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IpeaucaosBue

Cpenun ecTeCTBEHHBIX HayK OJIHO M3 BKHEWIIMX MecT 3aHumMaer ¢usuka. OHa
ABIsIeTCA (PyHIAMEHTOM, HA KOTOPOM CO3/1al0T CBOM TE€OPETUUYECKUE MOCTPOCHHS U CO-
BEPLICHCTBYIOT CBOM 3KCIIEPUMEHTAIbHBIE METOJIBl E€CTECTBEHHBIE W NPUKJIIATHBIE
HayKu. DTO MpenonpeeseT 3HaueHne Kypca (GU3MKU B MPOrpaMMax BBICILIEH IIKOJIBI,
OCOOEHHO BBICHIMX TEXHUYECKUX Y4eOHBbIX 3aBefeHH. Ha mpoTskeHunm nocieaHux
TpPEeX CTOJETHI pa3BUTHE TEXHUKHU TECHO MEPEIUIETAIOCh C Pa3BUTHEM (DU3UKHU, KOTO-
pas mpeaBapsiia NPUHIMIHAIFHO HOBbIE HampaBlieHUs B TexHHuke. Y mosTomy usmka
NPUHAICKUT K 4uciay (yHIaMEHTAIbHBIX HAYK, COCTABJISIIONIUX OCHOBY TEOpETHUYE-
CKOH MOATOTOBKM MH)KEHEPOB U UIPAIOILUX POJIb TOM Oa3bl, 0€3 KOTOPO HEBO3MOXKHA
yCHENIHas AeSITeIbHOCTh MHKEHEPA B JIF0O0H 00JJaCTH COBPEMEHHOU TEXHUKHU.

dusuka ecTb Hayka, U3ydyarolas MpocTelIIe u BMECTE C TeM Haubosee o01ue
3aKOHOMEPHOCTH SIBJIEHUW MPUPOJIbI, CBOMCTBA U CTPOEHUE MATEpUH, HanboJliee ooIIHe
Y TIpOCThIe (POPMBI ABMKEHUS MATEPUU (MEXaHUYECKHE, TEIIJIOBBIE, FJIEKTPOMATHUTHBIE
U JIp.) ¥ UX B3aUMHBIC MpeBpanieHus. [ aBHas 1uenb (U3UKA — BBIIBUTh U OOBSICHUTD
3aKOHBI MPUPOJIbI, KOTOPHIMU ONpPENENAIOTCS Bce (u3nueckue siBiieHusd. Ousnka - 370
HayKa, B KOTOPOI CO3/1al0TCsl MPEACTaBICHUs 00 €IMHCTBE BCEr0 OKPY’KAIOILIEro Hac
Mupa. 3aHUMas [IEHTPAIbHOE MECTO CPEeIU JIPYruX HayK B OOBSICHEHUU 3aKOHOB MpPU-
pozbl, (hU3UKa UTpaeT MEePBOCTENEHHYIO poiib B (POPMUPOBAHUN HAYYHOT'O MaTepuau-
CTUYECKOIO0 MMPOBO33PEHHUSI, LIETOCTHON (PHU3MUECKON KapTUHBI OKPY’KAIOLIEro Hac
MUpa.

OCHOBHBIMH 337]a4aMH Kypca (PU3UKU B By3aX SBJISIFOTCS:

1. dopmupoBaHHUE y CTYJIECHTOB JUATCKTUKO-MATEPUATHCTHUECCKUX MPEACTABICHUIN O
SABJICHUSIX M TPOLECCaX, MPOUCXOAAIINX B MPUPOJIE, YTO CIIOCOOCTBYET PA3BUTUIO
HAay4YHOTO MBIIJIEHUS, B YACTHOCTH, MIPABWJIBHOTO MTOHUMAHUS TPAHUL] MPUMEHHU-
MOCTH Pa3IMYHBIX (PU3UYECKUX MOHSTHM, 3aKOHOB, TEOPUNA M YMEHHUS OLICHUBATh
CTENEHb JIOCTOBEPHOCTU PE3YJIbTATOB, MOJTYYEHHBIX C MOMOIIBIO SKCIIEPUMEHTAIb-
HBIX METOJOB HccleoBaHusi. KOHKpeTHbIE (PU3NYECKHE MPUMEPHl KaK HEIb3s

ayduie yOexaaroT B TOM, 4TO 3HaHHE Quiocopuu, NOBCETHEBHOE TPUMEHEHUE €€
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3aKOHOB SBJIAIOTCA OJHHMM M3 CYHICCTBCHHBLIX 3aJIOrOB YCIICHIHOI'O pPas3sBUTHUSA

HAyKU U TEXHUKH, IPOrpecca YeI0BeUeCKoro o0IiecTna.

2. YcBOoeHHE OCHOBHBIX (DM3MUECKHX SIBICHHUN, MX MEXaHHU3MOB, 3aKOHOB KJlaccuye-
CKOM M COBpEMEHHOM (hM3HUKH, METOJIOB (PM3UUECKOTO MCCIIEIOBAaHUS - TEOpETUYe-
ckoro dyHmaaMeHTa OymyIiel CIenMHalbHOCTH CTYJAEHTOB. OTHU 3HAHMS IMO3BOJISAT
OyIoyllMM HMH)KEHEpaM OPHEHTHPOBATHCA B MOTOKE HAYYHOM M TEXHUYECKOW HH-
dbopman U obecreyaT UM BO3MOXKHOCTb MCIOJB30BaHUSI HOBBIX (PU3UYECKHX
IPUHIIAIIOB B TE€X O0JIACTAX TEXHHKH, B KOTOPHIX OHU crnernuanuiupyoorcs. [Ipa-
BUJILHOE TPEJCTABICHUE O MPUPOAEC (PU3NYECKUX SIBICHUH OCOOCHHO BAXKHO MpHU
IIOCTAHOBKE HOBBIX BOIIPOCOB, KOTOPHIE BCEI/Ia BO3HUKAIOT B MPOLECCE NPAKTUYE-
CKOM JI€SITEIbHOCTH MHKEHEPA.

3. BbIpaboTka y CTy/I€HTOB IPUEMOB U HABBIKOB PEIICHUS KOHKPETHBIX 3a/1a4 U3 pas-
HbIX oOyiacTeld (PU3MKH, MOMOTAIONIMX CTYACHTaM B JaJbHEHIEM peniaTh MHXKe-
HEPHBIE 33/1a4U.

4. O3HakOMJICHHE CTYACHTOB C HAy4yHOW ammapaTrypoi, BbIpaOOTKa y CTYIEHTOB
HayaJbHBIX HABBIKOB MPOBEIAECHUS SKCIEPUMEHTAIBHBIX HCCIEAOBAHUIN Pa3IMYHBIX
(bu3HUECKUX SBJICHUM U OIIEHKU MOTPEUTHOCTEH U3MEPEHUH.

[enpr HacToOAErO y4eOHO-METOAUYECKOTO MOCOOUS — OKa3aTh MOMOILb CTY/I€H-
TaM-3a0YHUKAaM HH>KEHEPHO-TEXHUYECKUX CIEIUaNIbHOCTEH By3a B M3YyYEHUHU Kypca
(buzuKH.

B nanHoM mocoOuM mpuBeieHa KOHTPOJbHAs padoTa Mo CleayoleMy pa3iaerty
¢uznku: « OCHOBBI MOJIEKYJISIPHON (DM3UKU U TepMOJIMHAMUKWY. [lepe KOHTPOIbHBIM
3aJlaHUuEM JAl0TCs TIOSACHEHUs K pabouell mporpaMme, MPUBOJIATCS OCHOBHBIE 3aKOHBI U
dbopmybl, TpUMephl peleHus 3aaad. Kpome Toro, B mocoOuu npuBeneHbl 00LUe Me-
TOJMYECKUE yKa3aHus, paboyas mporpamMma 1o yKasaHHoMy pasneiny Gpusuku, npumep-
Hasi cXeMa peIIeHUs 3a/ay, 3afadyd JJIsi CaMOCTOSITEIbBHOIO PEIICHHUS U HEKOTOphIe
CIIPABOYHBIE MATEPUATIBI.

Ceenenusi, cBsi3aHHBIE CO crienU(PUKON M3ydyeHUs Kypca (PU3UKU B pamMKax KOH-
KpPETHOM CHeUanbHOCTU JAHHOTO BYy3a, COOOIIAIOTCS CTyJAeHTaM KadeApod (usuku

JOITIOJIHUTCIIBHO.



O0mue MmeToguUYeCKHe YKA3aHUA

OcHoBHOM QopMoii 00yueHHUsl CTYAEHTA — 3a0YHHKA SIBIISIETCS CaMOCTOSITENIbHAS
pabota Han yueOHbIM MatepuanioMm. s oOierdeHust 3Toil paboThl Kadeapa UMK
OpraHu3yeT YTEHHE JICKIUH, MPOBEACHNE MPAKTUICCKUX 3aHATUHN U TaOOPaTOPHBIX pa-
6ort. [losToMy mporecc n3ydeHus: PU3NKA COCTOUT U3 CIEAYIOIIUX 3TanoB: 1) npopa-
00TKa YCTaHOBOYHBIX W O030PHBIX JIEKIIMIL; 2) caMOCTOsITeNIbHAsT paboTa HaJ yuyeOHH-
KaMHu U Y4eOHBIMU MOCOOUAMHU; 3) BBITIOJTHEHHNE KOHTPOJBHBIX Pa00T; 4) MPOXOXKICHUE
71a00paTOPHOTO MPAKTUKYMa; 5) cjaua 3a4€TOB U SK3aMEHOB.

