. U.2. Muoromepusuiii amanms.
WNurerpansl u pagsl. — Mocksa : M®TU, 2017.

Tep-Kpuxopos A. M., Illabyrnurn M. H. Kypc maremarudeckoro anaan3a. — Mocksa : M®-
TH, 2007.

Axoenes I. H. Jleknuu no maremarudeckoMmy aHasnausy. 9. 1. — Mocksa : @usmariaut, 2004.

Zlonoanumenvras

Kydpasuyes JI. /. Kypc maremarndeckoro anann3a. — 5-e u3a. — Mocksa : JIpoda, 2004.
Kydpasuyes JI. /. Kparkuit Kypc maremarmdeckoro amnanmsa. 1.1.— Mocksa : Hayka,
2004.

. Huxoavcxut C. M. Kypc maremarndeckoro ananusa. T.1. —Mocksa : Hayxka, 2000.
. Unavun B. A., Iosnax 5.I. OcuoBsl Maremarmieckoro axammsa. 11, 2. —Mocksa :

Hayxka—®usmariaur, 1998.

Quxmenzoavy I. M. Kypc nuddepeHnnagspHOro U WHTErpajJbHOTO HCYUCIIEHHS . — 8-e
u3g. — MockBa : @uzmaraut, 2007.

3opun B. A. Maremarudeckuit ananu3. 1. 1. — Mocksa : Hayxka, 1981.

3AJTAHUSA

JIurepaTtypa

. COopHEK 3aJad IO MaTeMaTHIeCKOMy aHamu3y. Warerpasnsi. Psaasr: yaebmoe moco-

6ue/nox pex. JI.JI. Kyapssnesa. — Mocksa : @u3maraur, 2012. (murmpyercs — C2)

. COopHHK Bajad IO MaTEMAaTHIeCKOMY aHaan3y. QOYHKIUN HECKOJbKHX I[I€DEMEHHBIX:

yuebuoe nocobue/mox pex. JI.JI. Kyapsasuesa. — Mocksa: @usamaraut, 2003. (nurupyer-
ca— C3)

SamMeuanunga

Samaun ¢ TOAYEPKHYTHIME HOMEPAMH PEKOMEHJIOBAHO Pa30bpaTh HA CEMHE-
HAPCKUX 3aHATUAX.

*
Sasaun, OTMEUEHHBIE , SABJISIOTCH HEOOI3ATEIbHBIME JIJIS BCEX CTYICHTOB.

ITEPBOE 3AJAHUE

(cpok caaau 8-13 mapra)

Heonpenesénabrii uHTETpaJI
C2, §1: 2(4,17); 10(7); 11(5); 12(8)"; 15(6); 20(7); 21(3); 24(4).
C2, §2: 2(4); 3(1); 4(1); 6(5)7; 8(1); 9(4)".
C2, §3: 2(7); 4(3); 5(3); 18(5); 19(1).
C2, §4: 1(5); 4(3); 15(5); 17(1)"; 18(4); 21(2).

C2, §5: 131; 139; 182; 188.
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1
T.1. Borauciure uHTerpanbl: a)” / 2+ dx;

6)/ ! d
X
S 1+vVr+V1+x

I1. ®dysKIINT MHOTUX MepeMeHHbBIX
A) MuoxecTBa B KOHEYHOMEPHBIX €BKJIMJIOBBIX IPOCTPAHCTBAX.
C3, 8§1: 14; 18; 24; 36; 38.
C3, §2: 9(2,6) (a,6,1); 12(6); 20(4).
T.2. IIna muoxecrsa A = [1,2) U {3} U ([4,5) N Q) C R naiiaure bee:
a) rpaHuYHbIe TOYKY; 6) NpeesibHbIe TOUYKH; B) BHYTPEHHUE TOYKH; T') TOY-
KU TIPUKOCHOBEHHS.

* g
T.3". Hokaxwure, uro muaoxkectBo A C R™, umeroriee Juiib KOHEYHOE TUCTIO
MpeesbHBIX TOYEK, He 6oJiee 9eM CIeTHO.

4. dBngerca a1 MHOXKECTBO

A ={(xy, 72, 23,24) € R* : 27 + 23 + 25 < 23}

B R%: a) oTKpEITEIM; 6) 3aMKHYTBIM; B) 001aCTHIO?
B) Tlpesen u HENPEPHIBHOCTD.
C3, §2: 37(8); 45; 48(7); 54; 62(5); 77(3).
B) Yacrubie npoussouubie, nuddepeniualt.
C3, §3: 2(4); 19(1,4); 20(3,5); 21(2",10); 40(4).
C3, §4: 1(3); 4; 14(2); 39(6).
I') ®opmyaa Teiinopa.
C3, §4: 71(2); 74(5).
PekoMeHIanuM 10 PelIeHro
IePBOTro JIOMAIIHEro 3aJaHus 110 HeJeJ M

1 memens | C2, §1: 2(4,17); 10(7); 11(5); 12(8)"; 15(6); 20(7); 21(3); 24(4).
C2, §2: 2(4); 3(1); 4(1); 6(5)"; 8(1); 9(4)".
C2, §3: 2(7); 4(3); 5(3); 18(5); 19(1).
2 negens | C2, §4: 1(5); 4(3); 15(5); 17(1)7; 18(4); 21(2).
C2, §5: 131; 139; 182; 188; T.1 (a),6)).
C3, §1: 14; 18; 24; 36; 38.
3 wenensi| C3, §2: 9(2,6); 12(6); 20(4); T.2; T.37; T.4.
C3, §2: 37(8); 45; 48(7); 54; 62(5); 77(3).

