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BBEJIEHUE — INTRODUCTION

Ecnu movl xomum navimu 6 xnaccuyeckotui
MexaHuke «anpuoproey 000CHOB8aHUe
NPUHYUNOB MEPMOOUHAMUKU, Mbl
OO0JIXHCHBL UCKAMb MeXAHUYECKUe
onpeoeieHus memnepamypol

U OHMPONULU.

Jwc. V. T'uboc, Hvio-Xetisen, 1871

Obwas c6:3b mexncoy dHepaueti

U memnepamypou Moxcem Ovlms
VCMAHO0BIEHA MOAbKO NYymém
BEPOSIMHOCIHO20 PACCMOMPEHUSL.

M. IInauk, bepaun, 1925

Craructuyeckass ¢pu3MKa — 3TO pa3fesl TEOPETUUYECKOU (DUBUKH, IO-
CBSILIEHHBIN U3yUYEHUIO MAKPOCUCTEM, TO €CTh (PU3NYECKUX TEN, COCTOSIINX
13 OOJIBIIIOTO YKMCIIa MUKPOYACTHUIL (MOJIEKYJI, aTOMOB, JIEKTPOHOB U T. ]1.),
HA OCHOBE CBOMCTB 3TUX MUKPOYACTHI] M XapaKTEpPa B3aUMOJICHCTBUS MEX-
ny HuMH. M3ydaemble CHUCTEMBI MOTYT OBITh KaK KJIACCHYECKUMH, TaK
Y KBaHTOBbIMU. JlpyruMu ciioBaMu, 3ajaya CTaTUCTHUECKOW (PU3UKH 3a-
KJIIOYAETCsl B CIAEAYIOMIEM — 3Hasl XapaKTEepPUCTUKU U 3aKOHbI MOBEICHUS
MHUKpPOYaCTUL, (OPMHUPYIOLIUX MAKPOCUCTEMY, MOJYUYUTh 3aKOHBI MOBE-
JICHUS U XapaKTEPUCTUKUA CaMOM MaKpOCHUCTEMBI.

BaxHbIM METOAMYECKUM MPUEMOM MOBbILIEHUS 3((HEKTUBHOCTH 00Y-
YEHUS CTATUCTHUYECKON (HU3UKE SBISACTCS TEKYIIMA KOHTPOJb 3HAHUIL.
HemanoBaxxHoe 3HaueHHE NPHU 3TOM MMEET CaMOKOHTPOJIb, MO3BOJISIOLIMIA
yualiemycsi B TeYeHHe CeMeCTpa OLEHUBATh YPOBEHb CBOMX 3HaHui. Hanbo-
Jiee epCreKTUBHOM (DOpMOIT KOHTPOJIS 3HAHU SBJISIETCSI TECTUPOBAHUE.

K ero nocromHcTBam, HECOMHEHHO, OTHOCSITCSI YHUBEPCAIbHOCTb, 00b-
EKTUBHOCTb U MpsiMasi OPUEHTUPOBAHHOCTh HA MCIIOJIb30BAHUE COBPEMEH-
HBIX TEXHUYECKUX CPEJACTB, B MEPBYIO ouepenb, KoMIbloTepHbIX. 1K Tex-
HOJIOTMH MOTYT OBITh C YCIIEXOM HCIOJIb30BaHbl HA BCEX CTAAUSAX YYEOHOTO
Ipoliecca, Tak KakK ITO3BOJISIOT JOCTATOYHO PEIbe(HO BBIICIUTH OOIIYIO
CTPYKTYpY U TJIaBHBIE MOJIOKEHUS U3J1araeMoro Kypca, o0OOIIUTh U CHUCTe-
MaTU3UPOBATh MaTepuall B paMKax MpPEeAJIaraéMbIX pa3ieaoB JUO0 TEM.

[ToHSTHO, YTO KOMITbIOTEPHOE TECTUPOBAHUE HE MO3BOJISIET MPENOAaBa-
TEJTI0 aHATM3UPOBATh XapaKTep MBIIUICHHUS] 00y4aeMOoro, ero yMeHue JaBathb
NOJIHBIA Pa3BEPHYTHIM OTBET, BBISBIIEMbIE B IMPOLIECCE WHAUBUIYATILHOTO
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onpoca. [1oaToMy NMpaBUIBHBIM SIBJISIETCS UCIOJIb30BAaHUE TECTHUPOBAHUS
KaK MPEIBAPUTEIBHYIO JINOO e JTONOJHUTENbHYI0 (POPMY KOHTPOJIA 3HA-
HUW COBMECTHO C TPAJIUIIMOHHBIMU (POpMaMU TaKUMHU, KaK KOJJIOKBUYMBI,
3a4€THI U DK3aMEHBI.

Tekymuii KOHTPOJIb 3HAHUW OCYIIECTBIISIETCS IO MEPE MPOXOKICHUSA
pa3zienoB Kypca U MO3BOJIAET CTyJEeHTaM OObEKTUBHO OIEHUBATH YPOBEHb
CBOMX 3HaHUU. UTO B CBOIO OYepe/lb KOPPEKTUPYET HAIMPABIECHHOCTH Ca-
MOCTOSITEJIBHOW padOTHI B paMKaxX U3y4aeMoro Kypca.

JlaHHBIE METOIMUECKHE MaTepHUabl MPeAHA3HAUYCHBI JIJIs1 TOJITOTOBKU
CTYJICHTOB K KOMIIBIOTEPHOMY TECTUPOBAHUIO 10 Kypcy «TepmonnHamu-
Ka ¥ cratuctuueckas gusuka» (pasgen «Cratucruyeckas pusukay) c ue-
JII0 KOHTPOJISI U KOPPEKIIMHU 3HAHUM.

B TecToBBIX 3alaHMSIX HUCTOIL30BAHBI TPAAUIIMOHHBIE 0003HAUCHUS
CTAaTUCTUYECKON (M3MKU U CTaHJApPTHAsT TEPMHUHOJIOTHS, BKIIIOYAIOIIAs
Oe3pa3MepHyI0 SHTpONHI0 S U 3HepreTuueckyro temneparypy 1 [1], [2].
TepmoanHaMHUUECKHUE SHTPONUS U TeMIIepaTypa MpHU MOSIBICHUHN B TEKCTE
0003HauaTCs S U T COOTBETCTBEHHO. OTIENBHO XOTEIOCHh OBl OTOBO-
pPUTH CllelyIolue ABa 0003HaYEHUA: C — TEIIOEMKOCTh TEPMOJIMHAMUYE-
ckoli cuctemsl, [¢] = 1; C — monspHas TemnoéMkocts, [C] = mons *. Tak-
K€ OTMETHM, YTO B OTBETaxX K 3aJaHUI0 83 HCMOJB3YIOTCS O-(QyHKIUS
Hupaxa u 0-pyskius XeBucaiiaa.

B xax1Iom myHKTE BO3MOKEH TOJBKO OJUWH IMPaBUIIbHBIN OTBET. Ho-
Mepa OTBETOB HJIYT CBEpXY BHH3. JluTepaTypHble UCTOUHHMKHU, COAECpPKA-
mue cratuctuueckyro ¢usuky [3]-[8], Taxxke okaxyTcs BechbMa IoJie3-
HBIMU IIPU €€ U3YUYCHUMU.

TecT MOXeT OBITh KCIIOJIB30BAH JUIsl IPOBEJICHUS CAMOKOHTPOJISI 3HA-
HUH 110 CTAaTUCTUYECKON (PU3HUKE.




If we wish to find in rational mechanics

an “a priori” foundation for the principles
of thermodynamics, we must seek
mechanical definitions of temperature

and entropy.

J. W. Gibbs, New Haven, 1871

Der allgemeine Zusammenhang zwischen
Energie und Temperatur kann
nur durch Wahrscheinlichkeit

Betrachtung hergestellt werden.

M. Planck, Berlin, 1925

Statistical physics is the branch of theoretical physics devoted to the
study of macrosystems — physical bodies consisting of a large number of
microparticles (molecules, atoms, electrons, etc.) — based on the properties
of these microparticles and the nature of the interactions between them.
The systems studied can be either classical or quantum. In other words, the
goal of statistical physics is the following — knowing the characteristics and
laws of behavior of the microparticles that form a macrosystem, to obtain
the laws of behavior and characteristics of the macrosystem itself.

An important methodological technique for increasing the effectiveness
of training in statistical physics is current knowledge monitoring. Equally
important is self-control, which allows the student to assess the level of his
knowledge independently during the semester. The most perspective form
of knowledge control is testing.

Undoubtedly, its advantages include universality, objectivity and
a direct focus on the use of modern technical means, primarily computer
ones. PC technologies can be successfully used at all stages of the
educational process, as they allow you to highlight the general structure and
main provisions of the course, summarize and systematize the material
within the proposed sections or topics.

It is clear that computer testing does not allow the teacher to analyze
the nature of the student’s thinking, his ability to give a complete detailed
answer, which is revealed in the process of an individual survey.
Therefore, the most correct is the use of testing as a preliminary or
additional form of knowledge control in conjunction with traditional
forms — tests and exams. All of the above directly applies to foreign
students studying in English.



Current knowledge control is carried out as the sections of the course
are completed and allows students to objectively assess their level of
knowledge. Which in turn corrects the focus of independent work within
the course being studied.

These teaching materials are intended to prepare foreign students for
testing in the course “Thermodynamics and statistical physics” (part Il —
“Statistical physics”) in order to control and correct their knowledge.

The test tasks use traditional statistical physics designations and
standard terminology, including dimensionless entropy S and energy
temperature T [1], [2]. Thermodynamic entropy and temperature, when
appearing in the text, are denoted by St and Ti, respectively. We would like
to separately discuss the following two designations: c is the heat capacity
of a macrosystem, [c] = 1; C is the molar heat capacity, [C] = mol™. Also,
we note that the answers to task 83 use the Dirac o-function and the
Heaviside 6-function.

Each item has only one correct answer. Answer numbers go from top
to bottom. Literary sources containing statistical physics [3]-[8] will also
be very useful in studying it.

The test can also be used for self-control of knowledge in statistical
physics.




1. TECTOBBIE 3AJAHUSA HA PYCCKOM A3bBIKE —
TEST TASKS IN RUSSIAN

Ne Copep:kanue BOpoca BapuaHTbl 0TBETOB
1) ® 1.
k \/F’
llpy MHUKPOKAaHOHMYECKOM pac- | 2) @, :iz;
| | TPEACIEHIA BEPOATHOCTH MHKPO- r 2
* | cocTosHMiA ®, CBA3aHBI cO cTaTH- | 3) ® =17,
CTHYECKUM BECOM [ KaK... 4) o, = 1 :
I
5) o, =17,
3
o
3
2) Ej ;
o
WNurerpan Ilyaccona Buna o ;
2. el gy 3| —|;
JO = je dx =... o
4) 2_aj ;
T
5) | X
o
1) I n+1 _ n—lr n-1).
2 2 2
2) I n-1 _ n+1r n+1
2 2 2
3 | Penykumonnas dopmyma s 3) I n+1) n+1 r n-1),
I" -byHKIIUM UMEET BHI. .. 2 2 2
s n-1 :n—lr n+1
2 2 2
5) 1" n+1) n+1 n-3 |
2 2 2




Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) craTucTHyeckas cymma Z;
KosnnuecTBO MUKPOCOCTOSIHUH, CO- 2) cTaTuCTHYCECKHit Bec [
4. | OTBETCTBYIONIMX JIAHHOMY Makpo- | 3) Oombmias crarcymma Q ;
COCTOSIHMIO, — 3TO... 4) yucyao yacTuil cuctemsl N;
5) saTpomnus S.
3 1) opoeKInu CKOPOCTH,
ER
m 2 _Mmou .
co(o) = (—j e 7 4mv’ — oro | 2) PHEPIHH;

5. 2nT 3) MOYIIIO CKOPOCTH;
pacipecaciICHuC MakcBeiia 1o... 4) MPOEKIIUU UMITYJIbCA,
TaCTHUIBL. 5) MOIyJII0 UMITYJIbCA.

£
1) z=->e";
k
_2E,
2)z=>e 7,
k
IIpy KaHOHHUYECKOM pacmpenaesie- E
6. |Hnm craTHcTHUecKas cymMma Z uMe- | 3) Z=).€ T ;
k
eT BH/I... =
B
A z=>eT;
k
E
5yz=>eT
k
1) BHyTpeHHEH dHepruci;
O 2) SHTaJIbITNEH;
HKIIHAST COCTOSIHUS, ONpeeiise- v
7. YHKIL » Ofpelt 3) Temrieparypon;
Mast Kak S =In /1", HaseiBaercs. .. v
4) sHTpOIHEH;
5) cBOOOAHOM PHEPTHUCH.
1) Haxoautcs B aguadare;
2) MUKpPOCKOTIMYECKas;
Kanonnueckoe  pacmpeneneHue :

8. 3) naxoaurtcs B Oapocrare;

IPEJIIoIaracT, YTo CUCTEMA. . . :
4) u30nMpoBaHa,
5) HaXOIUTCS B TEPMOCTATE.
1) n,=N;

I'a3 HaspiBaeTCs GONBUMAHOBCKUM, | 2) n > N ;

eCIT YHMCIIO €ro KBAaHTOBBIX COCTO- = :

Q. . 3)n «N;
SHAI N CBSI3aHO C YMCJIOM Ya- e

4)n ~N;
cruir N Kak... xs
5 n_<N.




Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
Vp?
1) n, = ;
) K8 (27Ch)3
2)n, = b~ .
B KBa3MKJIACCUYECKOM IPUOIIHKE- * (27th)3 ’
HUM YUCJIO KBAHTOBBIX COCTOSHUH 2
10. Vp
N GOIBIMAHOBCKOrO Tasa ompe- |3) N = 3
N (2mh)
JETSAETCS KaK. .. 3
vp
4)n, = ;
)N (2mh)’
5) n, =Vp*-(2ch)’.
1) AX = <(x—(x>)2>;
2) Ax=J(x*)=(x)";
CpeaHeKBaIpaTUIHOE OTKJIIOHCHUE : -
11. | cimyyaiiHOM BeMMUYUHBI AX  MOYHO 3) Ax= <X >+<X> !
paccuuTarh no popmyie... 4) Ax = \/<(X R <X>)2> ;
5) AX = <(x+(x>)3>.
1) D, :<(x+<x>)2>;
2) D, ={(x~{x))');
12 Hucniepens D, cydaitHol Besmtu- 3) D, = <(x— <X>)3>;
HBI X OTPEICISETCS BHIPAKCHHUEM. . .
4) D, = J{x)=(x)";
5) D, :<(x+<x>)4>.
1) ox = <X> X
2) Ox=x-D,;
OTHOCUTENFHOE OTKJIOHEHHUE CITY-
13. | 4aifHOW BEJIMYMHBI OX PACCUHTHI- 3) ox=Ax/ <X>;
BaeTcs 1o Gpopmyiie. .. 4) 8x = < X> | AX:
5) & =(x)-D,.
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
Z
1) NIl=—;
2
2)NhJKN—D;
o 1= ;
14 ®opmyroi CTupiavHra Ha3bIBAETCS 3) Ni=r (N +1)’
. N
BBIpa)KCHHUE. .. 1N
4)N!:(2nN)2—— :
€
N
1N
5) Ni=(2N)?[ ~
€
N N
1) NIl=| — | ;
€
1\
2) N!=2x?| — | ;
e
N
@opmyna CTUpAMHTA AOIMMYCKAET (N
15, | ~OPMY P AOIY 3) NI=2N?| — | :
npUOJIMKEHHE. . . e
2N
ife
4)N!:(nN)2—— ;
N
N 3N
5 NI=2aN| — | .
3
1) craTucTHyecKas PU3UKa,;
2) TepMOIMHAMHUKA,;
HepaBHOBECHBIE COCTOSIHUSA U HE- :
3) dbusnueckass KUHCTHKA,
16. | paBHOBECHBIE TPOLIECCHI B paMKax :
4) dbusnyeckas Xumus,
CTATUCTUYECKOTO METO/1a U3yYaeT. . .
5) busuKo-xuMHUYECKas
TUIEPCTATUCTHKA.
1) TepMOJMHAMUKA;
PaBHOBeCHBIC COCTOSIHMSI W PaB- | 2) XUMHYeCKas (PU3HKa,
17. | HOBECHBIE MPOIIECCHI B paMKax CTa- | 3) Gpu3nuveckas X|UMUsI;
TUCTUYECKOTO METO/Ia u3y4aeT... | 4) craructuueckas pusmka,
5) dbusnueckass KHHETHKA.
1) puMaHOBBIM,;
6N -mMepHOE mpocTpaHCTBO, KOOP- | 2) (ha30BBIM,
18, | /MHATAMH KOTOPOTO SIBISFOTCS Ka- 3) eBKJIMIOBBIM;

HOHHYCCKHUC IICPCMCHHLBIC, HA3bI-
BacTCi. ..