[Ipu camocTosATenbHOM paboTe Hall y4eOHBIM MaTepUaIoM HEOOXOIUMO:

1) cocTaBiATh KOHCHIEKT, B KOTOPOM 3aIMChIBATh 3aKOHBI U ()OPMYJIbI, BHIPAKAIOIINEC
ATH 3aKOHBI, ONPEACTICHUSI OCHOBHBIX (PM3WYECKUX TMOHATUN U CYIIHOCTH (pu3mde-
CKHUX SIBJICHUH U METOJOB HCCIIEI0OBAHUS;

2) u3yd4aTh Kypc (M3MKH CUCTEMAaTHUYECCKH, T. K. B IPOTUBHOM ClIy4ae MaTepual OyaeT
YCBOEH MTOBEPXHOCTHO;

3) crapaThCs MOJB30BAThCS KAKUM-TO OJHMM Y4YCOHHKOM WM Y4YEOHBIM MOCOOHMEM
(W11 OrpaHUYEHHBIM YUCJIOM MOCOOMIT), UTOOBI HE yTpaurBaiach JOTHYECKas CBA3b
MEXIy OTACITBbHBIMHA BOTIPOCAMH, TIO KpailHe Mepe, BHYTPU KaKOT0-TO OIMpeesIeH-
HOTO pa3zjiesna Kypca.

KonTponbHbie paboThl MO3BOMSIIOT 3aKPENUTh TEOPETUUECKUI MaTepuai Kypca.
B mpouecce nzyueHus: GU3MKU CTYAEHT JOJKEH BBIIIOJHUTH CTOJBKO KOHTPOJIBHBIX
paboT, CKOJIBKO MPEAYCMOTPEHO YUeOHBIMHU IIJIaHAMM I10 KYpCY JUIsl CTIeHUaIbHOCTH, Ha
KOTOpO# OH 00yuaeTcs. PelieHre 3a7a4 B KOHTPOJIBHBIX paboTax sIBJISETCA MPOBEPKOM
CTETNIEHH YCBOEHUS CTYJIEHTOM TEOPETHUECKOIo Kypca, a pelieH3uu Ha paboTy momMora-
IOT eMy JopaboTaTh W MPaBUIHLHO OCBOUTH Pa3IUyHbIC pasaenbl Kypca ¢usuku. [lepen
BBIMOJTHEHHEM KOHTPOJIBHONH pPabOThl CTYAEHTY HEOOXOIMMO BHUMATEIBHO O3HAKO-
MUTBCSI C IPUMEpPaMH pellieHus 3aja4d M0 JaHHOM KOHTPOJIbHOM paboTe, ypaBHEHUSIMU

u (popmynaMu, a TakKe cO CPaBOYHBIMU MaTepuasiamu. [Ipexae yeM nmpucTtynuTh K
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PEUICHUTIO TOM WJIM UHOU 3aa4u, CTYACHT AOJDKCH XOpPOIIO IMOHATH €€ COACPKAHUEC U

IIOCTAaBJICHHBIC B HEU BOIIPOCHI.

BapuaHT KOHTpOIBHON pabOThl COOTBETCTBYET MOCHEAHEH IU(pe CTyIEHIECKO-

ro Ownera (3auetHoil kHWXKH). OmnpeneneHue 3agady, COOTBETCTBYIOIIMX BapUaHTY,

MIPOBOAMTCSA IO €IUHON TaOIUIE BAPUAHTOB.

Bapuant HomMmepa 3a1a4 B KOHTPOJIbHOM paboTe
1 1 11 21 31 41 51
2 2 12 22 32 42 52
3 3 13 23 33 43 53
4 4 14 24 34 44 o4
9) 9) 15 25 35 45 55
6 6 16 26 36 46 56
7 7 17 27 37 47 S57
8 8 18 28 38 48 58
9 9 19 29 39 49 59
10 10 20 30 40 50 60

[Ipy BBIMOTHEHUN KOHTPOJIBHBIX PAOOT HEOOXOIUMO COOIIOJATH CIEIYIONIUE

npaBuJia:

1)
2)

3)

4)

5)
6)

KOHTPOJIbHYIO Pa0O0TY BBITIOJIHSATH B TETPAJIH;

Ha TUTYJILHOM JIMCTE yYKa3bIBaTh HOMEP KOHTPOJILHON padOThl, HOMEp BapUaH-
Ta (mocnenHsis nudpa HoMepa CTYJEHUECKOTO OuiieTa), HAMMEHOBaHUE JTUCIIH-
IUTMHBI, (aMUJIMI0 M MHUIAAJBI CTYJICHTa, MU(pP CIEIUaIbHOCTH U HOMEpP
TPYIIIbL;

KOHTPOJIbHYIO pabOTy ClIeyeT BBITIOIHATh aKKypaTHO, OCTaBIISISA TOJIS IS 3a-
MEYaHHUMN PELICH3EHTA;

3a/1a4y CBOETO BapHaHTa MEPENuChIBaTh MOJHOCThIO 0€3 COKpalleHui, a 3a-
JTaHHbIe (PU3UYCCKHE BEIIMYHMHBI BBIITUCATH OTIASIBHO, IIPU ATOM BCE YHCIIOBHIC
BEJIMUMHBI JOJDKHBI OBITH TiepeBe/ieHb B cuctemy CU;

JUJIS1 IOSICHEHMST PEUIECHUS 3a/1a4H, TJI€ 3TO HYXKHO, aKKypaTHO CAENaTh YEPTEK;
perieHne 3a7a4 U UCIoJib3yeMble (OpMYIIbl JOJKHBI COMPOBOXKAATHCS KpaT-

KHMHU ITOJACHCHHUAMH, B IIOSICHCHHAX K 3a4a4cC HGO6XO)II/IMO YKa3bIBaTh TC OC-
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HOBHBIE ()OPMYJIBI U 3aKOHBI, HA KOTOPBIX 0a3upyeTcs pellleHue TaHHOM 3a-

Jauu;
7) penieHue 3a1a4d HEOOXOUMO CHavasa cAeliaTh B 0OIIEM BHIE, T. €. TOJIBKO B
OYKBEHHBIX 0003HAUEHHUSIX, MOSICHSS MPUMEHSEMbIE MPU HAMUCAHUU (HOPMYT
OykBeHHBIC O00O3HAYCHUS; TMPH TIOJYUYCHUH pPaCYeTHOW (HOPMYJIBI, KOTOpas

HY’KHA JIJIS1 PEIICHUS] KOHKPETHOU 3a/1auu, 00s3aTEIbHO MTPUBOIUTH €€ BHIBOJ;

8) BBIYMCIICHHS CJIEYET MPOBOJUTH IyTEM IOJCTAHOBKH 3aJJaHHBIX YHCIIOBBIX
BEJIMYMH B pacyeTHYIO (HOpMyJTy; BCE UMCIIOBBIC 3HAUCHUS BEIMYUH, HEOOXO-
JTUMBIEC I pelIeHUs] JaHHOW 3ajauM, JTOJDKHBI OBITh BBIPAXKEHBI B CHUCTEME
CH;

9) mpoBepUTH CAMHHUIIBI U3MEPCHHS BEJIMYUH 0 pacyeTHOH (hopMmylie M TeM ca-
MBIM MOJTBEPAUTH MPABUIBHOCTD €€;

10) KOHCTaHThI (IIOCTOSIHHBIE) (DU3UUYECKUX BEIUYMH U JIPYTUE CIIPABOYHBIC
JaHHBIE BEIOUPAIOTCS U3 TAOJIHIL;

11) PY BBIYMCIICHUSIX HCIOJIb3YWTE€ MUKPOKAIBKYJISTOpP, TOYHOCTh pacydera
OTIPEIEISACTCS YUCIIOM 3HAYaNMX MU(p UCXOTHBIX JTaHHBIX;

12) B KOHTPOJBHOUM paboTe cliefyeT yKa3blBaTh YYEOHUKH M y4eOHBIE MOCO-
Ous1, KOTOPBIEC UCTIOIB30BATIUCH TIPH PEIICHUH 3a71aY,

13) €CJIM KOHTPOJIbHAs paboTa mpernoiaBaTeseM He 3aUuTeHa, TO HEe0OXOIUMBbIe
JIOTIOJTHEHUSI U MCTIPABIICHUS CIIEIyeT BBITIOJHSATH B TOM K€ TETpajayd B KOHIIE
paboThI; UCIIPABIICHUS B TEKCTE HE3aUTEHHOM 3a/1a4l HE JJOMYCKAIOTCS;

14) OyKBEHHBbIE 0003HAYCHHMs BEJIIMYUH, UCIIOJIb3YEMbIE MPU PEUICHUU 3ajad,
JIOJIKHBI COOTBETCTBOBATH OOIICTIPUHSTHIM;

15) KOHTPOJIbHAsE paboTa cAaeTcs Ha MPOBEPKY HE MO3THEE, YEM 3a MECSAIl 0
Hayaya IK3aMEHAITMOHHOW CeCCHH; cadya paboT B IEPHOJ] CECCUU HE JOIyCKa-
eTCsl.

KoHnTponbsHbie paboThl, MpecTaBIeHHbIE 0€3 COOMIOACHNS YKAa3aHHBIX MPABUJI, a
Takke pabOThI, BHIOJTHEHHBIC HE TT0 CBOEMY BapUaHTy, pACCMAaTPUBATHCS HE OYIyT.
[Tpu Bo3BpamieHUN pabOTHl HA TTOBTOPHOE PEIICH3MPOBAHUE 005S3aTEIBHO MpE-

CTaBJISITh PabOTY C MEPBOI peleH3UEH.
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Bo BpeMs 3K3aMeHaIMOHHO-JIA00PaTOPHBIX CECCUI TPOBOIATCS 1a00paTOpHbIE
pabotsl. Llenp mabopaTOpHOro MpakTUKyMa 3aKJII0YaeTcsi B MPUOOPETEHUH COOTBET-
CTBYIOIIUX HaBBIKOB B MPOBEACHUM (PH3NUECKUX IKCIEPUMEHTOB, B oOparieHuu ¢ hu-
3MYECKUMHU TPHOOpaMH, B OIMBITHONW MPOBEPKE OCHOBHBIX (DM3MUYECKUX 3aKOHOB, UTO
criocobcTByeT Oosiee TITyO0OKOMY OBIIAJICHUIO TEOPETHUECKUM MaTEPHUATIOM.