C3, §3: 2(4); 19(1,4); 20(3,5); 21(2",10); 40(4).
4 neqens | C3, §4: 1(3); 4; 14(2); 39(6).
C3, §4: 71(2); 74(5).
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BTOPOE 3AJAHUNE

(cpok cmaum 12-17 anpesnsi)

I. Mepa 2Kopaana
C3, §7: 16; 22; 24(2); 40(2).
T.1. Hokazarh, uro mepa zKopaana rpacduka HEIpepbIBHONH Ha OTpe3Ke PyHK-
[ PABHA HYJIIO.

T.2. Usmepumo ju MHOXKECTBO HyJeil QyHKIMI

. 1
f(z,y) = sin (m)
B kpyre {(z,y) € R? : 2% + y? < R?} pamuyca R > 07

II. Oupenenennsniii maTerpas

A) CpoiicTBa ONpPEIEICHHOrO UHTErPAJIA U €r0 BhIYUCICHNE.
C2, §6: 7; 11; 24; 30; 54(5); 106; 118; 155; 192",
C2, §10: 49(2).

b
T.3. oka3ars, 9TO /

a

sinx

2
dr| < —, roe b>a > 0.
a

T.4. lycre byaknua f orpanwmyaena #a nomyuaTepBase (a, b] m npu mrbom
e € (0, b — a) maTerpupyema mo Pumany ma orpeske [a + €, b]. Tokasars,
4TO 1IpHU J1000M goomnpenesennn PyHKuuu f B TOYKE T = a, PyHKIUA [
uHTErpEpyema o Pumany Ha orpeske [a, b] u cpaBemsMBO CIeAyOmIee pa-

b b
BeHCTBO:/ f(z)dz = lim / f(z)dx.
a a-+te

e—40
T.5. a) Oyuxuusa f wmeer nepoobpasuyio F ma orpeske [a, b]. Bepro sm, ato
f mETerpmpyema Ha orpeske [a, b]?

6) @ynkiums [ wmATETpEpyeMa HA OTpe3Ke [a, b]. Bepro sm, uro f nmeer
nepBOOOPA3HYIO HA OTPE3Ke [a, b]?

B) Ilycrs dyukuus f uarerpupyeMa Ha [a, b] u umeer nepsoobpasuyio F' Ha

b
orpeske [a, b]. JlokazaTh, 9TO BEPHO PABEHCTBO / f(z)dx = F(b) — F(a).

7
T.6". JloKasKuTe, U4TO Pa3pHIBHAS dbyukuus f(x) = sign ( sin 7) WHTETrpupyeMa
T

Ha orpeske [0, 1].

T.7". Ecan bynkunn y = f(z) u y = g(2) uHTErpUpyeMBI, TO 0GA3aTENBHO I
dynkuug y = f(g(x)) Takxke marerpupyema?
21



T.8". Ilycts f € C([0,400)) u cymecTByeT KOHeHBII Ipeer 115{1 f(z) =A.
T—r+00
1
Yemy paren lim /f(nz) dxz?
n—oo

B) Teomerpuyueckue NpuiioKeHus ONPeIeIEHHOIO HHTErPaIa.
C2, §7: 5(6); 26; 33(7); 69(8); 72(1); 82(2).
C2, §8: 12(1); 13(2); 82(4).
IT1I. KpuBoJmHEeHHBI WHTErpaJ
C3, §10: 1(3); 6(1); 17; 21(2) 27(3); 43.
IV. HecobGcTBenubIi mHTETPAJT
C2, §11: 70; 76; 85; 94; 100.
C2, §12: 89; 91; 98; 100; 104; 118; 120; 136; 137; 182; 230.

PeKOMeH,I[aI_[I/II/I 10 pernireHuro

BTOPOro JOMAITHETro 3aJaHus M0 HeJAeJIM
1 wemens | C3, §7: 16; 22; 24(2); 40(2); T.1; T.2.

C2, §6: T7; 11; 24; 30; 54(5); 106; 118; 155; 192",

2 menens | C2, §10: 49(2); T.3; T.4; T.5 (a,6,8); T6; T7 ; TS".

C2, §7: 5(6); 26; 33(7); 69(8); 72(1); 82(2).

C2, §8: 12(1); 13(2); 82(4).

3 menena | C3, §10: 1(3); 6(1); 17; 21(2); 27(3); 43

C2, §11: 70; 76; 85; 94; 100.

4 memena | C2, §12: 89; 91; 98; 100; 104; 118; 120; 136; 137; 182; 230.

TPETBE 3AJJAHUNE

(cpok coaum 17-22 mas)

I. YucaoBbie psijibl

A) Pajbl ¢ HEOTPUIATEIBHBIMEU YJIEHAMU.

C2, §13: 2(2); 5(6)*; 10(1); 11(6); 13(2); 14(3); 20(1).
C2, §14: 2(5); 5(4); 12(2); 14(4); 19(10); 21(12); 27(7 )
T.1. dBagerca au CXOATIAMCS P Z an ecmu pu p = 1,2, 3,... BBIIONHS-
n=1
ercst lim (@pt1 + g2 + ... + anyp) =07
n—oo

B) 3uakonepemenubie psiipl.
C2, §15: 3(2); 4(5); 8(4); 9(2).
Bo Bcex 3agagax §15 nccnemoBaTh TakzKe abCOMOTHYIO CXOAMMOCTD PAIO0B.
22



o0

T.2. TIycrs {a,}52; C Ru pan Z ay, cxoauTces. BepHo i, 9T0 CXOATCS Psifibl

n=1
%) 00
§ 2, 2 /‘ 3
a) Qns 6) ap ?
n=1 n=1

II. ®yuknuoHAIBHBIE TTOCJIEA0BATEIBHOCTH U PAJIHI
C2, §17: 5(4); 8(5); 9(4); 11(6); 12(5); 16(10).
C2, §18: 13(6)"; 22(2); 31(9); 33(12); 34(1); 37(11); 49"
C2, 819: 4; 6; 14; 22.
T.3. MoxeT Ju 110ocJ1e0BaTeIbHOCTD PA3PBIBHLIX (DYyHKINH CXOAUTHCSI PABHO-
MEpHO K HENPEePBIBHONW (GyHKINNT

T.4. UccneposaTh Ha MOTOYEYHYIO M PABHOMEPHYIO CXOAMMOCTH Ha MHOZKE-
crBax A = (0,1) u B = (1,+00) GyHKIMOHAIBHbIE IIOCIEI0BATEIBHOCTD
o0

{fn(@)}5L, u pan Z fn(x), ecn:

2) fult) = Togs 6) fula) = n(yfu+ -~ VE).

