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Om pedaxmopa

«DeiiaMaBoBCcKEe JeKnuy no PusmKe» monxonar K xouny. Hacroanmii,
BOCBEMOH, H Cleaywmu#l, feBATH®, BHNOYCKH, COCTABJIAKOIIAE TPOTHH TOM
aMepPHUKAHCKOTO H3JaHWSA, 3aBepIMAIOT KYpC H NPHBOAAT dYUTaTeNA K HAGAM
M 3ajadaM CcOBpeMedAcld KBAATOBOW MeXaHUKH.

HBantoBas MexaHWKa cYdTaeTcH TpPyAHON Baykoit. M sro mpaspa: ee
MeTO[AH W NOHATHA elie OYeHb fialleKu OT HarasAfHoOcTH. UT00H pacckasarb
0 Heit NOHATHO H YBJleKaTeJbHO, HALO COBMeN[aTb TAJAaHT IeJarora W 00JNb-
mol omsiT mecneynosarenn. O6wdgAo GapbepoM K H3ydYeHWIO KBAHTOBOIl Mexa-
HUKH CJOYKHT ee MaTeMaTwiecKuii ammapar. UroOs HayyuThCs pemIaTh
KBAaHATOBOMeXaHWUeCKHe 3ajjauyy, HaAo 3HATH AuddepedArnanbHble ypaBHeHHA
B YacTHHX IpPOM3BOJAHHX, ¢B0O0AHO 06pamaThcs cO CHenUaJbLHEIMH QYHK-
IHAME W yMeTh [eJaTh MHOTOe Apyroe.

Ho, B meficTBuTeNbHOCTA TPYAROCTL KBAHTOBOH MeXaHHRHM CBA3AHA HE
TOOBKO ¢ MaTeMaTHKoil. Bollee T0ro, ¢ Hee jaske He 06f3aTelbHO HAYMHATD.
B nmexnunax QeiinMana msydeHve KBAHTOBON MeXaHHKM HAUWHAeTCA ¢ QU3WKH,
a ypasaerue Illpeguurepa nospiserca nawmmb B Kofle. Jlpu TOoM ORa3k-
BAeTCH, YTO O MHOYHX 3afadax — OT PACCeAHHs BJIEKTPOHOB [0 CBepXUpPOBO-
ABMOCTH — MOKHO pacckasarth, He HpuOerag K MCCHeIOBAHUIO CJIOMKHEIX
ypasaeauii, OfHaKko 3T0 BOBCe He 03HAYAeT, YTO KBAHTOBafg MeXaHHKa mpo-
cTag Hayka. B pmeficTBATeNBHOCTH BHYYMTH QOPMYJIH H YDPaBledwHs, IOMa-
Ayit, Jerde, 9eM CIeAOBATH (PH3UYECKHM pPACCYRIEHHAM ¥ TOHAMATH JHOTUKY
ABNOHAN OPAPOAN, KOTGPAA UYACTO BHINARUT BecbMa cTpapuoi. Ilostomy
HaJ0 NOTPATHTH MHOTO BpeMeHH M TPYyJa, u4To0B HOCTHYbL KDacoOTy W BeJH-
9ge TOTO, O 9eM PACCKA3aHO B ®TOM Kypce. Kciu uurarelb ¢ yclexoM Ope-
Ofi0JleeT MEPBHIE HTam [OIAroro OyTH, TOo OyneT HOJHOCTHIO BO3HATPAKIEH
3a cBom ycmamg. K euactbto, pToT UyTH He uMeer KoHma. Te, KTo 3axoder
ooiiTi Aasblle, NOMKHH, KOHeYHO, U3YYATH ellle MROTOe Apyroe M, pasy-
MeeTcsi, NOBOJIBHO CIGREYIO (M TaK/Ke 0YeHb Kpacusyio) MateMatuxky. Ofguaxo
H A HAX TO, YTO OHH Y3HAJYU A3 JeKuuii, Oymer Xopolleil NIKOAOH: [M0JIe3HO
¢ CaMOT0 HAYAJIa HAYIMTHCH OTAENATH MATeMaTH4eCKHI fA3KK HAYKH OT ee
(H3NIECKOr0 CONePIKAHAS. )

KpanToBag MexauwKa — HayKa He M30auposanfasd. Fe Heibad MOHATH
6e3 spamua kKJaccmueckod ¢uankn. IlosToMy, 9nTas OOciHefHNe BHIOYCKH,
DOJNe3HO BpeMsa OT BpeMeHH BosBpamaThed K ODpefwnymimMm. Kcrarw, To, 9T0
B HHEX pacckasano, OyfeT Telleph BHITNHJieTh TIO-HOBOMY.

IIpE [OATOTOBKe IepeBOjA HACTOAMMHUX JeKIuil OHIO OOGHApYKeHO M
HCIIPABIEHO ROBOJLHO MHOI'O ONedaToK W Meikmx ommbox. Hasepmoe, roe-
9T0 ® OcTtadocs. Muorme 4mrareaw mucaim HaM 00 3TOM, 3a Wi0 MBI HM
BeCchbMa MpH3HaTeNbHH. B MpeicTofmeM HOBOM H3JAHOM IeDBHX YeTHPeX
BHITYCKOB BCEe IpaBmIbHHE 3aMedanud yuredni, Mu npocum umrareneii coo06-
mWAThL HaM 060 BCeM, 4T0 eme Oyiner uMu 3aMedeH0. MH moNb3yeMcs cIydaem
nof6narofapuTh OJHOrO W3 coasTopoB KumEr@ mpod. Mareio Comnca 3a mc-
npasieH#s, NpUCTaHALe AM cHeMUalbHO IS DPYCCKOTO H3JaHHA.

H. Cmopodunckuii
Mions 1966 r.
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Co BpeMmenu seamuaiimero Tpuympa ¢usuku XX Be-
Ka — POKJIEHNA KBAHTOBON MeXaHWKM — IPOIIIO YiKe
40 mer, BO JI0 CUX TOP, IUTAA CTYHAEHTAM BBOAHHY (8 AaA
MHOIMX M3 HUX ¥ DocjexHuil) Kypc ¢uamku, MeL orpa-
HUYUBaeMcs, KaK npaBuio, He Godee yeM ciaydaiiHEIMHU
HaMeRaMu Ha 3Ty IeHTPANbHYI0 061acTh HANIMX 3HAHAN
o ¢pusuvecxom mupe. Cuuras, 4T Tak HOCTYIATh CO CTY-
HeHTaMUu HeXOpollo, ME cheladm B HACTOALIEM Kypce
TONBITKY M3A0MUTh UM OCHOBHBIE, CAMbie CYIleCTBeHHELE
Uled KBAHTOBOH MeXAaHMKH U cAeIaTh 3TO TaK, YTOGH
970 uM Grino moHATHO. Hype OB mOCTPOEH COBEpIIEHHO
[0-HOBOMY, 0COGEHHO €CIM y4ecTh, 9470 OH OBLI paccdu-
TaH HA BTOPOKYPCHHKOB, M BCe UpOHUCHIeHIIee MOMKHO
OBLJ10 B 3HAYMATENBHON CTEIeHHW PACCMATPUBATH KaK BKC-
uepuMent. Binpouem, mocie Toro ®ak BHIACHWIOCH, Ha-
CKOJIBKO JIETKO MHOTHME CTYHEHTH YCBAMBAIT UPEAMET,
A CINTAI0, 9TO BKCIePUMeNT yaancs. Horeuro, 3j1ech ecThb
Y70 YAYYMATh, W YAVYOIEHWS NOCAERYIT, KaK TONBKO
y Hac NoABUTCA OUBIT Lpemojasanusg. Iloxa sxe mepep
BaMW JIMINb OTYET O HEPBOM SKCIePUMEHTE.

B meyxroguunoM xypee «DefiHMaHOBCKUX JeKTHi 1O
busure», Koropeit yuratcsa ¢ cearabpa 1961 r. mo mait
1963 r. B KatecTBe BBOAHOTO Kypea Pusukm B KAJITE X e,
DOHATHA KBAHTOBOM MeXaHHKYM BBONIVIMCH BCIORY, THe
oHN Opiin HeOOXOFUMSE! IS HOHWMAHHA OINHCHBAEMEIX
sABdenuit. Kpome toro, nociefadume xBeHamiaTh JeKnuil
BTOPOTO Iojia ORI DeJuKOM HOCBAILEHR Gojiee CBASHOMY
BBEJIEHUI0 B HEKOTOPHE IOHATUSA KBAHTOBOW MeXaHUKIL.
Ho o Mepe Toro, kak mekiuun GOuswinch K KOHILY, CTa-
HOBILUIOCH SICHO, YTO HAa KBAHTOBYI MeXaHuKy ML ocTa-
BUIM CIAWMKOM Majdo BpeMmenu. Ilo Mepe moATOTOBKH
MaTepuasa NOCTEIeHHO BHACHANOCH, YTO ¢ IIOMOIBIO
VIKe PasBUTHX JIEMEHTAPHHX NOAXON0B MOMKHO PACCMO-
Tperh ¥ ApPyTUE BaykHble W HHTEPecHHe TeMbi. HpoMe
TOr0, eme ObIO ollaceHMe, ¥TO, Yepecyyp MAJI0 Iopa-
foraB ¢ BonHoBo#l Pymrnuedr Illpemuurepa, ®BBegeHHOM
B ABEHAXUATON JERI[UU, CTYIEHT HE CMOMKET OPHEHTHPO-
BATbCA B MBIOMKEHWNU, HPUHATOM B APYIUX KHUTAX, KO-
TOpHEe eMy Hpufercda 4urath. [loatoMy OBLIIO peHIEHO
PaCIIUPUTh KYPC ellle HA CeMb JeKiuil; oHy U GRIIH Opo-
9UTAHR BTOPOKypcHUKAM B Mae 1964 r. Oru Jexmuu 3a-
BEPHIAIOT K HECKOJBKO PACHIMPANT MaTepuall, pa3BUTHHT
B IPeJHAYWNX JeRIUAX.



C camoro Hauaza B BTOM TOME [eNaeTcsA MONHTKA NPOJUTH CBET
Ha OCHOBHHeE H ¢caMble o0mye 4epTH KBaHToBOU MeXaHuKH. [lepsrie
raaBs ofpamanTcd K IpPefCcTaBieHWsM ol aMIIWTy[ge BepoAT-
HOCTH, HHTepQepeHUUH aMIAATYX, a0CTpAaKTHOMY OIPejeieHHI0
COCTOAHMA W K HAJOMEHWI0 H DA3NOMEHWId COCTOSHUI, mpuueM
¢ caMoro Hadaja KHCIoNbayIoTcA obosuauenus lupaka. B rammoM
cIydae BBefileHHe HOBOTO HpPENCTaBIeHUA COHPOBOMKAAETCH IOM-
poOHBEIM pazGopoM HEKOTODHIX 9ACTHHX HPUMEPOB, 9TOOH 31w (u-
3udecKne wufiew npuolpeayd KaK MOKHO OONBMIYI0 DPEabHOCTH.
dareM ciejyer 3aBHCHMOCTh COCTOAHHI 0T BpPeMeHH, BKIIOYAA CO-
CTOAHIIA ¢ OLpejeleHHON 3Heprued, U 9T Ajled HEMeJJeHHO TpH-
MeHAIOTCA K M3YTEHWI0 ABYXYPOBHEBHIX CUCTEM — CHCTEM, UMEI-
MUX TOJIBKO [BAa BO3MOKHEIX 3HaveHunsa sHepruu. [loxpoGHoe usy-
JeHHEe AMMUATHOIO Masepa MOAroTABIUBAaET IMOUBY [JIs BBeIeHus
TOTTOUIEHUA CBCTA M MHIYIHPOBAHHBIX NePeXO0foB. 3aTeM JIeRIMN
OPOAOAIRAI0T paccMoTpeHie Gosee CIOKHHX CHCTEM, NOXBOMA
K H3y4YeHWI0 PacOpOCTPaHEHUA SJHEKTPOHOB B KpucTadle M K
A0BOJBHO IMOJHOMY M3N0KEHHI0O KBAaHTOBOMEXAHMYECKOH Teopuy
MOMEHTA XKouaudecTBa jBHikeHWs. Hanie BBeeHWMe B KBAHTOBYIO
MeXaHHKY 3aKaHuuBaerca 00CY KIeH¥eM CBONCTB IIPeIUHTEPOBCKOT
BoTHOBOH pyHKIuN, ee fuddepennnalbioro ypasHeHnsd U PelIeHu
IAA aToMa BOJOpOfa.

Ilocnension raasy 9Toro TOMa He CIAEKYET CIATATH 9ACTHIO CKYP-
ca». ITO «CeMHHAP» U0 CBEPXIIPOBOJUMOCTH, IPOBENEHHLI B HyXe
TeX JIeKIWid w3 mepBHX [BYX TOMOB, KOTODHE OHJIM IIPOYUTAHK
«IJA PasBieUCHUMA», YTOOM IOMOYb CTY/eHTAM INuUpe B3IIIAHYTH
Ha CBA3BL TOTO, HeMy uX yumiu, ¢ oOuiefi ¢uawdeckoil Kyabrypoil.
«Junnory (DefiEMaHa CTABAT TOYKRY HA ITOM Kypce.

Hax yme 00pacHAIOCH B IPEAMCAOBAN K IEPBOMY TOMY {CM. BHIIIL.
1—4), aTH JeKTUHM ABIAAOTCA JIMIIb YacThl IPOTPAMMEL IO Pa3pa-
foTKe HOBOTO BCTYIHTEIHHOTO Kypca, mposogumoii B HAJITEXe
nof pyxosojgcTBoM Homurera mo mepecMorpy Kypea oumsuxu (Po-
Gepr Jleiiton, Bakrop Heep u Marwio Canpe). Ocymecrsaenne sToii
UPOTPAMMBL CTaJio BO3MOKHBIM Gaarogaps nomomu Dorma Dopaa.
TexHuuyeckyno moMompb IPM MIOATOTOBKEe dTOoro ToMa okazanu Mo-
puny Haefiton, Omusa Wypouo, Hmeiime Xapta, Tom Xapsei,
Maprun Uspasas, Ilarpuuua Ifpeiic, ®ansan Yopper, bapbapa
Hummepman u mucrne gpyrue. Hpod. [eppu Hofirebayep u mpod.
Yapnbs Ywiare BHUMATEIbHO HpPOYId PYKOOHCh M BO MHOTOM CIlO-
coGCTBOBANM YETKOCTH M SCHOCTH MB3JIOMKEHMA MaTepuaa.

Ho cama mosects o KBaHTOBOHM Mexanuke, KOTOPYHI BH 3/IeCh
uaiifere, npunagremnt Puuapyy @eiinmany. Hamu rpynpr ue Osan
HanmpacHKMNU, CCIM HaM YHAJ0CHh [OHECTH X0 APYTUX XOTh A0
BOCTOpTa, KOTOPHIT ME HCHMTHBAJIN camu, clefd, Kak B ero noJ-
HBIX JKUBHM JeKIUAX 1o OM3MKe mepej HaMu pasBOPAauMBAIOTCA BCe

HOBHIE W HOBEIE WfeH.
Msmuvio Csnuodc

HexaGpb 1964
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Horpa [Ipepuurep BnepBole OTKPHET UPABAIB- . i e
HB® BAKOHE KBARTOBOH MEXaHWKHM, OH Hammeay - /@
ypaBHeHHWEe, KOTODOE OIHMCHBAI0 AMIJINTYAY Be-
POATHOCTH OORAPYREHWUA TACTUOH B PA3IdY-
HHIX MecTaX. JT0 ypaBHeHHe OBUIO OueHb
HOX0sKe HA YPaBHEHWS, KOTOpHe GHUTH yyKE MBBe-
CTHH KJacCH4ecKHM $u2HMKaM, OHW WMMM II0JB30-
Bajimch, 49TO0H ONHCATh JIBMJKEHNME BC3AyXa B
BBYKOBOHl BOJHE, PACIpOCTPAHEHUE CBETA # T. JI.
Tax 9ro B Havage pa3surud KBAaBTOBOH MeXaHHKH
Gonbmryso uvacTs BpEMeHHM JIOAN 3aHIMAIUCE pe-
nieHmeM arorTo ypasHeHus. Ho B 7o ke BpeMs
Havajgoch (B wacrHocTH, Onarogapa DBopry
g [Mupaky) unoHnMapmue TeX (QyBAaMeHTAILHO
HOBHX ujell, KOTODHE JeKAIU B OCHOBE KBAHTO-
Bod Mexamuku. Ilo Mepe nanbHeifimero ee passu-
THA BHACHWIOCH, YTO B Hell €cTh MHOTO TaKoIo,
9T0 mpaMo B ypapdenmn Illpexmsarepa He comep-
JKUTCA,— TAKUX Beniell, KAK COMH BIEKTPOHA N
PasINYRLIe PEASITHBUCTCKUE ARJICHHA. Bee Kypeu
KBaHTOBOfI MeXaHHKA OO TPpagupuym HAYUHAKT C©
TOTO KE CAMOTr0, HOBTOPSA NYTh, NPOHAEHHBIH B
HCTOpUYeCKOM passuTuu npeaMera. Crepsa J10xro
HM3YYAIT XKJACCHYECKYI MeXaHUKY, YTOOB TIOTOM

TR sty
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BORGPEIVERY

* B aMepuKaHCKOM W3[AQHUM ITOT TOM HAYUHAETCA ¢
ABYX ryiaB u3 BToporo toma {ra. 37 m 38 (Berm. 3)], Koro-
pHie aBTOPH CYHTAAM HYIKHEIM HOBTOPUTH. IT0 GBIIO clie-
AaHO [AA TOro, 9robs TperTuii TOM MOKHO GBUIO 4u-
TaTh, He oOpamjasichk K IPEKHEM TOoMaM. B pyccrom
U3JaHAN MB He CTaJ¥ IeYATaTh MX CHOBA: 9HTATeNh
HOJ’KEH Bcerja feprkars IepBnie BBIIYCKM II0[ pYKOIi,
TOYTOMY HyMepan@d TIaB B PYCCKOM W3JAaHRU COBUHYTA
Ha 2 epMHONH IO CPaBHEHHIO ¢ TPeTbMM TOoMOM. M3 Tex
#e cO006paKeHHH MBI He nepene‘ia'ra.uu BHOBB I'1. 34 u
35, oum Bomam B BHI. 7.— [Tpusm. ped.
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NOHATH, KakK pemaerca ypaBumenue Ilpenunrepa. 3areM crois
3Ke JIoJITO HMOJIydaloT pasiauunbie peimreHus. YV numb mocte peraib-
HOTO H3yUYeHHs 5TOT0 YPABHEHMA IEPEXOAAT K «BEHICUIVIM» BOIpOCAM,
TAKUM, KaK CIIHH 3JCKTPOHA.

CHauasia Mel TOKE CUMTAJU, 9T0 JAYYile BCETO 3aKOHYHTH 3TH
JeKIuH, 10Ka3aB, KaK peMamwTcA YpaBHEHUA KiIaccuyecKoi
Ou3MEM B PaA3iMYHBIX CIOMHEIX CJHyYasX, TaKuX, KAK ONIM-
caHne B3BYKOBHX BOJH B 3aMKHYTOM HPOCTPAHCTBE, TUIEL 3JIEK-
TPOMArHHTHOTO WM3MAYYeHUS B NUIMHIDUYECKHX IOJOCTAX H T. H.
Takos Oni mepBRoHAYanNbHLII 1IAH 9TOTO Kypca. Ho sateMm
Mbl  pelwin  0TKal3aThbesd OT ATOro TIAHA H BMECTO 3TOTO HATH
'BBeJEHUe 8§ KBAHTOBYIO MeXaHnky. Mul Upummim ® 3akKioye-
HUIO, 9YTO TO, YTo OOBIYHO UMEHYIOT «(BBICINHMID pasfesaMu
KBAHTOBOH MEXaHHKH, Ha CaMoOM [ieJie COBCeM UpOCTas Bellb.
Hyxnasa pus sroro mareMaTura YpesBEIYAiiHO IPoCTa -— TPefynres
JAYIb HECHO0KHEe anrebpantecKkue omepanyu, HUKakuX guddepen-
IUadbHEIX yPaBHeHWM He HY)KHO (WIM B KpallHeM clydae HYKHBI
caMmue npocriie). IIpoGiaeMa Toabko B TOM, 9TO0H LEPEIPHIIHYTH
9epes 0/[HO NPeNATCTBHE: YCBOUTD, 9TO Mbl Gosiblue He UMeeM HIpaBa
demaavho omucHBATh IIOBefleHHe dacrmi, B mnpocrpascrse. M Bor
5THM-TO MHl U cofupaeMcsi 3aHATHCA: PaccKaszarTb BaM O TOM, HTO
00BI49H0 Ha3HBAIOT «BHICIIUMYY PasienaMu KBanToBoil Mexaunku. Ho
VBepAKN Bac, 9TO cAMBIE YTO HU HA eCTh UPOCTHE (B IMOIHOM CMHCIE
3TOTO CIOBa), HO B TO jKe BpeMs caMele dyHIaMeHTAIbHEE ee JaCTH.
Yectso ToBoOpsi, 370 Tefarorwdeckuil SKCUEPUMEHT, U, HACKOJBKO
HaM M3BECTHO, OH HUKOTJA paHbioe He CTaBuICAH.

Koneuno, 3meck ecTh ¢BOA TPYAHOCTH: KBAHTOROMEXAHUIECKOE
noBejiefine Belilell upesesdaiiHo crpaHno. Hurrto He Momcer moJia-
ratbed Ha TO, 9TO €U0 €KeAHEeBHHIN ODHT [ACT eMy MHTYUTUBHOE,
rpy6oe mHpefcrapleHHe O TOM, YTo AOKHO npomsoftrm. Tak wro
9TOT IPEAMET MOMKHO HPEJICTABUTH ABOSKUM 06pasoM: MO;KHO IGO0
RBOBONBHO rpyGo ommcarb, UTO HIPOMCXOANT -- coolmarhk Goree
UMM MeHee HOAPOGHO, dYro cAyYdTcs, HO He (OPMYJTHPOBATE
TOYHHX 3aKOHOB, 160 jKe MOMKHO IIPUBOAUTL M TOUHbIE 3AKOHH B
ux aGerpaxtaoMm Bufe. Ho Torga sta aGerpakuus mpuBemeT ¥ ToMY,
9T0 BH He Oyjere 3HaTh, K 4eMy (QUBMYECKH OHA OTHOCUTCA. ITOT
crtoco6 He TOAWTCA, MOTOMY YTO OH COBEDIIEHHO OTBJIEUYEHHHIN, a
oT mepBoro crocoba GyHer ocTaBaThesAd HelPUATHBIN 0CaLOK, IOTOMY
910 HUKOTJA He 6ygeT TOYHO M3BECTHO, UTO BepHO, a urd Her. U mul
He 3HAeM, KaK 3Ty TPYAHOCTh oGoiiru. C sroll mpobiaeMoll MH yixe
crankusaiauch paubme [ra. 37 u 38 (eun. 3)]. B ra. 37 usnoxenne
OTHOCHTEJBHO CTPOToe, a B IVI. 38 maHo aumb rpyGoe onmcaHue pas-
AHUHLX ABieHmit. Temeps MH HomstTaeMcA HafTH 300TYKH cepe-
IOMHY. ‘

Ms1 HayHeM 3Ty TiIaBy ¢ HEKOTOPHIX o6IMNX KBAHTOBOMEXaHNYEC-
KUX mpefcraBleHuil. Hoe-Kakue w3 sTuX yrBepmpeHuil 6ymyT co-
BEPIIEHHO TOYHRIMI, WHHE e TOYHH Jumb actuano. llpu uanosxe-
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D we 1.1 Humepfepenyuonnoii onvm ¢ 94k ponamt.

HuM HaM OyIer TpyiHo 01MeYaTh, KOTOPHE I3 HUX KaKKe, HO K TOMY
BPEMeHM, KOT[a BHl JOYNTAETE KHHMKY 10 KOHUA, Bbl Yyi/ke caMmu
Oygere mOHMMATh, OTMAAMBAACh HA3aj, KaKWe 4acThu ycTosAdHu, a
KaKHe OKasalich TOJbKO TpyOnM o0bscHenneM. [aapel, KoTopbie
IOocAeAyIOT 3a droil, He Gynyr cToib HerounmMu. OgHa W3 UpUInH,
IOYEMY Mbl TBITAEMCH B LOCHeAyIOMMX IdaBax OBHTh KaKk MOMKHO
6ojiee TOUHBIMH, COCTONT B TOM, YTO TAKUM OOPA3OM ML CMOKEM
OPOeMOHCTPUPOBATH OJHO W3 CAMBiX IIPEKPACHHX CBOHCTB KBaH-
TOBOIT MEXaHMKH — KaK MHOTO B Heil ygaeTcsa BeIBeCTH M3 CTOAD
Malloro.

Mu onATh HaUMHAEM ¢ BBIZCHEHUS CBOWCTE CYTEPHOO3UIIMM,
HalOReHHA, amnaumyd seposmuocmeri. J1as npumepa MBI coluyieM-
¢A Ha OWBIT, omucaHHwll B rii. 37 (BeO. 3) M eme pa3 IOKasanHBIA
speck Ha ¢ur. 1.1, VMeercs uCTOIHMEK TacTun §, CKAsKeM 3JeKTPOHOB;
Jallpilie CTOUT ¢TeHKA, B KOTOPOH MMEITCH [IBe LIely; 33 CTeHKOH
MOMEIIEH JeTEeKTOP; OH HAXORWTCA Iie-to B Touke x. Mm chpamu-
BAEM: KAKOB& BepOSTHOCTb TOTO, YTO B TOYKe & 6yfier oOGHApy:;KeHa
yacruna? Ham nepewti ofwuil npuwnyln KBaHTOBOH MeXaHUEN
BARIIYALTCH B TOM, UTO 8epOATNHOCM b TOT'O, YTO YACTHUIA JOCTHTHET
TOUKM x, BHIAA M3 HCTOUHUKA §, MOkeT OHTH UMCIEHHO HpefcTaBie-
Ha KBajpaToM MOJYJsA KOMILUIEKCHOI0 YIHCJa, HAZHBAEMOTO AMAAU-
myooti eepoamnocmy, B HameM ciydae — AMIVIUTYOI TOTO, HTO
yacTnua M3 § nomager B o»*. K stuM aMmaurymaM Mu 6ymeM npube-
rarb TakK dYacro, 4ro ympo6Ho OyHerT HCIOIB30BATH COKpAlleHHOe
o6osnavenue, nzobperenHoe [lupakoM 1 moBceMecTHO HpUMeHAEMOe
B KBAHTOBoH MexaHmke, 9To6w oToGpasxarh 570 moHsaTHe. M 3ann-

* Tlo-pyccriu, HaBepHO, NIpaBHIbHEe TOBODUTE aMnaumyda eepoamnocmu,
HO KopodYe TOBOPHTH NPOCTO amniumyda W NPUMHEPHUTBCS ¢ BHpasKeHHeM
TANA «amnaumyda moze, wmo d4eKmpon nazodumes 6 mouke x».— Ipun. ped.
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IIfeM aMINIUTYAYy BEepPOATHOCTH TaKR:
{Yacrrra momapaer B Z | Yacruma wmoxumgaer S). (1.1)

WnpiMua ciaosaMu, 7Be ckoGEm { ) — 9T0 3HAK, DKBUBAJEHTHHIH
CJI0BAM «aMILTUTYHA (BePOATHOCTH) TOTO, UTOY; BRIDAKEHUE cnpasa
OT BEePTUKAIbHOH YepPTOUKH BCerja 3aJaer HAuALbHOE YCIOBHE, a
TO, UTO CA€6Q,— KoHewHoe ycaopwe. A mHorga OyHer ymoGHO emie
cUIbHEe COKPAllaTh, OMMCHIBASA HAYaJbHLE M KOHEYHHE YCJIOBUA
omnoit Gyksofi. Hanpumep, ammmuryxny (1.1) momuo mpu ciyyae
3amucaTh M TaK:

<z |s>. (1.2)

Hajo mopdepKHYTh, 40 HogofHasg aMIVIATYXa — 5TO, KOHEUHO,
BCEr0-HABCEI0 UMCIC — KOMMAEKCHOE YUCIO.

B ri. 37 (Bum. 3) MH yyRe BHAENH, 9T0, KOTHA YaCTUUA MOKeT
AGCTAYD NETeKTOpa ABYMA LYTAMU, UTOTOBAS BEPOATHOCTH He ecTh
CcyMMa [IBYX BeposTHocTeil, a fosxHa OHTDH 3alucaHa B BuJe KBaj-
pata MOLYJs CyMMH AByX ammawuryny. Met obHapy:xmnm, uro Be-
pOSITHOCTH TOTO, YTO BJAEKTPOH MOCTUIHET feTeKTopa npu o6emx
OTEPHTHX aMm0pasypax, ecTb

Pio=]oy+ a2 ) (1.3)

Temeps MBI 5TOT peaynbrar coOMpaeMcsA 3amucaTh B HAMWAX HOBEX
o6osnauennsax. Crauasna cdopmynupyeMm Ham 6mopol obwull
npuxyun KBaHTOBOM Mexamuku. Horga uacTuna Mo)ker HOCTHIB'
M@HHOTO COCTOSHYA ABYMsA BO3MORHHIMY IIyTAMH, IONHAA aMIJUTY~
la Ipomecca ecTb cymma amnaumyd [IA STUX ABYX myrtei, pac-
CMATPHBAaEMLIX MOPO3HB. B HAmuX HOBMX 0603HAaYeHMAX MH Ha-
OHITeM

{z | 8> obe mean orspurer = <& I $> gepes 1 +<z | $> yepes 2- (14)

IIpu sroM Mu mpepmosiaraeM, uro mieau 1 1 2 focTaTodsno Malh, Tak
9T0, KOIJA MW TOBOPHM, YTO 3JIEKTPOH IIPOMmEN] CKBO3b Iedb, He
BCTaeT BOLPOC, ¥epe3 KaKyl JacTh Iedu oH npomeda. Komeunmo,
MOJKHO Pa30uTh KAyKAYIO Melb Ha YIACTKY ¢ KOHeYHOW aMINIUTY oM
TOTO. UT0 3JEKTPOH IPONIEN Yepe3 RepX INeJIH WY Yepes HU3 u T. ;.
Mu ponyctuM, 4TO Ielb JOCTATOYHO Mala, TAK 9T0 HAM He HaJO
xyMaTs 06 aTofl merasu. JTO OfHA W3 TeX HETOUHOCTeH, 0 KOTOPHX
MEl TOBODHAW; CYTH flela MOKHO yTOYHWUTH, HO MH IIOKAaMeCT He
OymeM »TOro fenaTh.

Terieps M xoTUM mompoGHee pacuMcaTth, YTO MOMKHO CKAa3aTh
06 aMITUTYyIe Ipouecca, B KOTOPOM BIeKTPOH JOCTUTAET IeTeKTopa
B TOYKe Z deped mexdb 1. 910 MoKHO crenarb, IPUMEHUB mpemuii
obwuti npunyun. Horga wacruma uieT KaKUM-TO OIIPEIedEHHLIM
JAHHBIM TIyTeM, TO AMIVIUTYAA JJIs 3TOTO MYTH MoKeT GHTH 3amucana
8 6ude npoussederus amniumyods Toro, uro Gyner mpoiifiena 9acThb
nyTH, Ha amnaumydy TOTO, YTO M OCTATOK Hyrhm Oymer mpoiiges.
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Jlas yceramosxw, mokasampodl wa ¢ur. 1.1, ammiuryna mepexona
OT $ K & CKBO3b Iests 1 paBHa aMmauTyje Hepexona or s k 1, ymMHO-
/KeHHOH Ha aMIUIUTYRY. mepexojga or 1 K x:

<xls>qepeaiz<111><113>- (15)

OnsTb-Taku, 9T0 yTBeD;KHeHue He coBceM Touno. Hyskmo no6aBuTh
ellle OJMH MHOMKHUTEIb — AMILIUTYAY TOTLO, 9T0 BJIEKTPOH mpoiifer
meab B Touke 1; HO mOKa 3TO y HAC HPOCTO MEdb, M MBL LIOJOFKUM
YIOOMAHYTHN MHOKUTENb PABHREIM eIVHUIE.

3amerpre, uro ypasaenme (1.D) KaykeTcs HAIMCAHHLIM 3afi0M
nanepen. Ero Hajgo umrarh clipapa HAJeBO: 3JEKTPOH IEePeXOLUT
or s ¥ 1 m satem or 1 ¥ z. B urore ecau coberrusa upoucXopsar Apyr
3a APYroM, T. €. ecdu BH CHOCOOHH HPOAaHAJTUBWPOBATH OJMH
U3 LyTedl 9acTHUiE, rOBOPA, 9TO OHA CUEepBa Aelaer TO-T0, 3aTeM
TO-T0, IIOTOM TO-TO, TO UTOTOBAaf AMIIUTYJA NJA 9TOT0 HYTH BHI~
GUCAAETCA THOCHEe[0BATENBHKM YMHOMEHHEM HA AMIUTUTYRY Kai-
Joro mochexyomero cobmrtua. [lonbaysack sTuM 3aKOHOM, MBI MO-
yeM ypasHedne (1.4) mepemucarth TakK:

{z ’ 82 oge memt orspara = <& J 1><1 ’ <z J 2><2 J $>.

A Temepb MHL HOK@yKeM, YT0, HCIOIB3YA OJHHU TOJIBKO 3TH NPUH-
DMIH, YKe MOJKHO pemarh u Gojee TPyAHHE 3afadu, namopoOue
noxasaHHo# Ha ¢ur. 1.2. Tyt nao6paskeHH IBE CTEHKHU: OGHA C BYMS
mensmMu 1 u 2, gpyrasg ¢ TpeMs — a, b ¥ ¢. 3a Bropo#f CTEHKOI1
B TOYKE & CTOUT [JETeKTOp, ¥ MH XOTWM Y3HATH aMIUIATYHY TOrO,
910 wacTupa gocTnrHer x. OauH cnocod pemeHus COCTOMT B pacdere
CyNepIo3nTuy, Win uarepdepeHuuy, .BoJH, MPOXOAANUX CKBO3b
O[en; HO MOKHO CeJlaTh W ¥WHade, CKas3aB, d9T0 NMEETCA INecTh
BO3MORHBIX IyTell, 1 HaKIageIBasg APYT Ha Apyra X aMILIUTYXH.
OJeRTPOH MOKeT IpoiiTm 4Yepes medb 1, sateM uepes miedb 4 u
DOTOM B Z, WIH K€ OH MOT O poHTH CKBO3h Medb 1, 3aTeM CKBO3b

: 2
a
S //{' /i’\ 3 /// z
/éﬁ//// \\\\\b //
€< T [
N - ¢
“a 12 d /
cf] s
|1
% ¢ %

D ue. 1.2. HumepPepenyuounnil onsm nocioxchee.
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menab & ¥ 3aTeM B £ U 1. A. COryiacHO HalieMy BTOPOMY IpPHHITHLY,
aMIJIHTYABl B3AHMOKC#JI09A0NINX OyTell CKAANHBAITCA, TaK 49TO
MHL TOJKHEL 3aIUCATH aMIUIATYAY HepeXofia oTf S K & B BHJE CyMMH
OiecTd OTHeNbHHX aMmuuTyx. C Jpyrofl ¢cTOPOHH, COTIACHO TpeThe-
My DPMHNMIY, KKAYIO U3 HAX MOKHO 3anncarb B Bujie Ipon3Befie-
gusa Tpex ammiuryx. Haopumep, ofHa M3 HAX — 3T0 aMOAUTY[A
nepexosa or § K 1, yMHOKeHHas Ha aMIIIATyAy mepexofa or 1 K a
¥ HAa aMIUINTYAy HepeXoJa oT a K x. Vlcmoabsyd Haite coXpanieBaoe
o6osHavenne, DONHYIO aMILIUTYAY IEpPeXofa OT § K & MOJKHO 3anu-
caTh B BiHje

<z|sd>=<x|ay<a| 1y <A |s>4+<zfby b1 s>+ ..
C<xfex<ef2> 2l s>

Mo:xH0 COKOHOMUTD MeCTO, MCHOJAb30BaB 3HAK CyMMbL:

(x| 8> = Z xlay <afi><ifsy. (1.6)
i=1, 2

a=a, b, ¢
Yro0sl, MONB3YACH DTHM METOMOM, HPOBOAUTH KAKHE-TO Bhi-
YHCIeHUS, HAN0, CTECTBEHHO, 3HATHh AMILTUTYAY mepeXofa W3 ofi-
HOTO MecTa B jApyroe. fl npuBegy mpuMmMep TUNHIHON aMIIUTY[IHL.
B mell He yureHbl HEKOTOPHIE leTalli, TAKHE, KaK TMOJIAPH3ATUA CBe-
Ta WY CIMH BIERTPOHa, a B 0CTAIBHOM oHa abcommorHo ToyHA. C ee
MOMOINbIO BHL CMOMKETEe pelnaTh 3aJa9m, Kyfa BXOOAT PasindHbie
coderanua meneil. [lpegmonoskum, 9T0 4YacTula ¢ ONpeNedeRHOR
oHeprneidl mepeXofiuT B HyCTOM HPOCTPAHCTBE M3 IIOJOMKEHHA T,
B IOJOyKeHHE I,. MHEIMU cioBaM¥u, 970 cBoGopHas qacmma Ha Hee
He JelCTBYIOT HUKAKMe CUJIH. OT6pabLIBaH qUCIeHAI MHOMUTEN B
BHepeqd, aMIUIHTYLY LepexXofa oT I; K Iy MO/KHO BaIlycaTh Tak:

e r./k

<ro{r1>——“‘ L (17)

ria

Tfe Fyp == Ty — Iy, & P -— HMIYJILC YACTULE, CBABAHHMA ¢ ee
pepruel E pengTvBUCTCKYM YpPABHEHMEM

piet = E?— (myc?)?
MM HePeJATHBUCTCKAM ypaBHeHHeM

p?

-— == KHHeTuYecKan DHePruA.
2m

Ypasuerne (1.7) B wrore yrBepsxaaer, 9T0 y YaCTHII €CTHh BOJHO-
BeIE CBOicTBA, Wro aMIUIATY[a paclpocrpassercs KaK BOJHA
C BOJHOBHIM YNCTOM, PABHEIM HMIYJIbCy, NeJeHHOMY Ha fi.

B ofmem ciyuae B aMOIUTYAY M B COOTBETCTBYIOOLYIO BEPOSAT-
HOCThL BXOAUT TaKke u BpeMs. B 6oibmmHCTBe HammMX nepsoHa-
QaJBHHX paccy:KmeHuit Oymer IpeAnoaaraTbes, 9YT0 UCTOYIHUK
WCHYCKAeT YacTHI(I ¢ FaHHOH sHepriell OecnpepsHBHO, TAK 9TO O
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BpeMeHu He Hy:xHo Oyger aymarte. Ho, BooOGme-To roBops, Mbi
BIpaBe BZauMHTEPECOBATHCA ¥ JAPYyrdMuM Bompocamu. J[lomycruwm,
YTO 4ACTHIA UCIYILEHA B HEKOTOPOM Mecre P B HeKOTODHII MOMEHT
¥ BH XOTHTE 3HATH AMILIUTYXY TOTO, 9TO OHA OKA;KETCA B KAKOM~TO
MecTe, cKaj;keM I, & Goljiee O3JHEe BPEeMA. OTO CHMBOJANMYECKH MOJK-
HO TpeficTasnTh B Buje ammiamrynn {r, ! =t | P, t = 0)>. U sc-
HO, YTO OHA 3aBUCUT u oT r, u or t. [loMemas merekTop B pa3HEie
MeCTa M Jlefiasg uaMepPeHUd B pasHEle MOMEHTH BpeMeHH, BEL IIOJLY 9UTE
pasume pesynsraTh. 9ra QyEKUHUA r U f, BooOIe TOBOPH, yJOBIe-
TBOpseT fuddepeHnaTbEOMY Y PaBHEHHIIO, KOTOPOe ABIAETCA BOJHO-
BoIM ypaBuenneM. CKaskeM, B HeDeJIATHBHCTCKOM clydae 5TO ypaBHe-
uue Illpepunrepa. [TonyuaeTcsa BOJTHOBO® ypaBHeHHE, aHAJNOTUYHOE
YPaBHEHUIO [JA 3JIeKTPOMACHUTHHIX BOJH HJIYM 3BYKOBHX BOJH B
raze. OmHAKO HAJIO0 HOJYEPKRYTH, 9TO BOJHOBAA QyHKIUS, yI0BIET-
BOPSAONas YPaBHEHUIO, He MOX0/KA HA PeasibHYI0 BOJHY B IPOCTPaH-
CTBE; ¢ 9TOH BOJNHOI HeJIb3s CBA3ATH HUKAKOHM peaJbHOCTH, KaK
5TO HelaeTcst co 3BYKOBOH BOMHOH.

XoTd, nMes fiedo ¢ OXHOH wacTuileil, MOKHO HAYATh MHITATHLCH
MBICIHUTh HA S3HKe (ROPIYCKYJIADHBIX BOJH», HO HWYETO B BTOM
XOpoUiero HeT, HOTOMY 4TO €CJM, CKAyKEM, YACTHI, He OfHA a jBe,
TO aMIuTyna o0Hapy:RUTH ONHY U3 HEX B Ty, a APYTYIO B T, He ecTh
ofpiaHas BOJHA B TPEXMEPHOM MPOCTPAHCTBE, & BABUCUT OT WLECHLU
NpPOCTpPaHCTBEHHBIX NepeMeHHNX F, u r,. Horjga wacrun nee (waum
60JIbile), Bo3HUKaeT MOTPebHOCTD B clemyionieM K06aBOYHOM II pUH-
nune. Heau paBe uwacTuiysl He B3auMOAEHCTBYIOT, TO AMINIUTY[A
TOI'0, YT0 OJHA YACTHIlA COBEPIIUT YTO-TO OJHO, a APYras cjeiaer
9T0-TO [pyroe, ecTb IpousBefileHHe NBYX AMIIIUTYR — aMIUIUTY[
TOTO, YTO ABE YaCTHUIBI Mpojedadn Ou 3T0 mo otAenbroctTy. Hampu-
Mep, ecau {a|S;) ecTh aMINIUTy/la TOro, 9yro dacruna 1 mepeiiger
us s; B a, a <b|s,> — aMmaurysa roro, 9ro wacTuna 2 nepeiimer
M3 S, B b, TO aMuauTyga Toro, 9to ofa sty coORTHA OPOMBOIIYT
BMecTe, ecTh

a|s><b|sy>.

U eme opny Bemp Hago moguepkHyTh. Ilpeamono:xuM, HaM me-
W3BECTHO, OTKYAa HOSABAATCS dacTuipl Ha ¢ur. 1.2, npemne yem
oHu npofigyr wepes uean 1 u 2 B meppoil crenxe. HecMorpsa na ato,
MH BC€ PABHO MOKEM NPEICKAa3aTh, 9TO HPOU30MJIET 33 CTEHKOM
(crakeM, BHIYMCIWTH AMIINTYAY WOHACTH B &), eCId TOIBKO HAM
HaHH JBa 9ucial AMIUIHTYAA momamaHud B 1 ¥ aMmiuryja nomaja-
Bus B 2. lHuiMu cnoBaMu, #U3-3a TOro, 9T0 aMIUIMTY/IW HOCIAENOBA-
TeJbHHX COOLITH Il PeMHOKAIOTCSA, KaK 9T0 MOKA3aHO B ypaBHeHUn
(1.6), Bce, 94TO BaM HY;KHO 3HATH IS HPOJOKEHHsA AHAJIM3A,—
8TO ABA YKCIa, B AaHHOM 4YacTHOM caydae {1 [s) u {2]|s). drux
JBYX KOMINIEKCHBIX HHCEN [JOCTATOYHO MIAA TOro, 9ToGH mpefcka-
3aTh Bce Oygymee. ITO-To U JeAaeT KBAHTOBYIO MEXaHHKY TPOCTOM.
B cuepyomux riaBax BHACHMTCA, YTO MMEHHO 9TO MH W feliaeM,
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KOTZ[ia OTMevaeM Hada/IbHbEe YCJIOBAA OpPH HOMOHIUM ABYX (Uan
HEeCKOJBbKHX) guced. HoHeuHo, 9T Yucaa 3aBUCAT OT TOTO, I Pac-
HOJI0EeH MCTOYHHK M KaKOBHL /IpyTue cBolicrsa mpubopa, HO, Kak
TOJABKO 3TH YUCIA JAHH, BCe HOXOOHLE Heradd HaM Oojbme He
HYKHEL.

§ 2. Kapmuna unmepgepenyuu
om deyx weaeii

PaccMorpum enie paz BoIpoc, KOTOPHIH MBI JOROJBHO HOLPOOHO
ob6cynunu pampime, B I. 37 (sein. 3). Cefivac Mu HcHoibayeM uiaeio
o6 aMmauTyge BO BCEM ee Mou#, 9ro0K IOKAa3arbh BaM, KAk oHA
pa6oraer. BepreMcst K cTapoMy onmlTy, usobpaskeBEnoMy Ha gur. 1.1,
n06aBUB K HeMy eHie MCTOYHHK CBETa M IOMECTHB erc 3a IelAMI
(cp. pur. 37.4 1. 37). B ra. 37 Met o6HADYRUIN CHEAYIOWHUT TpuMe-
gatenbHuil pesysibrar. Eciu Mel 3araapmsanm sa oedb 1 u save-
gaau GoToHbI, paccemBaBulmecs Iie-T0 3a Hell, To pacupepelienne
BEPOATHOCTH TOrQ, YTO 3JIEKTPOH IONATAN B X MPHU OTHOBPEMEHHOM
HaGmopetnyu >TuX GoroHOB, OLJI0 B TOYHOCTH TaKoe ;Ke, KaK ecllH
Onr mendb 2 6puta sarkpeiTa. CyMMapHoe pacmpeelieHune s JICKT-
PoHOB, KOTOpEIe ObMM «3aMederb» aubo y menn 1, tubo y wenun 2,
ObLIO CYMMOH OTHERBHRX pacnpefiefeHuil u Obli0 COBCEM HE HOXORE
HA paclpejelieHHe, KOTOpOe MOJNy4aJoch, KOIJa cBer OwBail BH-
gaoyen. o kpafinell mepe Tak OmBano, KOTAA MCHOIb3OBAJCH
cBeT ¢ MaJjgoii yaunodl BoxH. Horma pgiavBa BOJHH HauygHAJIa PacTy
¥ y HAC ¥cdYesasa YBePEHHOCTh B TOM, ¥ Kakoil m3 miesell mpowuso-
OI0 PpacceAHWe CBeTra, pacHpefelieHNe CTAHOBHJIOCh NOXOKUM
Ha T0, KOTOpPOoe OHBAJO IPY BHKJIIOYEHHOM CBETe.

ITocMoTpuM Temepb, 9T0 3[ech HPOMCXOUT, MCMOAB3YA HAINU
HOBRIe 0603HAYEHUA M INPUHDUIN KOMUOBUIMHM aMunuTyfn. JroGw
YOPOCTUTH BalMCh, MOYKHO depe3 ¢; ouATh 0003HAUMUTH AMIIUTYLY
TOTO, 9TO JEKTPOH MpuieT B x Hepes meadb 1, T. e.

=<z |1><1]s>.

CxomgnuM ke ofpasoM ¢, Gymer o6o3HAYaTh AMIUIMTYLY TOTO, 9TO0
BJEKTPOH JOCTHTHET [eTeKTOopa yepes Liedb 2:

@, =<z [2><2]s>.

970 — aMILINTYAH HPOHMKHOBEHUSA BIIERTPOHA YePes Nied b U HOsIBIe-
HHUA B Z, KOTAA CBeTa HeT. A ecild ¢cBeT BKJIOYEH, MBl mOCTaBuM cebe
BOMPOC: KAKOBA aMILTUTY/A IPOIEcca, B KOTOPOM BHAYaJe BIEeKTPOH
BHIXOJNT 3 $, & POTOH MCHyCKaeTCss HCTOYHUKOM cBeta L, a B KoHIE
3JIeKTPOH OKasmBaercss B x, a*Poron obHapy;ruBaerca y meau 1?
IIpepmomomum, 4uTo ME ¢ [OMOmBIO cuerauxa J[); HaGmiogaeM
doron v menu 1 ($pur. 1.3), a rTaxoi sxe cuerdur D, cauraer go-
TOHH, paccesgHHpie y mean 2. Torga MoHO TOBOPUTH 00 aMmam-
Tyme noaBieHus (oroHa B cuerdure D,;, a djEeKTpoHAa B Z ® 00
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D ue. 1.3. Onvn, 6 kumopos onpedeasencs, uepes
KOmopyio U3 Weael nporuk JAeRmpan.

aMIturyfie moasienusa doroHa B cyerumke [),, a 3JeKTpoHA B Z.
IlonpoGyeM ux mojpcuurars.

XoTh MH M He pacmojaraeM IPaBWIBHOII MareMaTHYecKoH
dopMyaoil miA BeexX MHOKMTeNeH, BXOMAIMIMX B 3TOT pacier, HO
AyX pacdera BH IOYYBCTByeTe W3 CJHENYIONMX paccysxieHuit. Bo-
mepBHX, HMeercA ammantyaa {1 |s) Toro, Uro 3JeKTPOH HOXOXAT
OT UCTOUYHUKA K mead 1. 3areM MOKHO HPeNION0oKUTh, 9TO HMEeeTcH
KOHeYHAasT aMOAMTyda TOrO, 49TO, KOIZla SJIEeKTPOH Haxogurcd Yy
meau 1, om paccemsaer $oroH B cueruuk D;. OBoanagum ary am-
OAWTYy 4Yepes a. 3areM mmeerca ammaurypga (x| 1) Toro, yro
BIEKTPOH HepeXoguT OT menu 1 K 2JIeKTPOHHOMY CYeTUMKY B Z.
AMunuTysa Toro, uTO BIEKTPOH mepeiifeT orT s K z depes measb 1
u pacceer ¢goToH B cderauk D,, Torjila paBHa

z|1>all]s>.

Wnu B Hamux ppemuux 0603HAYEHUAX 9TO IPOCTO A,.

Nmeercs rtare HeKoTopas aMIIuTyAa TOTO, 9TO 3JIEKTPOH,
IpPOXOJifA CKBO3b Ieab 2, pacceer poroH B cueruuk Dy. Bu ckazkere:
«JTO HEBOBMOKHO; KAK OH MOKeT paceeATbed B cueTyuk [y, ecau
TOT ¢MOTpuT mpsAMo B mens 1?» Ecaum pauHa BOJHBL J0CTATOYHO
BeJIMKa, NOABAANTCA Audpparumonsse 9pPerTr, M BT0 CTAHOBUTCA
BoaMos;xHEEIM. HoHeuno, ecin npuGop Gymer coGpaH XOpOmoO U eciu
MCHONB3YIOTCH NUImb QOTOHH € KOPOTKOM JTMHOM BOJHEL, TO aM-
nauTyAa Toro, 4ro $OTOH pacceercda B cueTyMK [, OT 3neKTpoHA B
meax 2, crager o4eHs ManenbKkoil. Ho mius obmuocTy paccymaenus
MBI y9TeM TOT (aKT, 9TO TaKasg aMIOAUTyAa Bcerfia uMeercsa, u 06o-
3HaquM ee yepes b. Torma aMoauTyAa TOro, 9ro 9IeKTPOH TPOXOLHT
depes mens 2 u paccensaeT GoToH B cgerauk Dy, ectdb

<z|2>b<2|s>=be,.
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Ammnuryna oGRapYeHUs BIeKTPoHA B x 1 poToHa B cuerdnre D1
ecTh CyMMa [BYX CJAraeMuX, 00 OJJHOMY &IA KayKEOTO MBICIH-
MOTO0 IIyTH 3JeKTpoHa. HaKIoe W3 HAX B CBOI0 0UepeAb COCTABIEHO
U3 JBYX MHOxUTelded: @mepBOTo, BEPayKAIOMEro, 4TO JJNeKTPOH
OpomIesl CKBO3b MHIeldb, U BTOPOTO — 4T0 (OTOH paCCeAH TAKUM
BJIEKTPOHOM B cueTunk D; MH uMeeM

SaeRTpoH B ¥ | DrexTpor w3 §
== ap, +~ bg,. .8
<<1"0T0H B CcueTYnKe D1 [ ®oron ua3 L \ Py P2 (1 )

Anamornymoe BEPaMkeHNe MOMKHO HOAYYUTH M A cayyas, KOD~
oa doron Oyger oOHapy:eH HpyruMm cuerduxoM [),. Ecanm pomyc-
THTh [ TIPOCTOTH, 9TO CHCTEMa CHMMETPHYHA, To @ GyfeT TaK:ke
aMwanTygoi momapaHus ¢oroEa B cderywk D,, Korma sJesTpof
IpockarvBaer gepes Iienb 2, a b — aMnaurynofi momnajaEuA ¢o-
TOHA B cYeTTHK /)y, KOTHA aeKTpoH npoxomur depes measb 1. Coor-
BOTCTBYIOIMAA MOJNHAS aMIUINTY/a -— aMIUIUTYa TOTo, 4To ($OTOH
orazkeTes B cueruuke J,, a 3JIeKTPOH B x,— PaBHA

) .
(ol e Dy doeon wa L) =B b0x (1)
Bor u Bce. Tenmeps Myt IeTKO MOKeM DAcCUUTATD BePOATHOCTH
TeX WA MHLX ciyyaes. Craskem, M jKejaeM 3HaTh, ¢ Kakoil me-
POeATHOCTRY OyAYT Mody9aThesi OTCYETH B cuerinke D, mpu nounaga-
HII 3NeKTpoHA B Z. ITo GymeT ¥BaspaT MOgyJd aMOMRTYIH, faBae-
moit popmyaoit (1.8), T. e. mompocry | ag, + bg, |2 Iloraapmm
Ha 0TO BepameHme BanMmatedbHee. IIpeie Bcero, eciu b ==

& v Z

a 8

D u e 1.4. Bepoamnocms omcuema I1eEmMpona 6
Z npu ycaosuu, wmo ¢ D, aameven omon ¢ ontime,
noxasannom na @gue. 1.3.

a — npu b=¢; 6 — npu b=a; ¢ — npu I<<b<<a.
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(MB1 XorTenu Omi, uroln Ham npuGop paGoTan MMEeHHO Tak), OTBeT
mpocTo paBeH | @y |> ¢ MHokuteneM | a |®. 1o Kak pas To pac-
OpefielleHNe BEePOATHOCTEH, KOTOPoe MOJydwiioch Ol IIPU HATUGUR
JUIIb OXHOM Ieaw, Kark HokasaHo Ha ¢ur. 1.4, a. C gpyroi cropo-
HB{, eCJU JJVHA BOJHHl BEJIMKA, PACCEAHUE 34 HIEJABW 2 B CHETUHR
D, MoKer cTaTh mOYTH TAKWM ke, Kak 3a menano 1. Xora B a u b
MOTYT BXONMTH Kakue-To $asit, BO3bMeM camsiii mpocroit caydait,
korga obe daswm opummaxosn. Ecav a mpaxkTWdecku cosmajgaer ¢
b, T0 moMHAsA BePOATHOCTb obpamaerca B | @, + @, |?, yMHOMEHHOE
#5a | a|? moromy uro ofmmil MHOKMTeNb 4 MO;kHO BeHecTH. Ho
TOT[A BHXOUT TO CAaMOE€ pPAacIpejesieHHe BEPOATHOCTEH, KOTODOO
nonyunaoch Gui, ecin 61 GoTroHOB BOBCe He Ovulo. CireqoBaTe]blC,
KOrja AJIMHA.BOJHH OYEHDb BeJImKa (U JeTeKTupoBarh GOTOHEL Jec-
[I0JIe3HO), BH BO3BpPAMlAaeTech K NEPBOHAYAJBHON KpumBoll pacnpe-
JeNeHus, Ha KOTOPOM BufHH wuHTepdepedruoHHne »HhERTH, Kak
nokasano Ha ¢ur. 1.4,6. Horha ke [eTeKTHPOBAHNE FACTHYHO BLE
e okasmpaerca >0PerTUBHEM, Bo3HUKaeT mHrepdepenuus Me;RIY
GOJBIINM KOIMYECTBOM @ K MAJBIM KOJTHIECTBOM (p B BH IOJyUAETE
OpPOMEKYTOUHOE pacHopefelleHde, TaKoe, KaKoe HaMeYeHO Ha
¢ur. 1.4,6. Camo co0oil pazyMeeTcs, eCiau HAC 3AUHTEPECYIOT OHC-
BpeMeHHEE OTcYeThI (POTOHOB B cyerunmKe [, M DIEKTPOHOB B X,
TO MH TOJIYYNM TOT 3Ke peayabrar. Eciu BEl BecmomHETE paccy:mje-
Husd Ta. 37 (Buu. 3), TO yBuAmTe, UTO 3THA Pe3yAbTATHL ONUCHBAIOT
KOJNYeCTBEHHO TO, IT0 OLII0 CKa3aHO TaM.

Ham xortenoch Gl MOAYEPKHEYTH 0YEHB BAKHOE 0GCTOHATENBCTRO
U mpefocrepedsb 0T 4acro momyckaemoii omubxu. [lyers mrac mrTe-
Pecyer ToABKO aMILIUTY Ia TOTO, 9T0 JIEKTPOR HOUATAET B L, UPHTEM
BaM 6eapaaaunno, B KaKoll caerunk nona’l doron — B D, uam e s,
" Jlommun am B ckaagsisath aMmuiauty e (1.8) u (1.9)? Her! Husoe-
da He ckaadvisatime amnaumyon pasuunz, omawynnx opye om dpyaa
kKoneunnx cocmosaruli. Kax 1T07bK0 ¢oTH OpUl BOCHPHHAT OJHGM
13 POTOHHEIX CUETYMKOB, MH BCETHA, €CIAH HAl0, MO;KEM Y3HATh,
He BOSMyIHasg Ooublue CHUCTEMBI, KaKasd H3 aJbTepHATUB (B3amMO-
HCRIYamnX coOuTuil) peanusoBaiach. ¥ KaKIoH adbTepHa-
THBEl €CTh CBOS BEePOATHOCTh, NOJHGCTBI HezaBUCHMAs OT ApPyToil.
IloBropsiem, He ckiaApiBaiiTe AMIIUTY[ OIS PABTUIHBIX KOHEUHBEL
ycuoBuil (mox «KOHEYHBIM» MH IIOHHMAeM TOT MOMEHT, KOTJa Hac
UHTePEeCyeT 6epoAmHocMmb, T. €. KOTAA OHBIT (3aKOHYEH»). 3aTo
HY/KHO CRJIQ[LIBATh AMIVIHTYAB [J7AA PABIHYHHLIX HEPAAUNUMBLE
aJIbTePHATHB B Xofle CAMOTO OMKTA, MPEKIe 9eM IeIuKOoM 3aKOH-
guTca Hpoyecc. B KoHue mpomecca BRI MOyKeTe, e€CIu XOTHTe, CKa-
3aTh, UTO BH «HE kejaere cMOTperh Ha ¢orofiy. JTo Banle TWIHOA
Heso, HO BCe j;Ke AMILUIMNTYAB CHJIafpBaTh Heabsd. llpupoma He
3Haer, Ha 9T0 B CMOTpUTe, HA YTO HET, OHAa Bexer cebd Tak, Kak
el mosokeHo, # eli Ge3pasnuvHO, VHTEpECYOT JM BAC ee JAaHHEE
nau Her. Tar 9To MH He MOJKHEL CKIaJBIBATH AMOAATYAH. Mbi
cIepBa BO3BOMMM B KBAJpaT MOJYJAW aMIJIHTYJA A BCeX BO3MOK-

2% : 19



HHX PAsHHIX KOHOYHHX COCTOAHHH, a 3aTeM Yy CKIagoiBaeM. IIpa-
BUJBHHI pe3yabTaT AJd DJIEKTPOHA B X U $oTOHA TO A4 B D, TO AN
B D, Taxos:

2

+

JIEKTPOH €3 s>
®otor u3 L

I<3nempon B8 & | JNeKTPOH W3 S>
®oror 8 Dy |®oron w3 L
JAEKTPOH B T
+l <(DOTOH s D,

=|ag, +b@,|*+|ap, + b, |2 (1.10)

2

§ 3. Pacceanue Ha xpucmaiie

Cnenyromuii npuMep — 3TO ABJIeHHEe, B KOTOPOM uHTepdepeH-
[0 AMILTHTY] BePOATHOCTH CJefyeT HPOaHaIu3HPOBATH TI{ATEN b-
Hee. Peub ujer o mpolecce paccesHus HeHTPOHOB Ha Kpucrallie.
ITycrs mmeerca KpueTali, B KOTOPOM MHOTO aTOMOB, a B I[@HTpe
KakAOT0 aroMa — SApo; AfpPAa PACIIONOMEHH] TepPUONUYecKu, Wu
OTKY/a-T0 M3falieKa Ha HUX HajeraeT IydYoK HelirpoHos. Pazunud-
HEI® ANpPA B KPHCTANIE MOMHO HPOHYMEpOBATH HHIEGKCOM i, THe
i mpoGeraer pearie snavenus 1, 2,3, ... , N, a N pasusercs oGueMy
4pCay aTOMOB. 3ajiada COCTOMT B TOM, 9TOGH MOACYMTATH BEPOAT-
HOCTB TOTO, 9TG HEHTPOH OKAKEeTCH B CYOTYMKe, M300paKeHHOM
Ha O¢ur. 1.5. Jlaa KaKEOro OTHENBHOTO aTOMa i aMIUIATY/a TOTO,
9T0 HeHTPOH JOCTHTHET cuerumka C, paBHA aMILIATyOe TOTO, 9TO
HeHATPOH U3 meToYHMKA S momaneT B AXPO i, YMHOKEHHOA Ha aMILIH-
TYAY @ PAcCCeAHUA B 3TOM MecTe U YMHOMKOHHOM HA aMIUIHTYIy TOTO,
qr0 OH H3 { mouamer B cueruux C. [laBailte 3anmuieM aTo:

(Heiirpor B C | Heitirpor m3 S> qepes 1= <C |i> a<i|S>. (1.11)

HanucaB 510, ME DPEANOIOMKAIN, 9YTO aMIVINTYa paccesHUA @ —
OffHA W TA e JJs BCeX aTOMOB. 3[eCh y HAC eCTh MHOMKECTBO, WO-
BUAUMOMY, HepasAuuyuMuX oyredi. OHH Hepas3dMYHAMEL OTTOTO, UTO
HeliTpoH ¢ HeGoNbINON dHEpTHell pacceuBaeTcs Ha Afpe, He BuIGUBaAA

Hemoynux
HeLHTIpoHOo8
4 Kpuemann
L Is
Cyemyux
HeUmpoHo8

@D ue 1.5. Hamepenue paccesnus neimponos
Ka kpucmasse. : ’
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Ipu 3TOM CAMOTO aToMa C ero MecTa B KpHUCTaJie — HHKAKOH
«OTMETKI» O pacceAHuM He ocraeTcA. CorlacHo HAMIMM OPE:KHHM.
pPacCcys;KieHUAM, MOJHAA aMIIMTYAA TOro, 410 HelirpoH mouan B C,
BRI09aeT B cebA cymmy Bruipamenus (1.11) no scem aTomam:

N

{(Heiirpor 3 C | Heirpon ma S) =\.2(Cli>a(ils>. (1.12)

=1

Ws-3a Toro, uTO CRAAJBIBAIOTCA aMINIMTYAH paccesHus Ha aTo-
Max, HO-PasHOMY pPAacHIOJO0MKEHHHX B HPOCTPAHCTBE, ¥ AMILIATY
GynyT pasuee $ass, U 5TO JACT XaPAKTEPHYIO uHTEPPEPEeHIMOHHYIO
KapTHHY, KOTOPYI MH YiKe aHATH3HPOBAIHA Ha HPHMepe paccesHuA
cBeTa HAa pelleTKe.

WarencusHocTh HEHTPOHOB KAK (YHKOUMA yrila B HOFKOGHOM
ONEITe MeHCTBUTENIBHO ©iCTO O0OHAPYKHBAET CHIbHeHmue M3MeHe-

. Cropocime
cuema

\

Cropocms r !
eyema

@D ue. 1.6. Cropocms cuema
Helimporo8 Kax PynKyus yeaa.
@ — Oan A0ep co cnurom 0; 6 —
8EPOAMHOCTL PACCEAHUA C nepeso~
POMOM cnuHa, 6 — Habawodacman
cKopocmo cuema 648 AGpE co cnu-
HoM 1/,.
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HAA ~— OYeHb ocTphie maTepPepPeHUMOHHLIE IHKM, MEMKAY KOTODhI-
Mu undero wer (dur. 1.6, a). OpHaro B HeKOTOPHX COPTaX KpUCTAT-
JIOB 3TOTO He cliy4aercs, B HHUX HAPARY C VIOMAHYTHIMH BhILIE
INpPAKIMOHHKMY HHKAMy mMeercss o0l oH OT paccedHus Bo
BCEX HampaBieHWsAX. Ml MOJGKHEL MOOWMTATHCA HOHATH CTONbL Ta-
HHCTBEHHY®) ¢ BULY IPUYUHY atoro. Jlejo B TOM, 970 MM He yin
OJHOTO Ba)KHOTO croficTBa Helirpona. Ero cour paser !/,, m Tem
CaMBIM OH MOKeT HAXOOUTBCA B [ABYX COCTOSHUAX: Jub0 ero coumu
HalpaBlieH BBepX (CKaskeM, momepek crpauun Ha ¢ur. 1.5),
aubo pums. W ecan y sfep caMoTo KPHCTALNa CHOMHA HET, TO CIOUH
HeHTpPOHA HUKAKOTO jelicTBug He oKasker. Ho xorga u y smep
RpuCTaia ecTh CIUH, PaBHHIL, CKaeM, Towe 1/,, TO BEL 3aMeTHTe
oy 0T OUHCAHHOTO BHIIE pasMazaHHOTO paccesguusi. OOGbacHeHDe
COCTOUT B CACAYIONIEM.

Ecau cnwa HedlTpoHA HYy[Aa-TO HANPABIEH M CHUH ATOMHOTO
ANpa HampaBieH TyIa ;Ke, TO B HPOTEcce paccesHus HAIpaBieHUe
couHa He MeHsercda. Heim ke couHB HeATPOHA M aTOMHOIO Apa
FAaIpaBieHtl B OPOTHBONONOKHLE CTOPOHH, TO DacCesHUe MOKeT
NPOMCXOIHTE HOCPELCTBOM [BYX IIPOLECCOB, B OHHOM H3 KOTOPHX
HaUpaBleHud He MEHAWTCA, a B JPYyroM Hpoucxonur o6MeH
HAIPAaBICHHAME. JTO HPABULO 0 TOM, 9TO CyMMa CIIMEHOB He [0JMKHA
MEHATHCA. AHAJOTMYHO HANIEMY KJIACCHYeCKOMY 3aKOHY cOXpaHe-
HMST MOMEHTA KoJim4aecTBa Asixenusa. VI mu yixe B cocrosiinm 6yneM
HOHSTH WHTEpecyloIlee HAC SBICHUE, eCiau NPEeJHOJOKUM, 4TO BCe
s1ipa, HA KOTOPHIX IIPOMCXOAUT PaccesHue, nMeIOT OfHO ¥ TO Ke Ha-
mpapienne cnuaa. HefTpoH ¢ TeM ke HaupaBieHueM CIWHA TOIJA
pacceercA TaK, 4TO MOJYUHTCS OKUOABINEECS Y3K0€ HMHTepPepeH-
LLHOBHOE pacnpejenenue. A wro 6yger ¢ HEETPOHOM ¢ HPOTHBOLO-
JNoyKHEAIM HaupasieduneMm cnuua’ Eciu o paccemBaercs Oes mepe-
BOpOTA HAIPARIEHUs CUWHA, TO HHYEr0 0 CPABHEHWIO CO CKA3aH-
HbIM He MEHJETCHA; HO ecli¥ HPH paccesnunm o0a CoumHA HepeBopa-
9uBAIOTCA, TO, BOOOILE rOBOPS, MO}KHO YKAa3aTh, HA KaKOM 3 sfiep
IPOM30NIT0 paccesHMe, MOTOMY YTO HMEHHO y 9TOTO fIApa COuUH
nepesepuyica. Ho eciu Msl B cOCTOAHMM yKa3aTh, Ha KaKOM aToMe
CAVYMIIOCH PACcCEAHRNe, TO IpUIeM 3ech ocraibane aromu? Hu npu
yeM, Kouweuno. PaccedHMe 3hech TaKoe e, KaK OT OTHEABHOIO
aroma.

Yro6m yuects s710T 5)PeKT, HANO BUNOMBMEHUTH MaTeMaTude-
cHyI0 popMylnuposKy ypaBHeHnd (1.12), moromy 9ro B TOM aHAIU3E
cOCTOAHNA He OHM OXapaKrepusoBaHw mnodHocrbio. Ilycrs BHa-
4ajie ¥ BCEX HEHTPOHOB, BHIIETAILUX M3 UCTOYHMKA, CIIMH HAIpaB-
JIeH BBepX, & y BCeX sjuep Kpucrajila — BHMS. Bo-nepBrX, HaM
HY/KHA aMIJIRTYJa TOTO, 9TO B CUETYMKE HEHUTPOHOB MX CHOHMH OKa-
AXETCH HANPABIGHHLIM BBepPX U BCe CHWHK B Kpucrasie GyxyT no-
HPe;KHEMY CMOTpEeTh BHM3. JTO HUYEM He OTJudYaeTcA OT HalIux
peskHNX paccy;rperufi. OGo3HauuM dYepes @ AMIAUTYAY pacces-
Hus Ge3 mepeBopora cHuHAa. AMININTY[a paccesHuA OTf {-To aToMma,
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pasyMeercst, paBHA

<Cm,epx. BeCh KPHCTAJI BHI/IBISBBer9 BECH KPHCTANI BHH3) =

=<C|i>ai|S>.

Hockonbry Bce cHMHK aTOMOB HAIIPaBJAEHH BHU3, PasHKe aTbTepHa-
TUBH (pazHsle SHAYEHUA i) HeAB3A APYT OT APYTa OTAMIATH. B aToM
Opougecce Bee aMIUINTYAR HHTEepepupyIor.

Ho ectn w gpyroil cnyuall, Korja couH AeTeKTHPYeMoro HeTpo-
Ha CMOTPUT BHM3, XOTA BHAdase, B S, od cMorpen BeepX. Torna B
KPUCTALIe OJiNH A3 CIHHOB NOJJKeH NepeBepHYTHCH BBEPX, CHayKeM
ctuH k-ro aroMa. JlomyctuM, YTo ¥ BCeX aTOMOB aMINIHTYA pac-
ceanus ¢ NepeBOPOTOM CIIMHA OIHA M Ta :xe U paBHa b. (B peaasroM
KpucTadlie uMeercs elle OJHAa HeOPUATHAA BO3MORHOCTB: liepe-
REPHYTHI CIUA HepeXofMT K KaKOMy-TO JAPYyLOMy aToMy, HO Jo-
WYCTHM, 4YTO B HAaWEM KpUcraljie RePOATHOCTH aTOro Maia.) Torma
AMIUIATYIA PACCEAHNT paBHa

“Coungr #ipo k poepx|Spsepxs peco wpucrann pumad =

=<Ck>bk|S>. (1.13)

Ecan me cipockM tenepb, KAKOBA BePoATHOCTD TOTO, 9T0 V HeHTpo-~
Ha CIMH OKAMETCA HAIPABIEHHHM BuUS, a y k-To sipa — BBEDX,
To oHa OyjieT PpaBHATHLCH KBAZPATY MOAYAA 9Toll aMOAUTYHASL, T. e.
upoero | b )%, ywmmomensomy Ha [(C|k){k|S)|*. DBropoit
MHOUTRJb 1GYTH He 3aBUCHUT OT TOro, rme aTtoM k pacnoJlojKeH B
Kpueraiae, u see Qassl OPU BRUMCTEHUM KBajparta MOAYIH UG~
gesaor. Bepodataocrs paccesHus Ha awbom adpe Kpucerajuia ¢ nepe-
ROPOTOM cnMHa, €Tado GHTh, paBHA

N
|61 BI<C > <k{S>] 2,

4T Aaet THAafikoe pacnpefesnedne, Kar Ha ¢ur. 1.6, 6.

Bni MosreTe BO3pAas3uUTh: «A MHe Bce PaBHO, KaKoH aToM mepesep-
mydacsy». Hyerb rak, Ho HPUPOHA-TO DTO 3HAET, W BEPOATHOCTH HA
CAMOM Jelle BRIXOAMT Taroif, Kak HaIWCAHO BHINie,— HHKAKOH
uarepdepertuy He ocraerca. A BOT ecllH Bac 3amHTEpecyeT Be-

C POKTHOCTL TOTG, 4T0 CIWH B JAeTeKTope OyjeT HAWPABIEH BBEPX,
& COMHBI BCEX ATOMOB -~ IO-Ipe;KHeMY BHH3, TO BH JOJUKHH Oynere
H3STh KBAApaT MOAYIA CYMMHL:

N
DCli>ai|Sy.
i=1

HlocKoabRY y K#EIOTO CJIAraeMoro B 9TOH cyMMe ecTh ¢Bof dasa,
TO OHU UHTePPepUpYIOT U UOABAACTCA pPe3Raa HETepPepeHuMoHHAA
xapruHa. W eciam MB DpOBOAMM SKCIEPHMEHT, B KOTOPOM M He
HabJioaeM cuuHa ReTeKTHPYyeMoTo HeHTPOHA, TO MOTYT NPOU30HTH
cOORTIA 000UX THHOB M CNOAKATCA OTHENABbHHE BepoarHoctu. Iloi-
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Has BePOSTHOCTH (MM CKOPOCTH cuera) KaK QYHKIMSA yriaa Torxa
BHITIAAUT nomoOHOo Kpumoit Ha ¢ur. 1.6, s.

JlanpaiiTe eme pas oKuHeM B3TIAAKOM QUBMKY 3TOTO onnTa. Ecam
B CHOCOOHBWI 8 npuryune PAsIWIATh B3AUMOMCKIKYAIOIUE KO-
HeuHble COCTOARNSA {X0Ts BHl u He co0upaluch HA CaMOM JieJie 9TOTO
71e1aTh), TO MOJHAA KOHEYHAs BepOSTHOCTH NOJYYAeTCs WOHCYeTOM
8epoAMKOCIMY RAKAOTO COCTOARNUS (A He aMINIUTYHH) ¥ HOCAEHYIo-
DM UX CIOKeHueM. A eciam B Hecnocobuwbl Oaxce 8 npuwnyune
pasIuuuTh KOHCUHEE COCTOSHWsL, TOTTA HAXO CHOepBA CIOKHTH
AMOIUTY/ B BePOATHOCTe, a YK IOTOM BHYHCIATH KBAZpAT MOMLY-
I 1 HAXOJUTh CAMYI0 BePOATHOCTH. 3aMerhTe 0coDEHHO, 9T0 eciad
651 BE DODBITANUCH IPECTABUTD HEHTPOH B BUIe OTHENBHOH BOJHEI,
TO HOAyYMaAn OH OJHO M TO jke pacHpefeleHWe W NJA paccefHUA
HeHTPOHOB, BpallafOUMXcA CIMHOM BHU3, ¥ A HeHTPOHOB, Bpa-
MANUXCH CHUHOM BBepX. Bu gomsisl Owiw Om cKazath, 4T0
«BONHAY HEUTPOHOB €O CIMHOM, HAIIPABIEHHHM BHH3, HPHULLIA OTO
BCEX PasANYHBLIX aTOMOB M MHTepepupyer Tak s;xke, KaK 9710 jeraer
OIVHAKOBAA N0 AJIHHE BOJHA HeHTPOHOB CO CIHHOM, HATIPABICHHKM
BBepx. Ho Met sHaeMm, 910 #Ha caMoM fede 310 He Tak. Tax aro (Ma
yIKe 9T0 0TMedaJn) HY’KHO OBITh OCTOPOKHEIM WM He HpEeICTaBIAThH
cefe gepecuyp peasbHO BOJHH B mpocrpancrse. OHH HONe3HHW A
HexOTOPHX 3ajgad. Ho He mia Bcex.

§ 4. Toacdecmeenuste wacnuyst

OuepenHo#l OmEIT, KOTOPHI MBI XOTHM OIACATH, HPOZEMOHCTPH-
pyeT OnHO H3 3aMeYATeJbHEX CIeACTBHH KBAaHTOBOH MeXaHHKIU.
B mem cnoBa BerpersATcA Takue gusuueckne coORTHA, B KOTOPHX
CYHMEeCTBYIOT [IBA Hepasiuyumble IyTH W, KaK ecez0a LPH TAKUX 00-
CTOATeNbCTBAX, BOSHHRACT MHTepPepeHIUa aMIITyd. M cofupa-
eMCA paccMoOTPeTh paccesHne ofHUX Afgep Ha JPyTuUX OPHU CpaBHHU-
TelbHO Hu3KOH sHeprmu. Hadrem, ckakeM, ¢ o-vyacTun (dT0, KaK
BH 3HAeTe, HPOCTO AZpa reianf), 6oMGapAUpYROIAX KHCIODOX,.
Urobrr obmerunts aHANNa peakIuu, IPOBEieM ero B cucTeMe IeHTpa
Macc, B KOTOPOU CKOPOCTH AApPA KHEXOPOJAa M O-9ACTHIE Iepex
CTOJIKHOBEHHEM HPOTHBOIIONORHK, & IOCAe CTONKHOBEHMS TOMK®
nportusonono:kas (gur. 1.7, a). (Bexngnus ckopocreit, KoHedHO,
PABIHTHEL, HOCKONLKY MaccHl pasaudssl.) Il peqmosomnm Tarxe, 910
BHEPTHSA COXpaHseTes H YTO dHePIUA CTOSKHOBEHIA HACTONBKO Maja,
9T0 YACTHIH HU PACRAJBIBAIOTCA, HYU IePeXofAT B Bo30Y:KAeHHOE
cocroguue. |lpuumya, orduero wacTuUH OTKIOHAKT ApPYyr ApYyra,
COCTOMT IIONIPOCTY B TOM, 4T0 06e OHH 3apssReHHl WOJOKUTEIHHO U,
BHPaKaAch KIACCUYECKH, OTTAJKIBAIOTCA, IPOXOAA OHA MEMO APY-
roit. Paccesiaue Ha pasHble YIVIH Gy/eT IPOMCXORUTH ¢ pasiwaHON
BePOSITHOCTHIC, M MBI XOTHM BHISICHUTD YITIOBYI0 3aBECEMOCTH 000~
HoTo paccesinns. (HoHeuHO, Bce 970 MOYKHO PacCYHTATDH KAACCHISCKH,
U 110 YAMBHTEABHOH CIYYalHOCTH OKA3ald0Ch, YTO OTBET HA 3TOT
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@ ue. 1.7. Pacceanue a-uacmuy na 28pazx kucaopoda,
nabaodaemoe ¢ cucmeme yenmpa macc.

BOIPOC B KBAaHTOROH MeXaHMKe M B KIACCHIECKOH — OOUH ¥ TOT
sxe. 370 OYeHH 3AHATHO, HOTOMY 9YTO HY HPH KAKOM 3aKOHe CHI,
KpoMe 3axoHa oOpaTHHX KBaJpaToB, 1aK He OwBaer, crajdo OHTS,
9T0 W BIpPAMb CIydYaifHOCTH.) .

Beposaraocers paccesnus B PasHHX HATPABIEHHAX MOMKHO H3-
MepuTh B OmEITe, U300pamkentuoM Ha dur. 1.7, a. Cuerunr B moiosxe-
aun D, Momer OHTDP CKOHCTPYUPOBaH TaK, YT00H [CTEKTHPOBATDH
TOABKO O-YAaCTHIH; CUETYMK B mouao:xeHnu D, Moer GHTBH yCTpOeH
Tar, 9TO0H JNeTeKTUPOBATh KUCIAOPORK HPOCTO Ris mposepku. (B cu-
cTeMe HeHTpPa Macc HeTeKTOPH JOJIKHEL CMOTperhb Jpyr Ha /pyra,
B nabopatopHO#l — HeT.) OUNT 3aKTIOYACTCHA B M3MEPEHUH BEPOAT-
HOCTH paccessHMS B pasHHX BaupasieHusXx. OOospauuM uepes
[ (0) aMmaETYRy paccegHHA B CUETIHKY, KOIZIA OHH PACHOI0MEHEl
mox yraom 0; rorma | f(0) |* — mama sKcHepUMeHTANBHO OIpe-
AelsieMasg BePOATHOCT.

Mosxao Guto Gm mpoBecTH W APYroil OmET, B KOTOPOM HAINK
CUETYNKY PearupoBaiu OW u Ha Q-9acTHOY, U Ha S/[PO KUCIOPOAA.
Torma HymxHO coolpasurb, aro OyHer, eclm MH pemum He 3a60-
THTBCS O TOM, Kakad W3 4acTdl] mounaja B cuyervyux. PasyMeercs,
KoTfa KHCIOPOJ JEeTUT B HampaBaeHuH 0, To ¢ NPOTUBOMOIOKHON
CTOpOHHE, Mo yraoM (m — 0), /[A0MKHA oOKazaThed G-9aCTHIA
(¢ur. 1.7, 6). 3rawur, ecau f (8) — aMunTUTYAA paccesHUSI KHUCJIO-
poxa Ha yroa 0, To f (n — 0) —sTo aMOIUTyIa pacceAHHUsI ¢-IaACTHITH
Ha yroax 0% Taxum o0pazoM, BEPOSATHOCTH TOrQ, YTO KAKAA-MO

* Boofme-T0 HaNpaBlIeHAe PACCeSHAS FOKHO, KOHEYHO, ONHCHBATHCH
JBYMs yTaAaMP — HOMAPHEM yriaoM ¢ u asmmyroM 6. Torpa caegosaino O cKa-
'8aTh, 9T0 PaccesHHe KECAOPOAa B wanpasiennu (0, ¢) osHavaer, YT0 G-1acTAIA
IBWKeTCA B Hampapitendd (n—0, ¢-+n). OxmaKo s KyJIOHOBCKOrO pacces-
Eua (A MHOTEX JPYTHAX CJIYJaeB) aMONXHTY/la DPacceSHHA He 3aBACAT OT ¢.
Torfa aMIAUTYRA TOrO, YTO KHCAOPOXK IOMETeX Log yraom 0, cosmagaer ¢ aM-
IWIATYA0# TOro, 4r0 O-4acTANa modereda HOfN yraoM (n—~0).
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YaCTHIA OKaMKeTcs B CUETYMKe, KOTODHH HAXOAUTCA B IOJIOKE-
gun D,, paBHa

BepoaTHoCTh MONAMAHUA Kakoii-mo ,
! GACTHIE B cqerqm(u D, ~ [F(0)|*+ | f(n—0)]2 (1.14)

3aMeTbTe, U4TO B npuHNuUIE 004 cocTogHuA pasamaumu. Ilase ecnu
B DTOM OTBITE MKl UX He PA3AUNAAU, MBI Mo2au Obl 3TO ¢aenarh. U B
COOTBETCTBHY C HAMIMMH IPEKHUEMH PACCYHICHUAMA MEI, CTAJI0
OHTH, OOKHH CRIAJLIBATB BEPOATHOCTH, 4 HE AMILAHTYHHL.

Iipusenennsiil Bblme pe3yabTaT CUpPaBefNuB IJsA MHOTHX Afep.
Muuiebio 3eCh MOTYT CAYIRMTEH H RUCTOPOM, M yriaepod, u Gepui-
amit, n BomopoA. Ho on mesepen UPH PACCeSHMH (-4aCcTUIL HA (-dac-
THHaX. B TOM eHHCTBEHHOM chyuae, KoTHa 00e 4acTHIRL B TOIHOCTH
OMHAKOBR, 9KCIePUMeHTANbHEe JaHHKE He COTJIACYIOTCS ¢ Hpef-
cxasapnamu Gopmynn (1.44). HaupuMmep, BeposATHOCTh pacceAHus
na yroa 90° B rouroctu BABoe GoJbLIe UPEACKA3AHHOU BHINCH3IO-
meHHoH Teopmell — ¢ gacTANAaMH, SABIAMIIMACA AXPAME (TeJHA»,
HoMep He npoxomur. Ecau mumens us He®, a mameraor ma Hee
a-dacrunsr (He*), 1o Bce Xopomo. M TOABKO Korga MHIIEHb u3
He?, 1. e. ee Apa TO;KEECTBEHHH TAaNARIMM d-I4CTHHAM, TOMBKO
TOTHA paccefHne MeHAEeTCS ¢ YIIOM KaKNM-TO 0co0nM 00pasom.

BoiTe Mo<er, BH yiKe Jorafga’auch, B ueM jgeno? B cuerdmie
Q~YACTHIA MOKeT O4yTUTHCA m0 ABYM OmpwduHaMm: auGo m3-3a pac-
cesHHA HasteTeBmiell o-gacTuOpl Ha yroix 0, mubo us-3a paccesHus
ee Ha yron (n — 0). Har Mm MoKeM yHOCTOBEPHTBCHA, KTO Tolall
B CYeTUHK -— YacTHHA-CHApPAR wiu uactuma-mummenb? Hurak.
B ciayuae paccessma o-gacTll HA O-YacTHIAX CYHIECTBYIOT [Be
aJbIePHATABH. Pa3INIuTh Korophle Henbssg. I[lpuxomurcs pgarse
amnaumydar BeposTHoCTH WHTEpPepHPOBATh APH IOMOIH CIO/KE-
HUS, {4 BePOATHOCTH OCHAPYIRHTD B CUETUMKE Q-YACTHUIY €CTH KBaj-
par BTOH CYMMBI:

BepoATHOCTE TOTO, YTO a~qacmua _ 2
O0OHAPY/KUTCA B CYETUHKE |1 (®)+f(x GH (1.15)

aro cosceM He TO, uyrv (1.14). Boszme, cKajieM, yroa n/2
(o0 merue cebe upegcranurh). Ilpm 0 = ;/2 MH, ectecTBeHHO,
nyeeM f (0)=f (m — 0), Tak wro na (1.15) BeposTHOCTE OKA3KBaeTCA

1(2)+1 (&) =4 B)°

A ¢ gpyroit croponsi, ecin O6s He 65170 HHTEPPEpenLny, POpMy-
aa (1.14) pana 6 ronbxo 2| f (w/2) |2. Tak uro Ha yrox 90° pac-
ceuBaeTca BABoe OoJbuie dacTHll, 4eM MOKHO OBLJIO OMUIATD.
HowmeuHo, 1 Moj ApyTUMH yTiaMu peayabraTel 6yayT apyrae. U mu
IpUXOMUM K HeoOHYHOMY BHBOXY: KOTJA YACTHIBI TOHKCCTBEHHK!,
IPOMCXOIOUT HEUTO HOBOE, ¥eTo He OBBAJO, KOTHA YaCTHUIHI MOKHO
6r10 gpyr or Apyra orandarb. Ilpmw MaTeMaTHYecKoM OHMCRHHH

t
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@ ue 1.8. Paccesnue saekmponoe na 91ekmponax.

Ecau cnunn CMAARUBAIOUUXNCH 3ACEMPOHO3 NTAPAAALABHYL,
mo npoyecer. @ U 6 HePUIAUEULMBL.

BBl 00f13aHBI CKIAALBATH AMIUINTYbl B3AHMOMCKIOYAKINUX ITPO-
1eccon, B KoTopux ofie JacTursl MpocTOo OOMEHHBAKTCA POIAMH,
W GPOUCXOIUT HHTEPPEpPeHIus.

Eme OGonee mHeomumaHHEOe sBIeHHe HPOHCXOMHUT C paccesiHueM
3IAEKTPOHOB HA HIEKTPOHAX WIW HPOTOHOB HA LpoToHaX. Torga
He BepeH HW OJMH 3 Ipe;kHUX pesyapratos! lag stux wacrui
MB TOXMKHBI IPH3BATh HA HOMON(h COBePINEHHO HOBOE IPABUXO:
eciy IOomaJalon(uil B HEKOTOPYIO TOUYKY BIeKTpoH ob0MeHHBaeTcs
cBOeii WHEWBHAYAIBHOCTHI0 ¢ APYTHM JJEKTPOHOM, TO HOBAaf aM-
WINTyIa uHTepPepupyer co crapoit B npomusogase. I10 Bce PABHO
nHTEpPepeHua, Ho ¢ 0OOpaTHBIM B3HakoM. B ciydae a-qacTm,
KOT/Ia ITPOMCXORUT 0OMEH q-9acTHI[AMH, JOCTUTAOIINMHA CUeTUYHKA,
aMIINTYIEl HHTepepupyonT ¢ OGHUEM H TeM jKke 3HaKoM. A ¢ cayuae
JAEKMPOHO8 aMnAUMYIsL 06MEHA UHmMepPepupym ¢ pasHuml 3Ha-
wamu. C TOYHOCTHIO J0 OJHOW Aetanu, 0 Koropolt Gymer ceifgac
CKas3aHo, IPaBIIbHAA QOPMYyJia [LIA dIeKTPOHOB B OIAITe, HOK00HOM
n3obpaskennoMy Ha ¢ur. 1.8, tarosna:

BepoATHOCTD OOHAPYHUTD )
IEKTPON B cderdnke [); [F(®) —f(n—0)) (1.16)

IT0 yTBep:KIEeHWE HY/KAACTCA B YTOUHEHWHM, IIOTOMY YTO MBI
HE VWi CIUH dIekTpoHa (y a-gacruy cunHa Her). CnmH 2aexTpoHA
MOKHO CYHTATH HaUPaBIeHHHM Jaubo BBepX, AuGo BHHS 110 OTHO-
MIeHHI0 K IIOCKOCTH paccesHusA. Eciuu sHeprus B olbITe JOCTATOTHO
HM3KA, TO MATHUTHHE CWIBI, BO3HUKAKIIHE OT TOKOB, OyAyT Ma-
JBL M He moBiuANT Ha cuul. [IpeguonosxuM B HaeM aHajause, 410
TaK OHO M eCTh, TAK 4TO HeT MIAHCOB, YTOOB CIMHE IDH CTOAKHO-
BeHuHu mepeBepHyaHch. Haroil O couH y 3dexTpoHAa Hu OBLI, OH
YHOCHT ero ¢ coboii. Mu BujuM Teneps, 94T0 €CTh MEOI'O BO3MOKHO-
creii. Y vacruUm-cHapsfa U YacTHUH-MHUImeru 00a COHEA MOTYT
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Cnun
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@ ue. 1.9. Pacceanue srexmpornos ¢ aHMUNAPALIEALHIMU CRUHAMU,

OnTh BADPaBIeHH BBePX, WJW BHH3, WIHM B PasHHE CTOPOEH. Hcllm
oHn o6a HampaBueHH BBepX, Kak Ha Pur. 1.8 (warm ob6a — BHHS),
TO IIOCTE PaccesHHs OCTAHETCA TO ;e caMoe, M amnraumyda Hpo-
mecca Gyfer pasnocmyio aMIIHWTYHR TeX ABYX BO3MOKHOCTEH, KO-
Toprle mokasanuu Ha Pur. 1.8. Bepoamnocmv 06HapY;RUTH 2IEKTPOH
B cuerumre D, torpa Oyzer maBatbea dopmyaoi (1.16).
ITpemmonosxum, ogHAaKO, 9T0 Y ¢CHAPAJA» CUMH HanpaBjieH BEepX,
a y «Mumenn» — BHM3. Y 3JIEKTDOHA, HoIAaBmero B cyeramx D,
CIIMH MOKeT OKa3aTheaA au00 HAUDaRTEHHHIM BBepX, JubGo — BHHUB,
H, U3MePAA 9TOT CUUH, MB MOKEM CKa3aTh, BHICKOYWI JIM 3TOT JAEK~
TpoB m3 GoMOapAupYOMIETO myYKa WM 3Ke W3 MUINeHH. ITH [JBe
BO3MOKHOCTH HOKa3aHs Ha ¢ur. 1.9; B mpunumne oHM pasauIuMsL,
¥ L03TOMy MHTepPepeHIuyN He WOJIYYUTCH, HPOCTO cJIOKATCH IBO

Tabauya 1.1 ™ PACCEAHUE HEDOJAPH30BAHHBIX YACTHI
CO CHHEHOM 1/,

G
101;;1? 0 ‘L”; gﬂ;‘(‘:{%‘;’éﬁ;‘ﬂ CHIH 9aCTANB B CIETINKE —
qaes 1 2 D, D,
1/, Bmepx Bsrepx Beepx Bzrepx [f(B) —f(=—0)|?
i, Bruz Buus Brus Buus 1f(0)—f(—0)|2
Bgepx Brus |F(0)|2
1 B
/4 pepx  Buums { Buus Brepx {f(m—0)|2
Bpepx Brus [f(m—0)|2
1
/4 Biua Brepx { Bama: | Bsepx 1f(0)|?

Ionmasg BepOATHOCTE =1/, |H(0) — f(7~—0)|2-+1/317(8) |2+ Y| Hni—0) 2.
28



BepoATHocTu. Bee 5To BepHO 1 Torza, Korga 00a mepBOHAYAJNLHEIX
CIOVHA HEePEeREPHYTH, T. €. €CAH CHOHH cjeBa CMOTPHT BHH3, a CIHH
copaBa — BBepX.

Haxomen, ecaum 3JeKTPOHR BHJIETAIOT CIyUailHo (Hampumep,
OHM BHUIETAKT W3 HaKaJeHHON BoNbPPAMOBOH HHTH WOIHOCTHIO
HEIOAAPHU30BAHHARM OYYKOM), TO C PaBHOU BEDOATHOCTBHIO Ka;KIhi
OTHEeNHHEN 3JeKTPOH BRUICTHT Jdu00 COMHOM BBepX, ambo comHOM
pHE3. Ecaum mm me cobupaeMca B HamieM OILITe H3MePATH B Ka-
KO#-HEUOyIb TOUKE CIME HIEKTPOHOB, TO MOJAyTIaeTcd TO, 94T0 HA3H-
BAIOT DKCIIE PHMEHTOM ¢ HelloJIsIpH30BAHHHMI YacTuiiaMu. Pesyasrar
3TOT'0 BKCIEePUMEHTA JYHille BCETO HONCYATAT, IEPEUNCINB BCE MEIC-
JuMEE BO3MOMKHOCTH, Kak aro cgenamo B taba. 1.1. [as wampmon
pasniuyEMoil aJbTEePHATHBHL OTHEJBHO INOACUNTAHA 6EPOAMHOCING.
Torga mosiHad BePOATHOCTh €CTh CyMMa BCeX OTHEIbHHIX BEpOAT-
HocTell. 3aMeThTe, 9TO JJISL HENONAPU3OBAHHHIX HYYKOB pe3ylibral
apu 6 = m/2 cocraBifeT OOJOBHHY KJIACCHIECKOTO pe3ylbTarta
AJs He3aBUCHMEIX YacTHII.

Ilopepenne TOMEECTBEHHAX YacTHL NPUBOAWY KO MHOTMM HH-
TEPECHHIM CHEICTBUAM; B clenyiomeill riaaBe MH oOCygHM HX IO-
nogpobHee.
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I'aasa 2

TORIECTBEHHNE YACTHIIBL § 1.Boae-yaermp

N hepMR-uacT

§ 2. neronnus e sny
DORL -0 I

§ 1. Boze-vacmuypt 1 Pepruu-vacmurvl s 4 ¢ peyomnn: o o

foav-uaeTuanms
B mpegumpmymeil raaBe MBI HauanW paccMarpu-

BaTh 0cofHe mpaBuia, IO KOTOPHIM IIPOMCXONAT & / Aanyuenne

norepdepeniusa B mpolleccax C ABYMA moxcdecm- . |l

BEHHUIMU ACTHHAME. TOXHCOeCTEHHBMIL MBL CIH-  hoiuiin

TaeM TaKue YacTHIRI, KOTOPHE, HOZOGHO aIeKTpo- '

HaM, HOIKaK HEeBO3MOMHO OTIHYHTH HPYT OT APYTA. & 5 (yrevvy af

Ecin B npoecce MMEIOTCA JABE TORIECTBEHHEIE e e

9acTHUH, TO 3aMeHa TOH, KOTOpasi HOBepRyJa .

K CYETYHRY, Ha JAPYIyI — 3T0 HeoTJudYaeMad g

ankTepHATHBA, KOTOpas, KAK M BO BCeX CIydYasXx

HEOTIHINMBHIX albTePHATHB, MHTepPepHpyeT cg 7 sy

nepBOHAYANbHHM cJyuaeM, Korja obmeHa He

Ob110. AMIOINTYROMR COORMTHSA TOTAA CHYIRUT CYMMA [1. iy ipnes 4510,

65K omsnll e

A

ABYX HHTep(epUPYOMMUX aMIIATYI, U CYH(ecT- P
BeHHO, YTO B OQHHX CJAyYasAX uHTepdepeHnus HOReRND ‘_
UPOMCXOANT B (fase, a B JAPYTHX — B RPOMUBO- gy (05 1ui.
pase. HHIE A0C0gMmT
HpenecrapuM, 4TO CTANKHBAWOTCA ABE TACTHUBL  ypiiien reos),
@ mb ¥ YacTuna @ paccewBAeTCA B HAWpaBieHun 7, v A (e
a usacruna b - B HaupaBmennu 2 (dpur. 2.1, a). « Hm,ﬁ.ﬂ‘,w,%
Hycrs f(8) Oymer aMuamryjfa d10ro IIporiecca; T e

TOrja BepoAtrHoctb P, HabmwieHus TogoGHOTO piin
coburua  nponopimosanbaa | f (6) | 2. Homreuso,
MOTJIO CIYYWThCSi, 9TO HacTHia b paccessiach B
cuerynK [, a YACTHIA @ HampaBUliach B CYETYAK
2 (¢ur. 2.1, 6). Ecan cuurarh, Yyr0 HHKARUX Cire-
IUHAJBHAX HAIPABIEHHI, OUpeedAeMbX CIHHOM
WA UeM-TO 1OJO0HEIM, B ONHITE HET, TO BEPOAT-
HOCTH P, 5T0T0 COOMTHS MOKHO HIPOCTO 3AIHCATH
B Buje | f (m — 0) | 2, moToMy d€TO BTOT Ipolecc
HOIPOCTY 9KBHBAJEHTEH NIEPBOMY IIpoLeccy, B
KOTOpoM cuerarr ] mocraBuiIm mof yriaoM (. — 0).
M sam morao 6p1 moKasathes, 4TO amniumyda BTo-
poro upornecca pasra nupocto f (it — 0). Ho sTo e
00s13aTeJbHO TaK, IOTOMY 4TO B HEH MOI CTOATH

30



O_
7 5 9 J -
ﬂ///yr—ﬁ
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Qe 2. Hpu paccessnuu deyxr moxdremeennne wacmuy

npoyeccs & w 6 HEPAZIULIMEL.

OpoN3BCABHEI tazopniil MAomuTeab. MHade roeops, aMoInTyna
Morsiga O ORITH TaKo:

é°f (m—0).

Beps w Taras aMmuaTyfa Bce elie ITPUBOANT K BepoaTHOCTH £
pasroit | f (m — 0) | % '

Hocvorpum teiiepn, 9rd ciyuaerces, ecOH YacTHUL @ u b OKasH-
BalOTCH BAeHTHIHEbIMU. Torga /Ba pasHWIX Npolecca, HORABAHHHIX
Ha AByX wacTaAX ¢ur. 2.1, y/Ke HeXb3sT APYyr 0T ApPYyra OTIUIUTE.
CyiecTsyer aMILTHTYA TATO, 4T0 @ Waum b monajgaer B cuerduk I,
TOTJA KaK OCTaBWAACA YacTMI@ [olajaer B cderunk Z. Ira
AMIZINTYA €CTh CYMMa aMILIMTYH IBYX IPOLECCOB, HOKA3AHHEIX
Ra Qur. 2.1. .

Ecan mepsymo mu o6ozmaunm f(0), To sropas Gyjer € f (- - ),
1 Tenepb yike (GAB0OBHIE MHOKNTENb OYEHDb BaKEH, MOTOMY 4YTO
MH cobupaeMcs CRAATNBATL aMImIuTyAsl. lipemmosnoskum, 4to Ml
00GA3aHbPl VMHORATH AMIUIUTYAY Ha Hexkuidl (asoBrii MEOKUTEND
BeAKWID pas, KoTAa ABe JacTullkl o6MeAmBanTeA poiaamu. Ecin ovn
emwe pas ofMeHSOTCA UMY, TO MHOKHTEXb HOABUTCR ewfe pas. Ho
[Py BTOM MBI CHOBA BO3BPATUMCH K HeproMy mpoueccy. (Dazopsrit
MHOKUTEN b, B3ATHH TRAKIB, JOJKEH BEPHYTB HAc K TOMY, C H9ero
MBI HA9all,— ero KBaJpaT NoJDKeH Owth paBer efupune. Herh
TOIBKO JIBe BOAMOKEOCTH: € pasHo tubo 1, mubo —1. OOmen npu-
BOJMT KO BHIALY B aMILIATYIY C MeM Jice 3HAKOM WM KO BRAALY C
npomusonoaoxcnum suarkom, W o6a ciuywas BcrpevaloTes B Ipupofe,
RaGIEN 474 cBoero wiacca vactui. JacTuusl, uarepdepupyonue
C ROAOIHCUMEAbHEM 3HAKOM, HABKBAIOTCA 6o3e-wacmuyamu, a Te,
KOTOpHie MHTEPPEPUPYIOT C 0MPUBAMesbHEM 3HAKOM, WMCHYIOTCH
Pepmu-vacmuyanu. DepMu-vacTUIE — TO 3JEKTPOH, MIOOH, 0fa
HedTpuHo, HYKIOHN u GapuoHn. (Craxo GuTh, aMILIMTYHA pacced-
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HESA TOECTBeHHBIX JaCTHI, MMEeT BUJ
0aa 6ose-wacmuy: ’
(AmnauTysa unpomecca) -+ (AMmimmryna ofmena)s (2.1)
0as gepmu-vacmuy:

(Ammiaryza  npomecca) — (Amnamryna obmena). 2.2)

Haa wactmn co comBoMm (cKaskeM, DJIEKTPOHOB) BO3HUKAET
nobapounoe yciaomuenne. Hy)KHO YKasmBaTh He TOJIBKO MeCTOIO-
JOMKeHHNe 9YacTul, Ho W HaupasieRue ux coud2B. Toapko B Tom
cIydae, KOTA YaCTHIH MACHTHYHE U UX CRUHOGbE COCMOAHUA MONCE
ufenmuunsl, TOABKO TOTHA Opu oOMeHe YACTHUAMH AMILIATYOIH WH-
TepdepupyoT. A ecau Bac MHTepecyeT paccesHHe HemodsApH30BaH-
HELX IYYKOB, ABIAKMUXCA CMeChK) PA3JIMYALIX COMHOBHIX COCTOMA-
Huil, To HY;RHH eme BHKJIALKH U CBEPX 9TOTO.

MNuarepecnas npo6iemMa Bo3HWKAaeT INIpHM HAJWYEH JBYX WI#
G0NIbIe TECHO CBA3SAHHEIX 4YacTun. I npuMepy, B 0-1acTHIE CHIAT
9eTHIPe YACTHIH: [Ba HeWTpoHa M ABa IporoHa. U Korpa paccem-
BAIOTCA JiBe (-YACTHIEI, MOJKET IIPEICTABUTHCA HECKOIBKO BO3MOMK-
HoCTell. MomeT caygurhesi, 9T0 IPH paccesHuH oOHADPYIKUTCA KO-
HeYHAs aMIWIMTYZA TOTO, 9TO OJfMH W3 HEHTPOHOB MEPECKOYHUT OT
OogHOH a-9acTuuH K ApyroH, a HeATPOH M3 Hpyroil o-9acTUUH Ie-
peiifier K nepBoii, TaK 9TO /{Be (-FACTHI(E HOCIE PACCESHUA OKABEI-
BalOTCA HE NEPBOHAYAJLHEIMEH YacTUIAMH — HPOU30Ied oOMeH
mapoit Hellrporor (jpur. 2.2). AmMmaurtyaa paccesHus ¢ oOMeHOM
napoil HelirpoHoB Gymer MHTepepwpoBaTh ¢ AMILIMTYHOH pacces-
Hus Oe3 Taxoro oOMeHa, u WHTEepPepPeHIHSI NOJKHA UMETh 3HAK
MHUHYC, HOTOMY 9TO cocTosicsa obmen gepmu-uactunamu. G gpyroi
CTOPOHKI, €Ccli¥ OTHOCHTeJbHAsS SHEPrud OBYX (-9acTHIl Tak Maja,
9T0 OHM HAXOAATCA CPABHUTENBHO AAJEKO APYT OT Hpyra (CKakeM,
M3-32 KYJOHOBCKOTO OTTAJKUBAHWSA) M BEpPOSATHOCTH 00OMeHa JIIo-
ORMM BHYTPEHHUMH YACTHIAME OKA3EBAETCA HE3HAYHTEIBHOI,
B 9TOM CIyYae O-GACTHIY MOKHO CUMTATH NpocrefiniuM oOBERTOM,
He 3ayMmIBascCh O JIeTANsIX ee BHyTpeHHero crpoeHus. B sTux
YCIOBHAX B aMINIUTYRY pACCeAHHS BOHAYT TOABKO HBA WIEHA.
JIu6o oGmena BoBce Her, Tubo mpM paccesHUN HPOUCXOHUT OGMeH
BCeMU YeTHIPbMs HyKJoHaMU. IJoCKOMBKY M HPOTOHE, M HEHTDPOHH
B 0-9acTHIe — 370 Jdepmu-dactulin, o6men a060d mapolt Mernser
3HAK aMIVIuTyOsl paccednus. Iloxka BEYTpu a-gacTuI] HeT HUKAKHX
H3MeHeHud, 06MeH NByMA o-YacTHIAMM O3HAYAET TO e caMoe, 4YTO
-o6MeH ueTHpbMs mapamu (epmum-vacrun. Kaxpmasa mapa Menser
3HAK, U B ATOTe AMININTYTH CKJIALKBAIOTCA CO 3HAKOM mic. Tar
9T0 a-gacTuna BeneT ceba Kar 6o3e-uacTHOA.

3HAYNT, OPaBUIO COCTOMT B TOM, YTO CAO;KHEE O0BEKTH B TeX
00CToATeIBCTBAX, KOTAA MX MOKHO CYMTATh HeJeMuMHIMH 00beKTa-
MH, BegyT cebs Kak GoSe- mixu PepMA-YACTHIBI, CMOTDPS 1O TOMY,
COEePIRATCA JIM B HAX YETHOE WM HEYOTHOE IHCI0 (epMHA-YacTHII.
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Bee ameMenTapasie epMu-9aCTHIEI, 0 ROTOPHX M YHOMUHAIH
(rakue, Kag DIEKTPOH, UPOTOH, HEHTPOH U T. 1.), 06IaTAT CHUHOM
j =1/,. Eciim Hecroabro Takux epMu-gacTul; 06pasyer CIOMHLIH
o6serT, o0muUil RX CHUMH MOKeT OHTH JU00 IeTHIM, THO0 MOTYLEAHIM.
H npumepy, y camoro pacupocrpareHHoro usorona reauns He?, B xo-
TOPOM [Ra IPOTOHA M jBA HeillTpOHA, CIMH paBeH Hymlo, a y Li7, B
KOTOPOM IPOTOHOB TPH, a HeUTPOHOB YeTkIpe, cMH pareH 3/,. ITozmxe
MBI BRIYUUM IIPAaBMIA CIOKeHNA MOMEHTOB KOJWYEeCTBAa [BISKEHNA,
a II0Ka IPOCTO 3aMEeTHM, IT0 BCAKUEA clomHHE 00BeKT ¢ noayyeism
CIIMHOM HMHTHpPYeT fepmu-uacmuyy, TOrfa KaK BCARUH CIOMHBINA
00BeKT ¢ yeanim CHMHOM HMHTHDYET 603e-uacmuyy.

HMurepecno, oruero tax moayvaerca? OTdero 4acTHNH ¢ HOLY-
NEeJHM COIHAOM CYTh PepPMu-YacTUIH, YbH aMINUTYIH CRIAIHBAIOT-
CA €O 3HAKOM MUHYC, 4 JacTHIEI ¢ HeJsM COUHOM cyTh 0osze-nacTi-
1B, 9bH AMILIWTYHBL CRIAAMBAIOTCA C IOJNOKHUTEIHHEIM 3HAKOM?
Msr npocuM npoineHns 3a TO, 4TO HECIOCOOHK DJIeMeHTapHo oGbsc-
cHEUTH BaM 970. Ho oObBsicHenume cymectByer, ero Hamen Ilayam,
OCHOBHBasICh Ha CIOMKHKX TOBOJAX KBAHTOBOH Teopuu IOJIA ¥ Teo-
pun orrocutenbHOocTH. OH DOKARAJd, 9T0 3TH PaxTel ¢ HeobXoqu-
MOCTHIO CBABAKEL APYT ¢ APYTOM; HO ME He B COCTOAHMU HalTH ciio-
¢06 BocHpoOW3BecTH €r0 apryMeHTH Ha JIEeMeHTapPHOM YpPOBHE.
Jro, BHAEMO, OHO M3 HEMHOTHX MeCT B (JM3HKe, KOIJla IPAaBUIO
dopmyaupyercs 04eHBH WPOCTO, XOTH CTOAb JKE OPOCTOTO 0OBsACHE-
HEA eMy He Halimeno. O6bsicHeHue KOpeHHTCsA INIYOOKO B peaaTH-
BHCTCKOA KBaHTOROH MexaHmke. Ilo-smmmMoMmy, »TO ©3Eavaer,
970 MH [[0 KOHIA He IOHHMaeM JeKauiero B ero 0cHOBe HPUHIIMHA.
Bynmem cumrars ero moka omHuMM W3 3aKoHOB Bcemredmoi.

§ 2. Cocmoanua ¢ deyma 6oze-wacmuyaru

Temepp Mu Xorenn 6u ofcyuTh WHTEPECHOE CJAEJICTBHE U3 mpa-
Buaa caoseHus mis Gose-wacrun. OHO KacaeTcA NMOBeHeHHA 9TUX
gacTmI], KOT7la UX He OffHA, a HecKoabro. HauHeM ¢ paccMoTperus
cIyuas paccedHus ARYX Gose-wacTuin Ha OBYX PasiInYHEX pacced-
Bateasax. Hac wATepecylor He geranu MeXaHu3Ma paccesHHS, a
Aumb OFHO: 49TO HPOUCXOIUT C paccesHuniMu dactunamu. Ilyere
nepex BaMHu ciiy4ait, moxasammslit Ha $ur. 2.3. Yacruna a, pac-
cesiBIMNCH, oKasajdach B cocrosuuu 1. Hox cocrmoanuem Mu mogpa-
ayMeBaeM JIaHHOe HAaIpaBlIeHHe M HHEPIWK HIM KaKue-HubyIb
Apyrue 3ajafHHbe yceaosus. HacTHna b pacceaisach B COCTOSHUE 2.
IIpegmonoxum, uro cocrosnus 1 m 2 mowrm ogmHaxosu. (Ha ca-
MOM 3Ke fielie MB XOTelu OW MOJYIUTh aMINTHTYAY Torlo, YTo JBe
9aCTUIE PACCesTMCh B ONHOM M TOM jie HaUPaBIAEHUU MJIH B OHO
M TO XK€ COCTOfHWe, HO Jyumie Oy7ieT, eciad Mbl ciIepBa HMOxyMaeM
HAN TeM, 9TO IIPOM30OUIET, eCiH COCTOAHMA GyAyT MoUYTH OTMHAKO-
BHIMM, & 3aTeM BRIBefleM OTCIOfa, 9T¢ OniBaeT NpW WX IOJIHOM COB-
najieHnn. )
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@ uz. 2.8 Jeoiinoe paccesnue ¢ 6aua-
KU€ KOHEUHBE COCIMOAHUR.

IIyers y rac 6mta OB TOSBKO
gacrumna @; Torma y #Hee Omaa Ont
oupepeieHAas AaMIUTHTYZia pac-
CeAHVsA B HampaRJeHud 1, cRaskem
{1)a> A wactuna b cama mo b
cebe oGrmamarma Om aMILIHTYXOI J
{2|b) Toro, uTo HmpHU3EMIeHLe
npowusoliier B HampasJTeHndu 2. Ecim wacTunsl He TOMKIECTBEHHHL,
TO aMIUIMTYAA TOTO, 9TO B OfHO M TO ke BpeMs UpPOH30HAyT 006a
paccesHuA, PaBHA IOIPOCTY UPOU3BEZEHHIO

Ala>2]|b).

BepoaTHOCTh Ke TaKOro cofmTHA TOr[a paBHa

[<l]a><2]b> ]2,

9T0 TAaKIKe paBHAETCA
[<tla>{®[<2]b>|*.
Y1066 cOKpaTHTh 3allHCh, MH HHOIZa OyaeM mojgararb
tlay=a,, 2|by=b,.
Torpa BepoarHoCcTh 1BOHHOIO paccesHHA ecTb
[ay| 26,2
Morao Om Takme cAaydmThes, 4To vacThma b paccesnach B Ha-

upaBaeHny 4, a vacTHNA @-—B HalpasjpeEuu 2. AMIIMTyha Ta-
Koro mpornecca Geita Obl paBHa

Clay> 1| b,
a BEpOATHOCTH Taxoro coOhTHA paBHA
[<2la>cd]i>|2=]ay|?|b, |2
IIpepcraBum cebGe Temepb, 9To MMEETCs Hapa KPOIMEYHHIX CYeT-

9UKOB, KOTOpHE JOBAT paccesHnsle 4vacTHIH. Beposraocts P,
TOTO, WTO OHE 3aCEeKYT ¢pasy obe wacTmmsl, paBHA LPOCTO

Py={a,[*|bs]® 4| as| 2| by | (2.3)

IlonosxuM Temepb, uro manpasienus 1 u 2 ovens Gmmaxu. by-
IeM CYUTaTh, YTO 4 C MBMEHEHNeM HalmpaBleHHA MeHsAercs OJIABHO,
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TOT[a d; U 4, Upu cOnmeHnn HampasieHudl 1 u 2 gomxum mpub-
JIRATRCA APYT K Apyry. Hpu gocrarogHoM cOurmxeEnn aMITAT Y B
G, U @, CPABHAIOTCA, U MOMKHO OyjieT MONOKNTH a; = a, u 06o3Ha-
IHTh KAKIYI0 U3 HHX TPOCTO @; TOYHO TaK Ke MBI HOJOMHM H
by = by = b. Torga momy4nm

P,=2|al2|b]|" (2.4)

Teueps, ofHAKO, TPEANOSOIKUM, YTO d U b — TOM/ECTBEHHEIO
Gose-uacranp. Torma mpouece uepexoma @ B cocrosHme 1, a b B
cocToARue 2 Helbss Oyfer OTaAHYNTh 0T 0GMEHHOTO mpolecca, B KO-
TopoM b mepexopur B 2, a @ — B 1. B arom cayuae amnaumydn gryX
Pa3JAMYHLIX IPOIeccoB MOryT nHrepdepuposarh. [Joanas aMuanTy-
14 TOTO, UTO B RaykJA0M U3 CUETUMKOB NOSBHUTCA II0 YaCTHIE, paBHA

Ala>2]b>4-<2la><1 by, (2.5)

U BePOATHOCTH TOro, 4ro MM¥# OyjeT B3aperdcTpupoBaHa mapa,
Iaercd KBAZpaTOM MOEYJLf 3Toll aMIOIHTYHH:

Py=|ayb, + aby |2 =4]a|?|b ]2 (2.6)

B nrore BuiscHsAercsa, 4To edece Goaee eepoammo OCHAPY:RHTH B
udenmuundle 003e-4aCTHIB, PACCEAHHEE B OJHO W TO 3Ke COCTOM-
HOe, 10 CPAaBHEHUIO ¢ PACUEmon, npoeoduUMbM 8 NPednoAoHCeHUl,
umo uacmuybl pasauursl.