4) 11ceBIOEBKINIOBBIM,

5) mpoctpanctBom JloGaues-
CKOTO.
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) nocrosinHas Ilnanka;
Koaddunmentom, CBHSYIé)HII/IM 0e3- 2) noctosmHas Buna,
19, | PasMCPHYIO SHTPOTHIO © € SHIPO- 3) nmocrosiuHas bonbiMana;
nUe TEPMOJUHAMUYECKON Sy,
4) CKOpOCTh CBETA B BAKYyMC;
SIBIISICTCHL. . .
5) uncno =.
1) BaTTax;
B craTucTHyecKoi (u3nke Temre- | 2) UKOYIISX;
20. | paTypy 4acTo U3MEPSIIOT HE B KeJb- | 3) METPax;
BHHAX, a B... 4) meTpax B CEKyHIY;
5) HBIOTOHAX.
d
1) —(InN!)=InN;
dN
d
2) —(InN)=InNt;
dN
d
21, CnenctBuem ¢opmynbl CTUpIMHTA 3) —(In N !!) “InN:
SIBJIISIETCS BBIPAXKECHUE. .. dN
d
4) —(InNH)=InNY;
dN
d
5) —(InN)=InN.
dN
1) S=—]]o Iho,;
k
3
2) S=———;
OnpefeneHne SHTporuK S IS He- ;oak 9o,
3aMKHYTBIX CHUCTEM 4Yepe3 BEpOsT- :
22. T Pe? BEPOMT13) S =Y o, Igo, ;
HOCTH MMKPOCOCTOSIHMH @, HMe- K
€T BU/I. .. > o Ino,
4) § =t—rr;
2
5 S =—Zk:c0k Ino, .
la3, B KOTOPOM TOTeHIMaIbHast | 1) KBAHTOBBIM,;
SHEPIUsl NIAPHOTO MEXMOICKYIP- | 2) GONbIMAHOBCKUM;
93, | HOTO B3aMMOJEHCTBHS npeHeope- 3) BaH-1eD-BaAIbCOBCKIM,

KAMO MaJjia TI0 CPABHEHUIO C KH-
HETUYECKON DHEPrUeu OTHAEIBbHOU
MOJIEKYJIbI, HA3bIBACTCH. . .

4) uaeaabHbIM,

5) 603e-razom.
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

24,

Pacnipenenenne MakcBemna i
UJICAJILHOTO OOJIBIIMAHOBCKOI'O Ta3a
ABISIETCA TIPSIMBIM ~ CJIEJICTBUEM. . .
pacripeieeHusl.

1) MUKPOKaHOHHYECKOTO;

2) KaHOHUYECKOTO;

3) 6OJIBIIOr0 KAHOHUYECKOTO;

4) MaKpOKaHOHHYECKOTO;

5) MasIoro KAaHOHUYECKOTO.

25,

Cratuctuyeckas cymma Z B pac-
npenesieHun Makcsemia onpeze-
JI€TCS KaK. ..

1) z=N( mt jz;
21th’

_3
2

2) z=V mTz ;
21th

3) z=V mT 2;
2mth’

[nsa  pacnpenenennss Maxkcpeia
CpeaHee 3HAUEHUE KBaJIpara dHeEp-

ol

N

N

[l

<
A/

YN
92
:IF\>—|
~— e

00

I
—

I\)|OO_|>

26. 2 3) (E*)=—
THH MOJIEKYJIBI <E > paccunThIBa- 4
ercs 1o hopMmyIe. .. E2) S

4
5) (E*)= %TZ.
1) D, =5T%;
2) D, =15T7%;
st pacnipenenennss Makcsemna | 3) D_ =T?;

27. | nucnepcHsl SHEpruM MomeKynsl D 13_,
paccUuThIBAETCS 1O popMyJIe. .. 4) D, = ?T

5) D, =>T?.
2
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1)Z=2"-N;
N
C y4eToM TOXK/IeCTBEHHOCTH YaCTHI] 2)Z = .
CTaTUCTUYECKas cymMMa rasa Z CBs- NI
28. | 3aHa CO CTaTMCTUYECKOW CYyMMOIl 3) 7 z"
OJIHOM MOJIEKYJIbl Z COOTHOIIIC- ) Z= N’
HHUCM. .. 4)Z=ZfN-N!;
5) Z=Nl.
1) F=-TInZ,;
2) F=TInZ;
CBobomnas sHeprus F Maxpocu- 3) F :§T Inz -
29. | cTeMbl 3aBUCHUT OT TeMIepaTypsl | 2 ’
M CTAaTHCTUYECKOM CyMMBI Z KaK... | 4) F=T*InZ;
5
5 F = _ET InZ.
Y 00JILIIMAHOBCKOTO HaAealbHOro | 1) CrarcymMmsl Z |
Vv 2) Q-moTeHnuania,;
ra3a opmyna ...= NIn—+ ’
20 dopry 3) satanbnuu W
' 3 3 m 5 | 4)suTpornuu S ;
+ =NInT +=N1n ~ |+=N
2 2 2nh 2 5) suepruu E.
3aJ1aeT TOYHOE 3HAYCHHE. . .
. 1) Bceli MaKpOCHUCTEMBI,
B cratuctuueckoit Gpunke XUMU- :
" 2) OJHOT'0 MOJIS BEILECTBA;
YECKUU TOTEHIMAN |l SIBJISETCS . :
31. 3) 0[IHO# YaCTHIIBI;
TCPMOJMHAMHUYCCKUM  TOTCHIIHA- [, :
) TepMoOcCTaTa;
nom ['ub6ca. ..
5) aguabara.
UN+Ey ¢
1) ®, =€ R
- Q
UN-Ey i
2o, =—=e T
bosbmioe kaHOHMYECKOE pacrpe- HNEy
32. | nenmeHre — ITO pacHpeacsieHue 3) ®,, =—<¢e T
BUJA. ..

1 En,k—uN

4) o, == ° ;

5 o, =éT B .

14




Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) Q=E+TS—uN;
()-TIOTEHIMA ONPENENSIETCA BbI- 2) Q=E-TS+uN,
33. 3) Q=E+TS+uN;

pa’KEHUEM. . .

5 Q=E—-TS—uN;

5) Q=—E+TS—uN.

34,

CBoOoanas sueprust F ompenens-
€TCsI BBIPQXKCHHEM. ..

1) F=Q+uN;
2) F=Q—uN;
3) F:—Q+;,LN ;
3
4) F=—Q—uN;
5) F = -2
uN

35.

[Homubiit auddepentman € -noTeH-
yajia uMeeT BUL. ..

1) dQQ=-SdT + AdA+ Ndp;

2) dQ=SdT + AdA+ Ndp;

3) dQ = —SdT + AdA— Ndp;

4) dQ =SdT — Ad% + Ndu;

5) dQ = —SdT + Ndp .

36.

[Tonueiit quddepenunan cBodoa-
HOM sHepruu F umeer Bua. ..

1) dF =-SdT + AdA + Ndu ;

2) dF = SAT + AdA + Ndp

3) dF =—SdT + AdA — Ndp;

4) dF =SdT — AdA + Ndp;

5) dF = —AdA + Ndu.

37,

Q) -noTeHIuMan CBA3aH ¢ OOJbIION
CTaTUCTUYECKOM cyMMoW Q BbI-

paKEHUEM. ..

1) Q=-TInQ;

2) Q=-TIgQ;

3) Q=TInQ;

) Q=TlgQ;

5) Q=2TInQ.

38.

Outpornust S cBsizaHa ¢ () -TIOTEH-
[IMAJIOM COOTHOLIICHHUEM. . .

oT

2) s =2,
oT

3) s:_ﬂ;
0Q

o€

5) Q=-
oT

15




Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) HEBBIPOXKICHHBIM;
Ecnu ra3 sBiseTcs WAeaabHBIM, HO | 2) BBIPOXKICHHBIM,
39. | He sBiseTca OOJBIIMAHOBCKHUM, TO | 3) MAKCBEIOBCKHUM;
€ro Ha3bIBAIOT. .. 4) mepeHAaCHIIIICHHBIM,;
5) MJIaHKOBCKHUM.
1) ®epmuy;
Beipaxenue (N, ) =———— Hasbl- 2) ©epmu — [nanka,
40. e T 41 3) depmu — Jlupaka,
BAIOT PACIPEICICHUEM. .. 4) Ilnanka — Jlupaxa;
5) I1nanka.
1) Bosze;
1 - .
BrIpakeHue <Nk> = ——— Hasbl- 2) buse — lenpuna,
41, e T _1 3) Ditamreiina — bopa;
BAIOT PACIIPE/ICTICHUEM. . . 4) bose — Diinmreiina,
5) bopa — ITnaHka.
1) e, =u;
B pacmpemencunn  ®epmu  — | 2) € =2U;
42. | upaka <Nk>:O,5 npu  ycioBuH, | 3) € =—L;
9T0. .. 4) g =2,
5) g =0,5n.
1) Q= Ll
l1-e
1
2) Q = Bog !
Bonbias craructudeckas cymma Q l1-e’
43. | it pacnpenenenus bose — Oiin- | 3) Q = 18 —;
IITENHA 3a/1aeTCS KaK. .. l1+e T
B8
4) Q=1+e 7,
5 Q= —.
l1-e T
1) IpOTOHOB;
Pacnipenenenne bose — DiiHmTeii- | 2) HEUTPOHOB;
44. | Ha IPUMEHUMO K BBIPOXKJICHHOMY | 3) DJIIEKTPOHOB,

rasy...

4) MO3UTPOHOB;

5) doroHoB.
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

45.

Pactipenenenne ®@epmu — upaka
NPUMEHUMO K  BBIPOXKICHHOMY
rasy...

1) poToHOB;

2) IIUOHOB;

3) O3UTPOHOB,;

4) (hOHOHOB;

5) o -yacTwi.

46.

Bonbias craructuyeckas cymma Q
g pacupenenenus Oepmu — u-
paka 3a1aercs Kak...

l)Q:1+e%;
2)Q=1-e " ;
3Q=e ™ L
HQ=—r—;

e’ -1
5) Q=— 2

1) >(N,)=1;
2) ;( Nk> =00
YcioBue HOPMHUPOBKH I pac-
47. | npenenenus @epmu — Jlupaka BbI- 3) Zk:<Nk> =0;
TJISIAUT KaK. ..
4) 2(N,)=N;
5) g( N, )=p.
1) ;( N, )=0;
2) 2N =1,
YcioBre HOPMUPOBKU IS pacIipe-
48. | nenenus boze — DiHHINTENHA BBI- 3) ka Nk> =U,
TJISIIAT Kak. ..
4) X(N,)=N;
5) ;( Nk> =0

17




Conep:xanue Bonpoca

BapuaHThl 0TBETOB

49.

BupuansHOe npeacTaBiieHue ypas-
HEHUSI COCTOSIHUSA HEHUJIEaJIbHOrO
rasza UMeeT BU/I. ..

1)p:F;BJT{§Ji

n

2) P-S3B,(T)| 3

<|z

3) P=VYB,(T)

=}

4) P:kZBn(T)

>

5) P:TZBH(T)

<|lz | <|z
~ S| N—

1) 0;
50 [TepBb1il BUpHanbHbIi KO3 (ULu- 12’3 1;_
- B,(T °
enr B, (T) pasen D
5 R.
1) BZ(T):b—aT ;
2) B,(T)=b+aT;
Bropo#i BupuanbHbIi kodpunm- | 3) B (T)=b—aT*;
51. |ent B,(T) mMeer 3aBHCHMOCTE OT a
TEMIIEPATyphl BUJA. .. 4) B,(T)=b+ T )
a
5) B,(T)=b——.
) 2 ( ) T 2
1) P = RT aN ,
V-bN V?
2) P = NT aR ’
V-bN V*
50 «Crartuctuueckoe» ypaBHeHue Ban- 3) P = NT  aN ?
" | nep-Baanbca nmeer BuI. .. "V _bN V?'
4 po NT  aN ’
V-bN R?
5) P = NT  aN
V-bR T*

18




Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) E=2RT+ 2
2 Vv
2) E = g NT 4+ 2N
OHeprust raza Ban-nep-Baanbca 1 aN?
53. | E moxer ObITh paccumrtaHa 1o | 3) E==NT +
dbopmyre. .. :2)) NE
4) E=2RT -2
2 \Y
5) E=2NT -2
2 Vv
1) AS=N In(l—b—Nj,
\Y
2) AS =V In(l b—Nj
Vv

54,

OHrponus raza Ban-nep-Baansca
0O0JIbIIIE PHTPOIIMH UJICATHHOTO Ta-
3a Ha BEJIMUUHY...

3) AS=N In(1+b—j;

4) AS =T In(l b—Nj,
\Y
5) AS=N In(1+b—Tj.
\Y
l) CV S C\/(ud) ’
M30x0pHast TeII0EMKOCTh ra3a Ban- 2) 6 = () ?

55 nep-Baanbca cBsi3aHa ¢ U30XOpHOM 3) ¢ < Gy ?
TEIIOEMKOCTBIO MIEATBHOTO T3 | 4) ¢ > Gy
COOTHOIIIEHUEM. . .

5) ¢, »—
)& #
1) koadduimeHTOM a0COIIOT-
HOTO OecropsiKa,;
B teopun Jlanmay ¢ha3zoBbIx nepexo- :
2) mapamMeTpoM rapMOHUH;
noB |l-ro poga ucnonb3yror xapax-
56. 3) mapaMeTpoM CUMMETPUH,

TEPUCTUKY BHYTPEHHEW CHMMETPUU
CHCTEMBI 1), HA3bIBAEMYIO. . .

4) nmapamMeTpoM TMOPSIKA;

5) ko3¢hHUIIMEHTOM CHMMET-
pUH-aHTUCHUMMETPHH.

19




Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) a'=1 p'=0,5 y=0;
2) a=0; B=0,5 rvy=1;
Kputnueckue HHICKCH B TCOPHH | 3) a=a'=05 p=p=0
57. | JJanmay  dasoBeix  nepexogoB |  y=7 =1
II-ro poaa YMCIEHHO paBHHI. .. 4) o=1 P'=05 v =1
=0, o'=L p=0;
5) o o B
p'=05 vy=y=0
1) Q=-TYIn(1-(N,));
k
2) Q=T In(1+(N,));
k
5. Q-moTeHnuan wuacanbHoOro dep- 3) Q= SZIn(l <Nk>);
MH-Ta3a MPEeJCTaBUM B BUJIC. .. K
4) Q:TZIn( —(N,));
5) Q= —SZIn(1+( )
1) Q=-TXIn(1+(N,));
2) Q= TZIn(1+<Nk>)
59 Q)-ToTeHIMan HuaealbHOro 003e- 3) QZSZ'“( <Nk>);
rasza npeJCcTaBuM B BHJIC. .. k
4) Q:Tzln(l (N,));
5) Q= —SZIn(1+<Nk>)
1) X ~n’;
B pasnoxennn noreHunuana I'n6- .
Oca 1o mapaMeTpy IOpsaKa T 2) X~m’;
60. | Hanmumio BHewHero Most oTBeda- | 3) X ~M;
er cmaraemoe X, YIOBIETBODA- | 4) X ~ \/’ ;
IOIIEE YCIIOBHIO. .. -
5 X ~n".
DT10..., ecau HHTponms mnpen- | 1) pepmu-ras;
CTaBHMa B BHJIE | 2) 003e-ras3;

61.

S = Z[l+
~(N)In(N,) |

NIn(1+(N,))-

3) HeueaIbHBIH ras3;

4) ra3 Bau-nep-Baanbca,

5) mia3ma.

20




Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

62.

Onykryauust (PU3NUECKOW BEIMYH-
HBI X, KOTOpasi MOXET OBbITh PACCUU-

Tana 1o ¢opmyiae D = <X2> —<X>2,
HAa3bIBACTCA. ..

1) mecTpykumei;

2) nMccolaIuei;

3) nucnepcuen;

4) TUCKyCCHEH;

5) nemyKuuen.

9r10..., eciu
npeJcTaBuMa B BUJIE

DHTPONUS

1) mna3ma;

2) ra3 Ban-nep-Baanbca;

63. | S= —Z[(l_ < N, >) In (1_ < N, >) + | 3) HeuAeanbHBIN Ta3;
“ 4) 603e-ra3s;
+<Nk>|n<Nk>]' 5) dbepmu-ras.
®iIyKTyaluu  MakpocucteM, He | 1) KBasHYCTOHUMBBIMH,

64.

HaxXO/AIMIUXCA B PABHOBCCHUU C TCP-
MOCTaroM, HO MMCIOIIUX IIPHU ITOM
OIIPpCACIICHHBIC 3HAYCHUSA TCPMO-
AJUHAMHUYECKUX BCJINYUH, Ha3bIBA-
FOTCA. ..

