MHorovyacTudyHas KBaAaHTOBasg MeXaHUKa U BTOPpMYIHOE€ KBaHTOBaHUE

VYupaxkueuus (35 6aJ110B)

B sTom Ha60pe pra)KHeHI/Iﬁ MBI ITIOKazKeM, KaK YCTPO€HBblI OJHOYaCTHUYHbICE 1 MHOI'OIaCTUYHBIE BOJIHOBBIE Cl)yHKI_LI/II/I Ha A3bI-
K€ BTOPHUYHOI'O KBaHTOBaHWII. ILHH penieHusa 3TUX 3aJad JOCTATOYHO HCIIOJAb30BaTb TOJBKO KOMMYTAIIMOHHBIEC COOTHOIICHUSA

[1/3(93), Pt (y)} = (@)t (y) TYT(y)d(x) = d(z — y), a Taxxke Tor dakt, uro ¢(x) [0) = 0. Bo Beex yupaskHeHusx ncceryiite

ob6e cratnctukn — Boze u epmmn.

1. (5 6am10B) Onpee/ M OHOYACTHIHbIE KOODAHHATHDIH 6a31C eCTeCTBEHHbIM 00pasoM Kak |&) = ! (x) |0) u gByxuacTiy-
bt |21, 22) = O (1)) (@) \0) Kax BBIr/IsunT HOpMHPOBKa STUX COCTOSHM (x|x') u (x1, 22|}, 25)? Kak 3anucsiBaercs
[IPOEKTOP Ha OJHOYACTUYHOE ]P’(]-"l) U JIBYXYACTUIHOE ]P’(]-'Q) IIOJIIIPOCTPAHCTBA Yepe3 3TU BEKTOpa?!

2. (5 6asoB) Ilycrsb cocrosiue |1)1) ONUCHIBAETCA HEKOW M3BECTHON OMHOYACTUIHON BOIHOBON (DyHKIueit ¢ (x). Kak Boipa-
3UTH ONEPATOD POXKIEHUs YACTHUIILI B TAKOM COCTOSIHUU Y€Pe3 0JIeBbIe OLepaTopbl, Tak 910 |th1) = afi1(7)]|0)? [okaxkure
HEIIOCPEeJICTBEHHBIM BblUnC/eHueM, 4To (x|11) = 1 (x).

3. (5 6annoB) Tenepp Mo aHAJOTUM PACCMOTDPHUTE JBYyXYACTUYHOE COCTOSHHE, B KOTOPOM OJIHA YACTHUIA HAXOJUTCI B CO-
crosiuu Y1 (), a BrOopas — B cocrogHuU Po(x), oproronansHoM ¥i(x). Ilokaxkure HEmOCPeACTBEHHBIM BBIYHCIEHHEM,
YTO TIPU 9TOM COOTBETCTBYIOIIAsI KOOPMHATHAsI BOJIHOBas MyHKIUS 12(L1, X2) = (@1, T2|1)1,1s) upencrasiser coboit
nerepmuHanT Cidrepa B ciydae, €Cay 1)-0IepaTopbl 00pasylorT GepMHOHHYIO ajrebpy, W IepMaHeHT MATPUIbl JJIs 60-
30HHOI anrepObl. Vcnonb3ys HallJIEHHbIE BBIIIE BBIPAZKEHHS JJIS IIPOEKTOPOB, YOEUTECh, UTO COCTOSHAE ABTOMATHICCKH

HOPMHPOBAHO: (Y1, Yalth1, 1P2) = 1.

4. (10 6asmnosB) IlozeiicTBOBAB OLIEPATOPOM JABYXYACTHIHOTO B3aUMOJIEHCTBUS

N 1 A A N N
V=5 [ derdesd! @) @)V (@1 - 22)d(a)i) (1)
Ha 6a3UCHOE COCTOSIHUE |1, . . ., LN ), JOKAKHUTE IKBUBAJIEHTHOCTD ITOIO OIIEPATOPA COOTBETCTBYIOIIEMY OIIEPATOPY B IIPE/I-

CTaBJIECHUU IIE€PBUYIHOI'O KBAHTOBAHWA:

5. (10 6annoB) Paccmorpure cpesiHee 3HaUeHHE oneparopa V' 110 cocTosHuIO |11, ¢s). TIokaskuTe, 9TO IPH 9TOM MOy aeTCst
JIBa, UJIeHa, [EPBbIi 13 KOTOPHIX NMEET CMBICJ KJIACCHIECKOTo B3anMojeiicTsus 1mioTHocTell («anen Xapmpu» ), a BTOPOi
HE MMeeT KJIACCUIECKON MHTEIPeTAlny, U K TOMY YK€ 3aBUCUT OT CTaTuCTUKHA (<«wieH Poka», WK Ke «OOMEHHBIH WIeH ).