ITI. Crenennbie psijbl
C2, §20: 2(5); 3(1); 5(1); 8(4); 9(4)"; 14(5)".
C2, §21: 5(5); 6(4); 11(6); 19(3); 27(1); 29(4)"; 56(2); 80.
e xnz

T.5. Haiimure pagmyc CXOIUMOCTH PAIA Z o

n=1

PeKOMeH,I[aHI/II/I II0 pelIeHuIo
TpeTbero AoMaliIHero 3aJaHud 10 HedeJIdM

1 memens | C2, §13: 2(2); 5(6)"; M 11(6); 13(2); 14(3); 20(1).
C2, §14: 2(5); 5(4); 12(2); 14(4); 19(10); 21(12); 27(7)"; T.1

2 negens | C2, §15: 3(2); 4(5); 8(4); 9(2); T.2(a,6).
C2, §17: 5(4); 8(5); 9(4); 11(6); 12(5); 16(10).

3 menens | C2, §18: 13(6)"; 22(2); 31(9); 33(12); 34(1); 37(11); 49".
C2, §19: 4; 6; 14; 22; T.3; T4 (a,6).

4 negens | C2, §20: 2(5); 3(1); JJ 8(4); 9(4)"; 14(5)".
C2, §21: 5(5); 6(4); 11(6); 19(3); 27(1); 29(4)"; 56(2); 80; T5.

CocraBuresnb 3a1aHus accucrenT A.U. Kopuarun
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10.

Panr marpunsl. Teopema o 6a3ucaom muHOpe. Teopema O paHre MATPUILHL.

Cucrembl juueiinbix ypasuenwii. Meron Taycca. Teopema Kpomekepa—
Kanenmu. @yngaMenTanbHasg CHCTEMA PeIeHnil u ob1iee perenne 0THOPOI-
HO¥ cHCTeMbl JIUHEHHbIX ypaBHeHuii. O01ee pereHne HeoJHOPOIHON crucTe-
wmbl. Teopema @penrosbma.

Akcromarvka JUHEHHOTO TPOCTPAHCTBA. JIWHelHAS 3aBUCUMOCTD U JIMHEH-
Hasd HE3aBUCUMOCTH CUCTEM 3JIEMEHTOB B JIMHEHHOM TpocTpaHcTBe. bazuc n
Pa3MEPHOCTD.

KoopauraTHoe npepcraBjienne BEKTOPOB JIMHEHHOTO IPOCTPAHCTBA U OllEePa-
nuit ¢ uumu. Teopema 06 n3zomopdusme. Marpuiia mepexosa oT OHOTO Oa-
3uca K apyromy. M3mMeHeHre KOOPIWHAT MPU W3MEHEHUN 0a31ca B JTHHEHHOM
MTPOCTPAHCTEE.

IMoxmpocrpancTea u cnocoObl UX 3aJanus B auHeHOM TpocTpancTBe. Cym-
Ma H IepecedeHne noanpocTpancTs. @opmMysra pasMepHOCTH CYMMBbI TTOIITPO-
crpancTs. IIpamaa cymma.

Jluneitnbie 0TOOpaYKeHNsT JTMHEHHBIX MPOCTPAHCTB U JIMHEHHBIE Tpeodpaso-
BAaHUs JIMHEHHOrO MPOCTPAHCTBA. ZApo u 0Opas JuHEHHOTO OTOOPAYKEHUSI.
Onepanyy HaJ JUHEHHBIME MpeodbpasosanusMu. O6paTHoe mpeobpa3oBaHme.
Jluneitnoe NPOCTPAHCTBO JIMHEHHBIX 0TOOpaxkeHuii (MpeodpazoBaHmii).

MaTpuilbl THHEHHOTO OTOOpPAKEHNsT M JTUHEHHOr0 Mpeodpa3oBaHmsd O/ KO-
HEIHOMEPHBIX TpocTpaHcTB. Omnepanun HaL JTUHEHHBIMA TPEOOPAZOBAHUIMHE
B Marpu4Hoii dopme. M3menenne marpuibl guneiinoro orobpaxkenus (npe-
obpasoBanust) npu 3amene Gasucor. VIzomopdusm npocrpancTBa JuHelHbIX
OTODpaXKEHUH U MPOCTPAHCTBA MATPHII.

WNuBapuasTHbBIE MTOATPOCTPAHCTBA, IHHEHHBIX TTpecbpaszoBanuii. CobcTBeHHbIE
BEKTOpPHI 1 cobcTBeHHbIe 3HAYeHUs. COOCTBEHHBIE TIOATPOCTPAHCTBA. JImHel-
HAS HE3ABHCUMOCTH COOCTBEHHBIX BEKTODOB, IMPUHAIJIEKAIIUX PASTAIHBIM
COOCTBEHHBIM 3HAYEHUSIM.