X 0TS MB CUNTANH, 9TO YACTUIR HAGNI/AIOTCA ABYMA pA3HEIME
CHeTYMKAME,— 9TO HECYHIecTBeHHO. B atoM Momuo yOemurbes
caegyomuM obpasom. Boobpasum cebe, uro o6a nanpapiernus 1 u 2
TpUBeTH OH YACTUNE B 00U U MOM % e MANEHBKUA CISTINK, KOTO-
DB HaXOUTCA HAa KakoM-To paccrogamu. Mur ompegesum manpag-
nedne 1, roBops, 4T0 OHO CMOTPUT B DIEMeHT moBepXHOCTH dS)
cueranka. HampaBienme ke 2 ¢MOTPHT B dIeMeHT HOBEPXHOCTH
dS, cuerumwxa. (Cumraercd, 9To CUETIMK npepcraBiser cofoil mo-
BePXHOCTH, IOIepeuHy0 K JUHUY pacceAHus.) Temeppb yiie HelXb3A
TOBOPUTH O BEPOATHOCTH TOTO, UTO daCTUNd HALPABUTCHA TOYHO B
KaKOM-TO HAaIpaBIeHUU WIN B onpedeseHHyl) TOURY IPOCTPAHCTBA.
IT0 HEBO3MOMKHO — IMAHC 3aPErHCTPHPOBATH JaW0G0e GUKCHPOBAH-
HOe HanpaplcHue paBed HyI0. Ecin y) HaM X09eTeA TOUHOCTH, TO
HYKHO TaK OIUPENeNnTh HAIM AMIVIUTYIH, YT0Oh OHU JABAJIH Be-
POATHOCTD MONAfaHuA Ha edunuyy naowadu cuetuura. Ilyers y Hac
Onma OB TOMBKO OJHA YACTHUIIA @; OHA OB HMena OIpPeNeseHHYI0
aMmaIuTyny paccesnuss s Haupasieauu 1. Ilycrs {1 |a) = a, oupe-
JeNfeTcs RaK aMIVIUTY/a TOTO, 4TO @ pacceeTcsl B eQUHUYY naowadu
CYETUNKA, PACHONO;KeHHOTO B Haupasienmn {. Wammu caopamu,
Mil BoiOmpaeM Macimtal @, M TOBOPHM, ¥TO OHA (HOPMHpPOBAHAY
TaK, 9TO BePOATHOCTH TOTO, YTO @ PACCEETCA B ageMenm naowadu
dS,, paBaa

[<1]a>|?dS,=]a, > dS,. 2.7)
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Ecan sca miomanp ramero caerdura AS u My 3acrasuM dS; cTpaHer-
BOBATH IO 3TOH MIOWAAH, TO HOAHAA BEPOSATHOCTH TOTO, YTO UA-
CTHIIA @ pacceeTcs B ¢aeTuuK, Oymer

Sl“llzd‘gr (2.8)
AS
Kax n mpesxpie, MBI XOTHM CYUTATH CYETUMK HACTOIBKO MAJEIM,
9T0 aMIJIUTYJa @; HA ero NOBepPXHOCTH He OYeHb MeHdeTCHA; 3Ha-
unT, a; Oymer MOCTOAHHKIM YHCTOM, M ME 0GO3HA9HM ero depes d.
Torja BepoATHOCTH TOrO, WTO MACTHLA & pacCealach Kyga-TO B
CUeTYHMK, paBHA

p,=|a]?AS. (2.9)

TaknuMm e cmocoGoM M OpHAEM K BBIBOAY, YT0 uyacThua b
(vorma oHa OfFHA) pacceMBAeTCs B BJEMEHT IJlomanu 4S, ¢ Be-
POSITHOCTBIO

| b, | dS,.

(Mut ropopmm dS,, a He dS; B pacueTe Ha To, YTO TIOWKe dUa-
crunaM @ u b O0yneT paspemeHO ABWraTbCSA B PasHHX HAIpapJe-
anax.) OnATh momoRuM b, paBRHM HOCTOAHHOH aMiuTyme b;
TOI'ZAa BepOATHOCTB TOTO, 4ro dacTmiia b Gyper saperucIpHpoRaHA
CYEeTIMKOM, PaBHA

Py=]|b]2AS. (2.10)

Korpa jie mMelTCA JiBe YaCTHIH, TO BePOATHOCTh PACCEsIHUA 4
B dS, m b B dS, Gyner
|ab,|2dS,dS,=|a|?|b|%dS,dS,. (2.11)

Ecau HaM HysHa BepoATHOCTh TOrO, 4TO 06e YacTHuin (M a, u b)
NOHAMM B CYCTUMK, M JO/KHB OymeM mpomErerpuposats dS,
2 dS, mo pceii mromamu AS; moxyumrcs

P,=|a|?|b|2(AS). (2.12)

daMernM, KeraTH, 9TO 9TO PaBHO IPOCTO P,+Pp, B TOUHOCTH TaK,
KaK ecau Obl MEl TPERIOJOKMIM, 9TO YaCTHIH 4 U b ZelicTByIOT
He3aBUCHMO APYT OT Apyra.

Opunaxo, KOIYIa ABe YACTHIE TOKIECTBOHHEI, MMEKTCA [Be He-
pasIwduMEle BOBMOKHOCTH AJIA Ka;Kgoll mMaph 9eMEeHTOB HOBepX-
nocry dS, u dS,. Yacruna a, nonagaomas B dS,, u gactuua b, mo-
pagaomasi B dS;, HeOINYUME 0T @ B dS; u or b B dS,, Tax 4ro
aMIUTATYAR 9THX uponeccoB OyayT wubrepdepuponars. (Horga
y Hac OLTM ABe pasiuuwble YACTHIEL, TO, XOTA MBl HZ camom deae
He 3a00THAMCH 0 TOM, KAKad M3 HUX KYy[a Ionafaer B CYeTIMKE, MH
BCE K€ ¢ npunlyune MOIVIM STO Y3HATH; TaK 4To MHTepdepeHnNH He
OBLIO. A [ TOHEECTBEHHHX YACTHI] Ml ¥ B IPHHINIE HE MOKEM
8TOTO clenars.) Myl Ho/KEN TOTAa HaNKMCATh, 970 BePOATHOCTH TOTO,
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9ro mapa gacruy ogyTurca B dS; u dS,, ecthb
| @b, + ayb, | 2dS, dS,. (2.13)

Onsaxo ceiivac, WHTETPUPYS N0 HOBEPXHOCTH CUETYMKA, HYKHO
6rrrp ocroposkumM. [lycrus dS, u dS, crparcrBoBaTh Ho Bceil mI0-
mamm AS, M 6B cocuuTalM KasKEYyH YacTh MIomlagu 0eaxcdwi,
mocKoIbKy B (2.13) BXOmuT BCe, YTO MOMET CAYUMTHCA * ¢ Kampol
napoi anemenToB mosepxHoctd dS; u dS,. Ho wHTerpam moskao Bee
PaBHO TOACYATATH, €CAM Y9YecTh /BYKpaTHHI CcUeT, pasjeluB
pesyabrar moiogaM. Torga Mu moxyuuMm, aro P, A4 TosK/ecTReH-
HHX 003e-9acTHI ecTh

P, (6ose) =5 {4]al?|0]2(AS))=2]a|2(b[2 (AS)2. (2.14)

N omare 310 poBHO BEBOE 6OJMBMIE TOTO, YTO Mbl Woaywuan B (2.12)
ISt paBAMINMEX YACTHII.

Ecau BooOpasnTe Ha MIrHOBEHHME, YTO MH OTKYZA-TO 3HAJH, 9TO
KaHaJ b yjke [0cHaja CBOI0 YaCTHIly B CBOEM HADPABICHHUM, TO MOK-
HO CKa3aTh, YT0 6ePOAMHOCMb TOTO, YTO BTOPAsi YACTHLA HALPABAT-
¢ B TY jKe CTOPOHY, BABOE 00JbIIe TOT'0, 1eT'0 MO;KHO OHIII0 6 0)KA-
aTh, ecim OB ME MOCYMTAadH 9TO COORITHE HE3aBHCHMBIM. TaKoOBO
Yy cBolicTBO 603€-9acThIl, ITO ecJH ecTh OfHA YACTHIA B KAKHX-TO
YCITOBHAX, TO 6epOAMHOCMY MOCTABUTH B Te Ke YCIOBHA BTOPYIO
BfBoe Gonbiie, eM ecliu Ol nepwolt TaM He Omiao. JT0T $AKT 4aCTO
POpPMyAUPYIOT TAK: eCHM y3Ke HMeeTcA ofHa Gose-dacTHIA B aHHOM
COCTOSHUN, TO aMIUIMTYa TOTO, YTO TY[A e, eif Ha ToJ0BY, MOIKHO

Gymer moMecTurs BTOpyIo, B )/ 2 pas Goxbme, deM ecam GH liepRoif
Tam He Ouzo. (J1o HemopXopAmuil cuocod PopMyaupoBaTs pesyb-
TaT ¢ Toil QU3MIECKOW TOUKW 3peBud, KaKyi MH u30palm, HO, ecin
3TO HPaBWIO NOCIENOBATEIbHO HPUMEHATH, OHO BCE K€ IPUBOAUT
K BepHOMY pe3yJIbiary.)

§ 3. Cocmoanua ¢ n Goze-uacmuUUAMU

PacopocTparum mam pe3yipraT Ha TOT ClIydail, KOTja MMEIOTCHA
n vacTuii. BooOpasum cayuait, usobpaskenusiit Ha ¢ur. 2.4. Ecrp
n dacrui a, b, ¢, . .., KOTOPHle pacceMBalOTCsA B HAIpPaBIEHHAX
1, 2, 3, ..., n. Bce n maupanigerauit cMmoTpAaT B He6OABUION cueT-
YUK, KOTOPHH CTOMT TIe-To Noofakb. axk u B IpefryLieM mapar-
pade, Bri6epeM HOPMEPOBKY BCeX aMINIUTY/ TaK, 9TOOK BePOATHOCTD
TOTO, ITO KajKHad 9YacTHUIA, MEeHCTBYS U0 OTMEABHOCTH, MOMageT B

* TlepecranoBka dS; u dS, B (2.11) UpHBOA¥T K ApyroMy colmTHIO, TaK
910 00a 9JeMeHTAa NOBEPXHOCTH 06A3aHH HNpOHTHCH IO Beeil INTOMAAM CYeT-
guka. B (2.13) Mu paccmatpuBaeM dS; u dS, Kak nepy ¥ BKJIIOYAaeM Bce, 4TO
MOMKeT CHYYAThCA. KCAE HHTErpadsl ONATH BRIIOYAIOT Bce, 9TO CIAYIATCA,
krorpa dS; B dS; HOMEHAIOTCA MECTAMM, TO BCE CIHTAETCA JBasiibl.
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@ ue2. 2.4. Pacceanue n uacmuy
& bauskue roneunue COCMOAHUA.

slleMeHT mosepxHocTH 4 cuer-
guKa, Om7Ia paBHa

I< >12dS.

CnepBa IpefmosioKEM, 4TO
9aCTHIIH BCE pas3TudnMEl, TOTa
BEPOATHOCTH TOr0, YTO R
gacTHn OYAyT OXHOBPEMEHHO
3aperucTpUpOBAaBH B n pas-
HEX 3»J€MeHTAX IOBEDXHOCTH, OyjierT pasua

|asbycy ... |2dS,dS,dS, ... . (2.15)

Omars mpuMmeM, YT0 aMILIATY/H He 3aBUCAT OT TOrO, IJe B CUeT-
4uMKe PAacHojlosKeH ajeMeHT dS (0H cuMTaeTcss MajbM), H 0003Ha-
9uM HX mpocto a, b, ¢, ... . BeposrHocts (2.15) obparumtcs B

la|®|b]2|c|? ... dS,dS,dS, ... . (2.16)

IIporousiss waskamit siaement dS mo Beelt nopepxuocta AS cuer-
9uKa, moaywaeM, 4To P,(pasmble) — BEpOATHOCTH OXHOBPEMEHHO
3aperucrpuUpoBaTh N Pa3HHX YaCTUN — PaBHA

P, (pasnue)=|a|2|b|%|c|? ... (AS)". (2.17)

310 OmpocTo NpOM3BeHEHHE BEPOATHOCTEH mMONATAHHNA B CYETUUK
Ka)off m3 9JacTuli 1o oTHeNbHOCTH. Bee oHuM meicTBYwT HesaBH-
CHMO — BEPOATHOCTH HOIACTH ANA OXHOM M3 HUX HE 3aBHCHUT OT
TOI0, CKOJBKO IPYTHX TYHA MOIAJO.

Temeps NPeAORXOKEM, YTO BCEe 9TH UACTHIH — MICHTHYHbLIE
Goze-uacTuusl. g Kamgoll coOBOKymBoCTH Hanpasienui 1, 2, 3, ...
CYIIECTBYeT MHOTO Hepa3jiHIMMEX BosMo;KkHocTel. Ecam Om, cxa-
JeM, vacTun OLLTO TONBKO TPH, HOABWINKCH O CAERYOI[He BO3-
MGHHBOCTH

a—1 a—1 a—2
b—2 b—3 b-—1
c—3 c—2 c—3
a— 2 a—3 a—3
b—3 b—1 b—2
¢ —1 c—2 ¢c—1 !
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Bosunraer mects pasanvHRX KoMOWHanmii. A ecam dHacTui n, TO
Syner n! pasHEHX, XOTH H He OMAUYUMHL TPYT OT APYyra, KoMOuHa-
nnil; UX aMIDIUTYAH TOJO0MeHO CRIaguBaTh. BepoATHOCTH TOTO,
a10 1 gacTur GyAyT 3aperucTpUPOBaHLL B i 31eMeHTaX MOBEPXHOCTH,
torga Oymer paBHA

fabocy ... 4 abye, ...+ nron+|2dS,dS,dS, ... dS

n*

(2.18)

W croBa MH IpeANOJIOKAM, YTO Bee HANPARIEHUS CTONh Giusku
APYT ¥ IpYyry, 9TO MOKHO OyAeT HONOMKHTL @y = dy = . . .

. =@, = a ¥ To }Ke ¢jenarb ¢ b, ¢, .. .; BEPOATHOCTE (2. 18 o6pa-
THTCS B

|nlabe ... |*dS,dS, ... dS, (2.19)

Korma xasnmil saemenr dS nporongior 1o mxouiasu AS cuer-
YHKA, TO BCAKOE MBICJAUMOE TPOM3BE/@HHE BIEMEHTOB TOBEP XHOCTH
cumTaetcs n! pas; yureMm 970, pasfesms Ha nl, W moJIyuuMm

P, (603) = |nlabe ... |*(AS)"
nian

Pn (6039):7’&! ]abc - ’2(AS)'1. (220)

CpasamwBasg 310 ¢ (2.17), BUAWM, UTO BEPOATHOCTH COBMECTHOrO
cdera r Gose-yactuy B n! pas Gonblue, 9eM HOAYIHIOCH OB B Ipen-
ROJGKeHIA, 9TO BCe YACTULH PasinduMhl. Bce 3T0 MOYKHO WOXBITO-
JRUTE Tak:

P, (6ose) = n! P (pasune). (2.21)

Vitax, BepoATHOCTE B ciIyuae Gosze-aacTal B n! paz Godbine, 4eM BH
monygmim Obf, CUMTAA, Uro YACTHIE AeHCTBOBAJIM HE3aBUCHMO.

Mu ayyuie moiiMeM, YTo 970 3HAUUT, eGIH CHPOCHM: 4eMy PaBHA
BEPOATHOCTH TOT0, YT0 H03e-9acTuila mepeiiier B HEKOTOPoe COCTOs-
HUe, B KOTOPOM Yace naxodamcsa n Opyeux wacrnuy? OBGosmavmm
nobasnennyio yacrnny 6ykBo# w. Ecan seero, siurwgasi w, nMeercs
(n 4+ 1) wacruy, ro (2.20) oGpawaerca B

P, .. (60se) = (n+1)!]abc.. w|?(AS)**1, (2.22)
JT0 MOMHU 3aOUCATDL TaK:
P, ., (6ose)={(n-+1)|w|2AS}nl|abc. .. |2(AS)", (2.23)
18103]

P, .1 (ose)=(n-+1)|w|*ASP, (Gose).

JTOT PESYNBTAT MOKHO HCTOJKOBATH CHEAVIOMIUM 0fpa3oM.
Yucxo | w | 2AS — 9T0 BepoATHOCTH 3aNOAYIUTH B CICTIMK YACTH-
Iy w, ecid HURAKMX [PpyTux 4acruy Her; P, (Gose) — aro maHe
TOTO, 9T¢ TaM Ye ecTh r Hpyrux Goze-wactum. 3magmr, (2.23)
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TOROPHUT HAM, 9TO K020a y HAC yiKe eCTh N APYTHX HAEHTHYHEIX ADYT
apyry 6ose-uactmi, ToO BEpPOATHOCTH TOTO, 4TO ewje 00HG HYacTUIA
upumer B TO e cocroaHue, yemausaercd B (n + 1) pas. Beposar-
HOCTh HOJAYUYUTH emle oguH O030H TaM, rfie yiKe ecTh UX n IOTYK, B
(n + 1) pas Goapme Toil, Karas Opra O, eciu O TaM paHbINe HH-
gero He Obiio. Haauuue ZpyTUX dYacTHI YBeJHIHBaeT BEPOATHOCTD
3aMONYYUTH eme OXHY.

§ 4. Haayuverie v riocaouienue homonos

IToBcrogy B Hamux paccyswieEnAX Iuia pedb o Ipoxecce, No-
XO03KeM Ha paccedHHe a-dacTun. Ho dT0 Heo0A3aTeIbHO; MOKHO
Gnsio 6Bl TOBOPHUTH U O CO3TAHNH TACTUI[, HATpUMep 00 M3nyyeHHH
cpera. Ilpu msanywenum cBera «cosmaerca» ¢oror. B arom ciaydae
yake He HYKHB Ha Qur. 2.4 BXofgsgmue JUHHA; MOKHO IPOCTO CUn-
Tarh, YTO €CTh 1 aTOMOB @, b, ¢, . . . , H3AYUYAOIKX cBeT (Pur. 2.5).
SHAYHMT, HAIl Pe3yibTaT MOMHO CHOPMYyJIMPOBATH M TaK: 6eposm-
HOCMb MO020, wmo oM UsAyyum (omoHn 6 HeKomopoM KOHEiHOM
cocmosanuu, yeeauvusaemes é (n + 1) pas, ecaw 6 anmom cocmosnu
yoce ecmv n Pomonos.

Muorum 6oxpmme HpaBUTCA BHICKABHBATH JTOT pe3yJlbTaT
HEAaYe; OHK TOBOPAT, YTO AMNAUMYOR NCIYCKAHUSA QOTOHA yBeINIH-
Baerca B YV n + 1 pas, ecim yike umMeeTcs B Hanuwiud n GOTOHOB.
Pasymeercs, aTo upocro gApyroit cuocob ckazarh To jie caMmoe, eclu
TOJIBKO UMETh B BHY, 4TO 3Ty aMILIMTYAY [l WOJyIeHUA BepoaT-
HOCTH Ha[J0 IPOCTO BO3BECTH B KBajparT.

B xBanTOoBON MexaHUKe ¢cOpaBeJIHBO B 001IeM cyuae yTBepKIe-
HUe 0 TOM, UTO AMININTYAa NOJy9eHUs COCTOSHUA § W3 Jd06oro
APYTOTr0 COCTOAHHSA (¢ KOMILUIEKCHO CONIPAMKEHA aMININTY[Ae LOJyye-
HUA @ #3 Y

Qie> =< *. (2.24)

Mer pasGepemcss B 9TOM 4yTh HO33Ke, a TIOKA NPOCTO MPERLIONOKIM,
4T0 Ha CaMoM fede »To Tak. Torga 9TmM MORHO BOCIOJb30BATHCH,
4To0H NMOHATH, KaK (OTOHBI DAcCeUBAOTCA WA TMONIOMAIOTCA U3

3.
“n
D ue. 2.5. O6pasosanue n PHomoros
6 6AUBKUZ COCTOAHUAZ.
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DAaHHOTO cocTOSHmsI. ME 3HaeMm, 4To aMIVIMTYZa TOro, 4ro $OTOH
OpHOABUTCA K KAKOMY-TO COCTOSHILIO, CKRREM K i, B KOTOPOM yie
Haxozpurcs n HoTOHOB, paBHA

. n+1|n>=Vn+1a, (2.25)
rae a = (i | a) — ammiamTyaa, Kora Her APYIuXx oronon. Ecau
BOCHONB30BaThCA opumyroit (2.24), To ammauryna ofpatHOTO
mepexosia — ot (n + 1) ¢oToroB K n doromam — paBHa

min+1>=Vn+la*. (2.26)

Ho 06pi9H0 roBOpAT HHAYE; TIO/IAM He HPABATCA AYyMaTh 0 Hepe-
xoge or (n + 1) ® », OHM Bcerga UPeIUOUUTAIOT MCXOAUTH U3 TOTO,
910 uMenochk n PoroHoB. IlosToMy roBopsT, YTo aMImIMTYMA MOTIO-
menusa ¢oroHa, ecau UMeeTCH 1 IPYTHX, HHHMH CJIOBAMH, HepeXoa
of n K (n — 1), pasHa

n—4n>=V na*. (2.27)
JTo, pasyMmeercsa, HpPOCTO Ta e caMag QopMmyJia (2.26). Ho rorpa

;
BO3HUKaeT HOBas 3a6ora — HOMENTH, Korfa mummercsa ) n uw Korga

Vr + 1. 3anoMuuTs 910 MOMKHO TAaK: MHOMHTENb BCeTHAa PABEH
KODHIO KBajfipaTHOMY M3 HawboJbIIero 4ucia MMeBHIMXCS B HAIH-
gy POTOHOB, BCe PABHO — [0 PEARIHUH WIH moche. ¥ DaBHEHHs
(2.25) n (2.26) cBUALTEABCTBYIOT O TOM, YTO 3AKOH HA caMoM Ieie
CHMMETPHYEH;, HeCHMMETPHYHO OH,BHINAANT JUIOL TOTHA, KOTA ero
samucuBanr B Bupe (2.27).

N3 stux HOBHX mpaBWI TPOMCTEKAET MHOKECTRO PHIMTSCKHX
CHefCTBHIl; MB XOTMM HIpPHBECTH OTHO M3 HHUX, Kacajomeecs HCIoyc-
KaEuA cpera. IlpencrapuMm cayuaif, xorma QoTOHE HAXOLATCA B
AMuKe,— MoOjKeTe BOOOPa3uTh, 4T0 SU{MK HMeeT 3epKalbHule CTEH-
ku. [lycrs B 9TOM sAmuKe B OHOM ¥ TOM K€ COCTOSHHU (¢ OMHUMY H
TeMH jie JAacTOTOH, MOJApH3anMell 1 HApaBIeEneM) nMeerca n Qo-
TOHOB, TAK 9YTO UX HeaAb3sd APYT OT Apyra OTAMYATH, M OYCTh B
ANTUKE UMeeTCA aToM, KOTOPHH MOKeT MCIyCTUTH elie OfuH $HOToH
B TAXKOM jke cOocTOAHNH. TOra BepOATHOCTD TOTO, YTO OH HCIIYCTHT
¢$oToH, paBHa

(n+1)]al?, (2.28)
a BePOATHGCTH TOTO, YTO OH OTOH HOTMIOIHMT, pABHA
nial?, (2.29)

trie | @ |2 — BeposTHOCTH TOTO, 4TO OH McHycTua Ob QoToH, ecan
Our He 610 5THX 1 §oTOHOB. MLI yike ToBOPHAN 00 3THX mpaBuiax
HEeMHOTO [O-HHOMY B Ti. 42 (Bmim. 4). Beipaskenme (2.29) yTpepik-
7IaeT, ITO BepOATHOCTH TOT'Q, ITO ATOM RO2A0MUM QOTOH U COBEPIUAT
mepexof B cocrosgHue ¢ Hojee BHICOKOH dHeprmeil, HpomopIHOHaIb-
Ha HHTEHCUBHOCTH cBeTa, ocBemaiomero ero. Ho, xax snepsme
yKaszan JUHmTEHH, CKOPOCTh, ¢ KOTOPOH aToM mepexogur B Ooaee
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HU3Koe SHepPTeTHIecKoe COCTOAHUE, COCTOAT W3 ABYX dacredl. Ecrh
BepoATHOCTH | @ | TOro, 4TO OH COBEPIUT CAMOIPOMBBOJbHELH
Iepexofi, ¥ ecTh BEPOATHOCTH BHEYMKJEHHOro Iepexoma n|a |2,
MPOIMOPIHOHAILHAS HHTCHCHBHOCTH CBETA, T. €, YHCIY HMEIOIHUXCSA
doronor. [amee, Kak saMeTmn JHHINTEHH, KO3(PPUIUMEHATH IHOIIo-
HIeHMA W BLIHY;KHEHHOTO HCIIyCKAHHMA DPaBHR MeKIy COGOH M CBA-
3aHHE C BEPOSATHOCTBHIO CAMOIPOM3BONBHOTO WCIOYCKAHHA. 31ech
K€ MBI BBIACHIJIM, UTO €CNM MHTEHCHBHOCTEH CBETA H3MEPAETCH KO-
ANYecTBOM UMenIuXcA POTOHOB (BMECTO TOTO, YTOGH MOAb30BATHCS
9Heprmeil B eguHmie o0beMa WIHM B CEKYH[Y), TO KOdPOHIHCHTE
TOTJIONEHNSI, BHHYKAEHROI0 HCHYCKAHAA H CAMONPOM3BOABHOTO
NCIyCKAHKMA BCe PaBHEL ApYT Apyry. B sroMm cMeica cootHouenns
Mesuny roadpunmentamn A m B, BeiBegeHBOro JifHmireitnoM [cM.
ra. 42 (mm. 4), cootmomenne (42.18)].

§ 5. Cnexmp abGeoaromuo uepHoeo meaa

Msi xoTHM Temeph WCIONB30BATH HAuM mpaBmiaa Ans Oose-
JacTHI, 4TO0H elne pa3 mOAYYUTH CHEKTD MBIydYeHUA abCOMIOTHO
ueprOTO Tena [cMm. ra. 42 (sbm. 4)l. Mer cpemaem asto, moacunras,
CKOJIBKO (JOTOHOB COJEPIRUTCSA B SAIMKE, €CHM W3JIyYeHHEe HAXO-
AUTCA B TEMIOBOM pPABHOBECHH C aroMaMm B simuke. JomycTuwm,
YTO KaKJAOH CBETOBOU WacTOTe O COOTBETCTBYET OIpefeleHHOe
KoxmuecTBo N aToMOB ¢ BYMS DHEPTeTHIECKUMU COCTOAHUAMA,
oTauuamuMuca Ba sHeprurw AE = ho (dur. 2.6). Cocroanme
¢ MeHBINe#l 5Heprmell Mpi Ha30BeM <(OCHOBHHIM», ¢ Oonbmeil —
«Bo30yxmenEnMy. Ilycts N, 1 N, ¢ — cpeHHe duciia aTOMOB
B OCHOBHOM H BO30Y)XKIEHHOM COCTOSIHHAX; TOTAA MJIA TEImIOBOTO
paBHOoBecud mnpu Temmeparype I ©3 CTaTHCTHYECKOH MeXaHuKH

t Basd.
AE=hw
OcH.
OcHoGHOE
cocmosHue
a
Basé.
AE=hw
D ue. 2.6. Haryuenue u nozaowyernue omorna
¢ wacmomot . OcH.
OcHOGHOE
cocmonAaHue
1)
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caenyer
Neoss _ o—AERT — p-hokT (2.30)
OCH

Rasxppiii aToM B OCHOBHOM COCTOAHHH MOJKeT IOTIOTHTH (OTOH
1 mepeiiTH B B030YKIEHHOE COCTOSHHE, W Ka)KAHH aToM B B030y-
JRIEEHHOM COCTOSHUM MOKET MCIYyCTUTh OTOH U MePeiTH B OCHOBHOE
coctofgEne. lIpm paBHOBECHH CKOPOCTH HTHX /BYX IPOIECCOB
ROKEH ObiTh paBHB. CKOPOCTH HPOTOPIUOHAJIBLHBI BePOATHOCTH
coOpiTHil M KoNMYeCTBY mMewmimxca atomoB. Ilycte n — cpenmee
9UCI0 POTOHOB, HAXOMANIMXCA B JAHHOM COCTOAHWE C MACTOTOH ®.
Torma ckopocTh MOTJIOMERNA U3 ITOTO COCTOAHHUA ecTh N ., n|al?,
a CKOPOCTb UCIYCKAHUS B DTO COCTOSHME ecTh NV, . (n + 1) |a|%

[IpupaBumeas gpyr apyry 5T# ABe CKOPOCTH, ME IIOJNy4YaeM

N ooyt = Nooy (n+ 1) (2.31)

Comocrasasas sto ¢ (2.30), umeem

_ :e—hm,’kT_

41
Orcopga Balimem

O T (2.32)
910 U ecTh cpeHee Yncao GoTOHOB B A1WO0M COCTOAHNN ¢ TaCTOTOM @
mpHu TemjaoBoM paBHoBecuu B mosocT. [lockoubky sHEprua gas-

goro ¢oroHA [, TO 3HEPrus (GOTOHOB B JAHHOM COCTOAHHH
ectb nho, win

_rf-“’—— . (2.33)
e Fo/RT — |

Heraru rosopsi, Mu y:e Hoxydanu Hofo0HOe BHpas)keHHE B
npyroit cessu [eMm. ra. 41 (Bem. 4), popmyna (41.15)]. Bemomnnre,
9TO S TAPMOHMYECKOTO OCHWIAATOpa (CcKajkeM, TDYBHKa HA
OpyRuHKE) KBAHTOBOMEXAHHWYECKHE YDOBHH 9HEpruM HAXOMATCA
OPYT OT ApPyTa Ha paBHLIX PACCTOARMAX f®, KaX DORA3aHO HAa
¢ur. 2.7.0603Ha90B SHEPTHIO N-T'0 YPOBHA Yepes nho, M mosyInAn,
9TO CPEeJHAA SHEPTHA TAKOI0 OCHUIATODA TaxyKe [aBAJIACh BHIPA-
smeHneM (2.33). A ceituac 3T0 BeIpakeHHe O5II0 BEIBEAEHO s o-
TOHOB IIyTeM IOficYeTa MX YMCIA U MPABEIO K TOMY K€ Pesyianrary.
Ilepex BaMmn — ogHO M3 Wymec KBaHTOBOM Mexamwru. Ecam magarh
¢ PACCMOTPEHHUA TaKHX COCTOAHUN MR TAKHX yCIOBHH 1A Go3e-1a-
CTHI, KOT/Ia OHHU JPyT ¢ APYToM He B3aUMOMEHCTBYIOT (MBI Bef[b Ipes-
HOJMORIIN, UT0 (OTOHE He B3aNMOJeHCTBYIOT APYT ¢ APYTOM), a 3a-
TeM CYNTaTh, YTO B 9TH COCTOSHHA MOTYT OHITH IOMELIEHBl HYJb,
RId OfHA, MAM ABE M T. A. 4O n 9aCTHH, TO OKABEIBAETCH, U4TO 9TA
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ecsese

Shw

D uez 2.7. YVposnu snepzuu 2apmoni-
YeCK020 OCYUAIAMODA.

4hw

3hw

2hw

hw

0

OcHoBHOE cocmogHue

cucreMa BepeT cefs BO BCeX KBaH1T0LOMUX(AHITIECKUX OTHOITCHHUAX
B TOYHOCTH, KAK TAPMOHHYECKHHA OCUIINATOP. lakuM ocLuaaro-
poM cHUmTaercs JAMHAMHUYeCKAas cucTeMa Hamogo0me TrpysmKa HA
TPYKMHKE WM CTOSYell BOJHB B pe3oHaHCHOH moaoctu. Bor mo-
9eMy MOKHO HOPpeficTaBIATh 2JeKTPOMATHUTHOe nole (OTOHHHIMHU
gacrunamu. C ofHOH TOYKY 3peHMS MOKHO aHAJH3UPOBATL 3JIEKTPO-
MATHUTHOC ToJieé B AIIHKE WIN TOJOCTU B TEepMHHAX MHOKECTBA
rapMOHHYECKUX OCIIJIIATOPOB, pACCMATPUBAA KasKABLI THI Kolle-
OaHUil, COTJIACHO KBAHTOBON MeXaHMKe, Kax TapMOHMYECKHII OcC-
muaaAarop. C gpyro#, oTimIHOR TOYKY 3PEHHA Ty jKe PUBUKY MOKHO
aHAJAH3UPOBATH B TePMHUHAX TOMAECTBEHHHX Goze-uacruu. W mroru
oboux cnoco6oB paccysgenuil eéceeda mowno cosnadaiom. Hesos-
MOJKHO YCTAHOBHTH, CJeQyeT JIK HA caMOM fielie 3JIeKTPOMATHHTHOE
IoJle OMMCHBATEL B BHMIe KBAHTYEMOTO TapPMOHHIECKOTO OCIMIIIATO-
pa IIN jKe 3a7aBaTh KOJMYECTBO (POTOHOB B KajKIOM COCTOSAHMNM.
O6a p3ruama HA Bel OKAZKBAIOTCSH MATEMATHYOCKU TOIKIECTBEH-
HeiMH. B GyaymeM Mu ¢MosieM ¢ PaBHHIM IPAaBOM TOBOPHTH JHOO
0 uncie GOTOHOB B HEKOTOPOM COCTOAHUM B AImMKe, Jub0 0 HOMEpe
YPOBHA DHHEPIWH, CBA3AHHOIO € HEKOTOPHIM THIIOM KoJdebanui
AJIEKTPOMATHUTHOTO NOAA. ITO [ABA cmocoba TOBOPHTH 00 OTHOM
u ToM ke, To e oTHocures W K GOTOHAM B IyCTOM IIPOCTPAHCTBE.
OHu >KBUBAJEHTHE K0JeGaRUAM TOJOCTH, CTeHKA KOTOPOH OTOILIK
Ha 6ECKOHEYHOCTD.

Mo nmopcumralii cpegHIO HEPTHI0 IPOH3BOJIBHOTO YaCTHOTO
THOA KoJXebaHuil B aAnmKe mpu TeMmneparype 7; 4To6H LDOTYIHTH
3aXO0H u3jydenusa abCoOJIOTHO YePHOTO TeJla, 0CTAeTCA Y3HATH TOJIb-
KO OJHO: CKOJBKO THIIOB KOJIeOAHMI GRIBAET IPH KayKIOH SHEPTUH.
(Ml mpegmostaraeM, 4To AJA KaKRAOTO THOA Rojebanmit HaiZyTCH
TAXHE ATOMHI B SIN[UKe — MJM B €r0 CTeHKAaX,— Yy KOTODHIX €CTh
YPOBHH HHEPTHH, CIOCOOHHEE MPHUBORAUTH K H3IYIeHHIO 3TOTO THIA
rodebaHMMi, TAX YTO Ka;KAKI THI MOKET IPHHTH B TEIIOBOE PABHO-
BecHe.) JaKOH M3IydeHus aGCoJIOTHO YePHOTO Tesaa o6nyHO opMy-
AUPYIOT, yKA3KBas, CKOJIbKO SHEPTHH B eMHHIE 06heMa YHOCHTCA

45



CBETOM B MAJOM HHTepBaje 4actor oT ® %o ® + Aw. Tax uro mam
HYKHO 3HATH, CKOJBKO THNOB KojJeGanuil ¢ gacToToll B MHTEpBAaJe
Aw wMeercs 8 sAmuke. XoOTdA EOOpPOC 3TOT TO W [€N0 BO3HU-
KaeT B KBaHTOBOII MeXaHHKe, DTO Bce jKe YICTO KiacCHiecKHil Bo-
npoc, Kacamoumiicss CTOAYUX BOJH.

OTBET MBI DOJYYHM TOJBRO A NPAMOYTOABHOTO AMura. las
MPOU3BOJFHOTO AMNWEA BEIXOIUT TO ;Ke, TOJIbKO BHIKIAAKA KYJA
cao:rHed. Hac eme Gymer uHTepecoBaTh ANLUK, Pa3MepPB KOTOPOTO
HaMHOTO Go0lblre ANUHBI CBETOBHX BOJH. B 3ToM ciydae TUIIOB
KoseGanmit Oyetr MUPHAMH W MUPHALH; B Ka:KIOM MajJoM HHTED-
Bajie 9acTOT Aw HX OK&KeTcd OYeHb MHOTO, TaK YTO MOKHO Oy[er
roBopuTh 06 MX «cpeHeM umcide» B RaykIoM mHTepBase Aw nmpm
gacrore . HaumeMm ¢ roro, 9ro crpocuM ceds, CKOJIBKO THIIOB
romebaunit ObiBaeT B OMHOMEDHOM CJAYYae — y BOJH B HATAHYTOMH
crpyHe. B 3Haere, 9ro KarIe Uil KodebaHuil — 910 cmHycOouna,
KprBasd, obpamiaoniasca Ha o0oNX KOHIIAX B HYJIb; WHAYE TOBOPA,
Ha Bceit AnmAe nuEua (dur. 2.8) MOMKHO YHIAIBIBATHCH ILeJoe
gucae modyBodH. MH npeamounrTaeM HoJdb30BAThCA BOJAHOBBIM
ancaom £ = 2m/k; 0603HaYaA BOJIHOBOE HCAO j-IO TUNA KoJdeGanui
qepes k,, moTydaeM

g 1T

J=T (2.34)

rpe j—uenoe. IlpoMe:kyrtox 8k merxay mOCHeqOBATEJNHHBEIMH TH-

naMH paBeH '
T

k . o=

j+1 7 Yy T

Sk=Fk

Ham ypobmo sBmGpats crToap Goabmoe kL, 410 B MajoMm
uHTepBase Ak oKasbiBaeTcd MHOMKECTBO THIOB KOJeSaHUH.

« s

AWAWAWAWA
\/ \/ \./ \./ \/ Duz. 2.8. Tunu cmosyur

804H HA ompeske.

7.—
|
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OGo3HauMB YHECI0 THHOB KoleGammit B mmrepBase Ak uepes AN,
nMeeM

yo bk _ L
Y (2.35)

DU3HKK-TEOPETHRY, BaHHMAIUECs KBAHTOBOH MeXaHHMKOI,
00BI9HO HPEeJmOYATAIOT TOBOPHTE, YTO THHOB Koae0aHWl B/IBOE
MeHbIIG;, OHHM IYIIyT

AN == Ak, (2.36)

¥l

U Bor novewy. m 0669HO Ooabime HPABUTCA MBICIHTH Ha A3HKE
GeryiiuX BOJH — KEYIMUX HAIpapo (¢ A& HONO/KHTEIBHBIMHM) H
uEymux Hajgeso (¢ k orpmuarexbEmMur). Ho «run komebaruiy, win
«cOBGCTBEHHOE KojIefaHne),— 3TO cMosuai BOTHA, T. €. CyMMa IBYX
BoaH, OerymuX Kaykgas B cBoeM HampaBmenumu. EpiMuU ciosamu,
OHH CYUTAIOT, YTO KA/KHAAA CTOAYASA BOJAHA BIIOYAET ABA PABIHY-
HEX QOTOHHEIX «cocTosiHmA». IloaToMy ecau mpeamodectd moy AN
mofipazyMeBaTh YHCIO (OTOHHBIX COCTOAHWII ¢ AaBEBIM & (rme
Tenepb yie K MosKer OBITH M UOJNO/KATEIBHLIM, W OTPUIATRILHAIM),
1o Torga AW oxameTca BiBoe MeHbiie. (Bce mHTErpasEl Temephb
HYKHO 6y11eT Bpath oT £ = — oo 0 kK = -+ oo, u ofuiee umcIo
COCTOAHHI BOTOTH 10 N1000r0 3aaHHOTO aGcommoTHOTO sHAveHms K
DOJIYYHTCH TAKMM, Kak Hago.) KoHeuHOo, crosAYMe BOJHEL MEH TOTIa
HE CMOMeM XOPONIo ONMUCHBATH, HO NOJCYeT THIOB Kodebanuii Gy-
OeT HMATH COrJFacOBAHHO.

Temepr Hammu pesyabTaTel ME 0000IEM HA TPH HW3MepeHH:.
Crosvyas BOJHA B OPAMOYTONBHOM SINHKE MOJFKHA 0OJATATDH 1[eJEIM
YUCIOM TOJTYBOJH 8004b KaxcOoli ocu. Ciydail IBYX u3MepeHUH LaH
na ¢ur. 2.9, Kaskroe HanpagieHne M 4acTOTA BOJHLI OMHCHIBAIOTCS

| |
| [
{ f
{ 1

JAN

D ue. 2.9. Tunw cmoauuz g0t
6 J8yx usmepenuax.
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BeKTOpoM BosHOBOTO unciaa k. Ero -, y- ¥ 2-KOMIOHEHTH JOJAHEI
VIOBIETBOPATHL ypasHeHnaMm tuma (2.34). Craxo OwiTh, MH HMeeM
i Iy T
kx—_—éx_, ky—-%, kzz%_,
X ~z
Yucmo tumos xoxebammii ¢ k. B mHTepBaze Ak, Kak u mpeixje,
paBHO

L_x_ Akx;
JU

To e U ¢ Ak, u ¢ Ak, Ecan o6ozHaunts wepes AV (k) amcio
TAKHX TUMOB KondeOaHWil, B KOTOPHX BEKTOPHOE BOJHOBOE TuCIO0 k
o61anaer z-KOMIOHeHTOH B wuHTepBaxe oTr k., mo k.4 Ak,
Y- KOMIIOHEHTOH B I/IHTPpBaJIe or k, no/c + Ak, A 2-KOMTIOHeHTOI
B mETepBase oT k, mo k, 4 Ak, T

L, L L,
AN (k) = * Ak, Ak AR, (2.37)

(2n )3
Ilpoussenenne L, L, L, — a10 o0beM V simmra. Mrax, Mer npumrn
K BayKHOMY peayanaTy, 4TQ A BHICOKHX YACTOT (JJIMH BOJH,
MeHBIINX, YeM rabapHTH TMOJOCTH) TUCIO MOJ (THIIOB K0J1e6amm)
B IOJIOCTH IIPONOPIAOHAILHO ee 00beMy V 1 «00beMy B A-mpocrpaH-
crBey Ak, Ak Ak,. 3TOT pesynbTAT TO M HeI0 MOABIAAETCA TO B OfI-
HO#, TO B ;;pyroxa sajjave, ¥ €ro CTOMT 3aHOMHHTH:
d3k

AR (k) =V {57 -

(2.38)
XOTh MH 3TOro M He HOKA3aJdH, PE3YILTAT HE 3aBUCUT 0T HOPME
ATAKA.

Tenepp ME TPUMEHUM 3TOT Pe3yJbraT RIAA TOTO, YTOOH HAUTH
qucao QOTOHHHEX MOJ /JiIf (OTOHOB C YACTOTAME B MHTepBalle Aw.
Hac uHTepecyer Bcero-maBcero SHepIrHs PABHHEX COOCTBEHHHIX KO-
nebaHmil, a He HANpABJICHM CAMUX ROJH. MBI XOTHM 3HATH HHCIC
cOGCTBEHHBIX KOJEGAHUI B HaHHOM HHTepBaje gacToT. B Bakyyme
BeawumHa k cBA3aHa ¢ dacroToit dopMyoi

[k|=2. (2.39)

3HauuT, B HETEPBAJ 4acTOT A® momamaxoT BCE MO, OTBEYAIOIIHe
BertopaM k, seauuurna xoTopuXx Menserca ot k pno k 4 Ak mesanm-
cuMmo oT HanmpasieHus., «O0peM B k-mpocrpaHcTBe» Mexuy k£ m
k + Ak — 9ro chepnuecknit ciaoi, 06'beM KOTOPOTO paBeH

dnk*Ak.
Koamgectso coGerpeHEMX KomeGammit (MOp) Torpga paBHO

o Vank? Ak
N (0) = Ygﬁ)s_ . (2.40)
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Opgmako pas Hac WHTepeCYIT YACTOTHI, TO HaJ0 IOJICTABATH
k=w/c, ¥ Mb nOJyYaeM
Vino?Aw’
N = 2.41
Az(m) (2n)3 3 ( )
Ho spmech BosHEKaeT ofHO ycejoykHeHne. Ecau M roropum
0 cOOCTBEHHEIX KOJe0AHHAX HJIEKTPOMATHUTHO{ BOJHHI, TO K-
ROMY JIAHHOMY RBOJHOBOMY BeKTopYy k MOKeT cooTBeTcTBOBATH
mo0an #3 ABYX DoAApH3auuil (HepmeHAUKyJspPHBIX APYT APYIY).
IMockoubky atu cobcTBeHnsie Ko1eGaHUsA He3aBUCHMEI, TO HY/KHO
(mxs cmera) yjusomts mMx uuciao. M Mbl umeeMm
_ Ve?Ao

AN(0) =—35— (a1 ceera). (2.42)

My nokazanm yske [cMm. (2.33)], 4ro Kamjoe coGcTBeHHOE KoOJe-
Gaune (moza, Tan woieGammii, «cocrosHme») olajgaer B cpejHeM
sHepruen

m

e hohT —1

nhio =

YMuORAA 910 Ha 4mcno cobeTReHHBIX KoaeBaHMI, Ml HOJY-
uaem sHepruio AE, kotopoii odaaTar coGeTBeHHbBE KoJeDanmm A.

16+

\
)
I

k)
=
I

fiw/kT

D ue 2.10. Cnekmp wacmom usayuennsa 6 no.ocmu
RpU MENLOGOM PAGHOBECULL (CRERMD CLHCOALOIMHO HEP-
KOO mead») .

Ho ocu opburtin omacsc2ig geawiniiw 3/ ¥ (x=Hho r1').

o el ted ot dE;dw nocmosnnbM MHOMU e
{(mh)® ((RT )V =1,
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neyKam@e B HMHATepBale Aw:
AE =

ho Vo2Ae
4
ST (2.43)

9TO ¥ eCTh 3aKOH JIJIA COEKTpa 1acTOT N3IYIeHUA aGCONIOTHO YePHOTO
Teda, HaljeHHEH HaMB y:ke ofHa)RKH B ti. 41 (sbim. 4). CumexTp
aToT BHYepueH Ha dur. 2.10. Bu Temepb BUANTE, 9TO OTBET 3aBHCUT
or Toro darta, uro POTOHK ABIAOTCA 603e-9ACTHIAMH ~— JACTHIA-
MH, AMEIOIUME TeHJEHINI COGHPAaThCA BCEM BMecTe B ONHOM I
TOM jKe COCTOAHHWH (aMIUIMTYJAa TAKOTO NOBefeHHA BReTHKa). DBu
noMHmTe, 9To UMeHHO [linamk, usywammmil coertp abcodOTHO dep-
HOTO Tejla (KOTOpLIil IpedcTaBiIAL 3arafiky AIA KIaccudIecKoil ¢i-
3UKH) 1 OTKpHBmMEIE dopMyiy (2.43), TOTORUI TeM caMBIM HAYAJIO0
KBaHTOBOH MeXaHHKe.

§ 6. SRuonuii eeandt

Rupeuit requil mpm HEAKAX TeMiepatypax obramaer pAAoOM
CTPAHHHX CBOHCTB, Ha MOAPOOHOE ONMCAHHE KOTOPHX y HAac, K Co-
RATEHMIO, He XBaTaeT speMenn. MHorme w3 HHX HpOCTO CBSA3AHBI
€ TE€M, UTO aTOM Teauss — 3To 0osze-gactua. OIHO U3 ITUX CBOICTE —
JRUAKuIl requil teger 6e3 Karoro OH To HY 6HIIO0 BASKOTO CONPOTHB-
JeHus. ITo B MeHCTBUTEIBHOCTH Ta cAMaA «CyXas» BOjfa, 0 KOTOpOil
Mh COBOPUJIIHM B OAHOW U3 NPEKHUX [JIaB (OpH yCILOBHH, 4T0 CKO-
pocT gocrarowdo Huaku). [lpnumsa sgecs Botr B deM. Yrolsr mu-
OKoCTh 0bJafiala BABKOCTHIO, B HEell KoJKHL OHTh BHYTPEHHUE MOTE-
PU BHEPTHI; HA/lO, YTOOK OJJHA U3 YACTEl FKHUAKOCTH MOTJIA ABUTATHCHA
He TaK, KaK OCTABIIAACH YKUAKOCTh. JTO 03HAYAET, YTO NOJLEKHA OBITH
BO3MO;RHOCTH BHIGHBaTh HEKOTODHIE aTOMBI B COCTOAHHUA, OTINYHBIE
OT TeX, B KOTOPHX mpebrBaior gpyrne atomsl. Ho Opu mocraTowno
HU3KAX TeMIOepaTypax, KoIJia TeIUIOBOe /BH;KeHHe CTaHOBHICA
OUeHDb CTa0bIM, BCe ATOMHEL CTPEMSTCH IONACTh B OJHH M Te sKe ye-
nopua. Taw, eciiu HewOTOpble M3 HUX HBHKYTCA B ONHY CTOPOHY,
TO W BCE ATOME IHTAIOTCA ABUTATHCA BCE BMECTE TAaKUM sie 06pasoM.
JTO CROETO Pojia KECTKOCTh MO OTHOMICHHWIO K JIBHIKEHUIO, W TaKoe
ABIKEHRe TPYAHO pazbnTh Ha HelopaBuibHEE Ty pOyleHTHBIE YaCTH,
KaK 310 OBLIO ORI, CKaxweM, ¢ HesasucuMeIMB gactuuamu. Mrax,
B JKHAXOCTH 003e-9aCTHUI] €CTh CHIBbHOE CTpeMIeHHEe K TOMY, YT0GBI
BCe ATOMBl IEPENIJIH B OJHO COCTOSHWE,—- CTPeMJIeHHe, mPelCTaB-

aaeMoe MHoxmreneM ) n 4 1, moayueHHNM Hamu panee. (A B
OYTHIIKE SKHAKOTO TeaMsi n, KOHEYHO, OYeHb GOJbIIOe ducyol)
ITO0 KBHKEHKE He TPONCXOANT HPH BLICOKUX TeMIepaTypax, MOTOMY
9T0 TOTHA TEIIOBOH BJHEPTHM XBaTaer HA TO, YTOOH IiePeBECTH
pasHEIE ATOMH BO BCEBO3MOKHEIE PasAHYHEE BHICUINE COCTOSHUA,
Ho mpm pocratoynoM HOHIGKEHHN TeMIEpPATYPH BHE3ANHO HACTY-
naeT MOMEHT, KOTJA BCe ATOMBI I'€JIHSI CTPEMATCA OKAa3aThesl B OJHOM
H TOM jKe cocTodHWu. l'exmit cranoBuTcA cmepXTeKydamM. Hcerarw,
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9TO ABJEeHNe BO3HUKAET JHUINb ¥ W30TONIA TeJHA ¢ ATOMHEIM BECOM 4.
OtfenbHEe aTOMBL M30TONA TEINS ¢ ATOMHEIM BeCOM 3 cyTb ¢epmu-
9aCTUIEI, H JKHAAKOCTH 37ech caMas obwmumaA. llockoxbry cBepx-
TeKydecTh OmHBaeT aumb y He!, To co Bcell 0YeBHIHOCTBIO JTOT
aperT KBAHTOBOMEeXaHWYECKWil, BHI3HIBAeMBINI 003€BCKOIl mpupo-
Io#t o-gacTHIEL.

§ 7. IIpurnyun sanpema

DepMu-gacTunn BexyT cebs cosepmenuo uHave. [Joemotipnm.
-94TO HPOM3ONJET, €CIH ME MONHTAEMCS IOMECTATH ARe epMu-
JacTHihl B OJHO U TO ke cocTosinmne. BepHemes x HameMy nepsoHa-
4aJbHOMY IpPHMepy ¥ TMOMHTepecyeMcA aMILIMTYyHOH TOTo, 4YTO JBe
UAeHTUYHEeEe (OPMU-JACTUIE PACCEIOTCA B IOYTH OJUHAKOBOM HA-
mpaBjieEnn. AMIIUTYHA TOTO, 49TO YACTHIOA ¢ MOUALET B HATIpAD-
denun 1, a vacTuna b — B HampaBIeHHH 2, €CTh

<Alay<2]b,

TOTJa KaK aMILIMTY/ia TOTO, 9YT0 HAPABIAEHHS BRIJICTAIOIIUX YaCTHIL
0OMEHATCA MeCTaMH, TAKoBa:

2la><1|b>.

Pas mp umeem peno ¢ QEPMAE-MACTUIAMA, TO aMONUTYAR UPONLCCR
HBJISCTCH PABHOCTHIO 3TUX JBYX aMIUIATYA:

Afa><2[by—<2[ay<1]b>. (2.44)

Cremyer craszaTh, 4TO IOJi «HanpasieHueM 1» MBI HofpasyMmeBaeM,
70 wacTuna oG67a/jaeT He TONBKO ONpeleJeHHHM HaIpaBlIeHHEM,
HO M 3aJaHHLIM HaOpaBJIeHHEM CBOEro COWHA, a «HAmpasieHme 2»
DOYTH COBOAJAET ¢ HANPABJIEGHHEM 1 H OTBEYAET MoMY e HALPAB-
aegmo comBa. Torma (1| a) m (2| a) GyAyT mpEMepHO DPABHHL.
(9Toro Morno Gu u He GHTbH, eciu Obl COCTOARNA | M 2 BHIETAIOUUX
4acTHI, He 00Jafaiu OJMHAKOBEIM CIHHOM, IOTOMY 4TO TOFJA MO
KaKHM-TO IPHYHHAM MOTIJIO Obl OKA3aThCsA, YTO AMILINTYRA 3aBHCHT
OT Hampapienus cmuHa.) Ecim Temeps mo3BOJMTH HALIPABACHHAM
1 u 2 c6amauTheA APYT ¢ APYTOM, TO HONXHAA aMILIUTY/a B ypaBHe-
Huu (2.44) craHer pasHOl Hymo. laa ¢epMu-wacTun pesyabTaT
MHOFrO Ipome, 9eM s Ooze-gactmil. IIpocro abcomioTHo HeBO3-
MOKHO, 4YTOOH ABe epMH-UacTHI[R, HAIPHMEDP [Ba DJIEKTPOHA,
OKa3almch B OHHAKOBOM COCTOAHME. Bu HEKOTHa He ofHAapy;xuTe
JiBa SIEKTPOHA B OMMHAKOBOM IIOJOKEHNMI M CO CHHHAMA, HAIIDaB-
JICHHEIMH B OJiHy CTOPOHY. IByM 3JeKTpOHaM HEBO3MOKHO HMeTh
OJUH ¥ TOT #ie HMIYJAbC U OJJHO ¥ TO )Ke HaumpaBjleHue conHa. Ecin
OHHN OKa3HBAIOTCSA B ONHOM M TOM Ke MECT€ WJIA B OJHOM M TOM ke
COCTOAHNH JBH/KEHNsA, TO efHHCTBEHHOE, YTO UM OCTAETCSH,— BTO
3aBepTeThCs HaBCTpedy APYT ADPYIY.
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00uH—— / A8a——ss
INEKMPOH A8po 3/eKmpoHa
a .

D ue. 2.11. Tak ymoeau 6b eneasdemob amombl, ecall Obvl JAEKMPOHb
seau ceba rar 603e-wacmuybl.

Haxossl cnegereua storo? HMmeercss MHOEECTBO 3aMedaTellb-
HHX 30¢exToB, IpoHCcreKaUux m3 Toro Qarra, ITo ABE epMu-
JACTUI(B He MOryT mOmacrth B OFHO H To ke cocrosHMe. Ha camom
Jdejie IOUTH Bce ocOoOeHHOCTH MarepuaJbHOTO MHUDPA BaBHCAT OT
3TOTO MayMmMurelabpHoro gawra. Bee pasHooGpasme, mpelicTaBiIeHHOE
B IePHOAHYecKoil Tabiule 2JIeMeNTOB, B OCHNBE CBoOeil ABIseTcs
CIIeICTBHEM TOJIBKO 3TOTO IIpaBuia.

KoHeuno, Mu He MO:KeM cKasath, Ha 470 OB OLI MOXOM Mup,
ecau 6Bl 3TO NPABMIO — M TOJBKO OHO OHO — HM3MEHUIIOCH; Belb
OHO ABJAAETCA TACTBI0 BCEH CTPYRTYPH KBAHTOBOH MeXaHWKM, H
HEBO3MOM{HO CKa3aTh, 4ro OBl erje M3MEHHJIOCh, €CIH OH IpaBuio,
racaomeecs pepMmu-gacrui, craxo 6u apyraM. Ho sce sxe moapo-
6yeM mpepcraBUTh cebe, IT0 CAYIHAOCH OH, ecau Gbl HEPEMEHUIOCH
TOJBKO 3TO IpaBUio. Bo-TepBmiX, MOKHO IIOKA3aTh, YTO Ka;KIALIH
atoM ocrazca Gbl Oonee miu Menee HemsmeHHBIM. Hadmem ¢ aroma
pomopofa. On samerno He usmenmics Opi. Ilporom sjpa Ounian 6wl
OKpYymeH cQeprYecKN CUMMETPUMHBIM 3IEKTPOHHHIM 00JaKOM
(¢pur. 2.11, a). Kax mb yyxe mucann B ra. 38 (BHI. 3), XOTh 3JeKT-
POH U IPHUTATUBAETCH K IEHTPY, MPHHIMI HEOIpejleleHHOCTH Tpe-
Oyer, 4ToGH OBIJIO paBHOBECHE Me:ly KOHIEHTparueil B mpoctpaH-
cTBe W KoHIEHTparueil mo mMmmyhabcy. PapBHosecHe o3Hagaer, 4TO
pacmpefiejieHne 3JeKTPOHOB JOJKHO XapaKTePH30BAThCA onpefe-
JIGHHO! sHeprueil m IPOTHAKEHHOCTHIO, OIPEHeJANIINME XapaKTe-
PHCTHYECKHE PASMepHl aToMa BOJOPOJAA.

Ilyers Temeps mMeercst AApo ¢ ABYMS efUHINAME 3aPAfa, Ha-
IpHUMeP Afpo redus. ITo Afpo OyAeT NPUTATHBATL ABA JIEKTPOHA,
u, 6yab oru Gose-9acTUNAMHE, OHI GF, €CJIH He CUUTATh UX JJIEKTPH-
YECKOT'0 OTTANIKUBAHUS, CINIOTHIHCH 6JIU3 Afpa KAK MOJKHO TECHEH.
AtoM renus Burasen On Tak, kak #a ¢ur. 2.11, 6. Touno Tax me
M aToM JIHTHS, Y KOTOPOIo SpPO 3apsieHo TpeXKpartHo, obiaagar
OH DIEKTPOHHHIM pacIpefedeHreM, IOXO0;RUM Ha TO, YTO Haobpa-
seno Ha gur. 2.11, . Kasamit avoM Beraagen Om dosee wam me-
Hee, KAK paHbIIe: KpyIJIHH MAapUK, BCe HIEKTPOHE B KOTOPOM CH-
uaT O6aus Agpa; He 6Gero Ol HUKAKMX BHJIENEHHHIX HATIpABIeHui
M HHKAKNX CIOKHOCTEM.

Ho uz-3a T0TO, WTO 3JEKTPOHH — 3TO PEPMU-YACTHUIH, HEHCT-
BHTeJbHOE IOJOKeHNe Bellleldl coBepimeHHO mHoe. [lus aTtoma Bo-

52



Cnur
V9D

O0ur~ /
@D ue. 2.12. Amommbe rongueypayuu S/1eKMPOH Fbpo
dan  Hacmoswux, Bepmuesckozo muna
IACKNIPOROB €O cnuiom 1,
a

w7

SALKITPOHA
Aopena oHo B o0ieM-TO He MeHs-
ercst. EpuHCTBEHHOE oTIMTHNE B TOM,
910 - BJEKTPOHA ecTh cHuH (moKaszat
Ha ¢ur. 2.12, a crpenouxoit). B cay-

9ae jKe aTOMa relusi MBI Yike He / /(
CMOMSEM HOCAWTh OAMH M3 ITeKT- ////////
i

POHOB Ha [Apyroii. BupoueM, moro-
%

N\

AUTe, TO BEPHO JHIIb TOTA3, KOTAA
»X COMHH HAOPABJEHH OJMHAKOBO.
Ho ecam omm paspejuyr cBOn CHVHBI
Bpo3b, TO OHHU Yy:ke Oydym eénpase
3aHATH OHO # TO ;Ke MecTo. Taw uro

Q\\\\\\\ \
AN
\ \\\\\\

aATOM TellNd TOyKe He OYeHb-TO U3Me- 9

/ v
HuTcA. OH Oymer BHEITJIALETH TaK, ///
Kag morasauo Ha ¢ur. 2.12,6. A Bor 8

LT JINTHS IMOJO3eHue Bemeil conep-

meHHO wm3MeHMTCA. Hyma cMoxeMm

MBIl DPUCTPOUTH Tperuid diekTpoH? KEro meib3a mocaguTs IPAMO
Ha @Oeppele [gBa, ODOTOMYy uro 00a HAUpPABICHMA CIHHA 3aHATHL.
(Bu moMmumTe, YTo M y BAEKTPOHA, M Yy M0G0 JaCTHIE €O CIHHOM
1/, MMeTCA JHMIb [ABA JOIyCTUMHX HampapileEnsa cnuna.) Tpernit
9IEKTPOH He CMOMeT UPHOIH3UTBCA K MeECTy, OKKYIHDOBAHHOMY
ABYMsA EPYyruMH, oH 00f3aH 3aHATH 0co0oe MOJOKeHHe B KAKOM-TO
HHOM COCTOAHMH, HAaMHOTO pgajbme ot sgpa (dur. 2.12, @),
(Mur 3gecs rosopum 0Go BCEM HOBOJNBHO I'Py6o0, IOTOMY 4YTO Ha ca-
MOM-TO JieJle BCe TPW JIEKTPOHA TO;KIECTBEHHNI, 4 PA3 MH He MOKeM
B lefiCTBUTEIBHOCTH Pa3olipaThes, KTO W3 HMX KTO, TO HAll PUCYHOK
BepeH TOJBRCO B OOIHX YepTax.)

Temeps M yske HaYNHAEM MOHMMATH, OTUET0 y Pa3HBIX aTOMOB
OuBatloT pasHele XuMmdeckme cBoiictsa. Ms-za rtoro, uwro Tpermit
3J€KTPOH B INTHW HAMHOTO Jalbloe, OH CBA3aH HeCPAaBHEHHO clla-
6ee. ¥YBecTn ofmH 3JEXTPOH y JWTHUA Ky[Aa Jjerde, YeM y TeXus.
(OusrT roBopuT, 4TO IJIA MOHH3ALHNM TejNus HYKHO 25 6, a 1JA no-
HUBauuu JATHA THIL O 6.) ITo oTpasiaeTcA HAa BAJTEHTHOCTH aToMa
JnTtnAa. CBoliCTBAa BalleHTHOCTH, Kacalomuecss HampaBieHWid, CBs-
3aHH ¢ BOXTHOBOX KapPTHHOI BHEINHETO IEKTPOHA, HO MH He 0yjeM
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cefitac BXoguTh B noApobGHocTH. CTAHOBHUTCA MOHATHOH BamHOCTH
TAK Ha3HBAEMOTO RPUHYURA 3anpema, YTBeD)RIaoONIero, 4r0 HH-
KaKuhe JBa 3JeKTPOHA He MOTYT 0Ka3aThCS B TOYHOCTH B ONHOM M
TOM K€ COCTOAHWH (BRJOYASA CHUH).

Ilpupunn sanpera Hecer TaK:Ke OTBETCTBEHHOCTH 33 KPYIIHO-
MacmTaGHyIo cTaOnIABHOCTH BelllectBa. Mil paHbile yixe 00bACHAIN,
9TO OTHEJBHBIE ATOMEL BemecTBa He o0BasuBaloTcA Grarogapsa mpue-
OUNY HEONPeHeleHHOCTH, TOr[a MOKHO IOHATH, MOYeMy He OnBaer
TaK, gTo0k ABAa ATOMA BOJOPOMAA HPIKAIHCH APYT K APYry CHoIb
YTOMHO TECHO, HOYeMYy BCe HPOTOHH HE MOTYT COHTHCH BILIOTHYIO,
o6pasosaB BOkpyr cebsa siexTpoHHYWH Tydy. OTBET, KOHEUHO, CO-
CTOHMT B TOM, YTO HOCKOJNBRY B OfHOM MeCT€ MOKeT HaXoJuThcsa He
foitee [ByX BJEKTPOHOB ¢ IPOTHBONMONOKHENME COMHAMM, TO ATOMEI
BOJIOPOIA BHIHYKIEHH JeP/KaTheA MOOJaJb APYT oT Apyra. Tak uro
KpymHOMacmTaOHasA cTa0WJIBHOCTh BElecTBa HA caMOM Jlelle ecTh
CJIEJICTBHE TOTO, 4TO 3JNEKTPOHB — 3TO (PEPMH-TACTHI[H.

HRowneuno, eciin y ABYX aTOMOB CHMHE BHENTHUX JJIEKTPOHOB Ha-
HPaBleHsl B IPOTHBOLOJOKHARE CTOPOHHEI, TO OHH MOTYT OKa3aThCH
BILIOTHYIO APYT K Apyry. UMeHHO Tak M BOSHUKAET XHMUYECKas
cBA3b. OxasplBaercsA, UTO JBa PHAOM CTOAUIAX aTtoMa o6JIagaroT
MeHbIIeH JHepTHeH, ecAn MEKIY HHMH CTOHT JJIeKTPOH. ITO
CBOETO pOjlA HIERTPUUECROe IPUTIKEHHe ABYX IOJOIKATEIBHBIX
AleP K BJIEKTPOHY MEKIY HuMH. MoyKHO IOMECTHTH HAaPy 3JEeKTPO-
HOB — KOJb CKOPO HX CIOHHHE ITPOTHBONOJOMKHK ~— IPUMEPHO
HOCPeIUHe MEHIY IBYMsA ANDPAME, U TaK BOBHHKAET CAMAas CHJIbHAST
U3 XHMHYeCKHX cBAsei. DBomee cmibHOl ¢cBA3M He GHBAET, MOTOMY
YTC NPUHLOAO 3a0pera He HO3BONUT, UT0OH B MPOCTPAHCTBE MEKAY
aTOMaMn oXasajloch GoJblie AByX 3jiertpoHoB. Cumraercs, 4TO
MoJleKkyJa BOJOpPOJa BHIMIANMT IPUMEPHO TaK, Kax H300pasKeHO
ma ¢ur. 2.13.

Xouercsa crasaTh eme 00 ONHOM CHeCTBHHM U3 IPUHNHMIA 3a-
npeta. Bu momumnTe, 9TO eciu ofa 3JAEKTPOHA B aTOMe refduf XOTAT
orasarbCcA HmoOaEKE R ANPY, TO MX COHHA 00S3aTeXBHO JOJKHH
CMGTpeTh HapcTpedy aApyr apyry. HomycrmM Temephb, 910 HaM Ohl
BAXOTEJN0Ch PACIOIOKHTH MOBIHA0CTH APYT OT APYTa JABA JITEKTPO-
HA C OHHM H TEM jKe COHHOM, CKajyKeM, IPHIOKUB CTOJAbL fanTacTu-
decKd CHWJIbHOE MATHHTHOE II0JIe, UTO CHHHE BEICTPOMANCHL OH B
onHy cropoRy. Ho Torja jBa siexTpoHa He CMOTYT 3aHATH OJHOTO
MOJIO;KeHNA B IpocTpaHceTBe. ONuH N3 HUX BEHY:KIEH OymeT 3aHATH
APYrylo reoMerpmieckyio mosuumio (fpur. 2.14). Bosee ynanenHsIi

-,

/ D ue 2.13. Moaerysa sodopoda.



D ue. 2.14. I'eauti ¢ 08num aaekmponon
8 GHCUICM DHEPLEMULECKOM COCIOAHUL,

oT sifpa dJaeKTpon Oyper ofnagarbh MeHbuield sueprieil ceasy. [loa-
TOMY 9HEPTHsSI BCET0 aToMa CTAHCT 4yTh Bhuune. WAnmMm clopamu,
ecill JBa CHOHHA HPOTUBOLIOJO;KHBI. TO 3T0 OPUBOAUT K HAMHOTO
fosiee cOMBHOMY B3AUMHOMY I PUTHMKEHHIO.

Crano OmTH, CymiecTByeT B3amMMOjelicTBHE, CcTpeMsAlleecA pac-
HONO3KUTL CIHHB HABCTPEMY APYT LPYLY, Korja DIeKTPOHHL ¢Oiu-
sratoresi. Eelm aBa 2JeKTPOHA IHTAOTCA HOIACTh B OLHO W TO jKe
MeCTO, TO CIIHHBl CTPEMSITCS BHCTPOMTHCA HABCTPETY APYI APYIY.
Ira Kamymlafcs cmia. CTPeMAmascs OPUEHTHDPOBATDL CIWHH B
pasmbie CTOPOHHE, HAMHOI'O MOIHee ¢jabeRbKUX CHI, AelicTBYIOnuX
MERAV MATHUTHBIMH MOMEHTAMH [BYX 2JeKTponoB. B moMumre,
Y70, KOIIa MBI TOJXKOBAJAM 0 eppoMarHeTH3Me, BOSHIRAJNA 3arafika,
OTYEr0 9TO JACHTPOHH B PAZBHIX ATOMAX HMMEIOT CTOJb CUIBHYIO
TeUJCHIMI0 BHICTPANBATHCA MapalllielbHo. XOTA 37ech emle Her
KOJIMWIECTBEHHOTO 00BACHEHNST, HO Yike MOKHO MOBEPHTH B Clelyio-
Uil Dpomece: IEKTPOHE, OKPYRAIIIIE ONYH M3 aTOMOB, B3aMMO-
JeficTBYIOT HpHW UOMOIM WPHMHIMIA 3alpeTa ¢ BHENIHMMIU dJeK-
TPOHAME, KoTOpHE BhicBOGoAmANCH M 6popsiT Ho KpHUCTANLIY.
310 B3amMOJeliCTBHE 3aCTaBIAAET CIMHH CBOOOAHHEX DJIEKTPOHOB
H BHYTPEHHMX 3ICKTPOHOR IPWHMMATH IIPOTHBOIOJOKHEE Ha-
upaBaesusn. Ho cBoGofHbe 9MeKTPOHL M BHYTPHATOMHEE JIEKTPO-
HHL MOTYT BHICTPOMTBCA NPOTUBOLIOIO/KHO JUINb OPH YCIOBHH, 4TO
Y BCeX BHYTPEHHUX BIEKTPOHOB COMHE HAUPABISHH OJUHAKOBO
{¢ur. 2.15). Kaskerca BechbMa BEePOATHHM, Uro WMEHHO BIMAHNE
OpUHLIKOA 3anperta, /[efiCcTBYIONEro KOCBEHHO dYeped cBOGOTHEIE
DIERTPOHH, KJIAfeT HAYaio GONBIINM BHICTPANBAIOINM CUJIAM, OT~
BeTCTBeRHEIM 3a (eppoMarHeTH3M.

@ ue. 2.15. Bepoamnwli mexanuam, Jdeii-
cmeyouull e feppomacHUMHOM EPUCMAILE.

Crunb a4eKmMpPOHO8 NPOBCOUMOCTIY YCMAHABAU-
GAIMCA AHIHUNAPAAACALHO CRUHAM HECTLAPEHHBIX
EHYMPEHHUX DALEMPOHDB.




YooMsaeMm eme OZMH LpUMED BAVSAHUA NOPHENMOA B3ampena,
Msr yire ToBOpWIIM paHEe, YTO ANepPHbIE CHIBL, HeHCTRYIONHE MOy
HelITpoHOM M IPOTOHOM, MEIK/Y LIPOTOHOM H TPOTOHOM H MesK/Iy HeiT-
POHOM A HeilTpOHOM, OXHHAKOBH. lloueMy sie Tak moiydaercs, urTo
UpUTOH € HeHTpOHOM MOTYT HpPHCTATh APYT K APYTY, o0pasonan
Aapo KeiiTepds, a BOT A/lep WPOCTO ¢ ABYMA OPOTOHAMU WIH TPOCTO
¢ AByMA HeATpoHaMH He cymecrByer? JleficTBuTeNBHO, AEiTpon
cBAsafn sHeprHeil owoao 2,2 Mse, a cooTRetcTRylouleil crAasy
MesRIy mapoil 1poToRoB, Kotopas OH ¢O3[ana M30TON relMA ¢ aTOM-
HEIM BecoM 2, He cyitecrsyer. Taxux sjep me Goaer. KomGuua-
LA OBYX OPOTOHOB He Naer ¢BABAHHOTO COCTOSHIS.

Orteer crIagpBaeTcA U3 JBYX BPPERTOB: BO-NIEPBEIX, W3 NpPUH-
NUIIa 3anpera; BO-BTOPHX, U3 TOTo $aKTa, UTo AlePHLIE CHIR Ji0-
BOJBHO YYBCTBHUTCABHH K HALPABIEHHUIO ciimHa. CWiwl, ACHCTBYIO-
IHHe MERAY HeHTPOHOM ¥ MNPOTOHOM, — BTO CHNBI IPUTAMNCHHA}
OHH UyTh DOJBIIE, KOTHAA CHWHEL TAPANIECNbHE, M 4yTh MeEHbHIE,
KOT7|a OHM HATPABJIEGHH IPOTMBOIOI0KHO. OKa3bIBAETCA, UTO Pas-
JHMMe MEKAY STHMU CIJIAME JOCTATOYHO BeNHMKO, YToOH gefiTpon
BOBHUKAJ JMUIB B TOM CJy4ae, KoTJa CHMHB HeHTpOHA M MpoOTOHA
napaliesIbHEl, & KOTNA CHOMHBL OPOTHBOMOJOKHBI, TO MPUTHIREHMA
He XBaTaer Ha TO, 9TOGK CBA3ATH WaCTHOH RoeguHo. [lockoabry
CHNHE HellTpoHA U WPOTOHA KAasKABI paReH !/, U HaUpaBICHL OHU
B OHHY CTOpPOHY, TO CUMH JeiiTpoHA papeH efmHUIle. Mbl 3HaeM,
OIHAKO, 9T0 ABYM IPOTOHAM HE paspeniaercs cujierb Apyr HA Apyre,
eCJIM X CIIUHK HapasitelbHsl. Ecan 61 He 61yI0 IpMHIANA 3a0pera,
ABa mporoHa 6rurn 661 cBA3ank. Ho pas oHM He MOTYT CyINECTBORATH
B O/THOM MECTE M C OJHUM W TeM jie HaIpapJIeHneM couHa, siupd He?
He cymecrByeT. HpoTOHH ¢ UPOTUBONMONOKHEIME COUHAME MOTAK
0wl ColiTuCh, HO TOIa MM He XBarwio Okl SHEPIUW CBA3H JUiA obpa-
30BaHuA cTabUABLHOTO AXPA, NOTOMY YTO SAEPHHE CHIH TPH Opo-
THBOUOJOMKHBIX COMHAX dYepecuyp ciaabrl, 9roGH CcBA3ATh Lapy
HYKJIOHOB. B TOM. 9TO CHJIH DPUTSKEHUS MeRTy HeldTpoHamMu
NPOTOHAMHA ¢ HPOTHBONOJIOKHHIMH CIMHAMM CYDIECTBYIOT, MOKHO
y6eqnThCA U3 ONEITOB MO pacceAHmo. CXoTHBIE K€ ONBITH IO pac-
CeSIHMIO IByX IPOTOHOB ¢ HADPAJJIEIBHBIMII CIIHHAMU IOKA3BIBAIOT,
9T0 KM MeKAYy HUMHI CVUOIeCTBVeT NMpITA:heHue. WTak, WpHHINI
3ampera MOMOTaeT HAM IOHATH, [OYEMY JerTepuil Momer cyllecT-
BoBath, a He? Her.
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CIIIH EIMTHHIIA

§ 1. Puavmpocra aiieAn0e NP nNOMOULU
npuoopa HHmepna— I'epaaxa

B aroii raape Mbl HaYHEM N3y9aTh KBAHTOBYI
MeXaHuKy TO-HACTOAIEMY — B TOM CMBICAE, 9TO
MH coOppaeMmcs tenepb OINUCHIBATE KBAHTOBOME-
XaHMIeCcKoe SBICHWE ITOJHOCTBI ¢ KBAHTOBOME-
Xannueckoil touknm spennsa. Mur He GymeMm mexars
obbgcHeHNH B KJIaccuyecniod MeXaHHKe U II-
TATLCA YCTAHORUTH ¢ Hell cBA3b. M XOTUM TOBO-
PUTE HA HOBOM MBHIKE O 9eM-T0 HoRoM. YacTtHbiil
raygail, ¢ KOTOporo Mbl Ha9HeM, 9TO IOBeJCHUE
KBAHTORAHHOTO MOMEHTA KOJHYECTBA IBUKEHUS
mas gactunsl ¢o cnunorm 1. Ho Mm He Xorum yoor-
pebiasth TAKEE CAOBA. KAK «MOMEHT KOJAWYCCTRA
ABIDECHMAY WK JIpyrue TOHATHA HKIaCCHYECKOH
MeXaHUKHN, Mbl HECKOJbKO OTIOMHM HX 0o0Cymge-
e, Mp wafpaam ator wacTHHI crydail auns
TIOTOMY ., 9TO OH JIOCTATOYHO TPOCT, XOTS ¥ He CaMHIi
apoctoil U3 Bcex. OH [OCTATOYHO CITOMEH MIA TO-
TO, 4YTOOH CJOY:RHTH 00pasIoM, KOTOPBIA MOKHO
Oymer o6o0INTH [NIA ONMCAEWMA BCeX KBAHTOBO-
Mexanngeckux gapaepnii. Crano OpITh, XO0TS MEI
fymeM mMeTh Jei0o JHIb ¢ JACTHRIM NPIIMEpPOM,
BCE 3aKOHB, KOTODHE MBI YIOMSAHEM, MOTYT OBITH
HeMeJIeHHo 0600HIeHBl; ME TaK U caedaeM, uro0n
BaM cTajy SICHH 00rume ueprel KBAHTOBOMEXaHU-
YECKOTO OMHCAHIIA.

HauneMm ¢ aABiIcHHA pacHlemieHust yYKA a10-
MOB HA TPH OTJedbHHX 1ydka B onete Hlrepra —
Tepaaxa. B mommnre, 9To eciam mMeetrcd Heox-
HOPOAHOEe MATHHTHOE II0JIe, CO3TAHHOEe MAaTHOTOM
€ OCTPHIM IIOJIIOCHHIM HAKOHEYHHKOM, H €CJH gepes
upu6Gop NPODYCTUTh NYHYOK YACTHUI[, TO ITOT IYIOK
MoKeT PpAacllenuThcs Ha  HECKOJAbBKO HYYKOB;
WX KOJHMYECTBO 3aBMCHT OT COPTa aToOMa H €ro
cocrogamsi. Mu pasfepeM cayuail, Korga aroM
pacmmenisfercss Ha TPH IYUKa; TAKY YacTHIY

§ 1.®@uabvTpoBKa aTo-
MOB IIpH NOMOIIH
nprGopa Ulrepna —
Fepnaxa

§ 2.0mp1TI8. ¢ WpO-
GUABTPORATIH B M
atoMamu \

§ 3.Hocxegoparerono
COCTHINEOHITMC
$uanrpnt Hirep-
Ha — Uepnaxa

§ 4.Basnennie cocered-
yIis

§ 5.Mnrepdepupyro-
e aMIvIeTy bt

§ 6. Mexanuga wsan-
TOBOH MEXAHIKH

§ 7.1Ipeodpazonanue
K APYroMy fasuey

§ 8. Apyrue cayuan
Hosmopu i b: v, 33
(s, 7)  «llapa-

MAr"HeTniM B Mar-
UNTHBIY pes3oHaucy
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amonrog
| =
l L @ e 8.1.8 onwume llmepua—1Iep-
” aaza amons co cnunon I pacwen-

JAf0MmMes HQ o mpu nRy4ka.

¥

Mbl OMACM Hadhi 51 b yncriieil co cruron 1. Bet eMoKeTe moTroM camMu
pasoidpare cryvuail uaTLH OYUKOB. ceMU ODYYKOB, ABYVX M T. 4. Bawm
NPUAETCHA TONPOCTY Bee CROUNPORATh, WO TaM, IEe ¥ Hac OIH TpH
wieua, y Bac onajkeTesA IATH, ceMb, gBa 1 T. A,

Hypejpcrasore cefe mpubop. cxemMaruvecky HAUYePUeHHHI Ha
dur. 3.1 1lyvor aronon (i1 M06KIX YACTIIT) KOAAUMUPOBAN (OT paHI-
YeH) KaRIMI-TO UPOPessiMII i TPOXOANT CKBO3H HeOAHOPOAHOE ToIe.,
1yers myvox ABIGKETCA 110 OCH [, & MATHRTHAOR 10N W CTO TpajHeHT
Haupanieusl 1o oci z. Torga, IAAAA €O CTOPOHBL, MK YRWINM, Kan
BYYOK PACUIeTIHCTCH 110 BePTUKAIM HA TPH nyuKa. Ha BHIXOJHOM
KOBTEe MarHBTa MO0 HOCTABUTH HeGoAbmme CTCTIHRH, NMOLCUH-
THBAIOINE CKOPOCTD TOSBJAEBHA 4acTII B TOM WIH HHOM W3 Tpex
nyyron. Waon Momuo nepespeiTh ABA OY7IKAa U DPONYCRATH TOTBEO
TpeTni.

Hypepanonomns, 1o Mpl LEPERPHUL J(BA HIGKIIWX 1IyYKa, a ca-
MEBHT BOPXHII IpoUy ein, BBeia ero Bo Bropoit upubop repuna —
fepaaxa ranoro ske tnma (dur. 3.2). Hro mpomsoiizer? Bo sropoM
upnhope yire re Gydem TPEX DYyYKOB;: TAM 0CTAHETCH TOIABKO BEPX-
HWL pydor (Wil \IpesilosaraesM, 410 yroid OTRJIOHENHHA OYeHb
Maa). Ecrn cawrars propoil mpubop DpocIHiM IIPOROLHEHMEM
NEePBOTO, TO TC ATOMBI, KOTOPHIE B IEPBHE pa3 OTKIAOHAIUCH BBEDPX,
APOJOLRAIT OTKAOHATLCA DBEPX M BTOPHIM MATHHTOM,.

Dur suante, uro mepswiid nipufop co3Mad UYYIOR «OUNTIEHHBIX)Y
00BeKTOR — aTOMOR, HOTOPHC OTKJIOHHIWCH BBEPX B HEKOTOPOM
HeOJHOpoHOM Honme. Te aToMsl, KOTOpBle BXOAAT B HePBOHAUAND-
nedi mpudop [lrepua — INepaaxa, cyTh aToMbl TPeX «PA3SHOBULLO-
ereity, m o Tpu copra BEOmMpaioT pasHse Tpaekropuu. Ordunbrpo-
BBIBASA OIHY-eDHCTBCHAYR PASHOBUAHOCTH, MOMKHO CO3AATh TAKOH

Due 3.2, Amons 00H020 U3 NYUK0& NOCAAHBL
8 dpyeoil maxoi e npubop.
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D ue. 3.8. Boobpasuesoce eudouayenerue npubopa IHmepra —
I'epanza (a) v nymu amoxos co cnunox 1 (G).

mydor, Gymyuiee mosejieHue KOTOpPoro B umpulbope TOTe e Tuha
BIOJHE ONpefesieHo i mpegcrasyemo. Tawoll Myvyor Mm Hazonem
oM@PUALIMPOGAHHIM, TIM ROAAPUIOEAIHNM: B 2TOM TYIKe BCE aTo-
MBI HAXOMSITCA &8 OnpedeienHoM COCMOSHILL.

B nansreitimem Oyier yiaobuee paccMATpU3aTh cHerKa BHECHIME-
Herupiil npubop Ulrepra — Fepraxa. Ha mepsuit narasz oo Bui-
IIARMT CIOMKHEe, HO H& CaMOM jlesie YHDOULaeT BCe PACCY LIAeHNs.
Bripogem, pas Mol OvaeM JeJath TOdbKO ¢MBICIEHHBIC dKCIePHMeH-
TR, yeaOkHeHHe ofopyRonanus He Gymer CTONTL HaM I Tpouwa.
(3ameryiM, KcTaTH, YTo HIKTO HIWKODHA BCEX 3THX AKCIEPHAMCHTOD
TOYHO TAKHM 00pPasoM He ¢TaBHJI, a MBI TeM He MeHee BHaeM, 4T
B HUX npousotidem. Mt 970 3HaeM L3 3aKOKOB KBAHTOBOM MeXaHHKIL,
KOTOpbIe, KOHETHO, OCHOBAHEL HA [PYTHX CXOJHBIX BKCIEPHMEHTAX.
JTH ApyTHe BKCICDIMEHTHl BHawalle TPYIHEEe MOHATD, K MBI LIPel-
OOYNTAeM ONHCHBATH KAKLGE-TO MACAMMAIPOBAHHLIE, HO MHICTHMIC
BKCHEPUMEHTH.)

Ha ¢nr. 3.3, a uzobpasken 2epresk «yconepuIencTROBAHHOTO TP~
Gopa Illrepua — l'epaaxas, woropuiM Mbl i GyJeM LO0db30BATHCH.
OH coCTOMT W3 TOCAeLOBATEABHOCTH TPeX MATHUTOB ¢ CHIBHEIM
rpaguenToM noid. [lepsuit (Meprii) — 970 OGHYHMWI Marsur
Illtepua — l'epnaxa. On pasfgenser nAgaomyril DYYOR YaCTHIL
co cumaoM 1 ma Tpm ormensupX wyuka. Bropoil Mmarmur umeer 10 jKe
ceueHne, 9T0 M IEPBHA, HO OH BABOE JJIMHHEE I NOJSPHOCTH €0

b9



MATHAUTHOTO NOJA IIPOTHROIOJOKHA IOJI0 B TIEPBOM MAarHHTe.
Bropoii MarHmT oOTTalKMBaer aTOMHBIe MATHUTUKH B OGDaTHYIHO
CTOPOHY W HMCKPHMBJISET HX IOYyTH CHOBA K OCH, KaK IOKa3aHO HA
TPACKTOPUAX, HadepuIeHHHX Ha ¢ur. 3.3, 6. Tpernii marauT B T0Y-
HOCTH IOXO0# HA HEPBHIl; OH CBOXNT TPH HYy4YKa CHOBA B OJHO MECTO
U BBHIIYCKAeT UX Hepe3 BHIXONHOE OTBEPCTHe BAOIL ocu. HakomHern,
HAJ0 IPEACTABUTH cele, UTo mepef] oTBePCTHEM B A 1Meercs Kawoii-
TO MEXAHU3M, KOTOpHH pasroHseT aroMH H3 COCTOAHMA MNOKod,
a 1Hoclie BRIXOXHOTO orTsepcrmsi 8 B myeeves s3aMemAsiomiuil Mexa-
HI3M, ROTOPHI OLMTH HPUBOAAT aTOMbi B 5B B COCTOSIHWE TIOKOSA.
ITO HECYUECTREHHG, HO 3TO Bce ke OyHeT 03HAYATH, UTO B HAlIEM
aHauze HaM He mpupercd 3a6otuthea 06 ydere KaKHX-IHH0
3QPEeKTOB [BUKEHUA, KOTNA AaTOMH BHIXOJAT, M MOKHO 6yrer
COCPENOTOTUTHCA HA TeX BOIPOCAX, KOTOPBIE CBA3&HBI TOJIBKO CO
CITIHOM.

Bee masHadveHIe «ycoBepiieHCTBOBAHHOTO» Lpubopa B TOM H
cocTouT, 9To0Bl CBECTH BCe YACTUII B OJIHO H TO 3Ke MecTo, Tfie OHH
aMexn OB HYJEBYI0 CKOPOCTH.

Ecau MB1 XOTHM TelleDhb TPOBECTH OIBIT HaTOT0OWe HOKABAHHOT
Ha ¢ur. 3.2, To ANS Ha¥AJIA HYKHO 6yIeT ToNyduTsh 0TdUIBTPOBAR
BB OY90K, BCTABUB BHYTPH Hpubopa mWIACTHHRY, KOTOpas 3aro-
poant Ara nyuka (dur. 3.4). Ecau reneps nponycTursh monydeHsHbe
HOJspU3oBaHHEIE ATOMH depe3 BTopol Takoll ke mpubop, To Bce
aToMsl #36epyT BePXHUH IyThH; B 9TOM MORHO YOEAUTHLCSA, IOCTABUB
TaKHe jie IVTACTHHRY HA IIYyTH PasiudgHEIX MYyTKOB BO BTOPOM (QHIbT-
pe w Halmonas, TPoHAyT N yacTUIBl HACKBO3b.

O6ospavuM nepsniil npubop 6yrnoit §. (Mwr cobupaemcs pac-
CMAaTPHBATH BCEBOBMOKHEIE cOoYeTaHuA npuGopoB, m, 4T00H He my-
TaThCA, Mbl JIAAANM KaKAOMY cBoe uMA.) O6 atomax, KoTopsie usbpa-
7 B S BepXHUIT JIyTh, MBIl CKa}<eM, YTO OHW HAXOIATCA B (ILIIOC-
COCTOSHNN TO OTHOIIEHUIO K S»; 0 TeX, KoTOpPhle MoK IO CPpeTHeMy
OyTH,— YTO OHH 4B HYNh-COCTOAHHNY IO OTHOIEHHIO K S», U O TeX,
KOTOpBIe BRIOPAIN HIGKELI HyTh,— 970 OHM B (MUHYC-COCTOAHHHU
oo oTHoueHnW K .S». (Ha Gosee npusnamoM Asnke Mbl OB CRA3aim,

Due 3.4 «Veosepwencmeosannuiiy npubop Mmepna—Uepraza
6 kauecmée puasmpd.
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9T0 z-KOMIOHEHTA MOMEHTA KOJHWYecTsa [BIyKeHns pasHa 17,
0 u —1%, Ho ceityac MBI OTKABaJmCh 0T BTOro AsmKa.) Ha $ur. 3.4
BTOpoit IpuOOp OPUEHTHPOBAH TOYHO TAK jKe, KAk Hepxnsil, Tak
410 OTPUILTPOBAHHEIE ATOMEL BCe HOAMYT IO BepXHeMy myTH. A
eciu On B mepBoM mpubope 3aTopPoAUTH BEPXHUH u HIDKBUI Iy9dru
B TPOHYCTUTH TOJBKO HAXOMAWmecs B HyJIb-COCTOSHHH, TO BCe
ordUNBTPOBAHHLIC ATOMH HPOHLIH O TEpe3 CPEeJHIOI0 TacTh BTO-
poro npubopa. Y makonen, eciu 68l 3aropoguTs B mepeoM mpudope
BCE IyYKH, KPOMe HH/RHETO0, TO BO BTOpPOM OnLT GH TOJbLKO HIGKHMI
nygox. MomHo cxaszath, yro B TwboM ciydae mepBuil Tpubop cos-
Zaer oTPUABTPOBAHHHI ITYYOK B ¥UCHOM COCTOSTHUH 110 01HOIICHIIO
K S (4, 0 wnm —), # Mpl BCerjia MozeM HCHRITATH, KAROE WMEHHO
COCTOSIHUME OH CO3jaeT, MPOLYCTHB aTOMBL Yepes Bropoil Taxoil ke
npubop.

MoskHO w BTOpoili upudop yerpourh Tak, 9robe 0H OPOTYCKAJ
ATOME[ TOJILKO B OZHOM OLPEHCTCHHOM cocTostHun. lud atoro Hy:x-
HO TOCTABETH BHYTDH HETO HEPErOPORKM TAK, KAK Ml 370 edAa:id
8 mepsoM npmbope, u TOrHA MOMKHO OyHeT LPOBepsATH COCTOSHHE
majflalon{ero MmydYxa, IPOCTO TISIA, BBIUIAO Jid YTO-HHOYOb U3
galpHero KoHNa. Hanpumep, eclu 3arcpomuTh ABA HAYKAUX HYTH
BO BropoM mpubope, TO Bce aTOMB! BHIAYT HAPY/KY; €CIH Ke 3aro-
poiuTh BepXHuI, TO ke mpolifer Hudero.

UroOu obmeruuwrs mopobabie paccysRIeHHs, Mol ceiluac Upuy-
MaeM COKpamleHHoe K300payReHHe HAMHX YCOBEPHNIeHCTBOBAHHLIX
npubopoB Illrepra — I'epraxa. BMecro ramgoro taroro npuGopa
MH 0y/leM CTaBHTh CHMBOI

O f (3.1)

(SToT cCMMBOX BH He BCTPETHTE B KBAHTOBOII MEXAHIKE; M IOIIPOCTY
BEITyMaldH ero mis 3Toi riaase. OH 03HAYAET IPOCTO COKPAIEHHOe
nsoGpaskenne npubopa, nokazanuoro Ha ¢ur. 3.3.) [lockoabry Ml
colupaeMcs MOJAb30BATHCA HKECKOABKUMU IPHGOpaAMHI OMHOBPEMCH-
HO, MMEIUME K TOMY K€ DasHyl OpHenTAlnl, TO RaKAb u3
HuX Mu OyfieM ormeuats OykBoil BEusy. Tax, cumson (3.1) o6osna-
gaer npubop . 3aropakuBas BHYTpU OLMH WIu GOJLINE IYUKOB,
MBI OyJieEM OTMEUYATH BTO BEPTHKANBHBIMH YEPTAMII, HOKA3HBAIOIIU-
MH, KaKo# uW3 HIYYKCB HEpPeRpHT, Hamoj[oOue
[ -+
0]} (3.2)

S
Pasnuunsie MpicanMbie KoMOuuanun cobpamsi Ha ¢ur. 3.5.
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0 = 0
- I — P ue. 3.5. Cneyuasvnue coxpa-
wennve 0003KaAveRUS das Puabm-
a poé muna Imepna — Iepaaza.
al = . - =2
-1 —
g Ecau mnBa ¢uarrpa cro-
AT Apyr sa gpyrom (Kamr
+1 }/(—@~\\ Ha ¢ur. 3.4), MBL I CHMBO-
0 = = awr OyaeM ¢TaBuTh JApPYyT 3a

[5 {Jgi (3.3)

1 Y

T S S

2 IMpa raxom pacmodo;KeHUH

BCE, YT0 TPONIIO Yepesd mep-

s puavrp, npoiijer v ge-

pes sropoil. B camom gede, paske €can Me DEPEKPOEM HKaHAIL
«HYJNBY II ¢MHIYc» BToporo opubopa, Tak ro Oyner

}) - \la_/// APYIOM:
} 4

logh Tyl B4

BCe DABHO Tpoxo:kieHue yepes Bropoil mpubop Gymer 100 % -HpM.
Ho cean wmmeercs

TO W3 JlaJbHEro KOHIA He Boiiger Huuero. PapHeIM o6pazoM HH-
9el'0 HE BHIiifler ¥ Opu

[ [+ |
’i 0 0 l : (3.6)
s s
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C Ipyroif CTOpPOHHI,

+ I [+
0 ‘) 0 (3.7)
s s

OB1I0 OKL TIPOCTO DKBUBAJIEHTHO OFHOMY TOJMBKO
5]
l 0 J
S

Tenmepb Mb XOTUM 004CATH 3TH ONBITH KBAHTOBOMEXAHMYECKI.
Mur ckaskem, wro arom Haxomurcd B coctosHUM (+4-S), ecam oH
mpomea depes npufiop, maobpaskenHwin Ha ¢ur. 3.5,6, uro o
Haxomnress B cocroguum (0.S), ecru mpoviea ckro3s mpubop Ha
¢ur. 3.5, 6, © 970 OH HAXOAUTCA B cocTosHMU (—S), ecan npomres
ckBo3b mmpubop Ha ¢ur. 3.5, 2 *. Barem uycrs (b}|a) Oyaer
amnaumyda TOro, YTO aToM, KOTOPWU HAXOOUTCA B COCTOSHEN
a, npoligg gepes npubop, okamercs B cocroguumy b. Moswuo cka-
sarp <b|a) ecrh aMmIIMMTYNA /A aTOMA B COCTORHMN @ nepeimu
B cocrosarue b. Omnr (3.4) osxauaer, 910

CES| Sy =1,
a (3.5)—wuro
(—8[48>=0.
Touno rtak e u pesynasrar (3.6) osmadaer, uro
C+8]=8>=0,
a (3.7)—uro
(=8 |=—8>=1.

Iloxa ME HMeeM feJI0 TOJBKO C «YHCTHLIMHAY COCTONHUAMI, T. €,
TMOKa OHBaeT OTKPHT TOJBKO OJUH KaHaJ, TaKBX aMITANTy X -—
Beero JeBATh, WX MOMKHO HepeducJuTL B CIACAYOINeH Tadiure:

B\ s, ¢ 0S -8

s 1 0 0

0S 0 1 0 (3.8)
-8 0 0 1

* IIpomanocuts Hago Tak: (+S8)—«mawe-S»; (08) — «uyas-8»; (—S8)—
«MHHyC-S».
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JTa COBOKYHOHOCTH JeBATU 4duCeN, HMENyeMaas Mmampuyell, 1o-
JHITORMBAET ONUCHHHBIE HAMYN ABICHHAMA.

§ 2. Onotmer ¢ nPoPuaALIM POCANHHNU EMONAHU

Teneps BosHuUKaeT Ba)kEHH Bompoc: uro Gymer, eciw BTOPOI
opn6op HAKJIOHHTL NOJ HEKOTOPHM YINIOM, TaK YTOGHE OCh €ro0
moxasa Goabme He OplIa HmapamiedsHoil ock mepsoro? Kro MosmHO
He TOJAbK0N H4KJIOHUTH, HO ¥ HAIIPABUTH B JIPYIYI CTOPOHY, HAIIPHA-
Mep UOBEPHYTH Iydok momepek. BHaualte s NPOCTOTH Bo3hMEM
TaKoe pacuodosxeHue, Ipu KoropoMm propoii mpudop Hirepsa —
Tepnaxa nuBepuyr vokpyr ocm y Ha yroa o {fur. 3.6). Tawoil upw-
fop Mui obGoszuaamm Oyvksofl 7. Ilyern mur teneps UpeAn puusaii
CHENVIOIMUIT ONBIT:

I | ! 8‘

M Takoil ommIT:

f + J + l]
[0 i 0 .
S r

Yo B ITUX ayuaAx BREJET 13 JAaibHero KOHUA?
Otser Tarop. Ecjn atoMsl o otHomenaio K S HAXOAATCA B OLIPe-
AENEHHOM COCTUSIHAY, TO WO OTHOLIEHUIO K 1 OHU HE HALOOAMCH
B TOM 3Ke COCTOAHNU, cocTosARue (+S8) ne ssasemes Takme 0 COCTOSH-

uueM (+7). OpHako umeemcs oupefeiieHHAas amnaumyda oOHa-

pysRUTh aToM B cocroanmm (-+7), unu 8 cocroguuu (0 T), wian B
cocroaanu (—7T).

WNenivn ¢IoBaMu, KHakx Obl HJOCROHAJBHO Mbl HI yﬁe;uumcx), aro
HAalm| AaToOMBl HAXOMHATCH B OUDPCAETEHHOM COCTOHHLIMN, q)aRT oc-

| A

o1y
t / /“
2
S T
)
D ue. 3.6. sa nocaedosaneibno coedunennaz @u.ibmpa
muna Mlmepna — I'epaaza.

Bopoil nosepryin ONHOCUIMEALHO NeDE0Ly na Yela L,
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raercA (axToM, d9TO, KOrja TaKoH aToM TMPOXOAUT depes mpubop,
HaKJIOHeHHHH 107 JPYIMM YINOM, OH BRIHY)KIEH, TaK CKAa3aTh,
«IepeopUeHTHPOBaTbCAY (ITO HpoMcXonut, He 3abniBailte, Mo 3aK0-
HaM caydad). Ecan nponyckars B KasmIpi MOMEHT [0 OJHOU YacTH-
e, TO BOIIPOC MOKHO GyJleT CTaBATH TOMHKO TAKHM 00pasoM: KaKkoBa
BEPOATHOCTDH TOT'0, 4TO OHa Hmpoiifer HacKkBo3b? Hexroroprie npome;-
IMIe CKBO3b S aTOMBI OYyTATCH B KoHne B cocrosmum (-+-71), apy-
rue — B cocrogaun (0 7'), rpersm — B cocrogEnu (—7), @ Kam-
DOMY COCTOAHHIO 0TBedaeT CBOS BEPOATHOCTH. OTH BEPOATHOCTH
MOJKHO BHUACIHUTH, 3HAsA KBAIPATH MOAYJeHl KOMILICKCHBIX aMILIH-
TY[; HAM HY:KeH MareMaTHYecKiul MeTod A 9THX aMILIUTY[, HX
KBaHTOBOMeXaHHIecKoe onncanuwe. Ham myniHo 3HaTh, 9eMy PaBHBI
pasn@usHble BeJIVYHHB TULA

=T |+8;

mofl STAMH BHIPAKEHHAMU MH LOAPA3YyMeBaeM AMIUIHTY/Y TOTO,
910 aToM, IepBoHadaldbHO OWBmuit B cocroguHum (-+S), Momer
mepeiitn B cocrogune (—7) (IT0 He pasno HyI0, €CIU TOABKO S
u T He mapalieldbHR APYT Apyry). Metorced M Apyrue aMIIATYIH,
HampuMep :

<7108 mm <OT|—8 mr

Tarkux aMOauTym HA caMoM felde AEBATH — 3TO TOMe MaTpuIia,
¥ TeopHs HAOJEKHA coolIuTh HaMm, Kak uX BHIUCAATH. 1logobHO
romy rak F = ma coolniaer HaM, Kak mOACcYATATh, 9TO OHIBAET B
MOOHX 06CTOATENbCTBAX ¢ KIACCHYECKON dacTHIel, TOIHO TAK Ke
¥ 3aKOHH KBAHTOBOH MeXaHHKH IO3BOJAIOT HAM OIPEJENSATh aM-
MINTYAy TOrO, 9T0 d9acTuija Npoiijer depes Takoi-to npubop.
Uentpanbaril Bompoc Torja 3aRA0YaeTCA B TOM, KaK COCIHTATH
1A KayKaoro JaHHOTO yIWla O wiK BOOOIIe JJIA KaKOH YrogHo OpaeH-
TAlMH [eBATH aMIIUTY:

CAT+HS,  <+T]0S, <4T|—5,

< 0T |+ 5, <O0T|08>, <O0T|—=5, (3.9)

(—=T|+5, <—T1|0S8>, <(—T|—=5.
HQKOTOPHB COOTHOMIECHNA MeXAYy 3STAMH aMIIATYJaMA MBI

cpasy MoseMm cebe mpeicraBmTs. Bo-mepsmix, cOrJacHO HaIEM
oupejeJeHusIM, KBaApaT MUAYIAA

[<+T|+8>|2

—9TO 6¢POAMHKOCILL TOTO, 9TO aroM, OmBmmi B cocrosHmu (4 5),
opuger B cocroanume {-+T). Taxkme wusagparsi yjobHee mHcars B
OKBUBAJNEHTHOM B

CHT 48> <+ T |48,

B rex e o000o3HaueHHAX dYHUCIO
OT|+85H<0T | 4+8>*
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JaeT BePOATHOCTH TOTO, YTO dacTHma B cocroadum (-+.S) mepeti-
mer B cocrosaue (07),

=T [+8H<~T|+5>*

— BepOATHOCTB TOTO, 9T0 OHA mepeiifier B cocrosHme (—7T). Ho
gamu OpubopH YCTPOeHH TaK, 4TO KMKAMI aroMm, BXOJAMHAN B
upuabop 7, JomxeH OHITH HallleH B KAKOM-MO OJHOM H3 TPeX €O-
croanmil mpubopa I ,— aToMaM [JAHHOTO copTa HET APYIUX myTei.
Crano OvTB, CyMMa TpeX TOJBKO YTO HANMHCAHHHX BepOATHOCTEH
modkHA paBHATheH emuHmNe. [lomydaercd cooTHOmeHHe

CAT|HS<HT|+H*FOT|+S>O0T [+8>*+
+<{—=T|+8<—=T|+8*=1. (3.10)

WmeroTcsd, KOHETHO, eme aBa TAKWX )K€ YPaBHEHHA [Jif CIydaes,
rkorga BHaganxe Obuto cocroguume (0 8) mam (—S§). Nx odenn jerko
HATIMCATH, TAK 9TO Mbl HEPEXOfuM K ApyrEM o0mmEM BompocaM.

§ 3. Hocaedosamenvrno coedumerntse Huasbmpot
HHImepna — I'epaaxa

Ilyerp y Hac ects atoMel, or@uHABTPOBAHHEE B COCTOAHUE
(+S), woropsle ME 3aTeM IPOOYCTHJIH 4dYepe3 BTOPOHd (uIsTp,
mepesens, cxaxeM, B cocrogaue (0 7'), a samem — depes Opyzoil
¢maprp (+S). (OGosmaaum ero S’, arobml He HyTaTh C HEPBHIM
¢maptpom §.) Bemomast nm aToMer, 9T0 OHM YiKe pas OmIH B CO-
croaHum {+S)? VHage roBopsa, MH CTABUM TAKOH OHHT:

Sl e IS

¥ XOTHM 3HATh, BCe JHW aTOMEI, IpOmeNmne ckBo3b 7', mpoiayr u
ckBo3b S’. Hem. Kax toasro oum npoiigyr ¢uastp T, oHE cpasy
e nosabydym o ToM, 9ro, Xona B T, onu Opim B cocrosaHnu (+S).
3amerspre, ar0 BrOpoil mpubop S 8 (3.11) opueHTAPOBAH B TOTHOCTH
TaK jKe, KAK TePBEI, TAK 9TO 3T0 mo-mpekHEMY ¢maprp THma S.
Cocrosanus, BomenaAeMue ¢uabrpoM S’,— 3T0, KOHeYHO, Bce Te
we (4-5), (0 S) u (=S).

3ech cymiecTBeHHO BOT 4T0: ecau guavmp T nponycnaem moav-
K0 00uH ny4ok, To Ta 0oas Myd9Ha, KOTOpasg MPOXOJAT dYepe3 BTOPOH
¢uaesTp S, BaBHCAT TOJABKO OT pacnonoskeHnsa ¢uaprpa I m corep-
IeHHO He 3aBUCHT OT TOr'o, 96 Omao mepen muM. Tor dakT, 910 TE
e CAMHEEe AaTOMH OFHAKIH YiKe OHIH OTCOPTHPOBAHH QUILTPOM
S, HEKAK ¥ HY B YeM He BJIHAET HA To, 9rd oHE 6YAYT JgelarTh Mocae
Toro, kax opubop T cHoBa OTCOPTHpPYET HX B 4WcTHA nydok. Or-
CI07Ia CIERYET, YTO BEPOATHOCTh HEPEHTH B T¢ WIHM HHHE COCTOAHAA

(3.11)
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AN HUX OfHA U Ta jKe 0e30THOCHTENBHO K TOMY, U4T6 ¢ HEUMH CIy-
qaJ0ch A0 TOTO, KaK oM yrogmam B mpmbop 7.
Hdus npumepa cpaBuuM ommtT (3.11) ¢ omeiToMm

+ | . [ + 1 [ +
o 2 0 10 , (3.12)
IR
S T S’
B KOTOPOM W3MeHWIoch ToNbKo mnepsoe S. Ilyers, crakeM, yroa a
(mesy S m T) tawos, 9ro B onmre (3.11) Tpers aToMos, mpomies-
WuX cKkBo3b 7', mpomda Taxme n vepes §'. B ommrre (3.12), XoTh
B HeM, Booliie rosopd, uepes T mpoiimer gpyroe 4ucCiIOo aTOMOB,
HO uepes S’ mpoijer ma de camas 4acmb ur — OfHA TPETh.
MHur MoseM Ha caMOM Jielie TIOKa3aTh, oIMUpPaAch HA TO, IeMy MH
HAYIWIAACH PaHbIIEe, 9TO [0JAA aTOMOB, KOTOpHE BHXofAT u3 I
TIPOXOMAT 9epe3 TPOM3BONbHBI onpefeneHasil mabTp S”, 3aBACAT

aumb o1 T m S’, a He oT wero Om TO Hu GHIO TPOUCXONMUBIIETO pa-
Hee. CparHmM ommr (3.12) ¢

| + 1 [ + 1) + 1
) 0_ !0 0
=) =) [ =1
S . T S’
AMIIMTya TOrO, 970 4ATOM, BHIXO[AMMH u3 S, TpoiijieT N CKBO3b
T, u cxBosp S’, B ombire (3.12) pasHa
<AHS|0T>0T[0S8>.
CoOoTBETCTBYIOIMIAA BEPOATHOCTH TAKOBA:
[<+S[0T>OT|0S8P=[<+SIOTHF|OT |08,
a BepoATHocTb B ombite (3.13) ’
[KOS|0T><0T|0S>2=|<08|0T>{<0T|0S> |

Wx orHOmMEHHE

(3.13)

[<0S10T) 2
[{+STOT

3aBHCHT TOABKO oT I u " u cOBCeM He 3aBUCHT OT TOTO, Kakoil my-
a0k (+4S), (08) nau (—S) 6mn oro6pam B S. (AGcomwTHEHE e
KOMW9ecTBA MOrYyT OHTHh OOJBIIAMH MAM MEHBITMMHU, CMOTPA IO
TOMY, CHOABKO mpomwio depes 7'.) Mm O noaydmiu, KOHEUYHO,
AHANMOTMYHHE pesylnTaT, ecliu OH CPABHMIH BePOATHOCTH TOTIO,
- 9TO0 aTOMH HePeHAyT B ILIIOC- MAM MHUHYC-COCTOAHNE (IO OTHOMIE-
BHIO K §'), WId OTHOImEHHA BepPOATHOCTEH HepeHTH B HYAb- HIH
MHHYC-COCTOAHH®.
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Ho pas srtu oTHOImEHWA BaBUCAT TOJBKO OT TOTO, KAKOH IYIOK
MomeT npoiTda ckBo3b T, a He 0T 0T60pa, BROOJHEHHOTO TEPRHM
¢uaprpoM S, TO CTAHOBATCA SICHO, UTO TOT 3Ke Pe3ylIbTAT MOLYYnI-
cs 6H, ecan 6B mocaegumil npubop naxke He Gr puabrpoM S. Ecan
B KadecTBe Tperhero mpmbopa (HazoBeM ero R) MBI HCIIOAb3yeM
npubop, MOBepHYTHI OTHOCHTENBHO 7 HA HEROTOPHI IPOU3BOIB-
HH¥ yroa, To BCe PaBHO YBUAHM, 4TO OTHOINEHHA THIA

[KOR|OT>?
[<H+RIOT> P

HE 3aBHCAT OT TOr0, KAKOM IIyYoK NPOHUK 4epe3 HmepBHd GuunTp S.

§ 4. Basucnweie cocmoanusn

9rA peayaAbTaTH WIMIOCTPHPYIOT OIAH M3 OCHOBHHX NPAHLULOB
KBaHTOBOH MeXaHHKM: Ji00ad aTOMHAS CHCTEMa MOKeT OHTh pas-
ZeieHa mpouegccoM (uABTPOBAHMA HA ONOpPEIEIeHHYI COBOKYI-
HOCTH TOTO, 9TO MBI Ha30BEM (A3UCHBIMU COCMOSHUAMU, T OyIymiee
TOBEJIEANe aTOMOB B JMI0G0OM JAHHOM OTHEIBHOM Ga3MCHOM COCTOA-
HHH 34BHCAT TONBKO OT NpUPonbl 0asmMCHOrO COCTOAHHA -— OHO -
He 3aBHCHT OT Tpejwaymeidi mcropuum *. Basucume cocrosanna za-
BHUCAT, KOHEYHO, OT IPHMEHeHHOTo (mibTpa; HampUMep, TPH CO-
crosigms (+T1), (0 T) m (—T)—5T0 offHA COBOKYNHOCTH 6a3MCHHX
cocrosami, a Ttpu cocrosuua (+S), (0S) u (—S) — mpyras.
Boamosrmocreil’ cronbro YrOZHO, W HE OJHA He XYKe JpPyroil.

Heo6xonaMo OHTH OCTOPOMKHEM, YTBeP:KIAs, YTO MH pac-
CMaTpUBaeM Topousie QUIBTPH, KOTOPHE REHACTBATENBHO COBJAIOT
«gmcTeiey nyuka. Ecunm, ckaskeM, mam npubGop llitepra — I'epraxa
HEIOCTATOYHO XOPOIIO OTAeAAeT NMy9KH IPYyr OT Apyra, TO MH He
MOJKEM TPOM3BECTH MOJHOTO pasfiesieHns Ha (GasWCHEE COCTOSHHA.
Mu MoseM npoBepHTh, €cTh JIN Y HAC YACTHE GA3HCHEIE COCTOAHMA,
IOCMOTPEB, CMOTYT JH NYYKHE OUATH paclienurTbCA eme OXHHM
TakmM ke QmiabrpoM. Ecam, HampuMmep, UMeeTca YHCTOE COCTOAHWE
(+7T), To Bce aroMu mpoiigyr depes

oyl
0

* Mu Be compaeMcsl BKIAJHBATG B CNOBA «6a3sHCHO® COCTOSHEE» ITO-
nuGo cBepx TOro, 4T0 3mech ckasaHo. He ciemyer mepeBopmth «Gasmcy Rak
(OCHOBY» B XOTb B KAKOM-TO CMBICJI® CYHTATH HX (OCHOBHHIMH COCTOAHHSMEY.
CioBo «6asucy IOHEMAETCA KaK «CHCTeMa ONUCAHHM», CKAsKeM, B TAKOM CMEIC-
Jle, KAK B BEIDAJKEHHYW (YUCIO B JeCATHIHOH CHcTeMo».
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HO H¥M OJHH W3 HHX He Hpoﬁp;e'r HI 9epe3

+ 1
U

-1
T

HH depes

+
0

r

Hame yrsep:aeHue OTHOCATENHLHO 0a3UCHBIX COCTOAHHMI O3HadaeT,
9T ecmb 808MONCHOCMb OTPHIABTPOBATH MYy4OK JI0 HEKOTOPOIo 4me-
TOTO COCTOAHUA, TAK 4TO AadbHelnee QUIBTPOBAHWE AIEHTHIHEIM
nprbOpOM yIKe CTAHET HEBO3MOIKHBIM.

Caenyer eme OTMETHTH, 4TO BCE, UTO MBl TOBODHM, [0 KOHIA
BEPHO JNIb B HICAAH3UPOBAHHHX cayvasnx. B rammom peanbHoM
npubope Hlrepma — Depnaxa majmo mogyMmars m o Audpakums Ha
meAX, KOTOPAA MOKeT BHHYIATH HEKOTOPHE ATOMBL Hepeiith B
COCTOAHUA, OTBEYAIIKME IPYTHM yIIaM, H O TOM, HET JH B IIy9Ke
aTOMOB ¢ fIpyToil cremenbl0 BO30YMIEHAA CBOUX BHYTPEHHUX CO-
CTOSTHHHE 1 T. 1. MBI nyieaiusMpoBaIn HAII CIy9all ¥ TOBOPHM TOABKO
0 TeX COCTOSHHAX, KOTOPHE pACIIeMISOTCS B MATHUTHOM MOJe;
OPH 9TOM ME HUTHOPHPYEM Bce, 9TO KACAeTCA MeCTONOJIOMKeHHS,
HMIyJIbca, BHYTPeHHEAX B030ymaennil m 1. n. Boobmie ke cnemosano
OBl paccMaTpuUBaTh TaKyKe OASMCHEE COCTOSHUA, PACCOPTHPOBAHHbIE
W 00 OTHOMIEHHIO KO BCeM NEPEINCICHHHM XapPaKTepPUCTHHAM.
Ho naa mpocroTH M mojb3yeMcA TOJNBKO HaIed COBOKYMHOCTBIO
TpeX COCTOAHMIl. JTOTO BIOOJAHE JOCTATOUHO JJIA TOTO, YTOGH TOUHO
pPaccMOTpeTh HIeATM3HPOBAHHEI Ccaydail, B KOTOPOM aTOMBl He
TMOIBEPTalTCA B IpEOOpe MIA0XOMY 00palleHuIo, He PaspHIBAIOTCH H,
fosiee TOro, MORAIAA €r0, OKABHBAITCA B COCTOSHAHA LOKOA.

3amerhbTe, 9TO ME BCErja HadMHAEM HAIIA MBICIEHHBE DKCIIepH-
MEHTH ¢ TOTO, 9T0 GepeM PUIBTD, ¥ KOTOPOTO OTKPHT TOJIBKO OTAH
KaHaj, Tak 9TO HAYMHAEM BCErja C OnpefeneHHOro 6azmcHOro co-
croaHuA. Mu fenaeM 370 mMOTOMY, YTO ATOMH BHXOIAT H3 MeYH B
PA3JIUYHLIX COCTOSHHAX, CIYy4ailHO ONpPeNeNeHHHX TeéM, 4TO MpPo-
usoiiier B meum. (IT0 [gaeT Taxk HABHBAEMBIH «HEIOJSAPU30BAHHLIN
Oy40K.) dTa CIydailHOCTh NPERIOJaraeT BePOATHOCTH (KIAcCCHYec-
KOTO» TOoJMKa (Kak npn 6POCAHMM MOHETH), KOTOPHE OTIAIAIOTCHA OT
HHTEPECYIAX Hac cefiiac KBAHTOBOMEXAHWUYECKUX BepPOATHOCTEH..
Pafora ¢ HemoaApm30BAaHHEM IIyYKOM npuperna 6k Hac B moGapod-
HHM YCIOKHEHMAM, a uX Jyumie maberaTh, MOKa Mbl He IoiimMeM
HOBefeHNUA HOJAPHU30BAHHEIX OY4YKoB. Tak 4ro moka He MHTaiiTech
PASMHEIIAATE 0 TOM, YTO CIAYIATCA, €CHAH nepsbiii ammapar Ipo-
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NyCTAT CKBO3b ceba Goabme omHOTo mydka. (B HoHIe Taassl MEl
paccKaskeM BaM, KAk HY)KHO TOCTYNATh @ B TAKAX CAydYafXx.)