Ha sx3ameHax u 3a4eTax B MEPBYIO OYEpEIb BBISCHSIETCS YCBOCHHE OCHOBHBIX
TEOPETUYECKHX TOJIOKEHUH TIPOTpaMMBbl 1 YMEHHE TBOPUYECKH TIPUMEHSATH MOTydEHHBIC
3HAHWUS K PEIICHUIO MPAKTUYECKUX 3aaad. DPusndeckasi CyIIHOCTh SBJICHUH, 3aKOHOB,
IIPOIIECCOB JOJDKHA M3JIaraThCsl Y€TKO M JOCTATOYHO MOJAPOOHO; pemiaTh 3a1auu HeoO-
X0JIMMO 0e3 omuboK u yBepeHHo. JIrobas rpaduueckas paboTa T0KHA OBITH BBIMOJI-
HEHA aKKypaTHO W YeTKO. TOJBKO MPH BHITOJHCHUH ATHX YCIOBUU 3HAHUS IO KypCy

(1)I/IBI/IKI/I MOTI'YyT OBITH IIPpU3HAaHbI YAOBJICTBOPUTCIbHBIMU.
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PABOYAS ITPOI'PAMMA

Conepxxanue pabouell mporpammbl ompeaeneHo ['ocymapcTBeHHBIM 00pa3oBa-
TEJIbHBIM CTAaHAAPTOM BBICHIETO MpodeccuoHanbHoro odopazoBanus Poccuiickoit dene-

pamuu.

OCHOBBI MOJICKYJISIPHOH (DM3UKH ¥ TEPMOJAMHAMHUKH

MonekynsipHass pu3nka U TEPMOAUMHAMUKA, UX OOBEKTHI U METOJbI UCCIeI0Ba-
HUA. TepMOOMHAMUYECKUE CUCTEMBI U IPOLECCHl. TepMOAMHAMUYECKUAE MapaMeTpPhl.
Monekynsipao-kunetnueckas Teopus (MKT) razo. Uneanbnsiil ra3. OCHOBHOE ypaB-
Henne MKT, cnenctBus u3 Hero. Uucno creneHeil cBOOOJbI MOJEKYJI, 3aKOH PaBHO-
MEPHOT'0 pPACIpPEIENICHHs] YHEPTUU MO cTeneHs M cBoOoabl. Ckopoctu mozekyn. Pac-
npenenenus Makcesesuia u bosbimana.

CpenHee 4uCIIO CTOJKHOBEHUH U CPEeHSAs AJIMHA CBOOOAHOIO Mpodera MoJeKyIl.
SBneHns nepeHoca B TEPMOAMHAMHAYECKH HEPABHOBECHBIX CUCTEMAax. ONBITHBIE 3aKO-
HbI AU Gy3UH, TEIIIONPOBOIHOCTH U BHYTPEHHETO TPEHMSL.

TepMoIMHAMHUYECKUIT METOJI UCCIEAOBAHUS. TEepMOIMHAMUYECKUE TTAPAMETPHI.
PaBHOBECHBIE COCTOSHMS U TIPOLIECCHI, UX MU300paKEHUsI HAa TEPMOJAMHAMHYECKUX JUa-
rpamMMax. PaboTa raza, KOJIMuecTBO TEIJIOThI, BHYTPEHHSSI 3HEprus cuctemsl. [lepBoe
Hayajo TepMoanHaMuKH. [lommuTponHseiil mpouecc.

Kitaccuyeckast Teopusi TEINIOEMKOCTH MACAIBHOIO ra3a U €€ OrpaHuYEHHOCTb.
KpyroBeie, oOpaTtumbie u HeoOpatumbie Tiporiecchl. TemmoBeie Mamunbl. [{ukn Kapnao
u ero KII/[. Bropoe Hayano repmoauHaMuku. DHTponus. CTaTUCTUYECKOE TOJIKOBAHUE
BTOPOI'0 Hayasjaa TEPMOJIUHAMHUKH.

Peanbnbie ra3zpl. OTiMuKe peajbHbIX Ta30B OT UAEANbHBIX. CHIIBI MEKMOJIEKY-
JIIPHOTO B3auMOJEUCTBUs. YpaBHeHUe Ban-nep-Baansca u ero ananmms. Kputnueckoe
coctosiHue BelecTBa. PazoBble epexoas! | u 2 poaa. BHyTpeHHsIs 3HEprusl peaibHOro

rasa.
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IIpumepHas cxeMma pemieHus 3a1a4

K cokanenuro, He CyIIECTBYET €IMHOTO aJITOPUTMA, KOTOPBIM MO3BOJIMII OBl pe-
MUTH JI00YI0 du3ndeckyro 3agady. OmHaKo, MOKHO PEKOMEHAOBATh OMpPENEIICHHYIO
MOCJIETIOBATEILHOCTH MPU PEIICHUH 3a1a4.

[Tpuctymast k pemieHuto 3a1ad Mo KakoMy-Iubo0 paszeny, HeoOX0IuMO O03HaKO-
MUTBCA 110 Y4eOHOU JTUTEpaType U TaHHOMY METOJUYECKOMY MOCOOUIO0 ¢ KOHKPETHBI-
MU TIOHSATHUSMH B COOTHOIIICHUSIMH 3TOTO pasnena. Pa3o0parh mpuBeICHHbBIE B TOCOOUHT
IPUMEPHI PEILICHU 3a/1a4 U3y4aeMoro pasjela.

[Tpu pemenuu 3aay 1esnecooOpa3HO MPUACPKUBATHCS CIASAYIOIIEH CXEMBI:

1) 1o yclIoBHIO 3a/1a4H MpeCTaBbTe ceOe (hu3nUecKoe SBJICHHUE, 0 KOTOPOM HJIECT PEUb.
CrenaiiTe KpaTKyO 3aliCh YCIOBUS, BEIPa3UB UCXOJIHBIE TaHHbIe B equHuiax CU;

2) caenmaiTe, €CIM 3TO HEOOXOIUMO YEPTEK, CXEMY I PUCYHOK, TOSCHSOIINUN OITH-
CaHHBIM B 3aJ]a4€ MPOIECC;

3) HamMIKUTE YpaBHEHUS WM CUCTEMY YpaBHEHHH, 0TOOpaxaromue GU3nIeCKHid mpo-
ecc;

4) ucnojb3ys YePTSHKU U YCIOBHUE 3a/1a4M, IPeoOpa3yiTe YpaBHEHHUS TaK, YTOOBI B HUX
BXOJIWJTY JIWIIIb UCXOJTHBIC TAHHBIC U TaOJWYHBIC BEIMYUHBI,

5) pemmB 3a7a4dy B 00IIEM BHJIE, TPOBEPHTE OTBET IO PABEHCTBY Pa3MEPHOCTEH BEITH-
YUH, BXOJSIINX B paCYETHYIO (GOPMYIY;

6) mpou3BeANUTE BHIYUCICHHS U, IOJIyYUB YHCIOBOM OTBET, OLICHUTE €TI0 PEATbHOCTb.

3amaum 1151 CaMOCTOSITEJIbHOTO PelleHust

1. Kakoit 00beM Npu HOPMAJIBHBIX YCIOBUSAX 3aHUMAET CMECh 2 KT Kucjaopoaa u 1
kr asora? (2,2 m°)

2. B 6amnone emkocteio 10 1 Haxomutes cxateiid Bo3ayx mpu 27° C. [locne Toro,
KaK 4acTh BO3yXa BBHITYCTHIIH, AaBICHHE MOHU3MIOCH Ha 2-10° [Ta. Onpenenuts
Maccy BbITyHIeHHOro Bo3ayxa. [Iporecc cunutars n3orepMuueckuM. (23 r)

3. CKOJBKO MOJIEKYJ Ta3a HaXOJUTCS B COCYJE €MKOCThIO 2,0 J1 TPy HOPMaTbHBIX
yemosmsix? (5,3-10%)

4. OnpenenuTh CPeAHION KMHETHYECKYIO SHEPTHUIO BpaIlaTeIbHOTO JBWKCHUS OJ1-
HOM MOJIEKYJIbI JIByXaTOMHOI'O Ta3a, €CIu CyMMapHas KHHETHYecKash dHEeprus
MoJieKyJ v=1 kmoJb 3TOro raza 6,02 MJ[x. (4104 JIx)
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5. OmnpenenuTs KOHUEHTPALMIO MOJIEKYJT UealbHOro Ta3a npu temneparype 350
K n maBnenun 1,0 MIla. (2~1O26 M

6. Onpenenuts TemMrepaTypy HUACAIBLHOTO Ta3a, €CIM CPEIHssT KHHEeTHYECKas YHep-
THSI IOCTYIIATENBHOTO ABIKEHHS ero Moiekyl 2,8-10%° JIx. (1400 K)

7. Borancints koaddumment auddysun Bosmyxa npu gasiernn 1-10° ITa u Tem-
neparype 10° C. (1,5-10° m%/c)

8. B cocyne emkocThio 1 11 Haxoautes 8 T kuciaopoaa. OnpenenuTs CPeaHION 1JIH-
HY CBOOOAHOTO mpodera Moieky. (20 am)

9. TI'a3, 3anumatomuii 06vem 10 1 mox nasiaenunem 0,5 Mlla, 6611 U306apHO Harper
ot 323 K no 473 K. Haiitu paboty pacummpenus raza. (2,3 kJx)

10.ITpu xakoM mpoliecce BbITOJHEE MPOU3BOAUTh PACIIUPEHUE YTIIEKHCIOTO ra3a —
annabaTHOM WM HM30TEPMHYECKOM, €clii 00beM yBenuduBaeTcs B 2 pasa?
HauanpHas Temneparypa B 000uX cliydasx OJMHAKOBAs. (TIPU U30TEPMUIECKOM )

11.Kakast 9acTh TEIUIOTHI, TTOJYYCHHOW OT HArpeBaTess, OTAASTCS XOJOIMIbHUKY
npu npsamoM nukie Kapro, eciau temneparypa Harpesarens 500 K, remneparypa
xonoauiabHuKa 175 K? (35 %)

12.ITpu mpsimom 1tmkiie Kapao temoBas mammna copepinaetr padbory 200 Ix. Tewm-
nepatypa HarpeBatens 375 K, xomogunsauka 300 K. Onpenenutrs KOJIWYECTBO
TEIJIOTHI, MOJyyaeMoe ManinHoi oT HarpeBartens. (1000 [Ix)

13.Kak u3MeHHUTCs SJHTPOMUS MPU U30TepMuUeckoM pacimuperuu 0,1 kr kucioposa,
€CJIU TP 3TOM 00BbeM ero uzmeHutcs ot S 1o 10 1? (18 Ix/K)