HaxoxneHne COOCTBEHHBIX 3HAYMEHNH M COOCTBEHHBIX BEKTOPOB JHHEHHOIO
peobpasoBaHusd KOHETHOMEDHOTO JIMHEHHOTO TPOCTPAHCTBA. XapPAKTEePUCTH-
YECKOe YPABHEHUE, €r0 HHBAPUAHTHOCTD. OIIeHKa Pa3MEPHOCTH COOCTBEHHOTO
[IO/IIIPOCTPAHCTBA. YCJIOBHUS J[UATOHAJIN3YEMOCTH MATPHIIBI JIMHEHHOIO IIpe-
obpazopanusi. Teopema Famunbrona—Kamu.

Jluneitnbie Gopmbl. CompsizkenHoe (ABORCTBEHHOE) NPOCTPAHCTBO. BuopTo-
rOHAJLHLIH 6a3uc. BTopoe compayKeHHOe IPOCTPAHCTBO! .

I s moToxa M.A. YyGaposa.
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11. Bununeiinbie u kBagpaTudabie HOpMbl. VX KOOPIMHATHOE TIPEICTABICHUE B
KOHEYHOMEPHOM JIMHEHHOM HPOCTPAHCTBe. M3Menenune marpur OumnHeHOM
¥ KBaJIPaTUIHON (POPM Mpu u3MEHEHUH Da3UCA.

12. TlpuBenenue kBaapaTuyanoit hOPMbI K KAHOHUYIECKOMY BUIY MeTOIoM Jlarpan-
ka. Teopema (3aKkoH) WHEPLUY JIJId KBAIPATHIHBIX (HOpM. SHAKOONPEIEIeH-
wble KBagparuwanabie ¢popmbl. Kpurepuit Cunbpecrpa. [IpuBenenne xkpaspa-
TUIHOW (POPMBI K KAHOHMYECKOMY BHUJY 3JIEMEHTAPHBIMU TTPEeoOpa30BaHMsI-

MI/I2 .

13. AkcmomarwKa eBKJIHI0BA MpocTpancTBa. Hepapencreo Komu—ByHrakosekoro.
Hepaernctso tpeyrombanka. Marpura ['pama u ee coiicTsa.

14. Tlpouecc oproronasm3anuu B e€BKaAuA0BOM npocrpancrse. [lepexoxn or ox-
HOrO OPTOHOPMHUPOBAHHOIO Oasuca K Apyromy. OpToroHajabHOE JTOMOTHEHUE
HOJIIPOCTPAHCTBA, OPTOIOHAJIBHOE [IPOEKTUPOBAHKUE HA IIOAIIPOCTPAHCTBO.

15. Jluneiinbie mpeobpa3oBaHusi €BKINI0OBA MPOCTPaHCTBA. COMpPSKEHHBIE Tpe-
obpa3oBanHus, UX CBoiicTBa. Marpuia cONpszKeHHOTO MPe0OPA3OBAHUS.

16. Camoconpsizkennble mpeobpazopannsi. CBo#cTBa WX COOCTBEHHBIX BEKTOPOB
¥ coOcTBeHHBbIX 3HAUeHu. CylecTBOBaHNE OPTOHOPMUPOBAHHOTO Ha3uca, u3
CODCTBEHHBIX BEKTOPOB CAMOCOIIPSIZKEHHOTO TipeobpasoBanus. OpTOroHab-
HOE IIPOEKTHUPOBaHNE Ha IIOAIIPOCTPAHCTBO KaK IIPUMED CaMOCOIPAZKEHHOI'O
Ipeodpa30OBAHUSI.

17. Oproronabubie peodpa3oBamnus. Ux cBoiicTBa. OpTOroHaIbHBIE MATPHUIIHL.

Kamonmaeckuii BII MATPHIEI OPTOTOHAILHOTO IPE0OPA3OBAHNS".

18. Tlonapuoe pazsioxkenHne JUHEHHBIX TPEOOPA30BaHMIl EBKJINUIOBA MPOCTPAH-

crBa. Cunrynaproe pasioxkenue?.

19. TlocTpoenne OpTOHOPMUPOBAHHOTO Da3uca, B KOTOPOM KBaJapaTndHas hopma,
UMeeT nuaroHadbHb Bu. OJHOBpEMEHHOE MPHUBEICHHE K NAUATOHATHLHOMY
BU/Ly APl KBAAPATHIHBIX (HOPM, OJHA U3 KOTOPBIX SABISETCS 3HAKOOIIPEIe-
nennoifi. [lpuMenenne K KnaccupUKAIUH ITOBEPXHOCTEH BTOPOrO MOpaIKa’.

21* IHorok H.A. YybapoBa: yHUTAPHOE MPOCTPAHCTBO U €r0 AKCHOMATHUKA. Y HU-
TapHBIE MATPHUIBL. YHUTAPHBIE IPeobpasoBaHus. JPpMuUToBbl Gopmbl. CBOII-
CTBa YHUTAPHBIX U 3PMUTOBBIX MPEOOPA3OBAHMIA.

22* (OCHOBBI TEH30pPHOH aareOphl: OMpeIeeHne TEeH30pa; TEH30pHbIe 0D03HaUe-
HUS U IPOCTPAHCTBEHHBIE MATPUIIBL; JUHEWHBIE OIIePAITUY U YMHOXKEHNE TeH-
30pOB; CBEPTLIBAHUE; TPAHCIIOHUPOBAHUE; CUMMETPUPOBAHNE U AJILTEPHUDO-
BaHHE; CHMMETPDHUYHbBIE I AaHTUCUMMETPUYIHBIE TCH30D5bI.

2Kpowme noroka M.A. Uybaposa.