2) KBa3UKJIACCUYCCKUMU,

3) ICeBIOKIACCUYCCKUMU;

4) KBa3WCTAIMOHAPHBIMU;

5) MUKpOnIapaMeTpUICCKUMHU

IICEBJI0YCTONYNBBIMU.
2\ T?
1) ((AT)) = =
o\ T°
2) ((AT))=—;
KBasucTalMoOHapHas  JUCIEPCHs ;Vz
65. | Temmeparypsl <(AT )2> onpenens- | 3) <(AT )2> ==
eTCs BBIPAKEHUEM. . . _Iffv ;
4) <(AT) > =—i
o T°
5) (AT) )= .
o) T
1) <(AS)2> =C,;
KBasucTalMoHapHAs  JUCIEPCHs 2) <(AS) >: Gt
66. | sHTpONIMH <(AS )2> onpenensiercs | 3) <(AS )2> =C,;
BBIPAKEHHEM. . . 2) < (S )2> SV
5) <(AS)2> =C,.
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
2 oV
D (AV) ) =T| —|;
{v)-1(5)
2) (V) )=-T (2—5) ,
KBasucranuonapHas Jaucrepcus s !
67. | 00ObEMa <(AV )2> onpexensercs | 3) <(AV )2> :T(S_PJT’
BBIPAKCHHUEM. ..
2 oV
4) ((AV ) )=-T| —
() (5
2 oV
5) (AV)')=-T (a—Pl
2 oV
1) ((aP) >=T(8—Pl
2 oP
2) ((AP)')=-T (a_vl ,
KBa3zucranmonapHas JauCIIEPCHS 2
APY’ 3) ((AP))=T| =
68. | naBneHus <( )> onpeensercs )<( )> (GF’)T
BBIPQKCHHUEM. .. ay
4) ((AP)") =T (gl
2 oV
5) ((AP)")=-T (a—Pl
1)
2) &;
KBaszucrannmonapHas ¢GuyKTyarust 3)0;
69. (ATAV ) pasHa... 2) c
5 ¢c,.
2 (2]
oV ),
Kgasncraunonaphas Quykryauus | 2y 1.
/0. (ASAP> paBHa... 3) w
4) 0;
5)c,.
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) 0T ~ N;
2) oT ~ N%;
JlJIsT OTHOCHUTEJIBbHOM KBa3HUCTallU- 3) 5T ~0;
71 OHapHOU (IYKTyalluu Temrepary- i
" |pel OT crHpaBenIMBO yTBEpPXKIC- 4) 8T ~ —;
HUE, UYTO... N 2
5) 6T ~ L.
N
2 oN
1) ((AN :T(— ;
(any)=T\ 50 )
oV
2) (ANY)=T| = | ;
) {(an))=T| T )
KBasucranmonapuas  gucnepcus N
72. | uncna wactun ((AN) ompezne- | 3) ((ANY )=T| — | :
() ompe- 3 (any) (2]
JISIETCSL BRIPAXKCHHUEM. . .
2 oV
4) ((AN) )=T| —| ;
) {(aN))=T| 55 )
oN
5) ((AN))=T| =—
(1[5,
1) 0;
2) 1;
KBazucrannonapuas ¢uyKTyamus
13. (ANAT) pasHa... 3) @,
4) 0,005;
5) 107™.
1) <(ANk)2>:<Nk>_<Nk>2;
2 2
KBazucranmonapuast  qucnepcust 2) <(AN“) >:<N">+<Nk>
- yucia yactull B K -om KBaHTOB(ZM 3) <(ANK)2> :<Nk>’
cocTossHUM (pepMu-Taza <(ANk) > . .
o 2) ((AN,)')=(N,)’;
penesieTCs: BEIPaXKCHHUEM. ..
2 N
5) (N, ) =2l

23




Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
2
1) (AN, ) ) =(N,);
KBasucranuoHapHas  gucrepcus | 2) <(ANK)Z>=<NK>2;
YHCIa 9acTUIl B K -OM KBaHTOBOM 3 ; .
75 | cocrosmmn  Goze-rasa <(ANK)2> ) <(AN'<) >:<Nk> 1
OTIPEEISACTCS BBIPAKEHHEM. .. 4) <(ANk )2> =(N,)+({N,)";
2 2
5) <(ANk) >:<Nk>_<Nk> '
1) 6N, =0;
OtHocuTeNnpHas KBa3UCTAlMOHAPHAS 2) 8N, =1-(N,);
¢urykryauust uucna  vactuay  ON ] R
[ B K-OM KBaHTOBOM COCTOSIHUU 3) oN, = <Nk> -1
(epMu-raza BeIpakaeTcs Kax. .. 4) 8N, :1_<Nk> :
5) oN, :1+<Nk>.
1) 8N, =(N,);
2) ON, =2+<Nk>;
OtHocuTeNnpHas KBa3UCTAlMOHAPHAS
77 bayxryanus umcna wactuy ON | 3) SN, :\/1_<Nk> ;
" |B K-OM KBaHTOBOM COCTOSIHUH 1
003e-Ta3a BhIPAXKACTCS KaK... 4) 0N, = |[—~+1;
(N)
5) 6N, =0.
1 . Hea
1) Z =——|e ™ dI;
NI
2) Z, = fe T dr;
JUIg KTaCCUYECKUX CUCTEM CTaTH- 1 (o)
78. | cruueckuit unterpan Z  ompene- | 3) Z - fe ™ dN;
JISIETCS KaK. .. N
1 H(p.a)
4) 72 =—|e Vv dI;
" NI
1 . fea)
- T
5) Z, N !Ie dv
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1
1) dl'=——7p, ...dp,,;
2) dr=—" . dj. ..dg,
(2mh)
B obmem ciysae mubdepentman | 3) dI"=dp, ...dp, dq, ... dq.;
79 | cTaTHCTHYECKOTO  Beca dI”  mus
" | KJIACCHYECKUX CHUCTEM OIPeACiIsIeT- dr = 1 dp. ...dp, x
csl KaK. .. 4) (2nh)SN ' "
x dg, ...ddq, ;
dr =— - dp, ..dp,
5) (2mh)
xdq, ...dq, .
1) ¢, =0;
2) ¢, =0,5;
Oyukuus pacnpeneneHus bose —
80. | DifHmITeliHa MMEET BEPTHKAIBHYIO | 3) € =—L;
ac OTy CJIeBa
UMIITOTY CJI€Ba MPH 1) e =15y
5) g =L.
1) MUKpOTIapaMeTphl;
CTaTHCTHYCeCKHIT BEC MaKpOCOCTO- | ) KOOP/IMHATEL,
snst [7( E,X) 3aBHCHT OT SHEPIUH
81. B 3) MakpomnapaMeTphl;
E u nepemenHoil X, Koropas
BKJIIOUAET B ceOs €ro Mpovue. .. 4) HaHOTApaMETPBI;
5) MeramapameTphi.
1) JI. Boabuman;
YTBepKACHHUE, UTO U 3aMKHYTOM 2) M. ITnanx:
CHCTEMBI BCE MHKPOCOCTOSHUSI
82. | ¢ 3amanHOM »Heprueli paBHOBepo- | 3) A. Ilyankape;

SATHBI, B paMKax KJIaCCUYSCKOM Me-
XdHHWKH BBIJIBUHYIL. ..

4) M. JIOMOHOCOB;

5) U. [TpuroxuH.
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Conep:xanue Bonpoca

BapuaHThl 0TBETOB

83.

JIJ1s1 KJITacCM4YeCKON CUCTEMbI MHUK-
POKaHOHUYECKOE paclpeiesieHue
3a1a€T B ()a30BOM IMPOCTPAHCTBE
muddepeHiran BeposTHocTn dm
BUJA. ..

N do=A5(H(q,p)+E) x

x dpdg;

2 do=A3(H(q,p)-E) x

x dpdg;

3)
x dpddg;

» dooer(H(q, p)—E) x

x dpddg;

5)
x dpdq.

Cratuctrdeckuil Bec /' ujeaabHO-

1) I"= AE?V";

2) I'=AE?V?;
3N

84. | ro raza, comepxamiero N wyactwil, 3) '=AE°V";
HMeeT BUI. .., rae A = Const. 3N
4 I'=AE? V™",
5) I'= BE’T.
1) I'=BE?;
Cratuctuyeckuid Bec [’ wujaeaib- 2) I'= BNEg;
g5 | HOrO rasa, CoJepKamiero N uya- iy
" | cruil ipu QUKCUPOBAHHOM OO0BE- 3) I'=BE —
Me, umeeT Bug..., rae B=Const. | 4) T =BE? S
3N
5) '=BE?,
|
L!( N + L)!
. NI
s AByXypOBHEBOW  CHCTEMSBI |2) ['=— —
N wactuu c sneprueid E u suep- L!(N - L)!
” - |
g |TMAMH  ypoBHeii 0O mu & cra 3) I'= N! ;
TUCTUYECKMU BeC [ paBeH..., L!(N — |_)!
E N
rae L=—. 4T = :
& L!( N — L)!
|
5) e NI
L!( N - L!)

26
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
CON L)
1) T =¢ln —( ) ;
- L -
N L)
2) T=¢"In ( ) ;
- N -
Temneparypa T JByXypOBHEBOM
cucteMmbl N wyactull ¢ 3Heprueit E (N _ L)
87. | u sHeprusimu ypoBHeit 0 u € cie- [ 3) T = sln{ };
E L
nyet u3 GopMybl..., rae L =—.
€
N—-L
4) T =¢"In ( ) ,
— N -
FINZL)
5T =¢"In ( )
— L -
He=N.
e?
|
2) £= T
8e ’
Oueprust E nByxXypoBHEBOH cH- 3) E= N .
creMbl N dacTwil ¢ SHEPrUAMHU 2 ’
88. . e’ -1
ypoBueli 0 u € nipu Temneparype T
paBHa...
4)E = sNg ;
2e7
5) E = eN
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
20 T
ee
1) c= —
(eT —1) T?
2) ¢~ g’Ne™
=—— M
(eT +1j T’
TermnoéMKocTh C JABYXYPOBHEBOU N 3
g9 | CHCTEMBI N wactun ¢ sHeprusm | 3) ¢ = ¢ ;
" | ypoBaeti 0 u € nipu Temmneparype T (eT +1)-|- 2
paBHa...
2N %
4) c= e’Ne™
(eT —1)T ?
eNeT
5 ¢c=———.
(eT +1j T
1) | =owlog, o;
B Teopuu undopmauun saTponu- | 2) | =-Ilgom;
€l Ha3BIBAIOT KOJHMYECTBO WMH(MOP-
90. PP~ [y _ o
manuu |, ompenensemoe uepes
BEPOATHOCTH COOOLIEHHs ® Kak... |4) | =—log, o;
5) | =log, ®.
L
1) '=C,_;
Jlns 6oawioro uncina N oguHaKo- 2) r'=C" ;
L-1"?
BBIX TapPMOHUYECKHUX OCIUJUISITO-
91. | poB craructuyeckuii Bec cocros- |3) I'=C,  _.;
HUA ¢ 3Heprueit E = Lhw 3amaér- .
cst uncnom coueranuid C Buna... 4 r=cy..;
5) I'=C,.
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

92.

MarxautHas BOCIIPUUMYUBOCTL

raza N vyacrtuir crimua E B Mar-

HUTHOM IIOJIE UMEET BHI..., I'JE
Ll — MAarHATHBI MOMEHT YaCTHIIBI.

1) x=NVy’;
N

2)X_VTM
N

3) x= T“
N 2

4)x=V2_Lrl ;

5)X:\,;l—.|_-

93.

3aMKHyTasi CHUCTEMa «TeJIO-TEPMO-
CTaT» MOJUUHSETCS... pachpesere-
HHUIO.

1) KaHOHHYECKOMY;

2) MEKPOKaHOHHYECKOMY,

3) HEKAHOHUYECKOMY,

4) MaKCBEJIJIOBCKOMY;

5) HOpMaJIbHOMY.

94,

CpenHee 3HAUYEHUE SHEPrUU Tela
B TEpPMOCTATE <E> BBIPAXKaAECTCS

yepe3 TeMmieparypy | U CTaTu-
CTUYECKYIO0 CyMMYy Z Kak...

1)<E>=%|Tnz);
2) (E>=%;
3) <E>:a(;2);
5) (£)=—0In2),

95,

Cpennee 3HaUeHHE KBaJIpaTa SHEp-
MM TeJla B TepMOCTaTe <E2> BbI-

pakaerca dyepe3 Temmeparypy T
Y CTaTHCTUYECKYIO CyMMY Z KaK...

1) (E*)= ZT(g_ZI_Zj,

2\ _ 71714 az
2) (E*)=Z"T (8Tj

e[ O°Z).
3) <E>_T (a-l-zj’

4) <E2>=z[2_2rzzj;

2\ _ — -1 62
5) (E*)=Z"T" (asz
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Conep:xanue Bonpoca

BapuaHThl 0TBETOB

Jucnepcust dDHEpPIUU Tena B TeEp-

9. | vocrare <(AE)2> paBHa...
2 Sicp )
4) ((AE)') = a
2 Cj
5) ((AE)") = 5
TInz
1) S :—a( n );
oT
o(TInZ
2) S = ( p ;
OHTponusl Tena S B TepMocTare P (T In Z)
97. | BeIpaxkaercst uepe3 Temneparypy 1 | 3) S = ;
Y CTaTUCTUYECKYIO0 CyMMY Z Kak... ar
InZ
g s--2n2)
oz
20(InzZ
5) 5 - 20(nZ)
oT
Z0(Inz
1) a-_200n2).
O
InZ
2) A= o(Inz) ;
O6o00ménHHas cuna A cBsA3aHa cO O
CTaTUCTHYECKON cyMMOl Z , 0600- Ao(InZ)
98. | .. . N 3) A=
MIEHHON KOOPJMHATOW A ¥ TEeMIIe- Py
parypoi T Kak...
T
5 A= o(Inz)
O
To(Inz
g 2 Ton2)
O
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

1)a=(

EJS .
V ’

3
2) a= v ;
N
99 CpenHee pacCTOSHUE MEXKIY MO- VY
" | nexynamu a ompejensieres Kak... | S) 8= N
3
v (t]
Vv
5) a= Vl :
N§
1) A, = @;
2) A, = —h;
Jlnuna Bonubl ne bpoins A, ua-
. 5 2h
100. | ctuusl ¥ Moayss €€ ummnyasca p [3) A, =—;
CBSI3aHBI KaK. .. P
4) N, = @;
5) 7\‘5 - Z_ﬂ:
P
1) T ~1000 K;
2) T ~10 000 K;
Bxan xonebaHuii B TEINIOEMKOCTD
101. | nByxaToMHoOro rasa cymecrtseres, | 3) 1, =100 K;
HAYMHAS C TEMIIEPATYEI. . .
4) T ~273K;
5) T ~1000 ‘C.
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1
1) C, ==momp;
2
CymmapHas MoJISIpHasi U30XOpHas 2) C, = §M0ﬂbl;
TEMI0EMKOCTh JIByXaTOMHOTO Ta-
5 4
102.|3a C, npu Temmneparypax Hauaia | 3) C, ZEMOHB ;
JTUCCOIMAIMK JOCTUTaeT 3Haue-
I 4
HHUS. .. 4) C, ZEMOHB ;
9 »
5) C, =—momb .
2
1
1) C, ==moims;
2
1
2) C, ==momp;
CyMMapHas MoJisipHasi U30XOpHas
TEIJIOEMKOCTh JIByXaTOMHOTO Ta- 3
103, By 3) C, = >moms™;
3a C, HauMHAeT pacTH OT 3Ha- 2
YeHHUS. . . 2
4) C, =—=moJib
3
5 .
5) C, = —moub .
2
1) Bopra — CMOJIyXOBCKOT'O —
BaH JIéBeH;
VYTBepk/eHue, uTo Knaccudeckuii | 2) bopa — Ban Jleiika — Diin-
104, | 733 3aPKEHHBIX HACTHIL HE SBIIS- IITCHHA,
"| eTcs MarHeTHKOM, Ha3bIBaloT Teo- | 3) bopHa — BopoBrukoBckoro —
peMotit. .. bopa;
4) bopa — Pesepdopna;
5) bopa — Ban JIéBeH.
1) 0,5;
1
Huamarmetusm Jlanmay xommeH- | 2) —;
105, | CUPYCT IapaMareTnsm [Taynu nuis 3
"| cBOOOHO JIBWKYIMXCA dekTpo- | 3) 0,25;
HOB Ha... 4)02

5) v/2.
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

106.

®dusznyeckass pa3MEpHOCTb OO0JIb-
IO CTATUCTUYECKOM CyMMBbI Q —

9TO...

1) Tx;

2) 1,

3) Mm;

4) c;

5) Br.

107.

bonpimas craructuyeckas CyM-
Ma Q B 0o0mIeM cityuae omnpeaess-

CTCi KaK...