A reneph BepHeMcA Hasajli W IMoCMOTpEM, 4ro Oymer, ecam ME
mepeiiieM or 6a3MCHOrO COCTOAHUA VI OXHOro GMAbTpa K Gasuc-
HOMY cocTosHuUIO jiaa apyroro ¢maprpa. Hagem omars ¢

NEES
—| l;n

Arombl, BHXOmANME u3 7', OKASHBAIOTCA B 0A3ACHOM COCTOAHHH
(0 T) n He nOMHHAT, YTO KOTHa-TO OHH moObiBaau B coctosuun (4 ).
Hexoropsie rosopsar, g9ro npu ¢uasrposanum upuGopoMm T Mu
«norepAaH MHPOPMauuio» 0 6HIOM cocToaEum (- S), moToMy dTO
«BOBMYTHJIH» aTOMBI, KoOIJ]a pasjeisiam ux npubopom T Ha Tpu
nyura. Ho sro mesepuo. Ilpomnas madopmaums Tepserca He npm
pasdeserun Ha TPA TYUKA, a TOITA, KOTAA cmasamcs nepezopodku,
B UeM MOKHO yOe[nThCHA B CJAEYIOUEM DANE OMHTOB.

Haunem ¢ ¢unbrpa - S m 0603HAYHM KONUYECTBO MPOUIEIIINX
CKBO3b HeTo aToMoB OykBoil N. Ecnm MH Benex 3a »TAM mOCTaBUM
¢uaeTp 0 T, 10 9ucmo atoMoB, KoTepoe BHilmer W3 QuaAbTpa, OKa-
MeTCH HEKROTOPOH dYacThi0 0T MEPBOHAYAJIBHOIO HMX KOJWIECTBA,
crasxeM oN. Ecan Mm sarem mocrasmMm Bropoit dumaprp -5, To
10 KOHIA [0igeT NWIIb FacTh P ATOMOB. ITO MOMKHO 3ANHUCATH
CIIeyIOmAM 06pa30M:

l BaN

0 I I 0 I =L (3.14)

Ecam mam rpernit npn60p S’ BHIEIAET /PYTOe COCTOAHUE, CKa-
JKEM (OS) TO Uepes HeTro npouneT Ipyras 4acTh aTOMOB, CHa-

meM y*. Mu 6yJ.1eM AMeTH
l aN ‘ + | yaN

I oo VL (3.15)
— | | —1 '
SI

Teneph mpenmosouM, 4T0 MH DOBTOPHaM 06a »TH ommTa, yGpas
u3 7' Bce meperopopku. Torma M HOJy4dM CIeNyIOmEE 3aMe-

* Ha sA3HKe HAMUX NPEXKHUX oﬁqanaqennﬁ
a=[OT [+ 2, B=[|<+S[0T>[, y=[<0S8[0T>[%
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qaTedbHRH pesyJabTar:

+ [+ A

0 I ﬂ,\l VA G I X, (3.16)
S T s’

+ + +-

0 I l&{ 0 ﬁ,{ 0 I 2 (3.17)
- — —

S T S’

B mepsoMm caygae uepes S’ mpomuam 6ce aToMH, BO BTOPOM — HU
001020} ITO OJIUH U3 caMblX BEJIUKAX 3aKOHOB KBAHTOBOM MeXaHUKH.
To, uro mpupopga meitctByer TakuM o6pas3oM, BOBCe HE CAMOCYEBHI-
HO; pe3yJbTAaTH, KOTOpPHE ME IPHBEIHW, OTBEYAIOT B HameM uipea-
JN3NPOBAHHOM CJlyyae KBAHTOBOMEXAHWUYECKOMY IMOBEREHWIO, Ha-
GaromasmieMycs B OeCUMCIEHHEX DKCIEPAMEHTAX.

§ 5. HumepPepupyrowmyue amnaumyost

Kax e sro momer 6HTb, 4TO, Korja mepexomar oT (3.19) w
(3.17), 1. e. ®or7a omrpuieaemca Goavlie KaHAA08, Yepes HUABTPHI
HAaIUHAET MPOXOAHTH MeHble aTOMOB? 3TO M eCTh cTapmid, raybo-
Ruil cexper KBaHTOBOH MeXaHNKA — HMHTEPPEPEHIUA AMILIUTYN.
C Taroro poja mapajgoKcOM MBI BIIEPBEE BCTpeTHINCh B MHTepdepen-
OAOHHOM ONEITE, KOTJA SJEKTPOHH MPOXOJUIHM depes I8 MmeTm.
IlomHuTE, ME TOrza yBHAeIHW, ITO BpeMeHAMHA Koe-Tie NOJayIaeTcs
MeHbmie 3JeKTPOHOB, KOTa ofe Iean OTKPHITH, €M KOTHa OTKpPHTA
ofEa. YmcaeHHO T0 mMOIXydYaercA BOT Kak. MoykHO Hammcath aM-
WIATYAy Toro, 4ro atoM mpoiiger B nupubope (3.17) wepes T u S’
B BHJf@ CyMMH TpeX aMIUIATYJ — 10 OJHOH [IA KAKIOTO U3 Tpex
oyukoB B T'; ara cymMMa paBHA HYIO:

QOS|4T>¢T|+85+0S|0T><OT |+8> +
+<08|—=T><—T1|+8>=0. (3.18)

Hu ogma ¥2 Tpex OTAENBHHX aMILIMTYJ He paBHA HyJO: HampuMep,
KBafpaT MOAyAA BTopoil ammamtygs ecTs ya [em. (3.15)], 5o mx
cymma ecmd Hysv. Tor 3e orBer moyInaca O, ecan On MEL HACTDPO-
uau S’ Ha To, 9robu orGmpark cocrosinme (— §). OgHarko npu pae-
monosxennd (3.16) orser yxe gpyroi. Ecan 0603Haunts aMnauTymy
npoxosxeHEns depes ' u S’ GykBoii @, To B 9TOM ciydae Mu GymeMm
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umern *

a=<+8

ST AT [+ S>+<+S|0T><0T |+ 8>+
F(HS|=T><—T |+ 8> =1. (3.19)

B onmire (3.16) ny4ox ciepsa paclUemaAicA, a IIOTOM BOCCTa
nasnmBaics. Hawk et BupgmM, Ilamras-Boxras ymanocs coGpats
obparno. Wrdopmauusa o mepBoHadadpHOM cocrosHmu (4 S) co-
XpaH@Iach — BCEe BRINIANAT TAK, Kak ecam Ol mpubGopa T Bonce
me Opi1o. U a10 6yzierT BepHO, uTd 66 HU MOCTABIIN 3a [0 OTKAa3a
packpureimy npubopom T. MosxHo noctasurh 38 HUM $uirbTp R —
NOJ KAKUM-HHOyAb HEOOBTHLIM YIIOM — Mian uro-yrogHo. OTser
Gyzer Bcerfa OXUHAKOB, KAk Gyxro atoMul mau B 8’ upaAMo us mep-
Boro Quiabrpa .

Wrak, Mbl DPUILTH K BKEOMY HpuHNUNy: uabtp 7 wim mwoboi
Apyroii ¢ OTKPHITHIMM [0 OTKA3a 3aCJAOHKAMH HE NPABOIUT HE
K KakuM maMerenusiM. Hajio TompKo ymoMaHYTL 0jiHG fob6aBodnoe
yemopue. OTRPHTHI UABTD J0MKEH HE TONBKO IPOTyCKAaTh BCE
TPHU My9Ka, HO U He BHI3HIBATH B HHX HEOEUHAKOBLIX BO3ZMYIIEHHIL.
Hanpumep, B HeM He [OMKHO OBITH CHIBHOTO B3JIEKTPUYECKOTO
noas 6aus OfHOTO M3 MyYKOB, KOTOPOTO He OBI0 OH BO3JE PYTrHX.
Ilpaunna saxmw9aercs BOT B 96M: X0TH 3T0 g00aBOIHOE BOSMYIIE-
HIE MO/KeT W He IoMemarh BCeM aToMaM IpO#TH CKBo3b PUIbLTD,
OHO MOMKeT HPUBECTH K HBMEHEHHI) ¢fa3 HEKOTOPHX AMIIMTY.
Torga uarepdepennus crana 6u He TAKOH, KaK OLIa, 1 aMILTUTY /I
(3.18) u (3.19) cranu 68 xpyrumu. Mu Beerga 6yieM npepuoiarars,
970 TAKMX M00ABOYHHIX BOBMYUIEHHIT HeET.

Mepermprem (3.18) u (3.19) B yayamerHmMX o0003HAYCHUAX.
Iyers i oGosuagaer ao6oe ms Tpex cocrosumit (+ 7, (0 1) u (—T);
TOTa YPABHEHHA MOKHO HaIMCATh TAK:

BE <08 ]ix<i|48>=0 (3.20)
n
BZA<+S|i><i|+S>=1. (3.21)

Touno Tak ke B ONETEe, B KoTOpoM S’ 3aMeHAETCA COBEPIIEHHO
TIPOM3BOIBHEIM ¢mabTpoM I, ME umMeeM

+ -+ +
0 I 0 G | . (3.22)
_ | — —
S T R

Pesyuaprate 6yayT Beerja TakuMm ke, Kak ecam Om upubop T

* W3 sroro ommiTa MEL HAa CAMOM Jiele He MOKeM 3aKI0IUTh, YTO a==1,
a BHAMM TONRKO, 4TO | a [2==1, cieqoBaTenbHO, @ MOMKeT GBHITE €', HO MOMHO
TOKa3aTh, 4YTo UpE BEOOpe 8 =0 MB HuYero cymwecTBeHHOTO 3[eCh He [O-
TepAIH.
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yOpasu # ocTanock OB TOJNBKO

EREE
1;|H I

Nan Ha maremarmueckoMm f3bike

SNCHRID | +8> =<+ R4+ 5. (3.23)
Bee ¢
JTo W ecTh HAUL OCHOBHOI 3aKOH, W OH CIPABEAIHB BCEIAA, €CIH
Toabko { 0603HAYAaeT Tpu 6GasHCHRIX cocrogHuA nI0Goro QuianTpa.
3aMerbre, uTo B 0ibTe (3.22) Aukaroil ocolofl CBA3H MEKIY
S, R n T ne 6euito. Boaee Toro, pacey:RIeHUA 0CTATHUCH OBl TEMU jRe
HC3aBUCHMO OT TOTO, KARME COCTOSHMS 5Tu QuIBTpH ordmpaior.
YroOm HATIUCATD YpaBHEHUEe B 00UICM BHje 0e3 CCHITOK Ha KaKHe-TO
ocofpie coctosuns, orbupaemsie npuGopamn S u R, oGosHagum
Yepes ¢ COCTOSIHUE, NPHIOTOBITIEMOe HMepPBEIM NpuGOpoM (B HalreM
gacTHOM mpuMepe -+ 5), m wepes y — COCTOSHUE, IMOABEpPraeMoe
HCHOBEITAHUI0 B KoHEeIHOM uiabTpe (B HamreMm npnMmepe + R). Torpa
MBI MoweM cPOopMyJHpOBaTH HAIN -OCHOBHON 3akoH (3.23) rax:

<> :BZKX | > <] g, (3.24)

rme i gommmo npoberarh 0 BeeM TpeM Oa3HCHBIM COCTOSHIAM
HEKOTOPOTO ompeflesieRIoro Quabrpa. _

X 04ercs OUATH IHOAYEPRHYTH, 9T( MBI HOHAMAaeM o7 6a3uCHEIMI
cocrogausaMa. QRN HAMOMMHAIOT TPOIKY COCTOSAHUI, KOTOPEIE MOK-
HO orofparb ¢ moMomIplo opHoro w3 Hammx npubopos llrepma —
T'eparaxa. Oxmo ycionne COCTOUMT B TOM, 9TO eciy y Bac ecTh Ga-
3UCHOE cocTOAHUe, To Oy[yliee He 3asucur or mpouutoro. pyroe
VCAOBHE — YTO €CJHH Y BAC €CTh HOJHAA COBOKYIHOCTHE 0ABUCHBIX
cocrofinuil, 1o ¢opMmyaa (3.24) cupaBemansa JIA A1060#H coBo-
KYHNHOCTH HAYaNbHHX U KOHe9HBX cocToanuti ¢ u . Ho me cyulect-
BYyeT HUKaKoil ocofoll cosokyntocmy GasucHHX cocToguuil. Mbr Ha-
QadW ¢ PACCMOTPEHHA GasHCHHIX COCTOSHMIT MO OTHOIEHHIO K IIPH-
6opy T'. B pasroil Mepe Mbl GBI MOTJIN PACCMOTPETE Jpyeyio cosoryn-
Hocmb GazsMCHHX COCTOSHHMH — IO OTHOIIeHWId R npubopy S, X
apubopy R u r. 1.* Mur o0sras0 ropopum o 6a3ncHLX COCTOAHUAX
4B KAKOM-TO UPeACTaABICHUUY.

Llpyroe tpedosaHite K COBOKYIHOCTH DA3UCHEIX COCTOAHUI (B TOM
AAY WHOM 9YaCTHOM HpefCcTaBIeHNYu) 3aKJ0YaeTca B TOM, 4TO UM

* W B caMoM feme, [T ATOMHBIX CHCTEM ¢ TpeMA miu Gojtee GasmcHHIMHA
COCTORHHAMN CYIICCTBYIOT [APYyrue THIL (UIALTPOB (COBEPMEHHO IEIIOXO0MHe
Ba nipubopn [ltepna —Fepaaxa), Koropsie Moskio GBLT0 OH ynorpeOuTh 1IA
BRIDOPA JIPYTAX COBOKYNHOCTEH (a3MCHBRIX COCTOAHMIT (HO TpH TOM Ke obujen
uzx uucae).
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TOJIOMREHO TONHOCTHI0 oramdaThed APyr or ppyra. Ilom stum mer
ToHuMAaeM, 9To ecaum mMeercdA cocroaHue (- 1), To AuA HeTo HET
ammauTyel mepeititm 8 cocroaHue (0 7) nau (— 7). Ecam i u §
0603HA9AT0T /{Ba GA3UCHEIX COCTOAHUA B HEKOTOPOM T PeICTaBIEHAN,
To ofiime mpapmaa, KOTOpHe MH o0Cympaan B cBasm ¢ (3.8), ro-
BOpPAT, 9TO
<jli>=0

Ins mo0HX HepaBHHX Mesxjy coboft i m j. Homeumo, mu smaem,
10

Giliy=1.
JTH jBa ypaBHeHAS OOWYHO OANIYT TaK:
Gli>="0, (3.25)

riie §;; («cmmBosr Kponekepay) — cAMBOJI, PABHBIH 10 OIpelleTeHNI0
HyJIo0 npu i~ j # eiuHmre upa i = j.

Y pasuenue (3.25) He HE3aBHCHUMO 0T OCTAIBHEIX 3aKOHOB, 0 KOTO-
PHX MH yHOMAHAJH. BHBaer, 4ro Hac He 0CO0GHHO MHTEpECyer
MareMaTu4ecKas 3ajJaYa MOMCKA HAWMEHbBIIe!l COBOKYINHOCTH He3a-
BHECUMBIX aKCHOM, W3 KOTOPHIX BCE 3aKOHH NPONCTEKYT KakK cief-
crsusi. HaM BrnosHe gocrarodno o6majaTs COBORYIHOCTBIO, KOTO-
pas mosiHA ¥ 0o BEAY HemporaBopedmsa. OqHARO MBI OepeMcA moKa-
sathb, 910 (3.25) m (3.24) ue Heszasmcumul. llycrs ¢ B (3.24) npen-
CTABAAET OMHO W3 Da3HCHHEIX COCTOSHUHA TOH ;K€ COBOKYIHOCTH, 9TO
M i, CKaykeM j-e COCTOSHHE; TOTJia ME HMeeM

> =Bl <D

Ho (3.25) yreepswpuaer, uro { i| j) paBEO HYIW, €CIH TOIBKO i
He paBHO j, Tark 4r0 cymma oGpamaerca mpocro B {y | j) v moay-
9aeTCsA TOMIECTBO, 9TO TOBOPHT O TOM, YTO 9TH JBA 3aKOHA He He-
BaBYMCHUMEI.

MokHO BuieTh, 9TO €Cad CIpaBedamBil 00a ypasHeHua (3.20)
u (3.24), 1o MERAY aMIIUTYXAMA JOIKHO CYIIECTBOBATE €Ie OTHO
coornomenye. ¥Ypasaedue (3.10) umeno smpg

CAT|ES>CHT|FS*FHOT [+55<0T |4 Sy*+
FL=T [+ T |+ 5*=1.
Ecau remeps mocmorpeTs Ha (3.24) w IpegmonoKuTh, 9T0 U @, U

¥ — 510 cocrosigme ( -+ S), To caeBa moayaurca < -S| 8D, a sro,
KOHEYHO, PABHO €JMHHUIE, W MH AOJUKHE moxysats (3.19)

CASTFTICHT |8 +H<HSI0TXO0T |85+
FLHS | =TT |+ 8> =1.
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ITH qBA ypaBHEHUA COTIACYIOTCA APYT C APYroM (AJs BCeX OTHOCH-
TeabHHX opHeHTanmit mpubopos T u ) Toapko Torga, Korjia

CHS|+T>=<+T|+8>*,
CHS{O0T>=<0T |4 8>*,
(S| =T>=<—T|+8>*.

Cramo GHTH, maA A00HX COCTOAHMA @ H ¥
<@ x> =<x|P>*. (3.26)

Ecam 61 sToro He OO, BEPOATHOCTM «HE COXpaHWIACH OBy
YJacTAOH «TepPANNCHh GR.

[pesxme weM mjru jaabine, cobepeM BCe Tpm oOUTHX 3aKOHA
aasa amMmautyn. T. e. (3.24) —(3.26):

I' <]|L>:6/p
1. <l ~—~BZ.<xfi> <i|g, (3.27)
cet
HI. <@ |y>=<xle>*.

B »TuX ypasHeHnAX i ®W j OTHOCATCA KO 8cem GAsHCHHIM COCTOSHHAAM
KAaKOTo-TO 00H020 NPEICTABIEHAS, TOTAAa KaK ¢ | § — 9T0 di06oe
BO3MOMKHOE CcOCTOAHHEe aroMa. BamHo orMermTh, 4910 3axkom Il
CIpPaBeJIAB JANIb TOINA, KOIJA CYMMWPOBAHHE NPOBOJATCHA II0
gcem GazuCHRIM COCTOSTHUSIM CHCTEMH (B HamieM cJIydae mo TpeM:
+ 7,07, — T). 9tu 3aKoHHM Hudero He I'OBOPAT O TOM, 4TO cie-
ayer mabuparh B KadectBe Oaszmca. Msr Haganum ¢ mpubopa 1, Ko-
ropril asaserca ommroM Illrepra — I'epmaxa ¢ xawoi-ro mpous-
BOJBHOH opmeHTaumell, HO W BCAKAA APYyTas OPMEHTAIHAA, CKaKeM
W, toxe momomuia Oei. Bmecto i m j Ham mpumumioch O6bl CTABHTH
APYryi0 COBOKYHHOCTH GasMCHBIX COCTOSIHAN, HO BCE 3aKOHH OCTa-
auch OB mPABHJIBHEIMHA; KaKON-TO €UHCTBEHHON COBOKYIHOCTHM He
cyImecTByer. ¥YcmeX B KBaHTOBOH MeXaHUKe YacToO OLPeNedsaerca
TeM, yMeeTe JH BH HCIOJH30BATH TOT ¢aKT, MoMHA, YTO pacder
MOMHO BECTM H3-3a DTOTO PABHHMHU IIyTAMH.

§ 6. Mexarnura xK6anMOBoH HEeXAHUKY

Mei moKaxeM BaM celiaac, IOYeMy IMoOJesHbl 5TH 3arkoHH. [Iycrs y
HAac ecTh aTOM B BaJaHHOM COCTOAHUY (1101 3TUM MEI NOIPAa3yMeBaeM,
970 OH KaK-TO ORI MPHUIOTOBIEH), ¥ MEL XOTHM 3HATH, UT6 ¢ HAM 6y~
AeT B TAKOM-T0 omnTe. HEMM ciloBaMu, ME HaYMHAEM C COCTOAHAA
¢ aToMa U XOTHM 8HATh, KAKOBHL ULAHCHL, 9TO OH MPOIET depes mpu-
00p, KOTOPHH TPOMyCKAaeT ATOME TOABKO B COCTOAHNM ¥ . SAKOHK I'0~
BOPAT, 9T0 MBI MOKeM HOJHOCTHIO ONUCATH IPHOOP TPEMA KOMILIEKC-
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HHMH quciaaMa (¥ | i) — aMIIATyAaMH ToTo, 9T0 Kajkoe n3 Gasmc-
HBIX COCTOSIHMI OKAyKeTCHA B COCTOSIHWH Y, M 9TO MBI, yCTHR aTOM B
opubop, MoyKeM upejpcKasarh, urd TPOU3OHAET, eCaIu ONMIIEM
cocToAHMe aroMa, 3ajas Tpum dmena {i| @),— aMIUIATYAH TOTrO,
YTO aTOM M3 CBOEI'0 TEPBOHAYAIBHOIC COCTOAHNSA Lepedzier B JI0-
60e 13 Tpex GasMCHHX COCTOAHUI. JTO 0YeHD W OY€Hb BayKHAA UIeA.

Pacemorpum ppyryio mumoocrpanmio. IlogyMaeM o caegyomei
sagaze. Haunnaem ¢ mpuGopa S, sateM uMeercs KaKasf-TO CIORHAA
MeIIaHNHa, KOTOPyI0 ME 0603HadaeM 4, a ganbmie crout npubop R:

(+ () (+h
13|} {lA}} ii)lj}“ (3.28)

S R

Ilox A Mur mogpasyMenaeM M060€ CIOKHOE PACITONOReHUue Tpubo-
pos llrepma — I'epmaxa — ¢ meperopopgraMm ¥ TOJyHeperopos-
KaMu, I0J] BCEBO3MOYKHEIMHU yIiaMu, ¢ HeOOHIHBIMU 3IeKTPUIECKH-
MA ¥ MATHUTHRIMHE TOJISIMIEL, — CJOBOM, TOJKTCS BCE, 9YTO BAM HPHIET
B roaoBy. (OueHs OPUATHO CTABUTH MBICACHHEIC KCHEPHUMEHTH —
TOTZIA HAC HE TPEBOKAT HUKAKAE 3a00TH, BOSHAKAIONME IPH Peab-
HOM coopyacenuu npubopos!) 3agayua coCTONT B CALAYIOMEM: ¢ KaKOM
aMOIuTygoil wacrulia, BXojgAmas B obsacrts 4 B cocrogrmu (+ §),
BHUlteT u3 Hero B cocrogHuu (0 R), Tak 4ro CMOKeT UpOHTH Hepes
nociaepanil puabrp R ? Meercd crangapTHOe 0003HaYeHNE JJ1A TaKOH
AMILTATY B

OR|A]4S>.
Kax ofoiuno, 210 Hajo uwWTarh CIpaBa HAJIEBO:
< Horer | Yepes | Hagano>.

Ecau cayuaiimo orkamercs, sro A HEYETO He MEHAET, 4 MPOCTO AB-
IseTcd OTKPHITHIM KAaHAJNOM, TOTJA Mbl UHMIIEM

COR|1[+8>=<0R|+8> (3.29)

9TH [1BA CUMBOJIA paBHO3HauHH. B Gosee ofmux samavax Mbi MOKeM
saMeHuTh (-+ S) o6mum HavanbeEM coctosEueM ¢, a (0 R) — o6-
IAM KOHEYHEIM COCTOAHUEM ) M 3aX0Terh y3HATh aMINIUTYHY

<xlAle>.

IMonamit ananua npanbopa 4 momxed Omn O JaTh HAM AMILIATYRY
VA | @) mna wammoll MBICTNMOI TAPH cOCTOAHMI ¢ 1 Y — Gec-
KOHedHOe HoamdecTBo KomOmmaumit! Hak e cMomeM Mul Tormga
maTh KpaTKoe ollucaHme moBegenus npubopa 4? 910 MOMKHO cle-
JaTh ciaepyoluM nyTeM. Boo6pasaM, uTo MH BAJOMSMEHMIM MpPH-
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Gop (3.28) Tax:

(ol [5) ) [3) [5!] o

| - A
T

Ha camom peme 370 BOBCe He BUAOW3MEHEHHE, HOTOMY 4TO IIHPOKO
packpuiteie npubopst T mugero Hurge He Merasor. Ho onu nogcka-
3BIBAIOT HaM, KaK NpoaHAIm3upoBarh npobaemy. Nmeercsa ompe-
jgeneHHas coBokymmoctbh ammanrypn (i} 4 ) toro, aro aToMm
n3 S mepelifyT B cocrosinme i npudopa 7. 3aTeM uMmeercsi pyras
COBORYIHOCTEH AMIUIUTY/ TOTO, 9TO COCTOHAHWE i (M0 OTHOMEHWIO K
T), Boiiga B A, BulileT OTTYNA B BUjie COCTOAHUA j (110 OTHOIICHUIO
k T). W maromelu, uMeercsa aMImIIUTyAa TOTO, IT0 KOKI0E COCTOMA-
Hme j mpofifer wepes mocaepsuit puastp B Bupe cocroanusa (0 R).
Has xamoro AomycTHMOTO IYTH CYIIECTBYeT aMONHUTYAa BHAA

COR|PDGIAD S,

¥ TOJIHas aMIJATY/A €CTh CYMMa YIeHOB, KOTOPHIE MOKHO IOJY-
9uTh U3 BeeX cogeraHmii i u j. HyHas HaM aMmiauryza paBHa

2ORIDGLAD 45> (3.31)

Ecan (0 R) n (4 §) saMenuts o6mMUMHE COCTOAHNAME ¥ ¥ ¢, TO IOTY-
9uTCA BHPAaseHAE TAKOro jRe Poja; Tak dro obmmil pesyiabrar
BHIIVIALAT TaK:

gl4|e>= Z,(Xl]><]|A|l><lI(p> (3.32)

Temeps samerbre, uro mpasad dwacts (3.32) Ha caMoM [eie
«pome» seBoii gactm. Ilpubop A mommocThio onmcaH Oegsambio
aueaamu {jl| 4| i), coofmammyuMy, KakoB OTKIHK 4 Ha TpH
OasmcHBIX cocTosaumsa npubopa 7. Kak ToxpKo Mel y3HaeM 3Ty [Je-
BATKY 9YHCEJ, ME CMOKEM yImpasuTocA ¢ A060f napoil BXOZHHX U
BHXOTHNX COCTOAHUI @ M Y, €CIH TONHRO ONPENeINM KaKEoe u3
HAX depes Tpu aMIUTUTY/H NepeXoja B Kaykjoe u3 TpeX 0asucHEX
cocToARAN (Wad BuX0ja m3 HuxX). PesyabraT ONBITA NPEJCKa3H-
BaercA ¢ mMOMombio ypasmerus (3.32).

B aToM 1 cocTonT 0CHOBHOM BEIBOJ KBAHTOBO MEXAHITKY Ya CTHIIEI
co cimeoM 1. Kampgoe cocmosnue omucetBaerca Tpolikoidl ducex —
anauTyaMu OpebbiBaHUs B KayKIOM M3 GaszucHBIX COCTOAHUE (M3
n30paBHON WX COBOKymHOCTH). Besuuil mpubop oumchiBaercs je-
BATKON 4mces — aMIUINTYZaMA mepeXofga B8 npubope uz oguoro Oa-
BUCHOTO COCTOSTHHA B JApyroe. 3HAs 3TH 4HCIA, MOKHO HOJCIATATH
qro YyrogHo. ~

Hesarra aMnauTyj, ommceBaiomaa npubop, dacro mzobpa-
aeTcAd B BUME KBAaJAPaTHON MATPHWuB, WMEHYeMOH Marpunei

Glaf i
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Ha
N 0

+ [<+1A 4> <4 14]0> <H141—=>
01<O[4]+> <O0[A]0>  <0]d4]—>. (3.33)
— [ <—14]+> <—{4]0> <C—{Al=>

Bes MaTeMaTHKA KBawTOBOM MEXaHWKH ABISETCA TPOCTHIM pacCHid-
permeM »toli upem. Ilpmsemem Hecaomubl mpuMmep. llycTs me-
etca npubop €, KOTOPHIA MBI XOTMM HpOAaHAJIH3HpPOBATH, T. €.
paccaurtars pasanuysnie (j|C|i>. CrameM, MB XOTHM 3HATH, 4TO
CHYYATCH B DKCHEPUMEHTEe THIIA

(+ 0 ( ) [+
{ 0 I } { C 0 .
L—1) 1 — |
S R
Ho satem Me saMeuaem, 9ro € WpOCTO COCTOWMT M3 JBYX dacrei:
CToAmMX Apyr 3a apyrom mpubopos A um B. Cnepsa gacTuuE Hpo-
xonAT 4epes 4, a motoM -— gepes B, T. e. MOMHO CHMBOJIHIECKH
3aTACATH

(3.34)

00 T 70
Jellal )gl .
]k ) /[ 3 ! /( %kB /[ o

Mu moscem npnGop C HazBaTh «ipomssenenueM» 4 n B. Jomyctum
TAK;KE, 9TO MBI yike 3HAeM, KaK DTH JiBe YacTH AaHAJIH3HPOBATEH; ’
TakuM 0GpaszoM, ME MoxkeM y3HaTh MaTpunu 4 n B (Do oTHOmeNno
& 7). Torna Hama sagaua pemresa. Mu serxo Haiimem <y | C | @)
JiA m06KX BXOIBHX K BHXOJHEX cocrosamil. CIepBa MBI HaUnIeM

<xIClcp>=§<x|B|k><k|AJcp>.

ITorumaere, mouemy? (IJodckaska: mpescrassre, 9ro Mesxay A u B
nocrasaes npubop 7.) Ecau Met 3aTeM paccmorpuM ocolbIil caydait,
Korja ¢ W § Tak:ke OasmcHee coctoanusa (mpubopa I'), crameMm
i m j, To momyuuMm

<j]C[i>=g]<j|Bjk><k;A|i>. (3.36)

1o ypaBHeHHme JaeT HaM Matpuiy upubopa <mpomsseienus» C
gepes Marpuusl npuGopoB A m B. Marematuxu HMMeHYI0T HOBYIO
marpany <j| C | i), obpasoBannyl us asyx marpmm <{j|B| i)
n {(j|A| i) B coormercrBuM ¢ IpaBWIOM, yKasaEHmM B (3.36),
MAaTpPWIHHIM «IpousBesieRneM» BA mByx mMarpnu B u 4. (3amerbre,
910 nopadox cymecrseH, AB = BA.) Urak, MoxHO crasarh, 9TO
MATPHULA [JIfA CTOAMMAX APyl 3a APYTOM ABYX dacreit mpubopa —
9TO MATpPHYHOE TPOM3BENeHHe MaTpuiy IiA dTuX AByX mpubopos
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OOPo3HD (IpwdeM nepesiid IPEOOpP CTOHT B IPOMBBONEHUU CRpasad).
U rageiii, kTo 3Haer MaTpPWYHY0 a’nrebpy, moliMer, 4r0 pedb
aner upocro o6 ypaBmenuum (3.36).

§ ?. IIpeobpazosarue x dpyeony Gasucy

Mu XoTuM cledarh OJHO 3aKJIIYATEIbHOE 3aMedaHme OTHOCU-
TeJHHO GABMCHEIX COCTOAHWI, MCIOIb3yeMHX B pacuerax. llpexpmno-
JOJKEM, MH 3aX0TeJd paboTaTh ¢ KAKUM-TO OIPeIeIeHHbM 6a3uCoM,
craskeM ¢ GasmcoM S, a KTO-TO APYrodl pemiaer TPOBECTH Te Ke
pacdersi ¢ ApyTuM 0asmcoM, cKaskeM ¢ GasmcoMm T'.

Ll RoHKpeTHOCTH HAa30BeM HAamu 0a3HCHEIE COCTOSHAN COCTOA-
gusama (iS), roe i= -+, 0, —, a ero GasucHple COCTOAHAA HAZ0BEM
(7T). Hax cpasants ero pabory ¢ mameil? OKoHUYaTEIbHbIE OTBETH
A pesyabTaton JNOOHX U3MepeHmil 00A3aHH OKABATHCH OFMHAKO-
BBHIMHA, HO ynmorpebasAeMble B CAMHX pacdeTaX BCEBOSMOKHBIC MAT-
PUISI A aMILIHTYOH OYIyT APYTUMH.

Kaxr e onm cootrocarcsa? K mpmmepy, ecnm ofa Me madn-
HAEM ¢ OHOTO W TOTO e (, TO MEl ONHINEM ITO ¢ HA HABBIKE TPeX
ammatyn <iS | ¢ ) — aMmamry[ TOro, 4ro ¢ mEPeXoAMT B HAIIH
GasucHBle COCTOAHUA B MPEJCTABICHUH S, 38 OH ONAIIET 3TO @ aM-
winrygamu  {jT | ) — aMnauryaaMm TOro, 4To COCTOAHHE ¢
mepexofur B GasmcHbIe COCTOAHmMA B ero, I', mpefcrariesmi. Hak
IPOBEPUTH, YTO MH 00a Ha CAMOM JieJie TOBOPHUM 00 OHOM ¥ TOM jKe
cocrogHAA @? ITO MOKHO CHEJATH C MOMOIIBIO HAMeETo 00Iero mpa-
sana II [em. (3.27)]. 3amensasn y mw06mM m3 ezo cocroanuit j7T',
HaUHIeM

GT Le> =22 (T [iS><iS | @>. (3.37)
7

Yrobsr cBsaszaTh 06a TpecTaBIeHMs, HYKHO 3aJaTh TOJABKO JeBATH
KOMIIeKcHNX ducea — Marpany <j7T |iS). ry Marpuny sarem
MOJKHO MCHOIB30BaTh [IA TOI0, 4ro0H MEpeBect™ BCe ero ypas-
HeHnas B Hamy ¢opmy. OHa coobmjaer HaM, Rak npeo6pasosamb
OJIHYy COBOKyHHOCTh GasmcHmX cocrosumit B apyryo. (ITo aroit
npuanbe {j7T | iS) mHOrNA MMEHYIOT «MaTpHmeil mpeoGpasoBaHna
oT mpeicraBiennsa S K mpexcrasmeHmio T». Cinosa yuenne!)

HOaa cayuas "gacrtuy co cumHOM 1, ¥ KOTOPHX OHBaeT TOIBKO
Tpoilka GasHCHHX cOCTOAHHN (y BHCIIAX COUHOB MX OO0Ibiie),
MATeMATHUIECKAs CATYalds HALOMUHAET TO, 9TO Mbl BHJEIN B BEK-
topHoii anrefpe. HayxOpil BeKTOp MOeT OHITH mpefCTaBIeH TpeMd
9uciaMu — KOMIOHEHTaM¥ BEOJb ocedt z, y m z. WHage rosops,
BCAKHUE BeKTOp MOKeT OBITH Pa3iIoKeH Ha Tpu «0a3MCHEIX» BEKTODA,
T. €. BEKTODH BHOJb 3TUX TpeX ocell. Ho mpexmomosxmum, 9T0 KTO-TO
APYroit pemaer BeOpaTh KPYTyI0 TPodRy oceil: z', y’ u z’'. Yrobu
opefcTasuTh MOGOH YacTHHI BEKTOP, OH BOCHOJAL3YETCA APYIUME
(a Be Temm, gTO MBI} ymcnamu. Ero Beikiankm He OyAyT MOXOKY Ha
HAIIE, HO OKOHYATENbHHHE HTOT OKaskeTcsa rTakuM xe. Mu a1o yixe
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paccMaTpHBAJIM paHbIIE M BHAEM NpPaBmiIa IpeoOpasoBaHHS BEKTO-
PoB oT ofHOII TpoilkM oceit B Apyroi.

Bam momer saxorerbcs ysmmarTh, Kak HeHCTBYIOT KBaHTOBO-
MeXaHHIeCKne Hpeobpas3oBaHmsA, W camMuM nOmNpo6oBaTh AX Ipoje-
IaTh; HJIst 9TOTO ME IpHABeeM 31ech 6e3 BRIBOJA MAaTpuubl npeobpa-
30BaHMi amuanTyx comHa 1 or mpemcrasaenns S K ApyroMy mpe-
crapimenuo 1 [Id PpPasHHX B3AUMHHX OpUeHTAIMA QUIBTPOB
Su T. (B cregyomnx raaBaX Ml TOKaKeM, KaK MOJTYYaloTcA
9T¥ PE3yABTATH.)

Hepenti cayuwaii. Y npubopa 7 ocwv y (BHoAb KoTOPoil JiBH-
MYTCH UACTHI(HI) Ta e camas, 910 A y S, Eo T HOBepHYT BOKPYT
obmeil ocn y Ha yroa o (na ¢ur. 3.6). (UTobu GbITH TOYHBIMY, YKa-
meM, gro B upubope T ycramosneHa cuerema Kooppuuar &', y', 2’
CBA3aHHAS ¢ KoopamHaramMm z, ¥y, z upubopa S ¢opmymamn
z’=zcosa + zsina; 2 = xcosa — zsina; y =y.) Torga am-
WINTYAH TPeodpasoBaHilil TaKoBk:

KH+T|+S> =—;—(1-}—cosoc),
KOT |+8>=— }1_smoc

<—T|+S>=§;(1—cosoc),

710S>= —}———sma

T
<0T| 0S>=cosa, (3.38)
¢—T| OS>:—T/1—_sma

AT |[—5> :—1-(1 —COos @),
< OT!_L(;>-——- —V:b\ﬂa
<—T1——S>:—2~(1+cosoc).

Bmopoti caywati; [lpubop T mmeer 1y me och z, uro u S, HO
HoBepHYT ‘OTHOcHTeabHO ocu z Ha yrox P. {(Ilpeobpasosanme
KoopuuHaT: 3 =2z; Z' =xcosP--ysinP; y =ycosPp—zxsinf.)
Torga amnantygu npeobpaszoBasmil CyTh

CAT 48> =e,
< 07| 08>=1,
 —T|—8>=e-'8, (3.39)

Bee mpoame =— (),
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SamerpTe, 4To m0bGne Bpamenua I MOKHO COCTABHTH M3 OIH-
CAHHHIX [BYX BPAaMIGHUI.
Ecnm cocrosume ¢ ompemenseTcs TpeMa YHCIaMu

C.=<+Sle>, Co=<08|¢>, C_=<—S|g> (3.40)

II eCan TO e COCTOAHWEe ONNCHIBAETCA ¢ TOYKH 3PeHUA T TpeMa
qucJIaMu

Torjia koapdmumentnr (jT | iS) ma3 (3.38) m (3.39) maroor mpeob-
pasoBaHusa, ceaspBaoomme C; u C;. MauMn caoBamu, C; o9eHBb
HOXOAAT Ha KOMIOHEHTH BEKTOpa, KOTOpHA ¢ Todex spenna S m I’
BHIJIATUT TIO-PA3HOMY.

Toavko y gacTausl co comHoM 1 (moToMy uro eil Tpebyrwres Kak
pas TpH aMIUIUTY/H) €CTh TAKOE TECHOE COOTBETCTRUE ¢ BEKTOPAMH.
3mech Bo BceX caydasX mMeercsA Tpoilka dmcerx, Koropas o6s3aHa
npeoOPaBoBHBATHCH TPH W3MEHEHWAX KOOPHEHAT ONpeJeleHHRM
n3BecTHEIM obpasom. W meficrBuTenbHO, 37eCh €CTh W TAKaA COBO-
KYTHOCTH GasUCHHX cOCTOAHME, KoTopas npeobpasyemcs 8 mou-
HocMW, KAK mpunomnonenmbz sekmopa. Tpn KoMOuHammu

Cx = V——(C C-—)? Cy= —F(C +C_ ) szco
(3.42)

npeoﬁpaaymrcﬂ B Cx, C C, kax pas Tax e, Kak z, Y, 2 npeoOpa-
syworeasz, y’, 2. [ Bri' mosxere TPOBEPUTH HTO € TIOMOIbI0 3aKOHOB
npeo6pa303amm (3.38) u (3.39).] Tenepsr Bu mOHMMaere, HOUEMY
gacTUIy €0 chmmHoM 1 dacro HasHBaWT (BEKTOPHOH dHacrHmeid».

§ 8. Apyeue cayuau

Mii Havaau ¢ TOro, YTO MONYEPHHEYJIMU, 9TO HAIMA PACCYKAECHAA
0 gacTaue co cumHoM 1 asarca nporoTanmoM JA06HX KBAHTOBOMEXAHH-
deckmx 3apgad. O6obmenns Tpebyer TOJIBKO KOAUIECTBO COCTOAHMM.
BMmecro 1poitkm GasucHRIX COCTOAHUN B JAPYyTHX CIYYaAX MOMKeT
moTpeboBarbesa n GazucHEX cocroaHmil *. QopMa HamAX OCHOBHEIX
BaKoHOB (3.27) ocraHerca TOil jKe, eCAM TOXBKO MOHAMATH, 9TO I M
j Bommum mpoberaTh mo BceM n GaswucHEIM cocrosimam. JlxoGoe
ABJEHHE MOKHO IPOAHAIUBUPOBATH, 3a[aB aMIANTYXH TOro, 4UTO
OHO HAYMHAETCA C J000ro 6ABUCHOIO ‘COCTOAHMA M KOHYAETCH TOKe:
B Ja100oM 6azwcHOM COCTOSHHM, 4'i3aTeéM HPOCYMMHpOBaB 10O Beel

* Ymeno 6a3mcHHX cOCTOAHME n Mome’r oxaaa'n:cﬂ (n *nooﬁme I‘OBOpH,
OnBaet)’ pasmm ﬁecxonetmocm o

T ',,'-"
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monHOH cucreme 0asmCHEX cocrosHuil. Mo)KHO mCmoab30BaTh JI0-
6y10 DOIXOAAMYI0 CHCTeMy Gas3MCHBIX COCTOAHWIN, W KasKIhl Bapa-
Be BHOpPATH Ty, KOTOPAA eMy WO AYIie; CBA3b MEKAY A060i mapoit
GasmcoB ocymecTBiseTcA Marpmmedl mpeoOpasoBaHmE 7 X n.
Moa:xe mm momgpobmee pacckaskem o6 srEX mpeofpasoBaHUAX,

Hawonen, Mol mooGemanu paccxasarb 0 TOM, 9T0 Haflo JeIaTh,
eCJIM ATOMH TPAMO W3 TedW IPOXOIAT depe3 Kakoi-ro mpuGop A
¥ 3aTeM aHAJAWBHPYTCA (IIBTPOM, KOTOPHHA 0T6Hpaer cOCTOAHME
¥. Bu me 3Haere, KaKoBO TO COCTOAHHE (p, B KOTOPOM OHH BXOJAT B
upubop. Jlydme Bcero, HaBepHoe, 6O GBI, eciim OH BH, He AyMas
moxa o6 31O mpoliaeme, 3AHAMAJHCH TAKNMH 3aJja9aMu, B KO-
TOpPHX BHAYAZE HMEIOTCH TOJBKO dmcThHe cocrofanmA. Ho ecanm ym
BHL HA BTOM HacTauBaeTe, TAK BOT KAaK pacopaBiAIOTCHA ¢ 3Toi 1mpo-
GaeMotii.

IIpesxme Bcero BH JOMYKHBL OHITH B COCTOAHUE CIETATH PasyMHbIE
NIPeAIONOMKEHAA 0 TOM, KakuM 06pasoM pACHPEXeTeHB COCTOAHUA
B aTOMaX, KOTOpHeE BHX0AAT u3 meun. Hanpumep, ecam B medn mer
qeT0o-1160 «0co00r0», TO PAs3yMHO HPEAIOTOMKUTh, YTO ATOMBI IO-
KUai0T ueds, OyaydM «OPHMEHTHPOBAHEY Kak momnalxo. Hmamrono-
MEXaHHYECKA BTO COOTBETCTBYET BAINEMY YTBEDIKIEHHI0 O TOM,
YTO 0 COCTOAHAAX BH HE 3HAETE HAYETO, KPOME TOTO, 9T0 TPETh aTo-
MoB Haxogmresi B cocrosHmm (- ), rpers — 3 cocrostaum (0S) u
Tperb — B cocrosHm®E (— §). Jada npeGHBAamUX B COCTOAHAN
(+4-S) amunanryga mpoiitn ckBo3b A ects (y | 4| -+ 5D, a BepodAr-
Hocth | (x| A |-+ S8>|2 Tosxe m gua apyrmx. Ob6mas Beposar-
HOCTB TOIJla paBHA '

AL+ S P45 < A0Sy [P <y | 4] —S> P

Ho nouemy Mu monssoBaanch .S, a He T nian RakuM-HEGYAH ApyTUM
npencrasieHnem? [1eso B ToM, 910, KaK 3T0 HA CTPAHHO, OTBET He
3aBHCUT OT TOIO, KaKuM OBIIO MCXOJHOE pasioyKeHue; OH OJUH H
TOT €, ecJM TOIBKO MH AMEEM JIeJ0 ¢ COBEPIIEHHO CAyYaiHLIME
opuenranuamu. TaxuMm jxe o0pasoM moxydaercs, 9To

§|<x|i8>lzz§l<xlﬂ>l~"'

nnsa awoboro y. (Mloxammre-ra 3to camul)

3amernre, 9TO HesepHO TOBOPUTH, GYATO BXONHEE COCTOAHHA
obmagaror ammanrygoit V', 6ure B cocrosmmu (-~ S), V',
cocroanvu (0 S) )/ Y/, B cocroarun (— S); ecam 6H 310 GHIO TAK,
Orniy OH JODYCTMMEL KaKme-To mHTepdepeHnun. 37echk BH TPOCTO
He 3Haeme, KAKOBO HATAJBHOE COCTOSIHME; BH 00M3aHH KyMaTh Ha
ASHIKE BePOATHOCTEH, YTO cHCTeMa ClepBa HAXOJHMTCA BO BCEBO3-
MOKHEIX MBICTAMBIX HATaJIBHHX COCTOAHUAX, I 3aTeM B3ATh CpejHe-
B3BEIIEHHOE 10 BCeM BOSMO;KHOCTAM.
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Inaeo
N § 1.[pevdpasusasue
CIIHH OJHA BTOPAH® : aMINIATY

o

2. lpeobpanonauue
K HOBCPHYTOI
cHerese

EOOPRUHAT

§ 1. lIpeobpasosarie arnasumyd p;

$ 3. Hosoporst  nospyt

B upemmpymeir rirase ME, DOXB3YACH B Ka-
(4147 I

gecTBEe DpuMepa cuereMol co curmoMm 1, mabpocann
ofmne TPUHENATN KBAHTOBOH MEXaHHKM. o Monopore a6
Joboe cocrofmme P Mowmo ommcarp S ol LOBOPOTE) Liw 1
4epes COBOKYMHOCTH Oa3HCHHYX COCTOSHII, noua DY owowpyy
3afaB aMIUIETYOH NPeOHBAENA B Ka/KIOM M3 Gea g
EWX.
AMmTHTYRa Nepexofa W3 OFHOTO COETOA-
HWSA B Kpyroe MoKer OwiTe B ofmeMm cixy-
Yae 3aOWCAHA B BHJE CYMMHE OPOH3BECHMH
aMOATYJ TepeXofa B OfHG W3 GaRHCHHIX CO-
CTOAHAN Ha AaMOJNETYHM HepeXoia W3 3THX
Sa3NCENX COCTOAHHE B KOHEUHOE HOIOMKE-
HMe; B CyMMy HenpeMeHHO BXORAT WICHH,
OTHOCAIINECH K KamaoMy GasucHOMY COCTOSA-
HHIO:

77 A

3.0Tonoporer  poRpyY
ocn

72

6. kpoassonsinie
HOBOBOTHL

<xl¢>=§<x|i><i|xp>. (4.1)

Basucasie COCTOARNA OPTOTORAIBHK HPYT
APYrY —— aMIUIATY& UPeOHBAHEA B OXHOM,
eci|m B HAXORWTECh B KPYI'OM, €CTh HYJb:

<i|j>=05; (4.2)
AMmiZTyRa Tepexoxa W3 OFHOTO COCTOA-

HEA B [pyToe KOMIUIEKCHO COIPSKeHa aMir-
auryre ofpaTHoro mepexoxa

LI P>* =P |0 (4.3)

* Jra riaaBa — He YTO KHOO, Kak BechMa abcrpakr-
HO® B JAMHHOO OTCryINieHAe OT OCHOBHOHR IRERH paccKa-
8a; B Hell HeT Kakmx-InGo HOBHX HOeH, KOTODHeO OH He
NOABJANNCH MHEM NyTeM B manbHedmeXx raasax. Ilos-
TOMY MOKeTe COIOKOHHO UpPONyCTHTH €0, a IOo3iKe, OCHH
8aMHTOPECYOTeCh, BEPHYTHCA,
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Mu HeMHOTG LOTOBOPWIM O TOM, 49rT0 0asuc IIA COCTOAHmMIA
MoseT GHTH He ONH W YTO MOKHO MCIOTB30BaTh (4.1), tm*oﬁm ne-
peiitta ot ommoro Gasumca K ppyromy. Ilycrs, Hanpnmep, MBI
spaeM amomaryfisi (IS | P ) o0HADYKEHERA COCTOAHUA P B JIO-
60oM u3 GaswcHHX cocTosHMA i GasmcHOR cHeTeMul S, Ho 3aTeM
pemnaeM, YIQ JIyYIe OONCHEBATE COCTOSHWE B TePMEHAX KpyToi
COBOKYIHOCTY Ga3UCHKX COCTOAHEWE — CKaKeM, COCTOSHW j, npu-
Hafeamux k 6asucy 7. Mul Torga momeM HDORCTaBHTL B 06NIyI0
dopmyny (4.1) jT BmecTo ¥ W DOXYIUTH .

<]T]1p>—2 T Sy <iS | ). (4.4)

AMIIJII/ITYIII:I obHapy:keHUd cOCTOSHEA () B OABMCEEIX COCTOAHHUAX
(jT) ceazaHHM ¢ aMOIRATYAAME ero obHapy:KeHusa B OABMCHMX co-
croaEnax (iS) coBokymmocThbio Koaddunuenros (jT |iS). Ecan
GasucamX cocrogani N, 1o Takux wKoaddunmuentos scero N2
Ity coBoKymHOCTH KOIPPUIUEHTOB 9YacTo HASHBAWT Mampuyel
npeobpaszogarnus or npedcmasieHus S K npedcmasaenuio Tr.
Marematugecku 3TO BHIVIAAUT CTPAMHEOBATG, HO CTOHT BCE YyTh
0003Ha9UTh WEHAYS W OKABKBaeTcd, 910 HWIEro CTPANMIHOTO HET,
Ecan obfozmaunts wepea C; amoaurypy T0r0, 9TO COCTOAHUE P
HaxXopurcsd B GasucHom cocrosmum iS, 1. e. C; = (iS| ¢ ), a uepes
C Ha3BaTh COOTBETCTBYIOMME AMIVIATY bl mm GasucHol cuctems T,

T. e. C {jT| ¥, To (4.4) MomEo BaumcaTs B BUES
C/’ - Z Rj'iCiy . . (45)

rae R — 10" )6 ‘camoe, IO W (]T\ iS>. Rampan aMHJmTyna

C eCTb cyMMa IIO écem i ORHOTO pﬂp:a xosdduumentos R, yMHO-
JKEHHHX Ha KOKAYO aMmiutyfy C;. 9710 BHIMIAANT Tak ke, KAk
npeobpa3oBaHme BEKTOpA OT OHON cHCTeME KOOPKUHAT K JAPYroH.
Ho ue 6ynem cammkom Kodro yeaexatbes aberpakmuein. Mu yxe
OPUBOJMIN HapodKy HpWMepoB 3THX KoogduUUEHToB Ras ciydas
cuuEa 1, @ BH caMW MO)KeTe pasoﬁpafmcg KaK MMHE TOJB30BATHCA
npagrHdeckn. Ho, ¢ pgpyro# cropoHsl, y KBAHTOBOH MeXAHHKH
CymecTByeT o9eHb KpachmBoe KavecTBO: W3 TOro QaxTa, 9ro COCTOS-
HAH TOJNbKO TPH, HCUOXB3YA JHMUIb CBOKCTBA CUMMETPUZ NPOCTPAH-
CTBa OTHOCHTGJBEO BPAMEHUH, OHA yMeeT YHUCTC OTBJIEYEHHEIM Iy-
TeM BouucauTh 3TH Koadduruents. IlpuBoruts Ha cToxas paHHel
CTAfNM HTH PacCykAeHusd Oruro Gr EeXoponio: Hpeye YeM Bl «Bep-
HyJaHch OB Ha 3eMJII0», BR MOTJIM Ol yTOHYTE B HOBOM Mope afcTpak-
umii. OgHaKe Bece HTO TAK KPACHBO, YTO MHL B ¢BOe BpeMA 9TO He-
IPEMEHEO HPOJeIaeM. ‘
B oroil se riaBe MEl DOKZKEM BaM, HAK MOKHO HOAYIUTH
KodpdunuerTh npeoﬁpasonannn AIA wacTHy co cmmHOM !/,. Mu
su0paym 9ToT ciyvait mOTOMy, Wro. OH mpome cuuEa 1. 3apava
COCTOBT B TOM, aro0H onpefernTs Koa(ﬁ@nnnemm R i FLA 9aCTHIE,
AIA QTOMEOH CHCTeMH, KOTOpas B aumapare I.[ITepna — I‘epnaxa
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pacirienzisieTca Ea Apa myuxa. Mur co6upaeMcs BRBeCTH Bce Koad-
$unnents pia ppeofpasosaHuA OT ONHOTO IIPEAICTABICHUA K KpYy-
TOMY LyTeM YACTOr0 PACCYMEEHUA IVIIOC HECKOJIBKO IPEHONIOKe-
gaii. Kaxue-mo upemnodoeHUs BCerfa HYKHH JIA TOT0, Yrobnl
‘TOJB30BATECA «IHCTHMEY, paccy:xpenrmavn! Xors Hamm foxasa-
TeNBCTBA 6y1in afCcTpaxTHHMH M HEMHOT( BaIfyTAHHKMYE, Pe3yib-
TaT, KOTOPHH MBI HOXyYsmM, copMyImpoBaTh JErko M HOHATH
IpocTo; caM e no cebe om Gymer oueHb BayKHHIM. Moxere, ecanm
YIOKHO, paccMaTpUBaTh dTO0 KAK CBOETO POAA KyJAbTMepoUmpHsATHE.
Mz Bemp yCIOBHAMCH YiKe, UTO BCE CYMIECTBEHHOE, BRBEKSHHOE
37ecs, OyHer TaxiKe BHBOJUTHCA IO Mepe HafoOHOCTH B CleXyIuiuX
raasax apyram myreM. Tak uro Bu He Goiitech HoTepsATs HUTH
HAMIETO M3JA0KeHus KBAHNTOBOM MeXaHWKH, €CIH MOIHOCTHIO TpoO-
OYCTATE DTy TlIaBy WM W3yduTe ee momosike. MeponpusTue «xyiab-
TYPHO®» B TOM CMHCJIE, UYTO OHO HOJIKHO IOKA3aTh BAM, YTO IPWH-
OuIk KBARTOBOH MEXaHUKH HE TONBKO JIGOOISITHR, HO W HACTOIBKO
ray6oxn, 9T0, npubasAB K HAM BCETO HECKOIBKO HOGABOYHHX I~
0Te3 0 CTPYKTYPe LIPOCTDAHCTBA, MH CMOMKEM BEIBECTH OrDOMHO®
MHOMECTBO “CBONCTE fuamdeckux cucreM. Hpome Toro, mammo mo-
HAMATH, OTKYHA BHITEKAIOT PABJIWYHHE CIAENCTBUS KBAHTOBOH Me-
xaHnkn. [Hoxa Hamw 3akoAn QMAUKW HemOJHH (& TAK OHO W eCTh
EA caMOM [iede), BCEria HHTEPECHO BHACHATH, B KAKMX MeCTaX Hald
TEOPHM IEPECTAIOT COIIACOBHBATHCA ¢ OLDKTOM — TaM . Jd, TIHE
Hama JIOrWKa camas Aywmwas, wWid Ke TaM, IEe oHa HAMXYmas.
Ho cmx mop oxrasmBaJIOCH, YTG TaM, rie Hama Jormka Hawbosgee
abcrpaxrana, TaM OHA BCerfa JfaeT IPaBWIbHKE pPe3yabTaTH —
TeOPHs corIacyeres ¢ OUHTOM. ToNbKO TOTAA, KOTHA MBI IRITAEMCH
CTPONTH KOHKDETHEE MOJeld BHyTPEHHEro ycTpodcrsa BJIeMeHTap-
HEIX 9aCTHAN @ UX B3aAMOKeACTBAN, TOJBKO TOrHA MBI OKa3hIBAEMCS
He B COCTOAHMA HalTH TEOPW, COTXACHYIO ¢ skcmepuMeHTOM. Ta
TEOPHA, KOTOPYIS Mul HaMepeHN OUNCaTh 3kech, COINIACYeTcsl ¢
OIINTOM BCIORY, IZie € HCHRTHBAIW; OHA TAaK ke Xopoma s
CTPaHHKX YaCTAN, KAK B JId DIEKTPOHOB, IPOTOHOB # T. K.

Eme opmo menpmaraoe (ao Ba)kmoe) 3aMevanue: KosdduuumenTs
R;; seBoamoxHO OLpefiellnTh OFHO3HAYHO, IOTOMY 9TO B AMIIATY-
Jax BepoATHOCTeH BCETHA eCTh Karoil-To mpowmssoi. Ecim y Bac
ecThb PAX KaKuX yrogEo aMINIATY[, CKaKEM aMINIATYR DpPUXOofa B
HEKOTODOe MeCTO IO HelloMy MHOMECTBY Pa3iwyAnX IyTed, u ecln
BRI DOMHOKATE KAKEYI0 OTHENBHYIO aMmJINTYRY Ha OGWH W TOT 3Ke
$az0BH#l MHOMUTENb, CKAMKEM HA €, TO IOXYYATCA HPyTrag COBo-
KYDHOCTB, KoTopas Oyfier HNIyTH He XyKe nepBoil. 3maunr, BCerma
MO}KHO IIPOM3BOJIBHO W3MeHUTH Pasy Bcex aMuminTys B nxioboi 3a-
jade, eclI®W B 9TOTO BaXOTHTE. ‘ .

JonmyctnM, Bi BRMHCHseTe ReKoTOpyH' BeposTHOCTh, GepA

CYMMY HECKOJIbKAX aMILIATYH, cKayem (A -+ B+ C+...),
¥ BO3BOJA ee MOXyJb B KBajpaTt. 3aTeM KTO-TO APYyroil BHIHCIAAET
TO ke caMmoe, CKiIagmBas ammawrynge (A + B '+ C' 4+ ...)
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M BOBBOIA MX MOXYJab B Kpazpar. Ecam Bce A', B, C' u 1. A. otau-
waforea or A, B, C v T. . TOTBKO MHOKHUTENeM €, T0 Bce BEDOAT-
HOCYH, DOJAYYaeMsle BO3BEJEHWEM MOZYJIA B KBAZDaT, OKamKyTCA
B TOYHOCTH OAMHAKOBHIMHE, OTOMY uTo Torma (A" + B + C" +...)
vapae €A + B - C +...). Han pgomycruM, K npnMepy,
Yro Mel CYHTANY YTO-HUOYXb wo ypasHenuio (4.1), Ho 3aTem BHe3am-
"o waMeHmNy Bce Pase ompefcieHHOH GasucHoll cucreMsl. Hamayio
uz aMonuTyg i) P ) ToTAa mpMILIOChH Ox yMHOMHTEL H3 OJUH #
TOT He MHOMHATedb ¢ . TouHo TaK e KBMeHWIHMCh On B ¢’ pas
v Bee ammamtyAsil {i|y ), Ho ammauTyas X | i) KOMIIEKCHO
cOnMpayReRsl aMmutTyAaM < i} ¥ ); TeM caMblM OHE wpuoOpenu Oul
sMuomnrens ™', [lnowe 1 MuAEYC (0 B 9KCHOHEHTAX YHMYTOMATCH,
B MOBYYHICH T0 e BHpaykeHme, 910 0o u pannuie. Cramo OHTH,
o0mlee TPABKIO TAKORO, YTO U3MEHEHWe HA ONHY M Ty ;Ke dasy Bcex
aMOAUTYA MO OTHOINEHHIO K JamHO# OasmcHoft cmcreme Wil HasKe
OPOCTOS HBMEHEHUe gcexr aMILTUTY B ji06oil safiade Ha OFHY @ TY Ke
$azy mmdero He MeHsAeT. SHAUMT, CYyIECTBYeT HeKoTopasa cBoboga
% nubope $as Hamed mMarpuim npeobpascsamma. M To u fedo
Gynem mpuberars K TAKCMY HpPOUBBOJBHOMY BmOOpY, BCerma cihe-
nys oOUDieDpHHEATHM COrIAWeHUAM.

§ 2. IipeoGpascsarnie K€ noeepHymoi
CUCITNEHE ROOPOUH AN

PaccMmoTpaM OHATH «yconepinercTpoBansuiiy npubop Mrepra—
{epaaxa, comcanHsit B npeamaymes raase. Ilydox gacTag co cnm-
HOM !/,, BXOAAWUX ceBa, pacmiemvigeics, BooOme roBops, Ha dsa
nydKa, KaK moKasaHo cxeMaTtudeckd ma ¢dur. 4.1. (IIpm cumme 1
nyaxos Ouno Tpn.) Kax u pambuie, IYYKH B ROHIE CHOBA CBOAATCH
8 OAHO MeCTs, CAM TOoJAbKC OIuH H3 HUX He OyEeT mepeKpHT «aepe-

Bué coory

““““““ - D ue. 4.1. «Ycosepuencmeogits:
Ve N M
Ve N oy npubop W mepna — Iep-
4 b AZA ¢ RYUKAMY HACTUY €0 CRU-
groremd | N nom 1y
N ¥ /
N . /
N T /s
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roponxoii», KOTopas mepexBaTHT ero Ha moaunytu. Ha pucymre
AMeeTCA CTPeJKa, KOTOpas WOKA3KWBAaeT HAIpPAaBIeHHE POCTA 8eAll-
UKl TOJA, CKa)eM HOJOKeHWe MATHUTEOTO IOJIICA € OCTPHIM
HAKOHEUHUMKOM. JTa CTpelka mycTb OymeT HpefcraBasts coboi
nanpasaenue ¢sepx pFisi namaoro unpubopa. B xampom ammaparte
ee monoxenue QEKCHPOBAHO, YTO MO3BOJAET YKABHBATH B3aNMHY IO
OPHEHTAIHMID HECKOIBKUX DPuGOpOB OTHOCHTENLHO KEpPYT HpyTa.
Haxomen, DpeimoJoKuM ele, 970 HATPaBJIeHNe MAHUTHOIO HOJH
OTHOCUT@JILHO CTPEIKM BO BCeX MAarHUTaX OXHHAKOBO.

Bynem roBopuTh, 9TO ATOMSN U3 (BEPXHEro» IYy4IRA HAXOAATCH
N0 OMHOUWERUI K Somy npubopy B cocToAHUN (), ATOMS U3 (HUIK-
pero» — B cocrogemu (—). (Hyuw-cocrogmma pnsa comma !/, =He
CYIECTBYET.)

IMomomuM Temephb, YTO MH DOCTABWIN [ABa HAUIUX YCOBEPIIEH-
crpopaEnrux npubopa Illrepra — l'epnaxa ofguE sa JApyruM
(Qpur. 4.2, a). Ilepsriit (HasoBeM ero S) MOKHO yOOTPeOHTH HA TO, YTO-
OBl MPUroTOBIAATH 4ncroe cocrofnue (-+S) wam (—3), saropaxxupas
TO ORMH, To Apyro# mywox. [Ha pucyHke mpuroroBisercd 4ucToe
cocroague (-1S5).} Hpn nwboM pacmolomeHHM BCEIFA ecTh HEKO-
Topas aMIUIUTY[A TOTO, YTO YACTHUNA, BHIXONAIAS U3 S, OKAKeTCA
B oyuke (+7) mau (—7) Broporo mpubopa. Beero Takux aMmim-
TyR "ersipe: aMmiuTyfRs mepexora or (+8) x (-++T), or (+35)
(—71), or (—S) x (+7T) u or (—35) ¥ (—T7). Jru aMWTHTYABI—

D ue. 4.2. Jea sxeusasenm-
HBET SKCnEpUMEHMA.
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npocro weTHpe KoapguummenTa Matpunm npeoGpaszosamms R
mepexofia OT MpeRCcTaBleHus S x mpepcraprennc T'. Mombo cum-
TaTh, YT0 NEePBHl NpudOD IPUTOTOBIAET) ONPEKEICHEHOS COCTOAHNE
B ONHOM UpPERCTARICHUHM, & BTOPOH (AHANU3UPYET» 3TO COCTOAHME
B TEPMUEAX BTOPOTO Hpexcrapienus. Mb XoTUM Hay9IHTBCH OTBE-
9aTh HA TAKWE BOHPOCH: €CAHW, 3arOPOAWE OfMH W3 IIYyYKOB B S,
MH HpATOTOBAJIY ATOM B JAHHOM COCTOSHAM, HAIIPAMED B COCTOSHUAN
(+S8), To raroso Oymer M3MeneH®e, KOTOPOE OH MUCHOKITAET, TPOUKA
gepes npubop T, koTopmil HacTpoeH Ha cocrosame (—T)? Pesyan-
TAT, KOHEUHO, OyHeT 3aBUCeTHh OT YIVIOB MeKEy cmcremamn S = 7.

Mu pomsumst 00BACHATE, IIOYEMy €CTh HANEKAA HAHNTH Koad-
punmentnt R;; reopermueckn. Ilowrm HeBO3MOKHO WOBEpPUTH, |TO
ecam y qacmu coua ORI BRCTPOEH B HAnpaBieHM® -z, TO ecrb
XOTh KaKoli-ro maEc o0HADYIKWTEH, YTO €6 COUWH OPHEHTUPOBAH B
HATPABICHUA +Z WK B KaKoM-Iu00 FpyroMm HAUPaBIeHnn., ITO Keil-
cTBUTEeNIbHO nowmu HesoaMomuo. Ho Bee sxe He coBceMm. dTo Ha-
CTOJIBKO HEBO3SMOIKHO, 4TO OCTASTCH AUWL 00UH nYMb, KAKEM 3TO
LPOUCXOTAT, & eCIW ITOT LYTH ONMH, TO 8ro yiHe MOMKHO HaWTH.

IlepBoe paccympmenne momxno mposectr Tak. Ilpernonomum, wro,
Kak moKasamo Ha $ur. 4.2, a, npubGop 7 Hampapied BBepX mop yr-
aoM o orHocuTenbHo S. Ilycrs wepes § mpoXomuT TONLKC HYUYOK
(+), a gepea T — ronsxo ny4ox (—). Mo maMepuwiu HEKOTOPYIO
BEPOATHOCT: TOTO, YTO YACTHOH, BHXONA ©3 S, HPOHKYT CKBO3b
T. Tenepr npegnoXoxuM, 9To MSI KETaeM BTOPOe W3MepeHHe Upu-
fopom, moxasammaeiM Ha Qur. 4.2, 6. OmHocumesvHas OpPUCHTANHA
§ v T opuwmakoBa, HO BCS CUCTEMa PACHONOEHA B DPOCTPAHCTBE
mof EpyrTuM yriaoM. Mml XoTmM DpeRmoNOKETH, 49T0 006a OmEITA
OpUBERYT K OJJHOMY ¥ TOMY e SHAYCHMIO0 BEPOATHOCTH TOrO, YTO
Y8 CTHIA B YACTOM COCTOAHAHM OTHOCATEILHO S OKAMEOTCHA B HEKOTO-
PoM OmpeReIeHHOM COCTOAHWM oTHOocHTensHO I'. Wammw ciosaMu,
MH OpeuoiaraeM, YyTo pPesyiabraT A000ro omsTa TAKOro pofa OfH-
HAXO0B, 9To caMa usuka oIMHAKOBA, Kak O séecy mpubop HH O
OpHeHTHPOBaH B npocrpadcree. (Bu cxaskere: «3T0 CaMOGIEBHIHON.
Ho aro sce sce ToIBKO TPEANON0KEHNE, M OHO (IIPABUIBHO» TOABKO
TOrga, eciu Tak [elficTBTenvHo OmBsaer.) ITo o3HAYAET, UYTO
roa(dunuenter R;; 3aBuCAT TUUIb OT BRAWMHOTO PACTONOeHHA S
uTls npoc'rpaHCTBe a me or abcoloTHOrO MX PACIIONIOMEHNA .
Bupamascy wnave, R,; 3aBUCAT TONBKO OT 1080pOmMa, KOTODHIH
nmepesomar S8 T, nmomy yt1o obmuy fusa ¢ur, 4.2, a u 6, o4eBEHO,
ABJifieTCA TpeXMepPHHIH IOBOPOT, IePeBoR ANt npnﬁop S moJiome-
ame upubopa 7. HKorma marpmpa npéoBpazoBamms R ;i 3aBH-
caT, KaK B HameM ciydae, TOAbKO OT HOBOPOTAa, ee HA3BIBAIOT
mampuyell noeopoma.

Has cuepyomero mara. Hy;KHO eme HeMHoro madopMannm.
ITycre Mu poGaBmwam Tpermit mpuGop (EasoseM ero U), croamuit
Beren 3a 1 DOR, KaKuM-TQ HPOH3BOJABHHM yrioM (fur. 4.3, a).
(Bce aT0 HaumHaeT BHIIMIANETE YCTpamiaiome, HO B BTOM-TO H Ipe-
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D ue 4.3. Ecau T «omrpum 8o omrasan, me 6 3K6u6aIEHRMKO A.

IeCTh OTBIEYEHAOTO MBIUICHUSA: CAMNE CBePX'bECTECTBEHHHKE ONKTH
MOJKHO CTaBHTh, IpocTo npoBofisi HoBnie Juemu!) Uro me upen-
craBiasger coGoit mpeobpasosamue~S — T — U? Qaxruveckn Hac
WHTepecyeT aMIIUTYAa HepeXofa w3 HeKOTOPOro COCTOSHHA IO
OTHOIIEHUIO K S K HEKOTOPOMY ADPYIOMY COCTOAHNIO IO OTHOUICHWIO
k U, ecam mapecten npeobpasosasug or S k¥ T mor T x U. Honn-
TepecyeMcs CHEPBA OUKTOM, B KoTopoM B T oTkprTH 06a Kapaia.
OrBer MOKHO LONYYHTH, ABAKABL HoApPAR npumensas (4.5). Has
mepexora or S-mpeacraBienud K T-HpeRCTaBISHUI0 UMeeM

Ci= ) RSc,, (4.6)

e sepxuwme wunnekcw I'S Hyxusi, 9To0H orTawmuars sto R ot
RUT | gorma mm Oymem mepexomutp or T k U.
O6osHagag aMILIUTYJH DOABJIEHWS aTOMa B 0a3MCHSLIX COCTOMA-

HIAX npejcrasiaenus U vepes Ch, MOKHO cBssars mX ¢ T-aMu-
amTyjamd, OpuMeHAR (4.5) eme pas; monyudm

Ce=2 RiC}. (4.7
7

Tenepr momu0 u3 (4.6) u (4.7) pDoayunts mpeoGpasoBamue or S
opamo x U. Ilogcrasasa C; u3 (4.6) B (4.7), umeem

Ch __ZR R SC,. (4.8)

WNawn, nockoJbKY B -Rk/' OTCYTCTBYET [, MOKHO HOCTABHTH CYM-
MUDOBAHHWE 1O [ BUepeiM @ HANUCATH

Cr= 2 2!] RYTRISC,. (4.9)

9ro @ ects opMyaa asoiimoro mpeoGpasoBamHmA.

3aMerrTe, OQHAKO, 4TO, MOKA OYIKA B T He 3aTopasKWBAOTCH,
cocTOAHNA Ha Baxofie m3 I Te e, 9T0 M P BXofe B Bero. Mu Morin
.G ¢ PABHHIM yCIEXOM Feaarh npeobpasoBannsa n3 S-mpefcTaBIedns
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npaAMo B npefcrasieaue U. Iro sEaumao 6w, ¥ro mpubop U mo-
craBieH npaMo 3a S, Kak Ha ¢ur. 4.3, 6. B srom crywae Mer 6u
HALIACAJIH .

Cr= g R%c,, (4.10)

rae R;’{ris — KoapdFumenTs, DpHAajfiekamue 3ToMy npeobpaso-
paauio. Ho sacHo, 9To (4.9) 7 (4.10) Ko HE OpHBOIUTE K ofXHAKO-
BHIM AMIUIUTYKaM C;:, upuIeM He3aBUCHMO OT TOTO, KAKOBO OHLIO TO
HAYJIBHOE COCTOSHHE @, KoTopoe cEabamio Hac aMmianrygamu C;.
3HAYHT, FOMKHO ORITH

Ry = RYTR]. (4.11)
H

Wanmu caosamu, gus mwoboro mosopora S — U 6Gasuca, eciin pac-
CMATPHBATH €ro KaK [Ba IOCHeLOBaTeNbHHX IoBopora & — T

a I - U, M0o)KHO TONYy9uTh MATPHIYY HOBOPOTA RYF us MaTpHL
IABYX YACTHHX HOBOPOTOB IpH momoumy dopmyust (4.11). Ecam yrom-
o, (4.11) cneayer mpsamo m3 (4.1) m upepcraBiaser coloil NMIEB
APYryo samuch QOPMyJIb:

kU |iS> = g}chl JT> T |iS>.
@ 0 6

g normors poGasum emie caexpylomee. Ho me pymatire, wro
3T0 OyHeT YTo-TO CTPANIHO BAIKHOE; €CIu XOTATe, HmepeXxojure, He
guTasg, mpAMo K ciaepyiomemy uaparpady. Hago cosmarscs, 4ro
TO, YTO MM CKA34inm, He COBCEM BepHo. MH He MOKeM Ha camoMm
Lede yTRepEaTh, 9ro (4.9) u (4.10) ob6sn3amm npusecin K abcorom-
HO ofMHAKOBRMM amMonuryraM. ORUHAKOBHMEZ KOMHBL OKABATBCA
TONBRO (fUBUYECKUE pe3yAbnamsl; CaMH ke aMINIATYAH MOTYT
OTNHYATHCA HA oO0muit (aszoBuil MAGKHUTENb THOA €', He MEHASN
PesyibTaTOB HUKAKUX pPACYETOB, KACAIOMMXCH pPEAdbHOTO MuUpa.
Wrave roBops, Bmecro (4.11) emmmcTBeHHee, Wro MOKHO yTBEP-
KIATH,— BTO

¢"Ri° =¥ Rij R[>, (4.12)
I

rge 8 — Kaxas-mo BeUlecTBeHHASl TOCTOAHHAA Beduumaa. CMEICh
3TOT0 HKOGABOYHOTO MHOMUTENA e'’, KOHOUHO, B TOM, YT0 aMIIMTy-
ABI, KOTODHE MH LOJyYdM, IOoNb3yach Marpumedl RUS, moryr Bce
OTIMUATECH Ea OFHY ® Ty ke asy (e~'®) or ammmuryn, KoropHe
nonyumitch 06 U8 AByX mosoporoB RYT m RTS. Ho Mu sHaeM, 9To
eciy BCe aMIIATYInI W3MEHUTH Ha ONHEAKOBYI0 $asy, To 3T0 HA Ha
yeM He crRakercsl. Taxk uyTo IIPH KeJagAM MOKHO 3T0T (as30BHIL
MHOJKHTeIb TPOCTC ArEOpAposBarb., OKa3nBaercs, ORHAKO, UTO
€CAM OUpeReJuTh HAIIy MATPHNY HOBOpOTa 0COOHIM 0oGpagoM, TO
97107 (asoBuil MHEOMETeAL BoOOmEe He moABmreA: § B (4.12) BcerTha
Zvner HyaeM. XOTs 9T0 WM He OTpayKaeTcd Ha HAMNX AaJbHEAmNAX
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paceyaeRuax, Mu GepeMcsa To GHCTDO JOKA3aTh, HOAB3YACH Ma-
TEMaTH9eCKo! Teopemoil o gerepMuEanTaX. [A ecam BH IO cWX mOL
MaJI0 BHAKOMSEI ¢ HeTePMUHAHTAMU, TO He CHeJATe 3a NOKA3aATeAb-
CTBOM W NpAMO HepeXofuTe K ompereineHuio (4.15).]

Bo-mepeuix, cregyer manoMamth, uro (4.11) — 310 Maremaru-
YecKoe onpefieneHne «upoussefieRusy AByX Marpur. (IIpocro ovens
yno6uo rosopuTs «RYS ecrs upouseenenue RY7 u RTS».) Bo-propuix,
CYIIECTBYET MATEMATHYECKASI TeopeMa (KOTOPYIO AJIA MCHIOIb3YeMBIX
37ecs Matpuy 2X 2 BH JIeTKO [OKamere}, YTBepMIAIAH, ITC
KeTePMUHAHT «IPOMEBEeHUs» ABYX MATPHUI] €CTh MPOU3BeNcHue uX
peTepMuHaHTOB. IlpuMmenms 31y TeopeMy ¥ (4.12), moayuum

&% (Det RUS) == (Det RUT) (Det RTS). (4.13)

(Msr or0pachBaeM HWKHUE WHEKCH, OHM BAEChH HUYETO TOJE3HOTO
nHaM He cooGmalor.) [a, ciesa crour 28! Bemomumre, 4T MH nMeeM
Eeno ¢ MarpuuaMu 2X 2; KmAME d9ieH B MATPHUIE R;’;’{S YMHOKEH
Ha €, a Ramauid WIeH B JleTepMUHAHTe (COCTOAmMMN 13 ABYX MHO-
muTeNell) moayuaercs yMHo;KeHueM Ha 0. Masmewem muz (4.13)
KOpeHb W pasgenuM Ha Hero (4.12):

s uUur TS
____B__hi - Rhf RJi
VDet RUS  “*V Det RUT V Det RTP

(4.14)

LoGaBounmnit ¢asoBuil MHOKUTEN: HCUE3.

JlaTome OXassBAaeTCA, Tr0 €CHM Mbi XOTHM, UT0OH Bce HAIIW
AMIUIATY AN B JT10000M 3aKaHHOM OpPeRCTaBIeHIR ObuTH HOPMUPOBAHEL
(a oT0, KaK BHI TOMHETE, OBHATAET, UTO 2 ol i> ilg)=1),

1

TO y BCeX MaTDHI[ HOBOPOTA AETEPMUHAHTHL OKAKYTCH 9UMCTO MHH-
MBIMH dKcHomeHTamm, manogobue €. (Mst He GygeMm 3TOrO HOKa-
BHBATH; BEL CAMH IIOTOM YBUEWUTE, ITC 9TO BCerja Tak.) JHAUAT, M
CMOKEM, ecliy 3aXOTHM, BLGpaTh BCe HAIIM MaTpHIH mosopota R
rak, 4robel aza wx moxydanach oxHosHawho, BsAs Det R =
Jro Gymer medarbea Tak. llycTh MBI KaRMM-TO OPOUBBOJLHRM 00-
pasoM ompefenunu Marpmipy uosopora R. BossMem 32 mpasumiao
«IPUBOANTEY €€ K (CTAHAAPTHOH dopMe», onlpemedasn

R

VhaE (4.15)

R cragy —

Jas poxydenus ogHOSHAWHHX (a3 Mul DPOCTO YMHOMKAEM Ka KIm
wiend B R ma ogua © ToT ke dazoBuit MAOKATENs. B maavaeimem
MK OyZeM Bcerfa mpefuoxaratb, 9T0 HAIOW MAaTpuOs Onim DpuBe-
OeHb K «CTaHfapTHO# (OopMes; TOTHA MEl CMOKEM IIOJIb30BATHCS
nPAMO d)opmynon (4. 11) 6e3 raxmx-r1ubo noGaBOtmmx ha30BHX
MHORHTENEH.
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§ 3. IHeeopomot 6oKpyz ocu #

Teneps Mul yie DOATOTOBIGRH K TOMY, wTo0H OTHCKATH MATDH-
1y npeo6Gpasonanns R ;;,CBA3KBAIMYIO ABA PASHKX IIPEJCTa BACHMAA.
Burages mamuM npaBmioM o0be{UHEHUA OBOPOTOB M HAIMINM Ipef-
TI0JIOKEHUEM, 9T0 B IPOCTPAHCTBE HET NPeRIOYTHTENBHOr0 Hampas-
JNeHAsA, MH BJIAjleeM KIIOUOM [JIA OTHICKAHWA MaTpuusl Ji060ro
npousBONBHOrO moBopora. PeuieAwe 3pechk TOABKO 00no. HaumseM
¢ npeoOpasoBaHHA, KOTOPOE OTBEYAET IIOBOPOTY BOKPYT OCH 2.
IMycrs umerorca ppa upubopa § uw T, mocraBleHHNX APYT 3a APy~
roM BJONB ORHOW HpAMOR; ocW UX HAPANIEALHH ¥ CMOTPAT W3
crpanuns Ha Bac (Pur. 4.4, a). IT0 WX HampaBlIeHWe MBI IPAMEM
3a ock 2. flcHo, wro eciv nmywok B mpmbope S uper BBepX (K + z),
To To 3e Oyxer w B annapare T'. Towno rak ke, eciiu oH B S umeT
BaU3, 10 u 8 7' o maupasuTca BEM3. Homomum, ograxo, aro npnbop
T Gz moBepHYT HAa KAaKOH#-TO YIOJd, HO ero Och, KAaK W LPEXHe,
mapamiensaa ocm npubopa S, xax ma ¢ur. 4.4, 6. Varyarusao
XodercA cKasaThb, 4ro mywok () B S Oymer mo-mpemHeMy Nepe-
XomuTh B mydok () B T, moToMy 9YT0 W HOJA, W UX I'PATUEHTH
XaPAKTepUBYIOTCA TeM Re ¢uswdecknM naupasidesuem. W ato
BOOJTHE Npasmisao. Touno Tak ke w ny4ox (—) B S Gyner mepexo-
s B oydok (—) B 7. Tor ke pesynsrar DpumeRuM Fiag Joboit
opueATanuu 7 B miockocru zy mpubopa S. Uro ke orcoga cie-
myer mias ceasm Mempy C.= (+T|¢), C_ = (=T|¢>
n C, =<{+S|{y), C_ = (=8| ¢)? Moxuao wnofymars, qro
a:060f TOBOPOT BOKPYT OCH z «CUCTeMH OTCYeTa» OAa3UCHEIX CO-
CTOSHRH ocTaBIAeT ammraTyas € npeGrBaHUA «BBePXY» U «BHH-
3y» TeMH jKe, YTO W paHbINe, n Hamumearh C,=C_ = C_=C_. Ho
910 Hesepro. Bee, 9ro Mod#HO OTCIOAA 3aKICIATH,— 3TO, ¥T0 IPH
TaKAX TOBOPOTAX BEPOATHOCTH OKAa3aThCA B «BeDXHEM» IydKe IpH-
Gopos § w T opwmaxoBmi, T. €.

| ICl=1C,| = [C.]=|C-]
Ho wmm me BupaBe yrBepREaTh, 9TO (fastl aMILIATYH, OTHOCAIAXCSA

K apubopy 7, He MOTYT B [BYX pPa3IuYHHKX OpUEHTANUSX a U 6
(¢mr. 4.4) pasamuarbes.

6' VaimN
’ { )
y Pl
a y : o) : T , :
l—' Ipaduenm noas z IL )I ¥ I
L iy Vmtn bk ittt NN ,
r/ ‘ \\ P, (/ . \\ (/ - \] ,31 T
L\ /) L\ /} k\¥ _____ //) .

@ u 2. 4.4. Tosopom na 90° eokpye ocu z.
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@ ue 4.5. Yacmuya & cocmosnuu (~+x) eedem cebs
6 onBimar a ¥ 6 no-pasmory.

Ilaps npubopos, nokasamanX ma Qur. 4.4, HA caMOM Feie OT-
JUYAN0TCA HPYT OT Hpyra, B YeM MOKHO y0emuTses ciaeyIoniun
obpasom. Ilpemmonokum, d9ro Me meper upubGopom S mocTaBwiIn
Jipyroil, cosmaomuit wucroe (-+z)-coctrosEme. (Ock x HanpaBieHa
Ha PUCYHKE BHWB.) JTH YACTUIE PACHEmIAIdch 6n B § Ha NyURH
(+2) u (—2z), Ho na Buxome S (B Toure P,) o6a mydukra CHOBA coe-
AuHATUCH OH W BOCCTAHABIWBAJIN cocToAnme (- z). 3aTeM TO e
camoe npoucxoguiro 6m B T. Ecin 6w 3a T pocrasurh Tperuil npu-
6op U, ocp Koroporo HaupasieHa o (-+ z), Xax DoRazamo Ha
dur. 4.5, a, To Bce wacTmum momuim 6w B nywok () mpubopa U.
Tenmeps mpepcrasuM, 1o mpousoifer, ecitn T w U emecme moBep-
ByTH Ha 90°, Kax mokasano Ha $ur. 4.5, 6. llpubop T onare Gyner
IPOnYCKATh BCE, WTo B HeT'd WOCTYHAer, TaK uTO YACTHIHL, BXOJH-
mue B U, Oyayr B (-4 z)-cocrosamm mo ormomenwio & S. Ho U
Tenepsh amaimampyer cocrosame (+y) (mo ormomenuo k S), a 910
coBceM He TO, uTo pambme. (3 cuMMeTpum ciegyer OKURATH, 4TO
gepe3 Hero HOpPoilfer TOMBKO DOJGBAHA YaCTHIL.)

Uro sxe mMorso mepemenutbea? llpmbopu 77 v U no orHOIIEHRIO
OPYT X APYTY pacuojiiomxenn ogmaaxkoso. Moria an usmennTbea du-
suka upocro us-3a Toro, uwro T m U wumagve opuenrupopann? Her,
ITACHT Hame NEePBORAYAJIBHOE UPERNIOIOMKeAre. JHAUAT, pas3ia-
9aThCA B ABYX CIYYasiX, HOKA3aHHNX HA Qur. 4.5, TOIRHN GMRALU-
mydw wo oraomenuio k¥ I'. To ste gommuo 6rThH, CllefoBaTeNbHO, N
ga ¢ur. 4.4. Yactuna fommmEa KaX-TO yMeTh y3HABaTh, 4I0 B P
oma 3aBepHyIa 3a yron. Hax ixe oma Moer 06 sToM moBemars?

Yro 1, ocraeTcs Toabko ofHo: seauuuns €, v C, B 06oux caydasax
OFWHAKOBH, HO MOTYT — a HA CaMoM pele Joaxwchu — obIamars

pasEuMA asamu. Ms npuxofuM x saxmovennio, uro C, n C . moa-
KHBl OHTH BA3AHE opMyoil
s i
L=e"C,
a C_ u C— dopmyaoit
C' =e*C_,
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Ime A ¥ — BEIeCTBEHHHIE YHCIA, KOTODHIE KAK-TO OJKHA
OBITH CBSBAHH ¢ yriaoM Mmempy S m T.

B pamswit MoMeRT emWHCTBEHHOE, 9TO M MOM(eM CKA3aTh HPO
A B [L,— 9TO TO, ¥TO OHH He MOTYT GHITh PAaBHEL APYT APYTY (Kpome
noKaszaEHoero Ha Qur. 4.5, a ocoboro ciyuas, xorga T m S opumen-
TEPOBAaNH OfMHAK0BO). MK BHEeH, 910 UBMEHEHNe BCEX aMIMIUTY]
Ha OFHY U Ty e $asy HH K KaXuM QU3NYeCKUM CIeICTBASAM HE IPH-
Bozur. llo Toil ;e npuunae Beerfa MosREO 106aBuTHh K A H p d0608
IIOCTOSHHEOE WHCJIO — ITC TOKe HAYEro He USMEHMT. 3HATUT, HAM
IIpeficTaBifASTCS BOBMOMKHOCTD gh6pamd A U [\ DPABHWMM IUIIOC B
MEHYC OFHOMY W TOMY e umeay. Bcerga MOMKHO B3ATH

Me=he (i), g =p—a (A ).

Torpa
[ A B [
M=g—g=—u
Wrak, Mar porosopuMcs * cumrath | == — A ® mpugeM K obmemy

UPaBHIY, 9T0 DOBOPOT Ipmrbopa, OTHOCHTEIHEO KOTGPOTO BENETCH
orTcyer, BOKPYT oCH z Ha Kaxoil-To yroi HPHBOAAT K npeolpasosa-

HAI0 . .
C. =et?C,, C_=e"C.. (4.16)

ABCONOTHNHE 3HAYEHNA ONMHAKOBN, & (A3H PASIAYEH. JTH-TO
$a3zoBnie MAGKUTETN W OTBEYAIOT 34 PABAWYHEE Pe3YJIBTATH IBYX
OILITOB, MOKazamAWX Ha ¢ur. 4.5.

Tenepds Bafo y3HATH 3AKOH, CBASHEBAONME A ¢ yIIoM MeKERY
S u T. [{ns omaoro caygas oreerT masecreH. Hcaw yrox — HYyJb,
To u A — HyaAs. Tenepb npednosoxcum, ¥10 GasoBHi cABAT A ecThb
genpepsieaas QymRwumus yraa ¢ Memny S n T (cm. ¢ur. 4.4) npm
¢, crpeMsmeMcs K ayao. llo-Bugamormy, 970 eNRHCTBEHEOE PABYM-
Hoe nonymenwe. Vmmmw ciaosamu, ecam cBepaytek T ¢ mpAmoi
nmHEUN S Ha Maustit yroa €, To u A Toke OYHET MAJKIM IHCIOM, CKa-
WEM me, ThHe m — BexoTopuid Kospduument. Mu numewm me, mo-
TOMY 9TO MOKeM HOKas3aTh, 9To A o0A3aH0 GHTH NPONOPHHOHAIBHO
e. Ecom Out Mu1 mocrapmam 3a T mosmit upubop 7, Tose obpasyo-
mui ¢ I yrox e, ac S reM caMuM ofpasyimuit yroa 28, T0 Do OTHO-
meani0 ¥ T Mm O uMenm

a mo ormomenuo x I’ :
LN 1 Wa LI £)
" =e"C =e¥C,.

* MomHO 1OCMOTPeTh Ha 5T0 B HHa4e. MK NpOCTO HPOWSBOZHM Ipeol-
pasoBaHHe K «CTAHRAPTHOE (opMe», OIHCaHHO® B § 2, HcHoandya Gopmyny
(4.15).
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Ho mu 3maem, uTo Kosxesr Gsiiw 651 DOAYYUTE TOT 3KE PEe3yIbTaT
ecam Om cpasy sa S mocrasmam 1) Smauwmr, KOTHA YToA yIBamBaer-
cA, To- yEBawBaercsa ¥ Gasa. T aPTyMEHTH MH MOMKeM, eCTeCTBeH-
HO, 0000mMATE U DocTPORTS 060 HOBOPOT M3 HOCIEKOBATENBHLIX
fecxoHeYHO MaJdKX NOBOpoTOB. Mpi Baximouaem, 9ro A mpomop-
ﬁnonanbno ¢ #Aug 4106020 yraa ¢. IloaroMy Bcerma MoKHO mucaTh
O6muit monydYeHAHit HAME Pe3yJAbTAaT COCTOWT, cnenonaTenbno
B ToM, 9To fisa T, HOBEepHYTOro BOKPYT OCH Z OTHOCHTENBHO S
Ha yroX ,
C/ = emC C' =e '™ _, (4.17)
Hns yoma ¢ m gia BceX TOBOPOTOB, KOTODHIE BCTPETATCS HAM B
SyayuieM, MEl YCIOBUMGH CUHTATH, 9TO ROAONCUMEALHHM MOBOPO-
TOM 6ygeT HOBOPOT IPABOIC BUHTA, KOTOPDHU BBHHUYWBAETCH B HO-
JOJKUTENBHOM HATPABNCHVH 2.
Tenmeps octaerca y3Hath, KakuM KoJkaO Obhts m. HonmpoGyem
¢riepBa Ciaemywolee paccysfenue: nmycts I' mosepHyigcsa Ha 360°;
fICHO, UTO TOTAA OH OHATH OUYTHTCH NOJ HYJTeM IPajycoB, W Mul

OOMKHEE OygeM WMeTh CJ, =C, n (= C_, Wiu, 910 TO 7Ke CaMoe,
€™ = 1, Mu momydaeM m = 1. Smo paccywcaenue ne codumes

Yrobm yOegnthes B oTOM, momycrum, wro 1 mOBepHYT Ha
180°. Ecau 6m m 6puto pasHO eNUHMNE, ML TONyYwad OH

=¢"C,=—C, n C_=e'™(C_= —C_. Ho aro mpocro
OUATH MOJAYIHIOCH NEPEOHAuaLbHoe COCToARe. (J6e aMINIUTY IRl II0-
IpocTy yMHOeHH Ha —1; 9To Boappamaer Hac K NCXOogHON dusute-
cxoit cucreme. (Onars caywait sceobmeit nepemenn daz.) 310 osHa-
gaer, yro ecau yroa Mexay T u S ma ¢ur. 4.5, 6 yBeluduBaeTcs Ha
180°, To cucrema (o otHOmMEHWI K ') OKABKBAETCA HEOTIHINMONA O
caygaa 0° w 9acTHOH HOMMHE OHATH LPOXOAUTE GEpes COCTOSHHE
(+) mputGopa U. Ho opu 180° cocrosuue (--) npubopa U — 3T0
cocrosrue (—zx) BavansHoro upudopa S. Tar uro cocrosume ()
crader cocrogHueM (—zx). Ho ME-TO Beir HHUYero He feaalu Aas
UaMeHenus HAYAILHOTO COCTOSHWA; OTBeT mo3ToMy ommbGoueH. He
MokeT OHTh, yToOm m = 1.

Her, Bce mommo OmTh wHaZe: HAKO, YTOOH TOJIBKO HOBOPOT
Ha 360° (1 Hu Ha Kakue MeHvULLE Yoabl) BOCTPOU3BOARI TO HE CAMOE
¢ursuvecKoe cocrogame. Ito cayuurcd opa m ==1/,. Torga u ToIBKO
TOTAA TePBHM YIVIOM, BOCIPOM3BOHANIUM TO 3Ke caMmoe fusuueckoe
cocrosame, Oymer yrox ¢ = 360° *. Iipm stom Gymer

g* ::g+} Ha 360° BOKpYr ocH z. (4.18)

* Komeuno, mogomuao 6u @ m=—1/,. Oanaxo r3 (4.17) sicHo, 910 H3Me-
HEHHe 3HAKa IOPOCTO HmepeOmpefeinT IOHATHE «CIMH BBePX».



OgeHb XypBesHO BIPYT OOHAPYIKETB, YT0 HOBOPOT mpmbopa =HaA
360° mpusomur K HoBmM ammianryrnaM. Ho ma camom meme ofm He
HOBH, IIOTOMY 9YTO ORKHOBpPEMeHHAs NepeMeHa 3HAKA HW K KaKOH
HOBO#l ¢msnxe me mpuBorur. Ecam Kro-umbynp 3agyMaeT mepeMe-
HHETH BCe 3HAKW Yy BCEeX aMminTyL, HOLYMAaB, YTO OH UOBEPRYJICH
Ha 360°, T0 9T0 €ro Keno — QUINKY OH HOXYIHT Ty 3Ke, IPEIRHION*.
Wrax, pam OKOHYATENBHHKN OTBET TAKOB: eCiIX Mb 3HAEM AMIUIATY-
aet C, w C_ muA 9acThly ¢O COWHOM 1/, H0o OTHONIEHWIO X CHCTEME
orcaera S W eCiIW 3aTeM MEl HCOOAL3yeM GAazHCHYI0 CHCTEMYy, CBA-
sagrylo ¢ T (7 moimydaeTca w3 S TmOBOPOTOM HA ( OTHOCHTEIBHO

ocu Z), TO HOBHE aAMIUIMTYLbBI BHIpa)KaloTcd Yepe3 crapnieé Tak:
‘ C —ewrC

* ot l HA YrOX @ BOKPYT OCH z. (4.19)
C =€_“W2C_J

§ 4. Hosopomvt na 180° w na 90° sorpy: ccu y

Teneps monpobyem nogobpaTtk npeobpasosanme s noBopora T
(mo orHomenuw k S) ma 180° Bokpyr ocu, nepnenduryasiproil K
ocu z, ckazkeM BOKPYT ocm y. (Ocu XoopgwHAT Mu OOpeReInAdd
Ha ¢ur. 4.1.) Wammu caoBamu, GepyTea Epa oguHAKOBHX upubopa
Irepra — Tepnaxa w Bropoit w3 Hux, T, mepeBopaumBasTCA OT-
HOCHUTEJNLHO TepBoro, S, «sBepX Horamuy» (Pur. 4.6). Ecam paccmar-
PUBaTh YACTWOH Kak MajeHbkue MAaTHUTHHIC HWIIONAW, TO YACTHHA,
KoTopas maxomurea B cocroammu {+S) (8 mepsoM mpmubope oHA
u3bmpaer «BepxHMily nyTh), B BO BTOPOM upmbope usbupaer «Bepx-
HE{» OyTh, T. €. OK&KETCHA 00 OTHOMEHWI0 X 7 B MUHYC-COCTOA-
Huu. (B mepesepryToM npubope 7 nepeBopaumBaioTcA w moxe, U
HAOpaplieHUE ero TPajueHTa; [jid JacTUIM ¢ 3afaHHHM HalpaBie-
HWeM MAarEMTHOIO MOMeHTa cuia He meafAercd.) To, urd gua S Owuto
«Bepxom», To misa T Gymer «Emsomy». J[lasg taxoro OTHOCUTENBHOTO
pacmonomenus S u T mpeoOpasoBapus, €CreCTBEHHO, KOKHE JAThH

|C+l:|C-—'= JC_IZ‘C+1
Kak n pamsize, Heanss mexiaounrh Kobasounne Pa3oBHEe MHOMKH-
TeJdu; HA CAMOM Jlelle MoKeT OKa3arhbes, TTo
r Q3 .
C . =e_, C =€, (4.20)
rie B ¥ y eme mOMIIEKAT OUPEHENEHNIO.

A UTO MOKHO CKas3aTb 0 ITOBOPOTe BOKPYT ocH y ma yrox 360°?
Mm ysxe sHaem oreer mug nosopora Ha 360° BokpyT oc: z: aMILTATY-
Ja upeOsiBanmsA B Ji06oM cocrosamm Menser sgak. [losoporm ma
360° Boxpyr aw6oil ocw Becerxa DPUBOKAT UprGop B Impe)nee WOI0-

* 3ameTnM, 9TO eCIE HOcHe}IOBaTeJILHOCTI: MaJIHIX HOBOPOTOB WHPHBERET
B KOHU® KOHIIOB K UepBOHAYANLHON OPHeHTALWH HpefMera, TO BCeI[a 6CTh
BO3MOMKHOCTh, HPOCJHEAWB BCI0O HCTOPHIO, OTIMYATEL HOBOpPOT Ha 360° or mo-
sopora Ha 0° (mO umepecuo, 9TO JJNA HOBOPOTa HA 720° 310 Heeepho).
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W 4.6, Hosopom na 180°
6oKpye ocu y.

wenne. Takum ofpasoM, pesynprar .wofozo mosopora na 360°
AOJKeH OBITL TaKMM jKe, Kak W mpum nopopore HA 360° Borpyr ocnm
Z,—BCe aMIINTY[IH JHOJKHK Opocte mepeMeHHTE 3Hak. Tenepn
upeficraBuM cebe EBa mocaefoBaTenbHEX moBopora Ha 180° sokpyr
ocu y no dopumyne (4.20); mocie HAX KOMKEH HOIYIATHCH PE3YJb-
Tar (4.18). Wunmu croBamu,
C=e3" =e%C, =—C,
. (4.21)

C7 =eiC =i’ _ = —C_.

9to o3HaUaer, YTo .
, mimx V= _—¢ '3,

el = —1
CremoBarensno, y=—f-+n, m mpeoGpasopanue JIA HOBOPOTA
BHa 180° BoKpyr ocu y MokeT OHITHL 3amMCAHO TAK:

C' = _, C" =—eC,. (4.22)

N _

PaccyxIenus, KOTOPHIME MS TOJIBKO UTO IOJB30BANNCH, B PaB-
HO#i cremenu npuMeHuMH K mosoporaM ma 180° BoRpyr awbol
OCH B NIOCKOCTH XY, XOTHA, KOHEYHO, HOBOPOTH BOKPYT DPAasHHX
oceil mapyr mas B pasmse gucia. Ho sro ejmHCTBEHHOE, IeM CHN
MOTYT oTauuarbcs. B wwcie f uMeercs wsBecTHHI HpPOMBBOI, HO,
KaX TONBKO OHO OUpPEREIeHO A KaKOoh-To 0fHOH OCHM B WJIOCKOCTH
Yy, OHO oupejeiserca ¥ AaA BceX mpouux oceil. Ilpunamo BuGu-
pats p=0 gna nosoporos Ha 180° Bokpyr ocu y.

Yrobu mnokxasars, uTo c¢sofoga rakoro BeOopa y Hac ecTh,
IPeATOA0KUM, YTO MH PEIIWIHN, 9T¢ f He paBHO HYIR A HOBO-
pPoTa BOKPYT OCH J; TOIJ2 MOKHO NOKA3aTh, IT0 B MIAOCKOCTH Iy
CYIIECTBYEeT Kakas-mo dpyzas och, RIS KOTOPOH COOTBETCTByIOILAA
dasa 6ydem myaem. Haiimem ¢asoBmit mmommrens B, mua ocu A,
obpasywomeit ¢ ochblo y yroa @, Kaxk mowrazaHo ma ¢ur. 4.7, a.
(last ymoGeTBa Ha puCyHKE Yrosl @ OTPHIATENCH, HO 9TO HEBAIKHO.)
Ecam temepp Mu sossMeMm mpufiop 7', mepBoHAYatbHO HANPABIEH-
HH Tak ke, Kak u S, a DOTOM ToBepHeM ero BOKPYr ocu A Ha

17 s

180°, To ero ocw — masosem ux z'’, y'’, 7' — pacmoroRATCA TaK,
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D w2 4.7. [Tosopom na 180° eoxpye ocu
A (a) srsusasewmern nosopomy na 180°
eokpye ocu y (6), 3a womopwM cacdyem
nosopom eokpye ocu z' (e).

Kak Ha ¢ur. 4,7, a. AMnnuarygs no
oTHOWeHUIO K 7' TOTHA CTaHYT

7 . iﬁA
¢ =e"4C_,

) (4.23)
C_=-—eBaC .

Ho Toit e camoil opueHTANUA
MOYKHO FOOuTECA ABYMA TOCJIef0Ba-
TeJbHbHIMH TOBOPOTAMYA, NOKABAHHLI-
mu Ha ¢ur. 4.7, 6 u . BoabmeMm
czavaaa upubop U, nosepmyrsiii mo
orromennio K S ma 180° Boxkpyr ocn
y. Ocu z’, y’" u 7z’ npubopa U 6ynyr
TakuMu, Kak Ha ¢ur. 4.7, 6, a amn-
JATYAR no ommuowenuio ¥ U Oynyr
HaBarbca Qopmytont (4.22).

3ameTsTe Temepb, wro or U T
MOKHO mepefitu, moBepHYER npubop
U Boxpyr «ocum z», T. €. BOKDPYTL
z’, wak poxKaszamo Ha Qur. 4.7, a.
Ws pucyura sugdo, 9ro Tpelyemsii
yrodt paBoe fonblme yria «, HO Ha-
npasirer B o0paTHYI0 crTopoRy (mo
orgomenn® k z'). Wcoonssys upe-
obpasosamme (4.19) ¢ =20,
nonyqyaem

C=eC,, CT=e"C" . (4.24)

+

Hopcrasaasa (4.22) b (4.24), momyuaeM

v _i(g-a
C =% C_,

C" =—e 1600, . (4.25)

ITH aMIVIATYNH, KOHeYHO, KOJKHH COBHNACTL C HOJYYCHHEIMA B
(4.23). 3mauur, B, rommuo Gmth cBasamo ¢ o u B dopmynoi

B,=P—a. (4.26)

910 03BAUAET, UTO ECAM YTON O MExEY 0chio_A m ochio y (upmGo-
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pa S) pasen f, To B npeo6pasosaumn mosopora Ha 180° Bokpyr
ocu A Gymer crosare f,=0.

Ho xoar cxopo y EKakoli-mo u3 oceil, NepOeHOAKYJIAPHKX K
och z, moxKeT oxazatbesa f=0, To HAro He Memaer OPHAATH 3TY
oCh 3a OCh Y. JTO BCETO JMINE BOLPOC COZAAUCHUAL, W MH TIPHEMEM
810 B 06mem cayuae. Hmoz: gas nosopora "a 180° Boxpyr ocu y
MH HMeeM

C,=C_
' =—C,

Ilpomommxan pasMWULIATE 0 HOBOPOTAX BOKPYr oCH I, mepei-
HeM Temepb K Martpuume npeoOpazoBaHusa [IA TOBOPOTOB HA
90°. Mur B COCTOSTHAW YyCTAHOBHTH'€e BHJ, OTTOr0 9TO BHAEM, UTO
OBa mociefoBaTedbHNX mopopora Ha 90° Borpyr opHOl w Toll ke
ocm — 3TO TO e camoe, wro opma mowsopor mHa 180°. Hanmmewm
npeobpasoBarue s 90° B camoit oOmeirt dopme:

C,=aC, +bC_, CL=cC, +dC_. (4.28)

} na 180° Bokpyr ocH y. (4.27)

Bropoit mosopor ma Y0° Boxpyr Toi e ochm oGaafgan 6nr Temu sxe
KoaddruneATAME:

C’ =aC +bC", C" =cC' +dC". (4.29)
Hopcrasnasa (4.28) B (4.29), moxygaem
C" =a(aC, +bC_)+b(cC, +dC_),

(4.30)
C”=c(aC, +bC_)+d(cC, +dC.).
Opmaro m3 (4.27) HaM wW3BeCTHO, 9TO
C’;ZC_, C”_:—-C+1
TaK 9UTO NOIDKHO OHTH
ab+bd =1,
%+ be=0,
ac+cd=—1, (4.31)
be+d2 =0.

ITAX dYersipeX ypaBHeHWH BOOJHEe Xparaer, 4TOOH OHDpPeReTHUTH
Bce Hamm Hem3pecrtHwie a, b, ¢ m d. Crenars a1c Herpygnmo. Ilo-
cMoTpUTEé HA BTOpoe W derBeproe ypasHeHnsi. Bu Bupurte, wTo
a?=d?, orxyna aubo a=d, aubo a=—d. Ho nocaeneee oTmagaer,
HOTOMY 4TO TOTHA HE BHIIOIHAIOCH On nmepeoe ypasHeHue. JHA-
gmT, d=a. A Torga cpasy e BuxXopmr b=1/2a m ¢=—1/2a. Te-
oeper Bce  BEIpakeHo vepe3d a. Ilopcrammsas, ckaseMm, Bo BTOpOE
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ypaBHeHHe 3HAUERWS b U ¢, mOIyYaeM

1

2
a 4a?

1
=0, wm a‘:z.
N3 wetwipex pemieHnil 3Toro YpaBHEHAS TOJNBLKO ABA IPUBORAT K
KerepMuHAaHTY crapfapTHOR dopmur. Mr MoxeM npuraTh a=1 V2,
&
TOrga

g=—i b= —

2’ V2’

1 1
e by d:———T‘
¢ V2’ V2

Wasivu crrosamu, gag asyXx opubGopo S m T mpm yeaosum,

qaro T momepryT ortnocmTeabno S ma 90° Borpyr ocm y, npeoOpa-
30BaHME HMeeT BUJ

’ 1
c+:7—.__(c++c_) )
"a 90° BOKpyr ocH y. (4.32)
C.=—(—C, +C_
V ) )
I9Ti ypasHeHWS MOKHO, KOHEYHO, paspemuTh oTHOcHTeIbHO (',
u C_; aTo mact Ham upeobpazoBaHMe UPHM HOBOPOTE BOKPYT OCH ¥
pa —90°. HepeCTaBnB eme o mTpnxn, MH HAOWIOEM

C+‘—' Vz (C —-C )

c. V_(c +C)

ma —90° BOKpyYr ocH y. (4.33)

8§ 5. Ilosopomet soxpye ocu x

Bn, nomaayil, mogymaere: «3To cTaHOBATCA CMeIIHLIM. Yemy e
Hac Teneps GyayT YYuTh — TOBOPOTAM Ha 47° BOKDPYT OCH ¥, TOTOM
wa 3 3° Bokpyrz? Hoaro auato Oymer upoacmrarscsa?» Her, okaswm-
Baercd, S mOYTH BCe paccKazal. 3Hasd TONbLKO ABa upecOpasosa-
Hug — #Ha 90° BOKDYr OCH y W Ha TPOUSBOIBHHH Yrol BOKDPYT
oca z (KaK BH DOMHHTE, UMEHHO ¢ DTOTO MHl HAYAJMW),— MH YiKe
cnoco0Hs DPOR3BOAUTH JI00KE HOBOPOTH.

Hdua uanocTpanuu IPeAmoNioRKAM, UTO HAC WHTEPECYeT HmoBO-
POT Ha yrou a BOKPYT ocu x. Mu smaeM, kak OvTH ¢ moBOpOTOM
Ha yTOJ G BOKPYT OCH z, HO HAM HY)KeH HOBOPOT BOKPYT ocH Z.
Kax ero ompemennrs? Cmepsa mnosepHeM och Z BHHU3 10 OCH X,
a 9ro ecth moBopor ma +90° BoXpyr ocu y (Pur. 4.8). 3atem Bo-
KpyT ocu z' moBepHEeMcCH HA yTod ¢. A moTom mosepHemca ma —90°

* Bropoe pemeHWe MeHsAET Bce 3HAKA y &, b, ¢, d B OTBeTaeT UOBOPOTY
ma —270°.
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@D ue. 4.8. Ilosopom na yzora eokpyz ocu

z pasnoanauen nosopomy wa +90° eoxpye a
ocu y (a), 3a Komopulu caedyem nosopom 1a 90°
o gokpye ocu 2’ (6), ecaed 3a KomopwM npo- y'
ucrodum nogopom na —90° eorpyz vcu e
y" (s). 4

zl

!
z !

BOKpyT ocu y'’. HWror srux tpex
OOBOPOTOB TOT ;K€ CAMEIH, 9TO Tpn 2
mOBOPOTE BOKPYT OCH X HA YLOJ .
TakoBo CBOHCTBO MPOCTPAHCTBA.
(Bce atm coueTaHMA HOBOPOTOR
¥ MX pe3yapraTl oYeHb TpyAHO cede 7"
npegcrasuthk. He mpaspa au, crpan- -
HO, YTO, JKUBA B TPeX H3MEPEeHU:AX, e

MHI BCE 7K€ C TPYZOM BOCHPHHUMAeM, \ y
9TO TPOUBONET, eclu CIePBa HOBEp- 2" \
HyTBCA TaK, & NOTOM elle Kak- 3
nubyrs. BepoarHo, eciu Osf Mu \z”
ObLIW TUTHIAMH WIN PHOAMH H ecin z
061 MBI HA COGCTBEHHOM ONBITE 3HAIIL,
a1$ OniBaeT, KOTJA BCe BpeMs Kpy-
TUMIL PasHEE CAJBTO B IMPOCTPAHCT-
Be, HaM ObIo OB Jerde BOCHPUHU-
MaTh Uoxo(HLIE Beuu.)

Bo Beakom caygae, papaiire
BHIBeieM mpeobGpaszoBaHue I8 TOBO-
poTa Ha YTOJX G BOKPYT OCH Z, HOJb-
3y4Ch TeM, 4Td HAM ViKe HM3BECTHO.
NMpu nepsom mnosopore ma --90°
BOKPYT OCH J AMIUIUTYAH CIEAYIOT
sarRonY (4.32). Ecam nosepayrteie ocu obosmauntn x', ¥ u z', To
TocaeAyIomuil HOBOPOT HA IO ¢ BOKPY ! oCil 2’ IepCROJUT HAC B

123 ’

cucremy orcuera z'', y'’, z'', mas KoTopoii

C;’- — eioc/zc;’ (”’”_ — c—ia/zC’— .

Nocaegnuit mosopor Ha —9Y0° BoKpyr ocm Yy’ HepeBONT HAC B
rry tes r1rr,

cucremy ', y''’, z’""; us (4.33) cameayer

+ -

" —C"), C"'r—:—jr C" 4+ C").
( ) by 2( L HC7)
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Couerans »TH IBa mocnepHuxX mpeoGpazoBaHEA, HOJIyHaeM

rro 1
C ! =
+ Vz

rrs 1
C"=—
Hopcrasnas cioa smecto C' m € (4.32), npmpeM K moaHOMY
npeodpazoBaHUIO

c %{eu'(x/z (C++C_)~e*i°‘/2 (—C++C—)}’

3 =
1

C =g er ™2 (CoA-CL) et (O +C )}

(e-Ha/zC; — e—i(l/2c,-)’

(e+i’ll2c; + e—ioc{2C'_)_

A ecau BCIOMHUTE, 4TO
e'd-e"'=2cos0 u e’ —e"=2isin0,

TO 2T POPMYJBI MOKHO 3aMACATH HPOIE:

e a . .o
C"=(cos = )C,+i|sin=)C_
¥ A 2 4.34
Ha yroJ @ BOKPYF OCH Z. (4. )
rer . - a o] a
C =i <51n5>6+ —}—(cos —2—> c_)
910 W ecTh Hame HCKOMOe TpeolpazoBaHue NIA TOBOPOTA BOKPYT
ocu x Ba 4060l yroa a. OHo Jmimmp 9yThH TOCACHKHEe OCTAJBHHX.

§ 6. ITpouszsoavrvie nosopomot

Temeps yke moHATHO, Kax GHTH C MPOUIBOALHBM TOBOPOTOM.
Bo-nepesix, samersre, uro mioGadg OTHOCHTEALHAS OpHEHTAIWSA
EBYX CHCTEM KOOPAMHAT MojKeT OBITH OmAcaHa TPeMA yriaMa
(Pur. 4.9). Ecau ects cucreMa oceit ', y’', z', opHeHTHPOBaHHKX
OTHOCHTENBHO Z, I, Z KAK YTOKHO, TO COOTHOIIEHWE MERKy HAMHA
MOJKHO ONMCATE TpeMA yIiaMm Jiiiepa @, P u vy, ouperenAomuMA
TPH WOCJHeIOBATEIBHBIX HOBOPOTA, KOTODHIE IIEPEBONAT CHCTEMY
z, Y, z B cucremy x’, y’', z'. Ortopanissace or z, ¥, z, MH TOBOP&-
9¥BaeM HAUIY CUCTeMy HA yrod P BOKPYD oCcd 2z, DEPeHOCS OCh &
Ha JuBEMI0 z'. 3aTeM MH OPOBONUM TOBCPOT HA YTOX O BOKDYT
aToil BpéMeHHo# ocu z,,9ToOH JosecT: och z fo z . Hawomen, no-
BOPOT BOKDYT HOBOM ocH z (T. e. BOKPYT z') Ha yrol y mepeBemeT
ock 2, B ', aochk y By * Mu smaeM npeo0pasoBannsa A Kak-
EOTO U3 TpeX LOBOPOTOB — OHE faworca ¢opmynamua (4.19) n

* HeTpyJgHO IOKa3aTh, ITO CHCTEMY X, ¥, 2 MOIKHO IIepeBecTH B CHCTEMY
z', y', 2z’ cIeRYOIDEMH TpeMs IOBOPOTAMH BOKDYT nepEOHAYAAbHHE OCOH:
1) noBepHyTH HA YTOX Y BOKPYT UepBOHAYAJbHOM OCK z; 2) IOBePHYTH HA YTOI
¢ BOKDYr IIePBOHAYANBHOH OCE z; 3) HOBepHYTh Ha yroa 8 BOKDYr HepBOHA-
YaNLHONH OCE Zz.
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D uz. 4.9. Opuenmayuio aw-
60ii cucmemwn koopdumam z’,
y', 2" no omuowenuw & dpyeoli
cucimeme x, Yy, & MOKHO onpe-
deaums ¢ nomouyblo yeaos Ii-
apaa, B,y.

(4.34). HomOunupyd uX B HY;KHOM HOpAJKe, HOTyyaeM

. a N PN
C_(_:(}OS~2-€‘(B+V)/2€++lSII’17e i@-viC_|

(4.35)

¢ =isin %ei B-vi2C', 4 cos %—e—i(BW)-’ZC_.