14.006bem renusi, Mmacca KOToporo 1 kr, yBeauuuics B 4 pasa: a) 130TepMUUYECKH; 0)
aguabatHo. KakoBo n3MeHeHure SHTponuu B 3Tux ciaydasx? (2880 Ix/K; 0)

Il OCHOBBI MOJIEKYJIIPHON ®U3UKU U TEPMOJUHAMUKHU
MOSICHEHUSA K PABOYEHN ITPOTPAMME

[Tpuctynas k u3yuenuto pazzaena «OCHOBBI MOJIEKYJISIPHON (PU3UKU U TEPMOIU-
HaMHUKW», CTYJAECHTBI TOJKHBI YSCHUTH, YTO CYLIECTBYET JIBa KAYECTBEHHO PA3JIUYHBIX
U B3aMMOJIONOJIHSIOUINX METOJ1a UCCIIEOBaHMS (PU3UUECKUX CBOMCTB MUKPOCKOIHUYE-
CKUX CHCTEM — CTAaTUCTUYECKHH (MOJIEKYISIPHO-KMHETHYECKH) U TepMOJAWHaMUYe-
ckuil. CTaTUCTUUECKUI METOJ] UCCIIEAOBAHMS JIEKUT B OCHOBE MOJIEKYJIAPHON (DU3UKH,
a TEPMOJMHAMUYECKMM — B OCHOBE TEPMOJAMHAMUKHU. MOJIEKYJIApHO-KUHETHYECKAs
TEOpUsl SBIIAETCA BAXKHEWILEH TEOpPUEH, KOTOpPAsk MO3BOJISIET C €IMHOU TOYKU 3PEHUS
PacCMOTPETh cambl€ Pa3IMUHBIC SBJICHUS BO BCEX COCTOSIHUSX BELIECTBA, BCKPHITH (PU-
3UYECKYIO CYIIHOCTh JTHX SIBJICHUM M TEOPETUYECKUM IIyTEM BBIBECTM MHOI'OYHCIICH-
HbI€ 3aKOHOMEPHOCTHU, OTKPBITHIE HKCIIEPUMEHTAIBLHO U UMEIOLIUE OOJIbIIOE MpaKTuye-

CKO€ 3HA4YCHUC.
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[Ipy u3yyeHUH MOJEKYISIPHO-KMHETUYECKON TEOpHUM CIENYyeT YSCHUTb, UTO

CBOMCTBA OIPOMHOM COBOKYITHOCTH MOJICKYJI OTJIMYHBI OT CBOMCTB KaKJ10M OTAEIbHON
MOJIEKYJIbI M1 CBOMCTBA MAaKPOCKOIINYECKOM CUCTEMBI B KOHEUHOM CUETE OMPEACIISIOTCS
CBOMCTBAaMHU YaCTHI] CUCTEMbI, 0OCOOCHHOCTSIMU MX JBUKEHUS ¥ CPSAHUMHU 3HAYCHUSIMU
KMHEMATUYECKUX XapaKTEPUCTUK YACTHIL, T.€. UX CKOPOCTEN, SHEPTUEU U T.1.

B oTtnuune oT MOJIEKYISIPHO-KMHETHYECKOW TEOPUU TEPMOJMHAMUKA HE U3Y4YaeT
KOHKPETHO MOJIEKYJISIPHBIE B3aMMOJICHUCTBUS, IIPOUCXOAIINE C OTACIBHBIMA MOJIEKY-
JJaMHU WA aTOMaMU, a4 PaCCMaTPUBAET B3aUMOIIPEBPALICHHS U CBSI3b PA3JIMYHBIX BUJOB
SHEPIruM, TEIUIOTHI U PaboThl. TepMoarMHAMUKA OCHOBBIBAETCS Ha JBYX, YCTaHOBJICH-
HBIX OIBITHBIM ITyTE€M 3aKOHaX (Hadaliax): IepBOM M BTOPOM 3aKOHAX TEPMOJIMHAMUKH.
OHHU TO3BOJIIOT ONMKUCHIBATh (PM3UYECKUE SBJICHUS, CBA3AHHBIE C MIPEBPAILICHUEM dHEP-
TUU MAKPOCKOITMYECKHM ITYTEM.

[Ipn n3yyeHUn OCHOB TEPMOIWHAMHUKHU CTYAECHT JOJHKEH YETKO YCBOUTH TaKHE
MOHSATHS, KaK TEPMOJMHAMHUYECKAsl CUCTEMA, TEPMOJIMHAMUYECKUE MapaMeTphl (mmapa-
METPBI COCTOSIHHSI), PABHOBECHOE COCTOSIHUE, YPaBHEHHUE COCTOSHUS, TEPMOMHAMHYE-
CKUH MPOLECC, BHYTPECHHSS SHEPTUS, SHTPOIIUS U T.1.

KontponsHas padora Ne 2 mocTpoeHa Tak, YTO TO3BOJISET MPOBEPUTH 3HAHUS
CTYAEHTOB IO OCHOBHBIM BOIIPOCaM JIAHHOTO pa3zena.

B 3agauax Ha Temy «OCHOBBI MOJEKYJISIPHO-KMHETUYECKONW TEOPUM» BHUMAHUE
YAEJIEHO TaKuM BOIpOCaM IMporpaMmbl, Kak ypaBHeHue Kitanenpona-Menaeneesa,
YPAaBHEHHE MOJICKYISIPHO-KUHETHYECKOW TEOPHUH, CPEIHE KUHETUUYECKHUE SHEPTUM IO-
CTyNaTeILHOTO W BpaIlaTeIbHOTO ABMIKCHHS MOJICKYJ, CPEIHss JUIMHA CBOOOIHOTO
npoOera u cpeHee YUCIo COyAapeHuid, IBIICHHUS TIepeHoca.

3agaun no teme «OCHOBBI TEPMOJIMHAMHUKWY OXBAThIBAIOT TAKWE BAXKHBIE COOT-
HOILICHUS U IMOHATHS, KaK MEPBOE HAYAIO TEPMOAWHAMUKHU, BHYTPEHHSS SHEPTUS, pa-
00Ta Ipu pa3IMUHBIX HU30Mpolleccax U aauadaTHOM Mpoliecce. BKiIoueHbl Takxke 3a1a-
Yy, KOTOPBIE MO3BOJISIFOT U3YUYHUTh U MOHATH TAKME BONPOCHI, Kak LUK KapHo, BTOpoe
HA4aja0 TEPMOJMHAMUKHU W SHTPOMUS, KOTOPasi B OTJIMYME OT KOJIUYECTBA TEIUIOTHI SIB-

nsieTcst GyHKIIMEH COCTOSHUS.



OcHOBHBIE 3aKOHBI H (POPMYJIbI
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KomunuecTBo BeriecTBa V=—HINV=—
N, H
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N A N A A
KosnuecTBo BemiecTsa cMecu ra3oB
ml mZ mn
V=
lul ILIZ lLln
VYpasuenue Knaneiipona-Menpeneena (ypaBHEHUE PV = m RT
COCTOSIHMS UJICAJILHOTO Ia3a) U

3akoH boiing-Mapuorra

PV =const umu PV, =PV,

3akoH ['eii-JIroccaka

Vl
=const wm — =

3akoH [lapins

Vv
Tl T2
P

—Hl ol HI<

Pl
=const wm — =
T

1

T

2

3akoH JlanbTOHA

P=Pp,+P, +...+ P,

MOHHpHaﬁ Macca CMCCH I'a30B

m +m, +..+m

V,HV, +ot Y,

Konnentpanusa Monekyn

N _N,p
Vo ou

OcHOBHOE ypaBHEHUE MOJIEKYJIIPHO-KUHETUYECKON

1 2
p= §nm0<um>

2
TEOPHUU I'a30B p= 3 ne,. >
p=nkT
[
Cpennsisi KHHETUYECKast DHEPTUS MOJICKYJIbI (&)= > KT
I m
BuyTpeHHss sHeprus uaeaibHOro rasa U= > ; RT

CKOPOCTH MOJIEKYII:

CpCaAHsiAda KBaApaTU4dHasd

JBkT J3RT
<UK = _—
m, U

cpenHsisi apumeTnaeckas

__JSKT__J8RT
m, \

HanOoJIee BeposiTHAs

2kT__J2RT
m, Y7
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CpenHsis yiiHa CBOOOIHOTO MpOoOera MOJICKYJIb

1
1) =
2 \27d?n

Cpennee 4ncio coyaapeHuid MoseKkysbl 3a 1 ¢

Pacmipenenenne MosieKkyn B MOTEHIIMATEHOM I10JIE
cun (pacnpenenenue bonbimana)

(z) =270 *n¢L)

E
n=n, exp(-——)

bapometpuueckas ¢popmyna

KT

mgh
= p, eXp(——
P =P, exp(=-, )
dc
VYpapaenue quddysuu (3akoH Duka) dm=-D i Sdt
do
Cuna BHYTPEHHETO TPEHHUS B XKUAKOCTHU (Ta3e) F=-n I S
dT
YpaBHEHHE TEIUTONPOBOTHOCTH dQ=-1 o Sdt
1
Koadpduument nuddyzun D= 3 (L) ()
Junamuyeckas BI3KOCTh (KOd(DPUITMEHT BHYTPEH-

HEro TPEHUS)

1
n=§p<U>-</1>=Dp

1
TemmonpoBoIHOCTH A= 3 c,p(v) -(A)y=mncC,
YpaBHenue Maiiepa C,-C, =R
TennoeMKocTh MOJIApHAS:
i
U30XOpHast C, = > R=c u
I+2
n3o0apHas =— R= C,u
[TepBoe HAYATIO TEPMOIMHAMUKH AR =dU + A
Pabota pacimupeHnus ra3a npu mnporecce:
m
n300apHOM A=PAV = ; RAT
\Y P
A="RTIn 2z =TRTIN
U30TEPMHUYCCKOM

Y7,

1

Vi ou

2
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aanadaTHOM

A=TC (T, -T,)=
y7i

_m RT, 1_(V_J“
u(y=1) v,

LAY 1_[\’_]
G- |V,

PV’” = const
Vpasuenue ITyaccona TV’ =const
T’P*” =const
C
[Toka3zarens anuadatsl (kordduiment Ilyaccona) y=—
CV
KoaddurmenT nonezHoro neicTBrs TEMIOBOM Ma- 5= Q -Q,
HIAHBI Q,
o T1 — Tz
Koadpunuent nonesnoro neiictaus nukina Kapuo n= T

N3meHenune s3HTponnu
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IIpumepsl penieHus 3a1a4

1. B cocyne oobemom V=2 1 HaxoasaTca Mmacca My=6 r yriekucioro raza (CO,) u mac-
ca m,=5 1 3akucu azora (N,O) mpu temneparype t=127 °C. Halitu naBnexHue u mMo-
JISIPHYIO MacCy CMECH Ta3oB.

lamno:

V=2 51=210" v’
m;=6 r=0,006 kr
m,=5 r=0,005 xr
t=127°C
T=127+273=400 K
1;=0,044 xr/mMonn
1,=0,044 xr/mMonb

Hayitu:
p-?p-?