En .k

1) Q:ZN:euTNZk:e T

En .k

2) nge_upzk:e T

ENk

3) szepTN;e T

ENk

4) szNle_pTNZk:e_ T

ENk

5) Q:%“eusNZk:e_ s

2( N, +1)!
2) E ~ Ni | ;
B HepaBHOBECHOM COCTOSTHUM HUJIE- G,!
aJIbHOTO Ta3a CTaTUCTUYECKWH [ G"
108. | Bec rpymmsl cocrosiauii G, u yncio | 3) I, = I\II :
yactul, B rpynne N, yznoBieTBo- i
PSIIOT YCIIOBHIO. . . 4T ~ G" .
N
5) I = 26, :
N.!
1) f=N,-G;
Cpennee uwncno 3anonHeHus f 2) 1, =N+G;
109. | B i-it rpynme cocrosmuit onpene- | 3) f, =NG;;
JICHO KaK... 4) f =G /N. :
5 f=N./G.
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
DS=ZQﬂm%;
€
2) S=-2.Gf IgT;
OHTponus S HEPaBHOBECHOTO CO- e i
110. | crossHUS WACATBLHOTO Tasza OIpe- 3)S =ZGi InT;
NeJsIeTCS Kak. .. ' i
@Sz—ZQﬂ@%;
€
5 S=2Gf InT.
1) 2.Gf =1;
I'pynmsl cocrostauit G, U ux cpen- 2) ZGi fi=N
111, | HU€ YHMCIA 3aMONHEHHS f, cBsisansl | 3) 3G f =2N;
'|c umcnom wacti cucteMsl N ! _
KaK... 4) ZGi fi=nN;
5) 2.G f,=-nN
1) ZGi fe, =e";
I'pynmer cocrosanit G,, nx cpen- | 2) ZG. fe.=InE;
HMe uMcna 3anonHenus f u cpen-
112. | yue sHeprum yacTui B rpymme &, 3) ZG' fie, =
CBS3aHBI C JHEPIrHed cucTeMbl E | 4) ZG fe =
Kak... o
5) ZGI flgl =
1) f :eTi;
Cpennue uyncna 3anoidenus . s 2) f=eV;
113, | HACATIBHOTO ra3a B HEPABHOBECHOM 3) f = e%;
COCTOSIHUM MOTYT OBITh BBIpake- -
HBI KaK. .. 5 f = e%;
5) f=e o .
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

114.

B ypaBHEHUM XUMHUYECKOU peaK-
. » AV, =0 cumBon i-ro Be-
i

mecTBa — A, a V. Ha3bIBaeTCH...

1) OCHOBHBIM CTEPEOMETPH-
YECKHM,

2) CTEXMOMETPHUYECKUM,

3) XMMHYECKHM,

4) mapaMeTpUIECKIM;

KO3 PUIHEHTOM. 5) cBoOOAHBIM  aguadaTHye-
CKHM.
1) 0;
CTaTHCTHUECKMII BeC HEBBIPOK- | 2) ©;
115. | AEHHOTO MaKpOCOCTOSIHUS IIpH | 3) —o0;
T =0 [Ix paBeH... 4) m;
5) 1.
1) 0;
CTaTHCTHUUECKUI BEC BBIPOIKICH- 2) 1;
HOro Makpococtosiuusi N HeB3au- 3) OO
116. | MOJIEUCTBYIOIMX YaCTHUI[ CO CIIU- N’
1 4) 2%,
HoMm — 1ipu [ = 0]k paBeH... N
2 5) —.
3
1) NIn2;
DOHTPOIUS BBIPOKIACHHOTO MaK- 2) N
pococtostnust N HeB3auMoJei- !
N
117. 3) —;
CTBYIOIIIMX YACTHUI[ CO CITMHOM > 5
npu T =0/ pasHa... 4) 1,
5) 0.
1) S=>N.In e—G'];
i N,
2) S=>.N.In Ej
i N.
DOHTponusi S HEPaBHOBECHOTO CO- eG
118. | crosus maeansHoro rasa moxer | 3) S=- N, In —‘J;
OBITh 3aIIMCAHA B BUJIE. .. ' N,
4) S=-3.N,In %j

eG,
5)S= ZGi In(wj.
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) npunnmna HepHcra,
VTBEpKICHHE, YTO B OAHOM sueii- | 2) npuniwmna [laymu;
ke (a3oBoro mnpocTpaHcTBa He | 3) MNPHUHIMIIA HEOIPEaecH-
119. | MoxeT OBITH OOJIBIIIE OJHOW Ya- | HOCTEH,
CTHILIBI C 33JJaHHON MOJsApU3aLueil, | 4) mpuHIHIIA
SBJISIETCS CJIEJICTBHEM. . . OTHOCHUTEIILHOCTH,
5) Teopembr Hérep.
1) e <O0;
Ecmu B pacnpeneneanu depmu — 2) e =T;
190, | AMpaka mepeiith Kk mpeniey 3) e <u;
| T = 0/lx, To yacTuil BooOwIEe He 2
OyIeT B COCTOSIHHSX C... 4) e = EH;
5 e >pu.
1) 3JIEeKTPOHHOTO T'a3a;
BeIposkIeHHBIN (hepMH-Ta3 BCTpe- | 2) O3UTPOHHOTO rasa;
121.| gaercs B MpUpOJE B BHJE... B Me- | 3) HESUTPOHHOTO rasa,
TaJax. 4) mpOTOHHOTO ra3a,
5) dhoToHHOTO Ta3a.
1) HEUTPOHHBIE 3BE3 B,
BrIposkieHHbIii  (pepMu-Ta3 3jeK- | 2) TATaKTHKH,
122. | TpoHOB yjaep)KHBaeT OT HajibHel- | 3) Oesble KapauKHy,
IeTO COKATHA. .. 4) TIaHeTHl;
5) KOMETEL.
b
1) e=—;
Tm
. 2) e=oT?;
o3e-Ta3 (POTOHOB MOTUMHSETCA
123. P . 3) £=0.50T";
3akoHy Credana — bosibiimana. .. m
o)
4) €= F )
5) e=15T .
1
D ~=;
.o C\/ T
MzoxopHasi TemIOEMKOCTh C, $o- | 2) c, ~T;
124. | tonHOro 603e-ra3a cBd3aHa C TEM- 3) ¢ ~T2
neparypor T Kak... ’
5 ¢ ~T*.
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

125.

B teopuu Jlannmay dazoBbix mepe-
xon0B ll-ro poma mpu ycioBuu
paBHoBecHs U T <T, ~— WMEIOTCS

HEHYJIEBbIC 3HAYCHUS MapaMeTpa
nmopsiJikKa 1 BUIA...

Dn'= B(T“;”;_T) ;
2)n* = a(TK;”é_T) ;
Y n'= Z(TK”’S 1) ;
4 = R(TK’””a“ -7) ;
5) 1 = a(T —BTK,opu) |

126.

B Teopun Jlanpay ¢dazoBbix mepe-
xon0B ll-ro poma mpu T >T

Kiropu

MarHuTHYK BOCIPUUMYUBOCTH
MO>KHO pacCUUTaTh Mo Gopmyre. ..

Kropu

1) X:%a(T T )i

2) x=0,2a(T-T,,, )2 ;

3) y = %a(T —TK}OPU)Z;

4) 1 =0,75a*(T-T,,.)

5) x=[2a(T-T,,.)] .

1) paBHoii O;
M306apHyto TemmoéMKocThb C, ho- | 2) 6eCKOHEUHOM;
127. | Tonnoro Gose-rasa MOXHO cum- | 3) PaBHOII C,;
TaTh... 4) paBHoit R+C, ;
5) paBHoli R.
TMopenenue MaruuTHOH Bocnpu- | 1) Mapun Kiopu,
MMYHABOCTH BHUA 2) Ivepa Kropw,
128. 1 3) 'un30ypra;
X = — 3TO 3aKOH... 4) I[e6a>1'
da(T, - ,
( o ) 5) BusbcoHa.
1) PV =Const;
Nneanbubin dbepmu-ras npu 2) PV 2 = Const;
= , 5
129.| T =0 [Ix nomuuHsieTcss ypaBHE 3) PV* = Const:

4) TV?® =Const;;

5) TV = Const.
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) g =u;
Ecnu B pacnpeneiennn Pepmu — | 2) € <0;
Jupaka mnepeutu K 1peneny _A-
130. T — 0 /Ix, TO Bce yacTUIlbl OyayT 3) & =0
B COCTOSIHHSAX C... 4) g <u;
5) g > 1.
1) Oesble KapJIMKW;
2) sapa rajakTuK;
131, BripoxxneHHsIi hepmMu-ras HeUTpo- 6) XBOCTbI KOMET;
HOB (popMUpYET...
4) HEUTPOHHBIC 3BE3 I,
5) xonbiia CaTypHa.
n’k*
1) o= ;
) 607°c?
2) 6= nk ;
60%cC
[Toctosinnas Credana — bombima- 2
'K
132.|Ha © BbIpaxaercs uepe3 QyHma- |3) 6=——;
MEHTAaJIbHBIC KOHCTAHTHI KaK. . . bnc
2
T
4) o= ;
) 10%°c
k4
S5) o= :
) 10c?
1) H=a(T-T,, )+4Bn’;
B rteopun Jlanpay (aszoBbIx mepe- |2) H = a(TK _T)+4Bn§;
xonoB ll-ro poma mpu ycioBuu "
133. | paBHOBECHs HANPSOKEHHOCTh BHE- | 3) H = 2a(T _TKW)+4Bn3;
ITHETO MarHuTHOro moyit H BEI-
paskaercs Kax. .. 4) H = 2a(TKW -T ) +4Bn’;

5) H=3a(T+T,,,)+Bn".
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

134.

B teopun Jlangay ¢azoBbix nepe-
xon0B ll-ro poma mpu T <T

Kiopu

MarHUTHYI0 BOCIIPUUMYHUBOCTH ‘)
MO’KHO PaccyuTaTh Mo GopMyJe. ..

1 .
D= 2a(T-T,.)’
2) x=a(T-T,,.):

1 .
I amT)

1
4) 3= ;
) X AT T)
5) x= .

[4n(T,,,,-T)]

135.

B teopun Jlannay ¢azoBbix mepe-
xonoB |llI-ro poma mpu T <T

Kiopu
CIIPaBEJIMBO BHIPAYKEHUE. . .

o’

1 ~1:
) o X
2) 8(125 x=0;
on
R/
3 —n?:
) o x="
R/
4 SN A
) o X =4/
R
5 —.n.

VYpaBuenune muddy3un npuMeEHH-

1) JJangay — JIudmuna;

2) ®okkepa — [1nanka,;

g, 10 X RS 8 IV )
pPocIp P 4) HaiikBucrTa,
HEHUEM. . .
5) Crokca.
CoxpaHenue KOHIEHTpauun B3au- | 1) JlmyBus,
MOJICHCTBYIOLIMX YaCTHI| IIPH ABU- | 2) IpeHdecTa;
137. | xenun BIONb Tpackropuu B (aso- | 3) Hérep;
BOM TIPOCTPAHCTBE — 3TO ciencteue | 4) Jlamiaca;
TEOPEMBHI. .. 5) I'mG6ca.
KuHeTrnyeckoe ypaBHEHHE BHA 1) Kiraysuycowm,
of _of of 2) .HaHJ'IaCOM;
138. Y + DE +F 8_|6 =1 Obwi0 nony- | 3) Jlnysunmiewm;

YCHO U UCCJICAOBAHO...

4) BonbLMaHOM,;

5) Ctokcom.
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) ynaneHHble MapHBIE;
Nurterpan cronkHoBenuit | yuu- 2) yAAJICHHbIC TpO_HHHe’
139. 3) MHOTOKpaTHBIE,
THIBAET... CTOJIKHOBEHHSI. :
4) 6nu3Kye napHbIE;
5) 6nu3kue TpOHHbIE.
B Teopun miasmMbl ypaBHEHUE 1) Inraepckoro,
o 2) Pyvepa;
140. | Buma —+ U; +eE = =0 na3sel- | 3) Benuxona,
' P 4) Bynkepa,
BalOT YPaBHCHHEM. .. 5) Bacosa.
1) % = 'S
c e
2) x =T,
=—;
B 3akone Buaemana — ®panua s e 3e2
x 3T
141. | ra3a 3neKTPOHOB B METAIUIAX MPE- | 3) — =———;
TMOJIaraeTcs, uTo. .. c 2
4 Z = TI.
c 3
5) % - T
c 3T¢’
1) 0;
2) 1;
T I'(x)=1 )2
142, aMMa-(QyHKIUs (x) = npu T
X=... 4) 7
2
21
5) —.
) 3
1) E,, :(3N —1)T ;
2) E, = 37N+1JT ;
Haubonee BeposTHOE 3HAUYCHUE N
143 nosHo# sHeprun E . cucremer N | 3) E = ?—1]T ;

YaCTHUI[ UAECATHHOTO OOJILIIMAHOB-
CKOT'0 Ta3a PaBHO...

4) E, = 37N—1JT;

5)E =[N _ jT.
3
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) ©(8)=sinb;
Pacnipenenenue no yrmam o(6) [2) ®(0)=sin26;
HaCTHIl  MAKCBEUIOBCKOTO  Tasa, [3) () = cosf

144.| ppineraromux B BakyyM uepes Ma- ’
o€ OTBEpCTHE B 00-HO TOHKOI | 4 () =cos26
CTEHKE UMEET BULL. .. 5) © ( 9) _tg g

1) o, (E)=AE* ‘e~
Henopmuposannoe pacnpenene- | 2) o, (E)=AE? e T;
145, | e o, (E) mo momnHo#t sHeprum 3 coN(E)zAEBIZN 16_5
E cucrempr N wacTui naeananHO-
1o 00JIBIIMAHOBCKOTO ra3a — 3To... 4 o (E) _ AE%e 5’
5) o, (E)= AE? 6T
) (V) =no(v,)o(v,) x
x (v, );
2 (D) =20(v,)o(v,) *
TpéxmepHoe pacipenenesue | x w(v,);
MaxcBemna ®(U) 1 ero xe oJHo- o(v,)

146. | vepHbie pactpenenenns mo mpo- | 3) ©(V)= VAR
eKIIUSAM CKOPOCTH CBSI3aHBI BBIPa- oo(oy)co(oz)
KCHHEM. .. - oo(ox)co(v )

4) o(v)= —;

o(v,)
., 2000, )o(v,)
x (v, )
)
T

WMurerpanbHoe  IPEICTaBICHHUE n—1
raMMa-(yHKIIUU BHIA 2) T;

147. Texxzdxzf(...) MMEET apry- 3) n+1
J ar-

MEHT. .. 2
4) n-1,;
5 n+1
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
B KHHeTHHECKOM  ypaBHeHuw | L) MHTCIPAI CTONKHOBCHMIA,
2) MHTETpaJl IBUKCHUS,
of _of -of
148.| — +V—+F—=1 Benuuuna | | 3) unrerpan casura;
ot or ap 4) unrterpan nuddysum;
Ha3bIBACTCA. .. 5) unrerpan Ilyaccona.
1) MHOTOKpaTHBIX;
Wurerpan cronkunoBenuii | o6pa- | 2) OMM3KHUX MapHBIX,
149. | maeTcst B HOJIb TIPU OTCYTCTBUM. .. | 3) OJM3KUX TPOUHBIX;
CTOJIKHOBCHUH. 4) ynpyrux;
5) Heynpyrux.
OTtHomieHue ko3¢ uIreHTa Ten- %g glgiiga;—xgi:gflc{;,
150, | IOTPOBOJIHOCTH ¢ Ta3a HJIEKTPo- 3) CTOKCEll:)' :
"| HOB B MeTalaXx K €ro mpoBOJU- -
4) ®dpana;
MOCTH G Ha3bIBAIOT 3aKOHOM. .. 5) Bunemana — Bpania.
1) 0,5;
\/E 2) 0,5m;
151 | Ecmu I-bynkums F(...):7, TO 3) n;
4) 4w
apryMEHT paBeH. .. )
515
1) (E*)=(3N +2)3NT?;
3N +1)NT?
Cpennee 3HaueHUE  KBajpara 4
15 | TOHOH dHEpriN (E*) cucremsl 3) (E°)- (3N +2)3NT*
| N yacTui uneanbHOro 6ojbIMa- B 4 ’
HOBCKOTO I'a3a paBHO... 4) <E2>:(3N —2)3NT2,
N +2)3NT?
5) (E*)= (N+2)
4
2 _E 1
1) o(E)= e TE?;
N
1 E_3
2) o(E)= e TE?;
T’
OmHoMepHOe pacrperencHue Mak- 2
153.| cBeiula o sHEpruM Yactuiel E

UMEET BU/I. ..

2B -E
4) ® E):\/ﬁe T
5) o(E)= 2 efTEE%.
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) Apucrorens;
Yucao  4YacTHIl, COCTaBJISIONIMX 2) Apxumena,
154. | omuH MoJIb BemiecTBa, Ha3piBaeTcs | 3) JleMokpura,
YUCJIOM... 4) Coxkpara;
5) ABorazpo.

155.

Kitaccuueckoe TpéxmepHoe pacrpe-
nenenre Makcpelia UMeeT BUI. . .

3) (1)(6): m e 7T )
(1)
4) 0)(0): ﬁ e & )

5) o(v)=2mT’e ”.