Mrak, Hayas mpocto ¢ HEKOTOPHIX MHpeuoioskeHuid o CcBOMCT-
BaX HpPOCTPAHCTBA, MK BHEBEAM NpeodpasoBaHWe AMIVIMTYAR HpH
a1000M moBopoTe. ITO 03HAYAET, UTO €CJH HAM JM3BeCTHH AMILIH-
TYABL TOT'O, YTO JNI000e COCTOAHME YACTHIEL CO COMHOM !/, mepeiier
B OpuH u3 ABYyX mydkos upuGopa Iltepma — Fepaaxa § ¢ ocamum
Z, Y, z, TO MB MOKEM IOACYATATh, KAKad 9acTh Hepeiier B Ka-
el myyor B npuGope T ¢ ocamm z', y" u z'. Wuaue rosops, ecnnm
AMeeTCA COCTOAHWE 1P HACTHI(RL €O COMHOM !/,, y KoToporo am-
OAMTYAH OpeOsBaHMA BBePXY M BHHM3y 00 OTHONIEHMIO K OCH 2
CHCTeMBI KOODAMHAT z, ¥, z paBEE C, = {+| P> u C_={(—|}),
TO TeM CAMbIM MBI 3HaeM aMIIUTYAH C, u c_ npeGLBAHNA BEEPXY
H BHH3Y 0O OTHOmEHWIO K ochm z mioboit mpyroii cmcremst z’, y’,
z’. Yersepka kosdduuyertos B (4.30) — 5T0 WIEHH «MATPHUILI
npeo0pa3oBaEUA», ¢ NOMOMIbI0 KOTOPOH MOKHO NPOELMPOBATH
AMIUTATYAB 9acTHIEL €O COMHOM !/, B JIpyrue CHCTEMBl KO-
OpAuHAT.

Temepb pemuM HeCKOJIBKO IPUMEPOB, 9TO0H IOCMOTPeTh, Kak
Bce 370 paboraer. BoasMem cienyromuit npocroil ronpoc. Ilycrmm
aroM co copHOM !/, gepes npubop Hlrepma — P'epraxa, mpomy-
cKaomuil Tospko cocrosgame (-+z). HakoBa amMmamTypma Toro, 4ro
aroM OKakerca B coctosEmM (+-x)? Ock -+ —»sTO BCce paBHO,
910 och +2z’ cucreMsi, nosephayToii Ha 90° BoKpyr ocu y. Ilosromy
B »TOll 3ajjaue mpoiie BOCHOIb30BAaTLCA BHpaskeHuem (4.32), xorsa,
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zA y

W we 4.10. Ocws A, onpedease-
g nas noaaprbmi yeaaxi O u @,
¥
0 ey
x ¥
Kolcdhio, MO HO TDpUMCHINL 4 IonHoe ypasmenune (4.35). Ilo-
erxoabky O =1nC_ U, vonoavuurca (', -1/} 2. BeposgtHocra—

9TO KBafparhi MOAyJel DTUX aMuauTyjn; TakmMm oGpaszom, 50%
HIAHCOB 34 TO, 9T0 9acTH/@ mpoifer ckBosb gpubop, oT6upamunil
coctogane (+z). Ecam 6m M DouhTepecoBaldmch COCTOSRUEM

(—2z), To ammunurya oKasajdach Owl .~—‘1/l/2, 970 ONAThL AaI0 OH
BEPOSTHOCTE 1/,, 96T0 U CHEHOBAT0 OMEATH U3 CHMMETPUH LPO-
crpascrBa. Mrak, ecam gacTunma Haxojuwics B cocroamwn (+z),
To efi B paBROY CTeHeHN BePOATHO NoOHBATL B COCTOAHUAX ()
u (- -z). Ho dassl npoTHBOIMOIOMKEE.

Ocb y tome Oes mpereHsuii. Yacruna B cocrosanu (--z)
HMeeT pasHBE IJaHCHL OHTH B cocToAHum (+y) wam (—y). Ho
remepb (corinacHo GpopMmyde mis moBopoTa Ha —Y0° BOKpyr ocH x)
ammiutyasl eyt 1/} 2 u — i/} 2. B srom cayuae pasmuna B da-
3ax aryx amomnryyn yxe He 180°, kax 6owro mas (+z) n (—x),
a 90°. B sroM-T0 u mposiBRAeTCA PasdnUMe MERIY T U Y.

Bor euie npumep. lycrs HaM u3BecrHo, 9TO JaCTHIA CO CILEHOM
1/, HAXOHMTCA B COCTOAHME P, TONAPHICBAHHOM BBEPX VTHOCH-
TeNbHO ocu A, ompengiseMoit yraamu 0 m ¢ (pur. 4.10). Mwr xo-
TaM sHaTh ammautygy <C.|¢y) Toro, Yro €HacTmia OTHOCHTEIBHO
OCH Z OKAajsKeTCA B COCTOAHHHM «BBepx», u ammantyny <C_|{)
TOr0, YTO OHA OKAKETCA B COCTOAHUI «BHI3» OTHOCUTENHHO TOH Ke
OCH 2. OTH aMIUINTY/H Mbl MojkeM Halitm, Boobpasus, urd A ecTb
0Ch z' CHCTEeMBI, Y KOTOPO#l 0Ch &' HalpasieHa LPOM3BOIBHO, CKa-
KEM JEKHT B INIOCKOCTH, obpasosaHHo#t 4 wm z. Torpa momuO
nepesecTu cucTeMy A B cmcereMy z, Y, z TpeMs mosoporamu. Bo-
MePHBIX, HA0 CAEJIATH MOBOPOT HA ——It/2 BORPYT ocu A, 9TO mepe-
BejleT Och z K AUHAI0 B Ha prcyHKke. 3areM moBepHYTh Ha — O BOKPYT
auvun B (BoKpyT HOBOIl ocu z’ cucreMsl 4), 4to0H 0¢hL A momana
HA 0chk z. M, HaKoHen, DOBEPHYTh ROKPYT OCH z HA VCOX (T1/2—@).
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Tabanya 4.1 ®

AMILTIHATY 1Bl

<iT|i8> JJIA 1IOBOPOTA,
ONPENEJIAEMOI'0 VIJIAMII DJHMIEPA «a, B, ¥

(OHUD. 4£.9)
JTViS > +.8 S
o UB+vy/2 L.oa —HB-v2
<7 cos € isin-5-e
..o UB-—wy2 a ~—iB+vy/2
—T isin 5 e cog 5

Tabauya 4.2 o

AMITTIWTY ADI (3T1iS > 11Hd NOBOPOTA R(g)

HA YPOJ ¢ BOKPYID OJJHOU U3 OCEHN

R,(9)

TS > +§ -
%‘T pi(p/fl 0
T 0 e—i(P/2

R, {9)

<JT,iS > + 8 —
N 9 —_
+T €os = isin 5 .
— i sin 2. &

T isin ) ¢0s )
R,(9)
<JTHS > +8 -8

ST 2 inL
=T cos 5 sin 5

—_ - gin-2. £
T sin— 608
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BenoMunas, uro BHauajie OBLIO TOABKO OOHO cocrosHue () mo
OTHOmIEHHIO K A4, moxydaeM

C+ == (',Os—g‘e“iq)'l2 ’ C— =sin %e+iq}/2. (436)

Msur xorenn Om HATOCHEJOK MMOIHTOKHTH pe3yJabTaTel JTOH
raaBel B opMe, KOTOpas OKaKeTCA MOJesHOM i HameHd najib-
meifuieit paGorsi. Bo-mepsrix, HanmoMHWM, 4TO Haml OCHOBHOH pe-
sysierat (4.35) momer ObiTh 3anucaH B JAPyruX 0003HAYCHHAX.
3amerbre, uro (4.35)— 3to To ke camoe, uro u (4.4) Wmaue ro-
popA, B (4.35) Koaddunuentsl upu C, = {(+S|p) u C_={—=S8|¢P)
cyTh Kak pas ammaurydel < j7)iS) B (4.4), aMmpaurygs TOrO, 9TO
YaCTHIIA B COCTOSIHMHM | WO OTHONIEHWID K S oKaskeTcs B COCTOS-
iy j Oo oTHomeHuo K I (Korga opumeHtanus 7' mo OTHOIIEHUIO

k S paerca yraamu a, B u y). Mu ux Tamme HaswiBagm R};° B Bhpa-
acennn (4.6). (Hero-gero, a o6o3uadeHnil y Hac xBaraiuol) Hanpnmep,
RIS, = {—T\+8) -~ o910 RO>PPumment upu C, B Popmyie pas c.,
a umeHHo i sin(a/2) exp| i(f—vy)/2]. HOBTOMy CBOIKY HAIUX pe-
3yALTATOB MBI MO;KeM Jarb B Bupge tadn. 4.1.

beio 66t ymobno mMeThb 3TH AMINTHTY[b pacOUCAHHHEIMH AJAA
HEKOTOPHX o0cob0 BaskEbx caywaes. llyers R,(9p) — mosopor
fia yroi @ BOKpPYT ocu z. Tak ke MOKHO 0003HAYMTE M COOTBET-
CTBYIOHIYIW MaTpuly IoBopora (OomycKasg MOJYAJIUBO ILOAPasy-
MeBaeMEle MHAEKCH iu j). B Tom e cmuciae R (¢) u R (9) Gyayr
0003HavYarh MOBOPOTHL HA YTOJI (p BOKPYT OCH Z H OCH y

B tabs. 4.2 M upuBoguM MaTpUIEl — TAOMMIB AMIUINTY,
(jT}iS >, Koropeie TpOGUMPYIOT AMIUIUTYJHl M3 CHCTEeMHl S B
cucremy 7', tme T monyuaerca u3 S yKa3aHHBIM HOBOPOTOM.



I'nasa 5

SABHCHMOCTD AMILINTY I
0T BPEMEHH

§ 1. Hoxrosuguecs amonot;
CHAUUOHAPHBIE COCHLOIHAUSL

Mpi xoTHUM Teneph HEMHOIO pacckas’ath O ToM,
Kak BegyT ce0s aMIIutTyis BEPOATHOCTH BO Bpe-
meHu. MBI roBOpuM ¢«HeMHOIO», WIOTOMY YTO Ha
caMOM Jielle TOBeJieHHe BO BpeMeHu ¢ Heohxo-
IUMOCTHIO BRIOYAeT B cefsa U 1OBegeHUE B TPO-
¢TpaHCTBe. SHAYMT, IOKEJIAB OMUCATH MOBEICHUE
€0 BCEOH KOPPEKTHOCTHIO M [AETAJBHOCTHI, MBI
HEMEJIEHHO O4yTHMCA B BECHMA CIOMKHOM TOJIO-
menmu. Ilepex maMu BosHUKaer Haima BeerAam-
HAA TPYAHOCTH — TO J¥ W3YyYaTh HEYTO CTPOTO
noruveckn, Ho aOcoawrHo abcrpakTHO, TO Ju He
IyMarh 0 CTPOTOCTH, & AaBaTh KAK0e-TO HPejcTaB-
nenue 00 WCTHHHOM TOJOMKEHWM BeHIel, OTKIa-
ApiBas Oosee TIMATEABHOE MCCICJOBAHME HA HO3-
me. Ceiflyac, roBopsA o 3aBUCUMOCTH AMILIHTY/
OT DHEPTHUM, MBl HaMepehbl w30paTs BTOPOI cmo-
co6. Byper Boickazam psp yTsep:xpeHuil. llpu
9TOM MEI He OyJeM CTpeMuThbcsd ® CTPOrocTH, a
MpOCTO PACCKa)KeM BaM o ToM, 410 ObLTIO OoOHa-
pysKeHo, YToOH BBl CMOTJIM HOYYBCTBOBATH, KaK
penyr ce0A aMIIMTYAsI Bo BpeMeHu. Ilo mepe
X0oia HAINEro WII0KEHHAA TOYHOCTH ONWCAHUA
Oyger Bospacrarbh, TaK 4ro, HoO;kaayiicra, He
HepBHHMYalTe, BUAA, KaK PoKycHHK Oyder mamie-
KaTh OTKYAa-TO M3 BO3AyXa pasHee Bemu. Ouu
¥ BOpAMB GepyTcs M3 4Wero-tro Heocs3aeMoro —
u3 AyXa DHcOepuMeHTa W m3 BOOOpaKeHHA MHO-
rux mopeii. Ho mpoxoants BCe cTafmu HCTOPHYe-
CKOTO pa3BUTHA IpeAMeTa — M0 OYeHb Joiroe,
Koe-uTO MpueTcd Npocto nponyctuth. MoskHo
66110 OBl TOTPYSHUTHCA B a0CTPAKIMM U BCE CTPOTO
BHBOAUTH (HO BH BPAZR jam OB 3Te TOHSIIM) WIH
npofiTm dYeped MHOKECTBO OKCHEPHMEHTOB, HOJ-
TBeP;KIAS MMH KayK[oe CBOe yTBep:kaeHWe. Mul
pHGepeM 4TO-TO cpefiHee.

§ . Hokoauneca
aToOMDBI; CTANIO-
HAPHME COCTOARNA

§ 2.Pasuomepuoe gan-
HCHE

§ 3. Horenunaabyan
JHOPrUA;  coxpane-
Hise BEeprig

A.Cactn .
.00 RAACeYe
CRUIE apee

¥

S «Hpesecenss  ua-
CTHHBD 0O CHOBOM

i
i

S

ffocimopiio: va A7
teoi. 2} «dlpo-
CTPARCTRO-BPEMN» |
. AR (Bbiu. 4)
«femss
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OnuHOYHEIN BIEKTPOH B OyCTOM HPOCTPAHCTBE MOeT Hpu He-
KOTOPHX yCIoBHAX 00JajaTh BIGJHE ONpEIeNeHHOH nHeprueil.
Hanpumep, ecaiu o mokoutcss (T. e. He obragaer Hu mepememna-
TEJILHBIM JIBH:KEHMEM, HH MMIOYJIBCOM, HI KHMHAETWUCCKOIT nHep-
rueii), To y Hero ecrb 3HepTusa nokosd. O0BeKT nochosnHee, Hanpy-
Mep aToM, TOKE MOKeT, MoNoAch, obdamaTs oupeideseHHoH »HEp-
rueii, HO OH MOyeT OKa3aTbCsi M BHYTPEHHE BO3OVIKLEHHBIM —
BO3OYIRIEHHBIM /10 APYTOro ypoBHA sHeprun. (MeXanusm 2Toro
MBI onmiueM nodzke.) lacTo Mpl BnpaBe ¢uETaTh, YTO ATOM B BO3-
OysmjleHHOM cocTofgHnn o0lamaer onpefeneHHol dHeprueil; Bupo-
yeM, Ha caMOM JeJIC 9TO BEPHO TOABKO mpubiuykenno. AroMm He
ocTaeres BosOy KAEHHBIM HABEYHO, MOTOMY 4TO OH BCErJa CTPEeMUT-
¢ PA3pAANTH CBOIG SHEPTHIO, BRAMMOACHCTBYSA ¢ 2AEKTPOMArHHT-
HBM nojieM. Tak uTo Bcerfa ecThb HEKOTOPAas aMIIMTYHA TOTO, YTO
BOSHNKHET HOBOE COCTOAHHE —— ¢ aTOMOM B HWUBIDEM COCTOSHHH
BO3OYHi/eHHS T DIEKTPOMACHUTHBIM ToJXeM B BhicwieM. Ilogmas
BHEPTHH CUCTEMbI ¥ 0, ¥ TOcie — OFHA W T4 ke, HO SHEPLHA amo-
Ma yymeabmaercd. Tak 410 He 04eHb TOYHO MOBOPHUTH, YTO Y BO30Y K-
JEHHOTO aToMa eCTh onpedeienHas YHePrus; HO 43CTO TAK FOBOPUTH
yaofHo M He OYeHb HEeLPABWIBHO.

[Keratn, noueMy Bce TeweT B OQHY CTOPOHY M HE TeYeT B APY-
ryio? Otuyero aroM m3nygaer cBer? OTBeT CcBA3aH ¢ SHTpomOmell.
Rorpa poeprus paxXoguTca B 37MeKTPOMATHUTHOM TOoJE, TO Tiepef
Heil OTKpPBIBACTCH CTONBKO PABHBIX NMyTell — CTOJBKO PABHBIX MECT,
Kyfa OHa Mo;KeT HOonaclb,— 9T0, OTHICKHBAA yCJIOBUE DABHOBE-
cHsg, MBI yOexJaeMcsA, UYTO B CaMOM BEPOATHOM HOJOKCHUM HOJe
oKaspIBaercA Bo30Y:JeHHBM OJHUM QOTOHOM, a aToM —- HeBo3Oy k-
nensbiM. VI gorony rpebyerca Hemamoe BpeMs, utofbl Bo3Bpa-
TATHCA 1 o0HAPY;RUTL, YTO OH MoxkeT Bo30yaurh aTtom ofpatio.
JTO UOAHOCTRIO AHAJNOIHIBO KJIAcCCHYyeckol 3ajaue: mMoueMy VCRo-
psiemnii sapajg uagsyvaer? He moToMy, 910 0H «Xo"eT» yTpaTnth
DHepPrui, HeT, Befb Ha CAMOM-TO JeJe, KOTNa OH HM3Jydaer, sHep-
THMsT MEpa OCTAETCH Takoll jke, Kak n npeswae. llpocro maayvenne
WIN TMOTJICHIeAHe BCErAa HAeT B HAaNpaBIeHHH POCTA IHMPORUL. |

fAxpa rosxe MOTYT cylecTBOBaTh Ha PASHBIX IJHEPreTHYECKUX
VPOBHAX, ¥ B TOM IpuOJIGReHUN, KOIJA NPEHEOPeraioT 3Jerrpo-
MATHUTHHME 3Q@QeKTaMu, MBI BIPABE TOBODITH, 4TO AAPO B BO3-
Oy:IenHOM COCTOAHIHI TAaKMM U 0CTaeTCH. X0Th MBI M 3HAEM, TT0
OHO He ocTanercd TAaKHM HaBCerja, 4acTo OblBaeT MmoJesHo NCXOHTh
13 HeCKOJbKO MACANMBHPOBAHHOTO BPUGIIDKEHIA, KOTOPOe TIPOIe
paceMorperb. K ToMy sKe R HEKOTOPHIX 0GCTOATEABCTBAX — HT0
ysaroHenHoe npuGiamsxenue. (Korma Msi BHepBre BBOJEHIN KIIac-
CHUCCKUEe 3aKOHBI HafeHUsI Tell, MBI He YUWTBIBA/I TPEHUA, a Belb
mo4TH He OblBAeT TAK, YTOOBl TpeHlsd gosce He 0b1N0.)

Kpome Toro, cyDIECTRYIOT CUie «CTPaliHBle 4acTNlbIy ¢ Pasidhid-
HeIMu Maccawi. o Oosee MaccuBHBIE U3 WMX  PAclajalores Ha
foxee nerkne, TAK YTO ONITh HEHPABMILHO BYAET FOBOPHTE, GYATO
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HAX JHEpPrus TOYHO ompefeieHa. Jro Ouro Obi BepHO, eciu Obi OHEH
CCXpaHAJIHCh HaBeUHO. Tak 4To KOTla MBI TPHOIWKeHHO CYMTaeM
uX ofnajlacHmuMM ompefieieHHOil dHeprueidl, To 3almBaeM mnpu
STOM, 4TO0 OHH JOJLKHH pacnactbed. Ho celiwac Mm BHapouso 3a-
OymeM 1po TaKkue MPOIECCH, a WOCHEe, CO BpeMeHeM, BEIyIUMCH
IpPHHUMATL BO BHEMAHHE W MX. )
Ilycrs umeerca aToM (Wi DJIEKTPOH, wim aw0as gacTuua),
ofnanalomuit B COCTOAHMYM TOKOA onpeneleHHo# sHepruefl F,.
llop sueprueit £, M1 mofipazyMeBaeM Maccy Bcero dTOT0, yMHOKEH-
HyI0 Ha ¢2. B maccy Bxomur ao0asg BHYTPEHHSA DHEPTHA; CTANO
ObiTH, Macca BO30YIKJEHHOT0 aTOMAa OTJIWYAeTCAd OT MACCH TOLO 3Ke
aroMa, HO B OCHOBHOM cOCTOfHUN. (OCHO8HOE COCTOSIHUE O3HA3aer
cocTosHue ¢ Haunusmei sueprueii.) Hasosem £, <aneprueil moxkosy.
Jlis atoma, HaxoFAHErocs B COCTOSHUHN ROKOA, KBAHTOBOME-
XaHuYecKan amnaumyda oOGHAPYIKHTH €I0 B KAKOM-TO MecTe 8clodYy
o0Ha U ma e, OT MOJOKEHNUS OHA He saeucum. ITo, pasymeercs,
O3HadaeT, UTO 6EPOAMMHOCING 0OHAPYHCUMs aTOM B I1060M Mecre —
onna u ta ske. Ho sro osmavaer na:e 6Gouabinee. Bepoamwuocmd
Moria OB He 3aBHCETH OT HOJOReHus, a fasa amnaumydsl mpu
2TOM Morya Opl eille MeHATBCA OT TOYKH K Touwe. Ho gna wactunw
B IOKOe HOJHAS aMIUINTYAa BCIOAY oAmHaxosa. OfHAKO oHA 3a-
BHCHUT OT 8peMenli. J\nst 4acTHIB B COCTOSHMY OIpe/esieHHOHi dHe -
rum E, ampiuryga oOHApY:uMTh vacTuny B Touxe (Z, Y, z) B
MOMeHT [ paBHA
ae—iFolh)t, (5.1)

rae @ — HeKOTOopas MOCTOAHHAA. AMIIuTyna npe0pBaHuA B Ta-
KO-TO TOYKe WPOCTPAHCTBA [JIA BCeX TOUEK OfMHAKOBA, HO 3aTO
3aBUCHT OT BpeMeHnm coraacuo (5.1). Mwer mpocro pomyecrum, 4910
3TO OPABWIO BEPHO BCErJA.

Moxso, KonewHo, (5.1) 3ammcarh M Tak:

ae~iot, (5.2)
rue
fio=E,=Mc?,

a M — Macca NOKOA aTOMHOTO COCTOAHUA wWium vyacraus. Cymie-
CTBYIOT TPH pasHux cuocoba onpefeleHEHsa JHEPLHH: HO TacTOTe
aMILUTATY K, IO 9HEPTHH B KJAACCHYECKOM CMEIC/e JUIM OO WHEPTHOMH
Macce. Bce OHE pPABHOUEHHK; 3TO LPOCTO PasHEe cHOCOGH BHpa-
JHATh ONHO M TO Ke.

Bam Mosker mOKasaThCs, UYTO CTPAHHO LPEACTAaBIATL cebe
«9ACTHNY», O00JAJAI0IYI0 OIMHAKOBHIMM aMILTATYJAMH OKa3arhes
B mpocTpaHcTee e yrogHo. Bemp, moMumMo Opovero, MH BCerfla
mpencraBigeM cebe «uacTHIly» Kak neGoxbuioil mpeamer, pacmono-
seHHHHA «rme-roy. Ho #e 3a6ynbre 0 nprEONIE HeOOpeNeTeHHOCTH.
Ecam uwacruija oGmafaer onmpepesieHHOW sHeprueil, T0 m WMDYITbC
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y Hee oupefedeHHuii. Eciln HeonpeleseHHOCTs B UMOYJABCE paBHA
HyJI0, TO COOTHOMEHHe Heompefeldennocreit ApAz==f ToBopnr,
uTo HEOHmpeJeNeHHOCTS B HOJOKCHAHW AOLKHA OBITh OGCKOHEYHOM;
AMEHHO 3TO MH M YTBEP:KJAaeM, TOBOPA, 4TO CYI{ECTBYET oLMHAKO-
BasA aMuianTyha oOHAPY;KUTEH HacTHIY BO BCeX TOYKAX HIPOCTPAaH-
CTRA.

Ecau BHyTpeHHRE JacTH aTOMa HAXOJATCA B JPYTOM COCTOSAHUHU
¢ ppyroil monHoill pHeprweil, ToTHa aMIVIUTYJA MeHSeTCs BO Bpe-
MEBR no-gpvromy. A eciii BH He 3HaeTe, B KaKOM COCTOAHHHM Ha-
XOOWTCH 4TOM, TO MOSBUTCA HEKOTOpasA aMIvinryja npeGhiBaHHA
B OJIIOM COCTOAHUN (I HEKOTOPas aMIUINTVAAa npeObBaHUA B APY-
TOM, My Raxkpoit w3 stux ammiuryn 6yaer ceos wacrora. Meamy
DTUMY JIBYMS PABHWMA KOMIIOHEHTaMW HNOABUTCA WHTepdepeHuus
nanopndue HueHyHd, KOTOpPhle MOTYT NPOSTBAThCA KaK IepeMeHHas
wopositHocTh. Bryrpu atoMa Oyjier 9To-T0 «HARpeBaTh», JajKe eciu
OR OyJieT «B MOKOe» B TOM CMBICTe, UTO ero IeHTP Macc He Oymer
neurarses. Feanm sxe aroMm obmafiaeT TONBKO OFHOU ompepereH-
nolt aneprueft, vo amuauryra gaerca ¢gopmynoii (5.1) m wsampar
MOJYISA aMIuHTy s oT BpeMenu ue zasucut. CnegoBaTesbHO, BH
BUAUTE, UTO eCAW SHeprus KaKo#-To Bellw oITpedesieHAa ¥ €CIH BH
BaQl4eTe ROTPOC 0 APPOAMHOCMI YeTo-T0 B 9Toil Bewm, To oTBET OT
npemeun fge 3aBucnT. X oA caMu amnawmyos OT BPeMeHH! 3aBHCAT,
HO ecan aHeprus onpededennas, OHI H3MEHAIOTCA Rak MHUMas 3Kc-
mogeata 1 abeonjorHoe sHauerune (MOAYNb) MX He MeHAETCH.

Bor movemy mMul yacTo TOBODPHM, 9YTO aTOM Ha OIpeJleleHHOM
BHEPTETHUECKOM YVPOBHE HAXOIUTCA B CIMAYUOHAPDHOM COCTLOAHUL.
Ecaw Bt wto-10 BHyTPH Hero maMepsere. 8u o0HapysKRHBaerte, 4T0
HUTere (o BEPOSITHOCTM) BO BpeMeHU He MeHsieTcA. UTo6m Bepoar-
HOCTh MOHAIACH BO RpeMeHu, 0MKHA O TH BETeppepenitns aByX
aMIANTVA TIpU EBYVX paBHHLX "acrotax, a ATo 03Hadasmo Ou, UYTO
HERAREeCTHO, KaKora aHeprusi. Y DpenMera OWAU OH OTHA AMIIH-
Tyfa TIpeOnBaHUS B COCTOSIHHWA ¢ ofHOH SHeprueil u jpyras am-
nauTyna opeOWBaHWSA B COCTOAHHH ¢ Hpyroil sHeprueil. Tak B
KBANITOROH MeXaHWKe ONHCBIBAETCA HUT0-T0, €CIH Rogedenue dTOTO
«9ero-To» 3aBUCAT 0T BPEMEHH.

Ecnm mveercs coryyaii, Korma cMemassl [Ba pPasIHYHEIX CO-
CTOAHUS ¢ PasHeIMM DHEPrUAMU, TO AMIVINTYJH KaKIOTO u3 ABYX
cocrogauil MeHASIOTCR €O BpEMeHeM COINIacHO ypaBHeHWio (D.2),
CHayKEM, Wak

e-iE Rt g e-i(Eht, (5.3)

W ecam umeercs moMOunamusa dTux MByX COCTOAHUIN, TO MOABHTCA
naTepdepenns. Ho 3amersre, ar0 gobasierne K o0euM SHEPTHAM
OgHOM u Tol jKe KOHCTAHTH HuYero He MeHser. Ecau KT0-T0 Apyroi
MOJB30BANCA APYrofl mIKajxoil dHepruil, HA KOTOPOM BCe SHEPrHH
CABUHYTH Ha KOHCTAHTY (CKaKeM, Ha A), TO aMUITUTYAH OKa3aThCsH

110



B ATHX [BYX COCTOAHHUAX, C €70 TOYKH 3peHus, Oninu Ob .
e-UE+Mth y  p-i(E+A)tfh (5.4)

Bce ero aMminTynm okasaiuch O YMHOKEHHHIMH HA OJNMH M TOT
JKe MHOKMTEeNh exp [ — i(A/ﬁ)/t], K BO BCe JIHReiiHbe KoMOuHALuN,
BO Bce mHTepepeHumu Rommes 6K TOT ke MHOMHTEdb. Brrmcaas
IJIA OIpefesieHusA BePOATHOCTEN MONYJIM, OH Ipumen OB K TeM jKe
oTBeTaM. Brifop Hauaja oTcuera HA Hawmed IMKajse aHepruil Hu9ero
HE MEHSeT, SHepPrUi0 MO;KHO OTCUUTHIBATL OT mioboro myas. B pe-
JATHBHCTCKUX 3a7lauaX NOpPHATHEe WSMEPATH HHEPIUIO Tak, UToOH
B Hee BXOAMIIA Macca MOKOSi, HO [T MHOTHUX APYrAX HEPeAATHBRACT-
CKHX Teseil 9acTo Jyunie BHIMECTHh U3 BceX HOABIAIONMXCA SHEp-
ruif craEgapTHyc BeanynHy. Hampumep, B8 cay4ae arosa oOBUHO
OpiBaer ymoOHo BhiYecTh sHepruio M.c?, rme M — Macca omdean-
HBLX €r0 "acTedl, AApa M IIEeKTPOHOB, OTIAMYAONIafAcHd, KOHEWHO,
OT MAacewl caMoro aroMa. B Ipyrux 3ajayaX moJ1e3HO ORBAaeT BH-
YecTb M3 BeceX pHEPTHIT JUCAO Mgc'z, rpe M,— macea Beero aroma
8 OCHOBHOM COCTOAHWN; TOTZA OCTAIOMAACH 3HEPTHUA ecTh 11pOCTo
9Heprus BO3OYKACHUA aroMa. SHAIUT, WOPOH MBI WMeeM Iparo
CABUTATH HANI HYJb JHEPTHM OUYEHb @ OYeHb CIUVIBHO, M ATO RCe
paBHO HUYEro He MeHsieT (PH yCIOBHM, UTO BCe DHEPTHHW B JIAHHOM
YacTHOM pacuere CABMRYTH HAa OSHO W TO xe umeao). Ha srtom
MB paccTaHeMcA ¢ TOKOANMMHUCA YaCcTHLAMH.

§ 2. Pacnomeproe dsuacenrie

Ecnvw Mol mpenmosiaraeM, YTo TeOpuUsA OTHOCUTEIBLHOCTH BEpHa,
TO YacTHIA, MOKOAIMAACH B OTHOH WHePHUAJNBHOH cUCTeMe, B Apy-
TONl wmHepnuashHOI cycTEMe MOJKET O0KAa3aThCH B PABHOMEDHOM
JBUKEHNH. B cHeTeMe NOROA MAaCTHIW AMIIHTYAA BEePOSTHOCTH

@ ue. 6.1. Peaasmusucmecroe npeob- —— ——— e — — — 0,
pasosanue amnaumydn  nokoawelcs 4 L e
yacmuywn 6 cucmemy x—t.




IJig BCeX Z, Y 4 Z OMMHAKOBA, HO 3aBucut ot f. Beawwuna aMunury-
Iel IJIA BeeX ¢ ogmpHaKoBa, a ¢pasa 3zammcur or t. MBI MoKeM 1mo-
AyYaTh KApPTHHY MOBEAEHUST AMOAWTYHH., €c/H .JpOoBeleM JIMHUH
paBro# dassl (craseM, Hyjepoil) vak ¢yuxnuii z u ¢. Jlag gacrn-
b B TOKOE 9TH .TUHMN paBHON (a3 mapaljelbHE OCU T B pac-
MOJOKEIbl TO OCH { HA PaBHHX PAacCTONHUAX (IOKABAHO IyHKTH[-
ABIMU JRHEAMH Ha ¢ur. 5.1).

B apyro#t cucreme, z', y', z', t'. ABIKYyIueiicd OTHOCHTENBHO
qaCTHIH, CKaseM, B HaIPaBiCHHM T, KOOPAUHATHL =’ ® ! HEKOTO-
poil 4acTHOH TOYKH HPOCTPAHCTBA CBA3AHH ¢ £ W ¢ mpeofpasosa-
HueM Jloperna. Ato npeoGpasoBaHue MoHO n3o0pasurh rpadu-
gecky, nposels ocu ' u ', kak moxasauo Ha ¢ur. 5.1 [em. ra. 17
(Betm. 2), ¢ur. 17.2]. Bw sugure, uto B cucreMe ' —1 TOYKH pas-
HOH ¢assl ¥ Broab ocu { pacnonoens Ha JPYIAX PacCTOAHHAX,
TAK YTO UaCTOTA BPCMEHHLIX W3MeHeHmit y:ke apyras. Hpowme Toro,
dasza MeHsieTcs M WO z', T. €. aMINIUTY/IAa BEPOATHOCTH HOJ;KHA
Outh QyHRUmed z’.

ITpu wupeobpazosamun Jlopesna MAJIs CKOPOCTH v, HANPA BJIEH-
HOM, craeM, BIOJIb OTPUIATEAbHOIO HAIPABIEHHA £, BpeMa | cBA-
3aHO co BpemeHeM !’ dopmyoit

A —z'v/c?
V1—173/cz ’

H Teuepb Hania aMijurTyaa MeHaeTcAa Tak:

=

o~ /B Eet — g~ (i/h) (Bot'/V T- /) — (Egvx’jc?) {02 /c?)

B mrpuxoBaHHOI cHcTEMe OHA MEHSETCH B LPOCTPAHCTBE U BO
ppemenu. KEcauw amoaurysy samucaTe B Bujte

—GhRYE v -pa
e (i 'h)( » pn’)

N

10 BERHO, ut0 E,= Eo/V 1 —v%/c?. Jr10 5HeprWa, BHUUCIeHHAS
0 KJI4CCHYECKHMM ITpaBHJIAM JJIA YacTHIE ¢ sHeprueil nokos F,
ABrAymeiicsa €0 cropoctbio vy p’ = E _v/c? —coorsercTByiongnii
HMITYJIbC YACTHIIHL.

Bwm snaere, uto x, = (¢, z,y,2) n p, :u(E, Py Pys P;) — H€ThIpeX-
BeKTODH, a p,z, = £t —p-x—cKaaApHui unxHBapuanr. B cucreve
NIOKOsA wacTHIb p,r, WPOCTO paBHO Kf; 3maunr, mpu upeobpaso-

* Mu npeanonaraeM, uto (assl 06A3aHBL MMETh O;1HO U TO Ke 3HadeHue
B COOTBETCTBYIONIMX TOYKAX B IBYX cHWcTeMax KoopamHat. BupoueM, 210
BecbMa TOHKOE MecTO, HOCKOJBKY B KBAHTOBO/ MexamiiKe (pa3a B 3HawdTe) D
HOif cTelleHH MPOM3BOABHA. UTOOH 0 KOAIA ONPABAATH 3TO UPENIIOIOKEHHC,
RY;KUHL 00JTce AeTaapHbIEe PACCYIKCHHSA, YYHTHBAKIAE AHTePPEPEHINIO IBYX
WIF HEeCKOJIBKHUX aMHIUTYX.
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BaHUM B JIPYTyio cucremy FEi cienyer 3aMeHATd HA

E't'—p -x'.
Wrak, amonamTyna BepoaTHOCTH I8 9acTHIObL, WMIYJIbC KOTOPOWH
ecTh p, OyJeT mpomopHMOHAJIBHA

e~ (i/R) (Ept~p-x) (5.5)
rme EP—BHepI‘I/IH YACTHIH ¢ UMOYABCOM p, T. €.
E,=V (pep+ E, (5.6)

a Fy,, Kak M Ipexje, —dHeprHs HoKoA. B HepeasTHBUCTCKHX
3ala¥ax MOKHO OHCATh

E,=Mc+W,, (5.7)

rne W,— na0bTok (mm HeXBaTRa) SHEPTHH 110 CpPABHEHHIO ©
:«)Hepmeu noxos M c® wacreit aroma. B obuiem cayuae B W, noasx
Hel 6p11u OBl BOMTH M KUHETHYECKAsA 3HEPIUs aToMa, U ero BHepI‘I/IH
CBA3HM WM BO3GYRICHHs, KOTOPbie MO;KHO HAa3BaTh «BHYTpeHHe»
sneprueit. Torpa mui O mHcadu

2
Wp = WBHYTD "}‘ 2£M ) (58)

a aMILIMTYIE MMenu OBl BHT
e~ (ilh) (Wpt~p-x), (5.9)

Mub coOGupaeMcsas BCe pacYeThl BeCTH HEPEIATHBUCTCKU, TAK 9YTO
MMEHHO TAKHMM BUJOM aMILIUTY/l BEPOATHOCTEil Mbi M OyJeM mOib-
30BaTHCA.

dameTpTe, 4T0 Hame peIATHBHCTCKOE IIpeolpasoBaHume cHal-
nuiao Hac GopMydoil [Js M3MeHEeHMsA aMIUINTY[ABI aToMa, JBHKY-
erocs B LPOCTPAHCTBE, He Tpebya karkux-nubo moGaBOYHHX [0-
nynieHnit. BolHOBoe wmHCI0 ee M3MEHeHHIT B HNpPOCTPAHCTBE, Kak
ato caenyer us (5.9), pasmo

k= (5.10)

shw

a, 3HAYUT, MJIWHA BOJHH

ot 2mh
K:T:—p—' (5.11)

910 Ta caMad JJIMHA BOJHE, KOTOPYIO Mbl paHbHIE HCIOIb30BAIA
A YACTHL, ¢ MMUyjabcoM p. ViMemmo taxuMm nyrtem gme-Bpoiins
BIepBue Ipumen K aroil dopmyae. Jlasa HBWymeiicd 9acTUIE
4acmoma W3MEHeHWs aMIVIATY[E IO-mpe:KHeMy maercs dopmynroi

ho=W,. (5.12)
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AdcoiioTHan BenuuuHa (5.9) paBHa mpocto eaMHMUE, TAK YTO
JJIR 9ACTHUS, ARWIKYIUelcH ¢ onpedetenHoll 3nepeueil. BepoOAT-
HOCTh O0HAPY:KHTh ee IAe Ol To HH GhA0 — OiHA M Ta ke ToBCIo-
Ay ¥ €O BpeMeHeM He MeHseTes. {Bakno oTMeTaTh, Wro amMnanTy-
Ja — 3TO Komniercrnas BoaHa. Ecmin Gnw Mmit iodbzosainch pelge-
CTBGHHOY CHHVCOHTOI, TO ee KBAAPAT OT TOUKK K TOUKE MeHARCH
Obl, yro Owto Gl HeBepHO.)

Honeuno, MEL 3HaeM, IT0 ORIBAIOT ClyQan, KOTAA YacTUIL ABU-
ARYTCS OT OJHOTO MeCTa K APYToMy, Tak 970 BePOATHOCTbL 3aBUCHT
OT HOJO}eHUs H H3MeHAeTcsi c¢o uypeMeHem. Hawk ine nHywwuo onp-
CHIBATH TAKHE CAYHAH? ITO MOIKHO CHACIAATH, PACCMATPUBAS AMILTI-
TYAB, ABjAAIlHeca cymepmosuuueil AByX wian Oo.butera uncia
aMIIHTY] JUIS cocTOARHL ¢ onpeneaednoll suweprueii. Taroe noao-
JKEHIIe Mbl yike 00CY:HIA/IN B Til. 48 (BHI. 4). mpuyem uMcHRO 414
amonuty) repostHoctu! Mwr Hamuim Torma, uwto cymma pBVX aa-
NJANTYJ ¢ PasHBIMHA BOJIHOBBIMN Uncaamu k£ (T. e. umuy.abcamu) n
9ACTOTAME O {T. €. IHePTHAMH) UPUBONMUT K HATEPPEPEHNTOM ifhiM
Oyrpam, miv GUeHHAM, TaK YTO KBAApaT aMIUITUTY[b MCHAETCA U
B MPOCTPARCTRE, W BO BpeMeR¥. MBI HAIJIH TaKsme, UTo 5T Onenns
ABIGRYTCA ¢ TAK Ha3hiBaeMO#l «TPyHnoBoil CKOpOCTBIO», omnpeme-
JsgeMoil  Qopmyaoit

Aw
Uro =[x

rae Ak 1 Aw — pPA3HOCTU BOJHOBHIX HMCEI W JaCTOT JIBYX BOJIH.
B Soaece cHodKHBIX BOJHAX, COCTABJIEGHHHX H3 CYMMbI MHOTHMX
aMniuTya ¢ OJAMSKUMU dYacTOTaMH, IpymnoBas CROPOCTh paBHA

- do
Urp = (5.13)

Tak kaxk (O;—Ep/fi, a k=p/h, 1o

dE

z:rpmw(l;’i. (5.14)
Ho us (5.6) caenyer, gto

dE

P 2P '

= £, (5.13)
a Tak Kak El,:chz, TO

dE

P _p_ 7 1
2 M (5.16)

a4 BTO KAaK pa3 rRiaccuueckas CKOpOCTh wactunbi. Jlame mpumenas
HOPEeAATHBUCTCKHE BHpPAKEHMSA, MH Oymem mmerh

w
o=-% u k=—£—
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(5.17)

do _dW _d (p*\_ p
M’

dk T dp ~ dp \3M
T. €. OHATH KJACCHYECKYIG. CKOPOCTh.
Pesyabrar Bawn, ciiegosarenbHO, COCTOMT B TOM, YTO €CIM MMe-
eTCs HEeCKOAbKO aMIVIATY[ [JAA YHCTHIX 9HEPreTHYECKHX COCTOAHMIL
C mouYTd ORHMHAKOBOH sHeprueil. To uX uATepdepeHIUHsA UPUBOTUT
K ¢BCILTECKAaM» BEPOSATHOCTH, KOTOPHIE ABHKYTCA CKBO3b LPOCT-
PAHCTBO CO CKOPOCTBHIO, PaBHOH CKOPOCTH KJIACCHYECKOH 4acCTHILH
¢ Takoil j;xe sHeprueil. Ho HY/RHO, onHaKo, 3aMeTHTh, UTO, KOTAA
MBI [OBOPHUM, YTO MO/MEM CKAABIBATH JBE aMOJAHTYXB ¢ Pa3HBIMH
BOJIHOBBIMIT ¥icjamMu, YToOB HOJYYaThb HaKeTHl, 0TBEYaroilile IBH-
syllelica vacrune, MBl OpH 3TOM BHOCHM HEYTO HOBoe — HEUTO,
He BBHIBOAIIMOE K3 TEODHIl oTHOCUTeabHOCTM. MBI cKasasun, Kak Me-
HAETCA aMIUIRTYR& y HENOABU)KHON YacTHIBI, ¥ 3aTeM BHIBEJIH
13 HTOro, KaK OHa [JoJkHA OpuIa Obl MEHAThCA, eciu Obl YacTUlia
nBurangach. Ho ua »Tnx paccysAeHUNl MBI He 8 cOCMOAHUL BRBECTH,
910 cayuuaoch 6bl, ecau Ol OHJIN Jge BOJXHE, NBURYIHECH C Pas-
HEIMY cEopoctamu. Ecau M ocTaHOBHM OZHY B3 HUX, MB HE CMO-
JKEeM OCTaHOBUTH Apyryl. Tax 4ro Mel BTUXOMOAKY pHobaBuim
ewe 00ny TUOOTE3Y: Kpome Toro, u4to (95.9) ecThb 8oamoncnoe peuie-
HHUe, MBI JONyCXaeM, 49TO y TOI ike cHCTEMB MOTYT OmITE ellie pe-
meHnA CO BCEBO3MORHEIMU D W 9YTO pa3luddsie WieHs OyayT HH-
tepdepuposars.

§ 3. IHHomenvuuarvnaa sHepeUs; COXPaAHenUe FHePRUN

A remepp MH Xo0Tedn OB BHACHUTH BOIPOC 0 ToM, 9Té OpiRaer:
KOTHA 3Heprus YacTHIHl MokeT MeHsaThed. HadreM ¢ pasMbingenus
0 YacTuie, KOTepas ABIGKETCA B HOJe CHI, OUHCHBAEMOM HOTEH-
nuazom. PaceMorpum cuepsa BIMAHHWE IOCTOSHHOIO HOTEHITHANA.
Ilyers y mac umeercs Goxpbuioifl MeranamuecKuii AMUK, KOTOPBIA
MBI 3APATMWIH [0 HEKOTOPOTO DIEKTPOCTATHUECKOTO HOTEHIHALR @
(pur. 5.2). Ecam BHYTPH AHWIKA €C1 L 33 PsKeHHble 00beKTH . TO AX

p
. 4
D ue. 5.2. Yacmuya c maccot M

U umnyavcom p 8 obaacmu noc- M _]_+

mos#nHo20 nomeryuata.




DOTEHIMANbHAS SHepTus OyJeT PaBHA ¢@; MK 0603HAYAM 3TO IUCIO
Oyxsoit V. OHo mo ycJOBHIO COBEPUIEHHO He 3aBHCHT OT LOJOHKe-
Hug caMmoro oobekTa. OT HaloyKeHHSA MNOTEHNHATA HHKAKHX $usm-
YecKUX M3MEHeHHH BHYTpHM AINMKA He HPON30ilieT, BeIb MOCTOSH-
HE[H HDOTeHIAJ HWYero He MEHAeT B TOM, YTO HPOHUCXOAMT BHYTPH
AmMuKa. 3HAYAT, 3aKO0H, MO KOTOPOMY Temepb Oy[er MeHAThbCH aM-
ITATY A, BEIBECTH HMKAK Heib3A. Momuo Toabko moragarscd. Bor
OH, IPABUABHBIA OTBET — OH BHIMIAAMT IPUMEPHO TAK, KAK U Cle-
J0BaJO OKWUAATH. BMECTO SHEPTUHM HYKHO IIOCTABHTH CyMMYy IOTEH-
IanpHOH 9HepruMm V M 3Hepruu Ep, KOTopasa caMa ecThb cyMMma
BHYTPeHHeH M KWHeTHYECKOH »Hepruii. AMmiamtyma Torga Oyler
IpPONOPUMOHANBHA

e~ (/R (Ep+V) i-p-x], (5.18)

Obwuti npuryun COCTOUT B TOM, 9TO K03QOUIHeHT HpH I, KOTOPHI
MO;KHO OmTO 6B Ha3Barh @, BCETAA AAETCA ROAHOU dHepeuel
CHCTEeMBI: BHyTpPeHHe#dl sHepruell («wHeprueil Macchi») IIIC KHHe-
THYECKAad DHEPrufA ILNIC HOTeHnHadbHAfd 3HEePrud:

ho=E,+V. (5.19)

[/IHH B HEPCIATHBACTCKOM CJyYae
. . p?
o :WBHYTP+W+V. (520)

Hy, a uro mMomkuo cKasarb o QuanieckuX HABICHUAX BHYTPH
Aamura? Eciu ¢usudgeckoe cocrogHue HE OJHO, a HECKOABKO, TO
910 MH nonyuum? B aMmamtyny KayKmoTo cOCTOAHMA BOMIeT OfMH
H TOT 3Ke J00aBOUHHIN MHOMKHUTENE

e—li/h)y vt

cBepx Toro, uro 6o mpm V=0. 910 HUYEM He OTINYACTCA OT
ciBYra HyJdsa Hamedl sHeprermyeckodl miramsi. Ilomywares oguna-
KOBBII caBur BceX a3z BceX aMIIUTY[, a BTO, KAK Msl paHbIIe ybe-
AuInch, He MCHAET HHKAKHX BeposTHocreil. Bce ¢usmueckue sp-
JeHusa ocrapores TeMu sxe. (Mpi mpegmonokunm, YTO peyb uper o
PasHHIX COCTOSIHHAX OHOTO M TOTO jKe 3apSyKeHHOro o0BexTa,
TaK YT0 ¢ y HUX Y BceX ouHaK0BO. Eciam Obl 06BEKT MOT MEHATH
cBOil BapsAnm, mepeXofsA OT OXHOTO COCTOAHMA K JAPYPOMY, TO MH
npmmin Gu K COBEPIMeHHO JPYTOMY pe3ylbTaTy, HO COXpaHeHHE
3apAga TpefoXpaHAeT HAC OT BTOTO.)

Jlo cux mop Hame nonymeHne COTAACOBHIBANOCEH C TeM, 9eTo clle-
NOBAJ0 OKUOATE OT IPOCTOTO M3MEHEHHWS YPOBHA OTCYeTA dHEp-
run. Ho ecnu oHO Ha caMoM fejie cOpaBejiiuBO, T0 00A3aHO BEHI-
TMOJHATHCA W I8 DOTeHIWANbHON 5Hepruu, KOTopas He SRIAETcA
npocro mocrosgnHoii. B o0mem ciryuae V MokeT MeHATbCA MpOM3-
BOJIEHEIM 06pasoM M BO BpeMeHH, M B HNPOCTPAHCTRE, W OKOHTIA-
TEAbHHNA PpPE3yJabTaT &JifA AMOIUTYAH NOJ:KeH BHIPa)KaThCa HAa
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om 00nocn nomenyuaaa Kk dpycony.

sizprke auddepennmnanbeEeX ypabHenuii. Ho Mer He xormMm cpasy
mpucTymarh K obunieMy ¢Iyuaio, a OrpaHuYNMCH HEKOTOPHM Ipef-
CTaBICHHEM O TOM, YTO HPOMCXOANT. Tak YTO mMOKa MH PacCMOTPHUM
TOJBKO TOTEHINAN, KOTOPHIH HTOCTOAHEH BO BPEMEHW W MeJJieHHO
Menseres B npocrpancrse. Torga Msl cMo3keM cpaBHEUTH MEKAY CO-
00# nriaccHueckne w KBAHTOBHIE TpeACcTABICHHA.

[IpegnosiosaM, 910 MB PasMHIIIAEM 0 CIydae, W300parkeHHOM
ra ¢ur. 5.3, roe ABa ANMKA DOAAEP:KHUBAITCA NPH MOCTOAHHBIX
NOTEHHAANAX @, U Py, & B 00IaCTH MEK/Y HUMHK NOTEHIWAT IIABHO
MeHSeTCH 0T ¢; K @,. BoobpasuM, UTo y HeKoTopO# YacTHIEL €CTh
aMIUTUTYZa OKa3aThCA B OJHOME M3 3THX obiacreil. JlonycTuM tax-
Ji€, YTO MMIOYJAbC HOCTATOYHO BEeJWK, TaK YTO B dio6oi Matol 00-
JacTu, B ROTOPOIl moMemaeTca MAEOTO JJIMH BOJH, MOTEHIHAJ OYTH
nocrostied. Torya MBL BIpaBse cYUTaTh, YTO B JI06OM YacTH IPOCT-
paHCcTBa aMmaWTyfAa 00dA3apa BHTIAAAETh Tak, kak (5.18), ToabKo
V B xamoll wactu mpocTpaHcTBa Gyjner cmoe.

PaccmorpnM gactamidl cayuwait, korga ¢,=0, Tak uyro mOTEH-
UATLHEAS JHePTWA B NEPBOM AMUKe PABHA HYJIO, BO BTOPOM Ke
mycTh q@, GYAET OTPUIATEIbHO, TAK YTO KIACCHUECKH WACTHIA
B HeM Oyzmer obGmapmath Goapimeil KuHeTmdeckoil sHepruedi. B waac-
CHYeCKOM CMbiclie OHA BO BTOPOM sAliuke OyaeT ABUrarbes OBICT-
pee, y Hee 6yfer, craio OHTh, u Goabmmuil mMmoyibe. IlocMot-
PHM, KAaK 2TO MOKET MOJAYUATHCH W3 KBAHTOBOUM MeXaHUKHU.

[Ipu BHamuX OPeRNONOKEHMAX AMINKUTYJA B [EPBOM AHIMKE
JomkHa Obita OHTH NpoOHOpLUOHANHHA

y 2 ,
UL (W auyrp+p /2M +Vs) £~pyr Xl (5.21)
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‘([/h) (W +pl/2M AV, t—p2X
BHYTP 9 ) ]. (5.22)

(Bymem cumraTh, UTO BHYTpEeHHAS 3HEprus He M3MEHAETCA, & OC-
taerca B obeux obracraXx ogHO# u Toi ;ke.) Bompoc sakmiouaercs
B CIeAyomeM: KaK 2TH JABe aMOIUTYRbl COMPATAwTCA APYT ¢ ApPY-
rom B obiactd MeRAY AU{MKaMn’?

Mut GymeM CUHTATH, 9TO BCE MOTeHHHAIH BO BPEeMEHH MOCTOAH-
HBI, TaK YTO B yCJIOBHAX HMUEro HE MeHsgercs. 3aTeM Mbl Hpegno-
JOKHM, UTO M3MeHEeHId aMIminTyabl (T. €. ee dassl) Beiogy obma-
HAT OfHOH B TOH e vacmomoii, MOTOMY 4TO B «CPeNe» Meaay Amu-
KaMu Her, TaK CKasaTh, HWuero, 4Té Gwl 3aBHCETO0 OT BpeMeHH.
Ecnu B mpocrpamcTse HHMYero He MeHFeTcd, TO MOKHO CYMTATh,
9T0 BOJHA B OfHON 0GIacTH «TeHEpHpPYyeT» BO BCeM IPOCTPAHCTBE
BCIIOMOTaTe/ bHEE BOJHHE, KOTODHE Bce KoJAeGIIoTCA ¢ OHHAKO-
BOWi dacToTOil M, mOMOGHO CBETOBHIM BOJHAM, IPOXOIANIAM Yepes
MOKOAMeecst BEIeCTBO, He MEHSIT CBOeH 9acTorsl. Eciu 4acTOTH
B (5.21) u (5.22) ommHAKOBBI, TO JOIKHO BHIIOJHATHCH PABEHCTBO

Pz

-I—VI_W 1—V (5.23)

BHY’rp+ 93 BHyTp
3meck mo o6e CTOpPOHBI CTOAT MPOCTO KJIACCHIECKHE [OJHBIE DHEP-
My, TaK 4710 (D.23) ectb yTBepRIEHME O COXPAHeHWH JHEepruu.
WNuuiMm coBaMm, KiIaccuuyeckoe YTBEP:ASHHE 0 COXPAHEHMR BHEP-
AY BLOJHE PAaBHONEHHO KBAHTOBOMEXAHHYECKOMY YTBEPKICHUIO
0 TOM, 97O YACTOTH y 9ACTHMLBL BCIOIY ONMHAKOBHI, €CJH YCIOBHSA
B0 BpeMenu He MensawTca. Bee aTo cornacyercsa ¢ mpencraBaeHneM
0 TOM, 4TO ho=E.

B 1om wactHom caywae, worma V,=0, a V, orpmpmareiabHo,
(5.23) osnagaer, uro p, Goabme p,, T. €. B 06dacTH 2 BOJHH KO-
poue. [losepxnoctn pasHOH ¢aser morkasadHsl Ha Qur. 5.3 TyHK-
tupom. Tam eme BeiuepueH rpadur BeImeCTBEHHOH YacTH aM-
WINTYABI, U3 KOTOPOTLO TOMe BHAHO, KAK YMEHbIIAeTCA JJINMHA
BoJHH TpH mepexoge or obmacru 1 B obracts 2. I'pymmoBas cko-
pocTh BosiH, pasHas p/M, Tome Bospacraer Tak, Kak M CIef0oBAIO
O}KUJATH M3 HKIACCHMYECKOTo COXPAHEHWA DHEPIUH, MOTOMY YITO
0OHO TpocTo coBnafjaer ¢ (5.23).

Cymecrsyer WHTepecHHN YacTHBUI caywai, xorpma V, cramo-
BUTCA ©T0Jb 60ABIIUM, 9T0 V,—V, yike mpeBslmaer pi/2M. Torga
pg, napaemoe $opMyroi

2

2 Py
ph=2M (fi —

CTAHOBHATCA OMPUYAMEAbHEM. A 9TO BHAUUT, UTO DPy,— MHUMOE
arcao, ckaxkeM ip’. Huaccuuecku ME OH CKasaam, 970 9acTHI@A

V,+ V1>, (5.24)
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AHKOTA He noliafer n olaacth 2, eil He XnarTur sdeprind, wrolu
Bs0oOparned Ha MOTCHUHANBHBI XojiM. (JIHAKO B KBaHTOHOI me-
XaHUKe aMIAUTYds Ho-IPeKHEMY  FIPeAcTH BAACTCA Yy PaBHEHUEM
(5.22); ee naMeHeHUsl B UPOCTPAHCTBE JIO-NIPeIKHEMY CAeLYIOT 3a=
KOHY

eti by peoX
Ho pas p,— MEnMoe 9#CGA0, TO IPOCTPAHCTBEHHAS 3aBACHMOCTD
Ipespamiaerca B BeUECTBEHHYIO 9JKcHoHeuTy. Eciu, cramem,
yacTula clepBa ABMTalachk B HanpaBieHUM -+, TO aMILiuTy/ia
HauHeT MEHHATHCS, Kai

e=p'vh (0.20)

C pocrom z oua OpicTpo majaer.

BooGpasum, aro ole oliactn ¢ pasHbIMH HOTEHIMATAMM PAC-
FOAOKEABl OYeHB TECHO JPYTr K APYIYy. TAK NTO [OTeRIIaJbHAA
AHeprua BHesanHo nsMmenserca or V, & V. (dpur. 5.4, a). Hauvep-
THE  rpaUR  BEIECTBERHON  yacTu AMIJHTY/AB  BePOHTHOCTH,
MBI TOJYYHM BaBHCHMOCThL, HoKasannyw na dur. D.4, 6. Bosna B
obiactu 1 orseuaer wacriile, nmrawueics womacth B obhacTh
2, 1o tam amizmryaa Oeterpo cmagaer. Wmeercs kawroii-tro masc,
4Ty ge 3aMeTAT B oGiactm 2, I/le KAACCUMECKH OHA Hu 34 4mo Oul
He OKasajacb, HO aMIVINTY[Ja HTOFo OUEHh MaJa (KpoMme MecTd
Omus camoff rpasunm). IHoxomenne memed oueHnr noxomke Ha TO,
YTO Mbl 00BAPY:RUIY JUIA TMONHOTO BHYTPEHHETO OTpa/keHUsT CRETA.
O0BIUHO ¢BET HE BBRIXOIUT, HO €r0 MOMHO BCe yK€ 3aMeTUTh, eCJIK
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moCTaBUTh YT0-HUOYAb HA PACCTOSHUM B ONHY-ABE JJIHHBI BOJIHK
0T DOBEPXHOCTH.

BemoMuure, uTo ecay mOMECTMTH BTOPYI0 HOBEPXHOCTH BILIOT-
HYI0 K rpaHmLe, Ifie¢ cBeT MOJTHOCTBI0 OTPAKAICH, TO MOIKHO KO-
6uThcA TOTO, UTOOH BO BTOPOM KYCKEe BEIm[ECTBA BCe jKe pacipo-
cTpaHAIcH Kakoii-ro cBeT. To sKe caMoe IPOUCXONUT ¥ ¢ HACTHIIAMH
B KBaHTOBOH Mexamuke. Ecau umeercs yskaa o0macTs ¢ TakuM
BHICOKMM NOTEHIMAJoM V, 9T0 KiaccMuecKas KHHETHYECKas BHep-
rus TaM OTPULATeNbHA, TO YacTHIla HUKOTHA He DPoijgeT CKBO3H
Hee. Ho B KBaHTOBO# MeXaHUKe 3KCIOHEHHNUAJBHO YOBIBAWIAA
aMIANTYTa MOKET HpoOMTBCA CKBO3H 3Ty obnacrs ¥ AaTh ciabyio
BePOATHOCTh TOTO, UF0 YACTHNY OGHAPYKaT mo APYTYIO CTOPOHY —
TaM, TAEe KUHETHYeCKas DHEPrHs ONATh MOJosKuTedbHa. Bee aTo
nsobpameno ma ¢ur. 5.5. IPdexr HazmBaerTcHs KBAHTOBOMeXaHU-
YeCKAM «NPOHMKHOBEHHEM CKBO3b Oaphepy.

[ponukHOBEHNE KBAHTOBOMEXAHUYECKON AMIUIHTYAB CKBO3b
fapsep faer oObsicHeHwe (MNm ommcanue) g-pacmaja AApa ypaHa.
KEpusas zapucumocTd mOTEHUHATHHON SHEPTHH O~-YAaCTHIBI OT Pac-
CTOAHUA OT LEeHTpa Hokal3aHa Ha ¢ur. 5.6, a. Ecan G momsiTarhes
BHICTPEJUTH a-9acTuiei ¢ sHeprueidl £ ¢ 20po, TO 0HA MOYYBCTBO-
Basa 6nl JEKTpocTaTN4ECKOe OTTANKHBAHHUE OT SACPHOTC 3apAna 2
¥ IO KJIacCHIECKMM KaHOHAM He mofiomia On K Aapy Gnmme, deM
Ha TAKoe paccTOfHEMe r;, HPU KOTOPOM e NOJHAas SHEePrHs Cpas-
Haercsa ¢ noremuaibroil V. Ho rjge-ro BAyTpn snpa moTeHIHaIb-
Hag BHEPTHA OKA/KETCS HAMHOTO HIDKE M3-3& CIJIBPHOIO IIPHTSKE-
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D e 6.5, [lponunnogenue amnanmyds Creo3d
nomenyuaabinilt 6apnep.
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HUSL KOPOTKONEHCTRYWIGUX sSHepHHX cud. Haxk ke rorga obmsc-
HHUTh, OTUer0 IMPH PAZUMOAKTUBHOM pacliaZe Mbl O0HADY;RHRAEM
Q-YACTHLRI, KOTOpPHIE, HEPBOHAYAJILHO HAXOJACh BHYTPU HAJApa,
OKRA3BIBAITCSL 3aTeM cHApysku Hero ¢ sneprmeii £? Iloromy =ro
OHM, ¢ caMoTo Hawasa ofiramas sgeprueil £, «mpocouynmincsy CKRO3b
noTeHIuanbuelid 0apbep. Cxemaruunpill HAOPOCOK AMITUTYAB Re-
positHocTH JaH Ha ¢ur. 5.6, 6, XoTA Ha caMOM Jlele BKCILOHEHIH-
AJTbHBIT  cOAJL MHOTO CHJIbHee, uyeM noKaszaHo. BechbMa npumeua-
TeIBHO, YTO CPEJHCE BPeMS KUSHU O-4aCTU[Wl B Afipe ypaHa jo-
cruraer 4'/, MuaInapma JeT, TOTAa KAK eCTecTBeHHse Kodefauis
BHYTPU AIpa UpesBsuaifHo OBCTPHl, UX B CeKVHAY Onisaer 1022
Kak e moswuo na 10722 cex monyunts uncao mopsigka 10% mer?
OrBer cocTOMT B TOM, YT0O DKCIOHCHTA AT HECHBIXAHHO Manbiil
mrosuTess nopanka 1074, aro u npuBognt K oueHb MaJsofi, XOThb
N BHOJMEe OLPENeNeHHOIl, BepoATHOCTU Npocadupadua. Eciu yir
G-Y4CTHIA TONANA B HAPO, TO [0YTH HET HUKAKOH ammauryaws 00-
Hapy/KUTL €8 He B ANPE; eCA, OJHAKO, B3AThL TARUX Afep noboiuvie
1 TOfOAJIAThL MOAOJAbLIIe, TO BaM, MoykeT OblTh, DORE3ET U Bh VBU-
AWTe, KaK 9aCTHIA BRICKOUUT HAPYIKY.
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W e, .6, Homenyuaa a-vacmuyw ¢ a0pe ynana ()
u kauecmeennuil 6ud amnaumydw eeposmuocmu (6).
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§ 4. Cuawvr; Kaaccuveckuit npedea

IlpeamoiomuM, 9ro gwacTHiia IBHKETCA CKBO3b o0aacrb, rpe
€CTh HOTeHIHAN, MeHAlunAcA monepek ABmkeRus. Hiaccuueckn
Mbl OBl OTHCANTH 9TOT CJIydYail Tak, Kak mokasaHo Ha ¢ur. 5.7. Ecan
9acTAIA ABMKETCA B HATpABICHWH £ W Berymaer B o0aacrthb, Tye
MMeeTCs MOTEHT(HAJ, H3MEHAIONMACH BOAbL I, TO YaCTHNa NOIY-
9T monepevHoe yckoperme ot cwisl F=—0V/0y. Ecan cuna npm-
CYTCTBYET TOJIbKO B OTpPaHUYeHHOH 06JacTH TMUPHHON W, TO OHa
Oyner melicTROBATh TOJBKO B TeueHHe BpemMeHu w/v. Yacruma
HOJAYYUT MONEPEUHBIH HMIIYJIbC

w
py — F *2-)—- .
Torna yroa orkiaonenus 60 Gymer pasen
80— _Fe
14 pv

roe p — HavanabHeil uMmnoyabe. llomcraBasas smectro F gucno
—0V /[0y, monysaem
w oV
69:4&[}—1)6—; . (5.26)

Tenepb HAM TPEACTONT BHIACHUTH, YAACTCA JH TOJYYUTH ATOT
Pe3YIbTAT ¢ MOMONIbI0 LpEJCTABIEHUA O TOM, YTO BOJHH TONYH-
asores ypasuenuwo (5.20). Mb pacecMOTpuM To ke caMoe ABJIeHUE
KBAHTOBOMEXAHUYECKM, Npefmojarasg, YTo Bce MacmiTalH B HeM
HAaMHOI'0 OPEBOCXOAAT JJIMHB BOJIH HAIMKX aMILTUTYN BePOATHOCTH.
B mo6oit ManeHbKOH 00JacTH MOKHO CUMTATh, YTO AMILTMTY/A Me-
HAeTCA Kak

e—(i/h) (W +p2/2M+V) t-p-x] (5.27)

B cocrosHuE U MB YBHAETH, KaK OTCIOfA TOJYINTCA OTKJIOHEHNe
yacrull, korga y V 6yper momepeunsii rpaguenr? Ha ¢ur. 5.8
ME! OPUKHHYIH, KAK OyAyT BHIIVIAAETH BOJHE AMILUIMTYJH BepOAT-
Hoctd. Mpl Ha49epTuIm Psifl «Y3IA0B BOJH», KOTOPHIE BH MOKeTe

CULTATL, CRAMKEM, HOREPXHOCTAMU, 1l dadd aMIUIUTYQH pabua
Z/I Y}/Ma/me v
F=-3V/dy| 56 ~-D
P !/T/ Y Dz y
> | Vs f
| A
| BonswoeV,
4 11’/ ’
lf////
D ue 5.7. Quwionenie wacmuys RonepewILbLy

epaauenmom nomenynaaa,
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D ue 5.8 Aunaumyda seposmuocmu 6 obaacmu

¢ nonepeuHuM 2paduUeHmoM NOMEHYUALa.

Byalo. B ao6oit meGonbmoit ofmacrtu JPimHAa BOJHEL (paccTogHNE
Mey COCeJHUMH y3jiaMd) paBHA

A2k
==
rie p cBAzaHo ¢ V dopmyaoi
W—}—%+V--const. (5.28)

B o6mnacru, rme V Gosbine, Tam p MeHbIne, a BOJHH piunHee. [lo-
BTOMY HaUpaBJieHue JIMHWA Y3JI0B BOJNH IIOCTENEHHO MeHJeTCs, KaK
TOKAa33aHO HAa PHCYHKE.

Yrobm HaliTm m3MeHeHNe HaKJIOHAa JWHHUIl y3JI0B BOJH, 3aMe-
THM, YTO Ha JBYX OyTAX ¢ ¥ b MMeercs pasHOCTh TOTEHIWAJOB
AV=(dV/dy) D, a srmaumr, u pasHuua Ap MeKJy HMIYJIbCAMH.
ITy pasHOCTh MOKHO HOJXyduTh u3 (5.28):

PAN_PAp—
A<2M>‘MAp_ AV. (5.29)
BonroBoe umncio p/hi mosToMy Toske HA PABHHIX MyTAX DA3IMIHO,
9T0 08HAYaeT, 4ro (assl PacTyT BLOIL HHX ¢ PasHOH CKOPOCTHIO.
Pasnuna B ckopocru pocra dassr ectb Ak=Ap/h, m HakoIJIeHHas
HA BCeM IyTH w pasHOCTh ¢as Gyller paBHA

Ap

Aas) = Akw =Ly — M Ay, (5.30)
= ok

9TO IHCIO IIOKA3HIBAET, HA CKOJBKO K MOMEHTY BHIXOJa W3 HOJIOCH
¢asa Buoap uyru b «ouepekaer» $pasy BHoNb mytw a. Ho Ha BH-
XoJle W3 IOJNOCH TaKoe oIoepe:keHHe (a3 OTBeUYAeT OIepPeIReHHI0
y3la BOJHH HA BeJIWIHHY

A k
Az = o A (pas) = > A (das),
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uin

Az = — gé \Vw. (5.31)

Obpawascs K ¢ur. 5.8, MbI BUIUM, 970 HOBBIH QPOHT BOJHEHI MOBEP-
"etes Ha yroa 06, gaBaemsti Gopmyiroi

Az= D89, (5.32)

T3R 4YTO Mbl HMEEM

o= Ay, (5.33)
P

A 10 copnagaer c¢ (5.26), eciau samemurs p/M ua v, a AV/D Ha
oV/oy.

Pesyavrar, koropu# MBl TONBKO YTO HOJYYUITH, BEPEH JIUIUD,
HOTJa IMOTEANNAT MEHAETCA MEIJeHHO U INTAaBHO — B TaK HA3nIBae-
MOM Kaaccuveckom npedeae. Myl morasaqit, Yro Ipu ITHX yCIOBUAX
OOJYVYHM Te 3Ke IBIREHAA YacTUll, uTo HodyIuauch obl u u3 F=ma,
ecay OPENuOIOKUTh, UTO MOTEHNUAT JaeT BKIAN B (asy aMiuin-
TYJH BePOATHOCTH, PABHBIH Vt/ﬁ. B kaaccuveckom npedere kean-
Mo6as METAHUKQ OKA3BIEACINCS 6 CO2AACUL C HHIOMOHOSCKOL Mexa-
HUKoU.

§ 5. «llpeyeccusn vacmulst 0 CRUHOMN 1.

3aMersTe, YTO MBI He HpefIoNaraiy, 4To HOTeHNUANbHAA JHEP-
rHa y Hac Kakas-to oco0as, BTO OPOCTO dHEPIus, IIPOU3BOMHAN
oT Koropoil gaer cuiy. Hampumep, B omwmite llltepma — I'epiraxa
aHeprus umeda sujg [J=—pn-B; orcroga opy Hamuauu y B mpocer-
paHceTBeHHOH Bapuanuu u Hodydanachk cuna. Ecan 6w mam HymxHO
OBbLIO KBAHTOBOMEXAHMYECKOE ONHCAHNE OHBITA, MBI FOJIYKHBL ObLIM
Obl CKA3aTh, YTO y YACTUI B OLHOM Iy4YKe DHEPTHA MEHAETCA B
OIHY CTOPOHY, a B APYyToM myYKe — B 00patHyl cropony. (Mar-
HUTHYIO sHepruio [ Mo;xHO GO OBl BCTABUTH TUGO B HOTEHINAJ b-
HYy10 sHepruw V, 1uo BO «BHYTPEHHIOW)» sHepruio W; KyZa uMeHHO,
COBEPIIEHHO HeBaykHO.) VI3-3a Bapuwanuwil sHepruum BOTHBEL IIpenoM-
JSIIOTCA, IYUKY HCK PUBAAIOTCA BBepX mian BHu3. (M Temeps 3HaeM,
9T0 KBAHTOBASA MEXAHWKA NPELCKABEIBAET TO JKE CAMOe WMCKpUBIe-
HEe, KOTOpOe Clelyer W M3 pacyuera IO KIacCuIecKol MeXaHuke.)

U3 s3aBucUMOCTH aMIIUTYAH OT MOTEHIHANBHOU DHEPTUY TAKKe
cJaeflyeT, 4To y JaCTHIH, CUAAmEH B OMHOPOJHOM MarHATHOM IloJe,
HANpPaBIeHHOM [0 OCM 2z, AMINIUTYRa BEpoATHOCTH o0sA3aHA Me-
HATbCA BO BPEMEHH IO 3aKOHY

e—(i/h) (—uBr ¢,

(Mo;kHO cduTaTh 9TO HmpOCTO ompeneneHmeM ,.) Mmade rosops,
€CIIM NMOMECTHTh 4acTHIly B OJHOPOAHOE mode B Ha BpeMs T, TO ee
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AMIVINTY1a BEePOATHOCTH YMHOKHTCA Ha
e— (/B (—uBrT

cBepx Toro, uTo OpiI0 Obr Ge3 monsa. IlocKoMbKY ¥ 9aCTHIEL CO CIIH-
HOM '/, pelMvHMHA |4, MOeT OBITh PaBHA ILIIC WIM MAHYC KAKOMY-
TO YHCIY, CKaKeM W, TO y ABYX MHICIMMHX COCTOAHMDNA B CIXHOPOJ-
HOM mode ¢assl OyIyT MEHATHCA C OAMHAKOBOH CKOPOCTHIO B IIPO-
THBOIOJOKHBIE CTOPOHEI. AMIVIMTYHE HOMHOKATCH HA

et (i/hy uBT (5.34)

9TOT pesyabTaT NPHBOAUT K MHTEPECHHM ciefcTBHAM. Ilycrb
YaCTUIA CO CIWHCM 1/, HAXOOUTCA B KAKOM-TO COCTOAHHAM, KOTOPOE
He eCTh HH 9HCTOE COCTOSHIE CO COHUHOM BBEPX, HU YHCTO® COCTOSM-
HHe co cIuHOM BHHU3. Ero MORHO ommcath uepes aMILIHTYAB Iipe-
OpIBaHMA B ATHX ABYX cocroAHusX. Ho B MarHWTHOM moie y atux
OBYX cOCTOAHuE a3kl HA4HYT MEHATHCA € PAsHOH CKOPOCTHIO.
W eciiu Mbl mocraBuM Karko#-HHOYIh BONPOC HACUET aMIUIMTYH, TO
orBer Gymer 3aBuCeTh OT TOTO, CKOIBKO BPEMEHU YaCTHIA IpoBesa
B 9TOM uoJe.

B Bupe npumepa paccMoTpEM pacnajg MIOOHA B MAaTHUTHOM IOJE.
Korpga MOHH BOSHUKAKT B Pe3yJbTaTe pacuaja f-Me30HOB, OHH
OKa3HBAITCA NOJAPU3OBAHHHIME (MHHIMH CIOBAMM, y HUX €CTh
mpexnmodTuTeNbHOE HAIIpaBieHue chuHa). MIOOHH B CBOK ouepenb
pacumajialorcd (B cpefiHeM deped 2,2 Mkcek), MCUYCKas SJIEKTPOH
B napy HelTpmHO:

p,—+€-{—v+;.

Hpu sTom pachajie OKaswBaeTcs, UT0 (IO KpaiiHell Mepe Ipu BHCO-
KHX 9HEPIHAX) 9JeKTPOHBl MCHYCKAIOTCHA IIPEeHMYINECTBEHHO B Ha-
npaBieHuH, TPOTUBOIONIOKHOM HAIpPABICHUIO CIMHA MIOOHA.

IlomycTuM sareM, 9T0 UMEETCS DKCIIEPUMEHTANBHOE YyCTPOUCTBO
(¢pur. 5.9): monApn3OBAHHEE MIOOHH BXOJAT clena W B Oioke Be-
mectBa A OCTAHABIMBAKTCH, & YyTh MO3:ke pacmajgaiorcsa. Hemy-
CKaeMEIe 9JIEKTPOHBl BHXOUAT, BooOiie TOBOPS, BO BCeX MBICIMMEIX
HampasieHuaAx. IlpencraBuM, ogHaKo, 910 BCe MIOOHH OyayT BXO-
IUTh B TOPMO3Amui 610K A Tar, 9TO UX CIMHH OyRYT IHOBEPHYTH
B HAOpaBjieHWH x. Bea MATHHUTHOTO moJis taM Hab/aiopanoch Gn
KaKoe-To yIJIOBoe pacupelieleHue HAIpaBieHnA pacnamga; Mul iKe
XOTHM 3HAaTh, KAK M3MEHMJIOCH Ok 9TO pachpepeseHue OpU HATUIAA
MarHMTHOTO [0JiA. MOKHO 0RUIATE, 9TO OHO KAK-TO 0y 1eT MEHATHCH
co BpemeHeM. To, YTO moOJY9YUTCA, MOMHO y3HATH, CHPOCUB, Ka-
Koit GyleT B KayKIBH MOMEHT aMIUIMTYJla TOTO, 9YTO MIOOH o0HAapy-
MUTCA B cocrosaHun (-+x).

91y sagauy MOomKHO CcHOPMYNIMPOBATH CIEAYIOMUM 00pasoM:
IycTh W3BECTHO, 4TO B MOMeHT =0 CHMH MIOOHA HAIpaBJIeH IO
-+2; KakoBa aMILIMTY[& TOTG, YTO B MOMEHT T OH OKaiKeTcs B TOM
e cocroaEnu? W XoTsa ME He 3HaeM IIPABUJI LOBefeHHA YacCTIIBI
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Dol 5.8 Onm ¢ pacnados wigona.

€O CIIMHOM !/, B MarHWTHOM T10Jie, MePOeHAMKYASPHOM K CHOUHY,
HO 3aT0 Mbi 3HaeM, 416 OHBaeT ¢ COCTOSHUAMY, KOPA& COMHB Ha-
OpaBiedbl BREPX WM BHU3 [0 MOAI0,— TOTJ@ MX aMIUIMTYZbI VM-
HomkaoTes Ha Bepaskenue (0.34). Hawma npouenypa rtorga Oynmer
cocroaTh B Tom, yroln BuIOpaTh npefcTaBaeRue, ¥ Koropom Oa-
BUCHHIE COCTOAHUA — 3TO HANpPABIEHUA CIUHOM BnepX MM CIH-
HOM BHH3 OTHOCHTENbHO Z (OTHOCHTE/IbRO HaNpPan.JeHus TO0Jis).
M 10601t Bompoc TOTHA cMO3KeT OBITH BblPA/KEH Yepes aMILIATY[b
3THX COCTOSHHI.

IIyers |P(f) > mpepcraBiser cOCTOSHMe MIOOHa. Horga oH BXo-
amar B Onoxk A, ero cocrosmme ectb |P(0))>, a MB XorTnM 3HaTh
[P(T1) > B Goxee moznuee Bpemsa T. Ecau jpa GaBsuCHHX COCTOAHUSA
0003HaYUTh (+2) U (—z), TO HAM U3BeCTHH aMmauTyabt < + z[y(0) >
n {—z/Pp(0)> — oHIl uBBECTHH TOTOMY, UTO MBI BHAEM, 9TO
[P(0)> mpeferapager coboit cocTOAHME €O CIMHOM B HAlpapleHIn
(-+z). Us npexpiaynieil Tiash caegyer, 9T0 5T AMIILMTY bl PABHbLI *

S O, =
<+Z‘+.Z/ ““C+ - Vz—
u (5.35)

o b
<“2l+x>--6_~1/2_.

OHZ OKa3KBAIOTCH OJUMHAKOBBIMU. Pa3s OHU OTHOCATCA K IOJOMKE-
Huo npu t=0, oGosrayuMm ux C,_(0) u C_(0).

* Ecnn BH umpouycTw/jH TJI. 4, TO MOMeTe IIOKa IpocTo cyurarh (5.35)
HeBHBeeHHHM Ipasuiaom. [lozse, B ri. 8, Mu pazfepeM IpemeccHio CLEHA
mogpoGHee, OyAyT HOAYYeHH H 9TH aMILIHTYIH.

126



8
©
Ezg/
§33 |
Q= B
T g ]
Eag i
IEg
NS ]
&35
38 I
Q- i
Ll
g A
2 2 uB T
h
D ouce. 510, Dpemennust sd@UCM o @ poaiiioci 't ol .
Ymo wacmuya co cnunoy ',y oxaxcemcs ¢ cocmosnul ()

RO OMHOWEHUW OCU X.

Hamee, Msl 3maeM, 40 M3 3THX ABYX aMILIUTY/ TOJYYHTCH
co spemeHeM. M3 (5.34) caepyer

C, (t)=C, (0)e-ti/h st

C_ (t)=C_ (0)erti/tynst,

Ho ecnu mam ussectun C (f) m C_(t), To y Hac ecTh Bce, YTOOH
BHATL yCJOBMA B MOMeHT f. Haio mpeozolierb TONBKO eme OJHO
saTpy/lHeHNUe: HY:KHA-TO HaM BEPOSATHOCTH TOTG, UTO CIMH (B Mo-
MEHT ?!) OKakeTcsa HaupaBsieHHuM wo -+2z. Ho wamu obimue mpa-
BuJla YYUTHRAIT ¥ BTy 3a7ady. Mbl muiweM, Yro aMILIMTYIA Hpe-
ObiBaHUA B cOCTOAHUM (—z) B MoMeHT ¢ [o0osHauum ee 4  (2)| ectn

A ()= Fz|P @)=
=< 2|+ 2> Rz P D <t 2| — 2 -z (1),
MM '

A, ()= <F 2|4+ C, () 4<Fa|—C_(t).  (5.37)

OuaTe DOABR3ysACH pes3yNbTATOM NocCHelHeHd raaBH (HMIM Jydie
paBeHCTBOM <@ | %> =<y |@>* u3 ra. 3). Mu muueMm

1 1
<+xl+">—%—'s <+$|""b>-—~]/§,

Urak, B (5.37) Bce masecTHO. MH moayyaem

A, (1) =_;_ eli/h) nBt _*_%e-(i/h) [¥:128
nin

A+(t)=cos9£t.
h
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ITopasurensHo mpocToil pesynbrar! 3aMeTbre: OTBET COIVIACYeETCSA
¢ teM, 4ro oskupanock npu t==0. Mm nonyuaem 4 (0)=1, n sro
BIOJIHE IPABWIBHO, NOTOMY YTO cliepBa M OBIIO IPEIIONOMKEHO,
aro npu =0 MiooH OHJ B cocTOAHUE ().

Beposaraocts P, TOro, 9r0 MIOOH OKA:KeTCH B COCTOAHHM ()
B MOMEHT f, ecTh (4 ,)% t. e.

P uBt

, = cos?
BepostHocts Kogebxercda or Hysas [0 efHHHMIB, KK IOKasaHO Ha
¢ur. 5.10. 3amerbre, 9T0 BEPOATHOCTH BO3BPAIAETCA K €IWHUIE
upn pBt/hi=n (a ne npu 2n). Wa-3a TOT0 YTO KOCHHYC BO3BeeH
B KBaJpar, BEPOATHOCTh MOBTOPAETCA C YaCTOTOMH 2pLB/fi.

Hrak, M of0mapy:;xmiu, 4T0 IDAHC IOHMATh B 3JIEKTPOHHOM
cdeTynKe, moKazaHHoM HA Qur. 5.9, pacmagHbll HIeKTPOH mEpUo-
MUYeCKN MeHsieTcA ¢ BeIMYMHON WHTepPBANa BPEMEHH, B TEYEHHE
KOTOPOr0 MIOOH CHAEN B MarHHTHOM noie. Jacrora 3aBHCHT OT
MaTHHTHOTO MoMeHTa p. MMerHO Takum obpazoM u OBLI Ha caMOM
Jejie usMeped MarHUTHBIHL MOMEHT MIOOHA.

Tem :xe MerTomoM, KOHEYHO, MOMKHO BOCIIOJIH30BATHCA, UYTOOH
OTBETHTH Ha Jpyry¥e BONPOCH, Kacamollmecs pacmaga Mioona. Ha-
npuMep, KaK 3aBHCHT OT BpeMeHHm ! HIAHC 3aMeTUTH PacuafHbLd
_ BJIEKTPOH . B HampasJieHWH Yy, mojx 90° K HampaBieHWo r, HO MO-
© IpekHEMY TOI OpAMHM yrioMm K noiio? Eciu Bm pemwure sty 3a-
flavy, TQ yPHAMTe, ITO BEPOATHOCTH OKA3aThCs B COCTOSAHUH (+-Y)
MEHSETCH Kak 0052{(}LBt/ﬁ)——(n/4)}; OHa Kojebiercd ¢ TeM ke
mMepHoioM, HO JOCTUTAeT MaKCHMyMa Ha dYeTBepTh I[MKJA IMO3Ke,
KOTHa pLBt/fi:n/4. Ha camoM-TO eie HPOMCXOCHMT BOT 9TO: ¢ Te-
YEHWEM BPEMEHM MIOOH IPOXOHMT 4epe3 MOCHeHOBATENBHOCTE CO-
CTOSIHMII, OTBEYAINUX MOJHON HOJApPU3AIHMKA B HANPABIEHUH, KO-
TOPOE HEeNpPepHBHO Bpamaercsd BOKPYT OCH z. JTO MOKHO OLHCATH,
TroOBOPH, YTO CRUH npeyeccupyem ¢ YaCTOTOH

©,= 2_;;2 ) (5.38)

BaMm 7momxHO cTaHOBHTHCA MOHATHO, B KAaKYyK0 (OpMY BHLIH-
BaeTcH KBAHTOBOMEXAaHWYECKOE OOWCAHWE, KOTZA MBI OIMCHIBAEM
moBefieHNE Yero-Iu(o BO BPEMeEHH.



T'noaea 6

FAMHJIBTOHOBA MATPHIA

§ 1. Aunavwmyds 1 eenmoput

Ilpexne wem wpwerynmrh K OcHOBHOI Teme
9TOM TIABH, MBl XOTEIH OH K3A0:EHTb HECKOIBKO
MATEMaTHIECKBX Wflell, KOTOPHE Yacro BCTPEUA-
0TCA B KHUIAX 10 KBaHTOBOH MeXaMilke. JHanue
nx ofersur pam areHnme pyrux KEMT HiH cTaTeil
oo artoMy mpepmery. Ilepsasg mpesa -— sTo Tecuoe
MaTeMaTu9ecKoe fopobue MeRAy YPaBHRHHAMH
KBAHTOBOH MeXaHuKH W QOpPMYJIaMHB [if CKaIAp-
HOTO ODpOU3BeJeHUd ABYX BeKTopoB. BH moMHuTE,
4YTO eCAW Y ¥ ¢ — [BA COCTOAHUA, TG aMINHUTYAA
HadvaTh B ¢ W KOHYUTH B ¥ MojKeT OHTH 3aUmCaHa
B BEme CyMMEl (mo TWOJHON coBorymnmoctu Oasme-
HEIX COCTOAHUI) AMIVIHTYJ] MePeXoiia U3 @ B OMHO
12 GasucHHY cocTogHME I 3aTeM M3 5Toro Gasue-
HOIO COCTOSIHHA yiKe B §!

Gl @> = Z<xli> <i| g (6.1)
Rcee {

M= obmscusmu aro npu nmomonin mpudopa Ulrep-
Ha — I'epmaxa, €O ceilvac wanoMmHaeM BaM, 9TO
B BTUX npmbopax HeT HY:KIel. ¥ pasrexue (6.1) —
5TO MareMarTirgecKknil BaKoH, KOTOPHI BepeH Bcer-
Za, BCe paBHO, ecthb AU y HAC (GUIBTPOBANBHOE
obopymoBanue wim Her; Boobmie coBceM He 00dA-
3aTeIBHC BOOODAKATH HANHYME KAKOTO-TO IpPH-
Oopa. Mokro paccMarpuBaTh 3TO HPOCTE KaK
dopmyny A ammantypst x| .

Conocrasum (6.1) ¢ fopMysoil gd cRAAAPHOTO
npowsBefeHuA 1ByX BekTopoB B u A. Ecim B
n A — o0HYHBE TPEXMEDHEIE BEKTGPHI, TO CKa-
JApHOe HPOM3BENEHNE MOKHO HANHCATDL TaK:

2 (B-e)(e;-A), (6.2)
Beei
cyurasg, YT0 CHMBOI €; obosHavaer nmb6oil u3
TpeX eIWHMYHRX BEKTOPOB B HAIpaBIeHUAX Z,

9 N 533

4

>

vy

LRI U

AW NER AT P

i

IRV

129



y u z. Torga B.-e;— »T0 10, wr0 OGBIUHO HaswmBawT B, a B.e,—
TO, 9TO OOHYHO HasmBawoT B , u T. n. 3Hagur, (6.2) DKBMBAJIEHTHO

B.A,+B,A,+B,A,

a 970 M ecTh CRaJApHOe mpomsBemenne B.-A.

Cpasuenue (6.1) ¢ (6.2) o0Hapy:KUBaAET CASAYIOMYID AHAIOTHIO.
CocrosENA ¥ M @ COOTBETCTRYIOT ABYM Bektropam A u B. Basmuc-
HBle COCTOAHUA { OTBEYAIOT CHENHANBEHLM BEKTOPAM €;, K KOTOPHIM
ME OTHOCHM RBC€ Upouue BEKTOPH. Jl1060il BeKTop Momer OHTH
ApefiCcTaBIeH Kak JuneilHas KomOuuanusa TpeXx «ba3yCHHIX BEKTO-
posy» ;. Jaree, eciim BaM HBBECTHH Kod(UIMEHTH HPU KaykIoM
«5aBHCHON BEKTOpe» B 3TOH KOMOWMHAIIMHU, T. €. TPU €T0 KOMIIOHEH-
T8I, TO B 3Haere o Bekrope Bce. TouHOo TaK Ke M000E KBARTOBO-
MexaHIuecKoe cOCTOSHUE MOKeT ObTh HOJHOCTBIO ONUMCAHO aMILIV-
tryaamit { il¢) mepexoua B GasmcHee COCTOSHUSA, M €CIHM OTH KOdP-
UIUeHTH RaM H3BECTHH, TO BH 3HAETE BCe, YTO MOJKHO 3HATH 0
cocrosupn. Ji3-3a 9T0M TecHO#l aBamOrMM TG, YTO MB HA3BaIU
«COCTOSAHHEM», HACTO HMEHYIOT «BEKTOPOM COCTOAHUA).

Pas Gasucumie BeKTOpH €; HepneHOUKYJIAPHH ApyT APYTY, TO
CYIECTRYET COOTHOTIeHME

e e, =0, ' (6.3)
JTO0 ¢COTBETCTBYET COOTHOMEHUI0 (3.25) Mexnpy OasMCHHMHI co-
CTOAHMUAMY i

<ifj>=106; (6.4)

Teneps BH nonmmaere, HeYSMY TFOBOPAT, Y4TO 0(Aa3lCHEIE COCTOMA-
HNA [ BCE (OPTOTOBANBHK APYT APYTY».

Mexay (6.1) n cramsipHEIM Opon3BeeHUEM eCTh ORHO MUWHM-~
MaJIbHOE paajmyue. Y HAC

@ la>=<xle>* (6.5)
a B BeKTOpHO# anrebpe

A .B==B-A.

B KBaHTOBOU MexXaHUKE ¢ ee KOMILIEKCHBIMHE 9HCIaMI MBI 00A3aHR
BHIC)RUBATE HOPSJIOK MHOMUTENEH, a B CKAJSPHOM NPON3Re-
JIeHUM TMOPAJOK HeBaKeH.

Teneps paccMOTPUM TAKOE BEKTOPHOE ypaBHEHHE:

A=De(e;-A); (6.6)

OHO HEMHO;KKO HeO6H‘IHO, HO TEeM He MeHee BepHO. 1 osnagaer
OHO TO K€ caMoOe, 49TO H

AzleieizAxex+Ayey+Azez' (6.7)
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3amerpre, opHako, uyro B (6.6) BXomguT BeNHYNHA, OMAUYHAL OT
cramspHOTo npoussefeHnd. CraJsgpHOe HPOU3BEEHNEe — 3TO HPO-
1o uucao, a (6.6) — eexmoproe ypasaesme. OJHEHM H3 BEIHKHX
NpUEMOB ' BEKTOPHOTO aHaJm3a OblI0 abCTpaTHpOBAaTH OT ypaBHe-
Huil ugewn camoro gekmopa. PaBunM 00pasoM MOKHO NODHTAThCA
aGcTparnpoBarh ot ypasrenus (6.1) To, uTo B KBaHTOBOI MeXaHUKe
SIBISIETCA AHAJIOTOM «BeKTopa». M ar1o peficTBUTENBbHO MOMKHO clie-
nare. ¥YOepem (x| mo ofe cropoEn (6.1) u mamumeM Takoe ypaB-
HeHue (He nyraiirech — 3T0 mpocro obo3HAYeHUe, W dUepes mnapy
MUHYT BH y3Haere, YT0 O3HAYAIOT HTH CHMBOJH):

Ly = 2| > <] @>. (6.8)

Crobry (y|®)> mpencrasisior cefe cocrosimefl us ABYX IOJOBH-
HOK. BTOpylo DONOBHHRY |¢ ) HasweBaoT kem, a nepnyio (| Ha-
3HIBAIOT 6ps (HoCTaBieHHBE paAloM oHu ofpasyior Opn-rer=:bra-
cket, crob-rRaz=cxkobra — cbosnaueHue, npeioskesHoe [{uparom);
HOJNYyCUMBOJBL (Y| W |Q) TAK/Ke HA3BIBAIOT 6EKMOPAMU COCMON-
UL, ITO He uncaa OTHIOAb, a HaM BooON(e-TO HY;KHO, IT00H
PE3YTBTaThi HAMMX PACYETOB BHPAMAINCE YUCTaMM; cTajdo OwITh,
TAKHNe «HEe3aKOHYEHHBIE» BOAMTHHBL IpefcraBiaior cofoil mpome-
JRYTOYHBIE IMATH B pacderax.

Mo cux mop Mbl Bee CBOM Pe3YABTATH BEIPAsKATH C IOMOINBIO
gucen. Kax me Mm yMynpsanmch maberaTh BexTopos? 3abasHo,
9T0 fiasike B 0OBIYHOI BEKTOPHOIL atrebpe moxcro cOeaams TaK, 4T00H
BO BCe YpaBHeHHA BXONWIM TOJbKO umcaa. Hampumep, BMecro
BEKTOPHOTO ypaBHEHUA THIIA

F=ma

Bcerga MOXKHO HATUCATH
C.-F=C- (ma).

[Monygaerca ypaBHeHHe, cBABHBAIIIEE CKAJsAPHLE TPOU3BeIeHNA
¥ copaBegiuBoe Iias akGozo Bextopa C. Ho ecim omo BepHO nasa
awboro C, To enBa Jm mMeer cMEca Boobmie mucath aro C!

Teneps sepuemcs k (6.1). 910 ypapHeHIe CIpaBefINBO HpPU
A06ux 4. SHAYMT, A COKPAU[eHWA NHChbMa MBI JOTKHB IPOCTO
ybpamb ¥ W HAIICATH BMECTO (6 1) ypasuenue (6.8). dro ypasne-
Hue cHabmur Hac TOi ke camoil mHpopManmel, 4uwb Obl MBI HOHE-
MaJIu, 9TO ero BCerja HaJJIEHUT «3aBePUIUTHY, «YMHOJKUB ClIeBa
Ha...», T. . HPOCTO JoIncas Hekotopoe Y| mo obe CTOPOHH 3HAKA
pasencrBa. CiaefoeareabHo, (6.8) o3Hawaer B TOYHOCTH TO 3Ke,
aro u (6.1),— Hu Gosee Hu Menee. Eciim BH mpegnounraere 4ucia,
BBl IoficTaBidsieTe TO (|, KOTOpOe BaM HY’KHO.

Mosker 6mTH, BH B ypasHenuu (6.8) y:xe HaleJamiauch I Ha ¢°F
Pas (6.8) copasepnuBo npu 4w6om @, 3a9eM jKe HaM €20 JeprKarh?
N peiicrBurenbro, [upar mpemiaraer alcTparupeBaThesi U OF
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¢, TAK 9TO0 OCTaeTCA TOJbKO
| =2 > <il. (6.9)

BoT oH KaKOB-— BETUKNI 3aROH KBAHTOBOM MeXaHuKu! JTOT BaAKOH
yTBepsKAAeT, 9TO eCIU Bel Berasute IT00bie [Ba COCTOAHUA X U @
¢ ofleux CTOPOH, ¢JIeBA M cIpasa, TO OUATh eepHemecy kK (6.1).
Ypasrerue (6.9) BooGiie-T0 He 0YeHb MONE3HO, HO 3aTO ABISETCA
HeIIOX MM HAaTOMAHAHUEM O TOM, 9TO ypaBHEHEE BHIIOJNHAETCA ANA
A0OHX ABYX COCTOAHHIE.

§ 2. Pasaowcene 6exmopos cochroanuit

ITocmorpum ma ypasmeHuze (8.8) eme pa3; ero MoMHO paccMmart-
puBarh crepyomuM obpasom. JloGoii BexTOp cocrofEMA @)
Moz;xeT OHTh HpefcTaBJeH B BUAe JWHEWHOH KOMOWHAI[MH COBOKYII-
HOCTE OAaBUCHEIX «BEKTOPOB» ¢ HONXONANUMH KoadmimeHTaMH,
WIW, ecl¥ YrogHO, B BHJE CYUEPHOSHLUH (eAUHUIHHX BEKTOPOBY»
B MOAXOJAINMX OpoHoprusax. YrToOH NOfYePKHYTH, 4T0 KO3gdu-
muerTEl < il ) — 9TO mpocTo ofbriHee (KOMIJIEKCHEIe) 4ncia, Ha-
LAIIeM

iley>=C,.
Torpa (6.8) cosnagaer ¢

pcp,\:Zm C,. (6.10)

Taxoe ke ypaBHeHHe MOKHO HANUcATh U JAJNA BCAKOTO JAPYTroro
BEKTOpA COCTOAHUSM, CKaeM [JIa |¥>, HO, KOHEYHO, ¢ IPYTHMEH
woaddumuenranu, craxxem ¢ D;. Torpa 6yzxem umers

la> = 21> D, (6.11)

tae D;— 910 mpocTo aMmmuTyRH <{i|y>.
IIpemcraBum, 4To MBI Hadaaum 68 ¢ Toro, uro B (6.1) aberpa-
ruporamuch G o ¢. Torga msl Gbl MMeinn

) =2<x > <] (6.12)
BenomuHan, dro <x[i>:<i[x> ¥, MOMHO BalKMCaTh TO B BHJE
<l =2Di <l (6.13)

A Temeph MHTEPECHO BOT uTO: WrofH GGparHO HMOMY4HMTH <} | D,
MOMHO IHpocTe nepemmoxcumd (6.13) u (6.10). Touwko, menasn
9T0, HAJO0 OHTh BHAMATEJNLHEIM K HHIEKCAM CYMMHpPOBAHMSA,
DOTOMY 9YTO OHM B pa3HHX YpPaBHEHHAX pazabie. llepenmmem
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coepra (6.13):
ql=2Dj<Jl.
!
9ro muvero He Mmeuser. O6vegmusaa ¢ (6.10), moayvaem

¢>=2D;<jli>C,. (6.14)
i

<X

Benmownure, onnaxo, uto <j|id>==98,;, Tarut0 B Cymme oOcraHyTCH
TOJNBKO UJIeHHW ¢ j=i. Boiiiger

Qle>=2DiC, (6.15)

* - . .
rae, Kak BuL nomEmte, D; =<i|y> " =<(y|i>, a C;=<i|p>. Onarp
MB  ABIAEMCS CBUACTENAMEH TeCHOM AaHAJOTHH ¢O0 CHAJAPHBIM
POH3BEACHAEM

A-B=2 4B,

EpgurcreenHas pasaumna — 4uT0 /); HYKRO KOMIUIEKCHO COLDATATH.
Suagur, (6.15) yTBep:Kuaer, 4To ECIHM PA3JIOKUTH BEKTOPH CO-
crosnni y |u |¢) no 6azucHeM BexTopaM { i| mwau | i), TO aMIIn-
Tyla mepexofia U3 ¢ B ¥ MaeTcs CBOEro POJA CKaJAPHHM NPOU3Be-
nenueM (6.15). A ato npocro (6.1), 3anucanBoe B PyruX CHMBOMAX.
Mp xomuM mo Kpyry, OpUBBIKAA K HOBEIM CHMBOJAM.

MosieT GBITH, CTOUT HOMYEPKHYTH, YTO B TO BpeMs, Kaxk IIpo-
CTpPaHCTBEHHbIE TPEXMEpHBIe BEKTODHl BHIPa:KawTCs dYepes mpu
OPTOTOHAJBHEX e[MHUYHKX BeKTOpa, GasuCHBIE BEKTOPH | i) KBaH-
TOBOMEXaHUYECKUX COCTOSHMI TOKHE Npoberats BCIO COBOKYII-
HOCTh, OTBEYAIYI0 NaHHoH 3afaye. B 3aBucuMocTH 0T HOJ0KEHHA
semeil B Hee MOKET BXOMUTH IBA WIH TPH, OATHh Wiu OeCKOHEYHO
Muoro 0asmCHHX COCTOSHUIL.

Mo roBopunu Tax:ke ¢ TOM, UTO HPOMCXOJUT, KOTHA TaCTUIH
npoxoxsar =epes npubop. Eciu Mpl BRIYCTHM HacTHIEL B OIpe-
IeleHHOM COCTOSHUM ¢, 3aTeM IpOBefeM uX deped upubop, a
mociae HpojesaeM usMepeHue, 4TOOH HOCMOTPETh, HAXOMATCA U
OHU B COCTOAHNU %, TO pesyJbraT Oymer oHMCHBATHCA aMILIMTYIOH

<l A > (6.16)

Takoll cuMBoJM He uMeeT GIM3KOTO agalora B BeKTopHOI amrefpe.
(Or Gamwwe R TeHsopHOi anrefpe, HO BTa AHANOIHWA HE TaK YK
monesHa.) Mur punemnu B wvi. 3 [dopmyna (3.32)], uro (6.16) moxHO
uepenncaTh TaK:

Al @>= A< |i> <[ A|]>< | ¢> (6.17)
ij

970 mpmMep ABYKpaTHOro IpHMEHEHHS ocHOBHOro mpasmiaa (6.9).
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Mer obHapymuan Takke, 4To ecaum Beien 3a mpubopom A no-
cTaBuTh Apyroil mpubop B, TO MOKHO HAmucath

Gl BA| gy = x| i><i | B> Alk> <klgd.  (6.48)
L

ITO ouATh-TAKHM cAefyeT HpAMo u3 upepnoxentoro [lupakom me-
toja samvucu ypapaeHEus (6.9). Beoomuure, uro Mewny B u 4
Bcerja MO3KHO MOCTaBUTEH veprTy {|), woTopas Bejer cebs copceMm
KaK MHOKATE b CIUMHMIA.

Heratu romopst, o6 ypasuenun (6.17) Momdo paccy:rparh u
nHade. [IpeanomoskaM, 4To Mbl PaccyskIacM o dacTuIe, Oomaja-
el B npubop 4 B COCTOSHMU ¢ U BWXOIsINel U3 Hero B COCTOA-
gaun . Mu mo;rem 3ajgarh cebe Taroil BOmPOC: MOKHO JIM HANTH
TAKOE COCTOAHHE P, wroObl aMIIMTY[A Hepexofa oT b K ) TOm-
IeCTBeHHO coBmajgasa ¢ ammautyiaoit <y |4 ]¢@>? Orser rnacur:
na. Mo xorum, urobut (6.17) sameniiioch y pasgernueM

by = 2| > <. (6.19)
HoHeuno, 9TOTO MOMHO AOCTHYH, CCAH B3ATH
Gy =X A| < gy =<il 4] ¢>, (6.20)
7

yTo u ompegenser coboit P. «o omo He ompeneaser coboit P, —
craskere BH,— OHO OIOpefieNAaAeT TOJNLKO <i|1p>)>. Opmaro <i|¢P>
gce e onpedeasem P; Befb €CIM Y BAC €CTh BCC KOAPDHUIMEHTH,
cpuspipaomue P ¢ OAaBMCHBIME CcOCTOAHWAMEH [, To Y Ompeje-
asercs  oguosHagHo. M neiicTBUTENBHO, MOMRHO HOYIPaIKHATLCHA
¢ HamuMmy obogmavueHuAMK M 3anucarth (6.20) B Buje

=2 <> <GIAlg>. (6.21)
7
A pas 370 ypaBHeHHe CcIpaBefJuBO IpPU BceX I, TO MOMKHO
opocTo nucarhb
(P> =21 7><i| 4l g>. (6.22)
7

Tenepb Mu Brpane cKasarb: «CocrosiHmE P — 3TO TO, YTO IOJY-
gaerca, €ciM Havualh C ¢ M DPOIiTH CKBO3L ammapar A».

Fie omun, mocnemauii mpiMep moJesHmX yaoBox. Hauunaem
onatsk ¢ (6.17). Pas sro ypaBHenue cobimjaercd Ipu TIOOHX Y
a @, 10 ux oboux MmomHO coxparmrh! Ilomyuaem *

A=<l A<l (6.23)
ij

e mer——

* Dol MOMKeTe cKasaTh, 4TO Hajfo nucarh He mnpocro A, o | A |. Ho
Torjga »To Oy/eT NoXose Ha CHMBOJ «abCOMOTHOrO 3HaueHus A». Ilosromy
00BIYHO 4ePTOYKd onycKaior. Yeprouka (|) BooGIe BefeT cebA 0UeHb MOXOMKe
HA MHOKHTeNb eJUHUIA.
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Yro aro smaunr? Toxbko TO, YT0 HOJNYUUTCSH, eCIM BEPHYTH HA
CBOM MecTa ¢ u %. D TakoM BmAe 3TO ypaBHeHUWE (HEJOKOHUYEHO» ¥
Hemo.iHO. Ecaw yMHOMUTH ero «cOopaBa» Ha |¢ ), TO OHO IpeBpa-
maercd B

Al > =2 |i> <A1 <G| 9>, (6.24)
i

a 910 cHOBA TO ke ypasuenne (6.22). B camom fere, Mbr OB MOTJIH
mpocro yoparbs us (6.22) Bce j mw Hammcathb

> =A]¢>. (6.25)

CumBoi A — 370 He aMOJAHTYIA M HE BEKTOP; HT0 Beub 0CO-
Ooro popa, uMmenyemas onepamopom. OH — HEUTG, YTO «OIMEPUPY-
€T» HAJl COCTOSHHUCM, YTo6bl CO3JATH HOBOE COCTOMHUE; YpdBHEHNE
(6.25) rosopur, gro |p> - 9TO TO, UTo modydaerca, ecau A jeii-
CTByeT Ha | >. 910 ypaBHEHUEe TOKe HYKHO CUMTATD HEJOKOHIEH-
HBIM, OTKPHITHM, [IOKA CJI€Ba OHO HE YMHOMKUTCS HA KAK0e-T0
«Opo», ckaskem HA <Y |, 1 He olparurca B

P> =< Al > (6.26)

QOnmeparop A, pasymeercs, HOJTHOCTBIO OIMCHBAeTCA TeM, UTO 3a
paeres marpuua ammiaryn {i]A|j); ee TakKe muimyT B Bie
A;;— depes m00yl0 COBOKYNHOCTh GasHCHBIX BEKTOPOB.

Bee oty mareMarmueckne 0G03HAYEHNA HA CAMOM [ee HUIEIO
HOBOTO He BHOCAT. EuHCcTBeHUSLI Pe3oH, moYeMy MH UX BBelH, —
MBL XOT&JIH ITOKAa3aTh, KAK UHNTYTCA OOPHBKM ypPaBHHUI, MOTOMY
4TO BO MHOIHMX KHIGKKAX BH BCTPETHTE ypaBHEHUs, HADUCAHHBIC
B HEOOJHOM BUje, 1 HeT DPHUYMH BaM OyraTtbes, yBufep nx. Ecaum
BBl 3aXO0THTE, Bbl BCEIJIA CMOKETe MOHUCATH Te YacTH, KOTODHX He
XBaraer, ¥ DOJyduTh ypaBHeHWe, cBfsmBaoomee uncia. Opvo Oymer
BHIVIARETH 00J€e IPUBHYHO.

Kpome toro, Kaxk Bu yBuAHTe, 0003HAYEHUT «OP3» M (RKeT»
ouensr ynobuer. Ilpe:xme Bcero Msl Temeph CMOKEM YKas3hBATH CO-
CTOSHUA, 3a/IaBas UX BEKTOP cOcTOsHUsA. Horjpa Ml 3aX0THM BecTH
peds O COCTOSHHM ¢ ONPENEIeHBEIM HMIYJIbCOM P, TO CRaH{EM:
«cocroanue |pd». Wian Gymem roBopuTh 0 HEKOTOPOM IIPOM3BOIb-
HoM cocromgHum |{P). Ilixa emmHooGpasmsa Mbl Bcerga, rosops o
cocrosanmnn, GymeM yuorpelisarh «keT» um mmcaThb |y ). (HHomeuno,
aTOT BHGODP COBEpUIEHHO NPOU3BONEH; B PABHOIl Mepe MH MOTIH
Or ocTaHOBHTBCA m Ha «6po» (P|.)

§ 3. Kakrosovt Gazucnute cocmoanus mupa?

Mpt oOHapy:kmiau, 9YTO BCAKOE COCTOSAHME B MuUpPe Mo:KeT OHTH
HpefcTaBJEHO B BHHE CYyLHepmo3uuuu (TuHeHHOH KOMOMHAIIME C
uopXonAmMuME Kosdpuimentamu) GasucHEX cocToAHUE. BH BIpaBe
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CIIPOCHUTh, BO-HEPBHIX: KAKUL UMmerKo GasucHNX cocTosaauii? Yro i,
BO3MOMKHOCTeH 3Jech HeMmano. MoxxHO, HAupuMep, B3ATH IPOEXK-
LU0 cOWHA HAa HAOpAaBJIeHWe z WIHM HA HEKOTOPOEe [Pyroe HAOpaB-
geaue. Jineerca 0YeHb-0YEHDb MHOTO PasidvHNX npedcmasienuii—
AHANOrCB PA3AMYHEX cucmem Koopdunam, KOTODPHE MOMKHO IpPW-
MeHSTh [KJIH OpefcTaBIeHHSs OORYHBHIX BEKTOPOB. 3aTeM MO:KHO
CnpoCHTh: ¢ Kakumu Koddpdummenramum umx O6path? A 3T0 Yk 3a-
Bucur o1 dnsudeckux o6cTosTeNbCTB. PasmuvdHbe COBOKYHIHOCTH
KOS(GOPUHCHTOB 0TBETAT PA3HAM (QUIUTECKUM VCIOBUAM. 3ech
B4;KHO JH&TH O[HY BEI{b — ¢IPOCTPAHCTBO», B KOTOPOM Bh pa-
BoTaere, UHBMHI CJIOBAME, B3HATH, 4rd 9TH OasucHBE COCTOSRISA
osnaganT Quavueckn. Tak uro mepsee, uto BH, Bo0OIEe 1OBOPA.
AGAMHE 3HATB,— 3TO Ha YIo HOXo:n GasucHue coctoarus. Torma
BaM CTAHeT HOHATHO, KAK COMCHIBATH IOJOKEHNE Bemell Ha A3bIKe
511% Ga3WCHBIX COCTOAHNHA.

Mst xoresnm Om YyTb-4yTh BATVIAHYTH BIEPER M HEMHOMKKO 1O-
TOBODHTDL G TOM, KaKMM CHCOpell Bcero okaskercs obuniee KBAHTOBO-
MeXaupwecKoe OUMCAHMe HPUPOJH — BO BCAKOM ClAy4ae, KaKnM
056 Syjer, CyHA [0 HHHEHNM (H3UYeCKHM TPefCTaBIeHHAM.
THepnsin AeloM HALO PEMIMTBCA HA TOT wid Apyrofl smibop upen-
craplienss GasucHmX cocToAHmi (Bcerpa Belb BO3MOYKHEL PAadINg-
Hele¢ DpeicrasdeEnA). Hanpumep, g HUaCTHNE €O cHHHOM 1/,
MO/KHO HCHOJbB0BATH NHIGC- ¥ MHUHYC-COCTOSIHWSA OTHOCHTENbHO
oci z. B ocu z Her mWEYero ocoHEeHHOTO — MOsKeTe BHOparh An6yio
0Ch, KaKyio paM saxoduerca. Ho masa eguHoo6pasus Mbl Bcermga
Gynem Oparh och z. HagrueMm co ciyuas ogHoro arexrpena. Hapaagy
¢ JBYMA BOSMOMKHOCTAMM [JIA CHOHHA (BBePX ¥ BHHU3 II0 OCH Z)
DMEKTPOH uMEeT enie uMmyansc. Mmp BEIOMpaeM coBOKymHOCTH Ga-
SHCHRIX COCTOAHMI, Do ONHOMY HA KIKZ0S 3HAaUYeHHe HMIOyJboa.
A YTO CCIM Y BHEKTPOMA HeT ONpefeleHsOre MMHyInca? Hidero
CTRAIMHOCO: M B TOBOPHM TOJBKO, KAKOBBL HA3UCHBLE CHCTOA-
i, FEoil y wnewTpoHa He OyIeT oUpefelleHHOTO AMILYJALCA, TO
v Hero KaKafg-Te aMiuIuTyAa OyIer uMeTh OH MMITYJIbe, & Haraf-
To — gpyToil m T. K. A eciu OH BepraTCA He 00:A3aTelbHO BREPX
CILMHOM, TO ¥ HET0 ecTh KaRasg-TO aMINTUTYAA BePTEThCA IPH ATOM
HMOyJdbce CIMHOM BBEpPX, a KaradA-To — BHH3 W T. A. [aA moa-
HOTO OIMCAHUA DJIEKTPOHA, HACKOABKEO HAM CEUNAC U3BECMHO,
Tpebyercs ToAbKo, 9robH  6a3MCHEIE COCTOAHIE OIHCHIBAIICH
UMRYABCOM U CRUKOM. JHATNT, OZHA W3 HpUHeMJIeMHIX COBOKYI-
HOCTell Ga3UCHBE CoCTOAHUMH | i) A OTHeJbHOIO 2JIEKTPOHA yKa-
BHIBAOT D&AIMYHLE AHAYEHHS MMOYJAbca H elile Halpaplenue, Kyna
CMOTPHT CIHH,— BBepX HIW BHH3. PasiudHhie CMeCH aMUAUTYL,
T. ©. pasiuyHble coveTaHms umces (, ONNCHBAIOT pasnudusie 06-
CTOATEBCTBA. UTO AejlaeT TOT WJIM MHOH HAEKTPOH, OMHMCHBAETCH
TEM, ITO COOOIMAeTCH, ¢ KaKOil aMIUIMTY ol y HETO CIIMH MO’KeT ORITh
BBepX, a C KaKoil — BHM3, M OpH 9TOM UMIyJbc GyTer paBeH ToMy
MJIN MHOMY 9YHCIY, M TaK IS BC6X MECIMMBIX HMIOYJIbCOB. BH Te-
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neph BufguTe, 9Té TpebyeTcs JJIs HOIHOTO KBAHTOBOMEXAHUYECKOTO
OLMCAHHA OTHEJABHOTO BIIEKTpPOHA.

A rax ofcrour pmeno ¢ CHCTEMaMB HECKOJBKHX SIEKTPOHOB?
B srux cuywasx 6asucHbie COCTOSHHMA CTAHOBATCA caoknee. Iycrsb
3JIeKTPOHOB Lapa. Bo-mepBHX, UMEIOTCH IETHPE MBICAUMBIX COCTOS-
HHMA [0 OTHOINERMIO K CHHHY: ¥y 000UX BIEKTPOHOB CIMHBK BBSPX,
WA y HepBOro BBEpX, a4 y BTOPOTO BHW3, WIH Yy IIePBOr0 BHUS3,
a y BTOpPOTO BRepX, miu y ofoux BHH3. Hpome Toro, HyKHO yKa-
38Th, 4TO V HeDBOLO 3ACGKTPOHA MMILYIBC Py, & V BTOPOrO BKMILYIHC
Po. DasuCHLIe COCTOAHUA I JIBYX DTEHTPOHOB TpeGyIOT YKa3aHuA
ABYX UMIYJAbCOB ¥ ABYX 3HAYKOB s ciouHA. s ceMepKu dJaeKiT-
POHOB HY O YKa3aTh CeMb AP TAKHX UHCEJ.

Ecirn sxe umeoTcs MPOTOH M DIEKTPOH, TO HYKHO yKasaTk Ha-
Opapiedre CHOXHA IPOTOHA M €T0 MMOYAbC H HANIPABIEHNE COUHA
BIEKTPOHa ¥ ero mMmyabc. Ilo kpaiiHeldl Mepe, B K&KOM-TO Opu-
Gnmwenun sto tak. Me HA camom deae He 3RAEM, KAREM ABISOTCH
DpaBWIbHOE HpEHCcTABIEHMC JUIA Hameio Mupa. Mu madoHaem ¢
OPefNoIOMEORAA, YTO eCAM YKA3aTh CHMH M MMIOYJABC 3JEKTPOHa
U TO 3KE ¢aMoe [id LPOTOHA, TO LHOXYYaTcs Oa3uCHBE COCTOSHIMSH;
BCE 3TO 0YEHH XOPOINO, HO Kak OMTE ¢ (IPOTOHBAME RHYTPEHHO-
craMa»? B camom [feme, paccymmd chenyiommMm obpasom. B arome
BONOPOJA, B KOTOPOM HMEIOTCSA ORMH IIPOTOH M OJMH BICKI-
TPOH, HPHXOAHTCA OLMCHBATH MHOMKECTBO pasjIndHEX 0a3uCHHIX
COCTOSAHWI, OTMeYaTh HANPABIEHUsA BBEPX HW BHHUZ y CIKHOB LPO-
TOHA ¥ 2JeKTPOHA H BCEBOSMO)KHBIE MMITYJbCH IPOTOHA H BJEKTPO-
Ha. 3arem mMerorcs pasiauuHnie KoMmOmHauum amiviuryn C;; Bce
BMECTE OHH ONMCHBAKT XapdKTep aTOMa BOROPOMA B T€X MJIW MHHIX
cocrosguunax. Ho mpeacraBpre, WTO MBI CMOTPHM Ha LeAHI atoM
BOIOPOZA, KaKk Ha «yacrumy». Eciam 0ot MB He 3Hanm, 910 OH CO-
CTOUT U3 UPOTOHA ¥ DIEKTPORA, TO MOIJHM Onl crazarth: «0, f 3HaI0,
Ravue y Hero 6'(13HGHBIG COCTOAHHUA -— OIN COOTBETCTBYIOT pPas3HbIM
VMOYAbCAM aToMs Bomopofay. Ho aro ma caMom fere e Taw, Beib
y aroMa BOZOPOMA ecTh KaKwe-TO BHYTpeHHHMe 9YacTy. SHAUNT, Y
Hero MoryT OwTH pasjauyHEe COCTOAHUA € pPasHoil BHyTpeHHeH
sHeprueil, g omnMcaH@e pealbHOH HPHPOAH morpefopano OB gans-
Helmux noapobHOCTEH.