Pemenmne:

3anumem ypaBHenus: Knanelipona-MenneneeBa Jijisi yriaekuc-
JIOTO Taza:

m
PV =L RT (1)
Hy
1 4JId 3aKUCHU a30Ta.
m
pV =2 RT, (2)
H,

rje P; — napuraibHOE JIaBJICHHUE YTIIEKUCIOro raza; m; — mMac-
ca YIJIEKUCIIOTO rasa; [lj — MOJISIpHAs Macca YTIeKUCIIOro rasa;
R=8,31 [Ix/(MmonbK) — yHHBepcaibHas ra3oBas MOCTOSHHASI;
P2 — MapuUaIbHOE JaBJIEHUE 3aKUCHU a30Ta; V — 00BbeM coCcyla;
T — TeMmeparypa raza; M, — Macca 3aKUCH a30Ta; L, — MOJIAP-
Has Macca 3aKMCH a30Ta.
[Tox mapruanbHBIM JaBJICHUEM MOHUMAETCS JABJIEHUE, KOTO-
poe oka3bIBaj Obl ra3 Ha CTEHKU COCY/a, €ClId Obl OH TOJBKO
onuH Haxoawics B HeM. [lo 3akony JlanbToHa, naBlieHUE cMe-
CH Ta30B PaBHO CyMMe€ MapIMabHBIX JIaBIICHUN Ta30B, BXOS-
IIIUX B COCTAaB CMECH:

P=P1t+pP2 3)
N3 ypaBuenuii (1) u (2) BeIpazuM P; U Py U MOJICTABUM B ypaB-
Hernue (3):

p:mlRT m,RT _RT [ﬂ+m2]

+ -
A A AV

HOI[CTaBJISIeM YHUCJIOBLIC 3HAYCHUA U ITOJTydaCM:
831 400(6 107 5-107
~2-10° (0,044 0,044

MonsipHyro Maccy cMecH onpeiesiuM 1o hopMmyiie:

3 3
m+m, _ 6-10~ +5-10 =0,044 xr/monb

T m m, (6-10‘3 5-10-3j
Lty +
) L0044 " 0044

OTtBer: p:4,2-105 [Ma; u=0,044 xr\moJb.

j: 4,2-10° Ia
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2. Uemy paBHa sHeprus TerioBoro aswkeHus 20 r azora npu temneparype t=27°C?
Haiitu cpeaHne KMHETUYECKUE PHEPTUM MOCTYMATENHHOTO U BpPAIlATEIbHOTO JIBU-
KEHUSI MOJICKYL.

lano: Pemenme:
m=20 r=0,02 xr Cuurtaem a30T UJealbHBIM Ta30M. MoJieKyJia a30Ta AByXaToM-
t=27°C Hasg. CBs3b MEXKIYy aTOMaMU CUMTAEM MKECTKOM, TOT/Aa YUCIIO

T=27+273=300 K CTeIeHel cBOOOIBI MOJIEKYJIBI a30Ta 1=5. B cpenHeM Ha oHY

p=0,028 xr/momns CTETeHb CBOOOIbI TPUXOIUTCS IHEPTHSL: <gi > = % KT,

Haiitu: U-? rne K — mocrossHHas bosbnvana; T — TepMoauHaMHUYecKast
(Epoery - ? | TeMmepatrypa. IlocTynaTelbHOMY ABUKEHUIO IPUIIKACHIBACTCA
(Egpany) - ? | TPU CTENECHU CBOOOBI Inoer=3, @ BPAILATEILHOMY JBE CTEICHH

CBOOOJBI Igpan=2.

Torna cpeanss dHEpPrus MOCTYINATEIBHOTO JIBUKEHHS OJIHOM

3
MOJIEKYJIBIL: <gmcm> :EkT. CpenHss dHeprus BpallaTelbHOIO

JBYKCHUSI OJTHOM MOJIEKYJIBI: <gmm> =kT

Yucno MOJICKYI, COACPKAIINXCA B mMacce rasa:

m
N=v-N,=—N,, rie m— macca a3ota; | - MOJISIpHasl Macca
Y7
a30Ta; vV - KJIMYeCTBO BemlecTBa (uucio moinei); Na — uucio
ABoranpo. Torna cpenHssi KMHETHYECKash SHEPIusl MOCTyma-
TEJIBHOTO ABM)KEHUS MOJIEKYJI a30Ta:

(Eu) =N, KT = RT. &

2 p
rne R=KNa — yHUBepcasibHas Ta30Basi IOCTOSTHHAS.
Cpennsiss KMHETUYECKasi SHEPIHsl BpallaTelIbHOTO JIBHXKEHHUS
MOJIEKYJI a30Ta:

(E,u) =~ RT )
U
TOFI[a 3HepFI/Iﬂ TCIIJIOBOI'O ABUKCHU A MO.HeKy.H a30T1a.
U =<EW>+<EW>———RT_§TRT 3)
2 u 2 u

[Toncrasiisist uncioBbie 3HaueHus B (1) , (2) u (3), monyyaem:

3002 g41 3002 27-10° 11

E
(Eoen) = 20,028

(E,. >:%831 300=18-10° i
vl 0,028
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U= E%8,31- 300=4,5-10°JIx
2 0,028

Oteer: (E, )=27 x]lx; <E >:1,8 k/x; U=4,5 xJx.

epawy

3. Haiitu cpenHee 4uCIIO CTOJKHOBEHUN B €IUHMILY BPEMEHH U CPEIHIOI0 JIMHY CBO-
6oxHOTO TIpOobEra MoseKyI Kucioposa npu aasienun p=53,33 klla u temnepatype
t=27°C. Ilpu 3TuX € ycloBUsAX ompeaenute kodpduuuentsl nuddy3un u BHYT-
PEHHET0 TPEHHsI KHUCIOPO/a.

lano:

t=27°C
T=27+273=300 K
u=0,032 kr/moJb
p=53,33 klla=
=53,33-10° ITa
d=2,9-10"" m

Haiitu: (z)-?
AM-?2D-? n-?

Pemenmne:

Cpennsist ;yimHa CBOOOTHOTO TIpodera MOJIEKyYJ KUCIOpO/Ia:
1
A= (1)
V2md?n
rae d — 3dbdeKkTUBHBIA aUaMETp MOJIEKYJIbI KHCIOpoAa; N —
KOHIICHTpAIUs MOJIEKYJI. Ee MOKHO OIpeeuTh U3 ypaBHEHUS
p=nkT: n= P : (2)
kT

rae K — mocrossuaas bonbumana. IToacrasnsem (2) B (1) u mo-
Jydaem:

KT
A)= ©)
Cpennee 4nCiIO COyIapeHU OJHON MOJIEKYJIbI 32 OAHY CEKYH-
1Ty PaBHO:

(v)
(z)= 7 4)

rae (L) - cpeaHssa apuhMeTUIECcKasi CKOPOCTh MOJICKYJIBI:

=2 ©

[Toacrasmnsiem (3) u (5) B (4) u modyyaem:

()= [T L2 ©)
Kosbduument auddysun:
D :%<u></1> ()
TMoxcrasmsenm (3) i (5) B (7) 1 momydaeM:
D- 1 8RT kT ®)

3\ m J2md?p



19
KoadgduureHT BHyTpeHHEr0 TPEeHHUS:

7=30)A)p ©)

rJie P - IUNIOTHOCTH raza mnpu temneparype 1=300 K u namie-
Huu pP=53,33 kl]a.

Jlns HaxokIeHus p BOCIOIb3yeMcs ypaBHeHueM Kianeipona-

Menneneena:
pv =" RT (10)
Y7,
N3 ypaBuenus (10):
m_ pu
=—=— 11
P V RT (1)
[Toncrasnsiem (11) B (9) u yuutsiBas (7), nosydaem:
Pu
=D— 12
n=Dos (12)
[ToncraBinsist uucnoBbie 3HaUeHus B (3), (6), (8), (12), nomy4a-
eM:

1,38-102300
</1>:J§ 314 10y2 ?
.314-(2,9-107°)?53,33-10
_ [8-831-300 v2-314-(2,9-10°)?53,33-10° _

=21-10" ™

<Z> - -23
314 -0,032 1,38-10"°300
=21-10° c¢*
D 1 /8-8,31-300 1,38 -10 %300 B

31314-0,032 V2314 (2,9-10™)?53,3310°

=312-10"° w™m’lc
53,33-10° - 0,032
8,31-300

n=312-10"° =21-10"° kr/(m-c)

OtBer:
(A)=21-107 w; (2)=21-10° ¢*; D=312-10" w’/c;
n=21-10" kr/(m-c).