1) D, = 3NT?;
3HayeHWe JAUCHEPCUU  MOJIHOU 2) D, = 3NT” :
156, | PHepruM D. cucrembr N yactun 2
"| upeanpHOrO GOMBIIMaHOBCKOrO Ta- | 3) D, =5NT*;
34 paBHO... 4) DE =NT2;
5) D, = 2nNT 2.
2m 1 ,
1) Jn 1 2 2 !
2m + m +
2m 1
2) ‘Jn = m+1 2m +1 7
HNurerpan Ilyaccona 2
157.| J, :_[X”e““zdx s 9€THRIX N = 2M | 3) J = 2;1”1 / T
paBeH... 2m 1 '7
4) Jn +l 2 1!
2m + a m +
2m —1 1"
5) Jﬂ = m m+1 "
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
HopmupoBarHOE JIBYMEPHOE 1) qaryxryarpmii;
pacrpeieiacHie BUaa 2) nupdysumy;

158. W(xy)= efé -5 ORI 3) }a30BBIX MEPEXOJIOB;
2mab 4) cBEpXIPOBOIUMOCTH;
NPUMEHHUTH B TCOPHH. . . 5) Gose-rasa.
ol g
2) o(x) :—} —;
ITnoTHOCTS  BeposTHOCTH — (X) VA +X
159, | AV TOUKH, KOJIeOJIroIIelics 1o 3a- 3) c)(x) _ 1 :
| . 2mt A =X
KkoHy X(t)= Asin ~ WMEeT Bi... A
4) o(X)=—F——;
Ty
A
5) o(X)=—F————.
() 21\ A’ — X°
1) X!:F(x—Z);
2) x!=I"(x-1);
O06o00611eHue MoHATUS paKkTOopUalia ) (x )
160 | B3 MHOXECTBO  BEIIECTBEHHBIX 3) xXI=rI (x);
" | uncen 3agaérca ramMmma-QyHKIUEn B _
BUJA. .. 4) X!—F(x-l—l),
5) xl==I"(x+2).
3b .
1) )\'(max) = T_ !
b
) k(max) = F;
161 boze-ra3 ¢oToHOB TOTUMHSIETCS i
" | 3aKOHY «cMelleHus» Buna Buna. .. 3) K(max) = bTm;
b .
4) 7\'(max) = T_ !
5) Ay = bT?.
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Conepxxanue Bonpoca

BapuaHTtsl 0TBETOB

162.

®opmyna Panes — JxuHca s
CHEKTPAIbHOM TIOTHOCTH S(T , k)

dboTonHOrOo 0603e-Traza B 00JacCTH
JUTMHHBIX BOJTH UMEET BUI. ..

2 hc

hc® -k

1) g(T,A)=—¢€";
)8( ) 7\158
2) &(T,A)=—=T
] }\‘4 )

h

3) (T, M) =—e ;
) 6(T2)=1ye
4) (T, 1) = 2;CT ;
5) (T,A)=2ncT .

163.

YacTto wuCHONb3yercss IOCTOSHHAS
IInanka 7, nHOTA Ha3bIBacMast IO-
CTOSIHHOM /[Mpaka, KoTopas paBHa. . .

1) 7=1,055-10" JTx - c;

2) h=1,055-10* [l - c;

3) 7=1,055-10" JIx - c;

4) h=1,055-10* JTx - c;

5) /1=1,505-10" Tx -c.

164.

B nmuddepennmane snepruv i cu-
CTEMBI C TIEPEMEHHBIM KOJIMYECTBOM
BemiectBa dE =TdS —...dV + pdN

OTCYTCTBYCT...

1) TernoémKocCTs C, ;

2) TemI0&EMKOCTH C,,;

3) sutanenus W ;

4) sutponus S ;

5) naBnenue P.

165.

W3 paBeHCTBa MOJSIPHBIX 3HTPO-
nuit (a3 cienyer...

1) 3akon [Hromonra — I1tu;

2) dopmyna CtupiuHra,

3) ypaBHenue Kiamelipona —
Knaysnyca;

4) l-e ypaBHeHHE DpeHpecTa;

5) ll-e ypaBHeHue Dpendecra.

1) o-

Hurerpain ITyaccona BHJ1A 2) '
166.| J! =£X”e‘axde=... IUIS YETHBIX N 3) gj}n’
paBeH. .. 4) oo;
5) nr.
1) (xy)=2’;
JByMepHOE pacipeneacHue Buaa <Xy> =h?*:
167.| W(x,y)= Py 67% ar st (xy) |3 ) {xy) i ab;
JAET 3HaYEHHE. .. <Xy> -
5) (%) =0
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) H(z) = ZH(Z);
2) H(z) =ZH(Z—1);
O06001eHre nousaTus akTopuana 3) H(z) _ ZIY(Z _ 2).
168, | & MHOKECTBO KOMIIEKCHBIX HH- ’
"| cen — mu-QyHKIUS yIOBIETBOPSET (z+1)
PEKYPPEHTHOMY COOTHONIEHHUIO. .. 4) 1 (Z ) - # ;
I1(z+1
5) H(z)z—(z )
2
1) BopHa;
CrekrpanbHas miotHocTs &(T, 1) 2) Ponest — Jhxunca,
169. | poronnoro Gose-rasa B obmactu ko- | 3) Kupxrooda;
POTKHX BOJIH 3a/1a€Tcst pOPMYIION. ... | 4) Buna;
5) DOpendecra.
1) h=6,626-10"* T c;
2) h=6,620-10* JTx - c;
170. | ITocrosiuHas Inanka h pasna... |3) h=6,026-10"x-c;
4) h=6,006-10" T -c;
5) h=9,626-10"* JTx-c.
1) F=E+TS+AA;
2) F=E-TS-AA;
CBoOonHas sHEprus 000 Mak- ) :
171. | pocuctemsr F omnpenemsercst Boi- | 3) F=E+TS—AA—pN;

PaXEHUEM. ..

4) F=E-TS;

5) F=E-TS+uN.

172.

Ecnu  BBINONHSAETCS — YCIOBUE
Ml(A,T)zuz(A,T), TO TIPUCYT-
CTBYET...

1) paBHOBecue (a3;

2) pOCT SHTPOTIHH;

3) yObIBaHUE SHTAJIBIINY;

4) TermnooOMeH;

5) poct norennuaia ['ndoca.
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) S=lnho,;
[lpy MUKPOKAHOHMYECKOM pac- 2)S=—Inw,;
k )
173, | IPEACTIEHHH BEPOATHOCTE MHUKPO- 3) S—nino,;
COCTOSIHHSA (), CBS3aHA C DHTPO-
. 4) S=-nlno,;
nveu S Kax... k
5 S=-lgo,.
1) naBnenus dP
B 3akoHe coxpaHEHUs DHEPrUuu 2) XHMEUCCKOTO HOTCHIHE-
JUIS CHCTEM C HW3MCHSIONUMCS _
da dy;
174. | KOIUYECTBOM BEILIECTBA :
dE=T..—PdV +pdN  orcyr- | 3)2HTpomn dS
creyer mEddepeHHaT 4) sutanbrun dW ;
5) craructrueckoro Beca d/”.
1) 2J ;
Nurerpan Ilyaccona 2) J:
175.] ' = I X"e ™ dX mwist HedéTHBIX N 3) (n+2)\/%;
pPaBEH... 4) »;
5) 0.
1) «;
OtHomenne nocrosHHbIX [lnanka | 2) 2x;
176. - aD: 3) 3r;
S 4) 4r;
5) 5.
E
1) =;
) T
T
OnHOMEpHOE pacnpenenenue | 2) —;
MakcBenia 1o 3Hepruu yacTuibl E E
177 2 o 3) KN
‘| o(E) :ﬁEze'“conepmﬂT K- T '
T
CIIOHCHTY CTCIICHH. .. 4) —TE;
E
5) ——.
) T
1) mHanOospIiee 3HAYCHUE A |
2) A [t HauOOJIBIIETO V|
178 B 3akone «CMCUICHUSA» Buna 3) KOOpJMHATa MakKcuMyMa

JUTMHA BOJIHBI A (ra) — 2O

)

CIIEKTPaJIbHOM TNIOTHOCTH;

4) A 1t HanOOJBIIETO M

5) A mis HanOoabIero T .
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) Bpems t;
B kuHEeTHYECKOM YpaBHCHHH BHA .
of  of -of 2) sHTpomHs S;
179.| —+ bt F i | orcyrctBy- | 3) cratuctudeckuii Bec I
or P 4) xoopAMHATA X;
5) craructudeckas cymma Z.
1) koopauHaTa X;
2) cratuctuyeckuii Bec [
B onpeaenenyu saTpormu S =1n... .
180. 3) craTucTHYECKas cymMma Z;
burypupyer...
4) Bpewms t;
5) Temmeparypa T.
1) TeopeTrueckoii HU3HKHY;
Cratuctuueckass (uszuka — 3TO 2) o1ueit pusui, :
181. . 3) TepMOJIMHAMHKH;
pasACT. .. 4) acTpopU3UKH;
5) dbunocodumn.
1) 2;
2) 3;
3)1;
182 Eciu ramma-dyHKIms F(...):\/E, ) 1
| o e apryMEHT PaBEH. .. 4) E;
3
5) —.
) 2
) 3,
IToka3aTenb CTENEHU HOPMHUPO- 2 3
BOYHOTO MHOXHTENSL B OZHOMEp- | 2) —=:
HOM pacrpeaeiieHun MakcBelia 2
183. | 1o Hpoexufm CKOOCTH | 3) 1 :
co(ox):(—m j e T paBeH. .. ‘ 1
21T 4) -—;
2
5) 4.
1) ypaBuenue Knaneiipona —
Knaysuyca,
. | 2) I-e ypaBHenue DpeHdecra;
184, N3 paBeHCTBA MOJSIPHBIX OO0BE- 3) Il-c ypasHerue Dpendecta;

MOB (ha3 ciemyer...

4) ypaBHeHue MeHeneeBa —
KnaneipoHna,

5) ypaBuenue IlyaccoHa.
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) h= L ;
2V
2) h=owh;
h
185. YacTo MCHOJIB3YyeTCs MOCTOSHHAs 3 n=—
[Tmanka 7, cBsi3anHas ¢ h kak... 20
4) h= L;
21
5) i=nh.

186.

[Mocrosinuast boapimana K paBHa. ..

1) k=1,234-1023ﬂ%;

2) k:1,301-10‘3ﬂ%;

3) k =1,381-102°I[?)K;

4) k :1,081-1023'}1%;

5) k :1,381-10‘23%1{.

187.

®opmyna BuHa qis cnekrtpaib-
noit mrotHoctn &(T,\) dboronHO-

ro 0o3e-ra3za B 00JIaCTH KOPOTKHUX
BOJIH UMEET BUI. ..

1) a(T,k):hk—(je:;;
2) e(T,A)= ZC: e
3) o(T 1) = 2 ¢ 7,
4) (T, 1) = 27;?‘32 v
5) £(T,1) = "QC .

188.

CnekTpanbHasi IOTHOCTh 8(T , k)

dboToHHOTO 0O0O3€-Taza B 00JacTH
JUIMHHBIX BOJIH Ha3bIBaeTcs (op-
MYJIOM. ..

1) Panest — JxuHca;

2) BuHa,;

3) Dpendecra;

4) Kupxroda;

5) bopHa.
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) -1;
1
2) ==
) 2
OnHoMepHOE pacnpeiencHue | o 3.
189. | MakcBeiia 1mo SHEPrUM YaCTHIbI ) 9’
(D(E) coaepxkut E B creneHu. .. 1
4) Z;
) 2
5
5) 3
1) (x*)=a’un (y*)=b’
JIByMepHOe pacripejiefieHue BHJa 2) (x*)=2a" u (y*)=2b";
1 _2%;_2722 2 2 b2 2 2
190 | Wley) =g gpe ™ ¥ amm () 19) () =5 u {y')=a"
u <y > aac€T 3HAYCHUA. . . 4) <X2> _ 2b2 - <y2>:2a2
5) (x*)=2a’u (y*)=b’
1) |(-1)1=-1
2) |(-1)1=0
101 3Hadyenne wmonayns (akTopuana 3) (_1)| _1
BH/A ‘(—1)!‘ PaBHO. .. :
4) (-1 ==i;
) (=3
5) (—1)! =00
1) z1=11 Z—Z),
2) z\=11 z—l)
O606menne noHsTUS (hakTOpHaa
192. | Ha MHOXECTBO KOMIUICKCHBIX YH-

cen 3anaércs /I-pyHkiuen Buaa. ..
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Ne Conep:xkanue Bompoca BapuaHTtsl 0TBETOB
1) J =mma™;
I
2)J =L,
2am+
103 Wuterpan [lyaccona J_ = !X”e‘“xzdx 3)J = 2a1m*1 ;
JUIst HeYETHBIX N =2mM+1 paBeH... 4) 3 m!
n am 1
I
5) J, =
a
D A== l3|\| ’
Tzf(j
2
3N
0 . 2) A=T I (ﬁj
OPMHUPOBOYHBIA MHOXXHTEIb A 2
IS pacrpeiesieHUs coN(E) o o
194.| nonmoit sueprum E cucremsr N 3) A=— IN)’
YaCTULl UAECATLHOTO OO0JILIIMAHOB- T:r 2)
CKOT'O Ta3a paBeH...
3N 3N
4) A=2rT 2 I'| — |;
2
5) A=2nl" ﬁj
2
) m )z me
olv )=|——1| e °;
( X) 21T
3 .
m 2 -mx
2) o(v )=|——1| e T;
) ( X) 21T
OmHomepHOE pacmnpenesieHue m e mi
195. | MakcBenna 1o NpOEKLUH CKOpPO- | 3) Q)(UX): — e 7;
CTH YaCTHUIIbI UMEET BUII. .. 2nT
m 2 -m
4) o(v )=| —— | e ¥ ;
) ( X) 21T
1 )
m 2 -mx
5 o(v, )=| —— | e 7
) ( X) 21T
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Ne Conep:xanue Bonpoca BapuaHThl 0TBETOB
1) N, =6,022-10*momns;
2) N, =6,022-10*moib ;
196. | Yncio ABoragpo N, pasHo... 3) N, =6,022-10" momnp ;
4) N, =6,22-10*momnp ;
5) N, =9,022-10"momb ",
1) 6E = |2
3N
2) 8E = /i;
OTHOCHUTENBHOE OTKJIOHEHHUE 7N
197 noHou ’Hepruu OE cucremsr N 2
| wactur mpeansHOro GonsiMaros- | 3) OE _S_N
CKOTO ra3a paBHO... 3
4) 8E = —;
2N’
5) OF = .
N
=
L 2) 1;
198. | F'amma-dyHKIHS F(—j: 3) 2m;
2 4) \Ir;
5) J2m.
1) H -teopemoii bonbimana,;
YTBepKIECHUE, YTO ITOBEACHUE Ia3a, = :
yJIOBJICTBOPSIOIIEE KHHETHIECKOMY 2) S -Teopemoii boxbumana,
199. YPaBHEHUIO, TIPUBOJUT K POCTY DH- 3) H “TCOPEMON FH66C&F
4) S -teopemotii ['n06ca;
TPONUH S , HA3BIBAIOT. .. v »
5) Teopemoii KinaneiipoHa.
1) MaKCBEJJIOBCKUMH BOJIHAMU;
Konebanust yactuil mia3msel, KOTO- 5 :
) MJIAHKOBCKUMH BOJTHAMU;
pbIe BO3HUKAIOT, €CJIH HAPYIIACTCS :
200. 3) JICHrMIOPOBCKUMH BOJIHAMH,

B3aMMHasi KOMIIEHCAlUs 3apsioB
B ITPOCTPAHCTBE, HA3BIBAIOTCH. . .

4) 6pOYHOBCKUMU BOJIHAMU,;

5) CTOKCOBCKUMU BOJIHAMH.
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2. TECTOBBIE 3AJIAHUS HA AHTJIMMUCKOM SI3BIKE —
TEST TASKS IN ENGLISH

Ne The content of the question Answer options
1) ® _ L.
k \/f,
In the microcanonical distribution | 2) o, :iz,
the probabilities of microstates o, I .
are related to the statistical weight 3) o =1",
I as... 1) o, :1;
3
5) o, =1".
e
o
2) EJZ;
(04
The Poisson integral o)z
L e 3| —1;
2. Jo=[e™dx =... ) ocj
4) 2—“]
T
2
5) Ej .
(04
1) I n+1 :n—lr n-1 ,
2 2 2
2) I n-1 :n+1F n+1 ’
2 2 2
3 The reduction formula for the 7" 3) I n+1 =n+1F n-1 ;
function is... 2 2 2
e n-1 :n—l n+1 ,
2 2 2
5) I n+1 :n+1F n-3 |
2 2 2

53



Ne The content of the question Answer options
1) the statistical sum z;
The number of microscopic states | 2) the statistical weight /°;
4. | corresponding to the macroscopic | 3) the grand sum Q;
state is... 4) the number of particles N;
5) the entropy S.
s 1) velocity projection;
w(U):(lj e 7 4ny’ is the|2) energy;

5. 2nT 3) velocity modulus;
Maxwell  distribution in the 4) momentum projection;
particle... 5) momentum modulus.