To :xe m ¢ mnporonoM. Bompoc crour Taw: ecTs Im y MPOTOHA
BHyTpernue wacru? JloJsKHEL v MHE OHHUCHIBATH IPOTOH, 3ajaBasd
BCE MBICIUIMEIC COCTOAHUA HNPOTOHOB, ME30OHOB MW CTPAHHEIX Ya-
cran? Mu1 aToro He sHaeM. M Jjaske X0TA MBI JOIyCKaeM, 4TO dJIEKT-
POH HPOCT ¥ Bee, UTO MOKHO 0 HeM CKasarh,— 9T0 32[aTh ero
MMOYALC W CIuH, TO BeAb HEe KCKIOYEeHa BOBMOKHOCTL 3aBTPa
OTKPHTH HAJHYWe BHYTPU SJIEKTPOHA KAKHX-TO KOJIECHKOB W IIe-
CTepeHOK. A »To Gyjer 03HAYaTh, 4TO Hame HpeNCTaBieHue He-
LOJHO, WAKM HEBEPHO, WJIM HETOYHO, TAK jKe KaK U Ipe[cTaBIeHHe
aToMa BOJOPONA, OIMCHBAMNIEE TOABKO ero HMIOYJIbC, OBIO OB
HEMOJHHM, IOTOMY 9TO OHo mpeHebperano Ol TeM (PaKTOM, YTO
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aToM BOJOPOJa MOMKET OKAa3aThCA BO3GY:KAeHHMM usuyTpu. Ecim
BJIIEKTPOH TOMEe MOKeT OKa3aThCA BO3DY)RICHHHIM UIHYTPH ¥
IpPeBPATUTLCA €IIe BO 4TO-10, HAIIPHMEP B MIOOH, TO €ro CJIefOBajlo
OB ONMCHIBATH HE HIPOCTHIM 3aJaHWEM COCTOAHUIl HOBOH YaCTUIH,
a, BEPOATHO, B TepMUHAX GoJiee CIOKHHX BHYTPEHHUX KOJECHKOB.
I'nasnas cecodnawnan npobaema 6 usyueHuu @YHOAGMEHMALLHHT
4acmuy ¥ COCTOMT B TOM, UTOOBI OTKPHTH, KAKOBH IPABHIBHbLIE
OpeiCTaBIeHUs] A ONMCAHHA HPHPOAH. B Hacrosmjee BpeMA MH
ooJIaTaeM, 9ro JIs dJIEKTPOHA MOCTATOYHO YKA3HIBATH €r0 MMIYJIbC
z cnud. Ho MH monaraeM Takke, 9TO CYIHECTBYeET MACAJH3HPOBAH-
HEIH HPOTOH, WMeINI npH cede CBOR T-Me30HLI, CBOH K-Me30HH
H T. M., 4 Bce OHH JOJKHBI OBITH oTMmeucHn. Io Benp ormeuats
HECKOIBKO JeCATKOB YacTHUIl cMEIcaIa Maxo! Boupoc o ToMm, ymo ecms
dyHOaAMeHTANbHASA 4YACTHNA, & Wro — He (QyHIaMeHTaJILHAsA,—
BOIPOC, O KOTOPOM CTOJBKO ceff9ac TOBOPHUTCA,— 3TO BOIPOC O
TOM, HA 4TO OyAeT IOXOjKe OKOHYATENEHOE npedcmasieniie B OKOH-
9aTeJbHOM KBAHTOBOMEXAHUYECKOM OOMCAHHH MuHpa. byger aud
TaKag Belllb, KAK HMITyJbC 3MEKTPOHA, BCe eme cnocoOHa OMICH-
BaTh npupofy? M Boollle Hy:;KHO JH BeCh BOUPOC CTABUTH UMEHHO
rakuM oGpasom! Taxume Meiciu GecnpepblBHO BOZHUKAIOT B J060M
Hay9HOM wucciepoBaHum. Bo BesxoM ciaydae, mpobiaema HAM Ho-
HATHA -— Kak HafiTu npepcrasienme? Ho orsera Mbr me smaem. Mu
Jajie He 3HAEeM. «B 3TOM JH COCTOMT» mpobileMa WK HET, HO ecln
npofiaeMa B 3TOM, TO CHEPBA HYKHO NONKTATbeH y3HaTh, «pyHIA-
MEHTaJIbHA» WJIH HET KaskJasd oTfe]bHas YacTHIA.

B HepenarusmcrcKofl KBaHTOBOH MeXaHuke, TIe dHeprud He
OYeHb BEICOKM MW Tj¢ BEl He 3aTPAruBaere BHYTPeHHero ycrpoiicrea
CTPAHHKIX YACTUIl M T. I., BH MOKeT€ JeNaTh BechbMa CJOKHBIE
pacyersl, He 3a6oTsAck 00 sTuX peraiasaXx. Bu Mosxere mpocto ocra-
HOBHTHCA HA MMIYJbCaX M COMHAX BJICKTPOHOB W AZep u Bee Gymer
B mopsaKe. B GoNpUIMHCTBE XUMUIECKHUX PearIuil I NPYyTruX HU3KO-
SHEPreTHYecKux CcoOBITHH B ANpPAX HUYEro He NPOUCXOTUT; OHHN
He BosOysxpatoresi. [lanbiie, eciy aroM BOJOPOAA ABULETCA Me[-
JIEHHO W €CJIM OH CIIOKOMHO CTYKaeTcs O APyTHe ATOMEI BOHOPOMA
4 HAYEro BHYTPH Hero He Boabyrkpaercs, HE uajydaercs, HUKAKIX
CHOMHOCTEH He IPOMCXOINUT, & BCE OCTAETCA B OCHOBHOM COCTOA-
HUHM SHEPTrn¥ BHYTPEHHEI'O JBIKEHHA, —— B 3TOM CIyd9ae BE MO-
JKeTe IO0Jb30BATHCA LPUONMIKEHHNEM, HPH KoTopuoM 0§ aTroMe Bo-
Hopojia roBOPAT Kak o0 oTOeJIPHOM HpejMeTe, HIHM YACTHIE, He 3a-
6OTSACH O TOM, UTO OH MONCEM 9YTO-TO BHYTPH celba ¢ coboil chenarb.
dro Gymer XopomiuM OpuOIMKeHHeM [0 TeX mop, NOoKa KHHeTHIe-
CHasA DHepPrud B J0060M CTONKHOBeHUU Oyner samerHo MeHbine 10 e,
T. e. sHeprum, TpeGyemoil juiA Toro, 4To0H BO3OYAUTH aTOM BOJO-
poxa 70 CAedylomero BHYTpeHHero cocrofus. Mn ugacro Gyjem
npuberaTh K NpuOJMMKEHUI0, OPH KOTOPOM HCKJI0YAETCS BOBMOIK-
HOCTh BHYTPEHHEro JIBI)KEHHA, TeM CaMBIM yMEHBINAA UHCIO Je-
Tamelt, KOTOPEE MOJIKHE OHTH YYTEHH B HAIMUX (a3HCHEIX COCTOSA-
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muax. HKomewHo, mpu 5TOM MBI ODycKaeM KOe-KakmHe ABJIEHHA,
KOTOpHe IPOARIAITCA (KAK NPaBUI0) IpH KAKUX-TO BHICIUMX SHEP-
rUAX, HO Takoe npubnmieHne CWIBHO yIpoUlaeTr anajiu3 Quamde-
ckux 3ajay. Hanpumep, Mo;kHO paccyKIaTh ¢ CTOJIKHOBEHUM ABYX
aTOMOB BOZIOpOJA Ipu HU3KOIl 9Hepruu (Wi o J060M XNMITIeCKOM
mpouecce), He 3a00TACH 0 TOM, YTO ATOMHEIE SJ[pAa MOTYT BO30OYm-
Jatbes. Mrak, moppemem wuror. Horma MH BopaBe npenebpedb
BIUAHUEM JIOOMX BHYTPEHHUX BO30YIKIEHHHX COCTOAHBI dacTu-
OB, Ml BOpaBe BHIOpATh 6Ga3HCHY COBOKYIDHOCTb M3 COCTOSHHI
¢ oIpeledeHHHIM MMHYJbCOM N Z-KOMIOHEHTOI MOMEHTA KOJIUYe-
CTBA [BUKEHNS.

IlepBoii npoGiemoll Dpu ONMCAHUYM TPUPOJBI ABIAETCA OTHICKA-
HHe HOIXOAAMEero IpelcTaBieHus paA 0OaszucHuX cocrosHuii. Ho
aTO TOJBKO Havajo. Hajo eme yMeTh cKaszarh, 9TOd «CAyIUTCH».
Eciu u3BecTHb «yCJoBUA» B MUPE B OMUH MOMEHT, TO Mbl XOTUM
3HATHh ycaoBus B Gosnee no3gHUE MOMeHT. JHAYUT, HAJO TAKHKe
HAHTH 3aKOHBI, ONpeNeNfoInyue, KaK BCe MEHHAETCA CO BpeMeHeM.
Mu tenepp ofpanjaeMcsi KO BTOPOH YacTH OCHOB KBAHTOBOH MeXa-
HUKU — K TOMY, KaK COCTOSHHS MEHAITCH BO BPEMEHH.

§ 4. Bar cocmoanuis MeHAW0Mes 60 epeien

Mul y:xe TOBOPIUIN O TOM, KaK oTobpa;karh Xof coGmTHil, roe
MBl UTO-TO Hmponyckaem depes mpuGop. Ho camnii mpmpieratein-
HBIH, caMbrii yHOOHEIA UIS PACCMOTPEHUSA (ONBITY» COCTOUT B TOM,
YTO BH OCTAHABIUBAeTECh U KAeTe HECKOIBKO MHHYT, T. €. BH
OpPHTOTOBASAETE COCTOSHWE (p N, OpEKIe UeM NPOAHANM3UPOBATH
ero, ocrapisfere ero B moKoe. DEITH MoMeT, BH OCTABHTE €0 B
MOKOEe B KAKOM-TO BJIEKTPHYECKOM MJIM MAaTHUTHOM MoJe — BCe
3aBuCHT OT QusnueckRHX 0GCTOATENHCTB. Bo BCAKOM chydae, Ka-
KuMu Obl Hu OBIM YCJOBHSA, Bhl OT MOMEHTA f; 0 MOMeHTa f, oC-
rapjasere o0beKT Ha c¢Bobome. JlonyetuM, 9ro oH BHIIYIUNEH H3 HAa-
mero mepsoro npubopa B COCTOAHMH ¢ B MoMeHT f,. A 3aTeM oH
LPOXOHUT dYepes «upubopy, B KOTOPOM OH HaXOMUTCA O MOMEHTA
t,. Bo BpemMA Takoll ¢3aHepKEM» MOTYT HPOHOJIKATHCA PA3IHIHbIe
COGHITHS, HPIVIAaTaThCA BHEIIHUE CHJIB,— CIOBOM, YTO-TO B 3TO
BpeMsa caydaercsa. llocne takoll 3ajep:kKu aMIIIUTYAa TOTO, 9TO
3TOoT 00BeRT OGHAPYKUTCA B COCTOAHHEU Y, Y)Ke He Ta JKe caMas,
Kaxod oma Opura Ovl, ecinm Obr 3ajgep:ku He Obuio. Tak Kark «okm-
HaHUe» — ITO MPOCTO HYACTHHE cayyuail «<upubopay, To MOMHO OIE-
carb TO, YTO NPOUCXOIHUT, 3aJaB aMOIUTYAYy B TOM e BHJe,
kak B ypasHenum (6.17). Ilockoabky omepamus «OMUJAHUSIY
gpeycraBiser ocolymwo BaKHOCTH, MBI BMecT0 A oGosHauum ee U,
a uroOB O0TMeYaTh HAYANbHEIE M KOHEYHHH MOMeHTH @, u I,
Oymem mucatbs U (f,, t;). VHrepecyomaa Hac aMIIIHTyia — 9T0

U (s t1) 9> (6-27)
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Hax u BcaxaA mojio0Has aMIIMTYHa, OHA MO;KeT OHTL IpelcTaB-
Jiega B TON miM wHOH 0as3ucHO cucieMe B BHJE

2 i <G U (g, 8175 <T > (6.28)
ij

Torga U omucHBaeTcss 3ajaHNeM WOAHOH COBOKYHOEOCTH aMILIN-
TY[ — MaTpAUBL
G (L 1)1 (6.29)

Herarw, caegyer ormermrb, uro matpurma  i|U(t, £)]j)
MorJia OB JiaTh Topaso Goablne BCSKUX AeTsieil, 9oy HaM o0BYEO
gywHo. TeopeTuk BHICOKOro Kjacca, paboraiomiuii B Pu3uKe BhI-
COKHMX BHeprui, paccMarpuwkaer OPUMEepHO TaxHe mpobiembl {mo-
TOMY 9TO AMEHHO TAK OOH'IHO CTABATCH BRCGIEPUMCHTH): OH HAYU-
HAET ¢ JIBYX “ACTUf, CKaseM ¢ OPOTOHA W NPOTOH#, HAJCTAOMIBX
npyr Ha gpyra uz Geckoxesnocra. (B gaGoparopum oGHYHO ofHa
JacTHNA HOKOWTCA, JPYTas 3Ke RBEIePaeT K2 YCROPHTeNs, KOTo-
pEifl 1o aroMHEM MacmTabaM mpebwmBaer B Oeckomewnoctu.) Ouu
cTaIKuBamTed, ¥ B MTOTe HOABAMIOTCH, cKajkeM, OBa K-MesoHA,
MECTEH Ti-ME30HOB ¥ JIRa HEATPOHA ¢ OUDPSALICHHBMYA MMIYILCAMHE
B OUPEHEJEHHMY HANDABIEHWAX. HaKosa aMIuIATY[a TOYo, UYTO
sro cayamrea? Maremarmra sgecy eeirzapgar tak. Cocrosnme ¢
OTMEYaeT COHHBL B MMHOYJIbCH COMMKAWINXCH YacTHmi. A ¥ — 9710
CREJEHUSA O TOM, 9T moJyuyaercd B KoHNe. K npumepy, ¢ kaxoil amn-
ABTYHOH BH MOJNYYATe HIECTHL ME30HOB, MNYIMX B TAKUX-TO U Ta-
KUX-TO HANpaBAEHUWAX, a JBA HEITPOHA, BHJETAWHMX BOT B 9THX
HallpaBJedudgX o ¢O COUHEMH, TOPYAIUMH TAK-TO U Tak-To. MHBI-
MK CJIOBAMHM, ) OTMeYaercs B3alaHHeM BCEX HMUYJIbCOB, CINMHOB
o T. II. KOHeURHMX npojiykroB. M Bor pafora teoperumka cocrour
B TOM, uToOBI moacemrars ammnautyny (6.27). Opuaro HA camoM
[glie ero MHTEDECYeT TOJRKO YACTHBIE caysai, Korpga I;==—o0,
a ly=-o0. (¥ Hac He OMBALT 3KCOCPUMCHTANSHMX TAHHHX O He-
TOJIBHOM X056 TPOTIECCa, N3BECTHO TONBKO, 910 BOMLIO U 4TO BHIILIO.)
Ilpegenprmit cnyuait U (¢, ;) npm t,—>»—o00 u ly—>-+oo 0603Ha-
gaerca OywBoil S; TeopeTur By)KHaercs B BeTHYUHE

xS e
Wau, ecim monpzosarees dopmoit (6.28), eMy HYXHO BBHIYHCIUTH
MaTpHIY

<GS,
rasuiBaeMyto S-mampuyeti. Crano OnTH, 6CIUW BH yBHIWTE PU3N-
Ka-TeopeTdKa, KOTOPHI MepsAeT IIATaM¥u KOMHATY ¥ roBopuT: «Mue
HY/KHO TOJBKO BHYUCIUTH S-MATPMILY», — TO BH Telleps yike Oyzere
WMOHWMATH, HAJ YCM OH JIOMAET I'OJOBY.

Hax aHamusupoBaTh S-MATPHUI(Y, T. €. KAK YKa3aTh B3aKOHH
I1s Hee,— BOOPOC HETepecHH#®. B penATmBEcTcKol KBaHTOBOH
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MeXaHUKe IIPU BBICOKHMX SHEPTUHX HTO JEJIAeTCA ONHUM ¢lrocoboM,
B HEPeAATHBMCTCKOH e KBAHTOBOU MeXaHHMKe — JpyruM, Goiee
yaoGueiM. (OB ronurcs m B PeIATUBHCICKOM CIydae, HO Lepecraer
OuTh TakuM YHEOGHEM.) CocrouT oH B TOM, 4ToOH BHBectn [-maT-
puny piusA HeGoJbIIMX HHTEPBAJAOB BPEMeHH, T. €. A ONH3KHX
t, u ¢;. Eciu M cMoyxeM HaliTh mociefiopaTedbHOCTh Takux U poisa
LOCIe0BATENbHEIX HHTEPBAJIOB BpeMeHH, TO CMOKEM IPOCIEIUTh
3a TeM, KaK Bce MeHsAeTcA B zaBucmMoct: ¢ Bpemenu. Cpasy e
ACHO, 4TO s TEOPHU OTHOCHTEABHOCTH STOT cHocol He odYeHB
XOPODI, TOTOMY 4YTO HE TAK YK IPOCTO YK&3aTh, KAK «GIHOBPEMEH-
HO» Bce BCIOAy BHrIAzaT. Ho Be cront Bam pyMarh of aToM; Hameld
3a0oToft 6ymer TONBKO HePedHgTHBHCTCKAsA MeXaHMHA.
Pacemorpum marpuny U gas safepskku ot ¢ o £y, The i
Gonepre f,. VEmMup cromaMu, Bo3bMEM TPU HOCTELORATEABHBIX
MOMERTA: f; MEHbINE Iy, /, MEHBIIG f,. TOrga Mer yTBep:RAZEM, HTO
MaTpHIia, KOoTopasg TSHETCA OT fy Ho I,, DONYYAeTCH KHEPEMHONCE-
HUEM TOAPAL BCEro TOTO, YTO NPOMCXOTUT OPH BafeprKe oT I
O ¢, m 3ateM OTF I, A0 ¢,. JTO B TOWHOCTH TO e caMoe, 4yto GRIIO
¢ EByMs mocaepoparelbuniMy mpubopama B w A. Torma, ciegys
oGo3HaueAMAN, HPUHATHM B 1. 3, § 6, M MoyKeM Hamucark

Ulty, 1)) =U(t;, t,) U (ty, 1y). (6.30)

Wraue roBopsa, Mom=o npoasaxusuposarh JN060H MHTEpBAN Bpe-
MeHi, eClId Mhl yMeem aHAMIEPOBATL LHOCHEN0BATeAbHOCTL NPo-
MEKYTOURHX KOPOTHHY HHTODPBANONB. MBI OPOCTO HepeMHOKAEM
BCE KYCKIH; BTO I eCTh CHOCOD HEPEXATHBUCTCKOTO aHANM3A KBAaH-
TOBOIl MeXaHuKH.

Wrak, samaga cocrour B ToM, urobn yauare Marpuity U(i,, i)
A GecKOHEUHO MajOro MHTEpPBaja RBRPeMeHH — JiIs ly=f AL
Cropocum cebs: eciam cefiuac y HAC €CTE COCTOSHEE @, TO Kak OHO
Oyner BHIIANETH yeped OeckoHeumo Madoe Bpema At? Tloemorpum,
KaK B3T0 MOMHO pacnucars., O603HATHNM COCTOSAHKE B MOMEHT
gepes |P{f)> (MBI yKa3EIBaeM 3aBHCIMOCTL 4 OT BpeMeHH, 4TOOH
OBIJIO COBEPHIEHHO ACHG, 9TO Pedh UAeT 06 yCIHOBHAX B MOMEHT I).
Tenepr sapjamuM BOmpoc: KaKkopo OyleT MmOMOKeHMe BeHiell uepes
KopoTtkoe Bpemsi Af? OrBer TaKeB:

[P+ AL =T (t+ Aty £) ] (1) (8.31)

3peck mMeeTcd B BHAy To ke, uTo u B (6.25), a mmemHO, 4TO
amMOiuTyna obHapy:RHTH ¥ B MOMEHT f-+ Al ecTs

<A @ A0> = U (E+ AL, 1) [ (). (6.32)

ITockonbKy MH eme He O9eHb XOPOMO pasbUpPaeMCsa B DTHX
abCcTpakTHEIX BeINax, TO AaBaiiTe CIpoeqUpyeM HaIlM AMILIUTYH
B OmpejieJieHHOe IIpeJicTaBileHKe. YMHOkaA o0e vactu (6.31) ma
i|, momygaem A

Gl (E+ A=< U+ AL )] p(1)>.  (6.33)
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Moskno ramme pasmomurs m [P {(f)> Ha GasucHHe CocTOSHHMA n
HaNucaTh

CGlp(t+ Ay =2 U (AL DG 1o B>, (6.34)

[lorare aro Moxuo Tak. Ecanm uwepes C;(f)= { ijp(¢)> obosna-
9uTh AMIUIHTYHY OpeChBaHUA B Ga3HMCHOM COCTOAHMHM | B MOMEHT
¢, TO MO;KHO CYHTATh Ty aMILIMTY[Y (IOMHHTE, 3TO IPOCTO 4ucao!l)
MeHsmomelica Bo Bpemern. Hawpoe C; cramosurcs Qyrruuei
Bpemenn ¢. Hpome toro, y Hac ecTh uEQOpMALUA O TOM, Kak aMmm-
auryast C; MeHATCA BO BpeMeHu. Ramigad aMmianrtyla B MOMeHT
(t+At) nponopuMOHAJNBHA 6CeM NPOYUM AMILTUTYNAM B MOMEHT £,
YMHOKEHHBIM Ha pAx Kodddunuentos. OGosHadum {U-marpumy
Jepes U”, cuuTasdg, 4ro

=<t| U
Torga (6.34) Mo:xHO 3ammcaTh Tak:

Ci(t+Aty=2U, (t+ AL, 1)C, (). (6.35)
4

Bor rax Gymer BHITIAZETh IUHAMIKA KBAHTOBOH MeXaHWMKH.

Hanr nmora mMano uarectno o6 U, ;. Mm sraeM ToabKo, aro npu At,
CTPEeMAMEMCA K HYJI0, HUYero He MOJUKHO TNPOMBOHTH, HPOCTO
NCJKHO MOJYYHThCA HadadbHOe cocrosmme. J3pagnrt, U;—1
u U; —0 npu is=j. Uapvn caosamu, U, —~§,; npu At—0. I\pOMe
TOI‘O MHl BIIOJIHE BTIpaBe IIPeNNOiOMHUT, Y10 npn MalIsX Al Kask-
metit us U, ; o6s3am omamdatheA or §;; HA BeJWYHHY, OPONMOPHUO-
HajabHyI0 Af; TAK YTO MOKHO NHCATh

U,=08,+ K AL (6.36)
Opnaxo ofp9EO N0 MCTOPHYECKUM ¥ II0 UHEIM OPUYHHAM U3 KO-

¢unmenToB K;; BHHOCAT MHOMMTEIb (- i/h)*; upegmoumrazT
OHUCATH

G (E4 AL, By =8, —= H,,(t) At. (6.37)

910, pasyMeercsa, TO ke caMmoe, YTO o (6.36). Ecmm yronso, sto
npoero omnpepeterne woapdunmentos I, (¢). Umesm H;,—o10
Kak pa3 OpoumsBojueie no ¢, or koaddumumentos U, (I, t;),
BBHIUKCJAEMBe OPU f, =1, =1.

Iopcrasasaa s (6.35) sror sBum U, monywaem

Ci e+ an =3 [8,—+ H, 0 at|C0).  (6:38)

; h
——
* 3nech Hebosbllas HENPUATHOCTH ¢ o0o3HAaYeHMAMH. B 5TOM MHOMH-

Tedne i O3HAYaeT MHEMYI0 EJHHHILY l/—l, a He underc i, OTHOCAIMUICA
K i-my GasucHomy cocrosinmiol Hafieemcsa, 9To He CIMBIKOM CMYTHAT Bac.
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Cymmupys ainerm ¢ §;;, moaywaem mpocro C,(t), 9T0 MOXHO mepe-
HECTH B APYTIyi0 CTOPOHY YPaBHEHHSA. Tocie menenuss Ha At MH
pAacro3HaeM B 3TOM NPOH3BOXHYIO

Ci (t+ A1) —C;
(t+ ?t (t) _ ZH )€, (1),
nan
dc, (1)
i St ZHU(t C; (). (6.39)

Ber mommwre, aro () — 3T0 aMOIuTyAA <L|ll)> 00HADYIKHTH
cocTosiHNe 1 B OfHOM N3 Oa3ucHHEIX cocTosgHui i (B MOMeHT f).
3uayur, ypasrenune (6.39) coofimaer HaM, Kar KayRAbIA M3 KO3g-
¢umrentos { i|y) menserca co spemenem. Ho sro Bce pasHO,
970 cKazaTh, uto (6.39) coobmaer waMm, Kak €O BpeMeHEM MeHS-
eTCcs COCTOSTHME p, Pa3 MBI OLKCHIBAEM | ¥epes aMIUTYAE { i[(P ).
Vsmerenne 1 co BpemeHeMm oNUCHIBaeTcs wepes matpuny [/,
KOTOpas, KOHEYHO. [IONKHA BKJIIOYATH BCE TO, 9T0 MBI JeJalml ¢
encereMoil, 9100k BHI3BATH 66 u3MeHeHusA. Ficau Mu 3HaeM Marpuuy
H;; roropas comepsunut B cebe BCIO QUSHKY SBICHNA H MORET,
Boofmie TOBOPSI, 3aBUCETh OT BPEMEHU, TO ¥ HAC eCTh MHOJHOE OIH-
caHue MOBeNeHHs cucreMmbl Bo Bpemenn. Takum obpasom, (6.39)-—
3T0 KBAHTOBOMEXAHMYeCKMIT B3aKOH [If AUHAMUKE MHpA.

(Hymro crazats, 9ro MBl Beerjia Oynem BofMparh COBOKYH-
HOCTH 0a3WCHKX COCTOSHMI, KOTOphe PUKCHPOBAHN ¥ €O BPeMeHeM
He MeHsforcs. WHorma wmcmodbsywr takume GasmcHEIE COCTOSTHEA,
KoTopeie camu Mensiorcsi. ONHAKO 3TO BCe PaBHO, 4TO HOJAB30BA-
ThCA B MeXaHuKe Bpamamoileiics cucreMoli KoopAWHAT, a Mul He
X0TUM BXOAMTE B Homo06HBIE TOHKOCTH.)

§ 5. I'anuvavmonosa nampuya

Wpes, cramo OwTh, 3aKa0oMaeTcd B TOM, YTO JUJISl KBAHTOBO-
MeXaHMYECKOTO OHMCAHHA MEHDPA HYKHO BRIODAaTh COBOKYHOHOCTH
fasMcHRX COCTOSTHHII | u HanmcaTh QuamdecKne 3aKOHH, 3a7aBas
maTpuny xoaddaunuentor f1; . Torna y nac 6yzer Bee, aro HYKHO, —
MSI CMOJEM O1REMATH KA LIOGOI BOIpoC 0 ToMm, 4Té cayuurcsi. Ham
ocraercss BRIYYHTL HpaBivia, 00 KOTOPHM Haxomar H B coorBer-
CTBUM ¢ JaHHON ¢usuvecKoil obcranoBKoii: Kakoe /1 orBegaer mar-
HATHOMY HOJI, KaKoe HIeKTPAYCCKOMY M T. A. JTo camas Tpy[-
HasA wacTh Aeya. H upumepy, A1 BOBHIX CTPAHHMX YaCTHI[ MEl CO-
BePUIEHHO He mpefcraBiseM, kakne H;, ynorpebasars. Wnnmu
cloBaMu, HUKTO He 3Haer noawozo H,;, paa scero Mupa. (Yacrmaro
TPYMHOCTH 3aKII0YAeTCS B TOM, 9TO ezma B MOKHO HAJESAThCA HA
orkpuiTHe H ;) Pa3 HUKOMY HE H3BECTHO, KaKOBH 6asucHEE CO-
croaanal) Mu mgeficrBurensHo BIameem IPeBOCXOHAMN npubaun-
JKeHUAMA [OAA HEpelIsATHBACTCKMX ABJIEHMH I HEKOTOPHX Jpyrux
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ocobux ciy4aes. B wactmoctm, mm smaem Bmj H;;, TpeGyemmrit
I JIBHSKEHNH DIEKTPOHOB B aTOMaX — /s ONMCAHMSA XUMUH.
Ho Mur vHe 3raeM moauoro, mermaBoro A mus sceit Beenenmoi.

Koopduunentsr H,;, BasHIBAOT 2aMusbmMon080U mampuyet,
Win, Kopode, TpocTo zamusvmonuakox. (KHax momyummoch, aro
Famuasron, paborasmuii 8 30-X rogaX mpomiizoro BeKa, NaX CBOE
AMsA KBAHTOBOMEXAHHYeCKOR MaTpuime,— mcropus Jamanag.) MHOro
nyunie Obiio OH HABHIBATH €€ SHEp2eMmuUuecKol mampuyell mo Ipu-
JEHaM, KOTOPHIE CTaHyT ACHH, Korga Mul mepaboraem ¢ Heil. Mrak,
BCEe COMIOCH HA TaMUIBTOHUWAHE. HGK YsHaMb eQMUALINOHUAH —
som ¢ uem sonpoc!

Y ramunbroHmAaHA €CTh OJHO CBOMCTBO, KOTOPOE BHIBOTUTCS
cpasy ame:

*
Hy=1,. (6.40)

Jro caegyer n3 TOro, Y0 HOTHAS BEPOATHOCTH HpebHBaRUA Cli-
CTEMHl 70Mb 8 KAKOM-MO COCTOSHWM HE JOJKHA MeHATheA. Meln
Enavane vy Bac Obura vacruna (maum aob6od o6beKT, WiIn Bech MHD),
TO ¢ TeYeHMeM BpeMeHu OHa Ipouacrs He mosker. llomHas Beposar-
AOCTb ee z20¢-mo BAWTA paBHa

pALAOIR

4T0 e JOMKHO MEHATHLCA CO BpeMeneM. Keaw oro 00538H0 BHIIOII-
HAThCS Ajta A000rc HadaabHOTO yCiaoBUA ¢, To ypasHeHwe (6.40)
TORE MOJKHO COOMIOTaThed.

B wawecrre mepsoro mpuMepa BO3BMEM CIy9al, Korjga Quam-
qeCKHe VCIAOBRHA HE MEHMIOTCSH C0 BPEMeHeM; MH WMeeM B BHAY
eneutsiue PusnyecKsie yClIOBNsA, TaK 970 H He 3aBUCHT OT BpeMeHw,
AUKAKHEX MATHITOB HUKTO He BKJKOUAET W He BEIKIIOYaeT. Bribepem
TAKMe CUCTCMY, JUIAl OMUCAIIMA KOTOPOH XBaTaeT ofHoro 6asuCHOro
COCTOSHNS; TaK0e MPUGIMeHNe TOXUTCH LIS HOKOAIErocsi aToMa
BOJOPONA 1 CXOMEHX cucTem. ¥ pasHenue (6.39) rorma yreepik-
maer, 9ro

ihrap,c,. (6.41)

Toabxo ogHo ypasreHue — u Bce! Ecntu H,; mocrosiHHO, aTO AW
depeHnuarbHOoe ypaBHeHWE JeTKo peliaercs, JaBad

C, = (const) e~ /M Hut, (6.42)

Tar saBHCHT OT BPeMeHM COCTOSHHWE C OIpeleleHHON »Heprumeif
E=H,,. Bu pumnre, nowemy H,; cnemosano On HaswBaTh SHEp-
rernuecKoli Marpuieil: oHa o6o0miaer noHsTHE JSHEPTHM Ha 0o-
Jee CIOKHEE CIYUaH.

Beaex sa sruM, 9robOH emme aydwine pasofparbcsi B CMEICHE
ypaBHeHMH, pacCMOTPHM CHCTEMY C ABYMs 0a3MCHEIME COCTOSHUAMU.
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Torga (6.39) wuraercss Tak:

S O~ HyyCyr TR O o€y (6.43)

Ecan pce H onsith He 3aBHCAT OT BPEMCHA, TO ITH yPABHEHHA
Jerko pemuib. Jlan nATepeca saiiMuTech STHM CAMH. 3 MBI NOIKE
CIie nepHeMcs & HuM. 130T Bpl Vyke i MOMKETe BEACTH PACUETH 0 KBAH-
7080 Mexasuke. 2Hasl 00 H Toiabko Te, 97o 0HO HE 3aBUCHT OT
ppevenn!

§ 6. Hoavnya aunxunara

Temeps My XOTHM HPOAGMOHCTPHPOBATH, KAK JHHAMUYCCKOE
YPABHEHRe KBaHTOBOH MeXaduru MowkeT OBTh HCHOAB3OBAHO 1A
onicadna kakof-to gusnvernoil obcramopky. Mum eubpasuw nH-
TEPeCHHITT 1 ApocToli ApnMep, B KOTOPOM, clelas HeRoTopue pa-
BYMHENE  APeANnoAOKCANR 0 FAMIJILTOEBAKS, CMCAEM BBBECTH
HOC-KAKHE BLiiHWE (H JORe HPAKTIECKA BAKHHIO) PE3YIITATH.
BossaeM ciiyyail. Koriga I0ctaToddo HBYX COCTOARMIT.— 510 MO-
JeRyTa aMMIIaKa.

Moaeryny ammmaka ofipasyior olum aroM asoTa ¥ TpU aroMa
BOHOPONE, NJOCKOCTEH KOTOPHX TPOXOART MHMO aTOMa a’0Ta,
rak Uve MoNerydAa umeer dopmy nupaMigikn (fur. 6.1, a). Ira Mo-
Jerysla Kak ¥ BCARad Apyrasg. obmajaer GeCKOHEYHBIM KOJAUYecT-
BoM cuctosiEuit. (JHa MOKET BPAATLCA BOKPYT KaKoB YTOMHO OCH;
ABuUrathes 8 0003 HANDABACHMH, BHOPHpOBATH # T. 1. R 7. I.
SHaTaT, ATO BOBCE He CHCTEMa ¢ AByMsA cociosHmaMu. Ho s cle-
fgeM cienywilee npubIkEeHne. TIPEANOIOKHM, YT0 Bee TPoOUHe
crefieng ¢BOHGAL 3aKPEILieHB # He CbABAHH ¢ TeMH. KOTOphie Hac
ceiivac nuTepecyoT. DYReM cHlTATh, 9T0 MOXCKYAA MOKeY [01bKO
BPAlaThCR BOKPYI OCH CHMMETPAW (KaK IOKA3aHO HA DPHCYHKE),
YTO UMBYJbC €€ NOCPEEOCHOCO HBIGKSHRA paBeH HyAW H YTO ¢
wonebanna odeAp ciyalu. ITo QmUrcHApyer BCE YCAORUA, Kpome
OJHOTO. OAR GMOMG A30MA 6CC €ule CYWeCTeyYIom J6a 603MONCHLE
HUAONCEHUS ~—— OH MOGAET OKA3ZATbCH U0 OJHY CTOPOHY IOCKOrTH
aTOMOB BOAOPOZA. @ MoO@eT orazarsed u mo apyryo ($ur. 6.1).
Tag wro w1 G6yfeM paccyskkaTh 0 MeTYeRvae, Kan €CAuW OW  oHa
Guraa cuceremoll ¢ AByMA cocroauusMua. [1oA 9Tmar moppasyyesa-
€1¢d, 9T0 CYWeCTBYIOT TOABKO [iB2 COCTOHAHAHA, O KOTOPMX pPeas Hhuo
caegyer 3a0oTureeda, Bee sEe Dpodee npefuoraracrcs zaduKcnpo-
BaAHMM. Hax BuauTe, ecis AQWe M3BECTHC, YTO MOJEKYAa Bpa-
maevcs BOKDYT OCH C OUPERETCHHAHM MOMEHTOM KONHIECTBA HBH-
ENHA § YTO OHA [IBHKETCH C OHpeRedeHHHM UMIYIbCOM ¥ Koidel-
JeTcsa onpeflesieHAHM o0pa3oM, TO Bce PanHO eHIe OCTAIOTCA ABA
HONYCTHMHIX cOCTOAHUA. BYHeM ToBOpPHTH, UTO MOJIEKYIa HAXO-
HuTCA B COCTUABHH 1), Korja asor «meepxy» (fur. 6.1,a) u B
cocrosnpu |2), Korma asor «suumay» {(Pmr. 6.1, 6). Cocroanma
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D ue. 6.1. Jea pasnoyennuxr eeomempuuece
ﬂ “> KUZ DACROJONCEHUL MOACKYAB AMMUAKA,

@ |[7> n |2) B HaineM aHaNW3e HOReJeHHA

MOTERYJTB AaMMHAKA MOKHO NIPHHATD 34

0 COBOKYIHOCTH 0aSHCHBIX  COCTOAHUIL.

12> B Ramsii MOMEHT WCTHHHOE COCTOS-

0 Hite [V MOJEKYJhl MOMer OHTH Ipen-

i) N crasjeno 3aganueM C,=={I|{p)> — am-

TUTATY IR IpeOnBaHusA B cocrodnnu |1 )

n Cy=<2p> — aMunutynm npebbiBa-

BuA B cocroanmu (¥ ). Torma, ucnonssys (6.8), Bextop cocTod-
HUA [P ) MOKHO 3alHCATh TakK.:

\‘ =1y 2y (2],
- |9 =1 1) Ty +12) 1>, (6.44)

1\P>::l]>61+‘2>cz'

Ho BoT wro mHTEepecHo: eCiu H3BECTHO, 9T0 MONEKyTa B 0T pefe-
JeHHHN MOMeHT OhLJIa B OUPEIeJeHHOM COCTOAHUH, TO B CIeQyoniaii
MOMEHT OHA MOKET ViKe He 6bimb B ToM e cocrosiaum. [{Ba C-Koaf-
PunHeHTa MEHAITCA CO BPEMEHEM B COOTBETCTBHHA € YpaBHEHHAMU
(6.43), Kotopute BepHH IIA 1000 CHCTEMH ¢ IBYMA COCTOSHUAMM.
Mpegnonoxum, K npuMepy, WTo BH Ccaelall Kakoe-To Habmione-
HHe (UJAH KaK-TO oToOpasm MOJEKYyNH), TaK UT0 sHaeme, 9TO nep-
60HAYAAbHO MONEKYJIa Haxommiach B coctosmnum |I ). YUyrs mosme
yiKe MOARIAIOTCA HEKOTOPHE IIAHCH 3acedb ee B COCTOAHHM | ).
Yrobu ysHATH, CKONb BeJMKH 3TH UIAHCH, HYMKHO pPEINUTH Aug-
depeHnmansHoe ypaBHEHME, KOTOPOE IOBOPUT, KAK AMINHUTY/H
MEHAIOTCA CO BpPeMeHEM.

EnwecTBeEHAsA TPY/AHOCTh B TOM, YTO MH HE 3HAEM, 94TO CTABUTH
BMecTo Kospdunmentos H ; B (6.43). Ho xoe-aro mu1 Bee sue smoocem
crasarb. Ilpegmonomum, 4ro, eciu yix MoNeKyJa OKa3ajacb B CO-
croaaun | ), torgay mee He Oymer HUKaKOro manca Korga-aubo go-
nacte B cocrogume [2). W maobopor. Torma H,, uw Hy Oyayt oba
papEN HyIW, n (6.43) mpumer BuR

.1 dC .1 dC ,
lﬁ‘,ﬁl‘:HuCu lﬁ/‘ﬁ-:yzzcz.
JTH ypaBHEHWMS IEeTKO PeLINTb; MOIYdYaercd
C, = (const) e~/ Hut, C,=(const) e~ /MW H.t | (6.45)
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3T0 TPOCTO AMIVIATYIH CTMAYUOHADHHZ COCTOAHHN ¢ DHEPTUAMU
E,=H;, n E,=H,,. Eume Mu 3HaeM, 9T0 y MOJEKYIH aMMHaKa
cocrofnus |I) m |2) oGmamaor oupenenenHodl cummerpueit. Ecun
mpupofa Beger ceba Gollee MaAM MeHee pa3yMHO, TO MATPUYHEIE
anementsl H;, m H,, MOMKHEE PaBHATHCH ApYT ApPYyry. Mur o6osna-
9uM uX wepes E,, mOTOMY 49T0 OHH COOTBETCIBYKOT BHEPTHH, KO-
rTopoit oGnaganm Ou cocroanus, 6yas H,, m H, pasub Hymwo.

Ho (6.45) me orpajkaer Toro, 4r0 Ha caMoM jejle OhBaer ¢
amMuaxoMm. OraseiBaercd, 9TO aMMMAK HMeET BOBMOKHOCTH HPO-
TOAKHYTH CBO# a30T MHMO TPeX BOJOPOMOB U uepebpocurh ero
1O Ty CTOPOHY. 3T0 OYeHb TPYAHO: 94To0GH a30Ty mpoitTu moamyTH,
HY/KHA HeMmanasa sHepruA. Hak jke OH MOKeT HpPOHUTH HA APYTYIO
CTOPOHY, eciu OH He pacmonaraer mocraToumoll sHeprueii? Ilpocto
AMEeTCH HEeKOMmopas AMUNATYHA TOTO, YT0 OH RPOHUKHEm CKBO3b
pHeprerudecknit Oapbep. B KBaHTOBOI MeXaHHKe paspemaercs
OGHICTPO MPOCKAKMBATH Wepe3 JHEPreTHUeCKM HeNeraibuymn o6-
nacts. Craqo OHTH, cymiecTByer HeGoMbIAA AMILTHTYAA TOTO, 9TO
MoJleryJaa, HauaB ¢ cocrosuma |l ), mepeiifier B cocrosume |).
Koadpnunmenrn H,, u H,, Ha caMom fieiie He paBEm myxio. U onars
3 CHMMETpPHM SCHO, 9TO OHM MOJIRHEL OH'TH OMUHAKOBHL, 110 Kpaifi-
Heil Mepe mo BenwmumHe. 1 meficTBHTENBHO, MH yiKe 3HAEM, UTO
noobme H,; paBHAeTcA KOMILIEKCHO CONpseHHOH Beamwmne H
T. €. OHH MOTYT OTIMYATHCA TONBKO (pazoll. OKa3bIBaeTCSA, KaK BH
HOTOM yBUAUTE, IT0 Ge3 HoTepn OOM{HOCTH MOYKHO IOJOKHTb DTH
roapunmentn pasEuMu Apyr Apyry. llosgree mam 6ymer ypmo0-
Hee CYMTaTh HX PABHHIMH OTPHIATENLHOMY YHCHY; MH IIPHMEM

nostroMy Hp,=H, =—A. Torma wmonydurca cleqyiomas mapa
YpaBHEHHA:
it %1~ B, — AC,, (6.46)
ih %2 —E,c,— AC,. (6.47)

ITH ypaBHEHHA [JOCTATOYHO IIPOCTHL M MOTYT OWTH pPCIDGHH
pasHHM mnyrteM. Ymo6mo pemats mX rtak. Criagssas ®x, mo-
ayvaeM

i 5 (Co+Co) = (Bg— 4) (€, +Cy)
¢ pelmeHueM
Cy+ C, = ae-(/h) (Ee=4) ¢, (6.48)
Buunrasn sarem (6.47) ma (6.46), monygaem
.1 d
ih 7 (Cy—Cy)=(Ey+ 4) (C,—Cy),
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gTO Haer
C,—C,= be—i/h) (Eo+ AV L (6.49)

Jlse mocrosHHEEe WHTErpAPOBaRMA MH obosnawwnd a u b; mx
Hajo BHOparh TaK, UTOOM NONY9YAINCH MOAXOAfAMHEe HaYaJNbHEC
yeaosus faRHOW Qmsuueckonn 3apaum. Haxomen, cxnagwsas
B Buyuras (6.48) m (6.49), noxyuaem C, m C,:

C, () =L et (En—A)t+_g_g—(i/h) (Eg+ At (6.50)
C, (1) :%e-(i;h) (Eq—A) 1__%(3-(”&; (Bg+ AVt (6.51)

Onu 0oTAHYAIOTCA TONXBKO 3HAKOM NPH BTOPOM CJIaraeMoM.
Pemiennsi-To M NOAYYWIH, HO 4To oHM 3Hayatr? (B kBamtoBO#t
MeXaHuKe TPYAHOCTb HE TOMXLKO B TOM, YTOOH HOXYYUTH penieHus,
HO M B TOM, uTolH pasobparhca B uX cmuciel) 3amersre, aTo mpu
b=0 06a pemeHus1 o6naRaT oAUHAKOBOIH HacToTolt @==(E,—A)/k.
Ecau Bce Menserca ¢ ofuON 9acTtoTol, TO 3HAYAT, UTO CHCTEMA
upefLBaeT B COCTOAHUY C OUPejelleHHOH 3Heprredl, B JauHOM cay-
qae ¢ omeprmeil (E,—A). 3madur, cymeCTByeT CTalMOHAPHOE
cocTosEne ¢ Takoid sneprueil; B BeMm obe amniantyns £, 1 C, paBas
Epyr Apyry. MBl OpUXOnuM K BHBOIY, YTO MOAEKYAQ QMMUAKG
obaadaem onpedesernod snepauei {Ey,—A), ecan paa aroma asora
ONMAAKOBA AMIJIMTY/la OKasaThesd «BBEpXYy» H GBHHM3BY».
Nyeerca papyroe JouUycTAMoe CTATHOHADHOE COCTOsfHHE, KOTAA
a=0; rorza obe aMuAuTYIR obnapgailor dacroroit {(E,+A)/f. 3na-
TUT, UMeeTCsHs [PYTroe cCOLTOAEMe ¢ oupejeneHHol sHepraeil (£y+4),
KOIla [Be aMuJIMTYAR PaBHB, HO oTAMYalTCA 3HaKOM: C,=—C,.
Bor u Bce cocTosimus ¢ onpefeieHHo#d sxeprueil. B coejviomei
TIaBe MBl MOTOBOPHM O COCTOSHHAX MOJEKYNH aMMHUaKa moapod-
Hee; 3[1ech e MB OTMETHM eNie TOAbXO HEKOTOPHE OCOGEHHOCTH.
My opuxopum K 3aKAYEHHI0, 9TO 43-3@ MO20, 9TH UMETCH
HEKOTOpPAs BEPOATHOCTH IEePEeCKOKA aroMa a3zora W3 OZHOTO IG-
JOKeHNH B APYyroe, 3HEPTHA MONEKYJIH paBHA HE LpPocTo £,
KaK MOKHO ORUIO ORNAATH, HO obiajfiaer Jeyma dHEPreTHICCKHAMI
yposasmua (£y+A) n (E,—A). Kasujioe #3 BO3MOKHENX CocTOAHNUI
MOJIEKVIH, KaKyio OH SHEPrWio 0BO HH HMEN0, (PACTISNASETCH»
Ha ssa yposas. Mu rosopam «kaxcdoe a3 COCTOAHAN» , HOTOMY 9TD,
KAK Bh HOMHHATE, MH BHODRJIA KAKOE-TO OXpefesIefHOe COCTOSHEE
BpamieHdsA ¢ oUpefRelieAHcodl BEyTpeHuell smeprued m t. §. U gas
KajKAKHX MHCINMHX YyCIoBHii mofo0HOTO POAa Bo3HEKaer (H3-3a
BO3MOYKHOCTH IEPEBOPOTA MONEKYJH) RApA dHEPreTMYeCKHX ypPOB-
Heil. .
Teneps mocrapmm caefyomuit Bonpoc. llycts Mw anaem, uro
npu t=0 Monexyna maxonmarca B cocroAnmn | 1), T.e. aro C(0)=1
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Due. 6.2. P,— sepoamuocmb mez20, Wmo MOACKYAA
1 P
axmuaka, naroduewaacs npu i=0 ¢ coemosnuu |I>, 6y~
dem obrapyxera e monenm t moxwe ¢ cocmosnuu (1>
P,— eepoamuocmov mozo, wmo oHa Sydem 061aApYNEHO
2 ’ K
8 cocmosnuu (2.

u C,(0)=0. Kaxosa eposiTHOCTH TOT0, YTO MOJXEKYTa Gyaer obHa-
py;KeHa B MOMEHT [ B COCTOAHHWH |[Z) MW 3Ke YTo OHA OKaKeTCH
B 9TOT MoMeHT B cocrosanmm |/ »? Hamu mavanbHKe yCAOBUA Fo-
BOPAT HaM, KaKAME JOMKHE OMTE a u b B (6.50) v (6.51). Ilomarasn
t=0, aMeeM

c,="=1, c,0=5=0

Suaunr, a=">b=1. Ilogcrasaas ux B dopmvam gus C, () 1 C,(t)
¥ BWHOCH 00mMUl MEOKHTENH, WOJYIAEM

G/hy At 4 —(i/ky At
v i e +e
C,(t)y=e-t/P E.J( 5 ) .
(i/ky At __—(i/h) At
. e u—
A C, (t)=e— /M Est ( 5 )
310 MOKHO nepemucaTh TAK:
Cl (t):e‘ {i/ﬁ) Eot cos% , (6'52)
, . . At
C, (t) = ie~(i/h) Eot sin = . (6.53)

Benwanna ofeux aMinuTy;i rapMOHKYECKY M3MOH AETCHA BO BPEMEHH.
Beposaraocers Toro, uro mojiexyna Oyder oOHapysKeHa B CO-
crogamn |[2) B MoMeHT ¢, paBHa KBanpaty monyxas C, (t):

|C, (£) [2 =sin? %‘ . (6.54)
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Ona, kak n caefyer, HAYMHAETCA ¢ HYJA, pacreT Lo eNHHMUEL I
3areM xojebiercs BHUepel H Hazal MeRIY HyJeM U efuwHuIel, Kak
OoKazaHo Ha KpuBoH, o0osHadeHHoN P,, Ha ¢ur. 6.2. Beposar-
HOCTb OCTaTbcd B cocrosgHum |/ ) To:xe, KOHEYHO, HE OCTAETCA
pasHod emmuurne. OHa «HepeKawNBaeTcsa» BO BTOPOE COCTOSHHE [0
TeX HOp, MOKA BEPOATHOCTh YBHAATH MOJEKYIY B IEPBOM COCTOS-
oo He o0paTHTes B HyJb, KaK MOKA33aHO HA KpuBoil P, ¢ur. 6.2.
Beposarnocers mompocty mHepenmBaerca TyAa H obparHO MeEmy
STUMH JBYMS COCTOSHUSMA.

Eme panbme mMm Bugenn, 976 OHBaeT, eclH KavyaloTCH IBa
OMMHAKOBHIX MAATHHKA , ClIeI'Ka CBA3aHHELe KPYT ¢ ApyroM [em. rm.49
(BEm.4)}. Horma Mu oTBOAMM B CTODOHY OfHH M3 HUX M OTIIYCKAaeM,
or Koaeliercd, HO 3aTeM IOCTENEHHO HAYWHAET KoxebarThes mpy-
roit 1 Berope sabmpaer cebe Bcio smepruio. 3areM upomece obpa-
iaercA, ¥ SHeprup orbupaer HepPBHE MAasATHHK. B Townoctu To iKe
camoe mpoucxomutr u 3nech. Cropocrs, ¢ Kakoil mpomexoanr o6MeH
sHeprumel (GhCTpoTa HPOCATNBAHUA (KoIeOaHMIDy), 3aBUCUT OT CBABHK
Memay MaaTHuKamu. Kpome Toro, Kax Bel IOMHHTE, OpPU [BYX
MagTHHKAX CyIecTBYIOT. 1BA OIpefdeleHHHX THMA IBHAKEHUI
(ramawil ¢ oupefeieHHOIl 9acTOTOl), KOTOpHEe MH Has3Baiu QyH-
NaMeHTAJbHEIME THHaMm Koaebauuit. Ecam orraoHuTh 00a MasAr-
HIKAa BMecTe, OHU KoNeOAITCA ¢ OfHON 9acToroll. Eean sxe oTkI0OHATE
OIUH B OJHY CTOPOHY, & XPYrofl — B ApYTYI0, TO NOABIAETCA WHOH
CTAIIHOHAPHKIA TN KoxebaHui M TORe ¢ ompefielleEHON WacToTOH.

C TeM jKe Mbl BCTPETHINCh W CeHUaC -— MOJEKyJa aMMuaka
MaTeMaTHYeCKH HOXOoXuT Ha mnapy MastEAKoB. CymecrByoT [ABe
qactorsl (E,+A)/h n (Eg—A)/k, 1pu KOTOPHX OHH KoJxeGIorcs
imGo pasom, nubo HABCTpeTy APYT APYTY.

CX0[CTBO ¢ MAATHHKOM HeHAMHOI0 I'Ty0sie IPAHIINNA, UTO Y OJH-
HAKOBBIX yPABHEHUI U pelleHns ofuHaKoBw. JInHeliHe ypaBReHUs
aias aMmantyy (6.39) odeHb MOX0:KM HA JuHeiHble ypaBHeHUSA I
TAPMOHHYECKUX OCHUNIATOPOB. (B gelicTBATENBHOCTH WMEHHO
9T0M npuumHe o0s3aHa ycleXoM Halla KIacCHUeCKasi TeopHSA moKa-
3aTess IUpPEJIOMIEHHS, B KOTOPOH KBAHTOBOMEeXaHWYECKUl arTom
MBI 3aMEHSJAN TapMOHMYECKHM OCHHINATOPOM, XOTS KIAaCcCUIeCKH
HEpPasyMHO TOBOPATH 00 3IEKTPoHAX, NUPKYIUDPYIOIHX BOKPYT
sigpa.) TonkAyB aroM azota B OJHY CTOpPOHY, Bhl HONyUYATe cynep-
no3uyuo 3TUX IABYX Konebamuid M TeM caMbiM cBoeolpasHbie Ome-
HWSA, MOTOMY 4TO CHCTEMa He O6ydem Haxodumbci B TOM WIH MHOM
COCTOSHUH ¢ ollpefeennoil yacToroid. OMEAKO paclienieHNe ypOB-
Hell DHePIMHM MONIGKYJH aMMMaKa — 9TO CTPOro KBAHTOBOMEXAaHW -
qeckuil agddexr.

PacmensieHne ypoBHeH 3SHeprm® MONEKyJH aMMHAaKa WHMeeT
BaKHDIE IPARTUYECKUE IIPUMEHEHMs, KOTODHE MH ONUIIEM B Cle-
aytomeir raase. Hawomen-ro y mac 6yfger mpuMep mpaKTHIECKOH
¢mspgeckod 3ajaqu, KOTOPYH ME CMOKeM IMOHATh IPH HOMOIHM
KBagTOBOH MeXammku! ’
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Ir'nasa 7

AMMHAYHEIIL MASEP

§ 1. Cocmoanua norexyavt ammuara

B srofi rmase mMut XoruM 0GCYAUTH TpHMeHEHNE
KBaHTOBOIl MeXaHHKH B OJHOM IPaKTHIECKOM
yerpolicrBe — B aMMuadHOM Masepe. Bac MosxeT
VIAUBHTH, OT4ero 570 MHl OpocaeM Ha MOJLOYyTH
Hamle u3I0:KeHnme (opMalbHOIO almapaTa KBaH-
TOBOU MeXaHHMKH M obpamaeMesi K 4acTHOH 3agade.
Ho posme Bn ysmjure, 4To MHOTHE YEPTH 3TOH
YaCTHOH 3ajauy CHOJoIb M DPAJOM BCTPEYaloTCsA
¥ B ofmell Teopmum KBAHTOBOH MeXaHHMKH, TaK
9T0 JeTalbHOE M3YyYeHHe B3afadm MHOTOMY HAac
HayuntT. AMMHMa9HRI Ma3ep — 37T0 YCTPOHCTBO
s TeHEePHPOBAHUS 3NEKTPOMATHUTHHX BOJH.
Ero peiicrsme 0CHOBaHO Ha CBOIICTBAX MOJEKYJIH
aMMHaKa, O KOTOPHIX BKpaTie TOBOPIIOCH B
npexpiaymieit raase. llosTomMy cHawana Mur mof-
BEEM HTOTH TOMY, 9TO HAM YK€ HM3BecTHO.

Mogerynra aMMUaxKa npMeeT MHOTO COCTOSHMU.
Ho b 6yaes cuntath ee cucTeMoi ¢ IBYMS COCTOA-
HUAMHA (JBYXypOBHeBOIl); ceiuac HaC HHTepeCyer
JRIb 10, 916 OB BaeT, KOITIA MoJdeKyla HaXOoauTes B
10 00M 3aJaHHOM COCTOSHHU BpaIlleHUA HIH IHOCTY-
maTtelbHOTO MBHKeHuA. DU3ngecKy0 MOJledb HTUX
IBYX COCTOAHHA MOMKHO HAIJIANHO NpPEJCTaBUTH
cebe caemywouium obpasom. Ecam Bpamares mole-
KyJqy aMMuaka BOKPYP OCH, HOpPOBeIeHHOH uwepes
aTOM a30Ta MEePIeHJUKYIAPHO MIOCKOCTH aTOMOB
BOIOpOJa, Kak morasamo ma ¢ur. 7.1, Mu o0Ha-
py;KuM, d9T0 CYHIECTBYIOT ABa COPTa COCTOSHHUIA,
KOTOpHE He HepeXoisAT APYL B Kpyra IpH TAKAX
NOBOPOTaX: MW OTAMYAIOTCA MOJO0KEHNeM aToMa
azoTa. A30T MOKeT OuTh JAu00 MO OJHY CTOPOHY
IJIOCKOCTH AaTOMOB BOZOpOZa, JAMG0 HO JpYyIVIO.
Jtm fBa cocrosHMA Me obosmawaeMm |[I) m [2).
Wx Mu BuGepem B KadecrBe COBOKYHHOCTH 0a-
SHUCHBIX COCTOSHHI B HalleM aHAXHU3€ [IOBEACHHUSA
MOJIEKYIH aMMHAaKa.
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Junanononi
MOmeHm

> %

Dwe T.. Dusnmeckos modeas deyr GaIUCHWT
COCIMOANRUL  MOACKYLd EUMULKA.

Jaekmpuieciue Gunuvdbine MOMEHMB ITNUX COCTAOINUT poe-
Hu M.

B cacteme ¢ aByMA GasuCHHME COCTOAHMAMH JI0G0€ COCTOf-
Hie [P cucreMsl Bcerka MoOkeT OHThH OHHCAHO JAHEHHAOH RKoMOm-
Han@ed ABYX 6asmCHHMX COCTOAHHWI;, 3TO 3HAYMT, YTO CYHIECTBYeT
onpeferenHas ammiuryfa C; OMTh B oHOM GasMCHOM COCTOSTHUH
n amMnantyaa C, 6mth B apyroM. BekTop cocrosiHas [§) MO:KHO

3amMcaTh B BAMe
P9y =115 C 412 Cy, (7.1}

Co=(19) n C,=(2ip),

Jra nmapa AMITATYA MEHSETCst €O BPEMEHEM COIVIACHO HANIMM
raMUJIbTOHOBHM ypaBHeHusAM — ypasHeHnaM (6.43). Mceoonesys
CAMMETPMIO [BYX COCTOSHMH MONEKY.IB AMMAAKA, MH HOAATaeM
Hu:f{m:E‘, u Hy,y=H,=—A ®n moiydaeM TaKoe pemeHne
lem. (6.50) = (6.51)]:

rie

- b
61:%6_(1,41) (Ea-A)t_Jr__z_e—(uh) (Eq+ A) L (7.2)
C, :_g)_e_(i/m (Fo-A) 1 _; e (/b (BotA) L (7.3)

HugeM rveneps Ha 5t pemteHust (ojee BHUMATENBHBIR BIIIAM.
IIycrs cmepsa Momexyaa Oma mocraBieHa B cocrodEme |¢,, D,
s Kotoporo xoadpduument b Omur pasen mymo. Torma npm t=0.
aMIJUTY[AH OKazaTbcH B COCTOSBEAX |I> u |2) OAMHAKOBH H
ocmanymea makumy éce epems. Ux dpassl 06e MeHAIOTCA BO BPEMeHH
onnEaKoBo, ¢ dacroroii (E,—A4)/fi. B 1oumo Tak ke, ecam 66l ME
THOCTABMAM MOJEKYyJIy B cocrosmme |¢,)>, AiA Koroporo a=f0,
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ampiaryga C, pasasnachk On C; ¢ MHHYCOM, # 3TO COOTHCIIEHHe
coxpamuaoch Om HaBcerffa — ofe aMIAATYAW MeHsAuchH OH Teneps
BO BpPEMEHH C 9acToToi (Eg+-A)/h. Dro Bee cocroanms, s KoTu-
PHX cBA3b Mekay C, n (', He 3aBUCAT 0T BpeMeHH; APYIHX BO3MOsK-
HOCTeHW HeT.

Mun manuis ABa 9aCTHHIX pemedust, B KOTOPHX aMINIATYAH He
Mensomes no seiuyurne M, Goilee Toro, GpasH MEHAWTCA ¢ OFHHA-
KOBOi 49acTOTOH. 3TO ¢MAYUOHAPHEE COCTIOANUA TI0 OpeJeNeHRIo,
pamHEOMY B TH. 3. § 1, T. e. cocmosnua ¢ onpedesennoll snepzuei.
Cocrosteue |§,;> ofiagaer asmeprmeit E,,=FE,—A4, a cocroanune
[¢,> — oneprueit E,=FE,*A. Kpome 3Tux, ENKaKNX CTal{HOHApD-
HEIX COCTOSHHIT He CYMEecTBYeT, T. €. M OOHApY:KHBAaeM, 49T0 Y MO-
JIEKYAM ecTh [Ba VPOBHA sHepruu, orvamyvajornmecss Ha 24. (Hoa-
pasyMeBawTeA, KOHeYHo, IBa YPOBHS JHEPrHM LIA 3aJaHHOTO CO-
cTostEnsg Kodefadus @ BPANIeAsi, 0 KOTOPHX rOBOPUAGCH B HAIMAX
HCXONHHIX JOUYIeRHAX.) *

Eciu 61 a30T He MOr HEePecKAKMBATL BBEDPX WY BHHA3, HaM
npuHOiock 6N HprpATh A PaBENM HYTI, B 00a jHepreTHuYecKux
ypoBHs {c sHeprumefi E,) Haxesam Obl ofuH Ha Zpyroit. WcrunBse
YPOBHE He TAKOBE, WX cpednes 3@avdenme F,, HG oMU pa3BefeHH
Aa +A, 1. e. UPOMEHKYTOK MEKIY JHEPIHAMH ABYX COCTOAHME
paBen 24. llockonsry A Ha caMoM Jede MaJo, TO W PasHHUQ B
HEPTHHX 0Y9€Hb MAajia.

Y1000 BO3OYANTH 24eEmpon BHYTPH aroMa, TpedywoTcs Ho-
BOJIBHO BHICOKHE JHEPruu, HY;KEN (OTOHH OOTHYECKOTU WIM V.(h-
TpaduoaeroBoro Auana3ora. YTo0s Bo3OyaATH BUOPALMH MOTERYI,
tpebyrorest nudparpacHasie Pororn. Ecip peur mer o sosdy:rme-
BHR gpawerull, pasjvyus B DHEPTHAX COCTOSHHI COOTBETCTBYIOT
doromam B fganexoin undpakpacmoii obnacru. Ho pazrocts sHep-
raif 24 MeHbine WX BCCX, MeHble HHGPAKPACHWMX DHEpPrud, oHa
OPUXOAUTCA Ha MMKPOBONHOBOH granazoH. OUHITHHM nyteM Oulto
HaBileHo, 9T0 CYIMECTBYET Napa YPOBHEHA JHEPIHE C OPOMEKYTKOM
107% 28, urd orseuaer wacvotre 24000 Mey. 310, oveBngHO, O3HA-
qaer, gro 24 =hf, rme f=24 000 Mzy (orBewaer BomHe IKHOI
11/, cm). JHawur, mepep, HAME MOJEKYJa ¢ UEPEXONaMU, KOTOp:ie
BHIBLIBAIOT HCIYCKAaHUHE MUKPOBOJH, 4 He CBeT B OOLITHOM CMBICIE.

Hns pasveefimeir pafoTsl HaM DOHAJOOMTCH HeMHOro Oolee
yA00HOe oudcaHHE TUX [JBYX COCTOAHUE ¢ OmpejesieHHOH HEp-
ruei. IlpejcrapuM, 970 MM mocTpoman aMuautyay (', H3 CyMMH
aAByX gucen €, w Cy

Cpy=Cy +Cy = (1| @) 4-(2| D). (7.4)

Yro 6m pr0 Morno osuagars? OUeHEb MPoCTo: 3TO AMILIATY /1A TOrO,

* B paxpHeiimeM noie3Ho (A uyWrad, B NPOH3HOCA BCJIYX) OTIHYATH
apabckme 1 u 2 n pumckae 1 # 11. M cumraeM, uto yRobuo pias apaGexmx
nudp pe3epBAPOBATL Ha3BaHUA «OTHH» H «ABa», a | m I1 umTaTs Kak «IepBHi»,
¢BTOPOit».
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qro cocrosame |D) okaskercsa B HOBOM cocrosHum |/ >, B KoTopoM
AMILINTYAH TEPBOHAYANHHBIX GABHCHBIX COCTOSAHHE PABHH MEKIY
coboit. Nmave rosops, korga mui mamtem C ;= (7 |®), ro Mu Bupa-
Be a0crparupoBarbes BypaBHeHNH (7.4) ot |D ), HOCKOIBKY OHO BHI-
nosHgerea npu Jdobux O, u mucars

AT =1+l
3T0 O3Ha4YaeT TO »Ke camoe, 4YT0 |
| [Ty=11y+12). (1.5)

Ammanrtyga Toro, 4ro cocrosnme |[I1) oxamercA B COCTOAHUH

|7>, paBua
(ID> == (T Ty (11 25,

a 9TO, KOHEYHO, PABHAETCHA IPOCTO €UHHUE, MOCKOMABKY u |I),

l2> CyTh 6a3ncnme cocrosinma. W ammmmryza obHapysxenns
COCTOHHI/IH [I1> B cocrosEuun |2> TOKe paBHA egUHULE, TAK YTO
y cocrosgaua |I]) OTMHAKOBRL AMIIMTYAH OKA3aThCH B KayKIOM
n3 GasucHHMX cocrosEni |I) u |2).

Ho ryr Bcnnmsaer HOBasg TPYAHOCTB. ¥ cocroanus [[1) uox-
Hasl BePOATHOCTD OKA3aThCA MO AU 6 00Hom Ga3UCHOM COCTOAHNH,
mo au & dpyeom nomygaercs Gombine eanHuIs. Ho 310 Beero auimb
03HAYAeT, UYTO BEKTOP COCTOAHUA HeyJagHO (OTHOPMHPOBAHY.
Uro6k mcHpaBHTL [EM0, HAKO BCIOMHUTE, 4TO BCer[a AIA M000T0
cocrostaua obasano Owire <[/ |[/l»=1. McenonbvsoBas obimee co-

OTHOIIEeHue
@) =iy <i | D,

mosarast, uro 1 @, u y cyrs cocroanme /[, m cymmmpys mo Oa-
3UCHEIM cocrosinmsam | 1) m |2), monywaem

TVITY =TT | 1> <L\ ITy+<IL | 2) (2| IT).

d1o nacT, Kark MOJOKEeHO, eIHHUIY, eciM MHE M3MeHHM Halle Om-
pepenenue C,; [cM. ypasHenme (7.4)] u mpumeMm

C, = r[c 4G,
Taxum e IIyTeM MOMHO IIOCTPOXATH M aMILIATYIY
1
I CI_—V——E:[CI_.CZL
1.
C,=—[I —<R . 7.6
= [0y —<2 03] (1.6)

d1a aMImIuTyna ecth npoekuus cocrosausa (D) Ha HOROE COCTOA-
gHe | I), obnajaminee aMOAMTYAaMH OPOTHBOIIOJOKHOTO 3HAKA,
mas upebuBaEus B cocrospuax |71> u |2>. A nmenno (7.6) os-
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HAYyaeT TO e camoe, 49TO M
1
1 = — 1 _ 2 y
< | V2[< |—<2|]
UIn

1

|1>= 11— 2], (1.7)

OTKYJla CJeayeT

1

<]|[>:—“<2|[>'—’——:.
V2
3aweMm Bce 710 Hy:KHO? C Kawoil menpl Bce dTo jmeaaeTcd?

Heno B tom, gro cocrosimma |[> m |1y moeym 6wims npunamot
3@ HOBYI0 COBOK)YRHOCMb DAIUCHBIL COCMOSHUL, OCOOeHHO HOIXO-
AAIYI0 [ OUMCAHUS CTAMOHAPHBEIX COCTOMHUI MOJERYJH aM-
Muaka. Bl moMHUTE, 4TO TpeGOBAHMA K COBOKYHOHOCTH 6a3zuCHBIX
COCTOAHUNA OBIAN TAKOBHL:

< l J>= 5,'1'-
Mui yike camu cpenanu Tak, 4ToOH GpLIO
AN Iy=dI'|Ily=1.
Uz (7.5) m (7.7) nerro BmBecTH, 9TO M
A|Hy=II|I>=0.

Avmnnry st C; =<1 [®> u C;;=<II|®> toro, dro mwboe co-
crosiame | D) oKakeTcA B OJHOM W3 HAUIMX HOBRIX GABMCHBEIX CO-
crosauit | 1> m | /1>, o0sasannl TakKe yIOBIETBOPATH TI'aMUILTO-
HOBY ypasneBuio Buja (6.39). I nefictBuTensHo, €CHH MH IPOCTO

BEIYTEM JPYT U3 Apyra mBa ypaBHeHms (7.2) m (7.3) m mpoxpmd-
pepernupyem mo ¢, 1o ybenmmcs, uro

.1 dC
ih=—L =(E,+ A4)C,=EC,. (7.8)
A B3ar cymmy (7.2) u (7.3), ysamgum
.1 dC
lﬁTt]LZ(Eo’“A)Cu:EuCu' (7.9)

Ecan 3a Gasmcnme cocroanmsa B3ATh (/> m |[]>, To ramunsTo-
HOBA MaTpHOa o09eHb IPOCTA:

f_‘{I,I:Elv =0,

Hy, =0, Hy, n=Ey.
3amerbre, 9T0 Kakxoe u3 ypasHeHui (7.8) m (7.9) surasgur o9eHb
moxXo;Ke Ha TO, 4TO modydanochk B Tu. 6, § 6, gna ypasHemus cu-

CTeMH ¢ OFHUM cocTOAHmeM. OHH AAI0T MPOCTYIO HKCIIOHGHIUAI b-
HYI0 BABICHMOCTD OT BDEMEHH, OTBEYAIYIO Olpe/leIeHHOM SHePIHHA.
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C pocToM BpeMeHH aMIIMTYAW TpeOWMBAHAA B KAXKIOM B3 COCTOS-
HHE BEAYT ce0s He3aBICAMO.

Haiiilenune @aMyE pambiie CTAT(HOEAPHHE COCTOSHHS l,¢1> H
|$,;) Towe aABAAIOTCH, KOHEYHO, peHICHEAMH ypapHemnm# (7.8)
u (7.9). ¥V cocroarma |¢,) (mas xoroporo C,=—C,)

C,= e~/ (E,+8)t, C,,=0. (7.10)
Ay cocrosmnas | ¢,,> (Ras xoroporo C,=C,)

C,=0, C, =e M Ee-A)t, (7.11)
IMycrs mMm repeps ymuompan (7.10) ma BekTOop cocrogmma |/);

TOrAa HOJYYHTCA
LT[> == Dy et Eer ot

BenoymauM, ognavo, gro [f><J|=1; 3maw|r, 270 ONHO W TO Ke,
YTO CKA3aTh

[ =i e-@hEraye,

Wrage roBop#, BERTOP COCTOAHNAS CTAMOBAPHOIO COCTOAHMA |,
He OTINYAETCSL OT BEeKTOPa COCTOAHHA Oa3HCHOTO cocroammds 1)
HUYEM, KPoMe SHCOORCHIMAJNLHOTO MHOEWTENR, CBA3AHHOLG
¢ sHeprmed cocrosmus. M gefictsureassdo, mpu ¢ =10

=11
dusudeckan wondurypanua y cocrosmus |I> Ta ke camas, 9TO

H y CTagaoHAPHOTO cOCTOAHUA ¢ oHepraed X, A. Toumo rax
sKe UL BTOPOTO CTARHOHADPHOTO COCTOSAHEA IOAYydaeTod

(> = i I e—(i/h) (BEo—A) ¢t

Cocrosinme |I1) — 3T0 mpoOCTO CTAIMOAAPHOE COCTOSHHE € IHEP-
reit Ey—A npu {=0. Cramo Omth, 00a HamBX HOBHX 0a3MCHHX
cocrosiaust (I > u {II) duswieckn umelor BUJ COCTOAHMI ¢ ompese-
JEHHO sHeprHedl, HO € MBBHTHM IKCIOHCHINAABHEIM BPEeMEHHNM
MHOMHATENEM, TaK YTO ORHM MOTYT OHTH NPHHATH 3a O0asucHbe CO-
CTOSIRES, He 3apacAmiue or BpeMenun. (B maabHeltmmem maM Oymer
yAoGHO He OTIM4ATh CTAUMOHAPHHE CcOCTOARHMA | ¢,> n |9,
or mx GasmcmmX cocrosHuii I w |[I]), Begp pasnuvawres OHK
TOIBKO OYEBHAHHIMH BPEMEHHLIME MHOMKHTEIAMH.)

Ioasenem uror. Bexropet cocrostamii |[I) m |{II)Y — aro mapa
0A3HCHEIX BEKTOPOB, NPHCHOCOOICRHNX A OUHCAHUSA COCTOAHMA
MOJIEKYJAH aMMHMaKa ¢ oupefeleHHo# »Heprue#r. OHu cBsA3aHH ¢
HAIMAMEA ncxonﬂmmn fa3HCHHMH BEKTOpDAMHA (PopMylramMu

1> == (1= D), (D= DH[D). (1.42)

AMnaary iu Hpe6HBaHHH B > u Il ceasamm ¢ C, u C, (bopMy—
aamu
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Besikoe cocrosiame Momer OpITH mpejicTaBieHO JAnHENROH KovlH-
Hagwed (1) n12) (¢ koxddrumenramu C, 1 C,) nan suHeilHOH KOM-
Ounanmell 6a3ucHHX cocrofHMIl ¢ onpegevensoll smeprued |I)
u |[I1) (¢ xosppunuentamn C; u C,;). Uraxk,

i(D'):} I)CI--}-=2> sz
A _
D> =1 >C 4 115C,.

Bropas ¢opmyna paer uaM aMmIutTyin OOHADY:KHTH COCTOS-
rue /DY ¢ cocromsun ¢ swepruetr F,=FE;+A waam B cocroAHHH
¢ sHepruell K, ~=FE,—A4.

§ 2. Morexkyaa 6 CIRUOMULECKOMN 5A€ETPUMECTOM
noae

Ecmyr monexyna amuuana gaXofwtca B ji1060M H2 ABYX COCTOA-
BU oNpemeacHHON SHEpPriW, 4 Me MPUACKHM K Hell BOsMylneHne
¢ 9acToroil ®, TaKofl, yto heo=£,—F, =24, 10 chcreMa Moer
nepefiTy U3 HEIKHEro COCTOAHMs B Bep¥Hee. Yixu ona muiker nepedrn
H3 BepXHEero B HKHee k ucnyctuth doron. Ho musa s036y:maeHns
TAaKUX HePEXO0B ¥ BAC HOKEA OBTH GU3NIECKAA CBH3b € COCTOS-
HUAMHA — BOSMOKBOCTh BOaMymiath cucreMy. lomxeH cymecTBo-
BATh KaKO#-70 BHeDIHHMI MCXaH@3M BIAVAHUA HAa COCTOSHHSA, HEYTO
BpOfie DALKTPUIECKOr0 WIW MATHUTHOIO ToJA. B mameM 9JacTHOM
clIydJae BTHE COCYOAHUA SYBCTBATEJIBUH K DIEKTPHIOCKOMY IIOMAI0.
Ha ouepennm, crano GuiTh, y HAC Teueph ppodaeMa NOBEALHEA MO-
MeKyJbl aMMHAKA BO BEELIHEM 3JEKTPUTECKOM [OJe.

HAna pasbopa 3TOro ImHOBeNeHHWS BePHEMCS OUATh K HepBO-
HauanbHOi GasucHell cucreme 7> u | smecto [ ) m (/1) lipen-
MONOJKHUM, YTO ¥MEEeTCsa SIeKTPHUYeCKOe INoJe, HANpPaBIeHNGe II0-
HepeK NIOCKOCTH aroMoB Bogopoaa. lipemefpeskeM BHA MrROBeHHE
BO3MOYKHOCTLIO HEPeGPoca aroMa #30Ta BREPX MM BHH3 M 3a7afuM
BOIIPOC: BePHO JA, YTO DHEPrUsA 210l MOJSKyIH B o6NHX moAOkKe-
HHAX aT0Ma a30Ta dyfer oqmHEaKoBoi? Boolimie ropops, Her. FNeKT-
POHH CTPEMATCA K TOMY, 9TOOM HaXOJATHCA GIHKe K AAPY asora,
HeM ¥ AApaM BOAOPOIA, TAK TTO BOJOPOAM OKA3HBAWTCA CHErKa
TOAOKATENbHO sapamendpiMd. Hackoldbko — 5TO  3aBHCHT OT
JeTasiedl pacnoloMeHHsi MeKTpoHos. Raxono aTo pacopejernesne,
TOYHO DPEACTABHTH OYeHb TPYAHO, HO, BG BCAKOM cIy'lae, OKOH-
YaTeNbHEE pPe3yjXbTaT COCTOHT B TOM, YTO Y MOJEKYIH aAMMAAHA
€CTh 3eKTPHILCKHIl JANCIBHNE MOMERT, KaK DoKasamo Ea ¢ur.7.1.
C ero moMompI0 MOKHO HPOROKUTH AAAbHEHMUE agaidn3, He HH-
TepecysAch MAeTansMu HanpaBieHMH WIW BelWTHH cMeNieHnil 3a-
panos. Bupouwem, wrobm wmamm o6o3HadeHNs He OTHHUAIHCH OT
OOMenpHHATHX, WPEKIONOKAM, YT0 3AEKTPUICCKHA IHNOIbHBIH
MOMEHT PABEH |4 H HANPABICH O/ ATOMA a30TAa HOUEPEK WIOCKOCTH
aToOMOB BOJOPOAA.
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Hanee, xorpa asor nepenpsi'uBaer ¢ OJHOH CTOPOHBI HA Apy-
rylo, TO UEHTP Macc He IecpeMeliaercs, a DICKTPHUECKHIT IO b-
HEIT MOMEHT mepeBopaunpaercs. B pesyibrare sHeprus B dJIeKTpH-
UecKoM Oojie ¢ OyieT saBucerh OT opueHTallun Moderyan *. Ilpu
CAENaHHOM TOJBKO YTO AOIYUIEHHM NOTeHUHAJTbHAS SHeprus 6y-
JeT BHIIIe Torja, KOIa AToM asora OyAeT ygajeH OT WIOCKOCTH
BOJOPOAOE B HANPABIEHNUW TOJs, U HHIke, KOTJA OH yHaleH B 00-
PATHYIO CTOPOHY; HPOMCIKYTOK Memmy obenyu sHeprusmum Oymer
pases 2p &.

Lo aToro MecTa MBI BEIHY:J/IeHK Obljly lelaTh OPeAnoioykeHns
o ToM, yemy paBubl E, m A, He 3Hasg, Kar moJcunrars uX. B coor-
BETCTBHH €O ¢Tporoil gusnmyeckoil Teopmneil ofssaHa cyliecTBOBATDH
BO3MOYRHOCTb BEIYUCHOHHA 9THX KOHCTAHT, €CJIM H3BECTHHRL IIOJ0-
JKEHNISA W ABUKEHMS BceX Allep M 3JeKTPoHOB. Ho Huxro HUKOTrga
He Jienad aToro. B cucreMy BXOZHT JecATOK BIEKTPOHOB U 4eTBED-
Ra sfgep, W sajauga dvepecuyp ciosrHa. Qaxr ocraerca (arToM:
0 MOJIEKyJe 3TOIl HUKTO He 3HaeT 00JbIIe TOTO, YTO) 3HAEM MBI C
pamMu. U Bee, YTo BCAKMIT MoskeT o Hell CKasaTh,— 9TO B BIEKTPU-
9YeCKOM IloJie DHEPTUA [BYX COCTOSAHHIT OTIRYAeTCH M Pas3HOCTh
SHepPTUil IpoUOpIMoHANBHA 3deKTpudeckoMy monw. Hosgdunuent
HPOUOPIUOHATBHOCT ME 0003HATUIN 2[, HO €ro BeJSHYnHA Ok~
Ha OUpefeasTbeA HKCHepuMeHTalbao. Mojkiio eme crasarhk, 4TO
MOJeKyJa HMeeT aMINIMTYLy A HepeBepHYTbCH, HO M OHA [OJI/AKHA
n3Mepsarbes aKcmepuMenTansHo. Hukro He yKaskeT HaM TOYHHRIX
TeOpeTHYecKHX 3HaYeHnH p U A, HOTOMY UTO PACYETH yik CAUIIKOM
CTOKHBEI, 9TO0B 4ECTHO HX IIPOJEeNaTh.

Liia MonmeryJgsl aMMHAKa B 3JeRTPHYECKOM IoJie Halle onyca-
Hue nppjercsd usMeHurh. EcIm urHopupoBarbh aMILIuTyRy lepe-
O6poca MOJeRYJIB u3 OfHOII KOHQUIypauww B APYyTryl0, TO PHEPTUH
aByx cocrosHuil [/ ) u [¢) obasamer Omth panssr (£,+nd). Cae-
AyA Opomenype, UpUHATON B IpefmAyLieill Iriiape, MbI IPUMeM

‘L]11:E0+V§’ sy, ":—Eg—plé;. (7.14)

Kpome roro, IpeanonoruM, 4o Hpif HHTEPECYOIHHX HAC BIIEKTPH-
YeCKHX HOJAX CAaMM IIOJA HE CKaBhBAIOTCA 3AMETHO HA T'eOMETpPUH
MOJERYIBl i, cTajo OwTh, HA AMIUIMTYJE TOTO, 4TO aTOM a30Ta
mepenpsTHeT U3 OFXHOTO moJoskeHus B apyroe. llosromy mommO
mpuHATH, ut0 [, W f,, He M3MEHUNICH, T. e.

Hyp=Hy = A, (7.15)
Tenepb C 3TUMU HOBBIMU 3HaAYeHHUAMN Hij HAIX0 penraTb raMuiab-

roHORH ypasmenusA (6.43). Mpr Moraum Ob uX peiiuTh HpocTo, Kak
Heaid 3To OPEe:RAe, HO IOCKOJIBKY HAM He pas, BHIUMO, HpefcTa-

* QueHp Magb, HO HaM IPHJETCA BBecTH HOBOe o603HaweHHe. Paz 6yk-
BH p u E 3aHSTH y 11ac HMIYJALCOM H 3HMeprueii, T0 M DOOCTepesKeMes ONATH
0003HATATh UMU AMITOAbHLI MOMCHT U 3JeKTpHYecKoe Iogc. Hamomumm, 9To
B aToM Naparpage | O03MavaeT saekmpuyeckull JANONHLHBII MOMEHT.
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BATCA CAyYall pemiaTh CHCTEMHI ¢ IBYMA COCTOSHMAMH, TO AaBaiiTe
V3K peluuM mX pas u HaBCer[a B o0meM ciydae OpOASBONBHON0 H,; 7
c4HuTasg TOIABKO, 9TO €O BPEMEHEM OHO He MeHsAercd.

Msr wmiem ofuwiee pemieHHe Hapu TaMHILTOHOBHIX ypaBHEHHI

.1 dC
ih*=t = H,,C, + H,,C,, (7.16)
ifi S = H,,C, - H,,C, (7.17)

dro aumelinpie puddepeHIMANbENE YPABHEHHA ¢ OOCTOAHHEIMIH
rkospunmenrtaMu. 3HAYHT, BCETHA MORHO HAUTH peINeHHS, AB-
NADIECA SKCIOHERINANIbENME (QyBKIUAMUE HE3aBHCHMOW mepe-
MeuHOH ¢. Cuepsa OTHIEM pelieHHA, B KoropwX C; m C, ogHHA-
KOBO 34BHCAT OT BpeMeHH; Bo3bMeM NpobHHe ¢GyHKIHRN

C,=a,e-iot, Cy = a,e-10t,

IoCKOMBbKY 2TO peleHme.OTBEYALT COCTOSRMIO ¢ dHeprueid F—=ha,
TO MOMKHO HpAMO HANUCaTh

C,=a,e-i/mEL (7.18)
C, = a,e-(MEt, (7.19)

rape E 1moxa HemssecTHA H ﬁom{ma ObITh ompefiesieHa TaK, 4TOGH
mapdepennuancasie ypasmeEus (7.16) m (7.17) BRmOAHAINCSH.
Ilpm mopcramoske C; m C, m3 (7.18) n (7.19) B maddepeniu-
anbasie ypassenmsa (7.16) m (7.17) mpomsBojHHe palT mpPOCTO
~—iE/fL, ymHO)KeHHOoe Ha (; mmm C,, Tax 9ro cjeBa OCTAeTCA
monpocry EC, naun EC,. Cokpamasa obuime 5KCIOHEHIHAJHHBIE
MHOKHUTENH, IOIyTaeM
Ea, = Hy 0, + Hy,a,, Eay = Hy 0, + Hysa,,

UM TI0CJIE HepPecTaHOBKHU JIEHOB
(E—H))a,—H,,0,=0, (7.20)
—Hy 00+ (E—H,y,) a, =0. (7.21)

Y rarkofi cmcTeMH OJHOPOAHEIX alrefpamdecKuX ypaBHeHWH He-
HyJneBEe DelleHus i a, U 4, 6yAyT NWMING TOTZA, KOTHA OlIpe-
JIeJATeNb, COCTABICHHHA M3 Kod(pPUINeHTOR IPH @, U a,, paBeH
Hy 10, T. €. ecid

E— Hn - H12

"‘Hzl E"‘sz

Ho xorga ypapHeHWil £Ba M HEHW3BECTHHIX TOKE IBa, TO MOKHO
“oGofiTuch ¥ 6e3 cToNb BO3BHINEHHHX NIpejcrapieHni. Hammoe us

ypasEernit (7.20) u (7.21) maer orHOmIeHHe [BYX K03pPUIHEHTOB
a, B a,, W TN [[Ba OTHOMIEHHA ROJUKHH OmTh pasEe. M3 (7.20)
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MH HEMeeM

ay 1{'12 i)

T EHL (7.23)
a m3 (7.21)

@ _E—FH, 7 94

< = HL (7.24)

ilprpaBruBas 2Tt OTHOMIGHMS, WOJyUaeM, 9To K AOMAEO ya0B1e-
THOPATH PABEHCTBY

(E—H ) (E—H,)— I ,H,. =0.

To ke noavamaock 6m W ms (1.22). B mwfosm cayuae 1as B
WMOAYYAeTCH KBAXPATHOE YPABHeHME ¢ ABYMA POIHCEAAMA:

Jureprua E mMoAKeT EMOTE [iBA 3HAYERDA. JaMersTe, uro oba onm
sewpecmeenHyl, {ovomy ure My, u fl,, BemecTteeHas, a M,
pasHOE Hmﬂzz-:jﬂm}z, TOMKe BOMECTBENHO, X3 K TOMY JKe
ROA0ARATeNBHO.

Ioapsyscs TeM iwe cornamedueN, 970 ¥ padblie, 0003HASHM
6oasmyio srepruo K, a mesbmymp F,. Hueexy

foit o | - 2 v ) 7 on

Ey= fu ;Hﬂ -+ }/ L 4H2~) == ooy (7.26)
Hyy-+ H,, N Ha— Hyo)? .

Ey="utlu_y/ Eamlel g o1, (7.27)

Iloncrasus Kas®Ayo0 w3 3TuX aneprufl mo oTperrHocrd B (7.18)
w (7.19), moxyInm aMIIATYAM JI5 NBYX CTAMAOMAPHMX COCTOSHANR
(cocrosmmit oupegereunoil omeprun;. Eoxn HeT wakux-anbo saens-
HUX BO3MYNIEHUM, TO CHCTSMA, NOPROFAYANbHO OWBMAA B OXHOM
A3 DTHX COCTOSHUWI, OCTaHeTCA B HeM HaBcerja, y fice Tolbke dasza
Oymer MEHATECH.

Hame pesySspraTh MO:HO TPOBEPETE HA JIBYX GaCTHMX CIy-
waax. Fenn H,=IH, =0, 1o moayzaerca E,=H,, 90 E, =Hy.
A 210 feccOoPHO NPABANBHO, NOTOMY 470 TOT[AA ypaBHeHua (7.16)
n (7.17) He cBA3AHE W K®EN0E GPENCTARIACT COCTOANLE ¢ JHEP-
roeit Hy, 7 Hy,. Ranee, noaowus Hyy=Hy,=Eou Hyy=H,=—-4,
nppgeM K HalIcHHONY BHIUS peIieHmo:

E,~E,+A n E,=E,—A.

B ofmem caywae aBa pemienus F, o E,, orHOcATCA K ABYM
COCTOAHUAM; MM HX OUATH MOMEM Hd3BaTh COCTOSHHAMU

“PP:II)&‘—(imE’t " llP;;"):%II}e’(i"f"‘En' R
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@ ue. 7.2. YVposnu snepeuu Mnoaeryrs ammuara
8 9ACEMPUNECKOM noAC.

Kpuevie nocmpoens no Popmyaar (7.30): E=E, + VAP uts?

V¥ astux cocrosmuit €, u C, 6yayr pasarbea yparmemusmu (7.18)
u (7.19), rme @, u a, eme moiear ompemelenuro. X orHomenue
paerca aubo popmymoit (7.23), nmbo (7.24). OHH HOMKHBI TAKKe
YAORIETBOPATH ele OXHOMY ycioBuw. Eeim m3BecrHo, 4ro cu-
€TeMa HAXOHMTCA B OJHOM M3 CTANIOHAPHHIX COCTOAHHMN, TO CyMMa
BepOATHOCTEH TOTO, 9r0 OHA OKaskercs B |I) wim |2), momxHa
paBHATHCSA epuHUuUe. CiIeroBarenbHO,

[C P+ Cy =1, (7.28)

AOA, YTO TO e caMoe,
lay 24| ay P =1, \ (7.29)

9TH ycHOBHA He ONPERENAT a; M 4, OXHOBHATHO: OCTAETCHA eI
Ipou3Boa B pase, T. €. B MHOKATENe THIA ¢. XOTA JIA @ MOMKHO
BHIIINCATh ofuiue pemieEnd ¥, Ho o0m4HO ynoOHee BWYHMCHATH WX
B KaKAOM OTHEJIHHOM CIydae.

Bepuemca Temeppr K HamemMy YacTHOMY OpHMEPY MOJEKYJIH
aMMpmaxka B duexrpudeckoM moxe. Ilonesysch spavemmamu Hyy,

* Hanpumep, Kak Jerko y0eiuThes, OHO H3 JONYCTUMHX pelmenuii
mMeeT BUT
Hy, E—Hy

= ) Ao — .
[(E— Hyy)?+ HypH oy 1 T HE—Hyp)+ HypHy
11 N 533 161
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NHj j @ ue. 7.3. Hyuor monerya
avMuare Moxem b6umb  pas-
Deaen SAEKMPUNECEUM NOACH,
& womopox §* ob.adaem epa-
duenmom,  NEPREHOURYAAD-
HELI NYURY.

Uenu

Hoo vt Hyy 53 (7.14) u (7.15), Mpr noayauM a0s aHeprill AByX cra-
1IHOHA PHBIX  COCTOSHUIT BB paKeHUs ’

E,=E,+V A2 p3&%,  E, =E,—V AT4p2é (1.30)

SrH jiBe sHePTHH KaK QYHKINI HANPS/KEHHOCTH & 3IEKTPUIECKOTO
nosist uzobpasenn na ¢ur. 7.2. Korga anexTpuyeckoe mojae HYJb,
TO DHEprum, ecrecTeHno, obpamatorca B Ey+A. lpu Hanoxenun
DAEKTPHUYECKOTO TIoNsT pacliemienue ypoBHedl pacter. Cnmepra upu
ManHX & OHO pacreT MeJeHHO, HO 3aTeM MO:keT CTaTh OPOIOP-
nuoHANRHMM &. (Jra auHusa — ruunepbona.) B cBepXcurbHAIX
MOJAAX YHEPTUH ITONPOCTY PAaBHHL

E1:E0+PL(§:H11y E[;:EO—H(QO‘—“HM. (7.31)

Tom diakm, wmo y asoma cywyecmeyem amnaumyda nepedpoca
88epx — 6HU3, Masocyujecmeer, ko2da suepzuu 6 amuxr 0eyr noao-
HCEHUAL CUALHO OMAUNAIOMCA. TO MHTePeCHHIH MOMEHT, K KOTOpO-
My MBI II0O3/He eINe BepHeMcH.

Temepb ME HaKOHEN T[OTOBH HOHATH HeldcTBHE aMMHATHOIO
mazepa. Hpea B caenyromem. Bo-nepBoX, M HAXOTHM crocof
OTHENeHUA MOJIEKYN B cocToAHHM [/ ) OT MOZEKYJT B COCTOAHHU
({1 *. 3areM MOJEKyJH B BHCIIEM 3JHEPreTHYCCKOM COCTOAHMUIT
|[I> mpotycRaoTes 4epes3 mMoNoCTh, Y KOTOpol pe3soOBaHCHAA dacrora
pasua 24000 Mey. Moneryasl MOLYT OCTABHTh CBOIO JHEPIHIO
gosocru (cmocof Oymer MBJIO:KEH No3Ke) U MOKMHYTH IOJIOCTH B
cocrospun |/ ). Kaspasa Mosekyna, coBepIIHBIIAA Takod mepe-
X0, mepefact mojoctu smeprmo E=F,—FE,,. dreprus, orobpan-
Hasl Y MOJEKYJ, OPOSIBUTCA B BHJE dJIEKTPHISCKOH SHEpPTHH HOJIO-
cTh.

Har e pasgeanTh [Ba MONeKYyJIAPHWX cocToAnua? Onnm
¢roco6 Takod. AMMMAYHHI Ta3 BHIIYCKaercA TOHKOH crpyiroil m
IpoXoauT Yepes mapy wieded, cosnarolux yskuil mygor (pur. 7.3).

* Teneps MbL ouaATh GymeM mnucats | I> m | II> BMecto (> ® | Y.
Bi JOMHKHE BCHOMHHATL, 49TO HAcTOAMEE COCTOSHUA | Wp> X | Y5> cyTh
pHeprerudeckye 0a3WcHBIE COCTOAHPA, YMHOXEHHEe Ha COOTBETCTBYIOINHE
AKCHOHEHIMANbHEH MHOMKUTENb.
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3ateM TY4YOK HpPOHmyCKaercs depes obaacTb, B KOTOPOil mMeeTcd
CHIbHOE DOoIepevHoe aJeKTpriecKoe none. Cosmaonue more siaeKT-
POJBL M30THYTHL TaK, 4TOOBl 3JIEKTPHUYECKOE TOJE TOHEePeK IIydKa
pesko MeHadoch. Torma KBaapat & - & dJIexTpUYECKOTO I0AH Oymer
nMerb O0ONBINOH TpajiueHT, IEPHEHJUKYJIAPHBI Oyury. A y Mo-
JeKyJB B coctosHuu |[ > aHeprus ¢ &° pacrer, 3HAYMT, 3TA 4aCTh
OydYKa OTKJIoHWTCA B obiactb Meubmmx & 2. Mosexyaa ke B co-
crosinu |[[1 ), naoGopot, OTRIOHNTCS K odaactu, Tae &2 moboase,
HOTOMY 9TO ee 9HepTis Ilajlaer, Korga &2 pacrer.

Hevarn, mpu TeX DJIEGRTPUYECKUX IIOJMAX, KOTODHIE YyAaercs
reHepHpoBaTh B jaopaToOpHN, dHEPrius U@ BCETHA MHOIO MEHbB-
me A. B aroM cayuae ropeHb B ypaBuenun (7.30) mpulamxeHHO
paBeH

PR e - a
Bo Bcex mpankrtuueckux CIydYasX JHepPreTHYeCKUe yPOBHW, CTaN0
OHTh, PABHB

282 .
E;=E,+A+b— (7.33)

u .
E =E,— 442 (7.34)

u pHepruu ¢ &2 Mensrorea auHeiino. [leficTRywias Ha MOJeKYJIh
cujla TOIjla paBHa

F_! oo (7.35)
54 VO

JHeprud B JIEKTPHYECKOM II0J€ Y MHOTUX MOJEKYJ IPONOPIHO-
parpia &2 Kosgdumuent — s10 mONAPU3YyEMOCTE MOJEKYJIH .
[TonsrpuayemocTd ammuaxa HeoObBYHO BhicoKa: y Hero A B 3Ha-
menaTere odeHb Mato. Crajio GBITH, MOJTEKyJIH aMMHaKa OYeHb
9yBCTBUTENbHE K 3JIEKTPHUYCCKOMY ILOJI0.

§ 3. Hepexodot ¢ noae, 3acucauien em GpeMeHy

B amMuaysoM Masepe TydYoK Moderya B cocrogmum |[) u ¢
smeprueil F, mponyckaercs depes pesoHAHCHYI IOJOCTh, Kak IO-
Kasauo Ha ¢ur. 7.4. Hpyrofl mydor orBoguTcs Ipoub. BHyTpu
TIOJIOCTN CYHIECTBYeT MeHAUIeecs BO BPEMERM 3JIeKTpHYecKoe
ToJje, TAK 4TO Hamieli ouepe/fHOIl 3ajjadell ABUTCA H3yueHUE IOBefe-
HHUSA MOJERYJIH B JJIEKTPUIECKOM IOJe, KOTOpOe MeHseTcsi BO Bpe-
MeHH. JTO COBEpPIIEHHO HOBHE POM 3ajad — 3ajada ¢ TraMuIbTo-
HHAHOM, MeHsgounMcsa Bo BpemeHu. Pas H;, sasucur or &, To n
H,, Menserca BO BpeMeHH, W HaM HAJJIe;KUT OLpPENIHTH IOBe/e-
HHME CHCTEMHl B JTHX 0GCTOATENhCTBAX.
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D uye. 7.4 Cremamuueckoe usobpaxceHue
aMMUAUHO20 MAsepa.

[na Havaza BHOMOIEM ypaBHeHUA, KOTOPHE HY;KHO pPeIINTh:
£ dC
ih _}:(Eo‘l“uéj) C,—AC,, (7.36)
ih 82— AC, +(Ey— ) €.

JIJIH OIpeAeJeHHOCTH IIOJO0HHM, YTO JJeKTpUYeCHOe IIoJe MEeHA-
eTCA CHHyCOHJAJhHO;, TOI'Ja MOMHO HaOucarhb

& =28, cos ot =&, (e +-e ). (7.37)

Ha camom pmene gacrora o Gepercsa Bcerga odeHb OAMBKOH K peso-
HAHCHOIl acToTe MOJEKYJIAPHOro mepexoma w,=24/k, HO ToKa
MH I8 obIHOCTH OyJeM cYuTaTh (» HPOM3BONLHON. Jlydmuil cmo-
¢of pemnTh HAINW YPaBHCHHA — 3TO, KaK M Hpeskiae, COCTABUTH
us C, u C, nugeitusie KomOuuanuu. CroxuM mosToMy ofa ypas-
HeHus, pasgenum Ha )/ 2 u BemoMHUM ompefenenus C ;8 Cp us
(7.13). Iloayuum

if Ca1— (B, — 4) €,y + p &€, (7.38)

Bu Bugure, uyro sto moxozke ma (7.9), HO mosBumica KoGaBOYHELIL
9IeH 0T 3JEeKTPUIECKOIro mods. PaBHEIM 00pasoM, BEIYHTAas ypas-
menus (7.36), monydaem

it S0 = (E, 4 4) €, + péSC,,. (7.39)

Bonpoc Temeph B TOM, KaK pEIIUTH TH ypaBHEHHs. IT0 TPyQ-
Hee, yeM IPEKJe, HOTOMY 9TO & 3aBHCUT OT f; ¥ JEeHCTRUTEIBHO,
npu obmem &(f) pemeHne He IPefCTaBUMO B DIEMEHTA DHHX (yHK-
mmax. Opmpaxo, IOKA DIEKTPUIECKOe IOJe MAJIO0, MOMKHO m06HThHCA
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xopomero mpubnmuenus. Coepsa HamumeM
C =y Bt ih — YI?—i Eptk

C”:,Y”e—i(Eo—A)t/h:,Y”e—i(E”)t/h. (7.40)
Ecnum 6n aaekTpuueckoro mois He Owio, To, Gepa B KadecTse
Y; ¥ Y;; ABe KOMIUIEKCHEIE IIOCTOSHHbIe, Mbl OH NOJYyYWIH Ipa-
BIJILHOE penieEue. Belb TOCKONBKY BEPOSATHOCTE OHITL B COCTOHA-
mun | ) ects xBagpar Mopyis C,, a BepOATHOCTH OHITH B COCTOsA-
Bnn |I1) ects xBajgpaT Mopyas C,,, TO BepOATHOCTs OHTH B CO-
croanuu [/ ) wan B cocroanuu [I1) pasra mpocro | v, |? unu | vy, |2
Haupumep, ecnn 6u cucremMa HATMHAIA PABBUBATHCA U3 COCTOSHUA
[Ty Tak, uro y, Owiao 6w Hylem, a |y, |>— egwHuned, ro sTH
yCIlOBAA coXpaHmwiInch O Hascerga. Moaeryna us cocrosimua |[1 )
HEUKOIZA On He mepemuia B cocrosHHe [[ ).

ITonp3a sanncu pemenwii B dopme (7.40) cocrour B ToM, I10 OHO
COXPAHSET CBOU BUJ M TOTJd, KOTHA €CTh 3JIEKTPUUYECKOE ToJe,
€cau TOJIbKO t§ MeHbIme A, TOABKO Y, U Y, IPH BTOM CTaHYT Mef-
JeHHO MeHsomuMucsa (yHxnuaMu Bpemenn. «Menendo MeHsA©-
myecA» O3HAYaeT MEIEHHO 6 CPASHEHUU ¢ BKCHOHEHI[MAJbHBIMA
dyernusaMu. B stom Bech foryc. Ilas moayueHHs npuOIMKEH-
HOTO pemeRHd HCHOONb3yercA TOT akr, 9ro y, U Y, MEHAITCA
MeJlieHHO.

IopcraBum temeps C,; us (7.40) B nudpdepennuannHoe ypasHe-
upne (7.39), Ho BCIOMHEM, UTO Y, TOjke 3aBHCHT oT f. Mimeem

£ dC . £ d ]
ih EI= E y,e Bt + ik lg—’e—‘Eﬂh.
npdepennuanseoe ypasHenme ofpaimaerca B
P
<E1Y1+ih C%') e~ WM EL = Ey e~ M EL L u Sy e~ E ;L (1.41)
PasuariM o6pasom ypapHemnme muas dC,,/dt oGpamaerca B
p m
1 d . . .
(E,,y"—i— ih ;_t”)g-a/h) Ept=E g~ Eyt 4 ny,e= @M Ef (1.42)

Obparure Temepbh BHEHMaHNe, ure B 00eMX 9YaCTAX KaKIOro ypas-
HOHUA MMEIOTCHA OfWHAKOBHE dieHh. COKpaTuM UX W YMHOKHM
mepsoe ypasHerme Ha ¢ *iE[/h | a propoe na e+iE itk Benomumast, uTo
(E,—E,)=24=Hho, M B KCHIOE KOHIOB HOJyYaeM

ih &Y = & (1) eiorty,,, 7.43)
( .

ik %l= nd (1) e~iooty |
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ITonyannacy moBONBHO IpocTas Hapa YPaBHEHUN — ¥ IOKa elle
rounas. IIpomsBomHasa or ofHOH mepeMeHHOH ecTh QYHKHUA OT
BpeMern pS(t)ei%!, yMHOMeHHAS HA BTOPYI TepeMeHHYI; TIpo-
U3BOOHASL OT BTOPOH — Takas jke QyHKUUA OT BpeMEHN, YMHOMKEH-
Ha#A Ha IepByw. XOTH 9TH OPOCTHE ypaBHeHHs B o0meM He pemua-
J0TCS, HO B HEKOTOPHIX YACTHHRIX CNyYasgX MH peIliM HX.

Hac, mo kpaitgeil mepe cefivac, mHTepecyeT TOIBKO ciaydail Ko-
nebGHomerocss IeKTpuIecKoro moid. Baas &(t) B dopme (7.37),
MH YBWIUM, YTO ypaBHEHUA JJsA Y, H Y, oOparaATca B

ih DV = p 8, [ei@ =00t 4 emiwm0n t]y (7.44)
R

it dY,I =&, [eio- mn)t_l_e—i(m»rwo)t]y

W sor eciu §, FocTaTOMHO MaN0, TO CKOPOCTH M3MEHEHUs Y, # Y,
roxce 6ynyr maisl. Ofe y He 6yLyT CHILHO MeHATHCA ¢ I, 0cobeH-
HO B cpaBHEHUM ¢ OBICTPHIMHM BapuAIlUAMH, BHIBEIBAEMBIMH DKCITO-
HEHINATbHEIMY WieHaMi. Y 3TUX JKCIOHEHHUATBHEIX YJIEHOB €CThb
BeIIeCTBEHHbIe H MHWUMEIE 9aCTH, KOTOpPEE KomeGJanTcs ¢ 3actoroi
0+ wy Win 00—, YaeHs ¢ wacroroil w+w, KoaebIIOTCA BOKPYT
cpefHero 3HadeHNsA (HYJIs) OYeHBh OBICTPO W ILOITOMY HE [amyT
CIUIBHOTO BKJAala B CKOPOCTH M3MeHEHHs Y. JHAUHT, MOKHO CHe-
JaTh BECBMA pasyMHOe NOpPHOAWKeHWEe, B3aMEHWB DTH UIEHH nX
CpeIHMM 3HaueHHeM, T. €. HyJeM. VX mpocro ybupaioT u B raue-
cTBe TmpubnmxeHns GepyT

g d .
i gtl =pSemt O iy,
(7.45)

g d .
i O g g0y,

Ho pmaske u ocraBmrecd 9leHsl ¢ HoKaszaTeIAMW, IPOHOpPLHOHATL-
HEIMH (0—©,), MEEATCA GHCTPO, €CIH TOIBKO ( He OIH3KO K ®.
Tonabko Torga mpaBas cTOpoHa OyHeT MEHATHCA AOCTATOYHO Mej:
JEHHO s Toro, 9ro0n Habexaso Golburoe 9Heiao, HOKA HHTET-
pupyeurb 5T ypasBHeHud uo ¢. MEmMu ciaoBamm, mpu cralon
BAEKTPHIECKOM II0J€ HM30 BCEX YacTOT NPEACTAaBIAIT BaKHOCTEH
AWMb Te, KOTOpHE OIUBKH K .

Ilpm Tex npuGiamennsix, KOTOphe OHIHM CHENAHH IS TOTO,
9T00K TOXyuuth (7.45), 3THM YpPaBHEHHA MOKHO DEeIINTh ¥ TOYHO,
HO pafora dTa Bee ke TPYAOEMKAS, W MBI OTIOKUM €€ HA JPYyTroe
BpeMs, Korga ofpaTeMca K Apyroil 3agade Toro sxe Tuna. Iloxa e
MEI HX IPOCTO PemiumM TpUOAMKeHHO, WIH, Jydile CKasaTh, Haligem
TOYHOE peHieHNe A CJIyuYad HAealbHOI0 pe30HaHCA W=, H’
npulamKeHHoe — A Yacror GAHM3 pe30HAHCA.
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§ 4. IHHepexodvt npu pesonarce

IlepBrm paccmorTpum caydail HpealsHOro pesoHanca. Ecan
TMOJOKIATE =W, TO DHKCHOHEHTH B 060MX yparHeHusax (7.45)
CTAHYT PAaBHEIMH €NUHUIE, ¥ MH HPOCTO HOJYYUM

dy; _ _ in&, dy;r_ g, (7.46)

ar £ Y = 5 Y

Ecau u3 atux ypasmeHuii MCKIIOTUTH CIEPBA Y,, & MOTOM Y, TO
MBI YBHJMM, UTO KaiKJoe W3 HHUX yIoBJIeTBopser AnddepeHNUaTb-
HOMY YPABHEHHIO LPOCTOr0 TaPMOHWYECKOIO NBUKEHU

@—_(”g°>2y. (7.47)

= h

Ofmee penienne sTHX ypaBHEHUI MoykeT OBHITh COCTABIEHO U3 CHUHY-
COB UM KOCHHYCOB. JleIrkKo DpoBepUTH, UTO peIleHUAMH SBJIAITCH
clefyiollue BhlpaKeHHuA:

Y, = acos <“Tg">t—{—bsin <E;:;9>t,

Y= ibcos <Eﬁg—°> t—iasin (%") £

THe a M b — KOHCTAHTH, KOTOpHIe HAfO eIlle ONPENeanTh TaK, ITo0K
OHU YKJIAJBBAJUCh B Ty WIH WHYKH (QHBHYECKYI CHTyaLMIO.

K mpumepy, npegnonomum, 910 npu {=0 Hama MoJeKyIsApHas
cucremMa OblIa B BepXHeM sHepreTwdecKoM cocrosHum |I), a ato
tpedyer [us ypasmenus (7.40)], wrobw y,=1 u y,=0 mpu ¢=0.
Luas raxkoro caywas goimmbo Owre a=1 u b=0. BeposTHOCTH
TOT'0, YTO MOJEKYJIa OKA;KETCA B TOM iKe cocTosgHuu |/ > B KaKoi-TO
nosjHedmuil MoMeHT f, paBHa KBajfpaTy MOLYJA Y, WIH

P,=|y,[*=cos? <E‘£~°> t. (7.49)

(7.48)

Todno Tar ke M BePOATHOCTH TOTO, YTO MOJEKYJa OKAKETCH B
cocroaHun |[1), faercs KBagpaToM MORYJIA Y

Po=|v, |2:sm2<“7‘;’°£>t. (7.50)

IToxa & Mamo u moKa MH HAXOJUMCA B PE30HAHCE, BEPOATHOCTH
JAaOTCA TPOCTHIMHU KodebarelbHEIME ¢yHKuuamu. BepoaTHocTh
OnTE B cocTofgENMY |/ ) majgaer OT eMHUUBI [0 HYJA U BO3pacTaer
OIATh, a BEPOATHOCTH OHTH B cocTosiHEM |/ ) pacTer or HyJA 1o
efuHunH ¥ Haobopor. VaMenenne obeux BeposaTHOCTEH BO BpeMeHH
mokasaso Ha ¢ur. 7.5. Hewero u rosopurb, 910 cymma obeux
BeposiTHOCTell Bcerja paBHa eJUHNIIE; BeJb MOJEKyJka Bcerja Ha-
XOAHTCS B KAKOM-MO COCTOSHUH.
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\\ | //
g ! 2 t
t 6 edunuyax wh/Zug,

D ue 7.5 Beposmuocmu oGoux cocmogiull more-
KEYA GHMMULEG 8 CURYCOUDLABHOM OACKMPUUECKOM
roae.

Honoxum, 410 TMpOXOMKACHNE Wepe3 HOJTOCTh 3aHIMAET Yy MO-
nexyase Bpemsa 7. Ecianm chmesnarh ToJd0CTh KaK pa3d TakKoil AJIHHEH,
uTobm GEn0 ué,T/fi=n/2, To MoleKkyia, HEpA0mAst B Hee B CO-
crostiun |/ >, HaBepHAKA BHHbBIpHeT u3 Hee B cocromEmu |I1).
Ecnn oma Bomsa B moJiocTh B BEPXHEM COCTOAHHWH, TO BHIiifleT u3
HOJOCTH B HinKHeM. MHEIMM cJIOBaMH, ec 3Heprus ymajmer, U 3Ta
ToTepA dHepIrum He cMoiker IepeiiTu HW BO 4TO Apyroe, a TOIBKO
B MEXaHu3M, KOTODHI reHepmpyer noide. [leTajum, KoTopwee mO-
Moriam Obi BaM pasrafmerh, Kak MMEHHO DSHeprued MoJEKyJnl
nuTanTCH KodebaHMA IMOJMocTH, HE TaK y# IPOCTH; OJHAKO HaM
U He HY;KHO BCE 9TH Jerajd #3ydJaTh, MOTOMY 9TO HMMEETCSH TIPHHIII
coxpanenusi smepruu. (Mer Morim Omi, ecim 6B 970 6HTO HYIKHO,
H3YIUTHh WX, HO TOTHA HAM OPHILIOCH OB MMETh JeN0 ¢ KBAaHTOBOM
MeXaHuUKOH 1oJsA B TOJOCTM HApARY € KBAHTOBOH MeXaHHUKO
aTroma.)

Hognmroknm. Mosexkyia BXomuT B HOMOCTH, TOJE TOJOCTH,
KoJeOomieecs ¢ Kak pas HysHOH 9acroroll, HHIYUHUPYeT Hepexo-
IOH ¢ BepXHEIo COCTOAHEA HA HuHee, ¥ BHCBOOOKIaeMOll sHepruei
muTaeTcs ocnulaupyomee mote. I3 paboranomuii Mazep MOTeRYIH
JOCTABASIOT HOCTATOYHO HHEPrUM A TOTO, 9TOOBl IHOMAJep KuBa-
Auch KoneGaHus IOMOCTH, e XBATAET He TOJHKO HA TO, YTOOH BO3-
MECTHTH IIOTePH B MOJIOCTH, HO IT Ha TO, 9ro0n HeGoabnine u3OuTKA
HHEPIAN W3BIEKAJINCh M3 T0JOCTU. VITak, MoNeRyJTsapHas sHePTUs
IpeBpallaeTcs B 9HEPrHi0 BHEINHETO JIEKTPOMATHHTHOIO TONSA.

BcnomuuM, 49ro mepex BXoJOM B TONOCTH HAM IPUXOAHIOCH
WOAE30BaThCH QMIBTPOM, KOTOPHIA pasfensy OyToK Tak, 9ro B
IOJOCTh BXOAHIO TONBKO BepXHee cOCTofHHUe. JlerKo IoKasaThb,
YTO, €ciy 65 MHl HAYAIH ¢ MOJEKYJ] B HUJKHEM COCTOSHHUH, IPOLECC
momeX O R APYTYI0 CTOPOHY M dHEPTHA OT IOAOCTH or0upanack
66l. Ecau 0ye1uaTh B HOJXOCTh HeQUIBTPOBAHERH MYyYOK, TO CKOJb-
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Ko Mosexysx Oymer orbuparh 9HEPTHI0 OT HOJOCTH, CTOJIBKO Ke
#3 HUX OyHeT OTHABATH eil CBOIO HHEPIHI0, W B HTOTe HUYETO He
ciayqanrcs. B HacToAamem Masepe, KOHETHO, He 0053aTelbHO JeNaTh
(1S, T/h) Toumo paBmmM m/2. U mpm Apyrux sHaUeHHAX (KpoMe
TOYHRIX KPaTHHX fI) CYHECTBYeT KaKafA-TO BEPOATHOCTH IEePeXofioB
u3 cocrosuaud |/ ) B cocroanme |[1). Ho npu stux Apyrux sHade-
HEAX upubop yike He mMeeT K. m. 4., pasmoro 100%; mmorme us
MOJIEKYJl, MOKUJAKIUE TOIOCTh, MOTIn Obl CHalOUTh ee BHepruei,
HO HE CHeJall 3TOro.