4. Macca m=6,5 T Bozopoja, HaxoAsmierocs mpu Temmneparype t=27°C, pacmupsiercs
BJIBOE MpH p=CONSt 3a cueT mpuToka Teria u3BHe. Halitu paboTy A pacimpeHus
raza, uaMeHenus AU BHyTpeHHEN >HEpruu ra3a U KOJUYECTBO TEIIOTHI Q, c000-
LIEHHOE Ta3y.



lano:

t1=27°C
T,=27+273=300 K
u=0,002 kr/moJb
m=6,5 r=6,5-10" kr
V2=2V1

Haiitu: A-7?
AU-? Q-7

20
Penienue:

KonnuecTBo TemIoThl, HEOOXOUMOE IS HarpEeBaHUA ra3a npu
ITOCTOSTHHOM JJaBJICHUH:

Q=Tc¢ (T,-T), (1)
y7i

Te Cp — MOJISIPHAsS TETIIOEMKOCTb Ta3a MU MOCTOSIHHOM JaB-
neHur. i1 BceX IBYXaTOMHBIX ra30B (C KECTKOM CBS3BIO):

7 7
c,=-R;c, = —8,31=29,1 JI)/(momb-K)

2 P2

Temneparypy T, Haiinem u3 3akona [ eii-JIroccaka:

v._V, 2
Tl TZ
N3 ypaBHeHus (2) nomydaem:
V,T
T,=-21=2T, (3)
1
C yuerom (3) Beipaxkenue (1) 3anumiercs:
m
Q=—c,T, (4)
Y7
W3mMeHeHne BHYTPEHHEN SHEPTUH Ta3a:
AU ="e (T, -T), (5)
Y7,

rie Cy — MOJISIpHasl TEINIOEMKOCTD ra3a MpHU MOCTOSSHHOM 00be-
Me. [ Bcex AByXaTOMHBIX ra30B(C KECTKOM CBA3BIO):

c, = g R;C, = 28,31: 20,8 Iix/(momb-K)

C yuerom (3) BeipakeHue (5) 3anuIIeTCs:

AU="cT, (6)
Y7,
PaGoTa paciupenus raza npu n300apHOM IpoIiecce:
A= pAV = RAT = ZR(T, -T,) ™)
H H
C yuetom (3) Boipaxkenue (7) 3aruiieTcs:
A="RrT, (8)
Y7,

[ToxcraBnsisi uncioBble 3HaueHus B Gopmynsl (4), (6) u (8),
MOJTYy4aeM:
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-3
Q=910 591.300=284-10° [x=28.4 k]I
-3

AU = 927107 508,300 220,3-10° J1=20.3 Kl

0,002

-3
A=8210 " 531 30028110781 kI
0,002

OtBet: Q=284 xJIx; AU=20,3 xJlx; A=8,1 x/[x

5. O6bem aprona, Haxojsmerocs npu napineHun P=80 klla yBemuuumncs ot V=1 1 10
V,=2 1. HackonbKko M3MEHUTCS BHYTPEHHSIS SHEPrUs rasza, €y paclIupeHHe Mpo-
W3BOIMIIOCH aradaTHO?

Hano:

1u=0,040 kr/mob
p=80 klla=
=80-10° ITa

V=1 =102 o
V,=2 1=2-10° v®

Haiitu: AU -?

Pemenmne:

[Ipn agna®aTHOM pacIIMPEHUU TEIIOOOMEHA C BHEIIHEH cpe-
1ol He mpoucxoaut, noaromy Q=0. [lepBrlii 3aKoH TepmMoau-
HaMUKH 3aIllMIIEM B BUJIE:

AU + A=0 (1)
OTO COOTHOIIIEHUE YCTaHABIMBAET, YTO PadOTa pacIIupeHUs]
rasa MOXeT ObITh IPOU3BEACHA TOJBKO 33 CUET YMEHbBILIECHUS
BHYTPEHHEW DHEPIUHU rasa:

A=-AU (2)
Pabota, coBepiiaeMasi ra3om npu aanadaTHOM Ipoliecce,
y-1
V \Y
A= Pl 1—(—1] , 3)
(7/ _1) V2
C, i1+2
rne y =— =—— - T0Ka3aTeNb cTeneHu aguabdatel. J{ns ap-

'
roHa OJIHOaTOMHOTO ra3a (i=3) umeem y=1,67.
Haiinem u3mMeHeHWe BHYTpPEHHEH SHEpPTUM NpU aauadaTHOM
mpoiiecce 1S aproHa, yautbiBast popmyisl (2) u (3):

AU = PV (V_] 1 (4)
(7_1) Vz

[ToacraBnsiem 4iCIIOBbIC 3HAYEHUS B (4), OJy4aeMm:

3 3 3 1,67-1
y _80-10°-10° |( 10 _1|= 446 mx
1,67-1) |l2-10°

OtBet: AU=-44,6 [Tx
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6. neanwHblil a3, copepuaroniuii nuki Kapao, npoussen padoty A=600 [x. Tem-
nepatypa HarpeBarens paBHa 1;=500 K, xonogunsHuka —OnpenenuTs TepMuye-
CKMI K.II.JI. UKJIA ¥ KOJIMYECTBO TEIUIOTHI, OTAAHHOE XOJIOJAWIBHUKY 3a OJJUH LIUKJI.

lamno:
A=600 I

T:;=500 K
T,=300 K

Haiitu: n-?

Q-7

Pemenmne:

TepMmuueckuii k.m.a. nukia KapHo:

Tl B Tz
= 1
n T (1)
C npyroif CTOPOHBI K.I1.J1. MAIIMHBIL:
Q-Q, A
p== o2 @
Q, Q,

N3 BBIpAKCHUA (2) HaxXoAuM KOJIHMYCCTBO TCILIOTBI OTAAHHOC

XOJIOIMITbHUKY: Q,=Q, —A, (3)
rae Q, = — - KOJMYECTBO TEIUIOTHI, MOJIYYEHHOW OT HarpeBa-
teiist. [1ocTaBuB 3TO BeIpaskeHHUE B (3), MOTydUM:
Q2=—A—A=A(1‘—”j @
n n

[ToacrasisieM YUCIIOBBIE 3HAYEHUS U MIOJIYyYaeM:
500 - 300 _04
500

1-0,4
=600 —— |=900
0, 1-0%) o0 1

77:

OtBet: n=0,4; Q,=900 I

7. OnpenenuTs U3MEHEHUE SHTPOINUU MPU U30TEPMHUUECKOM PACIIMPEHUM a30Ta Mac-
coit m=10 r, ecnu gaBneHue raza ymensmiocs ot P;=0,1 MlIla go p,=50 xIIa.

Hano:

m=10 r=0,01 kr
p:=0,1 MITa=10TIIa
P2=50 klla=
=5-10"ITa

Haiitu: AS-7?

Pemenmne:

W3MeHeHue 3HTPONHUM € YYETOM, YTO MPOLECC M30TEpMHUYe-

ckuii (T=const): AS = io_lr_Q = T i dQ = % (1)

W3 mepBoro Havyana TEpMOAMHAMUKHA KOJMYECTBO TEILIOTHI,
nosryaeHHoe razom, Q = A+ AU . Jlis u30TepMUYECKOro mpo-
necca AU=0, mostomy: Q=A (2)
PaboTa raza B ©30TepMHUUECKOM TMPOIIECCE
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\Y
A="RTIN Y2 MRy P 3)
H Vioou P,
VYuuteiBas (2) noacrasuM (3) B (1) u monyuum
AS=TRin P 4)
H P,
[loacrasisiem yncnoBbie 3HAUCHUS B (4) U MOJTydaeMm:
0,01 10°
AS =——-8,31In - =2,06 Lx/K
0,028 5-10

OTtBet: AS=2,06 JI)/K

Kontpoabnasi padora Ne 2

Kaxkoit 00beM ipr HOpMaIbHBIX YCIOBUSAX 3aHUMAET CMeCh 4 KT reius u 2 Kr azora?
B OannoHe eMKOCThIO 5 11 HaX0auTcs 2 KT Bojiopoaa U 1 Kr kucinopoja. Onpenenursb
JaBJICHUE CMECH, €CIIM TEMIIEpaTypa OKpy:xarouien cpeast 7° C.

B 6anmnone emkocthio 20 11 Haxoautes a3ot npu 127° C. Tocne Toro, Kak yacThb rasa
BBIYCTHITH, JaBICHHE MOHM3MWIOCH Ha 2-10° [Ta. OmpeaeanTh Maccy BHIMYIEHHOTO
azorta. [Iponecc cuuTaTh H30TEPMUYECKHM.

B cocyne, numeroiem popmy mapa, paauyc koroporo 0,2 M, Haxoautcs 80 T Kucio-
pona. /o kakoil TemIiepaTypbl MOKHO HAarpeBaTb COCYH, €CIIM €r0 CTEHKH BBIIEP-
KUBAtOT nasienue 7-10° ITa?

IIpu kakoil Temmeparype HaXxOJIWUTCs ra3, ecid npu HarpeBaHuu ero Ha 20°C npu
MOCTOSTHHOM JIaBJI€HUH 00beM yBenuuuics B 2 paza? Iy Kakux ra3oB 3TO BO3MOX-
HO?

B Oannone nox nasinenuem 1 Mlla HaxoauTes ra3oBasi CMECh U3 KUCIOpOJa U a30-
ta. CunTas, 4To Macca azora coctaBisieT 80% OT Macchl CMECH, ONPEAEIUTD MMapIu-
aJbHOE JABJICHUE OTIIEIbHBIX Ia30B.

JIBa cocyaa oAMHAKOBOTO 00beEMa coAepKaT Kuciaopod. B onHoM cocyze naBieHue
p;=2 MIIa u temneparypa T,=800 K, B npyrom — p,=2,5 Mlla, T,=200 K. CocynsI
COEIMHWIN TPYOKOM U OXJIQJANUIN HAXOJSALIUICS B HUX KHUCIOPOJ O TEMIEPaTypbl
T=200 K. Onpenenuth yCTaHOBUBIIIEECS B COCYJIax JaBJICHUE .

Ipu temmeparype 27°C u garerun 12-10° [1a mIOTHOCTS CMECH BOZOPOJA U a30Ta
10 /v, OnpenenuTs MOJIIPHYIO MacCy CMECH.

J1o Kakoi TeMIlepaTypbl Hy>KHO HarpeTh 3allassHHBIN 1ap, coaepKamun 35 T BOIbI,
4yTOOBI IIap Pa30pBaiCs, €CJIM U3BECTHO, YTO CTEHKH I1apa BBIAEPKUBAIOT JABJICHUE
2-10" [1a? Emxocts 1mapa 1.