3 Tnst moroka, M.A. Yy6aposa.

4 Jlns noroxos O.K. IMommmnckoro u M.A. YyGaposa.
5 Tns moroxa M.A. Uy6aposa.
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JIuTepaTtypa

Ocnosnasn

1. Bexaemuwes /I. B. Kypc anamuTudeckoil reomerpun u juHEHHOH anre6per. —Mocksa :
Hayka, ®u3mariaut, 2008.

2. Kocmpuxun A. H. Beegenne B amrebpy. Y.1. OcuoBel anre6opsr. Y.2. Jluneitnas asre6-
pa.— MockBa : ®uzmaTiaut, 2005.

3. Vmnoe A. E. Ananutudeckasi reoMeTpus u JuHelHas anrebpa. 1.1, 2. —Mocksa : MOTU,
2006.

4. Yexnoe B. H. Jlekiuu 10 aHAJATUYECKON reomMerpuu u JuHEHHON asrebpe. — Mocksa :
M®TH, 2000.

3ATAHUS

JIuTepaTtypa

1. Bexaemuwesa JI. A., Bexaemuwes [J[. B.,I[lemposuy A. IO., Yybapos U. A. C60pHUK 3a-
Jad [0 AHAJUTHYIECKOH reomerpum u juHeiino#t asrebpe. —Mocksa : Pusmariaur, 2014.
(zurmpyerca — C)

3amMeuanuda

1. Bajauu ¢ HOMUYEPKHYTHIMU HOMEPAMU PEKOMEHJIOBAHO pa300parb Ha CeMu-
HAPCKHUX 3aHATUAX.
*
2. 3agaun, OTMEUYEHHbIE , SBJSIIOTCS HEOOSI3aTeTbHBIMU JIJIST BCEX CTYIEHTOB.

ITEPBOE 3AJTAHUE
(cpok cmaun 15-20 mapra)

I. Matpunbl

T.1. Boraucaure cio,(A207 + A209) A140-

1. Obparnas marpuia.
C: 15.45(1,2); 15.48(4); 15.56"; 15.58; 15.65(1,5); 15.54(3)".
2. Paur marpuiis.

C: 16.18(17); 16.19(3); 16.41%; 16.33".

T.2. na marpunst u3 3agaqau 16.18(17) ykaxkure HEKOTOPYIO cucremy Hazuc-
HBIX CTPOK, CHCTEMY DA3WCHBIX CTOJOIOB, HEKOTOPDBIM OA3MCHBIH MHHOP.

II. Cucremsbl auHeNHBIX ypaBHEHUH

C: 17.1(4); 18.1(7,9); 19.6(4, 20, 25); 18.17(4); 19.29(1)*.
IT1. JImnaeiiable TpocTpaHCTBA

1. IloampocTpamcrsa, muHEeiHAA 000I09YKa, DABHUC.
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C: 20.3(4); 20.4(2); 20.8(2); 20.14(9); 20.18; 20.21; 20.22(3); 20.23(4); 20.29;
18.13".

2. CymmMma u mepecetdenne; mpaMas CyMMa.
C: 15.94; 15.95(1); 21.2; 21.6(5); 21.7(5,7); 21.12".

IV. JIuneiiabie oTobparkeHnda

1. Marpuna aumefinoro orobparkeHus; aapo u obpa3s.
C: 23.8(2,5); 23.9(2,3); 23.14(2, 3); 23.15(1); 23.29(5); 23.30(1); 23.40(1B);
23.44(1); 23.62(3); 23.70(1).

T.3". TIpuBeanTe IPUMEpHI INHEHARBIX OTOOPaXKEHMI p: V — V rakux, 4To:
a) V # ker ¢ @ Imy;
6) ker ¢ = Img;
B) ¢ =0, 5O p? # 0.

2. JleficTBus ¢ THHEHHBIME OTOOPAKEHUSIMH.
C: 23.82(1); 23.83(1).

3. Jluneiinbie GyHKIMN.
C: 31.21; 31.31(2); 31.35(1).

PeKOMeHlﬂaI_[I/II/I II0 pelleHuro
IIepBOIro JoMalliHero 3aJlaHud 110 HeJAeJddM

1 memens | C: T.1; 15.45(1,2); 15.48(4); 15.56 ; 15.58; 15.65(1,5); 15.54(3)".
C: 16.18(17); 16.19(3); 16.417; 16.33"; T.2.
2 negiens | C: 17.1(4); 18.1(7,9); 19.6(4, 20, 25); 18.17(4); 19.29(1)".
3 megens | C: 20.3(4); 20.4(2); 20.8(2); 20.14(9); 20.18.
C: 20.21; 20.22(3); 20.23(4); 20.29; 18.13".
4 wenens | C: 15.94; 15.95(1); 21.2; 21.6(5); 21.7(5,7); 21.12".
C: 23.8(2,5); 23.9(2,3); 23.14(2, 3).
5 negens | C: 23.15(1); 23.29(5); 23.30(1); 23.40(18); 23.44(1).
C: 23.62(3); 23.70(1); T.3".
6 nemens | C: 23.82(1); 23.83(1).
C: 31.21; 31.31(2); 31.35(1).
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BTOPOE 3AJAHUNE

(cpok caan 3-8 Mas)

I. CrpykTypa nuneiinoro npeobpasoBauus

1. CobcrBernbe BEKTOPBI, COOCTBEHHBIE 3HAYEHHUSI. JIMaroHau3npyeMocTh.
C: 24.14(2)7; 24.20(2, 3); 24.28(2)"; 24.30(7, 19, 30); 24.42(1); 24.55(1).
2. uBapuaHTHBIE MOATPOCTPAHCTBA.
C: 24.70; 24.717; 24.72(2); 24.82(1).

II. BuanHeliHble M KBaapaTUdHbIe (DYHKIINHA

C: 32.1(4); 32.2(3); 32.7(2); 15.34; 32.8(9,12); 32.9(9,12); 32.15; 32.18(4).