Ha camoM meme u CKOpOCTH MOJERYJ HEORHHAKOBE; OHH pPac-
npegenenn mo Makceerny. 910 03HaTaer, 9TO HeaTbHEE MEPHO/IK
BPEMEHH [JA pPasHHX MOJERYJI OKAKYTCH PABIMYHBEIMH, M HEBO3-
MOKHO IONYuYMTh K. I. #., pasHoifl 100%, cpasy mist Bcex moue-
Kyn. BooGasok mMeercs ellle OgHO YCHIOKHEHHe, KOTOPOe, mpasaa,
JErKo NPHHATH BO BHUMAaHHUe, HO Ha 9Toil craguu Mel He GymeM um sa-
HuMaThcA. BH IoMHHTE, 9TO DIEKTpPUYecKoe MOJle OOLTHOC MeHf-
erca B modoctu oT mecra K Mecry. Horga Mmonexyas gpefigyror
BONE IOJOCTH, BJIEKTPHIECKOEe Holde O0au3 MOJIeKyJl MeHAeTcH
HKAK-TO 09eHb CIO0KHO, CAOMKHEe, YeM IPeNoI0sKeHHoe HaMu o6kT-
HOe cuHycougalbHoe koaebamue. flcHo, uro jsisa Toudoro pemexms
3aa9M CJAeqoBajo OK BOCIOXb30BAaThcA Ooliee CIAOKHBIMHU WHTEI-
PHpOBAHUAMH, HO OOH{ast HIesl OCTaeTCs HPesKHeil. ‘

Mosxuo mMaseps ycrpamsBaTh U mHade. He oTgenasrs mpuGopom
Iirepaa — lepraxa aroMer B cocToAEum |/ ) 0T aTOMOB B COCTOH-
Hum |17 ), a coGparb aToMH B Kakoi-To HmoJocTu (B rasoofpasHoM
HIH TBeDAOM BHJe) M KaK-TO NEePeceiuTh uX ua cocrosnusa |[[1)
B cocrosirue |[ ). OpguH Takoll cmoco6 mpuMeHseTcs B TaK HABH-
BaeMOM TpeXypoBHeBoM Mazepe. JLisa Hero MCIOOIB3YIOTCA aTOMHBIE
CECTEMBI ¢ TpeMs ypoBHAMU 3Hepruu ($ur. 7.6) m co clenyomuMu
coenuagbHEIMU cBofcTBamu. CHcTeMa woraomaer uanyveHwe (CKa-
JKeM, cBer) ¢ aHeprmeil Ao, I TePEXOAMT 0T HU3MEro YPOBHs 3HEP-
run E,, x KakoMy-To Goslee BHICOKOMY ypoBHIO E’, a 3areMm OHCTpO
ucoyckaer QOTOHR ¢ pHeprueil Hw,  IepexoduT B cocrosuue |[ > ¢
sHeprueit E,. ¥ cocrostuus | I ) Oonbmioe BpeMs JKWSHH, Tak 9TO

r\\/&

fiw, hw,

D ue 7.6. Vposnu snepeuu
«mpexyposHesozoy Mmasepa.

AYAVE VaVaWV.
b_‘l"'l
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€ro HACETeHHOCTh MOKET BO3pacTu; CO3JAI0TCA VCeIoBHMA, OIaro-
npuaTcTRyOmue pafore Mazepa Mexpy cocrosiHuamu |[[) u |11,
Xorss Takoil mpuGOp HABHBAKT (TPeXyPOBHEBRIM» MA3€pOM, HO
caMa MazepHas OpoIlelypa Ha CaMoM pgede TPONCXOIHT Tar e,
KAK W V ONHCAHHOI HAMU OBYXYPOBHEBOIH CHCTEMHI.

Jlazep — o1p Bcero-mascero Masep, meficTBYWOIMUI Ha CBETO-
BEIX wacToTax. «lloftocTh» 1aszepa OOBIYHO COCTOMT HOMPOCTY H3
JBYX 3epKat, Me:KAy KOTODHMH TIeHepHpYIOTCA CTOAYHe BOJIHEL.

§ 3. Iepexodst eue pesoinanca

Haxonen, xorexoch 65 BHISICHUTH, KAK U3MEBAIOTCH COCTOSHIIS
B YCJOBMAX, KOI/la 4acTOTA WOJIOCTH, XOTA 1 OA1U3KAa K w,, HO He
coBmajiaer ¢ Heil. 9Ty samauy MORHO OO Obl PEUINTH TOYHO, HO
MBI He OyJIeM LHITATBCH ATO HeaaTh, a OOPATHMCA K BAyRHOMY CJay-
9310 MaJO0r0 2JIEeKTPUYECKOro I0JAf N Maloro IpOMe:RyTra BpeMe-
Hu 7', TaK 9ro pé’oT//l MHOTO MeHblne egnauipt. Torja gaske B cay-
yae y;Re M3YYeHHOI'0 HaMU HIeajbHOr0 pDe30HaHCa BEepPOATHOCTb
mepexofia oueHb Masta. BypeM ucxopgnth onsith U3 TOTO, WTO y,==1
u v,,~=0. Torpa Mu BopaBe 03kupaTh, UTO B TeYeHIE BCEIO BPeMeHH
T mama BenmumHa Yy, ocraHetcsa Oausroil K eamnmnme, a y, Oyner
MaJjioil II0 CPaBHEHHUIO ¢ euHuIeil, u 3agaua observaercs. M3 sro-
poro ypasHeHHsi (7.49) MBHL MO/KeM HOJCUUTATbL y,,, TPHHIMAH Y,
pasHo# epumHume w uHTerpHpys or t=0 po t—17. Ioaywaercsa

< . 1'((1)—(1)())
vy =2 [L——*'——P T] ~ (7.51)

3 O — M,

Jro Ta BeIHYHHA Y,,, KoTopas cTout B (7.40), 1 oHa faeT aMOIuTy Ry
TOr0, YTO Hepexof u3 cocrosunsa |/ ) B cocrosHue |[1) npousoi-
ger 3a Bpemsa 1. Bepostrocrs P (I—II) Takoro mepexoja paBHA
[y, % nam ’

PU—ID =]y, = |

wé oI )2 sin? [(0—wg) T,2]
0 J [(U)—UJO)O]‘,ZJz . (7.52)

i

Hurepecio HauepTHTh 3Ty BEPOATHOCTH HpU (UKCHPOBAHHOM
Bpemerut 7 Kak (QYHKIUI 9ACTOTH WOJOCTH, YTOOBI IIOCMOTpPETH,
HaCKOJBKO TyBCTBUTEJABHA OHA K wyacToraM OJN3 pesoHAaHCHOIl da-
crothl ®,. Hpusan P (I—I1) noxkasana ma ¢ur. 7.7. (Beprurann-
Hafg mKaza Objia momorHaHa tak, 4ro0pl B OHKe OblJla eQUHHIA,
OV 9TOTO PAasleiHIH HA BeIUIUHY BEPOATHOCTH HPH O =0,.)
C nmogofHHMM KPHBHMH MB BCTpEYalMCh B Teopum IUpaxknuum,
TAK YTO OHW JOM:RHLT OBITh BaM 3HAKOMEL. H{puBasg MOBOJBHO pPesKo
nagaer 7o HyJds npu (0—o,)=2n/7 u H#EKorga Ipu O0JbmuX
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@ ue. 7.7. Bepoammnocmd neperoda Jan  MOAEKY.lbl
AMMUGKE KAK PYHEYUL LaACmOmb.

OTKJIOHEHNMAX YaCTOTH CHOBA HE JOCTHIAaeT 3aMeTHOH BelWIHHE.
ITogaru Bes maomangp Oof KPUBOH JeskutT B mpepenax -+ /7. Moxuo
@

HoKasaTh [¢ momMompo GopMyJIsl S (sin®z/z?)dx =m], dro mio-
-~ >

manh mof Kpupoit paBHa 2rn/T u coBmajaer ¢ mIOMAAbI0 BHLAETEH-

HOTO MITPUXOBaHHON NWHHEH NpPAMOYTOJIbHHUKA.

ITocMoTpuM, 4To 3TO JaeT [JA peajbHOro Masepa. BosbMmem
pasymuoe Bpems npeOnBaHuA MOJEKyJIH aMMHaKa B HOJIOCTH, CKa-
meM 1 mcer. Torma miana f,=24 000 Mey MOHO HOXCYHTATH, UYTO
BEPOSATHOCTh HafaeT Mo Hyias Ipu orkiaoHenuax (f—fo)/fo=1/foT,
T. ¢. mopagka 5-1078. OwesugHo, YTO AJs 3aMeTHHX BepOATHOCTEH
mepexofa 9YacTOTHI FOJMKHE OYeHb TOUHO COBHAJATh C ©,. OTOT
speKrT ABIALTCA 0CHOBOM Tol GOABNTON TOYHOCTH, KOTOPOA MOKHO
JOCTHYb B «ATOMHEIX» 9acaxX, pafoTalomuX Ha OpWHIUOE Masepa.

8§ 6. Hocrowernue céema

Hame nsaosxennme mpuMenmMo ¥ K 6ojdee o00meMy caydaio,
YeM aMMuATHHEIA Masep. Mu Bemds maywaiaum moBefleHie MOJEKYJIH
HOJ, BIAVSHHEM DJIEKTPUYECKOTO MOJA HEe3aBHCHMO OT TOTO, 3aKJIO-
YeHO OHO B nodocts wiam HeT. IlpocTo Mo:kHO 0RO HampaBuTh
OyYOK «CBETa» — MHUKPOBOJHOBOH YacToTHl — HA MOJEKYAy H
HCKATh BEPOATHOCTh WMCHYCKAHMA Wiu moriomeHus. Hamu ypas-
HeHNA HUIYTh HEe XyyKe OPUMEHHME H K 9TOMY CJIYydai, HO TOJBKO
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Jydule mepenucaTh WX Ha A3HIKE UHMEHCUSHOCTI M3NyIeHNuA, 4 He
BIEKTPHICCKOTO ToJsi. Fenu ompemerurh HHTEHCUBHOCTH & Kak
cpeqHUN TOTOK PHEPIMH 9Yepes eJUWHUNY IJIOMAAH B CEKYHAY, TO
us ra. 27 (sum. 6) caemyer

1
Gg/w = SOC2 | 6, x B ICPC}I = 3‘ 80("2 (6 X B)Maxc = 28066(2) ¢
(Marcumym & pasen 28&,.) BepostHocTs mepexona mpuHHMaeT BT

P([—INy=2m |t | griivlle—w) I/2] =g 54
dreghe [(o—wo) T'/2)

O6praHO ¢BeT, ocCBemawmui DmofofHYI0 CHCTEMy, HE TOYHO
MoHoXpoMarndeH. 110aToMy WHTEpPECHO PEIINTH elie ONHY 3agady-—
MOJCUATATH BEPOHTHOCTH LEPexojad, Korga HHTeHCHBHOCTh CBETa
Ha eNMBHIly HETEPRAJA 9acToT paBHa & (®) W DOKpnBaer coboi
HIHPOXKYI0 [0J0CY, BRINTAWIYI ®y. Torga BepOATHOCTH IEpPexo-
za or [{) x [{I) obGparurca B nHTerpan

. gin? (co—m)T/Z] )

Hax mpapnio, J (o) MeHAETCsA ¢ ® MeAJeHHEe, I€M OCTPHIE pes3o-

HamcHbid garrop. OTH HBe QYHKIME MOTYT BHIVISAETH TaK, KaK HO-
RasaHo Ha ¢ur. 7.8. B Takmx cayvagx MoKHO 3aMeEUTH  (w)

!

g(w) 4

J(w)

@ ue. 7.8, Cnerkmpassnan unmencusnocmes & (0) moxcem
bumb npedcmasaens caoum IHANCHUEH NPU Ug.
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ee 3HaueHNEM J (0,) B LieHTpe OCTPOH pPe3OHAHCHOH KpPUBOH H BHI-
HecTH u3-mox uHTerpaja. OcraBumiica wHTErpanx — 3TO HPOCTO
uiaomanhb HoX Kpuroil Ha ¢ur. 7.7, KoTopas, KaK H3BEeCTHO, paBHa
2rt/T. Mu mpuxoguM K pesylbrary

2
p(1_>11):4n2[ u ,—} T (0,) T. (7.55)
4neghie

JTo oueHb BaiKHBII pesdyabrar: neped HaMu 00waAs Meopus
NO2A0WEHUS c6ema A0G0U MOACKYAAPHOL UAL AMOMHOL CUCEMOL.
Xord MBI BHauaje cumMTaau, 4ro cocrosume |[> obGmagaer Goiee
BBICOKOII pHeprmell, ueM coctogHHe |/l ), HO HURaKme HAIIM pac-
CYIEHHA OT TOTO He 3aBuHceli. ¥ pasHenue (7.03) cobaopaercs
# TOTAA, KOPga 9HEPIHs COCTOoslHUA |/ ) Husce dHEPTHI COCTOAHUS
[{1>; trorga P (I—II) npencrapaser co6oll BepoATHOCTL Nepexopa
¢ noesocwjenueM YHEPIHU OT Hajaomell 3JIeKTPOMArHWTHON BOJHEL.
[Mornomenue aroMmoll cucreMoil cBeTa Beerja mpeAmoJaraer, 4To
BMeeTCs aMILIUTY/a M [epexofia B KoJeb.IomeMcs dIeKTpHIe-
CKOM IloJie MeKIY COCTOSHUAME, OTJMYAIIMMUCA HAa DHEPLUI0
E=Hhwo, B RaaoM 0THeAbLHOM clydae OHAa PACCYNTHIBAETCH TAK A€,
Kak MH 9T0 Opofedlaniy, M TaeT BhpajkeHus Hamogobme (7.39).
[loaTomy Mu moguepkHeM ciaepymoinue cBoiicTBa 3Toll GopPMYJIHL.
Bo-mepBrx, meposTHoCTb mpomopuuoHanbHa 1. MueiMu ciosami,
CYIIEeCTBY €T HEeH3MEHHAs BEpOSTHOCTh HA eIWHHI[Y BpeMeHu, UTO
mepexof mpowmsoifer. Bo-BTopsix, aT2 BEpOATHOCTH IPOLIOPIUO-
HaIbHA UHMERCUGHOCMY CBeTa, Majaollero Ha cucTeMy. B-tperpux,
BEPOATHOCTH Iepexofa IPonopinoHaIbHa (2, /e, KaxX Be NOMHUTE,
i & ompejiensier sHepreTHIeCKUl C/IBAF, BHI3EIBAeMBIl aJIeKTpHUe-
cknM noxeM &. Io aToll nMenHo DpwinHe P& HOABJIANOCH H B ypaR-
Henuax (7.38) u (7.39) B radecrBe KoapuieHTa CBASM, OTBETCTBEH-
HOTO 32 MEPEX0ji MERAY CTauMoHApHHMU cocTosHMaMu [l du|ll ).
WanMu c1oBaMm, [Ja paccMarpHBABIMUXCA HAMH MajbX & 9ICH
pué ecTh TAR HA3HIBAEMOE «BO3MYIIEHHE» B MATPHYHOM 3JIEMEHTE
raMUIbTOHHAHA, CBA3bBalomeM coctostana [[) u [[1). B obmem
ciydae W& saMenmnoch Owm MarpuanmiM oaemeHtom <JIHI)
(em. ra. 3, § 6).

B ra. 42, § 5 (BuO. 4) MH TOBOpHAM O CBABHM MEKAY HOIJIOLLE~
HHEM CBeTa, BHIHY;KAeHHHM WCIOyCKAaHWEM ¥ CaMOHPOM3BOJLHBIM
HCOYCKAHWEM B TepPMUHAX BBeJeHHHX Jimnreiinom woadduinmen-
ToB A u B. 31ech HAaKOHEN-TO B HAINNX PYKAX IOABISETCA KBAHTOBO-
MeXaHHUYCCKAsT NpOIeAypa miIsA Iojciera JTHX KoddPUIIHeHTOR.
To, wro mb obosnaunau P ([—I]) nas waueii aMMuagHO# [BYX-
YPOBHEBOH MOJEKYJBl, B TOYHOCTH COOTBETCTBYeT KoaddurmenTy
moraomenust B,, B sHHmTelHOBCKOH Teopu:m uamyuenus. Ma-za
CIO/KHOCTH MOJEKYJIH AaMMHaKa — CJIHIKOM TPYAHOH AXA pac-
gera — HAM OPHILICCH B3ATh Martpuyawniil siement (JI|H|{I) B
Bufe u& ¥ rOBOPHTH, UTO | U3BIEKaeTcA ua omera. Jas Gomaee mpo-
CTHIX AaTOMHHIX CHCTEM BeJUYHHY W, ,, OTBEJAMMIYI0 K TPOU3-
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BONBHOMY ILEPEXOAY, MOKHO IIONCYHTATh, WUCXOA# H3 Onpe-
neJdeHns

R =<m | H | n> =il ,,. (7.56)

rge H,, — 9T0 MAaTPHYHBIH 3JeMEHT TAMHIBTOHMAHA, YTHTHBAK-
miero BiuAHMe caadoro adeKTpudyeckoro moix. Bemununmsa U,
BHIUHCJIEHHASL TAKAM CHOCOOOM, HABHIBAGTCH  IACKMPUMECKUM
OUNOABHBM MAMPUHHBLM daeMeHmon. HBaHTOBOMeXaHUYECKAR TOO-
pusA NHOTIOIeHHS ¥ WUCIOYCKaHWS CBETA CBOJUTCH TCM CAMHM K
pacdery 3THX MATPUHYHHIX BJIeMEHTOB TR TeX MW NHHX ATOMEHEX
cHCTEM.

Urar, mayvenue HMPOCTHIX CHCTeM ¢ IBYMA COCTOAHUAMM (JIBYX-
VPOBHEBHIX) IPUBEJIO HAaC K IOHIMAaEWI0 oluiell mpofremsr normaoiuie-
HUS U WCTIYCKAHHA CBeTa,



I'nasa (S)

U350 sy ahipnend
A i

JPYI'HE CHCTEMHN C 1BYMA
COCTOAHNAMH

frosee B faoviie o

§ 1. Moaeryaaprotit won 60dopoda

B mpegeiaymeit raaBe Mel 00CYAHIH HEKOTO- ‘
pele cBolfcTBA MOJEKYJH aMMUAKa B IIPERIIONO- P
MMEHNHM, YTO 3TO CUCTEMa O JBYX COCTOSHHAX
(unm AByXypoBHeBas cucreMma). Ha camom femne,
KOHETHO, BTO HE TaK — Y Hee ecTh MHOKeCTBO
COCTOMHMI: BpalleHns, KolebaHus, HepeMelleHys
M T. ., HO B KQKIOM H3 3TUX COCTOAHUH JABMKe-
HUA CJIef[yeT roBOPHTH O Nape BHYTPEHHHUX CO-
CTOAHMI M3-3a TOTO, 9YTO ATOM a3oTa Mos;KeT OBITH =~ ¥
mepedpoiieH ¢ 04HOH (TOPOHH ILTOCKOCTH Tpex
aTOMOB Bomopoza Ha Apyrywo. Cefiwac M pac- o
CMOTPUM IpyIue OPUMEPH CHCTeM, KOTOPHE B TOM
pI¥ uHOM npublmyKeHHU MOKHO OyJeT CUMTATH
cHCTeMaMU ¢ [JBYMA COCTOAHHAMEH. MHoroe 3gech
Oyner mpuOInKeHHHIM, DOTOMY YTO BCErma wuMe-
eTcsi MHOJKEeCTBO APYyTUX cocTosHumi, m B Gosee
TOYHOM AaHajlu3e WX CIELOBANO Obl YYUTHBAThH.

Ho B ramoM u3 5TUX HOPUMEPOBR MH OKMKEMCH
B CHJIAX 09eHb MHOIOE HOHSATH, PacCyKias TOJb-
KO 0 [BYX COCTOAHUAX.

Paz Met 6ymeM uMeTh JelJo TOJBKO ¢ JBYX-

VPOBHEBHIMH CHCTEMaMu, TO HYKHBIH HaM ra-
MUIbTOHUAH Oyaer BBHILIANETH TAK JKe, KaK H B
npeppigyimed raase. Horma raMuiabroHuaH He
3aBIfCHT OT BPEMeHH, TO W3BECTHO, UTO HMEITCH
ABA CTALWOHADHBIX COCTOAHHUA C ONPEfe]eHHHMU
(i1 n6urenn pasHBIMH) dHeprusamu. B ofmem cay-
uae, OJHAKO, el OyneM HaUMHATD HAIl AHAJIUB C
pribopa BasicHbnX cocToARUI (He 0613ameabHo DTUX
CTAIMOHAPHEX  COCTOAHMI), TAaKUX, KOTOpHE,
CHAKeM, HMeT [ApYyrol mpocToil (QU3MYecKHit
cmbica. Torga crampoHApHBIE COCTOSHUA CHCTe-
Ml GyAYT TpefcTaBleHl JuHeliHOW KoMOnHAIAEH
oTnX GaBHCHRX COCTOSHUH.
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Ilns ynoGersa OBITOMRUM BasKHeilmue ypasHeRHs, BhBeHeHAbe
B ra. 7. Ilycrs mepBoHAYaNALHO B KadecTBe OABMCHEIX COCTOSHU
Orty mpuEATH | 1) u |2). Torma aoGoe cocrosHme |{) mpex-
craBiasierTcd WX JuHeHHOH KoMOuHAaIued:

[ 9> =|I><KT P>+ 12| P> =[I>C +|2>C,.  (8.4)

Ammmuryner C; (mop srmMm mmoppasymesalorcs kak €y, Tak u C,)
YAOBIETBOPAIOT ABYM JHHEHHEIM quddepeHnuaibHEM ypaBHEHUAM

4 dC; :
ih & =¥ H,,C,, (8.2)
I

rfe ® i, ¥ j mpuEuManT sHavenus 1 u 2.

Horpga winens ramuabrosnada H;, me sasmcar oT f, To /Ba
COCTOAHMA ¢ OoIpe/eseHHOll DHeprueil (craroOHApPHHBIE), KOTODHIe
MBL 0003HAYUM

L =[1>e-CREL 1 | >=[I]>e- M E,,

O6JIalIaIOT JHEPrusAMN

g =utte g/ (B HaY g,

H H,, Hyy—Hyp\2
E”____ 11"21_ 22 ‘l/( 112 zﬂ) +H12H21-

as ramgoro us sTUX cocrosHWE 06a C MMEIT OJUHAKOBYIO
3aBHCHMOCTH OT BpeMeHU. Bexropnl cocrosimmit |I> u |J1), Koro-
pHle OTBEYAl0T CTAMOHAPHBIM COCTOAHMAM, CBS3aHH ¢ HaIlUMK
mepBOHAYANBHHIMEA (asucHeIME cocrogHuamu | 1> m | 2> dopmyaamn

\I>:\]>a1+12>a27
[Ty =|1>a,+|2> a,.

31ech a-— KOMILIEKCHBE IIOCTOAHHEE, 'yIOBIETBOPAIOMNe paBeH-
cTBaM

(8.3)

(8.4)

la, 2+ |a, 2 =1,

a4 Hy . (85)
ay  E;—Hy’
‘allz‘f‘l 02J2=1,

O Hiw . (8.6)
a; EII_‘H22

Ecmu Hy; w H,, memny coboit pasuwl, ckaxem o6a pasub E,,
a Hy=Hy=-—A, 170 E,=E,+A, E;=E,—A, n cocrosa-
aud |I> m |II> 0cobGeHHO HpOCTHL:

! 1
ID=s=0D—12] UD=3= 1D+ 8.7)
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// TIpornoHs:
D ue 8.1. Cosoryniocms '[> // \®
Gasuchuxr cocmoan il das deyx g /
Ve

RPOMOKOE U 3JIERKMPOHA.

ITH pesyabraThi MBI XOTHM Teflepb HCHOJAB30Batb, WTOOB pac-
CMOTPETh PAIL HHTCPECHHKX NPUMEPOB, B3ATHIX M3 XuMul L GU3UKE.
IlepBeiit mpusep -- aro HOH MOJIERYJIB BOAOPOAA. LI0MOMUTETHEO
HOHMBUPOBAHHAA MOJCKYJA4 BOHOPOJA COCTONT U3 ABYX OPOTOHOB
F OJHOI0 3JNeKTpPoHA, Kak-To Oeramiero BORpyD HAX. Rakrix
COCTOARMI MOMKLO OMENAATH AJTH HTOM CHCTCMb, €CJHH PACCTOAHNE
MeRAY mporoHamn penuxo? OTBeT BHOJHC SCEH: 3IEKTPOH PAcIo-
JOKATCA BIUIOTHYIO K OHOMY HpOTORY H 00pPasye1 aToM BOA0poIa
B €ro HaWHU3MEM COCTOAHNI, & APYroil IPOTOH OCTaHEeTCn OAKHOY-
KOH, HDOJIOUTEIbHLM HOHOM. SHAUMNT, KOTJAd [Ba NpPOTOHA yAAIeE
BBl APYr OT APYyra, To MOyKHO cebe HaTAARo TPeLCTaBUTb ONHO
dusmuecroe cocrosume, B KOTOPOM 3JIEKTPOH (IPHAAHY OIHOMY
M3 IpOTOHOR. () iiecTBYeT, €CTECTBEHHO, U JAPYIue. CHMMETPHUHOL
IepBOMY COCTOsIHUE, B KOTODOM DJIEKTPOH HaXOOHTCH BO3lE BTO-
pOTo HPOTOHA, 4 MOHOM OKA3HBAaeTcA NEPBHI mporvd. JTy Hapy
COCTOAHUI Mbl U crenaeM GasmcubrMu, o0o3HawuB ux |[I)> u [2).
Ony moxasanm na ¢ur. 8.1. Honeuno, Ha caMoM jjesie y 8JIEKTPOHA
BO3JIe NpPOTOHA WMeEeTCA MHOKECTBO COCTOAHMIA, TOTOMY 410 nX
KoMOMHALMA MO:KET CYHIeCTBOBATH B BHIE OJHOTO 13 Bo30yHICH-
HEIX cocTosHHIl arcva Bofiopoja. Ho Hac celidac He uHIEpecycer
8TO0 pasHooOpasue cocrossHuil, Mel OyfeM paccMaTpHBaTh AUHIIH
cIyd9ail, KoTHa aroM Bojopoja mpelbiBaeT B HAMHNSILICM COCTOS-
HUM — cBOEM OCHOBHOM COCTOSHMH,— i TNpeHeGpe;ReM Ha BpeMH
COMHOM 3deKTpoHa. Mpl mpocio mpeguodiouM™®, uTo 74 BCeX Ha-
MUX COCTOAHUI cHOMH 2JAe¢KTPOHA HANpPaBIeH BBEpX MO OCH Z.

Yro6ur yGpars amexTpon us atoMa Bofopona, Tpedyerca 13,6 a6
sHepruu. CTOMBKO ke dHepIMH — 0YeHb MHOTO I10 HAINUM Teme-
pemHuM MacmrabaM — moBajoGUTCA 1 HA TO, YTOOH BAEKTPOH OKa-
3aJICA HA NOJOYTH Me:IAY TpoToHaMu (KOJb CROPO CAMH HPOTOHLI
CHILHO y[ajeHH APyT or Apyra). Taxk 4Tomo KiaccuuyecKMM MOHSA-
TAAM 3JeKTPOHY HEMBICIUMO MePecKOYUTh OT OAHOTO TNpOTOHA K

* Ilo Tex mop, IIOKa HeT CHJILHBIX MATHHTHBIX TIOJeH, 3TO NPeiloIoHie-
HMe- BIOJHE YAOBASTBOPUTENLHO. BINAHMe MAardMTHHX Hodell Ha dJeKTPOM
MH 0fCcyuM B 5TOif e TTaBe II037e, a OYeHb chaliie cruaoBhie d(deKTal B
aToMe Bopopoxpa — B rvi. 10.
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ApyroMy. UmHaro B KBaKIvVBOH MeXaHuKe 970 BOBMOMHO, XOTh
It He o9eHb BepoaTHO. CyIecTBYeT HOGKaf MANAA AMIANTYA TOTO,
9T0 BJAERTPOH Yiifer oT oxporc nporoEa K apyresy. Toria B mep-
BOM HPUONIDKRCHIM ROKOe W3 HAMIX OasweHWX cocTogmuii | 7)
u |2 Oymer vMmerh aHeprumio K., PaBHYO HPOCTO CyMMme 3Repruil
aroma Bojgopoaa m mporona. Marpuunsie amemertm Hy, u H,,
TAMITRTOHIIAHA MBl MOYKeM LPWHATH NPubIKeHHO paBHEMEU F,.
Hpyree marpuuusie adesmedtsr Hys w H,y, fpernerasnawinne coGoi
OMIINTYyAR IePeXo/a NieKTPORa TvAa u o0paTtHG, ME OUATH 3a-
unmimeM B Buge —A.

Brr BupiuTe, 9T0 9TO Ta Re MIPA, B KARVIO MK WIPadu B IMOCIE[-
HuX aByx raasax. Ecamm mpemebpeus crocoGHOCTBIO DiieKTpoHA
DePEeCKAKERATH TYyA W O0paTHO, TO JBA COCTOSHHUA OVIYT HUMETh
B TOYHOCTH OMEHAKORYID SHEDPIWO. JTa InepTas, OJHAKO, PACHIeH-
JAeTCA Ha B2 AHEPTeTHYECKEX YPOBHA H3-34 TOTO, UTG JieKTPOH
MOJEET IEPeXOAHTE Ty/la ¥ Has3a™, W “eM GOJTEMIe BepoAaTuoctTh Iepe-
xXopa, TeMm Ooabine pacmensiennc. Crano Geve, IBA VPORHA aHEP-
ruu cmeTeMs! pavuel K +A u £y—A, un cocroamus, y ROTOphiX
Takue DHEPTHH, NATCH ypapHeruaMu (8.7).

W3 mamerc pemieHas M5 BUIAM, NTO €CHH OPOTOH U BOLOPOJ-
HBIH WOH ®aK-TO PACHOJORNIL CUHIK0O OXUH ¥ ADYIOMY, TO AJek-
TPOH He OCTAHETCA MOAJE OJIHOTO LPOTOHA, a ByleT Hepect«Kubarth
OT I'POTOHA K IipoTony ¥ o0parHOo. Ecnu BHavasic oH bl GitHS Ofl-
IoTo U3 OPOTOHOB, TO 3aTeM OH HauHeT Rodebarbed Tyda M Hasall
Memgy cocrosHusMu /) wm |@), maBag pelmeHue, MeHsIoOnleecs
BO BpeMenn. YToOB IOJMYYHTH pelneHUE, orseuaroinee caMoil HE3-
Koit smepraum (KoTopoe HE MeufAeTes cO BpeMeHeM), BeobXoammo,
9ro0B BHAYAJC CHCTeMA o00Jafana OJUFAKOBBIMA  AMIUIUTYAMHA
npebuBaHHs B3JAEKTH0OHA BO3IE Kaoro u3 mporoHoB. Hcerarm,
BCOOMHITC, 9T0 3ACKTPOHOB OTHIOND He JBA; Mbl COBCEM He YTBEpIK-
JaeM, YTO BOKPYT KamIoTo MPOTOWa JiMeercs anekTpoH. imeercs
TOJTBKO 0ALk DAEKTPOH, M PT0 OH WMEET OAWHAKCBYI0 AMUIMTYRY
(1/V 2 no peamuume) 6uIT> B TOM WIH HHOM [OJOKEHHH.

Jaapme, mif sadesrtposa, KOTopwil Haxoiurcs OJIH3 OTHOTO
UpoTOHA, aMiTuTyxa A orasarbesa (M3 JPYTOro 3aBHCHT OT pac-
croAnug Mesmpy iporonamMua. Hem omn OawKe oguH K Ipyromy,
rem Goanmie aMOIUTyRa. Dl HOMHE1e, 410 B II. O Mbl TOBOPHIAU
06 aMnauTyje ¢OPOHHKHOREHHA» BJIeKTPOHA (CKBO3b Gapbep», Ha
nPO 10 KIACCUYIeckuM KaHOHAM OH He crocoled. 3Iech 10 e camoe
OoJFn:henne pel. AMIUINTYIa TOTe, 9TO 3jIeKTpod mepebepercs K
ApyroMy mporToly, CHanaerT ¢ PacCcTOAHMEM IPHMEPHO [0 DKCIO-
menre (pra GoaplnmX paccrosHuil). Pas BeposATHOCTH, a cIefoBa-
Tennio, 1 amatdenme A Tpm cOAMKEHWH IPOTOHOB BO3PACTAloT,
TO BOBPACTACT M PACCTOSHUE MEKIY YPOBHAMY pHeprus. Ecam cu-
crena gaiojuren B coerosgHun | ), To sHeprus E,+A ¢ ymenb-
BiEHIIEL PACCTOSIHIA PacTeT TAK, 9T0 9TH KBAHTOBOMeXaHHIECKUe
afon il DPEBOAAT K cuUge OMINAAKUBAHUA, CTYPeMSINeucA pas-
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Pacemosnue
MENOY

yd npomananu

@ ue. 8.2. Iuepeuu dsyx cmayuonaprbiz cocmoanui
UoHa Hg kak PynryuL paccmosnus Mexcly osyms
npomoenam.

BeCTH UPOTOHM. Leawm sxe cr-reMa mpebuiBaer B cociommmm [T ),
TO IOIHAA BHEPILsT upH CONIUKERHE HPOIOHOR jonisaent; CYIecT-
BYET CUAd nPUMAJCCHUA, NOATSITIRATONias IPOTOHLT OJIH K JPYTOMY.
OTH BHEPTAY MEHAIOTCA ¢ DACCTOsIHUEM Me;RAY IPOTUHAME IpUMep-
HO TaK, Kak mokasaHo Ha (ur. 8.2. Tewm caMuM y Hac HOABIAETCH
KBAITOBOMCRALHUECKOe OOBACHEHNC CIJIN CBA3SH, CKPCIIAIOMEH
nor Hy .

Opnaxo ME nosalwrm 00 omioilt semu. B gomonHenue ¥ TOIBKO
YTo OLNCAHHOI CHJIe MMeeTcs TAIKe JJeKTpocTarmiecKas cwia
B3aMMHOIO OTTaJIKHBaHUA J3yx mporomoB. Horma oda mporoma
OYeHb yAaleHH Apyr oT apyra (kak Ha $ur. 8.1), 70 «rodsiiy npo-
TOH BUAHUT mepeq ceGoll TOJBKO HEeUTpasbHBIH aToM, TaK 9To 3JeK-
TpocTaTHYecKoH CcuiacH Mo;xmo mpenebpeds. lIpm odcmb Tecnmx
c¢OMKeHNAX, OJHAKO, (TOJHI» MPOTOX OKA3HBAET A HOPOH «BHYT-
pH» DJEKTPOHHOTO pacupeielednsa, T. €. B cpejiieM OH OJmwxe K
IPOTOHY, YeM K 3JeKrpuHy. Hospasercs Hexoropas mobasouynas
BJIIEKTPOCTATHICCKAA JHEPIus, KOTOPasd, KOHEUHO, HOJOJKITEJbHA.
Jra BHEPTHA — OHA TOME BaBHCHT OT PACCTOSHUA — J0JIKHA
ObiTh BrIOUena B E,. 3maumt, 3a F, MB JO/HKUE OPHHAT: HOYTO
HOX03ieC HA INTPRUXONYI rpreym na gur. & 71 ona 6werpo poan-
MOATEA HR PACCTOABLLI, MONBIFTY, WAM PATHFC aTOM BOJ~pojia.
UHepruio nmepenopora A Hazo bHIecTh I OpHOADTIL K aTomy F,.
HEcnu aro cgenate, To sHepruu L, u E,, GyAyT MCHATBCA C MEK-
IPOTOHHHM paccrosganeMm [, Kax moxasano "Ha ¢umr. 8.3. [Ha pu-
CYHKe MH BOCHPON3BENH DPEe3yJIbTaTH 0oliee [eTaJbHHX BHKIAJOK.
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D ue. 8.3. Vposnu onepeuu uona 1] waw  Pynryus
mexcnpomonnozo paccmosrnus D (Exg=13,6 as).

MesknpoToHHOE paccTosiHEe JaHO B aHICTpeMax (1A = 1078 cm),
a usOBITOK 9Hepruu Haj TPOTOHOM WIKC BOJOPOAHBIM HOHOM Ja-
eTc B efMHUIAX YHEPTHWH CBA3H aToMa BOZOPOJA, TaK Ha3hBae-
MEIX  «pupbeprax» (13,6 26).] MB1 BUANM, 9TO COCTOAHHE
[71> 1Meer TOYKy MuHHMyMa SHEpPrum — PaBHOBECHYIO KOH(HU-
rypaumio (ycrosue HamHHBUIed sHeprumm) AiA mona Hj . Jmeprus
B 9TOIl TOouKe HuKe, UeM DHepTuy OTAEIBHO NPOTOHA W OTHAENBHO
BOJIOPOJHOIO MOHA, TAK UTO cHcTeMa cBsi3aHa. OTHeNbHHE 3IeKT-
POH [eficTBYyeT Tak, 9T0 CKpeIIserT OPOTOHb. XHMMHK HasBaldl Ok
BTO (OHHODIEKTPOHHON CBABBHIOY.

ITOT pOx XMMHIECKOH CBS3HM 9aCTO TaKiKe HABKBAKT «KBAHTO-
BOMeXaHHUeCKIM De3OHAHCOM» (IO CXO[CTBY ¢ ABYMsA CBA3AHHEIMH
MagTHUKAMU, 0 KOTOPOM Ml y:Ke rosopuwiu). Ho 3Byuur 510 Tauy-
CTBEHHee, YeM OHO eCTh Ha CaMOM [ele; 9TO TOJIBKO TOTHa «peso-
HaHC», Korja Oas3ucHBE COCTOSHHUA C €aMOro Hayajlda HeyAaTHO
Bei6panbl, kaK y mac u 6euto! A ecnm BeGparb cocrosEue |11,
BEl Cpasy MOOJyYuTe HAWHUBIIEE BHHEPreTHIecKoe COCTOAHHE —
4 Bce.

MoxHO M mO-MHOMY OGBACHUTH, OTIEIO FHEPIUA BTOLO COCTOS-
HUA JOMKHA OBITH Hilike, 9eM y HPOTOHA ILIIOC aToMa BOJZOPOJA.
IIpencraBum ceGe 3IEKTPOH BO3Jde ABYX HPOTOHOB, YAaJEHHHX Ha
ompefieleHHOE, HO He 0YeHb GOJbBIIOe paccrosHme. DH IOMHHTE,
9T0 SJAEKTPOH BO3IE OAWHOYHOrO IPOTOHA «pasMasaH» H3-3a IPHH-
nuna HeompenedeHHocTH. OH uIleT paBHOBECHs, OKTAsACh Pasjgo-
OBITH 9HEPIHI0 IOHIDKE (HUBKYI0 KYJIOHOBCKYH nOMEHUUALLHYIO
BHEPIII0) M He OKa3aThed IpPH HTOM C/KATHIM B TIPOCTPAHCTBE Ue-
pecIyp TecHO, 4TO IPHBeNo OB K BHICOKOH KuHemuueckol SHEPruH
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(us-3a cooTHourenms Heompepexernocty ApArah). Eciu e mpo-
TOHOB ABa, To OyjeT Gonbime Mecra, Ijie y dIeKTPOHE MOKEeT OBTH
HU3KaA MoTeHIalbHad sHeprud. OH MOKeT pasMasaThes (CHIRAA
TeM CaMBIM CBOI0 KHHETHUeCKYIO DHEPruio), He HOBLILAA IPH 2TOM
CROoell TmoTeHNUaNBHOU BHepruu. B mTore ero sHeprasa HIMKEe, eM
B aToMe Bojopopa. Torma modemy ke y gpyroro cocrosmms [I)
sHeprus Beine? Ho 3aMeTbTe, 9To 9TO COCTOSIHME €CTh PASHOCL
cocrogauil |1 u |2). Beaegcteue cummerpnu |1 u |2 ) pasHocTh
JOMKHA MMeTHs HYJEBYI0 aMIIHTYAY TOTO, 9TO 3JEeKTPOH ORaReTcs
Ha TOJMYyTH Me;RAYy IPOTOHAMH. JTO O03HAYAeT, YTO SIEKTPOH
HEMHOI0 CHJIbHee OIPAaHWYeH B HPOCTPAHCTBE, YTO ¥ HPHBOJAT K
fosabieil 9HEPTHH.

Cregyer ckasaTh, YTo Hame ¢NpUOIMMEEHHOE pacCMOTpEHHE

nosa H, Kak /ByXypOBHEBOM CHCTEMBI pacchiaeTcs BIpax, elBa
JHOIb OPOTOHK COMHU3ATCA [0 MUHEMYMA JHEPIHH HA KPHBOMR
¢ur. 8.3; Torga GoJbile He HOJIYy4aeTcsA XOPOIIero 3HAYCHUS HCTHH-
HOIl pHeprum cBssu. Ha MagelX yHaleHusaX 9HEPTHU JBYX «CO-
CTOAHMII» Ha caMoM JieJle yike He paBHH E; TpeGyerca Golee TOHKoe
KBaHTOBOMEXAHHYECKOEe DACCMOTpeHue.

Hoxosxum, MBI Temepb 3amHTEpECYEMCs, UTO CIyYHMIOCh OHI,
eclt 6Bl BMECTO ABYX HPOTOHOB Yy Hac ObliIM JBAa pasublx o0bexra,
CKaykeM OFMH HPOTOH W OfHH HONOKUTENbHEH HOH JUTHA (IpudeM
00e "YacTUIB HO-HPEKHEMY HMEIOT II0 eUHUYHOMY HOJOMKUTENb-
HOMY 3apsay). B sTom ciaydae gpa wieHa M,y u H,, B raMmiabTo-
Huane Golbine He CoBHafanu Ob; OHM OBIIH OH COBEpIIEHHO pas-
augHsl. KEeam 6m orasanocs, uro pasHocrs (Hyy—H,,) mo abeo-

AN0THOH BenuduHe MHOrO Hoabme A=—H,, To cuIa UPUTAKEHUA
craia Ow okenb craboi. B sToM MoxHO yOeauThesa CaeqyO{uM
obpasoM.

Eciau B (8.3) mogcrasurs H ,H, =A%, To MB TOTYyIuM
_HytHy | Hy—Hy, 1/ 1 44®
E=——=%" t Ha—Ha

Korpa #,;, — H,, mHOr0 60ab1re A%, KOpEHb [0BOJIBHO TOIHO PaBEH

242
Y= may

Torpa suepram obpamamorcd B

A2
Bo=H, 4+
=it g
AZ
gy oo

(8.8)
E,=Hy,—
Temeps oHM MOYTH BIJIOTHYIO COBHAZaiOT ¢ ameprusmu H,, u H,,

N30NHPOBAHHBIX aTOMOB M TOJbKO TYyTh-4yTh OT.HII‘I&IOTCH u3-3a
HaJInuuA aMILIATYAR IIepecKOKa A,
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Paatocrr aueprus (&£, —E;;) pasuaa

24
(Hu sz) F Hy—iy,"

Hobaska kK paccTogHHIO MEXIY YPOBHAMHE H3-3a Hepebpoca
3JEKTPOHA ysKe He paBHA 24 ; oHa cocrasiaser A/(H,;—H,,) — vacrs
37TCH BEIUIUHHL (MTO MO IPEIHOJIOKEHII0 MHOTO MEHbIITE eIUHHUIIH ).
Hpome Toro, cama 3asucuMocTh £,—FE,, 0T paccTOAHHA MeMIy
Anpamu ceffvac HaMHoro ciaafee, 4eM I HNOHA H;: B Hee Tome
BXoAuT MEOwUTeNb A/(Hy—Hsp). MomKHO T0ITOMY HOHATH, OT-
9er0 ¢BA3L HECUMMETPHUHBIX JBYATOMHEX MOJEKYJ, Kak HpaBumiIo,
odeHb ciaaba.

B mameii Teopun mona Hj MBI OTKDHIIE 00BSCHEeHmE MeXaHMN3-
Ma, € TOMOMBI0 KOTOPOTO BJIEKTPOH, pacupe/eleHHslil MesRIy
IBYMsi TPOTOHAME, CO3JaeT B WTOre CWIy IPHUTSKEHHUS MeRIy
HUMH Jla;ke TOT4a, KoI'Zla OHM 0%eHb yHaJensl gpyr ot npyra. Cmma
OpUTAKEHUs TPONCTERAaeT 0T YMeHbBUIEHHS YHepPTHH CHUCTEeMBI, DH-
BRIBAEMOI0 T€M, UTO Y SJIEKTPOHA €CTh BOSMOIKHOCTH IPHIIATh OT
OfHOI0 IPOTOHA K ApyroMy. lIpm Takmx mpepnkax cucreMa Iepe-
XO[uT OT KOHQUTYypaIiduu aToM BOZOPOAA - IPOTOH K KOHQHIYpa-
nuu OpoTeH — aToM Bogopopna um obpaino. [Ipomecc cuMROIUUIECKHE
MOKHO 3a0uCaTh TaK:

(H, p)<=(p, H).

Capur sHeprHMM, BBHIBHIBAEMSIH 3THUM IIPOIECCOM, IPOIOPIHOHAIEH
aMmmuryne A TOro, YTo dAEKTpPOH ¢ sHeprumeili — Wy (ero sHeprus
CBASA B aToMe€ BONOPOJA) MOMKET 0T OFHOrO TPOTOHA HepedTHm X
ApyroMy.

[Ipu Goapmux paccTosHuAX R Me:KIy TPOTOHAMH 3JIEKTPOCTa-
THYeCKas TOTeHIHAJbHAA HHEPTHUA DIEKTpoHA OMM3KA X HYJIO
MOYTH BO BCEM TOM TPOCTPAHCTBE, KOTOPOE OH BHIHYKIEH IPEeomo-
derh, gedas OpeoK. Tak 4To B 3TOM mpocTpaHcTBe 3JIeKTPOH
IBUKETCSA IOYTH KaK ¢BODOJHAS TacTHIA B IYyCTOM HpPOCTPAHCTBeE,
HO ofmajas Ipu sToM ompuyameavroli suepruei! B ra. 1 [ypasme-
Hue (1.7)] Mu BHmen#, 9ro aMIIIUTyRA IS YaCTUNR OIpelieleHHOH
9HepTHH IepefiTd ¢ OZHOrO Mecra Ha Apyroe, yAaJeHHOe Ha pac-
CTOSIHME 7, MPOMOPHUOHAIBHA

lih) pr

r Y

rfe p — UMIYJALC, OTBeUANINI 3afaHHON smeprun. B remepemaem
clydae (OpuMeHsETCH HepelATHBHCTCKadz ¢opMyna) p ompefeld-
eTCA M3 BHpaYKEHUs

P W (8.9)

2m
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npu Gonmbmnx paccrosaunx K Me:ray nporoHamu. CHBiu sHEpIuu,
BHI3hiBaGMblil 2JI€KTPOHHGI CBA3LI0, NPONOpHUOHANEH A; 3HAYUT,
CYIECTBYET cafla, cONmKA0UAas B4 UPOTUHA&, KOTOPAasA HPOIOp-
nuoRadbna (npu Gomsmux R) mpomazpopuoit or (8.10) mo R.

Haxouen, qia HONBOTH CielyeT 3aMeTHTh, YTO B OJHO3JIeKTPOH-
HOll cucreme ¢ JABYMA NPCTOHAMH ecTh enfe oAuE 3dPexT, KOTO-
PHIH Toie TPUBOIUT K 3aBUCHMOCTH »Heprmu 07 R. Mol mora mm
npeaebperaiu, MOCKONBRY OH 00KYHO He OYeHb BAKEH, 38 MCKIIO-
YeHHEM KaK pas Tex GoJbmuX paccTOSHIM, HAa KOTOPLIX 9HEPTIs
obmernoro wiena A yOmB&aeT YHCOOHEHUHNAJBHO Ji0 OTCHDL MadblX
penuuun. Hoppril addent, o ROTOPOM ME IOBOPTIIM.— 3:U 3HEKTPO-
CTATHYECKOR [IPUTAMEHIE TPOTOHA K aTOMy BOAOPONE, BOBUHHKAIO-
Hee no TOM ke UpHYMHE, IO KaroW mob0fl sapsiieHHBId [ipejgser
UpHTATuBaeT K cebe HeszapmrenHufi. «loapii» mporom coapaer
BIEKTpHuecKoR mosie & (ssmenanomeecs xax 1/R?) posie melirpanb-
NOTO aToMa BOJOPoga. ATOM CTAHWOBUICH MO PIBOBAHHBIM, IpU-
ofiperag HapeJeHBHI JHNONBHEI MOMEHT W, HPOilvpPLUOHAILHBN
. JHEpIHA AUHONA ecTb uS,T. ¢. Hponoplnonaibna &2, man 1/R1,
Suayur, B BRIPAMKENUH [ SHEPIUH CHCTCMB CyU{eCTBYET WiIeH,
yOmBajOUE KaK uerseprTas CTelenb pacCcTOAHWI (9TO DOOPABRA
K E,). I1a sHeprus cOAjaer ¢ PACCTOSHIEM MeUIeHilee, YeM CABHL
A4, gasaemprit gopmynoii (8.10). Ha warux-ro Goabipx paccros-
ausax R uned ¢ K cragonutca BaxgHelmuM, onpeledsmllnM Ii3-
MeHeHMe HepruH ¢ R, W IO3TOMy eumHCTseHHOH ocrabmieiics cnm-
JToit, 3ameTbre, YTO JJERTpoOCTATUUECKMH wieH jns obvux Gasuc-
HBIX COCTOSAHUII MMeeT OJuH 3HaX (pas cnia UPHTATHLAET, TO DHEp-
InA OTPHIATENBHA), & HOTOMY M JIA O6OHX CTaluoHapHHX Co-
CTOAHWUIT er0 3HAK O(MH U TOT JKe, B TO BPEMSI KAK WieH IEKTPOK-
HOoro obMena 4 Jas OBYX CTALMOHAPHBIX COCTOSHUI HaeT pasHseie
3HAKH,

§ 2. doepnsie cu.ant

Mul Bumenu, 4TO CHCTEMA, COCTABIGHHASA M3 aTOMa BOZOPOXA
A IPOTOHA, BClIefCTBHE 0OMEHA OJHUM DJIEKTPOHOM ofaagaer BHEp-
rmeil B3amMofeicrTBus, Koropad Ha Ooabmux paccrosaHHAx R
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MeHAEeTCHA HAaK

S (8.11)

roe a==} 2mWy/h. (O6wuHO TOBOPAT, 9YTO NPOMCXOAHT oGMeH
(BAPTYATBHBMY HICKTPOHOM, KODHA, KAK B HAIEM cllydae, BJeKT-
POH BHHY:KIEH IePeIpHTIBATE Tepes Ty 061acTh, TAe ero dHepTUd
oxrazajgach Ob orpunartenbpoil. H{OHKpeTHee TOBOPH, BUPTYATb-
HB[ 00MeH» n3HauaeT, Y10 ABJICHNE IIPenoaTaeT KBAHTOBOMEXa-
HWYeCKYIO Hnrepheperiuno MesrAy cocrosHmeM 0Oes ofmeHa
¢OCTOAHNEM ¢ 0HMEHOM.)

A Temeper cIEAYeT 3a7aTh TAKCH BOOPOC: He MOMET Iu OMTh, 9TO
I CHJIBL, JeHCTByIONIE MERAY JIPYTHME YaCTUlaMiy, AMEIOT CXOTHOoe
z'rponcxomnemw? 16, 1 TPUMEPY, MOAHC CRABATH O ANEPHOI Cue,
HeficTRYiOTNedl Me1y HeHTDOHOM ¥ WPOTOHOM HItH MY ABYMA
npotonaMu’ Ileirasick o0BACHUTE DPUPORY fliepuex cuia, HOkasa
NPEANONORILT, 9T0 cula, MellcTByIIAas MeAy IBYMsa HYKIOHAMNH,
BEIZEIBACTCH CXOMBHIM OOMERHBIM 2dexToM, TOIBKO B HTOM CIy-
uae M3-3a BHPTYRABHOTO 00MEHA He BICKTPOHMOM, a RAKOE-TO HO-
BOIl wacTHUEH, KOTOPY® OH HARBAJ «Me30H», CeTOTHA MBI OH OTO-
gecTeuy MezoH HOKaBH ¢ f-Me30HOM (URM «ITHOHOM»), BO3HHKAI-
UMM B BHCOKOSHEPIeTHYECKHX CTOIAKHOREHUAX IPOTOHOB HIHM
JIPYTRX TacTuil.

{locMoTpuM 1nd mpuMepa, KAKOIo PONA CHIB BOBHUKHYT OT
TOYO, YI0 IIPOTOH M HeHTpPOH OOMEHATCHA NOMACIKUTENbHHM ITHO-
HoM (), nmetoutmm Maccy m, . Har arom Bomopoma HY moxer, or-
Ka3aBHCEH OT 3JEKTPOHA €7, MPeBpaTuThcs B HPoTcH pF

HO —p* d0-, (8.12)

TOYHO TaK ke HPOTOH p* Moker mepefitm B mefitpod n, orkasas-
much OT 7tT-Me3oHa:
+

pt—>n®-mt. (8.13)
3uaunr, eciin y Hac ecTh UpoToH (B TOURE @) ¥ HeITPoH (B ToUKe b),
paspielieHHbIe PaccTOsAHIeM F, To IIPOTOH MOMKeT CTaTh HeTPOHOM,
wemyckas mt-Me30H, KOTOPHL satem morxouiaercsa HefITpPOHOM B
rouke b, ofpamas ero B nporoH. U mmeercs sHeprua B3auMojeii-
CTBUA CHUCTEMEL M3 JByX HYKIOHOB M OJHOT'O IWOHA, 3aBHCHIAA
or ammauTyasl A DHOHHOTO 00OMeHA, KakK 3TO OBLIO ¢ BJIEKTPOH-
HeM oOMenoM B moHe Hi .

B opomecce (8.12) smeprua aroma H® (ecnu BHUHCIATH ee
HEPeNATUBUCTCKY, ONYCKAas 9HEePTHUio HOJIH piieKTpoHa Wy) MeHb-
me SHePTHH TPOTOHA HAa BEJIWYMHY mc?, TAaK 4TO KUHEMuUYecKas
_BHEPTHUA BJIEKTPOHA OTPHIATeNbHA — WIH HMIYJIbC MHAMHIH [cM.
yparneume (8.9)]. B samepuom mponecce (8.13) Maccw mporoma m
HeWTpoHA TIOUTH PABHH, TAK YTO no4naAfL 9HepTua n'-Me30HA oKa-
meTca pasHoy Hymo. CoOTHOMEHHe Me:xny noiaHoll sHeprueii £ n
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NMIYABCOM p FMHOHA © Maccoil m, TakoBo:
E? = p2c? - mzct.

Paz E pasno myaw (win 0o KpaiiHell MeDC LpeHelPeRUMO MaIo
0 CPABHEHHIO ¢ m_), TO UMIYJAbC ONATL BBIXOJUT MHUMbIIL:

p=im_c.

[loBropsis sHarkoMBIe HAM yiKe PACCYRACHUA, ¢ ITOMONI(bIG KO-
TODPBIX MBI BBIUHCHSIN aMILTUTYAY TOFO, YT0 CBHBAHHHIL AIeRTpoH
IIPOHUKHET depes Dapuep B HPOCTPAHCTBE ME/RAY ARYMA HPOTNHAMH,
MBI TOJNyYaeM I8 AJEPHOrO cAVIag aMILIHTYAY o0Mena A. KoTo-
pas -— upm Goapminx [t — Oyger Bectu cefA Kak

e‘-(mxm» R

LA (8.14)

JHeprus B3aumogelicTBIA IpomopnmoHanpHa A U, 3HaIUT, Me-
HAercsa TaRuM sue oOpazoM. MBI monydaeM m3meHcHue sHepruwn R
dopMe Tar HaasslRaeMOro nomeryuaasa FHlrasw MeRITY JIBYMT HVK-
aoamu. Heratnu, Ty xe QOPMYIy MBI TIONYIIIM DAHbIOIE MPSHMO
3 guddepeHinalbEOTO YPaBHeHWA IIA IRW/REHUA IIOHA B Iy CTOM
npocipancrse [em. ra. 28 (Bwim. 6), ypasuenne (28.18)].

Caenys Toil vKe JNHUYM paccy-RIeHuil, MOKHO NONHTATLCH HPIH-
KHHYTH B3auMojeficTBue ABYX TPOTOHOB (IId JRyX HeHITPOHOR),
npomexonsmee or odOMeHa Heumpainsubimu muoHamu (V). Ocror-
HOH Tpouece Temepb TAKOB: ’

pt—p* + o (8.19)

ITporor MoskeT MCOYCTHTH BHDTYAJTbHBIE 77, ocrasasch mocie
aTOro Bee eme nporoHoM. Ecam mporcuos asa, to nporon N 1
MOMET MCOVOTHTB BUPTYAIbHMI 717, ROTOPHIT TOCAOTHICA TIPOTO-
BHoM N: 2. B Rronue ocraercss omATH mapa TPOTCHOB. JTO HEMHOTO
He To, IT0 O®10 B cayuae mowa Hs. Torma HO mepexonmi mocite
HCOYCKABWA BFEKTPOHA B APyTOE COCTOAHKS — B HpoToH. Tenepo
/e MBI IPEJIIoNaraeM, 4To TPOTOH MOMKeT HCmyCKaTth 1%, me Me-
Hisl cBOoel'o ¥apakrepa. Taxume mpoleccs u BUPAMb HAGIIOJAI0TCHA
B BHCOKODHEPIeTHIeCKNX CTOAKHOBEHHAX. [Ipougce amaioruyed
TOMY, KaK 3JeKTPOH, HCYCKAA POTOH, OCTALTCA BEE K DICKTPOHOM:

€ — € 4 dorou. (8.16)

M=t me «BugusM» GOTOROB BHYTPH BIEKTPONA 0 TOTO, KAX OHY HCIY-
CTATCA, WIH TMOCHe TOTO, RAK OHH MOTAOTATCH, H WX (HCIHyCKaHWey
He M3MEHSET (IPUPORH» DJICKTPOHA.

Bepremca k mameil mape mpoToHOB. Memmay HEMH CyHIgCTBYeT
B3aUMOJelICTRNE M3-3a HaJAHYMA aMOaurypsl A — aMIuIATY-
OBl TOTO, YTO OJWH H3 IPOTOHOB HCIYCKAET HeUTPasbHHIN ITMOH,
KOTODHEIH IPOCKaKuBaeT (¢ MHUMBIM MMIYJbCOM) K APYTOMY IO~
TOHY W TaM MOTJOIAETCs. AMIVTHTYJA 9TA OLATH IPOTOPIIHOHAILHA
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(.14}, vo m_ — Temepb Macca HeliTpamwuoro nmora. Coguse pac”
CYRASHIA HPUBOJAT I1 TAKOMY JKe BRAIMGICTICTRILO MemAY JBYMA
HefiTponaMu. A pasd AfepHBe CHIBR (B Hperedpemkerypn 21er -
veckumn odpPerraMu), HeHCTBYIOWITES MEKAY FeiiTpOHOM I IIpuTe-
HOM, MeRIy DPOTOHGM W LPOTOHOM, MKIY HeHTDOHOM M HedTpo-
HOM. OJHAKOBBI, TO MH IPHXOAHM K 3aRIIOYEHUID, UTO MACCH 3a-
PSASKEHHOr0 H HellTpadbHOTO LUMOHOB 00ASAHK ORITH PaBHLI MEKIY
coGoii. M srcnepnMeRTaIBHO OKABEBACTCH, YTO MACCH HeUCTBHTEb-
HO 04¢Hb ONHBRU Jpyr ® JpyTy, a HeGoaknas pasuuna Memuy
HOMH — 3T0 OPUMEPHO TO. 4YTo U CJIepyer N3 nonpasck Ha cober-
BeHHYKC sHeprmio [em. ra. 28 (smm. 6)]

UYISeCTBYIOT 1T APYTHE BIAM 9aCTHII, CKa:eM A -Me3CHB, Ko-
TOPHMI MOTYT o0MeHHBarbeA [IBA HYKJIOHA. JloiyeThM rtaxsie m
O (HOBpeMeRHEIL ofyen jpyMsa onomamu. Ho y BceX »rnX mpounx
OOMCHHBAGMEIX «GOBERTOR» Macca LOKOA M, Bbillle Macchl NUOHA
m,_, 4T0 HPABOAUT K 97IeHaM B aMINIATyAe ofMeHa, M3MEHSIOIUMCH
AR

p—(mge/h) B

Tarue wienn ¢ pocroM 2 0TMUDAIOT GRCTPRE, HMeM OFHOMEIOILHbIIT
uned. CeTONHS eHie HURTO 1e 3HAET, Xak BWHUCAATH DT YJLeHNI
¢ $0JbuICTT Muecoll, HO JNIA JOCTATOUHO BRICORMX 3RavcHII /! Bbi-
JKHBACT TOJIBKO OJHOTHOHERIA niles. M AeHCTRHTCALHO, Te OBITH,
B KOTOPHX uUIpaerT PoIb TOIBRO BaanMOARICTBHe Ha Goamuux
PACCTONHIEIY, CBHUACTCABCTBYIOT, YTO DHEPIUs B3amMOofelcTBRA
UMEHIO TAWOB2, RaK HPEICKAsLIBAeT TEOPHA ONHOTIHOHHOT0 OAMeHa.

B wraccnuecroll reopun pueRTpHYECTBA U MATHETN3MA KYMIo-
HOBCKOG JIEKTPOCTATHYECKOE B3AMMOEcIBIE 1 H3JYUYEHUE CBeTa
YCROPSEMBIM BapsgpoM TeCHO CBABAHH -— 00a OmR BRITEKAIT U3
ypasuennii Maxcrenna. Mul Bigiesin, 910 B KBaHTOBOI TEOPHH CBeT
MOKET ObITh OPeJCTaBICH KaK KBAHTOBBIE BOBIYAUEHNA T PMOHI-
gecRaX Kogefamnil KIACCHIECKOTO BIGKTPOMATHHTHOTO IT0JST B
angire. G gpyrofi ¢ropoHL, KBAHYOBAA TEOPHA MO:KeT OHITH HO-
CTpOeHA IIPW TOMONM ONWCAHWA CBeTa KakK 1acTul — (QOTOHOR,
HOAYnHAIOMLXcA cTaTuctuke bose. B ra. 2, § 5, mnt noguepuuyniu,
4To 00€ 9TH B3ANMOHCKNTOMAKIIIE TOUKN 3PEHIST BCOTTA TPHBOAAT
K OJINIIAKOBHM TIpefckasanguam. Mosker mu BTopass ToYyRa 3peHus
CbiTh TpoBeIeHa MoCTeROBATENBLHO U 10 KOFUA, Tak 4Tolul B8 Hee
BODIIM gce BNERTpOMATHATHBe »aPdertr? B wacrmecTH, €CIH MM
XOTUM OLHCATh uLAeRTPOCMATHATHOE II0Je TOJHOCTBIO Ha AXBIKE
fose-vactul, 1. e. $o10HOR, To YeM Oyier BuspaHa cumia Hymxoma?

C TouKY 3peHHsT «IACTUI KYJOHOBCKOS B3amMojeiicTsine MerIy
ABYM# DJIEKTPOHAMHE 6bUMEKaem U3 00MeHa upmyasvrumu gHomo-
Hamy. ORUNH B3 2JIeKTPOHOB mMeUOycKaer QoTOH [Kar B peariimu
(8.16)], rotopsiit mepexoguT K APYrOMy 3JIEKTPOHY M TaM HOIIO-
maercs,— Ta ;Ke Peariua mfet 8 o6parTHyI cTopony. JHeprus



BsauMofieficrsus cHosa juaercd $opmymoii tuna (8.14), mo reitepn
In, 3saMeHnercs Maccoii noxos QoToHA, ROTOpas paBEa HYJIH.
3uauur, BHPTYasbHAH 00MeH OTOHOM NPHBOMNT K OHEPruil B3AH-
MOpleACTBHA, KOTOPAsA MeHAEICsA MpocTo oOpaTHO TPOMOPIOHATE-
HO [ — paceToARMI0 MejKJy SJIeKTPOHAME — B TOYHOCTH, Kak
HOpPMallbHAsA KyJOHOBCKag morennuankHas smeprus! B «uacrmu-
HO#» (0T €IOBA YACTHIA) TEOPUM DJIEKTDOMATHETHZMA TpPOIEce 0o~
MeHa BHDPTyaJibHHM (OTOHOM IPUBOIHT HO BCEM ABJEHUAM 3/eK-
TPOCTATHKA.

§ 3. Mo.aerny.aa evdopoia

B rauecTBe ouepenHOI CHCTEMBL ¢ ABYMST COCTOAEUSMI pPACCMOT-
pum HelTPanrbHYI0 MOIeRyAy bufopoga H,. B Heldl, ecrecrsermuo,
TpyAHee paso0paTbed, HOTOMY 9TO TaM HMEWOTCA [ABA AJeKTPOHA.
Mu omaTe HayteM ¢ paccy;kAeRui 0 TOM, dTd UPOUCKOXUT, KOTAA
00a TPOTOHA AOCTATOUHO Y w/ieny apyT or Apyra. Ho reneps x EuM
crenyer nobasurh eme fBa ajdeKkTpoHa. Y106 ypoGHee §pL10 cie-
JUTH 34 HUMM, HAS0BEM NX (BIEKTPOH @» W «wjaeripou b». 3mech
ONSATh MOKEHO cele BOOGPasuTh Jisa MuCIUMHX coctesnua. Onpa
BOBMOMKHOCTD: (3JIGKTPOH Gy PASMasaN BORPYLD HEPROTO IPLTOHa,
a «AeKkTpoH by — BOKpyr nToporo {(dur. 8.4). Iloayiamres mno-
HpoCTy ABa aroMa BOXOPoaa. ITo cocrosune HasobeM | />. Ho ects
U JApyrag BOSMOKHOCTB! BOKPYT MNEPBOTO LPOTOHA pAsMasdaH
«AAERTPOH by, & BOKPYT BTOPOTO — DJIEKTPOR @». ITO COCTCAHUe
obosnavuM | 2>, Ws-3a cuMamerpun oTn JIBe BOBMOMKEOCTH 00HBARHL
GEITH DPHEPTETHICCRH SKBUBAJNICHTHBIMH, HO, HAR MEL VBILIIM. SHC DI
CHCTEMBl He eclnh HI0CTO BHePTHA IBYX aTOMOB BOAOPOAA.

e % /
N7 5,
/////// Tpoinoe: 24 ///

/ % . /3ﬂEKﬂ7POHbI7// /{ / g
5

/ . Y /"4/
2> //{ //9 //

D u e 8.4. Cosorynnocmd Gasuchbiz coCmofnul JAa
moaeryas Hy.
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Hy:nlo saMeTHTb, UTO HMEIOTCS MHOTUHE NpYyTHe BOSMOMKHOCTH.
HamnpuMep. «@IeRTpon a» MoKeT HaXopuTbes 6JHM3 IepROro mpo-
TOH&, & «ICRTPON by — B JADPYTOM COCTOAHNH BOKPYT moz2o e
uporora. Mpt He cralieM paccMaTpUBATH TAKOH cIydall, MOCKOTLRY
€0 HHEPTLA RanegrMo Gyaer Gosbire (H3-3a CIVIBHOTO KYJXOHOBCKOTO
OTTAJNKIBAHNA Me:RAY ABYMA dAerTposamm). Jlasg Goabmeir Tou-
HOCTH, KOHEUHO, cTONT0 OR yHecTh 1 TakHe COCTOSTHIS; HO yIKe U3
pPAcCMOTPEeHMs OIHOI TOJBKO Tapbl COCTOAHMI, TOKA3aHHHX Ha
$nr. 8.4, Me yzRacM caMoe TJaBHOE O MOJERyIAPHOU CBA3M.
B orom ppulamreHun MB MO/KeM OHIICATH BCAKOE COCTOAHHE,
RRTAR AMIATYRY Yo 6H‘Ib B cocTosiHmn | /) u aMmiuTyay
(Z1¢) Gure B cocroseun | 2. Hawmu crosam, BEKTOP COCTOR-

'

HiA | @) memmer ObTh  "aTuicaH B BuJe nuHeUHoN KoMmBumanun
EEDNDIGEI2
1

Jaa masqpsciiniero, Kag Beerga, IpeAUoldoRAM, UTO uMeeTcA
HEROTODAH aMIauTyvia A Toro, uTo BNERTPOHH MOTYT HPOXOANTH
qepes NPOME:RYTOYHOE UPOCTPAHCTR0 M OOMEHMBATHCA MeCTaMIl.
JTa ROSMOMKHOCTH 00MEHA 03gadaeT, IT0 DHEePTHS CHCTeMbl, KaK MB
palriogatin ¥ B EpYIUX CHCTOMAX ¢ ABYMA COCTOAHUSAMHU, pacHierl-
JgeHa. AR Iy MOTeRYAAPHOIO HOFa BOAOPOAA, paclienieHne 09eHE
MAT0, KODja pAceionune MesK/ly NPOTOHAMW BeTWKo. A KOr[ga mpo-
TOHBL ¢OATLRATOTCSA, BO3PACTAET aMDAUTYIA TIePeXceAoB BJIEKTPOHOB
TYRa-CI05ia, & BMeere ¢ Eell pacrter 1 paciiengenne. Y OpBanue sHep-
THF B HEARIEM COCTORHUY 03HAYAET, YTO NMEETCH CUJa IPUTAKEH A,
cOmnmarniass aromsr. W omsath, Korga nporous ¢banssitea ocobeHHo
TECHO, VPORAM OHEPTHY TORENMYTCA BCIEACTBIE KYJIOHOBCKOTO
OTTAZRNBAHNA. B BTOTE SHEPIHu JBYX CTAIMCOHAPHBIX COCTOSHU
OVAYT MEHATRCH € PACCTOAHIEM Tak, KAk MOKasaHo Ha ¢ur. 8.5.
Ha paccresaun nopagra 0,74 A unsmnil, sHepreTruecKuil ypoBeHb
FOCTUTACT MMHOMYMA; OTO M eCTh PACCTOAHHE MEH{y IPOTOHAME
B HacTOAMCH MONeRYyJde BONOPOAA.

Ho v Bac ywe, BepoATHO, NOSIBINIOCh Bo3paskeHme. A Rak JKe
OsiTh ¢ TeM, 9T0 06a DIEKTPOHA — TOMMECTBEHHBlE HaCTHIH?
Mpbr X HazBaldu «3JMEKTPOH @» N «IAEKTPOH by, HO HA CAMOM-TO JeJe
HEBOBMORHO CKasaTh, KTO 03 HUX KT0. M ME eme roBopuiu B I'i. 2,
qTo eci 33 cueT o0Mena deRTpoHaMu (GepMU-TIacTHIAME) HMEIOTCA
ABa LYTH, N0 KOTOPHM YTO-TC MOMKET IPOM3OITH, TO JBe aMIIUTY JH
Gyayr uHTepdepnpoBaTh C OMPULAMELbHbLM SHAKOM. JTO 3HAYHT,
9T0 eCJAM y IeKTpOHOB DepecTaBuTh of03HaYalmImue WX HOMepa,
IO 3HAK aMIUIHTYAsl JOJDKeH IepeMeHHTheA. OJHAKO ME TOJIBKO
YTO NPUIIIK K. BHBOAY, YTO CBA33HHOE COCTOAHUE MOIEKYAH BOMO-
poaa umelnio 6u Bup (npu £==0)

H~———v i1 2
|11y 75 >412>).
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Duz 8.5 YVposwu smepouu 04—
moaexyarr H, 0Oag pasawwinz
Mmexcnpomonnux pacemoanutl D |
(En=13,6 s¢).
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A coriacno HAUUM TPABNAAM. OOPEIUC TOHINM B I, 2, Takoe €o-
CTOAHUE HeJOIycTuMo. Ecau nmepecrasurs HOMepa 2IEKTPOHOB, TO
MBI O0JIyYUM COCTOAHLE

j 0o B
5 12+10),

U 3HAK BHIJET TOT jKe, 4 He oOpaTHRIH.

OTA pacCy:ROeHUA BEPHE, HO TONBKO TOTAA, KOTAA CRUMbL 060UL
saekmporos odunarossl. Ecnu y mux ofowX cuumHE CMOTPAT BBEpX
(wrm BHUS3), TO eHHCTBEHHG NOTIYCTHMOE COCTOSIHUG TAKOBO:

1 o
D= (1= (2).

JlJIH 9TOT0 COCTOARUA IepeCTaHOBHA AJMEKTPOHOB Jaer

1 ‘
‘Vf»‘?z(i2>-—i1>),
9T0, KaK W IOJOKEeHO, paBHo —| { >. SHaunt, ecyau cOIN3ITH jiBa

aToMa BOJOPOJA TaK, YTOOB IIX SHEKTPOHBL BPAANNCH PSS
B OFHY CTOPOHY, TO OHM CMOTYT HepeliTw b B cocTosHue | 1),
HO He B cocrostuue | I1). Ho Bamersre Temeph, Y10 COCTOSHEE
| I) — 5To e6eprHee YHepreTHUECKOe COCTOAHHE. Kro kpunas
«3HEePTHA — PaccTOARIIE He MMeeT MEHUMYMA. J[Ba aToma Bonoposa
Beerga OyAyT OTTANLKIBATHCA M HE CMOTYT 0Opas3oBaTs MOJERYIY.
My 3akIi0YaeM, 9To MOJERYJA BOHOPOAA, B KOTODOIl CHUHKL dJEK-
TPOHOB HapajiaeibHsl, He crocobHa cymecrsobaTth. W s10 Ha camom
nerme Tak.

C mpyroii cropoust, Haie cocrosiHue | [1) MOTHOCTHH) CHMMET-
PHYHO IO ABYM aqekrpoHam. JleficTBurensHo, eciau MepenMenoBaTh
9JeKTPOHEl, Ha3BAB IEDPBHI ¢, 8 BTOPOH b, TO MK CHOBA TONYIHM
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B TOUHGCTH T0 e cocrodnme. B ra, 2, § 7, Mot BIjieITU, 910 €CLfi iBe
depMu-gacTHUL HAXOAATCA B OJHOM U TCM *Ke COCTOAHNM, TO CHHBH
UX 00A3arE O1:Th HPOTHBGTIIWKHNNYE, JHATNT, ¥ CBABAHHOI MOoJe-
KyJAbl BOTOPOJ: CIAL OXHOI0 H3 MIEKTPOHOB 0JsieH OWTH HALIPaB-
JdeH LBepX, a CIURH JPYLoro — BUHS.

Beco paccras o MoNCRYTIe BoZopopa Ha caMoM Jele Oyger amy-
YaTh emie $0Jee 2aMYTAHHO, 5C.1H ME 3aX0TUM BRIIOYUTD B HET'O CITHHAI
EPOTOHVE. Toria yie OvIAeT Heldb3g CUNTATh MONEKYJYy CUCTeMoil
¢ dgyms cocriiRAMr. OHA CKopee DORHE NMOXOMNTH HA CHCTEMY
C 60CEMBI0 COCTOAHIAMY — Jid Ka/KEOTO W3 HAMNX COCTOAHHUHI
Pl @ | 25 soaMosnlint 9eTsIPe DasANTHEE [iCAT&HACRBKI CIUHOB,
TAK WO, UPSITCHPeras eINiEaME, MBI CIeTRa VIpocTuTu geo, Hamu
OROMUUTON RHBEC 1 HBGLL. GUEARG, 16O PABHD BEpHLt.

Mz nama, 970 3 HASNICM 3.0 STHYeC 0 COCTOTHII MOJTER VB
H, — eausacinesinoM ¢B8,a0H0M ¢« OCPOATUR -~ CILIHE IBVX 9/eK-
TPOWOB OPOTLBOLC.IOHEL Apy P APyTy. [lounll enapnonil MOMeHT
BOMMUECT RE AMLHOILA 3aekTponos paser nyao. Iaofopor, nsa
OUIBKHUX ATOMAa BOJMOPUAA © 18 PATLIONBHLIMIT CIHIEaMuE (U, CTAN0
OLITH, € TTOAPYIM MOMEATOM KONWTECTIa FRIGKAFTA 1) JIOMKHN HaXo-
HOTHCH B pEoeM  (NeCchIBamHOM) DIeprefHicchoM  COCTOSHIUN;
aroMb OVAVY OTi1alikGBahed. [laidmmo mHTepecHas KOppexstung
Mexy erimnaMy g eueprmamu. OHa ome par wWUIvSTTHMINYeT To,
0 9eM MI YIOMMHAAH PeHbLICT YTO BHXONIT, OYATO ¥ ABYX CIHHOB
CYIMECTBYOT DHEPIMS «L3aNMOTPHCTBIL, TOTOMY 4TO cJdyYail Dapal-
MedbHHX cupHoR obianaer GoJblieil dHEePTHEI, YeM cayuall cuuoB
AHTHTAPANICIBHBIX . B KaKOM-TO CMBICAE MOSKHO T'OBOPUTH, HYTO
COHHHL i POMATCH BHICTDONTHCA B AHTUNADALIEIBHOE IO 0KEeHNe |,
cTpeMsich ¥ 9ToMy, 06IaTarT TOTEHUHAIOM K BLICBCOOKICTHIO
SHEPION HE B3-32 TOrO. o TAM UMe TCs GoIbDIAS MAaLHNrHAA cijla,
34 Hi-5Q O PMHIALNG 33TIPeTa.

B §1 MBBRACAN, TTO CBASD ABYX PASAUNHWEL HOHOB TIOCDEICTBOM
00HO20 3JIEXTPOIla Yalie BeeTo OKdJuBaercss BecbMa ciaboil. Ilpm
Osyxaaekimpornoll CBA3Y 310 He mak. llpencraBuM, 4To ABa TPOTOHA
Ha ¢ur. 8.4 Mer samerwrn no6oH mapoil HOHOB (C 3AMKHYTHIMU
BHYTPEeHHIMH UJI€KTPOHHBRIMH 060J0YKRAMY ¥ eIVMHUYNEIM HOHHHKM
3apANOM) H UTO SHEPIUH CBA3I SJEKIPOHA B STHX ABYX HOHAX pas-
JAUYHBEL. JHeprum cocrogrmii | [ > u | &) no-upeskaeMy 0yayr paBHHE
APYT APYTY, OOTOMY UTO B Ka/RJIOM I3 oTUX COCTOAUME nMeercs
110 GTHOMY BJIeKRTPOHY Ha rampslil med. [loaromy y Hac Beerga 6yaer
pacuiemenne, uponopuuouansiuce A. JIByXsAacxrporHasi ¢BfSb
IOuCTHHE Be3jecyila — 510 caMasg oO0bn4JHAasA BaTeHTHAA CBABB.
XuMuBIeckas ¢BASb, Kak NpPaBHIO, DPEANOTATAET a1V IrPy B «Ty/AA~
CE3, (A%, B KOTOPYIO KIPAIOT [{BA MIEKTPOHA. AOTHA IApa O IGMOD MGIeT
OblTh CBSI3aHa TOABKO OJHEHM BIEKTPOHOM, 3TO Ciydaelcd CPABHO-
TEIBHO PEdKO, HOTOMY 4TO TpebyeT HalleskamuX yciaobuii.

HaxoHer, Balo 2aMeTHTh, YTO €CAH DHEPTrHA HPUTAKEHHUA DIIeK-
TPOHa K OFHOMY APy HAaMHOTO 0OJbmie, yeM K JpYToMy, TO yiKe
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Hedbysi TuBOPHTB, OyIT¢ MOKHO MTHGPHPOBATH APYTHE MBICAMMbLIE
COCTOHHEA. 1yeTh Ao ¢ (310 MOyReT GRTh 11 HOJOKATeALHLIT TOH)
LpUTATIRAET 3;1eKTPOH HAMHOTO CUJIIBEEE, ¥eM Axpo b. 910 cunpros
OpUTA:ReHae MusiteT G0Jee UeM KOMDEACHPOBATH BJAHNMHOE OITAd~
KuBarme psyx anexrpowns. M ecou 570 Taw. T WHSMIee YHEPreTH-
YecKoe COoCTosidne MomkeT obiaajgarh OoJBUION aMIUITUTYIOU TOTO,
wro ofa oJCHRTPOHA OR/KVTCH BO3de a (00DA3YH OTPULATe]bHbIR
HOM), [ M&TOH aMILTHTY[[0H 10T0, 4T0 XOTA Onl OAMH M HUX 0DHAPY -
wuTex Bonge b. CoCTosHille BEITIANMY KAR OTPHIATSIBERA HOH
PAAOM ¢ TIOJGEATCILIEM NOHOM. VIMCHHO 5T0 If LliVYaeTCA I «HOH-
HhiX» moiekyaax uHauwonaobwe Nall. Bwr sujure, wro MBCAEMEL JIHO-
Oble Tpaza I MEsRAY FOBAJEHTHON CBA3LIO il NOHHON CBAALIO.
Tenepr BH sAcuo BAETE, 9TO0 MHOTHE SHMITVOCH.I€ QARTH HA
KBAHTOBOMEXAHIUCCKOM SIBLKE YAGETCH GUellt 0IiveTIHBO LOHATD.

§ L. MHoaeryaa denzonnn

Hua n3o0paskeHus CHOKHBIX OPIANITECKEX MOJCKYT XUMUNI
uzebpedn usmuinbe paarpaMmer. My XoTuM remepb nUrOBOPUTE
05 OHOH 43 CAMLIXN M rePECHBIX MONCKYJI -— O MOJICKRYHE OUHBOAH,
AHarpaMMa KoTopei npuseneHa Ha Qur. 8.6. I3 uee pXoist no nieciu
BGChMa CHMMEOTPIITHO PACDUONOREHHBIX aTOMUB V1ACpoJa M BojO-
poga. Kagas depronra Ha JualpaMMe HPeICTaRIET napy sJIeK-
TPOHOB ¢ OPOTHUBOUOJOMHHMY CNWHAMM, IVIATIYINKUE TaHel, KoBa-
JeHTHON cBsi3u. Kayxaeii aToM BGIOPOHAA BEOJANT B UIPY HO OOHOMY
BIEKTPOHY, A KMKABH aToM yriepofa — OO 4YeThipe, ofpasys
B obmiei cromuocrn cucteMy u3 30 yuacTBYWILUX B UIPe JEKTPO-
uuB. (B yraepone 6minie ¥ APy ecThb elle [IRA diesTpoHA, 00pasyio-
uux nepsywo, wiy K, oborouwy. Oui Be TOKABANK, TOCKOILKY BX
£nfA35 CTOADL TECHA, YTO CKOABKO-HHOYAL 3aMETHOI Ba;KHOCTH 1
KUBAJCHTHOW (BABH OHH He IpefcTaBisiorT.) HMraw, rRamnas uep-
TOUKA Ha PUCYHKE OPEICTAaRMSIAT €836, WINW IAPY ATEKUPOHOB,
a ABGHHBIC CBSI3H CRHAYAIOT, YTO MEAIY “ePCAYIOIUMUCH HapaMl
aToMoB yTiepOHa uMelsTed TOo Jeée aAapsl BIELKTPOHOR.
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@ ue. 8.7, Jee sosmoncrnocmu das opmo-Gubponbensora.
e amoma SpoMa MNoeym pasoearmbca aubo 00URGUHIN €883610,
audo deolinull,

C moneryxoit Gexsoja ¢BsizaHa ofpa saragka. MoskHo mopmcan-
Tarh, KaKag SHePTHA [Jolxkpa wmorpebfosarbest Ha obpasoBaHHe
BTOr0 XHMHYECKOTO COCHMHEHISI, MOTOMY 4YT0 XUMIKHU H3MEePHII
SHEPTMM DPAZINYHBIX COCMHEHMIT, BRIIOUAIOMHNX TaCTH KOJbLA;
K mIpuMepy, M2ydas STWICH, OHH y3HaJW DHEPIHUIo BoIHON# cBA3HM
ur. 1. llosroMy mpr MoxeM iofcunTarh DOJRYI0 dHEPTHIO, KOTOPYIO
AoTsHa Gni1a 0o mMeTh Modekyaa Gensosa. OTHAKO NCTHHHAS 3HEP-
rusg G6H30IBHOIO KOJbIA HAMHOTO MEHBIIE, UeM TNOJyUaeTcs IpH
TAKOM HOJACYETe: KOJNBIO CBABAHO KyjJa KHpenye, geM IIOMATAETCS
0OLITHOH cucTeMe «HeHACHIIeHHEIX JIBONHEX cBsizeily. Hak mpaBuio,
cucreMa ABOHHRX cBs3ell, He oOpasyiomas TOXOOHOTO KOIbIA,
BeChbMA JETKO NOAJAeTcsl XUMUYeCKHM aTaKaM: ee 3HEPLHUsA cpaBHuU-
TeJIbHO BHICOKA, M, JOGABIAA JNMINHWE aTOMHL BOJOPOJAA, ABOIHEBIE
CBA3N YyJaercsl Jerko paspeiBath. He 10 y 0OeH3071a — KOJBLO €To
MOYTH HEPYUINMO: CIOMAaTh €ro Helerko. VIHBIMU cIoBAMH, 9HEPIHA
feHs0/a HAMHOTO Hiliie, 4eM [ael HOJCcYeT IO KapTiHe IBOHHBIL
cBsgell. ‘

WNueercs eme u apyras saragka. [IycTh MBEL 3aMeHRIY ABA CMEK -
HBIX Bojopofa aroMamm Opoma, obpasyg opmo-pubpombenso.
JT0 MOKHO cjlenaTh ABYMs nyTAME. ATOMH GpoMa MoryT OHTB He
NPOTHBONONOKHBIX KOHIAX NBOIHOHA cBsasu (Pur. 8.7, a) wiu MOTyT
ORITH Ha IPOTHBOOIOKHBIX KOHIIAX OfHHAPHON cBasu (Pur. 8.7, 6).
Mosruo Ob1I0 OB TOXYMATh, YTO HOJFKHEL CYLIECTBOBATH {BE PAa3HbIE
dopmur opmo-gubpomOBensona, HO 3TO He Tak. ECTh TOIBKO OTHO
TAaKoe BemecTso *,

* MH HeMHOro yupomaeMm zemo. [lepBoHAYambHO XHMUKH AYyMalH, 9TO
JOKHE CyILIecTBOBATh wemupe GopME quipoMGensona: gBe GOPMEL ¢ aTOMaMNA
OpoMa IIPH COceQHUX aToMax yraepoga (opmo-guGpoMOeH30I), TpeTha opMa
¢ aroMaMu GpoMa IIpH aToMax yriepopga, HAyUEX depes OnuH (Mema-gubpoM-
Gemsou), u geTBeprast Gopma ¢ aroMaMu 6poMa, CTOANMMA Apyr MPOTEB APYT4
(napa-nuGpombenson). OgHAKO OTHICKAIH OHE TONHLKO TPH (OPMH — CyIme-
CTByeT JAHMb 0dxa HOpMa o6pmo-MOTEKYHL.
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D ue 8.8. Cosorynnocms 6asucnvlr H
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Tenepb Mu coOUparMesa PaspPemnTh 9Ty 345K, U BB, MOMKeT
OHTh, yre Jorafaiiuch KaK: KOHETHO, (.10 B TOM, YTO «OCHOBHOE
COCToAHKE) OeH30JBHOTO KOJbI{A HA CaMOM jlefe ABIATCH cHereMolt
¢ AByma cocroauusmu. Moskuo npepcrasmrs cebe, 910 cRs3n B HeH-
30lle MOTYT OLiTb PACHOJOKEHb HBOsAKMM 00pA30M, KeK HOKA3AHO
Ha fur. 8.8. Bu cramere: «Ho segb 970 0j{HO B TO se; y HUX JOMKHA
OHTHh OoJuHAKOBAA sHeprus». Koneuwo, momxua onrth. WMmenno mo-
STOMY HX M HAZO agaji MI3HPORATH KAK CHCTeMY ¢ IBYMA COCTOSRUAMM.
Rampoe cocrosimue mpeficramisier Apyryio xomdurypauno sced
COBORYHHOCTH RJEKTPOHOB, H CYI(ECTRYeT HeKoTopad aMmiuryna 4
TOTO, YTO BCE HepPeLIeTeHie NePeRIATNTCSH ¢ ONHOTO PACHOTOKEeHAA
Ha Jpyroe, ecTb KAKOI-TO HIAHC, YTO JEKTPOHBRL CMOLYT CMEHHTH
$urypy B Tamne.

Hax Mo Bupenu, Ta BeposATHOCTH mepedpoca MpPpUBOAUT K CMe-
MaHHOMY COCTOSAHHIO, SHEPIHA KOTOPOTO HIKeE, 4eM IOIyIuIoch 05,
eclIHm OBl MH pacCYMTANM KaKAYIO M3 CXeM, IpellcTaBIeHHHX Ha
¢dur. 8.8, no orpmeasHocru. BmecTo aToro cyliecTByioT gBa CTanuo-
HApPHEIX COCTOSHHA: OJHO ¢ SHEpPrmeidl BHIe, Apyroe — HUKe
O'KHUITAaeMOTo 3HAYeHMA. 3HAYMT, B JeHCTBATEIBHOCTH MCTHHHOE
HOpMaIbHOe cocToAHMe GeHsoma (¢ Hawnusmel sweprueil) He ecrtb
KARAA-Ji00 U3 BO3MOMKHOCTed, upegoraBadfinwx wa ¢ur. 8.8,
a obiiugaetT avirmiyhaod 1/} 2 npefusadnsg B KaKKOM H3 HAPACO-
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BAHHEIX cOCTOSIHMIE. ITO eIMHCTBEHHOE COCTOsIHUE, KOTOpoe U CTOnT
NPUHUMATE B pacder B XuMuM (eH307Ta IPH HOPMAJIbHHIX TeMiepa-
typax. Keratu, cymectsyer 1 pepXxnee cOCTOfHIe; MBI BIIpaBe Tak
TrOBOPHUTH, HOTOMY dro Gensod ofmajfaeT CHIBHBIM IOTVIOM(EIIEM
cBeTa B yIABTPAQUONETOROH obuactir ¢ wactoToil w= (E, — E,)/h.
Benomuute, 9ro B aMMnake, Tie OPHIAIONUM BRepX H BHA3 00BeK-
TOM SBIAJACh TPOilKA IPOTOHOB, PACCTOSHUE MEMKAY BJHEPTHAMU
NPUXOMMIOCE HA MHKpoOBOMEHOBYH obxacrs. B OGeHsome Ttakum
00BeKTOM SIBIASIOTCH SACRTPOHK, U, TOCKONBKY OHH HAMHOTO JIeTYe,
UM ¥ NepecKaKHBaThb TYAA-CIONA TORe HAMHOIO Jerde, oT4ero M
roaddunucur A cramoBuTesi Kyjga Gonbine. B utore pasmnuna sHep-
rnit Hamuoro Goxblte — OK0I0 1,0 98, @ 9T0 sHepPTHA YAbTpadmnoie-
TOBOTO (oToHA *.

Uro ;e mpoucxomur, Korpa Mol npucoernusiem Gpom? Torma
ONIATH BOBHHKAIOT JBe BOBMOMKHOCTH C JABYMSA PA3HBIMU 3JEKTPOH-
HEIMH KOHQUTYpauuaMu, Noxasamusie Ha ¢ur. 8.7. Oramgume ux
B TOM, 4TO Te jABa GasucHBIX COCTOAHUSA, W3 KOTODHIX MBI UCXORUM,
06;1a/1a10T Teneph cierra PA3THTHEIME 3Hepruamu. B cranuonapHoe
COCTOSIHME C RAMHU3IIeH 3Heprueidl mo-IpeskHeMy BOHJeT JUHeNHAA
KoMOMAAIMA ABYX COCTOSHMI, HO ¢ HEPABHEIMU AMIUIGTYIAMI.
Has cocrosmma | 1) amMisinTyfa MOMKET €TaTh PaBHON, CRakeM,
V' ?/,, nas cocrommus | 2> oHa Gyper V1/3; uro0B 3HaTh KO3~
LMEHTH TOYHO, Hy;kHa nobaBouHast nHPOPMAIIA, HO, BO BCIKOM
ciaygae, ecim ym speprum Hy, u H,, He paBHH OpyT Apyry, To u
ammautyasl C, u Cy He MOTYT OHITH PaBHE MesRNy coloil. Jro, ecre-
CTBEHHO, 0O3HAYAeT, 4TO OJHA M3 JBYX m300paskeHHHX HA PHUCYHKE
BOBMOKHOCTEH (osiee BepOATHA, UeM ApyTas, HO BCE JKe IEKTPOHH
MOCTATOYHO IOJBHKHEI, YTOOK H Ta, U Apyras obiananu Kaxkoii-to
KOHEYHOl AMIUINTYHoH. ¥ JApPYyroro cTanmuoHaPHOTO COCTOAHUSA
aMminTys: Apyrue (cxaxem, Vi, m — V'2/,), Ho oHO nesuT mpH
0oJiee BoICOKOM dHeprun. EcTh TOABRO OfHO HAMHU3IIEE COCTOsHUE,
a He JBa, KaK MO;HO OO0 OH MOXYMATh, HOIB3YACHh HAMBHOH Teo-
pmeil 3aKpemJeHHEIX XUMHYECKHX cBa3ed.

* CkaszaHHOe HAMH MOKeT Bac cierka BBecTd B 3abaysxpenme. Ilormo-
meHde yabTpadHOoTIeToBOTO CBeTa B NPHHATOR Hamd naA Gemsona cucreMe
¢ ABYMsA cOCTOAHAAMM GblIo OB ndenb caalHM, IIOTOMy YTO MaTpPHYHHIA Ale-
MEHT AMHOJBHOTO MOMEHTA MEMIY ABYMA COCTOSHMAMH paBen uymwo. [006a
COCTOAHNA 3JIeKTPHYECKA CAMMETDHYHBL, ¥ B Hamed gopMmyne (7.55) pas Be-
POATHOCTH TepeXOna IUIIOABHBIH MOMEHT | DABEH HYyMI0, H CBET He HOIIO-
maerca.] Ecan O APYTEX COCTGAHUE He GBLIO, CYMECTBOBaHME BOPXHETO CO=
CTOAHNUA MPUILIOCH OBl MOKA3LIBATH MHHIMH NyTaMu. OfHaKo Gojee MonHad
TeopnA Gensoma, KOTOPAas MCXOMAT M3 GOJIBLIETO YHcIa (as3MCHBIX COCTOSHMM
(obmafganmux, CKaXKeM, CMEMKHEIMH JBOMHBIMH CcBA3AMHZ), HOKa3HBaeT, 4YTO
HCTHHHSIE CTalIOHADHLIE COCTOAHHA 0OeH30Ja CHerKa HCKAKCIBH IO CPaBHE-
HIIO ¢ HaljewHBIMA HaMu. B pesyJipraTe Bee ¢ RO3NHKACT JUIOILHBIH MO-
MEHT, KOTOpHIl M paspeniaeT YHOMAHYTHE R TeKcTe IepeXOfibl, IIPUBOJAMHe
K TOINIOMEHUI YIbTPagioIeTOROrO CBETA.
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§ 3. Bpacinmean

[1pusegem eme opne XuUMUYecKkuil IpuMep ABIEHUSA, CBA3AHHOTO
C JIBVM#A COCTOSSHUAMM, HO HA 9TOT pas Ha ypoBHE KPYIHBIX MOJEKYJI.
Hacaercs vro Teopun Kpacuredell. ¥ MHOIUX Kpacurenell, a UMCHHO
y OoabiyHCTBA HCKYCCTBEHHBIX Kpacuredeil, ecTb opHa obulas
XapaKTepiucTUra ~ OHH 06iajawT cBoero pofa cuMMerpueii. Ha
dur. 8.9 nzodpasked UoH OAHOTO I3 Kpacurereli — PyxcuHa (OH
laer nmypnypHuil 1Ber). B Monexyie ecth TpH KOTBUEBHIE CTPYKTY-
DB, IBe U3 KOTOPHX — OeH30JbHLIE KoTnNa. Tperbs He coBeeM
coprtaziaer ¢ GEH3O0JBHBIM KOABUOM, HOTOMY HTO BOYTPH KOJbIA
B HeH ToabKO IBe PBOifHBIE cBAsu. [Ha pucydre morasansl ane
B paBHoil CTeIeHU IOAXOAALLIE CXCMBl, Il MH [OrafbiBaeMcs, UTo
RX sHepruy JoJGKREBL Osith papab. Ho nveercs eme n amMmiuryna
TOL0,4T0 BCE 3NCRTPOHBL CMOTYT HEPeOPOCUTLCA U3 OIHOTO COCTOAHIA
B ipyroe, DCPEABHHYE MECTOIOJOKeHHE HE3ANOJHOHHOTO» KOXD1A
B pgpyroii romeri. Horga sineKkTpoHNB Tak MIOTO, TO aMWINTYJia
Iepedpoca HECKOIbKO HMMe, 9eM y OeH 3004, 1 pasnndiie B pHeprusaXx
JIBYX CTALNOHAPHBIX COCTOAHIUI He tax semuro. Ho Tem nHe Mmenece
BCe PABHO UMeeTcst OOBIYHAA HApA CTANUOHADHHIX cocTosHuit | [ )
n | 11, npejcrapasoman co00it CyMMY it pA3HOCTh IBYX fasrcimX
COCTOHHD, MORAYAHHBX Ha DUCYHKE. JHePreTHYeC Kl HpuMes Ry Toik
mesly | /) 1| 11D oxasupaercst panubIM sHepiui GOTOHA B OuTii-
geckoll obnacrd. Leau Modekyly ocBeTuTh, BOBHUKACT OYeHDL
CUIbHOE HOMIoUeHNe I DU HeKOTO POl YacTOoTe B MOJGKY A8 HOKAMKET-
¢s1 APKO OKpamenHoH. Bor nmouemy oma rpacurens!

Jlpyrag unHTepecHas d9epTa TaKOH MOJEKYJIR Kpacuteass —
B ABYX u300pameHHnx GasUCHMX COCTOSIHIAX [EHTPRl BAEKTpIYe-
CKOLO 3apAJia PacHOJOMKEHB B pasHmX mMectax. 3 urore Modeky.aa
JoJAA OBITH CIIBHO NOABEpskeHa AeilcTsuio BHEITHETO HIeKTPHYe-
croro nous. Takoit ke sdpdert Mur HAGNIOAT T B MOJEKY Ie AMMUAKA.
flcHo, 9T0 €T0 MOMHO aHATUBUPOBATE NPI HOMOILL TOIl ;Ke MareMa-
THKK, €CAN TOJBKO udBecrHn uneiaa £, u A. Hx. Boobuie rosopst,

HZNQ—C :©:N+HZ

-+
@ ue. 89. Ilapa Basuchuz co- HZN:Q: G @NHZ

cmoarnil 04 MoACkYyabl Kpacume-
as dyrcui.
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mOJYYaKT, HAKAILIMBAA ONBITHHE naHeee. Ecau npofenars uame-
peHus ¢O MHOTHMR KPacHTeNAMH, TO JaCTO MOKHO AOrajaTheda, 9rd
IPOMAOHIET ¢ KAKOU-TO POJCTBEHHON MoTeKy Aot Kpacutend. Ma-3a
CHJIBHOTO CABUIA MECTOMOMOKEHUA ICHTDA 9JIeKTPAYECKOTO 3apAja
aHadeHne | B popmy.ie (7.55) Beauro, u BenipcTso obiaagaer Gonabimoi
BEPOATHOCTRIO HOTILOMCHUS CBOTA ¢ XapakTePHCTHUCCKOHR JacToTol
24 /. 3nauuT, BemecTBo He MPOrTY JKPAIIEHO, 4 OKPAIIEHO O9eHb
IyeTo — Majioe KOJHUECTBU BEIECTBA NOLNIOMIAeT MHOLO CBera.

Cropocty mepedpoca (u 1eM caMeM A) 09eHb YyBCTBUTEbHE
KO Beedl CTDYKTVDE MoJeKydas. Heam uaMeRuts A, T0 H3MEHHUTCA
paculeLi/ieHiie SHEPTHH W BMecTe ¢ HNM fser Kpacurexs. Hpowme
TOTO, MONERYInl He 00szaubl ObITL COREPUIEHEO CHMMETPHYHBIMH.
Mub Bugesn, 9To TO yRe caMoe OCHORBOe siBredie GRBaeT U IPH He-
GoabuIIX BREAOHMSMEHEHISX -JIazke i0Pia UMeeTesa HeDoJIbIias acuM-
Metpusi. Hefoaburoro usMeHCHMA UBETA MOHO HRoOMBATBCA BBe-
JeHHeM B MOJEKYN® JerkiXx acummerpuil. Tak, Apylrod BaKHBIR
KpacHTelb, MaJaXuToBas 3ejedb, 09¢Hb HOX0 Ha QYKCHH, TOALKO
y Hero ABe u3 UMEIINUXCS MOJERYJHI Bogopopa saMemieHs: Ha CH .
Igper smxopur Apyro#, noroMy 4ro A CIBUHYTO M CKOPOCTh Iepe-
fpoca BIEKTPOHOB M3MEHUJIACH.

§ 6. Tanuvuavmonvuan vacmuysl ¢0 cnuHomn 1/,
68 MAHUMHOMN NOAE

OOpatuMca Teneps eme K OfHOH cucremMe ¢ JIByMA COCTOA-
Huamu. Ha aror pas gamum o6serTom 6yaer yacTuiia co CunHOM !/,.
Hoe-g10 u3 TOr0, 9r0 MBI HAMEPEHE CKa3arb, 3aTPATHBAJIOCH YrKe
B NpegHAYIiMX [aBaX, HO HOBTOPEHME NOMOMKeT HAM HeMHOTO
TPOSACHATH Koe-Kakue TemHble Mecra. lloxoaiquiics sJeKTpPOH ME
MOKEM CUMTATH TOMe CHCTEMOH ¢ IBYMs COCTOAHUSIMU. X OTH B 3TOM
naparpade M OymeM TOJKOBATh 00 «3IeKTpOHE», HO TO, YTO MH
BHIACHHM, Oy[er CHPaBefJuMBO IO OTHOMEHHI) KO 6CAKOL HaCTHLe
co comHOM 1/,.

MpenmonomuM, uro B KadecTBe HAIIMX OA3HCHHX COCTOAHHUIl
| 1>mu|2) M BrOpain cOCTOAHUA, B KOTOPHX Z-KOMIOHEHTA CIIHHA
BIEKTPOHA paBHa 160 +/i/2, 1160 — i /2. DTi COCTOAHNSA , KOHETHO,
Te e caMble cocTofgHms (+) u (—), ¢ KOTOPHIME MEL BCTpeqaluch
B npeyKHuX riaBaX. Yrobpl corTacoBath 3TH u npeskHUe 0003HAYe-
HHOsA, CIHHOBOE cocTosHue | /> Ml 6yeM 0TMeqarh «INII0COMY, a Cli-
HOBOE cocTOsiHME | &) — «MHHYCOM», IPHYEM (OJIOC» M (MUHYCH
OTHOCATCA K MOMEHTY KOJHYECTBA IBIMKEHHMSI B HANPABICHNA 2.

Bearoe mmcnumoe cocrosnme | P ) DIEKTPOHA MOKHO OIKCATDH
ypaBHenueM (8.1), sagas ammanryay C, TOro, 4TO 3JeKTPOH HAXO-
aurcA B cocrosHud | 1), n ammwintyay C, TOoro, 910 OH HuXORUTCA
B cocrosHuu | &). Haa sroro maM moHajo0HTCA TaMUABTOHHAH
Hamell CHCTeMH ¢ JBYMsA COCTOSHMAMY — 3/IeKTPOHA B MATHHTHOM
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none. HawneM ¢ 4acTHOro ciydas MavHHTHOTO Mojis B HalpasJe-
HUU Z.

Mycrn sektop B nmeer Tonbro z-womnnuenry B,. Hs onpe,ue.ne—
Fus ABYX 0A3MCHBIX COCTOSHUI (YTO WX CIHHE HapaJIJIE.TII)HLI W AHTH-
napaJiiielbHel B) MR 3Haem, 4To OHH yike SABISIOTCS CTANMOHA PHEIMI
COCTOAHNAMU — COCTOAHUAMM ¢ onpefedeBHoll sHeprueii B Mar-
HuTHOM noxde. Coctosuue | /) coorBerctByer sueprum *, paBsHOIR
— ubB,, a cocroanue | 2> — smeprua +ul3,. B arom cayuae ra-
MIUILTOBRAH JAOJIKEeH 6I)ITL O0YeHb MPOCTBIM, NOCKOABLRY HA C; —
aMILIUTYy oKaszarhed B cocrofnuir | /) Cy He Biauger uw Haobopor:

.3 AC
Z‘fl —(;J —[4 — “B201’ 8 17)
(8.17;
ih '£2 =E,C,=-+uB,C,.
B srom wacraOM caydae raMoibTOHHAH PABEH
H o - lB N f[ 5 :O,
n= P k (8.18)
H,, =0, Hyo=+ub,.

Wrax, mpl 3HaeM, K4KOH BUJ MMeeT TaMUIbTOHWAH, KOTA8 MarHUT-
HOe noJjie HAapaBAeHO 0 z, W 3HAeM ele sHepPIHH ¢TallMOHADHBIX
COCTOSTHUIT.

A remepb TYyCTH II0JIe He HARPABAeHO 1O z. JNaKkoB Temephb Tra-
MuibTOHHAH? Hak MeHsTCs MaTpHyYHKe SJEMEeHTH, KOrja Hole
He HanpasieHo mo z° Mu cjesaeM npeanonoxenne, yto Jid WieHOB
TAMUJBTOHHAHA WMeeTcsI CBOEr0 pOfa IUPUHIUO CYNepIo3HIUA.
Toumnee, MBI IPERUONOKUM, YTO €CJAH ABA MaTHUTHHRX TOJA HaJa-
TAITCA OJHO HAa APYyTOe, TO 91eHH raMuIbTOHMAHA TPOCTO CKJIAbI-
BAJOTCA: CHH HAM MBBECTHO H,, A TOJISL, COCTOANIETO A3 ONHOH
TONBKO KOMIOHEHTH B,, n WABECTHO H,, pas opmofi Tonbko B,
10 H;; nas moust ¢ HOMHOHeHxaMH B,, B, IIOJIy‘IIITCH ITPOCTHIM c.no-
seHHeM. D10 GecciopHo  BEPHO, ecin pdCCMdTpHBaIOTCH TOIABKO
Iojd B HADABIEGHUM z: eclu yABOUTH [3,, To yaBosATcH U Bee H
Wrax, gaBaiite gonycrum, uro H maueiitno mo moxio B. Yrolsl Halltn
H;; pnsi KaKOro YrojHO MATBHTHOTO HOJfA, Oofblie HMUETO W He
HY3KHO.

Hycte y Hac ecrs mocrosHHOe noide B. Mwm O moaau
NpPOBECTH HAUly OCh Z B HANPABIEGHWH NOIA U o6HApyXcuau 6ol
1Ba cTAIMOHAPHBIX cocTosHms ¢ sHeprusmu Fub. Ilpocroii Bmbop
Apyroro HanpaBlieHus oceii He mameHma Owr giusuru pera. Hame
onucanue CTAIIHOHAPHLIX cOCTOSIENI ¢Tago 651 HHHIM, HO UX 9HEpIug

* MK IPAHAMAEM DHEPLUI0 HOKOA Mgc’ 3a «HYNL» DHEPIUM ¥ CUMTAEM
MarHUTHBH MOMEHT |4 JJeKTPOHA ompuyameibrHbiym 4GNCTOM, NOCKOJILKY OH
HampaBJieH HPOTHB cOWHA.
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no-npe;KHEeMy O 01 FpS3, T. €.
E,~ wy/ Bi+B+B:

31 (8.1M
E = bpy Bi+Bi4 B

Jlannnre Bce ynie concem Jaerko. ¥ Hac ecTh POPMYIIL JLIA DHEP-
ruiil. Ham Hyen raMnibroRman, angednsii mo 3, B n B, kotophit
LRACT MMEHOHO TAKHE BUCPTHIU, €CIM HPIMeHUTb namy UL[LVIO dop-
Myay (8.3). Bajaua — uaiimi rammavraunan. IIpempe Beero sa-
MeTIM, Yro DHEPTUA PACHICINICTS:I CHMMCIPHYHO U ee cpejiace
BHAUEHNC CCTb Hydnb. Baraanyn na (8.3), MB cpasy ske yBHAHM, 170
IJ1 vrovo Tpedyercs

Hog=— 1.

(BaMM‘mv YTO 910 MOATBOPI/LAeTCH TeM, YT HaM yike H3BecTHO Ipu
B =8B =0; 8 oroM caywae H=-—uB,u l{,,= uB,.) Ecau reneps
npnpammlb sreprun u3 (8.3) k Tomy, w10 HOM HBBECTHO W3 (3.19),
TO TOJYUHTCH

(Hl—lzﬁ:—’f)zqkjym 2= 2 (B2 -+ B2 - B?). (8.20)

*
{Mpt menonnsopann takre 10T Gart, aro M, =1 o, Taw yro Hi,H
moetT ObiTE 3arncano B nue | f14, [2.) Ounth B yacTHoM carydae moist
B RANPaBJIeHUU 2 3TO HACT

BB | T, 2= 2B,

01RyAa | 111, | B 0TOM "acTHOM ciiydae paBHO HYJIG, 9YTO 03HAUaCT,
uro B Hy, ne Mosker BojitTu wien ¢ B, (B noMurte, 9ro Mpr roBO-
PUIM O JUHOHHOCTH BCEX WICROR IO B l)’ nh,)
Mrak, mora mur yssadn, 9io B 11111 I 1122 BXOIIH'I wrensl ¢ B,
a 8 Hy, u Hyy — wer. Mosgno mompofosarh yrajars (bopmym,l,
KoTopete OyayT yrosiaeroparh yparaenuio (8.20), manncap
Hu = !““927

H:'-z = “Bz

2 2 2 2 ¢
| Hy [P =p (Bx+By)- (8.21)
OrasplBaeTCA, YT0 HUKAK UHAYE HTOLO CHeJATH HeAL3sa!
«Horo,qme — CK& }]\eT(‘ BoL,— H, no I3 e aumeitno. M3 (8.21)
». He obgsareasno. Ecrb u gpy-

caepyer, 9ro Hy,==p V B

’\F
rafd BO3SMOMHOCTH, KOTODAHA Y:Ke ./zuueﬁna, a UMEHHO

Hyy=p(B+1i3)).
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Ha camom peme Takux Bo3MOIkHOCTCH He ojxHa, B olmeM ciyuae
MOMHO HaNNCaTh
Hy=p(B, £ iB,)e®,

rae 8§ —npoussoabuas ¢asa.

Karoil jre zmar #m Kakywo ¢daszy Mul ob6aAsaunl v3aTh? ORasw-
BaeTcs, Uro MOyKHO BHOpars moboil 3uak um daszy Toike awlyio,
a QUSUTCCKHe Pe3yAbT4ATHL OT DTOFO He Bn3MeHsitca. Lak 4YTo
BBRIGOp —9Tu BOMpoC coraamenus. Bme 16 Hac KIG-10 perui
CTARNTEL 3HAX MHHYC U Opath ¢/® == -~ 1. Mm MOmeMm genarh tar
Re U HaNucaThb

Hy=— w(B,~iB,),  Hy=—p(B, +iB).

{(Rerarn, o711l cornamienis CBA3ERM M COYJACYIOTCH ¢ TeM Ipo-
L3nosoM B Enbope ¢as, KOTOPHlT MW HMCHOAB30BAMM B . 4.)

Hogusut raymabproumay U7 2JACKTPOUA B NPOUSBO.TIBHOM Mar-
HHTHOM T0.1¢, ¢AeI0BATCAEHCG, DabeH

Hyy = ub,, | Hyy=—p(B,~—iB), 5.22)
1121 T e M(]gx——,l" IVB},), f{22: ~iv “]—{,
A ypaBHeHUA IJIS aMOAMTY] (', u (', TaKOBH:
. dC , . .
th =t - @ (BC A+ (B —iB) (],
g dCy ) ) . (8.23)
o ?Zt“'—:m 4 l(ljxfkluy)(/l"‘Bz(’zJ'

HT&I{, MBL OTK})HHH «ypanuemm ABHRCITHSA CUIHOBLIX C()CTOHH!HUD)
BIACKTPOHA B MaTHI oM mojge. Mur yragaiau ux, HoJab3ysach HeKoTo-
PEME QHUBITUCCIIME aPCYMEITTAME, HO HCTHIHAS RPUREPRA BCAKOIO
TUMUIBTOHTIGHA 31UII0YACTCH B TOM, YWIu OH o0s3a1 Jararh upej-
CRABaHUA, COTJACYIDNMEC ¢ SKCHepIMeHToN. a3 Beex celaHHARX
TIPOBEPOK CJCAyeT, UTO 9Tn ypavHeHus HpaBwinhe. Dojdee Toro,
X075 BCC HAUI PacCy:RJCHHUA OTHOCHINCH K TOCTOTHHOMY HOJIIO,
HAUICAHHUIL HaM# TFAMWIBTOHIAH TPABHJICH M TOTJA, KOTJa Mal-
HUTHBIE IO MCHSIOTCS €O BpPeMeHeM. SHAYUT, Mbl TeHeph MOKeM
HPUMERATL ypasienus {8.25) 178 PCHIEHIsA BCEBOBMOIKHIIX HHTe-
PCCHBLIX 347149,

§ 7. Bpawiawoupiicsa sremmpor 6 HALHUINHOM ROLe

Ilpurep wepsniii: nycrs cuavTaza uiMeeTest 1OCTOAHHOE UOJ@
B HaupaBieing 2. KMy cOOTBETCTBYIOT J[BA CTAUNOHADIIAX COCTOS-
HuA ¢ onepruamu -ul3,. JloCanum HeGoabhioe moje B HATpABICHAN
z. Torpa ypaBHeHust noJyuarcs TAKEME ke, KAk B Hamtell crapoi
3ajjade o ABYX cocrospusx. OnArh, B KOTODHI pas, mojaydaercs
SHAKOMHI yike HaM mepedpoc, ¥ ¥ POBHU 9HePI'HN HEMHOTO paciien-
asorest. Ilyers, gamee, z-KOMIOOHeHTa IOJsA HAYHET MEHATHCA BO
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ZQ
\9 @ e 840, Hanpasaenue B onpe-
deanemes noaaprus yedom § u aszu-
MYMAAOHRN  yeaod §.

>
¥

x 4

BpeMent, chakeM, nay cos wl. Torjga ypapHeRus CTaHYT TakuMn,
RaK 718 MOJCKVIB . AMMHAKa B KodefiomeMcs 3IeKTPHICCKOM
moge (M. ta. 7). 1T rem sie cnocobomy 410 H nIpescae, BLL MorKere
PACCUMTATD Iipoliece Bo Beex Heranasax. llpu sToM Bu yBugnTte, wro
Koxebmmomeecsl mWoOJI¢ NPUBOJAMT K HepexofaM 0T - 2-COCTOAHHA
K ~—Z-COCTOHHHIO M O0pPATHO, €CAH TOJBRO TOPHBOHTAIBHOE IIOJIEe
roneGacres ¢ wacToTol, 6AmaKoil Xk pesoHaHCHOH, w,=2uB,/h.
Imo npussdum k EEArMoGOMELTAHUNCCRON Meopul A8AeHUT MaAZHUM~
HO20 PE3OHAHCA, ORUCAHHOT HaAMU 6 2a. 39 (ewn. 7).

Moxuo eute ¢AenaTs Maszep, B KOTOPOM HCHOIB3YETCH CHCTEMA
co cuunom 1/,. [lpuGop lltepsa — Iepiaxa cosmaer nyyox Tacrun,
TOJAPN30BAHHEIX, CKAKEeM, B HAONPABIEHHWA -Z, O OHH IOTOM
HAOPABISIIOTCH B 10H0CTh, HAX OAUIYIOCH B HOCTOAHHOM MATHHTHOM
nose. Koxebmorinecs B DOXOCTH WOJs, B3aUMOZCHCTBY S ¢ MATHHT-
HBIM MOMEHTOM, BEIZOBYT IHEPCXO[bl, KOTOphle OyayTrT cHAOAATH
0JIOCTh dHepruei. .

Pacemorpum temeps Bropoii mpmaep. Ilyers y Hac umeerca
maraumTHOe wokde B, Hanpassennc KoTOporo Xapaxicpusyercs
HoNApHeM yraoM 0 ¥ asuMytadbasiM yraoM ¢ (gur. 8.10). Hony-
CTUM ellle, YTO HMeETCHA SJeKTPOH, CIIHH KOTOPOro HaNpasieH IO
nmomo. Yemy pasabr ammautygsl C; um C, AJA 8TOTO DJIeKTPOHA?
Wanimu ciosaMu, 0003HaYan COCTOAHUE BHEKTPOHA | § ), MH XOTUM
HAINCaTh

[p> =] 1> C +12> C,,
rie C, u C, paBHbI
1'* \Ziw>7 C2=<25‘P>,

allymnj2) obosnayaoT TO jKe caMoe, YTO paHBIIC 0003HAYAIOCH
'+ > m| —) (DO oTHOmMEEHO K BRHIOPDAHAOH HAMU OCH Z).