1) z= —ZeTk ;
k
2)z=Ye T ;
k
In the canonical distribution, the =
o ’ 3)z=)e 7,
6. statistical sum z has the form... ) ;
4) 7= Ze_% ;
k
5) z= Ze?k :
k
1) internal energy;
: : 2) enthalpy;
7 The statg function defined as 3) temperature;
S=InT7",is called...
4) entropy;
5) free energy.
1) in an adiabat;
: o 2) microscopic;
The canonical distribution assumes ) . b :
8. that the system is 3) In a barostat;
4) isolated;
5) in a thermostat.
1) n,=N;
A gas is called a Boltzmann gas if |2) n_ > N ;

9. the number of its quantum states n,_, N, <N;
is related to the number of particles :
N as... 4)n, ~N;

5)n, <N.
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Ne The content of the question Answer options
Vp®
1) n = :
)M (2mh)
n = vp© .
In the quasi-classical approximation, i (Znh)
10. | the number of quantum states n_, ) n = Vp?
of a Boltzmann gas is defined as... Y (2nn)
Vp’
4)n =
e (2mh)
5) n, =Vp*-(2ch)’.
1) Ax:<(x—<x>)2>;
2) AX = <x2>—(x>2 :
The root-mean-square deviation : -
11. | Ax of a random variable can be | 3) AX=/(X*)+(X)";
Iculated using the f la... 2
calculated using the formula 2 Ax:\/<(x+(x>) >;
5) AX = <(x+<x>)3>.
1) D, :<(x+<x>)2>;
2) D, =((x—(X )
The variance D, of a random <( < >)3>
12. |variable x is determined by the |3) DX=<(X—<X>) >;
expression... -
4) D, =(x')=(x) ;
5) D, =<(x+(x>)4>.
1) 8X:<X>-x;
The relative deviation ox of |2 X=*"Ds
13. |a random variable is calculated | 3) 8% = Ax/(x);
using the formula. .. 4) 8X:<X> | AX:
5) & =(x)-D,.
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The content of the question

Answer options

14.

Stirling formula is the expression...

1) N1=Z;
2
2) NI=I'(N-1);
3) NI=I'(N +1);
1) Nl:(an)i(%JN,
5) Nl:(zN)i(%jN

15.

Stirling formula allows for the
approximation...

5) lean(ﬂj .
3

Within the framework of the
statistical method, nonequilibrium

1) statistical physics;

2) thermodynamics;

3) physical kinetics;

16. states and nonequilibrium processes | 4) physical chemistry;
are studied by... 5) physicochemical
hyperstatistics.
Within the framework of the L therm_odynaml_c S;_
. e 2) chemical physics;
statistical method, equilibrium . 1
17. e 3) physical chemistry;
states and equilibrium processes — —
are studied by... 4) statls_tlcal phy§|cs,
5) physical kinetics.
1) Riemannian;
6N -dimensional space whose | 2) phase;
18. | coordinates are canonical variables | 3) Euclidean;

IS called... space.

4) pseudo-Euclidean;

5) Lobachevsky.
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The content of the question

Answer options

19.

The coefficient connecting the
dimensionless entropy S with the
thermodynamic entropy S is...

1) Planck’s constant;

2) Wien’s constant;

3) Boltzmann’s constant;

4) the speed of light
a vacuum;

in

5) the number .

20.

In statistical physics, temperature
1s often measured in... rather than
kelvins.

1) watts;

2) joules;

3) meters;

4) meters per second;

5) newtons.

A consequence of Stirling formula

1) %(InN!):InN;

2) %(InN):InN!;

d

el I = :
21. Is the expression... 3) dN (In N ) InN;
d
4) —(InNH)=InNt;
) dN( )
d
5 —(InN)=InN..
) (NN
1) S=-]]o, Ino,;
2) S :L;
- 2olgo,
The definition of entropy S for k
22. | open systems using the probabilities | 3) S =-> o, lgo, ;
of microstates e, has the form... :
Yo lno,
4) S ZkT;

5 S=->0Ino,.

23.

The gas where the potential energy
of paired intermolecular interaction
Is negligible compared to the kinetic
energy of any molecule is called...
gas.

1) quantum;

2) Boltzmann;

3) van der Waals;

4) ideal;

5) Bose.
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Ne The content of the question Answer options
1) microcanonical;
The Maxwell distribution for an | 2) canonical,
24. |ideal Boltzmann gas is a direct | 3) grand canonical;
consequence of the... distribution. | 4) macrocanonical;
5) small canonical.
1) z:N( mTzJZ;
21h
2) 2=V mTz ;
21h
The statistical sum z in the mT 2.
2> | Maxwell distribution is defined as... | 3 2=V okt )
4) 7= N( msz ,
271th
5) z :V( NTZJ
27th
13
1) (E*)=—T%
) (£1)=1
2 _3 2
For the Maxwell distribution, the 2) (E*)= 2T ’
mean square of the energy of 15,
26. | 2 molecule (E?) is calculated by 3) (E >_XT ’
the formula. .. 2) <E2>:§T2’
4
5) <E2>=15T2
1) D, =5T7;
2) D_ =15T7%;
For the Maxwell distribution, the | 3) D, =T?;
27. | variance of the energy of a molecule 13
DE is calculated using the formula... 4) D, I?TZ;
5) D, =>T7.
2
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Ne The content of the question Answer options
1) Z=2"-N;
ZN
Taking into account the identity of | 2) Z =m;
28 the particles, the statistical sum of Z_@
" |agas Z isrelated to the statistical | 3) Z =—;
sum of a one molecule z as...
4)Z=z" NI,
5) Z=NlI,
1) F=-TInZ;
2) F=TInZ;
The free energy of a macrosystem 3 .
29. | F depends on temperature T 3) F = ET InZ;
andthe statistical sum Z as... 4) F=T*'InZ;
5)F:-%Tmz.

30.

Theformula... = N In%+

FCINTS AT LR NN
2 2 27th’ 2
determines the exact value of the...

of a Boltzmann ideal gas.

1) statistical sum Z ;

2) Q-potential;

3) enthalpy W ;

4) entropy S ;

5) energy E.

31.

In statistical physics, chemical
potential p is the thermodynamic

Gibbs potential of...

1) the whole macrosystem;

2) one mole of a substance;

3) one particle;

4) a thermostat;

5) an adiabat.

32,

The grand canonical distribution
is a distribution of the form...

1 BN +Ey i

1) o,, ==e 7

1 BN —Ey «

2) O, =< T

3 o, ==e T ;
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The content of the question

Answer options

33.

Q-potential is determined by the
expression...

1) Q=E+TS—uN;

2) Q=E-TS+uN:

3) Q=E+TS+uN;

5 Q=E—-TS—pN:

5) Q=—E+TS—uN.

34,

Free energy F is determined by
the expression...

1) F=Q+puN;
2) F=Q—uN;
3) F:—Q+uN ;
3
4) F=—Q—uN;
5) F =2
uN

1) dQ=-SdT + AdA+ Ndp;

2) dQ =SdT + AdA + Ndp;

35, ;h_e Ogr(]?;:;l iSdlfferentlal of the 3) dQ = —SdT + AdA— Ndy;
P 4) dQ=SdT — AdA + Ndy;
5) dQQ=-SdT + Ndp.
1) dF =-SdT + AdA + Ndy ;
: : 2) dF =SdT + AdA + Ndy;
36. The exact differential of the free 3) dF = —SdT + AdA— Ndp.;

energy Fis...

4) dF =SdT — AdA + Ndy;

5) dF = —AdA + Ndu.

37.

The Q-potential and the grand sum
Q are related by the expression...

) Q=-TInQ;

2) Q=-TIgQ;

3) Q=TInQ;

) Q=TlgQ;

5) Q=2TInQ.

38.

The entropy S and the Q-potential
are related by the expression...

oT

2) 5= %2,
oT

3) S:—ﬂ;
0Q

o2

5) Q=-2
o1
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The content of the question

Answer options

39.

If a gas is ideal but not Boltzmann,
it is called a... gas.

1) nondegenerate;

2) degenerate;

3) Maxwell;

4) supersaturated;

5) Planck.

40.

The expression (N, )=— 1“ is
e’ +1
called the... distribution.

1) Fermi;

2) Fermi — Planck;

3) Fermi — Dirac;

4) Planck — Dirac;

5) Plank;

41.

The expression (N, )=— 1u is
e’ -1

called the... distribution.

1) Bose;

2) Bizet — Shchedrin;

3) Einstein — Bohr;

4) Bose — Einstein;

5) Bohr — Planck.

1) e =u;
In the Fermi — Dirac distribution g) Skin;.
42 <Nk> =0,5provided that... ) & =—H;
4) g =—2U;
5) g, =0,5u.
1) Q=——;
l-e T
1
2Q-—1 .
The grand sum Q for the Bose — 1-e 7
43. | Einstein distribution is defined |3) Q= — - .
as... l+e 7
4) Q=1l+e ' ;
5) Q=———.
l-e 7
1) proton;
The Bose — Einstein distribution |-2) MUtron:
44. applies to a degenerate... gas 3) electron;
i : B 4) positron;
5) photon.
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Ne The content of the question Answer options
1) photon;
.| 2)pion;
The Fermi — Dirac distribution .
45. : 3) positron;
applies to a degenerate... gas.
4) phonon;
5) alpha-particle.
1) Q=1l+e ™ :
2)Q=1-e T ;
The grand sum Q for the Fermi — | 3) Q —e T -1
46. | . . .
Dirac distribution is defined as... 1
4) Q = gt !
e’ -1
2
5) Q = g T U
l+e 7
1) ;<Nk>:1,
2) ;(NJ =0
The normalization condition for | 5 N V=0
47- | the Fermi — Dirac distribution is... ) Zk:< )=0
4) Z(N)=N;
5) ;( Nk> =H.
1) Zk:<Nk) =0;
2) Zk:<Nk> =1
The normalization condition for the | 5 NIRRT
48. | Bose — Einstein distribution is... ) Zk:< s
4) X(N)=N;
5) $(N,) =
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The content of the question

Answer options

The virial representation of the

1) P= F;Bn (T)(gjn ;

n

2) P=SYB,(T)

N
Y
N

49. | equation of state of a non-ideal |3) P=VY B (T) :
gas has the form... " v
4) P:kZBn(T)(Ej ;
n Vv
N
5) P=TZBn(T)[—
2 Vv
1) 0;
The first virial coefficient B, (T) 2) L,
50. | 7 13) e
is equal to... 4)
5) R.
1) B,(T)=b-aT;
2) B,(T)=b+aT;
The second virial coefficient B, (T) 3) B,(T)=b—aT *;
51. | has a temperature dependence of
the form... 4) Bz(T):b+_
5) BZ(T):b——.
)y po RT__anN’.
V-bN V?’
N po NT__aR"
V-bN V?’
The “statistical” van der Waals NT  aN?.
52. : 3) P= —
equation has the form... V-bN V?
pp- NT__aN’
V-bN R’
5 p_ NT__aN®
V-bR T’
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Ne The content of the question Answer options
1) E=2RT + &
2 Vv
2) E _gNT an
The energy E of a van der Waals 1 aNz
53. | gas can be calculated using the |3) E==NT +
formula... g NZ
4 E=2RT-2
2 Vv
5) E=SNT -2
2 Vv
1) AS=N In(l b—Nj
\%
2) AS =V In(l b—Nj
Vv
The entropy of a van der Waals
54. | gas is greater than the entropy of | 3) AS=N In(1+

an ideal gas by...

4) AS = Tln(l -

Vv
5) AS = N In(1+—TJ
Vv

55.

The isochoric heat capacity of
a van der Waals gas is related to
the isochoric heat capacity of an
ideal gas by the relation...

1) C\/ SCV(id)’

2) ¢, = Gy

3) G <CV(id);

4) G, > Cy;

CV(id)

56.

Landau’s theory of second-order
phase transitions uses a characteristic
of the internal symmetry of the
system n called...

1) absolute disorder coefficient;

2) harmony parameter;

3) symmetry parameter;

4) order parameter;

5) symmetry-antisymmetry

coefficient.
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Ne The content of the question Answer options
1) o'=1 p'=05 y=0;
2) a=0; B=0,5 vy=1,;
The critical indices in Landau’s 3) a=a'=05 p=p=0;
57. |theory of second-order phase vy=v"=1
transitions numerically are equal o... | 4) ¢, =1: p'=0,5; y' =1
5) a=0; o'=1 B=0;
B'=0,5 y=vy'=0.
1) Q=-TYIn(1-(N,));
2) Q= TZIn(l+(Nk>)
The Q-potential of an ideal Fermi | 3y 0 — sy In(1=(N )):
>8. gas can be represented as... ) ; ( < k>)
4y QzTZIn( —(N,));
5) Q= —szln(1+( )
1) Q= —Tzln( +(N,));
2) Q=T In(1+(N,));
k
The Q-potential of an ideal Bose | 3y 0 =SS In(1=(N )):
>9. gas can be represented as... ) Zk: ( < k>)
4) Q=TY In(1-(N,));
5) Q=-S5 In(1+(N,)).
. 1D X~
In the expansion of the Gibbs >
potential in terms of the order 2) X~
60. | parameter m, the presence of an|3) X ~n;
external field corresponds to a term 4) X ~ \/’ :
X that satisfies the condition...
5) X ~n™.
This is a... if the entropy can |1) Fermi gas;
be represented as | 2) Bose gas;
61. 3) non-ideal gas;

5:;[(1+<Nk>)ln(l+<Nk>)—
_<Nk>ln<Nk>:|.

4) van der Waals gas;

5) plasma.
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62.

The fluctuation of a physical
quantity x, which can be
calculated using the formula

D, =(x*)—(x)’, is called...

X

1) destruction;

2) dissociation;

3) variance;

4) discussion;

5) deduction.

63.

This is a ... if the entropy can be
represented as

$=-2[(1-(N,))In(1~(N,))+

k

+(N)In(N, ) |.

1) plasma;

2) van der Waals gas;

3) non-ideal gas;

4) Bose gas;

5) Fermi gas.

64.

Fluctuations in macrosystems that
are not in equilibrium with the
thermostat, but have certain values
of thermodynamic quantities, are
called...

1) quasi-stable;

2) quasi-classical;

3) pseudo-classical;

4) quasi-stationary;

5) microparametric
pseudo-stable.

2 T? .
1) <(AT) > _ E’
D {(er o
The quasi-stationary temperature
65. | variance <(AT )2> is determined by | 3 < 2> =
the expression... _I(iv A
o ()T
2 T®
5 ()T
<(AS)2> =c,;
The quasi-stationary  entropy <(AS)2> =& T
66. | variance <(AS)2> is determined by | 3 <(AS)2> =C,;
the expression... <(AS )2> —cV:
5) ((as)') =c,.
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Ne The content of the question Answer options
2 oV
1) ((AV) ) =T| — | ;
()15
2 oP
2) ((AV) >:—T(a—vj ,
The  quasi-stationary  volume e !
i AV )’ )is determined by | 3) ((AV) )=T| = | ;
67. v;rlance <( )>IS etermined by )<( )> (8PJT
the expression...
2 oV
4 ((AV) )=-T| — | ;
()5
2 oV
5 ((AV) )=-T| —
{avy)-1(5)
2 oV
1) ((AP) )=T| —
(o)) 1(5)
2 oP
2) ((AP) ) =-T| — | ;
{eer)-1(5);
The quasi-stationary  pressure pos
68. | variance <(AP) >|s determined by | 3) <(AP) >:T(8_Pl’
the expression... iy
4) ((AP) ) =-T| —
(eer)-1(5s).
2 oV
5) ((AP) )=-T| —
{ier)-1(5)
1)
) i ) 2) m;
The quasi-stationary fluctuation 3) 0:
69. (ATAV) is equal to... 2) c,'
5) C,.
1) (a—Pj
oV ),
The quasi-stationary fluctuation | 2) 1
0. (ASAP) is equal to... 3) o
4) 0;
5)C,.
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1) 8T ~N;
2) oT ~ N%;
For a relative quasi-stationary|3) 6T ~0;
71. | fluctuation of temperature 3T , the 1
statement is true that... 4) 8T ~ E
5) 6T ~ i.
N
2 ON
1) ((AN) )=T| —
) <( ) > OM Jsp
) AR
2) (AN)) =T >
The quasi-stationary  particle :
72. | number variance <(AN )2> is | 3) <(AN )2>:T N ;
0K ), +
determined by the expression...
) AR
4) <(AN) >:T ® ).
2 ON
9 ((AN) )=T| —| .
(AN =T| 5]
1) 0;
: : . 12)1;
The quasi-stationary fluctuation 3
3. (ANAT) is equal to... ) ©;
4) 0,005
5) 107,
1) <(ANk)Z>:<Nk>_<Nk>2;
The quasi-stationary variance of the 2) <(ANK) >:<Nk>+<Nk>
o particle number |_n the k-th qua?tum 3) <(ANk)2> ~(N,);
* | state of a Fermi gas <(ANK) > is . .
determined by the expression... 4 <(ANK) >:<Nk> ’
A (N,)
5) ((AN,) =< <L,
(CD A
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75.

The quasi-stationary variance of the
particle number in the k-th quantum

state of a Bose gas <(ANk)2> is

determined by the expression...

76.

The relative  quasi-stationary
fluctuation of the particle number
ON, in the k-th quantum state of

a Fermi gas is expressed as...

2) 6N, = J1-(N,);

3) 8N, =4/(N, )" -1;

4) N, =1-(N,);

5) 8N, =1+(N, ).

77.

The relative  quasi-stationary
fluctuation of the particle number
ON, in the k-th quantum state of

a Bose gas 1s expressed as. ..

1) 8N, =(N,);

2) 8N, =2+(N,);

3) N, =1-(N,);

L+1;

(N,)

4) 6N, =

5) 5N, =0.

78.

For classical systems, the statistical
integral Z,, is defined as. ..