ITI. EBKaNI0OBBI IIPOCTPAHCTBA

1. Marpumna I'pama, opToroHa bHOE JONOJTHEHNE, TPOEKIINA, OPTOTOHAIN3AIIHSI.

C: 25.7; 25.25(2); 26.13(4); 26.14(3); 26.15(2); 26.17(1); 26.27(2); 26.28(1);
26.42(1,6); 26.44(2); 19.16".

2. Jluueiinble TpeoOPA30BAHUST EBKINIOBBIX MPOCTPAHCTB. CaMOCOMpPSKEHHBIE
U OPTOTOHAJIBHBIE TPEOOPAZOBAHMS.

C:29.57; 29.7(1)"; 29.14(2); 29.19(1,7,117); 29.37(2)"; 29.47(1); 25.50(2);
29.49"; 29.53(3)".

T.1. densiorcsa au npeobpaszoBanus u3 3ama4du 23.8(2, 5) a) caMOCONPsIzKEHHbI-
Mu; 6) OPTOTOHATBHBIME?

T.2. IlpeobpasoBanue @ €BKIMIOBOTO MPOCTPAHCTBA W3 3amaqun 25.7 3a1aHO
dopmytoit:
1
o(f)ly) = [ K(z,y)f(z)dz, tne K : [-1,1] x [-1,1] — R — HenpepbisHas
-1

dyukung. IIpu kakom ycaosun Ha K mpeobpas3oBaHme ¢ SIBISETCA CAMOCO-
Npsi?KeHHBIM 7

3. Bununeitabie u kBagpaTudHbe (DYHKIUH B €BKIUIOBBIX TTPOCTPAHCTBAX.

C: 32.27(3,13); 32.39(1); 32.36(3,4).

IV*. Tenzopsi
C: 35.3(6); 35.4(5); 35.8(1); 35.12(2); 36.25(2); 36.35(13); 36.36(1).
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PeKOMeHlﬂaI_[I/II/I 10 pernreHuro

BTOPOIro AOMaIlTHEro 3aJlaHusd 110 HeJdeJdM

1 memens | C: 24.14(2)%; 24.20(2, 3); 24.28(2)"; 24.30(7, 19, 30).
2 megena | C: 24.42(1); 24.55(1).
C: 24.70; 24.717; 24.72(2); 24.82(1).
3 menena | C: 32.1(4); 32.2(3); 32.7(2); 15.34; 32.8(9,12); 32.9(9, 12); 32.15;
32.18(4).
4 meqens | C: 25.7; 25.25(2); 26.13(4); 26.14(3).
C: 26.15(2); 26.17(1); 26.27(2); 26.28(1); 26.42(1,6); 26.44(2);
19.16".
5 negens | C: 29.57; 29.7(1)7; 29.14(2); 29.19(1,7,117); 29.37(2)"; 29.47(1).
C: ; 25.50(2); 29.49"; 29.53(3)"; T.1; T.2.
6 menena | C: 32.27(3,13); 32.39(1); 32.36(3,4).
C: 35.3(6)"; 35.4(5)"; 35.8(1)"; 35.12(2)"; 36.25(2)"; 36.35(13)";
36.36(1)".
CocraBuTesb 3a1aHUs accucrent 0. B. Ky3bmenko
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YTBEPXXIEHO
IIpopexrop mo yaeOHoit padbote
A. A. Boponos
15 suBaps 2021 .

[TPOI'PAMMA

no nucuuiuinie: Uugopmaruka. IIpoaABUHYTHIH Kype
o HarpasiieHHIo moarotoBku: 03.03.01 «[IpuknagHple MaTeMaTHKa U QH3HKA»
¢usrex-mkoma: PIMHA, ®PKT

Kagempa: HH(OPMATHKH H BbIYHCIUTEILHONH MaTeMAaTHKH

Kypc: 1

ceMecTp: 2

TpynoeMKoCTb:

Bazosas yacth — 4 3auer. en.;

nexuuu: — 30 yacoB OK3aM€eH — HET

NIPAKTUYECKHE (CEMHHAPCKHE) 3ageT gud). — 2 ceMecTp

3aHATHS: — HET 1 xoHTpOJIbHAS paboTa
J1aboparopHele 3aHaTHA: — 60 YacoB CamocrosarennHas pabora — 90 yacos

BCET'O AYUTOPHBIX YACOB - 90

IIporpammy cocraBuiIu: crapmuii npenonasarens J. A. TlogmecHbIx

[Iporpamma npuHSTa Ha 3aceJaHUH
kadeapsl THPOPMATUKH U BRIYHCITUTEIIEHOW MaTeMaTHKU
23 mrons 2020 T

3aBenyrouuii kadenpoi,
JIOLIEHT, K.(.-M.H. H. 1. Xoxios



IIpencrapienue HaTYpaJbHbIX Ynce]. Cuctemsl cuucieHus. /IBondHas,
BOCbMEpHUHasl, mecTHaauarepuynas. [lepeson Mexy HUMHU. Kosblia BEIYETOB
10 MOJYITIO.

IIpeacrapienne ynces co 3HaKOM. [IOMOTHUTENBHBIN KO,

Ilopsinox 6aiiToB. Ilopsiiok OT cTapmiero K MiajmieMy, OT MJAIIero K
cTapuieMy, nepeKIrodaeMblil, CMelIaHHbIH. BrlpaBHUBaHUE JaHHBIX.

IIpencrapaenne yucel ¢ mIaBamomeil Toukoi. ManTucca u nopsiok. Ma-
IMHHAs ToYHOCTh. HopMmanu3oBaHnHble uncna. BiusHue nopsiaka aeictsuil Ha
pe3ynbTar.