(OTeer Ha 3TOT BOLPOC TAKMKE COfepsATCA B Hamux olmux
yPaBHEHUSIX [JsI CUCTEM ¢ JBYMsA cocToaHmsiMu. Bo-nepseiX, Mul
3HaeM, 4TO pas COUH HJIeKTPOoHa mapallierer B, To dJIeKTPOH HaXo-
AUTCA B CTAHMOHAPHOM COCTOAHMH ¢ dHeprueil £,=— pB. lloatomy
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. —if th
8 Cy, B Cy MOIGKHH UBMeRsAThCSA Kak € 1 [eM. ypasHenue (7.18)];
H ux KoapPunueHTH 0y M a, naworca dopmyroi (8.9):
a_ Fa (8.24)
ay  Ej—Hy
BroGauox @ W @, OMRHE 6biTH MOPMHPOBAHH Tak, yT00H OHIIO
a2+ e, B 1. Beanwwiw H,; u /1, yst mosies 83aTh U3 (8.22},
FCNOIb3Ysl paBeHcTBa

B,=FBcos9, B,=Bsinfcosq, B, = Bsinbsin .

Torpga mmt mreem
}111 = -l cos B,

(8.2
Ii, <=~ -pBsin B (cos p—i sin ¢). (8.25)

Kerarn, ckoGra Bo BTOpOM ypaBHEHHH eCTb IPOCTO ™', Tak UTO
DPOIie nucath
H,,=— pBsinbe~'?. (8.26)

- IlogeraBasa sta MATPHUASIE DJISMCRTH B (8.24) u coxpamasn
HA —puhl, naxoxum

ay _ sin@e=’®

2y 1—cosB’

(8.27)

3Has 5T0 OTHOIEHH? W SHAS YCJIORHE HOPMAPOBKH, MO/KHO HATH
¥ a,, B g, Clexars dTO HeTPY/IHO, HO MBI COKPATHM IyTh, Ipnber-
HYB K o*mnMy Tpoky. Hasectwo, uro 1—cos8=2sin*{0/2) u
sin 0 = Zsin (8/2) cos (0/2). duaunur, (8.27) coBmapaer ¢

G oo /2 e T (8.28)

ty sin (8/2)

Opwe #3 oTBeTOB, CJej0BaTeNbH0, TAKOB:

6 _; .9
ay = cos5e'¥, dy =8I0 . {8.29)

Onr ynopaersopsier u ypasHenuio (8.28), u yenosuio
fa; P 4la, ==

Bu spaere, 9T0 YMHO®eHE 4y I @y HA TPOU3BOIAbHEI $as0Bbit MAO-
JUTENb HUEero He MeHser. OOHYHO GopMyde (8. 29) OpeqUHo9nuTAIT
6olee CHMMETPUUHYIO B3amuch, yMHOmaa Ha €'%/2, Ilpugaro nu-
CaTh TaK:

0 _; .0 .
@y =cos - e"'92, g ==sin - 02, (8.30)
910 m ecrr orser Ha Ham Bompoc. Yuema @, W g, — 3TO AMIIIE-

TY[AH TOTO, YTO BJIERTPOH OyHer 3aMed9e¢H CIIMHOM BBEDPX HJH BHU3
(oo oTHOmMEHUIv K ocH z), eCAN H3BECTHO, YTO er0 CIHMH HAlpPaBJISH
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soib ocu (8, ¢). [AMnantyan € u C, PaBHH IPOCTO @; U (1, YMHO-
sweHmmM ma ¢ C1°R)

3aMetoTe Teneph sapATHyO Bemb. Haupsxenwocrs B marant-
goro moaa Hurge B (8.30) He mosmaserca. Tor ke pesyabrar,
pasyMeeTcH, ZOAYYHTCA B Tpefede, eciut uode B yerpeMuTs K Hy a0,
dro osHAYAET, 9TO MBI JaAu 06w/uil 0THET HA BOIPOC, KAK OPeFCcTaB-
AATH YACTUL(Y, CONH KOTOROH HANPABIeH BJ0Jb IIPON3BOMBHONL oCH.
Amminrygn (8.3(') — 5T0 MPOCKIUOHHERE AMILUIMTYAM s YacTHI
€0 cUHHOM !/, oHoGHEE NPOEKIMOHHBIM AMIVIMTYAAM IS YACTAI
co cymom 1, upnsejentny B ri. 3 |ypasuenus (3.38)]. Teneps Mu
CMOKeM HaXORuTh AaA QIThTPOBAHHKX TYYKOL YACTHI CO CIMHOM 1/,
AMILTATY L TPOENKHOBEHUA Yepea 1oT nru nkoil Guabrp Mivepna —
1epnaxa.

Hycin | -1-z> npencrasisaer couToAHKe CO COHOM, HANpaBJIeR-
HBIM TO OCU Z BBepX, & | —- z) -- COCTOAIINE CO CHNHOM BHH3,
Ecmu | -- 2" ) npegerapasier cocrosine ¢o CIMHOM, HAUPABJIEHHEIM
BBepx 110 ock z', oGpasyiouseit ¢ ocbie z yrisl 8 u @, To B 06o3naye-
HUAX TJ. 3 ME HMECM

<Azl &> = cos —g—e”"wz, (—z] +z'>=sin—2—e+"¢i2. (8.31)

OTH pesy pTATH JEBURAJCHTHN TOMY, YTO MH HAYIAM U3 THCTO I'eo-
meTpuueckox coobpaskentil B ra. 4 [ypaesenue {(4.236)]. (Ecau su
B CRO® BREMA PORIWIT HPONYCTHTH L. 4, TO ROT HepeN BaMy OZUH
U3 €€ CYUIeCTBEHHBMX Pe3yiblaTtoR,)

Harocieox BopHEMCcd e€ile pas R TOMY HIpUMepy, 0 KOTOPOM
VIKE He Pa3 TOBOPIIIeSH. PaceMoTpuM Takyio 3agagy. Caepra uMeeT-
Cf DIAPKTPOH € OUPEAcieHHHM o0pa3oM HampaBICHHKM CIUHOM,
BATEM LA 2D MIHYT BRIIUAETSs MATHATECE [OJe B HANPABIEHNH Z,
a sareMm Bmxawdaetes. Havnm owamercs HoHewmoe cocrosupe?
Ouste mipeficTaBuM ¢OCTOSIELE B sufe auneliHofl RomOuHALAH
[ wy=|7>C,+{ 2> C,. Ho B mammeil 3azade COCTOAHNA ¢ Olpeje-
JePHOM oHeprueil ABISIOTCHA ONHOBPEMEHEO HamuMu 0a2uCHLIMH
cocrosHmamy | 7> w | 2. 3uavnr, C, n C, MEHANTCA TOJABKO O
daze. Mm smaem, uro

C(t)=C,10) o =il h__ ¢, () g+£u8t/h
u | ' |
Cy (1) = €, (0™ Ent b = €, (0) e WEVR

Mpr craBanm, 4T0 BHARANE Y CIAHA HIAeKTpoHa ORIIO OIpeJeleHH0e
paupasieuse. Jro osHaMaer, wro pHavade Cy u C, Owau AByMA
auciamu, ouperensemmMn popmyramu  (8.30). Ilepexnpas 1 ce-
Kynj, HoBee C; 1 (, MB HOTYYMM 113 HPEKANX YMHOKEHNEM COOT-
sercrpernc Ha ¢ MUT/M g o TWETA L Ypg aro GypyT sa cocton-
Hug? Ysearh 9TO lNeTKo, BeXb 9T0 Bce paBHO, YTO H3Me-
HETH yroa @, BuutA n3 Hero 2uB,T/h, w He Tporars yrox 6.
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OTO BHAYMUT, YTO K KOHLY HHTepBata Bpemenn 1’ cocrosiHue [ ) Gyjrer
IpefCTaBIATh YMEKTPOH, BRICTPOCHHHIT B HAMPABIAEHUH, OTJI14ai0~
MEeMCSA OT TIEPBOHAYANBHOTO TOIBKO ROBOPOMOM BOKPYT OCH 2
Ha yron A¢=2pB . T/h. Pas osror yroa mponopnuoHaaen T, To
MOMHO TOBOPUTH, YTO HanpaBleHHe CHOHHA NPPHecCUPYeT BOKpYT
0CH Z ¢ yTJI0BOH cKopocThio 2uB,/fi. DTOT peayabTaT MBL yike HOIy-
qajdn padbiie HeCKOJABKRO pas, HO HE Tak MOJHO ¥ crporo. Temeps
MBI IIOJYYILUIH TOJNHOE M TOUHOe KBAHTOBOMEXAaHHYECKoe ouIcanue
OPeHecCHH aTOMHBIX MAarHuTOR.

JlwfonmsrtHo, 9o MaTeMATUIECKUC UCH, KOTOPHE MBL TOIHLKO
4T0 DPUMCHHIN K DJEKTPOHY, BPAILAIOUIeMYCsS B MATHHTHOM HoJe,
OPUMEHNMHE | JJA 210600 CHCTEMBL ¢ IRYMS COCTOMHUAMEI. JTO 03Ha-
yaer. uTO, MPOBeAA MATeMaTHYECKYI) aHaA02ul) C EPAMATONIMCA
NICKTPOHOM, MOJKHO IIPH TOMOIILI YIICTO TeOMETPIMEeCKIX PACCYIRIAL~
HIL PemuTh 00yl 3adaqy Jad ABYXYpoBHeroil crerems. Cmepsa
BEI CABUTACTE HEPIUuio Tak, urodu (Hi -+/,,) Oblio pasno wynm
(rax uro H,3-—=— Hy). W rorpa awbag sagaga o taxoii cucreme
Popmasvio coBuafier ¢ 3agauecii 06 27eKTpPoRe B MArmUTHOM HOJe.
Bam myxmo Oyger tonbko  omoxcdecmeumnv —uB, ¢ Hy, a
(B, —iB)) ¢ Il};. Nl mema;kno, Kakas dusuxa ram Oblia nepso-
HAyaNbHO — SMONEKYJa JN aMMuaKa Wi 970 APyroe, — Bul MOKeTe
mepesecTu ee Ha A3KIK COOTBeTCTBYMOUIeil 3agagun of diaexrpoe.
Craxno ObiTh, ecin Ml B COCTOSTHHU DEUINTh B 00weM cayjude 3a;{ady
0fi BIEeKTPOHE, MBI YK€ PEUIUId ece 3aJAaW O NBYVX COCTOAMUAX.

A olmee pemernne aas wiekrpowok y uac ects! llyers Buauacre
BIEKTPOH oDJafaeT ONpPENeJEHHBIM COCTOSTHIIEM, B KOTOPOM CAUH
HAaHpPaBieH BEEPX I10 HCKOTOPOMY HALPARICHUI), 4 MATHATHOE 110J1e
B — B raxywo-to apyrywo cropony. Bpamaiite npocro Hanpasienune
COHA BOKPYT ocH B ¢ sekmoproil yraoBoil ckopoctbio o (1), pasHol
HEKOTOPDI  KOHCTAHTE, YMHOKeHHoN da sewrop B (a nMenio
w=21B/k). Ecau B medsercsn co spemenen, jjuraitve no-upesyeMy
OCh BpAlIEHUA TaK, WTOOW OHA ocTaBatach mapaiiennnoit B, m

N

w(t) |
D ue S.11. Hoanpastenue cnrunan A {
QACKIMPOHA ¢ USMCHAWBIEMCS MaAZHUNL-
non noae B (1) npeyeccupyem c wac- i }
momoti w(t) eorpye ocu, napasiess- = |——-—i -
noii B AN ¥
O~ :
~. I~
i \\1//
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U3MeHANTe CKOpPOCTH BPAIIEHHA TAK, 4rolnl OHA BCe BpeMa Omnja
opouopHuoHalsHA HanpsukeHHocTH B (dur. 8.11). Ecan Bce Bpema
9T [ellaTh, Bh OCTAEOBHTECH HA KAaKOH-T0 KOHEYHOH OpHEHTaInd
cOuHoBOI ocu, M amuauryAs C; u C, Doaydarcd TPOCTO KaK ee
opoexnur [mpm mwomomu (8.30)) Ha Bamy cucTeMy KoOopHuHAT.

But BugurTe, 9T0 3a3mava sTa 9MCTO reoMeTpHYecKasn: HaNoO 3aMe-
THTH, I'ie 3aKOHYWIMCH BCe BAIU BpameHusi. XoTA ¢pasdy BHIHO,
ard A 9TOTO Tpebyercs, HO BTy FCOMETPHIECKYI 33434y (OTHICKA-
Hpe OKOHYATEeNBHOIO YTOTa BpallleHHH ¢ mepeMeHHHM BeKTOPOM
YIT0BOH CKOPOCTH) HeleTko B o0meM caydae pemurhb SBHO. Bo BeA-
KOM clTyuae, Mel 6 npuHyune BURUM ofiee pemenne awboil 3agaqn
s gBYX cocrosnuil. B caengyiomel riaase M ray0lixe mccaegyeMm
MATEMATHYECKYI0 TEXHHKY OOpameHusa ¢ JacTUDAMH COWHA !/, W,
¢clegoBatensHo, obpalieHuA ¢ cucTeMaMu, oONaflaldmuMU ABYMA
cocroAnuaM®, B obmeM caydae.



I'aasa 9

EHIE CHCTEMH € iBNMiA
COCTOARILAMIT

§ 1. Craenosvie vampive Hayais

Hpopommaen oficyqagenus cnoiions ARVXYpok-
HeBBIX cuereM. B wowne sapenmayiieil 1dapbt bt
FOBOPIVIM 0 9ACTIHIC €O CIIIHOM 1/, B MardiirHoM
poje. Mbl OUUCHIBAIU CLHUEOBGE COCTOSMIGTE, 3a-
gaBas amoantyny C, 7T0ro, 9ro z-KOMIIOHCHTA
COMHOBOIG MOMEHTa KOJIUYECTRA ABIDKERIST papuHa
+#/2, n ammmuryny €, T0r0, 9T0 OHA PaBla -—A /2.
B npegpigymiux riaasax Ml 91H Oa3mucHME COCTOA-
Hua obospavaru | -+ ) n | — ). Ilpubernem onarop
K 3TuM o0C3HAYeHUs M, X0Ta, Korja aro Oyner
yrnobuee, mel OygeM MenaTh ux ma | /) m [ 2).

My Bugeau B nHocie[HCH INaBe, uTO KoIjia
9acTALA CO CHHMHOM !/, W ¢ MATHMTHBM MOMEHTOM
HaXojurcA B MarauruoM mone B=(5_, B, B,), 10
ammanryaer C, (=Cy) n C_ a

(==C,) cBABAHBI CJOe-
pywomuamu puddepeHualbHEMMYE Y PABHeHTIAMI!

ih = wIB.C, +(B,~iB,) (),

a (9.1)
/ dC _ / N
ih —==—u[(B,+iB,)C, —B,C_|.

Wraue roBopsd, Marpuua-raMUIbTOHHAHE 7,
IMeeT BU[

I:lu:—}LBZ, f]12:—~M(Bx——iBy)
' (9.2)
H21:_H(Bx+iBy)’ [122: +HBz)7
u, KoHeuHo, ypasHerus (9.1) coruapawr ¢
. dC,‘ N
‘ﬁW:L f;,C;, (9.2)
i

roe i W j upuHMMAaY 3HAdeHusd -+.u — (wim 1 u 2).

* [laparpad 5 UPH NePBOM WIeldH WHATH MO0
nponycTurs. OH clIoitHee, 4eM HOA0ACHO B TAKAX RYp-
cax.
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CepenBnle MAT
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Jra cucreMa ¢ ABYMA COCTOSTHUSAMHK — CIUH BJeKTPoHa — Ha-
CTOJNbKO Ba/KHA, UT0 OYEHL IMOJe3HO OBT0o OR HafiTH IS ee ONHCa-
Hpa coocol moakkypaTHee m momasiiHee. Mpl cefidac cHelaeM
He0obIIoe MaTeMaTHIeCKoe OTCTYIIeH e, YToGs MOKa3aTh BaM, KaK
00LIYAO NUIIYTCA yPaBHEHHS CHCTEMH ¢ IBYMsl COCTOAHUSAMH. IJTO
geJaercsA TAK: BO-NEPBHX, 3aMETbTe, YTO Kaa(Hil WIEH TaMUIbTO-
HAAHA MPONOPUHOHANEH [ W HeKOoTopoll KoMmoHeHTe B; moaromy
(wucmo Popmaavro) MOKHO HAIHCATH

Hy=—u(oiB,+0/B,+0%B,]. (9.4)
3pecs Her Kakoi-nuGo Hosot ¢uamkm; 5TH ypaBHEHHA IPOCTO
0BHAYAIOT, UTO KOBPPUUMEHTHL 07, 07 11 0 — MX Beero 4% 3=12 —
MoryT OBTh IpefcraBieHnl Tak, uroe (9.4) comager ¢ (9.2).

ITocmorpum, nouemy aro tak. Haunem ¢ 55,. Pas B3, Berpedaerca
Toabko B [y u H,,, 10 Bce dyfer B nopsagke, ecld BIATH

r4 —_ ] 2 -

0z =1, 0%, =0,

2 . A

o2 =0, o2, =—1.

Mu wacto nummieMm Marpuuy H,; B pune TaGIMUKH TAaKOro popa:
i

[

H=¢ Hll I[l2
Y Hy Hy)

Haa raMmibroEHaEa 9acTUIH €O COMHOM '/, B MATHHTHOM UOJe
B—>510 BCEe pasHO uTO

7
=

& _ o i

I‘,U — < MBZ . !"" (Bx lBy) > .
—H(Bx"i_lBy) +“Bz

Touno Tak ke u ro>dQUMUEHTH ©f; MOKHO 3ammcarh B BHJE

MaTPUI{bL

i

) 05

Pacnucuras Kospdunments mpu B, nciryyaeM, 9T0 5JeMEHTH
MaTPUUH G, JIOJGKHH HMETh BH[

‘|
2 ¥
Gij:

0‘)1‘1 = 0’ sz = 1’
o, =1, 03,=0.
Wnm coxpamerHo: -
o7 = (/0 1 9 6)
YT\ 0)° '
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W umaxomen, rasna Ha By, H0JAyYacMm

G'YL::- Q, 6},'2::”-72
011 =1, ah,=-0,
nimn
¥ (() ~—1) 9.7
Oz 7= . .
g==; 0) (9.7)

Ecam tax ompegeants Tpu Marpuunl cuTMma, To ypassenus (9.1) m
(9.4) coBnanyr. HTod octanuTh MOCTO A4 MHISKCOB [ W j, MBI oTMe-
THAN, KaKasa 0 CLORT Npl Kaxoil KoMToHeRTe B, Toctasns nagercen
Z, Y, z cBepXy. O0puno, opparo, i j 0TOPACHBAOT (IIX Jerko cele
H TaK BOOGDPA3WTh), a UHjeKcbl Z, § 0 z craBar Banay. Torma (9.4)
3aMHCHIBACTCA TaK:

' H=-uloB,+0,B, 40,8, (9.8)

Marpuon curma rtark BasKonl (MMU  OecOpPepuIBHO HOAb3YIOTCA),
qro Mul Bmnumcaam ux B tada. 9.1. (Tor, wto cobupaercs paGorats
B KBAHTOBOI Qusnke, obaszas s3anomuuth ux.) Hx emre masmpaior
cnunoeuimu mampuyamu Hayau -— no uMeHn $usnka, KOTOPHIil
ux BEIgyMal.

Tabauya 9.1 ® CIIMHOBLIE MATPUIBL HIAYVIIH

1 0N

"z—(o 1)

o 0 1

* A1 0/

6. — 0 i

YT ())
/1 0

=(o 1)

B rauumy Msl BRIOYWIA eme OJHY Marpuny 2X2, koropas
OmBaer Hy;KHa TOI[a, KOTZA MR XOTHM paccMaTPHUBAThL CHCTEMY,
00a COMHOBHX COCTOSIHAS KOTOPOH MMET OfuHAKOBYIO BHEpPTRIO,
WJIN KOTJA XOTUM mepefiTy K Jpyroll HyxeBoli sHeprum. B rakux
crydasx K mepsomy ypasmeruio B (9.1) mpuxogurcs HoGasaarh
E,C,, a ro Bropomy E,C . 9T0 MOKHO yUecTb, BBeis HOBOe
oGosHauenue — edunuunylo mampuyy «i», wim §;;:

(1 0N

1=0; = 0 1)

i

(9.9)

n mepenucas (9.8) B Bupe \
H;=E¥;;—w(0,B,+0,B,+0,B,). (9.10)
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O6nuno npocto nonumawm Ges AUWHUT 020s0pOK, uTo Jwbas
Kopc ranta Hamofofue K, aBTOMATIMCCKH YMHOKAeTCA Ha efH-
HUTHY MATPHIY, H TOTAA NHIIYT IPOCTO

& A i A
fl=Ey—pn (6B, +6,8,10,B,). (9.11)
Quua U3 HPIHYIH, OTUer0 CHITHODHIG MATHHIE TaK TOJIe3HB,—
910 uTo 4wlaa MatTpuma 2X 2 Memer GHTh BHPAKEHA YePes HUX.
Bo Besikoil MaTpBiie CTOSY UETTIpE YUCHA, CHaeM
B a b
M = {

e d

Ee peerpa mosmiio sanumcars nopue angelaoil woMOMuaguE 90TH-
pex marpun. Hampinep,

10 [0
7 y b -
M =al ) L0 0')

0 0/
PO MOINHO ARTATH DO-BCAKOMY, HO, B YACTHOCTH, MOIRIO CKABATH,
q70 ]W COCTONT W3 KEROTIO~-TO KOAMICCTRA ch TLIFOC Kaklkoe-To KoJu-
HeeTne G, W T. J., IT HAUHCATH

M =01 L fo,+yo, 480,

Tfie «xoamgecrnar o, B. y u § B ofines cavaae MoryT ORTH KOMINIEKC-
HEIME GHCRAMU.

Pas amwban Marpnrna 2X 2 Mosiet ObiTh BHpaskena yepes eguavd-
HYH0 MATPHily B Ma1pALY CUIMa, TO BCe, YTe MoKeT TMOHaHuOUTBCH
IR 20607 CHCTEMBEL ¢ JBYMA COCTONINIAMIE, V Hac yice ecTb. Haxoit
Ont 1M OpIJIa cTICTEMa € ABYMA COCTOAHIAMI —- MOJMOKYJT& aMMpaxa,
rpacuTellh ii')yI{C.I’lli, YTO YyIOTHO, — TaAMIUIBTOHQRO Y PIBHEIIMC MOReT
OHTH nepeuncano b curMax. Xorae LI)U(H"!QCHOM ¢llyadae NICKTpOoHAa
B MATHUTHOM HOJNC CRTMbBI KAMYTCT HMCHONUEIMY rCO(VISTpI[T{GCKIiii
CMUICH, HO X MOWKHO ¢4UTATL M OPOCTO HOJC3HAMI MalpuliaMy,
OPUTCIHBIME K yIOTpeGIeHino Bo BCAKROI cocTeMe ¢ JIBYMSI COCTOSI-
HHSMU.

Hanpumep, opus us cnoco0oB paccMOTpeHist IpoToHa w Hell-
TPOEA — 9TO UPEHCTaAkAATh UX KaK OJHY @ Ty yKe HacTuldy B 11000M
uz Apyx cocrosauii. Mt roropuM, 4To Hyk.10K (NPOTOH 1IN HeilTpOH)
€CTh CHCTEM& ¢ [JRYMA COCTOHHUAMI, B HAHHOM CJydae COCTOAHNAMU
10 OTHOIIEHHIO K 3JIEKTpuvecKoMmy 3apsigy. Ecnu pacemarpusarhb .
HYRJIOH TaKuM o0pasoMm, To cocTosHme | MoMeT IpPemcTaBIATh
nporou, a |Z) -- meiirpon. [oBopar, Wro y HYKIOHA ecTh [Ba
COCTOAHASA (WB0TOLCIUHAY.

[Tockonpry Mer GyneM nmpuMeHATh MATPALEl CUTMa B KadecTBe
«apuMeTHKUY KBAHTOROI MeXaHUKH CHCTEM ¢ ABYMS COCTOSHHAMH,
TO HACKOPO MUBHAKOMUMCH ¢ COLTaNleHMAMH MaTPHYHOI anrc¢Opa.
Hoj «cymmoiiy g8y> mmu GOJABIIETO 9HMCTd MATPHIT 1O PASYMEBLCTCA
Kax gad  te, 970 MMeNoch B puly B ypesHehma (9.4).
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Boobime eciu Mbl «criaanbipaeM» gRe Marpunnsl 4 1 B, Te «evMyMay
C o3Hagaer, 410 KaRANI ee DICOMeHT C;; maercs $opmy:ioi

C”A:A,j—i—b’ij‘

Kasxgmit aneserr ¢ ecTb cyvmMa aneMenToB A u B, CToAmux Ha
TeX KE CaMBIX Mecrax.

Bra. 3, §6, MM yire CTATRIBXINCH € MPEACTABICHIIAM 0 MaTPIra-
HOM «IIpon3Re/ieHAy. Ta ke njes nogesna 1 upi ofpalieHu ¢ MaT-
punaMi curmMa. B ooliieM cayuae «rpoOHBBeIEHUE» OBYX MAaTpIL
A4 w B (B aroM nMeHHo mopsigKe) oupefensercs Kak marpuna
¢ 2JICMEHTaMu
C’-;:ZA,'/aBk/' {9.12)

£y
k

10 ~— cyMMa HOpouspeldeHuii JIeMEHTOR, B3ATWX momapvo 1y i-if
cTpoukd A m f-ro crentna B. Ecny MaTpuus! pacuncaHsl & Bnje
tadmm, kak Ha ¢ur. 9.1, 10 MOWHO YKazaTh YAOGSHYIO «CHCTEMY)
DOJYWEHHUS  DJEMCHTGR MATPIIGi-IPON3Befennsa. (CraxweMm, B
sriacnasere (,,. Bor JBuTaete JNeBHIM YKA3aTEAbHHIM HaJALIEM 10
smopoti cmpowke A, a OPaBRIM -— GHUR RO mpemvemy cmoadyy b,
TEPEMHOKACTE KKIYIO Dapy 9HeeJ H CKIaJBBAETe Iaphl 11O MOpe
JREHeHnA, Myl ToneiTalinchk wao(ipasuTs 370 HA PHCYHRC.

Hdan matpou 2x 2 oto rmras;mr ocobenno npocro. Hanpumep,
ecay O, YMHOMAeTCS HA O, . TO BRIXONUT ‘

. 001y 70 1y 10
O'X::O'x‘O'x::(\\lt ())(1 0):(\0 1).

/ s/

T. €. IPOCTO eJuHUTHAS MaTpuua. Wan. UiA mpluMepa, ToACHiTA-

eM elue
/0 ’i) [0 —iy\ (i U\)
G = . == R
TN o) o) (o —i

14 N

Bsrasmye wa taba. 9.1, BH Bunure, wTo 3T0 HPOCTO MAaTpiNa o,
yMao;sennaa wa . (Bemommunre, 9T0 yMHOSKCHHE MAaTPILEL HA YMCI O
OBHAYACT YMHOMCHIC RAKOTO 371eMeHTa MAT P Ha qucto.) Ilomap-
gple TPONBBEIeHNA CUTM OUEHb BAaKHH H BHIJIALAT OHE HOBOJLHO
kabaBHC, TAK 9ro Mu uX Bommmcalu B 1a0d1. 9.2, Der casir moaiere
HOJICIUTATh 1IX, KAK Mbl CEIAIN DTO ¢ 05 3 0,0,

C MaTpHIaMTl ¢ CRIBAH elle OJUH 0UeHb MHTCPecHH I N BayREH
smomMent. Momino, ecau yroguo, opecrasurhb cefe, ITO TPIr MaTpPUILS
O, O, M 0, TOAOOHE TPEM ROMIIOHEHTAM BEKTODA; €0 HHOTAA nMe-
HYIOT «BEKTOPOM curMay u 0003HAYAIOT 6. JTO HA CAMOM JeTe «MaT-
pUYHBIT BERTOP», WM «BERTOPHAS MATpuUUa». IT0 TPH PasHHC
MATPHIB, CBABAHHEBIE KARAAS co cBoelt ocbo z, ¥y min z. C ux mo-
MOI(bI0 TAMUJIBLTOHHAH CHCIEMBI MO/HO B3amlicarh B KPacumBOM
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Ty6auya 9.2 ° MPOUSBEIIEHRUA CITUHORBRBIX MATPUIL

i
2 i
| Oy |
N [
( 0% = ;
! "' ‘; N
i o) =1 '
‘ 0.0y —0,0,==10, ‘
| U)05 = — 0z, == 0y
i 0,0, 77 —0,a, =0,
i

BU/le. OPUTOZIETOM I A060T cueTenb ROOpAGHATY:

/i - —uc-B. (9.13)

XoTsi Mbl 3aTHCATH 9TH TPU MATPUILI B HPCACTABIEHITH, R KOTO~
POM TOHSTUA «BBEPX» U «BHU3» OTHOCHTCH I HAMPABICHIG z ({TagR
YTo ¢, BHILIARMT 0CO0EHIIO npur’ro) HO MO;RHO UpeficTanuts cede,
Hax 0\ AyT OHII BBILHSACTD B mo6oM ApyroM mpegcrapienis. H Xovg
310 Tpeldyer HeMAIBIX BbIKAALOK, MOHO BCE yKE LOKARATH, 4T UHN
HBMEHAITES Kar KositonenTH seKrTopa. (Mei, nitpouesm, moxa He
dynem 3aborurhca o ToM, Trebel Torasath 2T0. Jlposephbre caMi,
ecau xorure.) Brl MoaeTe mOJL3ORATHCA O B PARNUYKLIX CUCTOMAX
KOOPFIHAT, KaK ecTu Obf 370 ORI BEKTOP.

B nomzuTe, Wro raMuiavTonman A CBS3AW B KBauTOROH Mexa-
auxe ¢ pHepruei. OH XellcTBATENBHO 8 TOTHOCTH COBIAJACT ¢ AMCp-
rueil B TOM LPOCTOM cilydae, ROTHa cocToxHmil Tedbko oqHo. [lase
B CHCTEME ¢ ABYMA COCTOAHLAMM, KAKOI SRIAEGTCA CUNH DIAEKTPORE,
ecjlM 3amucaTh raMMABTOHUAH B supe (9.13), OH vuedL pamoMmiHaer
EAdccudeckyro GopMyITy SHEPIHI MATHITA ¢ MATAUTHBIM MOMEHTOM W
s MarguTHOM moae B, Huaccuveckir aTe BulrIsanr tax:

U= —nB, (9.14)

rae u — cBoiicTBo oObexra, a B — puemnee mone. Moskuo BooGpa-
3uTh cebe, uro (9.14) obpamaerca B (9.13), eciam KIacCHUeCKyIO
DHEPTUI0 BaMEHAWT TAMWIBTOHMAHOM, A KIACCHYECKoe W — Mar-
puneii po. Torza nocae Takoit yncTo $opMadbHOI 3aMeHB Pe3yNbTar
MOFKHO OyHer MHTePHPETHPOBATL Kak MATPITHOE yPABHERHe.
Wnorpa yTBeps=uaioT, uTc Kaajioli sesnuie B Kiraccuyeckoll ¢usuxe
COOTBETCTBYET B KBAHTOROH Mexauuke marpnma. Ha camom fgese
mpaBuibHee Obuio Obl TOBOPUTh, WTe Marpupa ['aMuisToHa coor-
BETCTBYET DSHEPTHM ¥ 9YTO Y KasKA0H BETMYUHBL, KOTOP&H MOKET
ObITh OnpejiesieHa Uepes SHEPILIO, ECTE COOTBETCTRYIOIASA MATPHIA.

Hanpumep, MATEUTHBIE MOMEHT MOKHO ONpefe/uTh depes sHep-
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PIIO, CKABAB, Y4TO 2HEPrus Bo Buewdem moie B ecrs —p-B. 910
onpedeasem BERTOD MArHHTHOTO MOMEHTA M. 3aTeM Mhl CMOTDHM
Ha GOPMVIAY A CAMILTBTOHIAHA PeAdbHOIro (KBAHTOBOTO) 00herTa
B MACHUTHOM [OJE€ 1 UBITAEMCSI YTalaTh. KaKHMe MATPHLEL COOTRET-
CTBVIOT TeM ILTIf UHHM ReJIMUNHAM B Riaccnmdeckoll dopmye.
C moMOLLBI0 3TOTO TPIOKA UH020A i HEKOMODBLE KAACCHYeCKIX Rejal-
YUH TOSBIS0TCH UX RBAHTORpIE ABOTHUKM.

Ecau xorure. monpodyiire pasodpatbest B TOM, Kak, B KAKOM
CMBECTE  KJIACCHYCCKMIT BEKTOD paBeH Marpulle Uo: MoskeT ObiThb,
Bbl 4TO-HuOY b 1 oTrpoete. Ho ne HaZo JqoMaTh HAJ 3TUM FOTOBY.
Hpaso e, He crouT: Ha CAMOM-TO Jede OHEN He pasHel. Kpad-
TOBaA MEXAHURa -- ATO COBCeM ApYLoid Tum Teopuu, Apyroil Tim
npemcrasiennil o supe. Muroria cavdaercs. 49To BCIVIBIBAIOT HORO-
TOPHE COOTRETCTRIS, HO BPsT J51 OHH OpelcTaBaAnT cololl Heuro
doabinee, He:RedNn MHEMOHHYeChye CpeicTRa - Mpapmaa IS 3a-
[OMITHAH U .

MHaue ropopsi. Bw zanomufaere (9.14), Korpa yanre Kiaccude-
CRVIO DUBHKY; 34TE€M €¢I Bbl 3ALMOMHIIN COOTBETCTBHE W— U0,
TO y Bac ectb nosol BemoMuuts (9.13). Pasysmeerca, mpnpona axaer
RBUHMOBYIO MEXAHHKY, RJ4CCHYECKAN ke HBISACTCA BCero Jumlb
UPUITMREHIHEM, 3HAMIT, HeT HUJYeTO 3aTaO4HOr0 8 TOM, 4TO U3-3a
RIACCHTRC KOH MEXAHUKI BBICAABIRAIOT TaM M CAM TEHH KBAHTOBO-
MEXAHUHECKIX 38 KOHOB, OPERCTaBIAOIMUX Ha CAMOM JeJie IIX MOOM-
gdeny. BoecragoButh peadbdsiil 0ObEeRT 10 TEHM DPAMEM OyTeM HHU-
Kak HEBO3MOYKHO, HO TeHb IOMOTaeT HAM BCIIOMHITH, KaK BBILJLHEIE]
ofbert. Ypasdedue (9.13) — aro merura, a ypasueHue (9.14) — ee
TeAnL. MBr crepBa VUNM KJIACCHTECKYI0 MEXAHHKY U MO3ITOMY HaM
XO4eTCH BRIBOJUTH U3 Hee KBAHTOBHE (POPMYJIBI, HO pa3 H HaBcerja
yeTaHOBAeHHON cXeMn Hus artoro Her. [lpuxonurtes xammpiit
pa3  BoaRpamaThess oOPATHO K PEASBHOMY MUPY U OTKDHIBATh
NPaBIILHLIC KBAHTOBOMEXaHWYecKHe ypaBHeHusa. W Korma onwm
ORASLIBATOTCA [IOXOKUME HA MTO-Tu KNACCHIECKOe, MBI pajyeMmcs.

Ecan aru npepgocrepemeHnsa MOKAKYTCS BaM HaJ0€[IHBHMI,
e, HO-BATIEMY, BIIECH H3PEKAIOTCS cTaphle HCTUHEL 00 OTHOWIEHU T
Riacciveckol QU3UKE K RBAHTOBROI, To mpoiy npomeriusi: ¢cpadoran
veaosHB pedoere ODpemonaBatredas, KOTOPHI DPUBBEIK BTGIKOBHI-
BATL KBaHTOBVIO MEXAHUKY ¢TYJeHTaM, HUKOTHA T PesK/(e He CJIhXaB-
uant o engdoppix marpaiax Hayou. Mue scerfga Kasagoch, 4To OHHI
HE TepdloT da/iesi/ibl, 9TO KBAHTOBAA MEXAHHKA KaK-TO CMOGKET
OBITH BBLBEACHA KAR JOTNUYSCKOE CIAeCTBHe RIACCHIeckoli MeXaHuKy,
TOH CcaMoil, KOTOpPVI ORI cTapaTelbHO YUYMIH B IpPe:RARE OB
(Moser OpTh, ORI ITIpocTo XOTAT 00oilTHch 0€3 U3YYCHMA 4ero-To
Hoporo.) o, K cyacTLio, BE BHYYMAM HITACCHYECKYX) (QOpPMyNy
(9.14) seero HECKOALRO MeCsIIeB TOMY Ha3aj, Jla u T0 ¢ 0TOBOpPKaMi,
YT OHa e COBCEM NIPABINILHA. TAK YTO, Mosker GBTH, B He Oymerte
CTOJL HEOXOTHO RBOCOPUHIMATH HeoOXOOUMOCTbL pPaccMaTpuBaTh
rwBauToByw gpopmyny (9.13) B KauecrBe mepBUMHOH WCTHUHEL.
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§ 2. Cnunossie nampuust xarx onepanmoput

Paz ym Mmr saganncs mMarteMatudecKumu o003HAYCHUAMH, TO
Xoteaoch OB omicath ewe 0dun cuocob sanmucu, cuocod, 9acTo YIOo-
TpebiaseMnll u3-3a cBoeil Kparkoctu. OH npsMo ciejgyer us o603Ha-
deHNi, BBefeHHLX B . 6. Ecan nmeercsa cucrema B cocrommim
| ¢ (2)>. uUBMeHSIOUIEMCST BO BPEMEHI, TG MO/KHO, KaK MBI 370 jle-
Janu 8 ypasaenun (6.31), ganncarb aMIAUTYAY TOrC, 9TO CUCTEMA
opu (+At orasanack OH B cocrosHNM | i)

| 1p(t+&z\>__2<z (Bt A (E

MartpuwnLii anemert i [U (¢, t+AD |7>—»T0 aMuamryga Toro,
uto 0asmucHoe COCTOSHHe |j> HNpeBpaTHTCa B GasUCHOE COCTOA-
Ane |i)> sa spena At. 3avem MBl onpedeasaw H,, npu momomum

CilT (¢, t+ At) li>:6,,.~7ib Hy, (1) At

¥ moxassisanu, uro amuauryael C; (¢) =<i| P (¢)> cBaAzaun gnd-
depeHnanbuEIMIE ypaBHEHUAMII

i 41 L H,0,. (9.15)

Ecnn amoamrynm C; sanueaTs $IBHO, TO 3TO ke ypaBHeHHe Oymer
BHIIHIETH NO-HHOMY:

ih & <ilw> = YT, < . (9.16)
i

Haaee, maTprunsie s:meMenTs H,, — 970 To/Ke aMIIATYIH, KOTOPBIe
MOJKHO 3amuchiBaTh B Bupe < i-| H | j); Hame puddepeHnuanbroe
ypaBHeHRMe BEIIVIAINT TOFA TaK:

ih g<ilp> =3

i

¥ (9.17)

M BuguM, uro —i/fi (i|H| j>— 910 aMmiIuryjia TOIO, 49TO
B (u3uUYECKUX yCNOBHAX, ONHCHBAEMBIX Marpsmei H, cocrosinue
| 7> sa Bpems dt «remepupyer» cocrosnue | (). (Bce 3To HeABHO
IoJpasyMeBajoch B paccy:;kIeBusix ria. 6, § 4.

Teneps, caexysa ugeam ra. 6, § 2, Mu MosreM coxparutb B (9.17)
obuiait «vuomuTenby (i |, nockoasry (9.17) cupasegauso Opu Jio-
6oM | i), ¥ 3ammcaTh dTO ypaBHEHHE IPOCTO B Buje

thg =2 D 19 (9.18)

¢
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WNan, caenas eme ojun miar, y6pate K TOMY Ke M J ¥ Hamucarth
1 od )
ih > = H P> (9.19)

B ra. 6 M yraswBaium, 9to npu Taxoll samucu H B H | j) uim
5 H | ) BasmBaerca onepamopox. OTHBIHEe Ha OIEPatoOPH Mbl Oy-
e HajgesaTh MajJeHbRMe manouku (7)), IT00H HANIOMHHATL BaM,

49TO 3TC omeparop, a He dncao. Mu 6yaem ncars H | ). Xors
oba ypasuernsa (9.18) u (9.19) vsnavaiom 8 meanocmu mo xe camoe,
gro 11 (9.10) wan (8.17), M moxeMm dymamb 0 HHX COBepIIEHHO
arade. Hanpuvep, ypasuesue (9.18) MoxEo 6u10 GBI 0UMCHBATH
rai; «[lpoUrsBonHas No BPeMEHH OT 6eR/MOPA COUMOARUA | P> paB-
AACTCA TOMY, TT0 IONVYAeTCA oT felicTBUA onepamopa 'aMuasrora
H ne <awmsioe GasucEOC cocTosAHme, YMHOMKEHHOMY HA AMIMHATYARY
{j 1D 1oro, wro P OKasKeTCHA B COCTOAHHH j, U IPOCYMMIPOBAH-
roMy mo Beem j». Wau ypasmenue (9.19) mormo onmucarn Tax:
JIpousBoRHag 510 BpeMeHy (yMHOMeHHasA Ha i) 0T cocToAmus | ¥ )
PaBHAETCA TOMY, ITO BBl NOJYYnTe, eCIH HOJeHCTByeTe TaMHIBTO-
HuaHoOM H HAa BERTOp COCTOHHUA | Y >». 9TO HPOCTO CORPAILEHBHA
enocob BEpaskenns Toro, 4to comepssurca B (9.17), Ho, KaK BM
noroM yOeanrech, OH MOMKET OKA3aTheAd OWeHb VIOOHHIM.

Ecaw xorure, upeio «aGerparnpoBiaHUAY MOKHO HPOJABHHYTH
eme Ha ar. ¥Ypaemenue (9.19) copaBennBo I8 6CAK020 COCMOS-
rus | P ). Kpome Toro, neBas c¢TopoHA ihd/dt — 970 TOMe omepa-
TOp; ero feiicraue: «upofuddepeHunpyil mo ! U yMHOMD Ha ifir.
Wrax, (9.19) momuo paccMarpuBaTh KAk ypaBHEHNE MesAy omepa-
TOpaMi -— OepaToPHOe YDaBHEHHE

7 d ~
lﬁr E =z H.

Omneparop lamurbrona (¢ TOYHOCTBIO 0 KOHCTAHTHI), HellcTBYH Ha
a06oe cocTOAHNEe, NPUBOAUT K TOMY Ke pesyawrary, 49ro u d/dt.
Tlomaure, wTo 910 ypaBHeHue, Kax u (9.19), ne ecmv yTBEpRAEHIE
0 ToM, UTO omepaTop M TpocTo Ta e onepayus, uro u djdt. Dra
yPaBHEHUSA -— AMHAMHMYCCKUI 3aKOH NpHPOfsl (3aKOH ARMIKEHUS)
OJI5 KBAHTOBOI CRCTEMH.

Tonbko [ua 1070, YTOOH MONPARTHKOBATHECHA B STHX IpEJCTaB-
JeHUAX, UPOAeMOHCTPUDYeM BaM pyroit sosog ypasuenns (9.18).
Bwu 3naere, uro awboe cocrosHMe | ) MOKHO 3amucaTh epes ero
HpoeKuund Ha karoit-1o G6asuc [em. (6.8)]:

%> = 2] 8> <i| b, (9.20)

Hax sxe meHserca |y )> Bo mpemenu? IIpogupdepernmpyem ero:
d d S .

E|w>=ﬁ§!z><z1w>. (9-21)
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Ho GaaucHbie cocrosHusa |i> BO BpeMeHN He MCHAWTCA (110 Kpaii-
‘Heft Mepe y Hac ORI Bcerja ObLIY OMpeCTCHREIMIIL, 3aKper IeHHLIMY
COCTORHHAME), M TOMBKO aMILIMTYAH <i|P>—5T0 9MCId, KOTOpLIC
sMoryT mensTbes. Wmaue ropops, (9.21) mpespamaerca B

d .o 4d .
ey =2 S (9.22)

Ho meis « < iy >/dt Ham masecrao-—ato (9.10); mosyuaeres. cie-
IOBATEJNBHO,

ail 0> =—g DI H, 10> =

=~__~._.}_‘|z><le;]><]ws—~7 Hj><Gip>.

ty

A aro onsTe-raku ypasverume (9.18).

Wrak, Ha raMulIbPOHHMAE MOKHO CMOTpeTh Ho-pazHoMy. MomHo
paccMaTpUBATL COBOKYHEOCTH Ko3pdummeutoB /1, mpocro Kaw
KOMIAHHUIO 4ycell, MOKHO TOBOPHTH 00 «ammmmrygax» (i | H | j),
MOKHO IpefcTaBusaTh cebe «varpuny» H,;; m MOMHO CIMTATH €ro
«onepaTtopom» H. Bee aTo ogHo 1 TO iKe.

Bepuemest remepp R Hauiell cyucreMe ¢ ABYMA COCTOSHIN M.
Ecam y»x Mbl 3anucHBaeM TaMIILTOHUAH 9Jepe3 MarTpuisl CHIMA
(¢ HOAXORAMYUMYE YHCICHHBIMM MHGHUTENAMH, TakuMu, Kak B
M T. I.), TO ©CTeCTBEHHO paccMaTpPhBaTh U Oj; Kak aMIUTHTYTY
{ilo,| j>, wim, pja KpaTRocTd, Kak onepatop o,.. Ecau mpume-
HETH 3TY MAei0 omepaTopa, TO yDaBHEHHe ABIKEHNS COCTOSAHHA
| ¢> B MArHHTHOM HOJIe MOYKHO HAOHMCATh B BHIE

b2 >=—u(B,0, +B,a,+B,0,) > (9.23)
Mesan «mcnoab30BaTEY BTO YPABHEHNE, HAM, €CTECTREIHO, IPHX0-
muTcs BRIpayKath | P Uepes 0asucHble BeKTODH (paBHOCIIBHO
TOMY, 9T0 NPUYXOAUTCA HAXOAHTH KOMIOHEHTH HPOCTPAHCTBEHHBIX
BEKTOPOB, KOIAA 3a7ava HOBOFUTCA o 4meiaa). Tar 4ro o6uTHO MH
npegnounraem pacuucsiBarek (9.23) B Gonee packpuHToM BU[E:

ifi Llp> = —p 3 (BaOy+B,5,+B.6) 1> ¥>. (9.24
i

Celtuac B yBHAMTE, YeM KpacuBa uies oneparopa.Urobs mpu-
MeHATh ypasuenue (9.24), Hy;KHO 3HaTh, 4ro Oyjer, Korja omepa-

TOPH © ODOfelicTeyl0oT Ha Kakpoe OasmcHoe cocrosgume. Ha-

ommeM o, | +); aTo Kakoii-ro BexTop | ?), Ho kakoif? Uro ix,
YMHO;KHM €ro ciesBa Ha - | ¥ DOJIyIuM

<+1&z}+>’;0z11:’1
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(noabpsyvned Tada. 9.1). Hrax, mm anaes, uto

Teueps yamossna 6, > caena na <——g. Hoayaures
_.‘\ ; _1_ o= 1 = 0(
I (S8
(o DS =0, (1.26)
CNHIerpyeT TOJIRR0  OJUM BEWTOP COSTORHIN, V,I0BICTRO 0L
T gﬁ‘.ll/( i {920); ato (=) Mulo ertajo fTh, oTEPLIAN, 4TO
R R (9.27)

i‘ai{()i'() PO PACCYIRNITCHUHMIT MoywHo TR HoNasarh, 410 pee
CHOLCT A MATPHIL 2HEMA SOTYT O B OTICPATOPHBEX 0005 H-TeANN X
SHUCATIN PAAOM HPABILT. RURSICHIME 8 1a0., Y.3.

Pab. e 86 e GBONCTHA OHLPAIOPA ¢
|
; 5 R N N
[ R
7, Lomr e e
i Coprim = =2
, 0, = =T s
G o>t —,
Oy = >s =0 4

Feaity vac eeth POHEREAC IS G PHIL GV, v0 GHIF HePeY oI T
BOUBOISROICHI oepaTopor. Horla Jisa onepaiopa CTasiT Jeion
BOBUAC NPOUSBCICUNN, 10 CHOPBA WPUCTYIACT K OUCpAIgHT 101
o parop, woteppil eront upance. Cranen, noi o, 0, -k uajo
TNITISEER S r (0' [==3). s rana. 9.3 vonyuyaen m HA Sem i 3y
rar uro

. e (0.
0,0, |+>=0,(i]—>). 9.28)
"ineria (kax. BanpuMep, &) TPocro HpOXOIST CREOBL OTNEPATOPHI

foHepatopnr WIICTBYIOT TOALEO Ha BOKIOPH COCTOMUUIL); 31aUnT,
(4.28) nepeiiger »

o, Ery{—{—;»-:mx|-~~>::,é§--,t—>.
l* CHI CAeJIaTh TO KE caMoe ¢ ix }'
cxay[_y:,-.—zl-——).

[ — >. To moayqirtes

Lemn Bsrasyyrs wa raGu. 9.3, To BujaHO, 910 0, 0,, AciicTBYA Ha
[+ >wuan | — >, pace B TOYHOCTH TO Ke, UTO IOJNYydaercs, ecsil
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TpOCTO Mofelic TROBATH ONEPATOPOM O, M YMHOENTH Ha — (. [To-
8TOMY MOIRHO CKABATH, 970 ONCPAUMA (r 0, COBIIAJAET ¢ OLepany-

et lCz, H 3anpcarth aTO VIBep@JacHne B BIHLG omepaTopHoro ypaB-
HeHdusa

0,0, =10.. (9.29)

Y6egurech, 9TO 3To VPABHEHI® COBNaller ¢ OJHAM 13 HAIIHX MaT-
pUHHKYX ypasresid rale, 9.2, Mrar, Mu OIHTL BILIIM COOTRETCTBRE
MEYLY MATPWYHON M omepatopHel Tounoil spenns. Hampgoe ms
vparHenud B talia. 9.2 Momer DoaToMy paccMaTpuBaThes H Kak
yPaBHEHNE OTHOCHTENBHO DRepaTopon cmMa. Momno nposepurs,
ITO oty AelicTiireduno caeavior us rabin. 9.3. Pabortas ¢ atiMmm
BEMAMil. JVIIe He oA dTh 38 7eM, ABJAIOTCA TH BeTUIAHE THIA O
wr 7 onepaTopadnt wii MaTpUT@aMa. HeM ux |ir cuuTall., ypaBHeHNA
BEITIJLYT O U TC A, Tak 4to tali. 0.2 MOMmHAO OPH JKeTaHHA 0THO-
CHUTh T0 K OGPATOPaM CUIMa, TO K MaTpDHIAM CHIMA.

§ 3. Peweiiue ypusenati
DA FBYX COCIROINITL

Ten ieph MOYRHO nucaTth Haue ypapreuye 4Asyx COCTOAHMIL B pas-
ARYHRX BIJax, #30paMep:

it /l =t

TL f/(' " .

LS
/'

I BOT Tawx:

th X2 Iy (9.30)

C6a oy o3Haga0T LU0 7 To ke, JLJg vacermigr co cirmaoM 1/, B Mar-
RBTAOM Uude 1asis bTonad {f paerca ypasienuem (9.8) unu (9.13).

Fein node qanpaiceno e 2, 10, KAK MBl YK€ MHOTO pas Bupesn,
PEUICHHE 30 (IIOUARTCH B TOM, UTu CUCTOHHHE | %>, xarum 6r 0HO
HIF GBUTO, IPCLCCCIPY UT BOKPYE OCH 2 (B TOTHOCTH, KAK ecJIH 05l B3ATH
$U3AYCCKOL 100 U BPATIATEL 870 KaK UeNoe BOKPYT 0cH 2) ¢ YIAoBo’
CROPOCTLO, BEBoe DOTDLINEI, qupb’/ﬁ. Bee 370, KOHEIHO, OTHOCHTCSA
M & MATHUTHOMY NOJI0, HAaNDaBAeHHOMY HOJ OPYLHM YIJIoM, BeIb
PnsIKa 0T CHCTEMBI ROOPANHAT He 3aBucHT. Ecam marEnTHoe moJe
BPOMA Ul BPOMCIH KaK-TO CHO/KHO MEHSeTCH, TO TaKoe IOJNoKeHue
Beniedl Mowiio aHaANsnpoBarh ciredyiouiM odpasou. [lyers sBHagamne
criug (Ll B HAUPABICHHW 2, 4 MaCHATHOE H0Je -—— B Hampasle-
won z. Coud magaa posopawuzathed. Eclu BREIKIKNYNTL z-moJe,
I0BOPOT mpeKpaTutes. Eeau Teneps BRIAWYATD 2-110JIe, COHAH HATHET
NUEOPAYMBATECA BOKPYT 2z M T. ). SHAYMT, CMOTPA HO TOMY, Kak
MEHSIOTCH IOJAS BO BPEMCHM, BB MOMKETe HpelcTaBuTh cebe, KakuM
OyIeT KOHEUHOE COCTOAHME — IO KaKo# ocH 0HO GyHer HanpaBIeHO.
BareM MOJKIIO OTHECTH: TG cOCTOSHHNEG K NEePBOHAYANBHEM |-+ >
| — ) mo OTHOILCHHI K Z, MOJAB3YACh NPOEKUHOHHRMHU Gopmyrtamn,
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UOAYIeHENME B 1. 8 (uan B . 4). Ecau B KoHeUHOM cocrosnun
citud HaopasteH mo (0, ¢)., To aMIUIUTYAA TOrO, 4TO CONH Symer
CcMOIpers BBepx, pasHa cos (8/2)e~2 a  aMmamnTyza Tovo.
yTo CcOMH OyOer cMoTpers BH#3, paBHa sin (0/2)z+@’:.  Jro
pemtaer a6y sagady. TaKoBO ¢JOBeCHOE OUUCATHE pelteHuit
gupdepesanbipX ypaBHeRHH.

Tonpro 4TO ONUCAHHOE PpenieHHe ROCTATOTHO oOLIo ;A TOro.
YTOORL CHPABUTBCA € AH060U cucmemol ¢ dayma cocmosnuanu. Bosy-
MEM Halll TpUMEep ¢ MOJeryJofl aMMmnaxa, BHa ROTODYH AeficTByer
saexTpuueckoe none. Eean cucreMa omuceBacTcA Ha fA3BIKE COCTOA-
Huil | Iy u | J]), To ypaBHeHUs BHIVIANAT TakK:

Lh‘icg_]:: +‘4C]+H£C117 93 )
(9.31
ih &dc[l”:-" AC”'*_“((SJCI'

Bu crasxere: «Her, tam, a1 nommio, crogno eme Ep». Hepamnuo,
MBI TIPOCTO CABHHYJIH Hawajdo orcdera dHepruil, urobmt K, cranxo
PaBHO #ylo. (370 BCerjja MOJKHO CIelIarh, HZMEHHB 008 aMIIIUTYIH
B OJHO U TO ke 9mcIo paz — B B T/h pak Momuo waGaBuTh-
¢A or a106oil nocTogHEHON godapku x 3Eepruu.) OIuHAROBHEE ypaB-
HeHNA 00NafjalT OXWHAKOBHIMU PpemIeHHSMY, NOITOMY HE CTOuT
peirarh ux Bropuuno. Eciu B3rIsHYTH Ha 0TH ypaBaeHus n #a (9.1),
TO UX MOMKHO OTOMKTECTBUTH Me:RAy coboif ciexylomuM obpasom.

Cocrosrue [+ ) obosmauum | [ ), cocrosmme |-— ) obo3RaIUM
V[T, 370 oéce ne swauwum, YTo MH BHCTpanBaeM aMMH4aK B WpoO-
CTpaucTBe B OfHY JWMHWIO WIHM 9T0 |+ D> W | — ) Kak-TO CBA3AHE

€ OCBK 2. JTO Bee jeaerTcd Yucro uekycersedno. Umeercst nekyceer-
BEHHOE IPOCTPAHCTBO, KOTOPOE MOKHO Ob1ito 651 Ha3BaTh, RaUpUMeD,
«MOJIETBHBIM TPOCTPAHCTBOM MOJNEKYIE aMMHUaKa» WIN elle Kax-
HubyAb uaave. JTo NPOCTO TPeXMEPHAs «marpamMMa», m HallpaBie-
HUe «BBepX» ozHauaeT npebhBaHHe MOJEKYJIH B cocToannu | 1),
a HanpaBieHHe «BHU3» N0 (aaIbHIHBOL ocH Z 03HaYaer HpedbBanie
ModeKyJasl B coctosHuN | /1 ). Torja ypaBEeBEUA OTOMIeCTBAAIGTCS
caepyromum o0pazoM.

Ipexyte Beero Bol BUiMTE, 9TO TAMINIBTOHUMAH MOMKeT GHTH 3a-
OMCAH Yepe3 MAaTPHIBI CHIMA:

H= + Ao, pda,. (9.32)

Ecau cpasuurs a7o ¢ (9.1), To pB, Gyzmer coorBercrBoBaTh —A,
a uB, Gymer cooTBeTcTBOBATH —U&. B Hamem «MojeibROM» HpO-
CTPaHCTBE BO3HUKAeT, ¢Tamo OWTh, nOCTOsiHHOEe Node B, mampas-
JieHHOe 110 ocu z. Kcad ecTh, KpoMe »T0Or0, BIEKTPUYECKOE Hole &,
MeHSI0UleecH O BpeMeHeM, To y nois B mosiBurcs u Hmpomopnuo-
HAJTBHO MeHsmascad z-woMooreHTa. Tarum obpasoMm, nosedernue
SAEKMPOHA 6 MACHUMHOM ROAE ¢ NOCMOAHHOY cocmasasiowel, 8 Ha-
npasienun z U Koaebarwwelica cocmasasiowel 8 HAnpasieHuUU &
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MAMEMAMUKECKW 60 8CeM NOGOORO i MOUHO COMBEINCMayem. nosede-
Hdl) MOACKYAL dMMUARA 8 OCUUAMLDYIOUIEM SAPKTILDUNECKEOM ROJE.
K comatenno, y HAC HeT BpeMesi BXO/MTh rayG,5e B IeTailil aTOro
COOTBETCTBIA Iy pasduparbes B RARnX-1n0o TCXHHYECKMX [leTa-
anx. Mbi T0IBRO X0TENH LOJYepRHYTH, YTO MO/KHO CHBNATh TaK,
aro0bl BCe CHCTeMBI ¢ JIBYMA COCTOANUAMYA ObITH aHATOTHYHE 006 eK-
TV €O CLUIHOM 1/,, OpeueccupyouleMy B MarRuTR L Hode.

§ 4 Cormonien noaspesaue fiomona

[leTh MEOIKECTRO HPYTUX NHTEPECHBIX [[TA NayJeHud CHcTeM
¢ ABYMA COCTOAHUAMU, U TepBuan, O KOTGPOH ML 0K XoTeld TOro-
BOPITH,- 3710 QoroH. Lol olicars QUTOH. NYIRHU CHAYAL: 3a0arb
BORTOR 110 HMIYThed. ¥ cBolonioro Gorora nMEYIBS OUDETEIALT
M YACTOTY, 1K UTu yKaskhBarh ocobo qactory e upiiercs. Ho eure
oCTaeTcHd ON0 CBOICTBO, MMeHyeMOee Holspiedigiell. [IpefcraBpTe
ceGe GoTOH. DpUXOAAMBIL K BaM ¢ OIpelellelTHol MOROXPOMaTHYE-
ciofi yacToroil (ROT0PYIo BO BceyM JanieM 00Cy i MeIH Mbl DyilemM
CUUTATE NOCTOAHHON, TaR 9T0 MORHO He TUBOPUTH ¢ MHOMRECTBE
cocToannil nMmyasca). Toraa cymecrsyior jusa HanpaBiIeaus mIoJis -
pusanuin. 1o waacenuecrod reopun cser o0ramact. HanprMmep,
J00 TOPUBOHTATILHO KEOJIOTIUIHMCA GIACKTPUTeCciy do’1eM, Jabo
BOOTIRAGBHO  KOACOSOUTMME A JHORTPHICCIUM  JI0AOM] DTOT BT
ABYX  COPTOB  Ha3bIBAOT  Z-10MSPUBOBAHIIM M Y-NOJAPUSOBAH-
BEIN cBetoM. Y enera Modier OKTbh H K2R0e-10 1Hoe HanpaBieHns
HOJ S pUSAIIE, €70 MOJRAO CORAaTh cynepnosuiucii sodeil B Haopas-
J4OThn 7 i B HawpasdaeHun y. VIan, B3AB - H y-KOMIIOHEHTH! CO CHABU-
roM az B 907, noxyanTs BpamawIIeecs JHFeRTPIYLCROe TOJe —
¢Be1 GyeT TONAPUSOBAH LJUIHTTHURCKU. [JT0 KPaTRoe HANOMuHA-
HUE KJACCHYOCKO TeOpHi HOAAPHIORAHHOI0 €BCTa, KOTOPYL MbY
wsyuaan B e, 33 (suir. 3).

yery remeph y Hae eetb 00unowninil GoToHE, Beero ofun. ¥Yine
HET 2:1CRTPITYCCKON0 0N, KOTOPOE MO:RHEO Gbil10 Obl PACCM2TPHBATE
OPEeRHUM CTocobeM. QJuH-eduRemaeH b T GOTCH W diuere 0olibLie.
Ho oi Toske Joaaed o8Iadarh @HATOION KAaCCHIe KO0 5 BIHUS
HOAAPUBANNYT. SHAUHT, AOLKHB CYLLECTBOBATL 10 Kpailuell mepe
gea pasuex copra Gororos. Cnepsa MOTIS0 O TORABATHCSH, YTO UX
HORHO OBITL 0eCROMEUHOe MHOMKECTRO, BeAb, Kaw 6bl To HiL OblIO,
ICKRTpUYCCRUIT BEKTOP MoskeT GbITL HAmpaBiCeH B JIHGVIU CTOPOHY.
OpHako Doaapr3aumo GoTOHA MOKHO OTIHCATH KAK cICTeMY € IBYMSI
cocroarnami. Qoron Moker OmTL amubo B cocrosgum |z, aubo
B coctoAHyn | ¥ . Ilog | x> mopgpasyMenaeicst coCTOgHME WOIAPH-
3aUAH KOUKIOr0 13 QOTOHOB B IYUKE CBETA, KOTOPHIL K.10CCHUECKH
Z-TOJSAPUBOBAH. A | y ) 03HAyYaeT COCTOSHIE HOJNAPUBAIINH KAMKI0TO
i3 QOTCHOB B y-IIOAAPUIOBAHHOM LIYYKe. ITH | ) U | ¥ ) BBl MOKeTe
BHIOpAThH B KadecrBe Oa3mCHBIX CoCTOAHmMII $OTOHA ¢ JAHHBIM
HAIIPARIEHHAM Ha BAC UMY JIbCOM—KMIYJAbCOM B HANPABICHUHA Z.
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Urar, cymectByior nsa 0a3HCHBIX COCTOSHHA | 2> W | y)>. u HX
BIoJHe XBaTaer. 94T06bl onmcath Besikmil goron.

K mpumepy, ecim y Hac ecTh MOAAPOHA, OCH KOTOPOLO pacme-
JOReHa TaK, YTOOH IPOMYCHATL CBET, NOJAPUBOBAHHEG B Hampan-
JeHNH, KOTOPee MBI HasbiBaeM HaIpPaBlIeHNEM I, M ecllll MH HAampa-
B TyAa GOTOH, KOTOPBIl, KAK HaM M3BECTHO, HAXOMIITCA B COCTOHA-
HHY |y ), TO OH OTJIOTHTCA ToaApougom. Ecnu nocnars tyga $oTon,
KOTODHII, KAK HAM H3BeCTHO, HAXOANTCA B COCTOAHIN | z), OH H
BEI{ileT B cocTrosHUN |z ). Horma M GepeyM rycok Kadbuura
(nesqadpckore mmnara), KoTopwil pacmemIser MyYoR N0 pIU30BaH-
HOTO CBeTa HAa | & >-By4oK # | ¥ >-IYYOK, TO 3TOT KyCOK Kanhijra
nonHocteo arantoruded mpubopy Hlrepra — Pepaaxa, pacmen-
JA0IEMY TYYI0K aToMOB cepebpa Ha JBa COCTOAHNA [~- > 1 | - >,
3HauwT, BCe, UTO MBI PaHblie AEJANI ¢ FACTUIAMH 0 TpudopaMit
[llrepra — Tepraxa. MOMRHO HOBTOPHTE €O CRETOM 1 KyCRaMid
NONAPONa. A UTG MORAO CKA3aTh 0 chere, KOTOPLI OTGHIBTPOBAN
KYCKOM DOJASIpONIA, NOBePHYTHM Ha yroa 0? Hdpyroe nu ato cocros-
me? Jla, geifctBirerbHO, 9T0 dpyeoe cocrosanue. QfoszHaIHM 0Ch
moasponsma z', 4To0ul oTaMdYaTL ee 0T ocell Hammx Oa3ucHBIX
coctosumii ($ur. 9.2). Buxonaniuii Hapy:ry GoToH GyIeT 8 COCTOS-
miu |z’ >. Ho nesikoe coctosgmmne MosseT OBIE IPEICTABIEHO B Bifge
JAuHeiiHol KoMOnHauR 0A3UCHBIX cOCTOARAH, a dopMyia i TaKok
KOMOURauu I3ECCTHA:

|z'>=cos0jz>+sin0]y>. {9.33)

Wnage rosopsa, ecan $oToH TPOHIeT CKBO3h KYCOR TONADPONJA,
HOBepHYTOTO Ha YTod O (110 OTROWEHIIC K X), OH BCE DaBHO MO/Ker
OnTH paspenieH Ha | x)- I | y)-OyukM (HampuMmep, KyCcKOM Kaib-
pura). Mlanm, ecan yrogao, BH MOMETe B CBOPM BOOODaskCHUI TIPOCTO
pasbuTs ero Ha - M Y-KOMHOOHeHTH. JIoOmM myTeM BRI IoJTywliTe
aMmIuTyny cos 8 GHTb B | Z)-COCTOAHOM ¥ aMIKIuTYAy s<in 0
OHTH B | If )-COCTOAHUH.

Teneps nocraBuM Taroll Bompoc: mverb (OTOH HOIAPU3OBAH
B HallpaBJCHAN 2  KYCKOM HoJAfponia, MOBepHYTOTo Ha yroia 0.

v oAy

g
o ue, 9.2. Ocu koopdunam, nepnendury-
JAADHYE K 6eKMODY UMNYADCA HOmona.
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¥ Ocu nosspusamopa

Cocrmosinue |z

J ~

@ e §.3. Jee noaspoudivie noacmuns ¢ yeaom 9
MeHdy nAoCKOCMAMU NOARPUIAY UL .

U NyCTh O OOAAET B APYroil mOMAPOU. OOBePHYTHIL HA Yroa Hy b
(Qur. 9.3). Yro rorga mpousoiiger? C RAKOMN BEPOATHOCTHLIO OH IPOi-
HeT cKBO3b moaspoun? Omeem: Ilpoiiasn nepeuil noaspoun, Goron
HaB8eDHAKA OKaswBaercda B cocroddun | x' >. Yepes sropoii moas-
PO OH HPOTHCHETCS JUIIb B TOM ¢Aydae, ecjau 6yaer B cocTOAHUM
| > (I mormoruTcs UM, OKa3aBILUCH B coCTOAHUN |y >). 3nadur,
MBI COpAITHBAEM, ¢ KAKOI BePOATHOCTHIO POTOH OKAKETCA B COCTOSA-
HOH | )7 Ty BePOATHOCTH Mbl HONYYHM H3 KBagpaTa MOAYIS
aMonuTyasr {x | 2" ). aMIIUTYAB TOro, 9Te (GOTOH B COCTOAHUUI
| "> maxogmres takske n B coctoanun | x ). Yemy panno (x| z’ D?
Ymuokus (9.33) Ha (|, nonyaum

x|x'>=cosO<z|x>+sin 0z y>.

Ho <z |y)=0; 310 cneayer u3 usurm, tak JoaxHo ObITH, CIN
[ > u | y> cyry Oasucuple cocroguus, a {z | z)=1. U Mn moxy-
qaeM

(zla'y==cosb,

a4 BepOATHOCTH pasda cos?0. Hampumep, ecnu mepseil monspoun
nocraBaed nog yraom 307, 1o ¥/, Bpemenu ¢oToH GyieT NpoXoJUTh
gepes HEro, a '/, ppeMeru OyAeT HATPEBATH HOJAAPOUA, DOMNOMAACD
BHYTDH HeTo.

[MocMorpum temepsb, urd B TAKOH e CHTYANHM LPOUCXOTHUT
¢ TOYKHN 3peHNs Kiaaccnueckod ¢usuku. Tam Mul umesau OH DYYOK
¢BeTa, BIEKTPIYECKae IOJe KOTOPOIro MEHseTCA TeM iy HHbM o06pa-
30M,—— CKajReM «HemojaspusopaHHLI nyuok. [locie toro wak on
nponres OBl yepes MePBHII mOJIAPOIY, dIAEKTPNUecKoe [oje Beldudu-
HH & Hadano Obl KomelaTbes B HATPABJICHUM £ ; MBI OB HayepPTUIH
ero B BuJe KoieONomerccs BeK10pa ¢ IHMKOBHIM 3HAYCHHEM &, HA
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” @ ue. 8.4, Kraccuveckan kapmuna saexm-
- <000 SERMO 'e)
&, /(F I| PuUxeckveo seEmopa ¢
W7y
~—F,c08d*

auarpasse i, 9.4 Eetn 0w sates SBUT JUOTAS BYoDOTO HoJdA-
POMIIA, TO UYrDe i BO0G NTPONNIA Oul PrIBEG Z-ROMBOREHETA & 405
BITERTPHYCCAOTO 1051, H R enctisnocme Ghina Oul TpoloPAIORA I LHA
RBAApaTy Wond, T. e &acos*A. BHavuT. 0pexoAsias  CRRODD
ToocTeAB il coaApon dHepTud Hnita O R oo+ B crafee aHepTH,
nocTyuaouli # ero.

M wnaccugeskad, 1 KROETOBAA KE8PTiHL TPULCIATT K OAWHAKO-
BoIM  peavibratad. Ecan sl Bsl OpocHiaum 88 BTopoil modispop
10 musnuapacn GOTOHOB. a CPEHEAS BEPOATHOCTD MpPOXOsKIEHUSN
Ramaoro 43 Hux Gotaa Owi, crasueM, 3/,, To caegoBano Oh CUMKATE,
7T CKBO3b Hero npoiger 4/, or 10 Muasuapios. PapHsim 06pasoM n
BHEPIL”, KOTOPVIO oM ymectn 6mi, cocTasuiaa 6w %/, Tod dHep-
THH, KOTOPYIO BaM XOTEJIO0Ch HPOTONRHYTH deped noaapoun. Hiaac-
cuueckan TeopuA HUUSLO He TOBOPUT O CTATUCTHKE ITHX Bellci,
OHA HONMPOCTY YTBEp:LAAeT, WTO DIEPrius, xorTopad npoilier Ha-
CKBO3b. B TOUHOCTN Pania ¥/, Toil sHepryu, Kotopas Jnuia myigesa
B MOJSPOUI. ITO, KOHATIIO, HEMBICHUMO, ol (OTOH TONBKO O4NH.
He Oniaer #/, orona. Jlubo on secv sfech, mubo ero Bosce Her.
U xpauropas mMeXanmea IOBOPIT HaM, ITO OH OBIBAeT écchb adecs 3/,
apemenu. Cesisp obenx Teopuil dcua.

A raw ke ¢ apyruMm copramu noadsapusanru? Craskem, ¢ mpa-
BOW Kpyropoli moaspmsammeidi? I3 kaaccuieckoll Teopuun KoMIo-
HEHTH z M y TipaBoll Kpyrosod NONApPH3alud OBZHM paBHEI, HO
caeunyTH mo dase sa 90°. B kpamrosoii Teopun QoToH, mOXHpHB0-
BaHHp mo Kpyry BOmpaBo («mpaBkily), ofiagaer paRHEIMU aMILIK-
TygaMu OHTH | 2y~ U | Y )-DONAPUBOBAHHEIM, U 3TH aMILIMTYIH
enBuEYTH 10 paze na 90°. O6o3HaTAA COCTOAHKE WIPABOIOY HOTOHA
uepes | [1), a cocrosnme «ieBoro» ¢Qorona wepes |JI), moxmno
panucars lem. 1. 33, § 1 (Bwm. 3)]

T = (24 1), 030
> = = (12— iy); o
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MHOmHTeXb 1/1/9 mocraBieH, wrofk HOPMHPOBATBH COCTOHHMA.
C moMoIBI0 BTUX COCTOSHITN MOKHO HOJCIHTLIBATE M00be DPPERTE,
cpsazamHue ¢ GuibTpaMu Wiy warepdepeHnuel, OPIMEHAS 3aKOHb
KBaHTOBOH Teopmn. Ilpn skenmaunu momuo varme spdparh B Kade-
crhe OasucBEIX coctosiHmii | I1) u | JID n Bee mpepcrasisaTs gepes
vux. Hapmo Toxsko mpegsapurensuo yGegnrbes, uyro {1 | J1>=0,
a 9TO MOJKHO CJedaTh, B3AB CONPS/REHHBI BUJ IIePBOTO ¥ paBHEHHA
fem. (6.13)] u nepeMBo®uB X APYr ¢ Apyrom. MoskHO pacKiajibi-
BATh CBeT, HO.Jh3YyAChk B KauecTBC (a3uca M -, ¥ Y-I0J A PUSARILIMNA,
0 z'-, ¥y -modapH3AIMAME, 4 MOKHO —u ipaBoil, u Jesoll noaapn-
3aHUAMY.

Noupobyitre (mpocro piada yupaskserus) ciparurb maniu Hop-
Myast. MoskHO Ju mpeficTs > B EAJe MiHellHoHO
woMOuBuNnY OpaBoro 1 Jesero? Jla, sor orser:

i )
|5 == —= (|1 -+ | T1),
| (9.35)
{y>:_ﬁ([ Iy —1J).

Jorasamenvcmeo: cloRuTE M BBIYTUTE AB4 ypaBHenua B (9.34).
Ot oprore 6asmca X Apyromy odUeHb JEeTKO EPeXOAuTh.

Bupouem, oguo 3amedanue Hajgo 6u cpenath. Ecan goron mons-
pH30BaH 0 IPABOMY KPYTy, OH HE HMeeT HHKAKOIO KAaCaTelbCTBA
K ocaM ¥ B Y. Ecam 05 MBI B3IJIAHY/IH Ha HEI'O M3 CHOTEMBI KOO PHY-
HAT, HOBEPHYTOH BOKPYTI HANPABJEHUS moleTa Ha Kakoli-1o yrodx,
TO CBET No-TpeskEeMy Coul OB HOMAAPUBOBAH IO KPYTY; TO JKe € JTeRoil
nongpusanueii. IlpaBo- m JeBOIONAPUBOBAHHKI IO KPYTY cBeT
Opw Ja060M TAKOM IOBOPOTE OJMHAKOB; OIpeieseHHe HE 3aBUCHT
ot Beifopa HampapiaeHus z (6CIM He CIUTATH TOTO, UTO HATIPABIeHNe
¢dorona sapaHo). -Berukonenno, e Tak au? [ng onpererenuss He
HY}RHH HUKakue ocu. Kyga nyunie, gem z u y! Ho, ¢ gpyrofi cro
POH»I, He 9Y[I0 JIH, YTO, CRIAANBAA J€BOe W IPABOE, BH B COCTOAHNL
yaHarh, rge Osimo Hanpasnesue z? Ecau «opasoe» u «iepoe» HUKAK
£€ 3ABUCAT OT I, KAK ;K€ MoIAydaeTcH, 970 Mbl MO;KEM CJIOKHTH
uX u BHOBb Hodydurh z? Ha 370T Bompoc MOKHO 4aCTHI0 OTRe-
TUTH, pacumcas cocrosnue | 11’7, mpemncrasasgoniee goron, mpaBo-
TmONAPU30BaAHHEI B cucTeMe Koopaunar x', y’. B aroil cuereme Mu 65t
HAIHCALH

IH’>—V—(lx >¢lly >).

Hax me Oymer BHIVIAETh TAKOE COCTOAHME B CHCTeMe z, y? 1lomcTa-
BuM | z'> 13 (9.33) u coorBercTByIOmEe | i’ >; MBI €TI0 He BHIONCHBAIH,
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HO OHO paBHO (— sin 0) | x>-+(cos B) | y>. Toraa

" =

V_[coselzfs-wsinO;y\/~isinl) Lo teosBy e

—}—/—: [{cos8 —isin O) x> | i(cosB-~isinl) yo)-
1 , oo

=—==(lz, -+ i y>)(cosb - isiny),

VAR
[epBrlii MHEOmTMTETL -~ 0TO wpocto T | a sropoii @

~UATOr TAKOB!

Cocrostruia [ IT") m | [1) oranwamores ToMbE0 GAROBHIM  MHOMNIL
Te.ﬂeu e“' ECJH TMOACHITATb TAKVIO K6 Belyh s | J17 D0 Mur moTy-
qpm *

Tenepb Mm Bumun, atd mpoucxorur. Coomur > u | JI),
MBI TIOJIYyYaeM HEeYTO OITHMIHOE OT TOTo, 4Tu OOAyUImioch Ob O
croswerun | IV > w [J1"). Crawewm, z-monspusonaunsil goron
ectb [em. (9.35)] cyava | I uw ' 71D, wo y-tnorspusosanusil go-
TOH — BTO CyYMMa co casurom gasu neppore da 907 mazal., a Bro-
poro — Ha 90" Briepes. JTo TPOCTO TO 3Ke CAROE, HTO HGIVEHI0CH bt
m3 eyMmmet | [ ) w | JI” > npm onpenesernost sufope yvrira §-=90 i
3TO HPABUABHO. B wmpuxrosanm ol CleToMe Z-1100 8 PUBATIIA — DTO TO
JKe caMoe, 94T Y-HOJIAPHBAII B IePEOHavalbioil ciiereMe. 3HaunT,
He COBCEM BEpHO, 970 MOJAPHIOBAHIKI No KPYTY HOTOH BRIIAINT
B I060I cucreMe ocell oAnmarono. Fro ¢gasa (Ppasosoe cootTnowenire
MERAY OPABO- U JIBOIOIAPUSOBAHULIMI HO KPYTY COCTOSHNIMU)
3a00MUHAET HAOPABJICHUE .

§ 5. Heitmpaavrwseic K-uezom*

Tenepb MH pacckaskeM o ABYXYPOBHeBOII cucremMe L3 Mupa
CTPAaHHEBIX YACTHI — O CHUCTEME, Ji1A KOTopoil KRAHTOBAA MeXanika

* JT0 NMOXOoKe HA TO, YTG MBI OGUapy KAl (B INT. 4) ;1A 9aCTHN CO CITH-
HOM !/, KOI/[a IOBOPAUMBAJM CHCTCMY KOODIMHAT BOKPYE OCII I; TOMA MBI
MOAYIHIH (a30BEEe MHOKHTCHI eXp (4-I¢/2). I3 AciicTBITCALHOCTH 3TO B TOY-
HOCTH TO e caMoe, 9TO ME IHcajil v Id. 3, § 7, 0T cocTosiil |-+ 1 |—>
9acTHUH cO0 cImHOM 1, W 3ro me caywaiino. Moron — 2TO 4YacTRI@A CO CIIH-
HOM 1, y KOTOpPOii, OJHAKO, HCT «HYJb»-COCTUAHIA.

** Mrr cosmaeM, 410 MATCpHAX oTOTC Taparpada mAHuIce I TpyiHec,
9eM 3TO IOJNOMKEHO Ha HANIEM YPOBIC 3maumil. J1ydine upoiycTuTe ero 1 iepe-
xopute npaAMo k § 6. Ho ecmt y Bac ecth cayonofue H BpeMsA, IOIO35Ke Bep-
HHTECh K HeMY ONATH. 3TO BeAHKOJACHHeAnUI 1ipiyep (B3ATHIUT K TOMY jKe u3
mocaefEEX pabor Ho M3MKe BBHICOKUX 3HEPIHil) TOTo, 4TG MOKHO COTBODHUTH
¢ HoMowpbl0 Hameidl (GOPMYIMPOBKE KBAHTOBOH MeXANHKE [IBYXYDOBHEBHX
cucreM. (JlaA pycckoro msfanus iaparpad nepejenad iipod. Caipcom. —
Hpum. ped.)
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OPUBOAKRT K popasmrenbrelimum npexckasanusm. [losnoe ommca-
Hile 9T0# crrcressl oTpeGorano OB OT HAC TAKAX 3HAHIN 0 CTPAHHKX
YaCcTHNAX, KAKHX y HAC TIOKA HET, HDO3ITOMY, K COKATEHIIO, Koe-
KaKMe YIJNE HAM UPAAETcA cpesartb. MB aump BepaTie ycieem
H3TOMATH MCTOPHIO TOTO, KAk OBIIO CIeTAHO OZHO OTKPBITHE, YTOOH
TMOKasaTh BaM, KAROLo0 THIA PacCy:;RAEHNA IJa aroro morpeboBa-
naueb. Hagamoch 310 ¢ orspmris Leda-Maugom n Hnmumpxnmort
DOHATHS CIMPAHKOCIU W HUBOI'C 3RKOHA COTDAHEHUS CMLDAHHOCTIU.
" Bor rorga [Meun-Mann n Ilaitc npoanannsupopanm cieqctBusa H3
9TMX HOBHIX [peNcTaRJICHHMIT, TO OHN TPHULTH K NPeJcKa3aHuio
3aMedaTelbHelller0 ARIGHIU A, 0 KOTOPOM MBL If XOTUM [IOBECTH PeTh,
Comepsa, ommaro, Ify:RHO HEMHOGLO PACCKABATH O «CTPAHHOCTHN.

Hauans wya:iH0 ¢ Toro, YTO HASBIBACTCH CUIBHBLML 83AUMOOETICm -
suaMu sepEBX vactul. (ymecTBYIOT RIANMONeHlcTBUA, KOTOpHIE
OTBETCTBEHHBl 34 MOL{Hble SAEPHBIE CUIBI, B OTJHYNE, HATIPIMED,
OT OTHOCUTEABHO Oonce caalhx 2VIEKTPOMATHUTHBEIX B3anmomeiicr-
Buii. B3anmofiefictpuA «CIILHL» B TOM CMBIC/e, 9TO €/l B 9aCTH-
e coliyrest tak 6ansko, wrobnl ObIth CIOCODHBIME B3amMOJEIHCT~
BOBATL, TO B3aLMOAElCT:YIOT OHU 049eHb MOIHO H COBIJANT IPyTHe
JacTyisl 09€HbL Jerso. fluepusie FacTuIbl 06J1aaicT elle TaK HABH-
BAEMBIM «caabbiM BaaumolellcTBIeM», B Pe3yabraTe KOTGPOTO TTpo-
HCXOJAT TAKUe Bellln, Kax Gera-pacial; HO OHU BCETTA TPOMCXOANT
OYgeHb MeIIeHHO (10 siepubiM MacuTabaM Bpemenn): cradne B3aumMo-
DellcTBIST Ha MHOFO-MHOTO HOPSIKOB BeAWYUHSL ciaalee, 4eM CHIb-
grle, u fasie crabee, YoM 9ieRTPOMATHITHEE.

FRorga upu momonrz HoapmuX ycrKopureIeil Hadald H3yYaTh
CIJIBHBIE B3anMOJEHCTRIA, Bee OblIM DOpPaykeHB, yBWAER, UIO
HCKOTOPBLE BEL(H, KOTOpHe «IOMGRHB ObNLITy mpomsofitn (omuna-
JT0Ch, YTO VHI MPOH30IMYT), HA CAMOM Jele He RO3HUKaIu. H npu-
Mepy, B BEKOTOPRX B3auMoJeiic TBUAX He MOABIATACH JACTHIA OIIpe-
JETeHHOTO CopTa, XOTA OyKIAaloch, YTo oHa moasureA. Ieri-Maun
v HunmmssuMa 3aMeTnin, 9T0 MHOTME U3 3TUX CTPAHHBIX ¢Iydaes
MO;iHO OHZO Oo0bACHETD OJHMM MaXoM, H300peTA HOBHII BaKOH
COXpaHeRUsA: corpanenue cmpannocmiy. OHN TPEATOLORAIN, ITO
CYHLeCTBYET CBOHMCTBO HOBOI'G THMA, CRA3RIBAEMOE ¢ Kaxkpoll yacTH-
neit, — YHCIO, Ha3kaHHOe UMM «CTPAHHOCTBIO», — H UTO BO BCAKOM
CHIABHOM B3AuMOoJeil¢cTBUH «KOJITYECTBO CTPAHHOCTHY COXPAHAETCH.

Iipeanomomum, wanpumMep, 9ro orpunarenbHsii K-Mea0H BHCO-
KOIl dHEprum, CKajkeM ¢ sHeprueil 3o MHoro [96, craikpBaercs
¢ nporodoM. W3 mx BzauMomelicTBHAI MOTYT NPOMBOIITH MHOTO
Ipyrux dacTnm: w-Mesonon, K-Me30HOB, A-wacrmm, X-9acTHI], —
Jo6ble M3 Me30HOB i GapmMOHOB, IePeYNCHeHHHX B rtabia. 2.2
(uim. 1). ORasanock, ofjHaKO, 9T0 BOBHYKAIH TONXBKO onpe@eﬂennme
EOmOUHAYUL, A NpyTie — HAKOIKA.

Ilpo HeROTODhIE BAKOHH COXPAHeHHH 0Hn10 W3BECTHO, 4TO OHH
obsazaunnl cofmwonarsea. Bo-mepBBIX, BCerja coOXpaHANHNCH dHEPTHS
¥ amnyabe. Jlonnas sHeprua M MMOYILC Hoche COOMTHA HOMMKHEL
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OHTL TaKUMHE jKe, Kak 1 Hepef coOuTueM. Bo-BTopHx, cymecTryer
3aKOF COXDaHEHUA JJIeKTPHUECKOT0 3apfAja, yrBepsKpamomuil, 4ro
DONHBI BapAm BHIXONAMNX wacTur, o0f3aH PaBHATHCH IONHOMY
3apsjly, BHeCEHHOMY HAUalbHHIMHN dacTullamu. B Hamiem nmpumepe
cTonkHorenus K-Me30Ha M npoToHA ReHCTBHTENBHO npouczodim
TaKde peaknuu:

K-+p—p+K +a"4n" +n
uIn (9.38)
K 4+p— 2" 4n" .
1 muwrorpa ums-sa HecoXpaHeHWsS 3apAfa He WAYT pEAKINH
K-~+p—p+ K- +n” uaw K- +p—A4at. (9.39)
Buito Tarke MBBECTHO, UTO KOAUYCCNE0 6APUOHOS COXPAHAETC.
Ronuaectro epuzodawur 6apuoHoB momkHo OHTH PaBHO HKOJMIe-
sTBY exodawuxr. B srom sakroHe ammuvacmuya OapmoHa CUATa-
eTcsa 3a MuHyc oxmH GapuHOH. JTO BHAYAT, UTO MBI MOKEM BH-
AeTh — ¥ BUIUM — PeaRIuu
K-4+p— A04+nf
Hia (9.40)
K +p—p+K +p+p
(tme'p — BTO AHTWIPOTOH, HeCymIHit oTpuIATe T bHK 3apsy). Ho M
HUK020a He YBUIUM
K-4+p—K +a*+n®
mu (9.41)
K-+p—p+K +n

(masxe ecnm sHEpTHA OYeHb-odYeHb GoJibIIag), HOTOMY 4TO ymcio Ha-
PHOHOB 371eCh He COXPAHANOCH OH.

JTH 8aKoHKI, OfHAKo, He O06bACHAIOM TOTO CTPaHHOTO (akrTa,
9TO HUGKECHAeNYUIe PeaKIud, KOTOphe ¢ BULY He 0CO0SHHO OTIH-
9aTcA oT Koe-KaxmX mnpusegeEnXx B (9.38) mam (9.40), tomxe
HHKOTIA He HaOlomanuch:

K-4p—p+K +K°,

78871 .
K- 4p-—p+n~, (9.42)
HIIT
K- 4p—A"4 K.

O0BACHeHNEM CIYKHT cOXpaHEeHHEe CTPAHHOCTH. 32 KaKAOM YacTy-
neii caegyer 4HMCNO — ee cmpannocmy S, M WMeeTCA 3aKOH, UTO
B A1000M Cu4broM B3aMMOMEHCTEHA IIQIHAS CTPAHHOCTD HA 6ulr0d€
JOMKHA PaBHATHCA HOJNHOH cTpaHHOCTH Ha 6x0de. IlpoTom m amTn-
nporor (p, p), HEATPOH M AHTHHEHTPOH (1, N) ¥ N-Me30HM (n*, 0,
n~) — Bce MMeOT cTpaHHQocTh Hysv; ¥ K- m K°-MesomoB crpas-
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HocTh paBRa +1;y K~ u K°® (antn- K% *,y A% w Z-wacran (X+, 29,
2~) crpasHocTs paBHa —1. CymecrByer Takke 9acTHOA CO CTpaH-
HOCTBI0O —2 (E-wacTuna), a Mosier GbITH, M IpyTHe, MoKa BeM3BecT-
Bhie. Ilepeuend nTux crpaHHOCTEl npuBefeHn B Tabm. 9.4%%,

Ta6auya 9.4 e CTPAHHOCTH CHJIBHO B3AMMOIEHMCTBYIO-
IMUX YACTUIL

—2 —1 0 414
ot P
Bapuous =z A0, X0 n
B- -
at K+
Mesonnt ] K° a0 K
K~ n”

TlocMorpuM, Kak geficTByeT cOXpaHEEIe CTPAHHOCTH B HEKOTO-
PHIX HalMCAHHHX pearuuax. Ieaum Mpt mexogmm na K~ nnpoTeHa,
TO HX cyMMapHasa crpaHBocth pasga (—1) + 0=—1. Coxpanenue
CTPAHHOCTH YTBCP/KIAET, UYTO CTPAHHOCTH npolykmos peaxIun
nocie CHOKEHHA Toxke AOMKHH naTh —1. DBsl ugure, uro B peak-
muax (9.38) u (9.40) sto meitcrBurenbro Tak. Ho B peaknuax (9.42)
CTPaHHOCTH CHOPaBa BO BCEX CIyYafaX ecTh HYAb. B HUX CTPaHHOCTL
He coXpaHAercA, W oHm He npomcxofar. Hogemy? ITo HUKOMY HEe
u3BecTHO. Hukomy He H3BECTHO 9T0-1u00 CBEpPX TOTO, YTO MH TOABKO
ure pacckasanu. Ilpocro mpmpopma Tak HelicTByeT — H Bce.

Jlasaiite Tenmepp B3rIAHEM Ha TAKYI0 DPEAKIMIO: T  HONAJAeET
B uporon. Bm wmojxere, Haupumep, noiyduTh Al-vactuiy miwoc
HeiiTpanbapit K-Me30H — 7JBe HeWTpalbHble wacTHinl. Hakoil ke
U3 HelTpanbHeX K-Me30HOB BH nmoiyuurte? Pas y A-uacTunsl cTpaH-
HOoCTh —1, a y ™ u p* ¢TpaHHOCTL HYIb H IOCKOABRY Hepel HaMHU
GRICTpas peaKIMs POMIEHUS, TO CTPAHHOCTh HBMEHUTLCA He JOMKHA .
Bor K-uactuna u poiskHa o6IafaTh cTpamnoctsio +1,—wu GpTh 1m0~
sromy K°. Peaknus umeer Buj

n”+p—A'+ KO,
IpuueM
S=0-+0=(—1)4(+1) (coxpausercs).

Ecau 611 3pech BMecto K° croano K°, To crpagHocTb cipaBa Onila Ont
—2, Yero mpumpopja He MO3BOJHT, BeJb CleBa CTPAHHOCTH HYJb.

* Yprajite: «K-Hyap ¢ deproiiy.
** Cpeam HOBHX YaCTHI €CTh 6apuor Q ~ co crpa#HocTbio —3. —II pum. ped.
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C: gpyroit cropoHEI, K° Moser BO3HMKAaTh B APYTHX PeaKNUAX:
n+p—n+nt+Ko+K+,

roe
S=0+0=0-+0-4(+1)+(—1),
nnan .
K~ 4+p-—n+K°
rae

§=(—1)40=0+(—1).
BH MoOKeTe IIOI[yMaTBZ «He CARINKOM I MHOTO paBI‘oBOpOB.

Kar ysnamv, K° aro unm K°? Buragust-to oHn omuHaroBo. OHu
AHTHYACTHUIEL JIPYT Apyra, SHAYAT, MACCH WX OJHHAKOBHI, 3apAMH
v ofenx papEsl Hynw. Kak Bm wx pasauumre?y [lo peaxmusm,

KOTOpHe oKl BuswHBaior. Hanpumep, K°-me3oH Mo;KkeT B3auMojeti-
CTBOBATH C BEMIECTBOM, co3faBasd A-4acTuily, cKajkeM, Tak:

Ko4p—A'+at,

a K-Mmez0m He MOeT. ¥ K° nem cuocoba cospaTs A-dactuny, B3a-
HMopeiicTRy A ¢ OORYHREIM BelecTsoM (IpoToBaMu # HefirpoHamm) *.

SHauuT, SKCMepUMeHTa bHoe oTanume Mesmny A0- m KO-meszomamm
COCTOANO OBl B TOM, 9TO OJKH U3 HUX CO31aeT A-4acTHIly, a Lpyrod—
Her.

OgHo u3 mpefcxasaHuil TeopUH CTPAEHOCTH TOTNA 3aKAI0YANOCh
OB B CIeAyIOHIEM: eCi¥ B ONKTE ¢ IMOHAMY BRICOKOH sHepTum A-va-
CTHIAa BOSHHKAeT BMecTe ¢ HelTpadbHEM K-MesoHoOM, Torma smom
HelTpanbHui K-Me30H, Iomajas B Hpyrue MAacCCHBEL BEIeCTBa,
Hykorfa He cosgacT A-dactunsl. QumelT Mor Osl IPOTERATh TaKUM
o6pasoM. Bel mochiiaere my9oK U -Me30HOB B OONBINYX BOTOPOA-
HYIO Ty3HRpbKOBYI0 Kamepy. Clrex i~ Mcdesaer, HO I'ie-TO B CTOPOHE
TMOABAACTCA Iapa ciegoB (IPOTOHA M U -Me30HA), YKa3bBalIlas
Ha TO, YTO pacmaiach A-vactuua ** (¢ur. 9.5). Torga Bum 3Haere,
9710 The-T0 ecTh K°-Me30H, XOTODHII BaM He BHIEH.

Ho Bu Mosere mpepcrasdrh, KyLA OH HANPABWICA, NPHMEHAS
coxpaHenue uMmnyibca u sHepruu. (OH 3aTeM MHOTAA pPacKpHBaeT
CBOE MECTOIOJIOMKeHHe, pacnajasach Ha Napy 3apssKeHHBIX YacCTHIL,
Kak IoKasauo Ha ¢ur. 9.5, a.) Korga K%-Meson nerur B BeiecTse,
OH MOjKeT IIPOB3auMOfieicTBOBATh ¢ ONHUM W3 Afep Bomopoma (upo-
TOHOB), CO3HAB LPH DTOM, OBITH MOJKeT, eme KaK’e-To JacTHIH.

* Ecam, KoHeuHO, OH He co3jgaer ewe deyz K+ mam pgpyrux gacran ¢
obmeill cTpaHHOCTBIO 2. MOKHO CUHMTATBH, 9TO 3[leCh pedb UeT O pPeaRIHAX,
B KOTODHX He XBaTaeT SHEPTHH JJIA BO3HHKHOBOHHA HTHX HOGRBOYHAIX CTPAH-
HHX YaCTHI.

** CpobopHas A-9acTHNA Me[IeHHO paclafaercs IyTeM c.ab02o B3amMO-
AeHcTBAA (TAK 4TO CTPAHHOCTh He 00fAs3aHa mpm 5TOM coXpauarscs). Ilpo-
gyzmiaévmmpacna;;a MoryT OwTh nu60 p H nu~, gubo n m n’. Bpems smusnm

,2:107190 ceg,
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@ ue. 9.5. Bucokoonepzemuueckue cobumus, Habawdae-
Myle 6 6000pOOKOIL nY3upbEOEOL KaMmepe.

a — mn—-meaon eaaumodeticmeyem ¢ sfpom eofopoda (npomonom),
obpasya AS-vacmuyy u KO%-meaon; ofe uwacmuyw pacnadawmces €

namepe, 6 — KO®-meson esaumodeticmeyem ¢ npomonom, o6pasya
n=-meson u AP-wacmuyy, xomopas aamem pacnadaemesn. (Hedtm-
paabubie vacmuys. He ocmasastom caeda. ITpednoaaeaemoie ux mpa-
eXMOPUU NOKAZANG 30ech WMPUXOBANHBMU AUNUAMU.)

Ilpepcrasamme Teopum CTPAHHOCTHM COCTOMT B TOM, ¥To K°-ME30H
HUKkoeOa He mOpOANT A-gacTuily B IpOCTOM peaKiyu, CKayKkeM, TRKOTO
THHA
Ko+p— A" a*,

xora K°-Me3oH sT0 MOMeT cHenarb. Vlmade roBopsi, B IYBHPBKO-
Boii Kamepe K°-Me3oH mor On BH3BaTh cOOHTHE, IOKA3aHHOe HA
¢ur. 9.5, 6, rme Al-vactumy m3-za pacHaja MOKHO B3aMeTurb, &
K°-me30H He cMor Obl. 910 mepBas YacTh paccKasa. JTO H ecTh CO-
KpameHUe CTPAHHOCTH.

CrpaHHOCTH, BHOpOYeM, COXpaHAercH e coscem. CymecTByoT
o4eHb MeJJIeHHEE PACHAH CTPAHHKX JACTHI[ — DPACHAMEl, TPOUCXO0-
Jsimue 3a 6oabmoe Bpems — mopAaka 10710 cex * | B KOTOPHX cTpaH-

#* TAnAYHOe BpeMA NJA CANLHOrO B3amMmopedcrsusa Ommxe k 10723 cex.
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HOCTh He coxpaHgercs. Ux maswBawT «caabuey pacmafel. Hampu-
mep, K°-Me30H pacmajaercs Ha mapy f-Me3cHoB (- u -—) ¢o Bpeme-
meM rusan 10710 cex. VIMeHHO TaK HA caMoM Jele BriepBhle GhA
sameuenbl K-wacrmisl. OOpaTuTe BHUMaHHe, YTO paclagHas peak-
s

K —at+4mn-

He ¢OXpaHfeT CTPAHHOCTH, TAaK 9T0 «OBICTPO», HyTeM CIJIBLHOTO
BsanMouPﬁchm OHa HMATH He Mo:keT. MoKeT oHa HATH TONBKO
gepes caalulil pacmagdsiii mpolece.

I(arlec K0-MesoH TaK:Kke pacmajaetcs MAaKuM e nymem (Ha
Hn”) | TolKe ¢ TAKHM jKe CAMBIM BpEMeHeM JKHMBHHU:

K'—n +a*

JT+

3pece onarh mper caalsIil pacnaf, MOTOMY 9TO OH He COXpPaHAer
crpagrocTH. CYHIECTBYeT IPUHIMO, [0 KOTOPOMY [JdA BCAKOIL
peaki@y Bcerjga HaHeTcs COOTBETCTBYIONIAA DPeaKiyst, B ROTODOMH
«MaTepHs» BAMEHAETCA «aHTHMaTepueil» m HaoGopor. Pasz Ko —
910 anTudacruna K°, oma o0sg3ama pacmajaTheAd HAa ABTHIACTHIL
nt uan”, mo amrmvacruna it ecrs m” . (Man, ecam Bam yrojmo,
HaobBopor. OxassiBaercs, YTo s N-MEROHOB HEBAIKHO, KOTO U3 HHUX
Ha30BYT «Marepueily, MX 5Ta MarepHs CcOBceM He HHTEPECYerT.)
Urak, rak caemcrue cralux pacnagoB K°- m K°-Me3cHBL MOTYT
OpeBpamiarbcad B OTUHAKOBEE KOHEUHHe HPOXyKTe. Ecim «Buperb»
HX 10 X pacuajaM (KakK B Iy3HPbKOBOH KaMepe), TO BHTIAIAT OHH,
Kak COBePHIGHEO ONMHAKOBHe gacrursl. OTANYAOTCH TOABKO HX
CUIBHHE B3aAHMOLEACTRUA.

Temepps HAKOHEN-TO MH HOPOCIH N0 TOT0, YTOOH ommcaTh pa-
Gory T'ean-Manna u Ilafica. Bo-nepshix, onu ormeruan, aro pas K°
u K° 06a MOTYT mpeBpamarhbcs B JBA JI-ME30HOB, TO MOJIKHA TAaK:Ke
CYLIECTROBATE Hekomopad amnaumyoda toro, aro KO Mosker npespa-
Turbess B KO, m rakas ke ammimTyAa Toro, wro KO npesparurcs
B K° Pearnmo MoxHO 3anmcaTh Tak, Kaxk 9T0 HelaloT XUMUKH:

Kv«—n~+at Ko (9.43)

W3 cymecTnoBaHus TAKMX peaknuil ciegyeT, 9To ecTh aMi-
AATYAA, KOTOPYIC MH oGo3Haumy gepes —i/fi <K°|W|K®, mupe-
spamtenmsa K° B K°, 06ycioBNeHHAA TeM CAMHM caaGbiM B3auMo-
JAedcTBHEM, ¢ KOTODPHM CBA3AH paclaj Ha ABa f-Me30HA. SIcHO,

91T0 ecTh H aMmauryja ofparsoro mpomecca <K°|W | K. Tax
KaK MaTepus ¥ aHTHMaTepHsA BexyT celd OAMHAKOBO, TO 3TH OBe
aMIINTY Bl YUCAEHHO DaRHB MEKAY ¢o000#; Mel 0603HauHM HX
gepes A:

(RO |WKO>=<KO|W|[K' =4, (9.44)
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W Bor, craganu 'enn-Manu u [laiic, agecw BosHMKaeT uHTEpEC-
Had curyanusa. To, yTo Jqioau Hazpadu ABYMS Pa3SHEIMH COCTOSHAAMU
Mupa (K° n K?), Ha caMoM /lelte CHeAyeT paccMaTpmBaTh Kak odwuy
cucmemy ¢ JBYMs COCTOSHUAME, DOTOMY 4YTO HMEETCA AMILTUTY[a
mepexoja U3 ONHOT'G COCTOARMUA B Apyroe. JIas moNHOTH paccy:xjie-
Huil caemoBano On, KOHEYHO, pAaccMOTPeTh HE [BA COCTOSHUA,
a 6odbme, WOTOMY 9TO CYUIECTBYIOT €€ COCTOSHHUSA 27T # T. 1.}
HO IIOCKOJABKY Hamu QUSHKM MHTEpPECOBAJIXCH IVIARHKM o0pasoM
cBasbi0 K° ¢ K° 10 OHUM He 3aXO0TelNH YCIOKHATH NOMOKEHMA MU
- IpefCcTaBuNAu ero UpuGAMKEHHO B BUNE CUCTEMBL C JBYMA COCTOSM-
HuAMu. J[pyrue cocrosHusA 6u.ai yumeHsl B Toil Mepe, B KaKoi HmX
BIUAHME HEABHO cRa)keTca Ha aMmmnurymax (9.44).

B cooreercrsun ¢ sruM [enn-Mauma un [lafic amanusupoBaiu
HeATPaAbHYIO YacTHIly Kak CACTEMY ¢ ABYMS cocTosnmamu. Hagann
OHH ¢ TOIO, Yt0 BeiGpamm cocrosumsa | K°) n | K°) 3a GasucHsle
cocrosiausa. (C 91T0ro Mecra Bech PacCKas CTAHOBHUTCH GUeHb I0XO-
UM Ha TO, 970 ORLIO 1A MOMEeKyJan aMMmara.) Bearoe cocrosHme
| ¥) mefirpanbEOro K-Me30HA MOKHO TOITIA OLMCATh, 3a/laB aMIUIN-
TYZH TOTO, 9TO OHO OKaKeTCs B OJHOM M3 0a3¥MCHHX COCTOSHMIL.
OGo3HawTyM 9TH aMILIATY K

C,=<K'|p> m C_=<K°|p>. (9.45)

CremyroumM maroM Mel JO:HK HaOUCATH ypasHeHue ['aMmib-

TOHA JJIA TaKoil cucreMHl ¢ AByMsA cocroanuamu. Ecan 6 K° n K°
He Onliy OH ¢BABAaHK Memny co0oif, TO ypaBHeHHS BHIIAgenun O
TpocTo

ﬁdc" =EC,; h==EC.. (9.46)

Opmaxo ects eme ammimryga (K° | W | K°) mepexoma K° B K°;
1n03TOMy B IpABYI0 4acTh IIEPBOTO ypaBHeHUs HaHo emie HoO0aBuUThH
ciraraemoe

RO\W K% C_=AC.

Ananornunoe cnaraemoe AC | HaJjo 106aBuTh M B ypaBHeHUe, OIpe-
e HIoIee CKOPOCTh I/IBMBHBHP[H C . Ho o710 eme me sce! Ecin ymx
MH YIUTHBAaEM ABYXHHOHHHH atb(bem‘ TO HAf0 y4YecTh ® TO, 9TO
CYyIEecTByeT eme OonoaHUmesbHas AMILIUTyfa IpeBpamenus K° .
8 camozo ceb6a IO LENoIKe

K — a4 n*t— K°
Ora pmomonmurensHad ammiamryra (obosmaumm ee (KO | W | K°3)
B TOYHOCTH paBHa ammuTyfie (K° | W | K°), Tax kak aMmiury[s
Iepexofia B Imapy M-Me3oHOB WJH OT Hapsl fi-Me3oHoB B K° mam K°
OJHA M T€ jKe.
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Ecnu yroaso, MoskHo moxkasarth ato u nogpobuee. ITpesxme Beero
HanumeM *
KKV W IK® = K[ W | 20> 2n | WK
n
KV |W K% =<K\ W |2a>Q2a WK™,
CmyMmerpua Mempy Matepliell U amrtmmarepreil Tpebyer, wrobwl
Qa| WK =2 | WK,
a TaKme B
CKY |\ W 2ny =<K\ W 2>,

Orcrofia <KW | KO == (K| WK, a tawme (KO W] K=
=<K |W|K. o dem mpl yike TOBOPHIN BRI,

Mrar, y Bac ecTs Ape JODOTENTENbHLe adMon yam (K01 KO
n <K9|W]K%, ofe paruele A, KoTopre DaX0 BeTaRIITh B ypaB-
wennsn [ammabrona. llepsas upusegnt ®r cmaracmomy AC, B
mpaBoft wactm ypasseuns jisg dC . /df, a BTopasg — K CjaracMomy
AC_ B upapofi vact: ypapnesus nad d€_[/dt. Paceymias nmMenmno
tak, Pean-Mavn m IMafic mpunmig X 3arTO9eHUM, 9Y9To ypaBHe-
ung Famunaproua oA cuctempt KOK® [oiGRHK MMETDL BUjI

T RCCESR NG VA Tl
@C (9.47)

ih—==Ey('_+AC, +AC_.

Teneps Hafo cCTATH MOMPABKY K CRABAHHOMY B NPOIKHNX Ijia-
Rax: K TOMYy, dTo ZiBe aMmiaurymaw, Takme, xak {K° | W | K'Y m
(K| W1 K°>y, pupawawoniue oGpaTase pyT K IPYTY UPOIECCH,
BCET/A KOMILTEKCHO COTPHReNbl. JT0 0o Obl BepHo. eciu Gbl MAL
TOBOPIJI O YaCTuNAX, KoTopuie e pacnajanres. Ho ecau wacrunm
MOU'YT pacuajarbes, & IWOATOMY @IPOTANATLY, TO aMOAMTYAR He
00s13aTeNbHO KOMIIEECHO COTPSCURL. JHAYOT, paBeHerro (9.44)
He osHauaem, 9TO HANU aMINIMTYIE CyTh JACHCTBIITEINbHBIC WHCIA.
Ha camom jene oum c¢yTh KoMiuieKcnbre gucaa. IJostomy roaddu-
TueHT A KOMIIERCHHH M ero HCJIL3J TPOCTO BKITNTH B aHEp-
ruo E,.

Yacto, RO3ACH CO CIIHHAMU DTEKTPOHOR M TOMY FoA0OHEIMY BeIla-
MH, HaNIM TePO¥ 3H&JM: TakIe ypaBleHusA 03HAYaloT, 970 HMeeTcA
dpyeas napa 6a3ucHbBIX COCTOAHME ¢ 0COGCHHO TPOCTHIM TOBEEHHEM,
KOTOPbIe TAKMLE NPUTOAHLL A NpeficTaBIeHus cucreMn K-gacrumir.
Omn paccyskpanu tar: «BosbMmeM Temeps cyMMy M PABHOCTH 9THX

* Mm 3gech ynpomaeM. CHcTema 27 MOMCT HUMCTL MHOMECTBO COCTOS-
Huili, OTREUAMIHX PpA3MHYHEIM WMIYJAbCcaM J-Me30HOB, M B IpaBoil dacTy
"TOT'0 PABCHCTBA CJe0BAN0 Gb MOCTABUTL CYMMY IO BCeM 0a3MCHBIM COCTOA-
uEAM 7-Me30HO0B. Ho TionHHi BRBOJ BCe PABHO HPHUBOAUT K TEM K€ pe3yib-
TaTaM. '
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IByX ypasHenuit. Byaem orcaursiBaTh Bee sHeprun ot E, u Bo3bMeM
VI SHEPTHH W BpeMeHU TaKne eduHHIN, IpH KoTopux h=1». (Tax
BCET[A MOCTYHal0T COBPEMEHHBIe TeOPOTHKH. JTO He MEHSET, KoHeu-
HO, QUBMKM, HO YPABHEHWs BHIIIAAAT Hpome.) B pesyibraTe OHHU
IO Y9I

(€, C)=24(C.4C), i, —C)=0, (9.48)

OTRYJa jAcHO, uTo KomOmuammn ammiuryg C . +C_ un O, — C _
ZeflcTBYIOT ApYT OT ApPyIa He3aBHCHMO (H oTBeAOT CTAI[IIOHA DHEIM
COCTOSTHEAM, KOTOPBE ME paHbme uay4adan). OHU 3awI0IWIN, 9TO
yaob6ree OpIo OBl Aas A-Tactun yooTpebasaTe Apyroe mpejcTaniae-
gue. OHF oupefeTHAu [BA COCTOAHNA:

{[{1>1~—,—_‘:(EK“\+|KO )
7 (9.49)
Koy = (K0 — [ E™)

I eKasaium, YTo BMecTo TOTo, urobwl gymartsr o K- u K°-mesonax,
¢ PaBHHM YCIEXOM MOKHO PACCYIKAATH Ha S3HKe JIBYX «TacTHIN
(1. e. «cocrosumity ) Ky u K,y. (OHiI, KOHEIHO, COOTBETCTBYIOT COCTOA-
HitAM, KOTOpPBIe MH 06rua0 Haswpand | [ > u | [ ). M He noab-
ByeMcs HamuMp cTapuMua 0003HaTeHUAME, NOTOMY YTO XOTUM
ciegosaTh 0603HATEHUAM CAMHX 4BTOPOB, T€M, KOTODHIE BEL BCTpe-
TTe Ha QU3WYECKNX ceMHHAapax.)

Ho Tean-Mars m Iaiic mponenmiBanu Bce 9To HE LA TOTO,
9T00K [aBaTh WACTUIAM HOBHE HA3BAHUA; BO BCEM STOM HMeEETCH
enle HeKoTopas BecbMa crpaHHas ¢usmra. Ilyers C; u C; cyThb
aMINIATYALl TOTO, 9TO HEKuTOpOe COCTOsHue | ) orakercs aubo
K-, aubo K,-me3onoM:

Cp=<Ki|¥>, Co=<K | $>.
W3 ypaszenuit (9.49)

' 1
Cimgrg (€, 40, C=oim(C,—C0). (9.50)
Torpa (9.48) upespamaerca v
%240, %0, (9.51)

Mx pemenus mmeior suj
Cy ()= C, (0) e-t24t, C, (t)=C,(0), (9.52)

rae C,(0) m C,(0) — amnauryan opu =0,
JTH ypaBHEHHs T[OBOPAT, uTo ecau HelirpambEpit K-Me30H
npu t=0 Baxogurcsa B cocrosmun |K,> [rak wro C,(0)=1 m
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C,(0)=0], To aMmAATy s B MOMEHT ! TaKOBH:
C, (t) =ei24t, C,(t)=0
Benomunas, yro A — KOMOJAGKCHOE UYACHO, YROGHO IONOKHUTH
24 =a—if

(rak Kak MHEMasA dacTh 24 OKa3HBaeTcA OTPMLATENBHOH, MH
pumeM ee Kak smuwyc if). Ilocne rawoit momcramoskm C, (2)

NPUHUMAET BHJ
C, (1) = C, (0)e-Pre=i, (9.53)

BepostHocTh 00HAPYKUTD B MOMeHT t wactuny K, paBHa KBajgpary
MOJyJIs BTOil aMIUIMTYHEL, T. €. e~2¥, A m3 (9.52) cremyer, aT0 Be-
posATHOCTH 06Hapy:KuUTH B n1060i MoMeHT cocTosiEne K, paBHA HYJII0.
dr10 3HAUMT, YTO ecinu BH cozgaere K-mesom B cocrosmmu | K, ),
Mo 6epoAMHOCMd HAIMU eTO B TOM K€ COCTOSHIN CO BPEMEHEM dXCIo-
HeHIWAJIbHO [ajaer, HO BH HUKOINA He YBHIHUTE €r0 B COCTOAHUM
| K,>. Kyna e om pmesaercsa? OH pacmamaercA Ha jgBa f-Me30HA
CO CpefiHEM BpeMeHeM ;Ku3HEH T=1/,f, SKCIEPHMEHTAIHHO DPABHEIM
1010 ¢cex. Mu mpegycMorpeas 9To, IOBOpsA, YTo A KoMmiaercHoe.

C npyroit croponsi, (9.52) yrBep:kAatT, ITO €CHU CO3XATH
K-me3on neauroM B cocTosiauu K,, OH OCTAHETCA B HEM HABCErNa.
Ha camom-to sene aTo He tax. Ha omeite 3amedeHo, 910 OH pacua-
maetest Ha mpu r-Mesona, Ho B 600 pas MennenHee, yeM Tp¥ OKCAH-
HOM HaMu ABYXIHOHHOM pacuafie. SHAIAT, UMEIOTCH KaKMe-10 Apy-
rMe Majdne WIeHH, KOTOPHME MH B HameMm npubminKeHMM OpeHe-
Opernu. Ho mo 1ex nop, noKa M paccMaTpuBaeM TOJBKO ABY XIMOH-
Hre pacuapsl, K, ocraeres «Eascergan.

Pacckas o Temn-Mamne n Ilafice Omusurcs k Kommy. Janbme
oHM mocMoTpeny, aT0 Gymer, xorma K-mesom olpasyercs emecme
¢ A~uacmuyell 6 cuadhom B3auMopeiicteuu. Pas ero crpammHOCTB
JoKHAa OMTh -1, oB 06A3aH BO3HUKATH B cocrosmmn K°. 3Hagur,
npu t=0 ou me sBasercs BN K,, am K,, a ux cmecvio. Havanbune
YCIOBAA TAKOBHL: :

C, =1, C_(0)=0

Ho aro osmadaeT [m3 (9.50)], uro
1
Cl<0)——ﬁ., GO =75,
a u3 (9.52) caemyer, uro

C,(t)= V———_—e Big—iat C,(t)= (9.54)

1
Ve’
Teneps BemomunM, 9to K, u K, cyrh auneiiane Kombumanmu K° u

K°. B (9.54) aMnnuryam Geuin BHGpaHN Tax, 9TO npu ¢t=0 wacrn,
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¥3 KOTOPHIX COCTOMT K°, B3amMHO YHIYTOKAITCA 3a CYET WHTED-
depennnu, ocrasaAs Toabko cocrosnue K°. Ho cocroanme | K )
co epemenem mensemcs, a cocrogame | Ky> — mnem.+ Ilocune t=0
uurepdepennus C; u C, nprHBejeT K KOHEYHHM aMIIATyaM U IJA
Ko, u mua K°.