H(p.q)
1)Z, = N”je Todr;

_H(p.9)
2) ZCI :mj.e dF,

H(p.q)

T dN;

1 ..
3) ch :mje

4 1 7H(\r/nq)d .
) ZCI :mje F,

H(p.q)

5) Z :—je T dv.
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1
1) dI' =———;dp, ... dp,,;
) (2n) p, ... dp
2) dr=—'_dg ... dq.
(2mh)
In general, the statistical weight 8) dI'=dp, ...dp, dq, ... dq;
79. |differential dI” for classical ; 1 P
is defi [=————dp, ..dp, x
systems is defined as... 2) (2nh) p, .- ap
x d, ...dd, ;
dr =—-—dp, ...dp,
5) (2nh)
xdq, ... dq,, .
1) ¢, =0;
_ S 2) g, =0,5;
The Bose — Einstein distribution
80. | function has a vertical asymptote | 3) €, =—L;
he left at...
on the left at 4) e, =150,
5) g =L.

81.

The statistical weight 7"(E,x) of

a macrostate depends on the
energy E and the variable x, which
includes its other...

1) microparameters;

2) coordinates;

3) macroparameters;

4) nanoparameters;

5) megaparameters.

82.

The statement, that in a closed
system all microstates, with a given
energy, are equally probable, was
put forward in the framework of
classical mechanics by...

1) L. Boltzmann;

2) M. Planck;

3) A. Poincaré;

4) M. Lomonosov;

5) I. Prigogine.
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) do=A3(H(q,p)+E) x
x dpddq;
5, do=A3(H(q,p)-E) x
For a classical system, the | *dpdd;

microcanonical distribution defines

do=AB(H(q,p)+E) x

83 |2 probability differential do in | %), godq
phase space of the form... ~
» dco—Ae(H(q,p)—E) x
x dpdq;
5) dmzAF(H(q,p)+E) X
x dpdg.
1) I'=AE?V";
The statistical weight 7° of an|2) I =AE33NV3;
84. |ideal gas containing N particles | 3) - 4g2p":
s..., where A = Const. £l
A I'=AE? V™",
5) I'= BET .
1) I'= BE?-
The statistical weight I" of an |y BNEz
85 ideal gas containing N particles e
" |at a fixed volume is..., where|3) I = BE )
B = Const. 4) I = BE S
5) I' = BE? .
|
LI(N+L)!
NI
For a two-level system of N|2) /=————
particles with energy E and LI(N-L)!
36 energies of levels 0 and ¢, the 3) I'= N
* | statistical weight I"is equal to..., L!(N — |_)!’
E N
where L=—. 4) I'= :
& LI(N-L)!
|
5) = NI
LI(N!-L!)
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Ne The content of the question Answer options
CON L)
1) T =¢ln Q ;
— L -
N L)
2) T=¢"In ( N ) ;
The temperature T of a two-level - -
system of N particles with energy
g7 | E and energies of levels 0 and « 3T =chn (N-L) |,
" |follows from the formula..., B L ’
where L :E.
c _ i}
N-L
AT =¢"In ( )
— N —
N LY
5 T*=¢"In ( )
- L -
ne==N.
e?
|
2) E= SN; :
8e '
The energy E of a two-level 3) E= N .
88 system of N particles with energies e; 1 ’
" | of levels O and ¢ at atemperature T
is equal to...
4) E = sNa ;
2eT
5) E = eN
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1) c= geT _
(e; —1) T
2) c= &?Ne™ _
(eTﬂ +1j T
The heat capacity c of a two-level :
g |System of N particles with | 3) CZL;
" |energies of levels 0 and ¢ at (e; +1j-|-z
a temperature T is equal to...
4) c= g’Ne™
(e; —1)T2
5) ¢ = sNe$
(e; +1j T
1) I =wlog, o;
In information theory, entropy is|2) | =-lgo;
go | the amount of information 1, 3) I =—Ino:
" | defined by the probability of _ ’
a message o as... 4) 1 =-log, w;
5) | =log, ®.
1) I'=cC,_;;
For a large number N of identical -
harmonic oscillators, the statistical | 2) £ =C__.;
weight I of a state with energy L.

. E =LAwis determined by the 3 I'=Ci v
number of combinations C of the | 4) r=c ;
form...

5) I'=C,.
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1) x=NVy’;
: L Nu .
The magnetic susceptibility y of | 2) X=yT
a gas of N particles of spin % in 3) Nu?® |
X= ,
92, a magnetic field has the form..., T .
where p is the magnetic moment | 4) 4 = Np :
of the particle. VZT
1l
5) y=—.
)1 VT
1) canonical;

A closed  “body-thermostat”

2) microcanonical,

9. system obeys the... distribution. ig rl:/?g)f\?vr;?lr_ncal;
5) normal.
T°4(InZ)
1) (E)=———=;
) (E) oT
To(Inz
2 (g)—1oUn2).
The mean value of the body oT
ener E) in a thermostat is o(Inz
o4, | CMEr9Y (E) 3) ()= 2n2).
expressed by the temperature T oT
and the statistical sum Z as... ~T?0(InZ
4) <E> :#;
oT
~To(InZ)
5)(E)=———~.
) (E) oT

95.

The mean value of the square of
body energy (E*) in a thermostat

Is expressed by the temperature T
and the statistical sum Z as...

A _ o[ 92,
1)<E>_ZT(8T2),

2\ _ 7114 % .
2) (E*)=Z"T (GT)’

A\ _ra[ O°Z Y.
3) <E>_T (8T2]’

4) <E2>ZZ(ZZTZZJ;

2\ _ -4 822
5) (E*)=Z"T (asz'
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2 T?c
1) ((AE) ) =—=;
-5
2) ((AE)")=T%,;
o The variance <(AE) > of a body’s 3) <(AE)2>: S, ;
* |energy in a thermostat is equal J3
to... 2
2 83CP )
4) ((AE)') = a
NG
5) ((AE)) = 5
0 S:_(E(Tlnz);
oT
25— o(T InZ)’
The entropy S of a body in 2
97 |2 thermostat is expressed by the 3) S - o(TInz)
" | temperature T and the statistical ) S = oT
sum Z as...
s :_6(InZ)
0Z
5) s - 20(Inz)
oT
1 A:_Za(lnz)’
O\
2) A= o(Inz) ’
The generalized force A is related O
gg |f0 the statistical sum Z, the| . = Ao(InZ)
" | generalized coordinate A and the ) A= Oh
temperature T as...
A= To(InZ)
O\
5) A = To(InZ)
Oh
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1

N
”"":(v)’

2) a= v 3;
N
The mean distance a between VAY
99. i ) 3 a=| —|;
molecules is defined as... N’
4) a:(E ;
Vv
5) a= Vl :
N§
)%, 271:h;
p
2) A 7T—h;
P
The de Broglie wavelength A of o
100. | a particle and the modulus of its | 3) A —,
momentum p are related as... P
2y 5, =270
h
5) .. 27t
p
1) T, =1 000 K;

101.

The contribution of vibrations to
the heat capacity of a diatomic
gas is significant, starting from
temperature...

2) T, ~10 000 K;

3) T, ~100 K;

4) T, ~273K;

5) T, ~1 000 “C.
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1) C, =1mol*l;
2
2) C —§mol’l'
The total molar isochoric heat b2 ’
102, capacity C, of a diatomic .gas. at 3)C, :Emol‘l;
the temperature of the beginning 2
of dissociation reaches a value... 7 .
4) C, =—mol;
2
5) C, =gmol*l.
2
1) C, :lmol‘l;
2
2) C, =1mol*l;
The total molar isochoric heat S
103. capz?lmty C, .of a diatomic gas 3)C, :§mol‘l;
begins to increase from the 2
value... 2
4) C, ==mol™;
3
5) C, =§mol*l.
2
1) Born — Smoluchowski —
van Leeuwen,;
The statement that a classical gas |2) Bohr — van Dyck -
104 of charged particles is not | Einstein;
"| magnetic substance is called... |3) Born — Borowikovsky —
theorem. Bohr;
4) Bohr — Rutherford;
5) Bohr — van Leeuwen.
1) 0,5;
Landau’s diamagnetism | 2) l;
105 compensates by... Pauli’s 3
"| paramagnetism for free moving | 3) 0,25;
electrons. 4)0,2:
5) V2.

77




The content of the question
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106.

The physical dimension of the
grand sum Q is...

1) J;

2) 1;

3) m;

4)s;

5) W.

107.

The grand sum Q is generally
defined as...

En.

1) Q:EN:e“TNEK:e_ T

EN.k

2) Q= %e_uTNzk‘,eT ;

3) Q= ;eTZk:ef ;

En

4) Q:;e@lzk:e T

En.

5) nge?zk:e_ s,

2(N, +1)!
_ 2) I~ N ;
In a nonequilibrium state of an G,!
ideal gas, the statistical weight I G"
108. | of a group of states G and the |3) [ ~——;

: . N
number of particles N. in the group '
satisfy the condition... 4 T ~ G" .

TN
5 I = 26, :
N.!
1) =N -G;
The average occupation number 2) T, =N.~+G;
109.| f in the i-th group of states is|3) f =NG;;
defined as... 4) f=G/N;:
5 f=N/G.
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The entropy S of a nonequilibrium

DS=ZQﬂm$;

aS=—ZQﬂM$ﬁ

e
3) S=>GIn—;
110. state of an ideal gas is defined as. .. ) Z.: N
@sz—ZQﬂ@%;
e
QS=ZQﬁmT.
1) 2.Gf =1,
The groups of states G, and their | 2) 2.G,f, =N
average occupation numbers f, are | 3) 3G f =2N;
111 ' - i !
related to the number of particles ! _
of the system N as... 4) ZGi f=mnN;
5) 2.G f,=-=nN
1) ZGi fe, =e";
The groups of states G, their|2) ZG. fe =InE;
average occupation numbers f, :
112.|and the average energies of 3) ZG' & =
particles € in group are related to 4) ZG fe —
the energy of the system E as... -
5) ZGI flsl =
1) f :eTi;
. 2) f=e "
Average occupation numbers f —
113.| for an ideal gas in a nonequilibrium | 3) f =e%;
state can be expressed as... .
4) f =e N ;
5) f—eT .
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114.

In the equation of a chemical
reaction > Av, =0, the symbol of

the i-th substance is A, and v. is
called the... coefficient.

1) basic stereometric;

2) stoichiometric;

3) chemical;

4) parametric;

5) free adiabatic.

1) 0;
The statistical weight of a|2) «;
115. | nondegenerate  macrostate  at | 3) —oo;
T =0J is equal to... 4) m;
5) 1.
1) 0;
The statistical weight of the ) 1.
degenerate macrostate of N 3) o
: : : : .1 3) oo;
116. | noninteracting particles with spin 2) 2"
1atT=OJ Is... N,
2 5) —.
3
1) NIn2;
The entropy of the degenerate 2) N:
macrostate of N noninteracting ’
17| L] _o N
particles with spin > at T=0J 5
is... 4) 1,
5) 0.
1) S=> N.In e—G‘];
i N,
G
2) S=> N In| — |;
)s=xnn
The entropy S of a nonequilibrium G
118. | state of an ideal gas can be written | 3) S=-3 N In WJ
as... ' i
4) S=->N;In %j

eG,
5) S= ZGi IHLWJ'
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1109.

The statement that in one phase
space cell there cannot be more
than one particle with a given
polarization is a consequence of...

1) Nernst’s principle;

2) Pauli’s principle;

3) the uncertainty principle;

4) the principle of relativity;

5) Noether’s theorem.

120.

If we go to the limit T — 0J in the
Fermi — Dirac distribution, then
there will be no particles at all in
states with...

1) e <0;

2)e =T,

3) e <u;

2
4) e, =—n;
)kgu

5 e >p.

121.

A degenerate Fermi gas occurs in
nature as... in metals.

1) an electron gas;

2) a positron gas;

3) a neutron gas;

4) a proton gas;

5) a photon gas.

1) neutron stars;

: 2) galaxies;
199 A degenerate Fermi gas of ele_ctrons 3) white dwarfs:
keeps... from further collapsing. 1) planet.
5) comets.
1) e= £;
2) e=oT,;
The Bose gas of photons obeys 1 .
123. the Stefan — Boltzmann law... 3) &= EbT‘“ ’
(0}
4) e=—;
)
5) e=15T,.
1
1)c, ~ ?;
The isochoric heat capacity c, of 2)c, ~T;
124.| a photonic Bose gas is related to 3¢, ~T°
the temperature T as... -
4)c ~T,
5)c, ~T".
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B(T.,. —-T
1) T]Z — ( Curie ) ’
2a
In Landau’s theory of second- 2) 1’ = a(Te = 7).
order phase transitions, under the 2B ’
condition of equilibrium and , 2(To=T)
125.) 1 <T,,., there are nonzero values YN =——"— B !
of the order parameter n of the . (To —T)
form... 4) m B—
a(T-T..)
5 2 — Curie .
)=
3 .
1) X = 7a(T _TCurie) !
2) y=2a(T T, )
In Landau’s theory of second-order ) % —ga( - curae) '
126 phase transitions, the magnetic 2 ,
| susceptibility x at T>T__ can be |3) X=§a(T ~Tewe) s
calculated using the formula... 3
2 -1,
4) X:Za (T _TCurie) '

5) x=[2a(T-T,.)] .

1) equal to 0;
The isobaric heat capacity ¢, of | 2) infinite;
127.|a photonic Bose gas can be|3)equaltoc,;
considered... 4) equal to R+c, ;
5)equal to R.
The behavior of magnetic | 1) Marie Curie’s;
susceptibility —of the form | 2) Pierre Curie’s;
128. 1 o 3) Ginzburg’s;
4a(To -T) 5) Wilson’s.
1) PV =Const;
1o | An ideal Fermi gas at T =0 2) PV* = Const,;

obeys the equation...

3) PV3 =Const;

4) TV® =Const;

5) TV =Const.
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1) g =u;
o _ 2) g <0;
If we go to the limit T — 0J in the
130.| Fermi — Dirac distribution, then |3) ¢, =0;
all particles will be in states with...
4) g <u;
5) g > L.
1) white dwarfs;
2) galactic nuclei;
131, ,fA degenerate Fermi gas of neutrons 6) comet tails:
orms...
4) neutron stars;
5) rings of Saturn.
1) 6= 'K ;
60n°c’
2) 6= nk ;
60%cC
The Stefan — Boltzmann constant -k
132.| ¢ is expressed in terms of |3) c=—;
fundamental constants as... bnc
4) o= T :
107°c
5) 6= K ~.
10c
a 3
1) H :E(T —TCurie)+4Bn ;
In Landau’s theory of second-order | 2) H = a(T,.—T)+ 4511%;
133, | Phase transitions, under equilibrium
| conditions, the external magnetic | 3) H =2a(T - T, )+4Bn’;
field strength H is expressed as...
4) H =2a(T,,, —T)+4Bn’;
5) H=3a(T+T,,)+Bn".
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1) x= . :
2a(T-T_ )
2) %= /a(T -T_);
In Landau’s theory of second- 3 1 .
134, order phase_transmon_s aT<T,,, xX= 4a(T | —T)’
the magnetic susceptibility y can
be calculated using the formula... | 4) , = 1 ;
a(T_-T)
1
5) X= 2
[475(Tm -7 )]
0’
1 =1;
) o )
2) aq? x=0;
o
In Landau’s theory of second-order P
135. | phase transitions at T <T_, . the|3) — | =n";
expression... is correct. on
o’'®
4 =Jx;
) ot JL=V
o'
5 =n.
)| o ¥ Jn
1) Landau — Lifshitz;
The diffusion equation as applied | 2) Fokker — Planck;
136. | to motion in momentum space is | 3) Wiener;
called the... equation. 4) Nyquist;
5) Stokes.
The conservation of concentration | 1) Liouville’s;
of interacting particles when they | 2) Ehrenfest’s;
137. | move along trajectories in phase | 3) Noether’s;
space is a consequence of...|4) Laplace’s;
theorem. 5) Gibbs’.
The kinetic equation of type | L) Clausius;
of o _of _ 2) Laplace,
138.| —+V—+F—=1 was obtained | 3) Liouville;
ot ) or . op 4) Boltzmann;
and investigated by... 5) Stokes.
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Ne The content of the question Answer options
1) distant two-body;
L : 2) distant three-body;
139 The collision integral | takes into 3) multiple;

account... collisions.

4) close two-body;

5) close three-body.