Apxurekrtypa npoueccopa. RISC, CISC, VLIW, VISC. FPGA. Cynepcka-
nspHas apxutektypa. Apxutekrypa Load-Store. [Tpuanmmer ¢pon Heiimana. [ap-
BapCKasi apXUTEKTypa. MUKPOKOHTPOJIIEPHI.

Peructps! npoueccopa. Peructps! o0mIero u crieranbHOTO Ha3HAYCHHUS.
@raru (IpenuKaTsl).

Komanani. KomannHoe cnoBo. YcinoBHOE HCTIOTHEHHE KOMaH,

Ilepexonwbl. be3zycioBHbIE U yClIOBHBIE NIepexobl. BeTneHus. L{ukisbl.
BnustHMe nIepexoi0B Ha IPOU3BOAUTENIEHOCTb.

Mpouenypol. Cortamenne o BeizoBe. ComnamieHust Ha npumepe cdecl,
fastcall, stdcall, ARM EABI. ABI u API. Comtamenue 00 IMEHOBaHUU OOBEK-
ToB. CornamreHus 06 00paboTke HCKITIOUeHMH. XpaHeHHe aipeca Bo3Bpara. Vc-
nonb3oBanue creka. [Iposnor u snuor ¢pynkuun. CtekoBble (ppeiiMbl.

CnoxHble THIIBI JAaHHBIX. MaccuBel. MHOTOMEPHbBIE MacCHUBBI.

OnTumuzanms nporpamm. Mcnons3oBanue kouBeepa. ONTUMU3UPYIOLIUI
kommATop. Pa3BopaunBanne mukiios. Mamenenue nopsiaka oneparuid. [Ipex-
CKa3aHHE BETBICHU.

Hepapxus namsarei. Peructpsl, ka1 [TaMaTh ¢ IPOU3BOIBHBIM TOCTYIIOM.
OHeproHes3aBucUMas MaMATh. J[MCKOBbIE HAKONUTENN. XPpaHEHHE HA HA MarHUT-
HBIX JICHTaX.

Jransl koMnuasuum. [IpenporeccupoBanue, KOMIIIIAIMA, acceMOIMpo-
BaHHE, CTaTHYeCKast KOMIOHOBKA. CTaTHYeCKne U JUHAMHUYECKHe OMOIMOTEKH.
JluHamMuueckas KOMIIOHOBKA U 3aIlyck nporpammsl. Kpocc-KoMIuIsIus.

MmHuoronpoueccHasa padora. BupryansHast mamsate. IIpoueccsl. ITotoku.
BupryanbHasd namsTh. 3a1a4u sApa ONEPAliMOHHON CUCTEMBI.

Jlureparypa
(Ocnosnas)

1. Bpasiaum P., O Xannapon /{. KoMIbIOTEpHBIE CHCTEMBI: apXUTEKTypa 1 IIPOTPaMMHUPO-
Banue. B3riang nporpammucra. CankrllerepOypr : “BXB-IlerepOypr”, 2005. ISBN 5-
94157-433-9.

(Hononnumenvuas)
1. @uno B. Teopernueckuii MuaumyM o Computer Science. Bece 4to Hy)HO mporpam-
MHUCTY U pa3pabotunky. CankrlletepOypr : [Tutep, 2018. ISBN: 978-5-4461-0587-8.
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https://www.piter.com/product/teoreticheskiy-minimum-po-computer-science-vse-chto-nuzhno-programmistu-i-razrabotchiku

DJIEKTPOHHBIE pecypchl
1. http://cs.mipt.ru
2. http://acm.mipt.ru
3. http://judge.mipt.ru
4. hitp://kpm8.mipt.ru
5. datalab.vdi.mipt.ru
6. bomblab.vdi.mipt.ru

3AJAHHME 1

(cpok coauu 15-20 mapma)
3ajaun 10KHBI ObITh HanucaHbl Ha C ¢ y48TOM PEeKOMEHIALMI IO CTUITIO
KOJIa, KOMIIMJIMPOBaThes 0e3 mpenynpexaeHuil. Valgrind u address sanitizer He
JOJDKHBI HAXOOHUTH MpooieM B mporpamme. [IpoBepka ocymiecTBiseTcs: Ha CH-
creme ejudge.
1. Harmmmmte Ha C mporpaMmy, KoTopast OyZeT IepeBOJUTh YUCIIO U3 ACCATHY-
HOH CHCTEMBI CUHCIICHHS B BOCBMEPHIHYIO.
2. Hammmmte Ha C mporpamMmy, Kotopas OyzeT IepeBOJUTh YUCIIO U3 IIECTHA-
JIATEPUIHON CHCTEMBI CIMCIICHHS B IBONYHYIO. B 4ncie 1o MILUIMOHa MIecT-
HAANATePUUYHBIX ITUQD.
3. Hamumute Ha C nporpammy, kotopasi OyZIeT BEIBOANUTH 3alMCh YUCIIA B J10-
MTOJTHUTEIHHOM KOJIE.
4. BpranciuTe SKCIIePHUMEHTAIBHO, CKOJIBKO OUT COEP>KUT MAaHTHCCA KaXKI0TO
W3 YHCell C MJIaBarollle TOUKOH, TO0CTYNHBIX Ha Baiiem kommberoTepe.
5. Hammmmre na C nporpaMmy, kotopast OyJieT BHIBOAUTH MOOUTOBOE TIpeI-
CTaBJIEHHUE YHCIIA C IUIABAIOIIEH TOYKOH.
6. Harmmmmure Ha C nporpaMmy, kotopasi OyJeT BBIYUCIATE CYMMY YHCEII C TUIa-
BaIOLLEH TOUYKON ¢ MaKCUMaIbHONU TOYHOCTBIO.
7. Harmmmmre smymsitop RISC-miporieccopa ¢ HECKOMBKIMHE PETHCTPaMA 00-
IIer0 Ha3HAYEHMSI 1 KOMAHAaMH CIIOKEHHS U BEIYUTAHHS.
8. JlobaBbTe K OMYISITOPY (Iiar v ycIOBHOE UCTIOTHEHNE HEKOTOPHIX KOMaH]I,
COXpaHMB 00PaTHYIO COBMECTUMOCTb.
9. Hammmmre Ha C mporpaMmy yMHOXEHHS MaTPHIl. DKCIIEPUMEHTAIBHO Olle-
HUTE BBIMTPHINI OT 3()(HEKTUBHOTO HCIOIb30BaHMS KAIIIA.
JlomonHe s K 3aIaHISIM [T KOHKPETHBIX TPYTIIT BRIJAIOTCS B BU/IE KOHTECTOB
Ha http://judge.mipt.ru
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3AJIAHHE 2