Yto ke Bce dTo 3HAUMT? BosmparuMcd Hasajq W HogyMaeM 00
onmTe, mnokasamHoM Ha ¢mr. 9.5. Tam n7-me3om ofpasoBad
Ad-gacrurry m K°-mesoH, KoTopeii JeTHT 0e3 OTIAIKA CKRO3b
BoJopo[ Kamepni. Horma ol ABmReTcA, CyIMeCTBYeT HUYTOKHELH,
HO ITOCTOMHEHII IHAHC, 9T0 OH CTOJNKHETCA ¢ SALpPOM BOZOPOJA.
Panbme Mp pgyMalu, 9TO COXpaHeHHe CTPAHHOCTH HPeXOXPAHHT
K-Me30H or o0pasoBaHuA A°-uacTHIEI B TaKOM B3auMOJeiicTBHH.
Teneps, ofHAKO, MH IOBUMaeM, uTo 210 He Tak. Iloromy urto, XoTA
mam K-me30H snauase apnsgerca KO-Me30BOM, HeCIOCOOHBIM K. POK-
denmo AS-uacTunE, OB He ocrmaemci MM HapeuHo. Uepes MrHOBE-
HUe HOABNAETCS HeKomopas amnaumyda ToTo, 970 OH mepeifer

B cocroaHne K. 3mauur, caegyer oKHIATh, 9TO HHOTAA MH yBU/UM
Al-gactumy, oﬁpaaoBaHHyfo BHonn caega K-mesoHa. BeposrHocTb
TAKOT0 NPOUCHIECTRUA [aercs aMONHTyAod € _, KOTOPYI0 MOKHO
[pemas (9.50)] casats ¢ C; u C,. CBA3L 3Ta TaKoBAa:

1 e
C_ V_ (Ci—C) =~ (e Blg—iat 1), (9.55)
N xorpa K-wactuna msmmercda, BepOATHOCTDL TOTO, ITO OHA OymeT
«meiicTBoBarh Kax» K°, pasma | C _|% T. e.

|C_ [2~——(1+e‘23’—26‘ﬁtcosoot). (9.56)

Cnompeil u mopasurenbHmll pesynsrat!
JTo M ecTh 3aMedarenbroe npepcrasanne Nemn-Manna u Ilafica:

Korja BosHukaer K9-Me30H, To MAHC, 9TO OH HpeBpaTurca B-K°-me-
30H, IPOJEMOHCTPHPOBAR BTO BO3MOKHOCT IO co3nanus A’-qacTuIH,
MeHAeTCA cO BpeMeHeM 1o 3akoHy (9.56). 9T0 mpeackasaHue mocie-
IOBaJIO TOJNBKO M3 9HCTeHIINX JOTHYCCKHUX pacCy/RAeHHH u us
OCHOBHHIX OPHHI[IIOB KBAHTOBON MeXaHuKH 0e3 SHAHWA BHYTpeH-
HUX MexaHu3MoB K-uactmiei. Y moCKOIBKY HUKTO He 3HAeT HUUETO
00 3ToM BHyTpeHHEM MeXaHum3Me, TO Jandblie 3TorTo ['enn-Mamn n
HMaiic we cMornu npoasunyThed. VM He yAAI0Ch JaTh TEOPETHYECKUX
sHauenuil ¢ f. W HUKTO To ceromHAIIREr0 JHA He CMOT 9TO CeJaTh.
WM 6010 mo cunaM onenuTth 3Ha9eHHE [ M3 9KCIEPUMEHTAIBHO Ha-
GnromaeMoit ckopocTH paciiana Ha ABa fi-MesoHa (28 =1,1. 10 cex™1),
HO OPO G OHM HHUYEro He CMOTJM CKa3arh.

Mmn usobpasunm ¢ymxmmio (9.56) maA gsyx smadenuil o Ha
dur. 9.6. Bugno, uro gopma ee cHMALHO 3aBUCAT OT OTHONICHNS

n B. HaGropars K°-Me30m cileppa HeT HUKAKoii BepOATHOCTH, HO
s8aTeM OHA HOABIAETCA. Kcium 3HAYeHME G BEAUKO, BEPOATHOCTH
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DQue. 9.6. Oynryus (9.56),

a — 0an o2=8nf;, 6 — Oan o=2a8 (npu 2B=10'0 cex—1?);
epems t omaodceno ¢ 10—10 cex

CHILHO OCHWINHPYET; eCHH OHO MAJ0, OCHWLIANMYM HeBeJUKH
MM BOBCE OTCYTCTBYIOT, BePOSTHOCTH HPOCTO IUIABHO BO3pacraeT
oo 1/,

Kax mpapuno, K-Me30HK ABWKYTCH .C HOCTOHHHON CROPOCTHIO,
Omuskoit K cxopoctu cBera. Torga kpmswie ¢ur. 9.6 raxme mpep-

CTaBRIAIT BEPOATHOCTH Habmopeaus K°-Me30Ha BmoJdb ciefia ¢ TU-
HAYHBIME PacCTOAHMAMH IOPANKA HECKONbKHX CaHTHMeTpOB. Te-
mephb BBl BHIMTE, OTYETO 5TO IpefickazaHue TaK yAUBUTEABHO CBOE-
ofpasso. Bu cosgaere otmenbHyI0 YacTuily, W OHa He HPOCTO pac-
majaercd, a IIPOfieJIbIBAET HEYTO coBceM wmHOe. BpemeHaMu OHa
pacmajaercs, a HOpOH mpeBpaliaeTcsd B YaCTHUIy APYroro copra.
XapaKTepHCTHYECKAS BEPOATHOCTH 9TOr0 sddeKrTa Mo Mepe ee ABH-
JKeHHsa MeHseTcs oueHb crpanno. Huvero gpyroro, moxoxero Ha 370,
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B mpupome HeT. M 9T0 yIOuBuUTelbHelillee NpeAcKasaHume OHLIO
CHeNlaHO TONBKO Ha OCHOBe paccyxueHmit 06 uHTepdepenmuu
aMIUIATY ]I,

Ecay u cymecreyer Kakoe-To Mecro, Ifie eCTh maHC HPOBEPUTH
IJIABHHE NPHHENUINE KBAHTOBOH MeXaHWKH CaMbIM IpPAMEIM o6pa-
30M — ORIBaeT JH CymepIO3HMA aMIJIUTYA uiu He OHBaer,— TO
oHO uMeHHO 3fech. HeemoTps Ha 10 9r0o stor adderr 0w npencra-
3aH yKe HeCKOJbKO JIeT TOMy Hasal, 0 CUX HOP LOCTATOYHO SCHOTO
OIILITHOTO OIipejeieHus eme He Obuio. VIMeorea HeKkorophie TpyGnie
pPe3yAbTaTH, yKaspBalomue, 9T0 3HaYeHWE O He PaBHO HYyNO H
910 sdderT melcTBUTENBHO HAGAW0TaeTcs: OHM CBHAETENhCTBYIOT,
49T0 @ 0 WopsAARY Benmuussl paso f. I sto Bee, 9To MBI 3HaeM
u3 sKcnepuMenTa. Bruio Ob 3aMedarensHo, eciu OB yOaToch TOIHO
IIPOBEPUTH M NOCMOTPeTh, AeilcTEuTeAbHO Au paboTaer HpUHIHI
CYNEepHoSHUHN B 5TOM TAMHCTBEHHOM Mupe CTPAHHHX UacTHL —
¢ HEeH3BeCTHHIMH IOBONAMH ISl PAcHajfoB W HEHM3BECTHHIM HOBOTOM
CyIIecTBOBAHUA CTPaHHOCTH *.

Amanus, KOTOpHI MH TOXBRO 9TO IPHBENH,— XaPAKTEPHHIH
IpuMep TOr0, KAK CeTofHsA HCIIOAb3yeTCcsd KBAHTOBAs MeXaHWKa,
9T00H pasrajaTh CTpPaHHBE YacTHIH. Bo BeeX CICIKHHX TEOPHAX,
0 HOTOPHIX BH, ORITh MOYKET, CHABMIAJIN, HET HAYETO CBEPX 3TOTO
DJIeMeHTapHOTO (oKyca, HCIOMbL3YIOMEere TPUHIIANEL CyIepHo3MIuT
U ApyTrue IPUHOKUIE KBAHTOBOH MeXaHmwKi Toro ske yposHA. Hexo-
TOPHE YTBEP/AAIT, YT0 Y HUX eCTh TEOPHHU, ¢ HOMOIIbI0 KOTOPHIX
MORHO IofCYuTaTh [ W @ uAM 0O Kpaiineil Mepe o npu AaHHEOM f.
Ho sru Teopum cosepmenno Oecmonesusl. Hanpumep, rteopus,
IpefcRaseBaloliag 3HaYeHHe ¢ IPH NaHHOM [, ToBOpHT, 49TO O
DOMKEO OHTh OecromeanniM. CucreMa ypasHEHHUI, U3 KOTOPOH OHHA
HCXOIAT, BRAIOYAET [BA f-ME30HA ¥ 3aTeM BO3BpamlaeTcd 0T ABYX
n-Me30HOB o0patHO K K°-Mesony u 1. . Eciu Bce BHENagxu 1po-
neraTth, TO AeHcTBATENBbHO BO3HUKAET HAPA ypaBHeHull, nOXOMKUX
Ha Te, 4T0 y HAC MOJyYalmch, HO, HOCKOIBKY y ABYX N-MEe30HOB
uMeercA 0eCKOHEYHO MHOTO COCTOAHUI, 3aBHCAMNX OT HX UMIYJb-
COB, MHTeTPHPOBAHNE [0 BCEM BO3MOKHOCTAM NPHUBOAMT K O, PAB-
HOMy OecKoHeuHOCTH. A npupogHoe ¢ He OECKOHEYHO. JHAUHUT,
OuHAMUYeCKue Teopun HeBepHH. Ha camom pene wupesBmuaiino
IOPAasUTENBHO, 9TO eJUHCMEeHHbE ABJIEHHSA, KOTOPHE MOTYT OHTB
B MUpe CTPAHHHX YaCTHI IPeJCKa3aH:l, BHTEKAKT M3 [PUHIUIOB
KBAaHTOBOA MeXaHHKH Ha TOM YPOBHe, HA KOTODOM BN uX cefigac
usydaere.

* Tawryio muTepdepenuo aedicrsuTensno Habmiopana. Kospdunuent o
okaszaycA paBHEM — (0,960, Orcioga MOKHO GHIIO BHYMCIHTL X PA3HOCTE MAace
K,-m K,-me30H0B. Ona okasanach paBHO 0k0si0 —0,35.1075 9. ITO HAEMEHB-
masA pPasHOCTh MAacC AByX YACTAN, H3BeCTHHX ¢mauram.— Tpun. ped.
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§ 6. OGobwenue Ha cucmemst ¢ N COCIOAHUANYU

MEI HOKOHUHIIM ¢ cHCTeMaMH ¢ MBYMA COCTOAHMAME, PaccKa3as
BCe, uTO XOTeNoch. B JaabHEAMHX TIaBax Mul IepelileM K uayde-
HUIO CHCTeM ¢ GOMBIIUM YuciioM cocrofnruil. Pacmmpenne ma cucre-
Mu ¢ N cocroanmsaMmu upgefi, paspaGoTaHHHX IJIA ABYX COCTOAHMI,
IPOXOANT HOBOJBHO HPOCTO. JTO AeNaercA NPHMEpHO TaK.

Ecuu cucrema obinagaer N pa3iuaHBMI COCTOAEUAME, TO BCAROE
cocrosAnue | (t)) MOMKHO NpeCTaBUTH KaK JuHelHYyw KoMOuHa-
n;mo nponano%uom COBOKYIHOCTH 0as3uCHHIX cocTodHuil {i), rae

i=1,2,3, ..., N:
[P (1)> = B§i1i> C;(1). (9.57)

Hoaqxbnunembi Ci(t) — aro ammamryast < i| P (£)>. Iloegenne
ammuutys C; BO BpeMeHH HanpaBIdeTcd ypaBHeHIAMHU

2 dC; (1)
lﬁ ——_—dt :ZHijCj, (958)
i

rie 9Heprerudeckas Marpuna [, ommchiBaer qmsmcy 3ajaqm.
C Bujy oHa TaKas ;Ke, KaKk nu JIJIH oByX cocrogaui. Ho ToilbKo
Teneph U i, ¥ j HOIKHB mpoberath 10 BceM N GasMCHBIM COCTOSM-
HOAM, ¥ dHeprermyeckas Marpuna H,; (unm, ecam BaM Goubine
HpPaBUTCH, TaMIJIBTOHUAH) — 5TO Tenepb marpuna N X N, cocros-

mas u3 N? umcen. Kax u mpempe, H” H ; (1o Tex mop, moKa
YACTHLH COXPAHAITCA) U AMaTOHAILHEIE DIEMERTH H;; cyrs Be-
I[eCTREHARIE YKCia.

Mu mamm ofmee pemenue niA Bcex C B CHCTeMe ¢ IBYMs CO-
CTOAHUAMY, KOTa 9HepreTudecKasd MarTpuua HOCTOAHHA (He 3aBIH-
cur ot t). Toumo TaK sKe HEeTPYNHO pemurs u ypasuerne (9.58) mus
cucteMn ¢ N cocTodHMAMH, Korga H He 3aBHCHT OT BpeMeHN.
OoAaTh MBE Ha9WHAEM C TOTO, UTO HIEM BOSMOJKHOE pellleHue, B KOTO-
POM Yy BCeX aMILIUTY[ 3aBUCUMOCTH OT BpeMeHu oduHakosa. Mu mpo-
Oyem

C,;= a;e-i/h Et, (9.59)

Ecau Bce atm C; mopcraButs B (9.58), To mpomspomurie dC; (t)/dt
npespamaiotea mpocto B (— i/h) EC;. Cokpamas moBciofly Ha
o0myo SKCOCHEHTY, MoJydaeM .

Jta cucrema N auHe#HHX aare6paudecKuX ypaBHeHuil mas N
HEU3BECTHHIX @, dy, . . ., @, pellleHue y Hee ORBaer TONBKO TOT/A,
KOT/{a BaM CHIBHO MOBE3ET, KOT/la ompenenntenb us KosddunneaTon
mpu BeeX a paBeH Hyao0. Ho He HYy»HO Yepecuyp yMEATIATH: MOKeTe
HpPOCTO HAadYaTh UX pemarb JIOOHM cmocoGoM, ¥ BH Cpasy yBULHTE,
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970 pemATh ¥MX YHaeTcA MWD OPM HEKOTOPHX 3Havenusax K,
(Bcumomunte, 9r0 efUHCTBeHHAH BEAWIUHA, KOTOPAA B 3THX ypaBHEe-
HUAIX OOJJIEMKMT IOJTOHKe, 310 E.)

Ecmn, BopoueM, Bu xoTuTe, YTOOH Bce OBIO IO Gopme, mepe-
oumure (9.60) rax:

3 (Hyy—8,B) a,=0. (9.61)

3areM IpPHMEHUTE NPaBUIO (€CAH OHO BAM 3HAKOMO), UTO HTH ypaB-
HeHuA OyIyT UMeTh penieHus JUIIb Ais TeX 3HadeHuil £, s KOTO-
PHX

Det (H,;—6,;E) = 0. (9.62)

Rasxnwii wnen B perepmmmante — sTo mpocto Hy; w TOIBKO U3
TMAaroHaAbLBERX oTHATO E. Mnade rosops, (9.62) osmagaer gpocro

Hn—E le H13
~H21 sz —E H23
Hyy fy, Hyy— & =0.(9.63)

JdT0, KOHEYHO, BCeTo-HaBcero 0CobHil croco 3anmmchBaTh anreGpan-
4ecKue ypaBHeHuWs jAjis F, cKiafmBad BepeHHUIH GIeHOR, Hepe-
MHOKAeMBX B OLpeflelIeHHOM IOPANKe. JTH NpousBefeHNA NamyT
Bce crenenu F sunnotes mo EVN.

3Havurt, y Hac ecTh MHoTouNeH N-if cTeneHH, KOTOPHIil paBHAETCH
HyI0. Y Hero, BooGme roeops, ectb N roprei. (Hympo noMBUTS,
OfHAKO, YTO HEKOTOPHE U3 HUX MOTYT OHTh KPATHEIME KODHAMH;
3TO 3HAYHT, 4TO fABa WA Oojiee KOpHeEHX MOTYT ORTH paBHH Jpyr
apyry.) UGosnayuM »Tu N KopHeH Tak:

E, B, Eypy ooy Eny ooy By (9.64)

{oycrh n o6osHauaeT n-e MOPANKOBOe YHCAMTeJNbHOE, TaK YTO NI
opusumaer sHavenus I, 11, ..., N). Hexoropee us 5Tux sHeprui
MOTYT OHITH MexAy coGoii paBHH, ckameM E, =F,  Ho MBI permin
Bce ke 0003HauaTh MX PAaBHHEME HMEHAMH.

Ypaprenus (9.60) mwim (9.61) umelor mo ogHOMY pemeHUI0 IAH
ramgoro spasenusd £ [us (9.64)]. Ecnim Bm nopcraBure mo6oe us
E, cxamem E,, B (9.60) u maiigere Bce @;, TO DONYIATCA DAL YHCET
@;, OTHOCAIUXCSA K sHepruu K, . ITor pAg Mul ofosmadanM a; (n).

Ecan moacrasurs s1u a; (n) B (9.59), T0 mosyuaTcs aMILIUTy B
C; (m) TOTO, YTO COCTOAHUA ¢ OHpe/elleHHOl sHeprueil HAXOIATCA
B GasucHOM cocTogmun | i). Ilyers | n) o6o3Hauaer BeKTOP COCTOH-
HES JUIS COCTOMHHUS ¢ oupefeieHHoil smeprueit mpm ¢=0. Torma
MOJKHO HATMCAThH

C,(m) =<2 > eth B,
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rze
i{n)=a; (n). (9.65)

Ilonrmoe cocrosEme ¢ ompefejeHHOM sHeprued | ¥y, (f)> MomHe
TOT/la 3amECcaTh TaK:

[¥n ()> = 2| 0> a; (n) e~ /A Ent,

Wi
['n (£)> =|n> e~ @M Bt (9.66)

BexToph cocrostHON | n) onuckBaklT KOHQHIYpauuo COCTOAHAR
¢ onpefleeHHOH dHepruell, HO ¢ BHHECEHHOR 3aBHCHMOCTEIC OT Bpe-
MeHH. 3TO HOCTOAHHBE BEKTOPHI, KOTOPKIE, CAH MEL 3aX0OTHAM, MOKEQ
¥MCIoNb30BaTh B KadecTBe HOEBON (asuWCHOI COBOKYIHOCTH. '

Raxmoe m3 coctosmpil | n) obiazaer TeM CBOHCTBOM (B TeM
Jerxo ybeaurbes), uro npu AelicteuKM Ha &eTo onepatopom IaMuin-

toHa H nonyunres mpocto Eg, , yMHOMKEHHOE Ha TO jKe COCTOSIHEE:
H|n)>=FE,|n}>. (9.67)

3HauuT, sHeprua K, — 570 XapaRTepucTuUdecKoe 9HCIO omepa-
topa I'amuarrora A. KHax MBI BHIeam, y TaMHALTOHHaHA B 00-
meM caydae OnBaeT HECKONBKO Xaparrepucrudeckux sHepruit, Ou-
3uKH OOBHYHO HABBIBAIOT WX ¢«COOCTREHHHIMN SHAYEHHAMH» MAT-
puust H. [{ns xasaoro coberreRBOT0 3EaeHNA /1, HHHIMY CIIOBAMH,
IJIA RKaskIOU DHEpPrum, CYIM[eCTBYET COCTOSHHE .C OlpeneleHHOMN
DHEepTHel, KOTOpoe MEL Ha3HBanu «craruoHapHuM». Cocroanus | n)
oOKYHO WMEHYIOTCH «co0cTBeHHEMuU cocrofuuamm fi». Hampoe
cOGCTBEHHOE COCTOAHWME OTBEYaeT ONPEISINeHHOMY COOCTBEHHOMY
sHavenumio £, .

Hanee, cocrogsma |{n) (ux N wmrTyx) moryt, Boolme roeopd,
Tome OnTh BHOpane B KadecrBe Oasmca. g storo Bce cocrosBms
DOJKHEE OhTH OPTOTOHAJTBEB B TOM CMHCIE, WTO /UiA J1060i maps
¥X, CK&yKeM [N ) H {m),

<m|m>=0. (9.68)

9T0 BHIIONHUTCA ABTOMATUYECKM, €CIH BCE SHEPIUM pasJIudHHL.
Kpome roro, MoxHO YMHOKUTE Bee ¢; () Ha HOAXONANIHe MHOMKH-
TeJy, 9T00H BCe COCTOAHAA ORIN OTHOPMUPOBAHK: YTOOH 1l BCeX
n 6rxo

<njnd>=1. (9.69)

Korpa oxasmsaercs, 10 (9.63) cayuaitno uMeer apa (mwin 60oan-
nie) oMMHAKOBHX ROPHSA ¢ OQHOH 1 ToH e sHeprueil, To DOABIAITCA
HeGonbiine ycoloMHeEnA. [lo-ipesxHeMy UMEIOTCS ABE pPasinTHEe
COEOKRYIHOCTH &;, OTBeYANiue [JBYM ORMHAKOBHM SHeprusaM, HO
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COCTOSIHWA, KOTODHE OHH [AKT, HE 00A3aTENBHO OPTOTOHAJNBHH.
Ilycrs Bl npomenasiy HOPMANBHYIO IPONEAYPY U HAILIH JIBA CTALAO-
HAapHHX COCTOAHHA ¢ DPaBHMMu dHeprasmu. OGozHaumM ux |pd n
| v>. Torma oHum He 00s73aTeJbHO OKAMKYTCA OPTOTOHAJBHKLIMH:
ecay BaAM He mOBesno, TO ofHapy:KuTe, 4TO

<plv>=+0.

Ho sato Bcerpa BepHO, 9TO MOMKHO HSI'OTOBHATH [BA HOBKIX COCTOA-
HHA (0003HAYMM MX |p' ) ¥ | v’ )) ¢ TeMu ke SHeprHAMH, HO OPTO-
TOHAJLHKX ADPYT APYTY:

W v'> =0, (9.70)

Jdroro Mo;KHO AOOUTHCA, cocTaBHB |p’' ) ¥ | v") H3 DogxomsAmuUX
nuaeiidpix KomOmHAaUMi |p) u | v) ¢ rak DomoGpanHEEMU Koaddn-
nuearamn, Iro (9.70) Gymer BeimodHeHo. JTO Beelma IIONESHO MIg-
JaTh, ¥ Ml OyfeM BooOHie npefnoJararb, 970 3T0 yyKe DnpofiesiaHo,
Tak 9T0 MOKHO Oy/ileT cYATATH HAMH COGCTBOHHOIHEPIeTHICCHYIS
COCTOSIHHA | N> BCE OPTOTOHATbHBIMH. ‘

Jlni vaTepeca moKajkeM, 9To KOTAA [Ba CTAIMONAPHHX COCTOM-~
Hus 00J1aJJal0T PABHKMMU DHOPTHAMHY, TO OHH JeHCTBHTEIBHO OPTOTO- -
ganean. s cocrosmus | n) ¢ sHeprueidr E,

H{n>=E,|n>. (9.71)

JTo omepaTropHoOe ypaBHEHUe Ha CaMOM [elJe O3HadaeT, YTO UMeeTCA
COOTHOMIEHHE Mexpagy 4YucjiaMu. Fcenu samomauth HeJocTrawmue
gacT, TO OHO O3Hayaer TO XKe caMoe, YTO. M

;<i[ﬁ|j><]‘|n>:En<i!n>. (9.72)

[IponenaB 3/lech KOMIIEKCHOE COIPAMEeHNe, HoJNyduM

D | H | j5*<G | m y* = Eyp <6 | m>*. (9.73)
7

Tenmepb BCHOMHUM, 9TO KOMILIEKCHO COIPAKEHHAA AMOJIATY]a—
»To amiuinTysa ofGparHoro mpomecca, Tak wro (9.73) moykno me-
peicath B BHE

Si<n i< | &> =En<n]i>. (9.74)

IMockoabKy 3TO ypaplieHHe CcOPaBefiuBO A 6cAko20 i, TO
€r0 MOJKHO «COKPaTHTBy JI0

| H=Eq<n]| (9.75)
910 ypaBEeHIle HaawBaeTcs conpsorcennsn ¢ (9.71).
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Teneps nerxo [oxaszaTs, 49ro K, —9HCJ0 BemiecTBeHHOE.
Yuuaomum (9.71) mHa <n|. Iloayyurcs

<n|H|nyp=E, (9.76)

(¢ yuerom, uro <m|n)=1). Ymmoxum temeps (9.75) cmpaBa Ha
In):

<n| H|ny=Ey. (9.77)
Cparmusas (9.76) ¢ (9.77), BmmuM, d9TO
En =Eq, (9.78)

a 310 o3madaer, uro FE, BemiecrBenHo. 3Besmoury upu K, s (9.75)
MoHO yOpars.

Teneph HAKOHEU-TO MH B CHJIax [0KasaTh, YTO COCTOAHHA
¢ PA3NMYHBIMEH SHEPIUAMH OPTOTOHANBHEL. Ilycth |nd m | m) —
napa 6asucHHX coCTOSHUI ¢ ompefeneHHNME anepruamu. Haoucas
(9.75) IusA cOCTOAHMA | IN ) M YMHORUB eT0 Ha | n ), HONy9uM

<m[f1(n>=Em<m[n>.

Ho ecau (9.71) ymuoxuTh Ha <m|, To Gyger
<m|f7ln>=En<m|n>.

Pa3s seBble wacTu 9THX ypapHEHH{l pPaBHH, TO DPaBHE U IIpPARKE:
Em<m|nd=E,<m|n). (9.79)

Ecau Ey=FE,, T0 3T0 paBeHcTBO HHU 0 IeM He ropopur. Ho ecaun
AHEPTHH ABYX cocrofAnuil |m) n | n) pazwuvns (En+Fy ), 10 ypas-
serne (9.79) rosopur, yro {(m | n) AomrHO OHTH HyJdeM, YTO MH
B XoTely foxasaTh. [[Ba cocrosHmsa o0s3aTeIBHO OPTOTOHAJDLHE,
ecli TOIXBKO £y u By 0TARYAKTCA JAPYT OF Apyra.



IT'nasa 10

. § 1. Dasneunie coeto-
CBEPXTOHEOE PACHIEILAEHHNE AN TR TN
B BOJIOPOIE ABYN waeTHR

co enitoy
§ 1. BaszucHste cocmoanUa 0ast cucmemst § 2.y oionan
06y vacmuy, co cnurom 1/, QCHNRI (O e

CTOMPIED W Lo
B oroii rnaBe M 3aliMeMCsl «CBeDXTOHKHM
paciienyienueM» BOJOPOLA — UHTEPECHLIM IIPH- LN prsnn anepren
MepOM TOTO, 4Td MHl y/Ke B COCTOSIHMU [eJaTh
¢ IMOMOMIBI KBAHTOBOIM MeXaHWKH. 3mech y Hac
yske OyOyTr He gBa cocTosAHIst, a Gonpnie. Iloyau- paemenenae
TEABHOCTH BTOTO IIpUMepa B TOM, YTO OH MO3HAKO-
MHT HAC ¢ METOflaMi KBAHTOBOH MeXaHUKH, npuMe- § ».Locrosmuis
HaeMEIMu B Goiee caomHEX 3agadax. CaM no cebe B Matduraes i
dTOT HPMMEDP AOCTATOUHO CIOMEH, H KaK TOJBKO
BH IOfiMeTe, KAk ¢ HUM CIpaBIATHeA, BaM cpasy § O.Hporstnmmiasg
ke cTaHeT sicHO, KaK 06o0murh ero Ha gpyrue Bo3- MATPILA
MOM{HBIe 3aa9H. an oamnn |
Hax wm3BecTHo, aTroM BOJOpOJA COCTOMT U3
SIIEKTPOHA M MPOTOHA; QIEKTPOH cUIUT HemogaIeRy
OT OpOTOHA W MOMKeT CYyLecTBOBATH B ONHOM H3
MHOTHX [IWCKPETHHIX dHePreTHUeCKHUX coCToaHHi,
B Kayi[JOM U3 KOTOPHIX eT0 KapTuHa [BWKEHUA APY-
ras. Tak, nepBoe Bo3GYKeHHOE COCTOSIHUE JIEKHUT
ma 3/, punbepra, wirn na 10 96, Brilme 0CHOBHOTO
cocrosiamsa. Ho jame Tak HaspBaeMoe OCHOBHOE
COCTOSTHHME BOROPOZA HA CaMOM JeJe He SIBIAETCH
OTHeJbHHM COCTOSTHHEM ¢ ONpefieleHHON dHe prueli,
u00 y SJMEKTPoHA W y NPOTOHA eCTh CIMHEL. ITH
COMHE W OTBETCTBEHHH 32 «CBEPXTOHKYI) CTPYK-
TYypy» B YPOBHAX dHepTiH, KOTOPAf pacuiemiger
Bee YPOBHH JHEPrMM HA HECKOJIHKO NOYTH OJHHA-
KOBHIX ypoBHeH.
CouE d1eKTpoHA MosKET OHTH HampaBieH aAubo
BBepX, AuG0 BHHWA; y NPOTOHA TOKE €20 COGCMEEH-
HBl COMH MOKET CMOTpeTh BBePX WIM BHHB.
IToaToMy Ha BeAKoe [OUHAMHYECKOEe COCTOSHHE
aToMa HPUXOLATCA 4emblpe BO3MOKHEIX CIMHOBHX
cocrogHusi. Maawe rosopsa, Korna QUsHK roBOPHUT
06 «OCHOBHOM COCTOSTHWHY BOJIOPO/Ia, OH HA CaMOM
Jesie HMeeT B BUAY «JeTHipe OCHOBHHIX COCTOAHUAY,

W
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a He OPOCTO caMoe HAM3KOe U3 HUX. ¥ YeTHPeX COHHOBHX COCTOAHMM
SHEPTUA He COBCEM OJMHAKOBA; MMeITcA HeGoJAbInme CABHTY HO OT-
HOMIEHHIO K TOMY, UYTO HaGmiofanroch OH B OTCYTCTBHE CIEHOB. JTH
C/IBMTH, OTHAKO, BO MHOT0-MHOTO pa3 mMeHbIte, ueM Te 10 26, KoTOpHIE
JieKaT MERIY OCHOBHEIM COCTOAHHEM H CJefyiomum Golee BHCOKAM
COCTOSTHAEM.

B nrore sHepraa KaKAOro MMHAMAYECKOrO COCTOAHHEA pacHien-
JleHA HAa PAJ OYeHb TECHHX YPOBHEH — 3TO TAK HA3HBAEMOE C4LpI-
MOHKOE pacuenienue.

Pasnoctu aHepruil YeTnpex CHMHOBHX COCTOAHME — 3TO H ecTh
TO, YTO MBI XOTHM PAcCIATATh B 3TOH raape. CBepXTOHKOE paciien-
JICHME BHIBMBAETCA B3aUMONEHCTBHEM MAaTHWTHHIX MOMEHTOB 3JIeK-
TPOHA H IPOTOHA; OHO IPHBONUT A KAMAOT0 CIHHOBOTO COCTOAHUA
K CHeTKA OTINYAIOIBEMCA MATHHTHHIM SHEPruAM. 3TH CABHTH 2HeEp-
THHA COCTABAAIOT TOJIBKO OROJIO NECATUMUITHOHHOA JaCTH 2IEKTPOH-
BOJABTA, 4TO meficTBHTEABHO MHoro membme 10 sg!

Nmerno wus-3a croip GOXBIIOTO NPOMEKYTKA OCHOBHOE COCTOSM-
HHME BOMOPONa MH BIpAaBe CUMTATH «YETH PEXypPOBHEBOH CHCTeMOiy,
He 3a00TACH 0 TOM, YTO HA CAMOM-TO jieie mpu 60Jee BHCORUX DHEP~
ruAx cocroapuili Kyna Goxpme. MH HaMepeHs OTPAHHYATHCA 3[€Ch
H3y9eHHEM CBEPXTOHKON CTPYKTYPH TOJBKO OCHOBHOTO COCTOSHHS
aroMa BOOpOJA.

s pamux mesreit HaM HEBayKHHL Pa3IMYHbIEC NeTANH PACIOAONCE-
HUS DJIERTPOHA M WPOTOHA, HOTOMY YTO BCe OHH, TAR CKA3aTh, yiKe
BHpaGoTaHK aTOMOM, BCe OHM HOJYYHIHUCH camMM co0oif, Korjga aToM
DONAJ B OCHOBHOE COCTOAHME. J0CTaTouHO 3HATH TOJLKO, YTO BJIEK-
TPOH W NIPOTOH HAXOJATCA HeBIAaJeKe APYr OT Apyra, B KaKOM-TO
onpefieeHHOM TPOCTPAHCTBEHHOM COOTHOmEHnH. K poMe Toro, y HUX
MOTyT OBITH BCEBO3MOMKHEE B3aWMHbIE OPHeHTAIMH cOuHOB. U Mu
XOTHM PacCMOTPeTH TOJNBRO CHMHOBEIE 3QPEKTH.

Ilepsuit Bompoc, Ha KOTOPHIA HYKHO OTBETHTh: KAKOBH (asuc-
Hble cocmoanus IisA droit cucremu? Ho Bompoc aToT mocTaBiieH He-
npaBuirbHo. Tarkoll Bemu, Kar eduncmeenntili 6asuc, €e cyulecTByer,
a BcARasa cucreMa OGasMCHHX COCTOAHHE, KOTOPYH BH BhIOepere,
He Oypmer eguHCcTBeHEHO#. Beerma MoHO cOCTAaBUTH HOBHIE CHCTE-
MH ®3 JuHeHHBX KoMOmmammit crapos. [aa GasucHHX cocTof-
HHUA BCErJa €CTh MHOMKECTBO BHIOOGOB W BCE OHH  OJMHAKOBO
3aKOHHBI.

SHaynT, HAJI0 COPANKBATH: He (KaKOB 0asmc?», a «<KAKUM €ro
moxcro BHOpars?»., VI BmOparh Bu BOpaBe KaKodl yromHo, JHIIb
66 BaMm Owwro ymoGHo.

OOvlgyHO Jydile Bcero HAYMHATL ¢ 0asmca, KOTOpH#A gusu-
wecku Hambosee ogeBupen. OH He 00A3aTeNbHO MOJKEH peHiaTh
KAKYo0-TO 3afa9y WA OBITH Henocpedcmseenno Ba;KHHM B KaKOM-TO
OTHOIIEHMHU, HET, OH B 0o0mEeM [JOKeH ToIAhKO ofjlerdJaTh HOHU-
MaHme TOTOe, YTO MPOACXONNT.
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Mz suGupaeM caegyiomue GazucHEE COCTOAHMA:

Cocmoanue 1. 1 y onexTpoHa, W y NPOTOHA CHHHH CMOTPAT
BBEpX.

Cocmosnue 2. Y 2JIeKTPOHA CIIMH CMOTDHT BBEPX, 4 Y IPOTOHA —
BHH3.

Cocmosnue 3. Y dieKTPOHA CIHE CMOTPWUT BHH3, & ¥ IPOTOHA —
BBEpX.

Cocmosnue 4. N y aiexrpoHa, ¥ y OPOTOHA CHEHH CMOTPAT
BHHS.

s rpaTkoil 3ammcH BTHX YeTHpPeX COCTOAHUI BBefeM clelyio-
mze o0003HAYEHHA:

Cocmosanue 1; | -+ -+>; y sneKTpoHa cIIUu gsepxr,
Yy ODpoTOHA CUHUH 66epx.

Cocmoanue 2: | - —>; y 2JeKTpoHa CHHUH esepc,
Y HpOTOHA CUHH 6HU3.

Cocmoanue 3: | — >, 'y SAeKTPOHA CHOHH 6HUS,
Y UpOTOHA CUUH 66epx.

(10.1)

Cocmoanue 4: | — —)>; Yy BJIEKTpPOHA CIMH 6HUS,
Yy HpOTOHA CHHH 6HUS3.

IloMumTE, 9TO REPebl BHAK IITIOC WM MUHYC OTHOCHTCA K 2JeK-
TPORY, émopoli — K nporony. Yrobu atu obo3mavennsa Owlin y Bac
moj, pyko#, oum cBefens Ha ¢ur. 10.1. BpeMenamu 6ymer ymnoOnee
oGozmagarb a1u cocrogmua | 1), | 2>, |8 u | 4).

Bm Mosxere ckasarb: «Ho gacrunp B3anMoJieficTBYIOT, H, MOJKET
6BITE, DTH COCTOAHAA BOBCE He ABIAKTCA NPABWIBHHMEA 0a3uCHBEIMI
cocrosauamu. lloaywaercs, 6yaro Bu paceMarpuBaere 06e 9acTULbI
mesasucnMo». Jla, meficrBurensro! BaammopeificTBue craBuT neper
HAMH Bompoc: KakoB zamuavmonuan cucremu? Ho Bompoc o ToMm,
KaK onucambs CACTEMY, He Racaercsa BaauMogefictasa. Uro 6u M HE
BuOpaiy B KavecrBe 0asnca, 3TO HHKAK He CBJ3AHO C TEM, IT0 CIy-
guTesa mocie. MoxeT okasarnca, 94TO aTOM He ¢mocobeH ocmasamuyes
B OIHOM W3 5THX Ga3MCHHX COCTOSAHWI, faske eciim ¢ Hero BCe M Ha-
gagoch. Ho aTo gpyroi Bonpoc. ITo Bompoc 0 TOM, KaK CO BpeMeHeM
MEHAIOTCS aMIVTHTY/An B BuibpanaoM (GuKcupoBaEsoM) Gasuce. Bui-
Gupasi 6asucHEe COCTOSHMA, MB HOPOCTO BHOHpaeM «eIMHHYHEIE
BEKTOPH» JJIA HamieTo OUHCAHUA.

Pa3 yxe MBI KOCHYJIHCH 9TOr0, OpocuM B3IIAX Ha o6my 0 npoG-
JieMy OTHICKAHES COBOKYUHOCTH DA3MCHHMX COCTOSHUI, KOT/A HMeeT-
¢ He OJHA vacTuna, a Goapme. Bu 3Haere GasmcHbe cOCTOAHHS
JVIA ORHOH TACTHIEL. JIAEKTPOH, HAIIPUMED, OJMHOCTHEO OLNCHBAETCS
B pealbHOH Ku3HY (He B HAIDMX YHNPOMIEHHHIX CIYy4YasX, a B peajib-
HOM ;KM3HU) 3ajaHMeM AMIVIATYR NpPeOHBAHUA B OTHOM H3 CACAYIO-
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/aﬂexmpon

p
Y Y
// @ ue, 10.1. Cosokynnocmd G6asuchbix cocmoanull
f 019 OCHOSHO020 COCMOAKRUA amoma godopoda.
/ i cocmoaHuUR Mu 0663Hadem |+ 4D | + =D |— D,
/ Mpomox

| ——

v
/ /V mMuUX COCTOAHMI:
/ \ | DaexTpoH cMEHOM BBEpX ¢ MMOYILCOM P>
/ / nin

| 9stexTpon cnmEOM BHMB ¢ UMTyIBCOM Y.

B peiicrBuTenbHOCTH  CYLIECTBYIOT [Be
GecKOHEYHLE COBOKYIHOCTH COCTOSHUI, MO

y

/ OMHOMY HA Kajkjloe BHAUEHHe Pp. JHAUAT,
% cKazaTh, 4ro DIEKTPOHHOEe COCTOsfHHe | )
/ / ONMCAHO [ONHOCTBIO, MOJKHO Julib TOFAA,

KOrja BH 3HaeTe BCe aMIVIHUTYAbL

<A, ply> m <—, ply,

7/
/ y// rme -+ u — HOpPEeJCraBISIOT KOMIIOHEHTH
% MOMEHTA KOJAWYECTBA ABIM(EHHA BIOAbL Ka-
/ KOH-TO OcH, ODHIYHO OCH Z, & P — BEKTOp
/ / uMnyanca. Crago OwTh, AIA KayKIOTO MEIC-
JIUMOTO MMMYAbCa MOJIKHK OHIThH JIBE aMIIIH-
Tyan (gBaKOE GecKoHeYHAA COBOKYHOHOCTH
GasmcHmX cocrofHmii). Bor um Bce, 4ro HyKHO [AAs ONHCAHHAA
OTHEILHON YaCTUTIEL. ,
Taxum sxe 06paszom MoryT OhTh HanucaHs Ga3uCHEE COCTOAHASA
KOT7la YacTHI, He ofiHa, a Ooanme. Haupumep, ecin Hago Omiao 6w
paccMoTPETh BJIEKTPOH U HPOTOH B fosiee CIOKEOM, YeM Yy Hac, CIy-
yae, To 0a3HCHHE COCTOAHUA MOLAHN OBl OHITH CIeNyOIHMM:

[ Buexrpon ¢ EMUYIbCOM P; ABWKETCHA CIMHOM BBEpX,
a IPOTOH ¢ HMOYILCOM P, [ABHKETCA COHHOM BHH3).

M rak patee mag ApyruX COHHOBHX KoMmOmmamuiti. Ecan wacrui
GosbIre IBYX, ujied ocraercA Ta jke. Tak 9To BW BUANTE, YTO PACUU-
carb 03MoXNCHBE 0a3WCHBIE COCTOAHNA HA CAMOM Jelie 0deHb JerKo.
Bonpoc TorbrRO B TOM, KaKoB raMmIbTOHWAH.

Hawm g usyyenEus oCHOBHOTO COCTOAHHA BOJOPOAa HET HYKJE
NpPUMEHATH TOJHEE COBOKYHOHOCTH 0A3MCHHX COCTOSHMN IJIA pas-
JRYHHX UMOyJabCcoB. Mal oroBapuBaeM u ¢uKcupyeMm ompeReleHHEE
MMOYJIbcHHE COCTOAHHUSA HPOTOHA W BJIEKTPOHA, KOTJA MpOM3HOCHM
CIIOBA OCHOBHOE cOCTOAHHE». Jleralm XoHQUTypamum — aMIIHTY-
OB UIfl BceX MMOYJbCHEIX Oa3MCHHX COCTOAHHA — MOKHO paccud-
TaTh, HO 3TO y:Ke ApPYyras 3axava. A MH ceddac KacaeMCs TOJIBKO
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BIMAHNA CIHMHA, TAK ITO OTPAHHYHMCH TOJBKO HEeTHIPbMSA (asuc-
muva coctogauamu (10.1). Ouepennoll Bompoc TaKOB: KaKOB ra-
MUJABTOHHAH JJIA dTOH COBOKYIHOCTU COCTOAHWMN?

§ 2. I'amusvmonuan ocHo6H0Z0 COCTOANUSA
éodopoda

Yepes munyry BH 9710 y3HaeTe. Ho mpesr/ie X0y BaM HAHOMHUTH
ONHY BeINb: 6caKoe COCTOAHHE BCErJa MOKHO IpeJCTaBHUTH B BHUIE
auuecitaoil KoMGumauy GasucENX cocrogHui. [{aa moboro cocros-
HHS | ) MOMHO HAIUCATh

|p> =]+ +><+ F 9>+ |+ —=><+ =¥+
= +><= 4 => <= — P> (10.2)

HanomauM, uro mnoidEble CKOOGKH — 9TO IMPOCTO KOMILIEKCHEE
qucaa, Tak 970 MX MOMKHO 0003HATATH 00bI9HEIM 00pasoM gepes (',
roe i=1, 2, 3 mim 4, u saumcarp (10.2) B Buzge

[p> =]+ +>Cr |+ —=>Cot| = +>Co+]— —>C. (10.3)

SamaHne "eTBepKn aMILIETYA C; DOTHOCTRIO ONHCHIBAET CIHHOBOE
cocrosaue |P)>. Ecau ara derBepra MeHseTcd Bo BpeMeHH (Kak
aT0 ¥ GyJer Ha caMoM fielle), TO CKOPOCTh M3MeHeHUsA BO BPeMeHM

JaercA omepaTopoM H. 3anaga B ToM, 910Gk HANTH BTOT OTIEPATOP H.

He cymecrsyer oOmero mpasmia, KaKk mucarh TaMUJIBTOHMAHR
ATOMHOI CHCTEMBI, W OTHICKAHHEe HPABUIbHOI ¢PopMydas Tpebyer
OOJIBIIETO0 MCKYCCTBA, T6M OTHICKAHHE CHCTEMBI 0a3HCHBIX COCTOM-
Huil. M&1 BaM ¢cMorin gaTh o0Imee mpaBmiIo, KAk 3aIIHCHIBATD CHCTEMY
0a3HCHHIX cOCTOAHWH [iId M060H 3afaud, B KOTOpPOH ecTh MPOTOH
U BJIEKTPOH, HO OOHCATh OOINUI raMIIbTOHHAH TAKOM KoMOMHAINE
Ha 9TOM yPOBHE CJMINKOM TPyaHO. BMecTo dToro MH HOJBegeM Bac
R raMuIBTOHHAHY HEKOTOPHMH 3BPHCTHIECKHMN DACCYHIACHUAMH,
U BaM IOpAAETCS NPU3HATH €ro IPaBWIBLHBIM, IHOTOMY 4YTO pesyJib-
Tarsl OygyT cOTNIacOBHBATLCA ¢ IKCHePVMEHTAILHHIME Habmionge-
HUAMIA.

Benomanrte, uro B upemuyme raaBe ME CMOTIHM OIHKCAThH ra-
MIJIBTOHHAH OT/EIBLHOH YACTHIBI ¢O COMHOM !/, HpEMeHHMB cHTMa-
MATDUOH WIM B TOYHOCTM DKBHBAJEHTHEIE UM CHIMa-OIePaTOPHI.
CaoiicrBa omepaTopoB cBefiersl B Tatia. 10.1. Iti omepatopsl, ABIIO-
muecsd OpPocTo yRoOHEIM, KPATKUM cIoco00M 3alIOMHHAHWA MaTpHI-
HHX 2JleMeHTOB tuna <{-4| ¢, |+ >, OnIHM TONe3HH A ONHCAHHA
noBefieHNA omOesvroll 9ACTHIE co curHOM !/,. Bosmuraer sompoc,
MO}KHO JIM OTEICRATh QHAJIOTHYHOE CPEJCTBO I OMHCAHHUA CHCTEeMH
¢ 1ByMA cuuHamu. Jla, u oueHs mpocro. Bor emorpure. Myt m3o6pe-
TE€M BeIlb, KOTOPYI0 HAB0BEM «IEKTPOH-CHTMAa» M KOTOPYyIo Oynem
NPeACTaBIATh BEKTOPHHIM OIE€PATOPOM G° ¢ TpeMf KOMIOHEHTaAMM

o2, 0; u 05, Jlaabme ycaosuMmes, 9T0 KOTHA OfHA H3 HAX JeficTByer
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Tabauya 10.1 o CBOUCTBA CHI'MA-OIIEPATOPOB

oz‘+>= +14>
05l —>=—[—>
Ol +>= +i->
0y’+>=+ il")
Oyl —>=—i[+>

Ha KAaKOe-TO U3 HANHX YeTHpeX 0aBMCHHX COCTOAHUWM aToMa BOIO-
pojia, To oHa feficrByer Ha OJUH TOJIBKO COMH JIEKTPOHA, MPUYeM
raK, KaK eciau OB 2JeKTPOH O ofuH, caM mo cebe. Ilpumep: gemy

& o
paBHO O, | —->? llockoasry 0,, MeficTBylomee Ha HJIEKTPOH CO
CIMHOM BHUB, JaeT —I, YMHOKeAHOE HA COCTOSIHHE C DIEKTPOHOM,

y KOTOpOTO COMH BBepX, TO
e s
o.yi—_ +>: —L{—;— +>'
(Korza of pefictByer Ha KoMOMHHpPOBAHHOE COCTOAHHE, OHO Te-
pEeBOpAYNBAET BJEKTPOH, HE 3aTParmBasd NPOTOH, U YMHOKAaeT
peaynsrar na —i.) JlefictBys Ha mpyrue cocTosHEA, 0; macr
e .
o.y]++>: I’l'—+>7
e i . .
o |+—>=i]l——>,
e .
0y|—— —>=—i|4+—>.
i
Hanomuuwm elme pas, 4To omeparop o¢ JelCTBYeT TOABKO Ha nepevill

COHHOBLIM CHMBOJ, T. €. HA CIOUH d1EKMPOHA.
Tenepp ompefennM COOTBETCTBYIOUINE OmEpaTOP «IPOTOH-CHI-

Ma» jis cmmHa nporora. Tpu ero xommorents 9%, o7, 6% peircrBytor
Tak ske, KAK M 0°, HO TOABKO HA npomowHuil cnuwx. HanpnMep.

ecnn o) Oynmer pgeficrBoBaTh HA Ka/KAoe W3 YeTHpexX (a3WCHHX CO-
CTOAHMHA, TO mosydImTca (onATh ¢ moMomplo Tabm. 10.1)

oxl+ +>=1+—>,
o]+ —>=]++>,
oX|—+>=[——>,
ok | ——>=]—+>.

Hax Buamre, Hugero TpyaHOTO.
B o0meu cirydae MOryT BCTPETHTHCS Beliu 1 mocioxdee. Hampu-

Mep, IPOM3BEJleHHE ONEPATOPOB 0; o%. Horga mmeerca Takoe mpo-
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M3BeJleHNe, TO CHAYaJa JENAeTCA TO, 9TO XOYeT MpaBHi omepaTop,
a moToM — wero Tpebyer Jeswi *. Hampumep,

6800 |4 —>=03(0% |+ —>) =05 (—|+ —>) =
R NG

3aMerbTe, UTO 3TH ONEPATOPH ¢ UHCIAMM HIYEro He JelaloT; MH
HCIOAB30BANH 3TO, KOTKA OHCAIH Oy (— 1)=(— 1) 0% Mu ropopum,
YTO ONEPATOPH ¢KOMMYTHPYIOT» C YHCJIAMH WIH YTO UHCIA «MOKHO
npoTamuThy dUepes oneparop. llompakrukyfitech m DOKaKUTe,
4T0 TNpoM3Be[eHHE Oy Oy HAaer I YeTHIpeX COCTOAHHM cleqyromuii
pesyJabraT:

0z0% |+ +>=+|— 4+,

o0 |+ —>=—|— —>,
003 | — +> =4I|+ 4+,
0502 | — —>=—|+—>.

Ecnn mepeGpars Bce gomycruMbie oOepaTopsl, KayKAKE To pasy,
TO Bcero Mosker Owmth 16 BO3MOswHOCTEH. [la, wecmnadyams, ecan

BRJIIOUHTH elle «equEnyHHi omeparop» 1. Bo-mepBrix, ecTh Tpoitka

o5 0;, 35, 3aTeM Tpoiika ok, 6%, of, mroro mecrs. Kpome Toro, nmeer-
cA JIeBATH NPOU3BEJeHANR BHIA Oy 0;’ , uroro 15. U eme enuHmaHHNHR
0mepaTop, OCTABJIAINME Bce COCTOAHWA HeTpoHyThHMA. BoT m Bee
mIeCTHALLATH! '

3aMerbTe Tenephb, uTO IS CHCTEMbI ¢ YeTHPEMA COCTOAHHAMH
marpuna NaMuibroHa JomsKEA mpefcTaBiasaTh cobofl MaTpURy Ko3d-
¢unuenToB 4X 4, B Heit Oymer 16 uaumcen. Jlerxo moxasars, wro
BcAKAaA MAaTpHUOA 4 X4, u B wacTHocTH MaTpuna I'aMmibToHa, MOKeET
OLITh BamMHCAHA B Buje JHHEAHOH KOMOMHAIME INEeCTHALNATH IBOM-
HHX CHOMHOBHX MAaTpHI[, COOTBETCTBYIOIIUX CHCTEME OHmeparopos,
KOTOPHE MHB TOIBKO YTO cocraBuiu. [losroMy mirss B3auMomeicTBUA
MeXJy IPOTOHOM H BIEKTPOHOM, B KOTOPOE BXOOAT TOJBKO UX
CIIMHBI, MBI MOKEM OMKHMAATEH, YTO ollepaTop l'aMuibroHa Moser OHTH
3aOvcaH B BuUje JuHeiiHo# komOmmanuu tex sxe 16 omeparopos.
Bonpoc Toabko B ToM, KaK.

Ho, Bo-mepBmX, MH 3HaeM, 4To B3aMMONEHCTBHE HE 3aBHCHUT
ot Hamero BeOopa oceil Aua cucreMH koopxuHar. Ecian Her BHem-
HETO BO3MYIIEHHA — Yero-T0 BPOMe MATHUTHOTO HOJS, BHIEISIO-
mero KaKoe-TO HanpaBieHWe B IPOCTPAHCTBE,— TO TaMUJIBTOHHAH
He MOKeT 3aBHCETHh OT Hallero Bubopa HampaBieHU# ocefl z, y H Z.
JTo 03HAYAET, YTO B raMWJIbTOHHAHE HE MOKET OHTh TAKHX WICHOB,

KaK Oy caM 110 cefe. JTo BHTAANENO OB HEJEIIO, IOTOMY YTO KTO-HHA-

v?

* Huda smux ouepaTopOB, IpaBja, OKasHBaeTcA, 4TO OT HX UOpAnKa HA-
9er0 He 33BMCHT.
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Oyanr B gpyroil cHcTeMe KOODAMHAT mpumen OK K XPYTUM pe3ydb-
TaTaM.
EnuncTBeBHO BO3MOMKEHKN TOJNbKO WIEH ¢ eIMHNYHOI MaTpumeil,

CKayKeM IOCTOAHHAA ¢ (YMHOKEHHAS Ha 1), 1 HeKoTopafd KomOuHa-
HuA CHTM, KOTOPasd He 3aBHCHT OT KOODAUHAT, HEKOTOpad «HHBA-
puaHTHasA» KomMOuEanua. ExuncrBeRHan ckasapnas MHEBAapHAHTHAA
KoMOUHANMA W3 JBYX BEKTOPOB — 3TO HX CKAJSPHOE NpOH3Bejie-
HHe, UMEIOIee sl HAIIUX CHTM BHJ

gt .gP :0§o£+0;0§+0§o§’.] (10.4)

IJTOT omepaTop WHBAPHAHTEH MO OTHOIMEHHIO K JI00OMYy IOBOPOTY
cucreMsl Koopaumar. Mrax, emmHCTBeHHAA BOSMOMKHOCTD JJIA Ta-
MUJBTOHHAHA € TNOAXOAAIEN cUMMerpHeid B NPOCTPAHCTBE — 3TO
IOCTOAHHAA, YMHOKeHHAS HA eJUHHIHYIO MATPHLY, III0C¢ TOCTOSH-
Hafd, YMHO}KeHHAA HA 3TO CKAJIAPHOe IPOU3BENeHUE, T. €.

H=E,+ Ac®-cv. (10.5)

Jro ¥ ecTh HAIU TraMMIBTOHHAH. JTO eHHCTBEHHOE, YeMy, UCXOJA
"3 CHMMETPHU B HNPOCTPAHCTBe, OH MO)KET DABHAThCA, NOKA Hem
srewnezo noas. 1oCTOSHHEE WieH HaM MHOTOrO He cooOHIAT; OH
MPOCTO 3ABHCHUT OT YPOBHA, KOTOPHII Mbl BuOpanu s orcdera
suepruit. C paBHEM ycoexoM MoskHO Grito npuasath £y=0. A Bropoii
WIeH HoBegaer HaM 000 BceM, 4TO HY;KHO JJs TOro, 4ToOs HaiTh
pacmelvienne ypoBEeH B BOTZOpORE.

Ecan yrompo, MoKHO pasMHIUIATE 0 FaMHJALTOHMAHEe WHAYe.
Ecaun noGausocru xpyr or Apyra HAaXoAATCs ABa MATHUTA ¢ MATHHUT-
HEIMH MOMEHTaMH [, H [,, TO UX B3aUMHAA DHEPTUS 3aBUCHT, KPOME
BCETo TPOYero, H OT .- M,. A MBI, KaK Bl IIOMHHTE, BBISICHUIIH, 9TO
Ta Belb, KOTOPYI Mui B KJlacCHIecKol $usHMKe HABHBAIEH M.,
B KBAHTOBOW MeXaHHKe BEHICTyIAer Loj nMeHeM W 6.. IlogoluEM ke
o0pasoM, 10, 9TO B KJIacCHIECKON (u3uke BLHIVIANUT KaK U, B KBaH-
TOBO#l MeXaHHKe OOBIYHO OKa3biBaercA PaBHHM W&, (I7e [, — Mar-
HHUTHHA MOMEHT TmPOTOHA, KOTOPHI MOYTH B 1000 pas MeHbIIe [,
u uMeer oOpatEnil 3HaK). 3Haunr, (10.5) yrBep;xzaer, ITO dHEPIrUA
B3aMMojeicTBHA mo06HA B3aHMONEHCTBUIO ABYX MATHHTOB, HO He
IO KOHUA, MOTOMY YTO B3amMofieficrBue IBYX MATHWTOB B3aBUCHUT
or paccrogEnsg Me;kpy HaMu. Ho (10.5) momker cuurareca (m Ha
caMoM Jielle AgAfemcs) CBOEro PONa CPEeJHUM B3auMoJeicTBHEM.
QVIeKTPOH KAK-TO [BMKETCA BHYTDM aroMa, M HAIl TaMWJIbTOHWAH
Iaer JHIIb CPeHIOW DHEPruo BaauMojeicreus. B obmem Bce 37O
TOBOPHT O TOM, YTO A IPEqIuCAaHEHOTO PacHoJ0KeHHsA dIeKTPOHA
H OpPOTOHA B IPOCTPAHCTRBE CYHIECTBYeT dHEPTuf, HNPOIOPHHOHATb-
Hasi KOCHHYCY yIJla MEIy ABYMA MATHUTHHIMM MOMEHTaMu (BIpa-
maAch kraccumyeckn). Takaa wiaccudeckass KadecTBeHHas KapTHHA
MOJKeT IIOMOYb BaMIOHATH, OTKY/a Bee NONYIaeTcA, HO el IHCTBeHH0e
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9TO BaKHO IpM 2ToM To, uro (10.5) — 2To mpaBuiIbHAasA KBAHTO-
BOMeXaHHTIecKasa (QopMyda.

Ilopamor BednunHM KiIacCHYECKOTO B3ANMONEHCTBHA MEMHIY
OBYMA MarHHTaMu JoJieH Oma OH JaBaThcs IPOH3BENEHUEM NBYX
MATHATHHIX MOMEHTOB, [eJieHBNM Ha Ky0 paccrosHHA MeKAy HUMH.
‘Paccroaame Me;Iy 2JeKTPOHOM H HPOTOHOM B aroMe BOAOPOAA,
rpyGo roBopsd, paBHO NONOBHHe aToOMHoro pagmyca, r. e. 0,5 A.
IloatoMy MOHO TpUMEPHO MPUKUHYThH, YTO HOCTOAHHAA A NOMKHA
OHTh paBRa IPOU3BENEHHI0 MATHHTHHX MOMEHTOB (i, U [y, JieJeH-
HOMy Ha KyO moiosmeH anrcrpema. Takas umpuerpeska HPHBOAUT
K YpeIaM, monajaiomyM KaKk pas B Hy kB paiion. Ho oxassiBaercs,
910 A MOKHO MOJCYMTATE I AKKY PATHCH, CTOUT TOJHKO pazobparbes
B TOJHOH TEOPHH aroMa BOXOPOAA, YTO HAM I[OKA He 110 CHJIaM.
Ha camom merre A ObliI0 HOACYUTAHO ¢ TOTHOCTHIO A0 30 MUIIKMOH-
HHX. Hagr Bugure, B oTam1e OT HOCTOAHHOM epefpoca 4 MoIeKyIH
aMMHuaKa, KOTOPYIO IO TeOPHH HEBO3MOJKHO XOPOINO [OXCYUTATH,
Hama mocrogaHag A And Bogopofa Moxcem (uimd PAcCINTAHA U3
6osee meranannoi reopun. Ho Hudero me nogenaenrs, HaM s HANMAX
TemepemHNX nelell mpumerca cuutarb A 9HCIOM, KOTODOE MOKeT
OHITE OIIpeleIeE0 M3 OHHTA, W AHAIMBUPOBATH PUBUKY Jesa.

Baas rammasrornan (10.5), MO3KHO mOJCTaBATH €I0 B ypaBHEHNE

ihC; =Y H,C, (10.6)
I

M TIOCMOTPETh, YTO FellaeT CHHMHOBOE B3AMMOfelicTBHE ¢ yPOBHAMH
sHepruu. 1A aroro HAJO MOACYMTATH INECTHAALATH MATPHIHHIX
2JIGMEHTOB HU=<i|H| j>, oTBevawmmmux Jo6Goil ABoiike n3
geTsipeXx OasmcHHX cocrosiEui (10.1).

Haunmem ¢ Toro, uro mopcunraeMm, yeMy paBuo H | j) mua wam-
moro ua 4eTHpeX GasucHHX cocrommmit. K npumepy,

H|++>=Ao®-0% + +>= 4 {0508+ 05 60+ oS ol} | +- +(i'o :

[oabsysick cmocoGoM, ONMCARHKIM HEMHOIO padbme (BCIOMHHTE
rabx. 10.1, oma ouemb ofmerduT neJso), Mu HafigeM, 4TO KayKmas
nmapa ¢ gemaer ¢ [+ 4 >. Orper Takos:

020k |+ +>=+|— —>,
0,0y |+ +>= —|——>, (10.8)
oz0f |+ +>= +|+ +>.
3uaunr, (10.7) npespamaerca B
Hi+ +>=4{|— —>—|=—=>+[+ +>}=4|++>. (10.9)
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Tabasuya 10.2 P COMHOBBIE OIIEPATOPHI
IOJIA ATOMA BOIOPOIA

o5 o8l + +>=+|——>
ool +—>=+|—+4>
0z ofl— <=+ {4+ —>
0z 2l — —>=+|++>

o oI+ = —]——>
Oy 00l —>=+]|—+>
aloll—+>=+I+—>
ol ojl——>=—|++>

oy o+ +o=+[++>
o ofi+ —>=—|+—>
0% 0P| — +>=—|—+>
o7 opl— —>=+|——>

A pas Bce mamm uweTHipe 0asHCHHX COCTOSHHS OPTOTOHAJBHEL, TO
9T0 HeMe[JeHHO IPUBOAHT K

CH A H| 4+ 4>=A<+ +|+ +>=4,

CH—[H[++>= A+ ~[++>=0,

K=+ H|+ +>=A<—+|F+ +>=0,

(——[H|+ +>=A4¢——|++>=0.
Benommmas, aro <jlH|[i>=<i|H|[j>*, Mm cpasy cMomeM Ha-
mucaTh gAdPepeHNUAJbHOE ypaBHeHHe g aMrumryau Ci:

ihC, = H, ,C,+ H,Co+ H, Co+ H,C, (10.11)

(10.10)

it
ih(, = AC,.
Bor u Bce! Tonvko oxua wnes.
UYro6s Temeph mHOMYHMTH OCTABIIMECH ypaBHeHus l'aMuibroHa,

MB! TOJKHE TepOeauBo HpoATH Fepes Te ke MPOneRAypH ¢ H, neii-
CTRYIOMUM Ha JPYyTHE COCTOSHUA. Bo-mepBuX, mOmpaKruKydrTech
B IIPOBEPKeE TOT0, 9TO Bee mpousBeenns curM B rabun. 10.2 Hanncasgn
OpaBUAbHO. 3aTeM ¢ MX HOMOIMBIO MOJTY9HTe

B[+ —>=A{2{—+>—[+ -}
Hl—+4>=42|+ —>—|—+>}, (10.12)
Bj——>=A]——>.
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WM rorma, ymHo:kas MX Bce 10 NOPAAKY cJeBa Ha Bce Npoume
BEKTODH COCTOSHHI, MH I0JyJaeM CJIEIYOmy0 TaMEJIBTOHOBY
mMarpuny H;;:
!
iV 4 0 0 0
0 —4 24 0
Hy =
0 24 —4 O

0 0 0 4

(10.13)

9710, KOHEYHO, O3Hayaer, 9To AuddepeHnUaNLENe ypaBHeHAs AIA
goThipex ammimryq C; UMeIOT BHJ

ihC, = AC,,

ihC,= — AC,+2AC,,
ihCy=2AC,— AC,,
ihC,= AC,.

(10.14)

Ho mpemae uem mepefiTy K WX pelIeHUI0, TPYIHO yEPMKATb-
¢A oT TOTo, YTOOH He paccKasaTh BaM 00 OJHOM YMHOM IpaBHie,
koropoe BmBex J{mpax. OHO mOMOKET BaM OILYTHTH, KaK MHOTO
BH y)Ke 3HAere, X0Td HaM B Hame#l paGore oHO H He HmoHAmOOWT-
ca. Ms ypasmennit (10.9) m (10.12) mMu mmeem

6°-6° |+ +>=|++>,
0%-0° [+ —>=2|—+>—|+ —>,
0°:6° | — +>=2[+ —>—[—+>,
6% 0" | — —>=|——>.

(10.15)

«Barnsaaure, — ckazan [dupar, —nepsoe m HocaejHee ypaBHEHNA
A MOIy 3aIHcaTh TaKKe B BHAE

0%+ +>=2[+ +>—|+ +>,

00| — —>=2]|— —>—|——>,

¥ TOrga BCe OHH CTAaHYT HOXO/KHUMH. Tenepsb si UPHIYMA0 HOBHIN
omeparop, KoTopul 0003HAYY Poppy oomen M KOTOPHIL, mO onpe-
desenuio, 6yner obrafgarh CACAYOIIEMEA CBOACTBAMY *:

PcrmH. 06MeH,+ +>=I+ +>s

Pcrmn. obMen l + _"> == J - '-{— >,
Pcmm. o0Mer i - "?‘ > == l+ h >1
Pcmm. ofimMeH ! ——)= 1— -

* DroT OmepaTop ceifvac HasSHBAIOT OIEPATOP OOMeHA CUNHAMH.
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Onepatop »TOT, KaK BHAHTe, TOIRKO OOMEHHMBaeT HaIpaBICHUA
CHMHA y JByX dactum. Torxa Bcw cucremy ypaBHenmil (10.15)
g MOTYy HAOHCATH KAaK OJHO IIPOCTOe OIepaTOpHOe ypaBHeHHE:

' 0°-6° = 2P g oowex — 19 (10.16)

dto m ecrb Qgopmyna Jlmpaka. Omeparop oOMeHa CIHHAMHE
Haer yhoOHOoe mpaBWJIO AiA 3amoMuHaHuA o¢ -¢P . (Hak BmauTe, BH
Tellephb y3ie Bce yMeere Aexarh. [[nA mac Bce JBEPH OTKPHITH.)

§ 3. Vpoenu anepeuu

Tenepb Msl TOTOBH K TOMY, YTOGH BHYHCINTH YPOBHU DHEPIHH
OCHOBHOTO COCTOSHHS BOJIOpPOJa, pelias raMmibTOHOBH ypaBHeHHUA
(10.14). Mu xoTuM HaiiTH 9HEepPTUHM CTAIMOHAPHHIX COCTOAHME. JTO
3HAYUT, UTO MAI HOJJKHE OTBICKAThH Te ocolwe cocrosnuda | ¢, gus
KOTOPHX Kaykias u3 mpuHamIesxkamux | ¢ ) ammaaryr C;= (i P)
obnajaer opHOH M TOH jKe 3aBHCHMOCTBIO OT BPeMeHH, a4 HMEHHO
e ™!, Torma cocrosmEme 6ymer o0majfaTh dHepTHei E=ho. 3na-
9AT, ME HEEM COBOKYIHOCTb aMILIHTYH, JJIA KOTODPHX

C,=ae-ti/hEL (10.17)

I7ie 9eTBepKa Kod@@uIHeHTOB @; He 3aBHCHT OT BpeMeHH. UToOH
YBUAETh, MOKEM JH¥ MH HIOJXYYHTDb 5TH AMIUIATYAH, HOHCTABHM
(10.17) B (10.14) um uwocmorpmm, uro ma aroro Buiiger. Hasmoe
ikdC;/dt B (10.14) mepeiiner 8 EC,;. U nocue cokpamennus Ha o6muit
SKCIOHEHUANBHNI MHOMRHATENs kampgoe C,; UpeBpaTHICH B @
IOXyYuM

(10.18)

9T0 W HYKHO PemuTh JJI OTHICKAHUA 4y, Ay, 4, H d,. IIpaBo, ogeHD
MWJIO CO CTOPOHH HEPBOro ypaBHEHHH, YTO OHO HE 3aBHCHT OT
OCTAJIBHKX,— A 3TO 3HAYUT, YTO Oj{HO pelleHme ¢cpasy BHAHO. Eciu
BeiOpats E=A4, 10

a;=1, ay=a3=0a,4=0

pact pemeRune. (HoHeuHO, eclim NPHHATH BCe a4 PABHHME HYJIIO, TO
8To Toke Gymer pemeHme, HO COCTOSHHA OoHO He macr!) Bynmem cum-
TaTh Hamie IepBoe pemeHue cocrofnuem | [ ) *:
[I>=[1>=[4+>. (10.19)
* B neficTBHTEABLHOCTH COCTOSTHUEM ABISETCA
—-/hE ,t
[ 1> e r,

HO, Kak OGHYHO, MH OTOKAECTBEM COCTOAHHAA C WOCTOSHHLIMH BeKTODaMH,
Koropsie npl ¢t=0 cOBHa8I0T ¢ HACTOANIMMEA BeKTODaMH.
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Ero ameprus
E;=A.

Bce a10 Hememnmemno maer KJY KO BTOPOMY pemeHHI0, MHO-
mydaeMoMy u3 TocienHero ypasmenus B (10.18):

a,=a,=a,=10, as=1,
E=A.
910 pemeHye M HazoBeM cocTosHMeM |[[):
> = |4 =|— —>,
(10.20)
Er=A.

Hanpme moiifer uwyTh TpyfHee; OCTABMIUECA JBa ypPaBHEHUSA
(10.18) mepemserensl ogHO ¢ ApyruM. Ho MBI Bce 3TO yiKe HeJa-
Jgu. CroxnB HX, MOJIYIHM

E (a,+a5) = A (a,+ay). (10.21)
Bruurasa, 6yneM umers
E (ay—az)= — 34 (ay—ay). (10.22)

OxruamBasi 9To B3MIAJOM M UPHIOOMHEAA 3HAKOMEIE Ham yiKe
aMMmakx, Msl BH/MM, 9TO 3[ieCb €cTh JBa pelleHHsd:
a, =a,, E=A
" . (10.23)
l12=—a3, E='—3A-'

dto cmecu cocrosHuit |2> u |8)>. OGosmawas ux |[[II> = [IV)

M BCTABJAAA [ NPaBHIABHOH HOPMHUPOBKH MHOKUTENH 1/]/2,
HMeeM

1 1
HID = (149 = 7= 1+ —=>+]— +2),
E,,=A (10.24)

nr

= (o—8) =+ —>—|—
V> =210 —18) =g 4+ —> == 1),
Ey=—34. (10.25)

Mu Hamum deTBepKy CTANWOHAPHHX COCTOAHHA W UX SHEPTHH.
3aMerbTe, KCTaTH, 9TO HAIDH YeTHPe COCTOSHUA OPTOTOHAJBHEL
BAPYT APYTY, TAK 9TO HX TOME MOKHO IPH »KeJaHWH CIATATH Oasmc-
HHMHA COCTOSHMAMHA. 3aja9a HATIA MOJTHOCTHIO pellieHa.

Y Tpex cocroammii aHeprus paBHa A, a y mocaegHero —3A.
CpenHee paBHO Hyd0, a 970 03HAYaeT, 4ro Korga B (10.5) Mu BH-
6pasn E,=0, To TeM caMbiM MH pPemua¥ OTCYATHBATH BCE DHEPTHH
OT MX cpefHero B3HaYeHus. J[marpamMMa ypoBHE#l JHEPTHH OCHOB-
HOTO COCTOAHMSA BofopoAa OyAeT BHINIAETH TakK, Kak Ha ¢ar. 10.2,
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E,+A .
D ue. 10.2. Juaepamma yposueil anepeuu
E 0CHO8HO20 COCMOKHUR AMOMADHO2G 80d0poda.
o  ————- -
P s
E,—3A —E

Pasnuune B smeprusx Mexny cocrosgmeM | IV) m moGeM u3
OCTaJIbHWX PaBHO 44 . ATOM, KOTODEII cJIyualiHO OKaKeTCA B COCTOA-
mam | ), Mojker oTTyga ymacrb B coctosHHe | [V) m memycTurs
CBeT: He OmTHYecKWil cBeT, mOTOMY 4Yro JHEpPrHa OYeHb Maja, a
MMKDPOBOJHOBOH KBaHT. Mam, ecam ocBeTHTh BOJZOPOXHHIL Fas
MUKPOBOJIHAMM, MKl 3aMeTHUM IOINIONIeHHe JHEepruH, OTTOr0 HTO
aroMei B cocroaBumu | IV ) GymyT ee mepeXBaTHBATH W HEPEXONUTH
B OJHO U3 BRICIIHX COCTOSHHI, HO BCe 3TO TONBKG HA YaCTOTE
o=4A|fi. ta sacrora GblTa MEMEPEHA DKCIEPUMEHTANBEO; HAMIYY-
mull peayisrat, NOJYYeHHHN CPABHMTEILHO HEXABHO *, TaKOB:

f:z—“; = (1420 405 751,800 + 0,028) zy. (10.26)
Ommubra cocraBisier Toabko Tpu cromuinuapiaux! BeposarHo, Hu
omEa u3 (yHZaMeHTAJBHHX (M3NYECKHX BeJIWYNH HEe H3MepeHa
Jydgille, 76M 3Ta; TAKOBO 0JHO i3 HanbosIee BHIAKNIAXCA T0 TOTHOCTH
usMmepcHuii B ¢msuke. Teoperwru Obin 0YeHB CYACTIANMBHL, KOTja
UM yRAI0CH BHYKCAUTEH DHEPIUIO ¢ TOYHOCTHIO 1o 3+107%; Ho K aTOMY
BpeMen¥ oHa OBIa M3MepeHa ¢ TOIHOCTHI0 10 2- 1071 1.e. B MuIIHOH
pas rouHee, 4eM B Teopuu. Tax gro SKCIePUMEHTATOPH UAYT JaleKo
Bepell TeopeTukoB. B Teopum OCHOBHOTO COCTOAHMA aToMa BOJIo-
pofia M b, M MH HaXOAMMCA B OJUHAKOBOM IOJOKeHUH. Bol Bemb
TOMe MOKeTe B3ATH 3HaueHHe A W3 ONHTA — A BCAKOMY, B KOHI®
KOHI[OB, IPAXOANTCA JIEAATH TO JKE CAMOE.

Ber, BepoATHO, yiEe cammadm padbme o «21-cu JIMHHEY BOJO-
popa. ITo ¥ ecTh JUIMHA BOJHH cHeKTpaipHOll Jurma B 1420 Mey
MY CREpPXTOBKOMH coCTOsEusMH. MaiydeHue ¢ Tako#i miIwHOMR
BOJHH HCIOYCKaeTCs WAH IOTJION@ercd aTOMAPHHM BOXOPOXHBIM
ra3oM B TaJaKTHKAaX. JHAYWT, C IOMOINBIO DPAIHOTENIECKOIOB,
HACTPOEHHHIX Ha BONHH 21 cu (unm mpumepno Ha 1420 Mey), MoxHO
HabaomaTh CKOPOCTH M PAaCHOJIOKeHHEe CTYHIEHHHA aToMapHOTO
Bofiopofia. VaMepssa uHTEHCHBHOCTH, MOMHO OLEHMTEH €T0 KOIAYe-
crio. VaMepsia cuBur B 4acTore, BE3bIBaeMeri opdertom onmnepa,

emmaps———,

*Crampton, Kleppner, Ramsey, Physical Review
Letters, 11, 338 (1963).
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MOHO BHACHUTH [[BIDKEHWE Ia3a B TalaKTHKe. JT0 OfHA U3 BeJH-
KuX mporpamm paguoacrpoHoMuu. Tak aro MsI ¢ BaMu ceiidac BefeM
peys 0 geM-TO OYeHH PealibHOM, 9TO BOBCe He KaKag-TO HCKYCCTBEH-
Had 3ajad9a.

§ 4. Beemanoscroe paciijenaeniie

Xot# ¢ 3amaveil oThiCKAHNA YPOBHE 9HEPIUY OCHOBHOTO COCTOS-
HUs BOKOPOMA MH ¥ CUPABHIMCH, MBI BCE JHE HPOTOMMKUM L3YyUeHITe
aToH maTepecHoll cueremsi. Urolut crasare o Hell eme 9ro-To, Ha-
npuMep 9ro0bl NOMCYHTATL CKOPOCTH, ¢ KAKOH aTroM BOZOPOIA
TOTJAOUIACT MM HCHYCRACT PAILMOBOMRLL INAOH 21 ¢h, Hajo 3HATD,
9Td ¢ HUM HPORCXonnt, Korga ou sosmymen. Hyskno npogesars 1o,
70 MBL CHENAJIH ¢ MOJNERVIOH aMMUaKa,-— HocHe TOore Kak Mol
HALUIY YPOBHU HHEPTHUU, Mbl OTHPABIJIHCH [AJNbINE H BRISICHHIU,
910 TPOUCXONUT, KOIAA MOJeKyJa HAXOMHUTCS B BIEKTPIIYCCKOM
noae. W mocae aToro mHerpymHo oKasagoch HpeacTaBnTh cebe BimA-
Hie 9JIeKTPHIecKoro 1mods pPaguoBodHu. B cXydae aroMa BoTo-
polla BIACKTPHUECKOE IOle MWYero ¢ YPOBHAMIL He [elaeT, pasne
970 ¢IBUTAET HX BCE HA HEKOTOPYIO TOCTOAHHYIO BeIUTHHY , HPOIIOP-
OHOBANBHYIO KBAAPATY TWOJIA, & HAM 3TO HEUHTEPECHO, MOTOMY UTO
3T0 He MeHser paswocmell suepruii. Ha ceil pas Bautuo vike masnum-
Hoe Todie. 3HAYNT, CAHAVIONM iHaroM Oy/ler HAUHCATh TAMUIBTO-
HHMAH A Gojee CHORHOLO caydas, KOTAA aToM CHIUT BO BHENTHEM
MaTHATHOM IOJe.

Haxoz e oror raMuasronnan? Myt mpoeto cooGmuM BaM OTBET,
MOTOMY 9T0 HHEAKOCO «IORA3aTENbCTBA» JATh HE MOMKEM, pasBe
4T0 CKA3aTh, UTO UMEHHO TAK YCTPOEH ATOM.

Tamunpronman nmeer snjg

= A(c° 0" —pot-B— p,o”-B. (10.27)

Teneps om cocromr u3 Tpex dgacreii. Ilepnsiit wien 4(6° - of) npen-
cTaBifier MAaTHUTHOE B3AMMOIeHCTBIE MERIY IAEKTPOHOM H IIPOTO-
HOM; OHO TaK0e #ke, KAk ecly OBl MAaTHUTHOTO HoJIsi He 6wimo. Bans-
HYe BHEIIHETO MATHATHOTO TOJs HPOABIAAETCH B OCTANbHHX IBYX
aneHax. Bropoit wien (— p,06° -B) — aTo Ta dHEPruA, KoTopoii
BIeKTPOH obnamun OH B MATHHTHOM LoJXe, ecldu O oH rTam Obti
ogun *. Touno rTak ke mocaennuil wien (— p,6°-B) Obur 66 aHep-
rueif mporoHa-oauEouKkd. CorracHo wiaccreckoil pusnke, sHePrus
ux o6oux smecre Obina Onl cymMMoil nX sHepruil; MO KBAHTOBOH MeXa-
HUKEe 9T0 TOKe mpaBmibHo. Bosmukaiomas n3-3a HANIAIWA MAaTHAT-
HOTO HOJS 9HEpPTHUs B3aUMONeHcTBUA paBHA IPOCTO CyMMe dHEPTMil

* BeOOMHEATE, YTO KJIACCHIECKHA J= —u-B, Taw dro sHeprus
HamMeHbIIasg, KOTAA MOMEHT HalpaBieH 0 Nouk. Jlaf MOoNomuUTeNInHO 3a-
PAKEHHBIX YACTHI MAaTHUTHBIA MOMEHT IapalljieleH CIHHY, [ OTpHOaTelb-
HEX — Haobopor. 3maawmt, B (10.27) W ,— WHCIO nosodumeadvnoe, A We—
ompuyameabroe.
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B3aIMOJeHCTBHA HJIEKTPOHA ¢ MATHUTHHEM HOJIeM M IPOTOHA C TEM 3Ke
DoJeM, BHPAsKEHHHIX yepes omepaTopsl curMa. B KpaHTOBOI Mexa-
HHKe 3TH YWieHH B el cTBHTEIBHOCTH He ABISIOTCA SHEPTHAMHU, HO
o0pamenne K KJIacCHYecKMM ¢opMylaM sl SHEPLrEN HOMOraer
3amOMHHATHL IPaBHJIA HANMCAHMA ramMaibroHnasa. Hawr O 10 HE
Gunio, (10.27) — 9To mpaBUABHHY TaMHIbTOHUAH.

Teneppb HYKHO BepHYTHCA K Hadaly HM pemarh BCH 3ajady
ceisaoBa. Ho Génmmaa wacth paborTe Ve CesIaHA, HANO TOJNBKO
nobapurh 2¢exTs, BH3bHIBaeMble HOBHIMH wienammu. IlpumeM, dro
MaTHHTHOE IoXe B I0oCTOAHHO M HAUPABIEHO IO 2. Torga ¥ HameMy

cTapoMy TaMHJIBTOHOBY onepatopy H Hamo j06aBUTH fiBa HOBHIX
Kycka; obosHawuM ux H':
R . v
H =— (Lueoz _,'_ xupo.Z)B'

[Tonpaysice 1abx. 10.1, M cpasy moxydaem

H' |4 5= —(pe+1g) B+ 4,

A4 —> = — (1) B|+ —

H'|=+>= —(—pc+u) B|—+>, (10.28)

B |— —=>=(hetp) Bl——>.
Cmorpure, kar yno6ro! Omneparop 7, neficTBYS Ha KayKIoe
COCTOfIHWE, [aeT IPOCTO THCJIO, YMHOKEHHOE Ha 3TO Ke COCTOA-
Aue. B marpume <i|H'[j> ectb mosromy TONBKO OuazomasbHble
9NMeMEeHTH, M MOKHO mpocto JoOaruTh Kod(pumumentm m3 (10.28)

K COOTBETCTBYWMMUM AuaroHaidbeuM dvieHaM B (10.13), tarx uro
ramEabToROBH ypaBHeansa (10.14) o6pamaiorca B

iﬁd_clz {A —(u.+u,) B} Cy,
ih liC_'_z = —{A+(u.—py) B} C, -+ 2AC,,
k d—cj‘2AC2_ {A —(“’e'—“’p)B} Cs’ (10'29)

hd(l‘i {A+(”‘e+“’p)B}C4

Qopma ypaBHeHHl He M3MEHUJIACh, H3MEHHJIMCH TOJBKO KOaP-
buguertu. I moxa B He MeHsAeTCA CO BpeMEHEM, MOKHO BCe

JleJaTh TaK jKe, KAK W paHbIue.
Tloncrasnan C;=a; e~WMEt  yyp monyaaem
Eal = {A - (Me+”p) } a4,
Ea2 = {A + (“’e_p’p) B} ay +2Aaa7
Ea;=2Aa,—{A —(n,—Wn,) B} a,, (10.30)
Ea,= {A +(p’e+p'p)B} ay-
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K cwacthio, mepBoe W deTBepTOe YPABHEHNA WHO-IPeHHEMY He
3aBUCAT OT OCTAJBLHEIX, TaX UTO CHOBa HMOHIET B XOJ Ta yKe TeXHHKA.
Onmno pemenme —aro cocrosiEme |[>, 1ias KoToporo

a, =1, Ay =0y, =0,=0,
ML
: [D=|D=]++>
c (10.31)
Ej=A—(u.+un,) B.
Lpyroe pemerie
ID=|8=]——>
c (10.32)

E11=A+(Me+up)5’-

Jlusg ocradbERX OBYX ypaBHenmil morpeGyerca Goibime paGoTh,
OOTOMY 9TO K02QOHUEEeHTH IPH g, U @, Y:Ke He PaBHH APYT APYTY.
Ho 3aTo omm ogueds moxo:m Ha Ty mapy y paBHeHHH, KOTODYIO Mkl
nucaNH A MosdeKyas amMuaka. OraagmBasch Ha ypaBHeHus (7.20)
u (7.21), MOKHO IPOBECTH CJAEAYINYI AHAJOTHI (IOMHHTE, YTO
TAMOITHAE MHIEKCH 1 M 2 COOTBETCTBYIOT 37ech MHAEKcaM 2 M 3):

H11~—’_A _(l‘l’e—.— «u'p)Bv

Hy,— 24, (10.33)
H, — 24,

Hyp —— A+ (B — i) B.

Panbuie sHeprum pasanuch gopmyrnoin (7.25), koTopas MMesa BHJ

| / . ;
E=tutla g/ Bz Bul  gop,. (10.34)

Hopncrapnaa cropa (10.33), noaysaem Jmﬁ aHepruu
E= — AV —p P B 4A%

B ra. 7 M npuBmKau HasWBaTh dTH dHeprmu K, m E,, Temeps
Mbl mX obogmEaunm E,, n E, ..

E; =4 {”"‘1 +2V 1+ (1. — “’p)2B2/4A2}7
Ey=—a{14+2V T (@, —ppBYadr.  (10.35)

Urar, MB Hamiu SHEPTrUH YeTHPEX CTAUOHAPHBIX COCTOMMHIH
aroMa BOJOpOfia B NMOCTOSTHHOM MaTHHTHOM moxe. IIpoBepum mamrm
BEHIKJIAJKH, I 9Yero ycrpeMuM B K HyJI0 H IOCMOTPHM, HOJIy-
"arcsa J¥E Te e SHeprum, 4ro M B IpeRmaymeM maparpage. Bu Bu-
pure, 9To Bee B mopapke. Ilpn B=0 smepruu E,;, E,; u E;; obpa-
mawred B +4, a Ejy — B —34. Jlaxke Hama HyMepanusa COCTOSM-
Huil coriacyerca ¢ mpeskHeii. Ho morma M BRIIOYMM MAarHHTHOE
moJie, T0 RaykasA DHEprusA HAYHET MeHATbes Io-cBoeMy . [locmorpum,
KaK 3TO OPOMCXO[HT.
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@ ue 10.3. Vposriu snepeuw 0CHOEH0Z0 COCMOSHUR
godopodn 6 Mazmuinnom nose B.

Kpuswte Epryp w EJy npuliusraiomes ® NYHUKMUDPHHIM NPAMBLIA
A=yu’'B.

Bo-mepsrx, HamoMHHM, 4T0 Yy dJIEKTPOHA W, OTPULATEIBHO H
moury 8 1000 pas Goubine p,, KOTOPOe TONQHUTENABHO. HATAT, U
w,Fpg, up, —p, oba OTPUNATEALHE I NOTTH PABHH JXPYT APYTY.
O6o3gaunm ux —p u —p':

7
e e o L A A L (10.36)
(M p, 1 p nonoskuTenbHH I IO BeJIMYUHE IOUTH COBIALAIT

¢ W, KOTOPO® TPHUMEPHO paBHO ojHOMY Marserony Bopa.) Hama
weTBepKa sHeprumil Ttorpa ofparurcs B

E,= A4 pB,
E” =A— HBy
E, . =A{—1+2V 1B %A%}, (10.37)

E,y= — A 4+2V 1+ B2 4Az}.
Jmeprus F, BHauaze pasHa A u aummeliHO pacrer ¢ pocroM B co
CKOpoCTRIO [i. JHeprus [, rose BHauade pasHa 4, Ho ¢ pocroM B
anBeifHO yObiéaem, HaKIoH ee KpUBoi papeH —. MsMenednde sTux
ypoBHeit ¢ B noxasano ma ¢ur.10.3. Ha pucymre moxazamm Tamxe
rpa¢uru smepruit E,;; u E;y. Nx saBucumocts or B nmas. lipu
Maaux B oHm BasucAT or B KBaJpaTHYHO, BHadale HAKIOH
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HX paBeH HYIIO, 4 3aTeM OHWM HAUMHAIOT HCKPUBIATHCS H IPH 60ab-
wur B mpmbmmxaored K OPAMHM ¢ HAaKIOHOM ', OIH3KAM
K Hakgony E, n E; .

Casur ypoBHell 9HepTHU aToMa, BHIBHIBaeMBIH AefcTBmeM Mar-
HITHOTO HOJA, HaswBaercs aggesmon 3eemana. Mu roBopuM, 910
Kpuspie Ha ¢ur. 10.3 MOKABKIBAIOT 3eMAHOBCKOE PACULENAEHILE OCHOB-
HOTO cocTOAHNA Bomopopa. Korma MarauTHoro modad Her, To HPocTo
Tmolly9aercA OfHA CHEKTPAJbLHAS JMHUS OT CBEPXTOHKOH CTPYKTY PH
Boplopofa. Ilepexonsl MesAy cocroaaueM | IV ) 1 mio6biM B3 ocTanb-
HEIX TPeX TPOUCXOMAT ¢ MOTTOMEHHEM IIIH MCTyCRaHueM (OoToHa,
gacTora Koroporo pasua 1420 Mey: 1/h, yMHOmeHHOI Ha Pas3HOCTH
sumepruii 44. Ho xoTma aroM HaXomuTcs B MArHHTHOM mojxe B, 10
ApEnii nomyvaercs ropasxo 6oasme. MoryT HpouCXOHUTH EPeX Ok
MEHKAY JIOOBIME IBYMsA JI3 HeTHIpeX COCTOSHWI. 3HAYMT, ecAH MBI
HMeeM aTOME BO BCEX YeTHPEX COCTOSHUAX, TO SHEPTHS MoMer
morJaomarhes (MaM H3TYHATBCA) B A000M H3 LHECTH IepeXoioB,
morxaszanapx Ha ¢ur. 10.4 sepruransnevMy cTpeinramn. Muorne us
STHX NEPeXof0B MOMKHO HabJIONAaTh ¢ HOMOIGLIO TEXHHKI MOJEKY-
JIAPHKX Myukos Pabu, KoTopyio Myl onucsiBaaa B vi. 35, § 3 (ssim.7).

Urto e geiagercd upuiuHoi nepexonos? OHIl BOSHEKAIT, ecau
HAPAMY C CHIBHBIM THOCIOfHIGIM TIGIeM L IDINTOMITL Mazoe BO3-

E 7
7
i

4

|

:
D ue. 10.4. Hepexodn mendy yposnaru oJHEpIUU
OCHO6HO020 COCMOAKUA 6000poda ¢ HeKomopom maz-
numuonm nose B.
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Mylaioliiee MATEHTHOE IOJIe, KOTOpPoe MeHsAeTcA Bo BpeMern. To ke
c¢amoe My1 HaGa0fanu i 0pd JeHCTBHH IePeMeHHOTO DIeKTPHIECKOT0
MOJIA HA MOJIEKYNy amMuaka. TolbRO 2iech BUHOBHUK MePeX0T0B —
9TO MATHUTHOE WoJie, peficTByIoIiee Ha MATHHTHHE MOMEHTH.
Ho teoperngeckue BHKIJIAKH Te jKe cCAMBe, 9TO U B cJydae aMMHaKa.
Hlpome Becero oHm monmywawTea, ecay B3ATh BOSMYMIAKINEE MATHAT-
HOe uojie, Bpamamoineecs B IIOCROCTH IY, XOTA TO sKe Oymer or
11060170 OCHIINNPYIOMero ropusonTatbaoro moafa. Ecin Be Bera-
BUITE 3TO BO3MyINalollee IIode B KayecrBe KOGABOYHOr'O UYiIeHA B ra-
MINETOHHAH, TO TOIYUNTe PeIMEHHA, B KOTOPHX AMILTATYOH Me-
HAKTCA BO BpeMeHH, KaK 5T0 GbLIO W ¢ MOJEKVJIOH amMMuara. 3Ha-
9uT, BH CMOMKeTe JIETRO M AKKYPAaTHO PAacCIUTaTh BEPOATHOCTH
mepexofa u3 OZHOTO cocToaHudA B apyroe. W obHapy:kure, dro Bce
9TO COTTACYETCA € OHEITOM.

§ 3. Cocmoanua ¢ masnumnon noae

Tenepp zaitmemca ¢gopmoit Kpurkix Ha ¢ur. 10.3. Bo-nepsmx,
€¢Iy TOROPUTH O BONBINUX HOMSX, TO 3ABHCHAMOCTh JHEPTHH OT HOAH
JOBOJIBHO HHTEPecHA M JieTKo obbacHuMa. Ilpm goctarouno Godib-
mux B (a mmenso npu pB/A>1) B popmyaax (10.37) moxuO mpe-
Hebpeus equHmieit. Yernepra sEepruit npuauMaer BHUJ

E,=A-+upB, E, =A—uB,
E,=—A+uB, E,,=—A—uB.

Jro ypapHeHHA dYeTHpeX mpAMHX Ha ¢ur. 10.3. Ita Gopmynm
MO;HO PU3HYECKy NOHATH ciefyomnM oGpasom. Ilpupoga cragmo-
HAPHBIX COCTOSHHH B HY.1e60M 110JIe HOJHOCTHIO OMpejlelAercy Bia-
uMoJeiicTBHEeM [OBYX MarHUTHHX MomentoB. llepememmuBamme Ga-
3UCHBIX COCTOAHUIL | +— ) m | —+ ) B cTanuoHapHHIX COCTOAHHAX
| IITy n | IV) BmsBaHO atuM B3anMopjeiicrBueMm. OmBaKo BpAN il
MOJKHO OKHUAATH, 9TO KayKAAA U3 HADINX YacTwI, (U IPOTOH, H HIEK-
TPOH) B CUABHHT 6HEWHUZ TOIsSX OyJier HCOHTHBATh BIUAHAE
IO 5t APYTOil TacTHIHl; Kaskaas Gyper qeficrBoBaTh TAK, KaK ecin Gul
RO BHEIIHeM MoJie HAXORmJiach OHa ofmHa. Torga (KaKk M yske
MHOTG pa3 BUMeNIH) CIOUN 3JIEKTPOHA OKAKETCs HANPABACHHLM BIOAH
BHEHIHEr0 MarHHTHOTO HoJA (110 HeMy IJIH [IPOTUB HETO).
lyers coun siekTpoHA HAOPABISH BBEPX, T. €. BAOIS IOJS;
ameprus ero Oymer —p B. Ilporon npu sroM Moker crosith Mo-
pasuomy. Ecau y Hero ciue TosKe HanpaBieH BBePX, TO €TI0 BHEPIHA
—p, 5. Ux cymma pasrHa —(u.+{p) B=pB. A 310 Kak pa3 u ecTh
E,, u 910 O4eHb HPHATHO, MOTOMY YTO MBI ONHCHBAEM COCTOSHIHE
| + +>=|I). Ecrp eme meGoapmoil ponorEATeNbHHHE wnen A4
" (remepp uB > A), TpencTaBNIAMUI JHEPTHI0 B3amMopeiicTBEA
pPOTOHA W 3JAEKTPOHA, KOTAAa WX CHUHM mapaiaielbHH. (Mu ¢ ca-
MOTO Havaja CIATANE A HOXORUTeIbHEIM, IOTOMY 9r0 TAK JOJIKHO
OBLIO OBITH 10 TEOPDHH, 0 KOTOPOH HIIa Pedh; TO yKe HOAYIAETCA ¥ HA

(10.38)
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onnite.) Ho cnmH mporora momer GHTh HampasieH w BEm3. Torja
ero pHeprusA Bo BHemHeM nmoie o6paTuTca B #—I—prB, a BMecTe ¢ dJIeK-
TPOHOM uX dHeprus Oymer —(u, — Ity) B=pB. A omeprus Bsanmo-
melictua obpamaercs B —A. Wx cymma facr smeprmio E,,, B
(10.38). Tax uro cocrosmme | II]) B CHIbHHX HOJIAX CTAHOBHTCA
COCTOSIHMEM | + — ).

[ycTs Temeps COHMH 3JeKTpOHA HampaBieH BEu3. Ero smeprus
BO BHEWTHEM moJe pasua u B. Ecan n IpOTOH CMOTPHUT BHH3, TO HX
obman sHeprus panma (K -u,) B=— pB naioc sHeprua B3ammo-
meiictBust A (CcOMHE-TO Teneph OApPajlie]bHBI). JTO OPABOIUT
xarx pas r smeprum Er; B (10.38) m coorBeTcTByer COGCTOAHHUIO
| — —>=| IT'), aro ouerp mmiro. Ul makomen, ecim y aJeKTpoHA
CINH HAIIPARJICH BHUB, 4 Y MPOTOHA — BBEPX, TO MH IOJyInM 9HEp-
o (W, — u,) B — A (munyc A wmoromy, Wr0 COMHME DPOTHBOLO-

n0xHH), T. e. Ejy. A cocrosHme orBedaer | — - ).
«Ilorogure MUHYTRY,— BEPOATHO, cKaykere BH.~— «CocroAHnA
VIITY n | IV> — amo e cocroggua | + — > u| — - ); oHm AB-

AA0TCA UX cmecamuy. BepHo, Ho mepeMeInnBaHYe 3/[eCh €[iBa 3aMeT-
Ho. [leficreurensro, npu B=0 oHn ABAAIOTCA CMECAMH, HO MH TI0Ka
He BHACHAAN, uTd Omsaer npu Oonbmux B. Horma M gnst moay-
YeHUS JHEPru¥M CTANMOHAPHHIX COCTOSHUHM IIONB30BAJACH AHAMO-
rueit mexxgy (10.33) u dopmysnaMm ri. 7, TO 3aOTHO MOKHO OBLIO
OTTyIa B3ATh 1 amoamryns. Onn noxyuares us (7.23):

oy _ E—Hy

as Hyy

OrHommenue a,/a, — 310, KOHEUHOo, Ha ceil pas C,/C;. BeraBuas
ananormuasie sexmynus u3 (10.33), momyvaem

Co _ErA—(ho—up B

[ 24 '
BIn
C, E+A+WB
e . (10.39)

rie BMecro E Hajo B3ATH HOAXofaulyio sEeprumio (Mmoo E,,,, mnbo
E;v). Hanpumep, pua cocrosmus | /11 umeeM

(gﬁ) ~ B (10.40)

Cs/m 4

3uaunt, upn 6oasmmx B y cocromrus | IIIY C,>>C,; cocroanne
HOYTH OOJHOCTBIO CTAHOBHTCH cocrogHueM | &Y=| 4+ — ). Touno
rag ke ecnu B (10.39) wmomcrasmte Ery, To ‘moxyumres, 4TO
(C,/Cv<1; B cmnpHHX mouax cocrosHEme | IV) obpamaercs
nounpocry B cocrosHme |J>=| — -4 ). Bu Bumamre, aro xoadpa-
IOUeHTH B JVHEHHHX KoMOMHAUMAX HAMuX 0as@CHHX COCTOAHMIA,
COCTABIAIIIVX CTALMOHADHEE COCTOSIHWA, caMu 3aBucAr or bB.
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E
D ue 10.6. Cocmoanun amona éo-
dopoda 6 CAa6BLT MAZHUMHBLE NOAAZ.
m
I 1+
Jiid 0
+A T T~
0 ~ X
Cocroauue, KoTopoe MBI HMe-
ayem | /Iy, B ouenn caalmx
monAx  IpefcTaBAger  codoil
eMeeh |+ — Y u| — - > BIpo-
mopuun 1 :1, HO B CHABHMX
_34 ¥ 00 TMOJAX TEeTTKOM (Melmaercs K
| -+ —>. Touno Tak e u co-
croasue |/V>, Koropoe B caa-
ObIX TONAX TaKKe SBIACTCH
ceMechlo | -+ —> u | — -F> B mponopruu 1 : 1 (¢ oc6paTHEIM 3Ha-
KoM), HePeXOfuT B COCTOSHEE | — -} >, KOIJia CHMHBI U3-33 CHJIb-

HOTO BHEIMHeTo moJist 607ble Apyr ¢ APYTOM He CBSBaHLL.
Xorexoch Obl 00paTuTh Balle BHUMAaHHE, B YACTHOCTH, Ha TO,
916 NPOUCXOOUT B Ouerd CAdObx MATHATHHX mnoisax. Mmeercs opma
sneprus (—34), Kotopas ke usmensemes UPH BRINYeHHN cIaboro
MaTHUTHOTG moas. W nmeercs apyrast sueprua (+4), KoTopas npu
BRIIOYCHAH ¢aaforo MarHETHOTO HOXs pacuemideTcd Ha TPH
DPABIMYHHX YpoBHA dHepruu. B ciabhx HONAX DHEPTHH C POCTOM
B wensorcsa tax, rak mowrasamo ma ¢ur. 10.5. Ilomycrum, uro
Vv Hac ecTh KakmM-To 00pazoM orTo0paHHOe MHOMKECTBO aTOMOB
BOZODPONA, ¥ KOTOPHX ¥y Beex vHeprus pasea —34. Ecan npony-
cturh ux gepes npnbop lrepra — T'epaaxa (¢ He oUeHDb CHIADHKIMHE
OOJNSIMH), TO MBI HafieM, 4To OHI TIPOCTO HPOXOAAT HEAMKOM Ha-
ckB03b. (lockoapry ux smeprus He saBucur oT B, To, coriacHo
OPUHLUMNY BHpryaabHoil paborbl, IpajieHT MATHUTHOTO HOJISA HE
co3faeT HUKAKOH cmiabl, koropas Obl omymanach wMmu.) Ilycrs,
¢ ApyToil cTopoHKE, Mu 6B orToOpasm TPYNNRY aTOMOB ¢ 9Hepruei
+A u nponycrmu ux gepes npubop llrepma — Iepraxa, cramenm
gepes npubop S. (Omsare moaa B mpubope He AOMRHM OBITH CTOID
CHJIBHEIMM, UT00B paspymuuTh BHYTPEHHOCTH aroma; IojpasyMe-
Baercs, YTO MoJA MAJIRl HACTOJBKO, 9TO SHEPTHH MOYKHQ CIMTATD
ampeitHo saBucsimumu, ot B.) Mut Ou noayunmiau mpu nyuka. Ha
cocroarns | Iy w | I1) [meficTBYI0T TPOTHBOLOJOKHEIE CHIBI, HX
9HepTHH MeHAITCA mo 5 JuHeliHO ¢ HAKIOHOM =1, TAK 4TO CU.bl
CXOMIHH ¢ CUaaMM, AefCTBYmUMA Ha AUI0Ab, ¥ KOTOPOTO W,= |,
a cocrosanme | /11> mpoxopur HackBo3b. M omaATe Bo3BpamaemcsH
K ri1. 3. Amom eodopoda c snepeueti +A — smo wacmuya co enurom 1.
IJTO SHEPreTHIECKOE COCTOAHUE ABNIETCH «JacTHIEH», Aig KOTOpOil
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j=1, u moser ObiTh onucano (o OTHOIIEHUIO K HGK()TOp()EI cHeTeME
oceil B mpocTpaHCTBe) B TepMHHAX 0a3MCHBIX COCTOAHME I+S>”,
108 1! — S), ROTOPHMH Mhl IOJb30BATNCH B II. 3. C ppyro#
CTOPOHBL, KOTIA aTOM BOTOPONA MMeeT sHePruio —3A, oH ABIACTCA
gacruieit co copHEOM Hydb. (HamommnaeMm, 9TO BCe CKasaHHOE,
¢TpPOTo TUBOPA, CIPABEINBO JTHIID IIsA G@CKOHEYHO MAJIhX MarHMI-
aptX moceii.) Vitak, cOCTOAHHMA BojAopojfia B HYJIEBOM MArHHTHOM
[0Je MOXKHO CTPYHIOIpPOBaTh CIeNy0mMuM 06pasom:

=]+ +> \ ]'1+S>,
IIT = U_~7311> e 1 4 (0085, (10.41)
w0 s
LT ety V:'r> cum 0. (10.42)

B 1. 35 (Beim. 7) MBI roBopuiin, 90 y BCAKOI UACTUIbL KOMIO-
HEHTRL MOMEHTA KOJMUECTBA IBM/AKEHAs BROJAb Jiooil ocnm MOFYT
NpUINMATh TOABKO OlpefeNeHHBIe 3HAYeHWsi, BCeria OTAMHae-
mucca #Ha h. Tar, z-KoMmoHeATa MOMeHTAa KOJHWYeCTBA JBIKEHHA
J. momer Owrb papsa jh, (j— V) h, (j—2) T oo (— ) A,
r1¢ j - COMH YaCTHIEI (KOTOPEIH MOyKeT OHiTh LEABIM MM 10Jly-
itennin). OOBKHOREHHO IIHILYT

J,=ml, (10.43)

I7le M CTOuT BMecro gaioboro ms uncea j, j — 1, j — 2, .. —]
(B croe BpeMss MBI He ckazanu 06 oroM). Bel moaroMy 4acTo BCTDE-
TUTE B KHIDRKAX HYMEPALHI0 YeTHIPeX OCHOBHBIX COCTOAHMW IIpH
[OMOMUH TAK HASHBAEMBIX K6AHMOGWE uucea j W m [Macro nvenye-
MBIX «KBAHTOBBIM UMCJIOM IMOJHOTO MOMEHTA KOJHYecTRa ABWREHUAY
(j) 1 «MaTHHTHEIM KBaHTORRIM wncaom» (m)l. Bmecro mammx cuM-
BOAOB cocrostruil | /Y, | Iy u 1. A, MHOTHE YACTO IIHMULYT COCTOR-
aHus B Bue | 7, m). Haury rabnuury cocTOAHNI IS HY1€BOTO O
8 (10.41) u (10.42) oun 661 usoGpasunm B BUAE raba. 10.3. 3;1ecub
HeT KakoH-1uSo HOBOH (PUBHMKU, BTO IpOCTO BOMPOC 0003HAYEHNTL.

Tabauya 10.83 e  COCTOAHMHE ATOMA BOJIOPOJIA B HYJAEROM

HOJE

COlCJTG?rFI;e i m Hame oGo3HAdCHIIC
R ! +1 I>=|+5
11, 0> t 0 UII>=108 >
1, =1 t —1 I >=|—8>
0, 0> 0 v >
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§ 6. IIpoexyuonnaa mampuva 0asa cnurna 1%

Teneps Mu xorein OH IPUMEHUTH HAMM 3HAHUA 00 aToMe Bofo-
poga K ofHoil cnenuanbHOR 3amade. B ri. 3 Mm ToBOpHMIHM O TOM,
9TO YACTHLA CO cnukom I, HAXONAMAsICA B OSHOM U3 Ga3uCHEIX €O-
crosigmit (+, 0, —) mo orHomenuto x npudopy Hlrepra — I'epraxa
¢ Kaxoll-To wacTHOH opuenranuedl (CraykeM, IO OTHONIEHWIO K IpH-
Gopy S), Oyfer uMerb ONpefleeHBYH aMuINTyAy NOpebniBaHun
B OJTHOM U3 TpeX COCTOSHU M0 oTHOmMeRuo K npubopy T, opuenTu-
pOBAHHOMY B IpoCTpaHcTBe mo-gpyromy. Mmerorcs pmeBaArh Tarux
ammintyf, {j7 |iS), woropue BMecTe 00pasywT HPOEKIHOHHYIO
marpuiy. B ra. 3, § 7, My Ges morasarelnbcTBa BRIIUCATN BJIEMEHTH
BTOM MATpWIE A7 PA3THYHEX opmedranuil T mo orHomeHnio K S.
Temepb MB XOTHUM IIOKA8aTh BaMm ONMH H3 CHocoOOB MX BHIBOJA.

B arome Bojiopofia MBI ¢ BaMu OTHICKA;I¥ CIICTEMY CcO COMHOM i,
COCTABJICHHYH H3 HBYX uactuli co cimHoM Y/,. B ra. 4 mu yme
Haydmauch npecOpasoBHIBATh AMIIRTYAR IS couHa !/,. 211 3Ha-
HUS MOKHO OPUMEHHTH K TOMY, 9To0bl DOJNy4uTh IpecOpaszoBanue
nasg comia 1. Bor xaw oro fenaercd: uMmeercs cucrema (aToM BoJo-
pofa ¢ smeprmeit +A) co cumurom 1. Ilycts Mo mpomycruium ee
ckBo3b Puaprp S Illrepwa — Iepnaxa Tax, 9r0 3HAeM Temepsb,
9T0 0HA HaXO/UTCSA B OMHOM 13 0a3UCHEIX COCTOAHUN IO OTHOMIEHUIC
K S, craskem B| +8 ). Karosa aMmonuryia Toro, 9ro oHa oKaKeTcH
B OfIHOM W3 0asHCHHIX cocTosHui, ckameM | +7 ), I0 OTHOUWICHHIO
x npnGopy 7? Ecam BHM Hasosere cucreMy RoopauHar Ipubopa S
cuereMoii z, ¥, z, T0 cocroarue | +S> — 370 TO, 4TO HElABHO HABHI-
Baloch cocrofgEueM | -+ ~+>. Ho mpefcraBbre, uTo KaKo#-TO BaImm
HpUATEND UPOBEI CBOWO 0Ch 2z BRoAB ocu 1. OH CBOM COCTOAHMS
Oyjier oTHOCUTH K HeroTopoil cmcreme z°, y', z'. Ero cocroaums
«BBEPX» ¥ (BHUBY JL.TABIEKTPOHA H IIPOTOHA OTIHIATNCH OBl 0T BAIOHX,
Ez0 cocroanme «(mI0e — IICY, KOTOPOE MOMKHO 3ammearh | +'-+"5,
OTMedad (IITPWXOBAHHOCTbY CUCTEMHEI, eCcTh cocTosiEme | +7')
gacTune co comHoM 1. A Bac umrepecyer (+7 | +S), uro ecrb
npocro #HOH cmocol sammen amuautyder <+ - 4O

Avmanrygy {4+ 4+’ | + + ) mMosxzo Halitu cregyomum ofpa-
3oM. B eqwell cucreMe cumH saekmpona u3 cocrosmHEmA |+ + D
HaHpaBJIEH BBEPX. JT0 03HAYAET, YTO Y HETO €CTh HEKOTOPAA aMILIM-
tyga {+’' |-+ ), ORazaThcA B cHCTEME BAIlleTo OPHATENS CHRUHOM
BBEPX # HeKoropas ammianryfaa <{— |+ ). ORasarbcsi B 3TOH
cucTeMe cunHoM BHu3. PasmeiM ofpasom, npomox B COCTOAHHE

-+ 4> wummeer chouE BEepX B Bamlell CcHCTEME W AMILTHTYH
(4" +> = {(—"|+>p oxrasarbcA comHOM BBepX WIH BHHUB
B «ITPHX0oBaHHOMY cucreMe. IJ0CKONIBKY MH TOBODHM O IBYX pas-
HHX YacTHUNaX, T0 aMIUINTY[a TOTO, 9T0.p0e JaCTHIEL éMecme B €20

* TeM, KTO DePeCROYAI 4eped IM1. 4, HpHJeTcA HNPONYCTATH M BTOT Ha-
parpad.
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CHCTeMe OKa)KyTCA CIIMHAMIl BBepX, paBHa IpOU3BEACHUI0 aMIUINTY R,

CH AT = 0+ [0 (10.44)

Mer mocrasunm 3magkm e m p mof ammamrymamu {4+’ | + D,
97106 GRUTO ACHO, 4T6 MHl neidaeM. Ho obe ogu — »T0 mpocro amMmin-
TyAs TpecOpasoBamnii s 9aCTULH €O COHHOM l/,, Tak 9ro Ha
caMoM Jliele — 3T0 OAHI I Te ;e umcya. MakTUIECKH — DTO Te Ke
aMIIHTY /B, KOTOpPHE MbI 8 7. 4 HasuBagu (-7 | +5) u Koropnie
MBI TipuBesu B Tadn. 4.1 u 4.2,

Ho reneps, ofinako, HaM yrposkaer MyTaHUNA B 0003HAYeHHAX .
Hamo ymers pasapware amuawryny <{+7 | 48> min uacruus
co cniHom '/, oT Toro, uTo MeI makxce HasBaau {+7 | +S8), Ho
s cnuna 1--vexny aumu ner mudero obmero! Haperoen, Bac me
0gerb co0her ¢ TOARY, eCII Mbl K@ 8peia BReLeM HHue 0603HAYeHNSA
amiututyp s enuga 1/, O npusegenst B raln. 10.4. [las cocros-
Huii yactnn copua 1 ver mo-mpeykresMy GyaeM mpuberars R ofo3Ha-
gegusaM | +S5, 108> — 5.

Tabauya 10.4 P AMIIUITY B SIS CIIHHA 1,

OGo3HAYEHIIA, HPUHHATEIC ’ Q003gaveHnA, TIPITHATHE
B 8710l Ti1aBe B 1. 4
a=<4-"14> AT HS>

==+ <—T|+8>
c= <+ > <HT|—S>
dm(—" —> (—T]—$>

B manmx Hosax obospavenunx (10.44) mpocro mpeBpamaeTcs B
i ! o
<A+"+"1+ +>=a%

Jro xak pas aMoaaryna {+ 7 | S ) nus conna 1. Teueps gaBaiite,
HanpuMmep, TPeXnoIoyKIM, YTO Y Bamero OPHATENA cHcTeMa Koop-
AUHAT, T. €. «OTPHXOonaHHLiy apnbop T, HOBeDHYTA BOKDPYT daueli
oCH z HAa yroa ¢; TOTRA u3 1aba. 4.2 modyuaercs

a== 4" 4> =elorn
3uaanr, n3 (10.44) amunoryia nas cnmHa 1 oraskercsa paBHOM
AT S =<A"+ [+ +o=(92p=£%  (10.45)

Temeph BaM HOHATHO, KaK MHl OyjeM HeiicTBoBaTh JaibIe.

Ho xopowmo Go upoBecTu BHIKAaAKH B 00meM clyuae [js BCeX
cocrofHAN. Eciam IpoToH H BJIEKTPOH B Hawel cucreMe (CHCTEMe
S) oba cMOTpAT BBEPX, TO aMILINTYAH TOTO, YTO B pyroit cucreme
(cmcreme T) oHE GyAyT B ONHOM U3 YeTHPeX BO3MOKHHIX COCTOAHHEN,
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pPaBHH
: CHH 1+ > =D [ F D=0,
CH ="+ 4> =<+ [+ D<=+ >p=0ab,  (10.46)
=" [ 0= D 0y =,
(== D == [0 [ Dy = 02

3areM MBI MO)ieM 3amucaTh COCTOSHME |- - > B BHME Clelyfomei
NuHEeHON KoMOUHAI{IN:

|++>:a2!+’+'>+ab{H—’—-’)—i—f——’+’>}+b2]——"——’>v. (10.47)
Ho rtemeps mm zamewaem, 4TO ,—F'—}—')———ST& cocrogune |-+ 71>,
aro {|+'—">4|—"+">}—3T0 Kar pa3 Ve, YMHONCEHHBIEL Ha
cocrosimme |0 7> [em. (10.41)]), u uro |—'—">=|—T7>. Hunmu
cmopamu, (10.47) mepenmcripaerca B BHIE

|4+ 8> =a?|+T>4+V2ab|07>+02|—7>  (10.48)
ToyHO Tark ke JErKo HOKA3ATE, UTO
|—S>=c2|+T>+V2cd|0T>+d2|— 7>  (10.49)

C |0 8> pemo ofcront uyTh mMOCHOHEE, NOTOMY YTO

1 |
1085 == {14 =>+[— +}.

Ho xamxpoe u3 cocrogumi |-+ —> ¥ |-«—|—> MOKHO BBIpA3UTH
qepes «UITPHXOBAHHBIGY COCTOAHUSA ¥ IOACTABUTH B CyMMY:

|+ —>=
=ac|+ '+ D4aed|+ " —"D> +be|—"+DFbd[—"—">  (10.50)
u

[—+>=

= ac|+'+"D+be|+ —">tad|—"+>+bd|—"—">. (10.51)
Yuuokaa cymmy (10.50) m (10.51) ma 1/}/2, moayuaem

|0 8= a4+ 4>+ EEE 4 =" = D)+
IR

Orcroma caemyeT

10 S>=V2ac|+T>+(ad+bc)|0T>+1V2bd|—T>. (10.52)

Teneps y mac ectb Bce neobxoammeie amoiunrynu. Hoaddn-
nuents B (10.48), (10.49) m (10.52) —a3t0 MATPHYHEE BJI@MEHTHI
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T 1iSy. Ceepem uX B OHY Marpuuy:

is
M@ VZee @y 10.53)
GT|iSy= |VZab ad+be VZed |, 100

\ b2 V2 bd de

Mu smpasusu npeoGpasopaune cuuHa 1 gepes ammantyas @, b, ¢
u d npeobpasoBamusA CHUHA l/y.

Ecan, naopumep, cuctema I moBepHYTa 10 oTHOmEEWI0 X §
HBa yrod o BORpYY ocH ¥ {cM. dur. 3.6, cip. 64), 10 aMumaurypre
r Tab.1. 10.4 —aTo mpocTo Marpuunke sxeMents K (n) B rabx. 4.2:

| o ) . o
a = COS8 -—2 N H == — sin _:2, \ )
(10.54)
® PR AN

Hogcrasun wx B (10.53), monyuum dopmyrm (3.38). roropme
npnrencEn HAa orp. 80 Hes norasarteberna.

Ho gro me cayunaocs ¢ cocrosruey | IV > 810 crcrema co cnu-
HOM HyJdb, 3HAYAT, y HEE ecTh TOABKO ONHG COCTGAHRE — OHO
60 8cEX cUCMEMAT KOOPOURAIN OTHO I TO 3e. MOMHO NMPOBEPATSH,
910 BCe TAK M BHXOAHT, ecau BasATE pasaccts (10.50) u (10.51);
TONYIUM

[+ -—>—]—+>=(ad—be) {|+'—">—]—"+"}.

Ho (ad — be) — aro onpepenmrelh Martpuus jis couHa Y/,, on
IPOCTO paBeH enuHume. oaydaerca

V> =|IV>

upy 1060l OTHOCUTEJNBHOI opmeHTAmMM ABYX CHCTEM KOOp/HHAT.