In plasma theory, an equation of

1) Pitaevsky’s;

- 2) Rumer’s;
140. | the form ﬂ+6Z—]:+eEg—]:=0 is | 3) Velikhov’s;
led th 4 P 4) Budker’s;
called the... equation. 5) Vlasov’s,
1 x _=®'S.
c e
2) EAp
The Wiedemann — Franz law for ;i gfcz-l-
141. | the electron gas in metals assumes | 3) —=——;
that... c_ 2
4) x_T.
c 3’
®_ T
c 3T’
1) 0;
2) 1;
3) 2;
142.| Gamma function I"(x)=1at x= ... 5) z.
2
21
5) —.
) 3
1) E,. :(3N —1)T ;
2) E,. = 37N+1jT,
The most probable value of the N
total energy E, of a system of |3) E,, =| —-1|T;
143. : VP 2
N particles of an ideal Boltzmann
gas is... 4) E,, = 3_N_1j-|-,
2
5) E, = ﬂ—1jT.
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Ne The content of the question Answer options
1) ©(6)=sino;
Angular distribution (@) for [7) (0)=sin20;
Maxwellian gas particles escaping |3 _
144. |into a vacuum through a small ) ©(0)=cos6;
hole in an infinitely thin wall has | 4) @(0)=cos20
the form... 5) m(@)ztgg
1) o, (E)=AE® ‘&
The non-normalized distribution | 2) @, (E)= AE? e
o, (E) in the total energy E of a E
145.| ™ _ 2 2T
system of N particles of the ideal 3) Q)N(E) AESN Ee i
Boltzmann gas is... 4) o,(E)=AE?e;
5) o, (E)= AE* e
n (D) =no(v,)o(v,) x
x (v, );
, (D) =20(v,)o(v,) *
The three-dimensional Maxwell ) x (v, );
distribution (V) and its one- o(v,)
146.| dimensional  distributions  in|3) ®(V)= : ,
velocity projections are related by w(oy)m(oz)
the expression... . o(v)o(v,)
4) (V)= o))
5) o(0)=o(v,)o(v,) x
x o(v,)
1) D+l
T
The integral representation of the 5 n-1.
147 | 92mma function of the form |2 9
TeXXZdX=F(...) has argument... | 3) n+l
0 2
4) n—-1;
5 n+1
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The content of the question

Answer options

In  the kinetic  equation | 1) the collision integral;
of  _of =of | 2) the integral of motion;
148.| —+Vv—+F—=1 the quantity | 3) the shear integral;
o or op 4) the diffusion integral;
| is called... 5) the Poisson integral.
1) multiple,
S : 2) close two-body;
149. ;)I'he ;?Ih?;on mte%ral I |||§ e_qual to 3) close three-body:
in the absence of .. collisions. ) Clctic:
5)inelastic.
The ratio of the thermal %g \é\gﬁ?eerr_ﬁgglihm;
150 conductivity s of a gas of 3) StokeS'_ :
"I electrons in  metals to its 2) Franz-
conductivity o is called... law. 5) Wiedemann — Eranz.
= 1) 0,5;
. n |2) 0,5m;
If -funct I'(..)=—, :
151 gamma-function  77(...) > [3)x;
then its argument is. .. 4) 4r;
5)1,5.
1) (E*)=(3N +2)3NT?;
3N +1)NT?
, 2) g7y = BN FUNTE,
The mean square (E*) of the total 4
152, | energy of a system of N particles | 5, <E2>:(3N +2)3NT*
of the ideal Boltzmann gas is 4 ’
equal to... 4) (E*)=(3N —2)3NT?;
N +2)3NT?
5) (E? _(N+2)3NT"
4
1) oE)=——e TE;
Nl
2) o(E) = 1T3e‘TE2;
The one-dimensional Maxwell 752 £ 1
153. | distribution in the energy E of |3) o(E)= —e "E?;
a particle has the form... udl -
4) o(E)=—22_e
N
o & 1
5 o(E)= e TE->.
()1
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Ne The content of the question Answer options
1) Aristotle’s;
The number of particles contained | 2) Archimedes’s;
154.1in one mole of a substance is|3) Democritus’s;
called... number, 4) Socrates’s;
5) Avogadro’s.
3
m 2 -no
1) o(V)=|—| e 7;
) ( ) (ZnTj
_mp®
2) o(p)=mTe 7,
The classical three-dimensional LI
155. | Maxwell  distribution has the | 3) (D(()):(l e 2T :
form... 2nT
1 : _m?
4) o(v)=| —| e 7 ;
) ( ) (ZRT
5)c0( ) 2mT’e 2T.
1) D, =3NT?;
The value of the variance D, of | 2) p_— 3NT” :
156 the total energy of a system of N 2
| particles of the ideal Boltzmann |3) D, =5NT*;
gas 1s equal to... 4) D, =NT?;
5) D, =27NT?.
2m 1
1) J = T\
2m+ m+ 2
2m 1
2)J = - eI
2m+ m+1
The Poisson integral J = [x"e ™ dx /
157 I ! g " '(|). 3) ‘]n = 2rT:1+11 2m+1 !
for even n=2m is equal to... 2
2m +1
4)J = : —;
2m + a m+1
2m—1
5) J -
2m m +
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The content of the question

Answer options

A normalized two-dimensional

1) fluctuation;

distribution ~ of  the  form | 2) diffusion;
IS ition:
158. W (x,y)= e 2 W can e 3) phase tran5|t|(_3n_,
o 2mab 4) superconductivity;
applied in... theory. 5) Bose gas.
A
1) ®(X)=—F——;
( ) AZ _X2
The probability density w(x) for A X
a point oscillating according to the 3 1
159. O(X) = —F—,
law  x(t)= Asin? has the () A = X°
form... 4) o( X :L’
() A + X°
A
5) o(X)=—F———.
) o ) 2m A? — X
1) X!:F(x—Z);
L 2) x!= -1);
The generalization of the concept ) X F(X 1)
of factorial to the set of real |3) x!=7"(x);
160. o .
numbers is given by the 7-function , _
of the form... 4) x!=T'(x+1);
5) xl==I"(x+2).
T,
2) }\’(max) —L’
The Bose gas of photons obeys 2T,
161.| Wien’s “displacement” law of the 3) A =bT.:
form... (mex) o
b
(max) Tth
5) A, =bT/}.
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The content of the question

Answer options

162.

The Rayleigh — Jeans formula for
the spectral density &(T,L) of

a photonic Bose gas in the long-
wavelength region is...

hc® -k

5) S(T,X) =2mcT .

163.

Often used is Planck’s constant 7,
sometimes called the Dirac
constant, which is equal to...

1) #=1,055-10%]-s;

2) 1=1,055-10*]-s;

3) 1=1,055-10*J-;

4) h=1,055-10*]-s;

5) #=1,505-10"]-s.

164.

In the energy differential for a
system with a variable amount of
substance dE =TdS —...dV +udN

there is no...

1) heat capacity c, ;

2) heat capacity c,;

3) enthalpy W ;

4) entropy S ;

5) pressure P.

165.

The equality of the molar
entropies of phases leads to the...

1) Dulong — Petit law;

2) Stirling formula;

3) Clapeyron — Clausius

equation;

4) first Ehrenfest equation;

5) second Ehrenfest equation.

1) 0;

The Poisson integral of the form 2) Jo .
r_ R n—ax? _ H 27[: ’
166. Jn_ije dx =... for even n is 3) 20
equal to... 4) oo;
5) nVr.
For a two-dimensional | ) () =a’;
distribution  of  the  form |2) (xy)=b%
Xy — ah-
167. W (x,y)= e = % the value | 3) () =ab;
Oy) i 2mab 4) (xy)=1;
0] X 1S...
d 5) (xy)=0.
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The content of the question

Answer options

Generalization of the concept of a
factorial to the set of complex

1) IY(Z) IZH(Z);

2) H(z) :ZIY(Z—l);

3) H(z)zzH(Z—Z);

168. numbers — the 7/-function satisfies 17( 7 +1)
the recurrence relation... 4) H(Z):f;
II(z+1
5) 11(z)= (2+ )
1) Born;
The spectral density &(T,A) of | 2) Rayleigh — Jeans:
169. | @ photonic Bose gas in the short- 3) Kirchhoff:
wavelength region is given by : -
the... formula. 4) Wine,
5) Ehrenfest .
1) h=6,626-10"]-s;
2) h=6,620-10*J-s;
170. | Planck’s constant h is equal to... |3) h=6,026-10"%]J-s;
4) h=6,006-10"*J-s;
5) h=9,626-10"J-s.
1) F=E+TS+AA;
The free energy F of any 2) F=E-TS—2A;
171. | macrosystem is determined by the | 3) F=E+TS —AA—uN;
expression... 4) F=E-TS:
5) F=E-TS+puN.
1) phase equilibrium;
- i AT AT 2) an increase in entropy;
172, "N ition p, (A.T) =, (AT) 3) a decrease in enthalpy;

corresponds to...

4) heat exchange;

5) Gibbs potential growth.
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Ne The content of the question Answer options
1) S=lho,;
In microcanonical distribution the | 2) S=-Ino,;
173. | probability of a microstate ®, are | 3) S=rnlnwo,;
related to the entropy S as... 4) S=—-zlno,;
5 S=-lgo,.
In the energy differential for L Presstire, dP . :
. : 2) chemical potential, du;
174 systems with varying amounts qf 3 entronv_ds -
‘I matter dE=T...—PdV +udN is 4; h ?y’ dW
- i enthalpy, aw ,
absent the... differential... 5) statistical weight, dI".
1) 23 ;
The Poisson integral 2)J
175.| J, = [ x"e™dx=... for odd n is|3g) (n+2)</r;
equal to... 4) oo,
5) 0.
1) «;
The ratio of Planck’s constants of | 2) 2x;
176. h 3) 3r;
the form PRt 1) 4r:
5) 5.
E
1) =;
) T
The one-dimensional Maxwell ) T.
distribution in particle energy E E’
2 1
177.| ®(E)=——FE’%e" 3) -,
T T
contains an exponential function 4 T,
) '
to the power of... E
E
5) ——.
) T
1) the largest value of A ;
2) A for the largest v,
178 In Wien’s “displacement” law the | 3) the coordinate of the

wavelength A _ is...

maximum spectral density;

4) A for the largest o;

5) A forthe largest T .
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Ne The content of the question Answer options

In a kinetic equation of the form 1) time ¢,

2) entropy S;

ﬂﬂ”)ﬁﬂfaf =

179. —= is isti ' -
9 5 TV p= 3) StatISt.ICBJ we.lght I
missin 4) coordinate x;
J 5) statistical sum z.
1) coordinate x;
i 2) statistical weight I
180 The  definition of  entropy 3) statistical sum z:

S=In... involves ... :
4) time t;

5) temperature T.

1) theoretical physics;

2) general physics;

181. | Statistical physics is a branch of... | 3) thermodynamics;

4) astrophysics;

5) phylosohy.

1) 2;
2) 3,
: 3) 1;
182, If the gamma-function F():\/; 1
then its argument is equal to... 4) E;
3
5) >
1) 3,
The exponent of the normalization 2
factor in the one-dimensional | 2) _§;
Maxwell distribution in the velocity 2
183. e ol 1
projection (v )=(lj e n |3 5
" 21T 1
is equal to... 4) _E;
5) 4.
1) Clapeyron — Clausius
equation;
2) first Ehrenfest equation;
184 The equality of the molar volumes | 3) second Ehrenfest
" | of the phases leads to... equation;
4) Mendeleev — Clapeyron
equation;

5) Poisson’s equation.
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The content of the question

Answer options

185.

Often used Planck’s constant 7
related to h as...

1) h_L
2V

2) h=oh;

3) h—L
20

4) hzl;
27

5) h=mnh.

186.

Boltzmann’s constant k is equal
to...

1) k =1,234-10% =—;

2) k =1,301-10"°

3) k =1,381-10% =~

4) k=1,081-10"%

5) k =1,381-10

Wien's formula for the spectral

1) z—‘,(T,k):hi s

187 density a_(T,x) of a photonic 3) S(T’K)_znr:& he
Bose gas in the short-wavelength A
region is... 2 _he

| 4) o(Tn) =2 7
A
5) 8(T,k):n25 g
_ 1) Rayleigh — Jeans;
The expression for the spectral 2) Wine;
188 (;ensny s(T,kh) (I)f the ph:)tonlﬁ 3) Ehrenfest
ose gas in the long-wavelengt 2) Kirchhoff.
region is called the... formula.
5) Born.
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Ne The content of the question Answer options
1) —-1;
1
2) _E;
The one-dimensional Maxwell 3
189 distribution @(E) in particle | 3) >
"| energy contains E to the power
2
5
5) —.
) 3
1) (x*)=a’u (y*)=b’
A two-dimensional distribution of | 2) (x*)=2a® u (y*) =2b’;
the form W (x,y)= g 2 2 2
190, (%)= e 3 ()= u (y)-a
for (x*) and (y*) gives values 3
of... 4) <X2>=2b2 H <y2>:2a2
5) (x*)=2a’u (y*)=b’
1) [(-1)]=-1
2) |(-1)1=0
The value of the modulus of
191.| a factorial of the form |(-1)] is 3) |(-1)Y=1
equal to... 4) (_1)! :Ei;
3
5) |(—1) =0
1) z1=11 Z—2),
The generalization of the concept | 2) 2!=11 z-1)
192 of a factorial to the set of complex

numbers is given by a //-function
of the form...
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Ne The content of the question Answer options
1) J =mma™;
m!
2) J, ;
B ) 2 m+l
o3 The Poisson integral J_ = ! X" dx 3) 3 1m+11
| for odd numbers n=2m+1 is 28:
equal to... 4) J LY
n am
|
5) 3, =
a
D A= 13|\| ;
Tzf(j
2
NET
The normalization factor A for the | 2) A=T F(?j
distribution o, (E) in the total o
3) A= :
194.  energy E of a system of N W 73N
particles of the ideal Boltzmann T:r 2)
gas is equal to...
A A=2rT 2 I [%)

5) A=2nl" %)

195.

The one-dimensional Maxwell
distribution in the projection of
the particle’s velocity has the
form...

1) o(v,)= LN P =

2) (D(Ux): i ’ _%.
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Ne The content of the question Answer options
1) N, =6,022-10*mol~;
2) N, =6,022-10*mol™;

196. | Avogadro’s number N, is... 3) N, =6,022-10"mol *;

4) N, =6,22-10*mol™;

5) N, =9,022-10%mol ™.

The relative deviation of the total

1) 5E = | >
3N

2) 8E = /i;
2N

197 | €Nergy OE of a system of N 2
| particles of an ideal Boltzmann |3) SEZS_N;
gas is equal to... 3
4) 8E =
2N
5) 6E = =,
N
1)«
L 2) 1,
198. | Gamma-function F(—j: 3) 2x;
2 4) n;
5) \2m.
. 1) H -Boltzmann’s theorem;
e slement it e et of 2 -Bolzmanr'sreore
199. 9as : .~ | 3) H -Gibbs theorem;
equation leads to an increase in 4) S -Gibbs theorem
entropy S is called the... 5) Clapeyron’s theorem,
The oscillations of plasma particles 1) Maxwell WaV?S;
: 2) Planck waves;
that arise when the mutual - :
200. 3) Langmuir waves;

compensation of charges in space
is disrupted are called...

4) Brown waves;

5) Stokes waves.
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3. OTBETBI K TECTOBBIM 3AIAHUAM —
ANSWERS TO THE TEST TASKS

B 5TOM myHKTE NPUBOASATCS HOMEpA NMPABUIBHBIX OTBETOB HA BCE
BOIMPOCHI TecTa (Tabmuna 1). DTH HOMepa BBIICICHBI KUPHBIM IPHUPTOM
U pacroJiararoTcs 1moJ HoMmepaMu BOIIPOCOB.

This section lists the numbers of correct answers to all test tasks (table 1).
These numbers are in bold type and appear below the task numbers.

Taomuna 1 — OTBETHI K TECTOBBIM 3aJaHUAM
Table 1 — Answers to the test task

1 2 3 4 5 6 / 8 9 10
4 5 1 2 3 3 4 8 2 1

11 12 13 14 15 16 17 18 19 20
2 2 3 4 1 3 4 2 3 2

21 22 23 24 25 26 27 28 29 30
1 5 4 2 3 3 5 2 1 4

31 32 33 34 35 36 37 38 39 40
3 2 4 1 3 1 1 2 2 3

41 42 43 44 45 46 47 48 49 50
4 1 2 &) 3 1 4 4 5 2

51 52 53 54 55 56 57 58 59 60
3 3 5 1 2 4 2 4 1 3

61 62 63 64 65 66 67 68 69 70
2 3 5 4 2 1 5 2 3 4

71 72 73 74 75 76 77 78 79 80
4 3 1 1 4 3 4 2 5 5

81 82 83 84 85 86 87 88 89 90
3 1 2 3 5 3 8) 8) 2 4

91 92 93 94 95 96 97 98 99 100
3 4 2 1 5 2 3 4 2 1
101 102 103 104 105 106 107 108 109 110
1 4 3 5 2 2 1 4 5 5
111 112 113 114 115 116 117 118 119 120
2 4 3 2 5 4 1 1 2 5
121 122 123 124 125 126 127 128 129 130
1 3 2 4 2 5 2 2 3 4
131 132 133 134 135 136 137 138 139 140
4 1 3 3 1 2 1 4 4 5
141 142 143 144 145 146 147 148 149 150
2 2 4 2 1 5 3 1 2 5
151 152 153 154 155 156 157 158 159 160
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OxkoHyanue Tadaunsl 1
End of table 1

5 3 3 5 1 2 2 1 3 4
161 162 163 164 165 166 167 168 169 170
4 4 2 5 4 3 5 2 4 1
171 172 173 174 175 176 177 178 179 180
4 1 2 3 5 2 5 3 1 2
181 182 183 184 185 186 187 188 189 190
1 4 3 3 4 5 3 1 4 1
191 192 193 194 195 196 197 198 199 200
5 3 2 1 5 2 1 4 1 3
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