10.B mycroit cocys1 eMKOCThIO 5 am° BITYCTHWJIH 3 am° asora mox gaBinenueM 250 kIla u

4 I[MS Bojopoaa nox masiaeHueM 50 klla. KakoBo nmaBneHue oOpa3oBaBIICHCS cMe-
cu?
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11.laBnenue uaeanpHoro raza 2 Mlla, koHIIEHTpalUsl MOJICKYIT 2.10% oM™, Ormpe-
JEIUTh CPEJIHIOI0 KMHETUYECKYIO SHEPIHUIO MOCTYMATENIbHOTO JBUXKEHUSI OJTHON MO-
JIEKyJIbl U TEMIIEpATYpy rasa.

12.0npenenutb CpeHIOI0 KMHETHYECKYIO DHEPIUI0 OJIHOM MOJIEKYJIbl HEOHa, KUCIIO-
pozaa u BoasiHoro napa npu temneparype 500 K.

13.Cpenusia kuHeTHYECKasi PHEPrusl MOCTYNATEIBLHOTO JIBUXKEHHSI MOJIEKYJI ra3a paBHA
5.10% JIx. KoHIleHTpanust MOJIeKy1 3.10% M, OnpenenuTs JaBJICHUE rasa.

14. OnpenenuTh CPEeHIOI KUHETUYECKYIO SHEPIHIO BPAILATEIbHOTO JIBMXKECHHS OJHOU
MOJIEKYJIbI JBYXaTOMHOTO Tra3a, €clii CyMMapHas KMHETHYeCKasi SHEPIUsl MOJICKYJI
OJIHOTO KHJIOMOJIS 3TOT0 Tra3a pasHa 6,02 M.

15.CkosibKO MOJIEKYJ BOAOPOJAa HAXOAMUTCS B COCYJE €MKOCThbIO | I, ecnu cpemHss
KBaJIpaTUYHasi CKOPOCTh JBUKEeHUs Mojiekyn S00 M/c, a JaBiaeHre Ha CTEHKU COCyia
1 kI1a?

16.Haiit cpeHIOI0 KHHETUYECKYIO DHEPTUIO BPAIlaTeIbHOTO JIBMXKEHHS BCEX MOJIe-
KyJ, conepxkamuxcs B 0,25 r Bogopoaa npu temmeparype 27°C.

17.11pu kakoil TemmepaTrype CpelHssi KMHETUYECKas SHEPrus MOCTyNaTeIbHOIO JIBU-
YKEHUS MOJIEKYJIbl UI€aIbHOI0 Ta3a paBHa 4,14-10°%" JTx?

18. KonnuectBo BemiectBa renus v=1,5 moinb, temmnepatypa =120 K.Omnpeaenutb
CYMMapHYI0 KHHETHUUYECKYIO0 SHEPIrUI0 MOCTYNATEIbHOrO JBHKEHHUS BCEX MOJIEKYJI
reusl.

19.B cocyze emkocThio 500 cm® HaxoauTes ra3 npu Temmepatype 47°C. Us-3a yTeuxu
rasa u3 KoJnob! mpocountocsk 107 mMomexyit. Ha CKOIbKO CHU3HIOCH JaBJICHHE Ta3a B
cocynae?

20.0npenenuTh CPeHIO KBAIPATUYHYIO CKOPOCTh MOJIEKYJBI Ta3a, 3aKII0YEHHOTO B
cocyn BMectuMocThio V=2 11 oz nasiaeHueM P=200 klTa. Macca raza m=0,3 r.

21.Bo ckonbko pa3 kodhdunueHT auddy3un MoJaeKyn Kuciaopoaa 60mbIne ko3 duirm-
enTa 1udy3un Monekys azora? TemiepaTypa u AaBleHHE ra30B OJUHAKOBBIE.

22.CKONBKO COYAApeHHWH B CEKYHIy B CpPEIHEM HCIIBITBIBAET MOJICKYyJa BOJOPOJA,
HaXOASIIErocsi IpU HOPMAJIbHBIX YCIIOBUSIX?

23.0npenenuth K0o3QOUIMEHT BHYTPEHHETO TPEHUS YTIIEKHUCIIOTO ra3a IpH TeMmIepa-
Type 200 K.

24.Cocyn eMkocThio 10 11 comepkut Bogopoa Maccoi 20 . OnpeaenuTsb cpeHee Juc-
JI0 COyJapeHuid MOJIEKYJ B CEKyHy, eciu TeMrneparypa ra3za 300 K.

25. JlnHaMudecKas BSI3KOCTh KHCIOPO/a IIPH HOPMAIbHBIX yeaousx 1,91-107 kr/(m-c).
KaxoBa cpennsisi ayimHa cBOOOJIHOTO MpoOera MoJIEKYyJl KHCIOpoJa MpH 3TUX YCIIO-
BUSIX?

26.B cocyzne HaxoAMTCs YIIIEKUCHBINA ra3, INIOTHOCTh KoTOoporo p=1,7 Kr/M°. Cpennss
JUTHHA CBOOOHOTO mpobera ero Mosiekys (A)=79 uMm. HaiiTu nuametp MoJIeKyn yH-
JIEKHUCIIOTO Ta3a.

27.0npenenutb CpeHIO JJIMHY CBOOOAHOrO mpoOera MOJEKyJ a30Ta, €Clid IUIOT-
HOCTb Pa3pEeKEHHOTO rasza 0,9-10° kr/m’,

28.11pn kakoMm JaBICHUHM CPEIHSs JJIMHA CBOOOJHOTO Mpobera MOJIEKYJ KHCIOpOoJa
paBHa 1,25 M, ecu Temnepatypa raza 47° C?
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29.BrIuuCcanTh CPeHIO0 AJIMHY CBOOOIHOTO Mpobera MOJIeKyJl BO3yXa MpH JaBiie-
auu 1-10° ITa 1 Temmepatype 10° C.

30.Bsruncints koodduupent nuddysun Bo3ayxa npu gaiernn p=10° [Ta u Temmepa-
Type t=17°C.

31.KomuuectBo v=1 KMOJIb a30Ta, HAXOAIIETOCS P HOPMATBHBIX YCIOBUSIX, PACIITH-
psercs annabatudecku oT oosema Vi 10 oowsema V,=5V;. Halitn n3mMeHeHne BHYT-
pEHHEHN PHEepruu ra3a u padoTy, COBEPIICHHYIO ra30M MPHU PACIIUPEHUH.

32.Haiitu paboTy U M3MEHEHHE BHYTPEHHEH SHEpPIruM MpHu aauadaTHOM pacIIMpEeHUU
0,5 kr Bo3myxa, eciau ero oobem yBenuuuics B 5 pa3. HawanbHas Temmeparypa
17°C.

33.0mpenenuTsb KOJIMYECTBO TEIJIOTHI, coolIIeHHoe 14 r a3oTa, eciau oH ObLT n300apu-
yecku HarpeT oT 37°C mo 187°C. Kakyro paGoTy mpu 3TOM COBEPIINT Ta3 U KaK U3-
MEHUTCS €0 BHYTPEHHSISI SHEPTUs?

34.Bo CKOJBKO pa3 YBEIUYUTCS 00BEM 2 MOJIb BOAOPOJA MPU U30TEPMHUUECKOM pac-
mupeHuu rpu Temneparype 27°C, eciu rpu 3ToM OblIa 3aTpadeHa terioTa 8 kJ[k?

35.Bomopon, 3aruMaromuii 00beM 4 71 ¥ HaXOIAIIUNCS IO/ JaBICHUEM 10° ITa, agmna-
0aTHO cxkat 10 oobema 1. Halitu paboTy cxxatusi U U3MEHEHHE BHYTPEHHEHN dHEP-
T'UH BOJIOPO/JIA.

36.Macca m=10,5 r a3oTa U30TEepMHUYECKH pacuiupsieTcs npu temmneparype t=-23°C,
npu4emM ero nasiieHue umensiercsa ot P;=250 kIla no p,=100 xIla. Haiitu pabory,
COBEPILEHHYIO ra30M IIPH PACIIUPEHUH.

37.ITpu narpesanuu 0,5 kmomnb azota 6su10 epeaano 1000 J[x termnotel. Onpeaenutsb
paboTy pacmpeHus IPH MOCTOSTHHOM JIaBJICHUHU.

38.0mpenenuTh, Kakoe KOJIMYECTBO TEIJIOTH HEOOXOAMMO COOOIIUTh YTIIEKHCIOMY Ta-
3y maccoit 440 r, uro6s! HarpeTh ero Ha 10 K: a) nzoxopHo; 6) uzo0apHo.

39.Kakoe koiM4ecTBO TEIIOTHI HYKHO COOOHIUTH 1 MOJIb KHCIOpPOMAA, YTOOBI OH CO-
Bepi padoty B 10 J[k: a) mpu u3orepMuyeckoM mpoiiecce; 0) mpu u3odapHom?

40.A30T1 maccoit 1 kr, Haxonsmuiica npu temmnepatype 300 K, cxxumarot: a) uzorepmu-
yecku; 0) aguabaTHO, yBenuuuBas nasienue B 10 pa3. Onpenenuts paboty, 3aTpa-
YEHHYIO Ha C)KaTHe raza, B 000UX CIIyJasix.

41.Kakas 4acTh TEIJIOTHI, TIOJyYEHHONW OT HarpeBaTesi, OTAACTCS XOJIOIUIBHUKY TIPH
npsMoMm 1ukie KapHo, ecnu TemiiepaTypa HarpeBaTelsl B YeThIpe pasza OoJibliie
TEeMITepaTyphbl XOJIOAMIbHUKA?

42.Haiitu KIIJ] ukia, cocTosImero u3 AByxX M300ap W U3 ABYX aguadaT, eciiu TeMIle-
patypsl xapakTepHsix Touek paBHbl 11=370 K, T,=600 K, T3=500 K, T,=350 K. Pe-
[IEHHE MOSACHUTH Juarpammoit PV.

43.3a cuer 1 kJ[>x TEMJIOTHI, MOJYYEHHOTO OT HarpeBaTess, MalllMHa, padoTaromas mno
nukiny Kapno, coBepmiaer pabdoty 0,5 xJlx. Temmeparypa narpeatens 500 K.
OnpenenuTth TeMIIEpaTypy XOJIOIUIHHUKA.