(cpox coauu 2—7 dexabps)
Konkpernas apxurexrypa (ARM, x86, x86 64, GPGPU, «3mp0pyc» BbIOMpa-
€TCsl IPETIOAABATENEM TPYIIIIbI.
1. Harmmmnte Ha si3b1Ke accemOniepa MporpaMMy BBIYHCIIECHHS (akToprana Ie-
JIOTO HEOTPHUIIATEILHOTO YUCIIA.
2. HanmmmTe Ha s3pike accemOniepa IporpamMMy CIOKEHHSI JIBYX BEKTOPOB C
HACBIIIEHUEM.
3. HanumuTe Ha s3pIKe acceMOiepa porpaMMy, BEIYHCIISIONIYI0 MOAY/Ib YUCTIa
C INIaBaIOIEl TOUKOI.
4. HarmmmTe Ha A3bIKe acceMOnepa (yHKINIO, KOTOpast BBIYUCISET KOPHU Ky-
Onveckoro ypaBHEHHUs, K03()(OUIMEHTH epeaaoTcs B Ka4eCTBE apryMEHTOB B
COOTBETCTBHH C COIVIAIIEHHEM O BBI30BE I Bamei apXuTeKkTypsbl.
5. Hanmmure Ha si3bike accemOiepa (GyHKIUIO, KOTOPast BEIYUCIISIET KOPHU Ky-
Oudeckoro ypaBHeHUs, K03 (OUIMEHTHI TepeAaloTCs B Ka4eCTBE apryMEHTOB B
COOTBETCTBUU C COINIALLIEHUEM O BbI30BE Ul Balell apXuTeKTypsl.
6. Hammmure Ha si3pike accemOiepa (YHKIMIO, KOTOpasi BBIYUCISIET CYyMMY
psiza, 3HaUCHMsI KOTOPOTO JISKAT B ONEPAaTHBHON MaMATH. YKa3aTelb U KoJnde-
CTBO YHCEJ IIEPEJaloTCs B Ka4eCTBE apryMEHTOB.
7. Hanmmre mporpammy, KOTopasi MOANGHIMPYET UCTIONHAEMbIH (aiin, n3me-
HUB yCJIOBHE NIEpEX0/ia B BETBICHUH HA IIPOTHBOIIOJIOXHOE.
8. Hammmmre nmporpaMmy, KOTopasi MOXU(PHIMPYET UCTIONHIAEMBIN (aiii, n3me-
HUB YCJIOBHBIH Iepexo/] Ha 6e3yCIOBHBII.
9. BeisicHuTe, ITPY KaKOM aprymeHTe GpyHKIUs 13 ONONNOTEKH BEPHET HEHYIIEBOE
3HaYCHHE.
10. Hanmmmure mporpaMmy, KoTopasi ¢ momoinisio dlopen BBISICHSIET, €CTh JU B
cuctemMe OMOMMOTEKa ¢ ONpeNeIEHHBIM Ha3BaHUEM.
11. BemmonauTe naboparopuyto padory datalab.
12. BeimonauTe 1aboparopHyro padoTy bomblab.
JlonosTHeHUs! K 3a1aHUSIM JUUII KOHKPETHBIX IPYII BBIJAIOTCS B BUJIE KOHTECTOB
Ha http://judge.mipt.ru
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VYyeOHoe n3manme

CbOPHHUK
nporpaMMm 4 3ajaHu#"

PuszTex-1mIKOIA NPUKIAAHON MaTeMaTUuKH U HHpopmaTuku (PIIMHU)

AJis crypentoB 1 xypca

Ha BeCEHHMIA ceMecTp
2020-2021 y4€0HOTO roja

Penakrops! u koppektopsl: M.A. Boakosa, O.11. Komosa
KommnsrorepHas Bepctka B.A. [pyoicununa

IMoanucano B nedats 15.01.2021. ®opmar 60 x 84 Y15, Ve meu. n. 2,25. Tupax 140 ok3.
3aka3 Ne 08.

denepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00Pa30BaTEIbHOE YUPEKICHHE

BBICIIEro 00pa3oBaHust «MOCKOBCKHIT (PM3UKO-TEXHHYESCKHI HHCTUTYT (HALIMOHAIBHBIN
HCCIIEI0BATENBCKUI YHUBEPCHTET)»

141700, MockoBckas o6u1., r. Jlonronpyausiii, MHcTUTYTCKMIA TI€D., 9

Ten. (495) 408-58-22, e-mail: rio@mipt.ru

Ornen onepatuBHO# nommrpadpun «dusrex-momrpad»
141700, MockoBckas 06u1., . Jlonronpyausrii, MacTHTyTCKMI TIEp., 9

Temn. (495) 408-84-30, e-mail: polygraph@mipt.ru
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