Bagada 1 (duaykryanum yuciaa ¢pepMuOHOB Ha OTpe3Ke, 35 6aIoB)

Bemynaenue: Kak mpaBusio, B 3a/1a9aX MHOTOYACTUYHON KBAHTOBON MeXaHWKHN 4mucyio dactull N (GpUKCHPOBAHHO — U PabOTATh
Heobxo1mMo He BO BCéM POKOBCKOM ITPOCTPAHCTBE, HO B MIOAIIPOCTPAHCTBE J v, 9T0, KAK IIPABUJIO, JOCTATOYHO HEYIOOHO: CKAYKeEM,

3a/la4a [OMCKA OCHOBHOI'O COCTOsIHHsI CTAHOBHUTCS 3aJadeil OUCKA YCA08H020 MUHUMYMA (SHEPTUM, [IPH yCIOBUU <N > = N).

CraniapTHelii crocob perenns 3a/1a4 ycI0BHOTO SKCTPeMyMa — 9TO BBOJI MHOXKHTeJIell JIarpanzKa: BMECTO yCJIOBHOTO MUHAMYyMa
orepaTopa H HEeOOXOMMO UCKATh OE3YC/IOBHBIN MUHUMYM OIepaTopa H =H-— ,uN a 3aTeM HAXOJIUTDL 3HAYMEHUE MHOMKUTEJIS

Jlarpamxka g (KOTODBIH HOCHT Ha3BaHHE XUMHUYECKOTO IOTEHIUAIA) U3 YCIOBUSI <N > = N. Takoit Tprok paboTaer Kak s

[IOMCKA OCHOBHOI'O COCTOSIHUSI (MUHUMU3AIIMsI SHEPIUK ), TAK U JJIsl IIOUCKA TEPMOJAUHAMUYIECKH PABHOBECHBIX KOH(MUIY DALl IIpU
KOHEUYHOM TemiiepaType (MUHUMHA3AIMs CBOOOIHO SHEprunm).

Paccmorpure omaomepuyto cucremy N OeCCIUHOBBIX (DEPMUOHOB, KUBYIIUX Ha OJHOMEPHOU OTpe3Ke OOJbINOi JTuHBI L
¢ NEPUOAUIECKUME IPAHUYHBIMUA YCIOBUAME (JJsl BCEl 3aJ1a9M I0Jpa3yMeBAeTCd TEePMOAMHAMUYCCKUI npenes L — oo 1pu
(UKCHPOBAHHON KOHIIEHTPAIIUN YACTHIL 17 = %; II09TOMY BCe IOIPaBKHU BHUJIA ~ ﬁ MOKHO C YHCTOH COBECTHIO BBHIOPACHIBATD);

CHUCTEeMa OIIMCBhIBaCTCA CJICAYIOINMUM I'aMHUJIbTOHUAHOM
. L 2, R
fa= [ anit (@) (-39~ ) ble) )
0 m

1. Ucnonwssys npeobpazoanue Pypwe, quaroHainlyiite raMuibToHnad He; — mpuBeauTe €ro K BULy HEB3AMMOIEHCTBYOINX
) el
2 R Nnovias -
«hEPMUOHHBIX OCIUILISTOPOBy Hep = Zp epa;ap, ¢ KOMMYTAIIMOHHBIMU COOTHOIIEHUSIMU {ap,ap,} = 0. Karoit 3axon
JUICIIEPCHHU HOJIyYCHHBIX KBa3UYACTHIL €7
Vkazanue: ymobHoe ¢ TOYKHU 3peHUs: PU3NKU KBAHTOBOE UUCJIO P, KOTOPOE IMEPEUUC/ISIET COCTOSHUS — 3TO (pU3mdIecKuit

HMILYJIBC YaCTHUIL: OH XOPOIIO OIPEJIeIEH B Ipejieie OeCKOHeHOl cucreMmbl L — 00.



2. Tlokaxkure, 9TO OCHOBHOE cocTOstHME |()) TAKON CHCTEMBI COOTBETCTBYET 3amosHeHHOH depmu-cdepe, a nmenHo — [)) =
Hlpl <pr &;f, |0) (4TO B IpeACTABIICHAN YNCEJI 3AII0JHEHN COOTBETCTBYET COCTOSHUIO ¢ Ny, = O(pp — p)). CesikuTe BeIMIUHY

I'PaHNIHOTI'O UMIIYJIbCA q)epl\/H/I PFr C XUMHUYECKUM ITOTECHIIUAJIOM (KOTOpBIfI HOCUT Ha3BaHUE dSHEPIruun @epMH) Casizxure 006e
9TU BEJIMYMHBI C KOHHGHTpaHHeﬁ YJaCTHUI[ N U3 YCJIOBUA <N> = N. Boruucinre TakxKe 9QHEPIrui0 OCHOBHOI'O COCTOAHUA B

repecyéTe Ha OIHY YACTHILY € = % <H >
3. MoxKHO nIepefiTi OT UCXOTHBIX ONIEPATOPOB POXKJICHUS U YHUITOXKEHUS IAEKMPOHOE K OIlepATOPAM POXKIECHUS U YHUUTOKE-
HUST K8G3UMACMUY, — SJIEMEHTAPHBIX BO30YKIEHUI CHCTEMbI — JIEKTPOHOB JJIsL P > Pp U Jupok it P < Pp:

&pa p>Dpr (4)

Cp = ,
? d;;a p <prFr

pH 3TOM anrebpa HOBBIX OIEPATOPOB TOYHO TaKad Ke', oHaKO OCHOBHOe cocTogHme |2) B TepMHUHAX HOBBIX YACTHIL

Gyaer coBuagaTh ¢ BakyyMoM |0). Ilepenumure ramusbronnan H, a Takxke 1)-0lepaTOpbl, B TEDMUHAX HOBBIX OIIEPATOPOB.
HapucyiiTe 3aKOH JMCIEPCHN HOBBIX KBA3HYACTHILZ.