44 VineanbHas TeruioBasi MamuHa pabortaet mo nukiy Kapuo. TemmnepaTtypa HarpeBa-
tenst T;=500 K, temneparypa xonoaunbauka T,=250 K. Onpenenutrs TepMUYECKUIA
KITJI nukima, a Takke paboTy paboyero BemecTsa Mpu U30TEPMHUUECKOM pacIInpe-
HUU, €CJIH TPU U30TEPMHUIECKOM CKaTHH coBepIieHa padora 70 [[x.
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45.0npenenuth, Ha cKoJibKO MpoieHToB u3meHutcss KIIJ| mpsmoro mukna Kapno,
ecnu TeMriepatypa Harpesarens 894 K, a temneparypa XoJIOAWJIBHMKA YMEHbILIH-
nack ot 494 K o 394 K.

46.Coseprast npsimod nuks KapHo, ra3 oTnan XodoauwibHUKY 25 % TemaoThl, MOy-
YeHHOU OT HarpeBaTesss. OnpeaenuTy TeMIepaTypy XOJ0AWIbHUKA, €CIIU TEMIIepa-
Typa Harpesarensa 500 K.

47.TennoBas mamuHa padortaetr no nukiny Kapuo, KIIJ[ kotoporo 0,2. Kakum Oyner
KIIJI aT0i#1 MalmmHbl, €CJii OHA COBEPIIUT TOT e IIUKI B 00paTHOM HampaBJICHUU?

48.XononunbHas MaidHa pabotaer no ooparHomy nukiay Kapno, KIIJ[ kotoporo
300%. KaxoB oyxer KII/] TeroBoi MaiiuHbl, paboTaromie mo mpsMoMy HUKITY
Kapno?

49.0npenenuth pabOTy UIACaTbHONW TEMJIOBOM MAIMHBI 32 OJIMH IIUKJI, €CJIM OHA B Te-
YeHHUE IUKJIA MOJIy4aeT OT HarpeBaTess koiudecTBo Ternotel 2095 Ix. Temnepa-
Typa HarpeBatens 500 K, xonogunsHuka 300 K.

50.Temnepartypa HarpeBatessl TEIUIOBOW MallMHbI, padoTatoiieit no nukiry Kapuo, 480
K, Temneparypa xonoamnsHuka 390 K. Kakoit nomkHa ObITh TEMIIEpaTypa HarpeBa-
TeJsl IPU HEM3MEHHOHM TemIiepaTrype XojoauiabHuka, yToObl KII/[ MamuHel yBenu-
yuJcs B 2 paza?

51.1Tpu nzobapHOM pacimpeHuu Boopoa maccoit 200 r ero o0beM yBETUYUBAETCS B
3 paza. OnpenenuTh U3MEHEHUE SHTPOITUU BOJAOPO]Ia ITPU 3TOM IIPOLIECCE.

52.0mnpenenuTh U3MEHEHHUE SHTPOIHH, MPOUCXOSIICEe MPU CMEIIMBAHUM 2 KI' BOJIbI
npu temreparype 250 K u 4 kr Boasl npu temnepatype 300 K.

53.00weM kuciopoaa, macca kotoporo 10 r, yBenuuumics B 4 pasza: a) U30TEPMUYECKH;
0) aguabatHO. KakoBO M3MeHEHUE SHTPOIUU B 3TUX CIIydasx?

54.0mnpenenuTb U3MEHEHHE SHTPONHUH | MOJb MJI€aIbHOIO ra3a MpU U30XOPHOM, U30-
0apHOM U U30TEPMUYECKOM IPOLIECCaX.

55.0mnpenenuTs U3MEHEHUE SHTPOMHUH 2 KT PACIUIaBIEHHOTO CBUHIIA MPU OXJIAKICHUN
ero ot 327°C no 10°C. Temneparypa nnasieHus cBunia 327°C.

56.Haiitu n3amenenue >HTponuu npu HarpeBanuu 1 xr Boasl oT 0°C mo 100°C u mo-
CJIEIYIOLLEM IIPEBPAILICHHUH €€ B I1ap IIPH TOM K€ TEMIIEpaType.

57.HaiiTn u3aMeHeHue SHTPOINUU MPU U30TEPMUYECKOM pacliupeHuu 6 T BoAopoaa, ec-
JI TIpH 3TOM AaBiieHue ero udmenurcs ot P;=100 kIla go p,=50 kl1a?

58.0OmpenenuTh U3MEHEHHE SHTPONUU TpH m3o0apHOM HarpeBanuu 0,1 kr azoTta oT
17°C no 97°C.

59.JIenq maccoit 0,2 kr, Haxomsumiics pu Temmneparype -30°C, mpeBpariaercs B map.
Onpenenuts U3MEHEHUE SHTPOIUH B 3TOM CITydae.

60.2Kene3o maccoii 1 kr npu temneparype 100°C HaxoAUTCS B TETJIOBOM KOHTaKTE C
TaKuM ke Kyckom >kene3a npu 0°C. Uemy Oynetr paBHO M3MEHEHHE SHTPOIHH MPHU
NOCTHKEHNUU paBHOBeCHOUN TemmepaTypsl S0°C? Cunrtarh, 4TO MOJISIpHAS TEMIOEM-
KOCTb keie3a 25,14 JIx/K.



IMPUJIOKEHHUE

1. OcHOBHBIE (PM3UYECKUE TTOCTOSTHHBIE

Duzuueckas NOCMOSHHAS Obo3Hnauenue Yucnosoe 3nauenue
YckopeHnne cBOOOIHOTO MaieHUs g 9,81 M/c?
['paBuTaniOHHAsI MOCTOSTHHAS G 6,67-10 H-m%/kr?
CxopocTh cBETa B BAKyyme c 3-10% m/c
[TocrosinHas ABoraapo Na 6,02-1023 MOJIB
MomnsipHasi ra3oBasi TOCTOSTHHAS R 8,31 Ix/(momnb-K)
IToctossnHas bonbimana k 1,38-10'23 JIx/K
HopwmaibHble ycroBus:
TeMneparypa To 273,15 K
JaBJICHHE Po 101325 I1a

3
2. IImoTHOCTH Ta30B (IIpU HOPMAJTIBHBIX YCIOBUSAX), KI/M

A3zot 1,25 Bonopon 0,09 I'enni 0,18
AproH 1,78 Bozmyx 1,29 Kucmopon 1,43

. 1
3. D beKTHBHBIH qraMeTp MoTeKyIs rasos d-10', m

A3zot 3,1 Bo3nyx 3,0 I'enni 19
Aproun 3,6 Bonaopon 2,3 Kucnopon 2,9
VTriekucisli ra3 4,0

4. CkopocTsb 3ByKa B Beniectse (npu 15°C), m/c

bepunnmii 12500
Bozmyx 340
Bona 1450

Bock 390




5. CBoiicTBa HEKOTOPBIX Kuakocten (mpu 20°C)
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3 VY nenbHasi TEMIOEMKOCTb,
BemiecTBo [T10THOCTS, KT/M Tox/(krK)
Bona 1000 4190
['munepun 1200 2430
KacropoBoe macio 900 1800
Kepocun 800 2140
PryTh 13600 138
Cnoupt 790 2510
5. CBOMCTBa HEKOTOPBIX TBEPJIBIX TEI
VY nenvHasa Y nenbHas
[noTHOCT®, Temneparypa
BemecTBo K/t Canterg. °C | TEIMIOCMKOCTE, | TEMioTa Mias-
’ JIx/(kr-K) nenus, kJx/kr
ATIOMUHHNA 2600 659 896 322
Keneszo 7900 1530 500 272
JlaTtyHp 8400 900 386 -
Jlen 900 0 2100 335
Menb 8600 1100 395 176
Cepebpo 10500 960 234 88
CraJipb 7700 1300 460 -
[uak 7000 420 391 117
CauHel 11300 327 126 22,6
6. Macca my u sHeprus Eq moKoss HEKOTOPBIX YaCTHI]
mg EO
Yacrtuna o
a.e.M. KT M»>B 107, Ix
DnexTpoH 0,0005486 9,1.10% 0,511 0,00082
TIpoToH 1,007277 1,67-10% 938,27 1,503
Heitrpon 1,008665 1,67-10% 939,56 1,505
0-4acCTHUIIA 4,001507 6,64-10°% 3727,3 5,972




1.

29

IIpu pa3padoTke MeTOANYECKOT0 NMOCOOUS ObLIIA UCIO0JIB30BAHA JIUTEPATYypA:
®uznka: Meronuyueckne yKa3aHUS W KOHTPOJIbHBIC 3aJaHMs I CTYICHTOB-
3a0YHUKOB MHXKEHEPHO-3KOHOMUYECKUX crernuanbHocTel By30B/B.JI. [Ipokodb-
eB, B.®. JImurpuena, B.A. Ps6oB u np.; [lox pen. B.JI. [IpokodreBa. — M.:
Bricm. mk., 1988. — 111 c.

YeproB A.I'., BopoOseB A.A. 3amaunuk no ¢usmke: yueOHoe mocodbue. — M.:
Bricmr. mk., 1981. — 496 c.

Tpodumona T.M. CoopHuUK 3a1au 10 Kypey (pu3uku: YdeOHoe mocodue yist CTy-
JICHTOB BTY30B. - M.: Bricul. mk., 1996. — 303 c.

Bonbkenireiin B.C. COopHuk 3a1au no oomemy Kypcy Gu3uku: YueOHoe 1o-
cobue. - M.: Hayka, 1985. — 384 c.

@®uzuka: 3agaHus K OPaKT. 3aHATHAM: Yueb. nocobue s By3os/ M.W. Pyban,
C.M. XKaspun, H.E. Benukesuu, JXK.I1. Jlarytuna; Ilox o6m. pen. XK.I1. Jlaryru-
HO#. — MH.: Beicm. mk., 1989. — 236 c.

3agaHust AJisI CaMOCTOATENILHOM paboThl MO 0o0mIeH ¢usuke: YueOHoe mocodue
JUTSI CTYJIEHTOB-3a04HHKOB Bcex crell. BTy30B/ B.B. Xaputonos, 3.B. ['onuapo-

Ba, 3./1. Eroposa, P.I'. [Iuauyk. - MH.: Beic. mk., 1984. — 156 c.