. MOTPHUTE OT K KOHCYHOi1 (H TATOYH JIBIIIOMN ) JUIMHBL P . Oneparop 4ncia 9acTHIl Ha 3TOM OTPE3K!
4. PaccMmo € OTPE30K KOHEYHO 0 JIOCTATOYHO 60 (o) F1<<l<<LOeao cJ1a, Jac a 9TOM OTpEe3Ke
3aIMCHIBAETCSI CJIEIYFOIIMM 00pa30M:

l
f= /O dapt (@)1(z) (5)

A (2
Berancaure QIIyKTYammo 9icia GepMIOHOB Ha 9TOM OTpe3Ke dn’ = <n2> — (R)”. J1J1s1 BBIYKMCIIEHUST CTOSIIUX TYT CPEJHNX,
yﬂO6HO IIOJIB30BaTbCA KBa3UY9aCTUIHBIMHU OIllepaTOpaMMU ép, IIOCKOJIBKY B TE€PMHHAX 9TUX OIIE€PATOPOB OCHOBHOE COCTOAHNE
coBHaaer ¢ Bakyymom |0).

5. IlycTp Temeps mMeeTcs TakKo#-:Ke KaGCcCuveckull ra3, W KayKIas U3 YacTHI] He3aBUCHMO OT OCTAJIbHBIX PaBHOMEDHO pac-
pesiesieHa mo Bcemy obbemy. Haitmure mosHyo GyHKINIO pacipeneseHnst INCIa 9acTUIl B MAJEHBKOM OTPE3Ke JIJIMHBI ]
BoraucuTe GIIyKTyanuo 3Toro ducia 6n’. CpaBHUTE MOJIyYeHHbIE OTBETEI.

Uctounuk JIII, rmasa 5 «umeanbubiit @Pepmu-rasy, 3amada 26.

Bamaua 2 (PpugeneBckue ocuuisinuu, 30 6aiIoB)

Paccvorpure omnomepnbiit @epMu-ra3z u3 TpeabLAyINEll 3a7a49u, MO-TIPEXKHEMY TTOMENTEHHBIH B TEPMOINHAMUYECKH OOJIBITION
«AIUK», HO HA Cell pa3 3TOT ANIMK MOJEIUPYETCs OGECKOHEYHBIMU CTeHKaMK B ToYkax = 0 u = L (TeM caMbIM, MpaHUYIHbIE
YCJIOBHsI — HYJIEBBIE BMECTO [IEPUOJANIECKUX ).

1. Jlmaronanm3syiiTe raMUJIbTOHUAH, TTepeiis K 6a3ucy cCOOCTBEHHBIX COCTOSTHUI OHOYACTUIHOIO TAMUIBTOHUAHA — CTOSTINM
BOJIHAM; OIIPEJIeJINTE, KAK YCTPOEHO OCHOBHOE cocrognue |€2). XoTs UMILYJIbC He fBJISI€TCs TellePh XOPOIIUM KBAHTOBBIM
YHCJIOM, ITIOCKOJIbKY TPAHCIANMOHHAS MHBAPUAHTHOCTb HapyIleHa I'DAHUIIAMU; OJIHAKO MOJYJIb UMIIYJIbCa — SABJISETCH, 110-
9TOMY IO-IIPEXKHEMY MOYKHO roBopuTh 00 mMmiysibce Pepmu pr. [lokakure, YTO OH CBA3aH C KOHIEHTPAIMEN YACTHIL N
TOYHO TAKUM 2Ke BbIpa’KeHUEM, KaK U B CJIy4ae NePUOUIECKNX I'PAHUYHBIX YCJIOBHII.

2. Beluuciure pacipejiesieHue IIOTHOCTH ra3a BOIM3KM CTEHKU B TEPMOAMHAMUYECKOM npesesie (1o ectb < L). OHo gaéres
cJeAyIoLel BeJIMYnHON:

pla) = (p(x)) = (U P (2)d() |2) (6)

I Takoit Tprok paGoraer TOMBKO B cirydae craructuku depnyn!
206paTnTe BHUMAHUE: STH OIIEPATOPHI OIIUCHIBAIOT 6036YoicIeHUs, a SHEPTUA BO3GYKACHUHA — 110 ONMPE/ICNCHHIO TIOJIOKUTEbHAS BeTHTHHA



